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I. lleHR pa60TH R OCHOBHHe COOTHOilleHMH 

Terrepb, Ha OCHoBe pe3yHbTaToB, rrony~eHHHX B npe~mRX pa60Tax 
/1,2/, MH rOTOBH ~aTb ~OCTaTOqaO nOHHoe OITHCaHHe TepMO~HaMHKH OCHOB

HOR Mo~eHH, 3a~aBaeMoft raMHHbTOHBaHOM 
".. /'....., A /\......, 1'1 A ....., ""'" ...., ....., 

/-/:= /I" ~fl (g)il,r2Jfj --I- g"0/-t@fl~f7 -r (jrSJ!L&JIi,0/l-f- l'e fl:83/l.@ f/~ J' ( I) 
c- '1 Q:3 ;L R. i/3 ' ..7 :1 r: ,~ I{; ~ :<. ~) 

t"I /11-1 _. i 1"", A J7 
I 0 - IV V1G 2. lio, (2) 

I Ii - A /, Q(A;; - T (ru-f - ~ J); \ 1 2 3J 

ni - IV ~' (2fJl .J("{ r:.;:y Slut'" s/)) 1'.- , " (3) 

r~e A - rrapaMeTp COOTHOmeHRH npRMoro H o6MeHHoro B3aHMO~eaCTBRH aneK
TpoHOB, .J;. - o6MeHHHe RHTerp8HH, y~OBJIeTBOp.m<lI(He HepaBeHCTBaM 

0, ';7 ~ > Jj » 0, (4) 
• / f .) • 

IV - tIRCHO CITHHOB B .CHCTeMe, f>l( ~J= 1.) 2)3 - oneparops ;r - o~ KOM
nOHeHTH CImHa 1/2, <;'" (t'~ 1., Q,3) - cpezaae 3H81Iemm OIIepaTO~B 4' 
no K8HOHH~eCKOMY paortpenexeaan C raMWIbTOIlli8HOM (I}-(3), tt!,J(Y:O,i,2,,3) 
- BepOHTHOCTR rrapaM8rHHTHOn H Tpex ~ppOM8rHHTHHX '8S CHCTeMH (no~o6
Hoe OllHcaHHe MO~eRH CM. B rro~pas~e~e 3.I.2 pa60TH II). 

K8K 6uno rrOKaSaHO /2/, HCTHHHUM TepMO~HaMH~eCKKM rrOTeH~aHOM 
CHCTeMH B SaBHClIMOCTH OT sHa~eHHR: napaaerpoa raMH~bTOIlliaHa A, Jd ' JZ ,J,; H TeMIlepaTyphi: () oy.ne'f .i'U:l.Cio .BeTBb ,tv(,.1 OBo6o,IUioA anePI'IDi , 
OllHCHBaDmaH COCTOHHRH C MaKCHMaHbHHM CMeillHBaHHeM Bcex ~eTHpex~s 

CHCTeMH, ~60 BeTBb A0. {D, OIIHCHBaon8H COCTOJnll'IH I'OMcxpaSHOro o~
HOOCHoro weppoMarHeTHKa C HaMa~eHHOCTbD B~OHb OCH·tI~ (6OHee IIO~

po6HO KnaCcH~kaUKD paSnHqflHX BeTBeR: nnOTHOCTH CBo6o~oA 3Hep~ CHC
TeMH C raMHHbTOHHaHoM (I) - (3) CM. B no~pas~e~e 3.1.3 pa60TH II). 

BeTBb M.ts xapaarepasyerca IIJIOTHOCTbIO cBo6o,IOIOR: 3Hepnm /1,2/ 

!(;t6f5)=J;,t,.;-&t!z2d (¥,)+ ~-3&&2J (5)·, rne . ~3 - penenae ypaBHeHHH 

~=ith(~)
~3 ,2 (9) (6) 

a TeTIH08MKOCTb HMeeT B~ 

R! V; 2\~· ~ I' ' Rfz+QC(ftb,I6j= (~<3 (1-1y~:) ~ tZ (Zc;3) . (7) 
f) Iz=o (2h+1) (/2 h+3) 

llHOTHOCTb cBo6o~ol 3HeprHH ~ BeTBH ~/l 80Tb 11,2/ 

--...........~.~~~
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y = 28j .r,<lj _. ) 

A/1. +- 81 )I 

( 14)r!fAb·l)= vv/4 -&&2+!;NY4 +,HD-t9&2e~ (W4~) 1, (8) Ir rne 8,-1+ A +~
'.i - A - ZJ h 2 Ii - i2J"_ !J;: • 

r~o DOPOIITlIOOT1f Wy ,v"= 0, ,1, 2.; 3~ l'I KOMIIOHeHTbl opa,ItHoro orraaa I '2(2 0(3 

,IIaJIee, rrycTD Z;- peueaze ypaBHeHIDI,{I ' t'::J L, ~, :-3 , orraousanrca ypaBHeIUlffMH If
j r - 1 .. {((' A )2 2 1 ( )~ - nth A - 2. J. y2 _3_Vv{,= 'J+ t A ' (9) t<. ... ' 3'-.> J2.) (I5) 

k·~ A-2~4: 
Tor,n:a

i=1.,2}3}w,. P Ii -1.;;~/ k.{" 
0';= £8;·12 A 
Z If ( d -f- 8:2)' rne .82 = 2-t-.4- -.2~SZ ( 16) ( 10),t" . ~ II, (!~), /:i,2)3. 

HaKOHen, ~~ = 3, H 

D JU4pt1ntnmtr' )t,M y,nOJlZllloR TOMOOMICOOTH ,IXBHHott BeTBll: ,3J3 . (17)~ f2A·"f ~J ?R~ KpHTll:'I{eCKOe rrOBe,neHne cooTBeTcTBy~e~ KOMllOHeHTIl y,neJIDHoro CIIH('(~,~ ) ", /~ ('I (N,.1)· - R?.~ J;, h1.' ~i (II) 
na OOmISll: o: ,a TaKlKe HSMeHeIme TeIIJIOeMKOCTH B TOqKe nepeopaea
Tamm (} ? : ll:MelOT ,nBOR:KHit xapaxrep 

nxOMT npoHDDo~mlo 1~/~6', JJ)UI ItO'I'OpbOC B nonpaaneae 2.3 pacora /2/ 

, .. t /·t ~ 

r " j;>z 7 -. [2 
"'WIe nOJIy"oHO OHOTeMO YPOIlHOIWR, aSMbtItBltlUBJI TO~iOe pemeaae paaaonec <I "-- 2o..-~4 ' .r; -I 3 ) 

( 3 
,1/1; - :2 (I8) 

lIoR so~all1! a MO,IXeJI:bHUM rBMliJI:&TOII1tBHOM (I) -( 3) • 
Onpe,IIeJmM TO'l{I\y nepeopnsHTamm et, r' = 1,2,3 KaK SHa'tle / ~. -v 0,8S--1 (- L

r--

/) , 'J; = 3)
lille TeMnepsTypli, npn «oTopoR o6pa~aeTCR B HOJID C' - ~ Km~OHeHTa 
y.n:eJI:&Horo cpszaero crrana ~t" .)J;m OTHOCll:TeJIDHot!, TeMITepaTYpIl rz:,? AC(M.f) = Ll c;.(.-i.6.1) = IO:'!X/ ' Or;£ f,
B oRpeC'1'HOO'1';! TO'l{I\H &,.7 cnpanenaaao pasnoseaae (CM. nonpasnen 

(3 -I3.1 pa60Tbl /2/): c [ (19)
LJ c(M.!) = LJ G-. (MJ.i ) ~ 0,366f- z{J-YR, at = ~ . c- 7= &-&?'" ,.2;;.- I,)' ~ I.{! ·-2 -. ~ 

l r:" - 7Ji == <I (R0/ -:g + '?/ l3 0;- - 6 Or' -t-t2 {ff}. (12) 
KPHTlNeClOIe 1'IH,IteKCbl ,ltJIJI TeIIJIoeMKOCTH 0(::'( Z HaMamBlleHHOCTZ A' 

Bxo,n;RlIU!e B aro paSJIOJKeIme BeJIll:'tlRHIl at onpeneaaeros OJIe,n;yIDIItHM 
paBHIl _ 1 - Q
 

06paSOM. llYCTD xacaa 11 ~ - pemenaa ypaBHeHlItt:
 cit' = 0, }l - r ) Of I: 3"-' 
_ 1- ..1./ 1/

tz 
A )R 2 J, g) [ I - 1.. A' = .L Y', =- J2 /=.-1.. Z 3 (20){Z- 2. {!1'.(A-2:I 2 2Z Vl{ - Z) t 1.;) of -3 J ,}.\ ~?:2 .]""1' 

(13) ,U1IJ{ o6JIertieHIDI opzeHTSmm B HSJIarSeMOM ,naJIse MaT8pU8Jle rrpHBO,ItHT

C.R: '1'a6JIB~ I. OHa ycrpoena CJIe,nymnm 06~SOM./; _ 1- liz ~(A J'2 Z:J:!'\,(3 -Z (\ A-2-1Z:? ~~ ). B nepBoA roplISOHTaJIDHOI rpawe rrpKBO~TC.R: SHSlleHBH napaMeTpa 6a

JISHCa npmMoro H 06MeHHoro B38RM0,neAcTBHH A • Kelt BH.n:aO, eCTD lleTIlpe 

o6JISCTl!I SHallSHHI 3'1'01'0 napazerpa , B KBJI,1lol HS KOTOpHX T8I*O,lUlHBMHKa
Tor.n:a 

HMeeT CBOZ rrPHHUWIIHBJIDHIle oc06eHHOCTU. B CJIe~el rpa~ yKaSaR rro,II

32 
~.~ 



p83,neJI ,naHHOH liIDI npe.IU:.mYmeti pa60TH, B ItOTOpOM pOOOMOTPOIlO TepMO,IJ;H
HaMHRa ~ ,naHHoro nHTepBa~a ll3MeH8HRH rrapaMBTpo A. 

B TpeTlJei-i rpa<I?e 'yrm3aH HOMep a6COJIIOTHO OTSOHJ1bIlOA DO'rDH. ECJIll 
Me~ 3TllMll B~TBffMR rrpOliCXO,IJ;llT rrepexo,n, TO STOT nepoxo~ YlmaSH OTpe~
Rofi, Hanpa~eHlle KOTOPOH YKa3HBaeT B03paCTaHllB TBMnepsTypu. TIoMeTltM 
"{f>appo" - llIDI "rrapa"- YRa3hIBaIOT, OTIDI~O ~li OT H,YJIJI SHStl9HR8 nspaMeT
pa rrOpR.nlm npll rrepexo,ne C BeTBR Ha BeTBlJ. \ 

B 'tIeTBepTo:t! rpaflle I.llnppOH YKa3aH pen cPa30Boro rrepexona , nanpaane
HRe OTpeJIOIt Ylffi3HBaeT BospaCTaHlle TeMITepaTypH. B IIRTO:tl rpa{f>e co,nep
mETOR OBs,neHHR 0 HarrpaBJIeHERX rrepeoplleHTa~~. HanlJ OSHa'tIaeT rrapaMar
HMTHOe OOOTOHHR8, CTpeJIKa yKaSHBaeT BospaCTaHlle TeMIIepaTypH. 

TgdllROO I 

3Ho"OI1MO A 
-oo<A~O o ":':A6~ Ji<A<:9.z; \9J3",,.koo I

2 - It T 
I1°~800.ztOJ1, 2.2'/2/ 2.3.3 - 2.3.5 2.2, 2.1, I 
po TO padOTO ,n:SHHBH pa60Ta ,naHHaa ,naHHaH 

pacora paccra I 
Bo/rIm uoco- weppo- A6.15 I 
J1JO'l'HO OTO- No. IS !%lOPpo-A{,. IS ~ !IJePPo~.1 -e-rrapa Aled. ;v(;,j IdRJI:bIIHX 000-
TOJDut£t I 

IIooJ1e,Itons· I EJ. ~ B.ll ·~2~R·~2~i~ 
TeJI:&HOOTlJ II IZ t: 

po,It ~SOBHX 
nepexonon : 

I 

~ z'~ &,'2 , ,~ 
~l"""Z~f- ~l- ~£~2-+£-i 

1<~<4 

()'l (9,' ~J..~l~ IlZ 'Iz. 

IIOMe,nOBB- J.2 
~[OOl]~~Ol }~[ii1]~O~TeJIlJHOCT:& 8ft'( 6I{ ~[i1.:1.J~

CIIOHT8HHIlX 
rrepeoPlJIeHTarmii ""[011.]-'"

r1J-'> 0-. 
8,'2 , ~ 

~[oOlJ~U01}{{HJ~O" {?>O.1J. 0.. .i<~.(BJ2 ..,[001]-

~ O~ 

()~.(f},1 ~ lOOlJ"'[H1J~O'"t /Z. 

IIpl1IMe'tIaHlia HenpepaBHaH H CK8qxoOdPa~ 
- aaa HyRJIeamm, aBOMBJl:&HH8 - -nepeopHeHTamm 

4 

KaK B:H,D;H.O aa Ta6muw I, ecna KJIaCcll<!>InmpOBaTlJ <peppOMarHeTliIrn 
no KO~'tIeCTBY, po.ny li no~e,nOBaTe~lJHOCTH cPa30BHX nepexo,noB, KOTopHe 
OHM MOry rrpeTeprreBaTlJ, TO ,naHHaa MO~e~lJ OIIHCHBaeT no Kpa~e~ Mepe 
meCTlJ TllrrOB WeppoMarHeTBKOB. B03Mo~oe cymecTBOBaHne B paMK8X ,naH
HO~ Mo,neJIB ,IJ;PYrRX TllrrOB flleppOMarneTHKOB 06cy~aeTca B KOH~e rro~pa3

,neJI8 2.3.2 ,naHHoH pa60TH. MH ~ ~anee paCCMOTpHM Te meCTlJ THITOB ~ep
poaarneraxoa, ,ItJISI KOTOpUX nocroaepao yCTaHOBJIeHO, 'tITO OHM OrmCl:lBaIOT
ca TOqflHM pemeHlieM Mo,neJIlJHOi sa~a~ C raMRJIlJTOHHaHOM (I-3). 

r 

2.	 TepMOpHaMllKa aHllI30TOOIllioro reTepOd)a3HOro d?eppOMarneTllKa 
TeiiseH6epra C naJIlJHOne~CTBlleM . 

2.1.	 lWpp0MarneTliIG'I C Herrpepmmo:t1 rrepeoPHeHTalJ,Heit Crrn:HOB, rrpeTepne 
BaKllUIe TPli <t>a30BUX nepexo,na 2-ro po,na(gJ..-:s/Jr.c:::.. A 4. 00) 

B aTOM HHTepBane liSMeHeHRa rrapaMeTpa A a6COHlOTHO cTa6RJIlJHO~ 
npa ncex TeMIIepaT'Ypax SIBJUIeTCa BeTBlJ #0.1 IIJIOTHOCTB CB060.u;H0i1: 
aHeprRll. aTa BeTBD OIIBCHBaeT COCTOHHHH co CMeillllB8HHeM Bcex ~eTHpex 

<PaS. 
B CllCTeMe eCTlJ rrepeO,PlieHTamm. C rrOBhlliIeHHeM TeMITep8TYPH BeKTOp 

HaMarHH~eHHOCTH HerrpepHBHHM 06paSOM aBOJIIDlJ,HOHMpyeT OT Harrpa~eHKH 

[III] K '[all J ' H ~a~ee K [cor] C nOCJIe,rr;yIOllnIM nepexonox cao-
TeMH B napaMarHHTHOe COCTOHHHe. IIepeo~eHTauaR IIPOBCXO~ B HHTepBa
ne renneparypa O~ e~ @C(Alo.1)=Bl=.J;,132 (BH1ffiMeHlle TeMIIepaTYP KID
pa CM. B nonpaaneae 3.1. 5 pacora / ). IIoBe,neIDIe KOMITOHeHT y,neJIlJHoro 
CITRHa B 3aBllCRMOCTH OT TeMllepaTypH oT06paxeHo H8 pllC. I. B TO'tIlmX 

Pac, 1. 

t:i. IIOBe,neHHe KOMIIO

1 
2" 

HeHT CIIllHa B CllC
TeMe c A> !If . 
IIpOl1ICXO~T IIJIaBHHe 
nepeopneHTamm. 
HarrpliMep, npll 
A =I,3; Ji =0,3;
J2 =0,6; ~ =I,O 

o er 
1 e~ 8J3/ 32 

rllICJIeHHlle pameIDl.f:l 
. hl~ 

naer tJ.1.. = 0, 198; 
OJ = 0,449. 

.A.HanllTll~eCIrne BH
pazeaaa ,IT)IJI fJlll. 6)% 
rrpl1IBO~Tca B 3.2.4. 

f • 

5 



Hc~eSHOBeHl'ISI KOMIIOHeHT CrrnHOB, r ,e , B TOtlIWX nopOOp1'lOJtT8mrtt Be?' 
['= 1,2,3, rrp6Hcxo~T WasoBus rr8pexo~ BTopOro po~a. BepoHTHoCTH 

tPeppoMarnHTHHX 'Was, TaR JKe KaR H IWMIIOH8HTU ormnon, MOHOTOlUIO y6hI

BaIDT C pOCTOM TSMIISpaTyphI. B TO~KaX rrepeopHeHTsDHR ~(qolm COBITa

~aIDT C BSPOSITHOCT:bID rrapaM8rHHTHOH waShI ( CM. pHO. 2). TennOeMltoCT:b 

HCllhITbIBaeT B TO~KaX rrspsopHSHTaImH c;:.? oTpnI1,8TeJILUU8 nspenana,
B~'lHHhI nepenanon, KaK aTO CJIs,n;yeT HS Q9), P8BHbt Iat -2/3r.1., 
~ L.. 2/3 ·(CM. pHC. 3). IIOCKOJI:bKY ?f;;,L.2/3, TO ItS (20) CJIs,n;yeT, 

PliC. 2. 

w~ TSMITepaTYpHaSI sa

BHClIMOOT:b BSPO

SITHOCTSH <Pas B 

CHCTSMe C A:> ~ 
4

B HYJIS TeMITepaTy

pH SHa~eHHSI Be ,
POSITHOCTe~ paBHU t 

rv ;: ~ A )-1i 
I	 h{, ==( i+&iA -,3;)2 J 

I I _
I I II ,rv "'-.JA 

Wl =,4-.7;/.2 ~.o 8~ 8~ J3/32 8 

C 
6C3 

--1 PliC. 3. 

-I AC- TSMllepaTYPH8SI S8BHCIDMOCT:bII 2 T8IIJIOeMKOCTlI B CHCT8Me C A?9J,/1f.
/ ~t 

o e~ 8~ 

~TO ~ TO~SR nspeopHeHTa~n rrorry~roTcSI o6hI~hIe ~ TeopHH ope~ero 

rro~ SHa~8HHSI KPHTH~SCKHX HH,n;eKCOB TerrnOSMKOCTH oGi = a H HaMarHH

~eHHOOTlI fit' = I!2. ~PMYJIll ,IT)ISI paSJill~lDC TepMo,lUIHarvmqeCKKX BeJIH1I.MH 

,IT)ISI ,n;aIll\oro HHTSpBaJIa SHa~eHJIIH A MO]KHO HaRTH B nonpaaneae 2.3 
pa60ThI /2/. 

2.2.	 O,I!jF!OOOHIl8 <I:eppoMarHeTHIm. IIpeT8prrSBaWe omm ffiasoBldl 

rreOOXOJI I-ro polIa (J3/2 < A ~ 8:J3/it) 

~SI ~ppOMarHeTHROB SToro THITa HHTeHCHBHOCT:b pasyIIOPR,IJ;OqnBaIDme

ro BS8H1~o,n;enCTBHH Y]Ke He OTOJI:b BeJIHKa, ~To6hI 06SISaTeJI:bHO HHH~P0BaT:b 

rrOHBH8HK8 reTepoq>aSHHX COOTOSIHHn. 

1:fir0JI8HHlli! aHaJIHS rrOSBOJIlIJI ,n;OOTOBSpHO yOTauOBHT:b, ~TO IIpH H8KO

TOPOH TeMllSp8TYpe eo rrpOHOXO~T epaSOBllH nepexon HS qreppOMBrm~THoro 
COCTO.RHID1 B8TBJ1f ltV. j 5" B IIBpaMal'HHTHOS cocroanae BeTBJ1f .MS,.J. , 
zcropoe xapasrepaayeeca SHa~eHIDIMH BepOSITHOCTen t'l6-=h1=% -= Vv:.7:.=- 1!Lt. 
CJIS,n;OBaTSJILHO, ,IT)ISI TaKKX ~ppOMarHSTHROB IIOTHHJll:tlt TepMo,n;mlaMH~8CIm~ 

ITOT8HUIaJI nepexonar B TO~Ke eo C BeTBH M.15 H8 BeTBn 1v6..1. 
C HYJIeBHM napaaerpox IIO{lH,lJ;KB. .ne~CTBHTeJI:bHO, HH onna us KOMIIOHeH'!' ~(' 
HS MOBreT 611T:b OTJIH'qHa OT UYJIR; npanee TO~ 6b , TaR KaK npa 

:5;,/2 L. A ~ 9:13/4 see B8mPmHil z> ~ H nee KOMIIOH8HThI 

cnanos ,n;OJIJKHhI 6WIM 6hI, OOrJI80HO (18), BOSpaOTBT:b. Tor.na TeIIJIOc;i 
SMKOCT:b (II) 6WIa 6a OTpJ1flJ,8TeJI:bHOA, CJIe,n;OBaT8JI:bHO, COOTOJIImJI 0 I{'/-FO 
6Wll1I 611 npanee t90 HeCT86R1IDHIl. 

HT8R, TO~Ka C0 orrpe,n;enxeToH HS paBeHoTBB 

J(AIo./5)!<.,# = f(fi.6·1)\(=o	 (21) 

R1.IJ1[ 

~!.-;-ftt3tlte/,{J1V+~A =q 
(22) 

r,n;s	 <3 = i I/, (~). 
3aBMcHMOOT:b 19 OT A aaoopaseaa ua pac, 4. KaK H OJIe,n;OBaJIO oza

0 

,n;aT:b, B KpaftIUIX TO~KaX HHTSpBaJIB rro IIepeMeHHO~ A anaseaae &0 COB

IIMaeT C COOTBSTCTBYlllUHMH TO'tlK8MB' KIopH: rrpH A = 0 - C TO~KOA KIDpH 

,BeTBH 116. f5 t9 C'= 1312, a ITPR A= gJ3 /'-1 - 0 TO~KO~ KDPH BeTBR 

M.f	 (}c= 13/3 2 . 
B CMCTeMe HeT nepeopzearanaa; <PaSOBW! rrepexon 1-ro pona, 38

BHOHMOOT:b BeJm'tlHH ~t" , kf· 'III TewroeMKOOTU C OT TeMIIepaTYpll 

Uso6p8]K8HI:l Ha pUCyHKaX 5-7. wePP0MarHHTHhIe OOCTOHHHH Boer~a roM~SHH. 
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o	 OS A Ih 2,25
 

FHc. 4.
 
3aBHC~MOCTH Te1mepaTypH HerrpepHBHo~ HyKneanKR C9k H 
TeMITepaTypH ~soBoro rrepexo~a 1-ro po~a ~? , orrpe~e~eMoR 
yc~oBHeM (21), 
Bsa~Mo~eHCTBHn 

t.i. 
0,5 

---~~t,0:!> 
- I 

I 
I 
I

~=E.iO 

o 60 e o 80 8 

C(~~)
 

OT rrapaMeTpa 6a~aHca rrpRMoro 11 06MeHHoro
A° ITYHKTHPOM rrOKasaHO SHa~eHHe 

Wv 
1,Ot---W3 ' 

O,25r- - - - -- 
'No=~:W2.=O 

tYC(IvO.i) 

PHC. 5-7 

Cpe~HR y~e~:bH~ CITHH, BepoHT
HOCT11 ~ TeIUlOeMKOCT:b ~ c~cc 
TeM c~/2<A~9~/'t. 
MMeeT MeCTO o~ W8S0BHR rrepe
XO~ 1-ro po~a; TO~ tYo H 

SHalIeHMe ~~ = ~ 3 (&0) onpene
~TCR HS ypaBHeH~H (21)-(221 

3HalleHHe C ( ~: ) ;n:aeTCJl noncra
0HOBKoti ~ B (7) o. B TOllKe Bo 

o	 80 
e 

~ ........-	 1-- 
~ce BepORTHocTH CRallK006pa3Ho 
CTaHOBRTCH paBHUMH 0,25. 

8 

2.3.	 ~eppOMarHeTHKH C HVKnearmeli (0 <: A ~ :l3/f2) 

2.3.1.	 KOpoTKO 0 HY.KJIeamUi 

B STOH 118CTH pa60TH 6Y~T paccMoTpeHH reTepo~asHHe wePPOMal~eTH

Rn, B KOTOpHX HHTeHCHBHOCT:b rrpaMoro pa3yrro~0~romero B3aRMo~enCT

BHR TaKOBa, liTO napaae'rp A rrpHHHMae'l' 3HalIemra HS 06~aCTH o«.A ~ J.~/z. 
3'1'0 ~eppOMarHeTHKH co CJIOJKHoit, HO B TO JKe npeaa oxeas MHTepeClIOH . 

TepMO.ImHaMMKO~. 

EnaBHoR OTnHllHTeJIbHOH OC06eHHOCTbID STKX weppOMarHeTHKOB RBJIReT
ca TO, liTO OR~ MoryT rrpeTeprreBaT:b Crre~~l1lIeCKMn ~SOBHH rrepexo~, 

rrpHCY~~ TO~:bKO reTepOW8SHHM CHCTeMaM,- HY.KJIea~. HBneHHe S8KJIIDQa
eTCH B TOM, lITO rrpH HSMeHeHRH BHemHllX rrapaMeTpOB CHCTeMa MOJKeT rrepe
XO~Tb H3 COCTORHlla C O~HM Ha60pOM ~as B COCTO.ffHHe c ~~~Ha60POM 

(j}as, HarrpMMep, HS rOMo~a3Horo B reTepoW83Hoe COCTO.ffHlle ' ° TaKOR 
rrepexo~ rrpoHCXO~T, Kor~a B 06~eMe rOMO~3HOH CHCTeMH rrORBrunOTca 3a
po~ HJIM ~pa ~pyro~ ~SH (H~M ~YrRX Wa3), oTKy~a 11 Ha3BaHHe 
Hy.KJIeaIJ;Ha. 

0603HallHM TeMIIepaTypy HY.KJIea~ Qepe3 19;z. KaK HaMli 61:lJIO Y'JKe 
rrOK~3aHO B rro~pas~eJIe 3.1.3 pa60TH II, paCCMaTpHBaeMaa MO~eJI:b co
~e~T 15 paSJIllllHHX BeTBe~ TepMO~aMHlIeCKHX COCToaHH~. ~ K8KHX 113 
STllX BeTBeR rrpo11CXO~T Hy.KJIeauaH? ~YrHM HHTepeCHHM BorrpOCOM RBJIReT
ca B03MO~OCT:b HYKnea~ 11S O)ijIOro reTepO~SHoro COCTOJIHRH B ~pyroe 

reTepO~3Hoe COCToaHH~ C 6Qn:billHM lIHC~OM CMeillHBae~ llHCTHX ~S. 
RaK 61:lJI0 rrOKaSaHO B rro~as~eJIe 2.1 pa60TH /2 , B paccMaTpllBae

MO~ HaMH MO~enH aHM30TpOITHoro reTePoWa3Horo qepPOM8rHeTHKa peallRsyeT
ca JI1l60 BeTB:b M.IS - COCTORHllJI lffiCTOH epeppOMarHHTHOH ~asH C nauar
HHlleHHOCT:b1O B~OJI:b OCH t?~ , ~H60 BeTBb 11-6.1 - COCTOIIlllifI co CMel.I.lID
BaRHeM Tpex ~eppOMarHHTHHX ~a3 co B3allMHO rreprre~KYJIHpHHMM HarrpaBJIe

I HHRMH HaMarHHlIeHHOCTH M rrapaMarHHTHO~ ~a3H. ~eAOBaTeJI:bHO, HYKnea~ 

,1 rrpOHCXO~T npH nOBHilleHKH TeMITepaTypH H3 llHCTOro O~OOCHoro ~eppOMar

HHTHOro COCTOHHMa B COCTO.ffHHe C MaKCllMaJI:bHHM CMeillRBaHHeM Bcex lleTupex 
B03MOXHUX qaCTHX ~as. 

To~a TO"tlKa lfyKJIeamm: eli onpenenaeroa yMoBHeM paBeHCTBa B 
He~ COOTBeTCTBYIDmHX BeTBe~ nJIOTHOCTH CB0(0)ijfOll SHeprHH: 

l!ft!o.l6 ~	 = I(J1/o·1)1 
? (23)

-'/8=6'/z If)= ClIl 
HJIR 

~~3e - s, tIz Ed ('~)+ ~.- R&1z &2 = 

J? ~	 . /I J:)2	 Q (24) 
= Vt0 t+tf{[~'f1TJi~/)-61/3zPd( l1f ~~(' }. 
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IIpe,rr;rroJIOJKHM, qTO HyKJIeaIJ;IDI npOlfCXO,nHT HerrpephIBHHM OCpa30M. B 

STOM cnyxae MOiKHO ,rr;OCT8"TO'tffiO rrpOCTO rrOJIy"tIllT:b.IVUI cYk 8HaJIHTlfqeCKOe 
Bup~eHlfe, HCXO~ lf3 ~P~~JI (9) H (10) ~JIR BepoHTHocTeit If KOMllOHeHT 
y~eJIbHOrO CITHHa COCTORHHH BeTBH ~.j c' MaKCHMaJIbHHM CMeillHBaHHeM~3. 
B caMoM ~eJIe, ClIHTaH, qTO MH rrO~O~M K To~e HYKJIea~ H3 OOJIaCTH 
COJIee BUCOKHX TeMllepaTyp, yCTpeMHM BepoHTHOCT:b ~ K e~Hue. B CRJIy 
HOpM1iPOBKu cyMMl:l sepoarnccren H8 e,Iunrn1J3, aTO BJIe"tIeT aa cocoa npenexs
Hue nepexonu rt0.-,> 0 , i1/ ~ 0 ,WZ ~ 0 . 8Ta <PoPMaJIbH8H npoue1 
~P8 COOTBeTcTByeT HerrpephIBHOMy IIepexo~ CHCTeMH R3 reTePO~a3HOn BeT
BH /l.1J..1. B rOM0cPa3HYIO BeTBb /1/0, IS. ,[erKO BH,I:(eTb, qTO rrpe~eJIbHIDt 

rrepexo~h.{~·~1. OCYll.\eCTBJIHeTCH, eCJIH ~:?'~YA/£ J3 /: 

&'tn ~ -:= 8'117 rAj .( (25)1 . <: ~Il: 3 (~-!c7f1 LA -Z~;39-- 1+ i: A _:< ~ 
:3 2I.? . 213 K:l ,4-2JJ<..';K 

CJIe~oBaTeJIbHO, rrpM Herrpe~hIBHoM rrepeXO,I:(e B TOqKe HYKJIea~ LYk 
KOMITOHeHTa y,neJIbHOrO cmma c;3CTPOro gmKcRpoBaHa 'no BeJIRtIHHe KOH

CTaHTaMM r8MMJI:bTOHlfaHa: 

~ (&=&/z) = IlL (26)f2J3 

OTCIO,Ua H lf3 (IO) y~e JIerKO narryqnTb, "tITO 

_J7IP 
J=5 f J.;

f)h = (27)'z ' LV2th(y2A') 
rpacPHK 38BHCYIMOCTH en OT AnpH ~ -=.{ npasenen sa pJIC'yH

xe 4 BMeCTe co 3HalJ:8HRRMl1 f}(!(Iv&.J.) H· &0 
2.3.2. AHoMaJIbHHe rrepeoplfeHTaHM¥ 

~yroH ocooeHHOCTbIO cPePPOMarHSTlfKOB C HYKJIearmeR HBJIReTCR TO, qTO 
C POCT9M TeMllepaTypH O,nHa lfJIH ~B8 KOMllOHeHTH y,neJIbHoro cmma MOryT B03
paCTaT:b. TaKoe rrOBe,neHYIe aHOMaJI:bHO, eCJIH p8CCMaTpHBaT:b TOJI:b~O 8TH KOM
rrOHeHTH, HO CTaHOBRTCH nOHHTHHM, eCJIH npHHHT:b BO BHHMaHHe TpeTbIO KOM
rroHeHTy CllHHa. 8Ta OCTaBlliaHCR KOMllOHeHXa 38BRCHT OT TeMII8p8TypH T8KKM 
oopaSOM, qTO ee yOHB8HHe ooecrrelIHBaeT rrOJIOXHTeJI:bHOCT:b TellJIOeMKOCTH 
(II) • 

HCHO, "tITO ~ qnCTO O,nHOOCHHX cPeppO~arH8THKOB TaKoe RBJI8HHe HeB03
Mo~rno, TaR RaR OAHOOCHH8 wsppOMarHSTHRil 11MSroT OAHOKOMllOH8HTHYIO HaMar
HHqSHHOCT~,B TO Bp8MH RaR ~ wsppOMarHSTHRa, C TpSXROMllOHSHTHHM rrapa

11) 

~'1 

MeTpOM nopansa aHOMaJI:bHOe aospacranae O,nHOM HJIH .IJ;BYX lWMllOHeHT 
y,neJI:bHoro CITHHa oy,neT rrpOCTO 03Ha"tIaTb nOBopOT y,neJIbHOrO cnaaa B 
rrpOCTpaHCTBe. . 

TaKlfM OCp!:l30M, eCJIH npa 9J3/J;.< A L 00 C pOCTOM TeMIIepaTypbI Hao
JIIO~aIOTCH nosopora B rrOCJIe,nOBaTeJIbHOCTH [II~]~ [oIIJ~190:iJ ,'l'0 B 
cI>eppOMarHeTMKaX C nYKJIearmefi B03MO)KH8 nepeopHeHTarum B oopaTHOM Harr

pasaeaaa: [oor}~o~.-"[IIy , a TaKlKe rmta f oor] ~ /)11] • . 
RaK y~e OHJIO OTMe~eHO B rro~pa3,neJIaX 3.1 If 3.2 paooTll /2/, aHO

MaJIbHcre nepeopaearanaa B03MO~1l, eCJIH BeJIWlliHll 0.i. H Oz ,orrpe,ne
JIeHHlle COrJIaCHO (13)-(14) n (15)-(16), OY~T cTporo COJIbille 2/3 • 

~ocTaTolIHo o~eB~Ho, qTO POCT ~BYX KOMllOHeHT y,neJI:bHoro CITHHa 
C pOCTOM TeMITepaTypcr Be~eT 1\ rrOTepe CHCTeMOR TepMO.nHHaMHqeCKOH yCTofi
lIHBOCTH. B caMOM ,neJIe, eCJIH aHOMaJI:bH8H. rrepeopMeH~aU»H lfMeeT MeCTO, TO 

J~i . d~2 )<.;
d§ » 0, dO:> 0) -dO -<. {? 

(28) 

IIPOH3BO,1Ume dc;l/'J(J BXO~T B TeIIJIOeMKOCTb (II) 

C(- ).- (1 2~ dC;f J Q ;)42 T- 2;;<~\ \ 
, 1ih,.1. - - £, Jj Wi ~~ :J1j + . ;( W,e ~2 {J(j" +- J~~3 ~ (J(f~, 

B npouecce aHOMaJI:bHOH rrepeopHeHTaU»H rrepBIIR YI BTOPOH qJIeHll B 
3TO~ cyMMe OTpHllPTeJIbHll H pacTyT rro MO~JIIO, TpeTnR ~eH rrOJIO~TeJIeH, 

HO rro MO~JIIO yOllBaeT. Ilpa ~OCTIDKeHRH HeKoTopoH TOlIKH Bo1 reroro
eMKOCTb {II), H8KoHeu, CT8HOBHTCH OTpHllPTeJI:bHOH - CHCTeMa TepHeT 
yCTOHtIHBOCT:b If nepexoztar B rrap8M8I'HYITHYIO <Pa3Y BeTBlf 11/0,.1 • Pon 
rr8pexo~a rrpn aTOM - rrepBIIH, rrOCKOJI:bKY y~eJIbHlln CITHH, HMe~n RO-
HeqIflle 3HaqeHHR ROMIIOHeHT, CKaqKOM CTaHOBHTCH paBHHM KY~. 

MTaK, aHOMaJIbHlle nepeopaeuramra rrpOYICXO~T npa O.c. A ~.2f B 
OOJIBCTH TeMllepaTyp, KOTOpaR CJIeBa OrpaHHqeHa TOqKOfi HyKneaUHlf tin' 

.,01 . 
a crrpaBa - TOqKOn t70 <Pa30Boro nepexo,na rrepBoro po,na, orrpe,neJIRe-
MOJi liS yCJIOBHH: 

C!AM)! = (-- 2Z Ji V0~i ~)~ z: O. 
j8=&/ (=1 c/cr I 

(29) 

"0 6)=&0 
K CO~JIeHlfIO, rrpHXO~TCH eie pa3 KOHcTaTHpoBaTb, qTO cymecTByID

~ee rrporpaMMHoe ooeCrreqeHlfe /5 He rr03BOJIHeT C ,nOCTaTOtIHOR ~ Ha
illKX ueJIeJt TO~OCT:bIO rrpOH3BO~Tb MHHlfMlf3aunro WYHKuafi MHOrHX rrepeMeHHHX, 
KMeDmRX CJIOXHHfi peJIbecP, KaK 8TO HMeeT MeCTO ~ CBOOO,nHOH aHSprRH 
(8) npa YCJIOBmIX (9) n (IO). lfu'CJIeHHllR aHaJIH3 rr03BOJil'IJI Ha~B1KHO ycra

HOBHTb HaJm"tIHe HyKJIeamm B TO~Ke t9~ H nepexcn B rrapaMarHHTHyro <Pa-

II 



sy nocne aHOMBJl:DIiIDC nepeopaenranan. OTa llliepOpM8mm rrOSBOJIReT yTBep

J1{,1l;aTl> , l1TO npa 0('> § , {=I,2 aHOMaJIl>HOe noapacranae O~HOH ID'm
 
~BYX ROMIIOHeHT y~eJll>HOrO CIIZHa rrocJle HyKJIeauan ~omKHO rrpHBO~Tl> R rro

Tepe yCTOHl1HBOCTM B CMJlY OrpaHHl1eHHOCTM CB~~XY BAJIH'tIHH ~~ H ~£
 
M I\OH8'tffiOCTH rrOJlOJKl1:TeJll>HbIX rrpOHSBO~l-lX ~~1./d& H I-{£/J& . Iloaroxy , He

CMOTpR Ha TO, l1TO MH He BUl1HCJlMJIH SHal1eHRff 6ft! RaK ~HK~ rrapaMeT

POB A , J:L , J2 ' .J~ ,MOiKHO yTBepJK,n;aTl>, "CITO .IJ;JI.ff paCCMBTp;maeMoH
 
MO~eJlM cymecTBoBaHMe T0l11<H ~SOBoro rrepexo~a rrepBoro po~a ~ yCTaHoB

JleHO.
 

~aJlee, ~CJleHHuM auaJIMS Ta~e rrOKaS8J1, l1TO peaJlMsyIDTCR TaKHe Ha
OOPbI J! ' Jz ' J3 Ii A rrpa OL A613/2, xorna cymecTByIOT TeMIIepaTY
PbI nepeopaearanna f) i M f9f . ITpHl1eM COOTHOllIeHHe Me2K,I(y aTHMI1' 
TeMIIepaTypaMM H TeMJIepaTypoM HYKJIealJ,IDI f}Iz. MOJKeT ObITl> caMhlM paanan, 

PaCCMOTpHM ~aJlee TpM HanOOJlee MHTepeCHl-lX, rro HallieMy ~leHnIO, 

c~Yl1aR. ITo~l1epKHeM, l1TO r~ He paCCMaTpHBaeM ~pYrMe C~Yl1aH, KOTopbIe 
MoryT TaroKe MMeTl> MeCTO, narrpaaep , sorna resmeparypa &1 M &1 He 
cymecTByIOT ( B aTOM cMTYaI.UIM cOOTBeTcTBYromHe BepoRTHOCTM rrpHHRMaIOT 
He~SHl1eCKHe SHal1ellliR). 

2.3.3.	 ~ppOMarHeTMKH C HerrpepHBHoM HYKJlea~eH, rrpeTepneBaIDlliHe 
TpM <PaSOBbIX nepexo~a 2-ro po~a R O~H <PasoBbIH rrepexo~ 

r-ro po.rr;a 

PaCCMOTpHM W€PPOMaTIieTMl<H C HYKJIea~en, .IJ;JI.ff KOTOpbIX KOHCTaHTbI 
raMHJIl>TOHllaHOB BM~a (1)-(3) MoryT OUTl> BbIopaHbI TaKHM OOpaSOM, "CITO 
TeMIIepaTypbI en' (9;, tY1H e/ cymecTByIOT H y~OBJIe'I'BopmoT YCJIO
BRID: 

L)	 ? ~ I 
[7h < Bj <. {)Z .c::::. 80 .	 (30) 

ITpH rrOBIillIeHRR TeMIIepaTypbI OT HYJIR no TO"ClKH lfYKJlealJ,IDI en. ao
COJlIOTHO CTaOHJll>HOM RBJIReTCR BeTBl> ~,/jI , COOTBeTcTByromaR COC~OR
HRmIl ~CTOM cI>eppOMarHMTHOM waSH C HaMaI'HHl1eHHOCTl>IO B~QJll> OCH Or . 
ilJIOTHOCTl> CBOOO~OH aHeprRM, y~eJll>HRa cpe~HH CIIMH Ii TellJlOeMKOCTl> OIIH

CbIBaIDTCR WoP9J1aMM (5)-(0 COOTBeTCTBeHHO. B TOl1Ke HerrpepHBHOn HYKJle
8uan &h= .J?, (71M ~v2d '7/:lJ!\ \ aOCOJIIOTHO cTa6:~Jll>HH:MH, KaK rrOKaSIm8"2 r s: Ii f -J;.,/) 
eT l1HCJleHHui 8Ha~s, CTaHOBRTCR COCTORHRff,COOTBeTcTByromne MaKCRMaJIl>HO
MY CMermmaHIDO scex xerupex <Pas, - peazaayerca BeTBl> M.l . 

3Hal1eHlle y~eJll>Horo CIIHHa B TOl1Ke HerrpepHBHOH HYKJleauan paBHO 
. (h) '41

~3(a==&1z) '= ~3 = 71 Z:J.>:>: M connanaer C rrpe~eJll>Hm.m SHa"CIeIiltfThm ~3 
cnpasa H CJIeBa OT ell . O.zmaKO ~HKI.UIR ~ 3 -= <3 (e) RMeeT B 
TOl1Ke ()k RSJIOM. ~TooHyoe,IJ;MTl>C.fI B aTOM, HeOOXO;u;llMO BwnlCJI:.HTl> npons

BO,IOfHe O~'3~B cnpana H cnena OT c9h • CJIeBa OT &h (PYHKIllffi 
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~3 = 'C;3 (e) eOTl> peuemre ypaBHeHHR (6). ,lLwppepeHImpyJI aTO COOTHO
illeHHe KaK HeRBHyro ~HKunro, rro~Yl1aeM • _
 

2A· .-£1 (J/N'\d<3 .:::: - .(1--	 J3./Ji )~{h
 
~t9 2 {}h (j - c5J
 

(3I)
t9=(?h-Qt 

r~e 

1/ j'7/'2/P\
S= (i- f~) tvrl/z ( I' ~ / (32) 

J ,/-x7P'
3 r :»:

.J3	 !J -- ;')
,1T,7IJI roro , l1TOObI BH'tIHCJlBTl> npmf3BO~HYro tJ~_:~/J& cnpasa OT fJ/ ,z 

HeOOXO,IOiMO rrOJll>SOBaTl>CR YiKe ypasaenaea (10) ~JIRY)J,8J1bHCf['o emma B
 

COCTORHBRX, OTBeqaIDmRX M8KC~ffiJll>HOMy CM8llIHBaHMro l1eTRpeX cPas (BeTBl>
 
;Vo,j ). B aTO ypaBHeH118 BXO,ItI1T BepORTHOCTl> ~"'=') ,KOTopaR B MH


repnaae TeMIIepaTYPt\?z ~ {9 £ G!.l HMeeT, COrJlaCHO (9), BH~
 

~-= A. d = A 
3 A-l)l~Z:5 A JA [T~:2	 (33) 

c 3~_~ - + A-2~~f 7 - 0 J3~3 

CJIe~oBaTe~l>HO, B aTOM MHTepBa~e TeMIIepaTyp 

.tJM = ,,/2.. 12J~£.; 
;1{3 v~ ~~' (34) 

C y"CIeToM (34) HS (IO) JIerRO rro~Yl1HTl>, l1TO 

;J{~	 (1- ~~JLV2lh (/~)
Wi	 :> (35)Zt9h (J. - 13 S)tJ=~+O 

r~e ~'orrpe~eJleHO ,corJlacHo(32).
 

KaK BR,IOfO HS (31) M (35), rrpoR3Bo~HHe d~3;1t1c9cJIeBa H crrpaB8 OT
 
t91z He paBHH ~pyr ~yry. Ha plwyHKe 8 MSJlOM (PYHKUIDI ~3 =- {~ (29)
 

B TOl1Re Cf Hsoopax8H CXeMaTMl1eCKM. TaKHM OOpaSOM, eCJIH TeMIIepaTypu
k 
6'h ' fYI, tY1' &01 y~OBJIeTBOPfIIOT 'YCJIOBIDO (30), TO B TOl1Re HyK


JleaIUm t91Z RMeeT MeCTO <PaSOBWI nepexon 2-ro pona,
 
ITPR ~aJll>HeMllIeM rrOBhIlIIeIDm TeMIIepaTyphI OT TOl1Im &;z BepORTHOCTl>
 

h(~ Ha"CIHHaeT YOH:Ba~l> OT e~HHUH, 8 SHal1eHHH BepORTHOCTeH h0 '=
 
_=Ui = Wz Ha'tIIDIaIOT nospacrarr, OT lfyJIR (pHC. 90, r ,«, nepexon B rere

poepasHoe COCTORHHe yxe rrpORSOrneJl. B aTOM MHTepBaJIe TeMIIepaTYP 

eh ~ () -c (9 i KOMIIOHeHTH ~~ H c;R.- see eme panna HyJIID, 'faR 
'i 

RaK~COrJlaCHO (I8) ORn cTalfyT BospaCTaTl> JlRllil> rrpaBee TOl1eR rrepeopMeH
, ~ '~ 

Tamrit e.1 11: e 2 (CM. pRC. 8). 
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O,5~ 
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.C1 
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a en 81 8~ .8
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,' 8 
PRC. 8. 

TeMTIepaTypHaR 3aBRCHMOCTn KOMTIOHeHT cpe~ero y~e~nHoro 

cmma UpH aHOM8~nHIlX rrepeopneHTaIJ;IDIX B CnCTeMaX C t9h. -c {9J. 
Harrpmsep, npa A = 0,495, I.1 = 0,3 , Jz. = 0,6, ]"3 = 1,0 
\fiICJleHllHit pacxer naer Ok ~ 10-5, ()].~ 5· 10-; {}1~ 10-3• 

TeIIJIOeMKOCTb B TOqKe Cljz RCIWTHBaeT, KaK. oy.n;eT ce~ac n0K83aHO, 
nO~02KHTe~I!Hwt CKa'lOK. CJreBa OT Biz TeIIJIOeMKOCTH BI:llillCJlReTCR no 
epoPMY~e ('7): 

C_ z: e;,z c(Ah.1~i =0- 2 J;~3 ~~ ,
E ~ O. {/D' (36)()=a-E 6)=&;,-0

h . 

rne <?J::=' ~.~ (&) onpeneaaeroa ypaBHeHHeM (6), a ITpon:3BO~asI 
BblpaJItelmeM (31). 

CnpaBa OT tin yxe RMeeM PI3 (II) 

C .- e' C ;;. J J 'J - .- f) T 1 3 
I. I R.Jf?Ji+ - c~nz (/vo.:.L) - t-. J 3 rv...1 S~ f) '(37) 

e=(Jh+E e =8fz.+ 0 

rne ~~ -= ~., (ry.) onpeneaaerca yPaBHeHHeM (IO), a rrpoasaonaaa 
- :33 (35). CnaraeMl:le, CBR3aHHble C <.1 PI <2 ' BRJIa~a B (II) PI, 
COOTBeTCTBeHHO, B (37) B aTo~ CHTYa~ He ~aDT, TaK KaK KOMIIOHeHTH 
y~e~I!Horo cnnaa (1. R ~ R. B TeMIIepaTYpHOM mITepBBJIe tYh ~ 
~& ~ tJi panna HyJllO. BepORTHOCTb W3 aenpepssaa II panna B 191z 

e.mnmne. IIoaTOMY' CKa'lOK TeITJIOeMKOCTU B GIz. onpeneaaeroa TOJIbKO pa3

TW~ 
1 

I$ 

PHc. 9.~ 

I 
TeMITepaTYpHaR 3aBRI 

J CHMOCTn BepoRTHocTenJ 
I
I 

"<I ~a3 rrpH aHOMa~nHUX 

rrepeopHeHTa~ B 
I 
I 

W~ C &h L.r9/ .CRCTeMaX 

I
I 

1~ 

0 en e~ ~ sb ,,8 

HOCTI!~ 3HaqeHH~ J~)~6tcnpaBa R CJleBa OT cYh • BI:lqnCJleHRe ~aeT 

C z: C(Ald5)) = :(1- Z~}Vdf/~:JAj- Sj, (38) 

!O=l9h-u 

c+= C(A/oj) \ = 13 ~ - 2/1\fPrih liRA' ') 1J. -1~,s) 
e::Bh+O f)h 3.-:) (I ':13// {- , (39) 

r.n;e Be~'lEHa S orrpe.n;e~eHa cor~aCHO (32). TpeoyR, qTOOH TennOeM
KOC'lU owm IlOJlODTe~I!HI:l, rro.nyqaeM 113 (39) CJIemIOl.Uee aepaaeacrso: 

~'~ 1/13) 
(40) 

RJm B pa3BepHYTOM BR,Ite 
1 'N' 

O~ ({- 2.4) a-'1th(; ~) ~ 1/1.3 
. {j:J~ r 2 A 7 ( 41) 

(' / J3 
I'pa~IK qJyHKIllm () - d/) 3 npzsenea aa pucyHKe 10, rne ITO OCR ace-

W<fCC OTJIOJK8Ha BeJllltOOIa r2A/33 I. oTa lPYHKI.J;IDI MOHOTOHHO yOHBaeT C 
POCTOMy 211/13 'u npoxozar xepea HOJII! npR(2A/J.3) ~ 0,96 • CJre~o
BaTe~bHO, paCCMaTpHBaeMaH TepMO~aMHtIeCKaH KapTHHa HMe8T MeCTO B 
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(.> 

CTaHOBMTCR OOJI:bIlle, "tIeM ~:.:::. We • TeIIJIOeMIWCT:b, COrJI8CHO (19),_.1. 
MCIIbITImaeT OTplH.T;3TeJI:bHHM nepenan na BeJlli'lliHy L1 q= (q-'3- ~) , 
rne (}j > 2/3 BIl<nICJl.HeTCR MS <poPMYJI (13)-(14). Po,n: cpasoBoro rrepe

0,5 xo,n;a	 - BTOpOM. 
B TOlIRe C)I aUOMaJIllHlle nepeopaenranaa BCTyrraIOT B SaKJIIO"tIl1

PJiIC.	 10.0,4 TeJIllHyID CTa.IJ:KID. KOMllOUeUTa y,n;eJI:bHOrO CIIRHa CTaHOBllTCR OTJIll"tIc;2 
IPaqn1I< WYHKI.J;afi	 HOM OT Hy~ H BospacTaeT C pOCTOM TeMllepaTypll. BepoRTHOCT:b M1£ ' 03 

KaK aTO BM,IUlO HS (9),. CTaHOBHTCR OOJI:bIIIe, "tIeM % . TeIIJIOeMIWCT:b 11CS -I/I3. BH,n;HO, 
nanzsaer , CorJIaCHO (19), OTpJuJ,aTeJI:bHIDi: nepenan , paBHlIML1~~!~- -~J~0,2 "tITO yCJIOBHe

S<. 1/13 BHITOJI rne ~:> 2/3 Bhl'IHCJIReTCR HS If)oP~JI (15)-(16). Po,n; epasoBoro rrepe0,1 
HReTCR npH xo,n;a - BTOpO:a. 

oI I' - - " ..-' - - ... Hasoaen, B roxxe 80/ TeIIJIOeMKOCT:b, rrpo,n;OIDKaI6~aR 'YOill3aT:b CpY;> 0,98 . 
pOCTOM TeMIIepaTypIl (CM. rro,n;pas,n;eJI 2.3.2), CTaHOBHTcR paBHoM HYJIID.·

~? 
if reTepoWBsHHe COCTORHRfl C HepaBHoH HyJIID HaMarHH"tIeHHOCT:bID CTaHOBffTcR~ HeCT80ilJI:bHaMH. KaK nOKaSill3aeT "tIHCJIeHHHM aHaJIll3, CHCTeMa rrepexo,n;HT B 

napaMarn.'aTHoe cocroaaae BeTBM 1'1/&. J. co CBOOO,n;HOH aueprneH (8), 

B CJIe~romeM, ~OBOJI:bHO ySKOM, HHTepBaJIe SUa"tIelillM ;4 r,n;e (~=.t;J,. = c;3 :=. 0 H t% = Wi=VV2=~"' x: 1.. / It . IIOCKOJI:bKY 
CJIeBa OT (9: BepOflTHOCTll H KormrrOHeHTll y,n;eJI:bHOrO crrHHa HMeJIll KOHe"tI

O,Q6" -1 ~ ;1 ~ ~. (42) HHe SHa~eHHR, TO rrepexo,n; B rrapaMarHHTHOe COCTORHHe rrpOHCXO.IJ;nT CKB"tI
KOM.	 Po,n; epaSOBoro nepexo,n;a - nepBHH. 

-01, 

B aTOM HHTepBaJIe SHa"tIelllin t4 TsIIJIOeMKOCTH (38) H (39) no
TeMIIepaTYPHHe saBHCHMOCTH Kor~OHeHT y,n;eJI:bHOrO CITHHa, BepORTHOC

JIO~TeJI:bHU. YCJIOBHe (30) ~ TeMITepaTyp, ImK rrOK8SIlBaeT "tIHCJIeHHHfi 
Ten R TennoeMKOCTH Hsoopa~eHH Ha PHcYHKac8,9,I1.

8HaJrnS, BIlITOJIH.HeTC.lI no I\paMHen xepe npa HeCKOJI:bK.11X SHa"tIeHIDIX A 
TaKKM oopaSOM, B aTO~ rro,n;pas,n;eJIe paCCMOTpeHhl <peppoMarueTnIlli C 

H3 llHTepBaJIa (42). 
HerrpepHBHOM HYKJIea~eM H rrJIaBHbIM Ha"tIaJIOM aHOMaJI:bHIlX nepeopHeHTaTIMM~

OTHOCHTeJI:bHhln CKa"tIOK TeIIJIOeMI,OCTH JIerKO BH"tIHcriReTCR HS WOPMyJI B aTRX <peppOMarneTHRaX HYKJIeaun~ RBJIReTCR waSOBUM nepexo,n;OM BToporo
(38)	 H (39), OB paBeH: 

- C'-1--C- _ 6'S 
PJiIC.	 II.L1 -- C4-+(~_ - j-::tS >0. (43) c 

TeMITepaTYPHa.fI sa
3m/leTHB, "tITO Ll eCT:b MOHOTOHHO BOSpaCT8IOll\a.fI <PYHKI.UtfI ~) B 

AC1,- -.-- ____ J 

. _ 

~---l 
BHCHMOCT:b TeITJIO

IDiTepBaJIe 0;; S ~- I/13, lTOJIylffiM H3 (43), "tITO B STOM HHTepBaJIe 
eMKOCTH rrpH aHO

L) ~ 0) gA , (44) MaJI:bHHX rrepeopHeH
Tau;aJIX B CHCTeMaXCJIe,n;oBaTeJI:bHO, rrpH S ~ I!13 CKB"tIOK TeIIJIOeMKOCTH B TO"tIKe HyKJIea


I.J;Im Ok .nOBOJI:bHO OOJI:blllofi. 4-C C &h-~ &} . AHa
~TH"tIeCKHe Bhlpa~eHTaK, B TO"tIKe HYI<JIea~ cYh npH yCJIOBHHX (30) TeITJIoeMKOCT:b i __
 

saMeTHo aoapacraer , <PYHKllWI C:;3 = ~3 (a) HMeeT SaMeTHID1 HSJIOM H
 HHR ,1J,JIR C+ H C_ 
,n;aIDTC.fI <pop~JIaMHHa~HaeT YOIiBaT:b OUCTpee, CTaHOBRTC.fI OTJIH"tIHH OT HYJIJI Bepo.fITHOCTH
 

/1.{;:=:: W.i = WI.>, pen W8S0BOro nepexona - BTOpOM.
 (38)	 H (39), f2 -.J... 
IV u	 ..() I) Ll~';:- (~. -.- )

~ L.:3IIp~ ,n;aJI:bHeWlleM nOBIlliIemrn resmeparypa, B TO"tIRe CY.d.< , CT8HOBHT
no ~oPMYJIe (19).CR OTJIH"tIHofi OT HYJIR II Ha"tIHHaeT aHOMaJIllHO BospaCTaT:b KOMITOHeHTa y~eJI:b a	 en sf 8~ 6~ 

aero	 cmma c{.i . COrJIaCHO (9), BepORTHOCT:b W..i B STOll TO"tIKe 

16	 17 
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pona, B ,nByX rrOCJIC.rr,yIDmHX nozpasneaax Oy;rr.yT paccnorpeau cI:!epPoMarHeTn
KH I 13 xoropnx 8HOM8JIbHUe rrepeopaeuramra Ha1ffiHaIOTC.ff CRa1II<OM, a HyRJIea
~R HBJIHeTCR W830BhlM rrepexo,nOM rrepBoro po,na. 

2.3.4. ~ppoM8rHeTIIKlI co cRa'lKo06pa3HOn HyKJIe8unen. rrpeTeprreBaIOllille 
0nMH W830BI:lH rrepexoll BToporo pona II nEa Wa30BI:lX rrepexona 
rrepnoro pona 

B rro,npas;n:eJIe 2.3.1 rrOMIIMO orrpe;n:eJIeHIDI T01IKl1: HyRJIeamm COl'JIaCHO 
(23-24) H8JI8r8JIOCL ~OrrOJIHMTeJIl>HOe Tpe60BaHIIe HerrpepHBHoro II3MeHeHHJI 

KOMIIOHeHT y;n:eJIbHOrO crrnH8 II BepOJlTHOCTefi Wa3. EJIaro;n:aPff ST01~ rrpe,n
rrOJIOJKeHIIIO (:homo rrOJIy'tIeHO npocroe aHaJInTH'tIeCKOe sapaaeane (27) )J,JI.fI 

T01IKH HerrpepI:lBHOll HyRJIeaUKM C?k • B rro;n:pa3;n:eJIe 2.3.3 oan paccMoTpeH 
rrpnM8p, Kor;n:8 TaKaJl cnTyaIWJI peaJIII3yeTcJI.B03HHI~eT Borrpoc, Bcer;n:a JIM 
HyKJIe8WIJI IIMeeT HOrrpepl1BHllii 13 ynoMRHYTOM CMI:lCJIe xapaxrop I 11JH1 OHa 
1303:,1O'ilia RaR ,~a30BH.~i nepoxo,u 1-1'0 poua? OTBeT cJIe.llYKmfl~l - B03MOJKHa 
cKa~006pa3HaH HYKJIe~H. 

B C8MOM ;n:eJIe, rrycTb B HeKoToppOM TO'lKe C9;.{ IDJleeT MeCTO paBeHcT
130 (23)-(24), T.e. CBOOO~I:le 3HeprRH O;n:HOOCHI:lX COCTOJlIlliM BeT13ll Jt6,/~ 

H COCTOSIHMH C MaKCHMaJIl>HWA CMelIll1BaHIIeM ncex 'tIeTI:lpeX <Pa3 ( BeTBbAlai ) 
B SToll T01IKe rrepeCeRaIOTCJI (CM. pnc. 12a), B OTJIH'tIMe OT rrpe,n~mero 

CJIY1IaJl HerrpephlBHOM HyKJIeaUH¥!' (CM. puc. 126). 

f(No.1)
f{No.1) 

f(NQ15)f{No.15) 
I f (No.15)J 
I
 

I 'f{No.1)

I f (No.1)I _ 

~ 

8~ e en' 8 

FHc. 12a-120 
Iloxaaanu rrepeCe'tIeHIIe (a) II RaCaHHe (0) BeTBeft 10,.J... 
II AIJ. IS IIJIOTHOCTZ CBOOO;n:HOi1: SHepnm rerepoqJa3HOn 
CZCTeMhl. B rrepBOM CJIy'lae qa30BI:lR rrepexo;n: I-ro po;n:a, 
a BO BTOP~M - 2-ro. 

IIycTI:> TaI6Ke cymecTByIOT TO'tIKH (91 II ()'? II BIDIOJIHJleTCJIeyCJIOBze: 

0'/ .: {}, I .c 0>;> L sal 
h c...~1. 2 (45) 

KaK rrORaSIffiaeT 1I11CJIeHHI:lM paC1IeT, cymecTByeT rro KpafiHen Mepe lIec

KOJIl>KO Ha60pOB 3Ha'tIeH11n K9HCTaHT raMRJIbTOH11aH8 Ji, J:2 ' J3 11 A 
us HHTepBaJIa 0 ~ A ~ ~/R , npn KOTOphlX IDJleeT MeCTO yCJIOBUe (45). 

ITORa~eM Terrepb, 'tITO YCJIOBIIe (45) UCKJII01IaeT HerrpepI:lBHyIO HyKJIea

nmo. 
ITpn rrOBRilleHHH TeMrrep8Typhl n rrpoxo~eHIIn TO'tII<n rrepeopneHT8UHH

(91 B CIICTeMe He rrponCXO~T wa30Boro rrepexo,na, rrOCKOJIbKY COCTO
.m1lI.ff C OTJIlIl.ffiOH OT HyJIJI KOMITOHeHTOfi y,neJIl>HOrO <;mn-rB <.1. !v18T8CTa
OMJIl>HbI, 8 aOCOJIlOTHO CTaOIIJIbHbI 13 STOM TewrepaTypHoM mrre paane, t9~ C9~ , 
O.nHOOCHI:le COCTORHlI.ff C OTJIlIl.ffiOH OT HyJIH ROMrroHeHTo.ii ~3 (BeTBb ~.1.5). 

£J./ ' 
ITpM ,nOCTn~eHlIII TeMITepaTyphl HYRJIeaunn ~7n 80COJllOTHO CTaOUJIbHOM 
CTaHOBRTCJI yJKe BeTBb ;/u,d. - COCTO.HJUm co CMenrn:B8HHeM BC8X '18TI:lpeX 
(pa3. KOMIIOHeHTa C;d-y~e MOJKeT OI:lTl> OTJIU'l.{HOM 0'1' HyJIJI. Ho nOCKOJIl>
Ky TO'lKH 8} H· 6?: pa3;n:eJIJI8T ROHel.ffiI:lH HHTep:a8JI ~eMITep8TYP, TO 
onpasa OT T01IKl1: 6>: KowroHeHTa y;n:eJIbHoro cmma <.1.. ';n:OJDKHa 
JiIMeTb,COrJIaCHO YP8BHeIlliIO (IO).:vI BI:lpaJi\.8HHIO ;n:JIR BepOJlTHOCTH (s), KOHe'tI
Hoe, OTJIn~08 OT HyJIJI 3Ha'tIeHII8. CJIe,nOBaTeJIl>HO, rrpn rrpoxo~eHKH TO'tI
Kl1 HYKJI8a~II {}/z KowroHeHTa y;n:eJIl>Horo cmma~.1. CRa'tJKOM B03
paCTaeT ,no SHa'tIeHIIJI, orrpe;n:eJIJIeMOrO CJiICTeMOll ypaBHeHnn: 

~ =0
2. :J .1 

W,e:= lit.{,.= 
2+ 

A 
+

A 
--- 

) 

A A-2J.~~ 
~ 

,4 -.QJ:~.e 
~ z 

\Vi=-: A--Q~~f %y 
tv  A M 

3 - A-2J;e o~ 

~J. .s: t ilz (Wj J~J, (46) 

~ == 1- ih (--~~.t· ~ ~~) . 
~~ Z e 

TaR RaK KOMITOHeHTI:l y;n:eJIbHoro cmma ~1. u <3 ' 8 rasse 
BepOJlTHOCTU V\0, ~V.1. H W3 B OOJIaCTH cnoax qJn3H'tIeCKIDC 3Ha
'tIeImH HerrpephlBHo 11 ueTpHBHaJIl>HO 3aBHCJlT ;n:pyr OT ,IijJyr8, TO CRa'tIOR 
3Haq'eHHH ~.i. rrpasonar K CKa'tIKo06pa3HOM,y U3MeHeHIDQ scex OCT8JIl>HllX 
BeJrn'IHH. 

TaKHM 06pa30M, Mhl BI:l.fIClillIDI, 'tITO npa yCJIOBIm (45) HyRJIeamm npen
CT8BJIHeT c060~ ~30Ban rrepexo;n: I-ro po;n:a. illTPIIX B 0603Ha1IeHHH C9r.: 
rro;n:'tIepKRBaeT KMeHHO aTy oc06eHHocTb, B OTJIM'tIHe OT TO'tJKH HerrpepI:lBHOn 

RyKJIeamm Biz..' orrpe;n:eJIJleMOn BhlpaxteImeM (~7). 
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~c~eHHoe perueHHe rrORa3UBaeT, ~TO 3Ha~eHHe ~3 B TO~e ~I 
YMeH:bllIaeTC.H TaR )IW, RaR ~ 3Ha~eHHe ~,a 3Ha~eHH.H Wi H Wj:=% 
B03paCTaIOT BMeCT8 C <.1- (CM. plWyHRH 13 Ii 14) 

PlIC. I3. 

0,5 TeMITepaTypHaR sa
BllCMMOCT:D ROMTIO
HeRT cpe,1JJIero 

3~ 
:-~ y.n;en:DHOrO crmaa 

rrpM aHOMan:DHllX 
i rrepeopHeHTa~RX'B 

I I CHCTeMaX C 
fj'2..:::::.(JI<: f)P 

(.-Yf2.:~t.r-' .i h 
,., ....... r"""" I
 

,., I I 
....... r ~......,
/c.:,2

III r I - r - I 
I o 81 8n 82 80 8 

I 

Pnc, I4.
 

TeMIIep8TypHaR sa

BIICHMOCT:D BepO.HT
 WvHOCTen qas rrpM' aHO
1mn:DHllX rrepeopFIeH 1 ~ · 
Ta~HX B CHCTeMax 

A) l? . £) I ..c.. LIP 
C (7j ..::::. CYh cr£ . ~W3' 

:

I 

'"II~
: W~ 

I 

I W1./ 9 .?J
I~~I 

a ar 8' Sr S'1 2 3 0 .8 

i»asoBull nepexon I-ro pona B TOtnt8 a;/ MM8eT T'Y ococ5eIIHOCT:b, 
~TO TerAnnOeMROCT:b HMeeT B aTOll To~e OTpH~Ten:bHuH, HO KOH8~luH rrepe
rra.n; 3Ha~eHHll. 3TO CBHsaHO C TeM, ~T6 'rrnOTHOCTM CBOOO.n;HHX 3HeprHll 
BeTBefi ;to,{ II ;1/0. 15" RaR 1>YHKIUm TeMIIe'paTYP B aTOll TO~Re anana
TFIllliU. O,n;H8RO 11:CTFIHHa.H rrnOTHOCT:D CBoc5o,IJ;HOR aHepI'IDI, BUOllpaeMa.H 11:3 
ycnOBRH ee MHI~n:DHOCTll , B aTOll TO~Re FIM8eT MsnOM. B caMoM .ne~e, 

~ aTOM WYHK~, paBHOM 

[)~. t9: 
I. (Alo. f5),,1= / ( 47){ ! (No..i)) &> &12 

J

Bce rrpOllSBO,IJ;HUe crrpaBa H cneBa OT &nl 
, BRJ1IO~a.H II BTOpyIO rrpOII3BO.n;:

HyIO, nenpepasaa. 3'1'0 If rrpl1BO,IJ;llT K ROHellliOR paSH~cTII 8TllX rrpOH3BO.n;-

HllX B (CM. pac , I2a).B/z 
IIo.n;lIepKH8M, liTO r80M8TpHlIeCIwe paanaxae Mew TO~RaMlI l'9n H

9; SaKJIIO~aeTCR B TOM, ~TO TO'1Ra 6)h M.H BeTB8H M.I!) H MJ.l 
eCT:b TO~Ra HX RaC8HHR, a TO'1Ra C?r.: - TO~Ra RX rrepeCe~eIlH.H (CM• 

plIC. I2a Ii 12 c5). 
ITPll .na~:DHeRmeM rrOBHilleHHM TeMTIepaTypu, rrocne .n;OCT~eHl1R TO'1ID~ 

rrepeoplleHT8~ Cit ,rrOBe.n;eHHe CllCTeMH rrOnHOCT:DIO aHanOrHllliO 
onacaaaoxy B paaneae 2.3.3 )J)I.fl resmeparypnoro mrrepaana (J ~ &1 
(CM. pMCyHKH I3-I5). <wppoMarneTl1KH, )1.Jl.H. IWTOpIiX HMeeT MeCTO yc~o
BRe (45), rrpeTeprreBaIOT CHa~ana HyKneaDnIO I-ro po.n;a, a saTeM 1>asoBu8 
rrepexo.n;u 2-ro H I-ro po.n;a, CBHsaHHue C aHOMan:DHOR rrepeopIfeHTaunefi 

II rroTepefi yCTofitIHBOCTll. 

---T 
t::.C2...1.---.. 

I 

8~8~a 

PliC. 15.c TeMIIepaTypHa.H S8BIf

CHMOCT:D Te~oeMROCTH
 

rrpli aHOMa~:bHUX rr8pe

oplleHTann.ax B CIICTe-


MaX t9:C fJl < 01 L. &J. 
lJ:,mI CKa'1Ra B TO~Re 

aHanHTH~eCRoe Bupa~e

HHe rrOJIytIllT:D He y.n;a

~OC:b, a Ll~=(~-02/3)-~ 

e8~ 
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2.3.5. ~ppOMarHeTMKll co cKa~Ko06pasHoH HYKneallHe~. rrpeTeprreB8IDmne 
nBa ma30BHX rrepexorra I-ro pona 

PaCCMOTpHM Terrepb CHTY8UHID, 
M BurrOHHffeTCH yCHoBMe 

Kor~a cymecTByIDT TO~KH 19Jr H CI~' w~ 
1~ I 

FMc. 17. 

LJ~ f)~ / ~ L)/ 
(.,".1, V 2 ~ &12 ()'o • (48) 

B aTOM CHy~8e npn rrOBHIIIemm TeMIIepaTYpu OT HyHH II npoxozne
HIm TOlieK {}i M 8% B cIICTeMe He npozcxonar <PaSOBHe nepexonu. 
B ffiITepB8He resmeperyp t9}, &% ~ (:) L. &{ 86COJIIOTHO CT86HHbH8 
BeTBb 11/0. IS- , a BeTBb AA;;,.1.... ,.IJ;JLR: KOTOPOH: lIMeIDT CMliCJI TO~
1m Br H t9 ~, - MeTaCTa6HJI:bHa. 

'IIPH .I(OCT~HIDI TOliKH 6)~ BeTBl:> Jl.b.l CTaHOBHTCH a6COJIIDT

HO CT80:wIbHoft. OlleBH,IUiO, lITO SHalleHIDI ~i H <2 ' 8 T8IOKe W~ 
VJ2 H tvO CKatIKOM B03paCT8IOT, a SH8tIeHHH ~ 3 H W.3 

CKaqK006paSHO YMeH:bWaIDTCH (CM. pHcyHKH I6 R 17 ). TeITJIOeMKOCTb l'IMeeT 
0 

~W 
I 3, 
I I 
I I 

IW I 
~I 1W I 

// I 2 I 

/// »> ,:, Wo-r=--, . 
Sf' er 8/ 8'1 2 n 0 8 

TerAITepaTypHaH 3aDRCH
MOCTb BepOHTHocTei1: 
~as rrpn 8HOMaHbHHX 
nepeopHeHTa~RX B CHC-

Max C 6~/ » @i , [Ji . 
"' 

oTpHuaTeJI:bH~ rreperra~ (CM. pHC. 18). 

FMc. 16.E,t 
IJ0,5 +-1--_	 TeMTIepBTYPHaff S8BHCH

~MOCT:b KOMITOHeHT Cpe.I(HerO 
Y.I(eJIbHOrO CITHHB rrpn 
8HOMaJI:bHHX rrepeopHeHT8

PRC. lB.:'"" e.3'-, rumx .B CHCTeMaX C &;?B.1:t9£'?, 

I ~I	 TeMITepaTypHaH saBHCH
MOCTb TeITJIOeMKOCTR/~~ ....... I 2,	 rrpH aHOMaJIbHUX rrepe
 c

", 
-> -> 1 opMeHT8unRX B CMCTe,.. ,.......... I I	 . L'}I ~ {>


MaX C 0'1z '> 6)-1 ,612 •III ~ 0 s~ 85 8~ 8~ 8	 ,lI,1IH CI\BtII\B B TOtIKe (9.'
rt 

8H8JIHTRtIeCKOe BHp8~e-
HHe rrOJIytIMTb He y~8

B TOtIKe . ~I CHCTeMa, BB~ 8HOM8HbHoro poCTa KOMITOHeHT	 <;1 
HOCb. 

II ~ , TePHeT TepMO~HaMM~eCKYID YCTOallKBOCTb. 
T8KRM 06paSOM, ~PPOMarHeTHKH C KOHCTaHTBMH BS8RMO;n;enCTBHH,
 

y~OBJIeTBOpHIDmHMM yCJIOBHID (48),HCITHTUB8IDT CHaQ8JIa HyKJIeauaro I-ro po

.ua, a saTeM ~SOBun rrepexo;n; I-ro po.ua, CBHSBHHHft C rroTepeR TepMO~


HaMHtIeCKOH yCTOHtIHBOCTH.
 

o e~ e~ 8' eo 

·2322 
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3. 3aK.JIIO"tleHll8 

ilo~Be~e1i VITom ,~yx rrpe~~l~ /1,2/ VI- AaHHoM pa60TH. 
Ha~rn C~PMY~VIpoBaHa VI T01IHO perneHa Mo~e~b aHHSOTpOITHOrO reTe

porIJasHoro wepPoMarH8Tlllm r8~13eHc5epI'a C ,IJ.aJIbHO,IJ.8iicTBHeM. OCHOBaHHaR na 
STOM TO"tlHOM pemenaa TepMO,JJ;.lmaNMKa onncsaaer Tp8XMeplme cuoarauaue 
CTIllHOBhIe rrepeoplleHT8UMll VI co~e~KllT 60~bmnHCTBO llSB.eCTHHX B 8Kcrrepvr
MeHTe VI weHOMeHo~orvr"tleclcr1x TeopMRX 8~eKT~B, xapaKTepvrsyIOmHX 8TO 
HBneHll8. TaforM 06paSOM, H8CMOTpH Ha rrpocToTy MCXO~OH WOPMY~MPOBI<M, 

Mo~e~bH08 MMKpOCKOITll"tleCKOe orrvrc8HMe 0R8S8~OCb ~OCT8TO"tlH0 rrO~HHM. eTa 
rr8pB8H rrOnUTRa rrOCTp08H1iH ~mKpOCKOllll"tleCKOfi Teopvrll crrOHT8HHHX CllllHO

~ BhIX rrepeopvr8HT8unfi OKasa~aCb ycrrelliHoM, Ha Hall Bsr~, BBM~ CMCTe
M8T~~eCKoro llcrrO~bSOBaHlla np8,IJ.nO~0~eHVIa 0 reT8powa3HOM xapaKTepe npo
ueCCOB cnOHTaHHofi nepeopvreHTaunH. 

~ nOCTpoeHMH'reTepowaSHOll Mo~e~ He06xo~~0 6NnO peillllTb rOMO
epaSHYIO sa~a"tly. BWIO nOK8saHO, "tlTO B rOMo(paSHblX CMCTeMax cnOHT8HHble 
CITllHOBble nepeopzenrauaa HeBOSMOlKHhI. Rp()Me roro , elwrn HattneHIl cmc
Tble waSbl CHCTeMU VI COOTBeTcTByromvre VIM MeT8CTa6H~bHhIe COCTOaHHR. 

B reTepowaSHOR MO~8Xll, KaK BblHCHRllOCb, co~epxRTca 15 P83~ll~hIX, 

.no Tllny cMeurnooeMIDC was, BeTBeR T8pMo.IOiHaMH~eCKHX COCTOHHHR. 3TM 
BeTBH elWIH KllaccHWMUllpoBaHbl, H8~eHH aoco~roTHo cTa6H~bHHe COCTOHHHH. 
,IJ;ra acex B8TBeii HaM8Hu T8MII8p8TypH KropH. OKaSa~OCb, lITO tIeM mane 
HaO~~aeMaa pasMepHocTb n8paMeTpa nO~Ra, TeM ~e TeMITepaTypa KropH. 
BO~SH TO"tlRH KroPH H3 Tpex WePPOMarHRTHblX W8S OCTaeTCH TO~bKO o~a, 

x8paKTepVIsye~~ HaVI60~burnM 06MeHHUM HHTerp8~oM. 

iloxytIeHbl 3HatIeHHa Tef~8paTYP nepeopHeHTa~~, llPH ~OTOPHX HptIe
saIDT cooTBeTcTBy~e KOMITOHeHTH HaMarHHqeHHOcTeH. B TOM crrytIae, ecnH 
8TH TeMllepaTypH cy~ecTByroT, B HHX BOSMO~ qasoBHe nepexo~ 1-ro 
H 2-ro po~a. B paOOTe paCCMOTpeHbl ~SOBHe rrepexo~ 2-ro PO~8 B TOq
KaX rrepeopHeHT8uaM, P8CC~T8HH KpHTHqeCKHe ~eKCH H CK8~RH TennOeM
KOCTelii. Po~ rrepeXO~8 B STHX TOtIKaX MoxeT MeHHTbca B S8BHCRMOCTll OT 
SHaqeHHA MRKpOCKOITHqeCKHX rrapaMeTpOB r8MH~bTOHHaHa. COOTBeTCTBeHHO 
llSMe~TCH SHaqeHRH KpHTHqeCIWX VI~eKCOB. 

rrO~OOHO Hccne~OB8Ha HYKnea~. ITOK8SaHO, ~TO OHa Mo~eT rrpOHC
XO.n;HTb CKatIKOM. HYKJlea~ raxoro rana rrpOVICXO~T B MOMeHT CKatIKOOO
pasHolii rrepeopHeHTauavr CITHHOB. TaKHM 06P8S0M, Hallia TeopHa OITHCHDaeT 
KaK HenpepHBHHe, TaK VI CKa~KooopaSHHe crrOHTaHHHe rrepeopvreHTaunH CITH
HOB. ,naH TaKlKe rrOJIHI:lli TOtIHHH pacxer .n;mr HYK.7Ieamm aenpepaanoro TH
na, rrpOHCXO~H K8K epaSOBHH_ rrepexo~ 2-ro po~a. OT~tIHTeRbHOH tIep
TOH SToro 8~KTa HBRReTCa saMeTH~ nOR~TeRbH~ CKa"tlOK TeITROeMKOC
TR, a TaIOKe nOHBJIeHHe OTJilltIHOH OT HYM ROHueHTpamm ~PYI'ID( qleppOMar-

TaORllIJ.a 2. 

npyraa HH~OpMa~aYCROBHe~SOBHH nepexo~ 
Onpe,IJ.eReHWl 

napaMeTp rrop~Ka o~o
ToqRa KIopn ,II}LlI KOMIIOHeHTeH: E'= r0 ) ~ )
rOMocPasHOR oac- I L7 I.) C/; / ) c::; t I .I C. .1L.,.3S,
TeMli {Yeo(AIo.(5"). (U'm&(~3 = () (/vo,15 rrpe~eRbHuH rrepexo~ ocy

~eCTBRaeTCa no YP8BHe-"0 
.~ Hmo (6).
 

ilapaMeTp rrop~Ka TpexKoM

TO~K8 KIopH ,rr,na nOHeHTeH, HO B oKpecT
reTepo(pasHoH HOCTH TOqKH 8 co(Ah..i)I~~O 8&;j'{Z'~3)=
cHcTeMbI6lC(Akl) , 

O~OKOMITOHeHTeH. npe~e~b
coanenaero 6>j . HHH llepexo~ no paSRQ~~

,=fti?z &~~4.'~)= t9C'(;}o.{) Hmo (3B) 113 paOOTH /2/ 
rrpH t'= 3 . l

~3"O 
npe~eRbHHe nepexo~ ocyTOqKll gepeopH ~eCTBHHIDTca no paSRO~

eHTaImH 2-ro ~tn &ft/~'(?)= 61/ HRID (38).HS paOOTH /2/
porta B1 H 611 npa r> 1 H l=)2 COOT

c.,["'O BeTCTBeHHO.
 

3Haqerme 8; acerna mnue
l(iv'o.15)/ = ((IIo,d)/TOtIKa ciKa~K006 no Kpaihleli Mepe O~OI'O HSpasHoR Ify.Ei.JIea J()~t! ~ . IO;{j~ SHatIeHHii e
.i 
~ HIDI BZ ~ •lum Biz . IrOllItIeM ~ (Sh) i: 0 

KYC~OBHIO,rr,na B,z' ~o- 3HatI8HHe en ncerna MeHbTOtIKa HerrpepHB oaanaerca ycnomre He- me, ~eM ooa 3HatIeHIDI &'2HOR HYMearum npepasaocra, rrpe~eRb- Hfl);{. ::1Bn· HHii rrepe~ ~~.~ i 'n77' ~ 

tYh = .1jJlt;;/a~tIz(!~) 
To~ W8S0BOI'O Pr' , ~I~') TaKoit W8S0BWi napexon
rrepexo~a I-ro po =- (/,/oj ocy~eCTBJUIeTCHbKOr~arr AJoJ ace BeJilllfi'IHH o« on~a B rrapaMar
HHTHoe COCToa f.!'=o pe~eJJ,lleMlle B ~ 14)-( 17) , 
HHe HS I'OMOW8SHO I~I OORbme 2/3.{3f O ro cPePP0MarIDlT
Horo COCTOJlHRf!, &=<90 B=6b
&0· 

B TO"tlKe 8; CHOTeMa reToqKa W8S0Boro ne paeT TepMO~HaMlltIeCKYID 
pexo~a 1-ro po~a ' 3 YCTOH~BOCTb BBH~;;!~ aHOB n8paMBI'IDITHOe

( 
Z:f~~l~' =0, MaRbHOro BospaCTaHRH KO~COCToHHHe HS re rrOHeHT ~.i. H .:; /2 C(;1 f){}(J:[).'PO(paSHOro ~ppo pOCTOM TeMIIepaTYpH.MarIDITHOI'O coc '(7 

TO.mum, &' .o 
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HHTHUX~S npH paBeHCTBe HY~ro CBffSaHHUX C STHMH ~SaMH KOMITOHeHT 
CIIHHOB. 

ITpH Ha~H~H HYKnea~ KO~~OHeHTU HaMarHHqeHHOCTH, CBffSaHHUe C 
nORBHBillHMMCR weppOMarHRTHUMH W8SaMH, aHOMa~oHO BOspacTaroT C pOCTOM 
TeMTIepaTYpU. 3To Be~eT K nOTepe TepMO~HaMHqeCKOH YCTO~~BOCTH CHC
TeMH H WsSOBOMY rrepexo~ I-ro po~a. 

Ha OCHOBe TO~Oro pemeHHH OITRCaHU qepPOMarHeTHKH meCTH TRnOB. 
~erKO BnneTb, qTO 8TO ·He Bce BOSMOXHue THITU. HanpHMep, He OITHCaHU 
qeppOMerHeTHIm, ,n.IDI KOTOpWC TOqKH nepeopaearauaa RBJImOTC.fI TO'tlKaMll 
~30BHX rrepexO~OB I-ro po~a. ~ aHa~Hsa TaImX nepexO~OB OCHOBHHM 
RBJIHeTCR ~OJIeHHOe MO~eJIlIpOB8HHe, lITO, KaK 6WlO nOKaSaHO, necsaa 
saTPY~Te~oHO. 

ITepcneKTHBH rrpe~o~eHHOH MHKPOCKOITHqeCKOll TeopHH npe~CTaBnRIDT


CR HaM ~OCTaTO~O RCHHMH. Ce~qac, Ha OCHOBe OqeHo rrpOCTO~ MHKPO

CKOITHqeCKOH l~O~eJIlI, rrOKasaHa rrpHHUHilHa~bHaR BOSMO~OCTo IIOCTpOeHRff 
TOquO~ TepMO~HaMHIm crrOHTaHHWC CITHHOBUX nepeopReHTaUH~~ KaqeCTBeH
Hoe cor~aCHe C Ha6~~aeMOH SKCrrepHMeHTa~oHOH KaPTHHOK Mo~eT rrepeK
TH	 B KOJIlIlIeCTBelllioe, eCJIlI B OCHOBy reTePOW8SHO~ Mo~e~H rrO~O~Tb Bsa
HMo~e~CTBHe 60nee pea~CTH'tleCKoro THITa, He~eRn p8CCMOTpeHHoe B pa

·60Te. C ~yro~ CTOpOHU, H ~8HHaR r8TepOwaSH8R Mo~e~b Mo~eT ~8Tb KO
~HqeCTBeHHoe cor~aCHe C OT~e~oHHMM 8KcrrepHMeHT8MM. 
~ o6~erqeHRff KaqeCTBeHHoro Cp8BHeHRH C SKCITepHMeHTOM npHBQ

;zn'ITCH raoaana 2. B He~ co~e.PJKHTC.fI CBO~Ka BH,IJ;OB qasOBHX ITepexO,IJ;OB, 
OrmC8IlliHX B Hamel paoore, ITpHBe~eHli 060SH8qeIDUI TeMilepaT]p H OTJIll!
q}lTe~oHUe oco6eHHOCTH. ITonesHo HcrronoSOBaTb STy Ta6JIll1DY COBMeCTHO 
C Ta6JlHueit I. 

ABTOpY HCRpeHHe rrpH3HRTerrDHY MMTIoTarroBV H H MTHXOVWpOBOft 3a 
cvmeCTBeHH~ rroMomo B rro~roToBRe PVRouHceft 3TOft H nBvx rrpenY~~nHx/T.2/ 
pacer. 
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P17-88-924BaKacoB A.A., IDKanOB B.H. 
MHKpocKOnHqeCKaH TeopHH cnHHOBMX 
nepeopHeHTa~HH .- TepMogHHaMHKa 
H HBneHHe HYKne~HH 

HcCnegyeTcH nOBegeHHe OCHOBHb~ TepMogHHaMHqeCKHX xa
paKTepHcTHK gnH reTepo~a3HoH MogenH MarHHTHb~ nepeopHeH
Ta~HOHHNX nepexogoB, npegno~eHHoH aBTOpaMH. PaCCMaTpHBa
eTCH HBneHHe HyKnea~HH H nOKa3MBaeTCH, qTO oHa Mo~eT npo
HCXOgHTb KaK HenpepMBHb~ 06pa30M, TaK H CKaqKOo6pa3HO. 
ITpegnaraeTCH KnaCCH~HKa~HH MarHeTHKOB B 3aBHCHMOCTH OT 
nocnegoBaTenbHOCTH npOHcxogH~X B HHx~a30Bb~.nepexogoB. 
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P17-88-924Bakasov A.A., Yukalov V.I.
 
Microscopic Theory of Spin Reorientations ~
 
Thermodynamics and Nucleation Phenomenon
 

Behaviour of the main thermodynamic characteristics 
for the heterophase model of magnetic reorientation tran
sitions proposed by the authors is investigated. The nuc
leation phenomenon is considered, which is shown to be 
able to develop both continuously and stepwise. Classi
fication of magnetics based on the phase transition se
quence in them is proposed. 

The investigation has been performed at the L~bora

tory of Theoretical Physics, JINR.
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