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[IpenoxeH HOBBIN aJITOPUTM IJIsI pacCIO3HABAHMS CYIISCTBOBAHUS ABOMYHOTO PEIICHUS Y CUCTE-
Mbl JIMHEWHBIX ypaBHEHUII Hal IOJieM HYJIEeBOM XapaKTepUCTUKHU, KOTOPLIN 3(h¢heKTUBeH npu
BBITIOJIHEHMHY HEKOTOPOTO OrpaHNYeHMs Ha CUCTeMY YpaBHEHMIA. DTO YacTHBIN cIydail 3amaqyu 1e-
JIOUMCJIEHHOTO IIporpaMMupoBaHusl. B paciipeHHoli BepcuM 3a1auyd 0 CyMMe IOAMHOXECTB BeC
MOXKET OBITh KaK ITOJIOXUTEILHEIM, TaK M OTpULAaTeIbHBIM. PaccMoTpeHHass HaMu 3aada SKBUBa-
JIEHTHA 3aJa4e O CyleCTBOBAaHUM pElIeHMs 111 HECKOJbKMX YaCTHBIX CJIydaeB 3TOI 3agayu OMHO-
BpeMeHHO. HaiinmeHBI HOBBIE OJOCTAaTOYHBIC YCIOBUS, IPU KOTOPBIX BBIUMCINTEIBHAS CIOXHOCTH
MOYTU BCEX YACTHBIX CJIydyaeB TaKOM 3agauu MoJMHOMUaIbHas. [1o cyTu, airopuT™M npoBepsieT, Cy-
IIECTBYET JIM KyOmdecKasl TUIIEPIIOBEPXHOCTD, IIPOXOISINasl yepe3 KaXXaylo BepIINHY eIMHUIHOTO
Ky0a, HO He nepeceKalolas 3aiaHHoe adppruHHOe MoanpocTpaHcTBO. PaHee yxe ObL10 M3BECTHO He-
CKOJIBKO 3BPHUCTHUYECKUX AJITOPUTMOB IJIsI pellleHHs 3Toit 3amaur. OJHAKO HOBBIE METOMbI PACIIM-
PSIIOT BO3MOXHOCTHM JIJISI peLIeHUSI TeX WM MHBIX 3a1a4. XOTs IMOAPOOHO pacCMOTpEeHa JIMIIb 3a1a4ya
pacrio3HaBaHMsl, OMHAPHEIN ITOMCK MTO3BOISET HAUTU pellieHne, eCIU 3TO BO3MoxXHO. bu6i. 40.

KiroueBble cJioBa: 11€JIOUKMCIIEHHOE MTPOTPaMMUPOBAHUE, CUCTEMA JIMHEWHBIX YpaBHEHU, cyMMa
ITOAMHOXECTB, CJIOXKHOCTb B CPETHEM.

DOI: 10.31857/50044466923010118, EDN: LEEUWB

1. BBEAEHUE

3amaya o cyMMe MTOAMHOXKECTB COCTOUT B paclio3HaBaHUM cyliecTBoBaHus {0, 1}-pemeHus y TuHe -
Horo ypaBHeHus. OHa CIIyXXUT OMHUM 13 XOPOIIO U3BECTHBIX TpuMepoB N P-mosHbIX 3a1a4. 3agaya c n

TIEpeMEeHHBIMU pa3pelIrnmMa IMocpeaICcTBOM 0(2”/2) apudmMeTrdeckux onepamuit (cMm. [1]). O61enpuHs-
Tasi TMITOTe3a YTBEPKAAET, UYTO ISl pellieHUs 9TOM 3a1auM B XyAIIeM caydyae TpeOyeTcsl 9KCITOHEeHIIUATb-
Hoe BpeMsl. DTa HUXKHSISI OlLIeHKa Obljia MpoBepeHa IS HEKOTOPBIX BHIUMCIUTENIbHBIX MOJENEN C orpa-
HUYEHUSIMU, BKITIOUAsI TaK Ha3bIBaeMble TUHEHbIE MaIIHbI (cM. [2], [3]) 1 anauTUBHBIE MAIIIMHBI (CM.
[4]), a TakKe W11 METONOB TIPOBEPKHU Pa3pPEIIMMOCTH CUCTEM ajredopandeckKux ypaBHEHUM, KOTOpbIe
OCHOBaHbI Ha TeOpeMe O MHOTOWIeHaX HaJ BellleCTBEHHO 3aMKHYThIM nosieM (Positivstellensatz) (cm.
[5]) unu Ha Teopeme Tunb6epTa o HyJsax (Nullstellenzatz) (cm. [6]). C npyroii cTOpOHEI, 3Ta 3a1a4ya MO-
JKeT OBbITh pellleHa 3a MCeBIONOIMHOMUAIBLHOE BpeMsI METOIOM TMHAMMYECKOTO TMPOrpaMMUPOBaHUSI
(em. [7], [8]). Takke M3BECTHHI 3BPUCTUYECKHE aJITOPUTMBI TSI CITydasl HU3KOU IUIOTHOCTU (cM. [9],
[10]). DTa 3amaya Takke momyckKaeT o000IIeHUe Had KOJIblIaMX BBIYETOB (MOMYJISIPHBIN ciaydaii) (CM.
[11]) 1 Hag MYJIBTUTIIMKATUBHBIMY MOTYTpyIIamMu MaTpull (cM. [12]).

MBI paccMOTpUM 3amady O cymecTBoBaHUM {0,]}-pellIeHnsT y CUCTEMBI JIUHEMHBIX ypaBHeHUIi. B
XyAIIeM clydae BBIUMCIMTEbHAsI CJIOXKHOCTh 3TOI 3aauM Takas Xe, KaK U IS 3aJa4i O CyMMe 1011 -
MHOXECTB, KOIJa pacCMaTpuBaeTCss OQHO ypaBHeHUE. OmMHAKO OBICTPHIC 9BPUCTUYCCKUE aJITOPUTMbI
W3BECTHBI UISI CUCTEM M3 JOCTATOYHO OOJIBIIOTO YKMCia YpaBHEHMI ¢ OTpaHMYEeHMeM Ha 3HaKU KO3(g-
dumenToB (cMm. [13], [14]), ¢ KoadduiimeHnTamu 1ob6oro 3Haka (cM. [15]) uiu npu BHITOJTHEHUU HE-
KOTOPBIX APYTUX orpaHndeHuit (cM. [16], [17]). O630p HEKOTOPHIX aJITOPUTMOB IaH B CIICAYIOIIEM pa3-
Jene.

M3BeCTHBI 3BpUCTUYECKUE METOIbI PELICHUST WU alllpOKCUMAIUM OJIU3KUX 3a1a4 ONTUMU3ALINHU,
BKJIIOUas 3aayy 0 MHOTOMEpHOM prok3ake (cMm. [18], [19]), MmoaynspHbIit BapruaHT 3Toit 3agauu (CM.
[20]) u cMelIaHHBIE 3aHa49U O PIOK3aKe U MMOKPHITUH (CM. [21]). 11 ux perieHus ToxXe IIPpUMEeHUMBI 00-
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52 CEJIMBEPCTOB

mure MeTonbl onTuMmm3annu (cMm. [22], [23]). Takke n3BECTHBI 3BPUCTUIECKIE aJITOPUTMBI, OCHOBaH-
HbI€ Ha JIOKAJIbHOM ITOMCKE, JJISI TPOBEPKU BBIMTOIHMMOCTU MPOMO3UIIMOHAIBHON KOHBIOHKTUBHOM
HopMaibHOM hopmbl (KH®D) (cm. [24], [25]), B uacTHOCTH, 3-KH® (cM. [26]). DTOT ke METO IMTO3BO-
JISIET pellaTh COOTBETCTBYIOINIYIO 3amady ontuMu3auum (cM. [27]). C apyroit CTOpoHbI, M3BECTHA JINIIIb

SKCIIOHEHLIMAIbHAsA BepXHssl oleHKa 0*(1.2989™) Ha CI0XKHOCTb B Xy/IILIEM CJIy4ae 3aJa4v O MaKCU-
MaJIbHOM YHCJIe OMHOBPEMEHHO BBIIOJIHUMBIX 3JIEMEHTAPHBIX TU3bIOHKINI B coctaBe KH® ¢ m ane-
MEHTapHBLIMU IU3BbIOHKLIUAIMU (cM. [28]). 3amava o BemmoaHuMoct KH® skBuBajieHTHA CyllIeCTBOBA-
Huto {0,1}-pemeHuns y CUCTeMBbI TMHEMHbBIX HEPABEHCTB OT TAKOTO K€ YKcJia IEPEMEHHbBIX Hall YIIOPsI-
JIOYEHHBIM KOJBLIOM LebIX yKcell. [103ToMy OLIeHKM CIOXHOCTH B XyOIIEM ciydae IJIsT 3THX 3aday
CBSI3aHBI IPYT C IPYTOM.

T'oBOpS O BEIMUCIUTENIHLHON CIIOXXKHOCTHA B CPEAHEM, MBI TIPEAMOIaracM, 4YTO Ha MHOXKECTBE BXOIOB
MMPOU3BOJIBLHO (PUKCUPOBAHHO JJIMHBI 3aJjaHA BEpOSITHOCTHAS Mepa. OOBIYHO KaXI0€e TaKOe MHOXe-
CTBO KOHEYHOE, CJIeJOBATEIbHO, BCE BXOAbl B HEM MOTYT OBITh paBHOBEPOSTHBIMU. CIOXHOCTBHIO B
CpeIHEM Ha3bIBAaeTCS MaTeMaTUUeCKOe OXUAAHUE BLIYMCIMTEILHOM CIIOXHOCTA Ha BXOJAaX JAHHOM
IJIMHEL (cM. [29]).

OCHOBHOI pe3yJibTaT HACTOSIIEH CTaTbU B TOM, UTO TPEIJIOKEH 3BPUCTUUYECKUI aJITOPUTM 151 3a-
Jla4y pacrio3HaBaHUS CUCTEM JIMHEMHBIX ypaBHEeHMI, He uMetolux {0, 1}-pemenus. OH IpuMeHUM IIpU
6oJiee ciabbIX OTpaHUYEHUSIX, YeM ObLI0 paHee. Takxke OH MOXET MCIIOJIb30BaThCs MapajIeIbHO C IpY-
UMY MeTonaMU. Pe3ynbTaThl cripaBeaIvBbl Hall IPOU3BOJILHBLIM TTOJIEM XapaKTepUCTUKU HYJIb, Orlepa-
LU B KOTOPOM 3(PPEKTUBHO BEIYUCIMMBIC. UTOOBI YIIPOCTUTH U3JIOKEHNE, OOBIYHO paccMaTPUBAIOTCS
BBIUMCJICHUS HAJl [TOJIEM pallMOHAIbHBIX YMCE WU HAJl YMCTO TPAHCUEHASHTHBIM paCIIMPEHUEM 3TOTO
nosst. OmHAaKO MOXHO 3 (heKTUBHO IPOBOAUTH BEIYKCIICHMSI C ajreopandeckumu unciaamu (cM. [30]),
WCHOJIb3Y$ aJITOPUTMBI 1151 pab0OThl ¢ MHOrowieHamu (cm. [31]).

2. ITPEABAPUTEJ/IBHBIE CBEAEHWA

PaccMoTpuM cucteMy U3 m TMHEMHBIX ypaBHEHUH OT 1 > m TiepeMeHHbIX. McKkiliouasi mepeMeHHbIEe,
JIETKO TOJyYUTh HOBOE YpaBHEHHUE OT # — m InepeMeHHbIX. Ecim n—m = O(log, n), 3amaya moucka
{0,1}-perreHus aJist UICXOMHOM CUCTEMbl ypaBHEHU I pa3pelinmMa 3a moJMHoOMuaabHOoe BpeMsi. OHa cBO-
JUTCS K TTOUCKy Kaxaoro {0,1}-pemenus nius ypasHeHust ot O(log, n) IepeMeHHBIX U IPOBEPKE, MIPO-

noJpkaeTcst au oHo 1o {0,1}-perieHust uCXogHO cucTeMbl. [lagee pacCMOTpeHbl MeHee TpUBUAIbHbBIE
cayJyau, KOTJa 3Ta 3amada JIETKO pa3pelmma.

O603HaunM yepe3 b cronbel u yepe3 A NMPSIMOYTOJIbHYIO M X 1 MAaTPUILy C HEOTPULIATETbHBIMU 2J1e-
meHTamu. Bee {0,1}-peleHnst cucreMbl HEPaBEHCTB AX < b MOXHO HAWTU METOAOM TMHAMMNYECKOTO
OpoTrpaMMMpPOBAHUSI, BpeMs pabOTHl KOTOPOIO MAaJIo, €CIM OOIlee YMCIO TaKWX PEeIIeHH Malo.
H.H. KysiopuH B [13], [14] nokasai, uto ipu m > 910g, # 1 HEKOTOPBIX MIPEANOJIOXKEHUIX O paclpee-
JICHUM 3JIEMEHTOB MaTpUlLibl A U cTojiona b cpenHee YMcio TaKuX pellieHui A OorpaHUYeHO CBEPXY MHO-
rowieHoMm ot n. CieaoBaTeIbHO, CpeaHee BpeMsi paboThl aJIT0pUTMA TakkKe MoTMHOMUalIbHOE. Jloka3a-
TEJIL,CTBO OCHOBAHO Ha OLIEHKE XBOCTAa OMHOMMUAIBHOTO pacrpeneacHusI. 3Hasl BCe PEIIeHMs CUCTEMBI
HEPaBEHCTB, CPEeAX HUX JIETKO BBIOpaTh pellieHue IJisi CUCTeMbl YpaBHEHUIT, €CJIM OHO CYIIECTBYET.
BaxxHbIM orpaHUYeHEM TIPUMEHMMOCTH 3TOTO METO/1a CIYKUT TpeboBaHVe HEOTPULIATEIbHOCTH dJie-
MEHTOB MaTpUllbl A. 3aMeHaMU IEPEMEHHBIX TUNA ), = | — X, CUCTEMY YpaBHEHUIi C MPOU3BOJIbHBIMU
Ko3(hdUIImeHTaMM JIETKO CBECTH K CUCTEME YPaBHEHUI C HEOTPHUIIATEIbHBIMU KO3(PpUITMEHTAMH Y JI-
HEWHBIX WICHOB, TJe HOBas M MCXOMHAasi CUCTEMBI UMEIOT paBHOe uucio {0,1}-pemenuii. Ho ripu aTtom
HWCKaXkaeTcsl UCXOMHOE pacrpenenieHue Koo UuiimeHToB.

7 cucTeMbl U3 m JIUHEHHBIX YPaBHEHUIN OT # MEPEMEHHBIX C TTOJOXUTEIbHBIMU LIEBIMU KO-
buurentamu g, onpeneauM TIOTHOCTb MO GopmyJie

- nr
mlog, max a

ITpu m =1 v npu ycnoBur Majoil IIOTHOCTU o < 0.9408 1ouTu BCe YaCTHbIE Cly4yau 3a1a4yu O CyMMeE
MOAMHOXECTB pa3peliuMbl 32 TOJUHOMUATBLHOE BPEeMsI, MCTIOJIb3YsI TIOUCK KpaTJyaiilero HeHyJIeBOro
BeKTOpa B HeKoTopoii peuietke (cMm. [9], [10]). DToT MeTom o606IIaeTCs Ha Ciay4yail CUCTeM MHOTHX
ypaBHEHMI C TeM Xe OrpaHUYEeHUEM Ha TUIOTHOCTD (cM. [16]).
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Cnenys padoram [15] m [32], mg oIeHKN TOJIN BXOIOB JaHHOTO pa3Mepa, Ha KOTOPBIX aJITOPUTM
OBICTPO IMMpUHUMAET IIPaBUJIbHOE pellleHre, Mbl UcItonb3dyeM Jemmy HIBapua—3umnmens (cMm. [33]).

Jlemma 1. Jlan omauunsiii om koHcmanmul MHoeounen f(x,,...,x,) cmenenu d Hao nosem K. Ecau cay-
yaiinwle eeaudunsl &, ..., §, HE3A8UCUMbL U PAGHOMEPHO PACNpedeneHbl Ha KOHeYHOM MHoxycecmee S C K
mownocmu |S|, mo evinoaneno nepagencmeo

Pr[fE,....E) =0] <<

20e uepes Pr| - | obo3nauena éeposimnocmos 6binoaHeHUs YCA08USL 8 K8AOPAMHBIX CKOOKAX.

HenaBHo 3TOT pe3yibTaT ObUI YCHJICH JISI MHOTOWICHOB OT OJHOM IIEpeMEHHOI Hal IoJIeM KOM-
TUIEKCHBIX yncen. CyllecTByeT Takoe MHOXECTBO U3 2d + 1 yuces, 4To JitoOble 1Ba MHOTOWIeHa f U g
CTEeTIEHU d PaBHBI IPYT APYTy, KOTJa MHOXECTBO 3HAUEHUIH MHOTOWIEHa f BJIOXEHO BO MHOXECTBO
3HAaYEHUU MHOTOUYJIEHA g Ha 3TOM MHOXecTBe (cM. [34]).

Panr MaTpulbl HaA ITOJE€EM MOKHO BbIYUCIINTD, UCITOJIB3YyA IMMTOJIMHOMUWAJIBHOC YHCJIO IMTPOIECCOPOB N

BBITIOJIHUB Ha KaXXAOM W3 HUX JIMIIb 0(log§ n) omnepaunii Hag 3TUM TtoeM (cM. [35], [36]). C apyroii
CTOPOHBI, BEPXHUE OLICHKY CJIOXKHOCTHU BBIYMCJIEHUS paHTa MaTPULIbI OJIM3KU K CIOXKHOCTU MATPUYHO-
ro ymHoxeHuUs (cM. [37], [38]). B HacToseit paboTe mpuMephl BHIYUCISHBI B CUCTEME KOMITBIOTEPHOM
anreopbl MathPartner (cMm. [39]). Onipenenutenb MaTpuilbl BeluuciaseTcd Komanaoi \det(), a paHr —
koMmaHaoi \rank(). B cucreme Maple omnpenenuTenab, paHT U MEPMAaHEHT MaTPUIbl BEIYUCIUMBI, Ha-
npuMep, B makete LinearAlgebra.

3. PESVJIBTATBHI

I'eomeTpurueckuit cMbICT 3a1a4M COCTOUT B MIPOBEPKE, MPOXOAUT JIU aphrHHOE MOANTPOCTPAHCTBO,
3aJJaHHOE CUCTEMOM JIMHENHBIX YPABHEHU, YepE3 HEKOTOPYIO BEPIIIMHY EIMHUYHOTO #-MEPHOTO Ky0a.
Kaxxnas Takas BepmirHa cooTBeTcTBYeET {0, 1}-pereHuo. MeTon COCTOUT B TTOTIBITKE MTOCTPOUTH alireo-
panyecKylo TUIIePIOBEPXHOCTh MaJIOl CTEIIEHM, MPOXOASIIYI0 Yepe3 KaXkIyl BEPIIMHY eMUHUYHOTO
Ky0a, HO He Tiepecekalolilyto naHHoe ahGUHHOE MOAMPOCTPAHCTBO. 31€Ch TUTIEPITIOBEPXHOCTh MOXET
ObITh TIpUBOAMMOIi. CylllecCTBOBaHME TaKOUW TMIIEPIOBEPXHOCTU BiieyeT oTcyTcTBUME {0,1}-pelieHus y
WICXOJTHOUM CHUCTEMBI YpaBHeHUWU. BeluucanTebHas CJIOXKHOCTh 3TOTO METOAA 3aBUCUT OT CTETIEHU TU-
neprnoBepxHocTy. PaHee ObLIO MccienoBaHO MPpUMEHEHUWE KBaAPUK ISl caydasi MOANPOCTPAHCTB Ma-

J10i1 pasmepHocTH (cM. [15]). C apyroii CTOpoHBI, 415 OOLLEiA TUITEPIUIOCKOCTU OObeANHEHUE U3 2" T1a-
paUIeIbHBIX TUIIEPILUIOCKOCTEM, COAepKaIllMX BCe BEPIIMHBI EIMHUIHOTO /7-MEPHOTO0 Ky0a, CIIyKUT HC-

KOMOIA TUIIEpITIOBEPXHOCTBIO cTeneHU He Bhlle 2”. Ho cTreneHb MoxXeT ObITh HUXE. B yacTHocTH, ecin
TUIIEPIUIOCKOCTD 3aJaHa ypaBHEHNUEM C OTpPaHNYCHHBIMY CBEPXY HMOJOXUTEIBHBIMU 1LIeILIMU KO3 hu-
LHMEeHTaMM, KoTopoe He umeeT {0,1}-peleHunii, To J0CTaTOYHO MaJIOr0 YMCJia NapaUIeAbHbIX TUIIEP-
miockocteit. Ha aToM ocHOBaH MeTOn AMHAMUYECKOIro IPOrpaMMUPOBaHMS IJIs1 pELIEHUs 3a1a4u O
cyMMe ITogMHOKecTB. OIHAKO Mbl pacCMaTpUBacM IIPOU3BOJILHEIC TUIIEPIIOBEPXHOCTH, KOTOPEIC HE
00513aTEIbHO CIIyXaT O0bEIMHEHUEM TUIEPILJIOCKOCTE.

3.1. Ilpsmble Ha npoekMUBHOLL NAOCKOCMU

CHayasna Mbl pacCMOTPUM TIPSIMYIO Ha IJIOCKOCTU, YTO COOTBETCTBYET MOUCKY {0, 1}-pelieHus Heon-
HOPOJHOIO JIMHEITHOTO YPaBHEHUS OT ABYX IEPEMEHHBIX X; U X,. Er0 rOMOreHu3anmei CiyxxuT ypas-
HEHME OT TpeX NMIEPEMEHHBIX X, X; U X,. Kaxnoe {0,1}-penieHne COOTBETCTBYET BEPLUNHE EAMHUYHOTO
KBagpara. Ha MpoeKTUBHOI TJIOCKOCTH 3TU BEPLIMHBI UMEIOT OAHOPOIHBbIe KoopauHaThl (1:0 :0),
(1:0:1),(1:1:0) m(1:1:1) cooTBeTCTBEHHO. B 3TUX KOOpAMHATaX OECKOHEYHO yHajleHHas TIpsiMast

3amaHa ypaBHeHueM x, = 0. [IpoekTuBHas KpuBas onpenensieTcsi TepHapHoil Gopmoii (OTHOPOIHBIM
MHOTOYJIEHOM), KOTOpast oopalaercs B HyJIb B TOUKaX KPUBOIA.

Teopema 1. /lan keadpam Ha npoekmugHoi naockocmu. llpamasn L ne npoxodum uepes Kakyro-aubo gep-
WUHY K8adpama moeoa u moabko moaoa, Ko2oa Cyu,ecmeyem Kyouueckas Kpueas, npoxoosauas uepes Kaic-
0yio gepuiuny Keaopama, Ho nepecexaroulas Npamyro L auutb 6 mouke Ha 6eckoHeuHO YOaNeHHOU NPSAMOIL.
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Hoka3arenbcTBo. [1ycTh 0OmHOpOAHBIE KOOPAMHATHI BepiinH kBajapara (1:0:0),(1:0:1),(1:1:0)
u (1:1:1). IIpoekTuBHas Kydrndeckasi KpuBasi OIIpeAesisieTcsI TepHapHOu Kyoudeckoil (popmoii. Takas
¢opmMa, obpataroniasics B HyJib B KaXKJI0i BepIIMHE KBajapaTa, paBHa JUHEHHONH KOMOMHAIIMU IIIECTU
bopM x, x;(x; — Xy), tie k € {0,1,2} m j € {1,2}. D111 popmbI TMHENHHO HezaBucuMbIe. [ToaToMy pas-
MEPHOCTb JIMHEHOTO MPOCTPaHCTBA KyOuUecKUX (hopM, oOpallialoInuxcsl B HyJIb B KaXKA0 BepIIHE
KBazaparta, paBHa miectu (cMm. [40]). PasMepHOCTh MpOCTpaHCTBA BCeX OMHAPHBIX KyOMYecKux (opM
paBHa 4yeTbipeM. OrpaHnudeHune (GOpMbI Ha IpsIMYIO L omnpeneiseT JMHEHOe 0TOOpaXKeHre T U3 IMPOo-
CTpaHCTBa TepHApPHBIX (hOPM, KOTOpbIe 0OpaIlaloTCs B HYJIb B KaXKI0ii BepllIMHEe KBapaTa, B IPOCTpaH-
CTBO BceX OMHapHBIX GopM. Sapo oToOpaxkeHUsSI T COCTOUT U3 (DOPM, TOXKIECTBEHHO PaBHBIX HYJIIO Ha
npsamoii L. Kaxnmas dopma u3 ssapa npuBoguMasi U AeJIMTCS Ha TUHEHHYI0 (popmy £, OTIpEAEISIONIYIO
npsimyto L. IToCKOJbKY IO MPEearnoaokKeHUIo npsiMast L He MPOXOAUT 4Yepe3 KaKyro-JIu0O BEpIIMHY
KBazpara, TO pa3MEpPHOCTb SIipa paBHA pa3MEPHOCTU KBaApaTUYHBIX TEPHAPHBIX (DOPM, OOpaIIarOIIIX -
cs1 B HYJIb B KaxX/10it BepinHe kBazapata. CortacHo [40], aTo dopmbl ThIIa A, X, (X, — X)) + AyXy (X, — X)-
[ToaToMy pa3MepHOCTS siIpa oToOpaxkeHUsI T paBHa AByM. Cile1oBaTeIbHO, pa3MePHOCTh 00pa3a 0To0-
paxkeHMs T COBMHANAeT C Pa3MEepPHOCTbIO Bcex OMHapHBIX (hopM. OToOpakeHue T CIOpbeKTHBHOE. B

YaCTHOCTH, 00pa30M HEKOTOPOH Kyouuyeckoi hopMel (X, X;, X,) U3 O0JIACTU ONPENEICHHUS T CIIy>KUT
3
dopma x;. YpaBHeHUE (X, X;, x,) = 0 onpeaensieT KpUBYIO, KOTOpasl NepeceKaeT NpsiMylo L JUIlIb B

0GECKOHEUYHO yIaJIeHHOM Touke. bojiee Toro, mockoiabKy pa3MepHOCTb s1ipa paBHA IBYM, TO CYIIIECTBYET
OgHOIIapaMETPUYECKOE CEMENCTBO TaKUX KPUBHIX.

DTOo paccyXlIeHUe CYLIECTBEHHO MCITOJIb3YET MPEAIIOJIOKEHHUE, YTO NpsAiMast L He TTPOXOIUT yepes
KaKyio-1100 BeplInHY KBaapaTta. MHade simpy oToOpaskeHMs 7T IpUHAaIIesKaIn Obl TPOU3BEICHUS JIN-
HeHOM (opMbI ¢ 1 HEKOTOPOM KBaApaTUIHOM (DOPMEI, KOTOpasi 00paliaeTcs B HyJIb JIUIIIb B TPEX BEP-
IIMHax KBaapata. Torma pasMepHOCTb sapa OoJbliie IBYX, a OTOOpaxkeHWe T HeClopbeKTUBHOE. Oue-
BUIHO, B 3TOM cJlydae npsimasi L repeceKaeT KaKIylo KPUBYIO U3 00J1aCTU ONIpee/ICHUS T B HEKOTOPOId
BepILIMHE KBaapaTa. TeopeMa moka3aHa.

B Teopeme 1 KyGrmuecKyro KpMBYIO HelIb3sT 3aMEeHUTH Ha KOHUKY. JleficTBUTeIbHO, TepHApHBIE KBaI-
patmaHbBIe (G OPMBI, OOpaIIaromuecs B HyJIb B KaXI0# BEpITHE KBaapaTa, ITOpOXIaoT TMHEIWHOE TIPOo-
CTPAHCTBO Pa3MEPHOCTH JIBa, HO GMHApHBIe KBaapaTUYHbIe (POPMBI MOPOXKAAIOT MPOCTPAHCTBO pa3-
MepHocTU Tpu. [ToaTOMY aHaIOT OTOOpaXKeHUs Tt U3 J0Ka3aTeIbLCTBA TEOPEMBI 1 yxKe He OyIeT CIOpbeK-
THUBHBIM.

3.2. Jluneiinvie npocmpauncmea gopm

PazmepHOCTB TMHEHOTO NPOCTpaHCTBA (GOPM CTENEHU ¢ OT IEPEMEHHBIX X, ..., X, PABHA OMHOMMU -
s+d .
aJIbHOMY KO3 hHIIeHTy J I PaccmorpuM JmHEITHBIE KOMOMHAINKM KyOomdeckKmx (GopM THUITa

X, (X, — xo)x,. Kaxxnasa takast ¢popMa oOpalaeTcsl B Hy/llb B KaXIOW TOYKE C KOOpAMHATAMU X, = 1 1
x, € {0,1}, rne 1 < k < n. OrpaHnyeHue 3Tux GopM Ha JUHENHOE NTOAIPOCTPAHCTBO, OIPEIEsIEMOe
CHCTEMOW ypaBHEHU x; = / ;(X,...,X,), THe s < j < n, paBHO JIMHEWHOW KOMOMHAIMK (POPM JBYX TH-
NOB: 00 X, (X; — Xo)X,, 00 £ ;({; — xp)x, el sk <ssul <t <s.

Jlemma 2. Jlan nabop auneiinoix opm L (X,...,X,) = a;X + -+ a;x,,2ede s < j < n u ce kosppuyu-
eHMbL a;; — AN2e0PAUUECKU He3ABUCUMDbLE INEMEHMbL HUCIO MPAHCUCHOCHMHO20 PACUUPEHUS NOAS PAUUO-

HaabHbIX yucen cmenenu mpancyenoenmuocmuy (n—s)(s+1). Eciu evinoaneno Hepagencmeo
(s +3)(s +2) < 6(n—s), mo kaxcoas Kybuueckas opma om nepemeHHslx X, ..., X, PA6HA HEKOMOPOii Au-

o o 2 .
Helinol kombunayuu gopm muna {';x,, 20e s < j<nul <t <s.
JlokazarenbcTBo. O003HAYMM Yepe3 M MaTpuIly, COCTABICHHYIO U3 KO3(hPUIIMEHTOB (opM TUIa

2 2
(X, TIE CTONOLBI COOTBETCTBYIOT MOHOMaM, a CTpOKM — ¢opmam. OOGuiee unciao Gpopm tuma £x,
TIOJKHO OBITh HE MEHBIIIE, YeM YHCJIO MOHOMOB TpeThei cTerneHH. To eCThb JOIKHO BRITIOTHATHCS Hepa-
BEHCTBO

(s +3)!

KEY = (n-s)(s+1),
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o 2
re cyieBa — o01Iee YMCII0O MOHOMOB TPEThEl CTETIeHH, a cripaBa — Yucyio hopm tuna £;x,. OHO 9KBUBa-
JICHTHO HEPaBEHCTBY (s + 3)(s + 2) < 6(n — s) U3 yciaoBuUs JeMMbl. [1pu BBINOJTHEHUU 3TOTO HEPaBEH-
CTBa IOCTAaTOYHO MOKAa3aTh, YTO MaTpuiia M MMeeT MOJIHBINM paHT, paBHBINA YMCITYy CTOJIOIIOB.

BoimenuM B MaTpuiie M KBaIpaTHYIO HOOMATpUIly M' ¢ TEM 3Ke YMCIIOM CTOIOIIOB, KOTOpask Colep-
KUT HaOOp HEHYJIEBBIX 3JIEMEHTOB IT0 OMHOMY M3 KaXXIO0M CTPOKU U KaXXIOoro cTojioua. OnpenenTelb
paBeH aIbTEPHUPOBAHHOM CyMMe TTPOU3BEICHU M 3JIEMEHTOB U3 HAOOPOB IT0 OMHOMY 3JIEMEHTY M3 KaxK-
JIOM CTPOKM U KaxKAOro cToyiona. Yucto TpaHCLeHASHTHOE pacIMpeHUE TTOJISI K30MOP(HO MO0 pali-
OHAJIbHBIX PYHKIUMIA. DIEMEHTBI MATPULILI M ' MOXHO pacCMaTPUBATh KaK MHOTOUWIEHBI OT ITEPEMEH-

HbIX Ay KOTODPBIC YITOPAAOYECHBI B COOTBETCTBUM C ITOPAOAKOM Ha MHIACKCAX:

Aisatyo 2 iy = 5> Qg > A > > Ay > 22>

Js ns*

BDT0 onpeaesieT MOHOMHUAIbHOE yIIopsimodyeHre. Mbl BbIOMpaeM B MaTpulie M' HaOOp HEHYJIEBBIX dJIe-
MEHTOB I10 OTHOMY M3 KaXKJI0i CTPOKM 1 KaXXKA0I0 CTOJIONA, AjIsI KOTOPOTO IIPOM3BeIeHME MaKCUMAJIbHO
MPYU 3TOM MOHOMMAJIBHOM YIOPSITOYEHUU. DTOT MAKCUMYM JOCTUTAETCSI Ha eMMHCTBEHHOM Habope
2JIeMeHTOB 13 M. IelACTBUTEILHO, €CJIM ABa pa3HbIX TAKMX HA00pa MMEIOT paBHbIE IPOU3BEACHMS DJIE-
MEHTOB, TO MOXHO HaliTW TpeTUil Habop, IIPOU3BeACHUE 3JIEMEHTOB KOTOPOIO OOJIBIIIE.

[TockonbKy a; anreGpanyecku HE3aBUCHUMbIE, HUKAKOE WX TPOU3BENECHUE HE PABHO JIMHEHHOM
KOMOUWHALIMU APYrux IpousBeneHuii. CiaeqoBaTeIbHO, ONPEaeIUTEb MATPULBI M' OTJIUYEH OT HYJIS.
IMosTomMy maTpunia M nMeeT NONHBIN paHT. JleMMa mokasaHa.

DIeMEeHTBI YUCTO TPAaHCLUCHACHTHOTIO paCIINPCHUA 110 MOXKHO OTOXICCTBUTDL C Q)YHKHI/IHMI/I oT
HE3aBUCUMBbIX IICPEMECHHBIX aj,.. Jlemma 2 CIIpaB€aJiMBa IJ11 HEKOTOPLIX pa3pC€K€HHBIX MaTpU1l, IToJIy4ya-
€MBbIX ITOACTAHOBKOM 1IEJIbIX 3HAYEHU A TIIEPEMECHHDBIX aj,-.

IIyctb n =3 u s = 1. Beibepem £, = x, u /5 = x;. MaTpuna koadduLIneHTOB Kyonyeckux hpopM TH-
2 o
na /’;x, HEBBIPOXIEHHAs, TOCKOJIbKY OHA PaBHA €AMHUYHOM 4 X 4 marpuiie. [10CKOIbKY pasMePHOCTD

. 2
JIMHEHHOTO NPOCTPAHCTBA OMHAPHBIX KYOM4eCKUX (POPM paBHa YeThIpEM, (OPMBI THUIIA /X, TOPOXIA-
10T 3TO IPOCTPAHCTBO.

IMyctbn =6 us = 2. Beibepem /5 = x, £, = x;, {5 = x, U lg = X, + X,. MaTpuuia M xoapbuimeH-

2
TOB KyOn4ecKux (popM Tura £;x, COIepKUT NBEHAATh CTPOK U IECATh CTOJIOIOB. PaHr Marpuiibl M
paBeH AeCITU U COBMAAET C pa3MEePHOCThIO TMHEITHOTO MPOCTPAHCTBA TEPHAPHBIX KyOMUeCKUX hopM.

ITycte n =8 m s = 3. BoibepeM 0, = x4, {5 = X, s = X5, {7 = X3 U Uy = Xy + X + X, + X;. MaTpu-

2
na M xoaduireHToB Kydnueckux ¢hopm tuna /’;x, KBanpaTHas. PaHT paBeH IBanlaTi ¥ COBIAIET C
pa3MepHOCTBIO JIMHEITHOTO IIPOCTPAHCTBA KyOMYeCKUX (pOpM OT YeThIpeX IEPEMEHHBIX.

Jlemma 3. Jlan nabop auneiinoix popm L (X,...,X,) = a;X + -+ a;x;,2de s < j < n u ce kosppuyu-
eHMbL a;; — aN2e0pPaUMecKu He3a8UCUMbLE INEMEHMbL HUCMO MPAHCUECHOCHMHO20 PACUWUPEHUS NOASL PAUUO~
HAAbHbLIX  Yucea cmeneHu mparncyeHoeHmuocmu (n—s)(s+1). Ecau ewnoanenHo HepaseHcmeo
(s +3)(s +2) < 6(n—s), mo kaxcoas Kybuueckas opma om nepemeHHbIX X,, ..., X, PA6HA HEKOMOPOii Au-
Heiinot kombunayuu gopm muna { ({ ; — xy)x,, 20e s < j<nu(Q <t <s.

Jloka3zarenbcTBo. [To aHamornm ¢ 1oKa3aTeabCTBOM JEMMBI 2, TOKaXeM, YTO MaTpula N , COCTOSI-
wast u3 koahdureHtoB dopm tuma £ ;({; — X,)x,, IMeeT MONHBIA paHr. MaTtpuiia N paBHa cymme
MaTpuilbl M, cocTosieil u3 KoahOuureHToB popM TUIa éix,, M MaTpullbl B, cocTosiei nu3 koedhu-
U1eHTOB (opM TUTA —Xyf ;X,. OMHAKO 2JIEMEHTBI MATPULIBI B, paCCMATPUBAEMBIC KAK MHOTOWICHBI OT
NEPEMEHHBIX d;;, UMEIOT MEHBIIYIO CTETEHb, Y€M 3JIEMEHTBI MaTpullbl M . [ToaToMy paHr MaTpuiibl

N = M + B He Huxe panra Matpulibl M . ITo ntemme 2 MaTpuiia M uMeeT NosiHbIi paHr. CienoBaTesib-
HO, MaTpuiia N TOXe MMeeT ITOJHBIN paHT. JleMMa moka3aHa.
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AJroput™, 00CyKaaemblii npu 1oKa3areibcTBe Teopem 2 u 3

Bxon: 1iesbie yuncna 0 < m < n v tuHeHbIe GOpMBI £ (X, ..., X,_,), THe n—m < j < n.
1: DnemMeHTaMM MaTpULIBI A ciryXaT Ko3(hGUIUeHTH (hOpMbI

n—m( n—m n
D hax (e —xp)+ Y Al = %) |x,,
=0 \ k=1 Jj=n—m+1
o€ CTpOKHM MaTpUIbI A COOTBETCTBYIOT MOHOMAaM TpeTbefI CTCIICHU OT IIECPEMEHHDBIX Xos coos Xpemos a

CTOJIOLIBI — MEPEMEHHBIM A U A

2: PacuimpeHHas MaTpulia B rojiyyaeTcsi U3 MaTpulibl A 1006aBJI€HUEM CTOJIOA, B KOTOPOM €IUHU -
11a CTOUT B CTPOKE, COOTBETCTBYIOIIIE/ i MOHOMY xé , a OCTaJIbHBIE BJIEMEHTBI 3TOTO CTOJIOIA PaBHBI HYJIIO;

3:if rank(A) = rank(B) then Bxon oTBepraercsi;

4: else BBImaeTCs yBeZOMIIEHIE O HEOTIpEIeIEHHOCTH BEIOOpA.

3.3. Aneopumm u oueHKU 8bIMUCAUMENbHOU CA0NCHOCU

ToBOps 0 3agauax pacrio3HaBaHWS, MbI MIpeajiaraeM TPU BapUaHTa OTBETA: BXOA MOXET OBLITh He
TOJILKO IIPUHSIT UJIM OTBEPTIHYT, HO TAKXKe BO3MOXKHO SIBHOE YBeIOMJICHUE O HEONpeaeIeHHOCTH BbIOO-
pa. IIpu 3TOM OTBET HOIKEH OBITH MOJYYEH 3a KOHEYHOE BpeMsI 1 0e3 OIIMOOK, a yBeIOMJICHIE O He-
OIpeeIeHHOCTH MOXET ObITh BBIIAHO JIMIIIL Ha MaJIoi goje BxonoB (cm. [12], [15]).

IMonx BEIYMCIIUTENBLHOM CIOXHOCTBIO TIOApa3yMeBaeTcs aaredpandeckast CJIOKHOCTh, KOTOpasl paBHA
YUCIy apuMEeTUIECKUX ONepallnii ¢ YucaaMu 1 cpaBHeHMi yuces (cM. [29]). CnoXHOCTh BBIIOIHE-
HUSI OTJEJILHOM OoIlepalliid HEe YYUThIBAETCSI.

Teopema 2. Cywecmeyem aneopumm pacno3HABanus ¢ mpems 8apuUaHmamy omeema, NOAY4AOWUIL Ha
6X00 NOAOIHCUMENbHbIE YeNble HUCAA N U M < 1, @ MAKNCe CUCIMEMY U3 M AUHEUHbIX popm L (Xo, ..., X, ), 20€
n—m< j < n, Komopbsiii npu 6vinoaHeHuu Hepagsencmeéa (n—m+ 3)(n—m+ 2) < 6m ydoeremeopsiem
CAe0YIOUUM YCA0BUSIM:

* aneebpauyecKas CA0NCHOCMb AA20pUMMA 02PAHUYEHA C8EePXY MHOSOUAEHOM OM H;

* ecau 6x00 omeéepeaemcs, mo cucmema ypasnenuit x; = { ;(1,xy,...,x,_,) 012 undexcoe n—m < j < n
He umeem nuxkarkoeo {0,1}-pewenus;

* ecau 6x00 npunumaemcs, mo cucmema ypasnenuti x; = { (1,xy,...,x,_,,) 012 undekcoe n —m < j < n
umeem {0,1}-pewenue;
* 015 1100020 0ONYCMUMO020 HAOOPA 3HAYEHUTI N U M Cyu,ecmeyem maxoii OMAU4HbLIL O MOHCOeCMBEeHHO

HY1€8020 MHO204/1€H CHEeNneHU He 8blule n (n—m+ 1)2 om Ko3ghpuyuenmoe écex AuneiiHbix gopm L ;, umo ec-
AU AN20pUMM HA HEKOMOPOM 6x00e gbldaem yeedomaeHue 0 HeonpedeieHHOCMU 8bl00pa, Mo 3MOMm MHO20UAEH
obpawaemcs 6 Hy1b 0451 COOMBemMCcmayroue2o Habopa 3HaveHull Ko3gpuuyuenmoas.

Joka3arenbcTBo. [1o cyTu, anroputM, NprMBeaeHHBIN B HACTOSIIIEN paboTe, MPOBEPSET CYIIECTBOBA-
Hue HaOOPOB YMCeNl A, U A, IUISl KOTOPBIX BBIOIIHEHO PABEHCTBO ABYX KyOUuecKux popm

n—-m( n—m n

_ .3
Z Z?\«thk(xk - XQ) + Z }\'tjgj(’gj - xO) xt - xO.
=0 \ k=1 Jj=n—m+1
3nech 0 <t < n— m. DTa NpoBepKa CBOAUTCS K PEIIEHUIO CUCTEMbI TMHEHHbBIX YpaBHEHUIT OTHOCU-
TENBHO A, 1 ;. OBllIee YMCII0 IEPEMEHHBIX B 3TO# cUCTeMeE He MpeBbInaeT n(n — m + 1). Kaxmnoe ypas-
HEHUE B 3TOI CHCTEME COOTBETCTBYET OUEPETHOMY MOHOMY TPEThell CTENEeH! OT MePEMEHHBIX X, ...,
X,_n- [103TOMY 4uCIIO 3TUX ypaBHEHUI paBHO (n —m + 1)(n — m + 2)(n — m + 3)/6. Ilpu BeIMOTHEHUU
HEepaBEHCTBA U3 YCIOBUSI TEOPEMBbI, YUCJIO ypaBHEHU 3TOM CUCTEMBI HE MPEBOCXOIUT YHCIa IEPEeMeEH-
HbIX A, 1 A,;. [To Teopeme Kponekepa—Karesim pemenue cymecTByeT Npy COBMNaA€HUI PAHTOB JIBYX
matpull. [Ipu 3TOM pacuimpeHHast MaTpulia moayvdaeTcs: 1006aBJIeHUEM CTOJIOA, B KOTOPOM paBHbI HY-
JIIO BCE DJIEMEHTBI, KPOME OHOTO. PaHT MaTpUIIbl JIETKO BBIUYUCISIETCS. DJIeMEHTAMU 3TUX MAaTPULL CITY-
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KaT MHOTOYIEHBI CTENEHM HE BBILIE BTOPO# OT K03(h(HUUMEHTOB TMHEHHBIX (GOpM / ;. JloCTaTOUHBIM
YCIIOBMIEM CYIIECTBOBAHUS PEIICHUS CIIY>KUT OTIIMINE OT HYJISI MUHOpPA, pAaBHOTO MHOTOYJICHY CTETICHH

2 2 o
He BbilIe n°(n —m+ 1)” oT Koo uiineHTOB TnHEHHBIX hopM £ ;. T1o 1eMMe 3 3TOT MHOTOWICH He 00~
palaercsi B HyJb TOXIECTBEHHO. TeopeMa noka3aHa.

Ecnu anroput™ u3 TeopeMbl 2 OTBEpraeT CUCTeMy YpaBHEHUI S, TO OH OTBEPraeT U JII0OYI0 CUCTEMY
ypaBHeHMI1 S, KOTOpasi MoJIy4eHa 100aBIeHUEM K S HOBBIX yPABHEHMIA.

I1pu cpaBHeHUM TeopeM 1 u 2 BUTHO, YTO YCJIIOBHE B TeOpeMe 2 HeolTuMajbHoe Ipu n = 2. B yact-
HOCTH, 3TO CBSI3aHO C rpy0boii OLIEHKOI paHra MaTpuilbl B 10KA3aTEeJIbLCTBE JIEMMBI 3.

Teopema 3. Cywecmeyem anreopumm pacno3Ha8anus ¢ mpems 8apuaHmamy omeema, nOAYHAWUll Ha
6X00 NONONCUMENbHDBLIE YeAble HUCAa n U m < 1, d MAKice CUCmeMy u3 m aunetnsix gopm { (x,...,X,_,), 20e
n—m< j < n, Komopulii npu GbvinoaHeHUu HepagerHcmeéa (n— m+ 3)(n—m + 2) < bm ydoeremeopsiem
CACOVIOULUM YCAOBUAM:

* aneebpauuecKas CA0JICHOCMb AA20pUMMA 02PaAHUUEHA C8EePXY MHO20UAEHOM OM H;

* ecau 6x00 omeepeaemcs, mo cucmema ypasnenuit x; = ( ;(1,xy,...,x,_,) 012 undekcoe n—m < j < n
He umeem nHuxkakoeo {0,1}-pewenus;

* ecau 6x00 npunumaemcs, mo cucmema ypashenuii x; = £ (1,x,...,x,_,,) 011 undekcoen —m < j < n
umeem {0,1}-pewenue;

* das 1106020 payuonanvHoeo yucaa € u3 unmepsasa 0 < € <1 u 041 2106b1x JonycmuUMbIX 3HAYEHUI N U
m, ecau 6ce Koagpuyuermol popm { ; HE3ABUCUMO U PAGHOMEPHO PACHDPEOeACHbL HA MHONCECMEE MOUSHOCIU

2 2
He menvute (1/€)n"(n—m +1)°, mo éeposmuocms évidauu y8e0oMAeHUs O HeonpedeaeHHOCMU 8blbopa He
npegvluiaem 4ucaa €.

Joka3arenscTBo. [IpMeHsieM, KakK U TP JOKA3aTEILCTBE TEOPEMBI 2, aITOPUTM, IPEACTABICHHbBII
B HacToslei pabote. CylecTBYeT OTJIUYHBIN OT TOXIECTBEHHO HYJIEBOIO MHOTOWJIEH CTENIEHU HE BhI-

1ie n2(n —-—m+ 1)2 OT KO3 DUIIMEHTOB BCeX JIMHEHHBIX (POPM £ ;, KOTOPBI oOpaiaeTcs: B HyJIb Ha TeX
Habopax, Ha KOTOPBIX BBIZAETCS YBeIOMJIEHME O HeomnpeaesleHHOCTH BbiOopa. ITo nemme IIBapiia—
3unitiens (JiemMa 1) BepoSITHOCTb 0OpallleH!SI TOI0 MHOTOWIEHa B HYJIb He IpeBbIIIAeT uncia €. Teo-
peMa JoKasaHa.

4. BAKJIIOYEHHUE

HepaseHcTBO 13 TeopeM 2 U 3 UMEET BUML 1 = N — +/6n — o(n). AHAJIOTMYHOE YCIOBUE B paHee onyo-
JIMKOBAaHHOM ajiropuTMe [15], ucronb3yolieM He KyOudecKure, a KBaapaTUIHbie (pOpMBI, UMEJIO BUI

m = n—+/2n — o(n). [1o3TOMY HOBBII aITOPUTM MPUMEHUM IIPU MEHBINMNX orpaHmyeHusX. C mpyroit
CTOPOHBI, TIOCKOJIBKY B OCHOBE pa0OThl aJIrOPUTMa JIEKUT BbIYMCJIEHNE paHTa MaTPULIbl, BBIYMCIIEHUS
MOTYT ObITh 2(h(heKTHBHO peaTrn30BaHbl HA MHOTOMPOIIECCOPHBIX BBIUMCIUTEIBHBIX YCTPOHCTBAX.

IMpemtaraemeblii aIropuT™M He 0OecreuYrBaeT MOJTMHOMUAIBHYIO BEBIYUCIUTEIbHYIO CJIOKHOCTD B XY/I-
meM cirygae. Ho mist MHOTrux citygaeB oH ropasno 3G deKTuBHee IoIHOTo Iepedopa. Eciau koadpuiim-
€HTBI IIPU JIMHEMHBIX WIeHaX YpaBHEHUI MOJOXUTEIbHBIE, TO B cpenHeM Oosiee 3(h(DEeKTUBEH alro-
puTt™, KoTopsliit npemtoxuy H.H. Ky3topun (cMm. [13], [14]). OnHako HOBBII aITOPUTM MOXET ObITh 3(h-
¢dexTuBHEE B cliydae KO3 OUIIMEHTOB pa3HbIX 3HAKOB.

CyI1eCcTBYIOT pa3IMYHbIC ITYTH CBEICHUS TaHHON CHUCTEeMBI JIMHEHHBIX YpaBHEHUI K APYTrOil TaKOM
cucTeMe, uMelolei cToabko xe {0,1}-pelieHunii. 9To OTKpbhIBaeT JOMOJIHUTEIbHbBIE BO3MOXHOCTH TIpe-
00JIE€Th HEOoTpeaeIeHHOCTh oTBeTa. C Ipyroii CTOPOHBI, XOTSI pacCCMOTpPEHA JIUIIb 3aja4a paclio3HaBa-
HUS, OMHAPHBIN MOUCK TMO3BOJSIET UCKaTh camo {0,1}-pellieHue, eciiu OHO cylecTByeT. B yactHocTH,
JI0Ka3aTeabCcTBO OTCYTCTBUA {0,1}-pemeHns, COOTBETCTBYIONIETO BEpIIMHE KaKoi-1ubo gacere emnm-
HUYHOTO Ky0a, MO3BOJISIET YMEHBIIIUTD YMCJIO IIEPEMEHHBIX B UICXOOHOM 3amade. To ke crpaBeminuBo,
ecjii BMecTo (paceThl paccMaTpuBaTh Mapy CUMMETPUYHO PaCIIOJIOXEHHBIX TpaHeil KOpa3zMepHOCTU
IIBa, JIeXaIllX B OQHOM IrunepIruiockoctu. Ha 3ToM myTr BO3MOXKHO KOMOMHMPOBAHHOE IPUMEHEHNE
pPa3HBIX METOIOB Ha pa3HBIX IIIarax.

PaCCMOTpeHHBIfI B HACTOSIIIEN CTAaThe AJITOPUTM HUKOTIJa HE MIPMHUMACT BXO. Ho MCITOJIb3YyA APY-
TUE N3BCCTHLIC METOAbI, BKIIOYasa aJITOPUTM Ky3IOpI/IHa, MOXHO YMCHBIIUTDL YUCJIO YBCI[OMJ'[CHI/Iﬁ 00
otkasze. Ilociae aToro HOBBII AJITOPUTM MOXKET NIPUHUMATb HCKOTOPBLIC BXOILI.
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Xopol1ro uzBectHa 6m3kast NP-nonmHast 3amada o BeImotHUMocTH 3-KH®, nnst penreHnst Kotropoit
W3BECTHBI 9BPUCTUYECKUE AJITOPUTMBI M MX TIPOTPaMMHBbIE peajin3anun. XOoTs IMOCIeTHIS 3a1a4ya TakKe
CBOJIMTCS 3a MOJIMHOMHUAJIBHOE BpeMs K 3aJade O CyMMe ITOIMHOXKECTBA, IJIsl peLIeHUS 3aJa4y O BhI-
nonHuMocTy 3 - KH® HOBbII TpeaiaraeMblii aifOpUTM, BEPOSITHO, HE JACT BLIUTPHIIIA IJIST IPAKTHYE-
CKY IIPUMEHUMBIX pa3MepoB Bxoaa. OqHAKO HOBBIM aJITOPUTM IIPMMEHUM K 0oJjiee IIMPOKOMY Habopy
YaCTHBIX 3a1a4. DTO yBEJINYMBACT MHTEPEC K 0000IIEHUSIM 3a1a4M O CyMMe IIOIMHOXKECTBa, a He TOJIb-
KO K 3ama4de o BeInosiHuMocT 3-KHO®.
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