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PaGora Ruinonnena Ha Ratilcﬂpax SNCKTPOTEXIMKI 11 SHepreTiky e raHoil
MPOMBILLACHHOCTH H TEOPETHUECKIX OCHOB 3JCKTPOTEXHUKH A3eplaiLKauckoro
nueriryTta nedri o xummig um, M. Aanaderopa, 3uauureaniast 4acTh KCOepii-
MCIlTAJBHBIX HCCACAOBANNIT 1T ONLITHO-NIPOMBUILTCHHLIC HCOBITAHIS [1POBOAH/IICS
ta npoawicaax MITLIT Azep6. CCP.

Oduunanapiuie ONnOHEHTLI:

I. Uneu-kopp. AIl Azep6. CCP, pokTop texuuueckux iayk, npoteccop
{:‘u. A. ddenzane.

:"“ 9. Jloktop texmiueckux nayvk, npogeccop A. M. Meank-llaxnasapoe.

| 3. Jlokrop teximuecknx nayk, npogeccop @, I, T'yceiinos,

Beayuwee npeanpusitiie — OKB 1o Gecwranroeen nacocam (Mockea).

Asropedepar paiocaan <« 8 » Ok“?ﬁxﬂgﬁ-ﬂ 1968 roa,

JauiTa avccepraiiii CocTonTesl < » HOﬁé}SQ 1968 rona,

Ha 3acenanun Cosera AaepGaiimkanckoro opmena Tpysosoro KpacHoro Sua-
Menn Hueriryra nedru v xuminn nM, M. Agnzbekopa Mo MPHCYKAEGHHIO yUCHIIX
creneieii no siiepretike H aBTOMATH3AILIN MPOH3BOJCTBCHULIX TNPOILCCCOB.
(Aapec: Baky, npocnekt Jlcuina, 20).

C ascceprauneil MOXKHO O3HaKOMUThCS B (yngamentannuoii Gnéanorere
HICTHTYTA.

Yuenwmit cexperapn Conera,

JOKTOpP TCXHIMECKUX HAyK, npodeccop K. H. Kymaaie.
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Peurenine 3anau, mocrapaeHHpIX MapTHEH N MPaBHTENBCTBOM
B oOJsacTi pasBuTus HePTAHON MPOMBILIIJIEHHOCTH, TPeOyeT CHCTe-
MATHYECKOTO pocTta 1o0uun HedTH H raiza B cTpaHe, UTO HEeBO3-
MOZCHO O€3 NpHMEHenust nepejaonoil TeXHHKH H TeXHOJOrHH, CNo-
COOCTEVIOILIN VAVUILEHHIO 1l COBEPIIEHCTBOBAHHIO MPOLIECCOB Pa3-
PAVOTEH HEPTAHLIX, Ta20BLIX I TA30KOHAGHCATHLIX  MECTOPOIK-
ACHIH,

QNN 113 OCHOBHLIX PE3CPBOB B JIGJIC YBCJIHYCHHS OOBIYH
HOMTH SABJSICTCY Hporoe npumedenue B HedgrenoduiBatoneil [po-
MEHIICHHOCTH 9JICKTPOOYPOB 11 MOPPYZKHLIX HEHTPOOEKHBIX /K-
TPOHACOCOIL,

Y SA0BLIM MOMCHTOM,  CHOCOOCTBYIOILHM — oOecneucHiiio a¢-
(beRTHBHON 11 Ha/eknoit padoThl  3JeKTPoOypa H MOTPYKHOTO
HCHTPOOCAHOTO Hacoca, aBasgiorest paspadoTka H  HCCJAENOBAHUE
CHCTCM TORONOIBOJ10B,

Hedocrarounas yeroitunoctb paGoThl  CYILECTBYIOUIHX CH-
CTCM TOKONOABO0B 3a4aCTYyIO NMPHBOJHT K HaPYIIEHHIO HOPMAJIbL-:
H0il padoTel ycranosok (ocoOGeHHo 3JiekTpoOypa). [loBninenue
HALCKHOCTH PadOThl YNOMAHYTLIX YCTAHOBOK JOCTHTAeTCSl MpPH
HCIIOJIb30OBAHHI KOJIOHHBI TPYO B KauecTBe KaHala rnepefayu
/ICKTPHUCCKOI SHEPTHI B CHCTEME TOKOMOABOJAOB TNOTpPYIKHBIX
dJMeKkTpoasurareseil. [Tostomy He cayuaitHO 3a mocJaeAHHE TOIbI
MHOTHE HCCJIe/I0OBATC/IbCKHE, KOHCTPYKTOPCKHE U MPOHU3BOJCTBEI-
HbI€ OPTAHH3ALHH NPOSABAAIOT BCE OOABILIHI HHTEpeC K HCMOJb30-
BAHHIO KOJOHHBI TPYO A5 mepejgauyu 3JeKTPUUECKOIlT SHEPTHH HA
3a00i1 HETAHBIX CKBaXXMH MO CXEME «JBa MPOBOJA — KOJOHHA
Tpy6» (IIIT) nau e «omHH NpoBOA — KOJIOHHA Tpy6» (OIIT).

Cucrema TokonoaBoRSABI® N nUTAHUS HABUTATENST SJeK-
TpoOypa B HacToOsilliee BpeMs Halljia IUHPOKOE MNPUMEHEHHEe Ha
MPAKTHKE, UTO MPHBEJIO K 3HAYHTE/bHOMY POCTY TeXHHKO-9KOHOMH-
YECKHX IOKasaTeseH npouecca OypeHHs. JTO SIBHJOCH OCHOBa-
HUEM IJ5 NMPOBENEHHUST CNelHaJbHbIX HCC/EeL0BaTeNbCKHX paﬁo'r C
ieIbI0 BBIABJICHUSA BO3MOXKHOCTHU IIDUMEHEHHSI YKa3aHHOH CHCTe-
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Mbl TOKONCABOJMA B CKBaKHHAX, 9KCHAVATHPYEMDBIX MOrPYKHBIMN
ILCHTPOOEKHBIMIL 3J18KTPOHACOCAMH.

[TpuMeHeHHe CHCTEM TOKOMOABOLOB, ric KOJIOHHA TpyO MHC-
MOJAb3YETCsl KaK KaHaJa rnepeiati 3JCKTPHUCCKOIT  3HEPTHH, MO-
TpeGOBAJO0 pa3pelleHHsT pAaa TEOPETHUCCKHX M MPAKTIATCRAR 34
gau.

Heo6x0AHMO 6blJIO HCCJAEA0BATL JCKTPHUECKHE TIapaMETphL
Kabeasi B YCJAOBHAX CKBAzKMHBI, UTO CBf3AHO C COOTBETCTBYIOUIH-
MH TelJOBbIMH MCCAeA0BAHUSAMH H H3YUCHHEM PACIPEILCACHUA 1O~
JsT 10 MOMepeyHoMy CeUeHHIO Kaoed. DKCMEPUMEHTAJLHBIM fTy-
_TeM CJeL0BaJio ONpEeAeJHTb 3JeKTPHUeCKHe MapaMETPhl KOJIOHHDI
TPpy6 M MPOBECTH HCCJACLOBAHHS HeJIMHGHHBIX HECHMMETPHUHbIX
Tpexdasupix ueneil. Haxo OblJ0 BbIsSIBHTH 11eJ1eco000pa3HOCTh TPi-
MeHenns cucrem toxkomoasopa JIIIT, mccaenoBatbh TCPEXOAHDBIC
NpoLecchl, BO3HHKAIOUINE B PAa3JIHUHLIX CHCTEMAX TOKOMO/ABOLA,

M psiA APYCHX BONpocoB. TpedoBasioch NMPOBECTH HCCACAOBATE/b:
CKHe paGoThl TaKzKe M MO HCHIOJb30BAHHIO TOKOMOABOLOB NOTPY -
HbIX 3JEKTPOABHrATeqell B KauecTBe NMIYOHHHBIX KaHajoB CBs3ii,
MccaenoBaHiio YKa3aHHBIX BOTPOCOB MOCBAILEHA peepHpyenmart
pa6ora. B Heil npuBoAUTCs OOLIMII AHANH3 PA3JITUHLIX CHCTEM TO-
KOMOABOAOB, PEKOMEHAYeTCA METOAHKA OMPCACHCHHSA 3JCKTPHUCC-
KHX mapaMeTpoB KaGe/si H KOJOHHBl TPYO B YCJOBHSAX CKBAZIHEL,
NPHBEACHB! Pe3yJbTaThl TEOPCTHUCCKHX H IKCMEPHMEHTAJILHDLIX HC-
CleN0BAHMIl MO BBLISIBJAGHMIO YCJAOBHIl mepeaauyd 3JEeKTPHUCCKOiL
9HEPrHH MO Pa3JHUYHLIM CHCTEMaM TOKOMO/IBOAOB MpH yCTAHOBHE-
IeMCA M MPH MEePEeXOoAHOM pPeKHMax, a TAaKKe OCBELLACTCs TCO-

U TIYOHHHLIX KauaJoB CBA3H C NPHMEHCHHEM TCOPIIL YEThIPEX-

MOJIIOCHHKOB H OJHOPOJIHLIX H HEOJHOPOJIHLIX ILCNell ¢ pacnpe/ie-
JIEHHBLIMH [MapaMeTrpaMH.

B nepsoii riaBe — «Anajans ClHCTCM TOKOMOABOAOB MOTPYZ-
HBEIX 3JEeKTpoJBHTrareneii» — NpHBOASATCH CXEMbl CYLIECTBYIOLUIHX
i BO3MOZKHBIX CHCTEM TOKOMOJBOAOB MOTPYIKHBIX 3SJEKTPOABHI A~
rejielt., Jlaercd cpaBHHUTENALHBIII aHAAH3 X NPEUNMYIECTB H Heno-
CTATKOB, NPIBEACH P COOOPAKEHUl 0 UeecO00Pa3HOCTH He-
NOJNB30BAHNA KOJOHHBLI TPYO B KaUECTBE KaHa/la JAJsl nependydu
9JIEKTPIYECKOIT SHEPTHN JNs MHTAHHA MOTPYHHLIX SJ€KTPOABH-
rateaeir no cueremam JITTT u OITT.

[Tpumenenue cncremnl Tokonojgsona OIlT B OCHOBHOM JiHiMH-
THPYETCS TPYAHOCTBIO 3aMyCKa MOTPYZKHBIX OJHO(A3HBLIX JBHIa-
teneii. B cBA3H ¢ 3THM B paboTre Npeanaratorcst pas/jHuHble CIO-
coGbl ocyuecTBaeHns cuerembl OITT, nckmiouarolne yKa3aHHbUH
HenoctaTok. CpaBHHTE/BHbIN aHAaJAH3 MOKA3bIBAET, YTO:CHCTEMA

toxkonoaeona JIIT, He Tpedyoilas CrnelnHajibHOH YCTAHOBKH, A.14
4
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CVIIECTBYIOIHX MOTPY2KHbIX purarteaeil ABaseTcs Haubosee Le-
JIecoo0pa3Holi.

PaccMaTpHBAIOTCS METO/IbI KOHTPOJS COCTOSHHST H3OJ5UR,
OCYILLECTBJAIEMbIE TIPH PA3JHUHbIX CHCTEMAX TOKOTOABOAL, H JLJ151
CBOGBPEMEHHOIT 3aLATbl MOTPY2KHOrO 3JEKTPOABHIATC/A nnejana-
raetcsl JudpdepeHuuaabibiil METOL KOHTPOJI COCTOSIHHSI H30J14-
LIl ero 06MOTOK B mpoiiecce padoThl M0 KAUeCTBY 3a/HTOrO B HE-
ro macaa. Pe3vabrarhl HCCJACA0BaHs M0Ka3alH, uTo OCHOBHOII Be-
AHUHHOI, XapaKkTepuaylouleii VBJIaKHEHHOCTh MacJid, HaXOLs1LILE-
FOCST BHVTPH ABHTATEs, SIBJASIETCS] ero YAC/bHash MPOBOAUMOCTD.

Bo stopoii riase — «lccaenopanne 3JeKTPHUCCKHX Idpd-
MCTPOB JHHEIIHBIX 3JEMEHTOB  pPas3JHuHbIX  CHCTEM TOKOIO/LBO-
LOB» — OCBCILLAIOTCA YCJA0BHsT paboThl CHCTEM  TOKOMNOABONOB b
CKBAKHIIC, KOTOPBIC B OOLIEM BHAC PACCMaTPHBAIOTCS KAk HCIH
PACHPCICACHHDIMHE ITAPAMCTPaMI,

[3 patitoil raape UpHBOJAHTCA  aHaJR 3aBICHMOCTECIH napa-
\CTPOB CXCM 3AAMCIHLCHHSA PASTHUHLIX  CHCTEM  TOKOIOABOJAOB G
\'CJOBIT X PAOOTLE B CKBAZKITHE,

Beac1eTBIC H3MEHCHIS TEMICPATYPbl B CKBAZKIC ¢ TJy0-
HOTT HAMEISIOTCS] AKTHBIOC COMPOTHBACHIC ZKIbI KAOCs, [IPHUCM
Y10 HUAMCHCOHHC CBSIZAH0 € PacnpCeaC/acHieM TeMICpaTypbt CpPEiibl,
ORPVIKAIOILCH KaOeab b Oypsiuciics 1 HKCIIVATHPYCMOIT CKBA-
e, Coedanio H3VUCHiA 3aKOHOMEPHOCTIH PACHPCICICHIUS TCM®
pepatypioro gakropa npeagaraeres HIDKCHCPHBLIT METO HOCT-
POCHHA TCMICPATYPHOTO TpadiKa HUCXOBILLCTO TMOTOKA TPOMiL-
BOGTION KU TROCTI O CTBOJAY OV PATILCHCs CKBAZKIITDI,

AKTHREHOC CONPOTHRICHIC Kb Kafeasn 3JekTpodypa, 1
NOTSHLOTOCA B CRBAZSHIG,  Hamit npejyraracrest  Onpeacisith 1o -
dropavie

I
piaag 1 | a(lx — 20)|dA, (1)
O

0

LA€ Py — VAEABHOC CONPOTUBJACHHE JKHIB Kaoeas [pH AOAC,
OM - MM?

g — Temneparypubnii  Kosgdiuent CoupoOTHBICHIA

i b
Wbl kaoead, 1/7°C: s — ceucHue Kiap -kaoe, MM (o — TeM-
nepa Typa KHAbLL Ka0e/s1, KOTOPAsH sABJCTCN dyuruieii rayouusl
/i 1 ONpEAEJACTCs 10 BhIBEACHHOI uami Gopmy.ae
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IWHTHLIX CJ0eB kadedas, — . ({; — AHaMeTp COOTBETCT-
KKaA

BYIOULHX N30JAUHOHHBIX H 3aUHTHBIX CAOCH xaoeast, 4; %4 —

KO3 HIUEHT TEna00TAauH OT NMOBEPXHOCTH Kaoeasd B OKPY-

XKAIOULYI10 Cpeiy, rkraa/m-wac-°C; dn 41 — HAPYKUBIL AHAMETP

KadeJs, AL,

Ha ocHose Bbipazkennii (1) u (2) aast onpeiaeicHusa aKTitb-
HOTO CONpPOTHBJEHNs NOTPYZKHOro Kadess INpH [1POMBIILICHHOI]
yacTOT Oblad BhiBeAeHa (OpMYJia, YUHTLIBAIOULAA H3MEHCHIC Texi-
nepaTypsl NPOMbIBOUHOIT KHAKOCTH C YBGJIHUCHHEM rJyOHHLI
CKBa2KHHDI,

Iy = Pag (1 4 a(K+ K,-H + K- )], (3)
S

rie fi—rayouHa J0 paccmMaTpuBaeMOH TOUKIL, H — rayonna
CKBANKHHBI, #;
2A — a b C
y K, =—— e —
2(1 — A-a) 2(1 — A-q) 21 — A.2)

Ilas yuactka Kapanara “(r. Baky) a=11, b= 0,015,
¢ = 0,017.

[TpH BLICOKOIi YaCTOTE BEAHYHHA AKTHBHOTO COIPOTHBJIE -
HIST OKHABL  Ka0OeJs HeCKoabko 00/biie H OlpLIAeIsaeTcs 10

cbopmMyJIe

|

Ii = Ki{-Kc-I'x — Al'k. (4)
31ech Kf— OTHOIIEHHE aKTHBHOrO CONPOTHBJEHHs CILIONHOTO
POBOJAA IIPH NMEPEeMEHHOM TOKe K COMPOTHBICHHIO TIPH MnoCTO-
JHHOM TOKe: Ke — KO3(MPHUMEHT CKPYTKH; Arg — AOMNOJHHTEAbL
HOe COIIPOTHBJAEHHE, BO3HHMKAloUlCe 3a CHCT sdhexra OJHIOCTI
MEXKAY KHJIAMH KadeJssi H IOTEPb B OKpyzaiouweid ero Cpe/ic.

I{HAYKTHBHOCTh KaGessi MpH TaKoil CHCTEME MOKET H3MC-
HSITLCS] MO TJyOHHE CKBaXKHHbI BCJACINCTBHEC H3MCHCHUA AaBJaeHI,
KOTOpOe MOJKET BBI3BaTb H3MEHEHHE reOMETPHUECKHX pa3MepoB
xadens. OnNHAKO H3MEHeHHeM MOCJeJHHX NPH MPaKTHUCCKHX Pat-
yeTax MOXKHO NpeHeOpeub BBHAY €ro He3HAUUTEeJbHO¥ BEJHYHHBI.

EMKOCTh KaGessi H3MEeHsieTCsl BAOJb CKBaXKHHbI  BCICACTBHE

BAHSHHS pOCTa TeMNepatyphl 1o rayOMHe Ha JHIJIEKTPHUYECKHE
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cpoiicTBa H3oasiin xadeas. iamenenneM eMKOCTIE KaOeJsi OT Ha-
MCHEHHST LaBaACHHSI BAOJb CKBAKHHDI, KaK H B cayyae HHAYKTIDB-
HOCTH, NpeHedperaeTcs. {

C 11eJ1bl0 ONpeAeaeHHsT COOTBETCTBYIOLLHA 3HAUEHHIT EMKOC-
el «KHJIa—KHJAa» H «KHIa—3eMJ5> NBYX’KHJBHOTO  KaoOeJd, .
I1CMOJAB3VEMOr0 B CHCTEME TOKOIMOABOAA JITIT, cocraBJienbl COOT-
BETCTBVIOLLHE CHCTEMDI ypaHennit Maxepesia Il JCKTPOCTA"
FHUCCKOFO MOJASI ¢ €MKOCTHBIMH KOIP(HINCHTAMH. B pesyabrare.
DCLUEHHST ITHX YPABHEHHIL MOJYUCHDI caeaviomHe GopMyJibl:
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1 LC C” — JACTIHY Hd 3l CMKOCTDL 2KUJIDI KaOeJsl OTHOCHTCILIO
3CMJALLS (_:1-_. JACTHUHAST eMKOCTL MCIKAY ACHJTA M Ka Qe sl.

Jlas onpeseacnus Beanuitibl Cyp NJI0CKOTO KaOeJsast, [PIil-
\asl Oro ceueHiie IAJMHITHUECKHM, BbiBEACHA CJC/YIOLLAs ¢hop-
MYyJ1a:
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F1e 2 -— OTHOCHTEAbLHA AHJMEKTPHUECCKAs NOCTOMHAN 30151 =
I kaoean;
b i
oy = arctg —; p* = arccos —
a C

a. b —coorsercrsenio  00Jabliast 1o Madas  TM01yOCh 3JJ1IICA S -

e T ETEE———— —

¢ =) a*—b* — noJoBHHA PACCTOAHUN MEHKJLY hokycamii 2J1-
aunca; d — paccrosiiie OT LeHTpa  3J/aHMca A0 LCHTPA vt Jibl
KadeJsd. _ |

Onpe/ieJeHHe YacTHYHOIT eMKOCTH OJLHOI 2KHJIBI ABYXZKH/ILHO"
ro Kabeasa oTHocHTeabHo 3emJyan Cpp Mpon3BeACHO MPI HAJHYHIL Il
OTCYTCTBHH APYyroii xuabl. s norpyzHbIX kabeJqeil, NpHMCHSIC-
MbIX NPH OYPCHHH M IKCAJyaTaunu HeTHHLIX CKBAXNHH, HAJIHHC
pyreil KHJAbl yMEHblIaeT 4acTHYHYIO €MKOCTb Hd BEJHUYHHY 10"
paaka 2%. |

Ilasg TeJeH3MepeHus H TeJeKOHTPOJIs rAyOMHHBIX Tapa-
METPOB MPHMEHSIOTCS TaKue YacToThl, AJs KOTOPLIX 1[2%fe > 1
(rae 7 — yAedbHasi NPOBOAHMOCTD IIPOMBIBOYHOiH KHAKOCTH,
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¢ — NH3JeKTPHUECKAsT MOCTOAHHAA NPOMBIBOUHOIT KHIAKOCTIH;
f — uactora Toka). Ilpu 3TOM Cpeja, OKpyKalolid: kaleub
3JMCKTPOOYpa, CUHUTACTCH npoBOJALLEil, KAK H NPHHATO HAMII
NPH ONpPEeAeNEHHH YaCTHYHOM EeMKOCTH KILIbl kadensi OTHOCH-
TEJAbHO 3EeMJIH.

Ha ocHOBE CBfi3H MeExXAy MOTEHUHAJAbHLIME K03 PHIUHCHTA-
MH H KO3(h@HUHEHTAMH HHAYKUHH B paboTe ONpeesaeTCs Cano-
HHIVKOHA XKHAb Lx H B3aHMOHWHAYKILHI MEXKLY KHIaMH Kabens
My A0 PA3JHUYHBIX CHCTEM TOKOMOABOAOB C YYeToM BJIHFHIIN
3EeMJIH.

Uto kacaercsi aKTHBHOII MPOBOANMOCTH, TO BeaHuHHd €L npu
NHAKHX YACTOTAX HeanayutedbHa. [loaToMy OH2 YUHTbIBACTCH
B pacuerax, NpOBOANMbIX A5 CPAaBHUTE/IBHO BLICOKHX 4aCTOT, [Id-
ynHas npumepuo ¢ 25—30 xay.

B cuctemax tokonoasoaa AIIT u OINT, B oTanuue 0T TPE-
NPOBOAHOII CHCTeMbl, CyMMapHoe MarhuTHOC noJsie, Co31aBaemMoc
JKIJAMH B CPEJC, OKpyKalouleil kadelb, OTJaHuacTcs Ot HyJ1e.
BesieACTBHE 3TOrO MpH 3JEeKTpoOypeHHH B POMBbIBOYHOI KHAKOC
TH H NPH IKCMJYyaTaUHH CKBaXKHH MOTPY2KHDLIMH LEHTPOOCKHbIMI
3JeKTpoHacocamMii B OpoHe KadeJsi HOsIBJSIIOTC ONOJHUTEJ -
Hble NOTEPH MOILHOCTH. YKa3aHHbIC (PAKTOPD Cl1ocoOCTBYIOT YBC-
AHYCHHIO AKTHBHOIO CONPOTHBJGHHA H YMCHbUICHHIO HIIAYKTIHE:
HOCTH KaoOeJs, paGoTaioulero B yCJAOBHAX CRBAZKHHDI.

Jlais KOJHMYECTBEHHOH OLEHKH YKA3aHHBIN COILPOTHBICHIIT
GhbliH NPOBEJAEHbl TEOPETHUCCKHE HCCJICAoBanus 110 H3YUEHHIO
pacnpeneieHnsi KOMMNOHEHTOB 3JIE€KTpOMArHHTHOTO NoJisfi B MOTMC-
PEYHOM CeueHHH Kalensi pPasaHYHBIX koncTpykuui. Ha ocHose
5THX HMCCJeNOBaHuil onpejenetbl AOMOJHHUTENbHbIC  COMPOTHBIC
HUS. BO3HHKAIOIIHE 34 CuYer norepb B CPEAEC, OKpy2Kalolen Ka-
6esib. B 4aCTHOCTH, MPHHUMAs CEeUEeHHe TJIOCKOTo Kabens, NpUMe-
ugemoro B cucreMe roxkonoxeona JLIIT, snaunTHUECKHM, /A OF-
pefieNe sl LOHOJHHTEIbHOr0 CONpPOTHBACHHH Ha eAMHHILY AJHHbL
ero Obia BhIBElEHA CJEAyiomas (opMyna:
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u — abHCcoa10THa MarHuTHAjl IPOHHUAEMOCTh CPEJEl, OKPYKAIO-
qleii kaGeanp; 7 — VAeabHas 1TPOBOAHMMOCTDH cpeibl, OKpY¥Kalo-

nleil KaGeab; 2o, %o — JINITHUECKHE KOOPAMHATHI, OIPEAE-
AgI0UUIe TOJ0KEeHHEe COOTBeTCTBEHHO BHYTPEHHEro H HaPy-
HOFO 2J€MEHTOB IKPAHHOrO CEUCHIL KaoeJst; Cq, Co— MOJOBHHA
PACCTOAHHA MEIKJLY hokycamMH COOTBETCTBEHHO BHYTPEHHEIO M

™

HAPVZKHOrO 3JJHICOB 3KPAHHOTO ceyenls xadeqad; 0 — TOJAULHHA
CTEHKH 2KPaHHoro ceuenhs kadeJs.

Nas OJaockHx KaGeJdeit CO CTaJabHBIMIL ofoa0uKaMu  Qop-
vvaa (7) mpuHUMaeT BHA

o i e i B (I i) (8)

Ha 0CHOBE BLIBEICHHBIX (POPMYJ ONpPEjieeHbl AONOMHHTEML:
HBIC COUPOTHBJACHIA MOTPY7KHOTO KabeJst, HCIOJAb3yeMoro B CH-
ctremax J1IIT u OIIT, B pesyiabraTe UCroO HallJIeHO, YTO BEJIHYHI
ACFIBHOLO COTIPOTHBJACHUA ZKHILL Ka0eds yaekTpodypa mpH npo-
M LIHLJICHTION yacToTe YBCJIHUHBACTCA Hd 3%, MOrpysKHoro UeHTPO-
SesHoro 3dekTponacoca — Ha 7% OT cOnpoTHBJICHHIA 2KHIL Ka-
Gedist, @ HHAVKTHBHOE CONMPOTHBJACHHC COOTBETCTBEHHO YMEHbUIAET:
Cs1 HA TAKYIO rKe BeJHYHHY.

Tpetha raaBa — «klccaenoBaHHE HeJIMHEHHBIX 9JIEMEHTODB
TOKONOLBOI0BY — MOCBSAILAETCS! ONPeAe/CHHIO 3JEKTPHUYECKHX [1a-
paMerpoB KOJOHH OypuJabHbIX H 9KCMJyaTaLlHOHHBIX TPYO B YCJIO-
RHsIX CKBAMKHMHBI, KOTOpbIE pPaccMaTpHBAKOTCH Kak ceppoOMarHuT-
Hpie Tedqda. MceaenoBaHHIO pacmpocTpaH€HHi 5JIEKTPOMATHHTHBIX
BOJH B (DeppPOMArHUTHBIX TeJaX MOCBAUEHO MHOTO pabot. [lpo-
deccop JI. P. Heliman Ha Haze pelleHHss OCHOBHLIX ypaBHEHIL
MaxkcBensia C y4erToM HeJHHeilHOCTH (eppOMarHHTHLIX MaTepHa-
JIOB MYTEM HCMNOJb30BaHHA Pe3y/bTaTOB NPOBEAEHHBIX HM IKCIle-
PHMEHTOB IOJYUYHJ KOHKPETHBIC GopMyabl IJis ONpeiaesieHus Co-
OpPOTHBJEHHAS TeJ, HMEIOLHX CeyeHHs jgio0oit Gopmbl KaK INpH
CUNBHOM, TaK M TpH caa0oM NpOsIBJACHHH MOBEPXHOCTHOIO (-
(heKTa.
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eTHUECKUX HCCJCLOBAHIIL YCTAHOB-

eTpbl (a3bi, B KaueCTBC KOTOPOI!
IICIOAb3YyeTcs KOJOHHA OypHJbH

bIX TPYO sqekTpodypa, B CKBa-
AHHEe HEe OyayT 3aBHCETb OT mapaMeTpoB oKpYIKAioLLeil  Cpelbl
(MPOMBIBOUHOI SKUILKOCTH) H 0OCaHOI! rpyObl. DTO OODLACHSCT-
csi PAcHOaozKeHHeM nmorpya

Giorol KaGedns (BHYTPH, KOJOHKE Oy-
PHALHBIX TPYO. B cayude nepel

ayy JEKTpHUeCKoll IHEPTHI HA
1216011 TTOCTOSIHHLIM TOKOM [l TOKOM cpaBHUTEILHO HHIKHX yacTor,
IpH KOTOPOM TO.IULHH CTCHKH OKazkercs HAMHOTO MeHbLLIC, UCM
rayOHHA 3aTyXaHsl 5NeKTPOMATHATHOI BOJHDI, HJaM 7Ke Mpi uc-
noab3oBaHin OypHJAbHDIX Tpy6 H3 HeMArHHTHOTO MaTepHaga OR-
pyzRalowas cpeid i o6cannasi Tpyba MOryT oKasarhb CYILECTBCH-
HOC BAHSHIE HA SJCKTPHUCCKHC napametpbl (asul, B KauecTBe KO-
TOPOIT HCIMOJIb3YCTCS KOJMOHHA OYpPHJIbHBIX TpyO.

Onpexaeaenie pacucTHDLIM MyTeM 9JEKTPHUECKIIR napamMerpos
KOJOHHbI TPYO C y4eTOM BCEX daxropoB (BJAHSIHHC MEXAHHUECKIIX
HArPY30K, TeMilepaTyphbl, colipinxocHoBenHs co CTCHKAMH CKBa7Nil-
Hbl) HpEeACTaBJACT 3HaUNTEALHYVIO TPYLHOCTD. B vroif ¢BA3N PA-
Goumne CONpOTHBJICHHA KOJOHUDI TpyO, HCI0:b3YEMOIT B CHCTCMAR
rokonoasoiaa OITT n JIMIT, onpeaedsiorTes 5KCTICPHMCHTATbHDIM
MyTeM. JKCNepaMeHTbl B yCJAOBHAX CKBAZKHHD! NPOBCAEHDBI O Pa3-
PAGOTAHHOI HaMI MCTOAHKE == no oxHodasnoi i Tpexgasioil
cxemam (cM. puc. 1 a 2)-

Mlas onpejesenns padOUMNX 5JEeKTPHUECKAX MapaMeTpon OV -
AbHBLIX TPVO ONBITHI OblLilN npoBefeHbl Ha SKCIIEPHMEHTAALHOI
ckpaxkiiHe 9KIb 1 Ha oyposoil Ne 192 HITY «Kapaparnedrb»,
4 U5 mapaMerpoB HaCOCHBIX Tpy0 — Ha OYypOBbIX Ne 1382 H
Ne 1460 HITY «OpAKOHNKHA3CHEPTDY MHIIT Azepo. CCP.

PacxoxiacHusg B JAdHHbIX 9KCIEPHMEHTOB, 1TPOBECHHBIX O
010G a3HOH H *rpexcl)aaﬂoﬁ cxemam, He npeBbialoT 3% .

Ha ocHOBAHHH NMPOBEACHHBIX 5KCIEPHMEHTOB OBlJIH HOCTPO=
edbl rpaukH 3aBHCHMOCTH AKTHBHBIX 77, HHAYKTHBHBIX Xt 1
MOJHBIX Zr CO1I POTHBJ/ICHHUII Oy PHJBHBLIX H 3KCIyaTallHiOHHbIX
TPpyO OT NpOTEKaIoIero mno HHA TOKA.

Ias onpejaeaeHns conpoOTHBJEHNs KOJIOHHD OVPHJIbHBIX 1

HACOCHBIX TPYO B 3aBHCHMOCTH OT NpoOTEKaloUIero 10 HHA TOKQ
] B ycJOBHAX CKBaZKHHUI spIBeACHBl  IMIMPHUCCKIC dbopmyJn B
caeaylounleM BHIC.
| Fe =— Al'{n‘, x'r:Ag‘I“’.

Jpgavennsi KoaQPUUIeHTOR Ay, 1, 0 A, np B yKa3aHHBIA op-
MyJax [1PHBEICHDI B TabaHLax | 1 2, KOTOpbIe clipaBeTHBDL.
1151 KOMOHHBIX HACOCHDIX TPYO NMOTPYKHOIo LLEHTPOOEIKHOTO

3J@KTpOHaCcoca:
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Ha ocHoOBe aHaJjaH3a TeOp
1610, UTO 3JeKTpuueckne napan
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z ﬁpli j:"l'— 50 a, tr:p= 35&61

I KOJOHHBL OYPHJABHBIX TPYO 3JIEKTPOOY Pa
npu 60a < [ < 300, fep == 207G

JIAsT KOAHYECTBCHHOTO CpaBHEHHSI CONPOTHBJACHIHA KOJONHDL
TpYO B VCJAOBHANX CKBAJKHUBL 1 HA TOBEPXHOCTH 1X 3HAUCHIS OLLIH
npuBeacHsl K oaHoil 1 rtoil e remneparype (207 C). I'lpn sron
CONpPOTHBJACHHE Koaonuu Tpvo, npuseiaesinoe Kk 20° C, onpeacas-
J0CH 110 BhIBeeHHOI HaMi Gopmyic
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PJIC 7'y — AKTHRHOC CONPOTHRJACHIE KOJOHHL TPYO B YCJAOBHSX
CHBDKINLL, OM, ¢ — TJayOlHA YypPOBUA TIOCTOSHHIOI TeMNepary-
pul, v; [ —— reoTepMHUCCKIIT PpajHenT TeMIepaTypbl B CKBa-
Kiie, Cay o — temuepatypibil Kos(p@uiuHeHT CONPOTIRACHNS
tpyout, 1°C; H —rayonua ckpawnusl, a6; (b=107C).

RoJgnuecTBenioe cpaBHeHie MmoKasatdio, UTO COMPCTiBJICHIE
KOJOHHDI TPVO B YCJIOBHAX CKBAXKHHDLI MEHbLIE, UEM Ha NoBepx
HOCTH 3CAMHL. ITO MOZKET ObITh OOBSICHEHO TEM, UTO B CKBazKHHE
MCCTaMl BO3HHKACT KOLTAKT MEAY KOJOHHOH HAacCOCHBIX TPYO H
QUCHAHONI KOJTOHHOIIL,

[ anaqansa noJayuyceHHbX HaMH B padoTe 3aBHCHMOCTEIl 11A-
PAMCTPOB KOJOHHDLI TPYO OT [POTEKAIOULCro TOKa CJe/ver, uTo
(Upi gepejgave aaekrTpuueckoi sneprun no cucrese JIIT naga cy-
¥ ECTBYIOIHMX HATPVIOK 2JCKTpoOypa HMeeT MecTo cJjgadoe Ipo-
% '. , SIBACHHE MTOBEPXHOCTHOTO I(PPEKTa, a Ui CYILECTBYIOUHX HAarpy-
30K HOIPYZKHOrO IeHTPOOCZKHOr0 3JICKTPOHACOCA — CHABLHOE Npo-
SIBJICHHE MOBCPXHOCTHOro g pekra.

[Ipi pacuere rayOuNHBIX KalaJd0B CR5H3H, KOMJa KOJOHHA OV-
PUHABLHLIX TPVO VUACTBYCT B LCIIH TOKOB BBICOKOUACTOTHLIX CHF-
HAJI0B BO BpeMé PaOOTL! [OTPYZKHBIX ABHPATEACH, CJACAVET VUeCTh
s -sin(:; o o BJMSIHE BEJHYHHBI CHJIOBOTO TOKA.

e = I -« Ugc, " Hast onpenenenus AKTHBHOTO W HHAYKTHBHOTO COIPOTHBIC-
A | HITH KOJAOHHDI Oy PHJIBHBIX TPYO, € YHETOM HAaJIOKEHIsI TOKOB MpO-

Puc 2

o [B -cos(7 — 9u) -+ IC -cos(2y—-¢0) Unc
“ I3 + 413 -Ic -cosy ! r

{JaB:cosg, + Uca-cos(a — ¢,)

ro- At LA MBIILJIGHHOIT 1 BBICOKOIl Y4aCTOTLI, BLIBEJLEHBl caeayioute op- .
2-!.}\ leﬁﬂb]:
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e 5 ——— 2 = arC COS————, @ = arc COS— = Xg=V v -K-h-A,-l (10)
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Y = arc cos ——






