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OEIUA51 XAPAKTEPHCTHKA PAE0Tbl 

AKTyanhHOCTh TeMhI. JlaBHHHM .n:nHaMHKa 3T0 OCHOBHOH cueHapnii 

penaKcau1m HeCTa6HJibHbIX COCTOHHHM B 3KCTpeMaJihHhlX CilCTeMax, r.n:e 

Ka}I{,llbIM IIO.D:BH}I{HhlM 3JieMeHT HaXO.D:HTCH OKOJIO nopora CTa6nJibHOCTH. 

TnnnqHoe pacnpe.n:enemre naBnH, nMeIOmee xapaKTepHoe cTeneHHOe y6hl

BaHne, Be.D:eT K B03HHKHOBeHHIO .nncnepcHoro IIOTOKY qaCTHU, BOBJieqeH

HbIX B naBnHy. MHorne 4>n3nqecKne HBJieHHH, TaKHe KaK pacnp0CTpaHe

mre q>pOHTOB B036J}I{.D:eHHM HJIH 3eMJieTp.srcemrn MoryT paCCMaTpnBaTbCH 

B TepMHHax naBHHHOM .n:nHaMHKH. 

Xapai<TepHoI:fi: npnMep cncTeM c naanHHOH mrnaMnKo:ir - rpaHyn.srpHore 

CUCTeMbI, K0TOpbre Henocpe.n:CTBeHHO nop0}I{.D:aIOT npepbIBUCThle namrnhl, 

no.n.nep}I{HBaIOmne paBH0Becne B cncTeMe. B 1987 r. II.BaK, Y.Tattr n 

K. Bn3eH4>en1,.n: npe.n:no)ImJIH _TeopnIO caMoopramr30BaHHo:fi: KpnTnqHocTn 

.nmr o6'pSICHeHHSI IIOBe.n;eHHSI TaKHX CHCTeM. CornaCHO 3TOH TeOpHH, He

paBlI0BeCHhle rpaHJJIHpHhie CHCTeMbI MoryT ecTeCTBeHHbIM o6pa30M 3BO

JIIOUHOHHpOBaTb K onpe.neneHHOMY KpHTHqecKOMY COCTOSIHHIO, B KOTOpOM 

OHM TepSIIOT xapaKTepHbie MacnITa61,r KaK .D:JIHHhl, TaK n BpeMeHn, T.e. nx 

KOppeJISIUHOHHbIH Pa.D:HJC CTaHOBHTCSI paBHhlM 6eCKOHeqHOCTn, a KOppe

JISIUHOHHhle q>JHKUHH HMeIOT CTeneHHbie aCHMIITOTHKH. 3To KpHTnqecKoe · 

C0CT0SIHHe He 3aBHCHT OT HaqaJibHoro COCTOSIIDISI CHCTeMbI, H, B OTJinqne 

OT 061,rqHI,IX KplITHqecKHX SIBJieHHH, He Tpe6yeT mrKaKOH TOqHOH no.n

r0HKH napaMeTpoB. Ilpn 3TOM namrnHore npouecc1,r nrpaIOT pon1, Mexa

HH3Ma, y.n:ep}I{HBaIOlllero CHCTeMy B KpHTnqecKOM COCTOSIIDIH, Ha npOTSI

}I{emr~, Bcero, npoue.cca cncTeMbI . 

C TOqKn 3peHHSI n3yqeHHSI JiaBnHHbIX npouecCOB, HHTepec rrpe.ncTa

BJISieT HaXO}I{.D:eHne xapaKTepnCTHK KaK JiaBHH B uenoM, TaK n .D:HHaMHKH 

OT.D:eJibHbIX KOMIIOHeHTOB CHCTeMhl. Tpy.n:HOCTb HCCJie.D:OBamrsr .CHCTeM C 

JiaBnHHOH .n:nHaMHKOH CBSI3aHa co CJI0}I{HbIM MHOroqacTnqHhlM xapaKTe

poM naanHHbIX npoueccoa. B nacTosrmee BpeMsr cymecTBJeT MHO}I{eCTBO 

3KCIIepHMeHTaJibHbIX CBH.D:eTeJibCTB B IIOJib3J Toro, qTO HeK0TOpbie xapaK

TepnCTI'IKH, TaKne KaK KpnTnqecKne nH,neKChl pacnpe.n:eneHnii pa3MepoB 

JiaBnH, ripOSIBJISIIOT CBOHCTBO JHHBepcaJibHOCTH, T.e. 0.D:HHaKOBhl .n:rur mn

pOKHX KJiaCC0B SIBJieHHii, OTJinqaIOmnxcsr .n:eTaJISIMH B3aHMO.D:eHCTBHSI. Ilo-

3TOMY C03.D:aHne TO"<IHOpemaeMbIX npOTOTmIOB TaKHX CHCTeM H MeTO,UOB 

nx ynpomeHHoro OIIHCaHHSI npe.n:cTaBJISieTCSI aKTJaJibHhlM. 

Uenh paoOThI. UenoIO HacTosrme:ir .n:nccepTaunn SIBnsreTcsr pa3BnTne 

y}I{e cymecTBJIOlllHX H C03.D:aHne HOBhlX aHaJIHTnqeCKHX MeTO.D:OB nccne

.D:OBaHHSI MO,nene:ir rraBHHHOH .D:HHaMHKil. 
--=......._ 

1 B!rocJi .. ~i iii.11til
1 
~~::lotl¥-{ 

! 
~c1.1p-~ 11, .... ~e•,.,.i~ .,n , 

,, Wll u. .. A1>.-.. .i .. t- I 
• 5lri6Jlt-iOTEHt; 

"--'°> --



Hay-<IHruI HOBH3Ha H npaKTHqeCKruI neHHOCTh. 
Pa3pa6oTaHHble B .nnccepTaIJ;IUI MeT0,IlbI MoryT 6bITh lICII0Jib30BaHhI 

,IlmI lICCJie,Il0BaHil.sI IDIIp0K0ro KJiacca MO,Ilene:ii: JiaBIIHHOll ,IlIIHaMIIKlI. Ilo

Jiy<IeHHble B ,IllICCepTaUIIII pe3yJihTaTbI II03B0JI.sIIOT II0H.sITh 0CH0BHbie CBOll

CTBa JiaBIIHHhIX rrpou:eccoB II MoryT CJIY)I(IITh OCHOBOH .nmi: .naJibHe:ii:mmc 

lICCJie.r(OBaHlill B 3TOM HarrpaBJieHIIII. Ilpe.IlJIO)I(eHHble B ,IllICCepTMlIII T0'l

HOpemaeMhle MO.[(eJIII .sIBJI.sIIOTC.sI OCHOBOll ,IlJI.sI 6onee rny6oKoro II0HilMaHII.sI 

MeXaHII3MOB JiaBIIHHOll ,IlIIHaMIIKlI. 

Ha 3arIJ;HTY Bhl,Il;BHraroTc11 CJie,nyromne pe3yJihTaThI. 

-OcHOBHOe KIIHeTII'leCKOe ypaBHeHIIe aCIIMMeTplI'IHOro JiaBIIHHOro rrpo

u:ecca rrpOIIHTerpnpoBaHo c rroMOID:hIO aH3an:a BeTe. BhI'lIICJieHa cpe.nmrn 

CK0p0CTb JiaBIIHHOro rrpou:ecca B TepMO,IlIIHaMII'leCKOM rrpe.nene KaK <PYHK

U:lI.sI B3aIIMO,IleHCTBil.sI II IIJIOTHOCTII qacTIIIJ;. Orrpe.neneHO IIOJIO)I(eHIIe KplI

TII'leCKOII TO'lKII Ha cpa30BOII .n11arpaMMe. 

-AHaJIIITII'leCKlI BbI'llICJieHhI 3Ha'leHII.sI KplITII'leCKlIX 3KCIIOHeHT, xapaK

Tep113y10mmc pacrrpe.neneHIIe rrp0.IlOJI)I(IITeJibHOCTlI rrepBbIX JiaBIIH, II HaII

.neH 3aKOH 3aBIICIIMOCTlI cpe.nHeKBa,Ilpa TlI'lHOro CMeIIJ;eHII.sI OT BpeMeHII B 

peKyppeHTHOM II TpaH3IIeHTHOM COCTO.sIHlI.sIX Mo.nerm 3IIJiepOBbIX 6Jiy)I(.na

HlIII. C ·IIOMOID:bIO 'llICJieHHOro MO.[(eJIIIpOBaHII.sI rrony'leHbI KplITII'leCKIIe 

3KCIIOHeHTbI pacrrpe.neneHII.sI II 'llICJia rrocemeHHbIX Y3JI0B ,IlJI.sI JiaBIIH 06-

mero rroJIO)I(eH11.si:. 

- IloCTpOeHa peHOpMrpyrrrroBa.si: cxeMa ,IlJI.sI BhI'llICJieHII.sI KplITII'leCKlD{ 

3KCIIOHeHT rpaHII'lHhIX JiaBIIH ,IlJI.sI OTKpbITOII II 3aKpbITOll rpaHIIU:bI Ha 

KBa.npaTHOII pemeTKe B Mo.nen11 BaKa-TaHra-BeII3eHcpenh.na. Ilonyqe~hr 

peHOpMrpyrrrrOBbie on:eHKlI .IlJl.sI KpIITII'leCKlD{ 3KCIIOHeHT Ha TpeyroJibHOll 

pemeTKe. 

Anpo6ann11 pa60ThI. Pe3yJihTaTbr .n11ccepTan:1111 .n0Kna.nhman11cb Ha: 

ceMIIHape OT,IleJia "CTaTIICTII'leCKa.sI MexaHIIKa" Tia6opaTOplIII Teope

TII'leCKOII q>II3IIKII 0115111, Ily6Ha. 

ceMIIHape Kacpe.nphr TeopeTII'lecKo:ii: cpm11K11 CIIBI'Y, CaHKT-IleTep6yrp; 

ceMIIHape OT.[(eJia q>lI3lIKlI KOH.[(eHCIIpOBaHHhIX cpe.n l1HCTIITyTa CTe

cpaHa, TI106n.si:Ha, CnoBeH11.si:; 

Ily6JIHKa:UHH. OCHOBHbie pe3yJihTaThI .nnccepTaUIIII orry6JIIIKOBaHbI B 

pa6oTax [1-5]. 
06'heM H CTPYKTypa ,nnccepTannn. Il11ccepTan:11.si: cocTOIIT 113 BBe

.neH11.si:, Tpex rnaB II 3aKJIIO'leHII.sI. O6mIIII o6'heM .IllICCepTaIJ;lilI 88 CTpaHIIU: 

Marn11Horr11cHoro TeKcTa, BKJIIO'la.sI 23 pIICYHKa 11 crr11coK JIIITepaTyphr 113 

53 HaIIMeHOBaHIIII. 
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COilEP)KAmrn p ABOThl 

Bo BBe,IleHHH o60CHOBhIBaeTC.sI aKTyaJibHOCTb TeMhl, ,IlaeTC.sI KpaTKllli 

063op pa3BlITlI.sI OCHOBHbIX rrpo6neM, 3aTpoeyThIX B .nnccepTan:1111, a TaK)I(e 

OIIIICaHbI CTPYKTypa .IllICcepTaU:IIlI II ee OCH0BHhie pe3yJihTaTbI. 

B nepaoii rJiaae "Acu.M.MempU'l{ttbZU .1iaauttttbZU npo1.4ecc" .naeTc.si: orrpe

.neneH11e MO.IleJIII acIIMMeTplI'IH0ro JiaBIIHH0ro rrpou:ecca II CTaBIITC.sI OCHOB

Ha.sI rrpo6JieMa Bhl'llICJieHII.sI ceMIIlIHBap11aHTOB pacrrpe.neneHII.sI ,IlJIIIHhI IIyTII, 

rrpo:ii:.neHHoro 'laCTIIU:eII. Mo.nenh ccpopMyn11poBaHa KaK c11cTeMa p qacTnn;, 

6ny)I(.na10m11x Ha perneTKe 113 N y3noB c U:IIKJIII'leCKIIMII rpaHII'lHhIMII 

yCJIOBlI.sIMII. EcnII B M0MeHT BpeMeHII t B JII060M y3ne HaxO.[(lITC.sI He 60-

nee 0.IlHOII qacTHU:hl, TO Ka)I(,n:a.sI 'laCTIIIJ;a He3aBHClIMO COBepmaeT Harrpa

BJieHHOe rryaccoHOBKOe 6ny)I(.naH11e, T.e. 3a MaIThIII IIHTepBan BpeMeHII dt 
qacTIIU:a B y3ne Xk c Bepo.si:THOCThIO dt rrepexo,n:IIT B y3en Xk + l. Ta

KOH Me,n:JieHHhIII rryaccoHOBCKlIII rrpon:ecc rrpo,n:OJI)I(aeTC.sI .no Tex rrop, II0Ka 

.n:Be 'laCTlIIJ;bI He 3allMYT 0.IlHH y3eJI. EcnII 3TO rrpOII30IIIJIO, y3eJI CTaHo

BlITC.sI HeCTa6IIJihHbIM, 11 Ha'lIIHaIOT .n:e:ii:cTBOBaTb rrpamma 6hICTpo:ii: na

BlIHHOII .IlIIHaMIIKII.llaBIIHa pa3BIIBaeTC.sI .IllICKpeTHhIMlI maraMII, II B MaC

IIITa6e rryacCOHOBCKOro BpeMeHII rrpolICXO.IllIT MrHOBeHHo. Ecrm Ha HeKo

TOpOM rnare penaKCaUIIOHHOro rrpon:ecca B y3Jie i OKa3aJI0Ch n > l 'laCTIIU:, 

Ha cne.n:yromeM rnare penaKcan:11.si: MO)I(eT rrpo11cxo.n11Th ,n:ByM.si: crroco6aM11: 

i) c Bepo.sITHOCTbIO µn (0 ~ µn < l) 
iBy3en(i+l); 

n 'laCTnn; rrepexo.n:11T 113 y3na 

ii) C BepO.sITHOCTbIO ( 1 - ~) 
y3en (i + 1). 

n - l 'lacTnn; rrepexo.n:11T 113 y3na i B 

BhrCTpbIII penaKCaIJ;IIOHHhIH rrpou:ecc rrpo,n:OJI)I(aeTc.si: .n:o Tex rrop, rroKa Bee 

Y3Jibl He CTaeyT CTafornbHhIMII, T .e. B mo60M 113 HilX 6y.neT He 6onee o.n:

HOII 'laCTllD:hl. Ilp11 TaKilX .l{HHaMII'leCKlIX rrpamrnax cpe,IlHIIe rrapaMeTpbI 

.IlBII)I(eH11.si: 'laCTIIU: .sIBJI.sIIOTC.sI cpyHKU:IIe:ii: IIJI0TH0CTn p = p / N. Y cnoBne IIH

TerpnpyeM0CTn M0,nenn Tpe6yeT, 'lT06hI Bee Bep0.sITH0CTil µn Bhlpa)I(aJIIICb 

qepe3 e.nnHCTBeHHbIII rrapaMeTp µ = µ2, Il Y.Il0BJieTB0p.sIJIII peKyppeHTH0My 

C00TH0IDeHilIO 

µn = (l - µ)µn-1 (1) 
Ecnn Bep0.sITH0CTil µn He CTpeM.sITC.sI K HYJIIO rrpn n ➔ oo, cymeCTByeT 

KpnTn'leCK0e 3Ha'leHne IIJI0TH0CTII rrpu K0T0p0M cpe.nH.sI.sI CK0p0CTb 'laCTIIU: 

o6pamaeTC.sI B 6eCKOHe'lHOCTb. IlepBa.si: rnaBa .nnccepTaD;Hil II0CB.sIIIJ;eHa BbI

'lIICJieHIIIO cpe.nHe:ii: CK0p0CTII 'laCTHU:, B 3aBnCHM0CTll OT IIJI0TH0CTH p H 
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ITapaMeTpa B3aHMone:fi:CTBH.H µ H HaX0,KneHHIO KpHTH'IeCKOll T0'IKH Ha cpa-

30BOll n:rrarpaMMe. 

lln.si: Bbl'I:rrcneH:rr.si: ceMHHHBap:rraHT0B pacITp~eneHHH cyMMapHoro ITYTH, 

ITpo:fi:neHHOr0 qacTHUaMH, paCCMaTpHBaeTC.H IIp0H3B0n.si:ma.si: <pyHKUH.H 

00 

F(C) = L e1Y P(Y, C), (2) 
Y=O 

rne P(Y, C) - coBMeCTHM Bepo.si:TH0CTh KOH<p:rrrypaum1 C :rr ITpo:fi:neHHoro 

ITYTH Y. Ee 3aBHCHM0CTh OT BpeMeHH 0ITpenen.si:eTC.H 0CH0BHhIM KHHeTH'Ie

CKHM ypaBHeHHeM MapK0BCK0ro ITpouecca 

p 

8tF(x1, ... , xp) = e1 L F( ... , Xi - 1, ... ) - pF(x1, ... , xp), (3) 
i=l 

B K0T0p0M B3aHMOne:fi:CTBHe Y'IHThIBaeTC.H C IT0M0lllhIO Hano,KeHH.H CITeu:rr

anhHhIX rpaHH'IHhIX ycnoBHll 

F( ... , x, x, .. . ) = (1-µ)e1 F( ... , x- l, x, .. . )+µe 21 F( ... , x-l, x-l, .. . ). 
(4) 

3nech qepe3 (x1, ... , xp) o6o3Ha'IeHhI KoopnHHaThI qacTHU Ha perneTKe, 

paCIT0IT0,KeHHhie B IT0p.si:nKe B03pacTaHH.H, 3anaH:rre K0T0phIX IT0ITH0CThIO 

0ITpenen.si:eT TeKymee C0CT0.HHHe CHCTeMhl. B KHHeTH'IeCK0e ypaBHeHHe 

(3) Bxon.si:T T0nhK0 Bepo.si:TH0CTH cTa6:rrnhHhIX cocTo.si:H:rr:fi:. Ilp:rr 3T0M, rpa

HH'IHhie ycn0BH.H, HMe10m:rre CMhICn peKyppeHTHhIX COOTHOIIIeHri, Bhipa

)KaIOT He<pH3H'IeCKHe qneHhI F( ... 'x, x, .. . ) qepe3 Bep0HTH0CTH CTa6:rrnh

HhIX KOH<p:rrrypauri, rne BCe qacTHUbI 3aHHMaIOT pa3Hhie Y3IThl. Mx ITocne

noBaTenhHOe ITpHMeHeH:rre naeT B03MO)KHOCTh yqeCTh BCe B03HHKaIO~He 

namrnHhie ITpoueCCbl H BKITIO'IHTh HX B BepO.HTHOCTH ITepexonoB. TeITeph 

HCKOMhie cp~Hn:e :rr, B 'IaCTHOCTH, CKOpOCTh Bhipa)KaIOTC.H ';):epe3 ITpOH3-

BOnHbie ITO"( OT MaKCHManhHOro co6CTBeHHOrO 3Ha'IeHH.H A("f) ypaBHeHH.H 

(3). 

v = Iim (Y(t)) = !dAI 
Hoo t p d"f -y=O 

(5) 

PerneHn:e ypaBHeH:rr.si: (3) :rrmeTc.si: B BMe q>YHKUHH BeTe 

F( ) _ At ~ A( ) -X1 -Xp X1, ... ,Xp -e L.., Za1 , ••• ,Zap Za1 ••• Zap, (6) 
a(l, ... ,p) 

rne cyMMHpOBaH:rre ITOnpa3yMeBaeTC.H ITO BCeM ITepecTaHOBKaM a(l, ... ,p) HH

neKCOB 1, 2, ... ,p. IIoncTaHOBKa perneHH.H B ypaBHeHHe (3) naeT Bhipa,KeHHe 

nn.si: co6cTBeHHoro 3Ha'IeHn:.si: 

p 

A ("f) = e 1 L Zi - P (7) 
i=l 
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a Tpe6oBaHn:e COBMeCTHOCTH rpaHH'IHhl.X ycnOBHll (4) :rr ITep:rron:rrqecKHX 

rpaHH'IHhl.X ycnoBHll 3anaeT CHCTeMy Henn:HellHhIX anre6pa:rrqecKHX ypaB

HeHHll BeTe, KOTOphIM non)KHhI ynoBneTBOp.HTh "KBaHTOBhie q:rrcna" Zi 

zf = (-l)P-1 IT 1 - (1 - µ)e-Yzk - µe2-YzjZk 
j=l 1 - (1 - µ)e-Yzj - µe2-YzjZk 

(8) 

Cneny10mn::fi: rnar CBOnHTCH K Bhl'IUCneHUIO MaKCUMaIThHOro co6CTBeH

HOro 3Ha'IeHUH /\."(. TexHU'IeCKH, 3TO HU 'ITO n:Hoe, KaK Bhl'IHCneHue cyMMhl 

ITO KOpHHM cn:cTeMhI ypaBHeHu:fi: BeTe. IlocKOnhKY ypaBHeHu.si: BeTe He MO

ryT 6hITh perneHbl B HBHOM BMe, nnH 3TOro ITpUMeHHeTC.H ITpouenypa, 

OCHOBaHHM Ha cneny10m:rrx CBOllCTBax perneHU.H, COOTBeTCTBYJOIUero MaK

CUManhHOMY co6CTBeHHOMY 3Ha'IeHUIO. HeTpynHo ITpOBepUTh, 'ITO ITpn: 

"( --+ 0 BCe KOpHU Zj, OTBe'IaIOlllUe MaKCUMaIThHOMY C06CTBeHHOMY 3Ha

qeHUIO /\.(0) = 0, CTpeMHTC.H K enuHuue, 'ITO COOTBeTCTByeT CTaUUOHap

HOMY cocTOHHUIO MapK0BCKoro ITpouecca, B KOTopoM Bee KOH<p:rrrypauuu 

OKa3hIBaIOTC.H paBHOBepOHTHbIMU. Ilpu OTKITOHeHUU "( OT HYITH 3aBUCU

MOCTh perneHHH OT "( OKa3hIBaeTC.H HeaHann:TU'IeCKOll Zj ~ 1 + 0( "(1/p). 
BnaronapH 3TOMY, B TepMOITpenene N ➔ oo, p = canst, perneHnH oKa-

3hIBaIOTC.si: Ha KOHe'IHOM paCCTOHHUU OT enn:HHUbI ITPU "( CKOITh yronHo 

6nu3KOM K Hyn10. OnHaKo, co6cTBeHHOe 3Ha'IeHue A("f) OKa3hIBaeTCH aHa

nuTn'IHO ITO "(, U3-3a Toro, 'ITO BCe HeaHanUTU'IeCKUe qneHhl ero pa3ITO,Ke

HUH BhrnanaIOT ITPU cyMMHpOBaHHU ITO BCeM KOpH.HM B q>OpMyne (7). Ta

KHM o6pa30M, KOpHU ypaBHeHUll BeTe B TepMOITpenene o6pa3yIOT ITITOTHhlll 

KOHTYP KOHe'IHoro panuyca, 6naronapH 'IeMy ITocne 3aMeHhI ITepeMeHHbIX 

Zk = (1- xk)/(l + µxk)e--Y u norapnq>Mll:pOBaHUH, ypaBHeHn:H BeTe MoryT 

6hITh 3aITnCaHbl B BMe UHTerpanhHOrO ypaBHeHU.H nnH ITITOTHOCTU KOpHe:fi: 

R(x) Bnonh KOHTypa 

Po(x) = -irrp + "f + fr 8(y/x)R(y)dy, 

rne 

(1-x) 
Po ( x) = In 1 + µx ' 8(y/x) = In (x + µy) 

y+µx . 

(9) 

(10) 

II pn: 3TOM MHUMM 'IaCTh <pyHKUUU e (y IX) BbI6paHa MeHHIOlllellCH OT 0 
no 2rr, a Po(x) OT -rr no rr, 'ITO naeT perneHue, COOTBeTCTBYIOlllee MaKCH

ManhHOMy co6CTBeHHOMY 3Ha'IeHHIO. 

Enn:HcTBeHHhI:fi: cnyqa:fi: ypaBHeHn:H (9), ITonna10munc.si: aHannTn'lecKoMy 

perneHUIO, COOTBeTCTByeT 3aMKHYTOMY KOHTYPY f, KOHUhI KOTOporo Xo = 
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x0 Jie)KaT Ha OTpHn;aTeJihHOH qacTH neftcTBHTeJihHOft ocH. Torna ypaB

HeHHe (9) HMeeT e,llllHCTBeHHoe perneHHe, aHaJIHTH'IeCKOe B OKpeCTHOCTll 

x = 0, ynOBJieTBOpmomee YCJIOBHIO HOpMHpOBKll fr R(x) = pH COOTBeT

CTBYIDI.llee 1 = 0 
1 (p 1 ) Ro(x) = -. - + ~ (11) 

2-;ri x l - x 

.Ilmr Toro 'IT06bl OTOHTll OT 3Ha'IeHH.H 'Y =-0, Heo6xonHMO paCCMOTpeTb 

pa30MKHYTbIH KOHTyp f KOHD;bI KOTOporo HMeIOT MaJiyID MHHMYID 'IaCTb 

xo = lxo lei(1r-,). Ilpennonara.sr pa3JIO)KHMOCTh R( x) B p.srn no E, MO)KHO pe

rnaTb ypaBHeHHe (9) no TeOpllll B03MymeHHH, HCnOJih3Y.H cpyHKD;HIO (11) 
KaK HyneBoe npH6JIH)KeHHe . .Iln.sr BhI'IHCJieHH.sr nepBoft npOH3BOnHoft A(,) 
no 'Y Heo6xonHMO pernHTb ypaBHeHHe no Toro nop.srnKa no f, KOTOpbIH naeT 

B HHX nepBbIH HeHC'Ie3aIOI.llllll BKJian. A HMeHHO, B pa3JIO)KeHHll nJIOTHO

CTll R(x) nepBbIH nop.srnoK OTCYTCTByeT ll cymeCTBeHHbIMll OKa3hIBaIOTC.H 

'IJieHbI BTOporo ll TpeThero nop.srnKa no f. IlpH 3TOM I OKa3bIBaeTC.H npo

nopn;HOHaJibHO f 3. 3Ha'IeHHe A( 'Y) MO)KeT 6hITb BbI'IllCJieHo ll3 (7) C 3aMe

HOH CYMMbI Ha HHTerpaJI no f C nJIOTHOCTblO 

xR(x) dx 
A(,) = - (µ + l) k l + µx ' 

N 
(12) 

ll TO)Ke OKa3bIBaeTC.H nop.srnKa f 3. Ilocne 3TOro BbI'IllCJieHHe CKOpOCTll CBO

nHTC.H K B3.HTHID npenena v = lim,-+0 A ( 1 ) / 1p: 

(1 - p)(l + µ) 1 + µ oo 8µ2s ( p )s 
v = (l - p(l + µ)) 2 + µp s"fi l - (-µ) 8 p - l (13) 

lb nonyqeHHoro Bbipa)KeHH.H nn.sr cpenHeft cKopocTH BHnHo, 'ITO CKO

pocTb CTaHOBHTC.H 6eCKOHe'IHOH B KpHTH'IeCKOH TO'IKe 

1 
Pc= l + µ (14) 

a npH npH6JIH)KeHHll K nJIOTHOCTll K KpHTH'IeCKOMY 3Ha'IeHHIO Be,lleT ce6.sr 

KaK 

V rv IP - Pcl-v, V = 2. (15) 

KpoMe Toro, cpenH.H.H CKOpOCTb JiaBHHHoro npon;ecca MO)KeT TpaKTOBaTbC.H 

KaK cpenHee 'IHCJIO qacTHD; nepeHOCllMbIX JiaBHHOH. Ilo3TOMY KpllTH'IeCKM 

3KCnoHeHTa 11 xapaKTepH3yeT 3aKOH ll3MeHeHH.H cpenHero pa3Mepa JiaBHHbI 

B6JIH3ll KpllTH'IeCKOH TO'IKH. 
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Bo BTOpOH rmrne "Moae.11,b 3i1,.11,ep06bZX 6.11,y:HCaa1-mi1"HCCJienOBaHO 6ny
)KnaH1Ie qacTHD;bI B cpene C naM.HTbID, KOTOpoe, HeCMOTp.H Ha onHO'IaCTll'I

HbIH xapaKTep, npO.HBJI.HeT xapaKTepHbie qepTbI JiaBHHHOH nHHaMHKll. I1c

CJienoBaHHe MoneJIH II03BOJI.HeT npocnenHTb 3BOJIIOD;lll0 cpenhl npH caMO

opraHH3aD;Hll. 

MoneJih 3ftnepOBbIX 6Jiy)KnaHHH cpopMyJIHpyeTc.sr KaK qacTHD;a, 6ny

)Kna10ma.sr Ha npoH3BOJihHOM rpacpe G, H3 Ka)KJloro y3na KOToporo BhlXO

nHT CTpeJIKa, HanpaBJieHHM BnOJib onHoro ll3 HCxon.srmHx pe6ep. Pe6pa, 

BbIXon.si:ID;He H3 Ka)Knoro Y3Jia, npoHyMepoBaHbI. Ka)K,llblll pa3 npHXon.sr B 

HeKOTOpbili y3eJI qacTHD;a IIOBOpa'IHBaeT CTpeJIKy, HarrpaBJI.H.H ee BnOJib 

cneny10mero pe6pa, B cooTBeTCTBHH c rrop.srnKoM onpeneneHHhlM HyMepa

n;n:eft pe6ep, n: nenaeT mar BnoJih HOBoro HanpaBJieHn:.sr CTpeJIKH. TaKn:e 

nn:HaMH'IeCKH npaBHJia o6ecneqn:BaIDT cnen;n:aJibHYID CTPYKTYPY 6Jiy)Kna

HH.sr. Ecnn: Ha rpacpe G HeT TO'IeK CTOKa, 6Jiy)KJlaHHe qacTHD;hl B KOHn;e 

KOHD;OB Bxonn:T B 3HJiepoB D;HKJI, B Te'IeHn:e KOTOporo qacTHD;a npoxonn:T 

no Ka)KnOMy pe6py rpacpa TOJibKO onn:H pa3 B Ka:>KnOM HarrpaBJieHHH. EcJIH 

)Ke Ha rpacpe"onpeneJieH CTOK, T.e. y3eJI 6e3 CTpeJIKH, npn: noCTH)KeHHH KO

TOporo qaCTHUa IIOKH,llaeT CHCTeMy' TO IIOCJie nonanaHH.H qaCTHUbI B CTOK 

B cnyqaftHbIH y3eJI rpacpa no6aBJI.HeTC.H HOBM qaCTHUa, KOTOpa.sr nponoJI

)KaeT 6Jiy)KJlaTh no TeM )Ke rrpaBn:JiaM. Ilocne MHoroKpaTHOro no6aBJieHn:.sr 

qacTHU MHO)KeCTBO CTpeJIO'IHbIX KOH<pn:rypaun:ft, OCTaIOI.llHXC.H Ha perneTKe 

nocJie noCTll)KeHll.H qacTn:ueft CTOKa, Cy)KaeTC.H no rronMHO)KeCTBa peKyp

peHTHbIX KOH<pn:rypaun:ft, Ha KOTOpOM MO)KHO onpeneJIHTb rpyrrrry onepa

TOpOB no6aBJieHH.H 'IaCTHUbl B y3eJI. 3Ta rpyrrna o6nanaeT CBOHCTBOM a6e

JieBOCTH H B TO'IHOCTH COBnanaeT C rpyrrrroft aHaJIOrH'IHbIX onepaTOpOB B 

Teopn:n: a6eneBoft MoneJIH "sanpile". J13 CBOHCTB 3TO:fi: rpyrrrrhl cnenyeT, 

'ITO 'IHCJIO peKyppeHTHbIX KOH<pn:rypan;Hft paBHO 

N = detb.., (16) 

rne b.. - MaTpn:ua nn:cKpeTHoro nannacn:aHa Ha rpacpe. KpoMe Toro, n:3 

coxpaHeHH.sr qn:cna qacTHU cnenyeT, 'ITO O)KH,llaeMoe 'IHCJIO rrocemeHn:ft 

y3na i qacTHD;eft, Ha'IaBrneft 6ny)KJlaHn:e B Y3Jie j, nafac.sr q>YHKD;Heft fpHHa 

ypaBHeHn:.sr Jlannaca Ha rpacpe 

Gij = [b..-1
]ij· (17) 

<I>opMyJia (16) COBnanaeT c cpopMyJIOH Kn:pxrocpcpa nn.sr 'IHCJia IIOKpbI

BaIOI.llllX nepeBheB. 3To COBIIa,lleHHe He CJIY'IaHHO. TaK )Ke KaK H nn.sr a6e

JieBOH MOneJIH "sanpile"' MHO)KeCTBO peKyppeHTHbIX KOH<pn:rypaun:ft MO-
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.n;emi: 3:fi:nepOBhIX 6ny)K)laHilll HaxO.n;IlTCH BO B3aHMHO-O.n;H03Ha'IHOM COOT

BeTCTBilil C MHO)KeCTBOM IIOKphIBaIOIIIHX .n;epeBheB. IlefiCTBHTenhHO, Ka

)K)];hlll pa3 6ny)K)laH ITO pemeTKe, 'laCTHUa BhICTpanBaeT CTpenKil B.D:Onh 

TpaeKTOpllll CBoero 6ny)K.n;aHHH. IIocKOnhKY BCe 'laCTHUhI B KOHUe KOHUOB 

IIOKH.n;aIOT rpacp, CTpenO'!Hhie KOHcpnrypaullll OCTaIOIIIIleCH Ha "pemeTKe 

He co.n;ep)KaT UHKnOB, T.e. pe6pa B.n;Onh KOTOphIX HarrpaBJieHhl CTpenKil 

o6pa3yIOT rr0Kphrna10mee .n;epeBo rpacpa. Ilo aHanornn c a6eneBofi Mo.n;e

nhIO "sanpile"' B MO.n;erm 3:fi:nepOBhIX 6ny)K.n;aHHfi BBO)];HTCH naBHHhl KaK 

rrepno.n;hr HapymeHHH peKyppeHTHOfi KOHcpnrypaUHn. IIocKOnhKY peKyp

peHTHoe IIO)];MHO)KeCTBO COCTOilT Il3 aunKnH'leCKHX CTpeJIO'IHhIX KOHcpn

rypaunfi, naBHHhI MO)KHO TaK)Ke orrpe.n;ennTh KaK rrepno.n; cymecTBOBaHnH 

CTpenO'IHhIX UHKnOB KOTOpbre MoryT 6hITh C03.n;aHhl 'laCTHUefi B rrpouecce 

ee 6ny)K.n;aHilH. 

OcHOBHhle pe3ynhTaThl BTOpofi rnaBhl OTHOCHTCH K 6ny)K.n;aHilIO qa

CTilUhI Ha KBa.n;paTHOll pemeTKe, npn'IeM Il3MeHeHne HanpaBneHHH Bcex 

cTpenoK nponcxo.n;nT .n;o cne.n;y10mero pe6pa no qacoBofi CTpenKe. Ilpn Ta

KOM Bhr6ope .n;nHaMH'leCKilX npaBnn y.n;aeTCH )];0Ka3aTh, 'ITO 3aMKHYB ne

TnIO n:3 CTpenoK, qacTnua He noKn:.n;aeT nnoma.n;n orpaHn'leHHOfi neTnefi 

noKa Bee CTpenKn B y3nax, npnHa.n;ne)Kamn:x orpaHn'leHHofi neTnefi o6na

CTn, He c.n;enaIOT nonHhrfi o6opoT, a HanpaBneHne neTnn He H3MeHnTCH Ha 

npOTilBOnonO)KHOe. Ilo3TOMY rrpo.n;on)KHTenhHOCTh naBHHhI Il qncno IIO

cemeHHhIX 3a BpeMH naBHHhr y3noB acnMnTOTH'lecKn nponopunoHanhHhI 

nnoma.n:n 3aMhIKaeMofi rreTnn. linH nepBofi naBHHhI pacnpe.n;eneHne 3THX 

BenH'IIlH onpe.n;enHeTCH BepOHTHOCThIO 3aMKttyTh neTnIO nnoma.n;n s, .n;o6a

BilB cnyqa:fi:HO Bhr6paHHOe pe6po K noKphrna10meMy .n;epeBy, npll ycm:iBHil, 

'ITO MeCTO 3aMhIKaHilH rrp:rrcoe.n;HHeHO K CTOKY Ha IIOKphIBaIOIIIeM .n;epeBe 

nyTeM, He npoxo.n;HIIIllM no pe6paM, np:rrHa.n;ne)KaIIIHM neTne. 

P(s) ~ s-2 (18) 

3TOT pe3ynhTaT cnpaBe.n;nHB TOnhKO .n;nH naBHH, B03HilKaIOIIIIlX Cpa3y no

cne .n;o6aBneHilH qacTHUhI Ha pemeTKy. KpHTil'leCKile 3KCnOHeHThl Ts Il 

T/ xapaKTep:rr3y10mne pacnpe.n;eneH:rre npo.n;on)KnTenhHOCTil n qncna no

cemeHHhIX y3noB .n;nH naBHH o6mero nono)KeHHH rronyqeHhI c noMOIIIhIO 

q:rrcneHHoro Mo.n;ermpoBamrn MeTo.n;oM MoHTe-Kapno: 

Ts= T/ = 1.75 ± 0.05 (19) 

linH MO.n;enH C Il3MeHeHHhIMil npaBnnaMil nOBOpOTOB CTpenoK, r.n;e CTpenKa 

rrpoxo.n;nT cHa'lana o6a BepTHKanhHhIX pe6pa a 3aTeM o6a rop:rr30HTanh-
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HhIX, 3TH 3Ha'leHilH paBHhI 

T/ = l. 72 ± 0.05, Ts = l.8 ± 0.05. (20) 

KpoMe naBilHHOll )];IlHaMilKil, MhI TaK)Ke IlCCJie.n;oBann 6ny)K.n;aHHe qa

CTilUhI Ha pemeTKe. BhmO noKa3aHo, 'ITO B peKyppeHTHOM COCTOHHilil 6ny

)KnaHHe 'laCTilUhI MO)KHO pa3neJIIlTh Ha CTa.n;llll, 3a Ka)Kny10 Il3 KOTOphIX 

'laCTilUa rrocemaeT 4 pa3a Y3JihI HeKOTOpofi KOMnaKTHOH o6naCTil, IIpil'IeM 

o6nacTh, nocemeHHaH 4 pa3a Ha npenhrnymefi cTanrrrr 6ny)K.n;aHHH, oKa-

3hrnaeTcH CTporo BJIO)KeHa B Hee. TaKilM o6pa30M, CKOpOCTh yBerm'leHilH 

q:rrcna nocemeH:rrfi co BpeMeHeM nponopunoHanhHa nnoman:rr nocemeHHon 

o6JiaCTll 
dN l 
dT ~ - R2 ' 

(21) 

a 3aBHCJIMOCTh O)Kn:.n;aeMoro qrrcna nocemeHrrfi OT pannyca naeTCH, B co

OTBeTCTBJIIl c cpopMynofi ( 1 7), cpyHKUHefi fprrHa ypaBHeHJIH Jlannaca Ha 

nJIOCKOCTll 
dN(R) 1 

dR ~ -R, (22) 

OTKyna rronyqaeM acrrMnTOTilKY 3aBilCilMOCTil cpe.n;HeKBanpaTil'IHOro CMe

IIIeHJIH qacTilUhI OT BpeMeHil 

. 1 
< R2 >~ T2v V = -

' 2' 
(23) 

'ITO COBnanaeT C 3aKOHOM .n;:rrcpcpy3Illl nnH cnyqa:fi:Horo 6Jiy)KnaHilH. Co

OTBeTCTBYIOIIIIlll 3aKOH 6ny)K.n;aHilH qaCTilUhI Ha cnyqa:fi:HOH CTpeJIO'IHOH 

KOHcprrrypaUilil OKa3hIBaeTCH .n;pyrrrM: 

1 
< R2 > ~ T2Vt' Vt = 3' (24) 

B CBH3Il C TeM, 'ITO CTpenKll BHe nocemeHHOll o6naCTil He CKOppenrrpo

BaHhI, :rr, no3TOMY, nprrpameHrre o6nacTrr He 3aBHCHT OT ee pa.nnyca. OT
c10na BH.n;Ho, 'ITO nprr caMoopraHn3au:rr:rr cpena H3MeHHeTCH TaKrrM o6pa-

30M, 'IT06hI cnenaTh y.n;aneH:rre 'laCTilUhI C pemeTKll Harr6onee 3cpcpeKTilB-

HhIM. 

B TpeTeii rnaae "Jfcc.11,eaoBaUue Moae.11,eu caMoop2auu306auuou r.;pu

mU"l.'H,OCmu c noMOU4b'/O npocmpaucmBeuuou peuopM2pynnbl" rrccne.n;yeTcH 

np:rrMeHeHne peHopMrpynnhr K Mo.n;en:rr BaKa-TaHr a-Befi3eHcpenhna( B TB). 

Monenh BTB 3TO pemeTO'IHhrfi aBTOMaT, orrpe.n;eneHHhifi Ha pemeTKe, K 

Ka)KnoMy y3ny i KOTopofi nprrn:rrcaHa uenoqrrcneHHaH Bemr'lnHa Zi ( qrrcno 
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qacnm:). Ha Ka)K}lOM mare K crryqaii:Ho Bhr6paHHOMY y3rry no6aBmieTCH 

qacnrua, 'ITO rroBblrnaeT Zi Ha enn:mruy. Ecrrn: rrpn: 3TOM BhrcoTa y3rra 

rrpeBbICilT KpHTil'tJeCKJIO BbICOTY Zc, paBHJIO KOOp)lHHaUHOHHOMY 'tJilCJIY 

K )l]IH naHHOH perneTKil, rrpOHCXO)lilT perraKcaUHH HeCTa6HJibHOro y3rra, 

rrpn: KOTopoii: B Ka)K}lhrn cocenHn:ii: y3err rrepexonn:T no onHoii: qacTn:ue. B 

rrpHHUilIIe, MOryT 6hITb ccpopMyrrn:poBaHbl CTOXaCTil'leCKile rrpaBHJia OCbI

rraHHH, IIpil KOTOpbIX B coce)lHile J3Jibl rrepeXO)lilT pa3JIIl'tJHOe 'tJilCJIO qa

CTilU C pa3JIIl'tJHbIMil BepOHTHOCTHMil. B pe3JJibTaTe perraKcaun:n: y3rra co

Ce)lHile J3Jibl MOryT CTaTb HeCTa6HJibHbIMil Il B03HHKaeT rraBHHa rrocrreno

BaTeJihHbIX OChIIIaHilii:. B rrpouecce 3BOJIIOUilil CilCTeMa CTpeMHTCH K KpH

Til'leCKOMY COCTOHHilIO, B KOTOpOM KOppeJIHUilOHHM )lJIIlHa ycTpeMrrHeTCH 

K 6eCKOHe'tJHOCTil, a pacrrpenerreHHe rraBHH rrpOHBJIHeT CBOHCTBa caMOIIO

no6n:H. 

Ha IlCIIOJib30BaHilll caMorrono6HH Il OCHOBaHO rrpHMeHeHn:e peHOpMarrn:-

3aUHOHHOH rpyrrnhr K Monerrn: BTB. KpyrrHOMacrnTa6HM nn:HaMHKa MO

nerrn: OIIIlCbIBaeTCH B TepMHHax KPYIIHOMaCIIITa6HOH perneTKil c H'tJeii:KaMil 

pa3MepoM bk. Ka:lK.ZlM H'leii:Ka xapaKTepn:3yeTCH JlBJMH Ha6opaMH BeJIIl

'IHH P(k) =(Pi, ... PK) n: n(k) = (n1, ... , nK)- IIepBbrii: n:3 Hnx P(k) naeT 

BepOHTHOCTil rrpoueccoB, B KOTOpbIX KpyrrHOMaCIIITa6HM H'tJeii:Ka perraKCil

pyeT B 1, ... , K HarrpaBrreHHHX. BTopoii: COOTBeTCTByeT BepOHTHOCTHM, c 

KOTOpbIMil KpyIIHoMaCIIITa6HM H'leii:Ka Be,ZleT ce6H rrpn: no6aBJieHHil qa

CTilUbI KaK y3err Ha'laJibHOH perneTKil, B KOTOpOM HaXO)lHTCH 1, ... 'K qa

CTilU. 

Illar peHOpMrpyrrrrhI rrpOil3BO)lilTCH C IIOMOIUblO 06'be)lHHeHHH 'leTbipex 

H'tJeeK MaCIIITa6a bk B 0.ZlHY H'leii:Ky MaCIIITa6a bk+I lirrH Harrn:caHHH ypaBHe

HIIll peHopMrpyrrrrhr Heo6xonIIMO Bhrpa3IITb BeJIII'IIIHhI P( k + l) II n( k + l) 
qepe3 cooTBeTCTBJIOIUIIe BeJIII'tJIIHhI Ha MacmTa6e k. lirrH P(k + 1) 3TO 

MO:lKHO C,ZleJiaTb rrpHMbIM rrepe'IIICJieHIIeM rrpoueccoB OCbIIIaHilii: 'leTbipex 

H'leeK MacrnTa6a k, c yqeToM rrpaBIIrra rroKpbIBaHIIH, pa3perna10ruero pac

cMaTpn:BaTh T0JibK0 rrpoueCCbI pacrrp0CTpaHHIOIUIIeCH Ha MaCIIITa6 k + l. 
IlrrH n(k + 1) TaKoii: rrpouenyphr He cyruecTBJeT, II rrpIIXOJlIITCH IICII0Jih30-

BaTb cpenHerrorreByio o6paTHJIO CBH3b, II3BJieqeHHJIO II3 ycrr0BIIH CTaun-

0HapHOCTII KIIHeTII'tJeCKIIX ypaBHeHIIH, 0IIIICbIBaIOIUIIX BeTBHIUIIeCH rrpo

uecCbI rrpeBparueHIIH KpyrrHOMaCmTa6HbIX 'laCTIIU rrpII OCbIIIaHIIHX. IIorry

'leHHbie ypaBHeHIIH IIMeIOT e,ZlIIHCTBeHHJIO ycTOH'tJHBJIO TO'IKY rrpII k ➔ 
00. 

B )lIICCepTaUHII rrpoBe)leHa peH0pMrpyrrnOBM rrpouenypa y 0TKpbITOH II 

3aKpbITOll rpaHIIU KBanpaTHOH perneTKII. OTJIIl'tJIIe pac'leTa Ha OTKpbITOll 
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rpaHHUe OT pacqeTa B o6'heMe COCTOilT s TOM, 'ITO rrepeHOpMn:posaHHM 

H'leii:Ka COCTaBJieHa II3 'tJeTbipex He3KBHBarreHTHbIX H'tJeeK, O)lHa II3 KOTO

pbIX o6rranaeT CBOHCTBaMil o6'beMHbIX H'leeK, nse rpaHII'tJHbIX, n: O)lHa, 

3aMeHHIOIUM 0TKpbITJIO rpaHn:uy, rrorrroruaeT Bee rrorrana10rune B Hee qa

CTIIUhI. Y 3aKpbITOll rpaHIIUbI, B pac"tJeT rrpIIHHMaIOTCH H'tJeHKil )lBJX cop

TOB, o6'heMHbie II rpaHII'tJHbie, OTJIII'tJaIOIUileCH KOJIIl'leCTBOM HanpaBJieHUll 

BbIXO)la qaCTIIU, II, C0OTBeTCTBeHHO, KPilTII'tJeCKOll BbICOTOll Zc. 
3Ha'tJeHIIH n( k) B ycTOll'tJIIBOll TO'tJKe MoryT TpaKTOBa TbCH KaK KOH

ueHTpaun:II Y3JIOB C COOTBeTCTBJIOIUilMII BbIC0TaMII. B Ta61Illue 1 rrpen

CTaBJieHO cpaBHeHIIe peHOpMrpyrrrrOBbIX pe3JJibTaT0B C aHaJIIITil'leCKIIMII 

3Ha'tJeHIIHMII rrorry'leHHbIMII )lJIH a6erresoii: M0)leJIII. 

BIIn MeTon nA nB nc no 

rrapaMeTpOB rrorryqeHIIH 

B Pr 0.0205 0.134 0.349 0.496 

o6'heMe To'IHbie 0.0736 0.174 0.306 0.446 

OTKpbITM Pr 0.118 0.264 0.306 0.313 

rpaHIIUa To"tJHble 0.104 0.0.217 0.316 0.363 

3aKpbITM Pr 0.0514 · 0.305 0.643 

rpaHIIua To'IHbre 0.113 0.318 0.568 

Ta6mma 1: BepoxTHOCTll BhICOT B Kpl!Tll'leCKO:\! COCTOXHllll, Ha 6eCKOHe'lHOll perneTKe n 

Ha perneTKaX C rpaHnueii. CpaBHllBaIOTCX pe3yJibTaThI Pr TIOJIXQIJ;a, II aHa.TIIITl!'leCKOro 

pac'leTa npoBeneHHoro nnx a6eneBoii :-.10ne.1111. 

KpoMe Toro peHopMrpyrrrrOBM rrpouenypa rrpoBeneHa nrrH MO.ZleJIII BTB 

Ha IIJIOCKOM TpeyroJibHOll perneTKe. l.facrreHHbie II peHOpMrpyrrrrOBbie pe-

3JJibTaTbl )lJIH BepOHTHOCTeii: BbIC0T B o6'beMe Ha TpeyrOJibHOll perneTKe 

rrpencTaBrreHhI B Ta6rrIIue ( 2). 

n* n; n* n4 n* n* 
I 3 5 6 

Pr 0.036 0.135 0.197 0.209 0.210 0.210 

l.J:n:crreHHhre 0.054 0.092 0.139 0.188 0.240 0.281 

Ta6nnua 2: i:.incneHHble II peHop:-.irpynTIOBhie pe3y.TibTaThI JIJIX BepoxTHOCTeii BhICOT B 

06be:'ole Ha TpeyroJibHOll perneTKe. 

lfa rrapaMeTpOB ycTOM'tJIIBOH TO'tJKil peH0pMrpyrrrrhI MoryT 6hITb rrorry

qeHbl 3Ha'leHHH KpHTU'tJeCKIIX 3KCIIOHeHT OIIIlCbIBaIOIUilX pacrrpenerreHIIe 
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rrnomanrr naBHHhl. Ilrnr 3Toro sepo.srTHOCTh K, naBHHhr pacrrpocTpaH:n:B
rnenc.sr Ha MacrnTa6e bk rr 3aKOH''rnsrnenc.sr Ha MacrnTa6e bk+I nom1rna 
6hITh Bhrpa)KeHa KaK qepe3 rrapaMeTphr ycTOH'IHBon TO<JKH P( oo) rr n( oo ), 
TaK rr qepe3 acrrMIITOTH<JecKyIO ¢opMy pacrrpeneneHrr.sr rrnomanrr na01rn 
P(s) ~ s-rds, 'ITO naeT CB.SI3h 

1 ln(l - K,) 
T = l - ----'----'--. 

2 ln b 

Ilony<JeHHhle 3Ha<JeHH.SI KpHTH<JeCKHX 3KCIIOHeHT 

B o6'heMe, Ksanpa THM perneTKa 
B o6'heMe, TpeyronhHM perneTKa 
0TKphlTa.SI rpaHm:i;a 
3aKphrTa.sr rpaHm:i;a 

Pr To<JHOe 3Ha<JeHHe. 
T = 1.248 T = 1.25 
T = l.366 T = 1.25 
T0 = 1.48 T0 = l.5 
Tc = l. 23 He ll3BeCTHO 

(25) 

II03BOIT.SIIOT rOBOpHTh O TOM, 'ITO Ha:n:nyq1:rnn pe3yIThTaTa COOTBeTCTByeT 
OTKphITOH rpaHm:i;e, 'ITO ecTeCTBeHHO, TaK KaK rpaHH'IHa.SI naBHHa enrrH
CTBeHHa.SI ll3 naBHH, CBOHCTBa KOTOpOH MoryT 6hITh rrpe,llCTaBneHhl KaK 
CBOHCTBa 'IHCTO .llBYXMepHoro o6'heKTa. 

B 3aKJIIO'IeHIUI KpaTKO ccpopMyn:n:posaHhI rrony<JeHHhie B .llllCCepTa
UHH pe3yIThTaThI, KOTOphle BhIHOC.SITC.SI Ha 3aIT(HTy. 
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