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1. Bse,o,eHHe 

8 H3CTORU\88 Bp8MR He lo1388CT8H M8X8H\t13M YCT8HOBI18Hio1s:! 

HOpMlllpyeMOCT\11 \11 0~8HK!o1 COCTOHH!o1fl 380IltOU,Io11o1 T8XHOI10rvi"-18CK!o1X np048CCOB. 

HeCMOTpH Ha HaJ1ltl41o18 PHAa rpa.QIIIU.IIIOHHblX MeTOAOB C03ABHVI51 paJHoro po,Qa 

HOpM3H1BOB (1, 2]. 3H3HVI8 :nora M8X8HV13M3 He06XO.QHMO AflR nOCTP08Hio1H 

MOA8I11o1 \t13Mep8HV1H B pe8IlbHOM Bp8M8HV1 Ill COOTB8TCTBYtOU\8Ci 

IIIH¢op M8U.III0HHOCi MOA8I1\t1, onpeA8IlHIOU\Io1X 3<P¢eKT\IIBHOCTb MOA8IWtpoeaHV!fl 

cna6ocrpyf<TYp11130B8HHb1X npol.leccos [3}. YMeHL-18 BbiABillo1Tb V!3 Ha6opa 

,.QBHHbiX cyli,lecreeHHb!e napaMeTpbl COJ,Qaer Heo6XOAVIMble npe,.QnOCbiilKIII AflH 

6onee crpororo peweH\t1H JBABY\11 c nplo1MeHeHio1eM MeTDAOB onTL>1MV138U,Io1lll [4}. 

He38B\t1Cio1MO OT BV1A8 Ill M8CWTa6a paCCM3Tplt1B38MOrD 06beKTa, AJ15l OnliiC3HLr1fl 

,Qepeea L.18I18BbiX ¢yHKLILr1~ Lr1 cereCi, OT06pa>K810U,.\,V1X B38Lr1MOCBfl3111, BcerAa 

aKfY8IlbHa 3aAa4a MIIIHHMLr138U,Io11o1 cocraea LotCXDAHbiX AaHHb!X. C raKoCi >Ke 

np06Il8MOCi CT8I1Kio1B88TCH nOI1b3088T8Ilb K3K np1o1 nOCT8HOBKe 38A8LJLII 1o1 

cpopML>1pOB8H~U1 LJ,8I1VI, T8K \11 nptot 048HK8 nonyLJeHHOro p83YI1bT3T8. ,Qns:1 

peweH\t1s:l 3TOCi 3aA84\.1 8CT8CTB8HHO 111CnOJ1b30B8Tb M8TOA 8H8Il\t138 

COOTB8TCTB\t1Ci, nOCTp08HHb!Ci H8 OCHOB8 M8TO,Q3 rfl8BHbiX KOMnOH8HT Lot Bbi60pa 

X2 
• M8TP"K" (5-7}. MeTOA o6ecneY"Ba8T OAHOBp8M8HH08 npeACTaBneH"e Ha 

cpaKTOpHOCi nilOCKOCTio1 K3K H36IltO,.Q8Hio1~, T8K lll nepeMSHHbiX BM8CT8 C 

CYlJ...I8CTBYIOll.ILotMVI MS>KAY Hlo1MLot CBfl3s:!Mio1, n03BOils:I8T YCT3HOB!o1Tb OTHOUJ8H\t18 

3KBIIIB8I18HTHOCTlll H3 MHO>K8CTB8 06b8KTOB \t1 nOCTp01o1Tb nOAXO.Qflll.\YIO MO,Qe.nb 

,.Q.n51 CVIHT833 COCT888 \t1HQl0pM3l.IVIVI M8TOAOM rpynnVIpOB8HVIR nepeM8HHb!X. 

lpynn1o1posaH'-'1e nepeMeHHbiX npe,Qcrae.ns:~er co6oCi pa361o1eHVIe 

nepeMeHHbiX H8 Kf18CCbl 3KBio1Bai18HTHOCTVI, K8K npae111.n0, He nepeC8K310U,jVI8Cfl. 

8 LIBilOM MeTOAbl rpynn'-'lposaHIIIH MO>KHO pa3,!\en111Tb Ha reoMeTpVIY€CKV~e Lt1 

anre6paV~48CKl-1e. B a.nre6paLt14eCKLt1X MeTo.Qax paccMarpV~saterc~ orHoweHIII51 

Ill-'!Wb Me>K.Qy napa MY! Lt1CXOAHb!X ::meMeHTOB [8-1 0}. B reoMeTpLt149CK\t1X Mero,Qax 

lo1CXOAHbl8 A8HHbl8, npe,QCT8BI18HHbl9 8 BVI,Qe COBOt<ynHOCH1 TOYSK B B€KTOpHOM 

npocrpaHCTBe 60J1bWO~ p83M8pHOCTIII, rpe6yerc~ cnp08L\l-1p0B8Tb B 

npOCTpaHCTBO 601189 HLotJKO~ p83M9pHOCTH C nOMOll.lbiO M8TOAOB Q>aKTOpHoro 
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2H2JWl38 (4,11) Ill-160 Bbi5=1B~Tb Ha OCHOB€ 2Ham138 ~8HTpOB ,QY1H3MV1Y8CKVIX 

KJlaccoe Ha~6onee OAl10POAHble pa36~eHV1R V1 L-1X npe,QcraeneHL-1R s BL-1,D,e 

rpa¢oe [12]. CyLU,eCTByeT 60ilbWO€ Ylo1cno M€TO,QOB rpynn1-1pOB2HL-1R, KOTOpbl€ 

pa3IlL-14810TCH M€>KAY co6o~ l-1CXOAHbiML-1 .QaHHbiML-1, cnoco6aML-1 oweHKL-1 

CXO,QCTBa, npo~e,QypaMH rpynnV1pOB8HV151 V1 Blo1,QOM npe,QCT28Il€HV1fl 

p€3YilbT8TOB. 0,QH8KO B nt060M Cily4ae npvtCYTCTBYIOT 3T8nbl lo13M€p€HL-IR 

CXO,QCTBa L-1 rpynntltpOBEH\1171 

V13eecTHbl MeTO.Qbt npocroro. nonHero ,., cpe.QHero CB~3biB2HL-Ifl 

nep€M€HHbiX, BOCXO,QA~ero VJepapxlo14€CKDrO rpynnL-1pOB8Hio171 (OCHOB3HHb1€ Ha 

BB€,Q8HL-1L-1 YilbTpaMeTpvtKlo1) L-1 T. ,Q. MeTOAbl rpynnL-1pOB3HL-171, OCHOB3HHbl€ Ha 

o6y4aiOLUY1X Bbi60pKax, H€ MOfYT lo1COOilb30B2TbCR AJlR 3H8Il\1132 

L-1H¢opMal.IL-1DHHOtli CTPYKTYPbl. raK KaK H2l1Lo14VIe o6y"-!atOll.leLi1 Bbt6opK1o1 

no,Lipa3yMesaer 3H3Hlo18 L-1H¢DpMal.llo10HHOLi1 CTPYKTYPbl. KpoMe roro 

60I1bWVIHCTBO MBTOJ\08 rpynnlo1p083Hiilfl lo1M810T CXO,QHbl€ H€,QOCT8TKL-1, 

Hanplo1Mep, H8IlVII.I"8 LJ,80HOrD JqJQJeKTa lo1 H806XO,QVIMOCTb YCT8HOBI18HL-1fl 

HBKOTOpbiX noporos npolo13BOl1bHbtM o6paaoM lo1 T. A· TaKiilM o6pa30M, 

pa3pa60TK2 M8TOAOB rpynnvtp0B8Hir171 CB050,QHbiX OT nO.Q06HbiX H€AOCT8TKOB 

fi8Ils:t€TC71 2KTY8IlbHOiil 38,Q81.18~. 

8 H8CT05Hl.\8Li1 pa60T8 npB,QilQ)K8H M€X8Hiil3M HOpML-1pyeMOCTir1 H8 

OCHOB€ Bbls:IB118HIIIfl 30H yCTOiii4VIBOrO Q:lyHKU,lo10Hiilp088HIII71 T8XHOI10fVIill 

C¢OPMYl11o1pOB8H M8TOA 8H8IlY138 COOTB8TCTBio1~ AJ171 MOAvt¢VI41o1POB3HHOVI 

MOA8Il[.ll V13M8p€Hif1Lii C YHlo1Q:llo1LJ,L-1pOB8HHbiM npe,QCT88Il€Hiii8M K248CTB8HHbiX 

nepeMeHHbiX 1!1 6€3 orpy6Il8HVIfl pe3yilbT8TOB V13MepeHlo1Li1 KOilVI48CTB8HHbiX 

nepeMeHHbiX. nocTpOeH IIIT8p24LIIOHHbiC1 M8TO,Q ,QLIIH2MVI48CKOrD rpynnL-1p088HVIfl 

nepeMeHHbiX, vtcnOl1b3YIOLl.llo1Vi OOH71H1€ «JT3IlOHHbiX>) T048K, L-1 p88IlVI3YIOLUVIVi 

era KOHCTpyKTlo1BHb!Vt 8Ilf0p1HM, CBs:t38HHbltli C 8H8I1Vl30M COOTB8TCTBYIOL4L-1M 

o6pa3oM nocrpoeHHbiX rpacpoe. 

CrpyKrypa pa60Tbl cneAYIOl11a": B paJAene 2 paccMorpeHbl 

COCT28Il.RIO~V18 )Kio13H8HHOfO l.ILIIK113 lo1 BOnpOCbl H0pM111pyeMOCH1 ¢YHKLJ,VIO

H2IlbHbiX xapaKTepVlCH\K 3BOI11041110HHbiX T8XH0110fHY8CKV1X npOLJ,8CCOB; B 

p33A8Il€ 3.1 06Cy)f{,Qa€TC.R 8H8IlV13 COOTB€TCTBio171 A3HHbiX V1HqJOpM8LJ,LIIOHHOV! 

MOA€11!11: B pa3,Qenax 3.2 Itt 3.3 npeAI10>t<8Hbl YHVI¢1o1u,lo1p083HH371 VI 
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MOAL-1¢1t1WL-1POBaHH2R MO,Q€Illt1 L-13MepeHit1~. Kpl-1T€plo1ii! 00lo1CK3 QJaKTOpHbiX OC€~ 

,D,IlH 2H2IlL-132 COOTB€TCTBLIIVI; B pa3,Q€Il2X 4.1 1t1 4.2 paCCMOTp€Hbl M€TO,Q 

,QV1H2Mlo1Y8CK0f0 rpynnlt1pOB3HVIR nepeMeHHbiX 1t1 lt1T€p3l..IVIOHHbiC'I M€TOA 

rpynnY1poeaHlo1R rpaQ:>os. 

B 33KI11048Hlo1lo1 o6cyll<,l1atOTC" nepcneKH1Bbt nplo1M€H€Hlo1R 

npe,QilO>K€HHOfO nO,QXO,Qa AJlR MO,Q€IlLo1pOBaHvtfl CilO>KHbtX npOU,8CCOB. 

2. >KH3HeHHblM 4MK.n H HOpMHpyeMOCTb ¢fYHK4HOHanbHbiX 

xapaKTepMCTHK CJ10}f{HbiX np04eCCOB 

KaK vtJsecrHO, see JBOl1tOLJ.Y10HHbte npoweccbt npoxoas:~r cne,QyiO~L-Ie 

CT2A"" pa3B"T"" (1, 2]: 

CT3HOBJ18Hlo18 (pa3Blo1Tvte}; 

qJyH Kl..IVIOH L-1p082Hvt8 ( CT861o1Il VI38LJ.lo171); 

3aryxaH1o1e. 

3n1 Jranbl o6be.QVIH8Hbt ycnosHbiM nOH71TL-1eM <OKlo13HeHHbliil 41o1KI1 npo4ecca>). 

C no3lo1LJ,L-1lo1 ~HQlopM841o10HHoro oro6pa)f{8HL-171 rplo1 yKaJaHHbiX Jrana 

cyLUecrseHHO pa3Illo14210TCfl no cneAyta~L-1M npVIaHaKaM: 

Lo1CT04Hlo1KLII IIIH¢OpM84Lo11r1; 

B03MO>KHOCTlo1 06pa50TKLo1 L-1HctJopM8U,lo1lo1; 

OLJ,8HK3 COCT071HY1fl 05beKTa. 

Ha pL-1c. 1 npeACTasneHbl nplo1M€Pbl r~nVIYHbiX )f{VI3H8HHbiX l..llo1KilOB ()KLO 

npot..~eccoe. TaK KaK Kp...,Bbl€ }l{l_\ crpmncfl, KaK npaBii!IlO, L-13 peanbHO 

peWBHHbiX 33A24, H0Cflll.IL-1X l10K2I1bHbl~ xapaKT8p, H31o160Il€8 Tlo101o14HbiM 

71Bilfi€TC71 npm.teCC, npeACT8BI18HHb1Yt rpactJY1KOM (a), rAe yY8CTOK "1-2" 

orpa}l{aer He pa3BV1Tlo1e npou,ecca, a era cosepweHcreoeaHlo1e VI 

KOppeKT"POBK)' AO OOI1Y4€Hlo171 ycrOVi4VIBOfO COCT071Hlo1H. 0AH8KO 

3H24L-1T€IlbHbiC1 npoMe>t<yTOK epeMeHlo1 t1 - T2 
B8CbM3 43CTO C03A88T 

IlO>t<HO€ npeACT88Il8Hio18 0 p0111o1 lo1 M€CT€ 3TOfO npOL,\€CC3 no OTHOW8Hio110 K 

06ll.l8~ T8H,Q8H4111VI pa3Bio1H1s:t. 8 p83YilbT3T8 rep.ReTC.R OCTpora BHVIM2Hio171 K 

H806XO,QIIIMOCTitl ynp8>t<A8Hio1.R CB08Bp8M€HHOrO Bbi71BI18HL-15=1 T04KVI "2", T e 

T04KL<t nepexoaa npou,ecca s pe>K[.IIM aaryxaHL-171. 
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T, I, T, t, r:. 
P .. c. 1. T .. nbl )I(MJHeHHbiX '-'MKnOB. 

npaKTit148CKL-1 BC8fAB B03HVIKB8T CT8HABPTH8fl Cl-1TYBU,L-1fl, KOfAB 

B03Bp8ll.I.8Hl-18 H83ap, K Bblf1Bfl8HL-110 nepBOHB'-lBilbHOro 3TBna >KW "0-1" 

HBXO,IJ,VITCfl BH€ nom~ BH~MBHV1fl M '-l8l..LI8 BCero 386b1TO, 8 nORBI18HIII8 TOYKVI 2 

nocne Afll-1T8nbHOro nepL1DAB 11 - T2 CTB6VInbHoro ¢YHKU,l-10H111posaHVIfl npou,ec-

ca 48CTO 6bi888T HBCTOilbKO H80>KM,l\BHHblM, 4TO npVIBOAL1T K nOfiBil€HL110 

pa3m14HOfO pO,l\8 H8WTBTHbiX ca.nyaU,VIi/1. 3.a,ecb Cil8AY€T OC060 OTM8Tlo'!Tb, 4TO 

H8AOCT8T04H08 BHI--'IMBHI-18 K npOU,8CCBM, nO,IJ,06HblM (a), npVIBOAIIIT K 

npi.-1BI1848HL'IIO ,IJ,OnOilHL'IT8flbHblX cpe.a,CTB, VI ¢opML1pyeT npL'IHU,L1nVIBilbHO 

H€88pH08 OTHOW€HVI€ K JBAB48, BbiABLIIrB51 H8 nepBblilt nnaH ,IJ,OfMBTL-14€CKVI€ 

peweHIIIfl, xapaKTepl-lble TOilbKO Aflfl Y4BCTKa "1-2". npou,ecc 4Bll.l.e acero 

paCCM8Tpl-1888TCfl IlOKBilbHO lt1 BBTOHOMHO, 8 pe>KJ.1M "1-2" CTBHOBJ.1TCs:! 

TOpMOJOM no OTHOW8Hlt110 K paCCMOTpeHL-110 K8)1{,lJ,OrD >KW npouecca KaK 

H838MKHYTO~, nOKBnbHOLiJ Clt1CT8Mbl CO CBOVIMVI J.13M€p9Hlt1HMI-1, Ol..I8HK8MJ.1 J.1 

T8XH0Il0rl-1s:IMI-1 np!-1H51TL-151 peWSHL-1~. 

!113 BblW8CK838HHOrD BbiT8K88T, 4TO 06IlBCTbi-O lo13M8p€HJ.1fl 

¢lYHKL!VIOH8IlbHOCTL-1, K8K OCHOBHOfO CBOLiJCTBB L1HQ:lOpM8L\VIOHHO~ T8XHOilOrL1L-1 

[3), HBflHIOTCH: 

1. Y4aCTKt.1 KpiiiBbtX >KW "0-1"- AJ151 nony48Hio1s:l oraeToe Ha eon poe "4To 
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A€J18Tb?". 

2. YYacrKVI « 1-2" - Af1s:l sonpocoa V1 orseros "L.Jro Aenarb ?" 111 "KaK 

A€Il8Tb?". 

3. YYaCTKVI «1-3>> - Afls::l npou,eccos c Am-nenbHbiM speMeHeM 

nporeKaHLils:\ Ha y4acrKax "1-2", KaK H8VI5onee xapaKTepHbiX npou,eccos 

COB€pW8HCTBOB8HVI~ ill KOppeKTillpOBKVl V1 K8K p83YI1bT8T npOs::!BJ1€HVIfl 

nocraHOBKIA asroHDMHbiX, noKanbHbiX 3a,Qa4.3n1 y4aCTKL!l Kplt1soL:1 >K\113H8HHoro 

U.i11KJ1a npoLJ,ecca ADJl>KHbl 6b1Tb Bbts::~sneHbl npVI paccMorpeHI-11-1 " 
ii\HcpopMaU,VlOHHOM oro6pa)I(8HltU.1 crpyKl)'pbt V1 co~ep>KaHLotfl npou,eccos 

BbiCOKlo1X T€XHOI10n1~ [3]. TaK, Ha nepBOM 3Tane, KOrA8 npOL1,8CC TOilbKO 

"BbiKPVICT8J1Ilii\30Bbi888TCs::!", OCHOBHbiM Lt1CTOYHVIKOM Afl:R lt1Hcf.lOpM8LJ,L-10HHOrQ 

OnL.1C8HLIIs:l s:IBIHHOTCfl 38A8'-IVI, KOTOpb18 0Tp8>K810T 06b8KH1BHbl€ norpe6HOCH1 8 

A8HHbl~ MOM€HT Bp8M8H~ t. no Mepe HBKOnneHII\R OnbiT8 B peW8HVIIt1 38,1J,84, 

xapaKrepHbiX .a,ns:~ A8HHoro npol..\ecca, V~CTOYHIIIKOM ltH·H:popMBU,VIVI AflR era 

OT06pa>K8Hiilfl, Kp0M8 J10K8IlbHblX 38ABY, fiBflfi8TCs:l H8KOnneHHbti1 OnblT [3). 

3TOT OnbiT Tp8HCQ':)OpM111pyeTCs:l B HOpM8Tii!Bbl, nOJBOilfiiOll.l.li\8 Bb1A8m1Tb VI 

OL\8HL-1Tb CT86~IlbHbl8 COCTOfiHVIfl npOLI.8CC8. no):\ HOpM8T\IIB8ML-1 nOHL-1M88TCfl 

KOMn118KC nOBTOpfi!Oll.I.IIIXCfl onep8U,I-1ilt, OTA8IlbHbl8 A8HHbl8, 38AB'-1111 \tl 

KOMnil8KCbl 3BA84, KOTOpb18 AOil>KHbl o6ecne'-li-188Tb q:>yHKLII"'OHIIIpOBBHVI€ 

npou,ecca. 

PaccMorpL-1M >KL-13HeHHbtilt U.L-1KI1 rexHonorL-14ecKoro npou,ecca B BL-1A€ 

38BL-1CL-1MOCH1 ero H8KOTOpOilt OTHOC~T8IlbHOC1 X8p8KT8pt.1CTL-1KL-1 C OT Bp8M8HVI 

¢YHK4"0H•poBaH"H (P"C. 1 ). nep"OA )\{"3H8HHOro 4"1(fl8 ( T ~") 

onpeAeneeTCH An•HO" •Hrepeana [ r.:, r; ], CA8 r I apeMs=t, 

cooraercrayiOll.l.ee Hal.!any }l(lo13HeHHOro l..lt.1Kna, T2" - speMs:l, coorseTCTBYI-Oll..\88 

KOHLIY >Kt.13HeHHOro 4111Kna. CneAOBarenbHO, nept.10A >Kt.13HeHHOro 4111KI1a ecrb 

T _ = r;- r,· 
3BA848 HH¢>0pM84L-10HHOrO OnL"'CBHVIfl 06beKTa xapaKTepH3Y8TCs:! CBQI.1M 

apeMSHHblM lo1HT8pBBilOM [ ~, f2 ], r,Qe ~ - Bp8Mfl, COOTB8TCTBYIOll.\8€ HBYar:y 

peweHVIfl 38.Q84VI VIH¢opMB4HOHHoro on1o1caHL-1s:!, T~ - epeMR, cooraercrayiOll..\88 
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KOHU,y peweH~.R Ja,n,a'-1~ ~Hcf>opMal.I~OHHoro onl-1caHio1R BpeMR peweHV1~ 38A8Yltl 

TPJ I-1H¢opM8U,VIDHHoro onV\caHI-1~, onpe,qen~eMoe Kat< 

TP, = T,- T, 

AOmKHO y,ll,oenersops:~rb c.ne,ny10~eMy orpaHYI48HV110: 

Tp.1 :s;T )l(u., 

Koropoe cne,ll,yer L.-13 HepaseHcre: 

T, <:, T,' ' T, ?. T," 

0TM8H1M, Y.TO ,Q.ns:l p83IU.1"'1Hb1X 06b8KTOB MO>KHO CX8M8Tlt14HO COCT88Ils:!Tb 

pa3ni-1"'1Hble rpa¢V1Kltl C(t), noaroMy Afls:l 1-1x cpaBHVITeilbHOLil 048HKVI 3~a,n~M 

Tpl-1 nma rpac:P~t~KOB (CM. pV1C. 1) 38 ~eT Bbl,ll,8Il8HVI~ Tpex OCHOBHbiX 

VIHT8pB8nOB H8 yCilOBHOI/i Kplo1BOLil, 001o1Cbi8810UJ.8Vi >KL-13H8HHbllli U,lo1Kil 06b€KT8. 

,QaHHbl€ IIIHT8p8811bl, COOTB8TCTBYIOlltlll8 Bbi,Q8Il8HHbiM BbiW€ :nanaM 

>KV13H8HHOrD Ll,lo1KI18, B ,Q8IlbH8~WeM 6y,ll,8M lo1M8HOB8Tb CT8,ll,l-U:IMVI >Kio13H8HHOfO 

U,lt1KI18 06b8KT8, a YIM8HHO: 

CT8,QVI8~ "CT8HOBI18HVIs:!"- lo1HT8p88Il (0, 1), COOTB8TCTBYIOlltV1Lil 3T8ny 

CT8HOBn8HV1Sl; 

CT8,QY18Lil "CT85VI11bHOrD cpyHKLI,V10HV1p088Hio1s:l"- V1HT8p88Il (1 ,2); 

CT8,ll,lll811i "38"fYX8HY1.R"- lo1HT8p88Il (2, 3). 

Tor,ll,a speMeHHafl ocb pa36a.tsaercR Ha rplt11-1Hrepsana: 

II = (T,'' II), I, =(II, t, ), I, = (t,, T,_') 

Tol1KV1 0, 1, 2 1t1 3 Ha Kp1-1BOLil C(t) HaaoeeM xapaKTepHbiMYI T04K8Mltl 

>Kio13H€HH0f0 l.IYIKI18, a COOTB€TCTBYIOLLI,H€ T04Kio1 Bp8M€HHOLil OCltl - nep€XO,ll,Hb1Mlt1 

T04K8Ml-1, KOTOpbl€ RBil.RIOTC51 YCilOBHO HOpM8TYIBHbiMIII. 

Crporo roeopfl, I-1306pa>KeHVI8 npou,ecca cxeMaTYI4HO, aro - m1Wb era 

ycnoBHaR reoMerpY148CKas:~ II'IHTepnpera4111R Ha caMoM ,ll,ene a reopVIV1 ca.tcTeM 

OT06pa>K8HVI8 npOL.-18CC8 ~Bils:!8TCR ,ll,OCT8T0'-1HO CilO:>KHOVi np06I18MOVi [14J. 

Cne,ll,yeT OTM8Tio1Tb, YTO OCHOBH8R U,€1lb no,Q06HOVi reOM8Tp1-11.18CKOVi 

1-1HTepnpeT8U,YI~ COCTOYIT B nOilY48HVIIo1 3H81.48H~Vi nepeXO,QHbiX T0'-18K Ha 

speMeHHOVi oc111. Aanee Heo6xo,ll,YIM aHail~J cso~cre CT8A~~ )!(V13H8HHoro U,VIK.Ila 
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no Tp8M npLt13H8K8M, npltiB€,Q€HHbiM BbiW€, C 003V1l.II-11A \IIH¢OpM8LI,Io10HHOro 

oro5pa)l(eHLt1:tl 

8 cnyyae, Kor,qa nepexOAHble TOYKI.>I y,ll,aerc~ onpe,QeJllo'ITb Ha ocHose 

cpy HKU,L-10H8JlbHOC1: 38Bio1Cio1MOCTI.>I, TO CBOi:1CTB8 <jlyHKU"" Cl! I 

npe.o,nOJlQ)I(ltiT€IlbHO ,ll,Oil>KHbl 5b1Tb Cll€AYKJll...l,ltiM\tl" 

- ,ll,Jl:tl Bp€M8HHOf0 l.>IHT€p88Il8 / 1 XapaKTepHO MOHOTOHH08 B03p8CT8Hlt18 

<jlyHKU"" C(t); 

H8 ltiHTepeane / 2 ¢lyHKU,Vl:tl MOHOTOHHO 803p8CT88T V1 38T€M 

MOHOTOHHO y6bi888T, npV1 3TOM BblnOilHs:I€TC:tl YCilOBL-18: 

1'>.&1 ?. A·L'>.&,. As3 ?. A ·As, 

.'1&, =maxie, (I)- r (1):1, i = 1.2.3 
lf=l, ' 

r.Qe A- nOilO)I(a.tTenbH8fl KOHCT8HTa, A~ \I zl , £
1 
(t) V1 r 1 (t) HOpMaTltiBHOe ~ 

48CTHO€ OTKJ10H€H~R annpDKCYIM8l.llillo1 X8p8KT8plt1CTV1K q:JyHKU,ltlltl, T.e., B8Illo14lt1H8 

OTHOCVIT8IlbHOf0 Y13M€H8HIAR /1&
1

, Q:>yHKLJ,YIIo1 C(t) H8 YIHT€p88Il8X / 1 ~t~f::; nO 

MO.QYiliO OTm1488TCR OT B8JlV14lt1Hbl OTHOCVIT8IlbHOfO lt13M8H8Hltl~ b.c:2 ¢yHKU,ltlltl 

C(l) Ha ""repsane I, Ha KOHcraHry A; 

- H8 YIHT8psane / 3 ¢'YHKL.IYIR MOHOTOHHO y6biB88T. 

no H8Illo14YIIO VI xapaKTepy nDB8,ll,€HJ.1R KpYIBbiX Ha CT8,ll,lt1RX )f{\113H8HHOfO 

LJ,lt1KI18 MO>KHO Bbi.Q8m1Tb Tplll nma KpL-1BbiX, 38.Q810ll\lt1X yCilOBHO xapaKTep 

OOB8.Q€H\-1R >K\113H8HHbiX LI,VIKilOB, "'1TO lt1 V1306pa)f(8HO CX€M8TVI'-1HO H8 pL!IC. 1 C 

yKa38HL-18M xapaKTepHbiX T01.1€K 0, 1, 2 Yl 3 H8 rpa¢L-1K€ (a) 

Halo160ilbWYILiJ YIHTepeC npe.QCTaBmHOT CT8,ll,lt1L-1 "CT8HOBI18Hltl:tl" VI 

"cra6YIIlbHOfO QlyHKU,lt10HL11pOB8Hl.>ls:l", T.e. YIHT8p88Ilbl KpltiBO~ (Q, 1) lo1 (1. 2), 

n03TOMY B ,ll,8IlbH8YIW8M OCHOBH08 BHltiM8Hl-18 6y,ll,8T YA8Il8HO CT8Alti~M 

)l(lt13HeHHOro l.lV1KI18, coorsercreytOLL.IYIM nepBblM ABYM \-1HTepeanaM speMeHI-1 

( r, " I,). 
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3a,Q8YY ~H¢OpM8LUWHHOf0 OmtC8Hio151 np111M8H~T8IlbHO K pa3IH14HbiM 

li1HTepsanaM 6y,.o,eM onpe,IJ,emnb, 1.1cxo,qs=~ 1.13 ,.o,syx npOTI.1BOnonmKHbtX 

KOHL.18nL.U1~, CYTb KOTOpbiX COCTO~T 8 CI18AYIOIJ.l8M: 

- AJlfl Lo'IHT8p88Jl8 (Q, 1) X8p8KT8pHO li1CCJ18~0B8HIII8 B03MO>KHbiX 

OT06pa>K€Hio1C1 38A8Y, T.e. nOHlt1M8HI.18 cyn1 1.1CXO~HbiX 38A8Y; 

- Afi" •Hrepsana (1, 2) ("HTepsana noAAepli<a""" <j:lyHK~•oH•posaH"") 

33A8HH08 1.1HQ:l0pM8LI,Ii10HHO€ OT06pa>K€HI.1€ ¢opM111pyeTCs:! OT 

1.1H¢opM8l.I~OHHOro on~C8H~Hl K yCT8HOBI18HIMO 38KOHOM8pHOCT€C1 B 

KJ18CCVI¢VIK8l.IVIVI 38A8Y. 

061..1..liiiM Afls:l CTa.QVIVI >KL13H€HHOfO l.IVIKJ18 .s:!BJ1s:I€TC.s:l 06fi38T€JlbH08 

npeACT88Jl€HVI€ CpaBHii1MbiX xapaKTeplo1CTI.1K, C nOMOLl.lbiO KOTOpbiX IlVI60 

pewaeTCSl 38,£\848 L1H¢0PM8LI,VIOHH0f0 omtcaHII\51, 11\CXO,lJ,fl 1.13 nepsm1 K0Hl.l8nl.l1.1111 

(Ha L1HTepsane f 1 ), 111.160 OH3 onp8A8I18H3 8TOpo~ KOHLJ,enLJ,VIea:1 (Ha BP€M8HHOM 

V1HT8pB8Il8 f 2 ). 0TM8TVIM 88)f(HbiC1 acneKT, 38KJll04810utL1C1Cfl 8 TOM, 4TO 

pa6oTaR Ha yposHe nepsoro npV16IlVI>K€HVIfl, 1.1Ccneayercs:~ peweHVIe "npLo14VIHa

cne,l\CTBiile", He pacKpb1B8s:l cynt LIIX CBs:l3Li1 Y8p83 Q:lyHKL\1.10H8IlbHbl8 38K0Hbl, 

n03TOMY B03HLIIK88T H806XOAL-1MOCTb onpe,Q8I18HV1fl 803MO>KHbiX o6nacreL1 

o6paaosaHVIR crpytrryp ill speMeHLr1 LIIX cyutecrsosaHV1fl. 

C1o1creMHbl~ aHa!ll-13 no:monHer Haxo,.o,I.-1Tb 3Jl8M8HTbl CVICT8Mbl 111 1.1X 

B38~M00THOW8HV1R 0,QH8KO 803MO>KHOCTVI pa3Ill'lYHbiX CL1CT8MHbiX 

npe,QCT8BI18HLotiil O,QHOfO Lo1 TOro >1<8 06b€KT8 OTKpb18810T nyTb H€ TOilbKO K 

BC8CTOpOHH8My 8H8Ill.13y, HO L-1 K BH8C8HLIIIO npOV13BOI18 8 1.1HTepnpera~YIVI 

o6beKTa. Bc.ne,IJ,CT8He raKoill 1.1HTepnperall,VIVI peaynbraros 1-1ccne,~::~,osaH1.1fl 

H8p€AK0 06beKT, K8K H8KOTOpa.fl 06b8KTI-1BH8fl 48IlOCTHOCTb, 111C48388T 1113 

pacCMOTpeH~fl. L-1 OCT88TCR nt.-'IWb npe,QM8T V1CCJ18,1J,OB8HLr1fl, onp8,Q8!1fi8Mbliil 

ycno8Hf1Mii1 A8HHOC1 aa,AaYI.1. 3ra 48IlOCTHOCTb, yrpaYI.1saeMafl B paMKax 

,A8HHOC1 Cn€4Lii8IlbHOiil 06Il8CTI.1 H8YK~, MO>K8T 6b1Tb BOCCT8H08Il8H8 Ha OCHOB€ 

nepexoAa or CLIICTeMHoro aHan1.13a K Li13YY8HVIIO CTPYKTYPbl, nocKOilbKY 

crpyK"fYpHbla:1 no,QXOA no38o.ns=~er Bbtpa6orarb npV1Hl.IV10bl or6opa Heo6xO,IJ,IIIMbiX 

peweH~~ CP8AVI MHOf006p83Lo'lfl CIIICT8MHbiX p8CCMOTp€Hio1C1. 048BYIAHO, YTO Hli1 

O,QI.1H Yl3 3Tio1X no,D.XOA08 caM no ce6e He 1.1Meer npe1.1MYL1.19CTBa nepe,.o, APYn1MVI: 
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"CTPYKTYP8 H8Mb!Cfl~Ma BHe CIIICT8Mbl, K8K ~ Clo1CT8M8 B CBOe~ 0CHOB8 acer,.o,a 

CTpyKT)IpHa" [15]. 

CrpyKT)Ipy •n• crpyKT)IpHoe o6paJosaH•e o6beKTa onpeAen•M Ha 

OCHOB€ nOHs:!TVIfl OTHOW8H~fl [12}. nycTb IIIM68TCfl C\IICT8M8 H€ 06s:!38T8IlbHO 

p33IH14Hb1X MHQ)I(8CTB, 

A" A2 , ... , A'l 

PaccMOTpVIM ~x AeKapToso npolllaBeAeH~e 

D = A1 ® A2® ... ®A". 

npe,Qn0110>KIIIM, YTO KOpTe>K (al'a2, ... ,an)- :3Il€M6HT MHO>K€CTBa D: 

a,. E A,.,i = 1,2, ... ,n 

y,.o,osnersop.s:~er HeKoTopoMy yc.no8HIO (ap a2 , ... , a,) E F, ror,Aa rosopsn, 4TO 

3I18M8HTbl H8XOAHTCfl 8 OTHOWSHLIILII F: F(al'a2 , ••• ,a"). 

nycTb 38A8Hbl KOH64Hb18 MHO>K8CTB8 El>E2, ... ,EN 1.1 3I18M8HTbl ej E £
1

, 

j = 1,2, ... N H8XO,As=ITCfl 8 OTHOW8HVIYI F, T.e. 3aA8HO F (e1 ,e2 , ... ,eN), Ill ,A8HH08 

OTHOW€H~8 AOnycKaer reoM8TpYI48CKYIO VIHTepnperall,YIIO B Bl-1,£\9 

rpa<j:la G[E.F(E)]. AaHHblii rpaq, 6yAeM H33biB3Tb crpyKT)Ipoii, nopOJi<AeHHoii 

OTHOW€HVI8M Ha ,QeKapTOBOM npOL13B8A8HV!l-1 MHO>K8CT8E = £ 1 0£2 0 ... ® E'i. 

BBe,A8HHble nOHRTio1s=l ecrecrseHHO L1Cnonb30B8Tb Afls:l nocrpoeHLIIfl 

1.1HcPopMal.llo10HHbiX MO,Qeneiil cna6ocrpyKTYpL13osaHHbiX "' CTPYKTYPIIIJOBaHHbtx 

npOl.I8CCOB. 

T aK K3K BbiAeneHbl YY3CTK" KP"BbiX (0, 1) " ( 1, 2) KaK COCT38Hble 43CT" 

OAHoro u.e.noro, ro npe,Qcrasns:aercs=~ uenecoo6paaHbiM nocrpoeHLo1e crpytrryp no 

8,1J,Io1HbiM M8TO,IJ,0110fiii48CKLr1M np1-1HU.~·1n8M C 06fi38T8IlbHbiM Bbtn011H8H1.1€M 

ycnoslt1Sl IUlaCclo1cPVIKaU.Y11.1 nepeMeHHbiX no cocrasy VI co,Qep>KaHVItO 

xapaKTep•CT•K (napaMerpos, noKa3aTeneii " np•JHaKOB). AaHHYIO npo~eAYPY 

Ha3oBeM napaMeTplo1Y8CKVIM HanonHeHV18M. Onpe,QeneHLIIe noHs:tTiilfl crpytrrypbl 

CBOAI.1TCR K yT89p)t(",AeH~IO. 4TO aro cnoco6 opraHL138L\LII~ - B38V1MOC8R31.1 

OT,Q€IlbHbiX 48CT9~ Yl 3.n9M8HTOB. CrpyK'fYpa - OTHOCI.1T8.nbHO YCTOC14VIB08 

8,Q~HCTBO 3I16M8HT08, IIIX OTHOW8Hio1" VI ~8I10CTHOCTYI 06b8KT8, lo1HB8plo18HTH8fl 
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xapaKTep~cn1Ka CV1CT8Mbl. nocne,QHee ceoLiiCTBO xapaKTepHo All:R V1Hrepsana 

(1, 2), noaroMy B03HI-1Kaer Heo6xOAHMOCTb BbiAeneH~t~~ e nonHol1 crpyKfYpe· 

- nOCTO~HHOL7ll.I8Cn1; 

- ycnOBHO-nOCTO:RHHOLil; 

- nepeMeHHO~ 48CTV1 

OTHOCV1T€!lbHO ¢~KCV1pOB8HHOf0 l-1HT€pBana Bp€M8HH /:lt =: f 2 

PaccMoTpV1M noH:RTI-18 "<f>yHKL\VlOHanbHOCTb" npV1M8HV1T8JlbHO K TD"'KaM 

0, 1, 2, 3 (p•c 1). OYeB"IlHO, YTO xapaKTep aas•cMMOCTe<1, oTpa>KaiOL!j"X 

<f>YHKL\Io10H8IlbHOCTb AJl:R Y48CTKOB "0-1'', "1-2" V1 "2-3" H0Clo1T p83!1V14Hbl~ 

xapaKTep. Ecn~o~~ gn~ yl.lacTKa "2-3", r.e. Afl:R npol.leccoa <f>YHKL.III'IOHI!'IposaHI!'I:R 1r1 

38'TYX8HI!'Ifl, xapaKTep cf>YHKL\V10H8IlbHbiX 38BV1CL-1MOCTe~ n03BO!lfi€T o6ecneLIV1Tb 

TO!lbKO p8>KV1M nop,p,ep}I{KV1 38A8HHbiX ¢YHKL\II'IOH8IlbHbiX xapaKTepii'ICTL-1K, TO H8 

yyacrKe "0-1" nepaocreneHHbiM :RBn.ReTc.R Bbi.RBI18HV18 ypoaH.R cra6~o~~nV1Ja4VIVI. 

KOTOpbU'i1 KOHKpent3Lotpyerc.R Ha yyacrKe "1-2". TaKV1M o6pa30M, Ailfl yyacTKDB 

KPL-1BbtX "2-3", r.e. AflR y4aCTKa ¢YHK4V10HanbHO~ noMep)f{KI-1, cao~craa 

¢yHKL\HOH8IlbHOCTI-1 npOHBilfiiOTC.R TOilbKO B BOnpocax VI OTB8T8X «K8K A8I18Tb)), 

3A8Cb ri188HbiMio1 HBil.RIQTC:R npOU.8CCbl peryi1VIp088HV1s:t no HOpM8TV18HbiM VI 

48CTHbiM OTKJ10H8HVIs:tM. 0TB€Tbl H8 BOnpOC «LITO I!'IM8HHO perynHpOB8Tb ?» 

AOmKHbl 6b1Tb nonyl.feHbl Ha paHHio1X CT8,QI-1fiX npou.ecca, T.e. Ha Y'-18CTK8 Kp\1180~ 

"0-1", 1o1 yro'-IH8HL-1e aonpocoa VI oraeroa "Yro ,QenaTb" Ha yYaCTKe "1-2". Ecn~--1 

y'-lacroK "0-1" cn~111r AilH nocrpoeHI-1fl B03MO>KHbiX rpaeKTOp~--1~ pa3Bl-1H1:R VI 

T848HH:R npOL.I€CCOB (CM. rpaQJHKH B, f), TO YY8CTOK "1-2" - AJlfl B03MO>KHOCTV1 

nocraHoBKl-1 aonpocoa ~ nony4eH~:R oraeroa "4ro" H "KaK" a perpocneKTHBe VI 

8H8IlVI38 COCTOfiHVIs:l B AaHHbl~ MOM8HT apeM8H~ VI 8 nepcneKT\-18€ (CM. rpaQ:>\o1Kitl 

a, 6). Ecn• nepcneKTMBa cpopM•pyeTCR KaK "aaT)'XaH"e", TO ponb yYaCTKa "1-2" 

CBOA\o1TCH K KOpp€K4~~ napaMeTpOB ~ C06CTB8HHO npO~ecca pery.n~pOB8HV1fl 

(eM. rpac;tmK a). Ecnl-1 Mbl VIMeeM cnyyali;, KOrAa H81-13B8CTHbl rpaHHLJ.bl yYaCTKOB 

"1-2" V1 "2-3", BblfiCHeH~e "Yro" vt "KaK" npOAOn>Kaercs:~ AD rex nap, noKa He 

6yaer onpe.QeneHa 30Ha nepexo,Qa npol\ecca B 3aryxaiQl!.lvtVI pe>K~M. 

10 

3. MOAIII<I>IIIL.II'IPOBAHHbll1 METOA AHAfl1113A COOTBETCTBIIII1 

3.1, ~HcflopMa~MOHHafl MOAS!lb 

MeTOA 3H3JlV138 COOTB8TCTBVI~ [5-7] npVIM€HH€TCs:l K lt1CXO,QHbiM A8HHbiM. 

npeACT3BI18HHbiM B BLtt,Q€ T86Jl\o1~ conpH)I{€HHOCTVI \.1IlL-1 Ha6mOA€HV1~, L-1 

06€C08LIVIBa€T 803MQ)I{H0CTb O,QHOBp€M8HHOfO npeACT3BJl8Hf.1s:l Ha Q:>aKTOpHOVi 

nnDCKOCH1 (¢n) KaK nep€M8HHbiX, TaK ~ Ha6ntO,Q€HVI~. KaK OTM8Y8Il0Cb p8H€€, 

npo6Il8M8 Bbi60pa nepeM€HHbiX BCTp€L18€TCfl np~ peW€HV1V1 MHOft.'IX 38,Q8LI 

[4,12). np" aTOM npMH~"nbl nocTpoe""" npo~eAYP Bbl6opa nepeMeHHbiX 

onpe,Qens=~torcs:~ anpvmpHbiMH 3HaHvtfiML-1 o pewaeMo~ Ja,Qa4e H xapaKTepoM 

npe,QcraaneHHfl f.1CXOAHOl1 VIH¢opMa~LttLtt. B KoppenHL\LttOHHOM aHailVI3e 

o6pa60TKa npOLttCXO,QIIIT 6e3 npeo6p830B8Hf.1H \IICXO,QHbiX nepeMeHHbiX, a B 

aHaill-138 rnaBHOVi KOMnOH€HTbl (AfK) - C npeo6pa30BaH~€M. npV14€M B 

Lo1H<f>OpMa4V10HHO~ MO,Q€!1\11 (l-1M) ,QOnyCK810TCH C8Mbl€ c.na6bl€ WK8Ilbl npV~ 

MVIHVIM8JlbHOM 4VICJl8 anpt.10pHbiX npe,QnOCbiilOK, T.€., no CYll.\8CTBy, B V1M 

onpe,Q€IlfiiOTCfl Jlf.1Wb OTHOW€HIIIfl 3KBVIB8Il€HTHOCTV1. 

AHailf.13 COOTB€TCTBL-1~ (AC) nD3BOilfi€T O,QH08p€M€HHO npe,QCT8BJls:lTb 

H86Il10A8HII'Is:l VI nepeM€HHbl€ BM8CT€ C CYL..LI8CTBYIOll.\VIMVI M8>t<,Qy H\.1M\o1 CBs:l3fiMIII 

Ill A8€T B03MO)f{HOCTb H8fils:lAHO npe,QCTaBV1Tb OTHOW8HV1s:l 3KBIIIB8Il€HTHOCTVI Ha 

MHo>Kecrse o6beKToB E VI no.ny4L<1Tb co,Qep>KarenbHble BbiBO,Qbl KaK o 

nOilHOT€ V1HclJOpM8L\L<10HHOC1 MO,Q€11VI, TaK VI 0 Blti,Q€ MO,Q€!1VI 0606l!.l€HHbiX 

C8fl38~. 

HenocpeACTBeHHas:l OL18HKa nonHOTbl V1HQ:>opMaUVIOHHO~ MO,QenVI s 

COOTB€TCTBV1V1 C ee ¢opM8IlbHbiM onpe,Q811€HV18M OK83biB8€TCs:l Yp€3Bbi48C1HO 

rpOM03,QKOVI 38,Q8Y€~ 1-13-Ja ee KOM6VIH8TOpHOfO xapaKTepa. no B38L-1MHOMy 

pacnOJlQ)K€HVIIO TO'-I€K-H86Il10A€HVI~ H8 clJaKTOpHOVi nJlOCKOCTVl MQ)I{HQ OOilY"'IIITb 

npVl6!1VI>K8HHYIO OU.8HKY nOilHOTbl, npVIY8M ee MO)I{HO yT04HVITb B p€3YI1bT8T€ 

noCTpO€HVIfl QJaKTOpHbiX nilOCKOCT€~ AflH KOHTpOI1l-1pyeMbiX 1-1 ,QJlfl BbiXOAHbiX 

nepeM8HHbiX, TO eCTb AJ1H Ha6opa C Vl }'. AHafll-13 B38L-1MH0f0 paCnOJl0)1{€HVI~ 

TOLI€K-nepeM€HHbiX Ha Q:>aKTOpHO~ nJlOCKOCTI-1 n03BOils:I€T BblfiBVITb CB~3VI 

M€)t{,Qy nepeM€HHbiMVI. 
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AHan~3 COOTBSTCTB~~ npHH~Hn~anbHO H€ OTfiHY88TC~ OT aHa.n~3a 

ri18BHOV! KOMnOHSHTbl 1-1 MO:>K8T paCCM8Tpi-1B8TbCs:l K8K Y8CTHbiC1 C11YY8~ 

p83110:>K8HI-1s:l KapyHeHa-Jl03Ba, 8 KOTOpOM HCn011b3yeTCs:l z 2 
- M8TpL1Ka· 

d'(i.k)~ f _!_[Y'i _ .V.,J' 
J=l C1 r, r, 

rAe i Lil k - AB8 o5beKTa (LU1Lil npLIIJHaKa), }' 11 , C 1 1-1 r, - o~eHKH COBM8CTHOL1 111 

Maprv!H8J1bHbiX B8pOs:tTHOCT8~ nO OTHOW6H~K> K 06bSKT8M (Lilmt np1-13HaKaM) 

[13]. MeTpLIIK8 T8KOrO nma H€ ~BJ1JI8TCs:l Y8M-TO YICKnK>YLIIT811bHblM, XOTs:l 8 He~ 

(<npHMQi/1}> yron OK83bi88€TC~ OTflL"'~HbiM OT nps:!MOrO yrna C TOYKYI 3p8HL"'.A 

06biYHOill 88KnLIIADBO~ M8Tp111Klll. 

PaCCMOTpLIIM Cfi8AYIQL4111H npLIIMep, KOTOpbii/1 ,Q88T ¢opM8!1bH08 

060CH088HL"'6 BOJMO:lKHOCTLII COBM8CTHOro paCCMOTpSHL"'s:l H861110,Q8HL"'C1 1-1 

nepeM8HHbiX Ha <Pn, HanpHMep, B n.nOCKOCTL"' R 2
, H8KOT0p0~ TOYKH a= (a

1
,Q

2
) 

Ill npOLII3BOnbHOH TOYKM Z = {xn ,y n) Ha npHMOill, 38,Q8HHOC1 OCbiO iJ. Mepa 

6m1JOCT'-'! Me>K,Qy a "" z B coorsercrellllll c X 2 
-MeTpiiiKOH onpeAens:~ercs::~ 

cneAYIOLl1"M o6pa30M (CM. p•c. 1 ): 

p 2 (ii,z)=a,(x, -a,)' +a,(y, -a,)'. 

rAe ai - sec i -oL;1 KODPAIIIH8Tbl, i = 1,2. AnH TOro, 4T06bl nOCTpOLIITb 

~ 

npoeK~l-110 Pa.Ql-1YC-B8KTOpa OA:;:::: a TO~Kiil a Ha ii' Ha npHMOL1 u = (ul ,u2) 

cneAyeT Ha~Tl-1 nOA60pOM nOAXO,QJIUl8rD. 3Ha48Hio1R napaMeTpa k TOYKY 

X= (xn = ku1 ,y, = ku2 ), H8111MeHee y,qaneHHYIO OT T04Kiil a, 

p'(a,z)= a, (ku1 -a, )2 +a, (ku, -a, )2 

Vl3 ycnOBLIIs:J paseHcraa Hynto npoVIJBOAHOVI ~nora Bblpa:>KeHI!IH no napaMerpy 

k. r.e. 

dp =0, 'I dk •=• ' 
' 

aJkx"u1 -a1) u1 +a2 (kx2u2 -aJ u2 =0, 
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cne.QyeT rpe6yeMoe 8blpa)l(eH~e Afls:J napaMeTpa k 8 R 2 ~. aHanorHYHO, a 

R'' 

" 
Lalaru, 

alalul + a2azUz 
k 2 = 2 'I 

~ 
k - ...:::!____ __ _ 

x2 - n 
x alul + a2u2 

y 

A ~a(a1 ,a~) 

c 

x,)xt"' ~·) 

Larur2 
i=l 

/ 
/ £(,,,yJ 

X 

P111c.1 npoe~Hp0B3HLII€ 8 COOTB€TCTBL"'H C X2 
• M8TpliiKOC1. 

~ 

TaKIIIM o6pa30M, KOOp.QHHaTbl npoeKl,\1.11.1 pa,qLIIyc-seKTopa OA TOYKYI a Ha U 

npLil L"'CnODb3083Hiill-1 X2 
- M9Tpio1Kiil paBHbl: 

X 2 =k 2 U1 X X 
L"' y 2 = k 2u2 . 

X X 

3aM9TLIIM, 4TO TOnbKO B cny"--ae O.QHOpO.QHbiX eeCOB a 1 = a 2 3TLII KOOp.QiiiHaTbl 

COBna,Qa~T C KOOp,QI!IHaTaMiil npoeKl,\YIYI nplil LIICnOilb30BaHLIIIil 

88KllliiAOBOVI M9TpL1Kiil: 

II ~ II' II ~ II' II ~ II' II ~ II' II ~ 'I' I' ~ II' OAL =\\DB'' + !iAB I, . ?A x' = 
1
oc[ x' + \A c 1,, 

Ae~cTBYITeilbHO, 
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!lac:;' 
i II,' 

+I;IAci
1
1' 

' I x' 
:::::k 2

1a1u1
1 +a~u~)+a 1 (a,-k "u.,h +a.Ja~ -k _.~,,f c:--

x ~ - - X } -V- X -

II ___,. 12 

=a1aJ
2 -~-a 2 a~ ::::::

1

10A. 
. II ' 7 

KaK yKa3biBanocb BbiWe. AC npep,Ha3Ha4eH p,ns:~ o6pa6orKV1 ,qaHHbiX. 

npeACT8BJ18HHbiX B B\1A8 T86IWIL..I COnps:nt<eHHOCTL-1 (TC) 0TM8'-l8HH85l 

803MO>KHOCTb era npVIM8H8HVIfl HenocpeACTB8HHO (683 np8AB8PL·'IT8IlbHOrQ 

nepexoAa K TC) K ra6m11.-1aM Ha6ntOA8H~R nma «06beKT-np!t13H8t<)} 6a3111pyercs:~ 

Ha npe,aaapL .. nenbHOM npeo6paJoBaHL.U1 11CXOAHblX A8HHblX 11 cooraercreytOl.l...leVI 

MOA8I1Lt1 lo13Mep8H\1VI. na3TOMY u,enecoo6pa3HO nep8Y\1Cfl\.1Tb 0CHOBHbl8 

npeo6pa30B8Hit1fl, CBR3aHHbl8 c H8116onee pacnpocrpaHeHHblMI-1 n-maM\1 

MO,Q\1Q1~K8U,VIVI A8HHblX, C KOTOpblM\1 np~XO,l\L-'ITCfl \1M8Tb ,Q8I10 npl-1 p8W8HV1111 

npaKT\.1Y8CK\1X 38A8'-l. V1MVI >K8, 8 '-18CTHOCTV1, onp8,Q8Ilfi!OTCfl Te 

npeo6p830B8HV1fl \1Ill1 B03MO>KHOCTVI no ctJopMV1pOB8HJ.110 M8CCI.1BOB, KOT0pb18 

Heo6xO.Q\1MO npe,aycMorperb s nporpaMMa.x AC, npe.QH83Ha'-leHHblX ,Qns::~ 

11CnOilb30B8HLilfl Ha 38M. 

C TOYKVI 3peH~fl npL!lM8H\1MOCTit1 AC ra6m14b1 conpfi}I{8HHocn1 

Xapat<Tep1t13YIOTCs::l TpeMR CJ18,QYIOl.l...ll-1M\1 OCHOBHblM\1 CBOV!CTB8MVI: 

O,QHOpO,QHOCTbJO ,Q8HHbiX, Cl4MM8Tp~eL-1 8 Tp8KTOBK8 nep8M8HHblX \1 

Ha6mo,QeHliiVI, a raiOKe l4C4epnb1B810l.l...IVIM npe,QcraeneHl-'leM o6nacreL-1 

B03MO>KHblX 3Ha48HVIVI. 0AHOpO,QHocrb ABHHbiX 03H84aer, 4TO see semNVIHbl, 

npe,QcraeneHHb18 a coorsercrsyiOl.l...lel-1 MaTpl-'lu,e K, l!IMeiOT OAVIHaKOBbllll 

xapaKTep, a cyMMa 3Il8M8HTOB e crpoKe 11n~ cron6u,e crporo nono>Klf1T811bHa. 

CVIMM8Tplt1fl e MareMaT\1Y8CKoVI rpaKTDBKe Ha6opoe I 111 J npliiBDA11T K 1-1x 

8,Q\1H006p83HOL-1 o6pa60TK8, npi1148M CYMM8 3Il8M8HTOB B CTpOKe Vlfl\1 CTOJ1648 

pasHa 8,Q\.1H\1U,e. no CYL1.18CTBY, 3TOL-1 C\1MMeTp11eVI \.1 o6bfiCHs::l8TCR B03MO)f(HQCTb 

O,QHOBP8M8HHOrD npe,QCT8BI18HV1fl H8 ¢laKTOpHOL-1 nflOCKOCTVl H86I110,Q8HV1~ \1 

nepeMeHHb!X. VlcyepnbLBaeMOCTb npe,n,crasneH\1fl o6nacrer;1 B03MO)f(HbiX 

3H848Hl4c; 03Ha4aeT, YTO rpa,ll,aU,\1fiMV1 i E I 11 j E J VlCYepnbiBBIOTCfl see 
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803MO:lKHb18 3H3Y€H\11~ aHam13~pyeMbiX nepeM8HHbiX. 3TO Tp860B3HL-18 

cosnaAaer c rpe6oBaH~t~eM K Y1M npL-1 KnaccL-1cpL-1Kal.IYIIII nepeMeHHbiX. 

TaKYIM o6pa30M, p,ns=~ npVIM8H\IIMOCn1 AC K ra6m1L\aM Ha6ntO.QeHlo'l~ y 

nocneAH~~tx cnep,yer c¢opML1poaarb aHanorW-lHbl€ csoVIcraa. ,[lns:~ nonyY€HYIS1 

3Tit1X caoV!cra y pa3IlVI...,HbiX T11moa MO.QeneVI Lt13MepeHYIVI Moryr norpe6oaarbcs:~ 

npeo6pa3oBaHVI51 cnep,ytOtliVIX ntnoa: nepexoA K YHL-1ct:H1L\YipoaaHHOMy 

npe,qCTaaneHYIIO \II nepexo,q K npep,craaneHit1tO nma ra6m1l..lbl conp~>KeHHOCTII\ 

Bo aropoM cnyyae p,aHHble CHaYana npeo6pa3ytOrcs:~ a OAHopo,D,Hble 

3.2 YHHciWilJ,HpOB3HHa~ MOAenb M3MepeHHH 

,D,nfl ,n,anbHeV!wero lii3JlO)f(eH~R 6onbwoe 3H848H\18 6yaer 11MeTb 

npeo6pa3088HJ.18 MOA8J11-1 &.13MepeH~~. C8fi38HH08 C nepeXO,ll,OM K 

YHI-1¢liiU.MpoeaHHOMy npeacraeneHYI\0 ABHHbiX, noaroMy paccMOTpi-1M era 6onee 

no,n,po6Ho. YHYI¢lii1KaU,I-1s:i npOBOAVITCs:i e ABa srana, 4TO MO>KHO npe,QcraBV1Tb e 

B\1,ll,8 COOTB8TCTBYIOl.l...I8VI nocne.QOB8T8IlbHOCTVI onepat.-~VIV! no MO,Q\1¢L-1K8U,L-1L-1 

VICXO,QHO~ MO,ll,8Il\1 L-13MepeH\1~ (Ml/1): 

Mlf =(EY(K",r,J,.v). 
' . 

Ha nepeoM 3Tane MHO>Kecreo B03MO)f(HblX 3HaYeH\1c; K, Ka>K,QoVI 

KOJlYI48CTB8HHOc; nepeMeHHOiil V pa36VIB88TCfl H8 m, HenepeC8K8f0~\1XCfl 

nO,ll,MHO)K8CTB lf1 npe,ll,CT8BI1fi8TCfl B BV1,ll,8 K =u"'·· K 1'l 
~· p , np1148M nona,QaHYI8 

p=l 

K (l') 
lf13M8p8HL-1fl B p 03H8'-188T 38nVICb p83YilbT8T8 \13M8p8HV1S1 no V 8 B\1,ll,8 

rpaA8L.lMYI K~'·), r.e. BBO,ll,L1TCfl Hoeafl ¢YHKL.lil1fl .v:. : /\ y:. (TJ) = K 1
' 

1
, ecrm 

liEF p 

Y (i)E K 1
d 

I p • a K, 38M8Hfi8TCfl Ha K = fKI•: Kl'"l\ 
d ), I '"" "' , 

B cny4ae 

HeKonw-lecrseHHblX nepeMeHHbiX cooreercreyiOl.l...!Yie K.. VI Y,. ocraiOTCfl 6e3 

L-13M8H8HV1~ 
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Ha BTOpOM ::nane Ka~a:>~ nepeM8HH851 V 3aM8H5=18TC51 COBOKynHOCTbiO 

1113 m,. B8IH1Y~H Zy = {z:1l' . . ,:<' }, npW-18M AJ151 Ka~oil! L-13 HL-1X onpet\8Il5=18TC5=1 

T8K85=1 c:pyHK~L-151 i113MepeH~il! f3;:l- 4TO fJ!~- 1 (1)=/ npL-1 y,(l)EK~,11 
!.1 

J)~ 1 l(l)= 0, s npor~BHOM cny'-lae ., (vEV; p=l, ... ,m,) B peaynbrare s 

K848CTB€ MHO:>K€CTBa B03MO:>KHbiX 3H84€H~~ K8>K,ll,Oil! nepeMeHHOV! '" .. p 

VICnOilb3Y€TC51 MHO>K€CTBO {J~'-"I = j3 ::_ {Q,l}. ECilL-1 Tenepb npoHyMepOB8Tb -, 

H86Il10A€HL-15=1 /(i = /, ... ,n), TO K8>K,O,OV! nepeM8HHOV! 
71\-l -, COOTB€TCTByer 

CTOI16€4 ~3MepeH~L1 brp = (p~;J (/
1 

), i = J , ... ,n ), a nepeMeHHOV! V- M8TPI-1W3 

B._. =(brl•'"'brp''"'brm, )=[bip] ~==~~,_-_ .• ~m,. TaKL-1M o6pa30M, M0A€Ilb L-13MepeHL-1~ 

np"80A"Tc" K Y"""'"4"Po8aHHOMY 8"AY YMitl: 

I \ 
YM11 = \ E,Z = Uz" (!3, = f3,f3, l,z 1. 

\ \'CV I 

' 
EcnL-1 renepb npoHyMeposarb nepeMeHHb18 

!v)l . -) • 
zP 1, J- , .. ,m, m= :Lm. I· TO 

KV ) 

YMV1 MO>KHO conocraBL-1Tb M8TPL-14Y Ha6I110A8HL-1Vi nma «o6beKT-npL13HaK>) BL-1A8 

B = [b,, = f3 (I,)] 1"
1
· · ,m. a nocne nepeHyMepa4"" nepeMeHHbiX v(l = I, ... ,t) 

} 1-l, .. ,1'1 

npeACT8Blo1TbB B 6n04HOM BillA€ [B1 ... B1 ... B1]. 

B CB513lo'\ c paccMorpeHL18M YM\11, ornlo'l'-llo'\TenbHO~ 4epro~ AC 51Bn5lerc51 

CBOV!CTBO T8K H83bi888MOV! pacnpe,qemne.nbHO~ 3KBlo'\B8Il8HTHOCTYI X2 

MeTpYIKYI. Era MO»<HO c¢lopMy.nlo1pOB8Tb CI18,QYIOl.L\lo'IM 06pa30M: 8CI1YI AB8 

CTOI164a M8TpY14b1 _A{ C OA~H8K08b1MV1 "npocpYII151M~". 1\ mlJ. = fn, 
.e/ 

38M8HYITb H8 OAYIH CTOI16e4 C 8€COM, paBHblM CYMM€ B8COB CTO.n6U,OB j 1 VI j:, 

ro pe3ynbrar nposeAeH~51 AC ocraHeTC51 Helo'\JMeHHblM. 3ro ceoL:fcrso 

n03BOil518T L-1368}1(8Tb cy6b8KTI<1BHOCTL-1 npYI Bb160pe T8X ~IlYI lo'\HblX rpa,Q8U,L-1Vi 

AJ151 YHYicpYIL4YIPOBaHHoro npe,qcrasneHII\51 Ka4ecreeHHb1X 1o1 KO.DYI4ecreeHHblX 
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I 

nepeMeHHblX. BMecre c reM nepexo,q or MV1 K YMV1, B pe3yilbTare orpy6neHlo'\5=1 

pe3ynbraroe KOilYI4ecrseHHb1X YIJMepeHYI~ npYI aaMene Y_v Ha y~, npillBO,QlH K 

roMy, 4TO YMV1 oKa3bleaercs:~ He3KBYIBaneHTHa MV1 (Rv =F Rz ), ro ecrb, 

npoL-1cxoAlo'\T norep.5=1 lo'\H¢opMa4~~-'~ aa eyer nepexo,qa K 6onee rpy6oi1 WKane. 

3ro 06111"" H€,QOCT8TOK BC8X M8TO,QOB, HanpasneHHblX Ha o6pa60TKY 

p83HOTL-1nHbiX nepeMeHHblX. V1M8HHO n03TDMY B8CbM8 8KTY8IlbHO~ H8 

C€rDAHRWHV!il! A8Hb 51BI1518TCR npo6neMa pa3pa60TKYI 8IlrDplo1TMOB, 

n0380IlRIOW,L-1X o6pa68Tbi88Tb p83HOpO,QHYIO L-1HcpopM8l.IVIIO C COXp8H8HV!€M 

COOTB8TCTBytaw,eVJ npl-1pO,Qbl K8}\{,QOi1 nepeM8HHOf1. 

KaK 8 cnyYae c TC, TaK " 8 cnyYae c Ta6n"4aM" Ha6nKJAe""" (TH), 

L<lcnonbJOBaHlo'\e anroplo'ITMa AC AilR o6pa6oTKL1 pa3HOTI-1nHbiX ,qaHHbiX npi-1BO,QV1T 

K noTepe "HcjJOpMa~""· np"MeHeH"e AC K TC "n" K YMitl np•80A"T, npe>KAe 

BC8rD, K norepe L-1H¢0pM84L11<1 Af151 KOili-148CTB8HHbiX nepeMeHHblX B peJy!lbT8T8 

38M8Hbl nOCI18,QHV!X HOMYIH8IlbHbiMiil B8IlL-14L-1H8MI-1. 

Mo>KHO noKaJaTb, '-ITO cnpasewmso cne,qyJ011.1ee yrsep)I(AeH~~te: ,qn51 

yHlo'\cpV!u,lo'lpoeaHHbiX A8HHbiX nOYICK cpaKTopHbiX oceVI s aHaflV!Je cooreercreii!VI 

Ha OCHOB8 Onpe,Q8118HYISl H8npaBI18H\11Vi, H8L-1M8H88 YICK8)!(810U.U•1X B38L1MHbl8 

paCCTOs:IHYISl M8>KAY T04K8M\11, 3KBVIB8Il8HT8H onpeA8I18HVHO T8KVlX B8KTOp08, 

KOT0pb18 COCT8Bfls:I\OT ML-1Hlo'\M8IlbHbl8 Yrflbl C no,qnpOCTp8HCTB8MI-1, 

nopo}K,l\aeMbtML-1 rp~aU,L-1fiMV! Ja,qaHHblX nepeMeHHbiX. 3ro yreep>KAeHI-1€ 

06bflCHfl8T nonbiTt<y npe,QCT88Il8HI-11=1 KOili-148CTB8HHbiX nepeM8HHbiX 8 Blo'\A8 

OAHOBpeM8HHbiX noAnpocrpaHCTB npocrpaHCTBa R n 6e3 1-13M8H8HL-151 R v 

3.3 MoAM<I>MLIMPOBaHHall MOAenb M3MepeHM~ 

nycTb 38A8Ha MO,Q8Ilb lo'\3M8p8HL-1Vi M\11: 

Ml1=(E,V{KJJ~v)· 

8 KoropoVI onpeAeneH Ha6op pa3HOTL-1nHbiX nepeMeHHblX v = F v Q, npYI'-l8M 8 

F BXO,QRT K84€CT8€HHb1€ nepeMeHHbl8, a B Q - KOmt48CTB8HHb18 

nepeMeHHble (q E Q). ,Q.nfl nepe'-llo1CneHL-151 3IleMeHros Ha6opos F ~ Q 
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060JH8"--~M MO~HOCT~ 3T~1X MHO)f{8CTB 1 Q = Q VI l F = F (r,qe C~MBOil Q 

0603H8488T MOLl\HOCTb - 4VICI10 :meMSHTOB - MHO>K€CTB8) t='-tv_._'r· 

npeACT8811'1M Tenepb BC€ KOiliiiY8CTB8HHbl8 nep8M8HHbl8 B CTaHA8PTIIIJOBaHHOM 

BVIA€, TO 8CTb BblnOnHYIM Ha,D, CTOI16U,8MIII Kq, COOTB€TCTBYIOL1\V1Mit1 Ka*AO~ 

-· K -iii 
nepeMeHHO~ q E Q, npeo6pa3oBaH!.-1e B!.-1Aa K = ~· ~-q rAe m - n-MepHbl~ 

~ B q 

" 
BSKTOp, ace KOMnOH€HTbl KOToporo paBHbl mq, a m, " 

II(- - f(- - ) B =,r-K-m K -m. 
q Vn q. q q 

M8T9M8TVII.I€CKO€ 0)f{VIA8HVI€ " 
Cp8,D,H8KB8AP8TVI'-lH08 OTK.n0H8HVI9 nepeMeHHO~ q. ,0,pyn1MVI CI1088MVI, 

- I - ~-K; =~PK,. r,!\e P= P, 
B, 

- YI,[J,8MnOT8HTH8H M8Tp1AU,8 pa3M8pHOCTYI n X ll. 

B pe3y.nbrare, s A8HHO~ MV'l coorsercrsytol..4YIM o6pa3oM YI3MeH~ercs::~ Yt~ VI 

Kq. npe,qcras~M renepb ,qaHHble no seeM HSKOillii48CTBSHHbiM nepeMeHHbiM s 

YHVI¢H-1U,YtpoeaHHOM s~-t,qe, '-ITO, KaK 6biilO noKaJaHo BbJWe, npVIBOAVIT K 

o6p830B8HYIIO MHO>KSCTB Z, 

'F 

Z=mz""'Lmt'· 
1'=1 

B, = {0,1) " /3,(1) (z E Z), np•YeM 

8B€f\8M ,qanee 8M8CTO K8>K,QOC1 K0Illii49CTB8HHOL71 nep8M€HHOVJ q 1· ,[1,88 

rr· (!'I 
nepeMeHHble x1 J VI x2 (t" = J, ... ,t Q ). ConoCTaBIIIM 111M cron6U,bl VIJMepeHVIVi, 

(I") (r(l")) 
onpeAem=no~!Ae HOBble ¢YHKU,l·H1 I-13MepeHVIi1 Y.tl x2 . VI coorsercrsytaw,VIe 

I' 
o6nacTVI VI3MeHeHt.1s:J H~ )(p = 1,2), cne,qyiOW,IAM o6pa3oM: 

' 
h1,- 1 =aK +h 

r 1 q1 l " J",UI = -aK +b 
:tl q, 2 ' 
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rge b1 " b, n-MepHbl€ B€KTOpbl 1.-13 KOHCT8HT 61 = b VI h2 =: (1- h) , 

C00TB6TCTB8HHO. npV1'-l8M 0 < h < 1, a a = ,jb(l- b)= v'b_b
2 0603H34VIM 

u·, X 1i X' 
MHO>K€CTBO BC€X nepeMSHHbiX n-ma x1 ' 4€p€3 1 , a Tl-1na X,; - 48p93 ~. 

nycrb )J,anee X-:- XI UX: npVI'-!8M X.:::: mx = 2tQ. 

MO)J,€Ilb 

nepeMeHHbiX 

VI3MepeHL4V. C raKYIM npe,qcrasneHVISM KOniii"-18CTB6HHbiX 

VI c yHVI¢VIu,V~poaaHHbiM npeACTasneHVIeM Ka'-leCTBeHHbiX 

nepeMeHHblX H33bi886TCs:l MO,IJ,lii¢VIU,~pOB3HHOL71 MO,[J,611bl0 V13M€p9HLil~ (MMLtl): 

MMft = (E,Y = Z ''-" X1 u X 1 , (/3, = {0,1},/3, L, {H,r ,lx.x). 

npVIYSM Y = m = mz + m X. COOTBSTCTBYIOLl\8~ CX€Ma npeo6p83083HLilfl 

«P33MHO>K€HVIH)) nepeMeHHbiX npVI nepexo,qe or MV1 K MMV1 noKaJaHa Ha pV1c.2. 

v 
/\ 

{f, ..... f, .... ,f
1 

}=F Q={q, ..... q, .... ,qt} 

~~~~ //d~ 
(l) (1) (l) (i) (t,.l z(tF))X={X(l)xO.l ... x(Ilxt•l, ... ,xfi,x.Jl\ 

Z={z1 , . . ,z"', ,z1 , . • z.1 ,z1 , .. , .,, 1 • J • • 1 • ' ' •

1 

Y= {y, YJ } ' 1 
'm J 

J {1 J m 

P1o1c. 2. CxeMa npeo6pa3oaaHVJs:~ nepeMeHHblX a MMV1 
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B MML-1 Ka>+<.QoMy j E J cooTBeTcTsyeT o5nacTb B03MO)I(HbiX 3Ha4eHI-1!.1 m 

TorAa Ailfl MML-1 coBOKYOHOCTbto cj:lyHKL..II-1~ f3: 1-1 Yx sMecre c Ha6opOM E (~n~ 

MHO>KecrsoM VIHA8KCOB j E J ) onpeAens:JeTCfl MaTpLttl..\a A1 = [ B, H). 3p,ecb B 

- p3H88 onpep,8118HHbl~ 6JlDK MaTpi-'IL\bl, COOTB8TCTBYtO~VI~ K348CTB8HHbiM 

nepeMeHHbiM, H - MarpV1L\3 cocrasneHHafl V13 scex nap eeKTop-cron6wos 

/).!1") = ii'l") ' ,, h-,r~- Ji<l'>(t = 1 t ) 2 - x, . , ... , Q ' "X i -e KOMnOH8HTbl paBHbl 

" 
r I' r r ( ) h

1
\ 1 =Y;

1 
l(i) VI h~1 1 =y_~, I i. TaKLttM o6pa30M, M3TPI-1l.IY M=[B,!l) MO)KHO 

npe,QCT3Bio1Tb 8 BVI,ll,€ 

u = rb- b- h-~~~,-,1,) h-l,,lh-(,Ql] 
Wl ~ 1 ••• mz l 2 "' 1 2 · 

npl-1 8H8I1Ltt3e COOTB€TCTBVI~ MMl-1 38M8Hfl8TCs:l H3 3H8J11.13111pyeMytO AMMV1, 

rorp,a nOLttCK cj:)aKTopHbiX oceCf CBOA\IITCfl K MII'IHVIMLt133l.J,~~ Bblp8)f(8HLttfl 

1 2 2 (I) 2 (2) (!,, 'Q ) 

W = t I'=> cos 'Pr + h (cos ,;r +cos ,;r ) • 

r,Qe (/J( - yron M8)1(,Qy cj:)aKTOpHO~ OCbto jj_ VI nop,npOCTpaHCTBOM rpa,Q3L\VICi 

nepeMeHHO~ J;- , .;?1- yron M8>KAY ii " nepeMeHHO~ 
xu·J 

p ( p ~ 1,2 ), 

nOilYY3toll.I8C"1Cs::l B p€3YilbT8T8 «p83MHO:>K8HVIfl>) nepeM8HHO~ q1 .. 

3a C48T Bbl6opa 

nonyYBTb pa3Ill-14Hble 

nepeM8HHbiX. HanpVIMep, 

Lttcnonb30B8Tb: 

p83I1\.14HbiX 3H34€HI-1lil K03cj:)Q:lLttl.IVI8HT8 b MO>KHO 

npeo5pa30B8HVIfl CTOI16L\OB KOI1Lt148CTB€HHbiX 

B K846CTB8 napbl K03Q>cf>~L\Lo18HTOB MO)f(HO 

[a~~· b~~J; (a~~- b~~J Hn. 

npH 3TOM 
-. ~ 

AJlA Ka)I<Ao~ napbl npeo5paJoBaH"" ak + b " -ak'+(I-E) 

ycnoe~RM YTBep>KAeH~fl 6yAeT yp,oenersops:~Tb " napa ah(l -E) " 
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-. ~ 

- ak + b . 3ro :>t<8 npeo6pa3oeaHl-1e MO)I{HO C,Qenarb 38BLttCflll.ll-1M He or 

O,QHOrO napaMeTpa b (raK K8K a = ~ ), 3 OT ,QBYX K03Q:>Q:l~LJ,Ltt€HTOB a 1 Lt1 

b,; 

- -Ja,(b, -a,) k +(~-~) 
h ~ _!_--'-'--'-";---'-'------"-
' b, 

rAe 
h = ..jal(bl -a~) k" +al 

' h, " 
0 < a 1 I b1 < 1. 

8 cny4ae mo6oVI nepeMeHHOVI q AJlfl nopo>t<:,qaeMbiX e10 nepeMeHHbiX 

VIMeer Mecro paseHcreo R:<-
1 

= R:<
1 

= Rq, ro eCTb npeo6pa30BaHVIfl TH, 

CBs:I38HHbte C nepexo,QOM K MML/1, np~BO,lJ,s::lT K 3KB~BafleHTHO~ Mll1, T8K KBK 

Rr = Rv. 3ro npeo6pa30B8HVI8 aaK.n104aercs:~ a y,QsoeHVIVI KOI1Lo1Y8CTB8HHblX ~ 

B nepeXO,Qe K YHVI<f>~4VIPOB8HHOMY npe,QCT8BI18HVIIO K348CTB8HHbiX 

nepeMeHHbiX. 3aMeT~M, '-ITO B pe3yflbT3T8 npeo5paJOB8HHfl VICXO,QHbllil 

cron5e~ f rpaHc¢OPM"pyercA HeKoropbiM o6pa30M np" npoaeAe""" AC. 

npVIB8,Q8HH08 YTB€p>t<:,q8HLt18 nOJBOI1fl8T ,Q068BVITb K YLo1cny xapaKTepHblX 

npeo6pa3oBaHVIVI VICXO,QHO~ TH VI, cne,QoearenbHO, Mlo-1 111 VIM, elJ.(e O,QHO, 

CBfi38HHOe c nepexo,QoM K MMl<1, '-ITO noJeons:~er o6pa6aTbiB8Tb pa3HOTLttnHble 

nepeM8HHbl8 583 nOT8pb C TOYKVI 3p8HVIs::l COXp8H€HLo1s:l OTHOW8HV1s::l 

3KBI!'IB3I18HTHOCTLtt. npeAflO>K8HHbiVI M8TOA 3BTOp npVIM8Hs:IIl np~ o6pa60TK8 

AaHHbiX ra6n"~ conp~>KeHHocr" " Ha6nooAeHH" [3]. 

4. CIIIHTE3 COCTABA IIIH<l>OPMAI.IIIIIII METOAOM rPYnniiiPOBAHIIIR 
nEPEMEHHbiX 

4.1 MeTOA AKHaMK~ecKoro rpynnKpoeaHKA 

Ha OCHOBe LttCXO,QHbiX ,Q8HHbiX (B BH,Q€ T86.flVI4bl l-13MepeHVIH, YSCTOT VII1VI 

K8'-18CTB€HHbtX 04€HOK) rpe6yeTCs:l crpynnV1pOB8Tb nepeM8HHbl8 B O,QHOpO,QHbl8 

KI13CCbl (C TOYKVI 3peHVIs::l VIX CXO,QCTBa, CXO,QCTBa VIX npocf;lVIJleYI ~JlVI COBna.QSHVIfl 

K3'-l8CTB8HHbiX xapaKTepVICTVIK), npV148M OT.nr.14Hbl8 nepeM8HHbl8 ,QOmKHbl np~ 

3TOM paap,e.ns:ITbCs:l. 3TVI rpynnbt MOryT C00TB8TCTBOB8Tb m"60 pa36VI8HVIIO 

MHO:>K8CTB3 nepeMeHHbiX, .n11160 BJlO>K8HHOVI V18p8pXLt1Ltt. 
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Pa36L48HL48M MHO>Kecrsa E Ha3b1Baerc~ raKoe ceMeVIcreo p(r.') 

Kfl8CCOB, YTO 

'o'A E p(E) => AnB * 0 
VB E p(E) "n" AuB=A=B, 

a B 06b8AI.1H8Hio11.1 nonyYaeTCs:! ece ~CXOAH08 MHO>K8CTBO U A, -= £ . 

VlepapxVIeC:, nOAMHmt<eCTB Lt1J E H83biBaiOT raKOe ceMeVIcreo r.p(E) _ Yro: 

1. Ili060e OAH03Il8M8HTH08 MHO>K8CTBO npLt1H8AI18)KVIT (£); 

2. EE<p(E); 

3. " 'iA E tp(EJ " ~;~s E tp(El """(An s ~ 0) "-'" (<A :::o s) v (B::::>A)} 

V1epapXt.1s:! npe.QCT8BilH8T C060i/l MHO>K8CTBO BilO>K8HHbiX pa361.18HIIIVI. 

MeTOA AI!IHaMW·~ecKoro rpynnL1poeaHl'ls:l nocrpoeH Ha ll!cnonb30BaHVIVI 

noHs:!Hts:! «3T8IlOHHbiX» roYeK L-1 s:!Bilflercs:~ 1.1Tepal...ILt10HHbiM. KparKo cyrb aroro 

M8TOA8 38KfliQY88TCs:l B CJ18,lJ.YIOllt8M: 

• Ha nepeoM ware 3a.QaeM HaYanbHbte l...IBHTpbt rpynnltlpoeaHllls:!; 

• Ha OCHOB8HVIL1 H€KOTOpOro np8BVII18 Bbl.Q€Ils:!8M rpynnbl, 

cf:lopMLt1pyeMbl8 BOK!Jyr K8)1(,QOfO L...18HTp8 rpynnl<lpOB8HLt1fl; 

• AilR K8)K,IJ,OVI T8KOi1 OTA8JlbHOVI rpynnbt no H8KOTOpOMY npaBLt1IlY 

onp8A8Ilfi8M HOBbl8 48HTpb1 rpynnLt1pOB8Hlllfl. npt.1 3TOM .Qils:! onpeA8Il8Hir1s:l 

HOBbiX 48HTpOB rpynnlr1pOB8HV1R H8 0671J8T8IlbHO Lo1CnOilb3088Hir18 np88Lt1J18, 

cosnaA810lJ..Iero c npae111.noM Bbt.QeneHliiR rpynn; 

• np088ps:!8TC71 yCTOVIYLt1BOCTb 1.1T8p841.10HH0f0 npOL.I8CC8, T.e 

npOB8ps:!8TCfl 803MO>t<HOCTb ,QOCHUK8HI.1fl T8KOfO wara, KOrAa pa361.18HV18 Ha 

cneAyiO~eM ware cosnaAaer c pa3611!eHir1eM Ha npeAb1AYW.8M ware. Ecm1 

pe>KlflM npOL...I8CC3 rpynn'-'!pOB8HI.1s:l He s:!Bilfi8TCfl yCTOVIYL-1BblM, TO CI18AY8T 

nepeXOA KO BTOpOMY nyHKry. 1-1HaYe npOL\8CC rpynnlllpOB8Hl-1fl C'-1111T88TCs:! 

38KOHY6HHb1M. 
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nplll pea.m13al...IVIVI TaKOfO M8TOA8 rpynn'-1pOB8HVIfl YA88TCR Lo1368BLt1TbCfl OT 

PflA8 H€AOCT8TKOB, nplllCYL!t~X 50ilbWVIHCTBY 1113 ~3B€CTHbiX M€TOAOB 

rpynnV1pOB8HVIs:l, a VIM8HHO: 

0 

0 

0 

0 

B03MO>KHOCTb nonyYeHl-1s:l €.QiiiHL-1YHbtX rpynn (a A8HHOM cnyYae nOA 

€Al-1HL-1YHO~ rpynnO~ nOHVIM88TCs:l T8K8s:l rpynna, KOTOp8fl COA8P>KVIT 

IllflWb L...18HTp rpynnV1pOB8HL-1s:!); 

OTCYTCTBVI8 l.l8nHOfO acpcpeKTa, TO 8CTb OTCYTCTBiil€ T6HA8Hl.IVI~ 

BKI110Y8H1.1fl B OAHY rpynny ABYX 3IleMeHroe pa36VIeaeMoro 

MHO>K€CTB8, CBs:I38HHbtX l...l€nOYKOi:1 ((6m13KIIIX>> 3Il8M8HTOB; 

B03MO>KHOCTb nOI1y4eHHfl pa36VI8H Vlfl VICXOAHOro MHO>K8CTB8 K8K H8 

HenepeceK8101.1.1VI8Cfl KJ18CCbl, T8K Iii H8 rpynnbl, nepeceY€HVI8 KOTOpbtX 

H8 fiBJls:!8TCfl nyCTbtM; 

OTCYTCTBl18 H806XOAIIIMOCTII1 38A8Hl1s:l npOV13BOilbHbiX noporoe Ail71 

OKOHY8HVIfl np048CC8 rpynnl<lpOB8H1.1H. 

PaccMoTpVIM peam138l...IVIIO M8TOAa rpynnVIpoeaHlfls:!, o61.1.1afl cxeMa 

KOTOporo 6blll8 npl-1B6A8H8 Bb1W8. 8B8A8M Cil8AYIOll.tl18 onp8A8I18HVIfl. 

£- MHO>K8CTBO 06b8KTOB, KOTOpoe H806XOAl1MO pa36LIITb H8 rpynnbL no 

onpeA8I18HLt110 OHO AOil>KHO 6btTb KOH6YHblM. 

SK- MHO}!(ecreo pa3611!eHVIH E Han 4acreVI (n ~ K}. 

K- \.ll1cno rpynn. B A8HHOM cnyYae noA pa36LII8HV18M MHO>Kecrea E 

" 
nOHLt1M88TCs:! COBOt<ynHOCTb nOAMHO>K8CTB £ 1 , 06b8.QiiiH8Hl-18 KOTOpbiX u £, 

ecrb ace MHO>Kecreo E, a nonapHoe nepeceYeHltle He o6fl3arenbHO AOil>KHo 

6b1Tb nyCTbiM. 

L, MHO>Kecreo nocneAOBarenbHocre~ 1113 K a.neMeHroe, 

nplf1H8Afle>Kautl1X L , npl1\.18M HL-1 B OAHOI1 TaKOVI nOCI18AOB8T€IlbHOCTLII H8T XOHl 

6bt ABYX OA111H8KOBbtx aneMeHroe, r. e. 

L, =~=(a, ... ,a.)l a,EEAa,*a,'i•~J!•,J=I~K)~ 

)J.pymMiil CI10B8MH, [ 8CTb MHO>K8CTBO MHO>t<eCTB :nanOHHbiX 3Il8M8HTOB Ails:! 

K rpynn 

23 



V" = LK 0 S K - AeKaproao npm13BeAeH~e LK ~ SK, r.e. 3IleMeHT 

v E VK npeACTaanReT co6oVI ynopRAOYeHHYIO napy aneMeHTOB L E L,._. ~ 

S e: S K . TaKaR napa onpeAens:~ercs:~ MHO)f{ecreoM ~a K aranOHHbiX aneMeHTOB 

~ HeKoropbiM paa6~eHL-18M MHO>Kecrea E, npV!~.!eM, e o6Ll.leM cnyYae. 

3T8IlOHHbl8 3Jl8M8HTbl VI pa36V'I8HLo18 MOryT ~ H8 COOTB8TCTBOB8Tb Apyr Apyry. 8 

A3HHOM Cfly4ae nOA COOTB8TCTBYI8M nOHV!M88TCs:l cpopM~poaaHYIB 

paccMarpV!saeMoro paa61.1eHLo1R L-13 AaHHoro MHO}I{ecrsa aranOHHbiX 3Il8MeHros 

Tenepb MO)f{HO Q>opMaflbHO onpeAen~Tb KPYITBpVIVI pa36VIeHV!R 

MHO>Kecrsa E Ha rpynnbl: 

W:VK ->R+. 

3AeCb Ka>KADMY 3.neMeHry ~a VK (MHO>KeCTay :nanoHHbiX 3.neMeHTOB 1113 E VI 

pa36VI8H~IO S) CT8BHTC:R 8 COOTB8TCTBH8 no onpeA8Il8HHOMY npaBY!IlY 

H6KOTOpOe H80Tp~L.I8T8flbH08 41-1CJ10, T. 8. OU,8HK8 "K846CTBa" pa36VI8Ht.1R 6CTb 

YV1CI10. noc.ne Q>opManbHOrO onpeA8I18HI-1R KpY!T8pYI.A MO>KHO BB8CTII1 nOHRTY!R 

IlOK311bHOro VI rno68llbHOrO OnTY!MyMa (MVIHY!MyMa) . .noK8IlbHbiM OnTHMyMDM Ha 

noAMHo>Kecrse C E VK 6yAeM H83b1Barb raKoYI 3J18MBHT v" E C, AilH 

KOTOpOro BblnOI1Hs:I8TCfl YCI10BY!8 

w(v•) ~ minW(v). 
"' 

ECJWl nOAMHO>K8CTBO C COBnaA88T C MHO>K8CTBOM VK , TO 8CTb C = V K , TO 

B :nOM cnyYae V• 6y,lJ,8T RBJlRTbCR rno6anbHbiM OnTVIMYMOM. 

Tenepb nepe~AeM K ¢opMan"3al1"" npaa"n QJOPM"poaaH"" rpynn "3 

3T8IlDHHbiX 3Il8M8HTOB VI nOilYl.IBHl-151 HOBblX JT8110HHbiX 3J18M8HTOB Y!3 rpynn. 

tJ..ns:t 3TOro BB8A8M CI18AY10Ll.l88 0T06pa>K€HH8 

R:E0NK0Sx--->W, 

KOTopoe 6yA8M l-1CnOilb3088Tb AflR onpeA8J18Hl-1R M€pb1 6nVI30CTV1 M€>K.Qy 

3118M8HT8M~ l-13 £ VI nOAMHO>K8CTBOM, BXOAR~VIM B S,;:. 8 3TOM OT06pa>KeHL-11!1 

.v ~- - MHO>Kecrao HarypanbHbiX '-lVI Ceil or 1 AD K. 
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OnpeABillllM npas111no nonY\..IeHVIR rpynn H3 aranoHHbiX a.neMeHTOB 

CI18AYIO~VIM o6pa30M: 

f: L ---> S K , T e f ( L ) = S .r11e I E L K , S E S K 

npV1 3TOM OT06pa>K€HVII!l pa361118HY!8 S K np8ACT88Jl1=18T C060YI MHQ)K8CTBO 

rpynn (nOAMHO>Kecre) 3118M8HTOB E. Oro6pa>K8HLJ~e f Ka)I(JJ.oMy aneMeHry L 

~3 LK, r. e. MHO>Kecrey l-13 K aranoHHbiX 3IleMeHTOB, craBVIT a coorsercraV~e 

3Il€M8HT S !.13 SA., T. 8. H8KOTOp08 pa36LJI8HV18 MHO>K€CTBa £, npV11.18M 3TO 

OT06pa>K8HVI8 ADI1>KHO 6b1Tb OAH03H31.1HbiM. Heo6XOAVIMO OTM8Tl-1Tb, '-ITO OHO H8 

06R38T8IlbHO 1=1BI1R€TCR OT06pa>K8HH8M Ha BC8 MHO>K€CTBO S K. 

npaB\IIIlO nOilY'-18HittR HOBbiX 3T8JlOHHbiX 3Jl8M8HTOB Vl3 rpynn onpeA8J1HM 

cn8f1YIO~HM o6pa30M: 

g: SK -> LK, T. e. g(S) ~ L, r11e S E SK, L EL,. 

Qro6p8>K8HV18 g K8>KP,OMy 3118M8HTY S 1.13 S K CT8BVIT B COOTB8TCTBVI8 

3I18MBHT L Vl3 LK , npV11.18M 3TO oro6pa>KeHI!le raiOKe AOJl>KHo 6b1Tb 

DAHOaHal.!HbiM. Oro6pameHVIe g n0380Jlfi8T nonyY~ttTb MHO>K8CTBO 

«3TaJlOHHbiX)) TO'-IeK l-13 HeKoroporo paa6V~eHVI.R MHo)f{ecrea E Ha rpynnbl 

MeTDA 111Tepan1BHOYI rpynnt.ipOBKl-1 38KI110YaercR a nonepeMeHHOM 

npl-1M8H8Hl!WI ¢yHKU,VIIi1 f l-1 g' H8l.ll-1H8R c H8KOTOporo r<OJ ELK' L(\J) 

Bbt6Y!paercR IlVI6o cnyl.lali1HbiM o6pa30M, .nV~6o no HeKotopoMy npasvmy. 

ll1repaTl-1BHaR npou,eAypa rpynnV~posaHLo1.R pa6oraeT C118AYIOLl..IVIM 

o6pa30M. Bbi6VIpaerc.s:~ HeKOTOPbiM o6pa3oM LCO) - HaYaJlbHOe (Y!cxoAHOe) 

MHO>K8CTBO 3T8.flOHHbiX 3Il8M8HTOB. l/1cno.nb3yR OT06pa>K8HVI8 j, 00IlYY88M V13 

L'O) pa36"e""e 5 10
) np" 3TOM 510) ~ f(L (0)). 3aTeM "3 pa36He""" S"') 

no.nyYaeM L0
l, T. e. L0 l = g(S(0

l) 111 T. A· TaKIIIM o6pa30M, nocne.QoBaTeJlbHOe 

npV1M8H8HV18 OT06pa>K8HIIILi1 f VI g n03BOJlR8T n011Y'i\IITb nOCileAOB8T8JlbHOCTb 

nap: (L(o), S((l) ), (( L(l) ,s<n ) •... ,( L(~) ,s(~l ) •... ) . B aro"' nocne.QosarenbHOCT\11 
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S"-'::::; .f(L"'); L1 '+~) = g(s(!)). nonyYaeMas:~ nOCI18,QOB8TeflbHOCTb MO>KeT 

lt1M8Tb O,ll,lo1H !.13 ABYX 803MO)I{HbiX Blo1,ll,OB: 

- H8'-H1HaR c HeKOroporo HOMepa n0 , see llfl8Hbl nocneaosaTeJlbHOCTI-'1 

6y,D,yT OA1t1H8K08bl8. TO 8CTb CYI..LI8CTByeT T8K08 nn np~ KOTOpOM Afls:l mo6oro 

,(m) L1n0) s(ml s(n,,, n1 > n
0 

lo1M€8M L :::: 
1 

:::: ~ 3TO 03H8"-l88T, "--TO, H8Y~H8s:l C 

Yfl8H8 nocneaosarenbHocr~ (LI",I, sl•,l), lt1Tepan1BHas:~ npo~eAypa 

rpynn1t1poeaHt.1R He 6y,D,er ,D,aBaTb Hoeoro pa361t1eHit1s:l MHO>Kecrea E Ha rpynnbl 

Cne,D,oearenbHO, Ha n 0 - Ulare pa6ora 111TepaTit1BHO~ npol,le,qypbl 

rpynn1o1posaH~s:~ npeKpaw,aeTcs:~, TO €CTb B :HOM CilY"-188 Mbl t.1M88M 

cxo.Qs:~W.t.1~cs:~ lt1TepaTit1BHbl~ npot..~ecc; 

-He cyw,ecrsyer raKoro n 0 , H8Yit1Has:~ c KOToporo see llfl8Hbl 

nocne,D,osareilbHOCTit1 6YIJ.YT OAt.1HaKOBble, TO ecrb Ails:! mo6oro n0 cyl.l.\eCTsyeT 

T8KOe m > niJ, np\-1 KOTOpOM L(m) i: L(nJ lo1 stm) * s(nol 3ro 03H8'-l88T, "--TO 

H8W IIIT€p8TVI8Hbli1 npOU,8CC He CXO,Qio1TCfl. 

4.2 Ll!repaTII'IBHbiM Mero,q rpynnKpoeaHII'Is:t rpacpoe 

BBe/J,eH\.18 oTo6pa:lKeHVI1ii f 1o1 g onpe,D,ens=~er CTPYKTYPY MHO>KeCTBa 

v .... . MmKHO nocrpolo1Tb rpa¢, s KOTOPOM sepUl~HaM\.1 6YAYT 3IleMeHTbl !.13 VK , 

ro ecrb napbl (L,S). Ase eepwVIHbl (L,S) 1.-t (L1,S,) coe.Qt.1Hs:IIOTcs:~ ,QyroVI, 

ecillll BblnOilH~IOTCfl ycnoe~R: 

L, ~ g(S); S, ~ f(L,). 

8t.1,ll,HO, YTO onpe,D,efleHHbl~ T8KV1M o6pa30M rpacp flBJ15=1€TC5=1 Op1118HTliiPOB8HHbiM. 

Ha s:~3b1Ke rpa¢os ~repaTt.1BHbl~ Mero,q rpynnVlpoeaHI-151 MO>KHO on1-1carb 

cneAYt0U1"M o6pa30M. 8bl6"paeM Ha4anbHYt0 aepw"HY (L!o}, S
1
"
1
). 3aTeM 

nepeXOA"M K APYCOii aepw"He (L1
'
1
, s1'1), KOTopa" C8"3aHa Ayroi< c 
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H8Y8IlbHOLil V1 T ,ll,. T8Klo1M o6pa30M, nepexO,QliiM OT O,O,HO~ B€PWlo1Hbl ([(•). sf•)) 

- (Lr'"'i sk'll -rpacpa K apyrol!'l , · , c Koropot-1 npe,D,blAYI..LiaR eepwt.1Ha css:~JaHa 

,o,yroVI. B cvlfly O.QHOJHa~Hocrl-1 oro6pa}l(eHliiLil f \11 g 1113 Ka>K.Qo~ eepwt.1Hbl 

M0}1(€T BblXO,Qt.1Tb He 6onee O,ll,HOVI ,Qyrlo1. MO)!(eT OK838TbCfl, '-ITO \.13 HeKOTOpO~ 

eepWVIHbl H€T ,Qyr\11 K ,QpyroC1 8€pWlo1H8 rpaQJa. 3TO OJH8488T, YTO ,Q8HH8~ 

aepw!-1Ha lt1Meer nermo, a caM ~~trepaTI-1BHbJC1 npou,ecc flBilRercs:~ cxo,QRW,VIMCs:~. 

Bo3MO>KeH 1!'1 sropoC1 eapl!'laHT, Kor,qa Mbl HliiKOr,Qa He nona,qaeM Ha eepwliiHY c 

nerne~. 3ro 03Ha~aer, YTO Mbl /J,Blii>KeMCfl B rpaQJe no l.llo1KI1Y (nplil"-l€M 

npocToMy, s c"ny OAH03Ha4HOCT" f " g). Ho CTpyKT)Ipy rpacpa onpeAen"eT 

Bbl60p OT06p8}1(6HliiC1 f lo1 g, n03TOMY H806XO,Qio1MO Bbl6lllp8Tb t.1X T8K, '·lT05bl 

OH\.1 npt.1BO.Qt.1IlJ.1 K CXO,ll,s:I~\.1MCs:! VITepantBHbiM npOL...\8CCaM. npe>K,D,€ "-18M 

nepei1r1o1 K paccMorpeHio1to ycilOBIAC1, np111 KOTOPbiX liiTepaTliiBHbl~ npou,ecc 6y,o,eT 

CXO,ll,flW,Io1MCR, noKa>KeM, 4TO ,ll,OCTio'I>KeHIIIe I10K3IlbHOrQ lo1 ri1068IlbHOrO OOTt.1MyMa 

t.1MeeT Mecro IlliiUlb Ails:! nepeoro Cily4aR. 0,QH8KO npaKTio1Ka no{J,reep>K,Qaer era 

BbiCOKYIO 3QJ¢eKTio18HOCTb Ill npLot 1!'1CnOilbJOB8Hr11!'1 BO BTOpOM Cily~ae. 

npe,QnOilO>Kii'IM, 4TO OT06pa>K€Hio1e f Ill g Bb16p8Hbl T8Klo1M o6pa30M, 

"--TO t.1TepaT~BHbiC1 OPOI..l€CC flBilR€TCR CXO,QRW,liiMCR, a nepeXO,Q OT O,ll,HOVI 

sepwlt1Hbl K ,qpyroC1 yilyn-~waer KPHTep1t1~ pa36llleHlllfl. B JTOM Cilyllae rpacp 

npe,qcraem1er co6oV! 11111111 O,ll,HO ,Qepeeo, 1o1m1 cosoKYnHDCTb HeCBfl38HHbiX 

,o,epesbee, a caMa V1TepaTt.1BHafl npot..~e,o,ypa JaKilto"-laercs:~ e cne,Qytow,eM. 

HaYt.1Hafl c HeKoTopoLII Ha"-lanbHOC1 aepU1V1Hbl rpacpa, nocneaosareilbHO 

nepeXO,ll,s:l OT 86pU1V1Hbl K 88pWliiH8, nplii6Illll)!(8eMCfl K KOpHIO ,qepesa, K 

KOTOpOMY OTHOCio1TCfl H8"-l8IlbH8s:l aepwt.1H2. ECillll rpacp npe,QCT8BJ1R€T co6ol1 

OAHO ,qepeeo, TO TaKas:! npOL..\6,Qypa nplt1B6.Q€T K eepUllo1H€, s:!Bil51tOW,eC1c51 KOpHeM 

,o,aHHoro ,qepeea, T. e. ,o,ocr111raeM rno6a.nbHOro onrliiMyMa 

8 TOM CI1Y488, KOr,Qa rpaQ:> npe,QCT8Bflfl€T C060~ COBOK'y'OHOCTb 

HeCBs:I38HHb!X ,qepeBb€8, ,QOCT1r1>K8Hlll6 KOpHfl H8KOTOpOrO ,Qepeea H€ OJH8Y8eT 

roro, ~TO ,qocr1o1rHyr rno6anbHblC1 onrV~MyM. TorJJ,a MO>KHO roeoplo1Tb IlliiWb o 

,QOCTio1:>te8HIAio1 IlOKanbHOrO OnTio1MYM8. Af1R TOrO, YT06bl H8C1Tio1 rno6anbHbl~ 

DnTt.1MyM, H8AO nplo1M€HflTb lo'ITepaniBHYIO npOL!8AYPY ,Qilfl H8XO>t<,Q8Ht.1P. 
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J10K3J1bHOrO OnTVlMyMa H8 O,[I,HOM ,Aepese: 33T€M 8 K3Y€CTB8 HaYanbHOi:1 

sepW!.1Hbl Bbl6parb sepwlt1HY ,Apyroro gepesa 1.1 om:nb nplt1M8Hlt1Tb VITepan1BHYKl 

npo~eAYPY· npoAenas aro c K8>f<Ab1M AepesoM \.1 nony4lt1B 3Ha4eH\.15l 

noKanbHOro onn1MyMa Am:j Ka)l(,ll,oro Aepesa rpacpa, MO)I(HO nonyYVlTb 

rno6anbHbllil onn'IMYM 

PaccMoTp1t1M rpe6oeaHit1fl K Bbl6opy oro6pa>KeH\.1~ f 1t1 g, Koropble 

noJsons=~IOT nonyY8Tb cxo,n,RU1Vllilcs=t y,repan1BHbiC'I npOL...\ecc. Kp111repm":1 I·V 

onpe,[l,ellVIM cne.Qytall\l-1M o6pa3oM: 

K 

w :VK --+ R' : W(v) = w[(L,S)] = IR(a, ,i,S) 
:-1 

BBe,[l,eM nocne,QOEI8T€JlbHOCWI { vn} \.1 { wr.} CJ18AYIOll\VIM o6pa30M. nycTb h 

6y,AeT oro6pa>KeHL-18M VK---+ VK raK\.1M, 4TO 

VK 3v=(L,S)=>h(v)=(g(S),/[g(S)])EVK. 

Cne,lJ,OB8T8IlbHO, nocne,ll,OB8T8JlbHOCTb { v n} onpe,[1,8Jls:I€TCs:l Bbi60pOM 

v
0 

=(L(o), S(o)) L-1 38,ll,8HV'18M np8B'II\Jl8 nepeXO,Q8 OT Vr; K Vn+l, TO 8CTb B 

H8W€M CI1Y488 V n rl = h( V n) . nocne,[I,OB8T8IlbHOCTb { W n} onp8.Q€JU:l8TCs:l V13 

nocneAOBarenbHOCTVl { vn} cne.QytOU-'II'IM o6pa3oM: wr: = JV( v J. Ka>KAbll"iJ YneH 

nOCI18AOB8T8IlbHOCTV1 {w,} s:!Bils:I8TCs:t H80TpV1U8T8JlbHbiM 41ACI10M. 

Y1rep8l...llt10HH8H npOLl8JWP8 6y,aeT CXDARW,81i1CH, ecm1 noCI1€,QOB8T€IlbHOCTb 

{ \1.-'n} CXO,[I,l-1TCR 0TCIOA8 Cfl8.QY€T, YTO H806XO,[I,VIMO ~€Jl8Tb T8K, 4T06bl 

nOCll8,QOB8T8IlbHOCTb { l-1'r.} 6blll8 y6b1B8toll.l8lil, T.€., 4T06bl AllR mo6oro fl 

BblnOJ1HfiJ10Cb H€p888HCTBO 

wn•l :::;w". 

PaccMoTpl-'IM renepb KOHKperHoe 38A8HVI€ oro6pa>KeHVI~ f VI g AJlfl 

peweHIIts:l nOCT8BJ18HHOiil 38A84\I'I, T.€. AJlfl 8H8JlVI38 l-'IH¢0pM8l...IY'IOHHOiil 

crpyKTJ'pbl. B Ka4ecrse Mepbl «6m1JOCTV1>> napbl nepeMeHHbiX npeAflaraercfl 
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lf1CnOJ1b3088Tb napHyto Mepy B38LIIMOCBs:I3LII napHbl~ K03qJcJ:lV1l...IVI8HT 

KOppem~LlLIIVI [4]. B 3TOM cnyYae oro6pa>KeHLI!e npVIHVIMaer cne.QYIOI.1..\lt1C1 BillA: 

S, {x E E I D(x, a,) ?: M }, 

rAe (51,52 ,.,5<) p836VI€Hlt1€ VICXO,QHQrO MH0)1(8CTB8 E Ha 

rpynnbl S, (1,2, ... , K); D(x,a,) Mepa «6llL1130CTVI>) (nDA06V'Ifl) napbl 

nepeMeHHblX X Ill Gi; G, - nepeM8HH8fl, fl8Ilfll0~8f1Cs:l U,8HTpOM i -Oii! 

rpynnbl; .t."'l.f - H8KOTOpOe ¢lt1KCiilpOB8HHO€ 4VICI10. 3a.Q8HH08 T8KVIM 06pa30M 

OT06pa>K8HIIt8 j n03BOJ1fi8T nOJ1}'48Tb rpynnbl, nep8C848Hlt18 KOTOpbiX H€ 

o6s:~3aTeJlbHO AOmKHO 6b1Tb nycTbiM. 

t0IlH Bbls:IB!l8HL-1fl rpynn 838lo'IMOCBR38HHbJX nepeM8HHbiX 1..(8!18C006pa3HO 

OT06pa>K€HLII€ g 33A8B8Tb C VICnOflb3088HJ.18M H8KOTOpOrD K03q:u:l:JVI~lt18HT8 

MHO>KecrseHHO~ saa~~tMOCBf!JIIt R(a1 , i, 5) . 8 Ka4ecrse raKoro Koa¢¢~~tl...lllt8HTa 

MO:>KHO lltCnOllb3088Tb MHO>K8CTB€HHblfti K03¢¢1-1U,IIt8HT KOpp8llfll...llltllt. Era 

npelt1MYI.1..\8CTBO COCTOV1T B TOM, YTO MO>KHO OOilJ"""IItTb ero pacnp8A8I18Hiil8 

(npeA8JlbH08) L-1 OU,8HKVI AOB8pV1T8llbHOro lltHTepea.na, T.e. B8pOfiTHOCTHYIO Mepy 

,[I,OCTOB8pHOCTIIt nonyYeHHoro pe3ynbTaTa. OCHOBH~:u/111 H8,[1,0CTanmM 

lltCnO.nb30B8HLIIs:l MHO>K8CTB8HHOrO K03¢1Q:>V1U,LII8HT8 K0ppem1U,If1LII :RBJlfi8TCfl 

KOpp8KTHOCTb era ~~tcnOJlb3088HL-1fl llVIWb B CJ1yY88 Il\I'IH8~HbiX 38BLIICVIMOCT8~ 

Me~y nepeMBHHbiMVI. 8 TOM cnyyae, KOrAa 38BV1CV1MOCTII'I Me>K,Qy 

nep8M8HHbiMV1 HB!lfiiOTCs:l H8lllltH8~HbiMVI, npeAnaraeTCH lltCnOilb30B8To 

HenapaMeTplt1Y8CKV1Iil K03Q:)(:tJV1l...IVI8HT KOppemll...l!.illl. 

Ecm1 noA R( a/, i, S) LIIMBTb s BLIIAY KoaQ:>¢LIILILIIBHT MHo>KecrseHHOiil 

B38VIMOCBfl311t, TO OT06pa>K8H!.18 MO}f{HQ 38,Q8Tb CJ18AY10Ll.llt1M o6pa30M: 

L={a, EE, i=l,2, ... ,K \ R(a,,i,S)=minR(x,i,S) 
:~:.:::s, 

r,Q€ a1 - HOBble «3TaJlOHHbl8» TOYK~, T.e. HOBble L.18HTpb1 rpynnli'lpOBaHJ.'IH; 

R(x,i,S)- 3H8Y8HLII8 B38YIMOCBs::J3LII nepeMBHHolil x co eceMVI APYrt.1MI-1 

nep8M8HHbiMVI, BXOAs::lll.llltMII'I B i -y10 rpynny pa36LII8Hii'ls:l 5. 
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~CXO,ll,HbiMVI A8HHbiMVI ,ll,Ilfl ,[1,8HHOro anrop~TM8 fiBilf~€TCfl M8Tp~u,a 

napHbiX saa~MOCBfl3e£1 M ={my }(i,j = 1,2, ... ,N) ~ cosm<ynHOCTb 3TanOHHbi:X 

TO"-leK (a
1
(
0J ,ai0J , ... , a~)). 3neM€HT m 11 Marp~U,bl l'vf npeACTasns:teT co6o~ 

Ol_4€HifY M8pbl i ~OV! VI j ~0~ nepeM8HHQII\_ npw-18M, 8CJ1111 ~3B€CTHO, "--TO i -afl VI 

j -afl nepeM8HHbl€ H8XOAs:tTCfl B ¢YHKU,~OH8IlbHO~ CBfi3J.1, TO A8HHbl~ 3Il8M8HT 

MaTpVIU,bl lvf paseH 1. B npOTVIBHOM cny....,ae npVICBaJ.1saeTcfl 3H8"-18H~e. pasHoe 

MOAYiltO OU,8HKYI M8pb1 B38~MOCBfi3J.1, KOT0p8.R Bbl6111p8€TC.R 8 38BJ.1CIIIMOCT~ OT 

X8p8KTepa Ill BVI,ll,3 KB)I(,Q,0\11 ~3 3TIIIX nepeMeHHbiX. 3a «3T8IlOHHbl8» TOYK~. T.e 

38 H8Y8IlbHbl8 l..I€HTpbl rpynn1-1p088HIIIfl, Bb16~p810TCs:t Kp~Tep~8IlbHbl8 

nepeMeHHble. 

CxeMa pa6oTbl anropVITMa ~T8p8TJ.1BHOrO rpynn111posaH~.R 

B38~MOCBs:I38HHbiX nepeM€HHbi:X 38KillOY88TCfl B CI18,ll,Yt0Llt8M: 

a) 6epercfl HaYanbHbiVI u,eHrp rpynn~posaH\.'IH 111 s rpynny, u,eHrpoM 

KOTOpOV! .RBilfi€TCfl 3T8 nepeM8HH8.R, OTHOCfiT BC€ T€ nepeMeHHbl€, 3H8Y€H~e 

M8Pbl B38VIMOCB.R3~ KOTOpbiX C U,8HTpOM rpynn\.1pOB8Hlo15t np88biW81QT 

H€KOTOpb1VI QmKCVIpOB8HHbl~ nopor; 

6) OOCI18A088T8IlbHO paCCM8Tplii8810TCs:l BC€ nep€M€HHbl8, BKil!OY8HHbl€ 

8 ABHHYIO rpynny, VI OOACY~TbiB88TC.R 3H8Y€HJ.18 K03QJQ:l~U,V18HT8 

MHO>K8CTB8HHOVI 838VIMOCB.R3VI. nplil 3TOM p8CCM8TpVIB88M8.R nepeMeHH8fl 

rpynnbl npVIH\o1M88TCfl 38 38BIIICVIMYIO, 8 BC€ OCT8IlbHbl8 nepeMeHHbl€ rpynnbl 

CYIIIT810TC.R BilVI.RIO~VIMl-1 H8 3fY Bb1A8118HHYIO nepeM€HHyto. TaKVIM o6pa30M, 

nOACYVITbiB88TCJ=t CTOilbKO K03¢¢~U,VI8HTOB MHO>K€CTB€HHOVI B38VIMOCBS13VI, 

CKOilbKO nepeM8HHbiX BXOART B rpynny; 

B) 38 HOBbl£1 LJ,8HTp rpynnVIp088H~S1 Bbi6VIp88TCS1 T8K8fl nepeMeHH85=1 

rpynnbl, ,Qfls:l KOTOpOC'i COOTB8TCTBYI0~88 3H8Y8HVI€ K03Q:lQ:l~l...\VI8HT8 

MHOW:€CT88HHOJ1 838VIMOCBS13VI M8KCVIM8JlbHO; 

r) HOBbl£1 1..18HTp rpynnV1p088HVIR cpaBHVIB88TC51 C npe,Qbi.QYLltVIM l...\8HTpOM 

¢opMV1pyeMo,;; rpynnbl. Ecn~ OHVI cosna,QatOT, ro cpopM~poeaHVIe rpynnbl no 

.Q8HHOMY H848IlbHOMY Lt8HTpy 38K8HYVIB88TC51. 8 npowtBHOM CilyYae 

nepeXOA"M K nyHKT'{ 6); 

A) nposeps:~ercfl, ace IlVI H8'-18IlbHbl€ l...\eHTpbl rpynnV1pOB8HVIA 

p8CCMOTp8Hb1. EcnVI H€T, TO Bb16ltlp8€TC51 OY€p8.QHOVI H8'-18IlbHbl,;; U,8HTp 

30 

rpynn~posaHltls:t VI nepexo,a.s:tr K nyHKTY a). 8 npoTltiBHOM cnyYae npoue.Qypa 

rpynn~pOB8HVIS1 C"-lltiT88TCs:l 38KOH"-l€HHOYI; 

e) €CI1~ 8 K8Y8CTB8 K03cpQ:lJ.1l..4VI€HT8 MHO>K€CTB8HHOCi B38VIMOCBs:t3V1 

VlCOOJlb3088JlCS1 He MHO>K€CTB8HHbiVi K03Q:IQ:IltiU,V18HT KOppeflfiLJ,VIVI TO .J4Ils:t 

K8)f(,QOill rpynnbl OTHOCVIT€JlbHO ee LJ,€HTpa rpynnl-1pOB8H~fl OO,QC4VITbiB8€TC51 

MHOW:€CTB8HHblYI K03Q:l¢VIUVI€HT KOpp8IlS1l...I~YI. 

Ha K8)1{AOM ware VITepau,~OHHOfO npou,ecca H8 0€"-18Tb BbiBO,Qs:ITCR 

CJl€.QYIOLltVIe ,Q8HHbl€: 

H8"-18JlbHb1Yil...\8HTp rpynnlllpOB8H~s:l ,QJls:l .Q8HHOL1 rpynnbl; 

cn~COK nepeM€HHbiX, BXO,Qflll.I~X B nony"-leHHYIO rpynny H8 ,Q8HHOM ware 

L!ITepau,~~; 

3H8Y€HVI8 K03ci>¢VILJ,VI€HT8 MHO>K8CTB8HHOL1 B38VIMOCBs:l3J.1 AJlfl HOBOro 

weHrpa rpynnbl; 

VIAeHTJ.1Q:lliiK8TOp nep8M8HHOVI, Bb16p8HHOL1 8 K8Y€CTB€ HOBOrO L(8HTpa 

rpynnbl H8 A8HHOM ware VIT€p8J..tVIL1. 

5. 3aK1110LJeHMe 

MO.QVIQ:IVIU,VIp088HHblei M€TOA 8H8IlV138 COOTB€TCTBVI~ npVIM8HS1€TCS1 npVI 

VICCI1€,QOB8HVIVI npOL...\€CCOB, KOTOpbt€ X8p8KT8p~3YIOTCS1 ,Q8HHbiM~, npe,QCT88-

Il€H~S1MVI B pa3IlVIYHbiX wKanax ~3M8p8HVIS1 (K8Y€CTB€HHbiM~ " 
KOJlVI"-leCTB€HHbiMVI xapaKTepl-1CTVIK8 MVI}, " 003BOI1S18T COBM8CTHO 

o6pa68TblB8Tb K8Y€CTB€HHO-KOI1VIY€CTB8HHYIO V1Hcf:JOpM8L(VIIO 6€3 norepb .Qfls:l 

on~caHVIVI crpytrryp, B38VIMOces:~aeCi. cpopMIIIposaH~fl cpaBHVIMbi:X l.leneVI 1-1 

Ol.leHoK pe3yilbTaros. MeTO,l\ rpynnVIposaHVIR nepeMeHHbiX ceo6o,QeH or 

lti3BeCTHbiX H8,QOCT8TKOB VI nOJl€3€H nplll Q:lopMV1pOB8HIIIVI u,eneCi VI pe3yflbT8TOB 

COKP8Llt€HVIVI 06b8MOB VIHci>OpM84YIIo1. npe,QJ10>1<8HH8S1 MeTO.Q1111<8 00380Jls:l€T H€ 

TOilbKO nOBblC\iiTb K8Y8CTBO MO,Q€Il~p088HVIfl, HO \t1 6onee CTporo 

CTPYKTYPlllposarb npot.tecc, Bbi,Qens:~R o6.nacTVI nepexO.QHbtx rpaHVILI s 

>t<VI3H€HHOM 4VIKI18 npOL.I€CC8 BbiCOKOVI T8XHOI10f\.1VI 

Asrop Bblpa>Kaer L-1CKpeHHtOto 6naroAapHOCTb ~.B.ny3b!HVIHY L-1 

KOI111€KTVIBY HayYHOrO L18HTpa npVIK.Il8.QHbiX VICCI1€,QOB3H~VI no paapa60TKe 

MeTOAOB aHalll-138 AaHHbiX ¢~3111Y8CKIIIX 3Kcnep~MeHros ~ cJ,O>KHbiX 

T8XHOI10r~Y€CKVIX npOL.I8CCOB. 
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CaMOH!lOB B.H. PI 0-99-105 
MeroilM aHarmJa .iJ.aHHhiX cpH3.H1.fCCKHX 3KCnepHMeHTOB H CJIOJKHhiX 
npoueccos 

DpoBe.LieH aHalH3 COCTaB.lHJOWHX JKH1HeHHOfO UHKJJa 3B0.110UHH TCX.HO.~"IOlli-
1.JeCKOfO npouecca. Dpe;J,.HO;:KeHO pcwetme np06JleMbl HOpMHpyeMOCTH - ycTaH0-

1 B.'IeHHC rpaHHU .ueft:CTBllil HOpMaTHBOB, COOTBeTCrByroWHX xapaKTCpy rrpoTeKaHHSI 
npouecca. Pa3pa6oraH MO.JHcllHUHpOB3.HHbiit: MeTO.J. aHai1H13. COOTBeTCTBHH .JJISI HC
c:JC,lOB3.Hllil C.lOJKHbiX MHOrocpaK:ropHbiX npoueCCOB, KOTOpble XapaKTCpH1yroTCSI 
D:aHHhlMH, npe;:xcraBJieHHb!MH B pa3JlliliHblX WKalaX lHMepeHHSI, Kal.JeCTBeHHbiMH H 
KO.rJHlleCTBeHHblMH xapaKrepHCTHK3.MH. npeilllOJKeH HTCpaUHOHHblit: MeTO.J LU1Ha
\<1WieCKOf0 rpymmposaHllil ncpeMeHHbiX .IlJU:I q>opr-.mposaHllil ueneH H pe1yJILTa
ros, 1103BOJISilOlUHii COKpaTHTb 06beM HHcllopMaUHH H He TOJJbKO IIOBblCHTb K3.'-Ie
CTBO :\fOD:e.rmpoBaHHSI, HO H CTpJKTYPHposaTb npouecc. 

Pa6oTa BbiTIOJIHeHa s J1a6oparopHH Bhll.JHC.rmrenhHoH rexHHKH H 
aBroMarH3aUHH H B HayYHOM ueHrpe npHKJia.JHLIX HCCJle..JoBamd.f 011.5Il1. 

npenpmrr Ofue,'l,HHeHHoro liHCTHTyra J~.'l:epHhlX HCCJJel(OHaHHW. Lly6Ha, 1999 

: Samoilov V .N. Pl0-99-105 
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Data Analysis 
Processes 

Methods of Physical Experiments and Complex 

Analysis of components of life cycle of evolution of the technological process 
1s carried out. The solving of the normalization problem- establishing of bound
ary of normative actions corresponding to a character of the processes run is pro
posed. A modified method of the corresponding analysis for study of the complex 
multi-fragment processes, characterized by data base presented in difference mea
sure St"a!e, quality and quantity characteristics. An iteration method of the dynami
cal grouping of the variables for formation aims and results is suggested, reducing 
the information volume and to increase not only the modeling quality and provid
ing process structuring. 
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