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®OPMAJIbHBII METO/] CHHTE3A OIITUMAJIBHBIX
TOINOJIOTUi BBIYUCJIUTEJIBHBIX CHCTEM, OCHOBAHHBIN
HA ITPOEKTUBHOM OIIUCAHUU I'PA®OB

Ilpennaraercss ~ nE€TEpMUHUPOBAHHBIA  METOJ  CHHTE3a  TOIOJOTMH
WHTEPKOHHEKTA, ONTHMU3HPOBAHHBIX ITOJT TPEOyeMbIC CBOMCTBA. MeTO]] OCHOBAaH
HA OpPWUTHHAJIBHOM ONHCAaHUM TIpad)OB MPOCKIUSIMH, HA YCTAHOBIICHHUH
OMEKTUBHOTO COOTBETCTBHSI TpPEOYEMBIX CBOHCTB M CBOWCTB MPOCKIIHIA
HadaldbHOTO Tpada, HA TOCTYIMPOBAHHH COOTBETCTBYIOIIMX OTPAHHMYCHHHA
MOIUGHUIMPYEMBIX TMPOCKINH W HAa WTEPATUBHOM NPUMECHEHHM K HUM 3THX
OTpaHMYCHUH MO0 JO MOMEHTA PEIICHUS CHCTEMBl MPOCKIMA WU TOTyYCHHS
MPOEKIM HCKOMOTo Trpada, 1mbO HO BBIABICHHA €€ HECOBMECTHOCTH C
3a/1aHHBIMHU HaYaJIbHBIMU YCJIOBHSIMH.

Knrouesvie cnosa: TONONOTHSI UHTEPKOHHEKTA; METOJ MPOESKTUBHOTO OMUCAHUS
rpadoB, MPOCKIMH Tpada, perieHne CUCTEMBI TPOCSKITIA U CHHTE3 OITUMAITbHBIX
TOIIOJIOTHH.



BBenenue

D PeKTUBHOCTD MapaUIeIbHON peai3alliy 3a/1a9d Ha BBIYACITUTEIHLHBIX
cuctemax (BC) ompenensiercss HMX TOMOJIOTHYECKOH COBMECTUMOCTBIO,
OIICHUBAEMON CTEMEHbI0 COOTBETCTBHUS TOMOJOTUM 3a7a4d TOMOJIOTHSIM
MHTEPKOHHEKTa, T.€. JOMYyCKaeMOHl MOCIeAHUMH JAOJeH HUCHOIb3yeMBbIX
3a7a4eil BBIYMCIUTEIBHBIX PECYpCOB paccMaTpuBaeMou cucTeMbl [1].
[TonsiTHO ipM 3TOM, uTO 100-TIPOIIEHTHON COBMECTHMOCTBIO JIJIsI JIFOOBIX 337249
obnanana Ob1 BC ¢ mOMTHOCBSI3HBIM MHTEPKOHHEKTOM (€Ciii Obl TAKOBOM MOT
OBITh pEaIN30BaH), U B TOM CIIy4ae MOYKHO ObUIO ObI TOBOPUTH O €€ TOJTHOM
YHHUBEpPCATbHOCTH. MaKCUMaabHOTO  HUCIOJB30BAaHUS  BBIYUCIUTEIBHBIX
motHocTe BC mist KpUTHUECKH BaXKHBIX 3a7a4 MOKHO ObLTO ObI JOOUTHCH,
peanu3ysl aJleKBaTHYIO 3TUM 3a/ladyaM TOIOJIOTHI0 MHTEpKOHHEKTa. OJHaKo
"y3kasi HaNpaBICHHOCTb CHEHUATU3UPOBAHHBIX CHUCTEM MPUBOJUT K
HEONpPaBJAaHHO BBICOKOW CTOMMOCTH, YTO HETAaTHMBHO CKa3bIBAECTCS Ha HX
3¢ (HEKTHBHOCTH - OTHOIICHUIO CTOMMOCTH K Mpom3BoauTenbHOCTH" [2].
CrnenctBueM crienyaIn3aliyl CYNEPKOMIIbIOTEpA HAa OrPaHUYECHHBIN HaOOp
3a/a4 SBISIETCS U CYIIECTBEHHOE CHIKEHHE OBICTPOJEHCTBUS Ha 3ajadax,
TOMOJIOTHYECKH OTIMYHBIX OT 3TOro Habopa. [Toatomy B manHoO# paboTe peub
UIET O CcHCTeMax, 'oONajaromuX TaKUMH BaXHBIMU (DYHKIIMOHAIBHBIM
XapaKTepUCTHKAM CETU KakK 4HCIIO ee aODOHEHTOB (TPOIIECCOPOB) U 3aA€PKKHU
nepenayn MexXAy HUMHU, 3a/1aBaeMble nuameTpoM cetu" [3], T. e. 00maaromumx
YHUBEpPCAJTbHBIMU B 3TOM OTHOILIEHUHU TOMOJOTMUYECKUMHU CBONCTBAMU:
PETYJISIPHOCTBIO U KOMITAKTHOCTBIO [4].

OOmenpunsTOil 0a30BOM JETEPMUHHUPOBAHHONH Mojenbio Tomnonorun BC
SIBIISIETCS Tpad, MHOKECTBA BEPIIMH U pedep KOTOPOro B3aWMHO-0/THO3HAYHBI,
COOTBETCTBEHHO, MHOXECTBAM BBIYUCIUTEIBHBIX MOJYJICH W JIMHUW CBSI3U
MEXIy HUMH, a METPHUUECKHE XapaKTEPUCTUKHU (AHAMETpP, SKCIICHTPUCHUTET,
paccTosiHMe  MEXIy  BEpUIMHAMM)  MPOMOPLUOHANBHBI  3a/eprKKam
nepegaun/mpuemMa eauHuIB nHGopManuu [5]. TloaToMy CHHTE3 TOMOJOTHH
BC, onTtuManbHON B OTHOLIEHHHM CETEBBIX 3aJIE€PKEK, CBOJMUTCS K CHUHTE3Y
rpada ¢ MeTpuUKaMu, OIpeneisieMbIMU MACIITa0HOCTHIO pEIIaeMbIX Ha
CUCTEME MapayljIeNIbHbIX 3a/a4 (BBIYUCIUTEILHBIMU O0bEMaMu U O0beMaMH
00pabaTbIBaeMbIX JaHHBIX) U UX HHPOPMALMOHHBIMU TONOJOTHsIMHU. B pabote
[6] mpe1oKeHa U JOCTATOYHO MOAPOOHO PAaCCMOTPEHA MOAEIH apaIeIbHBIX
BBIYHCIICHUH, yCTaHABIUBAIOIAas (JOPMAIbHBIE COOTBETCTBUS XapAKTEPUCTUK
nmapajuIeNIbHBIX 3a71a4 MeTprukam rpada BC.

B cBsi3u ¢ 3TUM BO3HUWKAET MpoliiemMa cHHTE3a rpada ¢ TpeOyeMbIMU s
ONTHUMAIBHOM peaau3alii MapajuIeIbHBIX AJITOPUTMOB METPHUYECKUMU

xapaktepucTukamu. [Ipobnema sta sBisiercss NP-TOTHOW W pemniaeTcsi, Kak
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NPaBUJIO, SMIUPUYECKH JHOO C  HCIOJIb30BAaHHEM CTOXACTUYECKHUX,
KOMOWHATOPHBIX, TEHETHYECKUX WM JPYTHX OBPUCTHUYECKUX I10 CYTH
QJITOPUTMOB, OJHAKO, BO-TIEPBBIX, TaKWE€ PELIEHUS BCE PABHO JOCTATOYHO
TPYAOEMKH ¥, COOTBETCTBEHHO, BpeMs3aTpaTHBI, a BO-BTOpPBIX, HE
rapaHTUPYIOT OE3yCIIOBHO ONTHUMAIbHOIO B OTHOIIEHUU TPEOYyEeMBIX METPUK
pesynbrata. WU TO U aApyroe o0OyCIOBIEHO TEM, YTO JOCTOBEPHOCTh
BEPOSTHOCTHO-ONTUMAJIBHOIO CHHTE3a, OMpeeNsercs JMbo pa3smMepoMm
BBIOOPKH, JIMOO MOUIHOCTHIO CIyYallHO CTEHEPUPOBAHHOW IMEPBOHAYAIBHOMN
MOMYJISIIIUY, U CBSI3aHHAS C 9TUM HEJIETEPMHUHUPOBAHHOCTh MOXKET MPUBECTH K
HEMpeICKa3yeMbIM, B TOM YHCIIE JECTPYKTUBHBIM, TOCIEICTBUSAM B MIPOLIECCE
¢bysnkunonuposanusi cuctemsl [4]. [loaromy mpoGiieMy cHHTE3a CilydailHBIX
rpados, BrepBbie chopmynupoBaHHyio B 1959 rony B pabdorax [7] u [8] MbI
3/1eCh HE 3aTparuBacM.

[Tpobnema neTepMHUHUPOBAHHOTO CHHTE3a S-PETYJLIPHBIX rpadoB mmeer
JIOCTaTOYHO JIaBHIOKD HCTOPUI0O M B OOJBIIEH CTENEHW OTHOCUTCS K
KyOMUYeCKHM U KJIETOYHBIM rpadam. Tak, mepBble MOJIHbIE CIUCKA KyOMYeCKUX
rpadoB oTHOCATCS K KOHITy XIX Beka, koraa ne Bpuc omyOnukoBan Crmcok
BCcEeX KyOmdeckux rpadoB BIUIOTH J0 10 BepmmH [9], BpydHYIO HCCIIEIOBAB
KOH(QUTYpallMi  TUIOCKOCTEH, B KOTOPBIX Kaxaas TOYKa SBISETCS
MepeceueHrueM IBYX MPSIMbIX, a KakKJas MpsMas COJIEPKUT TPU TOUKH, MPHU
ATOM MPSMbIE HHTEPIIPETUPYIOTCS KaK BEPIIMHEI rpada, a TOUKU Kak ero péopa
[10]. XpoHODOTHS MOCIEAYIONINX OCHOBOMOJATAIONINX MMyOIUKAUNA B ATOU
obmactu TakoBa: B 1966 r. onpenesnensl Bce KyOuueckue rpadsl 1o 12 Beprmx
[11], B 1976 r. momyuyeHsl KaTajlor Bcex Kyonueckux rpagos 1o 14 BepiiuH
[12], uncna kyOnueckux rpados 10 18 BepinH, CIUCKH CBSI3HBIX PETYIISIPHBIX
rpadoB crereHu 4, 5 1 6 U CBA3HBIX IBYIOJBHBIX PETYISIPHBIX TPagOB CTEIICHH
3,4, u 5 [13], B 1986 r. crenepupoBansl Bce KyOuueckue rpadel Ha 20
BepmmHax [14], B 1992 r. crenepupoBanbl Kyondeckue rpadsl 10 24 BEpIIUH
[15], B 1998 r. monydensr kyOuueckue rpadsl u3 26 Bepmun [16], B 2011 T.
CreHEepHUPOBaHbI Bce Kyonueckue rpadwi 10 32 BepmuH [17].

K coxanenuto, B 3TUX paboTax HUUErO HE TOBOPUTCS 00 aCUMITOTHYECKON
CIIO)KHOCTH Pa3pa0OTaHHBIX AJSi 3TOTO AJITOPUTMOB, OJHAKO MPUBEIACHHAS
3[IeCh XPOHOJIOTHS U CPaBHHUTEIBHO HeOOJbIIME Ui rpadoB cTeneHu 3
3HAYEHUs WX TOPSJIKOB, JAIOT HAIJSJAHOE TPEACTABICHUE O CIOKHOCTH
pelaemMpIX MpU 3TOM MpodseM. 3aMeTHM KCTAaTH, YTO ENIbI0 MPUBEICHHBIX
BBIIIE Pa0OT SBISUIOCH MOTYUYEHHUE 8CEX HEUZOMOPPHBIX KYOUUecKux epagos ¢
3aJJaHHBIM YHUCJIOM BEpILIMH, YTO HW3HA4YaJbHO ObUIO OOYCIIOBIEHO YHCTO
MPAKTUYECKON 3a/ayeil KOHCTPYKTHUBHOTO NEPEUHUCIICHUSl 6CeX BAIeHMHbIX



U30Mepo8 AHHYIeHO8, KOTOPBIE SIBIISIOTCS PETyJIIPHBIMU rpadaMu CTETIeH! TPpU
[18].

3amada MmocTpoeHUs PEryJsipHOTo Tpada ¢ 3aJaHHBIM 00XBaTOM, 3aJaHHON
CTENEHbIO U HAMMEHBIIUM BO3MOKHBIM KOJIMYECTBOM BEPIIMH YPE3BBIUANHO
TPyJHA W JI0 CHUX TOp HE MMEET €AMHOr0 Mojaxojaa u obmiero pemenus [19].
JlocTaToyHO MTOCMOTPETH Ha M3BECTHOM aKTyaJM3UPOBAHHOM
MareMmatnueckoMm caiite mathworld.wolfram.com cTpaHuIly, MOCBSIIEHHYIO
KieTouHbiM rpadam [20], yToObl yOeauTbcs B TOM, YTO TeKyllas TaOmuia
HaWJCHHBIX KJIETOYHBIX TpadoB JaJIeKO He MOTHA. DTO TaKKe YKa3bIBaeT Ha TO,
YTO MMEIOIIMXCS B HAJTUYUU METOJOB U aITOPUTMOB HEAOCTATOYHO, YTOOBI
BBISIBUTH HAJIMYKME WIIM HEBO3MOXKHOCTh TIOCTPOCHHUS TAKUX TpadoB.

[ToHATHO, YTO BO3MOKHOCTB ITOJIy4EHUS JETEPMUHUPOBAHHOTO PEILICHUS 32
o0o3puMoe BpeMs, Kak NpaBWIIO, CBS3aHAa C BBIOOPOM MaTEMaTHYECKOTO
onucanus 00beKTa uccienoBanus (B HameMm ciaydae — rpada BC). [lpusenem
B OTOW CBS3M THUNEPOOIMUYECKUI OBITOBOW NMpHUMEp: I 3a0MBaHHS TBO3MIS
HEeoOXoauM HMHCTpyMeHT. Vcmonb3oBaHHMEe B  KauecTBE HHCTPyMEHTa
IOBEJIMPHOT'O MOJIOTOYKA MOTPeOyeT HaHECEHHUs 110 TBO3/II0 HE OJHOM COTHH, a
TO Y THICAYH y1apOB, — COOTBETCTBEHHBIM OYyJIET U 3aTPAYEHHOE Ha 3TO BpEMSI.
OpHako WCHOTB30BAaHUE MOJOTKA, COOTBETCTBYIOILIETO pasMepy TBO3S,
JieNIaeT MOCTABJICHHYIO 33/1a4y JIETKO U ObICTpo pazpemumoii. [IpuBenem 6omnee
pENIeBaHTHBIM K paccMaTpuBaeMOW 37eChb TEMAaTHKE IpHUMEp: OIHCaHUE
JOTMYECKOW  3aJadM  MOXHO  3aJaTh  COBOKYIHOCTBIO  OTAEIBHBIX
BBICKAa3bIBAaHUI M pEHIMTh 3aJady IOCJIEJOBAaTEIbHBIM HX TepebopoMm.
Onucanue TOW k€ 3ahayd TaONMMIEH MCTUHHOCTH WM BBIPAKCHUSAMU
JIOTHYECKOW anreOphl W HCIIOJIB30BAaHUE COOTBETCTBYIOMIETO (HOPMAIBHOTO
anmaparta JacT TOYHOE M HETPYJOEMKOE pElICHHE 33 HECPAaBHUMO MEHbIIIEE
BpeMSI.

ANropuTMBI aHaNM3a M CHHTE3a rpadoB TPATUIMOHHO Oa3UPYIOTCS Ha
MCIOJIb30BAaHNU MAaTPUYHBIX WM CIIMCKOBBIX OMKCAHUH, 3a/1al01UX OUHAPHbLE
omHoweHus BEpIIMH U pebdep i ayr. Pabora ¢ TakuMHU HU3KOYPOBHEBBIMU
OTHOIICHUSMU TOJ00HA TMPUBEACHHBIM BBIIIE MPUMEpPAM HCIIOJIb30BAHUS
HEaJIeKBAaTHBIX 3aJjauaM WHCTPYMEHTOB, — OTCIOZa M HEMOJIMHOMHUAIBHOE
(OTHOCUTENBHO TOpsAIKa M pasmepa rpada) Bo3pacTaHHE TPYAOEMKOCTH U
BpEMEHHBIX 3aTpat. B pabotax [21], [22] ObLT IpeIIOKEH U MOTYyIUIT PA3BUTHE
HOBBII METOJ OINUCAaHUSA, ONEPUPYIOIIUI Oojiee KPYIHBIMU KaTerOPHsIMU —
npoekiusiMu - rpada. Mpes o0 WCMONB30BaHMM TAKMX OMUCAHWUN  JUIS
AHATTITHYECKOTO CHHTE3a Ipad)oB ¢ TpeOyeMbIMA METPUKAMH BIIEPBBIC ObLIA
BBICKAa3aHa W MpOWUIOCTpupoBaHa mpumepamu B [4] u [23]. Bcenencreue
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HOBU3HBI 3TOT METOJ| OMHCaHUsA TpadoB IMOKA HE TMOIYYHI HIUPOKOTO
paclpoCTpaHeHUs, OJHAKO €ro ampolarus B CO3AaHHH HWH()OPMAIMOHHBIX
cucteM (apMalleBTUUECKOM MPOMBIIUICHHOCTH [24], B HCCIIEIOBaHUIX
CeTeBbIX MH(OPMAMOHHBIX cUCTeM [25] u B Apyrux, Hampumep, B [26-29]
ucciaenoBaHusAX monrBepauwina ero dddextuBHocTh. C  Ombmmorpadueit
UCCIIEIOBaHUM, OCHOBAaHHBIX Ha 3TOM METOJIe OIMHUCAHUS rpadoB, MOXKHO
03HaKOMHTHCS B 0030pe [30].

B npannoii pabore wumes NETEPMHHMPOBAHHOTO CHHTE3a TOIOJOTHH C
3aJlaHHBIMU cBOWicTBaMU [31] Hamwa cBoe popManbHOE BOIUIOIICHUE B CHHTE3€
omnucaHHbIX B [4] kommakTHbIX rpadoB BC, obnamammux MHUHHUMAaIbHBIM
JMaMETPOM, M CIIEIOBATEIIbHO, HAUMEHBILEH TOIOJOTHYECKONW 3aAEP:KKON
MH(OPMAIIMOHHOTO 0OMEHa MEX]Ty BETBSIMU MapalIeIbHON 3aa4uH.

1. IlpenBapurte/ibHbIE 3aMeYaAHUS M ONPeaeSIeHUs

B nmanHoM pasnene mpeacTaBieHbl  HEOOXOAMMBIE MMOSICHEHUS K
UCIOJIb3YyeMOH B pabOTe OpPUIMHAIBHON TEPMUHOJOTHUH U COOTBETCTBYIOLIHE
omnpenenenus. Jlo6aBuM, 4TO pedb 37echb MOUIET O MPOCTHIX (6€3 meTenb U
KpaTHBIX pebep) HEOPHUEHTUPOBAHHBIX Ipadax.

Ilpoexyus P(vj) rpada G(V,E) mpencraBiser co0oil MHOTOYPOBHEBYIO
KOHCTPYKIIMIO, HAa HYJIEBOM YPOBHE KOTOPOH pacnojioxKeHa BepinHa vj € V —
OCHOBAaHME, WM  paKypCc IHPOEKIHMH; MOPOXKAECHHOE  OCHOBaHHEM
MIOJIMHO>KECTBO BEPILIUH MEPBOTo YpoBHs V1 C V conepkut Bce BEPLINHBI €T0
okpykeHuss N'(vj) \ vj 6€3 mopoXKAaroIIeii ero BepIIuHbI Vj, a i-i YPOBEHb
(i > 1) mpencrasnsier cob60il COBOKYITHOCTh MOAMHOXKECTB BEPIIMH, KAX0€ U3
KOTOPBIX MOPOKJIEHO BEPIINHON (I — 1)-TO ypOBHS U SBISETCS OKPY>KEHUEM
3TOM BepUIMHBI Oe3 BEpIIWH, HEMOCPEICTBEHHO NPEAIIECTBYIOIIMX € B
naHHOM mpoekuuu [4]. dparMeHTH MPOEKLUH, MOPOXKAAEMbIE BEpIINHAMU
NIEPBOTO YPOBHS, Ha3bIBAEM BETBSAMH MPOEKIINH.

OTHOIIEHUSI HEMOCPEACTBEHHOTO TPEAIICCTBOBAHUS U MOPOXKIACHUS
BEPILIUH B MPOEKIUHN P(V) €CTh OTHOIIEHUSI CMEXKHOCTH 3THX BepIinH. Yucno
MOPOXICHHBIX HAa [-M YPOBHE IIOJMHOXECTB COOTBETCTBYET YHCIY
MOPOKJIAIOLIETO UX BeplIuH (I — 1)-ro ypoBHS. YHOPSAAOYUB BEPIIMHBI 110 UX
HEMOCPECTBEHHBIM MPEAIIECTBOBAHUAM U MOPOKICHUAM OT PAKypCHOU v 110
J-# BEpILIUHBI i-T'O YPOBHS Vij, MOIyYUM MapmipyT M(v — vij) = (V,Vix, **,Vij) U3
BEPILLIUHBI V B BEPIINHY Vij, IPU 3TOM B HEB3BELIEHHOM rpade HoMep i ypOBHS
paBeH UIMHE IIyTH W3 PaKypCHOW BEPIIMHBI V B JIIOOYI0 BEpIIMHY
MOAMHOXecTBa Vi HaxosImuxcs Ha ypoBHeE i BepmuH. [locnenoBareabHOCTD
BEpILIUH, HETIOCPEACTBEHHO MPEILIECTBYIOIUX OTKPBIBAIOLIIMMCS CKOOKaM OT



Vij 70  PpaKypcHOW  BepIIMHBl vV, JaeT  OoOpaTHbII  Mapuipyt
M(vij — v) = M"Y (v — vy)).

Ecnu B npoekunu rpaga ojlHa U Ta K€ BEpIIMHA BCTPEYAETCs m pa3, TO ee
9K3EeMIUIIp, Hanbosee MPUONMKEHHbIM K OCHOBAHUIO M PACHOJOKEHHBIH
NIEPBBIM CJIEBA, CUMTAEM OPUTMHAIBHBIM, a OCTalbHbIE (M —1) ee Komuii
Ha3bIBAEM PEIUIMLMPOBAHHBIMU, UM perukaMu [32]. IlosiBieHne peruk B
MIPOEKIIMH YKa3bIBAaeT Ha Hajuuue B rpade nukios. Cymma HOMEpPOB ypOBHEH,
HAXOJSAIIMXCS B Pa3HBIX BETBSIX OPUTMHAJIBLHOW BEPILUHBI U €€ PEIINKU, WU
TOOBIX JABYX pEIUIMK OJHOW M TOM ’K€ BEpPUIMHBI ONPENENeT [UIMHY
COOTBETCTBYIOLIETO LIUKJIA.

[poexmus P(vy) rpada G(V,E) aBnsieTcs MOTHOMN, €CIH €10 OIPEICIICHBI BCE
BEpILIUHBI U Bce pedpa 3toro rpada [4]. BepmuHHO nonHas npoekuus rpada
G(V,E) conepXUT Bce BEPIIMHBI MHOXKECTBA V, HO HE 0053aTENbHO SBISIETCS
MIOJIHOM, TOorja Kak peOepHO MOJIHAs MPOEKLMs SIBISETCS IOJIHOM Bcernaa.
MuUHUMAJILHOE YHCIIO YPOBHEH | BEPIIMHHO MOIHOM MPOEKIUH, HOPOKIEHHBIX
paKypcHOM BEPIIMHOMN (ocHOBaHUEM MIPOEKIINN), OnpeaensieTcs
HKCLEHTPUCUTETOM OCHOBAHUS, TOTJAa KaK MUHMMaJbHOE UUCIIO YPOBHEH B
MOJTHOW TIPOEKIIMH MOXKET OBITh HA €IUHUILY OOJIBIIMM, €CIIH XOTs OBl mapa
OPUTMHAJIBHBIX BEPUIMH SKCLEHTPUCUTETHOIO YPOBHs cMexkHa. [IoHATHO, uTO
BCE BEpLIMHBI U Bce pedpa rpada OyayT ornpeneseHbl COBOKYIHOCTBIO Jaxe
OJTHOYPOBHEBBIX €r0 MPOEKIHH, KaXka1as U3 KOTOPBIX MO ONpPENEICHUI0 3aJaeT
BCE OTHOLIEHUS CMEXHOCTH €€ OCHOBaHUs. C 10Ka3aTeIbCTBAMU U3JI0KEHHOTO
3/1eCh MaTepuaia MOXXHO 03HAKOMHUTHCS B padote [21].

[TpomtrocTpupyeM BBIIIECKa3aHHOE MPOCKIMSIMHU 3-MEpHOTO THIepKyoa.
[lpuBenenne ero 3aech B BHIE PUCYHKAa CUATAeM HW30BITOYHBIM B CHITY
OOIIEN3BECTHOCTH TOTO, YTO CMEXHOCTh BEPIIMH 3aJjaHa MX HyMepallheu:
paccTosiHie MEXIy BEpIIMHAMH THIIEPKyOa paBHO JBOMYHOMY PACCTOSHHIO
MEX]y UX HOMEPAMH.

RECRARCEL)

S0 gDy
(2,7) 5(4,7) (1,7) ((4.7) (1,7) ((2,7) >
(1(3 ST QO 456 >) L0627

P(0)=0 =0 :

RECURCUN
(12) (2.7))
o2 6(27))
(1(0(2’4),3(2’7)),4(0(1’2),6(2’7)),7(3(1'2),6(2’4))j 47(3(1,2),6(2,4))’

P(5)=5

! Z[anee CJIOBOCOYECTAHUE  IIOPOKACHHBIX OCHOBAHHUEM TIPOCKUUMN»  OITYCKaeM,

noapaszymeBasd, 4To B 4UCIIO ypOBHeI‘/II BXOJAT TOJIBKO YPOBHH, CTOANIUC BbIIIE OCHOBAHUA
(HyNIEeBOTO YPOBHS).
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Onucanve KaXIOW W3 NPUBEIEHHBIX BBILIE IPOEKIUI [JaHO B ABYX
TOX/IECTBEHHBIX BAPUAHTAaX: OJHOCTPOYHOM M MHOIOCTPOYHOM. BO BTOpOM
BAPUAHTE YHCIIO CTPOK COOTBETCTBYET YHCIy BETBEM IIPOCKIUH, NN CTEIICHH
pakypcHOl BepiIMHbI. Takoe onmucaHue, BO-NIEPBBIX, 00J€€ KOMIIAKTHO, a BO-
BTOPBIX, MO3BOJIAET PacCMaTpUBaTh OTAEIbHBIC BETBU MPOEKIMHA, YTO Oyaer
WCIIOIb30BAaHO HaMM B JaJIbHEHIIEM. 3aMeTuM, 4YTO JroOas 3-ypoBHEBas
npoeKus 3-Ky0a sIBJISeTCs MOJHOM, HOITOMY Ha JAHHOM IpUMeEpe HETPYIHO
yOeauTbCcsi B MPOCTOTE U HETPYJOEMKOCTH HCIOJIb30BAaHUS MPOEKLUUH IS
BBISIBJICHMSI KpaTdalIMX WIM 3aJaHHOM JJIMHBl MapUIpyTOB, IUaMETpa,
HKCIEHTPUCUTETA, 00XBaTa U MPOUYMX LIUKIIOB, a TAKXKe APYTUX XapaKTEPUCTUK
OIMCaHHOTO TaKUM 00pazoMm rpada.

Komnaxmuvle epaghvl uluuciumensHuix cucmem.

OnHO U3 HAaCYIIHBIX TPOOJIEM yIIpaBJIEHUs BEBIYUCIUTEbHBIMU CUCTEMAMHU
(BC) sBngercs KpUTUYHOCTh K BPEMEHM pEANU3alUU  YIPABISIOLIUX
Bo3JeicTBUI. CBOEBPEMEHHOCTh YIPABIISIIOIIMX BO3JEHCTBUN B IIpoLecce
¢yskunonupoBanusi BC BO MHOroM ompenensieTcsi KOMITAKTHOCTBIO
TOTOJIOTUHM €€ UHTEPKOHHEKTA, 00eCIeunBaIoIell MUHUMYM 4HCiIa TPAaH3UTOB
MEKITPOIIECCOPHBIX B3aMMOACHCTBUI. BriepBbIe MOHATHE KOMIIAKTHBIX TpagoB
KaK S-peryJsipHbIX Irpad)oB NOpsAKa 1 C MUHUMAIbHO BO3MOKHBIM THAMETPOM
d BBeieHO B [4], TaM K€ ONpeJeNieHO YCIIOBHE KOMIIAKTHOCTH PETYJISIPHOTO
rpacda, CBA3bIBaIOIIEE CTENEHb § €0 BEPILIMH CO 3HAYCHUSIMU 1 U d:

d-1 d
l+sZ(s—l)H<n£l+sZ(s—l)"_l (1)
i=1 i=1

Jlanee yAOBIETBOPSIONINE STOMY YCIOBHUIO rpadbl OyaeM Ha3bBaTh 1(s,d)-
KOMITAaKTHBIMHM, M 3aj[ada MOCTPOSHHs ONITUMAIIBHBIX B OTHOLICHHUU 3a/I€PIKEK
tornosioruit BC cocTouT B CHHTE3€ COOTBETCTBYIOIIMX YCIOBHIO 1 TpadoB.

Cunre3 rpagoB ¢ TpedyeMbIMHU CBOIICTBAMU

TpeOyemsbie cBoiicTBa nckomoro rpada G(V,E) coBepiieHHO OJIHO3HAYHO
OTOOPaKAIOTCS B CBOMCTBAX €ro MPOEKIINI, HAIPUMED, YUCIIO BEpIIUH 7 = | V]
rpada G paBHO umchy ero npoekuuit |[P(G)|, 3HaueHue auamerpa d rpada
yKa3bIBa€T HA TO, YTO YHCJIO YPOBHEH JIFOOOH €ro BEPIIMHHO MOTHON MPOCKITUH
He MpeBbIaeT d u T. 1. TakuM 00pazom, eciiu CHHTe3upyeMblii Tpad G nomKeH
o0iagaTh HEKOTOPbIM MHOXECTBOM Tpedyembix cBoicTB (Q((G), TO 3TO
MHOYECTBO JIOJDKHO OBITh OMEKTMBHO M MHOXKECTBY CBOMCTB €0 MPOEKIIHI
O(P(G)): f: O(G) <> O(P(G)). OueBuano, uto u cpoiictBa Q(P(vi)) Kaxaon
npoekinu P(vi) € P(G) mOmKHBI OBITH TOXAECTBeHHBI cBoiicTBaM Q(P(G):

O(P(G)) — Q(P(vi)). Torma, mocTpoMB HEKUW CBS3HBIA MCXOIHBIN TIpad
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G'(V,E") nopsiaka n ¢ MeHbIIMM 4YeM |E| ymciom pebep E' < E, cBoiicTBa
npoekuuii  Q(P'(vi)) KOTOporo He MpOTUBOpeyYaT TpeOyeMbIM CBOMCTBaM
QO(P(G)), wm poctpauBas ero pebpamMu Tak, 4YTOOBl 3TO YCJIOBHE
HETPOTHBOPEYMBOCTH COXPAHMIIOCH ISl KaXKIOW MPOEKIUHU MPH KaxaoMm E’
BIWIOTh 10 |E'| = |E|, momyuum wuckomseiii rpad G(V,E), ecnm TakoBOM
CYLIECTBYET.

[Toxaxkem, Hampumep, oOIME CBOWCTBA HMCKOMOTO 7/-BEpPIIMHHOTO S-
pEeryJsipHOTO  KOMITaKTHOro Tpada ¢ 3aJaHHBIM JUaMeTpoM d |
COOTBETCTBYIOLIUE UM CBOMCTBA IPOEKIUH.

0(6) o(P'(G)

Kaxnas d-ypoBHeBast IIPOEKIINS
I'pap G(V,E) — cBsI3HBIU

P(vi) € P(G)  sBnsercs  BEPILIMHHO
CTEIEHU § U [uamMeTpa d

MIOJTHOM M COCPKUT BCE BEPIIUHBI U3 V

Yuciio pemmmk ¢ B d-ypOBHEBOM

Hopanox rpada G(V.E) —n =V IpoeKIul — ¢ =1+ szd:(s - -n.

i=1
I'pad G(V,E) we conepxur | [lepBblii ypOBEHb Ka)I0H MPOCKITMH HE
KpaTHBIX pedep U meTeib COJICPIKUT PETLTUK

Ecim  cymectByer n(s,d)-KOMITaKTHBIH Tpad C YHCIOM  BEpIIUH

d
n=1+ sZ(s —1)"", To Ha3bIBaeM €ro MNpenenabHO (s,d)-KOMMNAKTHBIM, U K
i=1
npuBeJCHHBIM Bbllle cBoicTBaM Q(P'(G) nobGaBum: mo0asi d-ypoBHEBas
NPOEKIUS TaKoro Tpada He COAEPIKUT peruuK, u ¢ = 0.

PaccMoTpuM mpocTON JI€MOHCTPAIMOHHBIA MPUMEP CHUHTE3a MPEIEIbHO
(3,2)-xomnaxktHoro (s =3, d =2) rpada. U3 ycnosus (1) momyuum n = |V] = 10.

Hlac 0.1: [locmpoeHue ucxo0HoU NpoOeKyuu.

[TocTpouMm ABYXYpOBHEBYIO NpOEKLHIO P(v0) MOMEYEHHOIO0 OCTOBHOIO
nepesa' uckomoro rpapa G(V,E) cOOTBETCTByIOIIyI0 guamerpy d =2,
NpOHYMEepoBaB B Heil BepmuHbl v Tpada ot v=0 go |V|—1=9: pakypcHoii
BepIIMHE (OCHOBAHHMIO) MPOEKIIMHU ATOTO AepPEBa MPHCBOMM HYJIEBOE 3HAYCHUE,
ocTasbHbIe BepIIMHBI B mpoekiuu P(0) ams onpeneneHHOCTH HyMepyeM o
HOPSIIKY CHU3Y BBEPX M CJIeBa HampaBo. Tak Kak 10 YCIOBHIO JJAHHOU 3a7adu
UCKOMBIM rpad 1omKeH OBITh TPEeNeTbHO KOMITAKTHBIM, TO KaKAas

' B 3aBHCHMOCTH OT 3aJaHHBIX CBOMCTB uckomoro rpada G(V,E) mcxomuslii rpad He
00513aTeJILHO JTOJDKEH OBITh OCTOBHBIM, HO OH JOJDKCH COACPIKATh BCE BEPIIMHBI HCKOMOIO
rpada, T. €. OBITh CBA3HBIM CYrpad)oM.
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JIByXypOBHEBasi BEPILIMHHO IIOJHAs €ro MPOEKIHs COACPKUT TOIBKO
OpUT'MHAJIbHBIE BEPIIMHBI U HE COEPKUT periuk (¢ = 0).

145,
2(6.7)

369

P(0)=0 ()
[TonMHOXKeCTBa BEPIINH, 3aMOJHSAIOMINX /-ypOBEHb j-BETBU MPOEKIUU P(V)
ob6oznaunm M, ;(v), 3nech L € (1,...,d),j € (1,...,5); Tak, MOAMHOKECTBA
nepsoro ypous — My 1(0) = (1), My,(0) =(2), M;3(0)=@3) —
COJIEPKAT BCEro 110 OJHOMY JIEMEHTY, IIOAMHOXeCTBa BToporo — M, ;(0) =
(4,5), M,,(0) =(6,7), M,3(0) = (8,9) — coxepkaT 1O [Ba >JIEMECHTA.
AHaJIOTUYHO TIPU TOWCKE, HAmpuMep, npeaenbHo (3,3)-koMmakTHOro rpada,
rae n =22, tpetuil ypoeHb npoekuuu P(0) cocTaBisan Obl MOAMHOMXKECTBA
M;4(0) = (10,11,12,13), M;,(0) = (14,15,16,17), M;33(0) =
(18,19,20,21).
[Ipexxne yem mneperuTH HENMOCPEACTBEHHO K IOCTPOCHHUIO NPOCKLUHMU U
MepeyHed 3ampenieHHbIX B HUX BaKaHCUH TOCTPOMM HAdadbHYIO TaOJIHILy
CMEKHOCTEH BEpIUINH UCXOIHOTO rpada:

Tabauna 1. Tabnuia cMexxHOCTEH U3 HexoaHOM Tipoekiuu P(0)

0 1 2 3

1|0 4 S5

2 0 6 7

3 0 8 9
4 5 6 7 8 9
5 4 6 7 8 9
6 2 4 5 7 8 9
7 2 4 5 6 8 9
8 3 4 5 6 7 9
9 3 4 5 6 7 8

31ech HOMEp CTPOKH COOTBETCTBYET HOMEPY BEPIIMHBI, HOMEpPa CMEKHBIX
eil BepmMH (y»Ke€ M3BECTHBIX BEPIIMH €€ OKPYXKEHUS) JaHbl B MOIYKHPHOM
Ha4YepPTaHUM, HATIPUMED, IS BepIIUHBI (CTpoku) 0 — 370 Bepmmnsl 1, 2, u 3
(WNV(0) = {1,2,3}), nns Bepmmnbl 3 — Bepunbl 0, 8, 9 (V(3) = {0,8,9}) u T. 1.
Oxkpyxenust BepmuH u3 {0,1,2,3} wW3HAYaIBbHO TMOJHOCTHIO OMPEICICHBI
npoekuuent P(0)— uucino f(vi) «oxkupHbIx» (fat) BepIinH B COOTBETCTBYIOLIUX Vi
CTpOKax TaOJHIBl paBHO 3aJaHHOH CTEMEHH § HCKoMoro rpada, B
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paccMmatpuBaeMoM 3aech cimydae — T1pem: f0)=f1)=£2)=£3)=3.
[TosTomy BAKaHCUM | v(vi) B ATUX CTpPOKax OTCYTCTBYIOT
(»(0) =v(1) =v(2) =v(3) = 0), 1 ocTanbHbIC BEPUINHBI B HUX CKPBITHI (HMEIOT
cepoe HayepTaHue), T.€. 3alpelieHbl JJIs HCIOJb30BAaHUS B OTHOILEHUSAX
CMEKHOCTH BEPIIMH COOTBETCTBYIOIIUX CTPOK TaOiuIel. Bepmnuel ¢ 4-i 1o
9-10 UMEIOT B TAOJUIIE JIUIIB IO OJHOW U3 HEOOXOAUMBIX f(vi) = 3 BepIIuH, UX
OKpY>KEHUS N(4)=N(5) = {1,**}, N(6) =N (7) = {2,*,*},
N@®)=N(9) = {3,**}, — 3mecpb cumBoioM "*" 0003HAUYECHHI BaKAHCHHU.
Bepmuabsl B cTpoke v Tabmumpl, ocraBmmecs 'depHeimu' (black) —
b(vi)-BepIINHBI, COCTABIISIOT IIOAMHOKECTBO B(Vi) BEpIIMH, MIPETEHAYIOMNX Ha
v(vi) =5 - f(vi) ee BakaHCUI CMEXHOCTH.

JlnaroHanbHble HOMEpa BEPIINH B TA0IHIIE CKPBITHI, TAK KaK HCKOMBIH rpad
M0 YCIOBUIO HE HMMeEeT KpaTHbIX pebep u merenb. Kak Bugum, Tabmuna
JUAroHaJIbHO CUMMETPHYHA, 3TO TaKXKe ONpeneNseTcs yCIOBHEM 3alaud —
HEOPHEHTUPOBAHHOCTHIO BEICTPAMBAaEMOTo rpada.

Yucno C(vi) BO3MOXKHBIX Ha I1are KOMOWHAIIUN 3an0oJTHeHUs V(Vi) BAKAHCUH
NPETEHAYIOIUMI Ha HUX D(Vi)-BEpUIMHAMU 3TOW K€ CTPOKH PAaBHO YHCIY

coueTaHuit va((vv)) . Ecniu paccmaTpuBaTth CTPOKM TaONHIIBI CBEPXY BHU3, TO U3
gyrcna b(vi) MPETEHAYIONMX HAa BaKAHCHUU BEPIIUH Vi-CTPOKH CIEAyeT
UCKITIOYUTH Pa3MEIEHHBIC O] AUATOHAIBIO (IOMEYCHHBIE TIOTY€PKUBAHUEM )

b(vi)-BEPIINHBI, KaK YK€ BOLIEANINE B KOMOMHALMHU TIPEIIECTBYOIINX CTPOK.
Torxa uucio coueranuii mo v(vi) u3 b(vi) - b(vi) cocrasur C,), ., a obuee

v n N
YUCII0O BO3MOYKHBIX KOMOWHAITHI C:Zi_OCZ((VV_‘))_b(V). [Tepen BeITOTHEHUEM
mara 0.1 B paccMaTpuBaeMOM IpuMepe, KOTAa HE 3aJaHo emle HH OJHOTO
pebpa, s moboit vi € V' uucno BakaHcuil v(vi) =3, a YHCIO YHUCIO
NPEeTEeHAYIOIUX HAa HUX BepuMH b(vi) =9, mpu 3ToM uucio BapuaHtoB Co
9
HocTpoeHus uckomoro rpada cocrasut C, = Z 0C93 =210, u mb1 umeem 210
=
BapuaHTOB NocTpoeHus rpada crenenn 3 u3 10 BepiuH. Bemonnus mar 0.1 u
MIOCTPOMB OCTOB HMCKOMOTO Tpada B cOOTBeTCTBHHM C Tabmuied 1 Mol
COKpAILaéM YHCJIO BO3MOXKHBIX BApUAHTOB ¢ NepBoHaudanbHbIX Co =210 no

9
Cor= D Cry by =10+6+3+1=20.

! Bakancusamu Ha3bIBa€M MOMEYEHHBIE CUMBOJIOM "*" MyCTBIE MECTa B MPOEKIMH. UnCiIo
BakaHCUi V(V;) B CTPOKE V; TAOJIHIIBI CMEXKHOCTEH ONpeelsieTCsl pa3sHULICH MeX 1y 3alaHHOM
CTETICHBIO § ¥ YHCIIOM "JKHUPHBIX" BEPIIMH B 3TOM CTPOKE.
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Hlaz 0.2: llocmpoenue mHodCecmea npoekyull Kapraca.

Ucnons3ys mnpoekuuto P(0), mocTpoum ocrtanbHble mnpoekuuu P'(vi),
0 <v;i <|V] (3mech mTpux B P'(vi) yka3pIBaeT Ha €€ HE3aBEPIICHHOCTh: B HEil
CYHIIECTBYIOT BaKaHCHUM, OOO3HaueHHbIE cuMBOJOM "*"). Hmke xkaxmoi
MPOCKIMH Pa3MECTUM MHOXECTBO }/ BEpIIIMH, B KOTOPOM YXK€ YIIOMSHYTHIC B
paccMaTpruBaeMOl MPOEKIIMY BEPIIHHBI CKPOEM (ITOMETHUM CEPBIM IIBETOM), HX

MHOXecTBO 0003HaunM M *(v;). Torsa depHBIMH B 9TOM MHOXKECTBE

OCTaHyTCsl JIUIIb HE YHOMSHYTble B HpoeKuuH P'(vi) BepHIMHbI MHOXECTBA
M *(v,)=V\M *(v,), oHI e — COMCKATenu BaKaHCcHil. 3aMeTHM, 4TO B

Cllydae TOCTPOCHHS IPENETbHO KOMITAKTHOTO rpada Yicio BaKaHCHUH PaBHO
YHCITy BepIIMH-COUCKaTene: c(vi) = |M*(vi)|.

[Mpoekmuu P'(vi), 3a uckioueHueM «HyjieBoit» P(0), mepBoHAYaIBLHO HE
SBIISIFOTCS OCTOBHBIMH U CTAHOBSITCSI TAKOBBIMH JIMIIb B MPOIIECCE TOCTPOCHUS
ucKoMmoro rpada: ecnu takor rpad Oymer HaiaeH, TO MHOXecTBa M*(vi) BO
BCEX MpOeKUusAxX P(vi) CTaHyT MyCThIMH (IUTPUX B 0OO03HAYEHUH MPOEKIUU
3/IeCh OMYIIEeH, TaK Kak B TakoMm ciydae P'(vi) = P(vi)). CrpaBa oT BeTBeil u
YPOBHEH KaXKI0i MPOEKITUH TOMECTUM MTOJAMHOKECTBA BEPILINH, 3aMPEIIEHHBIX
JUISL 3aMEILEHNS] BAKAHCUM 3TUX BETBEN U UX ypOBHEMN. ECim BakaHCUM B3SATBIX
JUTSL paCCMOTPEHUSI YPOBHS U BETBU OTCYTCTBYIOT, TIOMEYaeM 3TO CHMBOJIOM
«=». BepmuHbl, OKpYXEeHUS KOTOPBIX MOJHOCTBHIO OINPEAeTICHBl N3HAYATHLHO
(xak B P(0)) nnu B mporecce noctpoenus (cm., Hanpumep, P'(1)), Bakancwuii
CMEXHOCTH HE UMEIOT.

Huxe npuBenenst P(0) u moiydyeHHbIE M3 HEE OCTaJbHBIE IPOEKIMU
P'(vi)| 0 <vi <9 kapkaca uCKOMOTo npeziensHoro (3,2)-koMnakTHoro rpada, ¢
COOTBETCTBYIOIIMMU  KAKIOW BETBH TMPOCKIMH U €€  YPOBHIM
MOJIMHOXKECTBAMU M, *(v,) BEpIUMH, 3alpCLICHHBIX Ul  3alOJHCHHUS

BaKaHCH B /-ii BETBU U Ha j-M ypoBHE. MI3Ha4aIbHO 3TH MMOJIMHOXKECTBA PABHBI
IOAIMHOXKECTBY M *(v,) «CEPBIX» BEPLINH, U3BICKACMOMY U3 NPUBEICHHOIO

HUKE KaXKJIOM NPOEKIIMH MHOXKECTBa BEPIIMH V = A *(Vl-)U M *(Vi) . Ilo

pe3yJibTaTaM PacCMOTPCHHSI KaXJIOW MPOCKIIMH KOPPEKTUPYEM TaOJIHILy
CMEXHOCTH U BakaHcui. Hanpumep, u3z P'(1) Buaum, yto BepiminHel 4 u 5 He
MOTYT OBITh CMEXHBI BEpPIIIMHAM C HYJIEBOM 10 MATYIO, TO3TOMY KOPPEKTHPYEM
YETBEPTYIO U MATYIO CTPOKU TAOJIUILIBI, CKPBIBAs B HUX, COOTBETCTBEHHO, MATYIO
Y YETBEPTYIO BEPIIUHBI, HE 3aTparuBas Mpu 3ToM '">KupHyr0'" BepmuHy 1, XOTh
Y TOTABIIYIO B 3TOT HHTEpBa (0-5), HO YK€ 3aHSBIIYIO OAHY U3 TPEX (CTETICHb
s-peryispHoro rpada s=3 TO YCIOBUIO 3a/lauyd) BaKaHCUH CMEXKHOCTH.
AHAJIOTUYHO MTOCTYTAs ¢ OCTATBHBIMH MTPOSKIUSIMH, MOAUPHUIIPYEM TaOIHUILy.
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[TomydenHas B pe3ynpTaTe Moaudukanmu Tabauma 2 npuBeeHa cpa3y mocie
MPOCKIUN, MIPUYEM JI YIYUYIIEHUS BU3YyaJIbHOTO BOCHPUSITHS TEKYIIUX €€
M3MEHEHUH OTHOCUTENIbHO TpEeIIecTBYIOIel Ta0numsl 1, BepIIMHBI,
yIajasieMble M3 COCTaBa MPETEHAYIONIMX Ha BAKAHCUU "YEpHBIX"' BEPIIHH,
BbIJIEJICHBI IBOMHBIM MX 3a4€pKUBAHUEM C TOHUPOBAHHEM COOTBETCTBYIOIINUX
aueek. Ha mocnemyromux 1marax Juisi yJaoOCTBa BOCHPUSTHS TEKYLIUX,
MOJIYYEHHBIX Ha KaXJOM IIare M3MEHEHWH, IMOCTynmuM aHamorumuHo. Ha
CIEAYIOIIEM Ilare 3T WU3MEHEHHUS YK€ HE BBIIEISEM, U OHU CTAHOBATCA
0ObIYHBIME — "cepbIMU". AHAJOTHYHO TIOMEYaeM M3MEHEHHs TTOJMHOKECTB

M *(vi) "yepHbIX " BEPUIMH B CTPOKAaX, PACIOJIOKEHHBIX HMXKE KaKIOU
npoekiuu P'(vi). Pa3MenienHblie cpaBa OT IPOEKINi MOIMHOKECTBA BEPIIIHH,
3allpelICHHbIX HA YPOBHAX KaXKJIOW BETBM, W3MEHEHHBIC HA KaXKIOM IIare,

Ha4YWHas € repBoro, nmoMeyacM MnmoJ4CpKuBaHUCM.

14 N [=7 1004 _=
28D == L0 | | gos0t4s
0 3(8.9) == *(*,*).’ 0_50’1'475
b
? .
023 (== 233 63798399
4(*,*)’ _0-5 20 (==
st || 05 *Ej 0—3,6,72'2";';
o , Q) Lo
2
6,7,8,9;
RN 1..3,4,50.7.8,9;
Oy E(7)73 6,7 200:6) ==
6(*'*)’ = £0) | 4l 0-3,6,70:2:6+7
7(*,*)‘ =0-3,6,7 oS 0_3’6’70«2»6»7
b 7 b
4,5 8,9; 1.2.34,5 8,9;
012 == 309 ) (==
(e#) ) | | _0-338,9 #e) 0-3,8,003:8:9
8(*.*)’ :0—3,8,9 9| 0—3,8,90'3'8'9
3V g ,
b
. 1,2.5.4,5,6,7.2.9;
4757657 > 3(048)’ ==
1(0.5) = w17 | 0-3.8.90389
*(*,*):] 050145 9 w55 0-3.8.9038:9
L0 | | g_g0l4s 5
? 172 4357637 ;
2,3.4.5.6,7,8,9;
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Tabauna 2. Tabimira cMeXXHOCTEH 111 MHOYKECTBA npoekuuid {P(vi)| vi € V}

0 1 2 3

1|0 4 5

210 6 7

30 8 9
4 s 6 7 8 9
5 4 6 7 8 9
6 2 4 5 8 9
7 2 4 5 6 &8 9
8 3 4 5 6 7 9
9 3 4 5 6 7 &

N3 Tabnumel 2 BUAHO, YTO B pe3ysbTaTe BbIMOMHEHHs mmara (0.2 ducio
IPETEHAYIOIIUX Ha BakaHCUM BepwuH cokpatwioch ¢ Coi1=20 no

9 2 4 4 2 2
Cyp, = Zi:4cb(v,-)—m - (2)+(2)+(2)+(2) =14

llae 1: Beibop u dobasnenue 8 ucxoousili epag pebpa 4-6.

Crenyromuii 3Tanm MOCTPOEHUs] UCKOMOTO Tpada COCTOMT B BbIOOpe U
3allOJTHCHUM OJTHOW W3 HE3arOJHCHHBIX B TaOJIMIC BaKaHCUH CMEKHOCTH.
BribupaeM mpoW3BOJIBHYIO BEpUIMHY (CTPOKY Tabmuubl) ¢ flvi) <s, u
aHammzupyem  ux.  Ctpokm  0-3  BakaHCHMM  HE  HUMEOT  —
v(0) =v(1) =wv(2) = v(3) = 0, ctpoku 4-9 umeroT 1o oaHOMN "KUpHOI" BepLINHE
— f4)=...=f9) =1, T.e. HMEIOT TO JBE BaKAHCHH C YETHIPHMS
NPETEHAYIOIMMH Ha HUX "depHbIMU" BepmMHaMu — v(4)=...=v(9) =2,
b(4) = ... = b(9) = 4. BeriOupaeM Jy1st ONpeIeTICHHOCTH BEPXHIOIO U3 3TUX CTPOK
— deTBepTyr. MTak, Ha JBe BaKaHCHHM B YETBEPTOH CTPOKE MPETECHAYIOT
BepmuMHLI ¢ 6- mo 9-r0 — B(4)= {6,7,8,9}, nmpuueM COOTBETCTBYIOIIHE
BepmmHaM w3 B(4) ctpoku 6, 7, 8 mw 9 HWMEIOT [BE OTIWYAIONIUECS
koHuryparwu. Kowugueypayueu ctpoku v; mius tpadha G'(V,E) Oynem
HaszbBaTh KopTexk C'(vi) =(N'(vi), N'(vi)) u3 [ABYX HemepeceKaromuxcs
MOJMHOXECTB, IEPBOE U3 KOTOPBIX — YHOPSI0UEHHOE 110 HOMEPY MHOXKECTBO
N'(vi) BBIICJICHHBIX MOJTY>KUPHBIM HIPUPTOM BEPIINH, CMEKHBIX BEPIIUHE Vi, a
BTOPOE — TAKXKE YMOPSJOYCHHOE M0 HOMEpPY MHOXeCTBO N'(Vi) BEpIIUH C
OOBIYHBIM MIPUGTOM, TPETCHAYIOMUX HA CBOOOTHBIC BAaKAHCHH CMEXKHOCTH
BEPIIMHE Vi, T. €. MOTEHIMAJIbHO CMEXHBIX eil. CpaBHUBas KOH(PUTYpaIUH
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CTPOK C HOMEpaMH YE€pHBIX BepIInH U3 N'(4), T. €. CTPOK C IIE€CTOM MO JEBATYIO,
3aMEeTHM, YTO IIECTasi U cebMasi CTPOKH UMEIOT OJMHAKOBBIE KOH(UTYpaIun
— C'(6)=C"(7)=(Q2), (4,5,8,9)), HO 3TH KOHPUTYpaIlMK OTIMYAIOTCS OT
TaKkK€ OJMHAKOBBIX KOH(QUTYypalluid BOCBMOH W  JIEBATOM  CTPOK:
C'(8)=C'9) =(@), (4,5,6,7)). To xe, uTO OTMEUEHO BHIIIE A7 4-il CTPOKH
Ta0JIAIIBI CMEKHOCTH, MOYKHO OTHECTH Y KOH(PHUTYpaInsM CTPOK ¢ 5-i 1mo 9-1o.

Chopmynupyem yTBEpKACHHE ISl paCCMATPUBAEMOTO CiTydasi, He 00001as
ero Ha NPOM3BOJBbHBIC ciyyad. JlOKa3aTeNbCTBO TOrO YTBEPKIACHUS OyIeT
MOJTyYEHO B MPOIIecce MOCTPOCHUS.

Ymeepowcoenue 1: Ecnu npu nocmpoenuu npedenvro (3,2)-komnaxmmnozo
epaga cmpoka vi mabauysl cMelcHoCmel umeem 08e 8aKAHCUU CMENCHOCTU U
yemvlpe npemeHoyiowue Ha HUX "uepHuvle" epuiunvl ¢ nonapHo pasHviMu
KOH@ueypayuamu, mo Kaxcods u3 8aKaucuti 6yoem 3anoiHeHd BepuluHAMU-
npemeHOenmamy ¢ OMIAUYAWUMUCS KOHDUYpayuamu, a 6bloop eapuanma
MeHcoy — GepuuUHaMu ¢ PABHLIMU  KOHQuUaypayusmu  modcem — Obimb
NPOU3BOTILHBIM.

CormacHo yTBepKaeHHI0 | 00 BakKaHCHUU CMEXKHOCTH BEPIIUHBI 4 MOTYT
OBITH 3aITOTHEHBI BEPITMHON U3 (6,7) 1 BepmmHON U3 (8,9). CBoOOa BRIOOpA
BapHaHTa 3all0JHEHUS] BAKAaHCUU CIIEAYET U3 TOr0, YTO BEPUIMHBI 6 U 7, Kak U
BEPIIMHBI § U 9, — BUCAYME U MOPOXKAECHBI OJHON U TOM K€ BEPUIMHOW: B
MEPBOM Cily4yae BEpIIMHOW 2, BO BTOpoM — BepuinHoM 3. ClienoBaTeiabHO,
nepeHyMepanus BepiuH 6 B 7 win 8 B 9 HUKaK HE U3BMEHUT pacCMaTPUBAEMBbIi
B JlaHHBII MOoMeHT rpad G'(V,E'). PacnpocTpaHuB cka3aHHOE Ha BEPILUHBI 5-
9, moyyyuMm: BeplIMHA 5 cMexHa BepmuHe U3 (6,7) u BepmmHe u3 (8,9),
BepimHa 6 — BepmmHaM 4 win S u 8 wim 9, ..., BepmuHa 9 OyaeT cMexHa
BepmmHaM 4 wnu S W 6 wiam 7. 3aMeTHM, UYTO BCE€ 3TH BBICKA3bIBAHUSA
OTHOCHUTEJIBHO BapHUaHTOB 3aIIOJHEHUS BAaKAHCUN CMEXHOCTH ¢ 4-i 1o 9-10
BEPIINH COTIACYIOTCS MEXy 000 U HETPOTHBOPEUHUBHI.

BriOupaeM 111 ompeneneHHOCTH cOeAUMHEeHHe pedpoMm BepiiuH 4 u 6 u
mozupuimpyeM npoekunn P(vi)| 0 <vi<9, mHoKecTBa M (v,) «CEpHIX» U

M’ (v,) «4epHBIX» BEpIIMH, & HOBYIO TalJHIly CMEKHOCTH, HONOIHCHHYO

pebpom 4-6, TOMECTUM HUXKE OOHOBICHHBIX TMPOCKIUH M, €CIH 3TOTO
norpedyeT Kakas-Tu00 U3 MPOEKIIHiA, Oy/1IeM BHOCUTh B HEE COOTBETCTBYIOIIIUEC

U3MCHCHUS.
149 0(2.3)’
b o | o
30570, 505%). —
0 , 1

; 7,8,9;

o il
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0, = 207 (=
64 | | =2 4 *) 07
7%, *) _0-4.6,7 «(% »«) 6 70-2,34,6-9
2 , 6 ’
(L2 = 2(0.6) ==
g(**) _0-389 [ o) ] [0 4670267J
** _0- (%) 4.6.7%2:67
9 ) _0-3.89 7 ) 0
9
1.23,4,50.78 9'
4,5,6,7 5 >0 57
1(0:5) = 309 ) (==
s ] [
G5 | | g-73T #5 )4 0-3,8,9%7%
4 - g ,
b
8,9; 1,2.2.4,5,6,7.2.9;
279

O Iil

O

3(0.8) =
60145 (**) 03890389
<**) 0389038‘)
0,1,4,5
-6 9 R

1,2.5.4,5,6,7.5.9;

1(0, 4)
e Y
es »).

2,3 6,7,8,9;

Tabauna 3. Tabnuia cMexxHOCTEH TTocie 1o0aBneHus pedpa 4-6

0 1 2 3
1|0 4 5
2 0 6 7
30 8 9
4 6 #* 8 9
5 6 7 8 9
6 2 4 5 8 9
7 2 4 5 8 9
8 3 4 5 6 7
9 3 4 5 6 7
[Tosicanm niporiecc u3MeHeHuit Ha npoekmuu P'(1):
02 (== 023 (=
b - l{ng:; }[]

,
6,7,8.9; 7.8.9;

Jlns ynoGcTBa BETBH MPOEKIMHM OyJeM HMEHOBATh MO UX OCHOBAHUIO

(KOpHIO): Tak B paccMaTpUBAEMOW TPOEKIIMH OCHOBAHHWE TNPOCKIIMH —

BepmmHa 1, ocHoBaHusi BeTBe — 0, 4 W 5, COOTBETCTBYIOIIME UM BETBU

IpOeKINU OyZieM Ha3bIBaTh HYJIEBOM, YeTBEpTOl U nsaToi. Mtak, nobaBneHue B

UCXONHBIN Tpad pedpa 4-6 3amoiaHsIeT BAKAHCHIO BTOPOTO YPOBHS YETBEPTOM
15



BETBH BEPIIHHOI 6, OHA XE HCKIIIOYACTCS U3 MOIMHOXKECTBA M ™ (6) «YCPHBIX)
BEPLIMH, JO0ABIAECTCS K TOAMHOXKECTBY Af"(6) «cepbix». Kpome Toro,

YYUTBIBAsI, 4TO TPOCKIHS HE JODKHA UMETh PEIUTUK, BEPIIHHA 6 100aBIIsIeTCS
BO BCe 3Hayalue (He MOMEYECHHBIC CHMBOJIOM =) MHOXKECTBA 3aIPEIICHHBIX
BEpIIMH-COUCKATEICH BaKaHCHI. AHAJIOTMYHO IIOCTYIIAeM C OCTaJbHBIMU
IPOCKIMSAMH, YYHUTHIBAs TPH ITOM H3MEHEHHUs TaOIHIBI MOTCHIHATbHOM
CMEXHOCTH: HAIIPUMeEp, B MPOCKIMH P'(2) MBI HEe MPOCTO 3aII0JHSIEM BEPIIMHON
6 BAaKaHCHIO €€ YETBePTOW BETBH K, COOTBETCTBEHHO, KOPPEKTUPYEM
MHOXKeCTBA M, ,(6)=M,,(7)=M,,(6)U4={0-3,6,7}U4={0-4,6,7},
a COTOCTABIISIS OTH MHOXECTBA C KOH(PUTYPAIMAMHI COOTBETCTBYIONINX CTPOK
TabIULpBl, MONyIuM M, (6):={0—4,6,7}U{V\N'(6)} ={0—-7}, M,,(7)

I[IpU 3TOM OCTACTCA MMPCIKHUM!

<
-

T
&
>
\n

0(1.3)’ == 0(]’3)’
6(*'*), 0367 6(4'*),
2 700). 0367 T > 2 709

> (= 109, -
*(*)*) 0_50,1,4,5 6(2’*) E077 6(2’*) 7
£00) | | gog0l4s W0 | | gor0289 Neo) 0737

m_
I

b b

2,3 6,7,8.9; 3 7,8,9; 8.,9;

Ha npumepe mpoeknuu P'(4) mokazaH eme OJWH W3 HCIOJIb3yEeMbIX
MPUEMOB: JIJII BTOPOTO YpPOBHSI *-ii BEeTBU (C HEWU3BECTHBIM OCHOBaHUEM,
NIOMEYCHHBIM CUMBOJIOM *) MHOKECTBO A, (4) BEPIIMH, UCKIIOYEHHbIX U3

YHUCJIa MPETSHAYIOMUX Ha BaKAHCUU BTOPOTO YPOBHS 3TOM BETBU C OOBIYHBIM
HauepTaHUEM, 3aMEHEHO [OCTOBEPHO 3aloJIHAIOUIMMU 00e (2,*)-BakaHcHH
«OKMPHBIMI» BepIIMHAMH 3 U 7 — B COOTBETCTBUU C OTMEUEHHBIMU BBIIIIE
cBoOiicTBamMH TMpoekiuii uckomoro rpada Bce 10 BepmuH B m000i ero 2-
YPOBHEBOU MPOEKINU 003aTENBLHO TOJKHBI OBITh YIOMSIHYTHI, TOTJa KaK 3TH
BEpIIMHBI (TpeThs M celbMasi) BHECEHBl B IEpedyeHb 3alpelleHHbI Bcex
OCTAIBbHBIX (/#2,*)-BakaHcuid. [locTynmuB aHAJIOTMYHO C OCTaBIIUMUCSA
npoekuusamu P'(vi)| 4 < vi <9 nonmuoxectBamu M (v,), M’ (v,) 1 Tabnuuei

3 TNOTEHUHUAIBHOM CMEKHOCTH, NEpeHJieM K CIeaylleMy Iary, rie,
16



UCTIONB3Ysl TOJyYeHHbIC pEe3yJbTaThl, IPOU3BENEM BBIOOp BapuaHTa
CMEXKHOCTH.

W3 Ttabmumbl 3 BHIHO, YTO B pe3yJIbTaTe BBHIMOJHEHHS Imara | 4YHCIIO
MPETEHAYIOMNX Ha BaKAaHCUU BEpIIHH cokpaTtuiioch ¢ Co2 = 14 no C1 = 9.

Illaz 2. Bvibop u 0obasnenue pebpa 5-7

B mosicHeHusX K yTBEpKICHHMIO | MBI y)K€ yKa3bIBalld, UYTO BEpIIMHA 5
MOKET OBITh CMEXHOH TOJIBKO BepIIMHaM 6 uiau 7 u BepurHaMm 8 wiu 9. U3
MOJY4YeHHOM Ha mare 2 Tabauibl 3 BUAUM, YTO BapUAHT COEAMHEHUS peOpoM
BEpLIUH 5 1 6 Tenepp 3alpeiieH, I03TOMY B COOTBETCTBUU C YTBEPKICHHEM |
OJlHa U3 JIByX BaKaHCHM CMEKHOCTH BEPIIMHBI 5 MOKET OBITh 3aloJIHEHA
TOJIBKO BEPIIUHOM 7.

Hwxke mpuBeneHbl MPOEKIMH W TadJMIa CMEXHOCTH COOTBETCTBYIOIIHE
BBezieHuto B rpad G'(V,E") pebpa 5-7: E' = E'+ (5-7).

1(4:5) 1004 =

20677 7 || 20

389 RE
0

0 ) (0722
b
b .
02 (= 859:
46, *) —0-7 2(0.7) =
570 || 0= PN
1 5 *(*,»«)‘ 0777,5
8,9; 6 ;
00» ) (= 8.9:
64 *) =07 2
26507 | 20=7 200 (=
A R
s (5:%) ML
8,9; 7 ;
002 (= 8.,9;
8(* *) _0-389 N
() _0-389 30N (==
9 =% w0 || 03,8903
3 > ] #0)] | | 0-3.8.90389
4,5,6,7 ’ ’
L 1,2.0.4,5,6,7.5.9;
16(2 o) 20’7 350 8)) = 0,3.8,9
K+ *) 0773.7 :(* " 8:;»2’30:3:8:9
4 : 9 :
8.,9; 1,2.5.4,5,6,7.5.9;

14



Ta6auua 4. Tabauma cMexHOCTH € pedpom 5-7

0 1 2 3

1|0 4 5

20 6 7

30 8 9
4 6 8 9
5 7 8 9
6 2 4 8 9
7 2 &8 9
8 3 4 5 6 7

9 3 4 5 6 7

[Har 2 coxpaTui 4uClIO MPETeHIYIOMNX Ha BakaHcuu BepiuH ¢ C1 =9 1o
C2=8.

Lllaz 3. Bvibop u 0obasnenue pebpa 4-8

VYuuteiBas yTBepxkieHUE | B IPUMEHEHUH €T0 K BEpIIUHE (CTPOKE TaOIHIIbI)
4, BIOUpaeM coenuHeHue peOpom BepiiuH 4 u § U MoaudUIEPyeM TabIuUILy,
IOPOEKIMM U IOJMHOXECTBa. B Tabimuie 3akpplBaeM €IMHCTBEHHYIO
CBOOOZHYIO BaKaHCHIO BeplIMHBI 4 (CTpoku 4 TaOiMLbl) BEpIIMHOW 8 M
CKPBIBAEM CEpPBIM IIPU(PTOM «UEpHBIC)» BEPIIUHBI, YOHpas MX U3 YHCIa
COHMCKaTeJIel BAKAHCUU CMEXHOCTH C BEpPIINHOMN 4 (B JAaHHOM Cilydae youpaem
BepiinHy 9). COOTBETCTBEHHO, BEPIIMHOW 4 3aKpbhIBAEM OJHY U3 JBYX
BAaKaHCHH BepIIUHBI 8 U CKphIBa€M BEPLIMHY 4 B CTpOKe 9.

14:5) 0(:2)

2(67) ,

B g(4:*)

38.9) .

0 : 9(5:%)
’ 3

02,
4(53)’ 1(0,5)
500, 62

4 837,
o),
64
75 104
2 : 7028).
i 9(3:6),

n_n_m

? ‘? [

o o

%

o o
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-

o
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e i \.:
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~—

[

-
-

L1}
e
RO
~
e
(T
~—
-

0
N

18



[ ]
—

2(0.7) 3(0‘9)’
409’ 45‘26;)
(3.5) 75 ]
o 8 :

i 3(0.8)
200:6), 507
5019 624
g4 9

2

-

Ta6auna 5. Tabnuia cMexxHocTel ¢ pedpom 4-8

0 1 2 3

1|0 4 5

210 6 7
30 8 9
4 6 8 9
5 7 8 9
6 2 4 $ 9
7 2 5 8 9
8 3 4 5 6 7

9 3 4 5 6 #

Momudummpys P'(1), momydaem peOpo 5-9, 3amonHseM MOCIEIHIO0
BaKaHCHUIO B cTpoke 5 Tabmuipbl 5. Tak Kak Bce BaKaHCHH B CTPOKE 5 Temeph
3anosHeHbI f(5) = 3, w(5) =0, To H(5) = 0 n30kITOUHYIO "UepHYIO" BEpIIMHY 8
B 9TOH CTpOKe 3auepkuBaeMm: pebpa 5-8 B Hamiem rpade CyIiecTBOBaTh HE
MoxeT. [lpousBogum Te sxe AeiicTBus B cTpokax 5, 9 u 8. Ilpomomkas
MOJTU(PUKAINIO TPOCKIHA, JaJIuM JOMOJHUTEIbHBIC TIOSCHEHUS K MPOCKIUH
P'(4). 3anonHuB B HEMl CBOOOIHYIO BaKaHCHIO TIEPBOTO YPOBHSI BEPIIHMHON §,
oOHapy»KuBaeM, 4TO BTOPOH ypOBEHB 3TOI BETBH YK€ 3aM0JIHEH BepUIMHAMHU 3
1 7, 9TO yKa3bIBaeT Ha CMEKHOCTh BEPILUHBI 8 C 3TUMU BEpPIIMHAMH, — BHECEM
COOTBETCTBYIOIIIEE U3MEHEHHE B TaOJHMIly CMEXHOCTH UCKOMOro rpada, OHO
KOCHETCS JIMIIb BEPIIMHBI 7, TaK KaK CMEXHOCTb 8 ¢ 3 yxke OblIa 3amaHa
tabiuuei. Bce Tpu BakaHCMM BOCBMOMl CTPOKM OKaXyTCsl NpPU 3ITOM
3aII0JIHEHHBIMH, OCTaBIIYIOCS B CTPOKE 8 "dUepHy10" BEpIINHY 6 U3BJIEKaEM U3
YHciaa MOTEHIMAIbHO CMEXKHBIX, 3aUepPKHYB €€, M JeJaeM TO K€ caMoe C
BepIIUHOI 8 B cTpoke 6. B cTpoke 6 mpu 3TOM 0ocTaeTcsi BCErO OJIHA «UEPHAsD)
BepIIMHA — 9, IpEeTeHAYIOMIasl Ha €MHCTBEHHYIO B 3TON CTPOKE BaKaHCHIO (U3
HEOoOXoAUMBIX TpeX (s=3) B cTpoke 6 Bcero nBe '">KUpHBIE" BEPIIWHBI).
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3aroyHUM 3Ty BaKaHCHUIO BepIIMHON 9 (MeHseM ee mpu(T HA MOTYKUPHBIN),
no0aBUM B BBICTpauBaeMblii Tpad pedpo (6-9), ctpoka 9 mpu 3TOM Takke
JIOTIOJTHSICTCS <GKUPHOM» BEpIIMHOMN 6.

Takum 006pazom, BBeIsI Ha TOM 11are pedpo 4-8, Mbl 0JTHO3HAYHO TTOJTY YT
BCE TPU HEAOCTAIOIIMX B HMCKOMOM Trpade pedpa (pebpa 5-9, 8-7 u 6-9),
TaONMUIIA CMEXHOCTEH TMOTepsyla TpPH OSTOM CTaTyC NOTEHIHMAIbHOH U
nproOperna OKOHYATEIbHBIN BUT TAOIHIIBI CMEKHOCTEH HCKOMOTO Tpada

OOwIen3BeCTHO, 4YTO OTCEYCHHWE TapaHTHPOBAHHO HEMEPCIEKTUBHBIX
MHOYECTB BApUAHTOB sIBJIsieTCs 0a30BOM Hieel BceX TOYHBIX aropuTMoB [33].
Bbime Obl10 Moka3aHo, YTO YMCIIO BaKaHCHH CMEKHOCTH Ha KaXKJIOM IIare
COKpAIlaeTCsl UIMEHHO 3a CUET OTCEYEHHs] TapaHTUPOBAHHO HENPUEMIIEMBIX
(mpoTUBOpEYAIIUX 3aJlaHHBIM CBOMCTBAM HCKOMOTO Tpad)a) BapHUaHTOB,
MIOSTOMY OCHOBaHHOE Ha ATOM PEIICHNE CUCTEMBI TPOSKIINH SBIISETCS TOYHBIM.

[TponomkuB MOIUGBUKAIIMIO OCTABIINUXCS MPOEKLIUH C YYETOM HOJTYYESHHOM
Ha 3TOM 11are Tabauibl 5, yOeauMcst B TOM, YTO BCE IByXYPOBHEBBIE TPOCKIIH
BEPILIMHHO IOJIHBI (BCE BEPIIMHBI U3 V), IOMEIEHHbIE [T0]] Ka)KJ01 MPOeKLIneH,
YOOMSIHYThl B HEW (CTalM CEpbIMHU), M TMOJYYEHHBIH TakuM oOpa3om rpad
MOJTHOCTBIO COOTBETCTBYET 3aJaHHbIM yclIoBHAM: Bce 10 IBYXypOBHEBBIX
NPOCKIMIA  SBIAIOTCS BEPIIMHHO TOJNHBIMH (comepkaT B cebe Bce
novMeHOBaHHbIe B rpade BepmuHbl 10 BepmuH), IBYXYpPOBHEBOCTH BCEX
NPOEKIHi rpada yKka3bIBaeT Ha €ro COOTBETCTBHE 3aJaHHOMY AuaMeTpy d = 2.
[Tpoexkuuu P'(2) u P'(3), npeamiecTByoOIre NodydeHHOMY B Tipoekuuu P'(4)
peLeHHI0, 17151 OOMIbIIEH HATJISIIHOCTH OCTABJICHBI B TOM )K€ BHJIE, B KAKOM OHU
ObLTH 10 paccmoTpenus P'(4).

Wrak, mepBeiii mar (moGaeimenue B rpad pedpa 4-6) YMEHBIIWI YHUCIIO
HEIOCTAONNX pedep A0 IMATH, BTOPOW IIar COKPATHI YHCIO HEIOCTAFOIINX
pebep 1o deThipex, a yke Tpetuid mar (modasienue pedpa 4-8) oHO3HAYHO
OTIpeNie NI OCTaBIINeCs YeTbIpe pedpa. OOpaTUM BHUMaHHE Ha TO, YTO BHIOOD
pelep Ha MepBOM M BTOPOM IIarax ObUI OCHOBAH Ha yTBEpXAEHUH 1, U A
MIEPBOIO II1ara Mbl MOTJIM OBl BBIOPATh J1r000€ Apyroe pedpo (4-7, 4-8, 4-9, unmn
5-6, 5-7, 5-8, 5-9, win ke 6-8, 6-9 U T. 1. B COOTBETCTBUHU C YIIOMSIHYTOH BBIIIIE
TabnuIel), BakaHCUU JUIsI BBIOOpa pebOpa Ha BTOPOM IIare HM3MEHSTCS
COOTBETCTBEHHO... Tormaa Obum OBI MONTydeHbI Tpadbl ¢ APYrol HyMeparuen
BEPIINH, HO U30MOP(HBIC MOJYYECHHOMY BBIIIE, B YEM HETPYAHO YOCIUTHCS
BBITIOJIHUB TIO00HBIE MTOICTAHOBKH.

Taxum o0pa3zom, Kaxblii CBsI3aHHBII ¢ BBIOOpOM pedpa miar yMeHbLIaeT
YHCII0 UCKOMBIX peOep MUHUMYM Ha €MHHUILY, YMEHbIICHHE IIPH ITOM YHCIa
BO3MOXHBIX peOEpHbIX KOMOMHAIMHA NPUBEIEHO s KaKJOro Iiara.
AcuMNTOTHYECKass ~ BPEMEHHast  CIOXHOCTb  Tsp ~ OJHOTO  TIara
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NPOMOPLHMOHATIBHA YHUCITY IPOCSKIHH 71, TO3TOMY . YUUTBIBasA, YTO BEIOOP pedep
Ha KaXIOM Iare oOOCHOBAaH 3aJaHHBIMU CBOWCTBaMH Trpada (IIpOeKIHii
rpada), MOXHO NPEANOJIOKUTb, YTO ISl MPENelIbHO KOMIAKTHBIX I'padoB
YUCJIO Mstep I1ATOB Bcerja OyneT MEHbIIUM 4YHcIa HEU3BECTHBIX nx pedep:

n, <(n =ns/2—(n-1),um n,,, = o(n(s—2)). [lepeMHOXHUB STH BETHIMHBI

MOJYy4YMM OOIIYI0 BPEMEHHYIO CJIOXKHOCTh ' TIOMCKA MPEICIbHO KOMIAKTHBIX
rpados: T, =O0(n)-o(n(s—2)) = o(n*(s—2)). A Tak KaK YHCJIO JIMHKOB § B

BBIUHCIUTENBHBIX CHCTEMaxX HMeeT (U3NYECKUE OTpaHUuYEHUs, BEITUUYHUHY
(s —2) B cpaBHEHHMHM C YBEIMYMBAIOIIMUMCS 72 MOKHO CUMUTATh MOCTOSITHHOM, U
ACUMIITOTHYECKAsl CJIOKHOCTh TPEIJIOKEHHOTO B TMPUMEHEHHH K TaKUM

CHCTEMaM MeTojia sBIseTcs kBagparuaeckoit: T, = o(n®).

WTtak, pemmB cucteMy NpPOEKUUH MCXOJHOro rpada, mpeacTaBIeHHOrO B
JTAHHOM CITydae KapKacoM UCKOMOTO Tpada, MbI MOIYYHIH BCE HEJJOCTAIOIINE
JUIsl ero moctpoeHus pebOpa. Kaxnmas u3 pe3yiabTHPYIOMIMX 2-ypOBHEBBIX
NPOCKIMA XOTS M SABJISIETCS BEPIIMHHO IOJIHOW, HO HE JAeT OMHMCaHUS BCEX
pebep noxyuenHoro rpada. s onucanus rpada eIMHCTBEHHOM MPOEKIMEH,
JIOCTAaTOYHO HAJCTPOMUTH JHOOYIO0 M3 3TUX MPOEKLUUH eIlle OJHUM YpPOBHEM,
WCIIONB3YS IS TOTO Pe3yJbTUPYIONIYIO TabIuILy 5, 100 B3SIB HEOOXOIUMYIO
MH(POPMALIMIO O CMEKHOCTH BEPIIMH BTOPOTO YPOBHS M3 APYTUX MPOEKIUIL.
[Toxaxxem 510 mnpumepamu mnoaHblx npoekuuit P(0), P(3) u P(8); mis

MIOCTPOCHHUS MOJTyICHHOTO rpada JOCTaTOYHO JIF0O0H U3 HHX:
OB 5.9y QU4 267 3012 556
H(6(49) 758 g4(19) 7(2:5), 40009 629,
S 956 FECURCON 2209 5019,

0 , 3 , 8

W3 mpuBeNeHHBIX BBINIE HAICTPOCHHBIX TPETHUM YPOBHEM MPOCKIIHIA
MO3KHO YBUJIETH, YTO PEILIMKH, BIICPBHIC MOSBUBIIUECS MPU 3TOM Ha YPOBHE 3,
UMEIOT OpPUTMHATaMH TOJBKO BEpIIMHBI ypoBHsA 2. CremoBaTenbHO, ATWHA
MHHUMAJIBHOTO IMKJIA B KaXJIOM W3 MPOEKLHUM, ompeaensemMas CyMMOU
HOMEpPOB YPOBHEH OPUTMHAIBHOW BEPIIMHBI M €€ PEIUTMKH, PaBHA IISATH.
AHAJIOTUYHYIO KapTUHY HETPYJIHO YBUICTh M M3 OCTAIBHBIX MPOCKIUU, T. €.
oOxBar Hamero 10-BepmmHHOTO crenenu 3 rpada paBeH MATH, U 3TOT rpad He
4YTO MHOE KaK BceM u3BecTHas (3,5)- kierka, wiu rpad Ilerepcena [34], oH ke,
KaK O0JIaaronuii Mpu 3TUX 3HAYEHHUSAX CTENEHU M 00XBaTa MUHUMAJIbHBIM
nopsiikom, — rpad Mypa. M3omopdusm nomydenHoro Hamu rpada rpadam,
MOMMEHHOBAaHHBIM BBIIIE, CJIEIyeT W3 MPHUBEACHHOIO HIDKE pPHCYHKa, B
KOTOPOM Ha OOIIEHU3BECTHBIC M300paKEHUS MMOCIICTHUX HAaHECCHA HyMepaIus
MIEPBOTO.
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[IpuBeneHHbI 31€ech TpUMEp TeHepaluyd NpeaenbHo (3,2)-KOMIAKTHOIO
rpada 3aBepliaeTcs YCHEIIHO: CUCTeMa Mpoekuui cxoautcs. OnHako
U3BECTHO, YTO Takue rpadbl UIs MPOU3BOJBHBIX COYETAHMN CTETEHU S H
JMaMeTpa d TOBOJIBHO PEJKU M U3BECTHBI JIUILb JJIs1 HEOOJBIINX X 3HAYEHUH
[35]. TloaTOMy, 3a pEeAKUMH HUCKJIIOYEHUSIMU, WCXOAHASA Ui TMOCTPOEHUS
IpeeIbHO KOMITAKTHOTO rpada cucTemMa NpOoeKIHii ¢ 3aJaHHBIMU 3Ha4E€HUSIMU
s U d He UMeeT penieHus. B Takom ciyyae yuciio "d4epHbIX'", MPEeTEeHAYOIUX
Ha BaKaHCUU, BEPUIMH B OJHON WJIM B HECKOJBKHUX CTPOKAX MPOMEKYTOUHOMN
TaOMUIBI TOTEHIMAIBHOW CMEKHOCTH CTaHET MEHBLIMM 4YHCIa BaKaHCHUM
CMEXXHOCTHU ITHX CTPOK. DTO YKaKET Ha HECOBMECTHOCTb CUCTEMbI MTPOEKIIMIA
IPY 33/1aHHBIX HAYaJbHbBIX YCIOBUSX M, COOTBETCTBEHHO, HA HEBO3MOXHOCTb
CYILIECTBOBaHMsl YyJIOBJIETBOPSIOIIErO0 3TUM YycioBusM rpada. K cuacTsro,
nmojpoOHas, CBs3aHHas C TpeOOBaHMEM  MAaKCHMAaJbHOTO  00XBara,
AKCKJIFO3UBHOCTh HE CBOMCTBEHHA KOMIAKTHBIM I'padaM ¢ MPOMEXYTOUHBIMHU
qucIaMy BepIluH U3 Gopmynsl 1, u Takux rpadoB goctatouHo MHOro. Hmke,
a Taroke B mpuioxenusx [11 u [12 B kauecTBe mpuMepoB NPUBEICHBI TPOCKIIH
nonydeHHbIX HaMu 30(3,4)— u 15(4,2)—koMnakTHBIX rpadoB YKCIO BEpPIINH B
KOTOPBIX MEHbIIE, UeM NoxydeHHble u3 (1) npeaenbHble 3HaUeHUS: n =46 U
n =17, COOTBETCTBEHHO.

[Ipu noctpoenuu n(s,d)-KOMIIAKTHOTO rpada ¢ YUCIOM BEPIIMH 71, MEHBIINM
NPEeJeNbHOTO, d-ypOBHEBBIE MPOEKIWU HCKOMOTO Trpada B OTIMYHE OT
PacCMOTPEHHOT O BhIIIIE PUMEPA, A€ ¢ = 0, coaepkaT PEeIIuKH (B 3TOM cllydae

d
c=1+ SZ (s=1)"=n>0), aro u gomKHO GbITb yuTeHO cBoiicTBamu O(P(G).
i=1
Ja0bel HE meperpyXkarhb CTaThiO, OTPAHUYUMCS TPUBEIACHUEM 3J1€Ch JIHIIb
MCXOJHBIX U TOJYYECHHBIX U3 HUX MOJHBIX MPOEKIH rpadoB ¢ TpeOyeMbIMH
CBOMCTBAMH.
Hwuxe npuBeneHsl: cieBa — HCXOJAHAs BEPIIMHHO MMOJHAs 4-ypOBHEBas
npoekius kapkaca renepupyemoro 30(3,4)-komnaktHoro rpada (n = 30, s = 3,
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d =4) u cnpaBa — TaKxke 4-ypoBHEBasi, HO YXe MOJHAs MPOCKIHSI UCKOMOTO
rpada, OTy4YeHHas B Pe3yJIbTaTe PEIICHUs] CUCTEMbI U3 TPUILATH UCXOJHBIX
IPOEKIHH, ONMUCHIBAIOIIUX OCTOBHOE JepeBo. K HadaabHBIM YCIOBUSM,
00yCIIOBIMBAIOIIUM KOPPEKTUPOBAHUE MPOEKLUH, 3/1eCh 100ABIEHO YCIIOBHE
o0OxBara: JJIMHA HAaWMEHBILIEro IMKJIa B UCKOMOM TIpade paBHa BOCBMH —
2(G) = 8. Tak Kak B IPOEKLUU CyMMa HOMEPOB YPOBHEH BEPILNHBI U €€ PEIUTUK
HE MPEBBIMACT UIMHBI COACPIKAIIETO 3Ty BEPIIMHY IMKIIA, TO YYUTHIBAs, YTO
YHCII0 YPOBHEH B MPOEKIUAX PaBHO YeThIpeM (d = 4), 1 BEpILINHA, U €€ PEIUIhKa
B K&XIOM MPOEKIUH MOTYT HaXOJIUThCS TOJBKO Ha YETBEPTOM ypPOBHE. DTO
O3HayaeT TakXKe, YTO U BEPILMHA, U €€ PEIIMKU He JOJDKHBI NpUHAIJIeKaATh
OJITHOW M TOH e BETBM IPOEKIMM, MHAYE JUIMHA LIUKJIA U, COOTBETCTBEHHO,
obxBar OyayT MmeHblne 3amanHoro g(G)= 8. JloOaBineHue yciaoBusi oOXBara
CYIIECTBEHHO OTPaHIYMIIO TIOJMHOYKECTBA BEPIIHH, MPETEHAYIONINX Ha TY WIH
WHYI0 BaKaHCHIO CMEXHOCTH, OOJIETYHUIIO BBHIOOP MOJCTAHOBOYHBIX pedep u
YMEHBUIMJIO YHUCIOo maroB. HerpyaHo yOGeauThCsi, 4TO MOSy4YEHHBIH Tpad
apnsiercs (3,8)-KieTkoil: 00XBaT €ro paBeH BOCbMH, a YHUCIO BEPIIUH —
HIDKHEMY Mpeaesy JUIsl YeTHbIX OOXBAaTOB, B CBSI3M C YEM OH MOXET OBbITH
oTHeceH K rpadam Mypa [36].
(4(10(*,*)’11(*7*)),5(12(*7*),13(*,*))) 1(4(10(22,23)’11(25,27)),5(12(23,29),13(24,26)))

2(6(]4(22,23))15(24,25))17(]6(26,27))17(284,29))) 2(6(14(22,23)’15(24,25)) 7“6(26,27)117(28,29)))

) (5% (%)
3(3(18 1909 4209 2109y

0 -0

[TpuBeneM Teneps pe3yNbTaT UCIIOIB30BAHUS MPEIOKEHHOTO METOAA ISt
nonydenus: 15(4,2)-koMnakTHOro rpada u3 UCXOAHOTO rpada, OTIMYHOTO OT
OCTOBHBIX JI€PEBHEB, NMPUMEHEHHBIX B PACCMOTPEHHBIX BBIIIE IMPUMEpax.
[Tpenmosioxkum, Ham TpeOyercss moctpouth BC ¢ IEHTpaJM30BaHHBIM
yIpaBJIeHUEM, YCTOMUMUBBIM K OTKa3aM KpaTHOCTH JBa. J{si cO3MaHus TaKoro
OTKa30yCTOMUYMBOTO IIEHTPATBHOTO spa, UCXOIHBIN Tpad 31eck oObpazoBaH 3-
1ukIoM ¢ BeprmrHamu 0, 1, 2; 3aTeM K Kax 10 BEpIIHHE 3TOTO IUKJIA J00aBUM
MO JIBe CMEXHbIE BEPIIWHBI (COOTBETCTBEHHO, 3 U 4, 5 u 6, 7 u 8), 3a7aB
OTHOIIIEHUS CMEXHOCTH I KaXIOW M3 HUX C BEPIIMHAMH, OCTaBITUMUCS
HeynoMsiHyTeiMU: 3-9, 4-10, ..., 8-14.

1(2(0,7,8} ’5(*,11,*) ,6(*’12’*)) 1(2(0,7,8) y5(l(],l 1,14) ,6(9'12’13) )
2(1(0,5,6) ’7(",*,13) ,8(*’*'14)) 2(1(0,5,6} ’7(9,10,13) ,8(11'12'14))

3(8(18(23,27%19(24,28)) 9(20(22,26)721(25,29)))

3005 167 14789, SO6TID 1p(6810) 14(5813))
00 15 15079y L0057 1{(589) 6.7.14))

B 10CTOBEpHOCTH MONYYECHHBIX PEIICHUH HETPYIHO yOEAUTHCS, MOCTPOUB
W3 JTaHHBIX 371eCch MOJHBIX mpoekiui 30(3,4)-kommakTHoro Tpada u 15(4,2)-
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rpada c 3-IMKJIOM, CHUCTEMY 4-ypOBHEBBIX BEPIIMHHO TOJHBIX MPOCKIUI
IIEPBOIO U CUCTEMY 3-YPOBHEBBIX BEPUIMHHO IOJHBIX INPOEKLUUN BTOPOTO —
(mpunoxenust I11 wu I12, coorBercTBeHHO). Hamuume Bcex NOMEUYEHHBIX
BEpUIMH B KaXIOW M3 MPOEKIMI yKa3plBa€T HA TO, YTO 3KCLEHTPUCUTETHI
T1000# U3 BEPILUH, a CIeI0BaTeNIbHO, U IUaMeTpbl rpadoB HE MPEBBIIIAIOT 4-X
U 3-X, COOTBETCTBEHHO, YTO M OBLIO 33JJaHO HAYaJIbHBIMU YCIOBUSMH ISl UX
MIOCTPOEHUS.

3. 3ak0ueHune

B paborte BniepBbie onucaHbl (hopManbHbIE TPOLEAYPHI MOTyYeHHs TpadoB
C 3aJlaHHbIMU cBoMcTBamMH. OCHOBOM MeETOJAA SIBJISIIOTCS OPUTMHAIBHOE MX
OTMHCAaHKE C MTOMOIIBIO0 MPOEKINH, CBOWCTBA KOTOPBIX OMEKTUBHBI CBOIICTBAM
nckomoro rpacda. Pemenne cucTemMbl MPOEKIMA B OTHOIICHUH 3TUX CBOWCTB
MO3BOJISIET JIMOO MOJTYYUTh TPOSKTUBHOE OIMMCAaHUE Takoro rpada, mudo, mpu
BBISIBJIEHMM €€  HECOBMECTHOCTHM,  JIOKa3aTb  HEBO3MOXHOCTb  €ro
CYILIECTBOBAHHSI. buekmus CBOWCTB TOIOJOTHI MHTEPKOHHEKTAa
BBIUHCIUTEIFHBIX CHUCTEM W CBOWCTB T'e€HEpUPYEMBbIX TpadoB TO3BOJISET
MCIIOJIb30BAaTh MPEIAraéMyt0 METOJIMKY B 3aIIOJHEHUU HUILIU TEOPETUUECKUX
OCHOB  OemepMUHUpO8AHHO20  TIPOCKTUPOBAHUS U HCIOJIH30BaHUS
KPYITHOMACIITa0HBIX ~ BBIUYUCIUTEIbHBIX CHUCTEM M  CYNEPKOMIIbIOTEPOB.
MeHHO 3TO, MpexJe BCEro, M SBWIOCH IMPEANOCBUIKOM pa3pabOTKH Kak
OPUTMHAJILHOTO METOJIa IPOEKTHBHOI'O OMUCaHUs TIpadoB, Tak U €ro
MOCJICAYIOIIETO0 Pa3BUTUS M MCIOJb30BaHUS, BKIIOYas IMpeiaraéMyro B
JAaHHOM paboTe METO/UKY.

[Tpobnema moctpoeHus: rpadoB ¢ 3aJaHHBIMH CBOWCTBAMHU SBIISETCS
Ype3BbIYaitHO HacymiHoi B Teopun rpadon. Eme B 1981 romy Bonr B cratbe
[37] otmetun: "PerynspHsiii rpad ¢ 3aJaHHBIMH 00XBAaTOM W BAJICHTHOCTBIO
MOJIyYUTh JOBOJIBHO CJI0XKHO. Oco0eHHO, Korjna oOXBaT WJIM BaJ€HTHOCTh
rpada Benuku. VI TOJNBKO € MOMOIIBIO KOMIIBIOTEpA, HEKOmMopble U3 TaKUX
rpa¢oB MOTyT ObITh ycremHo mnoinydeHsl". C TeX Mop B OTHOIICHHH
dbopManbHBIX METOAOB CHUHTe3a TrpadoB C 3aJaHHBIMH CBONCTBaMU
MPaKTUYECKH MaJl0 YTO U3MEHUJIOCh. ABTOpP HAJEETCs, YTO HCIOJIb30BAHME
MPEI0KEHHOTO METO/Ia HE TOJILKO BOCIIOJIHUT 3TH MPOOEIIbl B TEOpHH IpadoB,
HO TIO3BOJIUT TMPOU3BOAMTH MEHee TPYIAOEeMKH U Oojiee KaueCTBEHHBII
CHUCTEMaTHUECKUIl aHAJM3 ¥  COIOCTaBJICHHWE HCCIEAYEeMBIX TpadoB.
EcrecTBeHHBIM 00pa3oM 3TO CKaXeTcs TaKkKe M Ha BCEX MPHIOKCHHSX,
MCTIOJNIB3YIONINX arnmnapar TeOpUuu rpagos.

BaarogapHocTH: BBIpa)Kal0 HMCKPEHHIOI MPU3HATENBHOCTh aKaJeMUKaM
PAH Anekcannpy JleonnnoBuuy AceeBy u Auekcannapy BacuibeBuuy
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JlarpimeBy, Omaromapss KOTOPBIM HMMEIO  BO3MOXHOCTb — IPOAOJDKAThH
UCCIIEI0OBAHM 110 3TOM TEMATHKE.
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[MPUJIOXEHMUE I11

Hwxe npusenens! npoekunu 30(3,4)-komnakTHoro rpada G, B KOTOPBIX
HaYaJIbHbIE MPOEKIUN UCXOTHOIO Tpada (MX BEPLIMHBI BBIACICHBI )KUPHBIM
mpuGTOM) COBMENICHBI C HMTOTOBBIMH TIPOCKIMSIMH HaWeHHOTO Tpada,
MOJYYEHHBIMU B Pe3yJIbTaTe PEIICHUs] CUCTEMbl HAYaJIbHBIX MPOEKLUH. 31eCh
BEPIINHBI, TOTOJIHSIONINE UCXOTHBIN Tpad 10 UCKOMOTO, TTOKa3aHbl OOBIYHBIM
MPUPTOM; B KXKIOH OTIEIBHO B3SITOH HAYAJIBHOW TPOCKIIMH 3TH BEPIIMHBI
HEM3BECTHBI U 0003HAYAIOTCS 3BE3A0UKONH — "*".

Yucao BO3MOXKHBIX BAPUAHTOB MOCTpoeHHs! 30-BepIIMHHOIO KyOU4ecKoro

rpada Co = 27405. Yke 0JHUM TOJIbKO HOcTpoeHHeM 30-BepIIMHHOTO KapKaca
¢ 3a1aHHBIM TUaMeTpoM d = 4 Ha mare 0.1 MbI JoOMBaeMCsl COKpaIeHUs Yncia
BapuaHToB ¢ Co = 27405 no Co.1 = 1140, 1. e. 6onee yem B 24 pa3za. Pemenue
HAYaJIbHOM CUCTEMBI MPOEKIUN 3/1€Ch JOCTUTHYTO 3a 11 1maros, B pe3yJsibraTe
4ero MmoJay4eHbl Bce HepocTaromue 16 pedep:
1-it mar: no6asneno pedpo 10-22
2-ii mar: gqo6asieHo pedpo 20-22
3-ii miar: go6asneno pedbpo 20-26, monydeno pedpo 11-27
4-i1 miar: go6asneHo pedpo 11-27
5-# mar: no6asieHo pedpo 26-13, momydeHo pedbpo 12-23
6-i1 mar: go6asneHo pebpo 12-23
7-# mar: nobasneHo pedpo 13-24, momyuens pedpa 11-25, 21-25
8- miar: no6asnensl pedpa 11-25, 21-25
9-it miar: go6asneno pedpo 10-28, momyuensl pedpa 12-29, 21-29
10-# mar: no6asieHsl pedpa 12-29, 21-29
11-# mar: no6asneHo pedbpo 19-28, momydensl HegocTaronue 3 pedpa: 18-23,
18-27, 19-24.
Wrak, nckomserii komnakTHbii 30(3,4)-rpad nomydeH: Kaxkaas U3 TPUALATH (C
0-if mo 29-10) pe3yapTupyromux 4-ypoBHEBBIX NpPOEKLUUN conepkuT Bce 30
BEPILIMH, YTO YJOCTOBEpseT pABEHCTBO JUaMeTpa HalJeHHOro rpada
3amaHHomy d = 4
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I[MPUJIOXEHUE I12

Hwuxe npusenens! npoekuuu 15(4,2)-koMnakTHOro rpada ¢ o0pasyonmm
3-umkn BepmmHamu {0, 1, 2}. Beiaenenue BepIvH B MPOSKIUIX aHAJOTHYHO
ONMCcaHHOMY B nipuioxxeHuu I11.

Co=3003, Co.1 =170

Pemenne cucreMbl MPOEKIHii 31€Ch JOCTUTHYTO 3a 9 111aros:
1-i1 mar: no6asneHo pedpo 3-14
2-ii mwar: nobasieHo pedpo 4-11
3-it mar: go6aBneHo pedbpo 3-12
4-i1 mar: no6asneHo pedpo 4-13
5-ii mar: nobasieHo pedbpo 5-14
6-ii mar: no6asieHo pedpo 6-9. [Tomyuenst 3 pebpa: 5-10, 6-13, 13-14
7-1 mar: nobasieHsl pedpa 5-10, 6-13, 13-14, nonyyeHHbIe Ha PEIBIAYIIEM
miare
8- mar: no6asneno pedbpo 7-10, momyuenHoe Ha mare 7. [TomyueHo pebpo

8-11

9-it miar: no6asneHo pedpo 8-11, momydyennoe Ha mare 8. Ha aTom mrare
MOJTYYEHBI BCE 3 OCTaBIIMECS HEM3BECTHRIMU pedpa: 8-12, 9-11, 10-13
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