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AHHOTauMsi. B craThe paccMOTpEHBI BOMPOCHI OLIEHKH CIIOKHOCTH KPYIHOOIOYHBIX
00JIaYHbIX BBIYUCICHHH C IOBBILICHHON TOYHOCTBIO. [laHHas pa3paboTka HampapieHa Ha
pelieHrue B oOJlake 3ajad MaTeMaTHYeCKOTO MOJCIUPOBAHHUS C OCOOBIMH TpPEOOBAHUSIMHU
TOYHOCTH. B 4acTHOCTH peyb HIET O MOJYYCHHH MPEUU3HOHHO-IO0BEPUTENHFHOTO PEIICHUS
33734 CO CIOKHBIMU CBSI3SIMH MEXIy I03aJa4aMH B BHIC KPYIHBIX OJOKOB U BpEeMEHEM
cuera, 3HAYUTEIBHO TMPEBBILIAONIAM BpeMsl Mepenadyd HHPOPMALUH MEKAY HUMH.
IIpennaraercst METORONIOTUS OLICHKU CIIOXKHOCTH 33a1ad IMOJOOHOTO poJia, UCIIoIb3yeMast JUIs
MOCTPOCHUSI  ONTUMAIBHBIX 110  HPOW3BOIAMTEIBHOCTH  BBIYUCIHMTENBHBIX ~ CHCTEM,
(YHKIMOHHPYIOIIMX B 00JIa4HON cpee.

KunroueBbie ciioBa: KpynmHOOJIOYHBIE MapalIebHbIe BEIYHCICHUS, 00JaYHble BBIYUCICHUS,
MpPENU3NOHHBIC BEYHCIICHNUS, MIPEIN3HOHHO-T0BEPHUTEIFHOE PEIIeHHe 3a/ad, BEIeCTBEHHAS
apu(MeTHKa NOBBIIICHHOH TOYHOCTH.

1. BeedeHue

Pabora HampaBiieHa Ha 00JAYHO-OPHUEHTHPOBAHHOE pEIlIeHHEe OOIIUPHOTO Kiacca
3a/la4, OCHOBAaHHBIX HAa MaTEMAaTHUYECKHX MOJENAX CO CJIO0XXHOM TOIOJIOTHEH:
JIOTIOJTHATENIHO OH  XapakTepu3yeTcss OoJIbIIUM O00BEMOM  BBIYHMCICHHHA C
TUTABAIOIIEH TOYKOW MPH MOBBIIIEHHBIX TPEOOBAHUAX K JOCTOBEPHOCTH PE3yJIbTaTa.
K Takum 3amadaM OTHOCHTCS, HalpUMep, 3ajada IIOMCKa HEMOJHOH CHCTEMBI
COUYETAaHUI MEpONpPUATHH IO PeKpearii BOJOEMOB INPOMBINUIEHHOTO pPErHoHa,
3aj71a4a O MPOEKTHPOBAHUU CHUCTEMBI BO3AYXOOOMEHA B 3aMKHYTBIX OTpPaHMYEHHBIX
o0beMax CJI0KHOH KOH(QUIYpalliM M MHOTHE Jpyrue. 3agadd NOJoOHOTro poja
TpeOYIOT OTBETCTBEHHOTO pEUICHHs, T.K. OT IOJYYEHHBIX Ppe3yJbTaTOB MOTYT
3aBUCETh OOBEMBI KalMTAJIOBIOXKEHHH, O€30IIaCHOCTh JKM3HEAEATEIHLHOCTH,
KaTeropupyemoe kadectBo uzjenuil. IToxoxue 3agaun paccmarpusanuch B 80-¢ B
paboTax, MOCBANIICHHBIX JEKOMIO3HIIUH CIOXKHBIX XHMHKO-TEXHOJIOTHIECKUX CXEM.
@DaKkTHYECKH, BBIMTPHIII 10 BpPEMEHH CYeTa Ha OJHONpOIecCOpHBIX OBM
JIOCTUTANICSA 3a CYeT MOMCKa ONTHMAaJIbHOTO HTepupyemoro mMHoxectBa (OVM),
CHIDKEHHS Pa3MEPHOCTH OOIIeH CHCTeMBl HEJIMHEHHBIX ypaBHEHHH; YHaBaJoCh
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HaTH Takue pas3pe3bl oprpada TEXHOJOTHYECKOW CXEMBI, UYTO CYMMapHOE
KOJIMYECTBO IEPEMEHHBIX, 10 KOTOPHIM OCYLIECTBIISJIICS WTEPALMOHHBIA pacder
MaTeMaTHYECKOW MOJENH, OBIJI0O MUHIMAJIBHBIM (HAIpUMEp, XMMHYECKOTO IeXa ¢
yuciioM anmaparoB nopsaka 100). 3agaya onTUMATBHON AEKOMITO3HUIIMK PEIIAIACh
METOZIOM BETBEH W TpaHWIl, MyTEM YIOPAIOYCHHOrO Iepebopa ayr oprpada,
MpearnoiaraéMbIX K pa3pbiBy, Ha MaTpHlle KOHTYPOB, M BKIIIOUCHUS MEPEMEHHBIX,
cooTBeTcTByIOIKX ayre, B OMM MunumanbHOi MomHocTH. [locie HaxoxaeHus
OUM rnobaibHbIe UTEPAUU MPOU3BOAWINCE MeTooM HetoroHa-Paddcona wim
ero Moau(UKaUsIMI: BMECTO OTPOMHOM CHCTEMBbI HETMHEHHBIX ypaBHeHuit (CHY),
ymaBaxoch cBecTd 3amady k. CHY, BHoxHe mpUrogHoi K OMHOKPATHOMY PEIICHHIO.
B 80-e mommnocteii oreuectBeHHbix EC DBM He xBaTano, 94TOOBI Ha OCHOBE
MaTeMaTUYEeCKOM  MOJAENM  XMMMYECKOTO  LieXa HaXOAWUTh  ONTHUMAaJIbHbIE
TEXHOJIOTMUECKUE MapaMETphl, B TAaKUX CIydyasxX Na)Xe B COKPAIIEHHOM BapUaHTE
CHY peanucs 04eHb MEUIEHHO.

B HacTosmiee Bpems TMOSIBIUIaCh BO3MOXHOCTH pemiaTb B O0Jlake 3amadd
rI00aNbHOW ONTHMH3AalMU HE TOJHKO B JCTCPMHUHHPOBAHHOM CcIydae, HO U B
YCIIOBHAX HEOTPEISICHHOCTH, HEW30e)KHO BO3HUKAIOMIHUX IPH HEJOCTATOYHOU
HaOmromaeMocTi 00BeKTa mccienoBaHus. OObeM BBIYHCICHHN B TaKWX 3ajadax
pe3Ko BO3pacTaeT IO CPaBHEHUIO C JAETCPMUHHPOBAHHBIMU IIOCTAaHOBKaMHM, a
peliieHre HEOOXOIMMO HAXOAUTh B MHOTOMEPHOW 00JacTH C Pa3MEpPHOCTHIO,
MPEBBIIAIONIEH W3HAYAIBHYIO Pa3MEpHOCTh JETEPMUHUpPOBaHHOW 3amaun. Kak
MPaBUJIO, TOJTyYeHHE PEelIeHNe 3aayd ONTUMU3AUH B YCIOBHAX HEOIPEAEICHHOCTH
paHee OrpaHMYMBAIIOCH TEMU PEIKHMMHU CIIydasMH, KOrJa JOCTATOYHO OBLIO
OTHOKPATHOTO peIIeHHs OoOImeil 3a1aud B YCIOBHAX €€ JOKAJIH3aldd J0 OJHOTO
mporiecca WM ammapara. Kpome Toro, pemieHue MomoOHBIX 3a/Jad B YCIOBHUSX
CWJIBHOM  HEJIMHEHHOCTM  OrPAaHMYEHMM  MOJIyYUTh  IYTEM  IOCTPOEHUS
AHATUTHYECKUX BBITYKJIBIX 000JI0YeK MPAKTUICCKH HEBO3MOXKHO, UYTO YBEITHUUBACT
1 0e3 TOTO BBICOKYIO BRIYHCIHTEIBHYIO CIOKHOCTE. ECii, MycTh Jake B YCIOBUSIX
AHATUTHYECKH TOJTYYCHHBIX BBHITYKIBIX 000JIOYEK, TEPEHTH Ha YPOBCHb CHCTEMBI
00BbeKTOB  (IleXa, HAMpUMeEp), HEOOXOAMMOCTh  BBICOKONPOU3BOAUTEIHLHOIO
pacnapajulelMBaHusl OYEeBHJHA, TaK € KaK M TO, YTO OTHENbHBIC 3JIEMEHTHI
BBIYUCIUTEIBHON CUCTEMBI SIBIITIOTCSI KPYITHOOIOYHBIMH.

CnegyeT OTMETUTh, YTO TPU MOBBINIEHUH Pa3MEPHOCTH KPYMHOOJOYHBIX 3aaad
MaTEeMaTHYECKOTO  MOJCTUPOBAHUSA  TepseTCs MpPEACTaBIeHHE O TOYHOCTHU
MOJIy4aeMoro pelIieHus. MOXHO M JOBepATh MOJydeHHOMY pemieHuo? Ecim,
HampuMep, B pacuerax HCIOJIb3yeTCs MHOTOCTAIUHHBICE MaTeMaTHUYECKHE MOJSITH
KHHETUKH XUMUYECKUX PEAKITN OPraHuIeCKOT0 CHHTE3a, CKOPOCTH PEaKIIUi MOTYT
OTIIMYATHCS Ha TOPSJIKH, U cucTeMa MU epeHIINalIbHbIX YPaBHEHHH CTaHOBHTCS
xkecTkoi. K momoOHBIM 3amadam  CBOIATCS TaKKE MAaTEMAaTHYeCKHE MOJICITH
B3PBIBHBIX IIPOLIECCOB, MPOLIECCOB TOPEHUS U 00XKHTA.

IIpakTuka BBIYMCIEHUH B paMKax MAaKETOB YHCIEHHBIX METOJOB Jae€T OCHOBAHUS
noJjlaratb, 4TO Ja)K€ MPU PELIEHUH TECTOBBIX 3a/Jay, CBS3aHHBIX C >KECTKUMHU
CHUCTEMaMH, TOYHOCTH (opMara MPEACTABICHUS YHCEN C IDIaBAIOMICH TOYKON mpH
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16-Ti AeCSTHYHBIX Pa3psiIOB B MaHTUCCE HE XxBaraer. Tpedyercsi MmpuBJICYCHHE
KJIAaCCOB W/WIT QYHKITUH 17151 paboThI ¢ apu(PMETHKON MOBBITIICHHON TOYHOCTH. [Ipn
9TOM BpeMms cueTa (0COOEHHO C yIacTHEeM CTAaHAApPTHBIX MaTeMaTHYECKUX ()yHKIIHN
tuma eXp(X)) pe3ko Bo3pactaeT. PaHee nerko pemraemasi, 3amada qaxe HeOOMbLIOH
Pa3MepHOCTH NPEBPAILAETCS B BEIYUCIUTEIbHYIO TPo0ieMy.

Janmexo He Bcerja yHaeTcs MCIIONB30BaTh Y)K€ CTAaBIIUE TPAJUIIMOHHBIMH METOMBI
pacnapajuieiuBaHus, pa3padoTaHHbBIC IS CTPYKTYPHO MPOCTHIX 3a/1a4 (Hampumep,
psna 3ajad MaTeMaTH4eckod (M3MKH), ¢ BechbMa 3HAYMTENIBHBIM KOJIMYECTBOM
OJTHOTHITHBIX DJIEMEHTOB (KOHEYHBIC 3JIEMEHTHI, KOHeuHble pasHocTH). C apyroii
CTOPOHBI, B CIydae Iepexojia Ha YPOBEHb, KOTJa OTAEIbHBIN anmapar CTaHOBUTCS
JJNIEMEHTOM  CKOJIb-HHOY/b 3HAUUTEIbHOW CHCTEMBI, BO3HHMKACT TCHICHIHS
paccMarpuBaTh CTPYKTYPHO IPOCTOH 3JE€MEHT Kak TPeOYIOMIMI HCIIOJIb30BaHUS
MOIITHOH BBIYMCIUTENIFHOW IDIOMIamky (KacTtepa), TakuM oOpa3oM, CHOBa
BBEIPHUCOBBIBACTCSI KPYITHBIA BBEIYUCIUTCIBHBIA OJIOK, a BCS CHCTEMa B IIEJIOM
CTaHOBUTCS KPYITHOOIOYHOH.

XapakTep OpraHH3alHU{ TapaUICIbHBIX BBIYUCICHHH B HOBBIX YCIIOBHSIX TpeOyerT,
MPeXIe BCEro, HOBBIX TEOPETUYECKHX OOOCHOBAHUH M METOAMK KPYIMHOOIOYHOTO
pacmapajureniBaHus B o0Jake, ¢ y4eToM TpeOOBaHHMU IMONYYCHUS MPEHU3UOHHO-
JIOBEPHUTEIBHOTO PEMICHWS W TPH BO3MOXHOM HAIMYHHA B BBIYHCIUTEIHHOM
CHUCTEME TTI00ANFHBIX UTEPAMOHHBIX ITUKIOB. MOTHBOM CO3IaHUS HOBOW TEOPHH
SIBIIACTCA HeO6X0}II/IMOCTL OLICHKH BBIYUCIIMTEILHOM CJIOKHOCTHU, KaK KpUTCPpUA
MUHUMMU3AIWU: B YCIIOBUAX HEIPOCTHIX TOITOJIOTUM BBIYMCIIEHUH Ba)KHO IpaBUJIbHO
pacnpesenuTh 3aJadd 1o pecypcaM, JOOMBasCh 3HAYUTEIBHOTO COKPALICHUS
00111eT0 BpeMEHH cUeTa.

[Mpennaraemass METOMONOTHS OLEHKH CJIOXXHOCTH BBICOKOIPOU3BOUTEIBHBIX
KPYITHOOJIOUHBIX BBIYMCICHHH HalleJieHa Ha TOCTPOCHHE apXUTEKTYpPhl PEIIeHHS
3aJjauu B 00JIaKe, YbM PECYpChl MCIOJIB3YIOTCS AJISl MPEUU3UOHHO-I0BEPUTEIBHBIX
pemeHHﬁ CJIOKHBIX 3agad MaTreMaThU4€CKOro MOJCIIMPOBaHHA W OITUMU3AIU C
BBILICYKAa3aHHBIMH OCOOEHHOCTSIMH. B OCHOBE 3TOM METOJIOJIOTHHU TPEICTaBICHUE
apXUTEKTYpHl 00JaKa B BHJC B3BEIICHHOTO OPHEHTHPOBAHHOTO Tpada C Iyramm,
OTOXKJECTBISIEMBIMH C YKPYITHEHHBIMHE 3a CUET arperupoBaHus Onokamu. Bec aTmx
YT COTIOCTaBIACTCA C TEOPETUYECKOW CIIOKHOCTBIO UYHUCICHHBIX METOJNOB, T.K.
arperupoBaHHe BCEr0 Ha0Opa BBIYHCIMTENBHBIX MO3a7ad IOJPa3yMeBaeT, UTO
oIuH OJIOK pelraeT OHY THIMYHYIO 33a/a4y BBIYHCIUTENBHOW MareMaTHkH. [Ipu
5TOM B (QOpMYIIy BXOAAT €MIe W TaKhe MapaMeTpsl, Kak pa3Mep MaHTHUCCEHI,
pasMepHOCTh 3amaur, Tpebyemasi TOYHOCTh pelleHns (€Cn B JIOKAIBHOM METOIe
NPHCYTCTBYIOT WTepalonHble nukibl tuma While(...), Hanpumep, urepannoHHbe
metoasl pemenunss CHY). Bepmmubl oprpada OTOXAECTBIAIOTCA IMPH 3TOM C
cepBEpaMu 06HaKa, paszgarouiMu UCXOHBIC JAaHHBIC U WHUIHUUPYIOIMUMHA PACYCTHI
B KJIacTe€pax HWIW OTACIbHBIX KOMIIBIOTEpAX (GCHI/I HCIIOJB3YETCA, HAIpPpUMEpP,
BY30BCKasi KOMIIBIOTEPHAS CETh).

B cratbe ucnonb3yercs TEPMUHOIOTHS M 0003HAYCHHUS, IPUHATHIE B MOHOTpa(uH
[1]. PaGotel BeImONHsIOTCS B coorBeTcTBUM ¢ Ilpoekrom Ne 1346 w3 peecrpa
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TOCYapCTBEHHBIX 3aJaHWH BBICIIAM y4YeOHBIM 3aBEJCHHSM UM  HAYYHBIM
OpTraHU3aIsIM B cepe HayIHOW AEATEIEHOCTH.

2. O6wiemeopemuyecKue NMoJsI0XKeHusl
Cuntaem, 4TO CTPYKTypa 3aJadd HAaM H3BECTHA W3 PE3YNIBTATOB CTPYKTYPHOI

I/I,E[eHTI/IqJI/IKaHI/II/I HCCHCZ[yeMOﬁ CHUCTCMBbI S(O) B COOTBCTCTBUU C LCIIKAMU

HCCJIICAOBAHUA ((baKTI/I’{eCKI/I S(O) — HCXOJHas CHUCTEMa, HaIpuMep, HEX 10

TIPOM3BOJCTBY ALETHIEHA; NPUPOIO-TIPOMBIIIIEHHAS CHCTEMA PErHOHA U JIp.) H
npencTasnser coboit oprpad G :(V(O), D(O),F(O)), rae V© — maGop Bepmmm,

D — mabop ayr, I'” — Becossie xapakTtepuctuxu ayr. IIpu stom n©@ = |\/(0)| -

gncno BepmuH, mM©® :|D(°)| :|F‘°)| — 49uCcHo Ayr oprpada CTPYKTYPHO-CIIOKHOMN

BEIYUCITUTENHHON 3amaun. HeoOxommMmo HaWTH Takoi oprpad oOIavHOM
BeUUCTUTENbHON cucteMbl (OBC) mist pemieHHs WCXOMHOW 3amadd, YTOOBI
HATOr0Basi BEIYMCINTENBHAS CJI0O)KHOCTH ObllIa MUHUMAJIBHOM:

(G* E(V*,D*,l“*))zArg mGine(G(G(o) )) ()
rae 0 — OIeHKAa BBEIYUCIUTENHHON cIOXHOCTH oprpada G :G(G(O)). OyHKIUA

G(G(O)) XapaKTepU3yeT MPOIECC OCYIIECTBICHHUS CTPYKTYPHOW HICHTHU(HUKALIH

Ha 3Tane cuaTe3a OBC.

Kaxnmas w3 nyr wuckomoro oprpapa G  oroxamecTBisier coOoi  pacder,
XapaKTepU3yEeMbIi CIEIYIONINMH BEINIMHAMHU:

1. BoumcnurensHoii cnoxuocteo 0(d, ) ;

2. YuciioM paspsoB B MAHTHCCE NPU OCYIIECTBICHUN apU)METHYECKHX
onepaumii T (d, );

3. YucioM BXOAHBIX MEPEMEHHBIX, KOTOPBIC YYACTBYIOT B OPraHH3aLlHi

HUTCPAMOHHOT'O MIpoLecca, Mnmpu yCjIOBUH, YTO dTa AyTa pa3pbIiBaACTCA
1(d,).

CneayeT 3aMCTHUTh, YTO B HpOCTCﬁIHCM cjiydyac — 0e3 arperanuyuu BBIYMCIICHUH —

apaMeTpU4YHOCTh Y. K=1Lm SBIIETCS (yHKIIHMOHATIOM BUJA

Yo =Yx (6(dk ),T(d.),1(d, )) , B UaCTHOCTH TIPEJIaraeTcs CleLyOIUi BU
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1. B, 21 — napamerp, ompezmenseMblii SKCIEpPTaAMH, W SIBIAIOMIMNHCA MeEpOR
BepU(HUKATUBHON a/J€KBAaTHOCTH MAaTEMaTHYECKOTO OIMCAHMSA W MOIEIHPYEMOTO

o6bexTa ucxoHoit cuctembl S ; Tak, HampuMep, ()eHOMEHOTOrHUECKAsS MOJENb
oOblYHO B Oouibleii Mepe TroToBa K Bepupukanuu (B YacTHOM ciydae K
ueHTU(HUKALUK), HEXKEIN MOJIENb, TOCTPOCHHAS TI0 NPHHIMITY «YEPHOTO SIIIAKA)

¥ OCHOBaHHAs Ha alMPOKCHMAIMH KCIIEPUMEHTAIbHBIX JIAHHBIX; B mapamerp E,,
MOXHO BKIIFOUaTh, HAlIPUMEp, TAKHE IOKA3aTeNt, KaK MOJHOTY ydeTa (aKTOpPOB H
COOTBETCTBUE M3y4aeMOMY SIBICHHIO MaPAMETPOB MAaTEMATUYECKON MOAEIH; TAKHUM
obpasom mapamerp E,, BbpaxkaeT mNpeANOUTUTENBHOCTH MATEMATHYECKOTO

OIMMCAaHUA U, €CJIU OH PaBCH 1, POJb BBIYHUCIIMTEIBHON CIOKHOCTH AyrTu dk B €€

peSyJ’ILTaTHOI‘/II nmapaMeTpuIHOCTU MUHHUMAJIbHA.

2. E; 21 — napamerp, ompenensiomuii pocT NapaMeTpHYHOCTH Y, TIPH

YBCJIMYCHUN KOJIMYECTBA paspsaa0B MAHTHUCCHI; €CTECTBECHHO IPCAIOJI0XKUTL, 4YTO,
€CJIM HalpuMep, Mbl XOTHUM CPAaBHUTh IIapaMETPUYHOCTb ABYX Iy, B OJIHOW U3
KOTOpBIX 4HCIO0 paspsinoB paBHo 100, a B npyrod — 50, mocneansisi Ooiee
MpCANOYTUTCIIbHA [JId UTCPpUPOBAHUSA, C I[pyFOﬁ CTOPOHBI 3HAYUTCIIBHOC BJIUSAHUC
Ha BBIOOp IIyI'M K pa3pbiBy MOXKET ChITPATh KOJIUYECTBO Pa3phIBAEMBIX IIPH 3TOM
KOHTYPOB — YeM OHO Oouibllle, TeM OoJibllie HHQOPMALMOHHASI HArpy3Ka 3TOH JYTH;
HpeayaraeTcsl OICHUBATh NAHHBIM MapaMeTp Kak KOHTYpHOCTh ayrn d, (dmcio
KOHTYpOB oprpaga, B KOTOPBIX y4acTBYeT Ayra);

. 1, 21 — moka3zaresb, XapaKTepU3YIOLUINH YyBCTBUTEILHOCTh BPEMEHH CUeTa K
3.y 21
poCTy 4MCIa pa3psiIoB IPH pacdeTax, CBI3aHHBIX ¢ Ayroil d, ; ompenemsercst Kak
CTENIEHb YYBCTBUTEILHOCTU BEIUYUHBI G(dk) K pocTy TpeOOBaHUIl TOYHOCTH

HOIy9aeMOro JIOKaJIbHOTO penleHus B ayre d, ; HampuMep, ecid IpH pacderax
Iyru ucnonedyerca meron [aycca ams pemenus CIIAY pa3smepHOCTH N, U, B CBOIO
ouepenb, 4YeM OoJblIe pa3sMEpPHOCTH N, TEM Ha NPHHIHUINAILHOM YPOBHE TOYHEE
pacuer d, (Takoro poja 3amadM MOTYT BCTpEYaThCs, HAPHMEp, IPU KOHEUHO-
Pa3HOCTHOM IIOAXOJE K YHCICHHOMY peIIeHnIo AuddepeHInaabHbIX YpaBHEHHN B
YaCTHBIX MPOM3BOAHBIX), TO 1, ~3, T.K. ¢ pocroMm pasmepHoctu CIIAY
BBIYHMCIINTENbHAS  CJIOXKHOCTH ~ JAHHOTO  METOAa  IPOIOPLIMOHANbHA  KyOy
pasmepHoctu CJIAY.
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2.1. OCHOBHble 0603Ha4YeHUsA U TEPMUHDI

Bbynem momarate, 4to oprpap G sBigeTcs pe3yabTaTOM  CTPYKTYpHOM
uaeHTuduKanuu obnauHol BeruncaurensHoi cuctemsl (OBC) S, sBisrorneiics
o0BexTOM wmccaenoBaHus. CTpyKTypa CHCTEMBI CTAallMOHApPHA, TaKHUM 00pa3oM,

mpouece ee BBIBICHUS — CTpyKTypusauus Str(S) — sBmsercss oToGpaxeHHeM,
CTaBSIIIIM B COOTBETCTBHE CHCTEME S B3BeIICHHEIH oprpad G
Str(S): S——G. (3)

OneHka  CI0XKHOCTH 6(8) SIBIISICTC ~ WHTETPAJbHOH  KOJIHUYECTBCHHOU

XapaKTepUCTUKOW oOmei BeruuciurensHOM Harpyskun OBC, mokasatenem,
MO3BOJLIOIIKMM IIPOU3BECTH YIOPSAJOYEHHUE PAa3IMYHbIX IIpe/UlaracMblX H3BHE
crpyktyp OBC u BbIOpaTh BapHaHT, UMCEIOUIMH NPU MPOYUX PABHBIX YCIIOBHSX
MUHHMMANIBHYIO CIOXKHOCTb.

CDyHKIII/IOHI/IpOBaHI/Ie CHCTEMBI S NOAYUHACTCA LCIAM €€ CYHICCTBOBAHUA MU I3TO
BBIPAKACTCA aBTOMOpCI)I/IBMOM, OTpakaro1uM 1ejib BBIYHCIICHUNA

Aim(S): S——S. 4)

Oprpad G — Ta cpena, B pamMkax KoTOpoi pematorcst 3anauu T (G)= (T1 (G)),
COTJIACOBAHHBIE C Aim(S) .

Pemtenue 3amau u3 koprexa T (G) MIPOU3BOIUTCS Ha IIKaJye O(G) 1ocse 3aMeHbI

OLICHOK CJIO?KHOCTH CUCTEMBbI S OLICHKaMH CJIOKHOCTHU oprpa(ba
0(G)=des6(S), (5)

rae «:des(o)» — XapaxkTepu3alys, OIepaH] CleBa SBISETCS XapaKTePUCTUKOU
omepanza crpasa [1].

Oprpad G mpencrasiser coboit koprex G =(V, D,F). B cocraBe xoprexxa G
HaXOASATCSI

-V =(v,,i=1.n) — xoprex BepuuH;

- D:(dk :dES(Vi —>vj),k:1..m;i,je{1,_n},i * j) — KOPTEX JIyT;
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- F:(yk,k =l.my, = dk) — KOPTEX IapaMeTPUYHOCTEN; (HYHKTOD
y(d,) mepeompenensier y, W sBIAeTCS NPOUEAYPHOH MOJENBIO IpolEcca
nmapaMeTpu3alum ayr; v, = d, o3Hayaer «y, COoTBETCTBYeT d, ».

[lanee mo TekcTy B Tpa)MueCKUX WILIFOCTPALUAX U HEKOTOPBIX (hOPMyJIaX BEPIIHHEI

“V.” MOTyT 0003HAYaThCs ANHACAMH (JOTOIHUTCIBHBIMU HMEHAMH) i 7.

Oprpad OBC G umeer crneayromye 0COOCHHOCTH:
1) MapaMeTPUYHOCTH — CYTh BEHIECTBEHHBIC CKAIAPHI, IIPEBBIIIAIOIINC

equHuny: v, >1. Takum 00pa3oM, eJUHMLA BBICTYAeT B POJH TOYKH
oTcuera mapaMmerpuuHocreif. Jlyre d, :des(vi —)Vj) COIOCTaBJIEH BeC

Y, € R, k=1.m, rae R™ — MHOX€ECTBO TOJOKUTENBHBIX JIEHCTBUTEILHBIX

4uCceN C TOYKOM oTcuera 1.
2) OTPaHUYKMMCST PACCMOTpPEHHEM oprpadoB 0e3 HW30JUPOBAHHBIX BEPIIUH H

KpPaTHBIX AYT, U 3TO OIrPpaHUYCHHUC COOTBETCTBYCT BBLIINOJHCHUIO YCJIOBUA

(vai eV Fj=i:(v >V vy, —>vi))/\sz1,k2 :d, =d, . (6)

2.2. AccoumaTuBHbIe NpeacTaBneHnA anemeHToB oprpaca OBC

BaxxHO 3apaHee OroBOpHUTH, KaKH€ CMBICIOBBIE AacCOIMALlMM BO3HUKAIOT B
npeacTaBieHnu CTpykTypbl OBC: uTo MMEHHO accolMupyeTcs ¢ IyraMmu, a 4To — ¢
BepmIMHaMu. B maHHOM ciydyae mpezcTaBiseTcss Haubosiee yIOOHBIM BKJIAIbIBATh
OCHOBHYIO BBIYHCIUTEIBHYIO Harpy3Ky B AYTH, BEpPIIMHBI IIPH 3TOM BBICTYNAIOT B
poNM  CepBEepOB,  OCYIIECTBISIIOLIMX  pachpejaeieHre  MH(OpMannoHHO-
BBIUUCIIUTENbHBIX NOTOKOB. Ha pucyHke 1 mpousutocTprpoBaHa CMBICIOBast OCHOBA
MH()OpPMaMOHHO-BBIYUCIUTEIILHOM HArpy3KH, NPUIMCHIBAEMOM 1yre oprpada.

! Mo onpenenenuto 31oit onepauuu [1] u3 Toro hakra, uto, k mpumepy, a = b He

cuenyer b=a.
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% ¥
A . i i o
\ R Pecremmedt womere A, [ 29 AN ) -

W=

Pucynok 1. Boruuciumenvras nacpyska oyeu opepaga
OTMETHM clieayIolIee:
1) ayra d, ¥MeeT IBa BO3MOXKHBIX COCTOSHHS: OOBIYHOE M pa3phIBacMoe, B
nocyeiHeM HMH(OPMAILMOHHO-BBIYMCINTENbHAS HArpy3Ka COJCPXKUT HE TOJIBKO
pacdeTsl, HO ¥ (pYHKIWUH YIpPaBICHUS HWTCPANMOHHBIM LUKIOM C IOCIEAYIOIIUM
CHTHAJIOM O 3aBEPUICHHOCTH/HE3aBEPIICHHOCTH UTEpanuii;

2) nH(pOpPMaLMOHHO-BBIUNCIUTENbHAS HArPy3Ka IYTH B OOBIYHOM COCTOSHUU

o k). p (K
OIIPEIEIAETCS BHIYUCIUTEILHON CIOAKHOCTBIO PACUETHOrO MOy M, (Z( ):Al )) ,

k o
rae Z() — BEKTOp TMNEPEMCHHBIX COCTOSAHHA, IIOJYyYaeMbId B PEIYJIbTATE

BBIYHCIICHHH, dimz® =0 ALY BEKTOp I1apaMeTpoB, YIPABJISAIOMINX

v B k
0COOEHHOCTSMM BBIYUCJICHUN B pac4eTHOM MOAYJIC, dim A( ) = I’k .

3) pe3yiabTatHas MH(DOPMAIMOHHO-BBIYMCIUTEIbHAS HArpy3ka Jyrd B

X X —_—
YCJIOBUAX pa3pbliBa d k = Yk MOXXET OTJIMYATLCA OT OOBIYHOTO COCTOSIHUS dk = Yy s

k
yeM OoJIbIIe napaMeTpoB BXOJUT B COCTAaB BEKTOPaA A( ) , T.C. YEM 0OJIbIIIE YUCIIO rk

Y TeM BBILIE HArpy3Ka AyTH.
4) BBIOOp AYTH Ul pa3pbiBa M IOCIENyIOmas BCIE] 33 3TUM OpTraHH3aIus
UTEPAlMOHHOTO NHKJAa MPOM3BOAUTCS HAa OCHOBE COBOKYITHOW BBIYHCIUTEIHHOMN

CJIOKHOCTH.
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X
ITox «COBOKYNHOW BBIYUCIUTEIBHOMN CIOKHOCTH IOHMMAETCA Y, = o(?k,yk] , TIe

o — YHKIMOHATBHBI a6CTPAKTOp®.
CymHocTh WH(POPMAIMOHHO-BRYUCIATENIFHOTO IIOTOKA IpencTaBieHa (peimMoM

3HaHUl, B €ro cocraBe NpOLELYpPHbIE MOIEIU Mk(Z(k),A(k)) oy, :o[?k,ykj.

u 70 4 Ak
H(bOpMaL[I/IOHHaH COCTaBJsArOIIAd MPEACTaBJICHA B IOTOKE BEKTOPaAMU nu y
a BBIYUCIINTCIIbHAA — BBIINICHA3BAHHBIMU HpoueﬂyprIMI/I MoAacIIMHU, U, BO3BMOXHO
(ecnm 7yra paspeIBaeTCs) — MPOLELAYPHON MOJENBIO paspbiBa AYTH B BHIE

npenukata W :Wk(A(k), Mk)e {0,1}. 3HaueHue «0» COOTBETCTBYET MPOIOJIKEHUIO

X
urepanuii, a «l» - oxkoHuaHmio nukia. B cimydae, korma Bce Wy =1, k=1.8",

CUMTAaeM, 4YTO BBIYMCIMTEIbHAS HArpy3Ka B CHCTEME paBHa Hymo (31ech P —
obiee yncio paspsiBaembix ayr Beeit OBC B 1enom).

2.3. ConoctaBumocTtb oprpados OBC

CrpykrypHbie cBoiictBa oprpada OBC mpejacTaBieHbl COBOKYIHOCTBIO JIBYX
KopTexel — koprTexxa BepmmH V u koprexa ayr D . Ilapamerpuueckme —
koprexkeM ['. BaXHBIM acmeKToOM OIEHKH CIOXHOCTH SIBISICTCS TOCTPOCHUE
mKansl oprpados, pamkupoBaHue. CTpyKTypHBIE CcBoiicTBa oprpada mpu
PAaHKUPOBAHUM WMEIOT OOJNBIIMIA TPHOPHUTET, HEXEITH MapaMeTPHUYCCKUE.
Heo0xoanMo BBECTH COOTBETCTBYIOIINE ONPEACTICHHS.

Onpeoenenue 1.

B3Bemiennsiit oprpad G comocraBuM 10 CTPYKType C HE B3BEIICHHBIM oprpadom
G, um 310 oOo03Hauaercs G ~G, ecnu B3BemICHHAs MAaTpPUIlA CMEXHOCTH

B3BelleHHOro oprpadga G M Marpuia CMEXHOCTH HE B3BellleHHoro oprpada G
PABHBI ¢ TOYHOCTBIO JI0 3HAKA uncia’

2
B wmonorpadpuu [1] wumeercs cTporoe oOmpejeieHHE 3TOr0  MOHSTHS

MPUMEHHUTEIBHO K KATETOPHH CTPYKTYPHOI CIIOKHOCTH aOCTPAaKTHBIX CHCTEM, HO B
JTAaHHOM ciTydae 00Jjiee YMECTHO BOCIIOJIb30BaThCSl HOBBIMU TEHJICHIIMSAMH PAa3BUTHSA
00BEKTHO-OPUEHTHPOBAHHOTO TI0JIX0/1a B MOJEIIMPOBAHUH — «aOCTPakTop — 3TO
00BEKT KJlacca, HacIeyeMoro oT abCTPaKTHOTO Kilacca KOHTEKCTHBIM 00pa3omy.

¥ B 4acTHOCTH, TaKOil MOJENBIO MOXKET OITh TOT HIIH HHOI HTEPALHOHHbIH METOS
pelleHNs CUCTEM YpaBHEHUI.

* B opmyse (7) u aanee mo TEKCTy HCHONb3yeTcst 0bo3Hauenne G — «B

MIPOTHBHOM CIIy4aey.
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G=con(X)] [x; =des(y, =(i— j)) o N
{chon ()_()}'{xij :des(YH(i - j)=1G0)x; = sign(x, )}' j=ln|={=te) @)

Onpedenenue 2.

B3BenieHHbie oprpaq)m Gl u G2 Ha3bIBAIOTCA UACHTUYHBIMU 110 CTPYKTYPEC, U 3TO

ob6osnavaerca G, ~ G, , ecnu

3G, :G ~G,, 3G, :G, =G,,G, =G, =G, ~G, (8)
B3BeuieHHbie oprpadbl MOTYT HMETh HICHTHYHYIO CTPYKTYpy, 0OpH 3TOM
napaMeTPUIHOCTH MOTYT HAaXOIUTHCS B OTHOILIEHUU TPSIMOA
MPOTIOPIIMOHATBHOCTH.

Onpeoenenue 3.

Oprpadsl G, u G, , uAeHTUYHBIE 10 CTPYKTYpE U UMEIOLIUE CXOACTBO B TOM, UTO
napamerpuyHoctd G, Moryr ObITb MOIydYeHbl M3 HapaMeTpuuHocTedl G,

YMHOKEHHEM Ha KOX(PQHUIIMEHT 0, HA3bIBAIOTCS COMOCTABUMBIMH W 3TO
obozHavaercs G, =G, , eciid BBIIOJIHAETCS YCIOBHE

(Gl =con(X,),G, =con(X, ):{x; =ax,}:i.j=1.ni= j.a >0)=1. 9)

2.4. AKcuomaTMKa WHTerpanbHbIX OLEHOK BbIYUCIUTENIbHOMN
cnoxHoctu OBC (Ha4yanbHbIN 3Tan)

Jus Gopmanmzanuy OICHKH G(G) HEOOXOJUM pSJI aKCHOM CIOXHOCTH. OHH

CIIy’)KaT TEOPETHYECKUM 0a3ucoM BBIBOAA (POPMyIN I KONWYECTBEHHOI OLIEHKH
cioxxaoctr OBC.

Axcuoma 1 (00 olleHKaX CJI0XKHOCTH CONOCTaBUMBIX OprpadoB).

Ecmn G =G, m 1<o<o0, OHM CONOCTABUMBI IO CJIOXHOCTH, HPHYEM, ECIH

cnoxuocts  0(G,) wussectna, Benmumna 0(G,) uponopumonamsna 6(G,), a

HUMCHHO

0(G, v (a)0(G,),v(a): Va>o:v(e) <v(a)<v(a),a>a. (10)

B  dopmyne (10) dysxums L)((x) BBICTYTaeT B pOIH KO3 HUIHEHTa

MPOTIOPIHNOHATBHOCTH, TPHUYEM Ha BEIUYHHY 0 B (DOPMYITHPOBKE AaKCHOMBI

38



Tpynst UCIT PAH, Tom 26, Bbin. 5, 2014 1.

HAKITaIbIBACTCS OrPAHMUCHHUE B BHJE JBOMHOIrO HepaBeHCTBA . B Gosee CIOKHBIX
ciyuasix U(u) SIBIISICTCS TOJIMHOMOM CTEIE€HU, PaBHOW YHMCIy YPOBHEN HepapXuil B

JepeBe pa3phlBOB, a BEIMYMHA 0 — IapaMeTp CTPYKTYpHOH Oudypkauuu
(BenuuMHA, Ybe IUIABHOE YBEIMYEHHE MpPHU ONPEAETICHHOM 3HAU€HUH MOXKET
BBI3BATh PE3KOE YBEIMUCHUE OLIEHKH CIIOKHOCTH).

3. Memod nekcuzpaguyeckoli Hymepauuu CUJIbHO C8S5I3HbIX
opzpaghoe

CJI0’)KHOCTB CHCTEMBI, COCTOSILEH U3 PsiZia MOACUCTEM, HE MEHBILE CJI0XKHOCTH BCEH
CUCTEMBI, B TO K€ BpEMs, BIIOJIHE OUYEBUAHO, OILEHKA CIIOXKHOCTH TOJIBKO TOIZa
KOHCTPYKTHBHA, KOT/Ia 3Ta OOIEH3BECTHAsI aKCHOMA BBITOJIHAETCS C TOYHOCTBIO JI0
3HaKa «PaBEHCTBO» JUIA H30JHMPOBAHHBIX mojacucteM. [loatomy, ¢dopmanmzanus
OLICHOK CJIOXKHOCTH JIOJDKHA OBITh COIJIacOBaHa IO CIoco0y NPHUMEHEHUs ¢
HEJIEIMMOCTBIO CUCTEMBI Ha IOJICHCTEMBI, T.€. oprpad CHCTEMBI IIpH pa3paboTke
OLICHOK JIOJDKEH OBITh CHIIBHO CBSI3HBIM.

Tunomesa. Ecnu Ob1 B HallleM pacHoOpsHKEHUH MOSBUIICS CIOCO0 JeKcurpaduieckon
HyMepaluu CWJIBHO CBS3HBIX oprpadoB, TO ClIeIOM BO3HHKJIA Obl TEHACHIMSA
CBSI3aTh 3Ty HYMEpAIMIO C OLEHKAMH CIIOKHOCTH, T.€. TEM CAMBIM IIPOHM3BECTH
oM (POBKY LIKAIBI CJIOXHOCTH (CM HILTFOCTPALIMIO Ha PHCYHKE 2).

st 3amMeHbI abcTpakTopa O(G) Ha KOHKpeTHYyIo ¢yHKuuo oprpady G craBurcs B

cooteerctue  mHBapuanT  R(G) -  yHMKanpHOe — Lenoe  UHCIO
R(G):3G',G'#G = R(G)=R(G')AVG' = G:R(G)> R(G') VHHKATbHOCTH
COCTOUT B TOM, YTO JBYX Oprpa)oB ¢ OJHMHAKOBBIM R(G) HE CYIIECTBYET, H AJIs
nroboro moxarpada ero MHBapHaHT BCErZa CTPOTO MEHbIe MHBapuaHTa oprpada,
KOTOPOMY OH mpuHauiexuT. DakTuyecku R(G) — OLEHKa CTPYKTYpHOMH
CIIO)KHOCTH oprpada mo 4uciy ero ayr. Kpome M3BECTHBIX aKCHOM CIIOXHOCTH, B
9TOH OLCHKE YYUTBHIBACTCS HENMPOTUBOpeunBoe yTBepxkaeHue: «Ecmu oprpad G
COZEPKUT OOJBLIE YT N0 CpaBHEHHIO ¢ oprpadoM G’ , OH ClIOXKHEEY.

Wnest BbIUMCIICHHST WHBapUaHTa R(G) COCTOMT B HAaKOIUICHWH OWTOBBIX CIHHHILI,

HAYMHAsL C MJIAANINX Pa3psIOB, [0 MATPHIE CMEKHOCTH X C MOCIEAYIOUIMM
npeoOpa3oBaHNEM OUTOBBIX CTPOK B IIEJI0€ HEOTPHIATEIEHOE YHCIIO

® Croco6 HAXOKICHHS U((x) U 0 TPEACTOUT HAWTH B OyaymieM. DTO MO3BOJIUT

PE3KO YBCIUYUTH 3(1)(1)€KTI/IBHOCTI: BBIYHCIICHUN OLICHOK CJIOKHOCTH: BHYTPCHHSAA
BBIYUCIUTEIbHAA CIIOKHOCTh pacycTra G(G) — DKCIIOHEHIIHaJbHasA 1o M.
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A B(G, ).i=1. -r';‘:fdgm:_él::l_lgl_ . a(a.)
- BlG, ) -
8(G,) T
#‘wdﬂ-‘d"
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A (G, e
o(c) G~

Pucynok 2. Hantocmpayus k eunomese o pocme oyeHOK CIOHCHOCIU opepados npu ux
JleKcuUepaguueckom nepesucieHuu 8 yCrosusx NOCMosHCmMea NapamempusHocmerl

R(G):RO(G)+R1(G)'R0(G):
non i:j:>"" (G, e
"l e i) RO=EZT

: (11)

k {Iog2 RO(G)+%J,G =con(X), G =con(X),
dimX=dimX, %, =1i=1.n, j=1.n,i= j,n=|G|,

Ha pucynke 3 npuBeneH npuMep, WILTIOCTPUPYIOIUH BHIYNCICHNE R(G) .

-

- -—
e m -

17 =f--- vty
- o ek

1'- Y R B LR

il T R

[)

1

|

1

to X= [ L7 | &(6) =Ti01,-61

AF | SRl M/
i - T
1

[ e I
R(G)=63k=|log,63+1/2|=6= R(G)=2+2"+2"+2"+2" =1984 R (G)=61+1984=2043

Pucynox 3. Ilpumep eviuucienus uneapuanma opepagpa
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4. CmpykmypHasi dekomno3suuyusi opepagha OBC

B obmewm ciygae mzHaganbHO oprpad OBC MoXxeT coaepkaTh CHIIBHO CBSI3HBIE
KOMIIOHEHTHI (OMKOMIIOHEHTHI), WJIHM, €CJIM MX He OBIJIO M3HAYalbHO, B MPOIECCE

BBIUUCIICHUS G(G) oprpap G peKypcMBHO YNpoOIUAeTcs, M MOSBIISIOTCS

OmkomMmoHeHTHl. TakuM 06pa3oM, HEoOX0AUMO (OPMaIM30BaTh ABA KapIMHAIHHO
pas3HbIx cocrosaus oprpada OBC: 1) oprpad G cuibpHO cBa3HBIH; 2) oprpad G He
SBJIICTCS CUJIBHO CBA3HBIM. B mIepBoM ciiydae MaTpHIa JOCTHKUMOCTH

F(i—>..oj)vi=j=>1

H=<hij)nxn’ ij={Z(i_>__,_>j):o,i,j=1..n (12)

3aloJIHCHA €AMHUIIAMU TOJIHOCTBbIO, BO BTOPOM — JIMIIIb YaCTUYHO.

Ha pucynke 4 mokazanel Tpu oprpada: 1) CHIBHO CBS3HBIA; 2) IepeBO
OUKOMIIOHEHT; 3) AepeBO BEPIIMH.

1)

Pucynox 4. Tpu eapuanma opepaga (6uxomnonenmol — 8 08a1aXx)

PucyHok 4 JeMOHCTPHMPYET HEOOXOJAMMOCTh PACCMOTPEHHS TpPeX aCIEeKTOB
dopmanmzarn 6(G):

1) OlEHKA CIOXKHOCTH JIePEBbEB BEPIINH;

2) OlLIEHKA CIOKHOCTHU JI€PEBHEB OUKOMIIOHEHT;

3) BBHIOOP YNPOINAIOIIKMX ONEPALUMA MO MPUBEAECHHIO CUILHO CBA3HOTO

oprpada K COCTOSHHIO /IePeBa;

5. AKcuomMamuka uHmMe2pasibHbIX OUEHOK eblYuc/umesibHou
cnoxHocmu OBC: oueHka CrIOXKHOCMU  Opeeo8UOHbLIX
cmpykmyp

Crpykrypa apeBoBuaHbeix OBC onmchiBaeTcss B BHAE JI€PEBHEB BBIYMCICHUI.
Oprpad G HasbIBaeTCsS AEPEBOM°, €CIIM B HEM OTCYTCTBYIOT KOHTYDBI H, Y4TOOBI

® B 1aHHOM Cilydae YMECTHO yTOYHEHHE — JCPEBO BEPIIIHH.
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BBIICIINTh 3TH Oprpad)bl B OTACIBHBIA KJTacC, BBOAMM I HHUX CIICIHAILHOE
o6o3nauenue G .
J1Jist OLICHKH CIIOXKHOCTH JCPEBHEB CHOPMUPOBAHEI CICTYFOIIUEC AKCUOMBI:

Axcuoma 2 (CIIOKHOCTB SIEMEHTApHOTO JEPEBa).

OHeHKa CJIOKHOCTHU 3JICMCHTAPHOI'O A€pEeBa C ABYMS BCpIIMHAMH HC MCHBIIC BECa
AYTH, KOTOpasi uxX COCANHIACT

e

=2,|6| =1=6(G)2 v, (13)

Axcuoma 3 (OIIEHKa CIIOKHOCTH JIEPEBHEB C HACHTUIHOHN CTPYKTYPOHL).

A A A A

I

G .
Ecnu nepeBbst ' U 2 WJIEHTUYHBI 110 CTPYKType, ! 2, M CyMMapHbIil BEC 1yr

G . G
AcpeBa 1 MPCBbIITIACT CyMMApHbBIM BEC AYI' ACPCBa 2 , OICHKa CJIO0XXHOCTH
MEPBOro HE MOXKET OBITh MCHBIIIE OLICHKH CJIOKHOCTHU BTOPOTO

ol o
gfyl'k > ;Yz’k :>9(Gl)29(G2), (14)

Axcuoma 4 (0 COOTHOUIEHUH CIOXKHOCTH JIEPEBA U MOJIEPEBA).

CII0XHOCTE JTF000TO noaacpena G'cG =He NPEBLIMIACT CIIOKHOCTHU ACPCBa, B
COCTaB KOTOPOT'0 OHO BXOJAUT

G'cG=0(G)<0(G). (15)
B coorBercTBHU C MNPUHATBIMHU aAKCUOMAaMH, IJIs1 OLICHKH CJIOKHOCTU JICPCBLECB
npejsiaraeTcs 1Ba BapuaHTa GopMyIl, IpuueM KaXK/blii U3 BapUAHTOB COTJIACOBAH C

Habopom akcuom (13)-(15):
Bapuant Ne | — orieHKa CIIOKHOCTH JIepeBa 1o CyMMapHOMY BECy JyT

&,

2 16
e(l)(G>:ZYk’ ( )
k=1
Bapuant Ne 2 — oleHKa CII0XKHOCTH JIEpeBa C yUETOM 3arpyKEHHOCTH ITyTei
2 (A p_ IR
07 ()= %(R,)) (17)
k=1 j=1
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rme p — 0611166 YHUCJIO BCEX BO3MOXXHBIX HyTeﬁ M3 BCPIIMH, NPpUHAJICKAIINUX

MHOKECTBY 3K30I'€HHBLIX BEPIIWH \L AcpeBa G B BCPUIWHBI, MPUHAAICIKAIIUC

MHO)KECTBY 3HIOTEHHBIX BepinH V (CM. pHCYHOK 5); MHOXKECTBO IIyTeH B JiepeBe

P={P,k=1,_p},Pk =Ry >Rz PRy B, —wyraa ?(kaj) — ee Bec.

Pucynox 5. Unmocmpayus x ¢popmyne (17)

Br16op kputepust oneHku cioxaoctd OBC ¢ ApeBOBUAHON CTPYKTYpO#l 3aBUCUT OT
XapaxkTepa BbIUUCIICHUMN:

1) OBC S mpencraBmsier co0Oi JAPEeBOBHIHBIN pacdyeTHBIH MOIYJIb,
VCTIONTHSIEMBIN  HE3A8UCUMBIMU  GLIYUCTUMENbHVIMUY  Yempoticmeamu. B Takux

1 2 o o
Clly4dasx IpurojHa OILCHKa 6()<G) — OHa ABJBICTCA BCPXHEU OLCHKOU

BBEIYUCITUTENHHONH cioxkHOCcTH. C  Apyrod CTOPOHBI 3Ta OLEHKAa MOXET
WCIIONB30BaThCS WM JUISL CIydas pPAcHpeleiICHHBIX BBIUHCICHHH C 3d6UCUMbBIMU
BLIUUCIUMENbHLIMU  YCMPOUiCMEAMy, HO YXe He KaK OIIeHKa CIIO)KHOCTH, a Kak
omeHKa oOmeil BeucnuTenbHOH emkoctn OBC; maHHYIO OLEGHKY MOXHO
WCIONb30BaTh MPHU TMPOCKTHUPOBAHUHM CXEM paclapajljieIuBaHus — 4YeM MEHBIIe
BBIUHCIIMTEIbHASI EMKOCTh, TEM MEHBIIIE CTOMMOCTh CAMUX BLIYMCIIEHUM, BOSHUKAET

1) (A
3aja4da MHHHUMU3AIUN 6( ) (G) Ha MHOXECCTBC BAapUAHTOB CXEM

pacmapauieJIMBaHus.

2) OIleHKa p? (é) MOXXET HAlTH MpUMEHEeHHe B TeX ciydasx, korga OBC

MPEACTaBIsIET COO0H COBOKYHMHOCTH BBIYHCIUTEIBHBIX YCTPOMCTB C IPEBOBUIHOU
CTPYKTYpOH, IIpUYEM OCHOBHAs BBIYMCIIUTEJbHASI HArpy3ka IHPUXOAUTCS HE Ha
apudMeTHYecKue OIepanuy, a Ha mepegady OOJIBIIMX MacCHUBOB HH(MOPMAINH;
OLICHKA CJIOKHOCTH IPOINOPIHOHATBHA OOIIEH 3arpyXeHHOCTH KaHAJOB IIOTOKaMU
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uHGOpPMAIMM B TEYCHHUHM CTAaOWIBHOTO IepHoJa C HEM3MEHHOH CTPYKTYypoi
BBIYMCIICHHH; YeM OoJiblliee CpellHee KOJIMYECTBO MHGPOPMALUH, IPUXOIAIIeecs Ha
KaHaJI, TeM OH 0oJiee 3arpy>KeHHBIH M TeM OOJbIIe BKIIAQJ 3TOrO KaHaua B OOMIYIO
OLICHKY CJIO)KHOCTH BCEil PEBOBUIHOW CTPYKTYPBI; Ul TAKHUX CIIy4aeB IOAXOAUT

dopmymna (17).

6. OuyeHka cnioxxHocmu uepapxudeckux OBC

Hepapxuueckne OBC ornmmgaroress ot npeBoBuaHbix OBC Tem, 9To B KadecTBe
BepmuH (GUrypupyroT OukommoHeHTh. C mo3uimii Teopun rpadoB CTPyKTypa
uepapxuueckux OBC mpencrabiser co0OW NEpeBO CHIILHO CBS3HBIX HOATpadoB
(CCID).
Huns ouenku crmoxHoctu nepeBbeB CCIT (cokpamenno JICCII) Heobxomumo
npeodpazoBath JJCCII B nepeBo 00001eHHBIX BepiinH — oprpad [epiia, HaiiTu Bec
000OIIIEHHBIX YT U MPUMEHHUTH K MOJYUCHHOMY PE3yJIbTaTy (POPMYJIBI ISl OLCHKH
CJIIO)KHOCTH JICPEBhEB BepIIUMH. PaHee ObUla MpHHSATA KOHIICMIHUSA, COTJIACHO
KOTOPO# CIIOKHOCTh BBIYMCICHUH, COCPENOTOUYEHHBIX B Jyre, acCOIMHUPYETCs C
BECOM 0JTOH IyI'W, a BEpIIUHBI OTOXKACCTBIAIOTCA C Y3JIaMH pacIpeleiCHUS
J@HHBIX (cepBepamu nmaHHBIX). Pacmpoctpanss momymenwe Ha JCCII, BmomHe
JIOTHYHO aCCOIUHUPOBATH CIOKHOCTH oTaensHoU CCII ¢ Becom oboOmeHHON OyTH
Beixoasen us CCIIL. B tom ciyuae, koraa CCII uMeeT HECKOJIBKO MCXOIALINX U3
Hee OOOOIIEHHBIX IyT, BeC KaXXJOW YMEHBIIAETCS BO CTONBKO pa3, CKOJBKO
0000IIeHHBIX OYT BEIXOIUT U3 000OIICHHOW BEPIIHHEL.
Ha xonmenrtyansHOM ypoBHe s mepexona oT nepeBa CCII k mepeBy BepiIuH
HeoOxomuMm Merton mpeodOpasoBanus aepeBa CCII B oprpad I'epma, a mis sToro
moTpeOyoTCs:

1) wmeron oxHo3HauHOM KoHKpeTn3anuu CCII,

2) w™eron oneHuBanus ciaoxaoctu CCII;

3) MeTox B3BEIIMBAHHS 000OIICHHBIX TYT.

B ntore Oyner copmMupoBaHo 1epeBo 000OIEHHBIX BEPIINH, CIIOKHOCTh KOTOPOTO
OIIEHUBAETCs 10 MpaBmiIaM, cHOPMYIHPOBAHHBIM paHee B ITyHKTE 5.

6.1. MeTtoa ogHO3Ha4YHOM KOHKpeTusauuun CCIl

HeobOxomuMo mOCTpOUTH KBa3HTPEYrolbHYIO (OpPMY MAaTpHIBI CMEXHOCTH
X:X:COH(G),.).(':::C_E-,G z(_;,'>'<:=: X, rme X — TpaauIMOHHAs, HE B3BEIICHHAS

! ATBpTepHAaTHBOM SBIIAETCS HAarpy3Ka Ha BEPIIMHEI B BUJE MOTEHIMAaa BepmuH. Ha
Hall B3I 0, TaKOH IOAXO0 MOXKET CUIIBHO YCIIOKHUTH OLICHKY CJIOXXHOCTH,
0COOEHHO, KoTJa oprpad SBISETCS CUIBHO CBA3HBIM. JII0ObIE BRIYHCICHNS,
CBSI3aHHBIC C OIICHKAMH CJIOXKHOCTH, IIPH TAKOM IOAXO0E MOAPa3yMEBAIOT PEIICHHE

cuctembl ypaBHeHuit Kupxrodda.
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MaTpHIla CMEKHOCTH HcxomHoro oprpada G. s atoro obGparuMmcs K METOLY
MOCTPOEHHUSI TIPOLETYPHBIX MOJICIICH Ha OCHOBE ONEPATOPHBIX ypaBHeHUH [1].

[IpouenypHass Mozenb IOCTPOCHUSI KBa3UTPEYrodbHOM (opmbl X MaTpuUIlbl
CMEeXHOCTH X BepUPHUUUPYETCS TIOJCTAHOBKOW B CIEAYyIOIIEe ONepaTopHOE
ypaBHEHHE (€CJIM OHa 3alKcaHa B TepMax si3bIKa CHeHU(UKALUMA, pa3yMeeTcs)

@:1(B) = (bic(éi\ﬁi):l,izl..ﬁ): O(Giuf)i)ze =1 A

i=1

B, <B:A(p,)=0.5,=G,.B, =(dl’. j=1.7,).X": U(G ). @9

uD,
@:G, <G, <..<G, V] e{l,B_—l}:Zfl > :Hk,[(dk = (v, —>o v, €G, ]

rre X(B) — A -TIpEIUKaT, 0 KOTOPOMY OCYIIECTBISIETCS] TPOBEPKA OIIEPATOPHOTO

YpaBHCHUA Ha TOXACCTBO. Hcnonws3oBanue A -npeaukKara B JAdHHOM CJIydac
OIpaBAaHO TEM, YTO IEPBOC YCIOBUEC COACPIKUT OJJUH U TOT KE€ NPCAUKAT ABAXK/IbI U

OH eIMHCTBeHHBIH B 5ToM ycnosuw; bic(G) — npemukar, pasmbiit 1, ecim oprpad
G OukOMIOHEeHTOH (CHIBHO CBSA3HBIH oprpad); «\» — omepauus BBIYUTAHUS

MHOXECTB; Y; — Jyropas pa3MEpHOCTb IIOAMHOXECTB Jyr, 0Opa3yoIux

MOJMATPHIEI B KBasHTpeyrompHoit ¢opme X; Gil <(§i2 <...<(§iB — ycioBue

JIeKCUTrpa)uueckoro MocTpoeHus X, a UMEHHO — HaJ-KBa3WIHaroHajb JOJDKHA
OBITH HYJICBOM.

Ecnmu mponieaypHast MojieNlb TOCTPOEHUS MaTpuilbl X U COOTBETCTBYIOIIUX JTOU
matpuiie CCII G;, coBmecTHO ¢ KopTexkamu ncxoismux gyr D,,i=1.3, 3anucana

B BHUJE TPAJAUIMOHHOIO AIrOpPUTMa, TO ero Bepudukaims mo yciosuio (18)
3aKIII0YAETCS B CIICAYIOIIEM (CM. WIUTFOCTPALIUIO Ha pUCYHKE 6):

o (opMHPyeTCs IOCTATOYHO MpeACTABHTENbHAS® BBHIGOPKA MCXOAHBIX Oprpados
G:hic(G)=0;

e ko BceM oprpadam u3 3TOH BBHIOOPKH NPHUMEHSETCS MNPOLEAYpa BBIIBICHUS
CCITI, u pe3ynbTaT 3aIHChIBACTCS B MACCHB KOPTEXEH Gi Jd=1.0;

o Ka)K}IHﬁ N3 DJJIEMCHTOB IIOJIYYCHHOTO MacCCHBa IPOBEPACTCA HAa BBIIIOJTHCHUEC

yenouit O u @ ;

® Bompoch! OIEHKH CTENEHH OTHOTH BEIGOPKH 0prpahoB s BepuduKaium
MPOIIETYyPHBIX MOJIeNIeii BeCbMa HHTEPECHHI.
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® CCJIM OKaXETCA, 9YTO o00a YCJIOBHA BBIIIOJIHCHBI UIA KaXXI0T0 3JIEMCHTA MaCCHBa,

JIeTTaeTCs BHIBOJ 00 yCIENIHOM SKCIIepHMEHTAIBHOM Bepr(HUKaIHn’.

Pucynox 6. Unmocmpayus k onepamopromy ypasnenuio (18)

Paccmorpum moapoGuoct (18) — chauana ypaBuenue @, cocrosiiee U3 JIBYX
JyacTeil, 00beIUHEHHBIX JorndueckuM «W». B mepBoM mnpuHHMaeT ydacTue A
-MIPEIUKAT U MPOBEPSIETCS PABCHCTBO X(B) =1. Apryment [ mpeaukara X(B) -
gucno CCII B oprpade G . Kaxmoit CCII coOTBETCTBYeT KOPTEK HCXOISIINX AT
Iji , cesizbiBatotux i-toiit CCII ¢ apyrumu CCII Hibke MO HepapXuu; KOPTEX Iji

MOXeT GBITh mycThIM. OGbeaunenne nap koprexeil G, U D, T0mKHO GbITh paBHO
ucxoaHoMy oprpady, B stom ciyuae npemukar A(B) = 1. Takum oGpasom,

peauKar 7»([3) BBIpAXaeT TPeOOBAHHUE IIEJIOCTHOCTH JEKOMIIO3UIMHU oprpada Ha

CCII. ponomxum pacemorperne @ . Crpasa oT jmoruueckoro «M» (3HaK « A »)
HaXOJATCSl CIEAYIOLINE YCJIOBHS, IEPEUUCICHHBIE dYepe3 3aIsTylo, YTo, B
COOTBETCTBHMHU CO CTaH/JApTaMH SI3bIKOB clieln(UKALNi, 03HAYAET «IIEPEUHCICHUE B

KOHTeKcTe  Jjormdeckoro  “U”»: 1) VB, <PB: X(Bl) =0 —  TpeboBaHUE

makcumansHocTH B 2) D, =G, — kaxgplii U3 KOPTEKEH MCXOMILIMX AyT

cootBerctByeT cBoemy CCII, HO He Ha00OPOT (HAC MHTEPECYIOT AYTH UCXOSLINE, a
B

me Bxomsmme); 3) X' :::U(Gi uf)i) — KBa3uUTpeyroyibHas Qopma MaTpuUIbI
i=1

CMEXHOCTH IIPEJCTaBIE€Ha B TPAaHCIIOHUPOBAHHOM BHJE. PaccMoTpuM BTOpYIO

yacth ycnosusi (18). B melt comepxwurcs tpeboBanme uepapxuunHoctn CCII, a

UMEHHO OTCYTCTBHME JYI, HMCXOJSIIMX II0 HAIPaBJICHUIO, MPOTHUBOIOIOXKHOMY

HANPaBICHUIO HMEPapXuH, T.e. CHHU3Y-BBEpX. bblla mpemioxkeHa MOpoLeaypHas

% EClti c4MTATh JOMYCTHMBIM TEPMHH «3KCIIEPHMEHTATBHAS BEPHPHKALIISD.
DaKTHYECKH ITO IKCIIEPUMEHTATIbHAS alpoOanus s3bIKa crienn(UKaIiil Ha CTaaun

€ro pa3paboTKH.
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MOJIeJIb, OHa ObLIA DKCIEPUMEHTANIbLHO BepHuunuposana mo (18). B ee ocHoBe —
COPTHUPOBKA CTPOK MATPHUIIBI JOCTHXUMOCTH B aHTHJICKCUTPA(DUIECKOM MOPSIIKE.

Martpuma TIOCTIKAMOCTH oprpada G oTIpenenseTcs KaK
H=(h) ;h =(3k,1=1.0:3(i > k),(i=>k,),... (i >k ) =190, ona
UCIIONB3yeTCs TUISL HOCTPOCHUS BEKTOpa

n s(n)
l_1=(hi)nxl, COCTOSIIIETO M3 CTPOK Our  h, :( ) (+ h; )j(@ (n—i+1)], e

g(n) = 1+[log2 n]O — YHCIJIO pa3psAoB A XpaHEHWs IIeJI0ro 4ucia N B HPSMOM
s(m)
JIBOUYHOM KOJE; [°]o — menas 4acTh uucia; @ — pa3sHOCOpPTHas JByMeCTHas
omepanus CIEIUICHHs CTpoKH Outr (crmeBa) m menoro umcna (cmpasa). [lepen
CIICIUICHHEM IIEJ0€ YHCIO TpeoOpasyercss B MPSIMOM JBOWYHBIN KOI — CTPOKY
JUTHHOMN g(n) our. Tak, Hanpumep, eciu B oprpade 7 BepIIUH, TO g(7) =3 u, ecnu
HOMEp BEpLIMHBI, K IpUMepy, paBeH 2, uroroM omepauun crtaHer (0-1)-crpoka
«110». PesympraToM aHTHIEKCHTPAUUECKON COPTUPOBKHA CTPOK CHMBOJIOB
BekTOpa h sBnserca mepectanoska I[1.N] OXHOBPEMEHHO M CTPOK, U CTOIOLOB
TPaHCIIOHUPOBAHHON  MAaTpUIBI CMEXHOCTH. B  pesynbrare mnepecTaHOBKH

o0Opa3yeTcss KBa3UTpEeyroyibHas ¢opma, XapakTepHas TEM, 4YTO 3JICMCHTHI,
pacIIoNIo>KeHHBIC BEINIE KBAa3UAUATOHAIN, HYJICBBIC.

Ha pucynke 7 npusenen npumep noctpoenus aepesa CCIIL.

-
- -

GhS
" g

S(n—i+l)

Pucynox 7. Hnmocmpayus k anmunexcuepaguueckoii copmuposke sekmopa h

B stom mpumepe oprpad pacmamaercs nHa tpu CCII G :bic((.:-;l -<(.:-;2 -<C;3), a
COOTBETCTBYIOLLICE  JepeBo uMeeT JaBa (yHKTOpa arperupoBanus  [1]:
1 (Ve ) =1 (Y(2 >3),¥ (2 >5)y (7 >6)) u

X2 (yz’k“ ) =9, (y (3 - l),y(S —>4),y(6 —)1),y (6 —>4)) .Cnenyer OTMETUTb, 4YTO
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CCII, nonmy4yaembie B pe3yibTaTe aHTHIEKCUTPaQUISCKON COPTUPOBKU CTPOK OHT —
KOMIIOHEHT BeKTOpa N — 00pa3yroT MepapXuUeCKyIo CTPYKTYPY.

[pouenypHast monens norcka CCII B HOBBIX 0003HaYECHHUAX MpPEACTABISET COOOM
otobpaxxenne Dec:G — (éi , f)i J= l..[3) . IIpennaraetcs caexyromas npoueaypHas

mozens aid moucka CCIIT

[:0+h, 204h, j=Ln-1=2(k)=0+ h,
j=1
vke'l'lnéi ;A (k) =idem;
i il A
Dec= |l1=1+|(0=(i=1))v X |G| : (19)
G= L = =1
Y S ({CRRICRIRCRRCICN))
k:l_gk Eéilak GEGi

Paccmotpum BeIpakeHne (19). PesynpTaToM BEIMHCIEHHH B HPOLETYPHOH MOAETH
Dec saBnseTcs nepectaHOBKa I[l..n]:(ll, .1 ) OTpe3Ka YMCEl HaTypalbHOIO

psaaa oT 1 1o n. ECJ'II/I, cienys JTOH MEPECTAHOBKE, OAHOBPEMCHHO IIEPECTABUTh U
CTpOKH, U CTOJ'I6I_[BI TpaHCHOHPIpOBaHHOﬁ MaTpuibl CMCXKHOCTH, MOJIYYHUM

KBAa3UTPEYrobHYyI0 (opMy X, Ha OCHOBE KOTOpOii oGHapyxkuBatorcst CCIT Gi,
Hapsoy C HaOOpOM KOPTEKEH HMCXOAANINX JyT Iji,i =1.3. B Boeipaxxenuun (19)

ucnone3yercs 06obmenHoe «MJIN» — nBymMecTHas, pasHOCOpTHas onepauus Vv [1]
W KOHKAaTEHAllUs CTPOK B OMNEpalii «.». YCIOBHE CPAaBHEHUS D3JIEMEHTOB,
COPTHPYEMBIX B AaHTWJIEKCUTPAQUUECKOM MOpPsSAKe, OTpPakaeT HEPaBEHCTBO

s(n)
0+h;, 20+h; ,j=1.n-1. Oxonyanue cTpox .| "+ @(n—i+1) B BekTOope h
J j+1 i1

CIYXUT I Jekcurpadudeckoil Hymeparmu BepmuH B pamkax CCII, B
COOTBETCTBMM C HyMepalMeil BepIIMH B HM3HaudaibHOM oprpade. Hamomuum, urto
BeIpaxkeHue 0+«cTpoka OMT» paBHO LENOMY YHUCIY, MOJYYEHHOMY U3 IPSIMOTO
JBOMYHOTO KOJIa, 3aIIMCAHHOTO B CTPOKY OHT CJIEBa HAIPaBO, HAYMHAS CO CTapILETo
6uta. Ha pucynke 8 mokasaH pe3ysibTaT COPTUPOBKH, OH COOTBETCTBYET oprpady
Ha pucyHke 7. Iloka3aHo Kak OKOHYaHHE CTPOK OMT B Bekrope h momoraer
BBICTpOUTh HOMepa BepminH B pamkax CCII mo Bo3pacTaHWIO WHIEKCOB: Tak,

HampumMmep, G1 XapaKTCPU3yeTCs BEPIIMHAMU (V2,V7 ) , A HC (V7,V2) .
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] [ ]-n(m)=idm

2 O=+"111111} 110" — 1022 . .
7 | 0='l111111 001" — 1021 ﬁ&;ﬁiﬁfﬁmm
3 0+11011119 101" — 757

0+'11011110 011" — 755
0-+"THI0 010" — 744
0+'1100100p 111" — 583
0-+"1001000 }00" — 580

Or:oHIaRHA GHTCERD CTROE

He= = o un

Pucynox 8. Unnocmpayus k npoyedyproti mooenu (19)

3amerum, uto s HaxoxaeHuss CCII MHOXeCTBO KOHTYpoB oprpada He
HCIIOJIB3YETCs, 3HATh HEOOXOAUMO TOJIBKO MATPHUILY TOCTHKUMOCTH.

6.2. Metoa noucka CCIl npu HanMuumm TOYEK COUNIeHEeHUA B
oprpache OBC

B psinme cimydaeB OLEHKA BBIYMCIMTEIBHOM HArpy3Kd C HCHOJNB30BAaHUEM OIICHOK
CIIOKHOCTH 3aTpyaHseTcs JienecTkoBoi Ttomonorueit OBC (pucyHok 9), koraa
HEHTPAIFHOE MECTO B CHCTEME OTBOAUTCS OONaYHOMY CEpBEpY C 3alIWIICHHBIMU
JaHHBIMH, WIM KOTJa B OTACIBHYIO IOJCHCTEMY BBIJCISIETCS OOJadHBIA cepsep,
HETOCPE/ICTBEHHO CBSI3aHHBIN OJTHOBPEMEHHO C HECKOJBKHUMHU BBIYUCIHTEIBHBIMH
MOACTAHLUSMH, WMEIOIIMMH CWJIBHO CBSI3HYIO CTPYKTYpPY, U, BO3MOXHO,
KJIacTepamH.

Paccmotpum oprpady OBC — oH nokazan Ha pucyHke 10 6e3 paspeiBaeMoii nyru,
COOTBETCTBYIOIIEH TI100aIEHOMY UTEPAlMOHHOMY ITHKITY. ITpobnema
CTPYKTYPHUPOBaHUS, IIPH KOTOPOM OOJIauHbIIl cepBep, Hapsay C BHIYUCIUTEILHBIMU
MOJCTAHIUSIMHU, OOBEIUHSACTCS B €IMHYI0 OMKOMIIOHEHTY, 3aKJII0Yal0TCsl B TOM, YTO
BCE TPH DJIEMEHTA PacCMaTpPHUBAIOTCS KaK €MHOE LEJoe; UTEPAlIOHHBIC IHKIIbI
MOTYT COZIepKaTh B ceOe HeKeIaTeNbHOE acCOIMHPOBAaHHE OONAaYHOTO cepBepa C
BEPIINHAMH, OTHOCSIINMHUCS K BBIYMCINTEIBHBIM MOACTAHIMIM, KaK MOKa3aHO Ha
pucynke 11. BapmaHT cTpykTypu3amuu 0) OTIIMYaeTCs OT BapHaHTa a) TEM, YTO

B3aMeH OJIHOM OukoMmoHeHTs! Gi 0OHapy)KeHBI JiBe KOHTYpHbIE mojcucteMsl G, u

Gz. Konrtypusie CCII (KCCII) xapakrepusyrorcst TeM, uto kaxaas nyra KCCII

y4acTBYeT B KaXXIOM KOHTYpE ITOJIMHOXECTBa KOHTYPOB, JIOKQJIM30BAHHOTO B
koHkpeTHOM KCCII, KOTOpOMy IpHHAIEKHT AyTa, B TO ke Bpems Hu ogHa KCCII
He wuMeeT nepecedueHuss mno ayram c gpyrum KCCII. B uactHOM ciydae
oukommonenTa Moxet sBisiThes KCCII, ecmu B oprpade HET TOYCK COUICHEHUS.
Paboroif  BBEIYUCIUTENHHBIX MOJCTAHIMEH, cooTBeTcTByrOmuX dtEM  CCII,
YOPaBISIIOT TENEph YK€ JBa UTepauuoHHbIX 1ukia L; u L, a Touka couneHeHus
TC npu 3TOM He TepsieT CBOEH 3HAYMMOCTU KaK KOOpAMHATOP BbluMcieHHil. B
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JAHHOM CIIy4ae OLICHKA CI0KHOCTH G(Gl UGZ) = 6(G1)+ G(Gz) — CyMMa OLEHOK

koHTypHBIX CCII.

B psine ciyyaeB o0auHbIN CepBep MOXKET PacCMaTPUBATHLCS, KAK CAMOCTOSITENIbHAS
HOJICHCTEMa, TOT/Ia KOJIMYECTBO TOYEK COWICHEHHs yBennuuBaercs. B ciydae, ecnu
00avyHbIi cepBep IMOAKIIOYCH, KaK TIOKa3aHO Ha pUCYHKE 12, K TBYM MOICTAHITHM,
€CTECTBEHHO NPEIIOJI0XUTh, YTO TOYEK COWICHECHHS WMEHHO JBE, T.C. MX YHCIIO
pPaBHO KOJNHMYECTBY IIOJICTAHLMH, CONPSIKEHHBIX C CepBepoM. VIMEHHO TakuM
obOpazoMm yumuthBaroTca ocoberHoctn OBC mpm Hamu4uy KPYNMHBIX CEPBEPOB
paszadyn BEIMHUCIUTENbHON Harpy3ku. Curyanuu, Koraa npu crpykrypusanuun OBC
B pE3yJNbTaTHOM oprpade BO3HUKAIOT TOYKH COWICHEHUS, BO3MOXKHBI IpU
OpraHU3alld TPUA-CHCTEM B paMKax KpymHbIX ceTeBbiXx HMC ¢ HECKONbKUMH
KJIacTepaMu, YAAJICHHBIMH IPYT OT JPYyra TePPUTOPHAIBHO, KOTJ]da MaruCTPAbHbIC
JMHUN HATPY)XCHbl BECbMa CHIIbHO, SIBISUSICH JIMHUSMH KOMIIBIOTEPHON CBS3M
oOrereorpapuecKoro Ha3HAYCHHUS.

IIpumenutensHO K mpoOieMaTHKEe OpraHU3allMd — BBICOKOIPOM3BOIUTEIHHBIX
00JIauHBIX BBIYHUCIICHUH, TOJJOOHBIE CUTYAIlM BO3MOXHBI, HAPUMED, TP PELICHUH
CHCTEM ypaBHEHHH OOJIBIION pa3MepHOCTH, pa3JielieHHBIX Ha JiBa (1 Oonee) Onoka ¢
omunM (M OoJlee) ypaBHCHHEM Ha TPaHU paslelieHus (ypaBHCHHE COTPsDKEHHs). B
TaKHX CJIydYasxX MOXXHO HaWTH IE€PECTAHOBKY CTPOK M CTOJOLIOB MaTPHIbI
CMEXHOCTH, IpPUMCHHMB KOTODYKO 9Ta MaTpula IpuoOpeTeT  MCEeBIO-
KBa3UHATrOHAJBHBIN BUJI, KaK IMOKa3aHO Ha pucyHKke 13.

Hepammoernas
g S

p=——N h

Cammo coremm
AT RN

DOTERIRE Sk,

Comem o coremae
P TS
DORCIRERE 5,

Pucynok 9. Ilpumep OBC ¢ enobanvhbimu umepayusmit.
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Pucynox 10. Cmpyxmypuposanue epuo-cucmemvl. CIyuai 0OHOU OUKOMNOHEHMbI.
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- S

Pucynox 11. Bapuanmer cmpykmypusayuu OBC Ha pucynke 10:
@) MOYKA COUNIEHEHUS He YYUmbleaemcsi; 0) yuumuléaencs.
TC, TC,

Pucynox 12. Bapuanm nenecmrogou cmpyKmypu3ayuu ¢ YeHmpaibHblm 001auHbLm
cepeepoM.

52



Tpynst UCIT PAH, Tom 26, Bbin. 5, 2014 1.

BooOmie TOBOps, OMKOMIIOHEHTHI W KOHTYpHBIE TOArpadbl MOXKHO CUUTAThH
Pa3HOTUIHBIMH  CWJIBHO  CBSI3HBIMH  moxarpadamu, ¥, 10  (HOPMaIbHBIM
coobpaxkeHusiM, B oprpade MOTyT OJHOBPEMEHHO CYILIECTBOBATh U T€, W JIPYTHE.
Tem He Menee, auddepeHIIUPOBAHHBIA TOAXO K TEPEUUCICHUI0 moarpados (c
pa3elICHUEM UX Ha TUIIBI) 3HAYUTEIIFHO YCIIOKHACT NATbHEHINYIO (hOpMaTTU3aIIHIO.
Pa3ymMHO npupaBHATH OMKOMIIOHCHTHI, B KOTOPBIX HEeT Touek cowieHenus, k KCCII,
€CITH KCIOJIb3YeTCsl OyKeTHAs MOJIENb AEKOMIO3uImK — B nanHoM ciydae OBC [1].
Br10op e KOHKpPETHOW MpoIeaypHON Mojenu nexkommosuiuu oprpada na CCII
3aBHCUT OT KOHKPETHOW CHUTYyallMd, B KOTOPOW CIIO)KHOCTh OIICHHUBACTCS ITyTEM
MOCTEIICHHOTO YIPOINCHHUS HCCICTyeMOW CHCTEMBI C JaTbHEHIICH KOMITO3HIIMEH
OIICHOK MPUMHUTHUBHBIX CTPYKTYP, BOCXOJISI C HIDKHETO YPOBHS JICKOMITIO3HIIUH.

[lc2En0-FEAHANAT OHATE
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1
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Pucynox 13. Mampuya cmedicnHocmu 0111 cucmemvl ypagHeHul 00IbU0U pasmepHoCcmu ¢
VPasHeHueM COnpaicerus O10K08

IIpumenuTenbHO K OOJMAYHBIM BBIYMCICHUSM, B IOJB3y METOJA KOHTYPHBIX
noArpaoB MOXKHO OTHECTH HW3HAYAJIBbHYIO CTPYKTYPY COEIMHEHHs OOJIauHBIX
cepBepos. Tak, HanpUMep, €CiU B CXeME NPUCYTCTBYIOT COSIUHEHHS THIIA «3BE3a»
W CTaBUTCSA 33/1a4a OLIEHKU CTaOMIBHOCTH paboThl 00JaYHON CHCTEMBI, KOHTYpPHBIE
noarpadsl  Oosiee  NMPEOIOYTHTENBHBI, YeM OWMKOMIOHEHTH. Paccmorpum
npouenypHylo Mojenb noucka KOHTYpHBIX CCII, ocHOBaHHYIO Ha NpPHHIMIAX
«OykeToB». 3a  OCHOBY  NpEACTAaBICHHUS  KOHTYpOB  ynoOHee  B3STb
MOCTE0BATENBHOCTh IyT, @ HE BEPILIMH, B 3TOM CIy4ae KOPTEeX AYr — KOHTYp —
Iry4iiie COorjacyercs c KOHTYPHBIMH CCIL Iycts

C(G)= (c:i (G)= (df_‘_fh

rie K — 9uCciio KOHTYpOB; B | -TOM KOHTYpPE COACPIKHUTCS 1; AYT, k(dl(_i_zh) - A

k(d](.‘;l)zl),i =1,_K) — KOpTeX KOHTypoB oprpada G,

-TIPeINKaT, B KOTOPBII BIOXKEHO OMpECTICHUE «3IeMEHTAPHBII KOHTYP», @ UMEHHO
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(3 - alk-Tn-ingl - )
X(dl(-i-lli ) =| Vv k a(ki>,k € {Ln.——l} Ajrk+1:v, = C_I(ji) A =160, (20)
gii) <d(i)

=2.m;

roe d f(') — MOPSIAKOBBIA HOMEP BEPIIMHBI B COOTBETCTBYIOIIEM KOPTEXE (BEpIINH),

. () .
13 KOTOpO# ncxonut K-tast myra, a dx’ — HA06OPOT, IIOPSAKOBBINA HOMEP BEPIUUHEI,
B KOTOPYIO BXOAUT 3Ta ayra. [IpounemypHas Moaenb MONCKa KOHTYPHBIX MOATpadoB
ABJISIETCS PEIICHHEM CHCTEMBI U3 TPEX ONEPATOPHBIX YPaBHEHHUI

@ () = (bic(Gi):l,i:I..B): OGize =1 AP, <p:a(B,)=0,
@ Vj,l e {ﬂ%},l +j:C,, (6,)nC., (6)=2. (21)
@G, <G, ,:V] e{ﬁ},w e{z,_fs},l >§:C,(G)>C,(G,)

B ypaBuenuun « ®» comepkarcs: TpeOOBaHHE CHIIBHOW CBSI3HOCTH HOArpadoB,
yCIoBHE TMONHOTH (0OBeIMHEHHE MoArpadoB paBHO HCXomHOMY oprpady G) m

PEKYpCHBHOE  YCIIOBHE VB1<B:X(B1)=0, 10 KOTOPOMY WYHCIO HCKOMBIX

HOJCUCTEM OBLIO MaKCUMAIbHBIM. B ypaBHeHHH « @ » 3aIMCaHO JONOIHUTEIBHOE
TpeboBanne K KOHTYpHbIM CCII: OHM NOIKHBI OBITH HE TOJNBKO CHIIBHO CBS3HBIMH
(cmencTBUE HaMWM4YMSA B HUX KOHTYPOB, B KOTOPBIX y4acTBYIOT Bce BepmuHb! CCII),
HO W HE JOJDKHBI UMeTh o0mmx Ayr. Hakower, B «® » TpecTaBiIeHO MPaBHIO
npemmecTBoBaHus KOHTYpHBIX CCII, cormacHo KOTOpOMY YyCTaHAaBJIMBAeTCAd HX
B3auMopacmnonoxenue. s koHtypHbIx CCII OHO 3akifodaeTcsi B CIIEIyIOLIEM:

noarpad Gj BCTpeUaeTcsi B CHHCKE JieBee moxarpada G| , ecmn C, (GJ) -

MaKCHMAITbHBIN M0 3HAYCHHIO MHAEKC BEPIIMHBI |-TO TMOArpada — He MPEBBIMIACT
AHAIOTHYHOTO HHJIeKca B moarpade ¢ Homepom .

7. Memod cmpykmypHoO-napamempu4yeckol MUuHUMU3ayuu
opepagha OBC

Oprpad OBC wmoxeT coaepXaTh JJIEMEHTHI, CIHOCOOCTBYIONIHE YBEIHUYEHUIO
BPEMCHH BBIYHCIICHUA OLCHKU CJIOKHOCTH, 4YTO HETaTUBHO CKa3bIBACTCA Ha
MNPpUMEHCHUN 3THUX OILICHOK B PCIKUME online. K takum 9JICMCHTaM, MCIIarolIuM
aHaJIn3y CJIOKHOCTH, OTHOCATCA BE€TBU BLI‘iI/ICJ'IGHI/Iﬁ, BBITIOJIHAEMBIX
MOCJICA0OBATCIIbHO, U CKPBLITBHIC IMapalJICJIbHBIC BETBU Belunciennii. Ha PUCYHKC 14
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mokaszanel: mpuMep oprpada (G), comepamero H30BITOYHBIC 3JIEMEHTHI, U
pe3yabTaT CTPYKTypHO-TIapamerpuueckoit muaumusaiuu (CIIM) — oprpad G’.

Pucynox 14. Ilpumep opepagha OBC ¢ uzbbimounvimu 21emeHmamu

TpaH3UTHBHBIA BEYUCIUTEIBHBIA TOTOK 2—4—5 (IyTH BBHIACICHBI YTONIICHHBIMA
JUHASAMH) 3aMeHseTcsl 0000IeHHo nyroii 2 =5, ee mapaMeTpHIHOCTh ITOKa3aHa
Ha pucyHke 14 B Buae BONPOCHTENIFHOTO 3HaKa — TPeOyeTcsl ONpEneNuTh, KaKuM
oOpa3zoM oHa Oymer omeHuBaThca. Yepes 0000mIEHHYIO Oyry (Takue IyTH
BBIICICHBl JBOMHON JHHHWEH) 2=5 TpPOXOAUT BBIYUCIUTEIHHBINA TIOTOK,
BBIMOJIHAEMBIN MapanjielbHO TMOTOKY BBIYHCICHMM B H3HA4YadbHOM ayre 2—5
oprpada OBC (0TMe4eHO Kpy»KOUYKaMHU U COSTUHSIONICH MX TOYEYHOW JIMHMEH): Yy
3TUX AYT COBMAAAIOT HauallbHasi U KOHEYHAs! BEPILUHBL.

O1ieHKa CJIOKHOCTH TapajuleNIbHBIX BBIYMCIUTENBHBIX OTOKOB JI0JDKHA YYUTHIBATh
XapakTep UX BBINIOJHEHHS: €CIIM 3TH IIOTOKH 00padaThIBalOTCSI B MapajiebHOM
pexuMe, OLEHKa CI0KHOCTH JIOJDKHA OBITH COTJIACOBAaHA ¢ KPUTHUECKOM JIMHUEH,
CJIOKHOCTh KOTOPOH MakcuMalibHa. EcTh ele 0JJHO BasKHOE 0OCTOSATENHCTBO — MPH
3aMeHe TPaH3WTHUBHOW BeTBHM 0000mmIeHHOH ayroii B oprpade G’ He mommKkHA

NOSABUTHECS peBepcuBHas mneris. O06o0mennyro ayry O, BO3ZHHKAIOMIYIO B
pe3ynbTaTte CTATHBAHWS TPAaH3UTHUBHOW BETBH, ONpeENENseM KaK pelleHue
OTIEpaTOPHOTO YPaBHEHHUS

— i)(oli eD":E(D")=1),
d’ = (g —d )=con i1 , (22)
Y =miny(d,).d"=d, eD".d =d . eD"

1<i<m

e yTBEPIKAAETCs, 9YTO 0000IIEHHas Jyra NpeACTaBIeHa HaYaibHOM BepumHoi d

U KOHEe4YHOM BepummHoi O , ayra KOHKPETH3HUPYETCS IOCIEIOBATENHHOCTHIO
CIIETUICHHBIX JyT, NMapaMeTPUYHOCTh 0000IIEHHO! yrM MUHMMAaJllbHA, a HA4yalo M
KOHEILl COBMNAJAIOT C HAYaJIbHOW BEPIIMHON MEpBOM M KOHEUHOW BEpLIMHON

nocneqHeii ayru B koprexke D ; ¢dynkrop E ompepenser MuHHMabHBI 1O
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MOIIHOCTH KOPTeX Ayr D, Ge3 KoTopsix KopTesk D CTAHOBHUTCS TPAaH3UTHBHOI
BETBBIO
. ST .y = S - (2
E(D')=(30" €D :E(D"\D")=14[0"| =min|[0) = D'G2 .
o 3)
Jna npouenypuoit momemu CIIM moTpebyercs mpeaukar, KOTOPBIM BBISBISET

CKPBITYIO MapasienbHOCTh 0600menHoit nyru d oprpada G u M3HayaIbHOM Ayrd
d, eD, k=1.m

Q(d*,dk):(gkgwa; :Hk):lco. (24)

CkienBaHMe MapaieIbHBIX OyT 0(OpMHM B BHIE ABYMECTHOH onepamuu « @ », a
UMEHHO

d"®d, :(d*,dk)—>((gk —dx)=con((d",d, )A(y' =7 +(yk=des(dk)eG'))))(2

5)
Crenyer ormeruts, yto 1) nepen CIIM marpuna KOHTYpOB C(G) :(Cij (G))K o
JIOJDKHA OBITH M3BECTHA; 2) CTOJOLBI MaTpPUIIbl, COOTBETCTBYIONINE TPAH3UTUBHOM
BETBH, OJIMHAKOBBI, T.K. BCE €€ JIyT'M BXOAAT B OJHU U T€ K& KOHTYpHI oprpada. 1o

CBOMCTBO MO3BOJISICT YCKOpHUTb TIOUCK TPAaH3UTUBHBIX OYT. O[[HaKO ycioBue
PpaBCHCTBa CTOHGHOB B JaHHOM cCJiy4a€ HC ABJIACTCA AOCTATOYHBIM, YTO KaK pa3 U

yuuThiBaeT ¢pyukrop E ( D*) . ero paboTa WILTIOCTPUPYETCsl Ha pUCYHKe 15.

Pucynox 15. Hantocmpayus k ¢pynkmopy E ( D*) .

Coopmynupyem nponenypHyto Mozenb Metoga CIIM kak pekypcHBHBIN alrOpHTM.
1°. Bxox StrMin(G): G =(V,D,I') - oprpap OBC; C(G)=(g;(G)), -

MaTpHIia KOHTYpOB, COOTBETCTBYoIIas oprpady G.
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2°. Nnuumanusupyem Bo3spamaemoe 3uauenue StrMin — oprpad G' =G .

3°. OGHynseM KOpTekK Ayr, COCTABJSIONIMX TPAH3UTHBHYIO BeTBb: D' = &,
m =J.

4°. WNuunmanuzupyem OyneB maccus pD :[ij =0,j =l..m]. Ecm pD; =1,
cTonber ¢ HOMEPOM j CUHUTACTCS «PACCMOTPEHHBIM» M MIPOITYCKAESTCSI.

5°. I[ukn 1m0 HE  «PACCMOTPEHHBIM»  CTOJOIAM  MaTPHILBI C(G),
j=(.m)ApD; =0.

6°. LUk N0 OCTaJbHBIM CTOJIOLAM MATPHIILI C(G) , KpoMe crojbla ¢ HOMEepoM
j:v=l.j-1.j+1.mApD, =0.

7°. TlposepsieM mueHTHIHOCTH cToN60B C; =C,,i =1..K ? Ecnu onu ujaeHTHYHbI,

noGaBnseM nayry B KopTex D = D*u{d . =d U IIOMedYaeM

*
+4+m D*:®:>jc~v}

*

D'=@=jGv

COOTBETCTBYIOIIHH CTONOCI] KaK «pacCMOTPEHHBIN»: pD 1.

8°. KoHel IMKJIA IO V .

9°. Koner nukia o j.

10°. TectupyeM HalJEHHBIH KOPTEX Ha TPAH3UTHBHOCTH E ( D*) #? Ecmm
TECTHPOBAHKE MPOLLIO YAAYHO, EpEXoauM Ha 1. 12°.

11°. TlpumensieM yHKTOP E(D*) : ecnu E(D*) #, nomaraem D" :=D"\E ( D*) ,

B MPOTUBHOM CiIy4ae MpOIeJypHas MOJENb 3aKaHYMBAET CBOIO pabOTy ¢ KOJOM
yaauu.

12°.  WckmouaeM  TpPaH3UTUBHYKO  BETBb U3  pE3yJbTaTHOrO  oprpada

G'::G'\XG(O, D*,O) (3mech XG(O, D*,O) — BpEMEHHBIH oprpad, B KOTOPOM

MHOXECTBO JYyT IpPeIcTaBIeHO MHOecTBOM D ) u Haxoamm 00OOIICHHYIO AYyTry
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d” u3 pemenns omepaTopHOro ypaBHeHms (22), noGaBasieM HH(POPMALMIO B
pesynbratHblii oprpad G':=G' UAG (0,{d*} ,0).

13°. TIpoBepsieM HalM4ue CKPHITOM NapajuiebHOW BETBH, OTKPHIBAEM LMK IO

nepe6opy ayr oprpada G', eex, kpome d ', k=1.|G'|,,d, =d".
14°. Jlyra d, comepXuT mapaienbHble BBMHCIEHHS ¢ 0606menHoit ayroit d~ ?
T.€. Q(d "d, ) =17 Bcnu «ia», To ckiiensaem ayru d =d” ®d, .

15°. Koner nuxna mo K .

16°. TIposepsiem G'= G ? Ecmu «ma», T0O HEOOXOIUMO MPOJOIIKUTE PEKYPCHUIO:
G':=StrMin(G').

17°. Beixoq — oprpad G'.

8. OueHka C/IOXHOCMU CUJNIbHO CESI3HLIX @bIYUC/IUMEeSIbHbIX
npumumueos

Pamee, B m 2, Obul0 cAemaHo JOMyHmIeHWE O TpaHCHOpMAIMH OIEHOK
BEIUUCTUTENbHONH Harpy3ku OBC B OIIGHKH CIOXXHOCTH OOBEKTOB Kiacca
«oprpad». Kak cnemctBHe, B JaHHOM pasfieic TEPMUH «CHJIBHO CBSI3HBIN
BBIYHUCITUTENbHBIA MPUMHUTHBY OyJeT 3aMEHEH «IPOCTEHIIMM CHUJIBHO CBS3HBIM
oprpadoM» B TOM CMBICIE «IIPOCTCHIIIMM», YTO (HOPMYJIbI OLEHKH CII0KHOCTH
BBIBOJATCS 0€3 HWCHONb30BaHUSI KaKUX-THMOO CHENHMadbHBIX QJITOPUTMOB H
MPOrpaMM.

OreHka CIOKHOCTH oprpada mojjpazyMeBaeT MOCTENEHHOE YIPOIIeHHE, BIUIOTh 10
CTOJIb MPUMUTHUBHBIX CTPYKTYp, Ui KOTOPBIX OLIEHKA O(G) BBIBEJICHA 3apaHee B

Buze (opmynsl. TakuMm o00pa3om, B IMpOILECCEe YHPOLICHUs, BMECTO MOBTOPHOTO
aHaIM3a paHee MPOAHAIM3MPOBAHHBIX CTPYKTYP, HCHOJIB3YIOTCS HaKOIUICHHBIE
3HaHMS C TOTOBBIMU OTBeTaMU. [IepBBIMHU B CIIMCKE HMCCIIEIOBAHHBIX U TOTOBBIX K
3aHECEHMIO B 0a3y 3HAHWH NOJDKHBI OBITH CHIIHO CBS3HBIE Ooprpadbl HEOONBIIONH
pasMepHOCTH — M3 2-X M 3-x BepmuH. /it HUX motpedyercsi BBIBECTH (OpMyITbI
OLIEHKHU CIIOKHOCTH.

MNuBapuanT R(G) MO3BOJISIET YIOPSJOYNTH CHUCOK CHIIBHO CBSI3HBIX Oprpados,

SBJISIIOLIMXCS  OTOOpaXKeHHeM HanOoJiee MPOCTHIX TOIMOJOIMH WTEPAllMOHHBIX H
UKJIMYECKUX BBIYUCIEHUH. 113 3TOT0 crnicka Ha/lo yanuTe n3oMopdHsie oprpadsl,

a JuIsl OCTaBIINXCS oprpadoB HANTH GOPMYITBI OLIEHOK CIIOKHOCTH G(G) .
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CneayeT 3aMCTUTb, YTO B HWHBApHUaHTC R(G) BE€C Ayr' HE HCHOJB3YCTCA U

VG:G=G=G=G\I". BHe BOMmpPOCOB HWHIEKCALUK OyIeM HCIOJIb30BaATh
BoccranoBieHHOe G:=G UI" (npu 3TOM CyTh pacCykICHHH HE MEHSETCS U He
TepsieTcsl, XOTs VIS MPAaKTHIECKOH peali3aliii 3TOT aCIeKT BECbMa BaXkeH).

PaccMoTpuM KOABI BCEX BO3MOXKHBIX CHJIBHO CBSI3HBIX OprpagoB C Tpems
BEpILIMHAMY, PAaHXKUPYS UX B IOPAAKE BO3pacTaHUd UHBapUaHTa R, (G) 123, 25, 27,
29, 31, 38, 39, 45, 46, 47, 54, 55, 57, 58, 59, 61, 62, 63. B cuiy cBoeit
yHuKanbHOCTH, Kputepuil Ry(G) B3AT 3a OCHOBY IOCTPOCHHS JAMArpamm
M30MOPGHU3MOB Ul Kjacca CHJIBHO CBSI3HBIX Oprpad)oB 3aIaHHOW BEpIIMHHOM
pa3MepHOCTH |G|1 . CTpenku Ha 3TUX JUarpaMmax HIOyT CIpaBa-HaJIEeBO, yIHPAsCh B
Konbel 0a30BbIX oprpados. Ha pucynke 16 mokasaHbl pe3ysbTaTbl MCCIIETOBAHUS
m3oMop(dI3Ma BHIICYIOMSIHYTOTO CIIHCKa oprpadoB mo kpurepuio R, (G) , B BHJC

JuarpaMMsl H3oMop(hu3MoB. «CO0i» IO NyroBOi pasMepHOCTH |G|2 HaOmonaercs

cpa3sy ke, HauMHas ¢ KoJa 23 — eMy COOTBETCTBYET oprpad ¢ 4-Ms Iyramu, Torjaa
Kak KoJy 25 cooTBeTcTBYeT oprpad c Tpems AyramMH: HaJHMLO HapylleHHe
NPUHIMIA Ha3HAueHUs MHBapuaHTOB. CepblM (OHOM Ha pucyHKe 15 oTMeueHBI

6a30BbIe KOJPbI, T.€. COOTBETCTBYIOLIME H30MOphHbIe oprpadsl UMEIOT koI R, (G),

3HAYCHHUC KOTOPOI'O NPECBLIIACT 0a30BEbIi KOnI.

r

o ga@@é%xﬁ

Pucynox 16. Koowr R, (G) opepaghoe ¢ mpems epUUHAMU U YUCTO 0V (6HU3Y)

9. CnoxHocmb Aunoss

(3)
Jluriosp — CuIIbHO CBSI3HBIH oprpad), mpuMeMm Juist Hero o6o3HaueHue B Buae G, rue
®3)
BepXHMH uHJIeKc “3” — 3HaueHue uHBapuaHra R;| G |. B numoie nBe BepuIMHBI U

JIBE JIyTH:
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G=(V.D,I'),V =(v,V,), D=(d,.d,), (26)
d

L=, o V,),d, =(v, > v), T =(y,=d,y, =d,).

3
I[I/IHOJ'H) G nokasaH Ha PUCYHKC 17. OH sBAsSETCS MaTeMaTHYECKUM OIHCAHUEM

cTpykTypbl mpocteiimeit OBC. BepmmHbl Auons COOTBETCTBYIOT —OJOKaM
pacnpeneneHust uHGOpMaIuu (cepBepaM), a IYyrd — BBIYMACIUTEIBHBIM pecypcam
(KoMITBIOTEpaM, KIIacTepaM, OOJIAYHBIM TUIOMATKAM).

¥,

T (2) '

|

PucyHOK 17. ﬂunOJZb U eco 636euleHnas Mmampuya CMeICHoCmu

OmeHka CIOXXKHOCTH CHCTEM IIPOM3BOAWTCS IIyTEM CEpHH  YIPOLICHHUH,
OCYIIECTBIIIEMBIX OJHOTUIHO. B KOTHUTHBHOM MOATEKCTE TPH BBYUCICHUH
OILIEHKH

Ha pucynke 17 erxko 3aMeTHTh M BIIOJIHE OUYEBHIHO CIIOKHOCTH CEPHIO YIPOILICHUH
MOXHO IPE/ICTABUTH B BUJIE IEPEBa PEKYPCHU.

Crpykrypa ucxoasoro cocrosiHus OBC mperncraBieHa CHIBHO CBSI3HBIM oprpadom

®
G ¢G,biC(G):1. TpebyeTcs OLEHUTh BBIYHUCIUTENBHYIO clioxkHOCTE OBC. s

9TOr0 HCXOIHBIA oprpad MOIBEpraeTcs IMOATAMHOW IeKOMITO3WIH. HadanpHOe
cocrostHUE oprpada cunraercs HyneBsIM dTaroM. [IpuMenutensHo kK OBC mMeHHO
JIUTIONG SIBJISIETCS KOHEYHOW CTPYKTYpOH B JepeBe PEeKypPCHUBHOT'O BBIUYHCICHHS
OIICHKH CJIOKHOCTH.

Haiing crmoco6 mepeBoma IWTONS B Pa3OMKHYTOE COCTOSHHE, H, OJHOBPEMEHHO,
MIPOM3BOJIS TIPH 3TOM OIIEHKY CIIOKHOCTH, MOKHO OIICHHUTD CIIOKHOCTH Bceit OBC B
LIEJIOM.

HaJlM4Me JIBYX AJbTCPHATHBHBIX BapUAHTOB PA3MBIKAHUS JHIIONSA: OO pa3phIB
nyru (1—2), 1u6o paspeiB ayru (2—1). B OBC pa3psIB J1t000i Ayru CONpsKEH C
HEOOXOMUMOCTHIO HMTEPUPOBAHHUS IO OJHOH WM HECKOJBKUM IEPEMECHHBIM,
nepenaBaeMbM B PE3yJIbTaTe paclpelneneHus WHGOpMAalud B BEpIIWHAX IS
MOCIEAYIOMIETO pacdyeTra B ayrax oprpada. s paspernieHus aabTepHATHBBI HAIO
MPUHITh BO BHUMAaHHWE, YTO JYTH SBISIFOTCS TOTMOJOTHYECKHM OTOOpaKeHHUEM
BBIYHMCIUTENLHOTO TIpoIlecca, ¥ BBIOOp, MO Kako WMEHHO Jyre Oyaer
OCYUIECTBIJISITECS ~ UTEPUPOBAHHUE, ONpPENENsieTCsl CIOXKHOCTbIO AYr M MX
cowreHenneM B oprpade OBC. Ilpu 3ToM Hajmo cpa3y OTOBOPHUTBECS, YTO IIE€pen
pacueTaMu o0mIeH oneHKH cioxHOCTH Beceld OBC B IesioM mapaMeTpuYHOCTh BCEX
0e3 HCKITFoUeHus IyT oprpada JoInKHA OBITh 3apaHee U3BECTHA.
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OO11ast BEIYUCIUTENbHAS CII0KHOCTD JUIOJISI — OHA JIOJDKHA ObITh MHHHUMAJIbHA, Ha
ATOM CTPOUTCS 00IIas oreHKa ciioskaocT oprpada OBC.
Ha ocHoOBe aHanm3a 3KCIIEPUMEHTAJIbHOW WH(OpMANWU, C MPUBJICUYCHHEM psa
AKCHOM CJIOKHOCTH B UTOTE ObLJIa HAMH MPEJIOKeHa cieayromas Gopmyna

@

)
6| G |=min{y,(1+7,).v,(1+7,)} - (27)

10. [lpouedypHasi MoOesib OUEHKU  ebl4duciumesibHouU
cnoxHocmu OBC

Hus omeHkn BbMucCIUTENsHOW cinokHOcTH OBC  paspaboranHa peKypcHBHAsS
npouenypHas MOZEIb, B OCHOBE KOTOPOHM — TIPHHIUIBEI ITOCTPOCHHSA
MYJIbTHIDIMKATHBHBIX OIIEHOK CIJIOXKHOCTH, KOTZla OCHOBOM MOCTPOCHHMS IIKAJIbI
CJIOKHOCTH OprpaoB SIBISIETCSI BIO)KEHHOCTh BBIYMCICHHH B HTEPALOHHBIC
IUKJIBL. B ommcanuy Moaeny UCIoIb3yeTcsl TEPMUH KOHTYPHOH» — 3TO CIIMCOK YT
oprpada, paHXHPOBaHHBIX B MOPSAKE YOBIBAaHHS MX KOHTYPHOCTH, & B KaKIOM
MIOJIMHOKECTBE YT, XapAKTEPHbIX OJIUHAKOBOM KOHTYPHOCTBIO, JYTH PAHKUPYIOTCS
10 BO3pacTaHuio mapamerpuynocTH [1]. B Takom ciydae ayru, HMeErOmue
HauOOJBIIUKA TPUOPUTET K Pa3pbiBy, CTOAT B Hauajne crhucka. J[us yMmMeHbIIeHUs
qyucia BapUaHTOB paspniBa MMPUMCEHACTCA JOCTAaTOYHO HpOCTOﬁ IpueEMm,
OTHOCSIIMICA K METOAMKE «BETBCH W TpaHHIl»: Mepedop MpeKpamaeTcs, eciiu
MHHAMYM  CIOXXHOCTH,  HAaWOEHHBI IS  OYEpEAHOTO  MOAMHOXECTBA,
XapaKTepU3yeMOTro OJHMHAKOBOW KOHTYPHOCTBIO, TI0 OTHOIICHUIO K IIPEABIIYIIEMY
MOAMHOXECTBY CTaJl BO3pPACTATh.

Bxon (pexypcuBHbIit amantep): oprpad G = (V, D,I’ ) .

2. TlportokonbHast cny>1<6a10 aktuBupoBaHa? Her — moceuika cooOmIeHns
Ha aKTHBH3AIIHIO.

3. Oprpad cunbro cBs3ubii? bic(G)=1? «/Ja» —nam. 12.

4. CrpykrypHas gekommosunust: pasousaem G Ha CCIL,i=1.[.

5. 6,=0.

6. Iuxmmo CCII, i=1.8.

7. Bxon (pexypcusHsIi agantep): oprpad G = CCII;.

8. 6,=0,+60.

9. Kouer nukia 1o i.

10. 6=6,.

11. Bexonx: 0.

1

% OrpenpHas no3amada, paGoTaromas B JOHOBOM pexuMe; (OPMHPYET POTOKOI

Pa3phIBOB U OCYINECTBIISIET B3aUMOICHCTBUE C 02301 3HAHUH OIEHOK CIIOKHOCTH.
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12. C TouHocThIO 70 M3oMopdusMa oprpadp G mmMeercs B Oa3e 3HAHWIMA
OLICHOK CJIOHOCTH (0a3a 3HAHMII MHIEKCHpOBaHA IO MHBapHaHTaM
CHITBHO CBSI3HBIX oprpadoB)? «/la» — oOpamaemcs ¢ 3armpocoM B 6a3y

3HAaHUM U nojiyyacM OLCHKY OEO(G), BbIXOAWM U3 PEKYPCUBHOI'O

ajanTepa co 3HaYeHHEM 0 .
13. IIposoaum CIIM oprpada G = StrMin (G)

14. ITocTpoeHre KOHTYpHOHA HA OCHOBE é(G) ul.

15. 6, = HUGE _VAL (nauGonbluee u3 BceX BO3MOKHBIX BELIECTBEHHBIX

yycen B s3pike C++).
16. Llukia no gyram KOHTYpHOHa, i =1.m.

17. Paspsie iyrn G'=G\{d,}.

18. Jlexommosumuss G’ Ha KOHTYPHBIE MOJICHCTEMEL

19. [luxn 1O COMCKY KOHTYPHBIX TIOJICHCTEM C CYMMHPOBaHHEM
pe3ynbTaToB OlEeHKH cliokHOCTH. [lomaraem, uto ouepennas KCCII
uMeeT 0600meHHbIH anuac G’ .

20. Bxox (pekypcuBHbIii anantep): G = oprpad G’

21. YTouHseM MyJbTUILIMKATHBHYIO OLCHKY CIIOXHOCTH 0 =1, (1 + 6).

22. 6<0,? Ouenka yosBaet? «HET» - BBIXOZUM U3 LIUKJIA IO .

23. 3anomuHaeM oLeHKy 0, =0.

24. Kowel 1uKJa, OTKPHITOTO B 1I. 19.
25. Koner nuknia o i.
26. Boixox co 3nauenuem 0 =0,.

11. 3aknroyeHue

PazpaboTaH TeopeTHueckuii 6a3uc OLUEHKU CIOKHOCTH KPYITHOOJIOYHBIX OOJIa4HBIX
BBIYHCIICHHUH, UCIIOIB3YIOIUX apu(METUKY MOBBIIIEHHONH TOYHOCTH, BKIIFOUAIOIIUHA
B ce0sl METOABl M aJITOPUTMBI, TpeIHa3HAauYeHHble s npoekTupoBanus OBC. B
HacTosiliee BpeMsi paboTa BeleTCs B HalpaBICHUH JAJbHEHIIEH KOHKPETH3aLNH
OLICHOK  CJOXXHOCTH  PEAIbHBIX  BBIYUCIUTENBHBIX  JWMONEH, MPOBOAATCA
BBIYHCIINTEIIbHBIE HKCIIEPUMEHTHI 110 HMCIOJIB30BAHNIO apU(METHKN MOBBIIICHHOM
TOYHOCTH B THIIOBBIX YHCJIEHHBIX METOAAX C JajbHEHIIEH ammpoKkcuManuei
MOJIYYEHHBIX PE3yIbTaTOB TecTHpoBaHUs. [lnaHupyeTrcs NONMY4YUTh KOHKPETHBIE
BBIpOXEHUS U1 (YHKIMOHAJOB TMapaMmeTpuyHocTH ayr oprpada OBC mpu
pemeHnH KpYIMHOOIOYHBIX 3a/1a4 MAaTEMaTHYECKOTO MOJICTUPOBAHNS.
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cloud computing using arithmetic with
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Abstract. In article questions of an evaluation of complexity of large-block cloud computing
with enhanced accuracy are considered. This development is directed on the decision in a
cloud of tasks of mathematical simulation with special requirements of accuracy. In particular
it is about obtaining the precision and confidential solution of tasks with complex couplings
between subtasks in the form of large blocks and the score time considerably exceeding
transmission time of information in between. The methodology of an evaluation of
complexity of tasks of this sort used for creation of the computing systems, optimum on
productivity functioning in the cloudy environment is offered.

Keywords. large-block parallel computing, cloud computing, precision computation,
precision and confidential solution of tasks, floating point arithmetic of enhanced accuracy.
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