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obOpaTuMOCTH

1. B. Kyuepenko

B pabote nposomkaercs ncciaesoBaHne BOIPOCOB AJITOPUTMU-
9eCKOr0 PACIIO3HABAHUS CBOMCTBA OOPATUMOCTHU [IJIsi KJIETOYHBIX
aBToMaToB. [locTpoeH Kiacc ABYXMEPHBIX OMHAPHBIX KJIETOYHBIX
ABTOMATOB € (DUKCHUPOBAHHON JIOKAJIBHON (DYHKITHEH MEePEXOI0B C
91 mepemeHHO#, B KOTOPOM 3a/1a4a PACIIO3HABAHU CBOWCTBA 0Opa-
TUMOCTHU fABJIFAETCA aJI'OPUTMUYCCKHU HE pa3peIIIHRIOﬁ.

KuroueBbie cjioBa: KJeTOYHBbIE aBTOMATHI, 0OpaTHMbIE KJjie-
TOYHBIE aBTOMATHI, MAIMUHBI 1 bIOpUHTa, TPOOEMa OCTAHOBKH.

BBenenue

Kierounsie aBromarsl (KA) sBisiiorest UCKPETHONH MaTeMaTHIECKOM
MOJIEJTBIO IIPOTIECCOB, JJIsT KOTOPBIX CYIIEeCTBEHHA HE TOJBKO BpeMeHHasl,
HO U IPOCTPAHCTBEHHAsI MPOTsiKeHHOCTh [1|. BaxkHoe cemeiicrBo Kiie-
TOYHBIX aBTOMATOB 00pazyroT obparumbie KA, To ecth Takme, B KOTO-
PBIX «IIPEILICTOPHUST» BO3HUKHOBEHUST KOH(MUTYPAITUU OIPEIEISIeTCsT O/l
Ho3una4uno. Kiytacc obparumbix KA mpejicraBiisier KaK T€OPETUIECKUN, TaK
U TPUKJIQIHON MHTEPEC — B CBA3U C 3aJ[adaMU 3aIAThI HHMOPMAIINH,
CHHTE3a KBAHTOBBIX BBIYUCJIUTEJIEH, TPOEKTUPOBAHNS BbHIYUCIUTEIbHBIX
CHCTEM C MTOHUKEHHBIM YHEPrOonoTpPed/IeHuEeM U JIPYTHUX.

Pabora nocesmiena 3ajade ajaropuTMUYeCKOro PaCcliO3HABAHUS CBOW-
cTBa 00PATUMOCTH B KJIAccax JAByMepHbIX OuHapHbiX KA (y KOTOPBIX
siaeiika MMeeT JiBa COCTOsiHMsi). B mpenbiiynmx paborax aBTOpOM Obi-
JIO yCTAHOBJIEHO, YTO CBOMCTBO OOPATUMOCTH HE PACIIO3HABAEMO B KJlacce
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BCEX JIByMEpPHBIX OMHAPHBIX KJIeTOYHbIX aBroMaTos [4]. C xpyroit cTopo-
HBI, B KJIaCCE JIBYMEPHBIX OMHAPHBIX KJETOYHBIX aBTOMATOB, B KOTOPOM
cozepykaTcst ToJIbKO KA ¢ JImHeHHBIMUI JIOKAIBHBIMU (DYHKITUSME IEPeX0-
JIOB, CBOiicTBO obparumoctu paspemnumo [5]. B cBsasu ¢ arum BO3HHKAET
3aJ1a9a KJIacCU(pUKAIINA «eCTeCTBEHHBIX» KjaccoB KA Ha Te, B KOTOPBIX
CBOHICTBO 0OPATUMOCTHU PA3PEIINMO, U TE, JIJII KOTOPBIX 9TO HE TaK.

B pabore paccmaTpuBaroTcst Kiacchl OMHAPHBIX JIByMepPHBIX KA, nme-
01X (DIKCHPOBAHHYIO JIOKAJIBHYIO (DYHKIMIO IIEPEXOI0B (B TAKOM KJrac-
ce BApBUPYIOTCSA WCKJIIOYUTEHFHO BEKTOPa B JIOKAJBHOM IMabJIOHE CO-
CeJICTBA); TAKHMe KJIACCHI Oy/1eM Ha3blBATH MOHOQYHKIMOHAIHHBIMUA. AB-
TOPOM IIOCTPOEH MOHO(YHKIIMOHAJIBHBIN KJIACC IBYXMEPHBIX OMHAPHBIX
KJIETOYHBIX aBTOMATOB, B KOTOPOM 3a/a4a PACIIO3HABAHUSA CBOCTBa 00-
PaTUMOCTH SIBJISIETCS AJITOPUTMUYECKU He pasperuMoii. [Ipu sTom ycra-
HOBJIEHO, 9TO YHUCJIO IE€PEMEHHDLIX y JIOKAJIHHON (DYHKIUU IMIEPEXOI0B B
JaHHOM KJiacce paBHO 91.

ABTOp BBIpaXkaeT 6JIANOJAPHOCTH CBOEMY HAYYHOMY PYKOBOIHTEJIIO
akageMuky Kymapsasiesy B.B., 6e3 momMoru u moaaepKKn KOTOPOro pe-
3yJIBTATBI, COCTABJISIONIIE COJIEPYKAHUE JAHHON pPabOThI, HE CYIECTBOBA~
Jii OBI.

1. OcHOBHbIE TIOHATHUA U PE3YJIHTATHI

PopMaIbHO KJIETOUHBIN aBTOMAT ¢ HPEJCTAB/ISAET U3 CeDsi IeTBEPKY
BILIA, (Zk, E,, V, ¢), rue zk — COBOKYITHOCTB BCEX Kk-MEPHBIX BEKTOPOB C

nestounciaeHHbiMu Koopauuaramu; B, ={0,1,...,n—1}; V = (vy, ve,...,
Um ), M € N| — yHopsijioueHHbIN HAOOp PA3IMIHBIX HEHYJIEBBIX BEKTOPOB
uz ZF; ¢ (E,)™ ! E,, ¢(0,0,...,0) = 0. DieMeHTbl MHOMXKECTBa

7F waspBarorcs staciikamu, F, — cocrostHESMHI sideek, 0 — COCTOSIHIE
nokosi. [Ipu oMot 1mabsiona cocesictBa V' KaxKIoil sdeiike v CTaBUTCS
B coorBeTcTBHE HabOp BekTOpoB V(o) = (o, v + vy, @ 4+ vgy ..., a +
Um), KOTOPBIA Ha3bIBaeTCsi ee OKpeCcTHOCThIo. DYHKIMS ¢ HA3bIBACTCS
JIOKQJIbHOM (DyHKIMEH MepexoI0B KJIETOTHOIO aBTOMATA.

Oynxmmn g : ZF — E, masesaiorcst cocrosmmsivi KA. OcHosrast
dbyukus mepexoaoB P 3amaercss Kak 0TOOparKeHne MHOXKECTBA BCEX CO-
CTOSIHUIT KJIETOYHOrO aBroMara o B cebs, npudueM eciu g = P(g'), To
9(0) = (g (@), g (@ + 1), g (@ + 1), ..., ¢ (@ + ),V € ZF. Dymc-
numonnpoBare KA ompenesnsieTcss Kak IOCTIEI0BATEILHOCTE €r0 COCTO-
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aHUi go, 91,92, - - -, MOJYJAIOIIAsCA B pe3yabTaTe NPUMEHEHUs OCHOB-
HOI (DYHKIMU II€PEX0JI0B K HEKOTOPOMY €ro COCTOSIHHIO (o, TO €CTh
g = ®(gi—1) = ®%(go), t — marypambnoe umcio. CocrosHEEe KIETOU-

HOIO ABTOMATa, B KOTOPOM TOJIbKO KOHEYHOE UUCJIO S9€€K HAXOJUTCS B
HEHYJIEBOM COCTOSIHUU, HA3bIBAETCS] KOH(UTYPAIIHEH.

Kiterounbiit aBromar, ocHOBHast (DYHKITUS EPEXOJ0B KOTOPOIO0 UHb-
eKTUBHA Ha MHOYKECTBE BCEX KOHMUIYpallnii, HA3bIBAETCS OOPATHMBIM.
ITo Teopeme Mypa-Maiixuuia [1| MHOKeCTBO 0OPATUMBIX KJIETOUHBIX aB-
TOMATOB COBHAJAET ¢ MHOKeCcTBOM KA, ocHOBHasi (DYHKIUSI MTEPEXOI0B
KOTOPBIX SIBJISIETCSI CEOPBbEKTUBHOM.

O6o3naunm yepes C'A(2,2,m, p) MHOXKECTBO JBYMEPHBIX OMHADHBIX
KJIETOYHBIX aBTOMATOB C (DUKCHPOBAHHON JIOKAJILHON (DyHKIIHEH mepexo-
JIOB , 3aBucsnieit or m + 1 nepeMeHHbIX. ByJjeMm 3ajaBaTh WHIUBUILY-
aJIbHBIE KJIETOUHBIE aBTOMAThl n3 MHOXKecTBa C'A(2,2, m, ) HabopoM u3
M JIByMEPHBIX HEHYJIEBBIX IEJIOUUCICHHBIX BEKTOPOB V (ux mabaoHOM
coceJIcTBa). 3ajiada aJropUTMUYECKOro paclo3HaBaHUs CBOHCTBa 00Opa-
TUMOCTHU 3aKJI04YaeTcss B moctpoennu mamusabl Twhiopunra (MT), koro-
pas Ha Habope V = ((z1,v1),(z2,92),..., (Tm,Ym)), 3alMcaHHOM Ha
ee JIEHTe B BUJIE IIOC/IEIOBATEILHOCTH W3 2 - M HATYPAJbHBIX YUCE]
T1,Y1, X2, Y2, - -+, T, Y B YHUTAPHOI 3amucu (OTIeJIbHBIE YHCTIA Pa3ie-
JIAIOTCS OJMHOYHOHN OyKBOi#l «0»; B HaYaJbHOM COCTOSTHUU HA BCEH «CBO-
6o/1HOI» YacTH JIeHTHI 3amnucaHa OykBa «0», TOJIOBKA HAXOJUTCS HAJL Ca-
Moii JieBoit GyKBOil «1» KOHbUIypanum), OCTAHABINBACTCS, [IPU STOM B
stueiike JICHTBI, HAXOJISAIIEHCsT TI0]] TOJIOBKOI B MOMEHT OCTAHOBKH, JIOJIXK-
Ha HaXoJMThesa Oyksa «1», econ kyiertounbiii apromar o = (Z2, By, V, @)
obparum, uiau «0», ecjin o HEe 0OpaTUM.

ABTOpPOM OBLIT TIOJIyUYEH CJIEYIONIUI pe3yJIbTaT.

Teopema 1. Cywecmsyem bysesa dynruus (o, 1, ..., Tm) ¢ 91 ne-
pemennot (m = 90) maxas, wmo 6 xaacce CA(2,2,m,p) ceoticmeo 06-
PAMUMOCTIU ANOPUMMUECKU He PA3PEULUMO.

Teopema 1 mosrydaercst cBesieHreM mpobaeMbl ooparuMmoct KA K mpo-
61eme ocranoBku MT B cernmaabHO MOCTAHOBKE.

Teopema 2. Cywecmseyem mawuna Toropunea ¢ 61 cocmosanuem 20406-
KU U MPEMA CUMBOAAMU HG AEHME, OASL KOMOPOUT He PA3PEeWUMa Npodae-
MQ OCTAHOBKU Ha CAOBAT, MPEICTNABAAOUUL U3 cebs Habopb, U3 0OHUTL
eOUHUY, NPU PACTLOAOACERUY 20A08KU 8 HAHANDHBIT MOMEHM, BDEMEHU HaAO)
camoti aecoti edunuuetls caosa.
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Jlammaast mocTaHOBKa ObLa BHIOpAaHa TaK, YTOOBI MAKCUMAJILHO YMEHb-
[MIUTh 9UCJI0 HMepeMeHHBIX (hyHKInu . /loka3aresbcTBO TE€OpeMbI 2 I0-
JIYIEHO aBTOPOM CTATBU.

2. Onenka 4ymncjaa cocrogHuii rojgoBku MT c
Hepas3peminmMoil IpobJ/ieMoii OCTaHOBKHU HA
YHUTAPHBIX CJIOBaX

B nanmom pasmesie Oyier IpuUBeIeHO H0KA3aTeJIHLCTBO TeopeMbl 2. [o-
Ka3aTeJIbCTBO COCTOUT U3 IOCJIEI0BATEIbHOCTH CBEJIEHUN HEPA3PEITIMO-
cTH pobJIeM OCTaHOBKM MallluH ThIOpUHTa B Pa3HBIX IIOCTAHOBKAX.

IIpu mocrpoennn AaHHOMN TOCAEIOBATEILHOCTH CBEIECHUIN EIbI0 ObLIA
MUHAMM3AIHUS JJIMHBI OUHAPHOTO KOJ1a, HEOOXOIUMOTO JIJIsT KOIHUPOBAHUSI
TabJIUIbI BEIYUC/IEHHUS B JIOKa3aTeaIbCTBe TeopeMbl 1. [Ipu ucmosb3yemoit
cxXeMe KOJIMPOBaHUSA HeOOXOMuMast MOITHOCTD KO/a BbIparKaeTcsl (DyHKIIN-
onasom L(h,l) =4+ 4 * 1+ h, tne | —aucio cumposioB Ha jente MT,
h — uncyo cocrosiuuit rosioBku MT. Ilenbo siBistjioch ub0 100UTHCS
L(h,l) < 44 (mmua xoma 12), mu6o L(h,l) < 81 (mmna koma 13). Or-
METHUM, 9TO HAWIYYIIas ¢ TOYKU 3PpEHNT MUHUMU3ANNU PyHKIIHOHAJIA Ha,
cerousIunii nenb yausepcaabuas MT umeer mapamerpot h = 15, [ = 2
[16], aro npuBomuT K 3HAYeHUIO (DYHKIMOHAJNA 27 U JAET KO JIJIMHBI
12. Onnako myist ganHO# yHuUBepcaiabHO MT mpobiieMa 0CTaHOBKE B IT0-
CTAHOBKE, MCIIOJIb3yeMOil JjIst mocTpoerust Kiaacca KA ¢ ¢pukcupoBaHHOi
JIDII u HepazpeInmuMbiM CBOMCTBOM 0OPATHMOCTH SIBJISIETCSA PA3PEITNMOIl,
u Tpebyercs ee momudukaims. ITobbl Koj uMmesn JiauHy 12, Tpebyercs
npu MoauduKaIul U060 000UTHCH MAKCUMyM 16 JOMOJTHUTEILHBIMHI CO-
CTOAHUSIMU TOJIOBKHU 0€3 yBeJudeHus pa3psiHOCTH JeHTHI, jinbo 10 10-
MOJTHUTEJIbHBIMKM COCTOSIHUSIMA ¥ OJHUM JIOIOJHUTEILHBIM CUMBOJIOM Ha,
JieHTe, 00 4 JIONOJIHUTEJBHBIMI COCTOSTHUSIMU W JBYMSI JIOTIOJTHUTE b~
HBIMHM CUMBOJIAMHU Ha JieHTe. Y aBTOpa He IOJIYYHI0CH YIOXKHUTbCS B 3TH
OrpaHUYEHHs, OJTHAKO MM OBLIO IOJyYeHO OTHOCUTEIBHO 3JIEMEHTAPHOE
[IOCTPOEHNE CBeJeHus JjsI nmapamMeTrpoB h = 61, [ = 3, 4ro maer 3Hade-
uue L(61,3) = 77 u mmny Koza 13. Dro nocrpoenue GyjieT MIPUBEJIEHO B
JAHHOM paszelie.

Crour OTMETHTDL, 4TO 3aJada MUHUMU3AIUNA IUCTIa IEePEMEHHBIX JIO-
KaJIbHOHM (DYHKIINK IEPEX00B KJIETOYHOIO aBTOMAaTa B TeopeMme 1 He CBO-
JIUTCS K MUHIMu3anuu ogHoro gynkmonana L(h,l) — meramn mocranos-
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K1 HepasperruMoii mpob/iembr octanoBku MT Takrke OKa3bIBAIOT BIUSHIE
Ha cjaokHocTh JIPII mocpeicTBOM apXUTEKTYPBl BBIYUCIUTEIBHOIO MIPO-
necca, peajausyemoro B KA.

SadurcupyeM hopMa3M, KOTOPBIN OYIET UCIOIb30BATHCS JIJIs Pa-
6otbl ¢ Mmammuaamu Teiopunra. [log mamuuoit Teiopunra 6yjieM MOHIMATE
YETBEPKY

T = (A7 Qv Q75)7

rjie MHOXKecTBO A — ajndasur nentel, 0 € A — mycroit cumBot, () — MHO-
JKECTBO COCTOSTHUI TOJIOBKHU, COCTOSTHUE ¢ € () BBIJIEJEHO KaK HAYAIBHOE;
0 — dyuknus nepexogo MT, 6 : Q X A— Q x Ax {—1,0,1} N{A}, rue
cumBosl A maTeprnperupyercst Kak curtaj ocranoBku MT. Ilpu stom 6y-
JIEM TI0JIaraTh, 9TO CYIIECTBYET POBHO OJHO COCTOsIHME § € (), TaKoe 9To
Ja € A §(G,a) = A. B cayuae, ecom st § € (Q cupaBejiuBoO, 4TO JIJIst
Beex a € A §(G,a) = A, 6ynem HasbiBaTh cocrosiHue § pUHAIBHBIM. By-
JIEeM pPaccMaTpPUBATL MAIMUHBI THIOPUHTA ¢ BECKOHEYHON JIBYXCTOPOHHEH
sentoit. Koudurypanumeit searor T° MT 6yrnem HasbBaTL OTOOpaXKEHUE
U3 MHOXKECTBa IeJbiX uncest Z (6yjieM paccMaTpuBaTh €ro Kak MHOXKe-
CTBO siueek JieHThl) B ajdasutr jientol A, T : Z — A, 1pu 3TOM TOJBKO
JIJTsT KOHEYHOTO MHOYKECTBA si9eeK JICHTHI z € 7 Bomosnsiercs 1'(z) # 0.
Kounduryparueit MT 6yzem nasbsars Tpoiiky (7, q, z), tiae T — koubu-
rypars JeHTbl, ¢ € () — cocrostaue rojioku MT, z € Z — sueiika,
HaJT KOTOPOil HaxomuTcst rosioBka. @yuknmonnposanue MT mpoucxoaut
B JIMCKPETHOM BPEMEHH U OIMCHIBAETCS KaK IOC/Ie0BATEIbHOCTh KOH-
burypamnnit MT cq, c1, co,..., ¢t,.... OT HaYaJIBHON KOH(MUTYpPAIUH C(
TpebyeTcst, 9TOOBI TOJIOBKA HAXOIMIACH B HAYAJIBLHOM COCTOSHUUA ¢ = (
u cTosiia B HyJeBoi staeiike z = 0. JItoOble jiBe mocyie0BaTeIbHbIE KOH-
durypanuu ¢ = (T, qp, 2¢) 1 cp1 = (Tyt1, Ge1, 2e41), t € No, J0KHBL
OBITH COMIACOBAHDI CJIEJYIOINM 0DPA3OM.

1) Eciu 0(qt, Ti(2)) paBHO A (CHMBOJIy OCTAHOBKH), TO C¢ = Cii].

2) Ecom 6(q¢, Ty (2¢)) He paBHO A, TO JIOJZKHBI BBIIOJIHSITCS PABEHCTBA

0(as, Tr(2e)) = (qea1, T (2e), 1),
Vz # 2 Ty(2) = Tiq1(2), 241 = 2 + po

B ciyuae, eciu cymecrsyer ¢t € Ny Takoe, aro 0(qe, T1(z¢)) = A, 6yuem
TOBOPHUTDL, YTO MamnHa ThIOPUHTa OCTAHABINBAECTCA HA Bxoje 1.
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N3BecTHO MHOXKECTBO AJITOPUTMUYECKH HEPa3PEIUMbIX 3aJ1a4, CBs-
3aHHBIX cO cBoiicrBamu dynkunonnposanuss MT [7], [10], [8]. IIpocreii-
el Takoi 3a1adeit sIBAsieTCsT MpodIeMa OCTAHOBKHM — & MMEHHO OIpeIe-
JIEHUE TIO 33JIaHHON MarnHe ThIOpUHTa T 1 Ha9aJIbHOI ee KOH(DUIryparun
JeaTsl 1" ocranoBuTcs Jim 7 Ha T

Jlajiee OyeT UCIIOIB30BATHCA HECKOJIBKO PA3HOBUIIHOCTEH IIPOOIEMbI
OCTaHOBKH, onwuieM ux (opmasibao. [loj mpobiemoit 0CTaHOBKU € TIPO-
M3BOJILHBIM CTAPTOM Ha OMHAPHBIX CJAOBaX Oy/eM MOHUMATL MIPOOJIEMY
ocranoBku 11t MT ¢ JByMsi COCTOSIHUSIMU JIEGHTBI W OTCYTCTBYOIITIMUI
OrpaHUYEHUSAMH Ha PACIOJIOZKEHUE KJIETOK C HEIYCTHIMUA CHMBOJIAMH OT-
HOCUTEJIHO TOJIOBKH (TO €CTh Jijisi KOHMDUI'YPAIMU JIEHTBI TPOU3BOJIHLHOTO
BUJIA).

ITox mpobemMoii ocTaHOBKU Ha OMHAPHBIX CJIOBAX C JIEBBIM CTAPTOM
OyaeM moHUMAThH pobiemy octaHoBku Jiass MT ¢ aBymst cocTossHUSIMU
JIEHTBI Ha HAYaJIbHON KOH(MUTYpAIUK JEHTHI 1, Il KOTOPO#l CIIpaBein-
BO, 4TO Jyisi Becex 2 < 0 T'(z) =0 u T(0) = 1.

[Tosx pobJsieMoit OCTAHOBKU HA YHUTAPHBIX CJIOBAX C JIEBBIM CTapTOM
OyeM noHUMAaTH pobsiemy octaHoBKU it MT ¢ kKak MUHUMYM JByMs
COCTOSIHUSIMU JIEHTBI W HE IYCTBIM CUMBOJIOM 1, BXOJSIINM B ajiaBuT
JIEHTBI, HA HAYAJIHLHOM COCTOSHHUH JIEHTHI 1’ BuJia

0, z <0,
T(z)=4¢ 1,0< 2z <u,
0, z > u,

rae u € N.
Jlabuetinmee u3sioxkenne OyIeT NPECTABIATL U3 cebs MOC/Ie0Ba-
TEJILHOCTh CBEJIEHUI MPUBEIEHHBIX IIPOOJIEM OCTAHOBKHU JPYT K JAPYTY.

Jlemma 1. Cywecmsyem mawurna Toropurea 7 ¢ hy = 15 cocmoanus-
MU 20A06KU U 08YMA COCTMOAHUAMU AEHMBL MAKAA, WINO NPOOACMA OCTIA-
HOBKU HA OUNAPHHIT CAOBAT C NPOUSBOALHHIM CMAPMOM HEPA3PEULUMG
ona MT 7.

Hoxka3zaresbecrBo. B crarbe [16] npusomurest koucrpykimss MT 71 ¢
hy = 15 cocTOoSIHUSIMU TOJIOBKUA U JIBYMS COCTOSTHUSIMH JIEHTBI, KOTOPAs
ABJISETCS YHUBepcaJabHas B TOM CMBICJIE, YTO HO3BOJISET CUMYJIMPOBATH
crienuabHbIi BapuanT cucrembl npoaykimii [Tocra (bi-tag system), koro-
pble B CBOIO O4Yepelb CUMYJIMPYIOT IMUAKJINYECKUEe TPABOCTOPOHHUAE MAIlIH-
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ubl Thiopunra (Clockwise Turing Mashine), koTopbie B cBOIO 04epe/ib 1103~
BOJISIIOT CHMYJIAPOBATh MAIIUHLL 1hlopuHra. IIpu 3ToM HadaJIbHAas KOH-
duryparnusa MT 71, ucrnonb3yemast Jjisi CUMYJISIUNA CACTEM ITPOILYKITHA
ITocra, npenmosnaraer pacnosioxkenne rojgosku MT B cepenube cioBa B
CTPOTO OIIPEJICJICHHONU MTO3UIINHN.

MT 7{ ymoBlerBopsieT OrpaHMYeHHAM, HAK/IAAbIBACMBIM HAMU Ha
onpenenenne MT, mpm ycaoBum, 9TO «OTCYTCTBHE INEPEXOJa» Ha Iape
(¢, a) nonumaercst kak 0(q,a) = A. «OrcyrcrBue mnepexoma» y MT 7
HUMEETCsl TOJIbKO B OJIHOM COCTOSIHAM — B OOO3HAYEHUAX JJIS COCTOSIHIIN 1
CUMBOJIOB JIeHTHI u3 crarhl [16] 910 nepexox 0(u1g,b). OTmernM Takxke,
aro y MT 71 orcyrersyior nepexomnt Buga 6(q,a) = (¢',b,0), To ectb 11pu
JIIO6OM TIepexoJie TOJIOBKA HE OCTACTCS Ha MECTe.

ITokazkeM OT IPOTHBHOIO, YTO IPODJEMa OCTAHOBKU Ha OMHAPHBIX
CJIOBaxX C IPOM3BOJLHBIM CTAPTOM HE Pa3pelmMa I T1. PaccMOTpuM
MamuHy ThIOpUHra Ty ¥ HEKOTOPYIO €€ HA4aJbHyI0 KOH(PUTYPAIUIO JICH-
Tl T. OCyIIecTBUM 0CJIE/[0BATEJILHOCTD CBejleHnst u3 crarbi [16] K Ha-
yanabHoil kKordurypamuun 177 MT 71. OTMeTum, 4TO Tg OCTAHABIMBACTCS
na T Torja M TOJBKO TOIJa, Korja 71 ocTaHapiubaerca na 1”. Creo-
BaTE/IbHO, U3 IPEIIOJIOKEHN O PA3PEIIMMOCTU IPOOIEMbl OCTAHOBKH HA
OUHAPHBIX CJIOBAX C IIPOU3BOJILHBIM CTAPTOM JIJIsl T BBITEKaJa Obl pas-
PEIMMOCTh MPOOJIEMBI OCTAHOBKH 1T MAIMUH THIOPUHTa, 9TO MPOTUBO-
peunBo. JJoKa3aTeabLCTBO JIeMMBI 1 3aKOHYEHO.

Jlemma 2. Ilycmo mawuna Toropurea Ty ¢ 08YMA COCMOAHUAMU LEHIDL
u h1 COCTNOAHUAMU 20008KU UMEET, HEPASPEWUMYIO NPOBAEMY OCTNAHOG-
KU HG OUHGPHBLT CAOBAT C NPOU3BOALHBIM cmapmom. Tozda cywecmeyem
MT 75 ¢ deymsa cocmosnuamu sewmov, u heg = 3 - hy + 2 cocmoanuamu
20408KYU MAKAA, MO NPOOAEMA OCMAHOBKY HG OUHAPHBLL CAOBAT C AEBHIM
CMAPMOM HEPASPEULUMA ONA To.

HokazareabcTBo. B nokazarenbcTBe OyjiyT HUCIOIB30BATHCS TEXHUKA
MOJIEJIMPOBAHUsI Ha pellleTKe ¢ marom jsa u3 Kuuru [3]. Mbr Oyjaem uc-
[I0JIb30BaTh JIBE PEIIETKU — OCHOBHYIO, KOTOpasi OyJ/IeT MPEeJICTABISATh U3
cebst MHOXKECTBO STUeeK, HOMePa KOTOPBIX SIBJISIOTCS I€THBIMU UNC/TAMU, U
CIIy2KEOHYI0 — COCTOSIIYIO U3 si9eeK ¢ HedeTHbIMU HoMepamu. OCHOBHAS
ujiesi CBeIeHUsI 3aKJ/II0UAETCA B CJIEIYIONEM — ITOCTPOUM MOIU(DUKAIIAIO
71 MT 7 takyio, 4To0bl OHa paboTasa Ha OCHOBHOM pellleTKe Tak JKe, Kak
T Ha cBoeil genTe. [Ipu MonenmpoBany HA OCHOBHOM PeIIeTKe PacIoJio-
KUM HAYATBHYIO KOH(MUTYPAITUIO 7] ¢ TAKAM CABHUIOM, UTOOBI KpailHss
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JieBasl siueiika, CoJepXKalas eIUHUILY, Iolaja B sS9YeifiKy 0 HOMEpPOM
0. Ha ciy»xebHYIO JIEHTY 3alIlleM HYJIA 38 UCKJIOUYEHUEM OJHOU sdeii-
KU, HAXOJAIIEecd ITpaBee A49eiK OCHOBHOI JICHTBI, HAJl KOTOPOA JIOJIZKHA
ObLIa HAXOJIUTHCSI MOJIOBKA T B HAYAJIBHBIN MOMEHT BpemeHu. JlobaBum
K 7{ HOJIPOrPaMMy, KOTOPasi CMENIAeT IOJIOBKY BIIPABO J0 TEX IOp, MO-
Ka He YBUJIUT €IUHUITY HA CJIy»KEeOHOM JIeHTe, TOCJIe 3TOr0 MEePEXOIUT Ha
OCHOBHYIO JIEHTY W 3aIyckaer nporpammy 7i. O6o3HaImMM 7] ¢ 9TOit 1071
nporpammoii Kak 7o. MT 79 u Oyzer uckomoit.

[Tepeitnem k GopMasibHBIM TOCTpOeHUsIM. 11ycTh MHOXKECTBO COCTOSI-
auit Q1 MT 71 umeer Bug {q1,q2, . .., qn, }- Torna MHOKECTBO COCTOSTHHUIA
Q] MT 7{ 6yzmer umers Buy Q] = Q1 U {q%,qfl,q%,qgl,...,q}”,q;ll .
IIycrs g1 € Q1 — HavanbHOe coctostare M'T 71, Torma HavYaIbHBIM COCTO-
sunem MT 7] Gyner rakzxke ¢1. Oupegesnm dbyuknuo nepexogos 6; MT
71 1epe3 dynkmmio nepexonos 1 MT 71 caenyromum o6paszom.

A, g €Q1, 01(q,a) = A,
/( a): ((171770)7 qula 51(q7a):((j7b70);
e (¢5,b,5), ¢ € Q1, 61(q,a) = (i, b, 5);
(gira,s), ¢ € Q1 \Q1, ¢=¢;.

Ujest mocTpoeHnsl MAIUHBL 71 CJe/yiomas — Hepexoipl 01(q,a) =
(q,b,s), nast KoTopeix s # 0, 3amMeHsieM Ha mapbl nepexoynos 04 (q,a) =
(G%,b,s), 81(¢°,x) = (q,z,s). Tlepexoypl Ge3 CBUrA U C CUMBOJIOM OCTA-
HOBKH OCTaBJIsAeM KaK eCTb.!

Hycres T — navanbuaa koudurypamnus ' MT 7. Ilycrs 2; — HOMEp
staeiiku Takoil, uro T'(z;) = 1 u jyis Beex z < z; T'(z) = 0. Ilycrs 25 =
min(z;, 0). ITocrponm Ha ocroBe T HauanbHyio KoHburypamuio 17 MT 7
1O CJIeLYIOIUM (hOPMYJIAM.

T(z/2+ z5), z=0 mod 2;
T(2)=¢ 1, 2=1—-2" 2
0, unage.

JobaBum K 71 TOAIPOrPAMMY CJIBATA IOJIOBKU B HAYAJILHOE MOJIOXKE-
uue. Ilox mognporpamMmmamu OyiieM HOHMMAThL HEKOTOPOE MHOXKECTBO CO-
CTOSTHUI TOJIOBKM W 3aJaHHON TAOJIMIIBI IIEPEXOI0B ISl STHX COCTOSTHHIA.
[Tycrs 3aman nepexon §(q, a) = (p,b, s). Byaem onuceBaTh €ro cTpoyuKoii
TaOJIAIBI CJIETYIOIETO BUIA.

'Ormermm, wro 8 MT 71 u3 crarsu [16] mepexont Ge3 CBUTA HE HCIOTB3YIOTCS.
Cuydaii TaKuX II€PEXO0JI0B PACCMOTPEH JJIsl OOIIHOCTH JIOKA3aTeIbCTBA.
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qg a — p b s

[Tpu 5TOM BCTPEYAIOTCA CUTYAIIUH, KOTJIa HEKOTOPYIO TPYIILY II€PeX0-
JI0B yj06HO 3aaTh B BUge 0(q,z) = (p, f(x),s), rme £ — nepemenHasi,
f(z) — 6ynesa dbyukuusi. Byjem omuceiBaTh Takue IPyNIbl CTPOKAME
TabJIUIBI CJIEIYIOIIErO BH/IA.

g © — p f(x) s

[TommporpaMma cBura roIOBKU OyIeT MMETb JBa COCTOSHUS (S] U
¢s2. B nepexozax 9roii moauporpaMmbl 6yeT BCTpeUaThCst COCTOSHUE ¢
— 970 HadaabHOe cocrostane MT 7.

gsy, * +» (qSs X 1
gss 0 — g¢gs1 O 1
qgso 1 — q 1 -1

O6oznatum MT, koropas nosydaercs u3 7, J0OABICHHEM IIOJIIPO-
T'paMMBI CABUI'a T'OJIOBKHM W U3MCHEHUEM HAYaJIbHOI'O COCTOAHUA HaA (¢S1,
Yyepes To. 3aMEeTHM, YTO YUCJI0 COCTOsnuUiT roiosKu hy MT 79 Gyner pasHO
ho =3 hy+2.

I/I3 IIOCTpOEHUA BHUHO, YTO 71 OCTaHaBJINBaECTCA Ha HaYaJIbHOU KOH-
duryparuu jgentsl T TOrJa U TOJILKO TOIJA, KOIJIA To OCTAHAB/INBACTCS
na T”. ITpu aToM npobJieMa 0CTaHOBKU To Ha 1 y10B/IeTBOPsIeT OrpaHude-
HUAM ITPO6JIeMbl OCTAHOBKHU Ha GUHAPHBIX CJI0Bax ¢ JieBbIM cTapToM. Cire-
TIOBATEILHO TPOOJIEMa, OCTAHOBKY Ha OMHAPHBIX CIOBAaX C JICBBIM CTAPTOM
He paspenmmMa, JIjis To. JJ0Ka3aTe beTBO JIeMMBI 2 3aKOHYEHO.

Jlemma 3. Ilycmv mawuna Toropurea T ¢ 08YMA COCMOAHUAMU ACH-
mot 4 hg COCMOAHUAMU UMEEM HEPAZPEULUMYIO NPOOAEMY OCMAHOBKU
HG OUHAPHVIT cA08ax ¢ aesvim cmapmom. Tozda cyuwecmsyem MT T35 ¢
h3 = ho + 14 cocmoanuamu 20406KU U MPEMSA COCNOAHUAMU AEHMDL TA-
KA, 4Mo npobaema 0CMaHOSKU HG YHUMAPHBLIL CA0BAT C AEEHLM CIMAP-
MOM HEPA3PEULUMA ONA T3.

JokazareabcTBo. Wjest nokazaTesbcTBa JeMMbI cienyioniast. Kondn-
ryparuio MT MoxkHO mpejcTaBuTh Kak Iapy U3 CJIOBa v U3 HYyJeil u
€JIMHUI U C/IBUTA 2g TojIoBKH MT oTHOCHTEIBHO caMOro JIEBOIO CUMBOJIA
cjoBa o Ha JieHTe. B ciyvae HadanbHoit KOHMUIYypaIUu Jjist IIPOOIeMbl
OCTAHOBKH C JIEBBIM CTAPTOM IIPEJICTABJIEHNE BCEr/[a MOXKHO BbIOpAThH TaK,
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4910 25 Oymer pasen 0, u 9TO CjI0BO ¢ Oy/IeT UMETH CAMBIM JIEBHIM CHM-
BoJIoM efuHUILY. [lajiee, o MOXKHO paccMaTpUBATH KaK JIBOUYHYIO 3aIUCh
HEKOTOPOI'0 HATYPAJILHOIO YnCIa a. PaccMOTpUM IIpejicTaBJIeHNEe YUCTIa O
B yHuTtapaoM dopmare. Mamuna 73 6y1eT BBIOJIHATE CJIEIYIONIY0 pabo-
Ty — I[ePeBOJUTh YHUTAPHYIO 3allUCh YUC/IA 4 B JBOMYHYIO (CTPOUTH ),
CTaBUTDb I'OJIOBKY HAJI CAMBIM JIEBBIM CUMBOJIOM (¢ M «3aIlyCKATH» MAIIUHY
9.

Camo nocTpoenue o OyJIeM Peasin30BbIBATE 10 CJIEYIOIIEMY aJrOpPUT-
My. 3aBOJIUM Ha JIEHTE KOHQUIYPAIUIO-CUETINK, HAYaJbHOE COCTOSTHUE
KoTOporo HyJieBoe. [lajiee ctupaeM 1o OJIHOM eJUHUIE YHUTAPHOT'O IIPeJI-
CTaBJIEHUS @ U IPUOABJISIEM €IMHUYKY K CIeTInKy. KaK TOJIbKO euHuUIl B
[PEJICTABJIEHUN @ HE OCTAHETCsl — B cUeTdnKe Oyner HaxonuThest a. Ocra-
€TCsI TOJIBKO CTEPETH CJIYKEOHYIO PAa3METKY JIJIsi OPTaHU3AIUNA CIETINKA
u noctaBuTh rosoBKy MT B camblit JieBbIiT CUMBOI «r.

Mammuna 73 O6yaeT uMmeTh aadaBUT JEHTHI U3 Tpex cuMBoyioB — 0, 1,
2. Kouduryparnus-caerauk Oyjier uMeTb BUJ ¢joBa u3 cuMBojioB 0 u 1,
y KOTOpOT'O CJIeBa M CIIpaBa HAXOJUTCH 110 OlHOMY cuMBOy 2. Iloompe-
JIeJIIM MAIIMHY T2 JIO MAIIUHBL T4, aJ(aBUT JIEHTHI KOTOPOH COCTOUT U3
cumposios 0, 1, 2. IIpu sTom Bee nepexos! st curyaimu, Korga MT 75
BUUT Ha JteHTe cuMBoJ 0 uin 1, y MamuH 74 u 7o OyyT coBnagars. B cn-
ryanun, korga MT 75 BuanT Ha jieHTe CUMBOJL, IIEPEXO/IBI OIPE/IEIUM KaK
8(q,2) = (¢,2,0), TO ecTb MaIIMHA T4 «3aMHUPAET» IPH HOSIBJICHAN J[BOH-
KU Ha jeHTe. Tak Kak B 1porecce, MOJIEJIMPYEMOM TIPU CBEJIEHUH, JIBONKI
na jenre y MT 7} He BO3HHKAIOT, TAKOE JI0ONPE/IEJIEHNE HAC YCTPANBAET.

[TocTpoeHne « 10 yHUTAPHOMY PEICTABJIEHUIO @ OYIET COCTOSATH U3
YeTBIPEX MOIIPOrPAMM.

e Ilepsag moanporpamma P1 crpout KoH(MUTYpaIUio-CIETINK CJ/IeBa
OT YHUTAPHOr'O IPEJICTABJIEHUS @, CTABUT T'OJIOBKY Ha IIPABYIO JIBOM-
Ky cUeTdnKa b, mepegaer ymnpaBjeHue BTOPOI HOAIPOrpaMMe.

e Bropas nomnporpamma P2 crupaer camyio mpaBylo eIuHUILY YHU-
TApHOTO IIPEJICTABIEHNS, BO3BPAIIAET IOJIOBKY HA MPABYIO JIBOMKY
CUeTYUKa U IepesaeT yIpaBJIeHHue TPeTheil MojporpaMMe; B CIy-
Jae ecjIu eJIMHUI] B YHUTAPHOM IIPEJICTABJIEHNH HE OCTAJIOCh — CTa-
BUT I'OJIOBKY Ha IPAaBYIO JIBOUKY CUETUYMKA U BBI3BIBAET YETBEPTYIO
IO POTPaAMMY.

e Tperbs nogamporpamma P3 npubasiisier e uHnIly K 3HAYEHAIO CUET-
ynka (BO3MOXKHO yBeJMYHMBasi ero B pa3Mepax B JIEBYIO CTOPOHY),
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BO3BpAaIllaeT TOJIOBKY Ha MPAaBYIO JBOMKY CUeTUNKA, IepeslaeT yII-
paBJieHe BTOPO IOAIIporpaMMme.

e Yerpepras nomanporpamma P4 yrnassier JBOKEM U3 KOH(UTYpAIUN
CUYeTYHNKA, [TEPEBOJIUT T'OJIOBKY HA CAMBIN JIEBBI CUMBOJI CJIOBA (¢ U
nepesiaer yupasienne MT 7.

IIpuBeem npumMep pyHKIMOHUPOBAHUS 3TOM MOAIPOrPAMMBI JIJIsT Ha-
9aJIbHOTO CJIOBA U3 ABYX equHuil. B mannoit 3amucu cumBosr H obosnadaer
IOJIOBKY, KOTOpasl HaXOJUTCA HaJ, CHMBOJIOM JIEHTHI C KOJIOM, IIPUBE/ICH-
HBIM IIpaBee Hee, TO eCTh B 3amucu ...aHbc... mpemmosiaraercs, 9TO
IOJIOBKa, HAXOJWTCSI HaJ sideiikoil co 3nadenueMm b. CrpaBa oT KOHMUTY-
paruu MT npuBogsrcs KoMMeHTApUU B cTrje a3bika C.

00000H1100 // Pl dpopMumpyeM CUETUUK
0000H01100

000H021100

00H0021100

002H021100

0020H21100 // P2 ynameHwe enuHUIL CIpaBa
00202H1100

002021H100

0020211H00

002021H100

00202H1000

0020H21000 // P3 mpubaBnenwe 1 XK CUETUUKY
002H021000

0021H21000 // P2 yhaneHvwe enuHUIB CIpaBa
00212H1000

002121H000

00212H1000

0021H20000 // P3 mpubaBierwme 1 K CUETUUKY
002H120000

00H2020000

0OH01020000

02H1020000

021H020000

0210H20000 // P2 ynaneHwe eIWHUIE
02102H0000 // enuuui HeET
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0210H20000 // P4 ypamenue pasMeTKM CYETUHKA
021HO000000

02H1000000

OH21000000

00H1000000 // mepenmaeM ympaBieHue

[Ipusenem dopmasbhoe onucanue nognporpamm P1l, P2, P3, P4. Co-
CTOSTHUSIMU TIOZIporpaMmbl P1 Gyer MuO)KeCTBO {qcy, qc1, qC2, qCs, qc4}
(BykBa «C» B UMEHM COCTOSIHHMI OT aHIIMIACKOrO cjioBa «creates ). Cocro-
STHUSIMU TIo/porpamMmMbl P2 6yner muoxkectso {qdy, qdi, qda} (6yksa «d»
or «delete» ). Cocrosirusivu noporpammbl P3 Oyier muoxkectBo {gag,
qai, qaz, qas} (byksa «a» or «add»). CocrosiHusiMu 1o IIporpaMmer P4
Oymer muoxectBo {qfo, ¢f1} (6ykBa «f» or «finish»). IIpennonaraercs,
4ro HadasbHbIM cocrositneM MT 74 sBisiercst go. HauaabHbIM cOCTOSTHE-
eM T3 TToJTaTaeM (cg.

[TpuBemem onmcanus mepexoaos noanporpamm Pl P2, P3, P4 B Tom
JKe€ CTHJIE, KaK MbI 9TO JEeJaJId B JOKA3aTEJIHLCTBE JIEMMbI 2, HO JOIOJIHH-
TeJIbHO J00ABUM CJIaBa, CTOJIOEI ¢ HOMepaMu CTPOK. B ommcaHusix mepe-
XOJIOB JIJIS TIOJIIPOIPaMM HHXKe OYIIyT OIpPEIe/IAThCS He BCe BO3MOXKHBIE
mepexo/anl. STO CBA3aHO C T€M, 9TO HE YKa3aHHbIE€ IIePEXO/Ibl HE BOSHUKAa-
IOT B IIpoliecce cBepenusi. Jjist onpeaeneHHOCTH OyaeM [MoJaraThb, 9To Bee
He yKazaHHbIe 1epexojisl uMeror sui d(q,a) = (q,a,0), To ecTb rosoBka
MT zanukauBaeTcss oCTaBasiCh Ha, MECTe W HE MEHsIsI COCTOSIHUSI JIEHTBI.

[Tognporpamma P1 (cosnanne cuerdnka).

1. gco 1 — qg 1 -1
2. gz 0 —= g2 2 -1
3. gco 0 — qc3 0 —1
4. qcs3 0 — qeq 2 1
5. qcy 0 +— qdy O 1

[Moanporpamva P2 (yaanenue mpasoii e MHUIBI B YHUTAPHOI 3amu-
cn).
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1. qgdy 2 +— qdy 2 1
2. qdo 1 - qdo 1 1
3. qdy 0 +— qdy 0 -1
4. qdiy 1 — qdy 0 -1
5. qdy 2 — qfy 2 0
6. qdy 1 + qdy 1 ~—1
7. qdy 2 — qay 2 -1

[Momuporpamma P3 (npubasiienne eMHUIBI K CYETUHKY ).

1. gag 0 +— qdy 1 1
2. qag 1 +— qa; 0 -1
3. ga; 0 +— qas 1 1
4. qas 0 +— qay O 1
5. qaz 1 +— qas 1 1
6. qas 2 +— qdy 2 0
7. qa; 1 — qa; 0 -1
8. qa1 2 +— qaz 1 -1
9. qaz 0 +— qay 2 1

[Moxmporpamma P4 (ynasenue ciry»KeGHON pasMeTK).

L. qfo 2 = qfi 0 -1
2. gf1 0 = qft 0 -1
3. g 1 = qfi 1 -1
4. qf1 2 = q 0 1

OTMeTHM, 9TO CyMMapHO JJIsl IPOIEYPhl CBEIEHHST TOTPEOOBAIOCH
14 cocrostauii, To ectb hy = ho + 14. HauanpHast koudurypamus MT 73
VJIOBJIETBOPSIET YCJIOBUSIM ITPOOJIEMBI OCTAHOBKM Ha, YHUTAPHBIX CJIOBAX
¢ JieBbiM cTapToM. CJie/IoBaTe/IbHO U3 HEPA3PEITUMOCTH MTPOOJIEMBI OCTa-
HOBKU Ha OMHAPHBIX CJIOBAX C JIEBBIM CTAPTOM JJIsI To BBITEKAET Hepaspe-
ITUMOCTH TTPOOJIEMBI OCTAHOBKY HA YHUTAPHBIX CJIOBAX C JIEBBIM CTapPTOM
qutst 73. JlokazaTebeTBO JIeMMBI 3 3aKOHTEHO.

JokazaTeabcTBo TeopeMbl 2. Bocrob3yemcst mpuBeeHHOM BLIIIIE 10~
CJIETOBATEILHOCTHIO JIEMM.

ITo memme 1 cymiecTByer mammuaa Toiopunra 7 ¢ hy = 15 cocrosaau-
sIMU TOJIOBKHM U JIByMsI COCTOSTHUSIMU JIEHTBI Takasi, 9TO MpobJjieMa OCTa-
HOBKH Ha OMHAPHBIX CJIOBAX C IPOM3BOJIBHBIM CTAPTOM Hepas3pernMa JJjist
MT T1-
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ITo siemme 2 cymiectByer MT 79 ¢ AByMst cocTOSHUAMU JIEHTBI U hy =
2+ 3 - hy = 47 cocTosTHUSAMU TOJIOBKM TaKas, 4TO IIPODJIEMa OCTAHOBKHU
Ha OMHAPHBIX CJIOBAX C JIEBHIM CTAPTOM HEPA3pENInMa JIJIs To.

[To jiemme 3 cymecrByer MT 73 ¢ hg = ho + 14 = 61 cocrostHUSIMU
FOJIOBKH U TPEMSI COCTOSIHUSIMU JIEHTBI Takas, YTO IpobJieMa OCTAHOBKHU
Ha YHUTAPHBIX CJIOBaX C JIEBBIM CTAPTOM Hepa3perinMa JJjis T3.

Marmnaa 73 — uckoMas. Jloka3aTeabCTBO TEOPEMBI 2 3aKOHUIEHO.

B cremyrommem pasnesie HaM MOHAIO0ATCA HECKOJBKO IOIPOOHOCTEI
upo dyuknuonuposanue MT 73. CBeseM ux B JIeMMy.

Jlemma 4. Mawuna Toropunea T3 u3 meopemut 2 obaadaem caedyrouu-
MU c60UCMEAMU.

1) Ha navasonolr Kon@ueypayuaz, npedcmasisiouur u3 cebs ynu-
MAPHBLE CAOBA C PACTLOAONCEHUEM 20A08KU HAOD camoli npagoti edu-
nuyets, MT T3 He 0cmaHaBAUBAEMCA KUK MUHUMYM 8 MEYEHUL Nep-
BHLT NAMU AKMOE.

2) Iepexod u3 HA4aALHO20 COCMOAMUA § NPU ZHAUEHUL COCTNOAHUL
avetiku senmo, 1 MT 15 umeem eud 63(¢,1) = (§,1,—1), ede § =
qcy.

3) Mawuna Teropurea T3 umeem eduncmeentvili nepexrod ¢ CuzHaioM
ocmanosky euda 03(¢,1) = A.

okazareabcTBo. [lepBoe yTBepKIeHNE JIEMMBI CJIEyeT U3 TIOCTPOEHUS
noamporpamMbl P1. B mpunmnume, onenky Ha BpeMsi OCTAHOBKUA MOXKHO
YBEJIUYINTh, HO JIAHHLIA pe3ysbTaT He Oy/eT BocTpeboBaH JaJee.

Bropoe yTBepxKaeHue JIEMMBI CIeyeT U3 Koja MojrnporpaMmbl P1 —
HadaJIbHBINA IIepexojl TaM UMeeT yKa3aHHbLINA BU.

Tperbe yTBepKaeHne ciegyer u3 Tabanipl nepexogoB MT 71 us cra-
Thu [16] — paccmarpuBaemast Tabinia TaM yKasaHa B sIBHOM BUJIE.

3. IlocTtpoenne MOHOQYHKIIMOHAJIBHOTO KJIac-
ca KJIETOYHBIX aBTOMATOB C Hepa3penImMbIM
CBOIICTBOM OOpPaTMMOCTH

ITocTpoenune, mpuBoAUMOE B JAHHOM pasjesie, IeHHO OJIN3KO K JTOoKa-

3aTeJIbCTBY TEOPEMbI O HEPA3PEIIMMOCTH CBOMCTBA OOPATUMOCTH B KJIac-
ce nByMepHbIX OnHapHBIX JuHedHBIX KAIIC ¢ T-mabmonoMm coceacTsa,
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nosiydenHoMy aBropoM |[5]. OyiHaKo, HpU OCTPOEHUH GHHAPHOIO MOHO-
dyuknuonanbaoro KA senajicss yrop Ha MEHIMHU3AIUIO YUCIA TTEPEMEH-
HBIX B JIOKAJILHON (DYHKITUU TIEPEXOJIOB, B CBSI3U C U€M JIeTaJIi TOCTPOCHU
ormmaaoTcsd. OCHOBHBIE OTIMYHS 3aK/IIOUAIOTCS B CJIELYOIEM.

e lcnonb3yercst npyroit By TabIUIbLL st 3aianus rpaduka GyHk-
nuonupoBanus MT, HarpaB/IeHHBIN HA MAKCUMaJIbHOE YMEHBIITEHUE
qHUCJIAa COCTOSTHUI OTIE/BbHON KJIETKH TAOJIMIIHL.

e JlokaspHAs IpOBEpKa Ha KOPPEKTHOCTH BKJIIOYAET JIOTOJTHUTEIb-
HYIO IIPOBEPKY Ha KOPPEKTHOCTD JJI IIEPBOM CTPOKU — OHA JOJIZKHA,
UMeTb BHU/JI YHUTAPHON 3allMCHh 4YHCJIa ¢ TOJIOBKOM HaJ, caMoil JieBoil
eIUHULIE.

e lcnonib3yercs creruabHo pa3paboTaHHOEe KOAWPOBAHUE sl KJie-
TOK TabJIMILI C JTOOABJIEHHBIM K HeMy OMTOM JIMHEHHON CHCTEMBI,
Tpebyrolee i WICHTU(PUKAIINN TO3UIUN OUTa TPOCMOTPETH CJIO-
BO JIJTUHBI, COBIAJIAIONIEH C JJINHON KOJOBOIO CJIOBA. DTO MO3BOJISIET
YMEHBIIUTE Pa3Mep IIabI0Ha COCEICTBA IO CPABHEHUIO C KOHCTPYK-
nueil, NCIoJIb30BaHHON TIPH JIOKA3aTeIbCTBE TEOPEMBI O PaCIIO3HA-
BaHUU CBoOIicTBa oOpaTUMOCTH B KJjacce AByMepHbiXx KA ¢ dpukcn-
POBAHHBIM YHCJIOM COCTOSTHUI staeiiku [4].

IIpu mokazareinbeTBe TEOPEMBI 1 MBI OyIeM CBOAUTH IIPOOJIEMY PACIIO-
sHaBanus obparumoctu B kiiacce KA C'A(2,2, m, ¢) K npobiieme ocTaHoB-
ku MT 73 u3 Teopemsl 2. B nannoMm pasueiie 0ymem 0603HaUaTh IPEICTaB-
JIeHWe T3 B Bujie ciejyionieit uersepku (Es, Q, ¢, 6) (cM. onpeesenue Ha
crpanutie 231). ITycts MT 73 ocranaBimBaercst Ha KOH(MDUIYpAIUU JICH-
ol T, moceoBareibHOCTE C' KOHMUIYparuil (PyHKIIMOHUPOBAHUS HMe-
eT BUJ| €O, C1y €2y« -y Cty. .., TaE ¢t = (T}, qt, 2¢). O6ozHAUMM vepe3 s(C)
MomenT ocraHoBku MT st masHHOTO (QyHKITMOHMPOBAHUS, (DOPMATLHO
s(C) = min{t € N|6(T;(2t), qt) = A}

Hasosem sieBoit (npaBoit) rpanureit Berauncienuss Wi(c) (W, (c)) mis
KOHMUrypaluyu ¢ MUHUMYM (MaKCUMyM) U3 KOOD/JMHAT sTY€eK JIEHTBI, y
KOTOPBIX JTMO0 3HAUEHUE He HyJIeBOE, TUOO HAJI HUMU HAXOJIUTCS TOJIOBKA.
Hasosem JieBoit rpanuneit dyunkunonupoanuss Wi(C) nist byHKImoHN-
posanuss C' MUHUMYM U3 JIEBLIX IPAHUI] BBIYUCICHNS Ha KOH(MUTY PAIUAX
J10o MoMmenTa octanoBku MT BrounTebHO, (hOPMATHLHO

Wi(C) = min_ Wi(c).

0<i<s(C)
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Haszosem npasoii rpannreit dynknnornposanus W;(C') mis dyHKIMOHR-
poBanuss C' MaKCUMyM U3 IPaBBbIX I'PAHUIl BLIYUCJIEHUS Ha KOHQUI'YpPa-
st 10 MomenTa octaHoBkr MT BRItoUnTEeIbHO, (hOpMAIBEHO

W.(C)= max W,.(¢).

0<i<s(C)
Hazosem pazmaxom W (C') dyuakmmonuposanust C' qnciio
W(C)=W,.(C)—-Wi(C)+ 1.

Jnst kpaTkocTn Oy1eM Ha3bIBAThH (PYHKITMOHUPOBaHUs, B KOTOPBIX MT
OCTAHABJIMBAECTCS, KOHEUHBIMU. B ciydae, ecin dyuxmmonuposanune C
HE SIBJISIETCS KOHEYHBIM, OYJIeM MOJIaraTh He OIMpPE/IeJICHHBIMU BETNIMHBI
s(C), Wi(C), W,.(C), W(C). Hasee mbl GysieM paccMaTpuBaTh TOJILKO
PYHKITMOHUPOBAHUST, HAYMHAIOIINECST C COCTOSTHUST JIEHTHI, KOTOPBIE TIPE/I-
CTABJISIIOT U3 CeOsl YHUTAPHYIO 3AITUCh HEKOTOPOTO HATYPATLHOIO YHC/IA
U(C), ¢ rooBKoii, HAXoAIIECs HaJL CAMOI JIEBOI eTMHATICH.

Mgr1 OyieM IpeCTaBIsATh KOHEUHBIE (DYHKITMOHUPpOoBaHusi C' KOHEYHBI-
Mu IpsiMoyTrostbHbIME Tabuuiamu mmpuasl W (C') + 1 u Beicotst s(C) + 1.
Huetiku TabUIBI 6yIyT COMEPIKATE JIEMEHTHI U3 MHOXKecTBa QU M, rie
() — muOXkKecTBO cocrostauil ronosku MT 73, M — MHOXKeCTBO KOJIOB JIEH-
61 MT 73 ¢ pazmerkoit, Q N M = &. Muoxecrso M Oyner cjiemyonum:

M = {0fr,0f1,1f1,
00r, 10r, 20r, 001, 101, 201,
01r, 117, 21r, 011, 111, 211}

[Ipu stom snementam M Buma xmd TpujgaeTcs CIEAYIOMMIA COlepKa-
TEJbHBIN CMBICJI: & UHTEPIPETUPYETCs KaK 3HadeHne saeiiku jeHTer MT,
m — pa3MeTKa YeTHOCTH MOMEeHTa BpeMenu Koudwurypaimu ¢; (f as ¢y,
0 st koHUTypaIuii ¢ YeTHBIM HATYPaJbHBIM t, 1 jj1s KoHMUryparmi
C HEYETHBIM HATYDPAJbHBIM t), d — TIOJIOKEHUE KOJ[a I'OJIOBKU B CTPOKE
OTHOCHUTEJIbHO sidefiku Tabsmupl (r — ciupasa, | — ciesa).

[ycrs ¢; = (T}, g1, 2¢) — xouduryparust MT 73 dyHkInonuposanus
C. ByzeMm ee npejicTaBjIsSITh CTPOKON TAOJIUIBI BUIA:

| T (wy)mr | | Ti(ze — L)mr | qs | Ti(z)ml | | T (w,)ml |

Lne w; = Wi (C), w, = W, (C), m coorBercTByeT 4€THOCTH t.
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Onumniem opmar c¢Tpoku Tabauibl popMaabHO. Bymem mpesmosia-
rarh, 4TO siYefiKu Tab/uIbl IpoHyMepoBanbl ynciamu or Wi (C) — 1 1o
W,.(C) cneBa nanpaso. B sdeiikax ¢ HOMEpOM Y U3 IEJIOYUCIEHHOTO OT-
peska [Wi(C) — 1, z; — 2] naxomarcs suadenns 1;(y + 1) ¢ gobasienHOi
pasmeTkoit mr (1o ectb ssieMenThl U3 M Buzma xmr). B sueiike ¢ HoMepom
2 — 1 HaxojuTest 3Havenue cocrosiuust royioeku MT ¢;. B stueiike ¢ Home-
pamu y u3 orpeska [z, W, (C)] naxousires 3uavenust Ty (y) ¢ gobaBieHHO
pasmeTkoit ml. 3HaYeHUsT M BO BCEX sTYEHKaxX CTPOKU OJMHAKOBBIE, TIPU
sToM ecaim m = f, To Kogupyemoe coctosiare MT m0/KHO MpecTaBiIsTh
u3 cebsl yHUTApPHOE CJIOBO C TOJIOBKOW HAJ caMoil JjieBoil emunuieii. By-
JIeM Ha3bIBaTh CTPOKY TabJIUIBI MPABUILHON, €C/IU OHA YOBJIETBOPSET
VKa3aHHBIM TPeOOBaHUSIM K 3HAUYEHUSIM €€ sTIeeK.

B cuy Toro, uro Bo MHOKecTBO M He BXOAUT djeMeHT Buja 1fr,
HadaabHble Koudurypamun MT, comepxkaliue eIMHUITBI TpaBee TOJOBKU
MT, He MOTYT GBITH BBIpAXKEHBI CTPOKOH TabuIbl. Takast KoupoBKa Tab-
JIUIBI 6bITa BBEJIEHA YMBIILIEHHO, C MEIbI0 SKOHOMUM YHUCJIa COCTOSTHUIM
sTIeeK TaOJIHITHI.

Crpoknu TabuIel OyeM HyMEpOBATh OT BEPXHEN K HUKHEH IeTbIMU
gyucsamu u3 orpeska [0, s(C)]. B crpouke ¢ HOMepoM i GyzeM Ipejicras-
JISITH KOHUTYypalnuu ¢;. B pesyabrare KoHEYHOMY (DYHKITHOHHPOBAHUIO
C 6yzer comocrasiiena Koneunast tabsuna 1'(C).

Jasee OymeM BBOJIUTH IIPABUJIA, JIOKAJIBHON KOPPEKTHOCTU TaOJIHMIIHI
TaKUM 00pa30M, ITOOBI JTI06asT JTOKATIBLHO KOPPEKTHAsT TabJIUIA OTHOZHAT-
HBIM (C TOYHOCTBIO JIO NIMPUHBI TOPU30HTAIBHBIX «II0JIefi» ) 06pa3oM co-
OTBETCTBOBAJIA HEKOTOPOMY KoHeYHOMY dyHkimonnposanuio MT. s
JaJbHeHIIero u3aokeHust HaM Oyaer yao0Ho hopMain30BbIBATE TabJIM-
bl AHAJIOTUYHO KOH(UTYPAIUSIM HEKOTOPOTO JBYMEPHOTO KJIETOYHOTO
aBromara. st Toro, 9TobObI He OBLIO MyTAHUIBI C IIPEJIIIIECTBOBABIITIM
U3JI0XKEHUEM, CMEHUM TEPMUHOJIOTHIO C «Tabyul (byHKITMOHUPOBAHWS>
Ha «TPapUKYU BBIYUCTIEHUST>.

I'pacbukoM BbIUHCIeHHsT GyieM Ha3bBaTh oToOpaskenne I, I' : Z2 —
MUQU{nul, bad, bl}, y KOoTOpOro MHOXKECTBO TPOOOPA30B 3HAUEHUI HE
paBubIX Nul KoHeuHno. IIpu 3ToM 3/1eMeHTBI (v 00/IACTH OIpeIeIeHUsT TPa-
buxos Bbruncienus Z2 GyneM Ha3bBaTh sdeiikaMu, nul GyieM HA3BaTH
HYJIEBBIM WJIN IIyCTBIM 3HAUEHUEM saeiiku, bad OyjieM HAa3BbIBATDH J1eeKT-
HbIM 3HavdeHnneM sideiikn. CozeprkaTebHO 3HadeHue bad mMOHaI00UTCsS B
JlasibHelIeM B moctpoennn KA mpu mepexojie K JJBOMYHBIM KOJIaM — OHO
Oy/eT COOTBETCTBOBATH HEHYJIEBOMY OMHAPHOMY CJIOBY, HE IIPUHAJIJIEKA-
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IEMY MHOXKECTBY HCIOJIb3yeMbIX KojoB. IIpu srom nul Gyier coorser-
CTBOBaTb TOYXKJECTBEHHO HYJIEBOMY KOJOBOMY CJIOBY. DjieMeHT bl Oyrmer
HCIIOJIb30BATLCS It 0O03HAYMEHUsT IPABOT0 KPpasi TaOJIUIIbI BBEIYUCICHUSI.

st ompeiesieHns JIOKAJbHOCTH TPadUKOB OYIEM MMOJIb30BATHCH aHa-
JIOTOM TE€PMUHOB JIJId KJIE€TOYHBIX aBTOMATOB <<IHa6JIOH coceICcTBa», «OK-
PECTHOCTH siUefiku», «OJIOK», «OKPECTHOCTD OJ10Ka». B KavecTBe mrabjiona
coceJicTBa, Oy/1IeM UCIIO/IB30BATD a0 IOHBI VX = (Ve, Vs, Vswy Uy Up) 1
vVt = (Um Vs, Vw), Un)» rae

Ve = (170)7 Vs = (07 _1)7 Vgw = (_17_1)7 Uy = <_170)7 Up = (07 1)

Jlasiee Oymem 3a7aBaTh OTpAHUYEHUs, KOTOPBIM JIOJI?KHA, Y/I0BJIETBO-
PsITh JIOKAJILHO KOppeKTHasl KoHduryparms. lemars 310 OyaeM ciemyio-
UM 00Pa30M — yKa3bIBaTh CIUCOK JOIMYCTUMBIX KOH(MUTYPAITHH OKPECT-
HOCTEH sI9eeK OTHOCHTENIbHO mabiona coceacrsa VX. Ilpu stoM ecitu
OKPECTHOCTDL sSTYEHKN I'paduKa C HEHYJEBLIM 3HAYEHHEM He IOaJaeT B
CITUCOK JIOIYCTUMBIX KOHMUTYpaInii, rpaduK BLITUCICHUS B saelike Oy-
JIeT HA3bIBATH HE KOPPEKTHBIM (& ec/Iu MomajiaeT — KOppeKTHbiM). Cru-
COK KoHUryparumii 0yaer pasduT Ha 9eThIPe MOJICINCKA B COOTBETCTBHEM
CO CMBICJIOM OTPaHMYEHHMIT: KOH(MUIYypaIuu MepBoil CTPOKM, KOHPUIYpa-
MU TOCIEIHENH CTPOKH, KOH(MUTyPAIMH OOKOBBIX ST9eeK, KOH(MUTYPAITITH
BHYTPEHHUX sTIEEK.

Jlnst marmsHocTu Oy/ieM yKa3blBaTh KOH(MUIYPAIUU B BHUJIE 3aPUCO-
BOK CJIEJYIOIIEr0 BUIA.

NUM [ X,
X, | X | X |
XS’LU XS

I'ne NUM — wumsa 3apucoBku; X — MHOXKECTBO 3HAYEHUN SAUEHKU (i
Xe, Xs, Xow, Xowy, Xy — MHOYXKECTBO 3HAUECHUN STIEEK O+Ve, A+Vs, Q+Vgyy,
a + vy, @ + v, COOTBETCTBEHHO. B 0bIeM ciydae 9TOT PUCYHOK Oyier
3aJ1aBaTh MHOYKECTBO JIOITYCTUMBIX KOH(UTYPAIHIL, Oy IAEMBIX [TOICTA~
HOBKOI BCEX BO3MOXKHBIX KOMOMHamuili sHadennii siueexk u3 X, X, X,
Xsw, Xw, Xp. st 3agaHnsT MHOYKECTB 3HaUEHNH 37eMeHToB n3 M Buma
{0md, 1md, 2md} Gymem ucnosb3oBaTh 0003HAUEHUE *Md, JJIsi 33JAHUS
muOKecTB Bugia {Omr, lmr, 2mr, Oml, Iml,2ml} — obosHauenue *m * .
Taxoke Ha 3apuUCOBKax OyIyT UCHOJIH30BATHCS CUMBOJIBI IEPEMEHHBIX, J0-
IIyCTUMbIE MHOYKECTBA 3HAYEHNI KOTOPBIX OyIIeT OMMCHIBATHCSI B KOMMEH-
TapusaxX K 3apHUCOBKE, IIPU 3TOM OlPAaHUYEHHE Ha 3HAYCHUS IIEePEMEHHDBIX
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OyIyT Cy»KaTh MHOXKECTBO JOIMYCTUMBIX KOH(puryparmit. C yaerom Bcex
[EPEYUC/IEHHBIX «CTerenelr ¢cBobobl» 3apucoska NUM Oyner 3amaBarh
HekoTopoe MHoxkecTBo Y cocrosumit okpectrocTn VX (o) sueiikn o By-
JIEM TOBOPUTH, UTO 3HAUYCHHUE COCTOSIHUSI OKPECTHOCTHU siuefiku « rpadu-
ka Boeraucsenuit I' ymosierBopsier 3apucoke NUM, ecin cocrosinue ee
oxpecraoctn VX (a) B rpaduke I' nexxur B Y. MHorma s KpaTKOCTH
Oy/eM TOBOPUTH, UTO sSTUYeiKa YIOBJIETBOPSIET 3aPUCOBKE — €CJIN TOHSITHO

0 KaKOM I'paduKe BBIYUCIEHUS U KAKOW OKPECTHOCTU UJIET Pedb.
3aa/iuM JIOIYCTUMbIE KOH(MUTYPAIUN [I€PBOH CTPOKH.

F1 | nul F2 | nul F3 | nul
nul | Ofr | Ofr | Ofr | Ofr | Ofr | Ofr | Ofr | ¢ |
nul | 0lr 0lr | Olr 0lr | ¢
F4 | nul F5 | nul F6 | nul
Ofr | ¢ [1f1] g |1t 1fL) [t 1fl [ 1f1 ]
g | 0l 017 | 111 110 | 11
F7 | nul F8 | nul F9 | nul
11| 1f1 | Ofl | 101 0f1L | Of1 | 0f1 | Of1 | Of1 |
117 | 11 117 | o1l 017 | 011

F10 | nul F11 | nul

Ofl | OfL | bl | 0fl | bl | nul |

017 | 011 017 | bl

Ha zapucokax F3-F5 ¢ obo3HavaeT HaUaIbHOE COCTOSHUE TOJOBKH
MT 73, § — cocTosinue B pe3yJibTaTe HavYaJLHOrO mepexojia. Bum 3apuco-
Bok F3-Fb5 BbITEeKaeT M3 BTOPOro yTBEP:KJIEHUS JIeMMBI 4.

3aJ1a)IUM JIOIyCTUMbIe KOH(MUTYPAIUH [TOCIETHENR CTPOKHM.

L1 | 00r L2 | *0r
nul | 01r | Olr | *1r | *1r | x1r |
nul | nul nul | nul
L3 [ *0r, ¢ L4 [ «0x, ¢ L5 [ %0, ¢
«1r | blr [ ] | *1r q 1] | q 110 | b1l |
nul nul nul nul nul nul
L6 | =0l L7 | 001 L8 bl
«10 | *1] | %1l | 01l | 017 | bl | 01l | bl | nul |
nul | nul nul | nul nul | nul
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Ha zapucoskax L3-L5 ¢ obosmauaer Takoe cocrogame MT, uro ns
HEro ecThb epexo/ ¢ curaasiom octanoBku MT (o Hamemy onpeseneHuro
y MT cymecrByer poBHO OJIHO COCTOSIHHE C CHI'HAJIOM OCTaHOBKH). [Ipn
9TOM U3 TPETHErO YTBEPKJICHUS JIEMMBI 4 BBITEKAET, ITO TAKON MEPEXo/I
esmHCTBeHHLIH 1 uMeer Bujl (g, 1) = A. Cocrosnue ¢ na 3apucobke L3
TaKoBO, 4TO Haiinercs a € E3, aro §(¢,a) = (G,b,1). Cocrosmue ¢ na
sapucoke L4 aubo paBHO §, UOO TaKOBO, UTO Haiimercs a € FEj3, uTo
5(q,a) = (4,1,0). Cocrosimme ¢ ma 3apucopke L5 TakoBo, 4To HaiigeTcs
a € E3,ur06(q,a) = (4,b, —1). Ha sapucoskax L3-L5 jij1s ciryuast, Korja
3HAYCHUE BEPXHEA AYCUKN HE PABHO '(']', 3HaYeHre b Mo/Ipa3yMeBaeTcs He
OrpaHUYEHHBIM, TO €CTh SKBUBAJIEHTHBIM * B CMBICJI€ IPUBEJICHHON BBIIIIE
narepupeTranum ¢ MHOXKeCTBaMU.

3aJ1a)IUM JIOIyCTUMbIe KOH(PUTYPAIUA OOKOBBIX sTU€eK TaOJIUIIbI.

B1 | Omqr B2 | Omql B3 | bl
nul | Omor | Omar | Omsl | Omal | bl | Omsl | bl | nul |
nul | Omsgr Omsl | Omgl Omgl | bl

B1ech Ha 3apucoBKe B2 10IycTUMBI cllelyfolye Iapbl CAMBOJIOB Pas-
merkn (mg,m3) € {(0,1), (1,0)}, na sapucoskax Bl u B3 momycru-
MBI CJIEJIyOIIne TPOHKM CUMBOJIOB pasmerku (mq,me,ms) € {(f,1,0),
(0,1,0), (1,0,1)}. Ormeru™m, 9To MOIO0OHOE 3a/1aHUE 3AIPEIIAET TOJOBKE
HOJXOJAMUTH Ha JBE KJIETKM K IMPaBoil rpaHuile Tab/nIbl U Ha OJHY KJIeT-
Ky K JIeBOil TpaHMIle, HO IPH IOJIXOJe Ha JIBe KJIeTKH K JIeBOil Hesb3st
MeHsATh 3Hadenue gdeiiku ¢ 0 Ha 1 (9710 ¢aenano jyis ynpomeHust CUcTe-
MBI JIOIyCTUMBIX KOHburypammii). Takzke oTmeTnm, 9To JaHHBIE JOITY-
CTHMbIe KOH(MUIYPaIuu He BKJIIOYAIOT CJIydas <«YIJIOBBIX» SUEEK — 3TH
cilydan ObUIM yKa3aHbl B CHECKAX JIOIYCTUMBIX KOH(Urypaluii epBoil u
HoCJIeTHEel CTPOKH.

BaJaauM JI0MyCTUMbIe KOH(MDHUIYpali BHYTPEHHHUX S9eeK TaOJIUIbI.

11 *Mmar 12 *mal
Ymor | xmer | *mar | *ml xmol | *mol |
ymsr | xmar *msl, ¢ | xmsl

13 *MaT, Q1 14 *M1%, q1
Tmar *MaT q2 | Tmar q2 amal |
rmgr qs3 qs3 xmgl
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I5 *smal, 1 16 *MAT, Q4

Q2 amal xmol | Yymar TMmor qs |
*mgl bmgsl ymsr Tmsr

17 *M1*, g4 I8 *mll’ q4
Tmar g5 amal | [ g5 | amal | xmal |
xrmsr 46 qd6 bmsl

I9 *M1T, q7 110 | smq*, g7
ymeaor rmor qs | xrmor qs amgl |
ymsr rmsr Tmsr bmsr

111 | *mql, q7
qs amsl xmol |
bmgr 79

3nech 3apucoBku 11-12 3amar0T gomycTUMbIE KOH(DUIYpAIUU, HE CO-
JiepKaliye TOJIOBKY Ha cpejiHeil crpoke, 13-15 3amaror mepexo roJioBKu
Ha CpeJIHell CTpOKe cO CABUIOM BJIeBO, 16-18 3amaror mepexon 6e3 casura,
19-111 3amaror mepexon co caBuroMm BupaBo. Bo Bcex 3apucokax [1-111
CHMBOJIBI X U Y UCIOJIB3YIOTCS JjIsi 0003HAYMEHNsT BEJIUINHBI CO 3HAYCHU-
eM u3 ajipaBuTa JEHTHl F3, KOTOpas He MEHSETCs MPU MIEPEXOJIE MEXKTy
crpokamu. CuMmBos a € F3 3ajaer 3HavYeHue g4deiiKu, HaJl KOTOPOH Ha-
XOJUTCST TOJIOBKA Ha CpejHeil cTpoke, b € E3 — pe3ysibrar mepexoia ro-
JIOBKU. 3HAYEHUST COCTOSIHUSI TOJIOBKHU W 3HAYEHUsI JIEHTHI ¢ U b CBsi3aHBI
COOTHOIITEHUSIMHI

(g2, a) = (g3,b,—1), d(g5,a) = (g6,b,0), d(gs,a) = (go,b,1).

Ha cocrosinus ¢', q1, q4, g7, orpanuydeHnii He HaK/Ia/bIBAETCSI, TO €CTh OHU
MOI'yT IpUHUMATH JiIoboe 3uavenune u3 (. Ciuyuait §(¢,a) = A 3amaercs
3apucoBkamu 16-18, ipu 3ToMm ¢5 = ¢¢ = ¢, a = b = 1. CuMBOJIBI pa3MeTKI
Be3/Ie MOJIPA3yMEBAIOTCS COIVIACOBAHHBIMU B COOTBETCTBHUU C HyMepaIrueit
CTpoK, TO ectb (my,ma,m3) € {(f,1,0), (0,1,0), (1,0,1)}.

OrmeruMm, uTo u3 Buja 3apucoBok 11-12 BerTekaer, uro rososka MT
HE MOYKET «UCUYe3aThb» IIPH IePEX0jie OT CTPOKHU K CTPOKe — MHade siueiika
10/ TOJIOBKOI He OyJIeT yJIOBJIETBOPSTh HU OJHON 3apucoBke. Takke u3
BUJIa 3aPUCOBOK CJIE/IyeT, UTO PACCOTIIACOBAHWE B CHMBOJIAX PA3METKH
CTPOKHU U OTHOCHUTEJILHOT'O IOJIO?KEHUSI TOJIOBKU B Iape siueek «, o + v,
v € VT 6yner «sugna» B joboit sueiike 3, ms koropoit a € V*(B) n
a+veV*(p).
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Bynem HasbiBaTh JBe aueiiku o u of rpaduka sprauciaenus I ¢ He my-
CTBIMHU 3HAYEHUAMU CBA3aHHBIMHU, ecoiu 6o o € V1 (), mubo cymecTsy-
€T IOCJIeIOBATENIbHOCTD STY€eK (v, O3, ..., p, p € N, uaro I'(ay) # nul,
1<i<pua; € Vi), as € VF(ay), ..., & € V(). Bynem o60-
3HAUATH OTHOIIEHHE CBA3HOCTHU sideek o u « rpaduka [ gepes a X o/ (T')
(6o 1pocto « M o, ecoim IOHATHO, 0 KAKOM IpaduKe UIET Pedb).

Jlemma 5. Jlasa awbozo epaguxa I' omnowenue X asasemes ommuowe-
HUEM SKBUBAACHIMHOCTL.

JokazaresnbcTBo. PeduiekcuBHocTh X BBITEKAET U3 ONPEIEICHUS OK-
PECTHOCTH STYEHKH, a MMEHHO JII00as S9eiika BXOIUT B CBOIO OKPECTHOCTD.

CuMMeTpuaHOCTL X BBITEKAET U3 CUMMETPUYHOCTH mabiaona V1 —
To ecthb ecam ag € V1 (ag), Tom ag € VT (ayq).

JokazkeM Tpan3uTUBHOCTD. IIycth oo X o m o X . I3 onpenenenns
UMeeM TpHU ciiydasi, pasbepeM nx o otnaesbHocTu. llocienoBareibHOCTD
S9eEeK C He IMYCTBIME 3HAYEHUSMEU U3 BTOPOTO CJIydas olpeaeaeHus GyaemMm
JIIST KPATKOCTH Ha3bIBATh IIyTEM.

B mepBoMm obe mapbl gdeek MONaIaiOT B IMAOJOHBI COCEJICTBA, JIPYT
npyra. Torma n3 a B o ecTb myTh 4epes MpoOMeKyTOUHYIO SUeiiKy o, To
ectb o X .

Bo BTOpOM cilydae B OfHOH M3 map d4YeeK OJHa HAXOJUTCH B HEHO-
CPEACTBEHHON OKPECTHOCTU JPYI'Oid, & B APYIroOil I1ape A4eiiKu COeUHEeHbI
myTteMm. Jlo6aBum K myTu Bepriuny ' (B HAYAJO, €CJIM HENOCPEICTBeHHAST
O6IM30CTH B MEPBOIt mape, MO0 B KOHEII, €CJIN HEIIOCPEICTBEeHHAsT OJIM30CTh
BO BTODOIi ), TIOJTyIUM MCKOMBI IyTh U3 v B .

B rperbem ciayuae obe mapbl s9eeK COeAMHEHbI HETPUBUAILHBIME Ty~
TAMH 1, Q, ..., Qp, H &), O, ..., ap . Tloctponm myTs a1, ag, ...,
Qpy, &5 A,y ., . On coeunsier sueitkn a u o, To ectb o X o’

JokazaTebCTBO 3aKOHUIEHO.

N3 jsiemmbl 5 BBITEKAET, ITO MHOXKECTBO BCEX HEHYJIEBLIX IpadUKOB
MOXKHO OJIHO3HAYHBIM 00Pa30M pa3dUTh Ha KJIACCHI SKBUBAJIEHTHOCTU OT-
HOCHTE/ILHO oTHOIIeHus X. Byiem Ha3biBaTh 9TH KJ1aCChl KOMIOHEHTAMM
X cBsa3uocTu. Biok sveek B, gaBdroniuiics KOMIIOHEHTONH X CBSI3HOCTH,
Oy/1eM Ha3LIBATH JIOKAJIbHO KOPPEKTHBIM MOATPAMUKOM rpaduKa BHIYUUC-
sgeaust I') ecsim jiyist io6oit stueiiku « € B rpaduk Borauciaenus 1 siB-
JIsIeTcsl KOPPEKTHLIM B TOUKe < (TO ecTh cocTogmue okpecrnocTn VX (a)
ommceIBaeTCs oHOi n3 3apucosok F1-F11, L1-L8, B1-B3, 11-111).
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CdopmynupyeM jgeMMy, KOTOPasi CBSIZKET JIOKAJIBHO KOPPEKTHBIE ITO/I-
rpaduKu rpapuKOB BBIYUCJICHUN U TabJIMAIBl KOHEYHBIX (DYHKIIMOHUPO-
Baauit MT 73.

Jlemma 6. Ifyemv B asasemca A0KaAbHO KOPPERMMBIM MOJ2PAPUKOM
epagpuxa evrvucaenus L. Tozda svinosnaromes caedyrougue ymeeporcde-
HUA.

1) Cywecmsyrom maxue yeavie wucia 1 < T Uy < Yz, Ta— T > 3,
Yo — Y1 > 3, umo

B={a=(z,y)|r1 <x < z2,01 <y < 92}

2) Cywecmsyrom maxue yeavie wucia wy < Wy, § > 3, 1 < Wy, To =
Wy, Y1 < Yo — S, wmo cocmoarue nodmmoscecmea B’ 6aoxa B euda

B ={a=(z,y)|lwi <z < w,yo — s <y < y2}

npedcmasanem u3d ceba mabAuyY HEKOMOPO20 KoHewH020 HYHKUUO-
nuposanus C MT T3, npuuem navaronas xongpuaypayua npedcmas-
AACM, U3 cebA YHUMGPHOE CAOBO C PACNOAOHCEHUEM 20A06KU HAD
nepeoti edunuyet.

JokazaTenabcTBo. lokaxkeM 1mepBoe yTBepXKeHHe JeMMbl. B cuiy To-
ro, 9T0 OJIOK SIBJISIETCSI KOHEYHBIM MHOYKECTBOM, MOYKHO IOCTPOUTH MHO-
»kecTBO sueek By C B, Bropas KOOpJUHATa KOTOPBIX ABJIACTCA MakK-
cumasibHoit. Pazobbem By Ha CB3aHHBIC KOMIIOHEHTBI BL B2 ..., B]’f.

TTokaskem, UTO KarkIast KOMIIOHEHTA, B} nMeeT BUJI;:

[ofr JOfr ... JOfr [ g Lfl]... [1fL]OfL]... [OfL]0l]

CreBa u cBepXy B OKPECTHOCTU STUEHKM CAMO JIEBO# siueifiku OyIyT
HaXOINThCs 3HadYeHns nul. EIuHCTBEHHON 3apHCOBKOM, MOIXOIAIIEH 10
3HAYEHUAM TIEeK OKPECTHOCTHU (v, (¢ + Uy, QL+ Uy, ABJsIeTC F'1, mpu 3TOM
U3 BUJIA 9TOH 3apUCOBKM BBITEKAET, UTO BTOPAas CJeBa sdeiika obs3aHa
umerh 3nadenue 0fr. Jlajee, n3 Buja MHOXKECTBA 3aPUCOBOK BBITEKAET,
9T Jitobast He KpaliHsisl siueiika co 3HadenneM 0 fr TO/KHA UMETDH JIEBBIM
cocesiom Takzke 0fr, npasbim cocemom jmbo 0fr (3apucoska F2), mm6o
G (3apucoeka F3). Tak kak 670K B} — KOHEYHOE MHOXKECTBO CO BCEMHU
KOPPEKTHBIMU sSTUefiKaMu, TlepeJIBUTAsICh CJIEBA HAIIPABO 110 CTPOKE, PAHO



250 . B. Kyuepenko

WA TIO3/IHO JIOJI’KHA, BO3HUKHYTH sdefika co 3HadeHueM (. Ee okpect-
HOCTB ompejiesisiercss 3apucoBkoit F4. Sapucosku F4-F9 npemnuceiBator,
9TO MOCJIe Hee JIOIYKHA, UJITU [TOCIe0BATEIbHOCTh U3 KAK MUHIMYM JBYX
saeek co 3Hadennem 1fl. Ilocie HUX, B COOTBETCTBUU C 3apUCOBKAMU
F7-F11, nokaa uaTu m0C/Ie10BaTEIbHOCTD U3 MUHUMYM JBYX SIEEK CO
suadenueM 0 fl, 3akaHuuBaloasics ssIeitkoit co 3uaderuneM bl. B coorser-
crBun ¢ 3apucoBkoit F11, gdueiika co suadennem bl OGymer camoil mpaBoit
B IIOCJIE/IOBATEILHOCTH W €JIMHCTBEHHON B B}.

Hamee mocTpouM MHOXKECTBO stueek B; C B, BTOpast KOOpAMHATA KO-
TOPBIX SABJISIETCsI MUHUMAJIbHOM. PazobbeM B Ha CBsSI3aHHBIE KOMIIOHEHTHI
Bll, BZQ7 ceey Blp " Anasormano IIeEpPBOI CTPOKe, MHIYKIINEH 10 3HAYEHHIO
epBOii KOOP/MHATDI yCTAHABINBAETCS, YTO KOMIIOHEHTa B nmeer Bu;

[ 017 [ OLr | e [ ... [ #1r [ @[ 100 | +10 | ... [ %11 [ 011 | 011 | bl |

Hanee, mycTb B} u Bl1 — KOMIIOHEeHTBI cBsA3HOCTH By u By, conepxa-
ue sTIefKi ¢ HAUMEHbITeH MepBOil KOOPINHATON CPEIH JIPYyTUX KOMIIO-
HeHT cpasHoctu By u Bj. Ilokaxkem, 4ro B} u Bll OTJINYAIOTCS JPYT OT
ApyTa MapauleJIbHBIM IIEPEHOCOM TI0 BEPTHKAIU. PaccMoTpuM caMylo Jie-
BYIO sT9efiKy (v MHOXKECTBA B}. Ee okpectHOCTEL 00si3aHa yI0B/IETBOPSTH
3apucoBke F1, ciemoBaTesbHO ee cocelin v+ Vg U (¢ + Vgyy JTOJZKHBI UMETH
suadenus 01r u nul coorBercTBeHHO. HAdUeiika « + Vs UMeeT He IIyCTOE
3HaYeHNe W CBI3aHA C AUEHKOU (v, CJIEJOBATEILHO, OKPECTHOCTL (¢ + Vg
TOYXKe JOJKHA OBITh KOPPEeKTHOM Konduryparueit. I3 Buga 3apucosok F'1
u F2 BoiTekaeT, UTO OKPECTHOCTD (v + Vs UMEET CJIETYIOIIUN BU/I.

Ofr
nul | 01r | Olr ‘
? ?

«IlogxoauTh» moM, TAKyI0 OKPECTHOCTH MOXKET TOJILKO 3apucoBKa B1.
U3 Buma Bl caemgyer, uro sdeiika (o + vg) + Ugy WMeeT 3HaUEHHE NUl,
a siueiika (« + vg) + vs umeer 3unadenue 00r. Tpogosrkas nasee, mosy-
9UM, 9TO BCe s9elKM BuUJa « + 2 -1 - vg, OyayT umerh 3uadenue 007, a
staeiikn Bua o + (2 -4 + 1) - vs — 3uadenue Olr. Ilpm srom mx coce-
Ji cJieBa OyJyT UMETH IIyCTOe 3Ha4YeHHe, a COCEeIH CIIpaBa — He IIyCTOe.
B cuy koneunoctu B 3Ta MHIYKIUS «BHU3» 10 3apucoBke Bl mosnkHa
OBITH KOHEUHOMN, 3aKOHIUTCS OHA MOXKET UCKJIFOUUTEILHO 3apUCOBKOiT L1.
O6ozHaamM s9eiiKy, B KOTOPOIT 3TO TPOU3OIILIO, Yepes o .
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BamMeTnM, 9TO y/I0BJIeTBOPeHHe OKPEeCTHOCTH ddeiiku o 3apucoske L1
BJIEUET, YTO IpaBee &' CTPOKa HEHYJIEBBIX SUEEK MMEET BHUJI, HEKOTOPO-
0 KOMIIOHEHTa Bli. JleficTBuTE/IbHO, MHIYKIIUEH «BIPABO» yOEXKIaeMCsl,
9TO CHU3Y MOTYT OBIThH TOJIBKO f9eiiKu co 3HadenueM nul (Tak Kak sueli-
Ka o + v, BUJIUT 110 BEKTOPY Vg COCEIA O + v, sA9eiikn o/, a ero sHadenue
— nul). VI3 91010 BBITEKAET, 9TO TIpaBee & MOTYT OBITH TOJBKO STUEHKE ¢
OKpeCTHOCTSIMH U3 3apucoBoK L1-L8, a onn obpasytor Hy:kHbIi Bu. O6o-
3HAYUM CaMyIO IIPaBYIO CBA3aHHYIO ¢ o A9eiiKy B IOJIyJaomeiics cTpoke
co snauenueM bl gepes o’’. Ormernm, uro saueiika o +v,, uMeer 3HaYCHUE
bl (3apucoska L8 ornHocurensuo o), sueiika (o + vy,) + vy uMeer 3Ha-
genne 00! (3apucoska L7 ornocurensuo o + vy,). dasee, okpecTHOCTD
saaeiikn o + v, MOXKeT yJI0BJIeTBOPATL TOJLKO 3apucobke B3. fueiikn,
KOTOpbIe HaxoAATca Hag o, casanubl ¢ ' u uMeror 3nadenne bl, MoryT
VIOBJIETBOPSTEL TOJBKO 3apucoBkam B3 wmiam F11, npu sTom 3apucoBke
F11 MoxkKeT yJ0BI€TBOPATL TOJIBKO caMasl BEPXHsAs sddeiika, 0O003HAIIM
ee gepes o,

BameTnM, 9TO BTOpas KOoOpJuHaTa ddeiiknm o He MOMKeT ImpeBOCXO-
JUTH BTOPYIO KOOPJIUHATY SYeMKU (v — TaK KaK MHOXKECTBO B} €CTb 110/I-
MHOYKECTBO MHOXKecTBa By, KOTOpoe COIepP:KHUT SUeliKn ¢ MaKCUMaJIbHbI-
MU BTOPBIMHU KoopauHaTaMmu. [JokazkeM, 4To BTOpbIE KOOPJINHATHL Y SIeeK

o u o coBnanaor.

B nmanbmeitiux paccy:kjieHusX HaM OyJeT yI0OHO CTPOUTH OTPEe3-
KI JIOKAJIbHO KOPPEKTHBIX SUYeeK, HAUNHAIONNECT U 3aKAHIUBAIONAECS
¢ KOH(MUTrypaIuii OKpecTHOCTel, opejiessieMbiMu 3apucokamu F1, F11,
L1, L8, mapannenbubie ocaM KoopamHaT. 1Ipu 5TOM OKPECTHOCTH BHYT-
PEHHUX sSYeeK OTPe3Ka, MOCTPOEHHOI'0 B HAIPABJIEHUU CIPaBa HAJEBO,
OyayT yIaoBaeTBopsaTh orpanndeHusm F10-F2, ceepxy Buu3z — B1, cupasa
majgeBo — L2- L7, cauzy BBepx — B3. Ilocrpoenus stu 6yayT ocHOBa-
HBI HA QHAJIOTUIHBIX Y2K€ IMPOBEICHHBIM PACCYZKJIEHUAX MIPU IMOCTPOSHUHN
nocJsieioBaTebHocT Todek o, o) o'”.

Homycrum, 4To 310 He Tak, u gdeiika o umeer BTOPY0 KOOpAUHATY
MeHBIIe, YeM y «. BbimyctuMm u3 o BIeBO OTPE30K ¢ KOHIIOM B TOYKE
Q7. 3aMeTuM, 9TO OHA HE MOXKET JOCTUTHYTh OTpe3ka [, o] — Tak Kak
OKPECTHOCTb TOYKU UX CONPUKOCHOBEHUST HE OYJIET yJIOBICTBOPATH HUKA-
KoOii 3apucoBke. [lajiee BBILyCTHM OTPE30K U3 (] BHU3 B TOUKY «g. OH
TaKyKe HE MOXKET JIOCTUTHYTH orpeska [, a]. asee Bbiryctum orpe-
30K HAIPABO B TOYKY (v3, 3TOT OTPE30K HE MOMKET JIOCTUI'HYThH OTPE3Ka
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[, &""]. TIpososzKast STOT MPONECE, MOy UM CIHPAJIEBUIHY IO KOHMUTY-

paIuio CJeMyIoniero BUIa.

(6
"

B cuty Toro, 4To jMHa CTPOSIIMXCA OTPE3KOB OYET YMEHbIIAThCS,
B HEKOTODBIil MOMEHT CJIEJIy IOl OTPE30K IOCTPOUTD Oy/IeT Heb3s (Tak
KaK UX JUIMHBL — 1esbie ynciaa). CieoBaTe/bHO, Takas ClUpaIeBUHAasT
KOH(UTypalus He MOXKET ObITH KOPPEKTHOI, UTO BJIeUeT HEBOZMOXKHOCTD
HepaBeHCTBa BTOPBIX KOOPAMHAT siueek o u o,

[Tokazkem, 9TO caMoil TIpaBoii sT4eiKoii OJ10Ka B} apgercsa o

. Homy-
crum, 9To 310 He Tak. ClieoBaTe/IbHO, MOKHO u3 ' Ha/leBO BBITYCTHTD
OTPE30K B TOUKY (v], IOTOM BBIILYCTUTH OTPE30K BHU3 B (2, U TaK JIAJIEe.
CHOBa BOBHUKHET CHUPAJICBH IHASA KOH(QUTYpAIHs, KOTOpask He MOYKET sB-
JIITHCSI KOPPEKTHOIA.

B pesysbraTe NpUBEICHHBIX PACCYYKICHAN MBI OJIYYUIN PAMOYTO-

JIHYIO KOH(UTYPAIUIO BUJIA:

Ofr | ... | Ofr | Ofr | q | 1fL ) ... |1fL|OfL] ... |Ofl|OfL] bl
0lr | ... | Olr q 017 | 117 | ... | 117 | O17 | ... | 01l | O17 | bl
[0 R I I e T e T e e e o))
[0 I T I T P e e O B I VA o))
Olr | «1r | *1r | ... | *1r | ¢ | 11 | =1 | ... | «1L | 011 | OLL | Ol

/" "

O6oznaunm o = (1,y2), & = (x1,11), & = (22, 11), """ = (22, y2).
B cuny Toro, uro kombunarus 3apucoBok F1, F2, F3 e moxker mpusectu
K CTPOKe 3Ha4YeHUI KOpodue 3-X, CIPaBeJJIMBO HEPABEHCTBO Lo — X1 > 3.
Hepasenctso yo — y1 > 3 OyJIeT BLIIOJHEHO B CHJIY BHJIa 3apucoBku Bl
0 AHAJIOTUIHBIM COOOPAYKEHUSIM.



O MuHEM#3AIH MOHOMYHKITHOHAIBHBIX KJIACCOB 253

ycres BY = {(x,y)|x1 < # < 22, y1 < y < y2}. Ormernm, uro
3HaueHns Beex sueek uz 6yoka V1 (BY)\ BY pasubt nul. Cienobarenbho,
B CIITy cBaA3aHHOCTH 6710Ka B, mveem B C BY.

[Tokazkem, uro B = B". B cuity Toro, uto B AB/sieTcs JIOKAJILHO KOp-
pexTHBIM TIojrpadgukom rpaduxa ', 610k V1 (B)\ B MoxkeT cojepxarh
sT9eHKY TOJIBKO C HyJieBbIME 3HadeHusiMu. CJie/10BaTe/IbHO, BEPHO OJHO
u3 iByx — ymbo B = BY, mmbo naiinercs sueitka 8 € BY N VT (B), uro
['(8) = nul. TTokaxkeM, 4TO BTOpast aJbTepPHATHBA HE BO3MOXKHA.

[penosioxkum nporusHoe, Toraa Muoxectso B’ = (V1 (B)\ B)N B”
He ABJIseTCs MycThiM. BosbMmeM Takylo sueiiky (' € B, uro ee nepsas
KOOD/IMHATA, MUHUMAIbHA CpeJu Beex sveek u3 B’. Ormernm, B cuiy
IPOBEJICHHBIX OCTPOCHM sueiika (3’ He MOXKeT HAXOAUTHCA Ha TPAHHIE
B, to ectb st ee koopmunat (2,y") Bepro 11 < ' < T9, y1 < Y < yo.
B cuity Toro, uto ' € V1 (B)\ B, naiinercs sueiika o € V1 (3'), a € B.
STaeiika v oTHOCHTENILHO 3’ MOMKET PacHoNaraThes B YeThIPeX MOBUIUAX,
HOKasKeM 4TO JII000€ U3 3THX MOJIOKEHUI IPUBOJUT K IIPOTUBOPEUHIO.

1) a =0+ v,. Cocrosinue OKPECTHOCTH (v MOYKET YJIOBJIETBOPATD 3a-
pucoBkam L1-L8. B ciyuae, ecsim cocTosinme OKPECTHOCTH « Y/IO-
BieTBOpsieT L1, To cocrosiHue sUeiiku o + v, paBHO nul, OHA NpU-
HajIeXkuT B’ 1 uMeeT MeHbIIyIO IIepByIo KoopJuHary, dem (3. B
citydae, ecyin « yaosiierBopser L2-L8, aueiika o + v, € B, dueiika
B+, € B', cocrosane 3’ +v,, pasno nul. B 06oux ciaydasx nmeem
npoTHBOpeYne ¢ BhIGOpoM 3’ Kak sueiiki ¢ MUHUMAJIBLHON HepBoi
KOOD/IMHATOM.

2) a = [’ 4 vs. CocrosiHre OKPECTHOCTH (v MOXKET YJIOBJIETBOPSTH 3a-
pucoekam F1-F11. B ciryaae F1 stueiika a+v,, € B’ umeer 3nadenue
nul. B ciyuasix F2-F11 sueiika o + v, € B, cocTosiHue ee OKpecT-
HOCTU MOKET YAOBJIETBOPATH TOIBKO 3apucoBkaMm F1-F11, koropsre
BJIeKyT, uTo coctogauue (' + v, € B’ pasno nul. O6a BapuanTa 1Ipo-
THBOpEYaT MUHUMAJILHOCTH IEepBOil KoopauHaThl 3.

3) a = [’ + vy. Hog cocrosinre OKPECTHOCTH (v MOAXOJAT 3aPUCOBKU
F11, L8, B2. Bapuanr F11 (L8) Bnever snauenue siueek a+uv,, € B’
(a+vs € B") paBHoe nul, 9T0 MIPOTUBOPEIUT MUHUMAJILHOCTH TI€P-
Boit koopaunatsl 4. B ciydae B2 B nociieopaTeIbHOCTH STUEEK HAT
« HalizieTcs sT9eiika o € B, OKpeCTHOCTb KOTOPOil YIOBJIETBOPSET
F11, coorBercTBeHHO (1 + vy, € B’ Gyer uMeTh IepByIo KOOpMHAa-
Ty Menbire 3.
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4) a = ' 4+ v.. PaceMoTpuM TIOCIIEIOBATEIBHOCTD SI9€EK € KOOD/IMHA~
ramu (21,y), (x1+1,v), ..., (2',y') = B'. Ha srom orpeske nepsast
staefika (21, y') upuHayIexkuT MHOXKecTBY B, nocaennsis (2',y') ne
npunaexut. CooTBeTcTBeHHO, Hafimerca x, 1 < = < @, 4To
(z,y') € B, (zx + 1,y) € B'. B ciayuae, ecin ¢ < 2’ — 1 umeem
nporusopeune ¢ Beibopom 3. Cienosarensno, v = x’ — 1, cienosa-
rebHo ' 4+ vy € B — a 3TOoT cayudail yxKe pazobpaH.

Crenosarennno, nmeeM B = BY, u nepsoe yTBep:KIeHHE JTEMMBI J10-
Ka3aHO. YCTAHOBHUM CIPABEIJINBOCTH BTOPOIO YTBEPIKICHUS.

ITocTpoennniit BbIte OJIOK B} 3a/aeT HAYAJbLHYIO KOHQUIYPAIUIO
MT, y KoTopoil Ha JIeHTe 3allICaHO CJIOBO U3 KaK MUHUMYM JIBYX €IIMHMNIL
u rosoBka MT maxomurces Har camoil j1eBoil equHuUIeir, 910 u TpedyeTcs
1o ycsosuio. IlokazkeM 1o MHJLYKIIUH TIO 4, 4TO Bee GJI0KH siueeK Buja B
= {(z1,y2 — 1), (x1 + 1,y2 —7), ... (x2,y2 — 7)} 3a7a10T, C TOIHOCTHIO JIO
«II0JIefl» W caBura, CTpoKu Tabymisl Berauciaerans MT 73, mpu sToMm 1o-
cJIeTI0OBaTE/IbHBIE CTPOKH 33/aI0T TOC/Ie/10BaTe/IbHble KoHduryparmun MT
73.

Baza wanykiuu. [Tokaxkem, 9To yTBep:KIenue BepHo i ¢ = 1. Pac-
CMOTPHMM OKPECTHOCTH sideeK OJI0Ka B}. Bce oHE T0TKHBI YJIOBJIETBOPSATH
zapucoskam F1-F11, uro onpesmesnsier 3HavYeHnst g9eeK OJIOKA Bl1 cJemy-
fomuM 06pa3oM (Ha PUCYHKe IepBasi CTPOKa — B}, Bropas — Bi).

Ofr | Ofr | ... | Ofr | Ofr | ¢ | 1fL | ... | LfL|OfL | ... |Ofl |0l
Olr | Olr | ... | Olr | ¢ |ON | 110 | ... | 112 |01 | ... | 011 | &l

JleiicTBuTesIBHO, sTUeiika o € B}, HaXOJISIIAsICS MIpaBee T'OJIOBKU Kak
MHHEMYM Ha JIBe sTYeiiKd, yIoBJeTBOpsieT Jubo 3apucopke F1, aubo F2.
OTU 3apUCOBKU OIPEICIAIOT 3HAYCHUSA ST4Yeliku « + vs € By. AHajiormyu-
HO, STYEMKM, HAXOISINHUecs IpaBee I'OJOBKU KAK MUHUMYM Ha JIBe sdeii-
KU, IOCPEACTBOM 3apucoBok F6-F11, ompenesdior 3HadeHus s9eeK IO
aumu. Ilycrs (z,y2) — sueiika, cojepxkainas 3HadeHue ¢. Ee okpect-
HOCTDH YZIOBJIETBOPSET 3apUCcOBKe F4, KoTopas olpezeser 3HAYCHHIE Sde-
ex (z — 1,y2 — 1) u (z,y2 — 1). dueiika (2 + 1,y2), yZA0OBIETBOPSIONIAST
orpannuenuio F5, onpenesnsier 3nadenue siueiiku (z + 1,yo — 1). 3uave-
HUST BCeX saeek Gj1oKa Bi OmpejieleHbl I COOTBETCTBYIOT MCKOMBIM.

Hnsg i = 1 mokasblBaeMoe YTBEPXKIEHUE BEPHO, IMPEIIOJIOKHUM, YTO
OHO BepHO 1ist ¢ € Z, 0 < ¢ < yo — y1. [lokaxkem 9TO OHO BepHO 11t ¢ + 1.
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AHaJIOruYHO JT0KA3aTeJIbCTBY JIJIsT TIEPBOM CTPOKHU, PACCMOTPUM OKPECT-
HOCTH siueek cTpokn B}. Oxpecrnoctn sueek (1,y2 —1), (va — 1,2 — i),
(x2,y2 — 1) MO/KHBI yJOBIETBOPSTH 3apucoBkam Bl, B2, B3 coorser-
CTBEHHO. DTO onpejiesieT 3Hadenus sueek (x1, yo—i—1), (ro—1,y2—i—1),
(x2,y2 —i—1). OcraBuinecs saeiiku u3 Bl-l7 HaXOJIATIHNEC TIpaBee sTIeiKu
¢ rosoBkoit MT u BHe 30HBI ee BHANMOCTU OTHOCHTETHLHO VX ompeje-
JIAIOT 3HAYEHUS dIeeK OJIOKa B}H, 10/, HUMHU ITOCPEJICTBOM 3aPUCOBKH
I1. dueiikn us B} jieBee TOJOBKN BHE 30HBI €€ BHIUMOCTH OIPEIEIIOT
3HAYEHUS sTI€EK I10JI HUMU C ITOMOIIBIO 3apucoBku 12. fueiiku, B oKpect-
HOCTU KOTOPBIX HAXOIUTCHA TOJIOBKA, OIPEJE/IAIOT 3HAUCHUS sTI€€K IO
HUMU TTocpeacTBoM 3apucoBok 13-15, 16-18, 19-111 B 3aBucuMocTu or Ha-
[IpaBJIEHUS JBUKEHNST TOJIOBKHY IIPH TIEPEXO0/IE, KOIUPYEMOM COCTOSTHUSIMU
staeek (z,yo — i) u (z + 1,y9 — ).

To, uro MT ocranoBuTcs B mporiecce KOAupyemMoro (byHKIIMOHTPOBa-
HUsI, TAPAHTUPYETCA BUJIOM 3aPUCOBOK IOC/IeTHEl CTPOKU TabJIHITBI — T'O-
JIOBK& B HUX MOXKET HAXOJIUTHCS TOJIBKO B IIEPEXOJIE ¢ CUTHAJIOM OCTAHOB-
ku. [Ipu 9TOM IIEPEXOJT ¢ CUIHAJIOM OCTAHOBKM MOYKET CJIYIUTHCST PAHBIIE
mocjIe Hell CTPOKH, Tora Kojupyembie kondurypamuun MT OymxyT moBTo-
PATbCS HAYMHAST C MOMEHTa OCTAHOBKH.

3aMeTuM, 9TO 3aJaHHBIN JIOKAJIbHO KOPPEKTHBIM HOArpahprKOM IIpo-
1ecc (byHKIIMOHUPOBAHUS MOXKET COIEPXKATh JIUIIHUE <«IIOJIA» CJIEBA U
CIIpaBa, KOTOPbIE IIPEACTABISIOT U3 cebs sdaeiiku JeHTel MT ¢ HyJieBbIM
coctosinneM, Koropbie rojoska MT B mporecce cBoero byHKIIMOHUPOBa-
HUSI HE TIOCETUJIA.

CoOTBETCTBEHHO, ecyil OTOPOCUTH OT JIOKAJILHO KOPPEKTHOIO I'padu-
Ka B GOKOBBIE 10JIsT (BMECTE CO CTOJIONOM M3 CUMBOJIOB bl) M CTPOKH C
HOBTODSIIONIelics KOHMUrypanueil ¢ CUI'HAJIOM OCTAHOBKH, IOJIYyYUM BTO-
poe yTBeprKJIeHUEe JIEMMBI.

,HOK&?)&TGJH)CTBO JeMMbI 6 3aKOHYEHO.

s kpaTkocTu Koueunble dyukimonuposanns MT 73, HaunHaomu-
ecst ¢ KOHMUIYPAIUU JICHTHI ¢ YHUTAPHBIM CJIOBOM U3 U eJuHuIl (u > 2) u
pacIojIoXKeHneM TOJIOBKHU HaJ caMoil JieBoil s4efikoil co 3HadenueM 1 Ha
JIeHTe, OyIeM Ha3bIBaTh U-MHUIUAJIbHBIMHA.

Cregnenne npobsembl ocraHoBku MT 73 k mpobjieme pacrio3HaBaHus
obparumoctu KA Gyzier ocymiecTBiieHo ciemytonmM obpazom. 1o aucity
u € N, u > 1, 6yzer crpourcs KA, koTopslit 6yjer siBIATHCS He 0bpaTu-
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MBIM TOLJI& ¥ TOJIBKO TOIJA, KOIJIa CYIEeCTBYEeT KOHETHOE U-MHUIINATLHOE
dyuknunornuposanue MT 3.

CooTBeTCTBEHHO, JaJjiee HaM MOHAI0OUTCA KOHCTPYKIINS, MO3BOJISIIO-
mas 3a1aBaTh UNCJIO eIWHUI] B BEPXHEH CTPOKE JIOKAJIHLHO KOPPEKTHOTO
noarpaduka Beraucaenus. Mbl OyaeM jiesiarh 3TO C IMOMOIIBIO TEXHUKH,
AHAJIOTUIHON VK€ WCIOJIb3yeMON MpHU 33 aHUM JIOKAJHHO KOPPEKTHBIX
noArpaduKoOB, TO €CTh HCIIOJIb3ysl 3apUCOBKU OKPECTHOCTEH STYeeK OT-
HOCHTEJIbHO HEKOTOPOTo MabjoHa cocencTBa. OHAKO B JAHHOM CJIydae
OyIyT IEPEUNCIATHCSI He IPOCTO JIOIMYyCTUMbIE KOH(MDUTYpaIid, & IMILIN-
KaIlid BUIa <«ecan staefiku My OKpPecTHOCTH MMEIT 3HadeHust X, TO
sg4qeiiku okpecTHOCTH Mo nMeroT 3HadeHusa Xo.»

Bynem oboszrauaTh depes V'~ mabJIOH COCEACTBa U3 JIBYX BEKTOPOB
(Ui, ve). OBosHaunm [epes vY BekTop ¢ Koopjamuaramu (u,0), u € N,
u > 2. Bynem obosnagars depes Vu*f 1a0JIOH COCENICTBA (Ve Vs, Vs Vry,s
U,y VY).

B kadecTBe MOCHIIKN UMILIAKAITIN Oy/IeM 3a/1aBaTh 3HAYEHNE OKPECT-
HocTH stueiiku V'~ (qv) siueiiku «v, B KA4eCcTBe CJIEJICTBHsI — 3HAUYEHUE sS9eii-
KI o+ vy, ByneM n306parkaTh 110/J00HBIE UMILTHKAIIAN 33PUCOBKAMU CJle-
JIYIOIIEro BHJIA.

NUM [ X, [X [ X[ [ Xu |

I'ne NUM — umsa 3apucoBku; X — 3unadenue sueiiku o; Xe, Xy, Xy
— 3HaYEHHUHA TIECK O + Ve, O + Uy, @ + VY COOTBETCTBEHHO. [ljia 3Haue-
HU sf9eeK Oy/IeM MCII0JIb30BaTh TY K€ CHMBOJIUKY, ITO U JIJIsI JIOKAJIBHO
KOPPEKTHBIX I'DA(DUKOB.

[IpuBesieM CIUCOK JIOMYCTUMBIX 3apUCOBOK UMILTUKAImii S1-S3.

S1 [ofr]Ofr] ¢ | [1f1]

s2 [0fr [ ¢ [1f1] [1f7]

S3 | ¢ [ 1fi[1f1] [ofT]
JlokaibHO KOppekTHbIN noarpaduk B rpaduka Beraucierus [ Oy-
JIeM Ha3bIBATh U-UHUIUAIBHBIM, €CJIU I Jiroboil suaeiiku « € B, Habop

sHavennii okpecruoctu V~ (a) koropoit (I'(a+wvy), I'(a), T'(a+wv.)) cos-
najgaer co 3HadeHusMu Xy, X, X, HEKOTOPOH 3apUCOBKH S M3 CIIHCKA

S1-S3, suadenne I'(o + vf) sueiiku o + vl coBnagaer ¢ 3HadeHueM X,
3apPUCOBKU S.
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Jlemma 7. Ilycmov mawuna Toropurea T3 umeem u-uHUUUAAGHOE KOHEY-
noe Ppynryuonuposanue (u > 2). Toeda cywecmseyem zpadur evivucae-
nua ') MHoocecmso aveex ¢ Henycmumu 3HGYEHUAMYU KOMOPO20 nped-
CABAAIOM, U3 CEOA U-UHUUUAADHBIT SOKAAGHO KOPPEKMHDIT N0JPaPuK.

Hoxkazareabctso. [Iycrs MT 73 umeer KoHeUHOE U-UHUITUAJIBHOE (DYHK-
nuonnposanue C. 3azaaum ero tabimieit Beraucsenns 1T'(C). Jobasum K
T(C) cneBa u cupasa 10Jist ¢ HyJIeBbIMU 3HadeHusiMu JieHTbl MT mupunbt
2, cripaBa J100aBUM CTOJIOEI] U3 CUMBOJIOB bl ¥ pa3MeCTUM IOJIYy YUBIIYIOCS
koHUrypanuo B sveiikax 6soka Bbraucienus ['(C)

B(C) = {(z,y)|Wi(C) =3 <z < W,(C) +3,-5(C) <y <0},

rie §(C) — manmenbliee HedeTHOE HCI0, He MeHbIee s(C'). Bee sueiiku
a, me Bxopamue B B(C), oupegenum snadennsyu nul. Ilo mocrpoemnuro
B(C) 6yzaer j1okajIbHO KOPPEKTHBIM mojrpadukom sbraucierus 1'(C').

[Tokazxkem, aro B(C') 6yzner u-unnimagbasiM. [1o mocTpoennio mocsL-
KaM 3apUCOBOK MMILIUKAIUi S1-S3 MOy T YI0BIETBOPATD TOJIBKO T9eHKI
g € B(C), B = (x,y), y KOTOpBIX BTOpasi KOOpJMHATA Y PaBHA HYIIO,
u B V7~ OKPECTHOCTH KOTOPBIX HAXOJUTCS TOJIOBKa. Bcero Takmx sde-
ek B B(C) tpu. Camas JieBast u3 HUX OyJI€T yJIOBJIETBOPSATH 3aPUCOBKE
S1, cpennsis — 3apucoBke S2, npasast — 3apucoske S3. Jlokazare/ncTrBo
JIEMMBI 3aKOHYECHO.

OTMeTHM, Y9TO JOKA3aTeIbCTBO «B JI0O» YTBEDKIEHUSI, 0OPaTHOTO
JeMMe 7 — 3arpyaHuTebHo. 1Ipobiiema cBsizaHa ¢ TeM HabOJIIOJCHHUEM,
YTO U3 OKPECTHOCTU T'OJIOBKU Ha IIEPBOI CTPOKe II0 BEKTOPY Uy MOXKET
OBITH JOCTIKUMa, sT9eiiKa, He NMPUHaJIeXKallasl K TOi »Ke KOMIOHeHTe X
CBSI3HOCTH, UTO PACCMATPUBAEMBIN JIOKAJBHO KOPPEKTHBIN MOArpaduK.
OpiHako, ecjin paccMaTpuBaTh CJIAOYIO0 CBSI3HOCTH C YIETOM JOCTHYKUMO-
CTH II0 BEKTOPY v¢ HOCPEJCTBOM 3apHUCOBOK S1-S3, TO J0Ka3aTebCcTBO
IIPOXO/JINT, — caMas IpaBasi KoMmronenTa X cBs3HocTu Oy/er Jimbo He Jio-
KaJIbHO KOPPEKTHOI1, JTNOO He yIOBJIETBOPTEL 3aprcoBKaM S1-S3. TIpose-
JIeM HeoOXOIuMbIe (DOpMaJIbHBIE PACCyKJICHNUSI.

IIycrs 3aman rpaduk Bbhramciaenus ' n 3ajaHa mapa KOMIIOHEHT X
cBsizHOCTH By n Bs. Bynem ropoputh, 4T0 By HEMOCPEICTBEHHO S-U J10-
crimKuMa 3 By, eciin B By HaiiieTcst TPOlKa COCEHUX sTI€€K (O, (¢ + Uy,
o + Ve TAKUX, 9TO BBINIOJHEHBI CJIETYIONINE YCIOBUSI.

1) fueiiku o + vY, a 4 vy + VY, @ + ve + v¥ npunajIe)RaT 010Ky Ba.
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2) Buauenus I'(a+ vy + vy), T'(a+vy), (@), T'(a+ vy, + 0Y) yaosie-
TBODSIIOT 3apuCcoBKe S1.

3) Bnauenus I'(a + vy), I'(a), T'(a + ve), I'(a + vY) ynosrersopsiior
3apucoBke S2.

4) 3navenus I'(a), I'(a + ve), I'(a + ve + ve), I'(a + ve + v¥) yrosie-
TBOPSIIOT 3aPHUCOBKe S3.

Bynem obo3nadaTh (pakT HEIOCPEICTBEHHON S-u HOCTHKUMOCTH Bj
u3 By orHomenuem By — By. Bynem Ha3biBaTh KOMIIOHEHTY X CBSI3HO-
cru B’ S-u noctuknmoit u3 kommnoneHThl X cesasHOoCTH B (0603HAUEHWE
B = B'), eciu mu6o B — B’, iubo Haiijiercst Takasi mOC/I€I0BATEIbHOCTD
KoMnoHeHT X csasnoctu By, Bo, ..., By, p € N, uro B — By, B1 — B,
..., B, = B

Bynem HasbBaTHL MOCIEIO0BATEIBHOCTL KOMIOHeHT X cBsi3HOCTH B,
By, ..., B, S-u makcumaJsbHOil 1enbio, ecim By — By, By — Bz, ...,
B,_1 — B,, 1 He cyliecTByeT KOMIOHEHTHl X cBssnoctu B, uro B, —

B

Jlemma 8. /s mobozo epagura I' us mozo, umo ece anemernmo, Hexo-
mopoti S-u marcumaronot yenu By, Bo, ..., By, p € N, asasomea u-
UHUYUAADHBMU AOKAABHO KOPPEKMHLLMU nodepaduramu, caedyem, 4mo
p =1, mo ecmv yensv cocmoum u3 00020 saemenma By .

HokaszaresibcTBo. PaccmoTpum camblit crapmmit ajiement renu 5,. 1o
YCJIOBUIO JIEMMBI OH SIBJISIETCSI JIOKAJIbHO KOPPEKTHBIM IMOAIPaUKOM I'pa-
duka I', caemoBarenbHO TO jgeMMe 6 OH MPENCTABISET W3 Cebsl MPSIMO-
YIOJIbHBINA OJIOK CO 3HAYEHHEM BHUIA.

Ofr | Ofr | ... |Ofr | Ofr | q | 1fL| ... [ 1fL|OfL] ... |OfLl ]| bl
0lr | Olr | ... | Ol | ¢ | O | 110 | ... 120 [ OL | ... | OLl |¥&l
Olr | Olr | *1r | *1r | ... | *1r | ¢ | 110 | =1 | ... | =1l | O1 | bl

PaccmorpuMm sideliky mepBoil CTPOKHU (v, 3HAYEHHE KOTOPOH PABHO (.
Buavenust okpecrrocreit V7 (a), V™ (a+wvy), V™ (a+v,) sueek a, a+uvy,,
Qv YIOBJIETBOPSIIOT TIOCHIJIKAM 3apUCOBOK 52, S1 n S3 cOOTBETCTBEHHO,
cJIeIOBaTe/IbHO, B CHJIy TOTO, UTO II0 YCJIOBUIO B, dABjfeTcd JIOKAJIbHO
KOPPEKTHBIM U-UHUIUATIBHLIM IOJArpadUKOM, 3HAUYEHHs s9eeK o + vY,
a4y, +0Y, a+ve.+v¢ nomxusl pasusaThes 11, 1f1n 0fI coorsercTBenHO.
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B cuty Toro, uto B, AB/IFETCS CTAPIIAM 3J€MEHTOM S-1 MaKCHMAJILHOM
nenu, g4efikn o + vy, a + vy + vY, a + ve + v npuHaaIexRar OJIOKY
B, (eciu 910 He TaK — BO3HHKAET S-u JOCTIKHMasi u3 B, KOMIOHEHTa
cBsizHocTu B’ 9TO MPOTUBOPEYUT MAKCUMAILHOCTH IEIH ).

ITpeamonoxkum, uro p > 1. Pacemorpum 6510k By,_1. B cuny Toro,
aro B,_1 — Bp, NO/KHBI cyliecTBoBaTh stueiiku o, o + vy, & + ve,
B Gioke Bp,_1 makue, uro o + v¥, o + vy + 0¥, o + ve + V¥ sexar B
6noke By, n nx snauenus pasusl 1f1, 1f1 u 0fIl coorBercrBenno. Onnako,
e/IMHCTBEHHOI TPOIiKo#l sAdeexk B Ooke B, ¢ TaKUM DacCHOJIOKeHHEM U
TAKUMU 3HAYCHUSIMU SIBJISIIOTCS TOCTPOEHHBIE BBIIIE (v + VY, (v + Uy + VY,
o+ Ve + ¢, a JId HUX &, & + Uy, & + Ve J€2KaT B O710Ke B,. Homyanm
nporuBopeune. Jlemma gokasaHa.

[Tycts 3aman rpacduk ' u S-u MakcuMaJibHAs IEIb, COCTOSINAST U3
OJTHOTO 3JIeMeHTa B, KOTOPBIil ABJISI€TCST JIOKAJILHO KOPPEKTHBIM U-HHUIH-
aJIbHBIM TIOJrpaduKoM. bByeM Ha3bIBATH TAKON 3JIeMEHT B 3aMKHYTHIM
JIOKAJIbHO KOPPEKTHBIM U-UHUIHAIBHBIM IO PAMUKOM.

Jlemma 9. Mawuna Toropunea T3 umeem u-uHUbUaALHOE KOHEYHOE (Y-
HKyuoOHuUposarue (u > 2) mozda u Moavko mozda, Ko2da cywecmeyem
epagur evivucaerus I ¢ 3aMEHYMBIM AOKANOHO KOPPEKMHBIM U-UHULU-
AALHOIM T002DAPUKOM.

HokazarenbcTtBo. Heobxomumocts. Ilycts MT 73 mmeer u-ununma/ib-
HOE KOHeUYHOe (DyHKIMOHUpOBaHME. B COOTBETCTBUM C JIEeMMOU 7 MOXK-
HO TIPEIbABUTHL TPadUK BbIUuc/eHns [, MHOXKECTBO HEHYJIEBLIX ddeeK B
KOTOPOTro OyJIeT JIOKAJTBHO KOPPEKTHBIM U-UHUITUAJIBHBIM TOIIDAMDUKOM.
[TocemoBaTeILHOCTD U3 OXHOIO djieMeHTa B Oyaer S-u MaKCHMaJbHO
HENb0, a B — MCKOMBIM 3aMKHYTBIM JIOKAJBHO KOPPEKTHBIMU U-UHUTIN-
AJIbHBIM TOATPAMDUKOM.

Hocrarounocts. [lycrs 3aan rpaduk I' ¢ 3aMKHY TBIM JIOKAJIBHO KOP-
PEKTHBIM u-HHUIMAIbHBIM moarpadukom B. Ilo yTBep:xkmenuto 2 jem-
MBI 6 MOXKHO MOCTPOMTH HPAMOYTOJIbHBIN mondsok B’ Gmoka B, Koro-
pbIii mpescTaBasgeT u3 cebs TabJUIy HEKOTOPOr0 KOHEYHOrO (hyHKITHO-
uupoanusi C' MT 73. Tlokaxkem, aro dyuknuonnpoBanue C siBJIsI€TCS
U-UHUIHAJIBHBIM, TO €CTh, UTO €r0 CTapTOBas KOH(MUIYDAIUS SIBJISIETCS
VHATAPHBIM CJIOBOM W3 U €JIUHUII.
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Bamerum, uTo nepsast crpoka B’ Gyner mvers ciemyrommit Bug (L,
v €N, R e Np).

OfrOfr ...0fr ¢ 1f11f1 ...1f1 Of10fL ...0f1
L u R

O6o3HaunM s4eiiKy, COCTOsIHHE KOTOpOil paBHO ¢, Uepe3 «. B cuiy
TOTr0, 9TO B ABJIAETCA JIOKAJIbHO KOPPEKTHBIM U-MHHUITUAJIBHBIM IIOAI'Da-
dukoM, 3HaTEHHE TUEEK X+ Uy + Ve, 4V, A+ Ve+ Uy JTOTKHO PABHATHCS
1f1, 1f1, 0fl coorBercTBento. B cumy Toro, wro B — crapimmii s;eMeHT
nenu, o + vy + 0¥, a + v, a + ve + v € B. Tak kak 6iok B\ B’ ne
MOXKET COZIepXKaTh fg9eeK o 3HadeHuAMN 1 f1, aaeliku o + vy, + vY, o+ vY
nexkar B B'. 3nauenne oKpecTHOCTH S49eliKi (v yJI0BJIeTBOPSAET 3apUCOBKe
S2, caemoBaresbHo u' > u. 3HAYEHHE OKPECTHOCTU TICHKH (L U, YI0BJIe-
TBOpsIeT 3apucoBKe S3, ciemoparenbio v < u + 1. V3 aByx mocserHux
HEPABEHCTB uMeeM U = u’.

JlokazaTeabCTBO JIEMMBI 3aKOHUIEHO.

Jlasiee MbI OyneM CBA3BIBATDL (PAKT CYyNIECTBOBAHUS I'PAUKa BBHIUUC-
siensi I' ¢ S-u MakCUMAaJIbHON TEIbI0, BCE JIEMEHTBI KOTOPOM SIBJISIOTCS
U-THUIIAJTBHBIME JIOKAJIBHO KOPPEKTHBIME HOArpaduKaMu, ¢ peansye-
MOCTBIO B HEKOTOPO# KoHpuryparyn KA BbIPOXKJIEHHON CUCTEMBI JIMHETH-
HBIX YPaBHEHUN HAJ MOJIeM Zsg.

«YKJIAJKY» CHCTEM JIMHEHHBIX ypaBHEHUI Ha IpaUKU BBIYUCIICHUIT
OyeM OCYIIECTBJISITh C ITOMOIIbBIO SI3BIKA OPUEHTHPYIONINX JIOKATIbHBIX
orpanndenuii [5]. OHaKO, JJIst yIPOIEHNs U3JI0XKEHNs, HaM OyeT y106-
HO CBSI3BIBATH UCIIOJIb30BABIIIHECS BBINIE 3aPUCOBKU JIJIsI 3a/IAHUST TAKUX
OrpaHUYeHMUI, a TaK»Ke OyJIeT NCII0JIB30BaThCs APYTOil MAabJIOH COCeCTBA.
[IpuBenem MOmMMUIIUPOBAHHBIN TIOJ] TEKYIIEEe JOKA3ATEIbCTBO BapUAHT
TEPMUHOJIOTHN.

Bynem roBoputhb, uTo siueiika « rpadura ' ¢ He mycThIM U He Je-
EKTHBIM 3HAUEHNEM SIBJISIETCSI JIOKAJIBHO KOPPEKTHOM, €C/Id 3HAUEHUE e
okpecrraocTn V¥ () ymosersopsier onnoii n3 3apucopok F1-F11, L1-L8,
B1-B3, I1-111. Byaem nazbiBaTh JIOKAJIbHO KOPPEKTHYIO ST9€HKY (¢ T'Pa-
duka I' joKaIBHO S-u KOPPEKTHO, €Cu U3 TOro, 4To HAbOP 3HAYUCHUI
okpecrroctu V'~ (a) stueitku (I'(a + vy,), I'(@), T'(a + v,)) coBuagaer co
snadeHusMu X,,, X, X, HEKOTOPOI1 3apuCOBKHU S u3 crucka S1-S3, cie-
jyer uro 3uadenue (o + vY) sdeiikun « + v¥ coBmajaer co 3HAUYCHUEM
X, 3apucoBku S. 3aMeTuM, 4TO KOMIIOHEHTa X CBsi3HOCTU B sBjIsieTcst
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JIOKAJIbHO KOPPEKTHBIM U-HHUIAAJIBHBIM HOArPAMPUKOM TOI/Ia U TOJIHKO
TOIJIA, KOTJIA BCE €€ STUeHiKH sIBIISAIOTCS JIOKAJIBHO S-1 KOPPEKTHBIMU ((bak-
THYECKU 3TO 1epedopMyIMPOBKa OIPE/IE/IEHNS JIOKAJIbHO KOPPEKTHOTO
U-UHUIAJILHOTO MojrpaduKa).

HaszoBem opuenTanueii staeiiku « rpadguka I' orobpazkenue A Bo MHO-
skecTBO BeKTOPOB D = {0, Vg, Uy, U, Ve, V2 }, TOCTPOEHHOE CJIEJLYIOIIAM
obpazoM.

o A(a,T") = 0, ecsn siueiika o He SIBJISIETCS SIBJISIETCsI JIOKAJIBHO S-U
KOPPEKTHOIA.

o A(a,T) = v, ecim okpecTHOCTH siveiiku « B [ yioBierBopsier 3a-
pucoskam F11 mmu B3.

o A(a,T') = vy, ecam OKpecTHOCTH siueliku « B [ yioBiieTBOpsieT
zapucoskam F6, F7, L2-L8, wmm 11-111 upu m; = 1, wim B2 npnm
mo = 1.

e A(a,T') = vy, eciim okpecTHOCTD stueiiku o B I yjoBeTBopsieT 3a-
pucoskam L1, wim Bl npu mo = 1, wu B2 upu me = 0.

e A(a,T") = v, eciu okpecTHOCTD siveiiku « B [ yioBierBopsier 3a-
pucoskam F1-F3, F8-F10, I1-111 nmpu m; = 0, wim Bl npu my = 0.
o A(a,I') = vY, ecomm okpecrHOCTD stueiiku @ B [' yjoBiierBopsier 3a-
pucoekam F4, F5 (4ro Biieder yJ10BI€TBOpEHHE MMILIMKAIUAM S2,

S3).

OpueHTanyst CTPOUTCS TaK, YTOOBI HH/YIIUPOBATh HA KOH(DUTY PAITHH,
COCTOSAIIEN M3 OHOIO JIOKAJIBHO KOPPEKTHOIO U-UHUIIUAJIBHOTO TOJIPa-
dUKa «BEKTOPHOE I0Jiey BHUJA, TOKA3aHHOI'O HA PUCYHKE 1.

Jlasiee MBI OyIeM UCIIO/IB30BATH TEPMUHOJIOTHIO, IIPUHATYIO B TEOPUU
rpados. Orpe/iesieHus UCIOJB3YEMbIX TEPMUHOB MOYXKHO HANTH, HAIPU-
Mep, B KHHre [6].

[Tycrs 3aman rpaduk Beraucsenust I'. Yzopom G(I') nazoBem opueH-
TUPOBaHHBIN rpad, BEPIIHHAMUA KOTOPOIO SIBJISIFOTCS BCE JIOKAJIBHO S-U
KOppEeKTHBIE siueiiku « rpaduka ['; a pebpa cOOTBETCTBYIOT OpHUEHTAIIU-
AM 9eeK — U3 BEePIIUHbI o B BEPIIMHY (v MJeT PeGpo TOrja U TOJLKO
torga, korga « + A, ') = o/. OrmernM, 9T0 B CHJIy KOHEIHOCTH MHO-
JKeCTBa HEIYCThIX siueek B rpaduke Bbrancienus I yzop G(I') ssisiercst
KOHEUHBIM T'pad oM.

[Ipoanamsupyem CTPYKTYPY y30pa JIJisi KOPPEKTHBIX TAOJIUI] BIUHC-
JICHUSI.
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Puc. 1. Bung opuenTanum JIOKQJIbHO KOPPEKTHOTO U-UHUITUAJIHLHOTO TIO/I-
rpacduka.

Jlemma 10. I[Tycmo MT 135 umeem xoHeunoe U-UHUUUGALHOE GYHKUUO-
nuposanue. Tozda natidemes epagur svuucaernua I’y ysop G(I') komopoeo
npedcmasanem u3 cebs OPUEHMUPOSAHHBIT YUKA, TPU IMOM MHONHCECTNEO
sepwun G(I') coenadaem c mnoorcecmeom 6cex nenyaeeux sueex L.

okazarenabcTBo. B cuity jmeMMbl 9 3 HaJM9us Y MaIlluHbl T bIOpUHTa
T3 KOHEYHOTO U-UHUIHUAJILHOTO (PYHKITHOHUPOBAHUS CJIEIYET CYIIEeCTBO-
BaHMe rpaduKa BeIYHCICHUS ' ¢ 3aMKHYTBIM JIOKAJIbHO KOPPEKTHBIM U-
MHUATIAJIBHBIM nToarpadukoMm B. B cuty jmemMbr 6 3ToT nmogrpadpuk nme-
eT BHJI, IIPSIMOYTOJILHOM TabJIMIBI BEIYUCIEHUST C JOOABIEHHBIME ITOJISIMHU.
OpuenTanyst MHOYXKeCTBa BCeX siueek B Oyjier uMeTh BUI, N300paskKeHHbBI
Ha PUCYHKE 1, CJIeJIOBATEILHO COOTBETCTBYIONIAS €if KOMIIOHEHTa, CBSI3HO-
cru y3opa G(T') Gyuer nukiom.

B cuny onpenesniennst opuentaruu A rpad G(I') He nmeer neresib, u B
KazKJIyI0 ero BepIInHy BXOIUT He OoJiee oHOro pebpa. 3agadeil gaabHel-
1ero M3JI0’KeHusi OyJIeT aHAJIN3 CTPYKTYPbI Bo3HuKarommx rpados G(I).

Jlemma 11. ITycmo 3adan epadur evivwucaenus I Hycmo o — sepuwuna
yzopa G(T'). Tozda cyuwecmeyem ne 6oaee 00noti sepwuns y3opa &', wmo
us a 6 o udem pebpo, maroe wmo A(a/,T') € {ve, Vs, Vo, Uy }-
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okazareabcTBo. lIpeamnonokuM TpOTUBHOE: HAIINCH JIBE BEPITHHBI
o u o, B KoTOpBIE U3 (¢ BesyT pebpa, TO €CTh BBINOJIHACTCS

o+ A, T)=a=ad"+ A", T).

Bamernm, uro ciayuait A(a/,T) = vs HE BO3MOXKEH — OH BJIEUET
pasercrBa G(a) = G(o') = bl. U3 sveiiku co 3nauenueM bl Moxker
OLITH TOJILKO Hepexoj, 1o 3apucoske F10, kotopas Bieder o = o — v,

(" + v,) = nul, crenoBaresbHO, JIJIsi OKPECTHOCTH sSTUeiKn o nmeeM
(o + vy) = nul, I'(a/ + vs) = bl — npoTuBOpevne ¢ JOKAIBHON KOp-
pekTHOCTBIO . AHasornuno He BozMoxeH ciydait A(a”,T') = vs.
Hanee, 3amernm, uro cayqait A(a/,T') = v, #e Bosmoxen. OH Bo3MO-
JKEH TIPU COOTBETCTBHU OKpectHocTu o 3apucoskam F1, Bl mm B2.

e B ciyuae 3apucosok F1 u Bl snauenne I'(a) = 017, I'(av + vy) =
nul, — 1o ectb A(a”,T") MOXKeT GbITH PABEH TOJBKO Ve, a B A4eiKy
co 3HadenneM 017 He MOXKeT GbITH TAKOIO [EPEXO/IA 110 OPHEHTAIIUH.

e B ciyuae zapucoskun B2 I'(a) = 001, ['(¢/) = 011, T'(c/ + ve) =
bl, I'(a + vgy) = 00I. CremoBaTesbHO, €INHCTBEHHOE BO3MOXKHOE
snauenne A(a”,T') ectb v, u 3uavenne siueiiku (o) = 00I. Ho

Torya aueiika o’ — He JIOKAJILHO KOppeKTHasd, Tak Kak (o +v,,) =
001, T'(" + vy,) = bl.

Amnanornuno ne sozmoxken caydait A(o”,T) = vy,.

Hanee, ocraercs cayqait A(a/,T') = ve, A(a”,T') = v,,. I3 paBencTsa
A(a/,T) = ve, caeayer, uro ymbo stueiiku o 1 & NPUHATIEKAT CTPOKE C
pPasMeTKOl 4eTHOCTH, paBHOI eIuHuUIlE, 00 3HaYeHne o paBHO 1fl.

e Bcayuae I'(a) = 1f1 umeenm I'(«”) € {0f1,1f1}, aro nporusopeunt
pasercTBy A, T') = vy.

e B ciyuae, korja sideiiku o u o OPUHAIIEKAT CTPOKE € Heder-
HBIM HOMEPOM, XOTsi Obl B OJJHOI M3 HHMX JIOJZKHO JIEZKAThH 3HAYE-
uue Buga xld. B cayuae, ecom I'(a) mmeer Takoit Buj, 3HaUeHHEe
A(a”,T) = v, ne Bo3moxkno. B cinyuae, ecim I'(«) € @, us Toro,
aro A(a”,T') = vy, Bbirekaer, uro I'(«) umeer sug 20d — nporu-
BOpEYHNEe ¢ KOPPEKTHOCTHIO PA3METKU B TOUYKE (V.

JokazaTeabCTBO JEMMBI 3aKOHUIEHO.

K coxanenuto, yrBepKjieHIE O TOM, UTO CTEIEHb UCXO/a J000i Bep-
MINHBI Y30pa PaBHA €JUHUIIE, He sABJIeTCd BePHbIM. KOHTpIpuMepoM sB-
JisteTcsl crydail ssueiiku a ¢ cocrostaueM 1 fl, 13 KOTOpoit MOTYT BBIXOIUTH
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pebpa 10 JIByM HAIIPABIEHUSM —Usr U —Uy. DTO HaOJIIO/IEHHE BMeECTe C
yTBEpKIeHNEM JIeMMbI 11 ITO3BOJISIET yTBEPKIATH, YTO BOZMOXKHbBIE CTE-
[IEHN KCXO/ia BepiuH rpada y30pa MOTYT ObITh PABHDLI HYJIIO, €IHHUIE
WJIN JIBOUKE.

Jlemma 12. Jlaa KoHeunozo caabo C8A3H020 OPUEHMUPOSAHHO020 2pada
6e3 Kpammvix pebep u nemens, Yy 410001 SeEPULUHDL KOMOPo20 He boiece deyx
ucrodauux pebep u He boaee 001020 TodAwe20 pebpa, epHyL caedyrouue
YymeeparcoeHu.

1) Ecau 6 epage ecmvb npocmoti Yuka, Mo OH AGAAECMCA OPUEHMUPO-
BAHHBIM YUKAOM.

2) Paccmompum epag, codeporcauyutl npocmoti yuka. Ecau ecmo peb-
PO, KOMOPOE HE NPUHGOAEHCUM, UUKAY, HO UNHUUICHMHO BEPUWUHE
2MO20 YUKAG, MO MaKoe Pebpo JoANHCHO UCTOOUMD U3 GEPULUHDL
UUKAQ.

3) Ecau 6 epage ecmv npocmas uensv, y xomopot 00na u3 KOHUEEbHLT
BEPULUH UMEEM, 8 KAUECTNEE UCTOOAWE20 pedpa pedpo Uenu, mo oHa
ABAAEMCA OPUEHMUPOBAHHOT UENHIO.

4) B epage ne moorcem 6vims boaee 00M020 NPOCMO20 YUKAG.

5) Jhoboti ceasnul nodepad, Komopwvili ne codepicum UuKA08, Npeo-
cmasaaem coboti 0epeso, OPUEHMUPOBAHHOE O, KOPHA.

okazarenbcTBo. JlokaxkeMm mepBoe yTBEpKIEHUE JIEMMbI OT IIPOTUB-
Horo. IIpeamomoykuM, ITO TPOCTOMH IUKJT HE SIBJISIETCS OPUEHTHPOBAHHBIM,
TOrJA CYIIECTBYIOT JBa pedpa, KOTOPhIE BEAYT B OJHY BEPIIUHY. DTO IPO-
THBOPEUNT YCJIOBUIO JIEMMBI, CJIEJIOBATE/IBHO HAIle MPEeJIIOJIOKEHNe He
BEPHO.

CupaBelJINBOCTb BTOPOI'O YTBEP:KIEHNUA JIEMMBbI CJIEIYET U3 TOTO, 9TO
110 I[‘OKasaHHOMy HepBOMy yTBep)KILeHI/IIO JIEMMBbI J'IIO685I BeplIIinHa IUKJIaQ
y2Ke IMeeT OJIHO UCXOSINee U OLHO BXOIdIee B Hee pedpo, OITOMY Tpe-
The, MHIINJICHTHOE BEPIINHE ITUKJIa pe6po, MOZKET 6bITb TOJIBKO MCXO/-
LIUM.

Tperbe yTBepK eHNE JJeMMbI BEPHO B CHJIy TOT'O, YTO Y BEPIINH rpada
MOXKeT OBITH He 0oJiee OHOTO BXOMAIIEr0 B HUX pedpa, mosToMy pebpo,
BBIXO/ISIIIEE U3 KOHIIEBOI BEPINHBI, OIIPEIE/IAET OPUEHTAIMIO CIEIYIONIee
pebpa MpoCTOoil Ienu u Tak JaJjee, IoKa He OyaeT paccMOTpeHO pebpo,
BeJlyIllee B JIPYT'YIO KOHIIEBYIO BEpIIUHY.
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Jlist mokazaTeIbcTBa OT MPOTUBHOTO YE€TBEPTOIO YTBEPXKICHUS JIEM-
MBI HEOOXOJIMMO PAaCCMOTPETh JIBa CJIydasi: KOTJA JBa MPOCTBIX IHUKJIA
MMEIOT OOIIre BEPINUHBI, W KOIJa OOIMUX BepIinH HeT. B mepBoM ciry-
1yae B nojrpade, KOTOPhIil COCTOUT U3 OOIIUX BEPIIUH U pebep IMPOCThIX
[IMKJIOB, KOMIIOHEHTBI CBSI3HOCTHU JIHOO COCTOSIT U3 OHOW BEPINWHBI, JIM-
60 SABJISIOTCS [IPOCTON OPUEHTUPOBAHHON Telbi0. Ecn ecTh KOMIOHEHTA
CBABHOCTH, COCTOAIAs TOJIBKO U3 OJHON BEPIINHBI, TO 9TOU BEepIINHE UH-
[UJIEHTHO YeThIpe pebpa — Takasl BEpIIUHA HE MOXKET YIOBJIETBOPSTH
YCJIOBUSIM JIEMMBI, TaK KaK [0 YCJIOBHUIO pebep, WHIIMIEHTHBIX BEpIINUHE,
JIOJIZKHO OBITh He Oojiee Tpex. Kcmm ecTh KOMIIOHEHTA CBS3HOCTH, MIPEJI-
CTaBJISIONIAS U3 ceOsl MPOCTYIO OPUEHTUPOBAHHYIO IEIb, TO B HAYABHYIO
BEPIIIHY 9TOM [EeMH BXOIUT 110 PeOpy U3 KaK/I0r0 IIUKJIA, ITO TAKKE IIPO-
TUBOPEUUT yCJIOBUSM JieMMbl. BO BTOpOM citydae, KOrjia pOoCThie TTUKJIbI
HE UMEIOT OOIUX BEPIINH, B CHJIY CBI3aHHOCTH I'pada, JOJKHa CYIIe-
CTBOBaThH MPOCTast MENb U3 HEKOTOPOI BEPIIUHBI OJIHOTO ITUKJIA B HEKOTO-
PYIO BEpIIMHY JAPYToro IukJia. 110 mokazaHHOMY BTOPOMY YTBEPIKICHHUIO
JIEMMBI pebpa 9TOH TPOCTOH IMEeNnu UCXOJST U3 KOHIEBBIX BEPIIUH, 9TO
[IPOTUBOPEYHUT TPETHEMY YTBEPZKJICHHUIO JIEMMOBI.

Jlokaxkem mocjieiHee yTBepKIeHue jjeMMbl. st nogarpada paccmar-
puBaemMoro rpada BBIIOJHIETCS TPEThE YTBEPXKJIEHUE JIEMMbL. PaccMoT-
pUM TPOM3BOJIbHOE Pebpo moiarpada B KadecTBe MPOCTON renu. Bymaem
[OCJIEJIOBATE/ILHO YIJIUHSATD 3Ty IPOCTYIO TIElb, J00aB/Istsd K Heil 10 Ol-
HOMY pebpy moarpada, KOTopble BeAyT B Hada 0 renu. Tak Kak rpad —
KOHEUHBIH, a mojrpad He COIEPKUT IUKJIOB, TO Yepe3 KOHEUHOE HUHCJIO
IIArOB MBI HE CMOXKeM J100aBUThL Takoe pedpo. Torma B BepIimuHy, KOTOpast
[oCJIe OKOHYAHMS POIecca 100aB/ieHusi pedep siBJISIeTCS HAvajoM IPO-
CTOI Ienu, He MOXKET BXOAWTh HH OHOrOo pebpa moarpada. [loxaxkem,
YTO €CJIM PACCMOTPETh 3Ty BEPINUHY B KAUeCTBE KOPHEBOW, TO paccMmar-
pUBaeMbIi OArpad sABISETCS IePEeBOM, OPUEHTUPOBAHHBIM OT 3TOTO KO-
Hsi. DTO CJEIyeT W3 TOro, UTO mojrpad — CBA3HBIN, u Jirobas BepIIUHA
JIOJKHA OBITH JIOCTHXKUMa U3 KOPHEBOI BEPINUHBI, a IMOCKOJBKY JI00ast
IPOCTas IeIb, UIYINAsd U3 KOPHEBOU BEPIIMHBI, — OPUEHTUPOBAHHAS, 10~
JIyIaeM JIEPEBO, OPUEHTUPOBAHHOE OT KOPHSI.

JokazaTeabcTBO JeMMBI 12 3aKOHUIEHO.

[Tepedopmynupyem yTBep:KieHus jgeMMbl 12 B TepMuHOIOTHN Tpada
y3o0pa.
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Jlemma 13. /Jlas arwbozo epaduxa I arbas kommnonenma caaboti ceas-
nocmu ezo yzopa G(I') moorcem umems 6ud uau OpuEHMUPOBAHHO20 O
KOPHA 0EPEBA, UAU COOEPHCAMD 00UH OPUEHTNUPOSAHHBLT NPOCTOT UUKA,
6 Komopwuitli ne sxodum pebep.

HokazarenabcTBo. U3 memmbr 11 u onpenesnenns: rpada y30pa BbITeKa-
€T, 9TO CTeeHb BXOJ1a JII000i ero BepIUHBI He DOJIee eJIMHNIIBI, 8 CTEIeHb
ucxojia He boJiee jBoiiku. [Ipumensis gemmy 12 mosydaemM UCKOMOE yTBep-
KaeHne. JokazarenbcTBO 3aKOHIEHO.

OCHOBHBIM CBONCTBOM BBEJIEHHOW KOHCTPYKITHH SIBJISIETCS TO, ITO Ha-
JIMIE€ OPUEHTUPOBAHHOI'O MUKJIa B Y30P€ 9KBUBAJIEHTHO HaJIMIUIO y Ma-
muHbl ThIOPUHTA T3 KOHEYHOI'O U-UHUIUAJIBHOIO (DYHKIIMOHUPOBAHUS.
Jlemma 10 jaer cBejieHre B OJHY CTOPOHY, IIPOBEJEM OOPATHOE CBEJIEHUE.

JIemma 14. ITycmo ysop G(I') nexomopoezo epagura eviuucaenus I' co-
depotcum opuenmuposarmbili yuka. Tozda mmoocecmeo aveex B, 0b6pasy-
VUUT BEPULUHDL YUKAQ, ABAAECTNCA 3AMEHYMBIM AOKAADHO KOPPEKIMHIM
U-UHUYUGADHBM TL002PAPUKOM.

HoxkazareabcTBo. Pazobrem 610k B Ha koMmoHeHThl X cBsizHOCTH Bi,
By, ..., By, p € N. IlokaxkeM, 9TO BO-IIepBLIX KaxK/[blil u3 OJIOKOB B; aAB-
JISIETCSI TIPSIMOYTOJTBHUKOM 0O€3 «ITyCTOT» BHYTPHU, BO-BTOPBIX B; siBJIsteTCst
komrionenToit X rpaduka I' (To ecrb rpaHnunT B cMbiciie X CBSZHOCTH
TOJIBKO C si9efiKaMU C IyCTBIM COCTOSTHUEM ), B-TPETbUX P = 1 — TO eCTh,
910 B ecTh 3aMKHYTBII JIOKAJIBHO KOPPEKTHBIN U-MHUIIUAIBHBIN IO Pa-
dux.

Paccmorpum muoxkectso B = V1(B)/B. B ciyuae, ect 5T0 MHO-
JKECTBO HE COJIEPXKUT si9eeK C HeIyCTBIMU 3HadYeHusMu, K B mpumennma
JieMMa, 6, KOTOpasi JaeT, YTO KOMIIOHEHTBhI B; sIBISIOTCH JIOKAJIBHO KOP-
PEKTHBIMHU TMOATPadUKAME, 3aTEM U3 JIEMMbBI 8 UMeeM, 9To p = 1, 9TO
JIAeT YTBEPKJICHUE JIEMMBI.

Homyctum, aT0 B COJIEP2KUT STUEHKM C HEIyCThiMu 3HavdeHussMu. O1-
MEeTHM HEKOTOPBIE CBOMCTBA COCTOSTHUI siIeeK [3 U3 MHOXKECTBA B.

Yreepxkaenue 1. Snauenue avetivu B € B ne mooicem 6wmv pacho
bad.

B mporuBHOoM citydae rpanudaiias ¢ § sdeiika o € B He Oyjer Jio-
KaJIbHO KOPPEKTHOM.



O MuHEM#3AIH MOHOMYHKITHOHAIBHBIX KJIACCOB 267

Vreepxkaenue 2. [Tycmv o € B,a € V(3), 8 € B. Toz0a ne mosicem
6vimod makozo, wmobwv, o + Ao, T') = .

B mporuBHOM ciiyvuae mMeeM MPOTHUBOpEYHE C TEM, U9TO MHOXKECTBO
ssaeek B obpasyer 1mukia B y3ope G(I') — mak kak B y30pe pebpo B «v
MOXKET UJITH TOJBKO U3 3, a [ He NPUHAJIEIKUT ITUKJTY.

Vreepxkaenue 3. [lyemwv auetra B ¢ B, I'(8) = ¢. ITycmov y auetixu
a = B+ ve snauenue I'(a) = 1f1. Toeda ne 6o3moorcha cumyayus, 4mo
o € B.

JlokazaTeibCcTBO OT TPOTUBHOTO. B cuity NUK/JIMIHOCTH B B (v JOJIXKHO
BXO/MTH pebpo. U3 Toro, uro I'(3) = ¢, BbITeKaeT, 4TO OHO MOXKET HUITH
TOJIBKO 13 BEpUIMHBI o 4 vy € B, caeposarensho I'(a + v¥) = 0f1.

U3 oupenenenust ysopa mMeeM « + vy + ve € B, mpu stom ['(a +
v¢ +ve) € {0f1,bl}. I3 nokanbHOil KoppekTHOCTH @ + vf mmeeM ['(a +
ve 4+ vy) € {0f1,1f1}. Tasee, nmeeM BBIXOJSILYIO U3 siUeHiKE (v HAIIPABO
MOCTIEIOBATEILHOCTD sideeK 3 B co s3uadenueM 1 fl. JlocTurayTh siaeitkn
o + v + vy, OHa He MOKET (I/IHaHe U3 g9eUKU o + Uy + Uy OyzeT pebpo
B (), ClIeJ0BATEJILHO U3 HEKOTOPOH sSIeiiKu o mMexay au o+ VY + Uy
Oyzer nepexof o Bekropy ve. Ilo omnpesenenuto ysopa I'(of — v¥) = g,
o — v+, € B, (o —v¥) = 0fr. Tak Kak u3 gueeK €O 3HATCHUEM
Ofr myTh MOXKET MITH TOJBKO HAJEBO C 3aBOPOTOM BHH3, a B sSUEHKY
co 3HauerneM 0f] MOXKHO NPUIATH TOJBKO CIpaBa C MPEIBAPUTE/HbHBIM
[MOBOPOTOM CHHU3Y, IMEEM CJIEIYIOIIYI0 KAPTHUHY.

L d0frdq 1] ] g [ 1fip.. pifiJafi] ... [OfI4... ]
b+ o+ -+ + + 7 7 4+ 71
3/1ech o7 TYeKaMU CTOSIT CUMBOJIBI +, —, 7 O3HAYAIOIINE, UTO STUeii-

Ka JIEXKUT B B, He JIe2KUT B B, MOXeT KaK JIeXKaTh, TaK U He JieXKaTb B B
COOTBETCTBEHHO.

ITokazkeM, 9TO BO3HUKIIAsT KOH(DUIYpPAIUsSI IPOTHBOPEYUT TOMY, UTO
B saBngerca mukom. JlefictBuTesibHO, Iepexo CHu3y Ha CTPOKY BO3MO-
2KEH TOJIBKO II0 ITOCJIeI0BATEILHOCTH ST9eeK cO 3HadeHusIMu bl, ciemoBa-
TeJIbHO IIpaBee sUeilKu o + v Haiimercs saeiika o/ ¢ TakuM 3HAUEHHEM.
IIpu sTom 3HaUYeHUsT Beex stueek Mexkay Humu pasHbl 0 f1. Ilepexon BHu3
CO CTPOKHU BO3MOKEH TOJILKO 10 3apucoBke F1, cieioBarebHO HaliaeTcst
s4eiika o yroBieTBopsionas 3Toil 3apUCOBKe.



268 . B. Kyuepenko

" 4+ g 1m0 o + vy BKIIOUHTEIHHO

npunaieskaT B. JleficTBUTENILHO, €y 9TO HEe TaK, TO CYIIECTBYET IO-

[TokaxkeMm, 9TO BCe sTI€fiKM OT «

BOPOT BHU3 C 9TOI CTPOKHU, 3HAUUT Haiijgercd g4deilka vy, B KOTOPOU 9TOT
MOBOPOT Tpou3oiiesi. Tak Kak Takoi MOBOPOT MOXET MPOU30UTH TOJIb-
KO 10 3apncoBke B2, sHaueHnme sueiikum «q + vs paao 00, a 3HadeHne
a1 + vs + v — bl. BameTum, UTO OIpeEsIeHIE Y30pa He JIOIMYCKAET BTO-
poii IIar mojpsiJi BHU3, U TaK:Ke He JIOMYyCKAeT MMOBOPOT BIPABO C sTIEHKU
co 3uadenueM bl. IIpu sTtom siueitka ay + vs + Ve + Vs JIMOO UMeeT 3HA-
genue bl, ymbO SIBIsSETCS HE JIOKAJBHO KOPPEKTHOH — TO €CTh B 00OUX
caydasiX IyTh depe3 Hee IMPOXOINTh He MOXKET. SHAUUT, IIyTh JIOJ?KEH OT
Q1 + Vs TPOITU HAJIEBO, MOTOM BHU3 Ha OJHY sYElKY, IMOTOM HAIIPABO
JI0 STYEfKU (o, B KOTOPOH JIOJI?KEH MOBEPHYTH BHU3. 3aMETHUM, 9TO K (9
[MPUMEHUMO AHAJIOTUYIHOE (/] PACCYXKJIEHUE, U IIPU 3TOM (v9 He IIpaBee (.
CremoBaTeIbHO, IIyTh HE MOXKET ITOIACTb IIpaBee STYefKu v + Ve, UTO
nporuBopeunt ruKangHocTH B. [losiyueHHOE TpOoTHBOpEYNE BJICUET, UITO
Bee gueitkn ot o + vg 10 o + v, BKIIOUNTEIHLHO NpUHAIeKAT B.

B cuity sokanbuoit koppektaoctu o u o umeem T'(o” + vg) = 01r,
(" +wvs) = bl, T'(a” +vs 4+ vy) = 011. PaccykieHne BbIIIe MOKA3bIBAET,
4YTO MOBOPOTOB BHU3 B stueiikax oT o + vs + ve 10 o + vs + vy + Uy
BKJIFOUUTEJILHO OBITH HE MOXKET, CJIEJ0BATENbHO OHU JIEXKAT Ha OJIHOM
HEIPEPBIBHOM OTPE3KE IIyTH 10 HAIPaBJIEHUIO V.. OHM MOTYT YIOBJIe-
TBOPSATH MCKJIIOUNTE/IbHO 3apucoBkam [1-111 (rak kak 3apucoBku F1-F8
[PEJIIIOJIArAl0T CTPOKY HaJl HUMU UMeIoleil pasMeTky Buja *0%). Dra mo-
CJIeI0BATE/IbHOCTD 3aPUCOBOK BJICUYET, UTO CPEJU ITUX SIIEEK CYIIECTBY-
eT eJMHCTBeHHasl siueiika co 3HavdeHueM ¢ € (. OjHaKO, B CHJIy BHJA
sapucoBok [1-12 ornocurenbuo stueek 8+ vs u o — v + vg B ux V-
OKPECTHOCTH JIOJI?KHA CYIIEeCTBOBATH siueiika co 3HaYeHneM royioBku. Or-
HOCHTEJILHO staeiiku of — v¥ + vs u3 o — vl € B 910ii stueiikoil siBisiercst
o/ —v¥ + v+ vy. B ety Toro, uto o — v maxomuTes npasee 3, sueiika
o — vl +vs+vy, € VT (B+vs). Imeem Ha cTpoke JiBe pasjindble siaeiiku
€O 3HAYEHUSIMU U3 (), IPOTUBOPEYHE.

VTeepxkaeHne 3 JOKa3aHO.

YrBepxkaenue 4. [lycmov auetixa 5 ¢ B, I'(8) = 1fl. Ilyemwv y avetixu
a = [ + vy snavenue I'(a) = 1f1. Tozda ne so3moorcna cumyayus, wmo
a € B.

JlokazaTebCTBO OT MPOTUBHOTO. B 1mukie u3 o uaer pedbpo, us ompe-
JleJIEHHUs] OPHEHTAIlNU OHO MOXKET HUJITH TOJIBKO B sideliKy o — vy. VI3 ompe-
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nesenusi ysopa umeeM ['(a — vY) = ¢, a rakxke ['(a — o¥ +v.) = 1fL.
ITpu sToM stueiika o — VY + Ve HE SBJISIETCA JIOKAJIBHO S-U KOPPEKTHOIA,
tak Kak ['(a + v.) = 1fl. Janee B s4eiiky o JOJDKHBI BXOAUTH Deb-
pa BEPINUH IUKJIA, CJICJI0BATEIBHO UMEEM OT (v HAJIEBO IOCJIEI0BATE b
HOCTD STU€eK TUKJIa co 3HadeHusmMu 1 fl. 9Ta mocieoBaTeIbHOCTD He MO-
JKET TPOJIOJIZKATHCS JI0 STIEHKNA (v — VY + Ve, CJIEIOBATEIHLHO UMEEM sTIeii-
Ky «, HAXOIANLYIOCS MEXKJly svefikamMu o — v + Ve W v, JJIsl KOTOPOIi
[() = 1fl, T( + vy) = ¢. B sueiixy o nomka0 BXOAUTH pebpo u3
staeitkn o + v € B, upu srom I'(o/ +v¥) = 0fIl. Ecm o + v, € B,
NONaIaeM B YCJIOBHsI YTBEPKJICHUA 3, TO ecTh o + vy, € B.
NmeeMm cremyroliyio KapTumy.

g ] g [1fip . praJifi] . PIfI]OfI4. .. ]
b+ -7+ 4+ 4+ + - 7T 4+ 4+ 7

HaJgee joKa3aTebCTBO aHAJOTHYIHO JIOKA3ATEIBCTBY YTBEPKICHUS 3.
C o/HOI CTOPOHBI, JJIST TOJIYIEHUsI [IUKJIa, BCsI BTOpasi CTPOKAa IOJIZKHA
OBITH KOPPEKTHOI, C IPYToif CTOPOHBI U3 JIOKAJIBHON KOPPEKTHOCTH MMEEM
Ha Hell nBe sdueiiku ¢ rosoBkamu. [lomydaem mporuBopedne. ¥ TBEpK/IE-
oue 4 JJoKa3aHo.

YrBepxkaenue 5. [lycmov auetixa ¢ B, I'(8) = 0f1. [lycmov y avetixu
a = f + ve snavenue I'(a) = 0f1. Toeda ne 6osmoorcrha cumyayus, wmo
a € B.

HokazarenbcTBo oT nporuBHOro. B ke u3 o mjer pebpo, u3 ompe-
JleJIeHHsI OPUEHTAIMNA OHO MOXKET HMJITH TOJbKO B stueiiky « — vY. Ilpn
sroM umeeM (o — oY) = 1fIl, I'(a — v 4+ vy) = ¢. 3amern™, 9TO M3
(a4 vy) = 0f1 BBITEKAET, UTO STUEHKA (v — VY + Uy, HE SIBJISIETCSI JIOKAJIb-
HO S-4 KOPPEKTHOM’, TO ecTh av — vy + vy, € B. Jlanuslit ciryvail nonajaer
II0J] TTOCBUIKY YTBEPXKJEHHUs 3, TO €CTb He BO3MOXKeH. JlokazareancTBoO
3aKOHYEHO.

YrBepxkaeune 6. Jonycmum, wmo avetxa 8 € B asasemca aA0KaAb-
Ho S-u xoppexmmot. Tozda e moorcem 6vimod MaKo20, wMOOLL OAA HEKO-
mopotl auelku o € B, cywecmeosans eexmop v € {ve, Vs, Uy, Uy}, 4mo

A(B,T)=vup+ABT) =a.
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JleiicTBUTENIBHO, €CITN UCXOJISIIEe U3 (v peOPO B IIUKJIE HE COOTBETCTBY-
eT IIePEeXoJLy 110 BEKTOPY VY, TO 9TO BBITEKAET U3 jleMMbl 11. B nporusaoM
caydae 3HadeHue sraeiikn « pasHo oo 1f1, mubo 0fI.

BameTnM, 9TO /5 HE MOYKET PABHATHCS ( + Uy, (HPOTHBOpEYNE C HEHY-
JIEBBIM 3HaUeHHEM [3 1160 JIOKAJIBHOIT KOPPEKTHOCTBIO (v), & TAKXKE O+ Vs
(u3 stueiiku co 3HaUeHUEM Z f| CTPEJIOK BHU3 BXOJIUTH HE MOXKET 110 OIpe-
Jesiennto opuenTanun). CreoBaTesbHO, 5 MOXKeT ObITh Jubo ciieBa, Jubo
cupaBsa «.

HmeeM deTbipe BapHaHTA.

1) Cayuait I'(a)) = 0f1, B = a + ve. VI3 onpeiesiennst OpueHTAIMN OH
HE BO3MOXKEH.

2) Caywuaii I'(a) = 1f1, = a + vy. U3 oupejenenusi opueHTAIMN OH
HE BO3MOYKEH.

3) Cuyuaii I'(a) = 0f1, 8 = a+vy. OT IpoTUBHOrO — 1yCTH B [3 MjIeT
pebpo, rorma ['(5) = 0f1. dauneiii ciayyail nonajaer 1oy moChbUIKY
YTBEPXKJIEHUsI D, TO €CTh OH HE BO3MOKEH.

4) Caywuaii I'(a) = 1f1, f = a+ ve. O nporusHOro — 1ycrs B 3 ujer
pebpo, rorma ['(5) = 1f1. lauueiii ciayyail nonajaer 1oy mocbUIKy
yTBep:KieHust 4, TO €CTh OH HE BO3MOKEH.

Yreepxkaerne 6 JOKa3aHO.

YrBepxkaenue 7. [lycmo auetixa B € B. Tozda ne 6osmoorcen caywat,
wmo B8+ v, € Bupf+uv, €B.

JlokazaTesbCcTBO OT MPOTUBHOTO — JIOIYCTHM, 3TO He Tak. M3 Toro,
49TO si4eliku U3 B He MOryT uMerhb 3HadeHue nul 1 JOKaJIbLHON KOPPEKT-
Hoctu 3+ vy, caenyer, uro I'(f) # nul. 3amernm, 910 OKPECTHOCTD 3+ Uy,
HE MOXKET yJIOBJIETBOpsTH 3apucoBkaM F1-F11. Jlasiee, u3 yTBep:KIeHmIi
2 u 6 BBITEKAET, YTO B 3 HE MOIYT UATH pebpa u3 B + v, u [ + Uy, U u3
Hee TaK>Ke He MOKeT UITH pedbep B 3Tu gdueiiku. Cjre10BaTe/IbHO, OKPECT-
HOCTB 41y, He MOXKET yJI0BJIETBOPATH 3apucoBkam [1-111, L1-L8, B1, B3.
Ocraercst emHCTBeHHBIH ciydail B2, u3 koroporo Bbitekaer I'(3) = bl u
KOTOPBIil TOXKe He BO3MOXKeH. JloKa3aTebCTBO yTBEP:KIEHUsT 3aKOHIEHO.

VYreepxkaenune 8. [lycmv B’ — xomnonenma X ceasnocmu 6aoxa B.
Tozda 1e cywecmeyem Koneurnozo muoscecmea aveex B” | asamowezocs
X ceasnom, wmo VH(B")\ B” C B'.
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ConeprKaTe/IbHO 9TO yTBEPIKIeHIe 03HAYAET, UTO He MOYKET ObITh «ITy-
CTOT» BHYTpH KoMIoHenTsl X cesasnoctu B’ C B. JeiicTBUTEILHO, TyCTh
Takasl IycToTa ecThb. Torma obxomas rpanuily B” 1o dacosoit cTpeske,
ybeskaeMcs, 4To cylecTsyer gueiika [ € B”, takas uto S +v, € B un
B+ v, € B. meem npoTuBopeune ¢ yTBep:kaeHueM 7. JlokazaresibcTBO
YTBEPZKJICHUST 3aKOHYEHO.

YrBepxkaenue 9. [lycmo avetixa B € B. Toz0a 1e cosmooicen cayat,
wymo B+ v, € B uf+wvs €B.

JlokazaTebCTBO OT MPOTUBHOTO — JIOIYCTUM, 9TO He Tak. V3 Toro,
9TO gUeiikn u3 B He MOT'YT UMETH 3HadeHue nul u JIOKAJTbHOU KOPPEKTHO-
cru f+v, caenyer, aro I'(5) # nul, T'(S+ve+vs) # nul. Ormernm, 4o B
COOTBETCTBUU C yTBepxKieHueM 7 staeiika § + vg + v, € B. CienoBaresib-
HO, OKPECTHOCTb STIeUKN [ 4+ U5 HE MOXKET YIOBJIETBOPSITH 3apUCOBKAM
F1-F11. Hanee, uz yrBepxkiaeauit 6 u 2 BoiTekaer, 4To B J HE MOTYT HJI-
™1 pebpa u3 [+ ve u B + vs, U U3 Hee TaK:Ke He MOXKET UITH pebep B
stu siueiiku. CjieloBaTeIbHO, OKPECTHOCTD [3 + Ve HE MOXKET YJIOBJIETBO-
psTb 3apucoBkaM [1-111, L1-L8. Ciayuan, B KOTOPBIX OKPECTHOCTD sTICHKHI
B + ve yaoBaeTBopsitoT 3apucoBkaM B1-B3, takyke nporusopeunBsl. Jlo-
Ka3aTeJIbCTBO YTBEPKIEHUS 3aKOHYIEHO.

Vreepxaenane 10. [Tycmv B’ — xomnonenma X ceasrnocmu baoka B.
Toz0a ne cywecmeyem axeliku 3 € B, wmo 8+ vy € B, 8+ vy € B,
B+wvs € B.

JlokazareabcTBO OT HpoTuBHOro. Tak Kak B+ vg u 8 + vy, HpuHaIIe-
2KAT OJ[HON KOMIIOHEHTE CBSI3HOCTH, JOJI?KEH CYIIEeCTBOBATH X IyTh X CO-
eJIMHSIONTHU . DTOT IIyTh MOXKET JTUO0 0OXOUTh 3 MPOTUB YaCOBOU CTPEJI-
KU, JIU0O 3+ Vg O 9acoBOii cTpesike. Oba ciiydast MPOTUBOPEYAT yTBEp-
KIEHNo 8 — Tak Kak Jubo [, b0 B + Vg, OKA3BIBAIOTCS BHYTPH «IIy-
croTel» B B’. JloKazaTebcTBO yTBEPXKICHUA 3aKOHUEHO.

YrBepxkaenue 11. [lycmo avetixa 8 € B. Toeda ne sozmooicen cayuat,
ymo B+v. €B, B+ v, € B, 8+v.+ v, €B.

HokazareabcTBO OT mTpoTUBHOTO. M3 TOro, uTo B B HE BXOMAT STIEHKN
C HYJIEBBIMY 3HAYCHUSIMU, UMEEM, 9TO OKPECTHOCTh sTIeiKu [3 + Ue HE MO-
2KeT ynoBaeTBopATh 3apucoBkaMm F1-F11, a takxke L1. [Ipumenss yTsep-
KieHust 6 1 2 K staeiike 5+ v, UMeeM, ITO OHA He MOXKET YOBJIETBOPSITH
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zapucoBkaMm 11-111, L2-L8, B2. Ocraercs caydait, Korma siaeiika 5 + ve
yaossiersopsier B3. 3amerum, aro ecau I'(S) = 001, To I'(5+v,) = 01l u
B [ ujer pebpo.

CuiestoBaresibHO, ocTaercs eauHcTBennblii cay4vait I'(8) = 011, I'(5 +
vy) = 00L, T'(B 4+ ve.) = bl, I'(B + ve + v,) = bl. IIpogosKuM 1yTh OT
staeiiku 3+ v, HaJeBO. 3aMeTHUM, 4TO CBEPHYTH BBEPX CO CTPOKU HEJIb3s,
a IpH MMOBOPOTE BHM3 IIyTh TYT K€ MOBEPHET HalpaBo. Ecam o moiiaer
1o sueiikn 3, umeem nporusopeune ¢ 3 ¢ B, ecim NOBepHET paHbIe B
nekoropoii kierke 3 — to I'(8' + v.) = bl, u sueiika B’ + ve + v, He
JIOKAJIbHO KOPPEKTHAsl, YTO MPOTUBOPEINBO.

JokazareabcTBo yTBepzKaenus 11 3akoH4eHo.

YrBepxkaenuune 12. [lycmv auvetixa B € E, ['(B) ¢ {0fl,1f1}. Tozda ne
803MOMHCEH CAYUaT, wmo B+ vy, € B, B+ vs € B, B+ vgy € B.

JokazaTreabcTBO OT IPOTUBHOTO. V3 Toro, uTto B B HE BXOAAT sTIeiKn
C HYJIEBBIMU 3HAYEHUSIMU, UMEEM, UYTO OKPECTHOCTH siueeK 3 + vs u [ +
Vgw HE MOTYT YJIOBJETBOPATH 3apucoBkaM F1-F11, u okpecTHOCTD steifiku
B + vy, He MoxkeT yinoBiaerBopsaTh L1-L8. [Ipumensist yrBep:kaenust 6 u 2
K sueiike § + v, UMeeM, UTO OHa HEe MOXKET Y/IOBJIETBOPSTH 3apPUCOBKAM
I1-111, B1, B3, F1-F3, F5-F6, F8-F10. 3uauenuto F11 8 + v, He moxker
yaoBiaerBopsaTh B cuiy ['(5 + vg) # nul. Ocraercs nsa Bapuanta — F4 u
F7.

Paccmorpum Bapuant, korna 3 + vy, yiaoBaersopsier F4. B cuiy Jto-
KaJIbHON KoppekTHOCTH (3 + vy ['(8) = 1f1, uro nporuBopednT ycjaoBuio
YTBEPKIEHUS.

Paccmorpum Bapuant, korma 3 + vy, yaoeiaersopsier F7. B cuiy Jto-
KaJIbHOIT KoppekTHOCTH (3 + vy, () = 0f1, uro nporuBOpednT yCJI0BUIO
YTBEPKIEHUS.

JlokazaTebCTBO yTBepXKIeHus 12 3aKOHYEHO.

Vreepxaenune 13. [Iycmv B’ — xomnonenma X cesaznocmu mmosice-
cmea B. Toeda cywecmeyrom x1,x2,Y1,Y2 € Z, x1 < T3, Y1 < Y2, MaKxue
wmo B' = {(z,y)| ©1 <z < 22, y1 <y <2}

3 yTBepxKenus 8 ciejyeT, 9To BHyTpu B’ He MoxKeT OBbITH IIyCTOT.
Bynem obxomuts rpanumy B’ 1o wacopoii crpenke. B ciydae, ecim B’
OTJIMYIAETCA OT MPSIMOYTOJIbHIKA, MBI BCTPETUMCS C KAK MUHUMYM OJTHOM
U3 YeThIPEX CUTyaIneil He BBIMYKJIOCTHU, ITEPEUNCIEHHBIX HUKE
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1) 8¢€B,B+wv,€B,B+v,€B.
2) B¢ B, B+vs€ B, f+v.€B.
3) BB, +v,€ B, +v.€B.
4) B¢ B, B+vs€ B, B+v, €B.

ITepBble jiBa cilyuas He BO3MOXKHBI 110 yTBep:kaeHusM 7 u 9. Tperuit
ciydail He BO3MOYXKEH IO COBOKyNHOCTU yTBep:kaenmit 10 m 11. Yersep-
TBIH cIydail He BO3MOXKeH 1O yTBep:KaeHHAM 10 m 12, 3a HCKIIOUYeHnEM
curyanuu I'(3) € {0f1, 1f1}.

3 jnokasaHHBIX yTBepzKJIeHuil ciaemyer, uro B’ mmeer Buj npsamo-
YyTOJIbHAKA, C BO3MOXKHO <«BBLIPE3aHHBIM» 0€3 BO3HUKHOBEHUSI CUTYAIIUil
1-3 mpaBbIM BepXHHUM yIJIoM. IIoKazkeM OT HPOTHBHOIO, YTO <«BbIpe3ay
OBITH HE MOXKET.

O6oznaunm vepes By = (xy,yy) Aveiiky uz muoxkectsa B’ umero-
Y0 MaKCUMaJIbHYIO HEepBYI0 KOOPJIMHATY U3 BCEX A4YeeK ¢ MAKCHMAJIb-
HOiT Bropoil kKoopjuuaroii. O6osHauum depes B, = (x,,y,) sueiiky u3
MHOKecTBa B’, nMeroniyio MakcuMaJIbHYI0 BTOPYIO KOODJIMHATY U3 BCEX
SA9IEEK ¢ MAKCUMAaJILHOI 1epBoii KOOpAMHATON. 3aMeTuM, 4TO <«BBIPE3» y
B’ orcyrerByer TOrda M TOJNLKO Torja, Korda 3, = (.. B cumy sampe-
Ta curyanuii 1-3 Bce dUeiiKM «BbIpe3a» HAXOAATCS B IIPAMOYTOJLHHUKE
B! = {(=,y)| xu‘i_lgxgxgyr""lgygyu}'

Pacemorpinm vmoxkecrso B! = (V*(B)\ B)N B/. B cuy mveronmxcs
OTPaHUYEHUN Ha peaIM3aluio CUTyanuu 4 s ;}\110601‘/’1 sueiikn 3 3 Bé
umeem sin6o I'(B') € {0f1,1f1}, mmbo '+ vs € B!, 6o 5 + v, € B'.

Bosbmewm sueiiky (3”7 € E[, takyto aro I'(8") € {0f1,1f1}, " +vs €
B, 8" + v, € B'. B cuny nokaibHoit KoppekTHocTH (37 + vy, UMeeM
T(B" + vy + vn) = nul.

Canenosarenbuo, ymbo 8" = (z, + 1,y,), mbo B’ + vy + v, € B.
[Mycts " + vy + v, € B, Torna naiinercs sueiika (" jesee ee Takas, 9To
B" +v, € B'. B cuy neBosmoxknoctn curyanun 2 Bee sdeiiku ot 37 + v
no (" + vy, BrmounTenbho gexar B B, B cuny ['(8”) € {0fI1,1f1} nx
OKPECTHOCTH YJIOBJIETBOPSIOT 3apucoBkam F1-F9, cienosarenbno 3nave-
nue saeex ot 3" 10 [ +vy,+v, pasho nul. Jdanee, B iy JTOKaJILHOM KOp-
pekrroctu stueiiku 3" +vs + vy, umeem (8" +v,,) = nul, nporusopeune
¢ 8" + vy € B'. To ectb numeem equucTBennblii cayyait 57 = (2, + 1, yy).

U3 roro, uro " = (x4 + 1,vy), umeem y, = y, — 1 (B mpoTuBHOM
ciydae crpoutest sueiika suga 3”7 ¢ koopamHaTOl Yy < Yy, ).
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Hanee, mmeem nBa ciay4as suadenus sqeiiku 3. Cuyuqait I'(8") = 1f1
sreder (8" 4+ vy) = ¢. Cayuait T'(8”) = 0f1 snewer T'(8” + vy,) = 1f1.
Hamnee, B oboux cayqasx I'(8” v, +vs) € {011,111}. CnenoBarennuo Bee
saeiikn ot 3”7 + vy, + vs 10 B + Uy BKIIOYUTEIHHO UMEIOT 3HAYCHHs U3
muoxkectBa {011, 111,211}, Tasnee, uz nukiauanoctu B umeem I'(5,) = bl.
B cuny 3, € B uMeeM IpoTUBOpeUne ¢ yTBEPKIeHHEM 6.

CireioBaTeIbHO, «BbIpe3ay OBITh He MOXKET W YyTBEpKIeHune 13 g0Ka-
3aHO.

YrBepxkaenue 14. [lycmo auelixu o, o+ vy, npunadiescam B, auetixu
o+ Ve, &+ Uy + Ve He npunadsescam B. Tozda sanavenus aueex o + ve
U+ vy + Ve pashor nul.

B cuny jiokasibHOM KOPPEKTHOCTH STUEHKN (v U YTBEPKIEHUSA 2 HMe-
€M, UTO OKPECTHOCTDb S9eUKU (v yJIOBJIETBOPSIET Jinbo 3apucoBke B2, jm-
60 B3. Ciyuait B3 coorBercTByeT nOKa3biBaeMOMY yTBepKIeHUIO. [loka-
JKeM, 9TO cJiydail 3apucoBku B2 He BoZMOXKeH.

Ecnu okpectHOCTE (v yrioBJieTBopsier B2, To okpecTHOCTD (v + vy, YIIO-
BieTBopsieT qubo B2, ymbo F10. B cayaae F10 equucTBennoit saeiikoii,
13 KOTOPOI MOXKET WJITH BEKTOD B (¢ + Uy, ABJISAETCA L+ Uy + Ve & B, 9T0
MPOTUBOPEINT v + vy € B. Ocraercs ciryvaii, Korja OKpeCTHOCTh & + Uy,
yioBJieTBopsieT B2.

Aueitkn o, o + v, TPUHAILTEIKAT OIHON KOMIIOHEHTE CBSI3HOCTH B’
MHOXKECTBa B, KOTOpast B CHJIy yTBEPXKICHUS 13 sIBJISI€TCS TPSAMOYTOJIb-
HUKOM 0€3 IyCTOT BHYTPH. V3 MOCHLIKN yTBEPKIEHUS BLITEKAET, 9TO OHU
JIeYKAT Ha MMPaBOM pebpe 5TOro MPsiIMOYTOJIbHUKA. PAcCMOTPUM BEPXHIOKO
npaByio sa4ueiiky o npsmoyrosbauka B'. B cuity J0KaabHO# KOppeKTHO-
ctu B’ u Toro gakra, 4TO (v+v,, HAXOIUTCS MO, Hell 1 yIoBJIeTBOpseT B2,
sHadenue o ynosnersopser 6o B2, 6o F10. B cayuae F10 B aueiiky
o/ uyer BekTOp U3 A4eiiku o +v, € B, TOo ecTh 3TOT CIydail HeBO3MOKEH.
B ciyuae B2 snauenne siveiiku o npunajexxkur muoxectsy {017,001}
Cayuaii I'(o) = 00 Biever Bxomsmee pebpo us sueiiku o + v, € B, 9T0
[POTUBOPEYUUT YTBEPKICHUIO 2.

B ciyuae I'(o’) = 011 paccmorpum JieByI0 BepxHIOO sueiiky o mpsi-
MoyrosbHuka B’. B cuity JoKaabHON KOPPEKTHOCTH 3HAYEHHE €€ OKPEeCT-
HocTu yaomsaerBopsier Jubo Bl, nu6o 11-111. B caygae Bl B nHee wmuer
pebpo ceepxy, B ciaydae [1-I111 — cieBa, TO ecTh UMeeM TPOTUBOPEYUE C
YTBEPXKIEHNEM 2.

Yreepxkaerne 14 10Ka3aHO.
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YrBepxkaenue 15. [lycmo auetixu a, a+ vy, npunadiescam B, auetixu
a + Uy, .+ vy, + vy He npunadaesicam B. Tozda snavernusn aueex o+ vy,
U &+ Uy + Uy pasHvl nul.

B cuny nokaabHON KOPPEKTHOCTU STYEHKU (v U YTBEPKIEHUS 2 MMeeM,
9TO OKPECTHOCTH sT9eHKH (v y/I0BJIeTBOpseT jubo 3apucoske B1l, mbo B3,
sinbo L1. Ciayaan L1 u B1 coorBeTcTBYeT JOKA3BIBAEMOMY YTBEPKICHUIO.
ITokaxkem, aTo cirydait 3apucoBku B3 He BO3MOXKeH.

Ecnu oxpectnocts o yossierBopsier B3, To okpecTHOCTE (v 4 vy, YII0-
BieTBopsier Jinbo B3, ymbo F11. B cayuae F11 mmeem nporuBopedne c
yTBEpXKJIeHneM 2, ocTaeTcsd caydail B3.

Paccmorpum KoMIoHeHTy cBsiznocT B’ 6y10ka B, KoTopas colepKuT
aueiikn o, o + v,. Cornacno yreep:xaenuio 13 B’ npejcrasiser us cebds
NpPIMOYTOJILHUK IMUPUHBI HEe MeHee 2, OJHAKO B IPEIINOJIOXKEHUHU, UTO
o+ v, yroBaeTBopsieT B3, mmeeM, 4TO F(a—H}n—HJe) = nul, u gueiika o+
Up + Uy HE IpUHAJIEKAT B 10 MOCBhIIKE MOKA3BIBAEMOI0 YTBEePXK ICHUS.
IIpumin x TpoTUBOpEYUIo.

VYTBepxkeHue 15 JI0Ka3aHo.

YrBepxkaenue 16. [lycmo auetixu a, o+ ve npunadaescam B, avetixu
QO + Vp, @+ Uy + Ve He npunadaescam B. Toeda 3navenus aveex a + vy
U &+ Uy + Ve pasHoL NUl.

Paccmorpun MHOMKecTBO siueek B = {f € B |f+vs € B}. Homycrum,
aro B B ecThb stueiika ¢ HeHyseBbIM 3HadenneM 3. B cumty yrBepi enmuii
13, 10, 7, 9 umeewm, uro sueiiku 3 + v, u 3 + v, He npunajIeKar B, a
TaK»Ke KaK MUHUMYM OJIHa U3 d9eeK ﬁ’ +V+0 U ﬁ’ +Ve+vg HPUHAIJICIKUAT
B.

ycrs (' + ve 4+ vs € B. BoibepeM u3 MHOKeCTBa stdeek B | ¢ Henyie-
BLIMU 3HAYEHUAMH TaKylo, U4TO ee IepBasi KOOpJIUHATa MaKCUMajbHa, U
4TO e COCeJI 10 HAIIPABJICHUIO Ve + Vg JIEXKUT B B, 0603HaunM ee yepes 5.
B cuy Bei6opa 87 nveem I'( 8" +v.) = nul. CreoBaTelbHO OKPECTHOCTD
suaeiikn 3" + v, + vg yJI0OBIETBOPSIET 0JHOI 13 3apucoBok F1-F11. U3 Jo-
KaJibHOIT KoppekTHocTH 3 + v €e OKPECTHOCTD JIOJIZKHA YIOBJICTBOPATh
sapucoBkam F1-F10, orxyna I'(3”) = nul, nporusopeune.

Crenosaresbho, i smoboit sueiiku 3 € BT, 6o I'(F') = nul,
6o T'(B + ve) # nul, mbo ' + ve + vs € B. To ectb uz jormyiie-
Hus, uTo B B! Haiiercs HemyseBas sueiika, UMeEM, UTO JIjIs HEKOTOPOIL
IPSIMOYTOJIbHOM KOMIOHEHTHI CBA3HOCTH B’ 6y10ka B Bee rpaHmdariue ¢
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Hell cBepXy si9eiiKym MMEIOT HeHyJIeBble 3HadeHus. [okaskem, 9To 3TO HE
BO3MOZKHO.

PaccMoTpuM caMyro BepXHIOIO JieBylo sdeiiky o/ uz B’. Pazbepem Bos-
MOYKHBIE CJIyYal €€ OKPECTHOCTH. e OKpecTHOCTh He MOXKET YI0BJIETBO-
psaTh 3apucoBkam F1-F11 — Tak kax HaJi Heit He HyJeBas sdeiika. OHa
HEe MOXKET YJIOBJIETBOpAThL 3apucoBkam L1-L8, tak kak B’ mMeer BbICOTY
KaK MUHUMYM 2, U 110/ Heil HAXOANTCA HenyJeBas ddeiika. OHa He MOXKeT
YJIOBJIETBOPSATE 3aprcoBKe Bl — Tak Kak cjieBa OT Hee He HyJeBas sdeii-
ka. OHa He MOXKeT yJIOBJIETBOPATHL 3apucoBke B3 — Tak Kak Torjia u3 Hee
BeJieT BeKTop B o + v, € B. OHa He MOMKET yJIOBJIETBOPATH 3apPUCOBKAM
[1-111 — rak Kak Torja MO0 U3 Hee, MO0 B Hee U3 gueiiku o + ve € B
uiaer pebpo, 4ro mporuBopednT mukJgmdHocTu B. Ocraercst ciyvait B2,
koropsiit Bieder I'(a’) € {001,011}. Ciuyuait I'(o’) = 00l Bieuer, aro u3
o +v, € B B o BesieT BeKTOp, TO €CTh OH HEe BO3MOKCH.

Ocraicst equncrsennbiii cayvait I'(o) = 011. Pacemorpum npasyio
BepxHIoo sueiiky o 6i0ka B'. B cuity jlokanbHoil KoppekTHocT B’ nme-
eM, UTO 3HaYeHre OKpecTHOCTH o yIoBIeTBopsieT b0 orpanndennio B1,
smmbo I1-111 mist HedeTHOTO 3HAYEHUS PasMeTKu CTpoku. B ciaydae Bl B
sueiiky o uger Bekrop us sueiiku o +v, € B, B ciydae 11-111 B aueiiky
o uner BekTop U3 gueiiku o + v, € B.

JlokazaTebCcTBO yTBepXKIeHus 16 3aKOHYIEHO.

YrBepxkaenue 17. [lycmo auetixu o, a+ve npunadaescam B, auvetixu
o+ vs, o + vs + v He npunadaesicam B. Tozda snauenus aveer o+ vg
U+ Vs + ve pasnvt nul.

PaccMorpum MHOMKeCTBO sueek B = {B € B |8 + v, € B}. Hony-
cruM, 90 B B ecth stueiika ¢ HeHyseBBIM 3HadenueM (. B cuny yTBep-
sxaennit 13, 10, 7, 9 umeem, uro saueiikn ' +v,, u '+ v, He IpUHAIIEKAT
B, a Tax:ke KaK MHUHUMYM OJHa U3 sdeeK 3 + vy, + v, u B + ve + v,
NpUHAJIEXKUT B.

[ycrs T'(8 + vy) = nul. Torna B cuity JOKAIBbHO KOPPEKTHOCTH
staeiiku 8+ vy, umeem T'(S') = nul, aro nporusopevnso.

Hycts B + ve + v, € B. Boibepem u3 MuokecTBa sueek B ¢ memy-
JIEBBIMM 3HAYEHUSIMEU TAKYI0, UTO €e MepBasi KOOPJIWHATA MaKCHMAJIbHA,
U 9TO ee COCE/I 110 HAIIPABJIEHUIO Ve + Uy, JIEXKUT B B, 0603HaYnM ee depe3
B". B cuny Boibopa 3" umeem I'(58” 4+ v.) = nul. CrepoBaresibHo okpect-
noctb aueiiku 37 + ve + v, yuoBIeTBOpsieT oaHOl M3 3apucoBok L1-L8,
orkyna I'(8”) = nul, nporusopeune.
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CiresioBaresibho, 1 jioboit sueiiku ' € B+, 6o I'(') = nul, mibo
[(8' +ve) # nul, mubo 8 +v.+v, € B. To ecTb u3 nomyIienus, 9ro B Bt
Halijercd HeHyleBasd d4eiika, UMeeM, 9TO Jjid HEKOTOPOl IIPAMOYTOJIbHONI
KOMIIOHEHTBI CcBsA3HOCTH B’ 6/10Ka B Bee rpanuyaliye ¢ Heil CHU3Y sJYeiiKu
UMEIOT HeHyJIeBble 3HadeHusl. [lokazkeM, 9TO 3TO He BO3MOMKHO.

PaccMoTpuM IpaBylo HUZKHIOIO a4deiiky o 6710ka B’. Ee okpecTHOCTD
He MOXKeT yJIOBJIETBOpATL 3apucoBkam F1-F11 (cBepxy menysesoe 3Ha-
venne), L1-L8 (cuusy nemysesoe 3uadenue), Bl (cieBa nemyiieoe 3Ha-
genne), B3 (pebpo u3z sueiiku o + vy € B). 11-111 (pebpo ¢ siueiikoit
o' + v € B). B ciyuae B2 umeenm I'(a/) € {007,011}, Coayuaii I'(o/) = 011
BIeuer, uyTo u3 o B o + vy € B Bejer pebpo, TO ecTh OH He BO3MOKEH.

Ocraercst cay4ait I'(o) = 00l. PaceMoTpuM JIEBYIO HUZKHIOIO STUEHKY
o’ 6oka B’. Uz nokanbhoit koppektHoctn B’ okpecrnocts o ynosie-
TBOpsieT Jmbo orpanndenusam 11-111, 6o Bl. B ciayuae Bl uz o uger
pebpo B o + vs € B, B ciyuae 11-111 umeem o + vy, € B.

JloKkazaTeabCTBO yTBep2KIeHus 17 3aKOHYEHO.

Vreepxkaenune 18. [Iycmv B’ — xomnonenma X ceasnocmu mHodice-
emea B. Tozda dna ecex B € V*(B')\ B' umeem I'(B) = nul.

s yTeepxkenust 13 cieayer, uro B’ umeeT BUJIL IPSMOYTOJILHUKA 0€3
nyctoT BHyTpu. U3 yrBepxkmenuit 14, 15, 16, 17 umeeM, 4TO 3HAYEHUS
BCeX TPaHMYHLIX ¢ B’ oTHOCHTE/ILHO MIab1oHa coceieTa V' adeek pasHO
HYJTIO.

Ocraercst ciaydail ssaeitku 3, T(paHUIHON € JIEBOI HIKHEl sitaefikoit av €
B’ 110 BeKTOpPY Vsyp- B cmmy Toro, uro I'(8 + v,) = nul, T'(B + ve) = nul,
OKPECTHOCTb sTUelKU « yjoBJjieTBopsieT 3apucoBke L1. CiemoBaresbHo,
['(B) = nul.

JlokazaTesbCTBO yTBepXKIeHus 18 3aKOHYIEHO.

[Tepeiimem HemocpeCTBEHHO K JIOKA3ATEILCTBY JieMMbl. U3 yTBep-
Kaennit 13 u 18 mmeeM, UTO KOMIOHEHTHI X CBSI3HOCTH MHOXKecTBa B
SABJISIIOTCS JIOKAJIBHO KOPPEKTHLIME ToATrpaduKaMu rpaduKka BBIYHUCIE-
uusi. [lo yrBepxKieHnio 2 jieMMbl 6 OHU MPEJICTABISIOT U3 ceOst TabJIUIbI
HEKOTOPOro KoHeudHoro ¢gyukimonnposarus C' MT 73, npuyem Hadajb-
Hast KOH(PUIYPaIUa TPeJCTaB/IsieT u3 cebsi yHUTapHOe CJOBO C PaCIOjo-
2KEeHMeM T'OJIOBKU HaJl TIePBOI eIUHUIIEH.

Pazobrem muO)kecTBO B Ha kKommoneHnTohl X cBssnoctu By, Bo, ...,
By, p € N. Ilokazkem, uro p = 1.
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Homyctum, aTo 910 He Tak U p > 1. B cuny Toro, 9To oTrie/bHBIE
KOMITOHEHTBI CBA3HOCTH MOTYT OBITh COEJIMHEHBI JIPYT € APYTOM TOJIBKO C
HIOMOIIIBIO BEKTOPA Ve 10 3apPUCOBKaM S1-S2, nMeeM, 9TO eciIi KOMIIOHEH-
Ta B; cBasana ¢ komnonenToit Bj, 1 < ¢ < j < p, TO UX BepXHUE CTPOKH
UMEIOT OJMHAKOBYIO BTOPYIO KOOpAWMHATY. B CHIy TOro, YTO BCe KOMIIO-
HeHT®l By, B, ..., B, nexxar Ha OJHOM IUKJIE, JIOJIZKHA CYIIeCTBOBATH
[TOCJIeI0BATEILHOCTD TOIMAPHBIX CBA3€H MEXK/Iy HUMU, TO €CThb Y HUX BCEX
BEpXHEE CTPOKU MMEIOT OJIMHAKOBYIO BTOPYIO KoopauHary. CiemoBaresib-
HO, CYHIECTBYET LEPECTAHOBKA S U3 P 9JIEMEHTOB, 1To Osokn By(1), By(g),

-» By(p) PacmosozKensr cieyronmmm 06pasoM.

By By (2) S Bs(p)

3amernm, 9TO n3 Aveek Onoka By(1) HE MOTYT BBIXOJUTH pebpa HU B
omun u3 670KoB By(gy, By3), .., Bygp). Caenosarennno, sueiiku 6s10Ka
Bg(1) He MOryT OBITH HAaCTBIO IUKJIA, IPUILIA K IPOTHBOPEYHIO.

[Tokaxkem, uT0 B sIBJIsIeTCSI 3aMKHYTBIM JIOKAJIBHO KOPPEKTHBIM -
HHUIUAIBHBIM ToArpadukoM. JjIs 9T0ro JoCcTaTovHo yCTAaHOBUTD, UTO B
B ne BxomuT pebep y3opa 1o BekTopaM v,. [leiicTBuTesbHO, TaKHe pedpa
BO3MOYKHBI TOJIBKO JIJIsT JBYX sST9€eK v U « + V. MEpBOil cTpoku B, jist
koropbix ['(a) = ¢, I'(a 4+ v.) = 1fl. Ho 1o onpeesennto y3opa B HUX
MOT'YT BXOJHUTBH pebpa TOJIBKO U3 siUeeK o + Vg U & + Ve + VY, KOTOPBIe
00s13aHbBI IPUHAJIEKATD B B CHIIY ITUKJIXIHOCTH.

,HOK&?)&TGJII)CTBO JeMMBbI 14 3aKoHYeHO.

Pestomupyem mostytuennble pe3yabTaTbhl O CBA3W CTPYKTYPBI y30pa U
cBoficTBaxX rpaduKa BBIYUCJEHUS B CJEIYIOIICH JIEMME.

Jlemma 15. MT 13 umeem woneunoe u-uHUUUAAYHOE GYHKUUOHUPOSA-
Hue mozda u Moavko mozda, kozda natidemcsa epapur svuuciernus L,
ysop G(I') xomopozo codepotcum opueHmuposarHbill YuKA.

okazareabcTBo. HeoOX0MMMOCTD sIBJISIETCSI TIPSIMBIM CJIEJCTBHEM JIEM-
MBI 9.
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[Tokaxkem mocrarounocTs. [lo memme 14 nveem, 9T0O HAJIMIHUE TTUKJIA B
y3ope G(I') rpaduka Beruncienus I Bieder cyiecTBoOBaHAE 3aMKHYTOIO
JIOKAJIbHO KOPPEKTHOTO U-UHAHAILHOTO ntoarpaduka B. ITo mremme 9 Ha-
JITYHe 3aMKHYTOT'0 JIOKAJIBHO KOPPEKTHOT'O U-UHHUIUAJBHOTO ToArpaduKa
BJIEYET Cy]l[eCTBOBa.HI/Ie KOHECYHOI'O U-MHUIINAJIHLHOI'O Cl:)yHKH‘I/IOHI/IpOBaHI/IH
MT 73.

JokazaTeabCTBO JeMMBI 15 3aKOHUIEHO.

[Tosyuennble pe3y/abTaThl MO3BOJISIOT CBOIUTH HPOOJEMY OCTAHOBKH
MT 73 B hopMyIMpOBKE T€OpEeMbI 2 K TPob/IeMe pa3peninMOCTH CBOMCTBA
obparumoctu B cemeiictBe KA ¢ dukcnpoBaHHOll JIoKaabHOM (byHKIHEH
nepexo/ioB. [Ipoesem ato cBejieHmeE.

Jlist bopMyTUPOBKE JaIbHEHININX Pe3yIbTaTOB HAM IMOHAIO0OUTCS OTI-
peJieJieHne KJIeTOYHOro aBTomara ¢ mepeMenHoit crpykrypoit (KATIC).
IIycthb cocTosinmst KJIETOYHOTO aBTOMATA [t HPEJICTABIISAIOT U3 ceds mapbl
suya (x,y) © € E,,, y € E,,. Torga jgokanbHyo QyHKIMIO IEepexoioB
© MOYKHO PacCMaTpuBaTh Kak BeKTop dyHkImio (1, ¢). Byaem nasbiBarh
KA 1 Kj1eTouHBIM aBTOMATOM C IIEPEMEHHOM CTPYKTYpOil, eciiu BTOpast
KOMITOHEHTa, COCTOSIHUS sT9efKU He MEHSIeTCs B mporecce DyHKIIMOHUPO-
BaHust (1, TO ecTb O((0,Y0), (T1,Y1)s -+ (Tm, Ym)) = Yo. st ynobersa,
3HAYEHUE BTOPOIl KOMIIOHEHTBI COCTOSTHUS STIeHKU OyJIeM HA3BIBATH OCHO-
BaHUEM, & MepBOi — aKTUBHBIM cocTosiHueM. 3amucbiBatb KAIIC u Oy-
JIeM B BHUJIE NATEPKHU (Zk,Em,Enz, V,1). B cayugae, eciu ny = 2, Gyuem
HaspiBath KAIIC OunapubiM. Byem HaspiBaTh OMHAPHBIN KJIETOYHBIN
aBTOMAT C IEPEMEHHOI CTPYKTYPOIl JIMHEHHBIM, ecyin Jijist JTF00r0o (PuK-
CUPOBAHHOIO 3HAYEHUS TEPEMEHHBIX OCHOBAHUSI €r0 JIOKaJIbHAasT (DyHKITUS
[IEPEXO/IOB SBJIsIeTCs JuHeiiHo! (yHKIueil. B mpemoioxkennn, 1ro cocto-
stame okost kojpupyercst mapoit (0,0), KATIC siisiercst yacTHBIM ciiydaemMm
KA, n Ha Hero pacupocrpaHsieTcst onpejiesienne obparumoctu st KA.

[Tycts 3amano Harypaabaoe uucyo u > 1. [locrpoum GuHapHBIN JiH-
meitabrit KAIIC p,, Takoit, 9ro oH OyJaeT He OOpPATHM TOTJA W TOJBKO
rorma, korga MT 73 nMeer KoHeUHOe u-MHUIMAJIBbHOE (DYHKITMOHUPOBA-
une. [MTabonom cocemcrsa u, Oymer Habop yk-u — (Vey Vs, Uswy Vnyy Uny
vY). JlokaybHy0 (DYHKIUIO TEepexooB ¢ OyjeM mojaraTh 3aBUCAIIE oT
[epeMeHHBIX

1/] = 1/1(900, LeyLsyLw;LnyLeey Y0y Yes Yss Yswy Yws Yns yee)-

Baech (g, Yp) COOTBETCTBYET COCTOSIHUIO sideifiku «, (Zq,Yyq) — COCTOsI-
HUIO stueliku « + vg, d € {e, s, w, sw,n}, (Tee,Yee) — COCTOSHUIO sTUEHKY
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a4+ vY. OT nepeMeHHOIl Ty, 1 CYIIECTBEHHO 3aBUCETH He Oy/eT. 3Hade-
HUEM OCHOBaHUs OyJIeM MOJIaraTh MHOYKECTBO 3HAYEHUI sTUeeK IpadpUuKOB
seraucsiernst M UQU{nul,bad, bl}, upu srom ng = 3+4-34+61+3 = 79.

Bynewm paccmarpupars kondurypamnun ocioBarust KAIIC u,, kak rpa-
Jukn Buranciaenus . JIokanbHoe (DyHKITMOHUPOBAHNE B sTUeiike o OTHO-
CUTE/IbHO COCTOAHUSI OCHOBaHUs [’ Oy/1eT yCTPOEHO CJIEIYIONNM 00pa3om
— aKTUBHOE cocTosinue He Mensiercsi, ecim Ao, ') = 0, win npejcrasiisi-
eT u3 cebst CyMMy IO MOJLYJIIO 2 3HAYEHNH aKTUBHOTO COCTOAHUS AYCEK (v 1
a+v, tae v = A(q,I'). Bamerum, uro s 3aganust opuentanun A(a, )
st9efikn o TpaduKa BBIYUCTEHUs] || IOCTATOYHO 3HATH HAOOP 3HAYEHUH
COCTOSTHUIT OCHOBaHMsI OKPECTHOCTU & BUIA (Y0, Ye, Ys, Ysws Yws Yns Yee),
10 ectb A(a, I') Moxker GbITH pejCTaBIEHA Yepe3 HEKOTOPYIO (DYHKIUIO
(Y0, Yes Yss Ysws Ywy Yns Yee), 0 : EZQ — VX7%(0) ciepyromum 06pazom

Ao, ') =0T (), T'(a + ve), T'(a 4+ vs)y . .., T + vee) )
C npumeneHreM ¢ MOXKHO 3aJaTh 1 cjepyromieil (hopmyoi

o D Xd, 5(y07ye»?/svysw?yw?yn?yee) = V4, de {B,S,U},SU),TL}

wz o D Tee, 5(y07y67y57yswaywaynayee) :1)37
xo, WHAYE.

31ech @ 0603HATAET CYMMY IO MOJYJIIO 2.

Jlemma 16. KAIIC p,, me obpamum mozda u moavko moezda, x020a Ma-
wuna Toropumea T3 uMeem KOHEUHOE U-UHUYUAADHOE GYHKUUOHUPOSH-
Hue.

JokazaTeabCcTBO. 3aMeTHM, YTO 3ajadeil Mmoucka mpoobpasa KoHQU-
CYDPAIUU [, SIBJISIETCS 33Jia9a PEIIeHUsI CUCTEMbl JIMHEHHBIX YpaBHEHUI
Ha/ 1I10JIeM ZQ. TaK KaK COCTOAHUA A9eeK aKTUBHOI'O COCTOAHUA, OKPECT-
HOCTb KOTOPBIX HAXOJUTCS B COCTOSIHUU TOKOsI, HE MEHSIETCS B ITPOIECcce
beHKL[I/IOHI/IpOBaHI/IH My, MOZKHO BBITIMCATH KOHEIHYIO CUCTEMY JIMHEHHBIX
YPaBHEHU JiJIst ompejiesieHusi mpoobpasa. [Ipu aToM HEOOPATUMOCTD fiy
9KBUBAJIEHTHA CYIECTBOBAHUIO KOH(MOUTYPAIUH, JJIT KOTOPOl 3Ta CHUCTe-
Ma JIMHEWHBIX YpaBHEHUN Oy/1eT BBIPOXKICHA.

3aMeTnM, 9TO HAM JOCTATOYHO CUCTEMBI, COEpPKAIIEH «3aBUCUMBIES
MHOYKECTBa ypaBHEeHHuil (TO ecTh MaTpuiia KOTOpOil He mMmeeT Buj 0JIOY-
HO jmaroHasbHoil). Takue cucrembl ypasHeHuil OyjyT COOTBETCTBOBATH
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OTJEIbHBIM KOMIIOHEHTaM CJIab0i CBI3HOCTH y30pa ocHoBaHus. Ilo jrem-
Me 13 9TM KOMIIOHEHTBI CBSI3HOCTH UMEIOT BUJ JINOO OPUEHTHPOBAHHOTO
OT KOPHSI JIepeBa, JIMOO IUKJA C OTXOMSAIIUMU OT HEro JPEBOBUIHBIMHU
KOMIIOHECHTaMU.

Nccnenyem stu jiBa citydasi oTjenbHo. B ciaydae JIpeBOBUJIHON KOM-
IIOHEHTBI CBA3HOCTU MOXKHO IIPOHYMEPOBAThH BEPIIWHLI JIepeBa TakK, 4TO
U3 TOrO, YTO BEPIIMHA VU2 JOCTUXKUMAa OPUCHTUPOBAHHLIM IIyTeM U3 Uq,
CJIeJyeT, YTO HOMEp v9 OoJibilie HOMepa vp. llepenymepyeM mepeMeHHbBIE
CHUCTEMBI B COOTBETCTBUU C HOMEpAMHU BEPIIMH. 3aMETHUM, UTO MaTpU-
I1a CUCTEMbl ypaBHEHUN IIOC/Ie TAKO IepenyMepalun CTaHeT BepXHeTpe-
YI'OJIBHOH, TO €CTh HE BBIPOXKICHHOI.

B ciydae mukiia ¢ IpeBOBUIHLIMEU «OTPOCTKAMUY ITPOHYMEPYEM BEP-

MAHBI [TUKJIa, 9ucjiaMu 1,2,..., e, TEPBYIO JIPEBOBUIHYIO KOMIIOHEHTY
— vyucjgamu e + 1l,e; + 2,...,e2 C cCOXpaHEHHEM JIOCTUKUMOCTH, TTOCJTIe-
JIYIOIIFEe IPEBOBUIHBIE KOMIIOHEHTHI — dHcaaMu e€; + 1,e; +2,...,e;41 C

COXpaHEHUEM JJOCTUZKMUMOCTHU. HOCJIG TaKOI InepeaymMmepanun MmaTpunia Cu-
cTeMbl Oy/IeT UMeTh OJI0YHO HUZKHETPEYTOJILHBIN BUI, IPUYEM YPaBHEHUST
¢ 1 mo e; (coorBeTcTByIOIINE JIEBOMY BEPXHEMY JMAIOHAJILHOMY OJIOKY )
OyayT BHIA

Tey D1 = ay,

1 D x2 = ag,

T2 @ x3 = az,

Tey—1 ©® Tey = Qeyq

MatTpuia BBIIHUCAHHON ITOJICUCTEMBI SIBJISIETCS BBIPOXKIEHHOMN, CJIeI0Ba-
TeJIbHO U BCSI CHCTEMAa JIMHEHHBIX YPABHEHUI BBIPOXK IEHA.

CanenoBarenbao, Heobparumocth KAIIC 1, 9KBUBaJIEHTHa HAJTUIUIO
UKJa B y3ope ocHoBaHus. Ilo jiemme 15 cyrecrBoBanue rpaduKa Bbl-
ancsienns I, ysop G(I') KoTOporo cojep:KuT OpHEeHTUPOBAHHBIH IUKII,
SKBUBaJIEHTHO Hajn4uio y MT 73 KOHEUHOro u-MHUIMAIBHOTO (DyHKITHO-
HUpoBaHusi. JloKa3aTe/IbCTBO JIEeMMbI 3aKOHYEHO.

Hamee HAM TOHAIOONTCS JIBOUYHBIN KO, KOTOPBIA MO3BOJISIET KOIH-
poBaTh MHOXKECTBO 3HaveHMii siueek rpadukos M U Q U {nul, bad, bl} u
OJINH OUT, OTPAYKAIOIIUH pacIpocTpanenne nHGOPMAIUH 110 y30py. ByayT
HCIOJIB30BATbCS KOJbI (PUKCUPOBAHHON JIJIMHBL W, IIPU 3TOM IIOJI JIBOUY-
HBIM KOJIOM OyJIEM IOJIpa3yMeBaTh HEIyCTOe MOAMHOXKeCTBO W MHOXKe-
cra EY. O6bemoM koza |W| GyneM HA3BIBATH YHCIIO JIEMEHTOB BO MHO-
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xxectBe W. Uepes 0% Oymem obo3HadaTh cjaoBo u3 w Hyseir. Or koma W
OymeT TpeOOBATHCS CJIEJYIOIIe CBOCTBA!

CBoiicTBO cTpoOroii aHTUIMUKJINIHOCTU. 11T JTFOOBIX CJIOB
a1ay ... ay € WU{0"},  brby...by € WU{0"}
st moboro s € N, 1 < s < w, cj10BO
AgOg41 - - Qupbibo .. . bs_1

HE TPUHAJJIEKUT Koxy W.

CsoiictBo nmauagpudHocTu. CyimmecrByer Takas no3uius 1 < s <
W, 9TO JJTst JIIOOOTO CJI0BA

biby ... b5_1b5b5+1 by EeW

CJIOBO

biby ... bsfll_)sstrl by €W,
e by — MHBEpCHS 3HAUEHHS by.

Ko, ynosierBopsitomnuii CBOMCTBY CTPOroil aHTUIUKJIMIHOCTH W IU-
JIMHAPUYIHOCTH, Oy/IeM Ha3bIBATH aHTHIUKIMIHBIM ITUIAHIPAIECCKUM KO-
JIOM.

Jlemma 17. Ilycmo WLZ — deouunwviti kod daunvt L € N, xodoswie cro6a
Komopoeo ne codepoicam nocaedosamenvrocmed us bosee wem Z € N
nodpsad udywuxr wyaed. IHycmv 3adarn xod WLZ onunv w = L + Z + 4,
codeporcawutl 6ce ca06a 6UdG

00...01bob1by ... by,
Z+2

2de by € o, biby... b € WLZ Tozda xo0d V[N/LZ bydem aHMUUUKAUSHBIM
YUAUHIPUMECKUM KODOM.

JokazaTeabcTBo. CBONCTBO IMUTHMHIPUIHOCTH KOJIA V[N/LZ mo 6UTy HOMED
Z + 4 ouesnano. TTokazkeM BBIOJHEHNE CBONCTBA CTPOrOi aHTUIUKIINY-
HOCTH. .

Bamernm, 4TO B 06oM ciose Kojta W cioso uz Z + 2 nyseit Berpe-
JaeTcss poBHO OfuH pa3 (oHO HaxomuTes B mpedukce). eiicrBureanbho,
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cs10BO b1by ... by comepKUT MOCIeI0BATENHHOCTH U3 MAKCUMYM Z HYJIEH,
[IpY YCJIOBUM YTO 3Ta IMOCIEI0BATEIbHOCTD UIET B HadaJIe cjaoBa u by = 0
HMeeM TI0CIe0BATE/IbHOCTD U3 Z + 1 HyJeil.

Jlajiee mpoBejieM 10Ka3aTe/IbCTBO OT MPOTUBHOTO. JlomycTuM, 910 Ha-
mesics ¢pur 1 < s < w, YTO s HEKOTOPOTO KOJIOBBIX CJIOB G103 . - . Gy,
biby ... by € WLZ nMeeM

Usligyt - Qybiby ... by € WE.

B cuny xoucrpyknun npedukca ciiosa ciydan 1 < s < Z + 3 He BO3MOXK-
HBI (€IMHUIA OKA3BIBAETCsI CJMIIIKOM OJIM3KO K Hadasly). B cuity ciesan-
HOT'O 3aMEYaHUs O UINUC/Ie HyJIel HEBOZMOXKHEI cirydan Z+4 < s < w—Z4—2
— TaK KaK B 3TOM CJly4ae HadajoM JUIMHbL Z + 2 CIBUHYTOTO CJIOB& OKa-
3BIBAETCST HEKOTOPOE BHYTPEHHEE II0JICJI0BO CJIOBa W3 WLZ , & B HEM He
MOXKeT ObITh Z + 2 myneit. B ciiygae w— Z — 1 < s < w #Ha nosunun Z + 3
CIABUHYTOrO cJioBa oKasbiBaeTca (. Bce ciyvuam, Korma ciioBa ai1as . . . Gy
u bibs ... by, — KOIOBBIE, PACCMOTPEHDI.

Homyctum, 910 a@1as...a, = 0%. Torma maa aoboro 1 < s < w,
s € N, nmeeM, 9TO CJIOBO Aslsy1 ... Aybiba... bs—1 comepxuT mpeduxc
13 KaK MUHUMYM Z + 2+ § HyJIell, 9TO IPOTUBOPEYUT KOHCTPYKIIUN WLZ .

Ocracst caydait a1as ... ay € WLZ, b1bs ... by = 0%. B cayuae, ecom
1 < s < Z+ 2 umeem, 9TO Ha TIO3UIUHU Z + 3 — S B CJIOBE

AgQg41 - awb1b2 N bs—l

OKa3bIBAETCsSI CUMBOJI 1, 9TO IIPOTUBOPEYUT TOMY, YTO BCE CJIOBA U3 WLZ
nmeroT npedukc u3 £ + 2 myseit. B ciyaae s = Z 4+ 3 umeem, 94TO CJIOBO
AZ+4Q745 ... Qy € WLZ COIIEPKUT B KadecTBe IpeduKCca IOC/IeI0BaATE/ b
HOCTb U3 Z + 1 HyJssI, 9TO NPOTUBOPEYMBO. B ciaydae s > Z + 3 umeem,
410 1080 biby ... bs_1 = 0°~! BxonuT B KauecTse cydduKca B HEKOTOPOE
CJIOBO U3 WLZ , 9TO OISITh IPOTUBOPEUHBO.

JokazaTeabCTBO JeMMBI 3aKOHUIEHO.

Jlist mcnosib3oBanus JieMMbl 17 TpeOyeTcss MOCTPOEHUE KOJIOB WLZ .
st Majbix 3HadeHut L 9T KOJBI MOYXKHO HOCTPOUTDH ITOJTHBIM I1€pebo-
pom. IlpuBesem oaun BapumanT KOma, KOTOPDLIA OyIET HCIIOJIB30BATHLCS B
MIOCTPOEHUN JAJIEE.

Jlemma 18. Cywecmsyem deourunviti k00 VV72 daunnt 7, K0dogvie cA06G
KOMopozo we codepoicam nocaedosamenvrocmets us bosee wem 2 nodpsad
udywux Hyset, umerowut obsem 81.
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okazareabcTBo. [IpuBesem B gBHOM BHIE JIEKCHKOIPADUIECKN YIIO-
PSIOYEHHBINA CITUCOK CJIOB, COCTABJISIIONINX KO MK?.

wO1l: 0010010 w28: 0110101  wb5: 1011101
w02: 0010011 w29: 0110110 wb6: 1011110
w03: 0010100 w30: 0110111  wb7: 1011111
wO4: 0010101 w31: 0111001 wb8: 1100100
w05: 0010110 w32: 0111010 wb9: 1100101
w06: 0010111  w33: 0111011 w60: 1100110
w0O7: 0011001 w34: 0111100 w61: 1100111
w08: 0011010 w35: 0111101 w62: 1101001
w09: 0011011 w36: 0111110 w63: 1101010
wl0: 0011100 w37: 0111111 w64: 1101011
wil: 0011101 w38: 1001001 w65: 1101100
wl2: 0011110 w39: 1001010 w66: 1101101
wl3: 0011111 w40: 1001011 w67: 1101110
wil4: 0100100 w41: 1001100 w68: 1101111
wlb5: 0100101 w42: 1001101 w69: 1110010
wl6: 0100110 w43: 1001110 w70: 1110011
wl7: 0100111 w44: 1001111 w71: 1110100
wl8: 0101001 w45: 1010010 w72: 1110101
wl9: 0101010 w46: 1010011 w73: 1110110
w20: 0101011  w47: 1010100 w74: 1110111
w21: 0101100 w48: 1010101 w75: 1111001
w22: 0101101  w49: 1010110 w76: 1111010
w23: 0101110 wb0: 1010111 w77: 1111011
w24: 0101111  wb1: 1011001 w78: 1111100
w25: 0110010 wb2: 1011010 w79: 1111101
w26: 0110011  wb3: 1011011 w80: 1111110
w27: 0110100 wb4: 1011100 w81: 1111111

B srom cnucke «wNN:» ncrosib3yercs Kak MeTKa K CJIOBY IOJ[ HO-
Mmepom NN. B cumity Jrekcukorpadudeckoro mopsijka CIIHCKa JIETKO ITPO-
BEPsIETCs, YTO BCE CJIOBA B HEM pa3iudHbl. OrpaHudenne Ha KOJUIECTBO
HyJIefl B CJIOBAX M3 CIIMCKA I[IPOBepsieTcs ero mpocMorpoM. Jlokazaresnb-
CTBO 3aKOHYEHO.

JLnst MOJTHOTHI M3JIOYKEHUsI MpuBe/ieM 06e3 JI0KA3aTe/IbCTBa, TAOJIHILY
00HEMOB KOJIOB WLZ JIJIsI HEKOTOPBIX 3HadeHuil mapamerpos Z u L, a Tak-
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2K€ JJIUHDBI W ITOJIyJAIOIIerocs KoJa WLZ . Ora TabJInia UCIOJIL30BAIACH
I moAbopa mapamMeTrpoB L u Z Tak, 9TOObI w ObLIO MUHUMAJILHBIM.

(w [WEI[L]Z]w |[WEI[L]Z]

11 15 413 || 13 55 811
11 21 6 |11 13 56 6|3
11 24 512 13 81 7|2
12 29 513114 89 9|1
12 34 71114 108 | 7|3
12| 44 6 2|14 149 | 8| 2

[TocTpoennntit Ko Wg Oy/IeT UCIIOIBb30BAThCS JJI KOJIUPOBAHNS MHO-
skecrBa (MUQU{bl}) x Ey. Oaako, HAM IPU 9TOM [TOHAI0OUTCST He BECh
KOJI, & TOJIBKO 77 Tap CJIOB, OTINYAOIINXCS ITUIMHIPTICCKIMU OUTaMI.
Taxue napbl CJIOB OJIHOZHATHO 3aJ]aI0TCA OOMIMMM JIJIsl HUX HOJIC/I0BAMU
bgb7 ... b13 KOIA VV72 Kon, monygennnrit u3 W72 BBIOOpOM 77 TIap CJI0B, CO-
oTBeTcTBYyIOMUX ciaoam w01, w02, ..., w77 Koma VV72 , 0003HaYUM Uepes
Wg OueBuIHO, YTO KOJ /W72 OyIeT aHTUIUKJIMIHBIM [TAJIAHIPUIECKIM
KOJTOM.

HoxkazareabcTBo Teopemsl 1. [lnan noka3aresibcTBa COCTOUT B CJIELY-
formeM. Bymer mocTpoeHo ceMeifiCTBO ABYMEPHBIX KJIETOUHBIX aBTOMATOB
Ou, ¥ € N, u > 1, KaxK/JIblif U3 KOTOPBIX UMEEeT B KaveCTBe JIOKAJIbHOMN
dyuknun nepexojos GYHKIMIO , U OyieBa dyHkius ¢ ¢ 91 nepemen-
woit. s o, Oymer joka3aHO, UTO OH HE sIBJIETCS OOPATHUMBIM TOLJIA
¥ TOJBKO TOTI/A, KOIJa MAIlNHa THIOPUHTA T3 U3 TEOPEMbI 2 UMEeT KO-
HEYHOE U-UHUINAJIbHOE dyHKIIMOHNpoBaHue. Jlajiee, 3 Hepa3pernmMocTu
IpobJIeMBI OITpeiesieHns 110 HAaTypabaoMy u umeer ju MT 73 konednoe
U-UHUIHAJIBHOE (DYHKIIMOHIPOBAHUE BBITEKAET HEPAa3PENIUMOCTD TPODIIe-
MBI pacIio3HaBaHusi obOpaTuMocTu B ceMeiictee KA o,. B cuy Toro, aro
st Beex u > 1 oy, € CA(2,2,m,¢), B knacce CA(2,2,m, ) cBoiicTBO
00paTUMOCTH TAKXKe HE PA3PEIIMO.

Msr Oyzaem monenuposath B 0, KAIIC p, u3 jsemmbr 16, mpu 5TOM
0y, OyZIeT obpaTuM TOTJA U TOJIBKO TOTJA, KOUJa O0PATHM [i,. Jlemma 16
Oyrer maBaTh cBesenne octanoBku M'T K meoOpaTtumoctu oy,.

Jlns 3a/iannst KJIETOYHOTO aBTOMAaTa o, HAJI0 yKa3aTh €ro mabJioH
coceqcTBa VX% i jokasibHyio ByHKIMIO mnepexonos . 1la6mon Vx4
dakTIrdeckn GyneT IpecTaBIaTh U3 cebs mabmon VX% 0THOCHTEIHHO
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«YKPYHHEHHOT'O» KJIETOYHOI'O0 aBTOMAaTa, A9eHKN KOTOPOr'Oo MOJEJINPYIOT-
ca OokaMu u3 13 1mocJie10BaTe/IbHO PACIIOIOKEHHBIX ST9eeK 0y, Ha TOpU-
3oHTAMN (Takue OJI0KM OyaeM Ha3blBaTh sideiikamu). [Ipm sTOM B 9THX
s4qeiikax Oy/IyT JieXKaTh CJI0Ba KOIA W?, U MEHATHCS OYJIeT TOJIBKO <«ITH-
JIMHIAPUYIECKU» OUT 3TOro Kojga. To ecThb Mab/IoH COCeACTBa VX—t o
JKeH 00eCIrednBaTh BUJAMMOCTD cOocelieil OJI0KOB, KOJUPYIOIINX COCeIei B
by, OTHOCUTEJIBHO 3TON <«IMJIUHIPUIECKON» sSUIEHKMU.

Ipnu 3amammn mabiona cocencTa VX% yio6HO pasbuTh €ro BEKTO-
pa Ha IPYIIIbI, KOIUPYIONINE BUIUMOCTD KJIETOK 10 OT/IE/IbHBIM BEKTOPAM
VXU a TakiKe cocejiell BHyTPU KJICTKH, COJCPIKAINCH sSueifKy, OTHOCH-
TeJIbHO KOTOPOIi cunTaercs repexos (Oy1eM Ha3blBaTh TAKYIO KJIETKY I1eH-
rTpasnbHoit). st 3amanus dbyHKIMN @ Tak)ke O6yIer yiao0HO OJIHOBPEMEH-
HO C BEKTOPaMH I1a0JIOHA COCEJICTBA BBECTU OOO3HAYEHUS IIEPEMEHHDBIX
GYHKIINU [IEPEXOJIOB, KOTOPBIE COJAEPXKAT MH(MOPMAIUIO U3 OKPECTHOCTH
STIeWKH, JOCTYIIHYIO IO 9THM BEKTOPAM.

I'pymma BEKTOPOB Ve 1, Ve,2, - - -, Ve,5, Ve, Ty - - - 5 Ve, 13 OYJIET KOIUPOBATH
BIJIUMOCTD BHYTDPH IEHTPaJIbHOI KileTKu. BeKTop v, ¢ OIyIleH, Tak Kak
oH OyJ/iIeT COOTBETCTBOBATD IUJIUHIPUIECKOMY OUTY, TO €CTh OyIeT HyJie-
BeIM. Ompenennm v ;, 1 < ¢ < 13, ¢ # 6, dopmyioit ve; = (i — 6,0). Ile-
PEMeHHBIe (0, COOTBETCTBYIOIINE BEKTOPaM U ;, Oy/ieM 0003HadaTh uepes
Zc,i. IIpu aTOM 4epes . OyJieM 0OO3HAYATH II€PEMEHHYIO, COOTBETCTBY-
TOIYIO 3HAYEHUIO STIEHKHU, OTHOCUTE/THHO KOTOPOM BBIMHC/IAETCS TIEPEXOI.

I'py1ima BeKTOPOB U4 1, V4,2, - - - , V4,13, d € {e, s, w, sw, n}, Oyaer koau-
POBATh BUIUMOCTH KJIETOK IT0 HAIPABJIEHUSIM VUg. OnpeenM 3HaUYeHUsI
BEKTOPOB Vg4, 1 < i < 13 dopmynamu

Ve,i = (14+7,0), vs; = (1 —6,—1), vgy; = (i —19,—1),
Uy,i = (i —19,0), v, = (1 —6,1).

CooTsercTByIoNEe UM IepeMeHHbIe Oy/ieM 0003HAYATh YePe3 Ty ;-

I'pymma BeKTOPOB Vg 1, Ugg, .., Utz OyJeT KoaupoBaTh BHUJIUMOCTD
b b b

KJIETOK 110 Hampas/aeHuio vY. OupeesnM ux 3HadeHus (HOpMyJIaMu
ve; = (1 +13-(u—1)+7,0).

CooTsercTByIonEe UM IepeMeHHbIe Oy/ieM 0003HAYaTh YePe3 Tee,;-
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C y49eToM BBEJEHHBIX IPYIII BEKTOPOB mabaon VX% Gyrzer mvers

BUII
yk—u
|4 = (Uc,h Ve, 2y « -+ Ue5y Ve, 75 -+ - U 13,
Ve,1, Ve,2y « -y Ve 13y Us,1y Us2y, -+, Us 13,
Vsw,1y Usw,2y + - -y VUsw,13y Vw,1, Vw,2y -+, Vw,13,
Un,15 Un,25 «- -5 Un,13; Vee,1; Vee,25 « - - Uee,13)-

Hawm Takke monamobuTcst mabiion cocencTa V¢, onpeneasieMblil cie-
JIYIOIIIM 00Pa30M.

[/C
Ve= (Uc,h Ve, 2y + -+ Ue,5y Ve, 7y -« - Uc,l?;)-

[Ipu 3aganun GyHKIMM @ Oy/IeM HCIOIB30BATE JIeMEHTApHbIE (DYHK-
nuu ajarebpbl JIOrKU 1 obo3HadeHns: u3 Kuuru [3|. OyHkiwms ¢ Gymuer
UMEeTDb CJIeIYIONINH BT

Y = Xee-PrV ¢($c,6a Te,6y--- al'ee,67€Ca ey o gee) C LI,

rJie @5 — QYHKIWS [ETOCTHOCTHA KOJAUPOBAHUST, Y — JIOKATbHAS (PyHKITHS
nepexoyioB KA i, u3 semmbr 16. Cumpoutet &4, d € {c, e, s, w, sw,n, ee},
0603HAYAIOT (DYHKIIUU JIEKOAUPOBAHUST 3HAYEHUH KJIETOK OCHOBAHMWSI.
OyYHKIUN JEKOTUPOBAHUS 3HAYEHUN KJIETOK OCHOBAHUSI &g 3ABUCSIT OT
HEPEMEHHBIX Zd 1, Ld,2, - - -, L4,13 1 TPUHAMAIOT 3HAYEHAS BO MHOXKECTBE
MUQU{nul, bad,bl}. B ciyuaae, eciiu Bce nepementbie GyHKIuM g PABHBI
HYJO, {4 NIpUHUMaeT 3nadenne nul. Eciu sHauenne nepemMeHHbIx 00pasy-
eT He HyJIeBoe CJIOBO, He MpuHa yiexarmee koxy W2, &, pasua bad. aee,
muozkecTBo MUQU{bl} cocront u3 3+4-34+61+41 = 77 ssemenros. Como-
CTaBUM 9TUM 3JIEMEHTAM OJJHO3HAYHBIM 0OPA30M TIapbl CJIOB U3 /V[772, OTJI-
JAIOIUECsT TJINHIPUIECKUME GUTaMi, 0003HAYMM TIOJTY YUBIIEECs OTOD-
paxkenne gepes &. Ecm st mekoroporo snementa m € M U Q U {bl}
suadenue &(m) COBIAJACT C OJHUM U3 SJIEMEHTOB U3 HApbl, £ PABHO 1.
DyHKIMS EJOCTHOCTH KOJUPOBAHUS (O] COJIEPIKATEIBHO TPOBEPSIET,
4TO 3HAYEHHs! BCEX KJIETOK OKPECTHOCTH AUEliKH v SIBJIAIOTCS JIMOO KOzlo-
BBIMH CJIOBAMU M3 W72, 6o ciaosom 03
stom 3mauenne V¢(a) me pasno 0'3. B ciyuae, ecim ykasammoe yciio-
BU€ He BBINOJIHsIETCsI, ee 3Hadenne pasHo 0, maade 1. OnHa MoxkeT ObITH
IIpe/IcTaB/JIeHa KaK KOHBIOHKIINS IMEeCTH I3 BIOHKITUHN BUIA

, cocTodIuM u3 13 Hynei, npu
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— — — b b b
or.d = (Tg1-Tgo- ... Tq13) V \/ Ty Tin - Ty lss
blbg...b13€W72
rie d € {e, s, w, sw,n,ee}, U IUIHLIOHKIUN
b13

_ b1 b2
()0[70 = \/ qu . xC,Q LI 1'0713,
b1b2...b13€W72

TO €CThb
PI = Plc Ple Pls Plw - Plsw  PlIn - Plee-

Ilycrs f — xonduryparmus KA o,. Oboznauum gepes By 610K sg4eexk,
3HaveHns DYHKIMH JeKOIMPOBAHNS 3HAYEHNH KIeToK &, it V¢ oKpecT-
HOCTU KOTODBIX He JIexKHT B MHOxkecTBe {nul,bad}, m 3mauenme VX~
OKPECTHOCTH yJI0BJIeTBOpsieT 7. ObO3HAUNM IJI00aIbHYI0 (DYHKIUIO IIe-
pexonos KA o, depes ®,. 3amernM, 4TO U3 KOHCTPYKITUH (0 BBITEKAET,
410 B obpaze f1 = ¥, (f) Kouduryparmn f npu BBIUHCICHHN IEPEXO/IA
KA o, Moryr n3MeHUThCsi 3HAYMEHUS TOJIBKO TEX S9eeK, KOTOPBIE IPH-
HaJiexkar 610Ky By

Obozuaunm uepes B}, 0 <4 < 12, nopbiok 6710Ka By, cocToamuii u3
sTIEEK, 3HAUEHUMST OCTATKOB OT JIeJIEHUs MEPBOIl KOOPIMHATHI 10 MOJLYJIIO
13 KOTOpPBIX PABHHI %.

Yreepxkaenue 19. Jlaa ecex namyparvnoix i, j, 0 <1 < j < 12, mmno-
orcecmea VC(B;}) u VC(B;) HE Nepecexaromcs.

Hokaxkem yTBepKJeHNEe OT MPOTUBHOTO. JleficTBUTENbHO, TOMYCTHM 9TO
He TaK, I HallJach ddelika o € VC(B}) N VC(B;) JUI HEKOTOPLIX pa3-
smabbix ¢ §, 0 < i < j < 12. Torma Haitayres suaeiiku 3; € B}, Bj € B;
rakue, 9to o € V(f;), o € V¢(3;). Bes orpanndenus obIIHOCTH, 1100
JKUM KOOPJIMHATHI siueiiku [3; pasubivu (i, 0). Torjga koopauHaTh saeiiku
B; pasusbl oo (j,0), mu6o (j — 13,0).

Pacemorpum ciywait §; = (4,0). B cuy Toro, 4ro snadenne okpect-
noctu VX~Y%(B;) yaoBieTBOpseT @1, MMeeM, UTO 3HAYCHUA T; 18, Ti 17,
..., Tiyoo mocsenoBaTesibHOCTH sideek (i + 5,0), s € N, —18 < s < 20, B
koHurypamun [ TpPeCTaBISAIOT U3 cebsi KOHKATEHAIINIO TPEX CJIOB Wi,
Wa, W3 U3 MHOYXKECTBA W? U {03}, npu 3TOM TIeHTpaIbHOEe U3 ITHX CJIOB
W9 HE PpaBHO 013. AHaJIOI‘I/I‘{HO, SHa4Y€HUA Tj_18, Li—17, - -+, Lj420, A9€EK
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(7 +s,0), s € N, =18 < s < 20, B koudwurypanuu f 1pejCcTaBiIsgAoT U3
cebsl KOHKATEHAIMIO TPex CJIoB w), wh, wh u3 muokectsa W2 U {013},
Nmeem cremyroniyio KapTuHy:

w1 w2

Ti—18.--Lj—-19Lj—-18 -+ Lj—6Lj—5.--Lj—6Lj-5«+ Lit6Li4T7 -+ Lj+6 -

N
!

wy w)

IMeeM IIPOTUBOPEYHE CO CBOMCTBOM aHTUIIMKJINIHOCTH KO W? 1St
cioBa wa. B ciayqae f; = (j — 13,0) obosmaunm ¢ = j — 13, j' =4, u
poBeJieM aHaJIOTMYHOe paccyKjeHne. Bee ciydyan npuBeieHbl K IPOTH-
BOPEUUIO, CJIEJ0BATEIBHO IIPU PA3HBIX i MHOXKECTBA VC(B}) He mepece-
KaloTCA.

VYreepxkaerue 19 jokazaHo.

Bynem mokasbiBaTh 9KBUBAJIEHTHOCTD CBONCTBA OOPATUMOCTH iy, U Oy,
B JIBa 9Tala — CHAJYAJa ITO M3 HEOOPATUMOCTH (i, BBITEKAET HEOOpaTU-
MOCTB Oy, IIOTOM 9YTO U3 HEOOPATUMOCTH O, BBITEKAET HEOOPATUMOCTH

M-

YrBepxkaenue 20. [lycmo das nexomopozo u € N, u > 1, KAIIC iy,
ne obpamum. Tozda KA o, maxowce ne obpamum.

N3 nemmbr 16 BeITEKAET, 9TO HEOOPATUMOCTD i, SKBUBAJIEHTHA, CYIIIE-
CTBOBAaHUIO y MaIlUHbl ThHIOPUHTA T3 KOHEUYHOTO U-UHUIUAJIBHOTO (DYHK-
nmonnpoBanus. I1o jemme 10 MOXKHO NMpPeIbsBUTh MPAMUK BBIUUCIEHUS
I, ysop G(I') xoroporo npejicrasisier u3 cebst OPUEHTUPOBAHHBIN UK,
pu 3roM MHOXKecTBO BepiuH G(I') coBrajiaer ¢ MHOXKECTBOM BCEX HEHY-
neBbix saeek 1. TToctpoennasi o I' kouduryparmus ¢° KATIC g, ¢ ny-
JIEBBIMY 3HAUEHUSIMU KOMIIOHEHT aKTHBHOIO COCTOSTHUS OyJIeT UMEeTh JIBa
poobpaza — camy ¢° u kouduUrypanmio gt, mosydaronyocs IpUCBOCH-
eM aKTHBHBIM cocTosiHusIM stueek-BepiiuH G(I') snauenus 1.

Haustee, nocraBum B coorsercrBue stueiike o = (xz,y) KATIIC p,, vHabop
u3 13 sveexk B, = (13- —5,y), (13- —4,y), ..., (13-2+7,y)). Ilpu
sroM jyist cocrosinust f KA o, Gyiaem obosnadars vepes f(B,) Habop
3HavYeHUil siueek OJioKa B B mopsijike uxX ciejioBanus B Habope By, TO
ectb (f(13-2—5y), f(13- 2z —4,y), ..., f(13 -z +T7,y)).

Sagaaum otobpaxkenue koguposanusi © cocrosiuuit KAIIC ., cocto-
stuusimn KA oy, Ilycrs g — cocrosinue fiy,, g(a) = (b,m), tne b € Es,
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m € M UQ U {bl,nul,bad}. 3anamum orobpazkenne © 3HAYECHUSIMU €O
pesysibraTa Ha Habopax sdeeK B,.

Ecmt m € M U QU {bl}, o ©(g)(B,) € &(m), npu srom O(g)((13 -
z,y)) = b, tie (z,y) = a. To ecrb smement u3 maps £(m) BHIGUpPaETCs
TaKUM 00Opa30M, ITOOBI 3HAYEHHE MUJIUHIPUIECKOTO OUTa COBIAJIO C b.

Ecau m = nul, To 3Hadennst orobpaskeHnsT KOIANPOBAHUS €CTh KOHKa-
TeHalus 3HadeHus b, mpedukca u3 b mHysei u cyddukrca u3 7 HosEl, TO
ectb O(B,) = 0°007. Ecim m = bad, To O(B,) = 1°b17.

Paccmorpum obpasbr fO = O(¢%) u f! = O(g') npu orobpaskenun
Ko/mpoBanns. 3aMeruM, uro Kondurypammu ¢ u g' me comeprkar gueex
co suauenusmu (0, bad), (1,bad), (1,nul), To ecTb 3HAaYEHHUs BCeX OJIOKOB
B, nexar Bo muoxkectse {013} U W? W3 yrBepxuenusa 19 umeeM, 4To
B = Bp = B?O, TO ecTh B mporiecce Beraucaenust P, B xoudurypa-
[USIX TIOMEHSIIOTCSI TOJIBKO IUKJIMYEeCKe OUTHI KOJOBBIX coB. lasee, B
ety samamns @, mmeem @, (f0) = @, (f1) = f°, To ects 0, He aBAACTCH
0OpaTUMBIM.

Yreepxkaerne 20 10Ka3aHO.

Jlist mokazaTebCTBa MMILIUKAIIAM, OOpaTHON K yTBepxKjaeHuio 20,
HaM MOHa100uTCst OoJiee TIOAPOOHO U3YUUTH CBOMCTBA OJIOKOB B}.

YrBepxkaeuue 21. Ilycmo f — xoudueypayus KA o,. Toeda ne mo-
arcem bvims makozo, wmo daa nexomopoir 0 < 1,5 < 12, 1 # j, 6vinoans-

n0ch 3 € V**“(B}) U VC(B}), f(B) #0.

Jlannoe yTBep:KIeHue SIBJIAETCS yCUJIEHUEeM YTBepXKIeHnus 19 u j1oKa-
3BIBACTCA AHAJIOTUTHO €My. HeitcTBuTEIBHO, IIyCTh HalJleTcs sAdeiika 5,
B e V*_“(B}) U VC(Bjc). Coyuait § € VC(Bjc) HE BO3MOXKEH 110 yTBEp-
xKaennio 19, ciegoBarennuo € V**“(B}) \ VC(B;}).

[ycts B € VE(B), B € B}. ITo ompenenenuto B; OKPECTHOCTD
VX ~U(3") conepsKuT CBOMMMU 3HAYEHIAME Ha CTPOKE C sdeiikoit 3 Tpu Ko-
JIOBBIX CJIOBA U3 MHOYKECTBA W? U{0'3}, ux mumuHapuYecKne GUTHI <BbI-
POBHEHBI» 110 MOJLYJIIO j, U IeHTPaJbHOE CJIOBO W' He sBJIAeTCS HyJIEBbIM.
IIpu sTom sueiika B naxoqures B nenTpaibHoM ciiose. o onpesesennio
B;} gueiika (3 TPUHAIEKAT KooBoMy ciioBy w m3 W2 U {03}, mummm-
JpuYecKne GUTBI KOTOPOrO «BBIPOBHEHbBI» 110 MOJLYJIO i. Vimeem mpoTuso-
petre o CBOHCTBOM CTPOTOl AIUKIHTHOCTH Komia W2,

Yreepxkaerne 21 10Ka3aHO.
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YrBepxkaenue 22. [lycmo fi, fo — xonduzypayuu Kiemouro2o agmo-
mama oy, fo = ®y(f1). Toeda dan aobozo i € Ny, 0 < i < 12, }1 = }2.

B cuny komcTpykiun yHKIME @ B mporecce papborsl KA o, me-
HSATBCST MOTYT TOJIBKO COCTOSTHUS STI€EK, SIBJISTIOLMECs] I{AIMH /IPHIeCKUME
OUTAMHU HEHYJIEBBIX KOIOBBIX CJIOB W3 W72, B OKPECTHOCTH KOTOPBIX HAXO-
JATCA KOJOBBIE CJIOBA W3 W; U {0'3}. B cuty yTeeprkaenns 19 pasmrd-
HBIE€ KOJIOBBIE CJIOBA HE IEPECEKaloTCsl, B CUIIYy yTBep:KieHus 21 okpect-
HOCTH OTHOCHTENIBHO Iabona VX% [yl HUX He [EePeCceKAIOTCS, CJIEI0-
BATEJILHO KOJOBBIE OUTBHI, He SIBJISIONINECS IHINHIPHIeCKIMI, B VX
OKPECTHOCTH sTIefiku u3 OJIoKa B;ﬁ usMeHuTcst He MoryT. CjenoBare/ib-
HO, B}l = B}2.

VTBepxkieHue 22 JI0Ka3aHo.

YrBepxkaenue 23. [Tycmov f1, fo — xondueypayuu KA oy, @u(fa) =
@, (f1). Toeda dan mobozo i € Ny, 0 < i < 12, }1 = }2.

Pacemorpum koudurypanuto fs takyio, aro ®,(f1) = f3. B cuny
yTBepXKIeHus 22 B;% = B;ﬁ’ a TaKIKe B}Q = B;}B (tak Kak Dy (f2) =
@, (f1) = f3). 3 91X paBeHCTB nMeeM B;}l = B}Q.

VTeepxkieHue 23 JI0Ka3aHo.

YrBepxkaenue 24. [lycmov KA o, mne obpamum daa Hexomopozo u €
Ng, u > 1. Toeda cywecmeyrom pazauunvie kKonduaypauuu f1, fo maxue,
wmo ®,(f2) = ®u(f1), By, = By, = B}, Vo € Z?, o ¢ V¥ 7(BY)) :
fl(Oé) == fQ(OZ) = 0.

B cuny me obparumoctn KA cy1mecTByIOT pasindabie KOHPUTYpAIn
fi, f3 maxme, aro ®y(f3) = @y (f1). B ety yreepaxenns 23 umeem By =
By, Tlo onpenenenuto ¢ MeHsATbCs B nponecce paborst KA oy, moryr
TOJIKO COCTOSIHUS €€k, IPHHa/lerkalue By, To ecTb HallleTcs sueiika
a B By Takas, aro fi(a) # fi(a). Tak xax By asiserca obbeuennem

HEeIepeceKaroInXcs MHOKECTB B}{, 0 < ¢ < 12, Haligercs i1, 9TO & € B;}{

Paccmorpum koudwurypanun fi u f§, moaydaronmecs: caBurom Ha

Bektop (—i1,0) w3 f{ u f} coorsercreenno. st srux koHdUrypanuit
1o npexkuemy cupaseymso P, (f5) = @, (f{'), HO /s HUX 3HAYEHME HA

610Ke B?,, Pa3INIHBL.
1

Hauee, paccmorpum koudurypanun f1” u f’, copnanaiomue ¢ fi' u

/) Ha Gioke V**“(B?,,), ¥ TOXK/IECTBEHHO DaBHbIE HyJIIO BHE ero. B cu-
1

7y yrBeprkaenus 21 mMeeM, uTo JyIs BeexX sueek o m3 6ioka VX TU(BY,)
1
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cupasemuio @, (f))(a) = @, (f{")(a), a Takxe B},,, =0,1<i<12.
1

Bue 610ka V*~%(BY,) B cuny onpezenenns ¢ 3nadenns Konduryparmii

7
D, (fY") m @,(f]") ToxecrenHo pasubl Hyso. [lomydyennsie koudury-
paiun f” u f3' — uckombre.

VTeepxkieHue 24 JI0Ka3aHo.

YrBepxkaenue 25. [lycmv oas nexomopoeo u € N, u > 1, KA o, ne
obpamum. Toeda KAIIC p,, maxorce ne odbpamum.

BosbmeMm koudurypamuu f1 u fo KA oy, mocTpoennnie B yTBepXK ie-
nun 24. ITokarkeMm, 4TO 110 HUM MOXKHO IIOCTPOUTH Pa3/IM4Hble KOH(DU-
rypamun g1 u go KAIIC p, Takwe, 9To mx 06pasbl NpU BBIYUCIECHUN
ryiobaspHOM yrKIun mepexonos KAIIC u, coBmagator. V3 aToro dymer
BbITeKaThH HeobpaTumocTh KATIC p, u cnpaBeyInBOCTh JOKA3BIBAEMOTO
YTBEPZKICHUST.

BamaanM orobpazkenue nekoxuposanns © 1 cocrosmnus KA o, B co-
CTOsIHUE [Ly,. 1lycTh f — cocrostaue o,. Bymem craBuTh B cOOTBETCTBHE
nabopam u3 13 siaeex By, = ((13-x—5,y), (13-2—4,y), ..., (13-2+7,y))
KA o, siueiiky o = (x,y) KATIC p,,. Oupenenum orobpazkeHne JeKoiu-
poBaHus pOpPMyJIOif

O~ (A (@y) =( f((13-z,y)),
E(f((13-2=5,y)), ..., f(13-2+7,y)))).

O6osnaunm g1 = O71(f1), go = ©7!(f2). B cuuy roro, uro By, =
By, = B% u BHE OJIOKA V*_“(B%) koHurypamun fi u fo TOXKIECTBEH-
HO HyJIeBble, Ipu npeobpazosannu O~ ! Gymer norepsana TobKo nHAOP-
Mallisl O TOYHBIX 3HAYEHUsIX KOJOB JIeheKTHBIX siueeK (eci Takue B gp
u go ectb). OyHAKO, JlaHHast MHMOPMAIUS He BJIUsAeT Ha 3HAYECHUs] OUTOB
AKTUBHOT'O COCTOSTHUSI IIPU BBIYHCJIEHUU IIEPEXOJIOB [ly, CJIEI0BATETHHO
obOpasbl KOHMUIYpaAIWil g1 U go NPU BBIYUCICHUN TJIOOAJBHON (DyHKITUH
nepexogoB KAIIC ., coBmamator.

Vreepxkaerne 25 T0Ka3aHO.

[Tepeiiem K JI0KA3aTEIBCTBY TEOPEMBI.

Yucio nepeMeHHbIX (DYHKIUU (9 HEIOCPEJICTBEHHO BBITEKAET U3 €€
IMOCTPOEHHUSI.

Hepaspemmumocts cpoiictBa obparumoctu B kiacce KA {oy|lu € N|
u > 1} B COOTBETCTBUU C JIOKA3AHHBIMU BbIIe yTBEepKIeHusAME 25 u 20
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SKBUBAJIEHTHO HEPA3PEIIMMOCTH CBOMCTBa obparnMocTh B Kiacce KAIIC
M = {py|u € N, uw > 1}. B coorBercrBum ¢ jslemmoii 16 HepaspermmumocTsb
cBoiictBa obparumoctu KAIIC B kiytacce M sKBHUBaJIeHTHa Hepas3peln-
MOCTH MPOOJIEMBI OIIPEJIE/ICHUs CYIIIECTBOBAHUS Yy MaIllMHbl ThIOpUHTA T3
KOHEYHOTO U-WHUIHAIBLHOTO (DYHKIIMOHUpoBaHus. HepaspermmmocTs yka-
3aHHON TTPOOJIEMBI JjIs MAITUHBI THIOPUHTA T3 SBJISETCsT yTBEPXKIEHUEM
TEOPEMBI 2.
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