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Mogenb lNoTTca ¢ TpemMsa CocTosHUSIMN Ha pelleTke bete*

PaccmoTpeHa mozenb MNoTTca ¢ Tpemsi COCTOSHMSIMU Ha peLleTke beTte ¢ Npon3BoabHLIM KOOP-
OMHALMOHHBIM YCnoM. MeToLoM CaMOCOrfacoBaHHbIX YPAaBHEHMWI AN 9TOW MOLENN HalAeHa
Temneparypa $a3oBoro nepexoaa, TemneparypHas 3aBMCMMOCTb NapaMeTpa nopsiaka, napHas
KOppenauMoHHas GYHKLMS U KOpPeNsaUmMoHHasa anvHa. MokasaHo, 4To Ga30BblIi NEPEXO ABASETCS
nepexoaoMm NepBOro poaa, KOPPEensLMoHHas AavHa HE UMEET PACXOAMMOCTI B TOUKE Gas3oBOro
nepexoaa, Ho NPUHUMAET B 3TOM TOYKE MakCMMasIbHOE 3Ha4YEHNE.

KnioueBbie cnoBau cnosocoyetTaHus: Ga3oBble NEPEXObl, NEPKONIALMOHHANA KprBas, MOAe b
MotTca, peweTka bete.

S.V. Semkin
V.P. Smagin

Vladivostok State University of Economics and Service
Vladivostok. Russia

Potts model with three states on a Bethe lattice

The three-state Potts model on a Bethe lattice with arbitrary coordination number is reviewed.
By the method of self-consistent equations for this model the phase transition temperature, the
temperature dependence of the order parameter, the pair correlation function and correlation
length were found. It is shown that the phase transition is of first order, the correlation length has
no divergence in the phase transition point, but at this point takes the maximum value.

Keywords: phase transitions, percolation curve, Potts model, Bethe lattice.

Beenenne

Mogensb Ilorrtea [1] — oqHa u3 HanboJee YaCTO UCIONB3YEMbBIX MOJIEIEH B CTaTH-
CTUYECKON (PU3HKE, SBISACTCS TEOPETUUECCKUM MHCTPYMEHTOM, IPUMEHSAEMBIM IS U3-
YYEHHS IUPOKOTO KJlacca sBICHUN B (U3UKE KOHJICHCHPOBaHHBIX cpef [2, 3]. TounbIx
pe3yabraToB st Mogenu lloTTca cymecTByeT HemHoro. M3BecTHO, 4TO, €CIM YUCIIO
CIIMHOBBIX COCTOsIHUI B Mozenu [lorTca Oosblie HEKOTOPOro KPUTUYECKOTO 3HAYCHU S
(3aBUCALLETO OT pa3MEPHOCTH PELIETKH), Ha0mroaaeTcs pa30Bbli Iepexo IepBoro poaa,
a €cJIM MEHbIlIe — BTOporo poza [1].

! Cémkun Cepreii BukropoBuy — kaH. Qu3.-MaT. HayK, JOLEHT Kadeapbl MHPOPMALIMOHHBIX TEXHOJIOI M 1 CHCTEM;
e-mail: Lil5@rambler.ru.
2 CmaruH Buxrop [TaBinoBuy — ji-p pu3.-Mar. HayK, 3aB. 1a0. reodusnyeckux noseii; e-mail: Lil5@rambler.ru.
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B macrosmeit paboTe MBI TOCTPOMM TOUHOE petierne Mozenu [loTTca ¢ Tpemst cocTo-
STHUSIMH Ha pernieTke bete ¢ mpon3BOIBHBIM KOOPAUHAITMOHHBIM YHCIIOM METOIOM CaMO-
COTJIACOBAHHBIX YpaBHEHUH [4, 7]. MeTox caMoCoTiIacOBaHHBIX YPaBHCHHH MO3BOJISIET
CTPOUTH Pa3TUIHBIC TPUOTMIKEHHBIC PEIICHUS I Moienn V3WHTa KaK 9iCTOro, TaK U
pa3baBIEHHOTO MarHETHUKOB [5, 6, 7]. DTHM Ke METOIOM MOXXHO CTPOUTH U MPUOIIHIKEH-
HBIC pemieHus 1y Mmonenu [loTTca, OCHOBBIBAsICH Ha TOM, 9TO MoAeNb [loTTca ¢ Tpems
COCTOSTHUSIMH MOYKHO PacCMaTpHUBATh KaK YaCTHBIN CTydail Mojieny VI3uHTa ¢ IONBIKHBI-
MU HEMarHUTHBIMH IipuMecsiMu [7]. OKa3bIBaeTCsl, YTO OTHO U3 TAKUX PEIICHUN MOKHO
WHTEPIIPETUPOBATH KaK TOYHOE pereHue Moneinu [loTTca ¢ TpeMs COCTOSTHUSIMU Ha pe-
metke bete. {114 aTOoro ciydas Ml B HacTosmIel pabore HaiiaeM Temneparypy (pazoBoro
repexoza, TEMIIEPaTy PHYIO 3aBUCUMOCTD ITapaMeTpa MopsaKa, TapHy o KOPPESIIIOHHY O
(GYHKIHIO U KOPPEIAUOHHYIO JUIMHY KaK (DyHKIIMIO TEMIICPATyPhI.

Monean M3uHra ¢ NoABUKHBIMH NpUMecsiMi U Mojeb [loTTca

¢ TpeMsl COCTOSIHUSIMH

PaccMoTpuM KpHCTANIUYECKYIO PEMIETKY ¢ KOOPAUHAIMOHHBIM YUCIIOM 44, B y3-
JlaX KOTOPO# MOT'YT HaXOJAUThCSI MATHUTHBIC U HEMarHUTHBIC aTOMBI (ATOMBI THIIA | U
2 COOTBETCTBEHHO). ByieM monaraTh, 4T0 MarHUTHBIC aTOMBI U aTOMBI IPHMECH MOT'YT
MepeMeIaThcs 1o y3iaam pereTku. C KaXKIbIM MATHUTHBIM aTOMOM CBsI3aH H3MHTOBCKU I
CIUH 5, = +1s, = =1, TaK YTO HEPrUsi OOMECHHOTO B3aMMO/ICHCTBHUS JIBYX MATHUTHBIX
aTOMOB CO CTIMHAMM ;5; U §;5; €CTh —[ 5,5, 5;5;, €CJI aTOMBI PACTIOJIOKEHBI B COCETHUX
y37aX PEIICTKH, ¥ paBHA HYJIIO B TPOTUBHOM city4ae. JIOmyCTUM, 4TO B CUCTEME KPOME
0OMEHHOTO B3aUMOJICHCTBHSI CYIIECTBYIOT MEKATOMHBIE CHIIBI C OBICTPO CIAIAIOIIUM
Ha OOJIBIIUX PACCTOSHHUSAX MOTEHIHATIOM, TaK YTO PAJUyC MX JCWCTBUS OrpaHUYCH
NepBOH KOOPAMHALMOHHON cpepoii. O003HaYMM NMOTEHIHAN dTHX CHIl —U_;—U,_z,
a,f =12a, 5 = 12. Eciu Teneph COMOCTaBUTh KaXKAOMY Y311y PEHICTKH IEPEMEHHY IO
T, 0;, PABHYIO 5;5;, KOTJla B JAaHHOM Y3JI€ HAXOIUTCSI MArHUTHBIA aTOM, U HYJIIO, KOI'/la
HEMarHUTHBIN, TO SHEPTUI0 OOMEHHOTO B3aUMOJICHCTBHS E, E.. W dHepruto £, E, Mme-
JKaTOMHOTO B3aUMOJICHCTBUSI MOYKHO 3aITMCATh B BUJIE CYMM I10 BCEM yTOPSII0YCHHBIM
rapam COCEIHUX Y3JIOB:

EE.J.' = _z'::'-_-""-"rgfo:."gb'-’-' = _E':f-.-"."-"rgfo:-"’
E, = _E-::'.J-'_'-{Uuﬂs:q-': +Up(l—67)(1- fﬂ-':) Ll U‘l:[':r:':(l_ CTJ-':) T '1'{-':(1 - CT::)]]
E, = —ZopiUno’ef +Un(1-o7)(1-07) + Uy[o? (1 - o) + o7 (1 - o]},

[Tocnennee BbIpakeHUE, C TOUHOCTBIO JI0 aIIUTUBHOW KOHCTAHThI, MOYKHO 3aI1UCATh

B BUJE:

rae U =Uy + Uy — 2UpyU = Uy + Upy — 2Uy,, f = q(Uy, = Up)f = q(Uyy — Usy).
YUHUTHIBAsL, 4TO YMCIIO MATHUTHBIX ATOMOB B PENIETKE €CTh Y., 7, 2., T, 3aMHIIEM
OOJBLIYIO CTATHCTUYECKYIO CYMMY CHCTEMBI CIICIYFOIHM 00pa3oMm:
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-

Z= E{n—}EKP{(E(:.;';-UG:C’D +Uciof) + (f + ) Lol + H, X, c:r:-);’kT}

Z= E.jn.—}exp{(EI::.J-'_'-UU:CD' +Ugief) +(f +u) Ly07 + H, L, a)/ET} (1)
TZIe fift — XUMUYECKHI NOTeHInal, H, H, — BHEIIHee MArHUTHOE T0JI€, 3 CYMMHPOBaHUE
MIPOU3BOIUTCS TI0 BCEM BO3MOXKHBIM KOH(pUTYparusaM {z}{z].

Beenem Benuuunbl p = {7 )p = {67y u M = {a.}/pM = {(g.}/p. fcno, uro 311
BEJIMYHMHBI HE 3aBUCAT OT LI, MOCKOJIBKY BCE y3JIbI PEIICTKH SKBHBAJICHTHBI (B TCPMOJIH-
HaMHUYECKOM IpeJieNie) U UMEIOT ITPOCTOM CMBICH: P'E — BEpOSITHOCTH TOTO, YTO B TAHHOM

y3Ile HAXOIHUTCSl MATHUTHBIN aToM (KoHueHTparus), M M — cpennee 3Hauenue ero cinna.
Mogens [lotTca [1] bopmynupyertcs cnenyromum oopazoM. Kaxkiomy y3iy pemrer-

KU TIOCTaBUM B COOTBETCTBHE BEIMUNHY &; F; («CIIUHY), KOTOPAs MOXKET MPUHUMATH 1
1 pa3NUYHBIX 3HAYCHHI, ckaxem, 1,2, ... 11,2, ... 1. ]IBa COCEHUX CIUHA T;T; U o;a;

B3aHMOJCHCTBYIOT ¢ dHeprueii - J,4(o;, a;)- ], (e, o;), TAe
_ l, o =uo
§(o;, 0;) = { .

IToaTOMY IOJIHAS 3HEPrUs paBHA

0, o= g

]
4.

E= _.;'r_u El::'._,"_'- 5EI:T:'J G:,'jE = D El::'._,l'_'- 5(6:'1 ﬂ:.":l:

r7ie CyMMHUPOBaHHE pacpocTpaHseTcs Ha Bece pedpa pemerku. CTaTucTudeckas cymma
UMeeT BU

Z=Zexp{ET8(00)}z = Texp (&5, 0(0,0)} @

z

Herpynano nokasars [1], uto mogens [Torrcac 1 = 21 = 2 skBHBajeHTHA OOBIYHON
Mozeu M3uHTra B OTCYTCTBUE BHEITHETO MOJIs. [TokakeM, 4TO CTATHUCTUYECKAs CyMMa

monenu [lorrca (2) ¢ 1 = 311 = 3 sgBasiercst yacTHbIM citydaeM (1). JleiicTBUTENBHO,

IIYCTh KaXbIi CIIUH J;F; MOXKET NpUHUMATh 3HaueHus -1, 0, 1. Toraa suepruto B3au-
MOJICHCTBHS IBYX CIIMHOB MOYKHO 3aITHCaTh TaK:

E;=-1, {% (0 T

R - 5
-t aT — o — a7+ l}
3

. T g — u::r;-: — q,-: + l} 3

E..= —J."_,_, {;ﬂ'.-ﬂ'- -

B | B bl
a
3

]
od

a DPHEPTHUIO BCEH CHCTEMBI (C TOYHOCTHIO IO TIOCTOSTHHOM):

c,r:.f CE-'E} +qf, X c,r:.: @)

E=—], X a0 + 20702} + qf, Tio7

b3 el pa |

E=—], %, {}U:_gj +

Jpyrumu ciosamu, eciu B (1) npunsats /| = f_,_,;’?,.’ =f_._,;’2, b= 3]_,_,;’21? = 3}_,_,;’2

nf+u= —q/, fru=- /., To xax pa3 momyunm u3 (1) crarcymmy monenu Iot-
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Tca ¢ = 3n = 3. O0603HAUYUM BEPOSATHOCTH TOTO, YTO B JAHHOM Y3JI€ PELICTKU CIIHH
OyzieT 00HapyYKEH B COCTOSTHUH (LT, yepe3 Py P g (8 = —1,0,1a = —1,0,1). Torna,

1+M 1+M

cenn Mp = (@)Mp = (5), p = (670 = (67), 10 Pagy = p T 0pry) = p 22

1-M 1-M
Pi-) TP Pi-yy =P P = 1l-pPPp=1-p

Pemenue 3ana4n ¢ ramunsTonnanoM (1) Ha pemetke BeTe MOXHO MOJNYYHUTH Clie-
nyrommM criocobom [7]. PaccMoTpum HeKOTOpbIH Li-if y3en permerku. Onpenenum
JoKabHOe o6MeHHoe 1 71, 1 kpucTaueckoe @;@; nons Li-ro ysna kak h; = X o;
h. =% gung; = z a, o, =X g, 7 (CyMMHPOBAHHUE IIPOH3BOIUTCS 10 BCEM COCSIHIM K
Ii-my y3nam). Benmannsl ;i n @, @; OyaeM paccMaTpHBaTh Kak 3HAYCHHUS CITyJai HBIX
sennuun hh u @@ ¢ coBmectHoil Gpynxuueii pacnipenenenns W (h, @ )W (h, @). Torna
cpennue o aucambmo (@, ) = pM{ag,) = pMu{o ) = plo "} = p Berancisrores Tak:

ehi{Eh+th,) y ehiEhth,)

{9,) = {'-:h.:s:'.':—.':g;-—e—"**"—-“_-':' wine) (00 = {'ch.:.r:'.':—.':g;-—e—"**""-“_-':}’-’r"i-'t-w} )
- ' ch(Khth,) f 2 g chi{Khth.)
{.Cl':- '} = {'-:-h{.':'.':—.':g;-—e"":"_r.-"f}r'w:h'l:}{'ﬂ: '} - {'-:-h{.':'.':—.'tg.}—e_i':':"r.-"f}r'J’r':":'l:}a (6)

rne K=]/kTK =]/kT, L=U/kTL=U/KT, h.=H./kTh. = H./kT
r=(f+u)/kTr=(f +u)/kT.

PaccMOTpHUM Teneph KJIacTep, COCTOSMIN U3 JBYX COCEIHUX Y3JIOB, H BBEIEM 00-
MeHHbIe 11y 1y 1 hio B, u kpucTannueckue €4 @4 U @5 @, HOJIs IS KaXKJI0r0 y3I1a Kia-
ctepa. Haiinem cpesine suauenns semuuns (0 + 0,)/2(0, + 0,)/2u (o] + 07)/2
(o + 5 )/2 o ancamM6ITIO C raMIITETOHHAHOM
Ey(0y,0,) = —Joyo, —Jhyoy — Jhyo, — Uoiol — Ugyof — Ug, o7 — p(of + 07) — H, (o1 +0,)
paccmatpuBas iy hy, hola, @, @) 1 @, @, Kak NOCTOSHHBIE. 3aT€M BBEJIEM COBMECT-
nyto ¢ynkuuio pacupenenenus Wa(hq, fa, @4, @, )Ws (hy, ha, 04, @2 ) 1 yepenaum
PE3YIBTAT 110 3TOH QyHKLIUHM:

—E . g Lo ey Jexp(—E; I::,—,_.:,—:,'-_-".'«:T}}
.I-Glllrf = = = Wik = )
: \ i . JE— TWo(hyheips g )
B, g BXP(—Ey (@00 }/RT ] b A T T R s T
—Eg oo b oy Jexp(—E (560 ) KT
pM =" i e MWalhuhye,es) (7
Ly, g, 8500 —5y (G0 )/KT) zhitas g Py Py )
_ {-;Es; 5o hor Tog Jenpl—Ey (e, amg 1T
A " 5] B ] o
P Ea, 5y @0 —Ey (5,5 ) kT Folitgallg. Py Pyl
Iy 2 i vaxni—E. Y e T
_ (e g LOL Tog Jexpi—Ey (6, .6y ) /K] N ®
P=\V—= P o WLihL R )
L, g BHPL Ey iy ,60 )/ kT AL R L S T
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Hcnonsiyem cremyromiue BeIpaxkeHUS sl QYHKIUNA pacrpeaeseHus TOIeH:

W(h o) =6(h —gem)d(e —ap)W(h @) = 6(h —apm)i(¢ —ap),
Wolhy, ha, 01,020 = 8(hy — (g — 1pm)&{h, — {g — Lpm)&{e, — (g — Dplié{w; — (g — 1)p)

rae mn u 229 HEKOTOPbIE HEU3BECTHBIE ITapaMETPBI.
Toraa u3 (5)—(8) momyuum

M= (&M = th(E) ©)

P . v —oK . - .
Zychiw)+chi(2w)+e _ Zych(w)+ch(2w)+e
P= yral2+¥ 'I{—;._‘.'l:'hl:'.-;,'-—l:'hliﬂl.-;j—e_:'l{'G o 232 L g ph (b D) 2 e 2H (10)

. ) . ya—1 A
u = —kTIn(2y?e?0% ()7 (1 - M%)7)

\1—p s
. ) . ya—1 A
i = —kTlIn(2yea(1#1IK (ﬁ] (1-MH7) a1
rac
= h(ZE
——(l—e ‘[{)—r—ch(u)v=—(l—e "{jT—ch(w)
tg-e Cgme” , (12)

w=K(g—1)pm+hw=K(g— Lpm+h, y=e ¥ i-tHaler s

L
i
4 K 4,

L U
-1.‘, — e—ﬁ'—.r_—.'_l__q'—l_:'s—!';fz ‘r’ = E -

,

OTH ypaBHEHUS NPEJNCTABISAIOT COOOU mapaMeTpHUYECKHE 3aBUCUMOCTH
M=Mwh)M=Mwh,) p=pwh,K)p=pwh,K) u p=plwh,K)
w=p(w, h,, K), a napamerp ww MeHsETCs B IIpejieiax oT /1 /i, 10 TAKOrO 3HAYEHHUS
ww”, TIpH KOTOpoM V¥ (popmyna 12) oOparmiaercs B HOJb.

Mo Ho TIoKa3aTh, 4To ypaBHeHus (9)—(12) natot To4HOE penieHne 3a1auu 00 W3HH-
TOBCKOM MarHeTHKeE C MOABMXHBIMU MpUMecsiMU Ha pemietke bere. Craructudeckyro
cymmy (1) Ha pemetke beTe MOKHO BBIYHCIUTE TEM XKe CIIOCOOOM, YTO M CTATCYMMY
00br9HOM Mozenu M3uHra Ha 310ii permerke [1]. Oxa3piBaeTcs, 4TO TaKOH pacyeT Mmpu-
BOJIUT K yPaBHEHUSIM, SKBUBaJIeHTHBIM (9)—(12).

st Toro uyToOsl nepeidtu k Mozxenu IloTTca ¢ TpeMs COCTOSHUSMH, HYKHO B CO-

OTBETCTBHHU CO CKa3aHHBIM BbIlIe, cenath B (9)—(12) sameny K = K, /2K = K, /2
— ;7 _ ;7 o — Tar — — _ — _ 7 _ 7 _

(Ky =J,/kTK, = [,/kT), y =3y =3, r= —qK,v = —qK,, h, = 0h, =0,

AHaju3 ypaBHEHH, IOyYeHHBIX B pe3yIBTaTe 3TOH 3aMeHbl, JaeT ciieryoree. CyIecTsy-

eT kputuueckas temreparypa I .1, takas, utonpu I = T.T = T_ umeeTcsi TONbKO CUM-

[

1
MCTPHUYHOC PCIICHUEC Pi+1y = Pr—1) = Proy = ;10(—1,'- =Pi-1y T Py T 3 HpI/I T = TET = Tl:

MOSABJSIIOTCS PEeUIeHUs JIBYX THUINOB. B penmieHuu nepBoro Tuma ojJHa U3 KOH-
HEeHTpaluii, HapuUMep ProPragy, AenaeTcs 00Jbie PyaqyBreqy U Py Pi
OpUYeM Fieqy = Pr—qyPrz1y = Pr—q1), @ IPU NOHUXKEHUU TeMOEPaTyphl Prgy —+ 1

Proy = 1, Pre1yProty = 0Prsqy,Proqy — 0. B pemenny BTOpOro THIa ABe KOHIICH-
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Ba |

TPALMH, HAPUMED, P(+1P(+1) ¥ P _1yP (-1}, paBHbI 1 npu Mansix T'T P+1)Pi-1) ~

Prs1pPi-1 %,;o,:,:__-, — O0pg, — 0. IlockonbKy TONBKO PENIEHNE IEPBOr0 THIIA HMEET
MUHMMaJIbHYI0 sHepruto npu I — 0T — 0, ero u cnegyer cuMraTh HCTHHHBIM IIPU
T = T_.T = T_. Haiitu 310 pelieHre MOXHO cleayromum oopasom. [Ipumem B (9) u
AD)M=0M=0uw = 0w = 0. U3 (11) u (12) nonyuum

gk, = In(2y%e??%s ( 2 ]q_ijqff_,_, = In(2y%e??%s ( Z ]q_ij

; \1—p L1-p (13)
I 2;.'—1—E_H75 _ ::.'—i—E_H::’
P 2_‘.':E:HF —é_‘.‘—‘l—e_HF P 2_‘.':E:H.3 —é_‘.‘—‘l—e_HF (14)
awus (13) u (14):

K 2y 1+ Rp 771 2
FE_R') = _VEE"‘ ¥ |:_R.__-"E: Ty ] —297= =0

e [2y+1ee-p]971 -,
FE_R':I = _u'e""-‘ F [w] —297- =0 (15)

Pemas (15) orrocurensio Y'Y u nojicTaBisis pemerue B (14), momyynm P=p (ff:_,)

p=p(K,)

Kputnueckasi TeMneparypa, napaMeTp Nopsiika U CIHHOBbIE KOPPeJIsIuH
B Monesu [loTTca ¢ Tpems cocTosinnsiMu Ha pemierke berte

Jlst Toro uto6st moctpouth pemenue mogenu [lorrcanpu T < T.T < T, u Haiitn

camo 3Hauenue T.T., mpoananusupyem noseaenne Gpynxuuu £ (V) F (v, onpenensemoit
ypaBHeHueM (15).

0.2

F(y)

015

01 [

005 [

-005T

RAN

-0.15

0.1 0.2 03 04 05 086 07 08 v 09

Puc. 1. ®ynknuu 7 () (v) (bopmyna (15) mpu pasnuuHbIX 3HAUEHUSAX K, 1 10 TOPU3OHTAb-
HOM OCH — mapameTp vy, 10 BEPTUKATBHON — 3HAUCHUSI F (v )F (v s g = 4g = 4,
Kpusas 1 - K, = 0,86%; = 0.8% xpupas 2 - ¥, = 0,877k, = 0,877, kpupas 3 — K, = 0,95, = 0.5
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Ha pucynxe 1 npusenens! rpaduku Gyukiuit F (V) F (V) mns pasnuuseix 3Hade-
auiit TT:kpusast 1 - T =TT =T _ kpuBaa 3 - T << T.,T << T_uxpupas2 - T =T,
T=T.Tpu T =< T.T <= T, TepMOIUHAMUYCCKH YCTOMYMBOMY PEIICHHIO COOTBET-

CTBYeT MaKCHMalbHbIil U3 KopHeil ypasnenus F(v) = 0F(v) = 0 (xpusas 3 na

puc. 1), anpu T = T.T = T, ycTOHUMBO TOJNBKO pelieHHe Pryy = Pr_qy = Prgy = :

P+ =P-p =Py = } (oropommennoe npu BeiBozie ypaBHeHUH (13) — (15)). Cnemo-

BaTeNIbHO, TeMIieparypa (pa3oBoro nepexona I .T. onpeaensieTcs u3 perieH s CHCTEMbI

F(y) = 'D{F(_Vj =0

YpaBHEHHI { F'(y) = 0lF'(3) = 0

F'(y) = e%% [ eir L1 ] + v(g — 1)e%s [ - (velfe + 1)?

2y +1+e7%]" 2y +14 %) (2 — e — %
_'.'e:‘r".ﬁ -1

by

Hpupasuusas F'(v)F'(v) nymo, monyanm
20yt —{(g—2)e*(1+e M) —2qlv+ (1 +e ) =0

2esy? —{(qg —2)er(1+e ) —2¢q}y + (L +eF) =0, (16)
Pemmenue (16):
:.:q—j_'-eﬂf; I:‘l—e_'l{f-" _"—f'-'e'}_ J :I:'-'e'—f _'-E=H; (1+e —Kp I—2q }:_SE:H; ':1_E_H::’
= 2e7hp
:I:fe'—f_"E:HF I:‘l—e_'l{-: )-2g}+,/{(g-2 ."E:H; (1+e —H —Ig }:_EE:H': ':i_E_H':
= 1 220y (17)

Haxozst tenieps kopets K, K, ypasnenus F(vy ) = 0F (¥1) = 0, nony4nm 3Haue-

HUsE KpuTHYecKoi Temneparypsl T, = 1/K, T, = 1/K, s pasnnussix 94 (raGm. 1,
BTOpPO# cToNOeII).

I'padukn GyHkumit 2.5, (T )P g, (T) a0s pasHbIX 3HAUEHU §§ TIPUBEIEHBI HA PUC.
2:xpuBas 1 —gq = 3g =~3., KpI/IB:di.IZ—C]f =4q =4 uxpuBasgs 3 —q = 6g = 6. [lnx
BCEX §§ MPOWCXOIUT CKAYOK NapameTpa P;q;Pq; B KPUTHUECKOH TOUKE, TO ecTh (a-

30BBIi TIEPEXO]] IEPBOTO poja. BenuunHa ckauka ciabo 3aBUCUT OT 4§, U €€ 3HAYCHUS
NpUBe/ICHbI B Tabuuile 1 (TpeTuii croodern).
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04 06 08 1 12 14 16 18

Puc. 2. TemnepaTypHast 3aBUCHMOCTb TapaMeTpa MOPSIAKA & ¢ ¥/
JUTSL pa3TMYHBIX HAYEHUH § g : 710 TOPU30HTAIBHON OCH — Oe3pa3MepHas TeMIepaTypa
t=1/K,t = 1/K,, 10 BepTHKaIbHON — 3HAYCHUS P\, ¥ - KpuBas 1 — g = 3g =3,
KpuBas 2 — g = 4g = 4 KpI/IBaH3 q- =g = 6
B pa6ore [9] MBI paccMmoTpenu Mmonenb [loTTca ¢ TpeMs COCTOSTHUSIMU B TPHOJTFIKE-
HUY cpeaHero moist. OKa3bIBAETCs, YTO ITO MPUOIIHKEHHUE IOy YaeTCs U3 TPUBEIEHHOTO

B HACTOSIIEH paboTe MyTEM MPEIC/IbHOrO mepexoaa § — «og = @aj, =0/, —= 0

TaK YTO MPOU3BEACHHE £ f_._, q f_,_, 0CTaeTCs MMOCTOSHHBIM.
JleiicTBuTenbHO, TepeiineM B ypasrernusix (15) u (16) k mpemeny 9 = %74 = &2,
O0603nauny * = img. g K, (g)x=lm ... qK, (q) , v=lim, .. v(q)

y= lim,_,__,x -1"(':?:'. Toraa u3 (16) nomy4uum

27— [3x— 4} +2=0272—{3xr—4}§+2=0, (18)
awus (15)
]zlfetp[l 1_“]—1
o 2(1+5 . (19)

s (18)

2(1+5)°  _ 2(149)°
= - " X = . .

— — (20)

V.

HOL[CTaBI/IB 3TO BeIpakeHue B (19), momyunm BeIpakeHue IS -

; ui—“_”_ 1. (1+7301-2370 1

Fexp |[————=| = Vexp|————| ==
3y

a

PemviB 970 ypaBHeHHe, HalIeM CKavoK 5?‘-?.:9_-. = 9.2514?5;0,:,;._-. = 0.25147 y
3HayeHne ¥ = 2,747x = 2,747, 9TO B TOYHOCTH COBIAJIAET C pPe3yJbTaTaMH, TOIY-
YEeHHBIMU B [9].
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Tabnuya 1
KpI/ITI/I‘leCKﬂe TeEMIEPATypPhbl U CKAYKH BEJIUYMH B TOUYKE q)a3030r0 nepexoaa
(®II)
q Tc (mf) Tc 570.:5;. 65}’13 aA
3 1,092 0,745 0,25245 0.01348 0.05962
4 1,456 1,140 0,25230 0.01006 0.03562
5 1.820 1,519 0,25217 0.00802 0.02685
6 2,184 1,892 0,25208 0.00666 0.02215
7 2,548 2,261 0,25201 0.00570 0.01916
8 2,912 2,630 0,25195 0.00498 0.01706
IIpumeuanue: § § —KOOPIMHAMOHHOE YHUCIIO, I mf _,,'__, mfy —Temneparypa @I mo meroxy cpeaHero

noss, T T — remneparypa ®I1 st pewerku Bere, &4, 57, o, — Ckauok napamerpa nopsiaka, & Gy 8 giz —

CKAuYOK KOPPEIAUMOHHON QyHKIMM 11 Onuskaiimux coceneit n G404 — ckauok KoppessMOHHOM JIMHBL.

PaccmoTpuM Teneps CIMHOBBIE KOppensuuy B Mozaenu IloTTca ¢ TpeMs cocTosiHuUS-
MU Ha pemetke bere. Onpenenum KOppensuHOHHYI0 GYHKIHIO CIEAYOMUM 00pa3oM.

O603HauUM P, 7 5+Pr5 oy BEPOSTHOCTB TOrO, YTO aTOMBI, Haxoismuecs B Li-M u [j-m
y371ax peleTku, Haxoaares B coctosuuu (0) (Jj-# yzen naxoaures na (j — £)(J — 1)-it

obomnouke Li-ro y3ma B pemerke bere). Toraa koppensinnonuoi GyHKuuen OyaeM cuu-
TaTb TaKYIO BCJIIMYUHY:

-

9:; = Pioy — Pindi; = Piog) — Plo. @1

Toraa npu K, =K, K, =K,

_ 1+ %p 7 2" I:E:HF—EHF =23}
H1z 2y° E:HF——_'.'—‘l—E_HF P (2 E:HF—;_:. £1+a70E 0
147K 7 E:.:I:E:H5—EH5 -2}
2 = ST ERe Tk, P T oI iEs g
2y“e™ Fi+iy+ite F (2y=e“"F+s4 1+= Y , (22)
rae V'Y onpenensercsa uz pemenus (15), a PP — o gpopmyne (14).
= =
[pu Kp = Kpclly < Ko
_z1seTHr lf;\]: _21-e7FF 21 (zwlf 21—y
912 T 3% A5 53 1+2e RP912 T 310K A3y 3 142 %5, (23)

Kaxk 6bu10 ckazaHo BblllIe, MBI paccMaTpuBaeM mozenb [lorTca ¢ Tpemst cocTos-
HUSIMU KaK YaCTHBIM ciyuyail Mojenu M3uHra ¢ nmoABM)KHBIMH NIPUMECSMU, PEILICHUE
KOTOpo#l Ha pemeTke bere maercs ypaBHeHussmu (9)—(12). Pacuet mokaspiBaeT, 4yTo
JUTS1 TOW MOJIeJIN KOPPeIsITMOHHAs QYyHKIUS SIBJISICTCS B OOLIEM Cllydae CyMMOH 1By X

f—m
.

. _ i I — i L
yOBIBAIOIINX TEOMETPUUECKUX IPOrpeceHii g, ; = axy  + bx; g,; =ax; + by .

(Jyist nuneiinoit nenoukn (@ = 2 = 2) 5TOT pe3ysbTaT MOXKHO J0Ka3aTh CTPOTO U
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MIPEATIONOKHTE €T0 CIIPABEIIMBOCTD JJIs1 IPOU3BOJIBHOTO & 4.) [Ipeamomnaras Takoi e
BU/JI KOPPENSIITUOHHONW (DyHKIIMHU 1311 Mofenu [loTTca ¢ Tpemsi COCTOSTHUSIMHU, MOKHO
yOenuThCs, 9TO B JAHHOM CIydae OfHa W3 T€OMETPHYECKHX MPOTPecCHii ucue3aeT, u

KOppeIALHOHHAs (yHKIMS IPUHUMACT BH:
g:_-ll_ = gl}e_l_.'—: | A

e Jo T p(l—plg, =p(1- T‘j:', a KoppesaluoHHas inHa 4

2K K

1,'|:e Faa ;—:_" .
Ry ."':_‘-'E:H-:—‘l_")J ff_,_, - K-”':
K
1-e ™7
—1/In (ITR':J
225 Kp

—1/In (

(Zy¥+ite

p;
M
:D;

—l;’ln[

2y

Sl

24

Kak BugHO 13 dopmyn (23) u (24), koppensiiiuoHHast PyHKIIUS U KOPPEISAIHOHHAS
AnuHA He 3aBucAT oT §q npu K, < K, K, < K, (T = T.T = T,). Ha pucynke 3
HOKa3aHbl TpaGuKu KOPPENSAIUOHHON QYHKIUKN G172 G412 it § = 3q = 3 (kpusas 1),
q = 4q = 4 (xpuBasi2)u g = 64 = 6 (xpusas 3). Ha pucynke 4 npuBeaeHbl rpaduKu
KOPPENAILUOHHOM NIMHBI A4 1715 TeX ke 3HaYeHuiA § §. BUAHO, 4TO M KOppEeNAIUOHHAS
(GYHKIHS, U KOPPETSAIUOHHAS UTHHA MMEIOT B TOUKE (ha30BOTo Mepexo/ia pa3phiBbl, Be-

JINYUHA KOTOPBIX yObIBAaeT ¢ pocToM . B Tabnuie 1 npuBeneHbl BETUYUHBI CKAYKOB
KOppeNsiuoHHON (pyHKIMHU (cTosOel 4) U KOPPEISIIIUOHHON JUTHHBI (CToN0eI 5) 11

pa3IUYHBIX (.

0.12 T T T T T T T

008 [ 1

006 [

0

04 0.6 08 1 12 14 16 1.8 t 2

Puc. 3. TemnepaTypHas 3aBHCHMOCTH KOPPEIAIINOHHON (QyHKIIMHA OMMKaHIITIX cocener g+
G12 JUTSL pa3IMYHBIX 3HAYSHUH § g 110 TOPU3OHTAIBHON ocH — Oe3pa3MepHas TeMIeparypa

-+

= 1/H,t = 1/K,, 1m0 BepTHKAJIbHON — 3HAYCHUS J11 Gz Kpusas 1 —g = 3g = 3, kpuBast
2—-g=4g =4, kpuBas 3 —q = f8g =@
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141

12

08 1

06 [

04T

02T

0 .
0.4 08 08 1 1.2 14 1.6 18 2

Puc. 4. TemniepaTypHasi 3aBUCHMOCTh KOPPEISIIUOHHOM IITHHBL A4 I pa3muaHBIX
3HAYEHHUH § §: [0 FOPH3OHTAJIBHON ocH — Oe3pasmepHas temneparypa t = 1/K,t = 1/K,,
1o BepTUKanbHOH — 3HaueHus A4, KpuBas | — g = 3g = 3, kpuBan 2 - § = 4g = 4,
KpuBas 3 —gq = 8g = 6

BriBoabI

OCHOBHBIE PE3YIBTATHI HACTOSMIEH pabOTHI MOKHO C(HOPMYIIHPOBATH CIIETYIOIITUM
obpaszom:

1. Hamu oy 9eHo pererne Momueiu [1oTTca ¢ TpeMs COCTOSTHUSIME Ha penreTke bere
C TIPOM3BOJIBHBIM KOOPAWHAIIMOHHBIM YnciIoM. HaliieHs! KpuTHdeckas TeMmepaTrypa u
TeMIlepaTypHasi 3aBUCHMOCTh TlapaMeTpa nopsiaka. [lokazano, uTo (ha3oBbIil mepexos
SIBIISIETCA MepexojioM 1-ro pona.

2. BenmnumHa ckadka mapameTpa mopsijika B Touke (pazoBoro nepexoxaa ciado 3aBu-

CHUT OT KOOPIWHAIIMOHHOTO YHCJa PEIIeTKH ¢ U OJM3Ka K ero 3Ha4eHUI0 B Ipezere,
COOTBETCTBYIOLIEM CPEAHEMY IOJIIO.

3. Haiizena mapHast koppensiiionHast QyHKIUS ¥ KOPPEISUOHHAs JIJIMHA B pac-
cMmatpuBaemMoii Mozenu. KoppensiunoHnHasi JyIMHA HE CTPEMUTCS K OECKOHEYHOCTH B
Touke (pa30BOro nepexoaa, OHAKO UMEET B 3TOH TOUKE MaKCUMasbHoe 3HayeHue. Kop-
peNSIIMOHHAS AJIMHA UMEET pa3pbiB B Touke (a30BOro mepexoaa, BEMUYMHA pa3phiBa

yOBIBAET C POCTOM & ¢.
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