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1. B~caAKa 4dCT~~ Ha o6MOTKy ceepxnpoeOAR~ero MarH~Ta ycKo
P~TenR, COAepma~y~ KOMn03~TH~H Ka6enb, fO KOTOPOMY npo
TeKaeT ~MnynbCH~H TpdHCnOpTH~H TOK l(t) , np~BOA~T K ee 
noKanbHOMY Harpeey: ~T(r,t)=T(r,t)-T0 /T0 - TeMnepaTypa 
BdHH~, r - KOOPA~HaTa MeCTa Harpeea/. B cny4aRX, KOrAa 
e Ka6ene B03H~KaeT nonepe4H~R rpaA~eHT HecTa4~0HapHoro TeMne
paTypHoro nOnR, TOKOHecy~~e cnoco6HOCT~ OTAenbH~X era npOBOAOB 
MOryT BpeMeHHO OKa3aTbCR nOAdBneHH~M~ B pa3n~4HOH CTeneH~. 
H~me rpaH~~~ A~HaM~4eCKoR ycToA4~BocT~ /lAY/ orpaH~4eHHa~ 
HOpManbHdR 30Hd /0H3/, ecn~ OHd C03Ad€TCR, He OXBdT~BaeT B~ 
npOBOAd ._ ~ np~ 3TOM HanpRmeH~R Hd B~TKdX He B03H~KaeT. 06pa3o-
BdH~e OH3 CBR3aHo c nepepacnpeAeneH~eM TaKa MemAY npoeoAaM~, 
KOTOpOe MOmeT np~BeCT~ K COOTBeTCTByn~eMy B03My~eHHD nonR 
B anepType MarH~TH~X C~CTeM/1/ ~ OKd3dTb Bn~RH~e Ha A~HaM~Ky 
ny4Ka/2/ . B~we lAY HOpManbHaR 3oHa pacnpocTpaHReTCR Ha see 
npoeoAa ~ Amoyneeo Tennoe~AeneH~e np~ HeHyneeoM HanpRmeH~~ 
Hd B~TKdX cnoco6CTByeT nepeXOAY BCeH 06MOTK~ MdrH~Td B Hop
MdnbHOe COCTORH~e. no3TOMY B03H~KaeT He06XOA~MOCTb B OnpeAene-
H&.-1lA nonvc:TtAMhiX y~nR~PtA ~~~p!'rru:::u .... n.etnPL.IIAO u~ "T'='-~~U:":' ~~~ ~;:-:~-

BOAR~~x K nepeXOAY 06MOTOK B HOpManbHOe COCTORH~e, HO ~ Cy~ecT

BeHHO He 803MY~d~~~X MarH~THOro nonR YCKOp~TenR, a ~3y4eH~e 

A~HdM~K~ HeCTa~~OHapH~X TennoB~X npo~eCCOB B 06MOTKdX C TOKO
BOH Harpy3KoA ~MeeT eamHoe 3Ha4eH~e c T04K~ 3peH~R onT~Manb

Horo ~ 6e3aeap~AHoro pem~Ma pa6oT~ MarH~TH~x c~cTeM ceepxnpo
BOAR~~x YCKOp~TeneA 3dpRmeHH~X 4dCT~~. 

B HaCTOR~eA pa6oTe npoaeAeHo cpaaHeH~e nony4eHHbiX pac4eTH~x 
~ 3Kcnep~MeHTanbH~X AdHH~X np~ ~MnynbCHOM pa3orpeae en o6MOTK~ 
A~nonbHoro MarH~Ta T~na "oKOHHaR paMa" /3,8/ ~ np~BeAeH~ 
pe3ynbTdT~ pac4eTa ADnyCT~M~X 3HeprOB~AeneH~H B TdKOH 06MOTKe. 

2. nonepe4Hoe ce4eH~e 4aCT~ o6MOTK~ MarH~Ta noKa3aHo Ha 
p~c. 1a: mene3Hoe RpMo /1/, npoTRmeHH~A HarpeeaTenb H4 /6/, 
~3rOToeneHH~R ~3 KOHCTaHTaHoaoR npoaonoK~ IA~aMeTp - 0,35 MM, 
conpoT~eneH~e -1,3 OM/, ~3on~poeaHHOA naKoM ~ wenKoeoA ~3onR
~~eR /7/; OTAenbH~A npoaoA HT-50 /5/, aKneeHH~A a o6MOTKY 
c nOMOIJ4biO 3nOKC~AHOA cMonbl /2/; yronbH~e TepMOMeTp~ TBO /9/ 
~ A~4 /12/, np~KneeHH~e KneeM 5~4 /10/ K noeepxHocT~ Ka6enR, 
oceo6omAeHHoro oT naecaHoaoA ~3onR4~~ /4/ ~ cTeKnoneHT~ /3/. 
TepMOMeTp~ ~30n~p0BdH~ OT ren~R /8/ ~ RpMa CTeKnoTeKCTOn~TOM 
/11/. Ka6enb COAepm~T 15 MHorom~nbH~X npoBOAOB HT-50 A~aMeTpOM 
0, 5 MM. HarpeaaTenb H4 n~TancR KopoTK~M~ I - 0, 5 Me/ 3neKTp~-
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PHc.l. Tiorrepe~Hoe ce~eHHe 

3KcrrepHMeHTaiTbHoro y~acTKa 
06MOTKH MarHHTa /a/ H COOTBeT
CTB~1~a~ eMy cxeMa pac~eTa /6/. 

a/ 61 

4eCKHMH HMnynbCaMH pa3nH4HOR 3HeprHH Q , a ,QHHaMHKa TeMnepa
TYPHOrO nonR npocnemHeanacb c noMOIJ\b~ TepMoMeTpoe TBO H A~4. 
5~nH npe,QyCMOTpeH~ cneuHanbH~e Mep~ c TeM, 4T06~ TeMnepaTypa 
TepMOMeTpOB MaKCHManbHO npH6nHmanacb K TeMnepaType Ka6enR. 
H3MepeHHR npOBO,QHnHCb npH pa3nH4H~X CKOpOCTRX BBO,Qa H MaKc~-
ManbH~X 3Ha4eHHRX 1 TOKa nHTaHHR MarHHTa , a TaKme B 

X 

max. ..., 
nay3aX Mem,qy TOKOBbiMH HMnynbCaMH, HMeBWHMH TpeyronbHYIO 'I'OPMY · 
BapbHposanHCb TaKme 3Hepr~R Tennoeoro HMnynbca B HarpeeaTene 

n ....... ..... ---· ....................... ~-. ........ ,., ........................ , ........... ... 
ycnOBHR CHHXpOHH3aUHH nOKanbHOro TeMnepaTypHoro T(r,t) H Mar-
HHTHOro B0 (t) = 1,028 I(t) IB

0
- a Tecnax, I - a KAI 

noneRo HeKoTop~e H3MepeHHR npoeo,qHnHCb npH nocTORHHOM TOKe 
I(t) = const 0 6onee ,qeTanbHoe onHcaHHe 3KcnepHMeHTanbHbiX 
ycnoeHR npHse,qeHo B pa6oye/l/. 

Pac4eT paaorpeea o6MOTKH npHMeHHTenbHO K ycnoBHRM ,qaHHoro 
3KCnepHMeHTa npOBO,QHnCR C HCnOnb30BaHHeM MeTO,Qa, OCHOBaHHOrO 
Ha 4HCneHHOM MO,QenHpOBaHHH 3a,Qa4H Ha6opOM O,QHOMepHbiX ypaBHe
HHR TennonpOBO,QHOCTH ,QnR cnoes, Ha KOTOp~e pa36HeaeTCR pac4eT
HaR o6nacTb/4/. Tennoeoe eaaHMogeRcTBHe c renHeM H Tennoe~e 
CBR3H Mem,qy cnORMH OnHC~BanHCb COOTBeTCTBY~Il\HMH 4neHaMH, 
BBe,QeHH~MH B ypaBHeHHR. npH 3aMeHe peanbHOR reoMeTpHH Ha 3KBH
BaneHTHy~, nOKa3aHHYIO Ha PHC. 16 lc COXpaHeHHeM 06beMOB OT,Qenb
H~X KOMnOHeHT H noeepXHOCTeR HX KOHTaKTa gpyr C gpyroMI, 
e o6MOTKe s6nM3M HarpesaTenR 6~no e~,qeneHo 4eT~pe cnoRo neps~R 

cnoR MO,QenMposan HarpeeaTenb lo6oaHa4eHMR Te me, 4TO Ha 
PMCo1a/, OTgenbH~R npoeog HT-50 M CTeKnOTeKCTOnMT; BTOpoR 
cnoR - Ka6enb H TepMOMeTpw conpOTHBneHMR; TpeTHR cnoR - renMR, 
cogepmamMRcR s aaaopax Mem,qy npoeo,qaMM Ka6enR; 4eTsepT~R 

cnoR - cnoR M30nR~MM Ka6enRo B npe,qenax Kam,qoro cnoR 6~no 
B3RTO no 12 3neMeHTOB, 4TO n03BOnMnO ,QOCTaT04HO KOppeKTHO 
y4eCTb M3MeHeHMe CBORCTB MaTepHanOB B,QOnb KOOPAMHaTbl X • 

Y4HT~BanaCb 3aBHCHMOCTb CBORCTB MaTepHanOB OT TeMnepaTyp~ 
H MarHHTHoro nonR. Ha neeoR H npaeoR rpaHHuax pac4eTHoR 
o6nacTH 6~nH aa,qaHbl rpaHH4Hble ycnoBHR TpeTbero po,qa. C noMOU\bi:J 
COOTBeTCTBY~Il\HX 4neHOB B ypaBHeHHRX y4HT~BancR OTTOK Tenna 
oT nepeoro H 4eTeepToro cnoes B coce,QHHe BHTKH o6MOTKH H K re
nH~, HaXO,QRU\eMyCR B 3a3opaX Mem,qy BHTKaMH. 

PaHee/5/ npH pac4eTe ,qonycTHMbiX pa,qHaUHOHHbiX 3Heproebl,qene
HHR 6blnO noKa3aHO onpe,qenR~Il\ee BnHRHHe HeCTaUHOHapHoR Tenno
OT,qa4H K renH~, HaXO,QRU\eMycR a aaaopax Mem,qy npoeo,qaMH Ka6enR, 
Ha npouecc paaorpeea Ka6enR H paapa6oTaHa MeTO,QHKa pac4eTa 
HeCTaUHOHapHOR TennoOT,Qa4H.B ycnOBHRX ,QaHHOrO 3KCnepHMeHTa 
B~,QenR~Il\erOCR Tenna MOmeT 6~Tb ,QOCTaT04HO ,QnR BbiKHnaHHR renHR 
H nocne,qy~mero Harpeea ero napa. noaTOMY ,qnR onHcaHHR 3Toro 
npouecca e pac4eTHY~ cxeMy BKn~4eH cnoR renHR. 

B COOTBeTCTBHH C pe3ynbTaTaMH 3KCnepHMeHTOB no KHneHHO 
renHR npH HMnynbCH~X TennOBbiX Harpy3KaX 6blnH Bbi,QeneHbl CMeHR~-
1!\He ,qpyr ,qpyra eo epeMeHH pemHMbl TennooT,qa4H: TennooT,Qa4a 
3a C4eT TennonpOBO,QHOCTH, HeCTaUHOHapHOe ny3~PbKOBOe KHneHHe 
H HecTauHoHapHoe nneH04HOe KHneHHe. YcTaHoeneHo/5/, 4TO Heaa
BHCHMO OT ycnOBHR npOBe,QeHHR 3KCnepHMeHTa IMaTepHana H reo
MeTpHH TennOOT,Qa~ll\eA noeepXHOCTH/ CMeHa pemHMOB TennOOT,Qa4H 
npoHCXO,QHT npH enonHe onpe,qeneHHbiX eenH4HHax 3HeprHH Q

1 
H Q 

2
, 

nepe,qaHHOR B mH,QKHR renHR. nepexo,Q K HeCTaUHOHapHOMY ny3blpb
KOBOMY KHneHHn onHCbiBanCR npH nOMOU\H COOTHOWeHHR 

r. ,.,~,Am2,._ /1 I 
-·- \ ",.., ...... , L • .A.M' 't • 

onpe,qeneHHoro H3 ycnoBHR paeHoMepHoro paaorpeea cnoR renHR 8 

1 8( t) = 2 ,; ~ I AO eenH4MH~ MaKCHManbHO ,qoc THmHMOro nepe-
pc 

rpeea !l T M 0 3,qecb A - K03<1J<1>MUMeHT Tennonpoeo,QHOCTH, pc 
TennoeMKOCTb e,QHHHU~ 06beMa, q - nnOTHOCTb Tennoeoro nOTOKao 
nepeXO,Q K HeCTaUMOHapHOMY nneH04HOMy KHneHHIO paCC4MT~BancR 
no COOTHOWeHH~ Q 

2 
= 1 . 585 ° 1 0-9 ° q- 1,8 , Onpe,qeneHHOMY 

Ha ocHoee onbiTHbiX ,QaHH~x/6/0 AnR K03<1><l>HuHeHTa TennooT,Qa4H 
B pemHMe TennonpOBO,QHOCTM 6blnO nony4eHO B~pameHHe 

1/a = 1/ak + 2 ,jt! ,j 11 Ape , 121 

rne 1/ - conpoTHeneHMe KanHUblo B pemHMe HecTauHoHapHoro 
,.. ak · /6/ 

ny3blpbKOBOro KHneHHR HCnOnb30BanOCb COOTHOWeHHe lliMH,QTa o 
Koa$<1>HUHeHT TennooT,Qa4H e pemHMe HecTaUHOHapHoro nneH04HOro 
KHneHHR onpe,qenRnCR KaK cynepn03HUMR K03$$HUHeHTa TennOOT,Qa4H 
B pemHMe HeCTaUHOHapHOrO ny3~pbKOBOrO KMneHHR H K03$$HUHeHTa 
TennooT,qa4H, o6ycnoeneHHoro TennoeoR npoeo,QHMOCTbn cnoR napa 
renHR, pacTyll\ero Ha nosepxHoCTHo nocne B~KMnaHMR renMR 
B 06beMe Ka6enR K03$$MUMeHT TennoOT,Qa4M npHHMManCR paBH~M 

a=2A (T)/BH, n e 
131 

r,Qe o - 3KBMBaneHTHaR TOnll\HHa renHeeoro aaaopao 
He 
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PHc.2. BpeMeHHMe 3aBHCHMOCTH 
TeMnepaTyp KOMITOHeHTOB 
o6MOTKH: I - HarpeBaTenb, 
2 - rrpoBO~ HT-50, 3 - en Ka-
6enb, 4 - TepMoMeTp TBO. 
!'f;'~'!'DLTO 1.'u f.t'- rn lC::lflPn'h 

H TBO B rrpe~rrono~eHHH OTCyT
CTBHH B 3a3opax Ka6enH ~~
KOro renHH. 

::£ 

1-
<l 

PHc.3. 3KcrrepHMeHT~1bHO H3Me
peHHbie 3aBHCHMOCTH 11 T(t) 
TepMoMeTpoa AB4 I - - - I 
H TBO I - • - I rrpH pa3nH~HhlX 
3Ha~eHHHX Q. llpH Q = I ,08 ~ 
TIOKH~aHa oac~eTHaH KPHBaH 
I- I ~.rm TBO. 

CaoHCTBa renH~ pacc4~T~Ban~cb B npeAnonomeH~~ nocTO~HCTBa 
AaaneH~~. 

4 

np~ npoBeAeH~~ pac4eTOB B npeAenax HarpeBaTen~ /p~c. 16/ 
3aAaBanc~ HCT04H~K 06DeMHOrO TennOB~AeneH~~, ~3MeH~~~HC~ 
BO apeMeHH no 3aKOHY 

q = q exp (-4 ol03t), /4/ 
" "o 

~ Ha KamAOM apeMeHHOM ware npo~3BOA~nocb onpeAeneH~e TeMnepa-
Typ KOMnOHeHTOB paCCMaTp~BaeMoro 3neMeHTa 06MOTK~. 

3. Ha p~c.2 noKa3aH~ pac4eTH~e Kp~a~e ~3MeHeH~~ so apeMeH~ 
TeMnepaTyp OTAenbH~x KOMnoHeHTOB 3neMeHTa o6MOTK~. BpeM~ t 
OTC4~T~BaeTC~ OT MOMeHTa BKn~4eH~~ HarpeBaTen~ H4. B~AHO, 4TO 
np~ oTcyTcTB~~ a 3a3opax Ka6en~ W~AKoro renH~ TeMnepaTypa 
Ka6en~ /Kp~aa~ 3'/ npea~waeT TeMnepaTypy TepMOMeTpa /KpHaa~ 
4'/ a Te4eH~e 6onee An~TenbHoro apeMeH~ no cpaaHeHH~ c TeM 
cny4aeM, KOrAa B 3a3opax ~MeeTC~ mHAK~H ren~H /eM. KPHB~e 3 
H 4/. 

) 

\ 
I 

2.0 

1,5 

::.::: 
._:1.0 

... 

0.6 

2 
t.c 

PHc.4. 3aBHCHMOCTb 11T(t) 
TepMoMeTpa TBO AflH cepHH HM
rrynbcoa. 3HeprHH K~oro HM
rrynbca Q = 1,0 ~. rray3a 
M~Y nocne~OBaTenbHMMH HM
nynbCaMH - 10 c. 

0,1 0,3 0,5 0;1 0,9 
1/lc(B,T) 

PHc.S. 3aBHCHMOCTb ~onycTH
Moro TennoBhl~eneHHH B Harpe
aaTene OT ITO~KpHTH~HOCTH, 

Ha p~c. 3 npeAcTaaneHbl 3Kcnep~MeHTanbHble 3aBI-1CI-1MOCT~ 11 T( t) 
TepMOMeTpoa AS4 ~ TBO An~ HecKOnbK~x 3Ha4eH~H Q, nony4eHH~e 
B ~3MepeH~~X, B KOTOp~X MarHI-1T He nepeXOAI-1n B HOpManbHOe 
COCTO~H~e. B~AHO, 4TO npl-1 OA~HaKOB~X 3Ha4eH~~X Q TepMOMeTp 
An4 HarpeaaeTc~ 6~cTpee, xoT~ ero MaKc~ManbH~H neperpea 
11 T A64 < 11 T T 80 , np~4eM np~ Q < 3 Am 11 T AB4 ,. 
;o,r:SX+ o,o3i<5x; a 11T TBO "' /0,71 + 0,02/ Q !3'A~Cb 11T 

- max. - .... max. 
a KenbB~Hax, Q- a Amoyn~x/. 3Mn~p~4ecK~ 6~no Ha~AeHo TaKme, 
4TO np~ Q > 0,5 Am apeM~ tmax. , Heo6XOA~Moe An~ AOCT~meH~~ 
11 Tmax. , npaKT~4ecK~ n~Hei1Ho B03pacTaeT c ysen~4eH~eM Q . 
An~ TBO t : 0,08 + 0,2 Q, a An~ A64 t = 0,18 + 0,04Q max. max. 
/tmax. - s ceKYHAax/. Ha 3TOM me p~cyHKe noKa3aHa ~ pac4eTHa~ 
3as~c~MOCTb 11T(t) An~ TepMOMeTpa TBO np~ Q= 1,08 Am. Pac
XOWAeH~~ MemAy paCC4~TaHH~M~ ~ ~3MepeHH~M~ MaKC~ManbH~M~ TeM
nepaTypaM~ TepMOMeTpa He npeB~Wa~T 10%. H3-3a 6onbWOi1 CKOPOCT~ 
~3MeHeH~~ TeMnepaTypHoro non~ dT(r)/dt ~ peanbHOi1 ~Hep-
~~OHHOCT~ TepMOMeTpOB MemAY 3Kcnep~MeHTanbH~M~ ~ paC4eTH~M~ 
KP~B~M~ ~MeeTc~ cMe~eH~e no oc~ speMeH~. 
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Ecn~ nay3~ MemAY TennoB~M~ ~MnynbCaM~ HeAOCTaT04H~, TO o6-
MOTKa He oxnamAaeTc~ AO T 0 = 4,2 K K TOMY epeMeH~, KOrAa 
~3Mep~eM~~ TepMoMeTpaM~ neperpee ~T(t) yme paeeH HymJ. 3To 
B~AHO ~3 p~c.4, rAe nay3a MemAY nocneAoBaTenbH~M~ Tennoe~M~ 
~MnynbcaM~ - 10 c. Kp~ea~ 1 Ha p~c.4 cH~Ta nocne n~T~M~HYTHO~ 
nay3~, AOCTaT04HO~ An~ nonHoro OCT~BaH~~ He TOnbKO TepMO
MeTpOB, HO ~ 06MOTK~. 3~eKT HaKonneH~~ Tenna B 06MOTKe np~ 
4acTo noeTop~~~~xc~ Tennoe~x ~Mnynbcax, no-e~A~MOMY,,o6b~CH~
eTc~ TeM, 4TO ~cnap~ew~~c~ B KaHanax ren~~ 3aAepm~eaeT OTTOK 
Tenna ~3 o6MOTK~, a Tennoea~ penaKca~~~ TepMoMeTpoe B AaHHO~ 
reoMeTp~~ 3Kcnep~MeHTa npo~cXOA~T 6~cTpee. 

P~c.5 ~nn~cTp~pyeT 3Kcnep~MeHTanbHyn ~ pac4eTHY~ 3ae~c~

MOCT~ AOnyCT~Moro TennoB~AeneH~~ B HarpeBaTene Q OT nOAKp~-
T~4HOCT~ ~ = I/I , rAe I ~ 2 KA - KP~T~4ecK~~ TOK o6-

c c ' 4 Q 0 MOTK~ B C06CTBeHHOM MarH~THOM none np~ 1 0 = ,2 K ~ = · 
T04K~ (~) COOTBeTCTBY~T neperpeBaM 06MOTK~ B 3Kcnep~MeHTaX 
6e3 nepeXOAa MarH~Ta B HOpManbHOe COCTO~H~e, T04K~ (&) 
neperpeeaM o6MOTK~ c nepexoAOM MarH~Ta. 3T~ AaHH~e 6~n~ ~3Me-

peH~ nyTeM eapb~poeaH~~ Q np~ I= const . CnnowHo~ n~H~e~ 

noKa3aH~ pe3ynbTaT~ pac4eTa. B pac4eTax npeAnonaranocb, 4TO 
nepeXOA o6MOTK~ c TpaHcnopTH~M TOKOM I= Ic ( T max. , B 0 ) 
B HOpMaflbHOe COCTO~H~e npo~CXOA~T np~ B~nonHeH~~ ycnOB~~ 
T(t) ~ T max. • An~ onpeAeneH~~ een~4~H~ KP~T~4eCKoro TaKa 
Ic (T, 80 ) ~cnonb30Banacb xapaKTep~cT~Ka KopoTKoro o6pa3~a, 
CKoppeKT~POBaHHa~ C y4eTOM 3Ha4eH~~ KP~T~4eCKOro TOKa 06MOTK~ 
3Kcnep~MeHTanbHoro MarH~Ta np~ T = 4,2 K. u~~po~ I OTMe4eHa 
pac4eTHa~ o6naCTb, B KOTOpO~ nepeXOA 06MOTK~ npo~CXOA~fl 
e pem~Max HecTa~~oHapHoro ny3~pbKOBoro ~ nneH04Horo K~neH~~. 
~~~po~ II - e pem~Me neperpeea napa ren~~. Pac4eT~ npo~ecca 
e npeAnonomeH~~ OTCYTCTB~~ ren~~ B 3a3opax MemAy npoeoAaM~ 
Ka6en~ nOKa3an~ C~flbHOe 0Tfl~4~e OT 3KCnep~MeHTa, 4TO nOATBep
mAaeT nepeoHa4anbHO CAenaHHOe npeAnonomeH~e o Han~4~~ ren~~ 
e o6beMe Ka6en~. 

CneAyeT OTMeT~Tb, 4TO ecn~ Bee npoBOAa Ka6en~ HaXOA~fl~Cb 6~ 
B OA~HaKOB~X TeMnepaTypH~X ycnOB~~X, ~X MaKC~ManbHO AOnycT~M~~ 

neperpee MOmHo 6~no npeACTaB~Tb B B~Ae ~ T max."' (Tc - T max. ) · 
· (1- 1/Ic) . np~ Han~4~~ nonepe4HOro rpaA~eHTa TeMnepaTyp~ 
MOmHO, no-B~A~MOMy, ~OpManbHO BBeCT~ ycpeAHeHH~~ MaKC~MaflbHO 

AOnycT~M~~ neperpee: ~Tmax."'(Tc -Tmax. )(1-I/fUc), rAe 
een~4~Ha ~ =f(~.I.t) AOnmHa y4~T~BaTb peanbHY~ He~AeHT~4-
HOCTb TeMnepaTypH~X ycnoB~~, B KOTOp~X HaXOA~TC~ OTAeflbH~e 
npoeoAa. Tmax. - TeMnepaTypa Ka6en~, ycpeAHeHHa~ no eceMy 
nonepe4HOMY ce4eH~Iu e MecTe MaKc~ManbHoro no era Afl~He nepe
rpeea, Tc- KP~T~4ecKa~ ~eMnepaTypa Ka6en~. np~ Q = 1,3 Am 
HepaBHOMepHoCTb TeMnepaTyp~ no nonepe4HOMY ce4eH~~ Ka6en~, 
nony4eHHa~ e pac4eTax, cocTaBn~na -0,1 K. 

YAoeneTeop~TenbHoe coenaAeH~e pac4eTH~x ~ 3Kcnep~MeHTanbH~x 

AaHH~x no3eon~no ~cnonb30BaTb pa3pa6oTaHHY~ MeTOA~KY pac4eTa 

6T.t< 
1.0 

0.8 

0.6 

0.4 

PHc. 6. 3aBHCHMOCTb ~ T ( t) npH 
TellnOBb~eneHHH OT nyqKa npOTQ
HOB Ep = I r3B lmTpHx-nyHKTHp
Hafl KpHBaHI H OT HarpeBaTenH H4 
lcnnomHaH nHHHHI B ToqKe Ka6e
nH, pacnono~eHHOH HenocpeA
CTBeHHO llOA HarpeBaTeneM, 

0.2 

o~~~~~~~~ 
10-'+ 

PHc.7. ~onycTHMoe 3Hepro
Bb~eneHHe AflH nepexoAa 
B HOpManbHOe COCTOHHHe TQqKH ~ 
o6MOTKH C KOOpAHHaTaMH Y = 0,, 
x = al2 I --- I H o6MoTKH 
B nenoM I - - - I npH EP 

I r3B. 

An~ onpeAeneH~~ AOnycT~M~X 3HeproB~AeneH~~ B MarH~Te T~na 
11oKOHHa~ paMa 11

• Ka6enb, ~3on~~~~ Ka6en~ ~ ren~~ B 3a3opax 
t. .. U:l\1/n\/ nnnRnn.::IIMlA MnnPnLAnf"\R.-:InlAr ... ~~;::\nOriAUHO RhiiiiPIA~nOlKP:HHOMV. 

Y4~T~Banc~ TaKme O·~TOK. Tenna B COCeAH~e B~TK~ 06MOTK~ ~ K re
n~~. HaXOA~~eMyc~ MemAy B~TKaM~ Ka6enR. HCT04H~K 3HeprOB~Ae

neH~~ e o6MOTKe on~c~eanc~ 3Mn~p~4eCKO~ ~YHK~~e~, nony4eHHO~ 
Ha OCHOBe AaHH~x/7/ 0 paA~anbHOM pacnpeAeneH~~ nnOTHOCT~ 
3HeproB~AeneH~~ Afl~ npOTOHOB c 3Hepr~e~ 1 + 1000 r3B no Ton
~~He 06MOTK~. 

PacnpeAeneH~e nnoTHOCT~ 3HeproB~AeneH~~ Qv(x,y) 
nonaranocb paeHoMepH~M no An~He MarH~Ta ~ HOpManbH~M 

MeTpoM ay I no KOOPA~HaTe Y /eM. p~c.7/: 

- ., 
qv = k E P L • exp 1- _t:_- y ( E ) y ( 1 + .JZ:.) ( x -·~) I , 

2a 2 P a2 2 
J 

npeA-
/c napa-

/5/ 

rAe k = 1 2·10-e [Am·M-2·r3B-1 ·npoT-1 ]; Ep- 3Hepr~~ nepe~4-
Hux npoTOH~B [ r3B] . L- 4~Cno noTepRHHbiX npoTOHOB [ npoT. ·M-l ]; 

"' , -% 
y(E) =3,1lnEp+4,1[M ]; x,y,ay, a [M]._ 

C ~cnonb30BaH~eM 3Toro pacnpeAeneH~~ 6~n~ pacc4~TaH~ 3aB~c~-
MOCT~ L\ T (t) An~ T04K~ o6MOTK~, pacnonm:<eHHO~ HenocpeAC TBeHHO nOA 
HarpeeaTeneM H4 /eM. p~c.1/. Ha p~c.6 noKa3aH~ pe3ynbTaT~ 
pac4eTa An~ paeH~x no Afl~TenbHOcT~ I - 0,5 Me/ ~Mnynbcoe 
3Heproe~AeneH~~ aT HarpeeaTenR H4 ~ npoToHHoro ny4Ka, B~3~
eatJ~~x OA~HaKOB~~ MaKC~ManbHbl~ neperpee ~ T max. B 3TO~ 
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T04Ke. H3 p~tyHKa B~AHO, 4TO Harpee 06MOTK~ ny4KOM npo~CXOA~T, 
ecTecTeeHHo, 6~cTpee, 4eM pacnono~eHH~M eHe Ka6enR HarpeeaTeneM. 

Ha p~c.7 noKaaaHa aae~CHMOCTb eenH4HH~ 3HeprHH,, Heo6xoA~MOH 
AnR nepeXOAa B HOpManbHOe COCTORHHe T04KH 06MOTKH C KOOPA~Ha
TaMH X = a/2, y = 0 H 06MOTKH B ~enoM /HOpManbHaR 30Ha 3aH~
MaeT ece ce4eHHe Ka6enR/, OT AnHTenbHOCTH HMnynbca 3HeproB~Ae
neH~RtHMn.nPH paanH4H~x 3Ha4eHHRX nOAKPHTH4HOCT~. BenH4HH~ Q 
H L e /5/ CBR3aH~ cooTHoweHHeM L = Q • 8,3 • 10 5 IE P , rAe 
Q-e .a~fM3 H Ep-B r3B. Peayni>TaT~ pac4eTa npHBeAeH~ AnR 3Ha-
4eHHR 3HeprHH nepBH4H~X npOTOHOB 1 r38. 

nepenaA TeMnepaTypbl no 06MOTKe BAOnb OCH X B MOMeHT epe
MeHH t = 5·10-4c cocTaenReT 1,5 K. BHAHO, 4TO npH $HKCHpo
eaHHOM ypOBHe 3HeproB~AeneHHR cy~eCTByeT HeKOTOpbiH epeMeHHOH 
HHTepean Me~AY nepeXOAOM B pe3~CTHBHOe COCTORHHe T04KH C KOOp
AHHaTaMH X = a/2, Y = 0 H BCeH 06MOTKH. 

npoBeAeHHOe cpaeHeHHe 3KCnepHMeHTanbH~X ~ pac4eTH~X AaHH~X 
noKaa~eaeT YAOBneTeop~TenbHoe cornacHe paapa6oTaHHOH MeTOAHKH 
paC4eTa Tennoe~X npo~eCCOB B Cn 06MOTKe C 3KCnepHMeHTOM. ,QaH
HaR MeTOAHKa MO~eT, no-BHA~MOMy, 6WTb npHMeHeHa AnR nporH03H
poeaHHR Tennoe~x npo~eccoe H onpeAeneHHR AOnycTHMWX ypoeHeH 
3HeprOB~AeneH~H B Cn 06MOTKaX MarHHTH~X 3neMeHTOB. 
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