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Hue B wiockom gepkajie (313). IMpunuun depma u dopmyna smnser (314).
dokycnoe paccrosuue nun3bl (316). AGeppanuu (316).

Onruueckue npuGopsl, GOPMUPYIOIIUE UBOOPAKEHUE . .« . . « . . . . . . .

leomeTpuueckas ONTUKA M BOJHOBbIE CBOMCTBA cBeta (319). Kamepa-oGekypa
(319). I'omouenTpuueckue u acrurmatuueckue myuku jyueit (320). Cohepuue-
ckoe 3epkasno (322). Jlumser (323). doroammapar (326). IIpoexIHMOHHBII
anmapar (326). IlpuGopsl aus BudyasipHbix Habmogenwit (327). Jyna (328).
Mukpockon (328). Hopmansaoe ysesmuenue teneckona (330). MckaxkeHue
MEPCIIEKTUBBI ¥ 00bEMHOCTh u300pakenus (332). HopMmasbHOE yBEJIUUYEHHE U
mubdpakumonssit npepen (333). O pemwenuu 3amau (334). OcHoBb doTomer-
puu (334).
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Beepenne

B okpyxaromem HaC MaKpOCKOMMUECKOM MHPE BCE pazHooOpasme BCTpe-
YAKOIUXCS CUJI, KPOME CHJI TATOTEHMS, MPEACTABISET COOO0i MPOSBICHUE
9JICKTPOMATHUTHBIX B3aMMOACUCTBUM. [Ipy M3yueHWm 3aKOHOB MEXaHM-
KV, ONMUCBIBAIOLINX ABWXKEHUE TEJA, MBI BCTPEUANNCHh C CUJIAMH YIIPYTO-
CTH, KOTOPBIE TO3BOJSIOT TBEPABIM TEJAaM COXPAHATh CBOKO (opmy m
pa3Mepsl ¥ 00HApyXXKUBAOT ceba npu ux aedopmanuu. CUabl yIpyrocTu
MPENATCTBYIOT U3MEHEHUIO 00bEMA XUAKOCTEM U CXXATUIO ra3oB. Berpe-
HYaauCb MBI U C CMJIAMU TPCHUS, TTPOABJICHUSA KOTOPBIX B OKPYXAKIIEM
HAC MHUpPEC quSBanﬁHO MHOI‘OO6p33HI)I " OTHIOAb HEC CBOAATCA TOJIBKO K
TOPMOXCHUKD OABUXCHUA TBCPABIX TCJ, )KHZ[KOCTCﬁ " ras3osB.

Bce o™i cutbl, HECMOTPY HA BHCIODHWE PA3IWUNAI WX MPOIBJICHUN, —
OM3KHUE POACTBCHHUKM: BCE OHU MMEIOT 00Uy (DMBHUECKYIO TPUPOAY,
o0miee TPOUCXOXACHUE — OTO JJIEKTPOMATHUTHBIE CHJIBL. Biaromaps
QJICKTPOMATHUTHOMY BSaHMOZ[eIrUICTBHIO MBI MOXEM BHUICTD, I/I6O CBCT —
OIHO M3 €ro mpossjeHuii. Jaxe camMa Xu3Hb Obuia Obl HEBO3MOXHA 0e3
I9THUX CHJI. BCC NPOUCXOALIIICE B KUBOI MATCPUHU B KOHCUHOM CUCTE O6yC—
JIOBJICHO JJICKTPOMATHUTHBIMUA BSEIHMOZ[eIrUICTBI/IS[MI/I.

B oTamume oT 9/IeKTPOMATHUTHBIX CHJT JCVWCTBHUE SIIEPHBIX W TPABUTA-
LMOHHBIX CUJI B IPUPOAE CYIECTBEHHO TOJBKO JUO0 B OUEHD MAJIbBIX, JTUOO
B OUEHb 0OIBIIMX MACIITA0AX. DTU CHJIBI IPOSIBJISIOTCS B ATOMHBIX SIAPAX
1 B KOCMHUECKuX o0ObekTax. Ho u Tam Beamka posib 97€KTPOMATHUTHBIX
cwt. [TouTn HEBO3MOXKHO yKa3aTh SBJIEHUE, KOTOPOE HE ObLIO Obl CBSI3aHO
C ACWCTBUEM DJIEKTPOMATHUTHBIX CHJI. A UTO KACAETCsl CTPOCHHS DJICKT-
POHHOI 000/IOUKH ATOMOB, CLEIJICHHS ATOMOB B MOJIEKYJIbI M KPUCTAJLTBI,
MOBEACHUS ATOMOB B >KMAKOCTSX M ra3ax, JEKTPOHOB M MOHOB B ILIA3-
M€ — 3[eCh BCE OMPEAETIETCS UCKIIOUUTETBHO JIEKTPOMATHUTHBIMK CH-
namu. MlHaue roBopsi, OHM OTBEUAIOT 3a BCE (DM3MUECCKUE W XMUMHUUYECCKUE
CBOMCTBA BELIECTBA, OT ATOMA 0 >KMBOW KJICTKH.

[Tpm nepBOHAYATLHOM 3HAKOMCTBE C (DM3MKOM BBI YK€ BCTPEUATUCH C
CaMBIMH Pa3HOOOPA3HBIMK TPOSIBJCHUSIMU JJIEKTPOMATHUTHBIX B3aMMO-
JCUCTBWI B IPUPOAC M B TEXHUKE. DTO TPEXKAE BCETO AJCKTPOCTATHUECCKOE
B3aMMOACHCTBUE HEMOABVKHBIX 3aPSIIOB, SJEKTPUUYECKUNA TOK, 3aKJIIOUA-
IOIUIACS B HATIPABJICHHOM JBUXEHUM 3aPSIIOB, MATHUTHOE MOJIE, CO3AaBa-
€MO€ JJIEKTPUUYECKUM TOKOM, B CBOKO OU€peab ACUCTBYIOLIEE HA MPOBOA-
HUKW C TOKOM, JBVXKYIIUECS 3aPSAbl I MATHUTHBIE CTPEJIKH.

TecHas CBSI3b MEXAY SJEKTPUUECTBOM M MATHETU3MOM SIPKO OOHApY-
XUBAET ce0d B IBJICHUM DJICKTPOMATHUTHON WHAYKIWH: W3MEHSIOMIEECS
MArHUTHOE TOJIE MOXET BBI3BIBATH TOK B MPOBOAHWKE, TAK KaK MPUA M3-
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MEHEHMY MATHUTHOTO TIOJIS BOSHUKAET dyieKTpuueckoe noJe. [loaromy B
¢pm3uKe TOBOPAT O €AWHOM JIEKTPOMATHUTHOM TIOJIE, KOTOPOE BKJIFOUAET
B cc0s1 B3aMMOCBSI3aHHBIC JJIEKTPUUYECKOE M MATHUTHOE TOJIS.

DJIEKTPOMATHUTHOE TIOJIE MOXKET CYIIECCTBOBATh M B OTCYTCTBUE JJICKT-
PUYECKHX 3aPSAOB WM TOKOB: MMEHHO TAKHME CAMOMOAAEP>KUBAIOIIAECS
OJIEKTPUUYECKOE ¥ MATHUTHOE TMOJS MPEACTABIAIOT CO00M 9IEKTPO-
MArHUTHBIE BOJIHBI, K KOTOPBIM OTHOCSTCS BUAUMBIN CBET, MH(PAKPACHOE,
yabTpadroseTOBOEC M PEHTTEHOBCKOE M3yUCHUS, PAAUOBOIHBL U T. J.

B kuure 2 kypca ¢usuku Mbl OyaeM AETaabHO M3yuyaTh (yHAAMEH-
TaJIbHBIC 3aKOHOMEPHOCTH, OTHOCIIIMECS K ITOMY Kpyry siBiacHuii. Oc-
HOBHBIMU HM3yUYae€MBIMU OOBEKTAMU OYAyT OJIEKTPUUECKHE 3apsabl ¥
9JICKTPOMATHUTHOE TIOJIE, TEPEHOCdImee WX B3amMmopewncTteue. Mup
OJIEKTPUUYECTBA M MArHETHM3Ma ropasgo CAOXHEEe W Ooraue mMmpa Impo-
CTHIX MEXAHWYECKUX TMEPEMEIIECHUM, AOCTYIMHOTO HEMOCPEACTBECHHOMY
HAOMIOACHUIO.



. QNEKTPOCTATUKA

N3yueHne 31eKTPOOMHAMUKY HAYHEM C TTPOCTEHIIETO Caydast — C SJIEKT-
pOCTAaTHKM, B KOTOPOM PACCMATPUBAETCS B3AMMOACHCTBUE HEMOABVKHBIX
OTHOCUTC/JIBHO APYTr Apyra 9JCKTPUUYCCKUX 3apdaaoB U CO3AABACMOC MMHU
HEW3MEHHOE BO BPEMEHHU JIEKTPOCTATHUECKOE TIOJIE.

§ 1. dnekTpuyeckni 3apsap. 3akoH KynoHa

DIEKTPUYECKHAN 3apaa U JJACKTPAYECKOE IOJIE — IICPBUUYHBIC ITOHATHS,
MOAOOHO MOHATHAM MACCH M TPABUTALMOHHOTO MOJS B MEXAHUKE., DTO
3HAUMT, YTO MX HENb3S ONPEAEIUTh Yepe3 Apyrue, Oojee MPOCThIE MO-
Hatud. Bce, UTO MBI MOXEM CAEIaTh — JTO OMUCATh MX CBOMCTBA.

DeKTPUYECKUM 3apaj. DAEKTPUUECKUI 3apga XapaKTEPU3YET CIOCO0-
HOCTb T€JId K ONPEACICHHOMY B3aUMOACHCTBUIO, OMUCHIBAEMOMY HA I3bI-
Ke cii. B oTyimume oT rpaBUTAMOHHOTO B3aMMOACHCTBHS, TMPOIBISIONIC-
TOCd BCCTAA KAK MPUTAXCHUC MCECXAY TCIAAMHU, IJICKTPUUCCKOC B3dUMO-
ACUCTBAE MOXET OBITh KAK MPHUTSKEHUEM, TaK M OTTAJKMBAHHEM.
W3BecTHBIM M3 OmbiTa (DYHIAMEHTAJBHBIM CBOWCTBOM OJICKTPUUECKOTO
3apsfa SIBJISIETCSl TO, UTO OH CYIIECTBYET B JBYX BUAAX, YCJOBHO HA3bi-
BAEMBIX MOJOXHUTEIbHBIMY M OTPHLIATEIBHBIMU 3aPSiaMu. 3apsabl OXHO-
ro 3HaKa OTTAJKMBAIOTCS. B3ammomeiicTBue 3apsfgoB MPOTUBOMOIOXKHBIX
3HAKOB 3aKJIIOUYACTCS B MX B3AaMMHOM MPUTSIKCHUMU.

MaxkpocKkonmuyecKoMy TeJay MOXKHO COOOLIMTH 3apsia JiI000ro 3Haka.
Koraa stu 3apsigel mpucyTCTBYIOT B OQUHAKOBBIX KOJMUECTBAX, TEJAO HA-
3BIBAIOT OHJIEKTPUUCCKU HEUMPAIbHbIM WIA He3apsikeHHoim. [ pyrumu
CJIOBAMU, B MAKPOCKOMMUECKOM TEJIEC MOJIOXUATEIbHBIC M OTPULATETbHBIC
3apsAbl MOTYT KOMIIEHCHMPOBATH APYT Apyra. HesapsixenHoe Tesio mpu
PABHOMEPHOM DACMPEACICHUH BXOASIIUX B HETO MOJOXHUTEIbHBIX W OT-
PULATEIBHBIX 3aPSIIOB OJCKTPUUECKU HE B3aMMOACUCTBYET C APYTUMH
3apPSKCHHBIME TEJIAMM.

DIEKTPUUECKUI 3apsii MAKPOCKOMMUYECKOTO TEJIA OMPEACTSICTCS CyM-
MapHBIM 3apsiioM 00pasylommx ero ajeMeHTapHbeix uactum. Okpy-
XKAIOWWA HAC MHP TMPEACTABJISET COOOM XOPOWmIO CKOMICHCHPOBAHHYIO
CMECh TOJIOXKUTEIBHBIX Y OTPULATENBHBIX 3apsaoB. Takas KOMIEHCAMS
HEYAMBUTEIbHA, TIOCKOJIBKY OXHOMMEHHBIC 3aPSAbl OTTATKUBAIOTCSI.

[TpuumHa, MO KOTOPOIl JIEKTPUUECKUIT 3apsiy CYIIECTBYET MMEHHO B
IBYX BMIAX, B COBPEMEHHOI (hM3MKE A0 KOHIA HE BBISICHEHA. BO3MOXHO,
YTO B OTOM HAXOOHUT CBOE OTPAXXCHUE OMPEACICHHAS cCuMMeTpus. [losio-
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>KUTEJbHBIA U OTPULATEIBHBINA 3PSkl MOXKHO pacCMAaTPUBATh KaK MPOTH-
BOTIOJIO>KHBIC TIPOSIBJICHUS OJHOTO KAueCTBA, AHAJIOTMYHO TOMY KaK TOHSI-
THS «TIPABOE» M «JIE€BOE» BHICTYMAIOT MPOTUBOMOJIOXKHBIMUA MPOSIBJICHUSIMUA
CBOWCTBA MPOCTPAHCTBEHHOM cuMMeTpun. OKa3bIBAETCS, UTO BOITPOC CUM-
METPUU <IPABOTO» M <«JIEBOTO» TECHO CBSI3AH C ITOM JBOMCTBEHHOCTBIO
9JIEKTPUUECKOTO 3apsiAa M ¢ APYrou (hyHIAMEHTAJBHOW CHMMETPHUEH, a
MMEHHO C CHMMETPHEN MO OTHOIIEHUIO K oOpamennto BpeMern. Hekoro-
pBIN CBET HA 5TH BOMPOCHI MPOIUBAET (DU3UKA IJIEMECHTAPHBIX UACTULI.

DaexrTpusanusa Tea. [Ipocreiimme 5KCNEPpUMEHTHI, B KOTOPBIX HA Kaue-
CTBCHHOM YPOBHC MOTYT 6bITb 06Hapy>KeHbI OMUCAHHBIC 3aKOHOMCPHOCTHU
B3aI/IMOJZleI71CTBI/ISI QJICKTPUUCCKUX 3apsgaa0oB, M3BCCTHBI €IIC CO BPEMCH

Puc. 1. DyexTpocTaTUueckas MaIluHA Puc. 2. IIpocTemuii 3,1eKTPOCKOII

B. Opanksimaa (Bropas mososmaa XVIII Beka). CymiecTByror pasHbie
CIIOCOOBI JIEKTPU3ALMK TEM, T. €. MPEBPALICHUS OJJEKTPHUUECKH HEUT-
PAJbHBIX TC/I B 3APIXCHHBIC. B YAaCTHOCTHU, 3TO BO3MOXHO NMYTEM TPEC-
HUS TEJA APYr O Apyra (DJeKTpu3auus TPEHUEM ).

Pasnesnenue 2JeKTPUUYECKUX 3aPSAI0B MPOTUBOIOJOXKHBIX 3HAKOB BO3-
MOXKHO W IIyTEM DJIEKTPU3ALMU UEPE3 BIAUSHUE, OE3 HEMOCPEACTBEHHOTO
KOHTAaKTa MEXAY Tejamu (dekTpuueckas maaykuus ). Haubonee pacmpo-
CTPaHEHHBI TIPUOOP A1 PA3AEACHHUS 3aPAI0B — DIEKTPOCTATHUECKAS Ma-
mmHaa (puc. 1). OOGHApY>XUTh y Te/a HAJIWUKE SJECKTPUUECKOTO 3apsaa
MO>KHO € TIOMOMIBIO 2J1eKTpocKona (puc. 2) wiam 6os1ee COBPEMEHHOTO TIPH-
6opa — onekrpomerpa (puc. 3), UMEIOMIETO, B OTJIMUYUE OT JIEKTPOCKONA,
SKPAHUPYIOIIKAN META/TMYECKHIA KOPITYC, O1arogapst KOTOPOMY €ro moKa-
3aHUA HC TOABCPXKCHBI BJAUSIHUIO IMTOCTOPOHHUX OKPYXAKIUX TCJ.

IIpOBOAHMKHU U AMIJNEKTPUKHU. [0 MOBEACHMIO 3aPSIIOB B HAJICKTPHU30-
BAHHOM TEJI€ BCE BEIIECTBA AECATCH HA MPOGOOHUKU W U30stmopbl (Ou-
OJIEKTPUKM). Y AUOIJEKTPUKOB COOOIICHHBIN MM 3apsii OCTAETCS B TOM
MecTe, KyAa OH ObT MOMEINEH MpH SJEKTpU3anuu. B mpoBOOHMKAX CO-
OOIIEHHBIM 3apsa MOXET CBOOOAHO MEPEMEINATHCI IO BCEMY TEIY.
VmenHo Giarogapst 5TOMy CBOMCTBY MPOBOSIIKE TEJIA MOXHO 3apPSIXaTh
9JICKTPU3AUMEH uepe3 BAUSHUE. B paBHOBecMM W3-33a B3AMMHOTO OTTAJI-
KUBAHHUS CBOOOOHBIE 3aPSAbl PACHOJIATAIOTCS HA BHEIIHEW MOBEPXHOCTH
MPOBOAHMKA.
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e

Puc. 3. DieKTpOMETP U YCTPOHCTBO €r0 MEXaHU3Ma

Cpean GoBIIOro UmMCaIa pa3sHOOOPA3HBIX JJEKTPOCTATHUECKHAX JKCIE-
PUMEHTOB HEMAJIO TAKMX, KOTOPHIE IS CBOETO OOBICHEHNS 1AXKE HA Kaue-
CTBCHHOM YPOBHC TpCGYIOT OPUBJJICUCHNUSA BCCbMA CJIOXHBIX U TOHKHX IIO-
Hatui. [[pyMepoM MOXET CTYKUThH MAPOKO W3BECTHBIM OMBIT IO TIPATATH-
BAHMIO HE3APSIKEHHBIX KJIOUKOB OyMaru HasJIeKTPU30BAHHON PaCuecKoOu.

3akoH Kynona. Ilepssie okcriepuMeHTaIbHBIE KOJTMYECTBEHHBIE PE3YJib-
TAThl, OTHOCHIIMECS K B3AaMMOACUCTBHMIO HEMOABMIKHBIX IJICKTPUUYCCKUX

3apsnos, Obitn nosyueHs 1. Kynonom B
koHue XVIII cronerna. dnsg namepeHus
CWJI, JEUCTBYIOMMX MEXAy 3apsaamu, Ky-
JIOH WCTIOJIB30BAJI CO3AAHHBIA UM mpudop,
HA3BIBAEMBIA  KPYTWJIBHBIMA  BECAMH
(puc. 4a). Ha roukoit ynpyroii mutu H
MOABEIICHO JIETKOE KOPOMBICI0 K U3 u30-
JI9TOpA, Ha OAHOM KOHIIE KOTOPOTO YKper-
JIEH TPOBOASIIIWNM Mmapuk A, a HaA Apy-
rom — mporuBosec /7. Pagom ¢ mapukom
A MOXHO TTIOMECTUTD APYTOU TAKOU XK€ He-
MOABYKHBINA mapuk B. CTEKJIHHBIN -
JIVHAP 3aIWINACT YyBCTBUTEJIBHBIE YACTH
npubopa OT ABMKEHHS BO3IyXa.

Y100bl yCTAHOBUTDH 3aBUCHMOCTD CHJIBI
B3aMMOZACHUCTBUS OT PACCTOSTHUS MEXAY
3apagaMu, Imapukam A m B coo0marr
MPOW3BOJIBHBIC 3apsIAbl, MPUKACASICh K

H

€

Puc. 4. Kpyrunbnbie Becbl Kysona
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HHUM TPETBUM 3aPSKEHHBIM MAapukoM C, YKPENJICHHBIM HA PYUKe U3 AM-
onektpuka. [To yriy 3akpyuuBanus ynpyroit Hutu (puc. 46) MOXHO W3-
MCPUTH CUJIY OTTAJKUBAHUS OAHOMMCHHO 34pPSI2KCHHBIX HIAPUKOB, a IO
mKajae npubopa — paccTOSHUE MEXAY HUMU. B pesysbraTe 5THUX OMBI-
TOB KyJIOH yCTaHOBWJI, UTO CWJaa B3aI/IMO£[eI71CTBI/ISI HampasJICHA BAOJIb
JIMHAM, COCAMHSIOMIEH 00a 3apsaaa, u 0OpaTHO MPOMOPHMOHAIBLHA KBAI-
paty pacCTOSIHUA MCXAY HUMM:

F~ =,

r2

3aBUCUMOCTh CWJIBI B3aWMOACHCTBUS OT 3apsiia MOXHO YCTAHOBUTH
cnenyrommM obpasom. Korma sapsikeHHBI TPOBOAIIINAN MAPUK TIPHBO-
JUTCS B COMPUKOCHOBEHUE C TAKUM K€ HE3APSKEHHBIM LIAPUKOM, TO €C-
TECTBEHHO MNPEANOJOXKUTH, UTO B CUJIY CUMMETPUHU 3apsa MEXAY HUMU
pactupenenntcd mopoBHY. [Ipm 5TOM OKa3BBACTCSA, UTO CHJIA B3aWMOACH-
CTBUS MEXAY IIAPUKAMM, HA OAHOM U3 KOTOPHIX ONMMCAHHBIM CIIOCOOOM
3aps] YMEHBIIEH BABOC, TAKXE YMCHBINAETCA B JBA pa3a MpU TOM XK€
pPAacCTOTHUY MEXAy MmapukaMmu. [IOBTOpPIdS 3Ty MpPOUEAypPY HECKOIBKO
pas, MOXHO yOeauThCs, UTO MPU YMEHBIIEHUM 3apgaa JO00ro U3 miapu-
KOB B [BA, UETHIPE U T. . pa3 CWJIA B3aUMOACUCTBUS OKA3bIBAETCS TPO-
MOPLUOHATBHON 3apsaay KaXAoro Imapuka.

OG6o011as pe3yabTaThl TAKUX OMBITOB, MOXHO C(OPMYJIUMpOBATH 3a-
KOH, ONWCBHIBAKOIIWN CUJAY B3aUMOACUCTBUS HEMOABWXKHBIX OSJIEKTPH-
UecKux 3apsaaoB, — zakon Kyaona. Cuna B3aMMOACWCTBHS ABYX TO-
UCUHBIX 3aP49I0B ¢; M ¢, B BAKyyM€ IPONOPUMOHAIBHA MPOU3BEICHUIO

3apsa0B M OOpATHO MPOMOPUMOHAJbPHA KBAAPATY PACCTOSIHHS I MEXAY
HUMMU:

Fek lgq1- qul . (1)

I‘

Yro6sl (hopMysia AaBasa HE TOJBKO 3HAUCHHUS MOMYJIS CHJIBI, HO U €€
HampasJicHuE, yaoOHO 3amucaTh 3aKoH KyJoHA B BEKTOPHOM BHAE:

Fo=k =21 (2)
2
3necy Fy, — cuia, AedicTByOmAs HA 3apsiA ¢, CO CTOPOHBI 3apsiaa ¢,
r,=r; —r, — Pa3HOCTh PAaANYCOB-BEKTOPOB TOUCUHBIX 3APIAOB ¢, W
¢y, T. €. BEKTOD, MPOBEACHHBII OT 3apsaa ¢, K 3apany ¢, (puc. 5). Jerko
BUAETh, uTO (hopmysia (2) maer mpaBMIBHOE HampasycHue Cuiibl F, mpu
a00BIX 3HAKAX 3aPSAOB ¢ W ¢,, T.€. W npu orraskusanuu (g,q, > 0,
puc. Sa), w npu nputsxeann (g,q, < 0, puc. 56) sTux 3apsamos.
Beipaxxenue ana cunwl F, , neicTByromeii Ha 3apsa g, CO CTOPOHBI
¢, moayuaercs u3 (2) mepecTaHOBKOW MHAEKCOB | M 2 M HAXOAUTCH B
IMOTHOM COOTBETCTBUM C TPETbUM 3dKOHOM HbIOTOHaI

Fy = —Fyy,
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KOTOPOMY YJOBJIETBOPSIET B3aUMOACUCTBUE HETOABUXKHBIX OTHOCUTEIBHO
IpYyT Apyra dJEKTPUUYECKUX 3apPSIAOB.

To4YHOCTH, KOTOPAsk MOXET OBITh JOCTUTHYTA B OMBITAX C KPYTUJIbHbI-
MU BECaAMM, CPABHHMTEIbHO HEBeanka. Hama yOexaeHHOCTh B TOM, UTO
3ak0oH Ky/Jl0Ha TOUHO OMMCHIBAET IJAEKTPOCTATUUECKOE B3aAMMOACHCTBUE,
OCHOBAHA HA OOJIBIIOM KOJMUYECTBE MOATBEPXKAAIOIIMUX €r0 APYTHX IKC-
MEPUMEHTATBHBIX JaHHBIX. OKaspBaeTCs, uTo 3aKOH Kysi0HA BBHITOJIHS-
€TCS TOUHO KAaK Ui OU€Hb OOJIBIINX, TAK M I/ OUEHb MAJBIX PACCTOS-
Hui. B yacTHOCTH, MCCIETOBAHUS ATOMHBIX SIBJICHHUN MTO3BOJIIIOT 3aKIH0-

12

Puc. 5. BzaumosneiicTBue ToueuHbIx 3apsmoB (3akon Kysona)

YUTh, UTO OH CMPABEAIUB MO KPAWHEH MEPE BILIOTh A0 PACCTOSHUU TIO-
psaka pasmepos atomHoro sapa (10715 m).

OTMeruM, UTO JJIEKTPOCTATUUECKOE B3AaMMOEUCTBUE Tea Co chepu-
UYCCKM-CHMMETPHYHBIM  PACTIPEACTCHUEM 3ap9aa OMUCHBACTCA TAKUMHU
xe Beipaxenusmu (1) u (2), KaK ¥ B3aUMOICHCTBUE TOUCUHBIX 3aPsi-
J0B, TIOMEMICHHBIX B MEHTPBI OTHX TEJ.

Enuuuupt 3apaga. Koodbduuuenr &, durypupyrommit 8 dopmyaax (1)
u (2), 3aBucut or BbIOOpa eauHuUL. B (hu3uMKe MOAyuMIM IIMPOKOE pac-
MPOCTPAHECHUE [BE CHUCTEMBI COWHUI[, B KOTOPHIX BBCACHHUE CAWHULL
SJIEKTPOMATHUTHBIX BEJWYMH OCHOBAHO HA DPA3HBIX (DU3MUECKMX 3aKO-
Hax. B Tak maswBacmon cucreme CI'CD (aGconroTHag SaEKTpO-
CTaTMYeCKast CUCTEMA), TOCTPOCHHOW HA TPEX OCHOBHBIX CAMHULAX —
IUIVHBI, BPEMCHU M MACChl, — CAMHMULA SJIEKTPHUUECKOTO 3apIaa SBJSCT-
cst mpousBopuoi. OHa BeIOMpaeTCs HA OCHOBe 3akoHa Kysowa Tak, uto-
Ob1 Koo(duuumeHt k£ B Hem Ob1 paBeH exumuune. Takas equHULIA 3apsaa
HA3BIBACTCH AOCOJLIOMHOU INEKMPOCMamuyueckol edunuyell. ITo TaKou
3aps7, KOTOPBIM ACUCTBYET B BAKyyME HA PABHBIM €My 3apsi, yAaJICH-
HBIM HA pACCTOSIHME OAWH CAHTUMETP, C CUJIOW, pABHOW OJHOW AWHE.
Pasmeprocts 3apgapa B cucteme CI'CD ycranaenmsaerca u3 dopmy-
ael (1) npu k= 1:

dim ¢ = dim VFr? = (MLT~2L%)"? = M'2132T 1, (3)
®opmysa, Beipaxatomas 3akon Kymona, B cucreme CI'CO umeer Bug
F=lall%l (4)

r
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B Mexaynaponuou cucreme eguuun, (CU) B umcie ceMu OCHOBHBIX
eavHUL, (UTypHpyeT EOWHWLA CHJIBI JJEKTPUUECKOTO TOKA — aM-
nep (A). OTa emMHUUA YCTAHABIMBAECTCS HA OCHOBE MArHUTHOTO B3au-
MOJEUCTBHS TOKOB, O ueM OyaeT mogpoOHO pACcCKa3aHO MPH M3yUYEHUU
MATHUTHOTO MO TOKa. Epmanna sapama — kyaon (Kn) — asagerca
TMPOW3BOXHON M BBIPAXKAETCS YEPE3 ABE OCHOBHBIC CAWHWIBI — CHJIBI
Toka m Bpemenu. [lo ompenesieHWI0 OAWH KYJIOH — 9TO 3apsi, MPOXO-
OISO 3a ONHY CEKYHAY 4Yepe3 TOMEePEeuyHOE CEUCHWE MPOBOAHWKA, B
KOTOPOM TOAACPKUBAETCS TOCTOIHHBIN OJJIEKTPUUECKUUA TOK CHJIOU
OOVH aMmrep:

IKn=1A-1c=1A-c ()

B onexTpogmHaMEMKE TMOKA3bIBAETCS, UTO MEXAY KYJOHOM M abco-
JIFOTHOU 3JIEKTPOCTATUUSCKOW SIMHUICH 3aPsIa UMEETCS CACAYIONEe CO-
OTHOIIIEHUE:

1K= 3-10° ex. CTCO. (6)

TMockoapky B CU eaumnuna 3apsiia yCTaHOBJICHA HE3aBUCMMO OT 3a-
kona Kysnona, koadduument £ 8 (1) yxe He pasen egunanne. Ero mpu-
HSTO 3aMMCHIBATh B BUAC k = 1/(4me,), rae e, — HEKOTOpasi pa3MepHas
TIOCTOSHHAS, HA3BIBAEMAS JIeKMPUUEeCcKOl NOCMOsHHOU. Boipaxenue
nasa 3akona Kynona 8 CU umeer Bupg

1 lgi1-1g,1
i 2 (7

3HaueHue DJEKTPUUECKOM MMOCTOSHHOM €, MOXXHO HAWTH C MOMOIIBIO

coorHomenus (6) mexay kyaoHom u emunmuei 3apaga CI'CO. Ilycre
VIMEETCS 1BA TOUYCYHBIX 3apsaa ¢, = ¢, = 1 Kn, ymanenmwix Ha pac-

crosaue r = 1 m. Torma cornacuo dopmyae (4) cuna B3aMMOAEHCTBUS
paBHa
(3-10%?2
F=-"_—__muan=9-10° H.
ao? A

C apyroit croponsl, coriacuo (7), ora e cuaa paBHa

1 1KxlKu
TAng, T 122
Orcrona

2 2.4
o= ——— L —g885-10"122 ¢
47(9-107) m“-H M°: KT
DJeMeHTapHbI JJEKTPUYECKUM 3apsaia. B mpupose anekrpumueckue
3apdaabl CYCCTBYHOT TOJBKO B BUAC 3APIXXKCHHBIX UYACTHUL,, KOTOPBIC
YCJIOBHO CUMTAIOTCY TPOCTEHIIMMMU WM JJEMEHTApHbiMU. Hammume
SJIEKTPUUECKOTO 3apsiia — HEOThEMJIEMOE CBOMCTBO HEKOTOPBIX 9Jie-
MCHTAPHBIX YACTHL. Hocureaamn OTPULOATCABHBIX 3apPsSa0B SIBJIAKOTCI
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2eKMPOHbL, TIOJOXUTEABHBIX 3aPIO0B — MPOMOHbL. 3apsa BCEX MPO-
TOHOB OAWHAKOB M PABCH MUHWUMAJBHOMY BCTPEUAIOMIEMYCS B TPHUPO-
I€ 3apsay — TaK HA3BIBAEMOMY JAEeMEHMAPHOMY IJeKMPUUecKOMY
3apsody e:

e=1,6-10"19 Ku.

3apaa BCEX JJEKTPOHOB TAKXKE OIMHAKOB M MO AOCOTIOTHOM BEINYM-
HE paBeH JJEMEHTAPHOMY JJIEKTPUUYECKOMY 3apsay. Atom sroboro ose-
MEHTA COOEPXHT CTOJIBKO XK€ OJECKTPOHOB B OJEKTPOHHOM 000J0UKE,
CKOJIBKO MPOTOHOB HAXOAUTCS B €0 9ApE, M IMOTOMY ATOM JJIEKTPUUECKU
HEUTpasIeH.

HelirpanbabiMu OyayT MOJEKYJIBl M MAKPOCKOIIMUYECKHE TEAA, IO-
CTPOCHHBIC W3 ATOMOB. BCIKWiT TPOLECC DJACKTPHU3ALMHU TEJ CBI3aH C
pasaeaeHueEM DACKTPUUECKUX 3apSA0B, KOrga HA OOHOM M3 Tea (Mam ua-
CTH Tea) MOYABALETCH M3OBITOK IMOJOXHUTENbHBIX 3apSA0B, 4 HA APYroM
(uau apyroi yactu Tena) — M30BITOK OTPULATENbHBIX 3apsaaoB. Obumiee
UNCJI0 OOJOXUTC/IbHBIX U OTPULATC/IbHBIX 34PAA0B IIPU 3TOM COXpPAHSI-
eTcd, 3apgaabl TOJAbKO MEPEPACHPEAEASIOTCa MexXay Teaamu. Kak mpasu-
JIO, JJAEKTPU3AUMd CBI3aHA C MEPEHOCOM JJIEKTPOHOB, MACCA KOTOPBIX
ypesBBIYAHO Mana (m, X 1073% xr). ITo3ToMy MOXHO IEPEHECTH HA
MAaKpPOCKOIMUECKOE TEJ0 WM yOpaTh C HETO OIPOMHOE UMCIO 2JEKTPO-
HOB 0€3 3aMETHOIO M3MEHEHUS ETO MACCHI, COOOIIMB TENY IPH DTOM 3HA-
YNTEAbHBIA JJISKTPUUCCKAN 3apsi.

3aKOH COXpaHeHMd 3JeKTpuuYeckKoro 3apsana. CoxpaHeHue 3aeKTpH-
UYECKOTO 3apsaAa MPEACTABASET COOOM BAaXKHEMIIEE M3BECTHOE M3 OMBITA
€ro CBOWCTBO: B M30JIMPOBAHHOM CHCTEME ajrebpamueckasi cymma 3aps-
OB BCEX TeJ ocraeTcd HemaMmeHnHon. CrpaBeaInBOCTh STOTO 3aKOHA IMOM-
TBEPKAAETCA HE TOJABKO B MPOIECCAX JJIEKTPU3ALMU, HO M B HaOmrOme-
HHUSX HAJ OrPOMHBIM YHCJIOM POXIACHWN, YHWUYTOXEHUM W B3aUMHBIX
MPEBPALICHUN 2JIEMEHTAPHBIX YACTHII.

3aKOH COXPAHCHMS JJCKTPUUCCKOTO 3apsia — OAWH M3 CaMbiX (PyH-
JAMEHTAJbHBIX 3aKOHOB TpUponbl. He mM3BECTHO HM OAHOTO Cayyasl €ro
Hapymenus. Jlaxe B T€X Caydasx, KOTAA MPOMCXOAUT POKACHUE HOBOM
3aPSKEHHOM YACTHIBI, OQHOBPEMEHHO O0S3aTENIPHO POXKAAETCH ApYras
yacTWIA C PABHBIM M TPOTUBOIMOJIOXKHBIM TIO0 3HAKY 3apsaoM. «3aps-
JUATH» JJIEMEHTAPHYIO YaCTULy, T. €. U3MEHUTh €€ 3apsj, HEIb3sS — MBI
MPOCTO TMOJYUUM TPUA ITOM APYTYI0 YACTHUILY.

DIEKTPUYECKUN 3apsa OJEMEHTAPHOM YACTHIBI HE 3aBHCAT HHU OT
BBIOOpPA CHCTEMBI OTCUETA, HU OT COCTOSHMUS ABVKCHUS UYACTHIBI, HA OT
€e B3aMMOACUCTBUS C ApyrmMu uvactuuamu. [loaTomy 3apsig Makpocko-
MAYECKOTO TEJA HE 3aBUCUT HU OT ABMKEHUS COCTABJSIONIAX €ro 4ac-
THIL, HA OT JABMKCHUS TEJaa KAaK IEJI0ro.

3anpaun

1. Dnekmpon 6 amome odopoda. B mnyanerapHoOil MoAe/ v aToMa IpeArnoJa-
raeTcsl, 4To dJICKTPOH ABUKETCS BOKPYT siipa MOA ACUCTBUEM KYJIOHOBCKOM CHJIBI
NpUTSKeHUS K 9apy. Cunras, 4yTo ABUXKEHUE DJICKTPOHA MOAUYMHSETCS 3aKOHAM
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KJIACCHUUECKOM MEXaHUKH, OTIPEAE/IUTE CKOPOCTh ¥ DJIEKTPOHA Ha KPYTOBOi opGUTe
paguyca r = 0,5-10~10 M B atome BomOpona.

Pemenue. Korga anekTpuueckre 3apsabl ABUXYTCS MEIUIEHHO, T. €. UX CKO-
POCTb MHOTO MEHbILE CKOPOCTH CBETa, B3AUMONEHCTBUE MEXAY HUMHU B T€PBOM
NPUOIMKEHUN OYET TAKUM e, KaK M MeXy HEMONBMXXKHBIMU 3apsiaMu.

IIpu paBHOMEPHOM ABUXXEHUM 110 OKPYKHOCTH yCKOPEHHUE YaCTUIbl HaTlpaBJie-
HO K LEHTPY OKPYKHOCTH U PaBHO v2/r. DT0 yCKOPEHUE COOOIIACT 3/IeKTPOHY cHla
npursxenus K aapy F = ke?/r2. Tlo sTopomy 3akoHy HbloToHa

2 eZ
m U_ =k 5
r r
OTKyZa
v=e _*_ . (8)
m-r

UYucnoBoe 3HauUeHUE v Ipolle HalTH, ucnoib3ys cucremy CI'CO, roe k£ = 1.
Toacrasnag B dopmyy (8) sHaueHusd e = 1,6- 10" 19 Kn=4,8-10"10 ex. CI'CD,
m=20,9-10"%"r, r = 0,5-10~8 cm, Haxogum v = 2,3- 108 cm/c, uTo Ha ABa NOpPSA-
Ka MeHbINe ckopocTu cBeta. B CU, roe k =1/ (47e,), BRIpPaXXEHHE /IS CKOPOCTHU
9JIEKTPOHA UMEET BUL

e

Vdnemr

BeiuncnieHue 10 5T0M (hOpMyJie AaCT, pa3yMeeTCs, TO XK€ 3HAUEHUE CKOPOCTH, HO
BBIPAXXEHHOE B METPAX B CEKYHIY, XOTS 0OBEM BBIUMUC/IEHUI TIPU STOM HECKOJBKO
0oJIbIIIE.

2. 3apaxennsie wapuky. IBa OIMHAKOBBIX META/UVIMUECKUX IIapuKa, Haxo-
ASIIUXCS Ha PacCTOSHUH, OOJIBINOM MO CPaBHEHUIO C UX pasMepaMi, MPUTITU-
BalOTCY APYT K APYTY, NIPUUEM U3BECTHO, UTO OAWH U3 HUX 00sajaeT BTpoe 00Jib-
MM 3apsiioM. Kak M3MEHUTCS cuila UX B3aUMOACUCTBUS, €CJIU IIapUKU MpUBE-
CTU B CONPUKOCHOBEHME, a 3aTeM Pa3BECTH Ha IpexHee paccTosHue?

Pemenue. Tak Kak cHauaja apyKy IPUTATUBAJINCH, TO OHU 00JIafaIv 3a-
psSAaMU POTUBOIIOJIOXKHBIX 3HAKOB. [Ipy CONPUKOCHOBEHUM OAMHAKOBBIX I11aPHUKOB
BCJICACTBUE CUMMETPUU IIOJIHBIH 3apsifl paclpeAc/IUuTCs MEXXy HUMU IOPOBHY. AO-
COJTIOTHAS BEJINUMHA 3apsifa OAHOIO U3 IIAPUKOB I10 YCJIOBHIO BTpoe 00JIblile APYTo-
ro. IToaTomMy nocsie YacTUUHOM HEUTpaIU3alUK 3apsiia IPU COIPUKOCHOBEHUH 11a-
PHUKOB KaxX bl U3 HUX OYAET UMEThb 3apsii OQHOIO U TOTO Xe 3HAKA, IPUUEM MOAYJIb
9TOr0 3apsijia paBeH MEHbILIEMY M3 MOAYJIel NlepBOHAYAJIbHBIX 3apsaoB. OTcioaa sc-
HO, 4TO HIApUKU OYAYT OTTAJKUBATBCS C CUJIOM, BTPOEC MECHBIIEH IepBOHAYAJIBHOM
CHJIbI IPUTSIKEHUS.

[ToueMy B ycJIOBUM 3aauy TOBOPUTCS O TOM, UTO pasMephbl IIAPUKOB MaJlbl 110
CPaBHEHHIO C pacCTOSHUEM Mexay HUMHU? IIpu perneHUM Mbl MOJTUAJIMBO OMUpPA-
JIUCh Ha 3akoH KyJsioHa, cripaBemyivBbliii 1U1s B3aMMOACHUCTBUSL TOUCUHBIX 3apSA0B.
[TosTomy sMHeliHBIE pa3Mepbl LIAPUKOB JOJIKHbBI ObITh MaJibl, YTOObI MOXKHO ObLJIO
He AyMaTb HU O TOM, UYTO 3apsibl paclipeAe/ieHbl Ha lIapHUKaX HePpaBHOMEPHO, HU O
TOM, KaK U3MEHSIETCS 9TO paclipeAe/ieHUe IIpU UX Mepesapsiike.

e Kakue OnbIThI CBUACTCJ/IBCTBYIOT O TOM, 4UTO CYLICCTBYET [ABa BUIA JJICKTPU-
YECKOro 3apﬂ/:la?

e [loueMy B OKpy:KalollleM HaC MHMPE MaKpOCKOIMYECKHE Tella, KaK IpaBUIo,
9JICKTPUYECKHU HEUTPaJIbHbI?
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e OO0bBscCHWTE NMPUHLMN AESUCTBUS dJIeKTpockona (puc. 2).

e Kak 3apgaanuTb SJICKTPOMETP WM SJICKTPOCKOIT, HCIIOJIb3yd JJICKTPU3alUio
TPEHUEM U JJICKTPU3ALUKD 4YEPE3 ausHue? OObICHUTE I[poucxoadaume mnpu
OTOM IIPOLICCCHI.

e  OnuuuTe, KaKUM o6pasoM yCTaHaB/JIMBACTCH 3aBUCHUMOCTb CHJIbI B3auUMOZECH-
CTBUA OT 3HAUCHUA 3apdia B OIbITax Ky}]OHa, yuutbiBasg, 4TO IMPU 3TOM HET
HE3aBHUCHUMOro criocoba U3MEPCHUA 3apsdia.

e TlosicHuTe, Kak OT BeIpaxatouieil 3akoH Kysona copmynel (1) mepeiit k
BEKTOPHOMY BBbIpaxeHHUI0 (2) IS CUIbl B3aUMOAECHCTBHUS 3apsIIoB.

e BriBegute pasMepHocTb 3apsifa B cucteme CI'CO.
o Tlomyuute BbIpaxkeHHe IS Pa3MEPHOCTH JJIEKTPUUYECKOM TOCTOSHHOMN €.

e B ueMm 3zakjrouaeTcs 3aKOH COXpaHEHUS 2JieKTpUueckoro 3apsana? Moxer jm
U3MEHUTHCS 3PS OTAE/IbHBIX YACTUIl U CYMMAapPHBIN 2JIEKTPUUECKUIT 3apsil
MpU SOEPHBIX PEAKIMIX U B3aUMHBIX TPEBPAIEHUSK DJEMEHTAPHBIX Yac-
TU?

e Ilouemy Mpu pellieHUM 3afauu | MOXHO HE YUWUTBIBATH CUJIy I'PaBUTAIMOH-
HOTO TIPUTSKEHUS DJIEKTPoHA K aapy? Bo CKOMBKO pa3 oHA MeHBIIE CUJIBI
9JIEKTPOCTATUUECKOTO TIPUTSKEHUS?

§ 2. dnekTpuyeckoe none. HanpsxeHHOCTbL nons

Hapsgnay c¢ 3akorom KysioHa BO3MOXHO WM APYyroe OMWCAHWE B3aWMOMACH-
CTBUS VICKTPHUUCCKHUX 34PIdA0B.

HanbHoaencTEUE U OnuskoaeincTene. 3akon Kynona, nogoGHO 3aKOHY
BCEMUPHOTO TATOTCHUS, TPAKTYET B3AMMOACUCTBUE 3aPSIAOB KAK «ICUCT-
BHE HA PACCTOSTHUM», WIN «IAJTbHOACUCTBUC». [|cHCTBUTENBHO, KYJIOHOB-
CKasl CWJIA 3aBUCHT JIUIIb OT BEJMUMHBI 3APSAOB W OT PACCTOSTHUS MEXAY
aumu. KyaoH Obl1 yOeXxaeH, uTo mpoMEXyTOUHAs CPEeaa, T. €. «IyCTOTa»
MEXAY 3apsiiaMu, HUKAKOTO YUacTus BO B3AUMOACHCTBUAN HE TPUHUMACT.

Takas TOuka 3peHHs, HECOMHEHHO, ObLIA HABESHA BIEUYAT/ISIOMUMUI
yCrnexamMyu HBIOTOHOBCKOM TEOPHM TATOTEHUS, OJECTSINE MOATBEPXKAAB-
nieiica actpoHommueckummn HaOmonenuamu. OmpHako eme cam HproToH
nucan: «Henonsarno, kakum 00paszoM HEOQYIIEBJIEHHAS KOCHAS MaTe-
pus, 6e3 MOCPEACTBA UErO-au00 MHOTO, UTO HEMATEPUATBHO, MOIJIA Obl
JOEMCTBOBATh HA APYroe Tesao 0e3 B3aMMHOTO MPUKOCHOBEHWs». TeM He
MEHEE KOHUCIMUIMS AATbHONCUCTBUS, OCHOBAHHAY HA TMPEACTABJICHUU O
MTHOBEHHOM AEUCTBMM OQHOTO TE€Ja HA APYroe Ha paccrosHum 0e3 yua-
CTHS KAKOW-7M00 MPOMEXYTOUHOM CPEdB, €IIe AOJIr0 JOMHHHMPOBAJIA B
HAYYHOM MHPOBO33PCHUM.

Nnesa mong xak MaTepmasbHON CPEAbl, MOCPEACTBOM KOTOPOM OCyIIe-
CTBJISETCS TI000€ B3aMMOECHCTBIE MPOCTPAHCTBEHHO YAAJIEHHBIX TE, ObI-
sia BBeacHa B ¢m3uky B 30-¢ rogsl XIX Beka BEIUKUM AHTJIMACKAM €CTE-
creoucneiraresieM M. @apageem, KOTOPBIA CUMTAJ, UTO «MATEpPUS TIPHU-
CYTCTBYET BE3[C, W HET MPOMEXYTOUHOTO MPOCTPAHCTBA, HE 3aHSATOTO
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ero». apaneil pa3BWI  TOCJAEIOBATCABHYIO KOHLEHIMIO OJEKTPO-
MarHuTHOTO IOJIS, OCHOBAHHYIO HA MAEE KOHEUHOM CKOPOCTU pacrpocTpa-
HCHUS B3aMMOACHUCTBUS. 3aKOHUCHHAS TEOPUS SJIEKTPOMATHUTHOTO TIOJIS,
o0sieueHHAst B CTPOryl0 MareMaTHuecKyw (opmy, Obuia BIIOCIEACTBUU
pa3BuTA APYTMM BEJIWKWUM aHTAMUCKUM puzmkom [Ix. Makceeanom.

[To coBpeMEHHBIM MPEACTABACHUIM JJCKTPUUYECKUE 3aAPSAbl HAACS-
0T OKPYXAILIEE MX MPOCTPAHCTBO OCOOBIMU (DPM3MUECKMME CBOMCTBA-
MU — CO3JAI0T srekmpuieckoe noje. OCHOBHBIM CBOMCTBOM TIOJIS SIBJISI-
eTCs TO, UTO HA HAXOASLIYIOCS B 9TOM TOJIC 3aAPSIKEHHYIO YACTHIy ACW-
CTBYET HEKOTOpAas CHUJA, T.€. B3ANMOACHCTBUE IJICKTPUUECKUX 3aPSII0B
OCYILECTBJSETCS MOCPEACTBOM co3aaBaeMbix umu mosei. [lone, cosma-
BAEMOE HENOOBUXHbIMU 3apsi0amu, HE U3MEHSIETCS CO BPEMEHEM M Ha-
3BIBACTCS  ekmpocmamuieckum. s wm3yueHus mTOAS HEOOXOAMMO
HAWTH ero (puamuecKkne XapakTepucTuku. PaccMaTpuBaroT ABE TAKUE Xa-
PAKTEPUCTUKU — CUJIOBYIO M DHEPreTUUECKYIO.

HanpaXeHHOCTh JJIEKTPUYECKOr0 mojd. 1 OKCIepuMEHTATBHOTO
U3YUCHUS IJICKTPUUCCKOTO MOJA B HETO HYXHO IMOMCCTUTDH HpO6HbII71 3a-
pan. IpakTuuecku 310 GyAET KAKOE-TO 3aPI’KEHHOE TEIO, KOTOPOE, BO-
IEPBBIX, JOJXHO MMECTh AOCTATOUHO MAJIbIC PA3MCPDI, IITO6I)I MOZKHO 6bI—
JIO CyAWTh O CBOMCTBAX MO/ B ONPEAC/JCHHONW TOUKE MPOCTPAHCTBA, W,
BO-BTOPHIX, €r0 JJIEKTPUUYECKUN 3aPa/ J0/DKEH OBITh JOCTATOYHO MAJIBIM,
uTOOB MOXHO OBLIO MpeHeOpeuh BAMSHHUEM JTOTO 3apsSAa Ha pacmpenc-
JICHWE 3aps/0B, CO3AAOMNX W3ydyaeMoe TOJIE.

Ha npoOHbiii 3apsa, MOMEINEHHBIA B SJEKTPUUECKOE MOJE, AEHCTBY-
eT cujaa, KOTopas 3aBHCHT KakK OT MOJsl, TAK M OT CaMOro MmpoOHOTro
3apsga. Ora cuaa teM Oosibuie, yem Oosbine mpoOHBIN 3apsa. Vamepss
CHJIbI, JCHCTBYIOIIME HA PAa3HbIE MPOOHBIE 3apsabl, MOMEIIEHHBIE B OO-
HY M Ty X€ TOYKY, MOXHO YOEAMTHCS, UTO OTHOIIEHUE CHJIBI K MpPOO-
HOMY 3apsAy YK€ HE 3aBUCHAT OT BEJWUMHBI 3apsiaa. 3HAUUT, ITO OT-
HOLICHUE XapakTepuayeT camo mose. CHaoBOM XapaKTEpUCTHKOM
9JIEKTPUUECKOTO TIOJS SIBJIIETCH HanpsixenHocms E — BEKTOpHaAd Be-
JIMYMHA, paBHAS B KaXKAOW TOYKE OTHOHEHWIO Cubl F, neicTByromei
HA TPOOHBIN 3apsin Trps MOMEMICHHBIA B 9Ty TOUKY, K 3apsgy Iy’

E=F. (1)
Dop
HdpyruMu cioBaMu, HAMPSKEHHOCTDh NoJs E m3aMepsieTcs cuiion, aeu-
CTBYIOLIEH HA EAMHWYHBIN TMOJIOXWUTEIbHBIN TPOOHBIA 3apsa. B obmem
Cayvae HaMpSDKEHHOCTh MOJS pa3Had B pasHbIX Toukax. [lone, B KoTo-
pPOM HAMPSKEHHOCTh BO BCEX TOUKAX OAWHAKOBA KAK MO MOAYJI, TaK M
MO HATPABJICHUIO, HA3bIBAETCSH OOHOPOOHbLM.
3Hag HAMPSKEHHOCTh OJJCKTPUUCCKOTO TOJS, MOXHO HAWTH CUIY,
AEUCTBYIOLIYIO HA JIIOOOW 3apsa ¢, MOMELICHHBIA B JAHHYIO TOUKY. B co-
orBercTBum ¢ (1) BbIpaxkeHWE IS STOM CHJIBI MMEET BH

F=gE. (2)
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Kak xe HalTH HANPSOKEHHOCTh MOJS B KAKOW-1100 Touke?

HanpskeHHOCTh 2/1EKTPUUYECKOTO OIS, CO34aBAEMOT0 TOUCUHBIM 3a-
pSAOM, MOXHO paccumTarh ¢ momompko 3akoHa Kysnona. Bynem paccmar-
puBaThH TOUEUHBIN 3apsa ¢ KaK UCTOUHUK ISJICKTPUUCCKOrO ITOJIS. 3TOT
3apsia AEUCTBYET HA PACHOJIOXEHHBIM HA PACCTOSIHUM 7 OT HETO MPOOHBIN
3apsii ¢y, C CHJION, MOAY/Ib KOTOPOil paBeH

F=k lql - |qnp| (3)

I‘

[TooTomy B cooTBeTcTBMM C (1), pasaeamB 9TO BhIPaXeHHUE HA | gy, |, mo-
JyuaeM MOAyJb E HANpSKEHHOCTH MOJsS B TOYKE, THE PACHOJIOXEH
npoOHBIN 3apsif, T. €. HA PACCTOSTHUM ' OT 3apsiga ¢:

E=k1dl (4)
r

Takum 00pa3oM, HAMPSKEHHOCTD IO/ TOUEUHOTO 3apgaa yObIBAeT €
paccTosHUEM OOPATHO MPOMOPIUOHAIBHO KBAaApPATy PpACCTOSHUS WM,
KaK TOBOPAT, MO 3aKOHY OOpaTHBIX KBaApaToB. TaKOEe IOJE HA3bIBAKOT
kysonosckum. Tlpu npubAVXKEHUH K CO3AAMOMIEMY IIOJE TOUEUHOMY 3a-
PAAY HAMPSXKEHHOCTH MO/ TOUEUHOTO 3apsaAa HEOrPAHUUYEHHO BO3PACTa-
er: u3 (4) cmenyer, uro E—> o mpu r—0.

Kosdduuuent & B8 dopmyne (4) 3aBucuT OoT BHIOOpPA CHCTEMBI €A~
. B CI'CO k=1, a 8 CU k = 1/(4mne,). CoorsercTBeHHO hopmyna

(4) sammchBaeTCS B OXHOM W3 ABYX BUIOB:

E= "’ L (crca)  wm E=% 14l cmy. (4a)
Emnauna manpsoxkensoctn 8 CI'CD cmenumaspbHOrO Ha3BAHUS HE MMEET,
a B CU ona HaseiBaeTca «BOJBT HA MeTp» (B/M).

BcaeacTeBue W30TPONMHOCTM TMPOCTPAHCTBA, T. €. OKBUBAJEHTHOCTH
BCEX HATMPABJIEHUH, DJEKTPUUECKOE TOJIE YEAMHEHHOTO TOUEUHOIO 3apsi-
1a chepuuecKn-CUMMMETPUYHO. ITO 00CTOSTEIBCTBO MPOIBAIETCS B (hOp-
Mmysie (4) B TOM, UTO MOAY/b HAMPSIXKEHHOCTH TOJIS 3aBUCUT TOJBKO OT
paccTosHuUS r [0 3apsaa, CO3MAIOIIEro mose. Bekrop HampsokeHHOCTH E
MMEET PAaaMaJbHOE HATMPABJICHUE: OH HAMPABJACH OT CO3AAOLIETO MOJIE
3apsaa g, e 9TO TOJIOXKUATEbHBIN 3apsa (puc. 6a, ¢), U K cozaarome-
My TIOJIE 3apsay ¢, €C/IM OTOT 3apsi OTpUUATEabHBIN (puc. 60).

Bblpaxem/le JJI HATIPSI2KCHHOCTHU TI0JI TOUCUHOIO 3apdaaa MOXKHO 3a-
nmucatb B BEKTOPHOM BUAC. Haqano KOOpAMHAT yIlO6HO IIOMCCTUTH B TOU-
Ky, TI€ HAXOAWTCH 3apsiA, Co3maromuil mosie. Torna Hamps>KeHHOCTh Mo-
g B Jt000# TOUKE, XapaKTEpu3yeMOW PagumyCoOM-BEKTOPOM I, HAETCs
BBIPAKCHUEM

E=k % r. (5)
B orom moxHo yGemutbcs, comocrasus ompeaenacHue (1) BekTopa Ha-
NOPSKEHHOCTH moJist ¢ hopmyston (2) § 1, b0 OTTaNKMBASCH HEMOCPED-
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F=

E

Tup

Puc. 6. Hanpszxkennocts E mostst, co3maBaeMoro 3apsjaoMm ¢, u cwia F, peicTByiomas Ha
HPOGHBIi 3aPaz Gy

CTBEHHO OT (hopmy.abl (4) u yuuTsiBas cHOPMYyJIMPOBAHHBIE BHIIE COO0-
paxeHus O HampapjcHWHA BekTOopa E.

IpuHoun cynepno3uimu. Kak HalTH HATIPSKEHHOCTD I7EKTPHUCCKOTO
MOJIsl, CO3aBAEMOr0 MPOU3BOJIBHBIM PACIIPEACICHUEM 3aPSII0B?

OnbIT MOKA3BIBAET, UTO JJACKTPUUCCKUE TOJS YAOBJCTBOPSIIOT HPUH-
yuny cynepnosuyuy. HampsXeHHOCTh OIS, CO3AABAEMOTO HECKOJIBKAMM
3apsJaMi, PABHA BEKTOPHOM CyMME HANPSIXEHHOCTEHW MOJIEH, co3aaBae-
MBIX KaXXIBIM 3apsAOM B OTACTBHOCTH:

E=E +E+..=YE,. (6)

[Mpuauun cyneprno3uiuu (GaKTHUECKM O3HAYAET, UTO MPHUCYTCTBHE
OPYTHUX JJCKTPUUYCCKUX 3aPSAO0B HUKAK HE CKA3BIBACTCS HA TOJIE, CO3Ma-
BACMOM JAHHBIM 3apsiAoM. Takoe CBOMCTBO, KOrga OTAC/IbHBIC MCTOUHM-
KM JEHCTBYIOT HE3ABUCHMO M WX JCUCTBHS MPOCTO CKIAABIBAIOTCS, TPHU-
CyIIE TaK HA3BIBAEMBIM JIUHEUHbIM CUCTEMAM, W CAMO TAaKOE CBOMCTBO
(busznueckux CUCTEM HA3BIBACTCS JMHEHHOCTHIO. [1pOMCXOXACHUE 9TOTO
HA3BAHUS CBSI3aHO C TEM, UTO TAKMUE CUCTEMBI OMMCHIBAIOTCS JTUHEMHBIMU
ypaBHeHUsIMU (yPABHEHUSIMU TIEPBOM CTETEHM ).

[MoguepkHEM, UTO CHOPABEIVIMBOCTH TMPUHIMIA CYNEPIO3ULMAN /IS
OJIEKTPUUYECKOTO MO/ HE SBJISETCS JOTMUYECKON HEOOXOAMMOCTBIO WU
YeM-TO caMmo co00l Pa3yMERMUMCs. DTOT IPUHUMUI MPEACTABIIET COOOM
00001IeHre OMBITHBIX (DAKTOB.

[MpuHOMIT CYyNEPHO3ULMK MO3BOISET PACCUMTATh HAMPIXKEHHOCTH T0-
JIsl, CO3JABAEMOr0 JIIOOBIM pACMpPENEJCHUEM HEMOABUXHBIX OJJIEKTPH-
UYECKUX 3apsioB. B ciayuae HECKOMBKUX TOUCUHBIX 3apSAOB PELEIT pac-
yeTa pe3yJbTUPYIOMEH HAMPSIXKEHHOCTH oueBuacH. JII000M HETOUEUHBIN
3apsil MOJKHO MBICJECHHO pa30WTh HA TAKWE MaJble Y4acTH, 4TOOBI Kax-
AYI0 U3 HUX MOXHO OBUIO PacCMATPMBATH KAK TOUEUHBIH 3apsax. Hamps-
KEHHOCTh JJICKTPUUECKOTO TOJIS B MPOM3BOJBHONW TOUKE HAXOAUTCS KAk
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BCKTOpHAsg CymMMma HaHpﬂXCHHOCTeﬁ, CO3daBACMBIX OTUMH «TOUCUHBIMM»
3apsagaMu. COOTBeTCTByIOIJ.lI/Ie pacucTol 3HAUUTCABHO YNPOIIAKTCA B TCX
cayyasax, Koraa B pacnpCacacHUM CO3AAIUX TOJC 3apsaaoB MMCCTCA
Onpecac/JICHHAsI CUMMCTPUI.

Jlunmn  wanpskennocTd. Harnagnoe rpadmueckoe wu3o0paxkeHue
9JIEKTPUUCCKUAX TOJICH AAIOT JIMHUM HATIPSIXCHHOCTH WIM CULOGHLE JLU-

Sk

Puc. 7. Jluauu HATPSXKEHHOCTU TOJIS TTOJIOXUTEJIBHOTO U OTPULIATEJIbHOTO TOUYCUHBIX 3aPsI/I0OB

Huyu. DTA JIAHAA QJICKTPUUCCKOr0 IO MNPOBOOAATCA TAKHUM 06p330M,
IITOGI)I B Ka)KIlOﬁ TOUKC KACATC/IbHAY K JIMHUU COBIIAJAA4/Id IO HAIIPABJIC-
HUIO C BEKTOPOM HAMPAXXEHHOCTH B 9TOM TOuke. VIHaue roBops, B JH000M
MECTE BEKTOP HAINPIXECHHOCTH HAIPABJIEH
Mo KAacaTEAbHOU K CUJIOBOM JIMHWM, MPOXO-
aameil yepes Ty Touky. CHIOBBIM JIMHUSIM
NPUNMUCBIBAIOT HANIPABJICHUC: OHU BBIXOOST
13 MOJIOKUTCJIbHBIX 34aPAA0B WJIN IPUXOOST —
u3 O6eckoneunoctu. OHu OO OKAHUMBAKOT-
C HA OTPUUATEIBHBIX 3apsaaax, Jubo yxo-
aaT B OeckoHeuHOocTh. Ha pucyHKax 5T10
HANpaBJCHUC YKA3bIBAIOT CTPCAKAMU HA
CUJIOBOM JIMHUH.
CWIOBYIO JIMHUIO MOXHO TIPOBECTH ue-
pe3 a0y TOUKY 9JEKTPHUYECKOTO MO,
Jluaun mpoBOAAT ryme B TCX MECTAx, rac
HAMPSDKEHHOCTh MOJIS  OOJbIIE, W pEXe
TaMm, rOe OHA MeHbime, Takum o0paszoMm,
IryCTOTAa CWIOBBIX JIMHUU AAET MPEICTaBJIC- Puc. 8. JTiman MAMpKEHHOCTH
HHME O MOIlyJIe HanpﬂerHOCTI/L IOJISI PA3HOMMEHHBIX OJMHAKO-
Ha puc.7 nokasaHbl CHJIOBBIC JMHHMU gy sapsiios
noJsisd YyCAMHCHHOTO TMOJOXUTCJIAbHOTO U OT-
puoaTEJabHOTO TOUCUHBIX 3apsgaaoB. Us CUMMCTPUU OUYCBUIHO, UYTO I9TO
paguasbHBIE TPSIMBIC, PACIPEACACHHBIC C OXMHAKOBOM TyCTOTOM IO
BCEM HANPABJICHUSIM.
Bosiee csoxHBIT BUA WMMEET KAPTWHA JWHWUW TOJS, CO3AABAEMO-
TO ABYMS 3apSAaMM MMPOTHBOMOJIOXHBIX 3HAKOB. Takoe moJjie, OUeBHUIAHO,
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obsiamaeT O0CeBOM CMMMETPUEN: BCS KAPTHHA OCTAETCS HEM3MEHHOM Mpu
MOBOPOTE HA JI000# yroa BOKPYT OCH, MPOXOAdIIEd uepes 3apsasl. Kor-
Aa MOAyJau 3apdaaoB OAMHAKOBBI, KAPTHUHA JUHUHA TaKXe CUMMCTpPUUYHA
OTHOCUTEJBHO TIOCKOCTH, TPOXOASIIEH MEPNEHANKYISIPHO COCAMHSIIO-
mEeMy uX OTPe3Ky uepes ero cepeauny (puc. 8). B arom ciayuae cuosbie
JIMHUM BBIXOOSIT W3 MOJJOXUTCJIBHOIO 3apdaa M BCC OHM OKAHUMBAKOTCHI
Ha OTpUOATCJIbHOM, XOTS HA PUC. 8 HCJIb34d MOKAa3aTh, KAK 3dMbIKAKOTCA
yXOnsIue AaJIeKO OT 3apsiioB JMHUM.

§ 3. Teopema laycca

3aKoH B3aMMOJEHCTBUS JJICKTPUUYCCKUX 3apsaoB — 3akoH Kynoma —
MOXHO copMysMpoBaTh WHAUE, B BUAC TAK HA3BIBAEMON meopembl
Taycca. Teopema Taycca mosyuaercd Kak cacacTeue 3akoHa KysoHa m
NPUHLMIA CyNepno3uiun. JJ0Ka3aTeabCTBO OCHOBBIBAETCA HA OOpaTHOM
OIPOMOPUUOHAJIBHOCTH CHUJIBL BBEIHMOZ[eIrUICTBHS[ ABYX TOUCUHBIX 3apsaaoB
KBagpaTy paccrtogamsa Mexnay Hmmu. [lostomy Teopema 'aycca mpume-
HUMA K JI000MY (DU3MUECKOMY TO-
JIK0, TAE ACWCTBYET 3aKOH OOPATHBIX
KBAAPATOB W NPWHLOWAN CYNEPHO3U-

’~ [[WW, HATPAMEDP K TPABUTAILIOHHOMY
HOJTIO.

A A Jnst Toro uTo6H! ChOPMYTUPOBATH

o Teopemy ['aycca, BepHEMCS K KapTH-

HE CHJIOBHIX JIMHHMI 3JEKTPHUYECKOTO

v v NOJIS HEMOABMXKHOTO TOUEUHOTO 3a-

. . b psaaa. CUIOBbIE TMHUM YEAUHEHHOTO

TOUEYHOTO 3apsiaa MPEACTABISIIOT CO-

60if CHMMETPUUHO PACTOIOKEHHBIC

paguanbubie npsameie (puc. 7). Mox-

Puc. 9. JIMHMY HATPSKEHHOCTH SJIEKTPU-  HO TIPOBECTH JIKOOOE YMCIO TAKUX JIU-

YECKOrO oJist TOUEUHOTO 3apsa, nepeceka- Hl/lﬁ. O603Ha'—lI/IM MOJIHOE WX YUCJIO

JOUHE SAMKHYTYIO TIOBEPXHOCTS 2 uepe3 N. Torga TycToTa CUJIOBBIX JTH-

HHMU HA PACCTOSIHUU F OT 3apsAa, T. €.

YKCJIO JIMHUM, MEPEeCeKAMNX SAUHNUILY MOBEPXHOCTH Cpepsl pammyca r,

pasHa N/(4nr?). CpaBHMBASl 9TO COOTHOMIEHUE C BHIPAXKEHHEM IS HA-

NPSKEHHOCTH TOJIS TOUEUHOro 3apsiaa (4), BUAMM, UTO TyCTOTA JIMHUAMN

MPOMIOPLMOHATPHA HATIPSIKECHHOCTH TI0Js. MBI MOXEM CAEC/IATh OTH BEJIH-

UYMHBI YMCJIEHHO PABHBIMHU, HAAIEXKAMMUM 00pa3oM BHIOPAB MOJIHOE UKMCIIO
CUJIOBBIX JIMHUU N:

N_o—gldd (7)

b
4mr? 2

OTKyaa
N = 4nk|q|. (8)
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Takum 00pa3oM, MOBEPXHOCTh Cepsl JHOOOr0 paamyca, OXBAThI-
BAMOWICH TOUCUHBIA 3apsif ¢, MEPECEKAET OMHO M TO Xe umciao 4mk|q|
CUJIOBBIX JIUHUUN. DTO 3HAUUT, UTO CUJIOBBIC JIMHUM HENPEepPblGHbL: B TIPO-
MEXYTKE MEXAY JIOOBIMM ABYMS KOHLEHTPUUECKUME CpepaMu pasHbIX
pagMyCcoB HY OOHA W3 JMHWI HE OOPHIBACTCA M HE AO0ABIIETCS HU OXHOM
HOBOM. HOCKOJIbe CUJIOBBIC JIMHUM HCMPCPBIBHBI, TO TAKOC K€ UYMCJIO
N = 4nk|q| cunoBBIX JMHUU TEpPeceKaeT JIOYK 3aMKHYTYHIO MOBEPX-
HOCTb 2 (puc. 9), 0OXBATHIBAKOLIYIO 3aPsa ¢.

CI/IJIOBbIe JIMHUM MMCKT HANPABJICHUC. B cayyac TMOJOXHUTCIbHOTO
3apga OHM BBIXOOIT HAPYXY W3 OKPYXAWIEeH 3apsa 3aMKHYTOW IO-
BEPXHOCTH, KaK TMOKa3aHO HA puc. 9. B cayuae orpunarespHOro 3apsiaa
OHU BXOAAT BHYTPb NMOBCPXHOCTH. ECJII/I YUCJI0 BbIXOOAMINX JVUHUAU CUH-
TaTh TOJOXMUTCJIABHBIM, 4 BXOOMIOUX — OTPULATCIbHBIM, TO B (bOpMy-
je (8) MOXHO OMyCTHTh 3HAK MOXYJIS Y 3apsAa W 3amucaTh €€ B BUIAC

N = 4xmkgq. 9)

IOTOXK HANPSXKEHHOCTH. BBEaeM Temepp IOHATHE HOMOKA 6eKmopa
HANPSLKEHHOCHI TIONS UYEPE3 TIOBEPXHOCTh. [IPOM3BOIBHOE TIONE MOXKHO
MBIC/IEHHO pa30uTh Ha Majbie 007a-

1
CTH, B KOTOPHIX HAMPSIXCHHOCTh ME- X7
HYETCA MO MOAYJI0 M HANpPaBIECHUIO c” ! B
\4' |
|

CTOJIb MAJji0, 4TO B IPEACIAX JOTOHN
0061aCTH MOJIE MOXHO CUMTATH OJHO-

Q
poaHbiM. B kaxmoil Takoil obnacTu \}\ /4—:3\1-——-»
CHJIOBBIE JIMHUH TPEACTABJISIOT COO0M
napaie/IbHbIE MPIMBIE M UMEIOT IMO- |\ )I)
CTOSIHHYIO TYCTOTY. —
Paccmorpum, Kakoe uncao AN cu- ASOL/MS

JIOBBIX JIMHWU MPOHM3HEACT MaJylo Puc. 10. K onpepesnenuio notoka BeKTopa

naomwanky AS, HampasaeHHE HOpMa- HANPSKEHHOCTH TIOJIS Yepesd iomaaky AS
JIF N K KOTOPOM 00pasyeT yroJa a ¢ Ha-
npasjaeHneM guHui HanpsokenHoctr (puc. 10). IMycrs AS — npoexuus

AS HA MJIOCKOCTh, MEPIEHANKYISIPHYIO CUJIOBBIM JTUHUSIM. TaK KaK 4mc/io
JuHMI, nepecekaromux AS u AS,, OTMHAKOBO, a TyCTOTA IMHKUM, COTJIACHO

MPUHATOMY YC/JAOBUIO, PABHA MOAYJIIO HANIPAXCHHOCTH TTOJISL E, TO
AN = EAS, = E AS cos a.
Benmunna E cos o mpeacrasiser coboit mpoekuuio Bektopa E Ha Ha-
MPaBJICHUE HOPMAJU N K maomangke AS:
Ecosa=E,.
[TosTomy umcso cuoBBIX JuHUN AN, mepecekamomux miomaaky AS,

paBHO
AN = E,AS. (10)
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[Tpousseaenue E, AS HOCUT Ha3BAHME MOTOKA HATPSKEHHOCTU TIOJISI
yepes moBepxHOCTh AS. @opmyna (10) mokaseiBaeT, uTo MOTOK BEKTOPA
E uepe3 moBepxHOCTh AS paBEH UMCIY CUIOBBIX JIMHUN, MEPECEKAIOMUX
9Ty MOBCPXHOCTD. OTMeTI/IM, UTO MOTOK BCKTOPA HANPAXKCHHOCTU, KAK U

E E E E
—_— —_— —_— —_—

n
n
—on® o n
1 /—';“'90 a=60 a=120°
a=0°
e AS AS As
a [ 8 e

Puc. 11. TTotok AN BekTOpa HanpsoxkeHHOCTH E uepes momanky AS

UnCJaI0 OIpoxXoadmux 4Ycpe3 MOBCPXHOCTh CHJIOBBIX JII/IHI/Iﬁ, €CTh CKaJdp.
3aBUCAMOCTD TIOTOKA OT OPUECHTALMHA TLTOMAAKHA AS OTHOCHUTEIBHO CHJIO-
BBIX JIMHWH wWLTocTpupyerca puc. 11: a) AN=EAS, 6) AN=0,
8) AN=(E/2)AS>0, 2) AN=—(E/2)AS<0.

Tlorok HaATPSIXEHHOCTA TOJY UYEpPE3 MPOW3BOJBHYIO ITOBEPXHOCTH
MPEACTABAIET COOOM CYyMMY TOTOKOB UEpPE3 OJEMEHTAPHBIEC TLIOIMAIKH,
HA KOTOPHIE MOXHO pa30uTh 5Ty MOBEPXHOCTh. B CWIy COOTHOLIEHMM
(9) m (10) MOXHO yTBEPXAATh, UTO MOTOK HAMPSXKEHHOCTH TOJS TO-
UYCYHOTO 3apgaaa ¢ udepe3 Jo0yK OXBATHBAKIIYIO 3apIA 3aMKHYTYIO
MOBEPXHOCTh X (CM. puc. 9), KaK UMCI0 BBIXOOSIMIMX W3 ITOM TOBEPX-
HOCTHM CHJIOBBIX JUHWI paBeH 47mkqg. [Ipu 9TOM BEKTOp HOpMAaaHM K dJe-
MEHTAPHBIM TLJIOMIAAKAM 3aMKHYTON TOBEPXHOCTH CJIICAYET HATMPABJSITH
Hapyxy. Ecim 3apsga BHYTpM TOBEPXHOCTHM OTPHMLATEICH, TO CHJIOBBIC
JIMHUWA BXOASIT BHYTPb 9TOM TOBEPXHOCTH W CBSI3AHHBIA C 3aPSAOM TIO-
TOK BEKTOPA HATIPSIXCHHOCTH TIOJS TAKXE OTPULIATEJICH.

Ecim BHyTpM 3aMKHYTOM MOBEPXHOCTM HAXOOUTCS HECKOJBKO 3apsi-
OB, TO B COOTBETCTBHM C MPHUHLMIOM CYNEPHO3WLUU OyayT CKJIAXbI-
BATHCH TMOTOKM HAMPSKEHHOCTEN uX mosiei. [ToaHbiii moTok Oyaer paBeH
47mkg, Tae MOX ¢ CJEAYET TIOHUMATh AATeOpanuecKyr0 CyMMy BCEX 3apsi-
JOB, HAXOASILIMXCS BHYTPU MOBEPXHOCTH.

Eciu BHYTpHM 3aMKHYTOM MOBEPXHOCTH JICKTPUUCCKUAX 3APSIIOB HET
waM ux aaredpamueckas CymMma paBHA HYJIKO, TO TOJIHBIA MOTOK HAMpPs-
KEHHOCTH TIOJII YEepe3 9Ty MOBEPXHOCTh PABEH HYJIIO: CKOJIBKO CHJIOBBIX
JIMHUN BXOOUT B OOBEM, OrPAHWUYCHHBIM MOBEPXHOCTHIO, CTOJBKO XK€ W
BBIXOOUT HAPYXY.

Tenepp MOXHO OKOHUATENBHO ChOpMyIMpPOBATh Teopemy [aycca: mo-
TOK N BEKTOpa HAMPSKEHHOCTH dJeKTpuueckoro noss E B Bakyyme ue-
pe3 o0y 3aMKHYTYIO TIOBEPXHOCTD MPOTIOPILMOHAJICH TIOJTHOMY 3apSIAy
¢, HAXOASUIEMYCS BHYTPW 9TOM moBepxHOCTH. Marematuuecku Teopema
Taycca Beipaxkaercs Toit xxe dopmysoit (9), rae mog ¢ moHUMAaeTCsa a-
reOpamueckast CymMma 3apsifoB. B abCOIOTHOM 3/IEKTPOCTATHYECKON CHC-
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teme eauann, CI'CO koaddumment £ = 1 u teopema laycca 3anmceiBa-
€TCS B BUIC
N =4mnq. (11)

B CU k=1/(4me,) m MOTOK HAMPSKEHHOCTH YEPe3 3aMKHYTYHO MO-
BEPXHOCTh BHIpaxaercs hopmysion

N=qle,. (12)

Teopema 'aycca mmpoko MCmoab3yeTcd B 9JEKTPOCTATHKE. B Heko-
TOPHIX CAy4Yasx C €€ MOMOIIBIO JIETKO PACCUMTHIBAIOTCY TOJIS, CO3AaBae-
MBIC CUMMETPUYHO PACTIOJIOKCHHBIMU 34PAaaAMU.

Ioasi cCMMMETPUYHBIX MCTOYHUKOB. [Ipmmenum Teopemy [aycca ang
pacueTa HampsSKeHHOCTHU 9JEKTPUUECKOro MOoJisS PABHOMEPHO 3apS>KEHHO-
TO TIO TIOBEPXHOCTH mapa paamyca R. Byaem aig ompenesiecHHOCTH CUATATh
€T0 3aps ¢ IONOXUTEIBHBIM. Pacipenesicane 3apsIoB, CO3AAI0NINX TOJIE,
obnanaer cpepuueckoii cummerpueii. [103ToOMy TakoM e CUMMeTpHel 06-
gapaet u noje. CUIOBbIE JTMHUK TAKOTO MOJIS HATPABJICHBI TIO0 pagnycam,
a MOAYJIb HANIPSIXKCHHOCTHU OANHAKOB BO BCCX TOUKAX, PABHOYAAJICHHBIX OT
mEeHTpa mapa.

s Toro uToOBl HAWTH HATPSKEHHOCTh mos E(r) HAa PAcCTOSHUH
r OT THEHTpAa MmMapa, MPOBEACM MBICICHHO KOHICHTPUUCCKYIO C MIApPOM
cheprueckyio mOBEpXHOCTh paauyca r. [loCKOIbKY BO BCEX TOUKAX ITOU
cepbl HATIPS>KEHHOCTH MO/ HATIPABJICHA TIEPICHAUKY/ISIPHO €€ MOBEPX-
HOCTHA U OAVMHAKOBA IO MOAYJ/IKO, TO MOTOK HANMPIXKCHHOCTH MPOCTO PABCH
MPOM3BCACHUIO HAMPSIXKCHHOCTH IO/ HA TLIOMIAAb MOBEPXHOCTH CEpPHI:

N =E(r) - 4nur2. (13)

Ho 5Ty BeAMuMHY MOXHO BBHIPA3UTh M C TOMOIIBK TeopeMbl [aycca.
Ecau Hac MHTEpECYET MoJe BHE wapa, T. €. mpu r > R, TO, HANPUMED,
8 CU N = ¢/¢, u, cpasumsag ¢ (13), Haxoaum

E(r)=%80% (r>R). (14)

B cucreme emumunn CI'CO, oueBugHoO,

E=%. (15)

Takum 00pa3oM, CHApy>XH WIApa HATPSDKEHHOCTh MOJST Takas Xe,
KaK y MOJIsl TOYEYHOTO 3apsiia ¢, HOMELICHHOTO B LeHTp mapa. Ecim xe
MHTEPECOBATHCS TOJIEM BHYTPH Iapa, T.e. npu r < R, To N = 0, tak
KaK BECh PACMPEAC/ICHHBII MO MOBEPXHOCTH MIAPA 3apsii HAXOAMTCS BHE
MBICJICHHO MPOBEACHHON Hamu cdepsl. [TosTomMy mosie BHYTpH mapa ot-
CyTCTBYET:

E=0 (r<R).

AnanornuHo ¢ moMOMmBIO TeopeMbl ['aycca MOXXHO pacCUMTaTh IJICKT-
POCTATHUYECKOE TOJIE, CO3AABAEMOE OECKOHEUHOM 3apSIKEHHOM ILJIOCKO-
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CTHIO C IJIOTHOCTBIO -+ O, MOCTOSHHOM BO BCEX TOUKAX IJIOCKOCTH. I1o
COOOpaXXeHWsIM CUMMETPHM MOXHO CUMTATh, UTO CHJIOBBIE JIMHUM TIEP-
NEHAUKY/ISPHBI TUIOCKOCTH, HATIPABJIEHBI OT HEE B 00€ CTOPOHBI M UMEIOT
BCIOAY OOWHAKOBYK TycTtoTy. [leicTBu-
TEJIBHO, €M Obl T'yCTOTA CUJIOBBIX JIM-
Z HUI B Pa3HBIX TOUKAX ObLIA PA3JUUHOI,
< — TO TEPEMEHICHUE 3aPSXKEHHOM TIOCKO-
CTH BHOJIb Camoii ceGs mpuBOAMIO ObI K
M3MCHCHUIO TIOJII B 9THX TOYKAX, UTO
MPOTUBOPCUYNT CUMMETPUH CUCTEMBI —
TAKOW CABUT HE JOJIKEH M3MEHSITH TMOJIE.
Ipyrumu cioBamMu, o€ OECKOHEUHOM
PABHOMEPHO 3apSI’KEHHOU TMJIOCKOCTH $SIB-
— JISIETCS OOHOPOOHbBLM.
B kauecTBe 3aMKHYTON TOBEPXHOCTH
Puc. 12 K IUI9 TIpUMeHeHud TeopeMbl [aycca BbiOe-
e ﬁOH;L;zﬁggﬁzﬁonggzzzﬁ_ pPEM NOBEPXHOCTh LMIMHAPA, MOCTPOEH-
HOM TLIOCKOCTI HOTO CleayommM oopaszoM: obpasyoonias
OUJIVHAPA TAPaJIIC/bHA CUJIOBBIM JIMHH-
9M, a4 OCHOBAHMS WMECIOT IUIOMAAX S, TMAapasieSbHbl 3apSI>XCHHOU ILIO-
CKOCTH W JieXaT 1o pasubie ctoponsl or Hee (puc. 12). [Morox mHamps-
JKEHHOCTH MOJAd 4epe3 OOKOBYIO IMOBEPXHOCTb PABEH HYJIO, IOITOMY
TIOJTHBIA TOTOK Ucpe3 3dMKHYTYIO TOBCPXHOCTb PABCH CYMMC IIOTOKOB
uepe3 OCHOBAHWS UJIMHADA:

N =2ES.

[To Teopeme T"aycca 10T Xe MOTOK ONMPEAEAIETCS 3aPSIAOM TOW YaCTH
TJIOCKOCTH, KOTOpast JIEXUT BHyTpu ummuHapa, u 8 CU pasen oS/e,.

CpaBHI/IBaSI OTU BBIPAXCHUS OJI9d IMOTOKA, HAXOOAUM

E = o/(2¢,). (16)

B cucreme CI'CD HaAmpsIXEHHOCTh TOJS PABHOMEPHO 3apSIXCHHON
OECKOHEUHOM TUIOCKOCTH JaeTcs (hOpMyJIon

E = 2mo. (17)

Ilnst paBHOMEPHO 3apSPKEHHOW TMJIACTUHBI KOHEUHBIX PA3MEpPOB MOJTY-
UCHHBIE BBIPAXXEHUS MPUO/IMKEHHO CIIPABENIMBH B 00JaCTH, HAXOMSA-
LIEHUCd AOCTATOUHO AAJEKO OT KPAaeB IJIACTMHBI M HE CJIMIIKOM JAJIEKO
OT ee MOBEPXHOCTH. BO/mM3uM Kpaes IIACTUHBI MOJE yXe HE OyAeT ogHo-
POOHBIM M €r0 CHJIOBBIE JMHWM MCKPHUBASIOTCI. Ha oueHb Gosbmmx 1o
CPaBHCHUIO C pa3MepaMy TUIACTUHBI PACCTOSIHUSX TOJie yOBIBAET C pac-
CTOSTHUEM TaK X€, KaK IMO0JIE TOUCUHOTO 3apsaa.

B kauecTBe ApyrMx MpPUMEpPOB TOJIEH, CO3AABAEMBIX CUMMETPUUYHO
pacrpeAeICHHBIMA MCTOYHUKAMU, MOXKHO TPUBECTH TOJIE PABHOMEPHO
3aPSDKEHHON MO IIMHE OECKOHEUHOW MPSIMOJIMHEWHON HWTH, TOJIE paB-
HOMEPHO 3aPS>KEHHOTO OECKOHEUWHOTrO KPYroBOrO LMJIMHAPA, TMOJIE mapa,
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PAaBHOMEPHO 3aPSKEHHOTO Mo 00beMy, u T. . Teopema 'aycca mossosis-
€T BO BCCX IOTUX CayyadX JICTKO PACCUUTBIBATHL HAMPIXKCHHOCTDH ITOJIA.
Teopema l'aycca gaer cB93b MEXy MOJEM U €70 UCTOUHUKAMHM, B HEKO-
TOPOM CMBICJIE 00PATHYO TO#, UTO AaeT 3aKoH KysioHA, KOTOPKIN MO3BOJISI -
€T OMPEACTUTH JJICKTPUUECKOE MOJIE MO 3aAaHHBIM 3apgaaM. C moMoImbo
TeopeMbl ['aycca MOXXHO ONMpPeAe uTh CyMMAPHBIN 3apsia B 000 obaactu
IIPOCTPAHCTBA, B KOTOPOM M3BECTHO PACIPEAEICHUE IEKTPUUECKOTO OIS,

e B uem pasjinuue KOHIENIUN AaJbHOAEUCTBUS U OJIN3KOACHCTBUS npu onu-
CaHUU B3aUMOACHCTBUS QJICKTPUUYECCKUX 3ap$l,ElOB? B kakoit MEPE OTU KOHIICII-
WU MOZKHO IIPUMCHUTHL K I'paBUTAllUOHHOMY B3aVlMO,El€ﬁCTBHIO?

e Yro Takoe Hamnpsa>XXCHHOCTDb SJICKTPUUECCKOI'o nosig? Yto uMerT B BUAY, Korjga
€¢ Ha3blBAKT CHJIOBOU XaPaKTePHCTHKOﬁ QJICKTPUUYECKOI'O roJsist?

e Kakum o6pasoM 10 KapTHUHEC CHUJIOBBIX JIMHUM MOXHO CYAUTH O HallpaBJICHUU
1 MOAYJIC HAIIPAXKEHHOCTU II0JIS B HeKOTOpOﬁ TOUKe?

e MoryT 11 cUIOBbIe JIMHUM SJICKTPUUECKOro MoJis NepecekaTtbes? ApryMeHTH-
PYUTE CBOHM OTBET.

e HapucyiiTe KaueCTBEHHYIO KapTUHY CWJIOBBIX JIMHUM 3JICKTPOCTATUUECKOIO
1oJIs AByX 3apsfioB ¢, U ¢, TaKUX, 49TO g, = — 3q,.

e [loTOK HaNpPSXXKEHHOCTH 3JICKTPUUYECKOTO TIONS Uepe3 3aMKHYTYI TOBEPX-
HOCTBb BBIpaxkaercsd pasHbiMU dopmysiamu (11) u (12) B cucTteMax eAWHUIL
CI'C3 u B CU. Kak 5T0 yBS3aTh C reOMETPUUYECCKUM CMBICJIOM TOTOKA, OIpe-
AeIeMOTr0 YKCJIOM CHUJIOBBIX JIMHUIA, MEPECEKaroNIUX MOBEPXHOCTH?

e Kak wucnonbsoBath Teopemy Ilaycca Uis HAXOXACHUS HANPSXKEHHOCTH
SJIEKTPUYECKOTO TIOJIS TPU CUMMETPUUHOM PACIIPEAC/ICHUM CO3AAMILIUX €ro
3apsoB?

e Kak npumMeHuts opMysel (14) u (15) K BBIYMCJICHUIO HANPSIXKEHHOCTH I10-
JIS 11apa ¢ OTPULATENIbHBIM 3apsiaom?

A Teopema I'aycca u reoMerpusi (pM3M4eCKOro mpoCTPaHCTBA.
[TocMOTpUM HA AOKA3aTEIBCTBO TEOPEMBI ['aycca ¢ HECKOJIBKO HWHOW
ToukM 3penus. Bepuemcs k dopmyse (7), u3 KoTopou ObLI caeaaH
BBIBOJ O TOM, UTO 4epe3 JIIOYIO OKPYXarIyl 3apsaa chepruecKyro
MOBCPXHOCTh MPOXOAUT OAHO M TO XK€ UMC/IO0 CHJIOBBIX JIAHUA. 3TOT
BBIBOA CBSI3dH C TEM, UTO MPOMCXOAUT COKPAIICHUC r2 B 3HAMCHATC-
JI9X 00EMX uyacTell PaBEHCTBA.

B mpasoii yactu (7) r? BO3HMKJIO M3-3a TOTO, UTO CHJIA B3AaMMO-
OEeUCTBUS 3aps0B, OnuchiBaeMas 3akonom Kysona, oGpaTHO mpomop-
OUOHAJbHA KBAaAPATy PACCTOSIHUSI MCXAY 3apaaaMu. B neBoit yactu
NOSIBJICHHUE 72 CBSI3AHO C 2eomempueli: TUIOMAAb MOBEPXHOCTH Chephl
MPOMOPLMOHAIBHA KBAAPATY €€ paamyca.

HpOHOpHI/IOHaJIbHOCTb IIoIWAaaAn TMOBCPXHOCTU KBAAPATY JAHEN-
HBIX PasMEpPoOB — OTO OTJMUMUTC/IbHAS YCPTA eBKJIHZ[OBOﬁ TECOMCET-
puM B TPEXMEPHOM MPOCTPAHCTBE. [l eiCTBUTENBHO, TPOMOPLMOHAIIb-
HOCTbHb rmou.laz(eﬁ MMCHHO KBaaparam JMHEHMHBIX pasMeEpoB, a HE Ka-
KOM-7M00 WHOM IEJOM CTEMEHM, XapaKTEPHO IS MPOCTPAHCTBA
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Tpex umamepeHwuii. To, UTO 9TOT MOKA3aTE/Jb CTCTCHW PABEH TOUYHO
OBYM, a HE OTJMYACTCI OT ABOWKHM MyCTh JAXXE HA HUUTOXHO Ma-
JIYIO BEJIMUUHY, CBUACTCIBCTBYET O HECUCKPHUBJICHHOCTH 9TOTO TPEX-
MEPHOTO TIPOCTPAHCTBA, T. €. O TOM, UTO €0 TCOMETPHUSI MMCHHO €B-
KJIUI0BA.

Takum oOpaszom, Teopema l'aycca — 5TO HpOSIBJIEHUE CBOMCTB
¢pm3mueckoro mpocTpaHCTBA B (DYHAAMEHTAJTBHOM 3aKOHE B3aMMOACH-
CTBUS JJICKTPUUCCKUX 3aPSIIOB.

Unesa o TecHout cBa3M (hpyHAAMEHTANBHBIX 3aKOHOB (bM3UKU CO
CBOMCTBAMHM TIPOCTPAHCTBA BHICKA3BIBAJIACH MHOTMMH BBITAOMIMMUCS
yMaMu €mie 3af0aro A0 YCTAHOBJIEHUS CAMMX ITMX 3aKOHOB. Tak,
M. Kanr 3a Tpu gecarmiernst 10 OTKpeITHS 3akoHa Kysona mucan o
CBOWMCTBAX TPOCTPAHCTBA: «TPEXMEPHOCTh MPOMCXOTUT, TO-BUANMO-
My, OTTOrO, YTO CyOCTAHLMU B CYMIECTBYIOIIEM MHUPE AEHCTBYIOT OA-
HA Ha APYIYIO TaKuM 00pas3oM, 4TO Cuja AeHCTBUS 00paTHO IPOMOp-
MOHABHA KBAAPATY PACCTOSTHUS.

3akon Kymona um teopema laycca dakTuuecku mNpEaCTaBaSIOT
OMH M TOT XK€ 3aKOH MPUPOABI, BBIPAXKCHHBIA B Pa3IMUYHBIX (DOpPMax.
3akon KysmoHa oTpaxaeT KOHIEHIUIO JAJbHOACHCTBHS, B TO BpeMs
Kak Teopema ['aycca ucxoauT u3 MPEACTaBJACHUS O CHJIOBOM TOJIE, 3a-
MOJHSIOLIEM MPOCTPAHCTBO, T. €. M3 KOHIENIMKM OJM3KOAEUCTBHI. B
QJICKTPOCTATUKE UCTOUHUKOM CHWJIOBOIO IOJA ABJILACTCA 3apsaa, U CBA-
3dHHAA ¢ UICTOUHUKOM XAPAKTCPUCTUKA MOJId — IIOTOK HAIIPSIXXKCHHO-
CTH — HEC MOXCT U3MCHUTHCA B MMyCTOM MPOCTPAHCTBE, TAC HET APY-
rMx 3apsaaoB. ITOCKOIbKY IMOTOK MOXHO HATJISAHO IPEICTABAATh cebe
KaK COBOKYITHOCTh CWJIOBBIX JIMHUU TIOJISI, TO HEM3MEHHOCTh MOTOKA
MPOSIBJISICTCS B HETIPEPBIBHOCTU JTUX JIMHUM.

Teopema T'aycca, ocHoBaHHAasi Ha OOpPATHOM MPOMNOPLMOHAIBHO-
CTH B3aMMOICHUCTBUSI KBAAPATY PACCTOSIHUS W HA TPUHIUIE CyTep-
no3uuuy (AQAMTUBHOCTA B3aMMOACHCTBUS), MPUMEHUMA K JIHO0OMY
(busmueckoMy MO0, B KOTOPOM AEUCTBYET 3aKOH OOPATHBIX KBAA-
patoB. B uacTtHOCTM, OHA CHpPAaBEAIMBA W /IS TPABUTALUOHHOTO TO-
Jas. SICHO, UTO 5TO HE MPOCTO CAYUYANHOE COBMAACHUE, 4 OTPAXKEHUE
TOTO, UTO W OJCKTPUUCCKOE, W TPABUTALMUOHHOEC B3aMMOICHCTBUS
pa3bITPHIBAIOTCS B TPEXMEPHOM EBKJIMAOBOM (DU3MUCCKOM TPOCTPAH-
CTBC. A

Ha kakoil 0COOCHHOCTH 3aKOHA B3aUMOACHUCTBUS SJICKTPUYECKUX 3apsiioB
ocHoBaHa TeopeMa I'aycca?

Jlokaxure, OCHOBBIBASICh Ha TEOpEME Faycca, UYTO HAIIPAXXKCHHOCTDL JJICKTPU-
YCCKOI'o I10Jid TOUCUHOI'o 3apdana O6PaTHO IponopuuvoHaJibHa KBajpary pac-
crosHusi. Kakue cpolicTBa CUMMECTPUU TIPOCTPAHCTBA HCIIOJIB3YKOTCH B 9TOM
JI0Ka3aTesibeTBe?

Kakum obpasom reoMeTpust (pr3MuecKOro npocTpaHCcTBa OTPaxaeTcs B 3aK0-
He Kysona u teopeme IN'aycca? Kakas 0coGeHHOCTb STUX 3aKOHOB CBHUIETE/Ib-
CTBYET 00 €BKJIMZOBOM XapaKkTepe FeOMETPUM U TPEXMEPHOCTH (PU3UUECKOrO
npocrpaHcraa’?
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§ 4. MoTeHuMan >NEKTPOCTAaTHYECKOro nons.
DHeprus CHMCTeMmbl 3apsifoB

DJIEKTPOCTATHYECKOE MOJE — ITO HOMeHyuabHoe nose. Ilonarue o mo-
TEHUMAIbHBIX CUJIOBBIX MOJIX ObLIO BBEACHO B Kypce MexaHuku. [lose
HA3BIBAETC MOTEHUMAIBHBIM, €CIM Pad0Ta CUJI HTOTO TOJIS NP TEpeMe-
LOICHUW W3 OJHOW TOUKYW B APYTYIO HE 3aBUCUT OT (DOPMBI TPAEKTOPHUH, a
ONpPEAEASIETCS TOJBKO HAUAJIBbHBIM M KOHECUHBIM TOJIOXKCHUSMU.

[ToreHUMAIBHBIM SIBJASETCS JIOOOE LEHTPAJbHOE MOJE, B KOTOPOM
CWJIA 3aBUCHUT TOJIBKO OT PACCTOSIHUS A0 CHJIOBOTO LICHTPA W HAIIpaBJe-
Ha mo paamycy. JJoKasaTeapcTBO ITOTO YTBEPXKAEHUS PAcCMATPUBAIOCH
B KypCe MEXaHWKW. DJIEKTPOCTATHUECKOE TOJIE, CO3JABAEMOC YCAMHCH-
HBIM TOUCUHBIM 3apSII0M, OMHUCHIBAETCS 3akoHoM Kysona. DT1o mose
chepruECK-CUMMETPUYHO M TPEACTABASET COOOM YACTHBIA Cayuyai
ueHtpaapHoro moss. OTcioga  CAeAyeT TOTEHUMAJbHBIA  XapaKTep
3JIEKTPOCTATAUECKOTO TIOS TOUCUHOTO 3apsna.

B coorBercTBHHE C OPAHOUIIOM CYNICPIO3ULNNUN HATIPAXKCHHOCTD JICKT-
POCTATMYECKOTO TIOJH, CO3AaBAEMOrO JKOOBIM, CKOJb YIOAHO C/IOXKHBIM
pacnpeneseHueM HEMOABUXKHBIX 3ap4A0B, MPEACTABASET CO0OM BEKTOP-
HYI CYMMY HANPSXXCHHOCTEH TOJEH, CO3JABAEMBIX KAaXXIbIM 3apSIA0M B
otaenpHoct. Cusa, AEHCTBYIOIIAY HA MEPEMEINAEMbINA MPOOHBIA 3ap4,
OIPENENIETCS OJHOM HAMPSAXKEHHOCTBIO Nmod. [losTomMy pabora mpu ne-
peMenieHny IPOOHOro 3apgaaa pasHa CyMMe padoT CuJ, AEHCTBYIOLIMX CO
CTOPOHBI OTAEJBHBIX TOUEUHBIX 3aPSA0B. PaboTa KaXkIoi TAKOM CHJIBL HE
3aBUCUT OT (popMbl TpaekTopuu. ITosTOoMy U cymmapHas padora — paGota
pEe3yABTUPYIOMEN CUIbI — TAKXKE HE 3aBUCUT OT TPACKTOPWUM, UTO U JI0-
Ka3bIBAET MOTEHUMAIbHBINA XapakTep J00ro 9IEKTPOCTATUYECKOTO OIS,

IoreHumnanbHas 3Heprus. [115 3apsaa B 9J€KTPOCTATUUECKOM HOJE, KaK
M B CJyuae Jio0Oro moTEeHUMAIBHOTO MOJISl, MOXXHO BBECTH HOHSIMUE NO-
menuuanbHoi snepeuu. TloTeHIMaIbHAS SHEPTHS 3apsaaa B JIIO00M TOUKE
TIOJTSI OTIPEAETISIETCSI KaK padoTa, coBepmaeMast CUIaMu ToJIst TIPH TiepeMe-
HICHUM 3apsiia U3 ITOU TOUKHM B HEKOTOPYIO (PMKCHPOBAHHYIO TOUKY, IO-
TEHUMAIbHAS JHEPTUs B KOTOPOU NPUHATA PaBHOU Hy110. MOXHO cka3aTh
M WHAUe: 9Ta TMOTCHUMAJbHAS JHEPrus paBHA paboTe, COBEpIIAEMOi
BHCIIHUMU CHJIAMU TP TIEPEHOCE 3apsia U3 BHIOPAHHOM (DUKCUPOBAHHOIM
TOUKM B JAHHYK TOUKY TOist. BbiOop puKCMpOBAHHONM TOUKHM HYJICBOTO
3HAUEHUS MOTEHIMAIbHON SHEPruu nmpousBosieH. [loaroMy moreHunmanb-
Hasl DHEPIU4 3apsAa B MOJIE ONMPEAEIEHA C TOYHOCTBIO 10 HEKOTOPOU aaan-
TUBHOW MOCTOSIHHOUW. Takas HEOQHO3HAYHOCTh MOTECHLWAJBHON JHEPTruu
HUKaK HE CKa3bIBAETCS HA (PM3MUECKUX pe3ysIbTaTax, MOCKOJIbKY BO BCEX
KOHKPETHBIX pAaCyeTax MMEET 3HAUCHUE TOJbKO U3MEHECHUE JHEPTUM NPHU
MEPEHOCE 3apsaa U3 OAHOM TOUKU MO B APYTYIO.

IToTeHIMAN JJEKTPUYECKOrOo Mojd. [leiicTByomas HA 3apsng ¢ cuaa
F B anexrpuueckom nose E mponopuuonanwua 3apsay: F = gE. [Toaro-
My W COBEpIIAeMas MpH HEKOTOPOM MEpeMELIeHnr 3apsaa padora, u ero
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MOTEHUIMATBHAY JHEPTUs TAKXKE MPOMOPUMOHAIBHBI 3apiaay ¢. Beaemcr-
BUE 9TOr0 yAOOHO PacCMaTpMBATh MOTCHUMAJIBHYIO DHEPTHIO B PACUETE
HA eauHULy 3apsaa. BosHWKaomas nmpyu 5ToM JHEPreTuueckasi XapakTe-
PHUCTUKA 2JIEKTPOCTATUUECKOTO TIOJISI HA3BIBACTCS HOMEHUUAIOM.
[ToreHuman ¢ B HEKOTOPOW TOUKE MOJS OMPEAEaSETCS KaK OTHOIIE-
Hue paboTel A, COBEPIIAEMON CHJIAMU TMOJIS TIPY MEPEMEIIEHUH MTPOOHOTO
3apsifa ¢y, W3 JAHHOM TOYKH MOMsl B (PMKCHPOBAHHYIO TOUKY, MOTCHLMAA

KOTOpPOU MPUHST PABHBIM HYJIIO, K 9TOMY 3apsiny:
= A/ qyp- (1)

Duanueckuii CMBICT MMEET TOJIBKO Pa3HOCTb MOTCHUUAJIOB MCXAY
KaKUMU-T100 TOUKAMHU, 4 HC CaMHU 10 cebe 3HaueHud MOTCHUOMAJIOB 9TUX
TOUCK.

IoTeHMaX MOAS TOYEYHOro 3apaga. i SJeKTPOCTATHUECKOTO MO
TOUYEUHOTO 3apgAa yaoOHO B KAUECTBE TOUKM C HYJIEBHIM IOTEHIIMAIOM
BBIOpaTh OECKOHEUHO YAAJIEHHYIO TOUKY. TOrAa BHIPAXKEHUE A/ MOTEH-
OUANa TOUKM, OTCTOSIIEN HA PACCTOSHUE F OT 3apSaa ¢, CO3AAOMIETO TI0-
JIe, HMEET BUL

p(r)=kZL (2)

Hanomunm, uto £ =1 B cucreme exuann, CI'CO u k =1/ (4me,) B CU.
CoorBercTBeHHO (hopMmysa (2) 3amMCHBACTCS B OMHOM W3 ABYX BHIOB:

e(r)=2 (CTCI) wm ¢(r)=— k2 (CH). (2a)
r dmey r

[MomguepkHeM, uto B hopmyaax (2) u (2a) ansg moTeHUMa a CTOMT 3a-
pan ¢, cozgaromuil mose (a He MOIyJIb 3apsaa, Kak B hopmyaax (4) u (4a)
npeapayniero naparpada aas MOIyas HANPSKEHHOCTH 1mosis ). [loreHu-
aJ moJd, CO3MaBAEMOrO IMOJIOXKUTEIBHBIM 3APIAO0M ¢, BCIOAY MOJOXUTE-
JIEH, TaK KaK paboTa CHJI HTOTO MO/ PK MEPEMELMIEHUH MOJIOXUTENALHOTO
MPOOHOTO 3apaaa B OECKOHEUHOCTh M3 000N TOUKH MOJIS TOJI0XKUTEIBHA.
AHAIOTMUHO, IOTEHIMAJ MO/ OTPULATEIBHOTO 3aPIa BCIOAY OTPULATE-
sieH. Bee o10, kak u camu copmyast (2) u (2a), cipaBeayinBo, pa3yMeer-
Cd, IPH BBHIOOPE TOUKM HYJIEBOTO MOTEHIMAIA HA OECKOHEUHOCTH.

Takoit xe dopmyioi (2) BBIPAXAaeTCd W MOTEHUMAI MO CHAPYXKU
PABHOMEDHO 3apS>KEHHOTO IMApa, TAK KAK €ro IMoJ€ HEOTJIMYMMO OT
MOJIS TAKOTO XK€ TOYEUHOTO 3apsna, MOMELMIEHHOrO0 B LEHTp mapa. Bo
BCCX TOUKAX BHYTPU TAKOro mapa, TAC HANPIXKCHHOCTb IOJSI pPaBHA
HYJI0, TOTCHLOMAJ OAMHAKOB W MMCCT TAKOC XK€ 3HAUCHUC, KAK W HA
MOBEPXHOCTH LIApa.

[TorenumanbHas SHEprus W HEKOTOPOrO 3apsiia ¢, MOMEIICHHOTO B

9JIEKTPOCTATUUECKOE MOJIE, PaBHA MPOM3BEACHUIO ¢, HA MOTCHIMAI TOH
TOUKH TIOJIS, TAE HAXOOUTCS JTOT 3apsiA:

W =qe. (3)
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Ecam 3apsa ¢, HaxoguTcs B MOJE, CO3AaBAEMOM APYTMM TOUYCYHBIM
3apsioOM ¢, TO €ro MOTEHLHMATIbHAS SHEprus, ¢ yuertoM (2), uMeer BuUL

_ 40
W=k, (4)

HpI/I OIHOMMCHHBIX 3apsinax ¢ M ¢, , T.C. Ipu OTTAJKUBAHUMU,

MOTEHIMAbHAS OJHEPTUs TOJOXMUTEIbHA M yOBIBAET MPH Pa3BEAECHUU
3apsgoB. [lpm pasHOMMEHHBIX 3apsAax, T.€. MNpU TMPUTIXKCHUH,
9JIEKTPOCTATUYECKAS TOTEHUMAIbHAST JHEPrus, KaK W MOTEHUHMATbHAS
JHEPrus B TPABUTALMOHHOM TMOJE, OTPUUATEIbHA W BO3PACTAET TPHU
pa3BeacHUM 3apSoB.

IpuHUMN Cynepno3uidM JJis MOTeHuasa. B cooTseTcTBum ¢ mpuH-
OUMOM CYTIEPIO3UIMKA MOTEHIIMAJ MPOU3BOJBHON TOUKHU TOJISI HECKOJb-
KUX 3apgA0B, KaK CAEAYET M3 ONPEAe/IeHUs MOTEHIMANA, PABEH aiareG-
panyecKkoil CyMMe MOTEHIMAJIOB, CO3JABAEMbIX B JTOW TOUKE BCEMU 3a-
psaamu:

p=¢ et ... = ¢, (9

IIpu 5TOM TOUKA HYJEBOrO MOTEHIMANA BHIOMpAETCS OOIIEN A1 BCEX 3a-
PSIIOB.

Pabora snextpuueckoro noas. Hanpsaxenue. PaGora, cosepmaemas
CAIAMU DJEKTPOCTATHUECKOTO TIOAS TPH TEepeMEmEeH HEKOTOPOTo 3a-
psga M3 OOHOM TOUKM B APYIyi0, PAaBHA TMPOM3BEACHUIO MEPEHOCHMOTO
3apsaa ¢ Ha pasHoCMb NOMEHUUAN06 P — §, MEXKAY HAUAJbHOU U KO-
HEYHOW TOUYKAMM:

A =q(p1 — 92)- (6)
Boipaxxenue (6) caegyer u3 onpeaescHus MOTEHIMAA.

PasHOCTh MOTEHIMANOB @, — P, MEXAY ABYMs TOYKAMM OOBIUHO Ha-
3BIBAIOT HANPsLKeHUemM MEXIY Toukamu (HMIv MPOCTO HAmpsXeHueM) U:

U=¢ — ¢ (7)

Kak Buguo uz (6), paGora cui moJis mpyu MEPEMEIIEHUM 3apsaaa U3
OIHOM TOYUKM B APYTyI0 PaBHA MPOM3BEACHUIO MEPEHOCHMOrO 3apsaa Ha
HAMPSKEHUE:

A =q(p, — @) =qU. (8)

[Morenumaa, pasHOCTh MOTEHIMAJOB M HAMPSXKCHUE U3MEPSIIOTCI B
ogaux u tex xe equaunax. B CI'CO asra equHUIA HE MMEET CIENHUAJIb-
Horo Hassauud, a B CU egumHnna HanpsskeHus HasbiBaerca goavm (B).
[Tpu mepeMenieHny 3apsaa B OAWH KYJOH MEXIY TOUKAMH C Pa3HOCTHIO
MOTEHIMAJIOB OAWH BOJIBT SJIEKTPUUYECKHME CHJIBI COBEPIIAIOT paboTy OfuH
mxoyab: 1 Ix =1 Kn - 1 B.

2 E.H. byruxos u gp. Kaura 2
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DKBUIOTEHIMAJbHBIE TOBEPXHOCTU. HarnsgaHoe rpaduueckoe u3so-
OpaxkeHWE€ JJIEKTPOCTATHYECKMX TOJEH BO3MOXHO HE TOJABKO C
MOMOLIPIO KAPTUHBI CHJIOBBIX JIMHUM, JAIOIIEH MPEACTABJICHHE O HAa-
NPSDKEHHOCTH B KaXKAOM TOUYKE TOJS, HO WM C MOMOIUBIO IKGUHOMEH-
UUANBHBIX NOGEePXHOCMel. DKBUMOTCHIMAIBHAS TOBEPXHOCTh 9TO MHO-
KECTBO TOUEK, B KOTOPHIX MOTEHUIMAJ] MMEET OXHO M TO K€ 3HAUCHUE.
OObIUHO ~ M300paxkarT  CEucHue
OTUX TOBEPXHOCTEH  KAKOU-IM00
IJIOCKOCThIO  (MIJIOCKOCTBIO  UepTe-
xa), MOITOMY HA PHUCYHKAX OHH
BHIIJIAAIT JidHUsSMU. Hanmpumep,
IUTSL DJIEKTPOCTATHYECKOTO MO TO-
YEYHOTrO 3apsaa OSKBUMOTCHIMAJIb-
HBIC MOBCPXHOCTHU MTOPEACTABILOT
coboil KOHIEHTpUuYecKue chepbl ¢
O0IMM LEHTPOM B TOUKE, TIE HA-
XOAWUTCS CO3JAIONMIMUA TIOJIE 3apsi.
Ha pwuc. 13 ceuenuma ostux coep
BBITVIAAAT KAdK KOHICHTPHUUYCCKHUC
OKPY>KHOCTH.

CunoBble  JIMHUM  3JEKTPO-
Puc. 13. JIuauu HaNPSIKEHHOCTH U CTATHHECKOrO  TOJI  TCPICHAMKY-
HOTe.HI_[I/.[aJILHLIe HO]E’erHOCTI/I SJICIS(I;I]:E— Hﬂp HbI SKBHHO’I:,GHHHMBHBIM no-
YECKOTO TIOJISt TOYETHOTO 3aPAna BEPXHOCTSIM. [JlEHCTBUTENBHO, €CIHN

MBIC/IEHHO MEPEMEINATh IMPOCHBIA
3apsa MO OKBUIMOTEHIMAJBHOM MOBEPXHOCTH, TO pa0oTa, KaK BUAHO W3
(8), pasHa mymo. Takum 00pazoMm, Cuia JJIEKTPAUYECKOTO MOJsT pabOThI
HE COBEPIIAET, 4 9TO BO3MOXKHO, €CJM CHJA MEPIEHANKYJIIpHA TEepeMe-
LIEHUIO.

IIBa croco0a n300pakeHUd DAEKTPOCTATUUECKUX TOJIEH — CHUIOBBIMHA
JIMHUSMU WM OKBHUIOTEHUMAJbHBIMU MOBEPXHOCTIMU — OKBUBAJICHTHBIL:
uMesl OOHY M3 9TUX KAPTWH, MOXHO JIETKO TOCTPOUTh ApyTyr. OcobeHHO
HATJISAHBI PUCYHKH, HA KOTOPBIX M300pakeHbl 00e otv KapTuHsbl (puc. 14).

Puc. 14. JIuHUM HAIPSIXKEHHOCTU U 9KBUIIOTEHIIMAJIBHBIE TTOBEPXHOCTHU T1OJISI PA3HOUMEHHbIX
(@) v oqHOMMEHHBIX (6) OIMHAKOBBIX IO MOYJIIO TOUEUYHBIX 3aPsIOB



§ 4. IIOTEHITUAJT ITIOJIS. DQHEPTUS CUCTEMBI 3APAJIOB 35

Ces3b HaNpPSXEHHOCTH M mNoOTeHuuasa. HanpsxeHHOCTb 27eKTpo-
CTATUUYCCKOro moad v €ro nOTCHUMAJ CBA3aHbl APYT C APYTOM. 3Ty CB43b
JIETKO HAWTH, paccMaTpuBasi paboTy CHJI MOJS TPU CTOJIb MAjJoM Mepe-
MenieHur Az POOHOTO 3apsaaa, UToObl HATIPIKEHHOCTD MO/ MOXHO ObI-
JI0 cunTaTh noctosHHoi. C OOHOM CTOPOHBI, STa padora paBHA CKaasap-
HOMY TIPOM3BEIACHUIO CUJIBI HA TepemeineHue, 1. . gEAr. C apyroit cro-
poHBI, dTa padora, B cooTBeTcTBUM C (8), paBHA MPOM3BEACHUIO 3apsaa
Ha PasHOCTh HOTEHUUANOB, T.€. ¢(¢; — ¢;) = — ¢ Ap. 3HaAK MUHYC
30€Ch BO3HUKAET TMOTOMY, UTO MPUPALICHUE MOTEHIMANA A¢ TO ompene-
JICHWI0 PAaBHO pPA3HOCTW 3HAUCHWU MOTEHIMAJNA B KOHEUHOW M HAUAJb-
HO# Toukax: A¢ = ¢, — ¢,. [IpupaBauBas 00a BbIpa>kxeHUs A1 padoOTH,
Moy 4aem

Ap = — EAr. 9)

Ckangpuoe npoussencane EAr MOXHO IIPEACTABUATHh KAK IIPOM3BEIC-
HUE IPOEKINY HANpPSKeHHOCTH E, HA HANPaBJICHWE BEKTOpPA IEpeMele-

HUA Ar m Mopysad 3Toro mepeMmemeHud | Ar| = Ar:
Ap= — E Ar. (10)

Hanpasienue nepememenns Ar MOXHO BHIOPATh IPOU3BOJBHO. Bbi-
Oupas ero BIOJAb OOHOM M3 ocedl koopauHat, u3 (10) monyuaem Bbipa-
JKeHUE AU mpoeKiuu BekTopa E HA COOTBETCTBYIOMIYIO OCh:

_ _A¢ _ _A¢ _ _A¢
Ei=—%¢ E=—3y E=—% (11)
[ToguepkHEM, UTO B UMCAUTEASX ITUX BBIPAXKCHHI, B COOTBETCTBHU
¢ (9), croar mpupameHWs MOTEHIUAMA TPA MAJBIX MEPEMEMCHUIX
BIOJIb COOTBETCTBYIOIIMX OCEH KOOPAMHAT.

DHeprug cUCTEMBbI 3apAaoB. [0 CMX MOp MBI paCCMATPUBAJINA TMOTEHLM-
aJbHYK OHEPrHl0 HEKOTOPOro0 3apsga, MOMELIEHHOTO B 9JEKTPO-
CTAaTHUYECKOE TOJIE, CO3JABAEMOE APYTMMU 3aPSIAAMU, PACIOIOXEHHE KO-
TOPBIX B MPOCTPAHCTBE CUMTAIOCh HEM3MEHHBIM, OIHAKO MO (hM3MUECKON
npupone MpoOHBIE 3apsaabl U 3apsiabl — MCTOUHWKMW OIS HHYEM HE OT-
JIMYAIOTCS, A TMOTEHUMAIbHAS JHEPTUS 3apsaa B MOJE — ITO JHEPrus
B3aMMOIEUCTBUS ITUX 3apsaaoB. [109TOMy B HEKOTOPHIX CAydasax ObIBAET
yAOOHO MPHUAATH BHIPAXKEHUIO AJISI MOTECHIMAIBHON SHEPrUA CMMMETPHAY-
HBIA BUA, 4TOOBI BCE 3apsifibl — W MCTOUYHWKM IOJIsI, M TMPOOHbIE — hu-
TypUpOBAIM KaK PaBHOMpABHBIE. [ ABYX B3aMMOMCHCTBYIOMIMX TOUEU-
HBIX 3apsSA0B TAKOW CUMMETPUUHBINA BUJA BBIPAXKEHUS MOTCHUIMAIBHOU
oHeprum yxe Obul HaiimeH — 910 (opmyna (4). B Heit mpurMMaercs,
YTO TMOTEHUMANbHAS JHEPrUs PABHA HYJIIO, KOTAA 3apsabl Pa3BEICHBI HA
OECKOHEUHO OOJIBIIOE PACCTOSHUE.

B Gosiee COXHBIX Cayuasix, KOrga pacCMaTPUBAETCS HECKOJIBKO B3a-
MMOEUCTBYIOIIUX 3aPSA0B, MPUHUMAETCS, UYTO MOTCHIMAIbHAS JHEPTHS
B3aMMOIECUCTBUS PABHA HYJO MPH KAKOM-IMOO0 ONMPENEJEHHOM B3aMM-
HOM DACMHOJIOKEHMU ITHX 3apsaaoB. YA0O0HO (XOTd M HeoO93aTENbHO) B

2%
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KauecTBE 9TOM KOH(HUrypauum BoIOPATh TAKOE PACMOJIOXEHHUE, KOTAA BCE
B3aMMOJCUCTBYIOLINE 3aPSIAbl yAAJICHBI APYT OT APYyra Ha OECKOHEUHBIC
paccrostausl. [loTeHumanpbHass SHEPrus CUCTEMBI BO BCSKOW MHOW KOH(U-
rypauuu OMpeReaseTcs Kak padora, CoBepIacMasi BCEMHU CHJIAMU B3am-
MOAEHUCTBUS NPU MEPEXOAE CUCTEMBI U3 ITOM KOH(UTypauuu B MOJIOXE-
HUE C HYJIEBOW NOTEHUMAJbHOM SHepruei. B 1o xxe Bpems ara moreHuu-
ajpHAsl SHEPrusl paBHA padoTe, COBEPLIAEMON BHECLIHUMH CHJIAMHU TPU
MEPEHOCEe BCEX 3apSA0B U3 MOJOXEHUS C HYJIEBOM MOTCHLIMAJIBHOU JHEP-
el B 3aJaHHYIO KOH(UTYpALUIO.

DHeprusl B3aMMOAECHCTBUS CUCTEMbl N HEMOABMIXKHBIX TOUCYHBIX 3a-

PSAOB ¢y, Gy, ..., Gy BHIPaXKaercd hopMyJsIon
N
1
Wy=3 E%«Pp (12)
i=1

rae ¢; — MOTEHUHMAs TOMAs, CO3/aBAEMOr0 BCEMM 3apsilaMu, KpOME i-To,
B TOM TOUKE, TAC HAXOOUTCH I-U 3apsm:

N
‘Pi=k2 :I_] (13)
=1y

3nech r;; — DAcCTOSTHUE MEXAY i-M W j-M 3apgaaMmu.

A Jna nokaszareascrBa dopmyast (12) MOXHO HCMOIB30BATh METON
MaTeMaTuuecKon wHAyKmun. [Ipexae Bcero orMerwm, uto aaga N =
2 ora opMysia COBMAmaET ¢ MOJIYUCHHOM paHee dopmysioi (4): cym-
Ma 0o I COMEPXUT ABA CAATAEMBIX:

1
Wy =5 (@191 + 0,9,), (14)
rae B coorserctBum ¢ (13)
.4 _ . 1D
=k RThe

[Moacrasassa otu 3Hauenus B (14), moxyuaem dopmyay (4).

Tenepp npeamnosoxuM, uto dopmyaa (12) cnpasemxausa aasga N To-
YEUHBIX 3apAJ0B, M OOKAXEM €€ CHPABEIIMBOCTb /I CHCTEMBI
(N + 1) zapanos. [1pu Baecenun (N + 1)-ro 3apsaa u3 6eCKOHEUHO-
CTH DHEPTUd CUCTEMbI M3MEHUTCSI HA BEJWUMHY, paBHYIO padore, co-
BEPUIAEMON BHEIIHUMU CHIAMM:

Wysy =Wy + A (15)

3nece Wy, COMIACHO MPEANOIOXKEHUIO, OMPEReaseTcs (hopmyion
(12), a pabGora, coBepmaeMasi BHEIIHUMY CHJIAMU TIPH TIEPEMEIIEHUT
3apsaa ¢y, U3 OCCKOHEUHOCTH B TOUKY MOJISI C MOTCHUUATIOM Py 4 |,

paBHa A= Gy Py, TAC

N
Py =k 2 = (16)

i=1 T N+1
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— MNOTCHOHuAJ JTOM TOUYKH noJid, C03IlaBaeMbII71 BCEMUM 3apdaaamMu,
KPOME Gy -

[Tocsie BHECEHMS 3apSfa ¢y, W3MCHSIOTCS TOTCHIMAbI BCEX TO-
UCK IMoJId, KpoMeE TOﬁ, rac HAXOOUTCS 9TOT 3ap4dan. HOTCHHH&JI TOUKH,
B KOTOPOU HAXOAWTCS i-# 3apsif, Temepb OyAeT paBeH ¢;:

q . 7
o=tk ML (i=1,2,..,N),  Pye1=Pns1- (17)

N+1

Boipazum sHepruto cucremsl (N + 1) sapsapos (15) uepes HOBBIE
3HAUCHMS TIOTCHIMAJIOB ¢,' C TIOMOIIBbIO cOOTHOmEHMIA (17):

N
1 ’ dN+1 ’
Wy =7 zqi (*Pi — k- - ) t AN+ 1PN+
i=1

4,N+1

CyMMa npousBeeHHIl ¢; Ha BTOPOE CJIaraeMoe B CKOOKAx B MPaBoi

YACTH ITOTO PABEHCTBA, B CHIy (opmyssl (16), paBHA — ¢y Py

TTooTom
09TOMY N+1

7 13 1 ?
Wy =3 2 a9 — qN+1‘PN+1 T ani 1Py =3 > 4P

Takum o6paszom, opmyaa (12) maag SHEPruU CHCTEMBI TOUEUHBIX 3a-
P4AOB AOKA3aHA. A

HOKa)KI/ITC, UTO SJICKTPOCTATUUCCKOEC II0JIE, CO3JaBacMO€ YCAMHCHHBIM TOUECY-
HBIM 3apgaaoM, MOTCHLHAJIBHO.

Jlokaxure, 4TO 1MOJIe, CO3ZaBaeMoe JIHObIM pacnpeac/icHuEM HEINOABUZKHBIX
QJICKTPUUYECCKUX 3apsgaaoB, INMOTCHLUAJIBHO.

Yro 03HAUAET IPUHIUIT CYTIEPTIO3ULIUU IPUMEHHUTEIBHO K SHEPreTHUECKOM Xa-
PaKTEPUCTHKE HJIEKTPOCTATHUECKOTO T10JIST — MOTEHLHATY ?

Jokaxure cripaBedauMBOCTb (opmyJibl (6), paccMarpuBas paboTy MOJS MPU
nepeMelleHUN 3apsa ¢ U3 HadaJbHOM TOUKM / B OECKOHEUHOCTb, a 3aTeM U3
OCCKOHEYHOCTH B TOUKY 2.

quy paBHa pa60Ta CHJT SJICKTPOCTATUUCCKOI'O I10-
Jid TIpU NIEPEMCUICHUM 3apdia 110 3aMKHYTOMY KOH-
TypYy?

Zlm(a}xm‘e, YTO I10JIC TIOTCHU MAJIBHO, €CJIN pa60Ta CUJ1
9TOrO I10J14 IIPU MEPEMELLIEHUH T10 JII0O0OMY 3aMKHYTO-
MY KOHTYpPY paBHa HYJIO.

Hapl/lcym"e KapTUHY CUJIOBBIX JIMHUM U 5KBUMOTEH-
oUaJibHbIX l'lOBerHOCTeﬁ OAHOPOAHOI'O JJICKTPO-
CTaTHUYECKOI'o I10JId.

MoxeT M cyliecTBOBaTh A/IEKTPOCTATUUECKOE TI0-
Jie, CUJIOBbIE JIMHUU KOTOPOTO MPEACTaBJISIOT co0oit
napaule/ibHble IpsMbIE € TEPEMEHHON TyCTOTOM
(puc. 15)? Puc. 15
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.

B uem pasnuuue MOHATUS NMOTEHLUAJIBHOM SHEPrUU NMPOGHOro 3apsna, Haxo-
JSIIErocsl B 2JIEKTPOCTATUYECKOM I10JI ABYX 3apsioB, U MOHSTUS MOTCHLIM-
aJIbHOM OHEPrUM BCEX TpeX 3apsijoB?

A Boox ¢opmyast p=kq/r. [JokaxeMm CpaBeaaIuBOCTb GOPMYIIbI
(2) nng moTeHUMAaNa yEAMHEHHOTO TOUEYHOTO 3apsaa. [loTeHuman B
TOUKE P, HAXONSIIEHCS HA PACCTOSIHUY ' OT 3apsiia ¢, paBeH padore,
COBEPLIAEMOI CHJIAMU TIOJIS MIPU TMEPEMEIECHUH EIMHIYHOTO TOJI0XH-
TEJBHOTO 3apsiAa M3 TOukKM P B OECKOHEUHO yAAJCHHYI TOuky. [To-
CKOJIBKY CWJIa, JCUCTBYIOIAS HA CAMHUYHBIA 3aPsi/, pABHA HATIPSIKCH-
HOCTH 1OJIst E, TO BBIPAXXEHUE /ISl MHTEPECYIOIIEH HAC pabOTHI, PABHOM
MNOTEHIMATY B TOUKE P, 3aMMIICTCS B BUAC

p= S E dr. (18)

W HTEerpupoBaHue 34€Ch MOXET BBHIIOJIHATHCS BAOJIb JHO00r0 IyTH,
MPOXOALIIETO U3 TOUKKM P B GECKOHEUYHOCTh, TAK KAK padoTa cuja mo-
TEHIMAIBHOTO MOJIS HE 3aBUCUT OT (POPMBI TpaeKTopuu. Beibepem oToT
MyTh BAOJb MPSIMOW, TPOXOASIIEH U3 3apsaaa Uepe3 JAHHYIO TOUKy P
Ha GecKOHEUHOCTh. [TOCKONBKY HANPSXKEHHOCTh nojis E HampasiaeHa
BIOJTB OTOM TipsiMoit (oT 3apsana mpu ¢ > 0 u K 3apany npu ¢ < 0 ), To
ckansgpHoe mpousseacHne E dr MOXHO 3ammcaTh Kak

Edr=E,dr=k%dr, (19)

€C/TM HAYAJIO0 KOOPAMHAT BHIOPAHO B TOUKE, TAE HAXOMUTCI 3api
q. VnrerpupoBanme B (18) Temepp BBIMOIHSETCS B MPEAEJAx OT
r mo oo

]

gP=qu %: —k(]l

1
=k-.
¥ ¥

r
r

O mMoaean ToyeyHoro 3apana. O6paTuM BHUMAHKUE HA TO, UTO W HA-
NPSIKECHHOCTh, U MOTCHOMAJ IIOJIA TOUCUHOTO 3apdaaa HCOTPAHMUCHHO
BO3pacTaroT (CTPEeMIATCH K OECKOHEUHOCTH) MpPY MPUOIMKEHUH TOUKH
P K TOMy MecCTy, TOe pacroyioXeH co3maromuil mosie 3apsan. Ousnue-
CKM 9TO GECCMBICJICHHO, TaK KAK COOTBETCTBYET OOPALICHUIO B OECKO-
HEUYHOCTh W CUJIbI, JECHCTBYIOMEH HA MPOOHBINA 3apsiA, W €ro MOTEHLM-
asbHOM SHepruu. Bce 5TO rOBOPUT O TOM, UTO CAMA MOAE/b TOUEUHO-
ro 3apsifa MMEET OrPaHUUYEHHYI0 00/1aCTh MPUMEHHUMOCTH.

B xaxoi MCPE OJId JJIEMCHTAPHBIX YACTHUL, MOXXHO HCIIOJIb30BATH
MOZIE/Tb TOUEUHOrO 3apsaaa’? IKCIepuMeHThl Ha OOBIINX YCKOPUTETSX
MOKA3aJiv, UTO HYKJIOHBI 001aJal0T BHYTPEHHEN CTPYKTYpOit. 3apsa B
HUX pacrpenesieH HEKOTOPhIM 00pa3oM Mo 00beMy, TIPUUYEM HE TOJIBKO
y MPOTOHA, HO AAXKE M y HEUTPOHA, KOTOPHIN B LEJIOM JJEKTPUUCCKA
HeuTpasieH. UTo KacaeTcs SJIEKTPOHOB, TO AJISI HUX MOAEIb TOUCUHOTO
3apsaaa «paboTaeT» BILIOTh A0 PACCTOSHMIA MOPSIAKA TAK HA3BIBAEMOTO
KJIACCHYECKOTO PafmMyca d/1eKTpoHa r, = e2/mc?~ 310713 cm.
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HanpsXeHHOCTb KaK rpajueHT MOTeHIuana. BepHemcs temepp K
dopmynam (9)—(11), BEIpaXkarOmUM HATPSKEHHOCTD JIFO0OTO 2JIEKT-
poCTaTMUECKOro moJis uepes ero morenuman. M3 dopmya (11) creny-
€T, uTO mpoekuuy BekTopa E HAMPSIXKEHHOCTH MO HA OCH KOOpPAM-
HAT MOXHO PACCMATPHMBATH KAK B3SITHIE C MPOTUBOMOJIOXHBIM 3HAKOM
MPOM3BOAHBIE MO COOTBETCTBYIOIIMM KOOPAMHATAM OT TMOTEHIMAJIA
CKaasIpHON (DyHKIMK KOOpaAuHAT (X, ¥, z). [Ipu BerurcicHNA 000
M3 OTUX TPOM3BOAHBIX, HATMIPUMED MO X, ABE APYTUE MEPEMEHHBIE, Y
M z, HY>XHO CUMTATh (PUKCUPOBAHHBIMU. Takwe Mpom3BOOHBIE (PyHK-
UMY HECKOJBKHX MEPEMEHHBIX B MATEMATUKE HA3BIBAKOT YACHHbLMU
npou3eo0HbLMy M 0003HaUaIOT Kak d¢/0x. BekTop, mpoekuuu KOTO-
pOro paBHBI YACTHBIM MPOM3BOAHBIM CKAJSIPHOM (DYHKUMH O COOT-
BETCTBYIOIIMM KOOPAMHATAM, HA3BIBAETCS 2pAOUeHMOM ITOU CKaIap-
HOM (pyHKumu. TakuMm o0pa3oM, HANPIXKEHHOCTh E 2JEKTPUUECKOrO
O — JTO B3ATHIA CO 3HAKOM MUHYC TPAAVCHT NOTCHOMAJA. 33HI/I—
CBHIBAIOT DTO CAEIYIOIMM 00pa3oM:

E= —grad ¢(x,y,z) = — Vo(x, y, ). (20)

3nech V — CHMBOJMUECKUI BEKTOP, MPOCKIMU KOTOPOTO HA OCH KO-
opauHaT — omnepauuu auddepeHIUPOBAHUS:

. 0 . 0 J

a i, j, kK — OpTH AEKAPTOBOM CHCTEMBI KOOPAWHAT.

Yem GhiCTpee MEHSETCS B MPOCTPAHCTBE MOTEHIMAJ, TEM OOJbLIE
MOAYJIb €70 TPAAMEHTA, T. €. MOAYJ/Ib HAMPSKEHHOCTH JJIEKTPHUECKOTO
moJId. <<CMOTpI/IT>> BCKTOP HANIPAXXKCHHOCTU B TOM HATIPABJICHUH, B KOTO-
poM mOTeHIKMAa yObIBAET OBICTPEE BCETO, T. €. MEPIEHANKYIIPHO JKBH-
NMOTCHUOMAJbHBIM MOBCPXHOCTAM. yBI/IZ[eTb, YTO BCKTOP E HAIMpaBJICH
MMEHHO TakuM 00pazoM, MOXHO € moMoupio dopmyst (9): ecau us
paCCManI/IBaeMOﬁ TOUKHM COBCPIINTH OAMHAKOBBIC IO MOAYJIHO MEPEME-
HIEHUS AT BO BCEBO3MOXXHBIX HATIPABJACHUSIX, TO HAMOO/IBIIEE U3MEHE-
HUE TOTEHIMAIA TPOM30UAET TOrMA, KOrAa 9TO MEPEMEIIEHUE HATIPAB-
JeHOo Baoab BexkTopa E. A

e Ha KakoM CBOKCTBE 2JIEKTPOCTATUUYECKOrO TMOJISi OCHOBAH BBIOOP MYTHU WMHTET-
puposanus B popmysie (18)?

. l'[oquy A1 110J14 TOUCUHOI0 3apdia TOUYKY HYJICBOIO 3HaAUYCHHA IMOTCHLHaJa
HEJIb34 Bbl6paTl> B TOM MECTE, I'Jl€ HAXOAUTCA caM 33])5[}1?

e  QObscHUTE, I[oOYEMy HalPAXKCHHOCTb JJICKTPUUYCCKOIO I10J1S HallpaBJicCHa B
CTOPOHY HaH6blCTpeﬁLLlel"O y6blBaHl/lﬂ rnoreHuurasia.

§ 5. Pacuetr sneKTpMuyeckux nonen

Pacuersl saeKTpUUECKMX TMOJICH, CO3MABACMBIX 3aJAHHBIM pacIpeacsie-
HUCM 3apsgaa0B, OCHOBAHBI HA MCHOJb30BAHUN NPUHLMINA CYTNCPIIO3ULUNA.
OTi pacueTsl CYLIECTBEHHO YIMPOIIAIOTCS MPH HAJIAUYMKM KAKOUW-I100
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CUMMETPUM B PACTIPEACICHUM CO3JAMOMNX TOJIE 3apsgmoB. PaccMorpum
MPUMEPHI TAKMX PACYETOB B KOHKPETHBIX 3aJauax.

3anpaun

1. ITone 3ap axennozo wapa. llap paauyca R paBHOMEPHO 3apsXeH 10 00b-
emy. Ilonuelii 3apsng mapa g. Haiith nanps:eHHOCTb M NMOTEHLMAJN DJIEKTPU-
YECKOro IoJid, CO34aBaEMOro TaKMM IapoM.

Pemenne. Tak Kak pacnpenejeHre CO3JAIOIINUX Io/e 3apsaaos chepuue-
CKHU-CHMMETPHUUHO, TO U CO3AaBAEMOE MU 3JIEKTPOCTATUUECKOE 110/Ie AOJIKHO 00-
JlafiaTh TakoW Ke CUMMETpHed. DTO 3HAUMUT, 4TO MOTEHLHMAJ] U MOAYJ/b Harps-
JKEHHOCTHU 3aBUCAT TOJIbKO OT PACCTOAHMS F [0 LIEHTpa 3apsXeHHOro Imapa, a
BEKTOP HaIPS:KEHHOCTU BO BCEX TOUKAX MMeeT paauasbHoe HanpasjaeHue. OaHako
3aBUCHMOCTb OT r BeJMUMH ¢ (r) u E(r) Oyner pasHoil and BHemHel (r > R) u
BHYTpeHHel (r < R) obnacreil.

CuMMETpHS CUCTEMBI TI03BOJISIET IIPUMEHUTD TeopeMy I'aycca ans pacuera Ha-
npsixeHHocTH nouid E (r) . Ins obsactul r > R 3TOT pacueT HUUEM He 0TJINYaeTcs OT
OIMCAHHOTO B IIPpeAbIAYIIeM Naparpade pacueTa HaNPAXKEHHOCTH T0JId 1Iapa, paB-
HOMEPHO 3apAKEHHOro 1o NoBepxHocTH. HanpsaxeHHocTs 1o U, clIeaoBaTe/IbHO,
TIOTEHLHAJI, OKa3bIBAIOTCS TOUHO TAKMMHU XK€, KaK Y TOYEUHOro 3aps/a ¢, OMeIIeH-
HOTo B LIEHTP Iapa:

E(r) =k o) =k (r>R). (1)

J11 HaXOXACHUS HATIPSIXEHHOCTH T10J1s1 BHYTPH 1Iapa PACCMOTPHUM TIOTOK Ha-
MPSKEHHOCTU uepes chepUUeCKYI0 MOBEPXHOCTh paguyca r < R, KOHLEHTpUYe-
CKYI0 ¢ mapoM. ITocKoJIbKY CUJIOBBIE JIMHUM BCIOAY NE€PECEKAIOT 3TY MOBEPXHOCTD
TOZ TIPSIMBIM YTJIOM, To NoToK N BekTopa E uepes Hee paseH E () 4nr2. Ilo TeopeMe
T'aycca 9TOT e MOTOK MPOTOPIIMOHAJIEH OJIHOMY 3apsay ¢, HAXOASIIEMYCSl BHYT-
pu chepbi: N = 47kq’. IIpu NOCTOSHHOM IIJIOTHOCTH 3aPSA POIIOPLIMOHATIEH 00be-
My, T.e. ¢ = qr3/R3. Tlostomy N = 41kqr3/R3. TIpupaBHUBAs 5TU BbIPAXKEHUS IS
HI0TOKA, UMEEM

E-4mr?2 = 4nk a
R3’
oTKyza

E(r) = k4. (2)

Buano, 4rto Hanps:KEHHOCTb 110/ BHYTPU PaBHOMEPHO 3apsSXEHHOIo llapa
NponopLroHaJbHa PaccTosSHUIO r OoT ero ueHrpa. Ha nosepxnoctu wmapa, T.e.
npu r = R, 3HaueHus HanpsxkeHHocTu nond E(r), masaemble dopmysnamu (1)
u (2), cosnagarwor.

[Morenuuman ¢ (r) Ang BHYTPEHHEH TOUKM MOXKET ObITh HaliZleH Kak pabora cuj
110J1s1 IPU NepeMELIeH MU eIMHUUHOTO 3aps/a U3 3TOM TOUKHU B 66CKOHeUHOCTh. Pak-
THYECKU TpebyeTcs BbIYMCIUTBL TOJBKO PaboTy IpH MEPEMEIIEHUM [0 TMOBEpX-
HOCTH, TaK Kak pabora npu nepemMelieHrny oT IoBEPXHOCTH B 0ECKOHEUHOCTh paBHa
3HAYCHMIO OTCHIMAJIA Ha TIOBEPXHOCTH 1apa: ¢ (1) = kg/R. Ilpu nuHeiiHoI 3aBU-
CHUMOCTH CHJIbI OT paccTosHUd B (2) paboTta Nnpy nepeMeleHU U3 JaHHOW TOUKH,
HaXxoAdIIelcsd Ha PACCTOSHUU F OT UEHTPa 1apa, 0 IOBEPXHOCTU paBHa

kq
%5 (R —r?).
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Taxkum o6pasoM, Npu r < R MOTEHLMA UMEET BUM
kq r2
p(r) = 2R3 (RZ2—r?) + =3R (3 ﬁ) (3)

I'pacduku E(r) u ¢ (r) nokasansl Ha puc. 16. Oba rpadrika HenpepbIBHBI, O1-
HaKo MpU r = R Ha rpadrke HANPSKEHHOCTU MMEETCs U3JI0M, B TO BpeMs Kak Ha
rpaguke noreHuyana napabdosna (3) npu
r < R nj1aBHO NepexoauT B rurnepoosty (1)
npu r > R. OOVHaKOBBIM HaKJOH Kaca-
TeJbHBIX K Mapabosie U rurnepbosie mpu
r = R erko 0ObSICHUTD, €CJIM BCTIOMHUTD
0 CBSI3M HAIPSKEHHOCTHU W TMOTEeHLMAaa:
HEeTNPepbIBHOCTh HAKJOHA KacaTesIbHOM K
rpacduky ¢ (r) cieayeT U3 HelpepbIBHO-
ctu E(r).

2. Heycmouuueocms pasHosecus 3a-
pAdos. 3apanel g, U g, = — ¢;/2 3akpern-
JieHBl Ha PacCTOSHUM [ ApyT OT Apyra. B
Kako¥ TOYKe CO3[aBaeMoro UMH moJs 0y-
JIeT HaXOAUTBCS B PAaBHOBECUM IMPOOHBIN
3apsaa? YcToluuBo U 9TO paBHOBecue?

o
=
xR -6

Pemenue. QueBugHO, uUTO TpPOO-
HBIH 3apsif ¢ MOXeET ObIThb B PaBHOBECUU
TOJIBKO TOT[a, KOTZAa OH PAacIIOVIOXEH Ha k
NIPAMON, NIPOXOALIIEH Yepes 3apsasl g; U
g (puc.17). Ob6o3HAUUM Uepes X PaccTo-
dHUE OT 3ap4a ¢; 40 TOUKHU PABHOBECHS.

Bynem nsid onpefeseHHOCTH CYUTATh, UTO

3ap4i g NOJIOXKUTENIbHBIN, a ¢, — OTpU- 0 R
uatenbHbil. [lokasanHele Ha puc. 17 cu-
JIbl, JAECUCTBYIOLIME Ha IOJIOXKUTEJIbHBIN
(puc. 17a) w orpuuarenpHsiil (puc.176)
NPOOHBIN 3aps] ¢ CO CTOPOHBI 3apsI0B
g1 U g, B TOUKE PaBHOBECHS pPaBHBI 10 MOAYyJ0. PaccrosHue X 10 9TOM TOUKH
MOXHO HaWTH, prupaBHUBas MoAyJu HanpsikeHHocTel By n E; noneit 3apsaaos g,

U g

X

r

Puc. 16. HanpspkeHHOCT M TIOTEHLIMAJ
OJISE PABHOMEPHO 3aPSDKEHHOTO 1apa

lg,1 _ 1,1 ) (4)
x? (x—1)?
F F
o L
aq, =—q /2 a X
/ F ¢ F,
o /2 6 x

Puc. 17. PaBHOBECHE MOJOKUTEILHOTO (@) ¥ OTPULIATENBHOTO (6) TIPOGHOTO 3apsja ¢ B 1oJjie
3APSINOB ¢ M o= —qy/2
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YuureiBas, uT0 ¢, = — ¢,/2, NPUXOAUM K KBaJpaTHOMY YPABHEHMIO AJISI MCKO-
MOrO PacCTOSHUS X:

x2—4ix +212=0,
otkyma x =1(2+V2).

[TosnoxkeHUIO ~ paBHOBeCHUsl  MPOOHOrO  3apsda  COOTBETCTBYET — KOPEHb
x=1(2+V2) ~ 3,411. Bropoii KOpeHb COOTBETCTBYET MOJIOXEHUIO PABHOBECHS B
clyuyae, Korjga g, = ¢,/2, Tak Kak ypasHeHHe (4) CIIpaBeyIiBO U IIPU OJHOUMEH-
HBbIX 3apsfax q; U q,.

JIns1 BBISICHEHUS BOIpoca 00 YCTOMYMBOCTH PaBHOBECHUSI MOXKHO PAaCCMOTPETh
CWJIbI, ACHUCTBYIOIIME HA MTPOOHBIN 3apsf P €ro HeOOJIBIIOM CMELICHUH U3 T10JI0-
KeHUs paBHOBecHsl. PaccMOTpUM cHaualia cMelleHUe B HallpaBJIeHUH, MepIeHAN-

Puc. 18. T1o OTHOIEHUIO K MTONEPEYHBIM CMENIEHUSIM PABHOBECUE OO UTEIBHOTO MPOGHOTO
3apsizia YCTOMUUBO, 4 OTPUIATENBHOTO — HEYCTONYUBO

KYJISIPHOM HPSIMOI, IIPOXOASILEH Yepes ¢, U ¢,. VI3 puc. 18 BUAHO, UTO Ha MOJIOXU-
TeJIbHBIE MTPOOHBIN 3apsn Oyzder AeiictBoBaTh cwiia (pasHogelicteytouias F) u F)),
HATIPABJICHHAS K [TOJIOXEHUIO paBHOBecHs. Tak mosyuaercs notomy, uto cuisl F u
F), B6JIM31 TOUKM PABHOBECHSI [IOUTH PABHBI 110 MOAYJIIO, HO HECKOJIBKO OT/INYAIOTCS
1o HampasjieHUI0. Ha oTpunaresbHbIlM MpoOHBIIN 3apsin OyaeT ACHCTBOBATH CHila
(pasHopeiictytouias Fy u F}), HanpaBjieHHAS OT MOJIOKCHUS PABHOBECHSI.
Orciofa, OOHAKO, HeJIb3s CZIe/IaTh BBIBOZ O TOM, UTO PABHOBECHE MOJIOKUTEIBHOTO
IPOGHOrO 3apsiia Oy AET Y CTOMUYHMBBIM, a OTPULIATEILHOTO — HEYCTOMUMBbIM. B caMom
JeJ1e, €CJI PACCMOTPETh MaJIble CMEIICHUS U3 TOUKU PABHOBECHS BAOJIb ITPSIMOF, TTIPO-
XOAsLIel Yepes ¢ U ¢, Bee OyaeT Hao60poT: Ha MOJI0KHUTE IbHBIIN 3apsil Oy AeT AeHcT-
BOBaTh CWJIa, HAIlpaBJICHHAS OT TOUKM paBHOBecHs (puc.19a), a Ha oTpULATElb-
! F, ¢ Ff

@ —y
- C

a a=—q; /2 o

¥ g F

aQ a,=-q, /2 6 X

Puc. 19. TIo OTHOMEHMIO K MPOAOJIBHBIM CMEIIEHUSIM PABHOBECUE TIOJIOXKMTEILHOTO TIPOGHOTO
3apsizia HeyCTOMUMBO (@), @ OTPULATETBHOTO — YCTOMUMBO

HBI — K TIOJIOXXEHUIO paBHOBecUS (prc.196). DTo /1erko MOHATh, 3aMETHB, YTO MPU

TaKoM CMeleHUM OTHOCHUTE/IbHOE U3MEHEHUE PACCTOSTHUS [I0 ¢, 60JIbIIIE, UEM 10 g .
TaxkuMm 00pa3oM, B JIeKTPOCTATUYECCKOM I10JI¢ ABYX TOUCUHBIX 3apSIIOB PABHO-

BeCHe MPOOHOro 3apsifa He MOXKeT ObITh YCTOMUMBBIM: BCEra HAMIyTCsl TaKHUe CMe-
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IIEHUS U3 M0JIOXKEHUS PABHOBECUS, ITPU KOTOPBIX Ha MPOOHBIM 3apsa OydeT aeiicT-
BOBATb CWJIA, «yBOASIIAS» €TI0 AAJIbIIE OT TOTO TOJIOKCHUSI.

[TonMeueHHOE HA ATOM IPUMEPE 0OCTOSTENILCTBO MMEET COBEPLICHHO OOLIMI
XapakTep: HEBO3MOXHO YCTOMUMBOE PABHOBECHE 3apsifia MOA ACHCTBUEM TOJIBKO
9JIEKTPOCTATUUECKUX CHIL.

YcToitunBoe paBHOBECHE B TIOTEHITMAIBLHOM I10JI€ COOTBETCTBYET MUHUMYMY IO~
TEHIIUAJIbHOM dHeprun. HeBO3MOXHOCTD YCTOMUMBOIO paBHOBECHS MTPOOHOrO 3aps-
Jla B 9JICKTPOCTATUUECKOM I10JI¢ O3HAYAET, UTO MOTEHIIMAJ ¢ (1) JIF0OOro 110J1sl, KOTOo-
pbIii MOXKET ObITh MPEACTaB/IEH Kak cyMMa uieHoB Buga 1/ |r — r,|, roe r, — panu-
YC-BEKTOp {-T0 3apsifia, CO3JAIOIIET0 110J1e, HE UMEET
MHUHUMYMOB U MAKCUMYMOB Ha JIlOOOM KOHEUHOM
pacCToSHUU.

Bonpoc. O0bsicHUTE, TIOUEMY MOXHO YTBEp-
KAATh, 4TO @ (r') HE MOXKET UMETh HE TOJIbKO MUHU-
MyMa, HO U MaKCUMYMa.

3. Odnopodnoe noae @ nonocmu. Jlokaxure,
YTO SJICKTPOCTATHUYECKOe ToJie BHYTpPHU cdepuue-
CKOH TIOJIOCTU B PABHOMEPHO 3apsCKEHHOM IO
obpeMy ImmIape opHopopHo. Hailigmre HampsxeH-
HOCTb JTOTO TIOJISI, €CJIM PacCTOSHUE OT IeHTpa
mapa 70 IeHTpa NOJOCTH [, a o0beMHas IJIOT-
HOCThb 3apdaa Iapa p. Puc. 20. HaxoxaeHue 3JIeKT-

Pemenue. VICKOMyI Halps:KEHHOCTB TMOJISI  POCTATHUECKOrO MOJs B chepu-
BHYTPHU TIOJIOCTH TIPOIE BCETO HAUTH C MOMOIIBE) ~ UECKOH MOJIOCTH PABHOMEPHO
NpUHLMNA cyTeprnosunun. Maed sakiarouaercd B SGPSPKCHHOTO Mapa
caenyoueM. Eciu 661 nonoctu He 6bu10, nosie E; B
Touke A (puc. 20) coszasajioch Obl BCEM paBHOMEPHO 3apsKeHHBbIM I1apoM. Takoe
noJsie Ham usBecTHo (cM. 3agauy 1). Ho ary HanpsxkenHocTs E; MoxxHO paccmarpu-
BaTh KaK BEKTOPHYIO CYMMY MCKOMOIi HanpsixxeHHocTU E mnouns, cosgasaemoro 1ma-
POM € TIOJIOCTBIO, M HanpsikeHHocTU B, nosis, cosgaBaeMoro MEHBIIMM IAPOM, T10-
cJie yAaleHUsl KOTOPOro U obpasyeTcs AaHHas M0JI0CTh:

E,—E+E, (5

Tenepb ocraercst TONBKO MOACTABUTL COOTBETCTBYIOIIME Bhipaxkenus aus B, n E,.

0O60o3HaYMM Yepes r; BeKTOp, NMPOBEACHHLIN B MTPOMU3BOJIbHYI0 TOUKY Habmoae-
HUS A 13 LleHTpa O 3apsXKEHHOro 11apa, a uepes I, — BEKTOP, NPOBEICHHBIN B TOU-
KY A us nenrpa nosioctu O'. Bekrop 1 ipoBener u3 O B Q. 3anuiiem dopmy.y (2)
3a7auM 1 B BEKTOPHOM BUZE:

q
E () =k, (6)
rae R — paguyc wapa. Iloacraeiss ciopga sapsa ¢ wapa (6e3 1OJIOCTH)
qg= %nR3p, nepenuiueM (6) ciaeayouyM o6pas3om:

4
E(r) = k-3 npry. D

OueBUaHO, UTO TOUHO TaKoH ke (popMyJIoii BeipaxkaeTcs HanpsikenHocTs B, nosns,
CO31aBaeMOro MEHBIIUM 1LIapoM, Toclie YAaJleHHs KOTOPOro odpasyercs IMoJIoCTh:

Ey(ry) = ko3 mpry. (8)
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Bripaxas teneps E us (§5) kak pasnocts E; — E,, ¢ nomousio (7) u (8) Haxoanm
E=k~% 7P (r] — 1) =k~% nipl, 9

MOCKOJIbKY, KaK BUAHO U3 puc. 20, 114 110005 TOUKU HaOIoAeHNS A BHYTPH 110J10-
ctu ry —r, = 1. I3 (9) caenyer, uTo Bo BCeX TOYKAX BHYTPH I0JIOCTU HATPSIXKEH-
HocTb nosist E oguHakoBa. DTo M 3HAYUT, 4TO T0JI€ B MOJOCTH ogHOopoaHo. Hanps-
skeHHOCTb E Hampas/ieHa napauiesibHo JUHUU OO, COeOUHSIOIEHN IEHTP Iapa ¢
LEHTPOM T10JI0cTH, 0T O K O’ mipu p >0 u ot O’ k O npu p < 0. Moaysp Hanps-
>KEHHOCTHU MOJISl B TIOJIOCTU 3aBUCUT TOJIBKO OT IJIOTHOCTH 3apsiia p U PacCTOSIHUS
[ v He 3aBHUCUT OT paJnlycoB R 11apa U r MoJIOCTH.
OTMeTHM, UTO B cJiyyae, Korja LEHTpP IMOJIOCTH COBMAaJaeT ¢ LEHTPOM Miapa
(I = 0), popmysna (9) naeT paBpHOE HYJII0 3HaUCHUE E: HATIPSSKECHHOCTD [10J18 B JIFO00I
TOYKE BHYTPU PABHOMEPHO 3apsi’KEHHOIO
E, maposoro csios paBHa HyJTO.
4. D nexkmpuyeckoe nose ounons. Haii-
TH HaNPSIXEHHOCTD U MIOTEHIINAJ JIeKTPU-
YECKOTO T0JIS, CO3[aBacMOro AWIOJIEM —
IBYMS PAaBHBIMU 10 MOAYJIIO U PA3HOMMCH-
HBIMH 3apSiilaMU ¢ U —¢g, HaXOASIINMUCS
Ha paccTosSHUU [ IpYT OT APYyTra, — B TOUKeE,
OTCTOSAIIEH Ha paccTosHUE F, GOJIBIIOE T10
CPaBHEHUIO C pa3MepoM AUIIOIS /.

Pemenue. Halitu snekTpudeckoe
Puc. 21. HanpspxeHHOCTs E  2JIeKTpU- I10Jie, co3gaBacMoc Hapoﬁ TOUYCUYHBIX 3aps-
YECKOTO IOJIs WIS TIPeACTaBisieT Co-  [0B, He COCTaBJseT Gosbloro Tpyaa. B co-
Goit cymmy BektopoB E; u E_ OTBETCTBHUM C TIPHUHIUIIOM CYIIEPHO3UIINU
HaIpPsKEHHOCTh TaKOro I10J1s paBHa BEK-
TOPHOM CYMMeE HAIIPSIXKEHHOCTEH I10JIeH, CO3JaBacMblX KaxXX[bIM 3apsioM, a I10-
TeHLIManl — ajirebpauueckoil cymme mnoreHuuanos. Iloatomy, obGosHauas uepes
ry U rp paccTosiHUS OT 3apsaoB + g U —gq 10 Touku HabmogeHus A (puc. 21),
“MeeM I ToTeHLuana
r—r,

1 1
«P=kq(r———)=kq : (10)
1

7y rry

a BbIpaxXeEHUd AJid Mo;[yneﬁl COOTBETCTBYOLIUX Hal'lpﬂ)l(eHHOCTeﬁ E+ u E_ umeror
BUI

Ey=k% E =k% (an
1 2
HarpaBJICHUS BCKTOPOB E+ u E_ " PE3YJIbTUPYIOUICTO BEKTOPa E mnokasaHbl Ha
pPHUCYHKE.
911 hopMy bl CHIPABEAIMBLI IS TIOOBIX 3HAYEHUI PACCTOSHUI | U 1y. CMBICTT
3aJayM 3aKJIYaeTCd B HAXOXKACHUN y,ElO6Hl>lX AT ,ElaﬂbHeplLUVlX HpHMCHCHHI’I BbI-
aneHHﬁ, KOTOPBIC ObLJTH ObI CIIpaBCJIMBBI Ha 0O0JIBIIIUX paccTodaHuAaX OT AUIIOJIS.

A DJEKTpPUUECKOE [OCUCTBUEC 3aPSKEHHOTO TEia HA PACCTOSIHUAM,
GO/IPLIOM MO CPABHEHMIO C €r0 pasMepamu, OMpPENEISETCS MOJTHBIM
3apsigom aroro teaa Q. Uem masnbime OT Teaa, TEM MEHBIIE OTJUYa-
€TCSl CO3JABACMOC MM JJIEKTPUUECKOE TIOJIC OT TMOJIsk TOUCUHOTO 3apsi-
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Ia: 9T0 moJie mouTu CHepuUeCKu-CUMMETPUYHO, €r0 TOTCHIUA yObI-
BAET C PACCTOSIHMEM KAk 1/r, a HaMpsO>KEHHOCTh — Kak 1/r2,

Eciu xe Tes0 B LEe0M 2/IeKTPUUECKH HEUTPAIbHO, T. €. €0 MOJ-
HBIM 3apsgA Q paBEH HYJO, TO 9TO BOBCE HE 03HAUYAET, YTO OHO CO-
BCEM HE CO3JA€T JEKTPUUECKOTO IMOJIS.

B camom pene, sneKTpUUECKM HEUTPAJIbHBIE MOJIEKYJIbl BEIIECTBA
MMEHHO OJ1arogapst 9JeKTPOCTATUUECKOMY B3aMMONCUCTBUIO MEXAY
coboii 00BEAMHSIOTCS W 00Pa3yroT
KPUCTAJIBI UIN XUAKOCTH.

Ins pacuera SJEKTPHUECCKOTO
MO TPOCTEUIIEN OSJIEKTPUUECKU
HEUTPAJbHOU CHUCTEMBI — OuUnOs
ya0OHO HECKOJBKO MpeoOpas3oBaTh
oipaxenns (10) u (11). Jumoss
OPUHATO  XapaKTepu3oBaTh AW-
OOJbHBIM MOMCHTOM P, MOAYJIb
KOTOpPOTO pPaBEH MPOW3BEACHWIO ¢l,
4 HampaeBJICHUE BI)IGI/IpaeTCSI BAOIb  pyc 22 Boruucrenue MOTEHIUAJIA -
OCM AWMOAS OT OTPULATEABHOTO pong B touke A
3apgaaa K TOJIOXKUTCIbHOMY
(puc. 22). Jlanee ynoOHO BMECTO 7| WM r, BBECTH DACCTOSIHHE 7 OT
CCPCAVHBI JUIIOJIA W YTOJI (§] MCXAY BCKTOPOM AUIIOJIBHOTO MOMCHTA
¥ HANpaBJEHUMEM HA TOUKy Habmomenud. Kak BugHo u3 puc. 22,
npu //r<<1 pa3sHOCTb pacCTOSHUM 7|, — 7, MOXHO 3aIHUCaTb B BHAE

A

ry—ry=lcos 6. (12)

B 1o xe Bpems mpousseneHue r,r, B 3Hamenaresne dopmysasr (10)

MOXHO 3aMEHHTh Ha r2. B pesyabrare dopmyna (10) ana moreHuu-
ana MPUHUMAET BUJ

l 6 6
o=k o=k (13)

B orsimume or moTeHuMana moJjs TOYCUHOTO 3apsiaa, yObIBAOIIETO
Kak 1/r, moreHUMan SJEKTPUUECKOrO MO AUMOIS yObIBaeT ¢ pac-
crosHueM ObicTpee — kak 1/r2. Pasymeetcs, nose aumoss obaagaer
OCEeBOM, a HE cheprueckoit, CHMMETPUEN, MOITOMY €ro MOTEHIMAJ
3aBUCHT HE TOJIBKO OT PACCTOSHUY F, HO M OT HATIPABJCHUS HA TOUKY
HAOIONEHKS, XapaKTEPU3yEeMOro yriom 6.

[Tpu mosyueHun GHOPMYJIBI AT HATPSDKEHHOCTH yAOOHO MpeacTa-
BUTH pe3ysbTupytomuii BekTop E Ha puc. 21 He KaK CyMMY BEKTOPOB
E, u E_, a xak CyMMy IBYX B3aUMHO NEPHEHAMKYISIPHBIX COCTaB-

JISIOINMX, OAHA U3 KOTOpeiX, E , HampasjeHa BAOIb paauyca-BeKTopa

r, XapakKTEPU3yIOIIETO MOJOXEHUE TOUKM A OTHOCHTEIBHO CEPEAMHBI
munons, a apyrasi, E,, nepnenaukynspua eii (puc. 23). Ha Gonbumx

paccrosHUSIX OT aunonas, korga //r<<1, sektopsl E, u E_ Hampas-
JICHBI TIOYTH B MPOTHBOMOJIOXKHBIE CTOPOHBI M MAJIO OTJIUYAKOTCS TIO
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monyo. Ilpu mpubmxenHoM HaxoxacHun E, HyXHO yuHMTHIBATH
pazuuny BekTopos E, m E_ 1o Moay.ii0, HO MOXHO MpeHeOpeub TeM,
UYTO OHM HATPABJEHBI HE CTPOTO B MPOTHMBOIMOJIOXHBIE CTOpOoHBbI. Ha-

Puc. 23. Hanpsuxennocts E nmosis aunos Kak cymma BekTopos E, u Eg

obopor, mpu BerumcaeHnn Eg MOXHO mpeHeOpeub pa3imuMeM BEKTO-
pos E, w E_ mo MORyJ0, HO HY>XHO 0043aTEIBHO YUECTh WX HEKOJ-
JIMHEAPHOCTb.

3anucas ¢ nomompbio opmyn (11) Beipaxenue ana E, B Buge

(ri+r))(ry—ryp
E,%E+—E_=kq(%—%)=kqw, (14)

7y r5 (r1r2)2
MOXHO TIpy [<<r, KaK ¥ TPU BHIUKMCICHUM TIOTCHIMAJIA, 3aMCHUTH B
3HAMEHATENE r(r, Ha r’, a B UMCAMTENE — CymMMy 7|+ r, HA 2r u
pasHocTh r, — ry Ha [ cosO. B pesyabrare u3 (14) moayuaem
2
E, ~ k £ cos6. (15)
¥
[Ipn BbruuciaeHnn E, CAEAYET y4yecTh, UTO YroJa MEXAY BEKTO-
pamu E, u E_ oTimyaercd OT & HA Myl BEJWYMHY O, AT KO-
TOPOM, KaK BHAHO W3 pHC. 23, CIpaBEIINBO

[ sin 6
r

<.

X

YuurteiBad, uTo AId Ey MOXHO NpUOIVKEHHO HAMUCATh Ey~ E. 9%, a
B BbIpaXXeHuu 119 E, 3aMEHUTH 7| HA ¥, OKOHUATEJbHO MOJYYdEM

Ee%k%sin 0. (16)
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Oopmyast (15) m (16) mo3BOAAIOT MPEACTaBUTH cebe KapTUHY
JIMHWHA HATIPSKEHHOCTU 9JIEKTPUUECKOTO Tosst aumnoas (puc. 24). B
TOUKAX, JEXAmWX HA OCH AWTONS, Tae yroa © pasen 0 wim T,
E,=0 u, crenosaTesbHO, HAMPSXKEHHOCTh TOJIS HATPaBJICHA BAOJb
ocu. U3 cdopmyaer (15) BuAHO, UTO HAMPABJICHUE COBMAZAET C HA-
MPABJICHUEM JUIOJBHOTO MOMEHTAa P Kak mpu 0 =0, tak m mpm

As
r
1
o
A6

1
Puc. 24. KapTuHa JMHUI HATIPSIKEHHO- Puc. 25. HaxoxpaeHue CBI3H MOAYJIS
CTH UIIOJIsE HA GOJIBIIOM PACCTOSIHUM OT nepeMeneHus As ¢ U3BMEHEHHEM YIIa

HETO

0 = ;. [leiicTBuTenpbHO, mpu O = 3HaueHue FE, OTPULATENBHO.
D10 3Hauwmt, uto Tam BekTop E HampasieH K aumosto (puc. 24). Bo
BCEX TOUKAX IJIOCKOCTH, MEPNEHAUKY/ISIPHON OCH AUMONA WM MPOXO-
OdUIeil yepe3 ero cepeguHy, oOpamaercs B HyJIb paauaabHAs CO-
crapasromas E, HampskeHHocTd mnoss. HanmpsokewrocTs mons B

OTUX TOYKAX MEPNECHAMKYJSPHA MJIOCKOCTH M HAMpAaBJCHA B CTOPO-
HY, TIPOTHBOMOJIOXHYIO HAMPABJCHUIO JUMOJBHOTO MOMeHTa p. Kap-
TUHA CWJIOBBIX JIMHUU HA PHC. 24 CMMMETPUUYHA OTHOCHUTEIBHO OCH
MO,

®opmyasr (15) u (16) pas HATIPSIKEHHOCTU TIOJS AUTIOIS MOXKHO
NOJIYyYUTh WHAUE, UCTIONb3Ys HalAcHHOE paHee Bbipaxenue (13) mua
noreHuuasia. s 3Toro BOCMOMB3YEMCSI TEM, UTO B COOTBETCTBHH C
dopmynoit (10) §4 mpoekuus HAMPSDKEHHOCTH MOJIST HA JII000E Ha-
npasnenne E, CBS3aHA ¢ N3MCHECHMEM MOTEHIMAna A¢p npu mepeme-
IIEHUK BOJIb HTOTO HATIPABJICHUS HA PACCTOSIHUE AS COOTHOIICHMEM

A
E,=-3%. (17)

Urobbr Haditi E,, Hy>XHO COBEPIINThH MEPEMEIICHNE BAOIb Paau-
yC-BEKTOPA, T. €. moI0oXxuTh B (17) As papabiM Ar. B nanHOM ciyuae
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910 cBoauTcs K guddepenuuposanuto Beipaxenus (13) ang ¢ mo r
npu dukcuposanHoM 0. B pesysprare moryuaem dopmysy (15).
CoBepmeHHO aHAMOTMUHO, A8 HAaXoXAcHus E, HYXHO COBEp-

UTh MEPEMEIICHNE As TEPNEHANKYJISIPHO PAANYCy-BEKTOPY I B Ha-
npasJjcHUU Bo3pactanus yria 0. [Ipm sToM, Kak BUAHO U3 puc. 25,
nepememenne As = rA6 u BeruucieHue mo dopmysie

__ 1Ay
Ey=—7%e

¢ momompio Beipaxenus (13) misg morenumana mpuBogut K (16).

O®opmyast (15) u (16) BaxHB MOTOMY, UTO OHM ONPEHESIIOT
OJIEKTPUUYECKOE TIOJIE HA OOJBLUIOM PACCTOSIHUM HE TOJBKO UIS
HACTOSIIETO AWIOJSA, T.€. ABYX TOUCUHBIX pPA3HOMMCHHBIX 3aps-
JOB ¢ MU —g, HO W IS JIO00M OJEKTPUUECKM HEWTPATBHOM CHUC-
TEMBl 3apJA0B, Y KOTOPOW MEHTPHI PACTIPEACICHHUS TOJOXHATETb-
HBIX W OTPHUIATEIBHBIX 3apIa0B HE COBMAmArT. [pyruMum CioBa-
MH, HA JAOCTATOYHO OOJBIIOM pACCTOSHMM JIO00E TEI0 ¢
cymmapsabiM 3apagoM Q=0 Oymer MOXOXe HE HA TOUCUHBIH 3a-
pax, a Ha aumoab. A9 HETO MOXHO MOAOOpaTh AMNOAL C MO-
MEHTOM p Tak, 4TOObI CO3JABAEMOE IUIOJEM IMOJE HA OOJBIIOM
paccTosHuM ObLIO MPAKTHUYECKM ODKBUBAJIEHTHO IOJK TAKOIO TEJa
CO CJIOXHBIM PACTIPEICICHUEM 3apaaa. A

INosicHuTe Ha KadecTBEHHOM ypoBHe (6e3 ¢dopMyir), moueMy cuia, ACHCTBY-
0Ias Ha TPOOHBIN 3apsl BHYTPU PaBHOMEPHO 3aPSXEHHOTO Iapa, Mporop-
LMOHAJIbHA PACCTOSIHUIO [0 LieHTpa Iuapa. [loueMy B lLieHTpe m1apa aTa cuia
paBHa Hy/0?

[Touemy Ha rpaduke HANPSKEHHOCTH I0JIS PABHOMEPHO 3apSIXKEHHOIO Ilapa
€CTb W3JIOM Ipu r = R, a Ha rpaduke NoTeHIMa a U3jomMa HeT?

PaccMmorpuTe xapaktep paBHOBECHS IPOGHOrO 3apsiia B 3ajaue 2, ecJiM 3a-
PSIA ¢ OTPULIATE/IBbHBI, a ¢, — MOJIOXKUTEJIBHBIN, a TakXe IJIS ciydasi, Koraa
gy M g, OIHOTO 3HaKa.

[Ipu peleHUU 3agayv 3 Mbl ONMUPAJINUCH HA MPUHITUI CYTEPIO3UIIUU, TTPU-
MEHSISl €r0 He K COBOKYITHOCTHM TOUEYHBIX 3apsiOB, a K PaclpelesIeHHBIM 10
o0beMy sapsnam. [IpusBenure 060CHOBAHUE TAKON BO3MOXKHOCTH.

[Mouemy 1Uisl HATIPSIKEHHOCTH TI0JISI, CO3AaBAEMOro B TOUKE A MEHBILIUM Ila-
pOM, MOXKHO HCIOJIL30BaTh Ty e cdopmyny (7), saMeHUB B Hell ry Ha r,?

B Kakux ciyuasix TeJO CO CJIOXHBIM paclipele/ieHUeM 3apsia MOXHO Ha
GOJIBIIIOM PACCTOSHUU MPUOJIUKEHHO 3AMEHUTb TOUEUHBIM 3apSaoM, a B Ka-
KUX — aurnoJjieM?

[To kakoMy 3akOHY yObIBAaeT C PaCCTOSIHUEM HAIpPSXEHHOCTb IOJIS U TO0-
TEHIMAJ 3JICKTPUYECKOro mnojs aumnosss? CpaBHUTE € I0JIEM TOYEYHOrO 3a-
psza.

Kak IMo-paueMy, MOXKET JIM co3gaBaTb Kakoe-J1bo QJICKTPUUECKOE I10JIE TECJIO,
Y KOTOpPOro paBHbI HYJIIO U TIOJIHBIH 3apsga, U JUTOJBHBIA MOMEHT?
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§ 6. NMpoBogHMKM B INEKTPMUECKOM none

XapaKTeprIM CBOMCTBOM IMPOBOOAHUKOB SBJACTCA HAJUUUEC B HUX CBO-
GomHBIX 3apsanoB (SJIEKTPOHOB WJIM WOHOB), CIIOCOOHBIX MEPEMEIIATHCS
no BceMy o0beMy Tena.

HanpsixkeHHOCTh MOJS BHYTPM MPOBOAHMKA. B paBHOBecuu 3apsmbl
pacmosiaralTcs TaKuM 00pa3oM, UuTOOBI PABHOAEUCTBYIOIIAS BCEX CHUI,
ICUCTBYIOMMX HA KaXXABIM W3 3apsifoB, oOpamanace B Hysb. [losromy
HEOOXOAMMBIM YCJIOBUEM OJEKTPOCTATUYECKOTO PABHOBECHS SBJSCTCS
PAaBCHCTBO HYJIIO HANIPSI2KCHHOCTU JJICKTPUUCCKOTO MO BHYTPU MPOBOA-
Huka. Ecan 6])1 BHYTPHU NPOBOAHUKA CYLICCTBOBAJIO IOJCKTPHUUYCCKOC IIO-
Je, TO CB06OIleIe 3apsaabl IIPUIIINA 6])1 B ABUMXCHHC, T.C. PABHOBCCUC
Obu10 Obl HapywieHo. Ycaosue E = 0 Do/KHO OBITH BBIMOJIHEHO AJIS BCEX
TOUYCK BHYTPH NPOBOAHUKA HC3ABUCHUMO OT TOrO, 3apsa>XXECH OH CaM WA
IIOMCIHICH BO BHCHIHCC JJICKTPOCTATHUUCCKOC ITOJIC.

YcaoBue OTCYyTCTBUS SJCKTPOCTATHUECKOTO OIS BHYTPU MPOBOAHWKA
OPpAUBOAUT K TOMY, UTO HCCKOMIICHCUPOBAHHBIC 34PAAbl MOTYT pacmoJia-
raTbCs TOJbKO HA €r0 MOBEPXHOCTH. B 3TOM Jjerko yGeauThes € Io-
Mompio Teopemsl ['aycca. PaccMoTpum mpom3BOIBHYIO 3aMKHYTYIO TO-
BEPXHOCTb, OTPAHMUYMBAIOIIYI) HEKOTOPHIA O0bEM BHYTPH IPOBOIHMKA.
BO BCEX TOUKAX JTOH MIMOBCPXHOCTHU HANIPSIXCHHOCTD JICKTPUUCCKOTO II0-
Jisl pPABHA HYJIO. CJIeZ(OBaTeJIbHO, PABCH HYJIKO W IMOTOK HANPAXCHHOCTHA
[moJig uepes3 STy MOBEPXHOCTh. Torma mo Teopeme aycca paBeH HYJIIO U
MOJHBIA 3apga B OObEME, OTPAHMUYEHHOM PACCMATPUBAEMOM IOBEPX-
HocThio. Tak kak MOBCPXHOCTh MPOU3BOJIbHA, TO PC3YyJbTAT NMPUMCHUM
K JII00OMYy YUYaCTKy BHYTPH MPOBOJHMKA BILIOTH A0 €ro rpaHmubl. MTak,
HCCKOMIICHCUPOBAHHBIC 3apdaabl MOTYT pPacnojaratbCd TOJbKO Ha II0-
BEPXHOCTH TMPOBOJHUKA.

IIpoBoaunku U 3akoH KynoHa. OTcyTcTBHE 3apsfoB BO BHYTPEHHHX
YyacTax MPOBOAHUKA MOXET OBITh MCIOIB30BAHO /IS MPOBEPKM 3aKOHA
Kynona na onmsire. Ecm b1 B 3akone Kysona
F=k 12
;

MoKa3aTeab CTENEHW r HE PABHSUICS Obl TOUHO ABYM, TO HEe Obuia Obl
crpaBemmBa Teopema laycca m BO BHYTPEHHHMX 4YaCTSIX 3apSKEHHOTO
MPOBOOHMKA AOJIKHBI ObLIM OBl HAXOOUTHCH 3apsiabl. VIHTEPECHO, UTO OT-
CYTCTBHE 3apSII0B BO BHYTPCHHUX UACTSIX 3aPSKCHHOTO METAJUTAUECKOTO
MPOBOOHHUKA OBLIO OKCIEPUMEHTANIBHO ycraHoBiaeHo I'. KaBenammem 3a
12 ner mo Toro, kak Kysou chopmyampoBas 3aKoH B3aMMOXCUCTBUS TO-
UCUHBIX 3aPSIOB.

Unes onwita Kasenamma sicia w3 puc. 26. Merasumueckuit map |/
YKPEIJIEH HA WM30JUPYIOMEH MOACTaBKe 2. [[Be METaqImuecKkue mosay-
cchepsl 3, M30JMPOBAHHBIC OT 3EMJIM M OT MIAPa, YKPEIUISUTHCh HA TI0-
OBYXKHBIX MOACTABKAX WM MOIIM OBITh COCOUHEHBI B OOHY cdepy, OxXBa-
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TeiBarOIIy0 map /. B omHON m3 momycdep mmenoce mMasoe oTBEpCTHE,
B KOTOPOE MOXHO OBLIO BCTABJISATh M30JMPOBAHHBIA MMPOBOAHUK 4, UTO-
Obl coenuHATh Wap co cdepoit. CoeqnHEHHbIE
¢ mapom mosychepsl 3apsKasd HEKOTOPHIM
3apsAoM 5, O BEJMUMHE KOTOPOTO MOXHO ObI-
JIO CYAWTHh TO0 TIOKA3aHUSM JJICKTPOMETpA.
3areM coeguHSOMMN Mmap ¢ moaychepamu
MPOBOAHWK 4 yHasisau, moaycdepsl pasaBu-
rasm u paspsokasu. [locse 9Toro 27aeKTpo-
METp TOACOCAMHSIN K mapy / W MpOBEpSLIH,
MMEETCI /M HA HEM KakKoh-ambo 3apsn.
OneIT BCErma MOKA3bIBajJ, UTO HA MIAPE HET
HUKAKUX CAeOOB 3apsiaa. [IpoBepky 3akoHa
Kynona takum cmoco0OM MOXXHO IPOM3BECTH
Puc. 26. Omprr Kasewmmma ¢ GOJIBIIENA TOUHOCTBIO, YEM IIPU HEMOCPEACT-
BCHHOM W3MEPCHUW CWJIBl B3aWMOACHCTBHS
MEXAY 3apSKEHHBIMHA TEJIAMW, TAK KaK OUYEHb TPYOHO CO3MATh YCIO-
BHS, OTBEUAOMME TPEOOBAHMIO, UTOOBI 3apSabl OBUIM TOUYEUHBIMH.

HanpsXeHHOCTb MOJs M NMOBEPXHOCTHAS MJIOTHOCTH 3apsaiaos. C mo-
MOIIbIO TeopeMbl ['aycca JIErKO HAWTU BBIPAXKECHUE AJIS HATIPSKEHHOCTHU
SJIEKTPUUECKOrO MO8 B HEMOCPEACTBEHHOM OAM30CTH OT MOBEPXHOCTH
npoBogHUKA. [Ipexae BCEro OTMETUM, UTO BO BCEX TOUKAX MPOBOAHUKA
MOTEHUMA OAWHAKOB W, CJIEA0Ba-
TEJIbHO, €r0 TPAHUIIA SIBJASIETCS DKBH-

MOTEHINATBHON MOBEPXHOCTHIO, 4 CH-
qs’ JIOBBIC JIMHUM TICPIICHANKY/ISIPHBI €TO
W MOBEpXHOCTH. Bo3bMeM HA TOBEpX-

HOCTHU TIPOBOAHMKA HACTOJIBKO MAJIBIN

yuacTok AS, uTo0bl €ro MOXHO OBLIO

CUMTATh TUIOCKUM, a4 MOBEPXHOCTHYIO

IUIOTHOCTD 3ap4a ¢ — IOCTOSIHHOM.

Puc. 27. K BbIUMCJICHUIO HATIPSYKEHHOCTH [TpoBegeM MBICIEHHO MAIyl 3aMK-
110J1s1 BOJIM3M TTOBEPXHOCTH TPOBOHUKA HYTYI0 LWIMHADAYECKYIO —MOBEpX-

HOCTh, 00pasylmme KOTOPOM mep-

MEHAUKYJISIPHBI K TIOBEPXHOCTHU TMPOBOJHUKA, & OCHOBAHUS MAPAJLICTbHBI
AS (puc. 27). HuxxHee OCHOBAaHUE PACIIONIOXKECHO LEJIMKOM BHYTPH TIPO-
BOOHUWKA, TAE TOJEC OTCYTCTBYET, 4 BEPXHEE — B HEMOCPEACTBEHHOM
OG/IM30CTH OT TMOBEPXHOCTM MPOBOJHWMKA, TOE CUJIOBBIC JIMHUM €IIE Tep-
MEHANKYASPHBL €H.

[Tpu TakoM BHIOOpE 3aMKHYTOM MOBEPXHOCTH MOTOK HAMPSKEHHOCTH
MPOXOOUT TOJBKO uepe3 BepxHee ocHoBanme u paseH EAS. Tlo teopeme
laycca

E AS =4mnok AS,

OTKyAa
E = 4nko. (D)
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B CU k= 1/(4ney) u dopmyna (1) npurnmaer Bug

E= (2)

o
&
B cucreme equann, CI'CO k£ = 1 u g19 HANPIKEHHOCTH MO/ BOJU3M TTO-
BEPXHOCTH MPOBOJHMUKA MMEEM

E =4mno. (3)

[MoguepkueM, uto dopmysia (1) gaer BbIpa’XEHUE VIS HATIPSKCHHO-
CTH TMOJTHOTO 3JIEKTPOCTATHUECKOTO TOJISI, CYMIECTBYIOMETO BOIM3U TIO-
BEPXHOCTH IPOBOAHMKA, HE3ABUCHUMO OT TOIO, CO3JAETCS JIM ITO MOJE
TOJIbKO CAMUM 3aPSIKEHHBIM MPOBOIHUKOM WJIM CIIE M APYTHMU 3apsaa-
mu. 13 (1) BUAHO, UTO HAMPSKEHHOCTh PE3YJIBTUPYIOMIETO TIOJIsT BOIM3H
MOBEPXHOCTH MPOBOAHMKA CBSI3aHA TOJBKO C IJIOTHOCTBHIO 3aPSAOB HA €r0
TIOBEPXHOCTH.

PacnipeneneHne 3aps/i0B MO MOBEPXHOCTH NMPOBOAHUKA. OT uero 3aBu-
CUT TUIOTHOCTD 3apsi/ia HA MOBEPXHOCTH TpoBogHuKa? B ciyuae yenuHeH-
HOTO 3apSKEHHOrO MPOBOAMILETO TEAA 5TA IJIOTHOCTh TEM OOJbINE, UEM
GoJIblLIIE MOJMHBIA 3apa/ ¢ MPOBOAHMKA. Ecu 510 Teo — map, To 3apaa g
pacnpenesicH mo ero MOBEPXHOCTH PABHOMEPHO, TAK UTO MOBEPXHOCTHAS
IUIOTHOCTh BCIOAY OMHAKOBA:

_ q
= )

Tak xax Hamps>KEHHOCTb 9JIEKTPUUECKOTO IMOJIS, CO3AABAEMOrO PaBHO-
MEPHO 3apSIKEHHBIM MAPOM BOJIM3M €ro MOBEPXHOCTH, PaBHA

E=k%, (%)

TO MPH MOACTAHOBKE CIOAA 3aPsAa ¢, BRIPAXXEHHOTO Yepe3 MIOTHOCTh O U3
(4), mpuxogum k dopmyae (1) E = 4nko, cnpaBenmBoii B 00MEM CIry-
yae, a He TOJIBKO TS 3aPSIXEHHOro mapa. [JoBepXHOCTHYIO MJIOTHOCTD 3a-
psg1a O MOXHO BBIPA3UTh HE uepe3 3apsg ¢, a 4epe3 MOTEHIMAJ Iapa
¢ = kq/R. Tloacrasnss ¢ = ¢R/k B (4), monyuaem

Ll ¢
G—m R (6)

[Ipn 3agaHHOM MOTEHIMAJE MOBEPXHOCTHAS IJIOTHOCTh 3apsaaa o o0-
paTHO MPOMOPLMOHAIbHA paguycy mapa R.

DT1oT pesysbraT MMeeT oOmmil xapaktep. Kakoi Obl cioxxHOiM ¢hop-
MO HE 00JIaaJI0 MPOBOAAIIEE TEIO, MOTEHIIMAT BO BCEX TOUKAX OXMHA-
KoB: ¢ = const. [ToaTOMy mOBEpXHOCTHAS TUIOTHOCTH 3apsia OyaeT 6oib-
oie B TEX MECTaxX, MIE€ MEHbIIE R, T.€. M€ MOBEPXHOCTh MCKPHUBJICHA
cuibHee. QUEBMIAHO, UTO B OTHMX K€ MecTax OyaeT OoJblIe U HATIPSIKEH-
HOCTB DJIEKTPUUECKOTO IO,

3aBUCHMOCTh HATPSIKEHHOCTH MO OT KPUBU3HBI IIOBEPXHOCTU MOXK-
HO MPOAEMOHCTPUPOBATH B MPOCTHIX OMBITAX. BocmosbayemMcst ThOKOM Me-
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TaJTAUECKON CEeTKOM
(puc. 28), ycTaHOBJIEHHOIA
HA W30JUPYIOMMUX TIOA-
CTaBKax, mo o0e CTOPOHBI
KOTOPOM HABEWICHBI TOH-
Kue OyMaXKHbI€ JIMCTOUKHU.
Eciu cerky 3apsauts,
JIMCTOUKM  OTKJIOHSIFOTCS
TEM CUJIbHEE, ueM OosibLIe
@ HATPSKEHHOCTh 9JIEKTPH-
YECKOTo MmoJist BOIM3H CeT-
ku. [Toka cerka miockad,
JIACTOUKH pacxomsrcs
OJMHAKOBO C 00emx CTo-
@ pon. ITpu m3rubanuu cer-
KN JIUCTOUKHU C BbIHyKJIOﬁ
Puc. 28. JIMCTOUKM CUJILHEE OTKJIOHSIIOTCS HAa BHyTpeH-  CTOPOHBI OTKJIOHSIIOTCS
HUX YUYaCTKaX CETKU cIme 60JIb]]1€, a C BOTHY-
TOW CHAAaroT.

Ha ocrpue 3apsxeHHOTO MTPOBOAHUKA TTOBEPXHOCTHAS TJIOTHOCTH MO-
XET CTATh HACTOJIBKO OOJIBIION, UTO 3aPSABI C HETO HAUMHAKOT «CTEKATH.
HpI/I‘II/IHa ITOrO dBJICHU I 3AKJIKUACTCI B 60}11)]]10171 HAIPAXXECHHOCTH U HEO-
JHOPOAHOCTH 2JEKTPUUECKOrO MO BOIM3U ocTpud. B cuabHOM mosie Heil-
TpasIbHbIE MOJIEKYJIbI BO3AYXA MOJAPU3YIOTCH, T. €. IPUOOPETAIOT AUIIOIb-
HbBIC MOMCHTBI U3-3d OTHOCUTC/IbHOIO CMCIICHW A MMOJIOXKUTC/IbHBIX U OTPH-
LATENBHBIX 3apsmoB. Tak Kak Mmosie OCTPUS HEOTHOPOTHO, 9TH AHTIOJH
BTATHBAIOTCSI B 00J1ACTh, TAE HAMPSIKEHHOCTD MOJIS 0OJIbLIE, T. €. TPUTS-
TMBAIOTCS K OCTpH0. KOCHYBIIMCH OCTPHS, MOJIEKYJIBI IIPHOOPETAIOT OOHO-
MMEHHBIN C HUM 3aPSiA U OTTAJTKUBAIOTCS OT HETO. DTa CHUJIA OTTATKUBAHUS
3HAUMTEBHO OOJIbIIE paHEE MEWCTBOBABIUECH CHJIBI MPHUTSIXEHHS, MO-
CKOJIBKY TETIEPh TOHBIN 3aPII MOJICKYJIB OTJIMUEH OT HYJIS.

3apsKCHHBIC MOJICKYJIBI yAA-
JIIFOTCSL OT OCTpUS € OOABIIUME
CKOPOCTSIMM, UEM OHM TpUOIMXa-
JINCh K HEMY, ¥ YBJICKAIOT 3a CO-
Goit Apyrume MOJEKYJbl BO3AyXa.
Bosaukaer Tak ~ Ha3BIBACMBIN
9JIEKTPUUECKUNA BETEP, KOTOPHIM
MOXHO AaXe TOracuTh 3aXKXKCH-
HYIO CBeuy. B meMoHCcTpaunmoHHOM
npubope — koaece DpaHkamHa
OJIEKTPUYECKUU BETEp, 00pasyio-
IIUACY TIPU CTEKAHWU 3apSAOB C
OCTPHECB, TIPUBOOUT BO BPAIICHUE
JIETKWIA KPECT M3 METAUTHUCCKUX
Puc. 29. Koseco ®dpankinza npoBosiok (puc. 29).




§ 6. IPOBOJTHUKHU B DJIEKTPUUYECKOM IIOJIE 53

,H,06I/ITI)CSI MOABJICHUS 3apPIdA0B HA MOBCPXHOCTHU IMPOBOOAHHMKA MOXHO,
MPOCTO MOMEINAY €r0 BO BHEHIHEE YJIEKTPUUECKOE TMOJIE.

B xauecTBe mpuMepa MPOBOAHUKA B JICKTPHUECKOM TIOJIE PACCMOTPUM
Go/IPLION KYCOK METAasuIa C MJIOCKOW FPAHULEH, T. €. (DAKTHUECKU 3aroJi-
HEHHOE TPOBOJHMKOM TOJIYMPOCTPAHCTBO, B TOJIE TOYEUHOTO 3apsiaa ¢,
HAXOQALIETOCH HA pacCTosiHum [ OT miockoit mosepxHoctu (puc. 30). Boi-
SICHUM, KAKMM OYIET 2JEKTPOCTATHYECKOE TOJIE BO BCEM MPOCTPAHCTBE.
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Puc. 30. DaekTpuUuecKoe MoJie TOYEUHOTO Puc. 31. CieBa OT IUIOCKOCTU AEHUCTBHE
3apsana, HaxXOASUIerocs BOJU3U TMOBEPX- UHAYIUPOBAHHBIX HA IUIOCKONH TpaHUIE
HOCTU 3apS/I0B SKBUBAJEHTHO JEHUCTBUIO TOUEU-

HOrO 3apsgga —q

[Tpexkae BCEro OTMETHM, UTO BHYTPH KyCKa METAJLIa MOJIs HET: Crpa-
Ba ot mwiockoctr E = 0. Ocraercs HAWTH MOJIe B MOJYIPOCTPAHCTBE, CO-
aepxamieM 3apsa. Ha miockoii moBepXHOCTH MPOBOAHMKA MHAYLMPYHOT-
Cd 3apsabl, MOBCPXHOCTHAS IVIOTHOCTh O KOTOPBIX CBSI3dHA C HAIIPSIXKCH-
HOCTBIO TMMOJHOrO mojs BOimM3u Tutockocty cootHomenumeM (1). Tlo
NPUHUUIY CYTEPIO3ULUU TOJHOE TOJIE B JOOOM TOUKE MOXHO paccMaT-
puBaTh KaK CymMmy noJen 3apdaaa ¢ 1 MHAYUVMPOBAHHBIX HA TJIOCKOCTHU
3apsigoB. Tak Kak crmpaBa OT IUIOCKOCTH TMOJHOE IMOJIE PABHO HYJIIO, TO
ACHO, YTO CYMMAPHOC IMOJIC BCCX MHAYLUMPOBAHHBIX HA TIJIOCKOCTHU 3aps-
OB MOKHO 3aMEHMTD IUISl PABOTO TMOJIYIPOCTPAHCTBA MOJIEM OXHOTO TO-
YCYHOro 3apsaaa —¢g, NOMCIICHHOTO B Ty XK€ TOUKY, UTO U HCXOZ[HbIﬁ 3a-
paa q. ITone WHAYLUUPOBAHHBIX 3apda0B CUMMCTPUUYHO OTHOCHUTC/IBHO
IJIOCKOCTH. H03TOMy MOJIC MTHAYLIUPOBAHHBIX 3aP4A0B B JICBOM MOJIYIIPO-
CTPAHCTBE SKBUBAJICHTHO IMOJII0 TOUECUHOTO 3apsAa —¢, PACIoJOXEHHOTO
CIpaBa OT IUIOCKOCTH CMMMETpuuHO 3apsaay ¢ (puc. 31). Wrak, momaHoe
noJe B JIEBOM MOJYMPOCTPAHCTBE MPEACTABASIET COOOM CYMEPno3uLUI0
noJiei, CO30aBAEMBIX 3aPSAOM ¢ M 3aPSIOM —¢, PACIIOJOXEHHBIM CIIpaBa
OT IJIOCKOCTU CMMMCTPUYHO 3apdany (.

[TonyueHHBIN pe3yabTAT MOXHO KPAaTKO CHOpPMYJMPOBATH TAK: ACH-
CTBUE TJIOCKOM rpaHulbl MPOBOAHUKA C MHAYLOWPOBAHHBIMU HA HEHl 3a-



54 I. QJIEKTPOCTATUKA

psizaMu MOXHO 3aMEHUTh JEUCTBUEM TOUCUHOIO 3apsaa —¢, SIBJSIOLIE-
rocd Kak Obl 3€PKaJIbHBIM M300PakKEHUEM JAHHOTO 3apa1a ¢ B MPOBOIS-
el mIockocTH. [109TOMy ONMMCAHHBIA CIOCO0
HAXOXJCHUS TOJYI HOCUT HA3BAHUE Memood
U300paxeHull.

Pacnpenenenne 3apsaja0B Ha MNOBEPXHOCTH.
3Has 2JIEKTPUUECKOE TIOJIC, MOXKHO PACCUMTATh
MOBEPXHOCTHYIO TIOTHOCTh WHAYLIMPOBAHHBIX
Ha TPOBOAHMKE 3apsaoB WU CUIYy, ACUCTBYIO-
OIyl0 HA TOueuHbIM 3apsn ¢. [lockonabky Bce
CUJIOBBIC JIMHWM, BBIXOASIOWE W3 3apgaa ¢,
OKAHUMBAIOTCS HA TPOBOASIIIEH TJIOCKOCTH, TO
MOJIHBIM MHAYLUMPOBAHHBIM HA HEW 3apsiJ PaBEH

qg I
—g. Pasymeercd, aT0oT 3apga pacmpenesicH He-
Puc. 32. K pacuety moBepx- PaBHOMEDHO.
HOCTHOU TLIOTHOCTH MHITY- IToBepXHOCTHYIO TIJIOTHOCTh WHAYIMPOBAH-
LMPOBAHHBIX 3aPI10B HBIX 34psgaa0oB JICTKO ONpPEAC/IUTE ¢ IIOMOINBIO

coornomenus (1), Hanpsoxennocts — mosist

BOJIM3M MOBEPXHOCTHM MPOBOJHMKA HAMPABJIEHA
mo HopMasu K Hei. QueBUAHO, UTO B PacCMAaTPUBAEMOM CJayyae MoJje
obsiagaeT oceBod CMMMETPUEN: TIPU BPAIIEHUH BOKPYT JUHUM, COEIUHSI-
FOIICH 3apsabl ¢ U —g, KapTUHA TOJII HEe MEHAETCA. [103TOMYy MJIOTHOCTH
3apsg1a HA MOBEPXHOCTH 3aBUCHT TOJBKO OT PACCTOSIHWUS 7 OT OCH CHM-
merpun: ¢ = o(r). [IpocToit pacuer, naesa KOTOPOro MOHATHA W3 puc. 32,
npuBoanuT K pe3yabrary (B emmuaumax CU):

— _ ql

o(r) =E(r) = 22+ 1 @)
Kakag cwia geiictByer Ha 3apsn ¢? s HaAXOXIACHUS CHAJIBI HYXXKHO
3HATh HANPSXKEHHOCTh MO/, B KOTOPOM HAXOAMTCA JTOT 3apsa. B man-
HOM CJyyae 9TO MOJIE CO3JAETCH 3apsAaMM, WHAYLUMPOBAHHBIMEH HA IIPO-
BogHuKe. TOUHO Takoe Xe Moje co31aBaj Obl 3apaa-m300pakeHue —g.
Takum 00pa3oM, 3apsii ¢ MPUTITHBAETCS K MPOBOAHMKY C TAKOM XK€ CH-

JIO, KaK ¥ K 3apaay —¢, HAXOOILIEMYCS HA paccTOosHuM 2/ OT HETo.

DHeprusa 3apsana BOJM3M MPOBOJHMKA. A Kakyio paboTy HYXHO CO-
BEpLWINTh, 4TOOBI ygasmTh 3apsy ¢ Ha OeckoHeuHocTh? Moxer moka-
3aThCs, YTO MCKOMas pabora OymeT TAaKOM Xe, KaK W MPH Pa3aBUKe-
HUM Ha OECKOHEUHOCTh 3apSAOB ¢ M —¢, HAXONSIIMXCS HA PACCTOSTHUM
2/ mpyr or pmpyra:

qZ
OpHako 510 HeBepHO! B 5TOM MOXHO yOEAMTHCS C MOMOIIBIO Clie-

OYIOLIETO MPOCTOrO paccyxacHus. [lpum ymaseHuwm 3apsga g OT MOBEPX-
HOCTH MeTasaa OyaeT yaaasaThCs B MPOTHBOMOJIOXHYIO CTOPOHY M €r0O
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«u3obpaxkenue» —¢g, MO0 B KaXOBIH MOMEHT CWja, ACUCTBYIOIIAS HA
3apsam, ONpPENENdeTcd 3apaaoM-u300pakeHueM —g, pACIOJI0XKEHHBIM
CMMMETPHYHO ¢ OTHOCUTEIBHO TMOBEPXHOCTH MeTajaa. IlodToMy IO
dopmyne (8) ompemensercs pabGora, KOTOpas COBEPUIAETCS BHELIHUMU
CcWjiaMu, AEUCTBYIOmMME Ha oba 3apsaga. Ham xe HeoOxomumo HailTh
paboTy TOJBKO OOHOM M3 OTMX CHJI, ACUCTBYIOIIEW HA 3apsx ¢: BEAb
HA CAMOM e/ HMKAKOrO 3apgaaa —¢ HET, a4 €CTh 3apsaibl, WHIYLUPO-
BAHHBIE HA TOBEPXHOCTHM META/IA, KOTOPHIE NMpPU YAAJCHUU 3apgaaa ¢
pacTEKarwTCd 1o 3KBI/IHOTeHlJ,I/IaJIbHOI71 MOBCPXHOCTHU, TAK UTO IIPHU MX
NEPEMENIEHNH HUKAKOW PA0OTHI HE COBEPINAETCS.

Takum oOpaszom, mHTepecyroouias Hac pabora A’ Gymer B aBa pasa
MeHbIIe, ueM padora A B (8):

2

_ 1 4

A=k

A = ©)

DHeprusi CUCTEMBI TOYEYHBIX 3apd]0B W NMPOBOJHHMKOB. Pacumrath
5Ty paboTy MOXHO M ¢ momompbio obmei dopmyant (12) uz §4 aaa
SHCPruM CUCTCMBI 34P4dA0B, KOTOPAd COPABCAJINBA U TOTA4, KOTAd HApPS-
Ay C TOUCUHBIMU 3apdAaMU B CUCTEMY BXOAAT MPOBOAHUKH. HpI/I OTOM B
CIATaeMbIX, COOTBETCTBYIOMIMX HPOBOAHMKAM, ¢; €CTh IOJHBIA 3apsan
MPOBOAHMKA, & ¢; — €ro0 MOTEHUMAJ, CO3/AABAEMbIIl KaK APYIMMH 3apsi-

JaMu|, TaK | ero cobcreennnM. J[okaxkeM ITo.
ITyctp B cucteme m3 N 3apsgoB €CTh OOWH 3aPSKCHHBIA MPO-
BOOHMK C 3apsSA0M ¢, W MOTEHIMAIOM ¢, a BCE OCTAJbHBIC 3apSbl

Toueunbie. Torma copmysa mad OHEPTUU OTOW CHUCTEMBI JOJKHA
UMETh BUJ
G 1
Wy=5 249t 5 4P (10)
i=1
Yro0bl MOKa3aTh CIPABEAIMBOCTD OTOM (hOpMyJIbl, pa3o0beM MBICICH-
HO 3aps] TPOBOAHMKA ¢, HA 00JIbIIOE UKMCI0 M MajbiX 4acTeil Tak, uTo-
Obl Kaxayro uyacTb Ag, MOXHO OBUIO CUMTATH TOYEUHBIM 3apSAOM, M
MPEACTABUM JHEPIUI0 BCEU cHCTeMBI Kak oHepruioo (N — 1) + M toueu-
HBIX 3apamoB. B coorsercrBum ¢ dopmyaoi (12) § 4 umeem
N LM
Wy=5 24:'%"‘5 EAQk*P/w (11)
i=1 k=1
[TockobKY BCE TOUKM TIPOBOXHMKA WMMCIOT OOMHAKOBBIA MOTCHLIHAJ
¢ =1, (k=1,2,..., M), B0 BTOpOil cymMmMe B 9TOM (hopmyJie ¢, MOX-
HO BBIHECTH 32 3HAK CYMMBI:

M M

1 1 1

5 2 A =750y D Al =754, P
k=1 k=1
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Cymma Bcex Ag; mpeacrasisger coOOM MOJIHBIA 3apsd ¢, IMPOBOXHUKA.
Takum oOpazom, dopmyaa (10) mokazana.

3 npuBeaeHHOro BBIBOAA SICHO, UTO TIOTEHIMAN MPOBOAHHMKA ¢, CO-
3/aeTCS KaK TOYCUHBIMM 3apsiaMy ¢;, TaK ¥ 3apsSAOM CaMOro MpOBOA-
HuKa q,. [eiicteurensro, B opmyae (11) ¢, ecth morenuman noss,
CO3/1aBAEMOTO BCEMH 3apsSAaMH, KpoMe Ag;, T. €. BCEMHU TOUYCUHBIMHA 3a-
psaaMu ¢, W 3apsSa0oM MPOBOAHMKA ¢, 3a MCKIIOUEHMEM MAJION €ro uacTu
Agy, KoTOpast MOXET OBITh BHIOPAHA CKOJIb YTOAHO MAJIOH 10 CPABHEHMIO
¢ q,. Pasymeerca, dopmyna (10) ocraercst B cusie ¥ B TOM Cayuae, Kor-
Ja B pacCMATPUBAEMOM CHUCTEME €CTh TOJBKO 3APSKEHHBIE MPOBONHUKM
M HET TOYEUHBIX 3aPSAN0B.

[Mpumenum o6y dopmyay (10) Kk pacCMOTPEHHON BbIIE CUCTEME,
COCTOSINEN M3 TOUEUHOIO 3apsSAa ¢ W MPOBOAHMKA C OECKOHEUHOM ILIO-
CKOM MOBEPXHOCTBIO HA pacCTodHmM [ OT 3apaaa g. llotenmuman ¢, aToro
[POBOAHUKA PABEH HYJIO, TAK KAK MPOBOAHUK IPOCTUPAETCH 10 GECKO-
HEUHOCTH, M COOTBETCTBYMOMEE caaraemoe B opmyse (10) orcyrcTyer.
[Tostomy sHEprus paccmatpuBaemoii cuctemsl pasHa (1/2)ge¢, rae ¢ —
MOTEHIUAJ, CO3JABAEMBIM MHAYLUWPOBAHHBIMYA HA MPOBOAHUKE 3apsiaamMu
(T. e. 3apaa0M-U300pa)KEHUEM —g) B TOUKE, INIE HAXOAMTCH 3apad ¢:
¢ = — kq/(21). Uraxk,

1 qu

PaGora A’, KOTOPYIO COBEpIIAIOT BHEINHWE CUJIbI MPH YAAJCHHU TO-
YEYHOrO 3apsaaa ¢ Ha GECKOHEUHOCTh, PABHA MPOMCXOASIIEMY MpPHA STOM
M3MEHEHUIO DHEPrUU CUCTEMBI, T. €. A'= — W, urto coBmazaer ¢ (9).

. Zlm(a}xm‘e, 4TO MMOTCHIIUAJI BCCX TOUCK ITPOBOAHUKA, BKJIOUAL €ro rpaHuLly, OAN-
HaKOB HEC3aBUCUMO OT TOI'O, 3aps2KCH OH caM UJIU ITOMEIICH BO BHCITHEE JICKTPU-
UYECKOC I10JIC.

e JlokaxuTe, YTO CUJIOBbIE JINHUU QJICKTPOCTATUYECCKOI'O I10J1s BOJIM3U npoBoA-
HUKa MNEPINECHAUKYJISIPHBI €ro IOBECPXHOCTHU.

e Kak cBgzanbl MEXAY coboit IMOBCPXHOCTHAaY IVIOTHOCTDL 3apsgia U HallpAXKEH-
HOCTb T10JIs1 BOJTM3U IMMOBCPXHOCTU l'lpOBO,E[Hl/lKa?

e OObBsICcHUTE, TOYEMYy AWIIOIb BTSIMBACTCS B O0JIACTb, IZC HAIPSIKEHHOCTH
9JIEKTPHUYECKOro MOJIsl GOJIblIIe.

e Jlokaxure dopmyiay (7) aisg MoBepxXHOCTHOM IJIOTHOCTH 3apsifia, UHAYLUPY-
€MOr0 TOUEUHBIM 3apSIOM Ha MPOBOASIICH MJIOCKOCTH.

e [louemy B 3amaue o 3apsge BOJIM3M IPOBOASIIECH IUIOCKOCTH (hopMasibHOE
NpUMEHEHUE MeTofa M300pakeHUM JaeT MPaBUJIbHBIN Pe3yJbTaT A/ ACHCT-
BYIOLICH CHJIbI M BABOE 3aBBILICHHBIN pe3yJbTaT — s padoThi?

e B uem ormume cmbicia Bxogamux B ¢dopmysy (10) BeqmuuH ¢, B crarae-
MBIX, OTHOCSIIIMXCSI K TOUYECYHBIM 3apsifiaM U K NPOBOAHUKaM?
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A Eme o merone u3o0paxeHuit. Mbl paccMOTpeaM MPOCTEHIIMIA
C/Iyyaii: TOUeuHbli 3apsa BOM3u 6ECKOHEUHOM MIOCKOM MOBEPXHOCTH
MPOBOAHMUKA, M CYMEN TPOCTO YrajaTh PEHICHUE — 3aMEHWIN TOJIE
WHAYUVPOBAHHBIX 3apSAOB TOJIEM (PUKTUBHOTO TOUYEUHOTO 3apsaa-
M300pa>keHus, PACIOIOXEHHOTO
MO APYTYK CTOPOHY TPAHWIIBI
MPOBOAHUKA. A MOXHO JIM TIPU-
MEHSITh METOX M300paXkeHMi
IUIS TIPOBOTHUKOB 00JIEE CJIOXK-
oMt chopmei? [na oTBera Ha
9TOT BOMPOC PACCMOTPUM pPa3o-
OpaHHBIN BBILIE TPUMEP C HE-
CKOJIBKO MHOW TOUKM 3PEHUS.
IIpeamomoxuM, 4TO WMEIOT-
Cd ABA TOUCUHBIX 34pdad g "
—g Ha paccrosHuu 2/ Apyr ot
npyra. ITose Takoi cucteMs! 3a-
pSoB  XOpomo w3BeCTHO. Ha
puc. 33 MOKAa3aHbI CHJIOBBIC JIH-
HUX 1 CCUCHMS OKBUNOTCHUW-  pyc 33, Jluaun HAIPSKEHHOCTU U CEUCHUS
AJBbHBIX HOBerHOCTeﬁ. OI.[Ha W3  SKBUIIOTCHUMAJbHBIX IOBEPXHOCTEN IOJIS
SKBHHOTeHuHa]IbHHX HOBer— JIBYX PA3HOMMEHHBIX TOUCUHBIX 3aPIA10B
HOCTEW — TJIOCKOCTh, TEPHEH-
JUKYJISIPHAS COCAMHSIOMEMY 3apsifibl OTPE3KYy M ACAIIIAS €ro MOoMo-
gaM. JIeCTBUTENBHO, MOTEHIUA 000 TOUKH JTOU MJIOCKOCTH

— q ) —
o= kff-2) o

&)

TaK KaK pacCTOSHUS JFO0OM TOUKHM OTOM IJIOCKOCTM OT 3apsaoB ¢
1 —¢ oanHAKoBH (r; =r,). CoBMeCTUM C ITO¥ MJIOCKOCTHIO TOHKHI
npoBoasmuii S9KpaH. [TOCKOMIbKY BCE TOUKM MPOBOAHMKA, MOMELIEH-
HOTO B JJIEKTPOCTATHUYECKOE MOJIE, MMEIOT OOMHAKOBBIM MOTEHLMA,
KapTUHA TIOJIS HE M3MEHUTCS BHE DKPAHA, 4 BHYTPH HErO HATPSKEH-
HOCTh TIOJIS paBHA Hya0. YOepem temepp 3apsa —¢q. Crnpasa or 9K-
pana moJss He Oyaer, cieBa Bce ocTaHercs 6e3 mamenenus. Ho momy-
UYMBINASCA CHCTEMA — KAK pa3 TO, UTO HAM HYXXHO PAaCCMOTPETH!
Cnpasa oT JKpaHa MOJS HET, CJIEBA HAMPSKEHHOCTh B JIFOOOM TOUKE
ONpPEAEaSIEeTCS BEKTOPHOM CyMMOW HAMpPSIKEHHOCTEN MOJIEH, co3xaBa-
eMBIX 3apsgjaMu ¢ U —¢, a TMOTEHHMag — aaredpamueckord CyMMOoi
MOTECHIUAJIOB 9TUX TOJIEH.

Tenepb MOXHO cHOPMYyIMPOBATH OCHOBHYIO MAEKO METOAA M300pa-
KEHUIA: HYXXHO MOg00paTh TOUCUHBIE 3aPsAbl, KOTOPHIE CO3AaBAIM Obl
TAKWE XE MOJsl, KAK M MHAYUMPOBAHHBIC HA MOBEPXHOCTSIX MMPOBOA-
HUKOB 3apsabl. [1oJI0XEHWE W BeIMUMHA ITHX (DUKTUBHBIX 3aPSII0B
JOJDKHBI BHIOMPATHCS TAKUM 00pa3oM, uToObI OOHA M3 JKBUIOTEHIM-
aJbHBIX TIOBEPXHOCTEH MOJISI, CO3AABAEMOrO 3aAaHHBIMU M (DUKTHB-
HBIMU TOZOOpPAHHBIMKM 3apSAaMW, COBMAAasa Obl C MOBEPXHOCTHIO
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npoBoaHKUKA. [ToquepKkHEM, UTO C MOMOIIBIO ITHX 3APSAOB HAXOIUTCS
MOJIE TOJIBKO BHE MPOBOAHWKOB. BHYTpM MPOBOTHWMKOB MO/ HET.
MeTon n3o0pa’keHuii B HEKOTOPBIX CIyYasix MO3BOJSET OUEHD MPO-
CTO HAXOAWTH PEHICHUS BEChbMA CJOXKHBIX HA TIEPBbIM B3MJIST JIEKTPO-
cratuueckux 3agau. [lnsg mpumepa pacCMOTPHUM IOJIE TOUEUHOTO 3apsi-
1A ¢, HAXOASIIIETOCS BHYTPU MPOBOASIIETO MPSIMOTO ABYTPAHHOTO yT/a

a [

q h 4041—1>6i>o—q

R0

7 w77 |Ha
b
20
C&—>»0
-q q Lz
Puc. 34. DnexTpuueckoe moJie BHYTPH ABYTPAHHO- Puc. 35. Takyro 3agady METOIOM

ro yrna (@) COBNAJAET C MOJEM UEThIPEX 3apaoB ()  u300parkeHuii PENIUTh HEJb3S

(puc. 34a). Bee oaexTpuueckoe ToJE COCPENOTOUCHO TOJBKO BHYTPH
yIJia, TAE PACTOJIOXEH 3apsy ¢; 0 APYTY CTOPOHY TMPOBOAMMICH TMO-
BEPXHOCTH MO/ HET. HerpyaHo yOeauThCs, UTO OSKBUMOTECHIMAJIb-
HOCTh TIOBEPXHOCTH ABYIPAHHOTO yriia OyaeT obecrneuena, ecim BBECTH
eme Tpu (PUKTUBHBIX TOYCUHBIX 3apsaa. [103TOMy mosie BHYTpH yIia
MPEACTABISET COOOM CYNEPHO3ULMIO MOIEH UETHIPEX M300pa’kEeHHBIX
Ha puc. 346 3apamoB.

Cuna, ¢ KOTOpO#l 3apsia MPUTITUBAETCS K TPOBOAHUKY, MOXET
OBITh MPEACTABJIEHA KAK BEKTOPHAS CyMMa CHJI €T0 B3aMMOAEUCTBHS
¢ TpeMs (PMKTUBHBIMU 3apSIOaMH.

Ho, HecMOTps HA CBOIO MPHUBJIEKATEIBHOCTh, METOH M300pakeHUI
JaJeKo HE yHuBepcaseH. [JoCTaTOYHO MOMECTUTh TOUYEUHBIA 3apsa ¢
CHAPYX¥ TMPOBOAAIIEr0 AByrpaHHoro yraa (puc.35), utoObl 3amauy
yX€e HEBO3MOXXHO OBLIO PEIIUTh TAKMM METOAOM. XOTS CUCTEMA ue-
THIPEX TOUEUHBIX 3aPSA0B, M300paXxeHHAs HA puc. 346, U B ITOM CJIy-
yae obecrneurBaeT JKBUIOTEHUMAIBHOCTh MOBEPXHOCTH ABYTPAHHOIO
yIJia, OHa HE Jaer pemeHwd 3agauu. Jleso B TOM, uTo (DMKTUBHBIC
3apsiabl MOXHO MOMENIATh TOJBKO MO APYIYIO OT PEaJbHOTO 3apsiaa
CTOPOHY TPOBOASIIEN MOBEPXHOCTU. B TOM TOUKE, rae HAXOAUTCH TO-
UYEUHBINA 3aps, HANPSDKEHHOCTh MO 00pamaercss B OECKOHEUHOCTb.
[Tosromy ecau Mbl TOMECTMM (DUKTHBHBIA TOUECUHBIN 3apsd MO ONHY
CTOPOHY C PEaJibHBIM 3apSA0M, TO B TOUKE HAXOXACHHUS (PUKTHBHOTO
3apsaa HAMPSDKEHHOCTh Mo oOpamaercs B OECKOHEUHOCTh, YEro Ha
CaMoM JeJic HET. A
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e CdopMynupyiiTe OCHOBHYIO MHAEK0, Ha KOTOPOM OCHOBAH METOH JJIEKTPH-
YECKUX H300PakeHUI.

e Tlouemy MeToA M300paskeHUI yIAETCS UCIIOIb30BATD /IS HAXOXAEHUS OJIEKTPH-
YECKOro MMoJisi BOJIM3U MPOBOAHUKOB, MOBEPXHOCTh KOTOPBIX UMEET AOCTATOUHO
npoctyto dpopmy?

e TloueMy (hUKTUBHBIE 3apsbl B METOLAE U300PAKEHUI HEJIb3S TOMEIATE 110 TY
K€ CTOPOHY OT MPOBOASIIUX MOBEPXHOCTEH, TAe HAXOAATCH peasibHble TOUeu-
Hble 3apsiabl?

§ 7. Cunbl B 3NEKTPOCTAaTMYECKOM none

Bonpoc o cune, aeiicTByomeil Ha TOYEUHBIM 3apsii, MOMEIICHHbIM B 3a-
JAHHOE JJICKTPUUECKOE MOJE, PEHIACTCd SJEMEHTAPHO: 9TAa CWJIa PaBHA
MPOM3BEACHAIO 3apgAa HA HANpsXeHHOCTh noad, F = gE. Caoxnaee 06-
CTOUT JAEJ0 MPU HAXOXACHWU CWJI, ACUCTBYIOIIUX HA CUCTEMY 3apSIOB,
HATIpUMEP AWTIONb.

Junoas B OJHOPOAHOM MoJje. Ecau aumnosib moMecTuTh B OAHOPOAHOE
SJIEKTPUUECKOE TIOJIE, TO MOJHAS AEUCTBYIOIAY HA HErO cuia OyaeT pas-
Ha Hyao0. Tak moayyaercd moToMy, uTO ACUCTBYIOUIME HA BXOASLIUE B
JUTIO/b 3aPSIbl CHAJIBI PABHBI MO MOAYJIO W TMPOTHUBOIOJJIOXHBI MO Ha-
npasacHn0. OOHAKO CHJIBI IMPWIOXEHB B PA3HBIX TOUKAX: DTO TAK HAa-

+¢ F,

Puc. 36. Cuubl, feiicTByIOIIME HA AUNONb B OAHO-  Puc. 37. K pacuery MomeHTta cui,
POIHOM DJIEKTPHUUECKOM T10JIE JIEUCTBYIOIIMX HA TUIOJb

3bIBAEMad mapa cuia. I1odToMy B OOIIEM C/Ayyae HA AWUIO/b ACHCTBYET
MOMEHT CHJI, CTPEMSIIMIACA OPUEHTUPOBATDh AUIOIb TAK, 4TOOBI €r0 M-
MOJIbHBIA MOMEHT p OB HATIPABJIEH BOOJIb BEKTOPA HAMPSIKEHHOCTHU I10-
ag E (puc. 36). MoMeHT mapsl CHJI HE 3aBUCUT OT BHIOOpPA TOUKM, OTHO-
CUTEJIBHO KOTOPOM OH paccMaTpusaetcs. [Tokaxem oTo.

O6o3HaunM uepes3 r, W r_ PafuyCh-BEKTOPHI BXOMSIINX B AWIOJb
3apsaoB + ¢ U — g OTHOCUTENBHO HeKoTopoit Touku O (puc. 37). Toroa
Ui CyMMApHOTO MOMEHTA CMJI M MOXKHO HAIMCATD:

M=rxF, +r_xF_, (1)
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i€ UCTIOMb30BAHO 00BIUHOE 0003HAUECHME AUl BEKTOPHOTO MPOU3BEACHHUS.
[Mockonbky F_ = —F, = —gE, a pasHoCTh I, — r_ MPEACTABAIET COOOM
BCKTOP l, HpOBeIleHHbIﬁ OT OTPULOATC/IABHOIO 3apsdaaa AUIOJSA K ITOJIOXKU-
reapHoMy (puc. 37), To

M= (r, —r_)XF,=¢lXE. (2)
ITpoussenenue gl paBHO AMNOABLHOMY MOMEHTY P. Iloaromy nelicTBy-

IOMUNA HA AWMOAb MOMEHT CUJI MPOMOPLIUOHAIEH AWMOIBHOMY MOMEHTY
p 1 HanpskeHHocTu noad E:

M =pXE. (3)

Mopnysp MOMEHTA cuT M 3aBUCHT OT yIJIa 0. MEXXAY HAnmpasacHusMu p u E:
M = pE sin a. (4)

Ipu pByx opumentaumsax aumoss — mo nomo (a=0) m mporus

(a = ;) momenT cun obpamaerca B Hyab. [lepsasg opuentanug (a = 0)
COOTBETCTBYET YCTOMUMBOMY PaBHOBECHIO, BTopad (o = 7T) — HEYCTOM-
UYNBOMY. XapaKTep KaXaoro m3 ITux TIOJIOKEHII PABHOBECHUS 4CCH HE-
IMOCPEACTBEHHO M3 puc. 30: IMpyM MajJOM OTKJIOHCHUU OPHUEHTALIMU OT HAa-
OPpaBJICHUS BAOJb IIOJII BO3HHUKACT MOMCHT CHII, CTpeMH]I[HﬁCSI BOCCTAa-
HOBUTb OTy OpPHUCHTAIWKD, B TO BPEMA KAK TIPpU OTKJIOHCHUHA OT
HpOTI/IBOHOJIO)KHOﬁ OPUCHTALIUNA BOSHHKaIO]J.II/Iﬁ MOMCHT CWJI CTPEMHUTCH
YBECTH W3 HEE QUIIOJb CHI¢ JAJIBIIE U «OMPOKUHYTh» €ro.

DHeprus AUNOJA BO BHENIHEM MOJie. XapakKTep PaBHOBCCUS AWTIONS B
KaXXA0M W3 JTUX TMOJIOXECHHUIA MOXHO TaKXe YCTAHOBUTH, PACCMATPUBAS
3aBUCUMOCTD MOTCHIMAIBHON DHECPTUH OWTOJSI BO BHEIIHEM TOJIE OT €ro
OpMEHTALWN. DHEPIUs U0/ KaK COBOKYITHOCTH 3aPSIOB + ¢ — g MO-
XeT OBITh 3aMKMCAHA B BUAE

W=qg,p:+qp_=q(ps— ), (5)

rac Py A Pp_ — ODOTCHOMAJIBI TCX TOUCK IOJII, TAC HAXOOATCI COOTBET-
CTByOHME 3apsAbl. Pa3HOCTh MOTEHIMANOB ¢, — ¢p_ MEXAY STUMHU TOU-
Kamu, B coorBercTBuu ¢ opmyaoi (10) § 4, Beipaxkaercss uepes pasmep
IOUIOJS. M €T0 OPMEHTALMIO CIEAYIOmuUM obpazom (cM. puc. 36):

¢, —¢_= —Elcos a. (6)
[Toatomy

W(¢) = — qEl cos a. (7)

®Dopmyay (7) ans SHEPrUM AUMOJIS C MOMEHTOM P = gl BO BHEIIHEM
MOJIE C HANPSXKEHHOCTHIO E MOXHO 3amUcaTh, UCHOJb3Ys TMOHATHE CKa-

JISSPHOTO TPOM3BEACHUS:
W= —(p-E). (8)

U3 dopmyast (7) BuanOo, uto 3HaueHU0 o = 0 COOTBETCTBYET MUHM-
MyM MOTEHUMAJbHOW SHEPrUM, OTKYAA M CJAEAYET, UTO OPHEHTALMS IU-
noas BOOAb BekTopa E ycroiumBa. 3HAUEHHMIO O = JT COOTBETCTBYET
MakcumMyMm W, MOITOMy Takasi OPHEHTALMS AWM/ HEYCTOMUMBA.
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JIMnojb B HEOJHOPOJHOM MoJje. B HCOXHOPOAHOM BHEIIHEM TIOJIE HA
JOUTIOb KPOME OPUEHTUPYIOLMIETO MOMEHTA CUJI JCUCTBYET €LIC M OTJIAU-
Has OT HyJis CWJa, BTSITMBAIOIIAS JUMOJb B 00JaCTh ¢ OOJbIIEN HAMPS-
KEHHOCTBIO TIOJISI. DTA CWJId BO3HUKACT KAK PABHOACHCTBYIOMIAS CHLI,
OEUCTBYIOMMX HA BXOASMINME B AUIOAb 3apsiabl, Ojarogaps TOMY, uTO B
MECTaxX PACIOIOKCHUSI ITHX 3aPSIA0B HAMPSKEHHOCTD TOJIST UMEET Pas-
HbIE 3HAUeHUd. SICHO, 4TO 3Ta CHIAa TEM OOJbIIE, YeM OOJIbIIE HEOTHO-
POOHOCTD MOJISL, T. €. UEM OOJIbIIE TPAAMEHT HAMPIXKECHHOCTH.

[Tomagast B HEOOHOPOTHOE JICKTPUUECKOE TIOJIC, AUTIOb OPUCHTHPY-
eTCs B HEM JOJIKHBIM 00pa3oM M BTITMBAETCS B 00.1aCTh ¢ OOJbLIEH HA-
MPSIKEHHOCTHIO, TAK KaK HA TOMAAAIOMNNA TyAa KOHEL, COPUECHTHPOBAH-
HOTO JAWMOJS ACHCTBYET OOGJbIIAS CHJId, UYEM HA MPOTHBOIMOJOXHBIM.
VIMEHHO Tak¥M MOBEAECHUEM MOJSIPU30OBAHHBIX MOJIEKYJI BO3AyXa O0BSIC-
HEETCS BO3HMKHOBEHUE DJEKTPUUECKOro BeTpa BOm3u octpus (cMm. § 5).
Takoe mnoBeaeHWE WHAYUMPOBAHHBIX HA MEJAKUX UYACTULAX IUIOJICH
MOXKXHO UCIIOJAB30BATH A4 SKCHepHMeHTaHbHOﬁ «BU3yaIU3anUum» IJICKT-
pocratuueckux Tosici. I[Jig 3TOr0 WMCMOMB3yIOT BAHHY € MOAXOAIIINM
XKUAKUM OUIJICKTPUKOM, K KOTOPOMY IMIMOAMCHICH MOPOIIOK W3 MCJIKHUX
TBEPABIX YaCTHUeK. YacTHIbl MOPOLIKA 00pa3yoT B DJAEKTPUUECKOM IO~
JIE MHOXECTBO TIIETIOUEK, MPOCTHPAOMIUXCS OT ONHOTO 3apSKEHHOTO
SJIEKTPOAA [0 APYTOTO, W BOCIIPOM3BOAIT (POPMY W PACTIONOXEHUE CHIO-
BBIX JIMHUU.

Ha puc. 38 npuseneHa nosyuyeHHas TaKMM COOCOOOM KApTUHA JIM-
HUH HAMpPAXKCHHOCTA JJICKTPUUCCKOTO IO ABYX OAWMHAKOBBIX IIAPW-
KOB, 3apsSXEHHBIX pasHomMmeHHO. KaprmHa Ha puc. 39 maer mpeacras-

Puc. 38. JIuHUM HANIPSDKEHHOCTH DJIEKTPUUYECKOTO TIOJISI MEXKLY ABYMSI PA3HOMMEHHO 3apsi-
JKEHHBIMHU 1I1aPUKAMU

JieHue 00 JJIEKTPUUYECKOM MOJIE€ ABYX MApPa/UIEJbHBIX IUIACTUH C OAWHA-
KOBBIMM 3apsJaMu TMPOTUBOIOJIOXHOTO 3HAKA. [losie MeXay TuiacThHa-
MU MOXHO CUMTATh OXHOPOAHBIM B CJIyuae, KOrga PacCTOSTHUE MEXIY
MJIACTUHAMU MaJ0 MO CPABHEHMIO C MX pa3MepaMu, TakK KAaK B CPENHEN
YaCTH JIMHUM HATMPSOKEHHOCTH WMMEIOT BHA MAPAJJICIbHBIX TPSIMBIX,
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PACHoOIOXEHHBIX ¢ OMHAKOBOM TYCTOTOM. BOaM3um KpaeB MaacTuH Cu-
JIOBBIC JIMHUM WCKPUBJSIOTCS, T. €. MOJE CTAHOBUTCH HEOTHOPOIHBIM.

AR
e

AN R

Puc. 39. Kapruna JUHMI HATIPSDKEHHOCTU IEKTPUUECKOTO HOJS BYX PA3HOMMEHHO 3apsi-
KEHHBIX IUTACTUH

U, HakoHEN, IMEHHO TAKAM HMOBEACHUEM AWMOICH OOBICHICTCS OAWH
U3 CAMBIX M3BCCTHBIX OJICKTPOCTATHUCCKHUX OIBITOB — TMIPUTSIXCHUC
MEJKHUX KJIOUKOB OyMaru HadsJAeKTPU30BAHHOM PACUECKOM.

JIMnoJb B TOJie TOYEYHOro 3apaaa. KomnmuecTBeHHBIE 3aKOHOMEPHOCTH
TOBECHUS OUTONS B HEOOTHOPOXHOM OSJIEKTPHUECKOM TIOE PACCMOTPUM
HA MPUMEPE B3AMMOACUCTBHUS IWIOIL C TOUCUYHBIM 3apgaoM. UToOel He
paccMaTpuBaTh CWJIBbI, ACHUCTBYIONIME HA KAXKABIUM U3 3apsSA0B AWUIOASI, U
HAXOAWUTh MX PABHOACUCTBYIOIIYIO, HAWAEM CHIY, ACUCTBYIOMYIO HA TO-
YEYHBIN 3apsii CO CTOPOHBI AMIIOS.

ITo Tperbemy 3akoHy HploTOHA OHa paBHA MO MOAYJIO W MPOTUBOIO-
JIOXKHA TIO0 HATPABJICHUIO MHTEPECYIOLIEH HAC CWIE, ACUCTBYIOIECH HA
JUIOJIb B HEOAHOPOIHOM IoJIe TOUe4yHOro 3apsaa. [Ipu srom ans Hampsi-
KEHHOCTH TOJISL QU0 MBI BOocmosibayemcs dopmyaamu (15) u (16) § 5.

[IpuBenem pe3ysbTat 415l ABYX YACTHBIX CJIy4yaeB, KOTAa JUIOJb OpH-
E€HTUPOBAH BJOJb HPIMOM, COCAMHSIOMICH €r0 C TOYEUHBIM 3apsaoM, M
NEepHeHanKyIsapHO eii. B mepBoM cayuae yroa 6 paseH Hy:0. [ToaTomy ot-
JIMUHA OT HyJs TOJbKO PaAMasbHAS COCTaBjasiomas E Mois AuNoas u B
coorsercTBum ¢ hopmysion (15) aas AEeHUCTBYIOMIENH HA TOUCUHBIA 3aPS
Q cuJIbl OJIyYaeM 200

F=QE, = k=%, (9
Hanpasnena 9ra cuna BIOJIb JTMHUM, COCAMHSIOMEH AUNOIb C TOYCUHBIM
3apsaoM. [Iumosnp mputaruBaercs K 3apsaay (), €caum OH OPUEHTHPOBAH
BAOJIb CO3JAaBAEMOr0 3apsaoM (Q Mo, U OTTAJKMBAETCS IPU MPOTUBO-
MOJIOKHOW OpPUEHTALMH.

Bo BTOpOM ciyuae, Korma AMNOAb OPUEHTHPOBAH IOMEPEK, YTOJ
6 = 1/2 v OT/IMUHA OT HyJIg APYTas COCTABASIOMIAN HATIPIXKEHHOCTH, BbI-



§ 7. CAJIBI B QJIEKTPOCTATUYECKOM IIOJIE 63

paxaemas dopmysonn (16) § 5. s cuabl, AEHCTBYIOMIEH HA TOYEUHBIN
3apga Q, mpu 9TOM MOJTy4aem

F=k”r—§?. (10)

[To Momy/iI0 OHA BABOE MEHBIIE, UEM B MEPBOM CAydyae, a HATNPABICHA
NEPNCHANKYJISIPHO HpﬂMOﬁ, COCZ[I/IHSIIOIJ.leﬁ AUTIONb C TOUYCUHBIM 3apsaoM
Q (puc. 40).

B oboux ciayuasx cuaa B3aMMONEMCTBUS TOUCUYHOTO 3apAAa M JUTIOJS
00paTHO MPONMOPLMOHAIBHA TPETHEH CTENMEHM PACCTOSHUS MEXAY HUMH,
T. €. yOBIBAET C pPacCTOSHUEM OBICTPEE, UEM CHJIA B3AMMONEUCTBHS TO-
YEUHBIX 3apsfoB. MoXHO yOemuThest,

YTO OHA MPONOPIMOHANIbGHA TPATUCH- +qF| +0
Ty HampsO>KEHHOCTM Mmoas Toueuworo __ M __
3apsanaa, yOmBaromeit xak 1/r2 4 r —@F

Cubl, I[CI‘/’ICTBYIOI[(HC Ha TNPOBOA-  Ppyc. 40. TTpu TAKOM PACTIONOXEHUY JTH-
HHMK. B Tex Cayuasax, KOrad HAC MHTC-  moJs M TOYEUHOrO 3apsja CUIbl MX B3au-
pecyet cmaa, ZleﬁCTBonmaﬂ HA Tpo- monencteug F; u F, He HanpasjeHbI
BOAHWK, TOMEIICHHBIA B OSJEKTpU-  BAOMb OfHOH MPSMOH

YCCKOC TOJIC, MPUXOAUTCA YUUTHIBATDH

HU3MCHCHHUC ITOTO IO, CBA3AHHOC C BO3MOXHBIM IEPEPACOPEACTICHUEM
3apsSa0B HA CAMOM TNPOBOAHMKE. PaccMoTpuM CHauasa Cuily, AEHCTBYIO-
My HE HA BECh MPOBOAHWK, 4 HA MAJBIM yUYACTOK €T0 MOBEPXHOCTH AS.
SJICKTpI/I‘ICCKI/IC CHIBI MPUWJIOXCHBI MMCHHO K IIOBCPXHOCTHU IIPOBOOHUKA,
TAK KAdK BECH €r0 3apsgaa COCpEaOTOUYCH HA MOBCPXHOCTH. Pacnpez(e.rleHHe
ITOr0 3apsgaaa XapakKTCpuaycTcd HOBerHOCTHOﬁ IVIOTHOCTBIO O, KOTOPAsd
CBSI3aHA C HANIPIXCHHOCTBIO TTOJIS E Yy MOBCPXHOCTU MPOBOAHUKA COOTHO-

menuem (1) § 6:
) E = 4nko. (11)

OnxHAKO ec/im YMHOXHUTD 3apsaa Ag = 0AS, COCPEIOTOUCHHBIN HA pac-
CMATpUBAEMOM YUacTKe MOBEpXHOCTH AS, HA HANMpPSDKEHHOCTh E, maBa-
emyo ¢opmyaoi (11), ToO MBI HE MOJYYMM MPABUJIBHOTO 3HAUCHUS CHU-
JIBl, JEUCTBYIOMIEH HA ITOT y4yacTok. [lesio B TOM, UTO mpHM HAXOXACHUU
CUJIBI HY>KHO YMHOXATh 3apsii HA HAMPSXEHHOCTh MO, CO3AABAEMOTO
BCEMH OCTAJbHBIMH 3apSIAaMM, KPOME PacCMaTpuBaeMoOro, B TO BpPEMS
kak (11) maer pe3yabTUPYIOMYIO HAMPIXKEHHOCT JIEKTPHUYECKOTO MO
BOJIM3M JAHHOTO yYaCTKA MOBEPXHOCTH.

CorsiacHO MPUHUMUITY CYTIEPIO3ULUN ITY HATIPSIXECHHOCTh MOXHO pac-
CMAaTpUBAaTh KaK BEKTOPHYIO CyMMY HAMNpPSDKEHHOCTEW MOJEH, co3aaBac-
MBIX BBIJEICHHBIM 5JIEMECHTOM MOBEPXHOCTHA MPOBOAHMKA AS M BceMu OC-
TaJbHBIMH 3aPSAaMM, PACHOJIOXEHHBIMU KAK HA JAHHOM MPOBOOHUKE (3a
MpeAeaMu BBIIEICHHOTO YUACTKA MOBEPXHOCTH ), TAK U BHE €ro. Tak Kak
HAC VMHTEPECYET HATMPSDKEHHOCTD MOJS HEMOCPEACTBEHHO y MOBEPXHOCTH
MPOBOJHMUKA, TO BBIACJCHHBIM 2JIeMEHT AS MOXHO CUUTAThH IUIOCKUM U
TPY BBIYMCJICHUM CO3JABAEMOTO MM TOJIST BOCMOJIB30BATHCS BBIPAKCHUEM
(16) mmm (17) § 3 ang HanpsoKeHHOCTH MO E; PABHOMEPHO 3aPSIKEHHOM
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TJIOCKOCTH:
E, = 2nko. (12)

D710 mosie CyumecTByeT mo 06e CTOPOHBI OT IJIOCKOCTH.

BayTpu mpoBogHMKA BIJIOTH A0 CAMOU €0 MOBEPXHOCTH PE3yJabTUPY-
OIS HATIPSKECHHOCTD TIOJIST PaBHA HYJII0. 3HAUUT, BHYTPU MPOBOTHUKA
BOJIM3M DJIEMEHTA €T0 MOBEPXHOCTH AS MOJE 3apga0B JTOrO DJEMEHTA,
HAMpPABJACHHOE BHYTPb MPOBOAHWKA, TMOJHOCTHIO KOMIEHCHPYETCS TMO-
JIEM, CO3JaBAEMBIM BCEMM OCTAJbHBIME 3apaaamu. Takum obOpaszoMm, B
MECTE PACIOJOXCHHS BBIACACHHOTO djeMeHTa AS BCE OCTAJIbHBIC 3apsi-
Ibl, HAXOASIIMECS KAK HA MPOBOOHUKE, TAK M BHE €ro, CO3MAIOT IJCKT-
puueckoe moje E,, HANpaBIeHHOE HAPYXy, MPUUYEM MOAYJb OTOM Ha-
NPSDKEHHOCTH Takxe ompenensercs Bbipaxenuem (12). CHapyxwm 5710
none E, nMeeT OqMHAKOBOE HAIPABJICHUE C IOJIEM, CO31AaBAEMBIM 3apd-
mamu daeMeHTa AS, W, CKIAgbIBasICh ¢ HUM, JACT IIOJHOE IO/, HAIPS-
JKEHHOCTh KOTOPOTO BABOE 0oJblie M ompenensercd soipaxenuem (11).

Cuna, AeicTByIOMAsd HA 2JIEMEHT MOBEpXHOCTH AS, paBHA MPOU3BEAC-
HUIO 3apsija 3Toro saeMenta AS Ha HANPSKEHHOCTD noast E, = 2nko:

AF = 2mko? AS. (13)

OTa cuia HAMpaB/cHA HAPYXXY MO HOPMAJIM K MOBEPXHOCTH MPOBOAHUKA
HE3aBWCHAMO OT 3HAKA 3apsAa 5TOTO yyacTKa.

DaekTpocraTnyeckoe aaeiaenue. Otaomenne cuabl (13) K TUTOmAamm
MOBEPXHOCTH, HA KOTOPYK OHA ACUCTBYET, MPEACTABIIET COOOM JIEKT-
pocratuueckoe gasiacHue p. B coorsercrsuu ¢ (13) mmeem

p =% ="2mko? (14)
DyiekTpruuecKue CHIbl Kak Obl «pacmuparoT» MpoBOgHMK. YToObI ompene-
JIUTh CUJTY, ACUCTBYIOMIYIO HA BCE 3aPSDKEHHOE TEJIO, HY>KHO HAWTH pac-
NpeesieHUe 3apsifa O HA €r0 MOBEPXHOCTH M MPOCYMMUPOBATH BEKTOPHO
CHJIBL DJICKTPOCTATUUECKOTO MABJICHUS, ACHCTBYIOIIME HA OTACTbHBIC
9JIEMEHTHI TIOBEPXHOCTH TEJIA.

e JIokaxuTe, 4TO MOMEHT JI00OM mapbl CWI, T.€. ABYX PABHBIX MO MOAYJIO M
IIPOTHBOIOJIOXKHO HAIPABJICHHBIX CWJI, HE 3aBUCHUT OT BbIOOPA TOUKM, OTHO-
CUTEJIBHO KOTOPOM PacCMaTPUBAKOTCSI MOMEHTBI CHJL.

e OO0bBgcCHUTE MOSIBJACHUS 3HaAKa MUHYC B NpaBoil yacTu ¢popMyJisl (6), yUHUTBI-
Basi, uTo BekTop E Bcerma HampabiieH B CTOPOHY yObIBaHHUS IOTCHLIMAJIA.

. l'loquy Ipy HaXOXACHUU CUJIbI, HeﬁCTBleUleﬁ Ha MAWII0J/Ib BO BHECUIHEM
QJICKTPUUYECCKOM TI10JIC, TPUXOAUTCH YUUTbBIBATH HECOAHOPOAHOCTBH ITOIO I10JId,
B TO BpEMS KaK IIPpU pacuere ,Elel‘/JlCTBlel.Llel"O Ha AUIIOJIb OPUCHTHUPYIOUICTO
MOMEHTa HCOAHOPOAHOCTBI JJICKTPUUCCKOIO I10JI1 MOXKHO HpeHe6pe%?

. ZlOKa)Kl/lTe, UYTO Ha AUIIOJIb, KOTOpblﬁ MOXET CBOOOAHO OPUCHTUPOBATBHCSH B DJICKT-
PUYECCKOM I10JIE€, BO BCCX CllyuyadX HeﬂCTByeT MMECHHO BTAr'vBaroiias cuja.
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e TJloueMy a/eKTpUUECKH HEWUTpaJIbHBIC KYCOUKM OyMaru MpUTSTHMBAIOTCS Had-
JIKTpU30BaHHOM pacueckoit? Ilpogenaiite Takoil ONbIT U rnocrapaitech 00b-
SICHWUTBb BCE, UTO BaM IPU 3TOM YAACTCS HaOIIOJATh.

e OOBSICHUTE HAIPABJICHUE CUJI B3aUMOACHUCTBUS TOUCUHOIO 3apsifja U AUIOJS,
NoKa3aHHBIX Ha puc.40, paccMarpuBas B3aUMOACHCTBUE TOUEUHOIO 3apsiia
Q ¢ Kax/AbIM U3 3apsifoB, 00pasyoIIUX AUIOJIb.

e DByner jM AeHCTBOBATH CWJIAa Ha HE3aPSIKEHHBIN IPOBOASIIMI IIap, MOMe-
ICHHBII B 10JIe ToueyHoro 3apsiga? Eciau ma, To Kak HampasliieHa ota cuia?

e Kakag cuia AeMCTBYeT Ha IJIOCKYIO MOBEPXHOCTb MPOBOAHMKA, HA PacCCTOS-
HUU A OT KOTOPOM HaXOOUTCA ToueuHblil 3apsin ¢? Kak oHa HamnpasieHa?
3aBUCHUT JIM ec HaIlpaBJIcHUE OT 3HaKa 3apsga q?

§ 8. KoHpeHcaTtopbl. DNEeKTPOEMKOCTb

PaccmoTpuM mBa 3apsaKeHHBIX TMPOBONHWKA. [IpeamosioxxmM, uTo BCE CH-
JIOBBIC JWHWW, HAUWHAIOMIMECS HA OAHOM W3 HUX, 3aKAHUMBAKOTCI HA
apyroM. [Iag aToro, pasyMeeTcsd, OHHW AOXHB MMETh PABHBIC W TIPOTH-
BOIIOJIOXHBIC TIO 3HAKY 3apsabl. Takad cucTeMa ABYX MPOBOAIIIAX TEJI
HA3BIBACTCI KOHOCHCAmOopoM.

IIpuMepsl KOHAEHCATOPOB. [IpmMepaMyu KOHACHCATOPOB MOTYT CIIy-
XHATh ABE KOHIECHTpUYECKWE TpoBoxgamme chepsr (chepuueckwii, wuan
MApOBOI, KOHACHCATOP), ABE MAPAJICIBHBIC TUIOCKAE TIPOBOIAIINE TUIA-
CTUHBI TIPH YCJIOBWH, UTO PACCTOSHHUE MEXAY HUMH MAJIO TIO CPABHEHUIO
¢ pasMepaMu TIacTuH (TUTOCKWH KOHACHCATOP), ABA KOAKCHAIBHBIX TIPO-
BOOSIIMX LWJIMHAPA TPU YCJAOBUM, UTO WX AJMHA BEJIMKA MO CPABHCHUIO
C 3a30pOM MeXay mmauHapamu (UUIMHAPAYECKHUI KOHAEHCATOD).

Ilsa mpoBogHMKA, 00pasyomue KOHAEHCATOP, HA3BIBAKOTCI €ro 0o-
kaadkamu. Bo BCEX Takux cMCTEMAax MpH COOOIIEHNN OOK/IaAKAM PABHBIX

Puc. 41. Dnekrpuueckoe nose B chepuueckoM, MIOCKOM U IMIMHAPUUYECKOM KOH/IEHCATOpax

Mo MOAYJI0 U MPOTUBOIOJOXHBIX MO 3HAKY 3apdaaoB IJCKTPHUUYCCKOC TO-
Jie TIPAKTUYECKU LEAMKOM 3aKJIIOUEHO B MPOCTPAHCTBE MEXAY OOKJIA-
kamu (puc. 41). BHemHwmit BUI HEKOTOPHIX WCIOJb3YEMBIX B TEXHHKE
KOHACHCATOPOB TOKa3aH Ha puc. 42.

OCHOBHASI XapaKTEPUCTHKA KOHACHCATOPA — IAEKMPOCMKOCHb N
npocTo emkocms C, onpeaeasieMast Kak OTHOIICHHUE 3apsiaa OXHOM u3 00-

3 E.U. Byruxos u ap. Kuura 2
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KJIA[0K K Pa3HOCTH TMOTCHLIMAJIOB T. €. K HAMPSKEHUIO, MEXAY HUMU:
C=gq/U. (1)

Pacnpenencaue 3apsimoB Ha oOksagkax OyAeT OAMHAKOBHIM HE3aBH-
CHMMO OT TOTO, OOIBIION WM MAJBIM 3apsg MM COOOLIEH. DTO 3HAUMT,
YTO HATPSIKEHHOCTH TIOJISI, & CJACHOBATEJBHO, M PA3HOCTH TOTCHIMAJIOB
Mexay OOKJaaKaMu, MPOMOPUMOHAIBHBI COOOMEHHOMY KOHAEHCATOPY
3apsay. [1oaToMy eMKOCTh KOHACHCATOpA HE 3aBUCHAT OT €ro 3apsiga. B
BAKyyM€ E€MKOCTh OTMPEACTIICTCS MCKIIOUNTEIbHO TEOMETPUUCCKAMU Xa-

°T1°) =7,210% _— ®onbra
”.—ﬂ %00 ¥ e
% z L o &

Up =
TTapaduHMpOBAHHAS f1268 _Zé/ffé

Cramwom:  iogog)  Ae—
01300 ncb Cmoza
Oymara EE,

Puc. 42. YCTpOICTBO, BHEMHUI BUI U YCJIOBHBIE 0003HAUEHMS HA JJIEKTPHUUECKUX CXEMAX
HEKOTOPBIX KOHAEHCATOPOB

PAKTEPUCTUKAMU KOHAEHCATOPA, T. €. (JOPMON, pa3MepaMu M B3aMMHBIM
PaCIoNIOKEHUEM OOKJIAIOK.

Enunanipl emkoctd. B CU 3a eguHuUIly 9/J€KTPOEMKOCTH MPUHAT ha-
pag (). Emkocteio 1 @ obaagaer KOHAEHCATOP, MEXAY OOK/JIAAKAMU KO-
TOPOro ycraHapauBaercd Hanpsokenue 1 B mpu cooOmenunn 3apsga 1 Ko

_1Ka
IQ_TQ

B aGconoTHoit snekTpocraTrueckou cucreme exuuun, CI'CO snekTpo-
E€MKOCTh UMEET PA3MEPHOCTh IVIMHBI W U3MEPSIETCI B CAHTUMETPAX:

_ M1/2L3/2T—1 _
M2 .

Ha npakTuke 06bIYHO TPUXOAUTCH MMETH AEJI0 C KOHAEHCATOPAMU, M-
KOCTb KOTOPBIX 3HAUMTEAbHO MeHbme 1 @, [TooToMy MCHOIB3yIOTCS A0M
oroit  emumHmubl  — wMmukpodapax (Mx®) wum mmkodapax (nd):
I MKO =10"°®, | n® = 10"%Mx® = 10712 . CooTHOmEHNE MEXTY
dapagomM u CaHTUMETPOM JIETKO YCTAHOBHUTH, yumThiBast, uto 1 Kia =

dim C = dim %
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=3-10%a. CT'CD, a 1 B=1/300 ex. CT'C3. Tosromy

3-10°

1 q)=m=910” CM.

DNIEKTPOEMKOCTb M T€OMETPHUsi KOHJEHCATOpa. 3aBUCHMOCTh CM-
KOCTH KOHACHCATOPA OT €r0 TEOMETPUUECKUX XAPAKTEPUCTHUK JIETKO TIPO-
MJUTFOCTPUPOBATH TIPOCTBIMU OMBITAMA. BOCTIOIB3yeMCS UIST 9TOTO JJICKT-
pOMETPOM, TOAKJIIOUCHHBIM K IBYM IUIOCKMM ILJIACTHMHAM, PACCTOSTHUE
MEXAY KOTOPHIMH MOXHO W3-
MmeHath (puc. 43). Urobbl 3a-
PABl TUIACTHH ObLIM OQUHAKO-
BBl M BCE MOJE OBLIO COCPENo-
TOUEHO TOJIBKO MEXIY HHUMH,
CAEAyeT 3a3eMJINTh BTOPYIO
UIACTHHY ¥ KOPMYC 3JEKTPO-
merpa. OTKJIOHEHUE CTPEJKU
2JIEKTpOMETPA TIPOTIOPITHO-
HAJIPHO HATIPSIKCHUIO MEXIY
oOkmankamu. Ecam casurath
WJIW  Pa3OBWTATh TLIACTHUHBI
KOHJCHCATOPA, TO TPU HEU3-
MEHHOM  3ap4aA¢ HANPAXKEHME  pyc. 43. EMKOCTb KOHEHCATOPA 3aBUCHT OT pac-
6yz(eT COOTBCTCTBCHHO YMCHb-  CTOSHUS MEX]Y IUIACTUHAMMU
MAThCI WA YBEINUHBATHCS:
€MKOCTb TEM OOJIbIIE, YEM MEHBIIE PACCTOSHUE MEXAY ILJIACTHHAMMU.
AHanormuyHO MOXXHO yOEauThCS B TOM, UTO €MKOCTh KOHAEHCATOPA TEM
GosibLe, ueM GOJIbIIE TUIOIAAb €r0 TUIACTHH. [ 3TOr0 MOXHO MPOCTO
CABWTATH TIJIACTHHBI MPH HEM3MEHHOM 3a30pE MEXAY HUMU.

EMKOCTb MJOCKOTO KOHJeHcaTopa. [lonyunm cdopmyny mnsa eMkoctu
IJIOCKOro KOHAeHcatopa. I[lose mexay ero oOKjJaagkamMu OTHOPOAHO 3a
UCKJIIOUEHNEM HeOopoi obsactu BOAM3M Kpaes maactuH. [losTomy
HATIPSKEHME MEXAY OOK/IagKaMy PABHO MPOM3BEACHUIO HATIPSKEHHOCTH
noss E Ha pacctosHum d Mexay Humu: U = Ed. [Ins9 HaXOXAEHUd Ha-
NPSKEHHOCTH Mo £ MOXHO BOCIO/b30BaThes (opmymoit (1) § 6, ko-
Topast CBa3biBaeT E BOIM3M MOBEPXHOCTH MPOBOAHUKA C MOBEPXHOCTHOM
IJIOTHOCTBIO 3apsaoB o: E = 4mwko. Beipasum o uepes 3apsia KOHAEHCA-
TOpa ¢ ¥ TIOWAAb S TJIACTHHBI, CUMTAS PACTIPEAC/ICHUE 3apsaa paBHO-
MEPHBIM, UTO COTJIACYETCS C MCHOJIb3yEMBIM MPEANOIOXEHUEM 00 OTHO-
pomHocTH moas: ¢ = g/S. [logcrasasgsa MPUBEICHHBIE COOTHOIIEHUS B 00-
umiee onpenesnenue emkoctu (1), Haxomum

s
C = fma (2)

BCU, tnek=1/ (4mte,), EMKOCTD MJIOCKOTO KOHAEHCATOPA UMEET BU

&S

3*
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B cucreme equann, CI'CD k=1n

N

C=47 (4)
EMKOCTh ceprueckoro koHaeHcaTopa. COBEpIIEHHO AHAJIOTHYHO
MOXHO BBIBECTH (hopmyay ansi eMKocTH ceprueckoro KOHAEHCATopa,
paccMaTpuBasg JEKTPUUECKOE MOJIE B MPOMEXYTKE MEXAY ABYMS 3aps-
JKEHHBIMU KOHILIEHTpuueckuMu cepamu paamycoB R, u R,. Hanpsxen-
HOCTb TIOJIS TAM TAKas €, KaK B CIyvae YEAWHEHHOTO 3aPS>KEHHOTO mapa
paguyca R,. IToaromy s HampskeHHs MeXAy OOK/JIaaKaMy DPagiycoB

R 1 R, cnpaBenmso

Beipaxenue mig eMKocTH mosydyaem, moactasiagag U B dopmyay (1):

1 RiRy
C=% m—xr- ()

EMKOCTb YEJUHEHHOrO NPOBOJAHMKA. VIHOrAa BBOAAT MOHSTHE EMKOCTH
YEAMHEHHOTO MTPOBOAHUKA, PACCMATPHUBAS TIPEACIbHBIN CTyyail KOHACHCA-
TOpa, OfHA U3 00KIAN0K KOTOPOTO YAAJCHA HA OECKOHEUHOCTh. B uacTHo-
CTH, EMKOCTh YEAMHECHHOTO TIPOBOMAIIETO Iapa moayuaerca u3 (5) B pe-
3yJbTATE TPEACTBHOTO MEPEXoaa R, —> 0, UTO COOTBETCTBYET HEOTPAHM-
UYCHHOMY YBC/IWUCHUIO paamyca BHEITHEH O6KJIaZ(KI/I oIpru HCU3MCHHOM
pagmyce BHyTPEHHEH R = R: |

B cucreme emmuaunn CI'C3, roe k=1, eMKOCTh yEAMHEHHOTO mIApa
paBHa ero pagmycy. Ecam mpoBomHMK mMeeT Hecdepuueckywo dopmy,
€r0 EMKOCTh TIO TIOPSAKY BEJAMUMHBI PABHA XAaPAKTECPHOMY JIMHCHHOMY
pasmepy, XOTS, KOHEUHO €, 3aBHCUT W OT ero ¢opmel. B orsmuwme ot
YEOMHEHHOTO MPOBOAHMKA, EMKOCTh KOHAEHCATOPA ropasmo OoJbIme ero
JIMHEWHBIX pa3MepoB. Hampumep, y TUIOCKOTO KOHACHCATOpA XapakTep-
HbII MHEHHBIA pa3Mep paseH VS, npuuem VS >>d. Kak suaHo u3 dop-
myasl (4), npu oTom C>>V§S.

KoHaeHCAaTOp C JU3JEKTPUKOM. B pacCMOTPEHHBIX BHIMIE MPUMEPAX
KOHEHCATOPOB MPOCTPAHCTBO MEXAY OOKJAAKAMU CUMTAIOCh MYCTHIM.
TeM HC MCHCC TONMYUCHHBIC BBIPAXCHUS A CMKOCTH COPABCAJIMBBI U
TOrga, KOraa 5TO MPOCTPAHCTBO 3AIOJHEHO BO3AYXOM, KaK 9TO OBLIO B
OMMCAHHBIX MPOCTHIX OMBITAX. ECAM MPOCTPAHCTBO MEXAY OOKJIaAKAMU
34anOJIHUTh KaKI/IM-JII/I60 AUDIJICKTPUKOM, CMKOCTb KOHACHCATOpA YBC/IH-
UUBACTCA. B 9TOM JICTKO y6ezmecs1 Ha OINIbITC, BABUTragd ANUIJICKT-
PUUYCCKYO IJIACTUHY B MPOMCXKYTOK MCXKOY 06KJIaJZlKaMI/I 3apPsS>KEHHOTO
KOHJEHCATOpA, MOAKJIKOUEHHOrO K asektpomerpy (puc. 43). [pu Hems-
MEHHOM 3apse KOHACHCATOPA HATPSKEHUE MEXAY OOKJIAAKAMU YMEHb-
macTcd, 4TO CBUACTCABCTBYCT O BO3PACTAHUU CMKOCTH.
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YMeHbIIEHNE PAa3HOCTH MOTEHLIMAIOB MEXAY OOK/JIaAKAMU TIPU BHE-
CCHUUM TyAA AMDJICKTPUUCCKOM TJIACTHHBI CBUACTEIBCTBYET O TOM, UTO
HATPSKEHHOCTh 9JIEKTPUUECKOTO TOJISI B 3a30p€ CTAHOBUTCS MECHBIIC.
OTO0 yMCHBIICHUE 3aBUCUT OT TOTO, KAKOW MMEHHO AMIJICKTPHUK MCTIOJIb-
3yeTcs B OMBITE.

J{uaeKTpuyeckas MpPOHMLIAEMOCTb. [I19 XapaKTepUCTHKU IJICKTPHU-
YECKMX CBOMCTB AUOJEKTPUKA BBOOAT (DM3MUECKYIO BEJUUMHY, HA3BIBAC-
MY OUIeKMPUteckol nPOHUYaeMOcmoro. [INaIeKTpuyecKas: mpoHnIa-
eMOCTh € — 9T0 0e3pa3MepHas BEIMUMHA, MOKA3bIBAOMAS, BO CKOJbKO
pa3 HAMPSKEHHOCTh JJEKTPUUYECKOTO TOJS B 3aTOJTHCHHOM JUIJICKT-
PHMKOM KOHAEHCATOpe (MM HATIPSIKEHUE MEXAY €ro 0OKJIaAKaMu) MEHb-
e, ueM B OTCYTCTBHE AUAJICKTPUKA TIPH TOM XE 3apsiac KOHACHCATOpa.
[pyrumu cl0BaMM, AMDJEKTPHUYECKAs MPOHUIAEMOCTh MOKA3BIBAET, BO
CKOJTBKO Pa3 YBEJWUMBACTCS €MKOCTh KOHACHCATOPA TIPH 3ATIOTHCHUH €TO
auoIeKTpuKOoM. HampuMep, eMKOCTh TIJIOCKOTO KOHACHCATOPA, 3aTTOTHEH-
HOTO AMDJIEKTPUKOM € TIPOHUIIAEMOCTHIO £, PaBHA
=S eS
c=2(cree), =22 (cw). (7)
[puBencHHOE 3MECh OMPEACACHUE UIICKTPUUCCKON TTPOHATIAEMOCTH
COOTBETCTBYET (PEHOMEHOJOTHUECKOMY TIOAXOAY, TIPH KOTOPOM paccMar-
PHUBAKOTCI TOJBKO MAKPOCKONMUUCCKUC CBOMCTBA BCIICCTBA B JJICKTpPU-
YeCKOM Tosie. MUKPOCKOTMMUECKUIA TMOAXO0M, OCHOBAHHBIA HA paccMOTpe-
HUHA TOJIAPU3ann ATOMOB WJIN MOJICKYJI, U3 KOTOPBIX COCTOUT BCIICCT-
BO, MPEANOJIATAET WCCACIOBAHME KAKOW-JMO0 KOHKPETHOM MOOEId W
MO3BOJISIET HE TOJBKO MOAPOOHO OMUCHIBATH JJEKTPUUECKHE M MATHUT-
HBIE TIOJISI BHYTPU BEIIECTBA, HO M MOHATh, KAK MPOTEKAIOT MAKPOCKO-
MUYECKME DJIEKTPUUECKME W MATHUTHBIE SIBJCHHUS B Bemectse. Ha osTtom
JTane Mbl OTPAHUYMBAEMCS TOJBKO (DEHOMEHOJIOTHUECKUM MOIXOI0M.
Y TBepaOBIX AMOJEKTPUKOB 3HAUCHUE € JIEXUT B mpeaenax ot 4 mo 7,

a y xugkux — or 2 mo 81. Takoil aHOMasbHO OOJBLION IUIIEKT-
PHUECKON MPOHUIAEMOCTBIO 00/1a0aeT OOBIKHO- c
BEHHAs umcras Boga. KpoMe BO3AYIIHOTO KOH- I
JAeHcaTopa  TEpEeMEHHoi  eMkocTH  (CM. (|:|
puc. 42), MCIOAb3yEMOro /I HACTPOMKM pa- i
AUONPUEMHUKOB, BCC APYTUC NPUMCHSIEMBIC B Il
TEXHUKE KOHACHCATOPHI 3AMOJHEHBI AUIJICKT- 1 |
pHKOM. c

|l

Barapeun kKoHaeHcaTopos. [Ipm ucnosnp3osa- I
HUY KOHAEHCATOPOB MX MHOTIA COSAMHSIOT B 0a-
tapeu. Ilpu mapajsieIbHOM  COCAMHEHUM
(puc. 44) Hanpaxenus U Ha KOHIEHCATO-
pax OOMHAKOBBI, a4 TIOJHBIN 3apaa 6aTapen g pa-
BECH CyMMeE 3apsiIOB KOHACHCATOPOB ¢;, A5 KAXA0TO N3 KOTOPHIX, OUEBH/I-

HO, cipaBeannBo ¢; = C,;U. PaccmarpuBast 6atapero Kak OAnH KOHACHCA-

Puc. 44. TlapamnenbHoe co-
€IMHEHUE KOH/IEHCATOPOB
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TOp, HIMEEM
qg=CU. (8)

C nmpyroit CTOpOHBI,

=% 4;=UXC, (9)

CpasuuBasg (8) u (9), mosyuaeM, uTo €MKOCTh OaTaped MapasuiebHO
COCAMHCHHBIX KOHACHCATOPOB PABHA CyMMC MX E€MKOCTEW:

Cl CZ Cn C=C1+C’2+...+Cn. (10)

” ” ” [Ipu mOCAEAOBATENBLHOM COEAMHE-

Puc. 45. TlocnesopatesibHOE COEaMHE-  HUM TPEABAPUTEIBHO HE3APIXKEHHBIX

HUE KOHACHCATOPOB KoHzpeHcaTopos (puc. 45) 3apsaasl ¢ HA

BCCX KOHACHCATOPAX OAWHAKOBEBI, 4

MOJTHOE HANPSIXeHUE U PaBHO CyMME HANPSDKEHUU U, HA OTAETBHBIX KOH-
JAEHCATOpaX:

U=3U;=q¢3 & (11)

C npyroit cTopoHbI, paccMaTpuBas 0aTaper Kak OOMH KOHAEHCATOP,
HMEEM
U=4. (12)

CpasuuBag (11) m (12), Bugum, YTO TpW MOCICIOBATEIBHOM COCIMHE-
HUM KOHCHCATOPOB CKJIANBIBAIOTCS OOPATHBIC EMKOCTSIM BEJIMUMHBL

1 1 1 1

E_C_1+C_2+”‘+C_n’ (13)
[Tpu mocsenoBaTEIbHOM COCOMHEHUM EMKOCTh OaTaped MEHbIIE Camoi
MaJIol M3 €MKOCTEN COCAMHEHHBIX KOHACHCATOPOB.

e B kaxkoMm ciyuae aBa NpoBOASIIMX Tesla oOpa3yroT KoHaeHcaTop?
e UYro HasbIBaeTCs 3apsoM KoHpaeHcaTtopa?
e Kak ycraHOBUTH CBS3b Mexay enuHuniamMu eMkoctu CU u CI'C3D?

e QOOBICHUTE KauyeCTBEHHO, I[o4YeMy C€MKOCTb KOHJACHcCaTopa YBCINYMBACTCA
I[IpU yMCHBUICHUU 3a3opa MEXAY 00KJIaIKaMU.
. Honque Cl)OPMyJIy AJId €MKOCTHU IIJIOCKOI'0 KOHJACHCaTopa, paccMaTrpuBasd

QJICKTPUUYECKOEC I10JIE B HEM KaK CYICPIIO3ULTUED MoJieH, CO34aBaeMbIX ABYyMH
IJIOCKOCTAMU, 3apAXKCHHBIMU PaA3HOMMECHHO.

e Tlosnyunre opMysy I €MKOCTHU IIOCKOrO KOHAEHcaTopa, paccMaTpuBast
€ro Kak Ipeie/ibHbli ciyuyail c)epuuecKoro KoHIeHCaTopa, y KOToporo Ry 1
R, crpemarcs K OECKOHEUHOCTH TaK, 4TO PasHOCTb R; — R, =d ocraercd
[IOCTOSIHHOM.

e [loueMy Hesb3 TOBOPUTb O EMKOCTU YEAUMHEHHON OCCKOHEUHOU IJIOCKOM
IJIACTHUHBI WM OTAEJBHOTO OECKOHEUHO MVIMHHOTO LIWJIMHApA?
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OxapakTepusyiTe KpaTko pasjndve Mexny (heHOMEHOJIOTMYECKUM U MHUKPO-
CKOITUYECKUM TOAXONAMHU IPU HCCJIEAOBAHUN CBOCTB BEIIECTBA B DJICKTPH-
YECKOM TMOJIe.

KakoB cMbIC/I AMDJIEKTPUUECKOM MTPOHUIIAEMOCTH BelecTa?

[ToueMy mpu pacuere eMKOCTH GaTapeM MOCJ/eOBATE/IBHO COCAMHEHHBIX KOH-
JICHCATOPOB OrOBAPUBAJIOCH YCJIOBME, UTOOBI OHM IPEABAPUTEIBHO He ObLIN
3apsiKEeHbI?

B uem cMbIc/ Moc/iefoBaTEIBHOIO COEAUHEHUS KOHACHCATOPOB, €CJIM OHO
I[IPUBOAUT JIMIIb K YMCHBIICHUIO E€MKOCTHU?

A Tlose BHYTPH ¥ BHE KOHAeHCAaTOpa. UTOOB MOTUEPKHYTH Pa3Jin-
yme MEXAy TEM, UTO HA3BIBAIOT 3aPIA0M KOHACHCATOPA, W TIOJTHBIM 3a-
psaaoM 00KJIag0K, pacCMOTPUM Caeayooummii mpuMep. [1ycts HapyXKHas
obkmagka cdepuuecKoro
KOHAEHCATOpA 3a3emJe-
HAa, a BHYTPEHHENH c000-
meH 3apaa g. Beck oTot
3aps] pPaBHOMEPHO pac-
TMPEAEAUTCS TI0 BHEITHEN
NOBEPXHOCT BHYTPEH-
Hel ookaaaxku. Torna Ha
BHYTPEHHEN HOBEPX-
HOCTH HapyXXHOU cepbt
VHAYOHUPYETCH 3apag
—¢, W, CJACAOBATE/IBHO,
3apsa KOHAEHCATOpa pa-
BEH ¢. A uto Oymer Ha
BHEIIHEH TOBEPXHOCTHU
HApYyXHOU chepbi? ITO 3aBUCAT OT TOTO, UTO OKPYXKAET KOHACHCATOP.
[TycTh, HAaMpUMEp, HA PAcCTOSTHUYU /[ OT TOBEPXHOCTH BHEIIHEH Chepsl
HaxoauTCa ToueuHbii 3apsan Q (puc. 46). DToT 3apsaa HUKAK HE TIOBJIM-
SIET HA DJIEKTPUUYECKOE COCTOSTHUE BHYTPEHHETO MPOCTPAHCTBA KOHJCH-
caTopa, T. €. Ha MoJIe MEXAY ero ookaakamu. B camom nesie, BHyTpeH-
HEE ¥ BHEITHEE MPOCTPAHCTBA PA3[AEJCHBI TOJNMIIEH METAIA HAPYXKHON
00KJIaAKH, B KOTOPO# 5JEKTPUUECKOE TIOJIE PABHO HYJIIO.

Puc. 46. Cdepuueckuii KOHAEHCATOP BO BHEIIHEM
SJIEKTPUUECKOM T10JIE

3apga Ha BHEIIHEN MOBEPXHOCTH OO0kaanku. Ho xapakrep mosd
BO BHCIODHCM IIPOCTPAHCTBEC M 3ap4dn, PIHI(yIJ,PIpOBaHHbIﬁ HAa HApyX-
HOM TOBEPXHOCTM BHEIIHEW Cepbl, 3aBUCIAT OT BEJAMUYMHBI W TIO-
JoxeHus 3apsaa Q. Dro mose Oyaer TOYHO TAKMM XK€, KaK U B
cayuae, korma 3apsgx (Q HAXOOUTCS HA PACCTOSTHUU [ OT TOBEPX-
HOCTH CIUIOIIHOTO 3a3€MJIEHHOTO METAJJIMUECKOrO Iapa, pagmyc Ko-
TOPOr0 paBeH paamycy BHEwmwHeln cdepbl kKoupencartopa (puc. 47).
Takum xe Oyaer W MHAYLUMPOBAHHBIA 3apsif.

,H,JISI HAXOXACHUS BCJIWUWHBI WHAYLUWPOBAHHOTO 3apdaaa 6y):(eM
paccyxaath CAEAYIOIUM 00pazoM. DJEKTPUUECKOE MoJe B JIH000i
TOUKE MPOCTPAHCTBA CO3MAETCS 3apsaaoM Q W 3apsaoM, MHAYLMPO-
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BAHHBIM HA MOBEPXHOCTHU IIApa, KOTOPHIN PACIpPEAECICH TaM, pazyMe-
eTcsl, HEPABHOMEPHO — KaK pa3 Tak, uToObl 00paTuaach B HyJb pe-
3yJbTUPYIOIIAS HAMpsi-
JKEHHOCTh IOJY BHYTPU
mapa. CorjacHO TpuH-
LMIy Cynepno3uuuu mo-
TEHUMAJI B JIFOOOU TOUKE
MOXHO WCKaTb B BUAE
CYyMMBI MOTEHLIMAIOB
MOJIEH, CO3AaBAEMBIX TO-
UYEYHBIM 3apSaoM ¢ U
TOUCYHBIMU  3apsSAamu,
HAa KOTOpbIE MOXHO pas-
Puc. 47. Tlose TOUEUHOro 3apsjia BOIM3M 3a3eMIICH- Ours PacpeEnc/ICHHBIN
HOrO IPOBOAMIIETO LIapa IO MNOBCPXHOCTHU IOapa

WHAYUWPOBAHHBIN 3a-
psa. ITockosbKy BCe dJEMEHTapHBIC 3apsiabl Ag;, Ha KOTOpbIE pa3ouT
WHAYIWPOBAHHBIA HA TOBCPXHOCTH mapa 3apan ', HAXONITCI HA
OMHAKOBOM PACCTOSIHMM R OT LIEHTpA WIapa, TO MOTEHOMAJ CO34aBa-
€MOro MM MO/ B LEHTPe mapa Oyaer paseH

Ag, 1 Q'
kE_ = =kz > Aq =k
i i
Torna mosHBIA MOTEHIIMAM B MEHTPE 3a3€MJICHHOTO IMapa paBeH

«po=k(%+—Q )=0,

R+1
oTKyaa

= — o~
Q=—-Qxr

3HaK MUHYC OTPaxkaeT TOT (pakT, uTO WHAYLUHMPOBAHHBIN 3apSA BCET-
Ja TPOTUBOMOJIOXHOIO 3HAKA.

Urak, Ml BuaNM, UTO 3apsi HA HAPYKHOM MOBEPXHOCTH BHEIIHEH
cepbl KOHAEHCATOPA OMPEREASIETCS TEM OKPY>KEHHEM, B KOTOPOM Ha-
XOOUTCY KOHACHCATOP, M HE MMEET HUKAKOTO OTHOMICHUS K 3apsiay
KoHAeHcaTopa ¢. [losHbliA 3apsa BHEIIHEW OOKJAAKM KOHAEHCATOpa,
pasyMmeeTrcs, paBeH CyMME 3apsioB €€ BHEIIHEW W BHYTPEHHEHW MO-
BEPXHOCTEH, OAHAKO 3apsiA KOHACHCATOPA OMPEAECISIETCS TOMIBKO 3apsi-
JIOM BHYTPEHHEW MOBEPXHOCTH STOM OOKIAAKM, KOTOPbIA CBA3aH CUJIO-
BBIMU JIMHUSIMHE TOJIS C 3aPSIAOM BHYTPEHHEN 0OKIANKY.

B paszobpanHOM mpuMepe HE3aBUCHMMOCTH JJEKTPUUECKOTO MOJS B
MPOCTPAHCTBE MEXAY OOKJIAAKAMM KOHACHCATOPA W, CJICHOBATE/BHO,
€ro EMKOCTM OT BHEIIHMX TeJ (KAK 3apSKEHHBIX, TAK M HE3aPSKEH-
HBIX) OOYC/IOBJCHA 2/eKMPOCMAMU1ecKol 3auiumoll, T.€. TOJIEH
MeTaJIa BHEIIHEH 00kjaanku. K ueMy MOXeTr mpuBecTH OTCYTCTBHE
TAKOM 3aIMMUTHI, MOXHO YBUIETh HA CIACAYIOIMIEM IpUMeEpE.
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IIN0CKUI KOHJAEHCATOP C 3KpaHOM. PaccMoTpuM IIOCKuii KOHAEH-
caTtop B BHAE ABYX MAPAJICTbHBIX METAJJIUUECKUX TJIACTHUH, IJIEKT-
PUYECKOE MOJIE KOTOPOrO MPAKTHUECKW LEJUKOM COCPEIOTOUCHO B
MPOCTPAHCTBE MEXAY TIACTUHAMU. 3AKJIIOUMM KOHACHCATOp B HE3a-
PIXKEHHYIO IJOCKYI0 META/UIMUYECKYI0 KOpPOOKY, Kak MOKAa3aHO Ha
puc. 48. Ha mepBbiit B3MJISIA MOXET MOKA3aThCS, UTO KAPTUHA TIOJIS
MeXay OOKJAaAKaMu KOHAEHCATOpPA HE M3MEHUTCS, TAK KAK BCE MOJIE
COCPENOTOYEHO MEXAY TJIACTUHAMM, A KpaeBbiM dddexTom MBI Tpe-
Hebperaem. OgHAKO JIETKO BUAETH, YTO 9TO HE Tak. CHapyXu KOH-
JEHCATOPA HATIPSKEHHOCTD TOJISI PABHA HYJIIO, MOITOMY BO BCEX TOU-
Kax CJA€BAa OT KOHACHCATOPA MOTEHUIMA OAWHAKOB M COBMAAAET C TO-
TEHUMAJOM JICBOM IUIACTHHBL. TOUHO TaK >XE€ MOTEHUMA 000
TOYKM CIpaBa OT KOHAEHCATOPA COBMAJAET C MOTEHOMAJIOM TMPABOM
maactuasl (puc. 49). IMosTtoMy, 3akarouas KOHIACHCATOP B METAJLIN-
UYECKYHK) KOPOOKY, MbI COEAMHSEM IIPOBOAHMKOM TOUKM, WMEIOIIUE
pas3HbIN MMOTECHIWA.

B pesysbrare B METAIMUECKON KOPOOKE OyAET NPOUCXOAUTD MEPE-
pacrnpenesicHue 3apsAaoB 0 TEX MOp, MOKA HE BHIPABHSIIOTCS MOTEHIM-
anbl BCex ee Touek. Ha BHyTpeHHEN MOBEPXHOCTH KOPOOKM MHAYLIUPY -
FOTCS 3apsAbl, U NOSBUTCS DJIEKTPUUECKOE TI0JIE BHYTPH KOPOOKH, T. €.
cHapyxu koHaercaropa (puc. 50). Ho 510 03Hauaer, uTo Ha BHEITHUX

N =t

Puc. 48. Kougencatop
B METAJUIMYECKOM KO-

pobke

Puc. 49. ek TprUUecKoe
oJie  3apsKEHHOrO  IUIOC-
KOr0 KOHJIeHCaTopa

Puc. 50. DJiekTprudecKoe
[oJIe  3aPSIKEHHOrO KOHJIeH-
caTopa, HOMEIIEHHOIO B Me-

TAJIMYECKYIO KOPOOKY

MOBEPXHOCTSX TIJIACTMH KOHACHCATOPA TOXE TMOSBATCS 3apsiabl. Tak
KaK TP 9TOM TIOJTHBIN 3aPSil M30JMPOBAHHOM TJIACTUHBI HE MEHSIETCS,
TO 3apsA HA €€ BHEUIHEH MOBEPXHOCTH MOXET BOBHUKHYTH TOJIBKO 34
CUCT TICPETEKAHMS 3apsaa ¢ BHyTPEeHHEH nmosepxuoctu. Ho mpu name-
HEHWM 3apsgaa HA BHYTPEHHUX MOBEPXHOCTAX OOKIAJ0K MU3BMEHUTCS HA-
MPSIKEHHOCTH TOJIS MEXAY TJIACTHHAMYU KOHACHCATOPA.

Takum 00pa3oM, 3aKJIIOUEHHE PACCMOTPEHHOTO KOHAEHCATOPA B
METAJIMYECKYI0 KOPOOKY MPUBOAMT K M3MEHEHUIO JJIEKTPHUECKOTO
COCTOSIHUSI BHYTPEHHETO MPOCTPAHCTBA.
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V3MmeHenne 3apsgaoB TUJIACTHH M JJEKTPUUYECKOTO TMOJS B OTOM
npuMepe MOXET ObITh JIerko paccumtaHo. O003HAUMM 3apsia M30Jd-
POBAHHOTO KOHAEHCATOPA Yepes ¢. 3apsia, NepeTeKaromuii Ha HAPy K-
HBIE OBEPXHOCTH IJIACTHH NPY HAAEBAHUU KOPOOKH, 0003HAUMM ye-
pe3 ¢'. Takoi e 3apsia MPOTHBOMOJIOXHOTO 3HAKA OyAET MHAYLMPO-
BAH HA BHYTPEHHUX TIOBEPXHOCTAX KOpoOku. Ha BHyTpeHHHX
MOBEPXHOCTAX IJIACTMH KOHAEHCATOpA OCcTaHeTcs 3apsa ¢ — ¢'. Torma
B NpPOCTPAHCTBE MEXAY IJIACTHHAMYU HATPSIKEHHOCTh OXHOPOXHOIO
noss Oyner pasHa (¢ — ¢')/(Se,) B eqmumuax CU, a BHe KOHAeHca-
TOpa TMOJIE HAMPABJIECHO B MPOTUBOIMOJOXHYI CTOPOHY M €ro Hamps-
XeHHOCTb paBHa ¢'/(Se,), rme S — niomans miaacTuHbl. Tpebys,

4yTO0BI PA3HOCTh MOTEHIUAJIOB MEXAY MPOTUBOMOIOXHBIMU CTEHKAMMU
METAJTMYECKON KOPOOKM ObLJIA pABHA HYJO, W CUMTAS [AJIS MPOCTOTHI
PACCTOIHUSA MCXAY BCEMU IJIACTAHAMU OOAWMHAKOBBIMHA W PABHBIMA d
(puc. 50), moxyuaem

q’ q—q’ q 4 _
_Ed—i_ N d—ﬁd—o,

oTKyaa ¢ = ¢/3. DTo 3HAUUT, UTO HANPIKEHHOCTh MOJS B KOHAEH-
caTope COCTaBageT Teneph 2/3 MEpBOHAYAIBHOTO 3HAUECHHS, A4 BHE

—_— | — —

—/— 1 —F

[I©

I

Puc. 51. Tlepexos K OSKBMBAJEHTHOM CXEME€ /Ui KOHJEHCATOpa B METAUIMYECKOM
KOpoOKe

T a
=
d

KOHJEHCATOpA MOJIE B TP pasa ciabee, ueM OblIO0 B KOHAEHCATOPE A0
HAJEBaHWS KOPOOKHM. Pas3HOCTh MOTEHUMANOB MEXAY OOKJIagKammu
KoHzeHcatopa U, cocraBager 2/3 mepBOHAUAIBHOTO HATIPSKEHUS HA
KoHaeHcaTope U.

EmMkocTs m3onmpoBanHoro Kougeucatopa ectb C = ¢/U. Ecau non
€MKOCTBKO CUCTEMBI, HOquHBmeﬁCﬂ npu HAACBAHUU HA KOHACHCATOP
METAJIMYECKON KOPOOKM, MOHMMATh OTHOLIEHWE TOJHOTO 3apsaa ¢,
COOOLIEHHOTO MJIACTHHE, K PA3HOCTH MOTEHIMAJIOB MEXAY MIACTHHA-
mu U, 1O

DTOT pe3ysbTaT JIETKO TMOHSATh, €CJW YUYECTh, UTO TMOC/AC HAACBAHUS
KOpOOKM MOJie CYyHUIECTBYET BO BCEX TPEX MPOMEXYTKAX MEXAY Iia-
CTHHAMH, T. €. (PAKTUUECKH UMEIOTCS TP OOMHAKOBBIX KOHAEHCATO-
pa, S9KBMBAJICHTHAS CXEMAa BKJIIOUCHMS KOTOPBIX MOKAa3aHa Ha puc. S1.
Borunciisst eMKOCTh TIOJYyUMBIIEHCS CUCTEMbBI KOHACHCATOPOB, TOJY-
yaem C, = (3/2)C.
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Haperast Ha KOHZEHCATOP METAIMUECKAsT KOPOOKA OCYLIECTBIISIET
INEKMPOCMAMUUECKYIO 3auiumy CUucTeMbl. Temepb Mbl MOXEM TOA-
HOCHMTb CHAPYXHM K KOPOOKE JI0ObIE€ 3apsSsKEHHBIEC MM HE3APSIKCHHbIE
TEJA M TPH ITOM IJEKTPHUUECKOE TOJIE BHYTPU KOPOOKM HE M3MEHUT-
cs. 3HAUUT, HE UBMEHUTCH U EMKOCTh CHCTEMBI.

O6paTiM BHMMAHHME HA TO, YTO B Pa300pPAHHOM MPUMEPE, BBISIC-
HUB BCE, UTO HAC MHTEPECOBAJIO, Mbl TEM HE MEHEE OOOLLIN CTOPOHOIA
BOIPOC O TOM, KAKWE XK€ CUJIbI OCYIIECTBUIN TEPEPACTIPEACICHIE 3a-
psinoB. Kakoe a/ekTpruueckoe moJjie BBI3BAJIO ABMXKEHHE JCKTPOHOB B
MaTtepuase mpoBOASLIEH KOPOOKu?

OueBMAHO, UTO OTO MOXET OBITh TOJIBKO TO HEOZHOPOZHOE MOJIE,
KOTOPOE BBIXOAWT 34 MPEACJIBl KOHACHCATOPA BOIM3M KPAeB IJIACTH-
Hel (cM. puc. 39). XoTd HANPSIKEHHOCTh JTOr0 MOJS Maja M HE
OPUHUMACTCAd BO BHUMAHHC IIPpH PACUCTC WU3MCHCHUI CMKOCTH,
WMCHHO OHA OMpPEAEIET CYyTh PACCMATPUBAEMOTO SIBJCHUS — TEPE-
MECOIACT 3apsdabl W 3THUM BBI3BIBACT HU3MCHCHHUC HANPIXCHHOCTH
SJIEKTPUUECKOTO IMOJAS BHYTPH KOPOOKH. A

e Tlouemy Moz 3apgngoM KOHAEHCATOpPA CJIEAYET MOHUMATH HE TOJHBIN 3apsan
OOKJIAKU, a TOJIBKO TY €r0 4acTh, YTO HAXOAUTCS HA €€ BHYTPEHHEN CTOPO-
He, 00pallleHHOI K ApYyroil oOKJaake?

e B uem mposBisSeTCS posib KpaeBbix 9((EKTOB MPU PACCMOTPEHUU DJIEKTPO-
CTaTUYECKUX FBJIEHUI B KOHOeHcATope?

e Kak usMeHUTCH eMKOCTh GaTapeur KOHAEHCATOPOB, €CJIU 3aMKHYTh MEXIY CO-
0011 0OKJIAAKY OQHOIO M3 HUX?

§ 9. DHeprus sneKTpMuyecKOro nons

3apskeHHBI KOHAEHCATOp oOsamaer SHepruei. [Ipomie BCero BBIpake-
HUEC OJId ITOM OHCPrUyU MOJIYYuTb, pacCMaTpuBada TIJIOCKUH KOHOCHCATOP.

DHeprug MJIOCKOro KoHjaeHcaropa. Ilpennosoxum, 4To niacTuHbl KOH-
JEHCATOPA, HECYIIWE PABHBIE W MMPOTUBOIMOJIOXHBIC TIO 3HAKY 3aP/bl, CHA-
YyaJia pacnosIOXEeHbBI HA PACCTOTHUY . 3aTeM OTHOM U3 IJIACTHH MBICJICHHO
AAAUM BO3MOXKHOCTH IIEPEMCIIATBCSI B HAIIPABJICHUU K z(pyroﬁ TJIACTUHE
BILJIOTH OO0 MOJTHOTO X COBMCIICHMS, KOTAad 3apaabl IJIACTUH KOMIICHCUPY -
I0TCS ¥ KOHAEHcATOp hakTmueckm ucuesner. [Ipm aTom ucuesaer u sHEp-
rUst KOHAEHCATOPA, TI09TOMY paboTa ACHCTBYIOMEH HA TUIACTAHY JJICKTPH-
YECKOU CUJIBI, COBEpIIAEMAs MPU €€ MEPEMEIICHNH, KaK pa3 U paBHA Tep-
BOHAYAJPHOMY 3amacy SHeprum KoHaeHcaropa. [logcunraem oty padory.
Cuna, peiicTByOmas Ha IUVIACTUHY, PABHA MPOM3BEACHUIO €€ 3apsaa
¢ Ha HANPSIKEHHOCTh OAHOPOJHOTO IJIEKTPUUECKOTO MOJSI, CO3AaBaAEMOro
OPYTOM TJIACTUHOW. DTa HAMPSKEHHOCTh, KAK Mbl BUACaM B § 7, paBHA
MOJIOBUHE TIOJTHOU HAPAXCHHOCTHU E QNCKTPUUCCKOTO MO BHYTPH
KOHAEHCATOPA, CO34aBaeMol 3apsizamu obenx miaacTuH. [10oToMy WMCKO-
Mas pabora A= qE/(2d) = qU/2, tne U= Ed — HanpsaXeHHE MEXAY
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maactuHamu. Takum o0pazoM, BBIPAXKEHWE /I SHEPIUMM KOHAEHCATOpA
uepes ero 3apsaa ¢ u Hanpsxenue U uMmeer Bujg
U
[TockonbKy 3apsa KOHAECHCATOPA ¢ U HANpsKeHue U CBA3aHbI COOTHO-
mwenneM ¢ = CU, 10 dopmyay (1) MOXHO mepenucath B SKBUBAJIEHTHOM
opme Tak, uToOBI SHEPrUS BBIPAXKAIACh MO0 TOJIBKO UEPES AP ¢, JU-
00 TOJBKO uepe3 Hanpsxenue U
U_ cu*_ ¢
w=4 L (2)

DHeprus KOHAEHcaTopa. JT1a ¢opMmyaa COpaBeqInBa A KOHACHCA-
Topa Jroboi ¢opmel. B oToM MOXHO yOemuThCd, paccMaTpuBas paborty,
KOTOPYIO HEOOXOAMMO COBEPINUTH AJAS TOrO, YTOOBI 3aPAAUTh KOHAEH-
caTop, MEPEHOCH 3apgA MAaJEHbKMMHK MOPLUSAMU C ONHOM OOKJAAKM Ha
apyrywoo. Ilpu BbIUMCAEHMH 3TOM PabOTHl CIAEAYET YyUeCTh, UTO INEpBad
mopuusa 3apsga Ag TEpPeHOCHTCS uepe3 HYJEBYK Pa3HOCTh MOTEHIM-
ajioB, TOCJAEAHSS — uepe3 MOJHYK Pa3HOCTh NOoTeHHuasioB U, a B
KaX/blii MOMEHT pAa3HOCTh MOTCHIMAJOB MPOMOPLIMUOHAIBHA YXE Me-
PEHECEHHOMY 3apsay.

Qopmyasr (1) wam (2) ang SHEPruW 3apsSPKEHHOTO KOHACHCATOpA
MOXHO, Pa3yMEETCd, MOJIYUYMTh KAK YACTHBIA cayudail obumei (opMyasl
(12) § 4, cipaBenIMBOI A9 SHEPTUU CUCTEMBI JHOOBIX 3aPSKEHHBIX TEJL:

1 1 1
W =35 (0191t G2p2) =5 4(91 — 92) =5 qU. (3)

DHEPruio 3apsaKEHHOr0 KOHAECHCATOPA MOXHO TPAKTOBATH HE TOJBKO
KaK MOTEHIMAJbHYIO OHEPIUI0 B3aMMOACHCTBHS 3apsSa0B, HO M Kak
DHEPIUIO CO3AaBAEMOrO OTHMH 3aAPAAAMU JJEKTPUUECKOTO TMOJIS, 3AKIIIO-
YEHHOTO B MPOCTPAHCTBE MEXAY OOKJIankamu KoHaeHcatopa. OOpatumcs
OIATh AJS TMPOCTOTH K IJIOCKOMY KOHAEHCATOPY, TAE JJIEKTPHUECKOE TI0-
se ogHopoxuo. [oacrasnsas U=Ed u U= Ed u C = S/(4nkd) B BBHI-
paxenue ans sHepruun W = CU?/2, nonyyaem

—_1 m
W= E*V, (4)
rae V = Sd — o0beM Mexay OOKJIaaKaMu KOHACHCATOPA, 3aMOJTHEHHBIN
OJIEKTPUUECKUM TIOJIEM.,

ILIOTHOCTh SHEPrHHM 3JJEKTPHUYECKOrO MOJA. DHEPrus 3apsKEHHOTO
KOHIEHCATOPA OKA3BIBAETCS MPOMOPIUOHAIBHON 3aHUMAEMOMY JJIEKTPH-
YecKuM ToJieM 00beMy. OUEeBMAHO, UTO MHOXHTEIb, CTOSIMUN mepen V
B (opmyse (4), UMEET CMBICJ DHEPrHH, 3aKJIOUEHHOM B EOMHHUYHOM
o0beMe, T. €. 0ObEMHOM MJIOTHOCTH W SHEPTUH JJEKTPUUECKOTO TOJIS:
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B CU sra dopmysa umeeT BUA

g’
B cucreme eqmuun, CI'CO
2
w="L. (1)
T

Boipaxxenus (5)—(7) anga 00bEMHOI TIOTHOCTH SHEPrUH CIIPABEIJIM-
BBl MPH J1I000# KOHMUTYpaLUK SJIEKTPUUYECKOTO OIS,

DHeprus 3apgaXeHHOro mapa. PaccMoTpuMm, Hampumep, JSHEPruio
YEOAWHEHHOTO mapa pagumyca R, MO MOBEPXHOCTU KOTOPOTO PaBHOMEPHO
pacnipenesneH 3apsa ¢. Takyio cucteMy MOXHO paccMaTpuBaTh Kak Ipe-
AEJbHBIA Cayuyall CHEPUUYECKOr0 KOHAEHCATOPA, PAAMyC BHEMIHEHR 00-
KJIaAKU KOTOPOTO CTPEMHUTCI K OECKOHEUHOCTH, a4 €MKOCTh MPUHUMAET
3HaucHWe, pasHOE pammycy mapa R (B cucreme emwrmm CI'CD). Ilpu-
MeHss s Eeprum dopmyry W = ¢%/(2C), noayuaem
2
_ 4
w=_. (8)

Ecim paccMaTpuBaTh 9Ty SHEPIUIO KAK JHEPTUIO IO, CO3AABAEMOTO
mAapoM, TO MOXHO CUMTATH, UYTO BCY OHA JIOKATW30BAHA B OKPYXAMOMIEM
map MPOCTPAHCTBE, 4 HE BHYTPH €10, TAK KAK TAM HATIPSKEHHOCTD OIS
E pasna Hymo. HauGonpmiee 3HaueHue oObEMHAS IIOTHOCTh MMEET
BOJIM3M TMOBEPXHOCTH INAPA W OYEHb OBICTPO yOBIBACT TIPW yAANCHWH OT
Hee — Kak 1/r%.

CoOCTBEHHAd JHEPrus TOYEYHOro 3apsana. Takum o6pazoM, JIEKTPO-
CTATHYECKYIO DHEPTHI0 MOXKHO PACCMATPUBATH JUOO KAK DHEPIUIO B3auw-
MOZEUCTBHS 3aPSA0B, MO0 KAK DHEPrUI0 CO3AABAEMOr0 STHMU 3aPIAaMu
OIS,

OnxHako, paccMaTpwBas OSHEPIUI0 ABYX PA3HOMMEHHBIX TOUCUHBIX
3apsaoB, MBI mpuxoauM K mporusopeunto. Corsnacuo dopmyae (12) § 4
9Ta 9SHeprus orpuuaTtenbHa: kqq,/r;, <0, a ecim ee paccMaTpuBaTh
KaK OHEPrui0 MO 9TUX 3apSA0B, TO JHEPTUS TMOJYUYACTCS TMOJOXH-
TEIbHOM, TaK KaK MJIOTHOCTh JHEPIHMH TOJs, TPOMOpHUOHAAbHAd EZ,
HUTAC HE TPUHMMACT OTPULATEJbHBIX 3HAUCHWU. B ueMm Xxe 3mech me-
a0? OObsacHgeTcs 910 TeM, uto B opmysae (12) mas oHeprum TOuey-
HBIX 3apSJ0B YUUTHIBACTCS JIWIOb WX B3aMMOACWUCTBUE, HO HE YUUTHI-
BAETCS B3aMMOICUCTBUE OTACIBHBIX JJEMEHTOB KAXKAOTO TAKOrO 3apsiaa
Mexay coOoit. [IedCTBUTENBHO, €CM Mbl MMEEM AEJIO JHIIb C OJHUM-
C€AWHCTBECHHBIM TOUCUHBIM 3apSIaOM ¢, TO OHEPTUs, BBIUUCJASICMAS TIO
dopmyne (12), paBHa HyJ 10, B TO BPEMS KaK DHEPrUs JJIEKTPUUYECKOTO
MOJIS DTOrO 3apsiaa MMEET MOJOXHUTENbHOE (OECKOHEUHOE /I MCTUHHO
TOUEUHOrO 3apsaAa) 3HAUCHUE, PABHOE TAK HA3BIBAEMOM COOCTBEHHOM
SHEprum 3apsiaa q.
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Yrobsl ybeauThcst B 9TOM, oOpatumcsa K dopmyse (8) mas oneprum
3apsKeHHoro mapa. Ecam yerpemMuTh B HEll R K HYJIIO, TO MBI M TIPUAEM
K ToucuHomy 3apsiay. C yMeHbOIeHMEM R TUIOTHOCTh SHEPIUU PACTET HA-
CTOJIBKO OBICTPO, UTO, KaK BUAHO M3 (8), MOJHAS SHEPrus MOJs OKa3bi-
Baercs 6eckoHeuHO GosbImoil. B Kiaccmueckoi ogeKTpoquHaAMKUKE coOCT-
BEHHASI SHEPrHsl TOUCUHOTO 3apsifa OeCKOHEuHa.

CoOcTBeHHAsT SHEPrusi MPOM3BOJBHOTO 3apsifa MOXET paccMaTpH-
BATBCS KAK DHEPrus B3AMMOCHCTBUS €r0 YacTed. JTa JHEPrus 3aBHCHT,
KOHEUHO, OT pa3mepos u (opmsr 3apsaa. Hacres ee ocBodboamaacy Obl mpu
«B3PHIBE» M PA3JIETE <«OCKOJKOB» 3apsaa MOA ACUCTBUEM KYJOHOBCKHX
CHJI OTTAJIKMBAHKS, MPEBPATUBINNCH B KWHETHUECKYIO DHEPIUIO «OCKOJI-
KOB», Ipyras €€ 4acTh ocTajach Obl B (popmMe COOCTBEHHOI SHEPTHU ITUX
«OCKOJIKOB».

PaccMoTpuM Temeph MOJHYIO, T. €. COOCTBEHHYIO W B3aUMHYI0, JHEP-
THIO ABYX 3apsi0B ¢, M ¢,. ITycTh KaXnablii U3 3TUX 3aps10B B OTAE]b-
HOCTH c037aeT cooTBeTcTBeHHO mosie E; u E,, Tak uTo pe3ybTHpyomiee
nosie E=E, + E,. O0beMHas IJIOTHOCTD SHEPrUM MOJSI PACHAAACTCs HA

TpI/I caaracMbeiX B COOTBCTCTBUU C BhIpa)KeHI/ICM
E?= (E, + E,)>=E?+ E3+ 2(E,E,). (9)

IlepBbie ABa CAATAEMBIX B IIPABOM YACTU COOTBETCTBYIOT OOBEMHOM ILJIOT-
HOCTH COOCTBEHHBIX JHEPTHIl 3aPIOB ¢, U ¢y, 4 TPETHE CIATAEMOE COOT-
BETCTBYCT SHCPTUW B3AWMOACUCTBUS 3apSA0B APYT ¢ Apyrom. UMerHO 3Ta
YaCTh TIOJTHOM JHEPTUH CUCTEMBI 1 gaetcs dopmyJion (12) § 4. U3 ouesua-
noro Hepasenctsa (E, + E,)? = 0 caeayer, uto E? + E3 > 2(E,E,). Ta-
KM 00pa3oM, MOJOXWUTEIbHAS COOCTBEHHASI SHEPrHsl 3apsiiOB BCErAa
Gosiblie WM B KPAMHEM C/Iyuae paBHA MX B3auMHOI sHepruu. Hacmorpst
HA TO, UTO B3AMMHAS JHEPTHS MOXET NMPUHUMATH KAK TOJOXHUTEIBHBIE,
TaK M OTPUUATENBHBIEC 3HAUEHWS, TIOJHAI DHEPrHs, MPOMOPLUUOHATBHAS
E?, Bcerna moJIOXXUTE/IbHA.

ITpu BCEX BO3MOXHBIX MEPEMEIIECHUIX 3aPIAO0B, HE M3MEHIIOMIMNX UX
(hopmbr 1 pazmMepoB, COOCTBEHHAS SHEPTHS 3aPSIAOB OCTAETCS MOCTOSTHHOM.
[TosTOMy MpW TAKUX MEPEMEIIECHUIX U3MEHEHUE TIOMHOM SHEPTUU CHUCTE-
MBI 3apPSI0B PABHO M3MEHEHWIO WX B3aMMHOW SHeprum. Tak Kak BO BCEX
(bu3HUECKUX IBJICHUSX CYyLIECTBEHHO MMEHHO M3MEHEHUE SHEPTHU CUCTE-
MBI, TO MOCTOSIHHAS 4aCTh — COOCTBEHHAS! JHEPrHs 3apSiIOB — MOXET
ObiTh OTOpOIEHA. B 9TOM CMBIC/IC M CJACAYET MOHUMATH YTBEPXACHUE 00
OKBMBAJICHTHOCTY SHEPTUM B3AaMMOACUCTBUS 3aPSIAOB M SHEPTUH CO3AaBa-
eMoro umu moJisi. VITak, MBI MOXEM COMOCTABJISTH CUCTEME 3aPSIA0B 00
NOJIHYI0 SHEPTHI0 — DHEPTHI0 TOJIs, MO0 SHEPrHui0 B3aMMOACUCTBUS W
Oyzaem mosiyuath mpu 9TOM, BOOOIIE roBOpsi, pasHeie 3HaueHus. Ho, pac-
CMAaTpuBast TIEPEXO CUCTEMBI M3 OXHOTO COCTOSIHUSI B APYTOE, MBI AJIS W3-
MEHEHMSI DHEPTUU BCETAA TOJYUMM OTHY M TY X€ BEJIUUMHY.

O6paTtuM BHEMAaHUE, YTO MPH MCnoab3oBanuu dopmyast (12) § 4 nna
CHCTEMbI TOUECUHBIX 3aPIJOB M MPOBOJHUKOB MBI MOJYYAEM, KAK BUIHO



§ 9. OHEPTU A DJTEKTPUYECKOIO IIOJIA 79

13 caMoro BhIBoAa (hopMyJibl, COOCTBEHHYH) OHEPTHIO MPOBOAHUKOB W
B3aMMHYIO TMOTCHUMAJbHYIO SHEPTUI0 BCEX BXOAMIIMX B CUCTEMY 3aps-
JOB, T. €. MOJHYK DHEPIUIO MO/ 32 BHIUETOM HEM3MEHHON COOCTBEHHOIA
SHEPTrUM TOUECYHBIX 3aPSIAOB.

CobOcTBeHHas 3Heprus nposoaHuka. CoOCTBEHHAS SHEPTHS MTPOBOTHMU-
KOB, B OTJIMUME OT COOCTBEHHOU SHEPIMU TOUCUHBIX 3APIAO0B, HE SIBJIS-
ercd moctosHHOM. OHA MOXET M3MEHUTHCS MPH U3MEHEHUHM KOH(MUrypa-
UMW CHCTEMBI BCJAECACTBUE MEPEMEIIEHUS 3apsa0B B MPOBOAHMKAX. [lo-
OTOMY 9Ta OHEPrus HE MOXET ObITh OTOpPOIIEHA TMpPY BBIYMCIECHUN
M3MEHEHUSI JHEPTUM CUCTEMBI.

B Tom cayuae, Korga cucreMa COCTOMT TOJBKO M3 MPOBOAHHUKOB, a TO-
yeuHbIX 3apagoB Her, dopmyaa (12) § 4 gaer MOMHYKO SHEPrHIO CHCTE-
MBI, T. €. CYMMY COOCTBEHHBIX DHEPIMU BCEX MPOBOAHUKOB M JHEPIUU MX
B3amMoAcHcTBUg. MBI TosfydaeM OZHO W TO X€ 3HAUCHWC HE3aBUCHUMO OT
TOrO, PACCMATPHUBAEM JIM DHEPIUIO MO UM SHEPIUIO CUCTEMBI 3APAI0B.
IIpumepoM Takoi CUCTEMBI IBASETCS KOHACHCATOP, TS, KaK MBI BUACIH,
o0a moaxona AarT OAMHAKOBBINA pesyabratr W = qU/2.

O‘ICBI/II(HO, UTO IPU HAJAUUHUHN TOUCUHBIX 34P4A0B U IMPOBOAHUKOB HE
MMEET CMBIC/IA PACCMATPUBATH IO OTAENBHOCTH COOCTBEHHYIO DHEPIHIO
TOPOBOAHUKOB W B3AMMHYIO NMOTCHIHUAJBHYIO QHCPIUKO BCCX 3apdaa0B, TAK
KaK paGOTa BHCIITHUX CUJ OMPCACAICT USMCHCHUC CYMMbI 9TUX BHGPFHﬁ.
VCKIIOUNTD M3 PACCMOTPEHHUS MOXHO TOJbKO HEU3MEHHYIO COOCTBEHHYIO
SHCPrurKd TOUCUHBIX 34pPdaa0B.

DHepreTMyecKne MNpeBpalleHus B KOHAeHcaropax. [lia anaausa
OHEPreTHUECKMX TIPEBPAIIEHUIA, KOTOPBIE MOTYT MPOMCXOAUTH B JJIEKT-
PUYECKOM TOJIE€, PACCMOTPUM ILIOCKHMI KOHAEHCATOP C BO3AYIIHBIM 3a-
30pOM, MOACOEAMHEHHBIA K WMCTOUHHMKY C TOCTOSHHBIM HAMPSIXKEHUEM
U,. Bynem pasnsuraTh IJIACTHHBI KOHACHCATOPA OT PACCTOSIHHS d| 1O
paccrostHug d, B ABYX CJAy4asx: TMPEABAPUTETBHO OTCOEAMHMUB KOHICH-
CaTop OT MCTOYHMKA TMHUTAHWS M HE OTCOEAMHSAS KOHACHCATOP OT HC-
TOUHMKA.

B mepBoM cayuae 3apaa Ha OOKJagkax KOHIEHCATOPA BCE BPEMS OC-
Taercs HemsMeHHbIM: ¢ = CU = const, xoTg emMKocTh C M HANPSXKEHUE
U M3MEHSI0TCS MPU ABVXKEHUU TIACTUH. 3HAS HANPSIKEHUE HA KOHAEH-
caTope B HAYAJbHBI MOMEHT, HAXOAUM BEJIMUYMHY ITOro 3apsaga (B eau-
munax CU):

g=CU,=2U, (10)

Tak kak pPa3sHOMMECHHO 3apSIXCHHBIC TJIACTUHBI KOHACHCATOpPA TPHU-
TATUBAIOTCS, AJS WX PA3ABMKEHUS HEOOXOOMMO COBEPIIATDH IOJOXH-
TEJBHYI0 MEXaHUUYECKYIo pabory. Ecam mpu pasgBMXKeHHHM DPACCTOSIHUE
MEXAY TJIACTHHAMHU BCE BPEMS OCTAETCS MHOTO MEHBIIC UX JIMHCHHBIX
pa3MepoB, TO CWJA TPUTSKCHWS TUTACTWH HE 3aBUCUT OT PACCTOSTHUS
MEXAY HUMH.
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Ilisi paBHOMEPHOTO MEPEMEIIEHNAS TIACTHHBI BHEIIHAS CHJIA J0JIXKHA
YPABHOBECUTH CUJIY TIPUTSKCHUS, U MOITOMY COBEpLIAEMast TIpH TiepeMe-
ICHNN TJIACTUHBL HAa paccTosiHme d, — d, MexaHmueckasi pabora paBHa

E
A=F(dy—d)) =25 (dy— d,), (11)

Tak Kak F = gE/2, rae E = U,/ d, — HEeM3MEHHAs HATIPS>KEHHOCTH MO,
cozgasaemoro 3apsaamu o0enx oOk;aanok. ITomcrasasas B (11) sapsax u3
(10) u E = U,/ d,, nHaxonum
&, SU?
A=% (d,—d,). (12)
1
Bropoit cayuait oTAMuaeTcst OT pacCMOTPEHHOTO TEM, UTO TPH JBH-
JKEHUM ILJIACTUH OCTAETCH HEM3MEHHBIM HE 3apaa KOHAEHCATOpA, a Ha-
npsxenue Ha HeM: U = U,,. TIoCKOJIBKY pacCTOSHUE MEXAY OOKIaaKaMu
YBEJIMUMBAETCHS, TO HANPSKEHHOCTh MOAs yOBIBAET, a CAEIOBATEJBHO,
yOBIBAET W 3apsaA HA IacTuHax. [103TOMy Cuja MPUTSXKEHHMS IJIACTHH
HE OCTAETCd MOCTOSHHOW, KAaK B IEPBOM Cayuae, a yObIBAET, MPHUEM,
KaK HETPYAHO yOemuThCsd, 0OpPaTHO MPOMOPLUMUOHAABHO KBAAPATY PACCTO-
aHMd. BerumcanTs paboTy 5TOM MEPEMEHHOM CUJIBI MOXHO C MOMOLIBIO
3aKOHA COXPAHEHWS W MPEBPALIEHUS SHEPIUU.
IpuMeHuM ero cHauana K 0osiee IPOCTOMY MEPBOMY Cayuar. M3me-
HCHHUC JHCPIrun w KOHACHCATOPA NPOUCXOAUT TOJBKO 34 CUECT MCXAHU-
YecKoi paboThl, coBepmaeMoil BHemHuMK cunamu: W, — W, = A. Tlo-

CKOJIBKY 3apsii KOHACHCATOPA OCTACTCI HEM3MCHHBIM, TSI DHCPTUU KOH-
AeHcaTopa yAoOHO BOCHOAB30BaThes hopmyaoit W = g%/ (2C). Takum

obpaszom,
2
A=L (L _ 1),
2 {C, 7 ¢

YTO NP MOACTAHOBKE BBIPAXXEHMS AJIsi eMKocTH u Ais 3apsaa (10) mpu-
BOAMT K OKOHuUareapHOM opmyse (12). ObpatuM BHUMAHME, UTO ITOT
pe3yJabTaT MOXHO MOJYYHTh M PACCMATPUBAS SHEPIHI0 KOHAEHCATOPA
KaK SHEPrui0 JJICKTPUUECKOTO T MEXAy ero obkjagkamu. Tak kak
HATPSDKEHHOCTD TIOJST M, CJIEAOBATEIBHO, TJIOTHOCTh SHEPTUH OCTAIOTCS
HEM3MECHHBIMM, a 00bEM, 3AHUMAEMBIN TI0JIEM, BO3PACTAET, TO yBEJINYEC-
HUE DHEPIUH PABHO MPOM3BEACHUIO MJIOTHOCTH SHEpruu £,E%/2 Ha mpu-
pamenue oobema S(d, — d).

Bo BTOpOM Ciiyuae sHEprusi KOHAEHCATOPA M3MEHSIETCS KAK 34 CUET
MEXAHUUECKON padoThl, TaK W 3a CueT paboThI, COBEPIIAEMOI MCTOUHM-
KOM THUTAHUS:

W,—W,=A+A,,. (13)

OmnpenenuB HE3aBUCMMO W3MEHEHUE DHEPIMM KOHACHCATOPA U paboTy
MCTOYHMKA, MOXHO C MOMOLIBKO 3aKOHA coxpaHenus sHepruu (13) Hai-
TH MEXaHUUYECKYIO padoTy.
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[TockobKy B 9TOM Cay4yae OCTAETCH HEWM3MEHHBIM HATPSDKCHUE,
OIS pacuera SHEPruM KOHAEHCATOpa yHOOHO WCHOJIb30BATH (HOPMYJIY
W = CU?/2. 1ng n3MeHeHus 9HEPruy MoJayvyaem

U} U} 11
Wz—W1=7°(C2—Cl)=7°eoS(d—2—d—1). (14)

[Tpu maMeHeHUM 3apsAa HA OOKJIAAKAX KOHAEHCATOPA HA BEIMUUHY
Aq = g, — g, ICTOYHMK muUTaHKs coBepmaer pabory A, . = U,(q, — q,).

3apsa KoHAeHcaTopa ompenensercs cootHomenuem g = CU,,. Toraa
A, = U2e,S (sz - dil) , (15)
1 ¢ moMoInbo Beipaxkenus (13) mosyuaem
a=1 Ugeos(diz_dil).
OrmerumM, uro w3 (15) u (14) BugnO, uTO
Aper =2(Wo = W),

T. €. paboTa MCTOUHMKA PABHA YABOEHHOMY M3MEHEHUIO JHEPIUU KOH-
JAeHcaTopa.

I/IHTCpCCHO OTMECTHUTDH, UTO KAK paGOTa UCTOUHUKA, TAK U U3MCHCHUC
OHECPTUN KOHACHCATOPA MOJAYUYHUJIUCh OTPULATCIbHBIMUA. 9TO BITIOJIHE T10-
HATHO: COBEPIIACMAY MEXAHWUECKAas paboTa TMONOXUTEIbHA M AOJKHA
Oblyia Obl MPUBECTH K YBEJUUCHUIO DHEPrUHM KOHACHCATOpA (KaK W mpo-
MCXOONUT B TiepBoM cayuae). Ho sHeprust konaeHcaTopa yOsiBaer, u, cie-
JIOBATENBHO, MCTOUYHMK [OJDKEH <«IIPHHATHh HA CeOd» DHEPIHIO, PABHYIO
yOBLIM DHEPrMM KOHAEHCATOPA M MEXAHMUYECKOM PadoTe BHELIHMX CHI.
Ecau mpoueccel B ucTouHmke oOpaTuMbl (aKKyMyJIaTOp), TO OH OyaeT
3apsKaThCs, B MPOTHBHOM C/Iy4yae MCTOUHWMK MPOCTO HATPEBAETCS.

Yro0sl siyume pa3oOdpaThCs B CyTH SBJIEHUN, PACCMOTPUAM MPOTHUBOIIO-
JIOKHBIN CTyyaii: MPUCOEAMHEHHBIE K MICTOUHKMKY MJIACTUHBI KOHAEHCATOPA
cOmmxaroT or paccrosHus d, A0 paccrosHus d, (d, < d,). IlockombKy

MJIACTUHBI PUTATHBAOTCS, pab0Ta BHEUIHUX CHJI OTPULATENbHA, MO0 IS
PaBHOMEPHOIO MEPEMEIIECHUS MIACTHH BHEUIHSS CHJIA JOJXKHA OBITH Ha-
MpaBJcHA B CTOPOHY, MPOTUBOMOJIOXHYIO TICPEMEIICHUIO. DHEPTUs KOH-
JAeHcaTopa mpu COMVDKEHWW TUIACTHH Bo3pacraer. Vrtak, mMexaHmueckas
paboTa BHEIIHUX CUJI OTPULIATE/IbHA, a JHEPrUs KOHACHCATOPA BO3POCA,
C/IEOBATEIbHO, MICTOUYHMK COBEPLINJI MOJIOXUTENbHYI0 padoTy. [TosmoBuHa
9TOM paboTHI paBHA YBEJIMUEHUIO SHEPIUM KOHAEHCATOPA, BTOPAs MOJIOBU-
HA TEepPeJaHa BHEIIHUM TEIaM B BUAE MEXAHMUECKOM PaboThI mpu cOMmxKe-
HUM TIACTHH. Bee mpuBeaeHHbIE BhILIE (hOPMYJTBI MPUMEHUMBI, PA3yMEET-
Cs1, TIpy JIFO0OM HATPABJCHUH TIEPEMEIIEHUS TIACTHH.

Bo Bcex paccyXxaeHMSX Mbl MpeHEeOperasu COMpPOTHBJIECHUEM IIPOBO-
JIOB, COCAMHSIIOMNX KOHACHCATOP C MCTOUHUKOM. ECam yunThBaTH BbHIOE-
JISIOLIYIOCS B TIPOBOAAX TPY JBUXXEHHUM 3apSOB TemaoTy Q, ypaBHEHmE



82 I. QIEKTPOCTATUKA

OasiaHca SHEPruu MPUHUMAET BUJ
Wy=W +Q=A+ A,

W3MeHenne SHEPrMU KOHAEHCATOpA M paboTa MCTOUHHMKA BHIPAXKAKOT-
¢, KOHEuHO, nmpexuumu dopmynamu (14) u (15). Temnora Bcerna BbI-
JEJISIETCS HE3aBUCUMO OT TOTO, COMXKAFOTCS MM PA3JBUTAOTCS TLIACTH-
Hbl, mooromy Q> 0. 3nauenue  MOXHO BBIUMCIUTH, €CIM M3BECTHA
CKOpPOCTh ABMIKEHMS TacTuH. Yem Gosblue CKOPOCTh ABHMIKEHUS, TEM
Gospie BHIAEIAIOMASICS TEmaoTa. [Ipy GECKOHEUHO MEAJICHHOM ABUXE-
Hum miactua Q = 0.

H3MEeHEeHHEe JHEPrMHM U pad0oTa MICTOYHMKA. BhIle Mbl OTMETHIIM, UTO pa-
00Ta MCTOYHMKA MUTAHKUS TP PA3IABUKEHUY TJIACTUH PABHA YIABOCHHOMY
M3MEHEHUIO SJHEPTUH KOHAECHCATOPA. DTOT (PAKT HOCUT YHUBEPCATbHBIN Xa-
paKTED: €CAM JIIOOBIM CIIOCO00M M3MEHUTD JHEPTHIO MMOACOEAMHEHHOTO K AC-
TOUHMKY NMUTAHWE KOHACHCATOPA, TO paboTa, COBEpIIAEMAs MIPH OTOM HC-
TOUHHUKOM IUTAHWS, PABHA yZ[BOGHHOMy 3HAUCHUIO U3MCHCHHUA SHCPTrUHA
KOHAEHCATOpA:

Ay =2 AW.

Kaxk B 5ToM y6eauTbea? TTOCKOIbKY KOHAEHCATOP BCE BPEMS OCTAETCH
OPAUCOCAMHCHHDBIM K MCTOYHUKY MMUTAHWS, HANIPAXKCHUEC HA KOHACHCATOPEC
pasHO U, KaK B HA4aj¢, TaK W B KOHIIC mporecca (xoTg BO BpeMd TIpo-

LIECCA HANPSKEHME HA KOHAEHCATOPE MOXET ObITh M MeHbine). Ecau 3a-
P9 KOHAEHCATOPA BO BPEMS MPOLECCA M3MEHWJICS HA BEIMUUHY Ag, TO
€ro SHEpPrusi M3MEHUIACh HA BEJIUUUHY

1 1 1
AW=7 quz_i qul =7 UOA(].

[Tpu 5TOM MCTOUHMK MHUTAHHUS COBEPIIMI PadOTy
Ay =Uy Ag=2 AW. (16)

qT06bI HEC BO3HUKAJIO HOI[O3peHI/II71 B TOM, UTO IIOJIOBMHA OHCPIrUHU
«0ecCIenHo MCUE3/1a», HAMUINEM ypaBHEHUE 0AIaHCA OHEPTHM:

AHCT=AW+A1+Q (17)

e A, — MexaHumueckas padoTa, COBCPUICHHAS MPU ITOM IIPOLECCE CH-
JIaMU, JEUCTBYIOIMMH HA BHEIIHWE TEsa, a Q — BBIACAMBIIASICS TEILIO-
ta. OueBugHO, uTo A; + Q ¥ PAaBHO OCTABLICHCS MOJOBUHE PAa0OTHI MC-
toyHnKa. CyIIECcTBYIOT TaKue MPOLECChl, B KOTOPHIX 100 A, = 0, smbo
Q=0. Ho, kak Bugso u3 (16) u (17), uaMeHeHne SHEPruM KOHAECHCA-
TOPa, COEAMHEHHOTO C MCTOUHMKOM, 00SI3aTEIbHO COMPOBOXKAAETCS JTMOO
COBEPUICHMEM MEXAHUUYECKOU paboThl, MO0 BBHIACICHUEM TEILIOTHL.

e Tlonyuure hopMyJy A SHEPIUM 3apsSKEHHOr0 KOHAEHCATOPA, pacCMaTpH-
Basl paboTy, COBEPIAEMYIO TIPU €ro 3apsiKe IMyTeM IepeHoca 3apsaia ¢ Of-
HOUM OOKJIaJKU Ha APYIYIO.
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[TosicHUTE KAaueCTBEHHO, IOYEeMYy O0beMHAsl IJIOTHOCTb OHEPIMM OJIEKTPH-
YECKOro IoJIsl TIPONIOPIMOHAIbHA KBaJpaTy €ro HAIpPSKEHHOCTHU.

Yro Takoe coOCTBEHHasi SHEpPrust ToueuHoro 3apsina? Kak B asekTpocraThke
IIPEOAO0JICBAETCS TPYAHOCTb, CBSI3aHHASl ¢ OECKOHEYHBIM 3HAYCHHEM COOCT-
BCHHOM SHEPTUU TOUCUHBIX 3apsifoB?

ITosicuuTe, moueMy ABa MEpBbIX cJaracMblX B IpaBoil yacTu ¢opmysiel (9)
COOTBETCTBYIOT 0OBEMHOM TJIOTHOCTH COOCTBEHHBIX SHEPIUI TOYCUHBIX 3apsi-
J0B ¢, U g,, a TPETb¢ cJlaraeMoe — SHEPruM B3aWMOAEMUCTBUS 3apsiioB APYT
C JIpyrom.

Kak cBsgsaHbl Mexay coOoil M3MEHEHHE SHEPrMM KOHACHCATOPA INPU KaKOM-
am6o rpouecce M paboTa MCTOYHMKA IUTAHUS, K KOTOPOMY HOACOCAMHEH
9TOT KOHAEHCATOP B TEUCHUE Bcero mnporecca?

le/l KakKux ycCJ/JIOBUIX U3MCHCHHUE OHCPIUMM KOHACHCATOpPa, COCAMHCHHOIO C
UCTOYHUKOM IMUTaHUdd, HE COIPOBOXAACTCH BBIAC/IICHUEM TETJIOThI?

A KoOHAeHCATOp ¢ IU3JeKTpUKOM. PaccMorpmM Ttemepb JHEpre-
TUUCCKUC MNPEBPAIMICHUA B KOHACHCATOPAX HIPHU HAJTHUUYUWA OUIJICKT-
puka Mexay OOKJIagKaMu, CUMTas AA9 TPOCTOTHL €r0 JUIJIEKT-
PUUYECKYIO TPOHUIAEMOCTh & MOCTOSHHOW. EMKOCTh KOHAEHCaTopa
C AMOJIEKTPUKOM B & pasz Oosibiie, ueM eMKOCTh C TaKOTO X€ KOH-
mencatopa 6e3 amonekTpwka. KoHAEHCATOP € 3apsmoM ¢, OTCOCAM-
HEHHBIA oT MCTOUHMKA NUTAHUS, obsnanmaer SHEprueu
W = ¢*(2C). Tlpu 3anoJHEHMM TPOCTPAHCTBA MEXIY OOKJaaKaMu

. =

|
I
| |
0 X

Puc. 52. BraruBaHue IUTACTUHBI U3 TUNIEKTPUKA B TUIOCKUI KOHAEHCATOP

JUSJIEKTPUKOM C MPOHULIAEMOCTBIO € JHEPIrusl KOHACHCATOPA yMEHb-
mwuTcs B & pa3: W' = W/e. Orcioma cpasy MOXHO CAEJATh BBIBOA
O TOM, UTO AMIJECKTPUK BTITUBACTCI B IJECKTPUUECKOE TMOJE.

Brarusaromas cuia npu HEM3MEHHOM 3apsiae KOHAeHcaTtopa yObi-
BAET MO MEpE 3aNOJHEHUS AMDJIEKTPUKOM MPOCTPAHCTBA MEXAY 00-
knaakamu. Ecam HAa muiacTMHAX KOHAEHCATOPA MOAACPKMBAETCS TO-
CTOSIHHOE HAMpPSKEHUE, TO CUJIA, BTATUBAKOMAS AUIJICKTPUK, HE 3a-
BHCUT OT JJWHBI BTSHYTOW YACTH.

Ilns HAXOXACHWS CHUJIBI, JEUCTBYIOIMEH HA AMIIEKTPUK CO CTOPO-
HBI JJICKTPUUECKOTO TOJIs, PACCMOTPUM BTITHMBAHWE TBEPAOTO M-
9JIEKTPUKA B TOPU30HTAJIBHO PACMOJOXEHHBIA KOHACHCATOP, COEAM-
HEHHBI C WCTOUYHMKOM TOCTOSHHOrO Hampsxenus U (puc. 52).
[Tyctb moa meiicTBMEM MHTEPECYOWEH HAC BTaruBaromei cuasl F, | u

KaKOM-TO BHEITHEW cvibl F KyCOK AMOJIEKTPUKA HAXOAWTCH B PABHO-
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BECUHU M AJIMHA BTSIHyTOﬁ YACTU IIpyU 9TOM PABHA X. I[Ol'IyCTI/IM, uTo
OUOJEKTPUK BABWHYJACH HA paccrosiane Ax. Buemnsas cuna F npum
9TOM COBEPIIAET OTPHUIATENBbHYIO paboTy, paBHylo FAx = — F_ Ax.

N3 3akoHa COXpaHCHUA JHCPTUU CJACAYCT, UTO U3MCHCHUC OHCPrumn

KoH7eHcaTopa AW paBHO cymme paGoThl McTOUHMKA A, . ¥ paboThI
BHEIODHEWA cuabl — F, AX:
AW = Ay, — Fyy Ax. (18)

Kak mbr 3HaeMm, A
penucaTth B BUAC

wer = 2AW, moaromy ypashenue (18) moxuo me-

AW = F, Ax. (19)

W3meHeHne 9HEPruM KOHACHCATOPA TIPW BABUTAHUU AMDJICKTPHUKA
Ha paccrogane Ax paBHO
AW = 1 U2AC = gle—DiAx 2 (20)
2 d 2’
rae [ — TOomepeyHblii pasMep TIACTHHBI.
C momomsio dopmya (19) u (20) maxogum

_ AW _ %=l 2

T. €. CWId IPU BABUTAHUMN AUIICKTPUKA IMOCTOSIHHA IIPHU HECU3MCHHOM
HAIPAXKCHUHN.

PaCCMOTpI/IM TCIECPD 3agavyy O BTATUBAHUU XHUAKOTO AUIJICKTPUKA
B MPOCTPAHCTBO MCXAY BCPTUKAJBHBIMU IJIACTUHAMM TIJIOCKOTO KOH-

Puc. 53. BraruBaHue >KUAKOTO AUIEKTPUKA B IUIOCKUI KOHAEHCATOD

JAEHCATOPA, COEAMHEHHOrO C MCTOYHMKOM IMOCTOSIHHOTO HATPSIKEHUS
U (puc. 53). Onpengenum, HA Kakoil BHICOTE A YCTAHOBHUTCS yPOBEHb
KUAKOCTH MEXAY IJIACTUHAMU TPU MOTPYKEHUU MX KOHIOB B JKHI-
KUA AMOJIEKTPUK C MPOHMUAEMOCTHIO € M TUIOTHOCTBIO P M CKOJIBKO
NOpU 9TOM BBIAEJUTCS TEMIOTHL.
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B cocrosaHuMM paBHOBECHSI CWJIA, BTYITUBAIOMAY AMOJICKTPHK B
MPOCTPAHCTBO MEXAY MJIACTMHAMU, YPABHOBEIIMBACTCH CHJIOW TSXKE-
cTH P, NEUCTBYIOIIEH HA MOJHATYIO XHUAKOCTb: P = pVg= pdlhg.
[In9 HAXOXACHUS BBICOTHI MOABEMA XHUAKOTO AUIICKTPUKA TPUPAB-
HSEM BBIYMCICHHYIO BTSTMBAIOIIYIO CHJIy BECY MONHSIBIIEHCS >XKU-
KOCTH ¥ TIOJIYYUM

gyle— DIU?

2pgd?

(21)

[lns HAXOXAEHWS BBIACIWBIICUCS TPU TOXBEME XUAKOCTH TEM-
JIOTHI TIPOIIE BCEr0 MCXOAWTHh M3 3aKOHA COXpaHeHus dHeprum. [lo-
CKOJIBKY TOZHSATHIA CTOA0 >KMAKOCTH TMOKOWTCS, COBEPLIEHHAS WC-
TOYHMKOM paboTa paBHA CyMME M3MEHEHMU DHEPrud KOHAEHCATOpa
¥ TIOTCHUMATbHOU SHEPTUM JUIJICKTPUKA B TOJE TIXKECTH, a TAKXKE
BBIACAUBIIEHACS TEMAOTHL Q:

Ayer =AW + 3 mgh + Q.

Yuursias, uto A,., = 2AW, u nonb3ysice cootHomenuem (21), Haxo-
oM
2 -2t

1
8pgd® 2
Taxum oOpaszoMm, paboTa MCTOUHMKA NUTAHWS PA3AEIAIACH TOMO-
JaM: OmHA TIOJIOBWHA TIONLIA HA YBEAWUCHUE SJICKTPOCTATHUCCKOU
SHEpPrUM KOHACHCATOPA; BTOpAad TOJOBMHA pPA3ACJWIACh TOPOBHY
MEXIYy YBEJIVMUYCHUEM MOTCHUMATBHOW JHEPIMU AMIICKTPUKA B TIOJIE
TSDKECTU M BBIACIUBIICHCS TEIoTor. Kak MpoumcXOoamsio BBIACICHUC
91oi TermtoThl? [Ipy mOrpyXeHuM MJIACTUH KOHACHCATOPA B AMOJICKT-
PHMK XMAKOCTh HAUMHAET MOAHUMATHCH, MPUOOpPETasi KMHETHUECKYIO
SHEPTHIO, ¥ MO0 MHEPLUH MPOCKAKUBACT MOJIOXEHUE paBHOBECHs. Bo3-
HUKAOT KOJeOaHUs, KOTOPHIE MOCTENEHHO 3aTYXAl0T M3-3a BA3KOCTH
XKUAKOCTH, W KWHETUUECKAs] JHEPTus MpeBpamaetcd B remaory. Ecam
BSI3KOCTh JOCTATOYHO BEJMKA, TO KOJEOAHUNA MOXET U HE OBbITh —
BCY TEILJIOTA BBIACISECTCS MPU MOOBEME XUAKOCTH IO MOJOXCHHS PaB-
HOBECUS. A

mgh.

Cq)OPMyHHPyﬁTe 3aKOH COXpaHCHUS DHCPIruM yid Irpouecca, B KOTOPOM Ha-
pgaay ¢ U3MCHCHUEM SHeKTPOCTaTquCKOﬂ OHCPI'MU U3MCHECTCA CLIC KaKas-
2] OHECPIrud U MPOUCXOAUT BBIACJICHUC TCIJIOTHI.

[Toscuute Cl)ld3ld‘-l€CKVlﬁ MEXaHU3M BO3HMKHOBCHUS CWUJI, BTAMBAKOIIUX AU-
QJICKTPUK B IPOCTPAHCTBO MCXKAY IJIAaCTUHaMM 3apaXKECHHOI0 KOHACHcCATOpAa.



Il. NOCTOSHHBbIX SNEKTPMYECKUA TOK

HanpasieHHOE ABMXEHUE DJIEKTPUUYECKUX 3aPAN0B HA3BIBAETCH IAEKH-
puueckum mokom. Hocurenamm 3apsgaa B 3aBUCMMOCTH OT THIIA IIPOBOI-
HUKA MOTYT OBITh OJIEKTPOHBI WMJIM MOHBL. B METa/MuecKux MPOBOXHU-
KaAX — DTO JJEKTPOHBI, B TAaJbBAHMUECKMX BAHHAX, T. €. B PACTBOPAX
OJIEKTPOJIATOB, — TMOJOXUTEIbBHBIE M OTPUILATEJbBHBIE MOHBI, B ILIA3-
M€ — OJIEKTPOHBI W MOJOXHTEIBHBIE HOHBI

HamnpasienueM TOKa yCAOBHO NPUHATO CUMTATHh HAMPABJIEHHUE ABM-
JKEHUS TOJOXKHUTEIbHBIX 3apga0B. [I03TOMY HANpPaBJIEHUE TOKA B METaJ-
JIaX TPOTHBOIOJIOXHO MCTMHHOMY HAINPABJEHUIO ABUXKEHHMS HOCHTEJEN
3apsaAa — JJIEKTPOHOB.

IInsg CyliecTBOBAHUS JJEKTPUYECKOTO TOKA HEOOXOAMMO HAJIMUME
CBOOOIHBIX HOCUTEIEN 3aPIA0B M JJIEKTPUUECKOTO MO/, KOTOPOE BHI3BI-
BaJ0 OBl MX HANPABJCHHOE ABVIKEHHE. B OT/IMUME OT JJIEKTPOCTATHKH,
rIe pacCMaTPUBAETCS DPABHOBECHE 3apIA0B U IOJTOMY DJAEKTPHUECKOE
[oJIE B MPOBOAHUKAX OTCYTCTBYET, IpPU HAJIMYMHM TOKA HAMPSKEHHOCTb
SJIEKTPUUYECKOTO MO8 BHYTPU NPOBOOHMKA OTJMYHA OT Hyad. Jag co-
3aHMAS TAKOTO MOJ9 HEOOXOOMM KAKOW-IM00 BHEIIHWN MCTOUHMK.

§ 10. XapaKTepHCTUKM SNEeKTpMUYecKOro Toka. 3akoH Oma

IIpn craumoHapHOM TOKE HUTAE B IMPOBOAHMKE HE AOJXKHO IPOMCXOAWUTH
HAKOILJICHUs HocuTesaeu 3apsaa. [1oaToMy Takoil TOK MOXKET CyIIEeCTBO-
BAThb TOJBKO B 3aMKHYTOW JJEKTPUUYECKOM LIEMU, IAE BO3MOXHO HEMpeE-
PBIBHOE ABUKCHUE 3apSA0B B OMHOM HAIPABJICHUM.

JIng KoMMuecTBEHHON XapaKTePUCTUKHU JIEKTPUUYECKOTO TOKA MCIIOb-
3yIOTCS IB€ OCHOBHBIE€ BEJIMUMHBL: IUIOTHOCTh TOKA j U cuia Toka 1.

II10THOCTD TOKA. [110mHOCMb MOKa j ONPEREASETC 3apsSAOM, TPOX0-
OSIIIM 33 COMHUIY BPEMCHM UEPE3 COAMHUYHYIO TUIOMAAKY, TEPICHIN-
KYJISIPHYIO HATIPABJICHUIO ABVXKCHUS 3aPSA0B. DTO BEKTOPHAS BEJMUMHA,
paBHAS TPOM3BEACHUIO 00BEMHOM TUIOTHOCTH P ABVIKYIMXCS 3aPSIAOB HA
CKOPOCTh V MX HAMPABJICHHOTO ABMXKCHUS:

i=pv. (1)

OGBEMHYIO MJIOTHOCTh P MOXHO MPEACTABUTH KAK MPOM3BEACHHUE 3a-
pgma e ONHOTO HOCHUTENS HA WX KOHLUEHTPAUMIO #: p = ne. [lostomy
dopmyny (1) MOXHO 3amucath B BHAE

j= nev. (2)
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Korga snekTpuueckuii TOK CO3JAETCS OOHOBPEMEHHO HECKOJbKHMM
COpTaMM HOCHTEJIEH, TOJHAY TUIOTHOCTh TOKA PAaBHA BEKTOPHON CyMMe
BKJIAAOB OTACJBHBIX COPTOB, IJIId KAaXOIO0ro M3 KOTOPBIX CHpaBCAJIMBA
dopmyna (2) co cBoMMU 3HAUEHUSMU A, € W V.

B tom, uto dhopmyna (2) meACTBUTENBHO XapaKTEPU3YET 3apsi, Ie-
peceKaruuii EIMHNYHYIO TUIOMIAAKY CEUCHMS MPOBOAHMKA 3a OAHY Ce-
KYHIY, MOXHO yOeamTbcs, mocMOTpeB Ha puc. S4a. Uepe3 eamHmMuHyO

a [

Puc. 54. K omnpezeseHuro wioTHOCTHU ToKa (@) U cuJibl Toka (6)

WIOMAAKY S, OPUCHTUPOBAHHYIO TEPICHANKYAIPHO CKOPOCTHA V HOCUTE-
JIEW, 3a OAHY CEKYHAY MPOXOAST T€ HOCUTEJM, KOTOPBIC B HAUAJE ITOU
CEKYHABl HAXOAATCS BHYTPW LOWJIWHAPA C OCHOBAHWEM CAWHWUYHOW TLIO-
maau ¥ BHICOTOM (AIMHOM OOKOBOM MOBEPXHOCTH), UUCAEHHO PABHOM
CKOpPOCTH HATIPABJEHHOTO ABWXCHUSI V.

OGpaTuM BHHUMAHUE HA TO, UTO BEKTOP IUIOTHOCTH TOKA j BCETAA HA-
MPABJICH B Ty € CTOPOHY, UTO M HANPSKEHHOCTDH JJIEKTPUUECKOTO MOJIS
E, HE3aBUCUMO OT TOrO, CO3AACTCS JU TOK ABHXKCHHUEM ITOJOXHUTECIbHBIX
WU OTPULATEAbHBIX 3aPSOo0B.

Cuna Toka. Cuna moka I ONPEeReaseTcs 3apsAoM, MPOXOASLIAM 33 Of-
HY CEeKyHAy uepe3 Jiio0oe MomepevyHoe ceucHume mpoBogHmuka. Korma
TUIOTHOCTh TOKA OAMHAKOBA MO BCEMY CCUCHUIO, CHJIA TOKA PaBHA CKa-
JISPHOMY TIPOM3BEACHUIO TUIOTHOCTM TOKA HA TUIOMIA[b CCUCHMS:

I=j-s, (3)

[I€ BEKTOP S HAMPABJIECH MEPHNEHAMKYJISPHO BHIOPAHHOMY CEUEHHIO, a
€ro MOAYJIb PaBEH IIOLIAAM ITOrO CeueHWs. [1OCKOBKY BEKTOP S IIs
JAHHOTO CeueHWs MpoBOAHHMKA (pucC. 546) MOXHO CUMTATh HAMPABJICH-
HBIM KaK B OOHY, TAK ¥ B MPOTHBOIMOJIOXKHYIO CTOPOHY, CHJIa TOKa I MO-
XeT OBITh KaK MOJOXHUTEIbHOM, TAK M OTpUUATE bHOM. Ecim BHIOpaTh
CEUEHUE MEPNEHANKY/ISIPHO BEKTOPY IJIOTHOCTH TOKA, TO KOCMHYC yrja
0 mexny ju S pasen ;6o + 1, mubo — 1. [Tosromy cuia Toka I pas-
Ha jubo jS, b0 — jS B 3aBUCMMOCTHM OT TOTO, COBIMANAET BHIOPAHHOE
HATMPABJIEHUE S C HAMPABJICHUEM ABUXECHHS MOJOXHUTEIbHBIX 3aPSI0B
WJIM TIPOTUBOMOJIOXHO EMY.

Ecim maoTHOCTh TOKA j HE MOCTOSIHHA MO CEUEHUWIO MPOBOAHMKA,
HY>KHO 9TO CEUCHHE MBICJCHHO pa30uTh HA Majble yuyacTku AS, B mpe-



88 II. IIOCTOSHHBIN INEKTPUYECKUI TOK

ACJIAaX KOTOPBIX IVIOTHOCTh TOKA MOXHO CUMUTATH mocrostaaoi. Cuaa To-
Ka uepes KaxXAblil U3 HUX HaXOAUTCS Kak j AS, a mosHas cujaa ToKa Mo-
JlyyaeTcd CyMMHUPOBAHUEM IO BceM yuacTkam. Ilockonbky 3apsa dg, me-
PEHOCUMBIH 3a BpeMs df 4yepes3 ceueHue S, paBeH

dg=j-Sdt,

TO AJisd CUJIbI TOKA CIIPABCAIUBO

_dq 4
=2 (4)

Ecnu cuna Toka HEe M3MEHSETCS CO BPEMCHCM, TOK HA3BIBACTCA HO-
CMLOSIHHbIM.

Enuanna cuabl Toka. Enumauueit cuibet Toka B CU cmyxur amnep
(A). AMmmep BXOOWT B UMCIO OCHOBHBIX CAWHWIL JOTOH CHCTEMBI M BBO-
JATCYd HA OCHOBE MATHHUTHOTO B3aUMMOJEHCTBMY TOKOB. B cucreMe
CI'CO eguHMIa CHIBl TOKA 9BJSCTCI IIPOM3BONHOM M OIPEACISICTCS
KaK CHJId TAKOrO TOKA, IPU KOTOPOM UEPE3 MOMEPEUHOE CEUEHHE IIPO-
BOTHWKA 34 OOHY CEKYHAY TPOXOOWT CAWHWYHBIHA 3apsaa. Ee pasmep-
Hocte dim 7 = dim (Q/t) = MY2[3?2T~2, Tak xak 1 Ki=1A-1¢, 1o

1 A=3-10° en. CTCD.

JIeMCTBHS 3JIEKTPHYECKOTO TOKA. [[BUXCHWE 3JIEKTPOHOB W MOHOB HE-
MOCPEACTBEHHO YBUAECTh HEBO3MOXHO. OIHAKO 9TO ABMKECHHE BHI3BIBACT
PA3NMUUYHBIC COMYTCTBYKOIIUNE IBJCHUA, IO KOTOPBIM W MOXHO CYAWTH O
HAJIMYMM TOKA W €r0 CUJe.

Ewe B 1820 r. X. K. Opcren o0HApYXuJI, UTO MPOBOOHHK C TOKOM
BBI3BIBAET TOYIBJICHUE CWJI, ACHCTBYIOIIWX HA MATHUTHYIO CTpesky. Ec-
JM  PAaCmoJIOXKWUTH TPIMOM METALTUUECKUAN
MPOBOX TMAPAJUICJBHO MATHUTHOM CTPEJKE,
YCTAHOBUBIICHCSI BAOJb CWJIOBBIX JUHHWU Mar-
HUTHOTO TIOJS 3EeMJIM, TO TIPU TPOMYCKAHUU
MO0 HEMY CHJIBHOTO TOKA CTPEJIKA OTKJIOHSET-
Cs, CTPEMSICh YCTAHOBUTBCS TMOMEPEK MPOBO-
na. Ecnm  w3meHuTh HampaBieHWE TOKa,
CTpENKA OTKJIOHSETCS B TPOTUBOMOJIOXHYIO
cropony. OTKJIOHEHWE CTPENKU HAOMIOHAETCs
¥ B TOM CIydYae, €CIM BMECTO METAJIMUECKO-
TO MPOBOAHWKA TOCTOSIHHBIA TOK TPOITYCKATh
Mo rasopaspsigHoil TpyOke wiam TpyOKe C
9NEKTPOSUTOM. MaeHumnoe Oelicmaue Tpo-
Puc. 55. Vnpomennoe ycr- SIBASIETCS BO BCEX CJAydasx HE3aBUCHUMO OT
POVCTBO MArHMTOONIEKTPUUC-  MIPUPOABI TIPOBOAHMKA W SIBJISIETCS CAMBIM 00-
CKOro npubopa UM MPU3HAKOM IJJEKTPUUYECKOTO TOKA.

MarauTHOE AEUCTBME TOKA WMCHOJb3YETCS
U M3MEpPEHus CUTbl ToKa. Hampumep, B mpubopax MarHMTOJIEKTPHYE-
cKkoit cucrembl (puc. 55) mMeeTcsd Jierkas MPOBOJIOYHAS PAMKA, YKpEI-
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JICHHAsl HA CIMPAJIbHON TPYXUHE U TIOMECIICHHAS MEXAY MOJI0CaMu TIo-
CTOSTHHOTO MarHuTa. [Ipw MpomyCcKaHWM TOKA HA PAMKy ACUCTBYET MO-
MEHT CWJI, TIPOTIOPLUMOHATBHBIN CUJIC TOKA. DTOT MOMEHT MOBOPAUMBACT
pamKy, 3akpyumBas npyxuny. [1o yriy moBopota paMKd MOXHO CYyAUTh
o cuie Toka. [Ipubopbl, MOKA3aHUS KOTOPHIX 3aBHCAT OT CHJIBI TOKA,
MMEIOT 00MIee HA3BAHUE 2AIbBAHOMempPOd. MAarHUTHOE AEUCTBUE TOKA
UCTIOJIb3YETCH B DJEKTPOABUTATEISX.

DJIEKTPUUECKWI TOK BBI3BIBACT HATPEBAHUE TPOBOXHWMKOB. Ha men-
21060M Oelicmaeuy TOKa OCHOBaHA padoTa pasHOOOPAa3HBIX JJIEKTPOHATPE-
BATEJbHBIX MPUOOPOB, MIABWIBHBIX MEUEH W T. IL.

B HEKOTOpHIX BUAAX MPOBOJHUKOB MPOXOXIACHUE DJIEKTPUUECKOTO TO-
Ka BBI3BIBACT Xumuueckoe Oelicmaeue, 3aKIIOUAIOLICECS B PA3JIOXCHUU
BEIICCTBA HA COCTABHBIC XMMUUECCKUE YyacTu. Takou mpouecc Ha3bBaCTC
DNEKMPOSUZOM.

TTpoBogHWKY, B KOTOPHIX HE MPOSIBJIICTCS XMMAUECKOE ACHCTBUE TOKA,
HA3BIBAIOTCA MTPOBOAHMKAMY TIEPBOTO pora. K wx umciry mpuHaaiexar me-
TAaJJIbl, TIOJYIPOBOAHUKNA W HCKOTOPBIC XMUMHWUYCCKUC COCAMHCHUAI. HpO—
BOOHWKHW, B KOTOPBIX IPOUCXOOUT JICKTPO/IN3, HA3BIBAKTCAI IMIPOBOAHUKA-
MU BTOPOTO pOAa MWW d7eKTposmTamMu. K HUM OTHOCATCY MHOTHE BOTHBIC
PAaCTBOPBL KUCJIOT U coJied 1 HCKOTOPBIC XUMHWUCCKUC COCIMHCHUA B XU~
KOM U TBCPAOM COCTOSHUAX.

3axkon Oma. CyuecTByer MHOrO Crnoco0OB BBI3BATh HAIMPABJIEHHOE
ABUXCHHUC JJICKTPUUCCKUX 34PIdA0B HaanMep, B JJICKTPOCTATUUECKOM
rereparope Bam-me-I'paada (puc. 56), KOTOPBIN MCMONB30BAICA B TIEP-
BBIX YCKOPHMTEISAX 3aPSDKEHHBIX YACTHL, JJEKTPUUECKUE 3apsiabl CO00-
MIAFOTCS JBUXYIIEHUCS PE3WHOBOM JICHTE 4 U MOAHUMAIOTCS €10 HABEPX B
W30JMPOBAHHBIN METATMUECKUI KynoJs /, TAE OHM HAKATLIMBAIOTCA. Ta-
KOH Crmoco0 mpuBEOCHUS 3apsaOB B ABHKECHHUE
MOXHO HA3BATh MEXAHWUYECKUM. AHAJIOTMUHO
3apSKEHHBIC KATIM BOABI TIPW TMAACHUM TIOR
JICHCTBUEM CHJIBI TSIXECTH B arMocdepe co3ma-
0T OJICKTPUUECKMH TOK — YacTh CUCTEMBI +
JIEKTPUUECKUX TOKOB 3eMJIH.

Bonee oObrunblil cocod co3gaHus TOKA —
JEUCTBUE HA HOCUTEIW 3apsiAa CUJIBI CO CTOPO-
HBI JJeKTpUYecKoro mons. Pesyasrat storo
JEUCTBUS 3aBUCHAT OT (DU3MUECKOW MPUPOABI 3
cpenbl, B KOTOpOUM AEuCTByeT 310 mose. s
60J/IPLIOTO KpyTa BELWIECTB, B YACTHOCTH METAJI-
JIOB, B IIMPOKOM AMAMA30HE YCIOBUM, 3aKOHO-
MEpPHOCTH JIEKTPUUECKOTO TOKA OMUCHIBAIOTCS
MPOCTBIM OMIHUPUUECKUM COOTHOLICHWEM, HAa-
3BIBAEMBIM 3aKOHOM OMma.

Kak mokaseiBaeT ommIT, A1 MHOTMX BE-  puc 56. rexTpocTaTi-
oeCTB B IMUPOKMUX TMPEACaAax TMJIOTHOCTb  ueckuit renepatop Ban-me-
9JIGKTPUUECKOTO TOKAa j MponopuuoHasbHa I'paada
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HAMPSKEHHOCTH JJIeKTpruueckoro nmois E B BemiecTse:
j=oE, (5)

e ¢ — MOCTOSHHAS I JAHHOTO BEINECTBA BEJIMUMHA, HA3bIBAEMAS
Y0eslbHOU NPOBOOUMOCHIbIO MW TIPOCTO Hposodumocmoeio. Ee 3HaueHue
y KaXIOrO BEIECTBA 3ABUCUT OT €ro (PM3MUECKOrO COCTOSIHHS: OT TEM-
nepaTypbl, JABJIEHUS U T. 1L

3akon Oma cripaBeauB A OQHOPOOHBIX TEJ, (DU3NUCCKUE CBOMCTBA
KOTOpPBIX BO BCEX Toukax oguHakosbl. Dopmysa (§) ocraercsa cnpasenan-
BOM M B C/IyUyac HEOAHOPOMHBIX TEJ, HO TOIAA MPOBOAUMOCTh G SBJISETCH
(byHKUIMEN KOOPAMHAT, T. €. B KAXKIOM MECTE UMEET CBOE 3HAUCHHUE,

OnHoOpoAHbIE U U30TPONHbIE MPoBOAHKKKH. Dopmysa (§) oTHOCHTCS K
M30TPOMHBIM BELICCTBAM, CBOMCTBA KOTOPHIX OOWHAKOBBI 1O BCEM Ha-
npasjaeHusaM. BHyTpu GOJIbIIMHCTBA MPOBOAHUKOB JKOOBIE TPU B3aMMHO
MEPICHANKYIIPHBIX HATPABJCHUA (PM3NUCCKN DKBUBAJCHTHBL B MeTas-
JIaX aToMbl OOpa3yrT AHM3OTPONHYI0 KPUCTAJUIMUECKYIO DEIIETKY, HO
000 MaKpPOCKONMUYECKMIA 00pasen, — KYCOK METAlJa — COCTOMT
OOBIYHO M3 GOJIBIIOr0 YMCAA CAYYANHO OPUEHTHPOBAHHBIX MAJIEHBKHMX
KPHUCTAITIKOB, UTO TIPUBOINT K DKBUBAJCHTHOCTH BCEX HATIPABJCHMIA. B
pe3ysIbTaTe BEKTOP j MMEET TO XK€ HAMpaBJcHWE, 4To U BeKTOp E.

BcnmomMmHAasg 0 TOM, UTO IUIOTHOCTH TOKA j MPOTIOPIMOHAIBHA CKOPO-
CTH v YIOPSAOUCHHOTO ABMXXCHUS HOCHTEICH 3apa1a, a HATPSKEHHOCTh
noaga E xapakTepusyeT ACUCTBYIOIMYIO HA HAX CUTY, IPUXOAUM K BBIBO-
oy, uto paeeHcTBO (5) (haKTHUECKW O03HAYAET TIPOTIOPIIMOHATBHOCTD
MEXy CKOPOCTBIO ABWXXCHMS W JCWCTBYMOMEH cuior. Mbl BmamMm, uto
IUTSE TIOOACPXKAHUS TIOCTOSTHHOTO TOKA, T. €. ABWXCHHS 3aPSHAOB C MOCTO-
SIHHOM CKOPOCThIO, HEOOXOOMMO HEMpEphIBHOE AekicTBue cuabl. Ho 5T10
3HAUUT, UYTO B MPOBOJHUKAX MPOMCXOAUT PACCETHUE HOCUTECH 3apsaa,
9KBUBAJICHTHOC WX ABUXCHUIO C TPCHWEM. B MPOTMBHOM Ciayuae ACHCT-
BYIOIIAs HA HUX DJJIEKTPUYECKAS CUJIA BBI3bIBAJA Obl MX YCKOPEHHOE, a
HE paBHOMEpPHOE ABMXKEHUE. [IpyrumMu C0BaMu, MPOBOAHUKH 00Iagar0T
9JIEKTPUUECKUM COTIPOTUBJICHUEM.

YaenbHoe conpoTuBieHue. [l XapaKTePUCTUKU IJIEKTPHUECKOTO CO-
NPOTHBJICHUS BBOOUTCS BEJMUMHA, OOpaTHAs €ro yAEJbHOM MPOBOAUMO-
CTH O, HA3BIBAEMAS YOCAbHbIM CONPOMUBICHUEM P

p=1/c. (6)

3akon Oma asasgercd OOJHUM M3 CAMBIX PAHHUX JKCIICPUMCHTAJIbHBIX
OTKprTI/Iﬁ B obsactu QIIEKTPUUYCCKOIO TOKA B BCIICCTBC. Ero Henb3s BBI-
BCCTH TCOPECTUUCCKU TOJIBKO M3 3aKOHOB JJICKTPOAMHAMMKHU, OMUCBIBAIO-
muX SJICKTPUUCCKOEC IMOJIC. 3akon OMa MOXHO MOJIYYUTh B paMKax MHUK-
POCKOMMMUECCKOTO MOAXO0AAa HAa OCHOBC M3YUYCHMS NPOLICCCOB, MPOUCXOASI-
muXx B BCIICCTBC NMPU MPUJOXCHUU IJJICKTPUUCCKOTO MOJIA, UCOOJAb3Y4d
KaKyIO-JII/I6O OMpECACACHHYKO MOAC/Ib BCIICCTBA.

B merannax QIIECKTPUUYCCKOC CONMPOTUBJICHUC 06yCJIOBJIeHO paccesaHn-
€M OJICKTPOHOB IPOBOAMMOCTHU HA TCIIOBBIX KOJIeOAHUIX KPpUCTAJLJIN-
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YECKOW PEIIETKM M XAOTHUECKM PACMOJIOXEHHBIX AedeKTax KpucTaa-
Ja — B WACAJTBPHON CTPOr0 MEPUOAMYECKON PEIIETKE COMPOTUBJICHUC
OTCYTCTBOBAJIO Obl. B pasHBIX BEIECTBAX MPOLECCH MOTYT CHJIBHO pa3-
JMYATBCSI, HO HE3aBUCUMO OT XAaPAKTEpPa PACCESTHWSI HOCHUTE/ICH CBSI3b
MEXJy TJIOTHOCTBIO TOKA W HATPSIKEH- ;

HOCTBIO TIOJISI TIPU HE CJWIOIKOM CHJIBHBIX

MOJISIX BCETAA OKA3bIBACTCS JUHECHHOM.

o—>
3akon Oma aAag OAHOPOJHOrO y4acT-
Ka. [locrosuuoe onektpuueckoe nosie E
BHYTPH y4acTKa OJHOPOMAHOTO MPOBOTHM-
Ka MOXKHO CO3/1aTh, MPHUJIOXMUB K KOHIAM
JTOTO yuYacTKa HEKOTOpOe HampspkeHme LHe- 57. K sakomy Oma ans omo-

POJHOrO yuyacTka e

(passocTs moTeHmmManos) U wm momaep-
XKHUBAgd €ro HCU3MCHHBIM. ECHH JJIUHA
OTOTO ONHOPOOHOTO yuacTka paHa [ (puc. 57), TO OUEBHAHO, UTO
E=U/l. Cuna toxa I B J1000M CEUECHHUH PABHA MPOU3BEACHUIO ILIOTHO-
ctm TOoKa j Ha mwomanbk S ceucHma: [ = jS. Ilosromy w3 3akoHa
Owma (5) j = oF cnenyer

—>E
o—> o 5

1=2vu (7)

— cwaa Toka / MpOomOpIWOHANBHA TMPWIOXEHHOMY Hampsixeawio. Ecam
BBECTH conpomuéeHue R AAd paccMaTpUBAEMOrO OJHOPOAHOIO yua-
CTKA COOTHOLICHUEM

[
R=p 5 (8)
TO, yuuThiBas, uto ¢ = 1/p, dopmysy (7) MOXHO 3amucarh B BUIE
U
=% (9)

PasencrBo (9) HaswBaoT 3akonom Oma Ot OOHOPOOHOZO YHACHKA
uenu. VIMEHHO B TAKOM BHAE 9TOT 3aKOH M OBUT YCTAHOBJIEH HEMELKMM
¢uzukom I'. Omom B 1826 T.

ConporusjieHue U ero eauHuipl. ComporusicHue R, OmMpeReasieMoe
dopmynoii (8), xapakTepusyer onpeaeacHHbI o0pasen mpoBogHUKA (Ha-
npUMeEpP, MPOBOJIOKY KPYIJIOTO CEUYEHMS) M 3aBUCHT KAK OT MaTepuasa
npoBOAHUKA (p), TAK M OT €r0 TEOMETPUUECCKUAX Pa3MepoB [ u S, B TO Bpe-
M$ KaK yAEJbHOE COMPOTUBJICHUE P OT reoMeTprm 00pa3na He 3aBUCHUT.

Enuavna compoTMB/IEHMS YCTAHABJMBAETCS HA OCHOBE 3aKOHA
Owma (9). B CU ora eauuanua nassisaercsa omom (Om). 1 Om — 910 co-
MPOTHBJICHUE TAKOTO MPOBOJHMKA, B KOTOPOM IPH MPUIOXKEHAN HATMPS-
xenus 1 B Bosuukaer Tok cwioni 1 A: 1Om=1B /1 A. Exuauna co-
nporusiaenus B cucteme CI'CD takxe ycranasamBaercsa Ha ocHose (9),
HO MPAKTUUYECKH HE MPUMEHSIETCS.

Yoenvroe conpomugienue p — 9T0 CONPOTUBJICHUE MPOBOAHUKA AJTH-
HO# | M ¢ nyomaabo nonepeuHoro ceuerus 1 M2, ExuHUIA yAEIBHOTO CO-
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nporusacaus — 1 Om-M. Ha mpakTuke A9 yAeabHOTO COMPOTHBICHUS
YaCTO MCMOb3yeTcd BHecucTeMHas eauauna 1 Om-mMm%/mM = 1070 Om- M,
KOTOpasi yaoOHa Mpu pacueTe SAEKTPUUECKOTO COMPOTUB/IEHUS TTPOBOJIOK.

B TeXHHMKE CJI0BOM «COMPOTHB/ICHUE» MHOTAA 0003HAUYAIOT CHEHUATb-
HBIE YCTPOWCTBA, BKJIKOUAEMBIE B DJEKTPHUECKYIO LEMb M obaaaromme

— &

e '

|VIlllllllllllllllllll)l'lllIlllllllllllllll|

9JIEKTPUUECKUM COTPOTHUB/ICHUEM. Takue yCTPONCTBA HA3BIBAIOTC pe3i-
cmopamu. Ha puc. 58 m3obpaxensl peocmam — PE3UCTOP C MEPEMEH-
HBIM (pEryJupyeMbIM) CONPOTHUBICHUEM W TOCTOSHHBIM PE3WCTOp, a
TAKXE WX yCIOBHBIC OﬁOSHa‘IeHHH Ha CXEMAX JJICKTPUUCCKUX ueneﬁ.

3aBUCUMOCTb COTNPOTHBJEHUS OT TEMIEPATypbl. DJICKTPAUECKOE CO-
IOPOTUBJICHUC 34BHCHUT OT TeMnepaTyphl, OPpUUYEM 9TA 3aBUCHUMOCTE pPAa3-
Hag y pasHbix BemecTs. OCOGEHHO CUJIBHOM TEMIIEPATYPHOM 3aBUCUMO-
CTHIO OTJIMYAETCH YACJHHOEC COMPOTHWBJICHUE TEX BEHICCTB, ¥ KOTOPHIX C
W3MEHCHUEM TEMIIEPATy Pl MEHSIETCS KOHICHTPAUS HOCUTEJIECH 3apsaa,
Kak 9T0 OBIBAET B MOJYMPOBOAHMKAX M B IuasMe. B Meramnax mameHe-
HHE COMPOTUBJICHUS C TEMIIEPATYPON CBI3aHO HE C U3BMECHCHUEM KOHIICH-
TpauMK DJAEKTPOHOB, 4 C M3MEHEHMEM MHTEHCHMBHOCTH KOJECOAHUI KpH-
CTA/LIMYECKOM PEMIETKH, KOTOPHIMU B OCHOBHOM M OOYC/IOBJIEHO COIPO-
TUBJICHUC WX OBUXCHHIO. YACIbHOE COMPOTHBJICHUE METAIA JIMHCHHO
3aBUCUT OT TEMIEPATYPHI B ITMPOKOM MHTEPBAJIEC €€ U3MCHCHUS:

p = po(l + at), (10)

rae ¢ — TeMmeparypa Merasuia mo mkase Llemscus, p, — yaeapHoe co-
nporusiacaue npu 0 °C, a o — TemneparypHbiii KoadduumeHT compo-
TUBJICHUS, XaPAKTEPUBYIOWMNA OTHOCUTENPHOE W3MEHEHHME YAEIbHOTO
COMpPOTUB/ICHUS TPOBOAHMKA MPY M3MEHEHHUM €r0 TEMIEPATYPhl HA OXWH
keapBuH (rpagyc). OmBIT MOKA3BIBAET, UTO /IS YACTHIX METAJLJIOB B MH-
tepsasie remmepatyp or 0 mo 100 °C remmeparypubiii KoadumueHT co-
NPOTHUBJICHUS MPAKTHUECKY TOCTOSHEH M JJIS1 BCEX METALJIOB MMEET MOY-
TH OXHO M TO X€ 3HaucHme, Onmskoe K 1/273 Ha rpagyc TeMmepaTypebl.

V3MeHEeHnE TeOMETPUUYECKUX PA3MEPOB META/TMUYECKMX TPOBOXHM-
KOB C TEMIIEPATYPOM ropasfo MEHbIIE M3MEHEHMS MX YAEIbHOTO COMPO-
tussicHus. [Tooromy 3aBucMMOCTh R JIOOOTO METAIMUECKOTO o0pasua
oT Temmepatypsl gaercda tou ke dopmynoit (10). CymecTByoT CriiaBst
(KOHCTAHTaH, MAHTAHUT), Y KOTOPHIX MPH HATPEBAHUM YAEIBHOE COMPO-
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TUBJICHUC NPAKTUUCCKU HC MCHACTCA. Nx MNPUMCHSOT OIS0 U3rOTOBJIC-
HHUA TIPOBOJIOUHBIX PE3UCTOPOB C MOCTOSIHHBIM COMMPOTHUBJICHUCM.

BoJbT-aMnepHasi XapaKTePUCTHKA. B TEXHUUECKMX MPUIOKEHUSIX IS
OMUCAHKS TPOLECCOB B MEKTPUUECKUX LEMIX YACTO UCTIOIb3YETCS MOHS-
THE BOJIbIM-AMHEPHOU Xapakmepucmukyu. Boiapr-ammnepHast xapakrepu-
CTHKA KAKOro-aubo ycTpoicTa — 970 rpad)Mk 3aBUCMMOCTH CHJIBI TOKA B
HEM OT HPUJIOXEHHOTO K HeMy Hampspxenus: [ = [(U). Jas npoBogHu-
KOB, MOAUMHAIOIMXCA 3akoHy OMa, BOJbT-aMIEpHAs XapaKTEPUCTHKA B
coorserctBum ¢ (9) mpeacrasaser coOoi MPSIMYyIO, MPOXOAAIIYIO Yepe3
Hauago koopauHat (puc. 59). Ee HaKIOH onpenengaercsa COnpoTUBICHUEM
R paccMaTprBaeMoro yCTpoucTBa. B 0ObIUHBIX MPOBOAHUKAX COMPOTHBIIE-
HUE HE 3aBMCUT OT HAMPABJICHHUS TOKA, MOITOMY MPSIMYIO HA BOJbT-aM-
MEPHOM XAPAKTEPUCTUKE MOXKHO TPOAOIKUTH M B 00JIACTH OTPULATE/b-
HBIX 3HAueHu# [ u U.

HpI/I UCIMOJIb30BAHUN BOJBT-dAMIICPHBIX XAPAKTCPUCTUK CIACAYET IIO-
MHUTD O CBA3dHHBIX C HUMHW OTPAHUUCHUIX. Haan/IMep, AJ1sl KOHKPETHOTO
YCTPOUCTBA HUKOTAA HEJAb3d CUMTATh, UTO MpsaMas HA puc. 59 Tarerca no

I
I
0 U
0 U
Puc. 59. Bosnbr-amnepHast xapakre- Puc. 60. Bojbr-aMnepHasi XapakTepUCTHKA JIaM-
PUCTUKA TIPOBOHUKA, MOAYMHSIO- MOYKM HakaguBaHus. Cuiia TOKa U3MEPSIETCs TI0-
merocs 3akony Oma CJIe YCTAHOBJICHUS CTALIMOHAPHOTO 3HAYEHUST TEM-

eparTypbl

OECKOHEUHOCTH. B yacTHOCTH, MpM M3MEPEHUN BOJIBT-AMIIEPHOM XapaKTe-
PHUCTHKYM JIAMIOUKM HAKAJIMBAHMS C BOJb(PAMOBOM HUTHIO MBI OOHApPY-
JKMM, UTO OHA MMEET BUA, CXEMATHUECKK M300pakeHHbIi Ha puc. 60. Mc-
KPUBJICHUE BOJIBT-AMIIEPHON XaPAKTEPUCTUKM CBA3AHO C HATPEBOM HUTH
Y yBEJIMUYCHUEM COMPOTHBJICHUS HUTU HAKAJIA C POCTOM TEMIIEPATY PbI.

B HEKOTOpPHIX yCTPOMCTBAX, TAKMX KAK AMOABI, COMPOTHBICHUE 3aBH-
CAT OT HANpPABJCHUS TOKA. B OIHOM HAMpPABJICHUM HOCUTEJM 3apgaaa
MNPOXOAAT MO HEMY KaK MO OOBIYHOMY PE3UCTOPY C HEKOTOPHIM MOUTH
MOCTOSAHHBIM compoTuBacHreM. OIHAKO MPH MPOTHBOMOIOXHON MOIIp-
HOCTH TIPUJIOKEHHOTO HATIPSIKEHUS HOCUTENN 3apaaa MCIBITHIBAIOT 00JIb-
niee compoTusiacHue ABvxeHuio. DakTuuecku Kpuasg HaA TpaduKe HE
M3MEHSIET PE3KO CBOETO HAKJIOHA MPH PABHOM HYJIIO HANPSDKEHWH, a TO-
CTEMEHHO MEPEXOOUT OT OAHOTO HAKJIOHA K APYroMy B MHTEPBAJE 3HA-
UEHUI HATPSKEHUS B HECKOJBKO AECATHIX BOJBTA.
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NHorna BOMBT-aMIEpHBIE XaPAKTEPUCTUKU OTPAXKAOT HEMOHOTOH-
HYI0 3aBUCHMOCTb TOKa OT HampspkeHus. Hampumep, Ha BosbT-ammnep-
HOM XapaKTEPUCTUKE SJICKTPUUECKOU AYTH, TOPIMEH MEXAY YrOJIbHBIMHU
WM METAANMYECKMMU DJEKTPOAAMU MMEETCS: NaAaroliuid y4yacTokK, CO-
OTBETCTBYIOIIMI YBEJAWUCHUIO TOKA TPU YMECHBIICHUM HAMPSIXKCHUAS
MEXAY 9JEKTPOAAMU.

JIuHelHbIe ¥ HEJVMHEHHbIE SABJIEHUS B JJIEKTPHYECKMX LENnsXx. 3aKOH
Oma (9) onmcHIBaEcT sunelinbie IBJACHUS B DACKTPUUECKUX LEmax. Bed-
KOE OTKJOHeHHE OT 3akoHa Oma, BBIPAXAWOMEECd B WCKPUBJICHUU
BOJIBT-AMIIEPHOM XaPAKTEPUCTUKU, COOTBETCTBYET HeJIUHEIHbIM ABICHM-
M MPU MPOXOXACHUU TOKA. Hesunelinble SBJIECHUS BCTPEUAKOTCS ropas-
[0 Yalie, YeM 9TO MOXET MOKA3aThCS HA MEPBBIN B3rsaa. HeauHenHOCTh
npucyIa Aaxe OOBIKHOBEHHOM JIAMIIOUKE HAKAJIMBAHUS, XOTI €€ HUTh
HAKAJIA CAEAAHA M3 METALIA, A9 KOTOPOro 3aKkoH OMa TOUHO BBIMIOJIHS-
€TCHd BILIOTHh A0 OUCHDb 60JII)IJIHX 3Ha‘leHl/Iﬁ INIOTHOCTHU TOKd4, HAMHOTO
TIPEBOCXOAIIMAX HOMUHAJIBHOE.

Nuddepennnanbaoe comnporupjienne. Ho Ha pgocratourno Masiasix
YYaCTKaX MPAKTUUYECKH JKOO0M HEJMHENHOM BOJBT-AMIEPHOM XapakTe-
PUCTHAKY CBS3b MEXAY M3MCHCHUIMH HAMPSIKCHUS W TOKA MOXHO CUW-
TaTh JUHEWHOW: MAJIOMYy W3MCHCHWIO HAMPIKCHUY COOTBETCTBYET MPO-
TMOPIMOHATFHOE W3MCHECHUE CHJIBI TOKA:

AU = R(I) AI, (11)

roe BeauuuHa R([7), ompepesdiomas HAKJIOH AAHHOIO y4acTKa BOJIbT-
AMIEPHOW XapaKTEPUCTUKU, HA3BIBACTCI Ouddepenyuaiohblm conpo-
muaénenuem. [Jn9 nafgamomux yuyacTKOB BOJIbT-AMIIEPHON XapaKTEpUCTH-
k1 auddhepeHInaabHOE CONPOTUBICHUE OTPULIATEIBHO.

e KakoBbl yCJIOBHS CYILIECTBOBAHUS DJICKTPUUECKOTO0 TOKa?

e JloueMy aJig CyIIeCTBOBaHHUS CTALIMOHAPHOTO TOKA HEOOXOOMMA 3aMKHYTas
9JIEKTpUUECcKasl Lemnb?

e Kak cBsidaHbl Mexay co0o0i BEKTOpHAsl XapaKTepUCTHKA TOKA — IJIOTHOCTh
TOKa W CKaJIsipHasi XxapakTepucTuka — cuja Toka I?

e Kak njoTHOCTb TOKa BbIpaxacTcd 4epe3 KOHUCHTPALUIO HOCUTEJIEU 3apsgia U
CKOPOCTb UX HAIIPaBJICHHOI'O IBUXEHUS?

e Kakue JeCTBUS JEKTPUUYECKOTO TOKA MOXHO MCIIOJIB30BATH /IS U3MEPEHUS
cuJibl Toka?

. l'loquy ns3 YCTaHOBﬂeHHOﬁ Ha OIIBITC IPOIMOPHUOHAJIBHOCTHU MEXAY IIJIOTHO-
CTbIO TOKa W HAIIPAXKCHHOCTBIO I10JI1d B IIPOBOAHUKE CJICAYECT BbBIBOA O CYIIEC-
CTBOBAHUU DJICKTPUUYCCKOI'O COl'lpOTl/lBJIeHl/lﬂ?

e Kakue TIPeanoNoXeHUsS HUCHONB3YIOTCS MpU  TIOJYYEHUM COOTHOLIEHUS
I =U/R u3 3akoHa Oma j = oE?

e YCTaHOBUTE CBSI3b MEXAY OMOM H eAUHULICH COIIPOTUBJICHUS B CUCTEME
CI'co.
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e C yeM cBSI3aHA 3aBUCHUMOCTb YACJBHOTO CONPOTHBJICHUSI Pa3HBIX BELIECTB OT
TemrepaTypbi?

e OObscHUTE (DU3NYECKUE NTPUYMHBI HEJIMHEHHOCTH BOJIBT-aMIIEPHOM XapakTe-
PUCTUKU JIAMIIOUKM HaKaJIMBAHUS.

e Uro Takoe audbdepeHIMaibHoe conpoTubicHHe? Kakoil cMbICa MMEIOT €ro
OTpULIATE/IbHBIC 3HAUECHUS?

§ 11. CoepnHeHne NPOBOAHMKOB B 3NIEKTPHMYECKME LENM

DJIEKTPUYECKUE LEMU COAEPXAT, KAK MPAaBUJIO, HECKOJBKO PA3JTMUHBIX
COEOMHEHHBIX MEXAY CO00M mpoBOOHHMKOB. IIpocTeiias sieKTpuyeckast
LICTTh UMEET OOUH «BXOM» W OOWH «BBIXOA», T. €. BA 3a’KMMa, K KOTOPHIM
MOXHO MPHUCOCANHSITH TpoBoAa. [lo 5TMM mpoBomaM 3apsigbl MOTYT BTE-
KaTh B IICOb W BBHITEKATH M3 Hee. EC/aM TOK B Ienu CTalMOHAPEH, T. €. B
HEH HE NPOMCXOOWT HAKOILUICHMS JJICKTPUUECKHX 3aPIA0B, TO CHJIA TOKA
HA BXOJAE M HA BBIXOAE JO/DKHA OBITh OJWHAKOBA.

DKBHUBAJIEHTHOE COTPOTHURJIEHHE Ienu. Eciam B34Th LENMb, COCTOSIIYIO
W3 MHOTUX COCAMHCHHBIX MCXOY CO60fI PAa3JIMUHBIX NMPOBOOAHWUKOB, W BbI-
6paTb B HEH ABC TOUKH B KAUCCTBC BXOAA4d W BBIXOJ4, TO AJSI ITHX TOUCK
MBI MOXEM CUUTATH BCHKO ILICIIb JKBUBAJCHTHOU OAHOMY-CAMHCTBCHHOMY
pesncropy. B aToM ciryuae MOXHO TOBOPUTH O TOKE / B 3TOM HEMW W O
HAIPAXCHUN U «MEXKAY 3dAXKUMAMW» WIN «HA 3aXKUMAX», YTO O03HAUACT
Pa3HOCTh IJCKTPUUECKUX MOTCHIMAIOB MEXAY BXOAOM U BhixogoMm. Ot-
Howenne U/] MOXHO pacCMAaTPWBATh KAK COMPOTHBJICHUE R DKBUBAJICH-
THOTO BCE¥ memu pesmcropa. Korga mis BceX OTACTbHBIX DJICMEHTOB Ta-
KOW menw cripaBeaine 3akoH OMa, 3HAUCHUE SKBUBAJICHTHOTO COTIPOTUB-
JIEHUS JIETKO MOXET OBITh PACCUMTAHO.

IocaenoparenbHoe coenuHeHue. Haunem c mpocredmux ciaydaes.
Korz(a HCCKOJIBKO MPOBOAHUKOB MWW PC3NCTOPOB COCAMHCHBI MOC/ICAOBA-

1 7 1 1
— — — —

—{ T+ —1 o = —[F+—
R, R, R, R=R;+Ry+..+R,

Puc. 61. IlocrenoBaTespHOE COETUHEHHE PEIUCTOPOB

teapHo (puc. 61), cuaa Toka B KaXKIOM M3 HUX OJHA M TA XE, a HAIPI-
KEHME HA 3aXXUMAaxX BCEW CXEMbI PABHO CyMME HATPSKEHWMA HA OTAEC/b-

HBIX PE3UCTOPAX:
U=U+U,+... +U,. (1)

[TocKOIBKY AT KaXZAOTO PE3ucTOopa B COOTBETCTBMM C 3aKoHOM Oma
U,=IR,, To (1) MoxHO 3anucaTh B BUAC

U=I(R +R,+...+R)=1IR, (2)
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OTKyJa
R=R +R,+...+R, (3)

T. €. TIPY TOCJAEIOBATEIbHOM COCAMHEHUH MPOBOOHUKOB MJIM PE3UCTOPOB

X CONPOTUBJICHUA CKJIAABIBAKOTCH.

MapanaeabHoe coequHeHne. Korna HeCKOIbKO MPOBOAHUKOB MU PE3U-

CTOPOB COEAMHEHBI MapaieabHo (puc. 62), TO HANPSIXKXEHUS OXMHAKOBBI
I

o

7
—> ] = —>> ==
R

| I, | L1, 1
—> F=ITI+ITZ+...+IT”

Puc. 62. TlapajuiesibHOE COEIUHECHUE PE3UCTOPOB

HA BCEX PE3WCTOPAaxX: OHM PABHBI MPUJIOXEHHOMY Hamnpsixenuo U. Cuna
Toka I Ha BXOAC€ M HA BBIXOAC PABHA CYMME CUJI TOKOB B OTAC/IBHBIX BETBAX
napaJaeJbHOU LETu:

I=I,+L+..+1, (4)

IToacrasnsga cropa I = U/R Bmecto sesoit yactu u 1, = U/R; BMecTO
BCEX CJAraeéMbIX IIPABON YACTH, TIOIYyYaeM

U_ (1 1 1 5
E_%E+E+W+E} )

oTKyaa
Rt SR e B (6)
2 n

T.€. NP MNAPANIEIbHOM COECAMHEHHUU TPOBOAHUKOB WJIM DPE3UCTOPOB
CKJIAABIBAKOTCI BCIUUUWHBI, 06paTHbIe nX COIIPOTUBJICHUAM, — IIPOBOAU-
moct. ConpoTHUBIECHUE NAPANIECIBHON LEMN BCErNAd MEHBLIE COMPOTUB-
JIeHHs JTI000r0 BXOAIIETO B HEE PE3UCTOPA.

DKBHUBAJEHTHBbIE CXeMbl. CXEMbl MHOTHX JJICKTPHUECKUX LETICH MOXXHO
yIpOIIATh, AT 33 MIATOM 3aMEHSIS TPYTIB TIOCJICAOBATEIbHO MU TIapasi-
JIEJIbHO COCOWHCHHBIX PE3MCTOPOB MX OKBUBAJCHTAMH B COOTBETCTBHUH C
puc. 61 u 62, mepexoas TeM CAMbIM K 9KBUBAJCHTHON CXEME BCEU MCXO-
HOM nenu. [Ipumep mosramHOro mepexoaa K SKBUBAJECHTHOM CXEME TOKa-
3aH Ha puc. 63. [lepBoHauasbHas cxema, MPU BCEH €€ 3aTyTAHHOCTH, MO-
XeT ObITh WIar 3a LIATOM CBEAEHA K KOMOMHALMSIM TOCIEA0BATEIHHOTO
WJTU TIAPAJUIEIBHOTO COCOMHCHU.

OnHako He JIO0YI0 OJEKTPUUECKYH) CXEMY MOXHO CBECTM K KOMOW-
HALWSIM TIOCJICAOBATEIBHBIX W TAPAJICIBHBIX COCAMHCHUNA. Y KE TIPOCTast
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CXEMa «MOCTa» Ha puc. 64 He MOXeT ObITh MCCIEAOBAHA MOXOOHBIM CIIO-
cobom. Ilpu pacuere Takux PasBETBJCHHBIX LIETEH CIEAYET PYKOBOACT-
BOBATHCS CACAYIOMUMU TTPABUIAMM:

—T[ 1+ R=Ris+R,,

Puc. 63. Ha kaxxaom atarne nepexoja K 5KBUBAJECHTHOM CXEMe MCIIOIB3YIOTCS IPABUJIA JUIS
MOCJIEZIOBATE/IbHBIX U NMAPAJUICIBHBIX COSTUHEHHUE

1. Ing kaxmoro pesumcropa crmpasemius 3akoH Oma, T. €. Hampsxe-
HUE HA HEM PABHO MPOM3BEACHUIO CUJIBI TOKA B PE3UCTOPE HA €r0 COMpo-
TUBJICHHUC.

2. B mobom yanie, T.e. TOuKe, TAE CXOAATCS Oosiee ABYX MPOBOIOB,
anrebpanueckas CyMMa TOKOB PaBHA HYJIIO: CyMMa BTEKAKOIUX B y3€J1
TOKOB paBHA CYMMC BBITCKAIOIIUX.

3. CymMa HampsKEHWE HA OTACIBHBIX YYACcTKAX LECMU MPU MPOXOAEC
mo JIIO6OMy myTH OT BXOAA K BBIXOAY pPaBHA NMOJHOMY NPUJIOXKCHHOMY
HATIPSIXKECHUIO.
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PacuyeT MOCTOBON cxembl. [IpomstocTpupyemM mpuMeHEHUE ITUX Mpa-
BUJI I M300pa’keHHOM Ha puc. 64 cxeMbl, pacCMOTPEB AUISl YIPOIIECHUS
anreOpanvecKknx BBHIKJIAAOK YACTHBIUA CIyual, KOTAA PABHBI MEXAY COOOM

I L

Puc. 64. Ilpumep uenu, KOTOpas He CBO- Puc. 65. K pacuery cCMMMETPUYHOIM MOCTO-
AUTCI K KOM6l/lHaLll/ll/l OCJIEA0BATEJIbHBIX U BOM CXEMBI
NapauIeJIbHBIX COCTUHEHUH

3HAUCHUS COTMPOTHMBJICHUIA HEKOTOPBIX peanucTopoB (puc. 65). Ilpexae
BCCTO HA3HAUMM HAMIPABJICHUEC TOKOB B KAXAOM 3BCHC Hd IMMyTHU OT BXOAd
K BEIXOAY. VI3 cuMMeTpum CXEMBI CJIEAYET, UYTO CHJIBI TOKOB B PE3WCTO-
pax ¢ OAMHAKOBBIMU 3HAYEHMIMM CONPOTHMBJEHUI PAaBHBI MEXAy COOO,
¥ Ha puc. 65 onu 0003HAUEHBI OOHON OYKBOM. JeACTBUTENbHO, ECAU TIO-
MCHATh MCCTAMM BXOA M BBIXOA LMW, TO MOJYUYHUM CXEMY, HCOTJINYHN-
MYK OT UCXOJHOW.

BI)IHI/I]I[CM YPaBHCHUA A9 CUJI TOKOB B KAXAOM M3 Y3JI0B B COOTBET-
CTBUU CO BTOPBIM W3 NPUBCACHHBIX IIPABUJI. I/Is—sa CUMMECTPHUHU CXCMBI
9TO AAET ABA HE3aBUCUMBIX YPABHCHUS:

I=Il+12, Il=12+13’ (7)

Ilanee coctaBuM ypaBHEHMS, COOTBETCTBYIOLIME TPETHEMY MPABUIIY,
VIS CyMM HATPSDKEHUI HA OTHEJbHBIX YUACTKAX MpPW MPOXOAE OT BXOAA
K BBIXOAY MO PAa3HBIM MyTaM. BCIEACTBHE CHMMMETPUHM CXEMBI MOIyYa-
IOTCS JBA HE3aBUCHMBIX YPABHEHUS, COOTBETCTBYIOLIMX, HATIPUMED, IIy-
TH, TIPOJICralomeMy uepes R, U R, Mo BepxHeil (MM O HUXXKHEH) BETBH,

u mytu uepes R, Ry u R;:
IR +I1,R,=U, IR +1L;Ri+ IR =U. (8)

Pemas cucremy nuneitnbix ypauenuii (7)—(8), noxyuaem dopmy-
JIy, BBIPAXKAKOUIYIO TOK / B LEMM YEPE3 MPUIOKEHHOE K €€ 3a’XKMMaM Ha-
npsxenre U W 3HAUEHWS CONMPOTHMBJICHUI BXOOSUIMX B HEE PE3UCTOPOB:
R, +Ry+2R,

= U R v R T R)RS (9

Tenepp ans comporusacHus R = U/I BCce Lenu, T.€. COMPOTHUBJICHUS
9KBUBAJICHTHOTO €# PE3UCTOpa, MOJIydaeM
2R Ry + (R +R)R,

R +R,+2R; (10)

R=
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[Tonesno ybemutbest B ToM, uto opmyna (10) paer mpasusibHbIE
3HAUEHUS TOJTHOTO COMPOTUB/ICHUS BO BCEX MPENETbHBIX Y YACTHBIX CJIy-
yasx:

R, =R 0 2RRy

,=R,, R=R, R, =0, =R TR
R1+R2

Ry— o, R=—1"2, R,—» R=2R,+ R,

H3MepeHus B 3JeKTPUYECKUX Lensx. [[1g usmMepeHus TOKOB U Harpsi-
KEHWHN B DJIEKTPUUECKUX ULEMIX WCMIOJb3YIOTCS AMIEPMETPBI W BOJIBT-
METpPbI, OCHOBHBIM 9JIECMEHTOM KOTOPBIX CJOYXXHT rajabBaHoMeTp. BaxHo,
yTOOBl TPM BK/IIOYCHUM B

Lenb IS M3MEPCHUN ITH RN
npuGOpEl BHOCHIM KAaK MOX- Vd @ \
HO MCHBbIIIE UCKAXCHUS B W3- [

Me I \‘5"_
PAEMYIO BEJIUUHHY. \ Y D
Amnepmemp BKmodaerca ° L1 ° °_'\'®;)_°
B LENb MOCJCIOBATEIBHO. - ~—
TTosTomy ero coOcTBeHHOE  Puc. 66. CxemaTuueckoe yCTpoicTBO amiepmMeTpa
(BHyTpeHHEE)  CONmpOTHBJIE-

HUE JOJKHO OBITh KAK MOXKHO MeHbine. /19 5TOro raJbBaHOMETD CHAl-
JKAKOT ITYHTOM: BXOI M BBIXOA TaJbBAHOMETPA COCTUHSIIOTCS HEKOTOPHIM
COIPOTUB/IEHUEM, OOECIEUNBAIOIINM NAPAIEIbHBIA KATYIIKAM IOMOJI-
HATEJbHBIM TyTh mag Toka (pumc. 66). Ilooromy BHyTpeHHEe
COTIPOTUBJICHUE AMIIEPMETPA MEHBIIE, YEM Y TIPUMEHEHHOTO B HEM TajTh-
BaHOMETpPA. AMmepMerp Ha3bIBACTCS MACATbHBIM, €CJIM BHYTPEHHEE CO-
MPOTUBJICHUE MOXHO CUMTATh PABHBIM HYJIIO.

Boabmmemp TOAKIIOUAETCS K UEMU TAPAUICTbHO TOMY YYacCTKYy,
HATIPSKEHME HA KOTOPOM Tpedyercs mameputb. UToOBI mpomecc mame-
pPEHMS MEHbBIIE WMCKAXAJ 3HAUCHHME M3MEPSIEMOrO HAMpPSKEHHs, COOCT-
BeHHOE (BHYTpPEHHEE) CO-

MPOTHUBJIECHUE BOJBTMETPA ST T TN T T T T =
/ \ N
JIOMKHO OBITh KAK MOXHO OT@—:ﬁ-o o—l\—@-)—o
Gosibure. [TooTomy B BOJIB- ~ - <Z/
~——

TMETPE TIOCJCAOBATEIBHO
KaTyIIKaM TaJbBaHOMETPA
BKJIIOUCHO HEKOTOPOE CO-
nporusiaenue (puc. 67). BHyTpeHHee compoTHBIEHUE BOJBTMETPA, KAK
NPAaBUJIO, 3HAUMTEIBHO OOJIbIIE COMPOTHBJICHUS BXONAIIETO B HETO
rajibBaHOMETpa. BosbTMETpP HA3BIBACTCS WACATBHBIM, CCJIU €T0 BHYT-
PEHHEE COMPOTHUBJICHUE MOXHO CUMTATh OECKOHEUHO OOJIBINKM,

Kaxxapliii mamMepuTesbHbld MPUOOp pacCUMTAaH HA OMPEACICHHBIA WH-
TEepBaJ 3HAUCHUU M3MEPICMOW BEJWUWHBI, U B COOTBETCTBUU C JTUM
MporpagympoBaHa ero mkasa. [as pacimpeHus mpeaesioB n3MEpPeHMin B
aMImepMeTpe MOXHO MCIHOIb30BATh AOOABOUHBIA INYHT, 4 B BOJIBTMET-
pe — m00aBOUYHOE COMPOTHUBJICHHUE.

Puc. 67. CxeMaTtuueckoe yCTPOMCTBO BOJBTMETPA
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IIyHT aag amnepmerpa. Ecim ammepmeTp paccuMTan HA MaKCHMAJib-
HYK CHJay TOKa I, a MBI XOTMM C €r0 MOMOIIBI0 M3MEPSATH CUIY TO-
Ka, B 1 pa3 0OJIbLIyI0, TO OUEBMAHO, UTO UEPE3 LIYHT MpPU ITOM HOJI-
XeH mporekath TOK cwioir (n— 1)1 (puc. 68). IlockoabKy MIyHT
BKJIIOUEH TAPAJJICIIBHO aMIEPMETPY, TO

=2 11
Ry=—7 (11)
—I> I U
n _
o /D > (n-1NU /V\
7 = %
(n—11 ®
—>
T ntu
R 1
Puc. 68. IIlyHTUPOBaHUE AMIIEPMETPA Puc. 69. JT06aBOUHOE COMPOTUBICHHME K
BOJIbTMETPY

JloDaBoYHOE COTPOTHBJIEHHE JUIS BOJAbTMETPA. Ecim BOsbTMETD pac-
CUNTAH HA MAKCUMAJbHOC HANPIXCHUC U , 4 Mbl XOTUM C €Tr0 mo-
MOINBK0 M3MEPATh HANPSDKEHWS, B /7 Pa3 OOJbIIME, TO OUEBHAHO, UTO
HA KOHIAX A00ABOYHOTO COMPOTUB/CHUS JOKHO OBITh HANPSIKECHUE
(n — 1)U (puc. 69). TTockoabKy H00ABOUHOE CONPOTHUBJIEHHUE BKJIIO-
UYCHO MOCJICAOBATENBHO C BOJBTMETPOM, TO

R,=R,(n—1). (12)

[IpuBenennble 3HAUCHUS R ¥ R, COOTBETCTBYIOT YBEJMUECHUIO B 71
pa3 MakCMMajbHOrO mokasauums npuOopa. To ke camoe CrIpaBeayuBoO,

—- —
— D) — )
o IRI \A/ o o .R. \1}/ 0
X X Ra
() ()
> U > U
Ry
a [

Puc. 70. Mamepenue HEM3BECTHOTO CONPOTUBJIEHMS R . € OMOIIBIO aMIIEPMETPa U BOJILTMETPA

pasyMeercs, U AUId J00ro Apyroro 3HAUEHMs MIKAJIB MPUOopa: u3aMeps-
eMad BEJUUMHA B 1 pa3 OoJbLIE MOKa3aHus mpudopa.

C moMoIp0 aMmnepMerpa 1 BOJIBTMETPA MOXKHO M3MEPUTh COMPOTHB-
JICHUE PE3NCTOpPa, B KOTOPOM MOAACPXKMUBACTCS IMOCTOSHHBIN TOK. Jljs
9TOr0 MOHO BOCIOJIb30BATHCS JIIOOOM M3 CXEM, MOKA3aHHBIX HA puc. 70.
B cnyuae mcnosib30BaHMSI CXEMBI @ HEM3BECTHOE COMPOTWBJICHWE BBIPA-
Xaercd uepes mokazanus npubopos I u U mo dopmyse

_ U
R, = =g (13)
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HpI/I WUCIIOJB30BAHUN CXEMBI O A9 HEU3BECTHOTO COMPOTUBJICHUS
CIIpaBCaAJINBO

U
Rx - 7 - Ra. (14)

[TepBas cxema ynoOHA A1 M3MEPEHMS COMPOTUBIEHNI, MHOTO MEHb-
muX COMPOTUBJICHUA BOJbTMCETPA RB’ BTOpAass — A1 U3MEPCHUS COIIPO-

THUBJIEHMH, MHOTO OOJbIIMX COTPOTHBJICHWS ammnepmerpa R,. B obomx
cayuasx R, ¢ GOMbIION TOUHOCTHIO MOXHO CUMTATh PABHBIM TIPOCTO OT-
HOILIECHWIO TOKa3aHumii nmpubopos U/I.

Moct YurcToHa. 19 TOUHOrO M3MEPEHUS CONMPOTHBJICHUN MOXHO WC-
MOJIb30BATh METON CPABHEHWS COMPOTHMBJCHUI, HE TpeOyromuil uame-
peHus TOKAa W HampsxeHus. B orom
METO/IE MCIOJIb3YETCS TAK HA3bIBACMBbIN
Mmocm Yumcmona, CouepXamuid UeThl-
p€ CONpOTUBJICHUS, OJAHO W3 KOTOPBIX
menssectHO (puc. 71). Tlepemennoe co-
MPOTUBJIEHUE R MOAOMPAIOT TAKUM 00-
pa3oM, uToObl TOK UEPE3 raJbBAHOMETP
G Obin pased Hyqaw. Ilpu 5TOM uepes
CONpOTHUBJIECHUA R; U R, uaer oauHa-
KOBBIM TOK /|, a uepe3 R u R, — TO-
XK€ OAMHAKOBHIM TOK /. PasHocTh mo-
TCHOMAJIOB MEXAY Toukamm A m B paBHa Hya0. [loaToMy OXWHAKOBHI
HANPSXKEHUS HA CONPOTUBJICHUIX R; m R:

Puc. 71. Moct Yurcrona

IR, = IR, (15)
Y HA COMPOTUBJICHUAX R, u R :
I,R,=IR,. (16)
Pasgenus mounenHo pasencrBa (15) m (16), momyuaem
Ry R
&R
OTKyza
R,=RX

JInst KaXxaoro MocTa OTHOWEHUE R,/R, (DMKCHMPOBAHO M MOXET OBITH

3apaHee M3MEPEHO C MPEACIbHON TOUHOCThIO. B KauecTBe mepeMeHHOTro
CONpOTUBJACHUS R, mMOAOOpPOM KOTOPOrO OCYLIECTBJISIOT OAJaHCHPOBKY
MOCTa, OOBIUHO MCIONb3YIOT MAra3uHbl COMPOTUBJICHMUN.

PaccMoTpum HEKOTOpBIE TPUMEPHI, CBSI3AHHBIEC C PACYETOM IJEKTPH-
UYECKMX LIEME, COAEepXAIuX PE3UCTOPHl M U3MEPHUTEIbHBIE MPUOOPHI.
Cdopmysupyem ux B BHAE 3a4au.
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3anpaun

1. Hoepewnocms npu usmepenuu conpomusnerus. Hailmure oTHOCHUTEIbHY IO
MOTPEIIHOCTD U3MEPEH U COTTPOTUBJIEHUS 10 CXeMaM Ha puc. 70, ec/iu Aig pacuera
COTPOTUBJICHUS R 110 NOKa3aHUsIM Nprudopos U 1 ] BMECTO UCTIONB30BAHNS TOYHBIX
dopmyn (13) u (14) cuutaTh npubIMKEHHO, 4T0 R ~ U/I.

Pemenue OTHOCUTENBHON MOTPELIHOCTBIO M3MEPEHHUS Ha3bIBAIOT OTHOLIE-
HUe abCOMIOTHOM MOTPEeIIHOCTH K 3HAUCHUIO U3MEPSIEMOU BeINYMHBI. AGCOIOTHAS
MOrPEIIHOCTh (MJIM OLIMOKA H3MEPEHHUS]) — 3TO PA3HOCTb MEXAY IOJYUECHHBIM
IpU U3MEPEHUN M UCTUHHBIM 3HAYCHUSIMM U3MepsieMoit BesinuuHbl. [ToguepkHeM,
4YTO B JAHHOM CJIydae peub HUAET O CUCTEMATHYECKMX MOrPEHIHOCTSX, 00YCJIOB-
JICHHBIX NPUMEHSICMBIM METOAOM H3MEPEHHUS, a HE O MOTrPELIHOCTIX CaMUX INpHU-
00poB.

B cnyuae puc. 70a ucruHHOe 3HaUEHUE CONPOTHUBIIEHUS R . naerca dhopMy o
(13), B KOTOPYI0 KpOMe MOJIyuaeMblX NMpPU U3MEPEHUsX 3HaueHuil U u I BXOAUT
BHYTpPEHHEE COINPOTHBJICHHUE BOJIbTMETPa R,. AGCO/IOTHAS NOTPEUIHOCTh U3Mepe-
Huit AR, ecTb

U U 1
ARX_T_RX_T(1_1—U/(1&))' (18)
Pasnenus a10 BRIpaxkenue Ha R, u3 (13), MONTyYMM OTHOCHTE/ILHYIO MOTPEIIHOCTD
AR, U
R~ IR (19)

Cuurad, 4TO OTHOCUTE/BHAS MOTPEITHOCTD HEBEINKA (B IIPOTUBHOM CJIydae Ta-
KOE U3MEpEHHe BOOOILE TepSeT CMBICI), T.¢. 3HaueHHe R, GJM3KO K OTHOLICHUIO
U/I, nepenuceisaem (19) B Buge

AR R

R ~ “® (20)

3HaK MMHYC TOBODUT O TOM, UTO TaKOW METO[ M3MepeHUs R, Bceraa JaeT He-
CKOJIBKO 3aHMXEHHOe 3HaueHue R,. Momy/b OTHOCHUTEIbHOMU MOrpEeHIHOCTH TeM
MEHblIIe, YeM 0oJibllle BHYTPEHHEE CONMPOTHUBJICHUE BOJIBTMETPA 110 CPABHEHUIO C
M3MepsieMbIM colpoTuByieHUeM. OTHOCHUTEIbHAS MOIPEIIHOCTD 3[eCh HE 3aBUCHUT
OT COIPOTHUBJICHUS aMIIepMETPa.

B cnyuae puc. 706 uctuHHOE 3HaYUEHUE CONPOTHUBJIEHUS R . naerca dhopMy o
(14), B KOTOPY10 BXOAUT BHYTPEHHEEe CONPOTUBJICHUE aMIiepMeTpa R,. AbcomoTHas
HOTrPELIHOCTD

—R,=R, 21)

B JaHHOM cJiyuac IpOCTO paBHA COIIPOTUBJICHUK aMIICPMETpa Ra' Pasgenus R
Ha Rx’ IMOJIY4YUM OTHOCUTECJIBHYIO TMOI'PCHIHOCTD

AR _ R (22)
R, UI—R,

x

a

Koraa oTHocHTe/bHAS MOTPENTHOCTD Malla, 3HAUCHHUE M3MEPSeMOi BETNUMHBI
R, 6msko K U/I. Tloatomy
AR

X

R

x

~

| ®

o

(23)
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B naHHOM c/Tydae OTHOCHUTE/IbHAS IOFPEITHOCTD He 3a-  ©

BHCHUT OT BHYTPEHHETO COIIPOTHUBJICHUS BOJbTMETPA U OY-
JET TeM MEHBIIIE, YeM OOJIbIIIEe H3MEPSIEMOE COTPOTHBJIICHHE I H:] R I + C U
TI0 CPABHEHMIO C COTIPOTHUBJICHUEM aMIiepMeTpa. ITOT Me- 1 NP
TOJ1 BCET/Ia IaeT HECKOJIbKO 3aBblIIeHHOE 3HAUeHNe R .

2. flenumens Hanpaxenus. B penutene Hamnpsoxe- U
HUs, 00pa3oBaHHOM pe3ucTopamMu Ri M Rz, OTHOIIe-
HUE CONPOTHBJIEHUI KOTOPBIX R1/R2 = 2/3, BONBTMETP,
MOAKJ/IOUEHHBIN K R (puc. 72), mokasplBaeT HallpsiKe- 1*[]R2
Hue U1 =20 B, Koraa K AeJMUTEIO MPUIOXKEHO HAIps-
xenue U =100 B. IloueMy BoO/JIbTMETpP IIOKa3blBAECT
20 B, a He 40 B, Kak MOXHO ObLJIO OBl OXHAATH? o— 1
CpaBHUTe CWIy TOKa B BOJBTMETPE C CUJIOM TOKa B
pesncTope, HampsiKeHHe Ha KOTOPOM OH H3MepseT.

Pemenune BonpTMeTp mokasbiBaeT HU3KOE HaIps-
>XEeHHe, OYEBUIHO, TIOTOMY, UTO €ro BHYTPEHHEE COMPOTHBJICHNE HEIOCTATOUHO Be-
JIMKO, Y B HETO OTBETBJISIETCS 3HAUNTE bHBII ToK. Halitu cuy 7 3Toro Toka MOXHO
cienyomumM oopasom. Cuiia Toka B pesuctope R, paBHa, OUEBUIHO,

=20 (24)

R, ~’

Puc. 72. Jenuresp Ha-
TIPSIKEHUS

TaK KakK HallpsXeHWEe Ha HEM PaBHO Pa3HOCTU MEXY MPUIOXKEHHBIM HaIlpsiKe-
HHMeM ceTH U M HanpstkeHMeM U, NOKa3blBaéMbIM BOJBTMETPOM. JTOT TOK pas-
BeTBiIsSieTcs Ha TOK /; = U,/R, B TIepBOM peswicTope M TOK Uepe3 BOAbTMETp 1.

TosTomMy L—l—1 = % _ %_ (25)
1
Cocrapnss oTHowenue /,/1;, noaydaem
L_UZUGR 23
I, U, R, 3

Tok, OTBETBJISIOUIUICS B U3MEPUTEIbHBIN MPUOOpP, OKasascsa 0oJsbllie TOKAa B pe-
3UCTOpE, HAINpSKEHUEe Ha KOTOPOM M3MepsieTcs. SICHO, YTO Takoi BOJBTMETP U
TaKOM [e/IUTe/Ib HATIPSDKEHUS HECOBMECTHMBI!

3. B penutene HampskeHMS U3 NpeAblaylled 3agaun (cM. puc. 72) compo-
THUBJICHUS R{ U R, paBHBI COOTBETCTBEHHO 4 M 6 KOM, a BOJIBTMETP IMPU CETEBOM
HanpsxeHun U = 100 B nokaseiaer Uy = 36 B. UTo mokaxer 3TOT BOJBTMETP,
€CJIM 3aMEHUTh COIPOTHBJICHUS COOTBETCTBEHHO Ha R} =4 OM u R, = 6 Om?

Pemenue B mosyumusiieiica mocsje 3aMeHbl PE3WCTOPOB LIETIH BOJIBTMETP
BKJIIOUCH TapaJijieJibHO conpoTusiicHU0 R). ITocsenoBaTe/bHO ¢ HUMU BKJIIOUYEHO
conporusiicHre Rj. [ToaToMy, 0003HAUMB HANPSIKEHHUE, MOKA3BIBAEMOE BOJIBTMET-
poMm, uepes U}, umeem

U—U, RRJR+R)

7, z , (26)

rae R, — BHYTpeHHee CONpOTHBJIEHUEe BOJIbTMETpa, Pemas ypasnenue (31) or-
HocuteabHO Uj, Haxoanm
RiR,

Vi=URFROR +RE; @D
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Ilns pacyera MokasslBaeMoro BOJbTMETPOM Hampsixenus Uj o dopmyie (27)
HYHO 3HAThb €ro BHyTpeHHee conpoTupieHue R,. Ero MoxHO HaliTH ¢ MOMOLIbIO
opmyet (26), 3amenus B Heit Uy Ha Uy, a R} u R, — Ha R, u R, (T. ¢. IpUMEHUB
ee K LelNM, CYIIeCTBOBABIICH 40 3aMEHBbI PE3UCTOPOB). UToObI U306ekaTh IPOMO3A-
KHMX aJrebpanuyeckmx BbIKJIAJO0K, MOXKHO BMECTO TOI0 BOCIIO/IB30BATLCS (DOPMYJION
(25) npenpbiayiieii 3agauu U HaiiT R, Kak otHowenue U, /1. TIponenas coorBeTcT-
BYIOLIME pacueThl, nonyunm U} ~ 40 B.

[TosmyuenHoe sHaueHue 40 B copnagaer ¢ TeM, 4ero cyiefoBaso 0xXuaaTh OT Je-
JINTENIS. HANIPSIKEHU. DTO 03HAYAET, YTO B JaHHOM CJIyyac BHYTPEHHEE CONpPOTHB-
JICHUE BOJIBTMETPA AOCTATOUHO BEJIMKO M TOK B HETO NPAKTUYECCKHU HE OTBETBJISCTCS.
ConpoTuBJIcHHE BOJIBTMETPA R, 0UEBUAHO, MHOTO Goutbliie R} 1 R;. IToaTomy B 3Ha-
MeHatene dopmybl (27) MOXKHO npeHedpeub caraeMbiM RiR), mocsie yero oHa
NpUHUMAET BUJ
R

NV

(28)
Dopmyna (28) COOTBETCTBYET MPEATIONOXEHUIO 00 MACATBHOCTU BOJBTMETpa. Ta-
KUM 00pas3oM, B IIEMH, COACPKAIICH KUIOOMHBIC PE3UCTOPBI, AaHHBIN BOJBTMETP
C BHYTPECHHUM COMPOTUBJICHUEM 9 KOM HENMb3s CUMTATb MACAJTBbHBIM, a B IEMU C
pesucTopaMi B HECKOJIBKO OMOB — YK€ MOXHO.

e OO0BsICHNUTe KaxXxAblil dTall YIpOILleHUs cXeMbl Ha puc. 63. Kakum obpasom
M0JTy4aroTcsl IPUBEACHHbIC 3HAUEHUS SKBUBAJICHTHBIX COMPOTHUBJICHUI?

e [lpusegute moapobHOEe 000OCHOBAHHWE TOTO, UTO TOKU B OAWHAKOBBIX PE3UCTO-
pax cxembl Ha puc. 65 oAUMHAKOBBHI.

e CocTaBbTe YpaBHEHUE, COOTBETCTBYIOIICE MMPOXOAY OT BXOAA K BbIXOAY B CXE-
Me Ha puc.65 1o myTu, IpPOJIETalIleMy uYepe3 Pe3UcTopbl R,, Ry U R,, u
MOKAXXUTE, UTO OHO SIBJISICTCS CJICACTBUEM ypaBHEHUIT (8).

e PaccMoTpure KaxIblil M3 YAaCTHBIX W IIPENE/IbHBIX CJIydyaeB B CXeMe Ha
puc. 65 HezaBUCHMO, U TOKaxXWTe, UTo obmas cdopmyna (10) maer ang HUX
IpaBU/IbHBIC PE3YJIbTATHI.

e OTKJIOHEHUE CTPCJIKU U3MEPUTEIIBHOTO an/l6opa Y BOJIBTMETPA, Kak U Yy aM-
nepMmeTpa, MnpornopuroHa/ibHO CUJIC TOKa, IPOXOAAIICIO IO €ro KaTyUIKE. Ilo-
UeMy K€ BOJIBTMETP IIOKA3bIBACT HAIIPAXECHUEC, a HE CUJTY ToKa? Hoquy aM-
IMEPMETP HEJIB34 HCII0J/Ib30BATh Kak BOHbTMeTp?

e Brisenute dopmyanl (13) u (14) a1a pacuera HEM3BECTHOTO CONPOTHUBJICHUS
110 TIOKAa3aHUSIM aMIIepMETpa U BOJbTMETPA.

e QObscHUTE, I[o4YEMy ycCJIoOBUSA TMPUMECHUMOCTHU TMPCACTABJICHUS 00 ugeaibHbIX
aMIIEpMETPE N BOJIBTMETPE 3aBUCAT HE TOJIBKO OT XapaKTECPUCTUK STUX U3ME-
PUTEIBHBIX l'lpI/l60pOB, HO W OT LEIIH, B KOTOpOﬂ OHU HUCIIOJIb3YKOTCH.

e KakuMmu akropaMu OIpPEeseTcss TOYHOCTh U3MEPEHUS COMPOTHUBJIEHUI C
MOMOIIBK MocTa Y uTcroHa?
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§ 12. 3akoH Oma pAng HEOQHOPOAHOM LenH

Pacuer anexkTpuueckux memnei mMOCTOTHHOTO TOKA OCHOBAH HA MCMOJIb30-
BaHuu 3akoHa Oma. [l OQHOPOTHOrO yUyacTKa LENu MPUMEHEHHUS 3aK0-
Ha Oma Gbutr MOOPOOHO PaCcCMOTPEHBI B MpeabayineM naparpade. A Kak
HAUTH CWJIy TOKA B HEOOHOPOOHOM Y4YaCTKE DJIEKTPUUECKON Iienu, Ha
KOHIIAX KOTOPOW CYMIECTBYET HEKOTOPAs Pa3HOCTh MOTEHIMAJIOB W BHYT-
pru KOTOPOTO MMCIOTCA CKAUKM MOTCHIMAJTIOB, HATIPUMCED, BKJJIKOUCH TraJib-
BAHWYECKUI JJIEMEHT WM AKKyMYJaTOp?

KoOHTaKTHad pa3HOCTb MOTEHHUaaoB. Paccmorpum cHauana Heo-
JHOPOIHBIA yUAaCTOK LEMU, COCTOSIIINI M3 ABYX MOCACAOBATEIBHO COCAM-
HEHHBIX PA3JUUYHBIX TPOBOAHMUKOB A M B, HampuMmep, METHOTO M IMHKO-
Boro (puc. 73). OnbIT MOKA3BIBAET, UTO S
Me)KIly PAa3JIMUHBIMA IPOBOAHUKAMHU —

NMECTCI CKAUOK INOTCHIHMAJA, KOTOpI)IIruI W 4 m ) N
HE 3aBUCHT OT TOKA M CYIMECTBYET JAXE

B €T0 OTCYTCTBHE. JTa KOHMAKMHASL P P, P ?,
Pa3HOCMb NOMEeHLUa06 ObLIa OTKPHITA
eme B 1797 r. mranpgaHCKUM (PU3UKOM
A. BosibTa, yCTAHOBHMBIIMM DPSIA METAJI-
JIOB, B KOTOPOM Ka Kbl MPEABIAYLIMIA META/LT IIPH COEAMHEHUHN C JTHOOBIM
W3 MOCJACAYIOIMNX JIEKTPU3yeTcs noyoxureabno: Al, Zn, Sn, Cd, Pb, Sb,
Bi, Hg, Fe, Cu, Ag, Au, Pt, Pd.

CylecTBOBAHUE KOHTAKTHON PA3HOCTHM MOTCHIMAJIOB MOXHO TPOE-
MOHCTPHUPOBATH C TIOMOIIHIO CACAYIOMEr0 MpocToro ombiTa. Ha crepxue
9JIEKTPOCKOMNA  YKPEIUIIIOT TUIACTUHY W3 WMCCICAYEMOTO MeTasia

]

Puc. 74. O0Hapy>KeHHE KOHTAKTHOM PA3HOCTH MOTEHITUAJIOB

Puc. 73. HeoqHOPOAHBII yYaCTOK LIS

2

(puc. 74). Ee MOKpBHIBAIOT TOHKUM CJIOEM HM30JMPYIOMET0 MaTrepuasa.
CBepxy KJAAyT IUIACTHHY M3 BTOPOTO WMCCACAYEMOrO MaTepuasa, CHal-
>KECHHYIO M30/MPYIOMEH PYUKOU, U COCAMHIIOT ATy IJIACTUHY C 3€MJICH.
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[TnacTuHBI HA HEKOTOpPOE BPEMSI COCOAWHSIOT MPOBOXHUKOM. [Ipm sTom
MEXJy TIUIACTHHAMM BO3HUKAET KOHTAKTHAS PA3HOCTh MOTCHIMAJIOB,
T. €. 00pa30BaHHbII MU KOHAEHCATOP 3apskaercs. OQHAKO CyIIECTBYIO-
LI€€ B HEM HAMPSKEHUE HACTOJIBKO MAjo, UTO OOHAPYXKHUTh OTKJIOHEHUE
JIMCTOYKOB 9JIEKTPOCKOMA HEBO3MOXHO. [losTOMy mocTymaroT ciaenyro-
M 00pa3oM. BepxHIOKW MmaacTuHy MOAHMMAOT, TAK YTO EMKOCTh 00pa-
30BAHHOTO TIACTMHAMM KOHAEHCATOPA yMeHbIaeTcd. Tak Kak 3apsa Ha
W30 TMPOBAHHOM HUMXKHCH IUIACTMHE OCTACTCS HEM3MCHHBIM, TO PAa3HOCTh
MOTCHIMAJIOB MEXAYy HEW W 3eMJICH BO3pacTaeT BO CTOJBKO pas, BO
CKOJIBKO YMEHBIIAETCSI €MKOCTh. [Ipy AOCTATOUHOM pa3aBMXXEHUMW TLIA-
CTHH OTKJOHEHHE JIMCTOYKOB DJIEKTPOCKOMNA JIETKO OOHAPYXXMBAETCS.

Dusnueckas MTPUUYMHA BO3HMKHOBEHMS KOHTAKTHOM PA3HOCTH MOTEH-
MAJIOB 3aK/JII0UYAETCA B Pa3anumMy paboThl BHIXOAA Y PA3HBIX METAJLIOB,
T. €. MUHUMAJBHOU pPAbOTHI, KOTOPYK HYXHO COBEpPIINATH, YTOOB yaa-
JINTh JJICKTPOH U3 METAJJIAd B BaKy'y'M, d TAKXC B PA3JIMUMM KOHIICHTPA-
ouKM CBOOOIHBIX JJIEKTPOHOB B HUX. BeamumHA CKAuka MOTEHIMAIA 3a-
BUCUT OT poad MCTA/IZIOB, UNCTOTHI UX HOBerHOCTeﬁ Hu OT UX TEMIIEpPA-
Typbl. KOHTaKkTHAd pasHOCTh MOTEHIUAJIOB KOJEOJETCS OT HECKOJbKHMX
JACCATBHIX BOJBTA A0 CAWHWL, BOJIBT.

Ecau coenvHuTh MeXay coOOM MOCAEI0BATENBHO HECKOJIBKO Pa3inu-
HBIX META/JJIOB, TO BO3HWKAKIIASd HA KOHIAX KPAWHWUX TPOBOAHUKOB
Pa3HOCTh HOTCHIMAJJOB HE 3aBHCHAT OT TOrO, KAKHE IIPOBOJHHUKM HAXO-
AATCH MEXAY HUMH, T. €. OyAeT TAKOW XK€, KaK IPU HEMOCPEACTBEHHOM
COCAMHEHUM JTUX KPAWHUX TPOBOAHUKOB MEXAY coboit. IToguepkrem,
qTO B OTCYTCTBI/IG TOKa Kaxnmﬁ METAJJI OCTACTCA OKBUIIOTCHIOUAJbHBIM,
a CKAuoK TOTEHIMAMA U CBI3AHHOE C HUM JJIEKTPUUECKOE MOJIE UMEIOTCS
TOJIBKO B MECTE KOHTAKTA.

TOK B HEONHOPOJHOM yyacTke uenu. [TogcoenuHum Temnepb BHEIIHUE
KOHIBI ITPOBOOAHUKOB A u B Ha puc. 73 K UCTOYHUKY TOCTOSIHHOIO Ha-
npsoxerns. O603HAUMM MOTEHUMAJ JIEBOrO KOHIA MPOBOAHMKA A uepes
¢, a TOTEHIUAJ MPABOr0 KOHLA MPOBOAHMKA B uepes3 ¢,. [loreHumamnl
MeTa/IoB A ¥ B B MeCTe KOHTAaKTa 0003HAUMM uepe3 ¢, U Ppg. Tak Kak
TCICPb B MPOBOAHUKAX MACT TOK, TO, pPa3yMECTCHd, P * Psr U Py * Pp-
Mer moka He 3HaeM, Kak 3ammucaTth 3aKoH OMa Ayd BCEro paccMaTpuBa-
€MOr0 yuacTKa LEMH, HO 3aTO MOXEM 3amucaTh €ro AJs KaXXAoro u3
OAHOPOAHBIX YUACTKOB A n B. Tak kak IMPOBOOAHUKU COCAMHCHBI ITOCJ/IC-
JOBATEJIbHO, TO UEPE3 HUX MPOTEKAET OAMH M TOT Xe ToK /. [1pexmosio-
XKMM, 4TO TOK MAET CJACBA HANPABO, KaK mokaszaHo Ha puc. 73. Torga

Pr—Pa=1IR,, pp— Py= 1Ry, (1)

rie R, u Ry — conpotuBiacHUS yuyacTKoB A u B. Cl0XuUM MOUJIECHHO
ypasHeHus (1) m meperpynmnupyeM caaraeMbic B JIEBOM UYaCTH CICAYIO-
muM 00pasom:

(p1— p2) + (P — p4) = I(Ry + Ry). (2)
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Cymma R, + Ry ecThb MOJHOE COMPOTHUBICHUE R paccMaTpuBaEMOTO
yyacTka. PasHocTh moTeHImManos ¢, — ¢, TMpeAcTaBiseT coboii mpusio-
XKeHHoe Hanpsikenue U. PasHOCTh ¢z — ¢, €CTh CKAUOK MOTEHUMANA B

MECTC KOHTAKTA MCTAJIJIOB, KOTOprﬁ, KaK yX€ OTMCUaJa0Ch, HC 3aBUCUT
OT MPOTEKAIOUWIECTO TOKA M OMPEACIICTCS TOJBKO MPUPOAOH META/LUIOB H
Temmeparypoil. 3HaueHue ckauka ¢, — ¢, obosHaumm uepes &. Torma

cooTHOmEHnE (2) MOXHO TIEPENMUCATh B BUAC

U+¢
1=Ute, 3)
D10 m ecTh 3aKoH OMa I HEOTHOPOOHOTO YUacTKA LETH.

OrmeTuM, uTO TMOA HampsxeHueM U Ha paccMaTpUBAECMOM yYacTKE
MOHUMACTCA PA3HOCTb P — P2 rac P — DOTCHO AT TOM TOUKH, OT KO-
TOpOﬁ TEUECT TOK, a ‘PZ — IOTCHIOMAJ TOYKH, K KOTOpOﬁ TECUET TOK. CKa—
YOK IIOTCHOUAJA B MECTC KOHTAKTA & OIpPEaAcJICH KAdK P — Py T c.
3HAK g OIpEeaAcaAdCcTCd TEM, NOBBIMIACT WJIN MOHUXACT CKAUOK 3HAUCHHUC
IOTCHIIMAJIA B ICNU B HANPABJICHUU IIPOTCKAHUS TOKA: €C/IA MOBBLIIIACT,
10 € >0, ecm moHMXKaer, 1o & < 0.

Ho Beap mpu paccy>XaeHuMaxX Mbl BHIOpaM HANpPABJEHUE TOKA CJIEBA
HamnpaBo Hayraa! A eciu HA CAMOM JeJie OH TEUET B MPOTHUBOIOJIOXHYIO
cropony? [lpeamosioxuB, yTO TOK TEUeT CIOpaBa HAJIEBO, W TOBTOPSS
6yKBa]II)HO BCC BBIKJIAAKW, MbI IOJTYUUM 3HAUCHUC CUJIbI TOKdA, OT/IAYA-
OIIEecd TOJIBKO 3HAKOM. DTO 03HAYAET, UTO, NPUCTYMAs K AHAIU3Y HEO-
AHOPOTHOTO yYACTKA LEMU, Mbl MOXEM BOOOMIE HE 3aTyMBIBATHCI O TOM,
B KAaKyI CTOPOHY TEUET TOK HA CAMOM JEJE, a 3aAaBaTh €My HampasJie-
HUE TPOU3BOJIBHO.

BoiOpaB HampaBjeHHE TOKA, Mbl ONMpPEAEaIEM €ro 3HaueHue mo ¢op-
mysie (3), crporo cobmopast chopMyIMPOBAHHOE BHILIE MPABUIO 3HAKOB
s U m &. Ecm B pe3yibTaTre TOK OKAXETCS MOJIOXKHUTEIbHBIM, TO OH
HeﬁCTBHTeﬂbHO TCUCT B 3aJAHHOM HaAMHM HAIIPABJICHUU. Ecnm xe noJay-
UUTCAd OTPULOATCABHOC 3HAUCHUC, TO B HeﬁCTBHTeﬂbHOCTH TOK TCEUCT B
MPOTHUBOMOJIOKHYKO CTOPOHY, A 3HAUEHUE €ro, pasyMeeTcs, HaNaeHO
npaBuabHO. Huke Mbl MOAPOOHO pacCMOTPUM MPUMEPHI UCIOIb30BAHUS
3akoHa OMa @i HEOOHOPONHOTO YYacTKa LENH, WUTFOCTPUPYIOMUE
chOpMyIMPOBAHHOE MPABUJIO 3HAKOB.

Ecau coequHUTh MOCAEA0BATENBHO HECKOJIBKO PA3JNUYHBIX MPOBOXHM-
KOB, TO, IMOBTOPAd BCC NMPUBCACHHBIC BBIKJIAAKHU, JICTKO Y6CZ[I/ITBCSI, yToO
dopmyna (3) coxpaHseT CBOM BHI; TOJIBKO TEIEPh MOX & HYXKHO TOHU-
MaTh anarebpanyeckyro CyMMy CKAuKOB MOTEHIMAIA B KOHTAKTAX, a MOM
R — CcyMMy COMpPOTHUBJICHMM BCEX NMPOBOAHUKOB.

3aMKHyTas HEOJAHOPOAHAA Lenb. PaccMoTpuMm Temepb 3aMKHYTYIO
LENb MPOBOJHMKOB, COCTABJACHHYIO W3 pPa3HBIX MeTawioB. [IpeacraBum
ceOe, 4TO ITa 3aMKHYyTas LEMb IHOJYyYaeTcsd B PE3y/IbTaTe COCHMHCHMUS
HAYaJIa W KOHLA LEMNOYKM TPOBOXHUKOB, T.€. TEX TOUEK, K KOTOPHIM



108 II. IIOCTOSHHBIN INEKTPUYECKUI TOK

MOTJIO OBITh TIPHJIOKEHO BHEIIHEE Hanpspkenne U. CoennHeHne 9THX TO-
YyeK B OAHY o3Hauyaer, uto renepb U = 0 u cdopmyna (3) nig 3aMKHYTOM
MOC/ICAOBATEIBHON LEMOYKY MPUHUMACT BUX

&
=5 0
rac & — aJIl"e6paI/IlleCKafl CyMMa CKAUKOB TOTCHOMAJA MEXAY BCCMHU
nmapamMm COCAMHCHHBIX IIPOBOOHUKOB, a R — mnonHoOE COIMPOTUBJICHUC

3aMKHYTOHM LICTIH.

Ecim KOHTaKTH MEXAY Pa3IMUHBIMUA METAIIAMY HAXOASTCS TP OAH-
HAKOBOM TEMIIEPATYpPE, TO CyMMa BCEX CKAUKOB MOTEHIMANIOB & Oymer,
OUEBUAHO, PABHA HYJIIO, MOCKOJbKY CKAUOK MOTEHIMAIA MEXIY JIOOBIMU
JBYMS META/IAMU HE 3aBUCUT OT TOTO, UTO HAXOAUTCH MEXIY HUMHU.

OnexTpoasuxymiad cuia. [Ipy pasnmuHBIX TEMIIEPATypax KOHTAKTOB
B O CyMMad CKAUKOB NMOTCHIMAJIA g MOXET 6hITI) OTJIMYHOH OT HYyJa4d,
¥ B LENM MOUAET TOK, onpeaeasemeiin opmysoi (4). Cymma & ckaukos
MOTEHIMAIA B 3aMKHYTOM LEMU HA3BIBACTCH 21eKMPOOSUXYULel CUNOL
(20C), a pasencreo (4) — 3akonom Oma g 3aMKHYTOUW HEPA3BETB-
JICHHOU TICIIN.

OcranoBumca moapoOHee Ha (usuueckoM cmbicae moHatus DJC.
CKaIIOK ODOTCHOMAJIA B MCCTC KOHTAKTA ABYX MCTAJIOB BO3HUKACT
BCACACTBUE Pa3anunsd PaboThl BHIXOAA JEKTPOHOB M MX KOHIEHTPALUN
B OTUX METa/Iax, NPUBOALAIIETrO K Auddy3un 2JEKTPOHOB uepe3 KOH-
TAKT. CI/IJII)I, BBI3BIBAKOIIUC HaHpaBHeHHHﬁ IIOTOK JJICKTPOHOB, MUMCHKT
HEDJICKTPOCTATHUECKOE (HE KYJOHOBCKOE) TPOMCXOXACHME. Takue CHIIbI
HEDJICKTPOCTATUUCCKOTO TPOMCXOXACHUS HE3aBUCMMO OT WX (husmue-
CKO¥ MPUPOABI HA3BIBAIOT cmMOpoHHUMU. HaTipaBIeHHBIN TIOTOK 2JIEKTPO-
HOB u€pe3 KOHTAKT MPEKPALIACTCH, KOrAa BO3HMUKACT MPEMSITCTBYOMICE
€My 2JIEKTPOCTATHUECKOE T0JIC, YPABHOBEIIMBAIOLICE ACHCTBUE CTOPOH-
HUX CHJI. DTO BO3HMKAIOLIEE JJIEKTPOCTATHUECKOE TIOJIC M XapaKTepu3y-
€TCSl KOHTAKTHOM PA3HOCTHIO MOTCHLIMAJIOB.

B paccMoTpeHHOM Ciiyuae 9JEKTPOABMXKYINAS CUJIA BO3HUKAET TOJIb-
KO TIpW PA3JUUHBIX TEMIIEPATypaX KOHTAKTOB M HA3BIBACTCS MepMO-
anekmpodsuxyuiei cunoi (tepmodC).

3akon Oma (4) @i 3aMKHYTOM UEMW CIPABCAJUB HE TOJBKO IS
tepmoD/IC, HO ¥ Ang CTOPOHHMX cuu Jroboi mpuponsl. Kak yxe orme-
4yaj0Ch, HEOMHOPOAHOCTh LEMU MOXET ObITh 00YCJOBJEHA BKJIIOUEHHEM
B HEE TaJbBAHMUECKOTO JJIEMEHTA, AKKYMYJISITOpA, TCHEPATOPA TIOCTOSTH-
HOrO TOKa W T.A. Ecam paccMarpumBaemas LETb COAEPXUT HECKOJIBKO
3MC, 1o B hopmysie (4) mox & HyXXHO MOHUMATH ANTeOPAMUECKYIO CyM-
My Bcex otux DJIC, mpuueM 3HAK KaXAOW M3 HUX OMPEACAICTCS B CO-
OTBETCTBUM CO C(HOPMYJIMPOBAHHBIM BBILIC TTPABUIIOM.

Huxe 6yner mokasano, uto I[IC & xapakrepusyeT paboTy CTOPOH-
HUX CWJI, COBEPLIACMYIO TIPH MEPEMEIICHUHT 3apsSaoB. [ pyrumu cioBamu,
O C xapakrepuayeTr MPEeBPAMCHUE SHCPIUM APYTUX BUAOB B IJICKTPHU-
YECKYIO.
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OC B pa3HbIX MCTOYHMKAX. B MPOTMBOMOSIOXHOCTh KOHTAKTAM MPO-
BOOHUKOB TIEPBOTO poxa (MeTasuibl, TOJYIPOBOOHUKN), B KOTOPHIX HE
MPOUCXOAUT HUKAKUX XUMUUCCKUX W3MCHCHUU TIPU TIPOXOXKACHUH
9JIEKTPAUECKOTO TOKA, B KOHTAKTAX METAJUIOB C JJieKTposMTamu (Ha-
MPUMEP, LMUHKA C CCPHOM KUCJIOTOM ) TPOUCXOAIT XUMUUCCKUE PEAKIUN.
Kak ™Mbl BUaeam, B 3aMKHYTOM
LUENA W3 PA3JTMUYHBIX MPOBOXHM-
KOB TEPBOTO poAa MpW OOWHAKO-
BOM MX TEMIEpaType HE BO3HU-
kaer D/IC. Ecim xe coctaButh
3aMKHYTYIO LENb M3 MPOBOAHU-
KOB TMEPBOTO M BTOPOTO poAa, TO
B HEW BO3HMKAET OTJIMYHAS OT
mynas D[C paxe mpu MOCTOIH-
HOUW TeMmepaType.

Takoro poaa KoMOWHAIUS
IIPOBOAHUKOB IICPBOTO PpPOAAd M Puc. 75. Daement JlaHuens W BHENIHME BHJ
JJICKTPOJIUTOB TPEACTABJSET  CyXoro anemenTa Jleknanume
cO0OM XMMMUECKMI HMCTOYHMK
TOKA «CYXOW» 2abGaHuUuecKull snemenm, wam akkymyasmop (puc. 75),
B KOTOPOM OJJIEKTPUUECKUU TOK MOAACPXKUBACTC 3a CUET XUMHUECKUX
peakumii MEXAYy SJCKTPoAaMW W dacKTposmToMm. Hampwmep, B raabBa-
HUYECKOM JJIEMEHTE, COCTOSIIIEM W3 IJIACTUH [UHKA W MEAH, MOrpy-
SKEHHBIX B PACTBOP CEPHOM KHCJIOTHI, MPOUCXOAUT PACTBOPEHUE IMHKO-
BOTO 2JEKTPOAA B KHUCJAOTE. B aKKyMyadaTOpax MCIOJb3YIOTCH O0paTu-
MBIE XMMHWYECKHE PpEaKUWH: PACXOAyEeMblili mpu paboTe OJIeKTPOn
BOCCTAHABJIMBAETCS B TPOLIECCE 3apsSiAKU. XMMUUECKNE MCTOUHWKM TOKA
obecnieunsaror IC mo 2 B.

B renepaTopax, mpuMEHSIEMBIX HA JEKTPOCTAHLMSIX /s MPEBpale-
HUAY MEXAHWYECKOW ODHEPrMM B JJICKTPUUECKYHD, CTOPOHHHE CUJIBI IO
CBOEH MPUPOAE — OTO CHJIBI, ACWCTBYIOIUE HA ABVKYIUECS B MATHHUT-
HOM TIOJIE 3aPSIABI.
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BHyTpeHHEe CONPOTUBJIEHHE HMCTOYHMKA TOKA. B sio0oit peasbHOM
9JIEKTPUUCCKOM LIETM BCETJAa MOXHO BBIACIWTH YUACTOK, KOTOPBIA CIy-
KUT IJIs TTOAACP>XKAHUS TOKA (MCTOUHWMK TOKA), a OCTAJBbHYIO 4acTh pac-
CMaTpUBATh KaK <«HArPYy3Ky». B MCTOUHMKE TOKA 00S13aTEJbHO ACUCTBY-
0T CTOPOHHWE CHJIBI, TIOTOMY B OOIIEM C/iyuae OH XapaKTEpu3yeTcs
9JIEKTPOABMKYIICH CUJIOW & M COMPOTHBJICHUEM 7, KOTOPOE HA3BIBACTCS
BHYTPCHHMM COTPOTUBJICHUEM WMCTOUHMKA. Harpyska Toxe MOXeT co-
nepxars DC (Hampumep, 5/€KTPOABUTATENb), OAHAKO B MPOCTEHIIEM
CIyuae B HArpy3Ke HUKAKWE CTOPOHHME CWJIBI HE JCUCTBYIOT, M OHA Xa-
paKTEepU3yeTCsS TOIBKO COMPOTUBJICHUEM.

IIpocreiiias 3aMKHyTas Lenb. PaccMOTpuUM 3aMKHYTYIO 9JIEKTDH-
YECKYIO LETb, COACPXAMy0 nCTouHuK ToKa ¢ DJC & u BHyTpPEHHUM CO-
MPOTHUBJICHUEM ¥ U HATPY3KY, XaPAKTEPU3yEMYIO TOJBKO COMPOTUBJICHU-
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eM R (puc. 76). ConpoTuBjcHIE COSAMHUTEIbHBIX TPOBOAOB OyaeM cum-
TaTh paBHBIM HYyJO. [IpuMeHss Kk Takoi uernu dopmyay (4), B 3HAMEHA-
TeJIe KOTOPOM CTOUT TOJTHOE COMPOTUBJICHUE LICTIN, 3a-

& r NUIIEM €€ B BUAC
1
_'| + &
I= R+ (%)
I
rae uyepe3 R 0003HAUEHO COMPOTHBJIEHWUE HATPY3KH.
.S, WneanbHbIN BOIBTMETP, TOAKIIOUCHHBIA K COMIPOTHB-

. JeHuio R, T.e. kX 3axumam (mOJH0CaM) paboTaroImero
Puc. 76. Tlpocreit-  yroupyka Toka, mokassisaet Hanpskenne U = IR,
miast 3aMKHyTast HEeIb
¢ merounukom Toka  KaK 9TO cieayer u3 3akoHa Oma misi OMHOPOZHOTO
y4acTKa Lenu — B JAHHOM CJIyuae AJis COTMPOTUBJIC-
Hug Harpysku. [logcrasisgs cioma cuuy Toka [ u3 (5), 5TO HANpsSDKEHUE
MOXHO BBIPA3WTh u€pe3 mapaMeTpsl uenu &, r u R:

U=% . (6)

Wz (6) BumHO, uTo HampsokeHue U Ha 3aXuMax paGoTAOMIETO WC-
toynmka Bcerga Menpme ero DJC. Ono Tem OGmmxe K &, yem Oospme
compoTuB/cHue Harpy3ku R. B mpenene R— « (Tounee korga r/R<<1,
T. €. KOTAa MOXHO NpeHeOpeub COMPOTUB/ICHMEM MCTOYHMKA IO CPaBHE-
HUIO C COMPOTUBJICHUEM Harpy3ku) u3 (0) ciaexyer, uro U — &: Hamps-
KEHHE HA 3a’KMMAax PAa30MKHYTOro MCTOYHMKa pasHo ero DJC.

[MporuBomoOXHBI TIpeaeabHbI cayuait R=0 (TouHee, korga
R/r<<1, T.e. Korma COMPOTUBJICHUE HATPY3KM MHOTO MEHbIIC BHYTPCH-
HEr0) COOTBETCTBYET TAK HA3BIBAEMOMY KOPOMKOMY 3AMbIKAHUIO NICTOY-
HUKA TOKa. B atom ciyuae U =0, a
2 (7

max r

1

— TOK KOPOTKOTO 3aMbIKAHMS, T. €. MAKCUMAJIbHBIA TOK, KOTOPBIA MOX-
HO TMOJIYYUTh OT JAHHOTO MCTOUYHMKA.

N3 dopmyssl () caenyer, 4To HAMIPSIKCHUE HA 3a’KMMAX MCTOUHUKA
U = IR MOXHO 3amnmucath B BHAC

U=%—Ir. (8)

[Tpoussenenue Ir mpeacrasisier co00i HAMPSKEHUE HA COMPOTHUBIIC-
HUHM 7, T. €. HanpspKeHue U’ BHYTpu mcrounmka Toka. [losromy dopmy-
ga (8) oszmauaer, uro DJC paBHA CyMMe HAMPSOKCHWI HA BHCIIHEM
(U) wn Baytpennem (U') yuacTkax 3aMKHYTOH LEMH.

CocraBHad BHEeNIHAS Lenb. Kak mpaBuio, BHEIIHSS LEIMb COCTOUT U3 HE-
CKOJIbKMX COMPOTHBJICHUI, TIO-PA3HOMY COEAMHEHHBIX MeXay coboi. Bce
CKA3aHHOE BBIIIIE OCTAETCS CIIPABEIIMBBIM, €C/IM TMOA R MOHUMATh SKBUBA-
JIEHTHOE COMPOTHBJICHUE BCEW BHEIIHEN enu. [IpuBeacHHBIE COOTHOLIE-
HUS TIO3BOJISIOT JIETKO PACCUMTHIBATH TAKUE LEMH MM MPOBOOUTh MX Ka-
YECTBEHHBIA aHAJIN3.
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PaccmoTpum caepyromme mpuMepst.

1. TpeGyercst onpeaeanTh, KAK U3MEHATCS (yBEJMUATCS WIA YMECHb-
MIATCSI) TOKA3aHUS BCEX WACATBHBIX BOJBTMETPOB B IEMH, MOKA3AHHOM
Ha puc. 77, ecnu, HanpuMep, YMEHBIIUTb CONPOTUBJICHUE R, MepeMeH-
HOTO PE3HCTOpA.

ITpu ymenpmienuu R, cua TOKa B e Bo3pacTaer. B cooTBercTeum
¢ 3akoHoM Oma 119 yyacTKa Uenu HampspkeHue U, Ha CONMpOTHBJICHUH
R, Bospactaer, a HanpspkeHue U Ha 3aXMMax MCTOUHMKA TOKA, Kak

|
I
n |
&) 1|
o— [
——(a)
z &Y

© &

Puc. 77. K uccienoBanuio uaMeHeHuit noka-  Puc. 78. K uCCIEI0BAHUIO H3MEHEHUE
3aHUI BOJIbTMETPOB MOKA3aHUM AMIIEPMETPOB

caenyer u3 dopmysasl (8), ymenpmaerca. [Ipumensars 3akon Oma s
y4YacTKa LEemu K COMPOTHBJICHUIO R, 3aTPyAHHTEIBHO, MOCKOJBKY R,

yObIBaeT, a TOK B wemu Bo3pacraer. [109ToMy BOCIOIB3yEMCSI TEM, UTO
U=U,+ U,, otKyaa cpa3y ${CHO, UTO HANPSKCHUE HA PE3UCTOpE R,

yObIBaeT, mpuuem B OoJibiicii mepe, uem U.

2. Tpebyercd oOmpeneanTh, KaK WM3MEHATCS TMOKA3aHHUS BCEX WHE-
JIbHBIX aMIICPMETPOB B CXEME, MOKA3aHHOW HA puc. 78, mpu yMeHbIme-
HUM COMPOTHUBJCHUSI R,. OueBMAHO, YTO NpH YMEHBIICHHH R, IOJHOE

COTPOTHMBJICHUE HATPYy3KW YMEHBIIAETCH, W TOK [, MOKA3BIBAEMBIN aM-
nepmerpom A, Bospacraet. [Ipu atom, kak ciaexyer u3 (8), Hampsxe-
HUE HA TAPaJIENbHO COCAMHCHHBIX COTMPOTUBJICHUSX R, m R, yObiBaer.

[TosToMy TOK [/, MOKA3bIBAEMBI AaMIEPMETPOM A;, YMEHBIIAETC.

Ckazatbh cpasy, 4TO MpOM30HAET C TMOKasaHWEM ammepmerpa A,, 3a-

tpyaauTeabHo. OmHako w3 paseHctsa [ = I| + I, HEMENICHHO ClEmy-

€T, uTO [, YBEIMUMBAETCH, MPUUEM B Gosabmen mMepe, uem 1.

e UYrto Takoe KOHTAKTHas pPa3HoCTb l'lOTeHLlI/laJIOB? Kak Ha orbiTe MOXXHO y6e—
AUTBCH B €€ CyLLleCTBOBaHI/lI/l?

e Jlokaxure, Kak ¢ MOMOIIbI0 3akoHa OMa /IS OXHOPOAHOIO yuacTKa LEMU
MOXXHO MOJyuuTh popmyay (3).
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[MoscHUTE TpaBUJIO 3HAKOB, KOTOPBIM CJIEAYET PYKOBOLCTBOBATHCS NPU KC-
0JIb30BaHUU (hopMyJibl (3).

Yro takoe anekTpousryas cuia? IoscHure dpusnuecknii cMpIc/ MOHSTHS
9/IC Ha npuMepe LENU U3 Pa3HbIX MeTa/uioB. UTo Takoe CTOPOHHUE CHJIbI?

Coopmynupyiite 3akoH OMa AJisl 3aMKHYTOM HEpas3BETBJICHHON LICTIH.

Kakumu npuuunamu ob0bscHsercs D/IC B 1eny U3 pasHbIX META/JIOB WIU
MI0JIy[IPOBOJHUKOB, B XMMUUECKUX UCTOUYHUKAX TOKA, B AJIEKTPUUCCKUX T'eHe-
patopax?

Brigenmute oCHOBHBIC YacTH JIH00OI peasibHOUM 3aMKHYTOH Lienu. Kakumuy na-
paMeTpaMu OHM XapakTepusynrcs?

Kak cBsI3aHO HamlpsipKeHHe Ha BKJIIOUEHHOM HcTouHMKe ¢ ero DJIC? Ot yero
3aBUCHUT HAIPSKEHUE BHYTPU MCTOYHMKA?

A HanpsikeHne Ha MCTOYHHMKE TOKA. Bepremcsa k cdopmyne (8).
Ona Gbu1a nmoayueHa Kak caeactsue 3akona OMa ais 3aMKHYTOM Le-
mm, BhIpaxaemoro dopmysaoi (5). Paccumraem eme pas TOK uepes
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Puc. 79. VICTOUHMK TOKA KAaK HEOJHOPOAHBIN yuacTOK Lenu (@) ¥ KOMIIEHCAIIMOHHBIH
merop uamepenus IJIC (6)

WCTOYHMK, PACCMATPUBAS €T0 KAK HEOMHOPOMNHBIA YYACTOK ILEMH
(puc. 79a). Ucnonszys dopmyny (3), B COOTBETCTBUU C MPHUBEACH-
HBIM BBIIIE TPABUIOM 3HAKOB MMEEM
PO Tk R )
r
Herpyano Buperp, uto Hampsxenue U, dwurypupytomee B ¢dop-
myne (8), pasHo ¢, — ¢,. IToaromy coorHomenue (9) dakrmueckn
cosnazaer ¢ (8). OmHako mpu TAaKOM BBIBOAE ITOM (HOPMYJIBI HE WC-
MOJIb30BAJIOCH TIPEATIONOXKEHNE, UTO TOK CO3MAETCA TOJBKO ITHM WC-
TouHukoM (T.e. uro U = &). Ilosromy copmyna (8), kak u (9),
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(baKTI/IlleCKI/I cripaBcaimBa Ipu JIF00OM COOTHOIIEHUH MCXKAY TOTCH-
ouajaaMu @, U ¢, XapakKTCPUIYyIOMUMN HANPAXKCHUC HA UCTOUYHUKC

TOKA.

Uzmepenne DIAC. Onpenencane DC kakoro-nmmbo MCTOUHHMKA HA
OMBITE OOBIUHO MPOM3BOAUTCA TAK HA3BIBAEMBIM KOMIIEHCALMOHHBIM
MeromoM, Korga HeusBectHas DJIC cpaBHMBAETCS C XOPOIIO M3BECT-
Hoit DJIC apyroro, STaJOHHOTO MCTOUHUKA. [IJI DTOTO MCIOAB3YETCS
cxema, mokasanHad Ha puc. 796. Barapes, 9/1C koropoit & 3aBemoMo
Gonpmie kak JJIC ITATOHHOTO WCTOYHUKA &, TAK W H3MCPSICMOM
9MC &, sampikaeTcs Ha BHeImHee conporusicHue AB. C momompio
nepekaruaress K K HeKOTOPOU 4acTu R 3TOrO COMPOTUBJICHUS MOX-
HO TOAKJIIOUMTH JIMOO JTAJOHHBIA MCTOUHMK, JUO0 mamepaemsiil, I1o-
JISPHOCTDH BKJIFOUEHHS JJIEMEHTOB MOKA3aHa Ha puc. 796.
Ioaxmounm cuauana stanoHHb uctounuk ¢ IIC &, n noade-

peEM compoTuBjeHre R TakuMm oOpa3oM, uToObl TOK YEpE3 rajbBaAHO-
METp, a CJAEA0BATENBHO, W UEPE3 DTAJOHHBI MCTOYHMK OOpaTWiCd B
HyJb. 3aIOMHUM 3HAUYEHHE R, COMPOTHBJEHUS R, MpU KOTOPOM 3TO

MPOM30MAET. 3aTEM MOBTOPHM TO XE€ CAMOE, MOAK/IYAS MCTOUHUK C
nenssectHoit DJIC & . m mogGepem 3HaueHwe R, compoTuBicHMS R,

[Py KOTOPOM OTCYTCTBYET TOK UEPE3 TaJbBAHOMETP.

N3 dopmyasr (9) caegyer, uTo TOK uepe3 ydyacTOK LEMU, COXEp-
xamnﬁ raabBAHOMCTP W OAWH W3 MOAKJIIUACMBIX JICMCHTOB, OTCYT-
CTBYCT, KOTAA HAMPAXCHUC MCXAY TOUKAMU An C IPONMOPIHUOHATIb-
HO COOTBETCTBYIOLIEMY 3HAUEHUIO COMPOTHMBJACHUS R, T.€. R, wim

R,. DT0 3HAUMUT, UTO A/ OTHOIIEHUS & /&, CIPaBEITHBO

otkyaa &,.= &,R,/R|. JIOCTOMHCTBOM KOMIICHCAIMOHHOTO METOAA
SIBJISIETCS TO, 4TO Ans onpeaeneHus D C &, HEM3BECTHOTO UCTOUHM-
Ka He TpeOyeTrcs 3HATh HM €r0 BHYTPEHHETO COMpPOTUBJICHHS, HU
XapAKTEPUCTUK BCIOMOTaTEJIbHOTO MCTOYHMKA, IOAKJIOUAEMOTO K
TOUuKaM A u B mara3uwHa cOmpoTuBjacHMI. BaxxHo u 10, uTo (hakT OT-
CYTCTBHSI TOKA UEPE3 TaJbBAHOMETP MOXET OBITh YCTAHOBJIEH C 6OJIb-
el TOUHOCTBIO, UEM M3MEPEHUE JIIOO0r0 OTJMUYHOTO OT HyJ/Is 3HAUE-
HHS CUJIBI TOKA. A

O0bpsicHuTe, NoueMy HamnpsikeHue U, durypupytoiiee B dopmyie (8), nmeii-
CTBUTENIBHO PABHO Py — P, @ HE Py — Py.

B uyeMm 3zak/moyarTCs JIOCTOMHCTBA KOMIIEHCAIIMOHHOIO METOHa N3MEpEeHUS
SAC?
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§ 13. PacueTr uenel NOCTOSAHHOrO TOKa

Pacuer anexTpuueckux menei 3aKa04YaeTcsl B ONPEAeIeHIH CUJI TOKOB BO
BCEX BETBIX W HANPSDKEHWH HA BCeX anemeHTax. Korga menmb comepxxut
OIWH MCTOYHHUK TOKA, €€ PacyeT HE MPEACTABJIYIET TNPUHIUAMMAIbHBIX
TPYAHOCTEM, TOCKOJIBKY BCKO HATPY3KY, KaKOU Obl pa3BETBJICHHOW OHA HU
ObL1a, MOXKHO 3aMEHUTHh OOJHUM SKBUBAJICHTHBIM COMPOTUBJICHUEM.

Kax mpumep Takoro poga pacueToB pacCMOTPHUM CJEAYIOOIYIO 3a1auy.

3anava

B nenu, cxema KoTopoii rokasaHa Ha puc. 80, mogdopoM MepeMeHHOro conpo-
THBJICHUS AOOUBAIOTCS, YTOObI IIOKA3aHUS aMIlepMeTpa ObLIIM OJMHAKOBBIMU He3a-
BHCHMO OT TOrO, B KAKOM I0JIOXXEHUU, A UM B, Haxonutcs Kitou K. YeMy paBHO

BHYTPCHHEE COIPOTHBJICHHUE HC-

ér Ry TOUHUKA TOKA, €CJIM 3TOT0 YAAJIOCh
—||—5| ' 1 IOOUTBhCS TIpU 3HAUCHUSX Iepe-
R MEHHOTO COTIPOTUBJICHUSI U COIPO-

TUBJICHUS amIepMeTpa, PaBHBIX
K COOTBETCTBEHHO R U Ry?

Pemenue ®dakTuuecku B
9TOM 3a7aue peub UAET O ABYX pas-
R, HBIX LETSIX, B KOTOPBIX MOKa3aHUS
npubopa OKas3aJMChb OJUHAKOBBI-
R, mu. IIpsaMoit nyThb ee pelieHus 3a-
N KJIIOUaeTCsl B pacyeTe s Kaxkaoi

CXEeMBbI CHUJIbI TOKA B COOTBETCTBYO-

Puc. 80. Ilokaganus ammepmerpa oauHakoppr IEM  OTBCTBJICHMH, COACPKALICM

npu 060MX MOJOXKEHUSIX KJIOUa amrniepmerp. Ilpu aToM B KaxaoM

cliyyae INpUAETCS cHavaja HalTh

SKBUBAJICHTHOE CONPOTHUBJICHUE HATPY3KHU, OIIPEACUTh CHITYy TOKA B HEPa3BETBJICH-
HOM 4acCTH LIEINH, a 3aTeM HAaUTU CUIIY TOKa 4epe3 aMIepMeTp.

B naHHOM cityuae, Kak M BO MHOTHX APYTHX, MOXXHO 000MTHCH 6e3 pacueTa oK-
BUBAJICHTHOI'O COTIPOTUBJICHUS M HAMTH OTBEThI HA ITOCTABJICHHBIC B Y CJIOBUH BOIIPO-
Cbl, UCIIOJIb3Y Sl HECKOJIBKO pa3 3akoH OMa aJid yuacTKa Lenu U ToT ¢akT, uro D1C
paBHa CyMMe HalpSIKCHUIT Ha BCEX yUacTKax JHO0ro KOHTYpa, 1o KOTOPOMY MOXK-
HO 000HMTH paccMaTpUBAcMYIO 3aMKHYTYIO LiCIIb.

PaccMoTpuM cHavasa cxeMy, COOTBETCTBYIOLIYIO Kitouy K B nosioskeHuu A. B
9TOM clly4ae R, M aMIepMeTp COeAMHEHBI MOC/IEA0BATEbHO, a Napaslie/bHO UX 00-
1IeMY CONPOTUBJICHUIO R + R, BK/IIOUEHO R,. O603HauuB uepe3 / CUTy TOKA B aM-
nepmetpe (OAMHAKOBYIO B OOOUX CJIyuasix), a uepe3/” — B COMPOTUBJICHNUH R,, UMeeM

I R
I R+R,

Cuiia TOKa B HEPa3BETBJIEHHOM YACTH 1IeNU paBHa cymMe I u ', YuuTbiBas o710,
MOXHO I1pY 00X0Ze BCEH 3aMKHYTOH LIEMH 110 KOHTYPY, COAEpKalleMy aMIIepMeTp,
HaIucaTh

€ =1I(R, + Ry +1(1 + R"*;R‘) (R+7).
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AHaJIOTUYHO, paccMaTPUBasi CXEMY, COOTBETCTBYIOIIYH KJouy K B M0JOXe-
HUU B, NpUaEM K paBeHCTBaM

I R
T T T
" R,

rae I'" — cusa ToKa B COIIPOTUBJICHUN RZ I[IpU TakKoOM IIOJIOKCHHUU KJIKoua, U

€ =1IR, +1(1+ )(R+r+R1)

[TpupasHuBasg nosyuusirecs BbipaxkeHus ais DJ1C ucrouHuka, noce npuse-
JeHUS TIONOOHBIX UJIEHOB NpU R, # 0 nosyuaem

r+R=R,

— COMPOTUBJIEHUE MCTOUYHMKA BMECTE C BKJIIOUECHHBIM IOCJIEAOBATE/IBHO C HUM
COTIPOTUBJIEHUEM R NOJIKHO OBITh PAaBHO CONMPOTUBJIEHUIO amriepMerpa R,, uToObl
€ro IoOKasaHUs B 00OMX cJydyasix ObUIM OJUHAKOBbl. MIHTEPECHO OTMETUTh, UTO
9TO YCJIOBME HE 3aBUCUT OT 3HAYCHMM CONPOTMBJICHMH R; n R,. OmHako fcHo,
4yT0 HU R;, HU R, TpU 3TOM He JOJIKHBI OBITh paBHBI HyJIO: Ipu R; =0 o6e
CXEMBI HE pasnInyarTcs, a npu R, = 0 nmokasaHus aMIEpMETPa PaBHBI HYJIIO IIPU
JO0bIX 3HAUEHMSX BCEX OCTA/IbHBIX N1apaMeTpoB.

PaccmoTpuM memm, comepskamue HECKOJBKO WCTOYHWKOB TOKa. Ha
IMPaKTUKEC 0C06eHHO BAXHBI C/1yuan, KOrga OAMHAKOBBIC MUCTOUHUKH CO-
EAMHAIOTCI B GaTapen.

IocaenopaTesbHOE COEJAMHEHHWE WMCTOYHMKOB ToOKa. Ilpm mocre-
JOBATEIBHOM COCAMHEHWH HECKOJbKHMX MCTOUHMKOB (puc. 81) mpaswmia
JEUCTBUIT HAM (DAaKTHMUECKM YK€ M3BECTHBI. B cooTBeTcTBUU C hopmMyoit
(4) § 12 cuna Toka onpenensercsa ornomenueM cymmbr DJIC Beex coenu-
HEHHBIX MCTOUHUKOB TOKA K CYMME COTIPOTHUB-
JICHUH BCEX MOCIEAOBATENbHBIX 2JIEMEHTOB I1€-

G, 10 & 1y r

My, BKJIOUAS HATPY3KY: - |_||_

_ E +Ey+.+E, (1)

T ritrt..+r,+R
Korga Bce n MCTOUHMKOB OAMHAKOBHI, (hopmya
(1) npuauMaeT Bug R

g | S—— )
1= nr+R’ (2) Puc. 81. TIlocienoBartesbHOE

COEAMHEHME MCTOUHMKOB TOKA
Takasa 6aTape51 NUCTOUHUKOB TOKAd 9KBUBAJCHT-

HA OHOMY MCTOYHUKY, Kak D/IC, Tak u BHyT-

PEHHEE COMPOTUB/ICHUE KOTOPOTO B 1 pa3 00JIbIle, YeEM Y OQHOTO SJIEMEHTA
Garapewu. [TocienoBaTeIbHOE COEAMHEHME DJIEMEHTOB MO3BOJISIET MOy YHTh
MCTOYHWK C BBICOKUM HampsixeHneM. OQHAKO TTPU 9TOM BO3PACTAET BHYT-
penHee conpoTusieHue. YToObl TAKOE COSAMHEHNE TPUBEJIO K YBEINUECHUIO
TOKA B HATPY3KE MO CPABHEHUIO C HCTOYHMKOM M3 OJHOIO JJIEMEHTa, HE0O-
XOOUMO BBIMIOJIHEHUE yCaoBus nr<< R. Ilpu stom m3 (2) caeayer, yuTto

X né/R — TOK OT 6aTapen BO3PACTAET MPUMEPHO B /1 Pa3.



116 II. IIOCTOSHHBIN INEKTPUYECKUI TOK

IMapannenbHOE COeNMHEHHUE HMCTOYHMKOB TOKa. [lepeiimem kx mapan-
JIETBHOMY COEAMHEHUIO OOMHAKOBBIX JJI€eMEHTOB B Oartapero (puc. 82).
Tok [ uepe3 HaArpys3Ky, T.€. B HEPA3BETBJCHHOW YaCTW LENH, PABCH
CyMME TOKOB BO BCEX djeMeHTax Oarapeu. Tak Kak BCE SJIEMEHTHI OOU-
HAKOBBI, TO W3 CAMMETPUM SICHO, UTO W TOKW B HUX OAWHAKOBBI M PABHBI
I/n. Bea Gatapess MOXET OBITh 3aMEHEHA OOHUM DKBHBAJIEHTHBIM MCTOU-
HukoM Toka ¢ DC &, Takoi Xe, KaK M y OTHOTO 9JIEMCHTA, M BHYT-
peHHUM comporuBicHueM r/n. [lostoMmy BeIpaxeHue mis Toka / B Ha-
rpy3Ke MMEET BUJX

&
=Tz (3)

Hecmorps Ha TO, uTO mapasieJpbHOEC COCOMHCHUE WCTOUHUKOB HE
npuBoguT K yseaumueHuto DJC, ero uenecoobpasHO MPUMEHSTh B TEX
Cayuasx, Korga TpeﬁyeTcsl OOJTYyUATh UCTOUHUK TOKA C MAJIBIM BHYTPCH-
HUM COTPOTHBJCHUEM. Takoe COCAMHEHHE
OJIEMCHTOB NPUBCACT K YBCANYCHUIO TOKA B
- |t HATPYy3KE€ MOYTH B 1 pa3, ecam R<<r.

B OrmeTtuM, uTo mpu R=r oba cmocoda

&, r .
— |+ COCANHCHUYI UCTOUHUKOB JAKOT OAWMHAKOBBIU

— pe3ysbTaT Aas8 TOKA B HArpy3Ke, MpPUBOAS
& r K ero ysesmuecHuio B 2n/(n + 1) pas.

BosmoxHOo m koMmOuHMpoBaHHOE (CMe-

: HIAHHOE) COEAMHEHWE DJIEMEHTOB B Oara-
& r + ; peio, TpU  KOTOPOM BKJIIOUAKOTCS  Mapa-
JIEJIBHO M TPYIN, B KAaXO0M M3 KOTOPBIX

UMEETCA A TOCAEHOBATENBHO COEAMHEHHBIX

I/n onementoB. Takas Garapes SKBHBAJICHTHA
R oxrOoMy mcroununky, IJIC koroporo B n pas
| S

0OoJIbIIE, YUEM Y ONHOTO JJEMEHTA, 4 BHYT-

pEHHEE COMpOTHUBJICHHUE paBHO (n/m)r.
[MapanieapbHOE W CMEIIAHHOE COEAMHE-

HUS PA3HBIX UCTOYHUKOB TOKA MCIIOJIb3YyHOT-

Puc. 82. IlapasiensHoe coequ-
HEHHE UCTOUHMKOB TOKA

%o 1 & 1y cq OueHb peako. Takwe uenu MOryT ObITh
+I:- +I:- paccumTaHbl C TOMOMmbBIO mpaBuwa Kupxro-
12 I ¢, | ¢da, KOTOpBIC TPUTOAHBI O/ pacueTa JIko-

+ ObIX C/IOXKHBIX PA3BETBJCHHBIX LEMEH.
I
Bcerna iu HyXeH BTOpou ucToyHuk? Oc-
R TAHOBUMCS HA AHAJIW3E YCJIOBUU pPabOTHI
— MOC/IEOBATEABHO COCAUHCHHBIX PA3HBIX MC-
Puc. 83. Venosus paGotsl MC-  TOUHMKOB TOKA. 19 2TOr0 paccMOTpUM
TOUHMKOB TOKA NPH NOCICAOBA-  prenp, cxeMa KOTOPOM MOKa3aHa HA puc. 83.
TE€JBbHOM COCAMHEHUU
Boisicaum, BCcerma Jid HaJaMUMEe BTOPOTO WC-
tounnka ¢ QIC &, mpuBogur X yBeamue-
HUIO TOKA B LEMU, MEPBOHAYAJBHO COACPXKAIICH TOJHKO OXWH HMCTOU-
HUK ¢ DJC &,. OueBuAHO, UTO BTOPOH WCTOUHMK MMEET CMBICJ TOA-
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KJIKOUYAaTh, TOJbKO CC/IN

E1+E &
Tk TP U (4)
ri+r,+R ri+R

YMHOXas 00€ 4acTH ITOr0 HEPABCHCTBA HA TOJIOXHUTEIBHYIO BEJUUMHY
(ry+r,+ R) (r, + R) u npusogs nogoOHBIC UJICHBI, MOJYYaEM

&o(ry+ R) > & ry,
OTKyza
52 51 (5)

= >
7y r +R

Cwmpbicn mepasercTBa (5) oueBuacH: B cooTBeTcTBUU € (hopmyion (7)
§ 12 cneBa CTOMT TOK KOPOTKOrO 3aMbIKAHWS BTOPOTO MCTOYHWKA, a
CclpaBa — TOK B IIEMH, COACPKAIIEH TOJAbKO MEPBBIM MCTOUHHWK. [ToaTo-
My TOCJCAOBATEIBHOE TOACOCAUHEHNE BTOPOTO MCTOUHUKA LEIeCcoo0pas-
HO TOJIBKO B TOM CJyuyae, KOrga TOK €r0 KOPOTKOIrO 3aMbIKAHMS 00JIbIle
TOKA B LENH, B KOTOPYIO MBI COOMPAeMCH €ro BKJIKUMTbH. IIpakKTHUECKU
B yXe€ COOpaHHOU Henmu 00HAPYXUTh «OeCmOIE3HbIi» UCTOUHHK MOXHO C
MIOMOIIBKD BOJIBTMETPA, MOOUEPENHO MOAKIKOYAS ET0 K KJIEMMAM KaXKa0-
r0 M3 MCTOYHUKOB.

e Kak HalTH cwiIy ToKa B JII0OOOM OTBETBJICHHUU LEINU, COACPIKAllel TOJIbKO
OOWH MCTOUYHMK TOKa?

e B kakux ciryvyadax uenecoo6pasﬂo IOCJICAOBATEC/IBHOC COCAMHCHUE OAMHAKO-
BbIX MCTOYHUKOB TOKa B 6aTapelo, a B KaKux — l'lapaﬂﬂef[bHOC?

. le/l KakKoOM YCJIOBUHU IIOCJICAOBATE/IbBHOC TMOAKJ/IOUECHUE €IIE OAHOI0O MCTOYHH-
Ka TOKa HE IPUBCACT K YBCJIMUCHUIO TOKa B TOU Xe HarpysKe?

e OObsicHUTE, KaK C IOMOUIBIO BOJBTMETPA MOXHO OOHAPYKUTb «OecIoses-
HBbIi» UCTOUHHUK B YXXe¢ COOpaHHOI IOC/ICI0BATE/IBHON Oatapee 3JIeMEHTOB.

A TIpasuaa Kupxroga. PaccMoTpuM nmpom3BOJbHYIO Pa3BETBJICH-
HYIO LIEMb, YaCcTh KOTOpOU m3o0paxkena Ha puc. 83. Ilepsoe mpasusio
Knpxm(ba OTHOCUTCA K y3JaM, T. €. TOUKAM, B KOTOPBIX CXOAUTCH HC
MEHEE TpeX MPOBOOHMKOB. Kak yxe 0TMeuasnoch, BCAEACTBUE 3aKOHA
COXpaHEHHS 3apsAa B JI00OM TOUKE LEMH, B TOM UMCJIE M B JIIOOOM
y3J€, mpr NMPOXOXKACHUU TMOCTOAHHOIO TOKA HC AOJIXKHO IMPOMUCXOAUTDH
HAKOIUIEHUS JJIEKTPUYECKOTO 3apsga. [105ToMy CyMMa MpPUTEKAO-
mMUX K y3Jy TOKOB OOJ/IKHA PABHATHBCI CYMMC BBITCKAKIMUX. Ecnn
YCIOBUTHCI CUUTATHh NMOAXOAAMUC K Y3y TOKHU MOJOXKHUTC/IAbHBIMHU, A

ucxoadamue mu3 y3JIa —_ OTpI/II.laTeJIbeIMI/I, TO MOZXKHO CKa3aTb, 4yTO
asreOpanmueckas CymMMa CUJI TOKOB B y3J€ PaBHA HYJIIO:
n
>, =0, (6)
k=1

rac n 0003HAUYAET UMCIIO MMPOBOAOB, CXOAMIOUXCI B Yy3JC.
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Bropoe mpasuio Kupxroga oTHOCHTCS K IPOM3BOJIBHBIM 3aMKHY-
THIM KOHTYPaM, KOTOPBIE MOKHO MBICJICHHO BBIACUTh B PACCMATPHUBA-
eMoii pa3BeTBJcHHOM Uenu. Paccmorpum kontyp ABCA Ha puc. 84.
[MTockosbKy Tipu pacuere Mbl OyAeM UCIOb30BaTh 3aKoH OMa U1t HEo-

Puc. 84. YacTh pa3BETBJICHHOM 3JICKTPUUECKON LU

AHOPOAHOTO y4yacCTKa ncnu, TO, KadK Mbl BUAC/IN, HATIPABJICHUC TOKOB B
HCPA3BCTBJICHHBIX YUACTKAX MOXHO 3a44aThb IMPOU3BOJbHO, HAIIPUMCED
Tak, Kak Ha puc. 84. (Hamomuum, uto ecim B pe3ysabprare pacuera Ka-
KOﬁ-ﬂH6O M3 TOKOB OKAXECTCI OTPULATC/IbHBIM, TO 9TO 03HAYACT, UTO
B HeﬁCTBHTeﬂbHOCTH TOK HAd 9TOM YUACTKEC TCUCT B IMPOTUBOIIOJIOKHY IO
cropony.) 3amumem 3akoH OMa I KaXXAOrO M3 HEPA3BETBJIEHHBIX
yuacTkoB KoHTypa ABCA. O603HaumMB MOTEHIMABI y3/I0B YEpe3 ¢ ,,

Pp U Pe, TOLYUNM
IIRi=¢p— ¢, +&,

LRy = 95— ¢c — &, (7)

LRy = pc— ¢, + &5

B orux opMyaax uepes R, 0003HAUEHO TMOJHOE COMPOTHBJICHUE
k
yuacTtka, mo KOToOpoMy TCUCT TOK Ik’ Jlerko 3aMCTUTh, UTO €C/IU TICP-

BOE ypaBHeHue cucTeMbl (7) yMHOXWUTh HA —1 W 3aT€M CJOXUTH IMO-
UYJIEHHO BCE TPW YPABHEHWS, TO MOTCHUMAIBI Y3JI0B BBIMAAAIOT:

—11R1+12R2+I3R3= _gl_gZ+g3‘ (8)

Cnapa va dopmyay (8), Herpyano chopMynampoBaTh MpaBuio, C
MOMOLIBI0 KOTOPOTO MOXHO ObUTO Obl HEMOCPEACTBEHHO MOJYUYUTH ITO
PaBEHCTBO: HYKHO BHIOpATh ONMpPENEJECHHOE HATIPABJECHUE 00X0Aa 3aM-
KHYTOrO KOHTYpa (HampuMep, Mo 4acoBOM CTPEJIKE) W MPUPABHATH aJi-
re0panyecKyIo CyMMy MPOM3BEAECHUI CHJI TOKOB HA COMPOTHBJIEHUS CO-
OTBETCTBYIOIMUX yuyacTKoB ajrebpamueckou cymme DJC, BCTpeuaro-
mMUXCd B 9TOM KOHTYPC. HpI/I 9TOM TOK CUHUTACTCI IOJJIOKHUTC/IbHBIM,
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€CJI €TO HATPABJICHKUE COBMAAAET C HAMPABJIEHUEM 00X0aa KOHTY A, U
OTPHULIATEIBHBIM B MPOTHBOMOIOXKHOM ciayuae; IJIC Oepercs co 3Ha-
KOM « + », €CJIM OHA MOBBIMACT NOTCHOMAJI B LICTIN B HAIIPABJICHUA 06-
XO0/Ia KOHTYpPa, ¥ CO 3HAKOM «—», CCJIU MOHMXAECT. DTO U €CTh BTOPOE
npasuyio Kupxroga, KoTopoe MOXHO KOPOTKO 3aMUCATh TAK:

kz_:lIkRk =>¥, (9)

i=1

TAC 7 — YKWCIO HEPA3BETBJICHHBIX YYACTKOB B PAacCMATPUBACMOM
KOHType (COBMAAANOMEee C UMCIOM BCTPEUAOMMXCS B 9TOM KOHTYpE
y3J0B), a m — 4ucao ucrounnkos DJIC, AeHCTBYIOIUX B KOHTYPE.

IIpaBuaa pacueTa CIOXHBIX neneu. Temepp MOXHO chopmympo-
BaTh OOIIME MPAaBUJIA PACUETA MPOM3BOJbHBIX PAa3BETBJEHHBIX LENEN
MOCTOSIHHOTO TOKA.

1. OGo3HAUMTh HA CXEME TOKHM BO BCEX HEPA3BETBJICHHBIX yUaCT-
Kax, MMPOM3BOJBHO 3a1aBasd UM HAIPABJIEHUE.

2. CornacHo mepomy mpaswiay Kupxroda Hanucath ypaBHEHUS
(6) mna Bcex y370B, KpoMe OXHOTO (YpPaBHEHUE TS TTOCAESTHETO Y34
MUCATh HE HYXXHO, TAK KAK OHO SBJISETCS CICACTBHEM MPEABIAYINNX ).

3. Cornacao Bropomy mpaBuiy Kupxroda coctaButh ypaBHCHUS
(9) mnst Bcex MPOCTBIX KOHTYPOB, KOTOPHIE MOXKHO BBIAEJUTH B JAHHOM
UENU ¥ KOTOPbIE HE MOJYYAOTCS HAJOXEHUEM YXE PACCMOTPEHHBIX.
[TpocThIM CUMTAETCS TAKOM KOHTYP, P 00X0A€ KOTOPOro MbI MOOBIBA-
€M B KaXXI0# TOUKE TOJBKO MO0 OAHOMY pa3y. B mpaBuibHO BHIOPAHHOIA
CHCTEME KOHTYPOB KaXKABIM YUYACTOK LEMU AOJDKEH (DUTypHUpOBaATH 110
KpaHeu Mepe B OHOM U3 KOHTYPOB.

4. Ecnu B pe3ysibTaTe PEICHUS TMOJy- . n
YMBLICHCS CUCTEMBI yPABHCHUUN KaKue-mu00 +|, =
TOKM OKaXyTCsl OTPUIATEAbHBIMH, TO B - I
IAENUCTBUTEILHOCTH WX HAMPABJIEHUE TIPOTH- 1
BOTIOJIOJKHO BHIOPAHHOMY Ha CXEMe. gﬁl 2

<!
Ipumep pacyera. [ wWLTIOCTpALUH 1+ 1,
npuMeHenus npasusn Kupxroda pacemor-
puM yciaoBus paboTel Gataped W3 ABYX £|

Pa3HBIX MApaJICJIbHO COCAMHCHHBIX UCTOU-
HUKOB. [lapamMeTpbl cxeMbl yKa3aHbl Ha
Puc. 85. K ycioBusiM paGoTst

puc. 85.
06 UCTOUHHUKOB TOKA TP Mapaj-
03HAUMM TOKM B HEPA3BETBICHHBIX o uoyM coenmmenmy

yuyacTkax uenu uepes [, I, u [ u 3apagum

VM HATIPaBJICHWS, KAK yKa3aHO HA pucyHke. [loap3ysce chopmymmpo-
BAHHBIMU TIPABUJIAMYU PACUETA LETMEH, COCTABISICM YPABHEHHE /IS TO-
KOB B y3Je:

Il+12_1=0’ (10)
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BoiGepem aBa mpoCcTHIX KOHTYpA, HAMIPUMED CAEAYIOMMUM 00pa3om:
onuH copepxut ucrounuk ¢ IC &, n comporussenue R, Apyrou co-

aepxuT 06a mcrounuka Toka. OOXOAs 5TM KOHTYpPHI MPOTHB YACOBOW
CTPEJIKY, TOJIYyYaeM CIAEAyIOmUue ypaBHEHUS:

Iiry+IR=¢,, (11)

Mb1 mosmyummu cucTeMy M3 TPeX yPaBHEHMI C TpeMs HEH3BECT-
HeiMu ToKamu I, I, w 1. Beipaxaem 7, w3 ypasHenns (10) m moxn-

crasagem B (12):
Il(rl+r2)—1r2=gl—gz. (13)

Ymuoxasa (11) Ba r,, a (13) HA R ¥ cK1agBBas WX MOUYJIEHHO,
Haxomum [:
&1(ry+R) —&6,R

Il = R +ry) +ri7y° (14)

Awnayiornuno ucksouas 3 ypasaenmit (11) u (13) I, maxogum I:

_ G ry+ 6,1 15
R(ri+ry) +riry’ ( )

Buipaxxenne s /,, KOTOPOE MPOCTO HAXOAUTCS M3 yPABHEHUS
(10), yunThiBas CAMMETPHIO CXEMbI, MOXKHO HAMMCATH W HEMOCPEACT-
BEHHO, 3aMeHad B (14) mumekco, 1< —2:

&+ R —¢ R

L= ey, (16)

Boipaxxenue (15) nokaseiBaer, uto ToK I uepes HArpy3ky R Bceraa
MOJIOXUTEJNEH M, CJACIOBATEIbHO, TEUET B HANPABJICHUH, YKA3aHHOM
Ha cxeme. 3 (14) n (16) BuaHO, UTO MpU PaBHBIX & | U &, TOKU YEPe3

UCTOUHUKU [ L u I2 TOXE TMOJOXUTEAbHBI. Ecaum e, Hampumep,
&> &,, T0 I, BCErIa MOJOXUTENEH, B TO BpeMs KakK TOK I, MOXeT

6bITb n OTPULATC/IbHBIM. B Takom cayyac OH TCUCT B HANIPABJICHUM,
MPOTHUBOIOJIOKHOM YKA3aHHOMY Ha puc. 84. DTO 03HAUAET, UTO UCTOU-
HUK &, HE OTJACT JHEPIUIO BO BHENIHIOK IIEMb, a CaM MOTpedasieT

9HEPIHIO OT UCTOYHUKA & .

BhIsICHUM, TIpM KAaKMX YCJIOBUSIX MCTOYHWK &, (mpum & > &,) Oy-
aeT pabdoTrath HOPMAJIBHO, T.€. OTAABATH JHEPIHI0 BO BHELIHIOK
uenb. U3 (16) Buauo, uro 7, >0 mpu &,(r, + R) — &R > 0. Ilepe-
MUCaB JTO YCJIOBUE KAK

€ R

gz>m, (17)
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BUAMM, UYTO BTOPOMl MCTOUHMK paboraer HOpMasbHO, ecau ero DIC
Gosibuie HampspkeHus U HA 3aXMMax MEPBOr0 MCTOYHMKA B CXEME,
TAC TOJBKO TICPBBIM WCTOUHWK 3aMKHYT HA COMPOTUBJICHUE R.
[TostyueHHBIN PE3yAbTAT JIETKO TIOHITH U3 CACAYIOMUX MPOCTHIX CO-
obpaxenwuii. ITycTh K COMPOTUBICHUIO R MOAK/IOUEH TOJBKO MEPBBII
uctrounuk. Ecam Hanmpsixenme Ha ero saxumax U =& R/(r, + R)
Gosbie &, TO, MOAKMIOYAS &, TAPAIEABHO & |, Mbl (PAKTUUECKM CTa-

BMM BTOPOIM MCTOUHUK HA «3aPSAKY», MOAOOHO aKKyMYJISTOPY.

N3 dopmyast (17) BugHO, UTO yCAOBHE HOPMAJIBHOM PabOTH BTO-
pOro MCTOYHMKA 3aBHCUT OT COMPOTUBJICHUS HATPY3KH R: IPU MaJIoM
R on paboraer HOpPMaJbHO, TPU HEKOTOPOM 3HAueHMM R, ompene-
asgemMoM ycaosueMm &, = & R/(r; + R), Tok uepes &, obpamaercs B
Hy/b, T.€. Mpu R=&,r /(& — &,) MOAKIIOUEHHE ITOTO MCTOUHHMKA
HUYETO HE MEHSET B OCTAAbHOM uenu. Ilpu GonbmMX 3HAUEHUAX R
IIOAKJIKUCHUEC UCTOUHUKA gz OPpUBOAUT K YMCHBIICHWUIO TOKA UEPC3
Harpysky R.

I[Ba OapaicJIbHO COCAMHCHHBIX MCTOUHHMKA TOKAd MOXHO 3daME-
HUTh OAHUM OJOKBHUBAJICHTHBIM HCTOUYHUKOM, KOTOpI)Iﬁ O6€CH€‘H/IT BO
BHCIDHEH TENMW TAKOW Xe TOK. [lapaMeTpsl TaKOTO MCTOUYHWKA JIETKO
onpenesuTh ¢ momompbio Gopmyast (15). [lepenuceiBast ee B BUAE

7= (& ry+Exr DI (ry+1y)
T R4/ +ry

¥ CPAaBHMBAS C BBIPAXKEHUEM /I TOKA, CO3AABAEMOTO OKBHBAJIEHT-
HbiM ucTtouHukoM OJC & wu BHYTPEHHHM COMPOTUBJICHUEM I,
I=%/(R++ r), HaxoouM, UYTO 3HAUCHWUA & W I DKBHBAJIEHTHOIO WC-
TOYHMKA OMPEAETAOTCH hopMyIamMu

E Py +E oy _
ri+ry, ri+ry

(18)

B uactHOCTHM, A/ OOWHAKOBBIX MAPAJIJICIBHO COCOAMHCHHBIX WC-
TOYHMKOB OKBMBAJICHTHBIA MCTOYHUK, Kak BuaHo u3 (18), mmeer Ty
xe DJC wm BOBOE MEHBLICE BHYTPCHHEE COMPOTHBJICHHE. DTOT pe-
3yJbTaT yxe Obla moayuen pawbme. B cryuae mepasubix OIC & n

&, BeIMUMHA & MMEET IMPOMEXYTOUHOE 3HAUCHUE. A

PasBerB/ieHHAS 1IETb COAEPXKUT N Y3JI0B, U B HEU MOXHO BBIAEJIIUTH M TPO-
CTBIX KOHTYPOB. CKOJIbKO HE3ABUCHUMBIX YPABHEHUI MOXHO COCTABUTH, HC-
noJib3ys nepsoe npaswio Kupxroga? sropoe npasuio Kupxroda?

B ueMm cxopcTtBo M pasauume ycjoBuil (5) u (17), BBINOIHEHME KOTOPBIX
obecrieuMBaeT yBeJIMYCHHUE TOKA B HArpy3Ke IpPH IMOAK/IIOUEHUHU ellle OZHOrOo
ucrouHrka toka? Kakosa cusnueckas NpuuMHa 3TUX PasavuMii?

Kakoil cMbICJI MMeeT OTPHLIATEIbHOE 3HAUCHME KaKOro-Jnbo W3 TOKOB, I0J-
yuaroueecs MpHU PELICHUN CHUCTEMbl YPABHEHUI, COCTABJICHHBIX Ha OCHOBE
npasui1 Kupxroda?
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§ 14. Pabota M MOWHOCTL NOCTOSHHOTO TOKa

[Tpm mpoxoxaeHun TOKa, T. €. MPU yIOPSAOUCHHOM JABUXEHUM HOCUTEICH
3apsaa B MPOBOJHUKE, ACHCTBYIOLIEE HA HUX DJIEKTPUUECKOE MOJIE, ONPENE-
JIIEMOC MPUJIOKCHHBIM K KOHIIAM ITPOBOAHUKA HANPSIXKCHUEM, COBCPIIACT
pabory. DTy paGoTy 00BIUHO HA3BIBAIOT PAOOTOM HIEKTPUUECKOTO TOKA.

PaGora cu 97€KTPUUECKOrO MO/ TPH MEPEMEILEHUN HOCUTEEH 3a-
psna paBHA MPOM3BEICHUIO TEPEHOCMMOrO 3apaAa ¢ HA PA3HOCTh MOTEH-
nuanoB U MEXAy TEMHM TOUYKAMH, TIE MEPEMEIIAETCI 3aPS:

A= qU. (1)

[Tpm mocTosstHHOM TOKE ¢ = [{, TAE { — BPEMSI, B TEUEHUE KOTOPOTO TIe-
penocutcs 3apsn ¢. [loaromy paGora mOCTOSHHOTO TOKa I 3a BpeMs ! Ha
YUYacTKe LENW, HA KOHLAX KOTOPOTO MOAAEPXMBAECTCH Hampsixenue U,
OMPEEAIETCS COOTHOMIEHUEM

A= 1U1. (2)

MomuocTh P 51eKTPAUYECKOTO TOKA, OIpeaeasseMas paboTon, copepuia-
€MOM 3a €AMHULY BPEMEHU, PABHA

P=1U. (3)

DyIeKTpUUECKUil TOK, CoBepmasi padoTy, MOXET PacKajsITh HUTh JJIEKT-
POJIAMITBI, BPAIIATh IKOPb JJIEKTPOABUTATENS, TUIABUTh METAJLIBI, BBI3bI-
BATh XMMHWYECKHME TMPEBPAIICHUS, 3apsKaTh aKKyMyJaaTop W T.A. Bo
BCEX OTUX CAy4asix padoTa TOKA OMPEAEJseT MEPy MPEBPALICHUS JJICKT-
PHUECKOW SHEPTUH B APYTHE (POPMBI — BHYTPEHHIOK JHEPTHIO TEIIOBO-
ro ABMXKEHHS, MEXAHUUECKYIO JHEPTHIO M T. J.

PaGora o5eKTpMuecKoro TOKa M3MEPSIETCS B TEX XE EAMHUIAX, UTO
u Mexanuueckas padora. Oto 1 spr B cucteme CI'CO u 1 [Ix B CU:

1 Ix=1A-1B-1c.

Momnocts m3amepsercs B Barrax: | Br=1 Ixx/c=1 A-1 B. Yacro
WCMOTb3YIOTCSl KpaTHbie equantpl 1 kBt (kxuaosarr) = 10° Br u 1 MBr
(merasart) = 109 Br. [Ing paGoThl TOKA YACTO MCMOAb3YETCS BHECHCTEM-
Hag equanna 1 kBt u (kmaosaTr-uac) — pabora, coBepmaemas 3a 1 uac
npu pazsuBaemonr momHocTr 1 KBr: 1 kBr-u = 3,6 MIIx.

3akon Jxoyas—Jlenua. IIpoxoxaeHue 371EKTPUUECKOTO TOKA UEpes
MPOBOOHUK, 00IaJAOLIMIA COMTPOTUBIECHUEM, BCETAA COMPOBOXAAETCS BbI-
ACJICHUEM TCIJIOTHI. KommuecTBo BbIZleJIHBHJefICSI 3a BpPEM4A { TEMJIOTHI
onpenenserca 3akoHoM [Ixoyna—Jlenua:

Q= I*Rt. (4)

B cayuae ogHopoaHoro yuacrka, korna I = U/R, dopmyast (2) u (4)
COBIMAJAIOT, T. €. KOJMYECTBO BBIACIIIONIENCA TEMIOTH PaBHO paboTe To-
Ka, ¥ paboTy TOKA MOXKHO BBIPA3UTh JIIOOBIM M3 9KBUBAJECHTHBIX CIOCOOOB:

UZ
A=IUt=I’Rt = =t (5
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B ogHOpOAHOM yuacTKe wmenu, HampuMep B pe3ucrope, pabora Toka CBO-
JAUTCA TOJBKO K BBIACJICHUK TCIJIOTHI.

B kauecTBe mpuMepa pacCMOTPUM KaKOM-HUOY b JJIEKTPOHATPEBATE b~
HBII TPUOOP, OTAAIOIINIA BHIAEASIOULYIOCS TEIIOTY B OKPYXKAKOLLY IO CPEAY.
CKOpOCTh TEMIONEPeAauu, T. €. KOJIMUYECTBA TEIUIOTHI, OTAABAEMOI HAarpe-
ThIM JJICMCHTOM B CAMHULY BPCMCHU, NMPONOPOUOHAJIbHA PA3HOCTU TCM-
nepatyp AT =T — T MEXIY HATPETBIM TEJIOM M OKPYKAIOIIEH CPEMOM:

Koaddunument k& 3aBucut oT CBOMCTB Tesa (MIOMAAN TOBEPXHOCTH, Pa3-
MepoB u ¢opmbl). Byaem cuutath ero 3HaueHME M3BECTHBIM. Bhiaessio-
IIYFOCST JXKOYJIEBY TETJIOTY MOKHO TIOACYMTATH MO Jit000u u3 opmya (§).
[TockonbKy 0OBIUHO HATPEBATEIbHBIN MPUOOP BKIOUAETCS B CETh C 3aAaH-
HbBIM HAIIPAXCHUEM, TO yI[O6HO BOCIIOJIB30BATHCA BBIPAXCHUEM

P=U%R.

Cpasy mocse BKIIOUCHNS BBIACISIOMAICS JXKOYJIEBA TEII0Ta MPEBOC-
XOAUT OTAABAEMYIO OKPYKAKOMIEH CPEAE, TAK KAK MPOUCXOAUT HATPEBAHUE
camoro mpubopa. B KOHIIE KOHIIOB YCTAHABIUBAECTCH TAKAd €r0 TEMIIEPA-
Typa T, ipu KoTopou P u PQ CPaBHUBAIOTCYH HACTYIIAET CTALMOHAPHOE CO-

CTOSIHUE, B KOTOPOM Pas3HOCTh Temmepatyp AT mpubopa u OKpy>Karomen
Cpenbl yXe HE MEHIETCS.

Eciu comporuBiieHne HarpeBaeMoro TOKOM JJIEMEHTa HE 3aBUCHUT OT
TEMICPATYPbl, TO, NPUPABHUBAS 3HAUCHUS P u P, HEMEAJICHHO mOMy-

YaeM BBIPAXEHUE JJI8 YCTAHOBUBILIEUCS PA3HOCTH TEMIEpPATyp:
AT = U¥kR.

OnHako B AEHCTBUTEIBHOCTH, KAK MPABUJIO, COMPOTUBICHUE 3aBUCUT
OT TeMmepatypsl. 19 METa//IMYeCKOM TIPOBOJIOKM ITY 3aBUCHMOCTH
MOXHO cumTaTh JuHeiHOM (cM. § 10):

R(T) = R, (1 + aAT),

I7Ie C XOpomel TOYHOCTBIO MOA R, MOXKHO MOHUMATDH COMPOTUBJICHUE TIPU
remneparype T, OKpyxXarmomei cpeasl. Ecam yuuThiBaTh 9Ty 3aBHCH-
MOCTb CONPOTHUBJICHUS OT TEMIICPATYPbI, TO, MpUpaBHUBast P u P, npu-
XOAMM YK€ K KBAaJpPAaTHOMY ypaBHeHUIO anasa AT:

AT2 4+ AT — Y
o Ryak !

Nmerommit hnanueckuii CMBICJT KOPEHb 9TOTO yPABHEHMST MOXKHO TPEACTA-
BUTH B CJIEAYIOIEM BUIE:

_ 1 4al?
Y Nl

B ycnoBusax, korga AT mand, T. €. PEBHIICHUE TEMIIEPATYPBl HATPEBA-
TEJIBHOTO SJIEMEHTA MPUOOpa HAJ OKPYKAOUIEH CPEAON HEBEIUKO, BTOPOU
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UJIEH B MOAKOPEHHOM BBIPAXXKEHUY MAJI IO CPABHEHUIO C CAWHULICH 1 MOX-
HO BOCIIOJIb30BAThCS mpuOavxeHHoi dopmymnoit V1 + x ~ 1 + x/2. Ilpn
9TOM MOsTyuaeM npexHuii pesyasrat AT = U%/kR,,

B apyrom mpenenpaoM cayuae Gonbmmx AT (Kak, HAIPUMED, Y JaM-
MOYKH HAKAJMBAHMS, TEMIEPATYPA HUTH KOTOPON COCTABJSIET HECKOJb-
KO THICAY TPagyCcoB), MOXHO, HA00OPOT, B MOAKOPEHHOM BBIPAKEHUH
npenedpeub eAMHULEH O CPABHEHUIO CO BTOPHIM uaeHOM. [1pu TOM mutst
AT npubIV>KEHHO MOJyYaeM

AT = U/VakR,

— Ppa3HOCTh TEMIIEPATYp TEMEPh MPOMOPLUMOHAJBHA HE KBaapary, a
MEPBOM CTEMECHU MPUIOKEHHOTO HATIPSIKCHUS,

B HeogHOpOAHBIX yuacTKax LEMHU, TAE TOK OMpPEacaseTcs (opMyioun
1= (U 4+ %)/R, Boigeagomascd TEmIOTa HE paBHA pabore Toka. D10
03HAUAET, UTO MPOTEKAHME TOKA B TAKOM YUACTKE COMPOBOXIAECTCS HE
TOJBKO BBIACICHUCM TCIIOTHI, HO W APYTUMU IPOUCCCAMUA, CBI3AHHBIMA
C MPEBPAIICHUEM DHEPIHH.

3apsajgka akKyMmyJasaTopa. B kauecTBe mpumepa JHEPreTHUECKUX TIpe-
BpALICHUN B HEOAHOPOOHOM LIETHA PACCMOTPHUM 3apSAKY AKKyMYJSITODPA.
He BmaBasch B gerasu TPOMCXOASIIAX B AKKyMYJISITOPE TPOLIECCOB, a
TOJIBKO YUHMTHIBAS, UTO TIPU 3aPSIAKE BCE
XUMUYECKUE TIPOLECCHl BHYTPH HETO
UOYT <«BCIATH», JIETKO COOOPAa3WTh, UTO
+ <A> TOK WMACT B HANPABJCHWUH, MPOTUBOIO-

JIOXKHOM TOKY TIPH Pa3psiaKe, Korga ak-
5‘ KyMYJIATOP SIBJSICTCS MCTOUHMKOM TIH-

O o

+],— y
I: TaHWsl A8 BHemHed menu. Ilosromy

R &r AKKYMYJISITOP BKJIIOUAETCS B LEMb TaK,

Puc. 86. Cxema pmouenms axky- <AK TOKA3aHO HA puc. 86, a ToK B uenm

MyJISITOPA. HA 3APSIKY WACT B  HAMPABJCHWUU, YKA3aHHOM

crpeskou. Tak kak IIC akkymyaaropa

(cyMMa CKaukOB MOTEHIMAJA BHYTPU HETO) MOHMXKAET MOTEHUMAI B LE-

M B HAMPABJICHUM TPOTEKAHWS TOKA, TO, B COOTBETCTBMM C 3aKOHOM

Oma a1 HEOXHOPOAHOTO YUYacTKa, TOK B LEMUA PABCH
U—¢

I= i (6)

B aroit hopmysie r — BHYTpEHHEE COMPOTUBJICHUE AKKyMYJsITOpPA, a

COMPOTHUBJICHNE R BKJIIOUEHO B LETb AJS PETYJIMPOBKM 3APSITHOTO TOKA.

Jlerko BuaETh, UTO TOK OYAET MOJOXKUTENBHBIM |, CJICAOBATEIBHO, MOMAET

B YKA3aHHOM HAMPABJICHUU TOJIBKO MPU YCJIOBUM, UTO TIOAABAEMOE HATIPS-

xeHue U Goblie 2IEKTPOABIKYIIEN CHTbl aKKyMyaaTopa &. Toapko mpu
BBITIOJITHCHUY TOTO YCJIOBUSI M MOXKHO 3aPSIAUTh AKKYyMYJISITOP.

Pabora, coBepmaemasd 3apgagHOM cTaHmueid (T. €. BHEMIHMM HCTOY-

HUKOM HampsokeHuss U) B eAMHUL BpPEMEHM, T.€. padora Toka Ha

BCEM PAcCMATpUBAEMOM yuacTke, paBHa /U. Ha Bcex compoTuBieHMSIX,
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BKJIFOUAS BHYTPEHHEE COMPOTHBJICHUE AKKYyMYJSTOPAa, B €AVMHUIY BpeE-
MEHM BBIAEAFETCS IKOysaeBa Temnorta, pasHas I2(R 4+ r). Kpome 3a-
PSAKM AaKKyMYJSITOPA M BBIACJACHUS TEMJIOTH APYTUX JHEPreTHUECKUX
MPEBPAIIECHUIA B PAacCMAaTpUBaEeMOl Lenu He mpoucxoauT. [loaromy Ha
OCHOBAHWM 3aKOHA COXPAHEHMS DHEPrMU MOXHO YTBEPXAATh, UTO

IU=I*(R+r)+ Py, (7)
rae P.,, — MOLIHOCTD, MAYIIAs HEMOCPEACTBEHHO HA 3aPAAKY aKKyMyJIsi-
topa. [Toacrasassa B (7) Beipaxkenue ais cuisl Toka (6), moayuyaem

=TU=D 1. (8)

Pap = "R57

Takum 00pazoM, mpy 3apsSaKe aKKyMYyJIITOP B €AWHUIY BPEMEHH 3a-
macaer JHEprumio, paBHyw [€. PazyMmeercd, 5Toro pesyabTara MOXHO
OBLIO OXUAATH U3 JAEMEHTAPHBIX COOOPAKEHMM: BEAb MPOLECCH B AKKY-
MyJISTOPE CUMTAIOTCH OOPATHMBIMU, 4 IPU Pa3paaKe aKKyMYJISTOp pas-
BHUBAET MOIMHOCTh [&.

OGpaTI/IM BHUMAHUC, UTO, CUNTAId U3BCCTHBIMU BBIPAXCHUS /IS IIOJI-
HOU paGoThl TOKA, A8 AXKOYJIEBOM TEIJIOTH U A1 PAbOTHI 3apSAKU aKKy-
MYJIATOpa, MOXHO € TIOMOIIBIO 3aKOHA COXPAHCHWS DHEPTHM TIOJIYUNTh
BoIpaxkenue (6) mis Toka B uenw. [l 3TOrO HYKHO MPOCTO MOACTABUTH
B (7) P,, = I€. 310 3HaunT, uT0 3aKOH OMa /151 HCOTHOPOXHOIO YUACTKA

MO2KHO TMOJYUYUTh KAK CJIACACTBUC 3aKOHA COXPAHCHUA JHCPTUA.

PaboTa MCTOYHMKA TOKA. VICTOUHMK TOKA — 3TO yCTPOMCTBO, MOMAEP-
KMBAMOMIECE PA3HOCTh TMOTCHIMAJIOB HA KOHUAX MOAKIIOUCHHONW K HEMY
SJIEKTPUYECKON LEnu. DTO MPOMCXOOUT 61arogapst AEUCTBUIO CTOPOHHHMX
CWJI — CHJ HEDJCKTPOCTATHUCCKOM Tpuponbl. Kakme sHepreTmueckme
NPEBPAILEHUS TIPH ITOM MPOUCXOAAT?

Kak mbr Bugenan, [AC & ucrounwka paBHA CyMME HAMPSKCHUEA BO
BHemHeM (U) u BHyTpenHeM (U') yuacTkax uemnu:

U+U =5%. 9)

JoMHOXHMM 00€ yacTW JTOr0 PaBEHCTBA HA 3apsan ¢ = [f, MPOXOASLIMIA
Mo Lenu 3a BpeMs f. B JIeBOi# yacTu MOyuyMBIIETOCH paBEHCTBA OyaeT
CTOSATH CyMMa paloT HJIEKTPUUYECKOTO TOKA BO BHEIIHEM W BO BHYTpPEH-
HeM yuacTtkax uenu. Crnpasa OyaeT CToaTh MPOM3BEACHUE ¢&.

DJIEKTPUYECKUI TOK COBEPIIAET paboTy 3a CUET AEUCTBUS MCTOUHU-
Ka, T.€. CTOPOHHUX Cu. [10 3aKOHY COXpaHEHUWs JHEpPruu padoTa ToKa
B LENW paBHA paboTe, COBEPIIAEMOM 3a 9TO K€ BPEMS MCTOUHMKOM TO-
Ka, T. €. paboTe AEUCTBYIOMMX B HEM CTOPOHHUX CHJL.

Onpeaenenne DJC. Vrak, pabora MCTOUHMKA TOKA MPH MEPEMELIEHUN
1o menw 3apsaa ¢ pasHa ¢&. [1oaToMy 2/IEKTPOABMXKYIIEH CHJIE MCTOY-
HUKA MOXHO JATh ¥ TAKOE OMPEACICHME: DJCKTPOABMXKYLICH CUJION HA-

3BIBACTCS BCIMUMHA, PABHAId OTHOIICHUIO pa60TbI Ac‘l‘op CTOPOHHHUX CHJI
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IpY MEPEMEIICHAN 110 LMK 3apsAa ¢ K 9TOMY 3apsiay:
& = Acrop/q. (10)

[Tockosbky paGora MCTOUHMKA TOKA paBHa &If{, TO pa3BMBaeMas UM
MOIIHOCTh
P=¥I. (11)

Momnocth 1 KITJ[ MICTOYHMKA TOKA. BBISICHUM, KaKUM JOJIKHO OBITH
COMpPOTUB/ICHUE HATPY3KU R A/ TOrO, YTOOBI MOJYUYUTh MAKCHMAJIbHYO
CIJTy TOKA B LEMU, MAKCUMAJbHYIO TOJC3HYI0 MOIIHOCTh, MAaKCUMAJIb-
HbIM K02(h(PUIMEHT TOJIE3HOTO AEUCTBUS.

Tok B uenu (puc. 87) ompenensercs 3akonom Oma: I =&/(R+ r).
[TosTomy mosiHAasi MOIIHOCTH P, pa3BMBAacMasi MCTOUHWKOM TOKA, PaBHA
I€ =€% (R + r). Tlonesnas MOMHOCTh P_, T. €. MOIIHOCTH, BBIAC/ISIO-
masacda Ha HATPY3Ke R, JAETCI COOTHOIICHHUEM
€°R

P =IU=I*R=—""_,
" (R+7)?

(12)
Koaddwnmenr mone3Horo AeicTBUS 1 WCTOYHWKA B OJTOW LIETH,
OMpeneaseMbli KaK OTHOLICHUE TMOJIC3HOM MONIHOCTY K TIOJIHOM, 3aBH-
CUAT OT COMPOTHUBJICHUY HATPY3KH:
P, R
"=P TR+ (13)

Wccnenyem nonyueHHbie Beipaxkenus. [lonras MomHOCTD P 1 TOK B Lie-
¥ [ pa3ImyaroTcs MOCTOSIHHBIM MHOXHTEJIEM & , IOITOMY MX 3aBUCHMOCTh
OT COMPOTHBJICHUS HATPy3Ku R ogmHakosa (kpusas [ Ha puc. 88). Makcu-

Phy
0k ———-
&, r ;
| 3
0,5F—— I
0,258 / 2=
= jaS
R 0 R r R, R
Puc. 87. K ucciaenosanuio ycio- Puc. 88. 3asucumocts momuocty 1 KILJI ucrou-
BUM pa6on>1 HMCTOYHHUKA TOKa HHKaA TOKA OT CONPOTUBJICHUS HATPY3KU

MaJIbHBIM 3HAUEHUE JTHX BeJWuuH Oyaer npu R = 0, T. €. mpu KOPOTKOM
3ambikanuy ucrounuka. Kak suano us dopmy.a (12) u (13), mpu oToM pas-
HbI HYJIIO OJIE3HASI MOIIHOCTD P ¥ K03 PUIMEHT MoNe3HOro ACHCTBUS 1.

[Mpu R = r moJHAs MOIIHOCTh W TOK PABHBI MOJOBMHE CBOETO MAKCH-
MAaJIbHOTO 3HAuUeHMd, KoacdduumeHt mosesHoro aericteus 1 pasex 0,5, a
MOJIE3HAS MOLIHOCTh JOCTUTAET CBOETO MAKCMMAJBHOTO 3HAUCHUS, PaB-
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HOTO TMOJIOBMHE MOLIHOCTH P mpu 9Toil Harpyske. s Toro utobsr ybe-
IOWTBCS, UTO TPU PABEHCTBE COMPOTHBICHUS HATPY3KM M BHYTPEHHETO
COTMPOTHMB/ICHNUS MCTOYHMKA TOKA TOJE3HAS MOIIHOCTh MAKCHMAJbHA,
npeoOpasyeM mpaByro uyacTh Boipaxkenus (12) caepyrommm obpazom:

&> &> 14
P = = .
" R+nYR  R+2r+rYR (14

[MonesHast MOIHOCTH OyAeT MaKCMMAJIBHOM, KOTJA 3HAMEHATEIb MPABOM
yactu Boipaxenus (14) muaumanen. [TpeoOpasyeM 3HaMeHATEb:

2 2
R—2r+%+4r=(\/ﬁ—7%) + 4r. (15)

Oyukuma (15) mocturaer MMHUMYMa TOrga, KOraa BHIPAXEHHE B
CKOOKAX paBHO HYJIIO, T. €. Ipu R = r. DTOT pe3yabTaT MOXHO, pa3yMe-
€TCd, TOJYyUYATh, NPAUPABHUBAS HYJJI0 NMPOW3BOAHYIO MO R 3HAMEHATENS
mpaBoit yactu BeipaxecHusa (14).

Ilpnu HeorpaHWUCHHOM YBCAWUCHWUW COMPOTHBJICHWUY HATPY3KH
(R—> ) Kak ToJTHAA, TAK U TOJIE3HAST MOITHOCTh CTPEMUTCH K HYJTFO (KpH-
Bag 2), a KOAQOUIMEHT MOJIE3HOTO ACHCTBUS — K eauaunie (KpuBag 3).

W3 puc. 87 BuaHO, uTo TPeOOBAHUS MOJIYUYEHUS MAKCHMMAJIbHOIO TOKA
B LIEMM, MAKCAMAJbHOM MOJE3HOM MOIIHOCTH M MakcumasyabHOro KII]JI
npoTuBopeumBbl. /15 MOSyueHMsT BO3MOXHO OOJIBIIETO TOKA COMPOTHB-
JIEHUE HATPY3KM HOJIKHO OBITH MaJbiM MO CPABHEHMIO C BHYTPEHHUM CO-
NPOTHUBJIECHUEM WCTOYHMKA, HO MPH OTOM OJM3KM K HYJIIO MOJE3HAS
momHocTh ¥ KII/I: moutw BCA coBepmiacMas MCTOUHMKOM TOKa pabdora
UET HA BHIAEJEHUE TEIUIOTHI HA BHYTPEHHEM COMPOTUBICHUU 7. UTOOBI
MOJIyUUTh OT AAHHOTO MCTOYHMKA TOKA MAKCUMAJIBHYIO TIOJIE3HYIO MOII-
HOCTb, CJIEAYET B39Th HATPY3KYy C COMPOTUBJICHUEM R, PABHBIM BHYTPEH-
HEMY COTPOTHMBJICHWIO MCTOUHWKA. 3HAUCHUEC MAKCUMAJIbHOW TOJIC3HOM
MOMHOCTH (P) yax = &2/ (4r), HO KOI(DOUUMEHT MOIE3HOTO ACHCTBHS
mpu 3TOM paBeH Bcero jmmb 0,5,

Jo6yio mose3Hyo MOIMHOCTh P, MEHbIIYI0 MAKCHMAaJbHOM, MOXHO
MOJIyUNTh, KAK CBUACTEJIBCTBYET XOH KpwBOM 2 Ha puc. 88, mpm aByX
3HaueHMIXx R, u R, conmpoTuBjacHMU HArpysku. IlpakTuyecku s mosy-
UYCHMS 3aNaHHOM MOJIE3HOM MOLIHOCTH CJAEAYET BHIOMpATh HATPY3KY C
66mpmmM compoTuBaeHuEM R,, Tak kak KIIJ mpwm stom Bbime. s no-
ayuenns KITJI, 6;1m3koro x eaumHMIE, CIeAyeT OpaTh Harpy3Ky C COIpO-
TUBJECHUEM, MHOTO OOJIbLIMM BHYTPEHHETO COMPOTHBJCHHUS MCTOYHHMKA
TOKAa, HO HpPHY 9TOM BBHIAEASIOMAsCS MomHOcTh P, — 0.

e Pabora KakuMx CHUJ MMeeTCs B BUIY, KOTAa roBopsiT o padore, coBepllaeMoit
9JICKTPUYECKUM TOKOM?

e B kakux ciydasax paboTa sseKTprhdyeckoro Toka A = /Ut He paBHA BbIAEJSIO-
meiics B IENu AX0yJeBoi temiore Q = I2Rt?
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Hna sapanku akkymyastopa ¢ DIC & ero BKJIIOUWIN B CETh C NMOCTOSHHBIM
Hanpsxenuem U (U > &). Kakas nons norpebsieMoil OT CETH DHEPryUU 3a-
nacaercs B akKymyJsitope?

Kakum obpasom pabora cropoHHUX cuil cBssaHa ¢ DJIC ucrounuka Toka?
ApryMeHTHpYIiTe CBOI OTBET.

Kaxkoit nosxHa ObITh Harpyska, 4ToObl UICTOUYHHK TOKA Pas3BUBaJl MAKCHUMAaJlb-
HYI0 M0Jie3Hy10 MouiHocTh? Kakum nipu stom Gymer ero KITJ?

l'[oquy ycCJioBUSA TTIOJIYyUCHUS MaKCHUMaJbHOU MOJIE3HOM MOIIHOCTU U MaKCH-
MaJIbHOT'O KHZ[, OT AaHHOI'O MCTOUHUKaA TOKa IpoTUBOpcHaT APYr Z[pyl"yq

[Tokaxxure, uTo ABa 3HAUEHUS COIIPOTUBJICHUSA HArpy3kKHu R1 u R2’ Ipu KOTO-
PbIX B HArpy3ke BBIACIACTCAI OAMHAKOBas IXKOYJIEBa TCIJIOTa, CBA3aHbl COOT-
HOLIECHUEM RIRZ = 7‘2, 'AC r — BHYTPCHHEEC COIPOTUBJICHUEC MCTOYHHKA TOKAa.

Iloctpolite rpacdpyKy 3aBUCHUMOCTU MOIIHOCTU MCTOUHHKA TOKa, IOJE3HOU
momiHocTH U KIIJ oT cuibl Toka / B Ienu.

A Tlone cropoHHMx cui. PaGora, coBepHiaeMas SAEKTPUUYECKHUM
TOKOM MpPH MPOXOXICHWW 3apaAa IO BCEH LEenu, paBHA paboTe aeu-
CTBYIOIIUX B MCTOUHUMKE CTOpoHHMX cuia. [Toaromy 3IC MOXHO BbI-
pPasuTh uepe3 ITU CHUJIBL.

Brenem HOByIO BEenMumMHY Ecmp, KOTOPYIO HA30BEM HANPSIKEHHO-
CMbIO NOJISL CMOPOHHUX CUJ. ITO CUJIA, ACUCTBYIOMAs HA COUHUY-
HBIA TIOJIOKUTE/IbHBINA 3apsn, O0yC/IOBJEHA JIOOBIMU TIPUUMHAMU,
KpPOME JJIEKTPOCTATMYECKOTO MOJs. Torma monHasl Cujia, JEUCTBYIO-
mas Ha 3apsid, OyaeT CKIagblBATHC M3 DJEKTPOCTATUYECKOM CHJIBI U
CTOPOHHEW CUJIBI:

F=q(E + Epp)- (16)

PaccMoTpuM 3aMKHYTYIO LETIh M PACCUMTAEM MOJHYIO paboTy, co-
BEPIIAEMYIO BCEMU JCUCTBYIOIMUMU HA 3apsj CWJIAMHU IPHU €T0 IMepe-
MEIIEHUH O BCel memu. Pabora 57eKTPOCTATHUECKUX CUJT HA 3aMK-
HYTOM KOHTYPC paBHA HYJK, TAK KAK 9TU CWJIbl — MOTCHUUAJIbHBIC.
[Toosromy mosHas paboTa Ha 3aMKHYTOM KOHTYPE paBHA paboTe TOJIb-
KO CTOpOHHMX cmj. MiMeHHO 5Ta pabora m ompemeaser IC mcrou-
HUKA TOKaA.

O6patuM BHMMAHME HA KaXyleecs mporuBopeume. Pabora To-
Ka — DJTO MO OMpefeseHnto pabora CUJI SJEKTPUUYECKOrO MmoJs. B 1o
Xe BpeMsI, KaK Mbl BUAE/IM, paboTa TOKa BO BCEH Lenu pasHa padore
MCTOYHMKA, T. €. paboTe CTOPOHHUX Cua. Ho Kak MBI TOJBKO UTO BbI-
gacHWIM, paboTa 9JEKTPOCTATHUECKOro Mo pasHa Hymaw. Kak Bce
9TO COTJIACOBAThH?

Ileno B TOM, 4TO, TOBOPS O PabOTE OJEKTPHUUECKOrO TOKA, MBI
UMCIN B BUAY pa60Ty QNCKTPUUCCKUX CUJI HC HA BCECM 3AMKHYTOM
MyTHU, a4 TOJBKO HA TCX YYACTKAX LCMU, TAC 3apdaabl ABUXYTCA IO
OEUCTBUEM DJIEKTPUUECKUX CHI. MBI HE BKJIHOUaau paboTy S/eKTpu-
YECCKUX CWJI B MECTAX CKAUKOB IMOTCHOUAJIA (rz(e n HeﬁCTByIOT CTO-
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POHHUE CHUJIBI), T. €. B MECTAX, IAE JIEKTPHUUECKOE TOJIE HATIPABJICHO
MPOTUBOIOJJOXHO ABMXKXCHUK TIOJTOXUTC/IBHBIX 3apsaoB. I/IMCHHO B
I9THUX MCCTAX BHYTPU UCTOYHUKA TOKA ABUXCHUC 3aPIa0B MPOTUB CUJT
SJIEKTPUYECKOTO 1101 00yCI0BJICHO AEHCTBUEM CTOPOHHUX CHj. Ecim
yuccTb paGOTy QJIEKTPUUYCCKUX CUJI M B OTHUX MECTAX, TO MOJHAAd UX
pabora AEUCTBUTEIBHO OyAET paBHA HYJIIO.

31ech MOXHO NMPUBECTU CACAYIOMYI MEXAHMUECKYIO AHAJIOTHIO.
JIBIKHUK CIYCKAETCS C TOPbI M, CAEAAB KPYT, BO3BPAIMAECTCS K €€ TIOM-
HOXHWIK, a4 3aTéM C ODOMOIIbK MNMOABCMHUKA CHOBA NMOAHUMACTCI HA
BEPUIMHY. AHAJOrOM MOTEHIHUAJIBHOIO JJEKTPOCTATUYECKOTO IO/
30€Ch SBISETCA MOJE CUIbl TSXKECTH. POJb CTOPOHHUX CHJ UTPAIOT
CUJIbl, TMOAHUMAKIOUEC €T0 HABCPX B TOABCMHUKCE. OLICBI/IZ[HO, qTo
noJIHAad pa60Ta CUIbI TAXKCCTA HA BCCM 3AMKHYTOM NYTU PABHA HY-
g0, OgHAaKO B IAHHOM CJiyuyae OHA HE MPEACTaBJSET MHTEpeca. Bax-
HA4 JUIb Ta pa6OTa CHIJI TIXCCTHU, UTO COBCPIIACTCA IPHU ABUXCHHHU
JIBDKHUKA OT BEPIIMHBI TOPHL 40 €€ OCHOBaHMdI. JTa padora Kak pa3s
U paBHa paboTe «CTOPOHHHMX» CHJI, NAEHCTBYIOUIMX HA JIBIKHUKA B
OOAbCMHHUKE.

Pabora 1 Teniora B Npou3BOJbHON Lenu. B HeoqHOpoaHOM yuacT-
Ke menu, cogepxamemM uctounuk ¢ IJC & u BHYTPEHHUM COTIPOTHB-
senueM r, xorga [ = (U + €)/(R + r), ana paborst Toka A, paboTst
MCTOUHMKA A, ., W BBIACJSIOMENCS TemaoTh Q nmeeM

_ _U+¥#
A= IUt_R_+r Ut,
Ayey = 151,
(U +#)*

Boigensromascs Temaora pasHa cyMme paboThl TOKA M paboThl MCTOY-
HUKA:
Q=A+A,.

[MoguepkHeM, uTO 9T (OPMYJIBI CIIPABEAIUBEL BO BCEX CIyuasx,
HE3aBUCUMO OT TOTO, MAET JIM TOK YEPE3 MCTOUHUK B «CCTECTBEHHOM»
HATMPABJCHUY, KOTAA OH OTAACT SHEPTUI0 BO BHEINHIOK LEMb, WJIA B
MPOTHUBOMOJIOKHOM, KAaK 9TO OBIBAET MpHM 3apsSAKe aKKyMyJsaTopa,
Koraa oH morpebaser sHepruto (B 9TOM cayudae [ m & MMET MpoTH-
Bono/IoXkHbie 3HaKM U A, < 0). Ilpu srom remnora Q= A+ A,

OKaXETCd BO BCCX Cayuasdax MOJIOXKUTEJBHOU. A

T

Kak cBg3aHbl Mexay coOoi paboTa CTOPOHHUX CHJI M paboTa CHUJI SJIEKTPH-
YeCKOro IoJIsl PHU MepeHoce 3apsiga BAOJb BCEM 3aMKHYTOM Lenu?

[TossicHuTe aHaIOruIO MEXAY paﬁOTOﬁ QJICKTPUUYECCKUX U CTOPOHHUX CUJI U
Pa6OTOﬁ CWIbl TSIKECTHU U «IIOABEMHOU» CUJIBI Ipyu KaTaHWU JIbIZXHUKa Ha
rope¢ ¢ noaAbEMHUKOM.
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§ 15. MarHnTHOE none NOCTOSHHOTO TOKAa

JBUXyImMICS JAEKTPUUECCKUN 3apsa HAPSAY C OJCKTPUUYECKAM TOJIEM
CO3[AET €€ MW MATHUTHOE mosje. MarHuTHOE mosie MpOSIBJASIETCS B ACH-
CTBMM HA MAarHUTHYIO CTPENKY, HA PAMKY C TOKOM, HA JBVKYIIWWCS 3a-
psa. Ha paMky ¢ TOKOM 1 HAa MArHUTHYIO CTPEJKY MAarHUTHOE TOJIE OKa-
3BIBAET OPUEHTHUPYIOUIEE ACUCTBUE, HA MPSIMOW MPOBOJHUK C TOKOM M HA
OBVDKYIIWWACS 3apsii B MATHATHOM TOJIE JAEWCTBYET CWjA, MEPICHAUKY-
JIIpHASI HATIPABJICHUIO JBVKCHUS 3aPSAOB.

a9 HATISAHOrO M300pakeHUs MATHUTHBIX MOJIEU MCTIOIb3YOT CUJIO-
BbIC JIMHWWM. JTW JIMHUW HEMPEPHIBHBL. B oT/Mume OT MOTEHIMAIBLHOTO
JIEKTPUUECKOTO TOJISI, TAE CUJOBBIC JIMHUM HAUMHAIOTCY HA TOJOXH-
TEJBHBIX 3aPIAAX M OKAHUMBAKOTCS HA OTPULIATEIbHBIX, MATHUTHOE TOJIE
SBASETCS COJICHOUOAIbHbLM VIV GUXPEGblM: €TO CHJIOBBIC JIMHUW BCETAA
3aMKHYTHI. [[pyruMu CJOBaMH, MArHUTHOE MOJIE HE WMMEET WMCTOUHM-
KOB — MArHUTHBIX 3apS/I0B.

HWHAYKIHAS MATHATHOIO MOJsA. B oT/imume OT 9/IeKTPUUecKOro moJis Ch-

JIOBYKO XAPAKTCPUCTUKY MATHUTHOTO MOJISA IO MPUYWHAM UCTOPUUCCKOTO

XapakTepa Ha3bIBAIOT HE HANPSKEHHOCTHIO, a undykuueid. Uuanykuma B

MATHUTHOTO TIOJAS — OTO

d BEKTOpHAs ¢hm3nmueckas Be-

M;I smunaa. OOBIYHO ee BBOAAT

MMYyTEM PACCMOTPEHUS IE-

CTBUS MATHUTHOTO TOJISI HA

MaJICHBKYIO MPOOHYI0 pam-
N S Ky C TOKOM.

Kak u B ciryuae mpoGHO-
ro 3apsiza B  OJCKTPO-
J I cTaTuke, Takas pamkKa JoJi-

> XKHA YHOBJICTBOPSATH OTpE-

JOEJIEHHBIM  TpeOOBAHMSM.

(:l Dﬂm Bo-nmepBwix, pamka poskHA

MMETh JOCTATOUHO MAJIbIC

Puc. 89. VcranosuBieecs NOJOXKEHHE CBOOOAHON — PA3MEPHI, yTOOBI MO €€ TOo-

paMKu C TOKOM B MArHUTHOM I10JI€ BCACHUK MOXHO 61,1;10 cy-

OUTh O MATHUTHOM TIOJIEC B

MaJjion obsactu (B «TOuKe»). Bo-BTOpBIX, TOK B PAMKE AOJIKEH OBITH HO-

CTATOUYHO MaJji, 4TOOBI €r0 BJIMSHUEM HA MUCTOUHUKH M3MEPIEMOrO Mar-
HUTHOTO TOJII MOXHO OBLIO TpPEHEGpEub.

[To ompenencHMIO HATIPABACHUE BEKTOPAa B COBNIaaeT ¢ HANpaBJICHUEM
HOPMaJM K CBOOOAHOM MpPOOHOM paMKe C TOKOM, YCTAHOBHBILEHCS B Mar-
HutHOM mosie (puc. 89). 3a HanpasaeHUE HOPMAIN N K TJIOCKOCTH PAMKH
NPUHUMAIOT TO HAMPABJICHHUE, B KOTOPOM OyAET MEPEMEIAThCI BUHT C
MPaBOil HAPE3KOW, ECJIM BPAIIATh €TO 10 HAMPABJICHUIO TOKA B PAMKE.

Ecsin moBepHYTh paMKy Ha HEKOTOPBIN yTOJ o0 OTHOCHTEIBHO €€ yCTa-
HOBMBLIETOCS TMOJIOXEHMS, TO, KAK MOKA3BIBAET OMBIT, HA PAMKy OyaeT
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JEUCTBOBATh MOMEHT CWJ, TIPOMOPLMOHAJBHBIA CUJE TOKA B pPaMKeE, €€
Iomaau S U CMHYCy yIjia moBOpoTa:

Mo IS sin a. (1)

DTOT BpAMAOMUI MOMCHT MAaKCMMAJICH, KOTOA PAMKA OPMEHTUPOBA-
HA TIEPNEHAMKYJSIPHO MATHUTHBIM JIMHUSM, T.€. Koraa sin a = 1:

M, .~ IS. OTHOmIEHHE MAKCHMAJIbHOTO BPAMIAIONIEr0 MOMEHTA K TIpO-

W3BEOCHUIO CUJIbI TOKA / HA MJOMAAL TOMEPEYHOrO CECUCHUS paMKu S
XapaKTEepU3yeT MAarHUTHOE MOJI€ B TOM MECTE, IMIE PACMHOJIOXKEHA paMKa.
DTO OTHOLICHWE W TPUHUMAIOT IO OMPEACICHUIO 32 MOAYJb B BEKTOpa
MArHUTHOW WHAyKUmu B cucreme exmuaun CU:

5= Mo (2)

I8 °

EnMHWIIA MarHATHOW WHAYKOUH. 33 CAWHWLNY MATHUTHOM WHAYKIUW
MNPUHATA WHAYKLUY TAKOrO TMOJAd, B KOTOPOM HA KOHTYpD IUIOLIAIBIO

1 M2 mpu cune Toka 1A AeiiCTBYeT MaKCUMAJbHBIA BPAIIAMOMMA MO-
ment 1 H-m. Takag egmmmmna waswaerca tecmaa (Toar):
1H-™M H KT
1 Tn=———=1—=1—.
1A-1M2 A-m A-c?

Enuavna MarHuTHOM MHAYKUMW B aOCOMIOTHOM CHCTEME €AMHUL, Oy-
JIEeT MPUBEACHA HUXE.

MarHuTHbIE CUJIOBbIE JUHMM. HampapieHne MarHUTHBIX CUJIOBBIX JIM-
HUN B K&)KIlOﬁ TOUKEC COBOAAACT C HAMPABJACHUCM BCKTOPA WHAYKLIWU.
Kak u B Caydac SJICKTPUUCCKOTO MOId, KAPTUHY MATHUTHBIX CUJIOBBIX
JIMTHUY MOXHO CAEJIATh «BUAUMOM». [[JI 3TOTO MCMOMB3YIOT MEJIKHE XKe-
JIC3HBIC ONWJIKM, KOTOPBIC B MATHUTHOM IIOJIC HAMATHUYHUBAKOTCI WH,
HOJZ(O6H0 MAJICHBKUM MATHUTHBIM CTPCJIKAM, OPUCHTUPYIOTCA BAOJb CHU-
soBbix smHui. Ha puc. 90 mpuBemeHbl MOJyUEHHBIE TAKUM CIOCOOOM
KapTUHBl MATHUTHBIX TMOJEW KPyroBoro Toka (a), AJMHHOM KATYIIKW-
conenouaa (0), MpAMOro MOCTOSHHOrO Maruurta (a).

,H,JISI pacu€ta MArHuTHBIX HOJI&fI, CO3aaBacMbIX 3aJaHHBIMU TOKA-
MM, HY2>KHO YUCCTb, UTO MHAYKUI WA MArHUTHOTO IOJId, CO3AaBACMOr0 TCKYy-
oM 10 IMPOBOAY TOKOM, ONpPCACAICTCA COBMCCTHBIM HeﬁCTBHeM BCEX OT-
ACJAbHBIX YUYaCTKOB MPOBOAA. MarauTtHoe moJsie YAOBJCTBOPSICT MPUHLOUITY
CYNEPIO3ULUU: €CJTM MATHUTHOE TTOJIE CO3AAETCH HECKOJBKUMU TPOBOAHU-
KaMu C TOKOM, TO MHAYKOUA PC3YyJbTHPYHOLICTO MOJAd €CThb BCKTOPHAS
CyMMa WHAYKLOWH TOJMEH, CO3JABAEMBIX KAaXXABIM MPOBOAHMKOM. TOUHO
TaK X€ A OOQHOPOAHOTO MPOBOAHMKA C TOKOM HAO/IHOAaEMas Ha OMbITE
MHAYKOUS B ecTh BEKTOpHAsd CymMMa JJIEMEHTapHbIX MHAyKumWi AB, co-
34aBACMBIX OTACJbHBIMU YUYACTKAMU IIPOBOAA.

3akon Buo—Casapa—Jlanaaca. Ha omnbiTe HEBO3MOXHO OCYIIECTBUTH
OTIleJIbeIfI YUacTOK TOKA, TAK UYTO HEAb3d HCTMOCPCACTBCHHO M3MCPUTH
U co3gaBaemMoe UM mose. VM3sMepuTrh MOXHO TOBKO CyMMapHYI MHAYK-
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i

AN
22 T )
S
ey f{hr L
pt M///j/.@“; iz
Puc. 90 HOJ'lylleHHble C TIOMOLIBI) 2KEJIC3HbIX ONMMJIOK KAPTHUHBI PA3JIMUHBIX MArHUTHBIX
roJie

M0 MArHUTHOTO TIOJISI, CO3AABAEMOTO BCeMu dsieMeHTamm Toka. Cyme-
CTBYET 3aKOH, HA3bIBACMBIN 3akonom Buo—Casapa—Jlannaca, KOTO-
pbiit, Oyayuu MPUMEHEH K y4yacTKaM MPOBOAA MPOM3BOJBHON (HOPMBI,
MO3BOJISICT BO BCEX CJAYyUASX PACCUMTATh 3HAUCHUE PE3yJIbTUPYIOMCH WH-
OYKUWM MArHUTHOTO TIOJIS.

3akon Buo—Casapa—Jlamnaca dopmyaupyerca ciaeayoommm odpa-
30M. DJyieMeHT mpoBoga Al, O KOTOpOMY TEUEeT TOK [, CO3AAET B BAKYy-
yME MAarHuTHOE MOJie, MHAYKUMS AB KOTOPOro B HEKOTOPOHl TOUKE 00-
paTHO TPOMOPLMOHAIBHA KBAAPATY PACCTOSIHUS F OT DJIEMEHTA TOKA HO
toukn HaOawoaeHus. B CU stoT 3akoH mMeeT Bufg

_ Mo IAl-sin a
A ~ 4n 2 (3)

rae W, — TaK HA3BIBACMAS MAZHUMHASL HOCMOSIHHASL, A 0 — YTOJI MEX-
AY HANpaBJCHUCM HA TOUKY Ha6JIIOZ[eHI/ISI U HANPABJICHUCM OJJICMCHTA
ToKa. BekTop AB mepneHAMKYASpEH IJIOCKOCTH, CONEPXKALIEH IJEMEHT
Al wn paguyc-sextop r (puc. 91).

Hanpasneane AB onpeaensieTcss mpaBujoOM TPaBOTO BUHTA: OHO COB-
nagact ¢ HAMpPABJACHUCM BPAIICHUA TOJOBKW BUHTA NPU €ro mOCTyId-
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TEJBHOM MEPEMEINEHUN BOOIb TOKa. Mcmonbays
MOHATHUC BCKTOPHOTO MPOM3BCACHUSA, 3aKOH BI/IO—
Casapa—Jlamiaca MOXHO IEPENUCATH B BEKTOP-
HOM BUIE:
Wol Alxr
AB = - =5 (4)
3mech BekTOp Al HampasjJeH BIOJb IIPOBOAA B
HAmpPaBJCHUMN OBUXCHUS TOJOXUTCJIbBHBIX 3apda-
noB. QOurypupyromas B dopmyaax (3) u (4)
MATrHUTHA4d TIOCTOIHHA4A M’O BBOAUTCA TIpu yCTa-
HOBJICHMM eauHuIbl cuibl Toka CU (ammepa) Ha
OCHOBE MATHHUTHOTO B3aMMONECHCTBHUA TAPAJIIETb-
HBIX MPOBOJAHMKOB C TOKOM. JTOT Bompoc Oymer FPuc.9l. K sakomy
Buo—Casapa—Jlaruiaca
PACCMOTPEH HUXKE.

Ioxae xpyrosoro Toka. @opmyna (3) (wmm (4)) mosBosgeT pacCUMTaTh
WHAYKIUK MATHUTHOTO TIOJIS, CO3AaBAECMOTO TIPOM3BO/IBHBIM PACTIPENE/IC-
HUEM TMOCTOSHHBIX TOKOB. IIpocTedimuM mpuMepoMm
ucnosib3oBanmMs 3akoHa buo—Casapa—Jlamaaca
CJILy>XKUT BBIYMCJIEHUE MATHUTHOTO TOJS B LIEHTPE
KpyroBoro Toka. [1ycTh TOK / MAeT 1o mpoBOAY B BU-
€ OKPY>XXHOCTM pagumyca R MO 4YacoBOM CTPEJKE
(puc. 92). Bektopsr AB OT BCEX 2IEMEHTOB KOJIbLIE-
BOTO MPOBOAA HAMIPABJICHBI TIEPIICHANKYJISIPHO TLJI0-
CKOCTH KpyTa 3a MJIOCKOCTh pucyHka. [Toaromy cym-
MapHas WHAYKIWS MATHATHOTO 1o/ B HanpasyieHa
B Ty € CTOPOHY, a4 €€ MOAYJib PABEH CYMME BCEX  Pyc. 92. K Bblumcie-
AB. JIx000¥# 5IEMEHT KPYTOBOTO KOHTYPA HAXOAUTCS  HUIO MArHUTHOTO MOJIs
HA OHOM M TOM XK€ PACCTOSHUM r = R OT LEHTpa KPYrosoro Toka
Kpyra, a ero HampasJcHUE 00pa3yer MmpsMOu YroJ

o = 7t/2 ¢ HAMpaBJCHWEM HA TOUKy HaOmopenus. [Tosromy, cymmupyst
9JIEMEHTAPHBIE MHAYKLIMH, C TIOMOIIBIO hopmy.isl (3) moayuaem

_ Mol
B=Y AB=_—"5 Y AL

CyMMa JUTMH BCEX JJIEMEHTAPHBIX yUYACTKOB 2 Al paBHA AVHE OKPYyX-

HOCTH ZJ'IZR, MO3TOMY MHAYKIUSI MATHUTHOTO MOJA B ICHTPC KPYTrOBOTrO

TOKa paBHA
wol (]
2R" 5

Pacuer marHuTHOTO MOMS, CO3AABAEMOTO TOKAMM APYTMX KOH(UTYpa-
LM, BBIIOJHIETCS C TMOMOIIPI0 MHTETPUPOBAHUSA., DTH PACUETHI 4aCcTO
YOPOLAKOTCS MPU YyUET€ CUMMETPUM KAPTHHBI TOKOB, CO3AAIOMUX Mar-
HUTHOE TOJE.
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il WHayKumMs MAarHUTHOTO TIOJIS, CO31aBac-

¢ ; MOro OECKOHEUHBIM TMPSIMOJUHEHHBIM TPO-
BOAHMKOM C TOKOM, yObIBaeT 00paTHO Mpo-
HNOPUMOHAJBHO PACCTOSIHUIO 7 OT IPOBOZA.
Ee 3HaueHme maercs BBIpAKCHUEM

d p=1tol (6)

2nr

JIvHMM MATHHUTHOM MHAYKIMH B OTOM

C/lydae TPEACTABALIOT CO00M KOHIEHTPUUE-

t CKME OKPYXKHOCTH, TJIOCKOCTH KOTODPBIX MEP-

' ) NEHAMKY/ISPHBI TOKY, 4 IEHTPBI PACIION0XKE-

Puc. 93. Jhmun MATHUTHOR MH- gy g ocy Toka (puc. 93). Uem Gamxe K
AYKOUU TIPIMOJIMHEUHOTO IIPO- 6

BOJIHUKA C TOKOM HpOBOZ[HI/IKy, TEM UOJII)]JIC chTOTa MATHUT-

HBbIX CAJIOBBIX JIMHUW.

TeopeMa O UMPKYJIAUMH. MATHUTHOE TOJIE MOXET OBITh OXapaKTEPH-
30BAHO HEKOTOPHIM OOIIMM COOTHOIIEHMEM, KOTOPOE, KAK W TeopeMa [ a-
ycéCa B OJACKTPOCTATUKE, MOXKCET 6I)ITI) HUCIOJIB30BAHO /I paACucTa Mar-
HUTHBIX HOJICﬁ, CO3AaBACMBIX CUMMCTPUUHBIMU PACOPEACACHUIMHA TO-
KOB. DTO COOTHOIICHWE HOCUT HA3BAHUE IMeEOpeMbl O WUPKYILSLUUU
GEKMOPa MAZHUMHOU UHOYKUUU.

PaccMoTpum mpon3BOSIbHBIN 3aMKHYTBIM KOHTYP [ ¥ 3a1aauM Ha HEM
Hanpassienue obxona. O6osHaunM uepes B, MpoeKnuio BeKTopa B Ha Ha-

npassicHue snementa Koutypa Al. Cocrasum cymmy mpoussencHuit B,Al

IUTS BCEX JJIEMEHTOB 3aMKHYTOTO KOHTypa. DTa cymma 2 B, Al nasmiBa-
eTcsl WUpKyasnuein BeKkropa B mo 3aMKHyTOMY KOHTYpPY /. MOoXHO moka-
3aTh uTO, B cuiy 3akoHa buno—Capapa—Jlaniaca nupKyadauus BEKTOpa
B 1o mpou3BOJBHOMY 3aMKHYTOMY KOHTYpY
paBHA MPOM3BEACHUIO [, HA TOK [/, MPOHU3bI-

BAIOWINAMN KOHTYP, MO KOTOPOMY 6epeTcs1 uup-
Kyadanus.

[TpoBepum crpaBeaIMBOCTD ITOTO YTBEP-
KACHUS OJISI MATHUTHOTO ITOJIS, CO3AaBACMOTO
HpSlMOJIHH&fIHbIM IMPpOBOOAHUKOM C TOKOM.
[Tpexxae Bcero oTMETUM, YTO HY>KHO paccMaT-
pPUBATh TOJIBKO KOHTYPBI, JICKAIUE B TIJIOCKO-
CTH, TEPNCHOUKYJSIPHOM TPOBOJHMKY, TaK
Puc. 94. K reopeme o mupky-  Kak BEKTOp B B cuity (4) He uMmeeT cocTass-
J9UMM  BEKTOpa  MHAyKuuu — HOIMUX, MAPAJAJCAbHBIX MPOBOAHUKY C TOKOM,
MArHuTHOTO IOJIS U, CJAE€A0BATEABHO, LUpKyadauug B no npous-

BOJIBHOMY KOHTYPY COBIAJAET C HUPKYISIIUCH
IO MPOCKLMKN KOHTYpPA HA 9Ty MJIOCKOCTb. [Tpome BCero paccumrarh Lup-
Kysaquuio B mo XpyroBoMy KOHTYpYy C LIEHTPOM HAa MpOBOgHUKE. B aTom
cayuae BeKTop B B KaXI0i TOUKE KOHTYpPA NApaIEICH dJIEMEHTY Al ( ec-
Jin BblﬁpaHHoe HAanpaBJICHUEC 00xo0ma COBMagaer ¢ HAnpaB/JICHUEM CUJIOBBIX
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JIMHUI), a MOOYJb B, ONMHAKOBBIA BO BCEX TOUKAX KOHTYypa, Aaetcs (op-
myaoii (6). Cymmumpys B;Al mo BceM 271€MEHTaM KOHTYPA, TOTy4aeM

SBAl=B 3 Al =10 2nR = iyl (7)
Buano, uro mupkyaduus B He 3aBUCHT OT pagmyca okpyxHoctu. He-
TPyAHO yOEaWThCS B TOM, UTO TPW MPOM3BOJIbHOM aecopManuu OK-
pyxHOocTH wupkynasumsa B He umamenutcd. Paccmorpum onemeHT Al
npon3BOIbHOrO KoHtypa [ (puc.94). Ilna mero B;Al= BAl cos a; HO
Al cos a = rA¢, nosromy

ol ol
B, Al=2—f[rrA«p=%A«p.

CyMMupys MO BCEM DJEMEHTaM KOHTYpa, TMOIydyaeM
ol
B, Al=-=> Ap=p,l.
:E: 1 2% :E: qD l"0 (8]

TeopeMa O NUPKYJaAdOu BCKTOPA WHAYKIWN MATHUTHOTO TIOJIA CIipa-
BCAJINUBA O IIOJI, CO3AABACMOTO IMPOU3BOJIBHBIM PACIPEACICHUEM TOKOB.

ITone B coaeHoupae. [lpuMeHVM TEOpeMy O HMUPKYAIIWAA BEKTOpA WH-
AYKOUA MATHUTHOTO TMOJSI K Pacuery MoJs, CO31aBAEMOIO COJICHOUAOM,
T. €. OUWINHAPUUYECKON KaTYIIKOU

¢ IJIOTHO  CONpHKAaCaromUMUCs \\t]//

BUTKaMH. MarHuTHOE mosie Takou e

|
KATyIOKW WMEET BWJ, NOKAa3aH- /',E :

Hblii HA puc. 95. Ecim nnamuHa xa- e
TYIIKA MHOTO OOJIBIIE €€ AMAMET- // \\
pa, TO JMHUM MArHUTHOW WHIYK-
Oy BHYTPUM KATYWIKW mapaj-
JIEJIBHBI €€ OCH W TOJIE TaM OTHO-
POOHO BCIOAY, 34 UCKJIKOUEHUEM KOHLOB KaTymku. CHapyxu BOM3n 6o-
KOBOM MOBEPXHOCTU KATYMIKH TOJIE MPAKTUUECKUA OTCYTCTBYET.
Beruncnum nupkyaguuio MHAYKOUE B Mo mpsgMoOyroJibHOMY KOHTYDY,
MOKA3aHHOMY Ha puc. 96: cropoHa bc¢ mapasuiesibHa, a CTOPOHBI ab u cd

Puc. 95. MaraurHoe 1oJjie CoJeHOUIa

$00000000000000000000000000000000000000000

0

R R Ry R PP PR Y Ry Yy

'l

u

Puc. 96. KoHTyp /151 IPUMEHEHUS] TEOPEMBI O LIUPKYJISIIAN

NEPNEHANKY/ISPHBI JTHHASIM WHAYKIVK BHYTPU KATymKu. Torma BEKTOP
B Oyzer uMeTh OT/IMYHYIO OT HYJIsS TIPOCKLIUIO HA HAMPABJICHAE KOHTYPA
TOJIBKO HA yyacTke bc m pnupkyasuus B mo KoHTypy paBHa Bl, rae [ —
anuHA yuactka be. [lomcumraem Temepb MOTHBIA TOK, MPOHW3BIBAOMIMI
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BbIOpaHHbIN KOHTYP. O003HAUMM UYKMC/I0 BUTKOB HA COVMHMILY AJTUHBI COJIE-
Houza ueped 7. CKBO3b BHIOPAHHBIA KOHTYD MPOXOAWUT 1/ BUTKOB, W MOJI-
HBI TOK paBeH [nl. CoraacHO TeopeMe O HUPKYISIIun

Bl = pyInl,

oTKyaa
B=wyln. 9)

®opmyna (9) maer 3HaueHME MHAYKUMU MATHUTHOTO TOJS BHYTPH
UIMHHOTO COJICHOHMAA, MO0 OOMOTKE KOTOPOTO MpPOMyCKaeTcs TOK 1.

BGim3u kpaes cosieHompaa mosie yxe He Oymer ogHOpoaHbiM. Jlerko
MoKa3aTh, YTO MHAYKLMS MO/ HA OCH COJEHOMAA HA CAMOM €ro KOHIE
paBHA MOJIOBMHE 3HAUYEHUS MHAYKLUWW BHYTPH CojeHOMAa. Ecim K KOHIy
COJIEHOMAA MPHUCTABUTH APYTOM TAKOM XK€ COJEHOMI, MO KOTOPOMY B TOM
XK€ HANPABJICHUU MPOTCKACT TAKOH Xe TOK, TO pacCMATpUBACMAsd TOUKA
OKAXETCS BHYTPU HOBOTO, COCTABHOIO COJEHOWAA W WHAYKLUS TOAS B
Hel Oyaer onpenenarbes dopmyaoit (9). Ho mo nmpuHouny cynepnosu-
OUMA 3Ta X€ WHAYKUWS €CTh CyMMAa WHAYKOWW TOJEH, CYIIECTBYIOIMUAX
BOJIM3M KOHIIOB KAXI0rO COMEHOMAA. [10CKOIBbKY COIEHOUABI OMMHAKOBHI,
TO OAMHAKOBBI U CO3JABACMBIC MU TOJd, W, CJICAOBATCIAbHO, MHAYKI WS
MATHUTHOTO IIOJYI B TOUKEC HA OCH HA KOHIIEC
oaHOTrO cosieHonaa pasHa B = (1/2)u,In.

Ione B TOpOMIAJbHOW KaTywike. Bpruumc-
JUM WHAYKOWIO MArHUTHOTO TIOJNS BHYTPH
3aMKHYTOH TOPOUJATBHOMU KATYILIKU
(puc.97). B oramume OT coseHOMAA JIMHWAW
MArHUTHOM WHAYKUOWM 3aMBIKAIOTCS  37€Ch
BHYTPU CAMOW KATYLIKW W TPEACTABJSIOT CO-
00oii OKPY>KHOCTH, TAPaJICJbHBIE OCH TOpa.
Hanpasnenne mx TakoBo, uTO, TS BAOJb
HUX, MBI BUAUM TOKM B OOMOTKE TOPOMAAJIb-
HOM KATYIIKW TEKYIMIMMU MO YACOBOW CTPEJI-
Ke. BprumcauM mypKyadamuio BEKTOPA MATHUTHOM WHAYKLOWM BAOJb OA-
HOM M3 Takux JuHMA, M3 cooOpakeHuil CUMMETPUN OYEBUIHO, UTO MO-
OyJb BEKTOpPA WHAYKUWHA B OQWHAKOB BO BCEX TOUKAX, JIEXKANIMX HA Of-
HOM JsmHWM wHAYyKOuu. [lycTh paamyc TakoW OKPYXHOCTH pPABEH 7
(ry<r<r,). Torma mo TeopeMe 0 LUPKYISILUAN UMECM

B-2mr = nyIN,

re N — TOJHOE UMCJI0 BUTKOB, & I — TOK B 0OMOTKE TOPOMAAIBHOM
karymku. OTcrona

Puc. 97. TopoupganbHas  Ka-
TyIIKa

Wo IN
2 1

B= . (10)
®opmyna (10) mokassiBaeT, YTO MHAYKLHMS MATHUTHOTO MOJS B TOPE
MakCuMajibHa BOAM3M BHYTPEHHEH CTOPOHBI M MUHHMAJbHA BOJIM3U
BHEIIHEHW CTOPOHBI TOpA.
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BoipaxkeHue mjis MHAYKOMM MATHATHOTO MOJS B JJMHHOM COJIEHOW-
e (9) moxer ObITh MONYUYEHO KAK MpeaeabHbi cayuait dpopmyast (10)
IUTS TIOJISE B TOPOMAAJBHOM KATYIIKE MpPU YCIOBMH, UTO AMAMETP BUTKOB
MHOTO MEHBIIE paamyca camoro Topa. B arom cayuae (r, —r,)/r<<1,
MoJie BHYTPM TOpA TPAKTHUCCKM OTHOPONHO, a oTHomenue N/(2mr)
MPEACTABISET COOOM UMC/IO BUTKOB HA €AMHWIY AJMHBI KATYLIKW.

IToJie BHYTPH MPOBOAHMKA C TOKOM. Bepraemca k cdopmysie (6) mist un-
AYKOUWA MATHAUTHOTO TTOJISA HpﬂMOﬂHHeﬁHOFO 6eCKOHellHOI‘O IpPOBOAHUKA C
TOKOM. ,H,JISI OUCHb TOHKOI'O MPOBOAHUKA, KOTrAa r CTPEMUTCA K HYJIH0, UH-
AYKOUSI MATHAUTHOTO MTOJIA B6JII/I3I/I MMPOBOAHUKA HCOTPAHUUCHHO BO3pacra-
er. PeanpHO mpoBoa Bcerna MMeET KOHEUHYH ToamuHy. C moMompio Te-
OpPEMBI O HUPKYJAIUUN MHAYKOAN MATHUTHOTO MOJIA JICTKO Y6CZ(I/ITI)CSI, qTo
CHApYXW MPOBOAHUKA WHIYKIMS MOJIS MO-TIPEXXHEMY Bbipaxaercs (op-
mysioit (6), a BHyTpY MPOBOAHWKA 3HAUCHWE WHAYKIWW 3aBUCUT OT Pac-

a [

Puc. 98. MaruuTHOE 10J1e MPSIMOTO TOKA, TEKYIIETO MO HOBEPXHOCTH IMUIMHAPUYECKOTO TIPO-
BoptHHKA (@), 1O BceMy ceueHuIo (6); K pacueTy MarHUTHOTO TI0JIST BHYTPU MPOBOAHUKA (8)

NpEeae/IEHUs TOKA 110 CEYEHUIO TIPOBOAHMKA. EC/IM BECh TOK TEUET TOABKO
MO0 MOBCPXHOCTHU UUJIMHAPUUCCKOTO MPOBOAHUKA, KAK 9TO 6bIBaeT B MOJIOM
TOHKOCTEHHOU pr6Ke Wi B CBCPXIPOBOOAHUKAX, TO MATHUTHOIO ITOJISI
BHYTPH HCT. 33BI/ICI/IMOCTb WHAYKOUU OT PACCTOSIHUS r 10 OCU IMTPOBOAHUKA
MMEET B OTOM CJIydac BUA, MOKA3aHHBIN HA puc. 98a.

Ecan TOK paBHOMEPHO pPACIPENEJECH IO CEUECHMIO TPOBOJHMKA, TO
MATHATHOC TOJIC BHYTPM IMPOBOAHUKA MNPONOPLOUOHAJBHO PACCTOIHUIO
ot ero ocu (puc. 986). Uro6s yOeauTbCs B ITOM, PaCCMOTPUM LHMPKY-
Aauuio B mo KpyroBoMy KOHTYpY paguyca r, JieXalleMmMy BHYTPHU IIpO-
BOAHMKA B IUIOCKOCTH, MEPNEHAUKYaspHOi ero ocu (puc. 986). Ilo co-
06pa)KeHI/ISIM CUMMCTPUMA MOAYJIb BCKTOPA WHAYKLOWW OAWHAKOB a4
BCEX TOUCK, JCXamux Ha TAKOU OKPY2>XKHOCTH. Tak KaKk MarHUTHOE MO-
JIe HATIPABJIEHO IO KACATEIBHOM K OKPYXKHOCTH, TO IO TEOPEME O IUP-
Kyadaouu MMEEM

B-2nr = p,l’, (11)

rae /' — TOK, MPOXOASIIUI Yepe3 3aMTPUXOBAHHYIO HA PUCYHKE YaCTh
CEUYEHMS MPOBOJA, OXBATHIBAEMYIO ITOWM OKPYXKHOCTbIO. IIpu paBHOMEp-



138 II. IIOCTOSHHBIN INEKTPUYECKUI TOK

HOM pacnpeac/CcHuM TOKa MO CCUCHUID IMPoBOAA

2
-
I’ - I (E) ’
nooromy corsiacio (11) mHAYKUMS MO/ BHYTPY MPOBOAHMKA paBHA

Yo ¥

B= o 1 = (12)
O6GpaTuM BHUMAaHUE, YTO /I MATHUTHOTO MO/ MHTETPAJbHOE COOT-
HOUIEHWE, OOJErvyarmee pacuer MoJied NPy HAJUUYMKA CUMMETPHH, CO-
JEPXKUT UUPKYJISLUAK BEKTOPA MHAYKLUYU MO 3AMKHYTOMY KOHTYPY, a HE
MOTOK BEKTOPA YEPE3 MOBEPXHOCTh, KAK OTO OBUIO B CJAy4ae TEOPEMBI
lFaycca B asekTpocraTuke. DTO CBSI3aHO C OTCYTCTBMEM B MPHUPOAE Mar-
HUTHBIX 34psgaa0B, HAd KOTOPBIX MOI/IA 6bI HAUUHATHECI U 3aKAHUUBATHCA
MATHUTHBIE CUJIOBBIE JUHWHA. B pE3YABTATC MATHUTHBIC CUJIOBBIC JTMHUA
BCErIa 3aMKHYTHI, 4 MOTOK BekTopa B uepe3 00yl 3aMKHYTYHO IIO-

BEPXHOCTh PABEH HYJIIO.

MarauTHbI MOTOK. [ToTOK BekTOpa MHAYKIuU B (MAarHWTHBIA MOTOK )
uepe3 HEe3aMKHYTYIO MOBEPXHOCTH OMPEAC/SIETCS 110 TOMY XE MpPaBIIY,
yTo M MOTOK Bektopa E B anexrpocratuke. Maznumuvim nomokom @
yepe3 MOBEPXHOCTh IJIOMIAABI0 S HA3BIBAETCS CKAJIIPHOE MPOM3BCACHUC
BeKTOpa B Ha BEKTOp S, MOAYJb KOTOPOrO PaBEH IUIOMAAM S ITOU MO-
BEPXHOCTHM, A HAMPABJICHHUE COBMAZAET C HAMPABJICHUEM HOPMAIM N K
MOBEPXHOCTH:

®=B-S=BScos a, (13)

[I€ o — YroJ MEXAy BEKTOpOM B M BEKTOPOM N HOPMaaM K TOBEPX-
HOCTH. [TOTOK MOXET OBITh KAK MOJOXUTEIbHBIM, TAK U OTPHLATEIbHBIM
B 3aBHCHMOCTHM OT BHIOOpA HAMPABJICHUS HOPMAJM K MOBEPXHOCTH.

B cayuae HEOXHOPOOHOrO MATHMTHOTO TOJIS MOTOK YEPE3 KAKYHO-IM00
MOBEPXHOCTh PABEH aare0panyecKuii CyMME MOTOKOB UEPE3 YUACTKH TO-
BEPXHOCTH, B MPEAEIAX KOTOPHIX MOJE MOXHO CUMTATHh OMHOPOXHBIM.

MarHuTHBI MOTOK, KAK M MOTOK HAMPSIXEHHOCTH OJJIEKTPHUECKOTO
moJIsl, AOMYCKAET HAMISIAHYH TFEOMETPHUECKYH) HHTEpmpeTauuio. Ero
MO>XHO CUMTATh PABHBIM UMCJITy MATHUTHBIX CHJIOBBIX JIMHWM, TEpEceKa-
IOIIMX TOBEPXHOCTD.

Enunauueit marautHoro noroka B CU asaserca BeGep (B6). Maraur-
HBIA OTOK B 1 BO co3maercss OqHOPOOHBIM MATHUTHBIM TOJIEM C MHAYK-
uueit 1 T uepe3 MOBEPXHOCTh MJIOMAABI0 | M2, PacToNOXEHHYIO mep-
NEHANKY/IIPHO BEKTOPY MATHUTHOW WMHIYKLMH.

MarHuTHBI TOTOK WrpaeT Ba’XKHYIKO pOJb B ONUCAHWM SIBJICHUS
9JIEKTPOMATHUTHON MHIYKLIWY.

MarHuTHoe noJie ABUXKYILIerocs 3apsaaa. Mol 3HaeM, 4To KaXablil po-
BOAHUK C TOKOM CO3JA€T B OKPY>KAIOMIEM MPOCTPAHCTBE MATHUTHOE TOJIE.
HO 3JI€KTpI/IlleCKI/II71 TOK — ITO YHOPIAOUCHHOC NBUXKCHUEC QJICKTPUUCCKUX
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3apsmoB. OTCIOIa MOXHO 3aK/IIOUNTh, UTO BCIKWI ABUXYIIUNCS 3apPsIa CO-
30aeT BOKPYT ceOsi MArHUTHOE Tosie. IHAYKUMIO 5TOr0 MATHUTHOTO TIOJIS
HETPYOHO Ha¥TH, ucxoasd u3 3akona buo—Casapa—Jlamiaca.
Paccmorpum mpoussenenue A/, Bxopsmee B opmyay (3), u Bbipa-
3MM B HEM CHJIY TOKA [ uepe3 KOHUEHTPALMIO 7 HOCUTE/CH 3apsia B Mpo-
BOAHWKE, WX 3aPIJ € U CKOPOCTh ¥ MX HAMPABJICHHOTO JABUXCHUS:

I1=jS, j=nev.
[Tpm nmoacranoBke 3Tux BhIpaxeHwit maas Al momyuaem
IAl = evnS Al

[Mpoussenenne nSAl naetr MOIHOE UKMCIO HOCHTEAEH 3apsaa N B 00b-
eme V = SA/ BBIAEICHHOTO 2JIEMEHTA MPOBOAHMKA. [ToaTomy

IAl = euN. (14)

Ecsin mopcraButh 910 BhipaxeHue B (3) W pa3ge/inTh HA UKMCIO HOCHTE-
Jeu 3apsaa N, TO MOJYUYUTCS BBIPAXEHWUE I WHAYKUWU MATHUTHOTO
MOJISI, CO3AABAEMOrO 3aPIIOM ¢, ABHXXYIIMMCI CO CKOPOCTBIO v:
Wy ev sin o

i€ r — PACCTOSIHME OT 3apsAa IO TOUKM HAOTIONCHMSI, & 0. — YTOJ MEXIY
€ro CKOPOCTBHIO M HAMPABJCHUEM HA OTY TOUKY. BBOAS pagmyc-BeKTOp T,
MPOBEACHHBINA W3 3apsiAa B TOUKY HaOaogeHus, MOXHO 3anucath (15) B
BEKTOPHOM BUZE:

B= ;—0 e &3" (16)

3 r

B mpomutom Beke OTHIOAb HE OBLIO OUEBMAHO, UTO HJICKTPHUCCKHIA
TOK B MPOBOJAE ¥ ABUXYIICECS 3aPSKEHHOE TEJIO SKBUBAJICHTHBI B OTHO-
IICHUM CO3JAHUSI MATHUTHOTO MOJIsl. BriepBbIe MOSIBJCHUE MArHUTHOTO
MOJISL TIPY MEXAHUUYECKOM [JBVXKCHUM 3aPSIKEHHOTO Teaa OBUIO YCTAHOB-
seHo I'. PoysiaHaoMm, uTo ¥ B HAIIM JHW MPEACTABJSCT TPYAHYIO 9KCIIE-
PUMEHTAJIBHYIO 3a4auy, TOCKOJbKY TpeOyeT OOHAPYXEHUSI MATHUTHBIX
noseit, moutu B 10° pas Gonee crabbix, YeM MarHUTHOE TOJIE 3EMJIH.

B ombitax Poynanaa mucmosb3oBasuch ObICTPO BPALIAKOLIKECS S00HM-
TOBBIC JUCKW, KOTOPHIM MPEABAPUTEIBHO COOOMIAJCS DJIEKTPUUECKUIA 3a-
psia. O BO3HMKHOBEHMM MATHUTHOTO MOJISI MOXHO OBLIO CyAWTh MO OT-
KJIOHCHWIO MAJICHbKOW MArHUTHOM cTpesiku. OmBITH TOKA3aJd COOTBET-
crBue 91oi cubl opmyaam (15) u (16).

e Kakoe HarpapJICHUC TPUHUMACTCA 3a HallpaBJICHUEC BEKTOpa MarHuUTHOU WH-
,ElyKLll/ll/l? Kak mMoxHO OIIPECAC/INTL 9TO HAIIPaBJICHUC Ha omnbiTe?

e Cdopmynupyiite 3akoH buo—Casapa—Jlamiaca u pasbpicHUTE, KaK €ro
cllelyeT MPUMEHSITh AJIS pacueTa MarHUTHBIX TIOJIEH.

e B uem zakiouaercs IIPUHIUITHAJIBHOC OTJIMUUC TMPUMECHCHUA INpUHLUIIA CYy-
[EPIO3ULUU TIPU PACUCTEC JJICKTPOCTATUUYCCKOIO I10JId CHUCTEMbl 3apdaia0B U
MAarHMTHOTO TIOJIS TOKOB?
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B uem 3ak/irouaercs TeopemMa 0 UUPKYJISIUU BEKTOPA MATHUTHOM MHAYKIIMH?

KakoBa posib cOOOpaskeHUI CUMMETPUU TIPU pacueTe MarHUTHBIX MOJIEH, CO-
3aBACMbIX Pa3JIMYHBIMU pacnpeneacHusiMU TokoB? IlpuBeanTe cooTBETCTBY-
IOIIUE MPUMEPBI.

CpaBuure TeopeMy l'aycca B 9JIGKTPOCTATHKE C TEOPEMOM O LHPKYJISILIUU
BEKTOPa MarHUTHOM WHIYKIIWH.

Yto Takoe MarHUTHBINM NOTOK? B ueM 3ak/ouaercs reoMeTpuueckas UHTEp-
nperamus 9Toi (hPU3NYECKON BEJTMUUHBI?

Kak HampapjieHO MarHUTHOE I10Ji¢ BPAIIAIOIIErocsl 3apsiKEHHOro AWCKa B
onbitax Poynanpga? Kaxk po/xkHa ObITh pacIlOioX€HA MarHWUTHAsl CTpeliKa,
YTOOBI 3TO I10JIE MOXKHO ObLJIO OOHAPYKUTH?

A O noreHuMajie MAarHUTHOTrO MoJs. Bo3MOXXHOCTh BBEJEHHS MO-
TEHIMAIA DJCKTPOCTATHUYECKOTO MO/ ObUTA CBI3aHA C TEM, UTO pa-
00Ta MO TpH MEPEMEMICHAN 3apsaia HE 3aBUCEA OT (POPMBI MyTH,
a a9 a00ro 3aMKHYTOrO KOHTYypa Oblaa pasHa Hy . PaGora mpu
ODCPEMECIICHUN CAMHUYHOTO 3apsgaa mo0 3dMKHYTOMY KOHTYPY PpaBHA
mupkyagaoun BekTopa E. [Tockonbpky mupkyaganusa BekTopa B moxer
OBITh OTJMYHON OT HyJd9 (MMEHHO TaK W OYAET, €CM 3aMKHYTHIH
KOHTYD OXBATBIBACT KAKOW-AMO00 MPOBOXHUK C TOKOM), TO AJISI Mar-
HUTHOTO TIOJISI BBECTH TOTEHIHMAJ, KOTOPBIM XAPAaKTEPH30Baa Obl
KaXAyl €ro TOUKy, HEBO3MOXHO. Takoe MOHITHE MOXKHO BBECTHU
TOJIBKO TIPU YCJIOBUHU, €CJUW HE PAcCMATPUBATh KOHTYDPbI, OXBATHI-
BAIOIIME TOK: 00/1aCTh, 3aHUMAEMAasl MOJIEM, JOJIKHA OBITh OXHOCBSI3-
HOM, T. €. B HEW JIF00O0# 3aMKHYTHII KOHTYD MOXHO CTSIHYTh B TOUKY,
HE Tepecekasl MPOBOAHMKOB C TOKOM.

MarHuTHbIi MOMEHT KPYroBOro Toka. Bepaemcs k Bompocy o mar-
HUTHOM TOJIC, CO3AABACMOM KPYTrOBbBIM TOKOM, M PACCUUTACM UHAYK-
LU0 DTOTO TMOJIS HE TOJIBKO B LIEHTPE KOJbIA, HO M B JIIO0OM TOUKE,
Jexauieil Ha ocM cuMMeTpuu 9T1oro Kosbua (puc. 99a). Beimenum
aneMeHT Toka Al u paccMoTpuM MHAYKIWiO AB 1mossi, co3gaBaemMoro
9THUM DJIEMEHTOM B TOUKE A, OTCTOSIIECH HA PACCTOSIHUE Zz OT TLJIOCKO-
cru kosbia. Ha ocHoBanmu 3akona bmo—Casapa—Jlamiaca gia AB

MOXHO HAINHCATh
Yo Alxr
AB = Pr
a g MonyJsid AB, yuuTBIBas, UTO BEKTOPHI r © Al B3aMMHO TIEepIicH-
OUKYJISIPHBI, UMEEM

LY
AB—H?.

OueBuaHO, UTO BEKTOP AB JIEXUT B IJIOCKOCTH, MPOXOOMINEH uepes
0Ch CMMMETPHM KOJbLA M PAAMYC-BEKTOP I' TOUKM HAOIIOncHHUS A,
MpoBeACHHBIN n3 daeMeHTa Al. B aroit miockoctu BekTop AB mep-
MEHANKYASPEH BEKTOPY T.
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Paccmorpum tenmepp Hapsigy ¢ Al CHMMETPUYHBIM €My 3JIEMEHT
Toka Al', sexammii HA MPOTHBOMOJOXHOM KOHIE AMAMETPA
(puc. 994). Bektop AB' co-
37aBAEMOr0 MM MOJS B TOY-
K€ A pacmosioXeH CUMMET-
puuHO BekTopy AB oTHOCH-
TEJBHO OCU KOJIbLIA W PAaBEH
emy mo wmoayaw. [loaromy
BEKTOP WHAYKLOWM WX CyM-
MapHOTO MATrHUTHOTO TIOJIS
HAMpPaBJICH MO OCH KOJbLA.
[TockonpKy Bce KOJABLO C
TOKOM MOXHO pa30uTh Ha
TAaKWE TapHl JJEMEHTOB, TO
BCKTOPD WHAYKOWW MAr"dvuT- 7]

HOTO  TOJId,  CO3AaBAEMOro Puc. 99. K pacueTy MarHMTHOTO IOJISI KDYTOBO-

BCCM  KOJBIOM, TOXC HA- 1o toka (@) ¥ MATHUTHBIM MOMEHT TOKa ()
IPaBJCH BAOJb OCH KOJIbIIA.

Haiinem Bknag AB, snemeHTta Toka Al B 3TOT pe3ynbTHPYIOIAN
BekTop. 3 momoOus 3alTpUXOBAHHBIX TPEYTOJbHUKOB Ha puc. 994
CJAexyeT, uTo

P

7&

AB,/AB=R/r.
[Tonacrasasia crona 3HaueHue AB, ana AB, moayuaem
_ R _ W IRAl
AB,=AB = Fr

CymMupoBaHre MarHUTHBIX Mosiei AB, OT BCEX 97IEMEHTOB KOJIb-
1Ia CBOOUTCA K 3aMeHe A/ HA TOMHYIO AAWHY Kosbua 21R. B pesyns-
TaTe A9 MHAYKUUU B, pe3yJbTHPYIOMIEro MoJs MOJyYaeM

I R2 i 2
g =t R _t R __ (17)

Jlerko BumeTh, uro opmysna (17) maer TOT Xe pe3yabTAT AJAS WH-
AYKUMY MATHUTHOTO TOJIS B LEHTPE KOJbUA: mojaras B Heir z =0,
noayuaeMm Beipaxenue (5).

Ha Gosbmmx mo CpaBHEHMIO C pa3MepaMy KOJbLA PACCTOSHUSIX,
xorna R<<z, B sHamenatese (17) MoxHO mpeHeGpeub caaraeMbiM R>
MO CPABHEHUIO C z2, WA, APYTHMH CJIOBAMH, CUMTATh OJAMHAKOBBIMU
paccrosuus r u z (puc. 99a). B orom cayuae (17) npurumMaer Bua

ol R?
Bz - % ?. (18)

O6paTI/IM BHUMAHUC HA TO, UTO HA GOBIINX pPacCToOIHUAIX OT
KOJbAd WHAYKOUA CO34ABACMOTO0 UM MATHUTHOTO IO W HAIPABJIC-
Ha, 1 3aBUCUT OT PACCTOSIHUA TAK XK€, KAK U HANIPIAXCHHOCTD JJICKT-
PUUYCCKOro moJisd Ha OCH JJICKTPUUCCKOrO AMIIOJNS. OK&BbIBaeTCSI, uTo
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OTA AHAJOTMS CHPABEIIMBA HE TOJBKO A TOYEK HA OCH, HO M BO
BceM mpocTpaHcTBe. Hampumep, B TOukKax, JeXammx B TJIOCKOCTH
KOJIbIA HA OOJBIIOM DPACCTOSHMM OT HEr0, MHAYKIUS HAIpPABJIEHA
NEPNEHANKYISIPHO 9TOM IJIOCKOCTH, YOBIBAET OOPATHO MPOMOPLMO-
HAJbHO TpeTbeﬁ CTENCHU PACCTOSIHUS W BABOC MCHBIIC 3HAUCHUSA B
TOUKAX HA OCH, PACTIIOJOXKCHHBIX HA TAKOM XK€ PacCTOIHUUA. HO3TOMy
KOJIBLIO C TOKOM MOXHO PACCMATPUBATH KAK MAZHUMHbLIL OUNOLb.

DopMyibl A1s TOJIEH IEKTPUUYECKOTO M MATHUTHOTO AMIOAEH Oy-
YT MMETh COBEPLIEHHO AHAJOTMYHBIA B, €C/IM BBECTH MAZHUMHBLI
MOmeHm P, KPYTOBOTO TOKA KAaK BEKTOP, HANPAB/ICHHBIA BIOJIb OCH
cumMerpur Kosibua (puc. 996), Mogysb KOTOPOro paBeH MpOU3BEne-
HUIO CUJbI TOKA / HA MJIOmMAaab KoJabua S = R

P =1S. (19)

Hampasiaenme BeKTOpa p,, CBI3aHO C HAIPABJACHUEM TOKA B KOJIb-
¢ TPaBUJIOM MPABOTO BUHTA.
Wuaykuuss MarHMTHOTO MOJIS KOJIbIA, BhIpaxkaeMmas (opmysion
(18), remepp 3amumiercs B BUAC
2
B =0 Pm (20)

z 47t 23’

Beenennoe onpeaencane Marautaoro Momenrta (19) mmeer cMmbica
VTS TI000r0 3aMKHYTOrO KOHTYpa € TOKOM, 4 HE TOJBKO A KPYro-
BOM paMKu: MATHUTHOC TIOJIC HA 60JIbIJ.II/IX pPacCTodIHuAX HEC 3aBUCUT
oT (hopMBI KOHTYpa, MOJOOHO TOMY, KaK JJAEKTPUUECKOE TOJIE JIH000M
DJIEKTPOHENTPAJILHOM B LEJOM CHCTEMBI 3apsaaoB (HATIPUMEP, MOJIE-
KyJIbI) OKBUBAJICHTHO MOJIKO AUIIOJIS.

MarHuTHBIA OUTOJIBHBIA MOMEHT — JTO BaXXHas (puamueckas xa-
pPaKTEpPUCTHKA KOHTYPA C TOKOM, UEPE3 KOTOPYIO BHIPAXKAETCS HE TOJIb-
KO CO3aaBacMoC UM 1moJi€, HO " HeﬁCTBHe HAa HCTO APYTMX MATHUTHBIX
nosaei. Hanmpumep, dopmyna (2), cayxamas onpeaesieHuEM MHIYK-
OV MATHUTHOTO TI0JId, 3aIIMUChIBACTCA UCPC3 MATHUTHBIA MOMEHT CJIe-
ayoommM o0pazom:

B=M max/ p m*

Bosiee Toro, mcmosib30BaHME MOHATHS MATHUTHOTO MOMEHTA TO-
3BOJISIET B BEKTOPHOM BHJE 3aMUCATh BBIPAXKCHUE AJIS MEXAHUUECKOTO
MOMEHTA CHJI, AEUCTBYIOMIMX HA KOHTYDP (paMKy C TOKOM) B MATHHT-
HOM TIOJIE€ TIPY TIPOM3BOJIBHOW OPMEHTALMYU KOHTYpA:

M =p,, XB. (21)

Kak yxe orMeuasnoch, IJ1si MATHUTHOTO TIOJIS HE CYIIECTBYET aHa-
JIOTA TOUEYHOTO 3apsAa KaK MCTOYHHMKA IO M KAaK MPOOHOro 00beK-
Ta, JCUCTBUEM HA KOTOPBIM MpogsageT cedg oTo mosae. [Ipocreimmii
00BEKT TAKOrO POAA A MATHUTHOIO IMOJIS OTO HE MATHUTHBIN 3apsn,
a MATHUTHBIA OWTIOJNb, CBOMCTBA KOTOPOTO YK€ BIOJHE AHAJOTHUHBI
CBOMCTBAM JJIEKTPUUYECKOTO AMIIO/S. A
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. l'[oquy IMOHATHUEC TIOTCHLMaJIa MAarHuTHOIO I10JId MOXXHO BBECCTHU TOJIBKO JI
OIHOCBSI3HOM 06J1aCTU?

. l'[oquy 3aMKHyTblﬁ KOHTYP € TOKOM MOXHO paccMaTpuBaTb KakK aHaJor
QJICKTPUUYECKOI'O aUTosa?

e TloueMy MaJiblii 5JIEMEHT JIMHEHMHOIO TOKA HEJIB3S] CUMTATh AHAJIOTOM TOYEUHOTO
9JIEKTPUUECKOr0 3apsia, HECMOTPS Ha TO, UTO MHAYKIIUS CO3AaBacMOro UM Mar-
HUTHOTO 110J1s1 yOBbIBAET 00PAaTHO MPOMOPIIMOHAJIBHO KBaPaTy PACCTOSHUS?

e [Jlokaxwure, UTO HampaBjieHME U MOIYJIb MOMEHTa CWI, OEUCTBYIOLIETO Ha
3aMKHYTBIM KOHTYP C TOKOM BO BHEIIHEM MATHUTHOM I10JIe, OIpPEesieTCsl
copmyuioir (21).

§ 16. [eHcTBME MArHMTHOrO MONS HA ABMIKYLLMECH 3apsapbl

MaruuTHOe moJe, KAKUMHU Obl MCTOYHMKAMU — KATYHIKAMU C TOKOM
WM TIOCTOSHHBIMHA MATHUTAMU — OHO HH CO3JaBAJIOCh, MPOSBILET Ce0s
MPEXIE BCET0O B MEXAHUUECKOM ACUCTBUM HA JBUXYIIMECH 3apsiibl U HA
TPOBOAHUKHA C TOKOM.

Cuna Ammepa. PaccMorpuM cHauana cway, ACHCTBYIOMIYIO HA TPOBOA-
HUK C TOKOM, HAXOASIIWICS B MATHUTHOM Tosie — cusy Amnepa. Ee cy-
IECTBOBAHME MOXHO MPOAEMOHCTPUPOBATH MPOCTBIM OMBITOM, CX€Ma KO-
Toporo mokasana Ha puc. 100. Hampassenue cuasl AMIepa COOTBETCTBY-
eT npasusy Jedoll pyKu: KOTAa MATHUTHBIC CUJIOBBIC JIMHUU BXOOAT B
JIAIOHb, & YETHIPE BBHIMPSIMJICHHBIX MAJbIA YKA3BIBAIOT HATIPABJICHHUE TO-
Ka, OTCTABJCHHBIN B CTOPOHY OOJIBIION MAJEl, YKA3bIBAET HATIPABJICHUE

7]
o - —H+-—F-

B

Puc. 100. O6uapy>xenue cuibl, AeictByio-  Puc. 101. K BbIBOAY BbIPAXKEHMS JUISl CHUIBL
e Ha MPOBOJHMK C TOKOM B MarHUTHOM  Ammepa
nosie

cunbl. VIMEHHO HA MCMOB30BAHUU ITON CUJIBI OCHOBAHO JCWCTBHUE IJIEK-
TPOM3MEPHUTEIBHBIX MPUOOPOB MATHUTOIIEKTPHUECKOU CHCTEMBI.

Cuna Amnepa tem Gosibine, ueM GOJIbIIE CHJIA TOKA B MPOBOAHUKE U
ycM 6OJIbIJ.Ie WHAYKOUA MATHUTHOTO TOJI4. Bblpa)KeHI/Ie A4 9TOU CHJIBI
MOXHO TOJIyuYdTh ¢ momomipio dopmyast (2) § 15, onpenensroonieit nH-
AYKUMKO MATHUTHOTO MO/ UEPE3 MAKCHMMAJIbHOE 3HAUCHHME BPAIIAIOIIETO
MOMCHTA, IleﬁCTByIO]]IeFO Ha paMKy C TOKOM B OAHOPOAHOM MATHUTHOM



144 II. IIOCTOSHHBIN INEKTPUYECKUI TOK

nojie. DT0T MOMEHT O0YC/IOBJIEH ACUCTBYIOIIMMYI HA CTOPOHBI PAMKH CH-
samu Amnepa. Korma paMka pacmosoXxeHa Tak, Kak IOKAa3aHO HA
puc. 101 (T.e. MArHUTHBIE CWJIOBBIE JWHWM MAPAJIEIBHBI €€ IMJIOCKO-
CTI/I), CHUJIBI Ilef/'ICTByIOT TOJBKO HA €€ BCPTUKAJBHBIC CTOPOHBI, TAK KaK
TOPU3OHTAJBHBIC CTOPOHBI HATIPABJICHBI BAOJIb CUJIOBBIX JIAHUA.

Cunet Amnepa F ,, AeficTBylomue Ha BEPTHKAJbHBIEC CTOPOHBI PAMKH,
ONMHAKOBbBI ¥ HATIPABJICHBI B IPOTUBOMOJIOXHBIE CTOPOHHI, T. €. 00pPa3yroT
Mapy, MOMEHT KOTOPOW PABEH MPOM3BEACHUIO OQHOW W3 HUX HA TICYO b:

M =F,b. (1)

[Tpm yxa3zaHHOVW OpMEHTALMU PAMKHM 3TOT MOMEHT CWJI MAKCUMAJICH W B
coorsercTBum ¢ opmyaoi (2) § 15 pasen

M = BIS = BIIb. (2)

[pupasausas mnpaseie yactu (1) u (2), mosyyaem BBIpa>XKeHUE IUIS
cuabl AMniepa, AEUCTBYIOIMIEH HA TMPOBOAHUK AauHON [ ¢ TokoMm I, pac-
TIOJIOXXCHHABIA TEPICHAWKYJIIPHO CUJIOBBIM JUHWSM MATHUTHOTO TIOMS C
WHAYKUUEN B:

F,=1IBI. (3)

Ora ¢opmyna 3ammcana B8 CU, roe cuaa Toka m3MepsieTcsi B aMmriepax,
WHAYKOUA MATHUTHOTO MOJad — B TCCJAd, AJIMHA — B MCTPAx. 3Ha‘[eHIer
CWUJIbI MOJTyUacTCd B HbIOTOHAX.

Ecsiu mpoBOAHMK C TOKOM paCmoJIOXEH MOA YIVIOM o K BEeKTOpy B, TO
BKJIaJ B CUJIy AMIIEpa AAaeT TOJbKO COCTAB/ISIONIAS MATHUTHOTO TIOJIS, TIEP-
NCHAUKYJISIPpHAA IMMPOBOOHUKY. B sToMm Cayyac BBIPAXKCHUC OIS CHUJIbI Awm-
nepa 3anmcbiBACTCAd B BUAC

F,=IBlsin a. (4)

Beipaxxenune ang Bektopa AF cunbl, AcicTByIomiei Ha ageMeHT Al
MPOBOAHMKA, MOXHO 3aMKCaTh, WCIOIb3Y$Sl BEKTOPHOE MPOU3BEACHUE:

AF = IAl X B. (%)

3nag cwry AF, ACHCTBYIOOIYIO HA OTAEC/IBHBIA DJEMCHT MPOBOAHUKA C
TOKOM, MOXHO HaWTU CWJIY, ACHCTBYIOMIYIO HA BECh IPOBOIHUK.

B3auMojeicTBME IBYX MapaijebHbIX TOKOB. B KauecTse mpumepa pac-
CMOTPUM CHJIy B3aMMONEUCTBUS ABYX OECKOHEUHBIX MAPAJICIbHBIX MPO-
BOZHUKOB, MO KOTOPBIM uayT Toku [, u I, (puc. 102). Bynem uckars cuy,
AEUCTBYIOLIYIO HA MPOBOAHUK / B MATHUTHOM TI0JIE€, CO30AaBAEMOM MTPOBOJ-
HUKOM 2. HAyKIMs 9TOr0 MArHUTHOTO TOJIs BhIpaxkaeTcs ropmy.ioi (6) §
15, B koTOpYyIO B KauecTBe I CACAYET MOACTABUTD TOK [, B IPOBOAHUKE 2, A
B KAUECTBE ¥ — PACCTOSHUE d MEXIY MTPOBOTHUKAMU:
o I

B=wmd (6)
KosblieBbie MATHUTHBIE CHJIOBBIE JUHUHM JTOTO TOJS MEPIEHANKYISIPHBI
MPOBOOHUKY /, MOITOMY B COOTBETCTBMU C hopmyioi (3) medcTByromas
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HA €r0 yYacTOK AJMHOM [ cryia AMriepa paBHa
_ _ Wk, I
F=1Bl=31 21 (7)

Ecnm paccmoTpers cuity, AEHCTBYIOMIYIO HA MPOBOAHUK 2 B MAarHUTHOM
MoJIe, CO3AaBAEMOM MPOBOAHMKOM [, TO MOJYUUTCS TOT K€ CAMBIUA pe-
gyabrat (7). Korga Toku TEKyT B MPOBOAHMKAX B OJHOM HATPABJICHHM,
9T MPOBOAHUKUN TIPUTATUBAKOTCSI, KOrAa B ITPOTHUBOIOJIOKHBIX HAIIPAB-
JICHUIX — OTTAJKHUBAKOTCH. O6paTI/IM BHUMAHUE, UTO CWJIA, JEUCTBYIO-

L
b ¢
I
4 /(12
/
I\
F,/ N
2
1
Puc. 102. BsaumopeiicTBue ABYX mHapaj- Puc. 103. BzaumopeiicTBue ABYX CKpe-
JIEJIbHBIX TIPOBOTHUKOB C TOKAMU IICHHBIX MPSIMOJIMHEUHBIX TOKOB

mias Ha Y4YacCTOK OXHOTO MPOBOAHMKA B MATHUTHOM IIOJIE APYrOro Mmpo-
BOAHMKA, OOPATHO MPOMOPUMOHAIBHA PACCTOSIHUIO MEXAY HUMHM.

Eciu TOKM TEKYyT mO [OBYM CKPELMICHHBIM MPSIMbIM IPOBOAAM
(puc. 103), To Mexay TOKAMH AEUCTBYIOT CHJIbI, CTPEMSIIIUECS TOBEP-
HYTh MPOBOAHUKM TAK, YTOOBI OHW BCTAJW MAPAJIENbHO APYT APYrYy M
yTOOBI TOKM B HUX TEKJW B OOHY CTOPOHY.

IlonHag MarHdTHas cuja, JedcTByuas Ha ToK. [Ipu pacuere
MOJTHOW CWJIBI AMmiepa, AEUCTBYIOMEH HA MaJIbid yuyacTOK OECKOHEYHOTO
TOHKOTO MPOBOAHMKA C TOKOM (KaK MPSIMOTO, TAK W KPUBOJIMHEHHOIO),
CUTyanus BO MHOTOM AHAJIOTMYHA TOW, C KOTOPOM MBI CTAJKUBAJIUCH B
9JIEKTPOCTATUKE MPU HAXOXACHUM CHUJIBI, ACUCTBYIOMEH HA MaJbI yua-
CTOK HOBEPXHOCTH 3apsI’)KEHHOrO MpoBOAHMKA. Kak u B ajekTpocraTuke,
30€Ch HEOOXOAMMO YUUTHIBATH MOJie (B JAHHOM C/ly4ae MArHUTHOE), CO-
31aBAaEMOE KaK BCEMU APYTMMHU MCTOUHMKAMK (JPYyTMMHU TOKAMM, MOCTO-
SIHHBIMM MATHUTAMH W T. [I.), TAK ¥ BCEMU OCTAJbHBIMU YyYaCTKAMHU Pac-
CMaTpPUBAEMOrO IMPOBOJHUKA C TOKOM, KPOME BBIAEJICHHOTO, AT KOTOPO-
IO MBI PACCUMTBHIBAEM ACUCTBYIOLIYIO CHJY.

st GECKOHEUHOTO MPSIMOJIMHEHHOTO TOHKOTO TPOBOJHMKA C TOKOM
nopo0HbIi 3G EKT «CaMOXEHCTBUI» OTCYTCTBYET, TAK KAK B COOTBETCT-
BuM ¢ 3akoHOM Buo—Casapa—Jlamiaca yo00ii ero yuyacTok He CO3JacT
MarHUTHOIO TOJISI B TOUKAaxX, I€ PACHOJIOXEHBI APYIME YUacTKH ITOTO
TOHKOTO NMpOBOAHUKA. [IJI1 M30THYTOr0 TOHKOIO MPOBOAHUKA, HANPUMEP
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KOJIbLIA C TOKOM, CHTyalusl yXX€ WHAs, TAK KaK HA OTAEC/JbHBIA YUYaCTOK
yXe OyayT AeMCTBOBATH CHJIBI CO CTOPOHBI MATHUTHOIO IOJISI, CO3AaBae-
MOrO APYTMMM yYacTKaMH MPOBOOHMKA.

B cayuae «ToscTOro» mpoBOgHMKA (MMEOMIETO KOHEYHOE MOMEPEYHOE
CEUEHUE) MATHUTHBIE CUJIBI «CAMOAEUCTBHS» YK€ OTJMUHBI OT HYJIS JAaXe
IpH €r0 IPSIMOJIMHEWHON KOH(MUTYpauuu. DTO JIETKO MOHATh, €C/IH MPEa-
CTaBUTh ITOT «TOJICTHII» MPOBOA KAK XXIYT U3 MAPAJIETbHBIX TOHKUX TO-
KOB (€C/IM TOK PaCrpeAe/IeH MO CEUCHHUIO TOJICTOTO TIPOBOAA ) MJIH KaK TPY-
Oy (ecu TOK MAET TOMBKO MO MOBEPXHOCTH TOJICTOrO mposoaa). Takue cu-
JIBl CTPEMATCS CXaTh MpoBOA K ocu. Takum 3¢ ekToM 00BICHIETCS
CXaTHe MIA3MEHHOTO LIHYPa C TOKOM COOCTBEHHBIM MATHUTHBIM IOJIEM.

EnyHuua cuibl TOKa — ammnep. Mbl yXxe oTMeuaau, uto 4eTBepTas oc-
HOBHAs eauHUNa MeXayHapOmXHOW CHCTEMbI CAMHMI, — aMIEp — Ompe-
AENFIEeTCS YepPE3 MATHUTHOE B3aMMOAEUCTBME TOKOB. [/ STOTO MCIIOIb-
3YIOT 3aKOH B3aWMOACUCTBUS ABYX mapasuieabHbix TokoB (7). ITo ompe-
JOEJIEHUIO aMIep — O5TO CHJAAa HEM3MEHSIOMIErOCS TOKA, KOTOPBIM,
opoxoad IO ABYM MPAMBIM NAPAJICJAbHBIM ITPOBOAHUKAM 66CKOH€HHOI71
JAJIVMHBI 1 HUUTOXHO MAJIOr0 IOICPCUHOrO CCUCHHUS, PACIOJOXCHHBIM B
BAKYyyME HaA PACCTOSHMM | M OOMH OT APYroro, co3maj Obl MEXAY DTUMM
NpPOBOAHMKAMK Cuy, paBHYI0 2- 1077 H Ha KaXablii METpP A/IMHBL.
OTcroga HEMOCPEACTBEHHO MOJYyYAETC 3HAUEHUE MATHUTHOW MOCTO-
SHHOM [A,, KOTOpOE YX€ WCTOIb30Baaoch Bhime. M3 cdopmyns (7) u

OmpeneieHusl amnepa Caeayer, uTo
0T . LATA
22 107" H=py 57 1™,

OTKyaa

wo = 4m-10~7 H/AZ,

MexaHHYeCcKas padoTa B MATHUTHOM moJie. Tak Kak HA TPOBOAHUK C
TOKOM B MATrHUTHOM TIOJIC ACUCTBYIOT CWJIBI AMIiepa, TO TIpH ABUXE-
HUW TIPOBOAHWMKA 3TU CHJIBI COBEPIIA-

Ax 0T ompeaeacHHyl paboty. Haiizem

oty pabory.
~~~~~~~ S AS - JlJist IpOCTOTHI PACCMOTPUM TOCTY-
o L MaTEJbHOE ABUXCHUE TPSIMOTO MTPOBOA-
i _F> : _F> HUKA AJAWHBI [ B OQHOPOAHOM MAarHUT-
~~~~~~~ A TA HOM mnoje. YrtoObl moagepXuBaTh B
"""" 9TOM TMPOBOAHWKE MOCTOSIHHBIN TOK [,

- 1 2 OyZeM CUMTaTh, UTO OH CKOJIB3HT TI0 Ma-

paJUIe/IbHBIM IIWHAM, 3aMBIKAs IJEKT-

Puc. 104. K Bbruucienuio paborsr cu- uueckyo uenb (puc. 104). Ecmm mar-
JIbl AMIIEpaA TP MOCTYNATEILHOM JIBU- p yio It puc. - 7

JKEHMU MPOBOJHMKA B MATHUTHOM rioie ~ HATHOC MOJIC ¢ MHAYKIUCU B Hanpas-

JIEHO Ha Hac, To cuna Amnepa F, neii-

CTBYyET BIpaBo. JlomycTuM, UuTO MPOBOAHUK COBEPIIAET nepeMeneHne Ax

BOpPaBO U3 MosoxeHus / B mojgoxeHue 2. Tak Kak mepeMemaeMblid mpo-
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BOAHMK TEPNEHANKYIIPEH MATHUTHOMY OO0, TO AJs CHJIb Ammepa
cnpaBeauBo Boipaxkenue (3) u aia pabotel AA umeem

AA=F,Ax = IBI Ax. (8)

[Mpomssenenue [ Ax paBHO 3amITpUxXOBaHHOW HA puc. 104 tutomagm
AS. TlpousBeneHne MAarHUTHOW WHAYKUMM B HAa AS paBHO M3MEHEHUIO
A® MarHUTHOTO TIOTOKA CKBO3b MOBEPXHOCTH, OTPAHMUCHHYIO KOHTYPOM
C TOKOM:

A® = BAS. 9)

Takum o6paszom, pabora cuabl AMmepa MOXET ObITh BbIpaXkKEHA YEpes
cuty Toka I B TIEpeMEmaeMoM TMPOBOAHWKE M u3MeHeHne AD marHut-
HOTO TIOTOKA U€pe3 KOHTYP, B KOTOPBIA BKJIIOUEH ITOT MPOBOTHUK:

AA=IAD. (10)

Boipaxkasd MarHUTHBINA MOTOK B BeOepax, a CUIY TOKA B aMIEPAx, MOJIY-
yaeMm paboTy B IXKOYJIgX.

Ecnim marauTHOE TOSIE HEOXHOPOMHO, TO ¢ momompbo (10) MoXHO
IIOACUUTATDH paGOTy cnia AMnepa HA TC€X YUdCTKAX, B IMPCACIAAX KOTOPBIX
MATHUTHOC TMOJIC MOXHO CUHUTATh OAHOPOAHBIM, 4 34TEM CYMMHPOBATH
paboTHl HA OTAEIBHBIX Y4YaCTKAaX.

OtmerumM, uto Boipaxxenue (10) mist paGoTh CPABEAIMBO HE TOJBKO
VIS PACCMOTPEHHOTO ABMIKEHHS YACTM KOHTYpa, HO W TpW JIKOOOW ae-
opMauum KOHTYpa, COMPOBOXKAAOIIENACT M3MEHEHUEM TIPOHU3BIBAIOIEC-
ro €ro MarHUTHOTO MOTOKA.

PaGora cunbl AMmepa mpu ABMXEHMM MPOBOAHMKA C TOKOM B Mar-
HUTHOM TI0JIE JIEXWUT B OCHOBE JEUCTBUS DJIEKTPOABUTATEIEH, B KOTOPBIX
MPOMCXOOUT MPEBPALICHUE JJEKTPUUECKON SHEPIMHM B MEXAHUUECKYIO.

Cuna Jlopenuna. BepHemcs temepp K AEWCTBHIO MATHUTHOTO TMOJS HA
ToK. Tak Kak 9/JIEKTPUUECKUI TOK €CTh HATIPABJICHHOE ABVKCHUE 3aps-
KEHHBIX 4acTHl, (3JIEKTPOHOB WJIM MOHOB), TO OTCIOAA C/IEAYET, U4TO Ha
OBVDKYIIWWUCS 3apsi B MATHUTHOM TIOJIE AEWCTBYyeT cuia. [lomyumm BeI-
paxxeHue AJS 9TOU CHUJIBL.
Ha npoBoanwk anawHOi [ ¢ TOKOM [ AEWCTBYET Cuia, ompeaeaseMast
dopmynoir (4):
F, = IBlsin a. (11)

Kak mb1 Bugenm B mpegsigymeM naparpade mpu pacCMOTPEHHMHM Mar-
HUTHOIO mOJd, CO3AaBACMOr0o ABMXKYIIUMUCS 3apsaaamMu, MPOU3BCACHUC
Il MOXeT OBITh BBIPAXXEHO UEPE3 3apsad e, CKOPOCTh v HAMPABIECHHOTO
OBYDKEHMS M TOJTHOE uucao N Hocutened mo dopmyae (14):

Il = euN.
[Tpu takoi 3amene yroa o B (11) MOXHO paccMaTpuBaTh Kak yroJ

MEXIy BEKTOPOM B M CKOPOCTBIO V HOCUTENEH, TAK KAK MX HATPABJICH-
HOE JBMXXEHHME MPOUCXOAMT BAOJIb MPOBOAa. TakuMm o6pasom, auis AeicT-
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Bylomei Ha Bce N Hocurenei cubl u3 (11) momyuaem
F, = NevB sin qa. (12)

Pasgenus (12) wa N, Haiigem cuiay F, ACUCTBYIONIYIO HA OAHY YaCTHUILY
C 3apsaoM e, ABMXYIIYIOCS CO CKOPOCTHIO V IOX YIVIOM ¢ K MATHHUTHOMY
TIOJTIO:

F = F,/N = evBsin a. (13)

DTa cwia IepHneHANKYIIPHA CKOPOCTH 3apsiia V M MHAYKIMA MATHUT-
HOTO oI B, a ee MOXy/ib MIPOTOPLMOHAJICH CUHYCY YIJIA MEXAY STUMU
BeKTOpamMu. VIMEHHO TakuM CBOMCTBOM 00/1aJa€T BEKTOPHOE MpPOU3BEIE-
uue. [ToaTomy BeIpaxeHue A5 CHibl F MOXHO 3amMcaTh ¢ IOMOMIBIO BEK-
TOPHOTO MPOU3BEACHUS:

F=evXB. (14)

ITopaaoK COMHOXUTENEH B BEKTOPHOM mpousseacHun B (14) spiOpan
TaK, uyToObl O0ECIEUNTh COOTBETCTBHE C MPABUJIOM JIEBOM PYKH, OIPELE-
JISIOIMM HATpaBJICHUE ACUCTBYIOMICH HA TOK CuJibl AMrmepa.

Ecnm mMeerca eme W 2JAEKTPUUECKOE TIOJIE, TO TOJHAA ACHCTBYOMAS
HA 3ap4gn e cuaa F pasra

F=¢ (E+VvXB). (15)

Boipaxxenwue (15) snepsbie Obut0 mosryueno X. A. JlopeHueMm, pogoHauaab-
HUKOM 2/IEKTPOHHOM TEOPHH CTPOEHUS BewecTsa. [1oaToMy cuy, AeiHCTBY -
FOIY O HA 3aPsiA B 9JICKTPUUECKOM MOJIE, HA3BIBAIOT cuou JIopenua.

Ceoictsa cuabl Jlopenna. Ilepsoe craraemoe B Boipaxenuu (15) maa
cuibl JIopeHa onpenenseT Chiy, ACUCTBYIOIYIO HA 3apsaa CO CTOPOHBI
9JIEKTPUYECKOTO MO/, DTa COCTABJIOIAS MPOMOPLUMUOHAIbHA 3aPIay e
W HE 3aBHCHUT OT ero ckopoct. OHA HAMpaB/JcHA BIOJIb HAMPSKEHHOCTH
anexkTpuueckoro noaga E.

Bropoe cnaraemoe B (15) maer cuiy, AEHCTBYIOIIYIO HAa 3apsg cO
CTOPOHBI MATHUTHOTO TOJis. B OT/iMumMe OT 9/JEKTPUYECKOM CHJIBI, OHA
JEUCTBYET TOJBKO HA ABVMXKYIIMICS 3apsj U MPONMOPLUOHAIbHA €T0 CKO-
poctu. DTta Cusa HAMPABJIEHA HE BAOJb, A MOMEPEK BEKTOPA MATHUTHOM
uHAYKOuA B, T. €. MEPNEHAMKYISPHO MATHUTHBIM CHUJIOBBIM JIHHHSIM.

®opmyna (15) umeer yHUBEpCaJbHBIA XapakTep, OHA CIPaBEAIMBA
BO BCEX CAyuasiX HE3aBHCUMO OT TOr0, KAKMMM MCTOUHUKAMHE CO3AAKOTCS
SJIEKTPUUYECKOE W MarHuTHoe mojs. OHAa COXpaHseT CBOM BMA M TOrAA,
KOrga ACHCTBYIOIIME HA 3aPSKEHHYIO UYACTHMIY OJCKTPHUECKOE M Mar-
HUTHOE TOJIsI HEONHOPOAHBI B MPOCTPAHCTBE M MPOM3BOJBHBIM 00pa3oM
U3MEHSIFOTCSI CO BPEMEHEM.

JABMKeHuEe 3apaKEHHbIX YaCTUL] B 3JJEKTPUYECKOM M MATHUTHOM
noaax. [Ipu 3agannbix mongx E m B 3agaua o ABMXKEHUM 3aPSI>KEHHON
yacTUUbl — 9TO OOBIUHAS 3a4aua KJIACCMUYECKON MEXAHUKM O ABVKEHUU
MOJ JXEUCTBUEM M3BECTHBIX CHJIL.
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Crporo ToBOpS, ABMXXYIIASICS C YCKOPCHHMEM 3apSKCHHAS UYacTUIA
M3JIYyUaeT DJCKTPOMATHUTHBIC BOJHBI M WCIBITHIBAET C MX CTOPOHBI OT-
BeTHOE Bo3aciicTBue. Ho BO MHOrmx cayuasx 31oT 3ddekT man m um
MOXHO TOJHOCTBIO mpeHebpeub. Ho maxe u
TOTZA 3a[a4a OCTAETCS OUCHb CJIOXKHOM, €C/n B
3a/IaHHBIC BHCINHWE TOJS HEOOHOPOXHBL B
OOHOPOIHBIX OJICKTPUUECCKOM ¥ MATHUTHOM
MOJISIX ABVDKCHUE 3APSKCHHOM YACTHMIBI TIPO- v R
MCXOAWUT AOCTATOYHO MPOCTO M MOXET OBITh = >
M3yUCHO JJICMCHTAPHBIMU METOAAMM. e ~—~—_1

[IBr>xeHuEe 3apSKEHHOM YACTHIBI B OTHO-

POIHOM DJIEKTPUUECKOM TIOJIC TIPOMCXOOUT CO-
BEPUICHHO AHAJIOTMYHO JBMXCHUIO MATEPU- Lo 65 [oneneunoe ammie-
AMbHOM TOYKW B OJHOPOAHOM TIOJIE TSKECTH.  yye sapsokeHHOl uacTHipl B
‘-Iac'mua ABUXKETCA C IOCTOAHHBIM IO MOAYJIKO  OZHOPOAHOM MArHUTHOM I10JIE
¥ HAPABJICHUKO YCKOPCHUEM, PABHBIM TPOU3-
BEACHUIO YACABHOTO 3apsaa YACTUIHI e/m HA HATPIXEHHOCTH moada E.
TpaekTopus TAKOrO ABMXXEHHUS B OOIIEM C/Iydae MPEACTABALET cO00M ma-
pa6oay. VIMEHHO Tak ABMXKYTCS SJEKTPOHBI B IPOCTPAHCTBE MEXIY OT-
KJIOHSIOIAME TJIACTUHAMA B BAKYYMHOU OJJIEKTPOHHO-JYUYEBOU TPyOKeE
ocumorpada ¢ 2aeKTPOCTATUUCCKUM YITPABICHUCM.

[ Br>xeHrEe 3aPS>KEHHOM YACTUBI B OMHOPOXHOM MATHUTHOM TIOJIE TIOX
aevicteuem cuabl JlopeHua ev X B mpoucxoaut caegyrommM obpazoMm. B
MJIOCKOCTH, TICPICHANKY/ISPHOW WHAYKUWHM MATHUTHOTO TIOJISI, YaCTHLA
pPaBHOMEPHO 0OpaINAETCs IO OKPYKHOCTH €O CKopocThio v (puc. 105). Pa-
OUYC R 3TOW OKPYXXHOCTH TIPOTIOPLUMOHAJICH TEPTICHANKYISIPHOW MATHUT-
HOMY TIOJTFO COCTABJISIIOMICH CKOPOCTH UACTH-
bl V, , @ 4aCTOTA OOPAIICHNS YACTHLBI O, OT
CKOPOCTH HE 3aBUCHUT W PABHA MPOU3BEACHUIO
YACABHOTO 3apsaa YacTUUbl HA WHIYKIUIO
MArHUTHOTO ToJs. Ecam mpu sToM vactuna
MMECT CmE M COCTAB/ISIOMYIO CKOPOCTH V|

BAOJIb MATHUTHOTO Moyt B, TO Ha Takoe Bpa-
IMCHUEC HAKJJIAABIBACTCA PABHOMCPHOC ABUXKC-
HUE BOJb MO, TAK YTO TPACKTOPUS PE3YJIb-
TUPYIOMIETO ABVXCHUS TMPEACTABJISET COOOM
BuHTOBYIO uHK0 (puc. 106). [Tokaxem a1o.

COCTaBJISIIO]]IaH CKOPOCTH 4YaCTULbl BAOJIb
MArHUTHOTO IMOJIA V I HC MCHYCTCS IPU ABUXKC- p

uc. 106. B ogHOposHOM Mar-

Hun. COCTaBASIOmAs CKOPOCTH, MEPHEHANKY =  yuirhion mose qacTHIa ABMKET-
JIpHAd MATHAUTHOMY IIOJIKO, A\ MCHACTCA CS IO BUHTOBOUM JIMHUU
TOJIBKO ITIO HAIIPABJICHUIO, TAK KAaK Z[efICTByIO-
mas CuJa MEPIeHANKYIIpHA CKOpocTu. [109TOMY B MPOEKIIMX HA TJIOCKO-
CTh, NCPINCHAUKYJISIPHYIO MATHUTHOMY MOJJI0, ABUXCHUC UACTULBI TIPOUC-
XOAUT MO OKPYKHOCTM HEKOTOPOro paauyca R ¢ LEHTPOCTPEMUTEIbHBIM
yckopenueM v, /R, obycioBacHHbIM crutoi JlopeHa. 3anuceiBast BoIpaxe-
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HUE AJIS 9TOU CUJIbI B BUAE ele " npupaBHUBAA €€ B COOTBETCTBUU CO BTO-

pBIM 3aKOHOM HbIOTOHA MPOM3BEACHUIO MACCH HA YCKOPEHHUE, MMEEM
2

mv
R* = ey B,
OTKyAa
va_
R= B (16)

Yacrora obpamenns yacTuibl o, = v,/R, Kak suaHo u3 (16), paBHa

w, = eB/m. (17)

LukaoTpoHHas YyacToTa. He3aBucuMOCTh 4acTOThl 00pAINEHNUS YaCTULBI
B MArHMTHOM II0JIE€ OT €€ CKOPOCTH M OT Pafgmryca KpPyroBoit opouTsl (a Tem
CaAMBIM H OT 3HepI‘I/II/I) JIEXWUT B OCHOBE MPUHIUNA ACUCTBUSI LIUKJIOTPOHA
HMCTOPUYECKH MEPBOTO M HAMOOJIEE MPOCTOTO M3 LUKJINUYECKMX YCKOPUTE-
JICfI 34PAXKCHHDBIX YUACTHUI, IIXPOKO NPUMCHICMOIO 1 B HAIIIK THU B CAMBIX
pasanyHbiXx o0sacTax Hayku W TexHuku. OT HaszBaHud 3TOro mpudopa
OPOUCXOOUT TCPMHUH «HHUKJJIOTPOHHAA UACTOTA» AJA YUACTOThL 06an.[€HI/ISI
3apSKCHHON YaCTHWLbI B MATHUTHOM TOJIE, AaBaemoit dopmyon (17).

OTKJIOHEHHE 3aPSIXKEHHBIX UYACTHUI, MOMEPEYHBIM MATHUTHBIM IIOJIEM
UCTIOJIb3YETCH TAKXKE B MACC-CHeKmMpomempax — Tpubopax A TOUHBIX
W3MEpPEHWIA MacC ATOMOB M MOJEKYJ, B YCTAHOBKAX /IS JJIEKTPO-
MArHUTHOTO PA3AEJCHHUS M30TOMOB. B TEIEBM3MOHHBIX TPyOKax € MO-
MOIIBI0O MATHUTHOTO TOJISI MPOM3BOAUTCS CTPOUHAS M KAApOBas pasBep-
TKA 2JEKTPOHHOTO Jiyuya MO JKpPaHy.

MHTEPECHO OTMETUTH, UTO TIPU HEGOIBIIOM pa3dpoce 3HAUEHUN TPOo-
JIOJTbHOM COCTABJISIOMIECH CKOPOCTH UACTHUL] ABMXKEHUE B OMHOPOAHOM Mar-
HUTHOM MoJsie 00JafaeT 3aMEeYaTeIbHbBIM CBOMCTBOM (DOKYCHPOBKH: BBI-
XOASIMWN M3 OXHOM TOUKMW M HATPABJCHHBIM BAOJb MOJIS CJAETKA Pacxo-

—>»B

—>»B

Puc. 107. ®okycupoBKa Iyuka 3JIEKTPOHOB MPOAOJbHBIM MATHUTHBIM I10JIEM

IlﬂHIHﬁCSI MYYOK 3aPAXKCHHBIX YACTULL HA HCKOTOPOM PACCTOSIHHUHA BHOBb
coOMpaeTcs B OQHY TOUKY. DTO CBOMCTBO MPOAOJbHOM (DOKYCHPOBKHU ObI-
JIO MCTOTb30BaHO B 1922 r. BymeMm s TOUHOTO M3MEPEHUS YACTBHOTO
3apsAa SJAeKTPOHA.

Pasbepem ombir Byma mompo6uo. Paccmorpum ycrpoiicTBo, m3zobpa-
xeHHoe Ha puc. 107: snekTpoHHO-IyueBas TpyOka 0e3 ympaB/sSOLIMX
TUTACTHH MOMEIIEHA BHYTPb COJICHOMAA, CO3AAIOMIETO OXHOPOAHOE MATHUT-
HOE M0JIE, HAMPABJACHHOE BIOJb OCH TPyOKM. B OTCYyTCTBHME MarHMUTHOrO
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TIOJTSL 9JIEKTPOHBI JIETAT MPSIMOJIMHEHHO 1 00pa3yor Ha (uryopecuupyro-
IEM JKPAHE MMPOKOE CBETAMEECS MITHO. Peryampys Tok B cosieHOMae u
TEM CaMBIM U3MEHS MHAYKIMIO MATHUTHOTO MOJISI, MOXHO AOOMTHCS TOTO,
YTO DJIEKTPOHBI COOEPYTCS HA JKPAHE B APKYIO CBETSIIYIOCS TOUKY.

Beisicaum mpuumHy (GOKYyCHpPOBKM 3JIEKTPOHOB.

W3 91eKTpOHHON MyIIKHM OJJIEKTPOHBI BBLICTAIOT C MPUOIM3UTETHHO
ONMHAKOBBIMK TI0 MOAYJIIO CKOPOCTSIMHU, HO C HEKOTOPHIM pazépocoM Mo
HanpassieHu0. CKOPOCTh 9JIEKTPOHA ¥ MOKHO OMPEAETUTD C IIOMOIIBIO 3a-
KOHA COXPAHCHUS JHEPTUWU:

mv¥/2 = eU, (18)

rae e — abCoMIOTHAY BEJIMUMHA 3apgaa 9JeKTpoHa, a U — yckopsromee
HANPAXKCHUEC MCECXAY KAaTOAOM M YCKOPAKIIUM AaHOAOM BHCKTpOHHOﬁ
MMyIIKH.

Ha snexTpoH, JeTdmuyii BAOJh MATHUTHOTO MOJIS, cuia JlopeHma He
nevicteyer. [loaToMy OS7E€KTPOH, BBIJIETCBIINHM W3 TYIMIKWA BAOJb OCH
pr6KH, IBUXETCI MPIMOJAHEHHO M IIONAZAECT B LEHTP JKpaHa. Eciam
2K€ QJICKTPOH BBUICTEC IOA HCKOTOPBIM YIJIOM O K OCH pr6KI/I u, Cacao-
BATCJAbHO, Y HCTO €CTh COCTABASIIOMIAA HA4YaJIbHOU CKOpPOCTH, OCPOCHAN-
KyJddpHAad MATHUTHOMY NOJJI0, TO, KdK Mbl BUACIW, TPACKTOPUSI IJICKT-
pOHA MpeacTaBaserT coO0 BUHTOBYIO JIMHUIO. Y TJIOBAS CKOPOCTh M, CJIE-
JOBATEIBHO, TMEPHON OOpALICHUS HE 3aBUCAT OT CKOPOCTH. IlosTomy
OQJICKTPOHBbI, BBUICTCBIINC M3 IMYHIKW IMOA PA3HBIMU YIJIAMH, COBCPIIAKOT
MOJTHBIA 000POT 33 OOHO M TO XE BPEMS.

HOCKOJIbe QJCKTPOHBI BBJICTAKOT U3 MYLMIKKW MO MAJbIMU YIJIAMU K
ocn pr6KI/I, TO BCC OHM ABUXYTCS BAOJIb OCH pr6KI/I MPAaKTHUYCCKHU C OO~
HOM M TOM XK€ CKOPOCThIO v~ v U 332 BPEMs OIHOTO obopota

T = 27/w, TPOXOASAT BAOJAb OCH TPyOKM OTHO M TO Xe paccTosHue L:

L=2n", (19)
o')t‘
D70 03HAYAET, UTO BCEC BUHTOBBIC JIMHWHM, TI0 KOTOPHIM JBUKYTCS 9JICKTPO-
HBI, IEPECEKAIOT OCh TPYOKM MPAKTUUECKH B OOHOW M TOM XK€ TOUKE, OT-
crosuie Ha pacctosHue L ot mymku. Takas ke (pokycupoBKa mponcxo-
IOUT ¥ TOCJIE COBEPIIEHUS JJIEKTPOHAMM ABYX, TPEX U T. A. 0OOPOTOB, T. €.
Ha paccrossausx 2L, 3L v T. A. oT mymwKu. Ecm mosoxxeHne OqHOM U3 9TUX
TOUEK COBMAZACT C MJIOCKOCTHIO 9KPaHa, TO MITHO HA OKPAHE COXMETCS B
SIPKYI0 TOuKy. PaccrosHue OT 37EKTPOHHON MKW A0 JKPAaHA OMpeae-
JISIETCS KOHCTPYKUMEN TPYOKM M HE M3MEHSIETCS BO BPEMS OMBITA, HO MBI
MOXEM M3MCHSITh AT BUHTOBOM JIMHUU L, PEryupys BEIUUMHY WHIYK-
WA MATHUTHOTO TIOJISt B maum yckopsitomee Hanpsxenue U.
[Moacrasass ckopocTh 27aeKTpoHOB v u3 (18) u ymioByo CKOpOCTbH
spamennst o, u3 (17) B dopmyny (19), momyyaem cooTHomenue

U
= 83'[2 ﬁ. (20)

e
m
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Ecau mpu HEM3MEHHOM YCKOPSOMEM HampskeHun U Mbl 100bEMCS
(hokycMpoBKEM TyuKa OJJEKTPOHOB, MOCTEMEHHO YBEAMUMBAS WHIYKLHIO
MAarHUTHOTO Mot B ot Hyss, To dopmyaa (20) MoxeT ObITh UCIIOAB30-
BAHA IUIS BBIUMCJIEHWS OTHOWWICHWS e/m. [l 5TOro B MpPaByK 4YacTh
HY>KHO MOACTaBUTh 3HAUEHUs U u B, Ipu KOTOPHIX MPOoM30mLIa (HOoKyCcu-
pPOBKA, a B KAauecTBe L B34Th PACCTOSHHME OT OSJIEKTPOHHOM MYIIKH IO
9KpaHa TpyOKu.

Ecau temepp mpomosikaTh YyBEIMUMBATh MHAYKLIMIO MATHUTHOTO IO-
Jis, TO MATHO HA 9KpaHe OyAeT CHAuasa paCIIBIBATHCS, 4 3aTEM CHOBA
COXMETCS B SIPKYIO TOUKY. SICHO, UTO TEMEPh SJEKTPOHBI YCIEBAKOT CO-
BEPIUUTH ABA MOJHBIX 000POTA MO BUHTOBOW JMHHUM O TOTO, KaK MOMa-
garoT Ha okpaH. g Haxoxaenus e/m B dopmyay (20) B kauectse L B
OTOM C/Iyyae CJAEAYET TMOACTABJIATH MMOJOBUHY PACCTOSIHHUS OT MYIIKH 0
SKpaHa.

OTMCTI/IM, UYTO AOCTUTHYTAA ITUM MCTOAOM IMOTPCOTHOCTD U3MCPCHUA
VACABHOTO 3apsia OJEKTPOHA COCTABIYET BEIMUHHY MOPSAKA AECATON
JOJIA TIPOLICHTA.

HBJICHI/IC d)OKYCI/IpOBKI/I Iy4dyKad SJCKTPOHOB IMPOAOJTbHBIM MATHUTHBIM
MOJIEM UCIOIb3YETCA BO MHOTUX SJEKTPOHHO-ONTUYECKMX MpPUOOpax.

e Tlokaxwure, UuTO NPU yKa3aHHOM Ha puc. 101 pacrnonoXxeHNM paMKM C TOKOM
B MarHMTHOM I10JiI¢ AEUCTBYIOIIMI Ha Hee BPAlaOUIUi MOMEHT MaKCHUMAaJIEH.

e Tlokaxure, uto BekTopHas popma (5) BBIpaskeHUS Ui CUJBI AMIepa cooT-
BETCTBYET IPABUJIY JICBOM PYKH.

e TJlokaxwure, 4TO Mapasule/bHble TOKH MPUTIATUBAIOTCS WM OTTAJIKMBAIOTCS B
3aBUCUMOCTH OT TOTO, TeKYT OHU B OLHY WJIM B NPOTHUBOIIOJIOXHbBIEC CTOPOHBI,
a CKpellleHHbIE TOKU CTPEMSTCH PACIIOJIOXUTBCH Tapaslie/IbHO APYT APYTY.

e PaccMoTpuTe BONPOC O TOM, Kak JAEMCTBYeT MAarHMUTHOE I10Jie, cO3JaBaeMoe
IPOXOASIIMM II0 COJICHOMAY TOKOM, Ha CaM 3TOT COJICHOMA: CTPEeMSTCs JIM
JEMCTBYIOIME HAa €r0 BUTKW CHJIbl PACTSIHYTb WJIM C3XaTb COJICHOWA B IIPO-
JIOJIbHOM HaIpaBJiecHUU (BHOJb €ro ocu)? B IONEPEUHOM HallpaBJeHUN?

e Kak us ornpeac/IcHud CAMHUIBI CUJIbI TOKa — aMIliepa — YCTaHOBUTb UMCJIO-
BO€ 3HAUECHWE MArHUTHOM MOCTOSHHONM M0‘7

e Bxoaur nu B BbIpaxkeHnue (10) ang paGoTel B MAarHUTHOM T0JIe U3MEHEHHE
MarHHUTHOTO TOTOKA, CO3JAaBAEMOrO TOKOM B CAMOM IBMKYILIeMcsl IpoBoae? B
KOHTYpE, B KOTOPBI OH BKJIHOUCH?

e [IpoBepbTe COOTBETCTBHE IMOPSAKA COMHOXUTE/CH B BEKTOPHOM IIPOM3BEIE-
HUM F = e v X B nipaBuity JieBoil pyKu [JIs CWJIbI, ACUCTBYIOIICH Ha MPOBOA-
HUK C TOKOM B MAarHUTHOM IIOJIE.

e Ilpumenuma nu popmyna (15) ang cunel JlopeHna B ciiydyae nepeMEHHBIX BO
BPEMEHU JIEKTPUUECKOr0 U MarHUTHOTO ToJiei?

e Moxer 1 cuia, HeﬁCTBleUlaﬂ Ha 3apdaXCHHYK HacTUlly B MarHUTHOM I10-
JIe, UISBMCHUTDL €€ 3HepFl/llO?

e QObsICcHUTE IIPUHIUIL Cl)OKYCl/lpOBKl/l pacxoaduierocs Irydyka O3JICKTPOHOB B
IIpoAOIbHOM MarHuTHOM I10JIC.
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Kak pomxHa ObITh HaripapJicHa CKOPOCTb 3apﬂ>l(eHHOﬁ JacTUllbl B CKPCUICH-
HBIX SJICKTPUUCCKOM U MarHuTHOM II0JISX U KaKUM HOJIZKECH OBITh ee MOAYJIb,
yTOOBI YaCTUIlA ABUrajach ﬂpﬂMOﬂMHeﬁHO?

le/l HU3YUCHUUN ABUXKCHUS 3apAXKCHHBIX YaCTUL] B SJICKTPUUYCCKOM U MarHuT-
HOM IIOJIIX y,ElO6HO HCII0JIb30BATb METOA q)l/l3l/l‘-leCK01"0 1oo0Usl, U3JI03KEHHBIM
B KHUre | AaHHOrO Kypca. le/lMeHl/lTe MeTOo Toxoous AJist MOJIYUYCHUA OTBETA
Ha CHe,Ellel.l.lPll’l BOIIPOC. HNoHbl U3 MCTOUHMKA IOMajalT B YCKop4gwuiee
QJICKTPHUUYECCKOEC II10JIE 0e3 HayvaJIbHOM CKOPOCTU U JIETAT K HACTEKTOPY. Bo
CKOJIBKO pas3 OoT/IM4acTCd BpEMd IIpoJIeTa A0 ACTCKTOpa AJIS MOHOB, pasjiiya-
IUXCI B IBA pasa I10 3apdAy U B IIOJITOpa pasa IIo Macce?



. DNNIEKTPOMATHUTHOE MNOIJIE

Tecnast cBa3b MCXKAY 9JCKTPUUCCTBOM W MATHCTHU3MOM SPKO 06Hapy>1<14-
BaeT ceOd B ABJICHHUM 3JI€KTp0Mal"HI/ITHOI71 WHAYKOWUN: U3MCHAKOMICCCA
MATrHUTHOC MOJIC MOXCT BBI3BIBATH TOK B IIPOBOAHUKE, TAK KAK IpPU W3-
MCHCHMU MATHUTHOTO IOJISI BO3ZHUKACT JJICKTPUUYCCKOC TT0JIC. HOSTOMy B
(1)I/I3I/IKe TOBOPST O €AMHOM JJICKTPOMATHUTHOM II0JIC, KOTOPOC BKJIKOUACT
B ce0S B3aMMOCBI3aHHBIE QJICKTPUUCCKOC U MATHUTHOC ITOJIA.

§ 17. SlBneHne 3NEKTPOMArHMTHOM HMHAYKLHMH

B mpenpimymeit riaBe MBI BUACTW, UTO SJCKTPUUCCKUNA TOK CO3AAET BO-
Kpyr ce0d MarHuTHOE mosie. [1ombITKH OOGHAPYXUTh 0OpPATHOE FBJICHHE,
KOTZJa MATHUTHOE TOJIE CO3AaBao OB TOK, TEPHEIU HEyAAUy AO TEX MOP,
moka B 1831 r. Mapaneit He OOHAPYXWJ, UTO SJEKTPUUECKMHA TOK IO-
pOXAaeTcs He CAMWM MATHWTHBIM TOJIEM, a ero m3mMeHeHneM. OTKpeIToe
®apageeM gBJICHUE TOTYUNIO HA3BAHUE 2JIEKMPOMACHUMHOU UHOYKUUU.

UHAYKUUOHHBIA TOK. PaccMOTpUM HEKOTOPBIE MPOCTHIE ONBITHI, MJLIIOCT-
pUpyIOmKe CYMECTBOBAHNUE SIBJCHUS OJCKTPOMATHUTHOW WHAYKIWU, B

Puc. 108. Ilpu gBrokeHUM KATYIIKY /| B MATHUTHOM I10JIE KATYIIKH 2 TIOSIBJISIETCS] TOK B LETH
KaTymku

KOTOPBIX MOXKHO TOAMETUTh OCHOBHBIEC €T0 3aKoHOMEepHOCTH. Ecim HageTh
npoBosiouHyo Katymky / (puc. 108), MOAKIIOUEHHYIO K UyBCTBUTEIbHO-
My TaJbBAHOMETPY, HA APYTYIO KATYIIKYy 2, Yepe3 KOTOPYIO MAET TOK OT
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WCTOYHMKA, TO TAJTBBAHOMETP MOKAXKET OTCYTCTBUE TOKA B KAaTymiKe /, mo-
Ka OHA HETOABMXHA M TOK B KaTymKe 2 He MeHseTcs. OqHAKO B MOMEHTBHI
3aMBIKAHUS WM PA3MBIKAHUS KJIIOUA WU TIPA W3MECHEHUY TOKA B KATYII-
Ke 2 C MOMOIIBIO PEOCTATA MU TPU JTFOOOM OTHOCUTEIBHOM ABUXKEHUM Ka-
Tymek / u 2 raapBaHOMETp (PMKCHUPYET MOSIBJICHUE TOKA B KaTymke .
DTOT TOK HA3BIBAIOT UHOYKUUOHHBLM.
Jlerko 3aMeTHTh, YTO OTKJIOHE-
HHEC CTPEJKMA TaJbBAHOMETpPA IIpU
pa3MbIKAHUM KJIFOUYA IPOUMCXOAWAT B
CTOPOHY, MPOTUBOMOJIOXHYK OTKJIO-
HEHHMIO Mpu ero 3ambikanmu. Or-
KJOHCHWE CTPEJKU TP yBEIWue-
HUAW TOKA B LEMU KATYMKH 2 TIPO-
THUBOIIOJIOXHO  OTKJIOHCHUI)  IIPH
YMEHBIICHUH TOKA. Hakomer, mpwm
HAACBAHWM KATYIIKW / HA KATYMIKY
2 HampaB/JCHUE WHAYKIMOHHOTO TO-
KA IIPOTUBOIIOJIOXHO €r0 HAIPaBJC-
HUIO TIpW CHUMAHWHW KATyImKd 1.
Omneirer Dapanged HATISIAHO CBH-
JIETETBCTBYIOT O TOM, UTO TPHUYMHA
TMOSIBJICHAS ~ WHIYKIMOHHOTO TOKa
3aK/JII0UAETCd B M3MEHECHWM MATHWTHOTO mojad. Kakwm cmocoGoM coszma-
€TCS ITO m3MeHeHue, Oespaszmuno. HanpuMep, n3aMensaonmeecs MarauT-
HOE IOJIE MOXHO CO3JaTh ABMIXKCHHUEM IOCTOIHHOrO Marmmra. Crpenka
raJibBAHOMETPA OTKJIOHSIETCS B OAHY CTOPOHY, KOTJA MATHUT BABUTAIOT
B KaTYIIKy, ¥ B MPOTUBOMOJIOXHYI — KOTJa €r0 BHIABUTAIOT M3 KATYII-
ku (puc. 109). MsMeHeHre MATHUTHOTO MOJS B KATYIIKE /, HAAETOW HA
KaTymwKy 2, MOXHO BBI3BATh HE TOJIPKO YMCHBIICHUEM TOKA B KATYIIKE

Puc. 109. Bos0ysxaenue MHIYKIUMOHHOTO
TOKA JIBUKEHUEM MATHUTA

(i

Puc. 110. Bog0yKaeHue MHAYKIMOHHOTO TOKA ABMIKEHUEM HEHAMATHMUYEHHOTO YKEJEIHOTO
CEpACYHUKA
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2, HO M BABUTIAHUCM WJIN BBIABUTAHUCM HCHAMATHUUCHHOIO 2KCJIC3HOTO
cepaeunnka (puc. 110).

QDapazgeit gan HATIIAHOE OOBACHEHME CBOMM OIBITAM, WCHOIb3YS
NpEeaACTaBJICHUC O MATHUTHBIX CUJIOBBIX JIMHUAX. OH 3aKJIKOUWI, YTO UH-
OYKIMOHHBIA TOK BO3HUKAET B MPOBOAHUKE B TOM CAyuyae, €CIM 00paszo-
BAHHBIA OTUM MPOBOAHMKOM KOHTYDP MJIM KaKas-IuOO €ro yacTh mepece-
KAaeT JIMHUKM MAarHUTHOU WHAYKOWUU.

3akoH Jlenma. 3. X. JleHL, yCTAaHOBWUJI BAXKHBIM 3aKOH, TO3BOJISTFOLINI
BO BCEX CIyuadx MPEACcKasaTh HAMpaBicHUE WHAYKUIMOHHOTO Toka. Co-
IJIACHO 3akoHy Jlenya HampaBaeHUE WHAYKIMOHHOTO TOKA BCETAA TaKo-
BO, UTO CO3AAaBAEMOEC WM MATHUTHOE TOJIE TPEMSITCTBYET W3MEHCHHIO
MATHUTHOTO TIOTOKA, BHI3BIBAIOMIEMY WHAYKLIMOHHBIN TOK.

DTOT 3aKOH MOXHO TPOWJLIIOCTPUPOBATh HA OUCHb MPOCTOM OIIBITE,
mokazanaHoM Ha puc. 111. [Ipu BaBUraHWM MOCTOSTHHOTO MArHUTAa B pa3-

N\ \W

AN

ARSI\

Puc. 111. Moumoctpanus 3akoHa Jlenma Puc. 112. IlpaBuio npaBoit pyku

pe3aHHOE METATMUECKOE KOJbLO B HUKAKOrO B3aMMOACWUCTBUS HE Ha-
O/IFOMAETCI ¥ KOPOMBICIO OCTAETCa HA MecTe. IIpu BOABMraHMM MAarHuTA
B CIUIOITHOE KOJbLO A OHO OTTAJKMBAETCY OT MATHUTA U KOPOMBICJIO
MOBOPAUMBACTCA HA OCTPUC BOprl" BepTHKaJIbHOfI oCH; TIpyU BBIABUTA-
HUM MArHuTa CIJIOMIHOE KOJIBIO CTPEMUTCS CAE€J0BATH 334 HUM.

HpaKTI/IlleCKI/I AJId OMIPEAC/ICHUS HATIPABJICHUSA I/IHJZlyKI.[I/IOHHOI‘O TOKA
B TIPOBOAHMKC, TECPECCCKAIIECM MATrHUTHBIC CUJIOBBIC JIMHUH, yZ{O6HO
MOJIB30BAThCS npasduiom npasoi pyku (puc. 112): ecam mpaByro pyky
pacmoJIoOXuTh Tak, 1IT06])I JINHUN MEIFHI/ITHOf/i WHAYKOWUA BXOAWJIU B Jid-
IOHB, a 0OJIPLION OTCTABJIEHHBIA B CTOPOHY MAaJEl, MOKA3bIBAJ HAMPAB-
JICHUC OBUXCHUS IMPOBOAHMKA, TO UCTBHIPC BBINPSIMJICHHBIX MAJabLa yKa-
XYyT HAmpaBJICHUC I/IHJZlyKI.lI/IOHHOFO TOKA.

IAC unaykuuu. ITosgsaeHne MHAYKOIMOHHOTO TOKA B 3aMKHYTOM KOH-
Type MpH M3MEHEHUH MPOHMU3BIBAIOLMIETO STOT KOHTYP MArHUTHOTO MOTO-
Ka CBUCTE/IBCTBYET O BOBHUKHOBEHUM B HEM HEKOTOPOIl 9JICKTPOABUXY-
meit cuael, HaseiBaeMoun IJ4C undykyuu. OnbiT mokaseiBaer, uro IC
VMHIYKUWKA HE 3aBUCUT OT MAaTEpPHasa, M3 KOTOPOrO CAETAH MPOBOXHWK,
B YACTHOCTH, OT €r0 COMPOTUBJICHUSI.



§ 17. ABJIEHUE DJIEKTPOMATHUTHOU WHJIVYKIIUN 157

3aKOH 3JeKTPOMAarHUTHOM HMHAYKUMU. Bo Bcex onmcaHHBIX BbIIIE
OMmbITaX OTOPOC CTPEKU TaJbBAHOMETPA, CBUACTEIBCTBYIOLIMNA O MOSIB-
JICHUA WHAYKIUOHHOIO TOKA, OKA3BIBACTCAd TEM 60JIbIJ.Ie, yeMm 6bICTpee
MPOUCXOAUT MU3MCHCHUC MATHUTHOIO IIOJIA. AHaJII/I3I/IpySI PE3YyAbTATHI
ombitoB Dapages, Makcesur ycraHoBwiI, uto BO Bcex cayuasx DC
3JI€KTp0Mal"HI/ITHOI71 WHAYKOUU TPOMOPUMOHAIbHA CKOPOCTA M3MCHCHUS
MATHUTHOTO TMOTOKA UCPEC3 MOBCPXHOCTb, OTPAHUYCHHYK KOHTYPOM:

g,': _k%. (1)

Koaddmuumenr & 3asucur or Beibopa equuaun,. B CU 3akoH smekTpo-
MArHUTHON WHAYKOWYW MCHOJb3YIOT AJS BBEACHUS CIWHWIBI MATHUTHOTO
noToka — Bebepa, ¢ KOTOPOM MBI yXKe BCTpeuasuch B § 15. Oty eaunuiy
BBIOMPAIOT Tak, 4ToOb Koddduument k B (1) ObUT paBeH eguHUIIE.

3nak muayc B opmyse (1) coorBercrByer 3akony Jlenma. Ormernm,
uyto 3aKkoH JleHma, Kak u caM 3aKOH JJEKTPOMATHUTHON wHAyKmuu (1),
MOXHO pacCMaTPWBATH KaK CJICACTBHEC 3aKOHA COXpaHeHud dHepruu. Mcro-
PUUYECKM 3aKOHOMEPHOCTHU SBJEHUS DJEKTPOMATHUTHOM MHAYKIMK ObLIN
YCTaHOBJICHHI €1IE A0 OTKPHITHAS 3aKOHA COXPAHEHUS SHEPTUU M TTOCTY XM~
JIW €r0 KCIEPUMEHTAIbHBIM MOATBEPXKACHUEM, HAPSIAY CO MHOTHMHU APY-
TUMU SMIIUPUUYCCKY HAWACHHBIMYA 3aKOHOMEPHOCTSIMU PA3HBIX SIBJICHUW.

OTKpBITAE JEKTPOMATHUTHOW MHAYKIMUA MMEJIO OPPOMHOE HAYUHOE
u TexHmyeckoe 3HaueHWe. OHO B 3HAUMTEJSBHOW CTETNCHW OMPEACUIIO
passutne nuBmwmsanum B XIX Beke. Hayunoe 3HaueHWE 3TOTO OTKPHI-
TAY B TOM, UYTO OHO OKOHYATEJIBHO YCTAHOBWJIO B3aWMOCBSI3b MEXAY
JIEKTPUUECKVMU M MATHUTHBIMM 9BJCHUSIMHA. [IpakTuueckoe ero 3Haue-
HHE B TOM, YTO BCE MPOMBILLICHHBIC CHOCOOBI TOyUEHHS JJIEKTPOIHEP-
MY OCHOBAHBI HA JJICKTPOMATHUTHOW WHAYKIWU.

IIpupona CTOPOHHUX CHJI. BHXperoe 3JeKTpHuecKoe mnoJie. Bo3zHuk-
HOBEHUE DJIEKTPOABIKYIIEH CUJIBI MHAYKIUU MOXET OBITH 00YCJIOBJICHO
CTOPOHHUMH CHJIAMHM PAa3HOM (DU3MUECKOM MPUpPOAbL. B HEMOABM>KHOM
koHType DC mHaykumm 0OYyCIOBJIEHA BUXPEBBIM DJIEKTPUUECKHM TIO-
JIEM, BO3HMKAKOLIMM NP U3MEHEHUM MArHUTHOTO MOTOKA YEPE3 MOBEPX-
HOCTh, OIPAHMUYEHHYIO KOHTYPOM.

V3MeHEeHnEe MATHUTHOTO TIOTOKA MOXKET ObITh BHI3BAHO KAK JBUKCHM-
€M MarHuTa, CO3JAIOIIEr0 MoJe, TAK W M3MEHEHWEM MATHUTHOTO MOJIS
NyTeEM M3MEHEHHWS TOKA B djJeKTpoMarHute. [lepBas BO3MOXHOCTH pea-
JIN3YETCS B MPOMBIILLJICHHBIX ME€HEPATOPAX, T BPAMAOMUICS SJIEKTPO-
MarHuT BO30YXXAAeT TOK B OOMOTKAX HEMOABMIKHONO craropa. Bropas
BO3MOXHOCTb peanm3yercs B TpanchopMaTopax, rae M3MEHEHHE TOKA B
NEPBUYHON OOMOTKE BBI3BIBAET M3MEHEHME MATHUTHOTO MOTOKA M, CJe-
JOBATEJIBHO, MOSIBJIECHUE BUXPEBOTO JEKTPHUECKOTO TOJISL.

B oraMume OT MOTEHUMAIBHOTO 3JAEKTPOCTATMYECKOTO MOJISI, CO3/a-
BAEMOTO HEMOABMIKHBIMHU DJIEKTPUUECKAMU 3aPIAAMU, BUXPEBOE DJIEKT-
pPHUECKOE TOJIE, BO3HUKAIOMEE MPU M3MEHEHWW MATHUTHOTO MOJs, 00-
JIAMAET TEM CBOMCTBOM, uTO paboTa CHJI HTOTO MOJS HA 3aMKHYTOM IIy-
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TM He paBHa Hy/0. MMmenno oroit paborout m ompenenserca IC un-
OYKOUUA B 3aMKHYTOM KOHTYpE.

[TonuepkHEM, UTO BUXPEBOE OJJIEKTPUUECKOE TMOJE TPU W3MEHCHHUH
MArHUTHOTO TOJIS CYIIECTBYET HE3aBUCMMO OT TOTO, MMEETCH JIK B ITOM
MECTE 3aMKHYTBIA TPOBOASIIMIA KOHTYpP. CaM MpOBOASIIUN KOHTYD $IB-
JIIETCSl JIMIIb WHAMKATOPOM, OOHAPYXMBAIOUIMM HAJIAUYKE BUXPEBOTO
9JIEKTPAUECKOTO TOJIS.

Cusa JlopeHLa KaK mMpUYuMHa CTOPOHHEN cuibl. MHyro dusmueckyio
MPUPOAY WMEET BBHI3BIBAKIMAS WHAYKIUWOHHBIA TOK CTOPOHHSS CWUJA,
BO3HHUKAIOIIAS MPU ABVXKCHUM MPOBOAHMKA B HEM3MCHHOM MATHUTHOM
nosie. BuxpeBoe anekTpuueckoe mosae B ITOM CJAy4yae OTCYTCTBYET, a
CTOpOHHAS cwia o0yciosieHa cuaoi JlopeHna, ¢ KOTOPOM MATHHTHOE
mosie ACUCTBYET HA MABWXYLIMECS BMECTE C TMPOBOAHUKOM JJIEKTPH-
yecKMe 3apgaabpl. Ha TakoM MpUHIOWAINE OCHOBAHO NEHUCTBUE JJICKTPH-
UYECKUX TEHEPATOPOB HEOO/BINON MOLIHOCTH, IIE MHAYKLIMOHHBIA TOK
B0O30yXgaercd B OOMOTKE pOTOpa, BPAINAIOUIETOCS B HEMOABMXKHOM
MAarHMuTHOM moJjic. B OTCyTCTBME MPOBOAHUKA, COACPXKAIIETO IJICKTPH-
YECKHE 3apIAbl, HUKAKMX CTOPOHHMX CWI, a ciaemosareapHo, u I1C
WHAYKIUA HET.

DAC uHaykuuu U padora cuubl JlopeHna. Herpyaro yGeautbes, uto
ONC uwuaykiuu, BeUMCIgEMas o odmemy 3akony (1), copmamaer ¢ pa-
0OTOI CTOPOHHEN CHJIBL IPU TMEPEMEINEHUM EAMHUYHOTO 3apgaa MO 3aM-
KHYTOMY KOHTYpPY. ByzaeMm cumrtarh, 4TO MpSIMOYTOJIBHAS METAJUTMUCCKAS
pamMka abcd gBWUXETCI C TOCTOSHHOW CKOPOCTHIO v, KaK TMOKA3aHO Ha
puc. 113. CropoHa ab nepecekaer CHIOBbIE JUHUM OJHOPOXHOTO MATHHUT-
HOrO ToJist B, cymecTBytomero Mmexay nostocamu marauta. 1C uHIyK-
UM B KOHTYPE abcd MOXeT ObITh BBIUMC/ICHA
C TOMOMIBIO 3aKOHA JJEKTPOMATHUTHOW WH-
aykuuu (1), YuursiBas, 4To NpW ABMKEHUU
paMKu B HAMpaBJCHWW, YKA3aHHOM Ha
puc. 113, mpoHW3BIBAIOIINMI PAMKY MAarHUT-
HBIA TOTOK YOBIBAET, MMEEM

AD® = — Blv At,

orkyaa coriacHo (1)
do

& = — - = Blv. (2)

Boruncum teneps oty xe A C uHAyKUIMANA
Kak paboTy CTOPOHHHMX CHJI MPH IEpeMenie-
HAW EAVHWYHOTO 3apsiAa mo KOHTypy abced.
PaccMoTpuM cuibl, AEMCTBYIOLIME HA TPOBOA-
HUK ab TpW €ro paBHOMEPHOM MEPEMEIIEHUY B MArHUTHOM moJje. [lpu
OBVDKEHHUM MPOBOIHUKA CO CKOPOCTBIO V 3apsAbl B HEM ABUXXYTCS BIOJb
MPOBOJHMKA C HEKOTOPOM MOCTOSIHHOM CKOPOCTHhIO U (CKOPOCTBIO ApEi-
da). B pesysprare B 1a60paTOPHON CHCTEME OTCUETA 3APAAbI MEPEME-

Puc. 113. JIpukeHue mpoBo-
IAIIEH PpaMKU B MAarHUTHOM
noJje
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MAKOTCS co CKOPOCTHIO V=v+u
(puc. 114), u Ha KaXabld M3 HUX AEUCTBYET
cuia Jloperua

DTta cuia TmeprneHANKYasSIpHA BEKTOpY V.
Paznoxum ee Ha OBE COCTABJSIOMINC
(puc. 115a). TepneHaukyaspHas MPOBOXHMU-
Ky cocrasistomas F,, ecim ee mpocymMmu-
poBATh MO BCEM HOCHTENSIM 3APSAA HA YUA- b 114 Cyopocts mocwTens
CTKE ab NpPOBOAHMKA, AACT ACUCTBYIOWLYID  gapa1a g amwokymemcs: mpoBO-
HA TPOBOOHUK C TOKOM cwmuy Awmmepa. [Ipy  muxe
pPaBHOMEPHOM JBMKCHUW TIPOBOXHMKA OHA
YPaBHOBEIICHA BHEIIHEW cwiou F, mpuBoasgmiell mMpoBOOHWK B ABUXKE-
une. Hanpasnennas Baosb nposoja coctapistomas Fo.,, cuibr Jlopen-
1a — JTO W €CTh CTOPOHHSA CHJIA, 3aCTABJSIOMAY 3aPIAbl ABUTATHCS TIO
MPOBOTHUKY, T. €. CO3MAA0IMAI WHAYKIIMOHHBIA TOK.

PaGora cuanl JIopeHna paBHA HyJII0, TOCKOJBKY 9Ta CHJIA MEPIEHAN-
KyJSIpHA CKOpPOCTH 3apsaoB V. DTO 3HAUMT, UTO paBHA HYJKO CyMMa pa-
60T cuabl AMIEpa U CTOPOHHEN CHJIBL:

Ayt Ay =0, Toe. Ay, = — Ay
Ho paGora cuisl AMmepa ¢ TOUHOCTBIO 10 3HAKA paBHA paboTe BHEMI-
Hell cubl: Ay, = — A,. Orcrooma cieayer, uro paGoTa CTOPOHHHX CUJT
B
o o o
LN F v
| g I
| u !
I _______
|/ v
|
|
|
F_T[ Fc‘rop
a L o

Puc. 115. Cuibl, 2eHCTBYIOIMIME HA ABMIKYIIUICS B MATHUTHOM TI0JIE TIPOBOTHUK B pacyere
Ha OAMH HOcuTesb 3apsza (a); Bua ceepxy (6)

NPy ABMKEHUH 3aPSA0B B KOHTYpPE paBHA paboTe BHEIUHUX CHJI, TIPHBO-
OAIOAX 9TOT KOHTYP B ABMXEHUWE. [[pyrumu cioBamu, SJE€KTPUUECKAS
OHCPTrUSd MHAYKOUOHHOTO TOKA BO3HUKACT 6Jlaroz(ap51 MEXAHUUYECKON pa-
0oTe, COBEPLIAEMON BHEIIHUMU CHIAMM.
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Croponnssa cuia F coBepmaer paboTy TOABKO HA yuyacTke ab

IUTUHBL [:

cTop

A F ool = Fycos a-l = eV Bl cos a,

crop — * crop

rAe @ — yroJ MEXAy BeKTopamu v u V, a, CJIEIOBaTEIbHO, V cos o = v. B
pe3ysIbTaTe MOJIyYaeM OKOHUATEBHO AUTsl pAOOTHI CTOPOHHUX CHUT:

A, = eBlv. (3)

cTop

OTHoweHne 2TOi paboThl K 3apsAy e MPEACTaBaseT CO00M 9JEKTPO-
OBUXYLIYIO Cuiy wHAyKumu &. Takum obpasom, & = Blv, uto COB-
nagaer ¢ (2).

Ormerum, uro DJIC MHAYKUMY B TAKOM PAMKE BOBHMKAET JIMIIb TOTAA,
KOIIA TOJIBKO YACTh PAMKM HAXOOUTCS B OXHOPOAHOM MATHUTHOM TIOJIE
(kak mokazano Ha puc. 113) mwim Korma MarHUTHOE TIOJI€ HEOXHOPOIHO.
Ecau paMka LeauKoM HaXOOUTCA B OXHOPOZHOM IIOJIE, TO IPHU €€ MOCTY-
MaTeAbHOM JABUXEHUM MATHUTHBIN OTOK He MeHgeTcsd u D/1C uHayKuuu
paBHA HyJIIO: XOTd HA OTACJIBHBIX y‘laCTKaX PAaMKH CTOPOHHHUE CUJIBL Z{eﬁ—
CTBYIOT, paboTa STUX CUJ BAOJb BCEM PAMKM PABHA HYJIO.

Hecmotpsa Ha pasHyo (U3MUECKYHO MPUPOAY CTOPOHHMX CHJI B pac-
CMOTPEHHBIX CIyuYadx, 3aKOH OJeKTpoMarauTHoM wHaykmumu (1), co-
raacHo koropomy DJC MHAYKUMM B KOHTYpPE paBHA B34TOM € oOpart-
HbIM 3HAKOM CKOPOCTHU M3MCHCHHWSI MATHUTHOTO IIOTOKA4, CIIPABCAIAB U
B Cﬂyqae, KOorga moToOK MCHICTCA 3a CUCT U3MCHCHUYI MATHUTHOTIO IIO-
Jsd, U B CJIyqae, KOrga ImOoTOK MCHACTCI 3a CUCT ABUXKXCHUYI KOHTypa B
HECU3MCHHOM MATHUTHOM IIOJIE, U B cnyqae, KOoraa npoucCxXOoaAuT U TO U
APYroe OOHOBPEMEHHO. DT BO3MOXHOCTM — IOJIE MEHSETCS MM KOH-
Typ ABHMXKETCI — HEPA3JMUYMMbl B (DOPMYJMPOBKE 3aKOHA WHAYKIIWH.
PaccMoTpuM 5TH BO3MOXXHOCTM C TOUKM 3PEHHS CTOPOHHHUX CHJI, ACH-
CTBYIOLIMX HA 3apsibl.

Cuna, geiicTBYOMAs HA 3apSIA ¢ B JJEKTPUUECKOM IMOJIE HATIPSKEH-
Hoctu E, paBHa ¢gE HE3aBUCMMO OT TOrO, SIBJSICTCH TOJE MOTCHUMAIb-
HBIM WJM BUXPEBBIM, T. €. CO3MAETCH JJIEKTPUUECKUMH 3apaaaMu WM
MarauTHBIM mosieM. Cusa JlopeHua, AeMCTBYIOIAS HA ABMIKYIIUICS CO
CKOPOCTBIO V 3apsd ¢ B MATHUTHOM MMOJe MHAyKUumW B, ompemensercs
BEKTOPHBIM MPOM3BEACHUEM CKOPOCTH V UM MHAYKUuu B:

F=¢vxB. 4)

Ota cWsia TEPHEHAWKYJISIPHA KAaK CKOPOCTH 3apsiia, TaK U WHAYKIUU
marautHOro noJid. [lonHag cuna, aericTByromas Ha 3apsa ¢, paBHA

F =g¢ (E + vXxB). (5

B mBuXxymmxcs B MATHUTHOM TMOJIE€ TPOBOAHUKAX CUJIA BO3HUKAET 34
cuer v. BuxpeBoe 27eKTPUUECKOE MOJIE BO3HUKAET, €CJU TAe-JIu00 MEHS-
€TCsl MAarHUTHOE ToJie. DT 3¢HEKTH HE3aBUCUMBI M MOTYT TIPOSIBJISITHCS
W TOPO3Hb, M OJHOBpeMeHHO. Ho B J11060M Ciiyuae AEUCTBHE ITHUX CTO-
POHHHX CUJI CO3AAET B KOHTYPE IMEKTPOABIXKYIIYIO CUIY, 3HAUCHHUE KO-
TOPO¥M PABHO CKOPOCTM M3MECHEHWS MATHUTHOTO TOTOKA.
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B sTom cmeice dopmyaay (1) MOKHO HA3BATH MPABUJIOM AJISI HAXOXKIE-
aus DJ0C mHaykumu, nbo, Kak Mbl BUAEIH, 5Ta (OpMysa HE BCKPHIBAET
(buznueckoit npuurabl BO3HUKHOBEHUS J[1C — npuunHa MOXET OBITh pas-
HOM B pasHbIX cayuasax. [Ipasumo motoka (1) maer ronpko 3aauenue DIC,
MEXAHW3M €€ BO3HMKHOBCHUS JOJKCH YCTAHABIMBATHCS HE3aBUCHMO.

HcKoyeHUsd 13 npasuia notoka. Ho u3 sroro mpasmia GeBatoOT 1 mc-
karoucHus! [IOHATH 9TM WMCKJIIOUCHUS MOXHO, JIMIIb 3HAST MCTUHHYIO
MPUYMHY BO3HUKHOBECHUS CTOPOHHUX CUJI. SpKMii IpuMep — W3BECTHBIN
eme Dapagero ynunonsapusiit wHAyKTOp (puc. 116). Meramanueckuit
KOHTYp ABCD Bpam@aercss BOKPYT TMOCTOSSHHOTO MArHUTAa UWJINHAPHYC-
ckoit (opmbl, 00pasys ¢ MATHHTOM 3aMKHYTYIO OJEKTPHUUECKYIO LEMb
Py TOMOINM ABYX CKOJIB3AIIMX KOHTAKTOB, OOWH M3 KOTOphiX (A) Ka-
caercd OCM MArHmra, a aApyrou (D) — caMOro MarHuta B HEMTPAIHHOM
Touke. MarHWTHBIN MOTOK yepe3 KOHTYp ABCD, 3aMBIKAEMBI YACTHIO
MATrHUTA4, PABCH HYJIO B JIIO6OIUI MOMCHT BPECMCHHU, TAK KAdK CHJIOBBIC JIA-
HYUW MATHUTHOTO TOJd JICXKAT B IJIOCKOCTH KOHTYpA. I/ISMGHGHHG Mmar-
HUTHOTO IMOTOKA TPU BPAIICHUM KOHTYPA TAKXE PABHO HYJIIO, 4 WHAYK-
[UOHHBIA TOK €CTh!

Ecm otueTsmBOo mpeacrasuTh ce0€, UTO MPUUMHOW BO3HMKHOBEHUS
OJC B TakoMm ycrpoiicTBe gBisercs cuia JlopeHua, AelcTBymomas Ha

Puc. 116. YHUNOJNSPHBII MHAYKTOP Puc. 117. K 0o0bacHEHMIO  JeHCTBUS
YHUIOJISIPHOTO MUHAYKTOPA

OJIEKTPOHBI B ABMIKYIIEMCS KOHTYPE, TO JIETKO coobpasuth, urto IC
JCHCTBUTEIBHO AOJKHA BO3HUKATH.

Iag Goabimell HAMISZHOCTH PACCMOTPUM BUAOW3MEHEHHBIA BAPUAHT
9TOr0 OmbiTa, KOraa KOHTYpP ABCD HmBUXETCS TOCTYNATEJAbHO BAOJb
MPOBOASIICH JIEHThI, TOMEIMICHHOM B OJHOPOAHOE MATHUTHOE TOJE
(puc. 117a). 3nech TakXXe MArHUTHBIN MOTOK YEPE3 KOHTYP M €r0 M3Me-
HEHWME PaBHBI HYJIO, HO Ha yuacTke BC HaA JJEKTPOHBI JAEUCTBYET CUIa
Jlopenua, 3acraBasionias wx ABUTATbCY BAOIb KOHTypa. BosHumkaromas
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OIC & = Blv Gymer Takoil Xe, KAK U B YCTPOMCTBE, MOKA3AHHOM HA
puc. 1176, rae BMECTO JIEHTH MMEIOTCS TMPOBOAIIINE PETbCHI, COSTUHECH-
HBIE B OJHOM MECTE.
A BOT B ycTpoiicTBe, mokazaHHOM Ha puc. 118, HA060pPOT, MATHUTHBII
notok mamensercs, a DJC MHAyKuuM OTCYTCTByeT. MarHuTHOE mMmoJe
HATIPABJIEHO MEPMEHANKYJISIPHO MOBEPX-
O o ©  HocTM MeTasIMueckoro aucrta. Ilpm BbI-
TITUBAHUM KOHTAKTHOM MPOOKM 3HAUM-
x TEJBHO YBEJMUMBACTCS TUIOMIAAb KOH-
Typa 4, CJEJOBATEIbHO, OXBATHIBAEMBIN
O] (©) UM MarHuTHHIM 1otok. Ecim Ob1 DIIC
WHAYKIWYU 306Ch OMpeAeasnach opmy-
goit & = — dD/dt, 10 pmomxeH Obul
O O O BO3HHUKHyTI) 3HAUUTEIbHBIN }/IHZ[yKL[I/I-
OHHBIN TOK, COIPOBOXIAKIMUUCSI BBIAC-
JIEHUEM JKOYJIEBOM TEIUIOTHL. JTa TEl-
JIOTA BBIAEAMIACH OBI 34 CUET PAGOTHI
cropornen cmael. Opmako pabora cTO-
POHHEM CHJIBL 37€Ch HUUTOXHO Majad. B caMoM aese, 3aMBIKAIOMAS KOH-
Typ KOpoOKa MrpaeT pojb CTOpoHbl ab pamku (cM. puc. 113) B paso-
OpanHOM BRIIIE mpuMepe. Pabora Agyopy OTPERCTACMAS dopmymoit (3),

CTPEMUTCA K HYJO NP YMCHBIICHUN INHUPWHBI l'IpO6KI/I l

Puc. 118. TIpu nepemerienuu mpod-
KM MAarHUTHBIN TOTOK M3MEHSETCS, a
2 C UHAYKIUU OTCYTCTBYET

dpieHe CAMOWHIAYKIAHM. BaXHBIM YACTHBIM CJIYyYaeM IJIEKTpPO-
MArHUTHOW WHAYKLUWWA SBIASETCI CAMOUHOYKUUSl, KOTAA WU3MEHSIOMMUNCS
MArHUTHBIN TOTOK, Bhi3biBaromui JJIC WMHIYKIUHU, CO3MAETCS TOKOM B
camoM paccmarpuBaemMoMm koHType. CornacHo 3akony JleHuma siBieHue
CAMOWHAYKLIWM TPEMSITCTBYET M3MEHEHWIO TOKA B KOHType. [loatomy
MpY 3aMBIKAHUM LEMHU, COACPXKAMEH MCTOYHUK TOCTOSTHHOTO TOKA, TOK
JOCTUTAET CBOETO YCTAHOBUBILIETOCH 3HAUCHUS HE Cpa3y, a MPU Pa3Mbl-
KAHUU LENU HE MOXET MTHOBEHHO MCYE3HYTb.

Paccmorpum, ot uero 3asucutr DC camomHaykuuu. MarauTHOE mMO-
Jie, CO3JaBAeMOE TOKOM B KOHTYPE WM KATYIIKE HEM3MEHHBIX Pa3MEPOB
u ¢dopmbl, B 000N TOUKE MPOMOPUMOHAIBHO cuiie Toka I. [Tostomy m
MArHUTHBIN MTOTOK D, MPOHU3BIBAIOIINI KOHTYP, TPOMOPLUOHATICH TOKY:

O=0LI (6)

HUuaykTueHOCTb. Koaddunuent nponmopnuonasbHOCTH L HA3BIBAETCS
UHOYKMUBHOCMbIO KOHMYpa WA Kodppuyuenmom camounoykyuu. Vic-
MOJIb3Y s 3aKOH dseKTpoMarantHor uHaykuwmu (1), gaa 3 C camonHayK-
WX TIOJYYaeM BBIPAXKCHUE

¢=—r9 (7)

dt’

[Mpu HemameHHbIx (hopme u pazmepax koHtypa IC camomHAyKIuU
MPOMOPUMOHATBHA CKOPOCTM W3MEHEHUS TOKA B KOHType. MHIyKTWB-
HOCTh KOHTypa L 3aBHCHT OT €ro pasMepoB u (DOPMBI, a TAKXE OT Mar-
HUTHBIX CBOWCTB CPEABI, B KOTOPYIO OH MOMEIUICH.
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Ha6uoneHue CaMOMHAYKUMH. SIBJICHUE CAMOMHAYKUMY JIETKO HAOJIO-
JaTh B OMNBITE, CXEMa KOTOpOro mpuseacHa Ha puc. 119q. Ise ogmHAaKO-
BbIE€ JIAMIIOYKH TMOAKJKOUEHbI K MCTOUYHMKY TOKA, OHA — 4Yepe3 OObIu-
HBIA peocTaT R, a Apyras — 4epe3 KaTymKy OOJbIION WHAYKTUBHOCTH,
HasbplBaeMyo dpoccesem. [lpu 3aMpIKaHUM KIr0ua mepBasi Jammouka Ji;
BCIIBIXMBAET MTHOBEHHO, a BTOpad JI, — C 3aMeTHBIM omo3gaHueM. Tax
MPOUCXOANT TOTOMY, UTO B JPOCCETC B HAUATBHBIN MOMCHT BO3HUKACT
Gosprrast DIC caMOMHAYKUIMA, KOTOPAs B COOTBETCTBHMMU C 3aKOHOM JIeH-
1A TPEMITCTBYET HAPACTAHUIO TOKA B OTOM BETBU LICTIH.

SBaeHne CAMOMHAYKIMY OOHAPYXUBAET CeOsl HE TOJBKO MPH 3aMBIKA-
HUM, HO ¥ MIPY PA3MBIKAHUK LEMHA. B 5TOM MOXHO yOeauThCs C TIOMOIIBIO
Lenu, CXeMa KOTopoi mpuseacHa Ha puc. 1196. [Ipu 3aMKHYTOM KIIrOue
TOK GaTaper Pa3BETBJSETCH: YACTh €r0 MPOXOOUT uepe3 rpyObiil rajabBa-
HOMETP, HYJIb KOTOPOTO HAXOOUTCS MOCPEIMHE IIKAJbI, 4 YaCTh — uepe3

a [

Puc. 119. Cxembl OnbITOB /it HAOMIOAEHUS] CAMOMHAYKIMU NPHU 3aMbIKaHuU (@) ¥ 1P
pasMbikaHuu (6) nenu

KaTyIKy WHAYKTUBHOCTHU. [Ipy pazMbIKaHUM KJII0Ua MATHUTHBIN TTOTOK B
KaTyIIKe HAUMHAET yObIBaTh, 1 BO3HUKAET DJIC caMOMHAYKUMH, IPETIAT-
CTBYIOLIAY CIIANAHMIO TOKA uepes KaTymky. Ho Gartapes yxxe oTk/oueHa,
MO9TOMY TOK BBIHYXICH WATH UYEPE3 TaJTbBAHOMETD, TIPUUEM B HATIPABJIC-
HUW, TPOTUBOMOJIOXHOM TEPBOHAUAIBHOMY. DTO M TOKAXET rajbBaHO-
METp, CTPEJKA KOTOPOTO OTKJIOHUTCS B MPOTUBOTIOJIOXHYIO CTOPOHY.

Ormerum, uto DIC caMOMHAYKIMU MOXET 3HAUMUTEIBHO TPEBHILIATH
DIC ucTounuka. ITUM U OOBSICHIETCS OMACHOCTH PE3KOTO OTKIOUECHUS
OT CHJIOBOM CETM MOIIHBIX DJCKTPOABUTATENEH, OOMOTKM KOTOPBIX 00/1a-
AT 0OMPUION MHAYKTMBHOCTBHIO. VX OTK/IIOUAIOT C MOMOLIBK) PEOCTa-
TOB, TUIABHO YMEHbBIIAS CHJIY TOKA.

CaMOMHAYKLMS — aHAJOr UHEPLUHU. SBJICHIE CAMOMHAYKIIMH B OIpe-
JEJICHHOM CMBIC/JIE AHAJIOTMYHO $SIBJICHUIO MHepuuu B MexaHuke. Ilogo-
6H0 TOMY, KdK MHCPOUSI NPUBOAUT K MOCTCOICHHOMY M3MCHCHUIO CKOPO-
CT! TCJaa AAXKC MPU MTHOBCHHOM NPWJIOXKCHUM CUJIbl, CAMOMHAYKIHNS HC
AACT TOKY MIHOBCHHO M3MCHATH CBOC 3HAUCHUC B BHeKTqueCKOﬁ nenu.
[TosTOMYy MHAYKTWBHOCTH KATYIIKM L MPEACTaBseT co0oil aHAIOr Mac-
CBl m, CJyXaleld Mepoil WHEPTHOCTHU.
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Enyauna vHAYKTUBHOCTH. B CU MHOYKTMBHOCTH M3MEPSIOT B TEH-
pu (T'a). UHaykTuBHOCTH KOHTYpa paBHa 1 ['H, ecam mpu cKopocTH m3-
MEHEHUS CHJIBI TOKA B HeM, paBHoM 1 A/c, Bosnukaer DIC caMoMHAyK-

o 1 B:
1B

1T =77 =

B-c
1 i
HNHAYKTUBHOCTb COoJieHouaa. 151 mpuMepa HalaeM WHAYKTUBHOCTD
JJIMHHOTO COJIEHOMA, UMEIOMEro N BUTKOB, TJIOMAAb CECUCHUS S U JJINHY
[. apyKumst MAarHUTHOTO TIOJISE BHYTPH TAKOTO COJICHOMAA COTJIacHO ¢hop-
myse (9) § 15 paBua

—_, N 8

B=y, 1. ®)

MarauTHBI noTOK @, Uepe3 MONMEPECUHOE CCUCHUE COJICHOMAA S paBcH
@, = BS =y ¥ 51,

a cymmapubii motok @ uepes sce N BuTKOB Oyzaer B N pa3 Gosbuie:

2
® = NO, =y, - 51. (9)

Cpasnausag (9) u (6), noxyuaem
2
L=y, NTS (10)

BBozs UMCI0 BATKOB HA EIMHHILY MIHHH 7 = N/[, 3TOMy BBIpaxe-
HUIO MOXHO MPUAATH BUA
L= p,n*v,

e V = Sl — 00beM coieHOMaA, BHYTPH KOTOPOTO B OCHOBHOM M COCPE-
JIOTOUEHO MATHUTHOE IIOJIE.

Buxpesbie TOKM. B TexHWKEe $IBJICHHME IJIEKTPOMATHUTHOW WHIYKIWH,
HApSIQy C MUPOKUM CIIEKTPOM TOJIE3HBIX MPUMEHEHWU, WHOTAA OOHApY-
XuBaeT ce0d M HeXeaaTeJbHbIM 00pa3oM. [IpuMepoM MOTYT CIIy>KUTh
TAK HA3BIBAEMBIE GUXPeGble MOKU, I moki Dyko. DTO 3aMKHYTHIE
OQJIEKTPUUYCCKUEC TOKM B MACCHMBHBIX CIVIOIOHBIX IMPOBOOAHMKAX, BO3HMKA-
omuc JII/I60 npu M3MCHCHUM IPOHMU3BIBAKOIICTO WX MATHUTHOIO IIOJIA,
JII/I60 npu ABUKCHUU TIPOBOOSIICIO TCJIA B MATHUTHOM IIOJIC. BHXpeBbIe
TOKM 3aMBIKAIOTCS HEMOCPEACTBEHHO B MpPOBOAAIICH Macce, o0pasysd
BUXPEOOpPA3HbIE KOHTYPHI.

Cornacuo 3akony JleHIa, co30aBAEMOE BUXPEBBIMM TOKAMM MATHUT-
HOC IIOJIC HAIIPABJICHO TAK, 1ITO6I)I KOMIICHCUPOBATH U3MCHCHUEC MATHUT-
HOTO MOTOKA, MX MOPOXIAAKONIEE. B pe3yabTaTe HA ABMXKYIIUICS B Mar-
HATHOM TIOJIE MACCHUBHBIN IIPOBOOHUK Z[eflCTByeT TOpMO3dmiad Cujaa, Ha-
NpaBJCHHAYI TMPOTUB ABVXXKCHUA U NPOMOPIMOHAJIbHAA CKOPOCTH.

[MTpogsaeHue TokoB DYyKO MOXHO MPOAEMOHCTPUPOBATH B CACTYHO-
mem mpoctom ombite (puc. 120a). B 3a3ope Mexay mosocaMu CHIBHOTO
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onektpomarauta (/ m 2) Kauaercds MagTHWK, HA KOHIE KOTOPOTO 3a-
KpEIJICHA CIuIomHag MeaHad miaactuna (M), I[pu BKIOUEHHH DJEKTPO-
MArHUTA KOJAcOAHMI MAgTHUKA OUeHb OBICTPO mpekpamarorcd. Ecam 3a-
MEHHTH CIUVIOIIHYK TUIACTHHY TAKOW XK€ MO pasMepaM IJIACTUHOM C Mo-
nepeudbiMu  paspesamu  (puc. 1206), TO BKIIOUEHHME SJEKTPOMATHUTA
MOUTH HE CKA3BIBAECTCS HA 3aTyXaHWW KOJcOaHMIA.

BuxpeBble TOKM BBI3BIBAKOT HE TOJBKO TMOSBJICHHE MEXAHMUECKUX
CHJI, HO ¥ BBIAEJICHUE JKOYJIEBOM TEIIOTH. BO MHOIMX 2J€KTPOTEXHU-
YECKMX YCTPOMCTBAX A OOpHOBI C OTUM MATHUTOMPOBOABI (CEPACUHUKM
TpaHcHOPMATOPOB, FIKOPW OJAEKTPUUECKMX MAIIWH) HAOMpAIOT M3 OT-
JEJBbHBIX M30JMPOBAHHBIX APYT OT APYra XKEJE3HbIX INJIACTHUH.

B cBepxmpoBogHMKAX MHAYKUMOHHBIE TOKM BO3HUKAKOT HE B TOJIILE,
a B TOHKOM MPHUIIOBEPXHOCTHOM CJ0€. TakK MPOMCXOOUT MOTOMY, UTO
MArHUTHOE IIOJIE HE IPOHMKAET B IIyOb cBepxmpoBogHuka (oddext
Meticcaepa). B cBepxmpoBogHMKAaX WHAYKIUOHHBIC TOKW HE 3aTyXaroT.
WX npossiacHUE AEMOHCTPUPYETCS B S(PGHEKTHOM OMBITE, KOraa HeOOb-

4

Puc. 120. Jemoncrpanus TokoB Dyko (@) u ux ucnonszoBanue st AeMrndupoBaHus Kosie-
GaHMit CTPEJIKU DJIEKTPOUBMEPUTENBHBIX TPUGOPOB (H)

LIOH MOCTOSIHHBIN MArHUT, MOXOOHO rpody Maromera, 6e3 BCAKOI OMOpHI
BUCHUT HAJ OXJIAXIAEMOM >KUAKUM A30TOM TAOJETKON M3 CBEPXIPOBOAS-
el KepaMuKM, OTHOCSMIEHCS K TAK HA3BIBAEMBIM BBICOKOTEMIIEPATYP-
HBIM CBEPXIPOBOAHUKAM.

e Tlokaxure, 4TO B KaXXI0M U3 M300paskeHHbIX Ha puc. 108 — 110 onbITOB BO3HUK-
HOBEHHE MHAYKI[MOHHOIO TOKA CBSI3aHO C MePeceYeHUEM KaTyIIKM MAarHUTHBIMU
CWJIOBBIMM JIMHUSIMU, B PE3YJIbTATE UEr0 MPOUCXOAUT U3MEHEHME Ul cJla CUJIOBBIX
JIMHUI, 0XBATbIBAEMBIX KOHTY POM («CLEINJIEHHBIX» C KOHTYPOM).

e [lokaxure, 4YTO B COOTBETCTBUM C 3aKOHOM JIeHIa OTKJIOHEHHUS CTpPEJIKU
rajbBaHoMeTpa B omnbiTax Ha puc. 108 —110 geiicTBUTEIBHO AOJIXKHBI IIPOMC-
XOAWUTDb B IPOTHBOIIOJIOXXHBIC CTOPOHBI IIPU IMPSIMOM M 0OpaTHOM AEHCTBUSX,
KakK OblJIO YKa3aHO B TEKCTE.

e QObsICcHUTE pE3yabTaThl OIIbITA 10 BABUTI'AHUIO Marimurta B CIIJIOIITHOC U pa3pe3aH-
HOC KOJIblla, YKPCIJICHHBIC Ha MOBOPavYMBaIIEMCA KOPOMBICJIE (pI/IC 111).
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e [lokaxwure, uTO IpaBujio l'lpaBOﬁ PYKU AJid ONIpeAc/ICHUS HallpaBJICHUA MHAYK-
LIUOHHOI'0 TOKa B ABUXYIIEMCH ITPOBOAHUKE COMVIACYECTCH € 3aKOHOM Jlenna.

e OOBsCHUTe KaueCTBEHHO, Kak 3akoH JleHIla cBS3aH ¢ 3aKOHOM COXpaHEHHs
SHEPIUH.

e UYro MOXHO cKasaTb O (DU3MUECKOM IPUPOAE CTOPOHHUX CHJI B SBJICHWUU
9JICKTPOMArHUTHOM MHAYKUMKU? CKasbiBaeTcs JIM OHa Ha (hOPMYJIMPOBKE 3a-
KOHA 3JIEKTPOMAarHUTHOM uHAyKuuu (1)?

e [lpuunHa BO30YXKACHUS MHAYKIIMOHHOIO TOKA B OOMOTKAaX 3JICKTPOreHepaTo-
pa — oro cuia Jlopenua. Ho oHa HamnpassieHa NepHeHANKYJISPHO CKOPOCTH
3apsaoB U paboTel He coepluaeT. KakuM ke 0O6pasoM B a/IeKTporeHepaTope
MPOMCXOAMUT TpPeBpalleHUe MEXaHUUECKOM SHEPTUU B DJIEKTPUUECKYI0?

e Kak 00bSICHUTb BOZHUKHOBEHUE WHAYKIIMOHHOI'O TOKa B 3aMKHYTOM KOHTYPC
B TEX CJiyuasdX, Korjga CLICTIJICHHBIN C KOHTYpPOM MarHUTHBIM MOTOK HE MEHS-
€TCd, HaAllpUMEP B YHUIIOJISIPHOM I/IHl[yKTope?

e Bo03MOXHBI /iU CJIy4au, KOTAa MArHUTHBINM MOTOK usMmeHsercd, a DJC uHgyk-
1IUU OTCYTCTBYET?

e B ueMm 3akjouaercd gBJIEHUE CAMOWHAYKIIUU?

. HOKa)KI/ITC, UTO IIPU 3aMbIKaHUU LCIIU, COZ[Cp)KaH.[Cﬁ KaTylulKy MHAYKTUBHOCTH,
OeUCTBUE 3HC CaMOVMHAYKIMU MPUBOAUT K 3aMCAJICHUIO HapaCTaHU4A TOKA.

¢ [logacuure Kaue€CTBEHHO, MOYEMY QHC CaMOMHAYKIMK KaTyHIIKW IPOIOPIHNO-
HaJiIbHa KBaApaTy 4ucjia BUTKOB.

e Eciu HazeTh MelHOEC WK aJIOMUHUEBOEC META/UIMUECKOE KOJIBLIO Ha cepAcd-
HUK 2JIEKTPOMArHura, TO MPU BKJIFOUECHUHU dJICKTPOMArHUTA KOJIbLO OyKBaJib-
HO «BBICTpEJIMBAET» ¢ cepAeyHUKa. OOBICHUTE OEHUCTBUE TAKOW «3JIEKTPO-
MarHUTHOM IYLIKU».

§ 18. dnekTpMyeckMe MalMHbI NOCTOSHHOIO TOKA

Kak yxe oTrmeuasoch, mMpuHOUT AEHCTBUS JJIEKTPOABUTATEICH OCHOBAH
HA WCMOJIb30BAHUYU CWJIbI AMriepa, AEHCTBYIOMICH HA TPOBOOHUK C TO-
KOM B MarHuTHOM moje. OmHako mpu pabore 9JEKTPOABUTATENS MPUH-
UUIUAJBHYK POJb WIPAET SBJCHUE CAMOMHAYKLUMHA B €ro OOMOTKAax.

Moaesb 3JeKTPUYECKOM MalIMHbl. PaccMOTpyM ympomeHHYo JWHEH-
HYK MOZAE/Ib JJEKTPUUecKor Mamuubl (puc. 121): mposoasmuii KOHTYP
C BKJIIOUEHHBIM B HETO0 MCTOYHUKOM ToKa ¢ DJIC & moMemaercda B OQHO-
pomHOe MarHuTHOE mosie. [logBMXKHAST 4YacTh KOHTypa — CTEPXCHBb
AC — Moxer 03 TpPEHUS CKOJb3UTh IO PEIbCAM.

O6o3naunMm uepe3 [ cuay Toka B KOHType. Ha mopBmXHYH uyacTh
KoHTypa AC meuctByer cuwia Ammepa F » = IBl, nanpaBieHHas, KaK Mo-
Ka3aHo Ha pucyHke. Cuna Amnepa He 3aBHCHUT OT TOTO, TIOKOUTCS CTEp-
xeHb AC wam aBwxercd. Ecau Mbl XOTMM, 4TOOBI CTEPXKEHb ABUTAJICH
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PaBHOMEPHO, HEOOXOAMMO MPUJIOXHUTh K HEMY BHEIIHIOK CHIy F, KOTO-
pas B 1000 MOMEHT ypaBHOBelmMBaia Obl cuy Ammepa.

[TycTh 32 mPOMEXyTOK BpeMeHn A7 CTEPKEHb MEPEMECTHIICT HA pac-
crosHre Ax B HampaBJcHUU AcUcTBUS Cwibl Ammepa. Hanwmem ypas-
HeHue Oananca oHeprud. 3a BpeMs Af MCTOUHUK COBEpIIMI paboTry
&1 At. Tlpu 5TOM BO BCEX MPOBOAHMKAX BBIACIMIACH AXKOYJEBA TEILIOTA
I?R At, Tne R — NOJIHOE CONpOTHBJICHNE nenu. Kpome Toro, cosepmmaa
pabory cuna Ammepa:

AA=F, Ax=1Bl Ax=IB AS =1 A®. (1)

Kaxk coBepiieHne 5Toit MEXaHUUECKOM pabOThI, TAK M BHIACICHUE TEILIO-
THl MPOUCXOAUT 34 CUCT ACHCTBMA MCTOYHMKA TOoKa. Ha ocHoBaHumm 3a-
KOHA COXPAHEHWS ODHEPIrUM COBEPIICHHAY WMCTOUYHMKOM paboTa paBHA
CYMME BBIAEJUBLIENACS TEIJIOTH M pabOThl Cujibl AMmepa:

I At=I?RAt+ I AD, 2)
OTKYyAad, MEPEXoad K Mpeaciay At—0, nna cuast Toka [ moJay4dyaeM
7=¢ —d®/dt (3)
- R

Comocrasagas 5TO BBIpaXXeHHe ¢ 3akoHOM OMa AJId MOJIHOM LEMU, MBI
BuauM, uto posib D/C urpaer BesiMurHA, COCTOSIIIAS U3 BYX CAAracMbiX:
n3 DJ1C nucrounnka Toka & u u3 peanunabl —dP/dt. IToT wien npeacras-
ager coboit gobasounyio DIAC (BAC unaykuum), 00yCAOBIEHHYIO AEACT-
BHEM CTOPOHHUX CHJI IIPY ABH-

XeHun yuactka AC. B

OGpatuM BHUMaHue Ha 7 l7C T<—T
TO, YTO NPHUBEACHHBIE pac- Ay N %\2
cyxaeHns (pakTHUecKu mpen- 7 ? T T gL+
cTapasloT oS0t BLBOA 3aK0-  F, // | F /s\___j -
HA OJICKTPOMATHUTHOH WH- VY
AYKOAXA C TOMOLIBIO 3aKOHA Ax A —

COXPAHEHMSI JHEPTUU.
PaCCMOTpeHHbII/I HOPUMEP  pye. 121. K sHEpreTMuecKUM IpeBpaIIeHUSIM IPU
MOXKHO IPEACTABUTDb KAK YI-  51eKTPOMATHUTHON UHIYKIMU
POIICHHYIO MOZAEJb JJCKTPO-
JBUTATES TMOCTOSIHHOTO TOKA. Kak BugHO w3 ypaBHenus (2), oHeprus
MCTOYHMKA TOKA MCIOJb3YETCS AJs COBEPLICHWS PAa0OThl HAH BHEIIHU-
MU TEJaMU M YACTMYHO PACCEMBAETCS B BHMAC AXKOYJICBOM TEmioThl. M3
dopmynbr (3) BUAHO, KAKYIO POJIb MTPAET SIBJACHHUE DJIEKTPOMATHUTHOM
MHAYKOMA B pabore osektpoaBurarens. ViMenHno Giaromaps 5TOMY SIB-
JIEHUIO HE BCA paboTa MCTOUYHMKA MPEBPAINAETCS B TEIUIOTY.
Tenepp mpeamnosoxuM, uto CrepkeHb AC CKOJB3UT B IPOTHUBOIO-
JIOXXHOM HAIpPABJCHUU, T.€. B HANPABJICHUM ACUCTBUS BHEIIHEH CHJIBL.
IIpu sTom paGora cunbl Amnepa F, orpuuarenpha, tTak kak Ad = 0.

Pasuag et mo moaysro pabora BHEwHEN cuibl F mojoxureabHa. Jxoy-



168 III. QJTEKTPOMATHUTHOE IIOJIE

JIEBA TEIJIOTA TEMEPh BHIAEASIETCS KAK 3a CUET paboThl MCTOUHHMKA TOKA,
TaK W 3a cueT paboThl BHEIIHEH Cwiabl F. 3aKOH COXPAHEHWS SHEPrUM
VMEET BHJ

ETA+ 1 |AD| = I’R At, (4)
OTKyAa, mepexons K mpeaeay Af— 0, moayuaem
[ = Lo 1aoldn (5)

B orom cayuae ycrpoiictBo paboraer kak reneparop. Jlaxe ecaum Mbl
yb6epem ucrounuk Toka (& =0), B uenu BCce paBHO OyAET MATH TOK U
BBIAEAATBCH Temaora. M3 ypasuenus (4) BuaHO, uTO 5TO OymeT mpowmc-
XOOUTh 33 CUET pabOThl BHELIHEH CHJIBIL.

O6paT¥M BHMMAHME HA TO, YTO HA CAMOM JEJI€ HET HEOOXOAMMOCTH
paccMaTpuBaTh ITHU CAyUYaW — OIJICKTPOABUIATCIb WM TCHEPATOP MO OT-
aenpHocTH. JIerko BUAETh, uTO ypaBHeHue Gananca sHeprum (2) u ypas-
merne 3akoHa Oma (3) oxsareiBaOT 00a Cayuas, €CJIH TOJBKO yUUTHI-
BaTh 3HAK m3MeHeHud marauTHOro motoka A®D. Takum oOpasom, ogHO
n TO X¢C ychOﬁCTBO MOXET CIAYXKWUTb MOACIBIO W JJICKTPOABUTATCIA, U
reneparopa. Ero paGora B J000M peXHMME ONMUCHIBAETCS ONHUMH M TEMU
XK€ YypaBHEHMIMM. B 51EKTPUMUECKOM MAIlWHE HANpPABJEHUE MpPeodpaso-
BAHMI DHEPIUU MOXET ObITh M3MeHEHO HA obpaTHoe. CBOMCTBO oOpaTu-
MOCTH NPUCYIIC BCEM MAIIWHAM NMOCTOSIHHOTO TOKA W MIMPOKO MCHOJIb3Yy-
€TCAd B TCXHUKC.

THnbl 3J€KTPUYECKUX MAIIMH. KOHCTPYKTHBHO DIEKTPUUECKHME MAIIK-
HbI MMOCTOAHHOTO TOKA4 MOTYT 6bITb BBIMIOJTHCHBI TIO-PA3HOMY. OCHOBHOC
pasauumMe 3aKJIIUYAETCI B CIOCO0E CO3MAaHUS MATHUTHOrO mojd. B mpo-
CTEUIINX MAJIOMOLIHBIX MOTOPUYMKAX UCHOJb3YKOTCA MOCTOIHHBIC MATHU-
THhI. B TCX Cayuadx, KOraa st ITOU LCIN UCIONIb3YCTCA SJICKTPOMATHHUT,
ero oOMOTKA COEAMHSIETCS C OOMOTKOM JKOps MO0 mapaaieabHo (uryH-
TOBad MaluHa), JuO0 MOCAEIOBATEAbHO (cepuecHas MamuHa)., Bos-
MOXXHbBI U KOM6I/IHI/Ip0BaHHbIe CXEMbI COCAMHCHUYI (KOMHayHZ{-MaU.II/IHbI).

Kaxnaﬂ U3 TAKUX MAIIUH UMCECT CBOU AOCTOMHCTBA W HEAOCTATKMH.
IIns myHTOBBIX ABWUTATEJNEH XAPAKTEPHO MAJIOE W3MECHEHUE CKOPOCTH
BPAIICHUS SIKOPSI B MHWPOKUX TMPEAECIaX M3MECHCHUS MEXAaHWUECKON Ha-
rpy3ku. CepuecHble MAamWHBI 00ECEUMBAIOT OOJBIION KPYTALIMA MO-
MCHT IIPpU TPOraHuM C MECTA W MOTOMY HAXOAAT IIMPOKOC NMPUMCHCHUC
Ha tpancrnopre. CKOpOCTh MX BPALIEHUS CYIMIECTBEHHO MEHIETCS TIPH U3-
MCHCHUU HATPY3KHU.

Ycaosusa padoThl 3JeKTpoABUraTes. PaccMOTpUM TOAPOOHEE DJIEKT-
pPOABUTATEC/IL MOCTOAHHOTO TOKA C HC3aBUCUMBIM BO36y)KZ[eHI/IeM, Korga
MAarHUTHOE MOJE CO3AaeTcd Au00 MOCTOSHHBIM MArHUTOM, JAU00 0OMOT-
KaM¥, BKJIIOUEHHBIMU TAPAIESbHO JKOpo. [as mpocToTsl OyaeM mpe-
He6peraTb OHEPrCTUUYCCKUMHU TIOTCPAMU, CBA3AHHBIMU C CO3JAHUEM MAr-
HUTHOTO TOJIS.
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[Tycth compoTuBieHne OOMOTKH SKOPSl PABHO R, M ABUraTe/b BKJIKO-
UYEH B CETh C MOCTOSHHBIM Hampsxenuem U. [lpeneGperas TpeHuem B
NOALIMITHAKAX, UCCAEAYEM YCAOBHS PAOOTHI OJEKTPOABUTATENS: HAUAEM
3aBUCHMOCTh TOKA B LIEMH, MOJHON MOTPEOISIEMON ABUraTEJIEM MOIIHO-
CTM W MEXAaHWUYECKOW MOIIHOCTH, PAa3BUBAECMOW [ABUTATEJIEM, YTJIOBOM
CKOpPOCTM BpamIeHWs SKOpS M KoddduumeHTa moOSEe3HOr0 ACUCTBUS OT
MEXaHUYECKOU HATPY3KH, T. €. OT MOMEHTA BHEIIHUX CWJ, AEUCTBYIOMMNX
Ha S9KOpb.

[Tpeanonoxum, uTo K SIKOPIO JJAEKTPOABUTATENS CO CTOPOHBI MEXa-
HMYECKOW HArpy3KM TPUIOXKEH MOCTOSHHBIM BpPAIIAIOMUAN MOMEHT M.
Bymem paccmarpuBath paboTy 9JEKTPOABUTATENSE B CTALMOHAPHOM pe-
JKMME, KOTJa yIJIOBAasi CKOPOCTh BPAIICHUS SKOPS  HE MEHSIETCS CO Bpe-
meneM. [lycte B menm gkops maet Tok /. Bocnosbayemcs 3akoHOM CO-
XPAHCHUS OJSHCPIrum: HOTpe6JI5[eMYIO ABUTATCIAEM OT CCTU MOIMHOCTH
P = IU npupaBHIEM CyMME MEXAHUUECKOM MOIMHOCTH P, pa3BHBAEMON
ABUTATEJIECM, U Z()KOYJIGBOﬁ TEIJIOTHI, BHZ[GJIS[IOH.IGfICS[ B dKOPC B CAMHULLY
BPCMCHM:

IU=P + I’R. (6)

TTockombKy TIpHM BPAIICHAW 9KOPSI B TIOCTOSHHOM MATHUTHOM TIOJE B
ero obmorke BozHukaer DJC mHAYKUMU, TOK [ ONPENENIeTCS 3aKOHOM
OMa 119 HEOTHOPOOHOTO YUaCTKA TETIH:

U—¢%
I=—7 (7

rie & — abcosmoraas BesmunHa DI C caMOMHAY KWW,
CpasuuBas 3t (OpPMYJIBI, JIETKO YBUAETh, UTO

p, = I¥. (8)

DTO COOTHOIIEHWE, PA3yMEETCsl, OUEBUAHO, €CAU BCOOMHHUTH, uto DJ1C
CAMOMHAYKUMU W TPEACTABIIET Co00i paboTy CTOPOHHHMX CHUIL.

HOCKOJIbe npu HE3aBUCUMOM BO36y)KIleHI/II/I MATHUTHOC IOJIE CTATO-
pa mMOCTOIHHO, TO CKOPOCTh M3MCHCHUS MATHUTHOIO IMOTOKA M, CJACAOBA-
tesabHo, DA C MHAYKUUU MPOMOPLUOHAIbHA YIJIOBOM CKOPOCTH Bpamic-
HUS 9Kops . [TosTomMy paBeHCTBO (8) MOXHO mepenucaTh B BUAE

P, = Ikw, (9)

rae k — koahdunumeHT mponopIUMOHATBHOCTH, 3aBUCIIOUNA OT WHAYK-
UMM MATHUTHOTO TOJISI CTATOPA M OT KOHCTPYKLUWMH 3JICKTPOABUTATES,
T. €. OT pa3mepoB u opmbl 0OMOTKH skops. C ApPyroit CTOpOHBI, pas-
BUBAcMas [BUTATCJICM MEXAHUUCCKAS MOLIHOCTh TIPH PABHOMEPHOM
BpPALICHUM $IKOPS pPaBHA TPOM3BCACHUIO MCXAHMUYECKOTO MOMEHTa M
HA YTJIOBYIO CKOPOCTB:

P,=Mo. (10)

N3 cpasuenns oipaxkenuit (9) u (10) BuguM, 4TO MpHM yCTAHOBHBIIEM-
CSl BPAILICHUH IKOPSI TOK B €r0 0OMOTKE MPOMOPUMOHAJIEH MPHIOXKEHHO-
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MYy MEXaHHYECKOMY MOMEHTY:
I=M/k. (11)

Opnako u3 coorHourenus (7) caeayer, uTo TOK HE MOXKET MPEBHIILIAThH
3HAUCHUS
Iax = U/R, (12)

KoTopoe gocruraercst pu & = 0, T. €. TPy HETOABMXKHOM SIKOpE. DTO 03-
HAuUaeT, YTO MAKCUMAJbHBIM MEXAHUUECKUUA MOMEHT, KOTOPBIA MOXET
pa3BUTh ABUTATECJIb, PABCH

M = kU/R. (13)

Ecau MOMEHT BHEIIHMX CHJI, AEHCTBYIOMMX HA SKOPb, OYAET MpPEBbI-
mIaTh 5TO 3HAUYEHHE, TO IKOPb OyAeT BpawIaThCs B MPOTHBOMOIOXKHYIO
CTOPOHY W ABMIaTe b OydaeT paboTaTh Kak TEHEpaTop.

MakcuMaabHad MOIHOCTH Aguratend. Mrak, ws pasencrsa (11) coe-
AYET, UTO 3aBUCHMMOCTh TOKA B SKOPE OT MPUJIOXKEHHOTO MEXaHUUECKOTO
MomeHTa JmHerHas (puc. 1224), mpuueM MakKCHMAJbHBIC 3HAYCHUS |

u M, naotcs dopmynamu (12) u (13).
IMoasag MOMHOCTH, MOTPEOAIEMAT JIEKTPOABUTATEEM OT CETH, ECTh
P=1U=UM/k, a ee MAKCUMAIbHOE 3HAUCHUE
U2
Pmax = ImaxU = R

max

3aBuUCMMOCTh MOTPEOAIEMO MOIMHOCTH OT M TpEeacTaBjJ€HA Ha
puc. 1226 npsamoit 1.

C nmomompio ¢opmya (6) m (11) BeIpakeHue IS MEXaHUUYECKOM
MOLIHOCTH, Pa3BMBAEMOM ABUTATEIEM, MOXHO TMPEICTABUTh B BUIE

U R
PM=TM—PM2. (14)

D10 ypaBHeHue mapabosibl, BETBM KOTOPOM HAMpaB/JCHB BHU3 (KpuBas 2
Ha puc. 1226). Mexannueckas MOIMHOCTh ABUTATEd 00pamiaeTcs B HyJIb
npu M =0, 1.e. mpu paborTe ABUraTess HA XOJOCTOM XOAY, M MIpHU
M = M,,x, KOrIa 9KOpb HE BpALIAETCH. CoBceM HETpYOHO yOemuThCd,
YTO MAKCMMAJIbHOC 3HAUCHWE MEXAHWUECKOW MOIIHOCTH ABUTATEIS I0-
cruraercst mpu M = M, /2 u paBHO

1 102

PMmax=ZPmax=4R (15)

KIIJI npuratens. Koadduument none3Horo qeiicTBUS ABUTATENS, OMpe-
IEAIEMBbIM KAK OTHOIICHUE MEXAHWUECKOM MOIIHOCTH K MOJHOM MOIIHO-
CTH, IOTPEOJIEMON OT CETH, PABEH

P
M _ |

n="3 M. (16)

- R
kU
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3asucumoctb KIII or M mpeacrasiaeHa Ha puc. 122¢. [Iag ompene-
JIEHUS 3aBUCMMOCTH YTIJIOBOM CKOPOCTH SKOPS OT MEXAHWUYECKON HATPY3-
xu BepHemcs K (popmyne (10). Moxcrasass B vee P, u3 (14), moxyuaem

o= U/k — (R/k*)M. Tpadux 3aBucumMoctTd « OoT M — TakxXe npsamas
(puc. 1222). Tlpu OTCYTCTBMYM BHEIIHEW HATPY3KH, T. €. HA XOJOCTOM XO-
Iy, YIJI0Basi CKOPOCTh MaKCHMAJIbHA:

w, = U/ k. (17)

C nmomourpro opmysbl (17) koodUUIUEHT MPOMOPUUOHAIBHOCTH &
Mexay DJC caMOoMHAYyKUIMK ¥ YIJIOBOM CKOPOCTBIO ), BXOAIIUN B (hop-
MyJly /IS MCKOMBIX BEJIMUYMH, MOXHO BBIPA3UTh UEPE3 YIVIOBYKO CKO-
pOCTb  XOJIOCTOTO XOAa ®,, KOTOPYIO
JIETKO M3MEPHUTh HA OMBITE. I a

IlpuBenecHHEBIC HA PUCYHKE 3aBUCH-
MOCTH HATJISOHO WUTIOCTPUPYIOT YCJIO-
Bug pabotel osnekrpoasurareas. Ctpem-
JICHUE TIOJIyYUTh OT JAHHOTO OJJIEKTPO-

. 0 My M
JBUTATEITS BO3MOXHO GobLINIA p
BpPAIIAOMIMIA MOMEHT HEM30EXHO MpH- Py |—-—————————— 6
BEAET, KaK JTO BHAHO M3 puc. 1226,6, K 1 I
TOMY, UTO MEXAHWYECCKAs MOMIHOCTh |
nsuratens u ero KIIO Oyayr Kpaiine p 5 I
HU3KUMH, a YIJIOBAd CKOPOCTh SKOpH MO Z—="T—= I
Osu3ka K Hyawo. [Toutn Bea morpebase- 7 ' YT,
Mad OpW 3TOM OT CETH SHEPrud HmOUaeT " 1 2 max

HA HATPEBAHME OOMOTKM GKOP4. 1 ¢
Insg moxyuyeHus MakCHMMAaJbHOW MO-
JIE3HOW MOIIHOCTH OT JAAHHOTO ABHUTATE-
JIS MEXAHWYECKYI0 HATPY3Ky HeoOxomm-
MO pACCUMTHIBATH. MEXAaHMUECKMIA MO- 0
MEHT BHEIIHMX CUJ JOJDKEH OBITh ®
paBEH TOJIOBMHE MAKCHMMAJIbHOTO MO- ) ¢
MEHTA, KOTOPHI MOXET pA3BUTh NAH-
HBIA OJIEKTPOABUTATENb, ITOTO MOXKHO
JOOUTBCS WMCMOIB30BAHMEM PEIYKTOPA.
Koaddunmenr monesnoro pgeiicTBus 0 My M
ABUTATCA, D aGorafomero B TakoM pe- Puc. 122. 3aBUCMMOCTb TOKA B 00-
xume, pasen 0,3. MOTKE SIKOPst (@), TTOJIHOM U TIOJIE3HOI
Jl1o0y10 MEXaHW4eCKyl MOIIHOCTh  womuoctu (6), KIIJL (6) u yriosoii
P, MEHbBIIYI0 MAKCHMAaJbHOH, MOXHO CKOPOCTH sKOpsi (¢) OT MOMeHTa
BHEIIHUX CUJI
MOJIYUYUTh TPU JBYX 3HAUCHUAX MOMEH-
Ta BHEWHUX cua M, u M, (puc. 1226).

HOng momyuenmnst Bbicokoro KII/JI mpu 3amaHHON MONE3HOW MOIIHOCTH
C/IeAyeT, KaK BUAHO u3 puc.1226, BHIOMPATh MEHBIIEE 3HAUCHUE MOMEH-
Ta BHCIIHMUX CHJ M,: mpy 9TOM OCCHONE3HbIN PACXOA DHEPrUH HA HArpe-

BaHWE OOMOTKM IKOps OyaeT MEHbLIE.
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3apaua

AKopb 2/1eKTPOABUraTesIsl MOCTOSIHHOTO TOKA € HE3aBUCHMBIM BO30YKACHUEM
norpebasier oT cetn Tok /. Uemy pasen KIIJI gsuratesns npu pabore B TaKOM pexu-
Me, €CJIM IPU TIOJTHOM 3aTOPMakKMBaHUU SIKOPSI CUJla TOKA B HEM BO3pacTaeT [0 3Ha-
uenus I,? TlorepsmMu Ha TpeHHUe TIpeHEOpeUb.

Pemenue. KIIJ snexkrpoasuraTesiss — 3TO OTHOLIEHHE Pa3BUBAEMOI UM Me-
XaHUUYECKOM MOIIHOCTU P, K 1IOTpebISeMOI IKOPEM OT CETH 3JIEKTPUUECKOM MOIIL-
HocTh P: W) = P /P. Tlorpebnsiemas MOLIHOCTb paBHa, oueBuaHo, P = U, rae U —
HalnpsKeHue ceTu. MexaHMuecKass MOIIHOCTb B coOTBeTcTBMU c (8) paBHa
P,=1I&, rne & — OJIC caMOMHAYKIINHM, BOZHUKAIOLIAs MPU BpalleHUH 06MOTOK
SIKOPSl B MATHUTHOM T10J1€ TIPU 3aJaHHOM B YCJIOBUU pexkUMe paboThl Apuratesns. Ta-
KHM 00pasom,

1]=

| v

_z (18)
U

OtHoteHue &/U JIETKO HANTH, €CJIU BOCIIOJIB30BATHCS 3aKOHOM OMa [UId Kax-
JI0T0 U3 paccMaTpuBaeMbix ciyudaes. [Ipu satopmoxkeHHoM skope DAC uHaykuuu
OTCYTCTBYET U CHJIa TOKa /; OIIpEAessieTCsl COOTHOLIEHHUEM

Iy=U/R. (19)

HpI/I BpallaolIEMCd dKOPE CUJIa TOKa B HEM OINPCAC/IAETCH 3aKOHOM Oma A1
HEOAHOPOAHOI'O yuacTKa LCIN:
I=(U—%)/R. (20)

Pasgenus nouneHHo (20) Ha (19), BeipaxaeM oTHolieHHe &/U depes OTHOLIE-
HMe TOKOB //1, mocnie uero ¢ nomouibio (18) momyuaem
1
n=1——.
IO
DTOT pe3y/bTaT MOXHO, pasyMeercs, MOJYUUTh U U3 MPUBEICHHOM B TeKcTe (op-
Mysel (16), ecnu saMeTuth, uto B Heit U/R =1, a M/k, kak cienyer us (11),

paBHO CHJIC TOKa B SKOPE IIpU €ro BpallCHUMU.

e TlosgcHuUTE OMUCAHHYIO B TEKCTE JIMHEHHYIO MOIEJb SJIEKTPUUECKON MAIIUHBI.
B KakoM cjyuae OHa COOTBETCTBYET DJIEKTPOABUIATENIO U B KAKOM — 3JIEKT-
poreHepatopy?

e  OOBICHUTE BO3MOXHOCTb MCIIO/Ib30BAHUS SJICKTPOABUrATEIsl TOCTOSIHHOTO TO-
Ka B KauecTBe OJIEKTPOreHEpaTopa, OCHOBBIBASICh Ha 3aKOHE COXPaHEHUS
SHEPIUH.

e Ucrosb3yst aHaJIOTHIO MEXAY IOCTYNATEIbHBIM ABHUKCHUEM W BpAIICHUEM,
NOKaXKMTE CIPaBEAIMBOCTb (opmyibl (10) P, = Mw A1 MOUIHOCTH, pas-
BHUBAEMOI MEXaHUYECKHM BpPAIAIOLUIUM MOMEHTOM M.

e [louemy asiekTpoaBUraTe/b MOTPEO/ISET MAKCHUMAJIBHBIN TOK, KOTZla €ro SKOpb
satopMoxeH? IlouemMy mpu 5TOM pa3BHUBAEMBI JAHHBIM [OBUTaTeJIeM KpPYTS-
U MOMEHT OyZeT HauOOoIbIIUM?

e [lokaxure, UT0 MakCHUMaJIbHOE 3HAUEHHUE MEXaHUYECKOM MOIIHOCTH, pasBu-
BaeMou QJICKTPOABUraTCJICM, PABHO YCTBCPTU l'lOTpe6JIﬂeMOﬁ UM OT CETHU
MOIIHOCTH IIPU 3aTOPMOXKECHHOM SKOPEC. quy paBcH KHZ[ ABUTrATEJId, Korga
OH pa3BUBaACT MaKCHUMaJIbHYK MCXaHUYCCKYKO MOLLlHOCTb?
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e Hapucyiite aeKTpUUECKUE CXEMbl BKJIIOUCHUS OOMOTOK IIYHTOBBIX M CEpH-
€CHBIX 2JIeKTPOABUraTesiell U Aaiite KauecTBEHHOEe O0BSICHEHHE UX 0COOEHHO-
cTeil, OTMEUYCHHBIX B TEKCTE.

§ 19. DHeprus MmarHuTHOro nons

MaruuTtHOe mose obnamaer oHeprued. [Ipomie BCero B 5ToM yOeauThes,
paccMaTpuBad NponccC CrnagadHud TOKA B KATYIIKE NMPU OTCOCAVMHCHUUN
€e OT MCTOYHHMKA TOKA B cxeMme Ha puc. 123a.

OnbIT MO OOHAPYKEHUI0 JHEPrUM MATHUTHOrO mnojd. o pasmbika-
HHUS KJIIOYa B KaTyIIKE MAET HEKOTOPBIA TOK [, M ITOT TOK CO3JAET
MArHUuTHOE moJie. [IpM pasMBIKAHUM KJIIOUA OCTAETCS TMOCICAOBATE/Ib-
Hag TEmb W3 Karymku u pesmctopa R (puc. 1236). Tok B Karymke
Osarogaps CAMOMHAYKIMM CIIAAAET MOCTENEHHO, M IpPU STOM HA CO-
TMPOTUBJICHAN R TIPOMOJIKAET BBIACTATHCA IKOYJICBA TEILIOTA.

3a cueT KaKWX 3amMacoB DHEPTHH BBIACIICTCS TEIUIOTA — BENb WCTOU-
HUK OUTAHUS yXe OTKAUeH? 31ech yObIBAET TOK M CO3AABAEMOE MM
MATHUTHOE TIOJIE; 3HAUUT, MBI MO-
KEM TOBOpUTh OO0 OHEPTHHM TOKA
uam 00 DHEPrUM CO3AABAEMOTO WM

MATHUTHOTO II0JId. _lzr
[lo aHagOrMUM C  9JIEKTPO- ’ []R L R[:H A3

CTATUKOM, TIE MOXHO TOBOPHUTH 00 II_ *
OHEPruM 3aps0B WM 00 JHEPruu \ *Io
CO3aaBacMoOro MMM 1o, CCTECT-

BEHHO OXHUAAThb, YTO B CAyuae Io- a 0
CTOSTHHOTO TOKA JOMyCTUMBI 003  Puc. 123. DNEKTPUUECKAS LEMb IS M3Y-
OPEACTABJICHUS: OHEPrA0 MOXKHO  UEHMS] MATHUTHOU SHEPrHMM TOKA
paccMaTpuBaTh JHO0 KAK DHEPTUIO

TOKA, anbo Kak OHCPTUK CO3AaBACMOT0 MM MATHUTHOIO ITOJIS. Ho mur
yXe BHAEIM, UTO, XOTs HE OBIBAET HJEKTPUUECKOTrO 3apsaa 6e3 cosmasa-
€MOr0 MM TOJIsI, SJICKTPUUCCKOC ITOJIC Ge3 3apsaga — BHUXPEBOC MOJIEC —
MOXET CyIIECTBOBATh M OHO obOjazaer dHepruei. [1osTomMy BOmpoc o J10-
Kaan3auum BHeKTpHIIeCKOfI QHCPrun pPCIIacTCd B IMOJIb3Yy MOJIA. Kak Mbl
yYBUAMM HCMHOrO MO3XEC, TOYHO TAK XKC 06CTOI/IT ACJI0O U C MATHUTHOM
SHEprueu.

Pacyet 3Heprud MarHUTHOro noJd. IlogcunraeM sHEpru0 MarHUTHOTO

noss. VM3 3aKoHA COXPAHCHUS JHEPTUHM OYCBMIAHO, UTO B PACCMATPHBAC-

MoM Hamu ombiTe (puc. 1230) BCa SHEPrud MATHUTHOTO TMOJIS B KOHIIE

KOHIIOB BBIACJIUTCS B BHAC AXKOYJIEBOM TEIUIOTHI HA COMPOTHBJICHUU R.

3a BpemMs Af HA CONPOTUBICHUM R BBIACIIETCS KOJIMYECTBO TEIUIOTHI
AQ = I’RAt. Tlo 3akony Oma Tok I paBeH
& L Al

I=g=—2% (1)
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C yueToM 9TOro paBeHCTBA BhIpaxxeHue AId AQ MOXHO 3aMHCaTh B BUAC
AQ=—LI Al =—D(I) Al (2)

Beipensgromasacs remmora AQ, padymeercs, MOJOXHUTEAbHA, TaK KaK
TOK yObiBaeT u, caegosarenabHo, Al < (. M3o6pasus Ha rpaduke 3aBu-
cuMocTh MarHuTHOrO moroka P(7) or toka I (puc. 124), nerko coodpa-
3UTh, UTO MOJHOC KOJHMYCCTBO BBHIACIMBIICUCS TEIJIOTH, PABHOEC MEPBO-
HAYAJIbHOMY 3amacy OSHEPrMM MATHUTHOTO TOJS, OMPEACIsETCS TJIO-

mAAbpI0 3aITPUXOBAHHOTO TPEYTOJBHUKA

@ (1/2) ®y1,. Takum oGpazoM, BHIPAXECHUE
P B IS DHEPTMU MArTHUTHOTO moss W, cosna-
0 BAEMOrO TOKOM I B KATYWIKE C MHIYKTHB-
HOCTBIO L, UMEET BUA
D I I 3
W=s®l=5 L= (3)
0 AL Ly I OfbeMHas MIOTHOCTb YHEPrUM MATHHT-

Puc. 124. K Bbiuucnenuro suep- HOTO MOJIA. Kakus JJICKTPOCTATHUKE, MOXK-
MM MATHUTHOTO TOJST HO BBECTH MOHITHE 006eMHOU NAOMHOCHU

JHepzuu MATHUTHOTO Tosd. Paccmarpusag
OTHOPOIHOE MATHUTHOE TIOJIC BHYTPY JJIMHHOTO COJICHOMA, TIOACTABUM BO
BrOpyto u3 cdopmys (3) Beipaxenue (10) § 17 gag MHIYKTUBHOCTH AJTAH-
HOTO COJICHOWMAA, & TOK / BHIPA3UM Uepe3 WHAYKIWIO MATHUTHOTO TIOJIS C
nmomotbio hopmyier (8) § 17. B pesyaprare mosyunm

_ 1 m
W= I BV, (4)
OoTKyga 00beMHAS TJIOTHOCTh SHEPrMY MATHUTHOTO MOJIS @ paBHA
B2
W= )
2

Bepuemcs k ombITy, CX€Ma KOTOPOTO mMoKaszaHa Ha puc. 123, u moBTo-
pUM €ro, BABHHYB MPEABAPUTENBHO B KATYIIKY JKEJIC3HBIA CEPACUYHMK.
YcTaHOBUBIIEECS JHAUCHHUE CHJIBI TOKA B KATYyIIKE OYAET TAKUM XK€, TaK
KaK CEpACUYHMK HE CKA3bIBAETCS HA MOJHOM CONMPOTHBJIEHUH LEMU MOCTO-
SHHOTO TOKa. HO mpy pasMpIKaHWU KJIKOYAa MBI OOHAPYKMM, UTO TETEPh
B PE3UCTOpPE R BHIAEIUTCS TOopasno OoJbIIee KOJMYECTBO TEIUIOTHI, UEM
B OTCYTCTBHE CEPAEYHMKA. DTO 03HAUAET, UTO B KATYLIKE C CEPAECUHU-
KOM 3amac SHEPruyd MArHWTHOTO TOJIS TPY TOM XE TOKE B HEH CTasa ro-
pasmo Goabme. [agaa wHa dopmyay (3), BHPaXaOMyK SHEPTUIO Mar-
HUTHOTO TOJIS Yepe3 Cuiay Toka I, yoexmaeMmcs, uto Graromaps Xesies-
HOMY CEpAECYHHMKY BO3pPACTA€T WHAYKTHBHOCTh L KATYWKHA U
CO37aBAEMBII €10 MATHUTHBIA MOTOK P.

MarHuTHasi TMPOHMIIAEMOCTh BelecTBa. OmbIT MOKA3BIBAET, UTO WH-
OYKTUBHOCTh BCSIKOTO KOHTYpA 3aBUCUT OT CBOMCTB CPEIbI, B KOTOPOi OH
HAXOAWTCA. ByaeM cumtaTh, UTO OKpyXamomas cpega OXHOPOAHA W 3a-
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MOJTHSIET BCE MPOCTPAHCTBO, TAE UMEETCS MATHUTHOE mosie. [ JIMHHON
KATYOIKA JTO MPAKTHUUYECKM O3HAUAET, UTO CEPACUYHMK 3ATOJHSET BCE
MPOCTPAHCTBO BHYTPH ¢¢ 0OMOTKH. Tem Oosiee 9TO CPABEATMBO U AJIS
3aMKHYTOM TOPOMIAJIbHON KATYIIKU.

O6osnaunm uepes L, MHAYKTUBHOCTh KATYIIKM B BAaKyyMe, a yepes
L — ee MHAYKTUBHOCTH C CEpACUHUMKOM. BespasMepHoe oTHOmEHHE

L j—

=
HA3BIBAIOT OMHOCUMENbHOU MACHUMHOU NPOHUUaemocmebro (WM TIPo-
CTO MAZHUMHOU NPOHULAEMOCHbIO) BEIIECTBA, U3 KOTOPOTO CACJIAH CEp-
JCUHUK.

MarauTHas TPOHULAEMOCTh 3ABUCUT OT poAa (XMMUUECKOTO COCTABA)
BELICCTBA W OT €r0 COCTOSHUS, HApuMep OT Temreparypbl. OHA MOKa3bI-
BAET, BO CKOJIBKO pa3 yBeswumpaetcd (U > 1) mam ymenpmaetcd (p < 1)
MATHUTHAA WHAYKOWA B BCIICCTBE MO CPABHCHUIO C €€ 3HAUCHUCM B BAKY -
yMe TIpU TeX Xe 3HAUCHUSIX TOKOB, CO3AA0MIMX MATHUTHOE TOJIE.

Bemecrsa ¢ w>>1 (xene3o, Kko0aabT, HUKENb, HEKOTOPHIE CILIABHI)
HA3BIBAKOTCH (eppomaziemukamy. MarHuTHOE TIOJIE B HUX yCHJIMBACTCS
BO MHOTO pa3s. [yis kaxmoro (peppoMarHeTrka CymeCcTByeT XapakTepHast
Temneparypa, mouka Kropu, BbIIIE KOTOPOIl OH MPEBPAINAETC B mapa-
MarHeTuk. ITapamazHemukamu Ha3bIBAIOT BemecTBa ¢ W = 1 (aroMuHmii,
IaTHHA, Kucaopon). Bemecrsa ¢ u < 1, B KOTOPBIX MATHUTHOE TMOJIE OC-
sabasieTcst, Ha3bBAKOTCS Juamazhemukamu (Mens, cepedpo, BucmyT). B
HEOTHOPOJHOM MATHUTHOM IOJIC MAPAMATHETHK BTITMBAETCS B 00J1aCTh
CHJIBHOTO TIOJISI, 4 AMAMATHETHK — BBITAJKMBACTCS M3 Hee. B cBepxmpo-
BOAHMKYM MAarHuTHOE moJjie BooOme He mponukaet (dddexkt MeiiccHepa).

O npupoje MarHUTHBIX CBOMCTB BeIECTBA. MarHuTHBIE CBOMCTBA Be-
miecTBa OOYC/JIOBJICHBI TEM, YTO MPH MOMEMICHUM €r0 BO BHEIIHEE Mar-
HUTHOE TOJIE MPOMCXOAUT HAMATHUYMBAHUE — KAaXABIN MAJIBIN €T0 J1e-
MEHT MPUOOPETAET MATHUTHBI MOMEHT, T.€. CTAHOBUTCS MATHUTHBIM
IQUIOJIEM, TOAOOHBIM MAJEHPKOMY 3aMKHYTOMY KOHTYPY C TOKOM.
JluamMarHeTaM BEINECTBA MPEACTABISET COOOM WMHAYKUMOHHBIA (-
bekr, 00yCIOBIEHHBIA MHAYIMPOBAHHBIMU MATHUTHBIM TIOJIEM OpPOMTAJIb-
HBIMM TOKAMH B aTOMax WA MOJeKyaax. Jlmamarnernam — obuiee CBOM-
CTBO BCEX BEWIECTB, HO HAMOOJEE OH MPOSBJISETCS B TEX BELIECTBAX, IIE
aTOMBI WJIM MOJIEKYJIBL HE 00/1aAa10T COOCTBEHHBIM MATHUTHBIM MOMEHTOM.
[Tapamarnetnsm u heppoMarseTnsM, Kak MPaBUIO, CBSI3AHBI C HATMUUEM
Y SJIEKTPOHOB COOCTBEHHBIX, HE CBI3AHHBIX C MX OPOUTAIBHBIM JABHKEHMU-
€M MAaTHUTHBIX MOMEHTOB. B Kpucramnax ¢peppoMarHuTHEIX BEIECTB OKA-
3BIBACTCS DHEPTETUUECKH BBITOXHON MApPasICabHAS OPUEHTALMS MATHUT-
HBIX MOMEHTOB JJIEKTPOHOB, ¥ 00Pa3yIOTCS MAKPOCKOMMYECKNE HAMArHu-
yeHHbIE 001acTH MpoTsKeHHOCThIo 1072 — 107* ¢cM — Tak Ha3biBacMble
domensl. B pazHBIX TOMEHAX MATHUTHOE TOJIE OPUEHTUPOBAHO MO-PA3HO-
MY, HO TIPY HAJIOKEHWM BHEIIHETO MATHUTHOTO MOJIS MPOUCXOAUT yHOPS-
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JOUCHME TOJICH OTAETBHBIX JOMEHOB. Y HEKOTOPBIX (DePPOMATHUTHBIX BE-
LICCTB YTOPSIAOUCHHAS OPUCHTALMS MATHUTHBIX MOMEHTOB JAOMCHOB CO-
XPAHSIETCS ¥ TIOC/IEC BBIKIIOUCHUS BHEITHETO MATHUTHOTO TOJISI — TIOJTyua-
FOTCSI TIOCTOSTHHBIC MATHUTHI.

OTMCUCHHBIMU TPEMS TUNIAMU MATHCTHMKOB HE WCUEPIBIBACTCS BCE
MHOroo0pasue MarHWTHBIX CBOKCTB BemecTBa. Cpeau MarHuTOyMOpPSIO-
UCHHBIX BCIIECTB, KpoMe (PeppOMATHETMKOB, PA3JAUYAIOT CIIE, HATpH-
Mep, anTudeppoMarHeTuku, (heppuMarHeTuku, O KOTOPhIX XapakTep-
HBl 0oJsiee CJAOXKHBIE 3aKOHOMEPHOCTH MATHUTHOM CTPYKTYPBL.

Mukpockonmuueckass Teopus, MPAaBHJIbHO OOBSICHSIOMIAS CTPOCHUE W
MArHUTHBIE CBOMCTBA BELIECTBA, MOXET ObITh PA3BUTA TOJIBKO HA OCHOBE
KBAHTOBBIX TMPEACTABJICHUM.

MarHuToynopsaoueHHbIE BELIECTBA HAXOAAT BCe Oosiee m Oosiee mim-
POKOC TIPUMCHCHUEC B HAYKC M TCXHUKEC, HAUMHAS OT BCEM H3BCCTHBIX
paauo- U INEKTPOTEXHUUYECKHUX YCTPONCTB A0 COBPEMEHHOM MUKPOIJIECK-
TPOHUKHU U BBIUNCJAATEIPHON TEXHUKH.

e TlokaxxuTe U3 DHEPTETUUECKUX COOOPAKEHUI, YTO MPU 3AMBIKAHUM IIEMU TOK
B KATYIIKe WHAYKTUBHOCTU HApacTaeT MocrerneHHo. OT 4ero 3aBUCUT CKO-
POCTb €ro HapacTaHus?

¢ Kakoii BBIBOA O 3aBUCUMOCTU MarHUTHOM OHEPIrun OT MHAYKTHBHOCTHU Ka-
TYUIKM MOXHO clejaTh U3 (opmyJibl (3): oTa SHeprus IMpoHopLUOHA/IbHA
WM 00paTHO TMPOIOPLMOHAIbHA UHIYKTUBHOCTU?

e OO0bBICHUTE, TIOUEMY HAJIMUUE KEJIE3HOTO CepAeYHMKA HE MPUBOAUT K HU3Me-
HEHUIO YCTAHOBUBIIETOCS 3HAUCHUS CWIBl TOKA B KaTyIIKE B OINbITE, CXeMa
KOTOPOro IokasaHa Ha puc. 123.

. le/lBe,Ell/lTe ApPryMEHTDBI, MOATBCPXKAAKIINEC KBAAPATUUHYK 3aBUCUMOCTDH 00b-
€MHOU TJIOTHOCTUM MarHWUTHOU OHECPIrUn OT MHAYKIHU I10JI4.

e Jlaiite KauecTBeHHOE OOBSICHEHUE pas/ivuvil B XapaKTepe IMOBCACHUSI AUa-
MarH€TUKoOB U IlapaMari€TUKoB B HCOAHOPOAHOM MAarHMUTHOM II0JIC.

§ 20. OcCHOBbI TEOpPHM SNEKTPOMArHMTHOro nons

W3yuas 51eKTPOMATHUTHYIO HHAYKIVIO, MBI BUACJIU, UTO IIPA PACCMOTPE-
HUY JTOTO SIBJICHUS B OTPEAECICHHON MHEPIMATIBHON CUCTEME OTCUETA BO3-
MOXHBI JBE PA3JIMUHBIC TIPUUMHBI BO3HUKHOBCHUSI MHAYKIMOHHOTO TOKA.
B naGoparopnoit cucreme orcuera npuunHa IJ1C — 510 b0 mogBIcHHE
BUXPEBOTO JIEKTPUUECKOTO TI0JIsT, b0 AeicTBue cuiibl JIopeHna Ha ABu-
XYIIMECs BMECTE C MPOBOXHUKOM OJEKTPHUECKUE 3APSIABI CO CTOPOHBI
MarauTHOTO mosist. OxHAKo mpu ananmae Bo3HuKHOBeHUS D[ C MHAyKUIMN
3a cueT cuibl JIopeHna B ONMbITE C METAUIMUECKON PaMKOM, ABMXKYLIEHCS
B MarHuTHOM mosie (cM. puc. 113), MBI MOXEM paccyXaaTh U MHAYE.

OTHOCHTEJNbHbI XapaKkTep 3JEeKTPUYECKOT0O M MArHUTHOTO MOJeM.
Ilepeitnem B cucreMy OTcueTa, CBI3aHHYIO C ABMXYIIEWCS paMkoil. B
HEW 3apsapl HENOABMIXKHBI M, CIEJOBATENIBHO, CO CTOPOHBI MATHUTHOTO
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noJd CuJjia Ha HUX HE HeﬁCTByeT. CTpOl"O TOBOpS, TP HAJUUMU TOKA 3a-
pSiABI OBMKYTCS BHOJH TIPOBOXHMKA CO CKOpPOCTBIO apeiicda u (cm.
puc. 114), v B MarHuTHOM moJiec HA HUX AeucTByeT cuia Jlopenua. On-
HAKO OHA HAIPABJIECHA MOMEPEK MPOBOAHUKA W HE MOXET OObICHUTH BO3-
HukHoBenune D]IC.

Kak xe oObsichuth BozHukHOBeHUE D[IC MHAyKUMU B ITOH CHUCTEME
orcuera? ExuHCTBEHHOE, UTO OCTACTCH TMPEATNOJIOXUTh, 9TO HAJTUUHME B
9TOM CHCTEME AJICKTPUUECCKOTO TIOJISI, HATIPABJICHHOTO TIEPICHANKYISIPHO
MArHUTHOMY BJOJIb CTOPOHBI ab PAMKH, KOTOPOrO HE OBLJIO B MCXOXHOM
cucreme orcuera. [[eficTBUTENbHO, B JII000M MHEPUMATBLHON CUCTEME OT-
cuera B eamanuax CU peiicTByromas Ha 3apsa cuia onpeaesasieTcs: ¢op-
myson (§5) §17:

F=g¢q (E+vXxB). (1)

IMockoabky B cucTeMe OTCUETa, CBSI3aHHOU ¢ pamkoii, v = 0, cuia F mo-
XeT ObITh 00YC/IOBJEHA TOJBKO JJAEKTPUUECKMM mojaeM E', cylnecTByro-
IMAM B ITOH CHACTEME.

OJeKTpUYeCKOe M MACrHUTHOE MOJiSi B Pa3HbIX CHCTEMAxX OTcCYeTa.
WTtak, Mbl PUXOAMM K BBIBOAY 00 OTHOCHTEIbHOM XaPAKTEPE JAEKTPU-
YECKOro M MarHuTHOrO mosiei. COrjacHO TPUHIWITY OTHOCHTEIBHOCTH
BCE MHEPIHUAJBHBIE CHCTEMBI OTCUETA PABHOMPABHBI, JTO CIPABEIIMBO
HE TOJBKO I/ MEXAHWUECKUX IBJCHUMN, HO WM JJId IBJCHUN 000N mpH-

Puc. 125. K ofpsacuennio BogaukHOBeHMs JJIC MHAYKIMU B PA3HBIX CUCTEMAX OTCUETA

podBl, B TOM UMCJIE JJEKTPOMATHUTHHIX. B 0OCY>XIaeMOM 3HECh OMBITE
HabmogaemMon BesmunHOM sBasgerca DJC uHAyKUuM B paMKE, M OHA Cy-
HICCTBYET HE3ABMCMMO OT TOTO, B KAKOM WHEPUMATBHON CUCTEME ITOT
OTIBIT PACCMATPUBACTCS.

Kak MBI BUgeu, B OQHOM CUCTEME OTCUETA, TAE IJIEKTPHUUECKOE TMO-
se orcyrcrByer, cymecrBoBanue DJIC oOwscuserca cwioit Jlopenua
(puc. 125a), B TO BpeMs Kak B ApPYroi, 'A€ PaMKa HEMOABMXXHA, —
TOJIBKO HAJMUMEM 3JIeKTpuueckoro noss (puc. 1256). [lpu Mansix cko-
pocrax (v<<c¢), Korga MOXHO npeHeOpeub uameHneHueM cuibl F mpu me-
pexoze OT OOHOM CHCTEMBI OTCYeTa K Apyroi, u3 ¢opmysasr (1) caenyer,
UTO HAMPSKEHHOCTh JJEKTpUueckoro noia E' B cucreme, rae pamka He-
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ODOABUKHA, JOJIXKHA 6bITb paBHaA
E =vXxB. (2)

Wrak, ABMXYIMMUUACS MATHAT KPOME MATrHUTHOTO CO3JAET W OJICKTPH-
yecKoe ToJie.

OOpaTiM BHMUMAHMWE HA TO, YTO OTHOCHUTEIBHBIA XAPAKTEP DJAEKTPHU-
YECKOr0 M MArHUTHOTO TOJIEH Mbl MOIJIM 3aMETUTh M paHbmme. B camom
JeJe, HEMOABMXHBINA 3aps CO30ACT TOJIBKO dJeKTpuueckoe mose. OgHa-
KO 3aps/, HEMOABMXHBIA B KAKON-IMO0 OMHOM CHCTEME OTCYETA, OTHO-
CUTEJBHO JPYTUX CUCTEM OTCUETA ABMXKETCS. TaKoW ABUXKYIIUUCS 3apsin
nofo0eH DIEKTPUUYECKOMY TOKY M TMOTOMY CO3JA€T MArHUTHOE moje. Ta-
KUM 00pa3oM, €C/ii B KAKOU-TUO00 CHCTEME OTCUETA €CTh TOJBKO JJIEKT-
pHuecKoe moJie, TO B Jt000 Apyroi cucreme OyaeT €lle M MarHWTHOE.

[Moxyuum copmysry aag MHIYKUMY MATHUTHOTO TOJIS B 9TOM Cayuae,
anaysornunyio dopmysie (2). Paccmorpum cucremy orcuera, ABUKYLLY-
FOCS CO CKOPOCTBIO V OTHOCHTEJIBHO 3apsana g. B oToi cucreme orcuera
3apsaa ABMXETCA O cKopocThio —v. CosmaBaeMoe UM MArHHUTHOE TOJIE, B
cootBercTBum ¢ hopmysioir (16) § 15, naerca BeIpaxxeHmeM

r_ Ry wvxr
B'= — a5 (3)
Ho B 27011 Xe Touke 3apsga ¢ co3maer siaekTpuucckoe moae E, paBHOe
=_4 r
E= (4)

CpasuuBasa ¢opmynasl (3) u (4), BUAUM, YTO MATHUTHOE MOJE, CO-
31aBAEMOE ABIDKYIIVIMCSI CO CKOPOCTBIO —V 3apsSIIOM, CBSI3aHO C JJIEKT-
puueckuM nosieM E, CO3AaBaEMBIM ITUM X€ 3apSAOM B TOM CHCTEME OT-
cuera, TIe OH HEMOABUXXEH, COOTHOILICHUEM

B' = —¢gyu, vXE. %)

Orta opmyna, moayueHHAS OIS TOYCUHOTO 3apsAa, CHOPABEAIUBA U
IUTSL TIOJISI, CO3AaBAEMOrO JIFOOBIM PACTIPEACICHUEM 3aPsIIOB.

TakuMm 00pa3oM, €CIM B HEKOTOPOM CHUCTEME OTCUETA CYIIECTBYET
TOJBKO d7eKTpuueckoe nose E, To B APyroi cucrteMe oTcuera, ABUXKY-
HIEHCS CO CKOPOCTBIO V OTHOCUTEIBHO HMCXOAHOM, CYIECTBYET €Ie M
MarHuTHoe moJsie B, koTopoe Beumcasercsa mo dopmysie (5).

HWHBapuaHThl 3J€KTPOMAarHuTHOro nojsg. ®opmynsr (2) u (§) mpen-
CTaBJSMIOT COOOM YACTHBIC CIy4au MPeoOpa30BaAHUS MOJICH MPU TIEPEXOE
OT OXHOW WHEPLHUAIBHONU CHCTEMBI OTCueTa K Apyroi. OHu CrpaBeaIMBBI
Py MaJIOM OTHOCHTEIBHOM CKOPOCTH cucTeM orcuera (v<<c). B obmem
Cyyae, KOria B MCXOOHOHM CHCTEME OTCUETA €CTh U IJICKTPUYECKOE, U
MAarHuTHOE TOJIE, HEPEAATUBUCTCKUE (hopmysbl mpeobpasoanusas B CU
MMEIOT BUJ

E'=E+vxB, B =B—¢gu,vXE. (6)
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B nanbeeimeM Mbl yBUAUM, UTO €,lh, = 1/c2, rae ¢ — CKOpoOCTh CBETa
B BaKyyMe.

®Dopmysbl peoOpa3oBaHMs IJEKTPUUECKOTO M MATHUTHOTO MMOJIEH
MPY OTHOCUTEJIBHON CKOPOCTU CUCTEM OTCYETA, CPABHUMOM CO CKOPOCTHIO
cBeta, Oosee rpomosaku, yem (6). OxHako BCeraa mpu mepexone OT Of-
HOM MHEPUMAJbHOW CUCTEMBI OTCUETA K APYroM CyIIECTBYIOT MHBAPUAH-
THBIE, T. €. HE MEHMIOIINE CBOEr0 3HAUEHWS, KOMOMHAIMY M3 BEKTOPOB
E u B. HezaBucumMbix KOMOMHAIMN TOJBKO ABE — JTO CKAJSIPHOE IIPO-
W3BEACHUE JTUX BEKTOPOB M MX PA3HOCTh KBAAPATOB:

E‘B=E'"-B/, (N
E?— 2B2=FE'2— ¢2p’?, (8)

®opmysst (7) u (8) MO3BONIOT CAEIATH P BAKHBIX BHIBOOOB O CBOM-
CTBAX OJCKTPOMATHUTHOTO TOJid. ECiu B KaKOH-1100 MHEPHUATHHON CH-
CTEME OTCUETA JIEKTPAUESCKOE M MATHUTHOE IO/ B3AMMHO TIEPICHINKY-
JIAPHBI, TO, KaK BuaHOo u3 (7), oHu OyAyT B3aUMHO MEPHEHAMKYIAPHBL U
BO BCAKOW ApyTOM cmcreme. g TakWxX B3aWMHO OPTOTOHAJNBHBIX TIOJICH
MOXHO HAWTH TAaKyK CHCTEMY OTCU€Td, B KOTOpoul qmbo B =0, aubo
E = 0, cMoTps 10 TOMY, MOJIOXKUTEICH WU OTpULIATE/IcH nHBapuaHT (8).

M3 OTHOCHTEIBHOTO XapakTepa AEKTPHUECKOr0 M MATHUTHOTO MOJICH
€CTECTBEHHO BBITEKAET, UTO MPH U3YUCHUU DJCKTPUUCCKUX U MATHUTHBIX
SIBJICHUI MMEET CMBIC]T PACCMATPUBATH ITH TIOJISI COBMECTHO, KaK EIUHOE
9JEKTpOMAarHUTHOE mosie. [Ipu mepexome OT OAHOM CHCTEMBI OTCYUETA K
OPYTO¥M JJIEKTPUUECKOE TIOJIC B OXHOU CHCTEME, KaK MBI BUAC/IH, BBIPAXKA-
€TCS ¥ Uepe3 SJAEKTPUUECKOE MOJIE, M UEPe3 MATHUTHOE MOJIE B APYTOM CH-
creme, 1 Hao6opoT. [109TOMY €CTECTBEHHO 0XHMAATh, UTO MEXAY ICKTPH-
YCCKMMU M MATHUTHBIMHU SIBJICHUSIMU CYIIECTBYCT OMPEACTICHHAS CHMMET-
pus. VI3MeHeHne MAarHUTHOTO TMOJIS TIOPOXKAAET BUXPEBOE AIEKTPAUECKOE
nosie. OKa3bBACTCS, UTO CHPABEIIMBO M OOPATHOE: M3MEHSIOMIEECS BO
BPEMCHU JJIEKTPHUECKOE MOJIE OPOXKAAET MATHUTHOE TIOJIE.

HN3Mmendomeecs 3JeKTPUYECKOE MOJe KAaK MCTOYHMK MArHUTHOTO
nojsi. K 9ToMy BBIBOZY MOXHO NPHUHMTH, aHAIU3UPYs YK€ W3BECTHHIE
HaM OJKCHEPUMEHTAJbHbIE (DaKThl M ONUCHIBaOmME HUX ¢usnueckue
3aKOHBI. PaccMOTpMM yyacTOK JJEKTPUUECKOW UENMH, COACPXKALINi
IJVHHBIM ~ TPSIMOJMHEWHBIA TPOBOA M IUVIOCKMM  KOHAEHCATOP
(puc. 126a). Bymem cumrath, yTO B TEUCHME HEKOTOPOTO AOCTATOU-
HO MaJIOro MPOMEXYTKA BPEMEHHM TOK B OTOW LiemH paBeH /. DTOT TOK
CBYI3aH C M3MEHEHMEM 3apsa KOHAEHCATOpa cooTHowenuem I = dg/dt.

PaccmorpuM KpyroBoit KOHTYp [/, OXBaTBIBAIOLIMI MPOBOJHUK, KAk
nokazaHo Ha puc. 126a. Tok I co3maer MArHUTHOE TOJE, MOITOMY
0 TEOpeMe O ULMPKYJSIUuM BEKTOpA WHAYKIUW MATHUTHOTO MOJIS
uMeeM

S By Al=pol. (9)

14
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B mipaBoii wvactu (9) crout 3apsix, nepecekarmuil OrPAHNUYCHHY O KOH-
TypoM [ TIOBEPXHOCTh S B CAMHWILY BpEMEHU. ByaeM Temeppb pacTarmBaTth
MOBEPXHOCTh, OTPAHMUYEHHYIO KOHTYPOM /, TaK, yTOOBI OHA, HE MEPeceKast

As
@ '
— S

a [

Puc. 126. IMupkyaanust BEKTOpA MArHUTHON
MHIYKITUW HE 3aBUCUT OT TOTO, IEPECEKAET JIU
CTSITUBAEMAsl UM IOBEPXHOCTD IIPOBOJ] C TOKOM
(@) vy TPOXOIUT MEXY OOKJIAIKAMU KOH-

MPOBOJA C TOKOM, MPOILIA B MpPO-
MEXYTKE MEXAYy ILJIaCTHHAME
koHaeHcaropa (S’ Ha puc. 1266).
B sTomM ciyuae HuMKakue 3apsabl
HE TEPECcEKAlT OrpaHMUCHHYIO
KOHTYPOM BBITSIHYTYIO TIOBEPX-
HOCTb, U B OTOM CMBICJIC TOK / B
(9) pasen mymo. Ho marautHOE
MOJIE BOKPYT MPOBOAA, B TOM MEC-
T€, TOE PACHOJIOXEH KOHTYp, WC-
UYC3HYTb HC MOXCET, U JICBASI 4aCTh
(9) He u3MeHsEeT CBOETO 3HAUCHUS
npu aedopManuM MOBEPXHOCTH.
Msl mpuxoaWM K TPOTHUBOPCUMIO:
sesas yacth (9) orsivuHa OT HYyJId,

Aercatopa (6) a TmpaBas paBHA HyJII0. 3HAUWT, B

dopmyae (9) uero-to He xBaTaer.
EcrecTBeHHO 0XMAATH, UTO HA CAMOM €I B IPABOI YacTU 9TOM (hOpMy Bl
JOJIKEH CTOSITh €LIC OAWH WICH, KOTOPBIM PABEH HYJIIO, €CTH CTITUBAEMAS
KOHTYPOM TIOBEPXHOCTb MEPECEKAET MPOBOA.

Kak yragate Bug sroro wiena? Tak kak JieBas uactb dopmyast (9)
npu aedopManuy MOBEPXHOCTH HE M3MEHWIACh, TO MOMPOOYEM MOACTA-
BUTh B mpaByro vacth (9) BMecTo / paBHYI €My CKOPOCTh M3MEHEHHS
3apsaa dg/dt Ha oOKJIagKax KOHAEHCATOPA W TMOMBITAEMCS WHTEPIPETH-
poBaTh STy BEJIMUMHY TaK, YTOOBI OHA MMEJA CMBICT M B TOW oOsacTw,
IIe OTCYTCTBYIOT ABIKYyIImEcd 3apaasl. [I0CKOIBKY 3apsa KOHAEHCATOpA
¢ DPaBEH TMPOM3BCACHUIO MOBEPXHOCTHOM IUIOTHOCTH 3apsAa O HA IJIO-
Ma7b IUIACTUHBL S, TO MPH HEM3MEHHBIX pa3Mepax u ¢opMe KOHACHCA-
Topa dg/dt = S do/dt. Beipaxkas MOBEPXHOCTHYIO IJIOTHOCTb 3apsaia ye-
pe3  HANPSKCHHOCTh  OJEKTPUUECKOTO MO MEXAY IJIACTUHAME
E = o/, nepenumem (9) B Buae

dE
S BAL= ggueS o (10)
i

B orsnmume ot Ttoka I, BenuunHa dE/df HEe paBHA HYJIO B IPOMEXYT-
Ke Mexay oOkiagkamu koHaeHcatopa. ITockosbky mpoussencuue ES
mpeacTaBaseT co00il MOTOK HATPSIKEHHOCTH JCKTPUUECKOoro moJst E ue-
pe3 MOBEPXHOCTh S, OTPAHMYCHHYIO KOHTYPOM, TO B mpaBoii uactu (10)
CTOUT BEJWYMHA, MPONMOPLUMOHAIBHAS CKOPOCTM W3MEHEHHMS MOToKa N
HaMPSKEHHOCTU DJIEKTPUUECKOTO TOJIS:

dN
zBi Al:eOMOW’ (11)
i
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00600uIeHHEe TeOpeMBbI 0 LUPKYJISLMA MATHUTHOTO noJasi. Ecim Tenepn
BMecto (9) u (11) mammcats dopmyay

dN
i

TO OHA Oyaer crmpaBeqivBa BCErga, HE3aBMCMMO OT TOTO, TAE€ MPOXOAMT

MOBEPXHOCTh, OTPAHNMYCHHAY KOHTYpoM /. Ecm moBepXHOCTh mepecekaeT

MPOBOA, TO BTOPOIi WiICH B mpaBoi yactu (12) mpakTuecKu paBeH HYJIIO

¥ MBI BO3BPAIIAEMCS K TEOPEME O LUPKYJIs-

nuu marautHoro moss (9). Ecim xe mo-

BEPXHOCTh MPOXOAWT BHYTPU KOHACHCATOPA, TI

o /=0, mepBblii uieH B MPABOM 4YACTH

BKJIAJa HE JAET, HO, KAK MbI BUACJU, TIOJIO-

KEHHE CIAcaeT BTOPOE CIaraeMoe.
BosHukaeT Bompoc: gBadeTcd Jau 100aB-

JICHHOE BTOPOE CIaracMoe B TIPABOM UACTH

(12) wumcro opManbHBIM, HEOOXOAMMBIM T I

TOJBKO AJAd TOro, 4to0bl ¢opmyna Obiia

CIpaBeaauBa IMpH 00 MOBEPXHOCTH, Or-

PAHWYEHHON JAHHBIM KOHTYpPOM, WJIW OHO TI

uMeeT (PU3NUCCKUU CMBIC M COOTBETCTBYET

TOMYy, UTO MATHUTHOE TMOJE€ BO30y>XKmaercs

U3MEHSIIOIUMCS  JJIEKTpUUYecKuM — mojem?  Puc. 127. Usvenenue  osekt-

OTBET HA DTOT BOIPOC MOXHO MOJYUYHTh, €C-  PHUCCKOTO IO IPUBOAMT K 110

SIBJICHUK) MarHUTHOIO ITOJISI

JIM PACCMOTPETh HECKOJIBKO BUIAOM3MCHCH-

He ombiT (puc. 127), roe KoHTyp [ pacmo-

JIOKEH LEJUKOM BHYTPU OOJIBIIOr0 KOHAEHCATOPA, PACCTOSHUE MEXIY

MJIACTMHAMYU KOTOPOTO BEJIMKO TIO CPABHCHHMIO C pa3MepaMu KOHTYpa.

OnbIT MOKA3BIBACT, UTO BHYTPH KOHACHCATOPA €CTh MATHUTHOE TIOJIC;

OOHAKO OYECBUIHO, UTO ITO TOJEC HE MOXET CO3AABATHCS AAJICKO paCIio-

JIOXKCHHBIMU TIPOBOAAMHU C TOKOM I. 3HAuUWT, B 9TOM CJIyuyae MArHUTHOE

MOJIC BO3HUKACT W3-33a MBMCHCHMS IJICKTPUUECKOro mosis. Llumpkyasumst

WHAYKOUY 9TOT0 MATHUTHOTO TOJISI TO KOHTYpPY OTPEAEASIeTCS CKO-

POCTHIO M3MECHECHMS TIOTOKA HATIPSKEHHOCTH JJIEKTPUUECKOTO TIOJIST Uepes

MOBEPXHOCTh, OTPAHMUCHHYIO OTUM KOHTYPOM.

Tok cmemenus. Bennunna e,d N/dt momyunna Ha3BaHUEe moka cmeuje-
Husl, TAK KaK OHA, MOJ0OHO TOKY OPOBOAUMOCTH I, SIBJISIETCS MCTOYHU-
KOM MArHUTHOIO IOJId. TepMI/IH «CMCIICHUC» 06yCJIOBJIeH UCTOPUUCCKU-
MU IIPUUMHAMU U CBA3aH C yTpaTHBHJefI SHAUCHUE MEXAHWUUECKOU MO-
Aeab0 9MeKTpuyeckoro noss. CAegyeT OTMETHThb, UTO TOK CMEHICHHS
OKBUBAJICHTCH TOKY MPOBOAMMOCTH TOJIbKO B OTHOLICHUWN CIOCOOHOCTH
CO3daBATh MATHUTHOC IIOJIC. Hanpnmep, IIpu HAJINUUU TOKA CMCHICHUSA
HE BBIIESETCS JXKOYJIeBa TEMIOTA.

Tok cmemeHns ObL1 BEpBHIE MPEACKa3aH MakCBE/IOM HAa OCHOBE
TCOPCTUUYCCKOIO aHA/MN3a U3BCCTHBIX K TOMY BPCMCHU OKCOCPUMCHTAJIb-
HO YCTAHOBJICHHBIX 3aKOHOB J7€KTpoMarHetuama. Makceenn mnokasai,
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UYTO C€AWHAS HEMPOTMBOPCUMBAS KAPTHHA JJICKTPOMATHUTHBIX SIBJICHWUIA,
COIJIACYIOMIAZCH C 3aKOHOM COXPAHEHMS SJIEKTPUUECKOTO 3apsiaa, MOXKET
OBITH CO3JaHA, TOJBKO €CIM MPEAMOJIOXUTh, UTO W3MEHSIIOIMEECS JJIEKT-
pUYECKOE MOJIe CHOCOOHO CO34aBaTh MArHUTHOE moJe. M3 HamucaHHOIM
MM CHUCTEMBI YPABHCHMI JJCKTPOMATHUTHOTO TIOJS CJACAYIOT KaK BCE
OKCTICPUMEHTAJIbHBIC 3aKOHBI JJICKTPOMATHETH3MA, TAK M CyIIECTBOBA-
HUE TOKA CMCIICHUS.

YpasHenns Maxkceeana. Cucrema ypaBHeHui MakcBesuia COXEpXUT
YETBIPE OCHOBHBIX 3aKOHA 2JIeKTpoMarHerusma. [lepBslii 3aKoH — meo-
pema I'aycca, CBSI3bIBAONIAS NOTOK HATPSKEHHOCTH JJIEKTPUUYECKOTO IO-
JIS uepe3 3aMKHYTYI0 MOBEPXHOCTD C MOJIHBIM 3apsiIOM BHYTPH ITOU MO-
BepxXHOCTH. B ciyuae HenmoaBMXKHBIX 3apsimioB Teopema Ilaycca maer
WHYI0 MaTEMaTHUecKyl (OpMyIMpOBKY O9KCIEPUMEHTAJbHOMY 3aKOHY
Kynona. Ycranasnmsaemasa teopemoii ['aycca cBS3p MEXAy IMOTOKOM Ha-
OPSKEHHOCTU JJIEKTPUUECKOTO MO 4YepPe3 3aMKHYTYIO MOBEPXHOCTh U
TOJHBIM 34PSIA0M BHYTPU MOBCPXHOCTU CHPABCAINBA TP ABUXCHUW KAK
3apSiIOB, TAK W MOBEPXHOCTU B LEJIOM WJIM OTACABHBIX €¢ yU4acTKOB (T. e.
npu aedopManum MOBEPXHOCTH).

Bropoit 3akon — meopema I'aycca Onst MazHUMHOZO NOJsL, COTJIACHO
KOTOPO#l MOTOK BEKTOPA MATHUTHOW WHAYKLMM 4Yepe3 0y 3aMKHY-
TYI0 TOBEPXHOCTh PABEH HYJIO. DTa TEOPEMa OTPAXAET BUXPEBOM Xa-
paxTep MarHUTHOIO IOJIS ¥ OTCYTCTBUE B NMPHPOAE MArHUTHBIX 3apsiiOB.

Tpetuit 3aKOH — 3aKkoH saekmpomacnumnou unoykyuu Dapanes,
COIVIACHO KOTOPOMY M3MEHSIOIIEECS MArHUTHOE IOJIE IOPOXAAET BUXpE-
BOE JJIEKTPUUECKOE TOJIE.

YerBeprhiii 3aKOH sBisercs obobmenneM zakona Buo—Casapa—
Jlannaca. MarHUTHOE mOJE MOXET CO3JaBaTbCs KaK JBUIKYIIMMMUCS
9JIEKTPUUECKUMHU 3apIAaMHU, T. €. TOKAMH IPOBOAMMOCTH, TAK ¥ M3MEHSI-
IOIIMMCS JIEKTPUYECKUM TOJIEM, T. €. TOKAMH CMELICHUS.

AHanu3upys cucTeMy ypaBHEHUI 9JEKTPOMArHUTHOrO mojs, Maxkc-
BEJIJI TIPUILIEJ K BHIBOAY, YTO OTU YPAaBHEHUS AOMYCKAIOT CyIIECTBOBAHUE
CBSI3AHHBIX MEXAY CO00ii SJIEKTPUUECKOTO M MATHUTHOTO TMOJICH, PACIIpo-
CTPAHSIOMMUXCSI B IPOCTPAHCTBE CO CKOPOCTBIO CBETA, — 9JIEKMPO-
MAZHUMHBLX BOJIH, KOTOPbIE MO3AHEE OBLIM 9KCIEPUMEHTAIBHO O0OHApY-
xensl [epuem.

layccoBa cucrema enuHul,. [Ipu TeopeTnueckoM OMMCAHUU DJIEKTPO-
MATHUTHOTO IIOJIA H31/160J1ee l'lpOCTOI71 M ECTECTBEHHOM 4BJIIETCI TAK Ha-
3BIBAEMAS 2aAyCCO8A cucmema eOuHuly, KOTopas A dJICKTPUUECKUX Be-
JIMUMH COBMAZAET C aOCOFOTHOM dyeKTpocratnueckoit cucremonn CI'CO.
EI(I/IHI/II.lbI MATHUTHBIX BCJIWMUYUH BBOAIATCI B FHYCCOBOﬁ CUCTEME CaCAYIO-
oM 00pas3oM.

Byz(eM UCXOAUTDH U3 BBIPAXKCHUA OJId MATHUTHOU WHAYKOWUA 1oad, CO-
34aBacEMOro 6eCKOHelleIM HpSlMOJII/IHeI;'IHbIM TOKOM:

B=k22
r (13)



§ 20. OCHOBBI TEOPUH JJTEKTPOMATHUTHOI'O IIOJIA 183

OGHAPYyXUTh MATHUTHOE IMOJE MOXHO MO €ro AEUCTBHIO HA APYroi
MPOBOAHWUK C TOKOM. EC/M 3TOT MPOBOOHUK PACIIONIOXUTH MAPAJIICTBHO
MPOBOAHWKY, CO3JAMOMEMY MATHUTHOE TMOJIE, TO ACHCTBYIOMIAS HA HETO
CHJIA COTJIACHO 3aKOHY Ammepa OyAeT mponopuuoHa bHA WHAYKIMKA Mar-
HUTHOTO MmoJst B, cuiae Toka B HeM [’ m ero aiuue [:

F=kTIBI. (14)

Hamomuum, uto B eguanumax CU koadduuuent &' B dopmyae (14)
pPaBEH EAMHULE B COOTBETCTBUU C OMPEACIECHUEM MHAYKIMHM MArHUTHO-
ro mojs B uepe3 MOMEHT CWJI, ACUCTBYIOIIMX HA PAMKY C TOKOM. B
dopmyne (13) wam B 3akone Buo—Casapa—Jlamiaca, u3 KOTOPOro
OHA cenyer, Koadduunent k 3anuceiBacTcs B BUAC W,/47, a ero 3Ha-
ueHne (WM 3HAYCHWE MATHUTHOM TOCTOSIHHOW W,) TOIyuYaercss u3
OIpeae/ieHUs aMIIEpa YEPE3 CULY B3aUMOAEUCTBUS ABYX MaPaIEIbHBIX
TOKOB.

B rayccosoit cmcreme emmmum KodddunmeHTel K W k' BBOmATCA
HMHAueE.

Kosdduuuent & B8 dopmyne (13) moxer GbiTh BHIOpaH IMPOM3BOJIb-
HO, TaK KaK CAWHWOA WHAYKOWW Tojd B eme He ycTadoejcHa. Ho mo-
cie Toro, Kak otot kodddunuent k£ B (13) BhOpan (TeM CaMBIM BbI-
Opana w emumuuua wHAyKumd B), koddduuuent k' B dopmyne (14)
yXe HE MOXET BHIOMPATHCS MPOU3BOJIBHO, a AOJXKEH OMPEACTAThCS W3
SKCrepuMeHTa. PazyMeercs, MOXHO MOCTYMUTh W HAOOOPOT: MCIIOAb30-
BaTth ypaBHenue (14) nis BBeAEHUS E€AVHWLB WHAYKIWH TOJS, MOJa-
rag k'=1; Torma koodduumentr k£ B (13) Oymer ompemensarbcs Ha
ombite. B cucreme Taycca mocrymaror caeayroommm o6pazoM. Beibuparor
koahduument k& B ¢dopmyae (13) tak, uroGsl OH paBHSUICH KOI(Ddu-
uuenty k' B dopmyne (14).

DaekTpoauHamMuyeckass mocrosHHas. Ecim moacrasute B dopmysty
(14) magykumo B uz (13), To a1s cuibl B3aMMOOEHCTBUS ABYX Mapasi-
JICJIBHBIX TIPOBOAHUKOB C TOKamu [ u I', HAXOASIIMXCS HA PACCTOSIHUU
r OPYr OT Apyra, MOJYyYUM CJICAYIOIIEE BHIPAXCHUE:
F=ki 2L (15)
B rayccoBoii cucteme kk' = k2. TTocKOMbKY A5 BCEX BEJMUMH, BXO-
AAWUX B 9Ty (hOPMYJTy, EAMHMLBI yKe BHIOpaHbl, Koodduument k2, Kak
nerko ybeauThes, uMeeT pasmepHocth L 2T2, T. e. 0OpaTHYIO pa3MepHO-
CTH KBAAPaTa CKOPOCTU. DTOT KOIDMHHUIMEHT AOMKEH OMPEeasIThCS IKC-
NEPUMEHTATBHO TI0 M3MEPEHUIO CHJIBI B3AMMOACHUCTBUS ABYX MAPAJIICIb-
HBIX TPOBOJHUKOB, HAXOSLIMXCY HA M3BECTHOM PACCTOSIHUY, KOTAa IO
HUM TPOTEKAIOT M3BECTHbIC TOKU. OMBIT MOKA3aJ, YTO UKMCIOBOE 3HAUE-
Hue k2 pasHo 1/¢%, rie ¢ — Tak Ha3bIBAEMAs JMEKTPOAMHAMMYECKAS TI0-
CTOSIHHAS, PaBHASI CKOPOCTH CBETA B BAKyyMe:

¢~ 2,9979246-10' cm/c.
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B rayccoBoit cucreme equnnn 3akoH Buo—Casapa—Jlamiaca u 3akoH
AMHepa 3anUChIBAOTCA B BUAC

Ap=11ane  p_lrp. (16)

¥

Ha ocHoBanum mociaeqHeit (hOpMyJibl M yCTAHABIMBACTCS CAMHULA WH-
OYKUWHM MArHATHOTO MOy — eaycc. OOuH raycc — 9T0 MHAYKIUS TAKOTO
moJis, KOTOpoe AeucTByeT Ha | cM mpoBogHWKA ¢ TokoMm B ogHy CI'CO-
EOVHMILY C CHJIOW, YMCIEHHO PaBHOM 1/¢ AMH, €C/IM MIPOBOIHMUK PACIIOIO-
KEH TEPICHANKYISIPHO JTUHUSIM WHIYKUIMHA MATHUTHOTO TIOJIS.

[ToquepkHeM, 4TO UMCIOBOE 3HAUCHME MATHUTHOW TOCTOSIHHOM W,
MOJTyYaETCH KaK MPSIMOE CJICACTBUEC OMPEACACHUS aMIiecpa, a HE yCTaHaB-
JIMBAETCS HA OMBITE, B OTAMUME OT Koadduuuenta 1/¢? B rayccosoii cu-
creme. Tak mosyuaerca moroMmy, uto B cucreme CH umcio OCHOBHBIX
enuuul, OOJIbIIE, YEM B TAyCCOBOM M €AMHMIA CHJIBI TOKA ABJSETCH OC-
HOBHOI (BBIOPAHHON MPOM3BOJIBHO), B TO BPEMS KAK B TayCCOBOM CHCTE-
M€ 9Ta €AWHUILA IBJSETCS MPOM3BOTHON.

OcHorHble (GOpMYJBI B TaycCcOBOM cucteMe. M3 BTOpoi ¢hopmyast
(16), BhIpaxaromeit 3aKOH AMIIEpa, CJACAYET, UTO B TAYCCOBOM CHCTEME
CIVHWUIL BBIpAXXEHUE i cuiibl JIOpeHIa MpuHUMAET BUL:

F=e¢ (E+_vXB). (17)

Orcroga (kak u u3 nepsoit dopmy.ast (16)) caexyer, uTo B rayccoBoi
CUCTEME PAa3MCPHOCTH HANPAXKCHHOCTH IJCKTPUUYCCKOrO moJad U MHAYK-
UMM MATHUTHOTO IOJIS OAMHAKOBBI. JTO COBIAACHHUE PA3MEPHOCTEN HE
cnyqaimo: KAaK MBI BUOC/IN, TIPU NMECPEXOOC U3 OIlHOfI CUCTEMBI OTCUCTA B
OPYTYI0 TPOMCXOOUT UACTHMYHOE B3aMMHOE TIPEBPAMCHUEC OJICKTPH-
YECKOT0 M MATrHUTHOTO IIOJIEH. 3T0 CBOMCTBO OQJICKTPOMATHUTHOTO TIOJIS
HamboJIee ECTECTBEHHBIM 00pPa30M BBIPAXKAETC MMEHHO B rayCCOBOM CHU-
CTEMC CAVHULL, TAC NPCBPAIIAOIIMCCI APYTr B ApyTra (1)I/I3I/II-ICCKI/IC BCJIN-
unHbl E ¥ B M3MEPAIOTCS B CAMHUIAX OAMHAKOBOM Pa3MEPHOCTH (XOTH
9T CAVHULBI W HA3BIBAKOTCA TO-pPA3HOMY: CAWHULIA HANPAXKCHHOCTH
9JIEKTPAUECKOTO TOJISI HE MMEET CICUMAJbHOTO HA3BAHWS, A CAMHWIA
WHAYKOWUN MATHUTHOTO MOJIS HA3BIBACTCSH raycc).

OTMeueHHOE CBOKMCTBO MPOSIBAsSETCS B (hopMysax mpeodpa3oBaHus
MoJIEH TPHU MEPEXOAEe U3 OJHOM MHEPUMATbHOU CUCTEMBI OTCUETA B JPY-
ryio. Bmecro (6) B rayccoBoii cucreme mmeem

E=E+_vxB, B'=B—_vxE (18)

B orux ¢opmysax SIBHO BBICTyNAeT OAMHAKOBASI Pa3MEpHOCTb cjarae-
MBIX B IIPABBIX YACTIX.

B rayccosoii cucreme enuHuUL 60€€ CUMMETPAYHBIN BUI MPUHUMAIOT
M BBIPAXCHUSA OJId MHBAPUAHTOB JJICKTPOMATHUTHOIO IIOJIA:

EB=EB/, (19)
E!— B2=E?— B2, (20)



§ 21. KBABUCTAITMOHAPHBIE SABJIEHUA B DJIEKTPUUECKHUX HEITAX 185

e OObBICHUTE KpaTKO, MOUeMy IMpH TEpPeXofe M3 CHUCTEMBbI OTCueTa, TAE €CTh
TOJIBKO 3JIEKTPUUECKOE T0JIe, B APYI'YIO CUCTEMY, B IMOCJCAHEH OyAer elie U
MarHuTHoe IoJie, 1 HaobOopoT.

e TJloueMy 5JeKTpUUECKOE M MArHUTHOE IM0JISl, B3aMMHO IEPHNEHANKYJISIPHbIC B
KaKoH-11b0 crucTteMe oTcuera, OyAyT B3aUMHO MEPINEHAUKYISPHBIMU U B JIIO-
6oi1 mpyroit cucreMe orcuera?

e Kak 00BSICHUTH, UTO MAarHUTHOE I0JIe CO3JAETCs HE TOJIBKO ABUXKYILIUMUCSH
3apsggaMu, HO U U3MCHAKIIUMCA CO BPECMCHEM JJICKTPUUCCKUM nosieM?

e B uyeM CXOACTBO M B UeM pasjidyve MEXAYy TOKOM IIPOBOAMMOCTH U TOKOM
cMeleHus?

e JIBa 3JICKTPOHA B BAaKyyMe OTTAJKMBAIOTCS, TaK Kak HMMEIT OIMHAKOBBIC 3a-
psaabl. Korma oHM ABHXYTCS Mapaljiec/IbHBIMU KypcaMU, MEXAY HUMU JeHCT-
BYeT CWIa NPUTSKCHUS, KaK MEXIy MNapajuleJibHbIMU ToKaMU. CyllecTByeT
JIU TaKas CKOPOCTh, MPHU KOTOPOU 3TO MPUTIKEHUE TPEB30MAET UX KYJIOHOB-
CKO€e OTTaJIKuBaHUe?

e Kakue skcrnepuMeHTaJIbHbIC 3aKOHbI 2JICKTPOMATHUTHBIX SIBJICHWUU JIEIVIM B
OCHOBY CUCTEeMBbl ypaBHeHUI Makcsesna?

e Kak BBOAATCS K03 dULIUEHTH B 3akoHax Amnepa U buo—Casapa—Jlanna-
ca B rayccoBoil cucTeMe eAuHUL?

e Kak ompegnesigeTcd eIUHUIIA MHAYKIIMM MAUHUTHOTO TIOJISI B TAYCCOBOM CHC-
TeMe eIUHUILL?

e [lokaxwure, 4TO0 B FaYCCOBOﬂ CUCTCME CAUHUL] HallpIKECHHOCTb JJICKTPU-
YCCKOro 1oJids U MHAYKIUS MAarHuTHOroO I10Jid MMECKT OAWHAKOBYK pa3Mep-
HOCTb.

e  OObsacHUTE, MOUYEMYy 3HAUEHHUE DJEKTPHUYECKOM IOCTOSHHOM €, B rayCcCOBOM
CUCTEME €AUHMIL YCTAHABJIMBAECTCH Ha OIbITE, a 3HAYECHUE MAarHUTHOM TOCTO-
aunoit W, B CH npocto BbluMcasiercs. Ha ocHose uero oHo Beruncsercs?

§ 21. KBa3ucTaunMoHapHble SBNEHMS B JNIEKTPHUYECKMX Liensix

[lo cux mop Mpy M3YUYEHUM JJIEKTPOMATHUTHBIX SBJIEHHUWA MbI MOAPOOHO
WCCJAECAOBAIN CAy4Yau, COOTBETCTBYIOIUE IJEKTPUUYECKOMY TMOJIO HEMO-
OBVWDKHBIX 3apSJ0B M MArHATHOMY TIOJKO TIOCTOSIHHBIX TOKOB. Takwme
9JIEKTPUUECKOE M MATHUTHOE TOJIS CYIIECTBYIOT HE3aBUCUMO U HE CBSI-
3aHbl APYT ¢ ApyroM. Tem He MeHee OOJBIIMHCTBO YCTAHOBJICHHBIX 3a-
KOHOB CIPABEAJIMBBL M JJIs1 Oosiee OOMUX CAydyaer, KOrAa MPOMCXOASIT
B3aMMHBIC TPEBPALICHUS IJEKTPUUECKOTO M MATHUTHOTO TOJIEH.

HawuGosee mpocteie 9BICHMS, CBIA3AHHBIE C M3MEHSIOUMMUC JIEKT-
PUUECKUM WM MATHUTHBIM TOJIIMA — 9TO TAK HA3BIBAEMBIC K@A3UCM -
YUOHAapHble SIBJICHUS B JJICKTPUUCCKUX LEMSIX, COACPXKAMMUX PE3UCTOPHI,
KOHJICHCATOPHI ¥ KATYIMIKW WHAYKTUBHOCTH.

B nmeiicTBuTEIBHOCTH J1I000M MPOBOAHMK 00JAAAET M COMPOTUB/ICHM-
€M, M €MKOCThI0, M WHAYKTHBHOCThIO. HO HAa mpakTtuke pasianume, HA-
MPUMEP, B UHAYKTUBHOCTH KATYIIKWA Y JUHEWHOTO MPOBOAHUKA HACTOJIb-
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KO BEJIMKO, UTO C XOPOIIEH TOUHOCTHIO MOXHO MCIIOIb30BATh MOAC/b LE-
A C COCPEAOTOUCHHBIMU MMAPAMETPAMU, T. €. CUUTATh, UTO KAXIBIM dJIe-
MEHT LEny 00JAAAET TOABKO ONHOM M3 OTHUX TPEX XAPAKTEPHUCTHK.

MMeHHO Takue UENM MMPOKO MCTIOIB3YIOTCS B JJCKTPOTCXHUKE, Pa-
OMOTEIEBU3NOHHON TEXHUKE M MHUKPOIJIEKTPOHUKE,

YcaoBus KBa3uCTALMOHAPHOCTH. ByaeM HA3bIBaATh SIBJACHUS B JJIEKT-
PUUECKOM LENM KBA3UCTAUMOHAPHBIME, €CJIA BO BCEX €€ MOCAEI0BATEb-
HO COEAMHEHHBIX YUYaCTKAX CHJIY TOKA B OAMH M TOT X€ MOMEHT BPEMEHU
MOXHO CUMTATh OOMHAKOBOM. B 5TOM mpubavkenun npeHedperaeTca Ko-
HEUYHOCTBIO CKOPOCTH PACIpPOCTPAHEHUS JJEKTPOMATHUTHOTO OIS BIOJIb
npoBOOB, OOpasyroummx uemnb. Hampumep, mpu 3aMBIKAHMM KJIKOUA TOK
MOSIBJISIETCSL CPa3y, T. €. OQHOBPEMEHHO, B JIFOOOM MOMEPEUYHOM CEUCHHH,
JaxKe yOaJeHHOM OT MCTOYHMKA, HECMOTPS HA TO, UTO DJIEKTPOHbBI U3 MC-
TOYHHUKA TOKAd MOTYT Z(OﬁTI/I A0 HECTO CIyCTd 3HAUUTEIbHBIN TPOMEXYTOK
BPEMEHH.

Ilenb ¢ aKTHBHBIM COMPOTHBJIEHHEM. M3yucHWE KBAa3WCTAIMOHAPHBIX
SIBICHUUA HAYHEM C MPOCTEHUIIETO Cayuas, KOTAa W3MEHSIOMIEECH CO BpeE-
MEHEM HAMPSXEHUE TPUKJIAABIBAETCYd K KOHIAM ILENu, COoAepXalleu
TOJIBKO PE3HUCTOPHI, T. €. 00bIuHBIE compoTusacHuda R. Cuja Toka B menu
OyZeTr JaBaThCd TAKMM XE BBIPAXXKEHUEM, KAK MPH MPUIOKEHHOM MOCTO-
SHHOM HaMpPSI>XKCHUM:

1(1) =42, (1)

R

Pasencro (1) mpeacrasaser coboit 3akon OMa ass menw, comepxka-
IIEH TOJIBKO OOBIYHOE COMPOTHBJICHHE R, HA3BIBAEMOE akmugHoim. I1pu
NPUWIOXKEHUM K €T0 KOHIAM MEePEMEHHOro HampsokeHus U(f) TOK B menu
M3MEHSIETCS TI0 TAKOMY € 3aKOHY, UTO WM TPHJIOKCHHOE HATMPSIKEHHE.
CeazsiBatomuit U(t) u (1) mOCTOSTHHBIN MHOXHTEIb R — 3TO TO Xe ca-
MOE COTIPOTUBJICHUE, UTO U /ISl MOCTOSTHHOTO ToKa. Hampumep, koraa npu-
JIOKCHHOE HATIPSIKCHUE 3aBUCUT OT BPEMEHHU IO TAPMOHMUECKOMY (CHHY-
COMAAIBHOMY ) 3aKOHY

U(t)=U, cos wt, (2)

cua Toka B coorBercTBum ¢ (1) maercs BbIpakeHHEM

U
I(1) = Iy cos o, To=—. (3)

Tok B OCIu U3MCHICTCA B (1)336 C IPUJIOKCHHBIM HAIIPSIKCHUCM.

ITpu MPOXOXAECHUM TOKA, M3MEHSIOIIETOC CO BPEMEHEM, UEPE3 aAK-
THUBHOC CONPOTUBJICHUC, MPOMCXOAUT BBIACJICHUC TCIIOTBI B COOTBETCT-
Bun ¢ 3aKoHOM [Ixxoysns—Jlenua. 1o 03HAUAET, UTO B PE3UCTOPE TIPO-
UCXOAWT HeoOpaTMMoe mpeBpauieHue (Auccumanus) SJIEKTPAUYECKON
OHEPIUH BO BHYTPEHHIOK JHEPIHIO.

B oengax, coacpXamux KOHACHCATOPBI M KATYIIKW WHAYKTHUBHOCTH,
aeso o0CTOMT CaoXHee. B o0meM ciyuae M3MEHSIOmAsACI CO BPEMEHEM
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CIWJIa TOKA HE TMOBTOPSIET BPEMEHHOM 3aBUCHMOCTH IPUJIOKEHHOTO Ha-
npsixeHus. M3yueHne 9Toro Bompoca HAUHEM € YAaCTHOTO Cjaydasl, Koraa
CHHYCOMAAIbHOE Hampsixenue (2) MPUKIagBBACTCS K LEMu, COpepxa-
HIeH TOJABKO eMKOCTh C WM TOJIBKO MHAYKTUBHOCTH L.

EMKoOCTHOE conpoTuBieHue. B nenm, comepxameit Toapko eMkocth C,
CUJTy TOKA TPOWIE BCETO0 HAWTH, BOCMOJIB30BABIIMCH TEM, UTO B KBA3W-
CTALMOHAPHOM C/Iyuae OHA OMPEAEC/SIETCS CKOPOCThIO M3MEHEHUS 3apsiaa
koHaeHcaropa: I = dg/dt. Tak kak ¢ = CU, a €éMKOCTh KOHACHCATOpa
MOCTOAHHA, TO AJIA CUJBbI TOKA MOJy4YacM

I(t) = —CwU, sin ot = ColU, cos ((ot + %) . (4)

Takum 00pa3oM, TOK B LEMU MMEET CMHYCOMAAJbHBIA XapakKTEp M Ome-
pexaet mo (aze NMPUIOKEHHOE HANPSDKEHUE Ha Jt/2:

I(t) = I, cos (u)t + g) .

Casi3u MEXAYy aMIUTUTYAHBIMU 3HAUCHUSIMU MOAABAEMOr0 HATpPSIKe-
Hug U, u Toka B nenu /, MOXHO, KaK BUAHO n3 (4), mpuaaTh BUA 3a-

koHa OMa, ecm BBECTH MOHSTHE 3aBUCIIICTO OT YACTOTHI () eMKOCHIHO-
20 COMpPOTUBJICHUS R .

I,.=—, R.=—— (%)

[TosydyeHHBIN PE3YABTAT MOXKHO HATJISAHO MPOMJUTIOCTPUPOBATD C TO-
MOLIPIO TpaUKOB 3aBUCMMOCTM HATMPSIXKEHUS W TOKA OT BPEMEHHU
(puc. 128). B Te MOMEHTH BPEMEHM, KOTIA MOAABAEMOE HATIPSIKEHUE
JOCTUTAET OKCTPEMAJIbHBIX 3HAUEHUM, 3apsif
HA KOHICHCATOPE HE MEHsSeTcs |, caemoBa- U
TEJBHO, TOK B Lemu o0paumiaercs B Hyjb. B \ /\
TOUKAaxX, TrOe Hampsokenue oOpamaercs B 0
HYJIb, €70 3HAUEHME MEHAETCH Haubosee Obl- :

CTPO W, CJAEOOBATEIBHO, TOK AOCTHraeT skc- 11 | | |
/N 1/
I I
|

TPEMaJIbHBIX 3HAUCHUM. 0

Urak, ¢umsnueckada npuumHa CABUTA TIO
¢aze oueBmaHa, BeMUMHA CABUra paBHA
m/2, a HanpasjcHue CABATA (OMEPEXEHUEC  pyc 128, Hampsxenue u 1ok
WK OTCTaBaHWE Mo (pa3e) JETKO yCTAHOBUTD, B KOHAEHCATOPE
paccmaTpuBasi, HallpuMep, MEPBYI0 YETBEPTH
neproaa W3MEHEHUS HATIPSDKEHMSI: OHO YOBIBAET, T. €. KOHACHCATOP pas-
psIKAeTCst, HECMOTPSL HA TO, UTO TOK YBEJMUMBAETCS MO aOCOTIOTHOM BE-
JIMYMHE. JTO BO3MOXHO, TOJIBKO E€CJM HAMPIXEHUE M TOK MMECIOT MpO-
TUBOMNOJIOXHBIE 3HAKU, T.€. rpaduk TOKAa ACHCTBUTEIBPHO WMMEET B,
n300pakeHHbi Ha puc. 128.

[Ipm mpoxoXAeHWW OSJIEKTPUUECKOTO TOKA 4Yepe3 KOHAEHCATOp He
MIPOMCXOAUT AUCCUTIALMY JJEKTPUUECKON JHEPIUM: IIPH 3apSIAKE KOHACH-
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caropa B HEM HAKAIUIMBACTCH DHEPIus, a TpPW PA3PSAKE dTa IHCPrHs
BO3BPAIIACTCH B JJICKTPUUECKYIO LICTb.

HUHaykTuBHOE conpoTuieHue. Ciyuail, Korga CHHYCOMAAJbHOE HA-
MPSIKEHUE TTOAACTCS HA MHAYKTUBHOCTH L, TIPOIIE BCETO MPOAHAIU3UPO-
BaTh, CPABHUBAS BHIPAXKCHUS

dUu
I=¢C

g 6
Y =19 (6)

[TepBas dopmyna mnpeacraBasger CoOOM BBIPAXKEHUE VIS TOKA B
TOJTBKO YTO PACCMOTPEHHOM wenu, copepxamein emkocts C. Bropoe co-
OTHOLIEHHME OTPa’kaeT TOT (hakT, UTO MOAAHHOE HA WHAYKTHBHOCTH L
CHHYCOMAAIbHOE HAmpskeHue U B KaXXAbIi MOMEHT BPEMEHH KOMITECH-
CHPYET BO3HMKAIOIIYIO B KATYIIKE OJJIEKTPOABMXKYLIYIO CHIY CAMOWH-
aykuun & = —Ld1/dt. Amanus neporo u3 cootHomenmii (6) mpusen
K ¢opmynae (4). CaemoBarenbHo, (hOpMyJa TAKOTO XK€ THMA OyAeT mo-
JIyueHa TIpW aHaama3e BTOporo ma cootHomeHmil (6). OHa momxyuaercs
n3 (4) szamenont [—-U, C—L:

U(t) = Lol cos (mt+%), (N

W3 mepsoro coorHomenus (6) caenyer, uro ToK I omepekaer Hampsi-
xenue U HA 7t/2; AaHAJOTMYHO, W3 BTOPOTO CJACAYET, UTO B TAKOW LICTIH
HANPSKEHME OMEPEXAaeT TOK Ha 7t/2. 3amaBaeMoi BEIMUMHOM SBASETCS

nojasaemoe Hanpsixenue U(f) = U, cos wf,

HBIMM 3HAUYCHUSIMU TOKA W HANPIKECHHUS
MO>HO TpuaaTh BuA 3akoHa Oma, ecim, BOC-
moJb30BaBIINCh (7), BBECTH UHOYKMUGHOE
CONpoTUBICHUE R, :

I nooromy g Toka I uz (7) mosyuaem
/i\ n
0 : - I(t) = I, cos (mt——).
N/ P\t 0 2
. | | I Kak w pasbpme, cB93u MEXIy aMILUIATYA-
|
|

<

RS

AN

D

0 I = Uy R —
= = wL. 8
\V \‘ t 0 R’ L ( )
Puc. 129. Tok, DJIC camous- [TosyueHHBIN pPE3yJbTAT TAKXKE MOXKHO
IYKLIUM M HATpsDKeHue Ha uH-  NPOWLITIOCTPUPOBATH C IMOMOIIBIO I‘pa(bI/IKOB
TYKTUBHOCTH (puc. 129). Ha BepxHeMm rpadumke MoOKasaHa

3aBUCUMOCTh TOKA OT BpeMeHum. Ha BTOpOM

rpacuke mzobpaxena DJC camomHaykiuuu. [losoxxeHne SKCTPEMYMOB

M COBHT JTOrO TpaMKa OTHOCUTENBHO rpadmKa TOKA JIETKO OMPEAEIUTh

C MOMOLIbI0 3aKOHA JJEKTPOMATHUTHOM WHAYKUMM M 3akoHa JleHna:
&= — Ldl/dt.

Heiicteurenpro, DC camomHaykumm o0pamiaeTcs B HyJb B TOUKAX

OKCTPEMyMA TOKA W AOCTUTAET SKCTPEMAJIbHBIX 3HAUCHWIA B TE MOMEH-
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ThI, KOIAA TOK MEHseTCa Hambosee ObICTPo. B KaXkaplii MOMEHT MOJISp-
HocTh DJIC caMOMHAYKUMKU AOJKHA OBITh TAKOM, YTOOBI MPENSTCTBOBATH
M3MCHCHUIO TOKA, — JTUM CPa3y yCTAHABJIMBACTCS HATIPABJICHHUE COBUTA
mo ¢haze mexay Tokom u DJC camomuaykuuu. M HaKOHEN, TPUIOXEH-
HOE HampsxecHue umaMmeHsercs B mporuBodasze ¢ IAC camomHIyKUUH
(mmxuauit rpaduk HA puc. 129).

[Tpu MpOXOXACHUM JCKTPAUECKOTO TOKA UEpPE3 KATYIIKY WHIYKTHB-
HOCTHU HE TIPOMCXOAWUT AUCCUTIALANA SHCPIUM: TTPU HAPACTAHUH TOKA B Ka-
TYIIKE HAKATJIMBAETCS JHEPTUs MATHUTHOTO TOJIS, & MPHA yOBIBAHUU TO-
Ka JTa JHEPrus BO3BPAIIACTCS B JJICKTPUUCCKYIO ICIb.

®a3osbie cABUrA. PaccMOTpeHNE 9TUX MPOCTEUINNX LETCH MTOKA3bIBA-
€T, uT0, 3a WCKJIOUCHUEM CIyuas AaKTUBHOTO COTPOTHUBJICHUS R,
HEBO3MOXKHO HAMUCATh 3aK0H OMa 114 LEenei mepeMEHHOro TOKa, Ompeae-
JISFOIMH MFHOBCHHOC 3HAUCHHE TOKA /(f) B BUAC OTHOIICHUS IPIIOXCH-
HOTO HATIPSKEHUS K COMTPOTUBJICHUIO COOTBETCTBYOMIETO YUACTKA, BCICT-
CTBHE TOTO, UTO MEXIY TOKOM M HATIPSIKEHUEM CYIMIECTBYET CABHT TIO haze.
CZ{BI/II‘ mo d)ase MEXKAY NMPUIOXCHHBIM CUHYCOUAAJIbHBIM HATIPIXKCHUEM U
CAJIOW TOKA XapaKTEPEH AU LENEH, COAEPXKAUX EMKOCTHOE MW UHAYK-
THUBHOE CONpPOTHUBAEHUE. /19 HUX UCIOAb3YETCH 00LIEE HA3BAHUE — pedK-
muenoe conpomudienue. Kak Mpl Buaeau, 3akod OMa CripaBeainB TOJIbKO
IUTST AMILTUTYJHBIX 3HAUCHMM TOKA W HATIPSIKCHUS.

[ToguepkHEM, UTO BBEACHHBIC BBHIMIE TMOHATHS EMKOCTHOTO M WHAYK-
TUBHOTO COMPOTUBJICHUUA MMEIOT CMBICJ TOJIBKO IS CHHYCOMAAJIBHOTO
MPUIOXKEHHOro HampsokeHus., CaMu uxX OmpeaeacHUs COOEPXaT UKJIM-
YECKYI0 YACTOTy  ITOTO HATPSIXCHUS. SICHO, UTO OTH TOHATUS HE-
MPUMEHUMBI B CJIyuasX, KOrga KOHACHCATOP WJIM KATyIIKa WHAYKTUB-
HOCTH TOOKJIIOUAIOTCS K MCTOUHWKY TMOCTOSTHHOTO HATIPSIXKCHUS WM Ha-
NPSKEHUS, M3MEHSIIOMETOCH CO BPEMEHEM MO KAKOMY-Ju00 HMHOMY
(HEeCMHYCOMAANIbHOMY ) 3aKOHY.

e B kakux ciyuasix SBJICHHUS B 9JICKTPUYECKHUX LEMSX HA3bIBAIOTCS KBa3UCTa-
L[MOHAPHBIMU?

e Kak cBssaHbl Mexay co0Oil cwiia TOKa M M3MEHSoLeecs PUIOKEHHOE Ha-
NpsKEeHNUEe B IIeMH, coaepXKalleil TONbKO 00blYHOEe (aKTHBHOE) CONPOTHBIIC-
Hue R?

e Kak cBsgsaHbl MexAy co00l CUIa TOKA M TPUJIOXKEHHOE HAIPSIKEHUE B LEIH,
cofepkalieil ToJbKO eMKOCTb C WJIM TOJIbKO MHAYKTUBHOCTb L? MOXHO Jin
9TOM CBA3W NpupaTh BUL 3akoHa Oma? [IpUMeHUMBI JIM COOTBETCTBYIOIIHE
COOTHOILIEHUS TTPYU HECUHYCOMIAJILHOM TPHUJIOXKEHHOM HAIpPSKeHUN?

e QObsICcHUTE q)l/l3l/l‘-leCKle [MPpUYMHY BO3HMKHOBCHHA CABUra II0 (1’)3.36 MEXAY
IMPWJIOXKCHHBIM CHUHYCOUAAJIbHBIM HaIlIPAXXCHUEM U CWJIOM TOKa B LIEMNSX, CO-
AcpXKaluxX €MKOCTb MU MHAYKTHUBHOCTD.

e Yro Takoe PCakKTUBHOC COl'lpOTl/lBJIeHl/le? B kakux ciyyadax UMECKT CMBICII 10—
HATUS MHAYKTUBHOI'O M €MKOCTHOI'O COl'lpOTVlBJIeHVlﬁ?
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A TIpouecc 3apaaKu KOHAeHcaTopa. PaccMorpum mporecce 3apsia-
KM KOHAEHCATOpA MPH MOAKJIKOUEHUHM €r0 K MCTOYHHWKY MOCTOSIHHOTO
Hanpsoxenns U, (puc. 130). [lpu 3ampikanuu kmoua K B enu ckau-

R
—L( 1
K R —I>
+ + q
Uy C== Uy =C
Puc. 130. Kongencatop C 3apskaercs Puc. 131. Tlpu TakoM BbIGOpE HALPABIE-
OT MCTOUHUKA IOCTOSIHHOTO HAIIpSKe- HUSI TOKA €r0 3HaueHue / CBS3aHO C 3aps-
Hus U uepes peauctop R JIOM BEPXHEH IUIACTUHBI ¢ COOTHOLICHUEM
I=dqldt

KOM BO3HHUKACT TOK U KOHACHCATOP HAUMHACT 34pAXaTbCd. ITo MEpE
YBEIWMUCHUA HANPSIXCHUA HA KOHACHCATOPEC CWJId TOKA B LA Y6BI-
Baer. Ilpouecc 3apgaku KOHAEHCATopa OyAeT MPOMCXOAMTh A0 TEX
Iop, IMOKA HANPIAXCHUC HAd KOHACHCATOPC HC CTAHCT PABHBIM HAIIPAd-
KEHUIO UcTouHuka U, 0 Tlocne HakoIIEHWT HA ILUIACTHHAX KOHACHCA-
TOpa HEOOXOAMMOro Uit 3TOro 3apsiaa g, = CU, TOK B memnu mpekpa-
THATCS, T. €. ICPEXOAHBIC TPOLECCHI 3aKOHUATCS.

O6o3HaunMm 3apsaa BepxHed Ha puc. 130 MIacTHHBI KOHAEHCATO-
pa uepe3 g. CkopocTh M3MEHEHHMS JTOro 3apsaga dq/dt ompeneaser
cuiy Toka I B menu:

—
= 9)
3nak B mpasou yactu (opmyst (9) coorBeTCTByEeT TAKOMY BBHIOO-
py HampasJICHUS TOKAa, KOTOPOE yKazaHo Ha puc. 131: mojoxuresb-
HOE 3HAUeHME CUJIBI TOKA B (9) COOTBETCTBYET BO3PACTAHMIO 3apsija
BerHeﬁ MJIACTUHBI KOHACHCATOPA, T. €. MOJOXUTCJIbHOMY 3HAUCHUIO
npou3BORHOM dg/dt.

B paccmarpuBaemoii moceqoBaTeIbHON LEMW CyMMa HATPSIXKECHUH
HA aKTUBHOM comporussieHnn Uy, u koHaeHcaTope U, paBHA mpuiio-
KEHHOMY HampspkeHuto Uj,. Tak Kak HaOpsSKEHWE HA COMPOTHB/ICHUM

Uyr PaBHO MPOM3BENCHUIO CUJIbI TOKA [ HA COMPOTHBJIEHUE R, TO
IR+UC=U0. (10)

[Moacrasaga crona 3HaueHue cuibl Toka I u3 (9) u yunTsBas, uTo
Hampskenne U, Ha KOHAEHCATOPE B KBA3MCTAUMOHAPHBIX YCIOBHSX

B J1000M MOMEHT paBHO ¢/C, mosyvyaem

dg | q _ 11
RYE+L=v, (11)

Oto guddepenunanbHoe ypaBHeHue mas GyHkmuu ¢(¢) ompene-
JISIET 3aBUCHMOCTD 3apsaa KOHAEHCATOPAa OT BPEMEHU, €Cau J00ABHUTh
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K HeMy HauasbHOE yciaoBue ¢ = 0 mpu ¢ = 0, BbIpaxkaroomee OTCyTCT-
BUE 3apsaaa B HavaibHbIA MOMeHT. Ypauenue (11) ymoOHo mepenw-
caTh B HECKOJbHKO MHOM BUE, YUUTHIBAS, YTO MPHUIOXEHHOE HAMPS-
xenne U, paBHO OTHOIIEHMIO OKOHYATEIBHOTO 3apsiaa KOHAEHCATopa

g, k ero emkoctu C: U, = q,/C. Toraa smecro (11) noayunm

i = R (12)

DT0 ypaBHEHHE JErKO MPUBECTH K XOPOIIO M3BECTHOMY BHAIY,

€Caim BMCCTO 3apsaad MJIACTUHBI ¢ BBCCTU APYTYH0 HCU3BCCTHYHO BC-

auurHy Q, XapakTEepU3YIOIYK, HACKOJbKO 3apsa MJIACTHHBL ¢ B
I[aHHbIﬁ MOMCHT OTJIMUACTCAd OT OKOHUATCJIBHOIO 3apSIZ[a q():

0=¢q,—q (13)

IuddepenuunanpHoe ypapHeHue mpomecca. 13 ompenesnenuns (13)
craenyer, uro dqg/dt = —dQ/dt. Tlooromy ypasuenue (12) mocae 3a-
vensl (13) mpuamMaer Bux

Q_ _ 0
A (14)

DKCNOHEHIMAIbHAsA 3aBUCUMOCTDb ¢(7). YpaBuenue (14) osznauaer,
YTO CKOPOCTh M3MECHECHMS HEAOCTAIOMICTO 3apsiga  MpOmopuroHAIb-
Ha camomy Q. PemeHmemM Takoro ypaBHEHUS SBJSIETCS SKCIMOHCHIW-
anpHasl pyHKIUS

Q(t) = Aexp (—1/RC). (15)

[MTocrostHHAs A OmpenesseTcss ¢ MOMOIIBID HAYAJBHBIX YCIOBHU. B
HAyaJIbHBI MOMEHT KoHaeHcatop e 3apsxeH (g(0) =0). ITosromy
Hepocratomuit 3apsa Q npu ¢ = 0 paseH g,. Takum obpasom, mocTo-
sHHAs A B (15) paBHa OKOHYATENBHOMY 3apsiAy KOHACHCATOPA ¢.

Ipadpmk 3aBucumoctn Q(7) mMOKA3aH IMMITPUXOBOM JIMHUEH HA
puc. 132. Uz dopmyasr (15) Buano, uto mpousseaeHue RC paBHO
MPOMEXYTKY BPEMEHHM T, B TEUCHUE KOTOpOro 3HaucHue Q(f) yMeHb-
IAeTCS B € pas:

Q(t) =Qy/e, t=RC. (16)

3aBUCUMOCTh 3apsiga KoHAeHcatopa ¢(f) OT BpeMEHHM OISl pac-
CMaTpUBAEMOro mpouecca noayuaerca ua dopmyast (13) mocre mon-
CTaHOBKM B Hee Beipaxxenust s Q(7) uz (15)

q(t) = qo [1 —exp (—t/7)]. (17)

I'pacdwk ¢(t), mokazauubii Ha puc. 132, MOXHO MOCTPOUTH KaK pas-
HOCTb MEXJYy TOCTOSHHBIM 3HAYCHMEM OKOHUYATEJIBHOTO 3apsija ¢,
rpacdukom 3aBucumoctu Q(1).

Haiinennaa 3aBucMMocTh 3apgaa KoHAeHcaTopa ot Bpemenu (17)
MO3BOJISIET HAWUTH CUJIYy TOKA B LEMM MPHU 3apaaKe KOHAEHCATOpAa B
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a0boit MomeHT Bpemenu. Huddepenuupys (17) mo Bpemenu, Ha-
xomuM B cootsercTBuu ¢ (9)

I1(t) = —exp( t/t) = —exp( t/7). (18)

[Tpm 3apgake KOHAEHCATOPA CWJIA TOKA MPU 3AMBIKAHWM KJIIOYA B
HAYaAJbHBII MOMEHT CKAuKOM BO3pACTAa€T OT HYJS 10 3HAUYCHUS,
paBHOTO U,y/R, ¥ B JaNbHEHIIEM 9KCIOHEHIMAIBHO YOBIBAET CO BpeMe-

HeM. Ee rpaduk umeer Takou xe Bug, Kak u rpaduk Q(¢) Ha puc. 132.

q
q=qyl1 - exp (-1/1)]
qoi ———————— S
AN
AN
~
gple} — A~ _\_'\ Q=qyexp (/1)
|~ —L

0 T t
Puc. 132. I'paduk  u3MeHeHus 3apspa Puc. 133. Tlpu pa3psike KOHAEHCATO-
KOHZIEHCATODA pa 3HaueHHe CHJIBI TOKa [ CBI3aHO C

3apsI0M BEPXHEH IUIACTHUHBI COOTHO-
wenuem I =—dqldt

Ipouecc pa3paaku KoHaeHcaTopa. COBEPLUIEHHO AHAJOMMYHO MOX-
HO PacCMOTPETh IPOIECCH TIPH PA3PAAKE KOHAEHCATOPA YEPE3 AKTHB-
HOE conpoTusacHuE. [1ycTh B HAUATBHBIA MOMEHT BPEMEHM KOHIEHCA-
Top emMkoctu C 3apsikeH a0 Hanpskerud U. [1py 3aMbIKaHUK KJTI0UA B
LENK BO3HUKAET TOK, KOTOPBIA yOBIBAET MO MEPE PA3PAIKH KOHIECHCA-
topa (puc. 133). IIporekanue TOKa B UENU MPUBOAUT K YMEHBIICHUIO
3apsaaa KoHaeHcaTopa. [109ToMy ecu Toa ¢ TO-TIPEXXHEMY MOHUMATD
3apsaa BEPXHEN MIACTUHBI KOHAEHCATOPA, TO CUJIE TOKA I COOTBETCTBY-
€T BBIPAXKEHUE da

— 4 (19)

B 000ii MOMEHT BpEMEHM HANPIXKEHUE HA KOHACHCATOPE
U, = ¢q/C paBHO HanpsXeHUIO HA conpoTusieHun Uy = IR. Tloatomy

¢ nomowpio (19) umeem

=

dq __ q
ar - T RC (20)

CooTBeTcTBYIOIEEe HAINM HAYAJIBHBIM yCI0BUAIM (¢ = g, npu ¢ = 0)
pELIEHUE 9TOrO0 YPABHCHUSI UMEET BHJ

q(t) = gy exp (—t/1), 1= RC. (21)

Takoit xxe IKCTOHEHIMATBHBIM XapaKTep MMEET M 3aBUCUMOCTD OT
BPEMEHM CWJIBI TOKA B LEMH MPH Pa3psaaKe KOHACHCATOPA:

1) = =9 =D exp (—i/1) = Lexp (=10 (22)
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Kak BugHo u3 monyuenubix coornomenuit (17) u (21) (mmm (18)
u (22)), m mpouecc 3apaAKM KOHAECHCATOPA, W TPOLECC Pa3PIaKH,
CTpPOrO TOBOPS, MPOXOIXKAIOTCA GecKoHeuHo mosro. [losTomy mms xa-
PAKTCPUCTUKHN OJIUTCJIAbHOCTH TAKHUX MPOLCCCOB BBOAAT BPEMS T, B
TEUECHUE KOTOPOro cuyia Toka I mameHsercs B e = 2,72 paza. [aa
9JIEKTPUUECKOMN IEMU, COAEPXKAMEH KOHACHCATOP M CONMPOTHUBJICHUE,
TAKUM TIaAPaMCTPOM SBJACTCA BCANMUMHA

= RC. (23)

B nr060it peanpHOI cUCTEME TEPEXOMHBIN MPOLECC MPOAOIKAETCS
B TCUCHUC KOHCUHOTO MPOMCXKYTKA BPCMCHU, TAK KAK TOBOPUTH O Ta-
KOM IIPOLIECCE MMEET CMBICT TOJBKO A0 TEX HOp, MOKa paccMaTpuBa-
€Mad BCAMYMHA HC YMCHBIOUTCA A0 3HAUCHUS, COOTBCTCTBYHOLICTO
YPOBHIO TEIIOBBIX (DIYKTYAIuil B CUCTEME.

Wcnosb30BaHHOE TTPU PACCMOTPEHUY MPOLIECCOB 3aPSAKH U Pa3psizi-
KW KOHAEHCATOPA YCIOBWE KBA3WCTALMOHAPHOCTH CBSI3AHO C BO3MOX-
HOCTBIO IPeHEOPEUh BPEMEHEM PACIPOCTPAHEHAS JJIEKTPOMATHUTHOTO
IoJId BAOJIb OEOH IO CPABHCHUIO C T. Ecm AN~

Hy nenu 0003HAYNTh uepes3 [, TO YCAOBHE KBa- X R
SUCTAIUOHAPHOCTHU MIPUHUMACT BUO _I)
+
l/le<<1=RC. (24) g, L
TOK B LieN¥ ¢ MHAYKTUBHOCTBIO. AHAJIOTMYHO T
MOXHO PACCMOTPETh MPOLECC YCTAHOBACHUS TO-  puc 134 K pacuery

Ka B IEMU, COAEPXKAMEH Pe3UCTOP R ¥ KATYII-  cypr ToKa B HEmu npu
Ky uHaykTuBHOCTH L (puc. 134). Ilpu 3ambika-  sambikanuu kmoua K
HUM Kaoua K B LENM BOSHUKAET TOK, OBICTPOMY
Hapacrtauuio Koroporo npensarctsyet DJC caMOMHAyKIMU, BO3HUKA-
0mMAayd B KATYIIKE MHAYKTUBHOCTU. TOK HApacTaeT A0 TeX MOp, MOKa
HE JOCTUTHET MOCTOSIHHOTO 3HaueHus /, = Uy/R.

Boipaxenue s cwibl Toka I(f) B KaXOblii MOMEHT MOXHO 3a-
MUCcaTh, WCMOJAB3Ys 3akKoH OMa I HEOTHOPOOHOTO yuyacTKa LECTH:

Uy+¢
1= —R (25)
[Mockoapky DC camoMHAyKUMU & BBIPAXAETCS COOTHOIICHUEM
& = —dI/dt, To paBeHCTBO (25) MOXHO 3amKMCATh B BUAE
LY+ RI =, (26)

PasencTBo (26) MOXHO ObUIO HAMWCATh W CPady, YUUTHIBAS, UTO
HanpspkeHne U, Ha KOHIAX MOCACIOBATEJIBHONM LEMU PABHO CyMME
HANPSDKEHWA HA OTACTBHBIX €€ JJIEMEHTAX, 4 HANPSOKEHUE HAa WH-
OYKTUBHOCTM B KaXKABII MOMEHT BPEMEHHM KOMIIEHCHPYET BO3HUKA-
fomyo B karymke DJC camomHAyKuumu.

Cootnomenune (26) mnpeacrasaser coboit auddepeHmaabHOE
ypaBHeHUE 115 cuuibl Toka (7). OHO COBEPIICHHO aHAJIOTUUYHO ypPaB-
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Henuio (11) ana 3apsama ¢(f), HOITOMY M pemIaTh €ro MOXHO TAKUM
xe cnocobom. Ilpeacrasum U, kak I R n nepenumem (26) B Buae

dr1 R

D10 ypasHenue anajoruuao (12). YuwreiBas HauaabHOE YCIOBUE
I =0 npu t =0, MOXHO 3anmucarh pemieHue ypasuenus (27) B Buze,
noxpoouom (17):

1=10[1—exp(—§z)]=10[1—exp(—§)], (28)

TAC XapakKTEpHOE BPEMS T YCTAHOBJICHUS TOKA B LEMH, COACPXKAIICH
CONPOTUBJICHUC U MHAYKTUBHOCTb, AACTCI COOTHOLICHUCM
T= £. (29)
R
I[JIH nTpouecCCoB B HEMAX C MHAYKTUBHOCTBIO XAPAKTCPHBI TC XKC
MOMCHTBI, KOTOPBIC OTMCUAJINCH BBIIIC I ].[el'[eﬁ ¢ eMKocThio. B
YaCTHOCTH, YCJIOBUEC KBA3UCTAOWMOHAPHOCTH B LICTTA Z[JII/IHOﬁ [ mmeeT BUA

le<t=%. a (30)

Haiigute Bpems, 1o NpoIIecTBUM KOTOPOrO Ha MUIACTHMHAX pa3psiKalollerocs
KOHJEHCATOpa OCTaHETCs TOJILKO OIHA ThICSYHAS YacTh NEPBOHAYAJILHOIO 3a-
psaga, ecsim Tt=RC =1 c.

ITpu BBINOJHEHUM KaKOro YCJIOBUS IpoliecC 3apsiiku (UM paspsiaKy) KOH-
JIEHCATOPA MOXHO CUMUTATb KBAa3WCTAILIMOHAPHBIM?

[Touemy peasbHBIN MPOLIECC 3aPSAKU KOHAEHCATOPA HMMEET KOHEUHYIO -
TEJIBHOCTb, XOT$S ollpeAe/icHHas BbipaxkeHueM (18) cuia 3apsiiHOro ToKa 00-
pamiaercsa B HyJIb TOJIBKO TIpU { —> 7

Kakyio poJsib UrparoT HavajbHblE YCJIOBUSI MPU pellieHUM auddepeHnaib-
HBbIX ypaBHEHUII, OIMMUCBHIBAIOIIMX KBa3WUCTALIMOHAPHBIE MPOLECCHl B IIETSX,
coIepKallux KOHACHCATOPbl WM UHAYKTUBHOCTH?

W3 vero ciieyer UCXOAUTH NPU (POPMYJIMPOBKE HAUaJIbHBIX YCJIOBUIT K IU-
epeHIIMaTbHBIM YPABHCHUSIM, T. €. NIPU 3aaHUM 3HAYCHUIM U3MEHSIOIINXCS
CO BPEMEHEM BEJIMUMH NpU ¢ = O B KOHKPETHBIX SJICKTPUYECKUX LEMNsx?



IV. MNEPEMEHHbBIA 3NEKTPUYECKMUM TOK

[Mnpokoe ncnoab30BaHNE CHHYCOMAATBHOTO TEPEMEHHOTO TOKA B TEXHU-
K€ W HAPOAHOM XO3SMCTBE CBSI3AHO CO MHOTMMH €T0 NMPEUMYIIECTBAMU,
B YACTHOCTHU C yAOOCTBOM €ro mpeodpasoBaHms € MOMOINBIO TpaHcdopma-
TOPOB M C HUCKJIIOUATEIBHONM IPOCTOTOM MOBCEMECTHO MNPUMEHSEMBIX
ACMHXPOHHBIX BUTATEJICH.

TTouemy u3 Bcex BO3MOXHBIX (DOPM NEPUOAMUECKUX MEPEMEHHBIX TO-
KOB HaMOOJbLIEE PACIPOCTPAHEHHE MOJYUMIN IEPEMEHHBIE TOKM MMEH-
HO cuHycouaaabHOu ¢opmbi? Jle10 B TOM, UTO CMHYCOMAAIbHBIC TOKU TIO
CPAaBHEHUIO CO BCEMM APYIMMU TOKAMH IO3BOJISIOT HAuOOJEEe IPOCTO U
SKOHOMHUYHO OCYINECTB/IAThH MEPENauy, pacnpeneieHue, npeobpa3oBaHue
¥ WCTOB30BAHNC JICKTPUUCCKOU SHECPTUU.

§ 22. Llenu nepeMeHHOro Toka. 3akoH OMma

TOJIbKO B Ci1ydya€ CMHYCOMOAJbHBIX TOKOB COXPAHAIOTCA HCU3MCHHBIMHA
(l)OprI KPUBBIX 3aBUCUMOCTU OT BPCMCHM HANPSAXKCHUA M TOKOB HA BCEX
yuacTKax JMHEWHOU JJCKTPUUYECKON LENu, T. €. LEMH, CoxepxXKamen pe-
3UCTOPBI, KOHACHCATOPDI, KATYIIKN WHAYKTUBHOCTHU. B ocnuv, CoacpXxa-
meﬁ HEJIWHEWHBIE DJAEMEHTH — AWOAbI, TPAH3UCTOPBI, JJICKTPOHHBIC
JIaMmbel 1 T. 0. — opMa OTUX KPUBBIX HE COXPAHIETCS MpH J000M, B
TOM 4YHUCJIC U CPIHyCOHI[aJIbHOfI, 3aBUCUMOCTHU OT BPCMCHHU MOAABACMOTO
HAMPIXCHU S,

IpaMoyroJybHbie UMITYJIbChl B RC-Lenoyke. PaccmorpuMm creayromryio
HOPOCTYIO JMHEHHYIO LIETb, COCTOSLIYIO M3 KoHAeHcatopa C m pe3ucropa
R (puc. 135). TTocmoTrpum, uTo OGyaeT HA BHIXOAE
9TOM LEMU, €CJIM HA €€ BXOA MOJABATh HAMPSIKE- o—|
HUEC B BUAC MPSIMOYTOJBHBIX UMITYJIbCOB. C

Hauano xaxaoro mpsaMoOyrosbHOro uMMmyabca R Uy
COOTBETCTBYET TOAKJIIOUCHUIO K LEMHA UCTOUHWKA
MOCTOSTHHOTO HATIPSIKCHUS HA BPEMS, PABHOC /U~
TEJIbHOCTU UMIYJibca. [Ipu 5TOM B LEnu CKauKOM
BO3HMKAET TOK, KOTOPBIU TOCTETICHHO YMEHBLIACT-
Cs IO MEpe TOro, KaK KOHACHCATOP 3apsKaeTcd.
Bpems, B TeueHHE KOTOPOTO MPOROIXKAETCS MPOLECC 3aPSAKN KOHACHCA-
Topa, ompeaesaserca mpousseacHuem Tt = RC. Ecim 310 BpeMs McHbIme
IUTUTEIBHOCTY TIOAABAEMOTO HA BXOA MPSIMOYTOJIBHOTO UMITYJIbCA, TO TOK

o, C

Puc. 135. RC-uenouka
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Uy 3apsSAKU NPEKPATUTCS PAHbBIIE, YEM
3aKOHUUTCIA HpSlMOYI‘OJIbeIﬁ nM-
nyabsc. VIMeHHO 9TOT Coryuait nzodpa-

|_| |_| |_| XKeH Ha puc. 136.
0 t B MomeHT mpuxonma 3agHero ¢hpoH-
1, Uppx TA MPSIMOYTOJBHOTO MMITYJIbCA MOAA-

BACMOC HANPIAXCHUC CKAUKOM o6pa-
macTcd B HYJIb. Ho sroro moxso ao-
{ OUTbCA TOJBKO TYyTEM KOPOTKOTO
3aMBIKAHUS BXOOHBIX KJIEMM CXEMBI.
Lens, conepxamast R u C, CTAaHOBHT-
Puc. 136. TIpeoGpasoBanue npsIMO- g KOPOTKO3AMKHYTOH, W KOHICHCA-
YTOJIBHBIX UMITYJIbCOB HATIPSKEHMS RC- Top C pa3psKAETCst Uepe3 COMPOTHB-
LETTOYKOU
aenue R. HampasieHnue Toka paspsia-
KM TPOTUBOMOJIOXKHO 3apIAHOMY TOKY, MO3TOMY BBIXOAHOE HAMPSXKCHUE
HA COTIPOTHBJICHUHM R MMEET TPOTHBOMOIOXHYIO MoadpHOCTh (puc. 136).
Takum o0paszoM, ()opMa BHIXOAHOIO HAMPSXKEHMS OKA3BIBAETCH CO-
BEPIICHHO WHOM, ueM (pOpMa BXOOHOIO HAIPSIKCHUS.

CunycounjanbHoe HamnpsxeHue B RC-unenouke. [locmorpum Temeps,
UTO MOJYUYUTCH, €CAM HA BXOA TOW Xxe& RC-LEenouku MoaaTh CHHYCOM-
JAJIbHOE HATIPSKCHUE

U(t) = U, cos wt. (D)

ByZ(CM CUNTATDh, UTO 3TO HANPAXCHULC }:[eIrUICTByeT B TCUCHUC AOCTATOUHO

6osIbLIOTO MO CpaBHEHMIO ¢ T = RC MpPOMEXYTKA BPEMEHM, TAK UTO BCE

NEPEXOAHBIE TMPOLECCHl K PACCMATPUBAEMOMY MOMEHTY YK€ 3aKOHUM-

suck. Torga Tok B menu OyaeT mame-

HATHCS MO0 CHMHYCOMAAJbHOMY 3aKOHY

\f” C TOM XK€ YacTOTOM 0, MPUUYEM MEXK-

Yo7 | Oy TPWIOXEHHBIM HAMPSKECHUEM W

TOKOM OyAeT HEKOTOPHIM COBUT 110
dasze.

Yro0bl HAUTH aAMILUIATYAY 9TOTO
TOKA M CABUT 1O (ha3e, BOCTIOIb3YEMCH
TEM OOCTOSTEIBCTBOM, UTO MIHOBEH-

HOE 3HAUYECHHE JTFO00M N3MEHSIOWEHCS
JIAJIBHOMY 3aKOHY BeJuuuHa Xx(f)=
— Xo COs wf MoeT Gbimh npeactapiena 1O CMHYCOMIATBHOMY 3aKOHY BEJIMUN-
KAaK MPOEKIMS BPAIIAiomerocs: sekropa  HbI x(?) = X, cOS wf MOXHO MpeAcTa-
JUIMHBI X BUTh KaK MPOEKUHUIO BEKTOPA AJIMHOM

X, HA HEKOTOpOE 3apaHee BHIOpaHHOE
HAMPABJIEHUE, TIPUUYEM CAM BEKTOP PABHOMEPHO BPAIIAETCS B IJIOCKOCTH
C YIVIOBOM CKOPOCTBIO 0, PABHOM LUKJIWUECKON 4acTOTE, a AJTMHA BEKTOPA
paBHA AMIIMTYAHOMY 3HAUCHWIO X, COOTBETCTBYIOWIECH BETMUMHBI
(puc. 137). C moMompo TAKOro MPEACTABACHHUS KaXXA0M HMCCAETYEMOi
CXEME MOXHO COMOCTABUTD ONMPEACIEHHYIO BEKTOPHYIO AMArpaMMmy.

wt |
Xpcos wf

Puc. 137. V3MeHSIOMAACS O CUHYCOU-
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BekropHbie auarpamMmbl. B RC-uemouke, mokasaHHOW Ha pwuc. 135,
CyMMa MTHOBEHHBIX 3HAUCHUW HANPSKECHUN HA KoHAecHcaTtope C U pesu-
CTOpE R pPaBHA 3HAUCHUIO MPUJIOKCHHOTO HATIPAXCHUS B TOT XK€ MOMCHT
BPEMCHU:

U=Ug+ U,. (2)

Ecim LCTIOUYKA HC HArPYXCHA, T. €. K BBIXOAY HUUCTO HC MOAKJJIHOUC-
HO, TO CMJIA TOKa yuepe3 KoHAgeHcaTop C U pe3ucTop R B KaXKIbII MOMEHT
BPEMCHM OAMHAKOBA. DTON CXEME MOXHO COMOCTABUTH BCKTOPHYIO Aua-

s |

Puc. 138. Bekropuas auarpamma st RC-nenouku (@) u rpaduku BXOTHOTO U BBIXOTHOTO
HanpspxeHuit (6)

rpammy, u3oOpakeHHyio Ha puc. 138a. Bea cucrema BEKTOPOB BpamaeT-
€S KakK ILEJI0e TMPOTUB YACOBOM CTPEJIKA C YIJIOBOM CKOPOCTHIO (0 BOKPYT
ocH, HCpHCHI[I/IKYJIS[pHOﬁ IJIOCKOCTH PUCYHKA.

Ilockonpky TOK B menu HaxoauTcd B (ase ¢ HampsxerueM Uy o

ornepexaer Ha /2 HanpsokeHue Ha eMKocTu U ¢» TO IIpu BBIODAHHOM Ha-
npasyicHun BpameHus BeKTopsl Iy u Uy, HaNpaBICHHBIE B OAHY CTOPO-
Hy, onepexaror Ha 3t/2 BekTop U, .. OueBuano, uro sektop U, n300pa-
XKAIOWMii TIPUJIOKEHHOE Hampsikerne U, MOKeH ObTh paBeH, Kak
BuaHO u3 (2), BektopHoii cymme Uy, u U, U3 puc. 138 Buano, uro

Us=Usr +Ude, 18 9= + Usc/Ugg. (3)

Mcnonbays CBA3b MEXAY aMIIMTYAHBIM 3HAYEHMEM CHJIbI TOKA [, U
aMIIUTYAHBIMKA 3HAYECHUSIMU Ugyp U U, HaNpsOKEHUH HA PE3UCTOPE M

KOHIEHCATOPE
I
— ]
Upr=1R, Uy =40
¢ nomompio (3) Haxogum
Uy 1/wC

Io=—% g = MoeC (4)

VR + (1/00)? R

Ecau npunoxenHoe nHanpsxenue gaerca dopmysoin (1), To cuna to-
Ka B LEIU ONPCACTICTCI BBIPAKCHUCM

I=1,cos (ot + ¢), (%)
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rne I, u ¢ onpenensiorcs dopmysamu (4). ITO 3HAUUT, UTO BBIXOTHOEC
HanpsoxeHune Uy, (puc. 135), coBmajaiomee ¢ Hamps>KEHHEM HA PE3H-
crope R, Kak ¥ mogaBaemoe Hampspxenue Ug,, OyAeT CMHYCOMAATIbHBIM,
HO omepexaroumm ero mo ¢aze Ha yroa ¢ (puc. 1386). U3 Bropoit dop-
Myl (4) cregyer, uto 9TOT CABUT 1O haze 3aBUCUT HE TOJBKO OT CO-
OTHOILICHUA MCXKOY Cn R, HO M OT 4aCTOThl O BXOAHOIO HAMPSIXKCHUM.

[MoguepkHeM emie pas, uTo A COXpaHeHus (HOPMBI TEPEAABAEMOTO
HAaNPAXCHU I HeO6XOIlI/IMO UCnoJaAb30BATh MMCHHO CHHyCOHZ{aJIbeIﬁ ne-
PEMEHHBIN TOK.

[TponnnrocTpupoBaHHblil HA TpuMepe RC-TEMOYKY METOX BEKTOPHBIX
AuarpaMm MOXKHO NPUMCHATDH O UCCIACOAOBAHMSL JIIO6])IX JAHEWHBIX oe-
ne MepeMeHHOro TOKA.

ITocaenorateapbHaa RLC-uens. PaccMoTpyM TmpoW3BOIBHYIO TOCE-
JIOBATENBHYIO TIEMb MEPEMEHHOTO TOKA, COMEPXAMIYID AKTUBHOE COIMPO-
tuBaeane R, emxocrs C m wHAyKTHBHOCTH L (puc. 139). Bymem cuu-
TaTh, YTO HA BXOA STOM LIEMHM MOJAHO CMHYCOMAAIbHOE HANPSKEHUE, Aa-
Baemoe copmyaon (1). B mocaenoBaTeibHOM MENM KBA3UCTAITMOHAPHOTO
MEPEMEHHOI0 TOKA CUJA TOKA I B KaXXAblii MOMEHT BPEMEHM BO BCEX
yuacTkax uenu ogquHakoBa. CyMMa MIHOBEHHBIX 3HAUCHUUN HANPSKEHUU

o ~ o HA COMpOTHUBJCHUU R, eMKOCTU C W WHAYKTUBHO-
U ctm L paBHA 3HAUCHWIO MPWJIOXKEHHOTO HAMPIXKE-
Hug U B TOT XX€& MOMCHT BPECMCHU:

[]R C=

U=UR+UL+UC' (6)
L .

o DT0it CXeME MOXHO COMOCTABUTH BEKTOPHYIO -
Puc. 139. Tlocnenosa- ArpamMmy, m3odpaxeHHyro Ha puc. 140a. Kaxnoii Be-
tembuas RLC uenb JUYrHEe — TOKY /(7), HANPSXKEHUIM HA CONMPOTHB-

aeHuu R, eMkoct C M MHAYKTUBHOCTH L — como-
CTaBJIGIOTCY BEKTOPHI, JJIMHA KAXKJOTO M3 KOTOPHIX PABHA AMILTUTYAHOMY
3HAUEHUIO COOTBETCTBYIOWIEH BEIMUYMHBL. Bes cucrema BEKTOpoB Bpaima-
€TCSl KaK LIeJIOe C YIVIOBOM CKOPOCThIO . MrHOBEHHBbIE 3HAUEHUS BETNUMH
I, Uy, Uy 1 U, mOMyyaroTCs MpoeUupoOBAHNEM COOTBETCTBY FOLIMX BEKTO-
poB Ha 3apaHee BiOpanHOE (hukcupoBannoe HanpasiaeHue NN. [Tockosb-
Ky, KaK Mbl BU/IE/TH, TOK B IENK U3MEHSAETC B ase ¢ HanpsoxeHueM Uy,
OTCTAeT Ha 7/2 OT HANPSIKEHUS HA WHAYKTUBHOCTU U, W omepexaeT Ha
/2 HanpsKeHue Ha eMKocTH Uy, TO NPy yKa3aHHOM HANpaB/JICHUU Bpa-
meHust BeKTop Uy, onepexaet BekTopbl [, u U, Ha 7/2, KOTOPbIE B CBOKO
ouepeab ONepexaroT Ha /2 BekTop U .

Bekrop, m3o0paxammmii TPUIOKEHHOE HAMPSIXCHUE, PABEH CyMMeE
BEKTOPOB Uy, Uy, 1 Uy, TAK KAK TPOEKUMS PE3YIbTUPYIOLIECTO BEKTOPA,
KOTOpAasl ONPEAEISET MTHOBEHHOE 3HAUEHUE TMPUIOXKECHHOTO HATIPSIKECHUS
U, paBHA CyMM€ MPOEKUUN COCTABJISIOMMUX BEKTOPOB, PABHBIX MIHOBEH-
HBIM 3HAYEHUSAM HANpsxKeHud Uy, U; u U, B TOJHOM COOTBETCTBHH C
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pasencTeoM (6) (puc. 1406). V3 51010 pucyHkKa BUOHO, UTO

U%= U%R + (Up, — Uoc)2

U, —Uoc
Uor

, lge= (7

I/ICHOJIb3ySI CB4A3b MCXAY AMIJIMTYAHBIM 3HAUCHUCM TOKA IO n ami-
JUTYAHBIMU 3HAUCHUAMU Hal'Ipfl)KeHI/Iﬁ Ha OTACJ/JBHBIX 9JICMCHTAX LCTN:

Ugr = IR,

¢ nomowpo (7) mosyuaem

Iy

I=

Uoce=5e  Uor=1pwL,
Uy
VR + (oL —1/00)? ®)
_ ol —1/(wC) (9)

ge=

R .

WTrak, ecmm npuioxennoe Hanpsxenne U(f) = U, cos wt, TO TOK B

uemu I = I, cos (wf — ¢), Tae Iy u

¢ onpenensorca hopmysamu (8) u

(9). Tok B menm, KaK W HAMPSIXKCHUE, MEHICTCI TO CHHYCOMIATbHOMY

3aKOHY, HO MEXIAY TOKOM W Hamps-
XKECHUEM CymICCTBYCT CABUT IIO (l)a—
3¢, PaBHBI .

C moMompr BEKTOPHOM aMar-
pammbr Ha puc. 1406 Teneps Jsierko
HANUCATE BBIPAXCHUSI I/ MIHO-
BCHHBIX HAMPSXKCHUM HA OTAC/Tb-
HBIX 9JIEMEHTAX CXEMBbI:

Ug=1IyR cos (wt — ),

U, = I,oL cos (mt—«p+%),

1 T
-5

= w_oc cos

BbISICHI/IM, YTO IOKAXET BOJIBT-
MCTpP, €CIM €r0 NMOAKJKUUTh K Ka-
KOMY-M00 M3 O5JEMEHTOB CXEMBI.
[TpousBens w3MepeHHWs HaAMpsIKe-
HUM HA BCEX JJEMEHTAX CXEMBI IO
OTAENBHOCTH, MOXHO yOemuThCs,
UTO CyMMa ITUX HaHpSl)KeHI/Iﬁ BCECT-
ga Gosbiue AEHCTBYIOLIETO 3HAUE-

Ue ((x)t — ¢

Puc. 140. Bekropnasi quarpamMma s mo-
caenosartesnbHONM RLC-uenu (@); K onpeze-
JICHUKO CBSI3U MEXKY IMPHUJIOKEHHbBIM Ha-
HPSDKEHUEM U TOKOM B 1ieru ()

HUS TOJABAEMOrO HAa CXEMyY HANpsDKeHus. Bosiee TOro, HAmpsiXKEHWE Ha
JI000M M3 PEAKTUBHBIX COMPOTUBJICHHWI MOXET ObITh ropasmo Oosibuie
MOAABAEMOr0 HampsKeHus. Hanpsokenue ke Ha aKTHBHOM COMpPOTHBJIE-
HUM HUKOrAA He ObiBaeT OOJbLIE MOAABAEMOrO HAMPSIKEHUS.
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Pe3oHaHC HanpsixkeHud. Ecim npu m3mepeHun HampsIXEHW HA peak-
TUBHBIX 9JICMEHTAX HANPSDKEHUS OKAXYTCS PABHBIMM APYT APYTY, TO
9TO 3HAUMUT, UTO PABHBI pPEaKTUBHBIC comporusicHus: oL = 1/(wC).
Takyo cuTyauuio Ha3bIBAIOT PE30HAHCOM HANPsIKeHul B LENHu Iepe-
MEHHOr0 TOKa. [Ipm 5TOM HampsIXEeHWE HA AKTUBHOM CONPOTUBJICHUYN
paBHO TIPUJIOXKEHHOMY BHEHIHEMY HampspkeHuto. COmpoTHBICHHE BCCH
MOC/ICOBATEABHON LEMU TTPU PE30HAHCE HATIPSIKCHUU CTAHOBUTCS YUCTO
aKTUBHBIM U paBHBIM R. Casur (a3 MexXay NMPUIOKEHHBIM HATPSIXCHU-
€M ¥ TOKOM B 9TOM CJIy4ae OTCYTCTBYET.

[Mpu pesoHAHCE HAMPSIKEHWIA ABAXABI 3a TMEPUOI KOaeOaHMil Tpouc-
XOIST B3aMMHBIC TPEBPAILCHUS SHEPTUUA DJIEKTPUUECKOTO MO KOHACH-
€caTopa B DHEPTUI0 MATHUTHOTO TOJS KATYIIKU 1
obpatHO. DHeprus, MOABOAMMAY K KOHTYpPY W3
BHEITHCH IICNH, HEANKOM HACT HA KOMIICHCA-
OO JKOYJACBBIX MOTCPb B AKTAUBHOM COMPOTHUB-
JIEHAW KOHTYpa.

2U® R[ == 7
[o]

S
|
[

ITapannenpHas RLC-menb. Paccmorpum mems
MEPEMEHHOT0 TOKA, CONEPXKALIYI0 MApaJUIeTbHO
Puc. 141.  TlapamrensHoe  COeOWHCHHBIC AKTHBHOE COMPOTHBJICHWE R, WH-
coepuuenue R, L u C aykTtuBHocTh L 1 emkocth C (puc. 141), Ha xo-

TOPYIO MOMAETCS MEPEMEHHOE CHHYCOMAAIBHOE
Hanpsxeane U(f) = U, cos wf. Kak u B cayuae mocaegoBaTeIbHOTO CO-
EOUHEHUS DJJIEMEHTOB, DTy UENb yAOOHO MCCAEAOBATH C MOMOIIBIO BEK-
TOPHBIX AHATPAMM. HanpspKeHHe Ha BCCX HOAPALIC/IbHO COCAMHCHHBIX
9JIEMEHTAX OAMHAKOBO M PABHO MPHJIOXCHHOMY
Hanpsxeruto U(7). MrHOBeHHOE 3HAUCHME KBa-
3MCTALMOHAPHOTO TOKA B HEPA3BETBJICHHOW ua-
ctu uenu [(¢) paBHO anreGpamyeckon Cymme
TOKOB B MApaJUICAbHBIX YUYaCTKaX:

I=IR+IC+IL‘ (10)

[ToCKOMIbKY TOK 4YEpe3 COMpOTHBJCHHE R
HaxXomuTcsd B ha3e C MPUIOKEHHBIM HATpsXKe-
HHEM, TOK B BETBH, COAEPXKAIIEH EMKOCTh,
ONEpEXaeT HAMpsKEHHME Ha /2, a TOK 4Yepes
VHIYKTUBHOCTh OTCTAET OT HAMpPSIKCHUS HA
Puc. 142. Bexropnast ama-  gqr/2 1o BEKTOpPHAsl AMATPAMMA, COOTBETCTBYIO-
Q)%feﬁﬂ” NMAPAIICIPHON  yag HTOM 1enm, WMEEeT BUA, W300pa’kKCHHBIM

Ha puc. 142. YuureiBasg CBSI3b MEXAY aMILIU-
TYAHBIMM 3HAUCHUSIMH TOKOB B DPAa3JMUHBIX JJEMEHTAX M AMIUIUTYA-
HBIM 3HAUYCHUEM TPUJIOXKEHHOTO HAMPSKEHUS:

Uy= IygR= I4c/oC = I, oL,

C MOMOLIBIO BEKTOPHOI AMArpaMmbel HA puc. 142 mosyuaeM Caeqyroniue
BBIPAXCHUS AJIS AMILUTUTYABI TOKA B HEPA3BETBJICHHOW YACTH LETH W 15
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caBura 1o (1)336 MCXKAY NMPUJIOXKCHHBIM HANPSIKCHUECM U 9TUM TOKOM:

2
,"1 1
IO=UO F+(E—wc) N (11)

tg«p=R(&—wC). (12)

Takum o00pa3oM, TOK B HEPA3BETBJECHHOM 4YACTM UENW pPABEH
I=1,cos (wt — ¢), rae I,y ¢ onpenenstorcst popmynamu (11) u (12).
BekTopHas amarpaMma Aaer TAKXe BO3MOXHOCTb HAMUCATH BBIPASKEHUE
IUIS. MTHOBEHHBIX 3HAUEHMI TOKA B OTHEJbHBIX BETBSX LCIH:

1 =ﬂcos wt, I =ﬂcos (mt—ﬁ) I, = Uy,nC cos (mt+£)
R™R > LT L 2)> ¢ 0 2/
Pe3oHaHC TOKOB. [Ipu paBEeHCTBE €MKOCTHOTO M MHAYKTHBHOTO COMPO-
TUBJICHUU, T. €. pu ©wL = 1/wC, casur a3 Mexay TOKOM B HEpPa3BET-
BJIEHHOM UYACTH LENM M HANPSKEHUEM 00painaercd B Hyab. Toku 1, cH
I 7 OpyU 3TOM PABHBI IO BCJIMUMHE, W TAK KAK OHW HAXOAATCA B MPOTH-
Bohaze, TO TOK B HEPA3BETBJCHHOW UACTU CTAHOBUTCA PABHBIM TOKY

I, 4epe3 aKTUBHOEC CONMPOTUBIICHUC.

3ameTnM, uTO TOKHU I, ¢ W I; B OTOCABHBIX BETBAX LECTH MOTYT 3HA-
UUTCIBHO IMPECBOCXOAUTE TOK B IMPOBOAAINNX IMPOBOAAX. Taxkaga cutyanuda
HOCUT HA3BAHWUC pe30HaHca mokos. Ilpm 3T7oM, Kak W B TMOCJICAOBATEIb-
HOM RLC-Uenu Mpu Pe30HAHCE HAMPSKEHWI, TPOUCXOAUT OOMEH JHEP-
THEN MEXAY SJEKTPUUECKUM W MATHUTHBIM TOJISIMU, COCPEIOTOUECHHBIMU
B €MKOCTM M WHIYKTUBHOCTH, 4 MCTOUHWK MHUTAHUS TOJbKO KOMIICHCH-
pPYET TOTEpM SHEPTUU 34 CUET BBIACJCHHS AXOYJIEBOM TEMJOTH HA CO-
nporusseanu R. Ecnm comporusnenue R BooOwmie yOpath u3 wenu
(R— ), TO SHEPreTHUYECKUE TOTEPU B TAKOW MAECAJM3UPOBAHHOM CXEME
OTCYTCTBYIOT ¥ TOK B MOABOASILIMX MPOBOAAX PABEH HYJIO, XOTS B KOH-
Type, cocrosimeM u3 L u C, TOK MOXET ObITh CKOJIb YTOZHO OOJIbLIMM.
B oToM cayuae Ha pe3oHaHCHOH uyactote = 1/VLC nomHoe peakTHs-
HOE COMPOTHBJICHME KOHTYPAa HEOTPAHMUYEHHO BO3PACTAET.

Pe3onanc TOkOB, HApgAy C PE30HAHCOM HAMPSDKEHWH, DIMPOKO WC-
MOJI3YETCS B TEXHUKE. B KauecTse mpuMepa MOXHO yKAa3aTh HA MCIOIb-
30BAHME PE30HAHCHBIX CBOMCTB RLC-1enu A BBIACACHUS CUTHAIA HYX-
HOM 4YacTOTBl B AHTEHHE PAAMONPUEMHMKA MpPU HACTPOWKE HA Ompeae-
JICHHYI0 pPaguocTaHumio0. [[pyruM BaXXHbIM MPUMEPOM WCMOJIb30BAHUS
PE30HAHCA TOKOB SIBJIIETCS WHAYKIMOHHAS TMEYb, B KOTOPOW HATPEBAHME
Y TIJIABJICHUE METAJJIOB TPOM3BOAATCS BUXPEBBIMU TOKaMu. [lapasiensHo
HArpeBAMOIIEH KATYIIKE, B KOTOPYHI MOMEHIAETCS PA30rPEBAEMBIA MeE-
TaJIJI, IPUCOEAUHAIOT KOHAEHCATOP M MOAOMPAIOT €0 EMKOCTh TaK, YTOOBI
MOJIyUHMTh HA YACTOTE MUTAIOLIETO TEHEPATOPA PE30HAHC TOKOB. Toraa ue-
pe3 MOABOAYLIME TMPOBOAA M TEHEPATOP MOMAET CPABHUTEIBHO HEOOIBIION
TOK, KOTOPBIf MOXET ObITh BO MHOTO pa3 MeHbIle TOKa B LC-KOHTYpe, 00-
Pa30BAHHOM KOHAECHCATOPOM M HATPEBAIOMICH KATYIIKOM.
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B ueM 3ak/1H04a0TCS AOCTOMHCTBA IEPEMEHHOTO TOKA CUHY COUAAIbHOM (hopMbl?

Kak mnpeobpasyrorcsl mpsMOYTroyibHble UMITYJIbChl RC-1ienoukoit? Paccmorpu-
Te CcJaydyail, Koraa AJIUTEJIbHOCTh UMITYJIbCOB MHOrO GoJibllle T = RC U Koraa
OHa MHOIO MEHbIIIE T.

[TosicHute ugew meropa BCKTOPHBIX AuUarpaMm Uid pacucra uernem CHUHYCOU-
AAaJIbHOIO MEPEMECHHOI0 ToKa?

[ToscHuTe, MoueMy Ha BEKTOpHOIM Auarpamme Ha puc. 137 BekTop, HU3o0pa-
KAWIIUN TTPUIOKEHHOE HAIPSIKEHUe, PaBeH CyMMe BEKTOPOB, M300paxkaro-
IMIMX HANpPSKEHUS Ha COMpoTUBJIeHUH R u emkoctu C.

PaccMmorpute moclienoBatesibHyl0 RL-1IENOYKY M TOCTPOMTE COOTBETCTBYIO-
IIYI0 el BEKTOpHYI0 Auarpammy. Haiinure casur a3 Mexxay NMpHIOXKEHHBIM
HAIPSKEHUEM U TOKOM B Lenu. BydeT /M TOK OTCTaBaThb OT HANpPSXKEHUS
WK olepexarhb ero?

Ecnu s ob1iett popmyie (9) ans nocsienosateabHoit RLC-1ieny mosoxutb L = 0,
TO [U1g cABUra ha3 MoJiyyacTcsl BblpaxkeHue, OTJIMUAIIeecs 3HAKOM OT (hopMy-
Jiet (4) s RC-tienu. Kak mo-BaiiieMy, ¢ 4eM CBS3aHO 9TO pasanuue?

IIpy KakuX COOTHOLICHMSX MEXIy IlapaMeTpaMu IocJiefoBaTesbHOM RLC-
LIeNIM TOK B HEU ollepexaeT Mo (pase NPUIOKEHHOE HallpsLKEHUE, a IIPU Ka-
KHUX — OTCTaeT oT Hero?

HOSICHI/ITC, IIoUEMY Ha BCKTOpHOﬁ AuarpaMme i HapaﬂﬂeﬂbHOﬁ RLC-uenu
CKJIaAbIBAKOTCHAd TOKMH, a HE HaHpH)KCHI/ISI?

Uto Takoe pe30HAHC HAIPSIKEHWH U pe3oHaHc TokoB? Kakue sHepretmue-
CKUe TIpeBpallleHUs IIPH 5TOM MPOUCXOAAT B Lienu?

MoxHo s IIPUMCHATD BCKTOPHBIC AUarpaMMbl IS HaAXOXACHUS TOKa cpasy
IocJie NpUJIOKEHUA IICPEMECHHOIO Hal'lpﬂ)l(eHl/lﬂ?

A 3akoH Oma. 3akon OMa — 9TO YTBEPXACHWE O TMPOMOPIHO-
HAJbHOCTU MCXKAY TOKOM W HANPAXCHUCM B LICITH.

PaccMoTpum a1g mpOCTOTHI yUacTOK LENMU, COAEPKAIIMI MOCTIEA0-
BATEIbHO COCAWHEHHBIE PE3ucTop R, KoHAaeHcaTtop C M KATYWIKy WH-
ayktusHocTH L. Takas uenp Obuta mogpoOHO pPacCMOTpPEHA BBILIE.
Kak 6buto mokasano, Bux 3akona OMa MMEET TOJBKO COOTHOLICHWE
MCXKAYy AMIVIMTYAHBIMU 3HAUCHUAMMU TOKA WM HATIPIAXKCHUS B LCIIN:

= Yo (13)
VR? + (oL — 1/wC)?

Iy

Hanuuwe onpenenenHoro casura mo ¢dase ¢ MEXAY TOKOM M Ha-
NPIXXKCHUCM TIPUBOAUT K TOMY, UYTO MITHOBCHHBIC 3HAUCHUA TOKA U
HAMPSKEHUS HE NPONOPUMOHAJIbHBL APYr APYTY M MBI HE MOXEM C
MOMOIIBIO BCIONCCTBCHHBIX UMCE/ MPCACTABUTHL TOK B LCMHN KAK OTHO-
MCHUC NMPUJIOXKCHHOTO HATIPAXCHMS K CONMPOTHUBJICHUIO.

OxHAKO 9TO MOXHO JIETKO CAEATh, UCMOIb3Ys KOMILICKCHBIE UWIC-
sa. Pagymeercs, TOK, HATIPSIXKEHUE U COMPOTUB/ICHUE ETHU, KaK U JIFO-
Oble ApyrHe M3MepseMble HA OMbITE (PM3UUECKUE BETMUMHBI, JOJIXKHBI
BBIPAXKATHCS BCIICCTBCHHBIMU UNC/IAMU. MrHOBEHHBIE 3HAUCHWS MHTE-
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pecyommx Hac (GPU3NUECKUX BEJIUMUKMH TMOJTYUAOTCS B PE3yabTaTE TIPO-
eUMpPOBAHKMS BEKTOPHOM AuarpamMmbl, u3oOpaxeunnoit Ha puc. 140. Ho
BEKTOP HA IJIOCKOCTH MOXHO 33aTh C MOMOIIHIO KOMILIEKCHOTO YKCJIA.
Bynem ¢hmkcnpoBaTh MTrHOBEHHOE 3HAUCHME KAXKIOTO W3 BPAIIAFOIINX-
cs BeKTOpoB Ha puc. 140 3amanreM HEKOTOPOTO KOMIUIEKCHOTO UHMC/IA.
B uacTHOCTH, BEKTOPY, M300paKaroMEMy TOK, COMOCTABMM KOMILIEKC-
HOE UMCJI0 [, BEKTOPY, N300pakaromeMy HANpsKEHNne, — KOMILIEKC-
Hoe uncso U. ITockombKy yroa ¢ MexXay 9THMM BPAIIAIOIMMUCS BEK-
TOpaMHU TTOCTOSIHEH, KOMILIEKCHBIE Uncaa U U /, COOCTAB/SIEMBIE ITHM
BEKTOpPaM, MOXHO CBSI3aTh paBeHCTBOM [ = U/Z, rae Z — HEKOTOpoe
MOCTOSTHHOE KOMILIEKCHOE UHMCJIO.

D710 cooTHomeHuE hopMabHO MMEeT BUA 3aKoHa OMa [uid yuyacTka
LEMK, TPUUYEM KOMIUIEKCHOE UHMCI0 Z KAK-TO XapaKTEPU3yeT COMpo-
THUBJICHUEC ITOTO YUaCTKA OCIN HGH‘GM@_‘HHOMY TOKY. Haﬁz(eM BUA 3TOTO
upc/Ia. 3anumeM BeIpaXxeHus a1g U u [ B TPUTOHOMETPUYECKOR (hopme:

I7=U0 (cos ot + i sin wt), (14)
= 1, [cos (wf — @) + isin (wf — q))],

M YyUTEM, YTO PA3HOCTh APTYMEHTOB ITHX KOMILICKCHBIX YMCEJ PABHA
MOCTOSIHHOMY COBUTY (Da3 ¢ MEXAy HampsKeHueM u ToKoM. Mcmosb-
3ys pasernctBa (14) m mpaBwio Ae/ieHMS KOMIUICKCHBIX UMCE/, 3a-
JAHHBIX B TPUTOHOMETPHUUYECKON (hopMe, TOTyuuM

U

U,

1_(? (cos ¢ + i sin ¢) = Z,(cos ¢ + isin ¢). (15)
Takum 00pazoMm, MOAY./Ib Zo KOMILJICKCHOTO UuCaa Z, KakK BUAHO

u3 seipaxkenuit (13) u (15), pasen

_V_ 1

2 2

a ero apryMeHT ¢ MPEACTaBasSET co0oM caBur (ha3 MexXAy HampsixKe-
HUEM M TOKOM U ompeaeasierca dopmyson (9). Ilepexons ot Tpuro-
HOMETPUYECKOM K asreOpamueckoit opMe KOMIUIEKCHOTO YMC/IA |
YUUTHIBAS, UTO

tg ¢ = 11213_;, ZO = \/(Re Z)2 + (Im Z)Z,

MOoJay4yaem Aad Z BBIPAXKEHUE

Z=R+i(mL—L). (16)
wC

KoMmruiekcHOE 4mMca0 Z TOMHOCTBIO XAPAKTEPU3YET COMPOTHUBIIEC-
HHE pacCMaTpuBacMoro y‘laCTKa uenu CI/IHyCOI/II[aJIbHOMy IECPEMECHHO-
My TOKy C 1laCTOTOI.;I . OHO HOCHUT HA3BAHUC KOMNJIEKCHOZO CONpPO-
muéaenuss i umnedanca uenu. 3Has Z, JETKO HAUTH aMIUTATYLY
TOKA U CABUT T1I0 q)a3e Me)KZ[y HaHpﬂ)KeHI/IeM U TOKOM.
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®opmyna (16) mokasbBAET, UTO MMIEAAHC MOCIETOBATEIBHON LE-
MY MOXHO TOJYUYNUTh, €CJM IJAEMEHTAM CxeMbl R, L u C COmOCTaBUTH
KOMILJIEKCHBIE COMPOTHBJIEHUS MEPEMEHHOMY TOKY IO CAEAYIOMEMY
NPABUILY: |

MOCJE YETO CJAOXWTHh ITH «COMPOTUBJICHMS» MO TPABUIY CJIOXEHUS
COMPOTUBJICHWH B MOCJECAOBATEIBHOM LETH.

[TosyyeHHBIN PEUENT UMEET COBEPIIECHHO 00U XapakTep | Cripa-
BENIUB IUTS JIFO00M pa3BETBJIEHHOM LIETH: BCEM DJIEMEHTAM COMOCTAB-
JISIFOTCSI KOMIUIEKCHBIE COmpoTuBacHus no npasuay (17), koropsie 3a-
TEM CKJIAABIBAIOTCS O MPABWIAM IJIS LEMEel MOCTOSTHHOTO TOKA.

OtmerumM, uto dopmyast (14) u (15) MoXHO 3amucaTh KOMIAKT-
HEE, €CJIM BOCIOJIb30BAThCH (hopMysion Jitsiepa

e’ =cos o + i sin a.
ITpu sTom, ouesuano, U = U, ei®t, [ = [, e!@t=9) u

Z=U/T=Z,el*. a

e CdopMyIupyUTe OCHOBHYH HACK UCIOJIb30BAHUS KOMIUICKCHBIX YMCEJ IS
aHa/M3a Lenel CUHYCOUJA/JIbHOIO NEPEMEHHOIO TOKA.

e CdopMynupyiiTe IpaBuja pacuera IIPOU3BOJIBHON Pa3BETBJICHHOW LIENU, CO-
aepxamei RLC-3JIeMEHTSHI.

e PaccMoTpuTe ¢ MOMONIBIO KOMIUIEKCHBIX YHCE Napaiie/bHylo RLC-1enb U
noayuute (opmysel (11) u (12).

§ 23. Pabota M MOLHOCTL NEPEMEHHOro TOKa.
Mepepaya 3neKTpO3HEeprum

Kak mbr BUACIN, B LUCNU CUHYCOMAAJTBHOTO MCPCMCHHOTO TOKA, B006U.[e
TOBOpPSI, BOSHUKACT CABUT II0 (1)336 MCXKAY NPUJIOXKCHHBIM HAMNPIAXKCHUCM
N TOKOM:

U(t) =U,cos wt, I(t)=1,cos (of— ¢). (D)

MrHoBeHHasd MOUIHOCTb. CaBur a3 ¢ 3aBUCHT OT COOTHOLICHUS MEX-
Iy AKTUBHBIM ¥ PEAKTHBHBIMYM COMPOTUBJICHUSIMH W TEM CAMBIM OT 4ac-
TOTHl ®. [IOCKOABKY HATIPSDKEHUE M TOK B LEMHW W3MEHSIOTCS C YaCTOTOW
®, TO MPH MOACYETE pabOThl TOKA HYXKHO PACCMATPHUBATH HACTOJBKO Ma-
JIBI TIPOMEXKYTOK BPEMEHM Af, uTOOBI 3HAUEHMS HAMPSDKEHUS W TOKA
MOXHO OBLJIO CUMTATH MOCTOSHHBIMMU:

AA=I(t)U(t)At. (2)
OTCIOJ.'la MOJIYy4yacTCd CACAYHOIICC BBIPAXKCHUC OIS MTHOBEHHOM MOmI-

HOCTH TOKa:
P(t) = AA/At=1(t) U(2). (3)
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[Moncrasus crona suauenus (1) u U(¢) uz (1), monyuaem
P(t) = Uyl cos wt-cos (wf — ). (4)

Bocnosib3oBaBmuch TPUTOHOMCTPUUCCKUM TOXIACCTBOM
cos a-cos B =% [cos (a+ ) +cos (a—P)],
nepenuimeM (4) B CAeAyOLIEM BHUAE:
P(t) = % I,U, [cos ¢ + cos (2wt — ¢)]. (%)

BoipakeHue ais MrHOBEHHOM MOIIHOCTH (5) COCTOMT M3 ABYX CJara-
€MBIX: OTHO M3 HMX HE 3aBUCUT OT BPEMEHM, a BTOPOE OCHULIMPYET C
YABOCHHOW YACTOTOM 2. DTO 3HAUWT, UTO ABAXIBI 32 KAXABIA TICPUOT
U3MCHCHUS NPWJIOXCHHOTO HAINPSIXCHUA M3MCHYACTCAd HANPABJICHHUC IIO-
TOKA4 SHCPTUU: B TCUCHUC KaKOH-TO 4acTh nepuoga SHCPrud mocrtynact
B LEMb OT MCTOUHWUKA MEPEMEHHOTO HAMPSIXKEHWS, a4 B TEUCHUE APYrou
yacT Bo3Bpamaerca oopatHo. CpenHuil 3a Mepuon MOTOK SHEPTUM I0-
JIOXKUTEJICH, T. €. QHCPTHUA NMOCTYHACT B ICTb OT UCTOUHHUKA.

CpenHas MOIIHOCTb. JledCTBYOmME 3HaYeHHd. EcCau wHTEpECcOBaTh-
ca paboToii MEPEMEHHOTO TOKA 34 MPOMEXYTOK BPEMEHM, CPABHMMBIN
¢ mepuogoM T = 23t/w, To B BeIpaxeHuu (15) miga MOmHOCTH CAEAyET
yUuTHIBATh 00a craraeMbix. [Ipu BbIUMCAEHUM pPA0OTHI, COBEPIIAEMOM
TOKOM 33 MPOMEXYTOK BPEMEHH, 3HAUNWTE/IHGHO MPEBHINAIOIIWIA IIEPHO,
BKJIA[ BTOPOTO CJIATAEMOTO OyAeT mpeHeOpexuMo MaaeM. B otom ciy-
yae BMeCTO (§) MOXHO MOJIb30BATHCH BBIPAXEHUEM /I CPEAHEW MOII-
HOCTH P:

1
P =3 1,U,cos ¢. (6)

Yacro aty dopMmysy 3anuceBalOT B BUAE
P = IU cos ¢, (7)

rae / u U — Taxk Ha3wblBAEMBIC Odelicmayroujue 3HaveHust CUIbl TOKa 1
HanpsKeHKs, B V2 pa3 MEHbIIME COOTBETCTBYIOMMX AMIUIUTYAHBIX 3HA-
YCHU:

I=1/N2, U=UyV2. (8)

Ucnonp3oBanme [OEWCTBYIOIMNWX 3HAUCHUH BMECTO AMILUIUTYIHBIX
yaOOHO MOTOMY, UTO B HATPY3KE C UMCTO AKTUBHBIM COMPOTHBJICHUEM,
rie ¢ =0, Beipaxenue (7) past MOMIHOCTH OyAET TAKMM Xe, KaK M AJIs
MOCTOSHHOTO TOKA.

Hotepu B auHugX nepeaaun. [lorpeGurento OOBIUHO MOAAETCS HA-
MPSIKEHUE OMNMPEACTCHHOW BEJMYUHBI U, OITOMY OJHA M Ta K€ MOMI-
HOCTh P OyameT moTpebaarTbCs MpH pasHbIX 3HAUCHUIX TOKA B memu [
B 3aBUCMMOCTM OT cABWra hassl MEXAYy TOKOM M Hampsxenuem. [lpm
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MaJIbIX 3HAUYCHUSIX COS ¢ TOK AOJDKEH ObITh OOIBIIMM, UTO HPUBOZUT
K GOJIBIIMM TEIJIOBBIM TOTEPSIM B MOABOASIIMX TMPOBOAAX JIMHWM IIE-
penaum.

Ecnmu r — conmpoTuBsieHNE TWHWM MEPEJaun, TO pacCEMBAaeMasi MOII-
HOCTb TEIJIOBBIX MOTEPb B vHuUM P, pasHa [%r. Belpaxas ToK B uemu ¢

nomomibio (7), ans P, moayuaem

2
R Pl=—7 P 7. ©)
I, + U” cos “¢
[lnst ymMmeHbIEHNS TOTEPh CAEAYET AO-
L OMBATHCS KAK MOXXHO MEHBIIETO CABH-

ra (a3pl MEXIy TOKOM ¥ HATIPSIKEHU-

€M B Harpys3ke.

BoSBIIMHCTBO COBPEMEHHBIX  TTO-
Puc. 143. DkBuBajeHTHAas CX€Ma IIO- Tpe6I/ITeHeﬁ SJEKTPUUECKON SHEPTUH
TpEGuTeNs ¢ MHAVKTMBHOM HArPY3KOH  CppycoMmasIbHOrO TOKA IIPEACTABIIS-
(@) ¥ BKIIOUEHME BCIIOMOTaTEJbHOTO .

KOHJEHCATOPA JUIsl yBeJuueHus cos ¢ (6) 10T OGO HArpY3KM WHIYKTHBHOTO
XapakTepa, TOKW B KOTOPBIX OTCTAOT
mo (ase OT HAMPSKEHUS MCTOUHWKA

nuTaHusd. JKBUBAJCHTHYIO CXEMY TAKOTO MOTPEOMTENS MOXHO u300pa-

3UTh B BUAE MOCJCAOBATEIHHO COCAMHCHHBIX AKTUBHOTO COMPOTHBJICHUS

R u wapykrusaoctu L (puc. 143a). CooTBercTByOmAas BEKTOPHAS AUAT-

pamma nokasasa Ha puc. 144a. Tok I, uepe3 HArpys3Ky OTCTAaeT OT IpH-

JIOXXEHHOTO HAIPSDKCHUS HA ONMPEAE/ICHHBIN yroi ¢,. [lorpebasemas Ha-
rpy3Koi MomHOCTh coriacuo (7) pasHa

1
P =5 Uyl COSP,. (10)

a

U3 oroit hopMysabl BUAHO, YTO MpU HAUpSKEHUH U, TAKyl Xe MOII-
HOCTb MOXKHO OBLIO OBl MOMyYHTh U HPH JTOOOM APYTOM TOKE /,, TAKOM,

Puc. 144. BekTopHbIE AMATPAMMSI IS LETEi, N300PaKEHHbIX HA puc. 143

yTO M300paxkarmmii ero BeKTOp (MOKA3aHHBIA MITPUXOBOHM JMHUEH HA
puc. 144a) okaHuMBaeTCS HA HNEPICHANKYISIPE AB, OMyMIEHHOM M3 KOH-
ua /,, Ha HanpasiaeHue U,, Tak Kak npu 3toM [, cosp = I, cos ¢,. Ho
ecan @ < @y, T0 Iy < Iy, ¥ Npu TOM €& MOLIHOCTH TEIJIOBLIE MOTEPU B
HOABOASIIIMX TPOBOAAX OyAYT MECHBbIIE.
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YMeHbienne norepb. Kak xxe godurbcs Toro, utoOsl casur as Mexmy
HATMPSKEHMEM M TOKOM B LEemu yMeHbmmiaca? Jlerko coo0pasuth, yuTO
IUISE 9TOTO MOXHO TOACOCAMHUTH MAPAJIICIBHO HATPY3KE BCIIOMOTATE/Ib-
Hbld KoHmencatop (puc. 1436). BekropHas amarpaMma B 9TOM Cayuae
Oyzmer wumeTh BuA, M3o0pakeHHbI Ha puc. 1446. Bekropsl, nzobpaxaro-
mKe TPUIOXECHHOE HAampsokeHue U u TOK uepe3 Harpysky [y, OCTaAHyTCS
HEM3MCHHBIMY, 4 TIOJIHBIM TOK B HEPA3BETBJCHHOU LIEMM, PABHBIA CyMMe
TOKOB U€pE3 HATPY3Ky WM BCIIOMOTraTEJbHBIN KOHAEHCATOP, Oyaer uao0pa-
XaThcsl BEKTOpoM /. [Tonbupast eMKOCTh KOHACHCATOPA, MOXHO JOOHUTh-
Cs1 TOrO, uTOOBI CABUT MO ha3e MPUHSI 3aAaHHOE 3HAUCHUE .
W3 puc. 1446 Buano, uto AnMHA BekTopa /. paBHA

Ioe = |OA| (ig ¢, — 18 ). (11)

Ho |OA| = I, cos ¢,, u ¢ momompo (10) mHaxomum |OA| = 2P/U,,.
AvmunTyaHOE 3HAUCHWE TOKA B KOHACHCATOPE /) CBI3aHO C AMILUTUTY/-
HBIM 3HAQUYEHHWEM II0AAaBAEMOro HampsokeHud dopmynon [,. = U,wC.
Hoacrasasas |OA| u Iy B (11), Haxonum

— 2P _
C= Ze (g ¢, — 18 ). (12)

Takum 06pasoM, CyHIECTBYET AOCTATOUHO MPOCTOM M 3((EKTUBHBIA
CHOC06 CHMXCHHUA IIOTCPb B JIMHULX INEPEAAUN SJHCPIrUU NEPEMEHHOIO TO-
Kd, CBIA3dHHBIX C PCAKTHUBHBIM XAPAKTCPOM CONPOTHUBJICHUA HATPY3KWH:
IOAKJIIUCHNUEC KOHACHCATOPA K I/IHZ[YKTI/IBHOfI HArpy3kKeE mO3BOJSLICT MOy -
YUTh PaBHOE HYJIIO 3HaUeHue casura ¢das ¢.

BbICOKOBOJIbTHBIE JMHMM nepeaaun. Ho gaxe B Tom ciyuae, Koraa co-
MPOTUBJICHUC HATPY3KU ABAACTCI UMCTO AKTUBHBIM M CABUT (bas MCXOY
HAMPSKEHWEM M TOKOM OTCYTCTBYET, T. €. COS ¢ = |, TEMJIOBBIE MOTEPH
B JIMHUM TIEPEAAUYM BCC PABHO HeI/I36e)KHbI. MoxHO a1 HX KaKI/IM-JII/I6O
cnocobom ymenbmuTh? OTBEeT Ha STOT Bompoc maer dopmyna (9). Uz
HEE BHAHO, UYTO TPH 3aJAHHOM 3HAUCHUM MEPEIABAEMON MOTPEOUTEIO
MOIIHOCTHU P YMCHBIIUTDL TCIUIOBBIC TOTCPU B JIMHUM MOXKHO, JII/I6O
yMCHbIIAA COMPOTUBJICHUC R IMpoOBOAOB JIMHUM IICpcaauu, JII/I6O TIOBBI-
was Hanpskeuue U TEpEMEHHOTO TOKA, MOJABAEMOrO MOTPEOUTEIO.
YmMenpimenue COMPOTUBJICHUS JIMHUM B HACTOAMICC BPEMS BO3MOXKHO
JUIIb 0 M3BCCTHBIX MPCACIOB, MOITOMY A0 CO3AaHUA 3¢)¢)CKTI/IBHI§IX
CBCPXMIPOBOASIIINX JIVHUNA QIICKTponEpeaaun C MOTEPIAMU TPUXOAUTCI
60p0TbC5[ MOBBIIICHUEM HATIPIXCHUS.

Tpaucdopmarop. g mpeoOpasoBaHus HAMPSKEHUS HA DJIEKTPO-
CTAHUMSIX ¥ y MOTpeOuTeNell WCMONb3YIOTCH  MPAHCHOPMAMOpol
(puc. 145). TpauncdopMaTop MMEET CEPACUHMK 3AMKHYTOM (DOPMBI U3
MArHUTOMSTKOTO (JIETKO TMEPEMATHUUMBAEMOrO) MATEPHAIa, KOTOPBIA
HeceT Ha ceOe ABe OOMOTKM: MEPBUUHYIO M BTOPHUHYK. KOHUBI mepsuu-
HOM 0OMOTKM (BXOX TpaHchopMaTopa) MOOKIIOYAOT K CETH MEPEMEHHO-
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r0 TOKAa, 4 KOHLbI BTOPMYHOM OOMOTKHM (BBIXOZ) — K MOTPEOHTETIO
anekTpuueckoi sueprun. I C 9/eKTPOMATHUTHOM WHAYKIWW, BO3HUKA-
I0IIAs BO BTOPMYHOM OOMOTKE, MPOMOPUMOHAIBHA UKMCITy BUTKOB B HEW.

A L &F—
s 2
® ® I < 5
= o o =
S R o S
[SHENS P 5]
S g4 —P E-
= g _Q’o
M g =
) ) 5 T M

Puc. 145. TpauncdopmaTop: 00muii BUjI, CXeMATUUECKOE YCTPOMCTBO U YCJIOBHOE M300paske-
HME Ha CXeMax

TlosTomMy, W3MEHYd 5TO UWCAO0 BWUTKOB, MOXHO W3MCHSITHh B MIMPOKWX
Tpenenax HampsoKeHWe Ha BBIXOAE TpaHcdopmaTopa.

Paccmorpum mpunnun aeiicteus tpancdopmaropa. [lycre cHauana
BTOpUYHAY 0OMOTKA TpaHC(OPMATOPa PA30MKHYTA, a HA MEPBUUHYIO IO~
JAeTCs TIEpEMEHHOE CMHYCOMAATbHOE HATIPIXEHNE. DTO PEXUM XOJOCTO-
ro xoxa. Kak ¥ BCIKYIO KATYLIKY MHAYKTHBHOCTH, INEPBUYHYIO OOMOTKY
TpaHcopMaTOpa MOXHO PACCMATPUBATH KAaK TMOCJIEAOBATEIBHO COCAM-
HCHHBIC WHAYKTUBHOCTh L W akTWBHOE compoTueacHue R. Hampsaxenwe
U, Ha WHAYKTHBHOM CONPOTHBJICHHH R, = wl NEPBUUYHON 0o0MOTKU

omepexaeT mo (ase TOK H, CIEAOBATENbHO, Hanpsuxenue Uy, HA ee ak-

THBHOM COTIPOTMBJICHUYM HA yroJi, paBHbiit 7t/2. [ToaTOMYy aMIuTyaHbie
3HAUCHMS TOJAHHOTO HA TMEPBMYHYIO OOMOTKY Hampspxenus U, W Ha-

MPSIKEHUU HA R U L CBY3aHBI COOTHOIIECHUEM

Ui = {Ude + U3, . (13)

Pasymeercs, HEmoCpeACTBEHHO u3MepuTh U, u Uy MO OTAEABHOCTH

HEBO3MOXHO, TaK KaK MEPBUYHAS OOMOTKA, CTPOrO rOBOPSI, HE €CTh MO-
CJIEOBATE/IPHO COCAMHEHHBIC WHAYKTHBHOCTh L M AKTHBHOE COMPOTHB-
JIeHHE R: KaXXOBl 5JIEMEHT OOMOTKM 00JIafaeT OXHOBPEMEHHO WHAYK-
TUBHOCTBIO M CONPOTHBJICHHEM. DTO TaK HA3BIBAEMAS LEMb C pacmpene-
JICHHBIMH Tapamerpamu. Ho mpum pacuere MOXHO 3aMECHHUTH PEaJbHYIO
00MOTKY HA LEMb ¢ COCPEAOTOUCHHBIMM MAPAMETPAMU — KATYLIKY WH-
OYKTUBHOCTH W DPE3UCTOP, COCAWHEHHBIC MOCICAOBATENBHO, MOCKOJIBKY
yepe3 KaXKAbIH 2JIEMEHT MCXOOHOM LEny WAET OOUH M TOT XE TOK.
HanpsxeHue Ha WHAYKTUBHOCTM U, B KaXIblii MOMEHT BPEMCHU
KOMIIEHCHPYET BO3HHMKAOUIYIO B mepsuuHoit oomorke DJIC camomHayK-
uuu &, moITOMYy
U,=-%,. (14)

Ecam BECh MATHUTHBINA TMOTOK, CO3JABAEMBIA TOKOM TMEPBUYHOM 00-
MOTKH, LEJUKOM, T. €. 6€3 paccestHus, MPOHU3BIBAET BTOPUUHYIO 0OMOT-
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Ky, TO MHAYLHUPYEMas B KaXXAOM BHUTKE BropuuHOou oOmMoTku DJIC Oymer
TAKOM XK€, KAK ¥ B KaXIOM BHUTKE MEPBUUYHOM 00MOTKH. [1osTOMY OTHO-
HIEHWE DJIEKTPOABIKYIIMX CHJI B MEPBMYHONM M BTOPUUHOM OOMOTKAX
PaBHO OTHOIICHUIO YKCEJ BUTKOB:

gl/g2= nl/nzo (15)

Ha Bbixome pasoMKHyTOW BTOPMUYHOM OOMOTKHM CYLIECTBYET HATpPSIXe-
HUE, paBHOe mHAyuupyemoun B Hewr I C:

U2 - gz. (16)
[Moxpcrasass ciopa &, w3 (15) u yuursiBas (14), moayuaem
My _ _™m
Uy=."¢ = ", U,. (17)

1

PexuM X0J0CTOro xona. Takum o0pazoM, 3HAUCHHUE HATPIKCHHUS HA
Pa30MKHYTOM BTOPHUHOM OOMOTKE TPaHCHOPMATOPA MPONOPLMOHAIBHO
HC IOAAaBACMOMY HA NMCPBUYHYIO O6MOTKy HAIPAXXKCHHUIO U 13 4 JIMmb Ha-
MPSDKEHUI0 HA WHAYKTHBHOM COMPOTHBJICHWH MEPBHYHOW OOMOTKU U .
Otcroma cpa3y CTAHOBUTCS SCHA pOJb CepAeuHWKa TpaHcdopmaropa. B
camoM aene, 3 dopmyasl (13) caeayer, uTo HAPIXKECHNE HA MHIYKTHB-
moctu U, Gymer Tem Oimxe K TIOZaBaeMOMY HA BXOX TpaHchopmaropa
HATpsXKEHUIO U, ueM Gosibine OyAeT WHAYKTHBHOE COMPOTHBICHUE TIEP-
BUYHOI 06MOTKI/I wl mo CPABHCHUK) C €€ AKTHUBHBIM COIIPOTHUBJJICHUCM
R. Hanwnume ceppeuHuka w3 Matepuasa C BBICOKOW MArHUTHOW TIPOHM-
LAEMOCThIO TPWBOAWT K MHOTOKPATHOMY YBEJMUCHWIO WHAYKTUBHOCTYU

n
L. Y Takoro TpaHcgopmaropa Ha xojoctoM xomy U, =~ _n_2 U,. 3nak
1

MWHYC 03HAUAET, UTO OTH HAMPSIKEHUS HAXOAATCH B mpoTuBodase. bia-
rogaps OOJBIIOMY MHAYKTHBHOMY CONMPOTHBJIEHUIO MEPBUUHOM OOMOTKM
TOK B HEH MpPU PAa30MKHYTOW BTOPUYHOM LIEMU MAaJI.

TpaHcdopMmaTop moj Harpy3kou. [Ipu 3aMblKaHUM BTOPUUHOW LETIH
TpaHcdopMaTopa HA HEKOTOPYIO HATPY3KY BO BTOPHUHOM OOMOTKE MOSIB-
JIETCI TOK. C03IlaBaeMbII71 JTUM TOKOM MATrHHUTHBIM IIOTOK HAIMpaBJICH
TaK, UTO, COTJIACHO 3aKOHY JleHUa, MpenmsTCTBYET M3MEHEHWIO MATHWT-
HOTO MOTOKA, CO3JABAEMOr0 TOKOM B MepBHUHOM o6MoTke. Ecau Gb mpum
9TOM TOK B nepBHquﬁ 06MOTK€ OCTAJICA HCM3MCHHBIM, TO 3TO IIPUBCJIO
6])1 K YMCHBUICHUIO MATHUTHOTO IOTOKA. 3HallI/IT, BKJIIOUCHUEC HATPy3KH
BO BTOPMYHYK LCIb OKBUBAJICHTHO YMCHBIICHUK) WHAYKTUBHOCTH TICP-
BUYHOM LIETIH.

Ho YMCHBIICHUC MHAYKTUBHOIO CONMPOTUBJIACHUA HCMCAJICHHO ITPUBO-
AUT K YBCAUUYCHUID TOKA B nepBHquﬁ 06MOTK€, K YMCHBIICHUKO CABUTA
mo (1)336 MCXKAY HAMPSIXKCHUEM M TOKOM U, CJICAOBATCIBHO, K YBCANUYCHUIO
noTpebsgeMoil OT BHEMIHEW LENKM MOIMHOCTH. TakuM o0pasoMm, ecau Ha
X0JIOCTOM XOAY TpaHchopMaTop mpeacTaBaseT co00i MOUTH YKCTO HHAYK-
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THBHOE COMPOTHUBJICHUE, TO TI0O MEPE YBEJWUCHUS HATPY3KHU TpaHCchopma-
TOpa, T. €. TOKA BO BTOPUUHOW LEMH, XapPAKTEP COMPOTUBJICHUS TCPBUU-
HOM 00MOTKM TpaHchOpMATOPa CTAHOBUTCS OJIMKE K AKTUBHOMY.

Ecnu morepu sHeprum B camoM TpaHchOpMaTope Masibl, TO HA OCHO-
BAHWM 3aKOHA COXPAHEHWS JSHEPruu morpebasemas TpaHCGHOPMATOPOM
MOLIHOCTh LEJWKOM TepegaeTcs Harpyske. Torma ¢ momompo (6) Mox-
HO HATUCATh

1 1
7 Uoilo; €08 @ =5 Uyl COS ¢y, (18)

Tae ¢, ¥ ¢, — cABUrH ba3 MEXAY TOKOM M HATPSIKCHUEM B MEPBUUHOM
¥ BTOPUYHOM LETIX.

[MpuBeneHHOE BHIIE paccMOTpeHme paborhl TpancdopMaTopa OTHO-
CUTCS K WAEAJM3MPOBAHHOMY Cayuar Tpancdopmaropa 6e3 morepb. B
peasibHOM TpaHc(hOpPMATOpPE BCErga MMEKOTCH TMOTEPH, CBSI3aHHBIC C BbI-
JEJIEHUEM KOYJEBOM TEIUIOTH B 00OMOTKax, ¢ Tokamu Dyko, ¢ Heobpa-
TUMBIMHU SIBJICHUAMH NPHU NECPEMATHUUMBAHUM CCPACUHHUKA U C PACCCIHU-
€M MarHuTHOro motoka. Ho B coBpemeHHbIX TpaHcdopMaTtopax cymMmap-
HBIC IOTCPU HE MNPCBBIMAKOT HCCKOJBKUX IPOICHTOB OT Hepe):(aBaeMoﬁ
momHocTu. Koaddunuent mnonesnoro aeiicteus TpaHcopmMaTopos
OUECHb BBICOK M JICXHUT B mpexeaax 95—99,59%.

BhInpsiMJieHHE TIEPEMEHHOTO TOKA. [/ MHOTMX TPAKTUUYECKUX TPH-
MEHEHMI HeoOXoauMO NpeoOpas3oBaTh MEPEMEHHBIA CHHYCOMAAIbHBINA
TOK B TOK OQHOTO HAMPABJCHUS. DTOW LEAW CIAYXAT GblUpsLMUmelU,
JEUCTBHE KOTOPHIX OCHOBAHO HA OJHOCTOPOHHEW MPOBOAUMOCTH JIAMIIO-
BBIX W MOJYMPOBOAHUKOBBIX AMOIOB.

[ToHdaTh AEWiCTBHE BBIMPSIMUTEAS MOXHO, HE BHUKAS B (DM3WUECKYIO
MPUPOAY CAMOTO MEXAHM3MAa OJHOCTOPOHHEW MPOBOAMMOCTH.

[Mpocreiimas cxeMa BBITIPIMUTES TPUBEACHA HA puc. 146a. D10 ox-
HOTOJTyNEPUOAHBIA BBIPSIMUTEb, B KOTOPOM TOK U€pE3 HATpy3Ky R Te-

Puc. 146. CxeMbl BBIIPSIMUTENICH: OTHOTIONYIEPUOAHOTO (@), ABYXIOIyIIEpuoaHOoro (6) u ¢
VABOECHHEM HarpspkeHus (8)

YET TOJBKO B TEUCHME OTHOU MOJIOBUHBI KAXAOTO TMEPUOAA TPUIOXKEHHO-
T0 CMHYCOMAAJIBHOTO HATIPSIKCHUS.

B MocTHMKOBOI cXeMe BBIIPSIMUTEIS, TIOKa3aHHOM HA puc. 1466, TOK
yepe3 HArpy3Ky MAET B OOHOM M TOM XK€ HAMPABJICHUM B TEUEHUE 00eMx
MOJIOBMH Kaxkaoro nepuoga. Ho B TakoM ABYXMOSTyTIEPUOTHOM BBITIPSIMU-
TEJE€ TOK BCE-TAKM TOXE MyJabcupyer. g CraXuBaHUs ITUX MyJabCa-
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LM WCTOJMB3YIOT TaK HA3BIBAEMBIC JJICKTPUUECCKUC (DUIBTPHI, €CTU Tpe-
OyeTcs HE TOJBKO MOJYYHTh TOK OJHOTO HAMPABJICHUS, HO U MOCTOSIHHOE
HATPSKCHUE.

B mpusemennbix Ha puc. 1464,6 cxemax MaKCHMAaJbHOC 3HAUCHUE
HATIPSKEHMST HA HArpyske (MpW MAEaabHBIX AMOAAX) PABHO AMIUIATYI-
HOMY 3HAUCHUIO TPWIOXEHHOTO CMHYCOMAAJIBHOTO HATPSIKCHUS. B mo-
Ka3aHHOU HA puc. 1408 cxeme BBHIMPIMUTES HATPSKCHUE HA HATPY3KE
NPAKTUYECKM BABOE OOJbIIE AMILIUTYAHOTO 3HAUEHUS MPUIOXEHHOTO
HATIPSDKCHMS, €CJIM BPEMS Pa3psiiKu KOHACHCATOPOB UEpPE3 COMPOTHBIIC-
Hue Harpysku (T~ RC) 3HAUMTENBHO MPEBHILAET Mepuox T CUHYCOM-
JAJBHOTO HATIPSKEHWS. DTO TaK HA3bIBacMas CXeMa C yABOCHHEM Ha-
TIPSIKEHUSI.

3anpaun

1. AKTUBHOE COTIPOTUBJICHUE R TIEPBUYHOMN OOMOTKY TpaHCchOpMaTOpa COCTaB-
nger 10 Y% ee MHAYKTUBHOTO conpoTuBieHus Lw. Kakoe HanpsxeHue OyAeT Ha pa-
30MKHYTOM BTOPUYHOUM OOMOTKE, MMEIOIEi BABOE 0OJIbIIIe BUTKOB, €CJIU MEPBUU-
HY0 0OMOTKY BKJIIOUUTH B CETh HampsixkeHueM 220 B?

Pemenue. Hanpsxenue U, Ha pa3OMKHYTOM BTOPUYHOI 0OMOTKE CBS3aHO C
HanpsxenueM U, Ha MHIYKTUBHOM COIPOTHUBJICHUU NEPBUUHON OOMOTKH COOTHO-
meHueM (17). [losToMy B paccMaTpUBaeMoOM ciiydae AJis ACHCTBYIONNX 3HAUCHUI
umeeM U, = 2U, . HanpsxxeHre Ha MHIYKTMBHOCTH U COTIPOTUB/IEHUH B IIEPBUYHOM
00MOTKe CABUHYTHI 110 (hase Ha 11/2, a ux AeticTByfomuye sHaueHns U, u U, cBS3aHbI
¢ AeUCTBYIONIMM 3HaueHueM U TIpUIIOXEHHOro HallPSKEHUS TEM 3X€ COOTHOUIEHU-
eM (13), 4TO U COOTBETCTBYIOIIIME aMILTUTYAHbIE 3HaUeHUs. OTHOIIeHUEe U R/ U,.B
COOTBETCTBUMU C YCJIOBHEM 3aauu, pasHo 0,1. [Toatomy

Uy =VU3+ U2 =U, V1 + (UglU;)? =U, V1 + 0,01 ~ U,-1,005.

Ha pa3oMKHYTOI BTOPUUHOI OOMOTKE MOJy4YaeM

U,=2U,= %z 2U, (1 —0,005) =2U,-0,995 = 438 B.
BeixonHoe HarnpsikeHUe okasbiBaerTcs Beero Ha 0,5% MeHblle 3HaueHus 440 B,
KOTOPOE COOTBETCTBOBAJIO Obl MACATHU3UPOBAHHOMY CJIy4al0 UYMCTO MHAYKTHBHOIO
COMPOTUBJICHHS MIEPBUUHON OOMOTKH.

2. IMocnenoBaTebHO ¢ SJEKTPOKUMSATHUIBHUKOM, BKJIIOUEHHBIM B OCBETHUTE/Ib-
HYIO ceTb ¢ yacToTol f = 50 I'u, noaxksounnu gpoccedb. [Ipu aTom norpediisiemas
KUISTUJIBHAKOM MOIIHOCTD yTaJja B ABa pasa. Haiinure uHIyKTHBHOCTB L Apocce-
JIsl, €CJIM CONPOTHUBJICHUE KMITATUIIbHUKA R = 50 OMm.

Pemenue. Ilo ycnosuw 3agauu norpebisemMast KUMATUWIBHUKOM MOIIHOCTB
10CJIe TIOAKJIIOUEHUS IPOCCEIS YMEHbBIINUIIACH BABOC. 3HAUUT, HAIIPSKCHUE HA HEM
yMeHbIIUIOCh B V2 pas. Eciiv ocTpoUTh BEKTOPHYIO AMArpaMMy ISl [OC/IE0Ba-
TEJIBHO COCAMHEHHBIX AKTUBHOIO CONPOTHBJICHUS KUISITUIbHUKA YU MHIAYKTUBHOIO
COMPOTUBJICHHUS APOCCES, TO JIETKO YOSAUTBCS, YTO HATIPSIKEHUS Ha KUMSTUIBHU-
Ke U Ha poccesie ONMHAKOBBLI U B V2 pas MeHbllle ceTeBoro Hanpsixenus. Ho a1o 03-
HavaeT, uto R = wL. Orcroga
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e Ilpu kakux ycnoBUsSX BbIpaxeHue (2) MOXHO MCIOJIB30BaTh Ul pacuera
paboTel nepeMeHHOro Toka? Bemb OHO, CTporo rosopsi, ObLIO HOJIYYEHO IS
HIOCTOSIHHOTO TOKA.

e Hapucyiite npuMepHbIii rpaduk 3aBUCHUMOCTH OT BPEMEHM MIHOBEHHOM
MOLIHOCTH B LMK TEPEMEHHOro ToKa [uis ciydaes ¢ = 0 (akTUBHasl Harpys-
Ka), ¢ = = 7/2 (peakTUBHAas Harpyska) U ¢ = *+ /4.

e B Kakux ciydasx npu pacuere paboThl IEPEMEHHOIO TOKA MOXHO I10JIb30-
BaTbCs BbIpaxkeHHeM (6) A5 cpeJHel MOILIHOCTU, a He BbipaxkeHueM (§) and
MI'HOBEHHOWM MOLHOCTH?

e Kaxkum 06pa3oM MOXHO yMEHBUIUTh TEIJIOBbIE NOTEPH B JIMHUSIX DJICKTPOIIe-
pefauM, U3MEHss XapakTep conpoTusjeHus Harpysku? Ilouemy B cersx me-
PEMEHHOTO TOKa MOTPeOUTEeNIb SHEPIUMM AO/LKEH o0JsiaflaTh MPaKTHUECKH akK-
THUBHBIM B LIEJIOM CONPOTHUBJICHUEM?

e B ueM NMpeuMyIIECTBO UCTIOIB30BAHUS JIMHUM BBICOKOTO HATIPSKEHUS /IS Tie-
penauu aJIeKTposHeprun?

¢ Kakyw posb B TpaHchopMaTope UrpaeT CepAecUHUK U3 MaTepuasa ¢ BbICOKOU
MarHUTHOI TpoHullacMocTbio? IloueMy XesiesHbIN CepAcUHUK TpaHchopMa-
Topa COOMpPAarT U3 OTAC/IbHBIX W30JIUPOBAHHBIX TJIACTUH?

e Uz dopmynel (17) cnemyer, uto Koo HUINEHT TpaHCchOpMAIIUN HAIpSIKe-
HUS OTpefieNisieTcsl OTHOIICHNEeM YMcesl BUTKOB 1,/n,. Kasamock ObI, Tpu oT-
HOIIIEHHUU 71,/1, TIOTepH B TpaHcdopMaTope OYAYT TeM MeHBIe, YeM MEHbIIe
3HAUYEHUs N, U N,, TaK KaK C YBEJWYEHMEM 4YMCJIa BUTKOB PACTET aKTHMBHOE
conporusiieHue. [louemy xXe y TpaHCHOPMATOPOB OOMOTKU OOBIYHO COAEPXAT
GOJBIIIOE YHCJIO BUTKOB?

e MoXHO /M BKJIIOUATb TpaHCHOPMATOP B CETh MOCTOSTHHOTO TOKa?

e Hapucyiite rpacduky 3aBUCUMOCTH CHJIbI TOKa OT BPEMEHU B Harpyske Bbl-
NpsSIMUTENIEN, CXeMbl KOTOPbIX IOKasaHbl Ha puc. 146a,0.

e QObscHUTE, I[oYEMYy B CXCMC BBINIPAMUTEIIA Ha pUC. 1466 MPOUCXOAUT YABO-
CHUC HaIlIpSaXCHUA Ha Harpyske. Hpe,ElJIOH(l/lTe CXCMY BBINIPAMUTEIA, B KOTO-
POM Ha Harpyske Inpoucxoauiio OBl YTPOCHUC HaIIPAXXKCHUA.

§ 24. Tpexda3HbIiH TOK.
OneKTpHYECKMEe MALUMHbI NMEPEeMEHHOro TOKa

Hapsiny ¢ mpoCThIM CHHYCOMAAIBHBIM TIEPEMEHHBIM TOKOM B TEXHUKE
IUPOKO MCHOIB3YETCS TPeX(ha3HBIN TOK.

[TpexcraBum cede MPSIMOYTOMBHYIO MPOBOJOUHYIO PAMKY C HECKOJIBKH-
MU BUTKaMH, PABHOMEPHO BPAILAOLIYIOCS B OMHOPOXHOM MATHUTHOM IIO-
sie. Bosznukaromas B oroit pamke /1C nHAyKUMA MEHSETCS IO CHHYCOU-
JasbHOMY 3aKoHy. Ecm e BOKpyr o0uieil ocu BpamaeTcs He OfHA, a TPU
OAMHAKOBBIC PAMKH, TJIOCKOCTH KOTOPBIX MOBEPHYTHI OTHOCHTEIBHO APYT
apyra wa 120°, To BosHuKawomue B HUX cuHycompasbabie IC Oymyr
casuHyTH 0 (haze Ha 120° (puc. 147):

4n

& =8&,sin of, §,=1&,sin (mt—z?’—“), &3 =16 sin (mt—T). (D)
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O6GMOTKY KaXXao#l M3 STMX PAMOK MOXHO 3aMKHYTb HA CBOE HArpy-
30uHoe compotusieHue (puc. 148) m mosyunmTh TPM CHHYCOMOATBHBIX
MEPEMEHHBIX TOKA, MEXAY KO-
TOpBIME OyAET CTPOro MOCTOSIH- &
Hag pasHocth ¢as. Takume Tpum
COIJIACOBAHHBIX  MEPEMEHHBIX
TOKA HA3BIBAIOT TPeXx(ha3HbIM
TOKOM.

3

CoenuHeHus 3BE3/10M M Tpe-
yroabHukoM. Taxk Kak s sB-
JIEHUU B DJIEKTPUUECKUX LETIAX
BAXHbI TOJBKO PA3HOCTU IO- Puc. 147. I'paduxku  DJC, CABUHYTBIX IO
TEHUMAJIOB, TO MOXHO 00begu- dase na 120°

HUTh B OJWH MPOBOA MO OAHOMY

MPOBOAY M3 KAXKAO0M Ienu. B pe3yabTaTe MOLydyaeTcd COEAMHEHUE TEHE-
paTopa ¢ moTpeOMTENEM C MOMOIIBI YETHIPEX, 4 HE LIECTH IPOBOAOE,
HasbIBaeMOE coedunenuem 36e300t (puc. 149a). Ecau xe o0bequHATh 1O

Puc. 148. Tpu HE3ABUCHUMBIE JIMHUM COEAMHEHHUS TEHEPATOPA C HOTPEGUTEISIMU

OOHOMY TIPOBOAY M3 KaXXAOM memw HA puc. 148 momapHo, TO B pe3ysbra-
T€ MOJyYaeTcsl CXEMa COEAMHEHHMS TEHEepaTopa € MOTpeduTeseM Tpems
MpOBOJAMU, HA3bIBAEMAs coedunenuem mpeyzoaviukom (puc. 1496).

B umenax TpexcdaszHOro TOKa HAMPSKEHUS MEXAY KOHUAMM KaXXIOU
00MOTKM TeHEepaTopa HA3BIBAKOTCH (DA3HBIMM HAMPSKCHUAMH, 4 TOKU B

1 1
2
0. r
0, 0, o 1 n 2
2
o, r1|:|
0, 73 0, R

3 3
a 0

Puc. 149. Coeaunenue reHeparopa ¢ norpeburessiMu 3ses3oin (@) v TpeyroJbHuKoM (6)

ITUX 06MOTK3X —_ (1)33HI)IMI/I TOKAMU. TaK K€ HA3BIBAKOT HAIIPSIXKCHUA U
TOKW B HATPY3O0UYHBIX COMPOTUBJICHUAX. Hanpsvxem/m MCXKAYy MMpoBOAAMUA
1, 2, 3 na puc. 149a u mexnay a0060i mapoit mpoBogoB Ha puc. 1496 Ha-
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3bIBAIOTCS JUHEUHBIMU HAMPSXKECHUSIMM, 4 TOKA B ITUX MPOBOAAX — JIM-
HEMHBIMU TOKaMu. JIETKO BHACTh, UTO MPU COCOAWHCHUM 3BE3M0M (hasHbIC
TOKM COBMAAAIOT C JIMHCWHBIMM TOKAMH, a (Da3HbIC M JIMHCUHBIC HAMPSI-
KEHHS Pa3auyarorcd. [1pu coenMHEHNU TPEYTrOJbHUKOM, HA000POT, COB-
magaoT (a3HbC W JUHCHHBIC HATPSDKCHUS, a PA3JINyarTcsd (as3HbIC U
JUHEWHBIE TOKM.

BekTopHbie AMarpaMmbl. PaccMoTpum mogpoOHee COCAMHEHNE 3BE3H0M.
[TocTponM BEKTOPHBIC AUATPAMMBI TOKOB M HATpPsKeHMI. [1peanooxum,
YTO FEHEPATOp pa3oMKHYT. Toraa (asHbie HATPSKEHUS COBMAAAIOT C CO-
oreercTByrommMu DJIC, M MOCKOJBKY TOCICTHHE
coeunayTHl 10 (paze Ha 120° u 240°, To gmarpamma
(basupix Hanpsxenuit U, U, u U; uMeeT BUA, MOKa-
3anabid HA puc. 150. Kak sugHo 3 puc.149a, mrao-
BECHHOE 3HAUCHUE JIMHEUHOTO HAMPSKEHUS, HATIPU-
MEp, MEXAY NpoBogamMu / v 2 paBHO PA3HOCTH MTHO-
BCHHBIX 3HAUYECHUI COOTBCTCTBYHOIINUX (baSHbIX
Hanpsoxkeawit, [Tooromy Bektop Uj,, m3obpaxaro-
sortpa s MUA OTO HANPSKCHWE, PABCH PA3HOCTH BEKTOPOB
wanpsxermit mpu coe- Ut B Up, uzobpaxarmux (asHble HANPIXKEHUS B
TMHEHHUH 3BE3TIOH nepeoii u Bropoi oomMotkax (puc. 150). Pasymeercs,

BekTop U, MOXHO MIEPEHECTH MAPAJLIETBHO CAMOMY
cebe Tak, uyTOOBI €r0 HAYAJIO COBIIAJIO ¢ O0IMM IEHTPOM BPAIIEHAS BEKTO-
poB. M3 pucyHka cpa3y BUAHO, UTO AMILIATYAA JUHCHHOTO HATIPSKCHUAS
NP COEAMHEHNN 3BE370i B V3 pas Gosbme ammanTyasl dasuoro. To xe

Puc. 150. BektopHas

I I
-
L
Puc. 151. BekropHas paua- Puc. 152. BekTopHasi juarpaMma TOKOB IPU HECUMMET-
rpaMMa TOKOB B COEJAMHEHHU puuHOi Harpyske (@) ¥ HaxoxpeHue Bektopa I st Toka
3BE3/I0U MPU OJIMHAKOBBIX HA- B HyJIEBOM 1ipoBojie (6)
rpyskax

caMoe OTHOCUTCS ¥ K ACHCTBYIOIIMM 3HAUCHUSIM 9THX HampsixeHui. Ecom,
Hampumep, paznoe Hanpsxenne B cetu 220 B, To uHEHOE HATIPSKEHME
B 91oii xe cetn 380 B.

Tak Xe TmpocTo CTPOUTCS BEKTOpHAS auarpamma TokoB. [Ipu ogmHa-
KOBBIX HATPY3KaxX aMIUIMTYAbl TOKOB B mpoBogax I, 2, 3 paBHBI, a TOKU
I1,, I,, I, casunyTs 1o daze Ha 120° u 240° (puc. 151). B nyaesom mpo-

BOJIE B JI00OM MOMEHT TOK PAaBEH CyMMe TOKOB [, I, W I; w Tpu cum-
METPUYHOM HArpy3Ke, KaK BUAHO w3 puc. 151, oOpamaerca B Hyab. B
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OTOM CJIyyae HyJIEBOM MPOBOA MOXHO yOpaTh, HE M3MEHSS TOKOB B Iie-
nu. Ecim Harpyska HECMMMETPHUYHA, TO IJIMHBI BEKTOPOB, M300pakaro-
wux ToKu [, I, v I3, OyayT HeonMHAKOBHI. Temeps B HYJIEBOM MPOBOAE
Oymer Tok I, ammautyay u (hpady KOTOPOTO JIETKO HAWTH C MOMOLIBIO
BEKTOPHOW AMATPAMMBI, TIOCTPOCHUE KOTOPOW SICHO u3 puc. 152.

COBEPIIEHHO AHAJIOTMYHO MOXET ObITh MOCTPOEHA BEKTOPHAS AMA-
rpamma (ha3HBIX TOKOB B COEAMHEHUYW TPEYTrOabHUKOM. [Ipnm cummeTpuu-
HOM HArpy3Ke C MOMOINbI0 BEKTOPHOM AMATPAMMBI MOXHO yOemuThCs,
UTO AMIIMTYABI TUHEHHBIX TOKOB OyayT B V3 pa3s GoJblue, 4yeM aMrin-
TyAbl (ha3HBIX TOKOB.

Bce mpuBeneHHBIE BBIIIE PE3yJabTATH MOXHO TOJYUUTh W AHAJWATH-
YECKM, HE MUCMOJIb3ys BEKTOPHBIX AMArpamMm. [y 3TOro Hy>XHO BOCIIO/Ib-
3oBaTbcd (popmysamu (1) u cooTBETCTBYIOIMMEU (POPMYJIAMU AJISI TOKOB.

B paccMOTpeHHBIX cxeMax M OOMOTKM FEHEpaTopa, M HATPY3KHU CO-
€IMHEHBI OOMHAKOBO — Jub0 3BE3/10i, AuO0 TPEYroIbHUKOM. Pazymeer-
€S, MOXHO ynoTpebaarb U KOMOMHUPOBAHHBIE CXEMBI, COETUHAS OOMOT-
KU TEHEepaTopa 3BE3/0M, a HATPY3KHM — TPEYrOJbHUKOM WMJAM HA00OpPOT.
B rexumke UCIIONIB3YIOTCA PA3JIMYHBIC TUIILI COCZ(I/IHCHI/Iﬁ B IECOIX TPEX-
¢azHOro TOKa, HO BO BCEX CAyUasX MPEANOUTUTEIHHOU SBASIETCS CHM-
METpUYHAs HArpyska (a3, mpu KOTOPO# morepu OyAyT HAUMEHBIIMMM.

IMpeumyiecTBO MCMOIB30BAHUS B TEXHUKE Tpexda3HOro Toka mo
cpaBHEHUIO ¢ 0qHOGA3HBIM 3aK/II0UACTCS B DKOHOMHMU YKC/IA MPOBOAOB U
WAYIIETO HA WX W3TOTOBJCHWE Marepmana. Ho caMmoii 3ameuaTespHOU
0COOEHHOCTBIO TPEX(A3HOTO TOKA ABJALETCS TO, UTO OH MO3BOJISET OUEHD
MPOCTO CO3AaTh BPAIIAIOIICECS MATHUTHOE MOJie. A ¢ MOMOMIBIO TAKOTO
MO MOXKHO CAEJATh TPOCTHIE MO KOHCTPYKLIMHU OJEKTPOABUTATE/IH,
OPUHOMI PabOTHl KOTOPHIX 3aKIOUAETCS B CACAYOLIEM.

Mojenb CHHXPOHHOTO M aCHHXPOHHOrO Jpuratesiei. bygem Bpamarb
MOAKOBOOOpA3HBIM MATHUT TAaK, KaK MOKaszaHo Ha puc. 153. Bmecre ¢
MarHuToM OyAeT BpamaThCs WM CO3JABAEMOE MM MarHuTHoe moje. Ecam
B TAKOC MOJIC MOMCCTUTb MATHUTHYIO CTPCJIKY, TO OHA, CTPEMACH yCTa-
HOBUTHCYI BAOJIb JUHUA WH-

AYKOUMA  MATHATHOTO  WOJI4, S

MPUAET BO BPALICHHUE B Ty XK€ I

CTOPOHY, B KOTOPYIO BPaIIaeT- s

csi mosie. B
Tak xe Oymer Bectm cels AN V

W 3aMKHYTBIM BUTOK IIPOBOAA
(puc. 153). Bceneacrsue msme-
HCHMUS TNPOHU3BIBAIOIICTO BH- Puc. 153. Mopesnb aCMHXPOHHOTO JIBUTATEJIsI
TOK MAarHUTHOTO IOTOKAa IIpU

BpAIICHNYM MATHUTHOTO MO/ B BUTKE Bo3HMKaeT DJC mHAyKUMU U WH-
AYKUMOHHBIN TOK. Ha 3TOT TOK CO CTOPOHBI MATHUTHOTO TOJISI OyAET ACH-
crBoBath cuiaa Ammnepa. [lo 3akony JleHIa MHAYKIIMOHHBIN TOK B BUTKE
HaIMpaBJEH TaK, UTO B3aMMOJEUCTBUE ITOrO TOKA C MArHUTHBIM IOJIEM
CTPEMUTCS YMEHBUINTh U3MEHEHNE MAarHUTHOTO MOTOKA BCJEACTBUE Bpa-
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LIEHWsS MATHUTHOTO mosis. [looToMy pamka Oymer BpamaTbCs BCJIEH 3a
MArHUTHBIM TOJIEM. B 9TOM, pasdymeercs, MOXHO yOEeAMThCI W WHAUE,
€C/M C TMOMOIIBI0 MPABWIA TMPABOM PYKU OMPENEJUTH HANPABJICHUE CHUJI
Ammepa, AeicTBYIOMMX HA OTACIBHBIC CTOPOHBI PAMKH.

BMecTto paMKu MOXHO B3STh MACCHBHBIN MCTAIMUCCKUN LWJIAHIP
uaM potop B BHAE «Oeamubero koseca» (puc. 154), 5KBUBAJECHTHOTO
GO/IPLIIOMY YMCIY COCOMHEHHBIX MEXAY COOOM MPOBOAAIMX paMok. I1pum

BpaIlllCHUM MATHUTHOTO TOJIY B TOJIIE MeETasia

UMIMHAPA TakXe OyayT HABOOWTHCS 3aMKHYTHIE
E\ MHIYKUMOHHBIE TOKM (BUXPEBBIE TOKH, WM TOKH
T ®yko). CornacHo 3akony JleHUa B3amMOAEUCTBHE
9TUX TOKOB C MATHUTHBIM TOJIEM OyAET MPUBOAUTH
K YMEHBIICHUIO OTHOCUTEJIBHOM CKOPOCTH Bpamie-
HUY NOJY M LWIAHApPA.

BeisicauM, ueM OoTIMYaeTcs MOBEACHHUE BO Bpa-
Puc. 154. Koporkosam-  maromemMcs MarHUTHOM MOJIE MArHUTHOM CTPEJIKH
KHYTBIM  DOTOp  aCHH-  y gopOTKO3AMKHYTOW METAINYECKON pamku. [Ipwm
XpOHHOI‘() ABUTATEIIA o

PaBHOMEPHOM BpAIICHUNA MATHUTHOU CTPEJKHU CYyM-

MAapHBII MOMEHT ACWUCTBYIOIIUX HA HEE CWJ J0J-
KCH PaBHATHCI HYJI0. MOMEHT CWj, ACHUCTBYIOMMWX HA CTPEJKY CO CTO-
POHBI MATHUTHOTO IOJIS, 3aBUCUT OT yIjid, OOpa30BAHHOIO CTPEJKON C
BEKTOPOM WHAYKIHMM TOJs. DTOT MOMEHT MAKCHMAJICH, KOrga CTpeska
MEPIEHANKYASIPHA MO0, M 00pAIIAETCS B HYJb, KOIIA CTPEAKA HANPAB-
JICHA TIO TIOJTIO.

Ecnu Ha paBHOMEPHO BpAIIAOIMIYIOCH CTPEAKY HWKAKWE APYTUC MO-
MEHTBI CHJ HE AEUCTBYIOT, TO AO/DKEH OBITh PABEH HYJIK M MOMEHT
CWJI, ACUCTBYIOIIMX HA HEE CO CTOPOHBI BPAMIAIOMIECTOCS MATHUTHOTO
mosg. CremoBaTeabHO, B JIIOOOM MOMEHT CTPEJIKA HAMPABJACHA BIOJb
MOJIS M BPAMIAETCS CMHXPOHHO ¢ HUM. Ecam Xe Ha CTpesiKy AEUCTBYET
TOPMO3IIUI BHEIIHUNA MOMEHT, TO CTPEJKA, BpAWIAsCh CUHXPOHHO C
nojeM, OyJeT HECKOJIbKO OTCTaBaTh OT HEro mo (ase, Tak uToOBI TOP-
MO3SIIUH MOMEHT YPABHOBEIIMBAJICI MOMEHTOM CHJI CO CTOPOHBI Mar-
HUTHOTO TIOJIS.

Pasymeercsd, BMECTO MAarHMTHOUM CTPEJKU MOXHO B3SITh 3aKPEIJICH-
HBIM HA OCU MOCTOSTHHBIM MATHUT WJIM 2JIEKTPOMATHUT, MUTAEMBIN TTOCTO-
aHHBIM TOKOM. OHHM Takxe OyAayT BpamaThCsd CHMHXPOHHO C BHELIHUM
BPAIIAIOMMUMCS MATHUTHBIM TIOJIEM.

Heckonpko mHAue 0OCTOMT AEI0 B CAydyae KOPOTKO3AMKHYTOM PaM-
KV WIM CIUIONTHOTO UWMAWHAPA. VHAYKUMOHHBIA TOK 3aBUCHAT OT OTHO-
CHUTEJIbHON CKOPOCTH BPAMICHWS MArHUTHOTO MOJs M poropa. [lpm cuH-
XPOHHOM BpPAIICHUM WHAYKLMOHHBIM TOK OTCYTCTBYET WU, CJACAOBATE/Ib-
HO, PAaBE€H HYJI MOMEHT CHWJ, ACUCTBYIOIIUX HA POTOP CO CTOPOHBI
MarHuTHOTrO mosis. [1oaToMy poTOp MOXET BpAmAThCS CUHXPOHHO C TMO-
JIEM TOJIBKO TOTAd, KOTAAa HUKAKWE TOPMO3SIIME MOMEHTBHI HA HEro HE
peucTByor. [lpm HasWumm TOPMO3IMIETO MOMEHTA TpPHU PABHOMEPHOM
BPAIICHUM OH JOJIKEH yPAaBHOBEIIMBATHCS MOMEHTOM CWJI, ACHUCTBYIO-
WX HA WHAYKIUOHHBIE TOKM B POTOPE CO CTOPOHBI MATHUTHOTO TIOJIS.
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[ng BO3HMKHOBCHUS JTUX WHAYKIMOHHBIX TOKOB POTOP AOJXECH Bpa-
MIAThCS MEIVIEHHEE MATHUTHOrO MmoJs. Takum o0pa3oM, yrjioBast CKO-
pOCTh pOTOpAa MCHBINE YIJIOBOM CKOPOCTM BPALICHUS MATHUTHOTO TOJISI
M 3aBHCUT OT TOPMO3AMEr0 MoMeHTa. Uem OoJble TOPMO3SLIMIA MO-
MEHT, TEM MEIJICHHEE BPAIIACTCS POTOP.

MarauTHas CTpesika WM 3JCKTPOMATHUT TIOCTOSIHHOTO TOKA BO Bpa-
MIAFOMIEMCS MATHUTHOM TOJIE — 9TO MOAENb CUHXPOHHOZO OBU2AMENst
MEPEMEHHOTO TOKA, KOTOPHI HAXOAUT ce0e MPUMEHEHHUE B TEX CAydYasdX,
KOraa HeoOXOOMMO MMETh CTPOTO TMOCTOSIHHOE, HE 3aBUCAIIECE OT HArpy3-
KM 4rca0 000potoB. KOpoTKO3aMKHYTHIM pPOTOP BO BPALIAKOMIEMCS Mar-
HUTHOM TMOJIE — OJTO MOAENb ACUHXPOHHOZO OduzameJist TIEPEMEHHOTO
TOKA, YIJI0Basi CKOPOCTh BPAIICHUS POTOpPA
KOTOPOTO 3aBHCUT OT MEXAHWUYECCKOW HATPY3-

k. B cumy MCKITIOUMTETBHOW TPOCTOTH KOH- Y B
CTPYKUMU Y BBICOKOW HAAEKHOCTU ACUHXPOH- B, ——\
HBIE JBUTATEMU MOJYUUIUA ITUPOKOE PACIIPOCT- l
pAaHEHUE B TEXHUKE. of

Bpamawomeecs MarHutTHOe moJe. Omuimem o B *
TEnepb Cnocod MOAYUEHUS BpPaLIAKOIIETOC
MATHUTHOTO IIOJIA B SJICKTPOABUTATCILX MEPE-
MCHHOTI'O TOKA.

HpeZ[HOJIO)KI/IM, 4YTO y HAC €CTb PABHOMECP-  Puc. 155. Bpamaromeecs
HO BpAIIAKOIICECAd IIPOTHUB YACOBOU CTPCJIKHU B MarHuTHOE 1OoJie
IUTOCKOCTH XY MATHUTHOC MOJIC, BCKTOP HH-
aykouu B kKoToporo He MeHsiercs: mo moxy o (puc. 155). W3 asroro pu-
CYHKAa BHWJHO, UTO TAKOC MOJIC MOXHO pacCMaTpuBaATh KAaK pPE3YyabTAT
CJIOXKCHUS ABYX MATHUTHBIX HOﬂeﬁ, WHAYKOUA OOHOTO U3 KOTOPBIX HA-
MpPaBJIEHA BAOJIb OCH X M MEHSETCS CO BPEMEHEM IO 3aKOHY

B.(t) = B cos wt, (2)
a MHAYKOUS APYyTroro HANpAaBJCHA MO OCU y U UMCCT BUI
B(t) = B sin ot = B cos (mt—%), (3)

T. €. orcraer no gase or B, Ha /2. Takue moJs JIETKO MOJYUYUTh, pac-
nojarass B3aMMHO NMCPONCHAUKYJAAPHO ABC OAMHAKOBBIC KATYIIKWU W IIPO-
myCkasa 1m0 HUM CUHYCOMAAJBbHBIC TOKHU OIlI/IHaKOBOﬁ AMILTUTYAbI, HO
casuHyThIe O (pasze HA 7/2. CymMma 9TUX TOJCH M JAET BPAINAOMICECs
MArHUTHOC TIOJIC.

COBepH.IeHHO AHAJIOTUYHO MOXKHO TOJYUWUTH BPAINAKOIMICCCA MATHUT-
HOE TOJE C MOMOWIBI0 Tpex(a3HOro mepeMeHHOro Ttoka. s aroro
HY>XHO TpPU OAWMHAKOBBIC KATYIIKM PACHOOJOXWUTH TAakK, 1{TO6171 nux ocu
Jgexanu nox yriom 120° gpyr K Apyry ¥ Mepecekasuch B OXHOM TOUKE,
U BKJIKOUYUTb KATYWIKW B CCTh TpeX(ba3H01"0 TOKAa IO CXEMC 3BEC3Abl
WA TPEyrosibHMKA. Torga MarHMTHOE TIOJIe, CO3JaBAEMOE KaXXAou
KaTyIKoi, OyJeT HampaBICeHO BAOJb OCH COOTBETCTBYIOIICH KATyIIKH
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W 3aBUCETh OT BPEMEHU B COOTBETCTBUHM C (popmysamu (1):
Bl(t) = BOl sin (X)t,

B,(7) = By, sin ((ot — 23—“) , (4)

B;(7) = B, sin ((ot - ‘;—“) .

AMmuMTyaHbIC 3HAUCHUS ITHX TOJICH Bov 302 nu Bos paBHBI MEXAY
coboit. O6oznaumm ux uepes B,. Pesynprupyromee mose

B(7) = B, (1) + B,(7) + B;(1) (5)

MMEET TIOCTOSIHHBIN MOAYJib, paBHbI (3/2)B,, 1 pABHOMEPHO BPALIAETCS
B IUIOCKOCTU OCEM KATYHIEK C YIVIOBOM CKOPOCTBbIO . UToGbl yGemuThes
B OTOM, CIOPOCHUPYEM BEKTODP MHAYKIMM PE3yJbTUPYIOMET0 moas B Ha
ocm x u y (puc. 156):

B, = B, cos 30° — B cos 30° = g B, [sin (u)t — 23_::) — sin (u)t — 43—75)] .

Wcnonw3yst opMyly pa3HOCTH CHMHYCOB JBYX YTIJIOB, MOJydacMm
3
B = 3 B, cos wt. (6)
AmnajiornuHo,

By = B, — B, cos 30° — B, cos 30° =

=Bo[sin wt—%sin (mt—%’[) —%sin (mt—%n)].
[TpeoGpasyst BTOpOE M TPEThE CIATAEMBIE B KBAAPATHBIX CKOOKAX C MO-
MOLIBIO (DOPMYJIBI CYMMBI CHHYCOB, HalAEM
B, = % B, sin wt. (M
Cpasuusasa (6) u (7) ¢ dopmysamu (2) u
B, (3), ybexmaemcsa, uto moje B AeUCTBUTEIBHO
PaBHOMEPHO BpPAIAETCH C YIJIOBOM CKOPOCTBHIO
0 . Hampasienue BpamieHus MATHUTHOTO MO/, a
x  CJAEJOBATENIBHO, W pPOTOpA OJIEKTPOABUraTES,
MOXHO HM3MEHUTh HA TMPOTUBOIMOJIOXHOE, ECJIU
MOMEHSITh MECTAMHM KOHUBI JIFO00M Mapsl MpPOBO-
J0B, MPUCOCAMHEHHBIX K KATYIIKaM CTaTopa, COo-
Puc. 156. [Mosyuenue  3AAKOIMUM MArHUTHOC IIOJIC.
BPAIIAIOIETOCsS  MArHMT- OTMETHM, UTO CMHXPOHHBIE JIEKTPOABUTATE-
HOTO 1O IPH MCIIONL3O™  yy repeMEHHOTO TOKA SIBJSIOTCS O0paTUMBIMH,
BaHUM Tpex(aszHOro TOKa
T. €. MOTYT OBITh MCIIOJb30BAHBI M KAK T€HEPATO-
poi. Ecii He mogaBaTh HAMPSIXEHWE HA 0OMOTKH
craropa, a porop (2JIEKTPOMATHHUT) MPHUBECTU BO BPALICHUE, TO B 0OMOT-
Kax cratopa OyaeT MHAYLUPOBATHCH MEPEMEHHOE TPex(asHOEe HATPSIKE-

B, B,
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HUE. A aCHHXPOHHBIA ABHMraTe b Momo0eH TpaHchOpMaToOpy, Yy KOTOPOTO
BTOpMUHAA OOMOTKA BBHIMOJHEHA MOABKXKHOM. UTo Xe KacaeTca pusmue-
CKO#i CYIIHOCTH SIBJICHHIi, TO B 000MX CAydyasx OHA OAMHAKOBA, MOCKOJIb-
Ky TOKM ¥ BO BTOPMYHOI 0OMOTKE TpaHC(HOPMATOpPA, ¥ B POTOPE ACHHX-
POHHOTO JBWTATENS MMEIOT UYMCTO WHAYKIMOHHOE MPOUCXOXIACHMUE.

.

.

Yro takoe TpexdasHblil NEPEMEHHBIN TOK?

[TocTpoiiTe BEKTOPHBIE AUArpaMMbl MPU COCAUHEHUU TpeyroybHUKOM. Iloka-
KUTE, UTO MPU CUMMETPUUHON HATPy3Ke aMIUIUTYbl JIMHEMHBIX TOKOB OyIyT
B V3 pas 0oJiblile, YeM aMIUIUTYAbl (DA3HBIX TOKOB.

[ToueMy B ceTsix TpexasHOro TOKa BCErAa CTPEMSTCS HArpy3uTh BCe TPHU
¢asbl 10 BOZMOXKHOCTH OAMHAKOBO?

Kakumu npeumyiectsamMu odJiafgaet TpexdasHblil TOK repen ogHoMasHbIM?

O0baIcHUTE MNPpUHLUIT OCUCTBUS CUHXPOHHOI'O MU aCHMHXPOHHOI'O SJICKTPOABU-
raTteyiei. HO‘ICMY yrjioBad CKOPOCTb Bpalll€HUS pOTOpa aCMHXPOHHOI'O ABUra-
TE€JId YMEHBHIACTCH C YBC/IMUEHUEM MeXaHUYECKOU HaI‘pySKI/I?

IMoueMy CUHXPOHHBIE JBUTATEIN TIEPEMEHHOTO TOKA OOPATUMBI, 4 ACUHXPOH-
Hble — HeET?

Kakumu criocobamMu MOXKHO CO34aTh Bpallawollcecd MariHuTHOE rose?
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DJIEKTPOMArHUTHOE TIOJIE MOXET CYIIECTBOBATh U B OTCYTCTBHE DJICKTPHU-
UECKUX 3apSI0B WM TOKOB: MMEHHO TAKHME «CAMOMOACPKUBAOIIUCCS>
DJIEKTPUUECKOE M MATHMTHOE MOJS MPEACTABASIOT CO00M 2eKkmpo-
MAZHUMHbLE BOJIHbL, K KOTOPBIM OTHOCSITCS BUAMMBIN CBET, MH(MpPaKpac-
HOE, yJabTPaduoIeTOBOE U PEHTTEHOBCKOE MU3JTyUCHUS, PAUOBOJIHBI U T. [

§ 25. KonebarenbHbli4 KOHTYp

Ipocreiimag cucTEMa, B KOTOPOM BO3MOXHBI COOCTBCHHBIE JJIEKTPO-
MATHUTHBIE KOJEO0AHUS, — OTO TAK HA3BIBAEMBIN KOJCOAMESbHbLL KOH-
myp, COCTOIINUI W3 COCAUHEHHBIX MEXAY COOOM KOHAEHCATOpA W Ka-
Tymkn uaAyKTEBHOCTH (puc. 157). Kak u y MeXaHmueckoro oCUmLIsTO-
pa, HATPUMEDP MACCHBHOTO TEJIA HA YMPYTOW MPYXKUHE,
COOCTBEHHBIE KO€0AHUS B KOHTYPE CONPOBOXAAIOTCS
SHCPreTUUCCKUMU NMPEBPANICHUAMN.,

AHalorus MeXJy MeXaHWYeCKMMH M 3JEeKTpO-
MATHMTHBIMM KkoOJeOanmamu. [na xoaeGaTeabHOro
Puc. 157. = Koze-  gopTypa aHasor NOTEHUMAJbHONU SHEPrUM MEXaHUUE-
Saresmubtit KOHTYP o1 ocmisTOpa (HANPHMEp, YTPYTOil JHEPrHH Je-

(hOpPMUPOBAHHON TIPY>KMHBI) — ITO JHEPIUS JNEKTPH-
YECKOTo Mojsi B KOHAEHCATOpE. AHAJIOr KMHETHUECKON JHEPrUM ABUXY-
IErocs Teaa — OHEPrus MATHUTHOTO MOJS B KATYIIKE MHAYKTUBHOCTH.
B camoMm faene, oHeprusi npy>XuHbl E, TPONOPUMOHAIbHA KBAAPATy CMe-

1
IICHUS M3 TOJIOXeHusT paBHOBecus (E, =z kx?), a oHeprus KoHAEHca-

[IS)
304 ). Kunernue-
CKasg OHEPrus TeJa TMPOMOPHMOHAJBPHA KBAagpaTy €ro CKOPOCTH

Topa W, mponopuuoHaibHa KBaxpary 3apsga (W, =

. 1 1.
v=1X (E =5 mv* =5 mx%), a oHEprus MArHMTHOIO MOJsS B KaTywIKe

NpONOpUMOHAIbHA KBaapaTy cuiabl Toka [ =g (W, = % LI*= % Lg%).

[Tonnast mMexaHmueckas SHeprus MNPYXUHHOTO ocumiasaropa E paBHa
CyMME€ MOTCHUMAJbHON U KMHETUYECKON DHEPIHiA:

1 1
E =3 kx*+5 mv’. (1)
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DHeprus KojeOaHMi. AHAJIOIMYHO, MOJHAA DAEKTPOMATHUTHAS SHEP-
rug KoaebaTeabHOro KOHTypa W paBHA CyMME SHEPIHil 5JEKTPHUUECKOrO
oA B KOHACHCATOPE W MATHUTHOIO MOJIS B KATYIIKEC!

_ 1 52,1 .0
W=s5-¢"+5 LI~ (2)

W3 comocrasaenansa dopmya (1) u (2) crexyer, 4To aHAIOTOM XECT-
KOCTH K IPY>XMHHOIO OCHMIIATOPA B KOJE0ATEIBHOM KOHTYPE CAYXKHT
pesmumna 1/C, obpatras emkoctm kKoHAeHcatopa C, a aHAJIOIOM MAcCCHI
m — WHAYKTUBHOCTh KATyIKu L.

HamoManM, uTO B MEXaHWYESCKON CHCTEME, DHEPIUS KOTOPOU JAETCS
BoipaxxeaueM (1), MOTyT MPOMCXOAWTH COOCTBEHHBIEC HE3ATYXAKOIINE
rapMoHnueckue KosneGanns. Ksaapar yacrorsl w? Takmx KosreGaHwmii pa-
BEH OTHOWICHUIO KOA(DMUIIMEHTOR MPH KBAAPATAX CMEUICHUS U CKOPOCTH
B BBIPAXCHUM /IS JHEPTUU;

Wi = k/m. (3)

CoOcTeeHHas yacToTa. B KonebaTeIbHOM KOHTYpE, 5AEKTPOMATHUTHAS
SHEPrUd KOTOPOro AAE€TCH BhIpaXkeHueM (2), MOIyT IPOUCXOAUTH COOCTBEH-
HbIC HE3ATYXAMOMINE FTAPMOHUYECKUE KONEOaHNs, KBAPAT YACTOTHI (3 KO-
TOPBIX TOXE, OUEBUHO, PABEH OTHOIICHUIO COOTBETCTBYIOIIMX KOA(Dduim-
enToB (T. €. KOO(PPUITMEHTOB TP KBAAPATAX 3aPAAa W CHJIBI TOKA):
2 1 4
o .C* ( )
W3 (4) cneayer BbIpakeHUE A/ MEpUOAA KoJaeGaHui, HA3BIBAEMOE
popmynou Tomcoua:

T =2n/w,=2nVLC.

[Mpu MexaHMUECKMX KOIeOaHMIX 3aBHCUMOCTb CMEIIEHUS X OT Bpe-
MEHM OTPEAEISIeTCS KOCMHYCOMAANBbHON (DyHKIME, apryMeHT KOTOPOH
Ha3bIBaeTCa (Pazoi KojaeOaHmii:

x(1) = Acos (wyt + ). &)

AMmuiMTyna M HavaapHas ¢asza. Ammiutyna A w HavasnpHag ¢asza o
OMpPCACAAIOTCd HAUAJbHBIMU YCJIOBUIMHU, T.C. 3HAUCHUIMHN CMCHICHUS
x(0) u ckopoctu v(0) = x(0) npu 1 =0.

AHaJIOI‘I/IllHO, npu SJCKTPOMATHUTHBIX CO6CTB€HH])IX KOJI€63HI/ISIX B
KOHTYpE 3apsii KOHACHCATOPA ¢ 3aBUCHT OT BPEMEHM IO 3aKOHY

q(1) = Qcos (wot + @), (6)

IJIE YacToTa ), ONMPEAEJICTCs, B COOTBETCTBHU C (4), TOJBKO CBOMCTBA-
MU CaMOr0 KOHTypa, a aMmmauTyaa Q kKojaeOaHuil 3apsaa W HAyaJabHAS
daza a, Kak ¥ y MEXaHMYECKOro OCHWLIATOPA, OMPEACIICTCS HAUATb-
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HBIMW YCJIOBUSMM, T. €. 3HAUCHUIMU 3apsaa Koapencatopa ¢(0) w cuisl
toka 1(0) = ¢(0) mpu ¢ = 0. Takum ob6pa3zoMm, coOCTBEHHAS UACTOTA
HE 3aBUCUT OT Crocoba Bo30yxaeHus KosaeGaHuii, B TO BpeEMI KaK aMIl-
JuTyna u HauvagbHas ¢Gasa OmpeneasoTCs UMEHHO yCIOBUSME BO30Y -
JCHUY,

DHepreTHyYecKUe mnpespaiieHus. PaccMoTpuM moapoOHee SHEpPreTu-
UYECKUE MPEBPAILEHUS TP MEXAHMUECKUX M DJEKTPOMATHUTHBIX KoJeba-
nuax. Ha puc. 158 cxemaTuuecku wu300pa>keHbl COCTOSHUS MEXa-
HUYECKOTO W JJCKTPOMATHUTHOTO OCHMJ/LISTOPOB Uepe3 MPOMEXYTKHU

_1l,p42
—2 k4 =0 "
U e mm S
W,=0
E=0 -A 0 A x

t ;11
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Puc. 158. DuepreTuueckue TMPEBPALEHUS IIPHU MEXAHUUECKUX U DJEKTPOMATHUTHBIX
KOJIe0aHMSX

BpPEMEHU B 4eTBepTh mepuona T = 27t/w,. JIBaxawl 3a mepuox Koseda-
HUIl OHEPrus MPEBPALIACTCS M3 OHOTO BUAA B Apyroi m obpartHo. [Tos-
Hasl SHEPrust K0e0aTePHOTO0 KOHTYPa KaK W MOJHAS SHEPTHS MEXaHW-
YECKOr0 OCUM/IIATOPA, B OTCYTCTBHE JUCCUMALMK OCTACTCS HEM3MEHHOM.
YroOsl yOeauTbcst B 9TOM, HYXHO B (hopmysty (2) moacTraBuTh BhIpaske-
aue (6) mas g(¢) w BeipaxkeHue mast cuiabl Toka [ = g(t):

I=q(t) = —wyQ sin (0 + ). 7N
Ucnonways dopmyny (4) ana wj, monyuaem

W= +5 LIZ—lQ cosz((oot+a)+

1
T‘]
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Hewnamennag monHas oHeprus W q

COBIIAZAET C IIOTCHIMAJIBHON DHEP- Q
rued W, B MOMEHTHI, KOIaa 3apsan \ /\
KOHACHCATOPA MAKCHMAJICH, M COB- 0 /2 T
MagaeT C SHEpPrueil MarHUTHOTO TOJI
KATYIIKU — <KUHETUUYECKOW» IHEP-
TMEW — B MOMECHTHI, KOTJa 3apssg
KOHeHCcaTopa o0pamaerca B HyJb, a
TOK MAKCHUMAJICH. HpH B3AWUMHBIX
ONpPEBPAICHUIX ABA BUAA OJHEPTAU N o
COBEPIIAIOT TAPMOHHMUECKHME KOjeba- 0 T/4 T/2 T t
HUY C OAMHAKOBOW AMIUTUTYHOM  Puc. 159. Tpadmku 3aBUCHMOCTH OT
W/2 B mporuBoaze APYr C APYTOM  BpPeMEHH 3apsyjia KOHAEHCATOPA ¢, SHEp-
il C IIaCTOTOﬁ 2(00 OTHOCUTEJIBHO THUU I’V3 QJIEKTPUUECKOTO TIOJISI KOHAEHCA -
TOpa U 3HEpruM W, , MarHUTHOTO MOJS B
cBOero cpemuero 3HaucHua W/2. B KaTymke M
OTOM JIErKo yOemuThcd Kak U3
puc. 158, tak u ¢ momomp (HOPMYJT TPUTOHOMETPUUECKUX (DYHKIUIA
MOJIOBMHHOTO apryMEHTa:

W, (1) = 5 Q% cos2 (et + @) =5 W [1 + cos 2(wyt + o)1,
W, (1) = % L} Q*sin? (wyf + a) =% W [1 —cos 2(wyt + a)].

9

I'padwkm 3aBucuMocTM OT BpeMeHW 3apsaa KoHaeHcatopa ¢(7),
OHEPruM JJEKTPUUECKOro moisd W, (f) ¥ OHEpruMm MATHMTHOTO MO

W, (1) mokasansl Ha puc. 159 nna mauanerOU (haser a = 0.

KonmuecTBEHHBIE 3aKOHOMEPHOCTH COOCTBEHHBIX JJIEKTPOMATHUTHBIX
KoJ1e0aHUii MOXHO YCTAHOBUTh HEMOCPEACTBEHHO HA OCHOBE 3aKOHOB
/IS KBA3UCTALMOHAPHBIX TOKOB, HE 00pamasdch K aHAJIOTMHA C MEXAHM-
YECKAMU KOJICOAHMSIMU.

YpagHeHHe Jas KoaedaHuit B KOHType. PaccMoTpum mpocTermmii Ko-
niebaTebHbI KOHTYD, MOKa3aHHbd HA puc. 157. Ilpm obxome KoHTypa,
HANIpUMEp, TPOTUB YACOBOM CTPEJIKMA, CyMMA HAMPSIKCHUU HA KATYIIKE
MHAYKTUBHOCTH U; u KoHaeHcaTtope U, B TaKOW 3aMKHYTOM MOC/IEA0BA-

TEJBPHOM LEMM paBHA HYJIIO:
U, +U.=0. (10)

Hanpsixenue Ha KonaeHcatope U CBSI3aHO C 3apSAOM TJIACTHHBL ¢ 1
¢ emkocThio C cootHomennem U, = ¢/C. HanpskeHue Ha MHAYKTHBHO-
ctu U, B mo00il MOMEHT BPEMEHH PABHO MO MOAYJIIO ¥ TPOTHBOIOJIOXKHO
no 3Haky 9/1C camounaykuuu, noaromy U, = dI/dt. Tok B uenu pasex

CKOpOCTY M3MEHEHMS 3apsiaa KouaeHcartopa: I = dg/dt. [lopcrasassg cury
TOKA B BBIPAXKCHUC A9 HANPAXKCHUS HA KATYIIKC MHAYKTUBHOCTU U 060-
3HAUas BTOPYIO MPOM3BOAHYIO 3apaAa KOHACHCATOPA ¢ MO BPEMECHU uepe3
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¢, monyunMm U, = Lq. Teneps Beipaxernue (10) mpuauMaer Bua
Li+4=0. (11)

HCpCHI/I]]IeM 9TO YPABHCHUC WHAUC, BBOAA MO OHOPCACICHUIO
u)% =1/LC: B
q+ ojg=0. (12)

Vpasuenue (12) coBmamaer ¢ ypaBHEHHEM TapPMOHUUYECKUX KoJcOa-
HEI MEXAHMYECKOTO OCHMJLIATOPA ¢ COOCTBEHHOM UYacToTOl «, Peme-

HUAE TAKOr0 YPABHEHWS [JAETCH TapPMOHWYECKOW (CHHYCOMOAJIBHOIM)
byukmueit Bpemenn (6) ¢ TPOM3BOJBHBIMY 3HAUCHUSIMEA AMILUIATYAB Q
u HavaiapHOU paszel o. OTCIOmA CASAYIOT BCE TPHUBEACHHBIC BHIIIE pe-
3YJbTATHI, KACAIOIUECH JJIEKTPOMATHUTHBIX KOJAEOAHUI B KOHTYPE.

3aTyxaHue 3JEKTPOMATHMTHBIX KoJeOanmil. Jlo cux mop obcyxma-
JUCh COOCTBEHHBIE KOME0AHUS B MASANM3NPOBAHHON MEXAHWUECKOW CH-
creMe W uacaausupoBaHHoM LC-koHType. Vmeanusanus 3akI04agach
B TIPEHEOPEXXEHNN TPEHMEM B OCHMJUIATOPE W OJEKTPUUECKUM COTIPO-
TUBJICHUEM B KOHType. TOJMBKO B 3TOM CJIydac Cu-
crema OyZeT KOHCEPBATMBHOW M SHeprus koseba-
HUll OyZeT COXpaHATHCA.

Vuer auccunanuu SHeprum KosjeGaHuii B KOHTY-
p€ MOXHO NTPOBECCTHU AHAJOTUUYHO TOMY, Kd4dK OITO
OBLIO CAEMAHO B CAYyYa€ MEXAHMUECKOTO OCIHJLIS-
R Topa ¢ TpeHueM. Hanwuue 37EKTPUUYECKOTO COMMpPO-
TUBJICHUSA KATYIIKW W COCAMHUTC/IBHBIX MTPOBOAOB
HEU30EXKHO CBY3aHO C BBIACJACHUEM JIKOYJEBON
TEIUIOTHI. Kak w paHbIle, 9TO COMPOTHUBJICHUE
MOXHO PACCMATPUBATD KAK CAMOCTOSTEIBHBIN D/1€-
MEHT R B JJIEKTPUUECKONM CXEME KOAe0aTENBPHOTO KOHTYpA, CuMTas Ka-
TywKy u mposoaa upeanababiMu (puc. 160). Ilpu paccMoTpeHuu KBasum-
CTAUMOHAPHOTO TOKA B TAKOM KOHType B ypasHenue (10) myxHO m0-
GaBuTh Hampskenne U, HAa COMPOTHUBICHUU R:

U, +Urg+Uc.=0. (13)

[Moncrasnas 8 (13) U.=¢q/C, Uy=RI=Rgq n U, =dI/dt= Lg,
MOy YaeM

Puc. 160.  Koneba-
TEJIbHBIM KOHTYP C CO-
TIPOTUBJICHUEM

LG+ Rg+q/C=0. (14)
BBons oGozHaueHus
wi=1/LC, 2y=R/L, (15)
nepenuiieM ypasuenue (14) B Buge
d+2vq+ 03¢ =0. (16)

Vpasuenue (16) mnsa ¢(7) uMeer TOUHO TAKOW X€ BUIA, KAK U ypaB-
HeHue s x(7) mpu KoaebaHUusIX MEXAHMUECKOTO OCUMJUIATOPA C TPEHU-
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€M, TMPOMOPUUOHAIBHEM CKOpocTH (BsS3KMM TpeHumeMm). [losromy mpu
HAJIWUAM  SJCKTPUYECKOTO COMNPOTHUBJECHHAS B KOHTYPE OSJIEKTPO-
MATHUTHBIC KOJIC0aHMS TPOUCXOIIT 10 TAKOMY XE 3aKOHY, KAK W MEXa-
HUUECKUE KOJAEOaHUS OCHILIITOPA C BIASKHUM TPEHUEM.

Jiuccunanys 3Hepruu koaedanui. Kak u npu MexaHMUeCKUX KOJIe-
GaHMIX, MOXKHO YCTAHOBUTH 3aKOH YOBIBAHKS CO BPEMEHEM DHEPIUU COOCT-
BEHHBIX KoJ1e0anuii, mpuMends 3akoH [Ixxoyaga—JleHna a/1g moacyera Boi-

JEAIIOMENCT TETLIOTHI:

dw
W=—IZR. (17)

B pesyabTaTe B Cayuyae Majoro 3aTyXaHus A POMEXYTKOB BPEMEHH,
MHOro OOJBIIMX MepuoAa KoJeGaHuii, CKOpOCTh yObIBAHUS SHEPTUH KO-
Je0anuil OKA3BIBAETCH MPONOPIUOHAIBHON CAMOM JHEPIHM:

aw _

Pemenne ypasuenus (18) mmeer Bug
W (1) = W, exp(—2yt) = W, exp (— 2 t). (19)

Oueprus COOCTBEHHBIX OJICKTPOMATHUTHHIX KOJIECOAHUI B KOHTYPE C CO-
MPOTUBJICHUEM YOBIBAET TI0 OKCMIOHEHIIMAJBHOMY 3aKOHY.

Dueprusg KoJacOaHUN MPOMOPHUOHATIPHA KBAAPATY WX AMILTATY/IHL
JList DEKTPOMATHUTHBIX KOJIE0aHuit 910 CaenyeT, Hanpumep, us (8). TTo-
STOMY aMILTUTYA 3aTyXaKIuX Kosebanwuii, B coorsercteu ¢ (19), yobi-
BAET TIO 3aKOHY

Q= Q, exp(—vr) = Q, exp (— % t) . (20)

Bpems xu3au koaedanmnin. Kak sugso uz (20), ammauryga koneOanuit
yOBIBAET B e pas 3a Bpems T, paBHoe 1/y = 2L/R, HE3aBUCHUMO OT Ha-
YaJbHOTO 3HAYCHUS AMIUIUTYAB Q. DTO BpeMsl T HOCUT Ha3BaHHUE Gpe-
MeHUu Ku3nu koaedanuil, xord, kak sugHo u3 (20), xosebanus ¢op-
MAaJIbHO TIPOAOJIKAIOTCH OECKOHEUHO AOATO. B AeiCTBUTEIBHOCTH, KOHEU-
HO, O KOJIEOAHMAX MMEET CMBICJ TOBOPHUTH JIMIIL A0 TEX MOpP, MOKA MX
AMIUTATYAA TIPEBHIMIACT XAPAKTCPHOE 3HAUCHWE YPOBHS TEILUIOBBIX IIYy-
MOB B AaHHO# uenu. [Tooromy (akTHueckn KoaeOaHus B KOHTYPE «XKH-
BYT» KOHEUHOE BPEMSI, KOTOPOE, OAHAKO, MOXET B HECKOJIBKO pas mpe-
BOCXOOWTh BBEACHHOE BBIIIE BPEMS XWU3HU T.

Yacro ObIBAET BAXXKHO 3HATh HE CAMO MO ceGe BpeMs Xu3HM Koseba-
HUM T, @ unca0 N TOJHBIX KoJaeGaHuil, KOTOPOE MPOM3OMAET B KOHTYPE
3a 9TO BpeMs T. D10 unciao N = t/T, yMHOXEHHOE HA I, HA3BIBAIOT 00-
OpOMHOCMbIO KOHMYPA.

Crporo roBopsi, 3aTyXawmue KOJeOAHUS HE SIBASIOTCH MEPUOAMYE-
ckumu. [Ipy MasoM 3aTyxXaHUM MOXHO YCJIOBHO TOBOPUTH O TICPUOAE,
MOA KOTOPHIM TIOHMMAOT TTPOMEXYTOK BPEMEHHM MEXIY ABYMS TIOCJICHO-
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BaTEJbHBIMU MAKCMMAJIbHBIMU 3HAUCHWSIME 3apsAa KoupeHcaropa (oxum-
HAKOBOH MOJIIPHOCTH ), JUO0 MAKCHMAJTBHBIMA 3HAUCHUIME TOKA (OXHO-
r0 HATPABJICHUA).

3aryxanue KoacOaHWil BIUICT HA TEPUOM, MPUBOAM K €TO BO3pacTa-
HUO 10 CPABHEHWIO C WACAJW3NPOBAHHBIM CTYyUAaeM OTCYTCTBUS 3aTyXa-
aug. [Ipu MasoM 3aTyXaHuW YBEJUUCHHUE TIEPUOAA KOJICOaHUN OUCHD HE-
3HaunTeabHo. ONHAKO MpPU CHIBHOM 3aTyxXaHuuM KosieOaHuil BooOIIe
MOXET HE OBITh: 3aPSKCHHBIA KOHACHCATODP OYAET paspaxarbCd anepu-
ONMUECKH, T. €. 063 U3MECHCHUS HATPABJCHUI TOKA B KOHTYpe. Tak Oy-

AeT mpu Y = ,, T.€. npu R=2VL/C.

Tounoe peinenne. CchopMyMpOBAHHBIE BbIIIC 3aKOHOMEPHOCTH 3aTy-
XaKMUX KOAeOaHUI CAEAYIOT M3 TOYHOrO pemeHusd auddepeHnnantbHO-
ro ypasHenusd (16). HemocpeacTBeHHOM MOACTAHOBKON MOXHO YOEIUThb-
€S, UTO OHO MMEET BUN

q(t) = Qpexp (—yt) cos (ot + a), o, =Voi—y*, (21)

TAac QO W d — OPOM3BOJIBHBIC IMOCTOSIHHBIC, 3HAUCHUSA KOTOPBIX OIIPCAc-
JIITCAd U3 HAUYAJBHBIX yC}IOBHIUI. HpH MAJIOM 34TyXdHAUW MHOXWUTC/Ib
Ipyu KOCMHYCEC MOXHO paCCMATPUBATD KAK MCAJICHHO MCHIIOMIYIOCA aMIT-
JUTYAY KoaeOaHui.

3anava
ITlepe3sap adka KkoHdeHcamopogs yepe3 Kamywky undykmuesiocmu. B nenu, cxe-
Ma KOTOpOU MokazaHa Ha puc. 161, 3aps BepXHero KOHAEHCATOpa PaBeH ¢, a HUX-
Hull He 3apsakeH. B MoMeHT ¢ = 0 kJTi0Y 3aMbIKaroT. HaliTu 3aBUCUMOCTE OT BpeMe-
HU 3apdna ¢, (f) BepXHero KonaeHcaTopa u Toka / () B KaTyllIKe.

2 kK v=0 k
> SO 8
q + m 7
=G Q=0 g
7 5
K L L HEEE O T
m 7
T “TEG mrxaraeany
m Z
Puc. 161. B nauamp- Puc. 162. 3apaael  Puc. 163. MexaHuueckasi aHAJOTHSI ISt

HBI MOMEHT BPEMEHHM  KOHJEHCATOPOB U TOK  3JIEKTPUUECKOH IIEMU, MOKA3aHHOM Ha
3apPSDKEH TOJBKO OIMH B KOHTYPE MOCJE 3a-  puc. 162
KOHJIEHCATOp MBIKAHUS KJIIOUA

Pemenue. Iocsie 3aMbIKaHUS KJII0UA B IEMTU BOSHUKAKOT KOJICOAHUS: BEPX-
HUI KOHIAEHCATOP HAUMHAET Pas3pskaThbCd Uepe3 KaTYIIKY, 3apskas MpPU 5TOM
HUKHUU; 3aT€M BCE MPOUCXOAUT B o0paTHOM HarpasiicHuu. [lycTh, Hanpumep,
npu ¢ = 0 HOJIOXKUTEJILHO 3apsikeHa BepXHss 00K/Iaaka KoHaeHcaTopa. Toraa ciy-
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CTS MaJIblil TIPOMEXYTOK BpeMeHU Af 3HAKU 3apsSA0B OOKJIaA0K KOHACHCATOPOB U
HarpaBJIcHHE TOKa OYAYT TAKUMH, KaK TIOKa3aHo Ha puc. 162. O6o3HauUNM uepes
g, U g, 3aps/bl TeX OOK/IaJJ0K BEPXHETO U HUXHETO KOHAEHCATOPOB, KOTOPhIE COEAM-
HEHbI MEXAY co00Il uepes KaTyIIKy MHAYKTUBHOCTU. Ha ocHOBaHUM 3aKOHA CoXpa-

HEHUS 9JIEKTPUUECKOTO 3apsaza
qtg,=q. (22)

CyMMa HalpsXeHUM Ha BCEX 2JIEMEHTAaX 3aMKHYTOIO KOHTYpa B KaxKIbli MO-
MEHT BPEMEHU paBHA HYJIIO:
4
+ L — + —=0. (23)
dt
3HaK HamnpsXeHUs Ha KOHACHCATOPE COOTBETCTBYET pacIpelesICHUIO 3apsaoB
Ha puc. 162. 1 ykazaHHOMY HallpaBJIcHUIO ToKa. BeipaxkeHue s Toka [ yepes ka-
TYIIKY MOXHO 3aTIUCATh B JTIOOOM U3 ABYX BUIOB:
d d
=0 4 (24)
dt dt

HWckmounm us ypasHeHus (23) dI/dt v g, ¢ ToMoITIbI0 cOOTHONIEHMI (22) 1 (24):
1 1 . q

g |l—+=| +124,— L =o0. (25)
1 (c1 C2) 17,

BBoag obGo3HaueHUd cc
1
2 - =_ 12 (26)
“=zc, “Tcag

nepenuiieM (25) B cleqyoleM BUAe:

. 2 q _
g, + of ql_LC2_0' (X))
Ecsn BmecTo ¢4 (f) BBeCTH (DYHKIMIO
q G
Q=" ee - it (28)

M y4ecTb, UTO §; = é, 10 (27) npUHUMAET BUX
0+ wQ=0. (29)

2710 00OBIUHOE YpPaBHCHUE HE3ATYyXaUMUX TapMOHUUYCCKUX KoJIeOaHUM, KOTOpOE
UMEECT PCUICHUC

Q(t) = Qy cos (wyf +a), (30)

rae Qg U ¢ — TPOU3BOJIbHBIE MOCTOSHHBIE.
Bosspamasch or pynkuuu Q(7) K g, (), mojsyunM Ui 3aBUCUMOCTH OT BpeMe-
HU 3apsfia BEPXHETo KOHAEHCATOPa CJIEAYIOIIEE BbIpakKeHHUE:

C
g,1(t) =q ==+ Qg cos (wgt + a). @D
! C +¢C, 0 0

[Ins onpeziesieHNs TOCTOSIHHBIX Qy U ¢ yUTEM, UTO B HauaJIbHBIN MOMEHT ¢ = 0
sapsa q;(0) =g, atok I(0) = 0. Ina cunel Toka /() us (24) n (31) umeem

I(t) = wy Qp sin (wyt + ). (32)
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Iockoneky I(0) =0, orcroma ciexyer, uto ¢ = 0. Iloacrasiss teneps B (31)
q,(0) = 0 u yuursiBag, uro o = 0, mosyyaem

c, (33)
@TitEe

Wraxk, BoIpaxxenusd A 3apsia ¢ () U cuibl Toka I (f) UMET BUL

Cl

C2
q,(t) zqm 1 +FICOS et |, (34)

’ C, .
1) =¢q IC 1 C)C, sin wgf.

XapakTep OCHWIISIININ 3apsaa U ToKa 0COOCHHO HATJISACH MPU OOWHAKOBBIX
3HaUYEHUIX eMKocTel KongeHcaTopos C; = C, = C. B sTom ciyuae

91(t) =5 (1 +cos o), (1) =5 (1 —cos o), (35)

1(t) = wy % sin o

3apsa BepXHEro KOHAEHCATOPA OCHUJUTUPYET C aMILIUTYAOM ¢/2 OKOJIO CpeaHe-
ro 3HAYEHUS, PaBHOIO ¢/2. 3a MoNOBUHY Mepuona KojieGaHUi OH YMEHBIIAETCS OT
MaKCHUMaJIbHOTO 3HAUCHUS ¢ B HAYaJIbHBINI MOMEHT [0 HYJIS, KOTAa BeCh 3apsa OKa-
3bIBACTCI HA HIKHEM KOHAEHCATOpE.

Beipaxenue (26) A8 4acTOThI KOIEOaHUIH Wy, pasyMeeTcs, MOXKHO OblJIo HAIU-
caTh Cpasy, MOCKOJIbKY B pacCMaTpUBAEMOM KOHTYpPe KOHACHCATOPBI COCAUHCHBI
nocsiefoBateabHO. OQHAKO HANHMCATDh BhIpaxxeHUs (34) HENMOCpPEACTBEHHO 3aTPYA-
HUTEJIbHO, TaK KakK MPU TaKUX HAYAJbHBIX YCJIOBUSIX HEJIb3d BXOASIINE B KOHTYP
KOHZIEHCATOPBI 3aMEHUTE OIHUM 5KBUBAJICHTHBIM.

HarnggHoe mpeacTaB/ieHUe O MPOUCXOASIIMX 3AECh Mpolleccax AacT Mexa-
HUYECKUI aHaJIor JaHHOU 2JICKTPUUYECKON LieNu, MoKa3aHHbIN Ha puc. 163. Oau-
HaKOBBIC TIPYKUHBI COOTBETCTBYIOT CJIYUal0 KOHAEHCATOPOB OAMHAKOBON €MKOCTH.
B HauaJibHBINI MOMEHT JicBasl NPyKUHA CXKaTa, UTO COOTBETCTBYET 3APSIKECHHOMY
KOHJCHCATOPY, a IpaBasi HAXOAUTCS B HEAC(POPMUPOBAHHOM COCTOSIHUH, TaK Kak
aHaJIOrOM 3apsiia KOHAECHCATOpa 3[4eCh CJYKUT CTeleHb AedopMalii MpPYKUHBL.
ITpu npoxoxacHUHN uepe3 cpefHee MOJIOXKEHUE 00¢ MPYKUHBl YACTUUHO CXKAThI,
a B KpaliHeM IIpaBoOM IOJIOXKCHUU JieBasl MpYXHHa HeAedopMUpoBaHa, a IpaBas
cxaTa Tak Ke, KakK JieBas B HayaJlbHbIi MOMEHT, UTO COOTBETCTBYET IOJHOMY
NepeTeKaHUo 3apsiia ¢ OAHONO KOHAECHcATOpa Ha ApYyroil. XoTs Liap coBepllacT
OOBbIUHBIC TAPMOHUUYECKUE KOJeOAHUS OKOJIO TOJIOKEHUS paBHOBecus, Aedopma-
LUS KaXXZ0U W3 MPYKUH ONMCBHIBAeTCS (PYHKLMCH, cpefHee 3HAUCHHE KOTOPOM
OTJIMYHO OT HYJIS.

B otsinuue ot K0s1e¢6aTe/IbHOTO KOHTYpa ¢ OAHUM KOHIEHCATOPOM, TAe IIPU KoJle-
0aHMSIX MPOMCXOAUT MOBTOPSIOIIASCS €ro MoJIHAY Nlepe3apsaka, B pacCMOTPEHHOM
cucTeMe NepBOHAaYa/IbHO 3aPSIKEHHBIN KOHIEHCATOP MOJHOCTbIO HE Tepe3apsikacT-
ca. Hanpumep, npu C; = C, ero 3aps yMeHbIIAETCH 10 HyJIs, a 3aT€M CHOBA BOC-
CTaHaBJIMBAETCS B TOU e MOJIIPHOCTU. B ocTaibHOM 9TU KoJieGaHUS HE OTJINYA0T-
Csl OT TapMOHUUYECKUX KOJIeO0aHUI B 0OBIYHOM KOHTYPE. DHEPrus 3TUX KoJieOaHU
COXpaHSETCsl, €CJIM, pasyMeeTcsl, MOXXHO IpeHeOpeub CONTPOTUBJICHUEM KATY KU U
COCAMHUTE/IbHBIX [1POBOZOB.
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IMosicuuTe, MOUeMy U3 comnocTaBiieHUs opmya (1) u (2) ang MexaHUYECKOH U
5JICKTPOMATrHUTHOM SHEPrUii cAe/IaH BBIBOZ O TOM, UTO aHAJIOTOM XXEeCTKOCTH K SIB-
nsgercs 1/C, a aHATIOrOM MacChl M — UHAYKTUBHOCTD L, 2 He Ha060pOT.

IIpuBeaure 0ob0OCHOBaHUE BBIBOAA BhIpaxkeHUS (4) A/ COOCTBECHHOU YaCTOTHI
9JICKTPOMATHUTHBIX KOJIcOaHUII B KOHTYpPEe W3 AHAJOTUM C MEXaHUYCCKUM
MPYXUHHBIM OCLMJIISTOPOM.

TapmoHuueckue KosiebaHus B LC-KOHTYPE XapaKTEPU3YIOTCS AMILIUTYOOH,
YacToTOM, mepuonoM, $hasoiil KosiebaHuil, HauaapHOU (asoil. Kakue us sTux
BEJIMUUH OIPENEISIOTCS CBOMCTBAMU CaMOro Kojie0aTe/IbHOrO KOHTYpa, a Ka-
KHe 3aBUCAT OT CIocoda BO3OYKAEHUS KoJeOaHU?

HOKa)KI/ITC, UTO CpE€AHUE 3HAUYCHUS SHCKTpH‘ICCKOﬁ U MarHWUTHOU 3H6pI‘I/Iﬁ
npu COOCTBEHHBIX KOJIEOAHUSX B KOHTYPC paBHbI MEXAY co0oil U coCcTaBIg-
0T IIOJIOBUHY TIOJTHOM SHCKTpoMaFHHTHOﬁ SHEPTUN KoJiebaHUid.

Kak nprMeHUTh 3aKOHBI KBA3UCTALlIOHAPHBIX SBJICHUH B 3JICKTPUYECKOU LIeNH
1715 BbIBOZA AU pepeHITNATBbHOTO YpaBHeHHS (12) rapMoHHNYECKNX KoJieOaHMI
B LC-kOHTYpe?

Kakomy muddepennmnanbHoMy ypaBHEHHUIO YAOBJIETBOPSET cuia Toka [ (f) B
LC-roHTYpE?

IIposennTte BBIBOA ypaBHEHUS AJISI CKOPOCTU YOBIBAHUSI SHEPTrUU KoJaeGaHMIt
IIpYU MaJIoM 3aTyXaHUU aHAJOTUYHO TOMY, KaK 3TO ObLJIO CAE/IaHO /IS Mexa-
HUYECKOr0 OCLWIISTOPA C TPEHUEM, IIPONOPLYOHAIBHBIM CKOPOCTU, U IOKa-
KUTE, YTO /IS IIPOMEXYTKOB BPEMECHHU, 3HAUUTE/IbHO IPEBOCXOALIINX MEPU-
ol KoJebaHM, 3T0 yObIBaHME MPOHUCXOAMUT M0 SKCIOHEHINAJIBHOMY 3aKOHY.
Kakoil cMbIC/I NMeeT HCIOJIB30BAHHBIN 3[eCh TEPMUH «MaJloe 3aTyXaHHe»?

Iokaxwure, uto dyHKUUS g(f), AaBaemas dopmysoi (21), yooBieTBOpSeET
ypaBHeHMO (16) npu J00bIX 3HAYCHUSX Qg U d.

PaccMoTpuTe MexaHUUECKYIO CHUCTEMY, MOKa3aHHY0 Ha puc. 163, u Haiiaute
3aBUCHUMOCTh OT BpeMeHHU AedopMallMU JIEBOM MPYXUHBI U CKOPOCTHU Mac-
CUBHOTO TeJa.

A KoHTyp 0e3 cOnpoTHBJIEHHS C HEM30EXKHbIMM MOTEPAMU. B
PACCMOTPEHHONM BHIIIE 3a4a4€, HECMOTPS HA HE COBCEM OOBIUHBIE HA-
YaJIbHBIE YCJIOBHS IJIS 3aPIA0B HA KOHACHCA-
TOpaxX, MOXHO OBLIO TMPUMEHUTH OOBIUHBIE
YPAaBHEHUS IS DJEKTPUUYECKUX LEMEH, Mmo-

CKOJIbBKY TaM 6bIJII/I BBIMIOJTHCHBI YC/IOBUA KBA- l
3MCTALMOHAPHOCTH TpPOTEKAmMX mpouec- K

COB. A BOT B LieNHM, CXEMA KOTOPOii MOKAa3aHa =0 =
Ha puc. 164, npu ¢dopMasbHOM BHEIIHEM y ¢ =,
CXOOCTBE CO CXeMmoi Ha puc. 162, yciaoBus —|_

KBAa3UCTALMOHAPHOCTHU HE BBIIOJIHAIOTCS, €C-
JIM B HAYAJIbHBI MOMEHT OOWH KOHAECHCATOP
3apsKeH, a BTOPOM — HET. Puc. 164. 9
O6cyaum moapoGHee MPUUKMHBL, MO KOTO- | 1o 0% JJIeKIpuecka
Lenb, I KOTOPOU HE BbI-
PBIM 37I€Ch HAPYIIAIOTCS YCAOBUSI KBABUCTA~ 1o nugiorest yCAOBHS KBA3H-
OUOHAPHOCTH. Cpasy MOoC/JC 3aAMBIKAHUSA  CTALMOHAPHOCTU
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KJIIOYA BCE MPOIECCH PA3BITPHIBAIOTCS TOIBKO B COSAMHEHHBIX MEXIY
€000 KOHAEHCATOPaX, TaK KaK HAPACTAHHE TOKA UepPe3 KATYIIKy MH-
OYKTHBHOCTH IIPOMCXOAWT CPAaBHUTEIBHO MEIUICHHO W HOHAYATY OT-
BETBJICHUEM TOKA B KAaTYMIKy MOXHO IpeHeOpeus.

[Tpu 3aMBIKAHUH KJTI0UQ BO3HUKAIOT OBICTPHIC 3aTYXAOMUE KOJIE-
OaHMs B KOHTYpE, COCTOSIMIEM M3 KOHACHCATOPOB M COCAMHSIIOMINX MX
nposonoB. Ilepuox takux KoaeOaHMil OUEHb MaJl, TAK KAaK Maja MH-
OYKTHBHOCTb COEIVMHWTENIBHBIX IPOBOAOB. B pesysbraTe 9THX KOJIE-
OaHumil 3apsl HA IUIACTUHAX KOHACHCATOPOB MEPEPACIPEACIsSeTCs, mo-
CJIe Uero ABa KOHAEHCATOPAa MOXHO paccMaTpuBaTh Kak ogmH. Ho B
HEepBBHIl MOMEHT JTOrO AC/IATh HEJb3s, MO0 BMECTe C mepepacmpenc-
JIEHUEM 3apg70B IPOWCXOAUT W TIepepacHpenc/cHue JHEPTHH, YacTh
KOTOpPON MEPEXOAUT B TEIIOTY.

IMTocre 3aryxaHus OBICTPHIX KOJICOAHMH B CHCTEME MPOMCXOAAT
Koae0aHMs, KAk B KOHTYpE C OJHUM KOHACHCATOPOM EMKOCTH
C, + C,, 3apsa KOTOpOro B Haua/IbHbI MOMEHT PABEH MEPBOHAYAJIb-
HOMY 3apsaay ¢, KonaeHcatopa C,. YCI0BMEM CHpaBeaMBOCTH MpH-

BCACHHOTO PACCYyXACHUS ABJAICTCI MAJIOCTh MHAYKTUBHOCTHA COCAMHU-
TCJAbHBIX TPOBOAOB IO CPABHCHUIO C MHAYKTHUBHOCTHIO L KAaTyHmIKun.

Kak m B paccMoTpeHHON 3amaue, TMOJC3HO W 3ASCh HAWTH MeXa-
HUUYCCKYKO AHAJOTHIO. ECHH TaM ABC TPYXWHBI, COOTBCTCTBYIOIIUC
KOHIEHCATOpAM, ObUIM PACIOIOXEHBI MO 00€ CTOPOHBI MACCUBHOTO
Teaa, TO 34ECh OHU AOJKHBI OBITh PACIIONOXEHBI MO OOHY CTOPOHY
OT HEro, TaK uTOOBI KOJEOAHMS ONHOM M3 HUX MOIJIM HEPEAABATHCS
Z(pyI’Oﬁ IOIpHU HCIOOABUXHOM TCJIC. BMeCTO ABYX TIPYXXKWH MOXHO
B34Tb OAHY, HO TOJIbKO B HA4YaJbHBI MOMEHT OHA JOJJIZKHA 6HTI) ac-
¢opMupoBaHa HEOTHOPOMHO.

3axBaTUM IPYXUHY 34 CEPEAUHY M PACTIHEM €€ JIEBYIO MOJOBUHY
HA HEKOTOPOE PAcCTOSIHUE X,. BTopas mosoBUHA MPY>XUHBI OCTAHETCH
B HeaeOPMHUPOBAHHOM COCTOSIHMM, TAK UTO IPy3 B HAYAJbHBIA MO-
MEHT CMCIIECH M3 TIOJIOXKEHUSI PABHOBECHS BIPABO HA PACCTOSIHUE X,
M TOKOUTCI. 3areM OTmyCcTuM mpyxuHy. K KakuMm 0COOEHHOCTSIM
NPUBEAET TO OOCTOATENBCTBO, UTO B HAYAJBHBI MOMEHT MpPYXXHHA
aecdhopMrUpOBaHA HEOXHOPOAHO?

Ecau Obl mpu cMemeHnu Tpy3a Ha X, IpyXuHa Obi1a aedopmmpo-
BAHA OJHOPOHO, TO ABMXEHHUE IPy3a B OTCYTCTBHE TPEHUS MPEACTAB-
Jis10 Obl COOOM rapMOHMUECKOE KOoJeOaHne OKOJIO TOJIOXEHMS PABHO-

BECHS C YaCTOTON w = Vk/m m aMIumMTya0# X,:
x(1) = x, cos wt. (36)

Hauaneuas dasza xonebanuit 8 dopmyne (36) pasBHa HyJH0, TO-
CKObKY Tipu =0 TIpy3 CMEIIEH M3 TMOJOXEHUSI DPABHOBECUS HA
paccTosHEE X,, paBHOEe aMmmanTyae KosieOaumit. OgHAKO B Hamem
cayvae TPYyXMHA B HAUYAJBHBIA MOMEHT AehOpMHMpPOBAHA HEOXHO-
POAHO — pa3HbIC YACTW TPYXWHBI AeOPMUPOBAHBI MO-PA3HOMY.
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ITpu ogHOpoaHOI HAUAMBHOU AcopMALMK TIPYXKUHBI 3aMacC MeXa-
HUUECKOW JHEPTUM CUCTEMBI PABEH kxf/ 2. [lpu HAYATBHBIX YCJIOBU-
49X HAeW 3a7ayd, KOrma Ha PACCTOSHME X, PACTIHYTa IIOJOBHHA
NpY>KMHBI, 3aMAC OHEPrUy paBeH 2kx2/2, nbo, KaK HETPYAHO cOOOpa-
3UTh, XKECTKOCTh «OJIOBUHBI» IPY>KMHBI paBHA 2k. Ecau macca npyxu-
HbI MaJ1a 10 CPABHEHMIO C MACCOM IIApa, yacToTa COOCTBEHHBIX KOoIe0a-
HUM NPY>XKUHBL KAK TMPOTSKEHHOM CUCTEMBI MHOTO GOJIBIIE YACTOTHL KO-
ne0aHui Mapa Ha MPyXUHE. ITU «ObICTPhIe» KOAe0aHUS 3aTyXHYT 3a
BPEMSI, COCTABJIAIONIEE MATYIO OO TIEproAa kKosebaumii mapa. [Tocae
3aTyXaHus ObICTPHIX KOIEOAHMI HATSKEHUE B IIPY XKMHE MEPEpacipenc-
JISIETCSI, @ CMENEHNUE TPy3a MPAKTUUYECKH OCTAETCS PABHBIM X |, TAK KaK

rpy3 3a 3TO BpEMs HE YCIEBAET 3aMeTHO CABMHYThCH. [ledopmanms
MPY>XWHBI CTAHOBUTCS OTHOPOIHOW, 4 SHCPTUI CUCTEMBI PABHOU kxf/ 2.

Takum 06pasoM, posb OBICTPBIX KOJAEOAHUMI MPYXKUHBI CBEIACH K
TOMY, UTO 3adC QHCPTUU CUCTCMbI YMCHBIIWJICA A0 TOTO 3HAUCHU S, KO-
TOPOE COOTBETCTBYET OMHOPOAHON HAUAIBHOU AcOpPMALIMK TIPYKUHBI.
ScHO, UTO AaJBHEWIINE TMPOLECCH B CHCTEME HE OTIMYAIOTCS OT CIIy-
yag OXHOPOAHON HauajapHON aedopMmanmy. 3aBUCHMOCTh CMEIICHUS
rpy3sa ot BpeMenu x () BBIpaxaeTcd TOu xe camoii ropmyaon (36).

B paccMOTpPeHHOM NpUMEpPE B pe3y/bTaTe ObICTPHIX KOJaeOaHuii
MPEBPATIIACh BO BHYTPEHHIOK JHEPTHO (B TEIUIOTY) TOJOBUHA TIEP-
BOHAYAJBHOTO 3aMaca MEXaHWUYECKOW SHeprur. SICHO, UTO, moABEpras
Hava bHOU AedopMaluy HE TOJIOBMHY, 4 MPOU3BOJIBHYIO YacCTh MPY-
JKMHBI, MOXHO IPEBPATUTh BO BHYTPEHHIOK DHEPIUIO JIOOYIO AOIIO
TepBOHAYAIBHOTO 3amaca Mexannueckou saeprum. Ho Bo Bcex cryua-
X OHEPrug KoJacOaHWil rpy3a HA MPYXUHE COOTBETCTBYET 3amacy
DHEPrUM MPU TOU K€ OAHOPOAHOU HAUAIbHOU AehOpMALUU TIPYXKUHBI.

B 51eKTpUUECKON LEnu B PE3yJbTATE 3aTYyXAKMUX OBICTPBIX KO-
JieGaHuil DHEPTHI 3aPIXKEHHOTO KOHACHCATOPA YACTUUYHO BBIAC/ISIETCS
B BUJC JXOYJICBOM TEIUIOTHI B COCAWHUTENBHBIX MpoBoxax. [Ipm pas-
HBIX emkocTsx C; u C, 970 GyaeT MmoJ0BMHA NEPBOHAYATLHOTO 3aTa-
ca oHepruu. Bropas mosoBuHa ocraercss B ¢hopMe SHEPruu CpaBHU-
TEJBHO MENJIEHHBIX JJEKTPOMATHUTHBIX KOJEOAHWU B KOHTYpPE, CO-
CTOSIIEM W3 KATYWKA W JABYX COCAWHEHHBIX MapasieJabHO
KoHaencaropos C, u C,.

Takum 00pa3oM, B JTOM CHCTEME MPUHUMMUAIBHO HEZOMYCTHMA
uaeanu3anms, Mpyu KOTOPO# mpeHeOperaercss AUCCHMALMEd JHEPTUU
koseOanmit. [IpuumHA 5TOr0 B TOM, UTO 3AECh BO3MOXHBI OBICTPBIE
Kose0aHus, HE 3aTPATMBAIOIIME KATYIUKM WHAYKTUBHOCTH WJIM MAac-
CUMBHOTO TE€JA B AHAJOTMYHOW MEXAHWUECKOW CHUCTEME.

KosedaTeabHblii KOHTYP C HEJMHEMHbIMU 3JeMeHTaMu. [1pu usy-
UYCHMM MEXAHMUECKUX KOJeOaHuil Mbl BUAECIM, UTO KOJIEOaAHUS AIEKO
HEe Bcerga ObIBAIOT rapMoOHMYECKMMU. ['apMoOHMUYEcKue KosaeOaHus —
9TO XapaKTEPHOE CBOMCTBO JIMHEWHBIX CUCTEM, B KOTOPHIX BO3BpaIla-
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Omas Crujaa MpPONMOPIUOHAIBHA OTKJIOHCHUIO OT TOJIOXCHUS PaBHOBE-
Crd, a4 TOTCHOUAJIbHASI JHCPTrUd — KBAAPATY OTKJIOHCHUHA. PCaJII)HI)IC
MEXAHUYECKUE CUCTEMBI DTUMM CBOMCTBAMM, KAK MPABUJIO, HE 00a-
AAKOT, U KOJIeﬁaHI/ISI B HUX MOXHO CUHUTATh TAPMOHUWUYCCKUMH JINIIb
IPHU MAJIbIX OTK/JIOHCHHUSIX OT IIOJIOXCHHUA PABHOBCCHUA.

B ciyuae 57€KTPOMATHMTHBIX KOJIe0AHMI B KOHTYPE MOXET CJIO-
XUTHCA BIICUATICHUE, UTO MBI UMEEM AC/JI0 C UACAJIbHBIMU CUCTEMA-
MM, B KOTOPBIX Kojie0aHusg cTporo rapmonmueckue. OQHAKO 5TO Bep-
HO JIUIIb A0 TEX MOP, MOKA €EMKOCTb KOHACHCATOPA W MHAYKTUBHOCTH
KATYIMIKW MOXHO CUATATh NMOCTOIHHBIMHA, T. €. HC 3aBUCAIIAMUA OT 34-
psma w Toka. KoHaeHcaTop ¢ AMAIEKTPUKOM W KATYMIKA C CEPACUHM-
KOM, CTPOTO TOBODS, MPEACTABISIOT COOOM HEJIMHEWHBIE JJIEMEHTHL.
Korma xoHacHCATOp 3aMOJHEH CETHETOIJCKTPUKOM, T. €. BCIICCTBOM,
OUSICKTPUUCCKAS MMPOHUIAEMOCTh KOTOPOTO CUJIBHO 3aBUCHUT OT TIPH-
JIOXXEHHOTO 3JICKTPUUECKOTO TOJIsI, EMKOCTh KOHACHCATOPA yX€ HEb-
34 CUHATATh ITOCTOTHHOM. AHanoquo, VHAYKTUBHOCTh KATYIIKH C
¢heppOMATHUTHBIM CEPACYHMKOM 3aBHCHAT OT CHJIBL TOKA, TAaK Kak
deppoMarneTuk 00J1a7aE€T CBOMCTBOM MATHUTHOIO HACBILIEHMS.

ECJII/I B MCXAHUUCCKUX KO.IIe6aTe.}'II)HI)IX CucrecMax MacCy, Kak mpa-
BWJIO, MOXXKHO CUHUTATDH TIOCTOSIHHOM W HEJIWHEHWHOCTh BO3HUKAET TOJIb-
KO W3-3a HEJMHEHHOTO XAapaKTepa ACUCTBYIOWICH CWJIBI, TO B JJICKT-
POMArHUTHOM KOJICG&TGJ’II)HOM KOHTYPEC HEJIMHEUHOCTh MOXXET BO3HH-
KaTh KaK 3a CUeT KOHAEHcaropa (aHajora ympyroil MpYy>XWHBL), TAaK
¥ 33 CUET KATYIIKW WHAYKTHBHOCTU (aHAJIOTA MACCH). A

e Tlouemy ansa KonebaTesbHOTO KOHTYpa ¢ ABYMS MapaJlie/IbHBIMU KOHACHCATO-
pamu (puc. 164) HempUMeHNMa MAcaIU3allus, B KOTOPOIM CHUCTeMa CUUTAETCS
KOHCEpPBAaTUBHOM?

e Tlouemy ObICTpBIe KoJIeOGaHUS, TPUBOASIINE K AUCCUNAIIUN DHEPTUM KoJieba-
HUI B KOHTYype Ha pHc. 164, He BO3HMKA/IM B KOHType ¢ ABYMS IOCJICHOBA-
TeJBHBIMU KOHACHCATOpaMH, MOKa3aHHBIMU Ha pHc. 1627

e Kakue mpUYMHBI MOIYT TMPUBOAUTH K HECHHYCOUZAJBHOCTU OJIEKTPO-
MArHUTHBIX KOJieOaHUil B KOHTYype?

§ 26. BoiHykpeHHble konebaHua B KoHType. Pe3oHaHc

Boeime paccMaTpuBasuch OJEKTPOMATHUTHBIE KOI€0aHMS B KOHTYPE,
MPOMCXOASIINE B OTCYTCTBUE BHELTHWUX BO3ACHCTBUI. BHEmHee Bo3mei-
CTBUE CBOOWJIOCHh JIMIIb K COOOMIEHUIO HEKOTOPOrO HAYAJBHOTO 3apaaa
KOHAEHCATOPY, MOC/IE YEro CHCTEMA MPEeaoCcTaBasaach camon cebe. Takoe
BHEITHEE BO3ACWCTBHME OTPAXasoch He B AnddepeHunaabHOM ypaBHE-
HUM KOJe0aHWil, a JIWIIb B HAYAJbHBIX YCJIOBUSAX K HEMY. B peasbHBIX
cucTEMaxX 9T COOCTBEHHBIE KOJIE0aHMS BCErAa 3aTyXaroT.

BblHYXO0eHHbIMU IJIeKMPOMAZHUMHbIMU KOJIeOAHUSIMU, KAK M B ME-
XAHUKE, HA3BIBAIOT KOJICOAHUSI B DJIEKTPUUECKUX LEMIX, MPOUCXOAAIINE
MPU TOCTOSTHHO TMPUCYTCTBYIOMIEM BHEIIHEM BO3ICUCTBUW.
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YpapHeHHe BHIHYXIEHHbIX KoJiedaHmil B Kourype. Paccmorpum RLC-
KOHTYp, M300pa>keHHbI Ha puc. 165. Byaem cuuraTth, uTO K HEMY NpH-
JIOXXEHO CHHYCOMAJbHOE BHEIDHEE HAMPSKCHUE

U(t) = U, cos of, 4acTota o KOTOPOTO B 00meM [TER A
CJyuae HE COBIAJAET C YaCTOTOH w, COOCTBEHHBIX 0
Koaebanuii B 9TOM KOHType. B mocienoBaTenbHOM

LEMW B KaXxablii MOMEHT BPEMEHM HAmpskeHue | C L
U(f) paBHO cyMMe HANpSKEHWH HA OTAEJBHBIX
DJIEMEHTAX LETIH: R

| Sy

U, + Ug + Ue=U(1). (1)

Puc. 165. ITocaegosa-
. TesbHBIN RLC-KOHTYD
C‘II/ITaH, UTO IPWU BBIMMOJTHCHUMN YCJIOBUU KBA3W-

CTAMOHAPHOCTH CUJIA TOKA / B OWH M TOT XK€ MOMEHT BPEMEHM BO BCEX
y4YacTKax KOHTypa OAMHAKOBA, MOxeM moxacTtasuth B (1) U.=gq/C,

Ug=IRuU,=LI=Li
Lg+ Rq+ g/C=U,cos wt. (2)

BBOZ(S[ TAKHUEC XC 0603HaquIrI5[, KAadK " l'IpI/I I/I3y‘ICHI/II/I COGCTBCHHHX
KoaebaHmin:
wi=1/LC, 2y=R/L, f,=Uy/L, (3)

nepenumeM ypasaeaune (2) B Bume
d+ 2vq + wfg = £, cos ot. (4)

Ypasuenue (4) mag 3apgama kompeHcaropa ¢(f) UMEET TOYHO TAKOU
X€ BUA, UTO U ypaBHeHHe BI)IHY)KZ[eHHI)IX KOJICGaHI/Iﬁ MCXAHUUCCKOTO
OCLIMJIISITOPA € COOCTBEHHOM YaCTOTOH ), M 3aTyXaHMEM 7, MPOMCXOAS-

MUX NOJ ACUCTBUEM CUHYCOWAATbHOU BHCITHEW CHJIBI:

X+ 2y% 4+ 0dx = fycos wt, fo=Fy/m.

YCTaHOBMBIIMECH KOJIEOAHUSA B KOHTYpe. [Ipeapiaymee yTBepKacHUE
03HAYAET, UTO BHIHYXICHHBIE KOJIEOaHMS 3apsaaa KOHACHCATOPA MPOMC-
XOOAT TOYHO TAK XK€, KaK W BBIHYXXACHHBIEC KOJCOAHUSI MEXAHUUYECKOTO
ocumigaTopa. Kak u B MEXaHMUECKHMX CHCTEMAX, B KOJIE0ATEIbHOM KOH-
Type TOA AEWCTBUEM CHUHYCOWAAIBLHOTO TMPUJIOXKEHHOTO HAMPSIXKEHUS B
KOHIIE KOHIIOB YCTAHABJIMBAIOTCI KOJEOAHMS, KOTOPBIE TAKXKE MPOMCXO-
AT MO0 CMHYCOMJAJBHOMY 3aKOHY HA UYACTOTE MPUJIOXKEHHOTO HAMpsIXe-
HHS ®, C HEKOTOPOU MOCTOSTHHOW AMIIUTYJOU M HEKOTOPHIM CABUIOM IO
(hasze oTHOCHTEIBPHO MPHUIOKEHHOTO HAMpsKeHus. Takue KosebaHus Ha-
3BIBAIOTCS YCIMAHOBUBUUUMUCSL.

Bce xapakTepuCTHKY yCTAHOBUBINUXCS KOIeOaHMIA 3apsaa KOHACHCA-
Ttopa ¢(t) (T.e. aMmMTyay u cABUT 1O (ha3e) MOXHO HAWTH, KaK W B
MEXaHMKE, METOOOM BEKTOPHBIX auarpamm. OQHAKO B OTOM HET HEOOXO-
auMocTr. MBI yxXe paccmatpuBaiu B § 22 mpu M3yuCHWM MEPEMEHHOTO
TOKA TIPOLIECCCHI B LMW, MOKA3aHHOM HA puc. 1605, m HAmLIM XapakTep
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W3MEHEHUs CWIBl ToKa (¢) mox AEHCTBUEM MPUIOXEHHOTO HATPSIKCHUS
U(t) = U, cos wf B pexXnUMe yCTAHOBHMBIIMXCS KOICOAHMIL:

1(t) = I cos (ot — @), (5)
I = UO (6)
0= VR i 10"
+ (wL — 1/wC)
e (M

Beipaxenuna (5)—(7) maror ycranosuBineecd pemenne quddepeHnnanb-
HOTO YPaBHECHUS IUII CHJIBI TOKA. DTO YPABHCHHE MOXHO TOJYUHTh W3
ypasuennda (2) mowieHHBIM auddepeHIUPOBAHNEM TIO f:

LI+ RI + I/C = —Uyw sin of. (8)

Takum obpaszoM, paccmaTpuBad B § 22 IpoLEcch B LENIX CUHYCOM-
JAJBHOTO TIEPEMEHHOTO TOKA, MBI (hPaKTUUECKU W3YUATH YCTAHOBHMBINKC-
ca KosebaHus MoA AEUCTBUEM CUHYCOMAAIBHOIO MPUIOXKEHHOTO BHEIIHE-
ro Hanps>KeHud. B yacTHOCTH, TaM ObLIM PACCMOTPEHBI PE3OHAHCHBIE AB-
JICHWI B TakWX Temgax. Korma BHEIMHEe HAMPIXEHUE TOTAECTCT Ha
TIOCICTOBATEIBPHO COCTMHECHHBIC KOHACHCATOP M KATYIIKY WHIYKTHBHO-
ctu (puc. 165), BO3MOXEH PE30HAHC HAMPSIKCHWH, TPU KOTOPOM, KAaK
MBI BHUAC/IN, HATIPSKCHUS HA PEAKTHBHBIX DJIEMEHTAX MEMH MOTYT TIpe-
BHIIATH TPUJIOXEHHOE HAMpsKeHWE. Korma BHEMIHEE HATPSXKCHHUE TIO-
JAETCd HA TApaJUICJbHO COCAMHCHHBIC KOHACHCATOP M KATymKy (cM.
puc. 141), BO3MOXEH PE30HAHC TOKOB, TIPH KOTOPOM TOKW B OTHEJBHBIX
PEaKTUBHBIX JJIEMEHTAX MOTYT 3HAUMTEIbHO TPEBHIMIATh TOK B MOXBOMI-
mMUX TPOBOAAX.

Pe30HaHCHBIA KOHTYP. OCTAHOBUMCS HA PE3OHAHCHBIX SBJICHHUAX HE-
CKOJIbKO moppoOHee. B Tex cayuasdx, Korma o/eKTpuueckas memb comep-
XUT OJHOTHITHBIC PEAKTHBHBIC JIEMEHTH (TOJBKO KOHACHCATODPBI WJIH
TOJBKO KATYIIKM), B HE MOXET 3ammacaThCs SHEPrusi OXHOTO BUAA —
TOJIBKO DJCKTPUUECKAS WM TOJBKO MarHuTHAs. HuKakux cOOCTBEHHBIX
KosicOaHMil B TAKMX CAyuasix ObITh HE MOXET. BoiHyXXAeHHBIE KOICOaHMs
(mepeMeHHBII TOK) B TaKWX LEMAX, PA3yMEETCs, BO3MOXHBI, HO HHUKA-
KMX PE30HAHCHBIX SIBJICHUU OBITh HE MOXET.

Pe3oHaHCHBIC SIBJICHHSI TPOUCXOAAT TOJIBKO B LEMSIX, TAE BO3MOXHBI
cobcTBeHHbIC KoseOanust. Pe30HAaHC HACTYMaeT, KOrgqa 4acToTa  BHEII-
HETO CHMHYCOMAAIBHOTO BO3ACHCTBUS MPUOIMXKAETCS K COOCTBEHHOM uac-
Tore w,= 1/VLC.

PaccMoTpuM 1t OMpenesieHHOCTH PE30HAHC B MOCACAOBATEIBHOM
koHType (cM. puc. 165). B orimume 0T MEXaHMUECKOTO OCUM/LIATOPA, TAE
HAMOOIBIINI MHTEPEC TPEACTABISUIO cMenieHue X (¢) M3 MOJIOXEHUS PaB-
HOBecHs (KOTOpOE SIBJISETCS aHAJIOTOM 3apsga Kouaencatopa ¢(1)), B
SJIEKTPUUECKON wenu OOJIbIINIT MHTEPEC MpeacTasiser cuaa toka (1),
KOTOpAst SIBJISIETCS AHAJIOTOM CKOPOCTH X () MEXaHMUECKOTO OCLMJLISTOPA.
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Pe3oHaHCHBIE KPUBBIE. PaccMOTPUM 3aBUCHMOCTD AMILIATYABI /) yCTAHO-
BMBILETOCH TOKA OT YACTOTHI ¢ MPUJIOKEHHOTO Hanpskenus. Henocpeacr-
BEHHO M3 popmyabl (6) BUAHO, UTO AMILUIMTYAA TOKA 0OpalIAeTCd B HYIb
Kak mpu o —> 0, TaK ¥ Ipu @ —> o, U JOCTUrAET MAKCUMAJIbHOTO 3HAYEHUS
npu o0panieHny B HYJIb BHIPAXKEHHI B CKOOKax B opmyae (6), uro coor-
BETCTBYET TOYHOMY COBIAAEHUIO YACTOTHI MPUIOXKEHHOTO HAMPSKEHUS C
COGCTBCHHOM UaCTOTOI:

oL —1/(oC) =0,
OTKyaa

w?=1/(LC) = o} )

N3 dopmynsr (7) BuaHO, UTO MpHW pE30HAHCE, KOTAA O = @, OTCYT-
cTByer caBur (pasel ¢ MEXAY MPUIOKEHHBIM HAMPSKCHUEM W TOKOM.
Beipaxaemsie opmysnamu (6) u (7) 3aBUCMMOCTH AMIUIMTYABI YCTAHO-
BUBIIETOCY TOKA ¥ cABUra (pasel OT » MOKasaHbl HA puc. 166.

3aBUCHMOCTh AMIUIMTYABI 3apgAa KOHAEHCATOPA OT YACTOTHI MIPHJIO-
>KEHHOTO HATPSKCHUS TAKXE MMEET PE30HAHCHBIN Xxapakrep. PesoHanc-

wla-6

(=3

0

SE

|0)0 (V] fo
= | =32
|

©Oes g ®

Puc. 166. AmMmiutyma cusibl TOKa M Puc. 167. 3aBUCMMOCTb AMILUIMTY/IBI 3apsia TIpU
caBur (asbl IPU YCTAHOBUBLIMXCS Bbl-  yCTAHOBMBIIMXCS BBIHYKJICHHBIX KOJEOAHUSIX OT
HYXJICHHBIX KOJICOQHUSIX B [OCEI0BA-  4aCTOTHI MPUJIOKEHHOTO HATIPSIKEHUS

TeJabHOM RLC-KOHTYpE

Has KPUBAs IUIs 3apsaa B 00IMX Y€PTaX MOX0XA HA PE30OHAHCHYO KPUBYIO
IUIS TOKA, HO OTJIMUAETCS OT HEE B HEKOTOPBIX OTHomeHuax (puc. 167).
Bo-nepBrix, MAKCUMYM aMILIUTYAbI, AABAEMBbIH (hOpMyYJIOi
— fo

\/(wg—wz)2+4yzw2 ’ (10)

pes

Im

MPUXOAUTCS HA UYACTOTY
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rae fo m y onpenensrorcs opmynamu (3). PesonancHas yactota o,
OKa3bIBAETCY MEHBIIIE YACTOTHI CBOOOAHBIX KOAeOaHMU B KOHType. Ilpm
c1a00M 3aTyXaHHWU, KOLAA V<< ), MOXHO CUMTATh, UTO PE30HAHCHAS

yacToTa /14 3apsja NIPaKTUUECKU COBIAAAET C w,. Ilpu crpemienun ya-
CTOTHI MPHUJIOXKEHHOTO HAMPSKEHWS K HYJIO, T. €. NpU © << ®,, aMIIA-
TYyAd ¢, = fO/u)%, UTO NPHM MOACTAHOBKE 3HAUeHMNU f, m w, aaer CU,,
KaK 9TO W AOJKHO OBITH.

AMIIUTYAy BHIHYXXAEHHBIX KOJeOAHMN 3apsaaa B PE30OHAHCE Qpes HA-

XOZMM, TOACTABJSIS YaCTOTY ®,., U3 (11) B Beipaxenme (10):

- D S _ U
qpe3_2ym~2ywo_w0}3’ (12)

Ammuryna koneGaHuii 3apgaa B PE30OHAHCE TEM OOJbILNE, YEM MEHbIIE
3aTyxaHme . BOMM3u pe3oHaHca 3aTyXaHHEM MPEHEOPEraTh HEb3s, KaK
Obl MajI0 OHO HE OBLIO: TOJBKO MPH YUETE 3aTyXaHUS AMIUIATYAA B pe-
30HAHCE TIOJMYUYAETCS KOHEUHON. VIHTEPECHO CPABHUTD 3HAUYEHUE ¢, B Pe-
30HaHCe ¢ 3apsaaoM ¢ = CU, Py MOCTOSTHHOM TNPHJIOXCHHOM HATIPSIKe-
uun U, CocTasiss oTHOmEHUE Gy, K CU,, momyuaem

qes_wO_wOL_ 1
=7 = R~ akC (13)

Ecnu noacrasuts 8 (13) w, = 2n/T u yuecTsb, uto 1/y = T ecThb Bpe-

Mo XXU3HU COOCTBEHHBIX 3aTyXAIOIMUX KOJAeOaHWA B TAHHOM KOHTYPE, TO
OTHOIICHUE qpe3/ (CU,) MOXHO mpEACTaBUTL B BUIE

pes _ T 14
cu,” T (14)
Ho /T ecth uncio coGCTBEHHBIX KOIEOAHU, COBEPIIAOIMUXCS B KOH-
Type 3a BpeMs Xu3Hu KoseOanmii 1. Takum 006pa3oM, pe30HAHCHBIE CBOW-
ctBa RLC-KOHTypa XapakTEPU3YIOTCA TEM Xe mapameTpoM (mo6poTHO-
CTHIO KOHTYPA), UTO M COOCTBEHHBIE 3aTyXAKOIIUE KOACOAHUSI B HEM.

DHEPreTMYeCKue MNPEBPALIEHUS TPH BbIHYXJAEHHBIX KOJEO0aHHUsX.
Yem cusibHEE BBIPAXKEHBI PE30HAHCHBIE CBOMCTBA KOHTYPA, TEM OOJIBIIYIO
DHEPIUIO KOJAEOAHMI 3amMacaeT OH MPH PE30HAHCHOM BHEIIHEM BO3IEHCT-
BUM. ECTECTBEHHO, UTO A/ AOCTUXEHWS YCTAHOBHBIIETOCS PEXUMA B
9TOM ciayuyae Tpedyercd OosblIee BpPEMs, YeM Il YCTAHOBJICHUS KOJIE-
GaHMil Py YacTOTax, AAJEKUX OT Pe30HAHCHOU. Ecim mocie ycranosse-
HUS PE30HAHCHBIX KOJIEOAHWI MPEKPATUTH BHEIIHEE BO3ACHUCTBUE, KOJIE-
OGanug B KOHType OyAyT 3aTyXaTh C MPEBPAIIEHUEM DJIEKTPOMATHUTHOM
oHepruM KoJeOaHUi B JKOYJIEBY TEIJIOTY, BHIAEASIOUIYIOCH HA COMPO-
TuBjgcHUM R. Tako# mpouecc 3aiiMET CTOJBKO XE€ BPEMCHH, CKOJIBKO
TpeGOBAIOCh HA «PACKAUKY» KOHTYpPA, T. €. HA HOCTUXXCHHE YCTAHOBUB-
IIEeTOCsl peXkuMma.
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IloscHuUTe BBIBOA ypaBHEHUS (2) A1d BRIHYXACHHBIX KOJcOaHUIT 3apsia KOH-
ZeHcaTopa KosiehbaTe/IbHOrO KOHTYpA.

Yrto Takoe YCTAaHOBUBIIMECS BBIHYXACHHBIC KosiebaHus?

IMomyunte BBIpasXeHHE A8 aMIUTMTYABl U cABUra asbl YCTAHOBUBIIHXCS
BBIHY>XJICHHBIX KoJIeGaHUIl 3apsifia KOHACHcaTopa, pellas ypaBHeHUe (4) Me-
TOAOM BEKTOPHBIX AuarpamM. Ilokaxxure, 4To 5TH BbIpaXXeHHUS COIVIACYIOTCS
¢ dopmynamu (6) u (7) Ang COOTBETCTBYIOIIMX BEJIMUUH, XapaKTEPU3YIO-
IIUX KOoJe6aHUs CUJIBI TOKA B IETH.

OO0BbsICHUTE, TIOUEMY pPE30HAHCHBIC SBJCHHUS BO3MOXHBI TOJIBKO B JJIEKTPHU-
YeCKHUX LEMsX, COAepXallux o0a BHUAAa PEeaKTHBHBIX JJIEMEHTOB, T.€. U KOH-
JIeHCATOPBI, U KaTYIIKW WHAYKTUBHOCTH.

C moMoIIBI0 MeToAa BEKTOPHBIX AHUArpaMM IIOJyUUTe YCTAHOBUBIIEECS pellle-
HUe ypaBHeHHS (4) I1s BRIHYXXACHHBIX KoJeGaHUH 3apsaa KOHAeHcaTopa U
MOKAXUTe, YTO aMIUINTYAa U pe30HaHCHas dYacToTa AanTcs dopmyiaMu
(10) u (11). Ioctpoiite rpaduk casura $asbl MeXAY NPHIOXKEHHBIM Ha-
NIPSCKEHUEM U 3apsAoM KOHICHCATOPA.

Yto BEI MOXeETe CcKas3aThb O 3aBUCUMOCTU OTHOIIEHUS qpes/CU0 (dbopmyna
(13)) oT 4acToThl @, COOCTBEHHbIX KOJEOAHMIl B KOHTYPE: 3TO OTHOLIEHUE
IPONOPLIMOHA/BHO UM 00PATHO NPOIOPLUUOHANBHO w7

OcHOBBIBasSICh Ha aHAJIOTUM ¢ MEXaHUUYECKUMH KOJIeOaHUSIMU, MOKAXUTE, UTO
XapakTepHOe BpeMsl YCTAHOBJICHUSI pe30HaHca B KosebaTe/JIbHOM KOHTYpe
COBIIAZaeT CO BPEMEHEM T = 1/y XU3HU 3aTyXalollnX COOCTBEHHBIX KoJieha-
HUHM B 3TOM KOHTYpeE.

A TloriomaeMas MOIIHOCTb. [Ipy YCTAHOBUBIIMXCA KOJIeOaHMIX
SHCpI‘I/ISI BHCIIHCTO MCTOUHHKA pacxoz[yeTcsl JINIObh HA HUX HOZ[):(Cp—
XaHHUEC, T. €. HAa KOMIICHCAIIUKO Z[)KOy.IICBI)IX HOTCpb B KOHTpr. HO—
9TOMY MOIIomMAEMad KOHTYPOM MOIITHOCTH (paBHaSI B CpcAHEM 3a
mepuoa KOaeOAHWIA MOABOAMMOM K HEMY MOIIHOCTH), TPOTOPIHO-
HAaJIbHA KBanpaTy aMl'IJII/ITyZIbI yCTaHOBI/IBH.IeFOCSI TOKA. ﬂeﬁcmn-
TEJBHO, 3aMUCaB HA OCHOBaHWM 3akoHa [Ixoyna—JleHma Beipaxe-
HHUC A9 MOIIHOCTHU P TemnoBmIX IMOTEPh

P(t)=T1*(t) R

W TIOACTABMB B HETO YCTAHOBMBILIEECS 3HAUEHME CWIBI TOKa (1) u3
(5) u (6), moayunm

P(1) = I3R cos (ot — ¢) =%I§R [1 4 cos 2(wt — )],
UTO MOC/TE YCPEAHEHHs MO BPEMEHHM 3a Tiepuon KosebaHwmii naer
1
P = IR (15)

[loacrasnssa coona amnuutyny I, us (6), MOTyunM 3aBHCHMMOCTD
MOTJIOMIAEMOM KOHTYPOM MOLIHOCTM OT YACTOTHI ) MPUJIOXEHHOTO
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HaHpH)KeHI/IH:
Py =2 !
w) = .
2R 1+ (0*— )L (Rw)* (16)

Kak Bugro u3 (16), mornomaeMas MOMIHOCTP MAKCHMAJbHA TIPH
® = w, u pasHa U}/(2R), kak ecnu Obl BCC BHCIIHEEC HATPSDKCHHUE
OBLIO TIPUJIOKEHO HETMOCPEACTBEHHO K PE3WCTOPY.

Jlnst KOHTYpa C MaJbiM 3aTyXaHUEM W, CJIEAOBATEIBHO, C PE3KO
BBIPAXXEHHBIMM PE30HAHCHBIMK CBOWCTBAMM IOTJIOMIAEMAS MOIIHOCTD
3aMETHO OTJIMYHA OT HYJIS JIWIOG BOJIM3W PE30HAHCA, T. €. TIPH 4acTO-
Tax , OM3KMX K COOCTBEHHOM 4acToTe ®, B oTOM ciyuae yaoOHO

BBECTH PACCTPOMKY Aw = w — w,,, T. €. OTCUMTHIBATH YACTOTY OT €€

PE30HAHCHOTO 3HAUEHMS. TOorga pasHOCTh KBA[APATOB B 3HAMEHATEJIE
dopmysbr (16) MOXHO TPEACTABUTH B BUAC

0’ — 0ix 20, Ao,
nocse uero (16) 3ammchiBaeTC CAEIYIOIUM 00Pa30oM:

Ug 1

P(A®) =2 e (17)

rie t=1/y=2L/R. ®opma pe30HAHCHOW KPUBOW /s TMOIJIOIIAC-
moit mommuocTH P(Aw®), Beipaxaemon ¢opmynon (17), wuacro
BCTpeuaeTcs B (PW3WKe W HA3BIBACTCH JIOPEHUEBCKUM KOHMYPOM.
I'paduk ostoit 3aBucuMocTu mokaszaH Ha puc. 168. O cummerpuucH
OTHOCUTENBHO OCU OPAMHAT, MMEET XAPAKTEPHYIO KOJIOKOJ000pa3-
ayw ¢opmy. [lupuna stoii KpuBou

P(Aw) HA TIOJIOBUHE MAKCUMAJIbHON BBICOTHI
MOXET CIY>XXUTh XapaKTEPUCTUKOU OC-

TpoThl pesonanca. M3 dopmynsr (17)

R/L cpa3y BUAHO, YTO MOIIHOCTh YMECHbB-
HIaeTcd BABOE, KOrAa BTOpOE cJarae-

| | MOE B 3HAMCHATEJE PABHO CAVHUIE,

| | T. €. npu paccTpouke
| | Aw=1/t=vy=R/(2L). Takum 00-
0 Ao pazoM, mMpHHA PE30HAHCHON KPUBOI

(o) @ paua 2y = R/L.
Puc. 168. JIOpeHIEBCKUIT KOHTYD, Ho pesonancHbic cBOMCTBA Koseba-
ONMCHIBAIOWIMIA  TOMIOWAEMYI0  TEIBHOTO KOHTYPa XapaKTEPU3YIOTCS,
MOIHOCTD CTPOro TOBOPS, HE AOCOTIOTHBIM 3HAUE-

HUEM IIMPWHBI KPUBOU, a Oeapasmep-
HbIM OTHOIICHMEM PE30HAHCHOM YacTOTHl @, K mupuHE 27y. JTa xa-
pPaKTEPUCTHKA KOHTYPA OUCHB IMMPOKO MCIOIB3YETCS B PAAUOTCXHU-
K€ M HA3BIBACTCS 00OPOMHOCMbIO Q.

—%_
=5 =7 (18)
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Kak Bugmo, mampumep, u3 dopmyas (14), ota xapakTepucTHKa
KOI€0ATEPHON CUCTEMBI YK€ HE pa3 HEIBHO (UrypupoBaja B mMOJY-
UEHHBIX HAMM PE3YJIbTATAX, KACAIOMMXCI KAK COOCTBEHHBIX, TAK U
BBIHYKAEHHBIX KOJE0AHUN OCUM/LIATOPA. A

e Ha uyro pacxomyercs mocrynawoinas B KoJeOaTE/NbHYI CHUCTEMY 3HEprus
BHEIIIHETO MCTOYHMKA NPU YCTAHOBUBIIMXCS KOJeOAHUSX U B IIpollecce UX
packauku?

e IIpu cobGCTBeHHBIX KOJICOAHUSX B KOHTYpE CpeAHME 3HAUCHUS JJIEKTPU-
YeCKOU 3HEepruy KOHACHCATOpa U MarHUTHOM SHEPrUM KaTYIIKU pPaBHbl MEX-
Iy coboii. YTo MOXHO cKa3aTh 00 5THUX CpPeAHUX 3HAUCHHSX ITPH YCTAHOBUB-
LTUXCS BBIHYXACHHBIX KoJeOaHUAX?

. l'[oquy npU yCTaHOBUBIIMXCH BbIHYXACHHBIX KoJIebaHUIX MOIIHOCTBL, IIO-
cTynawinasd B KOHTYP OT BHECIHIHEIO MCTOUHMKA, paBHa MOHIHOCTU AKOYJIC-
BbIX IIOTCPDL JIMIIb B CPEAHEM 34 MEPUOA, a HE B KaxJblli MOMEHT BpCMeHI/I?

¢ Uto Takoe JIOpCHL[CBCKI/Iﬁ KOHTyp? Kakoe oTHoIlleHUEe UMeeT OH K BbIHY2XKJACH-
HbIM JJICKTPOMAariuTHbIM KosiebaHusaM?

e Uro Takoe A0OPOTHOCTH KoJsiebaTebHOro KoHTypa? IlpuBeaurte Bce paccMoT-
PEHHBIE B TEKCTe usnveckue dP@EKThI, TPU OMUCAHUN KOTOPLIX OHA (DU-
rypuposajia (SBHO UM HEIBHO)?

§ 27. He3satyxaowme SnNeKTPOMArHuTHble KonebaHus

o cux mop Mbl M3y4aau KOAeOaTebHbIE CUCTEMBI, B KOTOPHIX IIPOUCXO-
quan 00 CBOOOAHBIE JJIEKTPOMATHHUTHBIE KOJEOAHUS, OMPEACTIEMBIE
HAUAJbHBIMU YC/JIOBUAMU, KOTOPBIC B PCAJbHBIX CUCTEMAX BCCrAA 3aTy-
XarT, AU00 BBHIHYXXAEHHBIE, MPOUCXOAMINUE MOA AEHCTBUEM IIPUIIOKEH-
HOTO BHEIIHETO CHHYCOMAAIBHOrO Hanpsxenmd. OIHAKO HE3aTyXaKOIIue
KOJICGaHI/IH BO3MOXHBI HC TOJ/IbKO IIPU NEPUOANUCCKOM BHCIIHCM BOSZ{Cﬁ—
CTBMH, HO M B HEKOTOPBIX APYTHX CAY4YasdX — B TAK HA3BIBAEMBIX ABTO-
KOJIEOATENBHBIX U TMAPAMETPUUECKUX CHCTEMAX.

Aemokonedanist OTINYAIOTCA OT OCTAIBHBIX KOJI€0ATEIbHBIX TPOIEC-
COB TEM, UTO A/ UX TOAAEPXKAHUS HE TPEOYETCS EPUOAMUECKUAX BO3AEH-
crBuii m3BHE. Hesaryxaromme kose0aHus MOANEPXKUBAIOTCA Osaromaps
CTMOCOOHOCTH  ABTOKOJIEOATENBHBIX CUCTEM YIPABJIATH MOCTYIUICHUEM
DHEPIrUH OT TMOCTOSAHHOTO McTouHnKa. MopMa, aMmauTyaa u 4acToTa Ko-
sie0aHui 3aAa0TCI caMou cucteMoi. [Ipumepsl aBToKoe0aHnid — KOoJie-
OaHus BO3AyXa B OPraHHOM TPyOe MpH MOCTYIUIEHUH B HEE PABHOMEPHOTO
MOTOKA BO3AyXad, KOJECOAHUS CHJIBI TOKA B KOHTYPE PATMOTEXHHUYECKOTO
reHepaTopa, Kojae0aHus MagTHUKA WU 0AJaHCa B MEXAHMUECKUX 4aCaX.

Hapamempuueckue koaedOarus. BOSMOXHBI TIPH TEPUOTMUYECKOM W3-
MEHEHUM KaKOro-aubo mapaMerpa KoJaeOaTeabHOM CUCTEMBI — IJIMHBI
MAsITHUKA, >XECTKOCTH TPYXXUHBI OCHYLIATOPA, EMKOCTH KOHIEHCATOPA
KOIE0ATENMPHOTO KOHTYPA M T. II. XAPAKTEPHBIM IPUMEPOM TAKOTO BO3-
OyxxaeHus KoseOaHMI, HA3BIBAEMOTO HAPAMEMPUUECKUM DPE3OHAHCOM,
MOXET C/IyXHThb PACKAUMBAHME Kauejed, KOrma HAXONAIIMNCA HA HUX
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UYEJIOBEK PEryJISIPHO MPUCEOAET M BBIMPSIMIISETCS, MEPUOAUUCSCKH Tepe-
MEImasi TEM CaAMBIM TOJIOXKCHHUE IEHTPA MACC CUCTEMBI.

ABTOKONE0aHNd. XapaKTEPHBIE JJIEMEHTH ABTOKOAEOATENBHOM CHCTE-
MBI, WM, KAK TOBOPAT, F€HEPATOPA HE3ATYXAMMMUX KOJAeOaHUN, — 5TO
PE3OHATOP, UCTOUHUK DHEPIUU M O0paTHAS CBA3b MEXAY PE3OHATOPOM M
KMCTOUYHUKOM SHEPIMH. Pesonamop NPEACTaBASeT CoOOM CUCTEMY, B KO-
TOPOM MOIYT IPOUCXOAUTH COOCTBEHHBIE 3aTyxaromue Kouebanud. Ipu-
MEpaMu PE30HATOPOB MOTYT CIAYXWUTb MAITHUK HACTCHHBIX 4YdCOB WA
0asiaHC HAPY4HBIX, KOJeOATeabHBI KOHTYP B JIAMIIOBOM TEHEPATOpPE,
CTPpyHAa B CMBIUKOBOM MY3bIKAJTbHOM WHCTPYMCHTC.

O0pammast cés136 PEACTABAIET COOOM yCTPOICTBO, C MOMOLIBI) KOTO-
pOTO TEHEPATOP CaM PETYIUPYET TMOCTYIJICHWE SHCPTUWA OT WCTOUHWKA.
WHuaue roBopd, O0aarogaps o0paTHOM CBA3M OCYLIECTB/ISETCH BO3AEHCTBUE
PE3YIBTATOB MPOLECCA HA CAMO €T0 TEYEHME. B aBTOKOAE0ATENBHBIX CUC-
TEMAX OﬁpaTHaH CBS3b MPUBOAUT K YCUJICHUIO MHTCHCUBHOCTH IIPOIIECCA.
Taxkasa o0paTHAs CBI3b HA3BIBAECTCI NMOJIOXKUMEAbHOU. B cucTeme mpowmc-
XOAWT PACKAUMBAHKE COOCTBEHHBIX KOIE0AHUI, T. €. CamM0B030yKOeHue.

OGpaTHad CB93b B NMPHUBENEHHBIX MPUMEPAX OCYIIECTBILETCS AHKEP-
HbBIM MEXAHM3MOM B 4acaxX KaTYIIKOW OOpAaTHOM CBA3M B TEHEPATOPE
S/IEKTPOMATHUTHBIX KOJIe0aHMM, MHIAYKTUBHO CBA3aHHONM C KosjebaTenb-
HBIM KOHTYPOM.

Hamwmuwme 3aryxaamdg B pe30HATOPE MPUBOANT K AWCCUTIALIAN SHECPTUU
kosebanmit. OmHako oOpaTHAs CBA3b OOECIIEUMBAET HEOOXOIMMOE BOC-
MOJHEHWE DHEPIMM, TAK UTO AMILIMTYAA KoJae0aHWil HAPACTAET A0 TEX
mop, MOKa MOTEPU MEHbIINE, UeM BHOCMMAs B cuctemy sHeprug. C yBe-
JIMYEHMEM AMILIUTYAB KOJeO0AHWMIA BCAEACTBUE HEJUHENHBIX CBOWCTB
CHCTEMBI 3TO TOCTYIUICHWUE SHCPTWW OTPAHWUWBACTCA W TIPU HEKOTOPOM
AMIIVIUTYAC CPABHUBACTCA C IOTCPIMU. KaK ¥ IpYA BBIHYXKACHHBIX KOJIC-
faHuax mop AEMCTBHEM MEPUOAMYECKON BHEINHEH CHJIBI, TIPA ABTOKOJIE-
OaHMAX, HE3ABUCMMO OT HAUYAJBHOTO COCTOSIHMS, B KOHIIE KOHIIOB yCTa-
HABJIMBAETCS CTAUMOHAPHBIA PEXUM KOJIeOaHuil C ONpPEaeSCHHON YacTo-
Toi M ammautyaoi. Ho B oTsimume OT yCTAHOBUBIIMXCS BBIHYKACHHBIX
Kos1ie0aHmil, rAe YyacToTa M aMIUIMTYAA ONMpPEAEISIOTCS BHELIHUM BO3ACH-
CTBHEM, B C/Iyyae aBTOKOJEOAHMI KAK YACTOTA, TAK W aMIUIATYAA OMpe-
JIENSTIOTCS TOJAbKO CBOMCTBAMM CAMOM CHCTEMBI.

MexaHuyeckas MOJeb aBTOK0JEOAaTebHOW CUCTEMbl. ABTOKO-
Ie0aHrs BO3MOXHBI TOJBKO TMPH HAJTMUYUHU TOJOXHUTEIbHONM O0OpaTHOM
CBYI3W B HEJWHEHWHBIX (uanmueckux cucremax. [loatomy amanms ypas-
HEHUIA, OMMCHIBAKOIMX AAXE CAMBIE MPOCTHIE PEAJbHBIE ABTOKOJE0A-
TENIbHBIE CHCTEMBI, TPEACTABISIET CO00M CAOXHYKW 3agauy. Mul
PACcCMOTPUM YTPOIIEHHYK MOIEIb aBTOKOAEOATEIbHOM CUCTEMBI, AOMY-
CKAIOUIYI0 CPABHUTENBHO TPOCTOE MCCACHOBAHUE — MOIETb OOBIKHO-
BEHHBIX YaCOB C MAYTHUKOM WM 0aJaHCOM B KAuecTBE OCLMJLIATOPA,
CMOCOGHOTO COBEpUIaTh COOCTBEHHBIC 3aryxawomme kosebanus. [TpuH-
ouI pa60TbI YACOB 3AKJKUYACTCI B TOM, UTO IIPHU KOJIe6aHI/ISIX MAasgTHHU-
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Ka B IOJE TSXKECTH WMAU KPYTHAbHBIX KojaebaHumgax OajsaHca HA CIuU-
paJIbHON TPYXWHE OCHWUISTOP MOJYyYaeT KOPOTKHME TOJUOK OT 3aBe-
JICHHOW MPY>XWHbI B HAMPABJCHUU CBOCTO JBUXCHUS, KOTOPbIiI HEMHOTO
YBEJWUMBAET €r0 CKOPOCTh.

®a3zosas TpaekTopud. [[elicTBIE YaCOB JIETKO MPOUJLTFOCTPUPOBATH C TIO-
MOIBIO (DA30BOM AMATPAMMEI, HA KOTOPOM MO 0CU a0CIUCC OT/I0XKEHO CME-
MEHNE OCIILTATOPA W3 TIOJOXEHUS PABHOBECHS, A TIO OCH OPAMHAT — €TO
ckopocTh (wau umiry/ibe). [1pu n3MeHeHnr COCTOSHUS OCHUJUISITOPA W30-
Opaxaroinag Touka Ha (pa3oBOM IIOCKOCTHU ONKMCHIBAET HEKOTOPYIO TPAEK-
Topuio. B orcyTcTBUE 06paTHOM CBA3u (DA30Bas TPAEKTOPUS MIPEACTABILAAA
Obl CO0OM CKPYUYMBAIOILYIOCS CIOMPaib, COOTBETCTBYIOLIYIO 3ATyXAKOUIMM
koaebanuam (puc. 169a). B cranuoHapHOM pesXuMe YCTAHOBUBIINXCH KO-
nebanuii pazoBad TPAEKTOPUS 3aMKHYTA U MPU ABYX <«IIOATAJIKUBAHUIX»
3a ImepUoa MMEET BHA, IMOKA3aHHBIN HA puc.1696. IBaxasl 3a mepuon, B
MOMEHTHI IPOXOXAEHUI UEPE3 MOJOXKEHNE PABHOBECUY OCHMJLIATOD CaM
«OTIUPAET» KaHaa OOpAaTHOM CBI3M, MO KOTOPOMY ODHEPIUS 3aBENEHHOM
TIPYXUHBI IepegaeTcs ocnmuiaropy. Ha daszosoit amarpaMmme 9ToMy cooT-
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Puc. 169. dazosas TpaekTOpus COOCTBEHHBIX 3ATyXAOMWUX KOIebaHuil ocpuuiaTopa (@) u
YCTAHOBMBIIMXCS ABTOKOJIE0AHUI B MAEATM3UPOBAHHOM Mo uacos (6)

BCTCTBYIOT MPAKTUUCCKU BCPTUKAJIBHBIC N3JIOMbBI TPDACKTOPUMN, OMUCBIBAKO-
¢ MTHOBCHHBIC YBCIMUCHUA CKOPOCTH HA HCKOTOPYIO BCJAUUUHY .

[Tpu BHICOKOTOOPOTHOM OCLMJLIATOPE, COOCTBEHHBIE KOJECOAHUSI KOTO-
poro 3aryxaroT ¢abo u, CAEAOBATEIBHO, MOTEPH DHEPIUM 33 TIEPUON HE-
BCJIWMKH, PA3MECp O9TUX BCPTUKAJBHBIX YUACTKOB MaJ MO CPABHCHUK C
pasmepoM (hazoBOi TPAEKTOPUHU. ITO 3HAUUT, UTO ABTOKOJCOAHUS B Ta-
KOH cucremMe OyayT mouTh rapMoHuueckumu. Jacrora stux aBTokoseda-
HUU MPAKTUYECKH COBMAAAET C YACTOTOM COOCTBEHHBIX 3aTyXAOUIMX KO-
nebanuii.

AMIIMTYa YCTAHOBMBLIMXCS ABTOKOJEOAHMIA. AMIIMTYAA yCTaHO-
BUBLIMXCH KOJEOAHMI TAKXKE OMPENEIIETCS CBOMCTBAMU CAMOM CHCTE-
MBI. 3Haqune ITOM AMILUTUTYABl MOXKHO ONpPCACINTb M3 yC/JI0BUA, UTO
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B CTAIIMOHAPHOM PEXWME YMCHBIICHWE CKOPOCTH W3-3a TPCHWS 34 TO-
JIOBUHY TICPWOAA AOJKHO B TOUHOCTH KOMTICHCHPOBATBCH €€ YBEIWUEC-
HUEM TIpU MOJAYYAEMOM OT NPYXKHMHBI Toauke. OGO3HAUMM yBEJIMUEHME
YIJIOBOUM CKOPOCTM OCHWJUISITOPA 3a OAMH TOAYOK uepes 2. Ammiutyna
CKOpPOCTH, paBHAS TMPOU3BEAEHMIO YACTOTH KOJe0AHWN 0 HA aMIUIM-
Tyay A OTKJOHEHMS OT PABHOBECHS, IPHM 3aTYyXaWOUIMX KOJeOaHMIX
yObiBaeT Kak e ¥, TlooToMy as ONpeAeaeHUs AMIUIUTYAb A Npupas-
HSEM YMEHBIICHUE AMIUIUTYAbl CKOPOCTH 3a MOJOBUHY mepuoga 7/2
YBEAWUCHUIO CKOPOCTH €2 TPW TOTUKE:

Ao — Aw e VT2 =Q,

OTKyzAa

Q 1
Ipu caabom zaryxammum, koraa YT << 1, dopmyny (1) mns crammo-
HAPHOW AMILIUTYABl MOXHO yIIPOCTUTh, BOCMOJIb30BABIIUCH MPUO/IHKEH-
HBIM COOTHOMICHHEM e* =~ | + x mpu x<< 1. YuureBag, uto ©w = 2u/T,
MOTyyaeM

A= Q/my. (2)

BunHo, uTo aMminTyna A yCTAHOBMBLIMXCS ABTOKOcOaHUiT TeM GOJIb-
mie, ueM CWIbHEe TOMYKW (YeM CHJIbHEE 3aBEACHA MPYXWHA) W 4eM
MEHBIIE 3aTYXaHue y COOCTBEHHBIX KOJACOAHMIT OCHMILIATOPA.

YCTOMYMBOCTDh aBTOKOJEOaHUI. PeXXyM yCTAHOBUBINMXCA aBTOKO/1e6a-
HUM XapaKTEPU3YETCHd YCTOMUMBOCTBIO. IIpu JIOOBIX OTK/JIOHEHUSX AMII-
JUTYAB KaK TOA ACUCTBUEM CAYUYAWHBIX, TAK W MPETHAMCPCHHBIX TPW-
UMH pCaknus CUCTEMBI TAKOBA, UTO AMIVIUTYyAd BO3BPAIIACTCI K CBOCMY
YCTAHOBUBIICMYCH 3HAUCHUIO. HOZ[TOJIKHGM MAATHUK HACTCHHBIX 4Y4dCOB,
uToGBI pasMax ero koscbanmii craa Gosbme. Bol yuguTe, uto GyKBaIbh-
HO UEepe3 HECKOJBKO KOJEOAHWIT aMIUIMTyaa CTAHET TAKOW Xe€, KaK W
npexze.

YCTONUMBOCTh PEXUMA YCTAHOBUBINMXCS ABTOKOJIECOAHMIN JIETKO TIO-
HITh M3 DHEPIrETHUECKUX COOOPAXKEHMIA, YUMTHIBAS, UTO AOIKEH obecre-
uMBATHCH OAAHC MOCTYMAOWIENA OT MPYXXUHBI M PACCEMBAEMON DHEPIUM
3a mepuox kosaebanmit. Ecom ammiutyna koneGanwii BApyr craHeT 0osb-
e, TO BO3PACTYT M MOTEPH JHEPTUM 34 MEPHOM, MPEBBICUB MOCTYIJICHUE
oHeprun. VI HA000pOT, yMEHBLICHWE AMIUIUTYABI OT yCTAHOBMBLIETOCS
3HAUYEHUS TIPUBOAUT K TIPEBBILEHUIO TOCTYMAIOMIEH SHEPTUU HAJ MOTE-
pSIMU HA TpeHWE. AMIUTUTYIa HAUHET YBEJINUMBATHCS.

IpeneabHblii UK. YCTONUMBOCTh YCTAHOBMBINMXCS ABTOKOJEOAHUI
MO>KHO TIOHSITh, PACCMATPUBAS MPOLECC BBIXOAA CUCTEMBI HA TIPEACTBHBIN
MK/, KOTOPOMY COOTBETCTBYET 3aMKHyTas (aszoBas TpackTopus Ha
puc. 1696. Eciu, Hanpumep, OTKJIOHUTD OCLIJIISITOP ABTOKO/IEOATETbHOM
CHCTEMBI HA HEOOIPLION YTOJ1 M OTIYCTUTDh O€3 HAUAaIbHOTO TOJTUKA, BHIXOX
azoBoit TpaekTOpUM HA TPEAECTbHBIA UMK/ OyAET MPOUCXOAUTh TAK, KAK
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nokasaHno Ha puc. 170q. ®azosas TpaeKTOpUS MOCTEMEHHO NPUOIMXKAETCS
K IPEACTbHOMY LUKy U3HYTPU. HaHpOTHB, €CJIN HAUAJIbHOC OTKJIOHCHUC
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Puc. 170. Boixon ¢a3oBoit TpaeKTOPUM Ha MPEEJIbHBIH [HMKJI, COOTBETCTBYIOLUIUI YCTAHO-
BUBIIMMCS aBTOKOJIE0AHUSIM

MPEBHILIAET 3HAYEHME YCTAHOBUBLIEHCS AMILIUTYABI, (ha30Basd TPAEKTO-
pus npubAMXKAETCA K TPEIEabHOMY UMKy u3BHe (puc. 1706).

DJIeKTPOMArHUTHbIE aBTOKOJEeOaHud. [lelicTBue TeHepaTopa HE3aTy-
XAIOIMUX DJAEKTPOMATHUTHBIX KOAEO0AHMI AHAJOIMUHO PACCMOTPEHHOMY
MEXAHUUYECKOMY IIPUMEPY aBTOKOJAebaTe bHOM cucTteMbl. CxeMa Takoro
reHepaTopa Ha TPAH3UCTOPE C KOaeOATEIbHBIM KOHTYPOM B LENU KOJ-
JeKTopa mokasana Ha puc. 171. Poap 3a-
BOJAHOW MPYXWHBI, MOMOJHSIOWEN JHEPTUIO
KOJIe0aHM, UTPAET MOCTOSHHBIA MCTOUHMK

omeprum — Oartapea. Konebareapmbni K

KOHTyp praBJIS[eT I9TUM HMCTOUHUKOM UC- @B

pes menb OOpaTHOM CBSI3WM, COAEPXKAINYID 3 L3 CL CJ_
WHAYKTHBHO CBY3aHHYI0 C HMM KATYIOKY |

L., BKJIIOUCHHYIO B II€Ob OSMUTTEpA.
Tpanszucrop 3aech WrpaeT posib BEHTWJIS,
OTKPBIBAIOIIETO JOCTYI JHEPruu Oatapew B
KOIeOATe/bHBIE  KOHTYpP.  YIPABICHHE pyc. 171, TeHepatop HesaTyxa-
OTUM BCHTUJICM OCYIICCTBJAACTCA NOAABAC-  1OmMUX 2JIEKTPOMArHUTHBIX KO-
MbIM C KaTymKH L., HAmpsKCHUEM K Me-  Jebanuii Ha TpaHsucTope
pexony omutTep—0asza. Baaromaps oromy

OTNUPAHUE TPAH3UCTOPA TPOUCXOAWT B HYXHBIE MOMEHTHI BpPEMCHM,
yTOOBI MMITYJIC TOKA OT OaTapew MOMOJIHSJI JHEPIUI0 KoaeOaHuil, KOM-
MEHCUPYS TOTEPU HA COMPOTUBJICHUM KATYIIKW W TPOBOXOB.

L~ —

IMapamerpuyeckuii pe3oHaHc. Eme oxguH cocod Bo30y>xaeHus HE3aTy-
Xarmux KoseOaHuii, KAK 0TMEYAJ0Ch B HAUYAJIE ITOrO maparpada, 3aK/ko-
YAeTCd B MEPUOIAUUECKOM M3MEHEHMM KAaKOoro-jmbo mapamerpa koJeda-
TeJbHOM cucTeMbl, [1ycTh B KOIE0ATENLHOM KOHTYPE KOHAEHCATOP YCTPOEH
TAaK, 4YTO MOXXKHO M3MCHATH €r0 EMKOCTb, HAIIPUMECP C6JII/I)K351 W pasaBu-
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rad TUIACTHHEL, ¥ MYCTh B KOHTYPE yXX€ CYMIECTBYIOT KoacOanus HEG0Mb-
IO aMIUIMTYAbl. B TOT MOMEHT, KOI/Ia 3aps/ HA IIACTUHAX KOHAEHCATOPA
MAKCUMAJICH, PA3ABUHCM MTHOBCHHO IVTACTUHBI, HCMHOTO YMCHBIINB TCM
CaMBbIM €T0 EMKOCTb. [Ipy 5TOM IPUAETCA COBEPILUTH HEKOTOPYIO padory,
KOTOpas MOWAET HA YBEJIUUEHHUE DIEKTPOCTATUYECKON SHEPIUHU.

B MOMEHT, KOrga TOK B KOHTYPE MAKCUMAJIEH, a4 KOHAEHCATOP IOJ-
HOCTBIO pa3pskeH, COMM3MM ILJIACTHUHBI A0 MPEXHETO PAcCTOSHMA. Ilpu
OSTOM HMKAKOM pabOThl HE COBEPINAETCH, M DJEKTPOMATHUTHAS SHEPIUs
KOHTypa ocraercd npexseir. Eme uepes uerBeprh mepuona koaebaHui,
KOIZIa 3apsj CHOBA JOCTMIHET MAKCMMAJbHOIO 3HAueHus (B IPOTUBOIO-
JIOXKHOM TIOJIIPHOCTH), ONATh PA3ABMHEM ILIACTMHBI, A00ABUB TEM cCa-
MBIM €II¢ MOPUUKD DHEPTrUU, W T. A. Takmm o0pa3oM, MEPUOIAUECKH W3-
MCHA9d €MKOCTb KOHACHCATOPA B HY>XKHBIC MOMCHTBI BPDCMCHHU, MOXHO J0-
OMTBCS PACKAUKM SJEKTPOMATHUTHBIX KoJebaHuii, ecau nobasiasemad 3a
TICPUOA SHEPTHUS MPEBOCXOANT MOTEPYW B KOHTYPE 3a TO Xe Bpemd. Taxkou
cnocob Bo30yXXAeHUd KOJIe0aTENbHONM CUCTEMBI HA3BIBAETCS MMAPAMETPU-
UYECKUM BO30YXAEHUEM KOHTYPA WIU HAPAMEMPUHECKUM PE3OHAHCOM.

B oTaiMume OT BBHIHYXXAEHHBIX KOJAe0aHMIA MO AEHCTBUEM MEPUOANYE-
CKOW BBIHYXAAKOMIEH CUJbI, KOTAA PE30HAHC MPOUCXOAWUT TPHU COBMAAE-
HUM YACTOTHI BHIHYXXAAIOIIENA CUJIBI ¢ COOCTBEHHOM YACTOTOM, MAPAMET-
PUUYECKMI PE3OHAHC BO3MOXEH IIPUM YACTOTE M3MEHEHUS MNapaMerpa,
BIBOC MPEBBIMIAIOMICH COOCTBEHHYIO: 0 = 2w, Ilapamerpumueckas pac-
Kauka KoeOaHMil MOXET TAKXKE IMPOUCXOAUTD, KOTIA MAPAMETDP M3MEHS-
€TCS HE TOJBKO ABAXABI 334 MEPHO COOCTBEHHBIX KOIE0AHUNI, HO M KOrAa
OH M3MEHSETCH OAMH pa3 3a MEPUOA, ABA Pa3a 3a TPU MEPHUOAA, OOUH Pa3
3a ABa mepuona, u T. 1.

IIopor mapaMeTpHYecKOro pe3oHaHca. [lapamerpmueckuii pe30HAHC
MPEACTaBASET COO0M HOPO20BbLIT hhekm, TAK KAK OH HACTYIAET TOJBKO
TOTOA, KOTAA TOCTYIICHUE SHEPTUW MPEBOCXOAWT MOTEPH, T. €. AMILIN-
TyZa W3MEHEHUS MapaMeTpa MPEBBHIIIACT HEKOTOPOE MOPOrOBOE 3HAYE-
Hue. B smHEHHOM K01e6aTEabHOM CUCTEME MU TMPEBBIIECHAN IOPOTra
MPOMCXOAUT HEOTPAHMUEHHOE HAPACTAHUE AMILTUTYABI Kosebanuid. CBs-
3aHO 9TO C TE€M, UTO MPH MAPAMETPUUECKOM PE30HAHCE W TOTEPU, U TO-
CTYIUICHUE DHEPTUU MPOMOPLIMUOHAIBHEI KBAAPATY AMILIUTYIBI.

DTUM TapaMETPUUCCKUA PE30HAHC B JIMHEHHON CUCTEME OT/IMYACTCS
OT BBIHYXICHHBIX KOJEOAHUI MPH CHJIOBOM BO3AECHCTBUU, TAE MOCTYILIE-
HHUE SHEPTUM TMPONOPLUMOHAJBHO MEPBOM CTENEHM AMIUIATYIBI, a TMOTE-
pu — TO-TIPEXXKHEMY KBAAPATy AMIUIATYIBI, UTO NMPUBOAUT, KAK MBI BU-
JeNd, K KOHEUHOUW aMIUIMTYAE yCTAHOBMBLIMXCH BBIHY>KAEHHBIX Kose0a-
Huit. [Ipym mapameTpuueckoM pe30HAHCE POCT AMIUIMTYABl OTPAHUYECH
TOJIBKO HEJIMHEHHBIMEU CBOMCTBAMU KOJIEOATEIBHONU CUCTEMBI.

IMapamMeTpUYECKHil PE30OHAHC M BbIHYXJEHHbIE KojaeOanus. [Tpu we-
MOCPEACTBEHHOM CHJIOBOM BO3AEUCTBUM JHEPrHs BO30YXAEHHBIX Koseba-
HUI BO3HMKAET 3a CueT paboThl BHEIIHEW CUJIbI, COBEPIIAEMON TPU ABH-
XXEeHUM cucTeMbl. [Ipym mapaMeTpuueckoM BO3ACHCTBUM yBEIWUCHUE 3a-
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maca JSHEpruM KojeOaHwii MpoucXoauT o093aTeNbHO C MPEBPAINEHUEM
DHEpPruyM OAHOTO BHWAA B Apyroi. Tak, mampuMmep, MexaHmdeckad pabora,
OPOU3BOANMAAI NPU U3MCHCHUU CMKOCTH KOHACHCATOPA B MOMCHTHI PA3-
ABUXCHHUS €TI0 IUIACTHH, HOPUBOAUT K M3MCHCHHIO 34maca OJICKTPO-
CTATUYECKOW DHEPIUU M, CAEAOBATENBHO, OOINEro 3amaca SHEPruu KOJe-
GaHmi B KOHTYpE. 3aMETHM, UTO MAPAMETPUUECKOE BO3OYKACHME KOJIE-
GaHI/Iﬁ BO3MOXHO JIMIOb IIPpA HWU3MCHCHHUMU OJHOIO0 H3 OJHCProcCMKHUX
mapameTpoB, C mam L, ¢ KOTOPHIMHE CBS3aHA DHEPTUS JJIEKTPHUECKOTO W
MATHUTHOTO MOJa4. OquI/II[HO, UTO0 M3MCHCHHUC IUCCHUIIATUBHOIO mapa-
MeTpa R HE MOXET BBI3BATh PACKAUKM KOJEOAHUI.

B 3aK/II0UEHHE OTMETHM €IME Pa3 OCHOBHBIE PA3/JIMUMS BHHYKICHHBIX
KoJ1e0aHuii ¥ MapaMeTPUUECKOrO PE30HAHCA. PE30HAHC NpU BBHIHYXKIEH-
HBIX KOJIE0AHMEIX BO3HHUKAET MPH o & , (mmm o = Wy/n € WEABIM 7

npu BO30YXXKAEHUM KOPOTKUMH TOJUYKAMHU ), HO CAMU KOJAe0AHMS CyIIECT-
BYIOT IIpH JIOOOM 4acTOTE BHELIHETO BO3AEHUCTBHA. B ciayuae mapamer-
PUUYECKOrO BO3AEUCTBUA KOAEOAHMS BO3HMKAKOT JMUIIb IIPH BHIIOJHEHUN
COOTHOIIECHUS ® X 2(y/n. Pe3oHaHC NpH BEIHYXIEHHBIX KOJIeOaHHMSIX

BBI3BIBACT JIIOGaSI, CKOJIb YTOAHO Majiasd BHCIOHASA CWJIA. I[JIS[ BO3HHUKHO-
BCHUS MMAPAMETPUUCCKOTO PC3OHAHCA AMIIUTYAd BHCIODHECTO BO3Z(CfICTBI/IS[
JAOJ/IXHA IPCBBIIATh HCKOTOPOC MOPOTOBOC 3HAUCHUC.

¢ B uyem 3akiiouaeTcsl MPUHIUINMAIBHOE OTINUYME aBTOKOJeOAHHUI M MapaMeT-
pPUYECKUX KoJieGaHUIl OT BBIHYXXIACHHBIX KojebaHMil ocumnistopa? Yem oHun
OTJINYAIOTCS APYT OT Apyra?

e IlpuBenure H3BecTHbIC BaM IPUMEpBl aBTOKOJEOATENbHBIX cHcTeM. Kakue
SJIEMEHTBl JI0JIXKHA 00S3aTe/IbHO COZAEep:KaThb aBToOKoJebaTenbHas cucrema?
KakoBsl ux ¢pyskunn? Yrto Takoe obpaTHas cBs3b?

e IIpu KakUX yCJIOBUSIX YCTAHOBUBINNCS aBTOKOJIeOAHUS OYAYT MOUTH CUHYCO-
npadbHBIMUA? OT 4ero 3aBHUCHUT MX YacToTa U aMIUTUTyAa?

e Yto Takoe MpedesbHBIN UK Ha (as3oBoil auarpamme? [lokaxure, 4TO MpU
JIIOObIX HavasbHbIX YCJIOBHUSIX B PACCMOTPEHHOM MEXAaHUUECKOM MOIE/M aB-
TOKOJIe0ATE/IbHOM cHUCTeMBI (ha30Basi TPACKTOPHUS MOCTEIIEHHO MPUOIMKXaeTCs
K TpeAebHOMY IUKJIy U3HYTPU WIHM U3BHE, HUTAE €ro He Iepecekas.

e OObBsICHUTE NMOAPOOHO, KAKMM 00pa3oM B reHepaTope HE3aTyXarolMUX dJIeKT-
POMAarHUTHBIX KOJIEOAHUI TPAH3UCTOP Uepe3 KaTyIIKy oOpaTHOM CBA3U obec-
NeurBaeT MOCTYIJIEHUE UMITYJIbCOB TOKA OT OaTapey Kak pa3 B T€ MOMEHTBI
BpeMeHHU (M B HY>KHOM HaIpaBJICHUM), KOrJa TOK B KaTylike L kosebaresb-
HOI'O KOHTYypa MakcumasieH. UTto OyneT, ec/iv NMepek/IoUYnTh (IIOMEHITh Mec-
TaMHM) KOHIIbI OZHOM U3 3TUX KaTylIeK?

e [locTpoiite npuMepHbIil rpacyK 3aBUCUMOCTH 3apsija KOHAEHcAaTopa OT Bpe-
MEHU MpH NapaMeTPUUYECKOM pacKkauyke KosieOaHMi, BbI3BAHHOM INEepUOLUYC-
CKUMM H3MEHEHUSIMU €MKOCTH.

. l'loquy AJId BOSHUKHOBCHUS TMAapaMCTPUUCCKOro pe3oHaHcCa aMIUIUTyda W3-
MCHCHUS IapaMeTpa AOJIKHa IPEBbIIIATL HCKOTOPOE ITOPOTroBOC 3HaueHue?

e Tlokaxure, UTO MPU MAPAMETPUUECKOM PE3OHAHCE POCT AMILIUTY bl KOJICGAHUI
OrpaHUUYMBAETCH HEJIMHEMHBIMU CBOMCTBAMU CUCTEMBI, HATIPUMED, HEU30X POH-
HOCTBIO (3aBUCUMOCTBIO IIEPHOLA COOCTBEHHBIX KOJIEOAHUIT OT AMIIUTYIbI) .
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A  PejakcauMOHHbIE KOjie0aHMs. Bo BCEX YMOMHHABIIMXCS BHIIIE
MpUMepax AaBTOKOJEOATENBHBIX CHCTEM O093aTEIbHBIM 3JEMEHTOM
aBJIAICA pe3oHaTop. [ pyruMu CI0BAMH, B OTCYTCTBHE OOpATHOM CBA-
3 B OTUX CHUCTEMAxX BO3MOXHBI COOCTBEHHBIE 3aTyxarolnue Koseda-
Hug. [Ipy HaaMumm OOpATHOM CBYI3M B HUX YCTAHABIUBAKOTCH CAMO-
MOAAEPKUBAIOIMMECS TIOUTH CHHYCOMAAJbHEIE KoacOamma. UYacroTa
Takux KoJeOaHWil 3a7aeTcd pe30HATOPOM.

Ho aBrokoae6anus MOTYT IPOUCXOAUTD U B CUCTEMAX, HE COAEPXKA-
mux pesoHatopa. KosebaHnudg mpu 3TOM, KakK MPAaBUIO, HE SBISIOTCS

vl — —

Puc. 172. TunuuHblil OPUMEP PEJAKCAIMOHHBIX KOJEOAHMIT

TapMOHWYECCKAMU. TUMUUHBIMA TPUMEPAMU TAKAX CUCTEM MOTYT CIy-
>KUTh FEHEPATOP MUI000PA3HBIX KOJEOAHUI HA HEOHOBOM JIAMIIE U THI-
paBJIMUECKOE YCTPOMCTBO, MOKa3anHoe Ha puc. 172. B cocyn, cHabxeH-
HeiA cuporoM C, ¢ MOCTOSIHHOM CKOPOCTHIO HATEKAET BONA M3 KPAHA
K. Tloka cucdoH He 3amoJTHEH BOAOM, YPOBEHB BOABI B COCY/E PACTET CO
BPEMCHEM IO HHHCﬁHOMy 3aKOHY. HO KAdK TOJBbKO YPOBCHDb AOCTUTACT
BBICOTHI /1, cihOH cpabaThiBAECT M YPOBCHb BOABI
B COCyA€ MagaeT A0 3HAYEHUS /1,, OC/E YETO CO-
Yy CyJ CHOBA HAUMHAET 3ATMOJHITHCS BOJOM M3 Kpa-
Ha. CKOPOCTh OMOPOXHEHUS COCYAA uepes CudoH
0] A yuh v, MOXHO caesaTh TOPa3no GOMBLIC CKOPOCTH €T0

HAamoJHCHUS 4€pe3 KpaH v, TaK KaK CKOPOCTb

Y BOIBI B CU(POHE 3aBUCUT OT PA3HOCTU YPOBHEWU
h, u h,. anee onucaHHBIN Ipouecc OyAeT MOBTO-
Puc. 173. ®asosas au- 2 My 1L pou. yA

arpamva  penakcamu-  PATHCS MEPUOTMYECKH. 3aBUCUMOCTH YPOBHS BO-
OHHbIX KoJieGanmit, 10- bl A M CKOPOCTH €r0 M3MEHEHUS v OT BPEMCHHU
kasaumbix Ha puc. 172 pokazalel B mpaBoit yactu puc. 172, BugHo, uto
KOJIC63HI/ISI YPOBHA BOABI U CKOPOCTU HEC ABJAAIOT-
cs1 curyconaaababiMu. COOTBETCTBYIOIIAS 9TUM Kosie0auuaM (ha3oBas
auarpamMma mnpuBeacHa Ha puc. 173.
AHamornuHbIE TPOLECCH MPOMCXOAAT B TEHEPATOPE MUI000PA3HBIX
KoJeOaHMIA HA HEOHOBOM Jamme. Ero osekTpuueckas cxema mokasaHa
Ha puc. 174. Heonosag namna JI 06;1a1a€T TEM CBOMCTBOM, UTO TOK Ue-

v
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pe3 Hee HE MPOXOANT 0 TEX MOP, MOKA MPUIOKECHHOE K JIAMIIE HATIPS-
KCHUE HE JOCTUTHET OMPEACICHHOTO 3HAUCHMS, HA3BIBAEMOTO HATPSI-
XeHueM 3axuranng U,. Ecam mocie BO3HMKHOBEHHMS TJICIOIIETO pa3-
psaa B JIAMIIE HATIPSIKCHNUE HA HEW HE-
CKOJIBKO YMEHBUINTH, TO Jamma Oyaer T
TIPOJOJIXATH TOPeTh. TOK uepes Jamiry
TPEKPATUTCS JUOIb TOTAA, KOTAA Ha- =

MpsDKEHUE OYAET YMEHBIIEHO 0 Ompe-  —— 69
JEJICHHOTO 3HAUCHWS, HA3BIBAEMOTO
HampsoKeHueM ramennd U .

HpH 3aMBIKAHUM KJIO4Ya KOHAEH- Puc. 174. Temepatop mutoobpas-
carop C HAUMHACT MEIJICHHO 3apsd- HPX KOJIeGaHMIT HA HEOHOBOH JIAMIIe
XKATbCY UEpE3 COONPOTHBICHUE R.

Kak Tospko HampsXeHWE HA KOHACHCATOPE AOCTUTHET 3HAUCHW,
PaBHOrO HANPSXKEHWMIO 3aXKUTaHus jJaMnbl U, B JaMIe BO3HMKAET
ra30BBIA PAa3paa W KOHACHCATOP HAUMHAET OBICTPO Pa3psiKaThCsd ue-
pe3 JaMmmy, TAaK KaK COMPOTUBJICHHUE TOPSLICA HEOHOBOW JIAMIIBI
oucHb Mano. Korga HampsXxeHWe HA KOHACHCATOPE YMCHBIOUTCS AO
3HaueHud rameHud U, paspgaa B JaMIe NPEKPamaeTcd M KOHAEH-

CATOp OMATh HAUMHAET 3aPIKATHCA. 3aTEM BCE MOBTOPSETCS CHOBA.
I'padmk 3aBUCMMOCTH HANPSOKEHUS HA KOHACHCATOPE OT BPEMEHU
U(t) npuseaen Ha puc. 1735.

ABTOKOIE0aHNS, IPOUCXOAAIIAE B TEHEPATOPE HA HEOHOBOM JIaM-
M€ U PAaCCMOTPEHHOM BBILIE TMAPABIAMYECKOM YCTPONCTBE, HOCAT HA-
3BAHUE  PENAKCAUUOHHDLX.
HOnaa Takmx  KoaeOaHWM
XAPAKTEPHO  IOCTEIEHHOE
HAKOIUIEHWE DHEPTUU CUCTE-
MOHM A0 HEKOTOpPOTO 3Haue-
HUS, 4 3aTEM OBICTPOE «M3-
GaBjacHNE» OT HAKOIJICHHOM
OHEPrUH. AHAJIOTOM HAKO- Puc. 175. 3aBUCUMMOCTb HATIPSDKEHUS] HA KOH-
MUTEIBHOrO 0Oauka B _TMI-  jercatope ot Bpemer
paBIMUYECKOM  yCTPOMCTBE
ABJSETCS KOHACHCATOP B TEHEPATOPE MUI000PA3HOTO HATPIKEHUS;
aHasoroM cuoHa ABJIETCI HEOHOBAS JaMIMA, 4 POJb KPaHA WUIPAET
COMpOTUBJICHUE R.

Bo3MOXHBIE THIBI ABTOKOJACOAHMI HE MCUEPIBIBAIOTCI PACCMOT-
pernbiMu mpumepamu. Qopma kosebaHuii He 00sg3aTEBHO ObIBACT
CHHYCOMIAIBHOM WM THJIO00pAa3HOM — OHA MOXET ObITh KaKOU
YTOAHO. DTO OTHOCHTCSI HE TOJIBKO K aBTOKOJIECOAHUSIM, HO M KO BCEM
Kose0aHuaM BoOOWIE, BK/IOUAs M COOCTBEHHbIE, ¥ BBIHY KACHHBIC. A

le/lBe,Ell/lTe H3BCCTHBIC BaM IPUMEPDLI pelaKCallMOHHBIX KOJIeOaHUM.

CpaBHl/lTe peilakcaliluOHHBbIC K0JIeOaHUS ¢ aBTOKOJIEOAHUSIMU B CUCTEMAX, CO-
ACpXKaliuxX pe30HaTOPbI, C TOUKU IPCHUS OHCPI'UH, l'lOCTyl'lalOl.Lleﬁ B CUCTEMY 34
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niepuon. [okaxure, UTo B peJIAKCAIIMOHHBIX KOJIEGAHUSX TIOCTYMAIIAS 32 T1e-
puoz sHeprus cpaBHUMA (OIHOTO MOPSAKA) C TIOJTHOM SHEPrUet KoJieGaHMUIA.

e FEcju nepuoz koie6aHUM B CUCTEME C PE30HATOPOM O PELEISIETCS TapaMeTPaMU
9TOrO PE30HATOPA, TO KAKUMU (DAKTOPAMHU OIPENESETCS MEPUOA PEAKCAIIOH-
HBIX KOJIe0aHmuit?

§ 28. OneKTpoOMarHMTHbie BOJNHbI

Muorre 3aKOHOMEPHOCTY BOJTHOBHIX TPOILCCCOB MMCIOT YHWBEPCATBHBIN
XapakTep W B PABHOM Mepe CIPABEAIUBH AT BOJH Pa3JIMUHON TPHUPOIB:
MCXAaHWUYCCKUX BOJH B YIPYTON CpeAc, BOJH HA TOBCPXHOCTHA BOXBI, B
HATIHYTOW CTpyHE W T.A. He gBAIOTCI WCKIIOUCHWEM W 3/eKmpo-
MazHUMHbLE GOJIHbL, TPEACTABILIOMAE COO0M MPOLECC PACIPOCTPAHEHUS
KoJ1e0aHuil 51EKTPOMATHUTHOTO mojad. Ho B OT/aMuuMe OT APYrMX BUIAOB
BOJTH, PACHpOCTPaHEHHE KOTOPHIX MPOUCXOOUT B KAKOM-TO MATEPHUAJIb-
HOW Cpefe, SJIEKTPOMATHUTHBIC BOJTHBI MOTYT PACTPOCTPAHITHCH B IIyC-
TOTE: HUKAKOW MATEPUAJbHOW CPEmbl IS PACIpOCTPAHCHHUS OJCKTPH-
YECKOr0 M MAarHMTHOIO moJjiei He Tpedyercd. OOHAKO DIEKTPOMATHUTHBIE
BOJIHBI MOTYT CYINECTBOBATH HE TOJBKO B BAKyyME, HO W B BCIIECTBE.

IIpenckasaHue 3JeKTPOMATHUTHBIX BOJH. CyIIEeCTBOBAHWE IJICKTPO-
MATHUTHBIX BOJIH OBLTO TEOPETHUECKH TMPEACKA3aHO MakCBEUIOM B pe-
3yJbTATE aHAJNW3Aa NPEAJIOKECHHOU MM CHACTEMBI YPABHCHUN, OMUCHIBAIO-
MUX OJJCKTPOMATHUTHOE Tmosie. MaKCBe/sT TMOKa3aa, UTO JJIEKTPO-
MATHUTHOC TOJE€ B BAKYYMC MOXCT CYyHICCTBOBATD M B OTCYTCTBUC
HUCTOUHUKOB — 34pda0oB U TOKOB. ITone 663 HUCTOUHUKOB HMMCCT BHI
BOJIH, PACIPOCTPAHSIOMIXCS ¢ KOHEUHOH cKOpocThio ¢ = 3-10'0 cMm/c, B
KOTOPBIX BEKTOPHI 3JIEKTPUUECKOTO M MATHUTHOTO MOJEH B KAXKABIM MO-
MEHT BPEMEHU B KAXAOW TOUKE MPOCTPAHCTBA MEPNEHAMKYJISIPHBI APYT
IPYTy W TEPTNEeHANKYISIPHB HATIPABJICHUIO PACTIPOCTPAHCHUS BOJIH.
DKCIEPUMEHTAIBHO OJICKTPOMATHUTHBIC BOJHBI OBUIM OTKDBITHI
uzyueHnsl ['epuem tosbko coycrsa 10 ser mocsie cmeptu Maxkceesna.

OTKpbITHI BUOpPATOpP. UTOOBI MOHATH, KAKMM O0pA30M MOXKHO TOJY-
YUTh DJIEKTPOMATHUTHBIE BOJHBI HA OMBITE, PACCMOTPHUM «OTKPBITHIA»
K0J1e0aTebHBI KOHTYP, Y KOTOPOro OOKJIaaKu KOHAEHCATOPA PA3ABUHY-
ol (puc. 176) ¥ MOITOMY DJEKTPUUECKOE TMOJE 3aHUMAET OOJIBIIYIO 00-
JIACTH TIPOCTPAHCTBA. [Ipy yBe/IMUEHUM PACCTOSIHUS MEXAY OOKJIagKamu
emkocth C KOHAEHCAaTopa yObBaeT u B coorBercTBuu ¢ hopmysoit Tom-
cora = 1/VLC Bospactaer uactoTa CoOCTBEHHHIX KojaeOanmii. Eciu
elle M KATYMKy WHAYKTHBHOCTM 3aMEHHUTh OTPE3KOM MpPOBOAA, TO
YMEHBIIUTCS MHAYKTUBHOCTh L, a 4acToTa COOCTBEHHBIX KOJIE0aHUI BO3-
pacrer emte Gosbuie. [Tpu 5TOM HE TOJBKO SJEKTPUUECKOE, HO ¥ MATHHUT-
HOE MOJIE, KOTOPOE PaHbIIe OBUIO 3aK/JIOUEHO BHYTPH KATYIIKH, TEHEPh
3aiMeT OosbLIyI0 00JaCTh MPOCTPAHCTBA, OXBATHIBAIOIIYIO ITOT MPOBO.

YBesnueHne yacToThl KOJAeOAHUN B KOHTYPE, KAK M YBEIUUEHUE E€TO
JIMHERHBIX PAa3MEPOB, MPUBOOUT K TOMY, UTO MEPUON COOCTBEHHBIX KO-
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Ie0aHMi CTAHOBUTCH CPABHUMBIM CO BPEMEHEM PACHPOCTPAHEHUS DJIEKT-
POMArHUTHOTO TOJISI BAOJb BCETO KOHTYpPA. DTO 03HAYAET, UTO MPOLECCHI
COOCTBEHHBIX JJEKTPOMATHUTHBIX KOJIE0AHMIA B TAKOM OTKPHITOM KOHTY-

TN -

b (1Y) B @

B — —_— ~_ -

Puc. 176. Tlepexon 0T K0JEOATENHHOTO KOHTYPA K OTKPBITOMY BUOPATOPY

PE€ YXKE HCIb3d CUATATH KBA3UCTALIVMOHAPHBIMHA. CI/IJIa TOKA4 B PA3HBIX €ro
MECTAX B OAWMH W TOT XC MOMCHT BPCMCHU pAa3HAAd: HAd KOHIAX KOHTYpa
OHA BCErAa paBHA HYJIK0, a B cepeauHe (TaM, rae mpexzae Oblia KaTyll-
Ka) OHA OCIMJITUPYET ¢ MAKCHUMAJIBHOM aMILIUTYIOM.

B mpenenpHoM cayuae, Koraa KoaeOaTeabHbI KOHTYD MPEBPATHIC
MPOCTO B OTPE30K TIPSIMOTO TPOBOAA, PACTIPEACICHUE CHJIBI TOKA BIOJb
KOHTYpa B HEKOTOPHI MOMEHT BPEMEHM MOKasaHo Ha puc. 177a. B tor
MOMCHT, KOraa CWjid TOKd B TAKOM BH6paTOpC MakKCUMaJbHd, OXBATHI-
BAKOIICE €r0 MATHUTHOE TIOJIE TAKXE MOCTHTACT MAKCUMyMa, a DJICKTPHU-
ueckoe mose BOAM3M BUOpaTOpa OTCYTCT-

Byer. Uepes ueTBepTh mepuoaa oOpalnaer- \ ]

Cd B HYJb CHAJA TOKA, 4 BMECTE C HEH W \ /
MAarHWTHOE ToJe BOAM3WM  BHOpATOpa; \ /
9JIEKTPUUCCKUE 3APSABI COCPETOTOUMBAIOT- I -
ca BOJM3M KOHIIOB BMOpAaTopa, a MX pac- ’ \
MpeacacHUEe WMEET BUA, TOKA3aHHBIA HA / \
puc. 1776. Dnektpuueckoe mosae BOIM3U / ]
BUOpaTOpa B STOT MOMEHT MAKCHMAJIbHO. a 6

DOtu KoseOaHuWs 3apama M TOKA, T. €.

Puc. 177. Pacrnipenenienue BROJIb
O7IEKTPOMATHATHBIC KOAE0aHUS B OTKPBI-  orypuimoro subpatopa Citbi ToKa
TOM BI/I6paT0pe, BIIOJTHE AHAJIOTUYHbI ME- B MOMEHT, KOrla OHA MAKCUMAJIb-
XaHWUECKAM KOJICOAHMSIM, KOTOPbIE MOTYT Ha (@), M pacupesesieHue 3apsioB
MPOMCXOMUTh B MNPYXKUHE OCHU/IISTOpa, CHyers uerseprs nepuona (6)
ecau yOpaTh MPUCOSAMHEHHOE K HEM Mac-
CUBHOE Tea0. B 9TOM ciayuae mpuaeTcsi yYMTHIBATH MACCy OTACJIbHBIX
yacTel TPYXWHBI M PACCMATPUBATH €€ KAK PACIPEACICHHYIO CHUCTEMY,
y KOTOPOM KaXkObld 9JE€MEHT 00JafaerT KakK YNpyruMu, TaK W HHEPT-
HBIMU CBOMCTBAMH. B C/yuae OTKpPHITOrO 9JE€KTPOMATHUTHOTO BUOpATO-
pa KaXXablil €ro 5JEMEHT TaKXKE OXHOBPEMEHHO 00JafaeT M WHAYKTHB-
HOCTBIO, ¥ EMKOCTBIO.
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DJIEKTPUYECKOE ¥ MATHUTHOE MoJa BuOpatopa. Heksazucraumonap-
HBI XapakTep KoJaeOaHUN B OTKPHITOM BUOPATOpPE MPUBOOUT K TOMY,
YTO CO3JABAEMBIC OTACTBHBIMU €T0 YUACTKAMM TOJS HA HEKOTOPOM pac-
CTOSHUM OT BUOpaTOpa yXKe HE KOMIEHCUPYIOT APYr APyra, Kak 5TO
AMEET MECTO AT «3aKPHITOTO» KOJIE0ATETPHOTO KOHTYPA C COCPENOTO-
UCHHBIMH IAPaAMCTPAMHU, TAC KO.IIe6aHIrI5[ KBA3UCTAIUOHAPHBI, 3JICKTPU-
YECcKoe ToJIe HEJINKOM COCPEAOTOUEHO BHYTPH KOHAEHCATOPA, & MATHUT-
HOE — BHYTpM KaTymku. M3-3a TaKOoro mpocTpaHCTBEHHOTO pa3ac/icHUS
QJICKTPUUCCKOTr0O U MATHUTHOTO moJIcH OHU HCOOCPECACTBCHHO HE CBA3dHbBL
ApYT C APYTOM: WX B3aWMHOE MpPEBPAUICHUE OOYCJIOBJIECHO TOJBKO TO-
KOM — TEPEHOCOM 3apsaa 1Mo KOHTYPY.

V OTKpHITOr0 BUOPATOPA, TAEC JJECKTPHUECKOE U MATHUTHOE TIOJIS TiE-
PEKPHIBAIOTCY B MPOCTPAHCTBE, MPOUCXOAUT UX B3AWUMHOE BJAWSHUE: W3-
MEHSIOIEeCs MATHUTHOE TOJIE TIOPOXAAET BUXPEBOE SJIEKTPAUECKOE TIO-
Jie, a M3MEHSIoUIeecs SJIEKTPAUECKOe TOJIe MOPOXKAAET MATHUTHOE TIOJIE.
B pesyspraTe 0Ka3bIBAETCS BO3MOXKHBIM CYHISCTBOBAHME TAKUX «CaMO-
MOAAEPKUBAIOIIUXCI> Y PACIPOCTPAHAIOIIUXCA B CBOOOIHOM IPOCTPAH-
CTBE TOJICH HA GOJIBIIOM PACCTOSHWE OT BUOpATOpa. DTO W €CTh M3ayua-
€MbI€ BHOPATOPOM 21EKMPOMAZHUMMHBLE GOJIHbL.

Onbitel T'epua. Bubpatop, ¢ momompo koroporo I'. Tepuem B 1888 1.
BIICPBBIC 6bIJII/I IKCNICPUMCHTAJbHO MMOJTYUYCHBI IJICKTPOMATHUTHBIC BOJI-
HBI, MPEACTABALI CO00M MPAMOIMHENHBIA IPOBOAHUK C HEGOIBIINM BO3-
AYIIHBIM TIpOMEXyTKOM mocpenuue (puc. 178a). Bnaromaps Ttakomy
MPOMEXYTKY MOXHO OBUIO COOOMIMTH ABYM TIOJOBMHAM BHOpaTopa 3Ha-
yuTe/IbHBIE 3apsabl. Korna pasHOCTh MOTEHIMAJIOB JOCTHTAJNA OMpene-

JICHHOTO TPEACIBHOTO 3HAUCHWS, B

Wiamyuaromuii TMpuempiii  BO3AYIIHOM 3a30pE BO3HMKAJ IIPO-
BUGPATOp BUGPaTOp Goit  (mpockakusana  MCKpa) H
DJEKTPUUECKUE 3APIAbl YEPE3 MOHM-
. T 3MPOBAHHBINA BO3OYX MOIJIM TEPETE-
o — KaTh C OMHONM MOJIOBMHBI BHMOpaTopa
HA OpYrylo. B OTKpPHITOM KOHType
@ BO3HMKAIN DJEKTPOMATHUTHBIE KO-
T nebanms. YrtoObl ObICTpOnEpEMEH-
O HBIE TOKM CYIIECTBOBAJIM TOJBKO B
1 BUOPATOPE M HE 3aMBIKAJNCh UYEPE3
— WCTOYHMK THTAHHUA, MEXAY BUOpa-
TOPOM ¥ WCTOUYHMKOM BKJIKOUAJNCH

a 6 apoccen J (cm. puc. 178a).

BeicokouacToTHbie KoseOaHUS B
BUOpATOPE CYIIECTBYIOT, MOKA MCK-
pa 3aMBIKAET TIPOMEXYTOK MEXIY
€ro TmosioBMHaMK. 3aTyXaHWe Takux KosieObaHuit B BUOpATOpE MPOMCXO-
IUT B OCHOBHOM HE 3a CUCT [JXKOYJECBBIX MOTEPh HA COMPOTHBJICHUN
(kak B 3aKpHITOM KOJEOATEJBHOM KOHTYpPE), a 3a CUCT W3JIyUCHUS
9JICKTPOMATHUTHBIX BOJIH.

Puc. 178. BuGparop I'epua
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Inga oGHApYXKEHHUS DAEKTPOMATHUTHBIX BOJIH ['epl mpUMEHS BTOPOI
(mpuemnbiit) Bubpatop (puc. 1786). Tlom AeiicTBHEM TEPEMEHHOTO
SJIEKTPUUECKOTO IO MPUXOAALIENA OT M3IyUYaTeNd BOJHbBI SJEKTPOHBI B
MPUEMHOM BUOPATOPE COBEPINAIOT BBIHYXAEHHBIE KOJAe0aHMI, T.€. B
BuOpaTope Bo30yxaaercsa ObICTpONEpPEMEHHBIN TOK. Eciu pasMepsl mpu-
€MHOTO BHOpPATOpa TAKHE X€, KAK M Y M3JIyYafomero, TO 4acToThl Co0-
CTBCHHBIX JJICKTPOMATHUTHBIX KO.}'Ie6aHHIrUI B HUX COBINAAAIOT W BBIHYX-
JIEHHbIE KOJAe0aHUs B IPUEMHOM BUOPATOPE AOCTUTAIOT 3AMETHOM BEJIM-
uyHBI BCJAEICTBHME pe30oHaHCA. DTy koaebanusa [epu, oOHApYXMBAI IO
MPOCKAKMBAHUIO MCKPbI B MHUKPOCKOIMMUECKOM 3a30PE B CEPEAMHE IPHU-
€MHOr0 BHOpATOpAa WIM IO CBEUCHUID MHHHATIOPHOM Tra3opa3pagHoin
TpyOKu T', BKJIKOUEHHOM MEXAY MOJOBMHAMU BHOpaTOpa.

TCepl HE TOJBKO SKCIEPUMEHTANBHO JOKA3a/ CYyNIECTBOBAHUE DJIEKT-
POMATHUTHBIX BOJIH, HO BIICPBBIC HAUAJ MU3yUYaTh WX CBOMCTBA — IIOIJIO-
LIEHKE U TPEJIOMIEHUE B PA3HBIX CPEAAX, OTPAXKEHUE OT METAIMUYECKUX
HOBCpXHOCTCﬁ nu T.II. Ha ONBITC YAAJIOCh TAKXEC HU3MCPUTH CKOPOCTH
5JIEKTPOMATHUTHBIX BOJIH, KOTOpasd OKA3a/Jach PABHOM CKOPOCTH CBETA.

CoBnageHne CKOPOCTH DJIEKTPOMATHUTHBIX BOJH C M3MEPEHHOM 3a-
J0JIT0 0 MX OTKPHITUS CKOPOCTBHIO CBETA MOCIYKWJIO OTIPABHBIM ITyHK-
TOM /IS OTOXAECTBJIEHUS CBETA C JJIEKTPOMATHUTHBIMU BOJHAMU U CO-
3MaHAS 3JCKTPOMATHUTHOW TCOPWWM CBETA.

DIEKTPOMATHUTHAS BOJIHA CYIIECTBYET 0€3 MCTOUHHMKOB IOJIEH B TOM
CMBIC/IE, UTO MOCJE €€ U3JyUYEHUS DJEKTPOMATHUTHOE IOJE BOJHBI HE
CB43aHO ¢ UCTOUHUKOM. STHM QJICKTPOMATHUTHAY BOJ/JIHA OT/IMUACTCA OT
CTATUYECKUX DJIEKTPUUYECKOTO M MATHUTHOTO TOJEH, KOTOPHIE HE CYIIE-
CTBYIOT B OTPBIBC OT MCTOYHUMKA.

MexaHU3M U3Jy4YEHHS 3JEKTPOMATHATHBIX BOJH. M31yueHne 1eKkTpo-
MATHUTHBIX BOJH NPOUCXOAWT IMPHU YCKOPCHHOM JOABUXCHUU OJICKTPU-
UYeCKUX 3apga0B. IIoHATh, KAKMM 00pa3oM Morme-
pEUHOE JACKTPUUECKOE TIOJIC BOJIHBI BOSHUKAECT U3
pagraabHOTO KYJIOHOBCKOTO TOJIST TOUEUHOTO 3a-
psiAa, MOXXHO C TMOMOIIBIO CAEAYIOMIETO MPOCTOTO
paccyxaeHnus, npeanoxenHoro [I>x. TomcoHOM.

PaccmoTrpum anektpuueckoe mosie, co3gaBac- 0
MOE€ TOUCUHBIM 3apsiaoM ¢. Eciu 3apsx mokomTcst,
TO €r0 JEKTPOCTATHUYECKOE TMOJIE M300pakaeTcs
paguasbHBIMUA CUJIOBBIMU JIMHUSIMUA, BBIXOXSIIIIV-
Mu 13 3apsaaa (puc. 17?). [TycTs B MOMEHT BDEMC- 120 [1oie  nemo-
Hu ¢ = 0 3aps1a noA AEHCTBMEM KAKOM-TO BHEWHEN  1yi10r0 Toueunoro sapsi-
CWJTBI HAUMHAET ABUTATHCS C YCKOPEHUEM d, & CITy-
CTS HEKOTOPOE BpeMs T JCUCTBUEC ITOU CUJIBI TIpE-
Kpamaercs, TaK 4TO AAJBIIE 3aPS ABUXKETCS PABHOMEPHO CO CKOPOCTHIO
v = at. 'padpuk ckopocTu aBUXeHU 3apsaa mokasan Ha puc. 180.

[MpencraBum cebe KapTUHY JUHHI JJIEKTPAUYECKOTO MO, CO3JaBae-
MOTO 9TUM 3apSAOM, CIOyCTs GOIBIIONM MPOMEXYTOK BpemeHu 7> 1. [lo-
CKOJIBKY JJIEKTPUYECKOE TOJIE PACIIPOCTPAHSIETCSI CO CKOPOCTHIO CBETA C,
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TO D0 TOYEK, JEXammux 3a mpeneaamu chepsl pagmyca cf, W3MEHEHUE
QJICKTPUUCCKOr0 IO/, BhI3BBAHHOC ABUXCHUCM 34pdaa, Z(OﬁTI/I HC MOIVIO:

3a TIpemeaaMu OToi cephl TmoJIe Takoe Xe, Ka-
v KAM OHO OBUIO NpPHM HEMOABMIKHOM 3aPSE
(puc. 181). Hampsxennocts 910TO MO (B Ta-
YCCOBOW CHCTEME CIWHMWIL) PaBHA

|

|

| E(r) = q/r% (1)

1
0 T t t Bce msmenenue QJICKTPUUCCKOro moJd, BbI-
Puc. 180. I'paduk ckopo- 3BAHHOC YCKODCHHBIM IBVMXKCHUEM 3apsd1a B Te-
CTU 3apsiia YEHUE BPEMEHM T, B MOMEHT BPEMEHU [ HAXO-

OWATCY BHYTPW TOHKOTO MIAPOBOTO CJIOS TOJIIIIV-
Hbl CT, HAPYXHBIA paguyC KOTOPOTO pABEH ¢f, 4 BHYTPECHHUU —
¢(t — 1). D10 mokazano Ha puc. 181. Bayrpm cdhepsr pagmyca c(z — 1)
SJICKTPUUECKOE TIOJIC — 5TO TOJEC PABHOMEPHO ABWXYINETOCT 3apsana.
Ecau ckopocTh 3apsgga v MHOTO MEHBIIE CKOPOCTH CBETA ¢, TO 3TO TOJE

Puc. 181. JIuHMM HATIPSKEHHOCTU JJIEKTPUUECKOTO Puc. 182. K BoiBOoay (hopMyJibI
HOJIS 3apsifia, JBMOKYIIErocsl COrJIacHO rpaduky Ha JUISI HATIPSDKEHHOCTU TIOJIST U3-
puc. 180 JIyUEHHUS] YCKOPEHHO JIBHXKYIIE-

rocst 3apsa

B MOMCHT BPEMCHHM ! COBIMAZACT C TMOJIEM HETOABUXKHOTO TOUCUHOTO 3a-
paaa ¢, HAXOALIIErOoCd HA paccroguuu vi oT Hauana (puc. 181): mose
MEAJICHHO ABMXYIIETOCS C MOCTOSTHHON CKOPOCTBIO 3apsifa MepeMeInacT-
Cs BMECTE C HUM, a TIPOMACHHOE 3apsaoM 3a BpeMs ! PacCTOSHHUE, KAk
BuaHO n3 puc. 180, MOXHO cuMTaTh paBHBIM vf, €CJIH [>T,

KaprtuHy 2/1eKTPUUECKOTO OIS BHYTPY MMAPOBOTO CJIOST JIETKO HAWTH,
YUWMTHIBAS HEMPEPHIBHOCTh CWJIOBBIX JIMHWMA. [IJI 9TOr0 HYXHO COCAM-
HUTH COOTBETCTBYIOLIME paguasbHbie cuioBbie juHun (puc. 181). Boi-
3BAHHBI YCKOPEHHBIM ABMIKEHUEM 3apsaa M3/J0M CHJIOBBIX JUHHM «ybe-
racT» OT 3apsifa CO CKOPOCThIO ¢. M3/70M HA CHJIOBBIX JIMHUSIX MEXIY
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chepamu r =cf u r = c(f — 1) — 3TO W €CTh MHTEPECYIOMIEE HAC TOJIE
W3IyUYCHUS, PACTPOCTPAHSIOMEECS CO CKOPOCTBIO C.

Y1o0bl HAUTH TOJIE W3JIYUCHUS, PACCMOTPUM ONHY W3 JIMHUI HATIPS-
>KEHHOCTH, COCTABJISIOIIYI0 HEKOTOPBIM yroy O ¢ HAMPABJICHUEM ABWXXE-
Hug 3apaga (puc. 182). PasmoxuM BEKTOp HANPSKCHHOCTH OJJICKTPH-
ueckoro moss B usnome E Ha aBe coctasastomume: paauasbHyo Ey u no-

nepeunyio E . Pagmanpnas cocrasnstomas E| — 5T0 HampsKEHHOCTH

QJIEKTPOCTATUYECKOTO TIONY, CO34ABAEMOr0 3apdaoM ¢ HA pPACCTOSHUU
¥ = ¢t OT HEro:

_ 4
B =t (2)

IMonepeunas cocrapastomas E;, — 9T0 HAMPSIXEHHOCTh JJIEKTPUUESCKOTO
TMOJi B BOJIHE, W3JIYUCHHOMN 3apsSIOM TPW YCKOPEHHOM ABWXCHWHU. Tax
KaK 9Ta BOJHA OEXHUT 1O paguycy, TO BEKTOp E | NepneHauKyadapeH Ha-
MPaBJICHUIO pacnpocTpaHeHus BoyHbl. U3 puc. 182 BugHo, uto
ﬂ _ vt sin 6 ( 3)
E, ct

[Moncrasnas ciona E| n3 (2), maxomum
q

v .
E, =—=—sin 6.
+ St
YuureiBag, 4Tto ¢f =r, a OTHOMECHWE v/T €CTh YCKOPEHWE @, C KO-
TOPBIM ABUTAJICS 3apsii B TEUCHHME mpoMmexyTtka Bpemenu ot 0 mo T,
TMEpEenuIeM 9TO BHIPAXXCHHUE B BHIC
__qga .
E, =—-sin 6. 4)
CcF
IIpexae Bcero o0paTMM BHUMAHWE HA TO, UTO HANPSKEHHOCTh JJIEKT-
PUUECKOTo 1oJIs BOJTHEL E | yObIBaeT 00PATHO MPOIOPLUUOHAIBHO PACCTOSI-

HUIO 7 OT UEHTPA, B OTJIMUME OT HATPSIPKEHHOCTH JIEKTPOCTATUUECKOTO TTO-
ast E, KOTOpast IPOMopuMOHAIbHA 1/r2. Takoii 3aBUCUMOCTH OT PACCTOSI-

HUS ¥ CJICAOBAJIO OKUAATH, CCJTM TIPUHITH BO BHUMAHUE 3aKOH COXPAHCHUS
oHeprum. Tak Kak MpW pacpoCTPAHCHUM BOJIHBI B ITYCTOTE TOTJIOLMICHUST
SHEPruM HE MPOMUCXOOUT, TO KOJTMUECTBO SHCPIHH, Mpomeauee uepes che-
py Jr060ro paguyca, OfMHAKOBO. [10CKO/IBKY MJIOMIAAb MTOBEPXHOCTH CHEPHI
MPOTIOPIMOHAbHA KBAAPATY €€ PAANYCa, TO MOTOK SHECPTUU UepPE3 CAMHM-
1y €€ MOBEPXHOCTH A0/IKEH ObITh 00PATHO MPOMOPLMOHAIEH KBAAPATY pa-
OUyca. YUMUTHIBAS, UTO TJIOTHOCTh SHEPTUH DJCKTPAUECKOTO TIOJIST BOJIHBI

paBHa 81_:: E? , npuxoaum K BhiBOAY, uT0 E | ~1/7r.

Ilanee oTMeTHM, UTO HANPSPKEHHOCTh Moy BOMHBL E, B dopmyse

(4) B MOMEHT BpEMEHU { 3aBUCUT OT YCKOPEHMS 3api9aa ¢ B MOMEHT Bpe-
menu ¢ = 0: BosiHA, W3syucHHAas B MOMEHT ¢ = 0, JocTuraer TOUKu, Ha-
XOASIIIEUCS HA PACCTOSIHUM 7, CIyCTS BPEMSs, paBHOE r/c.
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H3nyyeHHne OCIHJLIMPYIOIEro 3apaaa. [Ipeamosoxum temnepp, 4To 3a-
pPAm g BCE BPEMS ABWXETCS BOOJIb TPSIMOHM C HEKOTOPHIM TEPEMEHHBIM
ycKopeHueM a(¢) BOMM3M HAYATA KOOPAMHAT, HATIPUMED COBEPIIAET rap-
MOHMYeCKHe KoseObanud. Torna oH OyaeT M3/aydaTh DJIEKTPOMATHUTHBIE
BOJTHBI HETIPEPHIBHO. HAamMpSKEHHOCTh OJJCKTPUUECCKOTO TIOJMS BOJHBI B
TOUKE, HAXOMAMIECHCS HA PACCTOSHHWM 7 OT HAYAJA KOOPAWHAT, TO-TIPEX-
HeMy ompenensgerca dopmynoin (4), mpuuem mose £, B MOMEHT Bpeme-
HU { 3aBUCHAT OT YCKOPEHUY 3apsaaa a B 0oJice pAHHUU MOMEHT f — r/c:

E, (1) =29=19 Gin o, (5)
cr
IlycTh ABMXKEHUME 3apgaa MPEACTABIASET COOOM rapMOHMUYECKOE KOJie-

Ganue BOJAM3M HAYAAA KOOPAMHAT C HEKOTOPOM aMIUIMTYAOM A U 4acTo-
TOH :

x(t) = A cos wt. (6)
Yckopenue 3apsaa a(?) mpu TaKOM ABWKCHWW JAETCS BBIPAXKCHUEM
a(t) = X(t) = —w*A cos wt. @)
IMoncrasaas yckopenue 3apspa a(?) B dopmyny (5), moryuaem
2 —
E, ()= — qu A cos;:o (t—rle) sin 6. (8)
cr

V3MeHeEHNE SIEKTPUYECKOTO MO B 000 TOUKE MPU MPOXOXKAEHUU
TAKOW BOJIHBI MPEACTABASET COOOM rapMOHMUYECKOE KOie0aHME C 4acTo-
TOW ®, T.€. OCUWIMPYIOMWN 3apsa W3Jy4aeT MOHOXPOMATUUECKYIO
BoHy. Pasymeerca, dopmyna (8) cmpaBemamBa Ha pPACCTOSIHHAAX 7,
GO/IbLIMX MO CPABHEHUIO C AMILIMTYAON KoJjebaHuii 3apsaa A.

OHeprus 3JeKTPOMATHATHOW BOJHBI. [IJOTHOCTD SHEPrUW IJAEKTPH-
YECKOTO MOJS W, MOHOXPOMATMYECKOW BOJIHBI, M3/IyUyaeMOM 3apsaaoM,
MOHO HauTH ¢ momouibo dopmysasr (8):

S G-l _ 1 ¢%*A% cos %o (t—rle)

C4 r2

sin? 0. 9

3

[TnoTHOCTH SHEprUKM MPOMOPLMOHAIBHA KBAAPATY AMIUIMTYALI KOJIE-
OaHMil 3apsgaa W YETBEPTOM CTEMEHU YACTOTHI.

Jlio6oe kosebanue CBA3aHO C MEPUOAMUECKUMHE MEPEXOAAMM SHEPIUU
13 ONHOrO BMAA B Apyrou u oOpatHo. Hanmpumep, konebanus MexaHuue-
CKOTO OCHMJIIATOPA COMPOBOXKAAIOTCS B3AaWMHBIMU TPEBPALICHUSIMU KU-
HETMYECKOW JHEPrMy W MOTEHUMAIBHOW JHEPrUuM ympyrou aedopmammm.
[Mpu u3yueHUM SAEKTPOMATHUTHBIX KOJECOAHWNA B KOHTYPE MBI BUICIIH,
YTO AHAJIOTOM TMOTEHUMAIBHOU OSHEPTUM MEXAHWMYECKOTO OCHUJIATOPA
SIBJIIETCS 9HEPIUsl IJCKTPUUECKOrO TMOJS B KOHACHCATOPE, a4 aHAJOTOM
KUHETUUYCCKOW OHEPrMM — JHEPrUsi MATHUTHOTO TOJS KATYIIKWA. JTa
aHAJIOTMs CIIPABEIVIMBA HE TOJIBKO AJIS JIOKAJIM30BAHHBIX KOJEOAHUI, HO
U IUIS BOJIHOBBIX TTPOIIECCOB.
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B MOHOXpPOMATHUECKON BOJAHE, GETYINEN B YIPYIoi CpPeae, MIOTHOCTU
KWHETUUECKOU W TIOTEHIMAJIbHOW SHEPTUi B KAXJA0M TOUYKE COBEPIIAIOT
rapMOHMYECKOE KOJ1e0aHue ¢ YABOEHHOM UaCTOTOM, IMPUYEM TaK, UTO MX
3HAUEHMS COBMANAIOT B JIOOOM MOMEHT BpeMeHu. Tak e u B Oeryiuein
MOHOXPOMATHUECKON OSJACKTPOMATHUTHONW BOJIHE: TIJIOTHOCTH OHEPTUHA
SJAEKTPUUECKOTO M MATHUTHOTO TIOJICH, COBEpIIAs TAPMOHHYESCKOE KOJIe-
GaHMe ¢ yacToTol 2, PaBHBI APYT APYTY B KAXKAOM TOUKE B JIKOOOMH MO-
MEHT BpPEMCHHU.

I110THOCTH 3HEPrMM MAarHUTHOTO TMOJS W,, BHIPAXKAETCS YEPE3 WHAYK-

UM B creayomuMm o0pa3oMm:

HpI/IpaBHI/IBaSI IUTOTHOCTHU JOHCPrUM OJICKTPUUCCKOTO W MATHUTHOIO
moseil B Oerymieil 5JeKTPOMATHUTHOM BOJIHE, yOeXaaemcsd, uTO MHIYK-
oUugd MArHUTHOTO II0JI9d B TAKOH BOJIHE 3aBHUCHUT OT KOOpAWHAT U BPEMCHHU
TOUHO TAK X¢€, KAdK HANPIXCHHOCTh JJCKTPHUUCCKOrO IIOJId. I[I)YI‘I/IMI/I
CJIOBAMU, B Gerymeﬁ BOJIHE MHAYKUWS MArdHUTHOrO mosjd B, W Hampd-

KEHHOCTh JICKTPUUECKOTO Mo E | paBHBI APYT APYry B Jr000il TOuke
B JII00O0M MOMEHT BpeMeHU (B TayCcCOBOM CHCTEME EAMHUIL):

B, =E,.

IIOTOK 3HEPruM 3JEKTPOMATHUTHOM BOJHBL [10JHAY TUIOTHOCTH SHEDP-
MMM 5JEKTPOMATHUTHOTO MOJIY B OETyIIel BOJHE W BABOE 0OJbIIE IJIOT-
HOCTH JHEPrHH dyekTprueckoro moad (9). ITaoTHoCcTs OTOKA SHEPTUN J,
MEPEHOCHMOM BOJIHOM, PABHA MPOM3BENCHUIO IJIOTHOCTH JHEPIMH W HA
CKOPOCTh pacmpocTpaneHus BoaHH ¢: j = cw. C momomsio dopmysr (9)
MOXHO YBHAETh, UTO MOTOK DHEPIUH UEPE3 JTHO0YIO MOBEPXHOCTh OCIM/I-
Jupyer ¢ vactoroir 2w. ag HaxoXaeHUS
CPEIHETO 3HAYEHWS ILIOTHOCTH IOTOKA .
oHeprun (j) HEOOXOAMMO YCPEAHUTH TIO
Bpemenu Boipaxkenue (9). Tak kak cpea- 9
Hee 3HaueHue cos’ w(7 — r/c) pasro 1/2,
TO i {j) mosyuaem
; 1 ¢%wa? .
<]>=gch Sln2 e. (10)

Puc. 183. YmioBoe pacmpenese-
HJIOTHOCT]) IMOTOKA OHCPIrUM B BOJIHC HUE JHEPTUU, U3JTYUAEMOM OCLIMII-

3aBUCUT OT HANPABJCHUA: B TOM HAIIPAB-  JIMPYIOUUM 3apsioM

JIEHWH, 1O KOTOPOMY MPOMCXOAAT KoJeba-

HUS 3apsana, SHeprus BoBce He masayuaerca (sin © =0). HaumGonpiee
KOJIUYCCTBO QHCPTUU M3JTYyUyaCTCd B MJOCKOCTH, nepneHmemepHOﬁ 9TO-
My Hampas/cHuio (sin 6 = 1). YmioBoe pacnpeneacHue u3ayyacMon oc-
UWLTMPYIOLIMM 3apSiIOM SHEpruu mokasano Ha puc. 183. 3apsax cosep-
miaer kKosiebanus BAOJIb OcH z. V3 Hauasa KOOpAMHAT MPOBOASTCS OTPE3-
KW, JAJUHA KOTOPBIX MPOMOPHUOHAJBHA W3JAy4yaeMOd B AAHHOM
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HaNpaBJEHUU HEpruu, T. €. sin? 0. Ha auarpaMmme nokasaHa JAMHUS, CO-
CAMHIIOMAS KOHIBI 3THX OTPE3KOB.

Pacnpenenerne sHeprum MO HATPABJCHWUYIM B MPOCTPAHCTBE Xapak-
TEPU3YETCAd MOBCPXHOCTHIO, KOTOPAS TOJMYyYACTCHd BPAUNICHUEM AWATPAM-
MBI BOKPYT OCH Z.

Honsgpuzaums 3JeKTPOMATHATHBIX BOJH. BosHa, mopoxpaemas BuG-
paTopoM IpPH FAPMOHUYECKMX KOJe0AHMAX, HAZBIBAETCH MOHOXPOMANU-
yeckor. MoHOXpOMATHUECKAS BOJTHA XapPAKTCPU3YCTCS OMPCACICHHOU
YacTOTOM W AJWHOMW BOJHBI A. [ITMHA BOJTHBI M UACTOTA CBI3aHBI Uepes
CKOPOCTh pPACIpOCTPAHCHUS BOJHHI C:
A=cT=5S=2n % (11
v w

DJIEKTPOMArHUTHAS BOJTHA B BAKyyME SIBJISICTCS HONEPeUHO: BEKTOP
HANPAXKXKECHHOCTHU JICKTPOMATHUTHOTO ITOJIA BOJIHBI, KAK 3TO BUAHO U3 IIPU-
BEACHHBIX BBIIE PACCYXACHUW, MEPOCHANKYIS-
PECH HAMpPaBJCHWIO PpACIPOCTPAHCHUS BOJIHBL
IIposenem uepe3 Touky HabmwoxeHus P Ha puc.
184 cchepy ¢ ueHTpoM B HAUaIE KOOPAUHAT, OKO-
JIO KOTOPOTO BIOJb OCU z COBEPINAET KoJaebaHus
n3ryuaromnii 3apan. [Iposenem Ha Hew mapasuie-
Ju u Mepuguanbl. Torma Bektop E mong BOTHB
OyAeT HANpaBJEH 0 KACATENbHOM K MEPUAUAHY,
a BexkTop B nmepnenamkyasapeH Bektopy E m Ha-
MPABJICH 1O KACATEABHON K TAPAJIICIH.

Yro6bl yOeIuThcd B 5TOM, PACCMOTPHUM IIOA-
pobHEE B3aUMOCBA3b DJEKTPUUECKOTO M MATHUT-
Puc. 184. Hampasnemme HOTO IIOJIEH B Oeryuieii BoJHe. DTH OIS MOCIE
BekTOpOoB E 1 B B BOJIHE, M3JTYyUCHUA BOJIHBI YK€ HC CBA3dHBI C UCTOUHU-
MATYHaEMOH OCIMULTMPYIO- koM, [1pr M3BMEHEHUM SJIEKTPHUECKOTO TIO/S BOJI-
HIMM BAOb OCH 2 3apSIOM ) BO3HMKAET MATHUTHOE TI0JIE, CHJIOBBIC JIMHUK

KOTOPOTO, KaK MBI BUACJM MPU M3YUCHUHM TOKA
CMCIICHUY, TEePIECHANKYJISPHBI CUJIOBBIM JUHUSM JJIEKTPUUECKOTO TOJS.
IT0 IEpEeMEHHOE MATHUTHOE TIOJIC, MBMEHSISCh, B CBOIO OUEPEab TPUBOXUAT
K TIOSIBJICHUIO BUXPEBOTO IJEKTPUUECKOTO TOJSI, KOTOPOE MEPHEHANKY-
JISIPHO TIOPOAMBIIEMY €r0 MAarHUTHOMY mojt0. Takum 0oOpas3omM, mpu pac-
MPOCTPAHECHUY BOJIHBL QJIEKTPUUECKOE ¥ MATHUTHOE TIOJIS MOAACP>KUBAIOT
IPYT ApPYyTa, OCTABAYICh BCE BPEMs B3AWMHO MEPNECHAMKYJIIPHbIMA. Tax
Kak B Oeryuieit BOJIHE M3MEHEHHUE DJIEKTPUUECKOTO ¥ MATHUTHOTO IMOJIEH
MPOUCXOAUT B (hasze APYr ¢ APYroM, TO MTHOBEHHBIH <«MOPTPET» BOJIHBI
(BexkTopsl E 1 B B pa3HbIX TOUKAX JUHUM BAOJIb HATIPABJCHUS PACIIPOCT-
paHEeHWs ) UMEET BU, MOKa3aHHbI HA puc. 185. Takas BoHA HA3BIBAETCS
JuHelino noaspusosannoi. COBEpIIAIOIUN TapMOHMUYECKOE KoJebanue
3aps/ U3JyUyaeT IO BCEM HAIPABJICHUSM JUHEHHO MOISIPU30BAHHBIE BOJI-
Hbl. B Oerynieil o ir000My HAPaBICHUIO JIMHEHHO MOJISPU30BAHHOM BOJI-
He BeKTop E BCe BpeMd HAXOOUTCH B OXHOW IJIOCKOCTH.
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Tak Kak B JUHENHOM 3JEKTPOMATHMTHOM BHOpATOPE 3apsiabl COBEp-
LIAIOT UMEHHO TAKOE OCHWLIMPYIOIIEE ABUXKEHHUE, TO M3AyuaeMasd Bub-
paTopoM SJICKTPOMATHWTHAS BOJHA TOJIPW30BAHA JuHEHWHO. B sTOoM
JIETKO yOEaUThCS HA OMBITE, U3MEHIS OPUEHTALUIO IIPUEMHOTO BUOPATO-

Puc. 185. DnekTpUUecKOe U MATHUTHOE TIOJIS B OETYIIEl JIMHEHHO MOJIPU3OBAHHON BOJIHE

pa OTHOCHTENBHO M3ayuaromero. CUrHas uMeeT HauOONbLIYIO BEIWUM-
Hy, KOrga TMpPUEMHBIA BuUOpPaTOp mNapawieneH wuaaydamomemy (cM.
puc. 178). Ecau npueMHblii BUOPATOP MOBEPHYTH MEPNEHAUKYIAPHO M3-
JIyYaLEMY, TO CUTHAJ MPONAAAET. DJIEKTPUUYECKHE KOaeOaHus B MpH-
€MHOM BHOpATOPE MOIYT MOSBUTBCS TOJBKO OJaromaps COCTABJISIOIIEN
5JIEKTPUUYECKOTO MO/ BOJHBI, HANPABJAEHHON BAoJAb BuOpaTopa. ITooro-
MY TakOH OIBIT CBUACTEIBCTBYET O TOM, UTO JJIEKTPUUECCKOE TIOJIE B BOJI-
HE MapajIebHO M3JIyJyarolleMy BuOpaTopy.

BOSMO)KHI)I n ApyrTuC BUABI NOJAPU3ANNHN TOMCPCUYHBIX OJICKTPO-
MAarHUTHBIX BOJH. Ecim, HampmMep, BekTop E B HEKOTOpPOW TOUKE TP
NPOXOXACHUM BOJHBI PABHOMEPHO BPAINAETCS BOKPYT HANPABJICHWS paC-
TPOCTPAHEHUS, OCTABAYICh HEM3MEHHBIM TI0 MOIYJII0, TO BOJIHA HA3BIBA-
eTCH UUPKYISIPHO NOJSAPUI0BAH-

HOU WIW NOJSIPUIOBAHHOU NO
kpyey. MTHOBEHHBI <«IIOPTPET»
S7EKTPUUECKOTO TOAS  TaKou
9JIECKTPOMATHUTHOM BOJIHBI TIO-
KasaH Ha puc. 186. i

Bonny xpyrosoit monsipuza- E \
OUA MOXHO TIOJTYUUTh TIPU CJIO-

KEHMH JBYX pACMpocTpaHso- (
MWXCS B OXHOM HATpPaBJICHUU

JIMHEIHO TOJIAPUBOBAHHBIX BOJIH  pyc. 186. Dnekrpuueckoe mome B Gerymeit
OIMHAKOBOM 4YACTOTHl M AMIUIM-  [upKyJSPHO MOJISPU3OBAHHOMN BOJIHE

TYABI, BEKTOPHI 9JICKTPHUECKOTO

MOJISI B KOTOPBIX B3AaMMHO TICPIICHAUKYJISIPHBI. B Ka>Xaoit U3 BOJTH BEKTOP
9JIEKTPAUECKOTO TIOJISI B KAXKAON TOUKE COBEPIIACT TAPMOHMUECKOE KOJIe-
Ganme. UToOB Mpy CAOXKEHUM TAKMX B3AMMHO MEPIEHAMKYJISIPHBIX KO-
JIe0aHMI MOy YMJIOCh BPALIEHUE PE3YIbTUPYIOMIETO BEKTOPA, HEOOXOOMM
casur (a3 Ha /2. [IpyruMu CIOBaMu, CKJIAABIBACMBIC JIMHEWHO TIOJISIPU-
30BAHHBIC BOJIHBI JOJIKHBI OBITH CABMHYTHI HA UETBEPTb AJUHBI BOJIHBI
OHA OTHOCHUTEJIBHO APYTOW.
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WUmnynasC BOJHBI W JiaBjieHMEe CBeTa. Hapsamy c osHeprmeir anexTpo-
MArHUTHAg BOJHA OO/JaNaeT U MMIYJAbCOM. EC/IM BOIHA MOrJIOMAETCS, TO
ee MMIYJIbC MEPEAAETCI TOMY OOBEKTY, KOTOpHI ee morsomaer. Orcrona
CAEAyeT, UTO TMpHU TOIIONICHWU JJCKTPOMATHUTHAS BOJIHA OKAa3bIBACT
nasiaeHue Ha mperpany. OObICHUTH MPOMCXOXKIAEHHUE NABJAECHUS BOJHBI U
HAWTU BEJMUMHY JTOTO AABJEHUS MOXHO CIEAYIOIUM 00pa3oM.

IMaparomas BOJHA B3aMMOJCUCTBYET C JJICKTPUUCCKUMU 3apSgaMu,
BXOALIIUMU B cocTas Joboro tena. Cuiaa, ¢ KOTOPOM DAEKTPUUECKOE M
MAarHUTHOE TOJIS BOJIHBI ACUCTBYIOT HA 3apsd ¢, paBHA

F=qE+%v><B, (12)

e v — CKOPOCTb [ABMIKEHHMS OSTOrO 3apgga. B Oerymieir saekTpo-
MATHUTHOM BOJHE B JKOOOM MOMEHT BpeMeHM B = E; NO3TOMY Ipu
v<<c¢ Bropoe cmaraemoe B (12)
— cuaa JlopeHna — Bcerna MHOTO
meHbme nepsoro. Ho mMenHoO ¢ cu-
aou JlopeHma cBSI3aHO AABJCHUE,
OKA3bIBAEMOE BOJIHOWM, B TO BpeMs
KaKk TepBoe ciaaraecmoe, gE, ompe-
JCJNIET SHEPIUiO, TOTJIOMACMYIO
Tperpajaon.

Ha puc. 187 mokasano nageHme
JVUHEWHO TOJIPU30BAHHON BOJIHBI
Puc. 187. IlageHue JMHEWHO MOJSIPU3O- Ha mperpaay: ocb z BBIOpaHa 110
BAHHOU BOJIHBI HA TIOTJIOMAKONLYIO iperpayy ~ HAMPABJACHUIO  paCnpoCTPpaHCHUS

BOJIHBI, OCb X — BJOJb HATpPaBJIC-
HU4 KoaeOaHui BekTopa E. Byaem cumraTth, 4TO ABMKCHUE 3apsaa B TO-
TJIOIIATOMICH BOJTHY TMPETPAaAc BBI3BAHO JJCKTPUUCCKAM TIOJIEM BOJHBI W
mo3ToMy BeKTOpbl E W v HampasJieHBI TIO OFHOUN mpsamoii. Torma mormo-
maemasl 3apsaoM MOIIHOCTh P paBHa

P=F-v=¢gE-v=gE v,. (13)

HetictByromasg Ha 3apsa cuiaa JlopeHna nepneHauKy/aspHa BEKTOpaMm v
u B u HanpasieHa no ocu z:

F,=qu.B/c. (14)
Tax kak B,(1) = E(1), 10
F,=gqE v/c.
CpaBHuBas 9TO BBIPAXXEHUE C BHIPAXKEHUEM IS MOTJIOLMIAEMOM MOLI-
vocru (13), Haxomum
Fz = l P. (15)
C

Bunno, uto meiicTByrOmAs HA 3apsA CUJA MPOMOPLMOHATIBHA MOTIOMAC-
MOM M3 BOJIHBI MOIIHOCTH.

Tak Kax B3aMMOACHUCTBUEC BOJIHBI C 3aPSAOM ¢ B CPEIHEM IPUBOAUT
K TIOTJIOMICHWIO SHEPTUU BOJIHBI, TO CPEOHEE 3a MEPUOA 3HAUCHUE TOTJI0-
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IAeMON MOLIHOCTH MOJIOXUTENBHO. [109TOMY U ACHCTBYIOMIAY HA 3aPS
CPETHAS CHJIA HAMPABJICHA B CTOPOHY PACPOCTPAHEHUS BOJIHBIL.

Byznem cuuTath, UTO BCA SHEPTHS TAAAIOMICH BOJHBI MOT/IOMACTCS TIPE-
rpagou. Tak Kak HA CAVHULY TUIOMAAN TOBEPXHOCTH MPETPAAB B CAMHUILY
BPEMEHH BOJIHA TIPUHOCHT DHEPTHUIO j = CW, TO OKA3BIBAEMOE BOJHOW TIPH
HOPMAJBbHOM MNAACHUMN OA4ABJICHUC pP PABHO IUIOTHOCTH OJOHCPrUM BOJIHBL
w: p=w. Cuna JaBJcHAS MOTJIOMAEMON 3JICKTPOMATHUTHON BOJIHBEI CO-
o0IIAEeT Mperpaae B €AMHUILY BPEMEHU MMILYJIbC, PABHBIA COMJIACHO (Pop-
myse (15) morsonienHoi SHEPrIK, ASJEHHON HA CKOPOCTh CBETA ¢. A 310
03HAUAET, UTO MOTJIOMICHHAY OJJICKTPOMATHUTHAS BOJHA o0samasa wMm-
MyJIbCOM, KOTOPHIA PABEH DHEPTUH, JEJCHHON HA CKOPOCTh CBETA.

BHCpBHC AABJICHUC JJICKTPOMATHUTHBIX BOJIH SKCIOCPUMCHTAIbHO 61)1—
10 obuapyxeno II. H. JleGenesbim B 1900 T. B MCKIIOUMTENBHO TOHKUX
OIbITaX.

¢ UYeM oTiMYaIOTCS KBAa3WCTAlIMOHAPHBIC 3JIEKTPOMArHUTHBIE KoJeOaHUS B 3a-
KPBITOM KOJIe6aTeIbHOM KOHTYpPE OT BBICOKOUACTOTHBIX KOJIeOaHUI B OTKPBI-
ToM BuOpatope? IlpuBeanTe MeXaHUUECKYIO aHAJIOTHIO.

e TloscHuTe, MOUEMY MPU SJIEKTPOMATHUTHBIX KBA3UCTAIIMOHAPHBIX KOJeGaHU-
9X B 3aKPbITOM KOHTYpPE HE MPOUCKOOUT U3JIyUEHUE IJIEKTPOMATHUTHBIX
BosiH. [loueMy u3IyuYeHUE MPOUCKOOUT MPU IJIEKTPOMATHUTHBIX KOJEGAHUIX
B OTKpPBITOM BUOpaTtope?

e Onumure U OOBICHUTE OMBITHI ['eplla MO BO3OYXACHUIO U OOHAPYXCHUIO
9JIEKTPOMArHUTHBIX BOJIH. Kakywo poJib UrpacT MCKPOBOI MPOMEXYTOK B Tie-
pedaoleM U MpUEMHOM BUOpatopax?

e [loscHurte, KakuM 00pa3oM TMPU YCKOPEHHOM ABUKEHUU BJICKTPUUECKOTO 3a-
psSda TPOAOJIBHOE 3JIEKTPOCTATUYECKOE IIoJIe IIpeBpalllacTcs B IIONEPEYHOE
3JIEKTPUYECKOE T0JIe M3JTy4aeMOU WM 3JICKTPOMArHWTHOM BOJIHBI.

. I/ICXOZ[SI U3 SHEPTETUUECKUX COOGanCHHﬁ, TOKAaXXHUTE, UYTO HAINIPAXKCHHOCTD
SJIEKTPUUECKOTO T0JIS cPEepUUECKOil BOJIHBI, U3TydyacMoll BUOPATOPOM, yObI-
BaeT Kak 1/r (B otyimuue or 1/r? Ui 2JIEKTPOCTATUUECKOTO MOJIsT).

e Yro Takoe MOHOXpOMaTHUUECCKad JJICKTpOMaromutHas BosiHa? YUTo Takoe AJIMHA
BosiHbI? Kak oHa cBg3aHa ¢ yacTtoToii? B ueM 3ak/iouaeTcs CBOMCTBO IOIE-
PEUYHOCTH DJICKTPOMArHUTHbIX BOJIH?

e Yro HasbiBaeTCH l'lOJIﬂle3aLlVleﬂ SHCKTPOMaFHI/lTHOﬁ BosiHbl? Kakue BUAbI T10-
Jigprusalnu BaM WU3BECTHBI?

e Kakue 10BOgbl Bbl MOXKETE MPUBECTU AJIS 00OCHOBAHHUS TOTO, UTO SJIEKTPO-
MarHuTHas BOJIHA 00JIalaeT UMITYJIbCOM?

e OO0bscHUTE posib cuiibl JIopeHIla B BOSHUKHOBEHUU CHJIBI JABJICHUS DJIEKTPO-
MArHUTHOM BOJIHBI Ha IIperpazy.

§ 29. CBoicTBA M NPMMEHEHMS INEKTPOMArHMTHbIX BOJIH

B Hacrogmee BpEMd i TCHCPUPOBAHUS ISJICKTPOMATHUTHBIX BOJIH pa-
ANOauAna3oHa 0OBIUHO UCTIOJIb3YOT JTAMIOBBIC WJIN TPAH3UCTOPHBIC I'C-
HECPATOPBI, KOTOPBIC MO3BOJAIOT MOJAYUATh HE3ATYXAKMIUC KoJacOaHng
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MPaBUJIBHON CUHYCOMAAIBHOU (DOPMBI B OUCHb HIMPOKUX AMANA30HAX Ya-
cror. IenepaTop cmeumanbHbIM KaOeaeM CBI3aH C aHTEHHOW-BHOpATO-
poMm. brarogapa aATEHHE BOJHBI W3JIyYalOTCd B MPOCTPAHCTBO.

JInana3oHsl paJUOBOIH. B pasmnuHbIX quamazoHax yactoTr (IIMH BOJIH)
WCTIOTH3YIOT AHTEHHBI PA3JTHMUHBIX TUIIOB, [I[pUMEHIEMBIC B PAAMOBEIIAHIT
aaunnbie (1B, A &~ 10*—103 m), cpeanue (CB, A &~ 103—10% M) u KopoT-
kme (KB, A~ 102—10 M) BOJHBI M3IYYAIOTCS AHTEHHAMM B BHJE BEPTH-
KaJIBHOTO TIPOBOASIIETO CTePXKHA. [IJ1 yBe/IMueHUS JATPHOCTY IPAEMA AH-
TEHHY CTPEMATCI TOTHATHh KAK MOHO BHIIIE, J[J19 TEIEBUACHUS , KOCMHUE-
CKOI PAAMOCBA3U U PAANOJIOKALNH UCTIOIB3YIOTC YIBTPAKOPOTKHE BOJIHBL
(YKB), aMHa BOJIHBI KOTOPHIX JI€XHUT B MHTepBasie ot 10 10 1072 m. B cay-
4ae METPOBHIX BOJTH TIPUMEHSIOT AHTCHHBL B BUAE BUOPATOPOB B MOJIOBUHY
JUTMHBI BOJTHBI HJTH TIEJTOTO PIA TAKMX BUOPATOPOB, 00pa3yoOIInX aHTCHHY,
KOTOpAst CO3AaET HATIPABJICHHOE U3JIyUYeHuE. B 1enmMeTpoBoM u CAaHTHMET-
POBOM AMATIA30HAX IUTS IOy UCHUS HATIPABJICHHOTO U3J/IyYCHUS UCTIO/Ib3Y-
0T napaboaMUecKue OTPaXKaTeau, MOAOOHBIE 3EPKAIAM ONTHUECKUX TIPO-
>KEKTOPOB.

PacnpocTpaHeHue pajavoBOJH. PacnpocTpaHeHne paguoBOIH 00yCI0B-
JIEHO LENBIM PAaoM (hAKTOPOB, CPEAM KOTOPBIX HAMOOJIBIIYIO POJIb Urpa-
IOT COCTOSHHE 3€MHOM M BOOHOM IOBEPXHOCTH M HMOHOC(Epa — CJI0H
noHM3upoBanHoro raza Ha Beicote 100—300 xM HAag MOBEPXHOCTHIO 3eM-
mu. WMonochepa mpospauna aiag BoaH Kopoue mpumepuo 10 m. Mmenno
HOSTOMy OHHU U IIPUMCHSIKTCAd B PAAUOACTPOHOMHUN U KOCMI/I‘ICCKOﬁ pa-
muocesasu. Haxg Semueit YKB-paguoBosHB pacipocTpaHIIOTCS, TOA00HO
CBETY, MIPAMOJWHCHHO B TIpeAeaax mpaMoi suammoctu. Bomasr KB-ama-
Ma30HA OTPAXKAKTCd MOHOCHEPONR M MOIYT PACIPOCTPAHATHCS HA OOJb-
IUE PACCTOSHUS B PE3yJIbTATE MHOTOKPATHBIX OTPAXEHUU OT MOHOC(hE-
PHL M MOBEPXHOCTH 3emin. [[JIMHHBIE W CPEAHME BOHBI Onarogaps amud-
pakumy CrocoOHbl OrmOaTh 3E€MHYK0 TOBEPXHOCTh W 00ECIEUMBATH
YCTOMUMBYIO PAAMOCBSI3b HA 3HAUMTEIBHBIX PACCTOSHUSX.

Ione chepuueckoi BOJHBL. XapakTep JAEKTPOMATHUTHOIO IMOJIS BOJI-
HBI, M3JyUYa€MOM MPOCTHIM BHOPATOPOM, CYIIECTBEHHO 3aBHCHUT OT TOTO,
HA KAKOM PACCTOSTHWM r OT HETO PACIoOJIOXKEHA PAcCMATPUBAEMAS TOUKA.
HawuGonpmmii mpakTHUECKUU WHTEPEC MPEACTABISET TAK HA3bIBAEMAS
BONIHOBASL 30H@, A KOTOPOHM r>>A. B cBOGOIHOM MpPOCTPAHCTBE M3JIYy-
UYCHUE PACTIPOCTPAHSICTCS 1O BCEM HATMPABJICHUSM C OXHOM M TOM XE CKO-
pocthio ¢. [ToaTomMy BpeMst pacripoCTpaHEHUS A0 BCEX TOUCK, YAAJCHHBIX
HA OIMHAKOBOC PACCTOSIHUE OT M3JIyuyaTesas, OOHO M TO XE€, M BO BCEX
Toukax cdepsl ¢ UEHTpPOM B maayuarene (aspl KoaeOaHwil OXMHAKOBBL.
Takas BoJIHA HA3BIBACTCH Cheputeckoll, XOTs €€ ICKTPOMATHUTHOE TI0-
sie cepuueckoit cuMMeTpruen He 001agaeT: Ha OMHOM M TOM XK€ PaccTo-
SHUM OT M3JIyuaTesis HAMPSKCHHOCTh MAKCMMAJIbHA IUIS HATIPABJICHMIA,
NEPNEHANKYIIPHBIX K BHOpaTopy (T. €. B 9KBATOPUAIBHOM TJIOCKOCTH ),
¥ YMEHbLIAETCS A0 HyJIs IJIs HATPABJICHUI BIOJIb OCM BHOpaTopa.
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Tak xak HAMPIXKEHHOCTH JCKTPUUECKOTO mossd E B Takoi momepeu-
HOW BOJHEC TICPICHAMKYJASIPHA HAMPABJICHUIO PACIPOCTPAHCHWS BOJIHHI,
BekTop E B /11000ii TOUKE NEPNEHANKYISPEH IPOBEAEHHOMY B HEE Paguy-

cy-Bektopy (pmc. 188a).
Ilpm mpoxOoXACHWHA BOJHBI
TMOoJie¢ TICPUOAWUYCCKA W3MEe-
HIETCI CO BPCMCHEM, W B
TOYKAX, OTCTOSMIWX OAHA OT
Apyroii HA A/2 B paguasib-
HOM HAMPABJICHUW, BEKTOPHI
E B OIWH MOMEHT BPEMECHU
HATIPABJICHB B TTPOTHUBOIIO-
JIOXXHBIC CTOPOHBI
(puc. 1886). Coenmngasa Ha
9TOM pHUCYHKE BEKTOpH E,
TMOJYyYWM OOHY W3 3aMKHY-
THIX JTUHUN HATIPSXKCHHOCTHA

N

~

N>

\

/

el
a [ ]

Puc. 188. dopma nuHUIT HAIPSKEHHOCTH HOJIS U3-
JIyUaromero Bubparopa

BUXPEBOTO 3JCKTpuuecKoro mosd. [lpmMepHad KapTwHA JWHWN HAMPI-
JKEHHOCTH 2J1EKTPUUECKOrO IO/ BOJHBI, M3/1yUaeMOM IPOCTHIM BUOpPATO-

pom, mokaszaHa Ha puc. 188a.

Bektop B mHAyKOWW MAarHWUTHOTO TOJIY B KAXAOW TOUKE TEPICHAW-
kysadgpeH E w HampaBJCHWIO pacmpocTpaHcHWS BOMHBL [losTomy smHWURA

A2 | A2 | A2 |

Puc. 189. Jlunun HanpspkeHHoctH (@) v uaaykiuu (6) B chepUUuecKoi 2JIeKTPOMArHUTHOM

BOJIHE TIPOCTOrO BUOpaTopa
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MHAYKIMK TIPEICTABALIOT CO00M KOHIEHTPUUYECKHME OKPYXKHOCTH, JEXA-
mMe B IUIOCKOCTSX, MEPNEHAUKYIApHbIX BubGparopy (puc. 1896). Ha-
[paBJIEHUE ITUX JUHUI IPOTUBOMOJOXHO B TOUKAX, OTCTOSLIMX OOHA OT
ApYroi Ha A/2 B paauaibHOM HATMPABJICHUU.

HpuHuun paauoceasu. [lpocreiinag cxema paaMoOCBg3M MOKA3aHA Ha
puc. 190. Ha nepenaromeit cranuum A KoaeGaHus B KOHTYpPE, CBA3aH-
HOM C M3JIyyarolledl aHTEHHOM, BO30YXAIOTCA TeHEPATOPOM. AHTEHHA
BMECTE C KOHTYPOM 00pasyroT KoaebaTebHyIo cucteMy. IlapaMerpsl co-
€AVHEHHOTO C AHTEHHOM KOHTypa
nmoadmparoTcy TaK, yToOB COOCTBEH-
HAagd 4YacToTa TAaKOW KosaebaTenbHOU
CHCTEMBI COBIAAAIA C YACTOTOM re-
HEpATOpa.

B npuemranke B COCOWHECHHBIN C

<~> 1 B4 AHTCHHOW KOJIEOATENbHBINL KOHTYP
/] CJIyXXKAT A8 HACTPOWKH, T. €. BBIAE-
JICHUS W3 BCEX BO30OYXIAEMBIX B
aHTeHHE KoJ1e0aHMii TOMBKO TEX KO-
nebaHuil, KOTOPhIE IMPOMCXOAAT Ha
YaCcTOTE HYXXHOU HaM MEPEAArmIEn
= = PAAMOCTAHIINN,

Puc. 190. Cxema paguoCBa3u OcHoBHOU (DM3UUECKUIN TPUH-
LMl PaguoCBA3M 3aKJIIOUAETCd B
TOM, YTO TOKM IPOBOAMMOCTH B LIEMAX MMEPEAATUMKA CHAYAIA TIPEBPAILIA-
IOTCS B TOKHM CMEINEHUS, HE TPeOYIOLIME AA8 CBOEr0 PaclpoCTPaHEHUS
MPOBOAHUKOB, A 3aTEM DTU TOKM CMELIEHMS CHOBA MPEeOOPa3yroTCsa B TO-

KN IIPOBOAMMOCTH B LCOIX IIPUCMHHUKA.

Cama mo cebe cxema Ha puc. 190 HE MOXET 00ECMEUNTh MEPERaUy
CUTHAJIOB. HOHCHI/IM ITO. Ha l'[epBI)IIrUI B394 MOXCET NOKA3aTbCd, UTO
VIS TIEpeNaud CWrHAJa AOCTATOUYHO MPEBPATUTHh €r0 B DJJIEKTPUUYECKHUE
Kosie0aHus M BO3OYAUTh B AHTEHHE MEPEMEHHBIA TOK C YACTOTOM W CH-
JIOi, COOTBETCTBYIOIIMMH AAHHOMY CHrHamxy. Tak, Hampumep, >XXeJas
MEPEAATh PeUb WM MY3BIKY, MOXHO C MOMOIIbI0 MUKPOGOHA MOJYUUTh
COOTBETCTBYIOIIMI MEPEMEHHBIA TOK M MOCJIE HANJIEXKAMETO YCUICHUS
nocsath e€ro B aHnTeHHy. OQHAKO B AEHCTBUTEIBHOCTH JTHM CIIOCOOOM
MEPENaTh CUTHAIbI HElb3s. [e0 B TOM, UTO BCE CHTHAJIbBI, C KOTOPBIMU
NPUXOAUTCS MMETh €0 HA MPAKTHUKE, MPEACTABIAIOT co0oit Koseba-
HUS HU3KOW 4acToThl. [ peur W My3bIKM OTH YaCTOTHI JIEXAT B WH-
tepsane or 10% go 10* T'u. Ho ans u3ayueHus: pagvoBOIH HEOOXOAMMBI
BBICOKME YACTOTHI, TAK KAK TOJbKO C OBICTPHIMHM KOJEOAHUSIMU MOXKHO
MOJIyYaTh AOCTATOYHO CHJIBHBIE TOKM CMemeHus. Hampasisis TOK, CO-
OTBETCTBYIOLIMIA HU3KOUACTOTHOMY CHTHAJy HEMOCPEACTBEHHO B AHTEH-
HY, MBI HE MOJYYHMM MPAKTHUYECKH HUKAKOW WM3JIYYEHHOU MOIIHOCTH.
D10 oruermBo BuaHO U3 (opmysasl (10) mpemsiaymero maparpada, co-
[JIJACHO KOTOPOM M3/Iyyaemasi MOLIHOCTh TPOMOPLMOHAIBHA UYETBEPTOM
CTEMEHN YACTOTBHI.

A B
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TlosTomMy B paamoTeXHWKE AT MEPEAAUN SHCPTUN WCTOIB3YIOT BBICO-
KOYACTOTHBIE KOJe0aHUs, KOTOPHIE M3MEHSIOT ONpPENEIEHHBIM 00pa3oM
KOJIe0AHMSIMI HU3KOM YACTOTHI, COAEPKAMMME HH(POPMALAIO, IMOAIEKA-
myio nepegaue. Takoe M3MEHEHUE «HECYIUX» BBICOKOUACTOTHBIX KOJIE-
Ganuil HA3BIBACTCH MOOYAsayueli. Ha mMpueMHOM CTOPOHE M3 OTHX CIOXK-
HBIX BBICOKOUACTOTHBIX KOJEOAHMI BHOBb BBIACASIOT KOIEOAHUS HM3KOM
YACTOTH, KOTOPHIC TOC/IC YCUJICHWS HATPABJIIOT B TPOMKOTOBOPUTEND,
tesierpadHBIA anmapat u T. 0. [1pomecc BOCCTAHOBJACHUS HH3KOUACTOT-
HOTO CHATHAJIA HA3BIBACTCA OeMmoOyasyuell WIA O0emeKmuposanueM.

AMIIMTYAHAS MOAYJAANMSA. MOy IAOUIO BRICOKOYACTOTHBIX KOMEGAHMI
MOXHO MPOW3BOAWTH, U3MCHSS MX AMIUIMTYAY, yactory wiu ¢dasy. Ha
IIPAKTUKE I/ICHOJII)S’yIOTCS[ BCC Tpu BHAA MOZ[yJIS[].[I/II/I. OCTaHOBI/IMCH TOJIb-
KO HA aMIUIMTYAHOM MOAyAdluu, ynoTpebiaseMoil Haubosnee uacto. Bo
BpEMd MAy3Hl B PAAHONEpPEIAUE HE-
MOIY/JMPOBAHHBIE KOJeOAHUS TOKA
B AHTCHHC UMCKT BUA

I(t) = I cos wt. (n ¢ 7
Onu mokazaubl Ha puc. 191a. Tlpu
mepefaye peun WM MY3BKW OTH 5 T T
KOJe0aHMs TPEBPAAOTCS B Oosee ~— p

CJIOXHBIC:

1(t) = I, [1 + 7(1)] cos of. (2) f\/\l\/\,\n/\f\f\f\l\
3nece  f(f) — wmoaympyomas UVVVVVUUUUV i

¢dyukuma, BhIpaxammas mnepeaa-

BaeMy WHGMOPMALUIO, IS KOTO-

poi | f (t)l <1 Puc. 191. AMmmmTyAHAS MOMYJISOMS KO-
B mpocreiimem ciyuae nepegaum - siebanmit

YKUCTOTO MY3BIKAJBbHOTO TOHA, HAa-

mpuMep 3ByKa KAMEPTOHA, TOK uepe3 MUKPODOH M3MEHSIETCS MO TapMo-

HUUECKOMY 3aKOHY, W MOAYJUPYOmMAs (PyHKIUS 3aMUCHIBAETCS B BUAC

f(t) = m cos Qf. (3)

3nece m — Tak HaspiBaeMas rAyOWHA MOXyJasSuuu, mpuueM m < 1
(puc. 1916). Yacrora 3ByKOBBIX KOAEOaHMI 2 MHOTO MEHBILIE YACTOTH
Hecymmx Kosiebanmit: Q<< . KoseGanust TOKa B aHTEHHE B 9TOM CJIydac
OMMCHIBAIOTCS (hopMy o

I(t) = I, [1 + m cos Q1] cos wt. (4)
I'pachMk TAaKOro aMILIUTYAHO-MOAY/MPOBAHHOTO CHTHAJIA TIOKA3aH Ha
puc. 191a.

Boipaxxenue (4), uCnosp3ysl M3BECTHOE TPUTOHOMETPUUECKOE TOXKIE-
CTBO /ISl IPOM3BEAECHUS KOCMHYCOB JBYX YIJIOB

COS a COS ﬁ=% [cos (a+ B) +cos (a—P)],
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MOXHO mEpEnmMcaTth B APYIrOM BUAC:

I(t) = I, cos ot + % ml cos [(w— Q)] + % mlycos [(w+ Q)t]. (5)

YacTOTHBI CHOEKTP MOAYJMPOBAHHOrO CHrHaja. Takum obpazom,
AMILIUTYAHO-MOAYIUPOBAHHOE Koaebanue (4) MOXHO paccMaTpuUBaTh
nb0 KaK OOHO «TaPMOHMUYECKOE KOAEOAHME YACTOTHI (0 C MENJIEHHO Me-
HAOLENCS aMIUIMTYA0M», U060 KaK CyMMY TPEX HACTOSIMIMX TAPMOHM-
UECKHMX KOJIE0AaHUI HA 4acToTax w, @ — Q u w + € ¢ MOCTOIHHBIMA aM-
mwmrygamu. OCHOBHASI 4acTOTA MEPEAATUMKA o HA3BIBACTCS B PAMOTEX-
HUKE Hecyuiel 4acmomou, a JIONOJHUTEIbHBICE YacTOTHI ® — Q
® + 2, BO3HHMKAIOUIUE TPU MOAYJSIHUH, — COOTBETCTBEHHO HUXHEH W

BEpXHEH Ookosvimu uyacmomamu. py-

MMM CI0BAMH 00 5TOM TOBOPSAT TaK:

CIEKTP MOXYJMPOBAHHOTO curHana (4)

COCTOUT U3 TPEX MAUCKPETHBIX UYACTOT
| (pumc. 192).
Ecnu mepemaBaeMbiii  HM3KOUACTOT-
06— © 0+Q HBIM CHTHAJ MPEACTABILET COOOM HE OTHO
Puc. 192. Yactotusiii ciextp moxy- TAPMOHHMUECKOe Kosebanme, a mmeet Go-
JIMPOBAHHOTO cHTHANMA (4) Jiee CJIOXHYI0 (opMy, TO BMECTO OAHOU

OTIPEACACHHON YACTOTH MOTYISIIIAN €2 MBI
OyZeM MMETh MHOIO YACTOT. B 5TOM C/yuae B CHEKTPE MOAYIMPOBAHHOIO
BBICOKOYACTOTHOIO CUTHAJIA BMECTO ABYX OOKOBBIX UaCTOT OyAET Leas co-
BOKYHHOCTI) qacToT, JEXamux CJICBA U CripdBad OT Hecymeﬁ JacToOThl W U
o0pasyoumx Tak HA3bIBAEMBIE HOKOGbLE NOJIOCHL YACTOT.

PeanbHOCTh 0OKOBBIX 4acToT. O6paTvM BHUMAHUE HA CAEIYIOMIEE 00-
crosrebcTBO. Maremarmuecku Boipaxenus (4) u (5) TOXIECTBEHHBI.
Ho Bemp peubp MAeT 0 MATEMATHUECKOM MPEACTABACHUM (DU3MUECKOTO
mporecca. Tak uTo Xe Takoe aMIUTMTYIHO-MOAYJIMPOBAHHBIN CUTHAJ HA
CaMoM JeJie: CyIIECTBYET JIM PEAJbHO TP FAPMOHMUYECKUX KOJIeOaHMS C
Pa3JIMUHBIMKA YACTOTAMHE ®©, ® — Q 1 ® + Q, KOTOPBIE MOXHO 3aperu-
CTPHUPOBATH MO OTACABHOCTH MPUEMHUKAMHU, HACTPOCHHBIMM HA OTH 4ac-
TOTHI, WA XE PEATBHO €CTh TOJBKO OTHO KOJEOaHHE C 4acTOTOM ®, HO
MPOUCXOASLICE C MIEPEMEHHON AMIUTUTYIOM?

OKasbIBAETCH, UTO TAKOM BOMPOC HE MMEET (PM3MUECKOro cMbicia. Hu-
KaKOl MPUEMHHK HE B COCTOSHUM OTJIMYUTH, AEUCTBYET JIM HA HETO OOHA
MOAYJIMPOBAHHAS JJICKTPOMATHUTHASI BOJHA WJIM TPU COOTBETCTBYIOIINE
el HEMOAY/IMPOBAHHBIC BOJIHBI OT TPEX MEpeaaTunkoB. Bompoc o peasbHO-
CTH GOKOBBIX UACTOT — JTO TAKOM XK€ BOMPOC, KAK, HATIPUMEP, UTO PEAIb-
HO: TO, uTo 10 = 2 4 8 wam 1o, uro 10 = 5 4 5?7 [IpaBuabHO CTABUTH BOII-
POC MOKHO TOJIBKO TAK: KAK LEIECO00Pa3HO B AAHHOM KOHKPETHOM CJIydae
npeacraButh uncao 10?7 A 5To 3aBHCHAT OT TOrO, UTO BBl XOTHUTE CACIATD.

Hasnauenue mepemaTumka — W3AYUYATh HECyHMEe WHEOOPMALMIO O
CUTHAJIE KOJEOAHWS B MPOCTPAHCTBO B BUAE JJIEKTPOMATHUTHBIX BOJIH.
[TockobKY, KaK MbI BUAEIU, MU3JIYUATHCS MOTYT TOJBKO BBICOKOUACTOT-
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Hble K0/1e0aHUs, TO ECTECTBEHHBIM OyNET MPEACTABJECHUE CUTHAJA B aH-
tenne B Buae (5): mMomyaupys konaeGaHus, Mbl NP MOMOIIKA HU3KOYA-
CTOTHOTO CWTHAJIA MPEBPAINAEM OFHO-CAMHCTBCHHOC TAPMOHWUECKOE KO-
se0aHue MEPEAATUMKA B HECKOJBKO IAPMOHMYECKHUX KOJeOaHMM, KOTO-
pBIC, OAHAKO, BCE SBJISIOTCS BBHICOKOUACTOTHBIMU W TIO3TOMY TMPWUTOXHBI
IUTS W3JIYUYCHUS PATAOBOJH.

JlerekTuposanue. UToObl mpu AEMOAYISLMKU B IPUEMHHUKE IIOJLYYHUTh
ONSTh HU3KOUACTOTHBIM CHTHAJA HEWCKAXXEHHOU (DOPMBI, HEOOXOAMMO,
OUEBHMAHO, UTOOBI B MPHEMHMK IIONAIM KOJEOAHMS BCEX UYACTOT, BO3-
HUKIOUX TPA MOAYJASUMU. A Ja9 3TOr0 HYXHO, uTOOBI HACTPOMKa
MPUEMHUKA XOTS M ObLIA OYEHb OCTPOM (IJIS OTCEUEHUS CUTHAJIOB OT
APYTUX «MEINAOMINX» PAAUOCTAHLMN), HO BCE XK€ TAKOM, YTOOBI LIM-
pyHA PE30HAHCHOW KPWUBOW MNPUEMHUKA, T.€. MHUPUHA HOJOCbL NPONY-
CKaMusl, OXBATHIBAJAA BCE OOKOBBIE UACTOTHI CHEKTPA MOMYJIMPOBAHHOTO
CUTHAJA.

B npueMHMKE M3 BHICOKOUACTOTHBIX KOJIe0aHuil CHOBA (DOPMHUPYIOTCH
KoJ1e0aHUs HU3KOM YaCTOThI, COOTBETCTBYIOLIUE MEPEAABAEMOMY CUTHA-
ay. JdeTekTrupoBaHWEe OCYIMIECTBASICTCS BHIMIPIMICHNEM MOAYJIAPOBAHHBIX
KOJeO0aHMIi TpPH MPOXOXACHWHM TOKA YEPE3 KAKOe-JMO0 HEJMHEHHOE
YCTPOWUCTBO — AMOJ, SJIEKTPOHHYIO JaMIy, W MOCACAYIOMNM CrIaXKuBa-
HUEM BBICOKOYACTOTHBIX TYJIbCALUWNA BBINPIMJICHHOTO TOKA LEMBIO,

AVAS

a 6
Puc. 193. Cxema aemoaynsaropa (a) v npeodpazoBaHue CUrHaIa TPy AETEKTUpoBaHUU (6)

obnagaromei noaxoadauiei nocroauuoi spemenn (puc. 193a). IMocneno-
BATEJIBHBIE DTAIBI TPeoOpa3oBaHus KOJCOAHUI MPK AETEKTUPOBAHUM TI0-
Kazaubl Ha puc. 1936. Bemmpsamienue mpoucxogut Giarogaps OXHOCTO-
POHHEW MPOBOAMMOCTU AMOAA /[, a CryaxuBaHue mysabcauumii — RC-
¢mabTpOM: B TE€ MOMEHTHI, KOrga AWOA MPOIMYCKAET TOK, KOHAEHCATOP
unbTpa 3apsaxaercs, yMeHbIIAs TOK 4epe3 HArpysky (rpoOMKOroBOpH-
TE€Jb, TEAEHOH), 3aTO B MPOMEXKYTKAX MEXAY MPOXOAILUIMMA MUMITYJIbCA-
MU, KOTJA AWO 3aTepT, KOHACHCATOP YACTUYHO PA3PSKACTCS uepes Ha-
rpy3Ky, NOAACPXKUBAS YPOBEHb TOKA B HArpyske.
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Paamocea3p. CxemMa mpocTeimero paguonpUeMHUKA MOAYUYaeTcd O0b-
€IMHEHNEM BXOMHOM Lenu ¢ KojebarenbubiM KoHTypoM (puc. 190), Ha-
CTpAaMBAEMBIM HA YACTOTY MEPENAIOMIEd CTAHLMM, W AEMOLYJIATOPA
(puc. 1934a), x BHIXOZY KOTOPOTO TMOXKIROUAECTCA TeaedoH. B peanpHbIx
OPUCMHHUKAX KOJIeﬁaHI/IH BI)ICOKOIUI UYacToThl HIEPEA ACTCKTHUPOBAHUEM
ycuauBaroTcd. [IpoaeTeKTHUPOBAHHBIE KOAEOAHMS TAKXe YCUIMBAIOTCS
ITUPOKOIIO/IOCHBIM ycHHHTeHeM HH3KOIUI YJacTOThI. BHCpBHe OpaKTHUUC-
CKOE NpPUMEHEHME DAAMOBOJIH /IS LEJEH CBA3U ObLIO OCYIIECTBIEHO
A.C. TlonosbiM u T'. Mapkonu. B panbHeiimem GypHOE pasBUTUE PAAKO-
TCXHUKHU 0OKA3aJ0 CUJIbHOC BJIUIHUC HA TeXHI/IIIeCKI/Iﬁ oporpecc m paam-
KaJbHO M3MEHMIO BECh OOIMK COBPEMEHHOM LWBUIN3ALNAN.

e Uem pas/inyarTCd SJICKTPOMAariuTHBIC BOJIHbI Pa3HbIX pal[I/IOZ[I/IaHaSOHOB? Ka-
KVMU CBOMCTBaMU 06yCJIOB.II€HI>I 0CODEHHOCTU UX NIPUMEHCHUSA B pal[I/IOCBSIZSI/I?

¢ Onumure CTPYKTYPY SJCKTPOMATHUTHOTO OIS M3Ty9aeMoM IMPOCTBIM BUO-
patopoM cdepUyecKoil BOJIHBI B BOJIHOBOH oOsactu. Ilouemy aTo mosie He
MOXeT OBbITh ChepUIeCKU-CUMMETPUUHBIM?

¢ [logacuure POJIb TOKOB CMCHICHUS B (I)I/ISI/I‘ICCKOM MNPUHIUIIE PAaAWOCBA3N.

e Yo Takoe Moayngiug? C Kakoii 11eJibio oHa ucrnonb3yerca? [louemy oHa mpuH-
UTTHUATbHO HEOOX0AUMA /1d TIepeAaun MH(MOPMAIINH ¢ TIOMOIIbIO PagUOBOTH?

e UYT0o TakKoe YACTOTHBIN CTHEKTP MOAYJTMPOBAHHBIX BBICOKOUACTOTHBIX KoJieha-
nuit? Kakoit Bug oH umeet?

e YTo peanbHO MpeACcTaBisseT co00M MOAYNHMPOBAHHBIN CUTHA: OJHO BBICOKO-
JacTOTHOE KosicbaHHe ¢ MEAJICHHO MEHSIIOUICHCS aMILJIUTYAON WIH HECKOJIBKO
rapMOHUYECKUX KOJICOAHUI PA3HBIX YACTOT C MOCTOSHHBIMU AMILIUTYAAMU?

. Hoquy NPUEMHUK HAOJIZXKEH BOCIIPUHUMATB KPOME Hecyl_l_[eﬁ YacCTOTbI €UIC
0053aTe/IbHO U OOKOBBIE TOJIOCHI 4aCTOT?

¢ C Kkakoll Ienbl0 B NpPHEMHHKE HEoOXOAMMO AeTeKTHpoBaHHe? OOBICHUTE
MPUHUUI JEUCTBUS MPOCTEHIIEH CXEMbl AEMOAYJIATOPA.

e Hapucyiite cxeMy NpoCTeHIlIero paguornpueMHUKa U 0OBSICHUTE, KaK OH pa-
ooraer.

A Tlonoca mponmyCKaHus ¥ u30MpaTenbHOCTh. OGCYANM HECKOb-
KO Togpo0Hee BOMPOC O MIMPHUHE MOJOCH MPOMYCKAHUS MPUEMHUKA U
ee CBYI3M C €ro m30MpaTeJbHOCThIO. Bee paboraromue paguocTaHIum
OJHOBPEMEHHO BBI3BIBAOT JJIEKTPOMATHUTHBIE KOJEOAHMSI B AHTECHHE
paguonpueMHuKa. Eciu Obl 5T PagMOCTAHUMK W3/IyUYaad UACAIbHBIE
MOHOXPOMATHUECKHUE BOJHBI, TO KAKMMH OBl OOJBIIMME HU OBLIU KO-
Je0aHUSI OT MEMIAIOMUX CTAHLMMI, BCErIa MOXHO ObLIO Obl BHIAEIUTD
HYXXHOE KoJjiebaHue, CAe/IaB MooCy MPOMyCKAHUS AOCTATOUYHO Y3KOM
BBHIOOPOM KOHTYpA C BBICOKOM AOOPOTHOCTHIO. OOHAKO UKMCTO CHHYCO-
uaaabHOE Koaedanue — 210 emie He curHaa. OHO HE HECeT HMKAKON
nHpOpMALMK, KPOME Pa3Be 4TO MHMOPMAIIMHA O TOM, UTO MEPEAATUMK
BKJIFOUCH.

Hecymmit wadopmaumioo curiaa — 970, KaK Mbl BUAEAH, 0093a-
TEJBHO MOAYJMPOBAHHOE KOJeOAHME, UYACTOTHBIA CIEKTP KOTOPOTO
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KPOME OCHOBHOM YACTOTHI COAEPKUT TAKXKE OOKOBBIE MOJIOCH YACTOT.
Ilnga BocIpom3BeAcHHS NepeaaBaeMon madopManuyu 0e3 MCKAXEHUNA
HYXHO, IITO6I)I moI0Ca MPOMyCKAHUA TPUCMHUKA OXBAThIBAJIA BECHh
YACTOTHBINA CIIEKTP MOAYJIMPOBAHHOTO CUTHAJA.

Wrtak, aad NpaBUIbHOTO BOCIIPOM3BENEHMS CUrHAjIa Tpedyercs
pacmmpaTh MOJOCY NPOMyCKAHUA TIPUCMHHUKA, a4 A9 OTCTPAUBAHUSA
OT MEWAKIIUX PAAUOCTAHLMIA, T. €. A1 YBEIMUEHUS U30MPaTEIbHO-
CTH, — CyXaTh 9Ty TMOJIOCY.

B pesyabraTe a9 HOPMAAbHOM Pa0OThl HECKOJBKMX PagUOCTAH-
OUA WX HECYIIME YaCTOThl AOJXKHBI OTCTOATh OXHA OT APYro Ha
BEJIMUWHY, MPEBHIIAKIYI IMUPUHY OOKOBBIX MOJOC CIIEKTPA U3JY-
YaEMBIX MMM MOAYJUPOBAHHBIX KojebGanuit. Ho mpu sTom B dupe
CTAHOBHUTCA TECHO: UMC/IO OJHOBPEMEHHO PAbOTAKOIMX B PaAMOIUA-
Ma30HE MEepPeAaoNMX CTAHIWIA OorpaHuucHo. [103TOMYy MPUXOAUTCS
WATA HA KOMIPOMUCC: MEXAYHAPOAHOE COMIANICHUE OTrPAHUUMBACT
MAaKCUMAJTbHYIO Y4acToTy MoayJsuuu BeauunHou 10 x['m, uro mo3so-
Jger 6e3 3aMETHBIX MCKAXCHUN TEPEAaBaTh PEUb U MY3HIKY.

19 BBICOKOKAUECTBEHHOIO PAAMOBEHIAHUS W TEM OOJIEE AI9 TeE-
JeBuacHUd, rae o0beM mnepemasaeMoii WHGOPMALMK 3HAUYMTEIBHO
Gosbuie, HeoOxoaMMa GoJiee HIMPOKAS MOA0CA YACTOT, KOTOPYIO MOXK-
HO obecreunTh TObKO B YKB-auanasone. 31ech J0MyCTUMO B3auM-
HOE TEPEKPHIBAHUE TMOJIOC YAAJCHHBIX MEPEAAOMUX CTAHIUMA, IMO-
CKOJTBKY paamoBoyiHB Y KB-mmama3zoHa pacmpocTpaHdioTCd TOJTBKO B
npeaeaax npsaMol BUAUMOCTH.

Pa3zauuHble TIPEJCTAaBJIEHHS MOJYJMPOBAHHOTO KoJeOaumus. s
MOHMUMAHUS BCEX DTHX BOMPOCOB OUEHb BAXHO OTAABATH ce0€ OTUET
B TOM, HA KAKOM 43BbIKEC CJACAYCT ONMUCBIBATD MOAYJIHUPOBAHHOC BbI-
COKOUACTOTHOE KosebaHme B KAXAOM KOHKPETHOM Clydae: Koraa o
HEM MOXHO TOBOPHTh KaK O «TAPMOHUUYECKOM KoJcOaHudm € MEn-
JICHHO MEHYIOMIEHCS aMIUIMTYAOW», a KOIAa HYXXHO HpPEACTaBJIATbH
€ro Kak COBOKYIHOCTh HECKOJIbKMX UYMCTO TAPMOHMUECKHMX Kosieba-
HUW C pa3HeIMEH uacroramu. Hampumep, a1 MHEPOKOMOJIOCHOTO
IPHEMHMKA IIeJeC000pa3HO HCIOJIB30BATH IMPEACTABICHHE O KOJIC-
OGaHMM OZHOM YACTOTHI C WM3MCHSIOLWICUCS aMrmmMTynoi. eiicTBu-
TEJbHO, KOTAA IOWUPUHA MOJIOCH TPOMyCKaHusi Aw MHOro OoJbiue
YacTOTHl MOAYJSIuMm 2, KOeOATeSIbHBI KOHTYp MPUEMHUKA TPU-
MEPHO OJMHAKOBO OTKJIMKAETC HA CHHYCOMAAJIbHBIC KOseOaHWS C
yactotaMu ® U ®* Q. DTO 3HAUUT, YTO MPUEMHUK BOCIIPHHUMAECT
MOAY/IMPOBAHHOE KosieOaHWe Kak OOBIUHOC CHHYCOMAAJIBHOC.

Jlist IpMEeMHUKA C BBICOKOM M30MPATEIbHOCTIO, MUPUHA TOIOCH
KOTOPOTO CYIIECTBEHHO MEHBIIIE YACTOTH MOAYJISILMN, HEOOXOAMMO MC-
MOJIb30BATh MPEACTABICHUE O HECKOJIBKUX YUCTO TAPMOHUUYECKHUX KO-
nebaHnsIX, TaK KaK TPY IEPECTPOMKE €r0 PE30OHAHCHOM YACTOTHI W, MbI

MOJTyYAEM UUCTO CHHYCOMAAIbHBIN OTKJIMK TIPH COBMAJCHUY 0, C KAXK-
JOW M3 UacToT ®, ® + €2 CIeKTpa MOAYIMPOBAHHOTO CUTHAJA.
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Ipumep u3 aKycTUKHA. ONUCHIBAEMBIC TIOJIOXEHUS OUEHb JIETKO TPO-
WUTIOCTPUPOBATh HA OIBITE, WUCIOAb3yd AKYCTHMUECKUE KoaeCaHus.
BospMeM gBa OOWHAKOBBIX KAMEPTOHA A W B, MMCIOMWX OAHY W Ty
K€ 4acToTy COOCTBEHHBIX KosaebaHui. HageHeM Ha HOXKY OIHOIO M3
Hnx (B) pe3wHOBOE KOJBIO. Temeph KAMEPTOHBI «PACCTPOCHBI» —
WX YACTOTH W, M ®p HEMHOTO pazamuaiorcd. BozOyamm oba xamep-
ToHa opHoBpeMeHHO. Koraa pasHocTh ux uyactor 2 = w, — Wz MHOIO
MCHBIIE CPEAHCH YacTOTH w = (w4 + wg)/2, MBI BOCHPUHUMAECM Of-
HOBPEMCHHOC 3BYUAHWE KAMCPTOHOB KAaK OAWH 3BYK MEPEMCHHOU
rpoMKkocT. JIJg HANIETO yXa CUTyalus TakKas XXe, KaK eciu Obl 3By-
Yana OAWH KAMEPTOH, PE30HAHCHBIN HIIAK KOTOPOTO TEPUOAMUYCCKU
OTKpPbIBAIM M 3aKPBIBAJM C 4YacToTOW = w, — wg. Hame yxo —
5TO IIMPOKOMO/IOCHBIA MPUEMHHUK 3BYKOBBIX KOJe0aHWii, M AeHCTBUE
ABYX OIM3KMX IO 4acTOTE KOAEOAHMN BOCIPUHMMAET KAK OIHO MO-
AYJUPOBAHHOE KOJeOaHUE.

CoBceM WHOE AEN0, ©C/U B KAUECTBE MPUEMHHUKA WCIOJb3YETCH
Y3KOIOJOCHBIA BBICOKOAOOPOTHBIM PE3OHATOP, HANPUMED ELIE OAUH
TOYHO Takoi xe KameproH C. Bo30yaum cHauaja TOJbKO OAMH Ka-
MEPTOH A, W Uepe3 HEKOTOPOEe BPEeMS 3aTIyIIAM €T0, TPUTPOHYBINWCH
pPyKOM K HOXKaM. B HacTynmBmel THIIWHE OTYCTIWBO CABIMICH 3BYK,
u3gaBaeMbiii KameproHoM C — OH OTKJMKHYJCA HAa KojebaHus Ka-
meprona A. IToBropuMm ombIT, BO30yXAad TOJBKO <«PAaCCTPOEHHBIIA»
kameptoH B. Tenepp C «MOTUMT», HE OTKJIMKAETCS HA KojeOaHus
B. Tlpu oAHOBPEMEHHOM BO30Y XAEHUM ABYX KAMEPTOHOB A u B, Kor-
Ja MBI CJBIMAM 3BYK TEPEMCHHONW TPOMKOCTH, PEAKIUS KaMEPTOHA
C OyJeT TOYHO TAKOM XX€, KAK U MPU BO3OYXIAEHUHU TOJbKO ONHOTO
kameproHa A. Ero BeIHYyXaeHHbIE KOAe0AHUS TIPOUCXOAAT C MOCTOSH-
HoM ammautymoii. OH Kak Obl HE 3AMEYAET, UTO 3BYK HMMEET IEpe-
MEHHYIO TPOMKOCTb. SICHO, UTO B JAHHOM C/Iydyae LEeaecoo0pasHo
MPEACTABJICHUE MOAYJIMPOBAHHOIO KOJEOAHMS B BUAE CYMMBI IBYX
YMCTO TAPMOHMUYECKHUX KOJEOAHMII C YACTOTAMHU ®, M Wy M TOCTOSIH-
HBIMUA AMIUTUTYAAMU. A

[ToueMy TpeboBaHMS, NpPEAbSBISCMbIC K I0J0CE IMPOIYCKAHUS IPHUEMHUKA
JUIs TIPAaBWJIBHOIO BOCIIPOM3BEACHUS TIEPEAaBaeMoro CUrHaja M ajisi BO3MOX-
HOCTHM OTCTPaUBATLCS OT MELIAIOIINX PAJUOCTAHIIME, OKa3bIBAIOTCS NIPOTHUBO-
peYuBbIMU?

[Touemy n/isi OOHOBPEMEHHOUN pabOThl PA3JIMUHBIX PaIUOCTAHIMI MECTO B
a¢pUpe OKas3bIBAETCS OrpaHUYCHHBIM?

[osicHuTe, B KaKMUX CJIyyasx MOAYJMPOBAHHOE KoyiebaHUE LeIecoo0pasHo
NPEACTaBJIATh Kak KojiebaHUe HA €QUHCTBEHHOM 4acTOTe C MEQJIEHHO MEHSI-
IOIIENCS aMIUTUTYAOM, a B KaKUX — KaK COBOKYITHOCTb UKMCTO rapMOHHUYE-
CKUX KOJIEOAHUI ¢ HECKOJIBKUMU YACTOTAMM.

HponenaﬁTe OINMMCaHHBIC OIIBITBI C KaMEpTOHaMU U 00BSICHUTE UX. HOl'lpO-
6ym“e BOCIIPDOM3BECTU OTU OIIBITHI, UCIIOJ/IB3Yd BMECCTO KaMCPTOHOB KaAKUC-JIN-
00 CTPYHHBIC MY3bIKaJIbHbIC MHCTPYMCHTBI, HallpUMEpP, 'MTapsbl.



VI. ONTUKA

§ 30. CBeT KakK 3NEeKTpOMarHMTHble BONHbI. UHTepdepeHuus

Ontuka — 370 yueHHe O (PUBMUECKUX IBJIEHMIX, CBI3AHHBIX C PACIPO-
CTPAHEHMEM KOPOTKHMX JIEKTPOMATHUTHBIX BOJIH, JJMHA KOTOPHIX CO-
craBager npudausureasbso 1075 =+ 1077 M. 3HaueHue UMEHHO 3TOit 06-
JIACTH CIIEKTPA SJEKTPOMATHUTHBIX BOJH CBA3aHO C TEM, UTO BHYTPH HEE
B y3koM mHTepBase aauH BosH oT 0,40 1o 0,76 MKM JIEXXHT yuacTOK Gu-
Jumoeo céema, HENOCPEACTBEHHO BOCIIPMHMMAEMOrO YEJOBEUECKUM IIa-
30M. DTOT Y4YacTOK COCTABJSET JIMINb MAJYIO YACTh BCEH IIKAJBI JJIEKT-
POMATHUTHBIX BOJIH.

BuauMblA CBET M ONTHYECKMHA auana3oH. C Touku 3peHud (pusmkm
MPOUCXOAANIMX TPOLECCOB BBIACACHUE CTOMb Y3KOM OOJIACTH BHIUMOTO
CBETA HE UMEET 0CO00TO CMBIC/IA, TIOITOMY B TOHATHE «ONTHUECKHUN IU-
amazoH» BKJIIOUAKOT OOBIUHO €UIE W UHPPAKPACHOE W YIbMPAPUOACHO-
6oe usnyuenue. Ho v i HUX NMPUHSTHIE TPAHWLBI CIEKTPA JOCTATOUHO
ycaoBHBL. [lo cymecTBy, 3TW TPAHWIB OMPEACTAIIOTCS WCIOIb3yCMBIMA
crnocobamMu TOTYUCHAS W PETUCTPALMA DJICKTPOMATHUTHBIX BOJTH.

W3nyueHne 37MEKTPOMATHUTHBIX BOJIH TPOWCXOAWT TPWA YCKOPCHHOM
ABUXCHUU JJICKTPUUCCKUX 34PAAO0B. SJIGKTpOMaI‘HI/ITHI)IC BOJIHBI paauoan-
amna3oHa M3JIy4yaloTCsd AHTCHHAMHU DPAAMONCPENATYMKOB MPH BBIHYKACH-
HBIX KOJICOAHMSIX DHJIEKTPOHOB B AHTEHHAX. BCe H/IEKTPOHBI B AHTEHHE
coBepaT Kosedanus B ogmHakoBoil (asze. [TockosbKy oTi KosieOaHus
MOTYT MOAACPXUBATHCS OUCHD JOJITO U C BBICOKMM TIOCTOSTHCTBOM YACTOTHI,
TO M3JIyYaeMBIC TIPU OTOM PAAMOBOJIHBI C OTPOMHOM CTEMEHBIO TOUHOCTH
MOHO CUMTATh MOHOXPOMATHUYECKIMH.

KorepeHTHble U HEKOrepeHTHble BOJHBI. B ontuke Bce muaue. Jlro-
0ol MCTOUHMK CBETA — OTO CKOIJICHHE MHOXECTBA BO30YXACHHBIX
WM HEMPEPHIBHO BO30yXHAeMbIX aTOMOB. ['€HEpaTop CBETOBOM BOJI-
HBl — OTO KaXXAbll OTAEC/JbHBIA ATOM BEIIECTBA. BO30yXAECHHBIM aTOM
W3JIyuaeT ILyT BOJIH, T.€. OTPE30K MOUTH MOHOXPOMATHUECKUX BOJIH
KOHEUHOM MPOTSIXKEHHOCTH. XapaKTEPHOU OCOOEHHOCTBIO KaXAOro S/e-
MECHTAPHOTO WMCTOYHUKA SIBJSETCS €r0 CaAMOCTOSITEJIbHOCTh, HE3aBUCH-
MOCTh OT apyrux aromoB. [losromy paxe B TOM cayuae, Koraa
OTACJBHBIE LYTM MOXHO XapaKTEpU30BATh OJHOM M TOM K€ JIMHOU
BOJTHBI A, COOTHOmECHUS (hba3 MEXAy LyramMu BOJH, M3JIYUCHHBIX pPa3-
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HBIMM ATOMAMM, WMCIOT COBEPIICHHO CJYUYaWHBIA XapakTep U MEHS-
OTCI OT Iyra K Iyry.

Toabko B j1azepe, rae UCHOJIb3YETCS BHIHYXXACHHOE M3JIyUCHUE, yAd-
€TCd 3aCTaBUTh BCE BO30YXXAEHHBIE ATOMBI M3/yUYaTh JJIEKTPOMATHUTHBIE
BOJIHBL COIJIACOBAHHO, MOAOOHO TOMY, KAK 9TO IPOMCXOAWUT B AHTEHHE
paauonepenatunka. B pesyabraTe o0pasyercsd CBETOBAs BOJIHA, OaM3Kas
MO CBOMM CBOWCTBAM K WCAJIbHON MOHOXPOMATUUECKOU, — KO2epeHm-
Hast DJIEKTPOMATHUTHAS BOJIHA.

W3nayuenue OOBIYHBIX MCTOUHUKOB CBETA, TAKMX, KAK PACKAJIEHHBIE
TBEPABIE U XUAKHUE TEAA, BO30OYXKIEHHbBIE DJEKTPUUECKHUM PA3PAAOM Ta-
3Bl U T. 1., NPEACTABASET COOOM HAMOXEHUE OIPOMHOTO UKC/IA HE COIJIa-
COBAHHBIX MEXAY COOOM I[yroB BOJH, T.€. (DAKTHUECKU <«CBETOBOM
myM» — OECOPAAOUHBIE, KAK TOBOPAT, HeKozepenmHble KoaebaHus
9JIEKTPOMATHUTHOTO TIOJIS.

UnTepdepenus crera. [IpaMbeiM TOATBEPXKACHNEM BOTHOBOW TTPHPOZIBI
CBETA MOXET CIYXUTh uHmepgepenyuss — GBJICHUE HAJIOXCHUS HE-
CKOJbKMX BOJIH, IIPW KOTOPOM B OOAHUX MCCTAX NMPOUCXOAUT YCUJICHUC, ad
B Apyrux ocjaabjaeHue aMILIUTYAbL PE3Y/IbTUPYIOMIEH BOJIHBIL.
HaGnronath uHTEPEPEHIMIO CBETA OT HEKOIEPEHTHBIX MCTOUHUKOB
MOXHO, TOJbKO HCHOJIb3yd CICUHUAJIBHBIC TPUECMBI — PA3ACTadId UCXOO-
HBIIA Iy4YoOK H4 ABA. XOTS[ B KAXAOM M3 ITHUX MYUKOB, KdK U B MCXOA-
HOM, d)aSOBI)Ie COOTHOIICHUA MCXAY PA3MMUHBIMU LOYTdMW HCOPCPBIBHO
XA0THUECCKHU MCHAITCI, 3TU U3MCHCHUSI 6yZ[yT OAUHAKOBBIMU A4 060—
WX My4YyKOoB. ECJM OTH MyuyKW CHOBA CBECTH BMECTE, TO MOXHO HaOJIO-
JaTh YCTOMUMBYI WHTEPGMEPEHIMOHHYIO KAPTWHY TpPH YCJIOBUH, UTO
PA3HOCTh X044 MEXAY IMyUYKdMW HC TMPECBBIIACT AJWHBI OTAC/ABHOTO IYy-
ra. Ecim Xe pasHOCTh Xo#a OKaXXeTcs OOJblle JIMHBI Lyra, TO yCTOM-
UyMBOW WHTEPPEPEHIMOHHON Kap-
B THUHBI HC 6yZ(CT, TAK KdK B J3TOM
cayuyae Oyaer MpOMCXOAWTh HAJO-
KEHUE IYyTOB, W3JYUCHHBIX Pa3HBI-

S, MU aTOMaMu.

A_} L dBnenune maTEpdhEpEHINM CBETA
s BIIEPBBIE OBLIO OOBSICHEHO HA OCHO-
2

BE  BOJHOBBIX MPEACTABICHMIA
T. FOurom B 1802 r. s uHTEpPIIpE-
Tauun onsima FOHea MOXHO BOC-
MOJIb30BATHCS TPUHIUTIOM [FOMreH-
L ca, KOTOPHIH CIPABEOIUB HE TOJIBKO
TS MEXAHWUECKUX BOJIH, HO W JJIS
BOJIHOBBIX TPOLIECCOB JIFOOOM TpH-
ponbl. B ombite FOHra manoe orsep-
ctue A B HempospauHoMm dkpane (puc. 194) ocBemanoch MHTEHCUBHBIM
MCTOUHMKOM cBeTa. Ha ocHoBanwm mpumamumna [roiireHca 510 oTBEpCcTHE
MO>XHO CUMTATh HOBBIM TOUCUHBIM MCTOUHUKOM TOIYCHEPUUCCKUX BOJIH.
OTu BOJHBI NANAIOT HA ABA MAJbIX OTBEpCTHd S| U S, B CACAYIOIEM IK-

Puc. 194. Cxema onbita FOura



§ 30. CBET KAK J2JIEKTPOMATHUTHBIE BOJIHBI. THTEP®EPEHIINA 271

PAHE, KOTOPBIC B CBOK OUCPCAb CTAHOBATCA HOBBIMHU TOUCUHBIMHU MCTOU-
HHKAMHW BOJIH.

Taxum crocoGom B onmbiTe FOHTA JOCTHraeTcs pasmeacHuE MCXOTHOM
BOJIHBL HA JABE. DTU BOJIHBI HAJArarOTCd APYr HA Apyra B o0/JacT 3a OT-
BEPCTHSIMHA ¥ MOTYT WHTEP(HEpPHUpOBaTh, TaK KAK MCTOUHUKHU S, U S, KO-
repentHbl. Ha skpane B oOpasyercd MHTephEPEHIMOHHAS KAPTHHA.

Paznenenue BOTH OT MEPBUUHOTO HEKOTEPESHTHOTO MCTOUHMKA HA JBE
KOrCpCHTHBIC BOJIHBI, T. €. nonyquHe ABYX BTOPUUHBIX KOTCPCHTHBIX
TOUYCUHBIX HMCTOUYHUKOB, MOXCET OCy]J.IeCTB.}'ISITI)CSI Pa3sHbBIMA CHOCOGaMI/I.
Ho pacuer uHTEphEpECHIMOHHON KAPTUHBI BO BCEX TAKUX CAydasx Mpo-
HU3BOAUTCI OAMHAKOBO, TAK X€, KdK U B CXEMC IOHI‘a. ECJII/I B I/I3JIy‘ICHI/II/I
OCPBUYHOIO MCTOUHHUKA BCC HC3ABUCHUMBIC nyru BOJIH XapaKTepI/If)’yIOTCSI
OIHOW W TOM X€ JJIWHOW BOJHBI A, TO AJS W3YyUCHWSI BTOPUUHBIX WCTOU-
HUKOB S, ¥ S, MOXHO HCIIO/Jb30BATh MOHOXPOMATUYECKYIO WMIAEAIM3A-

I[MI0, HECMOTPSl HA TO, YTO MX M3IyYCHHE MPEACTABISICT COOOM Ty Xe
XA0TUYECKYIO MOC/IEAOBATENBHOCTh OTAEAbHBIX IIYTOB.

3aMeHa TAKOWM MOCAEAOBATEIBHOCTH IYTOB OCCKOHEUHOM CHHYCOHU-
JaJIbHOM BOJIHOM BO3MOXKHA IIPH YCJIOBUM, UTO TOUYEUHBIE BTOPUUHBIE UC-
TOUHMKH KOTE€PECHTHBI, a PA3HOCTh XOA M3/y4aeMBIX MIMH BOJIH B JIFO00M
TOUKE OKpaHAa B MEHbBIIE MPOTIXKECHHOCTH OTAEAbHOrO myra. Ilia aroro,
pazyMmeeTcsi, 9KpaH B JOMXEH ObITh yJaJeH OT UCTOYHHMKOB S, M S, HA
3HAUMTE/IBHOE paccrogHue L, a paccro-
gHre ¢ MEXAy WCTOUHMKAMH S; U S,

JOIKHO OBITh OCTATOYHO MAJO.

P

Cxema IOnra. Cxema pacuera mHTEp-
¢depeHIIMOHHON  KAPTHHBL  9CHA W3
puc. 195. B Touke O, paccrogHusa o0
KOTOpOil OT UCTOUYHHUKOB S; M S, OAUHA-  pyc. 195. K pacuery unrepdepen-
KOBBI, TIPUXOASIIINE BOJHBI YCUJIMBAIOT  LMOHHOM KapTUHBI B ombite FOHra
ApYT Apyra, Tak Kak KojeOaHus Toad B
9TOM TOUKE MPOUCXOAAT B OAMHAKOBOU ¢haze. PesynbraTr cioxeHus xo-
ne0aHnii B TIPOM3BOJIBHOM TOUKE P ONpemeasaeTrcd pa3HOCThI0 xoma [
BOJIH, mpuxofsmux B P u3 S; u S,. Ecau / paBHO mesomy uucay AiuH
BOJH A, TO KOsicOaHUS B TOUKE P yCHJIMBAIOT APYT APYra; eciu [ paBHO
HEUCTHOMY UMCJy TOJYBOJIH, TO KOJEOAHWSI B3AUMHO OCIA0ISIFOTCS.

Boipasum pasHoCTh x0ma [ BOJH, NMPUXOOMMIMX B TOUKY HaOmoxe-
HUS P, uepe3 yron 6 MeXay OChIO M HAMPABJICHUEM HA TOUKY P u
paccrosuue d mMexay mcrounukamu (puc. 195).

Bynem cumrath, uto d<<L. Torga mpm manbix O pasHOCTh XOAa
MO>XHO HAWTH, OMyCKas M3 S; NEPNEHAMKYIID HA MpamMyro S,P:

l=de. (1)

®opmyna (1) maer BO3MOXHOCTbh ONpPEAEIUTHh YIJIOBOE TMOJIOXEHUE
MaKCMMYMOB M MUHMMYMOB Ha okpaHe B (puc. 195). Hampasiaenus Ha
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MaKCUMyMBbI ToTyunm, mojaras B (1) I = ni:

A
Opax=n, n=0, %1, £2, .. (2)
[Monaras [ = (2n + 1) A/2, mosyunM HAMPaBJCHUS HA MUHUMYMBI:
0,. = (n+%) 2on=0, =1, £2, ... (3)

Yrmosoe paccrosiame AO MexXay COCENHMMH MAaKCMMyMaMW WA MU-
HUMyMaMH, KaK BUAHO W3 ITux (opmys, paBHO A/d, a paccrosiaue A
MEXAy HMMHU HA JKpaHe B, Kak BuaHO u3 puc. 195, paBHO

h=LAO=AL/d. 4)

HUnTepdepeHinOHHbIE MOJOCH. MBI paccMOTpesM TOBKO TOUKHW JKpa-
HAa B, Jexamue B MIOCKOCTH ueprexa Ha puc. 195. Jlerko coobpasurs,
4TO BCI MHTEPPEPECHIMOHHAY KAPTHMHA HA JKpaHEe B B HEIOCPEACTBCH-
HOWM 61M30CTH OT TOUKM () COCTOMT M3 UEPEAYIOIIMUXCH CBETJBIX U TEM-
HBIX TIOJIOC, HA3BIBAEMBIX UHMep@epeHuuoHHbimu noaocamuy. OHA HAXO-
IATCS HA PABHBIX PACCTOSHWAX APYT OT APYTa W HAMPABJICHBI NEPOCHAN-
KyJSIpHO TUIOCKOCTM 4epTeXa, T.e€. IUIOCKOCTH, B KOTOpPOM JIeXar
MEPBUYHBIA TOYCUHBIA uCTOUHWK S (T.e. orBepctue A Ha puc. 194) u
BTOPAYHBIC UCTOYHUKHU S; U S,.

TpyaHocTs HAOAOAEHUS UHTEP(EPEHIMM CBETA B TAKUX ONbBITAX CBS-
33aHA C T€M, UTO JUIMHA BOJHBI CBETA OUCHDb Maia. [Ipu A=5-10 cMm u
paccrosHuu d MEXAy UCTOUHMKAmu, paBHOM Bcero 0,5 MM, paccrosinue
MEXAY COCCAHMMMU I/IHTep(‘bepeHHHOHHHMH moJjocaMn 6yZ(CT COCTABJIATH
TobKO | MM Tipu yaasieHuu 9KpaHa B Ha | M OT UCTOUHUKOB.

OCBEUICHHOCTh 9KPAHA, T. €. BHI3BIBAEMOE CBETOM 3PUTE/IBHOE OLIYy-
MEHNE, OMPEAEAIeTCS JHEPruei Koae0aHuii B CBETOBOM BOJIHE, T. €.
KBAIpATOM €€ aMIuIUTyabl. PaccumraeM pacmnpeac/icHue OCBEUICHHOCTH
HA 9KpaHe, rae HabaogaeTcs MHTEphEPEHUMOHHAS KaptuHa. Ecam mpu
OCBCIICHUY 9KPAHA HECKOJBKMMH HEKOTCPCHTHBIMU MCTOUHMKAMM CKJIA-
IBIBAIOTCS OCBCIICHHOCTH, TO TPW MHTEPPEPEHUIMU CKIAABIBAIOTCS HAa-
MPSIXKECHHOCTH TOJIEH B KOTCPECHTHBIX BOJTHAX, & OCBCIICHHOCTh B KAXAOM
TOYKE 9KPAHA MPOMOPLUOHATBHA KBAAPATy AMILIUTYABI PE3yJIbTUPYIO-
miero kosiebanms. [TOCKOMBKY pacCTOSIHUS OT MCTOYHHKOB A0 TOUKHM Ha-
OIIONEHUS TIOUTH OAMHAKOBBI, TO AMILIUTYAbI 00EMX BOJIH B TOUKE Ha-
OTIOCHUS TIPAKTUUYECKW DPABHBI, €CIM BTOPUYHBIC WCTOUHMKA S, 1 S,

OOMHAKOBBIL. [IpM 9TOM HAMPSXKEHHOCTh MOJII B TOUKE HAOIIOOCHUS MPO-
MOPLMOHAIBHA BHIPAXEHHUIO, KOTOPOE MPEACTABASIET COO0M CyMMy KoJe-
OaHWMii, BHI3BIBAEMBIX KAXXAOM M3 BOJH B TOUKE P:

cos w(t —[,/c) +cos w(t + 1,/c) =
=2cos [ (1, — 1))/2¢] cos w [t — (1, + 1,)/2c].

BugHo, uTO 5TO ecTh ypaBHEHHME KOJEOaHWT C AMIUITMTYAOM
2 cos (wl/2c), 3aBucameit ot pasHoctu xoxga [ = [, — [,. Tak xak ocse-
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IEHHOCTh MPOMOPIMOHAbHA KBAAPATY AMILIATYABI, TO PaCHpencacHue
ocemeHnocTd E(6) B 3aBUCMMOCTH OT HATIPABJICHUS HA TOUKY HAaOJIHO-
neHud O mMmeer BUA
E(6)~4 cosz(;—l=4cos2 (‘”—d 6) =2 |1+ cos (oo_d 9) )
c 2¢ c
Pacnpenesierne oCBEmEHHOCTH B MHTEP(PEPECHIMOHHBIX IOJI0CAX, HA-
Gmopaemerx mo cxeme IOnra, moxasano ma puc. 196. OcsemennocTs B Mu-
HUMYyMax PaBHA HYJO, 3 B MAaKCHU-
MyMax OHA B UETHIPE pas3a GoJiblle E
OCBCIICHHOCTU, KOTOpAas CO37aBa-
J1ach Obl OIHUM UCTOUHUKOM. ITos10-
XEHUE MAKCUMYMOB 1 MUHUMYMOB, , ,
Kak BuaHO U3 hopmyasr (5), HAXO- _% 0 % 2% S
JUTCS B COOTBETCTBUM C TMOJIyUCH-
HbeiME paree dopmyaamu (2) m (3). Puc. 196. Pacnpenesienme ocsemeHHoCTH B
OTMETUM, uTO CpenHee 3HAue- uHTEPPEPEHIIUOHHBIX TIONOCAaX, Habmonae-
MbIX 10 cxeme FOHra
HHE OCBCIICHHOCTH TO JKPaHy B
uHTEPhHEPEHIIMOHHON KAPTHHE, CO-
rnacao dopmysie (5), paBHO TIPOCTO YABOCHHOW OCBEIMICHHOCTH OT OXHO-
O UCTOUHMKA. DTO 3HAUUT, UYTO MPU MHTEPPEPESHIINU TTPOUCKOAUT TOJIb-
KO TIepepacnpeacicHue SHEPruu B MPOCTPAHCTRE.
WHurencuBHOCTh HaGmoaaeMoii B onbite FOHra uHTEpdhEPEHIMOHHON
KapTUHBI MOXHO 3aMETHO YBEJWUWUTh, €CJAU BMECTO TOUCUHBIX OTBEp-
ctuii A, S; u S, B JKpaHaX HKCIOJb30BATh y3KHUE, AJMHHBIE, IApas-

JIEJIbHBIE MeXAy coboi menu. Bua mosoc BOau3u umeHTpa uHTEpEpPEH-
IMUOHHOTO II0JI9 6yz(eT IIPpHU 3TOM TAKHUM XK€, KdAK U IIPpU UCIIOJIb30BAHUN
ToucuHbiXx oTBepcTuii. [loscaum sto. Ecnm toueunoe orBepcrue A me-
peMemarh NepPneHAUKYAIPHO TUIOCKOCTH ueprexa Ha puc. 194, to un-
TepdhepeHMOHHBIE TTOIOCET HA 9KPAaHE, TOIYyYaeMble OT TOUCUHBIX OT-
BepcTuit S; u S,, MPOcTO OYAYT CMEIATHCS BAOJIb CBOMX HAMPABJICHMIA,
T. €. TaKXE MEPNEHAWKYJSIPHO TUIOCKOCTH ueprexa. [loaromy 3amena
OTBEPCTHUS A AJIWHHOU IMIEJBIO, T. €. HEMPEPHIBHON IEMOUKON TOUCUHBIX
HEKOTEPEHTHBIX MCTOUHMKOB, HE MPUBEACT K YXYAMICHUIO YETKOCTU WH-
TepEPEHIMOHHBIX TOA0C MO KpalHEH Mepe B TOM o0jacT, rae Mx
KPUBU3HA HE3HAUMTENAbHA. He mpuBemeTr K yXyALICHUIO UETKOCTH W Tie-
peMenieHre Mo 9TOMYy HampasieHuio otsepctuit S; u S,. ITostomy mx

TAKXEC MOXHO 3aMCHUTb HA Y3KHMC OJIWHHBIC LIC/IA.

3epkana ®peHend. B xauectBe Apyroro mpumepa MHTEPGHEPEHIUOHHO-
ro0 OmbITa, KOTOPBI MOXET ObITh paccumran mo cxeme FOHra, paccmor-
pum merton HaOaoAcHUS WHTEPMEPEHUIMH CBETA C TOMOLIBIO 3€PKas
Openens. BropuuHbIMu KOrepeHTHBIME UCTOYHUKAMA S| U S, 37€Ch SIB-
JISTIOTCS. W300pa>keHrs PEasbHOTO MCTOUHMKA CBETA S B TUIOCKUX 3€pKa-
JIaX, PACIOJIOKEHHBIX MO MajbiM yriaoMm o aApyr K apyry (puc. 197).
OKpaH 3aMUIICH OT TOMAXAHUS TPSIMBIX JYUEl OT MCTOUHUKA S.
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BoiicHMM mpexje BCEro, B KAKMX TOUKAX SKpaHa Oyaer HaGaonaTh-
ca mHTEpPEPEHIIMORHAYI KAPTHHA. ByaeT M oHA 3aHMMATh BECh JKPAaH
WM Kakyo-To ero uactb? MHTepdepeHuns cBera HAOIIOOAETCA TOJBKO
TaM, A€ MPOMCXOAUT HAJOXKEHWE BOJIH, HPUIIEAIIMX OT KOTEPEHTHBIX
KMCTOYHMKOB. B JaHHOM OIBITE HYXXHO OMPEIEIUTh Ty 00JaCTh JKpaHa, B
JII00YI0 TOUKY KOTOPOM CBET MPUXOAUT IOCAE OTPAXKEHUS OT KAXKAOIO U3

Puc. 197. N300pakeHus peajbHOTO UCTOUHHKA CBETA B IUIOCKHX 3€PKAJIAX, PACIIOIOKEH-
HBIX 107 MAJIBIM YIJIOM APYT K APYTY

sepkan. Ha puc. 197 moctpoensl m3o0paxxenus S; u S, TOUCUHOTO HC-

Tounuka S B ofoux 3epkanax. Herpyano yGeauThCS, UTO LEHTP OKPYXK-
HOCTH, HA KOTOpPOM JeXaT Toukm S, S; u S,, HAXOOAUTCI B TOUKE A —

BEPINMHE yI/a, 00pa30BaHHOIO 3epKanamMu. V3 pucyHKa BMAHO, UTO MH-
TepEPEHIIMOHHOE II0JIE HA JKPAHE OTPAHMYCHO TOUKAMU B, n B,. Ha-

npumep, B, GBJI9ETCI KPAWHEH HWXKHEW TOUKOM, B KOTOPYIO €INE MPUXO-
IUT CBET TIOCE OTPAXECHUS OT BEPXHETO 3epkajia. Ee Moxwuo maiith, ec-
J¥ TIPOBECTH TPSMYI0 uepe3 M300paXXCHHE WMCTOUHMKA S, B BEPXHEM
3epKasie ¥ TOuKy A. AHAJOTMYHO HAXOAUTCS TOuka Bj.

N3 puc. 197 BugHO, uTo Mg pacuera MHTEPHEPEHIMOHHON KAPTHHBI
JCUCTBUTEIHPHO MOXKHO BOCIIO/Ib30BATHCH cxemou FOHra u BceMu Moy ueH-
HBIMU BbIIIE 1T Hee opmyaamu. Tak kak o0aacTb mHTEPDEPEHIMA HA
9KpaHE OrPAHUUEHA TOUKaMK B, u B,, TO JIETKO TMOACYNTATH YNUC/IO MHTEP-
eperuronHbIx MOIOC. ECM 9KpaH pacmosioXeH Tak, Kak MOKA3aHO Ha
PUCYHKE, T. €. IaPaJIeIbHO JIUHUK S| S,, COCAMHSIOMWIEH n300pakCHUS UC-
TOUHMKA B 3epKanax, 10 B B, = 2a-1g a, rie a — paccTOSHUE OT JTUHUK
TepeceUcHMs 3¢PKaJT 0 HKPAHA. Y UMTHIBAS MAJIOCTh yIjia o MEXIY 3€p-
KaJaMH, MOXHO NpUOJMXEHHO Hamucath BB, ~ 2aa. Paccrosuue A
MEXAy ABYMs COCEOHMMM mojocamu maercs dopmyson (4). Paccrosuue
d Mexay UCTOUHMKamu S, u S,, Kak BuaHO u3 puc. 197, pasno 2ra. Pac-
crosiue 10 skpaHa L pasHo r + a. [Tosromy, cornacuo (4),

h=x(2r+a)
ra

.
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Ioaroe umcao moaoc mATepdepeHnny N, yMEMARMAUXCS HA WHTEP-

hepeHIINOHHOM II0JIE, PABHO
_ BB, 4 o’ar

N=——=3 @a+n"
Tak kak MHTEPEPEHLUMUOHHYIO KAPTUHY yAO0OHO HAGIIOAATh MpPU yCI0-
BUN F<< a, To N = 4a%r/A. OTMeTM, uTO B onmbITe ¢ 3epkanamu Dpe-
HEJad, B OT/Imume OoT onbita FOHra, MOXHO HAGMIOAATH UMb HEOOMBIIOE
unCa0 HETEPGEPEHIMORHBIX MOI0C, TAK KAK KOTEPEHTHBIE BOJIHBI HAJIA-
rafoTCd JIMIOb B OTPAHMYEHHOM YACTH OKPAHA.

WnTepdhepEHIMORHBIE IBJICHAS, MCTOPUUECKH MOCTYXKUBIINE JKCIIE-
PHMEHTAIBHBIM AOKA3ATEIBCTBOM BOJHOBOM HMPHUPOABL CBETA, M B HAIIA
OHF HAXOAAT BAXXHBIE NPAKTHUYECKHE NPUMEHEHNS, B YACTHOCTH B CIIEK-
TPOCKOIUH W B METPOJIOTHH. DJIEMEHTAPHAS TEOPHS, OCHOBAHHAL HA WC-
MO/Ib30BAHMKM MOHOXPOMATHYECKON HMAECAJU3ANMAN O19 CBETOBHIX BOJIH,
BIIOJIHE HPUTOOHA [UI9 OMUCAHUS ACHCTBHY HPHOOPOB, MPUMEHSIEMBIX B
GopIMHCTBE MHTEP(HEPEHIMORHBIX WMCCACAOBAHMA. 1Ipm OTOM MOXKHO
CUMTATh, UTO MOBEACHME OTAECIBHBEIX IIyUYKOB MATEPPEPHPYIOMUX Tydei
MOAUMHAETCS 3AKOHAM TEOMETPUUECKON ONTHKM, W HOJHOCTBIO MPEHE6-
perath AN(MPAKIUOHHBIMYA SBICHASIMH.

HUnrepdepomerp MaiikenbcoHa. B paccMoTpeHHBIX BBIIE WHTEPGdheE-
PEHLMOHHBIX ONBITAX WHTEPMEPUPYIOT BOJHBI C MaJOi Pa3HOCTHIO
X0da — MOPYIAKA HECKOJBKWX JIWH
BosiH. Ho cymecTBytoT u Takme WHTEP- Y 777777 -
(bepeHMOHHBIE TPUOOPHI, B KOTOPBIX i
pasHOCTh XOAa MOXET OBITh CAeJaHa /
BeCcbMa OOJBIIONH. DTU mpuOOpHl HA3bI- 1 |
BAIOTCH UHMepPepoMempamu. 7
Ha puc. 198 npuBenena ynpomeHHas P Ig
cxema mHTepdepomerpa MaiikenbcoHa. 47y M/2
CBeT OT HEKOTOPOTO MCTOYHHMKA MAZACT I'+2'
CJIeBa HA MOJIYMPO3payHOE 3€pKaso A u
pa3mesigeTcs Ha ABA MyYKa: OTPAXKEH- P
Hbid [ u npomenmmii 2. TTocae orpaxe- -
HUS OT 3€pKas M| u M, 9T! y4Ku CHO-
BAa MAAAIOT HA MOJyIPO3PAayHOE 3epKajo
A M YaCTUUHO OTPAKAIOTCS, 4 YACTHUYHO MPOXOAAT uepe3 Hero. B pesysib-
Tare Ha 9KpaHe P MoxHO HabonaTh naTEpdepeHumo ayuei I’ u 2’
Kapruna wHTEepdhepeHuMM 3aBUCAT OT PA3HOCTH XOAA JIyuyeu, KOTO-
past OnpenessieTcsl pa3HOCThIO «Iicu» mHTepdepomerpa. OgHO U3 3epKas
(M, Ha puc. 198) MoxeT nmepeMemaThes ¢ TOMOMIBIO MUKPOMETPHUYECKO-
ro BMHTA, OCTABAsICh MapayuieabHbiM camomy cebe. [Ipu ero mepememnie-
HUW W3MCHSIETCS PA3HOCTh XOAA W WHTEP(EPEHUIMOHHBIC MOJOCH HA JK-
pane P cmematorcst. CMmemeHne nHTEPHEPEHIMOHHON KAPTHUHB HA OXHY
NOJI0CY TPOMCXOAUT NpU NEPEMEHICHUM 3epkana M, Ha pacCTOSHUE,
paBHOE TOJIOBWHE JJIMHBI BOJTHBI.

Puc. 198. Cxema  unrepdepomerpa
MaiikenbcoHa
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Wnrepdhepomerp MaiikeabCcoHa UCHOAB3YETCS /ISl BBIMOJTHEHUS OCO-
OGEHHO TOUHBIX M3MEPEHMI AIMHBL. Hampumep, B METPOJIOTMM C €r0 IO-
MOMIBIO TIPOW3BOAMTCS CPABHEHWE ONTHYECKOTO IJTAJOHA UIWHBI, T. €.
JJTMHBI BOJIHBI OPAHXEBOU JIMHUKM KPUNTOHA-80, CO BTOPUUHBIMU ITAJIO-
HAMW, BHITIOJTHCHHBIMHA B BUAC TBEPABIX CTCPXKHCH.

¢ Uewm oTnuuarmTca SJICKTPOMArHuTHBIC BOJIHBI, U3JTy4YacMbIC AHTEHHOM paauo-
nepeaaTurka, U CBETOBLIC BOJIHBI, M3JTy4Ya€MbIE pacCKaJICHHBIM Tesiom?

¢ Uto Takoe KOTE€PEHTHBIC U HEKOTEPEHTHBIC SJICKTPOMArHUTHBIC BOJIHBI? HpI/I—
BCAUTEC IIPUMCEDPLI.

« B MakKCHMMyMax I/IHTCp(I)CpCHLII/IOHHOI‘/,I KapThHbI OT ABYX HWCTOUHHKOB OCBEC-
IMEHHOCTb MOXKET BUETBEPO MPEBBINIATE OCBCIICHHOCTD, CO3AaBACMYKO OJHUM
uctouHukoMm. Het nm 3ACCh HapyYUICHUA 3aKOHa COXpaHCHUS SHCPI‘I/II/I?

. OG’bSICHI/ITC, TIOUEMY B OIIBITE FOHra uetkocTb I/IHTCp(I)CpCHI_[I/IOHHbIX I10JIOC HE
YXyamaceTrcd, €CJIM 3aMCHUTb TOUYCUHBIC OTBCPCTUS AJIMHHBIMU Y3KHWMU Ila-
pPaVIC/IbHBIMU LIEJIAMUA.

¢ Kak 3aBucuT mupuHa HWHTephepeHLINOHHBIX MoJoc B omnbiTe FOHra or pac-
CTOSIHUSI MEXAY WIEeTSIMH U OT paccTOSHUS 10 dKpaHa?

e [loscHurte xofn Jyueil B uHTepdepomeTpe Maiike/lbcoHa U 00BICHUTE, KAKUM
00pa3oM B HEM MOXHO HU3MCHSATb Pa3sHOCTh XOAa WHTepP(EpUPYIONIUX BOJH.

¢ OO0ObpscHUTe, ToueMy B HHTepdepoMeTpe MalikenbcoHa MHTepdepeHIIMOHHAS

KapTrhHa CMEIacTCd Ha OAHY IIOJIOCY IMpU MEPEMENICHUN OAHOI'O U3 3€pKal
Ha pacCTOdHUE, PaBHOC IOJIOBUHEC AJIMHBI BOJIHBI.

¢ Kakum o6pasoM uHTepdepomeTp MalikeTbCcOHA HUCMOMB3YIOT ISl TOUYHBIX U3-
MEpeHUI IUIMHBI?

§ 31. Audpakums ceerta

Hapsany ¢ uatepdepeHumein ApyrumM mpuMepoM OOIIEro a/ist BCEX BOJTHO-
BBIX TPOLECCOB SIBJICHUS MOXET CJIYXUTh OUPPaKius — OTHOaHWEe BOJI-
HAM¥ TpensaTcTBui. [ CBETOBBIX BOH AuM(pakuus MPOSBIASIETCS B OT-
KJIOHEHUU OT MPAMOJMHEWHOrO PACHPOCTPAHEHHUS M 3arnOaHWu CBETA B
00/1aCTh TEOMETPUYECKOM TEHU.

XapakTepHO# OCOOEHHOCTHIO AU(MPAKUMOHHBIX SIBJCHHUI B ONTHKE
OKa3bIBAETCS TO, UTO 3[€Ch, KAK MPABWJIO, JJWHA BOJHBI CBETA TMOUTH
BCErJa MHOTO MEHBIIE Pa3MEpOB TMPErpaj HA MyTW CBETOBBIX BOJH. [lo-
oroMy HaOmogaTh AUGPAKUMIO CBETA MOXHO TOJBKO HA AOCTATOUHO
Go/bLIMX PACCTOSIHMAX OT mperpanbl. [IposiBieHue Audpakuuu COCTOUT
B TOM, UTO PACHpPEAEICHUE OCBEHUICHHOCTH OTJIMYAETCS OT MPOCTOM Kap-
TUHBI, TIPEACKA3BIBAEMONM F€OMETPHUUECKON OMTUKON HA OCHOBE MPIMOJIH-
HEWHOTO pacrpoCTPAHEHUS CBETA.

Hpunoun Toirenca—®penenda. Crporuit pacuer aAnGPaKIUOHHON
KApTUHBI TMPEACTABASIET CO0OM OUEHb CIOXKHYK MATEMATHYECKYIO 3ama-
uy. Ho B HCKOTOPBIX MPAKTUUCCKHU BAXHBIX CAyUddsdaxX AOCTATOUHO XOPO-
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mee npuOIM>KEHUE AAET YIPOLIEHHBIA MO~
X0/, OCHOBAHHBIA HA WCIIOJb30BAHUU APUH-
yuna I'roticenca—Dpenensi.

IIycTh MOBEPXHOCTh S MPEACTABILET CO-
00ii MOJOXEHUE BOJHOBOM MOBEPXHOCTH B
HEKOTOpHIiT MoMeHT BpemeHu (puc. 199).
IOna Toro 4toGbl ONpPENEIUTh BHI3BAHHBIE
BOJIHOM KO/e0aHMd B HEKOTOPOH TOuke P,
Hy>XHO, 0 DpeHeso, onpeacauTh koneba- Puc. 199. K pacuery mudpak-
HUS, BHI3LIBAEMBIE B 9TOH TOUKE OTAEIBHBI- LM Ha OCHOBC mpuHimma o~
MM BTOPMUYHBIMU BOJHAMU, MPUXOALIINMU B resca—®dpeneis
HEE OT OTJAEJbHBIX JJIEMEHTOB IMOBEPXHOCTH
S, ¥ 3aTEM CJIOXHUTb ITH KOJeOaHMd C y4eTOM MX aMIuuTya u ¢as. [lpu
STOM CJIEAYET CUMTATH, UTO B TOUKE P CKA3BIBAETCS BIMAHHUE TOJBKO TOM
YaCTH BOJIHOBOM MOBEPXHOCTH S, KOTOpAd HE 3aropa>KUBAETCd KaAKKUM-
MO0 MPENATCTBUEM.

3onb1 @peHens. [IpowmmocTpupyem mpuMcHeHWE mpwHOWTA [foiTeH-
ca—®penenda Ha creayoomeM npumepe. [IycTh HA HEMPO3pauHYIO Tpe-
Tpagy ¢ KpyTJabIM OTBEPCTHEM TMAJAeT CJICBA TIOCKAd MOHOXPOMATHYE-
ckag BosHa (puc. 200). Takywo BOJIHY MOXHO TIOJIyYWTh, HATIPUMED, OT
TOUEUHOTO MCTOYHWKA MOHOXPOMATHUECKOTO CBETA, YAAJECHHOTO Ha Oec-

bl L 0 L P

Puc. 200. IlageHue 1UIOCKOM MOHOXpOMATHUYE- Puc. 201. TTocrpoenue 3on Dpenes
CKO¥ BOJIHBI HA TIPETPAY € KPYIJIBIM OTBEPCTUEM

KOHEUHOCTh WJIM TIOMEMIEHHOTO B (DOKYC COOMpAromiei JMH3B 0OIbLIOTO
aMaMeTpa. BymeM MHTEpEecOBAThCA OCBEMIEHHOCTHIO JKpAaHA B TOUKE P,
HaXOIlﬂH[eﬁCSI Ha OCu CMMMCTPUU.

HOna yuera maTepdepeHUInN BTOPUUHBIX BOJIH (DpeHE b MPEIIOXUIT
MBICJICHHO pa36I/ITb BOJTHOBYK TMOBCPXHOCTb l'laI[aIOIJ.leﬁ BOJIHbBI B MCCTC
PACIIONOXEHMS TIPETPAAbl HA KOJBLEBBIE 30HBI (3016l DPpenenist) 1O cie-
AYIOIEMY TPABUIY: PACCTOSHUS OT KPAEB COCEOHMX 30H A0 TOYKU P
(puc. 201) mOMKHBI OTIMUATHCS HA MOJOBUHY AUIMHBI BOJIHBI, T. €.

L=L+% L=r+2L . y=L+kl (1)
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Ecnm cMoTpeTh Ha BOJHOBYIO TMOBEPXHOCTh M3 TOUKHA P, TO 30HBI
®penens GyayT BHIISAETh TAK, Kak mokasaHo Ha puc. 202. U3 puc. 201
JIETKO HauTu pagmycel 30 Openend:

2
re=VE—L* =\kiL+ K% ~VEIL. (2)

Bugno, uto paamyc k-ii 30HB mpomopuuoHaneH vk, eciu kA/L<<1.
ITpu BBIMOTHEHWM ITOTO YCJIOBUS IUIOMAAUM 30H DpeHeas MOXHO Cum-
TaTh OAWHAKOBBIMU. Pesyabrar uHTEpdhEepeH-
MU BTOPUUHBIX BOJIH B TOUKE P, KaK MBI yBU-
OIAM HUXE, OMIPEIC/JICTCI TEM, CKOJIBKO 30H

& @peHeas OTKPHIBAET KPYIJIOe OTBEPCTHE Ha
A BOJIHOBOI MOBEPXHOCTH.

Nudpakuuss @DpeHens HA KPYrjioM OTBep-
ctun. [IpeamonoxmnM, 4To OTBEPCTHE B IPETPAACL
npeacrasasger coboi auadparmy, IMaMeTp KOTO-
po¥i MOXHO W3MeHATh. [lycTh CHauasma paguyc
OTBEPCTHS MHOTO MCHBIIE PAANYCA TICPBON 30HBI
Openensa. Torna MOXHO CUMTATH, YTO Koseba-
HHAY OT BCEX TOYEK BOJHOBOU IOBCPXHOCTHU B 3TOM MAJICHBKOM OTBCPCTHH
MPUXOAST B TOUKY P NpakKTUYECKM B OauHAKOBOM pase. 306pasum
KoJe0aHue TMOAd B TOUKE P, BHI3BAHHOE ITOM BTOPUYHOM BOJIHOM, C IO-
MOLIBbK BeKTOpHOM auarpammbl (puc. 203a). Dromy KoneGaHuro Ha Hel
COTIOCTABJSIETCS BEKTOP AA |, KOTOPBIN BPAMIAETCS C YTJIOBOH CKOPOCTBIO ),
PpaBHOM LUMKJWUECKON YacTOTE Majaaro-

Puc. 202. 3oust Openens

AAI__‘ AAZAI :_5:42 mEH BOJIHBI, B HAINPABJCHUU TPOTHUB
\\ // \\ YacOBOM CTPEJKHW. YBEJWUAM OTBEp-

\ ;" \ cmme nuacdparMel €IIe HEMHOTO, TakK

A, ] { i uyToObl MJIOIAAb ero yasouaach. Kome-
/ 4 / OaHus, TPUXOASILIME B TOUKYy P OT

J \\ J BHOBb OTKPBITOTO yYacTKa BOJIHOBOWM

o A MOBEPXHOCTH, HECKOJIBKO OTCTAIOT MO
A4, A4, ase m M306paxaOTCS HA AMATPAMME
a o BekTopoM AA,. Jl1mHa 3TOrO0 BEKTOpA

Puc. 203. Pacuer aMmmryapl pedysib-  paBHA AJIMHE BEKTOpa AA|, TaK Kak
THPYIOMEro KosieGarms B 10uKe P ¢ 10~ papypr Mesky cOOO IUTOMAAN COOTBET-
MOILIBIOD BEKTOPHBIX AHUArpaMm: ¢ — B u
oTBepCTMM yKiajbBaetcss omsa goma  C1BYIOMMX MM yHAaCTKOB BOJHOBOM IO~
Mpenens; 6 —yse 30ub1 Dpenens BepxHocTH. [Ipomosxasi yBenwmumBaTh
orBepcrue amadparmbi, OyaeM OTKJA-
OBIBATH HA AUATPAMME BEKTOPHI, COOTBETCTBYIOIIME MPUXOASIIAM B TOUKY
P xosnebaHusIM OT BHOBb OTKPBIBAEMBIX YUACTKOB BOJTHOBOM MOBEPXHOCTH.
Konebanmam, mpuxopsmum B P OT yuyacTKa, MPHUJIETAIOIIETO0 K IPAHULIE
nepsoit 30HbI @penesns, OyaeT COOTBETCTBOBATL BEKTOP AA ,, TOBEPHY THIi
oTHOCUTENBHO AA | HA T, TaK KaK, COTJIACHO onpenesicHnio 300 OpeHens,

PasHOCTh X0 COOTBETCTBYIOUIMX MM BTOPUUHBIX BOJH paBHA A/2.
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Pesynprupyromee kosebanne B TOUKe P, CO3MaBAEMOE BOJHOMW, KOTO-
pasi mpoluIa uyepe3 KPYIJoe OTBEpPCTHE, COBMAAAMOLICE C MEPBOM 30HOM
@penens, nsodbpaxaercs BekTopoM AA; (puc. 203a). Bynem yseanun-

BaTh orBepctue auadparmbl gaibime. Korna Ha Hem OyayT yMemiaTbes
aBe nepsbie 30Hb DpeHens, BeKTOpHAd auarpaMma KoaeOaHUi B TOUKE
P npumet Bua, nzobpaxennnin Ha puc. 2036. I[Ipu cTporomMm paBeHCTBE
AMILIUTYA CKJIAAbIBAEMBIX KOJae0aHmii AA; aMIIMTyRa pe3yabTHPYFOMIE-

ro koncbanus A, A0JKHA Obia Obl PABHSTBHCS HYJIO, T. €. BTOPUYHBIC

BOJIHBI TIPA ABYX OTKPHITHIX 30HAX DpPEHES TOMHOCTBIO TaCHIH OBl APYT
apyra B Touke P. OmHAKO AEWCTBHUE JaKe OAMHAKOBHIX IO TUIOMIAAN yYa-
CTKOB BOJIHOBOW TIOBEPXHOCTH B TOUKE P HECKOJBKO YOBIBAET MO MEPE
YBEJIMUEHUS YIVIA ¢ MEXIy HAMPABJICHUEM HA TOUKY P W HOPMAJbBIO K
BostHOBO#M moBepxHOocTH (cM. puc. 199). I[Tosromy B AeiCTBATEIBHOCTH
amMmmaTyaa A, IMEeT KOHEUHOE, XOTS M OUEHb Majioe 3HAueHWE.

Takum 00pa3oM, OCBEIIEHHOCTh S5KPAaHA B TOUKE P, MPOMOPIUOHAb-
Had KBaApaTy aMIUVIMTYAbl PE3YJbTUPYIOIIEr0 Koaebanus, Oyaer no me-
pe yBEIUUCHUS OTBEPCTHS KPYIJIol AuadparMbl MEHIThCS HEMOHOTOHHO.
IToka otkpeiBaercsa neppas 3oHa OpeHess, OCBEUICHHOCTh B P yBeanun-
BAETCI W CTAHOBUTCY MAKCUMAJIBHON TIPU MOJHOCTBIO OTKPBITOW MEPBOU
30He. ITo Mepe OTKpbIBaHUS BTOPOi 30HB DpeHesns ocBEIEHHOCTh yObI-
BACT W TPU MOJTHOCTHIO OTKPHITOM BTOPOM 30HE YMCHBIIACTCH TOUTH IO
HyJad. 3aTeM OCBELIEHHOCTh OyAET YBEJAMUMBATHCA CHOBA, W T. 1.

OTu HA TEPBBIA B3I/ MAPAJOKCATbHBIC PE3YJIbTAThI, MPEACKA3bIBA-
eMbie Ha ocHOBe mpuHumna [loiirenca—®peHesis, XOpouo COrIacyrTcs
¢ okcriepuMeHTOM. [loguepkHEM, UTO OHW HAXOAATCS B BOMMIOMIECM TTPO-
TUBOPEUNH C TMPEACKA3AHUIMI TEOMETPHUCCKON OMTHKM, COTJIACHO KOTO-
po¥i TpM MAACHWU TJIOCKOW BOJIHBI OCBEIICHHOCTH B TOUKE P, Jiexamen
HA OCW KPYIJIOTO OTBEPCTHS, HE 3aBUCUT OT AWAMETPA OTBEPCTHA.

Oudppaxuus OpeHens Ha Kpyriaom aucke. [IatHo Aparo—IlyaccoHa.
HawuGosee HEOXMIAHHBIM B MOJYUEHHBIX BBILIE PE3YJbTATAX SBJSIETCS,
MOXaJyil, TO, UTO MPHU ABYX OTKPHITHIX 30HaX Dpenens (u BooOwWE mpu
HEeOO/IBIIOM UETHOM UKC/IE OTKPBITHIX 30H) OCBEIEHHOCTD B TOUKE P Osin3-
Ka K HyJ10. He MeHee HEOXUAAHHBIM SBJSETCS TO, UTO B TOUKE P mo3aamn
HEMPO3PAauHOro KPyIJIOro 9KpaHa, pacroa0XEeHHOTO HA MECTE MPErpaasbl ¢
OTBEPCTUEM, OCBEIEHHOCTh HE OyAET paBHA HYJIIO, KAK TO CJAEAOBAJIO Obl
W3 TEOMETPUUECKON onTuku. Ecim mpu 9T0OM HEMPO3pauHBIA KPYTJIBIA K-
paH TEPEeKPHIBACT JIMIIb HECKOJBKO TIEPBHIX 30H DpeHens, T0 B Touke P
OCBEIIEHHOCTh OyAET MOUTH TAKOW X€E, KaK u 0e3 sKpaHa.

B oTroM MoOXHO yOemwmThCs, €CiM paccMaTpuBaTh BEKTOpP A, mzobpa-
XKAKIWUU KOJEeOAHUS HAMPSIXKEHHOCTHU TMOJsS B TOUKE P TpU MOJHOCTHIO
OTKPBITOW BOJIHOBOWM MOBEPXHOCTH, KAK CYMMY JABYX BEKTOPOB, OAWH W3
KOTOPBIX M300paxkaeT KoJaeGaHus OT OTKPBITOrO yuyaCTKa BOJHOBOW TO-
BEPXHOCTH, a APYToil — OT Tex 30H DpeHesst, KOTOPhIE MEPEKPHITH K-
paHoM. B meHTpe reoMeTpuuecKoud TEHUW OKA3BIBAETCH CBET — TAK HA3bI-
Baemoe nsimuo Apaeco—ITyaccona.
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Oro mpeackasanne Teopur OpeHENs MPOM3BEIO CHIBHOE BICUATIIC-
HHE HA ero coBpeMeHHWKOB. B 1818 r. uneH KOHKYypCHOrO KOMUTETA
®pannysckoit akagemuun C. [lyaccoH, paccMaTpuBaBIIHii TPEACTABJICH-
HBI HA mpemMuto mMemyap OpeHesns, mpuimes K BBIBOAY O TOM, UTO B
OCHTPE TCHU MAJICHBKOIO AUCKA AOJXHO HAXOAUTHBCA CBCTJIOC IMATHO, HO
CUcJ OTOT BBHIBOA CTOJb a6cypZ[HI)IM, UTO BBIABUHYJI €TO KdK BO3PAXCHUC
MpOTUB BOJHOBOU Teopuu cBera, passuBasmeiics @Dpenenem. OmHako
JAPYTOM WIEH TOrO X& KOMUTETa Aparo BBIMOJHHUJ SKCIOCPUMEHT, MOKa-
3aBIIUH, UYTO OTO YAWBHUTEIBHOE TPEACKA3AHNE TMPABUIBHO.

PaccTrosHus, HA KOTOPBIX CKa3biBaeTcd audpakuus. Tenepp HE mpen-
CTaBJISET TPYAA OLEHUTH TE YCIOBUS HAOIIONEHUS, IPU KOTOPBIX AudpaK-
OVOHHBIC ABJICHUS CTAHOBATCA CYIICCTBCHHBIMU U KAPTHUHA PACTIPCACTIC-
HPS OCBEIICHHOCTY HA 9KPAHE 3aMETHO OTJIMYAETCS OT MPEACKA3BIBAEMON
reoMeTpruueckor onTukoi. [lo reoMeTprmuecKol ONMTHUKE PacHpeacicHUE
OCBCIICHHOCTY HA SKPAaHE JOJI)KHO COOTBETCTBOBATH (DOPME OTBEPCTHS, TAK
UYTO OCBEIIECHHOCTh SKPAHA PABHA HYJIIO B 00JIACTH TCOMETPUUECKON TECHU, &
B Touke P Ttakaga XK€, KAK 1 B OTCYTCTBHUC IIPETPAaBI. Ho mBt BHUACAN, UTO B
cayuae, KOrAa Ha OTBEPCTHH YKJIAABIBAETC JIWIIb HECKOTBKO 30H Dpene-
JIsl, OCBEUIEHHOCTh B TOUKE P COBCEM MHAS. DTO JAET BO3MOXHOCTb OL[CHUTh
TO PACCTOSHME L OT OTBEPCTHS A0 TOUKH HAOIIONEHNS, HA KOTOPOM UMEHHO
G PaKIMOHHBIE IBJIEHHS ONPEAEISIOT HAOMIOAaEMYIO KapTuHy. JIas 5T0-
ro B hopmye (2) caexayer cuntath £~ 1, a r;, IOJOXUTH PABHEIM Pa3Mepy

oreepcTus (wam iperpansl) d. B pesyaprare Haxomum
L~d*A. (3)

IMoctpoenus DpeHesis MO3BOJSIOT JIETKO PACCUMTATh OCBELICHHOCTH
MO3aa7 HEMPO3PAYHOTO KPYTJIOTO SKPAaHA MWW 5KPAHA C KPYTJIBIM OTBEpP-
CTHEM TOJBKO B TOUKAX, JICXKAIMWX HA OCW cuMMmeTpun. Halitm Bug Been
nupakIMOHHOW KAPTUHBI HA SKPAHE OUCHb TPYAHO.

Hudppaxuusa @paynrogepa. Ho MOKHO OCymIecTBUTh TaKUE yCIOBUS Ha-
Omonenns qudpakumyu CBETA, MPU KOTOPHIX BO3MOXEH IMOJHBIA PAacyer
pacrpenesicHus OCBEMICHHOCTH B AW(DPAKIMOHHOW KAPTUHE HA SKpaHE.
g [TycTh mIockass MOHOXPOMATHUECKAST BOJIHA
OoT OECKOHEUHO YHAJECHHOTO TOUYCUHOTO WC-
—— TOYHMKA MAJAET HA JKPaH S C OTBEPCTHEM, A
e e = ——
aupakInOHHAS KapTiHa Halromaercs Ha
— 9KpaHe B (DOKAJBHON TIOCKOCTH JIMH3BI
(puc. 204). Tak kak B Kaxmoit Touke (ho-
—— F ;
—— l«————  KaJBHOM TUIOCKOCTH JIMH3bI, HATIpUMEp P Ha
puc. 204, CXOAATCS JyUr, KOTOPBIE A0 JTMH3BI
Puc. 204, HaGmonerme  andy- ObLTM MAPAJUICABHBI MEXAY CO0OM, TO Ha-
PAKIMH B NAPAIIELHEX TyuaX 6JIIOZ[3€1:I£ISI 3ECh KAPTUHA HA3BIBACTCS AU)-
pakuuei B mMapassieAbHBIX Jyuax. Kak Ml
YBUAWM B JAJbHCULIEM, JIMH3A HE BHOCUT JOMOJHUTEIBHON PA3HOCTH XO-
Ja MEXOY MapaiIcbHBIMU A0 JIMH3B JJyuamu. [109TOMY CKIaabIBaIOMIN-
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ecd B TOUKe P KoaeGaHus MMEIOT TAKYHO XK€e Pa3HOCTb (ha3, KaK U A0 JUH3bL
HA IUIOCKOCTH, MEPHEHAMKYIIPHON K STHM JydaM. Takag cxema HaGmo-
naenusa audpakuyuu ObLaa npeanoxena V. @paynrodepom.

Ilyctb oTBepcTUe B DKpaHe S MpeAcTaBaseT co0oi IWeab MUPUHON d
(puc. 205), KoTopyIO cunTaeM GECKOHEUHO MPOTIXKEHHON B HAPABAEHUN

Puc. 205. HaGmonenue qudpakuuu OT MIEIU € NAPAILIETbHBIMU KPASIMU

ocu y. [locTpoeHHbIe IO TpUHOUITY [ FOWTEHCA BOJTHOBBIC TIOBEPXHOCTH TIO-
341 INENN MPEACTABILIOT COOOM UIMHAPUYECKUE TIOBEPXHOCTU C 00pa-
3yIOIIEH, mapasuteabaoi kpaam mean (puc. 206). Tak kak BOIHOBAS 1O~
BEPXHOCTh B HATIPABJICHUY OCHU y HE OPPAHUYEHA, TO AuhpaKuOHHBIX (-
(bEKTOB B 5TOM HANpaBIEHUM OBITh HE MOXKET.

TTosToMy Bech mpomeammii uepe3 JNHIY U TO- X
Mafaouii Ha 9KpaH AudparupoOBAHHBIA CBET o
OyaeT coCcpenoTOUEH BAOAb U MM, nexa- b
meil B IJIOCKOCTM Xz. BMecTto msoOpakeHus
TOUCUYHOrO MCTOUYHUKA B (DOKAJIBHON TMJIOCKO-
CTHM JIMH3bI, KOTOPOE ObLI0 OBl B OTCYTCTBHE ,
e, moay4yaeTcs AMMPaKIMOHHAS KAPTHHA, |— >
BBITSHYTas BAOJb JuHuU MM.

Ecnm cosparommii magaroniyr BOJHY TO-
YEUHBIM MCTOYHUK CMECTUTh BAOJb OCH Y TaK,
4yTOOBI MAAIOIIME HA E/b A PAJIIETAbHBIE JTy- o
yr 00pa30BaIM HEKOTOPHINA YTOJI € OChIO Z, TO
audpakImoHHAs KAPTUHA HA JKPaHE, HE U3-

MEHSSI CBOETO BUAA, CMECTUTCS U3 MOJOXEHUS : :
MM Ha Takoit xe yrosi. I109ToMy npu 3aMEHE  pyc. 206. Bosmossie nosepx-
TOUCYHOTO MCTOUHHUKA CBCTA HA TOHKYK CBC-  HOCTH, IIOCTPOEHHBIE MO MPUH-
TSIIYIOCS JIMHUIO, TAPAJICTBHYIO OCH Y, Kax-  tumy Tofirenca

OB €€ TOUEUHBIM 2JEMEHT OyAeT COo31aBaTh

CBOIO AN(MPAKIMOHHYIO KAPTHHY, MapaaneabHyo MM, a Bcsa audpakom-
OHHAY KAPTMHA HA SKpaHe OyAeT COCTOATh M3 MAPAJUIEIbHBIX CBETJBIX W
TEMHBIX T0JI0C, KaK mokasaHo Ha puc. 205. [Ing ee HaXOXIEHHUS AOCTA-
TOYHO PACCMOTPETH TOJIBKO TJIOCKOCTh XZ.
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Corsnacio mpunnuny [oiirenca—®peHeas BOJHOBYI MOBEPXHOCTh
Mafarmeil BOJHBL B MIEAN HA OCU X CAEAyeT pPa30uTb HA CTOJAb MaJible
YYacTKH, 4ToObl Koae0aHus B TOUKE HAOAIOAEHUS P, BHI3BIBAEMBIE BTO-
PUYHBIMA BOJHAMHA OT BCEX TOUEK ONHOTO yYACTKA, WMEJW TIOUTH OIH-
HakoBy1o (asy. Konebanuga B Touke P,
BBI3BIBAEMBIE BTOPHMUHBIMH BOJHAMHU,
PaCTIpPOCTPAHIIOMUMICST oA yrioMm ©
oT pasubix yuactkos (pumc. 207), cue-
AYET TMPOCYMMHUPOBATHh C YUETOM CIOBH-
ros 1o aze. D10 yao6HO CAENATD C MO-
MOIIBI0 BEKTOPHOM AUMATPAMMBEL, II0O-
crpoennoi Ha puc. 208.

Bektop AA, m3obpaxaer koseba-
HUS, TPAXOAIIINE B TOUKY P OT yuacr-
Ka Ax,, Jexamero BOJM3M HHXHETO
kpas mesn. Bexrop AA,, mzobpaxa-
FOLIMIA KOeOAHUS OT COCEAHErNO YUacTKa
Puc. 207. K pacuery CyMMapHOro KO- sz, TOBEPHYT OTHOCUTE/IBHO AAI Ha
neGanus B TouKe P HEKOTOpPbIil HEeGoMbImoN yroa. BekTop

AA,, mzobpaxamomuii KojaeGaHus OT
HOCJIENHETO yuacTKa AXx,, JEXAIEero y BEPXHEro Kpasl MeH, TIOBEPHYT
OTHOCHTE/IbHO BEKTOpa AA| HA yroJa ¢, COOTBETCTBYIOIIWIA PA3HOCTH XOAA
[ =dsin 0 (puc. 207) Mexay Jydamu, TPUXONIIIAMEA OT KPACB IMEIIH.
Yro0bl HalTH CABUT IO hase ¢ MEXAY KONCOAHUIME B TOUKE P, BHI3BAH-
HBIMW BOJITHAMH C PA3HOCTHIO X0Aa [, caemyer
c YuecThb, UTO CABUT MO (paze paBeH 27 mpu pas-
HOCTH X04a A:

<p=2n%=2ndsine. (4)

[ /2

A(B)
Y/ Haiinem pnuHy CcyMMapHOro BEKTOpa
A(0), xoTopas paBHa aMIUTMTyAE KOJeOAHUI
- B Touke HabGmomenus P. Jlerko BuUmeTh, uTO
A ﬁlAz BekTop A(6O) mpeacrasaser coboil XOpAy OK-
pyxHoctu ¢ uentpom B touke C (puc. 208).
Puc. 208. Caoxenme koneba-  [Ipexxae BCETrO OTMETHM, UTO AIWHA AYTH,
HHI C TIOMOWBIO BEKTOPHOM — cpgrygaemoit xopmoit A(0), pasHa aMmnTyne
FMATPAMMEL KoseOanmii Ao B Touke O HA 9KpaHE, TaK KaK

B OTy TOUKY BTOPWYHBIC BOJIHBI OT BCEX yuya-
CTKOB AX;, pacnpocTpaHsisicb noa yriaom 6 = 0, npuxoasT B 0IMHAKOBOM

(aze u Bce BeKTOPl AA, MMEKOT A9 TOuKM O OAMHAKOBHIC HAMPABJIE-
Hus. [Inuny ayrm Ay w amaHy xopasl A(0) erko cBszaTbh MexXay coboi
M3 TEOMETPUUECKUX cooOpaxkenmit. M3 puc. 208 BugHO, uTO

”
”'AO M

A
—_— i £=—0 1 2
3 Rsm2 ¢Sln2’
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OTKyaa
in (¢/2)
A(0) = 4y = 5= (5)

OceemenHOCTh 9KpaHa E(0) B Touke P, MpomopuuOHATBHAS KBAAPA-
Ty aMILUTATYAbl KojeOaHWii, CBSI3aHA C OCBEWICHHOCThIO E, B Touke O,

coryacHo (5), CAeayrOmuM COOTHOIMEHUEM:

s 2
E(0) = E ST @2 6
(6) = By~ 73 6)

rae ¢ maerca dopmyson (4). Pacnpenesenne OCBEIIEHHOCTH HA 9KPAHE
E(9) npu audpakuuy TMJIOCKONH BOJHBI HA IIWHHON MIEAW TOKA3aHO
Ha puc. 209. BMmecto GeCKOHEUHO Y3KOM JMHMM, KOTOpad MO/Iyuyaaach
Obl B (hOKAJBHOM IIOCKOCTH JMH3bI COIJIACHO 3aKOHAM TEOMETPUUYECKOM
ONITHKY, HA JKPAHE MOJYy4aAroTCs AnhPAKIMOHHBIC TIOIOCH, TIapaJLIc/ib-
Hble INEeAM. P9aoM ¢ 9pKOM LEHTPaJbHOM MOJA0COM OyayT caabbie mo-
GOUHBIE TOJIOCHI, OTACJACHHBIE APYT OT

Apyra TOJIHOW TEMHOTOW, TPUYEM IIU- E
PpHUHA HOGO‘IHHX IIoJI0C BABOC MCHBIIC
MWPUHBl UEHTPATBHOU.

OCBEIIEHHOCTh B IECHTPE TIEPBON TIO-
GOUYHOM TOJIOCHI, KAK BUAHO U3 (DOPMYJIbL
(6), moutn B 25 pa3 MEHBIIE OCBEIICHHO-
cru B meHTrpe KaptuHbl. OCBEIIEHHOCTH
obpamaercs B HyJb TOTAA, KOTAA apry-
menT cuayca B (6) xparen w. 910 COOT-
BETCTBYET yriam audpakiuu 6, mpu Ko-
TOPHIX, KaK BUAHO 3 (4),

_A 0 A 20 sin®
d d d

dsin®=4kA, k= %1, £2,....(7) Puc. 209. Pacupenenene  ocse-

LIEHHOCTH HA 3KpaHe npu audpax-
OTMeTHM, UTO TOJOXKEHME MUHUMYMOB 1y iockoil BONHBI HA mEM

OCBEIIEHHOCTH JIETKO HaWTu u 0e3 mo-
Mot opmyast (6). s 5TOro AOCTATOUHO TOJBKO COOOPA3UTh, UTO
MUHAMYMaM COOTBETCTBYET PA3HOCTh XOAA [ MEXAY KPAWHUMU JIydaMu
(puc. 207), paBHAd UEIOMY YMCAY AIUH BOJH A. [efCTBUTENBHO, €C/H
pasHOCTh Xo0ma [ paBHA, HAMPUMEDP, A, TO BCKO LIEJAb MOXHO pPa30UTh
HA TIApbl OAWHAKOBHIX YUYACTKOB, OTCTOSIOMX APYr OT Apyra Ha d/2.
PaszHocTh x0ma BTOPMUHBIX BOJIH OT KaXXAOM TAaKOM Mapbl paBHA A/2,
M OTH BOJIHBI B TOYKE HAOJIOOEHUS TacIT APYr APyra.

Yem yxe menb, TeM mmpe AndpPaKOMoOHHBIE MOa0ckl. M3 dhopmystst
(7) BUAHO, YTO MPH YMEHBIUCHUM IIUPHUHBL IIEAN d A0 PA3MEPOB MOPSII-
Ka IJIMHBI BOJHBI A LEHTpAJbHAS TOJI0CA PACILIBIBACTCS HA BECh SKPaH.

e B uyem sakiouarloTcs 0cOGEHHOCTU AMGMPAKIMOHHBIX SIBJCHUI B ONTHKE?

e Cdopmynupyitre npunuun I'oiirenca—®penens. Kak paccunrats koseba-
HUS B HEKOTOPO¥ TOUKE, BbI3BIBAEMBIC IPOXOASILECH Uepe3 OTBEPCTHUE B dKpa-
HE CBETOBOM BOJIHOWM?



284 VI. OIITUKA

e Yto Takoe 30HB PpeHena? Kak ocyliecTsaseTcsl UX MOCTPOcHUE?

e Jloraxure, onupasich Ha dopmynay (2), uto miomanu 3oH PpeHens ogvHa-
KOBBI.

e Kak 0OBICHUTH NEPUOANYECKUE U3IMECHCHUA OCBCUHICHHOCTU B LECHTPE Z[I/IQ)—
paKHHOHHOﬁ KapTHUHBI OT KPYIVIOIO OTBEPCTUA NTPU MOHOTOHHOM HM3MCHCHUU
ANaMETpa OTBEPCTUA WM PACCTOSIHUSA OT OTBECPCTUL OO0 aKpaHa?

e Kak o1eHUTh paccToSHUE OT TPENATCTBUS (9KpaHa WM OTBEPCTUS B HEM)
10 TOYKM HABJIOAEHUS, MPU KOTOPOM CTAHOBSTCH 3aMETHBIMHU AU PAKIIUOH-
Hble 9BJEHUL?

¢ UYem omsnyatoTcs ycJsioBUs HabmoneHUs audpakuun Ppayrrodepa n and-
pakiuu Ppenens?

e Tlokaxwure, uto audpakuus Ppenens u audpakuus Ppayrarodepa He npen-
CTaBJSIOT co00M pasHble (DU3NUYECKUE SBJIICHUS, a COOTBETCTBYIOT Pa3HBIM
YCJIOBHSIM HaOJIIOACHUS ONHOTO M TOro Xe siBjieHUsl. CpaBHHUTe ANGDPaKIIHIO
Dpenens npu L = o ¢ audparuueit PpayHrodepa.

¢ Kak usMeHATcS HIMpHHA LEHTPAJBHON Mosockl Npu audpaknuu PpayHro-
depa Ha IIeIU U OCBELIEHHOCTh B €€ CEepPellMHe, €CJIM MMPUHY IIeJIU YBen-
unTh BABoe? VI3MEHUTCS 1M IpU 5TOM OTHOIIEHHE OCBELIeHHOCTEH B 1060U-
HBIX U LIEHTpaJbHON AU PaKIIMOHHBIX Toocax?

§ 32. CnexTpanbHble npu6opbl. [AudpakuMOHHAsA peleTKa

Hasuauenue cnekmpaivhblX npuGOpOd — WCCACAOBATh CIEKTPAJTbHBIN

COCTAB M3JIyUCHHUS, T.E€. ONPEACJUTh, W3 KAKMX MOHOXPOMATHUUCCKUX

BOJIH OHO COCTOMT. VHaue roBops, CHEKTPAJbHBIA MPUOOP MPOM3BOAMUT

rapMOHUYECKUN aHAIU3 M3aydeHud. [leficTBue CIEKTPaabHBIX NPUOOpPOB

OCHOBAHO HA4 TOM, UTO B HCKOTOPBIX (I)HSH‘ICCKI/IX cucreMax yCaoBUS

OPOXOXACHUAI CBCTA pa3Hof1 JAJIVWHBI BOJ/JIHBI OKA3BIBAKTCA PA3ITMUYHBIMUA.

[TposiBieHNEe 3TUX pasan-

R yhil  HA3BIBAKOT ducnep-

cuell, a CaMu CUCTEMbI —
OUCTIEPTUPYFOIIAMU.

Pa3noxenne wu3nyyeHus
B cniekTp. B oskcnepumen-
TaX MO0 M3YUYCHUIO CIOCKT-
poB OOBIYHO WCHOIB3YIOT
Puc. 210. Tlpunmumaanphas cxema  crektpaxproro HMPH3MY M mupakim-
nipu6opa OHHYIO pemeTKy. [lpwH-

mumnuajJgbHadgd CXeMa Ipo-
CTENIIEr0 CIEKTPaJbHOrO mpubopa mokasana Ha puc. 210. Iens S, Ha
KOTOPYIO TAagacT WCCACAYEMOE W3JAYUCHWE, HAXOOUTCS B (DOKAIBHOM
IUTOCKOCTH JIMH3BL L,. Jrta yacTe mpubopa HA3BIBACTCS KOJIMMATOPOM.
Beixopsmuii 3 AMH3B MAPAJICTBHBIN MYyYOK CBETA MAAAET HA TPU3MY
R. Beaencreue qucnepenu CBETAa B BEIIECTBE MPU3MbI CBET PA3HBIX AJIUH
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BOJIH BBIXOQUT W3 TPU3MBI TIOJ PA3HBIME yriaMu. B (pokaapHON MIOCKO-
CTH JUH3B [, TOMEMAECTCI JKpaH wiu (POTOMIACTUHKA, HA KOTOPOH
dukcupyerca npuxoasmee maayucHue. Jlmaza okycupyeT mapasiesib-
HBIC TYYKH JYUYCil, U B PE3yJabTaTe 00paszyoTcd n3o0paxxeHus BXOXHON
OIEJTH B PA3HBIX MECTAX DKPAHA IS PASHBIX IJIUH BOJIH.

WneanbubiM Gb Obl TAKOM CIIEKTPAJIbHBIN MPUOOP, HA BHIXOAE KOTO-
pOTO paCTIpenccHIE DHEPTHH MANAIOMIETO M3IYUYCHUS OMpPENEISUIOCh Obl
TOJIBKO CIIEKTPAIBHBIM COCTABOM U3JIYUCHHS W HE 3aBUCENO Obl OT KOH-
crpykuuu npudopa. Ho 11060t peasibHbli CIIEKTPaabHBIA pubop Beerna
BHOCHT UCKaxxeHud. Vacanbablit mpubop mpyu MagcHud MOHOXPOMATHUE-
CKOTO M3IyucHHs JaBaj Obl HA BBIXONE CAMHCTBEHHYI OECKOHEUHO Y3-
Ky CrhekTpaibHyo juauio. ONHAKO B peajbHOM mpubOpe Ha BHIXOAEC
BMECTO Y3KOU JIMHUM MOJYYdeTCd HEKOTOPOE PACTIPEACIICHHE OCBEIICH-
HOCTH, XapaKTEpPU3yeMoe KOHTYPOM OMPEACJCHHOU (DOPMBI. DTOT KOH-
TYp UMEET KOHEUHYIO IMUPUHY, UTO OTPAHMUYMBAET CIOCOOHOCTh mpubopa
pasaenaTh ABe OJM3KO PACTIONOXEHHBIE CIEKTPAIbHBIC JIMHUH.

Iudpakuud ceera Ha pemeTrke. B Hanbosee COBEPIIEHHBIX CIIEKTPATb-
HBIX TPUOOPAaX B KAUECTBE AMCIEPTHPYIOMIETO JJIEMEHTA HCIO/Ib3YHOTC
Jugpaxyuonnsie pewemky. Jlyumme andpakKOWOHHBIE PEIIETKU TPEA-
CTAaBAMIOT CO0OI MOJMPOBAHHBIC CTEKJISHHBIC WM META/UTHUECKUAE TLIA-
CTWHBI, HA KOTOPBIX AJMA3HBIM PE3IOM HaHEece-
HBI TIPY TOMOIIM CIEIUATBHONU ACIUTEIBHON Ma-
OIWHBI DAPAJIVICIBHBIC OAWMHAKOBBIC MITPUXHU, PAC-
TIOJIOXKEHHBIE HA CTPOTO OAWHAKOBBIX PACCTOSTHW-
49X ApYr OT Apyra.

HeiictBue audpakiMOHHOW PEIUIETKH MOXHO
TOHSITh, PACCMATPWBAS TMAACHWE TUIOCKOW MOHO-
XPOMATUUYECKON BOJHBI HA PETYJSIPHYIO NEPUOAU-
YECKYIO CTPYKTYPY, COCTOSIIYIO W3 UEPEAYIOMNX~
Cs mapassieabHbIX APYT APYTY mEaei OQUHAKOBOU
LIMPUHBL b, paCIOJIOXEHHBIX HA OAMHAKOBOM pac-
crosauu a apyr or apyra (puc. 211). Cymma
a + b aBasieTcsl MepuoOAOM ITOU CTPYKTYPHI M Ha-
3BIBACTCS. HOCMOSIHHOU peutemku d.

B xaxpoit Touke P Ha 9KkpaHe B (hOKATBHOU
TJIOCKOCTH JIMH3BI COOEPYTCS T€ JIyud, KOTOPBIE A0
JIMH3BI OBLTU TIapaIICIbHBI MEXAY COOOM m pac- Puc. 211. K ofsscenmio
TPOCTPAHSUINCH TIOX OMPEACACHHBIM YIZIOM O K Ha- ol o madbpaxion-
NpPAaBJICHUIO MAAAKOMENd BOMHBL [l09TOMY OCBE-  noii pemerku
HICHHOCTb B TOUKE P OMpEAessIeTcs pe3yJIbTaToM
MHTEep(hEepeHI MM BTOPUUHBIX BOJIH, PACTIPOCTPAHSIOMMXCS KAK OT OXHOM
e/, TaK U OT pas3Hbix mesei. Konebanue B Touke P, BHI3BIBAEMOE BTO-
PUYHBIMU BOJHAMHU OT OXHOW IIE/IH, OBLIO PACCMOTPEHO B MPEABIAYIIEM
naparpade. [TooToMy MBI MOXEM CUMTATH ITO KOJEOAHUE M3BECTHBIM U
U HAXOXACHUS PE3y/IbTUPYIOWIETO KOJACOaHUS CIOXUTh KOJIEOAHUST OT
BCEX IIEJECH C yUETOM CABUTA MO (ha3e MEXIy HUMU.

ba d
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T'aaBHbie MAKCHMMYMBI. JleTko HAWTH T¢ HAMPABJICHUS, PACIPOCTPAHS-
SaCh IO KOTOPBIM BTOPHUUHBIC BOJIHBI OT BCCX ]J.ICJICﬁ 6yZ(yT OPUXOOUTh B
Touky P B (haze m ycuausaTh apyr apyra. Tak Oyder, ecau pasHOCTb
Xoaa l MC)KI(y BTOPUUYHBIMA BOJIHAMU, naAymuMun W3 JKBHUBAJICHTHBIX TO-
UeK COCCNHWMX IMEACH, paBHA IEAOMY UMCTy JauH BosH (cM. puc. 211):

dsin®=ni, n=0, £1, £2,.... (1)

B Toukax Ha DKpaHe, TAE COOMPAIOTCA JIyuH, PACTIPOCTPAHSEOLMIMECS
nox yraamu 0, yaoBIeTBopsromuMy ycaosuro (1), pacmonoxens Tak Ha-

3BIBAEMBIE 2JIA6Hble MAKCUMYMbL TAPPAKIMOHHON KAPTUHEL
A xakoit Bujg umeer Au(PAKUMOHHAS KAPTUHA MEXAY TJIABHBIMH
makcumyMmamu? YToObl BHIICHUTH 5TO, BO3BMEM OINPENEJEHHYIO PEIIET-
Ky, MMEIOIIYIO OOJbIIOE unucao N NEPUOAOB, M PACCMOTPUM, KakK Oyaer
MEHATBCY OCBEIIEHHOCTh HA JKPAHE MPU HOCTENEHHOM MEPEXOAE OT
[JIABHOTO MAakKCMMyMa Hy-
seporo mopsaaka (n=10) x
TJIABHOMY MAKCUMYyMy
nepsoro mopsaaka (n=1).
J19 HAXOXIACHUS AMII-
JIATYABI PE3YABTHPYIOLIETO
KOIE0aHUS BOCTIOIB3YEMCS
4, MEeTomoM BEKTODHBIX IMAT-
A pamm. IIpu 6 = 0 BexkTOpHI
A,, u3o0paxaromme Kose-

a [
HUSI OT HBIX 171
Puc. 212. BekTOpHBIE JUArpPaMMbl IS HAXOXEHUS Ga OT pas me/IeH,
Pe3yJIbTHPYIOEro Kosiebauus B Touke P napanaieapHbl APYT APYTy

U IIpU CJIOXEHUU JAaayT
BekTOp A(©O), mmHA KOTO-
poro A, B N pas Go/IBIIE AMHBL BEKTOPA A, ¥ paBHA AMIUTUTYAE KOJE-

Ganwmii B rmaBHOM Makcumyme. [1o mepe yBeamueHus yria 0 Mexay Ko-
1e0aHNIMM OT COCEAHMX MIEJICH MOIBASETCS ONMHAKOBBINA CABUT MO (hase
P, TAK UTO OAMHAKOBBIE TIO BEJMUYMHE COCEAHME BEKTOPBI A; MOBEPHYTHI
OTHOCUTEJBHO APYT Apyra Ha yroa . B pesyaprare mosyuaercss joma-
Has JIMHUS, BIOUCAHHAS B OKPYXHOCTH (puc. 212a).

Ecnm sra somanast amHUS OKAXETCS 3aMKHYTOM, TO aMILUIUTYAA pe-
3yabTUpyomero kKosedanus A(0) oOpaTuTcs B HyJb, UTO MPUBOAUT K
MOJTHOM TEMHOTE B COOTBETCTBYIOLIMX TOUKAX JKPaHA. 3aMBIKAHWE JIO-
MaHOW JIMHUU M3 BEKTOPOB A; MPOMCXOAUT MPU BHIMOTHEHUU YCJIOBHS

Ny =2kn, k=1,2,..., N—1. (2)

3HaueHue k =1 COOTBETCTBYET PA3HOCTH XOAA MEXAY IYyYKAMH OT
nepBoit u mocaeaHen (1. e. N-il) meau, paBHOW OMHOW AJIMHE BOJHBI A.
3HaueHue k = 2 COOTBETCTBYET PA3HOCTH XOAA, paBHOW 2A, u T. A. 3Ha-
yeHue k = N B dopmysie (2) COOTBETCTBOBAIO OBl PA3HOCTH XO4A MEXAY
JBYMS MyUYKAMU OT COCEAHUX IIEJICH, paBHOM AmHE BOHBL A. Ho 970, Kak
BuaHO U3 hopmyst (1), eCTh Kak pa3 yCa0BUE IIABHOTO MAKCMMYyMa Mep-
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BOTO IOp4dAaKa. HOSTOMY MCXAY TJABHBIMA MAKCUMYMdMW HYJICBOTO U
MEPBOTO MOPIAKOB pacmosararorca N — 1 MEUHEMYMOB. YTJIOBOE TIOJIOXE-
HHE OTHX MHHUMYMOB OTIPEACIICTCS U3 COOTHOMEHUS (2) MpH yuere, uTo
caBuT O (haze P MeXAY MyUYKAMH OT ABYX COCETHUX LIETEH BHIPAXAETCS
uyepe3 pasHOCTh XoAa [ MEXAY HUMU CAeayomuM obpaszom (cm. puc. 211):

l d sin 6
P=2n,=2n S;Ln . 3)

Toncrasnaa (3) B dopmyny (2), mosyuaeM ycaoBue IS HAXOXIE-
HUS HAIPABJACHUA HA MUHWMYMEL O .

Ndsin 0, =kA, k=1,2,...,N—1. 4

TMonoxenus N — 1 MUHUMYMOB MEXAy IJIABHBIMU MAaKCUMyMamu
TIEPBOTO M BTOPOTO TIOPSAKOB JAOTCA TOM Xe dopmysioit (4), B KOTOpOif
k yxe mpoberaer 3nauenus ot N + 1 g0 2N — 1, u 1. 1. OueBuano, uto
mexay N — | muaumymamu pacnosiararorcs N — 2 MakCMMyMOB, KOTO-
pHIE B OTJMYME OT IVJIABHBIX HA3BIBAIOTCH MOOOUHBIMHM. DTH MAKCUMYMBI
BO3HUKAIOT, KOIa JIOMAHAY JMHUSE HA BEKTOPHOM auarpamMme, oGpaso-
BAHHAs BEKTOPAMM A ;, YACTHMUYHO HAJarasich camMma Ha celsi, OKAHUMBAET-
Cq B BEPXHEH TOUKE OKPYXXHOCTH, TAK UTO 3aMBIKAIOUINI €€ BEKTOp pe-
3yabTHpPYIOMEro KoacOanusa A(6) MpoxXoAuT MO AMAMETPY OKPYXKHOCTH.

Ha puc. 2126 mokazaHa BEKTOpHAS AMAarpaMma, COOTBETCTBYIOMIAS
HAIPABJIEHUIO HA MEPBbIA MOOOUHBIA MAKCUMYM, PACIIOJIOXEHHBIA PAIOM
¢ raBHbiM. C MOMOIIBIO PUCYHKA JIETKO BHUAETDH, UTO MPHU OOJBLIOM UKC-
Je WTpuxXoB N aMIUINTyAa KoneOaHuil B 9TOM MakcuMyMme B, CBsI3aHa €

AMILIUTYAOM KoAe0aHUil B IJIABHOM MAKCHMYyME A, COOTHOLIEHHMEM

2
B, =%A0. ITpomopmornanbHAS KBAagpaTy AMIUIATYABI OCBEMICHHOCTH

OyZeT B LEHTPE MEPBOTO MOOOUHOrO MAKCMMYMAa IOUYTH B 25 pa3 MeHb-
e, ueM B UEHTPE TiaBHOro. OCTasbHblE MOOOUHBIE MAKCHMyMbl GYIyT
eme caabee.

PacnipeneneHue nudparupoBasiiero CBeTa rno MakCMMymMaM pa3HbIX
nopaakos. Kak Mbl Bugeau, aMmanTyaa KoseOaHud B TIABHOM MakCH-
Myme B N pa3 Oosibiie aMIuidTyabl KosicOaHWil, CO3JaBAEMBIX B OJTOM
TOUYKE BTOPMYHOM BOJIHOM OT omHOM mean. Ho ammiuryna kosebanuii ot
ONHOM wWeaM 3aBUCUT OT yriaa O u ompemenserca dopmysoit (5) mpe-
aeigymero maparpacda. [TooroMy aMmaIuTyabl pe3yabTUPYIOMIErO Koseba-
HUAY B TJIABHBIX MAaKCMMyMax pa3HBIX MOPSAKOB pasanuHbl. Kaprwaa
pacrpenesicHus OCBEIICHHOCTH HA JKpaHE TMoKaszaHa Ha puc. 213 mig
Iu(PaAKIMOHHON PEmIETKY, coaepxamein N = 4 mesu, TpuueM OIMpruHA
wesau b B Tpu pasza Menbine nepuoga d. Orubaromas riaBHbBIX MAKCHMY-
MOB COOTBETCTBYET PACMPEACICHHUIO OCBEHICHHOCTH B ANMPAKIMOHHOMN
KaptuHe ot ogHou mean (cMm. puc. 209).

Jlerko BUaETH, UTO TVIABHBIM MAKCUMYM OMPEAEIECHHOTO MOPSAKA TPO-
Mafaer, €C/IM €ro MoJOXEHHE COBMAJAET ¢ KAKMM-HHOYAb MUHHUMYMOM
aupPaKIMOHHON KapTuHbl OT opgHOM meau. CpaBHMBAsS —yCIOBUE
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d sin © = nA, ompeneadomee TJIABHBN MAKCUMYM PEIICTKHU, C YCIOBUEM
MUHUMYMA B AM(PAKLIMOHHON KAPTUHE OT OAHOU wmiesu b sin 6 = kA, Bu-
MM, UTO YCJIOBHUE MCUC3HOBEHU S TJIABHOTO MAKCUMYMA H-TO MOPSIAKA MOXK-
HO 3aIKCaTh B BUAE

SEES

, k=1,2,...,n—1. (%)

Q| o

3meck k HE MOXET MPUHUMATH 3HAUEHWS, PABHOTO #1, MO0 HpPH JTOM
b=d, 1.e. pemerku yxe uwer. Ha puc. 213 b/d = 1/3, nosromy orcyT-
CTBYET IVIABHBI MAaKCUMYM TPETHErO mopsaka. Takum oGpasoM, pacope-
JEeICHUE DHEPTUW TANAIONICH HA PEIMETKY TUIOCKOW MOHOXPOMATHUECCKOM
BOJIHbBI IO TJIABHBIM Z[I/I(‘bpaKI.[IrIOHHI)IM MAKCUMYMdM PA3HBIX TOPIAKOB

_A _5h _k 0 A A A A sin®
25 ~d d 23 v 4q

Puc. 213. Pacmnpesenenue OCBEMEHHOCTH JUTs TUDPAKIIMOHHON PEMIETKU, COMEPIKAIIEH ue-
TBIPE LIS

3aBUCHUT OT OTHOIICHUS b/d, a B 00IEM CTyyae OMpPEREasIeTca CTPYKTY-
poil OXHOrO MmepmoAa pemieTKh. [lo/IoXEeHuEe TIABHBIX Au(bPAKIUOHHBIX
MakCUMyMOB, ompenensemoe dopmysonn (1), nmpu HaHHOM NIMHE BOJIHBL
A 3aBucuT TOJIBKO OT mepuoaa pemerku d. OHO HE 3aBUCUT HU OT TOJI-
HOTO UMC/Id TITPUXOB PCHICTKH N , HA OT CTPYKTYPbI KAXAOTO OTACIbHO-
ro mepmwopa pemeTku. [Ipw yBe/WUCHWH TOTHOTO UYWCAA IMTPUXOB N
TJIABHBIC MAKCUMYMBI, OCTaBAsICh HA TPEXHUX MECTAX, CTAHOBATCS BCE
pesue u pesue, TaK KaK MEXAY HUMH MOSB/ISETCS BCe Oosbliee u 60/1b-
Iee UMCJIO0 MPUMEPHO PABHOOTCTOSIIIUX MOOOUHBIX MAKCHMYMOB.

M#bi BUAWM, UTO TIPW WCTIOIB30BAHUN AU(MPPAKIMOHHON PEIICTKU B Ka-
YECTBE AMCIIEPIUPYIOMIETO 9JEMEHTA CIEKTPAIbHOrO mpubopa mpu mage-
HUM MOHOXPOMATHUYECKOM BOJIHBI MOIYUYACTCH HE OXHA COEKTPATBHAY JIH-
HUS, a HAOOp IJIAaBHBIX MAKCMMYMOB KOHEUHOM mupuHbl. Ecau magaio-
miee M3JyUYEHHUE COAEPXKHUT CBET HECKOJNbKMX JJIUH BOMH A, Ay, ..., TO
TJIABHBII MAKCUMYM HYJIEBOTO MOPSIAKA Ui BCEX A OyaeT B OAHOM M TOM
xe mecre npu 0 = 0, a moJoXEeHNE TIABHBIX MAKCUMYMOB MEPBOTO, BTO-
poro u T.A. MOPSIAKOB UISl PA3HBIX IUIMH BOJH OYAET Pa3JMuHBIM B CO-
orBercTBum ¢ hopmy.ioi (1). [TosToMy pazamuarT CO34aBAEMBIE PEIIET-
KO CIEKTPBI TIEPBOTO, BTOPOTO ¥ 00Jiee BBICOKMX MOPSAKOB.

Pa3pemaioumas cnocooHocTs pemerku. OfHOM 13 BaXXHEHIINX XapaK-
TEPUCTUK AU(PPAKIUOHHOM PEIIETKY SIBJISIETCSI €€ paspewarouas cno-
COOHOCM b, KOTOpAsd XapaKTEPU3yET BO3MOXHOCTH PA3AEAUTh B IMagaro-
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WIEM M3JIyYEHMM ABE OJU3KME IJIMHBI BOJHBL A u A + AA. Paspemaro-
el CIOCOOHOCTBIO HA3BIBAETCH OTHOIIEHUE A K MUHUMAJIBHO BO3MOX-
HOMy 3HaueHuio AA, T.e. A/AA. Cuuraercd, uTto ABE JIMHUU CIEKTPA,
CO37aBAEMOr0 PEUICTKON, PA3JIMUMMBI, €CJIM TJABHBIA MAKCUMYM #-TO
TOPSAKA A9 JIWHBL BOJHB A + AA TMOAXOAWAT K 7-MYy TJIABHOMY MAaKCH-
MyMYy /s [UIMHBL BOJHBI A He Oauxe, yeM OaMKaWIMIMii MUHMMYM /s
A (puc. 214). DTOT YCAOBHBIM KPUTEPHI PA3PEIIMMOCTH CIIEKTPATbHBIX
smHEmA Obut npemnoxen JIx. Pomeem. Ipu Bemonnenmm xpumepust Po-
Jlest Hajarapommecs AMQPPaKIUOHHBIE KAPTUHBI O0pa3ylT MAaKCHUMyM C
HeOObIIMM MPoBajaoM mocpeaune (puc. 214), uTo BOCHPUHUMAETC IJ1a-
30M MO0 KOHTPACTY KaK HAJUUUE TEMHOTO MPOMEXYTKA MEXAYy MaKCUMYy-
MaMM I JJIMH BOJH A U A + AA.

TMonoxenue GAMXANIMIETO K 1-MY TJIABHOMY
MAaKCUMyMy MUHUMYMA JJIS JJIMHBI BOJHBI A
OMpeaeasaeTcsd, B COOTBETCTBMM C (DOpPMYyJioi
(4), cooTHOmEHUEM

Ndsin 6= (Nn+1) A. (6)
Jlng TOMOXEHWI M-TO TJABHOTO MAaKCHMyMa
IS JMHBL BOJHBL A + AA, cornacHo dopmyJie
(1), MOXHO HAMUCATDH
Nd sin 6 = Nn (A + AMD). N
Ilpn BemosHCHMM Kputepud Panesa ncseie
vactu (6) u (7) copmagaror. [Tooromy

(Nn+ 1) A= Nn (A + AR),

oTKyaa

A/AX = nN. (8) Puc. 214. Kpurepuit Panes
Paspemaromasa cnocoGHOCTh AM(PAKIMOH-  Pas3pEelmMMOCTH  CTIeKTPATh-
HOH PEIIETKM TEM BHIIE, YeM OOJbIIe B Hefi HbIX JuHuit
mMTPUX0B N M YEM BBILIE WCIOJb3YEMBIM MOPSI-
JOK criekTpa #. Hanbosapmmii mopaaok crnekTpa Apaxs KOTOPBIM MOXHO TIO-

JIYUUTh C JAHHOM PEMIETKOM, OrpaHMUYMBAETCS yCaoBueM |sin 0| < 1:
d = ng, A

max”“+*

Yro0bl pemreTka maBaja CIEKTP XOTs Obl EPBOrO MOPSAKa, HEOO0XO-
OMMO, YTOOBI MEPHOA pemeTku ¢ Obl1 He MeHble AauHbl BOHBL A. Co-
BpeMeHHBIC pemerku umeioT 10 1200 mrpuxoB Ha 1 MM u pasperaio-
LYK CIOCOOHOCTh B criekTpe mepsoro mopsaka ao 100 000.

Illean KoHeyHOM mKpuHBI B onbiTe FOHra. Bepaemca k ombity FOHra,
paccmorperromy B § 30. HamomumM, uTo 5TOT ONMBIT OB PACCMOTPEH B
l'IpI/I6JII/I>KeHI/II/I TOUCUYHBIX BTOPUYHBIX MCTOUHUKOB, KOTOPOC IMPUMCHUMO
TOrga, Koraa pasmep OTBepCTI/Iﬁ MHOr0O MCHbBIIC AJIMHBI BOJIHBI. Kak MbI
BUAC/IN, BMCCTO TOUCUHBIX OTBepCTI/Iﬁ MOZKHO HUCIIOJIb30BATHh 6eCKOHellH0
y3KHE TapaJICAbHBIC WICAU, W BUA WHTCPHEPEHUMOHHOW KAPTUHBI B
LEHTPE SKPaHa TPU ITOM HE MEHSICTCS.



290 VI. OIITUKA

OpHako B peasjibHOM OMbBITE IMIEJM BCETIAa MMEIOT KOHEUHYIO IUPUHY.
Temnepp mocae TOro, KaKk Mbl IO3HAKOMUJINCH C ACHCTBHEM AA(DPAKIIAOH-
HOM pEIIETKH, JIETKO BBISICHUTH, KAK M3MCHACTCH MHTEPGhEPECHIMOHHAS
KapruHa B onbiTe KOHra npu mepexone K meaaM KOHSUHON MuPrHBL. 11

_X _ i 0 A oiahr A 0
d 2333

d b

Puc. 215. Pacnpenesnenue ocBemeHHOCTU B onbiTe FOHra B cyuae, KOrja MMpPUHA IIEJU B
MSITh Pa3 MEHBIIE PACCTOSTHUS MEXY IEHTPaMU IIEJIei

STOr0 AOCTATOUHO COOOPAa3HTh, uTo Hieau B omnbiTe IOHra mpeacraBagroT
coboi Au(PAKIMOHHYIO PEIIETKY, Y KOTOPOM MOJHOE UUCIO INTPUXOB N
pasHo asyM. I1pasaa, B onbite FOHra oTCyTCTBYyeT AMH3a, HO Habawonae-
Mas Ha yAAJCHHOM JKpaHe MHTEP(EPECHIMOHHAS KAPTHHA MPAKTUUYECKU
HE OTIMYAETCI OT TOM, KOTOpas HAOM0maerca B (DOKATBHOM IMJIOCKOCTH
JIMH3BI JJIS PEIIETKH C ABYMS INEIIMH, MO0 NMPUXOASLIME B OMHY U TY XK€
TOUKY YAAJEHHOrO SKPaHA Jyud OT ABYX OJM3KMX LIEJEH MMOUTH mapaji-
aenpHbl. Ha puc. 215 mokasaHo pacnpeaesicHUue OCBEUICHHOCTM HA yaa-
JICHHOM 2KpaHe B onbiTe FOHra B cayuae, KOria MIUPUHA S b B TATh
pa3 MeHbIIE paccTogHUd Mexay ueaTpamu menci d. lltpuxosaa muang
COOTBETCTBYET PACTIPEACTCHUIO OCBCIMICHHOCTH 9KpAaHA OT OXHOUW IIE/H.

3anpmgaumn

1. /Ie audpakIMOHHBIE PELIETKH OJHOTO pa3Mepa UMEIT Pa3Hoe MOJHOe UKC-
Jio mTpuxos Ny u N,. Kotopas us HUX uMeeT 6oJiee BBICOKYIO pa3peliarollyio cIo-
COOHOCTb B CIIEKTPE I1EPBOTo MOPSAKa U B CIIEKTPE MaKCUMAaJIBHOTO 1opsiaka?

O rBeT: B criekTpe nepBoro nopsaka paspeiianiinas crnocooHocTb A/ AX Bbilie
y TOV pelIeTKH, KOTopasi MMeeT Gosibliiee MOJTHOE YHCJIO IITPUXOoB. B criekTpe Mak-
CUMaJIbHOTO Ul JaHHOM peLIeTKH Nopsjka 1, = d/) paspeluaiomas crocoo-
HOCTb 3aBHUCHUT HE OT IOJHOIO YMCJja IITPUXOB N, a TOJBKO OT IOJIHOIO pasMepa
L = dN pelerku.

2. Onpezenure HanpaseHue 0, Ha rMaBHbIi AU PAKIUOHHBIN MAKCUMYM 12-TO
HOPSAKA, €CJAM MOHOXPOMATHUYECKHI CBET UIMHBI BOJHBI A MAafaeT Ha PEIIETKY C
MOCTOSIHHOM ¢ IO YTJIOM «.

O 1BeT: [Ipy HAKJIIOHHOM NaJEHUHU IJIOCKOM BOJIHBI [0 YIVIOM ¢ Pa3HOCTB X0[a
coceiHUX MyukoB A = d (sin 6 — sin ) U nosiosxeHue IVIaBHbIX MaKCUMYMOB pas-
HBIX TOPSIAKOB oIpesiensercs ycosuem d (sin 0, — sin a) = ni.

e Yro umeror B BUAY, KOrga roBopsr O CIICKTPaJIbHOM COCTaBC l/l3ﬂy‘-l€Hl/l$l?

e OObBSICHUTE TPUHLIMI AEUCTBUS CIIEKTPaJIbHOIO IMpUOOpa, CXemMa KOTOPOro
nokasaHa Ha puc. 210. KakoBo HazHaueHUe €ro OTAEJIbHBIX DJIEMEHTOB?
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e UYeMm oTiiMuaeTcs CHEKTp U3/IyueHHUs, HaOJIOAAeMbIil C IOMOUIBIO peasbHOro
CIIEKTPaIbHOTO IPUOOPa, OT TOTO, UTO JAOIKEH ObLJ OBl AaTh HAcATBHBIN TPHUGOpP?

¢ Kak ycrpoeHa audpakumonHas pemerka? Kakas BequunHa HasplBaeTcs I10-
CTOSIHHOH perneTku?

¢ [logacuure NPUMEHCHUEC BEKTOPHBIX AUArpamMm Jid OINPCAC/ICHUS IMOJIOXEHUA
MaKCHMMyYyMOB U MHUHUMYMOB }II/I(I)paKI_II/IOHHOI‘/,I KapTHUHBI.

e [lokaxure ¢ MOMONIBIO BEKTOPHON AUArpaMMbl, UTO COCEAHUM C IVIaBHBIM Mak-
CUMYMOM TIOOOUHBI MAKCUMYM UMeET B 25 pa3 MEHBIIIYI0 OCBEIIEHHOCTbD.

¢ Kakum ycnoBreM omnpezensercss HaUGOIbIINI NOPSAOK cIeKTpa 1. 7

e Kakyw MakCcUMaJIbHYIO JJIMHY BOJHBI MOXHO HaOJIIOAATh B CIEKTPE PEIIETKU
¢ niepuonom d?

e FEcau uucno mieseit AN pakiiMOHHON PENIETKU YBEJUUYUTh BABOE, TO WHTEH-
CUBHOCTH TJIABHBIX MaKCUMYMOB BO3PACTET B 4eThipe pasa. OCHOBBIBASCH HA
SHEPTETUUECKUX COOOPaXEHUSX, OOBICHUTE, IMOYEMY IMPU STOM IMUPUHA
[JIABHBIX MaKCUMYMOB YMEHBIIIAETCS B [BA pasa.

. HpI/I KaKOM OTHOUICHUHU IMUPUHBI IIEJIN K TMIOCTOSIHHOM PEUICTKU B Z[I/I(I)paKI_[I/IOH—
HOW KapTUHE GYZ[CT OTCYTCTBOBATDb TJIABHBIN MaKCHUMYM TPETHETO r[opsu:[Ka?

¢ OO0BsCHUTE, KaK HCIONb3YyeTcs KpUTepuil Poses mpu BeiBome hopMyJIBl AuIst
paspeluaniieil cnocodHoCTH AUMDPAKIIMOHHON PEUIETKHU.

§ 33. MporTsAxKeHHble MCTOYHMKM CBeTa

Paccmorpennbie Boilie WHTEPGhEPEHIMOHHbIE W AUMDPAKIUOHHBIC SIBJIC-
HHUY BOJHOBOM ONTHUKH OTHOCHJIMCH K CIYyUard MOHOXPOMATHUYCCKOTO CBC-
T4, U3JTyU4a€MOro TOUCUYHBIM MCTOUYHUKOM. OZ{HaKO BCC PCAJBHBIC MCTOU-
HUKH CBCTAd MMCKOT KOHCUHBIC PA3MCPBI, 4 I/I3JIy‘IaCMHﬁ UMHU CBET, KAK
MBI YX€ OGCY)K)laJII/I BBIIMC, HUKOTAA HEC IBJILICTCA CTPOTO MOHOXPOMATH-
uyeckuM. [103TOMYy WMHTEpPECHO BBIICHUTH, K KAKMM WM3MCHEHUSM B pe-
3yJbTaTaxX MPUBEAET OTKA3 OT MOHOXPOMATHMUECKOW WACATM3ALUUA WU
yUeT KOHEUHBIX Pa3MEPOB MCTOYHWUKOB CBETA. [ mpoCTOTH 1 GOJIbIIEH
HATJISIAHOCTY BBISICHUM POJIb KaXA0TO M3 9THX (PaKTOPOB B OTACTBHOCTH.

Haunem ¢ yuera KOHEUHBIX pa3MepoOB MCTOUHMKA. Dyaem cuutars,
YTO peasbHbIA MPOTSKEHHBIA UCTOYHMK COCTOMT M3 OOJIBIIOrO Yuc/aa TO-
YEUHBIX B3aMMHO HEKOT€PEHTHBIX 9JIEMEHTOB, M3JIyUAIOMUX CBET OIpeE-
JEJIEHHOW UIMHBI BOJHBI. B DTOM CIyuae MHTEHCHBHOCTH B JIFO0OM TOUKE
BOJTHOBOTO TIOJISI PABHA CYMME MHTEHCHUBHOCTEHW OT KaXKJOTO TOUCUHOTO
WCTOYHUKA.

PaccmoTpum m3ameneHne WHTEPGHEPEHUMOHHON KAPTUHBI B OMBITE
FOnra, 00yc/10BJIEHHOE MCMOIB30BAHMEM MPOTSKECHHOTO MCTOYHHMKA CBE-
ta. Pasymeercsa, peubp uaer He 00 yBeIMUCHHM PA3MEPOB MCTOUHHMKA B
HATNIPaBJICHWM, MAPAJUICbHOM INESM: MPU UCHOJIb30BAHMHM TAKOTO JIH-
HEWHOTO MCTOUHWKA BUA MHTEPHEPEHIMOHHON KAPTWHBI, KAK MBI BUAC-
s, HEe MeHseTcs. Peub uaeT u He 00 yBEIMUEHUHM PA3MEPOB BTOPUYHBIX
KOT€PEHTHBIX UCTOYHUKOB, T. €. IIAPUHBI MIEJACH TIPU UCHOJIb30BAHUM TO-
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YCYHOTO TEPBUYHOTO MCTOUHHWKA CBETA, — JTOT CAyuail yxe ObUl pac-
CMOTpEH B KOHIlE mpeabiaymero naparpada. Ceiiuac Hac Oyaer mHTEpE-
COBaTh BUA WHTEPMEPECHIIMOHHON KAPTHHBI TIPU WCIIOJIb30BAHUY TICPBHAU-
HOI'O MCTOYHMKA KOHEUHOM NIMPHUHBI, 4 CAMHU INEAH OYAEM I IIPOCTOTHI
CUMTaTh GECKOHEUHO Y3KMMHU. MBI YBUAUM, UTO C YBEIMUEHUEM 1M PUHBL
WCTOUHUKA PE3KOCTh MHTEPGHEPEHIIMOHHBIX TOJIOC YMEHBINAETCS BILIOTh
0 WX TMOJHOTO MCUE3HOBCHMS. JTO HAKJIAABIBACT OMPEAC/JCHHBIC YCJIO-
BHUS HA pa3Mephl HCTOUHWKOB CBETA B HATIPABJICHWH, COCAMHAIOMIEM OT-
BEPCTHS WJIM MICAW, TIPU WX WCIOJb30BAHUU B WHTEPHEPCHIIMOHHBIX
okcnepuMenTax no cxeme FOHra.

SBreHnE YMEHBIICHUS PE3KOCTH MHTEPPEPEHIIMOHHBIX TOJIO0C, C KO-
TOPBIM TIPUXOAUTCS OOPOThCA B J1A0OPATOPHBIX SKCIIEPMMEHTAX, HALLIO
COBEPIICHHO HEOXHMIAHHOE M 0UeHb d(P(HEKTUBHOE MPUMEHEHNE B aCTPO-
HOMWUM.

Posb audpaknmm B Texeckone. OmHONM W3 BAXHEHIINX ACTPOHOMUUE-
CKHX 33724 IBJISCTCS OTMPEACTCHUE YTIOBOTO PACCTOSHUAS JBOMHBIX 3BE3T,
T. €. TOTO yIJIa, TIOX KOTOPBIM BHAHBI OTH 3Be3abl ¢ 3eman. Ecam 3Be3nsr
HAXogdaTCd HAa OUCHb MAJICHBKOM YTJIOBOM PACCTOAHUA (§] APYT OT Apyra, TO
Jaxe € TOMOIIBI0 CAMBIX COBEPIMIEHHBIX TEICCKOMOB OTY 3a4auy PEIINTh
HE yIAeTcd, TaK KakK B (POKAJbHOM IJIOCKOCTH OObEKTHBA U300pa’keHus
9THUX 3BC3A PA3MBITHI BCJICACTBUC ABJICHUA Z[H(‘bpaK].[I/II/I n HEC MOTYyT 6hITI)
paspemensr. COTTACHO TPEACTABACHUSIM TCOMETPAUECKOM OTITHKH TTApaJI-
JIEJIbHBIN IyYOK Jyuyel, Najaioumx Ha JUH3Y 00bEKTUBA, NOJDKEH COOM-
paTbCd B OXHOM TOuKe (DOKAJBHOM IJIOCKOCTH. IlodTOMY M300pakeHue
YIAJEHHOM 3BE3/bl, JIyUd OT KOTOPOU MONAAAI0T B OObEKTUB MPAKTUUECKH
mapajyiCJAbHBIM ITYYKOM, JOJI2KHO IMOJIYyUYAdThbCd B BUAC TOUKHA.

BorgcHnM Temeph, KaK HA CAMOM €I BBITJISAUT B (DOKATBHON ILJIOCKO-
CTH OOBEKTUBA TEJECKONA M300pa’KeHUe 3BE3MbI, KOTOPYIO M3-3a OYEHD
GOJIPLIOTO yAAJECHUSI MOKXHO CUMTATh TOUEUHBIM UCTOUHMKOM. YTOOBI mO-
JIyUUTh TIPEACTaBIcHUE 00 5TOM, OyAEM MOKa CUMTATH, UTO Mepen 00bEK-
THBOM TEJICCKONA TIOMEIICHA JINHHAS IIE/Ib WUPUHOM d C MapaICTIbHbI-
MU TIPSIMbIME KpasgMu. [T0CKOIBKY TPUXOASIINIA OT 3BE3Ibl CBET MOXHO
paccMaTpuBaTh KAk IMJIOCKYIO BOJIHY, B (DOKAJIBHOM MJIOCKOCTH 0ObEKTHBA
Oynmer HabmromaThes AudPAKUMOHHAS KAPTWHA OT LIEJW, KOTOpas ObLia
OTKMCAHA TIPY PACCMOTPEHUM AN(PPaKIMK B MAPALICTBHBIX Jyuax. Pacmpe-
JeJIEHUE OCBEIEHHOCTH AJIsS 9TOTO Cayudas OblIo mokasano Ha puc. 209.

OCBELIEHHOCTh JKPaHA B MEPBOM OOKOBOM MAaKCMMYyME COCTABJISIET,
Kak ObUIO MOKA3aHO, MEHEE 5 %, OCBELIEHHOCTH B LEHTPE AU(PPAKIMOH-
HOW KapTWHBI. DTO 03HAUAET, UTO MOUTH BECh MOTOK CBETA, TPOIICALINI
yepe3 mesb, PACOPOCTPAHSETCS B MHTEpBasE yrioB oT —O, mo 6, rae

yron 6, ompenensiercs copmynoit (7) § 31 npu k = 1. ITockombKy Mbl

paccMaTPUBAEM WIE/b, IMMUPUHA KOTOPOM ¢ MHOTO GOJIBINE AJUHBL BOJTHBI
A, TO sin 6, MOXHO 3aMeHHTb Ha O,, U Torma
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W3o0paxkeHne OECKOHEYHO YAAJEHHOIO TOUEYHOTO MCTOYHMKA B
(pOKATBHOM IUTOCKOCTH JIMH3BI OKA3BIBAETCS PA3MBITHIM B IIOJOCKY, HEP-
TMICHANKYAIPHYIO KpasM mean. [[rHa g 9TOM MOJ0CKHA OTpAHWYCHA Pas-
MEpPOM LEHTPATBHOrO AUMPAKIMOHHOTO MAKCMMYyMa W MOITOMY paBHA

a=2F0, =22 F, 2)

rae F — doxkycHOE paccTosHUE JIMH3BL.

Paccmorpenue aucdpakuuy Ha KPYrJioM OTBEPCTUM AuamerpoM D mo-
KasblBAET, uTO M300paxxeHWe OCCKOHECUHO YAAJEHHOTO WCTOUHHMKA Pa3-
MBIBAETCS B KPYIJIOE MATHO, AMAMETP KOTOPOTO OMPEHEHSICTCS TOU K
opmyoit (2) ¢ DOMONHUTETBHBIM UMCIOBHIM KOd(hduumenTom, 6ams-
KUM K CAUHUILC.

B Teseckomne posib KPYIJIOTO OTBEPCTHS MTPAET OMpaBa OOBEKTHBA, U
n300pakeHne 3BE3ABI MPEACTABASET CO0OM CO3AABAEMYIO DTOM OMPABOMA
audpakuuoHHY0 KapTuHy. OObeKTUBBI GOJIBIIOrO AMAMETPA MOTYT Aa-
BaTh M300pakeHue 0osiee BBHICOKOIO KAyecTBa, Tak Kak (cM. dopmysy
(2)) ymenbmaerca BiausgHUE TUdPAKIAA,

Paspewenue Teneckona. Eciu B Tesieckon HaOMIOAAKOT ABE 3BE3/bI, Ha-
XOOAMMAECd HA MAjJOM YIJIOBOM PACCTOSHHM APYT OT APyra, To muppak-
[UOHHBIE KAPTUHBI, CO3AABAEMBIC KAXKAOU 3BE3[0M, HAJATAIOTCS OJHA Ha
apyryto. Ecau npu 3TOM riaBHBIE MAKCUMYMBbI JuhpaKIMOHHBIX KAPTHH
COMMKAIOTCS HA PACCTOSHUE, MEHBILNEE Paguyca LEHTPaJbHOro audpak-
MAOHHOTO TMATHA, TO, COIJIACHO KpuTepwuio Pojied, maMepuTh TOUHO pac-
CTOIHHUC Me)KI(y HHUMH, 4 TEM CAMBIM U yFHOBoe PACCTOIAHUC Me)KZ(y 3BC3-
JaMu, HEBO3MOXHO. [IpaBaa, COBpEMEHHBIE METOABI 0OPAOOTKY JKCIEPH-
MEHTAJIbHBIX PE3yJIbTATOB TMO3BOJISIOT pa3pemarth AudpakiuOHHBIC
KApPTUHBI, AT KOTOPHIX Kpurepuit Pajmed, cTporo roBops, HE BBIIOJTHI-
erca. O@HAKO A9 OUEHKM PAa3pEINAONIEN CIIOCOOHOCTH TEIECKOMA ITO
HC NPUHIOUIIHWAJIBHO.

VTax, MUHMMAJIbHOE YIJIOBOE PACCTOSHME © MEXIY 3BE3aMU, KOTO-
poe MOXXHO M3MEPUThH C TMOMOIIBIO TEAECKONA, PABHO

0~ 0, = A/D. (3)

[To aroit hopmysie JIETKO OLEHUTD, UTO HA TEJecKome-pedieKTope ¢ An-
aMmeTpoM 3epkasia D = 6 M B MPUHIUIIC MOXHO U3MEPSTh YIJIOBBIC pa3-
mepsl, He merbmme 0,02,

e TloueMy cBeTOBbIE BOJIHBI, UCITyCKAE€MbIe Pa3HBIMH 2JIEMEHTAMH TIOBEPXHOCTH
MPOTSKEHHOTO MCTOYHUKA, TAKOr0, KaK pacKajieHHas HUTb JIAMIIOYKU, HE CO-
37a10T UHTeP(hEPEHLIIMOHHON KapTUHbBI?

e QObscHUTE, rnouemy l/lHTepq)epeHLll/lOHHble moJiockl B omnbite KQHra craHoBST-
Cd MCHEC OTUCTJ/IMBBIMU I10 MCPEC YBCIIMUYCHUSI pPasMEpoB TMEPBUUYHOIO MCTOY-
HHKa, OCBCUIAKIICTO MIC/IN.

e Kakoe nmpUMeHEHME B aCTPOHOMHHM HAILIO SIBJICHUEC YMCHBUICHUS PE3KOCTU
VMHTEeP(MEPEHIIMOHHBIX [10JIOC TPU HCIOJIb30BAHUM TEPBUYHOIO HMCTOYHMKA
CBeTa KOHEYHBIX pasmMepoB?
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Kakyw posib urpaer gudgpakiius cBeta B (hOPMUPOBAHUU H300paKeHUS B
¢oKaIBHOU TJIOCKOCTU 0o0BekTUBa Tesieckona? Kakyw ¢opmy umeno 6bi
u300paxxeHne yOajeHHOM 3Be3[bl, €C/U Obl OHA Oblja, HAMPUMEP, MSTUKO-
HeuHOoMn?

YTo MpOUCXOAUT ¢ HADIIOAACMBIM B TEJIECKOIIC M300paxkeHUEM 3BE3Abl MPU
YMEHBIIICHUN ANaMeTpa OTBEPCTUS 00BEKTUBA?

A 3pe3nHbii uHTEepdepomerp. [Iig wm3MepeHUs €me MEHBIINX
YIJIOBBIX PAa3MEPOB WCMOJIb3YETCS 3Be3AHbIM umHTepdepomeTp Maii-
KE/JIbCOHA, MIACK KOTOPOr0 MOXHO HOHATh u3 puc. 216. OcHoB-
HBIMU DJJIEMEHTaAMU WHTEp(EpOMEeTpa SIBASIOTCS HEMPO3PAUHbBIN IK-
paH A Cc ABYMY OTBEPCTHSIMM, PACCTOTHUEC MEXAY KOTOpPHIMEA d
MOXHO WM3MEHATH, COOMpammas JuH3a L, pACIOJOXEHHAS HEMOC-
PEACTBEHHO 33 JKpPAaHOM A, U
9KpaH B, Haxomsuuiics B o-
KaJbHOW TIJIOCKOCTA  JIMH3HI,
HAa  KOTOPOM  HAOMIOAArOTCA
uHTEPGHEPEHIIMOHHBIE TTOJIOCHI.

10 ecThb OgHA W3 BO3MOX-
HBIX peanmsanmii ombita FOHra,
OTJIMYAIOMIASICS OT PACCMOTPEH-
HOM paHee TeM, uTO MHTEpde-
PEHLIMOHHBIE TIOJIOCH HAOMIOna-
FOTCY HE HA yAAJICHHOM JKpPaHe,
a B (DOKAJIBHOM ILUIOCKOCTH JIMH-
3bl, POJIb KOTOPOW B 3BE3AHOM
uHTephEpOMETPE  BBIMOJHSET
OOBEKTHB  TesecKona-pediek-
topa. [Ipn m3aMeHeHNM paccrod-
HAd d MEXAY OTBCPCTUIMUA
pe3kocTh WHTEPGHEPEHIMOHHBIX
MOJIOC M3MEHIETCS, W O JTUM
Puc. 216. K oGbscuenuio npunnuna aeicr- M3MCHCHHSIM MOXHO OIIpeac-
BUSI 3BE3/IHOTO MHTEPhEepomeTpa JIUTh YTJIOBOM pasMep ABOWHOMN

3Be31bl 0.

YT0o6Bl MOHATH, MOYEMY MEHSETCH PE3KOCTH MOJOC, PACCMOTPUM
CHauasa MHTEPHEPEHIMOHHYIO KAPTUHY, CO30ABAEMYI0 OMHUM 0ECKO-
HEUHO yJAJICHHBIM TOUEUYHBIM MCTOUHMKOM S. Ecam mcrounuwk S pac-
MOJIOXEH HA onTuueckod ocu (puc. 216a), 1o (asbl BTOPUUHBIX UC-
TOYHMKOB S| ¥ S, COBNAJAIOT U B HEKOTOPOM TOUKE P Ha oKpaHe B
OymeT HaXOAUTHCS CBETJIAS WJIM TEMHAS MOJI0CA B 3aBUCUMOCTH OT TO-
ro, OyAer Jim pa3HOCTh XOAA Jyuel / paBHA UECTHOMY WJIM HEUETHOMY
yucay noayBosH. Ecim ucTouHmMK S CMEMIEH ¢ ONTUUYECKOW OCH TpH-
Gopa Ha yroa @, TO co3aBaeMasi UM WHTEP(EPEHIMOHHAS KAPTUHA

OKaAXETCA CHBHHyTOﬁ, MOCKOJIbKY MCXAY BTOPUYHBIMU MCTOUYHUKAMU
MIMeeTCsl pa3HOCTh (pa3, oOyCc/IOBICHHAS PA3HOCTBIO XOA Jyueu [, oT
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WCTOUHMKA S 710 oTBEpcTHii B Okpane A (puc. 2166):
[, =da,. 4)

Ipu HaGArONEHMK ABOMHONM 3BE3MbI, KOTOPYI MOXHO PacCMaTpH-
BATh KAK JBA B3aMMHO HEKOTCPCHTHBIX TOUCUHBIX MCTOUHWKA, HA K-
paHe B OyayT HajaraThCs OAHA HA APYIYIO ABE HE3ABUCHMBIE UHTED-
depeHIMOHHBIE KAPTUHBI, CO3AAaBACMBbIC KAX/I0M 3BE310M, U OCBEIICH-
HOCTh B JIH000M TOUKe SKpaHa OyAeT paBHA CyMME OCBEIIEHHOCTEN OT
Kaxaoi uHTephepeHIMOHHON KAPTUHBL,

Kak Gyaer BhIISAeTh 5Ta CyMMapHas MHTEP(EPEHIMOHHAS Kap-
tuHa? OHa OyAeT OTUET/IMBOM, €C/AM CBETJBIE MOJIOCH OMHOM KAPTUHBI
MPUXOAATCS HA CBETJIbIC MOJIOCH APYTOl, M MCUC3HET COBCEM, €CJIU
CBETJIBIC TIOJIOCH OJHOW COBMAAYT C TEMHBIMHU MOJOCAMU APYTOW.
IMonHoe MCUE3HOBEHUE MOJIOC MPOU3OUAST, KOHEUHO, TOJIBKO TOT/Aa,
KOT/Ia 3BE3/bl UMEIOT OAMHAKOBYIO SIPKOCTb.

Tenepp JETKO TOHSITh, MOUEMY MEHSIETCS PE3KOCTh MOJIOC MPU U3-
MEHEHUM DPACCTOSHUS MEXAy OTBepcThsiMu HA dkpanHe A. Ecau or-
BEPCTUS PACIOJIOXKEHBI OUEHb OJM3KO APYr K APYry, TO, KAK BUIHO
u3 copmysl (4), hazpl BTOPHUHBIX MCTOUHUKOB S, 1 S, OyAyT mpak-

TUYECKW COBMAAATH APYT C APYTOM KaK AT OXHOW, TAK W /I APYTOU
3Be3abl. VHTEpdepeHMOHHAsS KapTUHA OyAeT OTYETIUBOM.

Ecnu yBeqmuuTh paccTOSHUE MEXAY OTBEPCTUSIMH, TO UHTEpde-
PEHLIMOHHBIE KAPTHHBI OT Pa3HbIX 3BE31 OyAyT CMENIAThCA OTHOCH-
TEJIBHO APYT APYTa, U IPH HEKOTOPOM PACCTOSHUM d, CBET/IBIE TIOTOCH
OHOUM KAPTHHBI COBMAAYT C TEMHBIMU MOJI0CAMH APYroi — uHTEepde-
pEHIIMOHHAS KapTWHA mcuesHer. [1ycTe B HeKoTopoi Touke P (puc.
2166) HAXOAUTCS CBET/IAA TIOI0CA ONHON MHTEPhEPEHIIMOHHON KAPTH-
Hbl M TEMHAS — APYroi. ITO 03HAYAET, UTO CBETOBBIE KOJeGaHUS OT
OIHOM 3BE3]bl MPUXOAIT B TOUKy P B (paze, OT Apyroii — B MPOTUBO-
¢daze. TTockosbKy pazHOCTh XOAA JyYEl OT BTOPUUHBIX MCTOUHHKOB
S, m S, 10 Toukm P omuHAKOBA A8 06enx MHTEPHEPEHINOHHBIX Kap-

THH, HETPYAHO COOOPAa3UTh, UTO HAJIOXEHUE CBET/ION MOJIOCHI HA TEM-
HYIO UMEET MECTO TP BBITIOJTHCHUU YCJIOBUS

L+hL=Qk+ 1) 6))

rae k — moboe uenoe uucao. C nomompio dopmyst (4) ycaosue mos-
HOTO MCUE3HOBEHMS MHTEPMEPEHIMOHHOM KapTUHBL (5) MOXHO 3armm-
caTh B BUIE N
di(a,+ay) =d0=(2k+1) 5.

Urak, npn yBesmueHUM pacCTOsTHUS d MEXIY OTBEPCTUSIMU TEp-
BOE€ MCUE3HOBEHME MHTEP(HEPEHUIMOHHON KAPTUHBI TTPOUCXOAUT TIPU

A
d=dy= 5. (6)

[Mpu panpheiimem ypennmueHun d MHTEPHEPEHUMOHHBIE TIOJOCHI TO-
SIBJISIFOTCSI CHOBA, 3aT€M CHOBA MCUE3aIOT W T. A.
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W3mepuB paccrosiHMe MEXAy OTBepcTusiMu umHTEpdhepoMeTpa dy,
Mpy KOTOPOM BIIEPBBIC MCUE3aCT MHTEP(EPEHIMOHHAS KAPTUHA, MBI
TOJIyYae€M BO3MOXHOCTh € TIOMOIIBIO (hopMysibl (6) BEIUMCANUTD YTJTO-
BOW pasMep ABOUHOM 3Be3abl. Kak BUAHO w3 3T0# (POpMyJibl, UyBCT-
BHUTEIbHOCTb Tpubopa TeM Oosblile, yeM OOJIbIIe MOXET ObITh CaeIa-
HO PACCTOSHUE MEXAY LIEJIMM HA OObEKTUBE.

OueHnM, Kakoil MUHUMAJIBHBIA YIJIOBOUM pa3Mep JABOWHON 3BE3MbI
MOXHO M3MEPHUTH C MOMOINBIO MHTEPHEPOMETPA HA 0a3e IECTUMET-
posoro Teseckomna: mpu A = 5500 A on pasen

0,.. = A/2D~ 0,01".

HeGonpmiuM M3MEHEHHMEM PACCMOTPEHHOM BBINIE KOHCTPYKIMK
3BE3AHOr0 MHTEepdepoMeTpa MaiKeabCoH CyMea J0OMTHCS BBICOKOTO
JTJIOBOTO pAa3pemicHus AaXxe C
TIOMOIIBI0 TEJIECKOTMA CO CPaBHU-
TEJAbHO HEOOIBbIIUM AUAMETPOM
obobekTBa. OH TNPENIOXHUA CBET
OT JABOWHOW 3BE3ABl HAIPABJIATH
uepes meam B OOBEKTUB HE HE-
TIOCPEICTBEHHO, KaK HA
puc. 2166, a mocae oTpaxeHus OT
CUCTEMBI 3€pKaJj, JAEUCTBUE KOTO-
peix moHgTHO W3 puc. 217. Pac-
Puc. 217. Cxema 3seamuoro untepdepo-  1O/TOKCHHBIC MPOTUE wenei S, u
MeTpa MaiikepcoHa S, 3epkasa M, u M, 3akpemne-

Hbl HETOABWXHO, a 3epkana M,
u M, MOXHO CUMMETPDUYHO pa3ABMrath. Ilpm osTom casur unaTepde-

peHI.[PIOHHOﬁ KAPTUHBI OT OZ[HOIUI 3BC3Abl OTHOCUTC/IbHO KAPTHUHBI OT
APYroM M, CAEAOBATENBHO, pPa3pelmammas CrocoOHOCTh mnpubopa
OMPENENIETCS PACCTOSHUEM MEXAY 3epkanamu M, m M,, XoTa pac-
CTOSTHME MEXAY WHTEP(HEPEHUMOHHBIMU TIOJIOCAMM 3aBUCUT OT pac-
CTOSTHUSI MEXAY MICAIMUA W HE MCHSICTCS.

Paccmorpum tenepb, Kakoi Bug OyaeT uMeTh mHTEpPdEpEHIMOHHAS
KapTHHA, €CJIM BMECTO ABYX HEKOTEPCHTHBIX TOUCUYHBIX MCTOUHUKOB
CBETA UMEETCS OOWH MPOTSKCHHBIM MCTOUHUK C YIJIOBBIM pazmepom 6.
B orom cayuae KaxXablii TOUCUHBINA 9JIEMEHT, HA KOTOPHIE MOXHO pas-
OWTh MPOTSIKEHHBIM MCTOYHWK, CO3JAET CBOK MHTEP(EPEHUMOHHYIO
kaptuHy. Tak Kak BCE 9TH MCTOYHUKHA HEKOTEPEHTHBI, TO MX MHTEPdhe-
PEHIMOHHBIC KAPTUHBI TIPOCTO HAJIATAIOTCS APYT HA APYyTa.

BoisicHUM, KaK MEHSIETCS PE3KOCTh CYMMApPHON KAPTHHBI OT TIPOTSI-
>KEHHOTO MCTOYHHMKA B BHUIE CBETSIIEHCS MOJOCKH IPHU MOCTEIEHHOM
YBEJMUCHUM paccTosiHuS d Mexay menasmu marepdepomerpa. Ecam
9TO PacCTOSHHUE OUYEHDb MAJIO, TO MOJIOXEHHUS MMOJI0C MHTEP(EPEHIINOH-
HBIX KAPTHH OT BCEX TOUEUHBIX DJIEMEHTOB CBETSIIENCS TOJTOCKH MPaK-
THYECKMA COBMAZAIOT M CyMMapHas KapTUHA MMEET MAaKCUMAJTbHYIO
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pe3kocth. [lo mepe yBeaumueHus paccrosiHus d PE3KOCTh KAPTUHBI
YMEHBUIAETCS, U MDY HEKOTOPOM 3HAUYEHUM d, TIOJIOCH! IIPONAAAIOT.

Haiitu d, MoxHO ciexyromum o6pazoM. MEICIEHHO pa3o0beM paB-
HOMEPHO CBETSILIYIOCS TOJIOCKY HA Mapbl OAMHAKOBBIX JIEMEHTOB TaK,
uTOOBI PACCTOSHHUE MEXY DJEMEHTAMU JIFO0O0M Maphl PABHAIOCH MOJI0-
BUHE JUIMHBI TTOJIOCKH. Y IJIOBOE PACCTOSIHUE MEXAY JJIEMEHTAMM Ka K-
IIOM Taphl, OUEBUAHO, paBHO 6/2. Ec/u mooXxeHne CBET/IBIX MOI0C MH-
TepdhepeHIMOHHOM KAPTUHBI OHOTO 3JIEMEHTA Maphl COBMAJAET C MO-
JIOXXEHUEM TEMHBIX MMOJIOC KAPTUHBI, CO3AABAEMOI BTOPHIM JJIEMEHTOM
9TOU Maphkl, TO SKPAH OKA3BIBAETCHI PABHOMEPHO OCBEIICHHBIM, TAK KaK
YCIOBHS COBNIAACHUS OJMHAKOBBI /TSI BCEX Map JEMEHTOB.

W3 atux paccyXaAcHUi CAEAYyET, UTO yCJIOBUE MCUC3HOBCHHS WH-
TephepPEeHIMOHHBIX MOJ0C OT MPOTSIXEHHOTO MCTOYHUKA C YTJIOBBIM
pasmepom O maerca Tou xe dopmyaon (6), UToO W OT ABYX TOUEU-
HBIX WCTOYHWKOB, TOJBKO B HEW ciaemyeT 3ameHuTh O Ha 0/2:

dy= M. (7N

B ciyuae ucrouHuka B BUAEC PABHOMEPHO CBETSIIErOCS AMCKA yC-
JIOBHE WCUE3HOBEHMS MHTEP(PEPEHIMOHHON KAPTHHBL OyAET OTAM-
yatbcsa OT (7) JWIMTB UNCTOBBIM MHOXHTEIEM, O/IM3KUM K EIUHUILE.

3Be3nnbii mHTEpPEepoMeTp MANKEIbCOHA IMMO3BOILET OIPEAC/IIThH
HC TOJBKO YIJIOBOC pPACCTOIHHUE MECXAY KOMIOHCHTAMH Z(BOfIHI)IX
3BC3A, HO U YIVIOBBIC AUAMCTPBI HC CINIIKOM YAAJCHHBIX OOWHOYHBIX
3Be3n. [leproit 3Be30M, y KOTOpol MaikeabcoHy yaaaoCh W3MEPUTH
YIJI0BOM auaMeTp, Obiia Berenbreiize, oTHOCAINALCA K TAK HA3BIBAE-
MBIM KpacHbIM rurantaM. OH okaszascs pasabM 0,047". 3rag paccro-
auue 10 berenpreiize, M3MEPEHHOE MO MAPAIAKCY, MOXKHO OBLIO BbI-
YUCJINTh JUHCHHBIA AUAMETP 3BE3/Ibl, OKA3aBIIUNACY PABHBIM TIPUMEP-
HO 4-10% kM, uTo npeBsmaer auamerp 3emHoi opouTt (3-10% kM).

®Dopmyna (7) ompeneager IOMYCTHMBIEC Pa3MEpPhl HCTOUHUKA TIPH
MPOBEACHUM MHTEPDEPECHIMOHHBIX OMBITOB MO cxeme FOHTra: yriaoBoii
pasmep UCTOUHMKA O, BUAVMBINA OT WIEJEH B IKPAHE, HE AOJIXKEH MPEBBI-
AaTh OTHOLWIEHUS JJWHBI BOJTHBI A K PACCTOSTHUIO MEXAY IEaIMu d. A

OO0bsicHUTE NPUHIUI OeHCTBUS 3BE3AHOro uHTepdepoMerpa MalikeabcoHa.
Kak mo HabsogaemMoil KapTUHE OTJIMYUTH ABOMHYIO 3BE3AY OT OLUHOYHOIM?

[ToueMy THpu YBEJUUEHUM PACCTOSHUS MEXIY 3€pKajaMU 3BE3LHOIO MHTEP-
¢epoMeTpa MHTEPEPEHIIUOHHBIE TOJIOCHI OT ABOMHOI 3BE3[bl MPAaKTUYECKU
MCYE3al0T U TOSBJISIIOTCS cHOBA?

YeM 0OBSICHSIETCS HCUE3HOBEHHE UHTEP(EPCHLIUOHHBIX I10JI0OC B 3BE3IHOM
HHTepepoMeTpe MPU YBEJIMUCHUN PACCTOSIHUS MEXKAY 3€pKajlaMu, €CJIM Ha-
OromaeTca OOMHOUHAs, HO oueHb Gosibiias 3e3ga? Kak us atux Habone-
HUIT MOXHO OLIEHUTBb €€ YIJIOBOi pasmep?

[Tpy kakoit Makcuma/bHON WmMpuHe D HMCTOYHMKA CBETA B BUIC Y3KOM
MOJIOCKM MOXKHO Ha0/IogaTh UHTepdepeHLMOHHBbIE TMosiockl B omnbiTe HOHra,

€CJIM paccTosHue Mexay uensamu d = 0,5 MM, paccTossHUe OT UCTOYHUKA [0
weneit L= 1M, a miuHa BoJHbl L = §5- 1075 m?
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§ 34. UntepdepeHuus HEMOHOXPOMATHYECKOrO CBETa

B orom maparpade Mbl paccMOTpUM M3MEHEHUS B MHTEPHEPEHIIMOHHBIX
SIBJICHHSIX, KOTOPBIC BBI3BIBAIOTCS OTKA30M OT MOHOXPOMATHUUECKOW HIAC-
anu3aluMM M YYETOM CHOEKTPAJIbHOTO COCTABA W3JIYUCHUS PEaJbHBIX WC-
TOYHUKOB CBETA.

IIpocTeiimasa MoAeJIb HEMOHOXPOMATHYECKOr0 MCTOYHHMKA. Haunem
C TPOCTEUIIETO CAyYas TOUCYHOTO MCTOUYHWKA, W3JIYUAIOMErO ABC OUCHB
y3Kue, OMM3KHME APYT K APYTy COEKTPAJbHBIE JIMHUM C YACTOTAMA ®©; U
®,. Ecm Obl m3ayueHne Ha KaXAOH M3 YACTOT SIBJISUIOCH OECKOHEUHOM
CHUHYCOMIOM, TO PE3YJbTHPYIOLIEE U3AYyUEHUE MPEACTABIAIO0 Obl cOOOI
BOJIHY CPCAHCH YACTOTH C MEPUOAWUCCKHA MEHIIoMmelcs amMmmntyaoin. Ho
B JAEMCTBUTENBHOCTH BMECTO OECKOHEUHBIX CHMHYCOMA M3/IyuyaroTcd Gosee
WIN MCHEC JJIMHHBIC YT BOJH OMPEACJICHHON JJIMHBI, TIPUUEM HAYATb-
Hble (ha3bl KoaeGaHUN B MOCAEAOBATENBHO UAYINUX IYTaX IMPOU3BOJIbHBL
M HMKAK He CB#3aHbl Apyr ¢ apyroM. OObuHO 3a BpeMs HaOMOmeHUs
TPOXOAWUT MHOTO TAKWX I[yTOB, W MMOITOMY W3TyUEHUS HA YACTOTAX W W
®, MOXHO CYMTAThb HE3aBUCUMBIMU.

Hpyrumu cnoBamMu, B ONMWCAHHOW CUTyallWmW MOXHO CUWTATh, UTO
BMECTO OTHOTO MMEETCA JBA PACIOJIOXEHHBIX B OMHOM MECTE TOUCUHBIX
WCTOYHWKA, HE3aBUCUMO APYT OT APYTA W3JIyUAOMIWX BOJHBI C 4aCTOTA-
MH ©; U ®,. llpn BomoaHEeHNN WHTEP(HEPEHINOHHBIX OIBITOB C TAKAM

MCTOYHMKOM CBETA KaXXJas W3 BOJIH CO3AAET CBOKO MHTEPGHEPECHIMOHHYIO
KapTUHY, W 9TW KapPTHUHBI MPOCTO HAJATAIOTCI APYT HA Apyra.
Ecnm yactotel @, u @, Majo OTJMYAIOTCS APYT OT Apyra, TO MHTEp-

(‘bepCHI.[I/IOHHI)Ie II0JIOCHL B Ka)KZ[Oﬁ KAPTUHC MMCHOT NOUTHU OAWHAKOBYIO
muprHy. B Tex mecrtax, rae CBETIBIC TOJIOCH OXHOW KAPTWHHI HaJjara-
FOTCY HA CBETJBIE MOJIOCHI APYTOM, PE3KOCTh CYMMAPHON KApTHWHBI HaW-
Gospurasi. HaoGopor, Tam, rae CBETJ/IbIE MOJIOCH OJXHOM KAPTUHBI MPHUXO-
OATCY HA TEMHBIE TIOJIOCHL APYTOM, PE3KOCTh MHTEPGHEPEHIMOHHBIX MOJOC
YMEHBIIAECTCS BIVIOTh [0 MX TOJIHOTO MCUC3HOBEHMUSI.

KapTuHa OT ABYX OJM3KMX CneKTpajibHbIX JuHMid. Haiinem pacmpene-
JICHNE OCBEIIEHHOCTH B MHTEPGHEPEHIMOHHON KAPTHHE, MOJIyuyaeMOud OT
OBYX BTOPUUHBIX MCTOUHUKOB, €CJIM TICPBUYHBIN MCTOUHUK M3IYUACT JBEC
OMIM3KME CIEKTPAJbHBIE JUHUM OAMHAKOBOM MHTEHCHMBHOCTH. MHTEpde-
PEHIMOHHAY KAPTHHA I/ OTACJABHOM CIIEKTPAIBHON JMHWM ObLIA pac-
cmorpena B § 30. 3aBHCMMOCTh OCBEIIEHHOCTH OT PA3HOCTH xoma [ OT
BTOPMYHBIX MCTOYHMKOB A0 TOUKM HaOmomenus gaetrcs dopmyoi (5)
aToro maparpada:

E(l) = 4E, cosz(;—é= 2E, (1 =+ cos (”71) . (1)

3nech E, — paBHOMEPHAs! OCBEIICHHOCTh, KOTOPYIO CO3AaBaJ OBl TOIBKO
OOUH BTOpPIlleIﬁ UCTOUYHUK.
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B paccMaTpuBacMOM Caydac Kaxaad COCKTPAJbHASd JUHWA TCPBUAU-
HOTO WCTOUHHMKA AAE€T WHTEPHEPCHIMOHHYI KAPTHUHY, PACTIPEACICHUE
OCBEIIECHHOCTH B KOTOPO# ommceiBaercs dopmysonn (1) ¢ cooTBeTCTByIO-
UM 3HAUCHUEM YACTOTHl @, HIM ), [109TOMy MOJIHOE pacmpenesieHue

OCBCIICHHOCTH, MOJYUYAKMIEECd B PE3yJAbTATE HAJNIOXCHUS ABYX WHTEP-
(‘bepeHI.[I/IOHHbIX KApTUuH OT ABYX HCKOICpPCHTHBIX HWCTOUHHUKOB, HMMCCT
CJACAYIOIUNA BUA:

I [
E(l) = E,(I) + E,(I) = 2E,, (1 + cos “’Tl) +2E,, (1 + cos ‘”72) ©)

HOCKOJII)Ky CIOCKTPAJbHBIC JIMHUN WMCIOT OAWHAKOBYK) WHTCHCHUB-
HOCTh, T0 Ey = Ey, = E, n dopmyay (2) MoxHO mpeoOpa3oBaTth ¢ Mmo-
MOIIBI0 (GOPMYJIBI AT CYMMBI KOCWHYCOB ABYX YIJIOB:

Awl wl
E(l) =4E, (1 + cos —— cos T) , (3)
rie o= (w; + ®w,)/2 — cpeaHdd uyacTtora, a Aw = w, — ®, — pas-
HOCTBb UdCTOT CIICKTPAJIBbHBIX anani. Ecam yactoTsr W 1 W,y 6JII/13KI/I, TakK

E
A

P

22 0 22 22 {
T 2AX 2A% AR

Puc. 218. UnrepdepeHnrOHHAS KAPTUHA B CIyuae, KOTAa MCTOYHMK CBETA M3JIy4aeT Be
GJIMBKHE CTIEKTPAJIBHBIE JIMHUKU

410 A << ®, TO PE3KOCTh MHTEPGHEPEHIMOHHBIX MOJOC MEAIEHHO MEHS-
€TCS ¢ MI3MCHEHNEM PA3HOCTH XOAa /[ M paclpefesieHue OCBEICHHOCTH B
3aBUCUMOCTH OT [ MUMEET BUJ, MOKA3aHHBIA HA puc. 218.

Paccrosare MeXay COCEOHUME TIOJIOCAMM OTIPEAC/ISICTCS MHOXUTC-
sieM cos (wl/c) m COOTBETCTBYET pa3HOCTH xoxa A/, paBHOW OXHOWM IJH-
He BOJIHBL A: wAl/c = 2xn, otkyaa Al = 2ne/w = ¢T = A. [lepuon usme-
HEHUS PE3KOCTH TIOJIOC OTPEAEIeTcs MHOXuUTEAEM cos (Aw [/2¢) u co-
OTBETCTBYET pa3HOCTM Xoma A/, paBHOW TPOM3BEACHWIO IJWHBI BOJHBI
A Ha otHOomeHue A/AA. [leiicTBUTEIPHO, KAK BUAHO U3 puc. 218, mepuox
M3MCHCHUS PE3KOCTH TMOJIOC PAaBEH TOJOBMHE mepuoma cos (Aw I/2¢),
noatomy cos (Aw Al/2¢) = m, otkyaa Al = A/ AA.

OnbIThI C KBAa3UMOHOXPOMATHYECCKHUM CBETOM. Kak moxuO H36JIIOJZlaTb
Ha ONBITC TAKYKO I/IHTep(bepeHIJ,I/IOHHyIO KapTuHy C NCPUOANUCCKUM HU3-
MCHCHHUCM PE3KOCTH mosioc? Tak kKak mas 9T0ro Heo6xozmma Pa3sHOCTh



300 VI. OIITUKA

X071, paBHAs OUEHb GOJIBIIOMY UMCIY AJWH BOJH, TO Hambosee yao0HO
WCIO/Ib30BaTh MHTEP(hepoMerp MalKeabCOHA € MOABMXKHBIM 3€PKAJIOM,
CcXeMa KOTOpOoro mpuBeacHa Ha puc. 198.

Ecau nmiaeun mHTEpdEPOMETPA MOUTHM PaBHBL APYT APYrY, TO HAO/IIO-
JAEMBIE TOJIOCH COOTBETCTBYIOT PAa3HOCTIM XOAd, PABHBIM HEGO/IBIIOMY
yucay AAuH BoH. [Ipu 5ToM, Kak BUAHO u3 puc. 218, mosiocsl umeroT
HauOOBIIYIO PE3KOCTh — MOUTH PABHYIO HYJ/IIO OCBEIIEHHOCTh HA MECTE
TEMHBIX ToJIoc. [1pu mepeMenmennn 3epKasa pasHocTh xoma [ Boapacra-
€T, 4 PE3KOCTh MHTEP(MEPEHIMOHHBIX MO/I0C MPH STOM MOCTENEHHO yObI-
BaeT, Tak uTo mpu [ mopsaka AZ/2AA mosockl NpoHaarT cosceM. Ilpu
JaTbHEHIIEM TIEPEMEIICHUH 3€PKaIa TOJOCH TOIBIIIOTCA CHOBA, W TIPH
[ = A*/A) WX PEe3KOCTb OMSTh CTAHOBHUTCS MAKCHMAJIbHOH. 3aTeM pe3-
KOCTh CHOBA yOBIBAa€T, W T. 1.

W3 M310KEHHOTO SCHO, UTO, HAGIIOAAA 38 M3MEHEHUEM PE3KOCTH MH-
TepdEPEHITMOHHBIX TTOJIOC B 3aBUCHMOCTH OT PA3HOCTH XOHA, MOXHO TIO-
JIyUnTh WHPOPMAIIHIO O CIIEKTPATBHOM COCTABE MCCACTYEMOTO CBETA.

Iepebie HaOAOAEHUS TaKOro poga Obutn BhimoaHEHB A. Duso B ce-
penure XIX Beka. B ucnosb3oBaHHOM MM MHTEPHEPOMETPE MOSBJISINCH
KOJaboa Hyrorona Opu OCBCIONCHUU XCJATBIM CBCTOM HanHCBOﬁ JIAMIIBI.
WnTepdhepeHIMOHHbBIE TOJIOCH B JAHHOM CJIyuyae MMEIOT BU KOJIEI, TaK
KaK pPasHOCTh XOA BOJIH, OTPA3WBIIMXCS
m\ OT HUXHEN MOBEPXHOCTH JIMH3BI U BEPX-
| | Heii MOBEPXHOCTH CTEKJISHHOM TITACTHH-
Puc. 219. K onbity ®uso ¢ konbia- KA (puc. 219), onuHakoBa BAOJIb OKPYX-
vy HproTOHA HOocTew. Ecnm JMH3Y TMOCTEMEHHO OTBO-

AUTH OT IUVIACTUHKHW, TO Ta XE€ CaMad
pa3HOCTh xoAa OyAET MOAYyYaThCd HA OKPYXXKHOCTM MEHBINETO pPaguyca,
MO3TOMY MHTEP(EPEHLMOHHBIE KOJIbIA OYAYT CTATMBATHCA K LEHTPY.

q)I/ISO HAIICJI, UTO IPU KOHTAKTC JIMH3BL C IJIACTHHKON KOJaboa 6HJII/I
PE3KUMHU. HpI/I OTOABUTAHUM JIMH3BI OT INIACTUHKHU PC3KOCTHh KOJICIT yﬁhl—
BaJia, W TIpH MPoxoxacHun npuMmepHo 490-ro Kosba WHTEPMEPEHIMOH-
Hag KaptuHa wucuesana. [Ipuw JgaapHEWIIEM YBEJIWUYCHUM PACCTOSTHUS
KOJIbLIA TOSIBJSUIMCh BHOBb WM MPUOOPETAsu MPUOJM3UTENHHO MEPBOHA-
YAJBHYIO PE3KOCTh mpu crsaruBaHuu mpumepHo 980-ro kosmpua. ®duzo
MPOCJICANT TIEPUOANUCCKOE M3MEHEHME PE3KOCTH TOJI0C B 52 mepuomax
n3 980 kosen kaxawiia! OTcroma OH CAEaaa NPABUJIBHBIM BBIBOA O TOM,
YTO HATPUEBBIA CBET COCTOUT W3 ABYX CIIEKTPATBHBIX JIMHUN TIOUTU PAB-
HOM mHTeHCMBHOCTH. [isaasa Ha puc. 218, gerko coobpasuTh, uTo pe3y/ib-
tatel onbiToB Puzo maror mas orHowenus A/AX y xxearoro aybsaera Ha-
Tpus 3HaucHue, pasHoe 980.

JaMHa ¥ BpeMsd KOrepeHTHOCTH. PaccMoTpeHHBII mpuMep cBeTa, Co-
CTOAIICTO U3 ABYX 6JII/I3KI/IX Mo 4aCcToOTC MOHOXPOMATUUCCKUX BOJIH, IIO-
3BOJIIET MIyOXe MpOAHAIM3MPOBATH BOMPOC 00 WCIOJB30BABLICHCS B
npeasAymmx maparpadax MoHoxpoMmatuueckou wupecasmdaumu. CrekTp
MCIyCKAHMS JOCTATOYHO PA3PEKEHHBIX TA30B COCTOUT M3 PE3KHMX SIPKUX
ﬂHHHﬁ, pPa3saCcACHHBIX TCMHBIMUA TPOMECXYTKAMM. BbIIleJII/IM CBCT OIlHOﬁ
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W3 3TUX MOYTH MOHOXPOMATWUCCKUX JUHWAHN W WCMOTB3YEM €r0 B WHTEP-

depomerpe Maiikenbcona. Mbl yBuauM, uTo MHTEPGHEPECHIMOHHBIE TTOJIO-

chl OyAYT PE3KMMM, €CIM AJMHBL MyTel 000MX MHTEPHEPUPYIOUIMX ITyu-

KOB NpPUMEPHO OAWMHAKOBBHL. Ecam oTogBWTraTh ONHO W3 3EpKaa Tak,

uyToObl PAa3HOCTh XOAA IYYKOB YBEJMYMBANACH, TO PE3KOCTh MHTEpdE-

PEHLIMOHHBIX MOA0C OYAET MOCTENEHHO YMEHBIIATHCS, U B KOHIIE KOHIIOB

OHW WCYC3HYT.

Takoe mcue3HOBEHNE MHTEPPEPEHIMOHHBIX MIOJIOC JIETKO OOBICHUTS,
€CJIW CUMTATh, UTO CBET M3AYUYAETCHd OTACABHBIMH IyTAMU, COACPKAIIN-
MU KOHCUHOC YWCJIO AJWH BOJH. [[OmMyCcTHM AMS MPOCTOTH, UTO BCE BOJ-
HOBBIC LyrM OAMHAKOBHL. KaXxawii 1yr, monagas B uHTEepdepoMeTp, Ac-
JUTCA HA ABA IyTa PaBHOU AJWHBL. ECam pa3HOCTH XOma B IIeUax WH-
tepdepomerpa OosblIe DTOM AIMHBI, OOUMH W3 IYTOB MUHYET TOUKY
HaOMIONEHNs PaHbIIE, YEM APYIOi AOWAET A0 Hee, U MHTepdepeHIus
HaOmozaTbed He OyaerT.

ECTEeCTBEHHO BBECTM HOHATHE OJliHbl KOZEPeHMHOCH Y KAK HAUOOIb-
mel pasHocTu xoAa WHTEPhEpUpyInUX Jyueh, Tpu KOTOPOl eule BO3-
MOXHO HAOIIOAEHNE MHTEPQPEPEHIMOHHON KAPTUHEL. [JIMHA KOrePEHTHO-
CTH XapaKTEPU3yEeT CTEMCHb OTKJIOHCHUS PACCMATPUBACMOTO M3TyUCHUS
OT MOHOXPOMATHUUECKOM WACAJN3AAN U PaBHA JJIMHE OTACIBHBIX BOJTHO-
BBIX OyroB. [WHY myra BOJTH MOXHO XapaKTEPWU30BATH MPOMEXYTKOM
BPEMEHM, B TEUEHHUE KOTOPOrO OH IPOXOAUT UYEPE3 TOUKY HAOMIONEHUS.
OTOT MPOMEXYTOK BPEMEHM T HA3BIBACTCS GPEeMeHeM KO2epeHMHOCMU.

. HO‘ICMY NCTOUYHUK, I/IS.}Iy‘IaIOIJ_II/Iﬁ CBET [ABYX Y3KHX CIECKTpPaJIbHBIX HHHHﬁ,
MOXXHO paccMaTpuBaTb KakK ABa HE3aBUCHUMbIX MOHOXPOMATUYECKHUX HCTOU-
HUKa, pacloJIOKEHHBIX B TOM XKE MCCTC?

. OnuinTe KayeCTBEHHO BUJ I/IHTCp(I)CpCHI_II/IOHHbIX I10JIOC B CJIyua€ MCTOUHU-
Ka, U3Jyuaroliero CBET ABYX OJU3KUX CIHEKTpaJbHbIX JuHUi. [Ipu kakoii
Pa3HOCTU XOda II0JIOCHI ucue3anT?

s  Kakum 06pa30M Duzo YCTaHOBUJI Ha OIIBITE, YTO SKEJITBIN CBET HaTpusg co-
CTOUT M3 ABYX OJIU3KUX CIICKTpaJIbHbIX JIMHUI?

e Yro Takoe gnvHa U BPEMA KOICPCHTHOCTU KBaAa3MMOHOXPOMATHUUCCKOI'O cera?
Kak cBgI3aHbI 9TU BEJIMYMHBI C AJIMHOM BOJTHOBBIX uyros‘?

e Kak ¢ MomolIpio MPEACTABICHUS O BOJHOBBIX LYrax OOBSICHSCTCS MCUE3HO-
BEHUE MHTEP(HEPEHIIMOHHBIX I10JI0C MPH OOJIBIINX PA3HOCTSIX xoxa?

A Bpems KOrepeHTHOCTH M WIMPUHA crieKTpa. VcuesHoBeHue WH-
TepdepeHIMOHHBIX MOJOC TPY YBEJWUCHUHM PA3HOCTH XOAA MOXHO
OOBSCHUTD W HA APYIOM SI3bIKE, PACCMATPHUBAS CIIEKTPAJbHBIA COCTAB
uznyuenus. CTpOro MOHOXPOMATUUECKOM BOJHE (OECKOHEUHOW CUHY-
COMAE) COOTBETCTBYET EAMHCTBCHHAS 4ACTOTA, T. €. OCCKOHEUHO y3-
Kag CIeKTpajabHAs JUHHUS. ByaeM cumTarh, uTO M3JIYyUYCHUIO, COCTOS-
oIeMy M3 BOJIHOBBIX IYTOB KOHEUHOUN MPOTSXEHHOCTHA, COOTBETCTBYET
CMEKTPATbHAS JTUHUS HEKOTOPOW KOHEUHOUW mupwuHbl. [[pyrumu cio-
BAMU, TAKOE W3JYUCHHE MOXHO pPAcCMATPUBATH KAK COBOKYMHOCTH
OTIAEJIbHBIX MOHOXPOMATHYECKUX BOJIH, YACTOTHI KOTOPBIX CILJIOMIb 3a-
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TMOJHSIOT HEKOTOPHIM WHTEPBAA A®, MaJdblil MO CPABHEHHIO CO CPEd-
HEW vactororr . Kaxagag MoHOXpoMaTWuecKas BOTHA W3 ITOM COBO-
KYIMHOCTH CO3AaeT B uHTEepdepoMerpe CBOKW HHTEPGHEPECHIMOHHYIO
KApTUHY, W TOJHOE PACTIPEACTCHNE OCBCIICHHOCTY OMPEAEIAICeTCd Ha-
JIOXCHHUECM JOTHUX KAPTHUH.

Ipm Manex pazHOCTIX X0ma mHTEpdhEepupyromux ayuch (mopaaka
HCCKOJBKUX IJIUH BO.IIH) IIOJIOKCHUEC HHTCp(‘bCpCHI.[I/IOHHI)IX IIoJI0C B
KAPTHUHAX, CO3AdBACMBIX OTACJIbHBIMU MOHOXPOMATHUCCKUMHU COCTAB-
JIFIOMUMK, OyAET NPAKTUYECKH COBINAAAOMIMM, U MOJOCH CyMMapHOM
KapTUHBL OyAyT oTueTauBbiMU. [10 Mepe yBeauueHus Pa3HOCTH Xoaa
OTAENbHBIE MHTEPPEPEHIIMOHHBIE KAPTUHBI OYAyT CMEINATHCS OTHOCH-
TCJIbHO APYT APYyTAd, U B KOHIC KOHIOB CyMMApPHAd KAPTHUHA OKAXET-
CSl TIOJTHOCTHIO PAa3MBITOM.

OI.[CHI/ITI) PAa3HOCTh X044, IPpH KOTOpOIruI OPOUCXOOUT UCUC3HOBCHUC
MHTEPPEPEHIIMOHHBIX TIOI0C, MOXHO CAEIYIOIMUM 00pa3oM. MbICieHHO
pa300beM BECh CIIEKTPAJIBHBIM MHTEPBAA A®, 3aHMMAEMBIA PACCMAT-
pUBACMbIM HU3JIYUCHUCM, HA TMAPbl MOHOXPOMATHUYCCKUX KOMIIOHCHT,
OTCTOSIIUX APYT OT Apyra HAa Aw/2. PacnpeneneHue OCBEIEHHOCTH OT
Kaxmon mapsl gaerca dopmyiaoit (3), B KoTopoit Aw caexyer Tenepb
3ameHnTh HA Aw/2. Ono mokaszano Ha puc. 218. Kak BuaHO m3 310r0
PUCYHKA, TOJIOCH TPOTAAAOT TIPW TAKOW Pa3HOCTHM Xoaa [, Korma ap-
TYMEHT TiepBoro KocwHyca B (3) craHoBuTca paBHBIM 1t/2. 3aMeHIS
Aw Ha Aw/2, mosyyaem

Awl/dc = n/2. 4)

YcioBre UCUE3HOBEHUS TMOJIOC /IS BCEX MAP MOHOXPOMATUUECKUAX
KOMIIOHCHT OAWHAKOBO. [loaTomMy mpm pasHocTr xoxa /, maBaeMou co-
oTHOmEeHnEM (4), TIPONCXOOUT PA3MBITHE TIOJHON WHTEPHEPEHIINOH-
HOUW KApTHWHBI.

Tenepp MBI MOXEM COMOCTABUTH ABE BO3MOXKHBIE WHTEPIPETALVN
pasMbIBaHUS MHTEPPEPEHIMOHHBIX TOJIOC MPU AOCTATOUHO OOIBIION
pa3HOCTM XOAa — B pPaMKax MPEACTABJCHHWH O BOJHOBBIX IIyrax Ko-
HEUHON TMPOTSDKEHHOCTH M O CYMEPHNO3WIUU MOHOXPOMATHUECKUX
KOMIIOHEHT, PACHpPEAEICHHBIX B HEKOTOPOM WHTEPBAJE UYacTOT. Tak
KaK TpW 3TOM MAKCUMAJIbHAS PA3HOCTh XOAA [ paBHA JJWHE LyTra, TO
orHomenue I/¢ B cooTHomeHuu (4) ecTh BpEMS KOTEPEHTHOCTH T.
[Mepexomst mist ymoOCTBA OT LMKJIMYECKOM YACTOTHI ® K YACTOTE
v = w/2xn, nepenuckiBaecm (4) B BUIE

TAvx 1. (%)

Cootromenue (§) cieayer paccMaTpuBaTh HE KAK TOUHOE PABEH-
CTBO, 4 TOJBKO KaK OLEHKY 3((EKTMBHOrO MHTEpBasa uacToT Av,
TPAHULBI KOTOPOTO B M3BECTHOM MEpPE SIBJISIIOTCS YCJIOBHBIMMU.

Msbl BuguM, uTO ueM OOJIbLIE AJTUTEIBHOCTh BOJHOBBIX LYTOB T,
TeM Oosiee y30K MHTEPBAA 4acroT Av, B KOTOPOM CIEKTPAJbHBIC
KOMITOHEHTBI 9TOTO M3JIyUCHUS MMCIOT 3aMETHYIO BesmumHy. VHaue
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rOBOpY, IIMPUHA CHOEKTPAJBHON JUHUM M3JydeHUus OOpPaTHO IpPOmop-
IIMOHAJIPHA BPEMECHU KOTEPEHTHOCTH.

ITpuBenemM OLEHKU AONYCTUMBIX 3HAUCHUW PA3HOCTH XOAA
[~ X% A\ nipu HaGmogeHnn MHTEPHEPEHINN CBETA C WCIOIb30BAHN-
€M pa3HBIX MCTOUHMKOB. [Igg GEI0ro COJHEUHOrO CBETA WM CBETA,
M3JIy4yaeMOro PacKaJICHHBIMH TEJIAMU, WHTEPBAJ AJIUH BOJH B CICKT-
pe AX OZHOrO MOPSAKA CO CPEAHEN MIMHOM BOJHBL IlodTOMY HAO/II0-
IaTh MHTEPPEPEHIUIO MOXHO TOJBKO IIPU OUYECHb MAJIBIX PA3HOCTIX
X0/a, PaBHBIX HEOOJBIIOMY YMCIY AJMH BOJIH.

Ecnu BOCO/I30BATHCS M3YUCHUEM Ta30pa3psaHOi TJIa3Mbl HU3-
KOTO JABJACHUS, TO MPH BHIACICHUN KAKOU-T100 OMHOM COEKTPAIBHOM
JIMHUM AOIYCTMMAY PA3HOCTb XOAA MOXET ObITh 3HAUMTEIBHO OO0Jb-
me. Hampmmep, nag KpacHOW JMHMM KagMusd C IJIAHOA BOJIHBI
A =643,8 amM, mmpumHA KOTOPO AX COCTaBJSIET BCErO JIMIIb
0,0013 um, monycrumas paszHocth xoaa [ mpesbimaet 500 000 gauu
BOJIH, T. €. 30 CM. A IUpWHA JUHUW U3TYUYCHUS JTa3€Pa MOXET OBITh
caeaHa HACTOIbKO MAaJOd, UTO yAaeTcs HaOMoAaTh MHTEP(HEPEHIIUIO
IIPY PA3HOCTH XOAA B HECKOJIBKO KUJIOMETPOB! A

e Kak 00biICHIETCHS MCUE3HOBEHUE I/IHTCp(I)CpCHI_[I/IOHHbIX oJI0C 1pnu OOJIBIIINX
Pa3HOCTIX XoAa Ha OCHOBEC Hpe}lCTaBHCHI/Iﬁ 0 KOHEUHOU IIHUPUHE YaCTOTHOIO
CIICKTpa KBa3MMOHOXPOMATHUYECCKOIo I/IS.IIY‘ICHI/ISI?

¢ Kak cBg3aHO BpEMSA KOICPEHTHOCTU KBA3MMOHOXPOMATUYCCKOIO U3JIYUEHUS C
€ro CICKTpa/IbHbIM cocTaBoM?

e OlicHUTEe LWIUPUHY CHEKTPaJbHOU JIMHUM UIJIYUYEHUS, C TOMOIIbIO KOTOPOIo
MOXHO ObIJIo OBl HaOJIIOAATE UHTEPMEPEHIINIO MTPU Pa3HOCTU xoda B 1 M.

e [Ilouemy B mHTepdepomeTpe MaiikenbcoOHA MOXHO HaOJIOAAaTh MHTepdepeH-
LIMIO CBETa TOJIBKO MPHU OAMHAKOBOM AynHe Tied? Ilpu Kakoil MakKCHUMAaJbHOM
PasHOCTU XOJa MOXHO Hal/IoAaTh MHTEP(EpEeHLHOHHbIE I0JI0CHI, €C/IU HC-
TOUYHMK CBETA U3JIYYaeT CIEKTPAJIbHYIO JMHUKO IUPUHON AL?

§ 35. ®Pu3nyeckue npuHUMNBLI ronorpacgmm

Tonozpagus — 510 CHOco0 3amMMCH ¥ TOCAEAYIOMETO BOCCTAHOBJICHUS
CBETOBBIX BOJIH, OCHOBAHHBIM HA SIBJICHUSIX WHTECPHEPCHIUU KOTEPEHT-
HBIX MyUYKOB CBETA.

PasrngnbiBas oObrunyto dororpadmio, GECCMBICIEHHO MBITATHCS 3a-
TJISSHYTh 32 TPEAMETHI, HAXOOSIMIMECS HA TICPEAHEM ILIaHE. DTO M ecTe-
CTBEHHO, TakK Kak ororpadus mpeacrasaser co0oil miockoe nzobpaxe-
HUE 00BEMHOM KAPTHHBI, MOJIYUYCHHOE U3 OMPENEIEHHON TOuKu. B orau-
yne OT OO0bIuHOM (ororpadmu, rogorpadus MO3BOALET 3AMUCATH W
BOCCTAHOBHTH HE ABYMEPHOE PACIPEACICHUE OCBEUIEHHOCTH B TIJIOCKOCTH
CHUMKA, a PacCeIHHYIO TIPEIMETOM CBETOBYIO BOJTHY CO BCEMHM €€ Xapak-
TEPUCTUKAMM — AMIUIUTYA0M, (ha30, JIMHON BOJHBI.

Camo cioBo «rosiorpadusi> B OyKBaJbHOM MEPEBOAE C TPEUECKOTO 03-
HAUAET <«MOJIHAS 3aMWCh». BOCCTAHOBJCHHBIC TOJIOTPAMMON CBETOBBIC
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BOJIHBI, [ONAAas B [VIa3 HAOMOAATENsd, CO3AAIOT MOAHYI WIIKO3HUI pe-
AJIBHOCTH HAOIIONAEMBIX MPEIMETOB — HMX OOBEMHOCTh M BO3MOXXHOCTB
U3MCHCHUA PAKypCa mpy CMCOICHUW TOYKW, B KOTOpOﬁ HAXOAUTCAd rjaas3.

WUneu, nexamue B OCHOBE rojiorpa)Mueckoil 3amucu M BOCCTAHOBJIC-
HUS 3PUTEIbHON MHMOPMAIK, ObLIM BHICKA3aHbl AHIIMACKUAM (DU3UKOM
II. Ta6opom B 1947 r. Tak Kax Ag9 NPAKTHUECKOM PEATM3ALUU TOIOTPA-
(bum HEOOXOOMM CBET C BHICOKOM CTEIEHBIO KOTE-
PEHTHOCTH, TO IIMPOKOE PACIPOCTPAHCHUE OHA
MOJIyUnJia TOC/IE CO3JAaHMS JIA3EPOB.

30HHas MaacTMHKA. YToObl MOHATH MPUHIUI
rojorpad)uueckoil 3amucu ¥ BOCCTAHOBJICHUS
CBETOBBIX BOJIH, PACCMOTPUM JCUCTBHE TaK Ha-
3BIBAEMOM 30HHOU naacmutku DPpenensi. Bosb-
MEM TUIOCKYIO MPO3PAUYHYI0 MJIACTUHKY, HA KO-
TOPON HAHECEHBI KOHIECHTPUUECKHUE OKPYXKHO-
Puc. 220.  3ommas  m1a-  ctm, paguychl KOTOPBIX 7, PABHBI PAAMyCaM 30H
cruaka Openens .

@penenst, BUANMBIM W3 HEKOTOPOW TOukKu P,

Ot pagmycel pgatorcs dopmysoin (2) B § 31
«dudpakuusa ceera». Takum o0pa3oM, BCA IJIACTHMHKA OKA3BIBAETCS Pa3-
O6utoi Ha 30HB DpeHEens IS HEKOTOPOrO 3HAUYEHWS JUIMHBI BOJIHBL A.
Tenepp Bce HeueTHble (WM, HAOOOPOT, ueTHBIE) 30HB DpeHens oMK~
HBl OBITh COEAAHBI HEMPO3-

2 pauHBIMH. DTO WM €CTh 30H-
V Hag nnactueka @Operend
| J (pumc. 220).
///IX/

@oKkycupywlee JeidcTeue
e | 30HHOM MJIACTHHKHM. llpen-
- MOJIOXUM, UYTO HA 30HHYIO
P IUIACTMHKY TAagaeT mo HOp-
- MaJM TUIOCKAs MOHOXPOMa-
S THYECKAs BOJHA [JIUHBI A.

| Toraa Bce MPO3PayHbIE 30HbI

MOXHO paccMaTpuBaTh Kak

MCTOUHUKH KOTEPEHTHBIX

Puc. 221. K BOCCTAHOBJIEHUIO M300PaXKEHUS TOUEU- BTOPMUHBIX BOMH. B TOuke
HOTO MCTOYHHMKA C MOMOIIBI) TOJIOrPAMMBI P (puc. 221) oTu BTOpHUHBIE
BOJIHBI OyamyT, wuHTEpdhepu-

pys, yCHJIMBATh APYT APYra, TaK KAaK PAa3HOCTH XO4A MEXAY BOJHAMM,
UAYIIUMHI OT ABYX COCETHUX MPO3PAUHBIX 30H, PABHBI AJIMHE BOJHBI A.
Touka P aBasercs, TakuM 00pa3oM, TeM (HOKYCOM, B KOTOPOM CXOOSATCH
BOJIHBI, MCOBITABIINE ANMPPAKIUIO MPU TPOXOXACHUHN UEpPe3 MIACTHHKY.
Ho, xpome cxopsmeiics B Touke P cheprueckoi BOJTHBI, B Pe3yIbTATE
aucpakuy HA 30HHOM IUIACTMHKE BO3HMKAET TAKXKE pacxoadmasics cde-
puuecKast BOJIHA, LEHTP KOTOPOUl PACTIOIOKEH B CMMMETPUYHOI Touke P’
nepen maactuukon (puc. 221): ayuwm I, 2, ... GyAyT BOCIPUHUMATHCH TJIa-
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30M KaK BBHIXOMAIINAE W3 ONHON TOUKM P’, TaK KaK PasHOCTh XOMA MEXIY
TAKWMU JTyUYaMu, KaK SCHO W3 PUCYHKA, PABHA MEJIOMY YNCTY JJIWH BOJH,
UYTO SKBUBAJIEHTHO OTCYTCTBHIO Pa3HOCTH xona BooGine. Takum oGpaszom,
Touka P’ mpeacrapager coboi MHUMBIN (DOKYC PACXOAALIErOC IIyUKa JIy-
ueit 1, 2, ..., BO3HUKAKINUX B pe3y abTare Audpakiuu MIOCKON BOJHBI HA
30HHOW TJIACTUHKE.

Kpome cxomameiica m pacxomgameica cheprUecKMX BOJH, IO3a0U
IJIACTUHKKM OyAeT, pa3yMeercsd, M IUIOCKAs BOJIHA, TAK KaK y JIyueH,
MPOIIEANINX UYEPE3 MPO3PAUHBIE 30HBI IUIACTUHKK O€3 M3MEHEHMs Ha-
TMpaBJICHUS, Pa3HOCTh XOAA PaBHA HYJIO.

3onHy0 mWiacTUHKy DpeHeas MOXHO moayunTh (hororpadmueckum
cnocoOoM. I TOro A0CTATOUHO MOCTABUTH CBETOUYBCTBUTEIbHYIO L1~
CTMHKY BMECTO 5KPaHa, Ha KOTOPOM Hab/ronaeTca uHTepepeHnms mio-
cKoM 1 cheprueckoit KorepeHTHBIX BOIH (puc. 222). [TomoxxeHne CBETIBIX
M TEMHBIX UHTEP(EPEHIMOHHBIX T0JIOC HA (DOTOMJIACTUHKE COOTBETCTBYET
MOJIOKEHUIO TTPO3PAUYHBIX M HEMPO3pauHbix 30H DpeHesis HAa 30HHOM MUIa-
cruHKe. B camom aene, B Toukax A, u A, xonebaHus OT IIOCKO# u ce-
PUUECKOU BOJIH TPOUCXOAST B OAMHAKOBOM (pa3e U AAI0T COCEAHUE CBETIBIC
moJI0ck B uHTEphepeHIIMOHHOM KapTuHe. Paccrosaaus
oT Touek A, u A, 10 uenTpa S cepuyeckoil BOTHLI
pa3IMYarOTCd HA OOHY AAWHY BOAHBI A. Ho 3T0 Kak
pa3 TO yCA0BUE, KOTOPOMY YAOBJECTBOPIIOT COCCOHUE ~
MPO3payHbBIC KOIBIA HA 30HHOW TIJIACTUHKE. %

L
-

<

N
N Dr4s

IpencraBum cebe, UTO HA TOMYUCHHYK TAKHUM
obpasom hoTorpamio mAAAET TOABKO ILIOCKAT BOJI-
HA, OIPUUYEM TOYHO TAaKad Xe, Kak u mpu ¢ororpa-
¢upoBanuu. Mbl yXe BBISICHWIM, UTO MPU ITOM 3a
IJIACTUHKON OyayT HabmwomaTtbes Tpu audparupo-
BABIIME BOJHBL: TUIOCKAd W ABe cepmueckue. Jlyum %
OIHOW W3 CHEepPUUCCKUX BOJTH — CXOAIMICHCT — Tic- 1
pecekarorcs B Touke P (puc. 221). ITpomoskenus 1
Jyueu apyrou chepuueckoil BOJHBI — PACXOASIICH-
Cd — MEPECEKATCd B TOUKe P’, mojoxeHue KOTo- Puc. 222, ®dororpa-
poii COBMAgaeT ¢ LEHTPOM S cepuueckoil BoaHB, PHUecKoe nonyuenue
WICTIOTb30BAHHOI TIpU (poTOorpachrpoBaHum. SOHHOM TLIACTHHICH

Orta pacxomsmasicst chepuueckasi BOJHA U TPEA-
cTaBisgeT HAaMOOJABIIMU WHTEpEC Aas rosorpadum. Bymem cmorpers Ha
IJIACTUHKY M3 TAKOTO MOJIOKEHUS, YTOObI B IJIa3 MOMAAasa TOJbKO pac-
xomgmascsa soaHa (cMm. puc. 221). Torga B ra3 mpuaeT pacxXOmSIIANCs
MyYOK JIyYe, MPOAOIKEHUS KOTOPHIX MEPECEKAOTCS B TOUKE P', M MbI
YBUAMM CKBO3b IJIACTUHKY HAXONSIIMUCH B TOUKE P’ TOUCUHBIA MCTOU-
HUK, XOTS HA CAMOM [€JI¢ HUKAKOTO MCTOUHWKA TaM HET!

\h% i

d

T'onorpaMMa TOYEYHOr0 MCTOYHMKA CBeTa. [losyueHHas OnmMCAHHBIM
cnocoboM pororpadmueckad maacTuHka ¢ 3oHamu OpeHena u npeacrasida-
et coboii roorpaduueckoe nzodpaxeHue (rosorpaMmy ) TOUSUHOTO HCTOU-
HUKA MOHOXPOMATHUUCCKOro CBETA: IPH Z[I/I(l)paKIJ,I/II/I MJIOCKOW BOJIHBI HA
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9TOU TOJ0rpamMMe MPOUCXOAUT BOCCTAHOBJICHHE CHEPUUESCKON BOJTHBI TO-
YCUHOTO MCTOUYHHMKA, MCHOJb30BABIICTOCS MPHU MOJYUCHUHN TOJOTPAMMBEL.
JpyruMu cioBaMu, pacxoAsmasics cpepuueckas BOJHA, BO3HUKAKOIMIAS
npu AMPAK UK TIJIOCKOU BOJHBI HA TOJIOTPAMME, SIBJISIETCS TOUHOM KOMUEH
BOJIHBI, COSZ{&B&B]]ICfICS[ TOUCUHBIM UCTOUHUKOM IIPU 34ITUCHU T'OJIOTPAMMEIL.

Ipy nojayuyeHUM TOJOrPAMMBI TOUKM COBEPIIEHHO HE 00A3aTENbHO,
IITOGI)I 9Ta TOUKA IBJAAJIACHh UCTOUHUKOM CBECTA. I[OCTaTO‘IHO HAIIPABUTDH
HA HEE CBET, KOTEPEHTHHINM ¢ IJIOCKOM BosHOM. Torpga rosorpamma obpa-
3YETCH B PE3YJbTATE MHTEPMPEPEHIUM TIOCKON BOJHBI, KOTOPYH OOBIUHO
HA3BIBAIOT OHOPHOI, W KOTEPEHTHON C HEH npedmemHoi chepuueckoin
BOJIHBI, PACCEAHHOM 00/Jy4aeMOil TOUKOM.

TonorpaMmMa CJIOXHOrO 00beKTa. Pe3yabTarhl, NMOJAYUYEHHBIE OIS OI-
HOM TOUKM, JIETKO PACIPOCTPAHUTH HA MPEAMETHI JHO00M (DOPMBI, COCTO-
qique U3 OOJBIIOrO YKMCIa TOYEK, paccemBamommx cser. Ha roaorpamme
B JTOM Cyyae MOJIYyuYaeTCsl CJIOXHBIM MHTEP(EPECHIMOHHBIN y30D, BO3-
HUKAIOUIMI B pe3yJsibTaTe MHTEPEPEHIMU OMOPHOU BOJIHBI U BCeX Ce-
PUYECKUX BTOPUUHBIX BOJIH, PACCEIHHBIX OTACJbHBIMA TOUKAMU MPEIME-

S
9]

Puc. 223. Cxempl nioyuenus (@) v BOCCTAHOBJIEHUS (6) TOJOTPAMMBI TIPOTSKEHHOTO 00bEKTA

Ta. [Ipy BOCCTAHOBJICHUM B PE3yabTaTe AUMPPAKIMU OMOPHOW BOJHBI HA
9TOM y30p€ BO3HUKAKOT BOJIHBI, PACXOASIIUECS OT TAKWUX LECHTPOB, THAEC
HAXOAWJINCh PACCCUBAIOMIME CBET TOUKHM TMPEIAMETA TPW 3aMKUCU TOJIO-
rpaMMmBbl.

CxeMbI MOJIYUYCHUSA TOJIOTPAMMBI MPOTAXCHHOTO 06’beKTa n BOCCTA-
HOBJICHHS C €€ TMOMOINBI0 PACCESIHHOM OOBEKTOM BOJIHBI TOKA3aHBI HA
puc. 223. T1aockasi MOHOXPOMATHUECKAS BOJTHA OT Jia3epa MagacT Ha mo-
JITIPO3PAUHYIO TJIACTUHKY B M pa3fesisieTcs Ha ABE KOTCPECHTHBIC BOJIHBI
(puc. 223a). Orpaxennas or B BoaHa magaer Ha doromnactuaky C u
WTPAET pOJib OMOPHOW BOJHBL. [Ipomienmasi ckBo3b B BOJIHA OCBEHIAET
06’beKT A, KaXxaask TOUKa KOTOPOro CTAHOBUTCSI MCTOUHMKOM BTOPHUUYHBIX
cheprmueckux BoJH. PaccedHHble OOBEKTOM BOJIHBI TAKXE MAAAIOT HA
¢orormnactuaky C, tae dukcupyercs pe3yabTar mx MHTEpdepeHmum ¢
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onopHoit BostHOU. [lag mosyueHus WHTEPHEPEHIMOHHON KAPTHHBI HA
doronnacTuHke HEOOXOOUMO, UTOOB BPEMS KOTEPEHTHOCTH WUCIOIb3YeE-
MOTO CBETA ObLIO OONBLIMM: IPOTSKEHHOCTh Lyra BOJIH AOJKHA OBITh
GoJIblIIE PA3HOCTH XOAA MEXAY OMOPHOM BOJHOM M BOJIHOM, PACCEIHHOM
npeaMeTroM. VIMEHHO MO3TOMY HEOOXOOMMO WCIOIb30BATH JA3€Ep.

Ilpm BOCCcTaHOBICHWM paccessHHOM BosHBI (puc. 2236) Ha To0TpaM-
My TaZaeT Ta Xe OMOpPHAs BOJHA, KOTOPAd WCMOJb30BANACH TIPW 3aTIH-
cn. Ecom pacromoxute tas (wim oroammapar) mosagd TOJOTPAMME,
KdK YKAa3aHO Hd PUCYHKEC, TO, BOCIIPUHUMAS MYUYOK PACXOAAMINXCA JTy-
ueil OT AM(parupoBaBUIE HA TOJOrPAMME OIOPHOM BOJIHBI, HaOIOAA-
TCJIb YBUAUT CKBO3b TOJOTpAMMY Oﬁ'beKT A B TOM MECTE, TAEC OH
HAXOOWJICA TIPH 3aMWCH TOJIOTpaMMBl. Pasymeercsd, 3mech, Kak W B pac-
CMOTPCHHOM BBIIIC CIy4Yd€ TOUCUHOIO MCTOUYHMKA, KPOME PACXOAAIINX-
ca BOJH OyayT TakxKe IPUCYTCTBOBATH Mpolneamas 0e3 W3MeHEeHus
BOJIHA M CXOAMINUECH BOJHBI, KOTOPBIE AAOT AEHCTBUTEIBHOE M300pa-
xenue oObekta A'. Vcnoab30BaHME HAKJIOHHOIO MAAEHUS OMOPHOM
BOJIHBI TIPUBOAMUT, KaK BUAHO U3 puc. 2236, K XOpOUIEMYy MPOCTPAHCT-
BEHHOMY pa3leJEHUIO BCEX TPEX BOJH, 0arogaps uyeMy MOXKHO CKBO3b
roJIOrpaMMy pPacCMaTpUBATh MHUMOE u3o0paxkeHue oObekta A 6e3 mo-
MEX CO CTOPOHBI APYTMX IMYUYKOB. B oTamume or oObiuHOM oTorpaduu,
3M€Ch HE WCTIONB3YIOTCH HU JIMH3BI, HU APYTHE YCTPOHCTBA, (hopMmpy-
omue n300pakeHns.

CucreMa pacxoadinuxcs BOJH, AAKOMAS MHUMOE M300pakeHue, moy-
TH HEOTJMUYMMA OT BOJH, UCXOAAINUMX OT caMoro obbekTa. Biaromaps
STOMY TOJIOrPAMMA IOJHOCTHI) BOCCTAHABIUBAET OOBEMHYIO CTPYKTYPY
0O0bEKTA M MEPEJAET HE TOJABKO BUAMMOE MPOCTPAHCTBEHHOE PACIIONOXKE-
HHUE MPEAMETOB, HO 1 2(PEKT mapa/uIakca, 3aKJIIUYAMNICT B N3MCHE-
HUW BUAWUMOIO B3AUMHOI'0 PACHOJOXCHUS IIPEAMETOB IIPU IICPEMCIICHUN
TOUKW HaOIIOACHHUS.

B oranume ot oObiuHOM (hoTorpaduu, rosorpaMma CoaepPXXKUT uHGOop-
Mauuio 06 00beKTe B 3aKOOMpPOBaHHOM (hopme. BHewne rosorpaMma Hu-
yeM HE HATIOMMHAET ITOT 00bekT. Ha rmas doromaacTurka ¢ rosorpam-
MOIi TIPEACTABJISICTCSI PABHOMEPHO CEPOM, W JIMIIb B MHUKPOCKOM MOXHO
YBHUAETh CJOXHBIA WHTEphEepeHInOHHbIH y30p. Eme ogHo oTiamume ot
00bIuHO# hoTorpadmu COCTOMT B TOM, UTO AJISI BOCCTAHOBJICHHS MOXKHO
C pPaBHBIM YCIIEXOM WCIOJb30BATh M TO3WTHB, W HETATUB TOJIOTPAMMBI.
DTO JIETKO TOHSTH, BCMIOMHUB, UTO B 30HHOU TJIACTHMHKE, TPEACTABJISIO-
el TOJIOTPAMMY TOUEUHOTO MCTOUHWMKA, MOXHO CAEJATh HEMPO3PAUHbI-
MU WJIW UCTHBIC, WIN HEUYCTHBIC 30HBI DpeHess.

JIro6oi1 yuacTok rojsorpaMmbl COREPXKUT MHGOPMALKMIO 000 BCEM 00b-
€KTe, B TO BPEMS KaK Pas3JMUHbIE yyacTKu oObruHOM hororpadmu mepe-
paT MHGOPMALMIO TOJBKO 00 OTAEIABHBIX €ro uacTax. [eicTBUTENbHO,
Opy 3amUCU TOJOrPpaMMbl HA JIFOOYIO 4acTh IUIACTMHKY TAJAIOT BOJIHBI,
paccesiHHbIE BCEMU YacTIMU O0bEKTA.

O6beM mHGDOpPMALMH, COOCPXKALIEHCS HA TOJIOTPAMME, 3HAUMTEJIHHO
Gosbine, ueM Ha (ortorpaduu Toro xe o0bekTa. Ecam 00beKT CoCTOUT U3
HECKOJIbKUX TIPEAMETOB, HAXOOSMIMXCS HA PA3HBIX PACCTOSTHUSIX, TO TIPU
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doTorpadupoBaHuK MOXHO MOJYYUTh YETKOE M300pa>ke€HUE, CTPOro ro-
BOP4, TOJBKO /I OOHOTO U3 HUX. HpH BOCCTAHOBJICHUHU T'OJIOTPAMMBI TA-
KOro o0ObeKTa BCE MPEaMETHI OyayT HAOIIOAAThCA BIIOJHE YETKUMU IPU
COOTBETCTBYIOIMICH AKKOMONALMU TJIa3a.

e UYro Takoe 30HHag MacTuHka @peHeng? O6wpacHUTE OKyCcUpYIOIICce ACUCT-
BUE 30HHOM IMJIACTUHKU.

¢ Uto NpEACTaBJIAET coboit rojiorpaMMa TOUYEUHOI'O ucrtounuka? Kak ¢ ee mo-
MOLIbKO BOCCTaHaBJ/IMBACTCH C(I)CpI/I‘ICCKaH BOJIHA, KOTOPYK HUCIIyCKaJl IIpu
3aIllUCU TOUEUHBIM MCTOUYHUK?

e Kak mpousBoguTCs 3aMUCh roJiorpaMMbl U BOCCTAHOBJIEHUE MPEAMETHOMN BOJI-
HBI B CJiyuae npoTskeHHoro npeamera? [louemy ayig 5TOro HyKeH KOTEPEHT-
HBIN CcBeT?

e OOBICHUTE, NOUEMY TrOJIOrpaMMa [acT BO3MOXHOCTb Hab/H0JaThb O0ObEMHBIC
U300pakeHUd MPeaMeToB?

§ 36. TeomeTpuuyeckana onTHKa

T'ecomeTpuueckas ONTWKA WCMOAB3YET TPEACTABICHUC O CEeMOBbLX JIy-
y@x, PacOpoCTPAHSIOMMWXCS HE3aBUCAMO APYT OT APYra, MPIMOJIWMHEN-
HBIX B OMHOPOAHOM CpeAe, OTPAKAIOIMUXCS W MPEJTOMIISIOMWXCI HA Tpa-
HUIAX CPeX ¢ PA3HBIMUA ONTHYCCKUMU CBOWCTBAMU. Brons siyuent mpowc-
XOAUT MEPEHOC SHEPIUU CBETOBBIX KOJe0AHMIA.

IToxa3atennr npejomieHus cpeabl. OnTrnueckue CBOWCTBA MPO3PAUHOMN
Cpenbl XapaKkTePU3yIOTCI HOKA3AMeaeM NPeJOMACHUs. N, KOTOPBIA Ompe-
JIEAIET CKOpocTh v (TouHee, (PDA30BYIO CKOPOCTh) CBETOBBIX BOJIH:

v=c¢/n, (1)

TAC ¢ — CKOpPOCTh CBCTA B BAKYyYyMC. TTokazarenn OpeIOMICHUA BO3ayXa
630K K eamHuLe (M,,,, = 1,0003), y Boasl ero 3smauenue pasHo 1,33, a
y CTEKJIA B 3aBUCUMOCTH OT COPTa MOXET cocTaBaarh ot 1,5 1o 1,95. Oco-
OEHHO BEJMK MOKA3aTEJb MPEJIOMJICHUS a7IMa3a — TPUOJU3ATENBHO 2,5.

3HaueHWE TOKA3aTEMs MPEIOMJICHHS, BOOOIIE TOBOPS, 3aBHCHT OT
IUTAHBL BOJIHBL A (MM OT 4acToThl ®): 1 = n(A). DTy 3aBUCUMOCTb HA-
3BIBAIOT ducnepcuel céema. Hanpumep, y xpycrais (CBUHLOBOTO CTEK-
JIa) MOKA3aTesib TPEJOMJICHUS MIaBHO MeHsiercss ot 1,87 mas kpacuoro
CBETA C AJMHOM BOJMHBI A, = 6,6-107m mo 1,95 ana cumero ceerta ¢
Ao = 441077 M.

[Tokazaresp MPEIOMJICHUS CBSI3aH C JUAJCKTPAUCCKON MPOHULAEMO-
CThIO CPCABI € (I[JISI I[aHHOﬁ JAJINHBI BOJIHBI WA 1IEICTOT])I) COOTHOLLICHUEM
n=ve. Cpena ¢ 6oJbIIMM 3HAUECHUEM TOKA3ATENs TPEJOMIICHUS HA3bI-
BAETCS ONMTUUECKU 0oJsiee TUIOTHOIA.

3aKOHbI T€eOMETPUYECKOM ONMTUKH. [loBEneHNE CBETOBBIX Jyueu MOA-
UNHACTCI OCHOBHBIM 3dKOHAM FCOMeTpI/IquKOﬁ OIITUKH.
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1. B omHOpOmHOM cpeme CBETOBBIC JIyud TPIMOJWHEHHBI (3aKOH TIps-
MOJIMHEHHOTO PACIPOCTPAHEHWS CBETA).

2. Ha rpanwne asyx cpen (wam HA TPAHWIIE CPEABI C BAKYYMOM) BO3-
HUKAET OTPA’KEHHBIA Jyu, JeXaUMid B IJIOCKOCTH, 00pa3yeMoil magaro-
myM JIyUOM W HOPMAJbKO K TPAHUILEC, T. €. B IVIOCKOCTH TAACHUSA, TIPW-
YeM yroJ OTPaXEHUS ¢, paBeH yruy maaeHus ¢ (puc. 224):

Pr=¢ (2)
(3axon ompaxenus ceema).
3. TpenoMacHHBIN JyU JEXKUT B TJIOCKOCTH magcHud (TIpW TMagcHUN
CBETA HA TPAHUIy W30TPOMHON CPEAbl) U 00pasyeT ¢ HOPMAJbKO K rpa-
HUIE YTONM ¢, (Yroa MpeJoMIEHNS ), OMPEAETSIEMbIli COOTHOIIEHUEM

n, sin ¢, =n, sin ¢,
niIn
sin Py Ny ﬂ 3
sin ¢, ny v, ( )

(3akon npenomnenus céema wmm 3akon CHeymyca).
ITpu mepexoze CBETAa B ONTHUYECKH Oosiee IJIOTHYIO cpeay (n,> n)

Jayu mpubmmxaercs K Hopmamu (¢, < ¢,). OTHOmwenue n,/n, = n,, Ha-
3BIBAIOT OTHOCHUTE/IBHBIM IIOKA3ATEIEM TPEJIOMJICHUS ABYX cpex (wim

n1< ny

ny> ny

Puc. 224. OrpakeHue U MPEJIOMJICHHUE CBETA HA TUIOCKOM TPAHUIIE ABYX CPEN

MOKA3aTeseM MPEJOMJIEHHS. BTOPOM CPENbl OTHOCHTEBHO TepBoit). [1pu
NAJICHUM CBETA M3 BAKyyMa HA TPAHMIYy CPEAbl C TOKA3aTEIEM Ipe-
JIOMJICHUSI /1 3aKOH TIPEJOMJICHUS TIPUHUMACT BUL

SIn ¢y =n. (4)

sin @,
Ing BO3Ayxa TMOKA3aTeNb MPEIOMJICHHS OJM30K K  EOUHHLE
(7159, = 1,0003), nosTomy u mpyu mageHuu CBETA U3 BO3AYXAa HA HEKO-

TOPYIO CPEAY MOXKHO MOJIb30BAThCH (hopmystoin (4).
[Ipu mepexoxe cBeTa B ONTHYECKM MEHEE ILIOTHYIO cpery (n, < n,)

YO/l TAJACHUS HE MOXET MPEBBIIATH MPEACBHOTO 3HAUCHUS @, TAK
KaK yroJ MpPEeJIOMJICHHS ¢, HE MOXET mpeBbimarh 1t/2 (puc. 225):

sin @y, = ny/n; (< ny). (%)
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Ecnm yron magenus ¢ > ¢, MPOACXOAUT MOJHOE OTPAXEHHE, T. €.
BCY DHEPrUS MAJAIOMIETO CBETA BO3BPAIIACTCS B TMEPBYIO, ONTHUECKH 0O~
Jiee TUIOTHYHO, cpemy. JJig TpaHWIBl CTEK-
a0 — Bo3ayx (n,/n,=1,5) Prp = 41°50'.

Ipuanun T'ioireHca M 3aKOHbI TEOMETPH-
YEeCKOM ONTHKH. 3aKOHBI T€OMETPUUECKON
ONTUKM ObLIM YCTAHOBJIEHBI 3a[0Jr0 A0 Bbl-
SCHCHUS IIPUPOABLI CBETA. 9TI/I 3aKOHBI MOTYT
OBITH BHIBEJCHBI U3 BOJHOBOM TEOPHM HA OC-
HOBe mpuHIMNA [roiireaca. Ux mpuMeHn-
MOCTh OTPAHUUCHA SIBJICHUSMU AU(PAKIIHH.
' OcranoBUMCS MOAPOOHEE HA MEPEXOIAE OT
Puc. 225. Tlpenenbubiii yron  BOJIHOBBIX TPEACTABJICHHUU O PaclpoCTpaHe-
TIOJTHOTO OTPAXCHML HHUW CBETA K IMPEACTABJICHUIM TEOMETPUYE-
ckoit ontuku. C moMOmIbK0 mpuHIuNa I roi-
T€HCA TI0 3aJaHHON BOJIHOBOM TOBEPXHOCTH MAAAIOMIEH BOJIHBI MOXHO
MOCTPOUTDH BOJHOBBIE TTOBEPXHOCTU TPEJOMJICHHON W OTPAXKECHHOW BOJIH.
HpI/I ITOM CJICAYET YUCCTh, UTO CBCTOBBIC JIyUW NCPICHAWKYJIAPHBI BOJI-
HOBBIM NOBCPXHOCTIM.

PaccMoTpuM TUTOCK YO CBETOBYIO BOJIHY, TIAAATOIIYIO U3 cpembl / (¢ mo-
KasaTesieM TIPEJIOMJIEHNS 71,) Ha TIJIOCKYIO TPAaHUILYy pasaena co cpemoi 2
(c mokasaTesieM IPEIOMJICHHAS 1,) IOA yIaoM ¢ (puc. 226). Yron nageHns
¢ — I3TO yTOJI MEXy NaAAONINM JIYyYOM M HOPMAJIbIO K TPAHWIIE PA3Jena.
B To Xxe BpeMd ¢ — ITO yTog MEXIy
TPAHWIICH pa3Aesia W BOJTHOBOU MOBEPX-
HOCTHIO Majarmel BoaHb. [lycTh B HE-
KOTOpI)IIruI MOMCHT 3T4d BOJTHOBA4 IIOBCPX-
HOCTh 3aHmMaer mosoxenne AC. Cmy-
cra Bpemsa (= CB/v, OHa JOCTWTHET

TOUKM B rpaHuibl paszgena. 3a 9T0 Xe
BpEM$ BTOPUUHAS BOJHA W3 TOUYKHU A,
pacnpocTpaHsgpomasacs B cpeae I, pac-
mupuTcd A0 paguyca AE =wvt. Iloa-
crasasga copa ¢, noayuaem AE = CB.
Otcropa $ICHO, UTO BOJIHOBASI TMOBEPX-
Puc. 226. IlocTpoenue Tioirenca ~ HOCTD EB OTpPaXXeHHOW BOJHBI, MPEa-
JUISL OTPAXKEHUS U TipesiomyieHust ceera  CTABJISIOLIAST coboi 0I‘I/I62IIOIJ.IyIO BCEX

BTOPUYHBIX C(HEPUUECKUX BOJH C LICHT-
paMu Ha OTPE3Ke AB, HAK/JIOHEHA K TPAHMIIE PA3/EIA HA YTOI @, KOTOPHIH

paBeH ¢ (PaBEHCTBO YIVIOB ¢, M  CACAYET U3 PABEHCTBA MPSIMOYTOIbHBIX

TpeyrosbHuKOB ABE n ABC, umerommx o0uIy o runorenysy AB v paBHbIC
karetel AE u CB). Takum 06pa3oM, oTpakeHHbIl J1yy AFE, NePHEHANKY-
JSIPHBIIA DPOHTY OTPAXKEHHOM BOTHBI, 00Pa3yeT C HOPMAJIBIO YTOM ¢, PaB-

HBII yIJIy MaACHUS .

. "2
sin @~ Tl
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AnanormyHO W3 3TOTO TMOCTpocHWS [FfolireHca MOXHO TOJYYHATH U
3aKOH IpesoMieHnd. B cpeae 2 BTOpUYHBIE BOIHBI PACIIPOCTPAHSIOTCS CO
CKOPOCTBIO ¥,, W MOITOMY BBIXOASIAS W3 TOUKU A cdeprueckas BOIHA
crmycra Bpems ¢ mMmeeT pamguyc AD = v,t. Iloactasaaa croma ¢ = CB/v,
HaxomuM AD = v, CB/v,. Paznenus obe yactu sroro paseHcTsa Ha AB,
OIPpUXOOAUM K COOTHOIICHUKD

sin ¢, = :—? sin ¢, (6)

KOTOpOE, OUEBWAHO, COBMANAET C 3aKOHOM mpenomicHua (3), Tak Kak
YToJ ¢, HAKJIOHA BOJIHOBOM MOBEPXHOCTH BOJIHBEL B Cpefe 2 eCTh B TO Xe
BpEMA U yI‘OJI MC)KI(y IPCIOMJICHHBIM .IIy‘IOM W HOPMAJBK K TPAHUIC
pasaena (yron mpenomacHus, puc. 226).

OTpaxeHne W MPEJOMJIEHHE HA MCKPUBJIEHHOM MOBEPXHOCTH. [li1o-
CKas BOJIHA XapaKTEPU3YETCd TEM CBOWCTBOM, UTO €€ BOJHOBBIE MOBEPX-
HOCTH TPEACTABASIOT CO0OM HEOTrPAHMUEHHBIE ILUIOCKOCTH, 4 HAIpPABJIE-
HUE €€ PacIpOCTPAHEHMSI U AMIUIMTYAA BE3NE OAMHAKOBHL JacTo DJeKT-
pOMaI‘HI/ITHI)IC BOJIHBI, HE IBJAIOINUCCI IIJIOCKUMH, MOXHO HpI/I6JII/I)KCHHO
paccMaTpuBaTh KaK IUIOCKME HA HEGO/IbIIOM yUacTKe MmpocTpaHcTsa. s
5TOro HeoOXOAMMO, YTOOB AMILIUTYAA M HANPABJIEHUE PACIPOCTPAHEHUS
BOJIHBI IIOUTHU HC MCHYJINCHh HA HpOTS[)KeHHH paCCTOHHI/Iﬁ HOpSIZ(Ka JJIAHDBI
BOJIHBI. Torga Tak>XXe MOXHO BBECTH MOHATUE JyueH, T.€. JIMHWM,
KacaTtcabHAad K KOTOpI)IM B Ka)KZ[OIrUI TOUKE COBHAAAET C HaHpaBJICHI/ICM
pacnpocTpaHeHus BOJIHBL. EC/AM MpW 5TOM rpaHuna pasaena ABYX Cpel,
HaanMep HOBCpXHOCTI) JIMH3bI, MOXCT CUNTATBCI HpI/I6JII/ISI/ITeJIbHO 10—
CKOW HA pACCTOSHUSX MOPYAKA AJWHBI BOJHBI, TO MOBEACHUE JYUECH CBE-
T4 HA TaKOﬁ I‘paHI/II.[e 6yz[eT OIMUCHIBATBCI TCMHU XC 3aKOHAMH OTpa)Ke—
HHAS W MIPEIOMICHHS.

HSyquI/IC 34aKOHOB paCHpOCTpaHeHHH CBCTOBBIX BOJIH B OTOM cnyqae
COCTABJISIET MPEAMET FEOMETPUUYECKOM ONTHKM, MOCKOJBKY B 9TOM IpH-
OMIMXEHUM ONTHUYECKUE 3aKOHBI MOXXHO C(hOPMYy/IMPOBATH HA S3BIKE TEO-
MeTpur. MHOrME ONTHUECKUE IBJCHUS, TAKAE, KAK, HATIPUMED, TPOXOXK-
JEHHME CBETA UEPE3 OMTHUYECKUE CHCTEMBI, (DOPMHUPYIOLIKE N300paKeHueE,
MOXHO pPAcCMATPUBATh MCXO4sd W3 MPEACTABJACHHMS O CBETOBBIX JIyyax,
COBEPLIEHHO OTBJIEKASICh OT BOJHOBOM mpuponsl ceera. [losromy mpen-
CTABJICHUS TEOMETPUUECKON ONTUKY CIPABEAIUBHI JUIIb B TOM CTEIECHH,
B KAKOM MOXHO MpeHeOpeub IBACHUSMU AU(PPAKIMKM CBETOBBIX BOJIH.
Iudpakuma CKa3pBAETCA TEM Caa0ee, UEM MEHBIIE JJUHA BOJHBL ITO
3HAUMT, UTO TEOMETPUYECKAS ONTUKA COOTBETCTBYET MPEACIBHOMY CJIy-
yar Maablx aauH BoaH: A— 0.

Du3nuecKyr MOEIb IyYKa CBETOBBIX JyUell MOXKHO MOJIYyUYHTb, €CJIU
MPOIYCTUTD CBET OT MCTOUHMKA MPEHEOPEXXKMMO MAJIOTrO pa3Mepa uepes He-
00/IBIIOE OTBEPCTHE B HEMPO3PAUHOM JKpPAHE. Brixomdmumii u3 oTBEpCTHS
CBET 3aMOJHIET HEKOTOPYIO 00/1aCTh, ¥ €C/IM JJIMHA BOJIHBI TPEHEOPEXKMMO
MaJia 1o CPABHEHUIO C PA3MEPAMU OTBEPCTHS, TO HA HEOOIBIIOM PACCTOSA-
HUM OT HETO MOXKHO TOBOPUTH O MIYUYKE CBETOBBIX JIyUEH C PE3KOU TPAHMLIEH.
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HHTEHCMBHOCTb OTPAXKEHHOr0 U MPEJOMJIEHHOIO CBeTa. 3aKOHBI OT-
PaXeHMS W IPEIOMJICHHS ITO3BOJISIOT OIPEACIUTh TOJIbKO HANPABICHUC
COOTBETCTBYIOIIUX CBETOBBIX JIyuell, HO HUUYEr0 HE rOBOPAT 00 MX HH-
TEHCUBHOCTH. MEXAy TEM OMBIT TMOKA3BIBAET, UTO COOTHOMICHUE WHTCH-
CUBHOCTEN OTPA>KEHHOTO M MPEJIOMJICHHOTO JIyUeil, Ha KOTOPhIC pacHiem-
JIIETCS MCXOMHBIN JIyu HA TPAHULIE PA3]e/a, CUJIbHO 3aBUCHAT OT yrjia ma-
nennd. Hampumep, mpr HOpPMAJIbHOM MAAEHUH CBETA HA IOBEPXHOCTH
cTeKJa oTpaxaercd okosio 4%, SHepruu NaAalomero CBETOBOrO MyukKa, a
IIpY MAACHUH HA MOBEPXHOCTh BOABL — TOJIBKO 2 %. Ho mpum ckosp3gamem
MAJACHAN MOBEPXHOCTH CTEKJA M BOABI OTPAXAKT IOUTH BCE MAAAOIIEE

n3ayucHue. biaromapd 3TOMy MBI MO-

XeM 000BATBCY 3EPKAJBHBIMEA OTpA-

XeHusMu OEperoB B CIOKOMHOM Ipo-
/ 3pavyHON BOJE TOPHBIX 03€p.

EcrecTBeHHbli ceeT. CBETOBAY BOJHA,
KaK ¥ J00as 5JeKTPOMATHUTHAS BOJI-
HA, momnepeuHa: BekTop E jgexwuTt B
/ IUIOCKOCTH, MNEPOCHAWKYISIPHOU Ha-
MpaBJCHUIO pacmpocTpaneaus. Wcmy-
CKAaeMblii  OOBIYHBIMM ~ MCTOUHUKAMMU
Puc. 227. V ecrecrsenmoro cseta ko-  (HAMPUMED, DPACKaJCHHBIMU TEIaMH)
neGanms Bektopa E mpowcxosT BO  CBET HEMOJISPA30BAH. JTO 3HAUMT, UTO
BCCBOSMOXHDBIX HANPABJICHUAX B IVIO- B CBETOBOM Jiyu€ KOJAe0aHWS BEKTOpA
CKOCTH, TIEPHETIMKY TSPHOM Iy Y E npoucxoasT BO BCEBO3MOXHBIX Ha-
MPABJICHASX B IUIOCKOCTH, ICPIICHAN-
KyJagpHOW HampasiacHuio jgyua (puc. 227). Takoi HEMOAIPU30BAHHBINA
CBET HA3BIBACTCH ecmecmaeerHbim. ETO MOXHO TIPEACTABUTh KAK HEKOTe-
PEHTHYIO CMECh ABYX CBETOBBIX BOJH OOWHAKOBOW WHTEHCUBHOCTH, JIM-
HEHHO TOJIPU3OBAHHBIX B JABYX B3aWMHO TICPICHANKYISPHBIX HATIPAB-
JICHUSIX. DTU HATPABJICHUS MOXHO BBIOPATH MPOM3BOJIBHO.

%/

IMoaspusanusa CBeTa Npu oTpaxeHuu. [1py n3yueHnm orpaxeHus: He-
MOJISIPU30BAHHOTO CBETA OT TPAHMLBI Pa3aesa cpel yA0OHO BHIOPATh OHO
M3 JBYX HE3aBUCUMBIX HAMPABJCHWII BeKTOpa E B MJIOCKOCTH MamcHUS,
a BTOpOE — MEPIEHANKYJISIPHO i, YCAOBHUS OTPAKEHUS STHX ABYX BOJH
OKa3bIBAIOTCS PA3JIMUHBIMU: BOJIHA, Y KOTOPO# BekTOop E mepneHanKyis-
peH TwiockocTH mancHus (T. €. MapasuIeicH MPAHULE PA3aesa) Tpu BCEX
yriaax magenus (kpome 0 m 90°), orpaxaercsa cunbhee. [Tooromy orpa-
KCHHBI CBET OKA3BIBACTCS YACTUUHO MOJSPU30BAHHBIM, a4 MPU OTpaXe-
HUM TOA HEKOTOPHIM OMpPEAEJCHHBIM yrioM (I CTEKJIa OKoJo 56°) —
MOJTHOCTBIO TIO/ISIPU30BAHHBIM.

DTuM 00CTOSITETBCTBOM TIOJIB3YIOTCS AJIsl YCTPAHEHUST OJTMKOB, HATIPH-
Mep npu ¢ororpadmpoBaHuK MeU3axa ¢ BOOHON MOBEPXHOCTHIO. [Tonou-
past JOJKHBIM 00Pa30M OPMEHTALMIO MOJISIPU3ALUOHHOTO CBETOGMIBTPA,
MPOMYCKAOIIETO CBETOBBIE KOJACOAHMS TOJIBKO OMPEACICHHOM MOJIspru3a-
LMK, MOXXHO TPAKTAYECKU TMOJHOCTBIO YCTPAHUTH OMKY Ha (hororpadum.
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Ipuauun ®epma. OCHOBHBIE 3aKOHBI M€OMETPUUECKOW ONTUKU — 3a-
KOH TPSIMOJTMHEWHOTO PACTIPOCTPAHEHWS CBETA B OXHOPOAHON cpexe, 3a-
KOHBI OTPAaXEHWS W TMPEJOMJICHUS CBETA HA TPAHMIE pa3jaesa [ABYyX
Cpea — MOTYT OBITh MOJYUYEHBI ¢ TOMOIIBIO npunyuna @epma. CornacHo
9TOMY TMPUHIUIY ACUCTBUTEJBHBIA MyTh PACIPOCTPAHEHUS MOHOXPOMA-
THUYECKOTO Jiyua CBETa €CTh MyTh, A MPOXOXACHUS KOTOPOTO CBETY
Tpebyerca SKCTpeManbHOe (KAaK IpPaBUjIO, MUHUMAJBHOE) BPEMS IO
CPaBHEHUIO C JOOBIM APYTUM OJM3KMM K HEMY MBICIMMBIM IIyTEM MEX-
Ay TEMH X€ TOUKAMU.

Bosbmem g mpumepa 3akoH orpaxkeHus ceera. Cpasy BHAHO, UTO
OH HemocpeacTBeHHo caeayer u3 npunmuna @epma. [Mycre ayu csera,
BBIIEAIIETO M3 TOUKU A, OTPAXXaeTcs OT 3epKaja B HEKOTOPOUl TOUKE
C ¥ NpUXOOUT B 3aJAHHYIO TOUKY
B (puc. 228). CorsiacHO TPUHLHAY
®epma, MPOXOAUMBII CBETOM MYTh
ACB pommxeH OBITh KOpode J000TO
APYToro myTH Mo OJM3KOM TPAEKTO-
puu, Hanpumep ADB. Utolbl HaliTu O C—D
MOJIOXKEHUE TOUKM oOTpaxeHud C,
OTJIOKMM HA ONYIIEHHOM M3 TOUKH 4
A MIEPNEHAUKYJISIPE K 3€EPKATy OTpE-
30k OA', paBubi OA, U COEOAUHAM
Toukn A" W B OTPE3KOM TIPIAMOM.
[lepeceuenne 3TOTO OTpE3Ka € MO-
BEPXHOCTBIO 3€pKaJia M AaeT mojoxenne Touku C. J[eNcTBUTEAbHO, JIET-
k0 Buperh, uto A'C = AC, u moromy myTh cBeta ACB w3 Touku A B
Touky B paBeH orpe3ky A'B. IlyThb cBera u3 A B B uepes ao0yIo apy-
ryio Touky D, paBubiii A'DB, Gyner miuHHEE, TaK Kak mpamaga A'B —
9TO KpaTuaiiiee pacCTOSTHUE MEXAY ABY-
ma toukamu A’ m B. U3 puc. 228 cpasy
BUJHO, UTO WMMEHHO TAaKOE TOJIOXEHUE g
Touku C COOTBETCTBYET PABEHCTBY YIVIOB A
NAJCHUS W OTPAXEHHUI: P = ¢.

B
A

Puc. 228. K BbIBOLY 3aKOHA OTPa’KEHUS
csera u3 npunnuna Oepma

H300paxeHue B MJIOCKOM 3epkae. Tou-
Ka A', pacnosioXXeHHAs CAMMETPUYHO TOU- P
K€ A OTHOCHTEIBHO MOBEPXHOCTH IMJIOCKO- I
ro 3epKaja, MpeacTaBiseT coboit m3odpa-  Af
JXEHUE TOUKu A B 9TOM 3epkasie. B camom
Jene, y3KAi IMy4yoK JIyuel, BBIXOASIUX U3  Puc. 229. Muumoe usoGpaxenue
A, OTPaxaoIMXcs B 3€PKaJe M momagaro-  TOUKH A B ILIOCKOM 3epkasie

mmx B ria3 nHabmogarens (puc. 229), Oy-

JET Ka3aThCs BhixoaammmM u3 Touku A'. CozgaBaeMoe TIOCKUM 3€PKaIoM
1300pa’keHNE HA3BIBAETCH MHUMbLM, TAK KAK B TOUKE A’ IEPECEKAKOTCS HE
CaMu OTPAXCHHBIC YU, A UX MPOJOJIXKCHUS HA3aad. OlleBI/IIlHO, yTO U30-
Opa>keHue MPOTSIXKEHHOTO MPEAMETA B TUIOCKOM 3e€pKasie OyaeT PaBHBIM IO
pasMepaM caMoMy MpPEAMETY.
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UYto Takoe cBeToBble JyuH? Kak 5T0 MOHSATHE COOTHOCHUTCS C MOHSITUEM BOJI-
HOBOI moBepxHocTU? Kakoe oTHoIIeHHe MMEIOT JIyud K HAIpaBJICHUIO pac-
MIPOCTPAHEHUS CBETOBBIX KoOJeOaHMII?

B kakux YCJIOBUSX MOXHO HMCIIONIB30OBATDL MPEACTABJIICHUE O CBETOBBIX nyqax?

Yto Takoe Mokasartesib MpejioMiicHUS cpeabl? Kak oH CBS3aH CO CKOPOCTHIO
pacripocTpaHeHUd cBeTa?

CdopMyipyiTe OCHOBHBIE 3aKOHBI TIeOMETpUYECKOM onTuku. Yrto Takoe
IJIOCKOCTE TageHug? OOBICHUTE HAa OCHOBE COOOPaXCHUU CUMMETPUM, T0-
yeMy JIyd Kak IpU OTPaxeHHUU, TaK U MpPU MPEJOMJICHUNU HE BBIXOAUT U3
5TOU IMJIOCKOCTH.

IIpu KakKUX yCJIOBUSX OTpaXeHUE CBETA Ha TpaHUIlC pasfesia OyaeT MOJHBIM?
Yto Takoe MPEAe/IbHBIN YTOJI MOJHOTO OTpakeHud?

IlosicHUTEe, Kak MOXHO NOJIYUYWUTb 3aKOHBbI MPSIMOJHUHEMHOIO paclpocTpaHe-
HUSl, OTPaKCHUS U IMPEJIOMJICHUS Ha OCHOBe NpuHLuna ['olireHca.

IToueMy 3aKOHBI OTPAXEHUS U TPEJOMJICHUS CBETa, CPOPMYJINPOBAHHbBIC 1id
IIJIOCKO¥ TPaHULBl pasfesa, MOXHO NPUMEHSTb U B CJIyuyae WCKPUBJICHHBIX
MOBEPXHOCTEH (JIMH3BI, KaIlJIi BoAbl U Ap.)?

HpI/IBCl[I/ITC IPpUMEPDLI HaGJIIOl[aBIJ_II/IXCSI BaMH SIBJICHUMH, CBUACTCJ/ILCTBYKOIIUX
O 3aBUCHUMOCTU MHTCHCHUBHOCTU OTPAXCHHOI'O CBETa OT yIJVla NMagCHUS.

ITouemy npu OTpaKeHUHM €CTECTBCHHOIO CBETa I0JIy4YaeTcs YacTHUYHO II0JIS-
pU30BaHHBIN cBeT?

Cdopmynupyiite npuHuun PepmMa U MOKaXUTE, YTO U3 HETO CTCAYET 3aKOH
OTpaxeHUs CBeTa.

HOKa)KI/ITC, 4To I/1306pa)K6HI/IC npeaMeTa B IJIOCKOM 3€pKaJic paBHO IO pas-
MEpaM caMOMYy IIPEAMETY.

A  TIpuaoun @epma u ¢popmyaa aua3bl. CKOPOCTh CBETA B Cpeae
moKasaresieM mpenaoMiacHus n pasHa c¢/n. [lostomy mpuamum ®Oepma
MOXHO C(HOPMyYIMPOBATh KAK TPEOOBAHME MUHUMAIBHOCTH ORMIUYE-
CKOU OZuMbl Iydya TIPU PACIIPOCTPAHEHUM CBETA MEXAY ABYMs 3aJaH-
HbIMU ToOukamu. [log onTruecKoi AIWHOM Jyuya MOHUMAETCS TTPOU3BE-
JEHUE MO0KA3aTess MPEeJOMICHHS Ha AJIMHY IyTy Jydya. B HeogHOpoxa-
HOW Cpefe ONTUYECKAs AJIMHA CKJIAABIBACTCS W3 ONTHMYECKUX JJIMH HA
OTHAEJNBHBIX y4acTKax. lMcmonap3oBaHWE 3TOr0 MPUHLMMA TO3BOJISIET
pPaccMOTPETh HEKOTOPBIE 3aJaUM C HECKOJIBKO MHOW TOUKY 3PCHUST, UEM
TPY HEMOCPEACTBEHHOM MPUMEHEHUM 3aKOHOB OTPAXKCHUS W MPEIOM-
aenusa. Hanmpumep, mpu paccmorpernu (hOKyCHMpYIOMIEH ONTHYECKOM
CUCTEMBI BMECTO TPUMEHEHMS 3aKOHA TPEIOMJICHHSI MOXHO TMPOCTO
noTpe0oBaTh PABEHCTBA ONTHUYECKUX AJIMH BCEX JIyUEi.

[Mosryunm ¢ momomrpio mpuanuna Oepma Gopmyay TOHKOM JIMH-
3bl, HE mpuberas K 3aKoHy mpesiomsicHust. [ist onpeneseHHoCTH Oy-
JEM pacCMaTPUBATh ABOSKOBBIMYKJIYIO JIMH3Y CO chepuuecKumu mpe-
JIOMJISFOIIAMY TIOBEPXHOCTSIMU, PAAUYChl KPUBU3HBI KOTOPBIX PABHBI
R, u R, (puc. 230).
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Xopowmo U3BECTHO, YTO C MOMOLIBKD COOMPAIOIIEN JIMH3BI MOXHO
HOJIyYnTh ACUCTBUTEIbHOE nM3o0paxenue Touku. Ilycrs S, — mpen-

Mmer, S, — ero usodpaxenue. Bee smyum, mcxomsmme u3 S; u mpo-
memme yepe3 JUH3y, coOMparoTcs B OAHOM Touke S,. Ilycts S, se-
XHAT HA IVIABHOM ONTHYECKOM OCH JMH3BI, TOrAA WM300pakeHme S,

TAKXe JIEXKUT HAa ocu. UTO 3HAUUT MOAYyUYUTh (HOPMYJy JIMH3BI? DTO
3HAUUT YCTAHOBUTH CBI3b MCXAY PACCTOSHUSAMHU d OT TPEAMETA A0
JIMH3BL M f OT JUH3bI A0 M300pakeHWd M BEIMUYMHAMU, XAPAKTEPH-
3YIOIUMU JAHHYKO JIMH3Y: PAAWyCaMu KPWBHU3HBI €€ MOBEPXHOCTEN
R, m R, m TIOKA3aTeyeM TPEIOMICHHUS A.

W3 npunnuna @epma caeayer, 4To ONTUUSCKUE AJIMHBI BCEX JIy-
ueil, BBIXOAAIIMX M3 MCTOUHMKA M COOMPAIOIIMXCA B TOUKE, ABJISIO-
mieiics ero u300pakeHUEM, OIUHAKOBBI. PACCMOTPUM ABA U3 DTHX JIy-
Uei: OAWH, UAYIIUWA BAOJb ONTUUECKOW OCHU, BTOPOM — uUepe3 Kpau

v 51

Rl\/ R,

a [

Puc. 230. K BeiBoay (opMyJibl TOHKO# JIMH3bI

muasel (puc. 230a). HecmoTpa HA TO, 4TO BTOPOM JIydU TPOXOIUT
GoJTBIIIEE PACCTOSHUE, €TO MYTh B CTEKJIE KOPOUE, UEM Y TEPBOTO, TAK
YTO BPEMsl PACTPOCTPAHCHMS CBETA OT S, A0 S, AT HUX OAMHAKOBO.
Boipasum 510 Matematnuecku. OG03HAUEHUS BEIMUUH BCEX OTPE3KOB
yKa3aHbl Ha pUCyHKe. [IpMpaBHIeM ONTUYECKUE IJIMHBI IEPBOrO U
BTOPOTO JIy4eu:

d+n(t,+t)+f=d + [, 7N

Beipazum d; mo teopeme Ilucaropa:

2
= = —h .
d=V@ T TR =(d+1) 1 + iy

Tenepp BocmoabdyeMcs mnpubanmxennoit dopmynoit V1 + x =~
~ 1 + x/2, koropas crpaBeaIMBa Mpu X << | ¢ TOUHOCTHIO IO UJICHOB
nopsiaka x2. Cuutasi A MaabiM MO CPABHEHMIO C d, C TOYHOCTBIO /10 Uje-
HOoB nopsaka (A/d)* umeem

1 K
d1~d+tl+§m. (8)
AnanornuHo asis f; mosyuaem
1 W

fl%f+tz+§f+t2’ (9)
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Toncrasngaem Boipaxennd (8) m (9) B OCHOBHOE COOTHOIICHHE
(7) v npuBoaAMM NOTOOHBIE UJIEHBIL:

(n=1) (1, +1) =" (ﬁtﬁf%tz) (10)

B o10i1 dopMysie B cayuae TOHKOM JIMH3BI MOXHO IpeHeOpeub Beju-
YMHAMMU ?; U T, B 3HAMEHATENX MPABOW YACTH MO CPABHEHWIO C d U
f; oueBmmHO, uTO B JeBou uactu Beipaxenmsa (10) ¢, + ¢, ciemyer
COXPAaHUTh, MO0 DTOT WIECH CTOUT MHOXHUTEIEM.

C Toit xe TouHOCTBIO, uTO M B opmynax (8) m (9), 1, m ¢,
moMompi0 Teopembl [lucdharopa mMoxno mpeacTasuTh B Bume (puc.
2300)

h? n?

t,=R —VR} —R? %E, tzzm,

Teneppb ocTaeTcs TOABKO MOACTABUTH 3TW BHIPAXEHUS B JIEBYIO YaCTh
dopmyant (10) u cokpaTuTh 00e yacTu paBeHCTBA Ha h2%/2:

1 1 1,1
D10 u ecTh uckomad ¢GHopMyJia TOHKOM JuH3bL. BBoasg 0003HAUEHNE
1 1 1
€€ MOXHO MepenucaTth B BUC

== (12)

®oKycHOe paccrogHue auH3bl. U3 dopmynsr (12) merpygHo mo-
HATh, uTO0 F ecTth (DOKYyCHOE PpACCTOSHME JIMH3BI: €CJM HMCTOYHUK
HAXOAWTCH HA OeCKOHEUHOCTH (T.€. HA JIMH3Y MafgaeT Mapasuie/ib-
HBIA TY4YOK Jyuei), ero maoOpaxenme Haxomurca B ¢okyce. Ilo-
garasg d— o, noxyuaem f— F.

Abeppauyn. IlonyuyeHHOE CBOMCTBO (DOKYCHMPOBKM MMAPAILIETBHOTO
MyykKa MOHOXPOMATUUCCKUX leqeﬁ SIBILACTCI, KAK BUAHO M3 IIPO-
ACJTAHHOIO BBIBOAA, l'lpI/I6JII/I>KeHHbIM n CHNpaBCAMMBO JUMIb OO y3-
KOro myuka, T.¢C. O leqeﬁ, HEC CIUIOKOM CWJIBHO OTCTOJIIUX OT
onTUUECKON ocu. [ mMUPOKMX TYyUYKOB JIyue€d MMEET MecTo cce-
puueckas abeppauus, MPOSBASIONIASICI B TOM, UTO AAJEKHE OT Of-
THYECKOM OCH Jyudm mepecekaror ee He B dokyce (puc. 231). B
pesysbprare M300pakeHue OECKOHEUHO YAAJAECHHOTO TOYEYHOrO WC-
TOUHHUKA, CO3AABACMOC MIWMPOKHUM ITYUYKOM leqeﬁ, MPECIOMJICHHBIX
JINH30M, OKAa3BIBAECTCS HECKOJIBKO PAa3MBITHIM.

Kpome cdhepuueckoit abeppauyu, JUH3a KaK ONTUUYECKHN Tpubop,
dopmupyromuii nzoOpaxenue, 061aga€T PIAOM APYTUX HEAOCTATKOB.
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Hampumep, gaxe y3xwii mapauieTbHBIN TyYOK MOHOXPOMATHUECKUX
Jlyueii, 06pa3yromuil HEKOTOPBIA YIOI C ONTUYECKOM OChIO JIMH3BI, MO~
C/Ie TPEIOMJIEHUS HE COOMpPAeTcs B OAHY TOYKY. [IpM MCIOIb30BAHUU
HCMOHOXPOMATHYCCKOTO CBETA Y JTMH3BI MPOIBAACTCA CIIC U XPOMATHU-
ueckad abeppauus, CBI3aHHAY C TEM, UTO MOKA3aTE/Nb MPEJIOMJIEHUS
1 3aBUCUT OT JJIMHBI BOJIHBL. B pe3ysbrare, Kak BUAHO u3 (DOPMYJIbI
(11), y3kwuii mapasaeabHbIi MyYOK Jyuei 00O CBETA MEPECEKAETC
TIOC/IE TIPEJIOMJICHUS B JIMH3E HE
B OJHOW TOYKE: JIyUW KaXKJOTO
L[BETA UMEIOT CBOW (POKyC.

Ilpn KOHCTpYyWpOBAHWUM OT-

THUYECKMX NpuOOpPOB yHaeTcd B
GoJsIbLIEN MY MEHBINEN CTEMe-
HU YCTPAHUTDH I9TU HCAOCTATKH
OyTEM NPUMCHCHUA CCOUAIb-
HO PACCUMTAHHBIX CJOXHBIX  Puc. 231. Cdepuueckas abepparus JIUH3bI
MHOTOIMH30BbIX cuctem. On-
HAKO OMHOBPEMEHHO YCTPAHWTh BCE HEMOCTATKU HEBO3MOXHO. [Tooro-
MYy NPUXOAUTCA WUATH HA KOMIIPOMUCC M, PACCUUTBIBAA OINTHUUCCKUC
npuGopkl, MPEIHA3HAUEHHBIE /I OMNPENEAEHHOM e, A00MBATHCH
YCTpAHCHUA OAHUX HCAOCTATKOB W MHUPUTHCA C ONPUCYTCTBUEM OPY-
rux. Hampumep, OOBEKTHEBEI, NPEAHA3HAUYECHHBIE A19 HAOIIOICHUAS
OGBCKTOB MaJIonu SIPKOCTH, AOJIZKHBI TTPOMYCKATh BO3MOXHO 6OJII)]]IC
CBETA, UTO BBIHYXXAAET MUPUTHhCA C HEKOTOPHIMU abeppanusaMu, He-
H36€)KHI)IMI/I opyu UCIIO/JIb30BAHUMN IINPOKUX ITYUKOB CBECTA.

19 0OBbEKTUBOB TEJIECKOINOB, II€ M3yYaeMbIMU OOBEKTAMU SBJIS-
HOTCAd 3BC3Abl — TOUCUHBIC UCTOUHWKHW, PACHOJOXCHHBIC B6JII/ISI/I Oon-
THUYECKOM ocu mpuOopa, 0COOEHHO BAXHO YCTPAHUTH CHEPUUECKYIO U
XPOMATHUECKYIO abeppainuio Aad IMMPOKUX IMYYKOB, NAPaelbHBIX
ONTUYECKON OCH. YCTPAHUTh XPOMATUUECKYIO a0eppaLmIO MPOILE BCE-
T0 TMYyTEM WMCIOJIH30BAHUS B ONTHUYECKON CHCTEME OTPAXKCHUSI BMECTO
npesiomsicans. Tak Kak Jyudm BCEX AJMH BOJH OTPAXKAIOTCI OOQUHAKO-
BO, TO TEJAECKOMm-pedekTop, B oTImuue ot pedpakTopa, MOTHOCTHIO
JIMUIEH XpoMaTWueckou aOeppaumu. Ecau mpum 9TOM enie Hamiexa-
M 00pazoM BHIOPATh (POPMY MOBEPXHOCTH OTPAXKAOLIETO 3€PKAJaA,
TO MOXHO TMOJTHOCTBIO M30aBUTHCH M OT chepruueckoit abeppauym as
MyYKOB, MAPAJICIBHBIX OMTHUYECKON och. [IJIs1 TOJyUeHUST TOUCUHOTO
0CEBOr0 M300pakEHMUI 3EPKAJIO AOKHO OBITh MAPabOJIMUECKUM,

[Tokaxem sto. [TycTs mockas BosiHA, T. €. MYUYOK JIyueu, mapa-
JIEJIBHBIX OCH y, TAJAET HA 3EPKAJbHYIO MOBEPXHOCTh, 00/IAAAOLIYIO
TEM CBOMCTBOM, UTO IMOCJIE OTPAXKEHUS BCE JIyUd COOMPAIOTCS B OMHOM
touke F (puc. 232). 13 cuMMeTpun SCHO, UTO MCKOMAS MOBEPXHOCTh
3epKasia TmpeAcTaBasgeT co00i MOBEPXHOCTh BPALICHUS BOKPYT OCH V,
MO9TOMY AOCTATOYHO PACCMOTPETHh CCUCHUE OTOM TMOBEPXHOCTH TLJIO-
CKOCTBIO Xy, T. €. KpuByI0 y = y(x). PaccMoTpuM LeHTpabHBIN JyU
U JIyu, TAJaromuil Ha 3€pKajgo B MPOU3BOJIBHONU TOouke C ¢ KOOpAU-
Haramu X u y. Ha ocHoBanum npuanuna Mepma ontuueckas AivHA
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I9THX JIyueil OT MPOU3BOJILHON BOJIHOBOUM moBepxHOCTH AB 1o dokyca
F momxHAa OBITH OMHOM W TOW Xe:

BC + CF = AO + OF. (13)

W3 puc. 232 Buano, uto AO=BC +y, a CF=Vx?>+ (F — y)2.
Moncrasasas stu 3uauenns B (13), moayunm

VET(F=3=y+F.

Bossoas o6e uwacTu B KBAApaT W MPUBOAS MOAOOHBIE UJIECHBI, HANUAEM

y= 41—F x2. (14)
D10 ypaBHeHHE MapabobL.
IMapaGoauueckue 3epkasia
WCTOMB3YIOTCS BO BCEX KPYMHEN-
muxX Teaeckonax. B atmx Teme-
CKOMax yCTpaHeHbl chepuueckas
M XpoMmaTuueckad aleppauuu;
0 x OMHAKO Mapasjic/bHbIC MMYyUYKH,
Puc. 232. Bce napasuienbhble ayun nociie  MAYIIUAC NAXE IIOA HeOOoIbIIME
OTpa>keHus OT MapabOJUUECKOro 3epKaia yriaMm K ONTHUYCCKON ocu, 1Io-
cobuparotcst B TouKe C/I€ OTPAXECHUS HE MEPECEKAKOT-
Cd B OOJHOM TOYKE W AAIOT CHJIb-
HO UCKAXXEHHBIE BHEOCEBBIE M300pakeHud. [103TOMy mpuUrogHoe AJIs
paboThl TOJIEe 3PEHUS OKA3BIBAETCA OUEHb HEOONbLIMM, MOPSAKA HE-
CKOJIBKUX JECITKOB YIJIOBBIX MUHYT. A

e TloscHure, MOUYEMY MPUMEHUTENBHO K (DOKYCUPYIOIIEN ONTHUUECKOMU CUCTEME
npunnun epma GopMyIUPYETCS KaK YCJIOBUE PABEHCTBA ONTUYECKUX IJIUH
BCEX JIYUeil OT TOUKM IPEAMETa JI0 e¢ U300pakKeHUS.

e BriBegute ¢ nomoiibio npunimna MepmMa 3aKoH MPeJIOMIEHUS CBeTa Ha Ipa-
HULC pasjgesa OBYX Cpen.

e CdopMynupyiiTe TpUOJIMXKEHUS, TPU BBIMOJHEHUM KOTOPbIX CIIpaBeljivBa
¢opMyJia TOHKOU JIMH3bI.

e B uem nposBisoTcs cepuueckas U xpoMatuueckas abeppaiuy JIMH3bI?

e Kaxune npeumylecTsa M Kakue HEJOCTATKH MMeeT NapabojMyecKoe 3epKaJio
10 CpaBHEHUIO €O chepuueckum?

e Tlokaxure, UTO SJUTUIITUUECKOE 3EPKAJIO OTPAKAET BCE JIYUU, BBILICAIINE U3
OAHOro (hOKyca DIJIMIICOMAA, B APYroi (okyc.

§ 37. Ontuyeckne npubopsbl, popmupylowme n3obpakeHue

FeomeTpuueckas onTUKa OObICHSIET MHOTUE MPOCTHIE ONTHUECKUE SIBJIE-
HUS, TaKME, KAK BO3HUKHOBCHHE TEHEW M oOpazoBaHue M300pakeHuil B
ontuueckux mpubopax. OHA MO3BOMSIET CPABHUTENBHO MPOCTO PACCMOT-
peTh MPOXOXACHHE CBETA Yepe3 JO0YI ONTHUYECKYH) CHCTEMY M JAET
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BO3MOXHOCTh MPOCTBIMU CPEACTBAMU PEIIATH IHUPOKUN KPYT MPAKTUUE-
CKH BAXHBIX 3aAaau.

Onnako a1g pemenus 6oaee TOHKHMX BOMPOCOB, TAKMX, KAK pPACIIpe-
aesieHue ceeTa BOM3M (POKyCa MM Pa3pemaronas CrocoOHOCTh ONTUYE-
CKHMX MHCTPYMEHTOB, TPeOYETCS BBIXOA 34 PAMKM TEOMETPUYECKONM ONTH-
KW M yueT BOJHOBOU mpupoasl cBeta. Kak yxe ormeuasnoch B § 33, uzo-
OpaxxeHue yIOAJeHHOW 3Be3abl B (POKAJBHOM IJIOCKOCTH OOBEKTUBA
TEJIECKONA MPEACTABIALET COOOM HE TOUKY, a AMMPAKIUOHHOE MATHO.

T'eomeTpHryecKas ONTHKA M BOJHOBBIE CBOMCTBA cBeTa. [lo mpemcras-
JCHUIM I‘COMCTpI/IIIeCKOIrUI OIITUKHN H306pa)KeHHC TOUKH NpeaMcra — ITO
nepeceuyenue nyuka jyueir. OmHako BOAM3M ITOM TOUKM MEPECEUEHUS
WCKPUBJICHUE BOJIHOBON TMOBEPXHOCTUM CTAHOBUTCS HACTOJBKO CYINECT-
BCHHBIM, UTO €€ YK€ HC/JIb3d CUUTATH IJIOCKOHM HAa PACCTOIHUAX IIOPIOKA
JJIMHBI BOJIHHI. B6JII/ISI/I TAKUX TOUCK YC/IOBUSI MPUMCHUMOCTH TCOMECTPU-
UYECKOW ONTUKU 3aBEIAOMO HE BBIMOJHSIOTCS: CBETOBOM MOTOK HEJIb3S CO-
OpaTh B OAHY TOUKY, MO0 5TO MPHUBEIO Obl K OECKOHEUHO GOJIBIION OCBE-
LIEHHOCTH, YETO HA CAMOM Jgej€ He ObIBaerT.

Kamepa-o0ckypa. B kakoil Mepe BOJHOBBIE CBOWCTBA CBETA MCKAXAKOT
MPEACKA3BIBAEMYI0 T€OMETPUUECCKON ONMTUKOU KAPTUHY, MOXHO YBUAECTh
HA MPUMEPE MPOCTENIIETO ONTHUUECKOrO Npubopa — Kamepbl-06CKypbL.
VeTpoiicTBO KaMephi-00CKypbl CXEMATUYECKM TOKA3aHO Ha puc. 233.
Omna npeacrasageT co0OM MWK, B OQHOM M3 CTEHOK KOTOPOTO CAEJIAHO
Manoe orBepcrue. JeicTBHE KaMepbl-O0CKYpPbl, KaK U CYIIECTBOBAHME
PE3KUX TEHEH OT HCNPO3PAUHBIX NPEAMCTOB IIPU MAJIOM UCTOUHHUKE CBC-

Ta, — 970 (DaKTHI, YKA3BIBAIOUINE HA MPIMOJMHEHHOE PACIPOCTPAHEHUE
CBETAa B OAHOPOAHOM Cpexe.
OpHAKO OCHOBHOWM 3aKOH TEOMETPUUECKOW ONTUKKA — MPSIMOJIUHEH-

HOE PACIpPOCTPAHEHHUE CBETA — CIPABENJIMB JIMIIb AJAd HIMPOKKUX, CTPOrO
rOBOpSI, HEOTPAHWUYEHHBIX CBETOBBIX IYUYKOB. BCSIKOE OrpaHuMueHue mu-
PHMHBI CBETOBOTO My4YKa, HEM30EXHOE B JIOOOM ONTHUECKOM mpubope,
00s13aTe/IPHO TIPUBOANUT K OTCTYILIC-
HUSM OT TEOMETPUYECKON ONTHKHU W |
K TIPOSIBJICHUSIM BOJIHOBBIX CBOWCTB
cBeTa. |

BoiGop onTuMasbHOrO Auamerpa
OTBEpCTHS VIS TIOJYUCHHMS HA 9KPa- Puc. 233. Cxema kamepbI-00CKypbI
He HauboJee PEe3KOro m300pakeHus
VOAJEHHBIX MPEAMETOB DTO MOMCK OMPEAEJCHHOTO KOMIPOMHUCCA MEXAY
BOJIHOBOM M TEOMETPUUECKOM ONTHKONM. Ecam Obl CBET AECHCTBUTEIHHO
MOAUMHSJICA 3aKOHAM TEOMETPUUECKOM ONTHKM, TO 3agaua Obuta Obl TpU-
BUAJBHOM: YEM MEHbBINE OTBEPCTHE, TEM pe3ue maobpaxkenue. B camom
Aesie, yAAJEHHBI TPEIMET MOXHO MBICJIEHHO Pa30WTh HA OTAEIbHBIE
OJIEMEHTHI M KAXAbIA JJIEMEHT PACCMATPHUBATH KAK TOUCUHBIA MCTOUHHK.
OTBepcTue B MEpegHell CTEHKE KAMEPhl BBIPE3AET MYYOK JYUued OT MC-
TOYHMKA, MONAJAIOMMX HA 9KpaH. [Iyuyok Jyueil oT ymaJeHHON CBETS-
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MEHCI TOUKW MOXHO CUMTATH TAPAJUICJbHBIM; TOJTOMY pasMep MITHA
HA JKPAHE, KOTOPOE MBI PACCMATPUBAEM KAK M300DAXEHHME ITOM TOUKH,
OIpPENEaIeTCd pa3MePOM OTBePCTUI. [Ipu OLeHKe pasMep MITHA MOXKHO
CUMTATh PABHBIM pasMepy OTBEPCTHS.

Ho yMenbinath orBepcTre GeCpeneabHO HENb3d HE TOJbKO IOTOMY,
YTO TIPW OTOM YMEHBINAETCS CBETOBOM TOTOK W, CJACHOBATEIBHO, OCBE-
LMIEHHOCTh M300pa’keHus, HO M MOTOMY, UTO PAHO WJIM MO3JHO HAYHET
CKa3bIBATHhCA BOJHOBAY MPHpoOAa cBeTa. Judpakimsa CBeTa HA OTBEPCTUH
MPUBOOUT K Pa3MbIBAHUIO M300pakenus. Ecay yMeHbIIATh OTBEPCTHE 10
pa3MepoB, CPABHUMBIX C AJUHON BOJIHBI CBETA, TO U300pa’keHUE MCUE3a-
€T COBCEM M JKPAH CTAHOBHUTCH MPAKTHUECKH PABHOMEPHO OCBEIIEHHBIM.

OuennmM pasmep audpaKmIOHHOTO IMITHA HA DKPAHE, KOTOPOE MOXHO
paccMaTpuBaTh KaK M300pa’keHue yAAJEHHOIO TOUYEUHOrO MCTOYHMKA, B
TeX CAyuyadx, KOraa HeoOXOAMMO IOJIb30BATHCS BOJIHOBOM ONTHKOM. DTO
MOXHO CAEJATh TOYHO TAK Xe, KakK B § 33, roe OmcHMBAJNCH Pa3MEphI
audpaKIMOHHOr0 M300paxkeHus 3Be3abl B Tesaeckone. CornacHo dopmy-
ae (1) § 33, nna yrna audpakuum 6, T. €. HATPABJICHUI HA Kpal IECHT-
pajapHOrO AU PaKIMOHHOIO MATHA, UMEEM

0= A/d,

rae d — AUaMETP OTBEPCTHS KAMEPHI-O0CKYPH. DTOT yroJ ONpeaeaser
JIMHENHBIA pa3Mep a AM(PPAKIUOHHOIO NATHA HA SKPAaHE KaMEPbI-00CKY-
pei. Ecm paccrosHme oT oTBepcTHS A0 9KpaHA paBHO L, TO

az2L6=2%L.

OueBHAHO, UTO YMECHBINATH Pa3MEpP OTBEPCTUS CJICAYET TOJbKO 0
TE€X MOp, mokKa pa3mep aAudpakMOHHOTO MITHA HE CPABHAETCS C pa3me-
POM M300pakeHus, MOJIYYAIOIIEroCs B MNPUOIMIKEHMU TEOMETPUUECKOM
ontuku. [lanpHeimee yMEHbIICHUE OTBEPCTUS MPUBEACT TOJIBKO K pas-
MBIBAHUIO U300PaKEHUS, T. €. K YXYAUWECHUIO PE3KOCTH.

Wrak, Hawiydmas pe3KoCTh M300pa’ke€Husl JOCTHraeTCsl NP PABEH-
CTBE AMAMETPA OTBEPCTHS M pa3mepa AuPaKIMOHHOTO MITHA «:

d:zZ% L, orkyma d~V2AL.

Ipu L =25 cm ang suaumoro ceera (A= 51075 cM) onTUMAambHBIA
pasmep orsepcrus paseH 0,5 Mm.

TCOMOLIEHTPHYECKHE M ACTUrMAaTHYEeCKHe My4YyKHu Jdydyei. [Ipu mzobpa-
KEHUM TPEIMETOB B ONTHMYECKMX MPUOOpPAaX MO MPABUJIAM TEOMETPH-
YECKOW ONTHKM CJICAYET MMETh B BHUAY, UTO PA3MBITUC M WCKAXKCHUS
BO3HMKAKOT HE TOBKO M3-3a audpakumu. B mepyto ouepenp 9710 CBSI3a-
HO C HAPYLICHWEM TOMOLCHTPUYHOCTH TYUYKOB Jyueir. I'omouenmpuue-
CKULM HA3BIBAETC MYYOK JIyuei, MPOXOAAIIMX UEpe3 OOHY TOUKy (puc.
234). Bce myuku, BHIXOASIOME W3 OTACAbHBIX TOUEK MPEAMETA, A0 MOma-
JAHUS B ONTHYECKYIO CUCTEMY SIBJSIOTCS TOMOLICHTPUUCCKUMU.
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IIpm oTpaxkeHWM B TIJIOCKOM 3€pPKaJIC JIyud M3MEHSIOT HATIPABJICHUE,
HO TOMOICHTPUYHOCTh IYYKOB COXpaHsdeTcd. HaGmomaTemo Kaxercd,
UTO OTPAXCHHBIC OT 3€pKana JIy4yw
BBIXOAAT M3 ONHOM TOukm A’, pacmo-
JOXEHHON 34 3€PKaJOM CHUMMETPUY-
HO TOUKEe A. § F
Tlocne mpoxoXxaeHUS uepe3 Ol
TUUYECKYIO CHUCTEMY CBOMCTBO TOMO- a 6
OCHTPAUYHOCTU ITYUKH, KAK TPABUJIO,
yTpauuBaoT. Tak TPOWCXOOWUT AAXE
TIpY TIPEJIOMJICHWM CBETA HA TUTOCKOM
TpaHWIEC pasjena AByX cpex. B pe-
3yJBTATE TYYOK CTAHOBUTCI acmuemamuyveckum. B acrurmarmueckmx
myukax (puc. 235) ayuum, jgexamue B OBYX B3aUMHO MEPIICHANKYJISP-
HBIX OCCBBIX CCUCHUAX, MECPCCCKAKTCI B PA3HBIX MECTAX — MO ABYM
OoTpe3KaM, CMEIIEHHBIM BAOJb IyykKa HA HeKoTtopoe paccrostHue. Opro-
TOHAJbHBIC K JyUdM BOJ/JTHOBBIC TOBCPXHOCTHU ACTUTMATUUCCKOTO IIy4YKad
HMCIOT ABOMHYI KpUBH3HY (pas/juuHBIC paguycel R, W R, Ha pHC.
235) B ommume OT TOMO-
OCHTPUUCCKUX IIYYKOB CO Ry
chepuuecKUMU  BOJIHOBBI-
MU TIOBEPXHOCTIMU. XO-
TS, CTPOTO TOBOpS, TIpH
TPOXOXIACHUM UEpe3 Oll-
TUUYECKYIO CHCTEMY CBOU- R,
CTBO TOMOLICHTPUYHOCTHU v
IIy4KOB YTPAUUBACTCI, Puc. 235. ACTUrMAaTUUECKUI IyYOK JIyuei
OHO TpPUOIMXKEHHO COXpa-
HICTCI B BAXHOM /I NMPAKTUKHU CIyUyd€ IMYUKOB MAPAKCHAJbHBIX JTy-
uell B IEHTPUPOBAHHBIX ONTHYECKMX CHCTEMAX, T. €. B CUCTEMAX, 00-
pa30BaHHBIX CHEPUUECKUMU TMPEIOMASIONMMUA W OTPAXAIMUMKA  TO-
BEPXHOCTSIMU, LEHTPBI
KOTOPBIX JIEXKAT HA OTHOU
MpSIMOM, HA3BIBAEMOHM OM-  Se<—»—Ff | ————
THYECKOM ocpro. Ilyuxkm . - ._
Jlyueil Ha3bIBAKOT hapa- -
KCuabHblMU, €CIU JIyud —_——— s’
o0pasyior Masbie Yrisl ¢
ONTUUECKOM OChI0 M Te-
pPECEKAIOT  MOBEPXHOCTHU
HA DPACCTOSHUIX OT OCH,
MaJIBIX MO CPABHEHWIO C PAAMyCaMM KPWBU3HBI NoBepxHOCTer. [Ipoxoms
yepe3 ONTHYECKYI0 CUCTEMY, MApPAKCHAIbHBIE MUKW OT PAa3HBIX TOUEK
npeaMera (OPMUPYIOT €r0 ONMTHUECKOE M300paXKeHME, TaK UTO KaXAOMH
TOuKe S MpeAMeTa COOTBETCTBYET OMpEAEJCHHAd TOouka S’ mzobpaxe-
aus (puc. 236).

Puc. 234. Pacxopsamuiica (@) u cxoms-
muiics (6) TOMOIEHTPUUECKUE TTYUKU

Puc. 236. OGpasosanue W300PAXKEHUSI B ONTUUECKOMN
cucTeme



322 VI. OIITUKA

Cdepuueckoe 3epkano. [lagarommuit Ha BorHyTOEe chepruyeckoe 3epKaao
napajsiebHblii MyYyoK Jyded Iocae OTpaxkeHud cobupaerca B (PoKyce
F (puc. 237a). ®okyc HaxoguTca B cepeamne orpe3ka OP, COCOMHSIO-
mero meHTp O MOBEPXHOCTH 3€PKAJa — ONTHYECKUN IEHTP — W BEp-
muHy P 3epkana — mnoswoc. DokycHoe paccrosaue 3epkana F = R/2,
e R — paamyC KpWBUW3HBI 3€pKaja.

Insa mocTpoeHns M300pa’keHus TPOM3BOJIBHOM TOUKM A B chepuue-
CKOM 3epKaje yaoOHO MCIOoab30BaTh caeaywoumme ayun (puc. 2376):

d

Puc. 237. BoruyToe 3epkajio

1) nyu AOB, mpoxomgmuii uepes OnTHUecKmil meHTp O; OTpakeH-
HBIN JIy4 WAET BAOJIb TOW XK€ MPSIMOU HA3axd;

2) nyu AFD, npoxogsmuii uepe3 Gokyc F; OTpaXkKeHHBIN JIyd mapasi-
JICJICH OMTUYECKOU OCH;

3) nyu AC, mapajie/bHbli ONTUYECKON OCH; OTPAXKEHHBIN JIyU MPo-
xoauT uepe3 dokyc F;

4) nyu AP, magamomuil HA MOJIOC 3€PKAJIa; OTPAXKEHHBIA JIyu CHM-
METPUUCH MAAAOMIEMy OTHOCUTEIBHO OnThuecKkou ocu OP.

Paccrosname d ot mpexgMera 1o 3epkasia u pacCTosHue f OT 3epKaJa a0
1300pa’keHus CBI3aHbI C (DOKYCHBIM pacCTOSHUEM F = R/2 COOTHOLIECHUEM
1,1 1
d + TR (1)

KOTOPOE HA3BIBAETCS (hOpMYyJIOi chepruecKoro 3epkasa.

Korga mpeaMer HAXOAWTCS HA PACCTOSHUAX OT © 10 F, m3o0paxeHue
JAeMCTBUTENPHOE TIepeBepHyTOe. M300paskenue mpeamera, pacrosioXeH-
Horo Gmxe (okyca, MHUMOE mpsiMoe yBesmueHHOe. OHO HAXOAMUTCH 3a
3epkasiom (puc. 2378). @opmynaa (1) cnpaBeaiuBa U B 9TOM Ciiyyae, €c-
JM B HEH PACCTOSHME f OO MHHMOTO M300pakeHWs MOJIaraTh OTPHULA-
teabHbM (f < 0).
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TTagarommii Ha BBITYKJIOE 3€PKAJI0 MAPAJIICTBHBIN MTyUYOK JYyYeH OT-
paxaerca Tak, OyaTo Bce Jyun Beixomat uz okyca F (puc. 238), Ha-
XOISIMIETOCS 33 3epKajioM Ha paccrosanm R/2. Tlpm moboM pacmomoxe-

—

Puc. 238. Brimykiioe 3epkajio

HUU NPEAMETA €ro U300pa’keHUe B BHIIYKJIOM 3€PKAJe MHUMOE IPIMOE
YMEHDBIIEHHOE M HAXOAMTCH 3a 3epkanoM (Gamxe okyca).

IIns mocTpoeHus M300pakeHUs UCIIOAb3YIOT YU, AHAJOTMYHbIE e~
PEUMCICHHBIM UTI BOTHYTOTO 3epkana. @opmyna (1) cmpasemmmsa u
IV BBIIIYKJIOTO 3€pKaja, ecad ero (POKyCHOE pacCTOSHHUE MOJATATH OT-
punareapabiM (F = —R/2).

IMoguepkHeM enie pas, uTo CHOPMYIMPOBAHHBIE MPABUJIA MOCTPOEHUS
M300pakeHni CIIPABENIMBBI TOJbKO /14 MAPAKCUAIbHBIX Jyuei. B mupo-
KOM IIyuKe TP JIyua, o0pasylouiMe 3HAUNUTEIbHbBIE YIVIBI APYT C APYIOM,
HE TIEPECEKAIOTCI B OAHOM TOUKE.

JIvuH3bl. [ 1a6HOL Onmu4eckoli OCbFO JIMH3B HA3BIBAIOT NPIMYI0, IPOXO-
JSIIYIO Uepe3 EHTPH KPUBU3HBI CHEPUUSCKUX MOBEPXHOCTEN, OTPAHUUM-
paromux aun3y. CoOupamnue JUH3b B CEPEAUHE TOJIIIE, YEM IO KPAsIM,
paccemMBaromue — Hao0opoT, B cepeaune Toubie (puc. 239), koraa moka-
3aTesb MPEJOMJICHUS MATEPUAJIA JTMH3BI OOJIbIIE, YEM OKPYXKAIOIIEH Cpe-
abl. JInH3y HA3BIBAIOT TOH-
KOHM, Korma ee TOJIIUHA
npeHedpexxuMo Masa Mo
CPaBHEHMIO C paanycamMu
KPUBM3HBI €€  TOBEPX-
HOCTEU U C pACCTOIHUEM OT

npeamera a0 JamH3bL Ilpm . PR y )
9TOM TOYKU IIEPECEUYCHUS a 6
chepuueckux HOBEPX-  pyc. 239. Cobupatomue (@) u paccemsaromue (6)

HOCTEH JMH3BI C ONTHYEC-  jyugsr
ckoit  ocero  (puc. 240a)
PachosIOXEeHbl HACTOJABKO OJM3K0, UTO MX MPUHUMAIOT 3a OOHY TOuky O,
HA3BIBAEMYIO ONTUYECCKUM LIEHTPOM JIMH3HI.

[Maparouuit Ha COOMPAIOLIYIO JMH3Y MYYOK JIyUeil, MapasuieTbHbIX OIl-
THYECKON ocu, codupaerca B okyce amussl F (puc. 240a). @okychoe
PacCTOSHUE JUH3bI F 3aBUCUT OT PAaauMyCOB KPUBU3HBI R, U R, €€ mpeaoM-
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JSIOMAX TOBEPXHOCTEN W MOKA3ATEAS MPETOMJICHUS 1 MATEPUAJIA JIMH3BI.
J1yist ABOSIKOBBIYKJION JIMH3BI F paccumThBAeTCd 1Mo hopmyie

1 1 1 2
+=(n—1) (R—1+R—2). (2)
Hpez(nonaraeTcsl, UTO JIMH34 HAXOAUTCd B CPEACc € MOKA34aTceIcM
MPEJIOMJICHAS, PABHBIM eauHuIe (BakyyMm, Bo3ayx). Eciam omra u3 mo-

Puc. 240. Cobuparomas JuHsa

BEPXHOCTEW TJIOCKAd, €€ paanmyC KpWBU3HBI R = co. [Iig9 BBIMYKJIO-
BOTHYTOW JIMH3BI PaauMyc R, BOTHYTOI TOBepxXHOCTH B (hopmyne (2)
cJefyeT mosjaraTh oTpunateabHeiM (R, < 0). Benmumny, obpathyio ¢do-
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KYCHOMY PACCTOSHUIO, HA3BIBAXOT ONMUUECKOU CUNOU JINH3BL:
D=1/F.

OnTHUuecKyo CHIy BBIpaXawT B duonmpusx (anrtp). Jlmasa B 1 amrp
nMeeT (hoKycHOe pacctogHue 1 M.

Ecmm mydox sryueit, mapanneapbHBIX ONTHYECKOW OCH, HATIPABUTH HA
JIMH3Y C MPOTHBOIIOJIOXHONU CTOPOHBI, OH coOepercs B Touke F'. Touku F
¥ F' HaXooaTCs HA OIMHAKOBOM PACCTOSHUU F OT JIMH3BI, €CJU 1O 00€ CTOo-
POHBI TWH3BI OMHA W TA X€ Cpeaa.

Ina mocrpoeHus u300paxkeHus yAOOHO WUCIOJAb30BATH CIEAYIOIIUE
ayun (puc. 24006):

1) nyu AO, npoxoasauiuii yepe3 ONTUUYECKMIA LEHTD JAUH3bL 0e3 mpe-
JIOMJICHUS

2) nyu AB, napa/Ie/IbHBIA ONTUYECKOM OCH; TOC/IC TIPEIIOMICHUS OH
npoxoaut uepe3 ¢okyc F;

3) nyu AF'C, npoxomgammii uepes mepenuuii pokyc F'; mocae mpe-
JIOMJICHUS JIyU TAPAJICICH ONTUYCCKOU OCH.

TlapannensHBIN TYUYOK JIyUeH, MAAAIOMNN HA JWH3Y TOA YTJIOM K OT-
THUYECKOM OCH, COOMpPAETCd B TOUKE, JEXAMENA B (DOKATBHOM IMJIOCKOCTH
mma3sel (puc. 2406).

Paccrogaaue d ot mpeamera mo
JIUH3BI U PAaCCTOIHUE f OT JUH3HBI 10

n300paxxeHus CBSI3aHBI C (POKYCHBIM ——==
o — =T L e
paccrosauem F Ttakoin xe dopmy- ST ?1
JIOil, KaK M B Ciydyae c(hepuueckoro =
sepkana: Y 3) )
d " f F

DT0 COOTHOIICHUE HA3BIBACTCI Pop-
MYJIOU JIUH3bL.

Ecmm paccrosaame mo mpeamera
Gosblre POKYCHOTO PACCTOSIHUS JIMH-
361 (d > F), T0o u3o0paxxeHue AEUcT-
BUTEIBHOE TIEPEBEPHYTOE M PACIIONO-
XKEHO MO APYTyK CTOPOHY JIMH3BI
(puc. 2400). NzoOpaxeHue yMeHb-
mIeHHOE TIpu d > 2F W yBEJAWUCHHOE Puc. 241. PacceMBaromwas JmH3a
npu 2F > d > F. Ecnm paccrosHue 10
npeaMera MeHbLIe (DOKYCHOTO PACCTOSIHUS, N300PakeHNE MHUMOE TIPSIMOE
YBEJMUEHHOE ¥ PACIIONIOKEHO C TOM XK€ CTOPOHBI OT JIMH3bI, UTO U MPEAMET
(puc. 2402). @opmyaa (3) cnpaBeaiuBa M AAS MHUMOIO H300pa’keHUS,
€C/IM PACCTOSHUE f, IO HETO MOJATATh OTPULATEIbHBIM,

[Magaromuii HA PACCEMBAIOIIYIO JUH3Y IyUOK JIyUE, MapaacabHbIX
OINITUYECKOM OCH, MOCJIE MPEJOMICHUS PACXOTUTCS TAK, KAK €CIM OBl JIyun
BeIxoAMIM U3 okyca F, nexamero nepen auu3on (puc. 241a).

N3o6paxenune, o0pasyeMoe paccemBarOMIEH TMHIOM, PU JOOOM MOJI0-
KEHUM TPEAMETa MHUMOE mpsaMoe yMmenbiuennoe (puc. 2416). @okycuoe
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paccrosHue F pacceMBAIOIIEH JIMH3bI BBIUMCISETCS MO TOU Xe hopmyJie
(2). Paguycel KpUBU3HBI BOTHYTHIX TIOBEPXHOCTEHN MMOACTABJSIOTCS B HEE
CO 3HAKOM MUHYC, U /IS pacceuBarolieh sua3bl noayuaerca F < 0. Onru-
ueckas cuaa D = 1/F taxxe orpunartenabHa. [1og0XeHne m300paxkeHuns
f maxomurca o opmyae (3). Tak kak F < 0, ona maer f < 0, 1. e. MHHA-
MO€E M300paXXkeHWe PACIOIOXKEHHO C TOM XK€ CTOPOHBI OT JWH3BI, UTO W
TPEaMET.

®opmuposarme cOOMPAOMIEN TMH30N AEACTBUTEILHOTO N300paKeHNS
nopeaMeTa OGbS[CHS[eT IPUHIIAIT yCTpOﬁCTBa n Z[CﬁCTBHSI MHOTUX ONTHUC-
CKMX MPpUOOPOB, TAKMX KAK (DOTOANNAPAT, IPOEKIMOHHbINA aNnapar u T. 1.

®oTtoannapar. Mzobpaxxenue pororpacdupyeMbix PEAMETOB B (pOmMoan-
napame (QeACTBUTENBHOE MIEPEBEPHYTOE, OOBIUHO YMEHBIIEHHOE) CO3aa-

Puc. 242. doroanmapar

erca obsekmusom (puc. 242). OOQMHOUHON JWH3E TPUCYIIA XPOMATHUC-
ckag u chepuueckad abeppanym, aCTUTMATU3M U APYTUE HEAOCTATKH; MO~
5TOMY OOBEKTHUEB MPEACTABILET COO0I MHOTOJIMH30BY O CUCTEMY, B KOTOPOIA
KCIIPABJIEHBI T€ UAU UHbIE abeppanuu. IT0OBEpXHOCTH JUH3 OKPHITH IIPO-
CBET/IMIONMM CJI0EM, YMEHBIIAIOMIMM TOTEPH CBETA W3-3a OTPAKCHUM.
JleiicTBuE 1051 OCHOBAHO HA SIBJCHUM UHTEP(EPEHIMU CBETA.

B maockocT (DOTOIIEHKM MOIYYAKOTCd PE3KUE M300paKEHMS IPen-
METOB, HAXOAAIIMXCA HA ONMPEAEICHHOM PACCTOSIHMM OT KaMepbl (Touka
A Ha puc. 242). Hasogka Ha pe3KOCTh MPOM3BOAMUTCH MEPEMELIEHUEM
o0bekTHBa. M300paxkeHnsa TOUEK, HE JEXKAMMX B IUIOCKOCTH HABOAKHU
(rouka B Ha puc. 242), moayuyarTCcd B BUAE KPYXXKOB paccesHus. Pas-
MEp OTUX KPYKKOB YMEHBIIAETCH Npu AuadparmMupoBaHum OObEKTHBA,
T. €. IPA YMEHbLIEHUU OTHOCUTEIBHOTO OTBEPCTUS ¢/ F, UTO MPUBOAUT K
YBEJIMUCHHUIO TIyOMHBI PE3KOCTH.

Opnako mpu auadparMMpoBaHUM YMEHBIIAETCS CBETOBOM IOTOK,
yuacTByomuii B (opMUpPOBAHMK M300pa>keHus, uTo TPeOyeT yBenmue-
HUS BBIAEPXKM IUISl HOPMAJIBHOTO JKCHOHUPOBAHWS TuieHKHM. Hambosb-
ee OTHOCHTETBHOE OTBEPCTHE d,,,./F (NIpu MOMTHOCTBIO OTKPHITON IM-
adparme) ompexensier ceerocuay o0bekTuBa. CBETOCHIA PAaBHA KBagpa-
Ty OTHOIEHUS ., /F.

IIpoeKuMOHHBIA anmapar. B npoexyuonnom annapame npeamer (ama-
NO3UTHB /) MOMEMAIOT HA PACCTOSHUE d, 3aKJIIOUEHHOM B MpEAeaax OT
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F 110 2F oT 00BEKTHBA, TAK UTO HA JKPAHE D CO3MAETCA ACUCTBUTEIBHOE
YBEJIMUEHHOE TnepeBepHyToe uszobpaxenue (puc. 243). Jluneiinoe yse-
JINUEHME, PABHOE OTHOLIEHMIO pasMepa M300pakeHus K pasMepy Ipea-
METa, a TEM CAMBIM OTHOMECHUIO f/d, ¢ momompio dopmyasl aua3b (3)
MOXHO 3anucaTth B BUALC

v=f/d=f/F — 1~ f/F. 4)

OHO pacTeT ¢ yBEJMUCHHEM PACCTOSHWS f [0 JKpaHa. YBEIWUCHUE TEM
Gosibliie, yeM MeHbIIe (POKYCHOE paccTosHue F o0ObeKTHBA.

Konzpencop K u 3epkano 3 cayXaT A8 KOHICHTPAIUA CBETOBOTO TTO-
TOKA OT MCTOYHUKA B 00bEKTUB. KOHAEHCOP pacCUMTHIBAETCS TAK, UTOOBL

3

d f

Puc. 243. TIpoeKITMOHHBIN anmapaT

CO3MaBAEMOE UM JCHCTBUTEIBHOE M300PaXXEHUE CBETALIETOCH TEIA WC-
TOUHHUKAd HAXOAWJIOCh B OTBCPCTHH Oﬁ'beKTIrIBa. Ncrounuk IIOMCIICH B
LEHTP KPUBU3HBI C(heprUUECcKOro 3epKasia.

IpuOopsI A9 BU3YaJbHbIX HAOMOAeHuH. OnTnueckue npubopsl, Tpu-
MEHSEMBIE A/ BU3YaJbHBIX HAOIIONEHUI, UMEIOT CBOU OCOOEHHOCTH.

Kaxymmuiicsi pasMep paccMaTpMBacMOro TMPEAMETA OMPEACIICTCS
pasMepoM ero M300pa’keHWs HA CETUATKE I[JIa3a, 3aBUCALIMM OT yIVia,
MOA KOTOpbIM BuAcH mpeamer. OmpenesicHue yryia 3peHust © sCHO u3
puc. 244, Yros 3peHusS HE MOXET ObITh MEHBIIE HEKOTOPOrO MUHUMAJIb-
HOTO 3HAUYEHUS, TPUMEPHO PABHOTO 1’, B MPOTHBHOM C/Iyuyae Ijia3 HE MO-
KET pa3pemnTh ABE TOUKH, T. €. BUACTh UX PA3ACIbHO.

Yros 3peHus MOXXHO YBEIMUUTh, MpUOIMKasa mia3 K mpeamery. s
HOPMAJIBHOTO [J1a3a MMEET CMBIC/I MPUOJMXATh MpeaMeT He Oosee uem
o0 25 ¢cM, T. €. A0 pacCTOSTHUS
HAWJIYUIIEro 3peHus, Hambo-
Jiee ymoGHOro s paccMar-
pUBAHUS ACTAJCH TMpeaMeTa.
[Mpy MEHBIIMX PACCTOTHUAXK
UYEJIOBEK C HOPMAJbHBIM 3pe- Puc. 244. Vron spenus
HUEM JINIOb C TPYAOM AaKKO-

Moaupyer cBoit ria3. Ho ecnm mepex raasoM MOMECTHTh COOMPAOLIYIO
auH3y (Jaymy), TO pacCMATPUBAEMBIM MPEAMET MOXHO 3HAUMTEIBHO
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npubAM3UTh K [J1a3y M TEM CAMBIM YBEJIMUUTH yro 3peHud. OTHOmIEHKE
yrja 3peHus Mpu HAGMIOAEHMU TPEIMETA YEPE3 ONTUYECKMIA mpubop K
YIJIy 3peHMd MpU HAGIIONEHMH HEBOOPY KEHHBIM IJIA30M HA PACCTOSHHM
HAWIYUIIETO 3PEHUS HA3BIBACTCS YoequueHuem npudopa.

JIyna. Xox siyueit mpu paccMaTpUBAHWU MPEAMETA Yepe3 Jyny TMOKA3aH
Ha puc. 245. IIpeamer moMemeH nepen JMH30M HA PACCTOSHUM, HEMHOTO
menbmeM okycHoro. Jlyun ot 060t TOUKHM MPEAMETa TOCE TPETOM-
JIEHUS B JIMH3E OOPa3ylOT MyuYOK PACXOOAIIMXCH JYUYEH, MPOAOIKEHUS
KOTOPBIX MEPECEKAKOTCS B OIHOM TOUKE, CO3AABAS MHUMOE M300paKEeHHE.
D10 M300paxkeHne PaCCMATPUBAETCS [JIA30M, MMOMEMIAEMBIM HEMOCPEACT-

Puc. 245. Xop nyueii B Jyrne

BEHHO 3a Jynoii. [Ipu HeGOMbLUIOM MmepeMenieHny npeaMera BOau3u ¢o-
KyCa TOJ0XEHNE MHUMOTO M300paKEHUI MEHSETCS 3HAUUTENBHO, W MPU
COBMEILEHNH MPeAMETA ¢ (DOKYCOM OHO BOOOIIE yaandeTcs Ha GeCKOHeu-
HocTh. OMHAKO YI/IOBOH pasMmep O m300pakeHus, KaK MOXKHO YBUAETh U3
puc. 245, npu 3ToM moutu He MeHseTcd. [[oaToMy MOJIOXKEeHue MpeaMeTa
OPAKTUUCCKU HC BAUICT HA YBCJAWUYCHUC JIYIbl, A CKA3BIBACTCI TOJbKO
Hd AKKOMOOAIHWH IJda3da OPU PACCMATPUBAHHUN MHHMOTIO I/1306pa)KCHI/ISL
Jlerko BUACTb, UTO YBCJIAWUYCHUC JAYyNbl PABHO OTHOHICHWUIO PACCTOIHUA
HaWIyumero 3peHns d, K (GOKyCHOMY pacCTOSHUIO F:

F =d0/F. (5)

Jlyna ¢ dokycusiM paccrosauem 10 cm gaer ysesmuenue 2,5%, ¢ ¢o-
KYCHBIM PACCTOSTHUEM 5 CM — YBEJWUCHUEC SX.

Mukpockon. s mosyueHust G0IbIINX YBEJINUCHUI UCTIOTB3YIOT MUK PO-
ckon. OnTrueckasa cucreMa MuKpockomna (puc. 246) cOCTOUT U3 CIOXKHOTO
MHOTOJIMH30BOTO O0BEKTHBA C (POKYCHBIM PACCTOSTHMEM f{ B HECKOJIBKO
MUJUTUMETPOB M OKYJIsipa ¢ (DOKYCHBIM PACCTOSIHUEM [, B HECKOJIBKO CaH-
tuMeTpoB. OOBEKTUB CO3MAET ACHCTBUTEIBHOE TIEPEBEPHYTOE YBEINUECH-
Hoe uzobpaxenue A'B’ npeamera AB, paCIONIOXKEHHOTO HEMOCPEACTBEHHO
nepen ¢okycom o0bekTuBa. I1pomMexxyTounoe nzoOpaxenue A'B’ paccmar-
pUBAETCA Uepe3 OKYJIap, KaK yepes Jaymy. g 9Toro oKyasap pasMeIaT
TaK, 4yToObl M3o0paxxenne A'B’ HAXOAWIOCh B €r0 (DOKAIBHOM MIOCKOCTH
(MM HA PacCTOSIHUM, HEMHOTO MEHBIIEM (DOKYCHOTO).
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Veemnuenue obbextusa I'| ~ f/d~1/f,, tne | — mmmna TyOyca
MuKpockona (f & [, Tak Kak IpOMEXYyTOuHOe u3obpaxenue A'B’ Haxo-
AUTCS BHYTpU TyOyca mepen oKyJaspoM, d & f,). YBeIuueHHe OKysspa
I', =dy/f,, kak y aynsl. Ofuee yBeIMueHHE MUKPOCKOMA

ld
r =I‘1I‘2=Tf°2. (6)

IInsg corniacoBaHUs ONTUYECKOM CHCTEMBI MHUKPOCKONA C IJIA30M Ha-
GmonaTens (hOKyCHOE pacCTosiHMe OKysspa f, (mpu 3agaHHOM (okyc-
HOM paccTosiHUM f, OOBEKTUBA) AOJIXKHO OBITH BHIOPAHO TaK, UTOOBI AH-
aMETP a BBHIXOASALIETO M3 OKYyJd4pa MapajieJbHOro IMyuka Jyued, UCXO-
AAUIMX M3 HEKOTOPOM TOUKM IpPEeAMETa, ObLI paBeH AMAMETPY 3pauka
rnaza (uau ObUL B ABA-YETHIPE Pa3a MEHbBINE €ro Npu HAOMIONEHUH dp-
KUX TPEIMETOB). DTO YCIOBME HAJArAeT OTPAHUUYEHME HA AOIYCTHMOE
yseauuenne mukpockona (I' < 250 + 1000). ITpu Goabiuux yBeandyeHu-
9X @ CTAHOBUTCA MEHbIIE AMAMETPA
3pauka W OCBELIEHHOCTh M300pakKeHus Nl
HA CETYATKE 171433 YMEHbBINAETCH. \

MunvManbHEIA pasmep [ .. pasam-

UNMBIX B MHUKPOCKOII Z(eTaJ'IeIrUI nopeaMeTa
00yC/IOBJIEH BOJHOBOM IPUPOOON CBETA:
n300paxXeHNE CBETAMIENCS TOUKM HMMEET
BUA AUMPAKIUMOHHOTO KpyXxka. B pe-
3yJbTATE HE MOILYT OBITh pa3pEIlEHbI
TOUYKHW NTPEAMETA, PACCTOIHUEC MCXAY
KOTOPBIMUA TIOPSIAKA [JIMHBI CBETOBOU
BOnHHEL. [IprMecHEHWE YBEIWUEHWH CBBI-
me 1000x BeaeT JWmb K YBEIUUCHUIO
pa3MepoB HaOIIOAAEMBIX AU PAKIUOH-
HBIX KPYXXKOB ¥ HE BBISBIIET HUKAKUX
HOBBIX JAETAJCH Mmpeamera.

[Tpu MCIIOIB30BAHUM JIyIIbI M MUKDPO-
CKOMA YBEJIMUYCHHUE YIJIa 3PEHUS HOCTH-
raeTca Ogarogaps NPUOIVKEHUIO TPEa-
METa K ONTHYECKOM cucreMe. Ho mHorma
NpUbIM3UTHCI K TIPEAMETY HEBO3MOXKHO.
Tak oGCcTOMT AEM0, HANPUMED, MPH HA-
Omonennu HeOecHbix Tea. Torma ¢ mo-
MOIIBIO OOJIBIION JIMH3BI, HA3BIBAEMOMI
00BEKTHBOM, MOJYYAKOT ACUCTBUTEIBHOE M300paXXEHUWE YAAJIEHHOTO Te-
s1a. 910 M300pakxeHNe 3HAUNTEIPHO MEHBLIE, YEM CaM MPEAMET, HO 3aTO
K HEMY MOXHO NMPHUOJM3UTH I71a3 M TEM CAMBIM YBEJWUUTH YTOJ 3PEHMS.
Tak mosyuaeTcs TEJIeCKON ¢ OxHOM JsmH30i. Ecam xe 910 mzobpaxenue
paccMaTpuBaTh B Jiyny (HA3BIBAEMYKO OKYJISPOM), TO MOXHO eIe 00/1b-
e mpubaM3UTh a3 K JEUCTBUTEIBHOMY WM300PAKEHUIO YAAJCHHOTO
NpEeaIMETa W TEM CAMBIM €lie OO0JIbIIE YBEIUUUTh YIOJA 3PEHMS.

Puc. 246. Mukpockormn
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Xon siyuedl B TPOCTEHINEM ABYXJMH30BOM MeJleCKONe TOKA3aH Ha
puc. 247. OT Kaxaoii TOYKM YAAJEHHOIO MPEAMETA B OOBEKTHB MPHUXO-
IUT MPAKTUYECKU MAPAJIEIbHBIA MyUOK Jydel, KOTOpHIA AaeT uzobpa-
JKEHUE ITOM TOUKM B (DOKAJBHOM IIOCKOCTH 00bekTHBa. UTOOB mpu Ha-
OJIONEHNH HE HANPATaTh I71a3, (POKAIbHYIO IIOCKOCTb JyNbl (OKyadapa)

Puc. 247. Xop jyueii B TeJECKOIE

OOBIYHO COBMEIIAT ¢ (QOKATBHOM IJIOCKOCThIO 00bekTHBa. Torma maga-
OUIMA HA OOBEKTHMB NAPAJLJIENbHBIA IIYUYOK JIyYeil BBHIXOAUT M3 OKyJadpa
TAaKX€ MAPAJJICTbHBIM.

ITycTh HEBOOPYKEHHBIM TJIA30M MPEAMET BUACH mox yryiom 6. OTHo-
meHne yria 6', mox KOTOPEIM TMPEAMET BUACH B TEICCKOI, K YTy 6 Ha3bI-
BaeTcd yBesmmueHueM teaeckona. M3 puc. 247 BugHO, UTO 9TO yBEIUUCHHAE
PaBHO OTHOMICHUIO (POKYCHBIX PACCTOSIHUIA OOBEKTUBA f| M OKYJISIpa f

I =0760=f/f, (7

s mosryueHus GOTBIIOTO YBEIMUCHUS HYXEH JIMHHODOKYCHBIA 00BEK-
THB ¥ KOPOTKO(OKYCHBIN OKYJSp. Y MEHbIAs (DOKYCHOE PACCTOSTHUE OKY-
JiIpa, MOXHO TIOJIYUYHTh C JAHHBIM 00BEKTHBOM GOJIPLIEE YBETUUCHUE,

HopManbHoe ypeaundyeHue teneckona. ONHAKO HE BCErga CAEAYET
CTPEMUTBCS TOJBKO K MOJYUYEHHUIO GOJIBIIOrO YBEJIMUEHHMI. DTO LETECO-
00pasHo JIMIIb TOrAA, KOIMA MBI PACCMATPUBAEM APKUN OOBEKT, M3Iyda-
IO MHOTO CcBeTa. B cayuae cabo OCBEIEHHBIX 00BEKTOB TPEOOBAHUS
WHBIC. HpeI[HOJIO)KI/IM, UYTO MBI pacCMAaTpMBaA€CM HC TOUCUHBIC TCaAa, Ta-
KHNEC, KaK 3BC3OblI, 4 NMPOTIKCHHBIC, HATIPUMCP IMOBCPXHOCTH IIJIAHCTHI.
HyxHO, 4TOOBI OCBEIEHHOCTh M300PaKEHNS, MOIYYaEMOr0 HA CETUATKE
rjaasa, ObUIa MO BO3MOXKHOCTH OOJIbLIEH.

Jlerko yOemuThCs, UTO OCBEIICHHOCTh M300pAXKEHUS TMPOTAKEHHOTO
o0bekTa mpy HAOIONEHUM B TEAECKOM HE MOXET OBITh OOJbIIE, UEM TIPH
HAO/IIOECHUM HEBOOPY>KEHHBIM IJIA30M. B caMoM zesie, ecnu yBeInYeHne
teneckona pasHo I, To miomans u3obpaxkeHns HA ceTuaTke raasa B 2
pas Oosibiie, yeM npu HaOmoaeHun 0e3 Teseckona. Kakoi MakcuMabHbIN
CBETOBOM MOTOK MOXKET MOIACTh B IVIa3 npu JaHHOM yBeJII/IIIeHI/II/I? ,H,I/Ia-
METP MOMAAOMIETO B [1a3 MAPAJIEIBHOIO IMyYKa Jy4Yel HE MOXET OBITh
Gospine guamerpa 3pauka miasza d. [Tosromy, Kak BUZHO U3 puc. 248 my-
YOK MOMAJAIMMX B IJ1a3 JyUel Mepe TEJECKOIOM HE MOXET UMETh A~
Mmerp, Goabmmit D =Td. Tak Kak CBETOBOM MMOTOK MPOMOPLMOHAICH
KBAApaTy AUaMeTpa IMyuyka, TO Npu HAOIIOACHUH B TEJECKOI CBETOBOM 10~
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TOK MOXKET BHIPACTH He Gosbine, ueM B I'2 pa3 mo cpaBHEHUIO ¢ HabIIOME-
HHEM HEBOOPYXEHHBIM I7a30M. VITaK, W IUTOMAAb M300paXeHud HA CET-
YaTKE T71a3a, U NaJarOMWi Ha 9Ty IIOMAAb CBETOBOM MOTOK BEIPACTAIOT B
I'? pas, W ecaIum MOXHO
nperebpeur  moTEpaMu
CBCTA IIPpU OTPAXCHHUHU U
TIOTJIOMCHAN B JIMH3AX, D| <g= p

TO OCBEHICHHOCTH M30-
OpaxeHns HE MEHSIETCS.
W3 mpuBeaeHABIX pac-
CYXICHUMN SICHO, UTO AJS
MOJyYeHUus  3aAaHHOTO
yBeauueHus [ caemyer
HCHOIb30BATh OOBEKTUB OMPEAECIECHHOTO ANAMETPA, MPEBOCXOALIIETO AU-
ameTp 3pauka riasa 8 I' pas. Ecau B39Th 00beKTHB GOIBOIETO AMAMETDA,
TO YacTh COOMPAEMOTO UM CBETOBOIO IMOTOKA, KAK BUAHO U3 puc. 249, mpo-
cTo He Oyaer momagaTh B r1a3. Ecau xe B34Th OObEKTHB MEHBILETO AUA-
METpa, TO HPHU IPEXHEM
YBEJIMUCHUU YMEHBITUTCS

Puc. 248. K onpepesieHUI0 CBETOBOTO MOTOKA, MOTAak0-
LIEro B 13 HAOIIOmaTeNs

U = ~—
IIOMAJAKOINUA B I/1a3 CBE- . T~
TOBOI MOTOK W OCBEIIECH- - iy .
HOCTh M300paXkeHms cta- . : - R =
HET MEHBIIE. JTO Xe€ — P

MOXHO C(OPMYJUPOBATD  — s |\}—
W WHaue: a19 OObEKTHBA
3a/IaHHOTO MaMETPa HE-  pyc. 249. K onpesiesieHHIO HOPMATBHOTO YBETHUEHUS
3aBUCHMO OT ero (okyc-

HOTO PACCTOSHUYI CYIIECTBYET OMPEACICHHOE ONTHMAJTBHOE YBEJIUUCHHE,
KOTOPOE HA3BIBACTCI HOPMALbHBIM. DTO €CTh TO HAMOOJBINEE yBEIUUEC-
HUE, TIPU KOTOPOM TOIYUYACTCH M300paXXEHUE MAKCHMAIBHO BO3MOXKHOMN
OCBELICHHOCTH.

Takum 06pa3oM, TEJECKON U 11a3 HaOmoaaTes 00pasyoT eAUHY IO CH-
CTEMY, BCE DJIEMEHTBI KOTOPOH AOJIXKHBI OBITh COTJIACOBAHBI APYT C APYTOM.
D10 BCErna yuMTHIBACTCS TIPH KOHCTPYMPOBAHUK ONTHUECKUX TTPHOOPOB.
Hanpumep, ecim Mbl XOTMM MMETh MOJICBOM OMHOKJIb C ACCITUKPATHBIM
YBEJUUCHUEM, TO AMAMETP JMH3 00beKTHBA K0XeH Obith B 10 pa3 6osb-
e AMaMeTpa 3pauka raasa. Ecim npuHaTh CpEeqHUI AMAMETP 3pauKa paB-
HBIM 5 MM, TO OOBEKTHB JOJKEH OBITh AMAMETPOM 5 CM.

JuameTp 3pauka ria3a HE SBJSCTCS MOCTOTHHOW BEIWUMHOM; OH Me-
HaeTcs 0T 6—8 MM B mOJIHOM TEMHOTE A0 2 MM IIpU SPKOM JIHEBHOM OC-
BeweHnn. [looroMy mpum paboTe ¢ TENECKONMOM, WMEIOIUM Olpene-
JICHHBII Auamerp oobekTuBa, Hanpumep 200 MM, HY>XXHO BCEria yUMTHI-
BaTh OOCTAHOBKY, OMPEACISIONIYI0 pa3Mep 3pauka miaza. Ecau
HabromaeTcs ¢1adblit 00BEKT B TEMHYIO HOUb, KOTAA 3PAUOK MMEET AM-
ameTp He MeHee 6 MM, 1esIeco00pa3HoO BHIOPATh OKYJISIP TAaK, UTOOBI yBE-
smyenne reaeckona pasusuiock I = 200/6 = 33,4. Ho npu naGaoneHuu
OHEM, KOrga AuMaMeTp 3pauka OKOJIO 2 MM, LEJecO00pPa3HO TOBBICUTH
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yseauuenue Brpoe. Ecim ¢okycHOe paccrosHEME @, HAmEro oObEKTHBA

pasHO 3 M, TO B IEPBOM C/ayuae TpeOyeTcd OKyadp ¢ (DOKYCHBIM PacCTO-
saauem f, = 300/33,4 =9 cm, a Bo BTOpPOM — 3 CM.

Ipu HAOMIOAEHUM B TEAECKOM MPOTAXKEHHBIX OOEKTOB CAEAYET CTPE-
MHUTBCI K TOMY, UTOOBI BECh CBET OT O0BEKTA, BXOALIIUN B OOBEKTHE IO
pa3HBIMK YIJIAMHM, MONAaAasa Obl B 3payok riasa. [Iag 5Toro rias ciaegyer
pacmojaraTh Ha ONPENEJEHHOM PACCTOSHMM OT OKyjadapa. B camom nmene,
OKyJIIp KaK coOMpamomas JuH3a AaeT AeUCTBUTENbHOE M300pakeHue Om-
paBsl 00beKTHBA Tejaeckoma. Tak Kak B Tesjeckome Bceraa F,>>F,, 10
5T0 u300paxkeHue P HAXOAUTCH MOUTU B (POKAIBHOMN IIOCKOCTH OKYJIdpa
(puc. 250). OueBuaHO, UTO JAyuu, MONAAAKMIUE B OOBEKTUB MOA PA3HBI-
MM YIJIAMH, MPOMAYT BHYTPU ITOrO u3oOpaxkenud. Eciam ycaosue coria-
COBAHMS TEJIECKOMA M IJ1A3a BBIIOIHEHO, TO AOCTATOYHO HMOMECTHUTH 3pa-
UYOK T/1a3a B TO MECTO, IIE HAXOAWTCA M300pakeHme P Ompasbl, 4TOOBI
BCE JIyud NONAgaiu B IJas.

Tak xax Takoe m300pa’keHHME OMPABhl OOBEKTHBA HAXOAUTCS AOBOJIb-
HO JaJIE€KO 3a OKYJLIpPOM, TO MCHO/Ib30BATh ITY PEKOMEHIALMIO MPAKTH-
uecku HeyaoOHO. [l ycTpaHeHMd STOr0 HEAOCTATKA B ONTUUECKYIO CH-
CTEMY TENECKONA BKJIOUAKT EIle OIHY COOMPAIOILYIO JUH3Y, HA3BIBAE-
MYIO KOJJIEKTUBOM. E€ MOMEIIAIT MEXAY OOBEKTUBOM M OKYJISPOM
BOJIM3M MPOMEXYTOUHOIO AEHCTBUTEILHOTO U300paxenus npeamera. He
M3MEHAS YIVIOBOTO YBEJIMUEHUS BCEH CHCTEMBI, 5Ta JIMH3a MNPUO/IMKAET
K OKyJsapy usobpaxenue P ompasbl OObEKTUBA U TEM CAMBIM IO3BOJIET
MIOMECTUTD TIJ1a3 HEMOCPEACTBEHHO 3a OKYJ4poM. Pojib Takoi AOMOIHU-

Puc. 250. TIpu HaGMIOAEHUN B TEJECKOI 1JIad CJEAYET pacnosnarath BOJM3M U300PAXKEHUS
ornpasbl 00bekTHBA P

TEJIbHOM JIMH3BI CBOAWTCS K YBECJMUCHUIO TIOJISI 3PCHUS W B 9TOM OTHO-
HICHWYM OHA AHAJOTMYHA KOHACHCOPY MPOEKUIMOHHOTO ammapara. KoHcr-
PYKTHBHO KOJUIEKTHB OOBIYHO MOMEIIAETCS B OAHOM OMpaBe C OKYJISPOM.

AcTpoHOMUUECKHME TEIECKOMBI AT TMEPEBEPHYTOE HM300paXkKeHme.
3eMHbIE 3pUTENbHBIE TPYOBl B OCHOBHOM MOAOOHBI ACTPOHOMHYECKUM TE-
JIECKOTIAM, 33 WCKJIIOUEHHEM TOTO, YTO M300paXeHWE y HUX JOXKHO
ObITh TIpaBUJIBHBIM. [IJ19 mepeBOpauMBaHUs M300pa’KEHUS MOXHO BOC-
MOJIb30BATHCS JIMOO MPU3MAMK, KAK B TOJIEBOM OMHOKJIE, MO0 AOMOTHMI-
TEJIbHBIMUA JIMH3AMH.

W CcKaXeHue nepcrnekTuBbl U 00bEMHOCTh H300paxenus. [1pu HaGro-
ICHUYU TIPOCTPAHCTBA B 3PHUTEIBHYIO TPyOy ¢ OOBLIMM yBEIMUCHUEM
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TPOMCXOOUT CHJIPHOE WCKAXCHHUE TEPCIEKTHBH: BUAMUMBIC PACCTOSHUS
KaXXyTCd CUJIbHO COKPAIEHHBIMU B IIyOuMHy. PacmosoxeHHble HAa pas-
HBIX PACCTOSHUAX TPEAMETH KAXYTCId HAXOMAIMUMUCI HA OXMHAKOBOM
paccTosHuu, a OObEMHBIE MPEAMETH — CUJIBHO YIUIOIIEHHBIMHU. Takue
XK€ MCKaXXCHUS TpUCYmn (hOTOCHUMKAM, CACTAHHBIM C TIOMOIIBIO ITHH-
HO(OKYCHOrO 00beKTUBA (TEae00bEKTHBA).

Owmymenne 00bEMHOCTH MPOCTPAHCTBEHHON CLEHBI CUJIBHO YBEJINUYM-
BAETCY TPH HAOGMIONCHUA ABYMS TJIA3aMH. JTO CBA3aHO C MAPa/UIAKCOM:
OIWH TJIa3 BUAWNT TPEIMETH ¢ HECKOJIBKO WHOW TOUKH, ueM apyrou. [lo-
OTOMY B TIOJIEBOM OMHOKJIE ONTHUYECKUE OCH 00pA3yIOMMX €70 ABYX 3ph-
TEJPHBIX TPYO CTAPAIOTCI PA3HECTH KAK MOXHO AAJIBIIE, «A3JAMBIBAI»
STH OCH C MOMOILBIO MPU3M MOJHOrO oTpaxkenud. Eie Gonbmmii sddexr
YBEIMUECHUS 00BEMHOCTH JOCTUTACTCI B CTEPEOTPYOE, MPEACTABISIOMIEH
coBoii Mo CYHmIECTBY CHAPEHHBIE MEPUCKOTIBL.

HopmanabHoe ypeanueHue u audpaxiuoHHbIA nipeae. 13-3a BorHO-
BOI MPUPOABI CBETA M300pa’KeHUE YAAJEHHOW TOUKM B (DOKATBHOM ILIO-
CKOCTH O0OBEKTUBA TEJECKONA, KAK yXKe ObLIO MOKA3aHO, MMEET BUA aud-
PaKLMOHHOTO NaTHA. M306paxkeHus ABYyX TOUEK B (DOKAJBHOM IJIOCKOCTH
O0BEKTHBA MOTYyT OBITh pPa3pElIeHbl, ECAU YIJIOBOE PACCTOSHHUE MEXIY
HuMHu, Kak caexyer w3 dopmyast (3) § 33, He McHbmIe 3HAUCHUS
0~ A/D. Kakum caenyer BoIOpaTh yBEJIMUEHHUE TEIECKONA, YTOOBI MO~
HOCTBIO HCTOJIb30BATh PA3PEUIAIONIYI0 CIIOCOOHOCTh €0 00beKTHBA?

ITIycte yrioBoe paccTosiHIE MEXAy ABYMS YAAJCHHBIMU TOUKAMM KakK
pa3 paBHO MPEACJTBPHOMY 3HAUCHUIO A/D, KOTOPOE €I MOXET Pa3peinTh
o0bekTHB Teneckona. B reeckon ¢ yeesmuenuem I otu Touku OyayT BUA-
HEl 08 yryioM o = ['A/D. UTo0sl 5TH TOUKH BOCIIPUHAMAJUCH TJIA30M KAK
pasgespHBIE, ITOT YTOA HE JOJIXEH ObITh MeHbIne yria &~ A/d, KOTOpHIi
cnocoOeH paspewuts raas. [losromy I'A/D = A/d, otkyna

T = D/d. ®)

3H3K PaBCHCTBA B J9TOM BBIPAXCHUU COOTBCTCTBYCT HOPMAJIBHOMY
YBEJIMUEHUIO, TTPH KOTOpoM Hambosiee 3hHEKTUBHO UCTIOIb3YETCH CBETO-
BOIl TOTOK, MONAJAKOWMil B OOBEKTHB Tejaeckoma. Ilpu yBeIMmueHHSX,
MCHBIINX HOPMAJBHOIO, KAK MbI BHUAC/IHN, UCHOJB3YCTCA TOJBKO YACTbhb
00BEKTHBA, UTO MPUBOOUT K YMEHBIICHUIO PA3PELIAOME CIOCOOHOCTH.
Vcnonp3oBanue yBeaMUEHUM, OOJBIIMX HOPMAJBHOIO, HEUEAeco00pas-
HO, TAK KaK MPY 9TOM pa3peliarmas CrnocoOHOCTh BCEHl CUCTEMBI, OMpe-
JessieMas TPEaesaoM paspetienus o0bekTua A/D, HE yBEIMUMBAETCH, A
OCBEIIEHHOCTh M300pa’ke€HMsl HA CETUATKE I71a3a, KAaK ObLIO MOKA3aHO
BBILIC, YMCHbBIIACTCH.

YriaoBsie Pa3MCphI MOUTHU BCCX 3BC3A MHOTO MCHBIIEC PA3PCIIACMBIX yI-
JIOBBIX Pa3MEPOB AaXKE CAMbBIX OOJBIIMX TEAeCKONoB. [TooToMy m3obpaxe-
HUC 3BC3OBI B (bOKaJIbHOﬁ IJIOCKOCTH 06’beKTI/IBa TEJIACCKONIA HECOTINUNMO
0T M300pa>keHM TOUEUHOr0 KCTOUHMKA CBETA M MIPEACTABIIET CO00i aud-
pakuuoHHBI KpyXoK. OZHAKO AMAMETP ITOr0 KPyXXKa HACTOJIBKO Ma,
UTO NPU UCIMOJb30BAHUN HOPMAJBHOTO YBCANMUCHUSA OH, KAK U CaMa 3BC3-
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Ja, Aad Taa3a HEOTJWYMM OT TOUYEUHOTO MCTOUHWKA CBETA: pasmep ang-
PAKIMOHHOTO MITHA HA CETUATKE I/Ia3a HE 3aBUCUT OT TOTro, HaGaroaaeTcs
JIV 3BE371a B TEJECKOM WK HEMOCPEACTBEHHO. EC/IM TEIECKON HEe OTANYaeT
3BE31y OT TOUCUYHOIO MCTOUHUKA, TO B UEM XK€ ET0 MPEMMYIMIECTBO MPH HA-
GIIONEHMY 3BE30 MO CPABHEHUIO C HEBOOPYXKEHHBIM IIa30M7

Ile0 B TOM, UTO B TEJECKON MOXKHO YBUAETh OUYEHB CAAOHIE 3BE3MBL,
BOOOIIE HEBMAMMEBIE HEBOOPYXKEHHBIM IazoM. Tak xak pasmep mudpak-
LMOHHOTO M300pakeHNs 3BE3A6I HA CETUYATKE IJ1a3a HE MEHIETCS MPH WC-
MOJB30BAHMM TEIECKONA, TO OCBEIIEHHOCTh 3TOTO M300pakeHNs MPOomop-
OHAOHABHA TOMAJAIOIIEMY B IJIa3 CBETOBOMY HOTOKY. HO 3TOT moTok
MPH WCTIOJb30BAHUM TEAECKONA BO CTOMBKO pa3 0o/bIIe CBETOBOIO MOTO-
Ka, TIPOXOALINETO YEPE3 3PAYOK HEBOOPYKEHHOIO IVIA3a, BO CKOJIBKO Pa3
IUIOIAAb OTBEPCTHS OOBEKTHBA OOJBINE MIOMIAAN 3PAUKA T/Ia3a.

O pemenun 3aaay. B cBa3m ¢ pacmpocTpaHEHWEM CBETOBBIX JYyUCH B
pPa3HbIX YCJAOBMAX U C OOpa30BAHMEM M300PA’KEHUMN B ONTUUYECKHMX CHC-
TEMax CYIIECTBYET MHOXECTBO Pa3HOOOpa3HbIX 3azau. He ocranasausa-
daCh HAd 3TOM BOIIPOCE, OTMCTHUM JIMIIb, UTO WX PCIICHUC B PAMKAX T'C€O-
MCTpI/I‘ICCKOﬁ OITHUKHU CBOAUTCA K INPUMCHCHUK) 3dKOHOB OTPAXCHHUSI U
TPETOMJICHUS CBETA, K TCOMETPHUECKUM TIOCTPOCHUSAM XOAa JydeH, a
TaKXe K WMCHOJb30BAHWIO TPUBEACHHBIX Bhile (hopmys chepuueckoro
3epkajia u TOHKOU JimH3bl. DakTuuecku peleHne Takux 3aaau, Kak mnpa-
BWWIO, OrPAHUUMBACTCA IMOCICAOBATC/IBHBIM IIPUMCHCHUCM TCX WIN UHBIX
CBCZ(CHI/Iﬁ U3 TCOMCTpPUN. B HCKOTOPBIX CayyadX B WX PCIICHUU MOTYT
0KAa3aTh MOMOIIb OOmme (PU3NUECKHE MPUHIUILI, HAIPUMED coobpaxe-
HUSA CUMMETPHH, 00paTUMOCTb xona Jyuei, npunuun Pepma u T. a.

OcHOBBI (poTOMETPHH. Bhinie Mbl §€3 ACTATPHOTO PA3BICHCHUS YK€ HE-
OMHOKPATHO MCIOJIb30BAJM JHEPreTUUECKUE XAPAKTEPUCTUKHA CBETOBOTO
U3JTYyUCHUAd, TAKHEC Kd4dK OCBCOICH-

v HOCTh, CBETOBOW MOTOK. VX m3yue-
——————— HHE COCTABJSIET TPEOAMET pomo-
Mmempuu.

OCHOBHBIM TIOHATHEM 30ECh CJIY-

KUT HOMOK U3JIYHEHUsL, T. €. TIOJHA]

MOIIHOCTh, TEPEHOCHMMAd JJIEKTPO-

MArHUTHBIM u3ayueHueM. UyBCTBU-

750 %  TC/BHOCTH I1a3a HCOAMHAKOBA K W3-

JIYyUCHWIO PA3HBIX JJIMH BOJH: OHA

Puc. 251. CnexrpasnbHasi cBetoBast 3b- MAKCHMAJIBHA B 3€JCHON OOJACTH

(beKTUBHOCTH (KPUBASI BUXHOCTH)

CIEKTPA W TJIABHO YMEHBINAETCH 0

HyJd TpW Tepexoae K wmHdpakpac-

HoMy (A > 760 um) u yaprpadmoneroBomy (A < 400 HM) wu3IyuECHHIM

(puc. 251). MoOImHOCTP ONTHUYECKOTO M3JYyUEHHUs, OLECHUBAEMAS O 3PU-
TEJIPHOMY OUIYIIEHUIO, HA3BIBAETCH C8emoadbim nomokom PD.

Ucroununk cBETa CUMTAETCS TOUEUHBIM, €C/IM OH MOCBLJIAET CBET PaB-

HOMEPHO TIO0 BCEM HAMPABJCHUSM M €T0 Pa3MEPbl MHOTO MEHBIIE PACCTO-

1 1 1
400 480 560 640
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JHWH, HA KOTOPHIX OLECHWBACTCH ero Acticteue. Cuna céema I MCTOUHN-
Kad U3MEPIACTCI CBCTOBBIM ITIOTOKOM, PACHPOCTPAHAKOIMINMCI OT MCTOUHH-
Ka B TpeAesax TEJECHOro yria B oawH crepagman: I = ®/Q. Tlomrbiid
CBETOBOM TOTOK, PACTPOCTPAHSIOMIANACS TI0 BCEM HAmpaBJcHUIM (T. €. B
TeaecHoM yrie Q = 41), CBA3aH C CWJIOHN CBETA COOTHOIICHUEM

D = 4unl. 9)

OCHOBHAA €OMHUTIA CBETOBHIX ((POTOMETPHUECKNX ) BEAMUNH CAMHUIA
cmIbl cBeTa kardera (Km). DTO CWaa CBETA ONMPEACICHHOTO MCTOUYHWKA,
MPUHUMAEMOTO 34 JTAJOH MEXIY-
HAPOIHBIM cornamenneM. Exunauna
CBETOBOTO IIOTOKA JIFOMEH — 3TO
CBETOBOI MOTOK OT MCTOUHMKA CH-
JIoi cBeta 1 kammesa, pacmpocTpa-
HSIOMUUCS B TeJAeCHOM yrie | cre-
pamuaH.

Ocsewennocmero E  TIOBEpX-
HOCTH HA3bIBAETCI OTHOLIEHUE CBE-
ToBOTO ToTOKa ®, mMamaromiero Ha E= # E= % cOoS o= ﬁ cos3 o
HEKOTOPHIH YYaCTOK TOBEPXHOCTH,

K Tmwiomaguw S 9TOro YuacTKa: Puc. 252. OCBEemEeHHOCTh IOBEPXHOCTU, CO-
E=®/S. Eaweuma OCBEIECHHO- 37aBaeMast TOUEUHBIM UCTOTHUKOM

ct — sroke. OCBEIEHHOCTh PABHA

OTHOMY JTFOKCY, €CJTM HA OOWH KBAAPATHBIN METP PABHOMEPHO OCBEIEHHOM
MOBEPXHOCTH IPUXOAUTCH MMOTOK OauH JoMeH. OCBEIMIEHHOCTh MMOBEPX-
HOCTH, PACTIOIOXEHHOM TEPIECHANKYIIPHO JIydaM OT MCTOYHMKA (TOUKa
A Ha puc. 252), 06paTHO IMPONOPLMOHAIBHA KBAAPATY PACCTOSHUS OT UC-
TOUHHKA:

E=1/h% (10)

OCBEImEHHOCTh MOBEPXHOCTH TIPU HAKJIOHHOM TMamcHuu Jjyuei (Touka B
Ha puc. 252) 3aBUCHT OT yrja MaaCHUs o

E=1Cr$=#cos3a. (11)
3nech r = h/cOS @ — pPACCTOSIHME OT MCTOYHUKA 0 TOUKU HAOIIOICHUS
B, h — BBICOTA MCTOUHMKA HAA OCBEIIACMOM IUIOCKOM MOBEPXHOCTHIO. B
C/lyyae HECKOJbKHMX HE3ABUCHMBIX (HEKOr€PEHTHBIX) MCTOUHUKOB OCBE-
LIEHHOCTh KAKON-IM00 MOBEPXHOCTH PABHA CYMME OCBEIIEHHOCTEM, CO-
34aBACEMBIX KAXAbIM MCTOUHUKOM B OTAC/IBHOCTHU.

Insg waMepeHus: OCBEIEHHOCTH CIyXaT CHOEHUaJbHbIE TPUOOPH —
oTomeTpsl, AEiCTBUE KOTOPHIX MOXET ObITh OCHOBAHO HA PAa3HBIX (-
3nueckux npuHiunax. OgHa w3 pasHoBUAHOCTEH hoTomMeTpa — (HOTOIK-
CIIOHOMETP, MCHOJIb3yEMBIH IS ONPEACICHUAS IKCIO3UIMU mpu pororpa-
¢uposanuu.

e Kakue OrpaHNYCHUS HaKJIaAbIBACT BOJIHOBad IIpUpOAa CBCTa Ha IIPUMECHU-
MOCTb l'lpe,ElCTaBﬂeHVll:l FeOMeTpl/l‘{eCKOpl ONTUKU?
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IMouemy B Kamepe-00CKYype MPU YMEHBIIIEHUH PA3MEPOB OTBEPCTUS PE3KOCTH
n300paxxeHUs CHAYAJIA YBEJUUUBAETCS, 4 3aTEM HAUMHAET YMEHBIIATHCS BILJIOTH
JI0 TIOJTHOT'O PA3MBIBAHUS U MIOJTyUEHUS PABHOMEPHO OCBEILICHHOTO 9K paHa?

Ilpu KakOM OUAMETPE OTBEPCTUS KAMEPBI-OOCKYPBI PE3KOCTb H300paskeHUs
Oyzaer HaubobIIEi?

Jlokaxkurte, 4TO BBIXOASIIUN U3 OOHOM TOUKU IYUOK JIYUel IMocJie IpeJiomiie-
HUS Ha TIJIOCKOU TpaHUIle TIePecTacT ObITh TOMOIICHTPUUECKUM.

HpI/I KaKUuXx yCJIOBUSX JIYUHU, MPOXOAAIIUEC YEPE3 ONITUUYECKYKD CUCTEMY, MOXK-
HO CUMTAThb HapaKCI/IaJIbHI)IMI/I?

Iokaxure, uto (POKYCHOE PACCTOSHUE BOIHYTOrO cepUuUecKoro 3epkaa
PaBHO TMOJIOBUHE €70 Paguyca KPUBUBHBI.

OG’bSICHI/ITC, IIoUEMY MbI BUAUM OTUETJ/IMBBIC I/1306pa)K6HI/I$I npeEAMETOB B IIPO-
MU3BOJIbHBIX KPHUBBIX 3€pKaJiax (BCIIOMHUTE «KOMHAaTy CMCX&»), XO0Td 34ECHb
YUacCTBYIOT 4dBHO HE IlapaKCHUaJIbHbIC ITYyUKHU JIy‘ICI‘/'I. YeM B 3TOM cJiyyac BbI-
3BaHbl F’COMCTPUUECKUE NCKAXCHUA H306pa)K6HHI>1?

IIpoxenaiite TMOCTPOCHUE U300paKEHUI ITIPEAMETa, CO3AABACMBIX TOHKOI
JIMH30M, VIS PasHBIX TOJIOXKEHUIN MpPEAMETa OTHOCUTEJBHO JIMH3BI U y6eau-
TeChb B CIPaBEAJIMBOCTU YTBEPXKICHUIL, MPUBEACHHBIX B TEKCTE STOrO Mapa-
rpacda 6e3 J0Ka3aTEIbCTBA.

O0bacHUTE, TOUEMY TpU AUapParMUpPOBAHUMN 00BEKTUBA (POTOATITIAPATA YBE-
JIMUUBAETCS TUIyOWMHA PEe3Ko 0TOOpakaeMoro mpocTpaHcTsa?

UeM orpenenseTcs MpeaeibHO JOCTUXUMOE YBEUUEHUE ONITUUECKOTO MUK PO-
ckomna?

Yro Takoe HOpMAaJIbHOE YBCJIIMUYCHUC Tesieckona? HO‘ICMY npu HaGJIIOZ[CHI/II/I
MNPOTAXEHHBIX MTPEAMETOB HeuenecooGpasHo NPUMEHATD YBC/IMUCHUS, IIPEBBI-
miawumue HOpMaJII)HOC?

HOSICHI/ITC, IIoUueEMy C TMOMOIIBK ONTUYECKOM CUCTEMBI NPUHIUIINAIIBHO HE-
BO3MOXHO Z[OGI/ITI)CSI YBEJIMUEHUA OCBCIICHHOCTU HaGJIIOZlaCMOI‘O I/I306pa)K6-
HUY MIpeaMeTa.

OOBSICHUTE aHAJIOTMI0O MEXAY KOHAECHCOPOM IMPOCKIIMOHHOrO arlnapara |
JIMH30M-KOJIJIEKTUBOM TEJIECKOIIa.

[Touemy npu HaOJIOAEHUU B JIYIy WIM MHKPOCKOIl COKpallaeTrcs riyOuHa
PE3KOCTH, T.€. OJHOBPEMEHHO OTUETJIMBO BUIHBI TPEOMETHI, HAXOASIIUECS
MOYTH Ha OAMHAKOBOM paccrosHumu? Ilouemy B 3puresbHOM Tpybe win Ou-
HOKJIe HaOJopaercs o0paTHblil a¢erT?

[ToueMy npu HaOIOAECHWM B OMHOKJb CHJIBHO HCKaxaeTcsl IepcrekTrBa?
Onuimnre U 00BACHUTE I(PPEKT «IIepeBEPHYTOro» OMHOKJ/S, KOrda B HETro
CMOTPST C 00paTHOM CTOPOHBI.

[Touemy B TeJieCKON SpKHE 3BE3Ibl MOXHO YBUAETh Haxke aHem? O6cyaure
STOT BOIIPOC C TOUKH 3PEHUS OCBEUICHHOCTH M300pakeHUs 3Be3lbl U (hoHA
(rosy6oro Heba).

IMokaxwure, uto dopmysiel (10) u (11) A5 OCBEIIEHHOCTH MOBEPXHOCTU CJie-
JIYIOT HEMOCPEACTBEHHO M3 ONPEAE/ICHUM OCBEIIEHHOCTH, CBETOBOTO IOTOKA U
CUJIbI CBETa.



