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Pac'lleT&:we DapaueTp:w lKeJie3BO·Toxoaol ceXIUIB xaua

JI&, DOJIY'IIeBBWe B pa6oTe /1/, DpOBepBJIBC:b 31CCDepBYeH· 

T&JihBO B& uaxeTe B uacmTa6e 1:1. Mo,u;eJIBpoB&HBe Dpoao

JliiJIOCh ~ Dpoaepo a:w6p&BBol cxeu:w oxll&lK,D;eHBB, oDpe

,u;eJieBBB TODOrpa4l- M&rBBTBOrO DOJIB B B:WBBJieBBB B03MOlK· 

BOCTei ,D;ODOJIBBTeJI:bBOrO mBMMBpOB&HBB B03M)'U{eHBI OT 

ceiCIUIB B o6JI&CTB ycxop•euoro DY'IIX&. 

fipB a:w6ope cxeu:w oxll&lK,D;eHBB oco6oe BHBY&HBe y,u;e

JIBJIOC:b 3JieYeBT&M ceXIUIB C B:WCOICOI DJIOTHOCT:biO TOIC& 

I j > 50 A/MM 2 /. 0.QBBM B3 Taox 3JieMeBTOB BBJIBeTc• 

CeDTyM, r,u;e DJIOTBOCT:b TOK& ,D;OCTBr&eT BeJIB'IIBH:W j = 
= 170 A/MM2. Taxol CeDTYM MOlKBO OXJI&lK,D;&T:b BO_,O,, 

DpoTex&IOIQel DO Dpo,u;ollhB:WM BJIB DODepe'IIB:WM X&H&JI&Y 
2 

• 

liBCJIO IC&B&JIOB ,D;OJilKBO 6:WT:b B:W6p&BO B3 yCJIOBBB ODTBM&Jih • 

BOrO OXJI&~eBBB B DOJIY11eBBB ,D;OCT&TO'IIBO p&BBOMepuoro 

p&CDpe,u;eJieBBB TOIC& DO B:WCOTe CeDTYM&, 'liTO MOlKeT 

o6ecDe'IIBT:b O,D;BOpO,D;BOe p&CDpe,u;eJieHBe DOJIB BBYTPB CeiCIUIB 

,D;JIB B:W6p&BBOI BepTBIC&JihBOI &DepTyp:w B yueH:bmBT:b B03 • 

M)'U{eHBB OCBOBBOrO M&rHBTBOrO DOJIB B 06JI&CTB yCXOpBe • 

uoro DY'IIX& DPB oTxo,u;e oT cpe.QBel DJiocxocTB. 

P&C'IIeT p&CDpe,u;eJieHBB TOIC& B TeMDepaTyp:w DO B:WCOTe 

ceDTYM& lKeJie3BO·TOICOBOI CeiCIUIB IC&B&JI& DpOBO,D;BJICB H& 

3BM c BCDOm.30B&HBeM Dporpauu:w THERM/3/, c Do· 

MOIQ:biO ICOTOpoi pem&eTCB yp&BBeBBe TeDJIODpOBO,D;BOCTB 

BB,D;&: 

d2 0 

dT 
1 

+ -g = 0' 
A 

r,u;e 0 - TeMDepaTypa DpoBO.QBBX&, A - xo34MIIBIUieHT TeDJio· 

DpOBO,D;BOCTB DpOBO~IC&, g • ICOJIB'IIeCTBO TeDJI&, BW,D;eJIBe • 

MOrO B 3JieMeBTe DpOBO,D;BBIC& C TOICOY i . 
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Ha puc. 1 npRBe~eHw pe3ynhTaTw pac~eTa ~· ~BYX 
KOHciiRrypa~RB cenTyMa C TOKOM i = 20500 A H ciiRKCRpO • 
B&HHOB TeMnepaTypoi KOQOB lz =0 R Z =5,2 CM/, paBHOB 
(} o= 300CKaK B~HO R3 PRCYHKa, ~- cenTyMa C noCTO.HHOB 

8't, 

300 

~ 

200 

fOIJ 

I. 
{4J 

0 I b 10 J.O Jb 'tO SO! d " Z(HH) 

;t:.:i: I := t3 
Puc. 1. Pacnpe~eAeHue aoKa u aeMnepaaypw no ewcoae 
cenayMa nocao.RHHozo /1/ u nepeMeHHozo /2/ nonepe'IHWx 
Ce'leHUU. 

I 
TonmRHOB IKpRBWe 11 TeMnepaTypa ero B Cpe~Hei ~aCTR 
~OCTRraeT BenR~RHW () = 250°C, ~TO BW3WBaeT KOH~eHTpa· 
~RIO Toxa I=- 40~1 Ha ero KOH~ax. llpocllanapy• cenTyM no 
BwcoTe, MO)J(HO nony~HTh 6onee paBHOMepHoe pacnpe~ene
HHe ToKa IKPHBwe 21. O~Haxo npa 3TOM MaKCHManhHa• 
TeMnepaTypa cenTyMa ~OCTHraeT BenR~HHW (} = 350° C. 

Hcxo~• H3 3Toro, Bw6pana cxeMy oxna~eHR• cenTyMa 
C nOMOmhiO HeCKOnhKHX npo~OnhHWX KaH&nOB, npH KOTOpOB 
o6ecne~HBaeTc• paBHOMepHoe oxna~eHHe no Bee My ce
~eHHIO. 
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,lJ;n• HnnJOCTp~HR TO~HOCTH pac~eTOB Ha 3TOM )J(e pHCYH • 
Ke ~aHO CpaBHeHRe lxpHBWe 31 pac~eTHOrO H 3KCnepHMeH· 
TanhHO H3YepeHHoro pacnpe~eneHRi Te11mepa Typw no Bwco
Te Ye~oi DIRHW 0,4 X 0,6 CM npH TOKe i = 9000 A H 
()0 = 2~ c. 

06m&i B~ MaKeTa )J(ene3HO·TOKOBOB CeK~HH KaHana 
noKa3aH Ha puc. 2, a CXeMa OCHOBHOB 06MOTKH H nonepe~
HWe Ce'leHR• BXO~HOB H BWXO~HOB 'laCTH CeK~HH • Ha puc. 3. 
0CHOBHa• 06MOT1Ca COCTORT H3 ~YX He3aBHCHMO OXn~ae· 
MWX BHTKOB, COe~eHHWX nocne~oBaTenhHO no TOKy. Cen· 
TYM COCTOHT H3 ~BYX nnaCTHH, pa3Mepw nonepe'IHOrO ce~e
HR. KOTOpWX ~- BXO~OB R BWXO~HOB 'laCTR CeK~HH, COOT· 
BeTCTBeHHO, paBHW 0,4 X 2,58 H 1,0 X 3,0 CM. flnaCTHHa 
cenTyMa Ha6paHa H3 Me~wx Tpy6oK np•MoyronhHoro ce'le
HR. pa3MepOM 40 X 0,4 X 0,86 CM ~n· BXO~HOB 'laCTH H 
43 X 1,0 X 1,5 CM ~ BWXO~OB 'laCTH CeK~HH, C TOnmBHOB 
CTeHKR 0,1 H 0,2 CM COOTBeTCTBeHHO. Tpy6KH K~OB 
qac.TH cenTy:wa caapeHw ~pyr c ~pyroM aproHHO-~yroBoi 
caapxoi R c noMomhJO Me~wx nepexo~oB coe~HHeHw Me~y 
co6oi R aHTRCenTyMOM, KOTOpWB BWnOnHeH R3 Me~WX Tpy-
60K ¢ 1,0 x 0,2 cM, coe~HeHHWX Me~y co6oi aHanora~
HWM o6pa30M. KoppeKTHpyroma• KaTyDII(a COCTOHT H3 ~BYX 
BHTKOB, CRMMeTpH'IHO pacnonO)J(eHHWX OTHOCRTenhHO cpe~ • 
Hei nnOCKOCTR, H BWnOnHeHa H3 Me~oi Tpy6KH cp 1,0 X 
X 0,2 CM. 

flHTaHHe OCHOBHOB 06MOTKH ocymeCTBn•nOCh OT CTaH· 
~apTHoro Bwnp•MaTen• THna BAK -12500- 12-4 I I H = 
= 12500 A, UH = 12 Bl, a KoppeKTHPYJOmei - oT ~Byx 
Y&DIRHHWX reHepa TopoB I I H = 1000 A, U H = 60 Bl, 
pa6oTaJOmHX B napannenh. · 

Cne~yeT OTMeTRTh, 'ITO Bwnp•MHTenR Tana BAK xa
paKTepH3YJOTC. 6onhWOB aYDnHTy~oi nynhca~Hi TOKa, 3a· 
BHc•mei OT BenH'IHHW Harpy3KH. flpR npe~enhHWX Harpy3 • 
KaX 3TH nynhCa~HH COCTaBn.IOT BenR~HHY =- 5~. )l;n• HCKnJO· 
'leHH• nynhCHpOBaHH. BWBe~eHHOrO ny'IKa npOTOHOB H3 
ycxopRTen•, xax noxa3WB&IOT pac~eTw axcenTaHca KaHana, 
He06XO~MO nynhC~HH B CHCTeMe nHTaHH. OCHOBHOB 06· 
MOTKR yMeHhDIRTh ~0 BenR~HHW =- 0,5~. 

Pe3ynhTaTW HCnwTaHHB MaKeTa )J(ene3HO·TOKOBOB CeK· 
~R KaHana npaBe~eHw Ha puc. 4. KaK BH~Ho H3 pacyHKa, 
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.IUIJI pac'leTHoro ToKa i = 11000 A TeunepaTypa BOAW Ha 
BWXOAe /TO'IKa A puc. 3/ COCTaBnJieT BeJIB'IBHy t =64°C, 
DpB TeMDepaType BO'\W Ha BXOAe tr, = 20°C BDepeDaAe A&B· 
JieHBJI .., 3,0 KZ/CM .0>KliAaeMWe DOTepB Dy'IKa /== 25~/ 
Ha DJiaCTBHaX CeDTyMa DpBBeAYT KyBeJIB'IeHBIDDeperpesa 
BOAW Ha K&li(JlOi BeTBB OXn&liC,IleHBJI Ha BeJIB'IBHY ~ t"" l4°C, 
T.e. Te~mepaTypa BOAW Ha BWXOAe B 3TBX YCHOBBJIX pa60TW 
KaHana He AOJDKBa npeswma T:& = 80° C. fipa yseJIB'IeHBB 
nepeDaAa AaBJieHBJI MaKCBMaJI:&HaJI TeMDepaTypa OXJia)l(,llaiO· 
Uleii BOAW MO)KeT 6WT:b CHB)KeHa. 

', 

461xot7Hall 
'tatmb teKl(UU 

0 Q.1) 0 

tl, 
0 aoD@ 

Puc. 3. CxeMa ocHoeHou ooMo•Ku u nonepe'IHWe ce'leHu.R 
exoc)Hou u Bbrxoc)Hou 'lac•u MaKe•a xeAeaHo- •oKoeou ceK
IIUU KOHOAa. 

Pac11eT CBJI, AeicTBYJOIIlBX Ha :JJieMeHTW uaKeTa)KeJie3· 
HO·TOKOBOB CeKnBB KaHana, DpOBOABJICJI C DOMOIIlltiO npo· 
rpauuw FORCES, B KoTopoii: CAeJiaHw cJieAYIOIIlBe AODy
llleHuJI: 

7 



1/ o6'1oeMH:Wi TOKOB:Wi DpOBO,QHBK KOHe'IJIO:i ,llJIBH:W npe.Q· 

CTaBnJieTCJI CBCTeMOi nBHeiH:WX DpOBO,QHBKOB 6eCKOHe'IHOi 

,QnBH:W; 

2/ lbeppoMarHBTH:W:i 6pyCOK npe.QCTaBnJieTCJI paBHO • 

yepHO HaMarHB'IeHH:WM B 3aMeHJieTCJI nBHeiH:WMB DpOBO,Q• 

HBKaMB, paCDOnO)I(eHH:WMB Ha ero 60KOB:WX DOBepXHOCTJIX, 

DpB 3TOM CYMMapH:Wi TOK B:W'IBCnJieTCJI DO c)opMyne /4/ 

Nl = 10 bM, 

r.Qe b- s:wcoTa B CM, a M- HaMarHB'IeHHOCTL I 3/ c)eppo

MarHBTHOro' 6pyCKa; 

3/ 3neMeHT:W KaHana HaXO,QJITCJI BO BHeDIHeM MarHBTHOM 

none C DOCTOJIHH:WM rpa.QBeHTOM. 

p 
(Kim) 

fOO ~
1/ 

(' (6) 

(! (0 

sot sots 

0 

lJ 

5 fO L (KA) 

Puc. 4. llaf>eHue HanpAJICeHuJI, 6biOeAJieMaJI MOU#Hoc•r. u lleM
nepa•ypa OX.IIOJICOOIOUieiJ 600bl Ha 6biX00e 6 306UCUMOCIIU 0111 
1110KO 6 OCH06HOU 06M0111Ke KOHO.IIa. 

MarHHTHoe none B MecTe pacnonmKeHHJI Ka)I(.Qoro TOKo

soro 3neMeHTa pacc'IHTLJBaeTcJI no cne.QYIOUUIM swpa*e
HHJIM: 

8 

I I . 

j li y i- y j 
H = -~- 2 2 

x 211 (x 1 -xJ) +(Yi-YJ) 

. I i 
Hl= ~-

Xi- X j 

y 277 2 2 (x1 - xj) +(y1 -yj) 

r.Qe 11 - TOKB naHeiH:wx npoBO.QH~KoB; x 
1 

, y 
1 

- Koop

.QBHaTw nBHeiHLIX npoBO.QHBKoB; H~ a H~ - KOMnoHeHT:W 

MarHHTHoro nonJI B MecTe pacnono)l(eHaJI j - ro nposo.Q

HBKa. 

Can:w, .QeicTBYJOUUie Ha e.QHHBilY .QnBHLI J -ro nposo.QHa

JCa, HaXO,QJITCJI no c)opMynaM: 

FJ = I ( HJ + H J ) 
X j y yO ' 

j j j 
F Y = I J ( Hx + 1\o) , 

r.Qe Hxo a H yO - KOMnoHeHT:W BHemHero non.11 B MecTe 

pacnono*eHHJI j - ro :JneMeHTa. 

Ha puc. 5 noKa3aHo nonepe'IHOe ce'leHae BXO.QHoi 'laCTB 

KaHana a pac'leTH:we seKTop:w can .QnJI ToKoB:wx a c)eppo

MarHBTH:Wx :JneMeHTOB. 3TH .QauH:we nony'leH:w .QnJI BHe~ero 
yarHBTHoro nonJI H0 = 16400 3 c rpa.QaeHTOM ~1!. = 

dx 
= 170 3/CM B BenB'IBHaMH TOKa B OCHOBHOi B KOppeKTBpyro· 

lllei 06MOTKaX, COOTBeTCTBeHHO paBH:WMH 11000 B 3100A. 
Ha 3TOM *e pacyHKe npase,AeHo He pa6o11ee nono)l(eHae 

c)eppOMarHBTHOB nnaCTHH:W /nyHKTHp/. 

OueHO'IH:We pac'leTLJ Ha npo'IHOCTL :JneMeHTOB *ene 3HO

TOKOBOi CeiCilBB noKa3ana: 

1/ npOBO,QHHKH TOHKOB 'laCTH nnaCTHH:W cenTyMa B MeCTe 

KpenneHHJI ee K OCHOBaHHIO ,lOn)I(HLJ 6:WTL CBapeH:W Henpe • 

pwBH:WM msoM; npa 3TOM, MaKCHMam.H:wii: npora6 cenTyMa 

6y.QeT COCTaBnJITL 0,014 MM; 

2/ c)eppoMarHBTHaJI nnacTHHa npa noroHHOi Harpy3Ke 

q = 12 KZ/CM ,lOll)I(Ha 6LJTL ycaneHa .QBYMJI pe6paMH )l(eCT· 

KOCTH C TeM, 'IT06:W He .QOnyCTHTL H3rH6a ee no ,lnBHe. 

.nnJI onpe,QeneHHJI TO'IHOCTH B:WnOnHeHH:WX paC'IeTOB 

6:WnH npoBe,QeHLJ 3KCnepHMeHTLI, B KOTOp:WX MeTO,QOM lipBHe • 

9 



n• H3Mep•nac& canw, AeicTByw~e Ha ~eppoMarHHTHwe 
nnacTHHw so BHewHeM none. CpasHeHHe nony'leHHwxpe3yn&
TaToB noKa3WBaeT, 'ITO TO'IHOCTb paC'IeTa MeXaHH'IeCKHX CBn 
An• pa3nB'IHWX KOH~Hrypa~i nnaCTHH COCTasn•eT 110+ 
+301~. H3MepeHH• MarHHTHoro non• MaKeTa>Kene3HO·ToKo
soii CeKitHH KaHana npOBOAHnBCb B 3a3ope 3neKTpOMarHHTa 
CII-57 I ¢ 0 = 115 c..w, 2h 3 = 15,4 c..wl AaT'IHKaMH Xonna 

dHo _2 dH _ 
c TO'IHOCT&IO -H"' 1 ·10 BHYTPH H T == 1· 10 3 BHe 

KaHana. :nccnepHMeHT swnomunc• npa HHAYKitHH BHeWHero 
non• Bo = 15000 rc, T.e. npH 3Ha'leHHH, 6nB3KOM K Bena
'IHHe non• YCTaHOBKH "cJ)" B 30He BWBOAa. 

~6 
~ 

150 

~ 

~~~Q·~ 

r· 
tfJ r// 

e>;<]{e~~ 

Puc. 5. Pacnpeoe11enue ycu11uii na 311e..wen111ax Jtte/le3no- •o
Koeou ceKf4UU Kana11a. 

10 

\, 

Pe3yn&TaTw 3KcnepHMeHTan&uoro MOAenaposaHa• npa
BeAeHw Ha puc. 6,7. KpHBWe 1 puc. 6 COOTBeTCTBYIDT BW· 
6paHHWM 3Ha'leHH.M TOKOB B OCHOBHOi H KOppeKTHPYIDIItei 
o6MOTKax ceKitHH /1/ An• ycTaHOBKB "If>" I I = 11000 A/, 
I = 3100 A/. 3Ha'IBTen&awe B03MYIIteHa• non• s6na3B cen
TyMa I= 100 +300 31 o6ycnosneHW HeCOOTBeTCTBBeM 
3a3opos Me)I(Ay noniOcaMB B pac'leTe I 2h3 = 30 c..wl a 
B 3KcnepaMeHTe I 2h 3 = 15,4 c..wl. HaBny'IWBe pe3yn&TaTw 
IKPBBWe 21 no WBMMBpOBaHBIO B03MYIIteHBi non•, BHOCHMOrO 
KaHanOM, nOny'leHW npB 3Ha'leHa•x TOKa B 06MOTKaX I = 
= 8500 A B I = 2000 A, sw6paHHWX pac'leTHWM cnoco6oM. 

~ 
300 

Xz20CM 

-JBDO 

-3900~ .... ~ .... 

Hz 
(3) 

200 

-so 

50 j(lfl'f} 

Puc. 6. Pacnpeoe11enue no11.11 011.11 cpeonux ce'lenuu exoonou 
U 6bJXOOHOU 'lQC111U MaKe111a CeKf4UU KaHa/la. 

BHAHO, 'ITO senH'IBHW HeoTWBMMHposaHHoro non• H ero 
rpaAHeHTa B o6naCTB ~PKYnBPYIDillero ny'IKa COOTBeTCTBeH· 

ddH 
HO pasuw dH "'20 3 B --== 30 3/c..w I y = 0,3 c..wl 

dy 

II 

I ______________________ _ 



dAH 
AJIJI BXO,llBOi 'laCTB B AH "'25 3, ---"' 10 3/CM I y = 

dy 

= 2,0 cM/ AJIJI swxo,llBoi 'laCTB ceKUBB. Kpuswe 3 xapaKTe
PB3YIOT pac'leTuoe pacnpe,lleneuue nonJI AJIJI sw6pauuwx 
TOICOB. 

Pacnpe,lleneuue MaruuTuoro nonJI s o6nacTB UIBMMBposa
BBJI B,llOnL ,llnBBW *ene3BO·TOICOBOi CeiCUBB DpBBe,lleBO Ba 
puc. 7. Ilpu pacnono*eBBB c)eppoMarBBTBoi nnacTBBW, 
ICaiC noiCa3auo ua cxeMe, ua sxo.Qe s ceKUBIO ua6nro,llaeTCJI 
oTpuu;aTem.Hwi sw6poc nonJI senB'IBHoi "' 600 3 B npOTJI· 
)l(eHHOCT~ 14 CM /KpBBaJI 1/. C Y.ll&neHBeM OT cenTyMa 
senu'IBHW oTpuu;aTem.uoro sw6poca nonJI u ero rpa,llBeHTa 
yMeHJ.WaiOTCJI u ua paccTOJIHBB y = 9 CM, A H ... 0 u dAH ...0 . 

dy 
Ou;eHICa B03M}'ID:eHBi DOnJI, BHOCBMWX ICaH&nOB, C,llenaH· 

HaJI B pa6oTe /'5/, DOICa3ana BX He3Ha'IBTenJ.BOe BnBJIHBe Ha 
npou:ecc paciCa'IICB. 

3AKJIJOqBHHB 

B pa6oTe B3no)l(eHwpe3ynJ.TaTw uccne,llos&HBJI MaKeTa 
*ene3HO·TOICOBOi CeiCU:BB KaHana, a BMeHHO: 

1/ sw6paua cxeMa oxn~eHBJI, ICOTopaJI no3sonJleT 
npBMeHBT:b OTHOCBTenJ.HODpOCTYIOTeXHOnOrBIOB3rOTOBne· 
HBJI TOKOBWX 3neMeHTOB CeKU:BH; 

2/ DOICa3aHO xopomee COBDa,lleHBi pac'leTHWX B 3KCne • 
puMeHTanJ.HWX pacnpe,lleneaui MarHBTHWX nonei OT KaHana; 

3/ uccne,lloBaHa B03MO*HOCTJ. ucnpasneHBJI B03M)'ID:eHBii 
MarHBTHOrO DOnJI nyTeM nepepacnpe,ll&neHBJI TOKOB B OCHOB· 
HOB B KOppeKTBp)'IOiu;eB 06MOTKaX; 

4/ swnonueH pac'leT ycunuii aa 3neMeHTW *ene3Ho·To
Kosoro KaHana; 

5/ onpe,lleneaw TexHB'IeCKBe B 3KcnnyaTaU:BOHHwe xa
paKTepucTBKB CeKU:HB. 

B 3aKnro'leHue asTopw 6naro,llapJIT CI».E.ryrHBHa, 
B.B.AxMaaosa 3a HacTpoiiKy cucTeMw naTaHBJI, E.B.CaM
coaosa 3a noMOID:h s npose,lleHBH pac'leToB aa 3BM. 

12 

( tpeppoMa2HumHaR nAatmuHa ( 

-to ~CII) 

100 !/(1111) 

X•O 
" " " - pac'fem 

-600 

Puc. 7. Pacnpe()eAeHue MaZHUIIHozo noA.R e o6Aac•u JUUMMu
poeaHu.R e()OAb ()AUHW JlteAe3HO· JIOK060U CeKfiUU KOHaAa. 
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r--~ PyKODBCit DOCTYDBna B B3A&TeJIItCKB:I OTAeJI 
7 asrycTa 1975 roAa. 

HeT RH npo6eROB s Bawei 6H6RHOTeKe? 
8bl MOJKeTe DOJIYQHTb no DOQTe nepeQHCJieHHble HHlKe KHHrH, 

eCJIH OHM He 6biJIH 38K838Hbl paHee. 

16-4888 

,ni-5969 

,n-6004 

,ni0-6142 

,ni3-6210 

,ni-6349 

.n-6465 

P2-6762 

.n-6840 

13 - 7154 
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