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AKTyanbHOCTh TeMbI 

B CB.II3H C IIIHp0KHM rrpnMeHeHJieM 3JieKTpOHHO-BblqncnnTeJihHOH Tex

HIIKII .n:n.sr pemeHmI aayqHbIX II TeXH1IqecKHX 3a,,naq 0CTpO BCTaJI B0IIpoc 

C03.l(aHII.II H0BbIX qlICJieHHhlX MeT0.O:OB II anroplITMOB. IlplI pa3pa60TKe 

Toro HJIII HHoro BbiqHCJIHTeJibHOro anroplITMa Ba)KHblM HBJI.IIeTC.II BOri:poc 

o ToqaoCTII rronyqaeMoro pemeHIIH. Tpe60BaH1Ie 06ecueq1ITh 66nhmy10 

T0qH0CTh, KaK rrpaBIIJI0, rrplIBO.l(IIT K cymeCTBeHH0MY yBeJI1I'IeH1IIO o6'b

eMa BbI'IIICJIIITeJibHOH pa60Thl. 8To o6CTO.IITeJihCTBO .n;enaeT aKTyanbHhlM 

II0HCK 3K0H0MII'!HhlX rro.n;xo.n;oB K C03.n;aHIIIO 'IIICJieHHhlX anroplITM0B, II0-

3BOJI.IIIOIUIIX rrony'laTh pemeHIIe C 3a,D;aHHOH T0'IHOCTbIO. 

3Ha'!IITeJibHhlH' BKJia.n; ,B pa3BIITIIe 'l~CJieHHhlX MeT0.O:0B BHeCJIII pa60Thl 

A.H.T1Ixoa0Ba, A.A.CaMapcKoro, r.JiLMap'IYKa. 

B .D;IICCepTaUIIII, BO-rrepBbIX, paCCMaTplIBaeTCH rrpo6neMa orrpe.neneHIIH 

co6CTBeHHhIX 3Ha'!eHIIH II co6CTBeHHhIX cpyHKUIIH KpaeBoii 3a.n;aq1I .D;JIH o6hl

KHOBeHHOr0 .n;1IcpcpepeHUIIaJibHOro ypaBHeHIIH BTOporo II0pH.n;Ka Ha rrony-

0CH. PaccMaTplIBaeTCH TaK)Ke KpaeBa.sr 3a.n;aqa Ha rronyoc1I c Heo.n;Hopo.n:

HhIM ycn0BIIeM Ha JieB0M K0HUe. Bo-BTOpbIX, II3y'!aeTCH 3a.n;a'!a 06 oueHKe 

HelI3BeCTHOH IIJI0TH0CTII pacrrpe.n:eneHIIH cny'laiiHoii BeJIII'IIIHbl no 3MII1Ip1I

'!eCKIIM .n;aHHhlM. 

BonbIIIOe K0JIII'!eCTB0 C0BpeMeHHhlX qJII31I'!eCKIIX 3a.n;a'! nplIB0.D;IIT K 

rrpo6neMe orrpe.n;eneHIIH co6CTBeHHhlX 3Ha'!eHIIH II co6CTBeHHhlX cpYffKUIIH 

.n;1IcpcpepeHu1IaJihHhlX orrepaTopoB. CneKTpanbHhlH aHaJIII3 .n;IIcpcpepeHUII

anhHhlX onepaT0p0B HBJIHeTCH 0CH0BHblM MaTeMaTII'leCKIIM arrnapaT0M IIPII 

pemeHIIII MH0rHX 3a.n;a'! KBaHTOBOH MexaHIIKII. IlplI 3T0M 3arrp0Chl KBaHT0-

BOH MexaHIIKII Tpe6yIOT .n;eTaJihH0ro IICCJie,l(0BaHIIH TaK Ha3blBaeMhlX CIIH

rynHpHbIX ,n:IIcpcpepeHUIIaJibHhlX orrepaTopoB, B TOM 'IIICJie, orrepaTopoB, 
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3a.n;aHHbIX Ha 6eCKOHe'lHOM llHTepBane. 

HapH)];y c aHannTn"lleCKllM uccne.n;oBaHneM TaKnx 3a.n;aq oco6y10 aK

TyanhH0CTh npuo6pen B0ilp0C C03,ll;aHll5I MeT0,ll;0B llX "llllCneHH0r0 pe,rneHll5I. 

Ilpu qucneHH0M uccne.n;oBaHllll 3a.n;aq C CllHryn5IpHbIMll .n:mp¢epeHI(Hanb

HhlMll onepaTopaMH BCTaeT npo6neMa nepeHoca KpaeBhlX ycnoBHH H3 oco-

6hlx T0"tJ:eK. B HaCT05III(ee BpeM5I :3Ta npoue.n:ypa xopomo pa3pa6oTaHa H 

IIIHp0K0 llCIT0nh3yeTC5I. BonpOChI, Kaca10rn:nec51 nepeHoca KpaeBbIX ycno

BHM ll3 oco6hIX T0"lleK, H3y"tJ:aIOTC5I B pa6oTax A.A.A6paMoBa, E.C.Buprepa, 

H.B.KoHIOXOBoii u p5.I.n;a .n;pyrHx aBTopoB. 

Ilpu pemeHnn 3a.n;aqn Ha nonyocH KpaeBoe ycnoBne Ha 6ecKoHe"tJ:Ho

cTH 3aMeH5.IIOT HeK0T0phlM KpaeBblM ycn0BHeM B ,ll;0CTaT0"tJ:H0 y.n;aneHHOM 

KOHe"llHOM T0"tJ:Ke. Ilocne :3Toro BMeCT0 llCXO,ll;HOii 3a.n;aqu Ha nony6eCKOHeq

H0M llHTepBane pemaIOT nony'leHHYlO KpaeByIO 3a.n;aqy Ha K0He'lH0M 0T

pe3Ke. IlnH ::noro, KaK npaBnno, Hcnonh3yeTC5I KaKoii-nH6o H3 qucneHHhIX 

MeT0,ll;0B, K0T0pbie .n;n5I peryn5IpHhlX KpaeBhlX 3a.n;aq ,ll;0CTaT0'lH0 xopomo 

pa3BllThl. 

B pe3ynhTaTe BMeCT0 llCK0Moro pemeHH5I CHHryn5IpHOii 3a.n;aqll Ha no-

' 
nyocu nonyqa10T npu6nmKeHH0e pemeHne 3a.n;aqu Ha K0He'lH0M oTpe3Ke. 

Bh16paB no.n;xo.n;Hmuii qucneHHhiii MeTo.n;, pemeHHe nocne.n;Heii M02KH0 nony

'lllTh C Tpe6yeMoii T0'lH0CThIO. Ilo3TOMY qaCT0 norpeIIIH0CTh, C K0T0poiI 

y.n;aeTC5I HaMTll pemeHne llCXO,ll;HOM 3a.n;aqH, onpe.n;en5IeTC5I HMeHH0 .n;nnHoii 

0Tpe3Ka llHTerpllp0BaHll5I, Ha K0T0p0M CTaBHTC5I annp0KCllMHpyIOII(M ee 

3a.n;a'la. Il pH npaBHnhH0M nepeHoce KpaeBhlX ycnoBllii 3Ta norpeIIIH0CTh 

CTpeMllTC5I K Hyn10 npu yBenH"lleHllll 0Tpe3Ka. 

C yBenuqeHneM 0Tpe3Ka llHTerpHp0BaHll5I, 0,ll;HaKo, pe3K0 B03pacTaIOT 

o6'heM BhI"llllCnHTenhHOH pa60Th1 H cqeTHoe BpeMH. Ilo3TOMY pa3pa60TKa 

3K0H0MH'lHhIX MeT0,ll;0B 'lHCneHH0ro pemeHH5I CllHryn5IpHhIX KpaeBhIX 3a.n;aq 

Ha .6ecKOHe'lHOM llHTepBane 5IBn5IeTC5I aKTyanbHOM np~6neMoii. 

2 

3a.n;aqa 06 0I(eHKe Hell3BeCTHOM nn0TH0CTll pacnpe.n;eneHH5I cnyqaiiHoii 

BenH'lllHhl Ha 0CH0BaHHll pe3ynhTaT0B ee Ha6n10.n;eHnii TaK2Ke HMeeT BeCh

Ma 6onhIIIOe npaKTll'leCK0e 3Ha"tJ:eHlle. TaK, npll u3yqeHllll caMhIX pa3HhIX 

<pll3H'leCKllX CllCTeM nonyqaIOT C0B0KynH0CTh 3KCnepHMeHTanhHhIX (nony

qeHHhIX.B pe3ynhTaTe OilhITa) 3Ha'leHHH HeKOTOpoii cny<IaHHOM BenH'lllHhI, 

ll qacT0 Tpe6yeTC5I Ha 0CH0BaHHll nonyqeHHhIX 3Milllpll<IeCKllX .n;aHHhIX no

CTp0llTh pacnpe.n;eneHHe 3TOM BenH<IllHhl. TaKoro po.n;a 3a.n;aqll qacT0 B03-

HllKaIOT ll npH M0.n;enllp0BaHllll peanbHhIX <pll3ll'leCKllX CllCTeM MeT0,ll;0M 

MoHTe-Kapno. 

IlpH on;eHKe Hell3BeCTH0H nnoTH0CTH TeM HnH HHhIM MeTo.n;oM M02KeT 

HMeTh MeCT0 CX0,ll;llM0CTh co CK0p0CThIO He BhIIIIe 'leM n-
1
/
2

, r.n;e n - 'lHCn0 

llCIT0nh3YIOII(llXC5I .n;n5I 3T0r0 Ha6n10.n;eHllH. 8To ecTeCTBeHHhIH <paKT, TaK 

KaK B 0I(eHKe 3Ha'leHH5I HCKOMOM nn0TH0CTll B HeKOTOpOH T0<IKe npHHllMaeT 

yqacTHe He BC5I BhI60pKa, a nHIIIh Te Ha6n10.n;eHH5I, K0T0phle cocpe.n;0T0'lll

nHCh B HeKOTOpoii 0KpeCTH0CTll 3TOM T0'lKll. B CB5I3ll C 3TllM aKTyanhHhIM 

5IBn5IeTC5I B0npoc 0 Il0BblIIIeHHll CK0p0CTll CX0,ll;llM0CTll on;eHKll K HCKOMOM 

nn0TH0CTll. 

OTMeTHM, 'lT0 nyTll Il0BhIIIIeHH5I T0<IH0CTH pemeHllH B MaTeMaTH'le

CKOH nHTepaType 06cy2K.n;anllCh BeChMa IIIHp0K0. B 0illlChIBaeMhlX B ,ll;llC

cepTaI(llll MeT0,ll;ax llCil0nh3yeTC5I u.n;e5I xoporno ll3BeCTH0r0 MeT0,ll;a Pll

qap.n;coHa. B MOHorpaq>Hn r.M.MapqyKa ll B.B.Illaii.n;ypoBa M02KH0 HaiITH 

.n;anhHeiimee pa3BllTlle 3T0r0 MeTo.n;a. CyTh ero C0CT0HT B cne.n;y10rneM. 

KaK ll3BeCTH0, norpeIIIH0CTh 'lHCneHHoro perneHll5I o6hl'lH0 nponopn;ll0Ha

nhHa HeKOTOpOH CTeneHll napaMeTpa ,ll;llCKpeTH3aI(llll, HanpHMep, rnara 

ceTKll ucnonh3yeMoiI pa3HOCTHOH cxeMhI. IlnH .n;ocTH2KeHll5I 6onhmeiI T0'l

H0CTII, cne.n;oBaTenhH0, HY2KH0 nu6o yMeHhIIIaTh 3T0T napaMeTp, nll60 

nonh30BaThC5I .n;pyroiI, 6onee TO<IHOH cxeMoiI. Pucap.n;coH nocTaBnn npHH

I(HITHanhH0 H0BYIO npo6neMy 0 Il0BhlIIIeHHll T0'lH0CTll 'lllCneHH0ro perneHII5I 
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mrneiiHhlX 3a,D;a'l. OH np1rnerr H€KOT0phle CX€Mbl peamnaum1 arrropHTM0B, 

B KOT0phlX HCn0Jih3YIOTCH 'IHCJI€HHhle pemeHHH C pa3JIH'IHhlMH rrapaMe

TpaMH arrnp0KCHMaUHH. OKa3aJIOCh, 'ITO JIHHeiiHa.a KOM6HHau;HH 3THX pe-
e" 

meHHii npH onpe.nerreHHhlX ycJI0BHHX .n;aeT T0'IH0CTb 60Jihmero nop.a.n;Ka. 

U:eJib paOOTbl 

IlHccepTaUHH II0CBHIUeHa pa3pa60TKe M€T0,Zl;0B II0BhlIII€HHH TO'IH0CTH 

pemeHHH II0CTaBJI€HHhlX Bhlme 3a,n;aq: 

1) KpaeBhIX 3a,n;aq ,Zl;JIH 06hlKHOB€HHhlX .n;mp¢epeHUHaJibHhlX ypaBH€HHii 

BTOporo nop.a.n;Ka Ha norryocH (B TOM 'IHCJie, paccMaTpirnaeTc.a rrpo-

6rreMa onpe.nerremrn co6CTB€HHhlX 3Ha'leHIIH H co6CTB€HHhlX <PYHKUHii 

TaKHX 3a,n;aq); 

2) 3a,D;a'IH 06 oueHKe H€H3B€CTHOH nJIOTH0CTH pacrrpe.nerremrn CJIY'Iaii

HOH B€JIH'IHHhl no 3MilHpH'l€CKHM ,n;aHHhlM. 

HayqmUI HOBH3Ha 

B ,Zl;HCCepTau;HH pa3pa6oTaHhl H CTporo o6ocHOBaHhl M€TOJ(hl II0BhlIIIe

HIIH T0'IH0CTH IIpH6JIH:>K€HHhlX pemeHHii II0CTaBJI€HHhlX 3a,D;aq, 0CHOBaHHhle 

Ha H,n;ee PH'Iap.n;cona o KOM6HHHPOBaHHH pemeHHii. 

Ilrr.a paccMaTp1rnaeMoii KpaeBoii 3a,D;a'IH Ha norryocH, .n;rr.a o6bIKHOBeH

Horo .n;:u¢¢epeHUHaJibHOI'O ypaBH€HHH BTOporo nop.a.n;Ka c oco6oii TO'IKOH 

Ha 6eCKOH€'IHOCTH npe,nJI02KeH M€T0,n; nOBhlill€HHH T0'IH0CTH ee 'IHCJI€HHhlX 

pemeHHH. MeTo,n; ocH0BaH Ha KOM6IIHHpoBaHIIH peIIIeHHii 3a,n;aq Ha pa.3-

JIH'IHhlx K0H€'IHhlX 0Tpe3Kax, arrrrp0KCHMHpyronnrx: HCX0.D;Hyro 3a,D;aqy Ha 

rrorryoc:u, CHa'larra rrorryqeHo rrpe,ncTaBrreHHe rrpH6JIH2KeHHoro pememrn 

(pemeHHH 3a,n;a'III Ha K0He'IH0M 0Tpe3Ke) B BH.n;e CYMMbl TO'IH0I'O (:e:cKo

MOro) pemeHH.a H rrorpeIIIH0CTH, Bbl3BaHHOH rrepeH0C0M KpaeBoro ycrro

BHH H3 6ecKOH€'IHOCTH. Haii:.n;ena aCHMnTOTHKa 3T0ii norpeIIIH0CTH IIPH 
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ycTpeMJI€HIIH ,Zl;JIHHhl 0Tp€3Ka HHTerpHp0BaHHH K 6eCKOH€'IHOCTH. 3aTeM, 

C HCn0Jib30BaHIIeM norryqeHHOH aCIIMnT0THKH, nocTp0eHa qJOpMyrra, no K0-

TOpoii np0H3B0,Zl;IITCH YT0'IH€HIIe: JIIIH€HHaH KOM6IIHaUHH .n;Byx pemeHHii 

Ha pa3JIII'IHhIX oTpe3Kax, .n;aeT yT0'!HeHHoe pemeHHe. Ilorry'leHa on;eHKa 

norpeIIIH0CTII YT0'IH€HH0ro pemeHIIH. 

Ilmr crryqa.a, Kor.n;a IIMeeTc.a 6orree 'leM ,n;Ba npH6JIH2KeHHhlX pemeHIIH, 

TaK2Ke pa3pa6oTaHa H o60CHOBaHa aHaJI0rII'IHaH npoue.nypa YT0'IH€HHH. 

IloKa3aHo, 'ITO norpemH0CTh yT0'IHeHH0ro pemeHIIH B 3T0M crryqae TeM 

M€Hbme, 'l€M 6orrhmee K0JIII'l€CTB0 npII6JIII2K€HHhlX pemeHIIH HCn0Jih3Y

eTCH ,Zl;JIH ero nocTp0eHIIH. 

IlpIIMeHIIMOCTb TaK0I'O no.n;xo.n;a (3KTpanOJIHUIIII no ,Zl;JIHHe 0Tpe3Ka IIH

TerpIIpOBaHIIH) CTporo o6ocHoBaHa II .n;rr.a npo6rreMhl onpe.n;erreHHH co6-

CTBeHHhlX 3Ha'leHIIH II co6CTB€HHhlX <PYHKUIIH KpaeBoii 3a,n;aq:u Ha norry-

0CII ,n;JIH o6bIKHOB€HHOro ,Zl;IIqJqJepeHIJ;IIaJihHOI'O ypaBH€HIIH BT0poro nop.a,n;Ka 

c peryrr.apHOH oco6eHHOCTbIO B Hyrre :u IIpperyrr.apHoii oco6eHHOCThIO Ha 

6ecKoHe'IHOCTII. Ilrr.a 3Toii 3a,n;a'III, KpoMe Toro, ,n;0Ka3aHa TeopeMa cyme

CTB0BaHHH co6CTB€HHbIX 3HaqeHHH II co6CTB€HHhlX <PYHKUIIH. 

Pa3pa6oTaHHbIH MeT0.D; n03B0JIHeT .n;o6HTbCH 3Ha'IIIT€JibH0ro n0Bhlme

HHH T0'IH0CTII 6e3 cymecTB€HH0r0 YB€JIII'l€HIIH ,D;JIIIHbl 0Tpe3Ka. KpoME 

Toro, OH npaKTII'l€CKH He Tpe6yeT ,D;JIH 3T0r0 .n;on0JIHHT€JihHhlX 3aTpa'l 

C'l€TH0I'O BpeMeHII, n0CK0JibKY pemeHIIH Ha pa3JIH'IHhIX 0Tp€3Kax, KaK npa

BHJI0, y2Ke IIM€IOTCH, HY2KH0 T0JihK0 Bhl'IHCJIHTb HX JIHHeiiHyro KOM6HHa

UHIO. 

Ilrr.a 3a,n;aqn 06 oueHKe H€H3B€CTHOH nrroTH0CTH pacnpe.nerreHHH crryqaii 

HOH B€JIH'IHHhl no 3MnHpH'I€CKHM .n;aHHbIM pa3pa6oTaH H CTporo o60CHOBaJ 

MeT0.D; 3KCTpanoJIHUHH no 'IHCJIY He3aBHCHMhlX Ha6rrro,n;eHHii, HCn0Jib3YIO 

mnxc.a .n;rr.a on;eHKH. IlorryqeHo npe,ncTaBrreHHe 3MnHpnqecKoii (nocTpo 

€HHOH no BbI60pKe) nJI0TH0CTH B BH.n;e CyMMbl HCKOMOH IIJI0TH0CTH H no 
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rpemHOCTll, co,n:ep)Kameii: cny11aii:HyIO ll CllCTeMaTU'IeCKyIO COCTaBm1romue. 

Haii:,n:eHa acnMnTOTUKa 3TOH norpemHOCTll npu 6onbillllX 06'heMax BbI-

6opKU. C llCITOnb3OBaHUeM 3TOH aCUMITTOTllKll ITOCTpoeHa cpopMyna, no3BO

mi:romaH nOBbICllTb TO'IHOCTb 3MITllpU'IeCKOH ITilOTHOCTU: nnHeii:HM KOM-

6:lirnan:u.H on:eHOK, ITOCTpOeHHhlX no pa3nll'IHhlM He3aBUCIIMbIM BbI60pKaM, 

ITO3BOmieT COKpaTIITb rnaBHhlll 'IneH acnMITTOTllKll CIICTeMaTU'IeCKOH KOM

ITOHeHThl ITOrpemHOCTll ll B pe3ynhTaTe .n:o61ITbC.H 6onee BbICOKOH TO'IHOCTII 

on:eHKll. PemeH BOITpoc O nocTpOeHUII .IlOBepnTenbHOH o6naCTII ,n:n.H llCKO

MOH ITnOTHOCTll. 

MeTO.Il ,n:aeT BO3MO)KHOCTb 3aMeTHO ITOBbICllTb TO'IHOCTb on:eHKll UCKO

MOH ITnOTHOCTll npaKTll'IeCKll 6e3 .IlOITOnHnTenbHhlX 3aTpaT C'IeTHOro Bpe

MeHn, ITOCKOilbKY ITO,n:06Hbie on:eHKll 'IaCTO .n:enaIOTC.H no HeCKOnbKllM He-

3aBIICIIMbIM BbI6opKaM, a nplI YTO'IHeHIIII nliillb llCITOilb3YIOTC.H y)Ke UMeIO

muec.H 3Mnnpu11ecKue ITnOTHOCTII. 

IlpaKTIPieCKruI u;eHHOCTh 

Pa3pa60TaHHbie MeTO.IlbI nOBbIIDeHII.H TO'IHOCTII ITpn6n1I)KeHHbIX peme

Hllll KpaeBbIX 3a,n:a11 Ha nonyocu ,n:rnI o6bIKHOBeHHhlX .Il1IcpcpepeHn;nanhHbIX • 

ypaBHeHnii: BTOporo ITOp.H,n:Ka TeCTllpOBanucb B p.H,n:e MO,n:enbHbIX 3a,n:a11, 

'ITO ITOKa3ano llX BbICOKYIO 3cpcpeKTIIBHOCTb ( TO'IHOCTb 'IllCm_lHHbIX peme

Hllll ITOBhlmanacb Ha HeCKOnbKO ITOP.H.IlKOB 6e3 cymecTBeHHOro yBenlI'IeHll.H 

3aTpaT C'IeTHOro BpeMeHu). 

CTporuii: no,n:xo.n: K CO3,n:aHUIO TaKHX MeTO.IlOB .n:aeT Ka'IeCTBeHHYIO OCHO

By ,n:n.H lIX pa3BllTll.H ll npnMeHeHU.H B 6onee cnO)KHbIX 3a,n:a11ax. Ilpe.n:

CTaBrnieTC.H nepcneKTllBHbIM npnMeHeHne pa3pa6oTaHHOH MeTO.IlllKII (npu 

COOTBeTCTByromeii: ee MO.IllI(plIKaU:IIll) .n:rn.r YTO'IHeHII.H np1I6n1I)KeHHbIX pe

meHnii: KpaeBhlX 3a,n:a11 Ha ITonyoc1I ,n:n.H CIICTeM o6bIKHOBeHHbIX .n:ucpcpe

peHn;IIanhHbIX ypaBHeHuii: (B TOM 'IUCne, HennHeii:HbIX). TaKne 3a,n:a11u 

BCTpe11aIOTC.H, HanpnMep, B (pll3UKe KOH,n:eHcnpoBaHHbIX cpe.n: (B TOM 'Ill-
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cne, B pa3mI'IHhIX MO,n:ern1x ITOn.HpoHa). 

Pa3pa6oTaHHbIH MeTO.Il ITOBbimeHII.H TO'IHOCTII on:eHKII ITnOTHOCTll pac-

- rrpe.ueneHII.H cnyqaii:Hoii: BenlI'IIIHbI ITO 3MITnpuqeCKIIM ,n:aHHbIM ITpe,n:cTa

Bn.HeT ITpaKTII'leCKYIO n:eHHOCTb 6naro.n:ap.H CBOeii: YHIIBepcanhHOCTll. Ero 

MO)KHO ITpUMeH.HTb KaK ITPll o6pa60TKe 3KCnep1IMeHTanhHbIX ,n:aHHbIX, TaK 

II rrpn Mo.uenlipOBaHHII peanhHhIX cp1I3H'lecKIIX ITpon:eccoB Ha 8BM. 

Ha OCHOBe 3TOro MeTO.Ila 6blna CO3.IlaHa ITporpaMMa, ITO3BOnHIOm:M ITO 

3a.IlaHHbIM BbI6opKaM CTpOUTb 3MIIHpH'leCKHe nnOTHOCTll, KOM6HH1IpOBa

HIIeM nx ITony'laTb YTO'IHeHHYIO 3MIIHp1I'leCKYIO ITnOTHOCTb, a TaK)Ke pa

C'IIITbIBaTb .IlOBepnTenhHbIH HHTepBan. 

C ncrronh3OBaHIIeM 3TOH ITporpaMMbI 6hinlI ITony11eHhl, B qaCTHOCTII, 

on:eHKH 3HepreTn'leCKOrO CITeKTpa Heii:TpOHOB, pO)K.IlaIOmuxcH B ynpyrlIX 

II Heynpyrux a.n:poH-5.1.IlepHbIX CTOnKHOBeHII.HX BHYTPII KBa31I6eCKOHe'1HOrO 

6noKa ITp1Ipo.n:Horo ypaHa, o6nyqaeMoro ITY'IKOM ITPOTOHOB. IlplIMeHeHne 

3KTparrornIU:IIII ITO 'IIICny Ha6nro.ueHHH ITO3BOnlinO cymecTBeHHO COKpaTIITb 

'IIICnO pa3birpbrnaeMbIX C06hITHH II C'leTHOe BpeM.H. EhlnO ITO.Il06paHO OITTH

ManhHOe 11ncno co6bITHH, ITPII KOTOpOM paCC'IIITbIBaeMbIH CITeKTP ne)KHT B 

3a.IlaHHbIX .IlOBepnTenbHbIX rpaHnn;ax. 

Anpooau;:m1 paooThl 

IIonyqeHHhle B ,n:uccepTan:uu pe3ynhTaTbI ,n:oKna.uhrnanlICh Ha ceM1IHa

pax BhI'IncnnTenbHOii: II ITp1IKna.uHoii: MaTeTaTnKn JIBTA Ol15Il1, Ha ce

MUHape B uHCTnTyTe MaTeMaTIIKll IIAH, a TaK)Ke Ha cne.uyromux KOHcpe

peHU:II.HX: 

l. Computational Modelling and Computing in Physics. 

OM5Uf, lly6Ha, 16-21 ceHTJ16px 1996 r. 

2. IlepBM OTKpbITM Hay'IHM KOHcpepeHU:llH MOilO.IlblX y11eHblX II CITeU:II

anlICTOB Ol15Il1. 
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muni:, lly6Ha, 24-26 <peBpa.JilI 1997 r. 

3. XXXIII HayqHaJI KOH<pepemurn q:>aKyJihTeTa q:>mrrKo-MaTeMaTrrqec-

KIIX H ecTeCTBeHHhIX HayK. 

PYllH, MocKBa, 20-24 Mall 1997 r. 

,,_ 

4. XXXIV HayqHaJI KOH<pepeHI(HH cpaKyJihTeTa q:>rr3HKO-MaTeMaTrrqec

Krrx H ecTeCTBeHHhIX HayK. 

PYllH, MocKBa, 19-22 Mall 1998 r. 

5. Modern Trends in Computational Physics. 

OH51H, lly6Ha, 15-20 HIOHlI 1998 r. 

CTpyKTypa H oo'beM ,n:HccepTaUHH 

IlrrccepTal(H5I ofrheMOM 108 CTpaHHI( C0CT0HT H3 BBe,neHH5I, qeThipex 

rJiaB H 3aKmoqeHH5I. Co,nep)KHT 7 Ta6nrru, 9 prrcyHK0B H CITHC0K JIH

TepaTyphI H3 62 CChIJI0K. 

IIyoJIHKaUHH 

Ila MaTeprranaM .nrrccepTaurrrr oITy6nrrKOBaHo 6 pa6oT. 

Co,n;ep)KaHHe ,n;11ccepTau;1111 

Bo BBe,neHHH o6oCHOBhIBaeTC5I aKTyaJihH0CTh TeMhI rr ITpHB0.D:HTC5I KpaT-

Koe co.nep)KaHrre .nrrccepTaurrrr. 

IIepBaJI rnaBa, HaITrrcaHHaJI ITO MaTeprranaM pa6oT [1, 2, 3), IT0CBHII(eHa 

pa3pa60TKe MeTo,na IT0BhlmeHH5I TQqHQCTH ITprr6JIH)KeHHOro pemeHH5I Kpae

BOH 3a,naqrr Ha ITonyocrr ,nnH o6hIKHOBeHHoro .nrrq:iq:iepeHurraJihHoro ypaBHe

HHH BT0poro IT0p5!.D:Ka C oco6ofi TOqKQH Ha 6ecKOHeqHQCTH. 

B § 1.1 cTaBHTCH KpaeBaJI 3a,naqa Ha ITonyocrr [xo, +oo), yKa3hIBaIOTCH 

ycJI0BH5I, ITPH K0T0phIX 0Ha HMeeT e,nrrHCTBeHH0e pemeHrre. C HCIT0Jih30Ba

HHeM H3BeCTHOH aCHMITT0THKH 3T0ro pemeHH5I ITPH 60JihillHX 3HaqeHH5IX 
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apryMeHTa KpaeB0e ycJI0BHe ITepeH0CHTC5I H3 6eCKOHeqHQCTH B HeK0T0pyIO 

.D:0CTaToqHo y,naJieHHyIO K0HeqHyIO TQqKy R, IT0CJie qero CTaBHTC5I 3a,naqa 

Ha K0HeqHoM oTpe3Ke [xo, R]. 

B § 1.2 .D:0Ka3bIBaIOTC5I cyll(eCTB0BaHrre H e.D:HHCTBeHH0CTh pemeHH5I 3a

,naqrr Ha oTpe3Ke [xo, R], a TaK)Ke ITpe,ncTaBJieHrre 3T0ro pemeHrrH B Brr,ne 

cyMMhI T0qHoro (rrcKOMOro) pemeHH5I H IT0rpemH0CTH, BhI3BaHHOH 3aMeHOH 

rrcxo.n:Hofi 3a,naqrr Ha ITonyocrr 3a,naqefi Ha K0HeqHoM oTpe3Ke. IIonyqeHa 

acrrMITT0THKa 3TOH ITorpemH0CTH ITprr R ➔ oo. 

B § 1.3 C HCIT0Jih30BaHI1eM acrrMITT0THKH IT0rpemH0CTH ITpH6JIH)KeHHOro 

pemeHH5I (pemeHH5I 3a,naqrr Ha 0Tpe3Ke [xo, R]) CTp0HTC5I yToqHeHH0e pe

meHrre - nrrHeHHaJI KOM6rrHal(rrH ,nByx pemeHrrfi 3a,naqrr Ha pa3nrrqHhIX 

oTpe3Kax. OueHKa ITorpemH0CTH yToqHeHHoro pemeHrrH IT0Ka3hrnaeT, qTo 

OHO ITprr6JIH)Kae! HCK0M0e pemeHrre c IT0rpemH0CThIO, Cyll(eCTBeHH0 MeHh

mefi, qeM IT0rpemH0CTH Ka)K.noro H3 pemeHHH ITO 0T,neJihH0CTH. 

B § 1.4 IT0Ka3aHo, KaK M0)KH0 ITP0.D:0JI)KHTh ITpouecc YTOqHeHrrH, KO

r.na HMeeTC5I 60Jihmee K0JirrqeCTB0 pemeHHH 3a,naqrr Ha K0Heqff0M 0Tpe3Ke. 

J]oKa3aHo, qTo ITorpemH0CTh yToqHeHHoro pememrn B 3T0M cnyqae CTpe

MHTCH K HYJIIO C p0CT0M qrrcna HMeIOII(HXC5I ITprr6m1)KeHHhIX pemeHHH. 

B § 1.5 ITprrMeHeHrre 3KCTpaIT0JI5Il(HH ITO R HJIJIIOCTprrpyeTCH Ha Mo

.nenhH0M ITpHMepe. IIpe,ncTaBJieHHhle qrrcJieHHhle .D:aHHhle HarJIH.D:H0 IT0Ka-

3hIBaIOT 3q:>q:>eKTHBHOCTh pa3pa6oTaHHOro MeTo,na IT0BhIIDeHH5I TQqH0CTH. 

B'I'_OPaJI rJiaBa., HaITHCaHHaJI ITO MaTeprrany pa60ThI [4], IT0CBHII(eHa ITO

CTp0eHHIO MeTo,na IT0BhlmeHH5I T0qffQCTH 0ITpe,neJieHH5I co6CTB8HHhIX 3Haqe

HHH rr co6cTBeHHhIX q>yHKI(HH KpaeBofi 3a,naqrr Ha ITonyocrr ,n;JIH o6hIKHO

BeHHoro ,nrrq:>q:>epeHI(HaJihHOro ypaBHeHH5I BT0poro IT0P5I.D:Ka C perynHpHOH 

oco6eHHOCThIO B Hyne rr rrpperyJIHpHOH oco6eHHOCThIO Ha 6ecKOHeqHQCTH • 

B § 2.1 CTaBrrTCH KpaeBaJI 3a,naqa Ha 6ecKoHeqffOM.HHTepBane [O, +oo) 

C oco6eHHOCT5IMH Ha o6eIIX rpaHHI(ax 3T0ro HHTepBaJia. CTporo o6oCHO-
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BbIBaeTC5.I cyru;ecTB0BaHIIe co6CTBeHHblX 3HaqeHirH H co6CTBeHHbIX cpyHK

u;n:fi: JJ.JIH 3TO:fi: 3aJJ.aqn. 

B § 2.2 C ncn0Jib30BaHIIeM II3BeCTHO:fi: acIIMnT0TIIKII co6CTBeHHO:fi: cpy:ii:K

IJ;IIII npII 60JibIIIHX 3Ha'-!eHII5.IX apryMeHTa KpaeBoe ycnoBne Ha 6eCKOHe'-IHO

CTII 3aMeHHeTC5.I KpaeBhlM ycnoBueM BIIJJ.a y'(R) + a(R)y(R) = 0 B He

KOTopo:fi: JJ.0CTaT0'-IH0 yJJ.aneHHO:fi: T0'-IKe R, nocne '-!ero cTaBIITCH 3aJJ.a'-Ia 

Ha K0He'-IH0M oTpe3Ke [O, R]. lloKa3hIBaeTC5.I cyru;ecTB0BaHIIe co6cTBeH

HhlX 3Ha'-!eHIIH II co6CTBeHHbIX <pyHKIJ;IIH 3TOH 3a)J.a'-IH npn ycJI0BIIII, '-ITO 

R JJ.0CTaT0'-IH0 BeJIIIKo. 

B § 2.3 nony-qaeTC5.I npeJJ.CTaBJreHI:re co6cTBeHHoro 3Ha'-IeHn5.I 3aJJ.a'-In Ha 

oTpe3Ke [O, R] B BMJJ.e cyMMhI TO'-IHoro (ucKoMoro) co6CTBeHHoro 3Ha'-IeHII5.I II 

norpeIIIHOCTII, Bbl3BaHHOH 3aMeHo:fi: IICXOJJ.HOH 3a)J.a'-III Ha nonyocu 3a)J.a'-Ie:fi: 

Ha K0He'-IHOM 0Tpe3Ke. IIony'-IeHa acIIMnTOTIIKa 3TOH norpeIIIHOCTII npn 

R ➔ oo. 

B § 2.4 C IICnOJib30BaHHeM aCHMnTOTHKII norpeIIIHOCTH npn6JIH)KeHHOro 

co6cTBeHHoro 3Ha'-IeHn5.I ( co6cTBeHHoro 3Ha'-IeHH5.1 3aJJ.a'-In Ha oTpe3Ke [O, R]) 

CTpOHTC5.I YT0'-IHeHHOe co6CTBeHHOe 3Ha'-IeHHe - JIHHeHHM KOM6HHaIJ;H5.I 

JJ.BYX co6CTBeHHblX 3Ha'-!eHHH, nony'-IeHHhIX npn peIIIeHHH 3a)J.a'-IH Ha pa3-

JIH'-IHbIX 0Tpe3Kax. Ou;eHKa norpeIIIHOCTII YTO'-IHeHHOrO co6CTBeHHOro 3Ha

'-IeHH5.I noKa3bIBaeT, '-ITO OHO npn6JIH)KaeT IICKOMOe C06CTBeHH0e 3Ha'-IeHHe 

C norpeIIIHOCTbIO, cyru;ecTBeHHO MeHbIIIe:fi:, '-!eM norpeIIIHOCTH Ka)K)J.Oro H3 

co6CTBeHHblX 3Ha'-!eHHH no OT)J.eJibHOCTII. 

B § 2.5 o6ocHOBbIBaeTC5.I aHanorH'-!HblH MeTOJJ. )J.JI5.I nOBbIIIIeHH5.I TO'-IHO

CTH co6CTBeHHbIX <pyHKIJ;HH. CHa'-IaJia BblBOJJ.HTC5.I npe)J.CTaBneHne co6-

CTBeHHO:fi: cpyHKIJ;HH 3a)J.a'-IH Ha 0Tpe3Ke [O, R] B BH)J.e CJMMbl TO'-IHO:fi: co6-

CTBeHHOH cpyHKIJ;HH II norpeIIIHOCTH, Bbl3BaHHOH 3aMeHo:fi: HCXO)J.HOH 3a)J.a'-IH 

3a)J.a'-IeH Ha KOHe'-IHOM 0Tpe3Ke, H nony-qaeTC5.I aCIIMnTOTIIKa 3TOH norpeIII

HOCTH. 3aTeM CTpOHTC5.I YTO'-!HeHHM co6CTBeHHM <pyHKIJ;H5.I - JIHHe:fi:-
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Ha5.I KOM6HHaIJ;H5.I JJ.BYX co6CTBeHHblX <pyHKIJ;HH, nony'-!eHHbIX npII peIIIeHHH 

3a)J.a'-IH Ha pa3JIH'-IHbIX 0Tpe3Kax. 

B § 2.6 paccMaTpuBaeTc5.I cny-qa:fi:, KOrJJ.a B TO'-IKe R nocTaBJieHo Kpae

Boe ycnoBne y( R) = 0. llnH 3Toro cny'-IM BhrnncaHbI pa3JIO)KeHH5.I JJ.JIH 

co6CTBeHHhIX 3Ha'-!eHHH H co6CTBeHHblX cpyHKIJ;H:fi:, a TaK)Ke cpopMJJibl )J.JI5.I 

HX JTO'-!HeHH5.1. 

B § 2.J_ noKa3hIBaeTC5.I, KaK MO)KHO npOJJ.OJI)KHTb npou;ecc YTO'-IHeHH5.1, 

Kor JI.a 3aJJ.a'-Ia Ha KOHe'-IHOM oTpe3Ke peIIIaeTCH 6onee '-!eM JI.Ba pa3a. lloKa3a

Ho, '-ITO norpeIIIHOCTH JTO'-IHeHHhIX co6CTBeHHOro 3Ha'-!eHH5.I H co6CTBeHHOH 

cpyHKIJ;HH B 3TOM cny-qae CTpeM5.1?-'C5.I K HJJIIO C pOCTOM '-IHCJia HMeIOru;HXC5.I 

npu6JIH)KeHHbIX co6CTBeHHbIX 3Ha'-IeHHH H co6CTBeHHblX cpyHKIJ;HH. 

B § 2.8 3<p<peKTHBHOCTb MeTO)J.a nOBbIIIIeHH5.I TO'-IHOCTH HJIJIIOCTpnpy

eTC5.I Ha npnMepe onpeJJ.eJieHH5.I co6cTBeHHhIX 3Ha~eHn:fi: 3Heprnn n paJJ.uanh

HhIX BOJIHOBbIX cpyHKIJ;HH aTOMa BOJJ.OPOJJ.a. 

TpeTb5.I rnaBa, HaIIHCaHHM no MaTepnaJiaM pa6oT [5, 6], nOCB.siru;eHa 

pa3pa60TKe MeTO)J.a noBhIIIIeHH5.I TO'-IHOCTH ou;eHKH HeH3BeCTHO:fi: nJIOTHOCTH 

pacnpeJJ.eneHH.sI JJ.e:fi:cTBHTeJibHO:fi: HenpepbIBHO:fi: cny-qa:fi:Ho:fi: BeJIH'-IHHhI no ee 

Ha6JIIO)J.eHH5.IM. 

B § 3.1 onpeJJ.eJI5.leTC5.I cnoco6 ou;eHKH HeH3BeCTHOH nJIOTHOCTH no HMeIO

ru;e:u:c.sI Bb160pKe - ou;eHKH IIap3eHa-Po3eH6JiaTTa .. OnncblBaIOTCH TaK)Ke 

JJ.pyrne ncnOJib3JeMble )J.JI5.I 3TOro MeTO)J.bI. 

B § 3.2 BbIBO)J.HTC5.I npe)J.CTaBJieHne 3MnHpH'-IeCKOH nJIOTHOCTH B BH)J.e 

CJMMbI TO'IHOH (ncKOMO:fi:) nJIOTHOCTH H norpeIIIHOCTH, KOTOpM TeM MeHb

IIIe, '-IeM 60JihIIIe '-IHCJIO He3aBHCHMblX Ha6JIIO)J.eHHH n. IIony'-IeHa acnM

nTOTHKa 3TOH norpeIIIHOCTH npn 60JihIIIHX n, noKa3hlBaIOru;M CXO.llHMOCTb 

3MnHpH'-IeCKOH nJIOTHOCTH K HCKOMOH npn n -t CX) •. 

B § 3 .3. C HCnOJib30BaHIIeM acnMnTOTHKH norpeIIIHOCTU 3MnHpH'-IeCKOll 

nJIOTHOCTII CTpOHTC5.I JTO'-IHeHHM ou;eHKa HeH3BeCTHOH nJIOTHOCTH. lln.sI 
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3T0r0 HCII0J1h3YIOTCH ,D;Be He3aBHCHMhie cepHH Ha6nro.n;eHHH. Ilo HHM, B0-

rrepBhlX, CTp0HTCH .n;Be oueHKH HCKOMOH IIJI0TH0CTH - 110 Ka)K,D;OH BhI60pKe 

0T,D;eJihH0, H, B0-BT0phIX, CTp0HTCH oueHKa 110 06'he,D;HHeHHOH BhI60pKe. 

Orrpe,n;eJieHHaH JIHHen:HaH KOM6HHaUHH BCex Tpex oueH0K rrpH n ➔ oo cxo

,D;HTCH K HCKOMOH IIJI0TH0CTH 6hlCTpee, qeM Ka)K,D;aH H3 3THX oueH0K 110 

0T,D;eJihH0CTH. 

B § 3.4 pernaeTCH B0rrpoc 0 II0CTp0eHHH ,D;OBepHTeJihHOH o6JiaCTH ,D;JIH 

TeopeTHqecKOH IIJI0TH0CTH. 

B § 3.5 paccMaTpHBaIOTCH HeK0T0phie B0IIp0ChI 0IITHMH3aUHH. OrrTH

MaJihHhlM o6pa3oM Bhl6Hpa~TCH H.n;po oueHKH Ilap3eHa-P03eH6naTTa. Jifay

qaeTCH TaK)Ke Borrpoc o Bhr6ope HaqaJihHoro rnara. 

B § 3.6 npHMeHeHHe 3KCTparr0JIHUHH 110 qHcJiy Ha6JIIO,D;eHHH HJifIIOCTpH

pyeTCH Ha npHMepe oueHKH IIJI0TH0CTH no BhI60pKe H3 H0pMaJihH0ro pac

npe,n;eJieHHH. Ilpe.n;cTaBJieHHhle qHCJieHHhle .n;aHHhie HarJIH,D;H0 HJIJIIOCTpH

pyIOT 3q>q>eKTHBHOCTh pa3pa6oTaHHOrO MeT0,D;a. 

9eTBepTaH _rJiaBa, HanHCaHHaH no MaTepHaJiy pa60Thl [6], n0CBHIIJ;eHa 

oueHKe 3HepreTnqecKoro crreKTpa Hen:TpOHOB B M0.n;ennpyeMhlX 3JieKTp0-

H,D;epHhlX ycTaH0BKax. 

B § 4.1 0IIHChIBaeTCH paccMaTpHBaeMaH ycTaH0BKa, CTaBHTCH 3a.z:i;aqa 

06 oueHKe crreKTpa Hen:TpOHOB H rrpHB0,D;HTCH KpaTK0e 0IIHCaHHe MeTo.n;a ee 

perneHHH, KOTOphIH 6hlJI pa3pa60TaH B TpeTheH rJiaBe. 

!!_§ 4.2 ,n;aIOTCH peK0MeH.naUHH 0 rrpeo6pa30BaHHH cnyqa:n:HOH BeJIHqH

HhI, K0T0poe M0)KeT 6hITh II0Jie3H0 ,[J;JIH 6onee rna.n;KOH oueHKH HCK0M0ro 

cneKTpa. 

B § 4.3 .n;enaeTCH oueHKa 3HepreTHqecKoro crreKTpa He:n:TpOHOB. CpaB

HeHHe II0JiyqaeMhlX rrpe,n;JI0)KeHHhlM MeT0,D;0M oueH0K crreKTpa C paHee 110-

JiyqeHHhlMH rHCTorpaMMaMH BhlHBHJI0 PM rrpenMymeCTB TaKoro rro.nxo.na 

rrepe.n rHCT0rpaMMHp0BaHHeM H n0Ka3aJI0 ero BhlC0Kyro 3q>q>eKTHBHOCTh 
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npH perneHHH rro.no6HhlX 3a.z:i;aq. 

B 3aKJIIOqeHHH npHBe,D;eHhl 0CH0BHhle pe3yJihTaThl pa60Thl. 

Pe3yJibTaTbl, BblHOCHMhle Ha 3~HTY 

B .nnccepTaUHH paCCM0TpeH H perneH PM B0IIp0C0B, CBH3aHHhlX C 110-

BhlllieHHeM T0qff0CTH: 

1) qHcJieHH0r0 perneHHH CHHrynHpHhlX KpaeBhlX 3a.z:i;aq ,[J;JIH o6hlKHOBeH

HhlX .nn¢¢epeHuHaJihHhlX onepaT0p0B BToporo n0pMKa Ha II0JIY0CH 

( B TOM qncne, qncJieHH0ro. orrpe.n;eJieHHH co6CTBeHHhlX 3HaqeHHH H 

co6CTBeHHhlX q>yHKUHH TaKHX 3a.z:i;aq); 

2) oueHKH HeH3BeCTHOH IIJI0TH0CTH pacrrpe,n;eJieHHH cnyqa:n:HOH BeJIHqH

Hhl no 3MIIHpHqecKHM ,D;aHHhlM. 

IIonyqeHhl cne.n;yrorn;He pe3yJihTaThI. 

1. Pa3pa6oTaH n CTporo o6ocHoBaH Memoa noabuueuUE mo~uocmu npu-

611,u:J1Ceuub1.X peweuuu 'l'.paeB0U 3aaa~U Ua no11,yocu al(,.f[ o6bZ'J'.'l-l,OBeUU0-

20 augjgjepeUV,UMb'l-l,020 ypaBUeUUJl Bm0p0ZO nop1la'l'.a C oco6ou mo~-

1'.0U ua 6ec'l'.0'1-1,e~'l-l,OCmU. MeTO,D; 0CH0BaH Ha n.nee KOM6HHHpOBaHHH 

perneHHH KpaeBOH 3a.z:i;aqn Ha pa3JIHqHhlX K0HeqHhlX 0Tpe3Kax, arr

rrpOKCHMHpyrorn;eH ncxo.n;Hyro cnHrynHpHyro 3a.n;aqy Ha nonyocn. 

2. AHaJIOrHqffM n.neH KOM6HHHpOBaHHH perneHHH IIOJI0)KeHa n 0CH0BY 

Memoaa noabzweuUE mo~uocmu onpeae11,euUE co6cmaeuubix 3Ua~e

uuu U co6cmBeUUb1.X gjyU'l'.V,UiJ, 'l'.paeaoii, 3aaa~U Ua no11,yocu al(,.f[ o6bt'l'.

'1-1,06eUU020 auifjgjepeUV,Uall,b'l-l,020 ypaaueuUE Bm0p020 nop1la'l'.a C pe-

2yMpuoiJ, oco6euuocmb1o a uy11,e u uppe2yMpuoi1, oco6euuocmb10 ua 

6ec'l'.oue~uocmu. IloKa3aHa npnMeHHM0CTh TaKoro rro.nxo.n;a n B 3T0M 

cnyqae. 
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3. .Ilmr nocTam1eHHOH 3a,n;a'III ao1w3aHa meope.Ma cy'U.4ecmaoaaHUJI co6-

cmaeHHbtX 3Ha'l./,eHuu u co6cmaeHHbZX gjym.:v,uu. 

4. Pa3pa6oTaH II o6ocHoBaH .Memoa noabtU£eHUJI mo•mocmu ov,eHx:u'·He

u3aecmHou n.ti0ffi'H,0CmU pacnpeae.tieHUJI aeucmaume.tibHOU Henpepbz-

6HOU C.tiy'l./,aUHOU 6CJZU'l./,U'H,bt no 3.MnUpU'l./,CC'X:U.M aa'H,'H,bZ.M, 3aKJUO'IaIO

In;IIHCH B 3KCTpanomrn;IIII no 'IIICJIY Ha6JI10.n;eHIIH. 

5. KaK npIIMeHeHIIe MeTo,n;a nOBbIIIIeHIIH TO'IHOCTII ou:eHKII nJIOTHOCTII 

no 3MIIIIPII'IeCKIIM ,n;aHHbIM, 6bIJIII nocTpoeHbI 0V,C'H,X:U 3Hep2emu'4.e

CX:020 ·cnex:mpa HeumpoHoa a Hex:omopbix .Moae.tiupye-Mbix 3.tiex:mpo

JiaepHbZX ycmaH06X:aX . . EbIJIO no,n;o6paHO OnTIIMaJihHOe 'IIICJIO C06bI

TIIH, npII KOTOpOM paCC'IIITbIBaeMblll cneKTp Jie)KIIT B 3a,n;aHHbIX ,n;o

BepIITeJihHbIX rpaHIIn;ax. 
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