
OB'bE,nHHEHHYR HHCTHTYT H,nEPHhlX HCCJIE,nOBAHHR 

3 - '!6I 

3,l(AHhCKl1 
AttApeH KottcTaHTHHOBHq 

17 - 12573 

l1CCnE,aOBAHl1E MO,l(EflbHMX Cl1CTEM , 
DPETEPTTEBAIOIUl1X 4>A30BMH TTEPEXO,l( 

no.a ,l(EHCTBJ1EM B030HHOrO nonH 

CneuHaAhHOCTh 01.04.02 -
TeopeTHqecKa~ H MaTeMaTHqecK~ ~H3HKa 

ABTOpe¢epaT AHCCepTaUHH Ha COHCK8HHe yqeHOH CTerreHH 

K8HAHA8T8 ¢H3HKO-MaTeMaTaqeCKHX H8YK 

lly6Ha 1979 



Pa6oTa BNIIOJIHeHa B na6opaTopiIH N! 3II BHIDIBMAIB roccTaH'Aap

Ta CCCP KB Jia6opaTopwi: Ilpo6neM IGlaHTOBOll CTaTKCTKqecRoll 

qM3iIRH Mlt1AH CCCP • 

HayqHNe PYROBO~TenR: 

'AOKTOP qM3KKO-MaTeMaTRqecKKx H8YK, 
npoq;eccop 

RaH~'AaT qM314KO-MaTeMaTKtl8CKKX HayR, 
CTapmHll HayqHNR COTPY'AHHR 

0qMUK8JILHNe·onnoHeHTN: 

'AORTOp qM314KO~M8T8MaTiiqecKKx HaYK 

R8H'AiI'AaT qM3iIKO-M8T8M8TRqecimx H8YK 

H.ll.EoronJOCloB (WI.) 

A.M.Kyp6aTOB 

E J1 .Ca'AOBHKROB 

B .A .3arpe6HOB 

Be~mee HayqHO-KCCJIS'AOBaTeJILCKOe yqpez'ASHHe: 
. . 

XapLKOBCRHR qM3iIKO-T8XHKqec!Glll HHCTHTYT AH YCCP 

ABTOpe~epaT pa30CJI8H n n - 1979 r •. 

3amHTa ~ccepTanHH COCTOHTCSI 11 n ____ 1979 r. 
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]a(5opaTOpiiiI T80p8Tiill8CKOll qMSiIKH 0(5~e'AHH8HHOrO KHCTHTyTa 

Sl'ASPHNX iICCJIS'AOBaHHn, r. ~y6Ha, MOCKOBCKOR 06JiaCTK. 

C 'AKCCepTanaea MOEHO OSHaKOMHTLCSI B 6H6JIKOTeKe Olliffi. 

YqeHNR ceKpeTapL CoBeTa, 
KaH'Ali'AaT qMSiIKO-MaTeMaTR
qecKKx HayK B .11.J:r ypaBJieB 
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OEIUAH XAPAKTEPlfCTl1KA PAEOTU 

ARTYaJILHOCTL pa60TH. B HaCTO~ee BP8MSI B IGlaHTOBOll 

CTaTHCTKRe cymeCTB8HH08 BHHM8HH8 Y'A8JISI8TCSI IIOJiyqeHHJO aCHMil

TOTHll8CKH TQqHl,IJ{ (npKf--o0 ).pemeHHll T8p!.!O~HH8.MHqecKOH 

38'A8qH (T3) 'Aruf MO'A8JILHNX CiICT8M! H8XOE'A8HKl!l IIJIOTHOCTH 

WYHKUHH CBo6o'AHOll aHeprHH, napaMerpoB nopH'ARa, 

Teuneparyp qi830BHX nepeXO'AOB (~IT), onpeAeneHKJO THIIOB STHX 

nepeXO'AOB H T.'A. 9~RTHBHNU M8TO'AOU pemeHM TaRHX 38'A81l, 

He IIOM81!lmHXCSI npH6JIHS8HHOUY HCCJI8'AOBaHKJO, OCHOBaHHOMY Ha 

o6menpHHSITNX npHeMax 11CT8H'A8PTHOll" T80piIK BosuymeHHll, sra

JISI8TCSI U8TO'A annpORCKMHPYl!lmHX raMHJILTOHH8HOB(I). 9TOT ue-

-· TO'A ycnemHo npJll),!eWIJica npH pemeHHH T3 'AJIH mHpoRoro KJiacca 

MO'A8JILHllX raUKJILTOHH8HOB C 'A8JILHO'A8WCTBYJOmHu B38KMOiellcT

BHeu, B TOM qHcne H 'AJIH CHCT8U C 'AaJILHO'A8RCTBYl!lllliIM xapaK

Tepou B38HUO'A8RCTBM 6osOHHoro IIOJISI C BemeCTBOM - pe~nu

pOB8HH8H OAHOMO'AOB8R MO'ASJIL ,llmtRe, MO'AenLKOP{ 2-5). 

0'AIIBRO, npu nepexoAe R 6onee peaJIHcraqecRHM MOA8JIHM, 

B KOTOpNx qacJio creneHell Baauuo'AellcTBMi~N (Hepe~na

poBaHHmt raMHJILTOHH8H nHRRe, raMHJILTOHH8H ~penuxa), CHCTe

ua oneHHB81!lmHX HepaBeHCTB TP8AHUKOHHOR T8XHRRH annpoRCiIMH

PYl!lmHX raMHJILTOHK8HOB He npHBOAHT K H806XOAHMNM aCKMIITOTH

qecKHM OU8HR8U K T8M C8MNU H8 'Aa8T B03MOXHOCTH TOqHQ pe

maTL T3 'AJISI T8RHX UOAeJiea. B TO ze Bpeua BNmeyRa38HHNe 

rauHJILTOHHaHN IIOJIOEeHll B OCHOBY ormcaHM TaKHx sraneHHll, 

K8K ~BepXHSJiyqeime (MO'A8JIL nHRK8)( 6), p83JIHllHllX ajxl>eKTOB 1 

CBSI38HHNX C B38HUOA8llCTBH8U 3JI8KTpOHOB C ~OHOHaUiI B TB8p

'AOU rene (uo'AeJIL ~penHxa)< 7>; pacnpocrpaHeHHe ueTOAa an

npoKCHMHPYl!lmHX raUKJILTOHHaHOB Ha 3TH CHCTew IIP8'ACT8BJIR8T

CR HHTepeCHOll H B8EHOR 38Aaqen. 

~..,,,..., •. 7 . --~·r:z 
1 001,n,l:lmib;u~:i rrm::1:~71 f 
:; snr::11:: ·_ - '1• .,;'._r~~;1}~:~:r1~1 il 

':::i """'ii~, !ii.#"'\ \ -~.,,··•~- .. ,,- "'.~ ;-..-:'."'""----.. ~~-· 



Uenb pa6oTu. 0606111eHRe ueTOAa annpoKCliMRPYllllllHX ra

MWibTOHliaHOB Ha CliCT8Mll C 6eCKOH81JH.llll IJ.l!CJIOM B3a.llMOA8RCT-

1lYIOlllHX MOA C pa3JI.111JH!lM.ll B.l!AaM.11 B3aHMOA8£lCTBHH, a,TaKl!te np.11-

M8H8H.ll8 ero AM KOHKp8THNX MOA81Iea: Hepe~u.11poBaHHaH MO

A81Ib J.\.llKKe, MOA81Ib <Ppe11.11xa .11 APYrlie • . 

HaytJHaH HOB.113Ha .11 npaKTHIJeCKM ueHHOCTb. B ARCCepTa

U.11.11 Bll8pB!l8 nonyqeHa He.a'A]UlT.llBHaH no .. c.TeneHHM ,B3a.l!MOA8RCT-
i:- •• ~ 

B.l!H OU8HKa, ll03B01IHIOlllaH pacnpocTpaHRTb M8TOA arrnpoKCRMHpyro-. ' . 

IJl.l!X rau1mbTOHHaHOB Ha CHCT8!.!ll C 68CKOH81JH!l!.! { B T8pllOA.11Ha-

!.!H~ecKp1.1 npeAene) IJ.IICJIOM_ CTeneHeR_B3a.llllOAeRcTB.l!H, a .T8Kllte 

pa3pa60T~Ha MeTOARKa cneu.11a11bHoro orpy611eHRH•HepaBeHCTBa 

Eoro11ro60Ba, ll03BOHRBmaa HenocpeACTBeHHO·nepeHeCT.11 T8XH.11KY 
~'I , • • 

annpOKC.II!.!liPYIOIII.IIX. ra!.!HJII,TOHHaHOB Ha CliCT.e.w C paanntJHlllW 
' ' .. . 

_BH~aun B3a.lI!.!OA8~?TB.l!H~ BrrepB!le rronyqe~ T8pMOA.l!H8WltJ8CKR 

3KB.11B81I8RTHI,l8 {TJ.19) lICXOAHI,IM arrrrp0Kci1.1.11py_ro111ne ralllIJibTOHli-. .. .. ' 

8HI,1 A1IH. ra!.!lIJibTOHHaHOB J.l~KKe ~ <Ppe11nxa li COOTB,8TCTBYllllllll8 

15eCKOH81JHlle C.IICT8¥ll H~J!OKaJ!blillX ypaBH8HlIR ca1.1ocor11ac0Ba-

HIDI. 
'~ ':.' -

.J.lmI r_aMHJibTOH.llaHa. J.\RKKe B · P8!.!K8X o6o6m.eHHOrO M8TOA8 

arrnpOKCH~liPYIO~liX raMWJbTOHlI8HOB no11ytJeHO pemeHHe T3'llp.11 

rrp9n~ .. B01IbH!lX KO_HCTBH!rax B38.llMOAeRCTBlIR l3 rald.llJib'?OHliaHe. 

J.111a _uo_Aen.11 <Ppe11.11xa pacc1.10TpeH cneu.11ahHNR c11yqaa ra11n11b-

TOHHa!i8' npliBOJUIIJllii\ K pemeHWIU T13_ 3KBlIB,aJieHTHllM pemeH.l!HJf 
. . .. . . . ' 

3aA8l!H C r_aMHJI.t,_T,OH.llaHpM EH!It - Eoromo6oBa. 

KaK rronytJeHHoe o6o6llleHHe MeToAa anrrpoKCHMHPYllllllHXra-.... ,. ·• 

MH1IbTOHHaHOl3, TaK H pemeHHe T3 uoryT HaRTH rrpHueaemi:e np.e:. 

HCC1I8AOBamm APYrHX ~OA81I8R C. _6eCKOH81JHLlll l!HCJIOM CTeneaen 

l338lIMOA~RCTBRH. ; ... 

. _C11e~llllllH8 p83Y1IbTaTll_ Bll~BHralllTCH A1IH 38lJlHTL1! 
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I~ IIonyl!eHl-le Hepa:seHCTll :zvrn paBHOC!l'll CB060AHb!X 8Hep:r11l1: 

I'8Jm1ll,TOllli8HOB C 6ecKOHeqauu tlllC7IOM B88l1MOAeilcTByroll{liX MOi( 

11 p83lll'ltIHL1W'I BH.1(81.!FI l388llllO](ettcTBllH, npeACTBBJIHBlUUfX llHTepec 

ll CBeTe p83BllTllH CTpOI'llX MeT0.1(0]3 HCC7Ie](Ol38HllH TBKllX CllCTeM. 

2. IlOCTpOeHRe arrrrpOKCliMHPYlll!JlliX raMHJibTOHHaHOB AM MO

A87I8R J.\HKKe H <Ppe11nxa; AOKa~aT81IbCTB0 TJ.19 liCXOAHllX .II an

It.POKC.II!.!lIPYIOlllHX raMH1IbTOH.llaHOB. 

3. BlltJliCJieHRe H aHaJIH3 Cl3000AHOR aHepr.11.11, napaMeTpOB 

IIOPaAKa, KPliTHIJ8CKOR TeunepaTYPll, T.llna q)a30BOro rrepexoAa 

A1IH MOA87Ili J.\HKKe. 

4 • BLttJHC1I8HHe H 8H81Ili3 pemeH.l!H T3 AJISI pe~u.11poBaHHOR 

MOA81I.ll <Ppenaxa • J.\OKaaaTeJibCT'.BO 3KBHB8JI8HTHOCTH ABHHOR MO

ABJIH EKlll-Eoronlll60Ba. 

Anpo6agHH pa60Tll. OCHOBRhle p83YJibT8Tll A.11CC8pTa~HH 

A0KJiaANB81IHCb aa Me11tAYH8pOAHO!.! CHMllOBHyMe no H36paHHllM 

npo6neuaM CT8THCTHIJ8CKOR uexaHHKli {J.lyl5Ha, arr~eJib !977), 

Ha Me11tAYHapOAHOR lJIKOJI8 no CTaTHCTHIJ8CKOR cp.113HK8 (flABHCHH, 

IlOJibllla, C8HTSI6pb !977), Ha BcecoroBHO!.! c·oBell((!H.11.11 no CTaTHC

THIJ8CKOR ~H3HK8 (MocKBa, anpenb !978), Ha Me11tAYH8POAHOR 

lJIK01I8 IIO cp.113HK8 TBBPAOrO Tena (HbBOB, uan~HIOHb !978). 

IIy6n.11KaUHH. Ilo pe3YJibTaTaM ,AHCcepTaUHli ony6n.11xoBaHo 

rnecTb rreqaTHllX paOOT. 
06~eu pa60Tll. J.{HccepTaQHSI COCTOHT .113 BB8A8HHSI, tJeT~

pex rnaB H aaKJirotJeH.l!H, COA8PlKHT !08 CTpaHHu MaJDHHOllliCHOrO 

T8KCT8 .11 6.116n.11orpacp.1!1J8CK.1Ill CIIHCOK li3 !03 Haa~aHHR. 

. COJ.IEPlKAIDIB PABOTbl 

BO BBeAeHllll ASH KpaTK.1It:l
0
amim1s· pa6oT, llOCBHIIl8.HHblX 

CTporm1 pe3YJibTaTaM·B Teop.11.11 B38HMOA8RCTBHH H3llYIJ8HHSI C 

Be111ecTBoil .II rrp.1Ino11teH.11ro ueTOAa annpoKcHMHPYllll!lHX raMHJibTOHH

aHOB ~JISI nonytJeHHSI TOIJHblX pemeHHR T8p!.!OA.11H8MlitJ8CKOa aaAatJH 
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AHR MOAeHDHHX raMWIDTOHl'lBHOB, OimChlBBDIJ1liX B38liMOAellcTBlie 6o-

3OHHOro nOHR C MHoroqacTHqHhlMH CHCTeMBMH. 

B nepBon rHaBe naHoxeHhl peayHDTBThl, KacaD~HeCR noHyqe

HM HOBblX HepaB8HCTB, COCTBBHRD~HX OCHOBY MOAHWHKB[l.lm, ae

O6XO,lUiMOll AHR npHHOX8HWl: M8TOAB annpOKCHMHPYD~HX raMHHDTO

HHBHOB K nOHHOll (H8P8'AYI:lliPOBaHHOll) MOA8Hll ~HKK8 H MOA8HH 

~peHHXa. 

B nepBOM naparpBffi8 BHBHH3HPYDTCR OCH~BHbl8 H8p8B8HCTB8 1 

HCllOHD3Y8Mhl8 B paMKax M8TOA~ anup6KCHMHPYDIJ1liX raMHHDTOHl'la

HOB, H1 HCXO'AR H3 H8O6XO,!Ul:MOCTH HCCH8AOBBHHR CHCT8M C 68CKO

H8qffl,JM qHCHOM CTeneaen B38HMOA8llCTBM H pa3HHqHl,JX BHAOB 

B38HMO,l\8HCTBM, CTBBHTCR 38,l\B"la . nonyt1eHBH o6o6~8HHhlX He

paBeHCTB. 

BTopoll naparpaffi ITOCB~8H AOK888T8HDCTBY HepaB8HCTBa 

EorOHD6OBa AHR KBBHTOBO~CTaTHCTITT8CKHX CHCT8M, raMHHDTOHH

aHbl KOTOpblX COA8PXBT aeorpaHH'Q8HHbl8 no HOpMe onepaTOphl: 

.!._ <llH>.. ~ (J(li1.fAH)- tJ~) ~v' "" 1-1~ 0 > V H!,1·4Jl f I f 1 
/. , 

· .la ,r1 .I , -JSH 
rAe 1-1,i li H1, -1- ~ 1-1 - raMHHDTOHl'laHH, /(H)=-~1/; tit ~pe ' 

- nHOTHOCTD cBO6OAaoa aaeprnn, V -.o6~eu cncTeMhl, /3 -
o6paTHaR <reunepa!rypa, ( ••• )H = Sp ... e·JJ"/Sp e.-PH - Teune

paTypHHe cpe,l\Hne. ~OK888T8HDCTBO npHBO,lUiTCR B Ilp8AITOHOX8-

HHH cy~eCTBOBBHWI np8A8HOB. 

8m f(H) ~ oo ;_ tm- (tl H)H ~ 00 ; H=H!. J/1.-1-a/l. 
'/➔ 0:, V➔= , . 

B TD8TD8M naparpa<w AOK88blB88TCR aepaB~HgTBO, IlO8BO

nRD~ee nonyqHTD aeaAAHTHBHYD no qzcny B88HMO,l\80CTBYDUX 

MO'A CJ, O[l8HKY paaaocu IlHOTHOCT80 CBO6O,l\HO0 aaepro ra-

llllJIDTOHl'lBHOB H~ a: Ho+ f Af,. . 

4 

~ ~ fJ (Ho+ Li A1J- J)(f/4) ~ v' < Z II~"{ r 'j, t, i o, 
(2) 

rAe 
I /J f I 5 -Js{lfo+/11,) .., 

4 = - fl V VJt Lit 2 J' f (<AjH/ <fii~+A/~e°p;-)J. 
HepaB8HCTBO (2) cnpaB8,l\HIIBO npn BhlnOHHeHHH CHeAYD~HX yCHO

BHll: 

L, f Iii ).H ~ L < ,4'/, ~ 1 fL = Ho/,+ZIJ.-/.~+,{ (3) 
'I, () p~ () 'j ,, . 

B qeTB8pTOM naparpaffi8 paCCMBTpHBaeTCR HepaBeHCTBO 

AHR raMlUIDTOHHBHOB c BaanMo,ltellcTBMMH BHAa Hznt= 
= ~Al.3+?.*R}A"~ )h .. t=-/~1/2 AA\ J-/:..,f. = -}JIJ\t;A+. 
~HR raMHHDTOHHBHOB Tana H: J-1., + H,h-1; AOKaablBaeTCR 

HepaBeBCTBO: . Ii«} /1(9 

i<Oi f Ji+ 3.c.)> ~ 1(11)- 1(1-1/c)}~ < (Jil ,g·;. J. c.) >vi (4) 
V H fl f< ~ 

H ,t 2 Ji.C<J Hi,; 

/~fl·< i .,s•> ~ / f II) - /f /.1({})~14}. < ,4'' ll"'-1- )/;r,) 
V )t ?.2/Z. H(,))t}<) 

_ ~z < f A•>~ f(II) - /(/-1/c))~-f~ <ill,. /4tc), 

rAe BBeAeHhl o6oaHaqeHM: + • 
1'1-~ ;._-.t_L,) • ft=J..-.t.J.J>H(C) 'l= II,~ A; ,.g. 
/v - H I I Hf.) ll(cj 

,.ff))!/<) 111,J ,.'!_Cc} z. ,~. f I 

H(c)= H-('Ji It .B tJ.c);flfc)=H-J)J2(f 11+); f/(c):1-/t-/A/ (,4 /J /. 

~Be nocHeAYD~H8 rH8Bbl nocB~eHhl pemeHHIO TepMO,l\llHBMRqecKOll 

3aAaqn 'AHR·raMHRDTOHHBHa ~HKKe. 

. Bo BTOpon rHaBe CTpORTCR annpoKCHMHPYDmnn raMHHDTOHH

aH HP { c) n c noMO~DIO HepaBe.HCTB, noHyqeHHhlX B nepBoR 

rHaBe, ,l\OKa8blB88TCR ero _T~8 llCXO,l\HOMY raMHHDTOHHBHY ~liKK8 

~o • EY'AYqll cy~eCTB8HHO npo~e no CTPYKType, raMHHDTOHHBH 

5 



H0 (,) RB11JteTcR 1 KaK BJlAHO HS ABnoHe0mero, OCHOBOH AnR 

TOqHoro pemeHHR T8pMOAHHaMHqecK00 SB'AaqH 'Allfl CHCTSMU, orm

CUBaeM00 raMHnoTOHliBHOM H
0

• 

B II.HTOM rraparpawe OITllCUB88TCR ITOnHU0 (Hepe'AYUliPOBaH

HU0) MO'A8JioHUli raMlllloTOHllBH nliKKe 

H == L Ju4 t/ /i + ti i. t- E (2i 'J, s; + J. c.J. < s) 
~ y y d d ~ ? 

raMlilloTOHliaH O!IlICUBaeT CB060'AHOe 3Jl8KTPOMarHllTHOe none (B 

06IJ\eM cnyqae CllCTeuy HeBsallMO'A8HCTBYlOil\HX 6ose-qaCTllU) -
if) . 

Ho • B8Il\8CTBO, MOAennpyeuoe 'ABYXYPOBHSBUMH o6~eKTBMll -
(, . (fm) 

H;"; H· BsanMOAeHCTBirn Mellt'AY noneM H BemecTBOM - H.nt· , 
npHqeu, i-aH MOAB rronR BS8liMO'A80CTBY8T c9,-on 1Yp_:e-KOMno:.. 

. ! 1, -~p r r.7z· 1' ~f 
IIeHron cmmonux orrer.aropon, Si= LV) f ~-e ~- b'j,, tJi, -

6ose onepaTopu. 

llieCTOli naparpaw nOCBRm8H nOCTp08HlllO annpOKCHMHPYlOil\8-

ro raunnoTOHliBHa nnKKe. IlOCTpoeHHU0 raMlllloTOHHaH liMeeT BH]l 
• ..!!f') l{t,) l. 

>' +~ >'SE ~p,,-1 - f ~I {c) = /....., v'J, li, Ci + c LrJ j - 2 z:r c-<£i >Sr .. (6) 
D } J· ~ 'f,, J, 

+ . /'J1,l-z. - S"' 
+ <Si >Si) + { -z.Jt,. <S: >< t >, 

• OTueqeHo, qTo Hs 4 N ypaBHeHn0 r]le ~ ... ):~---~01,J 

cauocornacoBaHRR 2 ii JIHH60HU 

{ <'1: = 
< t, > = 

:;.; < 5i > I /;Vf

Jt < s; > I w~. 
(7) 

UCCJI8]lOBaHHe TepMO]IHH8MllruI MO]lenn C raMRJil,TOHRaHOM ( 6) CBO

'AHTCH K RCCJI8]1OB8HRJO Jillilll, 2# H61IllHe0HUX ypaBHSH.llit 

6 

i<'Gi>= Sp s;e-.P
111

°/s?e-/-(/l/v _, 

/-. _,,. ,,-·- -j!llfe)/c. ,;--/-tl-llv <;;:, f, > = ..:::,f' ::::,j e -'/-' - .. 

(8) 

3a]laqa ycTaHOBneHM T.ll8 raMHlll,TOHHaHOB I-lo . ll !{Jc) 
B' KOTOpux "qHcno B38liMO]l60CTBYlOil\HX MO'A i ~✓ #, MOllteT 6un 

pemeHa c nOMOil\olO HepaBeHCTBa (2) • .llnR ero rrpHMeHeHHR He-

06XO'AllMO YCTBHOBHT:E, npe]IB8pHTen1,Hue OUSHKH 'A1Ifl pa3HOCTH 

cno60AHUX a He pr nu / (f/0 (c)) H / ( ~ q,,) , r11e /-le 'V - TaK 

H83UB88MU0 O]IHOMO]IOBUH raMnn:E.TOHHBH 
. I-Mt) llri{} 

"v- IV I'~ 

H/) = HD{c) t- (Ji 6j 3 t. + J.c.). (9) 

TaKaR OUSHKa npoBe]leHa B C88:E.MOM naparpawe 'AHCCepTBUHH. 

IlpnMeHRE HepaBeHCTBO (3) ll BUP8llt8fl cpe]!HHe OT HeorpaHnqeH

HUX no HOpMe onepaTopon qepea cpe11Hne OT orpaHHqeHHUX no 

HOpMe, nonyq111.1 cne,nyJOil\YIO oue1IKy: 

//{HD{c))-/{H0'/ ~ t(7rz '2tJ;J. ( IO) 

B BOCoMOM rraparpa¢e, nocne nponepKH ycnoBH0 (3), rro

nyqeHa oueHKa ]IJIH pa3HOCTH 

I { (I-IDJ - { ( ¼ (c;) / ~ i1fi_ y-,. 'zt: K:, ( II) 

• i . ti-..-.. 
r11e ('2.✓ m; 1nr;;.·Pil1t<Ji,,{ A'V • OueHKa (II) YTB8Pllt-

11aeT T)l8 (~": .. ,Y•//=O) 1,f .. cl.> O raMHHTOHliaHOB (5) n (6), 

qTo IT03B01Ifl8T pemliTo TepMO}UiH8MllqecKy~ aa11aqy ]11IR raMH11:E.

TOHH8Ha ]lHKKe, HCCJI8]lyfl TepMO'AHHB!lllqecKOe ITOB8'A0HH8 arr

npoKCHMHPYIOil\8ro raMH1ll,TOHHaHa. TaKoe HCCJI8'AOB8HHe rrpoBe]le-
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HOB TpeTnefi rnaBe, B ROTOpOfi ll paCCMOTpeHN paannqHNe ROH

RpeTH3annn Mo;zi;enn. 

B ,7J;0BHTOM rraparpame ll3 yp8BH0Hllfi C8MOCOrnaCOB8HHR 

(7), rryTeM ~aroHannaanllll cnnHoBofi qacTn raMnnnTOHllaHa 

(6) rronyqeHa cncTeMa 2 Al TpaHcneH;zi;eHTHNX ypaBHeHnfi, CBR

a1,1Ba10111nx C - qncna [<'Si>} n (_ < ~i > J 

~ 5/> = (v)·
1 f <Si) c;.1· llf-s 1·/2) / c/1,;· < r2) 

,,.,,- ' ... / ~-. / -• ._,ii r v -! ,Z; <: 5/ > t.-7 -it., (/J J(/2) / Jl,; · 
" d J 

r;zi;e 

If; 
- y, )bl\,-z/ft·f). n, = v·~z.+ h{v.1•21z <S.->~d.;z.1 

• - "-' t,,..,a - cl<., 7 J {. , • d 'l- .,,,. ; • 
CncTeMa (!2) rrpe;zi;cTaBnHeT co6on 0606111eHne ypaBHeHnfi caMo-

cornacoBaHHR MeTo;zi;a MOneKynHpHoro rronR. 

KpoMe Toro,rronyqeHl,I ypaBHeHHH KOMITeHcannn, CBH3NB8-

!0l!lll0 ,1 t - MaKpOCROllliqecKoe aarronHeHHe qlOTOHHOR MO;ltl,I 1,,
C yrropH;zi;oqeHHeM B CllliHOBOfi IT0,7J;CHCT0M8 

f tJ ;t- I _ }:li/2 }<Sj > 1'2 

11q,: <Ci b;) - <bi bj.)({J - ~ 2. 
Hofe) Ho 'J, 

( !3) 

B ;zi;eCHTOM rraparpa~e rronyqeHO qaCTHOe perneHH8 CHCT0M!il 

( !2) )J;nR pe;zi;ynnpoBaHHOrO raMWinTOHll8Ha I-IHJ.. (,,1 HI.= 2 t S'i, i.) . . . 
c0Brra;zi;a10111ee c perneHne1,1 Xenna n n~6a. 

B O]illHHa;a;µaTOM naparpa~e paCCMOTpeH raMHnnTOHll8H C 

KOHCT8HT8Mll 

~1 = ~o \J~ 
I~ 1

2 
==> ~ = u,nst. 

Wtt, 
( !4) 

PerneHHR ypaBHeHRfi (!2) ITOK83NB8IOT, qTO CllCTeMa C ra

MllnnTOHll8HOM ;zi;aHHOrO THITa npeTeprreBaeT, rrpll TeMrrepaType 

8 

l 

rJ 
( ,\ 
·1 

.l 
ii 

i, 

'I 
Ii 

J\/ f:?/&.) a ivit. ( £ / /') 0 /1), qiaaoB1,1R nepexo;zi; II-ro po]ia. IIpn STOM 

rrapaMeTpl,I rropH;zi;Ka B CllliHOBOfi ll qJOTOHHOil IlO,lJ;CllCTeMaX Y'AOB-

neTBOpHIOT ypaBHeHHRM I, 

l 
I<' st >I= c JZ.2_ £1_-'l.a. ! c: 13 <fl,:. 

i d/')o/ . J2.= 
- &fl. 7.._ £') } r/Zz J3 > J3e. 

L1 - ----t L/t<Jj,, . 1?2 = U..{p,JZr./2), 

(IS) 

r]ie C/,, - HOK~TOpNfi BN6paHHUfi rrpoH3BOnnHl,lfi BOnHOBOil BeR

TOp. ITpn STOM perneHHH.ypaBH0Hllfi (IS) COBil8,lJ;8IOT C perneHHHMll 
. n~ 

;zi;nH COOTBeTCTBYIOl!lefi 1,10;,i;enn Xenna-nnoa C KOHCT8HTOR A ~ 

-=- ~i, . • OcHOBHl,l!.I OTnll9ll0!.I ;zi;aHHOfi Mo;zi;enll OT MO;zi;enn Xerrna

n_n6a HBnHeTCH COCTOHHll8 T8PMO;ltllH8MHqecRH 6eapaannqHoro 

paBHOBeCHH no OTH0lli8HHIO R aarronHeHHOH MO;zi;e, llM8HHO: aanon

H8Hlle M0llt8T rrpOHCXO;ztllTn Ha n106ofi i· - OH MO;zi;e. IIpll STOM 

f (fl(c,))= /(f1(c1))= /(~) <r6) 
B TO lite BP8MH KBR ;zi;nH MO;zi;enn C 5\ HI-= 2o s;. j,o I aTa Mo;zi;a 

8,lJ;llHCTB8HH8. 

B 'AB8HB'Ag8TOM rraparpacw llCCne;zi;yeTCH OOl!lllll cnyqafi ;ltHH 

npoll3BOHnHOil 38BllCRMOCTll fl OT t,, C Tel.I nllllin orpaHH

qeHneM, qTo trJiZ /)1/1/w,<" 00 • C ITOMOl!lnlO H8p8B8HCTll8 t r . . 
Eoron1060Ba (I), ncnonnayH pesynnTaTu nccne;zi;oBaHRH ;ztBYX 

rrpe,l(N,llYI1111X MO,lleneu,!.!Olil:HO noKaaau, qTO D TaKOfi Cl1CTOMe npOHC

XO~T ql830Dl,(fi nepexo;zi; II-ro po;zi;a, rrpll KOTOPOM B CilllHOBOfi 

IT0,7J;CllCT8M8 H8CTyrraeT MaRpOCKOITHqeCR08 ynopH;zi;oqeHRe, a B 

6030HHOil ITO,lJ;CllCT8M8 - M8KpOCKOITHqecR08 38ITOnHeHH8 f 
O 

- Ofi 

nn;zi;npy10111en uo;zi;u, onpe;nenHeMOfi ycnoBlleM 

JH/ 2;Ji -t ~,.~i -2 /!Ji/2 > o. (I?) 
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ITpli :3TOM ,'.( 'J., 1,,::: 0 ' a napaMeTpU nopJI;n.Ka COBil8;D.8IOT C na

paMeTp8Mli nopJI;n.Ka B MO;D.8Jlli Xenna-n1,16a, KOHCT8HTU B raMliJJb

TOHliaHe KOTOpOlil BU6p8Hhl J.13 ¥CJJOBJ.1JI 

. [rJ'_ I J1ol i. 
0 i., - 1Pjo • 

( I8) 

B TpliH8AU8TOM naparpawe p8CCMOTp8HU raMJ.1JlbTOHli8HU C 

KOHCT8HT/1Mll, y)J,OBJJeTBOPSIIOIIll!Mll YCJJOBl!SIM (IS), ll IlOKa3aHO, 'ITO 

B 3TOM cnyqae MO;n.eJJb TepMO;D.liH8MJ.1qecKJ.1 H8YCTOJilqJ.1Ba, 8 llM8H

HO: 

t,·rY/ f (f/0 (c)) = - 00 • 
v-, 00 

(19) 

B qeTUpH88U8TOM naparpawe IlO;D.Be;n.eHU liTOrll llCCJJ8;D.OB8-

HJ.1JI MO;D.8Jlll }].llKKe ll ;n.aaa KJJ8CCligMK8UJ.1JI pemeHlllil T3 B 38BliCll

MOCTll OT COOTHOWeHllll Mem;n.y KOHCT8HT8Mll acxo;n.aoro raMllJJbTO

Hli8H8. 

B 4eTBepToft rnaBe pemaeTCJI aa;n.aqa nonyqeHHJI annpoRCH

MliPYIOII1ero r8MliJJbTOHJ.18H8 T]J,8 raMliJ!bTOHll8HY ~peJJliXa ll pac

CM8TpllB88TCJI pe;n.yuHpOB8HHUH ~peJJliXOBCKJ.11il raMHJ!bTOHli8H T]J,8 

MO;D.8Jlll EKlll-EoroJJIOOOBa. 

B IDITH88U8TOM naparpawe ;D.8HHOH rJJ8BU OilliCUB88TCJI 

raMHJJbTOHll8H Wpennxa 

H,:1= Zt~ aft1 1-£·1t/t;+Z(2t7,f41-;,+ic)<20
) 

l~" 1,, f,, 
r;n.e ti , C£ - 6oae, o.i., t.f - (I1epMH onepaTopu. 

B ill8CTH88U8TOM naparpawe, llCXO;D.JI J.13 npllHUliITOB, nema

IIlllX B OCHOB8 MeTo;n.a annpOKCllMllPYIOIIlllX raMHJ!bTOHll8HOB, no

CTpOeH annpoRCllMllpyIOIIlllH raMHJJbTOHHaH 
/;Ff<) )f,ft) l) z ~ ;7-

1-1 p (cJ: i,tj_afll_t,+L!JiiJ~ -I i.{0'1-;>Jjti~rL~jJ{20 
J._ ~. ~ I /, 'f,, j 'j, 

10 

ll nonyqeaa CliCTeMa ypaBHeHlllil cauocornacoBaHHJI 

{

.,(ff\p/c)=- ~-lf<f-1,,>11F1,;/e,,Jt,.. =Zt1.'"(' (
22

) 

+ ,ft ,~~ 
<f i //1,=CC) : ) {ff;)w, {CJ/t.Jt f: . . 

' ,: 
CeMH8AU8ThlH naparpap TIOCBJIIIl8H npe;n.B8PliT8JlbHUM oueHK8M 

paaaocTH nnoTHOCTll cBo6o;n.aon aaeprllH raMRJJbTOHHaHOB Hp(c) 
q,,, . 

n o;n.aouo;n.oBoro raMJ.1JJbTOHJ.1aHa H;: 
W') IM') H; ::: HF (c J + ( j t i; fl. f, +- 3· c.). c 23) 

l1pli 3TOM nonyqeHa OU8HR8 

f f{UF{c))-/(11/)j'~ £. (ff'J 
ft. -cl.. 

13 =- mt?t:. /Jt/1/d?j, < /l J/ _z (24) 

B BOC8MH88½8TOM naparpa¢e. Ha OCHOBe HepaBeHCTBa (2) 

1l oueHKll (24), YCT8HOBJJ8H8 T]J,8 r8MliJ!bTOHll8HOB fl,c ll f~ (c). 
PaaHocn / 4 f / aaMa1top11poBaHa BeJJH4HH01il: 

t',,i V K, ~V 
}Ll{/=/f(H,=)-/(H,:-{c)}/:f ~+ 

0-v- (25) 

li t,·y:,, I 1:i f J ~ o 
y-,1 00 

npn ol. > O 

B 88BJITH8A½8TOM naparpa4e BB8;D.8H pe;n.yuHpOB8HHUH ra

MliJ!bTOHll8H ~penHxa 

H fl= H ({)+ H{el)+ z re.qt -~tJ~ a;_f rJc) f- J.C.] (26) 
~ 0 0 t L ' Y_ f' ~K ~Jz • Z 

n nocTpoeH annpoRCHMHPYIOlllllll H ~ 
. - ,ff,\cJ ~ 

H P... 1c) ·= Ht - £ f c, 6,,1 (.Z. a,"~4K~ 1- ;.c) r :J. c]. (27) 
'I= 1 '. . /:: 'i, ;, K .., i , -z 

C IlOMOIIlbD peayJJbT8!0B naparpa~OB 16, 17 H 18 IlOR838H8 

T]J,9 ERIII-EoroJJDOOB8_ll p8;D.YIU!POB8HHOro raMllJ!b!OHll8H8 ~pen:0:xa. 

II 



ilpH 3TOM napaMeTpu nopR'AKa B aneKTPOHHOlt H 6030HHOH nO'ACHC

TeMax COOTBeTCTBeHHO paBHU: ( z: /Ci 13/u:Jz, = g 61.W). 
i 

(

',/ ~ -1- f 1 z , "" £1C v< K. OJ:. ft. tJ,r~)H.c{/ v<-.c v.cf,. ".i:-~ .. >ii . ~ :: ( 28) 
,: " 6KiJI Cl'I/ .3 2 

,( I I • ) SC~ h:. I I Ji,:. v<t 0,r1/z 1.1~·¼11/lrt1=v<4 "~r.l).c-~fli;ir,,, = ~' 
B ABa7!8aTOM naparpawe 06CYM'AaIDTCR nonyqeHHHe B 'A3HHOI 

rnaBe pesynoTaTH H HaMeqaroTCR nyTH 'AaJioHeltwero HCCJie'AOBa

HHR raMHJibTOHHaHa wpeJIHXa B paMKax MeTO'Aa annpoKCHMHPYID~HX 

raMHJlbTOHH8HOB. 

B 38KmoqeHHll npHBO'ARTCR OCHOBHUe pesynbT8TU, nonyqeH

HH8 B 'AUCC8pTauHH. 

0CHOBHH8 pesynoTaTH, nonyqeHH!l8 B 'AHCC8QT8UllH 

l. TionyqeHH aepaBCHOTBa 'AnH paaHOCTH OB060'AHIDC aseprmtt 

r8MHnbTOHH8HOB C 6ecKOHeqaw qecnoM B38HMO'ACttCTBYJOl!IHX MO'A 

H paanaqHUW! BH'A8MH B382MO'ACttCTBHH, IlPC'AC~aBnmo~He HHTepeo 

B CBCTC p83BHTHH OTpormx MCTO'AOB HCCnC'AOB8HHH T81WX CHCTCM. 

2. AnR MO'AeJIH AHKK8 nocTpOeH annpOKCHMHPYID~HR raMHJib

TOHHaH. AnR raMHJlbTOHHaHOB C JIHHeltH0-6HJIHH8ltHHM B3aHMO'Aea

CTBHeM H8H'AeH cnoco6 BUpameHHR oueHHB88MUX cpe'AHHX OT He

orpaHHqeHHHX no Hopwe onepaTopoB qepes cpe'AHHe OT onepaTo

poB, orpaHu:qeHHUX no HOpMe. Paspa6oTaHa 'ABYXCTyneHQaTaR 

MeTO'AllK8 oueHKH TA8 llCXO'AHOrO H annpOKCHMHpyro~ero raMHnb

TOHHaHa, onu:paro~aRCR Ha nonyqeHHUe B 'AHCcepTaUHH HepaBeH

CTBa.,H nonyqeHa oueHKa 61IH30CTH CB060'AHhlX 3Heprna raMHJlb

TOHH8Ha_AHKK8 H annpOKCHMU:pyro~ero. 

3. ITonyqeao peweHu:e T3 'AJIR MO'AeJIH AHKKe npn npou:a

BOJioHOM QHCJI8 MO'A H JIID6HX orpaHHQ8HHHX KOHCT8HTax B3aHMO

'A8HCTBHR. ilpH aeorpaHHQeHHHX KOHCT8HTax B38HMO'AeRCTBHR 

WYHKUHR Il/IOTHOCTH CB060'AHOR aaeprHH paCXO'AHTCR B TepMO'AH-

12 

H8MHQeCKOM rrpe'Aene. P83/IHQHU8 pemeHHR KJI8CCHWHUHPOB8HH no 

napaweTpy 11,/1/t<J,, li C'A8JI8H BUBO'A O COBn8'A8H~ pemeana TS 

MOAe/IH AHKK8 Hee qacTHOro BH'A8 - MOAeJIH Xenna-nn6a, KOH

CTaHTH B38HMOAeBCTBHR B KOTOpoa BH6paau C/I8AYID~ o6paaOM: 

fAJ, HJ.= bJ. D , / ;J4 D Jz ~ D _ f. Hk 1-.!.j'}} H,1./z. 
Jo 'f-o J n//Jlo -(uJfo) j,,, • 

4. IIocTpoea arrnpoKCHIIHPYID~ltll raMHJlbTOHl'.13H A/IR MOA81IH 

illp8/IHX8 H ITOK838H8 ero TA8 HCXO'AHOMY, qTO nosBOJIH/IO CA8-

naTo onp8A8JI8HHH8 BUBO'AH O napaMeTpax nopRAK8 B 3/IeKTpoa

HOil H G030HHOl1 IlO,l(Cl:ICTeMax • rroc:rpoeH pe,l(yI.mpoBrurnult ra.Ml!Jlb

TOHHaH ~penHxa, AIIR KOTOporo nonyqeao 8CHMnTOTHQeCKH Toqaoe 

peweHHe TS. ilOK83aHO COBnaAeHH8 3THX pemeHHR C COOTBeTCTBY

ID~HMH npH6/IHM8HHUMH pemeHHRMH AJIR IlOJIHOA MOA81IH wpennxa. 
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