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1. BBB,l{BHHB 
' . 

CBepxnpOBO,IJ;.H~He BLIKJilO'IaTeJIH /CB/ · npe,D;CTaBJI.HIOT 

co6oii 6e3HH,IJ;YKTHBHYIO o6MOTKy, CHa6>KeHHyiO YCTpOHCTBOM 

ynpaBJieHH.H, KOTOpoe nepeBO,IJ;HT ee H3_ CBepxnpOBO,IJ;.H~ei'O 

B HOpMaJibHOe COCTO.HHHe •. CB HCfiOJib3YIOTC.H ,IJ;JI.H BLIBO,IJ;a 

:mepi'HH H3 HH,IJ;YKTHBHLIX ·HaKOfiHTeJieH H · aBapHHHOI'O y ,n;an:e

HH.H ee H3 cBepxnpoBo.zi.H~J(- Mai'HHTOB /CM/ /puc. 1/. · 
_' B CB.H3H c ycneumLIM pa3BHTiieM pa6oTnoHH.n;yKTHBHLIM. 

HaKOfiHTeJI.HM B p.H,D;e CTpaH npHCTynHJIH K C03,IJ;aHHIO MHOI'O· 

aMnepHbiX 6blcTpo'.u;eiicTByro~x CB. Bo cl>paHUHH /l I uccne

.u;ye'ic.R pa6oTa pa3JIH'IHLIX BLIKJIIQ'IaTeneii, B TOM 'IHCJie CB 

C Mai'HHTHLIM ynpaBJieHHeM, C fiOMO~biO KOTOpOI'O MO>KHO 

OKaH'IHBaTb pa3p.H,D;KY HaKOfiHTeJI.H B JII060H MOMeHT BpeMe· 

HH. IlpHMeHeHa nJieHKa H3 CBHH~OBO-BHCMYTOBOI'O CnJiaBa. 

B ci>Pr /2/ Ha'laTa pa3pa60TKa CBepxnpOBO,IJ;.H~HX HaKOfiHTe

JieH c BbiK.mo''laTeJI.HMH. TennoBoro ynpaBJieHH.H. HcnLITLIBa-

IOTC.H cne.u;yro~ileMaTepuanw: Nb3 Sn , V3 Ga ,NbN 
NbTi B BH,IJ;e JieHTbl H TOHKHX >KHJI. B ClliA / 3 / nocTpoe-

Hbl BblKJIIO'IaTeJIH C 3JieKTpH'Ie CKHM H Mai'HHTHLIM ynpaBJie

HHeM. HcnoJib30BaH npoBo.n; c HHo6uii-THTaHOBLIMH >KHJiaMH, 

3aKJIIO'IeHHbiMH B Me,n;Ho-HHKeJieByro MaTpH~y. KpHTH'IeCKHH 

TOK BLIKJIIO'IaTeJI.H paBeH 0,8 KA, Hanp.H>KeHHe 3Baxya:uuu_-

1 KB. 
B xpuoreHHOM oT.n;ene JIB3 OHJIH Be.n;yTc.H pa6oTLI no 

co3.n;aHHIO CB, npe.u;Ha3HaqeHHLIX ,IJ;JI.H o6ecne'leHH.H asapuiiHoii. 

3Baxya~HH 3HeprHH. H3 CM nocTO.HHHoro. H HMnyJibCHOI'O TOKa 

. cunoii B 2 .;- 3 KA npu · iianpg)KeHHH nop.H.u;Ka 1 · KB. ,l(n.H uccne

.n;oBaHH.H pa6o±w- CB H3I'OTOBJieHa Mo,n;eJib, B KOTopoii npH;. 

MeHeHLI. >KHJILI H3 HH06HH-THTaHOBOI'O CnJiaBa, 3aKJIIO'IeHHLie 

B 3nOKCH,IJ;HblH :KoMnayH.n;. . · · 
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Puc. 1. Cxei.ta' numanu.R u 3UUIU11ibz C6epxnpo600JIUIUX t.iazuu-
11106 c noMOUib10 C6epxnpo6oO.RtJ1ezo 6b1Kil104amell.R. 1 ;. 6bl~. 
Kll10'·1amellb; 2 - Mazuum; · 3.' - Kpuocmam c xuoKuM zeAUeM; 

: .4 - ycmpoiicm6o 3A.eKmponiimauu.R; 5- 6/loK ynpa61leHUJI 6bi'"' 
Kliw'lameAeM;- 6 ·- zacume/lbHoe corzpomu6Aenue; 7 - oam'lut< 
nepe;x_ooa MU2HU1iza 6 HO!JMU/l~:HOe COCmOJIHUe.. , . . 

,:<. 

B. HaCTOHI!leii CTaTbe paCCMOTpeHbl HeKOTOpble npo6~e--
"-.',MLI, B03HHKaiOI!lHe npu ·npo~'icrilpoaaHHH CB, H cnoco6LI B:x 

perueuus, · npuMeHeHHJde B ·• Mo.nenu. · )J;auo onucauue KoHcT
PYKUHH Mo.zienu; CTeH,na ,nng ee HCnbiTaHHH H npHBe~eHLI 3KC-
nepHMeHTanLHLie pe3ynLTaTLI. . . 

·4 

" 

'· ~-

I 
J .. ,~ 

~ ! 
I 
I 

ll 

~, 

. I 
,J 

'-~ 
I 
I 

,· 

'tj. 
,tj 

:I 
:I: 
;I 

~1 
• I 
,J_ ·.) 

·.:. 

' 

~; ~ 

~ . 

I 
i 

l 

2. HEKOTOPME BOHPOCM:KOHCTPYHPOBAHHJI 
CB#!'XllPOBOJPIII(~. !JMKJIIOTMTEJIER 

2.1. Cnoco6bl yn'pa6AeHu.R.eb1Kil10'lamelleM 

H3BeCTIW TPH cnoco6a OCYJUeCTBneHHS nponecca ne~ 
· pe:Bo.na BbiKniO'IaTens u3 · caepxnpoao.nxl!lero· B uopManLiiOe 
COCTOJIHHe. ·. . . - . . . . . . . . . . 

1. Ynpaaneuue c n~MOI!lbiO aue~ero· Mar:Hu'ruoro nonJI 
uanpJI:)IceH:uocTLIOH> He. ·;Mai'~HTHLiii cnoco6/: . .· 

2. Ynpaaneuue c ~oMOI!lLIO B::MnynLca .nononHHTefu.uoro 
. TOKa nJ:roT_HOCTbiD j > j c /3Jiei(TpH'IeCKHH cnoco6i. 

3. HarpeD BbiKniO'IaTenJI .no Te:MnepaTypbl T > Tc /Teri-
noaoii cnoco6/. · · · 

PaccMoTpHM. npeuM}'mecT~ ~ :He.nocTaTKH 3Tilx'cnoco-
6 

.. ·• . . ·, 
OB. 

YnpaaneHHe . c noMOI!lbiO MarHHTHoro nonJI CBH3aHo c 
HaH60nbii:m:MII TPY~HOCTnfH, ·oco6eHHO np~ 'lieo6XO,IUIMOCTH 
o6e.cne'IHTL KOP9TKoe :BpeMJI · . ,nepeBo.Aa BbiKnro_qaTeiui -B 
HOpManbHOe COCTOHHHe: 3,necb Tpe6yiOTCH MaTepHan:c HH3· 

.KHM He H Manouu.nyKTHBHas o6MoT1ca, co3.narol!l~U :MarHHT
uoe none'. 3Ta o6MOTKa 3aHHMaeT. 3Ha:'IHTenLHyro qaCTb 
o6'be:Ma BbiKnro'laTens. HH3Koe 3Ha'l~·l1He H c npensTCTByeT 
pa3Mel!leHH19 TaKoro CB B pacceJIBHOM MarHHTHOM none. 
IlpeHMYI!leCTBO 3TOrO cnoco6a COCTOHT.B OTCYTCTBHHiiepBo
Ha'lanLHOrO uarpeaa BbiKniO'IaTenJI. 0.AHaKo B03Mo~eu.ua
rpeB BbiKniO'IaTenJI 3a BpeMJJ:)UIHTenLH()H 3BaKyaUHH 3Hep-

rHH. . .. . :. . _ . . , . ·.. . .:· 
3neKTPH'IeCKHii cnoco6 Mo~eT 6LITL OCYJUe.cTaneunyTeM 

pa3p'sl.na q~pe3 BbiKJI_IO'IaTenL 6aTapea Kou.neucaJ-opoa.'BpeMH 
•• - ·-·- ~ -. # • • •• • • 

nepeKniO'IeHHH H3 CBepxnpOBO):(HI!lero B HOpManbHOe COCTOJI· 
HHe npu ~noM ~.:i~Hb M_ano. O.nuaKo npH ~e.nocTaToquo BLICoKilx 
uanpJI~eH~sx· ynpaBnHIOI!lero HMnynLca BbiKniO'IaT~nL_ nepe_
XO.AHT B HOpManLHOe COCTOHHHe 'laCTH'IHO, 'ITO yMeHbiiiaeT 
3tllWeKTHBHOCTb BbiBO):(a. )J;_ng nonuoro nepexo.na iH~06XO,AHMO 
npHMeHHTb KOH):(eHCaTOpbl C Hanpg~eHHeMB HeCKOnbKOKHno·
BOnbT. B pa6oTe 131 3KcnepHMeHTan;~uo ycTauoaneu~, 'ITO 
HanpJI~eHHe, nonHOCTbiO nepeBO):(HI!lee BbiKniO'IaTenb'B HOp.-. 
ManLHOe COCTOHHHe, npu6nH3HTenbHO paB:HO npOH3Be,neHHIO 
KpHTH'IecKoro . ToKa BbiKniO'IaTens .· ua ero conpoTHBneuHe 
B Hop:r:fanLHOM COCTOHHHH, T .e. U ::: I c··. R~. . 
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IIO~B:BAHMOMY, HaH6onee ripOCT:biM JIBnJieTCJI TeWIOBOH 
CllOCOO. IlpH HH3KHX TeMnepaTypaX TennoeMicOCTL MaTepHa
nOB CB BecLMa Mana, H Tpe6yeTCJI ue6onLmaJI nop~JI ::mep
rHH, BBO,nHMOH C llOMOIIU>IO Harpe:Ba.TenJI, 'IT06LI HarpeTL 
BLIKJiio'laTenL BLIWe TeMnepaTypw nepexo.D;a. ,IJ;nJI nHTaHHJI 
Harpesal'enJI Mory·T 6LITL npH:MeueHLi: cpaBHHTeJILHO /c Ie I 
MaJILie TOKH H HH3KH·e uanpJI)KeHHJI. HaH6onee TPYroiLIM Bon
pocoM, oco6eHHo npH swcoox uanpJI)KeHHJIX · 3BaKyalUIH H 
M8.nw:x BpeMeuax nepe:Kino'leHHJI, JIBn1IeTCJI o6ecne'leHHe 
3neKTpH'IeCKOH H30nJI~HH Me)IC.IJ;y CBepxnpOBOroiHKOM H Ha
rpesaTeneM. 3TO 06'LJICHJieTCJI TeM, 'ITO.D;JIJI OCymeCTBJieHHJI 

6LicTporo uarpeBa cBepxnpoBOroiHKa paccTOJIHJie Me~y HHM 
H HarpeBaTeneM .D;OJI)ICHO 6LITL MHHHManLHLIM, :<ITO npHBO.D;HT 
K B03MO)ICHOCTH npo6og' H30nJI~H BO BpeMJI 3BaKyalUIH 
3HeprHH. 

IlocKonLKY pa6oTLI Ha.D; CB Ha'laTLI He.D;aBHo H Be.D;yTcJI 
orpaHH'IeHHLIM KpyrOM HCCne.D;OBaTeneii, OKOH'IaTeJILHOe pe
meHHe Bonpoca o npHMeHHMOCTH Toro liJm HHoro cnoco6a 
JIBnJieTcJI .D;enoM 6y.D;yll\ero. 

C.D;enaeM o~eHKY BeJIH'IHHLI 3HeprHH We , ueo6xoroiMOii 
.D;JIJI HarpeBa BLIKJIIO'IaTenJI .D;O KpHTH'IeCKOH TeMnepaTypLI 

Te 
We= f rnC.dT, 

TB 
/1/ 

r.D;e ~a - TeMnepaTypa BaHHLI /4,2 K /; rn- 34JclleKTHBHaJI 
MaCca BLIKJIIO'IaTenJI; C - y,IJ;enLHaJI TennoeMKOCTL BLIKJIIO
'IaTenJI. 

B o6nacTH OT 4,2 .D;O Te- = 10 K y.D;enLHLie Tenno-
eMKOCTH HH06Hii-THTaHOBLIX cnnaBOB H 3llOKCH.D;HLIX CMOn 
6nH3KH ·Me)IC.IJ;y co6oii H nponop~ouanL'HLI KBa.D;paTy TeMne
paTypLI I 4-6/ 

2 
C- C 0T . 

. . -5 . 
C 0 = 3 ·10 ·J(x/z .zpao 

Cne.D;oBaTeJILHO, nocne HHTerpHpoBaHHJI · 

.3 3 

. Te -TB c o<Yca We=- 3 · . V CB + y 9 • V 9 ) _" 

6-
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/3/ 
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3.D;ecL: Te - TeMnepaTypa nepexo.D;a npH 1=0 ; C 0 ~.nocTo
JIHHaJI TennoeMKOCTH; . y CB-. y,IJ;em»HLIH J.leC CBepxnpOBO.D;HH
Ka; y9 - y.D;eJILHLiii Bee 3noKc:BAa; \be- o6'LeM cBepxnpo
BO.D;HHKa. B BYKmo'laTene; _V 9 .- o6'LeM 3nOKCH.D;a, BocnpHHH- · 
MaiOII\Hii qacTL Tenna B ua'lalle HMnynLcuoro uarpesa. 

. 06'LeM _3:iJ:OKC:BAa 3aBHCHT OT reOMeTpH'IeCKHX WaXTOpOB 
H OT. ero 3neKTPH'IeCKOH npo~OCTJf, oco6eHHO .D;JIJI BLICOKO:" 
BOnLTHLIX. BLIKJIIO'IaTeneii. Ilo H3MepeHHJIM, npoBe.D;eHHWM 
B KPHOreHHOM OT.D;ene. HH)KeHepoM H.r ~Al11111\eHKO, .D;JIJI CMOnLI-. 
3,lJ;-6+20~,ZJ;3r-1 C xono.D;HLIM OTBep,nHTeneM MTrfi»A HHa
llOJIHHTeneM B BRAe KBap~eBoro nec:icaE=_32 KB/MM. Oqe
B:BAHO, 'ITO TaKaJI npo'IHOCTL JIBJIJieTCJI Bnonue y.D;oBneTBo
piiTenLHoii npH H3~0TOBneHHH BLIKJIIO'IaTe~ii Ha Hanpg)KeHHe 

1 KB. . ... .. . 

Ko341cll~HeHT :ianonHeHHJI. 

VCB /4/ 
Ks 

VCB + v 9 

T3 -T3 
e B 

3 

· Ya - 1 . 
. v . [ 1 + -· ( - - 1)] . 

ca · Yea Ks 
/5/ 

• Co•Y CB w 
e 

/4-6/ . 3 3 
ITo .D;aHHLIM y9 = 1,44 z/cM , Yca=5,6 z/cM 
B MO.D;eJILHOM BLIKJIIO'IaTene K3 ·:: 0,03 + 0,05. 

. we . . 3 . . . . 3 
-V = {2+ 3):fe· C 0 • y ca :::: 0,3 + 0,4 )lx/c~. /6/ 

CB .. 

B npHHIUllle, .D;nJI HHHIUIRPOBaHHJI Ha'lana nepexo.D;a BLI~. 
KJIIO'IaTenJI B HOpMaJILHOe COCTOJIHHe .D;OCTaTO'IHa MeHLWaJI, 
'leM We , 3HeprHJI W n , . KOTopaJI llarpesaeT BLIKJIIO'IaTenL .D;O. 
TeMnepaTypw nepexo.D;a :rn (I). O.D;HaKo npH noJI:BneHHH 
nepBLIX HOpMaJILHLIX 30H Ha'IHHaeTCJI .D;eneHHe TOKa Me)IC.IJ;y 
BLIKJIIO'IaTeneM H .raCHTenLHLIM COllpOTHBJieHHeM, H MOryT 
C03.D;aTLCJI ycnOBHJI, KOr.D;a HOBLie HOpMaJILHLie .30HLI He 
noJIBJITCJI. O.D;HoBpeMeHHO · c yYeHLmeuileM ToKa qepe3 BLI-. 
KJIIO'IaTenL CHH)KaeTCJI CKOpOCTL pacnpoCTpaHeHHJI llOJIBHB
WHXCJI uopManLHLIX 30H. B pe3ynLTaTe 3THX JIBneu:Bii BLI
KJIIO'IaTenL nepeXO,nHT B HOpMaJILHOe COCTOJIHHe He non-
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HOCTLIO HJIH C 3ano·3~aHHeM,. H 3clxlJeKTHBHoC,:r:b· 3Baicyal(HH 
3HeprHH na~aeT. 

2;2. BbJ6op MamepuaAo6 . . -~ · •. 

~ns nonyqeHHB aLicoxoii 3clxlJeKTHBHOCTH .BhiBo~a 3Hep
rHH H3 _CM c. no:MoJllLIO CB 6onLmoe' 3HaqeHHe Ht4eeT aLi6op 
caepxnpoao.I(s'mero. MaTepHana. Ko3clxlJ~HeHT none3uoro 
~e:iicTBHs BLixmoqa 1-e.iis . 

Wa 
1 .. -, 

1J = . - WL /7/ 

W B· - , 3HeprHB, . KOTOpag . TepBeTCJI B BLIKnJOqaTene; W L-
3HeprHB, 3anaceHHas B MarHHTe. 

~ns ~eanLHoro BLIKnroqaTens, TO ecTL BLIKnJOqaTens, 
. MrHOBeiiHO nepexo~BJllero B HOpManLHOe COCTOJIHHe, ·np:li 
OTCYTCTBHH noTepL 3HeprHH B 06MOTKe MarHHTa H KpHo
CTaTe: · 

Wa 1 
WL = _1_+_R_a--:-/-R_r_a_c /8/ 

RB - COnpOTHBlleHHe BLIKJUOqaTenR B HOpMallLHOM COCTOJI-
HHH; R rae- aenHqHHa rac~ITenLHoro c onpoTHBneHHH. 

06'LeM HY)KHOro ~ns BLixnroqaTens caepxnpoao~smero 
MaTepHana MO)KHO BLiqHCIDITL C fiOMOJllLIO_ liJopMyn /7/H/8/. 

V == UIVl • lc 
CB I . . 2 

lc •p• Jc 

1J 
/9/ 

(1-TJ ) 

U M . - MaKCHManLHOe Hanpg)KeHHe 3aaKyal(HH; 1 - HOMH
HanLHLIH · Tox'; . I c - KpHTHqe'cx:Hii Tox; p - y~enLHoe co
npoT:HaneHHe caepxnpoao~BJllero MaTepHana ·npH 'i"End:nepa.;.' 
Type; ·He HaMHoro npeaLimaroJlleii KJ>HTHqecx'Yro; j c - .· xpH
THlJecxas nrioTH.oCTL Toi<:a a caepxnpoBO.AHHKe. 

Ba:>f<Hoii xapaicTepHCTHKoii ·cB sanseTcs npoH3Be~eHHe 
p j' . H3 MaTepHana, HMeloJllero MaKCHMallLHOe 3Ha'ieHile 

c . ' .· . . .. . . . .. . . 
3TOrO npOH3Be~eHHJI, MO)KHO H3rOTOBHTL 'BLIKllJOqaTenL C 
MHHHMimLHLIM :KoJIHqecTaou :'c:Bepxnposo~BJllero Ma TepHami.; 
EcTeCTBeHH·o; qTo TaKoii BLIKJUOqaTenL 6y~eT o6na~aTL·. 
cpaimHTenLHO ile6onLllmMH pa3:MepaMH, · H : nerqe 6y~ei-

a·· 

I. 
l 
' 

·j 

!. 
r' 
I . I 

'I 
'~~ { 

I 

I 
,I ! 

. ~ 

. ' 

l 
.I 
•\ 

r 
•• 

'I 
l 
I. 

I .. 
I , 

I 

·'f. 

-'t 
:,.._ · .... 

. -;. 

-;-~ 

... 
9·ie c1W-J·. 

!I 1 II II , I I I II Ill II I II II 
'. 

~:;; 

"--l~.z· 
111 

1J 
~ 3 1-~ N..K .>,_.;'!'' 

-~ 
8 

' I .H .. 
z .. 
; 
48 

4' f 
4+ , L' 

liZ 

" ~"' '\l ·.I . .11'1:'1'< 
""" "" 

"""' 
.~.-

1\ 

.,._ 

1!11 I I Ill .I 1. Ill ... I I . I N\ I I 11-1 
Cit ,-44Z ./lllt-/lll'f/11~ , 42 II+ /161181 ' Z · + 6 HI . 11 . t0 II II Ill. . . . . . . ·:.. - ,: ' .. ' . --.. H CKJJ 

·~ .. 

Puc. 2. Ilpou36eOeHue p • j c;: KopomKux·o6pa3li06 c6epxnpo"-
6oOHUKa · 6 3Q6UCUMOC111U >olli Hanp.RXeHHOC111U :MaZHUliiHOZO, 
no.11.11. 1. Pb ·- 65~ Bi ; tflOAbZa moAUIUHOU 1-':-2 MKMIII.· 

.2. Nb-:z T~ ·.·. 6 JKUOKOM Z(?.(IUU. )/(U.IIbJ ouaMeme_oM 8 _MKM {9~.; 
-3. Nb-.Tt 6.JICUOKOM ze.11uu. )J(UAbJ 11 MKM/ I 4. Nb-50%Tt 

.. 6 JICUOKOM zeAuu.)J(uAbi. 65 MKM~ '5. Nb-5b%Ti- 6 nUliUUHe moil-. 
· UlliHoii •. ; 2 .W~. · )J(u/1,;, 65 MKM. 6. Nb:-"Ti -~ -~uoKoM ~ze.11~u~. 

)J(uAbJ ·'76 MKM /10/ . 7.- MooelibHbau· 6b1KAio'lameAb>ND-50%Ti 
XU.IIbl 65 MKM. 6 3noKcUOHOM ·ltoMnayHoe jma6.11.' 1/. · 

~. ·"•· . . .• -. . .. . . l}:· .-

'';";' .·:~ 
'::/." •. 

•:*~ •', 

OCYJlleCTBllJITL '· nepeao~ ero B HOpManLHOe COC;~~HHe. H~ 
puc~ 2. BH~Ho, .qTo HH06Hii-THTaH a BH~e oqeHL TOHKHX >Kun · 
/~aMeTpqM, ~ 10.M.KM/.:fi~JieTCJI::HaimyqmJi~ MaTepHa.SJoM,· 
oc'o6eHHO UpH Ha,JIHqHH pacceBHHLIX MarnH:rHLIX uone:ii, KaiC · 
3To .. HMeeT Mecl-o npH -c~aMec-rlioii _pa6oTe·., CB ·c· .. CM •. ; 

~ns onpe~eneHHB o()'he:Ma caMoro, BLixnroqaTens Heo6xo
~MO, :iHaTL. K03cWiHUHeiiT ·'3a~oJIHeHHJI. er.~ o6M~T:i<H c~epx-. ' 
npoB~AHH~OM .H Jc .. :o6:MoT~H.·H8.:-3'rH B~o~pocLI :Mo~eT;OTBe~ . 
THTL 'npaKTHKa icoHcTpyHpoaaHHs H HGnLITaHHs Mo~enLHLIX ' · ;,; · ·· 
c:B.: . . ..... :; :, '. : -· ·.. -, ··:< ~· .. / . : __ ,·. .·_ .. .. . . 
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Ta6AUfla 1:. IlapaMempbJ 8bJKIIIO'Ia1fleAJI 

CB~pxnposo,IJ;HRK·. · 
,lJ;JIHHa KOCLI' . 
~HCJIO napaJIJieJILHLIX )KHJI 

. -:: ,"1' B KOCe · ...... 

ConpoTBBJieHue BLIKJUO-.ia TenJI , 
BLIWe Tc' 

KpHTH'IeCKHii TOK 
~aiepuanHarpeBaTeneii 
ConpoTHBJieHHe ·HarpeBaTeJIJI; 
npe,D;Ha3Ha'leHHoro· ,IJ;JIJI-BBO,IJ;a 
TOKa :B MarHHT- , __ 
~OlllHOCTL HarpeBaTeJIJI- · npH 
BBO,IJ;e:TOKa B MarHHT 
ConpoTHBJieHHe HMnynLcHor.o 
HarpeBaTeJIJI 
3noKCH,IJ;HaJI CMOJia 
0TBep,D;HTem, '· _ 
HanonHHTeJIL /4011/o ·no Becy/ 
Cpe,D;HHH ,IJ;HaMeTp BLIKJIID'Ia
TeJIJI, 
TOJilllHHa X BLICOTa 
HHAYKTHBHOCTL MarHHTa 
KpHTH'IeCKHii TOK MarHHTa 
r aCHTeJILHOe ?OnpOTHBJieHHe 

~·:· HT..:so, <J 65 MKM 
450 CM 

361 * 

2,5 o.W 
920-A 

~-

KoHcTaHTaH, <} o, 12 MM 

,'65 OM 

0,6 Bm· 

100~_0M 
3)];-5 +10.0/o ,D;3r-1 
II3IIA .. _ 

nopow'oK HHT,pH,D;a 6opa 

22 CM 
0,8 X 2 :cM 2 

o 3 ·10~3 r , . . . _, 

4· 103 A -
0,1 OM 

Pe3yJILTaTw :B3MepeHHii npe,IJ;cTaBJieHLI :Ha puc. __ 4. -Ilo
BH,IJ;HMOMY, HMeeT · HeKoTopwii CMLICJI YAaileHHe M:e,u;H Ha 
y~acTK!Lx .u;nuHo~ MeHe_e 2 eM. O~HaKo npu -noM': ')'MeHLma
eTcH COUpOTHBJieHHe UpOBO,IJ;a, B HeJIL3H O:>KH,IJ;aTL cyltiecT
BeHHOrO· Y}JeJIH'IeHHJI pj c_ • KpoMe Toro, TpaBneHile ,KopoT
KHX yq·aciKoB CHJILHO ocno:>KHHeT--H3rOTOBJieHHe BLIKJno'laTe~~ 
JIH. _; 

_* 3aMe'laHHe: . Xuiiw HMeiDT _ o6pwall4; 3~e~TH.Imoe ce-
qeu~e OKono 60"/o. _· . . ;. . · -· 
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Puc. a: 3a6UCUMOC1flb naoeHUJI HanpJIJICeHUJI Olfl' CU/IbJ lflOKQ 
HQ KOpOittKOM o6pa3ije np0800Q OUaMelflpOM 0,5 MM npu
nepexooe ezo·,, B .HOpMQ/IbHOe COClflOJIHUe: )/(U/IbJ 65 MKM, 
nanpJixennocm~>';l.taznumHozo no11J1 H = 0 K3. _ -. 

'r.·. 

·I\' 
r_ fj t: -· 

Q8 

= 
t 

r '•' 

.,.,,1--

,.·, q&_ ..1 ~-'\--"<--:! 

Qf~~~~~~~~~~ 

. 0 

-o ·.2 • ' a· tJ, 12 t+-
: · L CC/fJ ·. 

'·Puc. 4. H3MeHenue · Kpumu..,ecKozo ·lfloKa KopomKux o6paaf/Of1 
·, np0800Q OUaMelflpOM 0,5 MM C 24 JICU.(lQMU 65 MKM 8 3Q8UCU
MOC1flU om oAUHM y'-lacmKa L, ·na komopoM yoaAeHa MeoHaJI 
. Mampuija~ I co - moK_ nCMHoz_o·:nepe~ooa o6pa3ijQ 8 HOPMQ/Ib
Hoe cocmoJIHUe. 1 - xuoKuu ze11uu; H = 0 K3. 2 -·_nUfiUUH, 
.H= 0 K3. 3' - JICUOKUii zeAuii, H = 10' K3. 4-~ nUijUUH, 
H =10 K3 • 

_,_; 
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DwKJIIO~aTenh-: B3rOTOBne:H B3 ·. npoBO,Ila ,llBaMeTpoM 
0,5 MM,·co,llep>lca~ero 19 )I(JIJI·iolaweipow 65 MKM B3 cnJiaB& 
BH06Bi: ;;_5o~·TBT8.Ha. OcBOBHWe naPa.:MeTpW BhiiOnO'IaTen.a: 
B CTeH,Il& ,llnJI ero BCDWTaHB~ ,llaHW B JlaM. 1. flpOBOJl B30nB· 
poBaH ~)'M.a: cno.a:MB. naBcalioBoro BonoK:Ha. Depe,ll uawoTKOi: 
npOBO,Il onycKaeTCJI Ba,.JlnHTem.HO~ BpeMJI B a30THyiOKJicno
Ty, npB 3TOM Me,llb BWTpaBnBBaeTCJI, a B30nJIUIIJI COXpaHJI• 
eTc.a:-/8/. ·· · · 

19 npo:Bo.lloB Jll1HHorono4,5 MKa)I(JlWi: cnn:eTaroTc.a: B Kocy, 
B KOTOpOi: npoBO,Ila TpaHCDOuHpOBaHW ,llnJI BWp&BHBBaHBJI BX 
BHJlYKTBBHOCTei: . B, "coOTBeTCTBeHHO, 6onee paBHOMepuoro 
pacnpe,lleneuu.a:" TpaucnopTuoro TOKa. Ha K8.)1(Jlyro B3 Tpex 
rpynn' npoBO,IlOB, COCTaBnJIIOIIVIX';.:Kocy~ HaBBTa npoBono:Ka 
uarpesaTen.a: JlJIBHOIO oKono · 6• M~· MaTepuan npo:BonoKB ·
KoucTaHTaii, ,llBa:Mei-p paBeu. o,12 MM~.Jipolio~oKB BKmo'leuw 
napannenhHO, npuqeM .Hx conpOTBBneHBe ·COCTaBnJieT npB· 
6nu3BTen~>uo ioo. OM~ lloBepx !Cocw uawoTaHBTopoi:uarpe- · 
BaTen:L /65 OM/; npeABa3Ha'leHHWH.!lnJI Me,llneHHoro uarpeBa 
. npB BBO.Ile ·ToKa · B · warHBT ~ Dapannen~>B:o BKniO'IeHH:i.u~ uarpe.;; 
BaTen:H BMeiOT conpoTBBneHBe ·4o··oM. Koca,·cocTo.a:~.a: B3 , 
CBepxnpoBOJlJIIIVIX xam B npOBO,IlOB uarpeBaTeJUI,. 6ucllun.a:pHO . 
yKna,llbiBaeTCJI B cllopMy B 3WMeTCJI 3DOKCB,IlHWM KOMnayH~ ~ 
JlOM. )J;n.a: yn}"iirieuua· oxnaJKJleHBJI :BwKniO'Ia'i'en.a: 86nu3B 
KOcw':pacnonaraiOT C maroM 10 MM nJiaCTBHKB B3 Me,llHOH 
cllonbrB TO~IIHOl 0,25 MM B WBPBHOH 5 MM. . 
llnacTBHKB ·ia 10.MM :BwcTynaiOT B3 · Teha Bi.ucnro'laTen.a:. 
3noKCB.Il npouuKaeT 11epe3 BonoKua naBcaua B 3auuwaeT 
MeCTO BbiTpaBneHHOH Me,llB~ ci»OTOrpacllBJI mnuclla ODbiTHOrO 
o6pa3na Kocw c npo:BonoKoi: uarpesaTen.a: ,llBaMeTpow 0,25MM 

noKa3aHa ua puc. 5. H3we.peHBe TeMDepaTypw BWKniO'IaTen.a: - . - . : 

Be,lle.Tc.a:· c nowo~biO yronbuoro ,llaT'IBKa, BMeiO~ero conpo-
TBBneuue. 100 OM /1/10 Bll/: ,l(aT'IBK pa3Me~eu B6nB3B 
KOCbl B 3a..JiBT 3DOKCIIJlOM BMeCTe C Hei:. 

4. HCIIMTATBJihHhlil CTBH.a 

Cxewa . cTeH,Ila, npe,llHa3Ha'leHHoro ,llnJI npoBe,lleHB.a: uc-. 
cne,lloBaHBi: CD, noKa3&Ha ua puc. 6. DwKniO'IaTenb 1, m)Jl-
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Puc. 5. Ofipaaef#. nponU.KU :iicUA 65 M KM U AQBCQHOBOZO BO·. 
AOKHa ·. 3nOKCU(YHbiM KOMnayHi)OM. B cepei)uHe npOBOAOKa 
Hazpeea•eAJI. · · · · · · ... .. . -

COe,llBHeHBWH. K KOHnaM MarHBTa 2, DOMe~eJi B reJDieBWH 
KpuocTaT 3 · ·BuyTpeHHBw ABaMeTpow 300 MM. Tole 3aBonT 
B MarHBT c riowouU.io BCTO'IHBKa miTauuJi 4 npu BKn:IO'IeHHoil 
uarpesaTene 5. Hoene ·oTKniO'IeHB.a:· uarpeBa. u"oxn~eHB.a: 
CD . l.LaruBT nepe:BoroiTc.a: B peuw 3awopolKeHHoro ToKa. 
H3wepeHBe HanpslKeHBOCTH MarHBTHOro non.a: oc~e~TBnJI ... 
eTca c nowo~biO ,llaT'IiiKa ·xonna. ,IJ;n.a:.yweubmeHB.a: ienno.;; 
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Puc. 6.~ CxeMa ','_cmeHoa o~~ · ~fpnblmcmuu ceepx~poeooJi111ux 
er.rK.mo'lameAeu • . r- er.rK;uo~am,e:~~r.~· ·2- - ,.MazHum, -·3 ~ _Kpuo
cmam c··x.uoKUM~·zeAue.M,-c4 --. ·ycmpoucmeo. 3AeKmponu111aHu.R,' · 
5· -. ijeiu~!; numaHu.R: ·Hazpe.eameA.Rj ,o6ecne~ir;,f!alorqezo eeoo. 
moKa e .WazHum, ,··~ ·-:- nyCKf?BOe · ycmporl_c;meo, ?. - t~enr. UM
nyAr.cHozo Ha~peeatlleA.R,,B.- ocl{UAAozpadi. 9-- .zacumeAr.Hoe 
conpomu·6/leliu'e.: .> •; _. · · . ·· . · •. -' · 

. \ '-·· ..,. ... , · .. 

>-' ":, 
~. ~ ... -

npuToxa B ~x:Hii remdi: npu-·pa6oTe ·u~ipesa.'Teneii,· CB 
no:Me'[QeH · nop, xomlax. H3 ·Tei<cTOJIHTa. ri:P:H HaJKaTHH 'Kiloni<H · 
Ha.'nyCKOBOM ycTpoAcTBe 6 npoHCXO)J.HT O)J.HOBpeMeHHoe <>T- . 
KphiTHe THPHCTOpa B . uemi HMUYJib.CHOrO uarileBaT,¢llii: . 7 . 
H BK.JriOqeHHe ocuurui()rpa~' 8, UOKa3LI~aromero HanpBlKeHHe . 
ua xoii:uax racuienLHoro conpoiininemui 9. ~ · · ·· 

· · HoMHHanLHwii Tox· ~i:.fKioo<Ia;e.n.a ~Be·u 0,8 xpiiiil'le.<:: 
cxoro. To:Ka::- 'l'axoe cooTHowemui· Mo:>KeT :o6ecne'IH'i'i. ua.tie:>K- · 
Hyio p~6ol-i :B-hlxill<>qa~~JIR B :K:Py~iloii c:Mc·~r- .. · ··- · · .. · , 

.. ' .:.~ ... ..... :..~~·-~,~·~'·-.' ~.; 
•::.,· 

16. 

.-·~S.·PE3YRb.TATMHCllhiTAHHH M0)1~1IH .. 

IlonyijeHid cnep,yroiiUie., OCH~>BHLie napaMeTp~ Mo.ne5ILHOro 
BwxJIIOqa-Te.iUI: xpinu.qecxuii ··Tole 920 A;-~ conpoTHBJieHHe 

'B HOp!-ia~bHO,¥ COCTQJiimH. ~p~·' .T; !e .... ~.- 2,5 0;... :·,: . 
3qxpeKT TpeHHPOBKH KPHTHqe ex oro To:Ka, ·. KaK 3TO. o6LI'IHO 

6wBaeT :0 nponuTaliHwx __ 3noxcup,oM ~o6MoTxax :MarHuToB, 
B MO,I:\eJii He ~a6mo'p,ancJI. IlpH :MHOr.OKpaTffi.xX UHKnax· Har
peD·- ,·oxna:>K.rieilue .c_onponiBJieHHe BwKJiroqa'TeJIR He :MeHJI
nocL: 3To CBHp,ei'eni;cTByeT o · TC)M; 'ITO :B 3ITOKCHP.HOM 
KOMnayHp,e He B03HHKaiOT :HanpJI~eHHR, KOTOplde MoryT npu-

. BeCTH.K o6pLIB~M :>KH.ri. . . . : . .. . • 

Bpe:Mi''oxna:>Kp,eHHJI Bwi<Jrio..J:aTen·a .I:\0 4,2 'I( nocne:.npe
xpa[QeHHJi pa6oiLI -HarpeBaTenH n·pu BBop,e 1-oxa B co.rieHoup, 
cocTa:BnJieT :Bcer.o 10 ceK. :;· 

Ocuu.iinorpaM::Ma · :{aB:Hc:HMoCTH tiap,e~JJ: ilanpJI)I{eimJI Ha 
xoHuaX· racuTen~Horo' cori:{>oTu~neHHJI Rfac .· oi' BpeM·e~u 
noxa3aHa Ha puc. 7. B · MoMeHT :BpeMe:H:H t=O · oTKpLIBaeicJI 
THpHCTOp H BKJIIO'laeTCJI OCUHJIJ10-':Pai}J. 3~ BpeMR 3ana3,!UdBa
HHJI t 3 HMUYJibCHhiH ·. HarpeBaTeJIL P..OBO)J.HT BhiKJIIO'laTeJib, 
p,o TeMnepaTypw nepexop,a. C. 3Toro MOMeHTa Ha'IHHaeTCJI 
poeT HanpJI:>KeHHJI. qepe3 t=t 3 +t M OHO p,ocTuraeT Maxcu
MyMa H 3aTeM nap,aeT C UOCTOJ!HHOH BpeMeHH, onpep,eJIJieMOH 
HH.I:\YKTHBHOCTLIO · MarHHT~ H BenH'IHHOH raCHTeJILHOrO conpo
THBJieHHJI. 

Ba:>KHhiM napaMeTpoM BhiKJIIO'laTen.i JIBJIJieTcJI BpeMJI 
3ana3)J.LIBaHHJI. B MO)J.eJIH )J.OCTHrHyTa MHHHMaJILHaJI BeJIHlffi• 
Ha t3 ::; 0,2 MCeKnpu 1/Ic == 0,8 /puc. 8/. 

- C UOMOIQLIO ypaBHeHHJI /6/ Haii:)J.eHa 3HeprHJI 4,5 ,[(JIC, 
Heo6xOP.H:t.{aJI P.JIJI nonHoro nepe~op,a BbiK.JllO'IaTeJIR·B ilop
ManLHoe COCTOJIHHe; TaKaJI 3HeprHRBid,I:\eJIJieTCJIBHMnym»c-. 
HOM HarpeBaTeJie npH HanpJI:>KeHHH KOH)J.eHCaTOpa 150 B. 
Op,Haxo. JICHo; 'ITO )J.JIJI 6wcTporo · H nonHoro 'nepeKJno'leHH.a 
Ba:>KHa He . TOJILKO BeJIH'IHHa 3HeprH~ HMUYJibCa, HO u· ero 
)J.JIHTeJILHOCTb. 

3aBHCHMOCTb ·BpeMeHH 3aUa3)J.IdBaHHR t3 OT HanpJI:>KeHHR 
KOHJJ.eHcaTopa noxa3aHa Ha puc~ 9. YcTpoiicTBo 3JieKTpOH;.. 
Hoii: qacTH uenu HarpeBa TeJIJI.He · no3BOJIRJIO. no)J.HJITL -Hanp.R:
:>KeHHe BLiwe 300 B. BHP.HO, 'ITO t 3 P.OBOJILHO BeJIHxo u MO:>KeT 
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Puc. 7. Jiai)eHue HanpJJJICeHUJI Ha zacul/leAbHOM conpolllueAe
HUU 8 nepuo() 38CzKYQI#UU 3Hepzuu U3 MQZHUIIIa. U H =130 B; 
1/1 c = 0, 79, t 3 = 0,55 MCeK, t M= 0,14 MCeK. 

6hiTI> yMellbWeHO UYTeM llOBhiWeHHJI HanpJI)KeiiHJI KOHAeHca

TOpa. 
BpeMJI B03pacTaHHJI TOKa .B racHTeJibHOM conpoTHBJI~

HHH OT HYJIJI AO MaKCHMyMa tM COCTaBJIJieT 0,14 MCeK 
npH 1/1 c = 0,87 H conpoTHBJieHHH HarpeBaTenJI .100 OM. 
B HAeanbHOM cnyqae BhiKJTIO'IaTenb AOJI)KeH nepexoAHTb B 
HOpMaJibHOe COCTOJIHHe MrHOBeHHO, TO eCTb t M= O.IlO-BH
AHMOMy, B MOAeJIH He 6hiJianony'leH~AOCTaTO'IHaJIMOIIUIOCTb 
HarpeBa. 06 3TOM. rOBOpliT CJieAY~ee 06CTOJITeJibCTBO. 
MOUlHOCTb HarpeBaTeJIJI /npH UOCTOJIHHOM HanpJI)KeHHH KOH~ 
AeHcaTopa/ o6paTHO nponopnuoHaJibHa ero conpoTHBJie.:. 
HHIO. YMeHbmeHHe Ra AO 40 OM npHBeno K tM= 0,14 MCeK 
y)Ke npH 1/1 c = 0,8. MaKCHMYM ToKa qepe3 racHTeJILHoe 
conpoTHBJieHHe B 3TOM cnyqae Bwme, 'leM npH RH =100 OM 
I puc. 10/. Ko34xtnru;HeHT none3Horo AeiiCTBHJI MJII/Ic =0,8, 
nony'leHHhiH C. llOMOUlbiO OCUHJIJIOrpaMMbl, TJ ::; 0,85 + 0, 9. 
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Puc; 8. 3aeucu.Wocllb epeMeHu 3ima3i}t.reaHUJI t 3 o• CUAbl 
lllpaHcnopiiiHozo IIIOKa. Ra = 40 OM, Ca = 400 MKlP, 1 - Ua· = 
=150 B; 2- .UH = 300 B. 
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Puc. 9. 3aeucuMOC111b epeMeHu aanaaobreaHUJI t 3 0111 Ha
. np.RxeHUJI Hazpeea111eAJI. I I I c = 0,8; RH = 40 OM; Ca 

= 400 MKtl>. 
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Puc. 10. 3aeucuMocmb eeAU'-IUHbl .MaKCUMaAbiiozo 1IIOK~·..,epea 
cacu111eAbHoe conpo111ueAeHue 0111 mJ)aHcnop111Hozo 111oKa. 1 -
-R ;=100 OM; 2 ~ RH = 40 OM; 3- uoeciAbHbiU 6biKA10'-Ia111eAb 
/MZHOeeHHbiU U nOAHbiU nepexoo e HOpMaAbHOe.COC1110JIHUe/, 
RebiKAR zac • .,; 25. · · · . · .·· · · · · 

. .. :: 

. 6 .. Bb/B0,4hl 

' '!• 

.,., •-'- ;.! i 

. ' :! ·~ 
•"'·~· 

1. Pa3pa6oTaH :H orrpo6oaaHHa MO,l\EmH crrocoG H3ro1-oa
neHHH caepxrrpoao~xriufx BLIKmOqaTeneii c TerrnoBLIM ynpaa- · 
neHHeM •. HcrronL30BaH rrpoBO.I\·C HH06Hii.-THTaHoBLIMH ~na
MH ~HaMeTpoM 65 MKM. MaTpuua rrpoao,l\a aLITpaanH:BatncH, 
>KHnhl. CIIneTalOTCH BMeCTe C HarpeaaTenLHhiMH IIpOBO,l\aMH 
a'Koc'y:, KOTOpag 3anHBaeTCH 3IIOKCH,l\HLIM KOMIIayH,I\01.LHaii-. 
,1:\eH COCTaB KOMIIaYJI,l\a, ·y,I\OnBeTBOPHIOID;HH cnmKHhiM ycno-
BHHM pa6oTLI B :Bi.u<Jno~:Ia TeJ_Ie. · _; 

"'( 
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_2. IlonyqeHbl cne~yiOI.IUie ociloBHble napa.MeTpbl BhiKmo· 

qaTemr: xpHTHqecxHii TOK 920 A; conpoTHane·HHe B HopManL· 

HOM COCTO.HHHH 2,5 OM; MHHHMMLHOe BpeM.H 3ana3~biBaHH.H 
0,2 MCeK. . . 

3. PacqeTbl H pe3ynLTaTLI 3KcnepHMeHTOB .. c Mo~enLro 

llOKa3biBaiOT, · iuo C llOMOlllLIO pa3 pa6oTaHHOH TCXHOnOrHH 

B03MO)KH0 C03~aHHe BbiKniOqaTen.H, ll03BOn.HIOlllCrO BCCTH 
' > ." ' • ' ,, 

3BaKyanHIO 3Hep_rHH H3 MarHHTOB npH TOKe B. HCCKOnLKO 

KHnOaMnep H Hanp.H>KCHHH B He CKOnLKO KHnOBOnLT. II pH 

3TOM MO>KeT 6b1TL ~OCTHrHyTO BpeMinepexnroqeHH.H, MeHL·. 

mee 0,5 MeeK. 
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