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I. Xa~KTe2.!@:.!!-~~L~~Me!.!. 

B '3TO~ pacor e npo ao aaa er c n noc r po eu ae oOmott r ao pua reTepCJÍla3Hhlx 

cacr eu , pe aaasa euoa as r o poa , ti na er c a peueune npHHI.\lHHfaJIhllblX uon po coa 

OdocHoBaHHH r e opa a .rr.JIR rtpoaauo ns asx CM!:lCe'!. nO,ll rOTotJo~~I\L1Mi1 nOHHMa

UTCíl cacr eus , B KOTOpblX q>JlYKtyaUVloIIHblM oOpa30M DOJIIHKnllT 38po.rr.h1nnl o.a

HoR q>a3b1 B ~Pyro~. B03HV!~HYB, 3TVI 3apo,llhllUVI MBHRDt COOll ~OPMY, nepe

M8maiJTCR B npocr pau cr s e VI, aaxcueu , v\C4eJUDT. OmlCnlHtB ax ,llHHaMVlKH 

npe.acra anaer co ooa Qpe3Bbl Lw"HO CJIOlrllYlJ rrp06JI8MY ti MOllOT OblTb npos e

.aeao c noacusn tPeHoMeHOJIOrXQeCKI1X ypal3Hel!H~ lI-LI! ilJIH CHJIbllO or pyc
JIeHHblX KVlHeTWieCKl1X ypn.Bllelj\Jl~ npa VlCnOJIh30BaHl-m JIOI(/\nbHO-pl1BHOBeCHoro 

npvrOJIl1:1eHHR /5/. MeTo.n:bl MaUH1HHOrO MO.n.BJIVlpOBaH~ut /6/ OIta3aJlVlCb 04 ens 

nOJIe3HblMV! MR VlCCJIe.rr.OB aJHfR KHHeT ~KH re TepcxPa311b1X ~lnYltTYBUtiR. TaK, 

UeTO.n. MOJIeKYJIílpHO~ JU1HaMV!K~ HarJIR.rr.HO VlJIJIIlC'tp.tiPSeT :JapOlr,llelltie H nepe

MemelH1e TBepÃO - l-f J:H.rr.KOnO,i.lOÓlllH KJlllCTepOB 17, / D.ItnnR OI 'I04KM nJIaB

JIeHHR. CyueCTBOBaHHe .rr.BYXctJa3HOtl CMeC11 D M O,ItOJIR PO'8T oun oro ra aa MO

:teT dblTh oOHapyxeHo c nOMOtnhD MeTo.n.a MO/lTI3-Kapno CJ/ • C MaTeMaT~lle
CItoR TOllK11 3peHYfR r e r e poóaanue 3apo.rr.b1U1V1 nHElnOn141lLl 1I0CTc.O~nbHbIM 

/ 10
COJI11TOHaM (KBa3V1COJIVlTOIJaM), .rr.BI1J:eH~e ltoTOp:.! x 11JY4nOTCll 411cneHHo / . 

I'er e poóa anae 4JJIYKTyall,11Yf lIa6JIll.n.aDTcíI B MHor04ncnOllllblX 3KCnepHMeH

rax, Hanpauep, c nouous o n.n.epHoro MElrUVlTlIOro peacnanca n uéccoayapoa

CKOÜ crr8Kil:0CKOIIIDI: oOHélpymmaroTcH UPO!tpHc'raJIJU1::lD1.U'foIUIHO IUI8cTephI B 

DlJU\OC TH 11. Cymecr BOBaH 118 Jt11,lUtUIIO.rr.OO IIb1X reT ep~n3"b1X c1JnYKTyaUl1A 

B r aepaux aMOp:PHhlX CnJIaBaX npOflBJIJl8TCJl B yneJI1.140IlVll-1 lto~CWl11uV!ellTOB 

.lJ.wNY 311" aa 5-6 no pR.rr.KOB no cpa an 811110 c 11X 311BliOlll1JU4H ,ItJIJl 'I ex se Be

meCTB B KpHCTaJIJIMqeCKYfX aHaJIOraX /121 • C nOMOmbll SlAepHoro rawua-pe

30HaHca B HVlKeJIe ripa r eun e parype e DbIllI8 r041t11 1\IlP11 @c. lIa6JIll,n;aDT

CiI xnac r eps cnl1HOB c JIHHeAHb1MH pa.3Mepa..MH nopnnxa 200 A H H6Marn114eU

HOCJ,hID, COCraBJIHDme" 24% OT HaMarHHlleHHOCTVI npn HyneBoR I8unepary
113/ I 

pe 
B KBaHTOBLlX KpHClaJIJIaX npvr onpe.n.eJIeHHblX ycnoBvrRx ÃeJIOKaJI113aU11Jl 

BaKaHCa0 MoxeT conpoBoxÃaThcíl JIOKaJIhHbIM q>a30Bhlu paCCJIOeij11eM H oOpa

30BElHHeM oo m CTe~, c BOoOÃHhlX OT npmJ ec eA 114/ • OTMe THM, o ana ao , 4ro 

reTepo~3Hble tPJIYKTyaUHH c KOHeQHblM BpeMeHeM XM3HH HaÃO OTnHllaTh OT 

re r e por enaux KJIaCTepOB, L1MelJtn~X o écxoa esuoe BpeMR D13HH 11 cyuecr

BYDtnl1X B TaK Ha3h1BaeMblX CHCTeMax c 3aMOpOlB:eHHblM Oecnopil~KoM. ilpKMe

pOM nOCJIeJUlVlX CJIymT cuau o sue /151 VI '1lepPo3'JIeKTpvr4ecK11e CT8KJIa /16/, 
a raKxe ~pyrVle C11CTeMbI c ~11KcVlpoBaHHblM pacnpe.n.eJIeHHeM ynopSlÃ04eHHblx 

K.JIaCTepOB B neynopa.aovenuoa xar paue /17/ . B aaaopoxeaaax- C11CTeMax 

·":1 I 2 

BpeMH peJIaKCaUHH KOH~HrypaUHoHHoro decnopR,n;Ka ropa3~0 dOJIhille ~JIV!Ter.h-

HOCTH npoBe.n.eHHH 3KcnepHMeHTa L G1p • IT03TOMY ~Ra TUKMX cacreM CHaqB

na onpe~eRílDT CBOOOÃHY~ 3HeprHD np11 ~HKCHpOBaHHOn KOH~MrypaUHH Oecno

pilÃKa, a nOTOM Han.n.eHHYD CBodo,n;HYD 3HeprHD ycpe~HRIDr no ÃonYCTHMblM 

KOH~HrypaUHRM /18/ • B cny4ae xe HHTepecy~mHx Hac reTepo~3HblX CHCI 
TeM cHTyaUHH HHBR - BpeMR JUi3H11 re repoçaaaux 4JnYKTyaU11" '1t r opaa-

ÃO MeHhille BpeMeHH 3KcnepHMeHTa. HanpHMep, BpeMH XH3HH MarHMIHblX KRacrI	 
TapOB B napaMarHeTHKe, H3MepeHHoe KYMe~WMHblM H MBaHOBblM 113/ , BOJIH3H 

KpMIH'-leCKO~ TOliKH paBHO íf = ( 4,2/ E.) 10-12 
c, rze E::: 6) - Se 

@ . 
c 

ECJIM npeMR npOBeÃeHHR 3KCnepHMeHTa ropa3Ao OOJIbille BpeWeHH %113

HH ~JIYKTyaUH~, TO HeB03MOXHO npOCJIe~HTh 3a HX KHHeTHKO~, XOTR caMO MX 

npHCYTCTBHe B CHCTeMe oOH3aTeJIbHO BJIHReT Ha H3MepHeMble BeJIH4MHbl. 3ro 

BnHRHH8 6blBaeT ocoOeHHO 3aMeTHblM, KorAa CMCTeMa nOÃBepraeTcR B03~e"cT

BHD BHeillHHX nOJIen. TaR, BOJIH3H MarHHTHoro ~a30Boro nepexo~a, HHÃY

uaposanuor-o MOll\HOn OnTHqeCKOn HBKallKO~, cnesrps OnTHqeCKOrO nOrJIOll{eHHH 

Eu (r-03 ~K8.3b1BaDT na H8.JIH411e .Imyx ~a3, HeM8.rH11THO" H aHTH<IleppoMar-

HHIHOR /19- 1/ • B OOJIYllaeMoM caepxrrpoBoAHHKe MorYI cocYll\eCTBOB8.Th 

HOPM8.JIhH8.R H CBepxnpOBOÃRll\ail KounOHeHTbI /22/ • B. npouecce CTORKHOBe

HMS dHcrpblx HOHOB ropH~aH H~epHaR MBrepHR paccnaHBaercR Ha~El.3bl, 

COCTOilll\He 113 pa3nH4HblX HYKnOHHblX KOMnJIeKCOB /23/ • ITpH BblcoK03HepreTH

qeCKOM pacceanaa 8.ÃPOHOB B03MOXHO nOIlBJIeHHe COCT ORHHR, RBJUIDil.\erOCíI 

cueChD a,n;pOHHoro ra3a H KBapK-rnDOHHoR nna3MbI /24,25/ • 
nnH roro, 4TOOH B03H11RaDll\11K sapo~b1rn MOXHO Oblno H~eHTH~KUHpOBarh 

MueHHO C 3apOÃhlweM A~ro~ ~3U, HeoOxo.n.HMO, qTOO~ apeMH ero ~H3HH dbl~O 

ropa3~O OOJIhille BpeMeH11 YCTaHOBJIeHHH JIOKanhHoro paBHOBeCHH ~~ • Ta

KHY. oOpa30M, BpeMH ][H3HYJ rer epoéaaaax I1lJIYKTyaUH~ ,n;OJIDJO Y)l.OBJIeTBOpHTb 
~ ~ co

Hepa.BeHCTB8.M l.{oc« 'Li « ~a • .unR OueHKl-i YR8.3aHHblX BenKqHH BCnOy.lIHM, 
26/KaKaH xapaKTepH8.H WKB.JIB. Bp~y.eH HMeeTCH B ,Il.HHEl.MH40CRHX cHcreuaxl . 

HalUl.eHbm11U aanser cs BpeMH CTonKHoaeHHH er;nf =(J / 'V' , B KOTOpOM 6' 
~eKTHBHan AnHHa B3aHMD,Il.e~cTB*R, ~ - Cpe,ll.HRR cKopocrb 4aCTHU. 

~HrepBaJI ( O '~nt ) coorBeTcTByeT ,Il.HHB.y.H4ecKOn cTa~KH, Kor~a MHoro

qaCTKQHY& KüppeJIRUVlOHHlie <PYHKUH1-1 H6 CHHXpOHH3HpoBaHbI MeE)l.y co coa, 

Ilepsoa OT Lirrt ~o l~tJC.= À/1t , r.n.e i\ -AnHHa cB060AHoro npocera , 

HB.3~BaeTcH KHHeTH4ecKHu; KOrAa B~CillHe Koppennropli npe~CraBHMH KaR 

<l!YHKUHOHB.JIli or HHXHHX. PeJI8.KCaUHR JIOKanbHhlX B03MYllteHHR npcacxoxar 38. 

BpeM.H '4.( = L;rrt (a/õ):3 , T,Ile a - Me:mTOHHoe paccroaaaa, ITocne ~ 
HacTynaer rH)l.pO~HaMMqeCKK~ 3T8.n 3BOJIDUHH CHCreMH. B KDH,Il.eHCHpOsaH

H9X cpezax () - }'l IV ~ , 300 4HT "iillt ,..,li« "''' L..,,'Í , H KHH8TH-' 

qeCKB..H CTB.AH.H He Hweer MaCTa. nnn oueHKH B03bMeu xapaKTepHYe Be~HqH-

HH, ue:rarOltUloro JllCCT-OmIHJt ~ /"oI 10-8 -CM H cpe,lUlelt..c sopocrx f'- t'J 10 5c1I/ c. 

3 Ob~lhlieIDll=.t1 tmcTlfr)'l ,. 
f.i11t.U~Z BC. CJ7P.IDBIIID$ 
6&1&Jltr!~TEHA 

"&ad ._ 



- -14 10-13
3TO ,naeT LiO(.·1V 10 - c. Bepn aHaJIOrH\lHble 13eJIHtH!HH .nJISl . 

fl,nepHo~ MaTep~~, nOJIY\l~M lt~~ 10-24 - 10-23 c. lloJIarast, qTO BpelAst 
J[~3H~ rer epoéaaaax !tJJIYKTyanHJ.l na no~st,noK 60JIhme ~c ' B cnyse e KOH
,neHcHpoBaHHoJ.l cpe,nli ~eeM" ~ ~ 10- 3 - 10-12 c, a B cnysae SI,nepHOn 
MaTepHH í§~,., 10-23 - 10-22 C. 

OCTaHOB~MCfl Ha Bonpoce, BcerAa n~ BlinOJIHSleTCSI COOTHomeH~e 

l1 <<, ~s.p • Bpeua axcn epnxeura MOllHO 38.nl1CaTh B B~,ne paaeac raa r 
'"Ç"'P =~'I\t • nint: ,B KOTOpOM. T:nt - BpeMSI OT,neJIhHOrO B3a~Mo,ne~cT-
B~SI, xcno nsayexorc npa ~3MepeHHH, nint - 4~CJIO TaK~X B3aIDio,ne~cT-

B~~. XapaKTepHble BpeueHa B38.HMo,ne~cTB~SI ,nJIst pa3JIl1\1HblX 3<p<peKToB, HC
nOJIh3yeMblx np~ H3uepeHHH CJIe~DmHo: 10-1 - 10-5 c CSI,nepHbl~ 
MarH~THblJ.l pe30HaHC), 10-4- 10-8 c C 3JIeKTpOHHbl~ napauarHHTHblJ.l 
pe30HaHC), 10-4 - 10-8 c (ncr.noueaae YJIbT'pasBYKa), 10-8 - 10-9 c 
C,nenOJISlpH38.n~SI !tJJIyopecneHTHoro ~3JIY\leH~st), 10-5 - 10-10 c (SI,nepHblJ.l 
raMMa-pe30ooHc), 10-11 c (ItOMOHHan~oHHoe IRCCeSlH~e), 10-11 c 
C~H~paKpacHast cneKTpbcKUl1S1), lu- I8 c CíPoT03JIeKTpoHHblJ.l 3<P~eKT 11 pac-
ceSlH~e Me,nJIeSHblX HeJ.lTpoHoB). ECJI~ Y4ecTb cooTBeTcTBYDmy~ BeJI~\lHHY 

n'Lllt , T~ npaKTHlle CK~ DCer,It8. L':ICP> 10-10 c. Cne)l.oBaTeJIbHO, npa 
íf >,J 10-12 c Ha6n~~Tb ~HaM~KY OT,neJIhHOrO reTepo<Pa3Horo 3apo,nblma 

HeBOSMOSHO. OAHaKo, nOCKOJIbKY 3apO~mH ~MeDT KOHe\lHOe BpeuSl XHSHH, ~x 

cymecTBoBaHHe BHeceT CBoR DKJIaÃ D HsuepSleMble BeJIli4HHbl. TOT CJIY4aJ.l, 
xorze 3KcnepIDoLeHT ue D COCT OstHHYl DhlstDl1Tb JIOKaJIH38.nl1ll li .n;BHXeHYle <llas, 
HO n03BOJIsteT 38lteTHTb HX npHeYTCTDHe D e acr exe , COOTBeTcTByeT CBO~CT
BY CTOxaCT~4HOCTH /2~1 • ilpH 3TOll C TO\lKYl 3peHHst Ha6JI~~TeJISI MOSHO 
6blno 6h1 CKa3aTh, 4TO HMeDm~eCst D C~C'Ielle \laCT~nbl pa3HblX COpTOB paBHO
MepHO .nepeueaens /28,29/ • TaK KaK OOnLIDYlII CTDY Tep~~tr.~W\leCKHX filas 
MOJKHO nocraaars B COOTB8TCTillIe HeKoTopYJD OlIMM8TPmrr' ' il/, TO pac

CM8TpI'.ma8M1>I8 r8T8p.cxIJa3HH8 CRCT8MH, YCJIOBHO roaopa.: 06JIa,n8.IDT CMeruaH

327 •
HO~ CRMMeTpRen/

CruTHcTH\leCKag TeopHSI TaKYlX reTepofllu3HblX CHcrell pn3BHBanach B 
p'H,ne ~60T~. /33-36/ H npHMeHSlnaCb K onacauac cuec ea KpHCTo.nn- XHAKOCTb 
737-4 / fIle~~OM8.rHeTHK _ napauarHeTHK /41-44/, cBepxnpoBo.n.lIHIt - npo
BO)l.HHK /45,4 H ,ltpyrHM /47/ • OUHcaHHe KOHKpeTlIblX OHOTeu. eTpO~nOelJ 
sa oCHOBe aqçeKTHBHoro, HJIH nepeHOpUpOBaHHOrO, raUHJ1bTOHHana3 nOSlB
JIHllmerOCH B pesynbTaTe ycpeAHeHHg no ~30BWW ItO~HrypaUHHll /3 -35/ • 
llpH aenocpezc TBeHHol peanasauaa rasor o ycpe,I(HenHH acno Jlb30BaJI8.C~/32 ,40/ 
paBHoBecHaSl ~opwa pacnpe,lteneHHH rHo6ca, XOTSI H nO,lt4epKHBanOCh /35/, 
4TO Ha callO» ,ltene reTepowasHaH CHCTella KB83HpaBHoBecHa. Y4eT KBa3H
paBHoBeeHocTK oey~ecTBnsAcH e nOWOmbll p9Aa ~ononHHTenbHWX ycnoBHt'32,~/ 

B noene~m~HX nYHKTax 6y,lteT nOKa38HO, \lTO ecnH c calloro Ha4ana 
oIIKpaTDcH Ha MeTO~ RBa3HpaBHOBeCHHX aHcaM6Hea rH66ca ~ rSTeporeH

4 

ijHX C~CTeM, TO BblBOÃ 3ltJ~eKTHBHoro raMHJIbTOHHaHa cTaHOBHTcSl ropa3~0 

60nee nOCJIe~OBaTenbHblM li JlOrU4HblM. KpOMe Toro, cpasy ~e npoSlCHSleTcSl 
Bonpoc 06 YlleTe Me~asHo~ nOBepXHoCTHO~ '3HeprHU. 

2. A!!QaMº"l!~_KBª-ª!1Q~HO~CHblx-ªHcaMC JI~!! 

PaccMoTpHM cHcTeMY 4acTHA Ha H3MepHMoM no ne6ery MHo~eCTBe 

W={x} , :li: ={:x
c 1 (c= f, ~ 01) ., oi - pasaepnoc r s npocrpaucr00' 

Ba. Hu 3TOM MHoxeCTBe 3a~Hw ~YHRnHH, 06pasy~~~e rHfib6epTOBO npOCT
paHCTBO ~113U4eCKHX COCTORHH" 'J{ • Ha npOCTpaHCTBe .7t' onpeneaena 
anre6pa onepar opos Ha6n~.n;aeMhlX BeJIH4HH d = [(7J . .ll.onYCTHM, B npocr 
pancrne :lt MOXHO nhl~eJIHTb xapaxr epaue tf>asoBhle nc.arrpocr panor aa se; , 
Rax.n;oe H3 KOTOphlX COOTBeTcTByeT OTAeJlhHOR TepMo.n;HHaM114ecKoJ.l ~ase c 
HouepOM ~ • B peUJIbHOM npOCTpaHCTBe nepexo,n OT O,nHO~ ltJa3h1 K ~pyro~ 

6e3YCJIOBHO, npOHCXO~HT nocr enena o, xepes nepexoranrã CJIOVJ. O~HaKO IH'! 4
TO He MemaeT MWCJIeHHO npOBeCTH BHYTPH 3Toro CJIOSl Me~a3HYD rpaHHUY, 
nonaraa, 4TO OHa paaaenaer 06JIaCTVI !Ja3HhlX !tJa3 C. COOTBeTC'I"!JYilmHMH 
rpaHH4HhlMH YCJIOD~SlMH, 06ecne4HBailmHMH 3aAaHHYil Heo.n;HopOAHOCTb CHCTe
MH. TaKoe pa36HeHHe CHCTeMhl Ha ~30Bhle 06naCTH JIeEUT B OCHOBe xopomo 
H3BeCTHoro Me! O,Ir,a rH66ca paa.aeaaouax nOB epxnccre J.l (CM. i ). 

Onpe~eJII1M noxpurae MHOJKeCTBa 0/ KaK ceMe~CTBO nOAMHoxeéTB
 
{\V 1 TaKHx} 4TO
 

o( ~ 'l 'l' 

(v « M(lS W V = m~.s 0/ ) (I)
\Y =U v. v ; I ~ , o< - .c' 

oC=f ti=t 

ITpoCTpaHCTBeHHoe Bhl.n;eJIeHUe nO~Ho~eCTB - W ocymecTBJlSleTcSI c nOMOmbll 
.c 

xapaxr epacr ~ ecxax tf>YHKUH~· MHOJlCe CT B 

i , x tE" '\Vo( (2 ) 
~ (x) = 

fi. O , x .. Wo(f 
HMe~mHX CBoJ.lcTBa 

n 
(n "> o) ~ ('X) j~ (x) = O (c( 'F o( ')

()l:) = ~ (x)~.c , , 
o( • d oC 

'l 

a T8Kxe y,nOBJIeTBOpSlDmHX ycnonao HOpMHpOBK~ .li, ;0( (ox) = 1 • <PHKCHpO-
BaHHu&t Ha60p íPYHKU~J.l ~oi (x) 0603Ha411M ~nfl KpaTKOCTI1 O.n;HOJ.l 6YKBOJ.l 
~ = {);_ (x) lo(;::. f, 1 . o. t 1. BceB03MOllHhle uaõcps ~ 'o6pa

3YDT rononoras ecxo e npOCTpaHCTBO {~1. npe.n;nOJIO)K~M, 4TO na 3TOM 
npOCTpaHCTB e aazana íPYHKI..OiOHaJIbHaSl uepa cI~ (t ) , CMl:lCn KOTOpO~ 6y.n;eT 
YT04HeH B ,naJIbH eJ.lmeM. 

Kallt~oe nos parae {'Y.< 1 saaaer OAHQ H3 BOSMOJK:HhlX pacnpaaeaeuaa 
~a3 B CHCTeMe. KaK H3BeCTHO, O.n;HOMY TepMOAHHaM.H4eCKOMY COCTORHHD 
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CHCTeMH MoxeT COOTBeTCTBOBaTb HeCKOnhKO pa3AenRDmHX nOBepXHOCTen. n~R 

YCTpaHeHHR 3TOn HeoAH03HallJlOCTH MOXHO HanOXHTb AonOnHHTeJlbHOe YCJlOB ae, 
ECJlH, HanpHMep, nOCTYJlHpOBaTb caOTHoweHHe AJlil cpeAHHX 4HCeJl 4aCTHU B 

CHCTeMO N H B OclJlaCTH KaJKAo1J! H3 lfla3 Na( (t) B BHAe 
't 

N = L N", (~) ) (3) 
"'-=f 

TO onpeAeJlmM TaK Ha3HBaeMYD 3KBüMOJleKYJlRpHYD nOBepXHoCTb rHd6ca. 
Be3Ae HH)[e MbI clYAeM HMeTb B BH~ n epexo.a K TepMoAHHaMH4eCKOMY 

npene ny , OnpeAeJlSleMOMY YCJlOB"eM N~ 00 , V" 00 npa N /VJtcond. TaK 
KaK ~a3a - noHRTHe MaKpoCKonH4eCKoe, onpeAeJleHHOe CTporo TOJlbKO B 
TepMOAHHaMH4eCKOM npeAeJle, T~ CJleAYeT norpeOoBaTb, 4TOcl~ 

~ (';) - 00 , Vo( --t 00 , IVo( (~) /v: -+ crmst . . (4) 

B AaJlbHeUWeM AJlR KparKOCT" clYAeM nHcaTb N~ 00 , nOApa3yueBaR npe
AeJlbHHn nepexoA (4). YCJlODHe (4) 03Ha4aeT, 4TO Ka~aR ~a3a AenCTB"
TeJlbHO MaKpOCKOn"llHa, XOTR OHa H Mo~eT 6~Tb COCTUBJleHa H3 KOHe4H~X 

xarrens, l1~or,IJ;a aa xapaxr ep CTpeUJleHHR ocseaa K oecxoaecaocru uaxaranr 
orpaHH4eHHR, pa3ÂH4UR npeAeJlbl B CM~CJle Bun XOBa H B CMblCJle ~Hwepa /48/. 
B HaweM c~yqae noAodHble orpaHH4eHHR, Boodme rOBopR, HecnpaBeAT1HB~ 
KallM,R H3 q>a3 He OOR3a re ssao aanoauaer OAHOCBH3HYD ocnac n, , XOIR BCR 

CHCTeMU, pa3YMeeTCR, OAHOCBfI3I1a • .uJlR HaWHX'u,eJlen .BnonHe AOCTaT04HO 

ycnoBHR (4). OTAenbHble 3apoAblwH KOHKypHpYDmHx lfla3 MorYT H Ha 6~Th 

KoMnaKTHblMH odpa30BaHHRM". HanpHMep, c nOMOmbD MaWHHHoro MO,IJ;eJlHpOBaHHR 

/49/ dlino BblRcHeHD, 4TO ID HallaJIbHott CTamm D03H"KHOBeHHR 3apo,IJ;b1l1lH CHJIbHO 
pasaeraxenu H CTaHOBRTCR KOMnaI<THlHH{ JlHlUb aa coxee n03AHeM nane 

3BOJlDUHH. 

C"HCTeMa, COCToRutaR H3 HeCKOJlbKHX lIJa3.1 IeBa3HpaBHOBeCHa • .uJIR ee ona
caHHSI na npo crpaacrae ~::: <Q T. 3a,ItB.eTCSI KBa3HpaBHOBaCHUn -raMHJIh-
TOHRaH ~c( -< 

'l 
(5 ) r (~) = li> r: (~o() ) 

.,(=1 

OdJIa~mHU CBOaCTBOM TepMOAHHaMH4HOCTH 
(6 )

11 r(~)1I 'V N (N-oo). 

KBa3HpaBHoBecHbltt (JlOKanbHo paDHoBecHHtt) aHca~clJlb xapuKTepH3yeTcR Kl!a3H
paBHoBecHbIU paCnpeAeJleHHeM (CTUTHcIH4ecKHw onepaTopoM) 

J (~) = ? -1 e - P (~) . (7 ) 

TaK KaK UH XOTHK nepedpaTb BceB03MOEHHe KORPHrypaUHH ~a3, HaAO COCTa
BHTb aHCaMdJlb H3 KBa3HpaBHOBeCHHX aHCaMdJlen, COOTBeTCTBYDmHX lflHKCHpO
BaHH~lt" ~ H3 r ono noras e cxoru npOCTpaHCTBa {~~ • H03TQ},ty CTaTHCTH

6 
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4eCKaH CYMMa 1 AJlR pacnpeAeJleHHH. (7) onpeAeJIReTCR YCJlOBHeM HOpMM

posxa -rr jJ'(~) d, (i) =1 , xoropoe ~eT 
(8)

t.=-r.:Se-(7(~)dj,{(~) . 
"/ _r(~) 

B3RB KBaHToBoMexaHH4eCKH(t CJIeA T;. e no npOCTpaHCTBY .:r ,no
11 

JIY4aeM CTaTCYMMY 1. (l;) AJlH lflHKcHpoBaHHoro asoopa pa3AeJlRDmHX no
BepxHocTeD. A 3aTeM l(~)ycpeAHHeTcH no B~eM AonycTHMblM nOBepxHocTRM, 

pa3AeJIRDmlUl p8.3JIM4Hhl.e lIJa3b1, 4TO zaer 'l. =S1(1;) oI;«'g) • rIpH JIDdOM 
auoope pa3AeJI.Hilme" noaepxa ocre <p&3e c HOMepoM o< cooraercrayer 

npocTpaHcTBo ~ • ITO~OdHoe ycpeAHeHHe ododmaeT npou,eAYPY KBa3HycpeA
HeHHH EOrOJlDÓOBa /30 
na oABol! <lJa30D. 

TepMoÃytHaMM4eCKH~ 

AenHTh paBeHcTBoM 

!I. =_.L&7 
N N J.. 

,B KOTOpO(t nOJlaraeTCR, 4TO Bca cMc~eMa 3a~OJlHe

nOTeHu,HaJI xsaaapaaaoaecaoã CHCTeMh/. MOlll:JlO onpe

(l:m UI/ < (0» (9 ) 

,v-" 00 N 

B KOTOpOM c4HTaeTcR, 4TO YCJlOB~e TepMoAHHaMH4HocTH (6) oOecne4HBaeT 

KOHe4HOCTb ~ B r epuonpe.aene , 
Iípa BCRKOn <pHKCHpOBaHHOn nose pxaocra paanena MoJ:HO Odbl411blM odpa-' 

30M onpeAeJlHTb nOBepXHOCTHYD 3HeprHD E (~) ~ KOTopaR B reTep~3ur 

<P&3HHX CHCTeMax HrpaeT BaIHYD pOJI~ TaK KaK 3apoAHWH OAHO~ lfla3h1. B APY
rOn OÓH4HO HMeDT MeJIKOAHCnepCHYD <pOPMY. MexAJ BCRKHMM ~3aMH CymecT
ByDT nepexOAHHe CJlOH, n03TOMY KaXAaR BUAeJleHHaa ycnoBHo 4aCTb npOCT

paHCTBa, conOCTaBJIHeMaH lIJa3e ~ ,npeACTaBJlSIe~ c060n Heo~opo~ 

CHCTeMY, 3HeprHD KOTOpoD od03Ha4HY 4epe3 Eo{ ( ~..c.) • 
pOAHOD <pa3b1, 38.HHltaDlIlen aecs Od'beM, pasua E.c. (1) : /'I 

AeJIeHH~ ~OBepXHOCTHaH 3HeprH: paBHa 

E ( ~) :: E (~) - L ~ ( g ) Ec( , 
.tar .t.=t 

rAe E (~) - nOJlHaSI 3HeprHSI HeoABopO,IUlOn rerepoçasa oa 

3HeprHR OAHO-
é.~ • Ilo onpe

(Ia ) 

CHCTeMbI. AHa
norH4HO onpeAeJIHeTCH cBodoAHaH nOBepXHOOTHaH 3HeprHH. 

3. On~A~~~_!UHKUHQHall!ili~L.J!~lHL 

Hadop xapaKTepHCTHQeCKHX <PYHKUHH ~ HrpaeT pOJlb AOnOJIHHTeJlhHOH 
nepeaeanoa , npHHaAJIemmea Tono JIOrH4e CKOMY np OCTpaHCTBY {~!, na KOTO

pOM HeodxOAHMO B SlBHO!&. BH,lte 3a.M,Tb Mepy riJA ( t) • 3Ta lflYHKL\HOHaJlbUaSl 
Mepa no Ka3b1BaeT, KaK HaAO npoBoAHTb ycpeAHeHHe no KOH<pHrypaUHHM ~3. 

llpeEAe scero, HeCJIOXHO 3aMeTHTb, 4To 3To ycpeAHeHHe 3aKJlD4aeT B ce6e 
ABa THna .lte~CTBHH. ITepBoe AeBcTBHe - 3TO nepe60p Bcex <pa30BHx KOH~H
rypa~HR c ~HKCHpOBaHHHlt OTHOweHHeM 06'beltOB 
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V'" ( O != P !::1) L 
~ 

p=t (11)p</. =v ~ , ~ 
.(:= 1 

HMeD~HM CM~cn reOMeTpH4eCKOR BepOHTHOCTH COOTBeTCTBYD~eR ~a3~. BTOpOe 
Ãe~CTBHe - 3TO napHaUHH Ka~OrO M3 p~ OT HynH ÃO eÃHHHU~ B cornaCHH 
C ycnoBHeM (11). CneÃoBaTenhHo, MOXHO 3anHC8Tb 

'l-f 

~ (~) =.n( cI p." &l ~ ) (1 2) 

f)le ÃH!WJepeHUHan ti) ~ AeRcTByeT B q,YHKl~HOHaJlbHOM npocr paac rne [~1p 
ncex aaoopoa t c <l!HKcHp'oBaHH~M MHOlleCTBOM P E t»: J . Ilepen 
TeM, KaK KOHKpen'l3l-1pOBaTb .l),~ , paaoepeaca c HHTerpHpOBa1H1eM no f.<. • 
OnpeÃenHM TepMonOTeHUHan 

P -- f -P( ~) (13)}lep) ='- f; (n Ir e ,$) ~ 

npa q,HKCHpOBnHHOM MHo:a:eCTBe {ta< 1 . Tor Ãa cTaTcYMMa (8) npHHHMaeT 

BHÃ 1 r-f 

l":: Je -NII(P> n J~ (14) 
o rI..=f 

rrpeÃnono~M, 4TO B~pa:a:eHHe (13) HMeeT adconDTH~R MHHHMYM 
(15)f (w) =aBs ",in !J (p) ,
 

p
 
npH4eM 

~ v
" d V(W) t Nli = __6_ ~ conS ) O (~ErR, /'1-'00) .o 

d . - 1.( 'O \\lo( 

rrpHMeHHH K HHTerpany (14) MeTOÃ nannaca, HMeeM 
r-f• -IV K(p) r-rf - Nf("") 1. ;; )f/'J.Je n dp-< ~ e n ( 
tL:f #f~' 

o "'-=f 
Y4HThIBaH, 4TO ill in N ..... O npH N~ 00 , nonY4aeM 

N 
(16)(#_oeJ)r ~ K(w) 

N 

TaKHM Odpa30M, 3aÃa4a CBOAHTCH K HaXOIÃeHHD TepYOnOTeHUHana r(w) 

c MHHHMH3HPYD~HM HadopOM <Ila30BhIX-BepQRTHoçTeA w = [w~1 , 
r'

d 2/1(W)'d8(w) = o >0
 
'O WfI. 'O \\I.c:
 

- 'l ( ~ ~o( = 1 ) . (17) 

IlepelbeM r eneps K onpeaexeaao ~ ~ • ,KaJit.ÃYD H3 oO~~cTeA ~a( 

paaocsea aa nOAoOnaCTH: ' 

"() ,.... r= = L n ': n ';:In es
Wc;< . '110( L , Y ~ Yi (.L=f tt' , ~ CO 't i ). (18) 

L:I 

8 

IlpeÃCTa.BHM xapaKTepHcTH4eCKYD <l!YHKUHD (2) B BHAe CYYMbI xapaxr epacr a
4eCKHX <l!YHKUHR COOTBeTCTBYlllllHX nOAoOmcTeR: 

no{ :lC & \V,(.fi
~ (~) = 2:: ~ali ('X - ~i) ~ ~fl.i ('X - ao') :::' t (19) 

o( i=1 O x E \\oI o ~.) "o( t 
r~e a~i E: ~i ,npH4eM BhInonHHeTCH 'cBoRcTBO opTorOHanbHOCTH 

~ ('X-a
ol 

. ) § . (~'-a.a) =o (c( ~o<.') .
.ci L ~'L 

04eBHAHo, 4TO eCJIH nOÃodnaCTH ~i ÃOCTaT04HO Manu, TO H3 HHX, KaK 
H3 Kyd~KOB, MO:a:HO COCTaBHTb nDOHe ~a30B~e KO~HrypaUH~. Kax~~ 

neKTOp Qo(t no onpeÃeneHHD .~CTKO CBH3aH co CBOHM OnOKOM ~o(i 

IT03TOMY ~i MOXHO ycnoBHo Ha3BaTb,ueHTpOM OnORa. CneÃOBaTenbHO, 
nepeMe~eHHe OnOKOB ocy~ecTBnHeTCH npH nepeMe~eHHH ~X ueHTpOD. OTCDAa 
CTaHOBHTca HCHO, 4TO ycpeÃHeH~e no KOH<I!HrypaUHHM ~a3 3KBHBaneHTHO 
~YHKI~OHaJlbHOMY HHTerpHpOBaHHD no xapaKTepHCTHqeCK~M ~YHKUHHM, T.e. 
. r n." 01 . 

oV ~ =!t:m n n ~ ; (20) 
" ... 00 ,,(,=1 i,:::f V 

npexen n pa n"' oo 3ÃeCb 000SOO4aeT, 4TO ace na( .... 00 , Xi ..... O 

Pa3YMHo nonaraTb, 4TO HueHHO TaKoe ycpeAHeHHe no ~a30B~M KOH
<l!HrypaUHHY H npOHCXOÃHT B ÃeRCTBHTenbHOCT~ npH BCRKOM H3MepeHHH. 
EcnH :le C4HTa Tb, 4T o nepBH4HliM RBnR eTCH ycp eaaeaae no apexeaa, TO K 

onpeAeneHHD (20) HeTpYÃHo npHRTH cneAYD~KM oOpasoM. rrpOCTpRHcTDeHHoe 
ÃBHIeHHe ~a3 o3Ha4aeT, 4TO ueHTpli OnoKoD ÃnR KaxÃoR H3 ~a3 3anonHRDT 

MHoxecTDo~,,( = {Qa(i = Q.ci Ct) I i:: f, '1. 0. no( j t e lF. 1 . Tenepb, )I.JIR Toro0 

4TOObl OT ycpe)(HeHHH no BpeMeHH nepear a K ycpeÃHeHHD no aexr opau 0o(i , 

no KpaaHeR uepe B TepMonpeÃene, .n.OCTaT04HO nocTynHpoBaTb, 4TO ÃBHxe
H\ie tIla3 aCIDmTOTH4 eCKH 3prOÃH4H O, 1'0 ecr s Ines (~'\.I1o() - O 

npH /I..., 00 , n'" OC' • HnH, ÃpyrIDfH cnOBaMH, MO:a:HO CKa38.Tb, 4TO 
npOCTpaHCTBO tY l4eTpH4 eCKH HepasnOXHLlO', B aCHMnTOTbN eCKOM cxacne , 
OTHOCH'XenbHO onepaTopOB 3BonI5UHH, onHCbIBaD~HX ABHxeHHe ~a3. OÃHaKO, 
KaK t1~no YKB.SaHO, npeAnonoxeHHe 00 3prO)(H4HOCTH He OOH38.TeJIbHO. MOE
HO cpasy nocTynKpoBaTb <l!OPMY (20). 

4. l~lli!gL.!!Q_t~Q~~~OH~~ª-y~HIA
 

Ilocne Toro, KaK onpe,n.enen ~YHKUHOHanbHli~ ÃH!M>epeHUHan (20),
 
MOKHO n epe ãr a K HenocpeÃcTBeHH014Y HHTerpHpoBaHHIl npo aaaonsnsx q,YHK-
UHOHanOB F ( ~ ) ,npeÃCTaBm.1bIX B <l!opMe ~ 

0XF(~)=F +Í t JF ' ('ll'1 .. L: )n ~ (x.)d'K. 
o li! ••. c( Ir. filo d cf 

It:t [a{d' i=1 d (21) 

9 



Iiy~eM ra sxe curra r s , 4 TO !HmOJIlI ReTCR c ae.aynueo YCJIOBl1e. ECJI11 !PYHKIUIH 

O(X, ... "r..) - JIederOBCKI1~ HYJlb, TO ecr s 

Jn:(X, .. ,'X,,){dxt···dxlt.=o) (22) 
Tor~a 

J F (tx, ... 'X ) o(~,··· 'X k ) dXt···oI'X.~ =0. (23)k""."O</c 
B ~8.lIbí-l elhueM oy~T l1CnOJIb30B8. TbCR od03Ha4eHHH ~ (W,(,) H F (w) 
CMblClI KOTOpblX COCTOVlT B TOM, 4TO B epYHKIH10BaJIe r ana (çI) se e ';ol (.) 
::>UMeH eHbI na 'v/c(. • r JIaBHbI~ pe ay JIbTaTOM zannor o napa rpaça RBJIReTCR 

CJIe.Ity~mee YTBep~~eHVle. 

leoQeMª.!. ITpVl qJYHKU110HaJIbHOM HHTerpMpOBaHMI-l c Mepoit (20) tPYHiU\MO

HaJIOB T11na (21), y.ItOBJI8TBOpRKlmHX YCJIOBI-l~ (23), cnpaBeÀJIHBO paBeHcTBo 

JF(~) cS ~ z: F(w) . (24) 

.!1Q.Ka,;mreJIbCTBO!.. ITOJIO~HM, i{a}K~n dJIOK o/,,(i npa t1 -? 00 npe acraa

naer cocoa 0/ -MepHbI~ Kyd c oO'õeMOM ~(. ~ (1.~ .. ) cI ;;!r" . 
KaK CTaHeT 04eBMÃHO 113 .uanbHe~wero, 3TO npeÃnono~eHMe lIe CHVl~eT 

OÔmHOCTM ,ltOKa3aTenbCTBa, HO JIHWb ynpomaer HeKOTopble BblKJIaÃKM. HMxe MbI 

11 e ,ltenaeM pa 3nH4H~ npa DbI,nt1CblBaHHYI aCl1MllTOTWleCKMX M Odbl4HblX pasenc T8, 

ac eraa nOMHSI, 4.TO n-... 00 ,1J' -.. o ,6... - o ,TaK 4TO n~1.t. == V 
n - O( ~, 

n f!"" = V • Xapakre puc'r auec ican tPYHKUHR 01 -uepaor o Kyda W . 
<>(1. 

HM8eT BHÃ ~ 

~ c c 
~.('X-ao(.:)= n É;. ('X -ao'L)
o(~ C=f ~~ 

c f) c: e IJ 
1 J aol.i. -Dn<x < 00(': +D., 

c Co c _ 
• 'e ('X - aDie) - oS~L [ ) c. c. c. c. B 

oc < a«c - B,. ) ec '> O'.c..: + " 

e, 
J.I.JIR npo ae.aeaaa n pauoro 11HTerpl-lpOB8.HHR tPYHKU~dl ~o(,. (.) MOll:HO HCnOJIb

30Barb npeÃCTaBneHMe J.I.HpMxne 
.,. 00 t 

'<: c. c. {I s/n g " c· (C c:.] I 
~ (x - alie ) =- e 'X p L cz. X - a.ti ) a cz.. 
~i (h ~ 

-00 

MHTerpVlpOBaHHe no ue~TpaM dJIOKOB Q~i Be.ueTCSI no BGeMY npOCTpaHCTBY 

\V ,npM4eM da.::ndac. • Mepa (20) uopuaposaaa , B lIeM HeCJIOllHO 
0(1 rJ,,' 

y6eÃI1TbCH; c.~1 
r "rJ,

Jri) ~ =l'm Jn n darli = f . 
1\ .... DO rI.=f 1=' V 

MprerpaJI OT O.ItHotí xapaKTept'lCTM4 eCKO~ tPYHKUHM, 

no( datlt ,
J ~ (x) ti) ~ = tún L J ~ .(x - aol f )
 Vri Jl4 C>O ,'1:1 Kl 

10 

e e, c. 8 
npa Y4ere jaaéacr sa Stie 

(x - ~i) ola ' ::: 2. ., Cpa3Y xe zaer 
oiL J ~..c (x) ~ ~ ::: "'O( • Ilpa MHrerpMpOBaHMM npOH3B e,lJ,eHMR .lUIyx xapaxr e

pHCrMtleCKMX ipYHKQM~ O,lJ,HO~ lPa3H MMeeM 

n ~ ,S$ (x) ~ (".1") ~ ~ =em I La( ~ .(X-Q,,) ~o(. (:x'-a...J) nda", k 
o( oi n ... 00 ., 1 KC. ~ I V 

' ..cf = 1(.= f 

EBoMHY~ CYMMY B npaBoB cTopoHe paBeHcTBa pa30dbeM Ha ,lJ,Be 4aCTH:'111 n,. ~ ~ 
L = L +- L . Ilepaan xacr s rae t' '=i ,,lJ,aer
t;i: f i~J:l i*i 

"o( daS'L ~ ('x - a -) to , ('X '- Q .) -..:!!.. =: y ('X -")( ')os' olt 50((. .ü V u )
i=1 o(L J ~ 

n (28,,-r'XC:,) ~ IxC:1 < 2.1>", 
Y ()C) {

~ 
C::f= V 

01. O ~ IxC., '> 28" . 

IIpM I1ep~xoÃe K npe,l\eJIY f\ - 00 no.nytlaeLl:lPYHKUMD 

Wo( ?C..::: o 
t:m ~ (x) =

[ 
' 

h""*oo cl. o, x-:t-o ) 

OTJIHlIHyn OT HYJIH ronhKO Ha MHozecTBe HYJIeB02 Mepbl. Ilosrouy 

f,;". Jr(n)d?l =[,'m wo(i" =0 • 3uatIMT, npeaex !,:m d'" l'X) '>--0
li"""'" n~oo" " ... PC -'o( 

RBJIReTCH JIederOBCKKM HYJIeM. BTOpaS qaCTb, c HeCOBna,JJ,a~mt1UH MHÃeKca _ 

MH i r i ,npMB O,IJ;KT K BupaJ:eHMIl 

,J:i: ;-. ("-Q~,) ~ . (,,'-Q .) do,.,da".i. =fn J~ .(x-a ,) darLl~ 
ipi clt e(J IIlJ V 2 Lt( • \le.. 0(, V . 

OTCDÃa CJIe,n;yeT, tITO Be3~e, 3a KCKn~qeHHeY MHOEeCTBa MepH HYJIb. 

BepHO paBeHCTBO J t ('X) ~o( (~/) :lJ ~ = w,/' • B CJIYtIae KHre r pana OT rpex 

xapa.KTepHCTMtleC.KKX lPYHltIlMD, 
. '\t 

St (~)! ()t"')~ (x n) ~~ =t.". ri." { ç:lr~/)t .cx~~i~ Ir(x"-~J.) n oIC/lIll 
" "e( 11" .-oJqk et, tfrJ é( l=f V 

TPO~HYD CYVMY pa306bev Ha rpi! qaCTK: 

'\t ne(~ nJ ~ I rt 

t..~. = ..~=~ ~ (Ii#~ ~ ..-ti iS~ .. )+ ,,~~,~ t 

RHTerpKpOBaHKe nepBoA H3 HHX, ,IJ;JlJI .KOTopol i =1 = "l? npi!BO,ltKT K 

tYHKIlHi! 

lI' 



V( fi,,, S/Ia.O 'X - X .> X -)( ) = n,,( J... (X -a .) ~ .c'X - O .) ~ (:x '~ t1 .) ~ 
o/..	 ~"'i ot:l S.cl til Solt" ,(, V 

DpRMHM DH4~CneHMeM yde~AaeMCR, 4TO 3Ta ~YHKUMR HeOTpHUaTenhHa H 

4TO )l)IR n e e [,'m Jy c», ,c') r:!-Jedw.' = !t'"" .....,( fr"l =-0 .I 
,,~oo 01: fi'" 00 

TO e c r s li.... 00(')(':)(') - no JlederOBCKH~ Hynh. J],'JIR CYMM C )l,BYMR 

COBna.n.alOm~~ ~iH.n.eKcaMll, r ana i =i::l k , ytrnTHBaR, 4TO 

~ .(')(-0 .)da.= P- Haxo.n.HM r'()i-X') =.(l'IrO t1"n r" ex-x')J .l,	 olt ,/.(. '" ~ o( v o( 

Onpe.n.enRR npeae n !t.", Jr: '(xJdx =~". .....: 't'"n =0	 CHOBa 
,,"'CIO oi	 " ... 0'0 1 

ydell.naeMCR, 4TO IÚl1 õ""" ('x) - nederOBCK~~ HYJlh o Cne.ao aar ensuo , 

paBeHCTBO J ~0(1();:;:') t:CX") t>2l ~ '= w} mmOJlHReTCR ÍlCIl.n.y. KpOMe 

MHOJ!ecr aa u epu uyns • AHllnorH4UO HHTerpvrpyeTCR npoa aaene nae nnoor-o 

4i1CJlél xapaxr ep uc TH4eCKHX <PYH KU~~ O.n.HO~ ~a3hl: 
n M	 nol 

Itl	 o( n dQJn ~ (Xi) J) ~ = 1,:,." f L n ~ .(X-{ - ct.,«( ') ~ 
ol. ... OC> .' «-lt t. V 

1~f 1\ ' •••• L'" {=f l=f 

B CJlY4ae k connana euax HH.n.eKCOB t'r:: ... =L'1r (. k ~ m) 

nonY4aeM 
kJ

Q ()(1- X k ) ~ k -1 -")( ) =. "'-~ n 1- (x - a) dGol. I' 

o/.. " . 
w-

{=1 { la ---v:eI... Sol! 

llnfl B 3HT~R nocne.anero 1111TeqnJla 3aMeT 11M, 4TO s. ('X - CC .) ~ V- J' (x -(l .) 
Sol!"	 _t "" ti. 

npn n~ CIO	 ,r.ne l:m JT (x) = J7(?<1 ., npl14eM "';. J: (O) = 1 
... .0 " 

D03TOMY 11 

~ -1
'X _ 'X ),.." n,( ",-Ir I

Q (:lI'1-:)(k Ir -1 . It - - w " .. Ir n J: (?Cf - x Ic ) . 
DC	 V'" -vPI 

t., 
31a ~YHKlnfR. neor pauar e ai.ne í1' onnanae r CDO~CTBOM 

m-k ..-f ~_,
b.~ joot. ('X, ,'" «k-f) dx,'" d « ..._, =- t'M "'oi fi;. =0 

" .... 00	 fi ..... 00 

oTKy.na RCHO, 4TO lm O-t ("~,,'" ~'-r) - TOIe JlederonCKI1A Hynb. 

CTaJl o dhlTh, n04 nri~D.IlJ' Sn ~ (lt) ..P; t; = w'" • np~ ~YHKu~oHaJlh-
lor o( ( o/: 

HOM ~HTerpHpOBaHl1li npOH3Be.n.eHHR xapaKrepl1CTl14eCKHX ~YHKUI1~ pa3HHx 

4Ja3 TaKl:e Mcn Oflh 3yeM Ilpe.n.CTllBJleHl-1e (19) ~ 3aMe4a(;:i4, 410 a"i 'I- a ..L',/ 
I1.p~ tI~ oi. , H Bltcex I', i . ~CJle.n.CTBl1e noro no4T~ BCD.n.y ClIpaBe.n.JI~-

BO paBeHC TBO J (l ~ (71) ~ S = n \c/.. , VlTUK, .n.JlR ~y HKUHOHaJla 
(21) I1MeeM d=r o(~ el. (jr 1 d 

12 

k 
CQ	 

(F.; o( (?lr"·"Ic) n <: d'X.JF-(~ ) ~ ~ =: F;, + L I 
r 

J "'"" k . d J,=f 

,"
 
k:. [_,,\
 

JIed,eroBcKHe HYJlH ae .n.allT BKJIa:.n.a no YCJIOIlYJIO (23). CpaBHI1BaR nonyvenu oe
 

aupaseuae c MCXO.n.HOt:! ,4JOpMO~ (21), B~.n.~M, 4TO OH~ OTnI1411KJTCR .n:pyr OT
 

npyra 3aMeHo~ ~ol - wol o TaKYJM 06pa30M, paaencr ao (24) .n.OKa3aHO o 

Q.~A.ÇTBMlI. CT6.TCYMMY (8) ripa ti.... 00 MOlKHO 3an~~aTh B Bli.n:e_ Nw) 

1. ::: 7;-1 e - f7(~~;: o COrJl~CHO .n.OKa3aHHOy. r ecpexe Je (~~~ = fi~ 
r.n.e, B COOTBeTCTBHH c BhlpalKeHHeM (5), 

t" 

r(w)=@ r (w.,JJ	 (25 ) 
. ri.=, r;( 

HaJlHUO aHanOfHR c nepeHOpMl1pOBKO~ raM~JlhTOHl1aHOB B OdH4110~ paBHO

BeCHO~ TeOpHI1 150 I, Kor.na npo~cxo.n.I1T OTCYMM~pOBaHl1e ~aCT~ nepeMeH

nux, B HameM c.ny4ae (25) - 310 n epe nopeaposaunsz KBa3~paBHoBecHhlA 

raMHJlbTOHl1aH o 

nJlR TepMonoTeHUHaJla (15) n~JlY4aeM
 
f f) T -r('tIII)


!(W) ==	 -N UI Ir e (26) 

Y~noBHR MHHHManhHOCTI1 (17) MOlKHO npeÁcTaB~TL B BM.n.e
 
r
 

'd P(w)	 > = o ( L v: :: 1 ) (27)< ot.r f .)ô Wo( 

< 'à2 r (w) '>	 _ <[ 'd' r(w) ] ~ >J') o )
{ ':lo 2. '(J IV' ' 

u~	 . ~ . ,. ;t 

r.n.e	 Cpe)l.Hl1e OT OnepaTOpOB é? BH4liCJlR~TCR no npaB~ny 

_ ..... ,...,. - f(W)j-' - {'(IN) (28)I
(	 

< (t) >= Ir f (!}) f = e Ir e . 

i OÓpaTl1M BHYIMaIme na TO, 'ITO KBa311paBHOBeCIIl1H raNll1.JIbTOHl1aH (5) ÓWl 

aanacan l\RK cYNlr~a cnaraeMUX , o'l'HoCíill.IHXCR 1\ pa3HHlv'l qla3ffi.1. 1'81\08 npsnli 
CTaBJleH1'Ie eCTlI ocs osu oe CBO~CTBü 'KBa3Y1paBllüBeCHoA C1'ICTeM~, KOTOpYD MOJ[

.i HO Tew I1nH HHli~ cnocodOM pa3.n.eJlI1Th Ha 4aCT~, COOTBeTCTBYD~l1e pa3HhlU 

4Ja3aM. DpH 31'OM K6.IA6.R BH.n.eJlRe'WaR 4aCTh, pa3YMeeTCR, Heo.n.Hopo.n.lla, 

nOCKOJlhKY BKnD4aeT B cedR ~onD Me~a3Horo CJlOHo ~YXHaR Heo.n.RopO~HOCTb~,	 3a.n.aeTCR, HanpIDAep, c nOYOlllbD COO!B.e1CTBY()~HX rpaHH4HliX YCJlOB~~ lia 

Bcex nOBepXHOCT HX pa3.n.enao C.naraeWhle r~ ( to()- B cyYlIe (5) On~CliB8.k)T 

HyeHHO Heo.n.HQPo.n.HYe 4Ja3~o B pe3YJlbTaTe ycpe.n.HeHHR no 4Ja30BliM KoHP~ry-

P6.UHHM ra( ( ~ o() nepexo.n.l-1T B rol. ('toIr/... ) , Koropoe, c Jle.n.OBaTeJlhHO, 

OnHCYBaeT y.e He O.n.HY KOHKpeTHO BH.n.eJlReUYD qaCTh CHCTeUH co CBO~CT-

li	 BaUH $a3hl ~ ,HO OeCKOHe4HliA Hadop TaK~X 4aCTe~, I1MeD~~X JlDdHe
 

WliCnl-1y.lie cfJOpMH H COOTBeTCTBYJJI!lY1e HeÓ.n.Hopo.n.1I0CTI1. D03TOMY H nepeHOp

J3 
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M~pOBaHH~R KBa3HpaBHOBeCH~" raMHnbTOHHaH (25) COOTBeTcTByeT OeCKO
He4HoMY Hadopy HeoAHopoAHHX CHCTeM, HO OTHDÂb He o~HoH peanbHoR CHC
TeMe, COCTORme~ HS OAHOPOAHUX 4aCTeR. ECTeCTBeHHO, KaK 3TO H AonXHO 
6~Tb B MerOAe pa3Aenroo~Hx nOBepXHOCTeR rHOOca, HanH4He nOBepXHOCTROn 
3HeprHH nonHoc~bD Y4HTUBaeTCR. 3Ta 3HeprHR npH BCRKOH ~HKCKpOBaHBOn 

nOBepXHOCTH paaae na Bhl4HcnReTCR no ~opMYJle (Ia). A ycpeaaaa (Ia) no 
~a30B~M KOH~Hrypa~KHM, nOJlyqaeM cpeAHDIl nOBeptHoCTHYD 3HeprHD 

r 
E (w) ::;	 E(w) - ?; No( (w) Eal , (29)

Sltr 

B ItOTOpOn E..l == E.t (1) IN - YAenbHaH BHYTpeHHRR 3HeprHR OAHOpOAHOn epa

SU. EcnHrCpeAH~D 3HeprHD Bcen CHCTeMU H UOXHO sanHcarb B BH~e CYHM~
 

E(w) = L EoI. (IV), TO saxaoe caaraeaoe Ep{ (w), aHanOrHqHO

li=.

TOMY, 4TO MU TOJIbKO 4TO BURcHRnH, cooTBercTByeT OecKOHe4HoMY HaOopy 
HeOAHgpOAH~X qaCTen, a He O.n.HOn OAHOpOAHOn epase. IIOHRTlIO, 4TO cpeAHHR 
nOBepxHocTHaR ~HeprHH' (29), npe.n.cTaBHMaH TaKxe ~opMynon 

r, [ N.. (w) ]E (w) = ~ , E (",) - ...-L- E Cf)	 (30)
~"r	 L,;. N t<
 

K=f
 

OTRH4Ha OT Hyn~. B TaKOn cHTyaUHH HHorAa rOBopHT, 4TO nonHaR 3HeprHH 
CHCTeMU HeaA~~HBHa, nOHHMaH nOA 3THM, 4TO 3Ta 3HeprHH He paBHa CYMMe 
3HeprHn OAHOpO~H~X nOACHCTeM. 

5. llã!Q.!A.eH ~ID1~Qll~P..QBatl..m!~f.~Il.!!~2.!Q!!Hali@_ 

KBasHpaBHoBecH~n raMHJlbTOHHaH (5) npa ~HKcHpoBaHHOn paSAeJlHDmen 

nosepxnocr a OnMCJ1BaeT Heo,B;HOpoAHYD c acr e..y. HYJ:H~ BHA HeoAHopoAHOC
TH c ~aAaHHlH4K rpaHHI~R~MH ycnoa Hsu,m MOJ:HO co 3AaTb, BBOAH <V"rHKIJ,KH 

ocpamoa reuneparyps }o< (~~ ~6l) H XHMHqeCItOro ncreauaana ~ (x) ~o() 

4TO 3KBHBaJleHTIIO BBeAeHHD <pHKTHBHHX noneH. TorAa cnaraeM~e KBa3KpaB
HOBeCHoro raMH~bToHHaHa, B cJlyqae HepenHTHBHtTCKOn CHCTeMU c .n.BYx
4aCTH4HJ1M BsaH'toAetlcTBHeM, npHHHUallT BHA 

r: (U = JI'" ex, ~"')[H/x; ~) /'" ex" ~,,) N~ er, V] dx J (31) 

r Ae AJIR nJlOTHOCTH ra1ü!nbTOHHaHa Ho( ('X; ~.J. oneparcpnoa nnOTHOCTM 
4HCJJa 4aCTH~ N (x j ~) H no neaax oneparopos VI (')lI .t) HMOell 

ti. ri. fel '" 

H 
J 

Crt:" !; ) -r. '/J+ (~~ ) r_ ~ 1 + V(-r)] ti) e~ t ) + 
..... ti. ,,( li L Âm 1.< iIL 

(32) 

+ t S'ti" (x) ~~) r; (l:~~) cp (XI ~/) t. (JC;~) <fi", ex, ~) oIx I > 

-. .,
N J ( X ~ ~ ) := 'fi ('X ) ~ ) If ('X) ~ J ) 

.... 3,,( ,( ..l,( ...~ 
í 

~ i r ('X) ~ ) = Ih ex) @ ~ (l') . 
ti. .t. T<I.. o/.H, 

I 

Hanouuaa, tlTO 11'H~eKC c<. y BCHKoro one~aTOpa eJ oauaua er , lITO 
paCCMaTpMBaeTcR np e.acraaneune ~ ((9) == &,( onepe r opa (:J na npocr

pane-rue ~ 

B MHTepecYDme~ Hac c~TyaUMM ~YHK~HH odpaTHoA TeMnepaTYP~ M XMMH
4eCKoro nor enuaana saBHCHT OT xocpnunar x TaKHM 06 pa aou , tiT 06~ 

C03.n;aTh HeoOxoAHMYD Heo.n;HopoAHOCTb, oOycnOBJIeHHYD pa3.n.eneHHeM CHCTe
MH na ~a3bl. ECJlH xe OAHa H3 q>a3, aaupaaep , c HOMepOM o< , aano.m aer 
BCD CHCTeMY, TO HHKaKoro pa3AeFleHHH HeT, H AOJI~HO BblnonHHTbCH ycnoBHe 

A ('X. f) =c.onsf )J (x () = C.OflS+ . 
/-,,( ) ) / oi. ) (33) 

OOpaTHaH r eunepa ry pa /fJo/. ('X) f;,,) HBJIsteTCH !PYHKUHO'HaJIOM OT xapaxr e
pl-fCTH'!eCKott ~YHKIJ,HW ~ (x) • 06mHRBK,.lI; raxo r o t1>YHKUHoHaJla MOJ>HO 

npeACTaBKTb B ~opMe 
.tl 

k 

13 c». ~ ) =f (/~ (x-x,.) ... X-)(It.)n ~ (x.) oI'XA• , (34)
I / "" aC J	 . ~ ~ v

k=1 J=1 
\ f YAOBJIeTBOpHDme~ ycnoBHll (33), TaK KaK 

~al. ('XI f) = L
00 

J.Jet. (X, ) ) d«, ... d-x It. == const... x lc 
k=1. 

" B~paxeHl1e, aHaJlOrl1YHOe (34), cnpapeAJlHBO H AnH XHMHtleCKOrO nOTeHUHa
l' 

na ~ K (X.~ ~ol) • .
 

I Ilocae y cpeanea aa no rer epoéaaasa ~JlYKTyaUMHM H3 (3I) nonyvaeu
 

. r:x (w~) =!al.,J[H-«~)/o( ~cx~ d-x	 (35)i1 
rAe 

H (x) = ""o( 'fi +(~)[v1 

U(lC) lf ("X) +-- t ] 
cl ti. lm o( " 
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+ W,I..'l j'"'f (j() f f (x') t:p(?C}X') UI (x') ~ (X) d-x ' 
1. tI..c: lei. ri s 

t

IV ()C) = 'Nu( ~ ('X) ~ (X.) )
 

ri. 

H nORBJIReTCR nepeHopMHpOBaHnaR 06paTnaR TeMnepaTYpa 

00 • 

)3" =S!'" ("', !",) .2l ~ = L -: If" c"', , ... -, )oh,···,J"h (36) 
~=f 

a TaKKe nepeHopMHpoBaHH~f.t XHMH4eCKH~ nOTeH~HaJI;U~ , B~paxaDmH~cR 

H.neHTH4HO (36). TIepeHopMHpoBaHH~e, HJIH ~eKTHBH~e, oôpaTHHe TeM
nepaTypH H XHMH4eCKHe nOTeH~HaJIIi 3aBHCRT OT HOMepa <l>a3H, eCJIH HMeDT

CR aexoropse BHeIIIHHe nOJIR) pa3JIH4HO .ne~CTBYKllllHe na pasnse. <pasli. ECJIH 
xe Bce 4Ja31í Haxo.nRTCR: B O.D:HHaKOBHX YCJIOBHRX, TO H xapaKTepH3YDmHe 3TH 
YCJIOBHR 3~eKTHBH~e KOHCTaHTIí .nOJIXHH ÔHTh o.nHHaKOBIí: 

(37)/l-. =~ ) /" / . 
PaBenCTBa (37) nOKa3IíBaDT, 4TO B cHcTeMe, YCJIOBRO rOBopR, cymecTByeT 

reTepotIlasHoe paBHoBecHe B cpe.nHeM. TIo.n4epKHeM, 4TO 3TO HMeHHO 3~eK

THBHoe reTepo~a3Hoe paBHoBecHe B cpe.nHeM---npH Ka~.nOM ~HKcHpoBaHHoM 

nOJIOXeHHH pa3.neJIRDmHx nOBepxHocTen TaKoro paBHoBecHR, BOOÔme-To HeT. 

TIOJIe~HO .naTb CJIe.nYDmee onpe.neJIeHHe. HaSOBeu tIla30Bo~ penJlHKO~ a6cTpaKT

HYD ~H3H4ecKH o.nnopo.nHYD cHcTeMY, 3KBHBaJIeHTnYD ôecKone4HoMY UHoxeCT
ay npocTpaHcTBeHHo Heo~Hopo.nH~X no.ncHcTeu, npHHKMaDmHX npOH3BOJIbHlie 

tIlOpMH H HMeD~X CBO~CTBa .naHHoR TepMo.nHHaMH4eCKOn ~a31i. ~a30BYD 

penJIHKY, COOTBeTCTBYDmYD ~a3e c HOMepON ~ , ôy.neM .nJIR KpaTKOCTH 
Ha3bíBaTh t)( -penJIHKOn. BeJIH4HHhI ~ti , /rt< ,TaK xe KaK H 

~ '(~wl.) ,0nHChlBaDT ~ -pennHKY. PaBeHcTBa (37) MO~HO ~OpMaJIb
HO ~HTepnpeTHpoBaTb KaK YCJIOBHe paBHoBecHR ~a30Blix penJIHK. 

KBa3HpaBnoBeclIH~ nepeHOp)LHpOBaHHl~R r81tlHJIbTOHHaH (25) npHHHuaeT 
BH,ll; 

I"J "" 

r(w)= .I(H 'iN) (38) 

B KOTOpOM 
..... (" 
H = @ H"" Ho( =JHoC. (~) d'K ) 

ti=, 
'" ,. Á 

N = @ /V,,( #tI.. =S1t(J.l'~) dx 
.,(:, 

CTaTHCTH4ecKHf.t Onep~TOp ; B npasane Blí4HCJleHHR cpe.nHHx (28) HMeer 

r erreps <l>oPMY paauone cnor-o craron epar opa , TaK, B peaynsrar e ycpe.n;HeHHR 

no KBa3HpaBHoBecH~M reTepo<l>a3H~M ~JlYKTya~HRM y.naJlOCh HCXO.nHY~ ~Ba3H

paBHoBecHYD cHcTeMY CBeCTv. K Ha60py paBHoBecHHx penJIHK, qHCJIO KOTO~X 

paaao 4HCJIY tIla3. 
BBe.neM OÔ03HaQeHHR 

K =.L I< lf. +()t) .[- "72. + U(')()J 'P (J() >. 'd-x 
o( N s! 2M .J.. 

cp ::_1- I< 'f +(x) rT(')(I) cp ('X) 'X') rt. ('x') Cf.- (x) > dx d x I ,) 

c< 'I.. N ri. Di.. ri. oi. 

=..i- S< (1/ ('X) ~ (x) > 0/ 'X. ,Rli( N (e( o( 

nJlH cpe.nHero qMCJIa 4aCTH~ B CHCTeMe nOJIY4aeM 
r A 

IV :: L NfI. ,) No(:: ~ (w) < Nr:( > :;: ,\VI)( Rr:( N ,)= 
ti. =f 

OTKY.na B~TeKaeT ypaBHeHHe AnR onpe.neJIeHHR XHMH4eCKoro nOTeH~HaJla 

r 

L «; R.J. ::: s , (39) 
ti =, 

IlepB ~e H3 YCJIOBH~ (27) ripa Y4eTe COOTHOIlleHl1R: 'à r(w)/~ w.... == j3 8#~ '11.< 

zaer '(' -1 ypasn enae ( r e :;1./1' c< ) .nJIR 4Ja30B~x BepORTHOCTe~ 

~ (We( ~ - wr <Pr ) :::: Kr-l<o{ +/(P..L - Rr ) (40) 

Hanpaxep , B CJIY4ae .n;Byx~a3Ho~ ( r:: ~ ) cueCH HMeeM 

~ cpi 't /(2. - Kf +/ ( Rf - R2) 
W .:: W'z == f- W 1 )

f 'I. (CP, + <r>.l .) 

a XHMH4eCKHH nOTeH~HaJI Haxo.nHTCR H3 ypa.BHeHHR \.4'. Rf + "'t R~ = 1 . 
YpaBHeHHe (40) Mo~eT HyeTbHeCKOJIbKO peIlleHHn .D:JlR Kax.noro ,H3 w~ 

KpOMe Toro, Ha.no nOUHHTb o B03NO~HOCTH cymecTBOBaHHR 4HCTOn llJa.3h1, 

Kor~ w~.= f • Ms Bcero MHoxeCTBa peweHH~ ~~3H4ecKH" CMIiCJI KUeDT 
JIHWb r e , AJIR KOTOpliX c npasenxaao orpaHH4eHHe o ~ w,( !: t • ECJIH 

w~ 0~JIK4HO OT HYJIR, TO .nOJIXAO TaK~e BhlnOJIHRTbCR YCJIOBHe reTepO~3
HoR YCJ.' OR4HBOCTH - BT opoe H3 coo moueuaa (27). TOT aaoop {we( 1 
KOTOpIiR. ooecn e4HBaeT H&HMeHhWee 3M l~eHHe TepMo.nHHaMH4 ecxor o nOTeH

~HaJIa, "qppe.neJIReT aoco JIDTHO YCToR4Hí30e COCTORHHe. Haõops .npy,rHX pene
HHR COOTBeTcTBy,DT MeTaCTaÔHJIbHIiM 'HnH JIaÔHJIbHIiM COCTOR~HRM • 
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nflfl paBHOBeCHO~ CHCTeM~ penflHK, KaK H ~nR BCRKO~ paBHOBeCHO~ 

CHCTeM~, MO~HO Onpe~eflHTh flD6~e TepMO~HHaMH4eCKHe XapaKTepHCTHKH. C 
nOMO~hIl re paonoreauaana (26) 3a~aeTCH y~enhHaR cB0(0)4Hafl :3HepI'HR 

f = e ~(w) +;;. ,r,1l.e?@ E 1 • BHYTpeHHRR 3HeprHR onpenens erc a 

~OpMYflaMH 
r 

E(VI) =<H > =L E (w) r
"'-

(w) =< Hol '> 
o( 

=IV ( ~ K,,[ +'Wr(1 ce
.... 
) 

~ > 
ol ;:f 

rae <... >0( 03Ha4aeT c pe.aae e c ra.MHflhTOHHaHOM Ho( no npOCTpaHCTBY 

~ • Ha 'OCHOBaHl1H 3T~X cflOPMYfl paCC4HThlBaeTCR nOBepXHOCTHafl anep
rHR (30). TenfloeMKocTb BhlpaKaeTCR paBeHcTBoM 

r-1 "'J 

C ': _i. "J <H> =fi ~« fi ~ >_<H> 'l..) _ J!.. L <Hg H ) 9 W.c 

v N 'd @ /oi N 9~ 9~ 
oc=f 

B 06~eM CflY4ae nflOTHOCTH pa3H~X <l>a3 HeO~l1HaKOBhI. EcnH ~e ~a3h1 He OT

nH4alOTCR no nflOTHOCTI1, TO ecr s No( /V.t.. = N IV ,Tor~a 

\Vil ='\{(/v:;; Npl I /11 ,R,( = t, H sce ~OPMYJIhI aecxoxsxo ynponanrc H. 

6. MeTO~!LB~~~JIe!H!~LrM~ 

B~4HCJIeHHe pa3fl~4H~X Cpe~Hl1X 3Ha4eHH~ npoH3Bo~HTCfl no ~oPMyne 

(28). YqHT~BaR, 4TO KBa3HraMHJIbTOHHaH (KBa3HpaBHoBecHHK raMHnbToHHaH) 
nocne nepeHopMHpOBKH 3a~aeTCR BhlpaxeHl1eM (38), B Ka4eCTBe nepeHopMH

pcsaaaoro CTaTMCTH4eCKoro oneparopa HMeeM J
IV 

= @ 
r

f [H J 
ti.=t o( o( 

rAe. '" .. 
., p [ ] _ • - .J3 (H..e. -j-< N.c )/_, - fi ( H~ -;« N,J. ) 

J Hc( - e r e ( 41) 
~ T 

a( 

BH~ ! COOTBeTcTByeT He3aBl1CHMHM tlla30BhIM pennHKaM. HanoMHHM, 4TO 
He3aBHCHMOCTh pennHK HH B KoeM CJIY4ae He 03Ha4aeT He3aBHCHMDCTb peaflb

nux <l>a3 • .!I:flR cpe.aaer o OT orrepar opa eJ no nyxaea 

r 
< (9 > = L < (7 >0( < O >0( = -r,.. fI>( [ H~] (f) ( 42)J 

~=~ ~ 

qTOÓhl paCc4HTHBaTh Cpe~Hl1e THna (42), He06xo~HMO YMeTh npoBo~HTb onepa

U.HD Ir . TaK KaK ~ RBnReTCR no~npocTpaHCTBOM, OTBe4aDmHM ~ 
~ 

cfla3e, nonHoro npocTpaHcTBa <l>H3H4ecKHx COCTORHH~ CHCTeM~, TO cneA no 
orpaHH4eHHol\ qaCTH npOCTpaHCTBa COCTORHH~ Ha3hIBaIDT orpaHH4eHHhlM CJIe

AOM~ Ero MOXHO 0~H03Ha4HO onpe~eflHTh, ecnH y~aeTcR HBHO nOCTpOHTb 8ce 

npOCTpaHCTBO COCTORHHR H BhI~enHTb H3 Hero COOTBeTCTBYDmee no.n.npOCTpaHCT 

BO ~ " O,nH8,KO 3Ta aaxasa , 3KBHBaJIeHTHaR T04HOMY HaXO][~eHHD 

18 

Bcex BOflHOBhlX tllYHKUHtt MHor04aCTH4Hot! CHCTeM~, ,1I.nfl nO,UaBflflIDUlero dOflh

lIIHHCTBa c nyse.ea npaKTHl~eCKH neocyaecraaxa, Bone e Toro, aaxe ec na B 

HeKOTOp~X lI[CKJIDqHTeflhH~X CJIy4aRX, aanpaaep, ~nR Mo~eflH 113HHra., npOCT

paHCTBO COCTORHH~ MOXHO 3a~aT~ RBHO, onepaUHD B3RTHR CJIe,1l.a Y,1I.aeTCR 

ocymecTBHTb ~neKO He Bcer~a. nnR O,1l.HOMepHOn K ,1I.BYMepHO~, de3 BHeWHe

1'0 nOJIR, Mo~enett I13HHra B~qKCneHHR MOmlO )l.OBecn1 ~O KOHI~a, acnoxs ays , 

aarrpauep, TeXHHKY 'T'paIlccIJepMaTpIllUi. Ho ~nR rpexae puojt, H M:w:e .n;nfl 

~BYMepHott, BO BHelllHeM nO,fle,. Mo~eneM I13HHra 3TO yx.e ue no JIYlJa eTC R, 

HeCMOTpR Ha TO, 4TO see c06CTBeHH1Ie cflYHKUHH raMHflhTOHHaHa HattTH MDJK
HO. B03HHKaeT He06xo~HMOCTh ccfloPMYJIHpOBaTb TaKHe ~OnDJIHHTeJIhH~e YCJIO
BMR, ~OTop~e n03BOflRnH 6h1 BhI~enRTb HYKHhle no~npOCTpaHCTBa H, CJIe~OBa

TenhHO, COOTBeTCTBYDillHe ~a3h1. nonYCTHMO HCnOJIb30BaTh pa3JIM4Hhle MeTO
,llhl HanoxeHHH YKa3aHH~X YCflOBHn ,llnR BhI)4eneHHR tlla3. B TOM cnY4ae, KOr,lla 

peUBDTCR ypaBHeHHR ~BHJKeHHR ,1I.nR KoppeflRUHOHHhlX ~YHK4l1[tt lI[nH ~YHKUH~ 

rpHHa, y~06eH MeTO~ rpaHHqH~X ycnoBHtt /37-40/ • CM~cn 3Toro MeTo~a 
COCTOHT B TOM, 4TO Ha HCKOM~e pellleHHR HaK~a~BaDTCR ~onOflHHTenbH~e 

ycnoBHSI, n03BonRDillHe H3 Bcero MHoxeCTBa pellleHHtt OT06paTb flHlIIb Te, 

KOTop~e xapaKTepH3YDT paCCMaTpHBaeMYD ~a3Y. CeR4ac npHBe~eM ~OPMYflH

pOBKH ~BYX npyr ax MeTo~oB Bh!~eneH HSI <l>a3. 
C MHKpOCKonH4eCKO~ T04KH 3peHHR Kax~o~ <l>a3e MOJKHO noCTaBHTb 

BCOOTBeTCTBHe cace npOCTpaHCTBO COCTOSlHHtt Y; ,a c MaKpOCKonH4e

CKO~ T04KH 3peHHSI BCRKaR ~a3a xapaKTepH3yeTcSI HeKOTopQ~ Hn6nDMeMott 
BeflH4l1[HO~ (HnH Ha60pOM BeflH4HH),Ha3h1BaeMOR napaMeTpOM nopR~lta, 4TO 

n03BOJIReT OTnH4aTh ee OT APyrHx <Pa3. IT03TOMY MeJK~ napaMeTpOM nopR~

xa ~ H npOCTpaHCTB OM coe TORHH~ ~ cyuecrayer CBn as , Ilapauer P" 
nopazxa MOlKeT 6b!Tb onpenenen KaK cpamee OT HeKO ro por o on eparopa (J 

" ~ = t; Y [Ha(J & (43) 
, ~ o( , 

H as naerc a 'lJyHKUHeM rexneparypa @ ,nnOTHOCTH J:: IVIV H ~pyrHX 

TepMO~HHaMH4eCKHX n epeaeuasxs. ~ =~ (e J 1',"') • Hanpauep , MR 

tlleppoMarHeTHKa napaMeTp nopHÃKa - 3TO cpe~HH~ cnHH, OTflH4HhI~ OT HYJIR. 
B CflY4ae napaMarHeTHKa cpe~HHR cnHH Tox~eCTBeHHO paBeH HYflD. JJ:nR Toro, 

4T06hI 6hIno MOXHO KOHTponHpOBaTb nponecc BhI4HcneHHR pa3HhlX Cpe~HX rio 

npOCTpaHCT~Y ~ ,Y~06HO BKfllO~Tb napaueTp nopR~Ka Henocpe,nCT
BeHHO B raMHflhTOHHaH, 3a~aBaR 

HoC (v) = Hei., + -J HoC [~ ()I) ] , (44) 

npaseu AonXHhI BhInomtRThCR yc noaas c oraacoaauas 

~ (-.J) =~ .f [ftc (~)] G t,'tn ~ U) = (lo( (45) 
~ ti
 

oC
 y~O 

19 



raMHnbTOHHaH HlII..[~ 1 MoxeT 6liTb raMHJIbTOHH.aHOM rana cpe.aaero nOJISI. 
TIpH BlinonHeHHH ycnOBHt\ (45) cpe.anee OT onepar opa t!J onpenenaer ca 
panes CTBOM 

< (g >0( = t.irJ 1;. f [HI( (}I)] ~ . (46) 
y..... o ~ "

ri. 

3TO HanOMHHaeT onpeaenenae KBa3HCpe~HI1X EOrOJIKl60Ba /30/, c TeM OT11H
4HeM, 4TO 3~eCb He 06n3aTenbHO Bli~eJlReTCR a6C011DTHO YCTot\4HBoe COCTOR
HHe - Bli~enHeMaH ~a3a npH ~aHHliX TepMO~HHaMH~eCKHX nepeMeHHliX Mo~eT 

oKaSUTbCH MeTaCTU6HJIbHOt\ HnH na6HnbHO~. TIO~O~Hli~ MeTO~ Bli~eJIeHHSI ~a3, 

OCHOBaHHli~ sa BBe~eHHH HCTO~HHKoB c HYXHliMK napaaer pazz nopaasa , MOX
HO Ha3BaTb MeTO~OM ynopR~04HBaDmHX HCTO~HHKOB. 

PaCCMOTpMM Tenepb cne~KlmYKl cHTyaUHKl. TIepeHopMHpOBaHHlin raMKJIb
TOHHaH HMeeT BH~ 

H== @ H' HI = H t 1) (47) 
ol '.J. rI... 0(,

o< =f 
I

npH~eM cnaraeuce De( TUK napyuaer CBo~cTBa raMHnbTOHHaHa n: (no 
cpaBHeHHD co CBO~CTEaMH H"" ,HanpHMep, MeHHeT cHMMeTpH~, !lTO npHMoe 
BBe~eHHe HCT04HHKOB c napaMeTpaMH nopR~Ka HH~ero He ~aeT, XOTR ~JIR 

HoI. OBO (5b1no 6li 3<P~eKTHBHo. Tor~a onpe.aeaax raMKJIbTOHHaH 

Hol.. c« i\ ) := Ho( (y) + ;\1)0( ( l~8) 

BocnonbsyeMcR TeM, 4TO npH ~ ~ o MbI B03Bpal~aeMCR K npe~li~YmeMY 

cnY4all, xor aa ~e~cTByeT MeTO,11 ynopa.aosaeaonax HCTOIUiHKOB. TIonOMY 
MO~ijO Sa,118.Tb napaMeTp nopR~Ka 

s:c ("J 11) = [;. t[H", (~, ;\)] S; [,'". C;; (JJ lI) =~ (>'). (49) 
~ ~~o

ti. 

BenH4HHa G; (.J, i1) npa KOH84HliX I) on peaenaer ca KaK ananHTHtteCKoe 
npo.aqnxenae napauer pa nOpR,11Ka, KOToplitt c~HTaeTcR H3Bec1'HblM ripa i).., O. 

4T06li BepHYTbCH K HCXO~HOMY raMHnbToHHaHY (47), Ha~o nonOJ:HTb ~.., 1 . 
TaKHM 06pa.SOM, cpe~HHe B cny~ae raMHJIbTOIUlaBa (47) cnenyer HaXO~HTb 

no 1>opMyne 

< (J > = ft'm l'm Ir f [Hoc. U, in] (? (50)
Il( ~ ... o ),"'1 T .c:
 

tJ..
 

CBOnCTBa raMHnbTtlHI18.Ha Ho( ,HapyweHHlie cnaraexax D,c B (47), 
BOCCTaHaBnHBallTCH B (48) npa i) = o • Bcne~CTBHe ar or o npHBe,11eHHlin 
MeTe~ BH,1leneHKR ~a3 ~onYCTKMO Hà3BaTb MeTo~OM BOCCTaHaBJIHBallmHX 
HCTO~HKKOB /36/ . 

B nacTonmetl paOoTe HCCJIe~OBaHli npaananaansnue sonpocu nocr poeaaa 
cTaTHcTH4BCICoA Teop~m r erepoçasnax ~JIYKTyaUHt\ B npoaaso nsuux CHCT·eMax. 
HeKoTopliB npHnoz9HHn 61lJtH onacanu paaee 137-47/, a 60JIee no~pÓdHbln 
8.HaJtH3 uercaon BhlAeJIemUI cIJas ~JIR KOHKpeTHblX MO,11eJIetl 6YÃeT npoaexea 
B nOcneAYDmHX CTaT&RX. 

MHe XOTeJIOCb 6li BIlpa3KTb rny60KYD 6JIarO~apHocT~ sa 06cyxÃeHHH,
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101<.1J1011 11.10. PI7-86-262 
IIp()I~I~J~YP.\ 1(lJiI'lHycpeHllelllln AJlH r-e rcpoóus usrx 
('I'H:I'(dl 

)lJ/Il (COII'1'\,(HyartbHOH reTepOlPa3HOH CHCTeMbI npOiI3BOJlbHO.O BEga 

llllpe,L~eJIHeTCH npouenypa ycpegHemuI fIO reTepOlPa3HblM qmYKTyaLl;lIHtv1. 

PnC2MOTpeHHe OCHOBaHO ua HCfIOJIb30li3HHH KBa311paBHOBecHblX aH-

C <lMÔJIet'r I'uõõ c a B HeTop,e p aanerrrnoutax nOBepXHOCTe~·'t. YcpegHeHHe 

no ct>a30Bb1H KOHtPHrypaIJ,HHM s anaer cn c fIOI'-IOrn;blO lPYHKIJ;HOHanbHoro 

HHTerpl1pO BaHHH fIO xapaKTepHCTl-'{tleCKHH (PYHKU;lIHM cl>a30Bb!X non-: 

MHo~eCTB. B K3l..J:eCTBe HJIJIIOCTpalJ,HH flaXOJI,H.TCn rre pe nopr-urponaa asnl 
rilMHJ1bTOIUi311 nJIH CHCTeNbl c gBYXl.JaCnll{llbIN B3LlHr-ro.ue({CTUHeM. (j)àp

HYJIllpYIOTcrr yuo õusre MeTOAbI BblgeJIeIUI}{ q,a:: li Bbll..J:HCJIeIHlH COOTBeT

CTSYIOIl(HX KBa3HCpCnIlHX. 

Pa60Ta BblIlOJIHeHa B Jlaõop a-ro pan Teopen,p-IeCKoi'I WH3l1I<H ülIHH. 

Ilpenpmrr 061>c.a.HHeHHoro HHCTHryra HJlCPUblX accnenoaauaâ. Ilyõaa 1986 

rreoeBon T.ID.~YMôoaHc 

Yukalov V.I. PI7-86-262 
Procedure of Quasi-Averaging for lleterophnsc 

Mixtures . 

For a continuous hc tc rophasu sys tcm o f u rb i t ru ry type the 

procedure o f nvcrnBira~~ ovo r bc tc rophusu í'Luc cuat i ons i s de

fincd. Tl10 cOIlAit.lorl1LLnn lH bUBC'd.on thu use of thü Gibbs 
ClU/wi-C'qui l l h r i um ('nIH'mhL('1I in che met hnd of supa rut Lug sur
Fncun , f\Vurnglllll ovn r phnnn c'on1'igurntiol\lI Ls g i vcn by means 
o I 11 J'11lH'LI.OlltlL Illt'C'grlll.[ol\ ovn r cha rnc t c r i ut i c I'unc t i on s oE 
phnut- :Ulhl1\l1111IoLLlu. 1\11 111\ lllllntr:ltiollt:l ruuo rma l i zud llam i l t c 
n i nn o r 11 uyut.nm wlth /I t:wn-p.'lrclelun i n t o r ac t i on i s Eound . í 

Convun l en t, Illll LlwdH o r supn rn t i,l1g plH1RCH nnrl o f c a Leu Lrt í ru; 
t hu ('O r rll upoud Lllg qU.1S i <avo rngc9 n ru [~ormll Lc1 tudo 

'l'hu luvuu t i gut Ion lias bccn pe rf'orrncd nt t ho Labo r a t o ry 
o f 'I'hno ru t. l cu l Phys i cs , JINR. 

Prl'llIlnt uf lhe Joint Institute for Nuclear Rcscarch. Dubna 19R6 


