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ilaHIWOB B.B., npel!3eHnop¢! B.A., Py6IIH H.E. P17 - 8532 
K BOnpocy 0 nepexone ABYXCB513Hb!X o6pa3UOB B CBepX11pOBOA51lli99 

COCTOHHHe 11pH HanHqHH MarHHTHOrO 110n51 

Ha ocHOBBHHII TepMOAHHa:-.mqecKoro paCCMOTpeHnH rroKa3hiBaeTCH, qTo 

11p11 rrepexone ABYXCB513HOrO o6pa3U8 B CBepXI1pOBOA51lli99 COCTOHHHe B 38ABH

HOM OAHOpOAHOM MarHIITHOM none rronHbiH TOK B o6pa3Ue OK83brBaeTCSI paB

HhlM Hyn~. OnpeneneHa BenHqiiHa MarHHTHoro rroToKa, 3BXBaqeHH0rO o6pa3-

UOM npH 3TOM nepexone, paccqHTBHhi HeKoTOpbie qacTHbie cnyqaH pacrrpene

neHnH 38MOpOlK9HHOrO MarHIITHOrO 110TOK8 ( "waf16a", TOp), 

Pa6oTa B!>InOnHeHa B 0Tnene HOBbiX MeTOAOB ycKopeHHH 0115111, 

OpenpHHT 06be.UHHeHHOrO HHCTHTyTa .H.Uep!ib!X HCCJJe.UOBaHH~ 

~y6Ha 1975 

Danilov V.V., Preizendorf V.A., Rubin N.B. Pl7 - 8532 
On the Problem of Doubly Connected Sample 
Transition to the Superconducting State in 
the Presence of the Magnetic Field 

Basing on the thermodynamical consideration it is 
shown that, by doubly connected sample transition to the 
superconducting state in a given homogeneous magnetic 
field, total current in a sample is equal to zero.The va
lue of the magnetic flux captured by the sample at this 
transition has been determined. Some particular cases of 
distribution of the quenched magnetic flux ("washer", tore 
are calculated. 
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lo BBeoenue 

MuorocBH3Hhie caepxrrpoBO.LJ.HHKH B .D.OCTaTo'luo cna6biX 

MarHHTHhiX IIOJIHX 06Jia,LJ.aiOT CBOHCTBOM COXpaHHTb 3Ha4CHHC 

MarHHTHOrO IIOTOKa, 3aXBa4CHHOrO B MOMCHT nepeXO,LJ.a 

B CBepxnpOBO,LI.Hll{CC COCTOHHHC o 3To CBOHCTBO lliHpOKO 

HCnOJih3YCTCH ,LI.JIH C03,LJ.aHH.H cneQHaJihHhlX pacnpe,LJ.CJICHHH 

MarHHTHOrO nOJHI B 3a,LJ.aHHhiX 06JiaCTHX, B 'laCTHOCTH, ,LI.JIH 

3KPfiHH~OBaHHH H y 1IY4lliCHHH O,LI.HOpO,LJ.HOCTH MarHHTHOrO no-

1111, l-'1, 0 TeopeTH'IeCKH pacnpe,LJ.eneuue JaMopmKeHHhix Mar

HHTHhix nOJICH paccMaT~HBaJIOCh JIHlllh ,LI.JIH HCCKOJlhKHX 

MO,LI.CJlhHhiX CJiy'laCB '
1

Z.4, o npH'ICM BCJIH'IHHa 3aXBaYCHHoro 

noTOKa C'IHTaJiaCb CB060,LJ.HhiM napaMeTpOM, 3a,LJ.aBaCMhiM 

npH nocTaHOBKC 3a,LJ.a4Ho 

B ,LJ.aHHOH pa6oTe Ha OCHOBaHHH TCpMO,LI.HHaMH'ICCKOrO 

paCCMOTpCHHH noKa3hiBaCTCH, 'ITO npH nepeXO,LI.C .Ll.BYXCB.H3-

Horo 06pa3Qa B CBepxnpOBO,LI.Hll{CC COCTOHHHC B 3a,LJ.aHHOM 

O,LI.HOpO,LJ.HOM MarHHTHOM nOJIC nOJIHbiH TOK B o6pa3QC OKa3hi

BaCTCH paBHbiM uyn10o 3To ,LJ.aeT B03MO)I{HOCTh onpe,LJ.eJIHTh 

BCJIH'IHHy MarHHTHOrO nOTOKa, 3aXBa4CHHOro npH nepCXO,LJ.e, 

H HaHTH pacnpe,LJ.CJICHHC MarHHTHOrO nOJIHo ,lJ.JIH npOCTOThl 

paCCMaTpHBaeTCH CJiy'laH, KOr,LJ.a o6pa3eQ HMeeT QHJIHH,LI.pH

'ICCKYIO CHMMCTpHIOo CxeMa pacnOJIO)I{CHHH 3JICMCHTOB, BXO

.Ll.Hll{HX B paccMoTpeuue, ,LJ.aua ua puc 0 lo llpu ox.na)I{,LJ.CHHH 

o6pa3Qa B MarHHTHOM IIOJIC,MCHblliCM nepBOrO KpHTH'ICCKOro 

,LI.JIH HYJICBOH TCMnepaTyphl, o6pa3CQ CHa'laJia IIpOXO,LJ.HT 4epe3 

"npOMC)I{YTO'IHOC" COCTOHHHC, H JIHlllb ,LJ.aJihHCHlllee IIOHH)I{C

HHC TCMIIepa Typbi npHBO,LI.HT K TO My, 'ITO BCCb o6pa3CQ 

OKa3hlBaCTCH CBepxnpOBO,LI.Hll{HMo 3aKOH COXpaHCHHB IIOTOKa 

3.Ll.CCb B o6ll{eM cny'lae ue BhliiOJIHBCTCB. Ou BhliiOJIHBCTCB 

JIHlllb ,LI.JIB 6eCKOHC4HO TOHKOrO KOJlbQao 
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Puc. 1. 06~J~aR cxeMa paccMampueaeMoil3aoa'IU. L - KOHmyp 
zpaHU~bl o6pa3~a, UMe10111e20 Q3UMYITIQAbHY10 CUMMe1TipU10, 
r 

1 
, r 

2 
- eHympeHHUil u eHeumuil paouycbl o6pa3~a, r 0 -

paouyc o6MomoK eHeumezo coAeHouoa, co30a10111ezo ooHopoo-
Hoe MaZHUITIHOe noAe H BH • 

)1,nH perneHHH 3a,IJ,a'IH HaM noHa,IJ,06HTCH HeKOTOpble TepMO

,IJ,HHaMH'ieCKHe llJopMyllbl, OTHOCH~HeCH K npoMe)KyTO'iHOMY 

cocTOHHHID. Uenb ucnonb30BaHHH 3THX llJopMyn - nony'IHTb 

awpa)Keuue ,IJ,nH nonuoro TepMO,IJ,HHaMH'lecKoro noTeuuuana 

ru66ca paccMaTpHBaeMOH CHCTeMbl. BapHaUHH 3TOrO 

noTeuuuana npH 3a,IJ,aHHOM auernueM none /3a,IJ,auuwx auern

HHX ToKax/ H nocTOHHHOH TeMnepaType/
5 I no3BOnHT uaHTH 

ycnOBHe paBHOBeCHH CHCTeMbl. 

4 

l -

2. TepMoouHaMu'lecKue nomeH~UaAbi OAJI 
paccMampueaeMoil cucmeMbl 

Cao6o,IJ,HaH 3HeprHH /6e3 y'leTa cTpHKUHOHHhlX HBneuuii:/ 

B e,IJ,HHHUe 06'beMa /"e,IJ,HHH'IHOCTb" 06'beMa OTMe'laeTCH 

HH,IJ,eKCOM "1 "/ CBepxnpOBO,IJ,HHKa, HaXO,lJ,HIUerOCH B npoMe)Ky

TO'iHOM COCTOHHHH, Bhlpa)KaeTCH llJopMynOH 

il.li 
F1 = N 1 - T · S 1 + 3-;-, /1/ 

r,IJ,e N1 - nonuaH BHyTpeHHHH 3HeprHH acex 3neKTpouoa B 

e,IJ,HHHUe 06'beMa /3HeprHID OTC'IHTblBaeM OT 3HeprHH HOH

Horo llJoua/, TpeTHH 'ineu - MarHHTHaH 3HeprHH B o6pa3ue, 

S 1 - 3HTponHH e,IJ,HHHUbi o6oeMa Tena, T - a6coniDTHaH 

TeMnepaTypa. CyMMa 
-} -> 

. B·II 
N1+ --- =U1 

877 
/2/ 

eCTb TepMO,IJ,HHaMH'ieCKaH BHyTpeHHHH 3HeprHH e,IJ,HH!!Ubl 

9,6'beMa Tena, BKniD'laiDIUaH B Ce6H MarHHTHYID 3HeprHID. B H 

II - COOTBeTCTBYIDIUHM o6pa30M ycpe,IJ,HeHHhie HH,IJ,YKUHH H 

HanpH)KeHHOCTb MarHHTHOrO llOnH /ycpe,IJ,HeHHe Be,IJ,eTCH no 

y'laCTKaM Tena, 6onbUlHM TOnJUHHbl cnoeB B llpOMe)KyTO'iHOM 

COCTOHHHH/. 

KaK H3BecTuo/5, 6 / , 

B=(t-p)·llk·;, ii = nk · r', /3/ 

r,IJ,e p - ,IJ,OnH e,IJ,HHH'IHOrO 06'beMa, npHXO,lJ,HIUerOCH Ha 

caepxnpoBO,IJ,HIUee cocTOHHHe; H k- KPHTH'iecKoe none; 7 -
e,IJ,HHH'IHbiH BeKTOp B uanpaaneHHH CHnOBbiH nHHHH. 

Y'IHThlBaH, 'ITO 3HeprHH KOH,IJ,eHCaUHH B CBepxnpOBO,IJ,H
fl2 

k 
IUHX o6naCTHX eCTb (- p • -

8
-), nony'IHM: 

77 2 
Ilk 

N - T · S = N - T. S - p. -- /4/ 
1 1 In In 8 

77 
' 

r ,IJ,e N In H SIn - COOTBeTCTBYIDIUHe BenH'IHHbl ,IJ,nH HOpManb

HOrO COCTOHHHH BCeX 3neKTpOHOB e,IJ,HHHUbl 06'beMa. Tor,IJ,a 

Bblpa)KeHHe /1/ npHMeT BH,IJ, 

5 



·~ B. II F =~ -T. St -p· -- + --8-, 
l ' In n 817 77 

uno, nocne neperpynnupoBKH l.fJleHOB H HCll0Jlb30BaHHH 131, 
112 

I ' "'' 'I' " k 'I c :~I - . ·"' l - -- ~ n n 8 77 

__, -) 

B·ll 
-Trr- 151 

TepMO)J.HHaMHl.feCKHH noTeuuuan ru66ca * lnpu C)J.enaHHhlX 
npe)J.nono)f(eHHHxl )J.JIH e)J.HHHULI o6'beMa Tena no onpe)J.eneuuiO 

eCTb 
) -) 

I " 
(; 1 . F 1 -

B · II 
"'' - T · S ln- B " :~ ln 

2 
Ilk 

161 

TepMO)J.HHaMHl.feCKHH noTeuuuan ru66ca 
lnu)J.eKc --,." ++; pa';leu: 

(; It• I' 1P 

3)1.eCb npHH.!ITO 

li ~ I· -l (' - l ('-

B ~' · Ill' B('. Ill' 

i 1T !\;-r 

B . II 
I' (' 

!\;-r 

B o6nacTH Bue Tena 

171 

181 

BBH)J.Y a)J.)J.HTHBHOCTH TepMO)J.HHaMHl.feCKOrO nOTCHUHana H B 
npe)J.nOJIO)I(eHHH paBeHCTBa TeMnepaTyp Tena H OKpy)f(aiOll{eH 
cpe)J.hl nonyl.faeM )J.n.R acero npocTpaucTBa: 

112 
(; = ~ - T S - -~ \ - ~- J B · II · th . 191 

n n !b 8;-r (e) 

V - o6'beM Tena, HH)J.eKc (<') npu JHaKe HHTerpana yKaJhlBa
eT, l.fTO uuTerpupoBauue pacnpocTpauHeTCH ua "auernuuil" 
06'beM IHCKJIIOl.faH 06'beM Tenal; OTCYTCTBHe HH)J.CKCa "1" 
npu N

0 
u S n OJHal.faeT, l.fTO cooTBeTCTBYIOIUHe BenHl.fHHhl 

OTHOCHTCH KO BCeMy Teny. 

* HeKoTophle cllopMynhl )J.n.!l ucnonLJyeMbiX TepMo)J.uuaMH
'ieCKHX DOTeHQHaJIOB npHBO)J.HTC.II B llpHno:>KeHHH. 

** BenH'IHHbl, OTHOCHIIUieCH K o6naCTH caM OrO Tena, 
uuor)J.a 6y)J.eM cua6)1(aTb HH)J.eKCOM "i " 

6 

0603Hal.fHB 3aBHC.fllUYIO OT TeMnepaTyphl a)J.)J.HTHBHYIO 
qacTL noTeuuuana 19 I qepe 3 G T' nonyl.fHM 

r2 
G = G - _!_ f H. fJ. dv , G = ~ - TS - ~~ 

T 817 T n n 817 
v. 1101 

(e) ' 

PaccMoTpHM 

---) ----) ---) --+ __,. ----) --+ ----) 

I lf·B·dv= JH·rotAdv= I 1-\·rotll-didH· \lldv 
(e) (e) (e) 

tJ 17 . .... .... -> -) 
- f A·j· ·dv- I f,.,,.IIJ·\·da. 

1. · Bll .;.. 
(e) (~) 

3)1.eCb _j llll - nnOTHOCTb TOKa, COJ)J.aiO,IUero BHeruuee lue 
BOJMYIUeuuoe TenoMI MaruuTuoe none II 1111 : 

-) ) lrr ) -) 
n,tll=n,tll

1111
c -,-. j

1111
, B 

. 
mt \. 1111 

\ - BeKTop-noTeuuuan nonH, '':i - BeKTop uapy)f(HOH uop
Manu K noBepXHOCTH 06'beMa HHTerpupoBaHHH, T.e. BeKTOp, 
uanpaBJieHHbiH no HOpMaJlH K noBepXHOCTH CBepxnpOBO)J..!Ill{ero 
Tena BHYTPL ero, :i- noBepxuocTL Tena, da - 311CMCHT 
llOBepXHOCTH Tena. 

Cl.fHTa.R, l.fTO B cpe)J.e MaruuTua.R npouuuaeMoCTb 11 - I, 
J1 = f~ ~ rot .{ , JanurueM 

I -• -• I -• 
(; ~ (; - - I \ · j • d, - - · I \ · I~,, · rot \ : da , 

T !t· . . 1\11 8;-r "-
1121 

r)J.e ,;2~-r·:i. 

KaK yKaJLIBanocb npu nocTaHOBKe Ja)J.al.fH, nama cncTeMa 
o6na)J.aeT UHnHH)J.pHl.feCKOB CHMMeTpHeB laJHMYT 0603Ha-
1.fHM 0 I. Tor )J.a MO)f(HO BBeCTH numb O)J.HY KOBapuaHTHYIO 
KOMDOHeHTY BeKTOp-noTeHUHana A, 3aBHC.!IlUYIO OT D011Hp· 
uoro pa)J.nyca r u oceBoii Koop)J.HHaTLI z 

IUYIO DOTOKY MarHHTHOro nOJI.!I ¢ ( r, z) 
ca r. 

H COOTBeTCTByiO
qepe3 Kpyr pa)J.uy-

B - l iJA z-- ---
r dr ' 

B = _ l iJA r - -~ 
r dz ' 

7 



- a 2 ~A=r· .-· -( l aA) a A --- + 
ar r ar ~ 

r 

_ ~r• jBH' 
c 

2rrA(r,z) = <ll(r,z) = f Bz· r· dr· de, 
0 

A(O,z)=O. /13/ 

jBH " e,IJ,HHCTBeHHaB/a3HMyTaJihHaB/KOMnOHeHTaBHeWHe-
ro TOKa. Tor.n.a nocne HHTerpupoBaHHB no a3HMYTY e no
ny'IHM 

, rr l l 1 aA 
G=G T-- f-A· j 8 r1 • r· dr· dz + T { -A -.J- df*, 

c r L rr ( n 
/14/ 

r.n.e L- KOHTyp rpaHHIJ;bl Tena npu O=Const /puc. 1/, rp-
TeKy~uii nonBpHbiB pa.n.uyc Ha KOHType L . 

IlpeHe6peraB TOJI~HHOB 06MOTKH COJieHOH,IJ,a, nonaraB 

j BH = w • I • o ( r - r 0 ) , /15/ 

r.n.e w - 'IHCJIO BHTKOB KaTyWKH Ha 1 CM ee ,IJ,JIHHbl, r 0 • 

pa.IJ.HYC BHTKa, I - TOK B BHTJ<e, H Y'IHThiBaB, 'ITO 

HBH = 
4 rrwl 

c 
/16/ 

Haii.n.eM 

1 +x> 1 1 aA 
G=GT--11

8 
I A(r

0
,z)dz+-I-A-df, 

4 11-oo 4 L r f an 
/17/ 

..., 
r.n.e n - KOOp,IJ,HHaTa B HanpaBJieHHH n , HMeiD~a~ pa3Mep-
HOCTh ,IJ,JIHHhl. 

* ECJIH no Teny Te'leT noBepXHOCTHbiB TOK, TO npOH3BO,IJ,· 

HaB a A Ha rpaHHn;e Tena HMeeT pa3pbiB; B ~OpMyne /14/ 
dn 

H .n.anee, r.n.e 3TO cnen;uanhHO He oroBopeHo, 6epeTcB 
"BHeWHBB" npOH3BO,IJ,HaB. 

8 

L_ 

3. YcAoeue paeHoeecu.R 

KaK noxa3aHo B 151, TepMO.IJ.HHaMH'IecKoe paBHOBecue npu 
3a,IJ,aHHbiX BHeUIHHX TOKaX H TeMnepaType COOTBeTCTByeT 
MHHHMYMY noTeHn;uana G . 3To 03Ha'laeT, B qacTHOCTH, 
'ITO paBHOBeCHID COOTBeTCTByeT paBeHCTBO HYJIID BapHaiJ;HH 
oG noTeHn;HaJia G . H3 o6~ero Bblpa*eHH~ ,IJ,JIB Bapuan;HH 
oG,npHBe,IJ,eHHOrO B IlpHJIO*eHHH, Henocpe,IJ,CTBeHHO CJie,IJ,yeT 
oC = o npu o T = o , o H BH = o . 

IlpoBapbHpyeM noTeHn;HaJI MarHHTHOrO nOJIB B ~OpMyne 
/17/, npe,ll,CTaBHB 

A ( r, z) = A BH ( r) + A cri r, z) , 

A 
l3H 

II 
BH 

r2 
2-, r < r 

0 
• 

o A = o A en ( r, z) , 

/18/ 

J.n.ecb A BH - noTeHn;Han, COOTBeTCTBYID~HB O,IJ,HOpO,IJ,HOMy 
nonro H8H /npu nocTOBHHOM I noTeHn;Han AsH He BaphH
pyeTcB/; A en- noTeHn;uan MarHHTHoro nonB, co3.n.aBaeMoro 
TOKaMH, TeKy~HMH B CBepxnpOBO,IJ,B~eM Tene. 

' HBH +x> l l 
o{.J =- 2- I oAClJ (ro, z) dz + 4 I OAen" 7o 

-oo L L 

l l J(oAcn) 
+ -4 I - ( ABH + A en ) a . df. 

L r e n 

a(Asa+A:~~. df+ 
dn 

/19/ 

Hcnonh3yeM "BHewHIDID" TeopeMy OcTporpa.n.cKoro B ~opMe 

1 at; 1 at/J 1 " -
2rr [I - t/J- de - I- !;-de I= I --[!;~ t/J-t/1 ~ t;ldv /20/ 

L r f an L r f an (e) r 2 

H, Y'IHThiBaB, 'ITO BO BHeWHeM no OTHOWeHHID K Teny 06'beMe 
3. A en = ~ oAcn= 0, nony'IHM 

"BH 00 l r l 
oG = - -- I oA ( r 0' z) dz + -2 -

2 en L re 

+ _!_ f _1_. BAcn 
2 L re 

aA BH 

dn 
df. 

CIAcn "'A • df + ____ u en 
an 

/21/ 

9 



3aMeTHM, "'TO npOH3BO)J.HaJI 
a A BH 

an Ha noBepXHOeTH Tena 
HenpepLIBHa. 

,lJ,anbHeHWHe npeo6pa30BaHHJI 6y)J.eM npOBO)J.HTb )J.nJI eny
qag, KOrJJ.a y>Ke Beeb o6pa3eu nepewen B eBepxnpoBOJJ.JIIUee 
eoeTOHHHe, T.e. KOr)J.a Bee eBepxnpOBO)J.JIIUHe TOKH TeKyT 
nHWb no noBepxHoeTH H ll= OB Tene eBepxnpoBOJJ.HHKa IT< T , 

- a 
II k ( T a ) = II n11 I. 
Menonb3YH eoOTHOWeHHe 

-> 4 -> 

rot B Cll = -[!- j <:!! , /22/ 
npeo6pa3yeM nepBbiH "'JieH B /21/ K BHJJ.Y 

llllll ~ IIHII r . 
?-/ oAc11 (r 0 ,z) dz=- -? [ r· dr j oBzc 11(r,z) dz= 

--oo - 0 -oo 

llnu . ? 
- 11 -~-- / r y 8g · df , /23/ 

L 

rJJ.e 

_ n- r . rl <' ( () }._ , (I A I <" Cl A 
g- urn J J • n cc- --- -:--j.- ,-- . ) ~- -- ----1 ./24/ 

.1\n .o 1\n l'll l 11 r dn ~ dn 1 l11r dn e 

g - UHPKYJIHPYIOIUHH noBepXHOeTHbiH TOK, npHXOJJ.HIUHHeH Ha 
eJJ.HHHUY JJ.JIHHbl KOHTypa L , orpaHH"'HBaiOmero eeqeHue 
eBepxnpoBOJJ.Hmero o6pa3ua; 1.! onpeJJ.enHeTeH eKa"'KOM Hop
MaJILHoii npOH3BOJJ.HOH OT A Ha rpaHHUe Tena, npH"'eM "BHYT
peHHJIH" npoH3BOJJ.HaH /HHJJ.eKe "i "/ paBHa HyniO npu B = 0 
BHYTPH Tena. 

Bapuauug 
B o6pa3ue npu 

JIHHeHHOH 
oA = o: 

BH 

og = - _c_ 
477r 

nJIOTHOCTH noBepXHOeTHOro TOKa 

a(OACI~ 

an 

Ilpeo6pa3yJI /23/ c yqeTOM Bblpa>KeHHB JJ.nB Sg npu noMo
IUH TeopeMbl OcTporpaJJ.cKoro, nony"'HM, "'TO nepBLiii qneH 
B /21/ no BenH"'HHe H no 3HaKy B TO"'HOeTH COBna)J.aeT 
e TpeTbHM qneHOM. TorJJ.a 

I aABH 
BG = f - oA • -- de 

en an L re 
I I aAen 

+ -- J - oA --de /25/ 
2 en a . 

L re n 

10 

B eoeTOJIHHH paBHOBeeHJI oG = 0 • 3To )J.OIDKHO 6b1Tb BepHO 
npu npoH3BOnbHLIX 3Ha"'eHHJIX Bapuauuii SA en. IlpuMeM 

I aAHH 
IloeKOnbKy f - --- df = 0 , nonyqaeM an SA en Const. 

0 = f _I 
L rf 

aAen 

an 

L 'f 

. df = - ..11L f g • df = - 4 17-1 . 
c c (31 

/26/ 

TaKHM o6pa30M,JJ.OKa3aHo, "'TO noene nepexoJJ.a JJ.ByxeBJI3Horo 
o6pa3Ua B eBepxnpOBO)J.JIIUee eoeTOJIHHe BO BHeWHeM O)J.HO-

PO)J.HOM none nonHLIH TOK B HeM I OKa3LIBaeTeH paBHLIM 
Cll 

Hymo. 

4. 3HepzemuttecKue coomHoweHUJI 

llpu nepexoJJ.e Tena B eBepxnpoBOJJ.Jlmee eoeTOHHHe B 

3aJJ.aHHOM MarHHTHOM none (olln 11 = O)KonuqeeTBO BLIJJ.enHe
Moro Tenna /\() onpeJJ.enHeTeH H3MeHeHHeM 3HTanbnHH /aHa
norH"'HO H3o6apuqeeKoMy npoueeey I. 3HTaJibnHH HMeeT BHJJ. 

-> -> 2 

\l=Wl' ~ \li J ~~_!_~<h l N - I~ V-! ~~~ ~Ilk . 
(e) 877 n 877 477 lf- J pdv' /27/ 

/eM. cllopMynbl H3 IlpHJIO>KeHHH/, V - 06'beM TeJia. 
0603Ha"'HM BenH"'HHLI, OTHOeHIUHeeJI K MOMeHTY Ha"'ana 

nepeXO)J.a TeJia B "npoMe>KyTO"'HOe" eoeTOJIHHe, HH)J.eKeOM 
"a"/TaKOe 0603Ha"'eHHe HenOJib30BaJIOeb BLIWe/: 

Pa ~ 0, Ilk ('I~) = II Bll , 

a BeJIH"'HHbl, OTHOCHIUHeCH K MOMeHTY, KOr)J.a Teno non
HOeTbiO nepeWJIO B eBepxnpOBOJJ.BIUee COCTOBHHe, - HH)J.eK
COM "b": 

pb = 1, IJ b = 0 /B Tene/. 

Mo>KHO noKa3aTb, "'TO 
... ... 2 
Bb • Hb H 

f ---dv = ~V0 + 
811 811 

(e) 

_::.. HBH J g • r: • df ' 
2c L 

rJJ.e V0 - o6'beM Beero npocTpaHeTBa, 

/28/ 

II 



J 
(e) 

--> --> "2 
Ba • Ha dv = _Jlli_ ( V 0 - V) ' 

8rr 8rr 

Hk (Tb) 
~Q=\\b-Wa=Nn(Tb)-Nn(Ta) + 

l H=(Tb) . rrHBH 2 
- 2[ 4rr •. V + -c-f gre de J. 

/29/ 

~~-·v 
dT b 

/30/ 

H3Meueuue TepMO.IJ.HHaMH'IecKoii suyTpeuueii 3Hepruu scero 
DpOCTpaHCTBa OKa3LIBaeTCJI paBHbiM 

u - u = 
b a 

rrHBH f 2 de + ~Q • - gre 
c L 

/31/ 

Cne.IJ.OBaTe,JILHO, B cooTBeTCTBHH c nepBLIM 3axouoM TepMo
.IJ.HHaMHKH cosepwaeMa.ll pa6oTa pasua: 

71 HBH 
~R = -- J g • r~ • de . /32/ 

c L r. 

Ilp.IIMOH DO.IJ.C'IeT pa60Thi, COBepwaeMOH B o6MOTKe BHeUIHero 
COJieHOH.IJ.a npH nepecTpOHKe MarHHTHOrO DOJIJI H H3MeHeHHH 
MarHHTHOrO DOTOKa, ,D,aeT 

b b 
d <P (r O' z) dz · 'dt = 
. dt R = J 8;. I • :dt = - f I -

BH a a c 
w 

2rrw_I 
=- c 

oo 71 1\m 2 
fA en ( r0 , z ) dz = - -c-- [ g · r e de 

-oo L 
/33/ 

3.IJ.eCb {i;- HaBO.IJ.HMaJI B BHTKaX 06MOTKH 3 . .IJ..C. /npH npeo6-
pa30BaHHJIX HCDOJib30BaHhl BLI'IHCJieHHJI, auanorH'IHble TeM, 
KOTOpLie npOBO.IJ.HJIHCb npH DOJiy'leHHH /23/, npe,D,DOJiaraJIOCh 
TaK)I(e, 'ITO TOK I= Const ,T.e. pa6oTaeT cTa6HJIH3au;H.II/. 

TaKHM o6pa30M, KaK H cne,D,oaano O)I(H.IJ.aTL, 

RBH = -~R. /34/ 

H3Meueuue cso6o.IJ.HOH 3HeprHH .IJ.JI.II acero npocTpaucTBa 
HMeeT BH.IJ. 

12 

F b -Fa= [N
0

(T b)- N 0 (T a)]- [Tb 50 (Tb)- TaSn (T a>] -

H 
2 

(T ) 1T H BH 2 ] 1 k b • V ___ J gr de . 
--[ c L f 2 4rr 

/35/ 

B npe.IJ.eJILHLIX cny'la.llx /npHMepLI 6Y.IJ.YT .IJ.aHbl HH)I(e/, KOr.IJ.a 
nocne nepexo.IJ.a o6pa3u;a B csepxnpoBO.IJ..IIIUee cocTO.IIHHe none 
BHe o6pa3IJ;a He HCKa)l(aeTCJI, DpOMe)l(yTO'IHOe COCTOJIHHe 
OTCYTCTByeT H T 

11 
= T b , TOr.IJ.a .IJ.OJI)I(HO 6blTb: Fb -Fa =~R 

/B H30TepMH'IeCKOM npou;ecce pa3HOCTb CB060.IJ.HblX 3HeprHH 
ecTL pa6oTa* /. H3 cpasueHH.II .D.BYX BLipa>Keuuii .IJ.JI.II pa-
6oTLI ~R CJie,D,yeT, 'ITO B 3THX npe,D,eJibHLIX CJiy'laJIX /npH 

Ta = T b/: 

H H
2 

71 
BH f 2 do "'BH ·\' 

-c-L gre r. = 4rr- . /36/ 

3To nonyqaeTC.II H H3 uenocpe.IJ.CTBeuuoro DO.IJ.C'IeTa /28/ npu 

8 . 8 n2 

J b b= -~(Vo-V) 
(e) 8rr 8rr 

Tor.IJ.a 
112 

k 
~R = Fb - F = - - V, 

a 4rr 

Hk 
~Q = W b- W a = 4rr 

U b - U a = ~R + ~Q . 

dHk V' 
dT 

/37/ 

/38/ 

* B o6J.UeM cnyqae ueu3oTepMH'IecKoro npou;ecca H3Me
ueuue cso6o.IJ.HOH 3HeprHH ue eCTh pa6oTa. Tor.IJ.a npu Jk=Const 
pa6oTa BLI'IHCJIJieTCJI H3 

~ R = ~U - ~ W, ~U = U b- U a, ~ W = W b- W a • 

13 



llonytiHncJI $H3Hqec~a JICHLIH pe3ynLTaT. B pa6oTy nowna 
J(BOHHaJI 3HeprHJI KOHJ(eHca~HH: C06CTBeHHO 3HeprHJI KOHJ(eH
ca~HH H paBHaJI eii B .naHHOM cnyqae 3HeprHJI BHeniHero nonJI 
B o6'beMe o6pa3~a. 

4. Pacnpeoe;umue Ma2HU111Hozo noAJI u mo1we 

CBepxnpOBOJ(JILQeMy COCTOJI:HHIO Tena COOTBeTCTByeT no
CTOJIHCTBO noTeH~Hana A~ Const B ero o6'heMe, T.e. I1 = 0 B 
3TOM 06'heMe. 0603HaqHM KOHCTaHTy qepe3 [ H yqTeM, qTO 

II 
A I = -~- r~ /au.neKc L yKa3LIBaeT, qTo peqh HJ(eT 

Bll L ~ r 

o noaepxuocTH Tena/. Tor.na ypaaueuae .nnJI onpe.neneHHH 
MarHHTnoro nonJI aue Tena H rpauH•·moe ycnoaae 6y.nyT 
HMeTb BHJ( 

t\A<.II 0' A 
CII 

II 
I = c - Ill! 2 

L · -2 rp 

r.ne C noKa ue onpe.neneuo, npaqeM 

C = _l_ <fJBM' 
2rr 

/39/ 

/40/ 

r.ne ¢ 8 ~ 1 - "BMOpO>KeHHbiH" DOTOK MarHHTHOrO ITOnJI /CM. 
/13// qepe3 OTBepcTHe .nauuoro Tena. Pa3o6LeM pemeuae 
3a.naqa ua .nae qacTH, nonmKHB 

A en = A< 0 
l + A< 1 

l • 

Tor.na 

~A(O)=O, 

~A(l) =0, 

npHqeM 

A(O)j =A(l)l 
00 00 

14 

A( 0) I := c' 
L 

II 
A ( 1) I - BII 2 

L- --2-rf 

= 0. 

/41/ 

/42/ 

! 
I 

I 
l 

BBe,l(eM HOpManH30BaHHLie pemeHHJI: COOTBeTCTB}'IOIIUIX ypaa
HeHHH X H Y: 

~X == 0, 
~ 

,~Y=O, 

XIL=l, 

2 
YIL=re· /43/ 

/)J;nJI BHYTpeHHeii o6nacTH Tena, oqeaH.nHo, X== I; Y= r2 /. 

Tor.na HCKOMLIH ITOTeH~Han 

HBH 
Acn ( r, z ) == C • X ( r, z) - -

2
-- • Y ( r, z) . /44/ 

~YHK~HH X H Y 3aBHCHT nHmh OT reoMeTpHH caepxnpoBOJ(JI
LQero o6pa3~a H .nnx KOHKpeTHLIX 3a.naq MoryT 6wTL uaii.neuw 
qacneHHhiM HnH auanHTHqeCKHM MeTOJ(OM. 

Haii.neM ua ocuoae nonyqeuuoro BLime ycnoBHH paauoae
CHJI KOHCTaHTY C : 

dA · 
0=1 =- _c_· J _1 ___ c_II df =- _t_· C J _I_ ~. 'tff + 

<'il ~1rr L rp dn hr L rp dn 

~~J 
+ 2 L rp 

Tor.na 

c = ~ II BH 

rJY -d f, 
dn 

1 ay I --·dP 
L rp dn 

I _I ax 
L rp dn- • :dP 

/45/ 

/46/ 

)J;nJI Tena B BH.ne naueiiuoro KOHTypa pa.nayca ~ d>YHK~HH 
y := r 2 • X ' H Mbl nonyqaeM 

C CmH) = 
II . -2 

BII r 

2 
¢ C11111) = 11 

Bt-.1 Bll 
• 7T. ~ 2, /47/ 

qTo COBna.naeT C ITOTOKOM BHemuero DOnJI: qepe3 KOHTyp. 
B o6LQeM cnyqae BMOpO)f(eHHLIH ITOTOK 

15 



l ay df f-re an L 
H • iT 

~!_de 
«<> = BH 

1 BM 

fre an 
L 

/48/ 

PewHB qHcTo 3neKTPOAHHaMHqecKHe JanaqH /43/, Hains 
Ja TeM C HJ I 46/, Mbl onpenenHM A en ao seeM npocTpaHcT
Be, a COOTBeTCTBeHHO H pacnpeneneHHe noaepXHOCTHbiX TO
KOB, OTHeCeHHbiX K eAHHBUe AnHHbl KOHTypa B CBepxnpoao

ABIUeM Tene: 

c aA • r 2 
g( r, z) =- --- --' A = ACII + II RH • /49/ 

2 477r anriA 

f l BH 
/JaMeTHM, qTO - --::;--

o dr 
dr --f- de = 0 /. 

L dn L r e un 

EcnH Mbl JHaeM BMOPO>KeHHbiH DOTOK, TO HeTPYAHO 
peWBTL TaK>Ke Janaqy 0 TOKe I ~:n , KOTOpbiH BOJHHKaeT B 
ABYXCBBJHOM caepxnpOBOABIUeM Tene nocne BbiKmoqeHHB: 
BHewHero nons. 3necL pa6oTaeT JaKOH coxpaHeHHJI noToKa. 

To rna 

A' (r,z) 
err 

~BM X(r, z) 
277 

I , 
err 

c«<> BM l a X 
-

8 
2-J -r- -a-dL 

77 L f n 

g = -
c«<> BM 

2 
877 r e 

K(re,ze), an 

/50/ 

BblqHcneHHe MarHHTHOH 3HeprHH a 3TOM cnyqae naeT*: 

ll =U-N=
M 

To ecTL aenHqaHa 

2 (I' )2 877 tn 

J - 1- ~- df 
L r f an 

2c 2 
/51/ 

* Bo HJ6e>KaHHe HenopaJyMeHHH OTMeTHM, qTo lllopMyna 
/28/ /eM. Bblwe/ nonyqeHa a npennono>KeHHH H8 H -i 0 , 
I = 0 H, cnenoaaTenLHO, JAeCL HenpHMeHHMa. 

en 

16 

~ 

8 77 2 
----

J _l ~!_ df 
L re an 

~- /52/ 

arpaeT ponL caMOHHAYKUHH o6paJua. 
Torna H~BeAeHHbiH TOK l~n HJ /50/ Bblpa>KaeTCB: 06blqHOH 
lllopMynoH 

I
, ,... o-1 

= (' 'jJ • oL • 
en BM 

/53/ 

PaccMoTpHM Janaqy a HHOH nocTaHOBKe. IlycTL cHaqana 
o6paJeu nepeaeneH a caepxnpoBOABIUee cocTOBHHe H HMeeT 
TeMnepaTypy T < T I 

8 
_ 

0
, a JaTeM BKmoqaeTcB none, 

1 k BH -

KOTOpoe AOCTHraeT JHaqeHHB H BH, MeHLWero qeM none, 
KoTopoe npa T = T 1 nepeBOAHT /xoTB 6bl qacTHqHo/ o6paJeU 
a HOpManLHoe cociosHHe. B 3TOM cnyqae HJ JaKoHa coxpa
HeHHB: nOTOKa nonyqaeM: 

cHBH ay 
«<>BM = 2rrC = 0 ' g ., ( r e ' z e ) = 

8 77r e a;-' 
/54/ 

H 
c • H BH J I _i_Y_ df A , = _ ~ Y ( r, z ) 

I ~1 = --s;;-- L -;e a n , err 2 

I (';'n - TOK a o6paJue, HaaeneHHbiH a 3TOM cnyqae. lfJ /50/ 
H /54/ C yqeTOM Bblpa>KeHHB: AnB BMOpO>KeHHOrO nOTOKa no
nyqaeM 

I' =-I". en err /55/ 

IlonqepKHeM, qTo B COCTOB:HHH, COOTBeTCTBYIOIUeM TOKY 
I ~!1 , BHeWHee MarHHTHOe none OTCYTCTByeT, TOrAa KaK 
B COCTOB:HHH C TOKOM ~~IT OHO eCTL. )J.aHHbiH peJynLTaT -
npsMoe cnencTBHe nonyqeHHoro Bblwe HJ ycnoaHB paaHoae
cas /24/ Bblpa>KeHHB nns «<>BM. 3To cnpaaennaao nns 
npOHJBOnLHOrO ABYXCBBJHOrO Tena, o6naAa10IUero UHnHHApH

qecKOH CHMMeTpHeH. 
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6. llpuMepr.r pac'le11fa 

a/ q H C n e H H Ll R M e T 0 ,lJ, 

,lJ.nJI uaxmK,IJ,eHHJI uopMaposauuLJx peweuaii X a Y suew
ueii 3a,IJ,a'IH ypasueuaJI Jlannaca qacneHHblM MeTO.IJ.OM ne
peii,IJ,eM K HHTerpanbHLIM ypaBHeHHJIM. 

,lJ.nJI :noro socnonb3yeMCJI <l!opMynoii, ,IJ,aiOII.\eii BLJpa)l(e
uae ,IJ,nJI seKTopuoro noTeuu.aana qepe 3 3a,IJ,aHHLie <l!auaTHLie 
TOKH a OTBe'laiOII.\eii ycnosa10 A I oo = 0 /G/. B uaweM cny
qae 3Ta <l!opMyna BLJrnJI,IJ,HT TaK: 

A r · o 
2f17 

1l 0 • ('OS 0 / / . ~ - j g • r 0 • tlr ----- , 56 
Lll ,. r :R 

L 0 

r,IJ,e ~R - paccTOJIHHe Me)I(.IJ.Y TO'IKOii ua6mo,IJ,eHHJI a 3neMeu
TOM HHTerpHpOBaHHJI /TO'IKOR HCTO'IHHKa/. BBe,IJ,eM o6o3-
Ha'leHHJI ,IJ,nJI "HOpMHpoBaHHLIX" nHHeRHLIX TOKOB: 

g = _ _,._ ( a x 
1 

_ ax 
1 

. ) = _ _,. _ a x 
1 

, 

X 117r dn l' tin I 1rrr dn t' 

/57/ 

g = - _,_. ( ay I - i!!_ I ) = - _<·- ( JY_l - ~r ~ > . 
y 4 17 r an (' a n j ·177 r (J n t' dn 

Tor,IJ,a csepxnpoBO.D.Jili.\HR TOK, npaxo,D,Jili.\HRCJI 
,IJ,nHHLI KOHTypa rpauauLJ L , 6y.D.eT paseu 

Ha e,IJ,HHHU.Y 

<1> BM II Bll 
g= gx· 2;;-- gy· -2-, 

a ,IJ,nJI g a g nony'IHM HHTerpanbHLJe ypasueuaJI: X y 

r,IJ,e 

18 

.r 217 cosO • :dO 
I = ~ f g • r d f f -,--- , 

c L X f 0 fs 

I 

:R fs 

I - f 217 
cr s L g y • r f • df f 

0 

cosO • dO 

:R fs 

v r~ + r: + ( z r- z s ) 2 
- 2 r f r s cos 0 • 

/58/ 

/59/ 

/60/ 

B 3THX <l!opMynax HH,IJ,eKc 's"cooTseTcTsyeT npoH3BOnbuoii 
<I!HKCHpOBaHHOR TO'IKe Ha KOHType L , a3HMYT 0 OTC'IHTLJ
BaeTCJI OT llnOCKOCTH, npOXO,D,Jill.\eR '1epe3 OCb H TO'IKY ua-
6niO,IJ,eHHJI. HopMaposauuLJe peweHHJI X a Y. onpe,D,enJIIOII.\He 
none BO BCeM llpOCTpaHCTBe /eM. /44/ H /18//, Bbipa)l(aiOT
CJI qepe3 g X H g y CJie,IJ,ylOII.J,HM o6pa30M: 

X() r J do
2J17 

eosO·dO y r J dof2 17 ens0·d0 
r,z = cL gxf t ----:R'--; = c gyrf t :1\ 

COOTBeTCTBeHHO 

<1> BM= II 1311 • 

0 L 0 ' 

f g . df 
L y 

17-----

r g • "e 
L X 

/61/ 

/62/ 

B npe,D,enbHOM cnyqae .D.BYXCBJI3Horo Tena B BH,IJ,e 6ec
KOHe'luoro nonoro Kpyrosoro uanHH,D,pa c suyTpeHHHM pa
.D.HycoM r 1 H BHeWHHM pa,IJ,HYCOM r 2 paBeHCTBO Hymo Mar
HHTHOrO nonJI B Tene UHnHH,D,pa 03Ha'laeT: 

g( r ) = -I · " = 
2 

113 ycnOBHH OTCYTCTBHJI 

t•llllll 
g( r ) ~ I · w ~ ----

1 lrr 

1'111111 

1rr 

nonuoro TOKa cne,IJ,yeT: 

Tor,IJ,a BMOpO)I(eHHbiH llOTOK HMeeT BH,IJ, 

<fJ = 17r
2 II . 

ll~l 1 BH 

Pa6oTa BLipa)l(aeTCJI <l!opMynoii 

/63/ 

/64/ 

/65/ 

•~R 
rrH 

Bll 
112 112 

I. 2 Bll [ 2 2 j BH / g · r 0 • de = -- 77 r - 17 r • Z = - --V 66/ 
. [ 477 2 1 417 ·-

r ,IJ,e Z ... oo 

pasao: 

f' 
L 

- ,IJ,naua uanau,D,pa. Tenno L'lQ s ,IJ,auuoM cnyqae 
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Hk dHk 
~Q = - --- V H = H . 

4rr d T ' k BH 
/67/ 

0'1eBH,IJ,HO, ~Q < 0 , TO eCTh npH 3TOM Tenno Bbi,IJ,ellH

eTCJI. 3,IJ,eCh T a= T b' T.e. npoMe>KyTO'IHOe cocTOJIHHe oT

cyTCTByeT, nOCKOllhKY none B OKpeCTHOCTH 6eCKOHe'IHOrO 

l.(HllHH,IJ,pa He HCKa3HllOCh. )l;nJI l.(HllHH,IJ,pa 6e3 OTBepCTHH 

pe3ynhTaT MO>KHO HaiiTH y )l;e XeHa/5/. 

YpaBHeHHJI /59/ H /60/, JIBllHHCh HHTerpanhHhiMH ypaBHe

HHHMH <l>pe,IJ,rOllbMa 1- ro po,IJ,a, OTHOCHTCH K KllaCCY "HeKop

peKTHbiX" Ja,IJ,a'l. Ilo3TOMY o6bi'IHO nonhiTKa •mcneHHO peiiiHTh 

HX CBe,IJ,eHHeM K llHHeHHOH anre6pauqeCKOH CHCTeMe npHBO,IJ,HT 

K HeyCTOH'IHBbiM peiiieHHJIM BBH,IJ,y nllOXOH o6ycnoBneHHOCTH 

CHCTeMbl H MallOCTH ee ,IJ,eTepMHHaHTa. )l;nH nony'leHHH 

yCTOH'IHBOrO peiiieHHJI nO,IJ,06HbiX ypaBHeHHH pa3pa6oTaHbl 

perynHpH3YIOII.{He anropHTMbl /7 ,8/, 
O,IJ,HaKo B ,IJ,aHHOM cnyqae ypaBHeHHH /59/ H /60/ y,IJ,anoch 

peiiiHTh CBe,IJ,eHHeM K llHHeHHOH anre6paH'IeCKOH CHCTeMe, 

HCnOllh3YH TaK Ha3biBaeMOe HBlleHHe CaMoperynHpH3al.(HH /9/. 

0HO CBJI3a.HO C TeM, 'ITO TO'IKH Ha6niO,IJ,eHH11 H HHTerpHpOBa

HHH B /59/u/60/ npHHa,IJ,ne>KaT O,IJ,HOMY KOHTYPY H H,IJ,pO 3THX 

ypaBHeHHH HMeeT norapH$MH'IeCKYIO OC06eHHOCTb npH COB

na,IJ,eHHH 3THX TO'IeK. B pe3ynhTaTe ,IJ,uaroHanhHhie 3neMeHThi 

CHCTeMbl npeBOCXO,IJ,HT no BellH'IHHe BCe OCTallhHble, onpe,IJ,e

nuTenh OTJIH'IeH oT HynJI H peiiieHHe ycToii'IHBO. 

HHTerpan no KOHTYPY L B /59/ H /60/ pa36HBaeTC11 

Ha CYMMY m HHTerpaJIOB no 3JieMeHTapHbiM KOHTypaM 

ei. IIJIOTHOCTh TOKa B npe,IJ,enax TaKoro 3lleMeHTapHoro 

KOHTypa C'IHTaeTCH nOCTOHHHOH H BbiHOCHTCH H3- no,IJ, HHTe

rpana. YpaBHeHue JanHCbiBaeTcH ,IJ,JIH m TO'IeK Ha6nro,IJ,eHHH, 

npuHa,IJ,ne>Kamux pa3JIH'IHbiM 3neMeHTapHbiM KOHTypaM. B pe-

3YJihTaTe nonyqaeM cne,IJ,yiOIUYIO nuHeiiHyiO anre6pauqecKyiO 

CHCTeMy: 

m 
~g.fr 0 d£. 

. 1 1 L 1 
1 = e i 

i 

2rr cos8-d8 -f .
1
·=12, ... ,m. J-----j. ' 

0 ~£isj 
/68/ 

3,IJ,eCb g. H 
1 

c 
f. paBHbl g Xi H r-

J s . 
,IJ,llH /59/H gYi H cr 5 . 

J 
,IJ,JIH /60/. J 

Ka)K,!J,oe ypaBHeHHe B /68/ HHTerpupoBanoch no o6neMy 

20 

- ro 3JieMeHTapHOrO KOHTypa, 'IT06bl HCKlliO'IHTb 3aBHCH

MOCTh peiiieHHH OT pacnOllO)I(eHHH TO'IKH Ha6lliO,IJ,eHHJI B npe

,IJ,eJiaX KOHTypa. Ilocne 3TOrO HHTerpHpOBaHHJI K034><iiHUHeHTbl 

npH g i B /68/ npe,IJ,CTaBllHIOT C060H K034><iiHUHeHTbl CaMOHH

.I1.YKUHH H B3aHMHOH HH,IJ,YKUHH COOTBeTCTBYIOIUHX KOHTYPOB, 

'ITO n03BOJIJieT IIIHpOKO HCnOllh30BaTb cnpaBO'IHble ,IJ,aHHble 

no 3THM K034><iiHUHeHTaM /eM., HanpHMep, /IO/ /. 

liblllH peiiieHbl 3a,IJ,a'IH ,!J,llJI reoMeTpHH, nOKa3aHHOH Ha 

puc. 2, c napaMeTpaMH 1/ r 1 = 5 c.w; r
2
=15 c.w; Z = 40 c.w; 

2/ r = 5 c.w; r 
2 

= 15 c.w; Z =10 CM. B nepBoM npuMepe 
1 2 

<ll8 M= H8 H • rrr 3¢ , r 3 <l!.= 5,75 CM. 

3Ha'leHH11 nJIOTHOCTeH TOKa Ha e,IJ,HHHUY ,IJ,llHHbl B TO'IKaX 

Au ~ /eM. puc. 2/ paBHbl gA = -2,6 · 109·Ha/3,IJ,ecb H ,IJ,a

nee ucnonh3YIOTCH e,IJ,HHHUbl C G S I, g A = 3,2. 109 ·fk ll;nJI 

paCCMOTpeHHOrO Bbiiiie npe,IJ,eJibHOrO Clly'laH 6eCKOHe'IHOrO 

UHJIHH,IJ,pa gA=-gA =-2,4-10
9 

·Hlif .- PeJynbTaT nepBoro npHMepa 

6JIH30K K pe3yJihTaTy ,IJ,JIH OeCKOHe'IHOrO l.(HllHH,IJ,pa. 

Bo BTopoM npHMepe r 3 q, = 6, 7 c.w; g A= -3,2·10 9 H BH 

g A = 4,2 · 109 H 811 • 3,IJ,ecb y>Ke HMeeTcH cymecTBeHHoe oTnu

que OT npe,IJ,enbHoro cny'laH. 

A 
I IB 

'tz 

hl·ro Jc 
. . ......,_ 

2 ~ 

Puc. 2. 06pa3ell e euoe "wau6br ". 
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li/ AuanHTH'IecKoe paccMoTpeHHe ,IJ;n.R 
Topa Kpyrnoro ce'leHH.R 

EcnH o6pa3eu. HMeeT 4><>PMY Topa Kpyrnoro ce'leHH.R 
/pHC. 3/, TO nepeXO,IJ, K TOpOH,IJ;anLHLIM KOOp,D;HHaTaM/11,12/ 

ll03BOnJieT nony'IHTL aHanHTH'IeCKOe BLipa)l(eHHe ,IJ;fl.JI ciiYHKU.HH 

X H Y , KOTOphle, KaK OTMe'lanOCL, ,IJ;aJOT peweHHe paccMaT

pHBaeMOH 3a,IJ,a'IH o nepexo,IJ;e o6pa3u.a B coepxnpooo,IJ;H~ee 

COCTOJIHHe B 3a,IJ,aHHOM BHeWHeM none. <J»opMyflLI nepeXO,IJ,a 
OT U.HflHH,IJ,pH'IeCKOH ( r, O,z) CHCTeMLI KOOp,IJ,HHaT K TOpoH~ 
,IJ,anLHOH ( 11, '", rp) HMeJOT BH,IJ; 

a2 
~ ~ (r-a. ,.IJITj) 2~ 2 
. 1J . z ; 

a 2 2 2 
---=r +(z-a·l"lgu;) , 
sin 2 (tJ 

/69/ 

nH6o ,IJ;nJI o6paTHoro nepexo.11.a 

sb 17 sin uJ 
/70/ r =- a · -------- z. a . 

dt 1J - ('OS (U dt 1/ - I'IIS Cd 

r,IJ,e a ~ \! H 2 - p 2 • H . p - napaMeTpLI TopOH.D.a /pH c. 3/. 
0 0 0 0 

B TopoH,IJ;anLHLIX KOOP.D.HHaTax nooepxHocTL TopoH.D.a cooT-

BeTCTByeT KOOp,IJ,HHaTHOH llOBepXHOCTH 

H0 + a 

TJ = r1 == Const, r,IJ,e 
0 

ry
0 

= fn(---J,H TOr.IJ.a 
Po 

a 
H 

0 
= a· l'lh 1J 

0
, l'h 1J 

0 
= p = 

0 sit 1J 
0 

Ho 
/71/ 

Po 
BHyTpeHH.JI.JI o6naCTL TOpOH,IJ,a COOTBeTCTByeT KOOp,D;H-

HaTHOH o6nacTH 1J .; n <oo: 0 < w, ct < 2 TT. BHe TOPOH,IJ;a o-·· - . 

O:STJS..TJO 0 S,_w, ¢<2rr. /72/ 

BH,IJ; ciiYHKU.HH X MO:>KHO onpe.IJ.enHTL H3 peweHH.R, nony'leHHo
ro <I»OKOM /ll/ B 3a,IJ,a'le 0 CKHH- :lcl>clleKTe ,IJ;flJI TOpOH,IJ;anL-

Horo o6pa3u.a: 

X - 1 
.12( .p ( ) v ch 1J - cos w) X TJ, w ' 

/73/ 
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qn(ryo) 
r.n.e Px= ~ (2- o0 n) _f_( ___ ) fn(1J)msnuJ= ~'xe'OSrySTJo• 

n=O n l'Jo 

p = 
X 

3.n.ecL 

00 

~ ( 2- o0 n) q n (rl) eosnw = PXi, ry;:: 1Jo· 
n=O 

0 
On 

l, .n.nH n = 0, 

0, .n.nH n -fo 0, 

1741 

q (ry) , f ( ry) - ITOnHaH CHCTeMa TOpOH,ll.anLHLIX liJyHKIJ;HH, 
on'be.n.enHe~LIX HHTerpanLHLIMH npe,ll.CTaBneHHHMH /II/ : 

217 

q n ( l'J) J 
217 0 

v'2( eh 1]- eosuJ) . eosnw. dw' 

+1] -------
f ( 1] ) = .!_ J y 2( eh 1] - eos t) • eh n t • dt. n 17 

/75/ 

-I'] 

PemeHue ypaBHeHHH 1431 .n.nH Y nonyquM, BocnonL-
30BaBmHcL :noH: cucreMoH: IPYHKUHH ( g 

11 
, f 

11 
) H y .ll.OBner

BOPHH Ja.n.aHHOMY rpaHHqHoMy ycnoBHIO 143/: 

r.n.e 

y = --=--=-;--=====- . p y ( l'J ' (J) ) ' 

y2 (eh 1]- cos w) 
1761 

p =-4a
2 ~ (2-8 0 )(n

2
-T1 )q (1]) r·usnw=Py··l'J'l'Jo• 

Y II=O II ' II I -

/771 
2 ""· 2 l qn (1Jo) 

Py=-ta ~ (2-o0 J(n -T) f (1J)eosnr,=Py_,0<1J<1Jo· 
n=O fn(TJo) n "- -

HcnonL3YH nonyqeHHLIH BLime peJynLTaT 1261 o paBeHCTBe 
HyniO nonHoro TOKa nocne nepexo.n.a o6pa3u;a B cBepxnpoBo
,ll.Hill;ee COCTOHHHe H BLipa)KeHHH 174-771, MO)KHO, B qacT-
HOCTH, nonyqHTL: 

00 q (1] ) 00 ')_() ( ) 

<I> =-ha2 H l ~ (2-8 )-"-..!._ 1 1"' - On qn ryo -1 
BM BH On ' ..:.. ---' ---! 

n=O fn(1J 0) n=0
11

2_l_ f
11

(ryo> 
4 1781 
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c <llBM ( 3/2 oo 2-oon 
g =- -- chry-cosw) ~ ---

X 8y2173 a 2 n=O n2- .!_ 
4 

COSD(JJ 

fn(ryo) 

c 3 I 2 "" 2 -oo n 
gy ~- ----11 ( chT]-cosw) ~ --- • cosnw, 

8 V 2 172 BH n = o f n ( ry o> 
1791 

<ll oo 2- Bon I d l dqn 
BM · r --]-3 2 l -- ~ --·--·-t--~ H = a • sh ry 0 · 11811 • -. z::-11 n = 0 2 I f ( 1] 

0 
) dry sh ry dry 

"" 2-o 
-2 ~ -~ 

n = 0 f n ( ry 0) 

217a BH n - T n 

d I dqn 
-- [--. --- ]!. 
d 1] sh 1] dry 

1801 

3,ll.eCL 061ll;He BLipa)KeHHJI ,ll.ilJI <IJ BM, g X• g y, ~H ,ll.aiOTCH 
liJopMynaMH I 48/, /57 I, 1321. )J,ns npe.n.enLHoro cnyqas TOH
I< oro T opou.n.a p 

0 
/R0< < l nonyquM: 

¢ - H 2 BR 0 p 
BM - 17 BH. R o· [I - (Cn ---- I) . ( _o_) 2 I 

Po Ho ' 
1811 

3 2 
17Ro· IIBH Po 

/~R = ------- B HyneBOM npH6ilH)KeHHH ITO ( -- ),1821 
Cn(8R

0
/p

0
)-2 Ro 

$opMyna 1811 cpaBHHBanacL c peJynLTaTaMH qucneH
Horo pacqera .n.nH Po =5 eMu R0 =100 eM lnpu 3THX napa
Merpax nonpaBoqHLIH qneH B 1811 paBeH 10 -2 I. PeJynL
raTLI COBnanH C OTHOCHTenLHOH TOqHOCTLIO 2.10- 5 lr :Hb = 

99,5 cMI. Ilpu p 0 = 5 c.M H R0=10 CM qucneHHLIH pactler 
.n.aer r 3<P = 7,39 eM, a tlJopMyna 1811 - r 3q; = 7,46 eM. 

p 
To ecTL .n.a)Ke npu __ I!_== 112 3Ta liJopMyna .n.aer y.n.oBner

Ho 
BopurenLHYIO roqHoCTL. 

ABTOPLI HCI<peHHe 6haro.n.apHT A.Ii.KyJHeu;oBa uJI.JI.3u
HOBLeBy Ja noneJHLie o6cy)K,ll.eHHH. 
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IIPHJIO)J(EHHE 

HeKomopble rfiopMy/lbl 0/IR ucno/lb3YeMbiX mepMoOuHaMut~ecKux 
Be/IU'IUH /6e3 y'leTfla CTflpUK!lUOHHbiX Jl8/leHUU/ 

i - BHyTpCHHHH 3HCprHH, 

I· l·-T~- coo6o~HaH 3HeprHH, 

(; lJ- T~- _!__I t'J.J.Ith - TCPMO~HHaMH'ICCKHH llOTCHUHaJI ru6-

6ca laHanor7, 

\\ ~ 1- j_ I t'J.i't. <h - 3HTaJihllHH I aHanor I. 
Ja 

CMblCI1 Hd3BaHHH ~BYX llOCJIC~HHX ll,QTCHUHaJIOB OTBC<:taCT 

$opMa11bHOH- 3aMeHe ~aBneHHH Ha I! H o6beMa Ha B B 

06bt'IHbiX OllpC~CJ1CIIHHX :JTHX llOTCHUHaJ10B. 

BapHaUHH llOTCHUHaJ10B HMCIOT BH~ 

~ . 
<')tr - T. ii !" , __!_ 1 1 i . <1 B <h - T. ;:;.-.; , 1 u' ( ~~~ 1 iill 11!.1) <h . 

I i7 I'd I J TT 

"I' ... : .-.,. I 1·1'1 .• ,; ·1 . "'I' 1·11 ( ··1· hll 1111 ) I U ' -~ - ,., • <l ~1 -- • ll > • l \ - -- !"· () I <l :l I --- l \ 

L7 1\11 lrr 

"'(' . "'I' I .,; ~~,· I . ,.,. (\I IIIII! ) .-,, I () •=-~•(} --I )• I) •{\- -~·(! -1 I--- () '(\, 

J., . lrr 1\11 

-~ 

I -• __. -• II __, 
8\\ = T • ll s - -- I B • ,) II . <h ~ T . i)S - I ( \1 I _.....!2!_1_ ) ,)II . d \ . 

lir lrr Ill! 
_, 

3~ech M 
I --~ ..,. . ) -) 

-- ( B - II) . II -111 1111 B o6meM cnyqae. Bapuauuu, lrr 

OTHOCHI.l{HeCH K e~HHHUC 06beMa, COOTBCTCTBYIOT nepBOH 

$opMe 3allHCH, DpHBe~eHHOH BhiiUe. 

3JICMCHTapHbiC pa6oTa 8R H TCDJIO oQ HMCIOT BH~ 
I __. __, , 

oR = - f H • 8 B . dv , oQ = T . o S . 
4rr 

)J,anee H~YT $opMyJihl ~JIR OTHeCeHHbiX K e~HHHI.{e 06beMa 

BeJIHqHH B 06JiaCTH, 3aHHMaeMOH TeJIOM lo6pa3UOMI, Ha-

26 

xo~Rl.l{HMCR B npoMe:lKyToqHoM cocTORHHH I o6oJHaqeHHR BBe

~eHhl paHee, HH~CKC ·~··yKa3biBaeT,qTOBCJIHqHHaOTHOCHTCR 

K CBepxnpOBO~Rl.l{eMy COCTORHHIOI: 

ut = N• + 
8. :n ~~~ "k·T dHk 
~~- N =N -p(---- --)· 
877 ' 1 ln 877 477 dT ' 

"2 k 
dN 1 = T · dS 1- --dp: 

817 
dN In = T · dS In ; 

H 2 H T dH --> 

B·H U =N __ k_+p-k_,- __ k_+ 
1 In 877 477 dT ~ 

S 1 = ( I - p ) S In+ p • S Is; S S H In - ls = - __:_~ 
477 

--> 

dHk 

dT 

"2 G=N __ k __ T·S; 
1 ln 817 In 

"2 
F =N - __ k_T·S + 

1 In 877 In 
B·H 

H2 H ·T 
k ' k W=N ---+p·--

1 ln 877 477 

477 

dH k 

dT 
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PyKOITHCh rrocrynHna B HJ~arenbCKH~ or~en 
16 HHBapH 1975 ro~a. 

Y CJIOBHJI 06MeHa 
IlpenpHHTLI H coo6meHHJI OHJIH paccLinaJOTCJI6ecnnaTHO, Ha ocHoBe 

BJaHMHOro 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpHJIM, 
6H6nHOTeKaM, Hay'IHbiM rpynnaM H OT.l(enbHbiM y'leHbiM 6onee 50 CTpaH. 

MLI O)I(H.n;aeM, 'ITO nony'laTenH HJ.n;aHH:ii: OHJIH 6y.n;yT caMH npoJIB
nJITb HHHUHa THBY B 6e cnna THOH nOCLinKe ny6nHKaUHH B )J;y6Hy. B nopJI.l(Ke 
06MeHa npHHHMaiOTCJI Hay'IHLie KHHrH, )l(ypHanLI, npenpHHTbi H HHOrO 
BH.n;a ny6nHKaUHH no TeMa THKe OHJIH. 

E.n;HHCTBeHHbiH BH,l( ny6nHKaUHH,KOTOpbi:ii: HaM npHCLinaTb He cne.n;y
eT ,- 3TO penpHHTbi /OTTHCKH CTaTe:ii:, y)l(e ony6nHKOBaHHbiX B Hay'IHbiX 
)l(ypHanax/. 

B pJI.n;e cny'laeB MLI caMH o6pamaeMcJI K nony'la TenJIM HaiiiHX HJ.n;a
HH:ii: c npocb6o:ii: 6ecnnaTHO npHcnaTb HaM KaKHe-nH6o KHHrH HnH 
BblnHCaTb ,l(n.II Haiiie:ii: 6H6nHOTeKH Hay'IHbie )l(ypHanLI, HJ,l(aiOIUHeC.II B HX 
cTpaHax. 

OT~eJlbmhle 3anpocw 
lfJ.l(aTenbCKHH OT.n;en e)l(erO,l(HO BbiiTOnH.lleT OKOnO 3 000 OT,l(enbHbiX 

JanpocoB Ha BLICLinKy npenpHHTOB H coo6meHH:ii: OHJIH. B TaKHX Ja
npocax cne.n;yeT o6.1IJaTenbHO yKaJbiBaTb HH.n;eKc JanpaiiiHBaeMoro 
HJ.l(aHH.II. 

A~peca 

IlHCbMa no BCeM BonpocaM o6MeHa ny6nHKaUH.IIMH, a TaK)I(e Janpo-
Cbi Ha oT.n;enbHLie HJ.n;aHHJI cne.n;yeT HanpaBn.IITb no a.n;pecy: 

101000 MocKea, 
TAaBHblil no'IIIIUMIII, n/11 79. 
H3oameAbCKui1 omoeA 
06oeOUHeHHOZO UHCIIIUIIIyl/la 
J(OepHbiX UCCAe006UHUU. 

A.n;pec .n;n.11 nocLinKH Bcex ny6nHKaUH:ii: B nop.II.n;Ke o6MeHa, a TaK)I(e 
.n;n.ll 6ecnnaTHOH no.n;nHCKH Ha Hay'IHble )l(ypHanLI: 

101000 MocKea, 
TAa6Hbli1 no'lmaMm, n/11 79. 
Jlay'IHO·IIIeXHU'IeCKQJI 6u6AUOI/IeKa 
06oeOUHeHHOZO UHCIIIUIIIyl/la 
JIOepHbiX UCCAe006UHUU. 


