10 CPAaBHeHMI0 ¢ XHMUTIecKnMu cxopoctAmm B obmacrm III (pue. 15.15), To mpo-
CTpaHCTBEHHAA 3aBUCHMOCTh HCYe3aeT H CUCTEMR OCHEAAUPYeT Be3[e ¢ OJHOH
m toit xe cazo. Peamuadyerca mpefedbHBIR KUK, NEPHORUTIECKOS [NBHMEHNS
yCToiumBo,

Mopeas Triopuura neria B oCHOBY PAJA TEOPETHUYECKHX HCCIEN0-
parmi Mopdorenesa. B HarbHelimeM, oJHAKo, BHIACHHIOCH, YTO Me-
XaHOXAMHUYECKHe NPONecckl nph MopdoreHese Gomee CYMECTBEHHBI,
ueM aBroKaranms m gaddysaa (cM. § 17.9).

§ 15.5. ®azoBuie nepexoasl

Bo3sHEKHOBEHHe CTATHYECKOTO NOpANKa W3 OecnopAjgka B TEpMo-
QUHAMHYECKE PABHOBECHEIX YCIOBAAX BCErja IPOHCXONHT LIYTeM
dasosoro mepexopa. B obmacTm mnepexofa cHCTeMa HEyCTOHYHBA.
Ilpm mepexopme mepsoro poja, CKaskeM, IpH Nepexofe ras — KHJ-
KOCTh, HCOBITHBAIOT Pas3pEB OCHOBHBIG
TePMOJUHAMAYECKAE BEJIHYHHEl — DHTATb-
nua, suTponmsa, obwmem. Ilpm mepexope
BTOPOTO POJia COCTOSHHE CHCTEMEI MEHA-
eTCcA HempephBHO, HO CKAYKOM MEHAETCHA
cAMMeTpHAA, PaspelB HCOBITHIBAIOT HE OC-
HOBHHE TepMOJHHAMHAYECKHE BEIHYHHEL,
HO HOX IPOUSBOJHLIE — TEIIOEMKOCTE,
CHOMaeMocTs, Ko3Q¢HOHeHT pacmape-
nana. llppMep — nepexox mapaMarHeTuk —
deppomarneruk B Touke Hropm.

Toukn (Has3oBHX mNEPexoios — 0codbe
TOYKH, B KOTOPHIX MEHAETCA Xapakrep
$yHKOHOHATLHOH 33BACHMOCTH XHMHYe- Pue. 15.17. Jaexrpumaeckuit
CKOTO TOTEHOHANA OT TeMOeparypsi B KOHTYD C JAuomoM n ero
JaBlIeHndA. BoJdbT-aMUEpHAA XapakKkTe-

Kax MpI BHpeq#, mepexoisl ¢ BO3HHK- prcTHKa

HOBEHHEM IpOCTPaHCTBeHHoll mam (m)
BPeMEHHO} YIOPAJOYEHHOCTH BJAJH OT PABHOBECHA TAKKe NpoO-
HCXONAT CKauKooOpazHo, GYyAydYH CBA3aHHBIMA ¢ HEYCTOHYHBOCTA-
Mu Hcxonuelx cocroanmi. Ilepexoxy mamywamoIqux aToMoB nmpH KpH-
THYECKOM 3HAYeHHH NapaMeTpa ONTHYECKOH HAKAYKA K KOTepeHT-
HOMY, JIa3epHOMY H3IYy4eHHIO obranaer BceMm ocobeHHocTaAME (haso-
BOIO mepexofa.

Paccmorpum Gomee mnpocroli ¢uamueckmii mpuMep — 3NeKTpHUe-
cxmit kKoHTYp ¢ pmomoM .(pmc. 15.17). llpaMas mrpuxosasa aumema Ha
rpapmke msobpajkaer TOK, TEKyIIHWil wuepes CONPOTUBIEHHE, KaK
$YHKOUI0 HaUpA/KeHHA Ha RHONE, CIIOIIHAA IHHUA €CTh BONBT-aM-
IepHas XapaKTepPHCTHKA pHofa. B cTammoHapHBIX COCTOSHEAX TOKH,
TEKymue dYepes3 CONPOTHBAEHH® M Yepes Auof, NOMKHEl OBITH paB-
HEI — 3TOMy oTBedaloT Toukd A, B, C. [laa onpepenenma ycroiium-
BOCTH 3THX COCTOAHHH HY)KHO, KaK BCerja, NHHEapU30BATH BONU3i
HHEX VDaBHEHUs, ONHACHBAOMHe KOHTYp. JImHeapHaoBaHHBEI KOHTYp
CONEP/KAT eMKOCTh, BKIIOYEHHYI0 NApajlieJbHO ¢ JHHEHHBIM COIPO-
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rupnenvem R m amddepennmannusiv conpormsnennem do/dl nmopa.
Ecnm srn pBa napalnessHBIX CONPOTHBIEHHA TOMOMRHTEIBHBI, KOH-
TYp ycCToltumB. JTo cnpamenamsBo pia touexk A u C, Ho e B, Cucre-
Ma HMeeT ABa PAa3lIHuYHBIX YCTOHUHABHX CTAQHOHAPHBIX COCTOAHHHA
A m C, ona 6ucrafmapna, W nmepexod H3 ONHOTO COCTOAHHA B [JPyroe
uMeer xapakrep ¢asoBoro mepexopa. CHcreMa ABIAETCA IPOTOYHOIL,
HEepaBHOBECHOM.

O6pataMca Teneph K aBTOKATalHTHYECKAM XHMHYECKEM peaKIu-
am (Hlaxéras, 1972). Mol Bujgenn, 9To XMMHYECKHE IIPONECCHI TAKOTO
poia MOTrYT NPUBOJHTH K BO3HAKHOBEHHI0 JHHAMHYECKOI ymopsano-
9€HHOCTH.

Pacemorpum peakgun

R
A - 2X 53X, : (I
h_
kzl
B - X == C. (11
kg

Cymmapras peaknus ects A+ B = C. Cropocts pearnuii papmbt

Dy = kiAXZ - k—1X3, Dy, = szX - k—zC. (15.53)
Ilonowum pma mpocrorwr k-, =1, k,A =3 m obosmaunm k,B =,
k_,C = g. CKopoCTh H3MEHEHHA KOH-
4 > nenTpanua X paBHa
Fo X=v,—0,=-X+3X*—fX+g.
15.54)
F <y ( 4
P2 B cranmomapEBIX COCTOSHHAX X =

=0 mrn
g=X-3X*+fX. (15.55)

! Kpusoie g(X), mnpexncrasnaomune

H 3Ty 3aBHCHMOCTH, MOK33aHHI Ha

X G X 7 puc. 15.18. Ypasrerne X =0 nme-

. €T TPH KOpHA. JTH KODHH COBIAja-

Prc. 15.18. (agoBril mepexon mep- o P KpUTHUYECKOM BHAYECHAN

BOTO pOJa B aBTOKATAJIUTHIECKOM F=fup:
XAMATECKOH PeaKmun = Ixpe

g=19 fﬂp=3’ Xl-(p=1-

Tpm pasInyHBIX AEHCTBATENLHABIX H MONOMRUTENbHHX 3HAYEHHA KOp-
meit X, > X,> X, Boamokust amme npa f<3. Pemenus X,, X,
ycrofiumBhe, Heycroiiumseiil Kopens X; HaxopdTCA Ha yObiBammei
serBm g(X). Ilonysnnacs kaprdHa, CXONHAA € ONHCAHHOW /INA KOH-
typa ¢ puofoM. Eme Gonee moydHTelIbHO CXOACTBO C JHArPaMMoOi
COCTOAHNA Ias — RuaKocTh, I[lpm orom xommentpagua X Hrpaer
polb mWIoTHOCTA V™', BEIHYHHA g COOTBETCTBYET [ABIEHHIO P, a Be-
avqmHa | coorercrayer temnepatype RT. Ilonygaem

= %—% + 5 (15.554)

)
I
[l
I
I}

506



VYpasuenne Banm-gep-Baannca mmeer BHI

RT
P=y—F— 5 (15.56)
mam, pasiarasa B pag oo b (Bupmansuan opma),

__RT | bRT—a | b°RT :
P=y gt . (15.57)

Tlonraa amanorus IoAy4YaeTCA AJA BUPHUANBHOr0 ypaBHEHHA COCTOA-
BHAA

p=— % (15.58)

¢ Koo(p(pHOHEHTAME @; U 4,, He 3aBECHMHIMHA OT TEMIIEPaTyphl.

TaxmM ofpasoM, B paccMaTpEBaeMo#d 3aBTOKATANHTHYECKOH CHCTE-
Mme npu f<<f., NPOUCXOAHT Depexol MeKAY ABYyMA YCTONHIHBEIMH
cranuoHapHeiMu cocroaEEaMu X, u X,, noxo6HEIA $azoBOMy mepexo-
Ay mepsoro poja. BHeHIHEM ycJAoBHAM, 3a5aBaeMbIM [ H g, 0TBEY3OT
NBa KOHKypupyomax cocroanua X, u X,  ITor mepexon He CBA3aH
¢ HAPYHIEHHEM CHMMETPHE (ras u IKANKOCT, HUMEIT OXMHAKOBYIO
cammerprI0). MosKHO mokaszarte, 9ro ycnoBme MaxcBenna — pasen-
crBo nuomaneir + u — Ha puc. 15.18 — cobnoaercs.

Ecaim omHOBpeMeHHO ¢ XmMHYeCKoH peaknWeil mpoucxomuT puddysua se-

mecTsa X — CHCTeMa fABIAETICH paclpegeldeHHON,— To NpH TNOCTOAHHBIX 3HAYE-
uusax A, B, C moayuaem

. o°X
X=g(X)+D ;,.T’ (15.59)
npuueM g(X) MOKEO NPEACTABHTE B BUNE
7} [7} 1 1
gX) =5 0X)= 33 (T Xt~ X fX2), (15.60)

rne @©(X) wurpaetr poJab HEKOTOpOro uoTeHnWaka., CTAamAOHADHBI® COCTOANMA
.
YAOBJIETBOPAIOT YyCI0BHIO X = 0, T. €. ypPaBHEHHUIO

D ’X o
arz _— 17X - (15.61)

910 ypasHeEHe MoRo0HO YpaBHEHMIO, ONHCHIBAIOIIEMY ABH/KeHHE MaTepPHalbHOM
TOYKH B HOTEHOMAJbHOM 1oje, ecadm D — «maccan, r — «BpeMs», X — ¢Koopje-
nara». ViMeercs CTanmoHADHOE COCTOAHHWE, B KOTODOM COCYIIECTBYIOT fBe «dha-
8b» Xy, Xo, mpHueM X — Xy 1pH r— o0 B X — XoHpu ' — —o0; 3HAYEHNAM X | H
X, COOTBETCTBYIOT OTHOCHTEJIbHEIE MaKcUMyMHn @ (X). B crammounapmEoM coctod-
HUF TUPOHCXORHT nmepeMemeHWe «Macchbl» D ot onmoro makcuMyma @ (X), upn
KOTOpPOM ITa «M3CCAy NOKOWIACKH, K APYTOMY MAKCHMYMY, B KOTOPOM OHA TaK;Ke
JOCTHraeT COCTOAHHWA IOKOA, JTO BO3MOKHO, JHMIOL ecIH 3HaueHEHs @ B ofemx
TOYKaX ONWHAKOBHI (pmc. 15.19):

(X)) = O(Xy). (15.62)

9710 — yCIOBHE COCYIECTBOBAaHHA ABYX «(das», KoTopoe QHKCHPYyeT 3HATCHWE g.
Mosxro0 noKasaTh, 4To U3 HTOr0 yCJIOBHUH clenyeT

g—Ff~2 Xi:=1FQR—NY, X.=1. (15.65)
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Hapany ¢ dazoBriME nepexofaME NepBOro poja HeXMHEHHBIE aB-
TOKATANHTHYECKHEe PEaKNHUH MOIYT NPHUBOJHUTE K HEPABHOBECHHIM He-
pexonaM, noxo6HEIM da30BEIM TepexofaM BToporo poxa. Paccmorpum
pearnum

&

A+ X ==2X, )
—1
kz

B X ==C, (Il

k—g

Ux cropoctu paBak
v, =kAX -k X’ v,=kBX—k._C. {15.64)
Ilonosmum kA =1, k-, =1, ksB=1{, k_,C =g. Haxomam
X=p— =X+ (1—HX+g=¢(X)+g  (1565)

X >0 npu manux X m X <0 npu 6onsmux X. CrenoBaTeanno, cra-
IHoHapHOe CoCToAHNE, oTBeuatomee X =0, ycroiiumBo. B sTom co-
CTOSHUH

g=X—(1-PX=—¢(X). (15.66)
Ecnm g =0, to

[1 _f Hpm f< 1!}
X = 0 (15.67)
opa f>1,
Takoe noseferHne BeXWYMHH X XapaKkTepHO NIA ()a30BOr0 Mepexofa
BTOpOr0 poja, CKa’KeM, Iepexoia H3 (DePPOMAruATHOro B OapaMar-
HHTHOE cocTroanue. B sToli amamormu
@ X wrpaer poms mapaMmeTpa YIOPARO-
9eHHOCTH (HAMArHHYeHHOCTH), g —
HaUpPMKEHROCTH  MATHHTHOIO  OOIA,
f— remmeparypsi. Smauenme [= fi, ==
=1 orseuaer Touxke Hiopm. IIpm f<<
< f« OpOHCXOZHY HapyUieHNe CHM-
mertpun, MenHo B KpATHYECKOH TOU-
Ke MaJjsie (DIYKTYandd BO3PaCTaT Jo
x; X, X Makpockommueckux smatenuit. Ha
pac. 15.20 noxkazamsr xpueote X (f)
Pumc. 15.49. CocymecrsoBanne IpH PasIHIHHX g.
das X, u X; [loseeHAe MOJEIBHON XUMHETECKOIL
cacreMbl, nono6Hoe ¢ha3oBOMYy mepe-
X0y, 03HAUaeT ee KoilexrmsHble cBoiicrBa. Ilepexoxsl mmemor xa-
pakrep «Bce mwil HmZero». OHE MPOHCXONAT B TPUITEPHBIX CHCTEMAX,
ABJNAACH Pe3yIbTATOM MANHX (QIYKTyaNHWii.

Pasnoo6pasable 6HONOTHYECKHe ABICHHA HMEIOT JUHAMHYECKHI
xapaKkrep, Nono0usli ¢asoshiM nepexopaM. Passmrue teopHn Hepas-
HOBECHHX (Da30BHIX NEPEX0J0B KaK MEXaHH3MOB OGHOTOTHIECKHX TpPO-
LecCor TPEICTaBIAETCA MHOrooGemanmuM, VYsiKe NOIYYeHH HEKOTO-
phle HHTEepecHble pe3yiabraTel. B pabore YaiikoBekoro u SoedmnAra
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(1977) umccremoBaHE: TaKHe UEPEXOAH! B cHMcTeMax epMeHTATUBHBIX
peaxumit Tpu Hanuyun cy6cTpaTHOro WHrEOHpoBanma u gAQPysHI.
ITokasana BO3MOMKHOCTH IPOCTPAHCTBEHHOTO pasfienenda a3, COOT-
BeTCTBYIOMHUX KOMIUIEKcaM (PEPMEHTa ¢ HECKONBKEMH MOJIEKyRaMIE

X

Puc. 15.20. ®asoseiii me-

pexo; BTOPOTO poma B

aBTOKATAINUTHUECKON XH-
MHYECKOH pearknuu

I

cyberpara. Benmunes u Bonsxeumreiin (1977) nokasanm, 410 BO3—
HOKHOBEHAE HOBOTO BHja B pe3aylbTaTe reorpagMueckorec pasmeie-—
HEA nonynAannd momgofuo daszosoMy mepexony (eM. c. 554). Cxopunte
ABIeHHsA IOPOUCXONAT B PARE MEeMOPaHHBIX IPOMECCOB, B JaCTHOCTH,
npd reHepanum HepBHOro mMmyikca (cm. § 114.3, 16.5).

§ 15.6. Croxacruveckne Tponeccs

IIpu onmcanun AuHAMHYECKHX OPONECCOB MBI NPHMEHAIHN aOdlapar
nadpdepennnanbusix ypabuennit. Ho, kak yse rosopuiocs (c. 494),
Ipd OrpaHHYEHHOM YHCIe MOJNEKY]l HIH ocoleil mpEXOAuMTCA HEMmo-
CpejCTBEHHO YUHTHIBATL JUCKPETHOCTH HX BOBHAKHOBEHAS W YHHU-
TOMKEHOA — AKTOB «pOsKmeHusi» U «cmepTd». He MoKeT NOABHTHCST
Ha CBET HWJIH HCYE3HYTH MONOBHHA MOJEKYJNH HJH IOJOBHHA 3alima.
I'I‘HCerTHbIe CHCTEMBI ONUCHIBATCA CTOXACTHYCCKHMH YypaBHCHUA-
MH, OCHOBAHHHIMH Ha TEOpHH BepoATHOcTeil. OrpammuaMcA paceMoT-
peHmeM J(ByX OPHMEpOB.

Nmeem cucreMy XuMuueckwX peaxnuil, yKe paccMaTpPHMBaBIIyOCHd Ha:
¢. 908:

ky

A+ X =2 02X, (Iy
-1
kZ

B+X==C, 11y
—2

Cuntas, 970 MOJEKYABl (POKIAIOTCA» W «YMHPAIOT», BLIBEJEM O0CHOBHOE KlU—
HeTuYecKoe ypaeHeHUe CACTEMbl, IPHIEM B KadeCTBe NEePeMEHHBIX (PUIYPHDYIOT
yike He KOHIEHTpamau, a gucia Mojekyld OGoamaunM gepes N umuciao Modeky.
X; pacupejeleHne BePOATHOCTeH, u3MENAWIIeeCHs BO BPEMeHH, BHIPAKAETC:
¢yexmueit P(N, t). B kampgoit m3 peakuuit N MeHgercg ma eguuumy. Pac-
cmorpuM Bce nepexonsl. Haunem ¢ peakmum (I1).

1. Ilepexoxy N~ N 4 1 — «pospenne» mMoxeryast X. Ymeao Takux mepexo-
70B B elimHUNy BpeMmeHu paHO P(N,t)W(N 4 1, N), rae W(N + 1, N) — Beposar-
HOCTh I€pexofa, paBHax

W(N+1, N) =k_,CV,
rae C — Koumentpanus Mojekysa C, T. e. uX umcio B epuEmie o0bema, V —
00neM, CV ecth unciao pearupymioimx Mmonexya C,
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