OBLLAA
SNIEHTPOTEXHUKA

ﬂdﬂ, PEAAKLMEN MPOD., B.. C. MAHTIOLLIHA

Donyweno MUHUCTEPCTBOM BbICLLETO U cpefHero
cneyuansHoro obpaszosanus CCCP-

B ®auecTse yuebHuKA AR CTYREHTOB -
MaWHUHOCTPONTEAbHBIX, rOPHLIX, METanNyPruvecKnx
W TEMNOIHEPreTHURCKMX CleliHanbHOCTeN
sbiclMX YuebHbIX 3asepeHuil

MU3OATENBCTBO «BbICLUAS LLIKOJA»
MOCKBA—1970
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O6was snextporexuuka. Ilod pea. B. C. [anriowmna.
YueGHMK . ANA MAUMHOCTPOUT,, TOPHLIX, MeTannypruu,
TennosHepretuy. cheuMansHocTe’ By3oB. M, «Bwicun
wkonan, 1970.

568 c¢. ¢ unn.

Ha -obopote tut. n.iasT.: M. KO. AmsensT, B n. Ba-
HuabyeHko, X. . 3aiigens 1 -ap.

B kuure wuanaraioTca BCe -BOMPOCH APOrPAMMEL KYpCa

~«OBiljas  3feKTPoTeXHUKAY, "yTeepwpenHoin 'MB . u. CCO

CCCP.‘Matepuan uznoien Ha OCHOBe METO[MKM Tpeno-

-AaBaHunsA, apuHaToi B M3OU,

- Mpepnaziavuaetcs B kavectse yqeGHuua ans- c-ry.qeh'ros
HE3NIeKTPOTEXHUUECKUX cnequanbuocreu BLICLIMX TeXHuue-

CKUX  yueBHBIX 3aae,qeunn.
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M. FO. AHBENbT, B. 1. LAHMUJIBYEHKO,

X. 3. 3AMAEJIb, B. B. KOTEH-AAJIMH,
B.-B. KPbIMOB, A. H. MOPO30B, - - -
B. C. MAHTIOLLKH, B. A. CMUPHOB,
I. U LLUAPOXUH, 4. A. LUHEHABEPT -

'Peu,eH:seH'rbl' Katpenpa 06u.|,eu 3neKTpOTeXHMKM

ﬂeHMHrpaACKOI"O NONUTEXHUHECKOro. MHCTUTYTaA.

- (2ae. xadenpoi npod. B. C. Pasaouuk); npod.

B. K. lNoHomapenko (Bcecoroaubm 3304HbIA no-’
 AUTEXHUUECKMH MHCTUTYT).



HPEH,MCHOBME

Hacrosuui yqeGHHK NOAroTOBJIEH KOJIIEKTHBOM Mpe-
monaBatenell Kadenpwl - ofmiell sneKTpoTexHUKH Mockog-
CKOrO- 3HepreTHUecKoro uHcTuTyra. Llpm ero cocrapnienuu
6BT UACTHUHO HCMOJBL3OBAH MaTepual paHed W3TaHHON
KHurH «Anekrpotexnuukay (Tocsneprounsnar, 1959 r.).

YueOHUK cOCTaBleH B COOTBEICTBHM € NPOrpaMMofi
Kypca «OB1as 3IeKTPOTeXHHKa» A5 TelIOSHEPreTHIeCKUX
cnenuanbHocte MY Ha ocuoBe onbiTa mpenojaBaHus Ha
(aKy/IbTeTax: TeIOSHEpPreTHUeCcKOoM, IHepro-MalluHoCTpo-
HTRJIBHOM M MPOMBILLIEHHON Teroagepretuku. O6beM Ma-
Tepuaja KHMFH COOTBETCTBYeT HauOoJiee NMOAHON Mporpamme
Kypca «Obmas SJIEKTPOTEXHHKaY, * KOTODBII. H3YHAIOT CTY-
ACHTBI, cneuﬁanmnpyfomneca 10 TEIJIOBOMY KOHTPOJIO
“'u aBroMaTiKe. Ha 6a3e 1aHHOrO Kypca AJIA CTYAEHTOB BCEX
CreuyaNbHOCTeH - epeuuc/eHHbIX (akyJabIeTOB HHTAOTCA
Kypehl 3/IEKTPOHHKH, 3JeKTPOOGOPYNOBAHKSA NPOMBIILIEH-
HBIX IPeNIPUATHI ¥ CYeTHO- pelamouel TeXHUKH.

Jns nyuimero ycBOeHMS MaTepuasa npeisaraeMoll uu-
TATENI0 KHUTH. HEOOXOAHMO CaMOCTOSITE/IBHO PEIUNTb [IpH-
Mepbl W 3a1aud, a Takxe paszoGpatb pemenus B «COOpHIKe
3aad 1o obwe 9J1eKTp0TeXHHKe» (u3n-o «Bricmias mgosa»,
1968 r.), HanucaHHOM KOJJIEKTHBOM 3TOH Ke KadeApn o
COCTABJISLIOMEM ¢ YUeOHUKOM METOAMYECKH . eluHOe nocobue
. IO 'BCEM pasfienaM Kypca.

ABTOpH BEIpazaioT rIy60Kyio 6J1aronapHoc1"b KOJIJIEK~
‘THBY npelojaBaTesell KadeApbl oOUIeH 3/EKTPOTEXHUKM
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JIeHMHrpaACKOro MOJUTEXHHYECKOTO HHCTUTYTa uM. M. U1. Ka-
JHHHHA, PYKOBOAMMOM JOKT. TeXH. HayK, npod. B. C. Pag-
JICHHKOM, @ TaKxe o(QUIHaJbHOMY pelleH3eHTY mnpod.
B. K. Ilonomapenko 3a LeHHBIe 3aMeUaHHsI U COBETHI.

ABTOpEL ¢ 61arofapHOCTBI0 OTMEUAIOT GOJBIIYIO paloTy
pelakrtopa usgarenscrsa T. M. ApremoBo#l N0 MOATOTOBKE
yueOHHKa K H3JAHHUIO. - - ‘

ApTOpH OTHAIOT cefe OTUET B TOM, YTO NONLITKA CO3NAHHUS
IBYX yueOHBIX nocoOHll — Kypca U 3ajauHuka, oObequHeH-
HBIX €JWHOH MEeTOIMKOH, CBSI3aHO C IeJIBIM PsIIOM TPYAHO-
cTeli, HOITOMY OHH ¢ O/aroflapHOCTBIO TPHMYT KpHUTHUe-
CKHue 3aMeuaHus H NOXKeJaHHs YHTaTeNel, KOTOpHE Ipockba
HamnpaBnsTh B - afipec wu3jarenncrBa «Briclas mKkosas
(Mocksa, K-51, Hernunnas ya, n. 29/14).

Aemopet



BBEAOEHMWE

XX Bex ABNSCTCA BEKOM ['PaHAMO3HOMN HAYYHO-TEXHHYCCKOI peBo-
monuy. TTpoMbillfieHHoe HCONb30BAHKE ATOMHON SHEpPIUM, KOMILJIEK-
CHas MeXaHW3alus U aBTOMATH3aLHs, PaJHO3IEKTPOHHKA # - Kubep-
HeTHKa, Da3BHTHE TPOH3BOACTBA CHHTETHYECKOTO ChIpbfl — BCE 3TO B
COYeTaHUU C 3MeKTpuduxauueldl KOpPeHHBIM 006pa30oM H3MEHTeT TeXHU-
YeCKUH TpOLEecC NPOH3BOJCTBA.
 Pemaomasi posib B OCYIIECTBIEHHH COBPEMEHHOTO TeXHHYECKOTO
nporpecca npuHagiexur saekTpuduranun. B MporpaMme KIICC yka-
3bIBAETCSH, YTO .3JeKTpHdHKAuUA ABJISIETCS CTEPXHEM CTPOHTEIHLCTBA
IKOHOMUKH KOMMYHHUCTHYECKOTO O0LIECTBa, OHA UI'Paer BelyIlylo pOJb
B Pa3BUTHH BceX OTpacieli HapOAHOro X03alcTBa. -

Kax wu3BecTHO, IOA 3JeKTpubHKanuell NOHHMaeTcsl UIAPOKOe BHe-
JpEHHe B HAPOJHOE XO31HCTBO U OHIT 3/1eKTPHYECKON 3HepruM, Bhipada-
THIBAEMOH IEHTPAJU30BAHHO HA MOIIBBIX 3JEKTPHYECKHX CTaHUUAX.

JKusHb coBpeMeHHOro oOIIECTBA HEBO3MOXHO - NPEACTaBUTH - 63
NpHMEHeHHA 3JIeKTPHYeCKOH sHepruu. Bee, uTo HeoOxomumo Aa yHOB-
JIETBOPEHUS MaTepHaNbHEIX H AYXOBHBEIX NOTpeCHOCTENl YenoBeka —
KWaulle, ofeXJa, NMUlLA, CpPelicTBA TPAHCIIOPTA H CBA3H, PafHo, KHHO,
TeJIEBHAEHHE, — OCYIIECTBJASTCA C INOMOMLBIO 3J1IeKTPUUECKOH SHEepPruH.
bBes ncronb3oBanust 3MeKTpUUYECKON SHEPTHH YeNOBEK He cMOT Obl pa-
CKpBIBATD W HUCIHOJB30BaTh GOrarcrea NPUPOAbI, [POHHEKATH B HEApA
seMan ¥ ryGAHbL KocMoca. CosfiaHye pasHOOGPA3HBIX 3MEKTPHYECKUX
MalliH ¥ aBTOMATHYECKHX YCTPOHCTB, oGJeryalomux TPyx yesI0BeKa,
no3BosAoWUX eMy Gojee 3hdeKTHBHO YNPABIATb CJAOKHEHIIHMH NPO-
_M3BOJCTBEHHBIMH [IPOLECCAMU U IIOBHIATL IIPOU3BONUTENLHOCTL TPYAA,
6b110 Gbl HEBOBMOXKHO Ge3 /eKTPUYECKOH IHEpPruy. ‘

Auexrpudukanus NprBesa K pe3KoMy TMOBBHILIEHHIO TPOU3BOLUTE b
HOCTH TPYyJa B TaKHX TPYIOEMKHX Tlpoueceax, Kak fo0blda ¥ norpyska
yras, pydel, Topda, a TakKe B MAlIHHOCTPOEHHMH H METaan006padoTke,
B YepHOH ¥ LBETHON MeTal1ypruy, B XUMu4eckoll, HedTAHOH U rasosoit
TPOMBIUIIEHHOCTH.



‘Ionapastomee 601bIMNINECTBO Pa3HOOOPA3HBIX MAlINH, CTAHKOB H Me-
X4HU3MOB Ha 8aBOJax M (abpukax NPUBOAATCA B ABHXKEHHE HJIEKTPH?
ueckumu ABHrartensmi.-COBpPEMEHHBIN ABTOMATH3MPOBAHHBIN 3JEKTPO-
npUBOA, ABJAETCS TEXHHUECKOH OCHOBOH MeXaHM3ANMH H aBTOMATH3ALMH
IIPOM3BOACTBEHHBIX 1 TEXHOJOTHYECKHX IPOLECCOB B  NPOMBILIICH-
HocTH. B nHawe# cTpaue 3rci1emHo OCYIHIECTBJAETCS TIePEXO] OT aBTOMa-
THYECKHX CTaHKOB W JUHHA K aBTOMaTHYeCKUM LieXaM ¥ 3aBOJAM-aB-
TOMATaM, -

bBes  ucnons3opanus SJIEKTPOSHEPI‘I/II/I HeJIb3st 6b1JIO 611 HaJIANHTh
TIPOMSBOJCTBO BBICOKOKAUECTBEHHBIX CTaslel, JKapOMpOUHbIX CIJaBOB,
NOJIYNPOBOAHMKOBbIX MaTepHasioB, UEHHEHWINX I1IBETHBIX MeTa/JIOoB.

CoBpeMeHHBIE TIPOU3BOACTBEHNbIE MPOLECCH MPOTEKAIOT MPH TaKHX
CKOPOCTSIX, TeMneparypax M [aBJeHUAX, UTO UeJOBEK YKe He B CO-
CTOSTHHH OCYLUECTBJATL HENOCPEACTBEHHO xomponb waj Humu: U 3zech
Ha TIOMOU[b NPHXOAAT aBTOMaTHYeCKWe YCTPOWCTBA, obecneunBaiowiue
KOHTPOJb M YIpaBJICHHE NPOUECCOM IPOUSBOACTEA.

Cerofusi HeT -TAKOH OBNACTH TEXHHKH, [ B/ TOM MJIH HHOM BH}I@
He HCHOJIB30BaJIach Gbl 3MEKTPHYECKas SHEPTHus, a B Gyxyiem ee MpH-
MeHeHue Oyaer emle Gojee pacwupsatbes. CiefloBaTesbHO, 6e3 3HaHuST
SJIEKTPOTEXHHKH HEIb3s GbITh XODOIHM - CHEUUATHCTOM, HOBATOPOM
npoussojicrsa. [losTomy kaxkiwili umxeHep — Oyib OH MeTa1yprom
WJIH CTPOHTE/]EM, XHMHKOM HJIH MEXAHHKOM, PODHSIKOM HJIH TeKCTHJIb-
HIUROM — JOJKEeH H3YYHTD SJIEKTpOTeXHI/IKy W yMeTb HCIOMB30BATH
IAEKTPHUECKYIO “IHEPTHIO.

CoBeTckast MOJOJIeKb LONKHA 3HAaTb M TOMHHTb 3aMeuaTelbHbie
crosa B. W. Jlennna, o6pauennse x gemeratam II chespa xomco-
mosa B 1920 r. HonqepKHBaa 3HaueHue 3aekTpudukauuu, B. H. Jlenun
yKasbiBaJ% Ha HeoOXOIMMOCTb He TOJbKO TJIYOOKOTO H3YUEHHS 3J/eK-
TPHYeCTRA, HO W YMeHus HCTIOJB30BATD ero A npaKaneCKnx
HeJel.

«Bbl IIPEKPAcHO NMOHHMAETe, UTO K aJreKTpmpnxaum HerpaMomue
JIOAM He TOJOHAYT, M Maso TYT OAHOH IPOCTOM IPamMOTHOCTH. .3Jech
HeJOCTATOUHO NOHHMATh, YTO TAKOE 3JIEKTPHUYECTBO: HANO 3HAThH, Kak
TeXHHYECKH NPHJIOKHUTL €ro M K NPOMBILUIEHHOCTH, U K 3eMJIelenulo,
¥ K OTHeNIbHBIM OTPACAAM [POMBIILIEHHOCTH U 3emJaelenud. Hagpo
Hayuutsest 3TOMY. CaMuM, HaJO Hay4uTh 3TOMY BCe nojipacraioiuee Tpy-
Lsillleecs TOKoJeHMey *.

OrpoMHoe - 3HaYeHHe 3JIEKTPUYECKOR aﬂeprm B KHBHH COBpEMEH-
. BOFO' oOlllecTBa. OGBbSCHASTCS Le/bIM. PSJOM ee - MPEeHMYINeCTB nepej,
ADYrUMM ByJAMH 3HepTu. l/laBHOe [peHMYLIEeCTBO. COCTOUT B TOM, UTO
3JIeKTpUYecKas 2Heprus Haubojee YHUBepcajibHAa, Tax KaK CPaBHil-
TeJIBHO JIETKO [peobpasyeTcs B APYTHe BHJAbl SHEPTHU: MEXAHHUYECKYIO,
TEMUIOBYIO, JIYYHCTYIO, XHMHYECKYIO; KPOME TOTO, ee MOMKHO nepefia-
BaTh Ha~ OTPOMHbBIE paCCTOﬂHHH npu cpaBHnTeano pebosblIuX 1o~
TepsX.

*B. . Jlenus. Coq’., usa. 4-¢, 1. 31, crp. 264,



Pepommouyoy3upyomas poJib sJeKTPUYecTBa B - PASBUTHY: TIPOUS3-
“BONTEIBHBIX CHJI BIepBhle Obijia OTMEYeHa 0KOJ0 cta et Hasan K. Mapk-
com - @, OurenncoM,. yOelwTe/bHO NOKA3aBUILMH, YTO  pacIliHpeHHe
NPAaKTHIECKUX NPHMEHEHHH SJEKTPHUCCKOH SHEPIHH He TOJBKO 3Ha-
MeHYeT HauaJio HOBOH TeXHHYeCKOH PeBOJIOLHH, HO U BHIBOBET BayKHbLIE
COLMANbHO-NOJMUTHYECKHE - NBMEHeHHs B OOMiecTse.

Bonpmoit u TpyAHbI NYTh [POLLIO Yes0BEYeCTBO, MpeX/e YeM Ha-
YUHJIOCh MCNOJNb30BAThH a.nempnqecxyro 3HEPTHIO JJIA NONYUEHHH Ma-
TePHANILHBIX onar.

Ycnexu coppeMeHHOR SJIeKTpOTeXHI/[KPI SBUJINCh Pe3YJNbTATOM TBOP-
YeCKofl [eATeNbHOCTH B OONACTH H3YYEHHS DJEKTPHYECKHX M MATHUT-
HbIX AIBACHWH, MPOBOXUBLUERCA B TeYEHHE MHOTHX NeCATHNETHH yue-
HbiMH U HHKEHEepaMH- pasHBIX CTpaH.

3apoxaenye 3J1eKTPOTeXHUKH OTHOCHTCA K nepBou nonosxue X1Xs.,
KOTZa pasBUBAIOMIeecs KamHTaJUCTHYECKOE MPOU3BOACTBO Bce OGoJiee
OCTPO HAYMHAJO OLYINAaTh HeOOXOIHMOCTb B MCTOJNbL3OBAHUU JIEKTPHU-
YeCKOH Hepruy AJs CBOMX HyXKJ. PellinThb 5Ty 1pobsieMy CcTajo BO3-
MOXHO Guiarofaps Aocmmenuﬂm HayKu 06 aJxeKTpuqecxux H Margui-
HBIX - SBJEHHAX. -

K konnty XVIII B. 6p11 ycTanosaen pag BAXKHBIX q)aKTOB B o6nacm
CTATHYECKOTO 3JIEKTPHUECTBA M MarHeTusMa. Yie HaG/IIOfaIuch U
N3ydalich TaKhe SIBJSHUSA, KaK I'PO30BOH Paspsl, aAeKTPOCTaTHUeCKAs
HHAYKLHS, B3aUMOAEHCTBIE 2JeKTPHUECKHX -3aPAN0B; Obl/iM NOCTPOeHA
BJIEKTPOCTATHYECKHE TEHEPATOPEl, KOHJAEHCATOD,  3MEKFPodop, cosia-
HBl [epBhie. 3MEKTPOU3MepUTe/NbHble TPHOOPH — 3JeKTPHYECKHH yKa-
‘3atesb PrxMana M KpyTH/bHbie Bechl KynoHa. 3HAUMTENbHBIA BRJIAA
"B HCCNeloBaHue snempnqecxux M MarHHTHBIX fiBJeHUH OB CHenaH
M. B. .HOMOHOCOBI:IM, B PuxmanoM, B. CDpaHKanHOM oI O. Ky-
JIOHOM. - :

Ha py6e}xe XVII » XIX BB. Obij OTKprT sJIeKTpHYeCK i TOK 1

TIOCTPOEH MEePBHI - XUMUUECKUH .~ TeHepaTop - 3MeKTPHUECKOTO TOKa =~
BoJIbTOB ¢TON6 -(A: Bostbta, B. B. IleTpos), a X KOHIly nepBo# TpeTH
XIX B. Obuin 00HAPYKEHB! H B 3HAYUTENIBHON CTENEHH U3YUYEHH XMMH-
YeCKHE, TEIIOBBIE, CBETOBhblE M MAarHHTHBIE JEHCTBHA TOKa, OTKPHITO
‘AIBJIEHUE JIEKTPHYECKOH NYTH, YCTAHOBJEHH 3aKOHBI B3aHMOJEHCTBHA
9/IEKTPUYECKUX TOKOB, TOKOB H MarsuToB, Cle/aHbl epBble IUary o
HPHAOKEHHIO METOLOB MATEMATHUECKOI'O aHAIH3A K H3YUeHHIO JIeKTpo-
MaTHMTHBIX s1BJeHH# (B yacTHOCTH, pabotel A. M. Amnepa), ycranos/en
3akoH OMa, OTKPHITO SIBJEHHE TePMOINEKTPUYECTBA, CO3AAHBI TePBbie
ranbBaHyyeckKne  3JeMeHTh ¢ BoJjiee " MOCTOSHHON 3. A. C., JIOCTPOEH
MYJbTUIIHKATOD, SBHBLIHHCH npoo6pa3oM rajbsaHoMmeTpa, Bcee 310
'TIONTOTOBHJIO TIOUBY JUIsl OTKPBITHS B 1831 r. sB/ieHus S/ieTPOMArHNT-
rol uaaykunn (M. ®apaget, 1. I'espu) ¥ cosnanus Ha ero ocCHoOBe nep-
“BbIX 3/IEKTPOMAMIMHHBIX TeHepaTopos.

Hepuox ¢ 1831 no 1870 rr. MOXKHO xapaKTepusoBaTb KaK BpeM g
8apoX AeH B HepBOHAYANBHOTO pas3ZBUTHA
“B8AEKTpPOT e X H uKkH. B atm romsl co3saworcd pasnooépaaﬂme
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JIEKTPOMALUNHHEIE TeHePAaTOPhl M 3yjeKTpUdecKue JBUTATENH, 3apPOXK-
JAIOTCA W PAa3BUBAIOTCA 3VICKTPOMArHHTHAs Teserpadus, rajbBaHO-
TUIaCTHKA, SJIEKTPHUECKOE B3PEIBaH e MHH, IIPOU3BOAATCS NepBble sddex-
THBHBIE ONBITH MO NPUMEHEHHIO JICKTPHUECTBA JIIA OCBEIIEHHS, CO3/a-
10TCA NepBbIe BJACKTPOaBTOMATHIECK e npnﬁop},}, 3apokKaaeTcsa JeKTpo-
usMepurenbHas Texauka. OAHAKO lWuppoKoe NPAaKTHUECKOE NPHMEHEHHe
SMEKTPUUECKOH IHEPIHH B ITOT Mepuoi ellle ObUIO HEBO3MOMKHO H3-32
OTCYTCTBHf SKOHOMHYHOIO H HAJEKHOIO eHepaTopa 3JEKTPHUECKOTOo
ToKa. B KauecTBe mpumepa MOXHO ykasaTh, UTO AJisi HHTaHHS epPBOTO
syeKTpoAsuratens $xkobu, ycraHomjennoro Ha Joike B 1838 r., mo- -
TpeGoBanoch 320 raabBaHHHYECKHX 3eMENTOB — OUeHb TPOMO3AKHX -
H JOPOroCcTOALIHX HCTOUHHKOB. A

HoBrifi 3Tall B pasBUTHHM MPAKTHUECKOrO MPHMEHEHHST JJEKTpH-
vecra Hadajca B 70-x rogax XIX ., korma Gula co3iaH MepBHIil HPO-
MbILLeHHBIH reHepatop (reneparop I'pamma, 1870 r.). Ilepron 1870—
1890 rr. ABAfETCA NEPHOAOM CTAHOB/IeHUA JICKTPOTEXHUKH KAK €aMo-
CTOSTENDbHOH OTPACIHH TeXxHHKH OCHOBHBIMH TOTpE-
OutesiaMu SNEKTPOIHEPTHH B STOT mepHOJ CTalH HMCTOUHHKH CBETa,
noTpeGHOCTh B KOTOPLIX BCe Goliee ypequuupanach 1o Mepe pocta ro-
POROB M DPa3BHUTHS NPOMBILIEHHOCTH, Hauanoch CTPOUTENIBCTBO JIeK-
TPUUECKHX CTaHLUH, 3aPOKACHHE 5JIeKTPOSHEPreTHKH. B nepmbix
YCTaHOBKAaX JIEKTPHUYECKOTO OCBeuleHHs YJHIL YiKe MCHOXb30Ba-
JIHCh ; IPOOGPAsHl. OCHOBHBIX ~9JIEMENTOB COBPEMEHHOH 3/1eKTPHUeCKOH
CeTH. " :

B npouecce paspHTUS 2EKTPOTeXHHKH YYEHHIM H HHIKEHEpaM NpH-
XOJIUNIOCH TPEOoNieBaTh 3HAUHTe/bHple TPYAHOCTH W peliaTh MHOTHE
CJIOXKHBIC TeXHHYeCKHe TNpoOaeMbl. [lepBrle 3JeKTPHUECKHE CTaHIUH
BLIpaGaThIBA/IH MOCTOAHHBIA TOK U 06C/IyXKHMBAAH OTAC/HbHbIE OGDBEKTHI
c HeGoabLIMM YHCOM noTpeduteneii. [To mepe pacumpeHus obsnacteil

»anMeHeHHH SJIeKTpH'{eCKOl"I SHEPrud OHa CTAHOBHTCA TOBapoM; BCe
Goslee OCTPO OILYIHAETCS HEOOXOAMMOCTb LEHTPANH30BAHHOTO HPOH3-
BOJCTBA M 3KOHOMHUHOH Tepellayy SHePrHH HA 3HAUMTEJAbHBIE pac-
crosuus; [lepexof 0T HeGOMbIUMX pa3pO3HEHHBIX 9JEKTPHUECKHX
CTaHUMH K UeHTPaTH30BAHHOMY IPOUSBOLZCTBY: M paciipefiesieHuIo
/IeKTPOSHEPIHH KMKTOBAJICA TaKie paspupaiomefica KamuTaJHCTHYe-
CKOH TPOMBILJICHHOLTDIO,. KOHlteHTpaI_meﬁ H ueHTpaJmsauHeﬁ npo-
H3BOJCTBA. s :

B 70—80-x rogax XIX B. yuenpie n nsobperatefs pasHHX CTpaH
paGotanu naj npoGieMaMu LEHTPanM30BAHHOTO IPOM3BOACTBA H pac-.
npeenenus 3nekTposHeprud. [lomyrku ux pewenns Ha Gase mocTosiH-
HOTO TOKa OKasasiuch Hed(GeKTHBHrIMH BeaeJCTBHE  HEBO3MOKHOCTH
TpaHCQOPMALUH TIOCTOSIHHOTO TOKA: 3KOHOMUYHOCTD Tlepe/iain SHepTHu
Tpe6oBana MOBLIUCHHA HANDPAKEHMA A0 HECKOJBKHX KHJAOBOILT, HO
Oe3 TpaHcpopMaTOpa BHICOKOE HalipsikeHHe GbWIO TPYAHO NMONYUHTL H
eime TpyJHee HCNoOAb30BaTh. TeM He Menee cucTeMa JIEKTPOCHAGKEHHA

Ha MOCTOAHHOM TOKe JAOJITOE BPEeMs 3aHMMa/a IOCIOACTBYIOUee M0JI0-
JKeHHe. : B
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CrpemsieHne MPUMEHUTb LIS Tepelaud M paclpeleNeHUus 3JMeKTpo-
SHEPTHH TepeMeHHHIH oAHO(Aa3HE TOK TaKXKe He Jajo 3heRTHBHHIX
pesy/IbTaToB, TaK KakK JBHTaTeJH OXHO(A3HOTO TOKa He obecreuuBaJH
TIPOMBILIJIEHHOTO  3JlekTponpyBofa. [lpuMeHenue nepeMeHHOTO ToKa
B 3TOT MEPHUOL OTPAHNUMBAJIOCH JINLIb OGIACTbIO 3JEKTPHUECKOTO OCBe-
eHusi, JHAYATENbHBIM CTHMYJOM K BHEJPEHHIO MepeMeHHOTO TOKa
SIBUAOCE CO3faHHe 3neKTpuyeckoil ceeuu $l6mouxoBa u paspaboTka
cXeMbl - fpoOJAeHNs 3JEKTPOIHEPIUN TMOCPEJCTBOM HHAYKIMOHHBIX Ka-
TYHIeX, ApedcTaBAABIINX coOOi TpaHCHOPMATOD C pPasOMKHYTOH Mar-
HUTHO# cuctemoll. B cepeaune 80-x rofiop ObIIM CO3ZaHb HPOMBIIIICH-
Hble THIH OXHOGA3HBIX TPaHCHOPMATOPOB C 3AMKHYTOH MarHWTHOR CH-
cremoit {(O. Bmaru, M. Hepu, K. Llunepnosckui).

YcenelHoe pellleHse  BOSHHKIIMX CJAOKHBIX HayUHO-TEXHUUECKHX
3224 OKa3aJ0Ch BO3MOMKHEIM OJlarofaps TEOPeTHUECKHM HCCIEN0Ba-
HUAM B 0OJIaCTH 3JIeKTPOMAarHeTH3Ma, NpoBeAeHHBIM B 70—90-e romer
XIX B. Baxuefiliee MeCTO CpeflH HUX NPHHALJIEKUT JIEKTPOMATHUT-
noit rteopun II. K. Maxkcpenna, HCCNENOBAHHIO MarHHTHBIX CBOHCTB
crany u pacuety Maruuteeix uenefl (A. I'. Cronetos, J. T'onxuncow),

OTKDHITHIO fIBJIeHHA Bpaulaiomeroca MaruutHoro noas (I.” @eppapuc,
H. Tecna) u pa'spaéoTKe TeXHMKHM MHOTO(AsHBIX, B YaCTHOCTH Tpex-
¢dasuux, nenein (M. O. ,[Iommo Ho6posoabexkuit, H. Tecma u 1p.),
CO3JlaHMIO OCHOB TeOpHH Uenell, MawuH u TpaHchopmaropos (I. Kamn,
‘M. O. Hdonuso-Ho6posoabckuit, Y. T1. Ilrefinmeny u xp.).

Tpexdasuple HeNH ¥MeAH OTPOMHbIE NPEHMYIIECTBA 1O CPABHEHHIO
C UeNnsaMH TOCTOSAHHOTO H flepeMeHHOT0 OAHO(a3HOTO TOKOB Giarozaps
TOMY, UYTO OHH MO3BOJH/JIH KOMILIEKCHO PellIHTh CTOSAILYIO MPobaeMy: .
HE TQJIbKO KOHOMMYHO NepefaBaTh 3JEKTPOIHEeprHio Ha GoMbline pac-
CTOSIHMSA, HO M CO3JaTh HpPOCTHE, HalleXHble B pafoTe acHHXDOHHBIE
JZBUTATeNd C XOpOWIMMHM pabOYEMM XapakTEpPHCTHKAMH. Y KaszaHHbIe
NpenMymiecTBa OBIIH HarMAAHO npofeMoHcTpupoBansl B 1891 r. B Tep-
MaHu¥ DepBOH NepelaycH SAEKTPHYLCKOH SHEPTHH MOCPeACTBOM Tpex-
(dasupix smemeft u3 Jlaydena so Ppankdypr-Ha-Maiine (Hanpsixkenne
Jaurun nepefiaun 15 000 6, paccrosuue 170 xm, K. n. K. Gonee 75%).
Jra nepeflaua OTKPbLIA LIHPOKYIO JOPOTY B NPOMBILLIEHHOCTD TpPEX-
$asHEIM HeNsSM ¥ TOJOXUIA Hadallo COBPEeMEHHOMY 3Tamny
PA3BHTUA 3NeKTPOTEXHUKHU—CTAHOBJIEHHIW
5NeXKTpHPUKAL U U

C sToro BpeMeHH OLICTPO BO3PACTAlOT MOILGHOCTb SJEKTPHUECKHX
CTAHUHMI U HaNpAXKeHHe SJAeKTpolepenay, pa3pabaThiBalOTCA HOBHE
KOHCTPYKIMM 37eKTPUYECKUX MallliH, annapatoB H NMpHOOpOB. DIeKT-
‘puyecKuil ABAraTe/b Bee 0oslee NPOHUMKAET B 00/aCTb NPOMBILIIEHHOTO
HpHBOKa, BLITECHAS NAapOBYIO MALUHHY.

IMpomece s/eKTpHGMKALMH TOCTENEHHO OXBATHIBAeT BCE HOBHIE
061acTH HPOU3BOACTBA: PA3BUBAIOTCH 3JIEKTPOMETAJTYDPIUA, SJEKTPO-
TepMust, JAEKTPOXHUMHSA. OJIeKTPHUECKasd BSHeprusi INHPOKO HCIOJb-
| 3YeTcsl B CaMbIX Pa3HOOGPASHEIX OTPAC/AX l'IpOMbILIIJIeHHOCTI/I, Ha Tparc-
IOPTe, B CEJBCKOM XO3SIAICTBE H B OHITY.
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Pocr noTpeGHOCTH B NOCTOSHHOM : TOKe - (3AEKTPOXUMHS, SASKTPH-
HeCKHH TPAHCIOPT H MP.) NMOCJAYKHJ TONUKOM HJid Pa3sBUTHS NpeoOpa-
30BaTesIbHOA TeXHMKH. -Buauaje mias Bpeo6pasoBaHus NEPeMEHHOTO
TOKA B HOCTOSHHBIF NPUMEHANNCH S/AeKTPOMAILIMHHEE YCTpOHCTBa, a
3aTeM BCe IUKEpe CTANH UCNOJAb30BATLCA HOHHBIE MPUOOPLI, UTO MPUBENO-
K. 3apOXKAEHHIO HOBOH OFpaciM TeXHHKH — IPOMBILIEHHOH 3JIeKTPO-
HUKH. PasBHBAIOMAACA [POMBIIIEHHOCTh, TOPrOBIS H TPAHCHOOPT
TpeoBay CO3NAHUSA Gouree COBepLIEHHBX CPeACTB CBA3H. OTKphITHSA
W HCC/IEAOBAHUsS B OONACTH 3JEKTPOMACHMTHOTO T/ MOSBOJMJIM pe-
WHTb # 3Ty NpoG/ieMy H CHOCOGCTBOBANH BOSHHKHOBeHUIO B 90-X ro- -
pax XI1X . pajuOTeXHUKH, npencms.nmomen B HACTOfMee BpeMs Of-
HY 43 BaXHeMIINX OTpaciell TeXHMKH. '

Kax : ykasbipasioch Bbillle, PeBOJIONAOHH3UPYIOMAs poib SMeKTpPH-
YeCTBA-B PA3BHTHH IPOU3BOIUTENBHBIX €U Obla OTMeYEHA eme K. MapK-
com -y~ D, DHTeNbCOM, . ...

‘Paspupaa yuenue K. Mapxkca u. (D BHrebeca B M. .HeHHH Hay4HO
06OCHOBAJ ' POJID anempuquauﬂu B BOCCTAHOBJICHUH H ‘PasBUTHY Ha-
" POJHOFO XO3SIACTBA, B CO3JAHHHM COUMANMCTHYECKOH KOHOMMKM Hallei
crpanbl. Kommynuctuueckuii crpof, — yunt B. W. Jlenun, — no-
feuT KamutasusM INOTOMY,  YTO TNO3BOJSET CO3JaTh 6osiee MOIIHBIE -
POH3BOAATENbHEIE CHJIBL, - 00Jee *BBHICOKYIO, YEM -TpPH KaHHTaNu3Me,
NPOU3BOAKTENbHOCTD TpyAa. Ho mnsa: peliienus a10#i 83afaun Hajo te-
PEBeCTH BCIO SKOHOMHKY CTPaHbf Ha Gasy KDYNHON MalIHHHOH HHILY-
cTpuu: A Takoi Basoit sBiAeTCH anempnquaunﬂ BCEX OTpaciiedl Ha-
PORHOI'C . X03AHCTRA. .

* Jlenunckas  popmyna «Kommyﬂnsm—— 310 ectb: CoBeTckas BAACTb
| TUIIOC. JIeKTPUDHKAINA * BCell CTPaHBly NORYEPKHBAET HEOGXOAHMOCTH
_€IMHCTBA NeEpeAoBoro ollecTBeHHOro crpos — COBeTCKOH BaacTH U
nepefoBol- SKOHOMUKHY, Gasupylomeficss Ha 3MeKTpubUKaLy.

Jlenuucknil naH eKTPUPHKALHY CTpaHbi — IJIaH rO3J/1PO —
ool yrEepxaen. VIII Bceepoccuitckum cwesniom Coseros B nexaGpe
1920 r. Dror nnaH,.no ofpasHomy Belpaxenuio akax. I'. M. Kpmxmxa-
HOBCKOTO, KaK Obl yCTAaHAB/IHBAJ PE/bCHI, [0 KOTOPLIM 1leJ BECh Hall
TUTAHTCKHI  KyJIbTyPHO-XO3SNCTBEHHEIH < [IOE3JL C TeM OCHAIIEHHEM,
KOTOpoe JQJIKHO ObIIO pajuKa/ibHO NpeofpasoBath. BCe X037HCTBO 1
BCIO KyabTypy crpanbl CoBeTos.

['panposnble yenexH, JOCTHTHYTbIe K S0-s1eTHIO Cosercxoro rocy-
JAPCTBA, - ABJASIOTCS YOEAUTENbHBIM J0KA3aTEAbCTBOM TOTO, UTO COBLIOCH
MYIpoe JEeHHHCKOe npe;xcxasanne. «Snempnquaunﬂ nepepoam Poc-
_CHION, : ‘

COBETCKI/H/I Coxos npeBpaTuics B Moumym HHAYCTPUHATBHYIO nep-
xasy. B macroamee Bpema CCCP Bo MHOTHX 06/acCTAX SHEPreTHKH H
3JEKTPONPOMBILIEHHOCTH -3aHHMaeT Bedyliee Mecto B Mupe. Counamnu-
cTHYecKas (opMa ynpaBieHHs HAPOAHBIM X035UCTBOM 00YCJIOBHJ/IA CO3-:
anue MOmHbx IOC 1 KaCKaZos THADPOIEKTPOCTAHINH, CTPOHTEILCTBO
KPYMHEAWNX TeMJIOBBIX SIEKTPOCTAHUMA M- MOUIHBIX THAPOreHEeParq-
OB, HEBUIAHHBIE TEMIIbI - paspuTHA Tennoq)uKau.pm, CTPOHUTENBCTBO
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BBICOKOBONILTHLIX JIMHUH SJeKTponepesad U MOLIHBIX 06beIHHEHHBI X
3Hep[‘()CHCTeM BBICOKMH TeXHHUYECKHH YPOBEHb SJIEKTPOCETEBOIO XO-
3%HCTBA CTPaHHL.

3a 50 ner coumanicTHYeCKOTO CTpOHTE’JIbCTBa BEIpaboTKa 9JIeKTp0- .
3HEPruH Bo3pocaa noyty B 300 pas — ¢ 2 MapA. xém <4 B rof (1913 r.)
"nouytu Jo- 600 mapn. xem -4 (1967 r.). Tonbxo TUPHPOCT 3IEKTpPOIHEP-
ruu B 1967 r. coctaBud cBbime 50" MAPA. K6t -4, YTG NpeBHILAET BCIO
rOJIOBYIO BhIpaGOTKY 3J€KTpodHEpruH B AoBocHHOM 1940 r.

Hu onna crpana B Mupe He 3HaeT NOJOOHBIX TEMNOB PasBHTHSA
3nekTposHepreTHku. Tak, 3a mepuod 1929-—1965 rr. momHOCTL 9/€K-
tpocraHuul B CCCP pospocna B 60 pas, a BeipabOTKa 2JIeKTPO3Hep-
iy — B 101 pas, 8 CIIA 3a -3TH Xe TOAb MOLIHOCTb 9JIEKTPOCTaHILHH
Bo3pocaa B 7,5 pasa, a TIPOH3BOACTBO 3JekTpodnepruu — B 10,8 pasa.

- Heuamepumo BO3POCTH MOLIHOCTH 3JMEKTpOCTaHHME. MOMmHOCTD Of-
HOH M3 KDYNHEHUIHX B MHpe TEMJOBHIX 3sjekTpocranuuii — [lpunne-
nposckofi I'P3C cocrasasier 2,4 MaH. xem, uro B 42 pasa npesblilaeT
MOIIHOCTb. caMO#l KPYHHOH TeIwoRoH cTanluM JopeBosionyuonuoi Poc-
cun; camasi momnas B Mupe bparckas '2C (4,1 mas. kem) 83000 pas
NPEeBOCXOAHT N0 MowHocty [ nH,ayKymcxyro T, SC—.mmepa ZopeBo-
JMOUMOHHON  THAPOSHEPTeTHKH.

B rnopesomouuonnofi Poccuu m,upaanuqecxnx Typ6HH He u3TO-
TOBJMSAAM BooGmwe, a B KaHyu D0-metusi Oktsibps BCTymuad B CTpPOH
Kpynnefililue B Mupe ABa THApoarperara Io 500 TeiC. k6m Ha Kpacho-
apckoll I'2C. MoxkHo ckasarb, 410 B [KaXJloM TaKOM arperare 3akJioueHa
MOULHOCTb, paBHas MOWHOCTH BCell llmenporsc. Maxcumanbian ean-
HUYHas MOLIHOCTb NapoBoi TypOHHBI B crapoit Poccum cocrasnsana
1250 xem, a B 1967 r. na Cnasauckoli ['P3C cmoutupoBan suepro6sok
(xoten ——Typ6uHa) B 800 ThiC.  KEm.

Eme B 1954 r. B Hamelt cTpane Oblia nymeﬂa nepeas 8 Mupe aTom-
Rasl SJEKTPOCTAHLUSA, 3 B 1967 r. u3 8 MJH: . Kem’ MOLLHOCTH aTOMHBIX
5/1eKTPOCTAHIHHA . BCETO MHPa oroso. 1 Mne kem paBanu cosetckue ASC.

Yike neficrByer Eawnas Dueprerudeckas cucreMa Epponefickoi
uactu CCCP, B.KoTOpYIO BXOAUT GoJtee 550 craHumil ofLuell MOIHOCTbIO
cpeie 80 MaH. x6m. B Henanekom GyAylieM MOIIHOCTB 3TOH CHCTEMbl
Bospacter 20 100 mau. xem u TIOCPEZICTBOM TUFAHTCKHX (AJICKTPHYECKHX
MOCTOB» — JIMHHE mepelay aianHol Goaee 2000 xm — oHa Gyler cBs-
sana ¢ Llentpanpro-Cubupcroii u  Cesepo-Kasaxcranckoil smepro-
cucreManmu. He 3a ropamu cospanue EfuHol DnepreTnyeckoH CHCTEMSb
Coserckore Coioza. :

B 1970 r. Bripalotka sneKTpoaHepmu cocTaBHT OKojio 740 Mupx.
-K8M » 4 ~ TAKOIO . KOJIWUECTBA 3JIEKTPOSHEPIMH He IPOM3BOAAT BCE
eBponelicKye KanuTaJuCTHUeCKue CTPaHBl, BMECTe B3sThle,

Yenexu B pasBUTHH 5JEKTPOSHEPTETHKH NIPHBEIH K 3HAUHUTEJBHOMY
yesesuueHuio (B 40 pas 3a rogel COBeTCKOH BJIACTH) 3/1€KTPOBOOPYMKEH-
HOCTH TPyJa B TIPOMBILIJIEHHOCTH. DHeprus, norpeb/semas ycTaHOB-
KaMi C aBTOMATH3UPOBAHHBIM 5/€KTPONPHBOJIOM, COCTaBJIsET GoJiee
IIOJIOBPIHI)I BCel 3/IeKTPUIHEprUH, BbipabaTeiBaeMol B- CTpaHe.
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HcnonwaoBanue SJIEKTPOIHEPIHH B DASJMUHEIX OTpacAaxX Hapol-
HOIO XO35IHCTBA Halllell CTpaHbl HATVISAHO KJLIOCTPUPYETCH, HaTpUMEp,
CTPYKTYpoll notpebienns 3JIEKTPOSHEPTHH B 1965 r.:

dnexrponpupos (B TOM uyHcje GHTOBLIE 9JI€KTp0-

NpHGOPEl ¥ MAWHHBI) . o . « v 4 oo v v . v . 629
ONEKTPOJH3 M SJHEKTPOXHMHSI .+ « v v o « o » « « 129 )
DAEKTPHYECKOE OCBEHIEHHE + v v v v v v v v o v o 99
DNEKTPOTEPMHS « v v v v o o v v v v v o v s oo w 1%
ODIEKTPOTATA & o v s s o o v v v o o v v oo o ue D%
DNEKTPOCBAPKA + & v v v v v 4 ww 4 o 4 e e e s 3%
Tenenujenue u cBASb. . . . . . e e 29,

/

3HaunTe/NbHBlE CABUIH MPOUSOULIH B JIEKTpUGHKALHH TpchnopTa.
K 1965 r. 80% Bcex nepeBo3OK Ha IKeJE3HOZOPOMHOM TpaHCHOpTE
CCCP 65110 OCYHIECTBEHO JIOKOMOTHBAMH C TSITOBBIM 3JIEKTPONPHBO-
AOM. - ‘ ‘

Pesgo Bospocam TeMmmnl 9JeRTPHOUKALHYE CeJBCKOTO XO037HCTBA,
rie niorpebaenne snekTposnepruu B 1967 1, cocTaBuio oxono 30 Miapx.
Kéme4, 9T0 NOYTH B 14 pa3s mpeBbiaetr BEIpaQOTKY 3JeKTPOSHEPTHU
BCEMU - 3JIERTpocTannuaMn - Jopesosmonuonnoit Poccun, B 1970 r, 6y-
JYT 3MeKTPUGHIHPOBAHE B OCHOBHOM BCe CeJIbCKOXO34/CTBeHHbIe IIpel-
NPUSITHS ¥ HPOU3BOACTBEHHbIE IOMEIIEHHS, a TAKKe JoMa KOIXO3HHUKOB.

SneKTpHcpHKaunﬁ Obita B TOpOJe M JepeBHE CBHACTENLCTBYET 06
YIYUmIeHUH YCROBHH XH3HM TPYJAWMXcs Hauield cTpauu: 35 MAPA.
K6m +4 GBLIO H3PACXONOBAHO HA KOMMYHA/IbHO-GLITOBHE Hy}K)lbl B 1965 r,
u Beero 0,36 Mapa. kemeu4 B 1913 1.

" B nocrnennue rofipl BO BCe OTPACTH HapOJHOrO X034HCTBa BCE HIHMpPE
BHEIPAIOTCH 3JIEKTPOHHBIE BHIYHC/HTEJbHEE MAIIHMHB M aBTOMAaTH3H-
poBaHHEIe, KHOepHETHYECKHe CHCTeMbl yHpaBJieHMsl.

Osnajenre OCHOBaMH 3/EKTPOTEXHHUYECKHX SHAHHH IO3BOJHUT MH-
KEeHEPY-HEINEKTPHKY - TBOPUECKH HCIOJb30BATh IPEHMYINECTBA 3JICKT-
puduKauuy AJs PasBUTHS BHIOPaHHOM HM OTPac]u INPOH3BOACTBA,
IUMpe BHEAPATD INEKTPOHHbIE H aBTOMATHUECKHE NPHGOPH B YCTPOHCTBA,
BBIYMC/INTENBHEE MAlIMHEl H IPOrpaMMHPOBaHHE.

XapakTepHOH 0COOEHHOCTBIO - HAlero BpPeMCHH SIBJIACTCA TecHOe
TBOPUECKOE CONPYKECTBO YUYEHBIX H HHMEHEPOB-3JIEKTPUKOB CO CIie-

- LUANUCTAME Pa3THUHBIX oTpacnell Hayku # TexHUKH. C OHOM CTOPOHHL,
UCNOJIB30BaRKE AOCTIKEHNH 3JeKTPOTeXHUKH CTHUMYJHDPYET PasBHTHE
JoGo#l oTpaci¥ IPOH3BOACTBA, C APYrofi — /A CO3JAAHHMA COBPEMEH-
HBIX MOILIHBIX THAPO- M TypOOreHepaTopoB, TpaHchopMaTopoB, PasHo-
OOpa3HEIX JMEKTPHIECKAX aNMapaToB W PajHo3/IeKTPOHHbIX yCTPOHCTB,
OCBOEHHS NPOM3BOACTBA HOBEHIINX 3JeKTPOTEXHHUECKHX MaTepHasoB
- TPeGYIOTCS YCHIIHsA He TOJBKO yYeHBIX, HHIKEHEPOB-3/IeKTPHKOB U SHep-
TeTHKOB, HO H MeTa/lIypros, XHMHKOB, CTPOHTeEJNeH, MEXaHHKOB, TeX-
HOJIOTOB ¥ MHOTHX JAPYTHX CHEIHAJIHCTOB.

YueHnvie u WHXKeHepbl, paGoTarollise B CaMbiX PASIUYHBIX OTPACHfX
HapoOIHOTO XO35fCTBa, He MOFJH Obl JOGHTbCS yclexd, He OIHpPanch

Ha OILIT nepe,uosou OTeUeCTBEHHON M 3apy0eHOA HayKH, He HCIOMb- .
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3ys HOBEHUINX NOCTHXKEHHH TeXHHKH. A Bce 9TH JocTuKeHHd Gasupy-
I0TCA Ha 3JeKTpupuKaluyu.

~ B Kypce ofiel 3J1eKTPOTeXHUKH H3YYaIOTCS JIEKTPHUYECKHE U Mar-
HUMTHBIE $BJEHHUS W WX HCIOJB30BaHHe JJs1 TPAaKTHUECKHMX Lefell.
I1oT Kype HOMKEH JaTh UHXKEHePY-He3JNeKTPUKY Te oflliue CBeleHHUs,
6e3 KOTOPHIX OH HE CMOKET H3YUHTb U NMOHATD JAeHCTBHE PasHOOGPasHBIX
2JIeKTPOTeXHUYeCKHX NPHOOPOB H YCTPOHCTB, NPUMEHAEMbIX B pas-
JIMYHBIX OTPACJAX HaPOAHOTO XO3AHCTBA. .



S _ Fnasal - .
L SNEKTPUHECKME 'U.E]'M MNOCTOAHHOIO TOKA

‘ § 1 NPOCTEMLLIAA DAEKTPUUECKAS LLENDL HOCTOHHHOFO TOKA.
: : OCHOBHbIE COOTHOLLIEHMSI

9 AeKTPHUECKOHN Henblo HASHBAGTCH CHCTEMA, coctost-
mas U3 HCTOUHHKOB S/IEKTPUYECKOA SHepTUH (HCTOUHHKOB nmamm)
TPHEMHHKOB PJIeKTPHUECKOH SHEPTHH (norpeGHTeneH) M COeAMHSIOLIHX

Puc. 1.1 Hpomeﬁmaﬂ anexc'rpnqecxan Hefb MOCTOAHHOTO
’ T0K3

MX 3MEKTPHYECKHX MPOBOJOB, BIOIB KOTOPHIX. SJEKTpHUECKAs. 3HEp-
rus. OT HCTOYHHKA MepefaeTcs MOTPeGuTeso. Hcrounuku nwuranus,
* 3NIEKTPUUECKHE TPOBOJA K HOTpeOHTeJIPl COCTaBJIﬂIOT OCHOBHbIe a.ne-r
MEHTHl 3JIEKTPUHECKOH IIeIH. .

Ha puc. 1.1 mokasaua npOCTeHmaﬂ /QHEKTpH‘{eCKaH Lenb, COCTOs-"

Was U8 AKKYMyJNATOPHOH OaTaped, SMEKTPHYECKON JaMIbl, PYOH/Ib- -

HHKA, aMIOEPMETPa U COSNMHHTENbHBIX NPOBOOB.

Herounnk nurasns ofpasyeT BHYTDEHHIOO 4YacTb nemy, a
nmpeémenb COBMECTHO C COeJUHHTEJNbHBIMH [IPOBOLAMH, aMiepme- .
TPOM U - PYOH/IBHHKOM — B H € Wl H 10 10 . 9acTh Lielld, WJIH IIPOCTO
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BHEIHIOW nenb. Korga BHelmHSA wacTs lenu obpasyeT ¢ BHYTpeHHeH
YacThi0 Lienld 3aMKHYTHIH KOHTYP, B Iend BO3HHKAeT 3JM € KT P H-
YecCKHUH TOK, BeIHUUHY KOTOPOro MOXKHO Hamepmb npu NOMOLIY
" ammepmeTpa.

Bennunna, unn cuaa, anempnqecxoro TOKa Onpefesfsercs KOJHu-
YeCTBOM 3JIeKTPHUYECTBa (Sapﬂle) HPOXOJALMM Yepe3 NomepeyHoe
ceyelHe NPOBOJHHKA B elluHUNY BpeMeHu. Korza sennuuHa u Hanpas-
JIEHHe TOKAa B LENH OCTAIOTCH HEHSMEHHBIMH, €r0 Ha3blBaloT I1 O C.T O-
SSHHB M TOKOM H o6o3znavart 6yksoii /. Eciu 3a { cexyua npouwio
¢ eRMHHL KOJIHYecTBa 3JIEKTPHYECTBA, TO CHJIA NOCTOSHHOPO TOKA

1= , (1.1)

B ofmem cayuae mame HAOMEerocs TOKA SHAUCHHA
TOKA B OTHE/NbHbIC MOMEHThl BPEMEHH HA3HIBAIOT MTHOBEHHBIMH 3Haue-
BUAMM H oGo3HaualoT 6ykeofl i. Tox i cBSi3aH ¢ 3apsAfoM U BpeMeHeM CO-
OTHOMIEHHEM

B , dq
=G : (1.2)

Orciona KOJIHUECTBO sneKTpuqecma, KoTopoe nepenocm H3MEHA0-

IHACS TOK i 32 MPOMEKYTOK Bpemeﬂu or 070 ¢,

, q=Sidt.‘ o (1.3)_1

N

B Me)xnyﬂapolmoﬁ CHCTeme equnnil u3mepenusi. (CH) ocuosno#

 S7IeKTPUUECKOR eJUHHIeH SBNSeTCs eIMHHUA TOKa aMnep far
Konnvectso amexTpruecTBa B 3TOH CHCTEME H3MEpSIeTCs B a M 11 e p-
ceRyHZaX (@-cex) wim KYJOHaAX @ 3apax B 1 g coorser-
cTByer sapsany 6,29 10" snekrponos. Ilpu TOke B 1 g uepes Tonepet-
HOE ceveHHe NPOBOARHKA B CEKYHIY npoxoylm sapat, paBHbi 3apsay
6,29. 10 3j1eKTPOHOB. -+

Hpoxom,ueﬂne aﬂeKTqueCKOFO TOKa B uenu CBHBaHO € npoueccamu

HEMPEPEIBHOTO NPeobpasoBaHuA SHEPTHH B KAMJIOM H3 €e 3/eMEHTOB.

WCTOUYHHKAX OUTAaHUS HMEET MeCTO npeobpasoa-
HUE B SJEKTPHYECKYIO SHEPrRIO0 JPYIHX BHAOB DHEPTHH: MeXaHuye-
CKOHl B reHepaTopax, XHMMHYECKOH B rajbBaHUYeCKHX 37EMEHTaX U aK-

KyMyJasTopax, TemnaoBof B TePMO3/IeMeHTaX, JAYYHCTOl B OTO3IEMEHTaX |

H T 0
"B nmpueMHHKaX nponcxoxm ofpatHoe npeobpazoBanue
SNEKTPUUECKOH 5Hepray B APYrHMe BuUIb! SHEPIHH: MEXaHHUECKYI0 B
,usnraTeme, TENJIOBYID B HArpeBaTe/IbHBIX YCTPOHCTIBAX, CBETOBYIO
B HCTOYHHKAX CBETa H XUMHUECKYIO B PA3NHUYHBIX JEKTPOMETAJIyPTH-

YeCKUX YCTAaHOBKAaX M aKKyMyJsATOpax. '
B nponecce - npeoGpasoBaHus B 3MEKTPHYECKYIO YHEPTHIO APYTHX

BUAOB 5HEpPruud B UCTOUHUKE NMUTannsl BO§6y}KILa6TCH 9JEKTDP O-‘

SABUXKYILag CHJAA (9 A. C. ) KOTOpaH BbI3BIBACT B BaMKHyTOH
nenHu aneKTquecmm tok. Hop JefcTBHEM 3. A. C. HCTOYHHKA B npo-
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\ BOJAHUKAX SAMKMYTOA UENY BOSHuKaeT SjaeKTpuUECKOe MNOJe, HA OT-
AenbHLIX YYACTKAX URMM YCTAHABIMBAIOTCA P a3 HOCTH dJeK T-
PHYCCKHX NOTEHUHAJOB.

3a yC/lIOBHO MOJNOMUTENBHOE HalpaBlIeHue TOKa MNPHHATO CUHTATDH
nanpap/ielne ABKHMEHUA TOMOKHTENBHBIX 3apAHOB. Yyactku uerm,
cojepiaiiue 9, A. C., HA3HBAIOT A K THBHH MH, a 6e3 3. . c.—
NacCHBHKMH

Ha naccuBHLIX yyacTKax IenH NOJOXKUTeNbHbE 3apSlbl B JEKTPH-
YeckoM IoJie ABHAKYTCS OT TOYeK BHICILEIO HOTEHIHaAa K TOYKAM. HU3-
wero norenunata. [losTomy 3a oM oKX MU TeAbHOE HaAaNpaBb:
JeHUEe TOKa B NaCCUBHBIX y4acTKax NPHHHMAeTCA HalpaBlieHue
y6bIBaHUA . B HHX IOTEHLHANA.

Y6hiBanue 3JEKTPHUYSCKOTO MOTEHUHAJTA Ha HACCHBHOM Y4acTKe
Ueny, WAH PaBHYIO €My PAa3HOCTb MOTEHLIHANOB KpalHHX TOUEK yda-
CTKa, HAashiBAIOT TAKXKE - JEKTPHUECKHM HANpPAKEHHEM, HJH IIPOCTO
HanpgxeHHeM ydacTka Hend.. Hampsxkenue Ha IaCCHBHOM

' yuacTKe llen# ABJseTCS MepoH TOH 3/JeKTPUUYeCKOH 3HepTHH, KOTOPYIO

3aTpauvBaeT HCTOYHMK NUTAHHA Ha nepeMeméHHe 3apsifia B OIUH Ky-
JIOH Ha 3TOM yyacTke.

Onextpuueckoe Hanpsokenue Uy, Me}xﬂ,y ABYMSL Toukamu I u 2
neru (cM. puc. 1.1) paBro pabote, coepIaeMOil HCTOUHUKOM TTHTAHHS
IIpH MepeNCIIeHHtt 3apaja B OAUH KYJIOH H3 IIePBOH TOUKH BO BTOpPYIO:

4 A . :
Uy = ¢y — %—-7}2, (1.4)

 TAe @; U §, — MOTERHHAAB ToUek I u 2;

g — mepeMellaeMbll 3apsj; ,
A;, — pafoTa, 3aTpauuBaeMas Ha IepeMelleHHe 3apsma q
u3 Touku I B TOUKy 2. :

Ecnu npu mepememeHun 3apsfa ¢ MO 3aMKHYTOH HENMU HCTOUHHK
JoNKeH coBepiaTh pabory, pasHy A, 10 pabora, 3aTpaunBaeMas
MCTOUHHKOM Ha ITepeMellieHHe 3apsjia B OJmH KYJIOH IO Bcell 3aMKHYTOH
Uenu, YuC/A€HHO paBHA 2. 1. C.

E=7. | (1.5)

B CH pabora usmepserca B Hxoyasx (dx), a HaNpSXKEHUE H
3.4.C. — B BOJbTax (6).

SneKTpnqecan TOK B LEN{ UMeeT NPAMYIO 3aBHCHMOCTb OT Jeii-
CcTByiOIlefl B HeH 3.4.C., OZHAKO He OHpeleNdercs elo OJHO3HAUHO.
AHAJIOTHYHO 3TOMY TOK B NACCHBHOM YyYaCTKe LETMH He Onpeiensercs
OHO3HAYHO JEHCTBYIOLUM B Hell HanpmxeHneM. Kpome HanpsKenus,
TOK TIACCHBHOTO yYaCcTKa IeNH 3aBHCHT OT€TO3J e KTPHUYECKOT O
conpoTuBaAeHHd. Ecau yuactok I—2 uenn (cM. puc. 1.1)
HMeeT 3/IeKTPHYECKOoe COTPOTHBIICHYE 7y, 4 HANPSAKEHHE Ha €r0 KOHLaX
paBao Uy, TO TOK 1 LeHH MOXeT ObIThb onpeAesieH 1o GopmyJe

1=, ' ‘ (1.6)

T2~
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®opwmyana (1.6) Buipaxkaer 3akou OMa A1 MacCCUBHOTO
ydacTKa ILelH.

Sakon Oma moxeT ObTb NMPUMEHEH HE TOJIBKO K OTAENbHBIM yua-
CTKaM, HO M KO BCell IENmu B LEJIOM.

PaCCMOTpHM uenb puc. 1.1, ITycts ncroynwk nutaHua 310l Lenwn
XapaKkTepu3yerTcsl BeMHUUHON 3. M. ¢. E H BHYTpeHHHM CONPOTHBICHHEM
ro. ‘ConpoTHRIEHHe BHEUIHETO YYACTKA Nenu, paBHOE CONPOTUBJICHHIO
nammbi, ofossaupM r. Torpa, cordacHo 3akoHy OMmMa xas
3aMKHYTOH IenH, Tok I Buenu OyAeT npsMO NPONOPIHOHAJEH
ZeficTeylomeit B Helt 3. X. c. E u ofpaTHo nponopunonanen ofuiemy
CONPOTUBJICHHIO I'o6y;, BEJHUHHA KOTOPOTO paBHA CyMMe CONPOTHBJCHHH
BHEIIHETO0 F ¥ BHYTPEHHETO fo YUaCTKOB' IEHH:

J=_E ___E (1.7)
r<-ry  rogm ;

3Hasgd TOK M CONPOTHBJIEHWE IIACCHBHOTO Y4YacTKa, 1o dopMmyune
(1.6) Moxkno onpemenutb Hanpaxenwe Uy, Ha ydyacTke Iemu:

Upp=rl, ' , (1.8)
a u3 gopmyasr (1.7) — 3. 2. ¢. memu: '
, E=rl+4r,l. (1.9)

[TpousBesieHre CONPOTHBACHHS H TOKa y4YacTKa OGBIUHO. HASHIBAIOT
NajleHHeM HalpAXeHH T Ha yYyacTKe Uenu Bpac
CMATPHBAaeMOM CJIydae NpoH3Belenue r/ BLipaXKaeT IajeHHe Hampd-
JKeHHsl BO BHEIUHeH LenH, a NPOu3BeleHHe rol — Najenne Hampsake-
HHA BHYTPH HUCTOYHHKA. '

HaAeHue HanpstkeHus r/ BO BHeliHell menu paBHO Hanpsxenuio U
HA BHeUIHMX 32XHUMax UCTOYHHMKA NHTAHHS, MO3ToMy ypasuexue (1.9)
MOXKHO IlepellHCaTb B JPYroM BHJe: ‘

E=U4rl. | (1.10)

Ypasuenne (1.10) HasbiBaloT ypaBHeHHEM 3J€eX'TDH-
HeCKOTIo cocTosfHuS npocreinefl uenu. CoriacHo 3ToMy
YPaBHEHHIO 3. JI. ¢. HCTOYHHKA OoJIble HanpsiKeHUsS HA ero 3axuMax
Ha BENUYHHY BHYTpPeHHero Hajenus HanpsikeHusi. CiefopatesbHO,
HanpsXXeHHe HUCTOUHHMKA MUTAHHS NPHM YBeJIMYEHHH TOKa HarpysKH He
OCTaeTcst IOCTOSIHHBIM M CHHXKAeTCs 3a CYET BHYTPEHHEro NaleHus Ha-
npsixkenusi, 3asucumoctb U (/) BhipaXkaer Tak HasbiBaeMylo B H e Li-
“HII XapaKTepPUCTHKY WCTOUHUKA, MO KOTOPOH MOXHO
CYAuTb 00 W3MEHEHHH HAMNpPSMEHHs Ha ero 3aKUMaX NPH USMEHEHHH
TOKA HAarpy3Ku.

@opmyant (1.4) u (1.5) MoTyT OHITB HCI’IOJIb3dBaHbI JJis ozcyYera
paboTbl W MOIIHOCTH WCTOUHNHKA BO BCeH LeNH W Ha OTAENbHOM ee yua-
¢ ctxe. CorslacHO 3TuM (POpMYyJiaM H ¢ y4eTOM BbipaxeHus (1. 1) _pabora,

(1.11)
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a paboTa; coBepliiaeMas UCTOYHHMKOM Ha yyacTke [—2 ey,

A12"‘U]2q Uypflt. R . (112)
. MommsocTs, pasBiBaeMasi HCTOYHHKOM BO Beefl uem,
p=Aopr, - 13
2 MOIHOCTE, pa3prBaeMas YICTOYHHKOM Ha yqacme I-—-2 Henu,
Pu-fl—l?-Uml 1y

B Tex CIIyyasix, KOra yuacToK Helld He COLePKHT 5. 1. C., Gopmyan
pabotet (1.12) u mowmmoct (1.14) MOXKHO 3anucaTb B APYrOM Byme
TNOACTABUB B HHX 3Hauenus U, ns (1.8) u 1 u3 (1. 6) . ,

Apy=ry] t-lrLt ,(1.15)i

.12

Plz-—r;zlz 2 o ’ (1.}6)
3a enununy pabGoTe!, KaK Y3Ke TOBOPHJIOCH, IPHHAT 1 3K 0.y 4 b (0x);

3a efUHMIY MOUHOCTH — Ba T T (6m). PaGora B 1 JKOynn paBna

BaTT-CeRYHILE (em-cek). ‘

§ 1 2, CXEMbI HEPASBETBJ'IEHHI:IX BJ'IEKTPH‘-IECKHX U.EI'!EM
e HOCTOEIHHOI'O TOKA

‘PeanbHble 3/MeKTPHUECKHE -LENH, KPOME OCHOBHBIX 3JIEMEHTOB, CO-
IepKaT pas/HyHbIe npu6ops!, annaparkl- 0 Lpyrue BCTIOMOTaTesbHble
ycrpoiictea.

Ona ynoberBa u300paKeHUs, aHa/IH3a PEXHMOB pabOTH U pacuera’
3/IEKTPHUECKHE [elH 3aMEeHSIOTC CXeMaMH 3aMel eHHd,
WIH NPOCTO 9IEKTPHYECKHUMHE CX€MaMu, U CXeMbl CO-
* CTOSIT. H3 - OTAGMBHBIX YCNOBHO H30GPaXKEHHBIX PEaJIbHbIX 3JIEMEHTOB,’
COGJIMHEHHBIX TeM W/IM HHbiM OOpa3oM B 3aBMCHMOCTH OT TOTO, KaKylo
UeNb 3aMellaeT CXeMa U Kakue sBleHHs B OT)IeJIbHHX aJIemeHTax xKe-
JIAIOT yYecTb NpPH 3TOM.

TIps cocTapieHHH cXeMm 3ame1uennﬂ AOMyCKAloT p;u: ynpomennn
KOTOpHIE 3HAYHTENBHO O6MeryaloT pacuer lemef, ofecrieynBas JOCTa-
TOUHYIO JIA MPAKTHKH TOYHOCTb. ’

B nansnefimem Oyner nokasaHo, 9TO B 3aBHCHMOCTH OT yJIO6CTBa
pacueTa H CaMHX PacueTHBIX BeIHYHH OLHY H TY Ke PealbHYio Lemb
MOXKHO NPEACTaBHTb HECKONBKHMH CXeMamH 3amemienus. B STOM c.ny-.‘
yae cXEMbl HAa3bIBAIOT 3 KBUBAJEHTHB MH

[Ipu cocTaBieHHH 3MEKTPHUECKHX CXEM CJIELyer npﬂ)lep‘}KHBaTBCH
yerapoBiennsix I'OCT 7624-—55 ofosnaueHuii .0J1si SJEMEHTOB CXeM, 47.
3EKTPUYECKUX BEJUYMH, a TAKKe CIOCOGOB COexuHeHuH,
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VeTOYHUKN IIATAHKA-Ha CXeMaX H300paKaioTes: B ‘32BHCHMOCTY: OT.
TeX yCAOBHE, B KOTOPHIX OHHM pafoTaioT B uend. B GonblIHHCTBE Cay-
ugeB paboTa HCTOYHHKOB XapaKTepusyeTcs MNOCTOSTHHBIMH 3HAYEHUAMH
B030yxKNaeMOil B HUX 3. A. ¢. £ u BeJHYHHOH HX BHYTPEHHEro conpo-
THBJIEHUS,

Muorye moTpeGUTEIH 3/IEKTPHUYECKOH 3HEPTHH MOTYT XapakKTepu-
30BaTbCA HA CXeMAaxX TOJbKO CONPOTHUBJNEHHEM 7, TaK KaK CKOPOCTb
©(MOLIHOCTR) HEOOPATHMOTO. NpPOLECCa TIOIVIOMIEHAA HMH 3JeKTPHYeCKOH
SHEPFHH DPONOPUHOHAJIBHA  KBAJPaTy NPOXONAWEro MO HHM TOKa

=r[%. B sTOM ¢lyuae 3amelialoniee noTpeOHTENb CONPOTHBJEHUE
onpeaenﬂerca OTHOILUCHHEM MOUIHOCTH norpeGieHus SHEPTHH K -KBal-
pary 7ToKa:

=

i

B npuemnuxax, npeo6pasyloulix 3/eKTPHYECKYIO JHEPTHIO B MeXa-
HHYECKYIO (ABHTATEH) MJIH B XMMHYECKYIOo (Hanpumep, NpH 3apsiike
aKKyMyJATOPa), BO3HUKAKOT 3. [. C., HanpapjeHHe KOTOPLIX MPOTH-
BOMOJIOXHO HANPAaBJIEHHIO NPOXOAALIEr0 IO HHM TOKa. Illostomy 5tH
5. [. C. Ha3BIBAIOTCH TPOTHBOAIEKTPOIBWKYIUMY cuami Eyy. Taxue
NPUEMHUKA HA CXeMaX 3aMelaloTcst MCTOYHHKOM C NPOTUBO-9. X. C.
Ep ¥ CONPOTHBJICHUEM fy, TIOKA3LIBAIOILKUM,. 4TO NPeOOPasOBAHUIO HJeK-
TPHUECKOH 3HEPTHH B MEXaHHYECKYI MJIH XHMHYECKYIO CONYTCTBYIOT

‘TEMJIOBBIE TIOTEPH 3SHEPTHH 7,l2.

Peanpubie 2JeKTPHYECKHE NPOBOAA 3aMEIILAlOTC HA CXEMEe 3JIEKTPH-
YECKUM CONPOTHBJICHHEM, NOCKO/DKY repeaya 3Hepruu OT UCTOYHHKA
K NOTPeGHTENO CBSi3aHA C HoTepeil YacTu SHEPFI/IH Ha HarpesaHue 1npo-
BOJIOB.

. Ha pacueTHbIX cXeMax CONDOTHBJICHHS = OTAENBHBIX snememos
" BIEKTPUYECKHX LENeH CYHTAoT COCPEHOTOUEHHBIMH Ha TeX - UK HHBIX
. ydacTkax cxembl M 0GO3HAMAIOT NPAMOYTONbHHKAMH.

- JIunnm, coefHHSIOLINE OTHENbHble SJIEMEHTH CX€M, paccMaTpHBa-
. 10TCA. KaK -TIPOBOIHHUKH €O CTOJIb MAJIBIM CONPOTUBAEHHEM, YTO OHO He
 YYUTHIBAETCH.

. DJeKTpHUYECKHe LENH B 3aBHCUMOCTH OT PIAA XaPAKTEPHBIX JUISl HHX

IPH3HAKOB NOAPA3AEJAIOTC Ha TPYNIbl U HMEIOT CBOM HAaHMEHOBAHHUS.
- Taxk, uenu, no KOTOPHIM HPOXONAT IOCTOSHHBIC TOKH, HA3bIBAIOTCH
INEKTPHUYECKHMY UEeNAMH MOCTOAHHOrO TOKA.
+Ecil 9NeKTPHYECKOe CONPOTHBICHHE HellH He 3aBHCUT OT NPOXOASILETO
10 HEMY TOKa&, TO.TaKue IenH HasbBaloTeSI 1 HHe HHBI MU 37 € K 1T-
PHYECKHMH LensaMu (0 HeNHHEHHbIX UeNdX cM. II. 4).
B sapHcuMOCTH OT uMcla NPHEMHHKOB 3JIEKTPHUECKOH >HEpruy,
: YHCTa HCTOYHHKOB OHTAHUA H cnocoba HX COoeHHEeHHH pasauyaror
U®IEKTPHYECKHE LENH N P O C T Bl €, UK HePasBeTBACHHBE, U CJI O K-
bl €, WM DPAa3BETBJICHHbE, HENH C OAHHM HCTOUHHUKOM
ATaHMA M OENH C HECKOJBKHMH HCTOUHHKAMHE
‘nranua B srom naparpade paccmaTpuBaloTCA HECKONLKO NPH-
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MepOB CXeM HepasperBJeHHHX, a B § 1.3 — cxeM pasBerBieHHHIX
3/1eKTPHUECKUX Henell NOCTOSHHOTO TOKa. -

Ha puc. 1.2 npusenmesa cxema IPOCTOH, HJIM -HEPA3BETBJICHHOH,
3JEKTPUYECKON HeNH HOCTOSIHHOTO ToKa {(cM. puc. 1.1) ¢ omzHuM HCTOY-
HUKOM IHTAHUS. ’ o
‘ DneMenTaMu 3TOH CXEMbl SBJAIOTCS MCTOUHMK nNuTaHus (Gatapest

TaJbBaHHYECKHX 3JIEMEHTOB WM aKKyMYJASTOPOB) C 3. 1. ¢. £ W BHY-
TPEHHHUM CONPOTHRJIEHHEM 7, M NPHEMHHK € CONPOTHBIEHHEM ryp. CO-
NPOTUB/JEHHE COENHHUTEBHBIX NPOBOAOB HENMH Maldd U Ha CXeMe He
YUHTHIBAeTCH.

Ha puc. 1.3 noxasama cxema mpocTefimiesi nen, cocroameu U3
reHeparopa ¢ 3. . c. E u BHYTPEHHHUM CONPOTHBJIEHHEM 7o, ABYX COE- -
JIHHATEJIBHLIX IPOBOJOB, KaMKIBbIH H3 KOTOPHIX MMEET COHPOTHBJEHHE
0,57, , ¥ mpueMHHKa, XapaKTePH3YIOUIEIOCs CONPOTUBJICHHEM 7.

A 05r,

Puc. 1.2, Cxema nepas- Puc. 1.3. Cxema Hepa3BersiieHHoN
BeTBJIEHHOH enw, co- Leny, cocrodmell u3 redeparopa,
CTOSIEH H3 aKKYMYJisi- HOTpebuTeNd ¥ COCIHHHTENbHHIX
T0pa, - TNoTpedHTeNsH Hu DIPOBOJLOB, CONPOTHBJEHHE KOTO-
CORTUHUTENBHEIX IPOBO- ‘ PBIX YYTEHO

JOB, COIPOTHBJEHNE KO-
TOPHX He YUHTHIBAETCH

Ha cxemax nonxubl GHITh YKa3aHL! NOJOMKHTENLHBIE HANPABJIEHHSA
9. 4. ¢., Hampsikenuil. u ToROB. Ha cxeme puc. 1.2 snakamu «-+» u
¢—>» 0603HaYEHA TONSAPHOCTb BHEINHHX 3aXKMMOB MCTOUHHKA, TOKA3bi-
BalOWIAs, YTO €ro 3. A. €. NEHCTBYET BHYTPH MCTOYHHKA OT «MHHYCa»
K «IUTIOCY?, Hanpasnenue 5. X. ¢. HCTOYHMKA CxeMmbl puc. 1.3 yKa3aHo
CTPENKOW, MOSTOMY 3HAKH «-+» H «—», 0GO3HAuAlOHIHe TOJAPHOCTE
BHEUIHUX 3a:KHMOB HCTOYHWKA, OKA3BIBAIOTCH JIHIIHHME U HE CTaBATCH:

Ha BHelHeM naccHMBHOM y4YacTKe TOK HANpaBJeH OT NOJOXKHTENb-
HOIO MOJIOCA HCTOUHHKA K OTPHUATEIBHOMY, WJIH OT TOUEK BEICHIETO
NOTeHNHAaNa K TOYKAaM HH3IUEero NOTeHIMajka, a BHYTPH HCTOYHHKA —
OT TOYEK HU3MLIEr0 NOTeHNMaJa K TOYKaM: Bhicliero norexHuuana. Ha-
IIpaBJeHHe TOKA °COBNANaeT ¢ HanpaBJeHUeM 9. I, ¢. HUCTOUHHMKA HJH
C HanpaB/JeHHeM HANPHAKEHHA HA BHEIUHEM y4acTke, MOSTOMY CTPeJKH,
ofo3Hauarmye MNOJOKHTENbHbIE HANpPaBASHHS 3. X. C. HA aKTHBHBLIX
yYacTKaxX, HampaBJflOT OT TOYKH HH3IIEr0 MOTEHIHANd K TOUKE BhIC-
IIero NOTeHNMana, a CTPEeaKH, 0603HAyalonlue HANPABJCHUS HANpPS- -
“JKEHH#, — OT TOYKH BBICIIETO NOTEHNHAJA K TOUKe HU3MIETO NOTEHNAa..
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B- coBpemeHHBHIX SMEKTPHUECKUX [ENAX IMOTpefuTeJd 4YacTo HE
TIPHCOENHHSIIOTCS HEMOCPEACTBEHHO K 3aKuMaM ucroynuka. OHH NOm-
KJIOYaloTes K IPOBOLAM S/IEKTPHUECKUX CETell, NHTaHHe KOTOPHIX OCy-
LIECTBJIsIeTC OT JIEKTPHYECKMX CTaHUMI WM noicraniuii. B nono6-
HBIX CJIy4asiX MOXKHO TOBOPHTb, YTO NOTPefHTeNb MOAKJIIOYAETCH - K
NHTaTeJdbHOMY HYHKTY ¢ Hanpsikennem U, Kak 1okKasaHo
Ha cxeme puc. 1.4,

R
2= T 3—
r
u
a.5r,
s _
Puc. 1.4, Cxema nopxJio- Puc. 1.5. Cxema HepasBerB/cH-
HeHNS NOTpe6uTeJas K MH- Hofl Uenmu ¢ ABYMA 2, L. C.

TaTeNbHOMY MYHKTY

Ha puc. 1.5 npusegesna CXeMa LeNH, B JeBok 4acTH KOTOPOH BKJIIO-

ueH MCTOUHMK NHTaHMS ¢ 3. 1. ¢. £y ¥ BHYTpEeHHUM COIIpOTHBJIEHI/IeM Tot-
B npaBo#t yacTH cXeMmbl NOKA3aH [PUEMHHMK JIEKTPUYECKOH SHEPIMH —
3JeKTPRUECKHH Japurarenn. Ha ‘cxemax  a/jleKTpUuecKde JBHTATeIH
' 0603HavaOTCA TaK XKe, Kak H renepatopsl. OXHAKO XapakTepHOH Oco=
GEHHOCTBIO HMX SABJfETCH TO, YTO INPOTHBOJeHCTBYyIOmAs 3. X. €. Ej
NPOTHBONOJIOKHA  HANPaBMEHHIO  TOKA
yuacrra. ITosToMy  cTpeika, yraswBaio-
1asi MONOXKHTENbHOE HAIpaBJeHHE 9. J. C. .iu
" E,, nanpapsieHa NpoTHRONOJOKHO CTPEJKE,

YKasblBaloWel NOMOKUTEIBHOES HanpasJe- v !
Hue ToKa I cxembl. , | ~ » ry
Orcioga  BHTeRaer TpocToe . popMab- “""\Il'"lll—"
e i

HOe' " [paBWIO: eC/i  Ha 3JIEKTPHUECKOH
CXeMe I[IOK43aHbl MAIUMHBE T[OCTOSTHHOTO ,
TOKd, TO MAIUHHBI, B KOTOPHIX HamnpasJe- E;‘g'axl{f- Cxema nprcoefne-
YMYJISTOPHO!H GaTapeH
HHA 9. . C. M TOKA COBNAjalOT, Pa6o- g cem mocrosmnoro Toka Ans
TAIOT B KauecTBe HCTOYHIKOB 3JeKTpHYE- 3aPSIIKH
CKOll sHeprau (reHepaTopoB), & MallHHBI,
B KOTODBIX HamnpaBJCHHA 5. A. C. H TOKA TIPOTHBOIOJOKHBI, paGoTaioT
B KauecTBe NOTpefuTe/ el SMEeKTPHYECKOH IHEPTHH (JEKTPOLBUTATENET).
Ananornynas KapruHa HaOmIOfaeTcs B cXeMaxX C XMMHYECKHMH HC-
TouHukamu. Ha cxeme puc. 1.2 akkymynarop paforaer B KadecTse
- HCTOYHMKa, a Ha cxeMe puc. 1.6 — B KauecTBe norpebutess, KOrjaa
OH TIOAKJIIOUEH JJIS 3aPAfKH K CETH NOCTOAHHOIO TOKA C HANpPSXKEHH-
em U. Tagoe sakmoyenne no cxeme puc. 1.6 MOXKHO cuenaTh Ha TOM Oc-
HOB2HWH, YTO HANPABJEHHS TOKA M 3. A. C. AKKYMYJIATOPa NPOTHBO-
IIOJIO}KHBI.
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PaceMoTpenHble- BHIlIE ¢XeMBl OTHOCATCSt K Tpymne cxeM H e P @ 3-
BETBJNEHHHX BNEKTPHUECKHX Nenel ¢ OXNHHUM
HCTOYHHKOM NHTAHMUS, XOT9 B JBYX MNOCHEIHHX CXeMax,
KpoMe 3. . C." HCTOYHHKOB, HEHCTBYIOT emle- 3. A. C. HPHEMHHKOB. |
Io Bcem anemenTaM KaxJIOH U3 3THX CX€M NPOXOAUT OLHH H TOT Ke ToX /,
. TIO3TOMY TaKOe COeNHHEHHe 3JIEMEHTOB CXeM HAa3blBaKT M0 ¢ J'€ 1 o-
BaTeabHEH M ,

3HaueHne TOKA B UEMH, COCTOAILEH H3 NOCIEN0BATEILHO COENMHEH-
HBIX - JIEMEHTOB, OnpefiedsieTcs 00 3 a Ko HYy O M &, COIJIaCHO KOTO-
pOMY TOK paBeH aJjre6pauyeckofl cymme 3. 1. ¢., AeHCTBYIOIIUX B LENH,
MOJEeHHOH Ha CYMMY CONDOTHBJEHHH OTZEJBHBIX 3JICMEHTOB LenH:

ne=k i
D En L
n=1 E . “
==t (1.17)

2 n

=l

n=k
3necs E= )] E, »— De3YJLTHPYIOMAs 3. [ C. kK aKTUBHEIX 3/eMEHTOB
: a=1 IeNH, CcOCTaBjeHHAs - CYMMHPOBaHHeM CO - 3Ha-
KOM «-}-» BceX 3. . C., COBHALAOWMX [0 HANpas-
JIEHHIO ¢. TOKOM, H ~CO | 3HAaKOM «—» 3.l C.,
: NPOTHBONONOKHEIX 110 Hanpasnenmo TOKY;

=
Tobu =371, — oﬁmee conpommeﬂne enH, paBHoe CyMMe conpo-
n=t .. . - THBJIEHH} m NOC/EAOBATENBHO CORMHHOHHEIX DJie-

‘ , MEHTOB.

Hanpﬂ}xeﬁne U-na naccuBHOM yqaCTKe onpeensercs nponsae- ‘

JEHHEM CONPOTHBJEHHA ywactka r Ha -TOK [ (U = rl). ,
" JInsl OnpemeseHHs! HANPSIKeHHs Ha AKTHBHOM ydacTKe paCCMOTpHM
JIBA BO3MOXHBLIX cjlyyasn: Koraa ok / u 5. a. ¢. E; (cM. yuacrok A—B
cxembl puc. 1.5) coBMAazaoT NO Hanmpap/eHHi0 (MCTOYHHK NHTaHHs)
u Korza tok [ u 9. A. ¢. E, (cM. yuacTok a—b To# ke cXeMbl) npomno-
NOJIOKHBl N0 HaNpaBJeHHIO (NOTPEGUTENE).

B nepBoM cnywae rnoreHuuan ¢4 TOUKM A BIlle NOTeHUMANA q)B
TOuKkH B, Tak KaK TOK BHYTPH MCTOYHHKA [IPOXONUT OT HHSLIETO NOTeH-
upana K Bhicliemy. 310 NOBBLILIEHNE  NOTEHLHANA MOKHO OnpeJieiuTh,
€C/IH YuecTb, WTO NpPH Nepexoie oT TOYKA B K Touke A mo BHYyTpen-
HeMY YYacTKy IeNH NOTeHUMaJ [OBEICHTCA Ha BeJHUYMHY 5. 1. ¢. Ej
M TOHWSHTCS Ha BeJUYHMHY NaieHHs HANDsKeHUs r011 BO BHyTpeHHeM
CONPOTUBJNIEHUH r‘,1 T akuM 0BpasoM,

q7A~(PB+E1-r01]

Pa:—mocn; TIOTCHUHANOB Q4 — @5 onpezxemxeT Hanpﬂ}xeune Ha sa-
XHMax HCTOUHHKA

UAB=(PA‘(PB=51“’011‘ _ (118)
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Kak crenyer us Bepakenus (1.18), nanpsxenue HCTOYHHKA MeHbIIe
9. 1. C. Ha BeJIMYHHY ero BHYTPEHHETO NajfeHHs HalpAKEHUs,

Bo . BTOpOM. cayuae noteHuman @, GYHeT MeHbILE NOTEHIHANA @,
Ha BEMHUMHY 3. A. ¢. E; W BenuuHY NaJeHHS HaNPSKEHHS tood, #aK
KaK Ha OTHENbHHIX YYacTKax BHeIUHe{l IenH TOK HPOXORHT OT BICUIErO
HOTEHIHAA K Hnsmemy Torna

- ‘Pb-*(Pa Eg—roal ,
" ‘ ,
o Uab=q)a@ (Pb“‘E +r02] v (l 19)
~Corvtacno - (1.19) manpsixenne Ha sakuMax NOTpeGHTeNst, COAep-
| JKAIero s, 1. ¢., 6oAbBIIE 9. . C. Ha BEJHYHHY €TO BHyTpeﬂHero nanenus
* HANpPSKEHHS,
Hs seipaskenuit (1.18) u (1.19) MOXKHO OnpenesnTs TOK YyudcTKa
yepe3 ero 3. . C., HalUpAXKeHHe K COHpOTHBJIeHHe. B nmeprom cayuae
AAS HCTOUHHKA

E, -—U .
5t am
BO BTODOM clydae ANA THOTpEGHTENS SR '
1;—_-:-,E—2r0“—:ﬂ‘1’1. e a2

Ha ocuopanuu Qopmya (1.20) u (1.21) MoxHO Hamucarh oburee
ypasHeHHe, cBsispiBalomee ToK I, o. X .c. E, Hanmpsikenue U U Conpo-
THBJICHHE 7 aKTHBHOTO YYacTKa werei:

+tExU .
]—"‘-‘7"_"".

(1.22)

Ypasaenue (1.22) BrlpaxaeT 3aKOH Oma st AKTHBHOTO yuacTKa
nenu B HauGosiee obwed dopme: TOK aKTHBHOTO YUaCTK4 IEIH DaBeH
a/ireGpandeckol cymme 9. 1. C. U HANDSKEHNAS, NOJeNEeHHON Ha conpo-
THBMHHE YYacTKa; 5. 1. ¢. £ u Hanpaxeunune U O6epyrca
CO 3HAKOM, «}» KOTHa MX NOJNOXKMUTENbHEHE Ha-
OpaBJAeHHNA COBNAaJLAKWT C NOJOXKHTEJAbHB M H a-

- mpaBlneHHeM TOKa, H CO 3HAKOM ¢—» KOTrXa HX
HanpasleHHA TPOTHBONONOXHB HampaBJe-
HHIO TOKa.

%

" § 1.3 CXEMbI PA3BETBNEHHBIX DIEKTPUUECKMX U.EI'IEM
“MIOCTOSHHONO TOKA
Ha puc. 1.7 npusenena BeckMa DPaclpOCTpaHeHHAS B NPaKTHKe
CXeMa UeTHIPEXINVIEYHOIO MOCTA VISl H3MEPeHHs compoTusiexnit, Oua
- H300paaer PasBeTB/ICHHYIO HJIEKTPHUECKYIO IEelb, NUTAEMYIO OT Ofl-
. HOTO HCTOYHHKA, BHYTDEHHEE COIIPOTHBJEHHE KOTOPOTO BC/EJACTBYE
"*-.'.M&JIOH BEJIHUHHEl He YAHTHBACTCH, . :
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Cxema puc. 1.8 mpencrapnsier coGofi pPa3BeTBEHHYIO 3JeKTpHYe-
CKYIO 1leNb ¢ HeCKOJbKUMH 3JIEKTPHUYECKHMH MarumHamu. llpu ykasaH-
HhIX HAaOpaBJieHUsX TOKOB H 3. J. €. Ha OTAGALHHIX YYaCTKaX JBe Ma-
muHel ¢ 9. Ao ¢. E; u E, paloTaior B KauecTBe reHepaTopoB, a ORHA
MalmHa ¢ NPOTHBO-3. A. C. £; — B KauecTBe 3JEKTPOLBUTATENS.

B cioxHBIX cXeMax NMOJbL3YIOTCSI NOHSTHSAMH BE€TBb H Y 3eJ.
Bersbio HaskiBaeTcsl y4aCTOK LEMH, BCE SJIEMEHTH KOTOPOTO COENUHEHH
nocnefoBaresibHO. TOUKH, K KOTOPHIM IOAXOIHT He MeHee TpeX BeTBel,
Ha3bIBAIOTCS TOYKAMM DPAa3BETBJCHHUS, WM Y3/JaMH. Y3ABl HAa CXeMax
OTMeyaroT TOUKOH# u. uacT0 o6o3naualoT OykBamu ujad Iudpamu. Ha '
cxeme puc. 1.7 umerorcs ueTkipe yana B Toukax I, 2, 3 u 4, a Ha cxeme
puc. 1.8 — uveThipe y3s1a B TOUKax a, 6, 8 1 2.

H
SR

(DL
I
Pre. 1.7, Cxema paspers: Prc. 1.8. Cxema pasBeTBIEHHOH 3/1eR-
NlenHOH a/eKTpHHecKol He- TPHUECKOH LN ¢ HeCKOABKUMA HCTOY-
nu ¢ OIHHMM . HCTOYHHKOM HHKaMHA TIUTaHUA ‘

HTaHuA

Hnst yno6eTBa KaxKJOH BETBH NMPHUCBAMBAIOT HOMEpP, COOTBETCTBYIO-
mui uHAeKCY Y OyKBeHHBIX OOO3HaueHHH CONPOTHBICHHS HIH TOKA
BETBH. HaanMep, Ha cxeme puc. 1.8 Kpanmoro JIEBYIO BETBb y1106Ho
Ha3BaTLb NIePBOil, KPaliHIOl0 NpPaByIO — BTOPOH U T. I.

Hs kypca ¢usMku H3BECTHO, UYTO AJAA CJAOKHBIX SJEKTPHUECKHX
nernefl MOXKHO COCTaBHTbL YPaBHEHHS IO NEpPBOMY H BTOPOMY 3aKOHaMm
Kupxroa. Hanomuum 3T™H 3aKOHBI.

I[To nepsoMy 3akonHy Kupxroda, anrebpaun-
gecKas CyMMa TOKOB B TOYKEe pa3BeTBJeHHUS
‘(ysne 3NeXKTPHUECKOH LeNHd pPaBHA HYJIW

k=n )
S 1,=0. R (1.23)
k=1

Ve

[Tpu stom TOKM, HanpaBjeHHBIE K Y3/Y,-Clenyer 6paTh ¢ OFHHUM
(npoM3BOSIBHO BEIOPAHHBEIM) 3HAKOM, a TOKH, HaNlpapJeHHbIE OT y3/1a, —
C NPOTHBONOJOXKHEIM 3HAKOM. HMuorna ypaprenusi, nopoGuele (1.23),
3aIHCHIBAIOT [0-APYTOMY, TPYNIMPYS TOKH, HaipaBJjeHHBE K Y3Jy,
B ONHOH YacTH PaBeHCTBA, & TOKH, HalpaB/IeHHbE OT y3na, — B APYy-
roit. Torna, mo nepeomy 3axony Kupxroda, cymMma TOKOB, Ha-
NpaBAeHHHX K Y31V, paBHa cCyMMMe TOKOB, Ha-
npaBAEeHHHX OT y3Ja. o
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Hanpumep, mo nepsomy sakony Kupxroga, ana yana a cxeMmsl
puc. 1.8 )
‘ I, +1g—Ig—-1,=0
HH
]1+I5=13+16'

Cornacio BTopoMy 3arkoHy Kupxroda B 3aMK-
HYyTOM KOHTYype andrebpaumueckKkas cyMmMmMa Ia-
Jenu# wHanpamendH ydwacTKOB paBHA aJfare-
6panyeckol cyMMmMe 3. K C.

k=m

k=n
Z rk1k= 2 Ek. (124)
k=1

fee=1

[Ipu cocraBienuy ypaBHeHHH 1o BTopoMy 3akony Kupxroda mpo-
H3BOJIBHO HaMeuaeTcsl HampapjaeHue 00XOIa KOHTYpa, NPH 5TOM MO-
JIOKHTENbHBIMHA 3. . C. CUHTAIOTCA Te, HANPABJEHHS KOTOPHIX COBHa-
JAaloT ¢ HamnpapJjieHHeM o6X0ja KOHTypa, a NajeHHsd HaNpPsKeHUs CYH-
TAIOTCH NONOKHUTENbHBIME HA TeX yYacTKax, Ha KOTOPHIX COBNAAAloT
HampaB/IeHHe TOKa M Hanpas/enxe o6Xoga KOHTYypa.

CocraBuM Takoe ypaBHeHue st KOHTypa Gzenc6 cxembl puc. 1.8,
NPOU3BOJsi OGXOX STOr0 KOHTypa NpPOTHB HArpasiieHHs ABHKEHHA da-
COBOH ' CTPEJKH.

CorntacHo CKa3aHHOMY BHIle HAXOIUM, YTO

fozlz+r212+fo4[4:Ez‘“E4-

I gourypa rxabsceesmrk T0OH Ke cxembl IpH 06X0je ero no Hamnpas-
JIGHMIO IBHIKEHHS 4acOBOH CTPEJIKH MOXKHO COCTaBHTb Clelylouiee ypas-
HeHue:

"0,111'1’"111“’r515“‘”2[2—rozlz’i“"s[e:‘El‘“‘Ez-

§ 1.4. PEX{MMBI PABOTHI SNEKTPUHECKON LIEMU
NOCTOAHHOIO TOKA

U3 Bcex BO3MOKHBIX PEKHMOB PabGOThl OTAENBHBIX JIEMEHTOB JIEKT-
puuecKoll nenu HauGo/ee XapaKTePHBIMU ABSIOTCA YETbIPE: HOMHHAbe
HBIA PeXXHM, PEXHM XOJOCTOrO X0fia (X.X), PEXMM KOPOTKOTO 3aMbiKa-
HiA (K.3) H COIVIACOBAHHBIH PEXKHM.

) Hompuranpup#i pexuM HomunaneHblfi pexum Hc-
TOYHHKOB M IDHEMHHKOB B 3JIEKTPHUECKOll LeMH XapaKTepH3yeTcs TeM,
YTO HANpPAMXKEHHA, TOKH H MOIHOCTH MX COOTBETCTBYIOT TeM 3HAUCHHAM,
Ha KOTOPHIE OHU PpacCUHTaHbl 3aBOAAMH-H3TOTOBHTedsiMH. Ilpn stom
TapaHTHPYIOTCA HAWYYIIHE YCIOBHSL PaGOThl (9KOHOMHYHOCTL, AOJTO-
BEYHOCTb H T. IL.), ‘

g Benmnuusel, onpenensonine HOMUHAAbHBIH PEXKUM, OGBLIYHO YKa3hi-
_BalOTCA B MacnopTe MAH HA IMHTKE, TIPHKPENJIEHHOM HeNOCPEeJCTBEHHO
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. K YCTPOHCTBY. OTH JaHHble OGbIYHO GepyTcsl 3a OCHOBY MpPH pacuerax
" B/IGKTPHYECKHX CXeM, BK/OYAIOIHX COOTBETCTBYIOMIME 3JIEMEHTHL.

HauGonee xapaxTepHbIMH HOMHHAJLHBIMH JaHHBIMH BJIEKTPOTEX~
HHYECKHX YCTPOHCTB SIBJSIIOTCH HX HOMHHAJBLHLIE HANPSIKEHHUA H TOKH.
Ilo HOMHHanm‘{OMy HaNPSKEHHIO DACCUATHIBACTCA H30MIALUS TOKOBe- -
LYIMKX gacted, a 1o HOMI/IHaJIbHOMy Toxy ~— YC/IOBHSL HX npenenbﬂo
HOTIyCTUMOTrO -Harpesa. . .

N PexuM XON0CTOTO xoua Pe}xnm paboThl OTIEAbHBIX
HCTOYHUMKOB H IPUEMHHKOB, TIPH KOTOPOM TOK B HHX paBeH HYJIO, Ha-
3bIBAETCH PEIXUMOM XOJIOCTOTO XOAa. [lJisi NPaKTHUECKOTO OCYIIecTBe-
HHUS peXHMMa XOJIOCTOIO XOAa JOCTATOUHO OTKJ/IIOUNTH ONMH M3 HpPOBO-
J0B, MPH NOMOIIH KOTOPBIX 3JICMEHT IHpHCOGJIHHe‘H K Oenu. ILTIS{ [eiu,
cOcTosiiell H3 MOCTEeAOBaTENLHO COeJUHEeH-
HBEIX TOTpefuTe/ell M. HCTOYHHKOB, XOJOCTOH
"XOJL OJIHOTO H3 3JIEMEHTOB CXeMbl BLI3hIBAET
TaKol ke pexuM paéo*rm Bcex ,u.pymx 3Je-.
MEHTOB. :

‘B Gosiee  CJOMHBEIX CXeMax (Hanpnmep,
cxeMé puc.-1.9) pexum XoJ0CTOrO X0xa Of-
HOT'O 3J€MeHTa cXeMbl (OTK/IIOYeHHe CONPOTHB-
JIEHUH f3) TONBKO BHJIOM3MEHFET DeXUM pa-
GOTHl 3JEMEHTOB OCTaBLUCHCS YacTH - LeNU.

P ; 3)Pe}KHM KOPOTKOTO 3aMBbl-
Puc. 1.9. Ilpuveper kopor- K@ H U .- Ecan.  conporusieHne  Mexay
KOTO - 3aMBIKaHHA: MexAy HABYMA TOYKaMH, K- KOTOprM HOB.KJIIO‘IQH
Toukam# A m B; Mewlly  gakod-adG0 y4acTOK LenH, CTAHOBUTCA BO

,TO“KHM" CaD. """ wuoro pas meHblle HOMHHA/IBHOTO M TIPAKTH-

G decky ‘npubaukaercda K HYJ/HO, TO B HelH Ha
9TOM yqacme HMEET MeCTO KOPOTKOE 3aMblKaHHe, PEXHM KOPOTKOTO
3aMBIKAHHSA XapaKTeDH3YeTCAd TeM, = HYTO HampsieHHe Ha KOPOTKO-
3aMKHBYTOM Y4acTKe PaBHO HYJIO (U,(,3 = ().

KopoTkue saMblkaHdsl B LensaX HekKeJaTeAbHBl, TAK KAK OHM MOFYT
NPHBECTH K aBapUAM, HMEIOMM 4acTo TsAMXeNbie NocjeicTsud.. Bos-
HUKAIOUIHEe IPH 3TOM TOKHM KOPOTKOrO 3aMbIKaHHUS. MOT'YT BBI3BAaTh IO-
BPEXJEHIE M30J/IsIUAN IOIBOASAIIMX IPOBOJIOB, OKA3aTh,CHIbHEIE 3/IEKTPO-
JUHAMHYECKHUe BO3JeHCTBHS - Ha OTACIbHEIE HaCTH sneKTpoyCTaHOBKn'
U BBIBECTH KX H3 CTPOs.

B peanpHBIX YCHAOBHAX KOpOTKI/Ie 3aMBIKAHHA YACTO BO3HHKAIOT
HIpH NOBPEXHEHHH M3OMSLHH MEXKAY KUJaMu Kabelrs HAM Mexnay
IABYMS COCEIHHMMH NPOBONAMH, - TP HENpaBUJIBHOM COSIUHEHHH CXEMbl
# T. 0. Hepenxo KopoTkue  3aMBIKaHUs NOJYYalOTCA  B. Pe3ynibrare
HeOPeXHOro oﬁpame}um C 3/IeKTPOYCTAHOBKAMH . rmoxoro yxona 3a
HUMH. :
Bo H36e>KaHne aBappm HEOGXOMIHMO CTPOTO c06J11011aTb cymecmyro-
Iue HOPMBLI H NpPaBH/Ia MOHTAXa M IKCIIYATAIHH SIEKTPOYCTAHOBOK. |
Uro6hl He JONYCTUTh TOBPEKIEHHS YCTAHOBOK OT TOKOB KOPOTKOTO -
3aMBIKAHHSA, B SEKTPUYECKHX UeNsix HpEﬂ;YCManI/IBaIOT .yCTPOHCTBA
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3aIMTH, KOTOPLIE aBTOMATHYECKH NOJIKHbBI OTKJIOYATH HOBpe}KJleHHbIe
YYacTKH.

PaccMorpum npocteftuui npnmep KOPOTKOIO 3aMblKaHus B CXeMe
puc. 1.9: TlycTs 5. A, ¢. HCTOUHHKA M BCE CONPOTHBJICHHS CXEMH [10-
cTosAHHbL. [IpH KOPOTKOM 3aMbIKaHWH. MEXLY To4Kamu A u B cornpo-
THBJIEHHE ry OYZET KOPOTKO3AMKHYTBIM H TIO ‘HEMY TOK He MO#zeT.
DT0 BLI3OBET H3MEHEHHE PEXHMA B OCTAaJbHBIX 9JIEMEHTaX -CXEMEL.

ITpu xopoTKkOM 3aMblKanuu MexAy 3axuMaMu C u D HCTOUHUKA TOK
BO BHEIIHeH YacTH cXeMmsl Oyaet PaBeH HYJIO, a TOK KOPOTKOTO 3aMbl-
KaHus HCTOUHHKA, onpenemeMbm TOJBKO ero 3. A. . U BHYTPEHHHM
CONPOTUBJIEHHEM, .

. [1(_3=’-§)‘,

3HAYHTENBHO YBEJHUYHTCS, TAK KAK CONPOTHBJEHHE 1y OOLIYHO COCTaB-
JsleT HeSHAUMTENbHYIO YacTh CONPOTHBJIEHHA BHewHeR uernu. Jlos-
TOMY, KaK MPAaBHJO, TOKM KOPOTKOI'O 3aMBIKAHHS ONAacHbl IS HCTOY-
HHKOB.

4y CornmacoBaunuanii pexuM CornacoBaHHBIM pexu-
MOM KaKOTO-THGO MACCHBHOrO /€MeHTa BHelHefi UMM Ha3hBAOT pe-
MUM, TPH KOTOpOM 5TOT 3/eMEHT PaboTaeT ¢ MAKCHMaJIbHOH MOLIHC-
CTBIO.

CornacoBautbM PEXUMOM MCTOYHHKA H BHEIIHeHd [enu Ha3bBaeTCs
TaKOH PEXNM; IPH KOTOPOM BO BHEIIHEH NenH PasBUBAETC HanGobLIasn
BO3MOXKHAs MOILHOCTh NpH JaHHOM HMcrounuke. [lociennee oGcros-
TeJILCTBO YacTO HCNOJIb3YeTCs!, HANPHUMED, B M3MEPHTENbHBIX CXeMaXx,
KOTJia . COTIACOBAHHBIH pe}xmv[ NO3BOIAAET CHLNATh CXeMy nanbonee
YYBCTBHTELHOM.

B naneuefiniem 6yzer noxasauo, 4to Juo6ou 3JIEMEHT CAOMHON LenH
MOKeT OBITb HACTPOEH Ha COIVIACOBAHHBIH PEKUM 1O OTHOUICKHIO K
OCTaJIbHOH YacTH uerm ‘ .

§ 1.5. DHEPIETUHECKUE COOTHOLLIEHUS
B MPOCTEMILEA DNEKTPUHECKON LIEMU
NOCTOAHHOIO TOKA

TTpu paccMoTpenus npocrefiinell 3JIeKTPUUECKOH LIETH cXeMul pHc. 1.1
WIH ee 3KBUBaJeHTHOH cxemul (puc. 1.10), coecrosmiell M3 HCTOUHHKa
DUTaBHA ¢ 9. J. ¢. E, BHYTPEHHUM CONPOTHBJICHUEM I, ¥ BEHelTHel neny,
CONPOTUBACHHE KOTOPOH PaBHO r, -OLLIO MOKas3aHo, 4TO 3. J. C. HCTOY-
HuKa 60JIbIe HalpsKeHHs Ha erO 3aiKHMax HA BEJIHUHHY BHYTPEHHETO
HajleHAs] HalpsXKeHus:

: E=U-r,.

Tlpu ymaox&eﬂnn Ha TOK [ npapoil H JIeBOH yacTedl 5TOr0 ypaBHeHHs
: nonyva ypaBHeHHe Dasanca MOIGHOCTeH MemH

El=Ul+rl* a9
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HiH -
P1=‘P2+P0’o

CorniacHo 5THM YpaBHEHMSIM BCA pa3BHBaeMas HCTOYHMKOM MOLI-
HOCTb P; == ET cocTout n3 Momuocta P, = Ul, neperaBaeMofl HCToU-
‘ ~ HUKOM BO BHELUHIOIO Iellb, H MOWIHOCTH MOTEph

Py =r,I® BHYTPH HCTOYHHUKA.

Hccnexyem ycnoBuA nepejaud  MONIHOCTH
HCTOYHHKA BO BHEIUHIOID Liellb K 3aBHCHMOCTh
Kos(pdunrenta nojesnoro peficteus (K. m, 4.)
HCTOUHHKa OT BEJMYHHLI CONPOTHBAEHUA ¥ BHEll-
Hell nemnu.

[Ipu pexume XOJIOCTOTO X0ja (r = ©o0) TOK

_Harpysku [ = E}_r paBed Hymw. C yMeHblle-
Puc. 1.10. Opun u3 sa-

puantos  skpusanenr.  THEM gonpomBJIeHHﬂ HarpyskH TOK pacreT H
HOf cxemi snextpuue- HAOCTHIA€T HAHGO/BLIETO 3HAYEHHs] NPH KOPOT-
cKOil nenyu puc. 1.1 KOM 3aMbIKaHHH BHEIIHHX 3aXKHMOB HCTOYHHKZ,

kKorjga r = (. BenuwumHa 3TOr0 TOKa ONpexesis-
_ ercd BeTHUMHOH 3. I. C. H BHYTPEHHUM COIPOTHBJIEHHEM HCTOYHHKa:

I,cs——— —. MompnocTs, pasBuBaeMas HCTOuHHKOM, P; = EI npu us-
0 . A

MEHEHU)! CONPOTHBJIEHHs] HATPYSKH pacrer IIPONIOPUUOHANBHO TOKY H
IOCTHTaeT HanboJibllero 3HAYEHHs! NPU KOPOTKOM 3aMBIKAHWH. Mom-
HOCTb, paanBae'vxaﬂ BO BHelHeH nenn :

Py=rl®= (r0+r)‘, (1.26)

paBHa HYMO fpH XOJOCTOM  XOZ€ H NIPH XKOPOTKOM SaMbIKaHHH. 9’1‘21
MOHIHOCTL HMEeT MAaKCHMaJbHOE 3HaueHue, KOraa BeJIH‘IHHa( +r)

MaKCHManbHa, B3sB mepay NPOH3BOAHYIO 3TOH ApobU MO r ¥ NPHpas-
HHB €e HYJHO‘, OJIYYUM

d r __(rorr—=2r{rg4nr) -0

dr’ (ro‘l“f)2 (ro41r)*

28171
(ro+r)2—2r(ro+r)=0 .

Hs 37010 ypasHenus Haxonum, 4to M OLHOCThH, pa3BHBae-
Masgd HCTOYHHKOM BO BHemHeidl HeNlH MaKcH-
ManbHa, KOTJ4a CONPOTHBJAGHHE BHEIIHEeH NelH
PaBHO BHYTPEeHHEMY CONPOTHBJEHHIO HCTOU-
HHKa (r = ry). ClenoBarenpHO, BHEINHSAS 1leNb U HCTOYHHK PadoTalor
B COIVIACOBaHHOM DeXuME NpH © = 7,.

B cornacoBanHOM pexuMe MOLIHOCTB HOTEPb BHYTPH HCTOUHHKA
paBHa M0JIOBHHE MOIHOCTH HCTOMRHKA: ‘
012__r12—1:;[. -
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HeenenyeMm usmenenye K. M. J. HCTOYHHKA B 3aBHCHUMOCTH OT Be-
JUYHHBL ¢onpoTuBienus r. Kosbipuuuent moJesnoro geficTBHA HCTOT-
HHUKa paBeH OTHOLUEHHIO MOLIHOCTH BHelHefi umenn P, x HOJIHOI/I Mol
HocTH P;, pasBHBaeMOH HCTOYHHKOM:

Py ri? _r 1

Rt R R T
r

(1.27)

Us dgopmyant (1.27) BuAHO, YTO HPH XONOCTOM XOfie, KOrja # =: oo,
K. 1. I. Tyy = l; TPH KOPOTKOM 3aMBbIKaHHHU, Korza r = 0, k. m. &
Neas = 0; B/ COINACOBAHHOM peXuMe
K. L JL. Teors = 0,5.

Ha puc. 1.11 npeacraBieHs! 3a-
pucumocti Py, P, ¥ 1) OT OTHOCUTEJIb-
HOH BeJIWUMHE CONPOTHBJCHHS BHel-

3

o r
Hell memn .
o )
OTMeTHM, - UTO B HPAKTHYECKHX

YCJIOBAAX HOMHHABHBIN PesKUM MOIL-
HBIX MCTOYHHKOB PpeIKO COBHAJAET
C COIVIACOBAHHBLIM PEKUMOM, TaK Kak X N
npy 3TOM K. 1. 1. paeen 0,5, a na- VY BN B
TPY30YHBI TOK MCTOYHHKA 3HAuH-

TEJBHO GOJbIue HOMHHANBHOTO Toka. Puc. 111 Tpaduxy sasucumocreidt Py,
Hocnennee 06CTOATENBCTBO  MOXKET P, 1 1 OT OTHOMERHS -
IPUBECTH K UPE3MEPHOMY BLIACTEHHIO To
Tensa BHYTPH HCTOYHHKA.

C uensgMy cOrJIaCOBAaHHOIO pexuMa NPHXOLUTCHA HMeThb JeJo TOria,
KOTZA HHSKHA K. M. I. He HMeeT pellaoliero- 3HAUYCHUs H3-3a MaJoi
MOIIHOCTH LENH M KORJa BONPOC MAaKCHMANbHOM MgmHOCTn npeBaJjin-
PyeT Hax cooGpaxkeHUsIME IKOHOMHUECKOTO nopsika. Korna sompockr
' 9KOHOMHMKH SIBISIOTCS DEIIAIOLIMMH, BHYTPEHHEe CONPOTHBJICHHE 7
HCTOYHHKA JOJKHO CbITh MaJIO [0 CPABHEHHIO C CONPOTHBJICHHEM BHeIl-
Hefl meny r. B aTHX cayuasx HOMHHAJBHBIN - PEXUM HCTOUHHKA OJsimKe
K PEXHMY XOJOCTOrO XOJa W K. I. K. MCTOYHHMKA ONH30K K elUHHIE.
B paccMOTpeHHEIX BbIIE COOTHOLIEHHAX CONPOTHBIEHHE r, 0603Ha-

yaJo TOJbKO BHYTPEHHee CONpPOTHBJeHHe HcrounuKa. OmHako noJay-
ueHHEIe (GOPMYJIbl OCTaHYTCH TeMH Ke, €CJIH IOX 1, NOApasyMeBaTh CO-
_IpOTHBJ/IeHHe NPOBOIOB NUHUY, a nof £ — nanpsixenue U Ha ee BxoJe.
B sTOM co1ydae Ha BXOJE CXEMbI MOMKHO IPENCTaBHTh Ce6e BRIIOYEHHBIM
. HCTOYHHK 3. Jl. C. C BHYTPEHHUM CONPOTHBJCHHEM, PaBHBIM HYJIO, H C
DOCTOSHHBIM 3HaueHueM 3. 1. c. E = U. Bce paccyXneHHss OTHOCH-
TeJbHC [epeflaull SHePruy UCTOYHHKA K HOTPeGHTeJ]I0 C COHPOTHBJE-
HHEM 7, TOJKJIOYEHHOMY K KOHILY IHHHH, OY YT aHAJOTHUHBI PACCMOTPEH-
HOMY CJyYalo NepeAaud SHePruy HCTOUYHHMKOM BO BHEUIHIOIO 1€lb.
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MKETO,D,bI AHAJM3A PEXXMMOB PABOTBI
SNEKTPUYECKUX LIEMEA NOCTOAHHOIO TOKA

§ 24. 3Aﬂ.Al{M AHAHM3A

‘B TIpeAByiieH r1aBe rosopﬁnocxa uTO - BCE peanbﬂme 9JEKTPO-
TeXHHYECKHE YCTpoficTBa  paGoTaloT B SAMKHYTBIX JICKTPHUECKUX
IENAX, COCTOALMX M3 HCTOYHHKOB 3/eKTPHUECKOH SHEPTUH, NoTpedu- -
TeNlelt AeKTPUUECKOHl SHepriH, NPOBOJOB H aNmapaTyphl, 06eCTICTHBAI0-
Liefl KOHTPOJIb ¥ yTpaBlieHHe pekuMami pPaGoTel Leld B LRJIOM H OT-
JeIbHBIX ee 3JIEMeHTOB. YKasblBajJoCh TaKXKe, YTO. WISl YHPOLIEHHS
aHanu3a paGoTbl SJIEKTPHYECKHX Uemell HX 3aMEHSIOT SJIEKTPHUECKHMH -
CXeMaMH, Kam/blil 5JeMeHT KOTOPBIX B TOH WM MHOH CTENEHH JOJKEH
IPEACTaBJIATh PeasbHbll a/1eMenT uenu. CreneHb LOCTOBEPHOCTH IKBU-
BaJIEHTHOH CXeMBI OTIPeNeNsIeTcst MHOXKECTBOM (arTopoB. CllenoBaTesbHO,
HaOMIONeHYe WK “H3YYEHUE DeaibHBIX DPEXUMOB paloTHl 3JeKTpHue-
CKHX [lenell NPOU3BOAUTCA HAa OCHOBE H3YUEHHS PEKHMOB PaGOTHl 9KBH-
BaJIEHTHBIX cxeM: Bot nouemy B Kypce oOllell a/1€KTPOTEXHUKH TaKoe
BA)KHOE 3HAYEHHe HpUJaeTcd PMEeKTPHYECKHUM CcXeMaM M. aHANH3Y HX .
paboTHL..

-Kax npasrmo paGoTy peasbHEIX anempmexnuqecxnx snememoa
enu XapakTePH3YIOT ONpefesieHHbIME BEJHUWHAME, CBA3AHHBIME C HX
TOKAMH, HANPSKEHHAMH M MOLIHOCTSMH. l'IooTomy NepBOCTeNeHHOH
3ajauefl aHanu3a pabOTHL 3JMEKTPHYECKOH LENH ABJSCTCS YCTAHOBJICHUE
CBABH MEXAY TOKaMH; 3. A. C. M mapamerpamu uend. Ilpu stom napa-
MeTpaMHi menefl NOCTOSHOTO TOKA B yCTAHOBHBIIEMCH pemume s8I
0TCA: UX COHpOTHBJIeHI/Iﬂ u HpOBOI[I/IMOCTI/I )

DJieKTPHUECKHEe LETH COBPEMEHHBIX SJEKTPOTEXHHUECKHX YCTPOHCTB
BecbMa pasHooOpasHbl. [N aHanu3a pexuMOB X PaGOTH HEOGXOTMMO
O3HAKOMHTBCH - ¢ OCIIMMH CBOHCTBAMH OTAENBHBIX ' BHAOB « JIEKTPH-
YecKHX Uened, KOTOPhIMH OHM 00/1afaioT HE3aBHCHMO 0T TOTO, KaKHE
yCTpoHcTBa OHH! 33aMeIaloT.

BrisiBaieHuio - 06X CBOHCTB anempuqecxprx yenell  OCTOSHHOTO
TOKa M YCTAHOBJIEHHIO HamnGoJjiee NPOCTEHIIMX METOLOB HX pacuera M
HOCBALIEHbI IIOCJIEEyIOIlLHe pasjenbl HacTosLlel raBbl. :

;
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- Q6LIMHO aHANH3 CJHOKHBIX CXeM YIpOUaeTcd, ecau OTIAeJbHble
YUACTKH KX, COCTOSLIME H3 IPYIIILl HICMEHTOB, 3aMEHHUTD OJIHUM 3 K B H-
BAJNEGHTHH M d7eMeHTOM [Ipy 5TOM 3KBUBAJEHTHHIM Hasbl-
BAIOT TAKOH JIEMEHT, KOTOPLIH, GYAyYH BK/IOUEH B CXeMY BMECTO FPYIINbE -
3aMeHseMbIX 3/IEMEHTOB, HE M3MeHMeT pacrpefeleHHs TOKOB, HAUps-
JKEeHHH, a CJeJOBATeIbHO, M MOIMHOCTEH B OCTaBiuefcsa HEW3MEHHOH
YacTd Leni.

§ 2.2, UENKM C MOCNEAOBATENBHO COEAMHEHHBIMK DNEMEHTAMM
TMocnepgoBsarensHoe COeOHUHEHHE NACCHBHLIX INEMEHTOB

Tloc/ienoBaTesbHLIM - Ha3HIBAIOT TAKOe CcoefHHeHHe, NPH KOTOPOM~
N0 KaKAOMY M3 COEHHHEHHBIX JIEMEHTOB NOOYEPEIHO NMPOXOIUT OAUH
W TOT %e TOK. [IpM nocneioBaTelbHOM COEAHHEHHH R 3JeMEeHTOB TOKH |
sananuoit (puc. 2.1, @) u skBuBajeHtHoi (puc. 2.1, 6) cxeM OyayT

J 7T 7
”l b Lo | "
W

a) &

~Pae. 2.1, Cxema meldt ¢ HocleloBaTeNIbHLIM COSAHHERHEM
conpoTuBJIenuit (@) ¥ ee 3KBUBaJeHTHas cxema (6)

OAVHAKOBBLIMH. Hoaromy AN HHX, IO . BTopomy 3aK0Hy Knpxroq)a
MOKHO Harmca'rb _ ypaBHenue

rid 1yl —I—...—'}—r,,l U-—ra,ml
H ONPENeNHTh M3 HEro 3KBUBAJIEHTHOE CONPOTHBJIECHHE
Toxs =TIy Fa-tveit- 1o (2.)

OKBUBAJIEHTHOE CONPOTHUBJIECHHE NOCHAENOBATEbHO COSNHHEHHEIX BJle-
MEHTOB [ENH PaABHO CyMMe CONPOTHBJEHHH OTHENBHBIX 3JIEMEHTOB.

- Jana ananusa pexXuMoB paGOTH CXEME! 3aMUIIeM B oémeM BHJIE CJe-.
leronme ypapuefins ner: .

A1 TOKa
=Y (2.2)
fsxp’ )
ﬂ,JIH' Haﬂpﬂ)l{éﬂﬂﬂ n-3J€MEHTa
, ) U . :
Un =TIn ;.;“; ’ . (23)
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JAJAA MOMIHOCTH nm‘peﬁ.neﬁnﬁ SHEePruu fn-3JIeMEHTOM

U2

2
rSKB

P ——fn] ——rn . . (2'4)

Ha ocnoBanum sTHX ypaBHeHUH ' YCTAHOBHM HEROTOpHE O6MLHe:
CBOfiCTBA NOC/EJOBATENBHON Lem: ,

1. V3 ypapsennii (2.2) u (2.3) BHIHO, UTO MEXKIY HANpPsIKEHHEM
Ha BXOZe CXeMbl, TOKOM M HANDPSKEHHEM ee OTHEJNBHLIX 3JIeMEHTOB
HMeeT MeCcTo JuHeHHad 3aBHCHMOCTb. BCSIKOEe H3MEHEHHe HalpsiKeHus
U B k pas Baeuer 3a coGOfi H3MEHeHHE TOKA M HANPSAKEHHS KaXKIOTO
3/1eMeHTa Toxke B k pas.-MOLIHOCTD Beelt LEnH U ee OTACNbHBIX 3JeMeH-
TOB HU3MeHsieTcst IPH 3TOM B k% pas.

2. Tox Beeil neny ¥ HanpsKeHHe ee OTHENBHBIX SJEMEHTOB 3aBHCAT
OT BeJIUYMHBEI CONPOTHUBJIEHHS KaXJIOro H3 3JeMeHTOB lend. [Ipu 5toMm,
€C/I CONPOTHBJEHHE KAKOro-jiH00 3/1eMeHTa YBeANYHBAEeTCH, TOK B HEeNH
M HaNpsKeHUs 3MeMEHTOB C HeM3MEeHHBIMH CONPOTHBJEHUSMH YMEHb-
IIAOTCA, a HanpsikeHHe 3J1eMEeHTa ¢ BO3PACTAIOLLHM COTPOTHBJICHUEM -

. yBesiHuMBaeTcsl. B ripenene, KOTAa CONDOTHBJEHHE 3TOr0 SJEMEHTa
-OyneT paBHO GECKOHEUHOCTH (XOJIOCTOI/I XOJl), HANPSKEHHe Ha 3aXKUMAX,
NPH TOMOIIM KOTOPBIX JAHHEI SJeMeHT OblI NPHCOEAMHEH K OCTalb-
HOH wacTH neny, OyAeT PaBHO HATPSIKEHHIO CETH.

Tlonnana B3aHMO3aBHCHMOCTE pPERHMOB pPaGOTHl NOCHENOBATENLHO
COS/IUHEHHBIX 3JIEMEHTOB SIBJSETCS XapaKTePHBEIM HENOCTATKOM 3TOrO
coepupenus. VIMeHHO NO3TOMY INPHEMHHKH 3JeKTPHYECKOH SHepTHH,
KaK IpaBWwiIO, He BKJIOYAIOTCS B CETb TIOCJEI0BATEILHO.

IocnenoBarenbHoe - coefuHeHHEe TPHEMHUKOB HCHOJB3YIOT JHWb B
TOM cJIy4ae, KOrjJa WX HOMHHAJNbHbIE HATPSKEHHA HUXKe HanpsKeHHs
ceru. Ecan, Hanpumep, NpHeMHHKU HMEIOT HOMUHAJIbHbLIE HANPIKEHU S
110 6, a nanpsxenne cetu 220 8, TO 3TH NPUEMHUKU MOXKHO COEIHHUTD
HOCJIeIOBATENbHO U BRJIOUUTE MO Hanpskenne cetd. OHaKO npU 3TOM
c/lleyeT MMeTh B BHAY, YTO CONMPOTHBJEHHE IIPHEMHUKA O6paTHO Npo-

Uz

TOPUHOHANBHO €TI0 HOMHHAJIBHOM MOIIHOCTH: / = PH‘ Iostomy mpu-

eMHHK. GOMbIIe HOMHHANBHOM MOUHEOCTH CyneT pa60TaTb C HEeNOrpys-
KOff, a NpPHEMHHMK C MeHblledl HOMHHAJIBbHOH MOIIHOCTBIO — C . Tepe-
rpyakofl. [lociefoBaresibHO cOoeiHHeHHBIE NPUEMHHKH C OAHHAKOBBIMH
HOMHUHAJBHHIME HANpPSXKEeHUsME OyAyT UMeTh HaWJAyqUive ycJIOBUs pa-
GOTBL TIpY OAMHAKOBBHIX HOMHHAMBHEIX MOIIHOCTSX, -

MuorouncieHHbl NPHMEHEHHs! NOCHEeNOBaTeIbHHX COeIMHeHHH co-
NPOTHBJICHHIA B Pa3/MUHbIX OGJACTAX TEXHHKH. [Ipu ucnonb3oBanuy,
HanpuMep, IBHTaTesell ‘TIOCTOSHHOIO TOKa TNOCEAOBATeNBLHO C LENbIO
AKOPA BRJIOYAIOT PEryJUPYeMBI€ CONPOTHBJIEHUSA JJIsi OTpaHUYeHHA
IYCKOBOTO TOKA (IYCKOBOH peocTaT) M As peryJHpoBaHusa yucaa oGo-
POTOB . (PEryJINPOBOUHLIE peocrat).

B npaktnke s/eKTPHUECKHX H3MEPeHHH H3 INOCJENOBATENBHO. -€O-
elNHeHHBIX CONPOTHBJEHHH 00pa3yloT H3MePUTE/bHBIE MarasuHbl CO-
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NpOTUBNeHNf, NOCHENOBATENbHEIM BKJIOYEHHEM HOGaBOUHBIX COINPO-
THBJIEHHH K H3MEPHTeNIO HaNpsKeHHd J0OHBAIOTCH pacllHPeHds npe-
Je/I0OB H3MePeHHs HanpsKeHHs M T. I

ﬂocne,qoaarenbuoe coenMHene akKTUBHLIX BHeMeHTOB

E(npaK'rnKe MOCJIEIOBATENBHOE M COTJIACHOE BKJIOUEHHE HCTOY-
HHKOB - MPUMEHSIOT JJIA YBeNHUeHHs NOABOMHMOTO K MPHEMHHMKY Ha- -
npsxkennsd. Jaa Goabiied OOIHOCTH PACCyKAEHHH PACCMOTDHM CXEMY
puc. 2.2, ¢ ¢ AByMsS1 COIVIACHO H OJHHM BCTPEYHO . BKJIOUEHHBIMH 3Ji€-
MeHTamu. IIst yrnpomesus 2Tod CXeMBl BCe MOCTENOBATENbHO COEIH-
HeHHblE aKTUBHLIE 2JIEMEHThl MOXKHO 3aMEHHTb ONHAM AKTHBHBIM 3KBH-
BaJICHTHBIM aJieMeHTOM (pHc. 2.2,6) € 3. I c., paBHO# anreGpanueckoi
cyMMe 5. /I C. OTHENBHBIX ane-
MEHTOB:

¢ —
E=E,+E,—E;. (2.5 -
- BayTrpeHHee . COMpPOTHBIICHUE
9TOF0 3JIEMEHTa PaBHO apu(MeTH- <
YeCKOH CyMMe BHYTpEHHHX CO- f
NPOTUBJEHUI 3aMeHAEMBbIX 31eMEeH- 5)

TOB:

ro=rp+retrs (2.6 Puc. 2.2, Cxema mens ¢ Hocaef0oBaTeNb-
HEIM CcOeNVHEeHHEM AKTHBHLIX 3JieMeH-

Hpn’ (E; + E)) >E, HénpaB- 0B (@) u ee sxkpusalenrHad cxema (6)
JIeHHe . 3. J. C. 3SKBHUBaJEHTHOTO .

HCTOq HYKa K HanpaBpJjeHHe TOKa I= COBIIaJAI0T C Hal’[paBJIeHHeM

E
rotr
3. I. c. By u E,. IToatomy 9JIEMEHTE! € 3. J. C. E, u E, srofi cxempl pa6o-
TAIOT KaK HCTOUHHKH, a 3JIeMeHT ¢ 9. 4. ¢. E; — Kak' NOTPeOHTeIb SJIeK-

TpH‘IECKOH BHGPFHI/I,}HaHpH}KeHI/IH HA BHEIUHHX 3a)KUMaX HCTOYHUKOB:

Uy=E,—tyl 8 Uy=E,—rpl. @2.7)

I1H HanpsKeHns GyLyT OTIHUATBCA OT HOMUHAJIBHBIX 3HAUCHH Tem
Goabire, YeM Gosbille oT/HUaeTcs TOK [ LENH OT HOMHHAABHBIX TOKOB
~Iig v I3y MCTOUHHKOB.
 EBemn I<Jyw I<Upy, 10 Uy > Uy 1 Uy >Ugs Ecan 7> 14y,
aly>I, 10 Uy<Up, a Uy>U,, B uactnoctn, xorza 1ok [
paBeH TOKY KOPOTKOTO 3aMbIKaHHs MCTOUHHMKA C 3. A. ¢. By nou E,,
' _HanpsoKeHHe Ha BHENIHHX 3a:K¥MaxX 3TOr0 MCTOYHMKA PaABHO HYJIO.

D10 03HaudeT, YTO JAHHBIH HCTOYHMK HEe OTHAeT. HSHEPTHI0 BO BHEI-
- HIOIO lienb, a NOIVIOLlaeT €e B CBOEM BHYTPEHHEM CONPOTHBJIECHHH.
IlostoMy mns Gojiee SKOHOMHYHOTO HCIOJNB30BaHMSA I10C/IE0BATENBHO
¥ COTJIaCHO BKJIIOUAEMBbIX HCTOYHHKOB, HOMMHAJNBHBIA TOK -KAKIOTO U3
HUX Jo/nKeH ObiThb PaBeH HOMHHAJBHOMY TOKY noTpebHTess.
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JLAf COCTABNCHNUS SHEPIeTHUECKOTO faNanca PacecMaTpuBaeMolt Lemy
- (cM. puc. 2.2,a) Bo3bMeM YpaBHEHHE €€ 3JIEKTPHUECKOTO COCTOSHHS

) '(r01+r02+r03+r)IV’-’—"E1‘+EZ——E3'
H yMHOXHM [NPABYIO U JIEBYIO YaCTH ITOTQ 'yPABHEHHS Ha ToK [:
' (roy+ Tog+ rog + 1) 12 = EoI + Ey] — Eol. '

3anucap 3T0 PaBencTso HHave, rIOJIy‘II/IM ypaBHeHHe Gananca Mol
HOCTel o . ’
' : toxel -+ Egl = E [ +E,l, o

COTJIACHO KOTOPOMY CYMMa MOIIHOCTeH, Pa3BUBAEMBIX HCTOYHHKAMH.
5HePIHH, PABHA MOLIHOCTH IOIVIOMIEHHS SHEPruH BO BCEX COMPOTHBIE-
HMAX IeNM M MOIIHOCTH, XapaKTepuayIolleH npollecc npeobpasopanus
3JIEKTPHYECKOH SHEePIHU HCTOYHUKA B ;xpyme BUJBI 3Hepmu B anemeuTe
ca A c Ezo .

Ll

§ 23. LlErM C: MAPASASENBHO COE,E!.MHEHHHMM DNEMEHTAMMA

ITapanne/ibHLIM  HAasHBAIOT TaKoe COEJMHEHWE, NPH KOTOPOM He-
CKOJIbKO BeTBell IPHCOeAMHEHH! K ,IlByM y3a1am € OTIHHaIOMKMHCS ApyT
oT Apyra HOTeHIlHaJIaMH. : :

Puc. 2.3, CxXeMbl LenH ¢ Napa/ebHBIM, COENMHERHEM CONpo-
: : TUBJICHUH

Ha puc. 2. 3, a nokasana cxema c n [IACCHBHEIMH BeTBSIMH, npnco-
eNMHEHHBIMY K OJIHUM M TeM ke yaiaMm A u B, pasHoCTb NOTEeHIHAN08
MeXJy KOTOpbIMU paBHa Hanpsxenuio U uctounnka. Ha _puc. 2.3, 6
npusefeHa Apyras cXema, HYeThbipe CONMPOTHBJEHHS KOTOPOH COelHHEHb!
TaKKe MapaiesIbHO, XOTsA 3TH COENHHEHHUS H OCYLIECTB/IEHD! He K OJHHM
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W TeM € FeOMeTPHYECKHM y371aM, KaK 3TO HMEJO MECTO B CXeMe PHC..
2.3, a. Cxema puc. 2.3, 6 dApjdercd TUMHYHOH /I MHOTHX MOHTAKHBIX-
“CXeM, TAe OTHesJbHEe 3aXKUMbl PA3JIH4HBIX /JI€MEHTOB LeNH COoeRuHeHb
mexIy coboi NMPOBOAAMH € OUeHb MaJbIM conpoThBIeHneM. YTobn npu-
© BECTH Takue cxeMbl K OoJlee HATJSAHBIM H
fIPOCTBIM, HAJA0 OTHEeNbHble TeCMeTpUYECKHe
Y3/l OJHOFO M TOTO XKe NOTeHIHaka oGbelu-
HHTb B OHHH y3ea. Tag, ysasi'a, & U ¢ UMEIOT
OJMH U TOT JKe MOTEHLHAT U UX MOXKHO 00be-
JUHUTE B OLHH y3em N cxeMel puc. 2.3, 8.
Ananoruuso, yaawsl d ue oObeAHHEHb B OLUH
obmul ysen M 3tol cxeMsl. B pesyabrare
~cxema puc. 2.3, 6 MOKeT ObITb 3aMeHEHA 60-  pyc 9.4, Cxema nemn asyx
Jiee 1pocToil exeMol puc. 2.3, 6. IdpaNIeNbHO COBRRECHHBIX
B kauecTBe nmpuMepa NapasiieIbHOTO CQO-  [EHEPATOPOB  MOCTOSHHOrO
. e[MHEHUs] AKTHBHBIX BeTBefl Ha puc. 2.4 mpu- Toka
“peJleHa CXeMa BKJIIOUEHHS JBYX IeHepaTopOB
Ha napamiesbHyio pabory. [loJo:KuTesnbHple MHMOJIOCH TeHEpaTopoB
oObeJUHeHbl B OFHH y3es, a OTpuiare/ibible.— B APYrof. IJTH reue-
_patophbl NUTAIOT NMOTPeOuTENb € CONPOTHBACHUEM I:

ﬂapanneanoe COGAMHGHHG MacCHBHLIX DNIEMEHTOB

Ha Bcex napanjenbHO COeJMHEHHBIX 3JeMeHTax (cM. puc. 2.3, a)
JeHCTBYET OJHO M TO XKe HAIPsKEHUe, PaBHOE HaNPSKEHUI0 MCTOUHHKA.
-To3atoMy TOK B KamK0M NpUEMHHEE ONpeleasieTCst HanpsiKeHHeM MeXAY
. ys3JlaMH M CONPOTHBJEHHEM €AMOTO IIPHEMHHKA:

I *_—g1U Ia:azgsu’ ,
U U (28)
,12—_’—_—1—:g2(j, [(l_:;":gnU-

ST TOKHM He 3aBHCAT OT CONPOTHBJIEHUS APYIMX BeTBEH. .

To 06cTOATENLCTBO, UTO Tapansie/bHOE COeNMHEHHE. ‘ofecrneunBaeT
© 0JIHHAKOBOE HAlpsKEHHe BCeX BKJIOUEHHBIX NPHEMHHUKOB M HX He3aBu-
j"f'chy}o LpYT OT Apyra paboTy, ABMAETCH BaXKHbIM NPEUMYIIECTBOM ITOTO
. coelnHeHHs, Gnarofaps KOTOPOMY OHO HaillIO LIHPOKOe IpUMeHeHHe.
-~ Kax mpaBu/io, BCe NPUEMHHUKH . smeKTpuqecxou SHEPTHH BKJIOYAIOTCS
" B TATAIOILYIO0 CeTh TTapalie/bHO. ; -~
- JInA xapaXTepHCTHKHM paboTsl [IapaiNenbHON HENH ONpeliesnuM ee
SKBUBAJICHTHOE CONPOTHBJICHHUE. Yenosus sKBUBANEHTHOCTH OYAYT CO-
JIIOZICHE!, €CJIM NIPOXOAALIMI 1O SKBUBAJEHTHON llenn TOK [, Gymer
“pasei TOKY 1 B HEPaSBeTBJIeHHOI/I YacTH UeTH, HH cyMMe TOKOB OTJIeJb-
”:bex MapajIebHbIX BeTBefi:

dsg=1= 11+12+13+ +1n- - - @9
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Bociionbsosasmucs  (2.8), ypasmenue (2.9) MoxHO nepenucafb
B APyrom BHIE: ‘ '

ol = giU +g,U +-g5U +-...4-gU
H U3 HEero IOJYYHTbL (OpMYJLy aKBHBaJleHTHoﬁ IPOBORANOCTH

 Gxs=& T+ .+ &= Z &r 2.10
HJIH CbOpMyJIy IKBHUBAJICHTHOI'O COMPOTHUBJICHHUA |
) k=n
1 1 1 1 1 1
r9“=g'{‘72+7;+..-+;_;=kz ;;n' (2]1)

CnenoBaTelbHO, NMpH NapajeqbHOM COEJHHEHUM SKBHUBAJIEHTHAA
NPOBOAMMOCTh LIETNH paBHA CyMMe IPOBOAMMOCTEH OTIENbHBIX BeTBefl.
- B napansenbHO# cxeMe HauGoJbulel NPOBOAUMOCTRIO 00JafaeT
BETBb C HAVMEHBLUINM conpoTusieHueM. Tlosromy mpoBoguMocTs mapast-
JIGBHOMN IeMH He MOKeT OBITh MeHbIIe TPOBOJAUMOCTH BETBU C HANMEHb-
muM conpoTuBienneM. Tak Kak 3KBHBaJIEHTHOE CONPOTHBJEHHE mapasi-
JIEJIbHOM Tienn oOpaTHO MPOIOPHIOHANLEHO €e IKBUBAJEHTHON NPOBOAU-

v S
MOCTH g == 5—, TO OHO Bcer/a OyJleT MeHbIIe HAUMEHBIIET0 CONPOTHB-
3KB .

JIEHUs TapallJiesIbHbIX BeTBel.

Cnenyer sICHO TIPeJCTaBJIATh, UTO NPHU NOAKJIOUEHHH HOBOTO HOTpe-
6uTensi K ceTH obpa3yercs JONOJHUTeIbHAS mapasneibHas BEeTBb, 00-
i[as MPOBOAHMOCTb LENH NIPH 3TOM YBEJHYHBAETCH, a ee SKBUBAJIEHTHO®
CONpOTHBJIEHHE yMeHbllaeTcs. Ecin napanienbuo coeflunenbl n BeTBel
¢ OJFiHAaKOBLIMH CONPOTHBIEHHSIMH , TO UX IKBHBAJCHTHOE COMPOTHRJIC-

o r
nue OYAET B 71 Pa3 MeHbIIle CONPOTHB/ICHHS OAHOH BETBH: oxn = —.

YMeHblIeHHe OOIIET0 CONPOTHBJEHUS HEMH GYAET CONPOBONKAATHLCH
yBEJIHYEHHEM TOK2 M MOIIHOCTH:

P=UI=U(+1,+1+...4+1,)

P=P,+Py+Py+...+ P,

Momuocts napanneanon IeNH paBHa CYMME MOIIHOCTeH ee OTAC/b-
HBIX MNapaJjieabHbIX BeTBel.

an,ZlCTaB.HHeT npaxmtlecxnu HHTEpeC Henb c ABYMST HapaJIHEJIbelMH
CONPOTHBACHUAMHU 7y U o, KBUBaAJICHTHOE CONPOTHBAEHUE TaKOH Leuu
paBHO nponsaexeﬂmo COﬂpOTHBJIeHI/IH TIOAC/ICHHOMY Ha HX CYMMY-

nfe... (2.12)

“HIH

r .
9KB T r + ra

Toku BeTBefl 5TOH UEHH PaBHBI:
U roxsl __ ‘ ]
= 1

17 rn f1+f2 }

Ut @19

27 rg  rire
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Cornacso (2.13) ToK B ojiHOf H3 TIapaJlIeTbHEIX BeTBel Ileny paBeH
TOKY HEpasBEeTBJIEHHOTO yYaCTKa ILleNHd, YMHOMKEHHOMY Ha OTHOLIEHHE
COMPOTUBJEHUS IPOTUBOIONOKHON BETBH H CYMMb! CONPOTHBJICHUH BeT-
Beil.

MapannensHoe coegMHEHME aKTUBHLIX BETBEH:
Metog yanosoro Hanpsixenus

Eenu mapaie/nbHO NPUCOSJUHEHH! AKTHBHBIC TeHEPAaTOPHLIE BeTBH
(cM. pue. 2.4), To obwm# ToK [ mOTpeOHTENs CKJAABIBACTCA U3 JABYX
ToKoB BetBel I, u I,. Tlostomy mpakriueckas HeoOXOLMMOCTbH TAKOIO
napajyieIbHOT0 BKJIIOUEHHS BLI3BIBAETCS CTPEMJICHHEM YAOBJIETBOPHTH
nOTpe6HOCTh NPHEMHHUKOB 2JIEKTPHYECKOH 3Hepruy B OoJblleM TOKe.
CrnelloBaTesIbHO, B peasb-
HEIX LeNAX AONOJHHTENb-
Hble HCTOYHHKH NHTAHUA
HOJKJIOUAIOTCST -~ mapad-
JIeIbHO B TOM Caydae,
KOrZa TOK ToTpeburenc
" MOXKET IPEBLICHTL BeJH-
YHHY HOMHHAJBHOTO TOKA
yKe paboTaiomyx HCTOY-
HUKOB.

Utobnt  nccnenoBaTh  Puc. 2.5. CxeMa uemu ¢ napamenbﬂo‘coennnéﬂ-
paboTy TaKuX uenel, 110- . HbIMU aKTHBHEIMH H IACCHBHBIMH S/CMEHTAMH
3HAKOMUMCH € METOHAMH
ux pacueta. Paccmorpum HanGodiee ofimuil cay4ail, korka uenb (puc. 2.5)
COCTOHT M3 1 MApaAesbUBIX BeTBEH, H3 KOTOPHIX NEPBbIE BETBH OT 1 Jo m
SIBJITIOTCA aKTWUBHBIME, a OCTa/JbHBlE BETBH OT m -~ 1 70 # —- naccus-
veivu. ITycrb Bemuuubl 3. A. €. BeTBel, MX HANPABJIEHHS H 3HaYeHHUS
BCeX COMPOTUBJEHHH CXeMbl 3aJaHbl H HeOOXOJAWMO HaHTH BCE TOKH
CXEMBI. ' '

Pacuer ueneft ¢ AByMsi y3/JaM#d, K KOTOPHIM OTHOCHTCA M 3aJlaHHas
cxeMma, Ipolle BCero IPOBOAUTCS IPUNIOMOUIMI M e TO 1 a Y3JI 0OBOTO
HanpaxeHusd [losroMmy Merory cHauana onpefesisioT HanpsKe-
uue Uap MeXLy nByMdA yanamu A u B cxempl, a 3aTeM, 3Has 3TO Hanps-
JKeHHe, HaXOJsAT TOKY BceX BeTsel.

Jinsa seisoga dopuyint  Haupsxenus Uypy KoTopoe OOBMHO Hasbl-
" BAIOTY3JOBBIM HalN psXeHHeM, BepHEMcd K cXeMe puc. 2.5. .
“Haunem ¢ BbI0Opa YCJIOBHO TOJOKUTENBHOTO HaNpaBjeHHUS Y3JOBOTO
. HanpsxeHus or yasa A x ysay B u 0603HauuM 3T0 HanpapJieHHe cTpes-

‘Kot Ha cxeme. [lotennuan yana A B 3ToM cirydae GyAeT BhILIe NOTeHIMANA
"yama B, mo3TOMY TOKH NACCHBHLIX BeTBefl CXeMbl HalpaBJieHsl 0T yana A
‘X yany B. Hanpasienye TOKOB aKTHBHBIX BETBe HEHU3BECTHO, MOCKOJILKY
_ HMEIOTCsI TIapaJjieibHble BeTBH C.PA3HbIM HampasieHueM 9. A. c. BriOe-
peM HX YC/IOBHO IOJIOXKHTENbHOE HANpaBJeHHe OT y3ia B K yaay A.
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‘HpHMeHHH X Kax«zzxon u3 BeTselt sakoH Oma, BHIpa3yM TOKH BeTBeii: ‘
=g (E; — UAB)
12——gz( Ez‘"UAB),

m—-gm(E ‘“IJAB) | el
‘ ]m+1 gm+1UAB, 1

s e e L I T I Y

! —‘gnUAB ’ j

Tlo nepeomy BaKOHy Kupxroda, .CyMMa TOKOB NACCHBHLIX BeTBell
paBsHa. cymme TOKOB aKTHBHBIX BETBEH CXeMbl: ;o

1m+1+1m—|~2+---+1n=]1+12+-~-+1m~
HO;ICTaBﬁM BMECTO TOKOB MX 3HAUEHHS M3 (2.14):
8ms1Uas + &misUan o+ glUas=g (E; —Uap) +
+ 8y (— Ez UAB) +. ook @m (Em— Ugp).
‘Onpegenss OTCIOJA Y3JI0BOE Hanpamegne U4p, monyuaem

, Ey—goFs 4 ... L gk
U 8181 8Ly mEm
BT T at et T

T ‘7
= L @

- Hanpsokenne Mexny IlByMH yaJiamu NApaIEbHOMN ‘Hemnu paBHO -
meépaﬂqecxon CYMMe TPOH3BEJCHKI TPOBOJUMOCTH H 3. Al C. Km0
BETBH, JIEJICHHOI HA CyMMY IPOBOAMMOCTEH Beex Betell cxembr. Tlpoua-
BelleHus g, Ej, GepyT co 3HAKOM IUIIOCH B TOM C/lydae, KOTjia Hanpasie-:
H¥e 3. Ji. . E; IPOTHBONIONOKHO BHIGPAHHOMY YCJIOBHO NOJIOKHTEABHOMY
Harnpas/eHHto Hanpskeuus Ugp M CO SHAKOM (¢MMHYC», KOTAA: 3TH
HaTpaBJeH#s COBIAAAIOT.

3Has HaIPAMKEHHE MEXKLY ySJIaMH HOJIbByHCb ypaBHeHI/IHMH (2 14),

MOMKHO ONpENENUTh TOKYM BETBEH CXeMbl.:
"+ OrincaHHBIA CI0c06 pacuera TOKOB CXEMBI ¢ IBYMST Y3JaMi [0 H3BECT-
HBIM 3. J. C. H CONMPOTHBJICHHAM BETECH Has3bIBaeTCE M€ TOJOM Y 3 -
J.OBOTO Hampsxenns Hanomunm HOCJIe)lOBaTeJIbHOCTb npo-
BeJIEHHA pacuera MO 3TOMY MeTOHy:

1) ‘chauasa 3ajaiOTCA TIPOMSBOJIBLHBIM HANPABIEHHEM Y3JIOBOIO Ha-
npsierus U gp 1 1o dopmynam (2.15) onpenenmor ero BeJIMYMHY H nen-
CTBATENIBHO® HalpaBieHue; ,

* 2) 3nad HanpasaeHue H&Hpﬂ)KE)HHH Uas, ycranapanBaior HanpasJe-
HH# TOKOB MAaCCHBHBIX BETBER H NOACYHMTHIBAIOT HX BEJIMYHHDI;-

3g



3) sagaorcs H'[)OI/I’%BOJIbeIM Hanpamem{em TOKOB aKTHBHBIX BeTBeH
u 110 3aKOHY OMa Jisl 4KTHBHOTO ydacTKa Uefld ONpeNesifioT uX Bed-
upHbl ¥ JedCTBUTeIbHOE HamnpaejeHue. Ecau I1a onpefieseHus TOXKOB
HCNONB3YIOT ypaBHenus (2. 14) TO YCJIOBHO NOJOKHUTETbHBIE HanpasJe-
HUS TOKOB aKTHBHBIX BETBeil JOKHBI OBITh BbIGpaHbI MPOTHBOTIOJNOXKHO
Hanpasaenuo HanpskeHHs U ag;

4) cormocTaBieHyeM HapaBaeHnil 3. A. C. U TOKOB aKTHBHBIX BeTeeil
_ ONPeJeNsAIOT, B KAKOM M3 PeXKHMOB (HCTOYHUK MM TPHEMHHK SHEPIHH)
paboTaeT aKTHBHAS BeTBb:

B KadecTBe NpHMepa HpUMEHEHHs METONA Y3/I0BOTO HanpsoKeHns
BEpHEMCsl K aHaiu3y cxemsl puc. 2.4. D. I. c. ee BeTBell HanpasJeHb
'K y3ay A, mosTomy 3lech OUEBUAHO; UTO Q4 > @p U Y3JOBOE HAIPSXKE-
uue U nanpasieHo ot yana A x ysay B, kak u ykasaHo Ha cxeme. Besn-
YHHY 3TOTO HAMPSKEHHS MOXKHO TIOACUHTATD no thopmyae (2 15):

_. 80f1 1 gk,
Loy + 8+ g’

3HAaK ‘HOJYYEHHOTO HaHpH}KeHI/IH GyAeT MOJMOKHUTEIbHEIM, YTO MOA-
 TBEDIKJACT NPABUILHOCTS Bb160pa ero ycnom{o HOJIO}KI/ITEJIBHOI‘O Hamnpas-
JIeHHs.

ycrb TokM I, 1 [, akTUBHBIX BeTBe#H HaHpaBJIEHbI oryana Bxysay A
1 06a HCTOYHWKA PabOTAIOT B TEHepATOPHOM PeXMMe. SHAUCHHS HTHX
. TOKOB MOMKHO OUpeJeJHTb MO CJeLyOIIHM YpaBHEHUAM:
J=b=Y oy, Bl 2.16)

T2

. Bb!pa}KeHnﬁ (2.16) cnemyer, 4TO BeNMUHHA U HAaNPABJEHUE TOKA
. AKTHBHOTL BETBH 3aBHCST TOJIBKO OT COOTHOLUGHHS MeXKIy ee 3. J. C.
‘¥ HanpsKeHHeM Ha BHEIUHHX 3axumax. Korjga a. J. c. BeTBd Gosiblue
nanpsixenus U, HCTOUHUK paéoTaeT B, TeHEPATOPHOM PEXKHME U OTAdeT
* BO BHELIHIOW TI61Th TéM BOJIBLINHA TOK 1 MOLIHOCTD, YeM GoJiblue ero 3. A. ¢.
- Peryanpys BeJHUHHY 9. J. C. OTASNbHBIX TNapaJJiesbHO pafoTatolux
reHepaTopOB, NOCTOSHHOTO TOKA, MOXKHO IlepepacmpelessiTh Harpysky
MEXNY HYMH.
“ Eeaw.3. M. C. Kako#- Jm6o BeTBH CTaHeT MeHblle Hanpsxedus U,
' TO TOK 3TO/ BETBU  HSMEHWT CBOE HalPaBJICHHE H AKTHBHAs BETBb Gyjler
 TOTPEBJISITH 3MEKTPHUECKYIO SHEPTHIO. DNCKTPHYecKas MallHHa IOCTOSTH-
" HOTO.TOKA B 9TOM.CJIyHae paﬁoTaeT B KayecTe ABHTATE/N, 2 aKKyMyJIsl-
L TOp 3apmxaeTcs1 S
- Korga 3. A. c. Kaxofi- Jméo BETBH paeza HanpsukeHuw U, a TOK paseH
_ HyJ0, HCTOMHHK pafoTaeT B peRUME XOJIOCTOTO XOAA. BeTBb MOZKHO
“OTKJIOYATH OT CETH U 0OPATHO BK/IOYATh B CeTh — - pexuM paboTHl Oc-
,'yﬂ'ranbﬂou ‘YACTH LENH OT 3TOTO He M3MeHHTCH.
B sax/mouenue obpaTHM BHEMAHKE HA TOT cayuaf, Korfa B o/:u{on H3
. napannenbmﬂx BeTBeH CXeMbl BKJIIOYEH HCTOYHHK € BHYTPEHHHM COMIPO-
; vTHBJIEHI/I\,M, PaBHBIM HYJIO. . ITOT HCTOUHUK (QUKCHDPYET HEU3MEHHEIMH.




NOTEHIMANLl BHEIUHUX 3aKuMoB lenn. Hanpaxkenue Mexny ysnamu
Oyzer paBHO 3. 1. C. 3TOIO HCTOYHHKA. B JaHHOM ciiyyae MOXKHO cpasy
ONpPEeJE/IsiTh TOKH BETBEH CXeMsl. -

§ 24. UEMN C O4HUM UCTOUYRMKOM MUTAHUA
M CMEULAHHBIM COEOUHEHUMEM COMPOTUBITEHWMA

CMeIIaHHBIM COSIMHEHUEM COTPOTHBJIEHUH HA3HIBAIOT COUCTAHHE HX
HOCIENOBATENBHEX H NapasiebHbIX coefiriHenuil. HauGosee npocthim
H PacHpoCTPaHEHHBIM B MPaKTHKE CMELUAHHBIM COeJHHEHHEM fABJALTCA
Lenb OOBIYHOrO Hapae/IbHOrO MOAKMIOUEHHS MOTpebuTenell K pacnpe~
AeJUTeJbHOMY IIMTKY TPH MOACOSAUHEHMH 3TOTO IIMTKA K HCTOUHHKY
NHTAHAA C MOMOIIBIO MPOBOOB. ,

@

Pac. 2.6, Cxema uenn co CMeIAHHLIM COSMMHEHHEM COMPOTHB-
. JleHu

CxeMbl CMEHIAHHOTO COEAMHEHMSA DPa3/IMYHBIX SJIEKTPOTEXHHUECKHX
YCTPOHCTB BechbMa pa3H006paSHbI. B kauectBe npuMepa paccmoTpuM
cxemy pue. 2.6,

[Tycre Bee conpomsneﬂuﬂ ¥ HAUpsKeHHe HA BXOLe STOH CXeMbl
sajldHbl M TpeGyeTcd ONpelesuTh TOKH €e OTHENbHEIX ydacTkoB. s
pacueTa BOCNOJIbSYEMCSI ME€TOLOM SKBHBAJEHTHHX CO-
NPOTHUBNEHHH, N0 KOTOPOMY OTAC/IbHBE YUACTKH CXeMbl YIpo-
HIAIOT U TIOCTENEHHBIM NPE0OPa3OBaAHHEM HX NPHBOJAT CXeMY K OLHOMY
obuiemMy (BXOAHOMY) conmpoTup/eHuio. s ynpouleHusi CXembl OTAENb-
Hble TPYIIE! NOC/EAOBATCIBHO HIH MAPALICTLHO COBLUHCHHAIX cotpo-
THBJEHUH 3aMEHSIOT ONHHM 3SKBHBAJICHTHLIM CONPOTHBJIEHHEM.

Tax, conpoTHBJEHUA 4 H Iy CXeMbl puc. 2.6, a coeluHEHHl Hapan-
JIe/IbHO B HX MOMKHO 3aMEHHTb OJAHUM 3KBUBAJEHTHHIM COHpOTHBJIeHHeM

7%

Toc= ratrs’
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Tlocsie 5TOrO CcXeMa HECKONBKO YMPOMIAETCS M HPHOOpeTaeT BHK
cxeMbl puc. 2. 6, 6, CONPOTUBJEHHUS 73 H Ypc KOTOPOH: COeJUHEHBI oc/e-
JoBartenbHO. B cBoto ouepennb Betsb ADCB ¢ 3THMH CONPOTHBJICHHAMH
coefiuHeHa napa.nne.nbﬂo C BETBDIO 7y SKBUBAJEHTHOE CONPOTHEJEHHE
obenx BeTBeH
ro(rg =+ rpe)
rotrg+rpc’

ConpoTHBNEHHUE 7 4p BKJIOUEHO HOCJESIOBATENbHO C CONPOTHBACHHEM
r1, KaK YKa3aHo Ha CXeme puc. 2. 6, 6. O6mee, uiy BXOAHOE, COIPOTHBIL-
HHE TOH CXeMbl Tox = T'ap ~+ r; AaeT BO3MOXKHOCTD ONpeAe/iuTh o0u i
ToK [{ HauajabHOU cXeMHl puc. 2. 6, a:

rap=

Iy=—.
17 rax
3artem, Bo3Bpamasich K cxeMme puc. 2. 6, 8, MOXKHO HalTH HanpAXKeHHe
Ha ydactke AB:

Uap=rasl,
¥ TOKH B CONPOTHUBJICHHSX Iz M I3 CXeMbi puc. 2.6,6:
i U.AB bi UAB
9 = — H g o=
re rpe -t g

Tox I mpoxoaut TakkKe N0 IKBHBAJEHTHOMY CONPOTHBIEHHUIO 7pc,
nazietne HANPSIKEHHA HA KOTOPOM PABHO HANPSKEHMIO Ha yHacTie DC
Havya/NbHOH cXeMml puc. 2.6,a:

_ Upc = rpcls.
3nas 3TO HailpsuKEHHE, MOKHO HaHTH TOKU OCTaNbHBIX -BETBEi:

4 74 5 rs °

OTH e TOKH MOXKHO ONpeNesuTh H N0 (hopMysiam

rs T4
L=l v L=gg

DeKTpHUECKHE Nenmd C OJHUM HCTOUHHKOM IHTAHHMS MOXKHO PacCy-
THIBATD HE TOJABKO METOXOM 3KBUBAJIEHTHHIX CONPOTHBJEHHH, HO H METO-
. JIOM TIPOTIOPIHOHAJBHEIX BeIHYHH (METOJOM NOXOGHS). :

Merod nojgo6nA YacTo MOXKET 0Ka3aTbCs YIOGHEIM METOJ0M
pacuera; OJHAKO OH NPUMEHHM JIHLIb LI pacdeTa menell ¢ JHHeHHbIMU
3MeMeHTAMH, T. €. HeNell ¢ HeM3MeHHBIMY CONPOTHBIEHHIMH, HE 3aBHCHA-
UMM OT BeJIMYMHEI TOKa W HaNpsKeHus. IlpuMenenne atoro MerTola
OCHOBHIBAETCA Ha TOM, YTO B JIHHEHHON HEMH ¢ OXHMM HCTOUHUKOM MTHTa-
HUS HMEET MECTO JIMHeHHAs 3aBHCHMOCTD MeXY HanpTKeHueM Ha BXoJle
cxemMpl ¥ TORaMu ee OTAebHBIX BerBell. [losToMy RCAKOe u3MeHEHHe

- U
HanpAXeHus Ha BXOJe cXembl B kB pas (k= tox

'U——> CONpOBOXKAACTCA - U3-
HaY
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MEHEHHEM TOKOB BeTBel TOXeE B k. pas. 3TUM CBOHCTBOM MOXKHO BOCIOJIB-

30BaThCA AJS Oﬂpe)leJIEHHH TOKOB CXEMhbI pI/IC 2.6,a B c.neﬂyromeu Ino-

CJeH0 BaTeILHOCTH.

3a,uaeMcs1 IIPOH3BOJIBHBIM 3HaquueM TOXa Ii B Bereu, Hauﬁonee[

y,f.laJIeHHOI/I OT UCTOYHMKA NUTaHusl, — B COHpOTI/IBJIeHI/II/I rg. ITo 33.}13}{"" :

HOMY TOKRY I3 ¥ CONPOTUBJEHHUIO r; OTIPENeisieM HanpsiKeHHe
5 ‘ Upc=‘r5]5.
JHanee onpegenseM:
g , ‘
o Ype , , , . . . , , ,
14—'—-‘—74—-, Iy=1I;+ I, U53=r313 u Uip=Upzc+ Ucs.

“ Tlocsie atoro HaxoauM TokH I3, I1 u, HakoHell, obiee HanpsKeHue U,
Onpako Hafinennoe Hanpsikenne U’ B ofueM crydae oTMyYaercs ofT
JieHCTBUTENBHOTO 3aJaHHOTO HAMPSIKEHUS U. I'Ioa"romy ATl onpefese-
HUsT AEHCTBUTE/BHBIX 3HaYeHHH TOKOB H Hanpﬂ}xeﬂnn BLIMHCHACM TaK

U
HAa3LIBAEMBIF/ Koatpqmnuem noROGHs &= 7 - VMHO}Kaﬂ ‘Ha Hero - mosy-

‘IeHHble HpI/I pactxeTe 3Ha‘IeHHH TOKOB U Haﬂpﬂ}KEHI/II/I HaXOIlI/IM JleHcT-
BHTEJILHbIE SHaYeHHA TOKOB CXEMBI.

- § 25 SKBMBANEHTHBIE COEQUHEHUA CONPOTUBIIEHUA
B 3BE3AY U TPEYTOJIbHUK. :

Hpn pacque cxeM BCTpe‘{a!OTCH C.IIO)KHbIe coe;mHeHm J4CTH KOTO-
pHIX . HeNb3s OTHECTH HM K NapaieJbHBIM, HH K HOCHENOBATeNbHBIM
coefunennsM. B obpeme JanHOro Kypca paccMOTpUM OLHY U3 TaKHX
CcXeM, KOrZa yacTh ee 06pa3yer TPEYTOJNbHHUK COMNPOTHSB -
JL€ H U #, BeplIMHaM# KOTOPOTO fIBJIAIOTCS TPH yala, & CTOPOHAMH —
TPH TIACCHBHEIX BeTBH, BK/IIOUEHHBIE MEXAY TUMH yalamu. as ymnpo-
LeHHs NOAOGHBIX CXeM, BO MHOTHX CayYasx ObBaeT yIOGHO 3aMeHHTH
TPEYTOIBHUK 3 KBUBAJNCHTHOH Tpex/ay4ieBOH 3Be3-
Ao H. '

PaccmoTpuM cxeMy pHC. 2.’ 7, @, UMEIOILYIO IBA TPEYTONBHHKA CONPO-

TisneHul abe u dfe. Ilpu samene 3THX TPEYrONbHHKOB SKBHBAJICHTHEIMH
3Be3/1aMH C CONPOTHBJICHUAMH JIYUeH ry, Fyy o H Ty, Ty, T, CXEMA YHPO-
IaeTCs U TIPHBOAMTCS K CXeMe CMEIUaHHOro cogRuHeHus (puc. 2.7,0).
OnpefiesinM-ypaBHenus, CBAsbIBaONLAE COYIpOTI/IBJIeHHH 5KBHBAJIEHT-
HBIX TPEYTOJIbHYKA H 3Be3bl (pHC. 2.8,au6). -
Jljis 3T0r0 BOCMOAB3yeMCs OBIMM YCAOBHEM SKBHBAJEHTHOCTH CO-

TIPOTHBJCHHH, 110 KOTOPOMY TOKH B HacTAX CXeMbl, He 3aTPOHYTBIX Ipe-
obpasoBalyeM, AOKHE 0CTaBaTbest 6e3 H3MeHeHUs. JTO 03HAYAET, UTO .
TOKH, HallpaB/eHHble K y3/1am @, b U ¢ 10 JuHeHHEIM TPOBOLAM oéeux, ,
U CXeM TpeYFOJIbHHKa ¥ 3BE3JHl; JO/IKHBI ObITh OIHHAKOBBIMH. Y CIOBHE -
5KBHBAJICHTHOCTH JOJIKHO ObITH co6mo,u.eﬂo BO BCEX PEXHMAX, B TOM
gycie Hpu o6pbiBe OJHOrO U3 JmHeHHblx npOBOJJ,OB, npﬂcoe,anueﬂﬂblx, ,

3 ys.naM a, buc
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[Ipu o6priBe MuHEHHOT0 NPOBOAA, NPUCOSAUHEHHOTO K Y3y @, Hanps-
JKeHHe MEXAY Y3JaMu b U ¢, a TakKe TOKM NMPOBOAOB, PHCOSAHHEHHBIX
K 3THUM y3J1aM, JOJKHEI OblTh OZMHAKOBBIMH B CXeMax Tpeyro/ibHHKa

Puc. 2.7.- Cxema 1uenu, YacT# KoOTOpOil 06pasyior 1Ba
TPEYroJBbHHKA cOHpOTKBJIEHHH (@) ¥ sxBuBasienTHaf eit
cxema (6)

n 3Be3fibl. CleloBaTesbHO, CONMPOTURJIEHUS MEKAY y31aMu b U ¢ CXeM
TPeyroJibHHKA M 3Be3Jbl LOJIKHBI OBITH paBHBl Mexay cofol. B cxeme
- 3BE3/Bl TOK 1O COIIpOTHBJIeHPI}O 7o HE npoxo;lm Hostomy Memﬂy y3J1aMH

Puc. 2.8. OxBUBAJICHTREIC COEJMHEHA A COMPOTHBIIEBRN TPEyTrob-
* uuKoMm (a) m 3Besfioli (6)

. b 1 ¢ 6yIeT BKAYEHO co‘npomsjlenue coCTOsIIee H3 MOCAEN0BATENBHO
 COeJMHEHHBIX " ABYX Jiydell '3Besjinl, oOlee COMpOTHBIIEHHE - KOTOPHIX
paBHO r,, + 7

' © A3



B cxeMe TpeyronbHHKA MeXLY y3JaaMu b M ¢ uMejoTCs hBe mapad-
JieJibHBie BETBH, B O/AHY M3 KOTODBIX BKJIOUEHO CONPOTHBJICHHE 7,
a B APYTyI0 — JBa NOCJENOBATENbHO COEJHHEHHDBIX CONPOTUBIEHHA 7y
U r,. OOllee CONPOTHBNEHHE 3TOH Lemu

roc {reat ran)
Foe = 7oa - Tab
Ilo ycioBHIO 3KBHBaNeHTHOCTH,

The (Fea = Tab)
’bc+fca"f‘rab

TloBTOPAS BHIIEUPHBEACHHbIE pacCyMjieHus s cayuas, Koraa
o6pbiBaeTCsl TPOBOJ, npmcoe;mHeHHbm K y31y b, a satem K y3ay c,
MOJTYYHM ellle jiBa ypaBHeHus:

rytre=

rea(rab -+ roc)

7ot Ta== Téat rab+ Tbe

tap (roe t 7ea)
Tab 4 rve = rea’

Pemaﬂ nonyqeﬂﬂyzo CHCTEMY H3 TpeX ypaBHeHI/IH OTHOCHTEJIBHO
COHPOTI/IBJIGHI/IYI 3Be3Jpl, HaXOAUM:

Tatro=

. Tablca ;
ra-‘—'—”’ab"l‘ Toc+7ca ’ k (2'1,7)
. Tbvcl'ab ‘ o
Iy= rab'l"f'bc+"ca" ) : (218)
ro= ——icalbe L 219)

¢ Tab - toet rea

CrelorateslbHO, CONPOTHBJAEHHE KAXOTC-JUGO JIyua 3KBHBAJTEHTHOM
3BE3Ab PABHO MPOU3BEJCHMIO CONPOTUBIECHUH CTOPOH TPEYrO/bHHKA,
OpuJeralomix K JAydy, NMOAeJCHHOMY Ha CYMMY COHpOTI/IBJIeHHH BCEX
CTOPOH TPeyTOJILHUKA.

B ciyyae paBeHCTBa conpomB.neHHH CTOpOH TpeerﬂanKa Tap ==
=Ty, = Foq = A CONPOTHBIICHHA JIy4eH SKBHBaJCHTHON 3Be3fH 7, =
=71, =1, = ry OYAyT B TpU Pas3a MeHblIe CONPOTHBJIEHHI CTOPOH Tp’e-
YIONbHUKA: g =5 Fa. ~ :

Ilpu samene Tpexsyuesol 3pesfisl 5KBUBAJEHTHBIM Tpeyronblmxom
BEJIKUHHBI COMPOTUBJIEHHH TPEYTOJABHUKA Fyp, Mpe U Fop MOXKHO OTIpEIE-
JIHTb [10 H3BECTHBIM COIIPOTHBICHHSM 3BE3IBI ¥y, #) U e, pemaﬂ cumemy
ypaeueruit- (2.17), (2.18) u (2.19) OTHOCHTQNBHO f4p, Fy; .
9TOTO IepeMHOXuM nonapuo (2. 17) na (2. 18), (2. 18) na (2 19) (2 19)
Ha (2. 17), croxuM aTH mpoussefieHns U NPOBENEM COOTBETCTBYIOLLHE
npeobpasoBasns. B pesyabrare mosydyuM

; tab’bel ca
Fel s e el = o et rea
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Paspenu aTo ypasuenue noouepenno ua (2. 19), 2. 18) u (2. 17),
HaiZeM QOpPMYJIEl epexolia B OKOHUATENBHOM BHAE:

tal'h
fab;fa-f"’b—}*w(;c 1]

rbc=rb+rc+r::y% (220)
rcazrc"{"ra"l"r;;a- }

s nonyuennbix Gopmyst BHAHO, YTO CONMPOTHBMEHHE KaKOH-sHGO
CTOPOHBI SKBHBAJIEHTHOTO TPEYrO/bHUKA PAaBHO CYMMe CONPOTHBJEHHH

a5 o feq ¢
Tap oc
r b 7,
2 %
e UE—

Puc. 2.9. CxeMa neny HeypaBHOBELIEHHOTO YETHIPEXIIEYHOTO MOCTa () W ee ynpo-
eHde IpH [OMOLY npeoépasmaaﬂmi 3Besfibl COIPOTHUBIEHUI B SKBHBa/eRTHBIA Tpe-
: YTONBHEK (6)

Jiyueft 3Be3/bl, PUMBIKAIOIIHX K 9TOH CTOpOHE TPeyroJbHUKA, H ApobHu,
UHC/AUTENb KOTOPOH paBeH NPOMSBENEHUIO CONPOTUBJECHHUI 3THX Jydel,
4 3HaMeHaTeJb — CONPOTUBJIECHHIO TPETbETO Jy4a 3Be3/bl.

B xauectse mpumepa mepexofa OT 3BE3JB! K TPEYIOJIBHHKY HA PHC.
2.9,0 TpuBeJieHA CXeMa PacHpoCTPaHEHHOrO B TeXHUKe HeypasHOBe-
IIEHHOT'O YETHIPEXILIEYHOr0 MocTa. s yIpolleHHsT CXeMbl 3Be34Y € J1y-
YAMH Iy, I3 U I'5 MOKHO 3aMEHUTh SKBHBAJIEHTHHIM TPEyrONbHHKOM, KaK
HnoKazaHo Ha puc. 2. 9, 6.

TTonyuennast cxema uMeeT CMeHIaHHOE COeNMHEHHE CONPOTHBJCHHH.
Paccyuras TOKM 3TOM CXeMbl, MOXHO HAHTH TOKH B IepeMbiike C CO-
NPOTYBAEHNEM 5, & 3aTeM M TOKH B CONPOTHBJECHUSIX /1 U f3 ucxo,u,non
CXEMBI. -

§ 2.6. AHAJIM3 CNOMXHbBIX LLENEA NOCTOSHHOIO TOKA
FIPM NOMOLLM 3AKOHOB KMPXTODA

Kiaccuaeckum TIPHEMOM pacuera CJIOKHBEIX 2JeKTPHUYECKHX  Ienefl
ABJIAETCS HeMOCPEACTBEHHOe NpuMeHenye 3akonos Kupxroda. Bee oc-
TAJbHEIE METOLb pacueTa JMEKTPUYECKUX lenell HCXOAAT 3 TUX QyH-
JAMEHTAJNbHEIX 3aKOHOB ‘3/I€KTPOTEXHHKH.

i
i
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PaCCMOTpuM npuMeHeHue 3akoHoB Kupxroda K onpelenennio
TOKOB CJIOXKHOH Llemnt (puc 2. 10), ecsu ee 3. /. C. ¥ CONPOTUBACHU A
3afaHbl.

" UyC0 HeUSBECTHBIX TOKOB CXeMpl PaBHO tmcny m ee eteeil. [Tostomy
Allsl pelleRns salaun AOMKHA. ObiTh CoCTaBJIeHA CHCTEMA, COCTOsWast
W3 /M = 6 COBMECTHBIX H HE3ABHCHMbIX YPaBHEHHH.

YcragoBEM cHauasa, KakKoe YHCNO ypaBHEHHH 9TOH CHCTEMBI' MOXKHO
COCTaBUTh, HOJB3YACH NepBbM 3akonoM Knpxroda. Tlpeanonoxum, uro
cxema Hveer y3n0B. B cxeme puc. 2. 10 & = 4. 3afafumcs IPOU3BOIDb- |
HLIM HaNpaBJSHHEM TOKOB OTAENbHbIX BeTBeH cxeMbl. Eciu Tox, Ha-
[IpaBIEHHbIE K Y3J1aM, CUUTATD. IOJIONHTEIbHBIMY, & -TOKH, HalpasJeH-
HBie OT Y3JI0B, — OTPHLATENbHbIMH, TO AJId BCEX ySJIOB CXEMbl MOXKHO
COCTABUTb CJICJYIOLIYIO CHCTEMY YPABHEHHS:

ans ysna I i+ 1 +1,=0,
Z1s yana 2. I,—1,=1;,=0,
s ys.na 3: Ay -1y —13_0
st yana 4: 13-1 ———['2_0

2.21)

TOK KaXI0H BETBH CXEMbI BXOJUT B STI/I ypaBHEHI/IH I{Ba}K)lbI C pas-
IIbIMH 3Ha1<axvm [IO3TOMY NpH CyMMHPOBaHHI/I JIeBO 4acTH IAA TIePBBIX

A - . Tpex ysnoB cxembt fy = [y — Iy

e b =+ (14'—14)+(]"—]5)+(16
“E" —I) =0 wm Iy + 1 I; =0
,5 , n nosy4yaercs ypapHeHue, ada.}‘IQFHlIHOB
/ : 3 ypaBHEHHIO,  COCTAaBJIECHHOMY  Juist
, <. l 7 | ysna 4. CnenoBarenbno, B ofuieM
&= s / ';"E?- ¢ cydyde ypaBHEHUe, COCTABJICHHOR N0
o I 2? n o\ neppoMy 3sakoHy Kupxropa mis
PR A . yana k, He ABASETCH HE3aBHUCHMBIM,
pa, e A “. TAK : KaKOHO MOXKeT ObiThb IIOJIyUeHO
== 4 == CYMMHDOBAHHEM. panee B3ATBIX ypas-
[ Iy . “mennit ausi (B~ 1) yssos. Orciona
Puc. 2.10. Cxema ciouofi nenu s~ C/IGAYeT, 4 TO HUCJIO HE3a-
ofipelleNleHHs TOKOB 1O 3akoHaMm B H CHMBI X VpaBHEHUH,
Kupxroda. . - Koropble’Mo}KHo cocTa-

: : BHTb TNO ~ITepBOMY:  3a--
kony Kupxroda, paBHO YHCAY Y3JA0B cXeMu
6es ogHOro (B— 1)

Tak Kak YHCIO BeTBelt 1 Beerfia 60Mble HHCIa y3J10B &, TO HefoCTa-
jolllee 4HCNO" ypaBHEHUH M — (R —.1) MONHO COCT2BHTb; [OJB3YSCDH
- BTOpBIM 3aKOHOM Kupxroda A 8aMKHYTHIX KOHTYPOB. Y106 KaxJoe
413, BHOBb COCTABJIAEMBIX ypaBHeHul GblI0. He3aBUCHMO OT NPEIBILYIIEX,
HaZl0 BCIO CXeMy. Pas3OUTh HA HE3aBHCHMbIE KOHTYpH. Pas6rBKy ciefyer
HAUMHATH ¢ BHIOOpA. HBPOCTEHIIEro . KOHTypa (C HAUMEHBUIUM YUCJIOM
BeTBeH), a 3aTeM CJefuTh, UTOObI KamJAblH  CHCNYIOMHA KOHTYD Obli
HE3aBHCHM OT NMPEABIAYIIETO JJIfA Yero B HErO AO/IKHA BXOAUTb XOTH Ol
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OllHA BETBb, KOTOpasi elle He onmma B paccmomeHHme IO 3TOTO KOH-
TYpHI.

Bri6epem Tpu He3aBHCHMbIX KOHTYpa, KaK yKasaHo Ha cxeMe puc. 2.10,
M ycaoBEMCS 06 O6GXOfe HX O HANpaBIeHHIO JBHKEHHs 4acoBOf
crpesiku. Torza, mo sropomy sakony Kupxroda, mosgyuyum ypabHeHus:

ans Koutypa I: oy —rdy—rly=E ~ E
ang wourypa [It rolyrydy+ryly=E,, ' (2.22)
LISt KOHTYPa. I3 1y —rlg —r4dy=0.

Pemas CI/ICTeMy H3 Tpex-HepBulX ypaBHenu#l (2. 21) m ypaBHemm

(2. 22), moxHO HalTH TOKH BCeX YU4CTKOB CXEMBI.
- Ecau npu pemenun 3THX ypaBHeHMH  TOKH OTHE/bHBIX Y4acTKOB
noJyyarca OTPHUATEJNbHBIMH, TO 9TO OyleT yKasbiBaTh, YTO JeHCTBH-
TEeJbHOE HATNpAaBJIeHHe TOKOB NPOTHBOINOJICKHO IPOU3BOJBHO BhIOpaH-
HOMY TIOJIOXKHTENbHOMY HANpPaBJIECHHIO TOKOB HA CXEME.

B 3axmiouenne yKamxem, 4T0, NOJAb3ysich BTOPbIM 3akoHoM Kupxroda,
MOKHO OTIPeJe/IUTh HAIPAMKEHHE MEXKAY ITPOHSBONBHEIMH Y3JaMH CXeMbI.
Tlycrs, HanpuMep, HeOOXOAMMO. HallTh HanpsxKenne Uy MEXKYy ys/iaMH
1 u 4 cxemsr puc, 2. 10. YUrolul ucnonbsosath Bropoi sakon Kupxroda
JUISL 3TOFO HATPSIKEHHS, HeOOXOIUMO TIPEATIQNOKHUTL HATHYHE BKJIIOUEH-
HOW MeXIy yaaamu ./ u 4 BETBH C COINPOTHBJEHHEM ry, = 0o. TOK 3TOR

BEeTBH PaBeH. HYJIO, NMOSTOMY BKJIOYEHHE CONPOTHBJCHHS f1y B CXeMY .
He USMEHseT peXuMa paGoThl BCeX OCTalbHbX ee Bersefl. [Tpumenss

: BTOpOH sakoH Kupxroda K 3aMKHYTOMY KOHTYpY (I—2—4—1I), B XOTO-

PBli1 BXOAUT BETBb C CONPOTHBJICHHEM 1g; HOMYUNM YpaBHEHHKE

Uptrody 1yl =Ey,
u3 KOToporo MOKHO ONPEZIe/HTh HCKOMO® HanpsKeHne UM.

f
¢

§ 2.7: METO,D, KOHTyPhle TQKOB

C IIOMOllelO 33KOHOB Kprroq)a MOMKHO paccunTaTs Jiobyio cxemy. Opnako
B CIy4ae CHJIBHO DA3BETBJCHHBIX Nerefl NPHXOAMTCH PellaTh CHCTeMy C GoslbLiHM
4uCIOM yPABHEHHH, NOTOMY ECTECTBEHHO CTPEMJeHHe HaliTH MeHee TPYJOeMKHE Me-
Tojpl pacuera uemel.- OpuuM 3 “HanboJee pPacnpoCTPaHEHHEIX - fBJIAETCE M e T O [
KOHTYPHE X TO0KOB. 310T METOA NO3BOJISAET YMEHBUHTE 00Iee YACAO m- COB-
MECTHO pelacditix ypaBHenuii Ha (R—1) 1 cBecta cumemy K m— (k—1) ypaBHeHHsM,
COCTABJIEHHEIM 10 ‘BTopomy sakony Kupxroda. :

B ocHOBY jaHHOI'O MeTOL2 TOJCKEeHO IOHNTHE 0 KOHTYPHH X TOKAX,
NOJ KOTOPHIMH TIOBMMAIOT PacueTHELIe (yc.normhxe) TOKH, 3aMBIKAIOUIKECS TOILKO IO
CBOHM 'KOHTYPaM. -

PaccmoTpum, Hanpumep, cxemy puc. 2.11, Paso6rem-ee Ha TPH COTPHKACAIOMHUXCSE
KOHTYDA ¥ YCJIOBEMCH, YTO IO KAKJAOMY H3 HHX NPOXOJUT CBOH KOHTYDHBIH TOK /|

[“ H IIII‘ Hal’lpaBJIeHIfle 3THX TOKOB Bbl'ﬁepeM BO BCSX KOHTyan OLMHAKOBLIM IIO ‘!a-

. coBO# CTpeJIKe, Kax HOKa3aHO Ha CXeMe HyHKFHprIMPI CTpeJIKaMPl COHOCTaB.HHﬂ KOH~
;. -FypHBEIEe TOKH. C TOKaMPI BETBeI/I HanpaBneHne KOTOPBIX TakikKe yCJIOBHO H3HECCHO Ha
: CXEMy, MOXKHO yCTaHOBHTb YTO BEJIUUYUHH KOHTYDHBIX TOKOB COBl'laILaIOT C BEMYAHAMY

}leKCTBI/ITeJIbHMX TOKOB TOJIbKO BO BHELIHMX BETBAX:

11—1 Iy=—1lg fip=1g . (2.23)
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ToKH %e CME:XHHIX BeTBell PABHB! PA3HOCTH KOHTYPHHIX TOKOB. COCEAAHHX KOHTYPOB:
g=In—dm; l,=L—1y, I,=Ij—I, (2.24)

CrefoBate/IbHO, 10 W3BECTHEIM KOHTYPHEIM TOKAM CXEMEI JIETKO MOXKHO ONpene:
JIETH JIefCTBUTENIbHEE TOKH €€ BeTBefl. '

Jans onpefeneHns KOHTYPHEIX TOKOB- AZHHON CXEMBI JOCTATOYHO COCTABHTh TOMBKO
TPH YpPaBHeHHs JJisl KAKIAOFO H3 KOHTYPOB: ‘

I Rourypa [:
(r1 —I—,r01 -+ r4—[— rﬁ) Iy — ’4111"" "5]111,= E1 -+ E4, ,
- nost xorurypa 11
(r2+ r,+ re) Ig— "411 —rzlm = E2~E4:
. st gkoutypa I11; ‘
(r2+r3—{—r5)1m——r5ll——r21”=E3——E2.

Pemasi nmollyueHHYI0 CHCTeMY YPAaBHGHHH, OIIpele/HM KOHTYDHHIE TOKH, a IO
HUM — JeflCTBUTEAbHLE TOKH BeTBeH.

MeTooM KOHTYPHHIX TOKOB HacTo TOJNESYIOTCA Js] JOK33aTeJBCTBA APYTUX BO3-

. MOKHDBIX METOJOB pacyera U ;ms{ aHanusa uenel B ofmeM Buje. B atom cayyae ypapue-
: HUS, - COCTaBJfEeMble  IJ7 KOHTYPHBHIX

TOKOB, 3aNHCHBAIOT B CGOGIEHACOM BHE.
Jlas sToro. cymMMaphHoe CONPOTHBJEHHE,
KOTOpPOe  OKa3blBaeT JAHHHBIT KOHTYP
CBOEMY TOKY, .0603HAYaoT -AByMS WH-
JIeKCaMH, yKasbBAIOIMUMM HOMep KOHTY-
pa, 1 Has3bIBaIoT ero COGCTBEHHBIM COMpO-
ruBaeHneM KOHTypa. Tak, coGCTBeHHbIE
CONPOTHBJICHHS TPEX KOHTYPOB CXeMbl:

rua=ri+ra+rytrs
roa=ro+ra-tre
U rgg=reFrs+rs.
: O6umee  CONPOTHBJEHHE CMEXHBIX
-Puc. 2.11. Cxema a5 onpefieieHna T0-  gouTypoB pAaccMATPHBAIOT K4k  anire-
KOB METOHOM KOHTYPHBIX TOKOB pauueckuil Ko>(PPHUIHEHT IPH TOKaxX H -
8 0603HAYA0OT JABYMS HHJEKCAMH, YK43bi-

BalOI.U,PIMPI, Me}KIl,y K3KUMH COCEJJHUMH KOHTYypaMHu BKJ'IXO'{GHO 3T0" COHpO’I‘HBJ'[eHPIe.
TaK HaanMep, A paCCManHBaEMOI/I CXEMBIL:

L (2.95)

- J

™ - Fyp=-—1rg, Fg==-—17r5 Teg=—"la
YunrteiBas 3TH 06o3HaYeHud, ypasuenns (2.25) moxHO nepenﬁcj'n‘b B Gosee 06-
meM BHIE: [
rali+rlu gl = £y,
Iy 7ol 1+ rogl i = Enry. (2.26)

rad i+ rgeluFrglin = Em
8. L. €. B 3THX ypaBHeHI/IHX:
Ey=E +E, Eyn=E,—E, n Ey=E~—

SIBAAIOTCH KOHTYDPHBIMH 3. . C., BeHYHHA KOTOPHIX, ONpejesfaercs amedpanquKnM
CYMMHDOBaHHEM OTAGNBHHIX 3. . C. BerBeil jaHHoro koHrypa. Ilpm atoM 3. &. c.;
COBMajAlOlIMe C HANPABJIEHHEM KOHTYPHOrO TOKZ, CMMHPYIOTCA €O SHAKOM ILIKOC.
Pewenne ypaBHeHym KOHTYPHEIX TOKOB 0BLITHO. TIPOHSBOJUTCA METOLOM onpe- .
Aenurenei, :
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§ 2.8. METOZ, HANCHEHMUA

Pacuer »sjeRTpuuYecKuX Uemeli MeTOXOM HAaJOXeHUH
OCHOBEIBAeTCH Ha obuleM (PH3HUECKOM TIPHHLHNE HE3ABHCHMOCTH IeHCT- .
BHA CHJl B JMHeHHHIX .cucremax. Ilpu momomu 3TOro MeToja pacyer
CJOXHON LENH C HECKOJbKUMHE 3. A. C. CBOAAT K pacueTy HeCKOJNBKHMX
lenefl ¢ OJAHHM HMCTOYHHKOM nIuTaHus. ToK B no060#H BeTBH
paccmMaTpuBaeTCHd KAaK Pe3yJbTaT HAJNOXEeHHUA
TOKOB, TNOJyYalWUAXCd OT OTAeJbHEX 3. X C.,
JefiCTBYIIUX He3aBHCUMO ApPpYTl OoT Apyra.

Ilns onpeneneHus T0KOB cxeMsl puc. 2. 10 sTum MeTofiom BHadaJe
-1I0NaraioT, 410 B.Tienu JeHCTBYeT ToMAbKO 9. X, ¢. E;. Ilpu aToMm Bee co- -
NPOTHUBJIEHUS, BKJIOUasg H BHYTPeHHHE CONMPOTHBJCHUSA HCTOUHUKOSB,

) .
a)
Puc. 2,12, CxeMsl 1A onpelleeHHsi TOKOB 7O MeTo,IIy Ha-
JIOKEHU A .
ocraloTcs HemaMernbMu, Onpenesenne 4acTuabXx TokoB I, I3, ..., I§

OTAeJIbHBIX BeTBefl OT 3. . ¢. Fy CBOAUTCS K pacueTy cxeMbl puc. 2. 12, a.
Ilanee TIOBTOPSIOT pacueT NOoYePesHo JJs BCeX APYTHX 3. J. C. CXeMb
puc. 2. 10 (B nramHOM caydae g 9. A. ¢. E, mo cxeme puc. 2. 12, 6)
U OnpelessioT cleyonle yacTudgsie Toxu: I{ 13, ..., I, ‘

Anrefpawiyeckoe CyMMHpOBaHHE YaCTHUHBIX TOKOB JaeT 3Hayenue
‘AeACTBUTENbHBIX TOKOB BETBEH, YCJIOBHO NMOMOKUTENBHEE HaNPaBJIeHH
KOTODEIX JOJ/IKHbI GBITh NPEJBAPUTENDHO HAHECEHB! HA HCXOABYIO CXeMy
(cm. puc. 2. 10).

YuureiBas HanpasJCcHUS ';IaCTI/I“IHbIX H pesyabTUPYIOIUX TOKOB, NHO-

JIY9HM:
Ii=I1;,~1j.
12=—1‘;+];y '(2.27)
lo=—I;—Ig.

Ueso C1araeMbix B CHCTeMe ypasHeHuit (2. 27) paBHO yucay 3. A. C.
" CXEMBI.

Meron HanomeHUA YacTO HCHONb3YeTCHd B MPOMEXKYTOUHBIX HOKaA3a- _
-renbeTBax. JJA npakTuuecKux ke pacueToB OH NPUMEHAETCA Pellko, TaK



o )7 I YY)

2 “m«rmu “HoKaX, GAUSKUX TIO BENMMMHE M PasAMUHBIX 110
mnp JeHNIO, PACHET MOMKET npnsecm X HeJlOHYCTI/IMO GOMBIIUM 1O~
FPEIUHOCTSAM.

Cne)].yeT 06paTHTI> BHUMaHue, ‘lTO MeTOlL HaJXO}KEHHH HETIPHUMEHHM
K pacdery MOHLHOCTEPI TAK KaK 3HAYeHUs HOCJIG}IHHX HpOHOlePIOHaJIbeI
KBallpaTaM TOKOB.

- §.29. METOZ, 3KBUBANEHTHOFO FEHEPATOPA'

B HEKOTOPHIX caydanx ObiBaeT HEOOXOAMMO HCCICNOBATh PeXUMEBL
paboTel OJHOH U3 BeTBell CJAOKHOH SJEKTPHUECKOH IelH NPH U3MEHEHUH
CONPOTHBAEHHA 9TOK ke BeTBu. Ilpd STOM HET HYXKIbl NPOH3BOLUTH
[POMOSAKHA pacueT Bcel LeNH KaKuM-qu60 U3 PacCMOTPEHHBIX BhILe
MeTofoB, - a. lienecoobpasHee BOCTIONb30BATECS METOIOM 5 KB H B a -
JeHTHOTO renepartopa ConiacHo 5TOMy MeTOLY BO3IeHCT-
BHE BCEX HCTOUHMKOB -CJAONHOH 3JEKTPHYECKOt UENU HA HCCIELyeMYlo
BeTBb MOXKHO 3aMEHUTh BO3JEHMCTBHEM IOC/IeNOBAaTeNbHO COSAHHEHHOTO
C BETBbIO SKBHBAJIEHTHOTO TeHEpaTopa, HMEIOIEro 3. A. C. Esyg, u BHYT-
peHHEe CONPOTHBJEHHE Fowg.

Jloxaxem BO3MONKHOCTD TAKOH 3aMeHE! JJ1s1 onpelxeneﬁm TOKa B BETBH
€ M3MEHSIOWAMCS CONPOTUBJEHUEM I cXeMul puc. 2..13; a. Hyerna. n. c.
E,, E5, E; u CONPOTHBJICHUS 1y, Ty, I's, Ty U I's 3TOM cXeMbl 3afansl. s
YCTAHOBJICHHST 3aBHCHMOCTH TOKA | OT CONMPOTHBJEHUS ! BHACTHM 3TY
BETBb, 4 OCTA/IbHYIO YacTb CXeMbl 3aMEHHM NPAMOYTOJBHUKOM € BHIXOJ-
HbIME 3a:KuMamMu a u b (puc. 2. 13, 6). Bykpa 4 BHYTPH IPAMOYTO/IbHUKA
0603HaYAET, UTO BETBH UACTH CXEMbI, BaK.HIOIIe}IHOH B HeM, HMEIOT 3. JI. C.
W FIO3TOMY SIBASIOTCS AKTHBHBIMH.

Bxmicyaem B HecaenyeMylio BeTBb JBe paBHbIe O BEJIUYMHE M npom-
BONOJIOXKHBIE N0 HanpapieHuo 3.. 4. ¢.- B u E” (puc. 2. 13, 6) Tox [
BETBH OT 3TOTO He u3MeHurcs M OyJeT paBeH TOKY MCXOXHOH CXeMbl
puc. 2. 13, 6. Ho Tok cxemnt puc. 2. 13, ¢ MOXHO paccMaTpuBaTh KaK
pesyabTaT HaJIOXKEHHS TOKOB [, cxeMmel puc. 2. 13, e ot Aeficsus 3. A. C.
E', E,, E,, E; u ToKa I, cxempl puc. 2. 13, 0 ot jefictus 9. 1. ¢. E”.
BeTBu WacTH CXeMbi puc. 2. 13, 0, 3aK/II0YeHHOH B NMPAMOYIOJBHUKE,
ABNAIOTCA NACCHBHBIMM, IO3TOMY OHH 00O03HaueHsl GrxBoi 1.

Hrolwt ToK [ necefyemot BeTBr OblT paseH TOKY, [, cxeMbl puc. 2. 13,
d, B cxeme puc. 2. 13, 2 neo6xonnMo BHOpATh 9. 1. ¢ £/ TaKOH BeINUHILL,
IPK KOTOPO# ToK /, 6y11€T paBen HyJI0. ITO yCJIOBHE MOXKeT ObITh co6Li0-
JIEHO, €CJIH 3. [I. C. F 6yXAeT paBHa HANPFKEHUIO XOIOCTOTO X0ja Me}K)ly
samuMamu @ d b cxempl: E" = Uypyxe ;

3Hauenye 3. A. ¢. £’ 1Js 3TUX YCAOBUE MOXKHO onpe;leJme u aHaJm—
THYeCKH. B 3TOoM coydae Ass cxemst puc. 2. 13, 2 cOCTaBHM ypaBHehie
1o Bropomy saxony Kupxroga ,twm KOHTypa COCTOALIETO K3 HCCITEAye-
MOH BETBH.H yHactka ab:

»f]a—f*Uba—':%‘—E’.
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Puc. 2,13, Cxembr And onperesiesus TOKOB B OUHON 3 BeTBel NO Mas
Ty SKBUBAJEHTHOTG TeHepaTopa



M3 storo yparsenus Buano, uto npu toke I, = 0 3. A. c. E’ paeua
HaNPSAXKEHUI0 XONOCTOrO XOAa MeXKAY 3aKuMaMH & K b CXeMbl.

Takum obpasoM, njst onpezesenust Toka / HCXOAHON CXeME! 0CTas
TOYHO PACCMOTPETh TOJBKO cxemy puc. 2. 13, 0 ¢ JeficTByloulell B Heit
5. A ¢. E” = E’" = Ugyxy. D1a cXeMa COCTOUT M3 IIOCJENOBATENBHO
COCJIMHEHHOIO CONPOTUBJCHHS 7 HCCIeyeMOH BETBH B BXOAHOTO CONPO-
THUBJIEHUS rpy OCT&IbHOM YacTH ULENM OTHOCHTENbHO 3aXKHMOB 4 H b
(puc. 2. 13, ). ; ‘

s onpejiefieHNs BXOJHOTO CONPOTURJIEHNA OTHOCHTEIBHO 3aXUMOB
ab neBoO¥t yacTi cxeMsl pHC. 2, 13, 0 HeOOXOZUMO 3aMEHUTE TIaPasifiesIbHO
COeJlUHEHHBIE CONPOTHBIERUS 1y U Fy OLHHMM SKBHBAJEHTHBIM COIPOTHB-
JICHHEM ry, H 3aTeM NpUOABUTH K HEMY NOC/AEIOBATENBHO COeAMHEHHOEe
conporusienue 5. [Toyuernoe conpoTuBNeHue 7,45 6YAET NPUCOEIUHEHO
K COIPOTHBJEHHUIO f3 NMAPAJJIENBHO M IIO3TOMY MOXKeT ObTh 3aMeHEHO
OJIHMM 3KBHBANEHTHBIM conporub/enveM r’. CompoTuBieHHE ' B CBOIO
ouepelb OyJeT COeMHEHO NQC/eJOBATENbHO C CONPOTHBNEH EM Fy. [o3-
TOMY BXOAHOE COHPOTHBJEHHE : ‘

re (r' = ra)
rnx”"__("“ '

‘ Trer bt
Bospeticteue 3.4.¢. E’"=U,,yx Ha COIPOTHBJEHUE ! CXEMH
puc. 2. 13, e MOXHO NpeiCTaBUTb KaK BO3JEHCTBHE 3KBUBAJECHTHOTO
regeparopac 3. A. €. Esy,, pPaBHO# HANPAKEHUIO XOMOCTOTO X0/ MEXKLY
saxuMamu. ab, K KOTOPBIM YIO[KJ/IIOUeHa HCCAeLyeMasi BeTBb:

EaKB=E”= Uab XX* (228)

BryTrpeHHee CONPOTHBNEHUe SKBHBANEHTHOTO [eHeparopa paBHO
BXOJHOMY CONPOTUBJCHUIO OCTANBHOM MACCUBHON YacTH UeHNH OTHOCH-
TEJIBHO 3aXKHMOB @ U b, K KOTOPBIM IPHCOEJMHEHA HCCIeLyeMas BeTBb!

Yoxs = Fpx. ’ » (229)

3Han 3. A. €. Eqy, M BHYTPEHHEE COMPOTHBIEHHE F5xy IKBUBANEHTHOTO
regeparopa (cM. puc. 2.. 13, €), MOXKHO OnpefeSiuTh TOK HCCIeAyeMoH
BETBH:
[ _Bon o (2.30)
B r 4 rsxg : . g
Onucannubiil MeTOJ ONpeReeHUsT TOKA B OAHOH BeTBH CAOXKHOH JICK~
TPHUYCCKON LENH Ha3biBAlOT MeTOLOM 9KBHBAJEHTHOTLQ
‘remepaTopa HMAY MeTOAOM AaKTHBHOTO ABYX-
IOJI0CHHKa. MeroJoM sKBABa/IEHTHOTO TeHEPATOPA OH Ha3blBaeT-
¢’ HOTOMY, YTO BO3JACHCTBHE Ha WCCJAELYEMYIO BeTBb BCell OCTasIbHOH
YacTH HENH 3aMeHsieTcs Bo3JefiCTBHEM >KBHUBAJEHTHOrO. reHepaTopa.
-MertozioM aKTUBHOTO JBYXIIOJIIOCHMKA €T0 HA3BIBAIOT HOTOMY, UTO NO
OTHOIIEHHIO K HCC/ICNyeMOH BeTBY OCTaNbHYIO YacTh lIeNH, TIPUCOeHHEH=
HYIO K HCCJIelyeMOH BETBH JIBYMsl BBIXOZHBIMH 3aKUMaMH @ ¥ b, oOrl4HO
HasHBAIOT A BY XM O M0 CHHUKOM [Ipn HalHiHH B OCTaBLICHCA
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4acTy LenH 2. A. C.'(CM. PHC. Z.13, 0) ABYXMOJIOCHHK Ha3blBAeTCsA - 4 K «
T U BHb M, alpH OTCYTCTBUH 2. J. C. (CM puc. 2.13,0) — naccu s-
H ot M. O6liee conmpoTHB/EHHe BeTBeH, o6pa3yzoumx JBYXTIOMIOCHYK,
Ha3HBaeTC! BXOJAHBM CONPOTHBJEHHEM ABYXNO-
J10CHUKa OHo paBHO BHYTpEHHEMY CONDOTHBJCHHIO KBHBAJEHT-
HOTO reHeparopa.

§ 2.10. YMPOLLUEHUE PACUETHBIX CXEM NYTEM 3AMEHBI AKTUBHbLIX
M MACCVIBHbIX MAPAJIIENBHBLIX BETBEM
OoAHOH 3KBMBAJ’IEHTH’OVI AKTUBHOW BETBbLIO

Ilnst yUpoOIIEKHsT pacueTa CJOXKHEIX CXeM HHOIAa O4eHb YHOOHO
3aMeHHTh YacTh CXEMBI, COCTOSIIYIO M3 NapalljesbHO COeXMHEHHBIX aK-
THBHBIX H MACCUBHBIX BeTBeH, ogHOH oOIiell aKTHBHOH BETBBIO — KBU-

DV Dol Gl G| ' Dong

d) b 2)

Puc. 2.14. Vnpoiienne cxeM nyTeM 3aMeHbl aKTHBHHIX Napai-
JIeNbHEX BeTBell oNHOH SKBUBAJNEHTHOH BeTBLIO

BaJIEHTHBIM FeneparopoM. B atom enyyae penuuuHy 3. A. ¢. Eyyp 3KBH-
‘BAJICHTHOTO TeHEPaTopa MOXKHO IMOACYHTHIBATL NO (OPMYyJse Y3JI0BOTO
sanpsikenus (2.15).

PaCCMOTpHM B KauecTBe NpuMepa cxeMmy puc. 2.14, a, HeThipe JieBbie
BETBH KOTOPOH, 3aKJIOUeHHLIE B NMPSAMOYTOJIbHYIO IIYHKTHPHYIO paMKy,
:HeoOXOUMO 3aMeHHTh 3KBHBAJEHTHHIM TeHepaTOpPOM, KaK yKasaHo Ha
;exeme puc. 2.14, 6. Ilo MeTomy 3KBUBaJIeHTHOIO reHepaTopa 3. A. C.
'9KBHUBANEHTHOrO reHepaTOPa PaBHA HANPSKEHUIO XOJIOCTOTO X0/a 3ame-
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maeMot eIy, NO3TOMY AJist onpesiesieHns Eqyy CefyeT OCymecTBUTh pe-
XKHM XOJOCTOr0 XOJa 3aMelllaeMoro pa3BeTBJEHHs, KaK YyKasaHO Ha
puc. 2.14, e u e. Urobnl ucmonb3oBath Gopmyay (2.15) nasa mopcuera
y3n0Boro Hanpfmennus Uyyy ¢ cxeMbl puc. 2.14, 8, Heo6X0OUMO HMETh
BCe £ BeTBel 3aMKHYTHIMH, YTO MOXHO .OCYHIECTBHTb, NpEANONaras
BHELIHHE 32XKUMbl ab cXeMbl puc. 2.14, 6 3aMKHYTHLIMH CONPOTHBJEHHEM
r,= oo. [IpoBoauMOCTb Takoft BeTBU g, = 0, a Y3/0BOe  HANpPAKEHHE
IPH XOJIOCTOM XOJAe PaBHO 2. J. C. Egx, 3KBUBAJEHTHOTO TeHeparopa.
©opmyna Irs NoAcYeTa BeNNUHHBL Eyyy OYAET OTAHYATHCST OT (popmymﬂ
(2.15) TONMBKO OTCYTCTBHEM nposolmmocm g, B 3Havenarese:

: Z il ‘
EaKB—'Uabxx E‘“‘——"‘~ ' K (23])

E=n—1

. Z g

JlJm 3aJaHHOM CXeMbI HATpaBaeHus 3. 4. ¢. Eyu E, npomsononomﬁm
vﬂanpaBneHmo Y3/I0BOTO" HANPSIKEHHs, @ HATpaB/enue 3. X. ¢. E; cos-
nagaer ¢ #uM. Ilostomy nipoussesenue gs E; Boiizer B (popmy.ny 2.31)
C OTPHIATENbHBIM 3HAKOM:

_Enky +g0252 ZosEs | L ‘o
EBKB Got + oz + o3 - 84 (2.32)

BuyrpeHnnee COHpOTHBJIeHHe Forcn 9KBHBaJIeHTHOFO TeHepaTopa omnpe-
IensieTcs 10 9KBHBAJEHTHON TIPOBORMMOCTH Goyn 3aMemaeM0ro yqacma
OTHOCPITeJIbHO 3akumMoB ab (puc. 2.14; 0 meyy ..

1
gaxn—gm‘l‘goz'f‘go:s‘f‘g; B Foyp== Tona " (2.33)



frnaea 3 |
TEM/IOBOE BEVCTBUE DNEKTPUUECKOTO TOKA

‘ .

TenyioBpiM JeficTBHEM SJIEKTPHUYECKOrO TOKA HASLIBAIOT SIBJICHHE Ha-
rpeBa NPOBOAHHKOB NPOXOASAWIMM IO HHUM TOKOM. Temnosoe neiicTBue
TOKa CONPOBOXKAAETCS PSLIOM CONYTCTBYIOMUX ABIEHUH, HA HCIIO/IB30BA-
HUM KOTOPHIX B HACTOSNIEE BPEMA PA3BHTHl MHOFOUHCJEHHBHE OTPACIH
NPOMBIHIJIEHHOCTH (/IEKTPOOCBelileHute, 3JeKTPOCBapKa, 3JIeKTpOMeTaJI-
Jyprus, saeKTpoobpaboTka, 3/ICKTPONONOTPEB K Ip.). Tennosoe neit-
CTBHE TOKA 3a/I0KEHO TAKKE B OCHOBE YCTPOACTB MHOTHX COBDPEMEHHLIX
HpuGopoB KOHTPOJIs B aBTOMATHKH. B NaHHON TeMe paccMaTpHBAIOTCA
JIMIIb HEKOTOPBIE BOMPOCH], CBSISAHHBIE C 2JEKTPHUSCKUM HAIPeBOM 1IPo-
BOJHHKOB.

§ 3.1, ﬁPOBO,ﬂ.HMKOBbIE MATEPMAﬂbl ey

HarpeB nposozmm(os oﬁycnomen conpOTHBJIeHHeM ' KOTOPOE OKA3kl-
BAIOT MPOBOHUKH TMTPOXOLAMEMY 10 HUM TOKY. [TosToMY ¢ siBieHHeM Ha-
rpesa MPHXONUTCS CYMTATHCH NPU PelleHMH JIOOBIX TeXHHYeCKUX 3alad
CO3NMAHUA M SKCIIyaTalMH 3/eKTPOTEXHHUECKHX YCTaHOBOK.

[Mo sakony HOxoyansg-—Jlledma, KOJIHUECTBO Tera
Q (0ic), KOTOpOE BHLIENASETCA B [ CeK B NPOBOJHHKE C COMpOTHBJICHUEM

(OM) TPOXOARLAM 11O HEMY TOCTOSIHHEIM TokOM [ (),

Q= ri*. (3.1)

. B 3aBHCUMOCTH OT TOTO, HCIOJAB3YeTCS JIH 3T TerJI0 I IpaKTHye-
CKHUX Ieled UM paccemBasTes (TepseTcs) B OKPYIKAIOUIEM IPOCTPAHCTBE,
NPOBOMMKK JOMKeH OblTh BEIGPaH COOTBETCTBEHHO ¢ GONBIINM HJIH MaJbIM
conporuBienueM. Hampumep, A1 H3TrOTOBJeHHs Newell Harpesa HeoG-
ROIMMO TIPUMEHSTb MIPOBOLA C BOSMOMKHO BEICOKUM COIPOTHBJICHUEM.
Hao6op0T NPOBOJA * TUHHMU JIEKTPOTIEPElaud VIS CHIDKEHUS B HHUX
‘HOTEPH. SHEPTHH ROJIKHBI MMETh BO3MOMKHO MaJIOe COIPOTHBJIEHHE.
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XapakTepHcTHKOH NPOBONSALIMX CBOACTB MaTepHasa IPOBOXHHKA fB«

AfieTesl YAEJBbHOE CONPOTUBJIEHHUE

(p) wim Benuuwua,

ofparHasi yLENbHOMY CONPOTUBJICHHIO, — YAeNbHAS TPOBOIUMOCTD Ma-
Ecnu npoBOIHHK 1O Beedt puiune [ (M) HMeeT OLHHAKO~
" BO® CeyeHHe S (MM2), TO €ro COHpOTHBJ’IeHI/Ie

Tepuana [y =

r:p—§=

Z._.
vS*

(3.2)

YrenbHoe conpoOTUBJIEHHE B 9TOM cTydae MPeACTaBseT co6ol compo-
THBJIEHHE NPOBOJHUKA JAHHOTO MaTepHasa AJIMHON | m H nomepedHbiM
cegenreM 1 um?. Expuuna yaeapHOro COMPOTHBJCHHS HMEeT pa3MepHOCTb ‘

o+ mm?

Hauéonee pacnpocTpaHeHHBIX NIPOBOJHHKOBEIX MATEPHATOB,

FIpOBORHUKOBEIE MaTEPHANLI

. B 1a6n. 3.1 npuBenenbl 3HaueHHs V/EJbHBIX CONPOTHBJCHHI

TABJHNIOA 3.1

Cpeﬁﬂee . Cpe,uﬂeev
Vnensuoe sHadeHHE Vieapios . | SHaueHHE
) COTNpPOTHBIE- ';;“I’;T}I{%il"g' CONpOTHBIE: ’_rrgllvrir}xl%gz.
. Marepuan - H%%oncpu K03ddu- Marepuan *.‘%So“cp“ Koadpbu-
oMM I HeHTa PR HHeHTa
3 COHnpo- y  — conpo-
- M THBICHHS o THEJIEHHA
L o a
Cepetpo ¢ 4 4| 008 0,0036 | Marramms . 042 000004
Mems . .. . | 200175 0,0040 | Koncranrau 0,5 0,00005
Bporsa . . . . .{0,021—0,0521  0,0040 | Huxpom . . . 1,0 0,00043
AmomuHnti . .-, 0,0297 0,0042 | ®expasiv . . . 1,2 0,0008
Cramb. , + « .\ 0,12 0,0062 | Bosnhpam . 0,0503 0,0048
Yrom ... .. 10,0 -—0,005
- npu:15°C

3naunsA TOMLKO YAeJBHOIO CONPOTHURJICHUA MaTepral/ia HEJOCTaTOYHO

Jsis BHIOOpa MaTepHaJsa IPOBOAHHKA. Heo6XOAUMO yuuTHIBaTh BJAHAHHE
PasnUYHLIX HaKTOPOB HA BEIHYHHY YIENLHOTO COMPOTHBJCHUS MPOBOL-
HUKA. Hanﬁonbmee MpaKTIUUecKoe 3HAUCHUE UMeeT BIHAHUE TeMHepa-
TYPHL.
" Tlpu MOBHIIEHMH TeMIEPaTyphl o OGBIYHEIX PaBOTHX TIPEiesioB €O~
NPOTHBJEHHE A5 GONBIIMECTBA YHCTHIX METANIIOB YBEJIHUNBAETCS, a IS
3JIEKTPOJINTOB U H3Jesnil U3 rpaduta — yMeHbIIaeTcd.

[pu mebosnbluux HHTEPBaNaX H3MEHEHMS TeMIepPaTyp 3aBHCUMOCTDL
CONPOTHBAEHHS OT TEMIEPATYpbl MOMKET OBITH BEHIpaiKeHa cne)ly}omen :
TPUOINEKEHHOH. GopMyIOf:

el +“(f*i’o)]’

Tje r; ~— CONpPOTHBJIeHNE NPOBOAHUKA NPH TeMiepartype &
fy “— CONPOTHBJIEHHE NIPOBOAHHKA IIPH TeMIepaType fo)

(3.3) -



0 —- TeMIeparypHbik KO3(GHUIMEHT CONPOTHBJECHNUS, XapakTepu-
3YIOMUHA OTHOCUTENbHOE H3MEHeHHe COTIPOTHBJICHHSA TPOBOX-
HUKA IPU H3MEHEHHH ero teMneparypsl Ha 1°C,

B.Ttabn. 3.1 npuseneHsl cpeiHHe 3HAYCHHs TeMOEPATYpPHHIX KO3(-

- (bUIMEHTOB PA3NUUHEIX MaTePHANOB.

Ha ocnoBe nanupix Taba. 3.1 MOXKHO OXapaxkTepu3oBaTh HEKOTOPHIE

' BIeKTPHYECKHe  CBOHCTBA PA3JHYHEIX HPOBOJHHUKOBHIX = MaTePHAJIOB

H C yUeToM APYTHX HX CBOHCTB OTMETHTD BO3MOXKHBIE 00/1aCTH HX NpHME-
HEHUs,

HamumenbIINM yIeNBHLIM COTPOTHBJEHHEM O6Janaer cepe 6 p o,
KOTOpOe SIBJISETC HAWJAVUIIMM JIPOBOXHUKOM 3JEKTPHYECKOTO TOKA,
OJHAKO OTHOCHTENIbHO BBICOK2A CTOMMOCTL OTPAHHYHBACT €O NpHMeHe-
ane. Cepebpo HCTIONb3YeTC JIUNID IS U3TOTOBJIEHHS HJIH TIOKPBITHSA
OTBETCTBEHHBIX JeTasell SJMeKTPHUeCKHNX npubopor u anmaparos. Hawu-
Goablinee PACIPOCTPAHEHHE HMEET M € ]l b. Ona o6nafaer HaH/IYULIAMA

' IPOBOASALIUMH CBONCTBaMu mocne cepeGpa. Baarojaps serxocru ofpa-

—

6OTKH H3 MM NOJYYaIoT IPOBOJA OT BechbMa MaJjblX 10 GONLHINX Ceye-
HHH ¢ AOCTAaTOYHOM MeXaHHMYeCKOH MPOuHOCTHIO. YHcTas Melb B HacTos-
Iee BpeMsl IPHMEHsSIeTCA JJIfl M3TOTOBJIEHHS IPOBOJOB, HPOBOASLIMX
Xun Kabesael, 06MOTOK ' 9JEKTPHUSCKHX MallMH U TPaHCHOpPMATOpOB,
a Takxke KaTylLIeK pasfiuyHBIX NpuGOPOB H aNInaparos.

JInsi TNOBBIIEHHS MEXAHHYECKOH IPOYHOCTH K MeAH NpuOaB/IsioT
KpeMHuH, 6epHIIni, kaaMuil u ap. [loayuaeMele pH 2TOM CILIABEl HA3bI-
BaloT GPOH3AMH.

Kaamuesag G6pousa obnajaer GOJBIIOH CONPOTHBJSAC
MOCTBIO HCTHPAHHIO ¥ ITPUMEHAETCS JIIs1 H3TOTORJIEHHA KOHTAKTOB H KOJl-

JIEKTOPHBIX HJIACTHH.

DPochopucrasg 6poH3a ob6ragaer XOpolell YHPYTOCThIO
H HCHOJb3YeTCs JIS H3TOTOBIEHHS TOKOMOJBOIAIINX | npyxmn H3MepH-
TEJLHBIX TPUOOPOB H ANIAPATOB.

‘Bepuanuenas 6poua3a npuMeHAeTca s IETKOCPKa-
Teliell, CKOML3AMMUX KOHTAKTOB, 3aKUMOB M HOMeH Pas/AHUYHBIX BLIKJIIO-
uaTened.

AnwoMuHHAR ABIsSercs BakHEeHIINM 3aMEHHTEEM MelH VIS H3-
FOTOBJIEHUS TIPOBOJOB, Kabesell u IIMH. YIeqbHOe CONPOTHBJCHHE €T0
B 1,60 paza Gonbllle YAEALHOTO CONPOTUBJIECHHS MERH, NOSTOMY AJIst
H3TOTOBJIEHHST OJIHOTO H TOTO 3Ke CONPOTHBJCHHUST IPH OTUHAKOBON N/iHHe
norpeGyercs TIPOBOL, - ceueHHe KoTtoporo B 1,65 pasa Coabie cede-
Husa MemHoro mposona. OfHako Bec 3TOTO nposona 6yxZeT B 1Ba paza
Jerge. .

CTtaab ucnoansyercs ‘KaK 3aMeHHTeJb MEOH H AJIOMHHHS B TeX
cay4asx, KOTda NPHMEHEHHE MOCASIHUX SKOHOMHYECKH Heuenecoodpaa-
HO, HApUMep Uil BOZNYIUHBIX JIuHHI HeGOMBIIMX MOIHOCTEH, s

" M3rOTOBJICHHUA UIHH pacnpezermTeJIbeIx YCTpOHCTB H IPOBOJOB JNHHAHR

. CBA3H.

IlupoKoe NpUMeHEHHE NONYUHIH TAK HA3HIBAGMEIE C 11 J1 & B Bl B Bl »

COKOIro CONpOTHBJIAECHHA— MaHrFaHHuH, KOHCTaHTaH, HHU-
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~xpoM u Ap. OHM HMEIOT BBICOKO® YARNbHOE CONPOTHBJISHUE U OUEHb
HHU3KHI TeMIIepaTypHBIA KO3(D(QUDBUEHT conpomsnenuﬂ.

Mauranuu (84% Cu, 12% Ni, 4% Mn) u KOIICTaHTaH
{60% Cu, 40% Ni) npumenaIoTCs 118 H3TOTOBJIEHUS MarasyHOB CONpPO-
THBJMeHul. B oTnuvMe OT MaHTaHMHa KOHCTAHTAH IIPH ~COSNMHEHNHH
¢ MeIbIO WM ¥Ke1e30M 00pasyer TepMonapy, 2. A. C. KOTOPOH MOKeT
BEI3BATH 3aMETHHIEC JAOMOJHUTEbHBIE MOTPEHOCTH . B H3MEPHTEABHEX
nensix. [103TOMY MaHTAQHHH MCIONB3YeTcsl IJIA H3TOTOBJIEHHS 06pasuo-
BBHIX COIPOTHBACHNH, Mara3suHOB COMPOTUBJEHUH, IIYHTOB' K aMIiepmer-
pam’ U fOGABOUHBIX CONPOTHBJAEHHH K BoJbTMerpaM. M3 komcranrana
BHIOMHAIOT peocmm MarasuHbl H - CONPOTHBJAEHHsT TPUGOPOB HUZKHX
KJI14CCOB..

@Pexpand (80 6 Fe 15% Cr, % A1) obnanaer HAHGOIBLIAM
conporusienueM. Ho ero paGouast temneparypa okono 850°C, rostomy
tdexpaib ‘HCHONB3YETCA IS HU3KOTEMIEpPATyPHBIX :HarpeBate/nel.

Huxpom (66% Ni, 15% Cr, 19% Fe) umeer Gomee BBICOKYIO'
paGouyio TeMuepaTypy, ueM dexpadb, i IPHMeHACTCS A4 HATpeBaTenel
,60J1ee BLICOKHX Temnepartyp. Coiepxaliuics B HUXPOMe HHKENb YIO-
POKAET TOT CIJAB N0 CPaBHEHHIO ¢ dexpaneM.

§ .>2 PACYET HPOBOﬂ.OB no HAFPEBy

Kax 6bmo cxaaaHo, npommﬂenne TOKa TIO nposo;mpmy conposom-
_JaeTcsl BhlIeeRneM Tefuia- B HOCAe HeM. B repBbifi MOMEHT 5TO TeIuio
| norJouiaercs HpOBOILHHKOM QTHero TeMueparypa-ero nossnuaerca. Kak
(TOIBKO TEMIEpaTypa Harpesa. IIPOBOAHHKA: U, [IPEBBICHT TeMIEpaTypy
Goyp OKpYHaIONIEN CPEIbl, TNOTMIONLAEMOE IPOBOAHUKOM TEIJIO- PACCEH-
BaeTcst B OKpY:Kalollee NPOCTPAHETBO — HAUMHACTCA . MPOLecc TemJo-
OTAAYH.

JFlpu o6blyHEIX yCI0BUAX paboThl, KOria TemnepaTypa HE HpeBbIHlaET
100°C, TeJIcOTAaya OCYHIECTBIACTCH VIaBHBIM -00pa30M NyTeM KOHBEK-
1M COMPUKACAIOMErocs ¢ INPOBOAOM Bosfyxa. OTnaBaeMoe NPOBOAHHUS
KOM Te10 Qory 32 1 cex 3aBUCHT OT :BEJIHYHHBL €10 TOBEPXHOCTH OXJIaxK-
Jeuus S, TeMuepaTyphl. neperpesa G = 1‘} — ﬁoxp u Koa(btbnunema
TenI00TAANH: k (awc/m2 C “CeK ) IR

Qm“ks‘” 3.4

; Heperpes 6y11eT Hauéonbmum (1‘} = ﬁmax) npn paBHOBeCHH MeIy
nonyqaeMHM Q ¥ OTAaBaeMbIM Qqry TEIVIOM:

P =ASYna. (35)

YpaBHeHHe (3 5) HA3HIBAETCH ypaBHeHHeM Termosoro paBHOBeCHH
HarpeBa  NPOBOAHHKA - TOKOM. Tonb3ysch 5TUM yDaBHEHHEM,  MOXKHO
NPOUSBECTH PACUET TeMIIepPaTyPhl Neperpena npoOBOAHUKA C CONPOTHBAL:"
HYeM r 110 -3alaHHbIM - YCJIOBHHM OXJI2XNCHNA NPOBOLHHKE M €rO- Toxy
HATPY3KH. _ O

.
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Utolsl ypesMepHbIl HAaFpeB HPOBOJAHHKA He INPHBEN K HAPYILIEHHIO
€ré H30JANMN KM He 0cIaGuJl ero MeXaHUuecKUX CBOHCTB, TeMIieparypa
HarpeBa NpoBOAHKKA ¥y He NO/KHA MPEBbIIIATh NPEeIbHO TOIMYCTHMYIO
TeMIepaTypy. Be.nutmaa 3TON TEMIEpPATYPH LISl 3aJaHHLIX YCJIOBUH
tensootaayu Hopmupyercs, [OCTamu. Hanpumep, npoBoiHHKY ¢ pe3u-
HOBOH MJIU TOJHXJOPBHHHJIOBOH H30AsIHEN He IOMKHBI HATPEBAThLCSH
poiie 55°C, kabenn ¢ Gymamnoll wmzouasiuned — seime 80°C, roJbe
nvosofa — eoumie 70°C.

[lo sapanuoli Temnepartype Harpesa vy AIf RaHHON TeMIepaTyphl
okpyxawomei cpeapl Vo, MOXHO HafTH TemnepaTypy NeperpeBa Ipo-
BOMHUKA Tmay = Oy — Coxp U 0151 Hee 10 ypaBHeHuto (3. 5) OTpPeae/UTh
TOKOBYIO Harpysky nposopuuka. OfHAKO NPOBOAHHKH PadoTAOT B ca-
MbIX Pa3HQOCGPASHBIX YCAOBHAX. YUecTb BJAHSHHE BceX (PAaKTOpoB HA
BeIUYAHY TEMVIOOTAAYH 3aTPYAHHTEBHO. [105TOMY BEHUHHY OTYCTH-
MOTO TOKa Harpy3KH NPOBOAHHKA, Kak NPAaRWIO, He DPacCYUTHIBAT,
a OnpeiesISoT SKCIEPHMEHTANBHO H HOPMHPYIOT. ‘

TaGauis HOPMHUPOBAHHBIX HArpys30K “IPOBOJOB TOKOM B Pa3HRIX
YCIOBHAX X PabOTHL OOGbIYHO NPUBOLATCH BO BCEX aﬂeKTpOTeXHI/I'-IECKI/IX
CPaBOYHHKAX.

Yacro Harpysky IpPOBOJOB B oTHX 'ra6J1Huax XapaKkTepU3yoT He

ToKOM [, 8 TJAORHOCTHIO TOKa d(a/un?)= IPEeACTABM 10~

{
S ¥
el co6oit Tox, npoxoasmuil no exunnne (1 mm?) ceuenns NPOBOIHUKA.
Tl0THOCTD TOKA B3aBHCHT OT CedeHHA IPOBOJHHUKA ‘¥ OT YCGJIOBHHA €ro
oxaaxaenus. Hanpumep, nra nposonos Mapxu I1PT ¢ ceuennem 25 mm?,
NPOJIOKEHHBIX B OTKPBITHIX MecTax, 6 =5 a/mm?, a pis nposo-
JI0B, TPOJOXMEHHBIX B 3aKpBITHIX: moMelenusix, 0 = 4 a/um?. B 'Tex
XKe ycnoBusix s - nporonoe Mapku IIPT ¢ ceuenmem 120 mm?®
JOTyCKaeMasi - IJIOTHOCTh TOKA COOTBETCTBEHHO _paBna 2,8 a/MM2 u
2,3 a/lmm®.

W3 npuBeneHHBIX npmvxepoa BHIHO, YTO C' yXYAUIEHHEM ycIOBHMH
OXJAKJEHHA M ¢ ‘YBeNTHUCHREM CeueHHs NPOBORHHKA ‘TUIOTHOCTb TOKA
ymenbinaercs. Oco6eHHO CHIIbHOE CHMZKEHHE NONYCTUMOH IJIOTHOCTH
TOKA UMEET MECTO AJISl TIPOBOJIOB MHOTOCJIOHHBIX KATYIIEK II0 CPaBHEeHHIO
C ORHOCJIORHBIMA. 7St IPOBOLOB MHOTOC/IOHHBIX KATYMIEK U3 U30JHMPO-
BaHHOTO NPOBOAA JIOTY CKaeMy0 IVIOTHOCTL TOKA 6epyT paBHOK 2—3 a/mm?,
‘a  piaA  OAHOCTOHHOH HameTKH - 5—6 a/mm®.  TlpoBoja, - HCHOJb-
- 3yeMble 17151 OGMOTOK MALIKH H TPaHCHOPMATOPOB, AOMYCKAIOT IIOTHOCTD
TOKa OT 110 6 a/mm® B 3aBHCHMOCTH OT KauecTsa H3OMAUMH 1 ycnospm
OXJIaKACHHS.

T10X PACYETOM IIPOBOJIOB OGEIYHO. NIOHHMEIOT Bblﬁop HX CEYeHUS NpH
.- 3aAJlaHHBLIX YCMOBUAX pa6orol. Hanuuwe Tabaui AomyckaeMblX HArpysok
-SHAYHTEJbHO YIPOIUIAET pacyeT APOBOJOB- MO JAONYCKAeMOMY HarpeBy.
-“3T0T pacyeT CBOIHTCH K OUPEe/IeHHIO paGouero Toxa I, 718 3afaHKHOTO
QnoTpeémenH H 1onGopy no tabiutie TAKOTO CEUeHHs NIPOBOJA, AONMYCTH-
*'MBIfi TOK HATPY3KH KOTOPOTO [0, O/IXKeH ObiTb paBeH HiH GoJiblie pa60-
v qero TOKA: I o = 1y
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[IpoBoxa JuHEM, MOJBOLALIMX 3HEPTHIO K moTpeburesio (puc. 3.1),
Kpome TpeGOBaHHH NONMYCTHMOTO HarpeBa, KOJKHBI YAOBJIETBOPHATDL -
TpeGOBaHUAM AOMYCTHMON NOTEPH HANPSIIKEHUs B JIUHHH:

AU =r=2%1 (@36

BecbMa BaxHO, uT00bl HaNpsiKeHHe Y IPHEMHHKA MaJl0 OTJIHYANOCH

OT HOMHHAJBHOTO 3HAUeHUd, Nostomy Beauuuna AU sopmupyerca. Tax,
CHIKEHHe HaNpsKeHus y Haubolee yIaleHHDLIX JaMi He JIOJKHO 6biTh
Gonbie ==(2,5—5)% OT HX HOMHUHAJNLHOTO HATIPAKEHHSI, OTKJIOHEHUE
HANpsKeHHs] Ha 3a3KUMaX 3JEKTPO-

SR ] Asurareneli ZONXKHO ObITh He Gosee ‘
| . Nompe-"| =£9% . HUT0OBl YROBJIETBOPUTH 3anaH-
Y% : U,,l Sumens | HOH BellMUMHE NOTEPU HANPSKEHUT
S, IIpH 33JlaHHOM TOKe, CeueHHe JO/IKHO
' OBITb He MeHee CeueHHMs, OINpeleJieH-

. Lo HOro 13 dopmyasl (3.6):

Puc. 3.1. Cxema uakHEM mDOABOXA - ‘

nempuqecxou SHEPFHH K INO1pelu- ‘ ~2°l (3.7)
TeJIO . AU )

M3 npyx HafilegHBEIX cedeHM{t MpPOBOJA NPH pacuere IO HarpeBy‘
H MoTepe’ HANPsIKEHHsA BHIOUPAIOT HanboJbIee.

§ 3.3. HJ'IABKME MPEAOXPAHMTESN M TEMJIOBBIE PENE

OrnienpHEBIE 3JEMEHTHl 9IEKTPHUECKOH IIENH M [IPOBOIA HEOGXOAHMO
sallMIIATk OT TOKOB KOPOTKOIO 3aMBIKaHHs K meperpyaox. Ilpocrefineit
' 3dIIATON B YCTAHOBKAX HU3KOTO
HanpsEKeHUus CAyXaT nJaas-
KHe NpenoxXpaHUTE-
au.  OCHOBHBIM = 3JeMEHTOM
NPeJOXPaHHTeNAs] SIBJISETCH ero
nN1aBKas BCTAaBKa— TOH-
Kas MeTaJJH4ecKas MpPOBOJOY-
Kd WIH IVIaCTHHKA M3 CBHHIA,
CIIaBa CBHHUA C OJIOBOM H T. .
IIpu BO3pacTranmy. TOKA CBhILE . s o
HONYCTHMOTO SHAUEHHS BCTAB- R .0’0,.00‘0’:
K4, BKJIOUCHHAS TOCACL0BA- Puc. 3.2 Hpeunoxpanurenn-npodra:
TEIbHO, € ’T‘OKOHQCYHLHM NpoBo- 1 — uokons; 2 — mpoGka; 3 — BeTabia; 4 -
JOM, TIIABHTCH H OTKJIOUaeT 3a- " KOHTAKTHHE BHET ’
mAnaeMeit - yuactox. Jaiaxa
NJ1aBKOH BCTaBKU BHIGHPAETCS1 TaKoM, qTOGbI npu ee Neperopanny He
BO3HHKa/a »/eKTpuueckas pyra. [JosTomMy mn/aBKas BcTaBKa, Kpome
TOKa, XapaKTepHayeTcs eille HalpsiKeHHeM.
B 3aBHCHMOCTH 0T CHOCOG6A KpemieHHs] MJIABKOA BCTaBKU npexoxpa-
HUTeJU HMEIOT DPas/KyHble KOHCTPYKTHBHEIC BHUIBL IPefOXPaHHUTENIH-

:;0’0
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npobkKH, naacTuHYaTHe U TpyOGuaTtue. [peroxpa-
HUTENH-IIPOGKU ¢ pe3n6oit (puc. 3.2) BLIIOJHSIOTCS HAa HOMHHANbHLIE
Toxu 10 60 g u Hanpaxenus go 250 a. v

KoHTakTHHH BHHT 4 HMeeT PasJHYHYIO BLICOTY /Sl Pa3HBIX TOKOB
B COOTBETCTBHH C U€M M JJIMHA MpoGOXK HeONMHAKOBA, JTHM NIpenyllpex-
JaeTcs BO3SMOMKHOCTL BBUHUMBA- ‘
Hua 0poGOK, HOMUHAJBHBIH TOK
KOTOPBIX HE€ COOTBETCTBYeT HO-
MHUHANBHOMY TOKY 3allIiaeMo-
ro MPOBOAA WJIH moTpebuTess.

Ilpo6ky ycranaBaIHBaKTCA
o6BLIYHO HA TPYHNOBHIX IIKTKAX Prc, 8.3, Tpy6uareil npelloxpanuTelhb
¥ 3alHIIAIT - OTAeNbHBEIE OT-

XONAlMe OT HUX TPOBOJA M NPHCOENHHEHHHE K HUM IOTpeGHTeNH.

[lnacTurbaThie NPEJOXPAHHUTENH H3IOTOBJSIOTCS Ha HOMHUHAJIBHbLIE
Toxu 10 500 @ n manpsikenus jgo 500 .

HauGosnee pacmpocTpaHeHHBle B 3aBOACKOH HPAKTHKE SBJISIOTCS
TpyGuaTeie npepoxpauutenn thna IIP (pue. 3.3).

IlnaBran BcraBka [ npefoXpaHHTENs!, BBHIOJHEHHAA U3 LHHKA,
NOMeIaeTcs BHyTpH Q)ap(poposoro Ay OyMaxKHOTO HaTpPOHa 2 ¢ MeTas-
JHYeCKMMH HaKOHEUHHKaMu 3
B BUJe HOXel, NPU NOMOUIM
KOTOPHIX = OCYIUECTBJALTCH
GrICTpOe BRJIOUEHHE coOpan-
HOTO NpPEefOXPaHuTeNs B pac-
CeYyKy IpPOBOJA.

JLost oBecnieden s HaLex-
HOM - 3aIuTH O0BEKT  NJI2B-
KHil TNpeloXpaHuTe b J0J-
*eH ObIThb BHIOPAH € Y4YETOM
pexuma paboThl 3JIeKTprYe-
CKOH Uernu, B KOTOPYIO OH
BKJIIOYAETCH.

T e Bazxﬁeumeu’ XapakTepH-
CTHKOH NJIABKOIO. [Ipeloxpa-

Puc. 3.4. XapaxkrtepuctuKa TJaBKOH BCTaBRM  HUTeNSl SABRJISETCH SaBUCH-
MOCTD - BpEMEHH IJIABJIEHHSA

ero BCTABKH OT BEJMYHHBL HPOXOLAMEro Io el Toka /. O6bium0 TOK [

Bpra}KalOT B OTHOCHTE/JIbHBIX €IHHHIAX

tcen
R/
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’71;, rae I, — HOMWHAJIbHHH TOK
CIJIABKOTO NpPefoXpaHuTeNd, T.€. HauGosbliee 3HAUCHHE ~HJIMTENTBHO
NIONYCTHMOTO TOKA BCTaBKH. THOMYHAS KDPHUBAsE TAKOH 3aBHCHMOCTH
(puc. 3.4) nokaseiBaer, uto TpH Heperpyske B 26% (I = 1,251)
niapkasi BCTaBka He neperopur. Korza ke mneperpyska JIOCTHraer
60% (I == 1,60/,), maaBkas BcTaBKa Ineperopaer B TeyeHHE daca,
a 1pu yeeJuyeHHH TOKa 0 8—10-KpaTHOrO 3HAYeHUA — MOYTU MIHO-
BEHHO.



13 1ot KPUBOHA BHAHO, YTO TOKM NeDEeTPY3KH He OTK/IIouaTcd njragsa
KuMu npegoxpanuTensmy B euckne 10 cex (B cOOTBETCTBUH C TpeGOBAHM-
AMU TEPMUYECKOH YCTOHUMBOCTY: ANNAPATYDHI), €CAW BeJHYHHA HX He
IpeBbllaerT 2,5-KPaTHOTO 3HAYeHHA HOMHMHANBHOrO TOKa [; TJIaBKOrO,
upenoxpaumrens. {locreanee 06CTOATENBCTBO BEChbMa 3aTPYAHSAET NpH-
MEeHEeHHE INIABKUX NPeloXPaHuTeIe!l B LEnsIx ¢ MOHIHLIMH JBUTATE/IAMY,
rie myCcK B X0l ABHTATeNs vacTo aaurtes okono 10 cex, a nyckoso# TOK
MOMXeT ObITh B H-—7 pa3 Go/bIle HOMHHAALHOTO. EC/AH HOMUHA/bHEIA TGK
{JIaBKOTO NPEeNOXPAHUTENS BEIOPATh PABHEIM HOMHHAJIbHOMY TOKY ABH-
rateid, TO NPU MyCKe B XOX JBUTATe/sd M/1aBKas BCTABKA MEPErOPHT.
ECJII/I e TVIAaBKHUHI NpefoXpaHuTenb BeOpPAaTh TaKuM, YTOOB €ro HOMHu-

HaTbUBIE TOK OB paBeH [,= ! ’;’é“ =
= () 4Inym, TO NPENOXPAHUTEND 6yﬂe"r
nponyckath B Teyenue 10 cex myckoBoit
TOK,, HO. HE 6yﬂeT 3aIULIATE ABUTATEND
OT neperpysku, Tak Kak 0,4 InYCK =
= (2—2,8) 1y 15-
Cornacuo II,eHCTByIOUl/IM HpaBnnaM
yCTpoficTB  271eKTpoycTanorok (1Y)
CCCP  uoMHHaNbHBHL TOK IJaBKOH
BCTABKH BO BCeX C/IYYAHX CJACLYET Bbi-
6upaTh MUHHMAJIbHBIM, HO OPH 3TOM
- IPEROXPaHNTeNb He JOMKEH OTKIOYaTh
YCTAHOBKY MpPH KPATKOBPEMEHHBIX me-
- perpysKax, 00yCJOBIEHHEIX: YCKOBBIME
TOKaMH, - TOJYKAMH TOKOB OT TeXHOJ0-
THYeCKMX HATrPy30K K T. X
S : ‘B ycranopkax, - IHe:  OTCYTCTBYeT
Puc. 3.5. Cxema ennosoro pene BO3MOYSHOCTb KPaTKOBPEMEHHOTO - BO3-
. HUKHOBeHHA GOJBbIIHX TOKOB I1¥Y3, pe--
KOMEHAYIOT BblﬁHPaTb IIaBKYIO BCTABKY HA HOMHHA/IBHBIN TOK Iy, Be-
JIMUUBA KOTOPOTO ROMXKHA GbiTh He 6onee 80% AMUTEIBHO JOMYCTHMOTO
3HaueHHs] TOKa /, O KOTOpOMY OBiIH Bbx6paﬂbl ceqenusn ﬂpOBOlIHHKOB

- 3AUHIIAEMOTO yqacma B srom ciysae, OTHO[HEHHG ——>1 ;25 ¥ mnpe-

ﬂoxpaHmebe 6y11eT samhmaTb yCTaHOBKy OT neperpysox npeBmma}o-
mux 26%.

K yCTAHOBKAM, 3aIH1aeMBIM TAKHMH npeﬂoxpaﬂmemmn OT . Tiepe-
- TPY3OK, [TY2 oTHOCAT OCBETUTENbHEIE CETH H CeTH PasIHYHBIX mOTpesH-
Teqefl NMEKTPHUeCcKOl SHEPIHH B JKHJBIX U OOUICCTBEHHLIX SIAHHAX,
 TOPTOBBIX M CKJIAJCKKX NOMELIEHHAX, CJIYKeGHO-ObITOBBIX NOMEIEHHSIX
T POMBIIVIEHHEIX TIPEANPUATHI, a8 TaKXKe BO BsprBOOIIaCHbIX nomapo-
OTIACHBIX MOMEIEHUAX,

B Tex cryuasx, KOTAa npu paéoTe BO3HHUKAIOT KpaTKOBpemeHHue
GosibllMe TOKH (Tomum TOKOB), BHIGOP MPOBOXHUKOB M 3AUIMIIAIONINX
KX HPelOXpaHHTelNeH npon?,aonmca B COOTBETCTBHH C KOHerTHblMH

62



yeoBusAMU paGoTh samuriaeMofi yeranoeku {eM. paszp. I1T TTV2). [Tpu
T0M HOMUHAJBHBEIE TOK [, NJIaBKO[ BCTABKH NOMKEH ObITb Menblle
IIATeNBHO JONYCTHMOrO TOKa samnmaemmx npoaommxoa NOuTH B TPU
pasa {I < 31y).

Jis 3alIUTEl YCTAaHOBKH OT Neperpesa TOKAMH MEPErpysKH MOMeT
OhITh MCTIOJB30BAHO Te N J1 0-Boe peJdie. OCHOBHBIM 3/JEMEHTOM Tell-
JIOBOTO pelte (puc. 3.5) sApjserca GUMeTassIHUecKas IIacTuHKa I, cxJje-
IaHHAS U3 METaNOB ¢ HEONUHAKOBLIMH KO3(DDUUHEHTAMH YUIHHEUUS.

BOuiusn Gumeraninueckofl NyacTHHKH IIOMEIleHA HArpeBaTtesbHAas
CHpank 2, BKIKOYEHHAsH B 3alUMLIAEMYI0 JHHA. TIpn HopMasbnomM pe-
JKHME TPUEMHUKA (I'<C ;) HarpeB TJIACTHHKH HENCCTATOYEH JJIs €€
sameTHOI fedopManyu. Kora ke TOK IIHTeIbHO NPeBbIaeT cBOe HOMH-
HaJbHOE 3HAUEHHe, IJIaCTHHKA OT HarpeBaHus AeopMHpYeTcs H OCBO-
GoxnaeT puiudr 4, KOTOPLIfl Moz AeHCTBUEM MPYMHUHBL 5 NOBOPAUHBaA-
€TCs NPOTHB YaCOBOH CTDEJIKH H PAa3sMBIKACT KOHTaKTbt 6 U 7 BCIOOMOra- -
TEIbHOM UeNH ynpaB/ieHis AB. Pasuuikanue 3104 UEmH BeJeT K OTKIIO-
YEHHIO 3alIHIIAEMOH JIUHAN U noTpebuTens.

Brmouenne pese MPOU3BOAUTCS HaxKaTHeM KHONKHU J, nencmy}omeﬁ
Ha puiyar 4. 310 BKIIOUEHHE MOXKeT GbITb OCYILLECTBJEHO TOMBKO NOC/E
TOTO, KaK OUMeTaMJIHUeCKas NMJacTHHKA OCTSIHET (3—4 mun) u Beprerca
B HCXOJHOE MOJIOKEHHE.

¥ MaJOMOLIHEIX TeNJIOBLIX - peJie- HarpeBaTenbHasn Cl’II/IpaJIb OTCYT-
CTBYeT W HarpeBaHue GUMETAJIHYeCKOH NJACTHHKH NPOUSBOAUTCH He-
TOCPE/CTBEHHO TOKOM HATPY3KH. B a1OoM cayyae -Oumeransiuyeckas
IIACTHHKA BKJMIOYAETA MOCIENOBATENLEO B 3AIIALIAEMYIO LeMb.

"3aBHCHMOCTb BPEMEHH BBIKJIIOUEHHS! TEIIOBOTO peJié OT TOKa Ha-
TPY3KH TakoBa, YTo OpPH neperpyske B 50% Ttemiosoe pene cpaboTaer
‘yepes 2 MuH, IPH TPEXKPATHOMH neperpysxe — depes 35 cex, a IPH BOCh-
MHKPaTHOR meperpyske — uepes 25 cex. ClgIOBaTeNbHO, TEMIOBOE pe-
Jie, 3alUMUias JBHTaTelb OT AJUTEABHON NEeperpysku, He pearupyer
Ha KpaTKOBpEMeHHble TOMKH TOKA B nerm BCJICACTBHE CBoeH TEMIOBOM
UHEPLUIH. :



I'nasa4

HEJMHEMHBIE SNIEMEHTH B SJIEKTPUYHECKMX LI,El'lFlX
MOCTOSHHOIO TOKA

'§ 4.1. OCHOBHBIE MOHSTHZ. TPUMEPHI HENTAHEVHBIX DNEMEHTOB

B paccMaTpHBaNIUCh SJEKTPHUECKHE [eMH, NapaMerps! KOTOprX :
(COHPOTPIBJIEHHH H npOBO)mMOCTH) CUHTAJINCh He 3aBUCSLIMMU OT BEJIH-
‘ YPHLL TIPOXOAALIETO TO HHM TOKa.
/ - DreMeNTHl  JJIEKTPHYECKHX 1eneii,
S HATIPSAKEHUS U TOKH KOTOPHX CBs3a-
HEl MEKY-COCOH JIHHEHHBIMH Y PaBHE-
HUSAME, Ha3LIBAIOTCA AU HE { HH -
M M, A UEMH, COCTOAIe H3 JuHeH-
HEIX SJIEMEHTOB, — JII/}HEI/IHI:IMI/I Ie-
ISMH. - S
BonsTr-dMnepHue xa-
0% ’ e PAKTEPHUCTHUKH - OTLEIbHBIX
' S/1EMEHTOB TAKUX Iened, IpencTas-
Puc. 4.1. Bomor-ammepras Xapak-  jaiomye rpaduKy SaBUCHMOCTH TOKA
TePUCTHKA JIMHEHHOI'0 3JJIEMEHTa H .
ero ycioBHoe ofosHauchHe Ha cxeve ~OT HANDPSKEHHA, MOXHO H306pasarh
NPAMBIMH JIMHHSMH, KaK IIOKasaHO
Ha puc, 4.1.
. Tanrenc yriia Hak/JI0HA 3THX TPSMBIX K OCH TOKOB OnpeNieNifAeT INex-
TpHYeCKoe CONpPOTUBNEHNE T , o /

, |
(=ﬁ=@tga:m,tga, @y
mI‘

1

rae mg, My M m, -— MacTalbl HaupsxKeHus, TOKa ¥ COUPOTHBIEHUS.

Kax MBI BUeH pasee, 3JeKTPUUSCKHE UEIH IOCTOSTHHOIO TAKA C JIH-
HEeHHBIMH - SJieMEeHTaMH MOXKHO _PACCUMTHIBATD AHATUTHIECKH, COCTAB/SA
HEOGXONUMYIO CHCTEMY - JIMHEHHBIX ypaBHeHHUH, MONb3YsCh 3AKOHAMH
Om2a u Kupxropa. ‘

B npakTHyecKux yCIOBHAX HACTO BCTPeUatoTest SEKTPHUECKHE LeMnH,
napamMeTpEl OTAebHBIX 9AEMEHTOB KOTOPHIX Pe3KO MEHSAIOTCHA C H3MeHe-
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HHeM TOKa. DTH SJIEMEHTHl HMEIOT KPHBOJIMHENHbIE BOJIBT-aMIEPHbIE Xa- -
PAKTEPUCTHKY U TIO3TOMY HA3HBAIOTCA H € T H H e I H Bl M H. DJIEKTpU-
YEeCKHE LENH, COAepKauiue HeJuHeHHBle 3JIeMEeHTHl, HAashIBAlOTCA -He-
JINHEHHBIMU 9JIeKTpI/I‘{eCKHMH Ie- :

TISIMH. ¢

Crporo roBops, GONBIINHCTBO
BCTPEYAIOUINXCA DJIEMEHTOB 3JIeK-
TPHUECKHX  Lellefl TIOCTOSIHHOIO
TOKAa SBJASIOTCH HEIHHEHHBIMH,
TaK KaK ¢ H3MEHEHHEM BeJHUMHB
TOKa MEHSIeTCSl ‘-TeMmeparypa sJie-
MeHTa, a CJIeJ0BaTeNbHO, H €ro
conporusierue. OfHAKO y MHOTHX
U3 HHUX BOJbT-aMIlepHble XapaKTe-
PUCTHKH B paboueM fnamnasoHe uz- Puc. 4.2. Boapr-amuepnas xapakrepa-
MeHEHHﬁ TOKOB M HaHpH}KeHHﬁ CTHKA JAHGHA U €ro- yUI0BHOe o6o3Haye-

) ¢ - HHEe Ha cXeme .
MaJI0 OTVIMYAIOTCH * OT NPAMOJI-

HeHHbIX, 103TOMY TaKHe 3JIeMeHTh :
O0BIYHO CUHTAIOT JHHEHHBIMU, YTO 3HAYHTEJLHO ynpomaeT IpOBeAeHuE
HeOGXONUMBIX PACUETOB.

Henunefinele s/eMeHTH BecbMa pPasHOO0pasHbl U mnpoxo HUCIONb3Y-
I0TCS B passIMgHbLIX o6nactax TexHukH. TIpocTefilinMy 13 HUX ABASIOTCA
JlaMIbl HAKAJAMBAHHA, TAaK KAK WX CONPOTHB/EHHE CHJIBHO 3aBHUCHT OT

TeMIIEPaTypel HaKaJIPBaeMOl
! : . HUTH, a HOCIELHSAS ~— OT Be-
L) ) ’ JUYHHBL MNPOXOJSIIETO IO
JamraMm TOKa.
Hlupoko pachipocTpaHeH-
HbIMH HeJHHeHHbIMH 3J1eMeH-
TaMH SBJAIOTCA 3 J €K -

13

L) ) TPOHHEE JaM I B
- £ Ha puc. 4.2 npusenesa
v BOJIbT-aMIIepHas XapaKTepu-
0 CTHKA AHOMA.
Puc. . 4.3. BoabT-aMnepHble XapakTepPUCTHEA Toxk Takoh namnel ¢ yBe-

TEPMOCONPOTHBACHUH K ycloBHOe of0sHAYeHNE  JIHYeHHeM HANPSKeHHUH CHa-
. HEJMUHEHHOI'O CONPOTHBICHUR yaJja BOSpaCTaeT, a 3arteMm

HACTYNaeT Tak HashiBaeMoe
HachlLleHHe, KOTJa, HeCMOTPsl Ha YBeJNHUeHMe HAMNpsKeHud, TOK
NPaKTUYECKH OCTAETCd HEU3MEHHbIM.

CBOJACTBO 3aBUCHMOCTH CONMPOTHBJEHHS OT TEMIEPaTyphl JIEKUT B
OcHOBe paGoThl TepMoconportuBaeHu . Ha puc. 4.3 npuse-
fleHpl  BOJILT-AMIEPHBIE XapaKTepHCTHKHM TepMoconporusienuit: [,(U)
JL1s1 MaTepHanoB ¢ HOJMOKUTEbHbIM U [, (U) ¢ OTPHUATENLHEIM TeMIepa-
TYPHBIMH KO3(DpUIHEHTAMH.

TepmoconpoTfiB/eHuss NPUMEHSIOTCA VI8 M3MEPeHHsl H aBTOMaTH-
YECKOTO DEryJIHpPOBaHHA TEeMIeparyp, AJdA KOMIEHCALUH H3MEHEeHUst
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napamerpoB B npufopax M annaparax ¢ H3MEHEHHEM TeMIIepPaTyphbl
H T. .

TepMocoEpOTHBIEHHS, HCNIOIL3YEMEIC A1 M3MEPEHHS TeMIepaTypH,
HaspBalOT Te pMoMerpaMu conporunaerusa (TC). Ten-
JIOYYBCTBUTEJBHAIH /IeMEHT (JaTYHK) 2TOIO TEPMOMETPA COCTOHT U3 TOH-
KOH Heu3oJHpoBayHOH npo-
BOJIOKM 2, HaMOTaHHOH Ha
IIacTUHY M3 CHofbl 8 H
NIOJiCOeINHeHHOH CBOUMH
KOHEAaMH K  BoBogam [
» (puc. 4.4). ConporupieHue
Puc. 4.4. TennouyscTsntensnbii snement tep-  ITOH TPOBOJOXM  MeHSETCS

MOMETpPA COTIPOTHBAEHHA Ipd H3MCHEHUAX TeMIiepa-
TYpel.

TepMoMeTp CONPOTHUR/EEHS BKJAOYaercss B GOMBLIMHCTBE CNYYaeB B
CXeMy uYeTkIpexiiedHoro mocra {puc. 4.5).

Hsmenenue Temneparyphl BLI3EIBaeT H3MeHEHHE COTIPOTUBJCHUA IVIE-
4a, KOTOPOe B CBOIO O4epedb BbLI3LIBAST M3MeHeHHe TOKa H [OKa3aHMA

n3mepurensHoro npubopa MIl, mporpaaynpoBaHHOroO HenocpeAcTBEHHO
B rpagycax.

/s
| .
Puc. 4.5. Bxiouenne rep- P /
MOMETPa  COTIPOTHBJIEHHS ~
7 (1°) B cxeMy ueTHIpexmied- Puc. 4.6. Bonbr-amnepHas xapakre-
HOTO MoCTa - : PHCTHKA TepMHCTOpA

TepmoconpoTHBACHHA, H3TOTOBJEHHBIE M3 OKHCJAOB METAJIOB, Ha-
3HIBAIOTCI TEPMHCTODPaMHu. TepMHCTODH 0861akai0T BbICOKOI
YYBCTBHTENLHOCTBIO, TAK K4K CONPOTHBJIEHHE KX B 3aBHCHUMOCTH OT TEM-
neparypsl uamensiercs B 0—10 pas cusibHee, 4eM y METaJLI0B, U HAXOAAT
B HACTOsLIeE BpeMs INHPOKOE NpHMEHEHHe BO MHOruX oOJacTsax Tex-
HUKH. ‘

Ha puc. 4.6 npusciena BOAbT-aMIepHasl XapaKTePpHCTHKA OAHOIO H3
THIIOB TEPMUCTOPOB, NPHUMEHSIEMbIX B H3MePHTRNIbHOH annaparype.

Ha navanpHOM  yuacTke, T. €. IIpU BecbMa MaJblX TOKaxX, KpuBad
NpakTAYECcKH NPSMONUHEHHA H TeMIIePATyPHBIH K0athduilHenT TepMUACTO DA
o NOJIOKHTENEH; NOCAe TOYKH nepersfa sHayeHHs € OTPHUATE/IbULL
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OcoGpre cBOficTBA TEPMUCTOPA B OCHOBHOM OTPENEASIOTCA €ro BEICOKHM
OTPHUATENBHABIM TeMIiepaTyPHEIM KO3(POUIHEHTOM @.

OmunM 13 HanGoNee PacipOCTPaHEHHBIX HeJHHeHHbIX 7eMEHTOR 5B
naerca 6aperrep. On TIpelCTaBIACT cO0H CTANbHYIO IPOBOOKY,

TIOMEIEHAYIO B CTeKJAHABIN Can-
JIOH, 3aMOJHEHHBLl BOJOPOAOM JJIST -
yAy4ileHua OTBOAS TelJia K 3allH-

TBl OT OKHCJEHHS.

3HAUHTENbHBIA

600° C. Benuunua cOnpoTHBIEHUS
NPy 3THX TeMmIepaTtypax pacretr &

Cranp uMeer A
NOJOKUTEbHBLH i
TEMIIepaTypHLHH Ko3(h(HUIHEHT B 1
uHTepBase Temneparyp or 200 no |-
‘ |
1

L= il

{
|
i
I
|
1

v /)

-[IOYTH [IPAMO IIPONIOPIHOHANBHO Haq HOH -

H3MEHEHHIO HaNpAKEHHS, 6aaro-

Puc. 4.7. Bosbr-amnepHas XapaxiepH-

Japs yemMy B HEKOTOPBIX IIpeje- cTHKa GaperTepa

Jax H3MECHEHHUA

HanpsXxeHusa

(puc. 4.7) o1 U,ay 10 Uyon TOK [5 NPAKTHUECKH OCTAETCS HEH3MEHHBIM.
B' cuny yxasannmiX cBOHeTB Gaperrepsl ILIHPOKO NPHMEHSIOTCH 1Jid
CTabHJAN3alHH TOKA.
HeoGx0o1uM0 OTMETUTh, UTO GaperTep SBJSETCS HHEDIHOHHBIM IIPH-
60pOM, TO3TOMY NPH GLICTPHIX M3MEHEHHSAX NPUJIOKEHHOTO HAllPSAKEHHs]

!

Puc. 4.8. BeapT-aMnepebie Xapak-
TePHCTHKN HauGojee pacrnpecTpa-
HCHHLIX HeJHHe{THBX 3J1eMeHTOB:

! — cummErpuynan;

2 — necHMMe-

L CHEE R

TOK 6apeTTepa HE OCTaeTCsl MOCTOSTHHBIM.

Boabr-amnepuble  XapakTepHCTHKH
[PUMEHAEMBIX HeJHHEHHBIX 3/IE€MEHTOB
HMeIOT - caMblil - pasHooOpasuLlil BUA, HO
Hanbosiee PacnpoOCTPAHEHHBIMH ABJAIOT-
csl JBE TpPYMNObi: CHMMETpudHbie (Kpu-
Basg I' Ha puc. 4.8) U HecHMMETPHUHDIE
(xkpuBasg 2 uHa puc. 4.8} OTHOCHTEJLHO
ocelt koopiauuat. ConpoTHBIECHHE HEJH-
HelHBIX 3JIEMeHTOB C CHMMETPUYHOH Xa-
PAaKTEPHCTHKONA HEe 3aBHCHT OT Hampas-
JIeHHsI TOKa, TIOTOMY OHU HCTIOJb3YIOT-
¢l B llenfiX Kak INOCTOAHHOIO, TaK H

. IEePpeMEHHOro TOKa. TakoBsnt TEPMOCO-

NPOTHBAEHUsI, GaperTephl,  NPHGOPH -
TJICIOMETO  Pas3psifia C  OAYHAKOBLIMH
3JeKTpPoJaMH H T. L.

ComporupjieHde HeJWHEHHBIX 3Je-
MEHTOB ¢ HeCHMMETPHUHOA XapakTepH-

CTHKOH 3aBHCHT OT RanpassieHMs Toka. OHH, KaK [IPaBHJIO, TPHUMEHS-
I0TCS B lleNAX I€PEeMEHHOT0 TOKa, Iie HX MOXHO HCI0Jb30BaTh, HalPH-
Mep, B KadecTBe BolnpsmuTeneH, T. e. npeofpazopatesefl nepeMEeHHOTO
TOKA B MOCTOSAHHBIA. K HecuMMeTpHUYHBIM HeJIHHEHHBIM 3JEMEHTAM OTHO-
CATCA PASTUYHBIE SJIEKTPOHHbIE JIAMIBI, PTYTHbIC BEHTHIIY, NOJAYHPOBOI-
HUKOBbIE JHOABI UM TPHOMBHL. ‘
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§ 4.2. TPAOUYECKMI METOJ[ PACYETA LIENEA
- MOCTOSHHOTO TOKA, COCTOAWMX M3 MOCNEAOBATENLHO °
U MAPANAENBHO COEAMHEHHLIX HESIMHEMHBIX DNEMEHTOB

Tlpu pacuerte HenMHeNHBIX Lenell HOCTORHHOTO TOKA OGBIYHO CUMTAIOT
H3BECTHBHIMH BOJIbT-aMIIePHblE XaPAKTEPUCTHKH BXOLSIIMX B HUX He-
nuHefiHbIX 37eMeHTOB. B aToM ciyyae pacuer menu HauGojee NPOCTO
N POH3BOLHTCS rpa(pnqecxnm METOROM. PaccMOTpUM INpPHMEPH! TaKOro
pacuera.

Ha puc. 4.9, a npuBenena cxema HeJuHe#HO# Uenu, cocrosiueli u3
IBYX NOCJENOBATeJbHO COENMHEHHbIX HeJHHeHHBIX 3J1eMeHToB  fp(/)
H ry(/) c 3ajlanHbIMY Ha pHC. 4.9, 6 BOJBT- aMHeprIMH XapaKTepI/ICTI/IKaMH
1(U) u I{Uy). :

1,

oll)  nil A

4 0

Puc. 4.9. TlocnenosaTenuHoe coeRlHeHHe JIBYX HEMRHEHHHIX SJeMeHTOB:

aj

‘@ — cxema; 6 — BOJILT-aMIepHble XapaKTECPHCTHKH

INocTponM BoOJILT-ammepHyo XapakrepuctHky f(U), Boipaxaronyio
3aBHCMMOCTb TOKA | B LieNH OT TOABEJEHHOro K Hel Hanpsxenusa U,

Taxk kax TOK 060MX y4acTKOB LeNH OAMHAKOB, a NOJBeJEeHHOE Ha-
npsikenne U = U, + U,, mia mnoctpoenus xapakrepuctaku I(U)
JOCTATOYHO NPOCYMMHPOBAThL abCuicchl 3afaHHbIX KpHBRIX [(U;) H
I(U,) nns onpenenenHblx 3dayeHudl Toka (cm. puc. 4.9, 6).

Honp3yscs xapakrepucTukamu puc. 4.9, 6, MOXKHO. PEIIHTE pasJany-
HEBlE 151 3TOH lenu-3ajaud. [1ycTh, HanpuMep, 3ajad Tok [ u tpebyerca
BaliTH cOOTBeTCTBYIOLIEE eMy HanpsikeHne U cxeMbl H HalpsuKeHHs OT-
IeabHHIX ee siementos U, u U,. Torra na ocn opausar rpadpuka puc. 4.9,
6 HAXORHM TOUKY A, COOTBETCTBYIOIYIO 33AaHHOMY TOKY, H NMPOBOAUM
OT Hee TOPH30HTAJb, nepeceraomyto xpusbie [(U,), I(U,) u I(U).
3 Touex mepeceuenns a, b U ¢ onycrkaeMm NEpNeHANKYJIAPH HA ochb abe-
LCC; TOYKH HepeceyeHHsT HX € 0Chblo aGCiuce ONnpefessioT HCKOMBIE Ha-
npaKenHs:

‘mU@a:Ul, ﬂlu(—jf=Uz H muaé=U.
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Ecnu sanano nanpsikenve U, nanpumep, orpeskom Og, To 1o rpa-
tuxy I(U) uenocpexacTBeHnHo MOxHO HafiTé ToK B uenu [ = myge, a
3ateM Hanpsxenua U; u U,, Kag 6bJIO NOKa3aHO BhHILIE.

Ananoruynslii npHeM MOMXKHO HCIOJb30BATh, KOTAA MOCHAENOBATE/Ib-
HO COeJHHeHB! He J(Ba, a GOJIblIee UMC/IO HEJMHEHHBX 2MEMEHTOB, MJH
KOTZla HEKOTOpHE U3 MOC/el0BaTe b
HO COeJMHCHHBIX B3JI€MEHTOB MMeIOT ~
Jnuelinpe xapakTepucTnka. Oanaxo ’/”/’
B TOM CJyYae, KOTAa 33AaHHOE Ha-
npsixkenne U, mojpeienHoe K HEIH;
cocTofmell M3 ABYX TOCTEXOBATENb-
HO COEIMHEHHHIX HEJHHEeHHBIX 2Jle-
MEHTOB, OCTaeTcsl HEH3MEHHBIM H Tpe-
Gyercss Haiitn Hanpshreuus U, u U, v
Ha KaJOM H3 3JEMEHTOB, NOCTpOe- .
Hue ofmell XapaKTEpHUCTHKH [enu 4= v “g'
I(U) ne ofs3atennHo. P, 4.10 (—)U e S

Mosio mpinicims pyrof eron 1. 0. Onpuicrenne nampmre,
pewenns 3ajlaull € NOCTPOCHHEM TAK  ypeny 1o samannomy manpsienmo U
Ha3bBaeMOH ONPOKHUHYTOH wmerofou nocTpoeHua ONPOKHRYTOH
XapagrTe p HCTHUKHU OJHOI'0 XapakTePUCTHKH - BTOPOro ydacrkad
H3 37leMenTOB Henu. [Jjsa sToro pac-

CMOTPHM 3aBHCHMOCTb M3MeHeHU$§ Toxa | memu, BO-NepBHIX, OT Hamps-
xenus U, H, BO-BTOPHIX, OT pasHoctd Hanpsngenuit U—U,. B nepeom
cJ1yuae 3Ta 3aBHCHMOCTb ONpezesisieTcsl COOCTBEHNOH XapaKTePHUCTHROH
(cM. puc. 4.9, 6) neproro sjaementa [I(U;), EO-BTOpPOM claydae npH

TOCTPOEHHH. XapaKTepHCTH-
) xu I(U—U,) nis Kax-

Ar=---- j JOTO 3HayeHHsA TOKa [ Heol-
) XOAUMO H3 .TIOCTOAHHOH alc- -
gb--/ 02 nuccel U Bhiyects abeuucey

) xapakrepucturu {(U,) BTO-
i/ 1,(U]  poro saementa. 310 pasHO-
CHJIBHO TIOCTPOEHMIO ONpOo-
KHHYTOH  XapakTepPHCTHKH
BToporc asznementa [(U,)qnp
6) or toukd (', COOTRETCTBYIO-

: "o kerpio U Ha
Puc. 4.11. Tapannensroe coellHenue IABYX Lien 4HEli(I)1pﬂ}I H
HeNMHeRH BIX 3JIEMeHTOB: puc. = 10U,
' ‘PaGounit pexuM neproro

ajeMeHTa JOJIKEH YIOBJET-
BOPATE O0CHM XapAKTEPUCTURAM, T. €, OH JOJKeH ONpelessiThcs TOU-
ko# M mepeceueHua ITUX XapakTepucTHK. [lepmeHamKYJspEl, ONYy-
IeHHLIE HA OCH KOODAWHAT H3 ‘TOUKH HEePeceyCHHs,; ONPEAesoT 3Ha-
uenusi panpsakenuft U; n U, OTAeJbHBIX 3/1eMeHTOB H O6mHH TOK /.
{IpH napassieslbHOM COGIHHEHHM IBYX HeJUHEHHBIX JeMeHTOB (pHc.
4.11, @) ¢ 3anaHHBIMH BOJGT-aMIEPHLIMU XAPAKTEPHCTHKAMH B BHjie
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kpuBpix [3(U) u I,(U) (puc. 4.11, 6) vanpsikenne U sapiaserca oG-
HIHMM, a TOK / B Hepa3BeTBJAEHHOH YaCTH LETH paBeH CyMMe TOKOB BeTBeli:
[ = I, 4 I,. Tlosromy A4 noanyuenus obuiell xapaxkrepucruku I (U) ne-
CTATOUHO JUisi IPOM3BONLHLIX sHaueHuil Hanpsukenus U Ha puc. 4.11, &
[IPOCYMMHPOBATb OPAHHATHl XAPAKTEPHCTHK OTACNbHEIX 3JIEMEHTOB.
[Tonb3ysack aTuMu XxapakTEpECTHKAME, KaK U B IPEIBIIYINEM cayiae,
10 3ajanHOMY Hanpsxenuto U MoxHO Halita Bee Toxu I, 1, u I, uiy pe-

Y
& '/_‘> ¢ a g_[‘b ¢ 7
oLk L s
r - r
U ? / v 7 Uy
_ i ! @ L,
@j b ) )

Puec. 4.12. Cmeluantoe coe- .
INHEeHNe BeluHeHHBIX 8-
MEHTOB:

a — safaHHag - cxemMa; 6 —

SKBHUBAJIEHTHAS CXEMa; 6 —

BOJIBT-aMIIepHble XapaKTepH-
. CTHKH

muTh o6paTHble 3agayd. I1ycrb, HanpuMep, sagal TOK [, BTOpo# BeTBH
n tpeGyerca nafitu Toku /,, [ u Hanpsaxenne U, Jlas 31010 Ha ocu Qp-
" zuuar puc. 4.11, 6 u3 Touky B, coorBercTByIOiiell TOKY [,, NPOBOAAT
JHHHIO, napajienbhylo ocu abeuucec, 10 nepeceuenus ¢ Kpusoil Jo(U)
B Touke b. M3 3T0# TOUKH.ONyCcKAOT NeprenauKyaap bk Ha ochb ¢6cuuce -
U ApPOJOJIKAIOT €r0 BBepX 1O mepeceuenusa ¢ kpusod {(U). Orpeski
OA 1 OC B maciiTaGe TOKOB OIIPeIesiioT UcKkoMble Toku [ u [, @ 0Tpe3ok

OK B maciitabe nanpsixeHuil — NoxBejenHoe X Henu Hanpsxerue U.
B ToM chyuyae, KOrAa HelHHefiHble 3J€MEHThl ¢ 3alaHHBIMH
EOJBT-aMIEPHBIME XaPAKTEPUCTHKAMU HMEIOT CMELIaNHOE COEJHHEHHe
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{puc. 4.12, @), pacueT cxXeMmpl- HAUMHAIOT ¢ ONpENeJNEHUA Xapakrepa
3aBHCHMOCTH NPHJIOKEHHOTO K TOYKaM Pa3BeTB/JeHHs Hanpsixenuna U,
oT o0Iero ToKa IBYX napajienbunix Betseli [ = [, -+ [,. Hna storo
no xapakrepuctukam sersedt [, (U,,) ul, (U,,) va puc. 4.12, ¢ naxondar
TOKM JUISl ONHHX M TeéX Xe 3HaueHufl wanpsxkenus U,,. Cymmupys
. OPAMHATH 3THX KPUBLIX, onpenensior kpusylo [ (U,,) B Tex xe Ko-
OPAHHATHLIX OCHX.

3artem cTposT BOABT-aMHEPHYIO XapakTepHcTHKY [(U;) HequHelnoro
9/J1eMeHTa, COERHHEHHOTO NGCACJ0BATENLHO C PA3BETRACHHEIM YYACTKOM.
PacemaTpusas Beio uenb, COCTOSIULYIO U3 JBYX MI0C/Ie0BATENbHREIX yYacT-
kOB (puc. 4.12, 6) ¢ usBectubiMu xapaxrepuctuxamu [(Us) u I(U,,),
MOXHO MNOCTPOHTb BOAbT-amuepHyio xapaxrepuctuky [F(U) Beeit
CXeMBl. '

[To xapakrepuctukam puc. 4.12, ¢ u 3anausomy uanpsxenuio U
Ha BXOIe CXeMbl MOXKHO HAafiTH pachpelefeHHe TOKOB CXeMbl H Hanpsi-
JKEHUA Ha yuacTkax. BosMoxkno Taxxe pewenne oGpaTHON 3anaud,
KOT@a M0 XapaKTePHCTHKAM H TOKY OAHOTO M3 yUaCTKOB ONPEREJIsOT
TOKH OCTa/IbHBIX BETBEll W HalpPsDKEHHT YUaCTKOB.

§ 4.3. AHAJMMTMYECKMA METOJL PACHETA LUEIEA
NOCTOSHHOIO TOKA C HEJMUHEAHBIMM SNIEMEHTAMU

*

Pacemorpennniit B § 4.2 rpaduueckuil Meron pacuera npUMeHHM
npy JT060M BHAE BOJBT-aMIEPHBIX XADAaKTEPUCTHK HEJHHEHHBIX d/leMeH-
TOB, NO3TOMY OH -sIBJAfIeTcsl Haubosee OOLIUM.

B ToM cnyuae, Korza yuacTkd KPHBOJNHHEHHBIX XapaKTePHCTHK B
ONpezeeHHOM HHTEPBAJIC H3MEH TIOMETOC HANPAMKEHHST HTH TOK2 MOXKHO
NpUGAHKENHO 3aMeHHTh TNPAMBIMA JIMHUAMH H COCTABHTH JJIA HHX
YPaBHEHHS, PACUET MQKHO MNPOH3BOLHTL AHAJHTHUECKH C 3aMeHOH wHe-
JIHHEHHOH Uenmu SKBMBAJCHTHOH CXeMOi C JHHeHHBIMH 3JeMeHTaMil.
Ilpu Takux pacuerax MNONB3YIOTCA NMOHATHEM CTaTHYECKOTrO H
JHHAMUTIECKOTO. CONPOTUBAEHHH . HEIUHEHHOTO 3JEMECHTA.

CraTuyecKHM COTIPOTHBJICHUEM 7 g HEIUHEINOrO 3/1eMeHTa B 3alaHHOH
TOYKE BOABT-aMNIEPHOH XapaKTepHCTHKH Ha3LIBAIOT BEIHUHHY, PABHYIO
OTHOLLUCHHIO HANPSIKEHUA K TOKY HpPH peKnMe, COOTBETCTBYIOUIEM AaH-
HOl Touke. Ha puc. 4.13 u 4.14 npusenenst Hau6osiee TUNUYHbIE BOJILT-
aMIepHble XapaKTePUCTHRH, OTAENbHBIE YUACTKH KOTOPBIX MOTYT BXOg
JIHTL BO MHOTHE XapaKTePHCTHKH .CAMBIX Pa3sHO0OOpasHblX HelAHHeHHbiX
SJIEMEHTOB.

CraTHyecKoe COMPOTHBIEHUE B TOUKE a4 ITUX XaPAKTEPHCTHK MPONOP-
UMOHANBHO TAHTEHCY YTJia HAKJIOHA 0. K OCH TOKOB JIyua, MPOBeJICHHOIO
U3 HaYa/na KOOPJAHHAT uepe3 3alaHHYIO TOUKY @ XapaKTePHUCTHKU:

® U _ mg,ab ' »
=== =g, g a. 4.2
fo=7T "Tmor g (4-2)
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JlnHaMuuecKHM CONPOTHBISHHEM Fy HENTHHEHHOTO 2JIeMeHTa Ha3bIBaloT
BEJIHYHHY, PABHYIO OTHOIUEHHIO GeCKOHEYHO MaJIOr0 NpUpalieHts Hanps-
KeHus K 6eCKOHeUHO MaoMy NPUPALIEHHIO TOKa B JaHHOH TOUKE BOJbLT-
ammepHo# XadeTepHCTHKH Junammueckoe conporiBienne NPONOPLH-
' OHAJIBHO TAHTEHCY yrila HaK/IOHa p

I ' ; KacaTeJbHOH B JaHHOH TOuUke Xa-
PAaKTEePUCTHKH K OCH TOKOB:
au-
't
i iy
U e a
: \
L 1
@y
]
£ {
s |
| ’
/ a I U
I
4/ S
/ - [ v
| (] i
[A 1 |
-
nd
~Puc. 4.13. Onpeflesiersie CTaTHUECKOTO Puc. 4.14. Onpenienenue craTHuecKo-
H JMHAMHUECKOrO CONPOTHBJEHHA He- ~  TO H JAHHAMHUECKOro conpomme}mn
JNHeHHOTO /ieMeHTa ¢ BOTHYTOR BOJbT- HelMueHHOTO 3JeMeHTd. ¢ BHIYKJol
aMrepHOR XapaxTepuCTHKOM BONBLT-aMAepPHON XapakTepuc THKol

YuacTkn xapaktepuctuk puc. 4.13 B 4.14 mna tokos I >m;0b
JIUHEHHBI, [O3TOMY 5TH YYACTKH MOMKHO 3aMEHHTb [PSIMbIMH JUHUAMU
H COCTAaBUTb LA HHX JHHeHHBle ypaBHeHus.

Paccmorpum puc. 4.13. Hanpsxenuwe Ha AWHCHHOM y4acTRe 310U
KPHBOH COCTOHT K3 NOCTOSHHON COCTaBJASIOIEH HaNPAKEHUs; H3Mep${-
emoit orpeskom Od, OTCeKaeMbIM npsaMoit ac #a ocu Hanpsmenui U,
= my0d, 1 NepeMeHHo cocrapsiowedt U, BeTHUnHA KOTOPOH B Mac-
wtabe 7;; MOKET ObIThb BEIPAXKEHa Yepes OTPe3oK dk 1 B'KOHeJHOM cuete
yepe3 TOK H JMHAMHYECKOE COMPOTHBJEHHE -HEJHMHEHHOTO 3JIeMEHTA:

-Udkzmuae=muzc—ztgﬁ-—:mu%tgﬁ:]m,tg B,
) 1
W

Up=rl. C(4.4)

Taxum o6paszom,

@

U=Uy+rd, ‘ @5)
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T. e. HanpsAXeHHe Ha paccMaTpUBaeMOM yuyacT-
- K€ paBHO NOCTOAHHOH cocTasasAmued Hanp-
MeHHd, OTCceKaeMOHl NMpaMOH NUHHUeld Ha ocH
HanpsaXeHHd, M NaLeHU HaDpaKXeHUdA HA JAlU-
HaMHY€CKOM CONDPOTHBJEHHH.

Paccyxnaa ananmorununsiM ofpasom, 1is npsmoil puc. 4.14 noaydum -
ypaBHEHHE BHAA - ‘

U=—Uqy+r,l. . (46)

Kaxaplii ¥3 IBYX PacCMOTPEHHLIX HENHHEHHBIX /IeMEHTOB MOXKET
6LITh 3aMeHeH SKBHBAJEHTHON CXeMOM, YI0BAeTBOPSIOUIEH COOTBETCTBY-

£ £
) (=)
F— | )
e SRR
ol I& 2 v - $ A
& &

Puc. 4.15. . DxsuBanentnas

cxeMa HeJMHeHHOro sJaeMedTa

€ BOJIbT-aMIepHOH XapakTepu-
cTukoil puc. 4.13

Puc. 4.16. DxsuBaneHTHas

cXeMa HeJIHHEHOro »JeMeHTA

¢ BOJIbT-aMrnepHofl XapaKkrepu-~
cTHROl pue. 4.14

IOleMY YPaBHEHMIO Hanpsikenuil. Tak, HeJMHeHHBIH 37eMeHT, BOJbLT-
amnepHas XapakTepHCTHKA KOTOPOTO 3aiana Ha puc. 4. 13, B cooTBerer-
BHH C BhIpaxenueM (4.5) moxer ObiTh 3aMeneH cxemol puc. 4.15, cocros-
Hed M3 NOCAEe0BaTeNIbHO COSAMHEHHBIX HCTOYHHKA, 3. M. C. KOTOPOIO
E = U,, u CONPOTHBJCHHUS fy. .

Iast HenunefiHOro 3/neMeHTa ¢ XapaKTepUCTHKOH puc. 4.14 skBuBa-
JeHTHas cxeMa pHc. 4.16 HMeet HCTOUHHK, 3. X. C. KOTOPOoro E= Upa=1U,
B COOTBETCTBHMH ¢ (opMyJIoH (4.6) mMMmeeT HanpapJeHHe, cosnajamoliee
C HanpasJeHHeM TOKa.

3ameHss KaxkIbll M3 HeJHHEHHHIX 37ACMCHTOB JKBHUBAJCHTHOH CXe-
MOH, pacyeT HeJHHEeHHOH HenH MOXKHO CBeCTH K PacyeTy 3KBUBAREHTHOH
JIMHeHHOH 1enH, AN KOTOPOH MOXKHO COCTABHUTb HEOOXOJHMYIO CHCTEMY
ypaBHeHHH, monb3ysach 3akoHamu Kupxroda.

~

§ 4.4. CTABMJIM3ALING TOKA B NMOCJIEQOBATENBHON LIEMN

HesuneliHbie 2/eMeHTE MOXKHO HCIOJIB30BATH B KauecTBe cTa G H -
Ju3aTopoB, o0eCTeUHBAIOIUX MPAKTHUECKH MOCTOSAHCTBO 3aJlaH-
HEIX SHAYEHHH TOKA WM HANPSKEHUs HA YYacTKe [Eend 8 YCJIOBHAX
Konebaomuxca sHaueHUH NOABEACHHOIO K Heny Hanpsixenus. Paccmor-
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puM TpocTeHiIyio cxeMy craGuiu3alii TOKa MPH nomoly Gapertepa.
Jas crabususaniu ToKa 6apeTtepoM €ro BKJIIOYAIOT NOCJEL0BATEIbHO
c Harpy31<0p°1 (puc. 4.17). IIpn sToM HOMKHANBHBIE TOK 6apeTTepa ROJKeH

OBITbL P4BEH TOKY HATPY3KH.
Paccmorpum, Kaxk MOXHO onpenenmb TOK B JANHOf LETH N0 H3BeCT-
HOMy Hanpsixenuto U Ha Bxofe cXeMbl, a TaK:Ke W3MEHEHHe 5TOr0 TOKa
IPH H3MEHEHHH BXOJHOTO Hanpsikenus. Boc-

%) ) HO/Ib3yeMesl TPapUuuecKHM METOLOM pacuera.
& Iasi storo mocrpouM Ha puc. 4.18 xa-
7 paktepuctuky Gaperrepa [(Ug) m ma ocu
U - aécuuce ornoxkuMm Touky O, OTCTOALYIO OT
U y | LI mavana xoopamuar napaccrosnuu 00'=U/my.
! # Harpysolmblﬁ 3JIeMEHT 3TOH CXeMbl MMeeT

[ i - IPAMONHHEHHYI0  XapaKTePUCTHKY 1(Uy),
' ) YyroJ HaK/JAOHa KOTOpoH ¢ K OCH ~ TOKOB
Puc, 4.17. Cxema crabu- momxeT OblTh OHPefesieH H3  YPaBHEHHSA
JuSANMM  TOKA HAIPysKH  ,  _ m toq.
npy  TOMOIH GapeTTepa H 7 .
. JLns nocTpoenus ONPOKMHYTOH xapakTe-
pucruxn auueiinoro saementa (U)o, ROCTE-
_TOYHO H3 TOYKH ' K OCU HANpAKeHHS BOCCTAHOBHTD TICPIICHIHKYJIA D
U MO YIVIOM O K HeMy mpoBecTH u3 3Tofl xke Toukd sayd O'a. Koop-
LiHATEL b ¥ ¢ TOYKU a nepeceweHust Kpuebix [(Ug) u [(Uy)onp Ompe-
JEARIOT 3Hauenus Toka. [, manpsikenme Gapertepa Us u nanpsfkenue
ba marpyske U, npu samannoMm Ha- I 1)
nipaxernd U wa BXOJE CXEMbl. Gy lonn
Ionbsysace rpadukom puc. 4.18,
MOXKHO pemiHTs M ofparnyio saja-
4y — ONPeLeSnTh BXOAHOE HanmpsKe- |
pue U cxeMBl Uil 3aJaHHOrO TOKa - | /105) |
warpysku f. JIns 57T0r0 ZOCTATOYHO
wa xpusol I(Ug) mafitu Touky a, co-
CTBETCTBYIOLNYI0 TOKY I, B H3 Hee
poBecty npsiMyro alf nox yrioM o
K BepTHKajgd. Touka mnepecedeHus o\ v
3TOH mpaAMO# ¢ ocklo abemyce onpe- J s
JeJUT WCKoMoe nanpsxenue U. v M
[pu KoneGanuax Ha_npg}KeHHﬂ HE} Puc. 4.18. TFpaduueckult = meTon
exone #a BeqnunHy =AU touka O'  [acuera cxemwr crabmamsauun Toka,
Oyller nepeMelnarbest 10 'OCH Halps- ~ usobpaxkensofl #a puc. 4.17
JKEHHl, COOTBETCTBEHHO uemy OyleT
napajuensno nepememarnca M npaMas [(U,)onp. Kaxk Buano us3
puc. 4.18, BenMyHHA TOKA NPH KOIeGAHHUAX HANpPSKEHHH NPAKTHYECKH
ccraetca HeusmenHOH. Takum 06pasoM, B LEenu uMeeT Mecro cTa 6 U -
JH3aHUA TOKa.
g XapakTepHCTUKH CTaGHan3aluy TOKa [FOJIb3YIOTCS MOHATHEM
Koobduunmenrta crabuausamunu Toka K,;, noxaswera-
IOUIAM, BO CKOJILKO Pa3 OTHOCHTENbHOE H3MEHEHHE TOKA B CXeMe MEHbLie
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OTHOCHTE/LHOIO H3MCHEHHS BXOILHOIO HaNPAXKCHHAL

Ha B npenenas

(4.7)

(4.8)

Uem Goabiue Ko3hpUIHeHT cTabUIu3allii, TeM Bhille cTaGHAH3upyo-

mye. CBOACTBA CXEMbl.

Yuesosoe snauetue K ; MOMXHO onpeaeauts KaK rpaduuecks, TaK B aHAJHTHYSCKI,
IMpu rpacduteckom onpefetedun kosdpuuuenra K; nHaxoasT, Kakoe orkiacnenue A/

OT HOMHHaJAbHOrO 3HaveHus [ HMeeT TOK NpH
 W3MEHEeHHW HanpshKeHus Ha Beanyuny AU or
HOMHHAMBHOrO 3HaueHHa U.

[Noayuennsie snauenus U, I, AU n Al (cm.
puc. 4.18) moacrasasmior B dopmyay (4.7) u
onpenensior snauenne K.

Jlna a"anutHyeCKoro = pacuera KosddH- -
npeuta K; B COOTBETCTBUM C X4PaKTEPHCTH-

koil { (Ug) Gaperrep 3aMeHSIOT 5KBHBAAeHTHON

cxemoil cormacuo puc. 4.19. O6wee wanpsxe-
HHe CXeMBI

Puc. 4.19. DxprBanedrias cxeua

(4.10)

(4.11)

U=—Us+ ryd 4 rul. (4.9) uenn puc. 4.17
-Ileppast nmpouspojnas 3T0ro HanpaXKeHus To. TOKY
dU
ar =t e
AY
Ho u3 ypasnenua (4.9) cnepyer, uro Tok [ cpazar ¢ nanpsmxennem U coorio-
ekleM :
=Yt
rptorm’

Tostomy, noacrasnss B dopmyny (4.8) sunauenus p

NOJTY UKM .
U +U,
U

Kim =1+%9

§ 4.5, CTABMIMN3AUMNSA HATIPAHKEHWA

dI}/ uz (4.10) n I us (4.11),

(4.12)

Ilns nonjepXanus HanpsKeHUsl Ha KakoM-1H0O ydacTKe Heny
HEH3MEHHBLIM NPHMECHAIOT CcTaOHJAH3ATOpP HANDAKEHH,
pafoTa KOTOPOro MOKeT 6LITh OCHOBAHA HA CaMblX PasHOOOPA3HBIX NIPHII-

upnax.

HOas CTaﬁl/IJIHSaIlHH HanpsixKenua B UensaX NOCTOSIHHOIO TOKa qacro

OPpUMEHSAIOT rasopaspsaAnbe cTabuaunsaTop sl

-

Oun
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/ . . ' . -
APeNCcTaBasioT Co00H CTeKIAHHYIO KoaGy, 3aloJHEeHHYI0 HHEDTHHIM Ta-
30M, BHYTPH KOTOPOH HAXOAUTCA LUJAMHAPHUECKHH KaTOA H coBhajaro-
WKl ¢ OChbIO LHJIHHApPA NPAMOJHHERHEI] aHOA. ‘

Ha puc. 4.20 npusefeHsl BosbT-aMliepHast XapakTgpucrtuka [ep
(Uer) Taxoro crabususatopa u cxeMa ero BKJIIOUeH st IOf HanpsReHne U,

V3 xapakTepucCTHKH BHAHO, YTO B Ha4a/bHbIf NEPUOA BOSHUKHOBEHHUA
ra3oBoro paspsaga tpebyercsa Hanpsaxkenune U, = Upp (HanpsXeHue
3aXKUTaHUA), BeJHIMHA KOTOPOro MHOTO GOJIbLIE BEJMUUHE HAaNPsKeHUs
Ucr = Ugq, npu KOTOPOM NMORAEPIKUBACTCS HOPMAJBHBIE TJICIOMHUH pas-
pan B crabmiausarope. B obnactu paBouero yuactka xapaKTepPHCTHKH
npy HeOOJBbLIOM IpHpalleHHH HanpsiKeHHA Ha cTabu/iu3atope TOK B

§

!
i) wn[ ort0),

a
Allgy AU

Uz

ot ; ® .
Puc. 4.20. . Bosbr-aMlepsrle XapakTepMCTHKH MNeMH, cocTodwell w3
FOCAEJOBATEBHO COSRUHEHHEIX O DAHUYHBAIOMETrO CONPOTHBAECHHS 7orp

H rasopaspsiiHoro craGuausaropa- ¢ XapaxrepucTukofl [op (Uer)

HeM CHJBHO pacTeT, a CONPOTHBJGHHE CHIbHO yMeHbllaercs. [loatromy
NOC/IeAOBATENBHO CO CTAOHIN3ATOPOM B CXEMY BKJIOUEHO OFPaHHUYHBAIO-
Illee. CONPOTUBNCHHUE 7opp, NOTJIOWIatOIee Hampsuxenue U — Uy
Kpowme xapakrepucturu [.(Uc:), B TEX XKe OCSIX TIOCTPOEHA XapakK-
Tepuctuka Io;(Uo) NMHEHHOTO 3JIEMEHTa Fopp U MO HEM XapaKTePHCTHKA
I(U) Bceit yenu. PaccmoTpuM 5TH XapakTepHCTHKH JIJis aHa/Iu3a
paboTel cxembl. BosbmeM BxoZHoe Hanpsixenue cxemb U.= Ugy B co-
OTBETCTBYIOLLlee eMY HanpsKeHnue crabunusaropa U, = Uy B yenosu-
X, COOTBETCTBYIOUIMX YYACTKY XapaKTePHUCTHKH, IJe Hanpsimenue U
CTaHOBHTCS BEIIe MM HMXe 3afiaHHoro HanpsixeHust U = Uy, uMeer
MecTO cTabuausanns nanpsaxeHus Uy, CHUMaeMoro co crafuan3atopa.
Tlpounece crabuausaunuu XapakTepuayercs
TeM, YTO 3HaYHWTeJbHbE H3MEHEHHUA BXOAHOTO
HanpaxeHuss. Ha Beaudununy -+AU Bb3BBAIT
OYeHb MaJbe H3MeAeHUWs BBHIXOAHOFO Hamnpd-
XKeHUd Ha Beaunuuuny =AU, cTabunausartopa.
Jnsl XxapaKTePHCTUKH CTaOHIH3HPYIOMWEro AeHCTBUSA CXeMbl BBOAAT
KosppumueHT cTabuausanuy nanpasxeunus Ky,
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MOKa3suBaollul, Bo CKOJIbKO Pa3 OTHOCHTEJbHOE H3MEHEHHE CcTabunnau-
‘PyeMOro HanpaXeHua MeHbIIe OTHOCUTEJNbHOTO U3MEHEHN A HallpAXeHusd
Ha BXOAC CXEMBI:

Yer (4.13)

- UCT
WA B npenese

dUc,*
Kosdduupent crabunnsanud HanpsKeHHs, TAK ke KaK M K0dhduIHeHT cTadu-

JIH3aLMH TOKA, MOXKHO ONpefenarb rpaduuecKd H ananintutecku. Hampumep, na
XapaKTepHCTHKH pic. 4.20 nia paccmot-

pengoro cayuas (U = U,,) !
A UOb . —&= Iz T
UOa.r
Kv=%0,,- v "
Uon d
B xavectBe npHMepa NpaKkTHUECKOr O & -

HCIOJb30BAHKS [a30paspaiHOro crabu-:
JIA3aTOpa  PAcCMOTPHM cXeMmy puc, 4.21
craGu/IH3aLMy HalpAKeHHAsd B aHOHHOI
HenH 37eKTPOHHON aammbl. CraGuin3u-
pylomee JeHcTBHE 3T0H cxeMpl 06bsc-
HSIETCA CASAYIOHAM OGPA3OM. v : . '

[lycrs, Hanpumep, TOK Harpyak® I, yBemuumics. TIpn stoM Tok [ = [op - Iy
Tax:Ke BO3PACTeT, BCJCACTEHE YErO YBeJIHYHTCH NaJ€HHe HAUDSKEHUs foppl H HOHH-
SHTCSl HanpsixkeHue Ha crafuiusatope Ucr== U — forpl. Ho ¢ noHMmeHueM Hanps-
menut U.p cormacuo xapaxrepuctuke /oy (Ugr) DE3KO yMEHBIUHTCSH TOK crabuiusa-
T0pa l;, UTO B CBOIO OUepelib BLI30BET yMEHbILeHHe NafeHns] HANPSXKeHns ropp/H noc-

_Puc. 4.21, Cxema crabuau3auud Hanps-
JKEHHS] B. aHOLHON HeNH 3JeKTPOHHOM
JiaMItbl )

15l . b=tz 1y

—

[/ B

IR

U ]” Uygp
) b

Puc. 4.22. Cxema crabunnsa- Puc. 4.23. DxBuBaJeHTHAA CcXeMa

LKH HEOPAXKERUA HATPY3KU HenuHefHOH menu puc. 4.22

' Jenyiollee BOCCTaHOBJAeHme HampsikeHusi Ugp Ha craGminsarope. Ilpn ymeHbIIeHHH
TOKa HArpyskH [ HalpsKeHHE HA CTaGUAU3ATOPE BO3PACTET. YBe/NHUEHHE TOKa B HEM
“BBI30BET YBE/UYEHYE [a[eHNS HANPSUKEHNUS Fopp/ M NOCTEAYIOLIEe CHHKEHHE HANPIKe-
rust Ugp. [TpuBesennas cxema puc. 4,21 npeicTasrisier coboft cXeMy HeJnHeHHOM uenn
CO CMeLaHHbIM COeIHHEHHeM.

Paccmorpum cxemy puc. 4.22 jna  crabuAu3anyi  HANPSXKEHHS HATPY3KH.
31€ck napaiesbHO JIHHEHHOMY SJIEMERTY Harpy3KH ¢ COPOTUBJCHHEM Iy, HaNP AKESHHE
Uy = U,y Ha xoTopoM Heo6XoauMo cTabHIB3HPOBaTh, BK/IIOUCH HENHHeHHBH SJeMenD

77



ry (1) c oTpuLATeNBHEM TemmepatypHuiM Koadduuuentom. IlocaenoBarensuo ¢ pas-
BETBJEHHBIM YYaCTKOM BKJIOYEH HEJHHCHHBIH 3JeMeHT 7y () ¢ NOTOKUTEAbHBIM TeMie-
paTypHbIM K03 QULBeHTOM.

Jlnst onpenesienust Koscp(buuuema cTabuau3aluiy 3aaHHON CXeMbl aHAJMUTHUECKHM
METOJOM 3aMEHHM ee HequHeliHble 3JeMeHTh SKBUBANEHTHEIMU JHHEHHEIMH 3JEMEHTA-
VH. DKBUBANCHTHEIC i HefHbIC 3ACMEHTHL MOXKHO BHIPA3HTh JITHEHHbIME YPaBHCHUAMY,
analoruyHbIMA ypaBHeHuam (4.5) u (4.6):

Uy=Uq + rizly '
] '

- v U2=*—U02—|—l’2nl. A (414)

3aeck Uy 1 Uy — nanps:keHHs, OTCEKaeMble HA OCH HaNpsxKeHuH APAMBIMH, H36O-
PAXAIOWUMH X4PaKTEPHCTHKH SKBHBANCHTHBIX JNHHEeHHEX 3Je-
MEHTOB;
Tox M 1y — MMHAMMYECKHE CONPOTHBJEHUS MOC/COBATENBHOTO yHACTKA H
BETBH ab.
TTocse 3amensl HeMHERHBIX JIEMEHTOB NHHeMHLIME cXeMa pHc. 4.22 MOKET GpITh
3aMeneHa cxemol puc. 4.23. CocraBum AN Hee OJHO ypaBHeHHe IO IePBOMY U JBa
ypaBHeHua no BTopomy 3akoHam Kupxroda:

‘ Uap
I=1+22, (a)
23
U+ Up = ragd -+ Upp, (6)
Uab=U01+f1).(]1~ ) (B)
Pemwan mosyueHHylo CHCTEMY ypPaBHEHMII OTHOCHTC/IbHO Hanpsikenus U, noay-
L1
U=U b’xnfzn+rﬂ(f1n+fzn) Ugrrag + Ugatin
= U, — .
'nfin . g
' au U s
Onpe)lemm B3 5TOIG  PAaBeHCTBA  NPOH3BOAHYIO U, H  OTHOIUCHHC ~J~”,
“HafiieM Ha OCHOBAHHE dopmyant (4.13) xosdduunenrt CTa6.m1/1:saImn CXembl
dU l/,v}; L()n 2 Uo[ . Q"‘E

K=gum v <"t v t7 7



nasals
MATMHUTHBIE LIEMX MNOCTOSHHOIO TOKA

2

§ 5.1. OCHOBHbBIE NMOHATHUA

- Pabota snekTpuuecKUX MamIHH, TPAHCPOPMATOPOB M MHOTHX IPYTHX
COBPEMEHHBIX 9/IEKTPOTEXHHUECKHX YCTPOHCTB OCHOBBIBAETCA HA (PH3H-
YECKHX 34KOHaX 3JeKTpOoMeXaHuue-
"CKOro W HHAYKLHOHHOTO HAed-
CTBUA MATHHUTHOTO mou .

IeKTPOMEX AHHUECKOE AEHCTBHE MATHUTHOrO |
-TIOJISt 3aKJI0YaeTesl B TOM, UTO HAa NPOBONHHK j
C TOKOM WIH Ha (ePPOMATHHTHOE BELIECTBO B o
MaTHHTHOM TI0JIe IeHCTBYET MeXaHHUYeCKas Cu/a. j
Bennuuna u HanpasJeHHe 3TOR CRJIbI 3aBHCAT OT o
HHTEHCHBHOCTH M HalpasseHHus MarHUTHOFO MO-
Jsi, Kotopbie And JuoBofl TOUKH MOMA Xapakre-
pU3ylOTCl BEKTOPOM MATHHTHOH HH-
Ly xuuua B. Ipu rpaduueckom uzoGpakenuu’
MarHUTHOTO IOJI NOAL3YIOTCS JIHHHAMM Mar-
HUTHOH MHAYKIUH, KOTODPbIE HA3BLIBAIOTCA M 4 T -
HATHEIMH CHJNOBBIMH JHHHUAMI.
Hanpasaenue cuul, teficTByiouel Ha CeBepHBIH
NOJIFOC MATHUTHON CTPEJKY, HPUHUMAETCST 32 Ha-
NpaBJ/ieHUe MarHHTHBLIX CHJAOBLIX Junufi. Kaca-
TeJlbHAs B KAXAOH TOUKE TaKoH JUHUH COBNAJAET
C HampapJeHHEM BeKTOpa MAarHUTHOR HHAYKUUH. =N

MaruuTHbie HHHH Beerda 06pasyloT 3aMKHY- 8
Thle KOHTYPbl, HHMCIe He mepecekaroliuecs APYr Pame. 5.1. Marunruoe
¢ apyroM. Hanpasnenust MaTHUTHBIX JTUHUH MOJAST  TOJAE “HpsMOIHHEl HOro
M CO3MAfOLIEr0 €ro TOKa B3aHMHO NeEpeRiuky- — PPOBOAHEKA ¢ Tokom
JAPHB U CBA3aHB nmpaBujioM 6 y paB Y H K at
HaTpapjeHie ToKa COOTBETCTBYET HalpaBJeHHio HOCTynaTe.HbHOI‘O pilcii s
KeHUs OypagunKa, a Hanpap/eHue MAaCHUTHEIX JIHHUI — HaNpaBJIeHHIO
JABMIKEHUS €ro PYKOSITKH MW NPABOXOJOBOro BuHTa (pumc. .1).
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B kauectBe mpumepa Ha puc. 5.2 MOKa3aHel MaTHUTHBIE TMOJS JABYX
NapaJyiesIbHEIX NPOBOLHHKOB C npomaononom% HanpaBJeHHbIME TO-

_ Puc. 5.2, -MaruutHoe mnose, IBYyXx mapan-
JIeSIbHBIX TIPOBOJAHMKOB ¢ TPOTHBONOJIOKHO
: - HANPAaBJEHHLIME TOKAMH

KaMH JJ1s1 TJIOCKOCTH, TepiieH-.
IMKYJAPHOA K OCAM TMPOBOA-
HHKOB.

Mexaﬂuqecxaﬂ cuna, Jefi-
CTBYIOLIAS Ha NMPOBOJHUK C TO-
KOM B MalHHTHOM noje, Oyner
HanOonabule#, ecay NPOBOLHUK
pacnoJioxeH nepreHIuKyaIpHO
K JIHHUAM MAaCHHTHOrO  OJIf.
Ecar npsmonunHedssfi  npo-
BGJAHHUK JJIUHOM [ ¢ ToXoM I Ha-
XOZHUTCA B OLHOPOJAHOM MarHUT-
HoM nosie (B=const) u pacno-

JICIKEH. TOJ YIJIOM 0. == 7 K HallpaBJeHHUIO BEKTOPa B (puc. 5.3), ™
| BeJuYMHA MeXanuueCko#l cuiel F, JeHCTBYIOUEl Ha IPOBOAHHK,

F=BIl.

(5.1) .

Hanpasnense cuns F HaxogaTno N pPaBHJAY e BOH pyKHU:
€C/1 PACIONIOKATD JIEBYIO PYKY TaK, YTOOE MarHUTHbIE JTHHUH BXOAM/IH

B JaJlOHb, a BHITSHYTHE BIOJDL Ja-
JOHI ueThIpe nanasla (KpoMe 6om;~
HIOTO) YKa3biBaJdu HalpaBleHHe TOKa
B OPOBOJAHHKe, TO OOJBLIOH mnajel,
OTOTHYTBIH B . MJIOCKOCTH  JIaAOHU
NePHeHAUKYASIPHO K OCTaJIbHBIM Ue-
THIDeM, YVKaXKeT HarpaBJieHue neﬁ-
CTBYIOIIEH CHJBI.

Tlpu paccMOTpeHHM MarHHTHOTO
oA B BHTKAX MM B  CeUeHMAX
Pa3IMYHBIX TeJ MOJAL3YIOTCA IIOHS-

THEM MATHUHTHOTO NOTOKa_

'@, B obuem cayuae HEOAHOPOLHOTO
NoJsA, KOTAAa MarHuTHasl WMHAYKUKS
pasnindHa B pasHbX €ro Toukax,
MarHuTHBIE ToToK d@, mnpeicrapisi-
omu# coboff MOTOK BeKTOpa Mar-
HUTHOH WHAYKIUH B 3nemenTapHOi
nomaaxy dS (puc. 5.4), onpene-
agercsa hopMyJson

d® =B dS.

Puc. 5.3. Onpejesiensie HanpaBaeans

lle}!CTBleﬂleI/l CHABl HA TNPOBOJABHK
C TOKOM, HaXopsuics B MaI‘HHTHOM
oJe

MarsuTHbI | IOTOK  BCEft mosepxHOCTH S

— (B S
S
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B ToM cnyuae, KOrjia MaTHITHOR Tione ofgoponso (B=const) u no-
majxa S NepneHAMKYAsPHA K MATHWTHBIM JHHUSAM, NOTOK ¥ HHAYKIHSA
CBS3aHbI HaH60J1ee IIPOCTHIM COOTHOLIEHHEM

® = BS. | (5.3)

B ocHoBe MHAYKIHOHHOTO JAEACTBHS MAarHHTHOTO NOJIS JIEXKHT 3 a -
KOH 3JeKTPOMarHUTHON HHEAY Kuuu Papages—Max-
ceequia. CoryiacHO 3ToMY 3aKo-

e e o
- —~—

HY B KOHType, HABIXKYIIEMCS B Pie S

HEeH3MEHHOM NoJle TaK, 4TO ero ,/’717;1 ,@"'Z‘y,‘ B~ ’fz_ 5
- ] ’

CTOPOHBI MEPEeCeKaloT - MATHUT- o sl (e T )

HbIe JIH}IHH‘, HJ’I}{ B HenoﬂBH}K. ‘~ “\‘“\“\‘\‘\““‘VA‘\\\\\\\A‘\“\\\

HOM KOHTYpE, NOMEUIECHHOM B

= 2
i N N/ 7 ;
\ ~ - - /7
\\ \\\_,_,’ //
~ P
™~ -

e
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Puc. 5.4, Maruur- "~ Puc. 5.5. Cayuafi, Koraa otgens-

BBt  TOTOK depe3 Hble CPYINE BHTKOB KaTyWKd

9JIEMEHTAPHYIO ILIO- MIPOHH3LIBAIOTCA PATHUHBIMHE TI0-
WagKy : TOKAMH

V3MEHSIIOIIeeCs: BO BPEMEHH MArHUTHOE NoJe, HHAYKTHpYeTcs 3. X. C.,
- UHCJIEHHO PABHAS CKOPOCTH M3MEHEHHs BO BPEMEHH MATHHTHOTO NOTOKA,
HPOHUSLIBAIOMIETO 3TOT KOHTYD:

0= d®
o dte

Korza KOHTyp COCTOMT H3 W BHTKOB, NPOHH3LIBAEMBIX ONHHM H
TeM e [I0TOKOM, MHAYKTHPOBAHHAS B HEM 3. JI. C.

do

e=—wyr-

(5.4)
Yacto OTHesbHBE TPYOITLL BUTKOB (W), Wy, W) OXHOU M TOU Xe Ka-
TYIWKy (puc. 5.5) npounssiBaoTesa pasauudpiMa notokamu (0, 0y, @,).
B stomM coyyae nostHast 3. 4. €. KATYIIKY PaBHA CyMME 3. JI. C. omenbﬂmx
'rpyrm BUTKOB!
dWy d®y

4D
e=e1~+e2+e3=——<w, a7 Ty T dt3>_

d
= (2, @, ‘l“wzq)z'l‘wsq)z):"g[ (1F1+1F2+1P3)'
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HJIn
av
€=-—-~3t—, (5.5)
rue
k=n
V=Y Y 4 T = Y 0D

k=1

IMpoussenenyie yncaa BUTKOB W), H CHENJICHHOTO C HUM MarHUTHOTrO
noroka @, Ha3bIBAIOT MATHUTEBIM IO TO KO CIL €I e HH e M TPyI-
IEl BUTKOB ¥ 0003HauaoT 6ykBofl W,. IToTokocnenienne eefl KaTyluku
Y paBno cymme MOTOKOCIUEINIEHHS *OTHENBHEIX ee TPYIIIL.

|
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N

/—
=
=

al

Pu¢. 5.6. Onpenenenue HanpabJeHHs HHAYKTHPOBaH=
HOH 3. A. C.:

a — npd BO3PACTAHUH MOTOKA; 6 — MPHU yObIBAHWR [OTOKA

Ypasuenue (5.5), onpegensioniee BeIUUMHY 3. [. €. KaK CKOpPOCTD
U3MEHEeHHs ITOTOKOCUEIVIEHHS KaTyLIKH, fABJAfETCAd MaTeMaTHYeCKHM
BHIpAXKEHHEM 3 A KOHA 3J€KTPOMAarHuTHON HHAYKIHH
B HauOosee oflueM BHJE.

3uak «munyc» B gopmynaax (5.4) u (5.5) ompenensierca Bu60pom
YCAOBHO MOJIOMKUTEBbHBIX HalpaBJieHHl MHAYKTHPOBAHHOH 3. 1. C. H
NIOTOKA, TIPOHU3LIBAIOILErO KOHTYp (puc. 5.6).

YCIOBHO MOJIOMHTE/bHBIE HANPABJICHHS MHAYKTHPOBAHHOHA 2. X. C.
1 IOTOKA KOHTYPA CBf3aHbl IPABAJIOM 1PaBOXOLOBOTO BHHTA: €CIH CMOT-
peTh BAOJb JUHUI MarHHTHOTO TOJS, TO 9. A, C., HalpaBJieHHas MO 4a-
COROHl CTpesixe, CUMTAETCA HOJNOKHTENbHOH (CM CIJIOLIHYIO CTPENKY
Ha puc. 9.6, a).

d¥ .
[Tpu BO3pacTaHmu MarHUTHOTO IMOTOKA Et_>0 HHAYKTUPOBaHHA:

3. JI. C. €uyy << 0 u HaNpaejieHa HPOTHBOIIOJOKHO BHIOPAZHHOMY MOJIQ-
JKUTEBHOMY HanpaBneHmo 3. 4. . (cM. (IYHKTHPHYIO CTPeJIKY Ha puC.
5.6, a).
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[Tpu yOriBaHMM MaTHUTHOIO MOTOKA d7<0 euun >0, HanpaBseHHe

HHAYKTHPOBAHHOH 3. 4. C. COBNajaer ¢ BblﬁpathHv‘ MOJIOKHTENbHBIM
ranpasieHueM 3. I. ¢. (puc. 5.6, 0).

Bomnpoc o cBf3uW MeXLy 3HAKOM H3MEHeHUA NMOTOKA M Hanpap/eHHeM
HEYKTHDOBAHHON B KOHType 3. J. ¢. Owu1 pewen B 1833 r. pycckum
yuensm J. X. Jlennem. On yCTaHOBHJ, UTO TOK, BO3HHKAIOIIHHA B 3aM-
KHYTOM KOHType OT HHAYKTHPOBaHHOH B HEM 3. 1. C., HMCET Harpape-
HHE, IPH KOTOPOM IO MarHHTHBI [O-  f 4 4 4 YNy 4
TOK IPOTHBOJEHCTBYET N3MEHEHHIO Mar-
HUTHOTO TIOTOKA, BLI3BIBAIOILETO MOHB- =
JleHHe TOKa B KOHTYpe. o | N

B caygae Hasenenus 3, A. ¢. B Ops-
MOJWHEAHIX NBHKYHIHUXCSl [POBOAHH- b,
Kax, NepeeeKalolinX MarHuTHbE JTUHUH, le
yao6HEe MOJAB30BATHCH APYTHM COOTHO- % ﬁ
HIEHHEM, ONPeAeIAIOIIM HULYKTHPO- P 4<ﬁ
BaHHYIO 2. [. C.!

e=Blv,, (5.6) ¥

rie B — MarHuTHAs WEHLYKUHST ‘ <
[ — axTuBHAS AJHHA BPOBOLHUKA,
T. €. HacThb €To, Nepeceralomas
JIMHHY MarHUTHOTO TOJif;
U, — CKOPOCTb TEPNEHAUKYJISIPHO- ,
FO MEPECELCHUA NPOBOAHIKOM — p, - 57 Hasegeune 3. A. ¢. B
MarftuTHbIX JHEHHN, HIM HOD-  pauxe, ppamaromefics B Marhut-
ManbHa# COCTaRAAIOWIAf CKO- HOM TIoJe
poctu v (puc. 5.7). ’ oo
HelicTeyuTenbHo, BpallaloWiniicsa ¢ TOCTOSHHONA JHHEHHON CKOPOCTHIO
U B OAHODOAHOM I0/1e’ B BHTOK MpamoyroaoHoll gopmsl (cM. pic. 5.7)
¢ pa3mepamu 2r ¥ [ TPOHH3LIBAETCS NIOTOKOM

@ =BS cosa=B2rlcosa.

\‘«
(=

A ANNNNE
EAEL

G

[Ipu nosopore BHTKA Ha yroJ do MOTOK U3MEHSIETCA HA BEJIUYHILY
d® = — 2Brlsino da.

VnaykTupoBannast npyd 3ToM 9. I. C. B BHTKE

. de.
eBz—%Q:QBrlsmad—i.

do . W
Beauuuna rg =0 SBJISICA JUHEHHOH CKOPOCTHIO BpAlIEHHT, a
npouspefeHue vsina = vcos (90° —a), cornacHo puc. 5,7, sisaaerca
CKOPOCTBIO TEPUeHAHKYASPHOrQ MepeCeUeHHs] MarHHTHBLIX JAHHHH Uy
CioefioBaTenibHO, 3. A. C. BHUTKA

ez =2Blv,.



Orciofa BHITeKaer, 9To 3. 4. C. BUTKA paBHa cymMe 3. IL. C. & = 2e
ILByX €ro akTHBHBIX CTOPOH — HPOBOAHHUKOB JJIMHOH l pacno.no-

KEHHBIX TNEPIEHAHKYJSIPHO BEKTOPY B.
Hanpaenenne = UHAYKTHPOBAHHOH B
.MPAMOJIMHENHBIX  NPOBOZHHMKAX 3. A. C.
yIOOHO OmpefeasTh MO NpPpaBHAY
npaBo#l pyKHU ecIH PACHOIOKHUTDL
[PaByIO PYKY Tak, 4TOObl MarHUTHBIE JH-
HUHM BXOJMIN BJIAJOHDB; a OOJbIIOH masel,
OTOTHYTHIA B IWIOCKOCTH JIAROHH NeplIeH u-
KyJsDHO K OCTAJIbHBIM MeTBIpeM, YKasH-
BaJ HalpaBJeHNe JBHXEHHS IPOBOLHHKA,
TO YEThIPe BBITSIHYTHIE BAOJB JAJOHH Nasb-
“Ha yKaXkyT HampasJeHHe I/IHILyKTI/IpOBaH-
HO¥ 3. A. ¢. (puc. 5.8).
B MexayHapoaHofl cucTeMe eRHHMIL
wusMepenns (CH) MarHUTHEIE TOTOK HMeeT
-pasmepHOcTh Be 6 e p (86), a MaruuTHasA
nHAyKuss —tecaa (ma). Cornaceo
(5.4) 166 = 16X cex, a cornacuo (5.3)
1 ma=186/u =1 gcex/m®. B pacue-
TdX 4acTo MPHUMEHSIOTCS Gojee MenKHe
Elﬁgéﬂeﬁ;g;{ I?élpegsgegge Haﬁ; eMHUIbl W3MEepPeHus AJsi MarHuTHOrO Io-
s.p,u. AR _r?gmdﬁnuggﬂgm TOKa —MaKCBeIaH (ko) H JLIA
NPOBOAHKKe, ABKYmemcs B MATHUTHOH HWHAYKUMM — T ay CCH (ec).
MarHHTHOM IOJIe [Tpu atom 1 66 = 108 mrc u 1 ma = 10* ec.

§ 5.2. PACUET MATHUTHOIO Mona
C MOMOLLEIO 3AKOHA MOJIHOIO TOKA

MarunuTHOe, noste cosfaeTcs 3JEKTPHUECKHM TOKOM U HePasphIBHO
CBAA32HO C HMM, TOSTOMY YCTAHOBJEHHE B3aHMO3ABHCHMOCTH ‘MEXLY
TOKOM W MATHHTHON HHAYKLHEH HUMEeT MepBOCTENeHHOe NpaKTHUecKoe
snaueHne. Kax uspecTHO H3 Kypca (QU3HKH, aHaIMTHUECKOe Onpejese-
HUe MAarHMTHOH MHAYKIHMU NOJS TOKA BO3MOXHO C TIOMOUIBIO- 3aKOHA
Buo—Casapa, 10 KOTOPOMY MOXKHO BEIMMCANTD AJs JIOGOH TOUKH MOJA
" COCTABJISIIOILYIO BEKTOPA MHAYKUHH OT 3JeMeHTa [POBOJHUKA C TOKOM

- KOHTypa J/mo6oil Kondgurypauml. Onnako npaxTudeckoe MpHMCHEHHE
3TOTO 3aKOHA K pacuery nojey NPHBOLMT K SHAUHTE/BHEIM MaTeMaTH-
YECKHM TPYAHOCTSIM.

BrisiBiieHHe HENOCPEJCTBEHHON B32HMO3aBHCHMOCTH MEXLY BeJuuu-
HaMu [ u B 0COGeHHO 3aTPyAHUTE/IBHO NPpH 00pas0BaHHM NOAT B HEOA-
HOPOAHBIX CPefax, UTO HMeeT MECTO B peadbHBIX YCTPOHCTBAX.

PacueTst moJ1si 3HAYHTENIBHO YNPOLIAIOTCA, eCTH HApAAY C BEKTOPOM

MarHuTHON HHAYKIHA B HCNOJB30BaTh BE€KTOD HAaNpAXEH-
HOCTH MarHuUTHOTrO noasa H. Jaa Bakyyma u Apyrux He-
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deppoMarHUTHBIX cpefi BeKTOPs Bo n H cBA3anb! COOTHOMEHUEM
rae wo = 4n-107 ew/m — marsuTHasg NOCTOfAHHAS, HJAM MaTHUTHas
NPOHKIIAEMOCTh BaKyyMa.
BeKTop HanpssKeHHOCTH MATHHTHOTO TOJsA M. Bo3Oy®Aamomuil mar-

HHUTHOEC [OJI€ TOK CBASAHBI MEXKILY cofofi 3 a K OHOM Il OMHOTO
TOKaA :

§ H dl = luom ' (5.8)

COTVIACHO KOTOPOMY JIMHEHHLIH WHTerpasd HANpsXeHHOCTH MarHHTHOTO
[0JIA BAOJIB 3aMKHYTOTO KOHTYpa paBed MNOJHOMY TOKY, 0XBaTbiBaeMOMY
STHM KOHTYPOM. '
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[
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Puc. 5.9. Konryp ofxona, cuemne Puc, 5.10. Kouryp o6xoxa,
JIEHHBIH ¢ JIBYMS TOKaMy CUEMJIEHHBIH ¢ ABYMA Karyi-
Kamy

/
\

Ilox moMHBIM TOKOM NOHHMMAIOT al1reGpanyeckyio CyMMYy TOKOB, IPO-
XOASUMX CKBO3b MOBEPXHOCTb, OPPAHUYEHHYIO KOHTYPOM HMHTErPHPO-
BaHHA, ITPU 3TOM CO 3HAKOM «ILTIOC» GepyT TOKHU, CBA3aHHBIE NPABUJIOM
NPaBOXOJOBOTO BHHTA ¢ BLIOpAHHEIM Hampas/jeHueM o6X0ia KOHTYpa

~uurerpuposanusi. Tax, IPH MHTErpUPOBAHHU BIO/b KOHTYpa obxola
(puc. 5.9) B nanpasienuu d/ HafO YUUTBIBATH, YTO 3TOT KOHTYP CUEMJEH
¢ JABYMSI TOKaMM: TOK OLHOTO U3 HUX [4 CBA3aH C d/ paBHJIOM IIPABOXO-
JIOBOTO BHHTA (BEHHUKBAETCS), 4 TOK APYTOTO /; — MpaBUJIOM JIEBOXOH0-
BOTO BHHTA (BblBHHYMBaeTca)., CoefoBaTenbHO, B 9TOM Cayuae

§Hd=1,-1,.

" Ecuu KoHTYp MHTEr PHPOBAHHS IPOXOLNT BHYTPH COJIEHOH/A C YACIICM
BHTKOB W ¥ TOKOM [, TO HOJIHBI TOK paBeH IIPOM3Be[EHHIO TOKa Ha UHC-
JIO BUTKOB /W, KOTOpPOe Ha3biBaloT HaMarHHUYHBAOIEeH CH -
no# (H.C) ¥ COKpalleHHO 0003HAayalT OYKBOH Fy. -
Ecau KoHTyp 00X0fa cClemsieH ¢ JIByMsi karymkamu (puc. 5.10),
MMEIOLEMH NPOTHBOIIONIOKHO HANPABJeHHbe HaMarHAYMBAIOWMe CHALI
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I, v Iw,,; To nonus TOK B 3TOM ciydae GyAer paBeH PasHOCTH HaMar-
HUYHBAOWINX CUA. 34KOH IIOJHOrO ToKa AJ1s1 TAKOr'c KOHTypa SEHHH.IGTCH
B BHJAE

§H dl= l,w,l — 1w, = Fy, - (5.9)

TaK KaKk Hamnpas/eHie H. C. Nepeod KaTYIHKY CBA3alO ¢ HAlpaBleHHeM
00x0la KOHTYpa NPaBuJOM NPABOXOAOBOTO BHUHTA, a HAlpaBJAeHHE H. C.
BTOPOH KATYLIKH.— MPaBHJIOM JEBOXOAOBOTO BHHTA.

Y3 dopmyast (5.8) ButHo, 4T0 eAHHULEH HaNpsKeHHOCTH MATHUTHOTO
noJas B Mexaynapoanofl cncTeMe eIMHHIL U3MEPEHHST ABAAETCS aMmiep
Ha MeTp { a/M) IlonpaytoTesl TakiKe eJHHHLAMH aMmiiep Ha CaHTUMETP

(alcm) u apcren (3). Ilpu aTom

ﬁ 1 a/ew = 0,409 =100 alm,

| uwin la = 80 a/m.

| [Tpw ucnonv3oBaguu 3a-

} KOHa HOJHOTO TOKa AJsl pa-

a) : © cYyera HANpPsIKEHHOCTH Mar-
]
!

VAL

®

- " HHTHOIO NOJIA B KOHKPETHHIX
caydasgx 3aMKHYTBII KOHTY)D
& BbIOHDPAIOT COBHANAICUWIUM ¢
3aMKHYTOH MarinTHOH JIH-
Huefl, a HanpasaeHHe o6xola
KOHTYpa — COBNAJAAIOWIHM C
HanpapJjieHueM 9TOH MarHut-
nol yimunu. Torna yrou Mex-

Ry H u dl 6yner paBen nyJo,
Hdl = Hdln dopmy.a (5.9)
NpUMET CJeAYIOMUH BIA:

Puc. 5.11, Pacnpefenenne HampsKeHHOCTH @H di=F,
MarHHTHOTO TIOJIsl BHYTPH K BHE CEYeHHs Np AMO-
JIUHEHHOT O HpQBO,'lHI/IKa KaK HpaBI/I.HO Bb]6pan..

HpI  3aMKHYTBI  KOHTYD
MOXHO pa36mb Ha 7 OTAEJbHBIX YYaCTKOB IJHHOH [, HMEIOLIHX
IIOCTOSTHHEIE HANpsXKEHHOCTH MarHuTHOTO noad fH,. B artom caydae
JIMHeHHBIY HHTerpas OyJeT paBeH cymMe IPOou3BeseHni H, [, OTACIbHEIX

YYaCTKOB U 33KOH HOJHOIO TOKa 3aMHLIeTCs 0osiee IPOCTO:
) “ ’ k=‘_—ﬂ

Z Hk,kzFﬂ. ) . (5.10)
k=1

PaccMOTpuM HeCKOJBKO NpPHMepoB Npumenennst ypasuenus (5.10).
[ycTs TpebyeTcs onpefenuTs HANPAXKEHHOCTh MATHUTHOTO NIOJIS1 BEYTPH .
H BHE CeveHUS YeAHHEHHOrO NPSIMOJHHENHOrO HPOBOLHHKA C-'TOKOM [
(puc. 5.11, a). Ilpernonoxum, 4To NACIALL ONEPEYHOTO CeYeHUs IPO-
BoHKKa Tir? Masa, a AJIHHA ero [ JOCTATOUHO BeJHKa, YTOOE HCKaXKeHHe
noJisi OT BAMAHUSI KOHIOB MPOBONHUKA MOXHO OBbUIO HE YUMUTHIBATh.
Benepcrsue cHMMETPUH MAarHUTROIO HOJSl MarduTHble JIMHUM HpejcTan-
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JFI0T co60% OKPYKHOCTH € LeHTPaMHu Ha ocu npoBoanuka. Jlnsg onpese-
JIeHUA. HATIPSKeHHOCTH H BHYTPEHHETro MOJs BbILEJTUM MATHHTHYIO JIH-
HHIO PafyCOM X < I U NOACYMTaeM HOJHBIH TOK [, OXBAThIBAEMbIH 3TOH
JHHHEH:
1 2 X2
1x=;[73‘ nxt=1] E

Hanpsxensocts noss H, nns Bcex ToueK BHIGPAHHON OKPYIKHOCTH
nnuno#t I, = 2nx mocrosuua. Iostomy cornacHo ypasuenuio (5.10)
HMeeM

OTKY 1A .
Ix2 Ix
H.= T2 omeE

Hns x << r suavenusg H BHYTpH cedeHHs NPOBOJHHKA H3MEHAIOTCS
B 3aBHCHMOCTH OT DPACCTOSHMS X NO NPSIMOJMHEHHOMY 3aKOHY.

Jast nons BHe ceveHHs NIPOBOAHHKA PajiMyC IPOH3BOJIBHOTO KOHTYpa
06X0/la X == r U CIUEILUICHHBIT C HUM TOK [, paBeH TOKY B IPOBOAHHKe [.
TloaTomy

HJl,=HZ2nx=]
n

b .
Hx—:m- (5.1])

CrenoBartesnbHo, AJas X ==r 3Hadexus [
H3MEHAIOTC [0 THIHepGOJIUYeCKOMY 3aKOHY.
Ipadux H (x) noxazan ua puc. 5.11, 6.

B kadecTse BTOpOro npuMmepa INpHMeHe-
HUA 34K0HA MOJHOIO TOKA PacCMOTPHM pa-.
CUET HANPSIKEHHOCTII N10J18 KOJbLEROH KaTyll-
KM —Toponpxa (puc. 5.12). _ ’

OcoleHHOCTBIO  TOPOHAANbHOH KaTYIIKN Puc. 5.12. Toponz
ABJRETCA TO, UTO MAarHHTHOE TNOJE COCPENOTO-

YeHO BHYTPH ee ofbema H MaJie pacCeuBaercs B oxpyx&a}omee KaTyIKy
- BHEIIHEE NPOCTpaHCTEO. B ciily CHMMETPUM MArHUTHBIE JIHHUH TODOH-
Jla IPeACTaBASAIOT cOGON OKPYKHOCTH PAJHYCOM X C NOCTOSHHBIM JJ15t HHX
3HavYeHMeM HanpskenuocTtu noasa f,. Corgacto ypaBHeHmo (5.9)

-H = lw,

oTKyna
) Tw lw
v H Iy onx:
- Ecam panuycel BHyTpeHHEH W BHelHel OKDPYIKHOCTeH Masio oTaHya-
‘}OTCF{ OT CpeJlHero palmycarTopomla TO B CHJAY MaJOCTH CeUYeHUs noJe

BHYTPH TOPOK/Ja MOXKHO CUHTATD ONHOPOLHBIM U BECTH paCUeT ILJH cpel-
Hefl MarHMTHOA JHRHH Iy = lp = 2nr,
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- Torna ‘ .
‘ H=10 1o (5.12)

2 lep
~ Tlonydennoe BeipaxeHHe MOKA3EIBALT, UTO HAMPAKEHHOCTh OAHOPOA-
HOTO MarHTHOro noJsl TOPOHJAA PaBHA €r0 HaMarHWYHBAWOLIEH CHIle,
NPHXOJAIEHCA Ha eAHHUIY cpefHel IJHHBI TOPOHAA.

§ 53. HPMMEHEHME HOEPPOMATHMUTHBIX MATEPUAJTIOB
- ANA YCUIIEHMA MATHUTHOIO NOsg
B DNEKTPOMAIHUTHbLIX yCTPOHSZTBAX
B Texnuxe yacto 6blBaeT HEOOXOAHMO CO3XaTh B OMPEJECHHOM pa-
- GoueM oGbeMe TOTO MJIM UHOTO YCTPOHCTBA MArHUTHOE MoJe 3a4aHHOH
BeMHUUHBL U Kouurypauuu. Haubomee npocro sta 3ajada peluaercd
nprMeHeHyeM B KauecTse BO30YAUTe/ieH oA HOCTO A HH B X M a I-
HHTOB WIM 3/1eKTpPOMAarTHUTOB— HaMardHuYWBalolux Ka-
TYWeK ¢ (eppoMarHUTHBIMH cepiedHukami. B cssidgu ¢ TpyaHOCTAMH
MOJyUeHH ST IOCTQAHHBIX MATHHTOB TPeOYeMOTO KayeCTBa, HX OTHOCHTE b=
HO BBICOKOIl CTOMMOCTBIO, 4 TakiKe TPYIHOCTBIO PeryJupOBKH MarHuT-
HOTO TIOJIsi HauboJiblliee pacnpocTpaHeHHe TONYUHIN JAeKTPOMaruuTHL.
[Tostomy m3yuenue cBOHACTB mosieli KaTylek ¢ eppoMarHUTHBIMH cep-
JeUHHKAMH HMEeT HCKJIUHTENBHO BAXKHOE IMpaKTHYEcKoe 3HaueHue.
Hanomaum us kypca ¢usuxy, 4To q)eppOMaerHbm cepAeYHHK, MO~
MEHIEHHbIH B KAaTYyIUKY 9/1eKTPOMATHHTA, IIOJ neficreueM ee H. ¢. Jw
npuobpeTaeT MarsuTHble CBOMICTBA — HaMarHMYHBAETCH. Crenenb Ha-
MarHHYeHHOCTH BelleCTBa xapamephsyerm BeKTOpPpOM HaMar -
HHYEeHHOCTH J.
Hamarsanuennsifl cepieunux cosiaer cBoe noﬁagotmoe rnoJie H TeM
CaMbIM YCHJHBAET IOJIE TOKOB KaTYIWKH. BeKTOpP MarHMTHOH MHAYKIHH

B nons HaMaruuyeHHOrO CepAeUnHKa W BEKTOD HaMarnn4yeHHOCTH J cos- -
najarT no HanpaeJJeHUIO W CBA3AaHBI MEKAY coboit ypaBHEHHEM

By=p,J. (5.13)

BexTop MarauTHOMH I/IHIlyKLU/II/I B Pe3yJIbTHPYIOLIEro MOJIA HaMartu-

YeHHOH GeppOMarHuTHOM Cpejibl PABEH reOMeTPHUYECKO CyMMe BEKTOPOB
. MATHUTHON UHAYKIMH By = pof TOXOB H MarHuTHON HMHAYKIUH B;=
= [0/ HaMarHudyeHHOIo CepleuHHKa: : '

- B=B+Bi=py (A+ ). . (5.14)

B obwem-cnyuae 3apucumocts B ot H (hepPOMATHHTHBIX MATEPHANOB

CNIOXKHA H, KaK paBu/o, He 3ajaeTcsl B Bije ypaBHenus. Jasa xaxaoro

MaTepuasja Takas 3aBUCHMOCTb yCTAHABJIMBAETCsl SKCNEPUMEHTAIBHO H

" 3ajlaeTci KPMBOWH HaMarunuuunBaHua B(H).

Yro6el ¥IMETh BO3MOKHOCTb IPOM3BOAMTD CPABHHTEJBHYIO OLEHKY
JefiCTBHA Pa3luYHBIX MaTepHa/oB, HeoOXoauMo Oparth o6pasupl, Add
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KOTOPBIX HaiG0see MPOCTO B ORK J3Ha4H0 ONDeNes1ach Gbl CBSI3b MEXLY
H. ¢. [w ¥ HanpsAXKeHHOCTbIO MarduTroro nosst H. B KadecTBe TaKHX
oGpasios 6epyT TOPOUb! C MAJIO OTIHYAIOUIUMUCS HaPYKHBIM dy ¥ BHYT-

peHHuM dy, AuaMerpamu (06biuHO :i<%> U 10 UX TIepUMETPY PaBHO-
BH

MEPHO HAHOCAT HAMaTrHHUHBAOWYI0 oOMOTKY. Kampapil U3 a/eMeHTOB
o0beMa 00pasua HaMarHHUHBAETCS BHELIHUM OIHOPOJHEIM MarHHTHBIM
MoJIeM HaNpsKEHHOCTBIO [, BesuuHHA KOTOPOH Jerko onpeiesisiercs
N0 TOKY 06M0TKH

H=’§”=k1’.

[IpennonoxuM, 4TO MartepHast Obl MpeABapHUTENBHO pasMarHHueH
1. HaMaTHHUMBAHYE NPOH3BOAUTCSA NOCTENEHHBIM YBeHYeHeM BeTHY HEL
H=FkI. Kpusas saBucumocty B(H) B3TOM ciydae Has3biBaeTcsime p B.O-
HaYaJbHO® KPUBOHHAMATHHKYHBAHU . [IpuMepHbiit
X0 9TOH KpuBOM NoKasai Ha

puc. 5.13. B u

Ha BceM 3tane HaMATHRUH- Hpppt-——=———=m
Bauus MaTepHaJia HanpapJ/eHue ! 8
BexTopa H coBnafaer ¢ Hanpas- 3 T e
NeHyeM BeKTOpa B, a cregona- £

TeJIbHO, U C HANpaBJCHHEM BEK-

Topa J -—-Ti—g— — H. MargurHsie
Q

i

]

|

o

uRAyKunn B; w By npmn atom 6 :

CKJ/IaLIBAI0TCA apH(bMeTHlIeCK'd: Hy Ny }
)

— B =, (H -+ ). - VR SN R H

B=B;+By=p (H +J) = 0 ar 1 100 1000 Yem
(5.19) : 3 y $

g /] 10 0. 19 10° a4/

“B cnalbix mOASX, KOTAa Be-
nuunta H npaktuuecku 6nuska  Puc. 5.13. Kpupas namarauunsannst n Kpu-
i L
OXa3blBaeT BJAHAHUA Ha . BeJH-
unny B u Ha yuacrke Oa KpH-
Bask HMeeT MpAMOJMHHEeHHBI xapaKTep (B = Bj), 3areM 3ta KpH-
Basg u3rubaerca BeepX (yuacTok af) W Ha ydacTKe 08 H3MEHSETCH
no JuHefiHomy 3axoHy. B Touke ¢ KpuBas uMeer reperu6, OMUCHIBAS
«KOJeHO» (YJ9acTOK 62), 33 KOTOPBIM OHA U3MEHSIETCs! TIOUTH [0 JHHeH-
HOMY 3aKOHY, XapaKTepuays TaK Ha3bsiBaeMylo 06JacTb HaCH -
meHU MaTepuadJda. VHEIyKIES 0oJad HAMATHHYEHHOCTH IPH
5TOM JOCTHTEeT B Npefene BeqHIuHbl HackllleHHA B, = pol, Xapaxrep-
HOH Jifl KQKJOTO MaTepuaja. 3HaueHust By 00bIUHO HPUBOAATEA B ClIpa- |
BOYHBIX Tabnuuax. B panbHeliem BCJIeL[CTBHe [OCTOSIHCTBA BEJIHYHHBI
B B ofnacti HacellleHHsT MarHUTHasi HHAYKUUS B pacrer TONMbKO 3a
cuer noas By, Tlostomy KpuBas B (H) ua nachlueHHOM ydacTke umeer
NpaKTHYECKH MOCTOAHHLIA HAKJOH K ocu abeuucc.
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Urofel noxasath posb (DeppPOMarHHTHOTO MaTepuasta B CO3JaHHH
TI0J1S, PAcCMOTPHM cieayomuil npumep. [lycts B KadeeTe cepliednnka
HCHO/Ib30BAaHa 3AeKTPOTeXHHYECKad cranb 242, Kpusas nepBoHauandb-
HOTO Hamarsuuusauusi B (/) ketopoit mpuseseka Ha puc. 5.14. Ha stom
JKe PHUCYHKe NpuBeleH rpadux jguHelinoll dyukuun By = po H.

Ha ocu opaunar nausl apa mMacmtaba sTHx rpadwkos: . ans  Bi{H)
u ana B(H). Va3 rpadukos, nanpumep, Ais snadenya H = 2 a/cm ua-
xoguM B = 9900 ec u B; = 2,5 ec. CnefloBaTesibHO, CePACUHHK H3 JIHCTO-
BOH 3JeKTpoTexHH4eckoH cranu 242 npu H =.2 a/cm ycunuBaer mo-
Jie HaMalHHUMBaHHH KaTywku Topouia B 3960 pas.

Orxolwenye MaruutHoll HHAYKUMH B B deppoOMarHUTHOM BellecTse
K MargHTHOH Hﬂﬂyxum B; B BaKyyMe NpU OLHOM U TOM K& SHAYEHHH

Hanpsuxensoctd H Hamarauyu-

8,ma| BAlOIIEro .IoJifi  Ha3blBaeTcs
10 B MardHUTHON OpPOHHU-

26l L gpr LAEMOCTD IO BelliecTBa:
1 116107 B I .
05 A 1e10? M= T W (5.16)

' {110 0
L ] ;?’/g: BenencTsue nenuneiinoi 3a-
15. 19 BuCHMOCTH B(H) pemiuusa i He
42 -l 1y .jp octaetcs nocrosinnofi. Xapak-
______/!-ﬁ’———q 7.4g°* Tep 3TOH 32BHCUMOCTH BIIPBble
0

; : 2 , 3 e 6ol ycranosren B 1871 1.
2 a0 o 70 A, [ CroneroBeim. [pumep-
HHH X0l KpuBOfl TOKa3laH Ha

Puc. 5.14. KpuBas uamarawwuBanud cTamd  pye, 5.13.
942 u nunelinan pynxuna B; = pl Ha nauanbsrom npamMosnneh-
) " nom yuactke Oa Kpusoil Hamar-
Huuusanus B(H) yron uaxk/joxa Kpupoil K ocu abCclHcC NMpONOpLHOHA-
JeH Ha9afbHOl NMPOHRNAEMOCTH [y Beanuuna g,
XapaKTepusyiouas Mosefienne Marepuana B 310l obsact, ABASETCA
BaXKHedme! XapakTepuCTHKON MAarHHTHHX CBOHCTB Marepuana. Oua
TNO3BOJIAET CYAUTb O BO3MONKHOCTH S((HeKTHBHOrO HCIOJIB3OBANHS Ma-

Tepuana IJs yCuaeHHs cnabbix moJei.

ITo Mepe yranenus ot ofnactu MepBOHAUA/IbHOTO HAMATHUYHBAHHA
ITPOHYILAEMOCTb [ PACTeT H B TOUKe 8 nepernba KPHBOH HMeeT MaKCHMYM.
I'padudeckn 3Ty TOUKY ONpelessloT KacaTeAbHOH K KPHBOH, NPOBeAEH-
HOM H3 Hayana KoopiuHaT. MaxkcumMaabHass npoHHLAae-
MOCTbD [tmax XaDAKTEPHIYET MaTepHAaN C TOUKH 3DEHHS BO3MOKHOIO
HCTOIb30BAHHS €ro A HauOOJbUITO YCHACHUSA N0JAA. 3HAYCHHS Pmax
IS Pa3HUHBIX MATePHANOB OOBLITHO NPUBOAATCS B KauecTBe OfHOH 3
OCHOBHBIX €r0 XapaKTepuCTHK.

3asucumocts B or H ana deppoMarHuTHBIX MaTepHanoB HeOAHO-
3nauna. Ecay A1 HaMaTHHYCHHOTO A0 + Biay 10 Kpupoil OA o6pas-
I1a CHRKATh HATNPAKEHHOCTb MO OT + Hmax Mo Hyss (puc. 5.15),
TO MaI'HUTHAsA HHAYKUHA OyleT yMeHbLIaTbCs NO Kpurod AB,, ue cos-
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najaomeiit ¢ kpupoit Hamarnwunsannd. Ilpy” H =.0 wmartepuan

OCTaeTCSl HaMATHHYEHHBIM 1 HMEET OCTATOYHYI0 HHAYK-

unio B,. ‘
Uameiys HaTIpapJeHHe TOKA B HaMarHMUHBAIOLell KaTyiKe, a Clle-

ROBATeNbEO, U Hanpasienue noas H, Gylem ypejnuupaTh pennduny H

OT HYJAS 0 —H max. Maruuthas uBAyK-

uust OyAeT yMeHbLUAThCS J0 HYJSA, a 3a- 8 4

TeM M3MEHHT CBOH 3HaK M JOCTUIHET Be- 8,

JIUUHHBL — Binax. 3HaUCHHE HampsKeH-

HoCTH noJs f1,, HeoGxogumoe IJsI TOJ-

HOTO Da3MarHHuYMBaHus CepleYHHKa,

Ha3LIBAETCH KO3PDUUTHUBHON [ mox

c uJo ii. Beauuuna H, xapaxkrepusyer i g
cnocobrocTb MaTepuasna COXpaHaTh OC- :
. TaTOMHYIO HAMarHWUeHHOCTb. HanbHel- ~fmoxi
i
i

wee udmenenne H 0T — Hupax IO
~+ Hmax CONpOBOXKIAETCA H3MEHEHHEM
MHAYKUEM 1o Kpusoil A" — B,+-HA.
3a moanufl mEXA nepeMarHununBanus  Pue. 5.15. Tlemis rucrepesmca
Marepuasta saBucumocts B ot H onu-
CBIBAETCSl 3AMKHYTOfl KDUBOH, KOTOpast HasbiBaeTcss e ThAeH MUK -
JHUECKOTOo TNepeMaTrHUYuBAHUGA Hblende 3amas;
IbiBaHusl u3MeHenust B OT uaMeHeHHs] H NPH mepemarHUYHBaHHH Ma-
Tepyajia Ha3blBaeTci MATHHTHLM THCTEPE3HMCOM, a
SaMKHyTaﬂ KPHBasg LMKIHYCCKOTO MNepeMaCHUU{BAHUS — 1€ TJ e il
rgcTepesuca. HMs kypca
(DU3HKH H3BECTHO, UTO TLJIOWANL
NeTIH TUCTepe3|ca  [PONOPILHO-
HalbHa SHepPIuH, 3aTpaiuBaeMoil
Ha OJMH LMK/ epeMarHuUHBaHk I
eIUHHIbL ofbeMa MaTepuaja cep-
JIleYHHKA.

HOaa xamporo suavenus Hp,y
NOJIY4aeTcss CBOS MHeTyisl THCTepe-
suca. Ilerns rucrepesuca ¢ Gosib-
UM 3HaveHueM .5 OXBATHIBAET
MeTII0 TUCTepe3sHca € MEHBLIIHM
sHaueHueM H .5, Takum o6pasom,

. MOMHO NOJYYHMTh CeMeliCTBO IIe-
. i Teab ructepesnca (puc. 5.16).
Puc. 5.16. CemeilictBo meresb rucrepe- Yeednuerue NJOWIANH THET/IH
suca rucTepesyca npouCXoiuT JO HEKO-
TOPOTO NpeebHOTO 3HaueHus H .
[Tpu nanbHefiileM yBeJHYEHHH HAMPAKEHHOCTH MACHUTHOTO IOJIA
OJ0laJb NETy He U3MEHsIeTCsl, a H3MeHEHHe MAaTHHUTHOTO COCTOSIHMA
o0pasia OnucHBaeTcs OGe3THCTEPE3UCHBIMH — yYaCTKaMu AC n AC
npenenbﬂon HETJAH FrHCTEPE3HCaA

. 8 AT
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To mpenenpioit meTsie rucrepesuca OnpelessOTCA 3HAYEHUA 0CTa-
TOUHO! MHAYKUMM B, u KospuuTHBHOH cuint H,, xapaxmepusyromme
BaxKHeHIne cBOMCTBA (ePPOMATHUTHOIO MaTepuasa.

Kpusas, nposefeHHasl uepe3 BepLIMHH BCeX IieTesb THCTepesHca
" (em. puc. 5.16), Ha3pIBAETCIO CHO BH O H KPHBOH HAaMaTrHHu-
yyBaHusa OHa NPaKTUYECKH COBMNAjaeT € KPUBOH nepnouatla,nb-
HOTO HaMarHUYHBAHUS,

§ 5.4. MATHUTHBLIE CBOMCTBA HAMBONEE PACTIPOCTPAHEHHBLIX
CDEPPOMAI'HHTHbIX MATEPHUATIOB

Kax 6bu10 yK43ano B mpelbllyliem naparpage, MariuTHbie CBO¥-
CTBA CEPJACUHHKOB XapaKTepU3YIOTCH MX HeTiell LHUKIUYECKOTo Iepe-
‘MarunyuBanus. Ha (;)opmy MeTIM CUJIbHOE BJIMSHHE OKa3blBAlOT XUMH-

YeCKHH COCTaB, KOHCTPYKTHBHO®

Bmal UCTIONHEeHHEe H CKODOCTh llepemar-
© HHUUUBAHUA CepleuHUKa.

10+ Ha puc. 5.17 npueefiens jse

NeTIN  Da3/IMuEbIX MaTepHasos,

0gt nepeMarHHYUBaeMHX € OJHHAKO-

BOl ckopocThio. Ia puc. 5.18 no-

; KasaHbl JiBe NeT/JIH OXHOTO ¥ TOro

- 05y XKe MaTepuala, nepeMarHudyBac-

: moro 3a 10 cex (xpumasi 1) u 3a

041 2,5 mceic (KpuBas 2), 4TO COOTBET-

CTByeT 4YaCTOTe  nepeMarHpdd-

a2t paug 0,1 u 400 nuxnios B ce-
KYHAY. -

4 IlepBriil MaTepuan ¢ 60JIbIHOI/I

- 00 40 ey Momazeio nerin (eM. puc. 5.17)
419" <210 @ 710° 4-19% @~ HE MOXeT pafoTaTb B YCHOBHAX
IMKJAHYECKOTO MepeMarHHuHBaHus

Puc. 5.17. lletnu nepemarHuunBanus W3-3a GOJBIIMX TOTEPh, COMPO-

ABYX Ppa3/IHUHBIX MAaTEPHAJIOB C OfLHOH

i TOfl e CKOPOCTHIO BOXK/JAIOWUX IMepeMarHH4nBanue.
SHaunTesibHAA BeauuuHa H, yka-
(4
. 3BIBAET HA BO3MOXKHOCTb MpUMe- |

HEHUs 3TOTO Marepuaja [Js H3TOTOBIEHHS INOCTOSHHHX MAarHuTOB, .
HAJEKHO VAePXKHUBAOLIHX OCTATOYHOE HaMarHWuMBaHue. Bropol mare-
pHai ¢ MaJo# IJIOWAZbI0 TETIH MOKel OBITh HCIOJIB30BaH AJIS H3TO-
TOBJIEHUA CEPACUHHKOB, pa60Ta}onmx B YCJIOBMSIX 9aCTOTO WUHKJANYe-
CKOTrO TepeMarnvuuBanus (TpaHc(opMaTopsl M Pas/udsHble annaparsl
[jepeMeHHOr0 TOKa).

W3 conocraBsiendst KPUBBIX puC. 5.18 BHAHO, UTO € yBeJHUEHHEM
YaCTOTHl NepeMaTHUYKBAHUS sIBJEHMe TUCTepesica IposieaseTcs Gosee
Pe3Ko, BO3PACTAIOT NIOTEPH Ha NepeMarHuyHBAHAE MaTepHATIA. 310 068~
ACHseTCs JEHCTBHEM BH X p € BBl X TO K 0-B, BO3HHKAIOIMX B cepaed-
HUKE, .
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Inst HosicHeHNsT YKA3aHHBIX SIBJICHUH paCCMOTpI/IM HaMarHHYUBAHUE
CIVIOLIHOTO (epPOMArHHTHOTO CePAEYHHKA {puc. 5.19,a). Ilpoxousimui
N0 HaMarHWYHBAIOLIEH KaTylUKe TOK CO3JaeT B CeplevHHKe  MarHUT-
HOe IoNe, JUHHU KOTO-  f§.ma
POro  IepHeHIUKYJISPHbI 08
K miaockoctd abed.  1lpu !
H3MEeHEHNH = HaMarHuYH-
‘BaIOWIEro MoJs B cepjed- 0§
HEKe HHAYKTHPYIOTCS
3JIeKTPOABUIKYIINE CHJIBI.
Ilog  gmefictBuem ° 3THX
5. I €. B TeJle ceplieyHuKa. . 0‘2
BORHHKAIOT TOKW, Hasbi- ’

T

S
-~

BaeMble BU X PeBL MU A H
Toxawumu. [Ilonre Bux- . A : i

- - - a
PEBEIX TOKOB, COIVIACHO 406 -003 , v 405 005 009 U/m
sakony Jlenua, mpenst- 69 0 F 59 Uk
CTBYET H3MEHEHHUIO HaMar-  Puc. 5.18. Tleriu nepeMarHuumBaHus OAHOTO H
HUYHBAIOHlero noJas 06- TOTO e MaTepHasa ¢ PasHoH CKOPOCThIO

MOTKH, ~yCUAHUBaf sBJE-
HHe Tucrepesnca. UeM ObiCTpee NPOUCXOAMT NUKIHYECKOE TepeMarHu-
YHBaHME M UeM MeHbIle 3JeKTPHYEeCKOoe CONPOTHBJIEHHE CEepleUHHKa,
TeM GoJibliie BHXpeBbie TOKHM — TeM Gojiee Pe3KO MPOSBJSAETCS THCTe-
pesuc ¥ TeM WHpPE NeTIA NMepeMarHUYABAaHUA.

[Tnomane neriu; Kaxk yie TOROPHJIOCH, XapaKTepU3yeT NMOTEPU Ha
nepeMarguylBaHHe, JIO3TOMY YyBeJHYCHHE HIHDHHBI IeTIH CBHAETeJNb-

o g

\!dl ' [ t
J il 7 4 |
il =l [
-« ) Y A ? AIHE i i
‘ i RS /AN i
- NN N 5:\ - T
[ﬁwp c Y [4 ; [

163 v‘? : 14 m?

) ‘ . 5)

Prc. 5.19. O6pascBaune BHXPEBHX TOKOB B HAMATHAYHBAEMOM
cepAcUHHKe

L4
CTBYET O BO3PAcTaHMM TOTEPb Ha, HATPEB CepieYHHKa 'BHXDEBBIMH TO-
'KaMH BCJCJCTBHE MOTEPDb OT NepeMarHuuiBaHus.

. YrobL yMeHBIIHTb JefiCTEHe BHXDEBBIX TOKOB H TAKHM 06DAasoM
CHH3UTb MOTEPH Ha NepeMarHHUHBaHHe, CEPAEYHHKH BHIIOJHAIOT H3
U30JHPOBAREBIX APYr OT JApyra TOHKHX JIHCTOB, IJIOCKOCTH KOTOPHIX
‘pacriofiaraior napasJiesbHo MarHuTHhIM JuiusM (puc. 5.19,6). B rax-
‘AOM . JIMCTe CepieuHuKa HU3MeHsAeTcA JuiIb HeOosblIas 4acTh NOTOKa
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CepIaeUHHuKa, NO3TOMY 3. A. C., HHAYKTHPOBAHHASA B KaXIOM KOHType
JINCTA, a CJIeJoBaTe/ibHO, U BHXPEBLIC TOKM B HEM CTAHOBATCA MeHbIe.
Beauunna BHXPEBbIX TOKOB B JJUCTE CHUXKaAETCA ellle ¥ NOTOMY, YTO NYTH
TOKa BJIHCTE YVIMHHUJ/INCD, @ €TI0 CCYECHUE — 3HAYNTEABHO YMEHBIIHIOCDH.,
KpOMe TOro, CHHXKEHHSI BEJHYHHB! BUXDPEBLIX TOKOB JlobuBalorcs yBe-

B JIMYGHHEM YIEJBHOTO IMEKTPHU-
10f , , YeCKOTO  COTIPOTHBJIEHHS MaTe-
”: , ﬂ]/// . puana cepAedHHKa NYTEM Bhe-
s 3 JAEeHUSA B 3JSKTPOTEXHHUECKHE
26k - _——”_7[__32@2 cTamyu TPHUCANKY KpeMHHA. B
' - STHX Ke UeJSX NPH OYeHb BHi-

COKHX YaCTOTaX HMHKJIHYECKOTQ
rnepeMarHiMYuBaHUs HCHOAB3Y-
IOT MATHUTOJIAHBDJIAEK-
. . TpudYecKue u beppu-
0 7 07 73 9% @i T OBHE€ CEPIeUHHKH.
g 10 7 i W UYm O6biuno  deppoMarHUTHBIE
' MaTepHalsl CepAETHHKOB MOJA-
Jor pa3siensioT Ha MarHUTHOMSI-
KUe, MarHUTHOXECTKHE H CTAa-
Bbl CO CHEeUHaNbHBIMH MaTHHT-
. = : HBIMH CBOHCTBAMH.
f"/iw/c,m;,,mmm,,w l. MargatTHOMATKHE
I - MaTepuanb XapakTepu-
M{ VA ... 3YIOTCS MaJOH KO3PUHTHBHOI
/ cunoft H, (oT ejunnn Ko He-

/
/ , CKOJIbKUX JIeCSITKOB aMIep Ha
/ I MeTp), BLICOKOH  MarmHTHO!
0 & w0 W5 150 34 g/f” HPOHMIAEMOCTBIO U MaJIbIMH TI0-
0. 500 /ﬂW/iﬂ?Zﬂ[iﬁZiMJﬂWJjW%’W '/ TepsIMH Ha TlepeMariuuuBanue
Puc. 5.20. KpuBhie pamaruuunBanus meko- (CM. KpHByIO 2 Ha puc. 5.17).
TOPHIX MATHUTHOMATKHX MaTepHAJIOB K MarauTHOMATKHM MaTepua-
A JaM OTHOCATCA  TeXHHUYEeCKH
YHCTOE JKeNe30, YIVIEPOAMCTas CTalb, JHCTOBAA 3JCKTPOTeXHHUeCKas
CTajb, KeJe30HHKeNEBhe CHJIABHl {epMaljoy), CILTABLl C BBICOKOH
HHAYKIMeH HACHIULIEHUS (NepMeHiIop) M Ap. '
JLisi cpaBHEHMs] MATHUTHBIX CBOfICTB Ha puc. 5.20 npusefeHsl KPUBhie
HaMaTrHHY{BaHHA HEeKOTODPBIX CcTa’ell u nepMamoeB.

Han6oaninee pacnpocTpanenye K3 Pa3ibIX COPTCBT € X HH TE€CKH YU CTOT O
Kede3a moAydminia craib THHA a p M K 0. Oxa BLImycKaercsa Tpex Mapok: 3, DA
u DAA, BMeIOIHX BLICOKYIO HHAyKLHIO Hackmmenns By = 2,13—2,18 ma u cpaBm{-
TEJABHO MaJyio KO3DLUTHBHYIO cuiy H, = 0,3—0,95 a/cu.

B xauecrse saMeHWTENs CTAlM apMKO APUMEHSIOT YIJICDOAMCTHIE HAH KOHCT-
pyKunonHme cramu: cranb 10, cranp 20, crans 30, wmelomie HHAYKUKIO HACHIEHHA

== 2,1 ma n KospumtHBHYIO cuay H, = 0,8 — 1,35 a/cx.

HerocTaTKOM €TalH apMKO ‘SIBJASIETCA ee Masloe SIEKTPHUECKOe COMPOTUBIeHUE
BHXPEBBIM TOKAM K Majlas MeXaHHuecKas npowHocTh. Ctaxb apMKO B HECKOJNBKO pa3
AOPOIKE KOHCTPYKUHOHHAIX crajeil, X0T2 NO CBOMM MarHHTHBIM CBOHCTBAM TpH GoJib-
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wiX mERyKuuax (H > 40 o/cy) oun moBoanHo Gnusku (puc. 5.21). Crenosarensuo,
B CAJbHBIX NOJSIX CTANb apMKO HE HMEET IIPEHMYIIECTB [0 CPaBHEHHIO C KOHCTPYXK-
LHOHHBIMEL CTANSAMH.

Kpome MarHHTHOM HHAYKUMM, HAa BBIGOD MaTepuata CepIeYHMka OKa3bBaeT
BANSHH® KO3pIuTHBHAA cuna H ;. Uem Gosbiug Benuunna H, cepAeUHIKA 3AEKTPOMAr-
HHTA, TEM MENJIEHHee ero nepewarﬂuqmaﬂne ¥ TeM ‘MeHbuIee OLICTPORECTBHE HMeeT
allMapar, HCHoAL3YoWUA Npolecc HaMarHHymBanusi cepaednnka. [lostomy cepreu-
HHEH GbICTPOZEHCTBYIOMUX SJeKTPOMATHATHLIX YCTPONCTB BBUIOJHSIOTCS 13 CTAMH
apMKO, a He M3 KOHCTPYKUHOHEBIX cTameit. M3 CTanu apMko. BBIOAHSIOTCS CepAeYHH-
KM JJIsi CO3MaHNs TIOCTOSIHHOTO MATHWTHOTO NOTOKA pesie, SJCKTPOMArHUTHHK MydT,
MarHUTHBIX 3KPAHOB, TATOBLIX HJIEKTPOMarHHTOB H T. IL.

JucroBasg »AeKTPOTEeXHHUYGCKAN CTAaJdb dABAAEICH CAMBIM
pacmpocTpaHeHHBIM, H Haubosee JelleBbiM q)eppomammﬁmm MaTepUaIoM, OXBaThbl-
paroium Gosee 95% Bcero BslNycKa craiu

no Becy. Oua nIpHMeHseTcsl Ajis usroros- 57
JIeHMS] CepACYHHKOB, paboranomux B ycio- o Iy
BHSIX DHUKJIHYSCKOr0  JepeMarHMYnBaHHsI 15+ v T
NePEMEHHBIM TOKOM. ; | T l0
Ilo cremenm JerupoBaHHOCTH —~CTanld 14t o
KpeMHHeM paslHyaloT ciaelyloliie yerbipe
Mmapky cranu: Il (cnaboneruposannas), 32 1f
(cpennenerupoBannag), D3 (IOBBHILEHHOJE- e
THpopaHHad) M D4 (BHICOKONErHPOBAHHAS). .
Tlotepn Ha mNepeMarHHYHBAHHeE 3THX COP- a8t :
TOB Crajleil XapaKTepusyITCsl BTOPO# LHd-
pofi 3a Oyxsoil J, mnpuuem unmbpa 1 xa- 06t
paKTepusyeT HopMadbHble, Iudpa 2 — Ho- o
HHMKeHHbIe W uuppa 3 — HU3KHE [OTepH. '
Bropaa uuppa 4 B ob03HaueHHAX MAPKH 07k
CTAlH TrapaHTHPyeT HOPMaJbHLIE THOTEPH ' oy
npu uactore- nepeMmarnuyuBanus 400 mux- — < e
JioB B ceKyHAY. Bropuie nudpst b 1 6 rapaH- Y g 6 o 32 Cew
THPYIOT COOTBEICTBEHHO HODMaBHYI0 X 0 800 1600 1 3000 Y

NOBBHILIEHHYIO NPOHNIAEMOCTh B cJabblix Ho-

asx (0,002—0,008 a/cm). Bropwe ungps 7 'PHCA 5.21. I‘I:(p[‘Bbre ‘HaMarHHqHBAHUA
H 8 rapaETHPYIOT COOTBETCTBEHHO HOpMalb- cranu ap]\éT:MH(‘CTI;?&C%?““OHHOH
HYI0 H TOBLILEHHYI0 TPOHHIAEMOCTh B- ,

cpepnux nodasx (0,03—10 a/cm). Uudper O

uian 00 B KoHue 0603HAYeHHsT YKAa3kIBAIOT, 4YTO CTANb XOJOAHOKATAHAS TEKCTYPOBAH-
Hasl B1n MajoteKcTyposanHag. Hanpumep, crais 3310 aBAsieTcs NOBHILEHHOJETHPO-
BaRHOH, TEKCTYPOBAHHOH CTaAblO € HOPMAJbHBHIMH NOTEPSIMH.

Kpemnuessie cranu oT 311 1o 943 06bIMHO BBITYCKAIOTCS JUCTOBLIMU C TOJIUHOK
ancra 0,5—0,35 mum. Crasu ot 344 no D48 wmeroT Toamuuy Juctos go 0,1 mm. Xo-
#MOJHOKATAHbIE CTAJIH BLIIYCKAIOTCA B BHJE JIUCTOB W/ JIGHTH ToJMuHOH Ao 0,02 mm.

ITepmanamoun NpeicTaBAAOT COGOM CIIAB KeTe3a H. HUKeNs (PIHOI‘,LLa JoGaB-
JISLIOT HEKOTOPHIE APyrue daementst). [lepmasion B 10—20 pas ropoxe craned ¥ uveior
MEHBLIYIO HHIYKIHIO HacelueHUs (cm. puc. 5.20).

~#< W3 kpusbix (cM. puc. 5.20) BuAHO, yTo MepMamiol mapkn S80HXC oGecneunnaer
Han6oJbIIYI0 HHAYKIUIO IO CPABHEHHIO C APYTHMH MAaTepuasaMH B cJaGhlX IOJISIX.
Ero upAyKuKs AacHIIEHHA HUXKe, YeM B OOBIMHBIX JHCTOBBIX CTANAX.

Tepmannoii mapkn 50H xapakTepusyercs majofl upjgyKuuell Hachienks B cJa-
6LiX TIOMAX, HO €ro MHAYKUHMS Hachilleyusl Bhile, yem y Hepmaiiosn mapku 80HXC,
Tlepmanson ob6majaoT MeHbUIEH NG CPABHEHUO® C HNEKTPOTEXHHUYECKHMH CTASIMU
KOIPUUTHBHOM cusoli. OHM NPHMEHSIOTCA A/S HBTOTOBJIEHHMS CEPACUYHHKOB BHICOKO-

YyBCTBUTeNLHBIX 3JEKTPOMATHHTHBIX 3JMEMEHTOB, MaJOMOILHLIX TPaHC(HOPMATODOB,
MArHUTHBIX YCHANTENCH M PasiduHBIX JeTasefl pele H U3MePHTENbHEX NpuGopos.
#. - Tlpu UCHOJIb3OBAHUH TEPMANTIOEBRIX CePAEYHHKOB C/EAYeT HMETh B BUJY, UTO UX

CBOJICTBA CHABHO SaBHCAT OT MEXAHHYECKOH M TepMuueckoll o6paboriu. as Boccra-






