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. 1, BB8,l\8Hl-!8 

EonLmHHCTBO ~H3HqeCKH HHTepeCHblX sa,naq CTa

TJ,,!CTH'l8CKOlil MexaHJ,,!KH KpaiiHe TPY.llHO pelllllT:E, Henocpe,llCTll8HHO 1J 

Il03TOMY cy~eCTll8HHlilil llHTepec npe,llCT8llnHIDT MO,llenLHlie CllCTeMu, 

,llOilYCR8ID~lle CTporoe M8T8M8TllqecKoe paCCMOTP8HHe. ~M8HHO 3TH 

MO,ll8Rll Il03llORllnFI llH8CTFI cy~eCTB8HHblll ,BKR8,ll B ITOHHM8Hlle T8RllX 

ll8ll!HliX HllR8HllR, Kali cnepxTeRyqecTL, . Cllep~ITPOBO,llUMOCTL, qieppo

uarHeTll3M ll ,llpyrlle (CM,, HanpllMep, pa60Tli /I-7 / 11 Il,IITJ,,IPOB8HHYID 

ll HllX RHTepaTypy) • 9TllM ll 06'.bHCHHeTCH cymeCTB8H!IOe llH}JM8HHe K 

P83BHTHID MaTeMaTll'l8CKJ,,!X M8TO,ll0ll llCCR8,ll0ll8HllH MO,ll8RLHblX CllCTeM 

CT8TFICTll'l8CK~lil qiH3111Rll. Oco6oe M8CTO cpeiH HllX 38HllM8IDT CTPOrlle 

MeTO,llli, He HCnon:oiymmne K8RJ,,!X-Rll60 ll8Pll8HTOB TeOpllll ll03MymeHlllil. 

3aMeTFJM, qTo Rlllll:O B paMRaX T8Roro po,lla llCCR8,ll0ll8Hllll CT8HOBllTCH 

B03MOll!HliM ,ll06HTLCH 8,ll8RB8THOro .COOTll8TCTllHH nony'leHHoro pellleHllH 

J,,I CllOiiC.Tll HCXO,llHOii MO,ll8RH. C ,llpyron CTOpOHli,CTporlle peayRLT8Tbl 

MoryT 6b1TL llCilORL30B8Hli ll K81l8CTlle OCHOBli ,llRfl ,ll8RLH8lllllllX ll, 

B03MOll!HO, MeHee CTpOrllX llCCne,llOll8Hllll. 

IlpllMepou CTpororo IlO,llXO,lla HllRHeTCfl M8TO,ll arrnpoRCll!Jllpymmllx 

raMHnLTOHll8HOll, P83llllTUlil O,llHllM ll3 8BTOPOB (H.H.E.) ll pH,lle pa-

60T (CM., HanpllMep, 16 ' 7 /) , B ROTOPliX npe,llROJKeHa cneIJ,,Ian:E,HaH Ma

TeMBTH~ecRaH TeXHllKa IlOCTpOeHllH TO'lHliX ll T8pMO,llHH8MllqeCROM npe

,llene~) pellleHllll ,llRH orrpe,lleReHHliX TllilOB MO,ll8RbHblX rau111nLTOHll8HOll. *' T.e. B rrpe,llene N ~ 001 V ➔ oO > N /v = con st , 
r,lle N 11Hcno 11aCTllIJ,, V - o6~eM cHcTeMli • 
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::iTOT ITU.l\XO;!l OCHOB8H Ha nepexo:z:1e OT 38]:18'HI C M0]:18JU,Hbl!J 

raJJI1JibTOHllaH01J H , pemett1,1e HoTopoii\ .l\JIH KOHff'lHblX c11cTe1J He 

npe]\CT8BJIHeTCH B031JOlKHbllA, H TO'lHO pemae!JOH M0]:18JII,HOil 38;!la'le 

co CIT81.\ll8JII,HO Bb!Clllpae!Jh!M annpoHCl,IM!,1pyIOI11l11J rai,rnJihT_OHl18HOM Ho ( c). 
MeTO.l\ TaHoro po.11a annpoHCllM81.\1111 raMl,IJII,TQH!,18Ha BH/IJO'l88T B ce6H 

i'lOKasaTen1,cTBO ac111.1nToT1,1qecKoli (B npe;!lene N➔oo) 6JI1,1socT11 

cpyHHUlltt CBOClOi(HOll 3Hepr1,111 1,1 T8PMO;!ll1H8Ml1'l8CHIIX cpe;!lHlIX, Bbl'll1C

JIH8Mb!X no OCHOBHOMY H 11 annpo11C~iIrnpyi011\8MY HO ( c) raMl1JII,TOHl,l-

anaM. 

MeTO;!l annpOKC1'lMUPYIOU\IIX raJJU/IhTOH!,18HOB HarueJI lllllPOKOe npmie

H8Hll8 B COBP8M8HHOi1 KB8HTOBOiil Teop1,111 IJHoroqacTll'lHblX CllCT8M. 

np1,1 noMOIIIH 3Toro MeTO;l\8 Clb!Jil,l ITOJIY'l8Hbl CTPOrHe pesyJihT8Thl ;!l/IH 

PH]:18 HOHKpeTHhlX HB8HTOBO-CT8TllCTl1'leCHl,IX CllCTe!J: MO;l\8/IH EKlll B 

T80pl1H CBepxnpOBO;!lllMOCT/i 1 7-/, gJeppo- H 8HTH-gJeppOMarHl1THblX 

MO]\eJiei1 C ]\8JII,HO]\ei,10TBl18M Tllna % 13 ,91, MO;!l8Jil1 ,ll!1KK8-XaKeHa

-AaKC8 B Teop1111 Jiasepa /IO/, MO;!leJIH gJepp03~8KTPl1'l8CKllX HPHC

T8JIJIOB C yqeTO!J npOTOH~o-peweTO'lHOro ll38llMO;!letiCTBllH /J.J./ , 

MO]\eJieil ]\JIH IJ)830BOro nepeXO;l\8 MeT8JIJI-1,13QJIHTOP / 1121 
n ;!lJIH CBepx

npoBO;!lHl1H8 C yqeTO!I 3JI8KTPOH-;!lhlPO'lHOro cnapL'IB8Hl1H /I.3/ , 11 PH]:18 

.11pyr,1x. 

CJie;!lyeT OTIJ8Tl1Th, 'lTO 8CJil1 MO;!l8JII,Hhl8 ra1Jl1JihTOHH8llbl 
16- 91 

ITOCTpoerrn 118 orpaHl1'l8HHblX no HOpMe qieptH!OHHb!X 11 KB8311Cnl1HOBblX 

w /10-13/ 
onepaTopax, TO raMl1JihTOH118Hhl MO;!l8JI811 , Qill,ICb!B8IOU\118 B381,1-

MO;!l8iilCTBl18 Cl030HHOro ITOJIH C Be<48CTBOIJ, CO;!l8plKaT tteorpa1111qeHHh18 

no uopMe onepaTOPbl 6osottHoro noJIH (aJiewrpoMarm1THoro, <IJottoHHoro 
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H T.;!l.). STOT gJaKT npHBeJI K Heo6XO]:IIDIOCTR HeKOTOpon UO]:lllgJR

K81.\liH H o6o6meH~ M8lltopannoHHOR TeXHHKll MeTO;!la 171. 3aJ.l8TIDI 

Ta!Olte, 'lTO OKa3aJIOCI, BO3UOlltHblU paccuoTpeTI, C e;!lllHOR TO'lKH ape

HRH H nenble KJiaCCbl UO;!leJibHblX raMHJibTOHHaHOB. IlpH 3TOU O6aapy

llteHbl BeCbMa IIHTepeCHble O6111He 38KOHOMepHOCTII B IlOB8'A8HHH IJ)ll3H

qecKH pa3JIH'lHblX unoroqaCTll'lHblX CHCTeM 17 , 141. 
Cne]\yeT OTMeTHTb, 'lTO aa nocne.11Hee BpeMH 6uno npe;!lnozeHo 

HeCKOJibKO M8TO]\OB KOHCTpyapoBaHHH TO'lHblX B TepMO]\IIH8Mll'leCKOU 

npe;!lene pemeHHR ]\JIH pa3Jill'lHblX UO]\8JibHblX sa.11aq B TeOpHH MHOrHX 

Ten. HanpWlep, ueTO.11 acuunTOTll'l8CKII TO'lHOrO Bbl'lHCJI8HHH O006O.11-

HOH 3HeprHH ]:IJIH onpe]:leneHHOro THna UO]:18JII,HblX raUHJibTOHHaHOB, 

co.11epzal!lHX "O;!lHO'l8CTH'lHYI011 H 11 'ABYXtJaCTH'lHYll11 qacT11,61,1n pa3Bllt 

TRH'AeMaHcou H Kaneneu B pa6oTax /16 , 16/ • Bec1,ua HHTepecHoe 

CTporoe HCCJI8'AOB8HHe TepUO'AHH8UH'l8CKHX CBOHCTB uaaepHOR UO;!l8-

JIH ~HKKe-XaKeHa-]aKca (cu. pas:z:1en 2, (4)) 61,1no ocymecTBneHo 

Xennou H A116ou C llOMOillblO TOHKHX COBpeU8HHblX uaTeuaTH'l8CKHX 

ueTO'AOB B /I?/ • HeCifOJibKO OTJIH'lHblR llO'AXO'A OCHOB8H Ha T8XHH-* , 
Ke C - anre6p a 'APYrHX K8TO'Aax:, I\'Or]:la KaK uo;!len1,u1,1n, TaK 11 an-

npoKCIUIHPYJOilll:lR rauHJII,TOHHBHbl paccuaTpl:lB8JOTCH cpaay 'AJIH 6eCKO

He'lHblX CHCTeu (01,1.' HanpHMep, /IB_-20 
/). HeKOTOplle ]:10llOJIHl:lT8Jib

Hbl8 CCblJIKH KOlltHO HaRTll B /15 /. 

0]:IH8KO cne]:lyeT OTUeTHTb, 'lTO BCe 3TH IlO'AXO'Abl cymeCTBeHHO 

OCHOB8Hbl Ha HCllOJib30B8HHll CTpyKTypbl ranb6epTOBa npoCTpaHCTBa, 

B KOTopou onpe]:leneH COOTBeTCTBYJO~HH MO]:leJibHblll rauunbTOHHaH. 

TaKHU o6pasou, OHl:l nparO]:IHbl TO/IbKO 'AJIH Toil HnH Haan KOHKpeTHOR 

HOAenH HJIH ze, B nyqmeu cnyqae, 'AJIH onpeAeneHHOR rpynlil,I uo

;!lenen c IIH;!leHTH'lHOR CTpyKTypon COOTBeTCTBYJOIIIRX rllna6epTOBblX 
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npocrpaHCTB. B TO JKe BpeMH UeTO,ll annpOKClillHPYIOU\14X raUHJII,TO

HHaHOB He HCilOJII,3yeT KOHKpeTHYIO CTpyKTypy ran1,6epTOBa npo

CTpaHCTBa, '!TO .ziaeT BO3MOJKHOCTI, HCCJie,llOBSTI, mHpOKRe KJiaCCbl 

MO,ll6JII,HhlX 3a,llaq C 6,llHHOtt Toqxa apeHHH ; 7,r4;. 

06UlHll Knacc MO,lleJil>HblX raMHJII,TOHHaHOB TeopHH llHOrHX Ten 

co B38IDIO,lleilcTBH6ll Belll6CTBa H 6O3OHHOro IlOJill dun llCCJie,llOBaH 

B padoTe II~I, r,lle 6uno nonyqeao acID.1nTor11qecxa TO'!Hoe peme

aae O,llHOBpeMeHHO ,llJIH BCero KJiacca 38,llaq. B HBCTOHUlett pa6OT8 

npe,llnaraeTCH HHOU IlO'AXO,ll K STOU npodneue. 06CY'AHM llOCTaHOBKy 

aa,llaq11 B cne,llyroU1eu paa,llene. 

2, MO;!!8JII,Hb1M ra.MHJILTOHHaH 

ITpellt)\e BCero, OITHill8M MO;!l8JIH, C KOTOpblllH 6y;zie11 

HMen ;zieno Huie. B ;zia.HHOM pa6ore paccMarpnBaerc.H Knacc 

MO;!l8JII,HblX rauHJII,TOHHa.HOB cne;ziyDU18ro B~a/141: 
-s .$ . 

H = ~woC.a:t.a.~ + viv !, ('A~a.ct.L +ot..+ 
o{ar1 ol=-1 

s . -+ L. (I) 
+ 'Ao<. a.t Lot.)+ 'T' - N 2.. QR.of. Lo< cC., 

o<n-t 
r.zie 

a) ()--~ H ac,(, - onepaTOpbl pOJK,lleHHH H YHHqTo:m:emrn ,llJill 

o(_ -oil 11O,llbl 6O3OHHOrO IlOJIH; o:t Ja. y,llOBJI8TBOpHIOT H3BeCTHblll 
• o( 

KOllMYTBIIHOHHhlll COOTHOmeHHHll; 

+ + ("'" a.Cl(. a. /i - fA.p ao< = "°'fl , 
(2) 

O..o<<lp -ap Qot-= 0, o.:Ap -A,k ttt = 0 . 
6) 'T1 = T; L c:(., L: (1,o<,s)- onepaTopu, npe.zi

cTaBJIHIOUlHe "BeUleCTBP 11 HJill "L - no,llcac1euy11!E). 3u onepaTopu 

*} HasBa.HYJe BblClpa.Ho, 11CXO.llH 11a. o6oaHaqeHHH onepaTopoB L , L! 
. 6 ~ p• 

o6na,llaJOT paaJrnqHoli ROHRpeTHOli CTPYRTYPOll ,llJIH pa3Jil1'1llblX ROH

RpeTHblX MO,lleJieli. 1,lll1HCTBeHHhlMl1 O6llll1!.Hl ;!!OilOJ!HllTeJII,HblMl1 YCJIOlll1-

HMl1 HBJIHIOTCH: 

IILcr. II ~ M~? (3a) 

II Lol '11- 'f' L o<. )I ~ M 2 ? 

(36) 

IIL«L,,e-Lplot II~~, IILoeLp-L;L«ll"~,3,c3B) 
r.zie JI •.. II o6oaHaqaeT. HOPMY oneparopa 11M1,M2., M3 ROHCTan

TH, ne aaB11cH111r.rn orN(N'IYJCJIO qacTlll.l B "BemecrBe") .KpoMe To

ro, CB060,llHaH SHeprYJH (Ha O,llHY qacTYJUY)t['Pt) ,llOJI*Ha cymecT

BOBaTI, RaR ;!!JIH HO!le'IHOro /J, TaR 11 np11 N -=, o0 • 

B) {.,.)o(. (1 ~ ti( ~S)- B8Il18CTB8HHHe IlOJ!O*YITeJII,HFfl napaMeTphl ) 

Wcl~O,~.._ ('f~-5:.S) B8l!l6CTB6HHble H8OTPllI1aT8JILHb18 na

paMeTpH, 'dect ~ o; 1'ot-, A~-, Boo6111e roBopa, HOMnJieHCHLie 

napaMerp1,1 •• 

N 
., ' 

r) -'IYJCJIO '!aCTYJU B 11Belll8CTB6 11
• Hae 6y,llyT llHTepecoBaTl> 

TOJII,RO Te CBOllCTBa paccMaTpYJBaeMblX MO,ll8JII,Hb!X Cl1CTeM,ROTOpble 

YJHBapYJaHTHbl no OTHomeHllRl R npe,lleJil>HOMY nepexo.ziy N --=> 6o 

( T8PMO,llllHaMll'!eCRlli1 npe;zieJI), npll'l8M pacCMOTpe1rne 6y,lleT ocy

I!18CTBJieHO ,llJifl ROHe'!HOro qJYJRCYJPOBaHHOro A/, a npe,lleJII,Hhltl nepe

XO,ll /v-=JO() 6y,lleT BblTIOJIH8H B HOHI18 Bbl'!YJCJI8Hl1ll. 

*) Onpe;zieneHYJe -f-[ ... ] ,llaHO Hll*6 ( CM. (16a)). 
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7{). OnmueM ,l(eTBJil>HO CTpyH·rypy rv1J11>6epTOB8 npocT_paHCTB8, 

Ha HOTOPO:J onpe,l(eJleH ra1Jl1Jll>TOHl18H (l) • .l\Jlfl 38,1(8HHOro q>l1HCl1-

POB8Hi!Oro o( 6o3e-onepaTOPbl a:t> O.oe onpe,l(eJleHbl B q>OHOllCHOIJ 
{cl.) . 

npocTpaHCTlle, HOTOpoe Ml:.I 0603H8'111M 7( S ; Blle,l(eM T8HlKe 0603-

Ha'lemie ';Jeg= e --;seBc~>llpe,l\TIOJlaraeTCfl ''!TO onepaTOPhl 'T', L °", 
. ct:'\ 
Lt_ (If c<~s)onpe,l\enettbl ll cenapa6en1ii-IoM(.1iJ1fl HoHe'lttoro N ) 
r;1n1>6epTOBOM npocTp81iCTlle -XL, lie 38ll11Cfllll8M OT npocTp8HCTll8 

~g• TO eCTb JfL 11 ;1fg He co,nepJKaT 0611111x BeHTOpoB{;K./)'Ur,='R) 

3TO ycnomie no Cyll\eCTllY OTpaJKaeT qJl13ll'l8CHOe npe;zi;J10JKeH11e 0 

jJ831!11'11I0!1 npupp,lie 11Bell!eCTlla 11 l:I 11 6030HHoro TIOJ!fl 11 .B 'l8CTHOCTl1, 

6naro,l(apfl tte3am1cv11JocT11 npocTpaHCTll "J:e 11 '"Je. onepaTOPhl 'T',Lc<,f 
-t &. g cl 

HOMMYTViPY!OT C onepaTopa,.rn o.,s,a.,s ,/\Jlfl JIJ06oro o/... 11 J ( 11:: ~, 

p I:. s). raMIIJ!l>TOlllii8H H {-t)onpe,neneH ll npocTpaHCTBe 1f L er1eB 
11 OTil1Chlll8eT L -no,l(Cl1CTeMy, ll3811MO,neltcTllYIOll\Y!O C HOHe'IHl:.IIJ 

'IUCJIOM MO,/\ 6030HHOro TIOJ!fl*). 

l10pBbll1 'IJieli B (l) npe,ncT8llJlfleT Cll060l:(HOe 6030HH08 none. 

BTopol-i 'IJieH OTil1Ch!BaeT ll38llMO;zi;el1cTBVie 1'1 TIOCJie,l(Hl1e ,l\Ba 'IJieHa 

npe;zi;CT8BJ!fl!OT 11 Bell\eCTB0 11 
• 

IIp1rne,l(eM HOHHpeTHhle npmrnphl c11c•reM, HOTOJJUe llXO;zJ;flT B 

HJI8CC (l) 1:(81:( '18CTHble cnyqa11. 

1). :·Jo,l\eJ11> ,U11HHe-XaHeHa-JlaHca B Teopirn 1Ja3epa (cM. ,Ha-

/1.l) 17 / · 
np111,1ep, ' 11 YH838Ht1YIO T8M Jil1TepaTypy ) • Mo,l(eJil>HHii ra-

M11Jil>TOHl18H 11MeeT Bl1,l\: 

I *' llpH ollPeAelleHdhlX ,nonoJI!U!Te,ll>HblX YCJIOBllflX "'(0!1YCT11M 

cJr;i :.ai,i 6ecHoHetIHoro ( noc4ernoro) 'll'iCJia MO.Ii S=oo 14 

8 

HD= wa.+a. + AVN('J+o.+~-o.+)+E-N~';<4) 
r,l(e 

-v :s:-= s ±+M. s-=t- s ± = s')(.+ is !I 
/ . ) , 

N 
S x,~,=a = (1./'!J..N.)_"2. 0ix,".=a, 

•=., /,,...,.,.,, 'i + . 
(.I - M8Tp11n1:.1 Ilayn11, a ll (l - onepaTOPl:.I POlK,l(eHllfl ll YHl1'1TOlK8H11fl 

qJOTOHa;w, ~,) 11 J'l BellleCTBeHHble napaMeTphl, W>o, E- >O,0!,f\!&1. 
Mo,l\e,u, ( 4) on11c1:.1BaeT N ,l\ByxypollHeBblX 1.1oneHyJI, B3a111.10,l(eiicTBYJO

llll1X C O;D;Hon M0,1\0!1 HB8HTOll8HHOro 3JI8HTPOMarHllTHOro TIOJifl (,l\11TIOJl1>

HOe B38llMO,l\ellcTBlle). Otta H8XO;D;l1T np11MeHeH11e B Teop1111 Ma3epOB 

ll .1I838POB. 

2). Mo,l\eJI:& qieppoaJieHTpllHOB T11na KDP · /II, 14/. Mo,l\eJ11>Hafl 

Cl1CTeMa COCTOl1T ll3 IlO;zJ;CllCT8Mhl TfllK8JlblX llOHHl:.IX HOMilJI8l(COB,CBfl38H

Hl:.IX HOPOTK11M11 BO,I\OpO,I\HhlM11 CBfl3flMl1 1 11 IlO,I\CllCT6Mhl IljJOTOHOB Ha 

3Tl1X CBfl3flXo JlJifl 0Ill1C8Hl1fl ,l\Bl:llK8Hllfl TipOTOHOB B TIO.He 3qJqJeKT11BHOrO 

TIOTeHnua11a (:q" qiopue noTeHn11aJI:&,Hon H!Jbl C .l\BYMfl IJllH11MYM8M11) 110-

" TIOJl1>3Y8TCfl KB8311CTil1HOBl:.ln qiopM8.1Il13M. ~eppo3JI6HTPl1'l8CHl1e flB.1IeH11H 

B T8Kl1X B8lll8CTBax o6yCJIOB.1I8Hbl B3811MO,l\encTBl18M IIOHHOll ll TIPOTOH

HOli TIO,llCl1CTeM. 

B pa6oTe /I-l/pa_ccMOTpeHa YTIPOllleHHafl iW,1\611:& qieppo3.1I8HTPl1HOll 

TllTia K)!P, HOTOpafl Y'lllTblBaeT B3811Mo;zi;eilcTBl18 npOTOHOB TOJI:&HO C 

;!IJ:11HHOB0.1IHOBl:.IMH OTITl1'18CH11M11 HOJie6aHl1flM11 110HHOll TIO;!ICl1CT8Mblo 

Cy111ecTBeHHaH '18CT:& COOTB8TCTBYIOlll6rO MO,ll8.1I1>HOro raMH.1I:&TOHl18Ha 

MOJKeT 6!:.IT:& npe,I\CT8B.1I8H8 B BH;!le 
44 / : 
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H - w a.-t- IC o.t+a N ~ 
F - O oO.o - i====== o ~ eJ ~ 

~2MWo -vNN - i -I:.\ 

Q. Al X I N N C ~ 
- tb---'"2b-hJ· ' /;\ .. , ~ - \. , 

i:1 ZIV i:.1J~I 

(5) 

+ 
r,l.leQ li!Q0 - onepaTOpbl p0lil:,l\8Hl1H l1 YHl1qTQlil:8Hl1H ,l\Jll1Hrl0B0JIH0BIJX 

0 
(k= 0) qJ0H0H0B, {!) r {!) ',! - M8TPIIJI.\IJ Ilaymq M -npl1Be,lleHHaH Mace a 

l101L10ro H0MUJie1-rna, WO - 0ilTll!qecHaH qacTO'.ra H0Jie6aHl1ti peweTHl1 

B .i{Jil1Hri0B0JIH0B0M npe,l.lene k-, O; Sl- qacToTa TyHuenli!ponaHHH ;Lle

MeHHa, si ') o; K l1 I. - BeweCTBeHH!Je napaMeTpbl B38l1M0,l\8liCTBli!H, 

I.')o. 
iJo,1.1em, (5) ,l\onycHaeT Toq1rne pewemrn B T~PM0,l\l1HaM11qecH0M 

npe,l.lene l1 on11c1,1BaeT qiaaoBblil nepexo,l\ BToporo po,l.la 113 HeynopH,l\0-

qeHHoro B ynopH,l\0qeHH0e C0CT0HHlle (npollCXO,l\Hll\li!!l npl1 onpe,l.leJieH

H0V! Hpli!Tll!qec1rnti TeMnepaType e = 8c) .3,l.18CI, CU0HT8HH8H Il0JIHPlil38-

Uli!H Il0HBJIH0TCH 6narO,l.18PH ynopH,l\0qe!lll!lil IlP0T0H0B Ha CBH3HX, oo

npoB0lil:,l\88M0MY MaHp0CH0UllqecHl1M CMell\8Hl1eM THlil:em1x l10HHbIX H0M

m1eucoB/II ,I4/. 

3). ,,io,1.1en1, ,l\JIH ~aaoBoro nepexo,l\a MeTaJIJI-,l\l13JieKrpm/13 , cl/. 

1Jo,1.1en1,1111l1 raMl1Jll,T0HllaH 3,7.leCI, - 3T0 raMl1Jil,T0Hli!8H <llpeJil1Xa co 

cneUli!8JII,HQ BbJ,l\P,JlPHll(ll•; inr,,zroi4 Ho;;e6aHl1ti pel!leTHl1 &_ *): 

*) G_ = (1f/a.)(:t:1,t1,± I) , r,l\e A. - Il0CT0HHHaH 

B (
6) EK+Q =-EK• 

10 

peweTmi; 

. - c + i-t· b HM"' - ~ Eac-p) CKe, cl(t) + (.JQ, bQ Q-+ 
.-, K to 

+ -(k ':[. ( c!+Q,"' c .. ,"' b .. + c.:,o c "+"," b1.) 
K6 7 

(G) 

r,l.le etc ll b; b - onepaT0Pbl P0JK,l\eHl1H ll y11llqToli1:eHl1H C00TBeT

CTBeHHO 3JI8HTP0H0B l1 qJ0H0H0B. 

Mo,l\eJII, (6) T8HJKe BXO,l\l1T B 06ll\ll!ti l(JI8CC M0;z(8JII,Hb!X ra,rnJil>T0-

Hll8H0B,. (1), 11 COOTE8TCTBYlilllll1li annpoumurnpylilll\llti raMl1Jll,TQHli!8H 

TQqHQ pewaeM,qTo ;1(88T B03M0JKH0CTI, llCCJie,l\0B8Tl, TepM0,l.ll1H8Mli!HY 

Cli!CTeMbl (6). 0H83b!BaeTCH, B qacTH0CTll,qTQ npll onpe,l.leJieHH0ll 

HPl1TllqecHon TeMnepaType eC. B M0,l\8JII,H0ti Cl1CT8Me (6) np0llCXO,l\l1T 

qiaaoBun nepexo,l\ (BToporo po,l.la) Tllna MeTann-,1.1HsneHTPHH, o6yc-
. /21/ 

JI0BJI8HHbln Hec-ra6l1JII,H0CTI,IO pemeTHl1 ll Y.l\B0eHll!eM nep110,l(a • 
" ' 

4) 0TMeTllM T8Hlil:e He;z(aBHli!e li!CCJie,l\OBaHli!H HeH0T0PblX M0,l\eJII,HblX 

Cli!CTeM, ,l\0UYCH810lllli!X 0,l\H0BpeueHHO qJ830Bble nepex0,l.lbl Tll!na M8T8JIJI

,l\l13ll8HTPl1H l1 M8T8JIJI-CBepxnpoBO,l\Hl1l( Ha 0CHOBe raMli!JII,T0HH8Ha, 

cocTaBJieHHoro l13 H ( 6) l1 M0,l\en1,Horo raMHlll>T0HllaHa 

it\A 
THna EKlli 113, 211: 

HMA/Mc= HMA+ Hsacm (7) 
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;i 
ii 
I, 

Tairne MO,l(Cllli ,1\8JOT BO3MOEIIOCTI, l1CCJie,l(OB8Tb BJil1HHl1e 3JieRTPOH

HO-,1\blpO'lHOro cnap,rnattrrn na Te1meparypy cBepxnpono,1\Hl!lero nepe

xo,1\a, 'ITO npe,1\C'raBJIHeT 3H8'lllTeJibHblH llHTepec B CBH31l C npooJieMOii 

BblCOKOTeMnepaTypHoli CBepxnpoBO).\llMOCTll. 

do,1\eJil>Hble raIJll!Jll>TOHllaHh! (4) - (?), HBJIHHCI, 'l8CTHh!Ml1 CJiy'laH-

1.)ll o6mero raM111nuon111aHa (I), ,1\onyc~;aroT TO'!Hoe pernettl1e B Tep

IJOl\l1ii8MlltiecHoM npe,1\eJie, npn N ➔oo( cM. HmKe). J]eTaiu,ttoe odcyl!t-

.1(en11 e r:x ,,m:mtieCK~lX CBOrlCTB MOl!tHO Hat!Tl1 B ITpllB8,1\8HHOH Bhllll8 Jll,1-

TepaType. lleKOTOpHe l\3 3THX J.!0.1(8JJeH I TaK l!te KaK H M8TO.1(hl, • npn-

1.1eH11ernrn B COOTB8TCTBYJOlllHX paOOTax, OdCyl!t).\aJOTC/1 B /Ilf/ 

BepHeMCH H rnMllJlbTOH118Hy (I). Coo·rBe·rCTBYJOlllllM annpoKCllMl1-

PYKll!l11li ramrn1>TOH1l8H Ho ( C.) , saBllCHl!ll1V. OT HOMITJieRc11b!X. napa

MerpoB{ Coe\ , mrneT 3,1\eCI, Bll,1\ /l4 / • 

.s ( + Ho ( C) = '11 + N ~ 'do(. Cot L ..._ + 
oL=1 S 

+ ~cil C~ Lo1.) + N "2. 9o1. ed. ct, 
ot= 1 

(Sa) 

r,1\e 

~of. 'ae.c,(. + (~o<. \'-/wot. (86) 

E pa(lore 
114 I nunytieHbl Malirnpauno11Hble ouemrn, ,1\O1ras11Ba10mne 

acMMrr·rorntieci;y10 6JI11Jocn ( np11 N ~ oO ) cBo6o,1\HblX atteprv1H, 

coorBerc·rBy10mnx rahrnJI1romrnHaM H ( 1) v1 Ho(C)(8)(np11 cneul1-

ai11>Ho:.1 BhlOOJJe naiJBJJerjJOil C.o(.), O,1\HOEpe1JeutJo ,1\Jifl ncero R;racca 

MOl\CJieH: 

12 

( t [H1 - abs miV\ .f [Ho(c.)1} N➔0o) 0.< 9
> 

C. 
l{aR .rrerRo Bll,1\eT1>,annpoRcnM11pyrol1lllti raM11JJ1>ToH11aH 1-lo(C) ms:eer ro-

pas,1\o 6oJiee npOCTYIO CTpyRTYPY ,'leM 11CXO,1\Hbll1 (I). 

Ilpll 3TOM ,1\JIH PH,1\8 l{OH!i.f)eTHllX MO,1\eJJev., (B 'l8CTHOCTl1, ,1\JIH :w71eJiei1 

( 4) -(?), CB06O,1\IIaH 3Heprm1 MOl!teT 6h1Tb Bbl'll'lCJJeHa HBHO ll cymecTBy

eT npe,1\eJJ 

l;w. 
N ➔ tto 

{ o.bs IMil'l 
C. 

+[Ho(c)] 1 
Tor,1\a,ecJin cnpaBe,1\JillBO cooTHomeHne (9), cBo6o,1\HaH attepr11H .f[H] 
cyl!leCTByeT l1 MOlK6T OblTI, Bbl'll1CJieHa C 8Cl1MITTOTH'leCml M8JIOJ.i no

rpemHOCTI,IO*). JipyrnM ~aJXllblM pesyJil>T8TOM ,nony'leHllbW i 141 , 
I 

HBJIHeTCH PH,1\ 8Cl1MITTOTl1'leCHl1 TO'lJiblX COOTHOllleHl1i1 ,1\Jlfl cpe).\IIHX,no-

CTpOel!H+ 113 6ose-onepaTOpOB a-■~,,~ C 0,1\HOW CTOpOHbl, ll onepn

TOPOB Lr)., L p c ,1\pyroU. OcttoBHoe ttepaBeHCTBO 1rneeT s,1\ec1> cJie

.l\YIOlllllti Bl1,1\: 

., 

N➔~~ O, (IOa) 
s + 2. w oC. < g eL Beil) H f: £,v 

«=1 
r,1\e + ~ 

B-t■ - (A"- + Aol 
ol. - w w; L

+ o _ 0.J. + '>tot L crn6) 
ot ) Dol. - \JiV W~ ol • 

*) Bos:JolltHhl TaHJKe ,1\pyr11e npntI11ubl, no KOTopuM Ho(C}y,1\o6Hee 
,1\Jifl 11ay'lettna, tieM H . 
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OueHRa (lOa) 611}18 i'(ORaaaHa B pa6oTl 141 Ha OCHOBe HeROTOPUX 

npoMellCJTO'lHUX COOTHOllleHllM, Il0}IJ'l8HdUX np11 i'(Ol{a38TenbCTBe ( 9) • 

B H8CT0fll!leii pa6oTe P830BI>eM HeCRQ}ll,l{Q llHOli IlOi'(XOi'( R 

npo6}leMe.B paa.l.(e}le 3 .1.(8.1.(llM npmrne i'(OR838T8}II,CTBO Hepa

B8HCTB8 ( IOa) 6ea np11MeHeH1lll R8RllX-}lll60 COOTHOllleHllli i'(Jlfl CB0-

60.1.(HUX 8Hepr11li, HO llCilOJll,3Jfl Cil~Ull8Jll>HOe HepaBeHCTBO i'(}lfl cpe,1.(

HllX, BnepBue nonyqeHHOe 0,1.(HllM ll3 8BTOPOB (H.H.E) B pa6oTe / 6/ 

(cM.HllllCe (17a-B)).B paa,l.(eJie 4, llCilOJil>3J.fl BCilOMoraTeJII,HUM 

raMllJII>TOH11aH H Bll.l.(a /l4/ 

r-J s +L H = "f' - N ~ 'dct L °' oL ? (Ila) 

ol=-1 
r.l.(e 

'oJ. = 9e rJ... -+. f?loc. \IL/ Wot ~ 0 , (II6) 

!Jhl nony'lllM HepaBeHCTBa: 

-- ~N ~ +[H]- t [H] f 21\f ~ (12) 

r,l.(e ~Al ➔ 0 ~ 12"' ➔ 0 np11 N -=, oo • 

TaRoli IlOi'(XOi'( o6na,l.(aeT onpe,l.(eneHHUMll npellMJl!l8CTB8Mll,H8IlPll

Mep, lJ8lKOP8UllOHH8fl ouemrn B (IOa) OR83HB86TC.fl 6oJiee CllJII,H011 

(no CT8Il6Hll 4/4), qelJ npelKH.flfl ;14 / ( CM.p83;1{6}l 3) .Bep~wmo, 

TaRoe YJIY'llll8Hll6 6y.l.(eT IlOJie3HhlM npll oueHRe !pJIJRTY8UllM B pac

CM8TpllB86MUX CllCTe!JaX (Hanp11Mep, B MO.l.(6Jil'l ,lll'!RRe-XaReHa-JlaRca,. 

r.l.(e !pJIJRTY8Ullll npei'(CT8B}lfl!OT cymecTB6HHl1li Wl'l31'l'leCRllli llHTepec). 

14 

uuemrn (12) i'(OR83LIB810T T6PMO.l.(llli8IJl1'l6CRYJO 3I{B!IB8JI8HTllOCTI, 

(B CMhlCJJe 6n11aocTn CBc6o.l.(Hb!X attepr11H) rarrnJIMO,iiiatton H( l) 11 - ,.., 
H (Il).Sa1.1eTIW Teney1,,qro, B cB010 oqepe.l\I>, rm.rnJ11,•rmmau H 
(11) 3RBlnlaJieHTeH (n T61-)MO,l.(11H8Wl'leCHOM npe.l.(eJie) ra,.rnnl>TOHll8HY 

Ho( C)(8) (npll COOTE6TCTBJ!Oll\P,!O HIOO]JC { cc( 1). iiMeHHO, 

cnpaBe,l.(JillBO CJI8.l.(J!Ol!lee YTBepE.l.(8Hlle: 

TeopeMa I. (ii.rl.EoroJI1060B(1m.) /fJ/l/). IIycTr, i'(aHhl rai.11JII>

TomrnrihI Ho(C) (8) r/H ( II), r,l.(e jo(? o(lfol~.rrycn 

.l.(aJiee onepaTopu 'P, L"-, L: y.l.(OBJ1e•wopn10T ycJionnmA (3a-n) 11 

.l.(pyr11M Tpe6onaHllHM, cwopMyJillpoBaHHLJM n paa.l.(ene l ( CM. om1ca

tt11e raMllJibTOHll8Ha (I), 6 ll ~ ) • Tor,l.(a CBOOO.l.(Han 3Hepnrn 

f{ Hc(c."!f RaR qiyHRUIIH n;paMeTpon{ Col\ ,l.(oc·.rnraeT aocomo·rno

ro MlliHlMyMa B HeROTOPhlX ROHe'lHLIX TO'llHlX { C ~ \ 'ROTO[)LJe' 

CJJei'(OB8TeJibHO, Ji'(OB}leTBOPlllOT CllCTeMe ypaBHeHllii: 

C c( =. <~el.I Ho (c) , 1 ~ cl : s ' 
ll cnpaBei'(nllB~ HepaBeHCTBa: 

' 
r r :i Pr L.. s P1 es l\. 

0 f: T LH0 (c)J-T LH] -N2.IS Jr Af315" , 

r,l.(e P1 ll P2. npocTue RoM61lH8Ullll qnceJI M-1, M '2.., M3 
(cM(3a-B)) ll G.= W\tA.)Co(. ~~ • 

(B) 

(14) 

3aMeTllM, 'ITO HepaneHCTB8 (12) ll (14) i'(OR83hlll810T (9). 

B paa;n;ene 4 6y.l.(eT llCilOJib30B8HO T8HlKe cne,l\y10mee (!iyH-

,l.(8MeHT8JlbHOe YTBep~.l.(eHlle: 

TeopeMa 2 (H.n.Eoron1060B; .l.(ORasaTeJII>CTBO ,l.(ano, ttanpnMep, B 

pa60T8X /4 '? ') • Cnpa:Be;D;JillBU HepaBeHCTB8: 
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.1<-:et,-~~ ff r~.1--rr~,_1,: <-=e<,--!lA2.).QA~'l5) 
N 4t1 -"2. 

r,11e ~ I =-!U.{ l1 -:ltt2.: ~:. 3,11ec:& TIJIOTHOCT:& CB060,l\HOli 3Hepr1111 

f [flt] onpe,11emieTCH 113BeCTHblM BblpallteHlrnM: 
-24 

-t[~]=-:& 'g_ e-~ -QA=~+., (16a) 

a cpe;nttee no rmrnJI:&TOHl'laHy ~ = ~ + cyT:& : 

<( ... ,~-= 'T'~(-.. e-°'Ye)/'f~ e- ~le_ c166) 

0TMeTl'IM, 'ITO raMl'JJI:&T_Olil'laHbl~ 1 l'l~B (15) onpe,lleJieH!,I B O,ll

HOM I'! TOM lite npocrpattc·rne 11 np11 BblllvicJiemrn mo6oro tIJietta B 

(15) CJie,l\ ('Prz.) 6epeTCfl no Bceuy 3TOMY npocTpaHCTBY, 

B aamnotiemie 3Toro paa,lleJia npl'lne,11eM cneuv1aJI:&11oe Hepa

neucTBo, noaJJoJin101i\ee oueHl'IBaT:& cpe,11u11e B11,11a < g+ 8) cnepxy. 

JleMMa (H,ll,Eor.0JI1060B (MJI,), 16• 7 I). 06oattatil'IM 

BT (-c) = e 'C life B+ e.- -c H/e 
~ 

(17a) 

R.::: BH-HS? R. + = t-H~ + - B+ H , (176) 

Tor;na cnpane;nmrno c.ne;z(y1ou(ee 1wpane,iCTBO 

16 

ii 
; 
l 
I ,, 
'I ,, 
I, 

i 

l 
j 

I 
11 
l~ 
~ 
\ 
i 
I 

1 
<B+B7H ff <&+(-c) g)H ~~-+ 

1 l/3 :1 (I7B) 

+(¼ f<rst{-c) 8/Hd-c) 0. (J?.J?.++~R/,;?, . 

r,11e H -ra.MllJibT □HnaH cooTBeTCTBYIOll\ei1 Cl'ICTeMLI, 9 - TeMnepa

Typa B attepreT11tiec1rnx e,11mrnuax;_ ~ •••/ H onpe,11eJIHeTcH cornac

Ho (166) , 

J. OCHOBHOe Hepa.BeHCTBO 

3,11ec1, MH ,!(OKa.JiWM Ol.\0HKY (!Oa)' llCXO,!(R Henocpe,n;crnenno 

;13 Hepa.BeHCTBa (17B). II0J1ara.R B (17n) 13 -t = B_;. B ==- B 
"' ' o( 

( CM, (IOd)) ll cy1W11py,1 no ol... C Be COM w~ OT l ,!(0 ,S , TIOJ1ytJae11**) 
s .s . 1 . 

~ w c1.. <. Bt Bot.') ~ 2 01 o( ~ < ~ (-r:) Bat I c,( -c + 
d..= 1 . a/. = 1 . 0 

~ (~ ! ~B! (-cl l?ot)ot T.)2/3 /w..,_L...~ f2!+ crna) 
+ ~ e O c ·, "h 

~=1 nT o ,,~ 
-\- r-- o<. r--ot I l ~ 

r;11e 

R o< = Bo1. H - H B« ? R1 = H Bt - B~ H , c 186) 

H - ra1.mJ1:&Tott11aH ( l). 

filf) 11a cooopallte1rni1 y,1106cTna B 3TOIJ paa,11eJie 6y,11eM onycRaT1> 

11u,11euc B CT8TllCTl'l'lecRl'IX cpe,11n11x no rai.!l'IJI:&TOHl'!any H , T. e, 

6y,11eM nl'IC8Tl> < ••• /::. < .. • /H • 
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1 + 
ntJtJliCJU!M Bemmmy J ( 8 ot. (-c) Bo{) ol-c npaBoil qacTll 

0 

( ISa). 1ieTpy:zitto npoBepwn, ti·ro onepuTop B! {-t)( cu. ( 10a) 11 
I 

( 17a)) npe,zi;cTaBmJ B BH:zle: H 1-1 

+ 1 e ct ( --r::e + --ce) Bo{ t~)=:r?: - :r e a.al- e . (19) 
VIV Woe. "''t:' 

l1CI10Jlb3Yfl ( 19) 11 Y'lllTb!Bafl (2)' (166)' a Tam;:e B03MOJKHOCTb 

IJJ\HJ!ll'l8C}(l1X nepecTaHOBOH no:zi 3HaHOM "1'rt 11 
, ITOJiyqaeM OHOH-

'laTeJibHo: -+ T ' 
1 <Bo(.a.oe.-O.ot. ~/ 

~D(. I <B!(-c)B~1°h: = 'W :~FO) 

PaccrJoTpl1M Tenepb cpe:zittee < R~ R.~ + R.: Roe.) . 
iia OCIIOB8HH1l (2), (3a-B) 11 HepaBeHCTBa JI.JI. Eoromo6oBa 24 

I <~1:i<t) \ f. ..J <~1~1>< ~11lA2.1 (21) 

iJOlKHO :z(OH838Tb CJI8:z\YIOI!\YIO ou,em,y (:neTaJill CM• B npllJIOlitemlll, (IIIO) 

½ [w.;<R«R~-\- Rt.R.ce.) 11/3~ i 
o<.=1 s 1}: )13(22) 
~ ( sof 1 )

213(f-=~P <€; e, '>) ~ ( sdf2,N ., 
r:zied 1 ,1 of2,,v n;joCThle HOM611ttau,nn noCTOHliHb!X M 1 • M2. 11 J\13 
(cM. 3a-n), l1 napaMeTpOD raMl1JlbTOHl1aHa (1) (cM.TI]HllIOJK8lil1e, 

(II96)). 

18 

.s Ha octt0Bam111 ( 18a), (20) ,1 (22) l1MeeM: .s . 1A 
2 Wot. (Bt Bol) ~ (scf-a/ N )2.fJ(~_wp (Rp& )) ! c<=1 ,_, -r 
+ ( sd.2.,,., I /J )'l/3 + s e / N , (23) 

OTHy:zia,B CBOIO oqepe:nb,CJie:nyeT*): 2/. 
fw~<BiEott~ 2(sol2,N/N) ~ 

o<.: I ----~ (24) 
➔ 2S(9-t-ol-af2.)/N = £.,v N➔ f>O )'0 · 
TaHllU o6pa30M, Oll,8HH8 (IOa) :z\0Ho38Ha. -2}3 
8aMeTl1M, 'ITO 1JaJKopau,110HHatt ou,eHHa f? N B (24) y6bl

naeT np11 N-=,oo 611cTpee,t1eM attaJior11tJHatt ou,emrn pa6oTif14/ 
_, N-215'. 

Ha OCHOil8Hll11 (21) 1l (24) HeTPY:zlHO ITOJIY'IHTb pn:zi nmmux 

COOTH01ll8Hlli1 :z\llfl cpe:z(HllX 114 /. TaR ,HanpllMep' llCTIOJib3Yfl 

(3a),(2I) 11 (24),l1M8eM: 

l<~Li'l+ ~<Lt.l,s)I= l<B!.Li>lt. 
. (E 1/2 

~✓ <B!Bot')<L~L,s) ~M1 ci;.J N~zo. 
(25a) 

\ *} lip1,1 nepexo;n;e OT (23) I{ {24) !Jbl llCITOJib30B8llll CJie:z(yIOI!\l18 

npOCThle coo6paJKett11tt:HepaBeHCTBO (23) 11ueoT nu:zi h ~ 
2/3 I 1/3 I Z./3 b'IJ 

Q; O + 0\. 11 ecTb :z(Be BOSMOJKHOCTJ.1: I.0: ~ d , 
Tor11a b213 f. 2.0.2/~ b!:23/zo.; 2-~~

3£1
~d;ror:zia' b~2JJ, 

cJie:noBaTeJibHO, B JII06oM cJiyqae b ~2 a. +cl, 1<To :3KB,rnil.JieHT

. HO (24) • 
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l <a.:Q,s, + ~ <~L )l -
N "/ Wp \JN ., 

(256) 

* - I < g ! g ft) - ~ < Lot Rp '> I f 
J~o(., ( EN )112. + tN 

f M 1 Wo<. w JJ v-;:c..,=oe."'.'."-w=-~ N.::,00 ~ 0. 

;13 (25u) 11 (256)' B 1<8CTHOCTl1, cJie,n;yeT: 

(a~Ac<)= N ~'i:1<L+ot~ 't(1:+ Q(N-Y3)).c25B) 
"' 

CooTHOW8Hl1fl Tl1ITB (25a-B) ll HX @ll3ll1<8CKHli C~hlCJI ,l(eTBJihHO 

o6cy.ii(,n;aJOTCH B pa6oTe /I4/. O,l(8Ch Mb! TOJ!hKO 38M8TIIM' 1<TO ,n;JIH 

Pfl,l(8 KOHHP8TIIUX IJO,l(eJieli (B 1<8CTHOCTl1, ;l!J!fl MO,l(eJieH ( 4)-(7)' 

cpe,n;m1e ( L +o<. L tJ.. > xapaHTep11ayroT ,n;aJihtt11li rropa.n;oH B 

ITO,l(Cl1CT8Me (HaMaru111<eHHOCTh,ITOJIHPl13BQl1H, lll8Jlh B crreKTpe 3Jie

M8HTBPHhlX B036y.ii(,l(8lll1iii B T80pl111 CBepxrrpOBO,l(l1MOCTl1 ll T.rr.) • 

Tor.n;a (25B) oattai.aeT, '<TO l_(JaaoEble rrepexo.n;u B L -rro,n;c,1cTeMe 

H3 tteyrropa.n;oi.ett~oro 
1
( L ~Lo<') =0,B yrropa,n;oi.ettlloe :(L"~ Lo.)=/= 0 > 

COCTOfllll18 BB'!Ol.lBTH'IeCKll corrpoBOli(,l(BIOTCH KOMIT8i!Cl1PYIOl!ll1M MaHpo

CliOITlll!eCHllM 3BITOJIH8Hl1CM 6030Hlll:.IX IJO,l(! <a!.Q.ci ') ~N. TaHoe 

aarronttemie, 06ecrrei.,rna10mee MaJIOCTh cpe.i(11ero ( gt_ B"')( CM. 

(24)), anepreTl11<8CKll BblrO,l(HO (ci.i.m1.ce (26)).. 
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4. CBOCJO,l(Ha.lI 3Hepnill 

B 3TOM pa3,l(8Jl8 Wl ,l(OKru:tel.! Bepxm:m II HlDKHKJD OLl8HKy B ( 12). 

a) OuenKa CBepxy. l1pelK,n;e Bcero 3BMeTl!M, '<TO raMl1JlhTOH1lBH 

(1) MOlK8T 6b!Th 3BITl1CBH B Bll,l(8! 

rJ .s + H = H + /\/ L Wd,. Bo<. Bat..., (26) 
ol=-1 

r-J 

r.n;e H orrpe,n;eJiaeTCH ( 11) .Bne;zieM Bcrro1rnraTeJ1hHhliii raJJ11JihTOHHaH 

HJ'-= 
rJ .s + 
H -+ JN 2 Wal B~ Bo1.? 

ol.-::.1 . 

(27) 

r.n;ef- ITOJ!OlKllT8Jihllblli ,n;ehCTBiiT8JlhHblti rrapm1eTp, 0 ~ f L 1. . 

iloJiaraa B uepaneucTBax (15) :it 1 = H ( 1) ll ~Z = Hf (27), 

rronyi.ae1J: 

.s 

t [H1- !f.[~]~(1-f)f;~°'(&t&i.1~c2s) 

C ,n;i:iyrot1 CTOpOHIJ' raW,lJihTOHHaH f!, (27) MOlKHO ITOJIY1<1iTh l13 

raM11J1hTOHHBHa H{1) rryTe1,1 rrt.pcHopM11poEa11;1H B rrocne,n;HeJJ rrapa

MeT POB aeo(? Wot ll ~ol') A=:.: 

geo{. -) ~-<.-+ {1-f) ,~o(.1t /vJ °'-; 
(29) 

A<A ➔ f ?-.o1., 'A~➔j )~. Wo<. -=, f' ~o1. ; 
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3aueqaH, qTo OITepnopt1 8 "!;., Bo(. ( 106) l,lHBap1,1aHTHH ITO 0T

u0111emuo K ITpeo6pasoBaH1,1HM (29), BM,lll,IIJ, qTo npaByIO qacTI, He

paBeHCTBa (28) uoiKHo oueHMTl>, npo,lle1IaB npeo6pasoBaH1,1H (29) 

B 06e11x qacTHX HepaBeHCTBa (24). I1p11 3T0M (cu. (II.9a) 

11 (II.96)): 

-1 ➔ _1 t'lC-'ns-t. _ f _, L .J 
Dl1 Ql1 - oti\ - "11> 

t · t"\A.M.t .f _ r,:" _I 
a 2.,N ➔ cl2.,w ~ vf c;\ 2., N. 

B pesy1Il>TaTe no1Iyqaeu: 2h 
s <B+ , L 2 (sol2,N\+ 2.s{e+c.t,"2};0) 
~ l.0oe. ,I.. Bet,,., - Nf I NP 
«=1 'l J 

Bocno1I1,s~aBl!l11c1, Tenep1, Teopeuoia 2, no1Iaraa B. (IS)~ 1= H.f 
1,1 ~2. = H + f Hs' 
r,lle 

Hg-
.s . 

T L Wo1. (.l cl. a.c1. , 
ol.:.1 

(31) 

nonyqaeM · 
,-.I 

.p [ Ht J _ -{? [ H -4- f Hg] C:. (32) 

s \'l. + 
L J ,i:;- • (. 

1"°' L+ L -+ ~ol ~ LoL+ i* ao1. L+y 
- . £. c,., d.. cl VIV o(. '[NN oC. · c,L.-: l d. , 

~---")s <···lt+JHg. 
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Bcne,n,CTBl1e He3am1c1rnocT11 r11n1>6epT0B~ npocTpaHcTE XL n -Xg, 
Ha K0T0phlX onpe,n,eneHhl rar.1111I1>ToH11auhl H ( 11) 11 Hg (31), uMee,if): 

t [H -t fHg l = -r [H1 + .f! [fHs] (33) 

11 + . < a. t_ LtJ. I H + flig = < (.\ o(~HB (._ ld. I H = OP(34a) 
" , 

< dot, L ~ IH + fHg-= <. a.« }Hg(. L!);:; =- 0. (346) 

flpaBHe paBeHCTBa B (34a, 6) cnpaBe,n,n11Bbl B c11ny Knm16p0Boquoiii 

11HBap11anTH0CTl1 ra1J.l11Il>T0H11aHa Hg· ~31) ITO 0TI!0l!le1rn10 K npeoupa30-

BaH11au aol~ tlcl e '~,;<- a.~➔ tt_, e'~ 3aMeT11M ,n,anee, qTo cno60,I1-

HaH auepr11a .f [f lis] ,n,na cBo6o,n,uoro 6ose-ra3a onpe,I1cneua 

xopomo 113BeCTH0iii @ODMY1I0iii 11 0TPl11.\8Ten1>Ha: 
Wc:,l 

f [r 1-1s J = :, ~ &. ( 1-~-re) ~ o • (35) 

- c<:1 

1£) E1Iaro,n,apa HesaB11ev1M0CTll npocTpancTB;JfL.11Jf..n.m1 npon3H0Jih-

Horo onepaTopa :e<L®g =-it L ® :Ug €JeLJ1li{'.n.e 
~LE1fL 1,1~g=1f'g,m.1eeM 

fP (A• - 'ii+.fl-fs) 
l'l.l.©8 "(,\Lege 9 = 

,.. ~ 

_ff ( - J & ) = 'r'l.L(~Le ~T~8 ~! e , 
0TKy,lla cne,llyIOT paBeHCTBa (33) 11 (31f,1IeBble) .::i,lleC!, 11H,lleKChl 

L~B,L,g osuaqa10T,qTo one~ uy11mo dpBTl> ll npocTpancTBax 

~~;tli ,7t1flcooTlleTCTBeHHO.CB060.zittble 3Hepr1111 (CM.(16a); 

B (33) ITOHl1M8IOTCH K8H l[u +flfs]L~B' l[H]L, f({lfs1-
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ria OCHOB8Hllll (3a) 11 (32)-(35) nonyqaeM: 

f [Hr] - f [u] f.fM; i .. '~~l (36) 

:113 (28) ,(30) tt (36) B CBOIO oqepe,111, CJie,11yeT: 

t[H] - i(H] f J M~ ½ /ld.J t -t 
ot:::i woi.. 

( sch,N)2h 2s(0-+ d,"2.) 
;-2_ fN -t Nj . 

(37) 

T.aH HaH JieBaH qacTb ,:noro HepaBeHCTBa He 38BllCllT OT f ( OLfL~ 

MLI MOJitelJ Bhl6p8TJ,.f, B rrpanoti ero qacTll no CBOe!Jy YCMOTpeHttIO. , 

Bb16epeMf=,.Y- '!.J II rronyq11M: • 

t [ H ] s -t [ H ] f · . 2/ 2i 
f [Ml 1;,c,~01.IZ/woL)+ 2.(scl2,1") 1.]/N !38) 

-+ [ 2s( e-td1fi)1/N 31s = i/V ,., ➔ 
00 

> o . 

Ta:irnM o6pasou, nepxmrn ouettHa B (12) ,110Hasatta. 

6). Ouoa!ia c1rnsy. Ouettlia cmrny B ( I2) ,110Hasaaa B pa60T/I4/. 

.llJIH IlOJIHOThl Mhl npl!BO,lll!M 3,ll8CJ, 3TO ,llO!i838T8JIJ,CTBO. Ilonarafl B 
,..:, 

crs):e{1 = H 11 ~2.= H - b:.."j + jHe? 
~e S l 

~ =Nf L.~;~L~Lot., o~f~1, 
J 1-j o£=1 
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a Hg orrpe,11emieTcH rpopMynoii (31), rronyqaeM: 

o ~ .f[H]- f[H-b.f +fMe]. (39) 

C ,11pyro~ CTOPOHhl: 

t[H- Ar+ .f Hg]= -f [ H- t!.f J + f[.fHsJ, (40) 

r,11e (cM.(35)): 

.s ( 6 IJ 9 fWo1. ) .f [fl-ts] ~-L Ai~- eA.+ '7v . (4I) 

°'=t .f':; ,..., 
.llanee, rronaraH B rpopMyJie (15):l.t 1 =H-} 11 :l/2.=ll, Haxo,1111M: 

_ L M; ½ ,~ce.J'lk f[H - Af] -.f[H1. 
'1 -f Dl:.i Wet. (42) 

MCXO,llfl 113 (39)-(42),ner!iO ITOJiyqaeM HepaBeHCTBO: 

_ f ( f M2 IJ\oe.1-i+ ~ ~~ + 
ti,.= 1 \:'-1 :f "1 w col N fWo1. 

,.., 
-f- fC>l:) L -t[H] - + [HJ, 

(43) 

r,11e rrpaBafl qaCTJ, He 38BllCIIT OT f : Bh161lp8fl B JieBoi·, qacTI! 

f -1 =N , ttaxo,1111M oHottqaTeJibtto: 
,..J 

- ~,v f. +[H] - + [H ]., (44a) 
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r,lle sekN M2 s J~ol.) 2 

► = ---+ ---2~-- + 
:::,N N N -1 oC.=1 Wot ( 446) 

1 S ( /) 8 . Wo( ) • .-.J ~ ( 
+ N J= 

1 
e ~ w:.. + -;:;- , sN N N~~ 

TeIJ C8lJ1IM ,llOHasaTeJ[bCTBO HepaBeHCTB (12) 3aBepmeHo. 

TipimolKemie. 

,LJ,OHalKeM OijeHI(Y (22). Yq11Tb!B8fl, qTQ at , aol HOIJMyT11pyIOT 

c 'T1, L p, l fl {U:.tliJf 1's)(cM.pas,lle11 l) 11 11cno11I>syR (2), 

HeTPY.l!HO nuq11c1111TI> onepaTop Rrx. (186): 

Ro<.= w~ B°' + ~: (Xe<.+ Y«+ 7.oe. )., (TII) 

r,lle X S * · + 
o1...-= ~ AR N[4LjLg 1 g.q .f=-1 r r r., 

(TI2a) 

Y«= i ApN[Lot;L!]B! 
f=1 r, (TI26) 

s /1 fl ( . Zo1.. = - ~ fl N [Lo1.JL4iJL,+ 
.ll= I Wp . 

+ [ Lot.; Lp»]Lj,) + [L~; fP] . (TI2B) 
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iicnoJII>SYR (21), (Ill) 11 sneuettTapttoe HepaBeHCTBO 2 /X';J I~ x\~ ! 
H8XO,lll1M: 

< rz.t. ~) f Lf w1 ~ Bt: BtA ") + 
"Z. ~,13) 

+ 4
[;;' ( <::x!. )(,l ')+<'.'t1'l .. )+<'Z1~ 

HCXO,llfl 113 (3B) '(21), (TI2a) 11 HepaBeHCTBa l{oum-EyHflHOBCHOro, 

(°';iX~):,,;: (j;Jlpl-J<&;Bp) t.~ 
2 ( s X s + ) ~ M3 ~/~pJ1/wn 2.w,<8pBp) f c11.4) 

p=1 .s r f=• 

L Mi~ (J
1
w1 <Bp Bp> )., 

r.11e 

s 2/ Ps = ~ ~," I "p I t CJ p . 
f'=1 

(IIS) 

AHa11or11qHUM cnocoelOM H8XO,lll1M: .S < '{°S'ft1.) f- M; P.s ~ <( SD( B! )-= 
.J' o<.-'1 

= M} Ps -Z: < Bt BA+ [8~; Bt.J)~ (II6) 
2. o<.: I . 

~ M3 Ps [ f wa&.(8!_ Boe.')-+ 
c£-:1 

+ 1 (MaPs + f w;,)7 N cl::.1 lj 
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KpoMe Toro, 6narOA8PH AOilORHllTeRbHhlM YCROBllflM (3a-B),nMeeu: 

(_ z: Z,1.) ~ Ill« 11
2 ~ (M2.-l- 2.M1M3 Ps )~ (Il7) 

IJOACT8BRHH oueHHll (TI4)-(TI7) B (Il3), Mhl nonyqnM oueHHY ARH 

z~i R.ol)cBepxy • ToqHO T8HJH lKe OUeHHa l.!OiKeT 611Tb BblBeAeHa 

ARR cpe;llmix B1IAa (~ R!).B pesynuaTe HaxoAnM: 

s w s l I. {<12-olR~+Rt.~)~l(~.=~~<BtBJ 
2 s < + 

+ 9, (M3 P.s '\-+: ~ wp B,s 80) + ) f= I T (IIB) 

+ 4 Ps (Mi.-+ 2M, M3 P.c) 2+ N- 1 {(2M1 Ps)t. 
I s l ~..s / -t- 2. 

· l M 3 Ps +~WR) S f. d-1 2_ WGL ,BoC. Boe 1-tof2,,, 
,.,,,,, \ r ol-- I :, 

I'A6 

. s 
( cl., ) '2. = 4 [2 ( M.3 Ps ) 'i.+ .'2: W; ] , 

. fl• I (II9a) 

(d2.,N )fil.= ~ P5 {11t2. + 2M1 Ml Ps) 2+ 

1 )2( S -+ N {2M3 P..s M3 Ps + '2:" wR). (1196) 
f=• r 
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3AeCb Ps onpeA6Rfl6TCfl wop1.1ynon (TIS). Aanec, Ha OCHOB8Hllll 

ouemrn (IIB), HepaBeHCTBa renbAepa n ::me,mHTapHoro HepaBeucTBa 

( x.-f-,J) 1/.1 ~ X VJ+ c) '1/3 

nonyqaeM OKQHqaTeRbHYID oueHKY B BllAe: 

s -[Wol< + -t ]¼ ~ -2 12ct.12..c.. + ~ "'- Ilot. ') ~ . 
o<.::. I ( 1110) 

2/J( .s < + '\~ 'l/J 
6 ( sol1) f;C:t BiBp/J+(sd.2,.i)· 
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