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B COBpeueHHOH CT8TllCTHqeCHOll MexaHHHe odmenpllHHThlM HBJIH

eTCH MO,lieJII>HUll IlO,IiXO,Ii H nayqeHHIO HB8HTOBO-CT8Tl1CTV.qecHHX 

ClllCTeM. 0,IiH8HO nplll !llCCJie,1iOB8Hllll 60JII,llllllllCTB8 HOHHpeTHliX 

M0,1ieJiei1 npnueHHIOTCH nplll6JIJ/lJKeHHUe ueTO'Ali, OCHOBliB8!011llleCH Ha 

TOM llJill 1/lHOM B8Pl18HTe Teop!lllll B03MYllleHHll, qTo o6~HCHHeTCH He

B03MOXHOCTI,JO Hai1Tlll TOqHoe pemeH!lle M0,1ieJII>HOi1 38,Iiaqlll. B 3TOM 

CJiyqae B03HlllH8IOT cep1>e8Hlie TPY'AHOCTlll, CBH38HHUe C oueHKOil 

TOqHOCTJ/l npH6JIHXeHJ/lll npll BhlqllcJieHJ/lll OCHOBHliX Wll3HqeCHl1X X8p8H

Tepl1CTllH B paccuaTplllB8eMOi1 MO,lleJI!ll. C yqeTOM Toro, l!TO llllCJIO 

TOt!HO pemaei.wx MO,llent,HUX aa,11aq Kpal1He ·He3Haq11TeJibHO,Han6om,lllllW 

t!HTepec B H8CTOH11lee :epeMH npe,1iCT8BJIHeT pacm11peHll8 HJI8CC8 T8-

Kl1X 38,1i8tl Ill OilllC8Hllle C llX IlOMOllll>IO peaJII>HblX CBOfiCTB Wl1311tleCKllX 

CllCTeM. 3H8tll1TeJII>Hlii1 ycnex B 3TOM HanpaBJieHllll ,IiOCTllrHyT Ha 

OCHOBe aqxlleHTllBHOro MeT0,1\8 nayqeHllll MO,lleJII>HliX raMHJll>TOHll8HOB, 

pa3Bl1TOrO B pa60T8X H.rl.EorOJII060B8 (MJI.)[I-3] • 

YH838HHlii1 MeTO,ll ,1i88T CTporoe M8TeMaT11qecHoe ,1iOH838TeJII,CT

BO acmmTOTllltleCHOil 6Jill30CTll TepMO,llllH811UtleCHllX xapaHTepHCTllH 

II0,1ieJII>HOi1 ClllCTellli H COOTBeTCTBYJllllllll BeJI11q1ma11, :SlitlllCJieH!illM C 

IlOMOmI>Jl T8H H83liBaeuoro annpOHCllMllPYIOlllero raMUJil>TOH118H8, B 

TepMO,lllllH8MlllqecH011 npe.zteJie: V - 00, JI- oo, 'Yv=- const, 
r.zte V ~ 06~e11 cncTeuu, .N - qncJio qacTnu. B peayJI1>TaTe MU 

lllMeeM CTporo o6oCHOB8HHYJl.B03MOlllliOCTl> 8CllMilTOTlltleCHH TOtlHOro 

onucaHUH W11311ltleCHllX CBOilCTB llCCJie.ztyeuott MO,ll8JibHOi1 CllCTeMU C 

IlOMOmI>IO annpoHCllMlllpy10men MO,lleJIU. 

~JIH 'AOH838TeJII>CTB8 TepM0,1illH8MlltleCHOi1 3HBHBaJieHTHOCTll 

MO,IieJII>HOll H annpoHC11MllPYIDlll8i1 CllCTeM paapa6oTaHa cneunaJII>HaH 
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MaJKopau.iottHaH Texmma, KOTopaH Bnepm..ie npnuetteHa np.i l1CCJie,n;o

BaH.il1 IJO,ZJ;eJII,HhlX raimJII,TOHllaHOB C OTp.iuaTeJibHbl!J qeThlpexqiepimoH

HblM B8a1mo,n;eiiCTBUe!J, l-JMeJOll(llX 6om,1110e 3Ha'lelll1e B Teopl1l1 CBepx

npOBOl(>lMOCTll [r] . 3aTeM B pa60T8X [ 2] Ha OCHOBe np,rnullna lJ>lH!.1-

MaKca 6bIJJa pe111eH8 3a,n;aq8 06 acllMTTTOTll'leCK!.1 TO'lHOM nocTpoe1rn11 

cno6o,nttoi1 attepr1m B cJiyqae r81,rnm,Tomm,t0B, co,n;epJK8ll(l'JX Kalt no

JIOJK.iTeJil,Hhie, TaK .l'J OTplrn,aTeJil>Hble KO!JTTOHeHThl B38l1!JO,ZJ;e1!CTBl1H. 

B l.lOHorp8tpl11l [3] 0606m8eTCH Texmrna M8JKOp8UHOHHbIX oue1io11, TT03BO

JIHJ011(8H ;L\OKU3aTl> B CJIY'l8e raMl'JJil>TOHllJ8HOB 6oJiee oomero IH1,ZJ;a, He

ll(eJill 113yqae1Jb!e B [r] , ac1rnnTOTl11lec11yro 6JI.i30CT:h TepMO;L\,lliaMll'lCCil!.1X 

cpe,n;1rnx no Mo,n;em,HoMy l'l 8nnpo1:tc.iu,1pyromeuy raMvJJIUOHl'l8HaM OT 

paccMa•rpl1B8eMblX ,ZJ;l'JH81,rnqecm,1x onel)8TOPOB, y,n;OBJieTBOpH!Oll(llX HCKO

TOPhlM JJCCl>M8 o61l(l'JM YCJIOBllHl,,[4] • AJIH r8!Jl1JIUOH,18HOB TaHoro Bl'J

,n;a npe;,n;cTaB1moc1, Jl03MOiKHblM o6o611(11Tl> TeopeMhl _,ZJ;JIH CB060)IH011 attep

r1111 Cl'JCTefJ C OTP11U8TeJIJ,HblM tJe'.rnpexqiepMl!OHHbl1! B8a111.io,n;ei1CTBl1eM [s]. 
MeTo,n;11iia, npe,nJI8raeMaH JJ ~ - ~. 01:t888Jiac:i, TaHJKe niro,n;oTBOPH011 

11 np,1 llCCJIC,l\OJJaH111l MO,l\eJil,HblX 3a,n;aq C IlOJIOlltl1TeJil>HblM B3a11MO,l\elicT

B,leM 11 V.CTOtJHl1KaM11 [ 6] • 

CJie,n;yeT OTMCTl1Tl>, 'lTO MeTO,ZJ;hl, pa3Bl1Tble H.H.Eoromo60BblM(MJI.)~ 

!JOJKHO pacnpocTpaHl1Tl> Ha ,l(OCTaTOtJHO llll'JPOHl1li 1wacc CnllhOBblX MO

,n;eJil>HhlX raMl1Jil>TOHl'JallOB, co,n;eplltall(l1X cnl1HOBble onepaTOPhl B JIJ06o11 

CTCfleH.i, np1,1 ycJIOBl11'1 ,n;aJII,IIO,ZJ;ei1cTBl1ll C ,ll!TeHCl1BHOCTl>IO ¼ 
( j - l:(OHCTUHTa B3a1,1MO,l\eticTBl'lll) ,ZJ;Jlll KaJK)IOH naphl B3a.iMO,ZJ;etiCTBYJ0-

11(11X' CTTl'JHOB. l1p11 3TOM He o6XO,ZJ;llMO IlO,l\1lep1myT:r,, l!TO B031JOlKHOCTJ, pac

CMOTpeHl1ll C nOMOll(l,IO e,n;1,1Hoti MeTO)ll'Jlll1 MO)leJil>HbIX 3a,n;aq C Il8PHhl!J 

tJeThlpexqiepMl10Hllbl!J B38l1MO,l\el1CTB,IeM ,I Cill'JHOBblX MO,ZJ;eJil>HbIX 38;llal! OC• 

HOBaHa B 3ll8'UlTeJil>HOi1 Mepe Ha onpe,l\eJieHHOli M8TeM8Tl'ltJeCKOl-i aH8-
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JIOrl11'J 13 4JOPMYJil1pOBKe 38,1{81! CBepxnpoBO,lll'JMOCTll [ 7] H Cill,lliOBblX 

MO,l\eJieil C 111lqJl1H11Te3111A8Jll>HO M8JlblM .nam,Ho,1tei1cTByJOll(l1M B38,!MO,l\eli

CTBl1eM MeJK,n;y cm1HaM11. 

0,l{Hl1M 113 BaJKHelim.ix BOilpOCOJl np.i .l'JCCJie,1101l8HJ!,! Cn11HOBblX 

MO,l\eJII,HblX Cl1CTeM HBJilleTCH noBe,l\eH.ie CHCTe!Jbl npll (1i830BOIJ nepe

xo,n;e • B031JOJKHOCTJ, 0Ill1C8Hl1H qia30llb1X nepexo,n;oll l I! I1 po,n;a B M8r

HHTHblX C,!CTeMax C IlOMOll(l,JO r8MllJJil>TOH,18HOll, co,n;eplK811(11X CTTl1HOBble 

onepaTophl B qeTnepToil cTerieH11, Bnepnue o6cyi,,n;aJI8c:r, B pa6oTe [s] 
0,n;HaKO ll 3TOi1 p860Te' Kall 11 ll PH,lle ,n;pyr11x pa6oT no CTTMtlOBblM 

MO,l\eJIHM' l!CilOJil>3YIOll(,!X npl'l6JIHJKeill'Je MOJieKyJIHplloro TTOJIH' He CTa

B,ITCll llOilpoc O TO'lHOCTl1 npH6JIMJKeHHOro_ OTTl1C8H,!fl MO,l{eJill l1 aCl'JIJD

TOTl11!ecuoti 6JI1180CTI! P8CC!JaTp.iB8eMhlX' TepMO;z(l!Ha1.rn11ec1rnx x8pa11-

TepncT1,1u R COOTlleTCTllYIOll(11M TepMO)lllJllaM~l!eCK11M <PYHiiU!1HM MO,l{eJil>

HOli Cl1CTeMbl. 

riaCTOHll(aH ,n;11ccepTaUl1H TTOCBHll(eHa P8C11mpeHMIO KJI8cca TO'lHO 

pe111aeMblX Qil,IHOBblX MO)leJil>HblX 38,ziaq, np,1qe1.1 OCHOBHoe llHl1M8Hlle 

y,n;eirne·rcH CTporoMy M8TeMaT.i'leCKOMY ,l{Oll83aTeJil>CTBY 8Cl1MTTTOTl1-

qec1:toti 8RBl1BaJieHTHOCTl1 MO,l{eJil>HOll 11 8TTTTPOllCl1M>1py10meM CHCTeM 

np.iMeH.iTeJil>HO II KaJK)IOH MO)leJI.i. B cJiy11ae UJiaCTepuoii IJO.l(eJil'J 

lil811Hra npoBe;u;eno l!CcJie,1toBaH11e YP8BHett11H caMocornacoJJ8H.iH, pea

Jitt3ymmero 8CMMTTTOT,IqecH11 TOllHOe petaeHl'le )IJIH )18HHOi1 MO,l\eJil>HOti 

C,!CTe!Jbl, ll P8CC!JOTpeHbl ee qJH3HtJecmrn CllOi'ICTBa. 

,llllJcc·epT81(11fl COCTOl!T .1'13 BBe,!\eHllH, ll8Tblpex rJiaB 11 3aliJIJO'le

Hl1H. 

BBe,n;eH11e npe]ICT8llJilleT co6oti o6sop COBpeMeHHoro COCTOfill,lll 

l'l3YllaeMblX BOilPOCOB, np11 3TOM V,3JiaraJOTCff OCHOBHUe H]lel! IJ8TO,l{a 
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an11poliCJ/IUJ/lpyIOI11llX raUUJII,TOin!UHOB JI! TIPllBO,llHTCH pe3yJil>T8Tll, no

JIJ'lBHHUe 3Tll!J IJBTO,llOM ,llJIH liOHiiPBTHblX_IJO,lleJieti.Bo BBB,llBHllll T8li

lKe npe,llCT8BJJeH ,matt ll3JIOlKemrn pe3yJil>T8TOB, 11OJiy'leHHl1X B ,lll!C

cei,T81.llllll. 

B rnaBe I lil3JiaraeTCH IJ8TBIJ8Tl1'leClillii annapaT 8.ll,ll11TllBHblX 

r8Ml1JII,TOHJ/l8HOB 1,1 Ha 11p1rnepe MO,llBJll>HOro raMJl!Jll,TOHll8Ha C IlOJIO

li(l,ITBJII,HUM B381ill.lO,llBllCTBJ/lBM ,llOli83aHa aclllJl1'.rOTlil'lBCR8H -6m130CTl, 

Y.1\BJII,HllX CBOdO,llHllX auepr1,1i1, Bhl'lllCJIHBMblX ,llJIH MO,1.\0JII,HO11 1,1 an

IlPOliC11Ml1pyrometi CJ/lCTeM. 

B § I IlPllBe,lleHU OCHOBHhle onpe,lleJIBHJ/IH ll cqiop1.1ynnpOB8Hll oc

HOBHL!e CBOiiCTBa 8,ll;I\J/ITl1BHLIX ramml>TOHllallOB • 

l1,ll;l\li!Tl1BHL1tl rarJllJII,TOHllaH onpe,llBJIHBTCH Hali TB!l3OPH8H CYMl.18 

r81J11JII,TOHJ/lanoB TIO;I\Cl1CTeM: 

.>r(!f) 
H=ETU= 

,M. 'J- . 
=TI0-rf + +0...A~TTtRJt/+ +@j~TT 

n1N-r'- •••• x-1...11. rzl( )v-1( • • • K-1 'I1..v, 
(I) 

r.11e :ti. -TOlK,llBC'TBB!IHUi,\ onepi:JTOP, ramiJII,TOH11aH J/j ,llBliCT-

BYBT B rJIIJII,6epTOBOM npocTpaHC'TBe ~- 11 rllJIL6epTOBO npocT-

paHCTBO COCTOHHllll CJ/ICTBMll flBJIHBTCH TeirnopHblM IlPOlil3BBl\0HlleM 

npOCTpaHCTB ~-

J.f 

ffie=@ !Je· 
J=f. 'J. (2) 

rau1,1n1>Ton1,1aH H .11eiicTBYeT Ha J{ - 'l8CTll'lHYIO l;QJIHOBYIO 

qiyHlil.lllIO, ll COOTBBTCTByromee CO6CTBBH!!Oe 3H8'lBHJ/le paBHO cylJMe 

co6CTBBHH1IX 3!18'l0Hllll O,llHO'l8CTlil'lllblX raMJ/IJil,TOHll8HOB H;. 
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Ji.JIH 1'8!.ll'iJ!l>TO!fll811OB Bli,ll8 (1) ,co.11epllmI11J1IX O;I\HO'l8CTli'llible 

cnJ1IHOBue onepaTopLI Sj , r.11e j - HOMep ysJia cm1,wno1, 1Jo

;l\eJI1,notl CllCTBMhl, cpe;I\Hee 3H8'l0Hlle llOJIHOl'O OllGPUTOpa 110 llOJUIO

MY raMllJil>TOHIJaHY paBHO cpe,llHeMy O'T ,O,lll!O'laCTV.'lHOro one_jJa'.i'Opa 

no O,llllO'l8CTlil'lHOMY raMl1JILTOHJ/l81IY: 

<S>H =<1;>Hj (3) 

J{ 

.s =1.. E@s-
JI j=t 'J 

- onepaTop llOJIHOl'O Hopw,1ponaHilOl'O 3,1.\eCI, 

C 1111118 , BCe 

pe,llBJIHBTCH 

Y3Jihl C'llilT8IOTCH ll;l\eHT11'lHb!MJII, a cpe71uee 3ll84Gllli'ie OJI-

O6hl'll!b!IA o6pa30M: -, < ... >. = Sp{. .. e ~ 
H S'pe~'¼. 

(4) 

r.11e 0 1meeT CMb!CJI T0MTICPUTYPb1, ELljJ8JiWHHO}i B aim r,rc T ,;qec-

lillX B,llllHJ/IU8X. 

B ,llUJII,Het11neM TBii3OpHb!C cyMwbl 6y;n,eu o603H8'l8TL 'TUK ii(C' !WK 

JI! O6bI'lHble • 

B § 2 113JiaraeTCl1 TeopeMa u.11.EoromoGona (:rn.) [::;] , ycTa

HUBJIJ/!BaromaH 8C11MDTOT1148CHJ1 'fO'lHOe peIJJeH11e ;I\JIH J(Jiacca /.1O,l\CJILIILIX 

raMIIJII,TOHJ/IUHOB C OT_[JJ/lU8TCJJI,HhIM nsa111.:O,i\CllC'fBJ/leM O6U1ero m,;n,a: 

e 

H='l'-tVJ:9~:I_J~ g .. ~o, cs) 
ot=i. 

npi1 3TOM ,llJ/llltll,Hl'lCCJ;i;e onepa'rOJ;b! ~ :z. He JWllliPCTl131!pyJOTCH, 

HO TpeCiyeTCfl BLIIlOJIHCHI-Ie CJJe;n,yIOI11J/IX YCJIOBJ/lli: 

T= T'; II :l//~.M1. IIT.Z-cZ11/~111, 
l//4:l_p-:j:t/j~f,IIJ/09-.}11/~:, 

(6) 

r;n,e -1. .!!: ol.~ e, i ~::s e, a Mt. 11 .M.2. - HeHoTopble liOH-

CTUHTLI Tipll v- 00 . 
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B aro11 lee naparprunc noKa:mHo, tiro ccpopuyirnpoaaHHan reope

ua He pacnpocrpaHHeTcH Ha cny11ai1 IT0J!0llCIITCJJhH0r0 B3alfM0.l{e~iCTBI1H, 

1rnr,lla napaMeTpu 9o1.<0. 
B § 3 l\OIW38Jla ac~'.MllT0Tl1tfCCH8H 3HB11!B8JICHTII0CT1, rairnJil>T0-

mrnua C ll0JIOJlUITCJil,IIIIIJ B3811MO;llelicTBl1CIJ 

e, ' 

H = 7:' + 2 VJ; 9~ :t:t/ (7) 
o(::f. 

11 a1mpo!iCl1Ml1pyIOU1ero rRM11Jlh'J'OlHWH3 

e * * 
J{,(c)= T +-2v£9o(( ~;z/,. ,.z- ,c,,) , · cs) 

ol=i. 

r;lle noJimKeHo.v 9<£ = / 9c1.[ , onepa•.ropu J'o1,. ~MeIOT cneu~1an1,11uli _ 

BHll :l_ :::~-j;; :lo&J, .i Yll0BJJeTBopHIOT ycJI0BI-IHM ( 6), a CL., (i~ ... 
, , • 

1 
c°'>, , , , Ce - l!Cli0T0pue H0IJITJieHCHhle tmcJia. Ilp11 3T0M pe

mae'rCH 38,l\8'!8 na a6COJIIOTIIL!M Mai:Ci11JYM ;llJJH CBO00,lll!0h a11epr11111 

Jv{Jlcc}= 77/lX fv{H,,{cj/ H ITOlla38110,tfT0 l,=< ;/,~ . 
~ - Il,/4 

3,1\eCl, BBC)\CH0 06l1lenp11hHT0e 060311aqe1111e ,llJJH YllCJILH0H CB0-

60.l{IIOH 3Heprm1 Cl1CTC!Jhl C np0l-l3BQJJl,llblM raMl-lJihT0Hl161!0M I' : 

fvlIJ =-/ens, e -~. (9) 

ila 0CH0Be 8,l\;llllTl1BH0CTll annpoKC11MlljJJIOII\Cro raMl1JihT0Hl16H6 

(8) Il0JJY'!Cllhl npe,I\CJJJ,Hble C00TH0lllCH!lll_ ,llJIH CBO00.l{llh!X 3Heprutt B 

CJIBllYIOII\CI~ Bl-l.l{e: 

O ~ fv{Hj-}v{Hacc?}~ const•J{-~ (IO) 

8 

Ti,; • 

't' 

~ 

"' 

i.\ilH npocT0TII noJI0lKl1lJ 3,lleci, i1 ;llaJiee, tiT0 V = )/. 

Bo BT0P0V. rmrne pacc:MaTpHB6IOTCH CIUJil0Bhle 11 MarmlTl!bJC 11 

M0,lleJJ.i H3vmra .i I'etlae116epra, co,lleplKa1l111e ;llaJJhH0.l\eii.cTBYIOlllee 

B3811M0,1(etlcTBUe Meli!,lly Cll11118Ml1. 

B § I HCCJIC;ll0B811hl 6CMMl1T0T1-Itfec1me CB0liCTBa M0i:(CJ!ll Ha1-wra, 

npe,llCT8BJIHIOlllCll co6oi\ 0,lll!0MepHyIO l.(CII0tf!IY C0· B38i1!JO.l{elfoTBIJeM 

/JClil.l{y 0Jll1JK8lllll11Ml1 C0Ce;llHM11, Ha IWT0poe 116JI0lKCH0 Il0JJ0El-!TCJJI,ll0e 

,ll8JJJ,H0,llei'1cTBl-1e. 

;,!0,llCJIJ, C0CTmlT 1-13 tfCTHoro tfJ,JCJJa J/ t{6CTl'lll co CUHH0M ½ 
1-l 0ill1ClJB6eTCH ra1H1JihT0ll1!8l!0M: 

X .N' J{ .Iv 

H == -A{ .s:/ + :f Es./{;~ + ,! E );is/ .. f; , 11> 
J-i.. o1=1 _vvd~f.rJ:f. 

9 -na-i\eTI0'IK8 npe;llIT0JiaraeTCH 38MHIIY'r0ti: s:+! = s: , 
paueTp 6JJ113HO;llei10TBl-lH, / > 0 - napaMeTp .1{8JihH0;l\eLcrB1rn, 

Ii - BHClllHee MarHMTII0e II0Jie. 

rro oClmel1 MeT0;l\11Ke raMUJlhT0Hl1aH ( lI) pa3Cll1BiieTC/J Ha 

arrnpOiiCllMl-lJJYIOil\1111 H,, (C) 11 0CT&•r0'IHbll1 ~ {c) rawrnLT0ll11-

am,1: .# 

llo{c) = -J/hcS+1E,s,~.z
1
-XIc.z 

r:l=:L d .,+ J 

1-fi r c) = 1-1- J-l, {cJ = JI I {s-cJ\ (12) 

.N 

r,l\e S = !.. E S-2 , h.c =h - 2.J C, a napa1JeTp C BLI6V.JJUCTCfl, 

JIJ=i. J { .,] 
KaK 1-1 B npe.zlLl.llYil\eH rJiaBe, 1-13 y~JI0B11H Maucm,yMa J;., J-1,,{t:!J 
I,! IlJ.HlB0,ll11T K ypaBHCl!l1IO CaM0C0rllaC0Bailllfl C =< S > • 

11.(c) 
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,i.J,OI:U3UH8 ac,·l.l,iTOTWieCKaH Ci]Ul3OCTI> y;nem,11ux CBOCiO;l(HblX 3Hep

r11il Mo;l\eJII,HOii ll arrnpOIWl!IJJ,jj.lyIOIJle}i CHCTeM, np11qeM ouemta llMeeT 

B11A ( 10)' ll OTJJeqeao, qTo B TepMO;lllllial,mqecKOM npe;ne11e npll OT

cyTCTBIH1 Bllenmero MarHllTHOro IlO1!H IlO1!OllllTe1!I,HO8 ;nam,11o;ne1iCTBll8 

HCCYIJleCTBeHHO, a llPll Ha1Illqll11 IlO1lll npHBO;llHT K pa:maranqnBaHmo 

ucnoq1rn. 

Bo BTOPOI.! naparpwpe CtpOpl.lym1poBaH npllHI.\Hil MllHllMaKca 

11.ii.EOI'01!IOOOBa(1m.) ;l\1!H ram11II>TOH1laHOB OOIJlero Bll;na, BK1IIOqa10-

11lllX O,llHOBpell!ellllO q11eHU C llO1!OiirnTe1!I,HllM ll OTPJ,jl.\aTC1!bHblM D3all

lJO;i!eUcTBIICM: 

l:' + .J<rS + 
H = r +x EE 9o('((~~w-J1L £ ~~t/l)t/J, 

ol.=J. (i) o(=/'+J. <•> . 
(13) 

( /jo1. > 0, ot. = {2~ .... J 1:4+.S; i =1.,2, ... ,n..) • 

IIOKU;JWIO, 'ITO l'Ut.:IIJ!b'romrnuu, co.ueplKUIJll!C 1rna,1(PaT,l'lllhIC r_pop

Mbl OlhJpU11Oj.lOD, y,llOBJJeTBOJjHlillJlllX YC1IOB11HM (6), llpViDO;llflTCH 1!llr!el!

HW.! npeoCiva3OB6i!l'IC/J H ruiJl'iJ!bTOHllallaM Bll.1\8 (13) ll ]\OIIYCIWIOT 

aClllJllTOTll'lCCim TO'lHOe pelliC!HlC ll :Bll~e ypaBHCllllH caMOCO1JiaCOB3-

Hllfl, r;ne ycpe;nHCHIIC 6epeTCil llO Ullll!JOHCl1lJl1j.lYIOll\CMY raMllJ!bTOHlla

HY 
I 

Bblpm1ceHHO:JY 'lej.lC3 nepllOH6'l8Jib!lblC onepuTopu. llp,i 3TO!J Ha 

KOHCT8l!Tbl fJ.ol l!clllJia,llUBae•.rcn YC1IOBl1C, OTp8li(alOll\CC H6Jlll'll!C B 

CllCTCMC ;na1II,HO;l\CiiCTBYKll!ICrO B3811MO;llei1cTBllH. 

B § 3 B IW'lCCTBC npmwpa paccMOTpeua rei13eHCieprOBCK8H 

1JO;ne111> ;nByxno;npe111eToquoro qieppoMaraeTHKa c ra:J11JI1>TOH11aao1.1 

c11e;ny10mero Bll;na: 

10 

A 
l 

, .. , 
I 
i 

' _., _.,.. . -+-+-

JI =-E1th,-1--JE1(f,1J~1 
✓ f.J . 

(14) 

3;necl> J, 9 = i,2.. • :s; ll ~ ecTI> onepaTOJJU llOJIJILIX CilllhOE 

nepnoii l~ BTOpoj,j IlO;ll!)CllleTOK, )A.1 - 1JarHJ1THL1e IJOMCHTLl 8TOMOB 

copTa j .-' [ ( J,9) - o6Mettuble llHTerpa11bl MeJK;ny y3nmm no;npe

llleToK, Ji - BHelllttee Mar1rnTHoe no11e. 

AnnpOHCllMllPYIOll\11» H OCT8TQqHbltl raMllJil>TOHllUHbl BLl(J;lfJ6IOTCH B 

Bll;lle 

r;ne -c.:f 

H, =-E~S: + jE 1r1,sJC:S, 
.I J,3 , . (15) 

I~ -+ ;;t ·- -H = - z L J(J,g){J-'-J){S - C) 
f. ;J,3 J J' 

r = JA;h + E f {f.g)C. JiJ8IliiCHl!iH caMOCOl'JIUCODUllHH 
J J .! 

= < s; > np11EO.I\HT B 3TOJ.: cnyqae ll 1131.iCC'rdl.llJ Yl'aB
Ho 

HClll-i!l!J MOJ!CHYJIHj.lHOl'O IIOJ!fl ;l\1!H napu11aJibi!b!X 1ralJU1'1liiqeHtlOCTdi: 

Gj =th{~fJ, 
-t, _., --,. ___.., 

~=JA1hJj + 9.J1{o)u; +4!{o)°J "{Jl; :i .f~g. 
(16) 

Be1111qHHL1 4J{o) npe,llCT8B1!HIOT co6oi1 cyMMbl O611e!IHb!X llh'.rerpa-

1IOB no Y3JI8M COOTBCTC'.rByIOll\11X . no;npellleTOK, fJ - e;llllHll'lllhlil 

•,. 11 



lle1nop, oupe,u,ellHIJll\lll. Ha11paBne111ie • OCll RBaH·roBaHl1fl ll IiLldpaHHlJtl 

·ramm o6pU30l,;' 'lT06LJ OIi COB11a.11an C BeRTOPOM HaMarHH'leHdOCTll 

11O,11perneTRll J , J - Bemrq1ma, oCipaTHaH TeJ.mepaType. 

Kai, ll3BeCTHO, raMllllliTOHllaHLl il3HHra Vi reimett6eprn c 11apllblM 

B3a11;.10,ZielicTBllClA CllylimT lllllllli 11epB1,!M 11p116nl'll:\CHllCM 'AllH om1ca!ll1H 

CBohc·rB peaniiHblX MarHeTl1HOB. cf,1rn111Jec1rn ecTeCTBCl!llbIM 11pe,11c:raBll.fl

CTC.fl noHnJJettne n o6meu 11MarttllTHOM 11 rmrnniiTOHMaue cnaraei.1blx 

C 'lCTLipblJH, lliCCTI,IO 11 ·1·.11. Clll11IOBbJMl1 O11epa•.roparrn. llp11 O11pe-

,l(CJICHHUX npe,l\!IOJIOliWJ!l1HX 06 OUMeHllb!X l1UTerpanax Tairne WJOl'O

Clll11lCJBL1e B38iH:O,l\CiicTB!rn OllllCb!BaJOTC.fl rm.HIJII,TOHllattaMll HlI8CTep

HOro T1ma: 

.?! j{ 

;;t( = 7hJ{s-x E --~II; s ~ s = 1-E s~ 
· lf,=1 ,2n,,, .NJ:i d 

(17) 

:,3y1Jel!HJO CBOMCTB 110,llOUHb!X MO,ZleJ1efa IIOCBHll\CHLl TPCTI,H 11 

'lCTilep:raB rnaBLl ,ZIHCcepTa~ll11. 

.i:l § I l'll8Bbl Ll ,ZIJIH MO,Zl{}Jll:,IIOH CllCTCMLI C raimnbTOHl18llOM 

( 17) CTPO11TCH allllPOHCll!.ll1PYIOll\8fl MO,ZICJlli IlyTeM BBe;'(CHl1!1 39,JtVCHTllB

llOrO non.fl hflff• , xapa1,Tep11syromero Bsa111rn,11eilcTBl'le RaHoro

n116O Cllllna CO BCCM OCT8JlbllblM ROJllICHTl1BOM Cill'lHOB B R3lA,ZIOM 'llIC

He RlI8CTepuoro Bamrno,11ei1crn11tt.C y'leTO!J IIOJJHOti !1,ZleHTll'lHOCTII 

Bcex cmwon anupoHCllMllPYIOll\ll.H r8MlillbTOHH8ll llMCeT Bl1,ZI 

12 

. X 1 

JI = - h xs -N} :;;"' c:l,tz, 
o 9 ff· L ., . , 

. n=:L ;(,fl, 

(18) 

r,11e ~: == ~ - 2n.7.tl1-
:1( .2a-i 

, h.3.,,, =_J,lil + E ~,._ C . 

Oul.!ellllLle HOHCT8HTbl ~ti, ll 

ll=i -
(17) 11 (18) upe,11nonara1o·rcJI orpam1-

qe1mmrn no MOAYJIIO ueiw.ropoti Bem11J1rnoi-i I ..C:: 00 • flaJ)arJeTp 

C =< ,S >ii. O11pe,11entteTCfl 118 ycnoBll.fl L!l1ill1MyMa pasttoCTl1 cB06O,11Hux 

3Hepr11t MO,ZlelliiHOll j,j a11i1pOHCl11,!llpy10meiii Cl1CTCM • 

Y411Tblll8H ( 17) Ii (18)' OCT8TO'lHbli-i ra!JllllbTOHl1311 HOJKHO ::m:rn

caTb B CRCAYIOll\eM BH.D;e: 

:J( 

H \ :t, { .1.,,, J.n-f. !-"} = -JI L, 2!!: S - 2riSC +(2n-i)(. J= 
1 ll=f. 2,n,, . 

(19) 

:I<. 

= -J.f [$- cfE, a,tJZ,{.s;cJ, 
r,11e "= t. 

,, .'1 f .111-2 :l.n-3 .t Jn-lt .1) J.rz.•.Z) a2,.,{.S,C;= ..2:"' tS +.2CS +3CS + ... +(.<,n-i_;C .J. 

B § 2 IIOJiyqeHa oueuHa pa3HOCTl1 Y.ZICJ!bHblX CBO6O.ZlrlLlX aueprJ·iii 

MO,lleJII,HOil 11 an11poliClll.ll'iJJY!Oll\eU Ci1CTCM; 

b.N(~&) ~ _a.< ($-<S>l~, a.= 1f<.. (20) 
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::J;L\eCb o6o3ttaqeno ~{h., B)=/.£,[HJ-£[1{//, IlPl1 BhlBO;L\e nc-

1!OJlh3Jl\JTCH orpau11qeHHOC'l'b 061JOHHbJX IWHCT8HT ll orpaH11l!eHHOCTb 

no rlOpMe cmIiiOBb!X oneparopoB: l<S >I ~ // .S // ~ J. . 
TepMo;L1,mai-.mqec1rne cpe;L\Hee,cToHmee B npaBoli .l!aCT11 nepirneH

c·rBa (20)' Bhli,aJ:taeTCH ;L\aJree qepe3 l1POl13BO;L\Hhle CB06O;L\HO!1 SHep

r1111 TIO l!OJIIO: 

-< { 8 - <. $ > J"> = 

__ _ I_ c)';£: {- _j_ d:¾, }:l
- (foV):r oh," + 

3 JJ.)( ~Ii 3/ , 
(21) 

r,l(e IIep,we c.rruraeMue COOTBO'l'C'rByeT HYMYJIHHTHO;Jy cpe;L\lleMy OT 

onopa·ropon dj" = 1:.C. - <. ~"> , le= 1., 2.,3, 4, a BTopoe -

•.rpou pa3Jll'illl!WJ 1rnM61mau11mJ cnap11aau11i1 OIItpu•.ropoB L!lj,I(, . 
H § 3 pa3BIIJB88TCH klOTOA llOCJieAODU i'OJJbHOro l'll!Terpuponumrn 

HepUBOHCTBU (20) TIO h,, HU OTpU3KO IlpO.i3BOJlbHOh ;:\Jil'lllhl e > 0 • 

Pa3611JBafl MHOJKeCTBO BCOX h, €(- oo, 00) ua l'IHTepBaJibl BlmyH

JIOCTl'I ll BOrHyTOCTl1 BTO;.iOli npovl3BO;:\i1Oi-i CBOOO,llHOLi 3Hepr1rn TIO 

IlOJIIO, IIOJiyl!aeM 1'13 {20) PUBHOMCJJHYIO !IO ~ ouem;y ,i.\JIH pa3HO-

CT a y.neJJbHhlX CBO6O.I4Hl1X 3Heprni!: 

s (1,,, &) ~ .2..ai/3' -t- .2.aff + f 2 e. 
p ' µe (jJ1eJ½ 

(22) 

B pe3yJI:&T8Te IJ11Hl1Ml13all,11}] (22) no IlPOll3BOJibHOMY uupaMe•rpy 

e • ll!J88M OHOHl!aTeJibHO aC,'l!lllTO'rJ1qeci;y10 Oll,Ol!Ry TIO .)/ B 

CJIO;L\YIOII\8M_Bl1;L\e: 

/ J.>1{HJ -L{H}/ ~ const•Jf-~ (23) 

14 

Attanor11l!Han oIJ,enHa nonyqeHa B pa6oTe [9] B cnyl!ae ra1JnJI:&

TOHna11a C napH!lM B3811MO;L\OHCTBl1e!J. 

.ztanee IlOHa3IIBaeTCH' l!TO Bile Hpi1Tlll!6CHOH TOl!HH /z; = 0 

T.e. 11a HHTepBaJiax {-oo,-8) n {S, .oo) , d>O ,rAe BTopaH 

JI -J. 
npOl13BO;L\!laH orpaHnl!eHa, OIJ,eHHY (23) MO~HO YJIYllilll1Tb AO • 

TaHHM o6pa3OM, ;L\OHa3aHa T6PMO;L\l1HaMffqec1rnH 3HBHBaJieHTHOCTL 

MO;L\OJ!bHOH l1 annpOHC11Ml1PYIOII\6ll CllCTeM. 

B § 4 llCCJie;L\OBaHa BO3MOlKHOCTb YJIYll!!!OHllH IlOJiyl!erlilOii Oll,CH-

HH B caMoli HJJl'ITHl!ec1rnli TOl!He, Hor,na /,_ = 0, 0 = Be . 
8TOT BOnpoc ll3yl!eH ;L\JIH Cll6ll,113JlbHOro Bn,na HJiacTepHNX raMHJ!bTO

HHaHOB: 

1' . 

:Jf = -J-<hJ/s -JI}; .l;_t ,s2". 
k•i. (.z'J . 

{24) 

Ilpn vemenHH TaHoro Hpyra sa;L\al! 6un npHBJiel!eH MeTOA nepeBana, 

Il03BOJ!l1Billl1il B cnyqae p.: 1 nonyl!V.Tb BCJOAY ,HPOMO HPl1T11ll6CHOll 
-J. 

TOlllrn, oueHHY .N , a B TOl!He Ii =-0., B = Be - cMeHy ac1:1m-

TOTHHH Ha et;/' • 
B TIHTOM naparpawe o6cyzmaeTCH ,11pyroH cnoco6 Bu6opa annpoH

c;..IMHJJYIO!llero ra1.1ttJibTOHl1aHa ;L\JIH paccMaTjJl1BaelJOll MO;L\8Jil'I. ITolia-

3aHa acHMTITOTlll!6Cli3H 3HBl!BaJieHTHOCTb HJiaCTepHoro ra1rnJI:&TOIIJ1a-

Ha (17) B cnyqae :IC=3 H annpottc,:ul'lpy1011\ero ra1J11JI:&TOHHaHa, 

B Hal!eCTBe HOTOporo BU6paH Tal<JKe HJI8CT8PHblH raMHJ!bTOHHaH cne

~11aJI:&Horo BHAa (24) npH f' = 2, 

B rnaBe IY l1POB6;L\6HO 11CCJI6;L\OBaHH6 ypaBHOHHH caMocornacoBa-

HHH C =-< S >H. , HOTopoe npe,ncTaBJIHeT mHpOHHe BO3MOJK-
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HOCTl1 ;l(Jlfl MO;l(8Jil1POB8Hl1H qrnam1ec1rnx CBOilCTB MarHHTHUX Cl1CTeM. 

B § l ypaBHCHUe C8MOCOrJiaCOB8Hl1H pacc:ua•rp11BaeTCH B CJiyqae 

npouaBoJihHoro X 

:I{. 

er= ti jJ{)lk +,l; 4~ u211J. {25) 

3;nec1, ~ mJeeT CMUCJI cpe;nHeli y;neJihHOli Hauarm1qeHHOCTl1 Ha 

o;n11u yaeJI 11p11cTaJim1qecRoli pemeTirn. 

Ha rrepBOM 3Tane l1CCJI8;l(OB8HV.H !IOJiaraeTCH 

HaXO;l(l1TCfi q11cJio pemeHl1Il ypaBH8Hl1H 

~ 21,-J. 
~-1 (a-)= E~ILG"' ::: .fl~thrs, 

fl:>i. 

B=J. h=O , 

{26) 

3RBV.B8JI8HTHoro ypaBH8H11IO {25) • .l!OH838HO, qTo STO ypaBH8Hl1e 

11 

MOlK8T l1M8Th Ha npoueJKyTRe [ 0, J.) JIJ06oe q11cJio ;nei!CTBl1T8Jlh-

HUX !WpHeli ;no ;IC+ i. BRJlloqv.T8JlhHO. 

Bo BTOPOM 11 TpeTheM rraparpaqiax 6oJiee no;npo6Ho pacc:uoTpeua 

:uo;nem,_ c "qeTBepHu:u" Baa.rr.Mo;neiicTB11eu ( X=2) . 0TMeT.rr.u, qTo 

HenOTopue BblBO;l(ll O CBOllCTBax T8ROH MO;l(8Jll1 c;neJiaHU B pa60Te[10]. 

§ 2 lIOCBH:ll6H l1CCJI8;llOBaHl1IO OOJI8CTe11 l13M8H8Hl1H o6ueHHUX 11apa1JeT

poB, peaJil13YIOl1(11X P83Jil1qHoe q11cJIO ROPHeii ypaBH8Hl1H caMOCOrJiaco

BaHlrn • ITpn 3TOM ,D;JIS'I HarJI/1,D;HOCTll 11CIIOJih3yeTC/I cpa30Ba/l IlJIOCKOCTh 

11apa1JeTpoB 4 , -7.; . ITpe;ziJiaraeTcH reoMeTp11q_ec1rnii c11oco6 Ha-

xoJK;zieH11H HaMarH11qeH,iOCTeil ~ , ~ , HBJIHIOll(l1XCH HeTpl1B};,aJII,

HUMl1 pemeHl1HMl1 ypaBH8Hl1H {26), ;l(JIH ROHRpeTHUX 3HaqeHl1il 06MeH

HblX ROHCT8HT. 

3aTeM B ypaBH8Hl1e {26) BBO;l(l1TCH Te1mepaTypa 0 11 IIORa-

3blBaeTCH, Ran MeHH8TCH q11cJio !<OpHeii ypaBH8H11H C 113MeHeH11eu 

T6M!IepaTypu Ha \IJ8?0BOil IIJIOCROCTII • 

16: 

B § 3 11CCJI8.1lYIOTCfl rpaqiURl1 aamlCllMOCTl1 HaMarHHtleHllOCTll 

11 Bocnp11m,q11BOCTU OT Te:unepaTypu ;llJIH paaJI11q;mx o6Jiac•reli 11aMe

ttei111n OOM6H!!UX napaMCTPOB. I1mrnaa110, ✓qTo npu paam,qHbIX COOTHO

lll6HllflX MCll;lly :l.z,, ~ B03MOl.tllbl Ra!( qJ830Bhle nepexo;nbl l po-

;na, Tali u qiasOBblC 11epexo;nu IT po;i;a. Kpoue Toro, ua rpau11ue, 

pas;zieJIHIOll(eil 00]!8CTl'l C qJ830BblMl1 nepexo;zia1.rn 1 11 II po;zia, MC11H6TCH 

RPl1Tl1qecK11h fl01i838T8Jlh B TQqRe K10p11. 

B pe3yJII,T8TC BCH lI1IOCROCTh (~J -4) ;ll81!11TCfl 118 001IaCTl1, 

ROTOpue OTBeqaIOT napa- U ~ieppoMarHUTIIb!M COCTOHII11HM paccMaTpll

naeuoii MO;ll6Jil1, np11qeM ~830Bble nepCXO;llbl II PO.Ila 11UCIOT lJ8CTO RaH 

,1lJIH H8Cbll1(6HHOro, Tali 11 ,1lJIH H8H8Cbll1(6lfl!Oro ([leppOM8rHeTvllia. 

j'(aJree f!OR83UIIO, qTQ npll ipa30BOIJ nepexo;zie l 1)0,1\8 paspyll!Clll1C 

qie p,µ0111arH11THoro y nopH.zioqe1111H conponmi.ziaeTCH clia qRoM, uoueqHuM 

no B8JI1lq1rne, lie TOJihRO 11aMarm1qeHHOCTll, HO 11 nocnp1111Mql1BOCTI1, 

COOTBeTCTBYIDll(ett B OHPCCTHOCTll TOqR11 qiasonoro nepexo'Aa,pa3]!11q

lIUM COCTOHHl1HM MO;ll81IhlIOti Cl1CT6Mbl. 

B qeTBeptoM naparpaqie o6cyiK;ziaeTCH nonpoc o wnswrnci;oi1 

a;zieRBaTHOCTU on11ca1111H CBOliCTB pea1IhllhlX MarueTl'iHOB C llOMOll(I,IO 

RJiaCTepuoii MO;ll8Jil1. 

B 3aKJil)qeHl1ll 1repeq11cJiellbl OCIIOBIIble posy JlhTaThl' noJiyqeHUhle 

B ;zi11ccepTau1111, l1 c;zieJiaHU 118HOTOphle BblBO;llLI O nyTHX ;ll8JlhHei1rnero 

11CflOJih30BaHHfl np!1M8HHCMUX .MeTO;zJ;OB. 

OcHOBUUe pesyJihTaTU ,llllCCCJ)TaU11H ;llO!Wa,l(LIB8Jil1CI, Ha cewma

pax JIT_rI> Oi!iRl1, oT;zieJia cTaTUCTllqeclioi1 uexaumnr ;:J,il,.i CCCP 

llM.B.A.CT8R1IOBa, lia!J!8;l(pbl RBalITOBOfi CTa·rllCTmrn ,,!rY, ce1.a1ttape 

HHCT11TyTa q>H3HKH All 8CCP (TapTy, 1975), Ha Yil f,;ei:i,lJ,yilapo;zi;Ho:,r 

Cl1Mll0311YM8 no rrpo611eMaM MarHeTH3M8 11 pacceHml!O ueiiTPOHOB 

(raycc11r, r.nP, 1975), Ha Y padoqe11. coBeU1a111m no craTv.crnqecKot: 

qll1311Re {JlhBOB, 1975) 11 ony61Il1HOBallbl B C1!8;llYIOU111X paooTax: 

C .c .JianymRHH ,B. ri. IlJie•mo. Ilpenp11HT l!TrI>-73-I49P, K110B, 1973 
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C.C.Jlanyunnrn. Cooomem!H OlllHLl, P4-7738,)'.ly6Ha, 1974 

C .c .Jlauyunnrn.Coo6l1lem1H Ol/lRIII, P4-8508, J(youa, 1974 

c.C.Jlanylll!H1h. Coo6mem!H Oi'!Hltl, PI7-8820, )'.\y6Ha, 1975 

c.C.Jlanyunurn.Coo6llleirnH OIMlH, PI7-9I06, J(yoHa, 1975 

f.S,Lapushkin 1B,V.Moshchinsky, V,K.Fedyanin. 
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