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IlepUMEHTAaJAbHO onpejeneHubie TeHDOpIOM, M OWEHKH pPa3NUYHBIX
BKJAJIOB B 3TH BEIHYHHLI, noaydeHHnie Jlanuuanom [106] (cMm. Takke
[107]). AF nna I'nu npuHsaTO 38 HYJNb, TAK KaK OH He comep:KHUT Go-
KoBo#l rpynnnl. Ilepebie 10 aMHHOKHCJIOT MOXKHO YCIOBHO CHHTATb
ruapodobusiMy, Bropeie 10 — runpodunbusiMu. OuesngHo, 4TO 5Ta
kaaccudukanua He comlajpaer ¢ KJaaccHpUkamuel no NoJsipHOCTH,
T. €. 110 QUIOABHBIM MOMeHTaM. CHJIBHO NOJMADPHEI Apr HMeeT Ty xke
ruapodobHocTs, UTO U HenoasapHBIE Ana, 6narogapsa Hanuguio o0be-
MHCTOr'0 YIVIEBOXOPOJHOIO OCTaTKA.

Yuer crenedd ruapodoOHOCTH aMHUHOKHCAOTHHIX OCTATKOB Haer
uHopManuio o creneHu crabuaH3zamuu raobyaapHOH MakpoMmoJe-
KyJbl Genka ruapodoGubME B3auMoaeiicTBHAMH. OQHAKO TaKoOro
poma omeHKH HejpocrartouHel. HeoGxommmo paccMarpupath peadb-
HYIO CTPYKTYPY TJ100yJbl H YYHTHIBATb BeChb 0aJdaHC NPOHCXONALINX
B Hell BzaumopeficTeuii, YnpouieHHas rteopus Pumepa He obecre-
YHBAET 3TOTO.

Pacnpenenenyue octaTkop MeXIY BHEIIHHM CJIOE€M H AJPOM TIJIO-
GyJIbl JOMKHO 3aBHCETb OT CBOOOJHBIX IHEPTUH HX B3aUMOJNEHCTBHS
C BOJO M COCEHUMH OCTaTKaMH. B paBHOBECHBIX YCIOBHAIX NOMKHO
OHITb COOTBETCTBYIOIIee GO/NbLMAHOBCKOE paciipenenenue. Bpaunre
passua u yrounua upeio Pumepa [107]. On paccmarpuean TpH THNA
OCTATKOB: THapodoOHBIE, HaxOAsI{Hecs NpeHMYIIeCTBEHHO BHYTDH
raobynanl (Ana, Baxa, Jleft, ®en u 1. 1.), ruppodunbHble, NpenMyime-
CTBEHHO pacroJjaraloniyecs Ha IIOBEPXHOCTH (B YaCTHOCTH, BCE 3a-
pAXKeHHBbIe OCTaTKH), H HefrpansHble (I'nu, Cep, Lluc u, sepoatHo,
AcH u I'iH), nokanusyouinecs BHYTPH M CHapyxXH raoGyasl. Uncia
3aM0NHEHHS BHYTPEHHHX M BHEIIHHX slyeeK JJI KaKJIOro THIA
OCTATKOB B3BEIIHMBAIOTCA B COOTBETCTBHH CO CBOOGONHOH sHepruei
[epeHoca ocTaTka H3BHE BOBHYTPh M CO CTATHCTHUECKHM BLIPOXKIe-
vueM. JTO [aeT BO3MOXKHOCTb HalHCcaTh CTATHCTHYECKYIO CYMMY
BJis THOGYJE ¥ [IOCTPOUTH CTATHCTHKO-TEPMOAMHAMHYECKYIO TEOPHIO
zeHarypamuu (cM. §§ 4.7, 4.8).

§ 4.7. CTPYKTYPA H YCTOHYHBOCTb F/I0BY/ibI

Mb1 pacnonaraeMm cnenylomgMH HCTOYHHKaMH HHpopManuu
0 CTPYKTYype ryiobyab:

1. JlanHble DEHTI@HOCTPYKTYPHOrO aHa/N3a, B HAEAJe I103BONAI0-
Uie JIOKAJIH30BaTh KaXIblli aToM B Mojekyae Geixa (cM. § 5.1).

2. JlaHHble ONTHYECKHX M CIIEKTPOCKOMHUECKHX H3MEpeHHi, nalo-
HlHe BO3MOMKHOCTb OHEHHTb JNOJI0 OCTATKOB, HAXONSAIIHUXCA B O-CIH-
panbHOH, B Kpocc B- M B HeynopsajgouenHoit dpopmax (cM. I 5).

3. launsle, Mony4eHHble NyTeM H3yuyeHHs IelitepooGMeHa, Io-
3BOJISIONIME ONEHHTh HOJI0 OCTATKOB, COEAMHEHHBEIX BOJOPOLHBIMH
CBAi3AMH.
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4. Jlanxble, nonyyeHHble KaHOHHYECKHMH METOAaMH HCCJeL0Ba-
HHSI MaKpPOMOJIEKYJI, B YACTHOCTH MOJIH3/JEKTPONHTOB, MO3BO/ISIOULHE
OMpefeNHTh pasMeprl H Gopmy ri1obysabl B 3apsabl HA raobysae (cM.
ra. 3).

5. JlaHHbIE TEOPETHUECKHX H MOJYIMIIHPHUECKHX DacyeToB.

PaccmoTpuM CTPYKTYpy MHOrjo6GHHA H reMoraobHHa. DTH Bax-
Hble GeJkH OLIJIM NepBLIMH, AETaJbHO H3YUYeHHBIMH MeETOJOM peHT-
reHOCTPYKTYPHOTO aHa/H3a; 0 HHX GyaeT HATH peub H B JajbHei-
mem (CM. V1. 7).

Ha puc. 4.23 nso6paxena cTpykrypa mHuorao6usa [108]. Mose-
KyJa COAEPXKHT NMpoCcTeTHUecKYylo rpynmy rema (cm. crp. 99), yka-
3aHuyio crtpeakoi. Ha puc. 4.23 mokasaubl cOHpanbHbIE H HECHH-
panabHble y9acTkH. UHcao a-cnHpanbHeliX yuacTkop paBhHo 8. Okono

Puc. 4.23. CTpykTypa MHOrJobtuHa.

759% ocraTKoB ¥3 ofumiero uHcaa 153 NpHHAAMEKHT 3TUM y4acTKaM,
o6osnauaeMbiM OykBaMH oT A mo H (cunmrtas or N-gouma menw);
BHYTPH KaXXIOTO o-CIIHPAJbHOTO yUacTKa OCTATKH HYMepylorcs ot |
00 n. MexcnHpaJ/bHbe, HEYIOPSAAOUEHHBIE, YUaCTKH 0003HAaua0TCA
AB, CD u t. Aa., xoumnesble yuactki — NA u HC [109]. Monekyaa
reMor/IoOGHHA HMEeT 4eT8epTUYHYI0 CTPYKTYpPY: OHA COCTOHT H3 ue-
Thipex rao0y/a — ABYX, 0603HauaeMblX o, H ABYX, 0003HaYaeMbIX .
CrpoeHHe Kaxaoil rao0y/bl BeCbMa CXOXHO CO cTpoeHHeM Mb.
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[leranbHelil aHAMH3 CTPYKTYpPhl 3THX 6€JAKOB NMPHBOAMT K BaX-
HeiM BuiBomam [110—113]. «BHyTpeHHOCTb» MOJEKY/bl MHOrJIOGHHA
3aMOJHEHA IJIOTHO YIAKOBAHHBIMH HENOJSIPHBIMH GOKOBBIMH Iie-
MSAMH aMHHOKHCJIOTHBIX OCTATKOB. TO XK€ CnpaBeiJHBO A/ KaxXKAoH
M3 YeTwlpex memeit remornoGHHa [114]. Unesno BHYTPEHHHX OCTATKOB
pasHo 36 u BkJO4aer aBa ['Hc, cBA3aHHbIX ¢ reMoM. C yuertom I'in,
Ho He Ilpo, obuiee YHCAO HEMONSAPHBIX OCTATKOB B IIENfAX FE€MOIVIO-
6uHa JoluaiH paBHO 72 (B KaXKAOH H3 ABYX a-lenell) H 78 (B KaXK-
noit u3 aByx P-umeneit). Muorue ocratku I'mn u Ana, 6yayun caa6o
ruapodoGHBIMH, PacrnonaraloTcss Ha MOBEPXHOCTH MoJeky/bl. O6ne-
MHCTHIE HEeNo/spHble GOKOBLIE IIEMH, He HAXOAALIHECH BHYTPH TJO-
Gyabl, CIpATaHbl B BhleMKe BOJIH3H IOBEPXHOCTH, YTO CBOZHT A0
MHHHMyMa KOHTaKThl ¢ Bofoll. Bce G0KOBHIE IeNnH, HOHH3yeMble IIpH
sHedrpaabnom pH, Haxonatcs Ha nMoBepXHOCTH raoGyasl. To Xe crnpa-
BEeLJIHBO I/ APYCHX noaspHblX GOKOBBIX IlenelH, 3a HCKJIOYEHHEM
cBa3aHHHX ¢ reMoM I'Hc H Tpe C4, KoTophie coeHHEHb BOAOPOLHOH
cBs3bio [110]. B uenom B MHorso6HHE H3 77 MOJASPHBIX TPy (BKJIIO-
yag Tpu) ToNbKO 5—6 pacrnosoXeHo BHYTPH r/100y/bl, 4 OCTa/bHblE
naxogsTcs Ha ee mosepxuoctH [l114]. Msyuenue remorno6HHOB pas-
JIMYHBIX BHAOB [O3BOHOYHLIX (MPHMAaThI, JOMAAb, CBHHbS, KPOJHK,
JaMma, Kapl, MHHOTa) H MHOrJIOGHHOB KallaJoTa H 4YeJOBEKa IOoKa-
3410, YTO NPH 3aMenleHHsax 33 BHYTPEHHHX OCTATKOB B IOAaBJSIO-
mem GOJBIMHHCTBE CAy4YaeB COXPAHSETCHs HX HENoJsSpHBIH xapakrep
(ra6n. 4.12) [111]. StH ocTaTKH He KOHTAKTHpYIOT ¢ Bogol. Hanpo-
THB, Ha NOBEPXHOCTH IJ106yJn Hmeercsi 10 WHBapHaHTHO HemoJssp-

HBIX OCTATKOB.
Tacdnuma 4.12
3amemenHs 33 BHYTPEHHHX OCTATKOB

(I,/lc’;i?;ca HaGaonaeMuie octaTiu f,‘c’;’;?,ffa HabmolaeMue OcTaTKH
A8 Ban, Une, Jleit El5 Baa, Jleit, ®en
All Ana, Banx, Jle# El8 Cau, Ana, Une
Al2 Tpu, ®en EI9 Bau, Jleii, Uie
Al5 Baa, Jleit, Hae F1 Jleft, Une, ®en, Tup
B6 Can FG5 Baa, Uire
B9 Ana, Hane, Cep, Tpe G5 Den, Jleit
B10 Jleit, Une G8  [Baua, Jleit, e
Bi3 Met, Jleii, ®en G11 Auna, Bax, e
B14 Jle#, ®en G12 Jlett, Uate
C4 Tpe G16 Jleit, Ban, Cep
CD1 Gen H8 Jleft, ®en, Mer, Tpu, Tup
CD4 den, Tpu Hil Ana, Ban, ®eu
D5 Baa, Jlefi, Mre, Mer HI2 Baux, Jleit, ®en
E4 Baa, Jleii, ®en HI15 Baa, ®en
E8 Fan, Ana H19 Jle#t, Mae, Mert
El1l Baa, Uae H23 Tup

El2 Auna, Jle#t, HUae
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Takum o6pasom, HCClegoBaHHe MHOTJIOOHHA H TeMOrJIO6HHA MOA-
TBEPXKJAeT OCHOBHOE INOJIOXKEHHE, H3JOXKEHHOE B IpEeAbIAyLIEM
naparpade, a HMEHHO, BaXKHelluee 3sHaueHHe THAPOGhOGHBIX B3aHMO-
fle¥icTBHA, NPHBOAALINX K 0GPa30BaHAIO HENOJSIPHOrO siipa [J0GYIbl.

Bumecte ¢ TeéM B 3THX HCCJAEIOBAHHAX BBISIBJAAIOTCS BaXKHBIE OCO-
G@HHOCTH CIHPAJbHBEIX Y4acTKos 6eqKoBOH menu B raobyae. Ananua
yuactkoB A, B, E, G u H a-cuupaneil cBHIeTe/LCTBYET O IE€PHO-
JAHYE€CKOM pAacCHOJIOXKE€HHH B HHX HEMNOJSAPHBIX aMHHOKHCJIOTHBIX
ocraTtkos [l11]. Cnupa/jbHEIEe NMOCAENOBATENLHOCTH OPHEHTHPOBAHDI
B rjofyse TaKkHM o6pasoM, YTO 5TH OCTATKH OKa3bIBAIOTCsl pacro-
JIOXKEHHBIMH HMEHHO B sifpe ryoGyarl. CnHpa/insaius NoJHIenTHA-
HOHM 1enu TepMOAHHAMHYECKH BHITOIHA [AJs I€J0r0 pPsifla aMHHOKHC-
JIOTHEIX OCTATKOB, TaK KakK OHa O0ECcHeunBaeT HaCHIIIEHHE BOAOPOM-
HblXx cssizell. Ho w«-cnmpanusanus (paBHo Kak H obpasoBaHue
B-dbopm) onpemensiercs, BMecTe ¢ Te€M, H IHAPOQOGHBIMH B3aHMO-
aefcTBHsAMH, VIHBIME C/I0BaAMH, BTOPHYHAA CTPYKTYpa cTabHAH3YeTCs
NPOCTPAHCTBEHHOH CTPYKTYpOH (TPETHUHOH CTpYKTypo#) 6enka.

ITrunein paccMorpes sausiHue ruapodoGHLIX B3auMOACHCTBHH Ha
CTeneHb CHpaALHOCTH HosunentHaHoH wenu [101] Mmeercsa pan nan-
HBIX, CBHOETENLCTBYIOMHX 06 3TOM BJHSHHH HA CTPYKTYDPY CHHTETH-
YeCKHX nosnamuHokHcaoT. PacMaHd npoaHaJH3uPOBaa CTa6H/IbHOCTD
TAKHX [OJHMEPOB 110 OTHOIIEHHIO K JeHCTBHIO AHXJIOP- H AHGTOPYK-
CycHOM KHCJOT H 1MOKa3aj, 4To CTabHJbHOCTL MOJAH-L-MeTHOHHHA,
nonu-L-ananuua 0 nonu-L-nefinuHa 3HaYHTENbLHO BHIIIE, YEM Y NOJH-
L-gap6o6ensokcu-L-nuznua (— (CHy) 4—NH—COO—CHy—C¢Hs)
v noau-y-6eusui-L-rnyramara (—(CHsg)—COO—CH;—CeHs) n
[115]. BkaiwouenHe Heno/aspHbIX GOKOBHEIX FPYNN B BOAOPACTBOPHMBIC
NOJIHMENTHAbLl YBEJHYHBAET CTaOHJIBHOCTb HX CnHpa/bHBIX KOHGOP-
Maiuii. DTO NOATBEPKAAETCA JaHHBIMH AJS psAga APYTHX CHHTETH-
yeckHx nosunentugos [116—120].

Conesbie CcBSI3H B GeJKax TaKxkKe CTaOHAH3HPYIOTCS BOAHBIM
OKpYKE€HHEM, TaK KakK NPH HX 00Pa30BaHHH OCBOGOXKJAIOTCS OPHEH-
THPOBAHHBIE MOJIEKYJBl BOABI, OKPYXKAIOIUHE 3aPAXKEHHBIE TPYIIIbL.
Tem caMbIM MOSIBJIEHHE COJMEBOH CBSI3H CONPOBOXKIAETCH yBEJHYE-
HHEM SHTPONHH BOAH. DTOT BHIHTPHIN B CBOGOXHOH 3HEPrHH 6osee
3HAYHTEJIEH, YEM €€ BLIUTPHI, ONpPENeNsieMblH KYJIOHOBLIM B3aHMO-
nedicrsuem 3apsaos [87]. OpHako BO3#eHCTBHE BOALI Ha COJIEBYIO
CBSI3b OTJHYHO OT THAPOGOGHOro B3aHMOIEHCTBHS — COJIEBHIE CBS3H
yCHIHBAlOTCS, a ruApodoOGHble 0caabasloTess npH H0GaBJIEHHH He-
BOAHBIX pactsopuTenei [101].

Penrrenorpagnueckne HCCAEIOBAHHA APYTHX O€/JKOB MOATBEP K-
Hal0T H3J0XKEHHbIE NMPEICTABJEHHS O BJHSHHH BOJHOrO OKPYXEHHs
Ha IMo6ynsipHYI0 CTPYKTYPY.

Takum o6Gpasom, ¢HaHUecKast NpHpoga B3anMOAEHCTBHH, dop-
MHPYIOHHX 1y00yay, Oonee HaAH MeHee scHa, OnHaKo ecad He cuH-
TaTh BE€CbMa TPYOBIX OIEHOK, NMpobJeMy TeopeTHYeCKOro pacuera
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roGYAAPHON CTPYKTYyphl HHKOHM 00pa3oM Helb3sl CYUHTATh PellleH-
nofi. TeM He MeHee CA&IaHH Cepbe3Hble NONBITKH TAKHX pacyeToB.

[lepara paccMoTpesn TEOPETHUECKHE AaCIEKThl IPOGJEMBl IJIO-
6yani [4, 121] B npeAnooXeHHH, YTO HATHBHAs KOHDOPMAaIHA NOJIH-
NeNTHIHON LEeNH B pacTBOpe OTBeYaeT MHHHMYMy (QYHKIHH, paBHOH
CyMMe IMOTEHIHANbHBIX 3HEPTHHA BCeX BHYTPHMOJEKYJsPHLIX B3aH-
MOAEHCTBHH M CBOGOAHOH 2HEprHH Bcex B3auMomelcTBHH Oenka ¢
pactBopHTesneM. [IpHHSTO cYHTaTh, 4TO HATHBHOH KonpopMaluH
rao6ysabl  COOTBETCTBYeT MHHHMaJbHasg cBoGoaHas 3Heprus (cM.
[122]). TpyaHocTs COCTOHT B TOM, 4TO HaTHBHOE COCTOsIHHe Mpen:
craBiasger cobofi HaGop OAHSKHX JApPYr K ApPYyry KOH(opmamHoH-
HbIX MHKDOCOCTOSIHHI (BCJIeACTBHE JAaGHABHOCTH HEyNOPSAOYEHHBIX
y4acTKOB 1106y JIbl).

[lepara nmpoBOOHT BHIYHCJIEHHE CTATHCTHYECKOTO HHTErpasa s
cHcTeMbl 100GyJa — pacTBOPHTE/b, YIHTHIBAIOIIET0 KakK BHYTpPHIeMN-
THAHbIE B3aHMOAEHCTBHS, TaK H B3aHMOJCHCTBHA C PacTBOpDHTENEM.
VnrerpuposaHie NpOBOAHMTCS IO BceM KOHGOPMALHAM CHCTEMBIL.
[ToTeHUMANLHYIO HEPTHIO BHYTPHIIGNTHAHBX B3aHMOJEHCTBHE olpe-
HeJAIT 110 CTEPHYSCKHM KapTaM.

dnekTpocTaTHUECKHE B3aMMOIEHCTBHA HaxoAAT N0 3akoHy Ky-
JIOHA, MPHYEM OCHOBHAS TPYAHOCTb 3Je€Ch COCTOHT B OIEHKE IH3JIEK-
TPHUECKOH NPOHHIaeMOCTH, MoMKHO CYHTaTh, YTO Ha MaJbIX pac-
CTOSIHHSAX OT 3apsinoB B Genkopoil rno6yne ¢ =~ 3,0 [123]. das Bopo-
PONHBIX CBsI3e€#f pPAa3yMHO BOCHOJb30BATbCA MOTEHLHAJOM THIA
noTeHnHasa Mopse. DHeprHio, pacxonyeMylo Ha H3MEHEeHHS BaJIeHT-
HBIX YIVIOB, HAXO[ST C MOMOIIBIO CIEKTPOCKONHYECKHX MAHHBIX MO
KOHCTaHTaM ynpyroctH ans dedopmannonHnx KoaeGanuil. [loapo6-
HOe ONHCaHHe MeToxa pacuera comep:xurcs B o6sope Ileparu [4].

Ta6auuna 4.13
CBoGoHAs 3HEpPrAsl MPOuUECCa YAAJeHHA MOJEKYJH PacTBOPHTEJNS

Cro6Bopuasn CsoGoanas

Yueao sHeprus Yucao sHeprag

coMbLBA- | yHaJeHHs coabBa- ynajaeHus

AToM HJiu rpynna TalHH onaoft AToM usu rpynna TagHH ofHo#t

aToMOB (uncsio | MoJexy Ly aToMoB (4HCJI0 MOJIeKY JIH

: MoJieKysn | pacTBODH-| MoJieKya | pacTBopH-

H,0) Tenad, H.0) Tead,

KKaa[mory) KKaa{mors

H 2 0,31 N* (ryauupuu) 6 1,20
O (kap6oum.n) 4 0,94 || CH (aaud.) 2 —0,13
O (ruzpokcu) 6 0,85 [ CH, (axnud.) 3 —0,13
O~ (kapGokcu.1) 5 4,80 || CH, (axud.) 8 —0,13
N (amun) 2 0,63 | C (apom.) 2 0,11
NHj (amun) 5 15,40 || CH (apom.) g 8{;
N* (umupason) 3 3,30 S ’
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Pacrsoputens (Boga) MeHsieT BBIpaXK€HHe MHJIsl SHEPTHH I1OJH-
fenTHAa ABOSIKHM o6pa3oMm. Bo-nepBuix, NOsABAsSIETCS pPAIL HOBBIX
4JIEHOB, ONMHCHBAKOUIHX B3aHMOZEHCTBHS aTOMOB IOJHIENTHAA ¢
pacrBopHuTesneM (HX npubamXKeHHas omeHka gaHa I'm6conom u [le-
paroii [123]). BeluHcnsieTcs: KOJTHYECTBO BOALL, yoassieMoe H3 OKpYy-
JKEeHHs] KaXHoro aroMa. Brimre npHBenena TabjaHia COOTBETCTBYIO-
MHX H3MeHeHHH cBoGogHoH 3HeprHu (taba. 4.13) [4). Bo-Brophix,
IPHCYTCTBHE DPacTBOPHTENS MeHSeT SHEpTHIO B3aHMOAeHCTBHS Jio-
6ot mapbl aTOMOB MOJIHIENTHAA,

TIpoBeneHue Takux pacyeToB Ans GeNKOB O CHX IOp He ocy-
mwectBneno. OUeBHAHO, YTO OHH BCTPEYAIOTCH C CPOMAaJHEIMH TPYI-
HocTsiMH. B pa6Gotax [121, 124] maHb HeKoTOpbie NpPHOJIHMKEHHBIE
OIIEHKH CTAaTHCTHYECKHX BEeCOB J/i51 CTaGHIbHBIX KoHbopManuil Genka
H paccMOTPeHa pPOJib KPYTHJIBHBEIX KoJieGaHuH.

Hnst paccmoTpenust npomecca geHaTypauuH (cm. cJedyIOUHi ma-
parpad) MOMXHO BOCIOJIb30BATHCS YIPOLIEHHEIM BHPAaXKeHHEM CTa-
THCTHYeCKOH cymMbl. Cornacho [llennMaHy, cTaTHCTHYECKYIO CYMMY
A7 OJHOMEPHOTo IOJIHIENTHAAa, cojepXKallero CnHpajbHble H He-
yHnopsiioueHHble Y4aCTKH, MOKHO PEACTAaBUTh B BHAE

N
Zayy=1+exp(— 3AS/R) ?:‘4 (N —n+ 1) {exp[(AH—T AS)/RT]}" ™,
(4,84)

rae N — 4HCA0 3BEHbEB B IEMH, 7 — YHCJAO OCTATKOB B CNHPAJbHOM
yaactke, AH = 1000 kas/mors, AS = 3,2 3. e. — pasHOCTH 3HTaNb- -
NMHH M 3HTPONHHA CIHPaNH30BAaHHLIX H HECIIHPAJH30BAHHBLIX 3BEHLEB.
HUmeerca N —n -+ 1 cnoco6 o6pa3oBaTh COHpanL H3 7 3BEHbEB B
mend u3 N ocratkoB. Ha kKaaoM KoOHUE Iend He XBaTaeT MO TPH
BOJODOAHBIX cBA3H. JInsi TpexmepHo#l CHCTeMbl He0GXOAHMO BBECTH
B Z MHOXHTeAb ¢(n), yUHTHIBAIOUWHH 3(@EKTsl, BOHHKAIONIHE NDH
noMeuleHnH GOKOBBIX NPHBECKOB B CPepHYECKH CBEDHYTYIO CHCTEMY.
CnenpoBarensno [107],

Zy=2Zy4q(n). (4,85)

Kak yxke ckasano (cm. crp. 230), MOXKHO paccMaTpuBaTh TPH
KJacca 0CTaTKoB — rHApodo6Hble (T), rHApodHAbHbIE () H Hefl-
Tpanbuele (#). UMeem n =n* -+ n®+niun" =ny, +ney ¥ T. 4.,
rie HHUXHHE HHIEKCH BH H CH 0603HAYal0T OCTATKH, PACION0OKeHHble
BHYTPH H CHapyXH c(epnl cooTBeTcTBeHHO. YHcao crmoco6oB pac-
npefesieHds TPex THIOB OCTATKOB MEXKAY BHYTPEHHHMH H Hapyx-
HBIMH «4eHKaMH» PaBHO

I R B o I AR

r r o _n H H
n’Bl-[2 ncut nBHnCH! nBHt nCHt

Q(n)

: (4,86)
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Yuesno BHYTPEHHHX H HapyXKHBIX «siueek» onpenessiercs mo Ouiliepy
(cM. crp. 226) caepyomum o6pasom:
__dm (r—d)
N}m - _3‘ Vax s
rage Vak — o6beM ogHOro aMHHOKHCJAOTHOTO OCTaTKa, IPHMEPHO
pasHbrit 125 A%, d &~ 4 A. [Tonyqaem [107]

A [rd—(r— d)3]

NCH 3 Vax

4(r)=Q(n)[exp(—AFIRT)]" [exp(— AFYRT)|"> [exp(— AFY/RT)]™x;
» (4,87)

agech AFT, AF™, AF8 — u3sMmenends CBOGOMHON 3HEPrHH INPH Hepe-
HOce OcCTaTKa CHaDyXH BHYTPb. DpaHaTe npuHHMaeT AFT =
= 25,746 T — 0,20265 T2 4 0,00077576 T® (manuble aas Baux),
AF" = oo, AF? = (. CoOTBeTCTBEHHO Bce MOJSAPHLIE OCTATKH (HK-
CHpPOBaHBl cHapyXH. Pacyer mokasmiBaeT, YTO [0S NOrpeGeHHBIX
rHAPOGOGHLIX OCTATKOB 32BHCHT OT 4YHCJIa 3BeHbeB B 1enH N GoJee
N/IaBHO, 4eM IIPH ee BHIYHCIeHHH No MeTony Puilepa.

OnHcanubie CTaTHCTHKO-MeXaHHUYECKHe PacyeTwl MMOJe3Hbl IVIaB-
HBIM 06pa3oM AJAS pacCMOTPEHHS NPOIECCOB HHTErpalJbHOro paspy-
uleHHs I06YALl — ee geHaTypanuH (cM. nHxe). [ToguepkHeM cHOBa,
yTo GesKOBasl rjobyjaa — He cTaTHCTHYeCKasd, HO AMHAMHYeCcKas CH-
creMa, nogobHas mamiHHe, pa6oTa KOTOPOH 3aBHCHT OT PaCloJOXe-
HHsI H B3aHMOJEHCTBHsl BCeX ee heTaJefl.

Bumecte ¢ TeM r10GyJaspHOEe COCTOsIHHE MOJHMEPHO#l IenH Xa-
pakTepHayeTcss OOIHMH ocoGennocTsiMu. Jludmun [1] pacemorpen
FOMOIIOJIHMEPHYIO r106yay KaK CHCTeMY C JIHHEAHOH maMaThio (CM.
cTp. 143). DHepruio meny MOXKHO NpPeACTaBHTbL B BHAE

EM=E0.‘ ’*' Uala2+Ea2+Ua,2a3+ S +UQN_IQN+EQN, (4,88)

re HHOEKC o; YKa3blBaeT COCTOSIHHE i-fo 3BeHa B LelH, copepxKalllell
N 3BenbeB. M 0603HauaeT COBOKYMHOCTb BCeX COCTOSIHHE o;. CraTH-
CTHUECKaf CyMMa A5 TaKoifl [elH HMeeT BHJ

Eq, + E
Zy = Eexp (— EylkT)= zexp(—- —%ﬁa—N-) HGai,ai_l =
M i

o;

Eq+ E
— E exp(— 250 ) (@Y1 (4,89)
a, =1
(G — MarpHna, nocrpoeHHas 3z saemenToB Ggg’, T. € MaTpHIA
nepexofa, r — YHCJAO PasJHUHBIX COCTOSIHHH (pOTaMepoB) KaxXKaoro
3Bena. dra bopmyna nogobua (3,30) (em. crp. 138). CoberBennnie
3HaueHHsl MATPHILI HAXOMSITCSl H3 BEKOBOTO ypaBHEHHS

“ Ga - xaaﬁ l-l—.=0: (4,90)
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ugad N > 1 umeem
Zy=2Ak, (4,91)

rae Am — HauGoJsbliee COGCTBEHHOE 3HAUEHMe.

[Tonunentuanas Oenb MOXET CBEpHYTbcA B raobyay nom aeii-
CTBHEM HEKOTODOr0 NOJSI, 3aBUCAIIEr0 OT KOOPAHHAT 3BEHbEB.
B stom cayuae Bmecto Go,, o,_, Hanuimem

G(x, x)=Cg (x, x")exp{— E (x)/kT), (4,92)

rae E (x)— sHeprus 3seHa B oTCyTcTBHE pHemiHero noas, C — Hop-
MHpYIOIHA MHOXHTeNb, X =X -+ [§, [ — nauua 3sena, g (%, x’)—
KoppeasiuvonHas ¢yHkuusd. B orcyrcTBHe BHelHero mnojad  (HH-
nekc 0) umeem

go(x, )= go(x — x').

TIpy Hanauduu BHemHero mnoass go(X¥ —x’) TEPEXOAHT B
Zo(x — x")exp (—U(x)/kT), rne U(x)— 3Heprus 3seHa BO BHELUHEM
noje. CTaTHCTHUECKHH HHTErpa/ npPHHHUMAET BHJ

N
zy@=cv [ ... [exp(— ) [ ottas— 2 X
=1
Xexp(— U (x)/kT)d?, ... dxy—;. (4,93)

Bsenem o6o3nauenue

C™"Zy (x) =1y (¥). (4,94)
Torna ’
Y1 (%) =exp (— U (x)/kT) by (%),
rae
Soby (x) = J. go(x — X)) Py (x)) 3¢, A
CuaenoBaTe/bHO,

D41 (¥) = exp(— U (x)/kT) [ g(9) by (x + y) d
H MPH YCJAOBHH

fg(y)d3y=1
noJy4aem

[e@v+ndy=v@+V [ gly) yary +

+ ULV [ g @ dy+ ... (4,95)
[Mocne ycpenuenust Haxogum
Y41 (%) = exp (— U (x)/RT) [py (x) 4 a®V2py (1)}, (4,96)
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rie a? = 1/g(y*). B orcyrcrsue BHemHero moast U(x)=0 u
Pyp1— By =0 Vipy
uapu N > 1

9Py
_aN_ = a2V21pN (4,97)

Ecau 1o (%) ectb 8-QyHKuHA OT X, TO Py o0 N-32exp(—x?/4a®N),
T. €. [IOJy4aeTcs rayccoBo pacrpesielieHHe.
Ipu wanuunu moist u N 3> 1 ypaBHenue (4,96) mepexonur B

200y lexp (— UJRT) — 1]+ a?exp (— UJAT) Vby. (4,98)

WuieM ero peirenHe B BHIE
iy () = 2 exp (— AgN) Cab (x0) 19 (). (4,99)
Wmeem
exp (— Ag) V9 (x) = exp (— U (x)/kT) &o$'? (x).

CJeg0BaTebHO,
exp (— Ap) $'9 = exp (— U/kT) (W9 + a?V3'9)

Va9 + (1/a?)[1 — exp (U/RT —A,)] $'9 = 0. (4,100)
Buipaxenue (4,99) nepenumrem B BHIE
P =exp (— AoN) $* (x) ' (x) +
+ qéo exp[— (hg — o) N] $'9 (x) ¥'¥ (x).  (4,101)

IIpu Agy Ag, ... > Ao u N > 1| nmeenm
by ~ exp(— AN $O () WO (0. (4102)
TTostomy
Zy="2% exp (— AN), (4,103)

H cBOoOOHAasA SHEePrHf paBHa

F— Fy=—kTInZ )—kTNAO, (4,104)

(0

rie Fo—CBoéoJmaﬂ 3Heprusi B OTCYTCTBHe BHEUIHEro noas, T. e.
npu U = 0.

®dynkuud P9 (x) ONHCHIBAIOT COCTOsIHHS 3BeHbeB. HMceaemyem
ypaBHente (4,100). Beemem o6osnauenne o= U/RT. Ilpeanonoxum,
410 @ — A K 1, ecaim ¢ 3amMeTHO OoTsIHyaeTcd OT Hyad. Torna

=0 (4,105)
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(unpexc (g) ™Mbl 3nechk onyctuan). [locnennee ypasuenHe aHasgo-
ruuHo ypasuennioo [llpenmnrepa. Ognako mapamerp A XapaKTepH-
3yeT 37ech cBOOOAHYIO SHEPTHI0O CHCTEMbl, KOTOpas OKasblBaercs,
B0OOIe roBOpS, «KBAHTOBAHHOH», — OHA MNPHUHHMAET JIHCKPETHBIE
3HAuEHHS] TIPH COOTBETCTBYIOUIHX 3HAUEHHSIX MOTEHIHA/JbHOH 3HEp-
rHH Q.

Honyctum, 4To moTeHnHaAbHas fMa HMEeT BHJ

0, [x]|>R,
“’={ —Uy/kT, |x]<R. (4,106)
Torna npu |x|<< R
V2 4 2 = 0. (4,107)

Ipu Uy > kT nonyuaem cobersennble G YHKIHH
sin %R

Yp=—p", A xR=mm, m=1,2 ..., (4108

1 COOCTBEHHbBIE 3HAUECHHA

wrms LECIEL (2P (4,109)
a5 ocnoBHOro ypoHs m =1 u
A= —UykT 4 (na/R)?, (4,110)
T. € cBoOOJHAs SHEpPrus paBHA
F — Fy=— NUy - NkT (na/R). (4,111)

Halinem ypaBHEHHe cOCTOSIHHS r/a00yabl. [laBieHHe paBHO

R A
T. €.
pV =252 (a/R? NET. (4,113)

Yupyrasi cuna p, npensrcrsyionias JdedopManmuH riao6yambl, Tak
e Kak H B cJaydae CTATHCTHUECKOro K/AyOka, HMeeT SHTPONHIHYIO
IpHPOLY. ‘ )

IIpu npoussosbHOH (opMe MOTEHUMaNbHOH SAMBI /S YpOBHS,
GJAH3KOTO K AHY $IMbl, MOXHO CUHTaTh [OTEHIHAJILHVIO 3HEPTHIO
KBaZpaTHYHO 3aBHcALEl oT x. YpaBHeHHe npHoOperaer popmy, xa-
PaKTepHYIO LISl rapMOHNUECKOro OCIHH/ISATOPA

V2 + (1/a®) (A — o — '[sf*5) $ =0, (4,114)
¢ coGCTBEHHBIMH 3HAYEHHSIMH
Am—o
EmE,LaZ——”=co(m+‘/2), m=0,1, 2, ..., (4,115)
rue
o=4§la,
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Jns ocHoBHoOro yposus m = 0 u

Ao= o + '/.ap. (4,116)
MoxkHo nepenucaTb qo - /2 %% B BHIE
e T (4,117)
3uauur, (52=kLT|%—Zj§- o C/leJI0BATENbHO,
x0=%2°7+—12—a]/?‘7 %Z—Ifxso. ' (4,118)

JloCTaTOUHO CHABLHOE [0/ BbI3LIBAET KCXJONLIBaAHHE» TOMOMOMH-
MepHOro KayOka B riofyay, T. e. cBoero poxa (rasosbli mepexon
Kny6ok — ryobyna. Ilpu nocTaTouHO BHICOKOH TeMImeparype B MO-
TeHI[HAbHOH fMe HeT YPOBHS CBOGOZHON 3HEPIHH; NePBBIA YPOBeHb
BO3HHKaeT NMPH HEeKOTOPOH KpHUTHYeCKOH Temnepatype Txp.

CraTHCTHYECKHH aHanu3, TpoBefeHHbt B pabore [178], moka-
3bIBaeT, UTO I106yna uMeeT crneuHdudeckoe ctpoente. IIpu T > Typ
HJIH B OTCYTCTBHE B3aHMOJEHCTBHS H BHEUIHHX NoJel Helb npebus-
BAae€T B COCTOSHHH PHIX/JIOTO CTATHCTHYECKOTO KiayOKa, npHieM ¢Jayk-
TYalHH €ro IVIOTHOCTH HMEIOT NOPSAA0K BEMHYHHB CAMOH IJIOTHOCTH.
Kny6ok coBepliaeT HenpepbiBHble MaKPOCKONHYECKHE NYJAbCallHH, H
IJIOTHOCTDb He SABJsAeTCS TePMOAHHAMHYECKH J0CTOBEPHOH BeJHYHHOH
(cp. crp. 145). I'moGyna oGpasyercss NpH BKJIYEHHH AOCTATOYHO
O0MIBLIOrQ C2KHUMAIONUIErO OIS HAH IPH HaJHYHH 00beMHOr0 B3aHMO-
neiictBuda, Ee cTpyKTypa 3aBHCHT OT XapakTepa MO/ HIH B3aHMO-
OeHCTBHSA,

BBuay H30TpONHOCTH (PYHKIHMH KOppPEJAIHH, riobyaa, chopMu-
poBaHHas B OTCYTCTBHE BHELUHHX MOjieH, COCTOHT H3 IIOTHOro cde-
pPHYECKOro f1pa, BOKPYr KOTOPOTO IIQTHOCTb IMOCTENeHHO yGbiBaeT
o0 HyJafl, T. e. raoGyna uMeeT «onyuwiky». C yMeHbIIEHHEM TeMIie-
paTyphl IJIOTHOCTb B ONMylIKe MagaeT mono6HO IJIOTHOCTH napa Hajg
JKHIKoOH Kanuell. BesencTaHe B3aHMOCBS3H 3BeHbeB B LeNH NpPH 10-
CTaTOUYHO HH3KOH TemmepaType KOpPOTKasl Lenb MoxeT o0pasoBaTh
riobyny Ges onmymkH HenmocPedcTBeHHO H3 KayOka. B paGorte [178]
IIOKa34aHO, YTO Hepexolbl MeXIy TPeMsi BO3MOXKHBIMH COCTOSIHHSIMH
rOMOINOJHMEDPHON HelH (KAyOOK, r1o0y/a ¢ oNymKo#, raobyna Ges
ONYLIKH) SIBAAIOTCA $a30BLIMH IepexolaMH NEepBOTO pola; TaM Ke
IIOCTPOEHA COOTBEeTCTBylONLasl pasoBas qHarpaMma.

Slapo rno6yabl mogo6HO KpHCTANIY, a He KHIKOCTH, OHO Xapak-
Tepu3yeTcs HYJAeBON KoHpurypauuouroit surponueii. Camoopranm-
3amHgd CTPYKTYpnl rao0y/abel o3HadyaeT BbIGOp OAHOH HaHGosee
BBITOJHOH MHKPOCTPYKTYpHI. KauecTBeHHOE PaCCMOTPEHHE TeTeporno-
JHMepHOH r1o0yaw (cm. [178]) mokasbiBaeT, YTO cpedH BCeX BO3-
MOMHBIX HOCIeLOBATENBPHOCTEH MOHOMEpPOB BAOJb IeNH HMeercs
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JHIIL OYeHb Majlas JIoNs TAKHX, KOTOPEIe MOTyT 06pa3oBaTh TpeTHY-
HYIO CTPYKTYDY, NONOOHYIO IO CBOEH YNOPSJ0YEHHOCTH anepHoauye-
CKOMy KpHcTanny. JIumb Takas cTpykrypa OHoJorHuYeckH (pyHKIHO-
HaJbHa.

Halinem ycioBHe BO3HHKHOBEHHSI YIOPSAO0YEHHON TPETHYHOMH
CTPYKTYphl r00yael. llenp MoXeT HMETb MHOXECTBO Pas/iHYHBIX
KoHopmanuii, oTBeualOIuX 0fHOH H TOH Xe 3Heprun E (B ee Be-
JIMYHHY BXOJHMT 3Heprus IenH M SHTPOnus JMoOex nedopmalui, He
MEeHSIIOUINX TPETHUHYI0 CTPYKTypy). OnTHManbHON ynopsaoueHHO#
KoHopmanuu uenu coorBerctByer E = E,. [lpu Goabliux mnepe-
crpoiikax unenun E— E; paBHO nmo nOpAAKY BeJHYHHBI OGBEMHOU
sHeprud N& Koudopmaumnonnas sHTponusa S, siasiomascsa ¢yHK-
uuneli or E, Bulpaxaercs uepes3 jorapHdm uHcia KOHpoOpMaluH, OT-
Beuatomux sHepruu E. I[Tpu neGonpuinx E — E; umeem

S(E)=(I/V)(E — Eg) = N&]v,

rie y onpejedsieTcs SHepruell OOKOBBIX B3aHMOAEHCTBHH, npuxoas-
muxcss Ha oaHo 3peHo. i ofmiefi cBoGoaHON 3HEPTHH MOJNYYUM

F~ N& (1 —Tly).

CaepoBatensho, npu I > y TepMOAHHAMHYECKH BHITOJHA CMECh
MHOXKeCTBa KOH(POPMALHOHHBIX COCTOSHHMH, T. €. TPeTHUHas CTPYyK-
Typa noao6Ha XuakocTH. Jljs BOSHHKHOBEHHS KPHCTAJLIONOA00HOH
CTpyKTypH HeoGxoaumo yciaosne T <<y. Ho u B atom ciyyae B cu-
¢cTeMe MOTYT IPOMCXOAHThL JIOKa/lbHble HapyIIeHHus [OpsijiKa, H3Me-
HSIOLIHEe SHTPONHIO Ha RIm ¢, rae ¢ — KOHLEHTpaUus JOKAaJbHHX
nedexktoB. B rio0Oy/e nedexkThl CBS3aHBl C TONOJNOrHYECKHMH H3Me-
HEHHSIMH, ¢ H3MeHeHHAMH KOHGOpMAaUHH B lejoMm. XapakrepHas
sHeprus jgedexra E Moxer ObiTh CyIleCTBEHHO Pas/IHYHON B 3aBH-
CHMOCTH OT TOrOo, HaxoAMTCs JH nedpeKT B ray6GuHe riobyast (E;)
WiH Ha ee noepxHoctd (Ep). BHyTpu rio6yibl MHHHMa/bHas KOH-
ueHTpauua snedeKToB npomopiiHoHadbHa N-!, a Ha nosepxHOCTH —
N-28_ TlostoMy «OGbeMHbIE» M <IIOBEPXHOCTHBHIE» TONOJOTHYECKHE
HapyLIEHHs] H3MEHSIOT CBOOOAHYIO SHEPrHIO COOTBeTCTBEHHO Ha B2-
aunundel B — kT In N u Ey — 2/3kT In N. Otciona cnenyer, 4to Tpe-
GoBaHHe yCTOMYHBOCTH OTHOCHTE/BHO JIOKAJIbHBIX HapyLIEeHHH HMeeT
BHJL B

N < Ny, = exp (E/ET). (4,119)

TeMm camblM, O4eHbL JUIMHHAS Ieb He MOXXET CBEPHYThCH B OJHY
rio6ysy, oHa J0JkKHA 06pasoBaTh HECKOJbKO ri00ya. BosaMoxHo,
4TO MMEHHO 3THM OrpaHHYeHHEM OIpenesfloTCAs OTHOCHTENBHO Ma-
Jple pasMepbl MOJEKy/]1 MOHOIVIOOYJSPHHX G6esKOB, COpepKallux
O06GBIYHO 0K0J10 150 aMHHOKHCJIOTHBIX OGTATKOB H HMEIONIHX MOJIeKy-
JAspHBIH Bec mopsjgka 20 000.

Hast camoopranusanui KPHCTANIONOA00HOH CTPYKTYPHI T/106YIb
Heo6XoHMa ee KOMIIAKTHOCTb H IOCTAaTQUHO 60/1bLIOE MOBEPXHOCTHOE



242 IJI. 4. ®U3UKA BEJIKA

HaTsKEHHe, YTO HAKAaHBaeT XXeCcTKHe OrpaHHyeHHs Ha MePBHUHYIO
CTPYKTYDY ILEITH.

Pa6oTn [1, 178] umetoT npHHIMNUaJIbHOE 3HayeHHEe N/ QU3HKH
6enka. CTaTHCTHKO-TepMOJAHHAMHYECKHH aHajiu3, OCHOBAHHHIH Ha
yyete JHHefiHOM MamsiTH B Ienu, OOBbSCHAET o0LLIHe csoﬁcmg Oei-
KOBBIX IJ100ys. HeoGxonuMo nanbHeilllee pa3BUTHE ITHX Hied NpH-
MeHUTEJIbHO K TeTepONnoJUMepHBIM lensaM. B To xe Bpemsi pelleHHe
npobjeMbl caMOopraHHzauuu raobyns Tpebyer HccaeAOBaHHA H
KHHeTH4eckux ¢pakropos. [To-suaumomy, wisi HajekHOH camoopra-
HU3alUH B JJHHHOH Iend Heo6XOauMO, 4TOOb KHHETHYEeCKHe H Tep-
MOJHHAMHUECKHe TpeGoBaHHs COBNAjaJH, T. € 4TOOB 3HEpreTHye-
CKH ONTHMajbhbHasi KOH(GOpMalus lenu obiajgalia NpocTeiiluedl Tomo-
Jorueil U Oblia KMHETHYECKH AOCTHXKHMOH.

§ 4.8. JEHATYPALHA BENKOB

Kaxk yxe ykasbiBasoch Bhile (cMm. crp. 223), cpaBHUTENILHO MSAT-
KHe BO3JelcTBHA Ha OeJIOK, He pa3phIBalOlllNe NENTHAHHIX CBA3eH,
MOTYyT NpDHBECTH K yTpare OHOJIOrH4ecKOH (PyHKIHOHa/MbHOCTH —
IpoucxXOAUT denarypayusn Genka. Ona moxKer GHTh Bh3BaHa Harpe-
BaHHeM, MeXaHHYeCKHM Bo3jedCcTBHeM (yJbTPasBYK), H3MeHEHHEM
pH, neficTBHeM Da3yIMYHHIX XHMHUYECKHX areHTOB (Hanpumep, mMoye-
BUHH). JlenaTypanus cocTOMT B pa3pyUIEHHH MNPOCTPaHCTBEHHOH
CTPYKTYPH OEJKOBBIX MOJEKYJ NMpH COXpaHeHHH [EePBHYHON CTPYK-
TypH uenefl. JleHarypupoBaHHas MoJekysda OesiKa OKa3nBaeTcsl B
COCTOSIHHM CTAaTHCTHUYECKOTOo KJyOKa ¢ OrpaHu4eHHsIMH, HaJjarae-
MHMH AHCY/IbGOHAHBIMH CBA3AMH, HJIu Ge3 Hux. Huas rinobyiaspHbx
GeJIKOB NpoliecC JeHaTypaluu CBOAHTCA K Nepexoay ruobyia —
KJIYyO6OK.

Hayyenne peHatypauuu gaer HHGOPMAIHMIO O NPHPOAE H yCTOMH-
YHBOCTH HaTHBHOH CTPyKTypH. HHTepnperanus skcrmepuMeHsTasmb-
HHIX jaHHBIX TPYAHa, TAK Kak B3aHMOJEHCTBHS BHYTPH IIOOYAH H
Ha ee MOBEPXHOCTH MHOrooOpa3HH, 4 napaMeTpnl Nepexoja HMEKT
CyMMapHBI# Xapakrep.

[o6ysa umeer ¢pHKCHPOBaHHYIO KOMNAKTHYIO CTPYKTYPY, OHA
SIBJIsleTCs] anepuoiuMyeckUM KpucraioM. Ilepexoa ruaoGyna — kiy-
OOK OTJIHYEH OT MePeXol0B -CIHpaJb— KAyGoK u B-popma — Kiy-
00K, TaK KaK OH MPOHCXOAHT B TpexmepHoil cucreme. Koomeparus-
HOCTL [€pexo/a ONnpefeasieTcs He TOJAbKO B3aHMOACHCTBHAMH Mexav
cOCelHUMH 3BeHbAMM JAHHOfl Leld, HO W B3aUMOAEHCTBHAMH Ipy-
I'HX OPOCTPAHCTBEHHO COJMIKEHHBIX y4acTKOB llend iy uenei. Ko-
OnepaTHBHOCTL [JIOOYJH oOnpejelsiercss He TOJBKO B3auMojel-
CTBHAIMH (BOZOPONLHHIE CBASH U T. 1.), HO H reOMeTPHYeCKHMHU (ak-
TOpaMH yNnakoBKH [2].

Ha puc. 4.24 nokaszalnl pe3yJbTaThl HCCAEN0BAHUS TepMHUECKOH
AeHaTypauuu rioly/sipHOro GesKa XHMOTPHIICHHOTEHA, NO/YYeHHbIE





