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O CJIOYKHOCTU PEIIEHUA YPABHEHUN HAJl TPA®AMU

A.H. PBIBAJIOB

ABSTRACT. In this paper the computational complexity of the problem

of determining the compatibility of systems of equations without constants
over an arbitrary fixed finite graph is studied. In this case, the graph is

fixed, and the input is an arbitrary system of equations in the graph

language without constants. A criterion is given for NP-completeness

and polynomial decidability of this problem. Also its generic decidability

in polynomial time is proved.
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1. BBEJIEHUE

Permenne ypaBuenwnit u cucreM ypaBHEHUH HAJT BENIECTBEHHBIMU, KOMTIJIEKCHBIMH,
PAIMOHAJIBHBIMA, MEJIBIMA YACJIAMU ABJIAETCA KJIACCUIECKON TeMO NCCiIeJOBAHNH B
PA3IMIHBIX 00JIACTSAX MATEMATHKHU B TEYCHNE YK€ HECKOIbKUX Thicsad Jjer. Kitaccn-
Jeckas ajredpandeckas reOMEeTPUs U3yIaeT MHOXKECTBA, PEIeHnii aarebpamdecKux
yPaBHEHU HA/T MOJIAMU BENIECTBEHHBIX U KOMILIEKCHBIX duces. B pamkax guodan-
TOBOI reoMerpun u AUO(MAHTOBA, AHAIN3A W3YUAIOTCS DEIIEHUS AJreOpamIecKux
yPaBHEHWI HAI MEJbIMA W paInoHa bHbIMK unciiamu. B XX Beke OOJIbIIYIO0 POJH
HAYaJIA UTPATh BBIYUCIUTEIbHBIE aCTIEKTHI 3TUX Teopwuit. VI3ydenne aaropurMutde-
CKUX MPOOJIEM, CBSI3aHHBIX C ONPEIEICHNEM HAJWYWS PEIIeHusi Y CUCTeM ypaBHe-
HUH, & TaKXKe C HAXOXK/IEHUEeM U OINUCAHUEM MHOXKECTBA PeIIeHU, ABAdeTCd TeMO
MHOI'OYUC/IEHHBIX TEOPETUYECKUX U HPAKTUYECKUX UCCIIEIOBAHUI.

JlpyruM HampaBJIeHUEM UCCIIEIOBAHMI, BOSHUKITIUM B XX BeKe, ABJIIETCI U3yde-
HUE ¥ PEIeHre CUCTEM YPaBHEHUI HAJT aaredpandecKuMu CUCTEMAMU, OTIUIHBIMA
OT KJIACCUYECKUX TOJIeil BEeIeCTBEHHbIX M KOMILIEKCHBIX YHCEeS M KOJbIA IEeJIbIX
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2 A.H. PEIBAJIOB

qnces. K spkum pesynpraram Takoro tuma MoxkHO oTHecTu ajaroputm I. C. Maka-
nuna [10], pemarommii npobsieMy pa3peruMocT CUCTEM yPaBHEHUIl B CBOOOJHbBIX
nosIyrpyinax, a rakzke pesyinbrar B. A. Pomanbkosa [11] o nepaspermumoctu mpo-
OJIEMBI PEITIEHNST CUCTEM YPaBHEHUT HAJl HEKOTOPBIMU HUJIBIIOTEHTHBIMY TPYIITAMHE.
JabHeiiiee n3yvdenne ypaBHEHUN HaJ TPYNIAMU W TIEPEHOC UJeil KJIaCCHIecKOi
anredpanIecKoil TeOMETPUHN HA, TPOU3BOJIBHBIE AJIT€0pANIECKre CHCTEMBI TPUBEN K
nosiBrieanio B paborax . FO. Janusposoit, A. I. Msacaukosa u B. H. Pemecnennu-
KOBa, yHUBEPCaJIbHON ajirebpaundeckoii reomerpuu [1].

Baxuneitimumu oObeKTaMu n3yYeHus B JUCKPETHON MaTeMaTUKe 1 HH(PpOpMaATHKE
SABJIAIOTCS Tpadbl. YpaBHeHus HaJ rpadaMu B IyXe YHUBEPCAJILHON ajredOpanmde-
CKOit reomerpun uzydasmch B paborax A. B. Uinesa, B. I1. nbesa u B. H. Pemec-
JIeHHUKOBA [5, 6, 7, 8]. B wacrHocTH, B [7] ObLIO 10KA3aHO, 9TO MPOBJIEMa OIpPEIese-
HUsl PA3PEIIUMOCTU (COBMECTHOCTH) CUCTEM yDaBHEHUIl HaJ, KOHEYHbIMU rpadamu
apiserca NP-mommoit. Ilpr sTom u cucrema m rpad BapbUPYIOTCS U SBJISIOTCS
JacThio BXoma. B [8] 6buia qokaszana NP-mosroTa mpobiaeMbl COBMECTHOCTH CHCTEM
ypaBHeHu# 6e3 KOHCTAHT HAJT (DUKCHPOBAHHBIM KOHETHBIM TTOJTHBIM P-T0JIbHBIM IPa-
dom tpu p > 3 U ee MOTMHOMUAIBHAS PA3PEITUMOCTD TIpHU p < 3.

B mammoit pabore mcciaemyercs mpobiieMa ONpeeseHrs COBMECTHOCTH CHCTEM
ypasHenwuit 6€3 KOHCTAHT HAJ TPOU3BOJIbHBIM (DUKCHUPOBAHHBIM KOHEIHBIM IPadoMm.
IIpu srom rpad duxcupoBaH, a BXOAOM SBJIAETCHA MPOU3BOJIbHAS CHCTEMA, yPaB-
HeHuit B si3bike rpadon 6e3 koucraunt. /laerca kpurepuit NP-mogHOTH U MOIHHO-
MUAJIBHON Pa3pPenuMOCTd 3TOH TpodseMbl. TakKe JTOKA3bIBAETCS €€ TeHepUIecKast
Pa3penuMoCThb 33 TOJTUHOMHUAIHHOE BPEMSI.

2. TIPEABAPUTEJLHLIE CBEIEHUS

Ha nporsizkennn Beeit crarbu OyIeM pacCMaTpuBaTh HEOPUEHTHPOBAHHbBIE IPadbl
6e3 meTesh M KpaTHLIX pebep. Takme rpadbl Ha3bIBAIOTCA npocmuimu. I'pad G —
sro napa (V, E), rme V' — muoxecTBO BepimH, a E C V x V — MHO)KecTBO pebep
rpada G. dja moboro muoxkecrsa A depes |A| Gynem 0603Ha4aTh €r0 MOIIHOCTD.

Kaxnomy koneunomy rpady G = (V, E) comocraBuM KoHeuHYyIO ajrebpaunde-
ckyto cucremy Ui = (V, Lg), HOCUTEIb KOTOPOii CTh MHOXKECTBO BepiuuH V', a sa3bIK
Lg = {E®, =} cocrour u3 GumapHoro mpemmkata cvmexmocTH Bepumn F(x,y) u
npeaukara paBeHCTBa. lIpenmkar cMmexkHOCTH B ajreOpawmdeckoit cucreme 2 WH-
TEePIPETUPYETCH CJIE/YIONIMM 00Pa30M: [IJ1sl JI0OBIX BEPIIUH VU1,V € V nMeer MecTo
E(v1,v2) & (v1,v2) € E. Ilpudem npenukar CMeKHOCTU YIOBJIETBOPAET CIIEIYTO-
M AKCHOMAM:

(1) Vz —~E(x, ),
(2) Vz,y E(x,y) — E(y, x).

Ypasnenuem a3w1ka rpacdor Lg HazbBaeTcs aubo npeaukar E(x;,x;), mbo pa-
BEHCTBO ¥; = ;. VIHOTOa B A3BIK JOOABIAIOT TaKKe BCe 3JIEMEHTHI HOCUTEIS B
Ka4IeCTBe KOHCTAHT, TAKOW SI3bIK HA3BIBAETCH Juodanmosvim. B 3TOM cirydae mosiB-
asioTcs ypasHenus suna E(x;,v;), E(vi,v;), ©; = v; u v; = vj. OqHako B JaHHOM
craThe MBI OyIeM pacCMaTpPUBATDh ypaBHEHUS HaJ rpadaMu B A3bIKe 06€3 KOHCTAHT,
YUUTBIBAs TO, YTO AHAJIOIMYIHBIE PE3YJIbTATHI MOXKHO HOJYYUTh U B JUO(PAHTOBOM
cayqdae. Cucmema ypasnerui si3bika rpadoB Lg OT MepeMeHHbIX X1, . . . , Ly, €CTh KO-
HEYHBIN HAOOP ypaBHEHUI OT 3THX mepeMeHHbix. Cucrema ypaBueHuit S coemecmHa
Had 2pagom G, ecnu CymecTBYIOT 3HAYEHUST TIEPEMEHHBIX CUCTEMBI S U3 HOCUTEJIsT
anrebpanveckoii cucrembr A, IPU KOTOPHIX KAXK0€ yPaBHEHUE UCTHHHO HAT Ag.
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OueBugnO, 9TO NMI00YIO cucremy S HaL JaI00bIM rpadom G MOXKHO JIETKO TTPeodpa-
30BaTh B 9KBUBAJIEHTHYIO eii cucremy S’ Hajn G (B TOM cMmbicie, 9T0 00€ CUCTEMbI
OZIHOBPEMEHHO 16O COBMECTHBDI, MO0 He coBMeCTHbI HaJl (3), n36aBUBLIUCH OT yPaB-
HEHMit BUIA &; = &j U OT ONMHAKOBBIX (C TOYHOCTHIO [0 MEPECTAHOBKH MePEMEHHBIX
x; m x;j) ypaBHenuii una F(x;,x;). Kpome Toro, ecim B cucreme mmeercss ypas-
nenue F(x;,x;), TO CUCTeMa HECOBMECTHA, TaK KaK DEIeHUe UIIETCs HaJl rpadamu
6e3 merenb. [loaTomy OymemM cauTaTh, YTO B CHCTEMAaX HET TAaKWX ypaBHenwuii. Ta-
KM 00pa30oM, B JajbHeimeM 6y1eM Ipeinoiararb, 970 CUCTEMbl COCTOST TOJBKO
U3 Pa3NUYHbIX ypaBHeHuil Buma F(x;,x;), i < j.

IIycts rpad G — mpowmssosbHEI (hukcupoBanHbiil rpad. I[Ipobaema nposepku
cosmecmmuocmu cucmem ypasuenud nad epagom G cocTouT B caemyonieM. Bxogom
pOOJIEMBI SBJISETCS TPOM3BOJIbHAS CHCTEMA ypaBHeHuii S B s3bike rpados. Hyxwo
OIIPEeIeSINTh, SABJISETCS Jiu cucrema S coBMecTHO Ha rpadom G.

IMycrs umetorca usa rpadba Gy = (Vi,E1) u Go = (Va, E2). Orobpazenue
@ : V1 — V5 HaswiBaercs zomomoppusmom rpada G Ha rpad Go, ecau s JTH0bIX
v1,v2 € V4 u3 Toro, uro (vy,v2) € Eq cnenyer, uro (¢(v1),¢(v2)) € Ea. 910 onpee-
JIEHUe COOTBETCTBYET OIIPe/IeJIeHNI0 roMoMopdu3ma ajredpantieckoi cucreMbl A,
Ha asrebpanyeckyto cucremy 2, . JIerko Bugers, 410 ecim ¢ — romoMopdusM rpa-
da G1 na rpad Ga, a ¥ — romomopdusm rpada Go zHa rpad Gz, TO Cynepro3uiius
@ o1 — romomopduim rpada Gi na rpad Gs.

Hamomumm Takske, 9To packpackot rpada G B m 1BETOB HA3BIBAETCS MPUCBAN-
BaHUE KaXK70i BepiuHe rpada omHoro u3 m 1seros. Packpacka rpada Ha3bIBAETCs
NPasuAbHOT, eCITH JTI00bIe IBe BEPIIUHBLI rpada, CoeaInHeHHbIe peOpoM, pacKparlie-
HbI B pa3Hble npera. Eciu Takas npaBuibHAsl PACKPACKA B 1M I[BETOB CyIIECTBYET,
rpad HA3BIBAETCI PACKPAUWUBAEMBLM B M TIBETOB. Xpomamuseckum wucaom rpada
HA3BIBAETCS MUHUMAJILHOE 171 TAKOEe, 9TO rpadd paCKpPAIUBAEM B 171 IIBETOB.

3. KpuTteEpuii NP-1OJIHOTHI

ITycrs S — cucrema ypaBHeHUit OT NEPEMEHHBIX L1, . . . , L. COMOCTABAM CHCTEME
S rpad G(S) caenyromum obpasom. Bepumnbl rpada G(S) — 310 nepementbie
Z1,...,Tn. Bepmmusl z; U x; COeINHEHBI PeOPOM TOTIA W TOIBKO TOTJA, KOTJa B
cucreme S umeercs ypasuenue E(z;, z;).

Jlemma 1. Cucmema S coemecmmua Had 2pagom G mozda u mosvko mozda, xoz0a
cywecmeyem zomomopdusm epaga G(S) na epag G.

Hoxazamesvemeo. OBGO3HAIMM MHOKECTBO IIEPEMEHHBIX cUCTeMbI S Kak {Z1, ..., Ty},
a MHO)KecTBO BepiuH rpada G Kak {vi,..., v}

IIycts cucrema S coBmectra Haa rpadom G. Torma CymecTBYIOT 3HAYSHUS TIe-
DEMEHHBIX I1,...,T, U3 MHOXKECTBA {U1,...,Un}, JJis KOTOPBIX BCE yDABHEHUSs
cucremsr S umcruaubl Han G. IomoxuM ¢(x;) = vj, Loe v; — COOTBETCTBYIOIIEE
3HAYEHUE HepeMeHHoi x;, ¢ = 1,...,n. Jlerko upoBepurs, 4T0 (¥ — romomopdu3M
rpada G(S) na rpad G.

O6parHo, mycrh cymecTByer romomopdusm ¢ rpada G(S) va rpad G. Torma
o(xz;), i =1,...,n ecrb pemenue cucrembl S Hax rpadom G. O

JlokazaTeabCeTBO CIIeYIONeH JeMMbl MOXKHO HaliTH, HampuMmep, B [4].

Jlemma 2. I'pagp G packpauwsusaem 6 m uygemos mozda u moavko mozda, xo20a
cywecmsyem zomomoppuam G ua noannd epagd na m eepwunar K, .
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Teopema 1. ITycmo G — purcuposanmsil KoHewHBU 2pagd ¢ TPOMATNUECKUM HUC-
aom m. Tozda ecau m < 2, mo npobaema NPOBEPKU COBMECMHOCTNY CUCTEM YDA~
Henull Had G paspewuma 36 NOAUHOMUAADHOE 8PEMSA, uHave Ima npobaema NP-
NOAHA.

Zloxazameavcmeo. Tak kak m — xpomarmdeckoe uuciao rpada G, 1o, mo jemme 2,
cymiecrByer romomopdusm x rpada G Ha momubiit rpad K.

[Tokaxkem, 4To npobeMa MPOBEPKU COBMECTHOCTU cucTeM ypasuenuit S waj G
5KBUBAJIEHTHA TIPOGJIeMe MPOBepKH Toro, 4ro rpad G(S) packpammpaeM B m 1Be-
TOB.

HeiictBuresbHo, nycrb cucrema G(S) umeer perienue Haz rpadom G. Torma,
no gemme 1, cymecryer romomodusm ¢ rpada G(S) va rpad G. Takum obpazom
cyuepuosuuus ¢ oy 6yser romomopduszmom rpada G(S) nva nosnubiii rpad K,,.
Tosrowmy, mo aemme 2, rpad G(S) MOKHO packpacuTh B M IBETOB.

O6partHo, myctb rpad G(S) MOXKHO packpacuTh B m 1BeToB. Ilo gemme 2, cyie-
crByer romomopdusm ¢ rpada G(S) na nomubiii rpad K,,. [locrpoum romomop-
dusm ¢ rpada K, va rpad G caeayionmm 06pa3oM.

Samerum, 9TO0 I KaxK10# Beprmabl v rpada K, naiigercs Bepiunna u rpada
G rakasi, uto x(u) = v. To ecTh u ecTh MPOOOPA3 BEPITUHBI ¥ TIPH TOMOMODU3ME ).
Ecsm 661 9T0 OBLIO HE TAK, TO BEPIIVHY ¥, ¥ KOTOPO HET MpOooOpa3a MOXKHO OBLIO
0TOPOCHUTH BMECTE CO BCEMU pedpaMu, WHIIEEHTHBIMHA U, W MOJIY9UTh TOMOMOPMOU3IM
rpada G ua momubiit rpad K,,_1. 3aagut, no aemme 2, rpad G MOXKHO PaCKPACUTH
B m — 1 mBeT, 9T0 IPOTUBOPEYUT TOMY, UTO M — XpoMaTudeckoe ducjo rpada G.

Temnepp mokazkem, 9TO Jjisi JIIOOBIX JBYX BEPIIMH v U Vs rpada K,,, Koropbre,
KOHEYHO YK€ COeIWHEHBI pebpom B K, HalayTCs BepmuHbI 4 U us rpada G,
Mpo0Opa3bl ¥1 U V2, COOTBETCTBEHHO, COeINHEHHBIE pebpoM B G. JlomycTum, 910 91O
HE Tak, Torjaa caenaeM craenyomiee. CKiieeM BEPIIUHLI v1 U v B rpade K, B omHy
BEPIIHHY, TIPU 9TOM yIaJUM Bce pebpa, UX COeIUuHSIONme, a pedpa, CoeInHsIONINne
9TH [IBE BEPIIUHBL C IPYTUMHA OyIyT COeAMHATH HOBYIO BEDIIUHY {v1, U} CO BCeMU
ocranbubiMu. [lomyunrcs rpad K,,_1. A romoMopdusM Y TOAMPABUM TaK, 4TOOBI
BCE TPOOOPA3bI BEPIINH U1 U Uz MEPEXOJWIN B HOBYIO BepimHy {v1,vs}. Jlerko
BHUETh, UTO IPHU ITOM mojydaerca romomopdusm rpada G na rpad K,,_1. Ho
9TO, MO JIEMME 2, OSITh MPOTUBOPEYUT TOMY, 4TO M — XPOMATHIECKOE GHUCIO rpada
G.

Teneps mosyvaercst, 9To /115t JIOOBIX JIBYX BEPINUH v 1 Vo rpada K, naiimgyrcs
JIBe BEDPINUHBI U1 U uz rpada G coeauHeHHBIE PEOPOM, Takue, 910 X(u1) = v u
X(uz2) = vq. Ionoxkum t(v1) = uy. JIerko BUmETh, 9TO OTOOPAYKEHHE 1) SABJISETCS
romomopdusmom rpada K, na rpad G. Teneps romomopdusm ¢ o rpada G(S)
Ha rpad G, no jgemme 1, J0Ka3bIBAET COBMECTHOCTH cucTeMbl S Hal rpadom G.

IIpobema mpoBepku packpacku rpada B m IBETOB ABJSIETCS PA3PEIINMON 3a
nosimHOMMaIIbHOE BpeMst ipn m < 2 u NP-mosroit ipu m > 2 [3]. Orciona ciemyer
YTBEPKI€HNE TEOPEMBI. O

Bamerum, uro, B [7] (Teopema 1) 6buia nokazana NP-nosnora mpobsembl mpo-
BEPKHU COBMECTHOCTH CHCTeM ypaBHenuil uHaj rpadamu. [Ipu 3rom BapbupoBasuch,
SABJISISICh YACTHIO BXOJA, U cucreMa ypaBHenuit S u rpad G, HaJ KOTOPbIM ypaBHEe-
Hus pemannch. B Teopeme xe 1 rpad G 3adurcupoBaH, a BApbUPYETCS U SBJISIET-
cs BXOJIOM TOJBKO cucrema S. Taknm obpaszom, B Teopeme 1 joKa3biBaercsa Oojee
cubHBIH pe3synbrat 06 NP-nonroTe Gosee gacrabix mpobaem. C Apyroit cropoHbI, B
[7] (cneacrBue 3) nokazano, uro npobseMa NPOBEPKU COBMECTHOCTHU IIPOU3BOJILHOMN
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CHCTEMBI ypaBHEHUH S HaJ MPOW3BOJBHBIM IBYIOIBHBIM rpadoMm G paspemnnma
3a spems O(k*n(k + n)?), tne k — 9uca0 TepeMeHHBIX cucTeMbl S, a n — YHCIO
Bepimn rpadga G. Tak kak packpaimmBaeMocTb rpada B /IBa BETa IKBUBAJIEHTHA,
€ro IBYIOJILHOCTH, TO B [7| mokasam Gosiee CHIIBHBIN DE3YABTAT O TOJIMHOMHATb-
HOCTH OoJtee ODIIeil TPOOIEMbI, Y€M PE3YJIbTAT O MOJTUHOMUAIBLHON Pa3peniuMOCTH
YaCTHBIX MPOOJIEM M3 TeOpeMbI 1.

N3 nokazarenncTBa Teopembl 1 cieyer Takoe yTBepKIeHUE.

Jlemma 3. ITycmo epagp G umeem m sepwun. Tozda ecau das cucmemov, S ee epagh
G(S) neavss packpacums 6 m yeemos, mo cucmema S necosmecmua naod G.

4. TEHEPMYECKMI TTOJIMHOMUAJIbHBIN AJITOPUTM

ITox pa3mepom cucrembl ypaBuenuit S B a3bike rpadoB OyaeM MOHUMATH YUCIIO
[EPEMEHHBIX X1, . ..,Z,. Tak Kak cucreme S pazmepa n coorsercrsyer rpad G(S)
HA 7N BEPIIMHAX, & IPOCTbIe TPadbl MOXKHO HPEJCTABIATH MATPUIEH CMEKHOCTH
(mpuyeM JIOCTATOYHO TOJHKO BEPXHEH ee MOJOBUHBI), OyJeM CYMTATh, YTO CHUCTE-
Ma 33/1aeTCa MaTpullell cMexkHocTH (BepxHeil ee mosioBuHoit). O6o3Hauum depes S
MHOKECTBO BCEX CHUCTEM, @ depe3 S, MHOXKECTBO CHCTEM pPa3Mepa, 1.

Jlemma 4. |S,| = 2nn—1/2,
Zlokxazameawvcmeo. Ilpocroit moacuer. 0

Hanomuum ocnoBHbie oupezesenus resepudeckoro noaxoza [9]. Hus soboro
moaMHOXKecTBa A C S onpesieinM CJIeIyIONIyio MOCIeI0BATEIHHOCTE

| An|
pn(A) = )
|Snl
roe A, = ANS,, — MHOXKecTBO cucreM u3 A pasmepa n. Acumnmomuueckotls naom-
nocmovio A HazoBéM npezen (eciau OH CyLIeCTBYeT)

p(A) = lim pn(A).

MuoxkecrBo A nasbiBaercs zenepuseckum, eciau p(A) = 1, u npenebpesicumvim,
ecim p(A) = 0. OueBuzHO, uTO A reHepUUecKoe TOTIA M TOJIBKO Tora, Koraa S\ A
peHeOPEKUMO.

Asropurm A ¢ MHOXKECTBOM BX0ZI0B S U MHOXKECTBOM Bbixoz0B N U {?} Ha3biBa-
eTCs 2eHePUUECKUM, eCITH

n=1,2.3,...,

(1) A ocranasimBaercs Ha BceX BXojax u3 S
(2) muoxkectBo {x € S : A(z) = 7} sBISeTCcs NpeHEOPEKUMBIM.

lenepuyeckuit apropurm A Boraucisier yukmuio f : S — N, ecom s Bcex z € S
BBITIOJTHEHO
(A(z) #7) = (f(z) = A(x)).

IIpobmema pacrosnaBarmsi MHONKeCTBA A C S 2eHepuvecky pa3pewuma 3a no-
MUHOMUGADHOE 6PEMSA, €CTA CYHIECTBYET ITOJMHOMUATBHBIA T€HEPUIECKUN asro-
PUTM, BBIMUCISIONINI XapaKTepuCTHIecKyo GpyHKIuo MHOKecTBa A. Hamomunw,
4T0 zapaxmepucmuveckolt gynryued muoxkecrsa A C S HadbiBaercs (DyHKIUS
x4 : S — {0,1}, onpenesiennas cieayonmM o6pa3om:

() = 1, eciin x € A,
XA =00, ecom ¢ A.
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Jlemma 5. Ilycme m — dukcuposarnoe namypasvnoe wucao. Tozda mroorcecmeo
cucmem S maxux, wmo epad G(S) codepocum wauxy K,,, asasemcs zenepuse-
CKUM.

Jloxazameavcmeo. JlokazkeMm, 4TO MHOKECTBO A cucreM, rpadbl KOTOPBIX HE CO-
nepxKar Kiauky K, asiagerca npenebpexkumbiv. B [2] (ciencrBue u3 reopembr 1)
OBLTIO TOKA3AHO, UTO

2

n 1

Orkyna
2 2 2
[An] < 2% T
[PU JOCTATOYHO OOJIBINKX 7 U HEKOTOPOM TOJIOXKUTEIHHOM € < ﬁ
Tenepnb
n2_  n? 2
|An| _ 2% “mo1 TEn

2 2
= i — i — 1 — =g ten~+n/2 _

O

Teopema 2. iz a100020 Purcuposarnozo epaga G npobaema nposepry co8Mec-
HOCTU cucmem ypashenuli Had G 2eHePpudecKy Pa3peuuma 36 NOAUHOMUAADHOE
epema.

Zokasameavcmeo. Tlycrs rpad G umeer m sepuud. [TonHOMUANIBHBINA TeHEpUUE-
CKUil JITOPUTM, PEMIAIINA MPOOJIEMY TPOBEPKU COBMECTHOCTH CUCTEM YpPaBHEHUIT
maza G Oyzer paboraTh HA cucTemMe S pa3Mepa 7N CIAeAYIONUM 00Pa30M.

(1) Uwer B rpade G(S) xkiuuxy pasmepa m + 1. 1o genaercsa nepebopom Bee-
BO3MOXKHBIX 10AMHO«KecTB Bepuin G(S) pasmepa m + 1 u npoBepku Toro,
YTO BCE OHW JIPYT C JAPYTOM COEIUHEHBI pedpamu. Tucao Takux MOaAMHO-
KeCTB C,(Z"H) MOJTMHOMUAJIBHO, TaK KaK YUCJI0 1M (DUKCHPOBAHO.

(2) Ecau ximka nanuiach, To Bbigaer orser «HET».

(3) Ecsim xkiuku met, Borgaer orser «HE 3HAIO».

KoppeKkTHOCTh alropuTMa Clenyer u3 JeMMbl 3, Tak Kak ecan B rpade G(S) ecth
KJIMKa pa3Mepa m + 1, TO ero Helb3sl PaCKpPacUTh B M IIBETOB. ['€eHEpUIHOCTD aJ-
TOPUTMA CJIeAyeT U3 JIEMMBI 5. U

Arrop BhIpaxKaer 6arOMAPHOCTH PENEH3EHTY 33, MOJIE3HbIE 3aMEYaHNs U TPE/I-
JIOXKEHUSI TI0 YIYUIIEeHUIO0 TEKCTA CTATHH.
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