
OE'bE,[(HHEHHhIH 11HCT11TYT .H,[(EPHhIX 11CCJIE,[(OBAHl1H 

0--1;28 11-2018-16 
Ha npaBax pyKonncn 

Y,[(K 004.942, 519.237, 51-77 

OCETPOB 

EBrem-1if Cepreem1q 

MATEMAT11qECK11E MO,l];EJI11, METO,l];hl 

11 AJifOP11TMhI )];JUI IlPOfH03I1POBAHl151 

ITACCA)I{I1PCKI1X ITEPEB030K 

CneQHaJihHOCTh: 05 .13 .18 - MaTeMaTH11eCKOe 

MOJJ;eJrnpoBaHHe, 11HCJieHHhie MeTOJJ;hl H KOMilJieKCbl nporpaMM 

ABTOPE<l>EPAT 

JlllCCeprnrum Ha COllCKaHIIe y11eHOH CTeOeHII 

KaH)lll)laTa lpll3llKO-MaTeMaTII11eCKllX HayK 

,lzy6tta 20 I 8 



Pa6oTa BbIII0JIHeHa B Jla6opaTOplUI 1rncpopMau;1IOHHbIX TeXH0JI0ririi 
O6'he,IJ;IIHeHHOrO lIHCTIITyTa .H,n;epHbIX IICCJie,IJ;OBaHIIM. 

Hay"l'/-1,'blU 
py'IWBOaumeAb: 

O<ftu11iuaJlb'H,'bte 
onno'H,e'H,m'bi: 

1'lBaHOB BIIKTop BJia,n;IIMIIpOBIIq, 
,IJ;OKTOp <plI3lIKO-MaTeMaTIIqecKIIX HayK, 

Jla6opaTOpII.H IIHq>OpMau;IIOHHbIX TeXHOJIOrIIii: 
Ol1.5Il1, maBHhIM ttayqHbiii: coTpy,n;HIIK 

BIITIOKOB Cepreii: l1BaHOBIIq, 
,IJ;OKTOp q>II3lIKO-MaTeMaTIIqecKIIX HayK, 

<I>fBY fHIJ; P<I> 
II l1HCTIITYT q>II3IIKII BbIC0KIIX 3HeprIIii:':, 
Hl111; "Kyp'IaTOBCKlIM IIHCTIITYT", 
Be,IJ;yiu;lIM HayqHbIM C0TPY,IJ;HIIK 

KJIIIMaHoB Cepreii: fetttta,n;IIeBIIq, 
KaH,n;iI,n;aT q>II3IIKO-MaTeMaTIIqecKIIX HayK, 

Hau;IIoHaJihHhIM IICCJie,n;oBaTeJihCKIIM 
.H,n;epHbIM yttIIBepcIITeT "Ml1<I>l1", 
,n;ou;ettT 

Beay'U.lia.fl op2a'H,U3a'4u.fl: PoccIIii:CKIIii: yttIIBepcIITeT ,n;py)K6bI ttapo

,n;oB. 

3aiu;IITa C0CT0IITC.H ".!2.L" ~~ 2018 r. B ";r:·ooHa 3a
ce,n;aHIIll ,IJ;lICCepTau;II0HH0r0 C0BeTa ,II, 720.001.04 B Jla6opaTOpIIII 
IIHq>OpMau;IIOHHbIX TeXHOJIOrIIM O6'he,IJ;IIHeHHOr0 lIHCTIITyTa .H,n;ep
HbIX IICCJie,IJ;OBaHIIM, r. ,Il,y6Ha MocKOBCKOM o6JiaCTII 

C ,IJ;IICCepTau;IIeii: M0)KH0 03HaK0MIITbC.H B 6II6JIIIOTeKe 0115!11. 

A,n;pec caii:Ta, Ha K0T0p0M pa3Meiu;etta ,IJ;lICCepTau;mI / aBTOpecpepaT: 
http://wwwinfo.jinr.ru/ announce_ disser.htm 

ABTopecpepaT pa3ocJiaH "fl£_" ~.et-,,(,,0( 2018 r. 

Y"ie'H,'btu ceKpemapb auccepma11iuo'H,'H,OW coeema, 
aoKmop gJU3U'J'i,O-Mame.Mamu"ieCKUX 'H,ayK, npogJeCCOp 

l1BaHqeHKO l1ocIIcp MoIIceeBIIq 
ttt-~ 

06m;rui: xapaKTep11cT11Ka · ,n;11ccepTau;1111 

B )],HCCepTau;110HHOH pa6oTe pa3BHThl H~Bhle l\1aTeMaTJ1qecK11e 1,m,n;eJrn, MeTO

)],hI, aJirOpHTMbl II KOMIIJieKCbl rrporpaMM, rrpe,n;Ha3Haqe11Hble )],JUl.~porHO~HpOBaHirn 

II3MeHem1ii ofrheMOB rracca:arnpcKHx rrepeB030K (Ha rrpuMepe MocKOBCKoro MeTporro

JIIITe11a) B 3aBHCIIMOCTH •OT BJIIIHIOIIJ,HX cpaKTOpOB,' B TOM q1IcJie 'l'aKoro KJI!OqeBoro 

cpaKTOpa BhlCTyrraI011J,ero B KaqecTBe 011,eHKH II3Me11e11i1ii COil;II8JibHOH H '3K0HOMIIqe

CKOH aKTIIBHOCTII HaCeJieHIIH - IIOTpe6JieHHe 3JieKTpIIqeCKOH 3!iepruII B MocKOBCKOH 

arJIOMepan;HII. 

AKTyaJibHOCTh pa60Thl 

TpaHCIIOpT - 3TO 0)],HO H3 KJI!OqeBbIX cpe,n;CTB pa3BIITIIH 3KOHOMIIKII II COU:IIYl\ta, 

a ero BJIIIHHIIe Ha )KH3Hb rocy,n;apCTBa pa3H006pa3HO II MHOrDIIJiaHOBO. TpaHCIIOpT 

crroco6cTBYeT rrporpeccnBHhIM reorpacp1IqecK1IM II CTPYKTYPHhIM c,n;B1iraM B pa3Me

llI,eHHH rrp01I3B0)],CTBa II HaCeJieHmI, pocTy rrpOH3B0)],IITeJibHOCTH Tpy,n;a, IIOBbIIIIe!IIIIO 

ypoBHH )KH3HII HaceJie1111H. 06ecrreqIIBaH Me,KAfHapo,n;Hoe pa3,n;eJiemre Tpy,n;a, Macco

Bhiii TYPII3M II KYJihTYPHh!H o6MeH, TpaucrropT crroco6cTBYeT KpyrrHh!M H3MeHeHHHM 

B 3KO!IOMIIKe II KYJihType. 

C IIOMOIIJ,b!O TpaHCITOpTa yrny6JIHeTCH cneu;118JIII3aU:HH. II paCIIIHpHeTCH KOOne

pIIpOBaHHe npOMb!III.ITeHHOro II ceJibCKOX03HHCTBeHHOro npOH3B0)],CTB, yKpeIIJI5IeTCH 

3KOHOMIIqecKoe rroJio:lKe1111e rocy~apcTna. Tpa~crropT HBJIHeTCH ocHoi;ioii 3<p<peKTHB

Horo pa3B1ITIIH 3KOHOMIIKII rocy,riapCTBa II pernOHOB, IlOCKOJihKY BbIIIOJIJrneT KOM

MYHHKaTHBHYIO <pyHKil;IIIO, o6ecneqnnaH TeM caMbIM HHTeHCH<pHKaU:IIIO TOBapoo6Me-

11a, pOCT rrpOH3B0)],IITeJibllblX CHJI II pau;noHaJibHOe pacnpe,n;eJiem1e pecypcoB Me)K)],y 

cpaKTOpaMH npOII3B0)],CTBa (3KOHOMIIqecKIIMII pecypcaMn, Heo6xO)],HMbIMII )],JIH rrpo-

lI3B0)],CTBa TOBapoB II ycJiyr) 111. ' 
IloJiyqeHHe onepaTIIBHOH m1cp6pMau;nn O COCTOHHIIII H nporH03e II3MeHennii 

061,eMOB nacca,KIIpCKIIX nepeB030K n cnpoca 11a TpaucnopTHhie ycJiyrn HBJIHeTCH 

aKTYaJihHOii 3a,n;aqeii coBpeMeHHoro 0611J,eCTBa. Ee peIIIeH'ne crroco6cTBYeT y,n;onJie

TBOpeHnIO ITOTpe6iiocTeii naceJieHIIH B 11epe,I1,BH)Ke1Urn rryTeM OIITIIM8JibHOrO IICIIOJib-

30BaHHH TpaucrropTa, IIOBbIIIIaeT 3cp<peKTIIBIIOCTh yrrpaBJieHHH TpaucrropTHOH CIICTe

MOH. 

B KaqeCTBe o6beKTa HCCJie)],OBa!IIIH BbI6paHO II3Mfrne1111e o6beMOB 'nepeB030K 

rracca,KIIpOB MocKOBCKIIM MeTpOIIOJIIITeHOM, a TaK)Ke pH)], <paKTOpOB, rrpe)],CTaBJieH

HhIX B BH)],e npeMe!IHb!X pH)],0B C IIIaroM na6JIIO)],eHHH 0)],1111 cyTKH. 

Ilpe,n;MeTOM IICCJie)],OBaHIIH HBJIHeTCH pa3pa6oTKa II OIITIIMII3a!~IIH MaTeMaTII

qeCKHX MO)],eJieii, MeTO)],OB, aJirOpHTMOB n BhlqIICJIIITeJibHb!X cxeM, o6ecrre'IUBaIO~IIX 

)],OCTOBepHoe nporH03HpOBaHIIe II3MeHeHIIH o6beMOB rrepeB030K nacca)KIIpOB Moc

KOBCKIIM MeTpOIIOJIHTeHOM B KpaTKOCpoqHQH II cpe,n;Hecpo'inoii rrepcrreKTIIBax: 

TaKIIM ·o6pa30M, nporH03IIponanIIe nacca,KIIpCKIIX rrepeno30K HBJIHeTCH aKTY

aJihHOii 3a,n;aqeii, KaK B aKa)],eMIIqecKOH, TaK II B rrpHKJia)],HOH cpe,n;e BO BCeM MIIpe. 

IJ;eJih pa60Thl 

U:eJib!O HaCTOHIII,eii pa60Tbl HBJIHeTCH pa3BIITIIe HOBbIX MaTeMaTIIqeCKIIX MO)],e

Jieii H MeT0)],0B )],JIH rrporH03IIpOBaHIIH )],Jf!laMIIKII II3MeneHIIH o6beMOB rracCa,KIIpCKHX 

rrepeB030K II IIX rrpIIMe11enIIe B peIIIe!IIIH KOHKpeTllhIX 3a,n;aq .o6ecrreqeHIIH )],OCTO-
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BepHOll II orrepaTUBHOll umpopMar.vm ,Ll,JHI IIOBbIIIIenm1 3q>q>eKTIIBHOCTII yrrpaBJienm1 

TpaHCIIOpTHbIMII CIICTel\taMII. 

Hay'IHa» HOBH3Ha 

1. Pa3BIIT HOBblll IIO,L\XO,L\ ,L\JI.H rrportt03I1pOBaHII.H cyTO'IHbIX ofrheMOB rracca:arnp

CKIIX rrepeB030K B MocKOBCKOM MeTpOIIOJIIITeHe Ha OCHOBe IICKyCCTBeHHbIX Heii

pOHllbIX ceTeii (I1HC) rrp.HMOTO'IHOro THIIa. Ilpo,n:eMOHCTpilpOBaHa B03M0)KH0CTb 

KpaTKOCpO'IHOro rrporH03UpOBaHU.H Ha ,n:aHHbIX, OTBe'laIOI.UIIX cyTO'IHbIM o6'be

MaM rracca)KI1pcKI1X rrepeB030K B 6y,n:HI1e ,L\HII. 

2. IlpoBe,n:eu aHa.JIII3 COCTaBa II BJIII.HHH.H pa3JIIl'IHbIX cpaKTOpOB na IICCJie,n:yeMhie 

BpeMeHHbie p.H,L\bl. B pe3yJibTaTe rrpoBe,[\eHHOro aHa.JIIl3a y,L\aJIOCb COKpaTIITb 

o6'heM Bb16opK11, rro,n:aBaeMoii Ha BXO,L\ Heiiponnoii ceT11, a TaK)Ke ycKopIITb rrpo

I.Je,n:ypy ee 06y'leHI1.H. 

3. Pa3pa6oTaHa rrpoI.Je,n:ypa IICKJIIO'IeHII.H IIIyMa Ha OCHOBe BCHBJieT-q>IIJibTpaI.JIIII 

IICXO,L\HbIX ,n:aHHbIX. IloKa3ano, 'ITO ,n:aHHa.H rrpoI.Je,n:ypa II03B0JI.HeT IIOBb!CIITb 

TO'IHOCTb rrporH03a 11, KaK CJIC,L\CTBIIC, yBeJIU'IIITb ropII30HT rrporH031IpOBamrn. 

4. Pa3BnTa BhI'IHCJIIITeJihHa.H cxeMa (na ocnoBe I1HC peKyppeHTHoro TIIrra n rro,n:

xo,n:a "fycennI.Ja"-SSA), II03BOJIHBIIIa.H 06ecrre'IIITh rrporHo3npoBanne rroTpe6Jie

HH.H 3JieKTp03Hepnm B MocKOBCKOii arJIOMCpaI.JHII B cpe,n:HecpO'IHOll rrepcrreK

TIIBe. 

5. BrrepBble C03,n:ana Bbl'IIICJIIITeJibHa.H cxeMa (Ha OCHOBe I1HC peKyppeHTHOro TII

rra II rro,n:xo,n:a 'TycennI.Ja"-SSA }, rro3BOJIIIBllla.H o6ecrre'lnTh rrporHo3npoBaHne 

rracca)K!IpOIIOTOKa B MoCKOBCKOM MeTpOIIOJIIITeHe B cpe,L1necpo'IHOH rrepcrreK

TIIBe. Ilpn 3TOM O,L\IIH Il3 KJIIO'leBbIX cpaKTOpOB, IlCIIOJih3yeMbIX rrpn rrpOrH0311-

poBaHUil rracca)KUpOIIOTOKa, BbICTyrraeT IIOTpe6JieHI1e 3JieKTp03HeprI1II B Mor

KOBCKOH arJIOMepaI.JHII, KOTOpoe B CBOIO oqepe,L\b MO)KHO crrporH031IpOBaTb, rrpu

MeH.H.H MeTO,L\HKY, pea.JII130BaH11y10 B rro,n:xo,n:e ''.fyceHm.1;a"-SSA. 

IIpaKTH'leCKrul u;eHHOCTb 

Pa3BIITbie B HaCTO.HI.Ueii pa6oTe MeTO,L\IIKII ,L\JI.H cpe,n:HeCpO'IHOro rrporH031IpOBa

HII.H o6'beMOB rracca)KHpCKIIX rrepeB030K MocKOBCKIIM MeTpOIIOJIHTeHOM C ,L\OCTilrHy

TOll HaMII TO'IHOCTbIO MoryT crroco6cTBOBaTb IIOBbIIIIeHHIO 3cpcpeKTIIBHOCTII Il CKopo

CTII IIp!IH.HTil.H yrrpaBJieH'leCKilX peIIIeHilll B 3aBIICilMOCTil OT CIITyaI.JIIII KaK Ha MeTpO

IIOJIIITeHe, TaK Il B OKpy)KaJOI.Ueii BHeIIIHeii cpe,n:e, BKJIIO'la.H KJIIIMaTil'leCKIIe yc.JIOBII.H 

Il ,L\IIHaMIIKY 3HeprorroTpe6JieHII.H, KaK IIH,L\IIKaTopa 3KOHOMil'leCKOii, ,n:e.JIOBOH II co

l.Jlla.JibHOll aKTilBHOCTII HaceJieHU.H arJIOMepaI.JUII II.JIil perIIOHa, KOTOpblll IICIIO.Jlb3yeT 

MeTpOIIOJIUTeH B Ka'leCTBe O,L\HOro II3 OCHOBHblX BII,L\OB TpaHCIIOpTa. 

,IJ:aHHa.H MeTO,L\IIKa II03B0JI.HeT C03,L\aTb Heo6xO,L\IIMble yc.JIOBII.H ,L\JI.H Bbipa6oT

KII rrpe,n:rrpII.HTII.HMil ropO,L\CKOrO rracca)K!IpCKOro TpancrropTa 3cpq>eKTIIBHbIX CTpa

Terilii II orrepaTIIBHbIX Mep, IlCXO,L\.H Il3 rrporH03IlpyeMbIX cyTO'IHblX o6'beMOB rracca

)KIIpOIIOTOKa B MocKOBCKOM MeTpOIIOJIIITene, ·B TOM 'IIICJie: 1) orrpe,n:eJieHII.H KOJIIl'Ie

CTBa He06XO,L\IIMOro IIO,L\Bil)KHOro COCTaBa ,L\JI.H rrepeB03KII rracca)KilpOBj 2) 3aKyIIKII 
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3.JieKTpil'leCKOll 3Heprnn ,L\JI.H T.HrII rroe3,L\0Bj 3) rro,n:rOTOBKII II npoBe,n:eHII.H CIIeI.JIIa.Jib

HbIX aKI.Jllll no rrpI1BJieqe11I1IO nacca)KUpOB B orrpe,n:eJieHHbie BpeMeHHbie IIHTepBa.JibI,j 

4) rrpnn.HTII.H peIIIenI1ii o neo6xo,n:nMocTn yBeJIIl'lenn.H na orrpe,n:eJieHHbIX yqacTKax 

TpaHCIIOpTHOll ceTII 06cJiy)KI1BaIOI.Uero rrepCOHa.Jia u COTPY,L\IIIIKOB MeTpOIIOJIUTeHa; 

5) IIJiaHI1pOBaHI1.H pa3JIIl'IHOro po,n:a MeporrpIIHTilll Il ,n:p. 

Anpo6au;n» ,n;nccepTau;nn 

OcHOBHbie IIOJIO)KeHII.H II pe3yJibTaTbl pa60Tbl ,L\OKJia,L\b!Ba.JIIICb II o6cy)K,L\a.JIIICb 

Ha Me)K,n:yHapO,L\HbIX Il poccuiiCKilX KOncpepeHI.JHHX Il COBeI.UaHIIHX, B TOM 'IIICJie: 

• International Conference on Mathematical Modeling and Computational Physics 

(MMCP'17) (,IJ:y6na, Poccu.H, 2017); 

• BcepoccuiicKa.H KOHcpepeHI.Jil.H C Me)K,n:yuapO,L\llbIM yqaCTHeM "I1Hcp0pMaI.JHOIIHO

TeJieKOMMYHIIKaI.JUOIIHbie TeXHOJIOrHII II MaTeMaTU'leCKOe MO,L\eJiupoBanue BbICO

KOTeXHOJIOrU'IHbIX c11cTeM'.', PoccniicKnii ynuBepcnTeT ,n:py)K6bl Hapo,n:oB (PY,IJ:H) 

(MocKBa, PoccI1.H, 2017); 

• Hay'IHbie ceMHHapbl Jia6opaTopun Illlq>OpMaI.JIIOHHbIX TeXHOJIOrIIii O6'be,L\UHeH

HOrO HHCTHTyTa .H,n:epHbIX nccne,n:oBaHnii (JII1T, OI15II1, ,IJ:J6Ha, Poccu.H, 2016, 

2017); 

• Hay'IHblll ceMIIHap Kacpe,n:pbl IlpIIKJia,n:noii MaTeMaTIIKII HaI.JIIOHa.JibHOro IICCJie

,L\OBaTeJibCKOro .H,n:epHoro yHnBepcnTeTa "Ml1<I>l1" (MocKBa, PoccuH, 2018); 

• Hay'IHhiii ceMuHap PoccuiicKoro yHuBepc11TeTa ,n:py)K6bl Hapo,n:OB (PY,IJ:H) 

(MocKBa, Poccn.H, 2018). 

Ily6JIHKau;nn 

Bee OCHOBHbie pe3yJibTaTbl ,L\IICCepTaI.JHII orry6JIHKOBaHbl B 9 Hay'IHbIX Tpy,n:ax B 

Te'leHile 2015-2017 r.r., BOCeMb CTaTeii orry6JIIIKOBaHbl B peI.JeH3IIpyeMblX Il3,L\aHU.HX: 

• Applied Mathematical Sciences [AMS-2015]; 

• "9KOHOMH'leCKnii aHa.JIII3: Teopu.H II rrpaKTIIKa" [EAZ-TP-2015]; 

• BeCTHilK HaI.JIIOHa.JibHOro IICCJie,L\OBaTeJibCKOrO .H,n:epHoro yHnBepcnTeTa "Ml1-

<I>l1" // "MaTeMaTu'leCKoe u KOMIIbIOTepHoe Mo,n:enupoBanue" [MEPHI-MCM-

2016-1], [MEPHI-MCM-2016-2]; 

• BecTHIIK HaI.JIIOHa.JibHOro IICCJie,L\OBaTeJibCKOro .H,n:epHoro y1mBepC!ITCTa "Ml1-

<I>l1" // "IlpIIKJia,n:Ha.H MaTeMaTI1Ka II 11ucpopMaTI1Ka" [MEPHI-AMI-2017]; 

• IlIICbMa B )KYPHa.JI "<I>u3UKa 3.JieMeHTapHbIX 'laCTIII.J II aTOMHOro .H,n:pa" ("IlIICbMa 

B 9t.IA5I") [PNL-2017-1], [PNL-2017-2]; 

• European Physics Journal [EP J-2017]; 

• l1ttcpopMaI.JIIOHHO-TeJieKOMMYHIIKaI.JHOHHble TeXHOJIOrHII II MaTeMaTU'leCKOe MO

,n:eJII1pOBaHI1e BbICOKOTexuonoru'IHhIX cucTeM, Te3uCbl ,n:oKna,n:a [ITTMM-2017]. 
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B TOM q11cJie ny6J111Ka111111 no MaTepIIaJiaM H pe3yJihTaTaM l\le)K,llj'Hapo,IJ,Hb!X 

KOHcpepen11IIfi u ceMIIHapoB [PNL-2017-1], [ITTMM-2017], [EP J-2017]. 

CTpyKTypa II o6'heM ,l];IICCepTaa;IIII 

,[i,IIccepTa111rn co,IJ,ep)KIIT BBe,IJ,em1e, 4 rJiam,1, 3aKmoqenIIe, cm1coK JIHTepaTypb1 

(129 CCb!JIOK) II IIMeeT o6'beM 129 CTpaHIIIJ. 

Co,n;ep:>KaHIIe pa60Tb1 

Bo BBe,n;eHHII cpopl\iym1pyeTC51 nOCTaHOBKa II KOHIJenTyaJibHa51 II,IJ,e51, pernae

MOH B ,l.l,IICCepTaIJIIOHHOH pa6oTe 3a,IJ,a'm, OTMe'IaeTC51 ee Ba)KHOCTb II aKTYaJibHOCTb, 

,IJ,aeTC51 o63op IIMeIOIIJIIXC51 K HaCT051IIJeMy BpeMeHII MeTO,l.l,OB, KOTOpb!e MOryT 6hITb 

npIIMeHeHbl ,l.l,J151 ee perneHII51. ITpnBO,l.l,IITC51 KpaTKOe II3JIO)KeHIIe CO,IJ,ep)KaHII51 ,IJ,IICCep

TaIJIIII no rJiaBaM, a TaK)Ke cnncoK pernenm1 II noJiyqemiblX pe3yJibTaTOB, BbIHOCIIMblX 

Ha 3aIIJIITy. 

B rJiaBe 1 paccMaTpIIBaIOTC51 aKTyaJibHb!e BOnpOCbl II npo6JieMbl IICnOJib30Ba

HII51 COBpeMeHHb!X nO,IJ,XO,l.1,0B nporH03IIpOBaHII51 II3MeneHIIll o6'beMOB nacca)KIIpCKIIX 

nepeB030K II cnpoca Ha Tpa11c110pTHbie ycJiyrII, IIX B03M0)KHOCTII II orpa1rnqeHII51. C 

nOMOIIJb!O KOMnJieKCHOro nO,IJ,XO,IJ,a, OCHOBamwro Ha npIIMeHeHIIII MeTO,IJ,0B MaTeMaTII

qecKOH CTaTIICTIIKII II 3KOHOMIIKII, aBTOpOM Ill)OBO,l.l,IITC51 aHaJIII3 cyIIJeCTBYIOIIJIIX no,IJ,

XO,l.1,0B K nporH03IIpOBamuo II3Me11e1111fi o6'beMoB nacca)KHpCKIIX nepeB030K H cnpoca 

nacca)KIIpOB Ha TpaHcnopT11b1e ycJiyrII ( TpancnopTHhifi cnpoc). Ha OCHOBaHIIII npoBe

,IJ,eHHOro anaJIII3a ccpopMyJIIIpOBaHbl YCJIOBII51 npIIMeHeHH51 cxeM nporn03IIpOBamrn II 

Bb151BJieHbl IIX oco6enHOCTII, B03MO)KHOCTII, CIIJibHbie II CJia6bie CTOpOHbI, B TOM 'IIICJie 

MeTO,l.l,IIKII, yqIITbIBalOIIJIIC 6oJiee 0,l.l,HOro BII,IJ,a TpaHcnopTa, pacCMOTpeHbl IICIIOJib3Y

eMbie Ha npaKTIIKe cpaKTOpbI, BJIII5IIOIIJIIe na o6'beMbl nacca)KllpCKIIX nepeB030K II 

cnpoc Ha TpaHcnopTHbie ycJiyr11. 

Ha OCHOBaHIIII aHaJIII3a cyIIJeCTBYIOIIJIIX MeTO,l.l,IIK 011eHKII H nporH03IIpOBaHII51 

II3MeHeHIJH o6'heMOB nacca)KIIpCKIIX nepeB030K II cnpoca Ha TpaHCIIOpTllbie ycJiyrII, 

aBTOpOM C,IJ,eJiaH Bb!BO,IJ, 0 TOM, qTO 60JibIIIIIHCTBO 1!3 HIIX MoryT II npIIMeH51IOTC51 ,l.l,J151 

cTpaTerIIqecKoro nporH03IIpOBaHII51 cnpoca Ha TpaHcnopTHhle ycJiyrII ( OT O,IJ,Horo ro

,IJ,a II 6oJiee C BpeMeHHblM II1aroM 0,IJ,IIH ro,IJ,), qTo o6ycJIOBJieHO nepIIO,IJ,IIqHOCTb!O c6opa 

II noJiyqemrn neo6xo,IJ,IIMOH IIHcpOpl\1aIJIIII O BJIII51IOIIJIIX na cnpoc cpaKTOpax: qIICJICII

HOCTb HaceJieHII51, BaJIOBofi per11011aJib11b1fi npo.izyKT (BPIT), cpe,I1,1Ie.izyII1eBofi ,IJ,OXO,IJ, II 

TpancnopTHa51 nO,IJ,BII)KHOCTb HaCeJieHirn II T.,IJ,. ITpII 3TOM OIJeHKII 'IYBCTBl!TeJibHOCTII 

noTpe6HOCTefi nacCa)KHpOB K pa3JIIIqHbIM cpaKTOpaM ( COIJIIaJibl!0-3KOHOMIIqecKIIM, 

cpIIHaHCOBbIM, KaqeCTBeHHbIM xapaKTepHCTIIKaM TpaHcnopTa, IIHcppacTpyKTypHblM) 

51BJI51IOTC51 qaCTb!O nporH0311pOBaHII51 II3Mene1mi1: o6'beMOB nacca)KIIPCKIIX nepeB030K 

II cnpoca Ha TpaHcnopTnhie ycJiyrII. 

B 3TOH rJiaBe aBTOpOM TaK)Ke IIOKa3aHo, qTO BaJIOBOH npO,IJ,yKT TpancnopTHOil: 

CIICTeMbI nponopll,IIOHaJieH npOII3Be,IJ,eHIIIO CYMMapnoro 3HepronoTpe6JieHII51 na K0-

3cpcpIIIJIIeHT COBeprneHCTBa TeXHOJIOrIIII, IICnOJib3yeMoro B TpancnopTHOH OTpaCJIII, a 

npII O,IJ,HOM II TOM )Ke cyMMapHOM noTpe6JieHIIII MO)KHO yBeJIJJqIITb o6'beM TpancnopT

HbIX ycJiyr B e,IJ,IIHIIIJY BpeMeHII 3a C'IeT pocni K03cpcpIIIJIIeHTa COBeprneHCTBOBaIIII51 

TeXHOJIOrIIii. ABTOpOM C,IJ,eJian Bb!BO,l.l, 0 TOM, qTO noKa3aTeJib 3HepronoTpe6JieHII51 B 

perIIone IIJIII arJIOMepaIJIIII MO)KeT BblCTynaTb B KaqecTBe 0,IJ,HOrO II3 cpaKTOpOB II3-
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MeHeimil: o6'beMOB nacca)KI!pCKI!X nepeB030K, KaK xapaKTepIICTIIKa TpaHcnopTHOH 

no,IJ,BII)Kl!OCTII naceJieHII51 II ero aKTIIBHOCTII B nepeMeIIJeHII51X B ,IJ,aHHOM perIIone. 

IToKa3ana aKTYaJibHOCTb II He06XO,IJ,IIMOCTb npnMeHeHII51 nap51Af C ,IJ,OJirocpoq11bIMII 

MeTo,IJ,aMII nporHo3a npoBe,IJ,eHIIe cpe,IJ,Hecpoq11oro II KpaTKocpoq11oro nporH03IIpo

BaHII51 II3Me11e1mfi o6'beMOB nacca)KIIpCKIIX nepeB030K II cnpoca 11a TpaHcnopT11b1e 

ycJiyrII, TaK)Ke ero Ba)KHOCTb B o6ecneqeHIIII ycTofiqIIBOH pa60TbI Tpa11cnopTHOH CII

CTeMbl. 

Pa3pa60TKa MeTO,IJ,OB KpaTKOCpoqnoro nporH03IIpOBamrn II3Me11e1mi1: o6'beMOB 

nacca)KIIpCKIIX nepeB030K II TpaHcnopTJ!OrO cnpoca CB513ana C yqeTOM MHOrIIX cpaK

TOpOB, KOTOpbie o6pa3yIOTC51 KaK no,IJ, ,IJ,ettCTBIIeM npIIqmrno-cJie,IJ,CTBel!Hb!X CB513efi, 

TaK II no npII'IIIHe Heonpe,IJ,eJieHHOCTII. ITocJie,IJ,HIIe ycJIO)Kll51IOT 3a,IJ,aqy II Tpe6yIOT IIC

nOJib30BaTb B KOMnJieKce cpyHKIJIIOHaJibllbie II Bep051THOCTl!O - CTaTIICTIIqecKIIe MeTO

,IJ,bl ,l.l,JI51 noJiyqenII51 KOHKpeTHbIX perne1mi1:. Perne1me ,IJ,aHIIOH npo6JieMbl I\IO)KeT CTaTb 

npIIMeHeHIIe B KaqecTBe IICXO,IJ,Hb!X ,IJ,aHHblX ,l.l,J151 nporH03IIpOBallII51 o6'heMOB nacca

)KIIpCKIIX nepeB030K Bpel\IeHHbIX p51,IJ,OB, xapaKTepII3YIOIIJIIX ,IJ,IIHaMIIKY ,IJ,amIOro no

Ka3aTeJI51 3a onpe,IJ,eJieHHb!H nepIIO,IJ, 11peMe1rn (BpeM51 11a6JIIO,IJ,eJ11Ii1:), TaK II cpaKTOpOB 

BJIII51!011JIIX Ha Hero B Ka)K,IJ,b!H IIHTepBaJI na6JIIO,IJ,eIIII51. 

A11aJIII3 BpeMeHHbIX P51,IJ,OB OCHOBaII 11a npe,IJ,nOJIO)KeHIIII, qTo cpaKTOpbl, BJIII-

51BIIIIIe Ha aKTIIBHOCTb B npOIIIJIOM II BJIII51IOIIJIIe & HaCT051IIJeM, 6y.izyT ,IJ,eiicTBOBaTb II 

B 6y.izyIIJeM. TaKIII\I o6pa30M, aHaJII!3 BpeMeHIIb!X p51,IJ,OB I\IO)KeT npe,IJ,CTaBJI51Tb co6oi1: 

3cpcpeKTI!BHOe cpe,IJ,CTBO ,l.l,J151 nporH0311pOBaHII51° II3MeHeHIIH o6'beMOB nacca)KIIPCKIIX 

nepeB030K. B KaqeCTBe B03,IJ,eil:CTBYIOIIJIIX cpaKTOpOB aBTOpOM npe,IJ,nOJiaraeTC51 pac

CMOTpeHIIe II aHaJIII3 BJIII51HII51 TaKIIX cpaKTOpOB, KOTOpb!e panee He IICnOJib30BaJIIICb 

,IJ,J151 nporH03IIpOBaHII51 o6'beMOB nacca)KIIpCKIIX nepeB030K, a TaK)Ke 011e11IITb B03-

1\10)KHOCTb IIX npIIMeHeHI!51 ,l.l,J151 MaTeMaTI1qeCKIIX MO,IJ,eJiefi, MCTO,IJ,OB II aJiropIITMOB 

nporH03IIpOBaHII51 06'beMOB nacCa)KIIpCKIIX nepeB030K. 

B Ka•1ecTBe npIIMepa paccMaTpIIBaeTC51 conOCTaBJieHIIe ,IJ,IIHaMIIKII o6'beMOB nac

Ca)KIIpCKIIX nepeB030K Ha OT,IJ,eJibHOM BII,IJ,e ropO,IJ,CKOro nacca)KIIpCKOro TpancnopTa II 

noTpe6JieHII51 3JieKTpIIqecKoi1: 3HeprHII B per11011e ( TpancnopTHOM pafioHe). Ha pIIc. 1 

npe,IJ,cTaBJieH cpe,IJ,HecyTO'IHblll ofrbeM nepeB030K MocKOBCKIIM MeTpOnOJIIITeHOM 3a 

14 JieT no MeC51IJaM na6JIIO,IJ,eHII51 II cpe,IJ,necyTO'IHOC noTpe6JieHIIe 3JieKTpI!qeCKOH 

3HeprIIII B MocKOBCKOH arJIOMepaIJIIII (no ,IJ,aHHbll\l CIICTeMHOro onepaTopa e)l.I!HOH 

3HepreTIIqecKoi1: CIICTeM1,1) [EAZ-TP-2015]. 

KaK BII,IJ,HO II3 rpacp11Ka, npe,I1.cTaBJien11oro Ha pIIC. 1, MC)K,!zy BpeMeHHbIMII p51-

,IJ,aMI! o6'heM nacca)KIIpCKIIX nepeB030K MocKOBCKIIM MeTponoJIIITeHOM II noTpe6Jie

HIIe 3JieKTPII'IeCKOH 3HeprIIII B MocKOBCKOH arJIOMepaIJIIII Ha6JIIO,IJ,aeTC51 onpe,IJ,eJieH-

11a51 CIIHXpOHIIOCTb II3MeHeHII51 II conocTaBIIMOCTb ,IJ,IIHaMIIKII (KOCBe1111a51 B3aIIM03a

BIICIIMOCTb nepeMeHHblx): HanpaBJieHHOCTb TpeH,IJ,OB, CIIHXpOHHOCTb ,l.l,I!HaMIIKII II3Me

IICIIIIH ro,IJ,OBOH II Ce30HHOH COCTaBJI51!011JIIX, nepIIO,IJ,IIqeCKIIe II3MeHeHII51 no MeC51IJaM 

11a6JIIO,IJ,el!IIH. ITo HaIIIeMy MHeHIIIO, ,IJ,I!HaMIIKa II3Me11e1111fi noTpe6JieHII51 3JieKTpIIqe

CKOH 311eprII11 MO)KeT C'raTb 0,l.l,HIIM II3 KJIIO'ICBbIX nepeMel!HblX Mil cpaKTOpHOH Ma

TeMaTI!'leCK.Ofi MO)l.eJIII, KaK noKa3aTeJib (IIH,l.l,IIKaTop) 3KOHOMII'IeCKOH aKTIIBHOCTII. 

Ha OCHOBe noJiy'IeHHbIX ,IJ,aHHb!X MO)KeT 6b!Tb C03,IJ,aHa Bbl'IIICJIIITeJibHa51 cxeMa 

nporH03IIpOBaHII51 II3MeHeHIIH o6'beMOB nacca)KIIPCKIIX nepeB030K B 3aBIICI!MOCTII OT 

,IJ,IIHaMIIKII 3HepronoTpe6JieHII51 B perIIOHe IIJIII arJIOMepall,IIII, KaK cpaKTOpa COIJIIaJib-
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P11c. 1: ,l],11HaM11Ka o6'heMOB rraccai1rnpCKIIX rrepeB030K MocKOBCKIIM M€Tp0IIOJIIIT€HOM II IIOTpe6Jie

HIIH 3JI€KTPll'l€CKOH 3Hepr1111 B MoCKOBCKOH arJIOMepau;IIII 3a rrep110,11, C 2001 ro,11, ITO 2014 ro,11, 

HOH I.I. 3KOHOMH'leCKOii aKTHBHOCTI.I., xapaKTepu3yrorn;ero cnTyau;uro I.I. )1,1.1.HaMHKY B 

pa3Hb!X OTpaCJIHX 3KOHOMHKI.I. I.I. Hap0,!1,HOro X035IHCTBa. ,l];aHHaH MeTO)l,1.1.Ka II03B0Jll.l.T 

o6roHHTb oqmu;HaJibHYIO CTaTII.CTHKy: HarrpnMep, )l,aHHbie O pocTe BaJIOBOro BHyT

peHHero rrpo)l,yKTa (BBTI) rry6JI1.1.KyIOTCH pa3 B KBapTaJI c 3a)l,ep)KKOii B 1-1,5 MecHu;a 

IIOCJie ero OKOH'laHHH - C TaKoii CKOpOCTbIO He rrpe)l,CTaBJIHeTCH B03MO)KHblM 6bICTpo 

lI 3cpcpeKTI.I.BHO OTpearupoBaTb Ha l.l.3MeneHHH B TpancnopTIIOii OTpaCJIH. 

TaKIIM o6pa30M, aBTOpOM paccMaTpnBaIOTCH BonpOCbl lICIIOJib30BaHHH MaTeMa

Tll.'leCKHX MeTO)l,OB aHaJIIl.3a lI nporn03HpOBaHHH apeMeHHblX pH)l,OB, KOTOpbie CMoryT 

BblCTynHTb B Ka'leCTBe aJibTepHaTHBHOro lI 3cpcpeKTIIBHOro lIHCTpyMeHTa nporH03H

poBaHHH KpaTKOCpO'IHblX lI cpe)l,Hecpo'IHblX H3Me11e11uii o6'beMOB nacca)KHPCKHX rre

peB030K B 3aBHCIIMOCTII. OT no)l,6ttpaeMblX ( npe)l,JiaraeMbIX aBTOpOM K paCCMOTpeHHIO) 

cpaKTopoB BHenrneii cpe,!1,hI u 3HeprorroTpe6JieHttH, KaK cpaKTopa xapaKTepu3y10rn;ero 

COil;llaJibHYIO lI 3KOHOMH'leCKYIO aKTHBHOCTb rracca)KttpOB, CBH3aHHYIO C lICIIOJib30Ba

HHeM paCCMaTpHBaeMoii TpancrropTHOH ClICTeMbl. 

rJiaBa 2 nOCBHrn;eHa paCCMOTpeHII.IO 3a)l,a'IH rrporH03HpOBaHHH o6'heMOB nac

Ca)Kll.pCKII.X rrepeB030K B MoCKOBCKOM MeTpOIIOJIII.TeHe C IIOMOlll;bIO ll.CKyCCTBeHHblX 

HeiipOHHbIX ceTeii rrpHMOTO'IHOro Tnrra. 

Tipe)l,BaplITeJibHblll aHaJIH3 ll.CCJie)l,yeMbIX BpeMeHHblX pH,!1,0B IIOKa3aJI, 'ITO o6'b

eMbl rracca)KHPCKHX rrepeB030K cyrn;eCTBeHHO pa3JIH'laIOTCH no CBOII.M o6'beMaM B pa-

6o'lne n B BblXO)l,Hbie-rrpa3,!1,HlI'IHbie )l,HH. 
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Ha pnc. 2 rrpe,!1,CTaBJiellbI pacrrpe,!1,eJie11m1 cyTO'IHOro o6'heMa rracca)KttpCKHX 

rrepeB030K B pa60'!He (rttCTOrpaMMa crrpaBa) I.I. B Bb!XO)l,Hble-rrpa3)1,Hl.l.'l!Ible (rncTO

rpaMMa CJieBa) )l,HH . 

fMCTOfj)aMMa '-laCTOT 
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P11c. 2: Pacnpe,n;eJiemrn cyTO'lHoro o6beMa nacca,1rnpcKIIX r'iepeB030K B pa6o'lIIe (cnpaBa) II BbIXO,!J;Hble

npa.3,IJ;HII'IHhle (cJieB3) ~H, Tb[C. nacc. 

Ifa rrpn:Be)l,eHHOrO pnc. 2 BH)l,HO, 'ITO yKa3aHHbie pacnpe)l,eJieHIIH CHJibHO pa3-

11eceHbl no CBOeMy cpe)l,HeMy 3Ha'leHIIIO H, HeCMOTpH Ha TO, 'ITO o6a pacnpe,!1,eJiemrn 

HMeIOT 60JibIIIHe )l,HCIIepcnn, OHH npaKTH'leCKH (3a HCKJIIO'leHneM HeCKOJibKHX )l,Heii) 

He rrepeKpb!BaIOTCH. 

KpoMe Toro, o6'beMbI rracca)Kli:pcKnx nepeBo30K no pa6o'IHM ,!1,HHM (na nccJie

)1,yeMoM )l,HaIIa30He BbI60pK1I) npe,!1,CTaBJIHeT co6oii peryJIHpHblll xapaKTep (B CBH3ll. 

C ce30HHblMH lI Il;HKJIH'leCKHMI.I. COCTaBJIHIOlll;ll.MH) H ue CTOJib Cll.Jlb!IO 3aIIIyMJieHbl. 

B 3TOii CBH3H )l,JIH ou;eHKH B03MO)KHOCTeii nporuo3a C nOMOlll;bIO I1HC B 3TOii pa6o

Te ncnoJib30BaJIHCb )l,aHHbie cyTO'IHOrO o6'beMa nacca)Kll.pCKHX nepeB030K B pa6o'lne 

)l,Hll [MEPHI-MCM-2016-1]. 

BoJibIIIHe ycn:JIIl.51 6bIJIH IIOTpa'IeHbl ua 3Tane OT6opa TeX cpaKTOpOB, KOTOpbie 

MoryT BJIHHTb na )l,HHaMHKY o6'beMOB nacca)Kll.pCKHX nepeB030K MocKOBCKHM MeTpO

nOJIHTeHOM. OT6op cpaKTOpOB, npOBO)l,ll.JICH C ncnoJib30BaHneM MaTpHil;bl K03cpcpnu;n

eHTOB KOppeJIHil;ll.H Tinpcona [2], KOTOpaH no3B0JIHeT ycTaHOBII.Tb HaJIH'lll.e Jlll.Heiiuoii 

3aBHCHMOCTH Me)K)l,y al!aJIIl.3HpyeMb!Mll. rrepeMeHI!blMH BeJilI'Ill.liaMII: 

Xm = (x1, ... , Xm), Ym = (Yr,···, Ym), 

pacrrpe)l,eJieHHbIX B COOTBeTCTBHII. C HOpMaJibHb!M 3aKOHOM. ,l];JIH 3TOrO HCIIOJib30Ba

JiaCb CJie)l,yIOlll;aH cpopMyJia [2]: 

m 
Z:(xi - x)(y; - y) 
i=l 

r x,y = ---;:=m=====m=== 
Z:(x; - x)2 Z:(Y; - y)2 

cov(x,y) 

~-
i=l i=l 
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3)].eCb x, fj - Bb16opO'IHble cpe,!].HIIe: 

1 m 

x= -Sx;, 
m i=l 

a s;, s; -Bb16opo'IHb1e )].IIcrrepcIIII: 

m :~:)x; -x)2, 
i=l 

- 1 m 

y=-"" m L.,Yi, 
i=l 

m 

L(Y;-y)2, 
i=l 

BbI'IIICJieHHbie )].JI.H paccMaTpIIBaeMbIX Ha6opoB xm II ym. 
O6JiaCTb II3MeHemrn K03cpcpm:i;IIeHTa IlIIpcoHa rxy E [-1, 1]. IIpII 3T0M, B CJiy

qae lrxyl=l, rrepeMeHHhre x, y JIIIHeiiHo 3aBIICIIMbI, ecJIII iKe rxy = 0, TO x, y JIIIHeiiHo 

He3aBIICIIMbl. 

B pe3yJibTaTe rrpoBe,!).eHH0ro aHaJIII3a II3 II0JIH0ro Ha6opa 15 cpaKTOpOB 6hIJIII 

ocTaBJieHbI 7 cpaKTOpOB, IIrpa10ui;IIx KJIIO'ICBYIO ponb B o6yqemm 11HC. 

11HC c 0,!].HIIM CKpb!TbIM CJI0eM IlJI0X0 o6yqaJiaCb II, KaK CJie,!].CTBIIe, c ee Il0M0-

IIJ;b!O HeB03M0iKH0 6hIJIO ,!I.06IITbC.H rrpIIeMJieMoro rrporHo3a. ITo3TOMY IICil0Jlb30BaJIC.H 

MHOrOCJIOHHhIH rrepri;errTp0H (MCII) c ,!1.BYM.H CKpbITbIMII CJI0.HMII, rrpIIMeHeHIIe K0-

Toporo .K IICX0,!1.HbIM ,!l.aHHbIM Il0Ka3aJI0, 'ITO rrporH03IIpoBaHIIe Ha 0CH0Be 11HC B03-

M0iKH0. O)].HaKO ,!].0CTIIrHyTyIO rrpII 3T0M T0'IH0CTb Bp.H,!1. JI~ M0iKH0 6bIJIO C'IIITaTb 

y,!I.OBJieTBOpIITeJibH0H. ,l],JI.H Toro, 'IT06br Il0BbICIITb T0'IH0CTb II yBeJIII'IIITb ropII30HT 

rrporH03a M0iKH0 ,!I.0 o6y'leHII.H MCII, rrpoBeCTII <pIIJibTpari;IIIO aHaJIII3IIpyeMoro Bpe

MeHH0ro p.H,!].a C ri;eJiblO IICKJIIO'leHII.H II3 Hero 1:11YM0B0H K0MII0HeHTbI, K0T0pa.H rrpe,!].

CTaBJI.HeT co6oii cJiy'laiiHyIO C0CTaBJI.HIOIIJ;YIO, B03,!].eHCTBYIOIIJ;YIO Ha BpeMeHH0H p.H,!]. 

HeperyJI.HpH0. B HaCT0.Hrri;eii pa6oTe ,!I.JI.H IICKJIIO'leHII.H rnyMa II3 aHaJIII3IIpyeMoro p.H

,!].a IICil0Jib30BaJiaCb ,!1.IICKpeTHa.H BeHBJieT-<pIIJibTpari;II.H. 

,l],IIcKpeTHoe BeiiBJieT-rrpeo6pa30BaHIIe (,1],BII) cpyHKIJ;IIII J(t) E L2(R), 3a)].aH

Hoii B BII,!).e 0,!I.H0MepHoro BpeMeHH0ro p.H,!].a, M0iKeT 6b!Tb rrpe,!].CTaBJieH0 B BII,!).e CJie

,!J.YIOIIi;ero pa3JI0)KeHII.H 

f (t) = L djk'lj;(2it - k). (1) 
j,kEZ 

3,!l.eCb Ha6op 6a3IICHhIX cpyHKIJ;IIii (BeiiBJieTOB) {'I/J1k(t) = 'lf;(2it - k), j, k E 
Z} rronyqaeTc.H II3 "pO,!J.HTeJibCKoii" BeiiBJieT-<pYHKIJ;IIII 'lj;(t) E L2(R), rrpIIMeHeHIIeM 

,!I.B0II'IH0r0 pa3JI0iKeHII.H 2j II 6IIHapHOH TpaHCJI.HIJ;IIII k /2i. 
CorJiacHo MYJihTIIpa3JI0iKeHII.H BeiiBJieT-aHaJIII3a paBeHCTB0 ( 1) MOiKeT 6bITb 

rreperrIIcaHo B 6oJiee y)].06Hoii cpopMe: 

J(t) = L sf ¢(2Jt - k) +LL d{'I/J(21t - k), (2) 
k j?_J kEZ 

r,!).e ¢(t) - cpyHKIJ;II.H MacrnTa6IIpOBaHII.H, C00TBeTCTBYIOIIJ;a.H Bb!6paHHOH BefiBJieT-<pYHKIJ;IIII 

'lj;(t) (cMOTpII, HarrpIIMep; [3]). B (2) rrepBbIH 'IJieH 0ilIICbIBaeT rJia,!J.KYIO (HII3KO'la

CTOTHYIO) C0CTaBJI.HIOIIJ;YIO p.H,!].a (2), orpaHII'leirny10 ypoBHeM T0'IH0CTII J, a BT0poii 

'IJieH CB.H3aH C BbIC0K0'laCT0TH0H C0CTaBJI.HIOIIJ;eii aHaJIII3IIpyeMoro p.H,!].a. 
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Ko3cp<pIIIJ;IIeHTbl s{ II di o6hI'IHO orrpe,!].eJI.HIOTC.H C Il0M0IIJ;blO IIIIpaMII,!].aJibHOH 

cxeMbl 6bICTpb!X BeHBJieT-rrpeo6pa30BaHIIH ( CM0TpII, HarrpIIMep, [5])' IICil0Jib3Y.H CJie

,!J.YIOIIi;Ile C00TH0IIIemrn: 

s{+l = L hms~k+m' d{+1 
= LYmS~k+m' (3) 

m m 

r,!).e hm II 9m - K03<p<pIIIJ;IleHTbl HII3K0- II BblC0K0-'laCT0THblX <pIIJibTpOB, C00TBeT

CTBeHH0. 

HaMII IICII0Jib30BaJIIICb neiiBJieTbI Daubechie [3, 4], TaK KaK 0HII o6ecrre'IIIBaIOT 

HaIIJIY'IIIIee 0ilIICaHIIe KaK Bb!C0K0'laCT0THbIX, TaK IIII3K0'laCT0THbIX C0CTaBJI.HIOIIJ;IIX 

aHaJII13IIpyeMoro p.H,!1.a [5]. 
BeiiBJieT-<pIIJibTpari;II.H Il0,!].pa3yMeBaeT oT6paCbIBaHile IIJIII MO,!I.II<pIIKaIJ;IIIO qa

CTII K03<p<pIIIJ;IIeHTOB pa3JI0iKeHirn C a6cOJIIOTIIbIMII 3Ha'leHII.HMII MeHblllIIMII HeK0T0-

poro Harrepe,!1. 3a)].aHHoro rroporoBoro 3Ha'leHII.H .>... Cyui;ecTBYIOT pa3JIII'IHhie anropIIT

MbI BeHBJieT-<pIIJibTpari;IIII, cpe,!].II K0T0pbIX HaII60Jiee pacrrpocTpaHeHHblM .HBJI.HeTC.H 

iKeCTKIIH rropor0BbIH aJir0pIITM ( CM0Tpn, HaripIIMep, [5]). 
B TaKIIX aJiropIITMax <pIIJibTpari;II.H B03,!].eiiCTByeT Ha BCe K03<p<pIIIJ;IleHTbI, 6e3 

y<IeTa C00TBeTCTBy10ui;ero IIM pa3perna10ui;ero ypoBH.H J. IIo3TOMY TaKa.H rrpori;e,!].ypa 

M0iKeT rrpIIB0,!1.IITb K OT6paCbIBaHIIIO He T0JibK0 K03<p<pIIIJ;IIeHTOB { d{}, C00TBeTCTBY

IOIIJ;IIX BbIC0KO'laCTOTHOH C0CTaBJI.HIOIIJ;eii (2), HO II K03<p<pIIIJ;IleHTOB {sf}, K0T0pbie 

0TBe'laIOT 3a Hil3K0'laCT0THYIO K0Mil0IIeIITY BpeMeHHoro p.H,!].a. 

,l],JI.H Toro, 'IT06bI. yqecTb YKa3aHHblH He,!].0CTaT0K, .IICII0Jib30BaJiaCb MO,!I.Il<pII

KaIJ;II.H aJiropIITMa c iKeCTKoii rroporoBoii cxeMoii TaKIIM o6pa30M, 'IT06b1 <pIIJibTpa

IJ;II.H K03<p<pIIIJ;IIeHTOB BeiiBJieT - pa3JI0iKeHII.H rrpoB0,!].IIJiaCb C yqeT0M pa3perna10ui;ero 

yp0BH.H J [6]. 
IIpori;e,!].ypa <pIIJibTpari;IIII B MO,!].II<pIIIJ;IIpOBaHHOM aJiropIITMe Bb!Il0JIH.HeTC.H CJie

,!J.YIOIIJ;IIM o6pa30M. ITyCTb K - 3T0 K0JIII'leCTB0 3JieMeHT0B B aHaJIII3IIpyeM0M p.H,!J.Y, a 

M - 'IIICJI0 K03<p<pIIIJ;IIeHTOB, K0T0pbie ,!].0Jl,KHbl 6hITb OT6porneHbI, II rrpe,!].IT0JI0)KIIM, 

'ITO kl < f. B 3T0M cJiyqae 0T6pacbrna10Tc.H .M IIaIIMeHbIIIIIX K03cp<pI1IJ;I1eHTOB Il3 

'IIICJia f K03<p<pIIIJ;IIeHTOB, 0TBe'laIOIIJ;IIX BbICOKO'laCT0TH0H C0CTaBJI.HIOIIJ;eii aHaJIII3Il

pyeMoro p.H,!].a (2). EcJIII f < fvf < 3
{, TO OT6pacbIBaIOTC.H BCe f BbIC0K0'laCT0THblX 

K03<p<pIIIJ;IIeHTa, a TaKiKe flf - f HaIIMe.HbIIIIIX K03<p<pIIIJ;IIeIITOB, 0TBeTCTBYIOIIJ;IIX 

6oJiee HII3K0My yp0BHIO arrrrp0KCIIMaIJ;IllI J (rroJIHOe 'IIICJI0 TaKIIX _K03<p<pIIIJ;IIeHTOB 

C0CTaBJI.HeT f) II T.,!].. 

IIo cpaBHeHIIIO C Tpa,!].IIIJ;II0HHblM aJiropIITM0M <pIIJibTpari;IIII MO,!I.Il<pIIIJ;IlpOBaH

Ha.H CXeMa 06ecrre'II1BaeT 6oJiee 3cpcpeKTIIBHOe y)].aJieHIIe BbIC0K0'laCT0TH0H K0Mil0-

HeHTbl Il3 IICX0,!].HbIX Il3MepeHIIH aHaJIII3IIpyeMoro p.H,!].a. 

IIocJie IIpIIMeHeHII.H ,l],BII, AI mo6paHHbIX K03<pq>Ilri;IIeHTOB rrpIIpaBHIIBaIOT

C.H HYJIIO. 3aTeM, IICil0Jib3Y.H o6paTHOe BeiiBJieT-rrpeo6pa30BaHile, B0CCTaHaBJIIIBaeTC.H 

peryJI.HpHa.H C0CTaBJI.HIOIIJ;a.H BpeMeHH0r0 p.H,!].a. Pa3HIIIJ;a MeiK)].y IICX0,!].Hb!M BpeMeH

HbIM p.H,!1.0M II OT<pIIJibTpOBaHHbIM CIIrHaJI0M paccMaTpIIBaeTC.H HaMII KaK rnyM. 

Ha pIIC. 3 rrpe,!].CTaBJieHbl (cBepxy-BHI13): 1) IICX0,!].Hb!H BpeMeHHOH p.H,!1., C0,!].ep

,KaIIJ;IIH II3MepeHII.H 1IaccaiKI1p0il0T0Ka ( II0CJie,!).HIIe 1024 pa60'IIIX ,!1.H.H II3 Il0JIH0ro 

p.H,!].a B 1229 pa6o'IIIX ,!1.H.H); 2) yKa3aHHbIH p.H,!1. II0CJie IIpIIMeHeHII.H K HeMy BeiiBJieT-
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q>IIJibTpaIJ,IIII ( OCTaBJieHO 256 K03q>q>IIIJ,lleHTOB ll3 1024)); 3) IICKJIIOqeHHa.H II3 IICXO,LJ,

noro p.H,!1,a IIIJMOBa.H KOMIIOHeHTa. 
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P11c. 3: CBepxy-BHH3: 1) ncxo,llHhlii.BpeMeHH0ii p>1,11, co,11ep>Kall\HH .zlaHHhle o nacca>Kµpon0T0Ke 3a nocJie,llHne 

1024 pa60'IHX ,llHH {n3 Il0JIH0r0 p>1,11a B 1229 pa6oqnx ,llHH); 2) JKa3aHHbIH PH/:\ noCJie npHMeHeHHH K HeMy 

BeHBJieT-<i>HJib,;.pa,~m (ocTaBJieHO 256 K03<l><l>nu;neHTOB H3 1024)); 3) HCKJIIO'leHHaH H3 HCX0,llH0ro p>1,11a 

myMOBaJI KOMilOHeHTa 

Pacrrpe,I1,eJienIIe IIIJMOBOil: KOMIIOHeHTbI IICCJie,I1,JeMoro HaMII BpeMennoro p.H,!l,a, 

a TaK,Ke pe3JJibTaThI rrpoBepKII HJJleBOil: rIIIIOTe3bI O COOTBeTCTBIIII Ha6JIIO,I1,aeMoil: 

CJiyqail:noil: BeJIIIqIIHhI HOpMaJibHOMY pacrrpe,!1,eJieHIIIO C IIOMOIIJ,bIO KpIITepII.H corna

CII.H x2 17], a TaK,Ke Kp1uepII.H CIIMMeTpIIII na OCHOBe CTaTIICTIIKII w; 18] IIO,!l,TBep,!1,IIJIII, 

qTo IICCJie,!l,JeMhril: p.H,!l, c BhICOKIIM ypoBneM na,I1,e,KHOCTII Y,!1,0BJieTBOp.HeT yKa3aHnoil: 

HJJieBOil: rIIIIOTe3e. 

11porn03IIpOBaHIIe BpeMeirnoro p.H,!1,a B03MO)KH0 TOJibKO TOr,!l,a, KOr,I1,a cyru,eCTBY

eT CB.H3h rrocJie,!l,JIOIIJ,IIX 3naqemiil: p.H,!1,a OT rrpe,!1,hI,!l,JIIJ,HX. fopII30HT rrporno3a anaJIII-

3IIpyeMoro p.H,!1,a ou,enIIBaJIC.H C IIOMOIIJ,bIO JiIIHeil:HOil: aBTOKOppeJI.HIJ,IIOHHOil: q>yHKIJ,IIII 

19]: 

12 

N 

E(xi+r - x)(x; - x) 
C(T) = _i=_l_N ____ _ (4) 

I:(xi - x) 2 

i=l 

r,I1,e N - 3TO qIICJIO II3MepeHIIil: B aHaJIII3IIpyeMOM BpeMeHHOM p.H,!1,e {xi}, a 

1 N 

X = N LXi-
i=l 

B KaqecTBe ou,eHKII IIHTepBaJia KOppeJI.HIJ,IIII T - ropn30HTa rrporno3a rrpIIHII

MaeTC.H BeJIIIqIIHa rrepBoro rrepeceqenII.H aBTOKOppeJI.HIJ,IIOHHOil: q>yHKIJ,IIeil: BpeMeHnoii 

OCII B ,!l,OBepIITeJibHOM IIHTepBaJie, OTBeqaroru,eM 6eJIOMY IIIYMY 

Ha PIIC. 4 rrpIIBe,!l,eHhI 3aBIICIIMOCTII aBTOKOppeJI.HIJ,IIOHHOii q>yHKIJ,IIII OT BeJIII

qIIHbI IIHTepBaJia KOppeJI.HIJ,IIIi T ,Il,JI.H IIIJMOBOii (cJieBa) II peryJI.HpHOii (crrpaBa) co

CTaBJI.HIOIIJ,IIX BpeMennoro p.H,!1,a. 

BII,!1,HO, qTQ ,!l,JI.H IIIJMOBOii KOMIIOHeHTbI C( T) rrpII T = I o6paru,aeTC.H B HOJib. 

Ifa 3Toro cJie,I1,YeT, qTo coce,!l,HIIe qJieHbI pacc~rnTpIIBaeMoro BpeMenHoro p.H,!1,a neKop

peJIIIpoBaHHhI. A6cOJIIOTHbie 3HaqenII.H C(T) ,!1,JI.H T > 1 MaJibl II C pOCTOM T 6bICTpO 

crra,!l,aIOT IIO a6COJIIOTHOii BeJIIIqIIne. yqIITbIBa.H TO, qTO peaJIII3aIJ,IIII paccMaTpIIBa

eMoro p.H,!1,a pacrrpe,I1,eJieHbl cornacHO rayccoBCKOrO 3aKOHa II CIIMMeTpIIqfibl OTHOCII

TeJihHO HYJI.H, MO,KHO C,!l,eJiaTb Bb!BO,!l, 0 TOM, qTO ,!l,aHilhlii p.H,!l, rrpe,!1,CTaBJI.HeT co6oii 

rayccOBCKIIii IIIyM. 

McX0,!1,.H II3 IIOBe,!l,eHII.H 3aBIICIIMOCTII aBTOKOppeJI.HIJ,IIOHHOii q>yHKIJ,IIII OT BeJIII

qIIHbl IIHTepBaJia KOppeJI.HIJ,IIII T ,rr,.rrn peryJI.HpHOii KOMIIOHeHTbI BpeMeHHOro p.H,!1,a, 

6bIJI C,!l,eJian Bb!BO,!l, 0 TOM, qTO YKa3aHHhlii p.H,!1, rrpe,!1,0CTaBJI.HeT B03MO,KHOCTII ,!l,JI.H 

cpe,!1,Hecpoqnoro rrporH03a, C IICIIOJib30BaHIIeM IICKYCCTBeHHOii Heil:pOHHOii ceTII. 

CTpyKTypa ceTII IIp.HMOTOqHoro TIIIIa 6hIJia CJie,!l,JIOIIJ,eii: 7 neiipOHOB Ha BX0,!1,e, 

rrepBblii CKpb!Thiii CJIOii C0,!1,ep,KaJI 16 HeiiponoB, BTOpoii - 8 neiipOHOB, 0,!l;IIH Bb!XO,!l;HOii 

Heiipon. ,II:JI.H o6yqeHII.H ceTII IICIIOJib30BaJiaCb Bb!60pKa, CO,!l;ep,KaIIJ,a.H 1200 11a6JIIO,I1;e

HIIii. B pe3JJibTaTe rrpoBe,!l;eHHOrO HaMII anaml3a ,!l;JI.H o6yqeHII.H 6bIJI Bh16pa11 MeTO,!l; 

<I>JieTqepa - PIIBca (Fletcher-Reeves) (cMoTpH, narrpnMep, 110], 1111, 1121), o6ecrre

qnBIIIHii naIIJiyqIIIHe pe3yJihTaThI na 3Tarre o6yqenH.H II rrpH TeCTHpoBaHHH MCTI. 

Ha pHc. 5 rrpe,!1,cTaBJienhI q>aKTnqecKHe II rrpe,!l,CKa3aHHbre c rroMOIIJ,hIO MCIT 

o6'beMbl rracca,KIIpCKIIX rrepeB030K MeTpOIIOJIHTeHOM. flporH03llpOBaHHe MCIT ocy

IIJ,eCTBJI.HJIOCb Ha O,!l;IIH ,!l,eHb BIIepe,!1,, a COIIOCTaBJieHHe rrpe,!1,CKa3aHHbIX 3HaqeHIIii ocy

ru,eCTBJI.HJIOCb ,!l,JI.H rrepH0,!1,0B 60 lI 90 ,!l,Heii. KaK BII,!l,HO ll3 pHC. 5 rrpe,!l,CKa3aHHb!e 

MCTI 3HaqeHH.H o6'heMOB rracCa,KIIpCKHX rrepeB030K OTJIHqaroTC.H OT q>aKTHqeCKIIX 

Ha BeJIIIqHuy rrop.H,!1,Ka 4% rrpH ropn30HTe rrporno3a B 60 ,!l,Heil: II rrop.H,!1,Ka 14% rrpH 

ropH30HTe rrporHo3a B 90 ,!l,Heii. B rJiaBe TaK,Ke rrOKa3aHo, qTo rrpou,e,I1,Jpa BeiiBJieT

q>HJihTpau,IIH II03B0JI.HeT 6oJiee, qeM B qeTb!pe pa3a IIOBb!ClITb TOqHOCTb rrporHo3a H, 

KaK CJie,!l,CTBHe, cyru,ecTBeHHO YBeJillqlITb ropII30HT rrporH03a. 

B HaCTO.HIIJ,eil: rJiaBe HaMH 6hIJia rrpo,!1,eMOHCTpHpOBaHa ·B03M0)KHOCTb KpaTKO

cpoqnoro rrporH03a CJTOqHb!X o6'beMOB rracca,KHpCKHX rrepeB030K B MoCKOBCKOM 
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P11c • .4: Il0Be.n;ea11e aBTOKOppeJIH1'HOHHOH 'PYHK1'HII C( T) B 3aBIICHMOCTH .OT HHTepBa.Jia KOppeJIH1'llll T /J,11" 
myMOBOH (cneaa) H perynHpHol! (cnpaBa) COCTaBJIHIO~HX BpeM,eHHOro pH.n;a 

MeTpOIIOJIHTeHe C IlOMOlll,b!O. HCKYCCTBeHHb!X nefipOHHblX ceTefi. Tipu 06y,:1eHHH _'11 

rrporH03npoBaHHH Ha BXO)l, HefipOHHOfi "ceTH IIO)l,aBaJiaCh '3b!60pKa, COCTaBJieHHaH H3 

KJIJOqeBb!X cpaKTOpOB, OT KOTOpb!X 3aBHCHT cyTOqHblii TpacpHK na'cca)irnpoµepeB030K 

B MeTpO. O)1,HH H3 TaKHX cpaKTOpOB - 3TO cyToqnoe rro-rpe6JieHne. ,meKTp03Heprnn 

B MoCKOBCKOii arJIOMepau,nn. TI03TOMY )l,JIH rrporH03HpOBaHHH nacca:arnpf::KHX rre

peB030K B MeTpOIIOJIHTeHe C IIOMO!ll,h!O I1HC, rrpe,D,BapnTeJihHO HY)KHO _Bb!IlOJIHHTb 

nportto3 cyToqttoro ::rneprorroTpe6Jie!{HH B MocKOBCKofi ai;JioMepau,nn. 

l13yqeHHJO )l,aHHOro BOIIpoca IIOCBHlll,eHa rJiaBa 3. I1cXO,l],Hhie )l,aHHb!e cyToqHO

ro IlOTpe6JieHH}l3JieKTpnqecKofi ;:\Heprnn B MocKOBCKOfi arJIOMepan;nn rrpe,1],CTaBJIHIOT 

co6ofi BpeMeHHofi pH)], tta6JIJO,D,ettnii 3a rrocJie,D,ttne 14 JieT (ncero 51J4 tta6JIJO,D,ettnfi). 
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P11c. 5: <I>aKTH'IecKne n npe.n;cKa:JaHHhle :maqeam1 o6beMoB nacca,,mpc~~x nepeB030K MeTponoJIHTeHOM 

TipHHHMaH BO BHHMaHne TOT cpaKT, qTO B mane _2 rrporH03HpOBattne cyToqnhIX 061,

eMOB rracca)KHpCKHX nepeB030K B MeTpOIIOJIHTeHe rrpoBO,l],HJIOCb TOJlbKO B 6y)l,HHe 

,l],HH, H3 HCXO,l],HOro pH,D,a cyToqHblX na6JIJO,l],eHnfi IIOTpe6JieHHH 3JieKTpnqecKofi 3Hep

rnn fihIJIH HCKJIJOqeHbl Bh!XO,l],Hb!e ,l],HH. TiocJie HCKJIJOqeHHH H3 HCXO)l,Hh!X )l,aHHblX 

Bb!XO,l],HblX ,l],Hefi, paccMaTpHBaeMhlll BpeMeHHOii pH,ll, CTaJI BhirJIH,l],eTh Mettee 3aIIIyM

JieHHb!M. KpoMe Toro, KaK n B cJiyqae cyToqHblX o6'beMOB rracca)KHpCKHX rrepeB0-

30K, 3TOT pH,1], 6b!Jl IIO,l],BeprttyT rrpou,e,D,ype BefiBJieT-<pHJibTpau,nn ,l],JIH HCKJIJOqeHHH 

H3 Hero BhICOKoqacTOTHOrO rnyMa. KaK 6bIJIO IIOKa3aHO BhIIIIe, HCKJIJOqenne H3 3THX 

H3Mepettnfi YKa3aHHOrO rnyMa II03B0JIHeT IIOBbICHTb TOqHOCTb H yBeJinqnTb nepcrreK

THBY nporHo3a. TaK)Ke, KaK H B rJiaBe 2, ,l],JIH orrpe,D,eJieHHH B03MO)KHOro KOJinqeCTBa 

OT6paCbIBaeMb!X BefiBJieT-K03cpcpnu,neHTOB H ou:enKH ropH30HTa rrporH03a; aHaJIH3H

p0BaJIOCb IIOBe,D,eHne JIHHefiHofi aBTOKOppeJIHll,HOHHOfi cpyHKU,HH 19]. 
Ha pnc. 6 rrpe,D,cTaBJieHbl (cnepxy-BHH3): 1) HCXO,l],Hhlfi BpeMe1rnofi PH,11;, CO)l,ep

)Kalll,nfi ,D,aHHhie cyToqnoro rroTpe6JiennH aneKTpoaneprnn 3a rrepBbie 2048 pafioqnx 

,l],HH (n3 IIOJlHOro pH)l,a B 3654 pa6oqnx )l,HH); 2) YKa3aHHhlii pH)], IIOCJie rrpnMeHeHHH 

K HeMy BefiBJieT-<pHJibTpau,nn (ocTaBJieHO 530 K03cpcpnu,nenTOB H3 2048); 3) HCKJIJO

qennaH H3 HCXO)l,HOro pH,D,a BblCOKoqacTOTHaH (rnyMOBaH) KOMilOHeHTa. AnaJIH3 rny

MOBOfi KOMIIOHeHTbl IIOKa3aJI, qTo ona corJiacyeTCH C raycCOBCKHM pacrrpe,D,eJienneM. 

CTpyKTypa ceTn, HCilOJih3yeMaH B 3TOfi rJiaBe )l,JIH rrporH03HpOBaHHH, 6h1Jla 

CJle,D,yJOlll,efi: 5 nefipOHOB na BXO)l,e, rrepBblH CKpb!Thlfi CJIOfi CO,D,ep)KaJI 5 nefipOHOB, 

BTOpofi - TaK)Ke 5 nefipOHOB, 0,1],HH Bh!XO,l],HOii nefipOH. B pe3yJihTaTe rrpOBe,D,eHHOrO 

aHaJin3a ,D,JIH ofiyqennH fihIJI B3HT MeTO,ll, kBFGS (cMOTpn, ttarrpnMep, 113, 101), o6ec

rreqnBrnnfi nanJiyqrnne pe3yJihTaTbl KaK na 3Tarre o6yqennH, TaK H rrpn TeCTHpOBaHHH 

I1HC. Tipou,e,D,ypa ofiyqennH 06h1qno cocTOHJia n3 1000 arrox. 

Ha6op BXO,l],HblX ,D,aHHbIX BKJIJOqaJI CJie,D,yJOlll,He rrepeMeHHbie: 1) ro)l,, 2) MeCHU,, 
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PHc. 6: CBepxy-BHH3: 1) HCXO,lJ,HblH BpeMeHHOH pH,11, co,11epJKam;nft ,!laHHble cyTO'lHOro noTpe6JieHnH 3JieK

Tpo3Hepmn 3a 2048 pa60'lHX ,!IH>I; 2) peKOHCTpynpOBaHHaH (Ha OCHOBe 530 K03cpcpn~eHTOB) peryJIHpHaH 

COCTaBJIHiom;aH BpeMeHHOro pH,!la; 3) llCKJlIO'leHHaH i,3 liCXO,!IHOro pH,11a BblCOKO'lacTOTHaH (myMoBaH) KOM

IIOHeHTa 

3) ,n;eHb He,n;emi:, 4) "rro,n;cKa3Ka" ,II.JUI 11HC, K0T0paH 6paJiaCb JUI6o Il3 OT<plIJibTpOBaH

H0ro pH,n;a aHaJilI3IlpyeMbIX ,n;aHHbIX (Ha 3Tarre o6yqeHlIH ceTn), JIH6o 113 rrporH03HbIX 

3HaqeHnfi, Bb1q11cJieHHhIX c rroM0IIl,bIO rraKeTa "fyceHnu;a"-SSA [14J (Ha 3Tarre TeCTlI

poBaHIIH ceT11); 5) 3HaqeHne, B3HT0e Il3 HCX0,ll.H0ro pH,n;a (Ha 3Tarre o6yqeHIIH ceTn), 

JI1160 rrpe,n;cKa3aHH0e Ha TeKyI11,11fi ,n;eHh o6yqeHHOfi 11HC (Ha 3Tarre TecT11poBaHHH 

ceTn). 113 BhIIIIeII3JI0)KeHHoro cJie,n;yeT, qTo MbI rrepeIIIJIII OT MCII K Hefip0HHOfi ceTII 

peKyppeHTH0ro TIIIIa; 

,[(JIH BblqIIcJieHlIH rrporH03H0r0 yqaCTKa cpaiiJia-"rro,n;cKa3Ka", lICII0Jib3yeMoro 

Ha 3Tarre rrpoBe,n;eHnH cpe,n;HecpoqHoro rrporH03a c rroM0IIl,hIO 06yqe1rnofi 11HC, Mhl 

rrp11MeHIIJilI MeTo,n; "fyceH11u;a"-SSA, pa3BIIThifi B pa6cnax [14, 15, 16J. 

,[(aHHbIH MeTO,ll. M0)KeT 6hITb IICII0Jib30BaH ,n;JIH. aHaJilI3a·BpeMeHH0ro pH,n;a, 0T

Beqa10I11,ero rrp0II3B0JlbH0H q>yHKIJ;IIII f(t), t > 0, orrpe,n;eJieHHOll Ha paBH0MepH0H 

ceTKe (B paBH0J,ll.aJieHHbIX TOqKax): 

.Xi = j[t;] = j[(i - l)~t), i = 1,2, .. . ,N, (5) 

r,n;e lit ~ Illar BbI6opKlI (B HaIIIeM CJiyqae· ~t = 1). 

Bb1q11CJilITeJibHaH rrpou;e,n;ypa "fyceHnu;a''-SSA c'ocTOlIT 113 qeT1>1pex. 0CH0BHbIX 

3TaII0B [15]: 
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1. rrpeo6pa30BaHIIe IICX0,ll.H0ro 0,ll.H0Mepnoro·p51,n;a K MH0r0MepH0MY Bil,ll;J (rrOCTpO-

en11e TpaeKT0pH0H MaTpIIIJ;bI); 

2, CIIHryJIHpH0e l_)a3JI0)KeHIIe TpaeKT0pnoii MaTpIIIJ;hI; 

3, aHaJIIl3 II0Jiyqeunoro pa3JI0)KeHIIH C II0M0IIl,bIO MeT0,ll.a rJiaBHbIX K0MII0HeHT; 

4. peK0HCTpyKIJ;lIH aHaJIII3IIpyeMoro BpeMemmro pH,n;a (5) Ha 0CH0Be (>T06paHHbIX 

K0MII0HeHT, 

IIpeo6pa30Bamrn o,n;H0MepHoro BpeMeHnoro pH,n;a (5) K MH0roMepnoii BII.n;J pe

aJIII3yeTCH rrpe,n;cTaBJieHIIeM (5) B MaTpIIqnoii cpopMe: ( /, /, /, !K-,) !1 h f3 !K 
X = (x;j)fJ!i = ~2 h f4 f~+l. , (6) 

h-1 h h+i fN-1 

r,n;e L < N Ha3hIBaeTcH "rycen11u;efi" lIJilI ,ll.JIIIH0ii oKna, a K = N - L + 1. 3a

TeM HaX0,ll.HTCH co6cTBeHHbie 3naqeHIIH A;, i = 1., 2, ... , L II co6cTBeHHbie BeKT0pa 

V;, i = 1, 2, ... 'L K0BapIIaIJ;II0HHOH MaTpIIIJ;bl C = -1xxr. MaTp11u;a co6CTBeHHbIX 

BeKT0p0B V IICII0Jih3yeTCH ,n;JIH rrepexo,n;a K rJiaBHbIM K0MII0HeHTaM 

Y = vi'x = (Yi, :2, ... , YL), (7) 

r,n;e Y;( i = 1, 2, ... 'L)· CTOJI6IJ;bl MaTpIIIJ;bI, C0CT0HIIl,Ile 113 K 3JieMeHT0B. 

PaBeHCTBO 
L ,\- L 

. I: i = I>i = 1 
i=l i=l 

,n;aeT B03M0)KH0CTb ou;eHIITb BKJia,ll. Cl.;. (B IT0PHAKe B03pacTaHIIH) i-ofi K0MIT0HeTbI B 

aHaJIII3IIpyeMblll pH,n;: BKJia,n; M0)KeT 6hITb IIHTeprrpeTIIp0Ban KaK ,ll.0JIH IIHq>OpMau;1111, 

0TBeqaIOI11,aH .K0HKpeTH0ii K0MIT0HeHTe, II C0BMeCTH0 C aHaJIIITIIqecKIIM II BI13JaJib

HbIM aHaJIIl30M co6CTBeHHb!X BeKT0p0B II Be,n;JIIl,IIX K0MIT0HeHT .IT03B0JIHeT OT06paTb 

xapaKTepHbie K0MIT0HeHTbI ,ll.JIH peK0HCTPYKIJ,IIII 0,ll.H0Mepnoro BpeMennoro pH,n;a. 

OTMeTIIM M0MeHTbI, Ba)KI!bie C T0qKII 3pemrn BbJqIICJieHIIH nporH03HOll qacTII 

cpaiiJia-"rro,n;CKa3Ka". 8 KaqecTBe BX0,ll.H0H IIHq>OpMaIJ;IIII ,ll.JIH rrporpaMMbI "fycen11u;a"

SSA IICII0Jib30BaJICH OTq>IIJibTpOBaHHblll C IT0M0IIl,bIO BeHBJieT-q>IIJibTpau;mi: BpeMeH

H0ii PH,ll.. Ilp11 rrepexo,n;e K MH0r0MepH0MY BII,n;J ,n;Jimia ryceHIIIJ,bl 6bIJia B3HTa paBIIOH 

600, T.K. 0Ha: a) ,ll.0JI)KHa 6b!Tb KPc\TH0ll 5 (q11CJIO ,II.Heu B ne,n;eJie, IICKJIIOqaH Bbj

XO,ll.Hbie) II 12' ( q11cJio MeCHIJ;eB B ro,n;y); 6) ,ll.0JI)KHa BKJIIOqaTb neCK0JibK0 rD,ll.0BblX 

IJ;IIKJI0B ( C TeM, qT06bI M0)KHQ 6bIJIO BbI,ll.eJIIITb xapaKTepHbie oco6eHHOCTII • aHaJIIl-

3IIpyeMoro pH,n;a). Ha 3Tane peKOHCTPYKU:IIII o,n;noMepnoro pH,n;a.6i,wa ocTaBJieHa 31 

K0MII0HeHTa; IIX o6~IIH BKJia,n; C0CTaBllJI qyTb 6oJiee 95 %. Ha 3Tane np0rH03IIpOBa

HIIH ,ll.0BepIITeJibllblll IIHTepBaJI 6hIJI 3a,n;aH paBHblM 0,25 . 

Ha pIIC. 7 rrp1rne,n;enbl rpaq>IIKil 16-TII rrepBblX K0MIT0HeHT pa3JI9~eHIIH IlCX0,ll.

H0r0 pH,n;a IIOTpe6JieHIIH 3JieKTp03HeprnII B pa6oqne ,ll.Hll. 113 rpaq>IIKOB BII,ll.H0, qTQ 

- ,4 -~~ -:;=;:-;7=~.: -~-~~~::-:r~, 
, I 

I 

(;' !:; ~ -~ :·c i ,:) 

' ~' ,i 
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Pnc. 7: fpaq>HKH nepBhlX 16-TH KOMnottelIT 

paCCMaTp1rnaeMhie KOMIIOHeHThl OTBe'!aIOT 3a TpeH,1],0Bbie II rrepllO)],II'IeCKIIe ( ce30H

Hble) COCTaBJl.HIO~IIe aHaJlII3IIpyeMoro p.H,1],a. 

Ha pIIc. 8 rrpe,1],cTaBneH PP-plot ll 7J cpyHKU,IlII HaKorrneHHOii Bepo.HTHOCTII )],Jl.H 

HOpMaJlhHOro pacrrpe,1],eJleHII.H (II306pa)KeHHOrO 0Tpe3KOM rrp.HMOii) II )],Jl.H )],aHHhIX, 

OTBeqaIO~IIX OT6poIIIeHHhlM KOMIIOHeHTaM. BII)],HO, 'ITO 3TII )],aHHbie cornacyroTCH C 

HOpMMhHhIM pacrrpe,1],eJleHIIeM, Il3 qero MO)KHO rrpe)],IIOJlO)KIITh, 'ITO OTBe'IaIO~IIH 

IIM rrpou,ecc ITO CBOeMy IIOBe)],eHIIIO 6JlII30K K rayccOBCKOMY IIIyMy. 

CoOTBeTCTBYIO~IIe pe3yJlhTaTbl rrporH03IIpOBaHII.H rrpe,1],CTaBJleHbl Ha pIIC. 9. 
<I>aKTII'I€CKIIe 061,eMbl IIOTpe6neHII.H 3Jl€KTp03HeprIIII ( CIIJlOIIIHaH JlIIHII.H)' rrporH03-

Hhl€ 3Ha'!€HII.H (rryHKTilpHa.H JlIIHII.H) IIOKa3aHbl B IICXO)],Hh!X BeJlII'IIIHaX - MBT*'I. 

To'!e'!Hh!MII JlIIHII.HMII IIOKa3aH KOpll,1],0p, OTBe'!aIO~IIH 3a)],aHHOMy )],OBepIIT€JlhHOMY 

IIHT€pBany. BII)],HO, 'ITO' peMII30BaHHhie 3Ha'IeHIIH B OCHOBHOM rrp1rna,1J,J1e)KaT )],OBe

pIIT€JlhHOMy KOpII,1],0py. 

IIpII rrporH03llpOBaHIIII cyTO'IHOro IIOTpe6J1eHII.H 3Jl€KTpII'I€CKOH 3HeprIIII C IIC

IIOJlh30BaHIIeM I1HC peKyppeHTHOro TIIIIa rrepBbie TPII rrepeMeHHbre, IIO)],aBaeMbie Ha 

BXO)], I1HC, OTBe'IaIOT 3a ce30HHhl€ II rrepIIO)],II'IeCKIIe KOJ1e6aHII.H 3HeprorroTpe6neHII.H 

B MocKOBCKOii arnoMepau,IIII. Oco6o cne,1J,YeT OTMeTIITh 4-yro rrepeMeHHyro, IIrparo

ru.yro pOJlh CBOeo6pa3HOH "IIO)],CKa3KII" )],JlH I1HC, KOTopa.H 6epeTC.H J1II60 II3 OTq>IIJlh

TpOBaHHhlX )],aHHhIX (Ha 3Tarre o6yqenII.H ceTII), m160 II3 rrporH03HhIX 3Ha'IeHnii, Bhl

'IIICJleHHhIX c rroMO~hIO rraKeTa "fyceHnu,a"-SSA 114], (Ha 3Tarre TeCTIIpOBaHII.H ceTII). 

IIocJle)],H.H.H (mITa.H) rrepeMeHHaH rrpe,1],CTaBJl.HJla co6oii BeJlII'IIIHY, B3.HTYIO II3 IICXO)],-
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Hora pH,n;a (Ha :narre o6yqemrn ceTn), nn6o TO 3Ha'leHne, K0Topoe rrpe,n;cKa3hIBaJI0Cb 
Ha TeKylll,nii ,n;eHh o6y'leHHOii: vIHC (Ha :narre TeCTHpoBaHnH ceTn). 

Ha pnc. 10 rrpe,n;cTaBJieHbl <paKTH'leCKHe ofrheMbl IIOTpe6JieHHH :meKTp03Hep

rHH ( CIIJI0IIIHaH JIHHHH) BMeCTe C rrporH03HbIMH 3Ha'leHHHMH ( IIYHKTHpHaH JIHHHH), 
rrpe,n;CKa3aHHbIMH vIHC Ha rrepno,n; B 120 ,n;Heii:. 
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Pttc. 10: <l>aKTn'leCKne n npe).ICKa3a.Hllbie IIHC 3Ha'lenn>1 ofrbeMOB n0Tpe6J1enn>1 3JieKTp03Heprnn 

MmKHO c,n;eJiaTb Bb!B0,ll; 0 TOM, 'ITO Cq>OpMHpOBaHHaH TaKHM o6pa30M BX0,D;HaH 

BbI60pKa H II0CJie,D;0BaTeJibH0CTb 3TarroB Bbl'IHCJieHHii: II03B0JIHJIH: 1) ,ll;0CTH'lb 6b!CT

poro H 3cp<peKTIIBHOro o6y'leHHH Heii:pOHHOH ceTH, a TaK)Ke 2) o6ecrre'IHTb T0'IH0CTb 
cpe,n;Hecp0'IH0ro rrporH03Hp0BaHHe cyT0'IH0r0 3HeprorroTpe6JieHHH ,[l,JIH MocKOBCKOii: 
arnoMepaa;nn. 

B pa6oTe IPNL-2017-lJ HaMn 6brna H3y'leHa B03M0)KH0CTh rrportto3npoBaHHH 
cyT0'IHoro IIOTpe6JieHHH 3JieKTp03HeprnH B MoCKOBCKOH arJI0Mepaa;nn T0JibK0 Ha oc
H0Be MeT0,ll;HKH, peann3oBaHH0ii: B rro,n;xo,n;e "fyceHna;a"-SSA. Harne rrpe,n;rroJI0,KeHne 

0 TOM, 'ITO B 3T0M CJiyqae T0'IH0CTb rrporH03a H ero ropH30HT ,ll;0JI)KHbl HeCK0Jib

K0 ycTyrraTb TOMY, 'ITO 6hIJIO II0Jiy'leH0 C HCII0Jib30BaHHeM vIHC, He orrpaB,D;aJIHCb. 
IlpoBe,n;eHHble HCCJie,n;oBaHHH II0Ka3aJIH, 'ITO rrporH03Hp0Ba1me, peaJIH30Bannoe Ha 
0CH0Be MeTo,n;nKn "fyceHna;a"-SSA, cornacyeTcH c pe3yJihTaTaMn, H3JI0)KeHHhIMH B 
HaCT0Hlll,eii: rnaBe (cMoTpn ,n;eTaJIH B IPNL-2017-11). 

C Y'leT0M pe3yJibTaT0B, H3JI0)KeHHbIX B ,n;aHH0ii: rJiaBe H pa3BHT0H MeT0,ll;HKH 
rrporH03Hp0BaHHH Ha 0CH0Be vIHC, HaM y,n;aJI0Cb II0CTp0HTb Bbl'IHCJIHTeJibHYIO cxeMy, 
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rro3B0JIHBIIIYIO. o6ecrre'IHTb ycrrernnoe rrporuo311p0Banne rracca)KttporroT0Ka B Moc
K0BCK0M MeTp.OIIOJIHTeHe B cpe,n;HeCpO'IHOH rrepcrreKTHBe. IlpII 3T0M 0,ll;HH II3 KJIIO

'leBbIX cpaKTOpOB, IICII0Jlh3yeMblX rrpII rrporH03IIp0BaHHH II3MeneHHH ofrbeMOB rrac

Ca)KHpCKIIX rrepeB030K - IIOTpe6JieHne 3JieKTp03HeprnII B MocKOBCKOH arnoMepaa;nn 

- M0)KH0 6y,n;eT rrpe,n;cKa3hIBaTb rrpIIMeHHH MeT0,ll;IIKY, .peaJIH30BaHHYIO B rro,n;xo,n;e 

"fycenIIa;a"-SSA. 9ToMy Borrpocy rrocBHlll,ena cne,n;y10I11,aH rnaBa ,n;IIccepTaa;IIn. 
B rJiaBe 4 pa3BHBaeTCH MeT0,ll;IIKa ,ll;JIH cpe,n;HeCp0'IH0ro rrporH03HpoBaHIIH cy

T0'IHblX 06-1:>eMOB rracca)KIIpCKIIX rrepeB030K B MocKOBCKOM MeTp0II0JIIITeHe. Ona 
BKJIIO'laeT TpII BapnaHTa rrporHo3a: 1) Ha 0CH0Be IICKYCCTBeHHbIX neii:pOHHbIX ce

Teii:: IICII0Jib30BaJiaCb MH0roCJIOii:HaH vIHC peKyppeHTH0ro TIIIIa, Ha BX0,ll; KOTOpoii: 

rro,n;aBaJICH Ha6op cpaKTOpOB, BJIHH!Olll,HX Ha cyT0'IHblll o6'beM uacca)KIIPCKHX rrepe
B030K; 2) HCII0Jib3YH CIIHrynHpHo-crreKTpaJibHblll anaJIII3, peaJIH30BaHHblll B rraKeTe 
"fyceHIIa;a"-SSA: B 3T0M cnyqae aHaJIII3IIp0BaJIIICh T0JihK0 ,n;annb1e BpeMenHoro pH,n;a 

cyT0'IHbIX uepeB030K rracca)KttpoB; 3) C0BMeCTH0e IICII0Jlb30BaHHe vIHC II rro,n;xo,n;a 

"fycenIIa;a"-SSA: Ha Bxo,n; vIHC, B ,n;orroJIHenIIe K yKa3aHHhIM Bbirne cpaKTopaM, rro

,n;aBaJIIICh ,n;aHHbie rrporHo3a, BhI'IIICJieHHhie c II0M0lll,hIO rraKeTa 'TyceHIIa;a"-SSA. 

Ilpn uporH03IIp0BaHHII Ha 0CH0Be I1HC, H3 paccM0TpeHHoro B rJiaBe 2 Ha6o
pa cpaKTOpOB ncuoJib30BaJIHCh cne,n;y10I11,ne: Varl (ro,n; na6nro,n;eHIIH), Var2 (Merna;), 

Var3 (,n;eHb He,n;enn), Var4 (TIIII ,ll;HH), Var5 (0TKJI011emie ,n;1ieBHoii: TeMnepaTyphI OT 
uopMbI) n Var6 (cyTO'IHoe rroTpe6nenne 3JieKTpnqecKoii: 3HeprIIII B MocKoBCKOii: ar

JIOMepaa;IIn). 
ApxnTeKTypa vIHC 6brna B3HTa cne,n;y10I11,eii:: 7 BX0,ll;HhIX HeiipoHoB, ,ll,Ba cKpbI

TbIX CJI0H, C0,1],ep)Kalll,IIX C00TBeTCTBeHH0 16 II 8 Heii:p0H0B, II 0,1],IIH BblXO,ll,HOH Heii:poH. 

Bxo,l],Hbie ,n;aHHbie 6hIJIH nopMnpoBaHbI II rrpIIBe,l],eHhI K ,l],Haua3dHy l-1;+ lJ. fopII30HT 
rrporHo3a 6bIJI Bh16pan 30 II 50 pa6oqnx ,ll,Heii: Ha6n10,L1,eHHH. Ilocne rrpoBe,l],eHIIH cepIIII 

3KcrrepnMeHT0B 6brn orrpe,1],eJieH orrTnMaJihHbiii: MeT0,ll, o6y'leHHH Fletcher-Reeves. 
Ha pnc. 11 rrpnBe,l],eH THIIII'IHblll rpaq>IIK II3MeHeHHH oum6KII rrpII o6y'leHIIH 

vIHC B 3aBIICHM0CTH OT noMepa 3rroxn. 
Ha pIIC 12 rrpe,ll,CTaBJieHbI pe3yJihTaTbI rrporH03IIpoBaHHH c II0M0II~h!O vIHC na 

30 (cJieBa) II 50 (crrpaBa) ,D;Heii: Ha6JIIO,l],eHHH B cpaBHeHIIH c peaJibHb!Mll ,l],aHHb!MII. 
Ilocne 3aBeprnennH upoa;e,n;yphI o6yqeunH I1HC rrpoB0,ll,IIJI0Ch TeCTHpoBanIIe 

o6y'leHHOH CeTH - oa;enKa Ka'leCTBa rrporH03IIp0BaHHH. Ha 3T0M 3Tane B Ka'leCTBe 
rrepeMeHH0ii: Var7 na BX0,n; vIHC rro,l],aBaJI0Cb TO 3Ha'leHne, K0Topoe BbI,ll,aBaJI0Ch ce

Th!O B Ka'leCTBe rrporH03a Ha rrpe,ll,bI,ll;Jlll,eM mare BbI'IIICJienIIii. 
Ha pnc. 13 rrpIIBe,n;eHbl rHCT0rpaMMbl pacrrpe,1],eJieHIIH OTHOCHTeJibHOH ourn6KH 

Ry rrpn rrporno3IIp0BanIIII Ha 30 ,n;Heii: (cneBa) n 50 ,n;neii: (crrpaBa) Ha6JI10,L1,eHnii:. 
Pe3yJihTaTbl 3KCIIepnMeHT0B II0Ka3aJIII, 'ITO 0TH0CIITeJihHaH oum6Ka CHMMeT

pII'IHa 0TH0CIITeJibH0 HYJIH II He rrpeBbIIIIaeT 3 H 5% . TaKIIM o6pa~oM, HCII0Jib3YH 
vIHC, M0)KH0 c 3a,l],aHHoii: TO'IHOCThlO uporno3IIp0BaTb II3MeHeHHH o6'heMoB uepeBo-

30K rracCa,KHp0B MeTp0II0JIIITeH0M. 
BTopoii: MeT0,ll;, K0T0pbill paccMaTpIIBaeTCH B 3T0H rJiaBe, 3aKJIIO'laJICH B cnnry

JIHpHO-CIIeKTpaJibH0M aHaJIII3e IICCJie,n;yeMoro BpeMeHH0ro pH,1],a. B Ka'leCTBe HCX0,ll,

HOH HHq>OpMaa;HII IICII0Jib30BaJICH OT<pIIJibTpOBaHHblll Beii:BJieTaMH BpeMeHHOH pH,ll, 
(ocTaBJieno 256 K03<pq>Ha;HeHTOB H3 1024). vlcxO,l],Hblll pH,ll, 6bIJI CTaH,ll,apTII3IIp0BaH 
cpe,ll,CTBaMH rrporpaMMhI CaterpillarSSA ( version 3.40, Professional Edition). · 
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~-------------------------!-Training sample 

- Teat sample 
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Pllc. 11: fpacjmK ll3MeHeHllH onm6Kll npw 06y,1eHHH IIHC B 3aBHCHMOCTH OT HOMepa 3noxw 
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Pllc. 12: Pe3yJibTaThI npomo3wpoBaHHH c noMOlllbIO IIHC Ha 30 (CJieBa) w 50 (cnpaBa) mieii Ha6JIIO,lleHHH 

B cpaBHeHHH C peaJihHblMH ,[(aHHblMH 

)JJI.H nporH03Hp0BaHH.H naccm1mpCKHX nepeB030K Ha OCHOBe CHHryJrnpHo-cneK

TpaJibHOrO aHaJIH3a HCIIOJih30BaJiacb MeTO,l],HKa H IIOCJie,l],OBaTeJihHOCTh BhlqflcJieHHii, 

H3JIO)KeHHa.H B rJiaBe 3. Ha HaqaJibHOM 3Tane BbIIIOJIHeHO npeo6pa30BaHHe BpeMeHHO

ro p.H,1],a, OIIHCbIBaIOI11,ero cyToqHblii nacca:lKHPOIIOTOK B MeTpOIIOJIHTeHe B TpaeKTOp

HYIO MaTpHey (16, 14r ,IJ:a.nee IlpOBO,ll,HJIOCh CHHryJI.HpHOe pa3JIO:lKe1rne 3TOH MaTpHI.1,hI, 

anaJIH3 pe3yJihTaTOB. ee pa3JIO:lKeHH.H C IIOMOIIl,bIO MeTO,l],a rJiaBHh!X KOMIIOHeHT fl 0T-

6op Tex KOMIIOHeHTOB, KOTOpbie MoryT rrpe,1],CTaBJI.HTh mnepec ,l],JI.H HCCJie,l],OBaTeJI.H. 

IlpH 3TOM (HeCMOTp.H Ha npoBe,l],eHnyro paHee Beii:BJieT-q)HJibTpaIIHIO HCXO,l],HOro p.H.n.a) 

,l],OIIOJIHHTeJibHO OT6paCb!BaJIHCh KOMIIOHeHThI, OTBeTCTBeHHbie 3a BhICOKQqaCTOTHYIO 

COCTaBJI.HIOIIIYIO ana.nH3HpyeMoro BpeMeHHOrO p.H,1],a. 
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Pllc. 13: Pacnpe,lleJieHHH nepeMeHHOii R_y npw npomo3HpOBaHHH Ha 30 (cJieBa) H 50 (cnpaBa) mieii 

Ha pHC. 14 rrpHBe,l],eHbl rpacpHKH 13-TH nepBbIX KOMIIOHeHT pa3JIO)KeHH.H aHa

JIH3HpyeMoro p.H,1],a IlpH I1pOrH03HpOBaHHH Ha 30 ,l],Heii: Ha6JIIO,l],eHH.H. lfa rpacpHKOB 
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Pllc. 14: fpacj,HKH 13-TH nepBbIX KOMilOHeHTOB npn nporH03HpoBaHHH Ha 30 ,!\Heii 

BH,l],HO, qTo paccMaTpHBaeMhie KOMIIOHeHThl OTBeqaIOT 3a TpeH,l],OBYIO H rrepHO,ll,Hqe

CKHe ( ce30HHbie) COCTaBJI.HIOIIIHe aHaJIH3HpyeMoro p.H,ll,a. 

Ha 3aKJIIQqHTeJibHOii CTa,l],HH rrpoBO,l],HJiaCb peKOHCTPYKIIH.H 0,1],HOMepHoro Bpe

MeHHOro p.H,1],a na OCHOBe OT06paHHhlX KOMfIOHeJi:TOB. IlpH peKOHCTpyKIIHH p.H,1],a HC

IIOJih30Ba.J10Cb 13 rJiaBHh!X KOMIIOHeHT, HX 06IIIHH BKJia,l], COCTaBHJI rroqTH 99,91 % 
. BhIJIO Bhl.HBJiem:i, qTQ OT6paCbIBaeMhie KOMIIOHeHThl corJiacyIOTC.H c HOpMaJihHhlM 

pacrrpe.n.eJieHHeM, H3 qero MO)KHQ rrpe,1],IIOJIQ)KflTh, qTQ OTBeqaIOIIl,HH HM rrpo11ecc IIO 

CBOeMy IIOBe,l],eHHIO 6JIH30K K rayccOBCKOMY myMy. 

Ha pHC. 15 IlpHBe,l],eHbl: 1) BBepxy ~ HCXO,ll,Hhlii p.H,1], c era arrrrpoKCHMa11Heii:, pe

KOHCTpyHpOBaHHOH IIO rrepBbIM 13 KOMIIOHeHTaM, 2) BHH3Y - p.H,ll,, BOCCTaHoBJi:eHHhlH 

Ha OCHOBe OT6paCbIBaeMb!X KOMIIOHeHTOB. 
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Pttc. 15: Baepxy - ttCXO/UfblH P".LI tt ero arrnpoKCHMa111rn, BHH3Y - p>1,L1, OTBe'IaJO~ttli OT6pacb!BaeMbIM 

KOMilOHeHTaM 

Ha pI1c 16 rrpe,n;cTaBJieHhI pe3yJihTaThI rrporH03I1poBa1rn.11 B rro,II,Xo,n;e "fyceHmi,a"

SSA Ha 30 ( CJieBa) II 50 ( crrpaBa) ,!1,Heii Ha6mo,!],eHI1.H B cpamieHIIII c peaJihHhIMII 

,n;aHHhIMII. 
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Pttc. 16: Pe3JJihTaTbl rrpomo3ttpoaatttt>1 B rro,L1Xo,L1e "ryceam1a"-SSA Ha 30 (CJieaa) tt 50 (crrpaaa) ,l\Heli 

Ha.6.rIIO~eHHH B cpaBHeHHll C pea.rrbHhIMH ~3.HHhIMH 

Ha pIIC. 17 IIOKa3ana ,!l,IIHaMIIKa Il3MeHeHII.H BeJill'lllllhl Ry B 3aBIICIIMOCTII OT 

IIOp.H,!1,KOBOro HOMepa )l.H.H Ha6JIIO,!],eHII.H IIPII rrporH03I1pOBaHIIII na OCHOBe MeTo,n;a, pe

· aJIIl30Bannoro B "fyce.nmi,a"-SSA Ha 30 (CJieBa) II 50 (crrpaBa) ,!],Heii na6JIIO,!],eHII.H. Ha 

CJie)].yIOlll,eM pIICYHKe rrpIIBe,n;eHhl pacrrpe,!],eJieHml OTHOCIITMhHOH OIHI16KI1 Ry IIpII 

rrporn03I1pOBanI1I1 B rro,n;xo,n;e "fyceHmi,a"-SSA na 30 (cJieBa) II 50 (crrpaBa) na6JI10-

,!],enI1ii. Ifa rrpe,n;cTaBJieHHhIX Ha pI1CyHKax 17 II 18 pe3yJihTaTOB Bil,!],HO, 'ITO cpe,!1,Hee 

3Ha'1eHI1e OIIIll6KII Ry CMelll,eno OTHOCIITeJihHO HYJI.H B o6JiaCTh IIOJIO)KIITeJihllhIX 3Ha

'leHIIH. ITpII 3TOM Ha BCeM IIHTepBaJie rrporH03a ona He rrpeBhIIIIaeT 3% IIPII rrporH0-

3IIpOBaHIIII Ha 30 ,n;neii na6JIIO)l.eHII.H II rrpII6JIII)KaeTC.H K 8% rrpII rrporH03IIpOBaHIIII 

Ha 50 ,n;neii Ha6mo,n;enII.H. 
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Pttc. 17: ,n;,rnaMHKa BeJIH'IHHbl R,, B 3aBHCHMOCTH OT rrop>!,LIKOBOro HOMepa /Uf>I Ha6JIJO,lleHH>! rrptt rrporH0-

3Hp0BaHHH Ha ocHoBe MeTo,11a, peMH3oaaHHoro B 'TyceHm:;a"-SSA Ha 30 ( CJieaa) H 50 ( crrpaaa) Ha6JI10,11eHttli 
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Pttc. 18: Pacrrpe,L1eJieHH>1 rrepeMeHHOli Ry rrptt rrportt03HpOBattHH B IIO,l\XO,lle "ryceHm;a"-SSA Ha 30 ( CJieaa) 
H 50 ( crrpaaa) Ha6JI10,11eHHli 

Ha pIIcynKax 19 II 20 rrpe,!],CTaBJieHhl cpaBHIITeJihllhie pe3yJihTaThl IIpOrI103IIp0-

BaHII.H IICII0Jlh3Y.H pa3BIIThie B· naCTO.Hlll,eii pa6oTe IIO,!],XO)l.hl na 30 II 50 ,!],Heii na6JIIO

,!l,CHII.H, B TOM 'IIICJie, C Y'ICTOM II 6e3 yqeTa BKJia,!l,a rrepeMennoii Var 5 ( OTKJIOHCHH.H 

,!],HCBHOH TCMrrepaTyphl OT cpe,!],HCCTaTIICTII'leCKOH HOpMhl). 

Ha 3Tnx pncynKax rrpIIBe,n;enh1 cJie,n;yIOlll,Ile rpaqrnKn: R) rrpomo3IIpyeMhiii p.11,n; 

B IICXO)l.HhIX BCJIII'IImax - CIIJIOIIIHa.H JIIIHII.H ceporo 11,BCTa; RF) rrporH03IIpyeMhIH 

p.H,!1,, II3 KOTOporo C IIOMOlll,hlO BeHBJieT-q>IIJibTpa11,uu 6b!JI y,!1,aJICH BhlCOKO'laCTOTHhIH 

IIIYM, - crrJIOIIIHa.H )KHpna.11 JIIIHII.H; Fl) rrporno3 rroMOlll,hIO I1HC (6e3 IICIIOJih30Ba

HII.H SSA-rrporHo3a B Ka'leCTBe "rro,!J,CKa3Ku") - ,!l,Boiinaa rrynKTIIpna.11 JIIIHII.H; F2) 

rrporH03 c IIOMOlll,hIO SSA - )KilpHa.11 rryHKTIIpHa.H JIIIHII.H; F3) rrporno3 IIOMOlll,hIO 

I1HC c ucrrOJih30BaHileM SSA-rrpor1103a B Ka'leCTBe "rro,!],CKa3KII" II 6e3 yqeTa BKJia

,!l,a rrepeMennoii Var5 - ,!1,BOii.na.11 CIIJIOIIIIIa.H Jin11n.11; F4) rrpor1103 rroMOlll,hIO I1HC c 

BKJIIO'leHneM SSA-rrpor1103a B Ka'leCTBe "rrO,!J,CKa3KH", HO 6e3 yqeTa BKJia,n;a rrepeMen

HOii. Var5 - IIITpnx-rrynKTHpna.11 JIIIHu.11; F5) ycpe,n;11eHHhiii rrporno3 (F2 + F3)/2 -
CIIJIOIII!la.H JlHHH.H C MapKepaMH. 

fl pe3yJihTaTe aHaJIH3a rrpIIBC,!],CIIHhlX rpaq>HKOB MO)KHO c,n;eJiaTh CJIC)].ylOllJ,HC 

BhIBO)l.hI. HanJiy'IIIIero BapnaHTa rrpom03a y,!1,aJIOCh ,!1,06IIThC.H c rroMOlll,hIO I1HC. 
ITpu 3TOM H3 rrepe'IH.H q>aKTOpOB, IIO,!],aBaeMhIX Ha BXO)l. I1HC, MO)K!IO llCKJIIO'IIITh 

OTKJIOHeHH.H ,!],HeBHOii. TeMrrepaTyphl OT cpC,!],HeCTaTHCTII'ICCKOH HOpMhl (rrepeMeHHa.H 
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PHc. 20: CpanttHTeJihHwe pe3yJibTaThI rrporH03HpOBaHHH Ha 50 ,n;neii: na6JIK>/\eHHH, Hc:rroJih3yH pa3BHThie n· 

HacTO!IIJieii: pa6oTe IIO,D;X0,11;bl 
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Var5). ,Il;aHl!hlll cpaKTOp 11e OKa3hIBaeT 3aMeTHoro BJHUIHIUI Ha pe3yJibTaTbl rrporH03a. 

ITpor1103 MCTO,IJ:OM SSA oKa3aJICR cMell\eHHhIM OTHOCIITeJihHO rrpor1103npyeMhIX ,r:i:aH

HhIX B o6JiaCTb 60JibIIIIIX 3Ha'fe1rnir rracca:arnporroTOKa. cho )Ke RBIIJIOCb rrpH'IIIHOll 

CMell\eHII}I nporH03HhlX 3Ha'Iemiii B o6JiaCTb 60JibIIIIIX BCJIH'fHII ofrbeMOB rrepeB030K 

nacca)K1Ipon npn conMeCTHOM IICIIOJih30BaHHR MCTo,r:i:on 11HC II SSA. 
B 3aKJUO'-ICHHe IIO,IJ:BO,IJ:RTC}I IITOrlI BhlIIOJIHeHHhlX IICCJie,r:i:ona11nfi, ,i:i:aeTCR KpaT

KOe OIIIICaHne pa6oT, IIOJIO)Kell!Ib!X n OCHOBY ,i:i:nccepTaIJIIII, q>OPMYJIIIPYJOTC}I OCHOB

Hb!e pe3yJibTaTbl H JIH'fHb!M BKJia,r:i: COIICKaTem1 B rrpoBe,r:i:eHHbie IICCJie,r:i:oBaHHR. 

Ha 3arn;HTY BhlHOCSITCSI CJie,zzyrorn;He pe3yJihTaTbI: 

1. MeTO,IJ:OJIOrlI'fCCKIIM rro,i:i:xo,i:i: K IIOCTpOeHIIJO MaTeMaTH'feCKOll MO,IJ:eJIII rrporH03H

ponaHII51 II3MeHe1rnfi o6'beMOB nacca)KJIPCKHX rrepeB030K, OCIIOBaH!lh!M Ha HC

IIOJib30BaHJIII B Ka'feCTBe IICXO,IJ:Hb!X ,i:i:al!Hb!X BpCMeJIHb!X p51,IJ:OB ,IJ:HHaMJIKII o6'b

eMa nacca)KHpCKHX nepeB030K II KJIJO'feBb!X <paKTOpOB, 11a 11ero BJIHRIOII\HX, B 

TOM 'flICJie, ,rneprorroTpe6Jie11n51, KaK IIOKa3aTCJl}I COIJHaJihHOfi H 3KOIIOMH'feCKOM 

aKTIIBHOCTII HaCCJieHJI}I B paccMaTpHBaeMOM perno11e HJIH arJIOMepaIJHH. 

2. KJIJO'feBhie <paKTOPhI, BJIHRIOII\IIe Ha II3Mene1rne cyTO'!Hh!X o6'heMOB rrepeB030K, 

IIHq>OpMari,IIR IIO KOTOpb!M 11a 3Tarre rrporH031IpOBaHII51 JIH6o H3BeCTHa, HJIII )Ke 

MO)KeT 6b!Tb rrpe,IJ:CKa3aHa C HCIIOJib30BaHHeM MaTeMaTII'!eCKIIX MeTO,IJ:OB npo

rH031IpOBaHJI}I ( K TaKOMY <paKTOpy OTIIOC51TC51 ,r:i:a1111b!e 06 3HeproIIOTpe6JieHIIII 

B paccMaTpnnaeMOM perHone). 

3. MaTeMaTII'feCKIIC MO,IJ:eJIJI, MeTO,IJ:bl II aJirOplITMbl cpe,r:i:Hecpoq11oro nporH031IpO

BaHII51 cyTO'fHb!X 06'beMOB IIOTpe6JieHII51 3JieKTPII'feCKOM 3Hepr1III H. rracca)K!Ip

CKIIX nepeB030K B MocKOBCKOM MeTpOIIOJIHTeHe. 

4. BhI'flICJIIITeJibHhle aJirOplITMhl ,!l:Jl}I Cq>OpM1Ipona1111oii: MaTeMaTII'feCKOii: MO,IJ:eJIJI, 

OCHOBaHHb!C na IIPIIMeHelllIII IICKyCCTBeHl!b!X 11eiipOHHb!X CCTeii H C1I11rym1pno

cneKTpaJibHOro anaJIH3a nplI nporH031IponaHIIII cyTo'fHhix o6'beMOB rracca)KHp

cKnx rrepeB030K MoCKOBCKIIM MeTpOIIOJIIITCIIOM B 3aBHCIIMOCTII OT cyTO'fHOro 

II0Tpe6JICHII51 3JieKTplI'!CCKOM 3Hepr1IH B MocKOBCKOM arJIOMepaIJHH. 
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