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[MpeaucioBue

B mpemmaraemoli KHUTE ONHMCAaHBI HEKOTOPHIE SKCIICPUMEHTHI,
BBITIOJTHEHHBIC aBTOPOM M €ro mnomMomHukamu B Dunmane Jlerno-
WCCIICZIOBATEIILCKOrO0 WHCTUTYTa, a 3ateM B HUW aBuanmoHHOTrO
obopynoBanus (r. XXykoBckuii MOCKOBCKOM 007acTH) B TIEPUOJ C
1960 mo 1990 rr. Lllenplo OSKCHEPUMEHTOB Oblla MpOBEpKa
TCOPETUYCCKUX BbBIBOJOB, IMMOJTYUYCHHBIX aBTOpOM B CBA3HU C
pa3paboTkol A(PUPOAMHAMUKA — HOBOH O0JIACTH TEOPETUUYECCKOMN
(U3MKK, OMMpAIONICHCS Ha TMPEICTABICHUS O CYIICCTBOBAHHU B
npupoae (U3NYECKON cpeabl — ddupa, 3aroTHSIOMEro co0oi Bce
MHPOBOC IMMPOCTPAHCTBO U ABJIAIOIICTOCA CTPOUTCIIbHBIM MaTEpuaioM
JUISE  BCEX BEIIECTBEHHBIX O00pa30BaHMA, JBMXKEHHS KOTOPOTO
COCTaBJISIIOT CYIIIHOCTh BCEX (PM3UUECKUX ITOJIeH B3aMMOICHCTBHIA.

[enp myOaMKauyu — peKOMEHAAIMS BCEM KEIAIONIMM TOBTOPUTH
OIMMCAaHHBIC JSKCIICPUMCECHTBI C TCEM, LITOGI:I YGCI[I/ITBCSI, qTO B
JNEKTPOJMHAMUKE CYIIECTBYET €Ile MHOXKECTBO HEpEHICHHBIX
npodiem.

Hecmorps Ha mpocTOTy HW = OTHOCUTENBHYIO  JIEUIEBU3HY
IIPOBCACHHBIX I/ICC.He,Z[OBaHI/H\/'I, OHH HUMCHOT HpHHHHHHaHLHLIﬁ
XapakTep, IMOCKOJIBKY HX PpE3yJIbTaTbl COOTBCTCTBYIOT HWCXOJHBIM
TIOJIOKCHUAM S(i)I/IpOI[I/IHaMI/IKI/I, HO HaxXOoIATCsA B HNPOTHUBOPEHUU C
CYILIECTBYIOIICH (DU3NUECKON TEOPHUECH.

HpOBeI[eHHLIe OKCIICPUMCHTEI HU B Koer MEpPE HE HUCUCPIIBIBAIOT
MEPEUYHA OKCHEPUMCHTOB, KOTOPBIC HYXHO ITPOBECTHU IJId ITOJIHOT'O
YTIBEpXKACHUST IPUPOJMHAMUKA KaK HOBOH (DU3WYECKOH Teopuw,
MO3TOMY 3/1€Ch OTKPBIBAETCS MPOCTOP KakK JJISl TEOPETUYECKHX, TaK U
JUISl DKCIEPUMEHTAJIbHBIX HW3bICKAHMA B OTOH HOBOM M BEChMa
TIePCIICKTUBHON 00JIaCTH, 3aTparuBaloie MHTEPECH Bcex obiacTeit
€CTECTBO3HAHUSI.



BBenenue

OduponuHamrika — HoOBas 00JIACTh TEOPETHYECKOH (u3uKwy,
Mpe/oarampas CylecTBOBAaHHE B MPUPOJIC d3Pupa —MaTepuaaIbHON
CpeZbl, 3amoiHsIOme Bce MUPOBOE MPOCTPAHCTBO. DPUP SBISAETCS
CTPOUTCIIBHBIM  MAaTCpHUAJIOM JIsI BCEX BUIAOB BCIICCTBECHHBIX
06pa3OBaHI/II71, €ro ABUIKCHUS TMPOABIIAIOTCA B BUAC CHUIIOBBIX rnmosen
B3auMMOJCHCTBUI.

B pabore aBTopa [1] mokasaHo, 4TO BCEOOHMMH (PDHU3MUECKUMHU
HWHBapvaHTaMM HaWICro peaJbHOI0 MHpa ABJIAIOTCA MaTepus,
MPOCTPAHCTBO W BpEMS, CIIEAOBATENbHO, peajbHOE MPOCTPAHCTBO
€BKJIMJIOBO, BpEMs OJHOHANPABICHO W PAaBHOMEPHO, MaTepwus,
MMPOCTPaHCTBO, BPEMA U UX COBOKYITHOCTH — JABMIKCHUC HECO3JaBaCMbI
u HCYHHUYTOXUMEIL, qTOo Ha BCEX YPOBHAX HepapXI/I‘ICCKOﬁ
OopraHu3anui MaTepuu ILCI\/'ICTBYIOT OJHHU U TEC KEC (1)I/I3I/I‘IGCKI/IG 3aKOHBI.
B pabore moka3aHoO TakKe, YTO CYLIECTBYIOUIME MaTEeMaTHYECKHE
3aBUCHUMOCTH psfa (U3NYCCKUX SBJICHHA HOCAT YaCTUYHBIN
NpUOJIMKEHHBIM ~ XxapakTep. OJTO, B  YacTHOCTH, Kacaercs
QJICKTPOAMHAMHKH, KOTOpasA A0 CUX IIOp OmnUpacTCsi Ha 3aKOHbI,
(u3NUeCKre OCHOBBI KOTOPBIX HE TOJHOCTHIO OTPAXKAIOT CYIIHOCTH
pCalIbHBIX JJICKTPOMArHUTHBIX IIPOLECCOB, a TAaKIKE€ U HCEKOTOPBIX
JPYruX obiacTell eCTeCTBO3HAHUSA. JTO MOCIEHEEe 00CTOSITEIBCTBO U
SIBUJIOCH OCHOBOH OJId  TMOCTaHOBKM HEKOTOPBIX OJSKCIICPUMEHTOB,
OIIMCAaHHBIX HHMXKCE. HpI/I OTOM BBIACHHUIIOCH, YTO HCEKOTOPLIC
YTBEPKACHUS TEOPETUUECKOW AIIEKTPOJMHAMUKH, HAIPUMEp, 3aKOH
MOJTHOTO TOKA, BEPOSITHO, B CHIIy UX OYEBHIHOCTH BOOOIIE HHKOIIA
HE TIPOBEPSIINCH OKCIIEPHMEHTOM, a HEKOTOPhIE TEOPETUYECKHIe
MOJIOXKEHMsI, HanpuMep, 3akoH Papanes win ypaBHeHHs Makcsemia
JATA CTOJIb BHYIIUTENbHBIE NMPAKTUYECKHE PEe3yNbTaThl, YTO B HX
VMCTUHHOCTH MPAKTHYECKH HUKOT/Ia HE BOSHUKAJIO COMHEHUH.

Oro Ke Kacaercs M IOpyrux obOnactedl (Gusukd. YTBep)KIACHHE
OTCYTCTBHSI B Tpupone ddupa, Oasupyromeecs Ha IOCTyJIaTax
CriennaibHOM TEOPUH OTHOCHUTENbHOCTH DHIMITeHHa (O0mIast Teopus
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OTHOCHTEIBHOCTH TOTO K€ aBTOpa YTBEpXKIaeT oOpaTHoe),
HaxoJsleecss B IPOTUBOPEUHMU C ONBITHBIMH JaHHBIMH 1905
r.(Mopiu u Muiep), 1921-1925 rr.(Mwunep), 1929 r. (MaiikenbcoH,
[Tuc, [Mupcon), npuBena Kk HEOOXOIUMOCTH M 3]IeCh Pa300paThCs B
HMCTUHHOM MOJO0KEHUU JIET.

[IpoBeneHHbIE aBTOPOM M €ro MOMOLTHUKAMH KCIEPUMEHTHI 110
CBOCH CYTH MPOCTBHI U MOTYT OBITh TOBTOPEHBI BCEMHU JKEIAIOIIUMU,
JaXKe IIKOJbHUKAMH CTapIiuX KIJIACCOB, TEM 0oJiee, CTYJICHTaMH,
WH)KEHEpaMH M Hay4YHBIMH DPaOOTHHKaMH. OJTO [eNecoo0pazHo
clenaTh KaKk MOXXHO Oojiee IIUPOKUM KPYroM JIHI[, ITOCKOJBKY OT
OOIIIECTBEHHOI0 MHEHHUS HEIOCPEJCTBCHHO 3aBHCUT Pa3BUTUE TaKOU
Ba)KHOW 00JIACTH, KaK TeopeThdecKas (PU3uKa, sIBJISIOICHCS OCHOBOU
BCEr'0 €CTECTBO3HAHMSI.



JKcnepuMeHT 1. B3auMonHayKIMs NpOBOAHUKOB

ITocTanoBka 3agaun

Kakx wu3BeCTHO, B TEOPETUYECKOW JIIEKTPOTEXHUKE IIOHSITHE
B3aMMOWHYKIIUU IMPOBOJHUKOB OTCYTCTBYET, XOTS UMEETCS MOHSATHE
B3aUMOMHAYKIIMM KOHTYpoB. B coorBercrBuu ¢ 3akoHoMm Dapajnes
OJIC Ha KOHTYype, JeXallleM B IUIOCKOCTH X-) €xy OIPENENsIercs
BBIpAKEHUEM

0B;
exy = — S —’ (11)
ot

rae S — miomaas KOHTypa, B, — MarHuTHasA UHAYKuus B, = uH,; u —
MarHuTHas IPOHULIAEMOCTb; [, — HaANpPsAKEHHOCTh MArHUTHOTO MOJIA

(puc.1.1)

a)l o)

Puc. 1.1. HaBenenne I/IC B konrype: a — no dapanero u Makcsemny; 6 — B
peabHOCTH

3 BBIpXKCHHUA CICAYET, YTO MArHUTHOE II0JIE HU3MEHACTCA I10
HAIIPsHXKEHHOCTHU, HE MCHAA CBOCTO ITOJIOXCHUA B IIPOCTPAHCTBE, a
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HaBogumas D/IC oOpasyercs mo mepudepuu MOisl, MPUYEM CaMO
MarHMTHOE 0JI€ HE IIepeceKaeT MPOBOIHUKOB KOHTYpA.

Ecnun B omHOM miockocTH JexaT ABa KoHTypa (puc. 1.2), u B
MEPBOM KOHTyp€ TE€4eT IEPEeMEHHBIII TOK, TO HAaNpsSKEHHOCTb
MarHUTHOTO TIOJIs, IPOHHMKAIOIIET0 BO BTOPOHW KOHTYp, Oyner
OIIPENENAThCA B COOTBETCTBUU C 3aKOHOM I10JIHOI'O TOKa

i=JHdl, H=i/2ar, (1.2)

rae i — BennunHa TOKa, I' — pacCTOsIHUE OT LIEHTpa IIPOBO/A.

al i)

Puc. 1.2. IIpoHMKHOBeHHEe MATHMTHOIO II0JiSl, CO3aBaeMOr0 OJHHUM
KOHTYPOM, BO BTOPOii KOHTYP.

B »stom caygae OJIC, HaBemeHHas BO BTOPOM  KOHTYpE,
OTIPEIETTUTCS KaK

OBZ
ey = —S—; (1.3)
ot

uloi (}+h dr derZh dr ui d+h d+2h
o= — (] — — y=—(nr| —Inr| )=
2not 4 or aHh oy 2n d dh




uloi (d + h)? uloi
= In = f1(h/d) (1.4)
2ot d(d + 2h) 2ot

[Tpu h >> d nonyunm:

wloi - (d+h)? uloi h
e1= In = In (1.5)
27 ot dd+2h) 2zot 2d

®ynkiyst f1(h/d) npusenena va puc. 1.3.

B coorBerctBUM ¢ AQUPOIMHAMUYECKUMH TPEICTaBICHUIMH
MpolecC pa3BHBaeTcs HWHade. MaruutHas BOJHA, CoO3JaBaeMas
TOKOHECYIIUM TPOBOJHUKOM, CHadajia IepeceKaeT ONMKalimui K
HEMY MPOBOJTHUK BTOPOr'0 KOHTYpa, a 3aTeM YXKe B 0CIaOJICHHOM BH/IE
repecekaeT BTOPOW MPOBOJHHUK TOrO K€ KOHTypa, co3JaBas B HEM
3/1C mpOTHBOIONOKHOTO HANpPaBICHUS U YMEHbIIEHHONW BETHYHHBI.
To e MpoUCXOAUT U OT APYroro IPOBOJHUKA IIEPBOr0 KOHTypa. B
stoM citydae 3J[C Ha BTOPOM KOHTYPE COCTaBHUT BEIHUUHY

wully O 2d d uilly 0i
= 1- + )= fy(h/d), (1.6)
2ndot d+h d+2h 2ndot

3mech lo=1 M (B cucreme CU) — MaciuTaOHBIH KOA(DPHUIIUEHT.

Oyuxuus f, Taxke npuBemena Ha puc. 1.3.

Kak BumHo wu3 rpaduxos, ¢yukimuun f; um f, cymecrBenHo
pacxoadrcs: TepBas YXOIUT B JOrapupMHUYECKYI0 OECKOHEYHOCTD,
Bropast Haceimaercsa. [Ipu h/d = 10 orHomeHne 3HaYeHNH (QYHKITHI
OKa3bIBaercs bomnee 4-X.

[TpoBeieHHBIC SKCIIEPUMEHTBI TIOATBEPIUIIN 3aBUCHMOCTb f>.
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Puc. 1.3. Pe3yapTaThl M3MepeHHs] HABeeHHOH 37c B IUIOCKOM KOHTYype:
3asucumocts 1 (h/d) ~ My u 3aBucumocrts f, (h/d) ~ Ma.

IHocTaHoBKa IKCIEPHMEHTA

Ilpn mpoBepke TONYYEHHBIX 3aBUCUMOCTEH IeNeco00pa3Ho
WCITIOJIb30BaTh MEAHBIH MPOBOJ 0€3 W3OJSIHU JUaMETPOM MOpsiIKa
0,5 — 1 MM, ipu amuHe cTOpoHBI KOoHTYpa | o1 0,5 M u Gonee, MeHss
paccrosuust d or 2-3 MM [0 JECSATKOB CAaHTUMETPOB. M3MepeHus
HY)KHO TIPOM3BOIMTH B 3BYKOBOM JMama3oHe dYacToT. Cxema
AKCIIEPUMEHTA ITPOBOAUTCS B COOTBETCTBUH C puc. 1.2.

BriBoabI

W3 W3I0KEHHOrO0 BBITEKAET II€JIeCO00PA3HOCTh BBEICHHUS B
BJIEKTPOTEXHUKY  TOHSTHUSA ko3 durmenTa B3aUMOUHIYKIIUU
MPOBOJHUKOB, PAaBHOrO JJid  NapauielbHO  PacCIONOXKEHHbBIX
MPOBOIHUKOB BEIMYUHE

€ ully
M= — =
all/at 27Id

.7
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JkcnepumenT 2. IIpoBepka 3aKoHa MOJIHOT0 TOKA

ITocTanoBKka 3agauu
Kaxk u3BecTHO, 3aKOH ITOJTHOIO TOKA

i=JHdl, H=i/2ar, (2.1)

BBIPAXKAET 3aBUCHMOCTh MKy BEIUUUHON TOKa i, A, MpOTEKaroIeMm
B TPOBOAHWKE, W HANPsDKEHHOCTBIO MarHuTHOro mons H, A/wm,
CO03/1aBa€MOr0 UM Ha pPAcCTOSHUM I, M, OT ocHM IpoBogHuKa. Kax
BUJIHO, 3JIeCb WMeEEeT MECTO THUINEepOOTMYECKH 3aKOH YOBIBaHHUS
HanpspKEHHOCTH MAarHWTHOIO TMOJIS C  YBEIWYEHHEM pacCTOSHUS.
HampskeHHOCTH OHOTO W TOrO K€ MAarHMTHOTO TOJS Ha Pa3HBIX
paccTosSHUAX OT OCH MPOBOAHUKA OYAYyT OTHOCUTHCS KaK

Hy r
- 2.2)
H, r

B cBm3m ¢ TemM, UTO OKCIepUMEHTaJdbHas IpOBEpKa
CIPaBEIMBOCTU 3TOr0 3aKOHA B JIUTEPAType OTCYTICTBYET, a TAKXKE B
CBSI3U C TPENNOJIOKEHHEM O HETOYHOCTH (POPMYITHHOTO BBIpaKEHHUSI
BCJICICTBUE CKMMAEMOCTH 3(GHpa W, CICJOBATEIbHO, CKHMAEMOCTH
MarHMTHOTO TOJISl, YTO HE YYTEHO 3aKOHOM ITOJHOTO TOKa, BO3HHUKIIA
HEO0XOIMMOCTh B IOCTAHOBKE COOTBETCTBYIOIIETO AKCIIEPUMEHTA.

IMocTanoBKka IKcHepUMeEHTA

OKCTIIEPUMEHT CTaBUTCSA IO CXeMe JKCIIepuMEeHTa 1, mapamerpsl
KOHTYPOB W 4YacTOT T€ K€, HO DKCIIEPUMEHT CTaBHTCS MPH Pa3HBIX
3HAQYCHUSAX TOKOB M TIPH PA3IMYHBIX PACCTOSHUAX O Mexmay
ONMU3IISKANIMMHI IPOBOTHUKAMH KOHTYPOB.

B cBsa3m ¢ Tem, 4ro HaBoamMas Ha BTOpUYHOM KoHType IJIC
MPOIOPIUOHAIFHA U3MEHEHHIO MAarHUTHOTO TIOJIS, & TAK)KE B CBSI3U C
TEeM, 4TO B BhIpakeHuH 2.2 otHomrenve Hi/ H; Moxer OBITh 3aMeHEHO
Ha OTHOIIEHHUE e1/ e, Toraa
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e ro
= 2.3)

e r

HH,

05|

Puc. 2.1. DxcnepuMeHTATbHBIE HCCIETOBAHNS 32aKOHA MOJHOT0 TOKA:

a — MEXaHMYECKasl aHAJIOIMs — U3MEHEHHE CKOPOCTH IIOTOKA CKUMAaeMOW JKUIKOCTH,
MIPUBOIMMON B JIBIDKEHUE BEPTYIIKOHN C JIONACTSIMH; 6 —M3MEHEHHe HaIpsHKEHHOCTH
MarHUTHOIO TIIOJsI B 3aBHCHUMOCTH OT pAacCTOSHHUS OT OCH NpoBOAHWKA; 1 —
TeopeTH4ecKass KpHBas, BBIYUCICHHAs M3 YCIOBHUA IIOCTOSHCTBA LMPKYJIALMU
MarHUTHOTO MOJIs; 2 — JKCIEPUMEHTabHbIE pe3ynbTaThl mpu Toke | = 1 A; 3 —
9KCIIEpUMEHTAJIbHbIE pe3ynbTaThl npu Toke [ = 10 A. M3mMepeHus NpoBOAWINCE NIPU
gacrorax 50, 400 u 1000 I'1y

OtnasieHHbIE  TPOBOJHHMKH  KOHTYPOB  OTOJBUTAIOTCS  Ha
paccrosiHie, MPH KOTOPOM WX BIHSHUE HE OKa3bIBaE€T 3aMETHOTO
BIIMSIHUSI HAa PE3yJbTAaThl U3MEpeHus (moctaTouHo paccrosaus 0,5-1
M). 3ateM B mpememax 2-20 MM MeHsercs paccrosHue  Mexmy
ONMM3NIeKANIMMH  MPOBOJAHMKAMU  KOHTYPOB. Y CTaHABJIMBAIOTCS
3HAYECHUS TOKOB B TepBUYHOM mnpoBomgauke 0,1; 1,0 m 10 A Ha Bcex
9acToTax, HCIONB3YeMBIX NpH u3MepeHmsx (ucmonb3yercs ['CC ¢
TTOHIMKAIOIINM TpaHC(HOPMATOPOM Ha BBEIXOJIE).

Oxumaemas 3aBUCUMOCTh TIpUBENeHa Ha puc. 2.1.
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BriBoaBI

OKCHEPUMEHTaIbHOE MOJITBEPKACHUE OXUAACMBIX PE3YJIbTaTOB
Oyzer oO3HayaTh, YTO B D3JIEKTPOAMHAMHUKE HEOOXOJMMO BBOJIHTH
JIOTIOTHUTENBHBIA TTapaMeTp — CTENEHb CXKAaTHsl MAarHUTHOTO IOJNS U
COOTBETCTBEHHO YTOYHSTHh 3aBUCUMOCTH, B KOTOPBIX, TaK WJIM MHAYE,
¢urypupyer HamnpspKeHHOCTh MArHUTHOTO TIOJIS WJIM MarHWTHas
WHAYKIUS.

Ixkcnepument 3. [lepenaya 3neprum Me:xxa1y 00MOTKaMH B
Tpancopmarope

ITocranoBka 3a1a4un

MexaHu3M Tiepelaud JHEPrud W3 TMEPBUYHOM OOMOTKH BO
BTOPHYHYIO B TpaHc(hopMaTropax ¢ Kele3HbIM CepJeYHHUKOM OIMCaH
HEJIOCTATOYHO OTYETIIMBO. B HeM HeJoCTaToOYHO SICHBI MPUYHHBI, 110
KOTOPBIM CHW)XEHHE CONPOTUBIICHHUS HArpy3kd BO BTOPUYHOM
00MOTKe TpaHChOpMaTOopa BBI3BIBACT YBEIUYEHHE TOKa B €ro
nepBU4HOW 00MOTKe. OOBIMHBIM OOBSCHEHUEM SBISETCS TO, YTO
KOMITEHCAIlMsT MarHUTHOTO TMOJIS, CO3/IaBa€MOr0 TOKOM IEPBHYHOM
OOMOTKHM, MArHHTHBIM TIOJIEM, CO3/IaBA€MbIM TOKOM BTOPWUYHOU
0OMOTKH U TIPOU3BOIUT MOg00HOe neiicTBrue. OHAKO TOrAa JOJDKHA
Obta OBl YMEHBIIATHCS WHIAYKTHBHOCTH TEPBHYHOW OOMOTKH U
VBEITMUMBATBCA ~ PEAKTUBHAS  COCTABISAIONIAsl TOKA  IMEPBHYHOM
00MOTKH, a HE aKTHBHAsI, KaK 9TO IIPOUCXOAUT HA CAMOM JIeJIe.

ITockonpky nepenada 3HEPIrUU MOXKET IPOUCXOAUTH TOJIBKO Uepes3
MarHuTHOE I10JI€, CO3/1aBa€MOE€ TOKOM, IIPOTEKAIOIIMM B NEPBUYHON
O0MOTKE, TO BO3HMKJIO TIPEIOIOKEHHE O TOM, YTO SBJICHUE
IIPOMCXOAUT 3a CYET TOr0, YTO I'PAJUEHT HAIIPSPKEHHOCTH MarHUTHOTO
HOJIs1 U3MEHSETCS ¢ YBEJIMUEHUEM TOKa BO BTOPUYHOI OOMOTKE, a 3TO
U BeJleT K YBEIMYEHUIO TOKa B IEPBUYHOI 0OMOTKE.
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ITocTaHoBKA 3KCHIEPHMEHTA
Cxema sKcIieprMeHTa NpuBesieHa Ha puc. 3.1.

L
» i Ul

~ograd 1
o —a
Hi

W 7

al a)

[J

(2] e)

Puc. 3.1. U3meHeHHe TIpaJMeHTa HANPSKEHHOCTH MATrHHTHOTO TMOJsI B
TpaHcopmaTope ¢ H3MEHEHHEM HATrPy3KM Ha BTOPHYHOIl 00MOTKe: a — cXxema
pasMeleHus: OOMOTOK B SKCHIEPUMEHTE; 0 — 3JIEKTPHYECKas CXEMa KCIIEPUMEHTA; 6
— HU3MEHEHUE JJC Ha M3MEPHUTENbHOH OOMOTKE IpH W3MEHEHMM HAarpy3ku Ha
BTOPUYHOI 0OMOTKE; 2 — SKBUBAJIEHTHAsl MEXaHUUYECKasl CXeMa Iepesiaul SHEPruu B
rasonposoje; | — nonoxeHue ynpyroil CTeHKH npH MajioM Jasienuy; |l — monoxenue
YHPYroi CTEHKH IIpU OOJIBLIOM JABJIEHUHU; O — 3IIOpa JABJIEHHH B Ta30IpPOBOLIE; € —
3II0pa CKOPOCTEN B Ta30IpOBOZIE

Ha >xenmesnwrii cepmeynmk TtpaHchopmaTopa (KemaTembHO W3
TpaHcpopmaropHoro kenesa I11-40) wHanmeBaroTcsi OOMOTKH —
nepBudyHas W BTopudHasd 1Mo 100 BuTKOB. OOMOTKH OJWHAKOBBI,
MHOTOCJIOWHBIE TpW  MmHUpwHE Topsiaka S5 MM,  OOMOTKH
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YCTaHABIMBAIOTCSA II0 KpasM CpPEJHEro cepacuHuka. Mexay HuMmu
pacmonaraercsi TpeTbs OOMOTKa, COCTOSIIAs W3 JBYX BHUTKOB
BKJIFOUEHHBIX BCTPEYHO APYT APYTY U PACIOJIOKEHHBIX PAIOM. OTa
00MOTKa SIBIISIETCS. U3MEPHUTENBHOM.

[lepuunass 0OMOTKa TOAKIIOYAETCS K  HU3KOBOJIBTHOMY
WUCTOYHMKY  T€pEMEHHOro  HampspkeHusi, Hampumep, JIATP.
BropuuHas 0OMOTKa Harpy>xeHa Ha MepeMeHHBIH PE3UCTOp, B €€ LEeMb
BKITIOUEH aMIepMeTp AJIsl u3MepeHus: Toka. M3mepurenbHas oOMOTKa
MOJKIIIOYEHA K MUJUIUBOJIBTMETPY.

IIpy yMeHBIIEHUH COIPOTUBIIEHUS HArpy3KH BO BTOPUYHOMU LENHU
U COOTBETCTBYIOLIETO YBEJIUYECHUS B 3TOW LIENIU TOKA HAIIPSKEHHUE Ha
W3MEpPUTETbHON 0OMOTKE pacTeT MPONOPLHUOHATIBHO 3HAYCHUIO TOKA,
YTO IIOATBEPKJAET BBICKA3aHHOE IIPEAIIOJIOKEHHUE O TOM, YTO
neperavya SHEPruM W3 TEpPBHYHOH OOMOTKM BO BTOPHYHYIO
NPOUCXOMUT  4Yepe3  MU3MEHEHUE TIpajJueHTa  HaIpPsSHKEHHOCTH
MAarHuTHOIO I10JISI, CO3/1aBAEMOr0 TOKOM, IIPOTEKAIOIIUM B IIEPBUYHOU
0o0OMOTKeE.

BriBoabI

[IpoBeACHHBIM SKCHEPUMEHT I103BOJIAET JIy4IIe IOHATh (DHU3MKY
npolecca Mepelayd JHEPTUU C TOMOIIbI0 CO3JaBAEMOr0 TOKOM
MarduTHOTO TOJIS.

Ixkcnepument 4. [IpoBepka 3aBucuMocTd KodpPpumnuenta
TPpaHCcPoOpMALMHU OT PACIOJIOKEHUSI OOMOTOK

IMocTanoBka 3agaun

B Hacrosmiee Bpemsi  moJpasymeBaercs, UYTO  MOPSJIOK
pacroiokeHusi OOMOTOK  Ha  TpaHcopmaTope HE  HUTpaeT
CYIIECTBEHHOW POJH, XOTS MPAKTUYECKH IMOBCEMECTHO IepBHYHAS
00MOTKa pacronaraercs MIEPBOI, BTOpPUYHBIC 00MOTKH
pacrionaratorcs Haja Hedd. CuuTaercs, 4To Takoe PaclojoKeHHe Bce
e ITydllle, TTOCKOJIbKY YMEHBIIAeT IONs PACCEMBAHWS MArHUTHOTO
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nmoyisi. OJHAKO TPU OTHOCHTEIHHOW MArHUTHOH IPOHHUIIAEMOCTH
TpaHcopmaropHoro xeneza, papHod 400, mons paccenBaHHs HE
JoMKHBI npeBbimath 0,5 — 1% oT Bcell BeNMYMHBI MATHUTHOTO TIOJIA,
a mpu  OONBIIMX  3HAYCHHUSX  OTHOCUTEILHOM  MarHUTHOU
MPOHUIIAEMOCTH 3Ta JIOJs JO/DKHA COKpamatbes. Ecnu Obl 310 ObLIO
TaK, TO B Psjie CliydaeB ObLIO ObI TOpa3ao yao0Hee MOTaTh OOMOTKHU
Ha HE3aBHCHUMBIX KaTyIlIKaxX, a 3aTeM HaJeBaTh MX Ha OOIUi
cepaeunuk. OHAaKO Takas MpaKTHKa HE MNPHUBHIACH B CBS3H C
YXYALUICHUEM [apaMeTpoB TpaHcpopmaropa, MpPUYEM HE TOJIBKO
koo (uIMeHTa 3anoNHeHns, HO U HE COOTBETCTBUA Kod(duimeHToB
TpaHC(OPMAIIMU PACUCTHBIM 3HaueHMsIM. [103TOMYy BO3HUKIA 3a3jada
MPOBEPKH  3aBUCHUMOCTH  Kod(h¢uIMeHTa TpaHCPOpMauu  OT
pacrnoioKeHuss 0OMOTOK.

IMocTaHOBKA IKCIEPUMEHTA
Cxema skcriepuMeHTa npuBeeHa Ha puc. 4.1.

L A A 1 ' L I

10 20 30 40 50 60 70rn s

0

Puc. 4.1. 3aBucMMOCTL OTHOCHTEJBbHOr0 3HadYeHHs K03 PuuueHTa
TpaHcopMalMu OT B3aHMOPACIIOJIOKEHHS 00MOTOK: ¢ — CXEMa PAaCIONOKEHU
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00MOTOK Ha KOJIBIIEBOM CEpACTHUKE MPH ITPOBEACHUN SKCIEPUMEHTA; 6 — N3MCHEHHE
ko3 durreHTa TpaHcHOPMAIUU PU N3MEHEHUH PAaCCTOSHUS MEXTy 0OMOTKaMH.

Ha  ¢eppuroBoe KOJBIIO C OTHOCHTEIBHONH  MAarHHUTHOM
nponunaeMocteo 5000 HajzeBaroTcst qBe 0OMoTKHM 1o 100 BUTKOB
toHkoro (muamerpom 0,1-0,2 MM) TpoBozia, OHA HEMOJBUKHAS,
Jpyra — TIOJIBMXKHAsS, CIIOCOOHA IEepeMemaThCsl 10 CEpJICYHHUKY.
upuna odMoTok mopsaaka 8-10 mm. M3MepsieTcs paccTosHUE MEXILY
neHTpaMu o0MOTOK W oTHomienne OJIC Ha BBIXOJE BTOPUYHOU
OOMOTKM K HampshDKeHHIO Ha MepBUYHOM oOMoTKe. B kadectBe
reHepaTopa IEPEMEHHOI0 HAIMPSHKCHUS MOXKET OBITh HCIIONb30BaH
I'CC. HU3mepenune npou3BOIUTCS HAa pa3HBIX 4acTOTaxX W MPH pa3HBIX
HaIPSKCHUSIX.

[IpoBeneHHbIE  DKCIEPUMEHTHl  IOKA3aJM  CYIIECTBEHHYIO
3aBHCHUMOCTh KO3((UIMEHTa TpaHCPOPMAIMH OT PACCTOSHUS MEKITY
oomoTkamu (pasHmIa coctaBisier g0 11%), uyTO coOTBeTCTBYeT
MPENCTABICHUSIM O B3aMMOUHIYKIIUU MPOBOAHUKOB, a HE KOHTYPOB
(cm. aker. 1).

BriBoabI

Hacrodmuii 3KCriepuMeHT MOATBEPAKIAET BBIBOJIbI 3KCIIEPUMEHTA
1 o ToM, 4YTO IIENIECOOOPA3HO OIEPHPOBATH MPEACTABICHUIMH O
B3aMMOMHIAYKIIUU ITIPOBOJHHUKOB, @ HE KOHTYPOB. Ha IMPAKTHUKE IIPU
HE00XOAUMOCTH pa3HecCeHHsI 00MOTOK, HaIpuMmep, B
BBICOKOBOJIbTHBIX ~ TpaHC(opMaTopax, HEOOXOIUMO YBEIUYUBATH
YHCJIO BUTKOB BTOpI/I‘-IHOI‘/'I O6MOTKI/I 110 CPaBHCHUIO C YUCJIOM BUTKOB,
pacCYNTaHHBIM OOBIYHBIM CITOCOOOM.

SKCHepI/lMeHT 5. KomneHncauus IJEKTPUYECCKOI'O IoJIsl B Cpejie
ITocTranoBka 3agaun

B cootBerctBum ¢ 3akonoM Papanes I/]C Ha KOHType, TeKaIeM
B IUIOCKOCTH X-) €y, OTPEIENAETCS BRIPAKEHUEM
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0B;
exy = — S —’ (11)
ot

rjae S — wiomaas KOHTypa, B, — MarHuTHas UHAYKuus B, = uH,; u —
MarHuTHas MPOHUIIAEMOCTh; H, — Hamps>KEeHHOCTh MAarHUTHOT'O OIS
(puc.1.1).

W3 oaroro 3akoHa BHIHO, YTO W3MEHEHHE BO BpEMEHU
HAaNpPsDKEHHOCTH MAarHUTHOTO TOJIS BBI3BIBACT MO €ro mnepudepuu
COOTBETCTBYIOULIYIO 3Jic. Ha 3TOl OCHOBE CHOXKHIIOCH YCTOMYHMBOE
yOeXJeHHEe B TOM, YTO BCEr/la NPU W3MEHCHHHM HAIPSHKCHHOCTH
MarHuTHoro mons Bcerna mnoseiserca OJC. 3axon dapanes npu
ATOM HUKAaK HE YYMTHIBACT BIUSHUS MAarHUTHBIX MOJICH, HAXOSIIUXCS
BHE KOHTYpa.

Mexay TeM 3TO JIajeKo He BCErja Tak, MOCKOJIbKY B CIUIOIIHOM
cpene 00s3aTENbHO OYACT MPOUCXOAUTh KOMIICHCAIUS BIIMSHUS
MAarHUTHBIX TIOJICH, HAXOSAIIUXCS BHYTPH M BHE KOHTypa. ITO
MIPOUCXOIUT BCIEJCTBHE TOrO, YTO COCEJHHE OJHOHAIpPAaBJIECHHBIE
BUXpU d(upa, MMes B CONPEACIBbHBIX 00JacTsAX TOTOKH 3¢upa,
HalpaBJieHHbIE B MPOTHUBOIMOIOKHBIE CTOPOHBI, CO3AAIOT B3aWMHYIO
KOMITEHCAIIUIO ToJieH (puc. 5.1).

a) 0

Puc. 5.1. KomneHncauum mnoJieii: g— MarHUTHOTO IOJ B pacrpeseleHHOH
CHCTEME TOKOB; O— BIIEKTPUYECKOTrO IOJIs B PACIpPEACICHHON CUCTEME MarHUTHBIX
MIOTOKOB
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ITpr paBHOMEPHOM pACTPEACICHUH MO B MPOCTPAHCTBE OIS
OyyT MOJHOCTHIO CKOMIIEHCHPOBAHBI, B PE3YJIbTATE YETr0 BOSHUKHET,
Ka3aJioCh ObI, MapaJoKCaNbHAas CHUTyalus: MEPEMEHHOEC MArHUTHOE
Mojie CYMIECTBYET, a JJIEKTPUUYECKOE MOJie MPH STOM HE BO3HHKAET.
COOTBETCTBEHHO M HA00OPOT: MPU MEPEMEHHOM 3JICKTPUIECKOM TOKE
B Cpele B HEW He BO3HMKAeT MAarHWUTHOro mojs. IlpaBaa, ecnu w3
HEKOTOPOro o0beMa Cpelbl U3BSATh TOK IyTeM IOMEIIEHHS B Cperly
M30JIITOpa, TO HA TPaHHUIAX 3TOr0 00beMa BO3HHUKHET MAarHHUTHOE
nosie ( puc. 5.2).

Puc. 5.2. Bo3HukHOBeHHEe MArHUTHOIO MOJIsI HA TPaHuULie CpPeabl U
BHYTPH Cpe/bl IPU MOMENIeHUM B Hee M30JISIIMOHHOr0 00beMa

CrnenoBaTenbHO, y4eT BHEIIHUX OTHOCHTEIHHO KOHTypa TIoJiei
npuoOpeTaeT NPUHIUITHATFHOE 3HAYCHUE.

IHocTaHoBKa IKCIIEPUMEHTA

Ha miockoii miacTMHe W3  M3OJSIMOHHOIO — Marepuana
pacmonaraloTcsi MPOBOJIOYHBIE KOHTYpPa, B KOTOPBIX IPOITyCKAaETCs
MEPEMEHHBIM TOK, CO3JAlOlMid MEpEeMEHHOE MAarHuTHOE TIOJIE.
KonTypa coemuMHSIOTCS MeEXay co0oi Tak, 4ToObI 0Opa3OBHIBATH
KOHIICHTPUYECKHE PSIbI, MPUYEM YTOOBI KOHTYpa 3THUX PSAOB INPHU
MOJIKITIOYEHNH OKAa3bIBAINCH BKIFOYEHHBIMHU TIOCIIEIOBATEIIHHO.
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Haxg xkoHTypamu pacrnojararoTcss H3MEpUTENbHBIE KOHTYpa
pasnuyHoro pasmepa. B okcrepumente wusmepsiercs JAC Ha
WU3MEPUTEIbHBIX KOHTYpax NpW MOJKIIOYEHUH Pa3luYHbIX PSIOB
TOKOHECYIIMX  KOHTYpOB,  HAxXONSIIUXCA BHYTPH M BHE
W3MEpPUTEIBHOTO0 KOHTYpa.

OKCHEpUMEHT IOKa3al, 4YTO MO Mepe MOAKIIOYEHUs BHYTPEHHUX
M0 OTHOILIEHHUIO K H3MEPHUTEIBHOMY KOHTYPY TOKOHECYIIIX KOHTYpPOB
OAC Ha  U3MEpPUTENHHOM  KOHTYpE  yBEIMYMBAETCs, IMpH
JONOJTHUTENFHOM TIOAKIIOYEHWH BHEIIHHX [0 OTHOIIEGHHIO K
M3MepUTENbHON pamke KOHTypoB DJIC Ha M3MEpUTENHHOM KOHTYpe
yMmenbmaercs (puc. 5.3). Tem cambIM BhICKa3aHHbBIE MPEION0KECHUS
MOJTBEPKIAFOTCS.

P

(0 0 0 0 0 O)

a) a)

Puc. 5.3. MHsmenenne I/IC Ha H3MepUTEJbHBIX KOHTYpax HO Mepe
yBeJWYeHHsI YHCJA  TNOAKII0OYAeMBbIX TOKOHECYIIMX KOHTYpPOB: d  —
pAcIONOKEHNE H3MEPUTENIbHBIX KOHTYPOB HAa IUIACTHHE C  TOKOHECYIHMHU
KaTyIIKaMH, CO3Jal0lMMHU MarHuTHoe noiue; 6 — 3JIC Ha M3MEPUTENbHOM KOHTYpe
10 Mepe MOAKIIOYEHUS TOKOHECYIIIMX KaTyIIeK

BriBoabI

Pe3ynpraTel 3KCIEpEMEHTa ITOKa3bIBAIOT, YTO YCTaHOBHBIIEECS
MHEHHE O TOM, YTO NPH BCAKOM HM3MEHEHHH MAarHWTHOTO IIOJNS B
MPOCTPAHCTBE BOZHUKAET IEPEMEHHOE IEKTPHUIECKOE TI0JIE, HEBEPHO.
DTO €CTh BCEro JINIIb YaCTHBIA Cy4al, CIpaBeUIMBBIA B paMKax
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JIOMTYCTHUMOTO TPEHEOPEKEHUS BIUSIHUEM BHEIIHUX 110 OTHOIICHUIO K
M3MEPUTETBHOM paMKe mosel. B obiem ciiydae Takue MoJis TOMKHBI
yuuThIBaThCA. OTCIOZa TAKXKE CIEIYET, YTO U B MEPBOM W BTOPOM
ypaBHEHUsAX MakcBelia YJITEHBI JIHINEL MPOIECCHl HA MOBEPXHOCTH
AJIEKTPOMATHUTHON BOJIHBI M HE YUTEHBI MPOIECCHI, TIPOUCX OIAIINE B
ee rryouHe.

JKcnepumeHT 6. C:KMMaeMOCTh TOKA

IMocranoBKa 3a1a4u

Kak w3BecTHO, TMJIOTHOCTH TOKa 7y B Cpele, UMEIOIIEH
MMPOBOAMMOCTE 0, AUIJICKTPUYCCKYIO MPOHUIACMOCTh € U MarHuTHYIO
MIPOHUIIAEMOCTH f OMPEACIIACTCS IICKTPUUECKON HAMPSIKECHHOCTHIO £
Kak

y= (o + & 0lot)E. (6.1)

[MockonbKy ayiekTpudecKas HampsHKEHHOCTh M IJIOTHOCTh TOKa B
KOHKPETHOM  cpelle  CBS3aHbl  INPOCTBIM  KOA(PHUIIHEHTOM
MPOIOPIIUOHAIILHOCTH, a, KaK IOKa3aHO B TPEABIAYIIEM pasfere,
pacmnpocTpaHeHHe  AJIEKTPUYECKOH HANPSKEHHOCTH MOJKET
MPOMCXO/IUTh B TPOJIOJIBLHOM HAIPABICHUH, TO M PACIPOCTPaHEHHE
TUTOTHOCTH TOKAa MOYKET UMETh BOJIHOBOW XapakTep.

OnHako BOJIHOBOM XapakTep JIO00OT0 BO3MYIICHHUS MOXKET
MPOMCXOAUTh TOTNA, KOTJa MaTepUaNbHBIi  HOCUTEIbh 3TOTO
BO3MYIICHHUS CIIOCOOEH CXKMMAThCSA, 00pa3ysl TeM CaMbIM TI'DaJUCHT
IUIOTHOCTH, KOTOPBI B JaHHOM MECT€ M SBISCTCS IPUINHOM
JATbHEHIIEro MPOIBIKEHNUS TIPOIIecca.

IHocTaHoBKa IKCIIEPUMEHTA

Jnst mpoBepKH (akTa CKATHS INEKTPUIESCKOr0 TOKa MOXKET OBITh
WCIOJh30BaHa KOMMYTHpyeMas 1ienb. [lockombKy B pa3phiBe 1enu Ha
KOHTaKTaxX 00pa3yeTcsl pa3HOCTh MOTEHIIMAIOB, TO TOCIE 3aMBIKaHUS
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KOHTaKTa OKa3bIBAETCA, YTO 3Ta Pa3HOCTb MOTEHIMAJIOB MOJKIIOYEHA
K Y4acTKy LENH C HYJIEBBIM CONPOTUBJIEHHUEM, UYTO JOJKHO BBI3BAThH
BCIIJIECK TOKA Ha 3TOM HYJIEBOM COIPOTHBIIEHUH. DTOT BCILUIECK 3aTEM
OyzeT pacXOAUTHCS BIOJb LICMH.

Cxema sKcIieprMeHTa NpuBe/ieHa Ha puc. 6.1a.

0

10

Puc. 6.1. DxcnepuMeHT MO ompenejeHHI0 (PAKTa CKHUMAEMOCTH TOKA: a—
CX€Ma OTBOJOB OT ITPOBOJAHUKA, 06— HUMITYJIbCBI, BO3HUKAIOIIHNE Ha OTBOAAX

DnekTpudecKas ImMemnb MPEACTaBIseT coOO0l JBa OTpe3ka MpPOBOIA
[0 HECKOJIIbKO METPOB JJIMHOW TOAKIIOYEHHBIX KaXIblid OJHUM
KOHIIOM B JJICKTPHYECKOM ©Oarapee, a BTOPHIM KOHIIOM K
MEPUOJUYCCKN 3aMBIKAEMOMY H pPAa3MbIKACMOMY KOHTAKTY. Ot
IIPOBOAOB OTXOJAT OTBO/bI, IPUIIAAHHBIC K IIPOBOAY OCHOBHOI nenn
Ha pAacCTOSHWHM OJHOTO Merpa Apyr oT apyra. llpum 3ambikaHuun
KOHTakKTa B [E€OM BO3HHUKAIOT HMITYJIbCBI, KOTOPHIE MOTYT
¢ukcupoBathes ocuuuiorpadom. YcraHaBiauBaercs (GakT TOro, uTo
MpH 3aMBIKAHUM KOHTAaKTa Ha KaXIOH Mmape OTBOJIOB BO3HHUKAIOT
KOPOTKHE UMITYJIbCHI, IPH 3TOM Ha OTBOJAX, yaJeHHBIX OT KOHTAaKTa,
aMIUINTY/Ia UMITYJIbCOB YMEHBIIIEHA, a JJUTENbHOCTh yYBEIHMYEHa. JDTO
Y O3HAYaeT paccachbIBaHUE TOKA BAOJIH IMIPOBOIHUKA, YTO MOXKET OBITh
OXapaKTepH30BaHO KaK CBEPXIEPEXOAHON PeKUM KOMMYTAINH.
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[IpenBapuTenbHble SKCIEPUMEHTHl MOATBEPAMIN BBICKA3aHHBIE
npenmnonoxenus (puc. 6.16).

BriBoaBI

OKCHEpUMEHT MOATBEPKIAAeT (DaKT CXKMMAaEeMOCTH TOKa, a TaKkKe
HEOOXOIMMOCTh M B JTOM 4YacTH YTOYHEHHS YypaBHEHHIA
3IEKTPOAUHAMUKH.

JkcnepumenT 7. [IpoaosbHoe pacnpocTpaHeHue
3JIeKTPOMATHUTHOW BOJIHBI

IlocTanoBka 3agaun
W3 3-ro ypaBHeHus: MakcBesia

divD = p, (7.1)

rie D — onektpuueckoe cMmemnieHne paBHoe D = egE, & —
OTHOCHTE/IBHAS JIMIIEKTPHUECKAs MMPOHHIAEMOCTh; & = 8,85.107%
@/m; E — HanpsHKEHHOCTD 3JIEKTPHUYECKOT o 1Mouist, B/M, p — IIIoTHOCTB
3NEKTPUUECKOT0 3aps/a, BHITEKAET, UTO IIPH OTCYTCTBHH 3apsaa

divD =0, (7.2)
T.C.

oDy oDy, 0D,
+ + =0. (73)
ox ay 0z

YpaBHeHnue 7.3. HOCHT YHCTO CTaTHYECKUI XapakTep, HUKAKUX
BPEMEHHBIX MPOILECCOB B HEM HE MPEIYyCMOTPEHO. DTO COBEPIIEHHO
MPOTHUBOPEYUT MPHUPOJE IIEKTPUUECKOTO IOJsA, KOTOPOE B BAKyyMe
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MOXET pacrnpoCTpaHATLCA TOJIBKO CcOo CKOpPOCTBIO CB€Ta,

OMpEeENsIeMON Kak
1
c=——, (7.4)
\/80/10

rg€ & U Yo COOTBETCTBCHHO MAHUIJICKTPHUYCCKAsA W MarHuTHasd

MIPOHUIIAEMOCTH BaKyyMa.
Takum 00pa3oM, HAJTMIIO MPOTHBOPEUHE TEOPHH C PEabHOCTHIO.

OOpamaer Ha ce0s BHHMMaHHE HENOJIHOTAa BBIBOJA TPETHETO
ypaBHeHus: Makceeria (puc. 7.1).

Puc. 7.1. K BbIBO1Y ypaBHEHHI pacipoCTPaHEHHSs JJICKTPHYECKOMH
HHAYKIUU

ITo ocsam x, y m Z B obbem dXdedz BXOmAT cCOCTaBIISIOIIME
anekTpuyeckoit mHAaykuuu D,, Dy, D,. Ha Bbixome oObema umeeM

COOTBCTCTBCHHO
oD, oD,, oD,
(7.5)

Dx+——:;Dy + ; Dz + ;
oX oy 0z
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BBIYMTAs U3 KOTOPBIX BXOJHBIE COCTABIISIONINE, [TOJIy4aeM ypaBHEHUE
7.3, a 3aTeM U ypaBHeHHE 7.2.

B cBsa3u ¢ TeM, 4TO M3MEHEHUE AIEKTPUUECKOrO CMEIIEHUS BO
BPEMEHHU INPU TAKOM BBIBOJE HE YYTEHO, 3-€ ypaBHeHHe MakcBemnia
HUKAaK HENb3s IPU3HATH MOJHBIM.

Ha camom pene Ha BbIXOJE OOBbEMa COCTABIIOLIME BEKTOpa
WHAYKIMK OyIyT paBHBI

oDy, 0Dy, oDy, oDy oD, oD,
Dy+——+—— Dy +——+——D;+——+— (7.6)
ox ot oy ot 017 ot
M COOTBETCTBEHHO 3-¢ ypaBHeHHe MakcBeia mpruoOpeTeT BUI:
oD
divD + =0. (7.7)
c ot

IJje CKOPOCTh € PACIPOCTPAHEHHs BOJHOBOIO ()POHTA CBS3aHA C
MMPOCKUUAMU I10 OCAM KOOPJAUHAT BBIPAKCHUCM

= + + . (78)

[MomydyeHHOe ypaBHEHHWE €CTh BOJHOBOE YpaBHEHHE TMEpBOU
CTEeMeHH, KOTOpPOE IMOKAa3bIBaeT, YTO JJIeKTpuyecKas WHAYKIusS D
pacmpocTpaHsieTcsl B HallpaBlieHHH BekTopa D, T.e. B mpomonbHOM, a
He TmorepeyHoM HampasieHuu. [lenenme BekTopa D Ha BekTOp
CKOPOCTH ¢ TOBOPHT O TOM, YTO 3TH BEKTOpa KOJUIMHEAPHHI, T.€.

napaieNbHbI IPYT APYTY.
Pemenuem ypaBaeHus 7.7. OyaeT BOTHOBAST (PyHKITHS

D(r —ct) =0. (7.9)
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OTrcroa  BBITEKAET, YTO JIUIOIL C  COCPENOTOYCHHBIMH
napamerpamMu OyJIeT U3IydaTh YHEPTHIO BO BCE CTOPOHHI (puc. 7.2),
MpUYEM, €CJIM PACCTOSHUE MEXAY NYIbCUPYIOIIUMH 3apsjaMu
(anmekTpomamMu) OyJeT paBHO IOJIOBUHE JTMHBI BOJHBI, TO JHEPIHS
BIIOJIb OCH JIUTIONS OYAET W3My4aThCs CYIIECTBEHHO WHTCHCUBHEE,
4yeM mnorepek aumos (puc. 7.3).

Puc. 7.2. U31yqeHne JHEPIUA JUTOJIEM C COCPEI0TOYCHHBIMH NTapaMeTpaMu

Iy
“noep

l"‘ll]\\, 1

Puc. 7.3. PacnpocTpaHeHue 3JIEKTPMYECKOr0 IO JUIIOIEM €
COCPeIOTOYEHHbIMH IapaMeTPaMH B TOHKOM cJI0e TNOJYNpPOBOASILIEH cpesbl.
IponoinbHast cocrasoNas OoblIe MONEePEUHON COCTABIAIONMIEH MO
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ITocTaHoBKA 3KCHIEPHMEHTA

Jns mpoBEepKH BBIIBHHYTOI'O TIOJOXKEHHS O CYIIECTBOBAHUH
OpPOJOJILHBIX ~ BOJH  HEOOXOAMMO  H3TOTOBHTH  JIUIOIb  C
COCpEIOTOYCHHBIMHU TTapaMeTPaMH, T.€. KOHCTPYKIHUIO, COCTOSIIYIO 3
IBYX OIJIEKTPOZOB, Ha KOTOpbIe TMOJAIOTCI B MPOTHBO(A3e
HaINpsDKeHHUsI OT TeHepaTopa nepeMeHHoro Toka. Hambomee mpocro
UCIIOJIb30BaTh B KAa4yeCTBE CpPEIbl Iepelayd CUTHAlAa PE3UHOBYIO
KHIIIKY, HATIOJIHCHHYIO TIOICOJICHOM BOIOH (pucC. 7.4).

Puc. 7.4. Cxema »J3KcHepuMMeHTa 10 IIpOBepKe  IPOJOJILHOIO
pacnpocTpaHeHHs: U3JIy4eHUs JUI0JISI ¢ COCPel0TOYECHHBIMHU NIApaMeTPaMu:
1 — pe3suHOBBIM NUIAHT, HANOMHEHHBIA ITOACOJIEHHOW BOMOW; 2 — DJIEKTPOIBI
W3ITYYaloIiero JUIOoNs; 3 — 3JIeKTpoAsl npueMHoro aumons; I — reHepatop; I1 —

TNIpUEMHUK; C map — YCIIOBHOC 0003HaUeHHE TapasuTHbBIX E€MKOCTEeH

Kak  wm3nywaromuifi, Tak W TNPUHUMAIOUUMNA  JTUIOIHU
M3TOTaBIUBAIOTCS OnuHaKoBo. C dYacTW KOAKCHAJIbHOTO Kalens
CHUMAETCS OIUIeTKa, M30yAnus coxpaHserca. K KoHIly ocTaBiieiics
OIJIETKH TPHUIANBAETCS METAITIMYECKUN KPYTJIBIH TUCK, JHaMETp
KOTOPOT'O JTOJUKEH OBITh HECKOJBKO MEHbBIIIE BHYTPEHHErO AMaMeTpa
nutanra. K KOHITy JKHJIBl IpUnanBaeTcsi HOAOOHBIN JKe JAMCK.

B kadecTBe reHeparopa MOXKET OBITh HCIOJB30BAH OOBIYHBIN
I'CC, B xauecTBe IpreMHIKA — JUOAHBIN MOCT C MUKPOAMIIEPMETPOM.
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BHyTpu nnianra mpotsruBaroTcsi O€UEBKH, C MOMOILBIO KOTOPBIX
MOJKHO CABHUTaTh U pa3BUTraTh AUIIOIH.

W3MeHeHne curHama ¢ pacCTOSHHEM MEXAY TUIOISIMH IMOKa3aHO
Ha puc. 7.5.

A
v} oy,

T
N

0 Do

Puc. 7.5. 3aBHCHMOCTH CHrHAJa TPHEMHHKA OT PACCTOSHUSI MEXKIY
JAUTOJISIMH TPH MPOA0JIHLHOM H3JTy4eHUH JHEPTHH

C W3MCHEHHMEM DACCTOSHHA MEXAy MAWIONSAMH  CcHadana
MPUHUMAEMbIH CUTHAN OyJeT MOCTOSTHEH O BEJTMYUHE, 3aTeM HadHeT
3aTyxarh. C yBEIMYEHUEM YacCTOTHl CHTHAJI TPH MalioM PacCTOSHUH
Junoseit Ipyr ot apyra Oyner pacTH, HOCKOJIBKY JUIMHA BOJIHBI OyaeT
COKpallaThbcd W TOJIOBUHA JUTMHBI BOJHBI OyAeT NpUOMMKAThCA K
BEJIMYMHE PACCTOSHUS MEXKAY dJIeKkTpoaaMu nunois. C yBenndeHueM
paccTosiHUS CHTHANl Ha BBICOKOM 4acToTe OyAeT 3aTyxaTh ObIcTpee,
9YeM CHTHaJ Ha HU3KOW dYacTtoTe. JTO OOBSCHSETCS CTPYKTYpOM
BOJHBI, B KOTOPOH Kakhas IIOJMyBOJHA HMEET CaMOCTOSATEIIbHYIO
JHEPreTHKY M, YeM OHa KOpoue, TeM ObICTpee H3PacXomyeT CBOIO
SHEPTHUI0 Ha HArPEB CPEIIbL.

C yBeNMYEHHWEM COJICHOCTH H COOTBETCTBEHHO IPOBOJUMOCTH
CHTHAJI IIPU MAJIOM PACCTOSHUH MEXy JUIOISIMH YBEINIUBACTCS, HO
paccTosHue, Ha KOTOPOM CHI'HAJI HAYHET yMEHBIIAThCS, COKpaIaeTcs.

BoiBoabl

[TonTBepkacHNE  CYNIECTBOBAHUS  IMPOMOJBHOTO  HM3IYICHHS
03HA4aeT, 4To 3-¢ ypaBHeHHs] MakcBelia BechbMa HE IIOJTHO, TaK JKe
KaKk W BCE ypaBHEHHS MakcBemia, HE TOITHOCTHIO OTpakarolne
CYITHOCTH DJICKTPOMArHUTHBIX MPOoreccoB. MaKTHISCKH ITUM CaMBbIM
CTaBHTCS TIpoOiieMa Hadaja IEepecMOTpa BCETO MaTEMaTHYECKOTO
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amnmnapaTta 3JICKTpOMAarHeTruima. HO):[TBep)K)IeHI/Ie CYIICCTBOBAHUA
MMpOAOJbHOI0 HU3JIYUCHHUS MOXKCT OKa3aTbCAd TaKKE U IHNPAKTUYCCKU
MOJIE3HBIM, HO JId IIOJXYYCHUS IMPUKIIAJHBIX PE3YJILTATOB HYKHO
MNPpOAOJDKUTE SKCIICPUMCHTAJIBHBIC HCCJICAOBAHHA B YKA3aHHOM
HaIlrpaBJICHUHU.

3KCHepI/IMeHT 8. HccaenoBaHme ra3oBbIX TOpOUAOB C
NOMOIIbI0 AIMUKA Byua

ITocTanoBka 3agaun

[Ipu GpopMupoBaHMU ra30BBIX BUXPEH MPUHIMIUAILHOE 3HAUCHUE
MMEET  HadaJbHbIN oTan (dbopMUpOBaHHS, Korna  BUXpH
CaMOIIPOM3BOJIbHO YMEHBIIAIOT CBOM aAuamerp. FIMeHHO B 3TOT
MOMCHT HNPOHUCXOAUT IEPCKavKa HOTCHHHaHbHOﬁ OHCPIrun NaBJICHUA
OKpY>KaIOILIET0 BUXph Ta3a B KWHETUYECKYIO SHEPIUI0 BpallEHUSA
BUXPSI B COOTBETCTBUM C 3aKOHOM IOCTOSHCTBA MOMEHTA KOJIMYECTBA
IBUXKCHUSA

mvr = const (8.1)

rre M — Macca 3JIeMEeHTa 00beMa BUXps, V — KacaTelbHasl CKOPOCTb
BpallleHUsl, I — pagnyc BUXPAL.
B sTOM cilydae cripaBeIJInBO COOTHOLIEHHE

r
Vo=V, ) (82)
2

T.€. CKOPOCTh BpAIIEHUS yBETUYHUBACTCS TeM OOJbIlIe, YeM MEHbIIEe
pamuyc BHUXps. OTO 3HAYUT, YTO IIPH COKpaIeHuu pamuyca B 10 pas
CKOpOCTh BpaieHus Bo3pactaer B 10 pa3, a aneprust B 100 pas.
ITockoJbKy 3TO €CTh IPUPOJHBINA aHTUIHTPONUUHBIN MPOLIECC, TTPU
KOTOPOM CaMOIIPOU3BOIHHO KOHIIEHTPUPYETCS SHEPTHS,
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9KCIEPUMEHTANIBHOE IOATBEPXKJICHUE €ro MMEeT NPUHIMIHAILHBIN
Xapakrep.

ITocranoBKa 3KCHIEPHMEHTA

[lpoBepky  BBICKa3aHHOI'O  TPEINOJNIOKEHHS  MPOIIE  BCEro
OCYIIECTBUTH C MOMOIIBIO TaK Ha3bIBaeMOro siumka Byna (o umeHn
aMEpPUKaHCKOro (PU3MKa, MPEIOKUBIIETO STOT OIBIT).

Amwmk Bynma mnpencraBiser coOoOd  (paHEpHBIM SANIMK  THIA
MOCBUUIOYHOTO 0e3 KpBIIIKK SIuKa. B 1HE TpocBepiauBaeTCs
OTBEpCTHE AMaMeTpoM 5-6 cM. BwmecTo KphIIKM HakiIenBaeTcs
ynpyras MemOpana Tina oapabaHHOH MJIEHKU WM PE3WHOBOTO JIMCTA.
Sk craBuTCs Ha OOK, BHYTPh BOpPACHIBACTCS JBIMOBYIIKA, YTOOBI
MOXHO OBIJIO BUJETh BBUICTAIOMIMH BHUXpPb. SIMIMK ycTaHABIMBACTCS
OKOJIO CTEHKH, Ha KOTOPOW HYKHO HaHECTH TOPU3OHTANbHBIC JTMHHH,
Ha paccTOSHWU HE MeEHee IMoiayMerpa OT Hee. Bech mporecc
¢duKcupyercs Ha BUJEOKaMepy.

90-000-00-CH0)
1 2 3

Puc. 8.1. ®opMupOBaHUE ra30BOr0 TOPOUIATBHOI0 BUXPSI C IOMOLIbIO
ssmmka Byna: 1 — cragust oxatus Topoupa; 2 — CTafus PacLIMPEeHHs TOPOHMAA
(muddyzns); 3 — craaus pazBaiia Toponaa.

Pe3kuit ymap mo meMOpaHe MPUBOAMT K BBEIOPOCY KOJIBIIEBOT'O
BUXpSl W3 OTBEPCTHS SINMUKAa. BUXph JBWXKETCS BJIOIb CTEHKH,
0XKHUJIAETCsI, YTO JIBMIKEHUE COCTOUT M3 TPEX DTAIOB.



30

Ha NnepBoM I3Tanc — Cpa3dy IO0CJIC BbUICTA BUXPA — BUXPb
YMCHBIIIACT CBOU PA3MEPhI, 3TOT MPOLCCC U ABJIACTCA OCHOBHBIM.

Ha BTOPOM 3Tall€ BUXPb YBCIUYMUBACT CBOU Pa3MCpPhbl U 3aMCJIACT
CKOpPOCTh.

Ha TPETbEM J3TAll€ BHUXPb OCTAHABJIMBACTCA W PpPa3spylIiacTcAa
(mdynupyer).

HpOBeI[eHHI)IG NpeABAPUTCIIBHBIC JKCIICPUMCHTLI TMMOATBEPIANIN
HCXOJHBIE IIPEACTAaBICHUS.

BriBoabI

OKCHEpPUMEHT TOATBEPXKJAeT CYIIeCTBOBAHHE B  IPHUPOJE
CaMOIPOU3BOJIBHOIO AHTUIHTPONMUHOIO MpOoLecca, YTO SBISETCA
MPUHIUIIUATIBHBIM HE TOJIBKO JJIs ra30BOM JUHAMHUKH, HO U JJIS BCETO
€CTeCTBO3HAHHUS.

IkcnepumeHT 9. JlenToHHnasi meHa

IMocranoBka 3agaun

U3 »spupomuHaMUYecKuxX TMpeJCTaBICHUN BBITEKAET, YTO TIPH
00pa30BaHUM KOBAJICHTHHIX U METAIIMUECKUX CBS3EH pearupyromye
MOJIEKYJIBI  BBHIOpDAcHIBAIOT J(HpHBIE TOPOWAAJbHBIE BUXpU —
MUKpojaentousl (puc. 9.1). B Merammax OHM M COCTaBIAIOT Tak
Ha3bIBAGMBIH  DJIEKTPOHHBIA Ta3 —  JJCKTPOHBI,  CBOOOAHO
nepeMenIaronrecs MKy aTOMaMi MeTajlia ¥ 00ecIieunBaroIIne KaK
BBICOKYIO  DJIEKTPONPOBOMHOCTh METAJUIOB, TaK ¥  BBICOKYIO
TEIJIONPOBOJHOCTh. B HEMeTaIMuecKUX COeIMHEHUIX TUIIA LIEN0Yb-
KHCIIOTa BOKPYT PEAKIMH HAYMHAET COOMPATHCS JICNTOHHAs IEHA, B
KOTOpOH BCE MHUKpPOJIENTOHBI, BBIACIUBLIMECS W3 COCIUHUBIIMXCS
MOJIEKYJI, 00pa3yloT OOIIyI0 BHXPEBYIO CTPYKTYpPy THIIa TICHHOU
LIaNIKU BOKPYT pEarupyoLIUX BELIECTB.

[TockonbKy Ha TOBEPXHOCTH JICNTOHOB 3(HPHBIE IOTOKU
JOBIDKYTCSL II0 KacaTelbHbIM HANpPaBJIEHUAM, TO OHHM OKa3bIBaIOT
OIpPENENICHHOE TIPAJMEHTHOE  BO3ICHCTBHE HAa  OKPYXKAIOLIME
IpeAMEThI: Haxopsdmuecss BONM3M JIETKWE MpeaMerbl OyayT HMH
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nputsruBaThes. Ho uepe3 HekoTopoe BpeMsl, Korja yCTOMYMBOCTH
JIENTOHOB CHU3UTCS, U OHM HA4YHYT pa3pyliaThbCs, a MOCKOIBbKY B HUX
3¢up ObUT YIUIOTHEH, KaK M B JIIOOBIX TA30BBIX BUXPSX, TO JaBIICHHUE
s¢upa HAYHET BO3pacTaTh, W T€ XKE JIETKHE NPEAMETHl HAYHYT
OTTAJIKUBATHCSI. DTH MPEANOI0KEHNUS MOTYT OBITh 9KCIIEPUMEHTAIBHO
MIPOBEPEHBI.

Puc. 9.1. Meraummyeckasi CBA3b B aToMaxX H 00pa3oBaHHMe CBOOOJHBIX
3JIEKTPOHOB B MeTaJLle

[IpeAmnonoXuTenbHO MOAOOHBI MEXaHU3M MOXKET CYIIECTBOBATH U
pu oOpa3oBaHUU OWOMOJICH ¢ TOW pa3HUIIEH, YTO B )KMBOM BEIIIECTBE
MPOUCXOMAT HE TONBKO XHMHYECKHE MPOIECcChl 00beAHMHCHHS
MOJIEKYJI, HO U pacrajia, py IpoIieccax paciaja HelocTalomui a¢up
MOTJIONIAETCSI U3 OKPYXKAIOIIEro mpocTtpancTBa. Torma obpasyroTcs
Kak HCTOKH 3(upa, TaK W CTOKH, B pe3yiabTaTe OOpa3yloTcsi HE
JIETITOHBI, @ (POHTAHUPYIOLIHE 00PA30BAHHS, YTO U OBIJIO B CBOE BpeMs
00HapyXKEHO uccnenoparensmMu  Kupnuan (KMpIHaHOBCKOE
M3IIy9CHUE).
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ITocTaHoBKA 3KCHIEPHMEHTA

WzmepuTenbHbBIM TpUOOPOM B JAaHHOM SKCIEPHUMEHTE SIBIISIOTCS
CIELUAIbHO W3TOTOBIEHHBIE KPYTWIIBHBIE BEChl C JEPEBSHHBIM
KOPOMBICJIIOM U YpaBHOBEUICHHBIM Ha OJHOM €ro KOHLE IIapyCoM —
JIETKOM METaJNINYeCKOH IJIACTHHOM IUIOaAb MOpsSAKa HECKOJIBKHX
JACCATKOB KBAJIpATHBIX CAHTUMETPOB. KOpOMI)ICIIO IOABCIINBACTCs Ha
METAJUINYECKONM HUTH, IMO3BOJISIONIEH IIOBOPAYMBATHCSA €MY BOKDPYI
BEPTUKAIILHOM OCH.

0
H
/\
/

Puc. 9.2. Cxema 71a00paTOPHOro 3KCIEPUMEHTA N0 BbISIBJICHUIO JICITOHHOMI
NMeHbl NpH O00pPa30BAHUM KOBAJICHTHON XHMMM4YecKoOil cBsi3n (a) U rpapux
OTKJIOHEHHsI Iapyca BecOB IPH IMPOBEJeHNN XUMUYeCKOil peakuun (0):

1 — cTakaHYMK C XMMHYECKUMH PEaKTHBAaMH; 2 — KPYTWIIbHBIE BEChbl; 3 —Jia3ep;
4 —camonucen.
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B cepenuny kopombiciia MpHUKIEHBaeTCs HeOOIbIIOE TUIOLIAIBI0 1
— 5 KB. MM 3epKaiblie, OT KOTOPOrO OTpa)kaeTcsl Ja3epHbIN Jyd
(lazepHast ~ ykaska),  OCBEIIAIOIIMH  HEMOABIKHYIO LKAy,
YCTAaHOBJIEHHYI0O Ha  creHe. [lapyc  d4epe3  BBICOKOOMHOE
CONPOTHBIICHUE TIOPSIKA JECATKOB MErOM COCAWHSETCA C HUTh
nojiBeca, HUTH 3a3emysiercs. TeM caMbIM HCKIIOYAaeTcsl BIHSHUE
ANIEKTPOCTATHYECKUX HABOJOK. BCsl KOHCTPYKIMSI BECOB MOMEIIAETCS
B (QyTIsAp, BBINOJNHEHHBI M3 JIOOOr0 3JIEKTPOU3OISIIHOHHOTO
MaTepuaa, Harpumep, KapToHa uinu danepsl (puc. 9.2).

HanporuB mapyca Ha paccTOSHUM HECKOJIBKHX CaHTHMETPOB
MOMEIIAeTCsl CTAaKaHUYMK M3 M3OJSIMOHHOIO MaTepraia, B KOTOPOM U
MPOMCXOAUT PEaKIHs: CHayaua TyAa OpocaroTcsi HECKOJIBKO TabJIeTOK
IIEJTIOYH, 3aTeM TyJa e Kamaercs kucioTa. Cpasy ke 1mociie Hadaja
p€aKurun BECHI MPUXOIAT B ABMKCHHEC: CHaYajla MapyC NpUTATUBACTCA
K CTakaHYUKy, 3aTeM 4Yepe3 HECKOIbKO MHUHYT OTXOAMT OT HEro 0
yropa, depe3 1 — 2 yaca mapyc BO3BpaIaercsi B UCXOTHOE COCTOSIHHUE.

BTOprM BapHaHTOM OKCIICpUMCEHTaA ABJIACTCA IIPOBCACHUEC B
CTOpOHE OT BECOB TOH € PEaKUWU B CTaKaHYMKE, yCTAHOBJICHHOM Ha
JIEPEBSIHHOM WJIM TIEHOIUIACTOBOM KYOHWKE C pPa3MepOM CTOpPOHBI
nopsiaka 5 — 10 cM. Ilocne okoHUaHHS peaknuy K BecaM IMOAHOCHTCS
TOJBKO KyOUK. Peakiinsi BECOB Ta ke, YTO U B IPENBIAYIIEM cydae.

BriBoabI

PesynbTaThl SKCEpUMEHTa MOATBEPXKAAIOT  MPEIIONIOKEHUS
3QUPOAMHAMUKA O IIPOMCXOXKIACHUHW CBOOOMHBIX JJIGKTPOHOB B
MeTaJllax, a TAKKe 0 BO3MOXKHOM (pU3NYECKOM MEXaHU3Me OMOIOJICH,
KOTOpBhIE TPOUCXOMAT Ojarofmaps HEMPEPHIBHBIM  XUMHUYCCKUM
Mpo1eccaM, MPOTEKAIOIIUM B JKUBBIX OpraHU3Max.

IkcnepumenT 10. M3MeHeHne eMKOCTH KOHJEeHCATOpPa BOJIU3HU
XHMHUYECKOil peakuuu

ITocTanoBKka 3aga4u
B cB43u ¢ TeM, 4TO BCAKUM ra30Bbld BUXpb, B TOM YHCIE U
3(UPHBIA BUXpHh — JIENTOH, 00JIalaeT MOBBIMIEHHON IIJIOTHOCTHIO, a
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IJIOTHOCTH 3(1)1/Ipa B 3(1)I/IpOZ[I/IaMI/IKe €CThb  JUDJICKTpHUYCCKasd
MNpOHUIIAEMOCTb, TO €CTCCTBECHHO OKHUAaTh, YTO JICTITOHLI, IDOHUKHYB
B KOHACHCATOp MEXKAY MCETAVIMYCCKUMU IIJIAaCTUHAMU, IOBBICAT €ro
€MKOCTb, YTO MOXKCET OBITH IMPOBEPCHO 3KCIIEPUMCHTAJIBHO

ITocTaHoBKA 3KCIIEPHMEHTA

VYkazaHHbIH dKcriepuMeHT ObuT BhimonHed B 2001 1. ctyaeHToMm 1-
ro Kypca xumudeckoro ¢akyiasrera MI'Y HO.JIobapeBbiM.

KonnencaTopbl pasHbIX THIIOB MOJKIIOYAIUCH K H3MEPUTENIO
€MKOCTH M BOJIM3M KOHJIEHCATOpa MPOBOJAMIIACH XUMHUUECKAsT PEaKIysl
HIeJI0Yb-KUCIIOTa. B pe3ynbraTe eMKOCTh KOH/IEHCATOpa 332 HECKOIbKO
CeKyHJl yBenmuuuBaiach Ha 1%, a 3areM MemJIeHHO B TEUCHHUE
JIECATKOB MUHYT YMEHBIIANACh JI0 [IEPBOHAYAIEHON BETMUNHBI.

DKCIEpUMEHT MOJATBEPANI HCXOIHBIC IIPEATIOT0KECHUSI.

BriBoabI

DKCIEpUMEHT MOATBEPNI CYIIECTBOBAHHUE JIENTOHHOH TIEHBI U TO,
9TO 3(UPHBIC BUXPHU 00JIAZal0T TOBBIIIEHHOHN MIIOTHOCTHIO, KOTOpas,
KaKk H OBUIO T1OKa3aHo B 3(QHUpPOIUHAMHKE, COOTBETCTBYET
JUBIEKTPUYECKON TPOHULIAEMOCTH.

JdkcnepumeHnTt 11. JlazepHsblii u3MepuTeab 3(UPHOrO
BeTpa

IlocTanoBKa 3axa4n

Kak wm3BecTHO, coBpemeHHas TeopeTwueckass (PM3MKa OTBepraer
3bup HA TOM OCHOBaHWH, YTO sSKOObI B 1881 w 1887 r1r
MaiKkenbCOHOM TIpH  HW3MEpPEeHUHW dJ(PHUPHOTO BeTpa IOIy4YEH
«OTPULATESIILHBIA PE3YNIbTAaT», T.C. I(UPHBIA BeTep He ObLI HaiimeH.
Ha camom nene aupHbiii BeTep Obl1 0OHapyXeH yxe B 1887 r., XoTs
Y HE TOW BEJIUYMHBI U HE TOr0 HampasieHUs. Psaiom ucciaenopareneit
a¢upHBII BeTep ObLI OOHApYXeH, 3T0 Maiikenscon U Mopiau — 1887
r., Mopmu u Mwwiep — 1905 r., Mumiep — 1921-1925 r.,
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Maiikenbcon, [luc u IMupcon — 1929 r. BeisicHUIOCH, 4TO 3QUPHBIT
BeTep 00ayBaeT 3eMIII0 HE B OpOMTANbHOM HAlpaBIICHHH, a ITOYTH B
TepIeHIUKYIIPHOM (CO CTOPOHBI 3Be3/Ibl { co3Besmus Jlpakona, 26°
or Ilomroca mupa). Bce aBTOpbl, HEe NONyYMBIIME pe3yiabTara —
Kennenn n Unnmuarsopr, Ilukkap u Crasiabp) AOMYCTHIM B CBOHMX
OIBITaX CephEe3HbIE METOMYECKUE M HHCTPYMEHTAIBHBIC OIINOKH.

NMeHHO HE IonyuyeHue OXUIAEMBIX [0 TOTJAUIHEH TEOpHUH
pe3yabTaTOB M TOCIYXHJIO OCHOBOM JUIsI TIOJHOTO OTPULIAHUSA
CYLIECTBOBaHUSI B Mpupojae d(pupa, 4TO B KOHIIE KOHIIOB MPUBEIO
€cTeCTBO3HaHME B TyNUK. [103TOMy BO30OHOBJICHHE SKCIEPHUMEHTOB
1o dPUPHOMY BETPY UMEET IPHHIIUIHATBHOE 3HAUCHHE.

ITocranoBKA 3KCHIEPHMEHTA

I'maBHOM TpyOHOCTBIO B IIPOBEIEHUU OSKCIIEPUMEHTOB IIO
HCCIIEIOBAaHNIO d(UPHOTO BETpa SIBISIETCS CIIOKHOCTh U3TOTOBIICHHUSI
W3MEPUTEIBHOIO YCTpOMCTBa — wuHTEepPepoMerpa MaiikenbcoHa,
npubopa 2-ro mopska, B KOTOPOM OTKJIOHEHHE HHTep(epeHITMOHHOMI
KapTHHBI COOTBETCTBYET BBIPAXKEHUIO

5 =2D v2/c2 (11.1)

3aece D — pnomHA ONTHYECKOTO IYTH; V — OTHOCHTEILHAS
CKOpOCTH 3(DUPHOTO BETPA, C — CKOPOCTh CBETA.

[Ipu nnuHe onTHYecKoro MyTd B 1 M M OTHOCUTENHHOM CKOPOCTH
a¢upHoro Berpa B 30 kM/c (KaKk OKHMIAIOCH TOTJA) 3Ta BEIMYMHA
coctaBuT & = 2-10—8 M, mpu ckopocTH B 3 KM/c Bcero Juiib O = 2- 10—
10 M, TO ecThb Maily OO JJIMHBI BOJHBI CBeTa. JTO Tpedyer
YBEITMYEHHSI JUIMHBI ONTHYECKOTO IMYTH, T.€. YBEIUYCHHS pPa3MepOB
npubopa JI0 HECKOJBKUX METPOB TPU MHOTOKPATHOM OTpPaKEHUH
CBETa OT 3epKall, 2 TAKIKE BHICOKOW CTAOMIILHOCTH BCEH KOHCTPYKIIUH.
Takoit mpubop co3aaTh TPYAHO.

OpHako B HAacCTOsIICe BpEeMs HAWJCH MHOM CIIOCO0 H3MEpEeHUs
a¢upHOro Berpa. Crocod OCHOBaH Ha TOM, YTO JA3EPHBIA JIyd ITOf
Harpy3kod »d(HUPHOTO BeTpa U3rHOaercs IMOA00HO TOMY, Kak
m3rubaercss oObIYHAsI Oajka ITOJ HArpy3KOW OOBITHOTO BO3MYIITHOTO
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BeTpa B 3TOM ciydae OTKIIOHEHHE JIa3epHOro Jiyda 1Mo/ BO3ICHCTBUEM
3¢upHOro Berpa OyneT MPOMOPIHOHAIBHO OTHOCUTEIEHOW CKOPOCTH
3()MPHOTO BETpa B MEPBOM CTEIIEHU U OMPEICIATHCS BhIPAKEHUEM

d=kD v/c (11.2)

rie K — koadounment ympyroctu jasepHoro jyda. IIpu ummHe
OIITHYECKOT0 ITyTH B HECKOJILKO METPOB M CKOPOCTH 3(UPHOro BETpa
B 3 KM/C OTKJIOHEHHE JIa3epHOr0 Jy4a COCTABUT JECSTHIE JOJH
MUJJIMMETPA, YTO BIIOJIHE TOCTYITHO U3MEPEHUSM.

Cxema npubopa nokaszana Ha puc. 11.1.

Besi onTtHueckas dacTh mpuOOpa  KpemuTcs Ha  KECTKOH
mwiatpopme. Ha KkoHmax mmaThoOpMbl YKPEIUIIOTCS 3epKana C
MOBEPXHOCTHBIM OTpakeHHueM i1 3-4-X KpaTHOro OTpakKeHUus
Jla3epHOro Jiydya. B KOHIlE MyTH Ja3epHBIA JIyd HaIpaBisgeTcs B
JIETEKTOP-IPUEMHHK,  TMPEACTABJISIOMUNA  co00M  3a4epHEHHYIO
W3HYTPH TPYOKYy, B KOHIIE KOTOPOH YCTaHOBJIEHO MaTOBOE CTEKJIO, a
3a HUM — 4 QoToconpoTuBIEHNs, pa3lelicHHbIE HENPO3PaAYHON
neperopoakoil. Hukakux KOIIIMMAaTOpOB JUIsl JIazepa IPHUMEHSTh HE
HYXHO, TaK KaK CIIOCOO0 OCHOBaH Ha M3MEPEHHH CBETOBOTO MOTOKA,
CHUMAEMOT0 CO BCEH IMJIOIali MaTOBOTO CTEKIIA.
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Puc. 11.1. Cxema u3MepeHUs] CKOPOCTH 3(PUPHOrO BeTpa ¢ MOMOUILIO
JazepHoro Jy4a: 1 — TenMeBO-HEOMOBBIN Jaszep; 2 — JETEKTOp; 3 —
(otoconporuBneHns; 4 — MaToBOe CTEKIO; 5 — HEMpo3payHasl Meperopoaka; 6 —
YCHWJINTENh CHUTHATAa BEPTUKAIGHOTO OTKIOHCHHS Jyda; 7 — YCHIUTENh CHUTHAlA
TOPHU30HTANBEHOTO OTKIIOHEHHS JIyda.

OnpIT  MOKa3bIBaeT, YTO TPUMEHEHHWE YyCHJIuTenel He
00s13aTeNbHO, MOCKOJIBKY YYBCTBUTEIBHOCTH MOCTa, B KOTOPBIH
BKITIOUYEHBI  (DOTOCONpPOTUBIIEHUS, OoJee YeM JOCTaTOYHO, W
MOSIBIISIETCS.  BO3MOXKHOCTH €€ peryimpoBaTb. B kauecTBe
W3MEpUTEIbHOr0  Tpubopa B MOCT  BKIOHaercs  Jubo
MHKpOaMIIepMETp, JINO0 caMOMUCell, YT0, KOHEUHO, JIydiie i coopa
cTaTucTHKH. [IluTaHWe MocTa Tpolle BCEro OCYHIECTBISATH OT
00bIYHOM Oatapen Tumna «KpoHa» MM OT CeTH uepe3 CTaHIAPTHBIHA
npeobOpa3oBaTens Ha S win 9 B.

B wuznoxeHHOM BHAe NpUOOp TPUTONEH JUIS HM3MEpPEHHUs
3pUpHOrO BETpa C HCIONB30BAHMEM BpaimleHHus 3emin. B srom
cllyqae oONpefesseTrcs CyTOYHas BapHalus, KOTOPYI HYXHO
MpUBA3BIBaTh K 3BE3AHOMY (cuaepuueckomMy) BpemeHH. OpHako B
Oomnee o0mIeM citydae IpeACTaBIsIeT HHTEpEC BpalleHue mIaT(opMbl.

Puc. 11.2. TloBopoTHas 1a3epHast CKaMbsI: 1 — KECTKasi CKaMbsl; 2 — T'eJIHeBO-
HEOHOBBIH J1a3ep; 3 — JETEKTOp OTKIOHEHHWs Jla3epHOro Jyda; 4 — 3epkama ¢
MOBEPXHOCTHBIM OTPAXXEHUEM; 5 — KOJIbLIEBOH TOKOCHEMHHUK ISl OJ[BOJIA MUTaHUS U
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CHATHSl CHUTHANa C JIeTeKTopa; 6 — MIeTKH; 7 — MOTOp C peIayKTopoMm; 8 —
OUTAHIPAYICCKUH TOIIUITHAK CKONBKEHHUS ¢ MIAPOBOH OOpoi; 9 — oCHOBaHUE.

[Ipu mpoBemeHuM OKcIiepUMEHTa CJeIyeT 3aMeTHTb, YTO Ha
OCHOBHYIO  COCTAaBJISIIOIIYI0 3(UPHOTO BETpa  HAKIAJbIBAIOTCS
COJIHEYHbIE BapUallH, T. €. JONOJTHUTEIbHBIE BO3MYIIECHHS d(PUPHBIX
MOTOKOB, reHepupyembie ConHieM (cM. T 16). AMIITUTYABI 3THX
BO3MYIIEHUH MOTyT TpPEBBbILIATE OCHOBHBIE OTKJIOHEHUS U IO
JUIUTENBHOCTH COCTaBIIATH OT J10JIe MUHYT /10 HECKOJIbKHX YaCOB.

BriBoabI

Wsmepenne s¢upHOro BeTpa SIBJISACTCS MPUHIMIHAILHBIM IS
COBPEMECHHOT'O COCTOsIHUA €CTCCTBO3HAHUA u JOJIXKHBI 6LITL
MPOAOIDKEHBI. Pa3paboTaHHbIe B HACTOAIIEE BpeMs CIIOCOOBI 1-TO
MopsiIka  TMO3BONISIIOT ~ CO37aTh  HpocThie W 3¢ QEKTUBHBIC
HU3MCPUTCIIbHBIC HpI/I60pI>I, H3TOTOBJICHUE KOTOPBIX MPAKTHYCCKU
JIOCTYTTHO BCEM.

IOkcnepument 12. HccaenoBanusi 3¢pMpHOro BeTpa ¢
NMOMOILILI0 MHTEP(epOMeTPOB(CIPaBKA)

Hwuxe IIpUBCACHA KpaTKas HCTOPUSA OCHOBHBIX 3KCIICPUMCHTOB
1o 3(UPHOMY BETPY, IPOBEJCHHBIX ¢ KOHIIA 19-r0 1 10 cepenunbl 20-
rO CTOJIETUH.

B 1877 r. B 8 tome bpuranckoii summkmoneaun (c. 199-200)
Jx. K.MakcBemn UcXoasi U3 THIIOTE3bI aOCONIOTHO HEMOABMIKHOIO B
MHUPOBOM TpocTpaHcTBe ddupa (teopusi Openens-JIopenna), ykazan
Ha TPHHIUIHAAIGHYI0O BO3MOXHOCTH H3MEpeHHsl I(UPHOrO BeTpa
(«ether drift») Ha moBepxHOCTH 3eMiIn: 3eMJIS B CBOEM JBIIKCHHUH I10
opOuTE JOMKHA HCIBITBIBATH HA CBOEH IOBEPXHOCTH BCTPEYHOE
JIBUKEHHE 3¢upa co ckopocThio 30 KM/C, YTO MOXXKHO, B IMPHHIIUIIC
M3MEpUTh, XOTSA U ¢ TpydoM. A.Matikenscon B 1880 1. paspaboran
CXeMy Takoro mpubopa — KpecroobpasHoro wuHTephepomeTpa,
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KOTOpas Jierjia B OCHOBY BCEX IOCIENYIOINX M3MEPEHUH 3(HPHOTro
BETpa, BBIOJIHEHHBIX UM CAMUM H ero nociegoBatesimu (puc. 12.1).

CooTBeTCTBYIOIINE H3MEpEHUs ObUTH MPOBENIEHBI
A MaiikensconoMm B 1881 r. u 3arem Bmecte ¢ O.Mopmu B 1887 T.
[lomyueHHsle MMM pe3yibTaTbl HE COOTBETCTBOBAIM HCXOAHOM
TUIOTe3e, ToKa3aHus npuoopa aamu B 10 pa3 MEHBIIYIO BEIUYHHY.
3710 OBUIO BMOCIEACTBUH HCTOIKOBAHO KaK «HYJIEBOW Pe3yiabTaT»,
YTO HE COOTBETCTBYET JI€HCTBUTENHHOCTH.

[Mponomxkennsie B 1905 r. 3.Mopau coBMecTHO ¢ mpodeccopom
KoaiicoBckoit monsl mpukiagaoi Hayku J[.K.Mwusiepom skcnepumMeH-
Thl Ha EBkiuaoBeIX BhIcOTax (250 M Haj ypoBHEM MOps) Jaliud
YCTOWYMBBIN pe3ynbTar B 3-3,5 KM/C, a 3aTeM BBIITOJHEHHbIe Muilie-
pom B 1921-25 rr. Ha rope MaynT Buscon oOmmupHbie paboThl TIOKa-
3aJld, YTO 3/IeCh CKOPOCTh 3(hUPHOro BeTpa cocTapiser 8-10 km/c.

Takum 00pa3oM, 3HAYEHHE CKOPOCTH 3(UPHOIO BETpa pacTeT C
YBEJIMYEHHEM BBICOTHI, YTO IIOJIHOCTbIO COOTBETCTBYET TEOpPUHU
MOTPAaHUYHOTO CIIOS Uil ra30B. BBIICHWIIOCH TakXke, 4To 3(QUPHBIA
BETEp UMeET He OpOUTANbHOE, a TaJaKTHUECKOe HallpaBJIeHHE.
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Puc. 12.1. Cxema u3MepeHHS] CKOPOCTH 3(QHUPHOr0 BeTpa C MOMOLILIO
KpecToBoro uHTepdepomerpa Maiikeabcona: 1 — WCTOUHMK cBeta; 2 —
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MHKPOCKOII, B KOTOpoM (popMupyeTcsi HHTepepeHINOHHasT KapTHHA; 3 — 3epKajia ¢
MMOBEPXHOCTHBIM OTPa)XEHUEM; 4 — TIOIYIIPO3PaYHOE 3EPKAIIO.

A MaiikenbcoHoM 1u4HO coBMecTHO ¢ @.ITucom u @.ITupconom
ObT TIOBTOpPEH CBOHM OKCIEpUMEHT Ha rope MayHT Buicon u
noATBepxkaeHo Hamuuue ds¢gupHoro Berpa (JOSA Ne 3, 1929).
[IpoBencHHBIC HECKOIBKUMU JpyruMu uccienoBatensimu (Kennenu u
Wnnunreopr, a takke [lukkap u Crasnp) copepxaiu rpyoObie
WHCTPYMEHTaNbHbIE OMNOKH (MHTEp(EepOMETPhl ObUTH MOMEIIEHBI B
METaJNTMYECKHe SKPaHbl), HE IMO3BOJMBIIME UM MOJIYYUTH BOOOIIE
Kakoii Obl TO HH OBUIO pPe3yibTaT. DKCIEPUMEHT, IOCTaBICHHBIH
U.Tayncom u [Ix.CemapxomsmoM B 1958 r. mo wucciemnoBaHUIO
JIOTIJIEPOBCKOTO CIIBUTA YACTOT Y Ma3epoB Takke He Jlaj pe3ysbTaTta,
MOCKOJIbKY OB TOCTaBJIEH METOAWYECKH OE3rpaMOTHO — HCKAJICS
JIOTUTEPOBCKHH CIIBUT YACTOT MPH B3aUMHO HETMOJIBUYKHBIX UCTOUHHKE
Y TIPUEMHUKE U3ITyICHUSI.

PaGoTel 1O WCCIENOBaHHIO 3aBUCHMOCTH  IIPOXOXKACHUS
PaMOBONH 8-MU MHJUIMMETPOBOT'O JTHANa30Ha ObUIM BBITIOJIHEHBI B
nepuog ¢ 1996 nmo 1998 rr. B Xapekosckom HUU paanodusukn u
anexkTponuku rpymnmoit F0.M.T'anaeBa. ['pynmoii B.A. A1itokOBCKOT0O B
HUWMU aBuarmmonnoro obopynoBanus B T. JKyKoBCKOM ObLT pa3paboTaH
METOJI U3MEPEHHsI CKOPOCTH d(PUPHBIX TIOTOKOB C ITOMOIIBIO Jia3epa,
Jy4d KOTOPOTO HCKPHBISIETCS TOJA JACHCTBHEM 3(QHPHOH BETPOBOIi
HArpy3KH, W TaKKe OBUIM IONYYEHBI TOJOXKUTEIbHBIE PE3YIIbTaThl,
XOTSI CTaTUCTHKA 37IeCh ObLTa HEOOIBIIION.

B nacrosmiee Bpems rpymnmnoi FO.M.I"anaeBa pa3paboTtan npuoop
JUISE I3MEPEHUsST CKOPOCTH 3(UPHOrO BETpa Ha MOBEPXHOCTH 3EMITH.
[IpubGop ocHOBaH Ha WHEPIIMOHHOCTH IIEPEXOIHOr0 IIpoIecca IIo
YCTAHOBJICHUIO I(QUPHOTO TMOTOKAa B Tpyde, KOoTopas B Ipoliecce
n3Mepenus nopopaunBaercs Ha 1800. Bpems mepexomHoro mporecca
ompenensieTcss  BA3KOCTBIO  3dupa.  DKCIEPUMEHT  SIBISIETCS
IKCIIEPUMEHTOM TIEPBOI'O TMOpPsJKa, NpPUOOp 00Namaer BBICOKOI
YyBCTBUTEIHHOCTHIO.

I0.M.T'amaeBpIM BBIABIIEH PSiA HOBBIX OCOOEHHOCTEH 3(HUPHOTrO
BeTpa, OOHAPY)KEHO TPH COCTABISIIOMIMX IIOTOKA, OO0JIaJaroIIux
pa3IMYHOM BSIBKOCTHIO M, BEPOSTHO, Pa3IUYHON IJIOTHOCTHIO.
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[IpennonoxuTensHO, MepBas COCTAaBJSAIOMAs MMEET TaJlaKTHYECKOe
MPOUCXOXKJCHUE, 3TO OCHOBHOW TOTOK 3()Mpa, HANPABIAIOLIMNACS OT
nepudeprn TajJakTUKU K ee sapy. Bropas cocraBisiomnas poxxaaercs
Connuem, paboTalomMM Kak TEMIOBOH HAcOC B COOTBETCTBHH C PHC.
17.5. B pa3Hoe Bpems roja oHa MMEET pa3HOE HaNpaBlI€HHE, 4YTO
XOpOLIO BHJHO U3 IIPHUBEJCHHOM Ha PUCYHKE CXEMBI. Tperbs
COCTaBJIIOLIass — HECTallUOHApHAas  COCTAaBJIAIOLIAs  IIOTOKOB,
BbIOpackiBaeMbix ConHileM. B cBoe Bpems 3Ta coctamisromiast Obiia
3aukcupoBaHa MwuiiepoM, KOTOpBIH OTHEC ee K OMHOKaMm
HaOI0IeHHS.

BuiBoabI

[IpoBencHHBIE pa3IUYHBIMH aBTOPAMU HU3MEPEHHUS D(HUPHOTO
BETpa TOKa3ajud €ro HaJIu4ue u COOTBETCTBHE TEOpUU
MOrPAHUYHOTO clios rasa. Ot SKCIEPUMEHTH UMEIOT
NPUHLUIIMAJIBHOE 3HA4Y€HWE MJIsI pa3BUTUS ECTECTBO3HAHUSA u
JIOJDKHBI OBITh MPOAOJDKEHBI U CYIIECTBEHHO PAaCHIMPEHBI.



