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BBeneHnne

oTa paldoTa MOCEAleHa M3YYEHND KOMOMHATODHHX CBOMCTB IBy-
MEPHHX KJIeTOYHHX KOMILIEKCOB, J3anaul, paccMaTpABaeMHe  31ecCh,
AMENT OTYACTH TEOPETHKO - I'pafCKOe NMPOMCXOXIEeHMe, YeM U O0BAC-—
HA@TCA COOTBETCTBYWIAA TEPMAHOJOIMS .

Xopomo m3BEeCTHEM @HaRTOM ABIAETCA BO3MOXKHOCTH BIOKEHIA
N -MEPHHX KOMIaKTHHX nonnanpos B eBKJMIIOBO IPOCTPAHCTBO th
OmHAKO HEKOTOpHEe '\ -MEepHHE noxnanpu BRJIANHBANTCA B IIPOCTPAHCT—
Ba 1 MeHHIe# pasMepHOCTH. LOCTATOYHO M3Yy4YEHHO# ARIgeTCd 3anada
RIOKAMOCTY I-MEDHHX KOMILIEKCOB (TpadoB) B IIOCKOCTE. JTa 3a-
mada, a Takke ee ecTecTBeHHHE odoﬁmenmﬁ, ompeneJMX Kpyr Ipo-
6JIeM TOIOJOTIHWYECKO!l Teopu:u I'pafoB X CTHMYyJMPOBAJA €€ Da3BATHE.

B nocrenHee BpeMA OCHADYXAJIOCE, YTO MHOIME pPE3YJLTATH Te-
opur TpadoB OYEHH ECTECTBEHHO BHIVIANAT Ha o0BeKTax Gojee odlme-
T'0 XapakTepa - Ha Trumneprpagax. Iumeprpad sTo Takoe 00OCmEHNE
NMOHATNA TIpada, IIPM KOTOPOM PECPY paspemaeTcs OHTH HHIMIEHTHHM
He IByM, a JoOOMy Ko/m4ecTBy BepmrH. I[lepBHe pacoTH MO TUIep-—
rpajdam npuHamiaexat I, Po#t-Yoymxypr z II.Opmemy ¢ A.XailHayoM.
Il Poit-Joynxypr [2] morasan, uTo mMeTonm depenyoimxca nemeil (omuH
N3 OCHOBHHX METONOB Teopuu I'pafoB) MOXET OHTH IPUMEHEH B Sana—
Ye O IOKDHTHE "adcTpakTHOro kommiexca" . II.9pmem u A, Xafinax
[3],[4] BBe/m moHATHE pacKpacKm A CHCTEM MHOKECTB, 0GoCma—
mﬂee KaK packpackz rpadoB, Tak X TaK Has3HBaemMoe B - CBoiCTBO
(BBemennoe 3.Mumrepom [5]) cmcrem mmoxects. llepBoe cmcTemaTH-
YecKoe M3JO0KeHMe Teopmy IummeprpadoB OHJIO ocyumecTBIeHO K.BepxeM
B MoHorpagmm [I].

B pamkxax Teopzu IumeprpadoB yIAJOCE DEMHTEH HEKOTODHE -IIPO-—
OJIEMH COGCTBeHHo reopuz rpagoB, 3aMevaTeJBHHM IPAMEPOM TaKO-
TO copTra ABAINCH padowu JI.Jlopaca moO CoBepmEHHHM Ipajam lel,[7]



Eme panrzme o x%e [8],19) masm xoHCTpyRTMBHOE IOKasaTeNECTEO, CY-
MEeCTBEHHO HCHoJb3ylmee Iupeprpadu, Teopem dpmema- XajHgna [4],
yTBEpKIabie# cymecTBOBAHAE I'padoB MPOM3BOJIBHOTO 00XBATa O 3a-
IEHHHM XPOMATUYECKUM UMCJIOM. :

BaxHHM CTHMYyJIOM DA3BUTHA TeOopUM I'padoB ABIAKNTCA PA3MY-
HHE ee MpuIoxeHns. XOpouwo M3BECTHO OOJHIOE MPUKISNHOE 3H3UEHHe
sanad pacKpacKm rpafos u mccienoBaHmi mo miockuM rpagam ([IO0],
[II]). T'padu ﬁcnonbeymmcﬂ KAK MOIEJNE SJEKTPAYECKO# CXeMH E‘BOH-
poOcax CXEeMHO-TOIOJIOIMYECKOTO MPOEKTUPOBAHUA DPABJIMIHHX INUCKPET-
HHX JCTPOH#CTB, B YACTHOCTH — MUKDOSJIEKTPOHHHX cxeMm. [Ipm wmome-
JDOBAHNA DJIEKTPUYECKO#l CXEMH ee BdJEeMeHTaM - MOIYJAM - COINOC-
TaBJAOT BEPIMHH Tpada # QOEIVHANT MX DPeCpOM, eC/¥ NOCTIenHue
NpUHATJIERAT ONHON Iemx. OGHYHO HECKOJBKO MOLYyJiell OHBAKNT COeIu—
HeHH opHo# Henbb. Ecom My Jo0yw mapy TaKMX MOLyJei#l COenuHMM
Mexmy coCoil pedpoM, TO MH FpOBENEM OYEHP MHOTO JIMIHMX peGep.
JlocTaTOYHO COENMHATE ST MOIYJX B HEKOTOPO# MocyenoBaTe]b—
HOCTHM, HO TAQKQ€ COeIMHEeHNe HEOMHO3HAYHO. JTOT HENOCTaTOK MC-
yesaeT, €0/ B KAYECTBE MQUEJM 3JIEKTPUYECKO# CXeMH Bocuons—
30BaThCA runeprpagoM. IIpm sTOM BEpIMEH, COOTBETCTBYOUME NO-
MApHO COENMHEHHHM MeRIy CQOO#l MOIYJIAM CXEMH, OCHeIMHAKNTCA B
OIHO pedpo;

3arava CXEMHO-TOIMOJOTHYECKOTO HpOGRTHpOBaHKH 3aKJI049aeTcd
B TOM, YTOOH ONpeneJIeHHHM 00pas3oM paCHOJOXKATE MOIYJH Ha IIOC—
KOCTE K TMPOBECTH MEXIy HMUME CBA3M, HelepecexKamiyecs Ipyr ¢
IPyTOM, 9TO HNPUBOINAT HAC K IOHATHK ILIOCKOTO MpPEINCTARIEHAA -
BIOXeHNA — rumeprpafa B (Qopwme ompenmenemms §2 ri.0. Ilpm BiIo-
KEHUM Tuneprpaga MH paccMATPUBAEM BEDIMHH runeprpa@a B BUIE

TOYEK Ha IUIOCKOCTY, & KAKIOe pespo peaymsyeM B BALE KIAKCH,
Ha TpaHuie KOTOpoi#l JexaT MHIMIEHTHHe e€if BepmMHH. JTO Bechva
IpUC/IMKAET HAC K PEasypHOCTH, I[IOCKOJBKY NPMMEPHO TaK IPOMCXO0-



IMT COEIMHEHME MONyJel NP MOHTAaXe 3JeKTDOHHHX JCTPOICTB.
7 B sToit pacoTe paccmanﬁBamTcz BOIIPOCH, CBASAHHHE C pac-
xpécxoﬁ TUneprpadoB U UX BIOXEHNAMH. ‘

Imccepramms pasduTta Ha 4 wactd. IyiaBa O HOCHT BCroMora-—
Teﬁbﬂuﬁ xapaKTep, B Heit npnBonﬂTdﬁ HEOOXOIMHE ONpeNeeHnd 1
HEKOTOpHE pPE3YJABTATH TEXHUYECKOTO XapaKTepa. -

TnaBa I moceAmeHa HEKOTODHM pes3yJbTaTaMm II0 pPacKpacKaMm
runeprpados. B §I mosyueHa OlEHKa XPOMATUYECKOTO WMCia TH-
meprpaga, ododmanuas X3BECTHYD oueHky A,Il.Epmosa m I'.U.Koxy-
xnna [I2]ona xpoMaTMdecKoOro Wmciaa CBASHHX TpadoB. C mpyroit
CTODOHH K3 Hee BHTEKAeT CHpaBEeNJMBOCTH OnHO# rmmoresH II.9p-
neuma, BnepBHé nokasanHoi J.JoBacom B [o].

B pacdorax B.Todra [I3] z [I4] Owno morasano, 4To B TEo-
pvM pacKpacox CylecTBEHHO Iumeprpadckoft mpodaeMoit gRIFeTCH
npodseMa 2-yX Kpacok, TaK KaK BOIPOC O pacKpacke Irumeprpaga
B K nseroB mpu K =3 cBomurea k Bompocy 0 K -pacKpacke
HexoToporo rpaja. s rpafoB BOMPOC O 2-paCKpAMXBAEMOCTH
nmpocTo pemaercd Teopemoit Kemura. OmHako mid rumeprpagos BOI-
poC O OMXDOMATHYHOCTH OYeHBb CJoXeH, K Hemy CBOmATCA MHOIUE
sanauy PamceeBckoro Tuma (cm. {15]), a TaKxe, KAk IOKa3aJm
C.Creitn [16] m I.Bynamn [IV],n mpoGJeMa deTHpexX Kpacok. U
BooGme, kKak mokasan J.JloBac B [50],npodneMa CUXPOMATHAYHOCTH
runeprpaoB SRIAETCA YHMBEDPCANBHOX B CMHCJIE [51].

Xopomo u3BECTHO, YTO M3y4YeHWe CBOficTBA CUXPOMATIIHOCTH
| TUIeprpadoB SKBMBAJEHTHO U3YYEHNO KPATAYECKUX HEOMXPOMaTHI-
HHX rnneprpaQOB; T.e. HeCMXPOMATHYHHX IHUneprpagoB, KOTOpHE
IPUBOLATCA K GHXpOMaTHqHHM>HOCHe yIajeHus Joéoro pedpa. B §2
TyiaBd I pacCMATDUBANTCA KOHCTDYKIWMM KPUTHIECKHX HECUXDPOMATHY-
HHX TurmeprpadoB u ompoBepraercs rumoresa Il.opmema u J.Joaca
[I8] o HecymecTBOBAHNZ KPATHYECKUX -YHUPOPMHHX TIUIEprpagos é



YICJIOM BEPUMH DAaBHHM YHCIy Dpecep,

B §3 nmaercsa HOJHOE OMICAHME BEPMIHHO-KPATHYECKUX IHIEp-
rpagoB (T.e, HeOMXPOMATHYHHX IMIeprpagoB, KOTOPHE NPUBOAATCS
K GUXPOMATHYHHM [OCJIE yhaJeHus Josoif BepumHH). Kak CJIEICTBAE
9TOTO pesyJasTaTa JErKo moaydaeTcs Teopema bepxa ([I9],[I]pp
432-433) 0 OEMXpPOMATMYHOCTH COaJaHCHPOBAHHHX IMmeprpados.

Tsiapa 2 moceAmeHa niaHapHEM runeprpafaM. 3arada o ILa-
HAPHOCTH IHUIeprpafoB SKBABAJEHTHE TOMOJOTMYECKOH XapaKTepu-
3aIyy 2-MEDHHX KJIETOYHHX KOMILIEKCOB, BKJIANHBAEMHX B Rt

B §§I-3 aToit TIABH maeTCA HOBAsS UHTEPNpeTAIMa M3BECTHOM
B Teopuu Tpados nyanshoct: Yurmu ([20], [2I]) B Tepvmuax
. IBOfCTBEHHHX TUIEPrpadoB: ecim rpaty G & IValIBHH B CMHC-
Je YUTHE, TO KX IBOiCTBEHHHE IuneprpadH MOXHO Tak DaCHOJORUTH
Ha cdepe, YTOOH OHM He HEPECEKAIMCH X MOKPHBAIA BCH CPeEpy.
9Ta MHTEpHPETALMA [O3BOJAET NEePEeHEeCTU NYaAbHOCTE YUTHM Ha IHW-
neprpadd ¥ NOJyYNTHh KOMOMHATODHHI KPHATEpHil IJIAHADHOCTH IU-
neprpados, ododmammnﬁ KpuTepnit YUTHU IS IUIOCKUX IpadoB.

B §4 NPUBOIUTCA TPOCTOE NOKA3aTENbCTBO KJIACCHYECKOH Te-
opeMs [[oHTpATUHA-KypaTOBCKOTO O IIOCKMX I'pafax, OCHOBHBAKIE-
e HA TOHATHN IIAHADHOTO Tumeprpaga, dra TeopeMa naeT ormica-
HMe HEIVIOCKUX I'pafoB, BCE COGCTBEHHHE MOATPafH KOTOPHX ILIOC-
Kue,

B § 5 mosyueH aHayoTWYEHA peayrbTAT A Tuneprpagdos.
HaitmeHu 16, B ompemesieHHOM CMHCJIe HenpyBOIMMEHX, HennaHapHHx
rnnéprpaQOB, KOprue TOJIRHH COLEPKATHCA B JIOGOM HEIIAHADHOM
runeprpade, ' '

B ryaBe 3 m3yYanwTCA PACKpacKd IUIAHADHHX IUIEPIPajpoB.

B §I aroit rnaﬁH IOKa3aHO, YTO BCAKMIl ILUIaHApHH{ THneprpad, co-
nepxaumit He Golee NBYX peGep CTENeH: 2, - GUXPOMATHYEH. ITOT
5pe3yn5TaT HeyJydmaeM, TaKk Kak CylecTBYNT HeOMXPOMATHYHHE ILIa-



HapHHe ImneprpafH ¢ Tpema pedpamu CTEeleH: <,

B §§2-3 aToil TyiaBH mpuBOmATCA Gosee oOuMe YCJOBUAA A GU—
XPOMATUYHOCTY IJIAHADHHX IWIeprpados.

B §4 paccmaTpuBapTCq PACKpACKM IUIAHADHHX IMmeprpadoB B 3
n 4 nsera, [lokasaHo, WTO BCAKM IUIAHADHHA runeprpad ¢ He Oosee
yeM O-10 pedpaVyl CTEeleH:n 2 pacxpamnBaeTcﬁ B Tp:m IBeTa (Takke He-
yIaydnaeMHii pes3yJETaT, TaK KaK CymecTBylT IUIaHApHHEe 4-XpoMaTH-—
yeckue TUneprpafH ¢ 6-o pedpamm cremeHy 2). IIoMy4eHH HEKOTOpHE
IOCTATOUHHE YCJOBMR 4-D3CKpAlBAEMOCTH uﬂaHapHHX rnueprpa~
¢osB,

Tynapa 4 noceAmeHa BompocaMm, CBABAHHHM C SKBABAJIEHTHHMA
BHOKGHMHMH.rpaQOB n runeprpadoB, CHEIMAJBHHM peayM3alfAM ILJI0C—
kux rpadoB B IVIOCKOI pemeTKe, MPWIOKEHWAM.

B §1 nmaercq xapakTepusalid OSKENBRJIEHTHHX BIOkeHWt, JiBa
RIOKEHAA IUIaHapHETO rumepyrpada B 2-chepy HA3HBADTCA eKBﬁBa- |
JEHTHEMA, €CJI ONHO U3 HAX I[EepeBOIUTCA B Ipyroe HeKOTOPHM
aBTOTOMEeoMOPPU3MOM CPHEDH ,

B §2 omtcaH aJTOPMTM NMOCTDPOEHMS KJIACCOB anhnBaneHTHux BJIOw
zxeruii (B qacraocwn, IpoBepAKIMil MIAHaDHOCTE) .

B §3 paccMATpEBANICA CHEIMANEHHE DEASMSAIMYA HBIOKEHWR Lia-—

HADHHX I'pafOB B NBYMEDHO# pemeTKe - CUCTEMH IIOJMMITHO.

llorATAA, W3y4aevHe B IVaBe 4, €CTECTBEHHO BOBHUKANT NpH
TPOEKTHPOBAHAA "TOmoJoIuil" BJIEKTPOHHHX cxemM. Ha ocHoBe mo-
JYYeHHHX DESYNETaTOB DA3pACOTAHA HOBAA METOIUKA ABTOMATH3M-
POBAHHOT'O IIPOEKTHMPOBAHMS "TOMOJOIWI" MMKPO3JIEKTPOHHHX WH~ ;
TEI'PAJIBHHX CX68M,

B mmccepralmy OpuHATA CKBO3HAA HyMepalmad BCeX TEOpeM X
JeMM TOJIBKO BHYTDPH Kainoit IvIiaBH, B HOBO# IVIaBe HymMepalysa HadYl-
naeTcs 8aHOB0. Cowmka - "reopeva K " Ges yxasamms Tiamw oTHO-
CHATCA K Teopeme k TeKymeil IVIABH. : '



ABTOD MONB3yeTCA CJydYaeM BHPASHTEH CBON IIyCOOKyW Ipu3HA-
reapHocTh akamemuky AH ICCP I'.C.Yoromsmm u CBOEMYy HAy4HOMY
pyroBomuTean mpodeccopy M.0.banamse 3a BCECTOPOHKD MOMOWb U
TMOLIepxKy, ABTOp OnaromapeH takxe B.I'.Busumury, M.K.Toxrndepry,
J1.C,MensuukoBy, A.P.XBOJECYy 32 MHOTOYMCJIEHHHE HOJE3HHE O0CYR-

IEHNs DEsSyJAbTATOB IUCCeDPTaINM .



Tnasa 0. O0npenmeneHn A

B aToft rIaBe NMPUBOIATCA OCHOBHHE OmpeneyieHnd, o0q3Hade-
HIS ¥ HEKOTOpHE (aKTH, YacTO HCIONB3yeMHEe B JaJbHeimeM,

§I. TeneprpadHs

Tuneprpad - sro tpoiika (X, E,P) , rme X - wmmomecrso
BEepIUH, [~ MHOXECTBO pedep, a P - MHIMEEHTOD - OTOOpaReHde

P-. X"E e {0.‘11,(

Bepma X€ X u pedpo weE HASHBAOTCS WHINIEHTHHMH, eCIH
Ple,w=1 , Eom G=(X, E.P) runeprpad, To rumeprpad G'—
=E X, P, mme Plu x) = P(x,) nasupaercs nsotcrsenmm k 6 .
ficso, uro(G” ) =@ .

MuoxectBo Beex pepms tumeprpada G = (X,EP) mmmment-
HHX HEKOTODOMY OIHOMY De6py e B HasuBaerTcs oGNaCTHO MHIM-
IeHTHOCTH pedpa W U o0o3HaYaeTcs 4epes

P(Iu):{'xeX; P(x,wW=1%,

a 4;ICJO STUX BEpurH HA3HBAETCA CTemeHBD pedpa U

6(u; G) = | Pla)],

AHOTTIAa BMECTO s(u,G\ MH OyzeM ImAcCaTh mpocTo S(u) .
Bearuit rpad aABIAeTCH mueprpaq)om, ¥ KOTODOTO CTEmeHM pedep He
IPEBOCXONAT IBYX. I BOACTBEHHHM O0Opa30M ONPENENANTCA CTeleHH
BEepUZH IUneprpaga.

Kam:omy runeprpafy GOOTBETCTBYET HEKOTODHit ,I[By,IIOJIBHHﬁ
Tpad, HasHBAEMHI ero-TpafoM WHIMmeHImit. JMeHHO, mycTh G z



o -

*(X,E,P) runeprpad, MHORECTBOM Bepm rpafa UHIMIEHIMA ~ T(C)
cayrur X UE |, a wmHomecrBoM pedep: MHOXECTBO MHIMIEHTHHX
nap runeprpaga G —{(xwy Plx,u)=4} . Ornomerme mummenrHOC-
TZ B T(G) QUpeneJiAeTCA OTHOWMEHNEM MPUHANJIEXRHOCTH 3JIEMEHT3
nape,

B raJsipHejimeM MH pacoMaTpUBAEM TOJBKO KOHEYHHE TurmeprpadH,
T.e, Takue, y KOTODHX MHOXECTBA BEpIMH M pedep KOHEYHH,

Tuneprpad (  Hasupaerca CBABHEM, ecyM rpad T(G) oBgS€H,
M mpumetdeM caexymume odoswauemms: man rumeprpaga G=(XE,P)

Yl(GHX\ ~ QHCIO ero PepuMH,
m(B)=|E| - auero ero pedep,
P(G) - YUCJIO CBA3HHX KOMIOHEHT,

V(Qm(ﬁ)-fl(ﬁ% paHr rumeprpada,
A((;):ZE: (5(@0—1)‘ WG) - IMEIOMATHYECKOE TMCIIO.
ug

oyers G =(X,E,P) rumeprpad aX'eX ,EcE , on-
peneymuM monrumeprpad G'=(X,E' P), ompenems unmnentop i+
KaK CYKeHHue P Ha X'x E’ . O6HYHO MH He OyneM MeHATE 0003~
HAUEHNA MHIMAEHTOpA PN DACCMOTDEHHH HONIHWNEprpadoB, €N BTO
He MpUBENET K IBycMHcIeHHoct:m, Tak yro G Oymer mpemoraBmATh
rpoiixa (X E,P)

Fem X'=X , to mumeprpay G=(X,E.P) Oyuem nasupars
cyrpacz)oml G , TIODOXIEHHHM MHOXECTBOM pedep E,' ; OH TIOJIy4aeT-
e, ecmu n3 G yuamrs Boe pedpa muoxectsa B\ E'. Eom neB-
pedpa runeprpaga G =(X,E,P), To mm runeprpaga (X,E,\ﬂu},P)
6ymeM NpUMEHATH coemmaibHoe odosHauemme G, . ﬂ ’

Iza rmmeprpaga G=(X) E'P)z 6=(X)E,P") nasusawrca mso-
MODJHHMZ, €0 CYLECTByeT mapa CHmeKmui S X—X"n fe E—-,E'_
TaKad, Yo P(f (x), f (':3)) P('x Y) maA gwdoit mape (X,Y)e X% E
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