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O CTPOEHUU PEIIETOK KBASMHOTI'OOBPA3UIL.
II. HEPA3PEIIIMMBIE ITPOBJIEMBI*)

A.B. KPABYEHKO, A.M. HYPAKVYHOB,
M. B.IIBUJIE®CKUA

BBengenue

Hannast pabora npogoskaer uccaeposanust u3 [1]. Tlosromy u Hymepa-
st maparpadoB MPOI0IKAET TPUHITYIO TaM HyMepanuio. Pe3ymbrarsr qeasaT-
cs Ha JBe 4acTh. B meproii (Teopermyeckoit) "acTu HaxXOAATCS JTOCTATOTHDBIE
YCJIOBHSI, TPU KOTOPBIX KBA3UMHOT000Pa3ne COMEP:KUT KOHTUHYYM ITOTKBA3UM-
HOTO00OpAa3mil, MMEIONNX He3aBUCUMBIN 0a3Wc, ¢ HEPA3PEIMMMbIMA KBA3NIKBA-
[IMOHHOMW Teopumeit 1 mTPodIeMOit BXOXKIEHNS /IS KOHETHRIX CHCTEM, CM. Teope-
My 6.5. Bo BTOpOIT 9acTu MPUBOIUTCS Psifi CJAEACTBUIl OCHOBHOTO PE3Y/IbTaTa
npexpiaymei crarbu [1, Teop. 4.2] u reopem 6.4 n 6.5, KOTOPHIE MOKA3HIBAIOT,
9TO TOJIYyYeHHBIE PEe3y/IbTaThl UMEIOT MUPOKUil CIeKTp npuioxkenwnit. Teope-
Ma 6.5 0606Imaer u3BeCTHLIN pe3yabrar u3 [2].

Bce nonsitusi, Heonpeieiénubie 3j1ech, cM. B [1, 3-6].

§ 5. C-kyraccer

ONPEJEJIEHUE 5.1. Ilycrs 0 — koneunas curaarypa, M C K(o) —

“)PaoTa MEePBOTO ¥ TPETHEr0 U3 ABTOPOB BEIIOJIHEHA, IIPY (PUHAHCOBOMN MOIIEPIKKE [PO-
rpammoit dbyugamenTaababx uccaenoBanamii CO PAH Ne 1.1.1, mpoekT Ne 0314 2019 0003,
BTOPOTO W3 aBTOPOB — TIpW (PUHAHCOBOI momaepx ke Mex aymnapomguoro mareM. meatpa HIY,

u MOH PK, rpanT ,BerancammMocTs, HHTEPIPETUPYEMOCTh U airedpandeckne CTPYKTYPhI®.
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kBasnvHoroobpasne, 1 C = {C, | n < w} € M — kJacC HETPUBHAIBHBIX
cucTeM, 00IaIAI0NIN CBOMCTBAMMI

(C1) mns mobbix m,n < w cucrema €, Broxnma B cucremy €, Torga u
TOJILKO TOT/Ia, KOTJIA M = 1

(Cq) mst moboro n < w cucrema C,, ABASETCS TOIIPIMO HEPA3TOKIUMOM
7 KOHEYHO Ompenenennoir B M.

Torma C maswemBaerca C-xaaccom omuocumeavno M. Ecan xaxkmas ns
cucrem C,, n < w, koneunad, To C nazeBaerca koneunvim C-xaaccom ommo-

cumeavrno M.

JIEMMA 5.2. ITyecmv» M C K(0) — xeasummnozoobpasue, u A = {Ap |
F e Ppin(w)} €M — B-waacc omnocumeavto M. Tozda C = {Ap,y [ n < w}
asasemes C-xaaccom omnocumenvro M.

JOKABATEJIBCTBO. VreepxkaeHne JeMMbI JIETKO CIEAYET U3 OMpe-

nenenvsi B-xiacca [1, onp. 2.1|, onpexnenennst 5.1 u [1, caen. 2.7]. O

JIEMMA 5.3. ITycmv 0 — xoneunasn cuenamypa, v C = {C; | i < w} C
C K(0) — Kaacc KOHEUNBT HEMPUBUGADHUT cucmem, obaadarowuti c8ot-
cmeom

(C3) ecau i,j < w u cywecmeyem f € Hom (C;,C;), daa xomopozo
f(C;) — mempusuarvnas cucmema, mo i = j u 2omomoppusm [ Acasemcs
BAONHCEHUEM.

Toz0a C 6ydem C-xaaccom ommuocumenvno Q(C).

JOKABATEJIBCTBO. fcuo, aro (Csz) Baeuér (Cp). Takxke m3 (Cs)
CJIeJTyeT, 9TO JJIs JI0ObIX k < w U M, Ny, . .., N, < w yeaosue €, € SP(Cyy, .. .,
Cp,) BBIIOJHAETCS TOLJa W TOJBKO TOTJA, Korma n € {ng,...,ng}. JloGoit
roMoMOpHBIH 06pa3 KoHeuHoit cuctembl C, KOHedeH, modTOMY cucrema C,
aeasgerca Q(C)-npocroit mis modoro n < w. 3uaunt, (Cy) TaKXkKe BHITOTHS-

ercd. O

§ 6. Hepa3spermunmMocTh KBa3U3KBAI[MOHAJIBHBIX TEOPUi

Berony B aToM maparpade mpeanosaraeTcs, UTO CHTHATYpA 0 KOHETHA.

Hamomuuwm pam onpemenennii.
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[Iyctb A — cemeiicTBO TPOM3BOIBHBIX OOBLEKTOB (HAID., TEPMOB, (HOp-
MyJI, KOHEUHBIX MHOYKECTB, ajaredpamdeckux cucreM u T.11.). OrTobparkenue
k: A — w HasbBaeTca afexmucnol (Win z2édeaescrot) nymepayuet, ecan
JIsT KaxKI0ro obbekta a € A ero HoMmep k(a) ompegensercs 3(hdeKTuBHBIM
obpazoMm u, HA0OOPOT, OOBEKT @ BOCCTAHABIUBAETCS 3DDEKTUBHBIM 00pa30OM
o Homepy k(a). Iocremosarensuocts A = {a, | n < w} HA3BIBAETCA GBIYUC-
AUMOT, eCTA CYIIeCTBYeT BhuncanMas GyHkims f, Takas 910 k(a,) = f(n).
MHuOX)ecTBO 06HEKTOB A HAZBIBAETCS pa3petiuMviM, €CIIT MHOXKECTBO HOMEPOB
{k(a) : a € A} asnagercsa BeraucanMbIM. MHOXKECTBO 00beKTOB A Ha3bIBaeTCs
NePeNUCAUMbLM, €CTTH MHOKECTBO HOMEPOB {k(a) : a € A} IBIAETCS BBIYUC/IH-
MO TIEPEUNCTIMBIM.

SadurcupyeM Tée/eBCKYI0 HyMepaluio [ TepmoB u (hopMya curuary-
pol 0, [6, § 1.4]. Takxke 3adukrcupyem 3bdEKTUBHYIO HyMEPAIMIO ¥ KOHEUHBIX
MHOKECTB HATYpaJbHBIX quces, [6, §1.2], rakyio 4To CyuiecTByer BBIYHUC/IH-
Mast QYHKIWS, COMOCTABIISIIONIAS TUCIY N KOJMIECTBO IEMEHTOB MHOKECTBA
¢ momepom v(n). Ilyers ¢(ny, ny) obosragaer Homep maphr (n1,ns) € w? orHo-
CUTEJIBHO HyMepalnumn KaHTopa.

[Tycrs M — kBasumuoroobpasue curnarypsl o, 1 C = {C, | n < w} C
C M — xmacc koHeuHO ompenenéuasix B M cucrem. st Kaxxkmoro n < w
sadukcnpyem Konewnoe MHOkecTBo X, C {x; | i < w} mepeMeHHBIX BMe-
cTe ¢ ero wHTepmperarnmeir v,: X, — C,, a TakKe KOHEYHOE MHOYKECTBO
aroMapHbix Gopmys A, CO CBOOOIHBIME TIepeMeHHBIMU u3 X,, TaKue 9To
Cn = Fm(Xp, Ay) (oTHOCHTEIBHO y), cM. [1, onp. 1.1]. 3xech MbI cunTaewm,
aro X, = {xo,...,x,} 1 Ay = {Pon,..., Prn,n} Hepes &A,, obosznauaer-
ca dpopmyia ( (P & P1p) & . ) & @y, . st KOHEuHO Onpenesénnoit B M
cucrembl A = Fpp(X, A) obosnaunm vepes Dy amomaphyro duazpammy A,
T. €. MHOYKECTBO BCEX ATOMAPHBIX (POPMYJT U OTPUIAHUN ATOMAPHBIX (HOPMYIT
¢ epeMeHHBIME U3 X, HCTUHHBIX B A MPU WHTEPIPETAIN 7.

[Tycts C — C-kimacc oraocurenbuao M, u 6, obozuataer M-monoaum cu-

crembl Gy, T. €. HANMEHBIITYIO HeTpuBHaIbHYI0 M-KouTpy3HII0 HA C)\h. Bymem
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TOBOPUTH, UTO aTOMapHasi (hopMy/ia

pn(tg(xo,...,xln),...,tzn(xo,...,wln)), n<w,

nopooicdaem monosum cucmemnv, C, ¢ M, ecau
— cuMBoa p, € of U {=} asngerca k, + l-apubiM;
— TepMBI ig, ..., tj €O CBOOOJHBIMI TIEPEMEHHBIMU U3 X, Y/I0BIETBODSI-

0T YCJIOBUSIM
(tg['Yn], e ,th ['Yn]) € On(pn) m Cp [= pn (tg’ cee ,th) [Vn]-

OMMPEAEJ/IEHUE 6.1. Ilycte M — kBazumHOroobpaswe. Bymem rogo-
purh, aro C-xkiaacc C apdexmusnvili omuocumeavno M, ecan CyIlmecTByer
BBIYUC/IMMAs TI0CJI€/I0BATE/ILHOCTE A = {(Xn,An,An) | n < w}, TaKad 4To
Xn =A{xo,..., 21, }, Cn = Fm(Xpn, Ap) u dopmyna Ay, (xo, ..., x;, ) TOPOXKIAET
monoyiut C, B M naga maoboro n < w.

Ecin C — koneunsiii C-xkjace, To 6ygem cuntarh, 9to X, = {z. | ¢ €

€ Cp} m A, — nosurnsHas 9actb De, OTHOCHTEIHHO WHTEPIPETAINN T > C.

JIEMMA 6.2. I[Tyemv» M — xeasummnozoobpasue u C = {C, | n <
< w} €M — afipexmusnwiii C-kaacc ommocumenvrno M. s xkascdozo n < w
ynopadovum Xy, u Ay cozsacno T, m.e. T'(®y) < T'(P®jn) u I(z;) < T(zy)

mozda u Mmoabko mozda, kKozda i < j. Obo3HauuM wepe3d ¥y, K8a3umoicdecmso
V.%'o .. .V(L‘ln &An(.%'o, . ,(L‘ln) — An(.%'o, . ,xln).

Tozda nocaedosamenvrocmsy U = {1, | n < w} 6ydem eviuucaumor.
JOKA3BATEJIBCTBO. Eciin A — BblYMC/INMas TOCIEI0BATENILHOCT,
TO CyIIeCTBYOT Bhraucanvbie dynkmin f, g u h, rakne uro v(I'(X,)) = f(n),
v(T(An)) = g(n) n T(An(zo,...,21,)) = h(n) mrs xkaxmoro n < w. C yus-
tom onpesenennst ') [6, §1.4], ncnonn3yst g, Haiiném Bce aromapHbie Ghopmy-
JIBI, TpuHAIERAIME Ay, U yIOPAJ0YUM UX COTIACHO . DTO MO3BOIAT TI0-
CTPOUTH BHIYUCIAUMYIO (DYHKIUIO f(, TEPEBOISIIYIO 1 B F(&An(xo, . ,xln)).
Ucnons3yst fo w h, mocTponM BBEIYUCIAMYIO QYHKIHIO f1, TTEPEBOISIIYIO 1 B

F(&An(wo,...,xln) — An(xo,...,xln)). C momompio f1 m f Haiimém Bce
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epeMeHHble, MpUHAAIeXKamme X, YIOpIa0ounM uX coriacHo ' m mocTpoum

BBIUUCIUMYIO (DYHKIMIO fo, epeBogmtyio n B I'(¢y,) misa kaxmoro n < w. O

SAMEYAHUE 6.3. HecioxkHo TOKa3aTh, 9TO MHOXKeCTBO W pasperru-
MO€, €CIM B YCJIOBUAX JeMMBI 6.2 JOMOJHUTEIHLHO TOTPeOOBATHL pPa3pPEI-
MocTh A. MbI He TOKa3bIBaeM STOT (DAKT, T.K. OH HE TOTpeOyeTcs TpH JI0-
Ka3aTeJIbCTBE OCHOBHBIX PE3YJILTATOB.

PaccmoTpuM 11Be  afirOpUTMHYECKHE TPOBIEMBI I KBAZHMHOTOOOpa-
sus K C K(o). [lepast u3 HUX, npobiema ST0NHCOCHUA OAA KOHEUHDIT CU-
cmem, — 310 TipobjemMa o paspernumoctu ycaoBus A € K st KOHeUHBIX CH-
crem A € K(0). Eé MoxkHO chOpMYIMPOBATE CJIEIYIONMM 00pa30M: SIBJISETCS
mu xnace K/ xomeunerx cucrem B K paspemmMenr (SBISETCS I MHOXKECTBO
{v(T'(Dy)) | A € K/} Borancimmbin)?

IIycrs K C K’ C K(0), tne K/ — npeavuorootpasue. Bropas npobiie-
Ma, npobaema 6Toxcoenua o xKoneuno onpedesénnur 6 K' cucmem, kacaercs
pasperumoctu yenosust Fgs (X, A) € K 119 KOHEUHBIX MHOXKECTB TI€peMeH-
oeix X C {x; | i < w} m KOHEYHBIX MHOXKECTB aroMapHbix dopmya A co
cBobomHbIME TIepeMeHHbIME U3 X . Eé M0oxkHO chHOpMYyInpOBaThH CIEIYIOMINM
obpaszom: ssastercst s muoxkectso {c(v(T'(X)),v(I(A))) | Fx (X, A) € K}

BBIYUCJIAMBIM 7

TEOPEMA 6.4. ITycmv 0 — xoneunas cuznamypa, M C K(o) —
keasumnozoobpasue, u C = {C, | n < w} C M — afpexmusnuni C-xaacc
omuocumenvro M. Tozda cyuwecmsyem KOHMUHYYM N00KEA3UMHO2000pa3ul
K C M, maxux wmo npobaema 8Lodcoerus 0rt xKoneuno onpedesénnvix ¢ M
cucmem Hepaspewuma 6 K, xeasusksayuornasvras meopus K nepaspewuma,
HO cywecmeyem nesasucumbill bazuc keasumoosicdecms oas K omuocumens-
1o M.

JOKABATEJIBCTBO. Hust kaxmoro n < w ymnopsmounm X, n A,

coriacao I m obozHadnm yepes v, KBa3UTOXKIECTBO
V.%'o .. .V(L‘ln &An(.%'o, . ,(L‘ln) — An(.%'o, . ,xln).
[Iycts ¥ = {4, | n < w}. st mpon3BoabHOT0 MHOKeCTBa, [ C w TMOJIOKAM

\If[:{if)i|i¢f}, K1:{Gi|z’el}, R; = Mod¥; N M.
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YTBEP2KJIEHWUE 6.1. Hmeem mecmo pasencmeo Ry N C = Ky u
W A6AAEMCA HE3ABUCUMBIM ba3ucom Keazumodcdecms oas Ry ommocumenn-
1o M.

JOKABATEJIBCTBO. Cornacuo |5, mpemmox. 2.1.17] u ompenese-
o 5.1 knace Ry cocront m3 cmcrem kmacca M, B KOTOpBIE He BJIOKIMA
mu omna cuctema w3 K, ;. Pasencreo Ry N C = K; crexyer ms (Cy), cwm.
ompenenenne H5.1. Ecmm I = w, o Y7 = @ u Ry = M. B nporusunom cirydae
maiinérea n ¢ 1. Torma G, ¥ ¢, u C,, = ¢y, maa moboro m # n B cuny |5,
npemiox. 2.1.17| u (Cq). Crnenosarensho, €, € Mod ‘I’Iu{n}\RI- 9To o3HaYa-
er, uTo W — He3aBUCUMBI 6a31C KBA3UTOXK AeCTB A1 Ry orHocurensno M. O

W3 sToro yrBepkKIeHnus cpasy CIeayeT
YTBEPXKJ/IEHWUE 6.2. Ecau Ry =Ry, mo I =J.

YTBEP2K/IEHUWUE 6.3. Ecau npobaema 8TosHcoeHuAs OAS KOHEUHO
onpedeaénunnr 6 M cucmem paspewuma ¢ Ry, mo I — ewuuciumoe mMHo-
aHceCmso.

JOKASBATEJIBCTBO. Ilpemamomoxum, 94To mpobiaeMa BXOKICHUS T

KoHeuHo ompenenéHubx B M cuctem pazpermmuma B Ry. Torma MmHuoxkecTBO
B = {c(v(I(X)),v(T(A))) | Fm(X,A) € Ry}

paspermMo, T.e. ero XapakTepucTudeckast (DYHKIWsi Y BblYuCAMMa. Tak
kak C — saddexrunubiii C-KIacC, CYIIECTBYET BBIYUCIANMAS TOCIEI0BATE/b-
Hocte A = {(Xp, A, Ap) | n < w}, cm. onpenenenne 6.1. Cienoarensho,
cymecryer Boraucanvas yrxmus f, Takas uaro ¢(v(0(X,)),v(T(Ay))) =
= f(n) maa kaxmoro n < w. Ilo yreep:xaernto 6.1 muoxectBo I = {n < w |

Cn R/} ={n<wl|x(f(n) =1} Beraucammo. O

YTBEPXKJIEHWE 6.4. Ycaosue 1, € Thy(Ry) swnoansemes oaa
NOAOAHCUMENLHOZO U4eA020 N < W M020a U MOAbKO mozda, Kozda n & I.

JOKASBATEJIBCTBO. Ilycth n < w — TOJOKUATETBLHOE TEJI0e TUCTO 1
n € I. Torna €, € Ky C Ry u G, = . Cregosarensuo, ¢, ¢ Thy(Ry). Ecin
n ¢ I, ro Ry = 1, mo onpeznenenmio Ry. O
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YTBEP2XKJIEHUE 6.5. Ecau meopua Thy(Ry) paspewumasn, mo
mroscecnso w\I Gydem buuCAUMO NEPEHUCIUMBLM.

JOKASBATEJIBCTBO. ITo memme 6.2 muO)ecTBO ¥ mepeuncanmo. Fc-
mu teopust Thy(Ry) paspenmwma, o muoxecrso Thy(Ry) N ¥ nepeancinmo.
MmuoxectBo w\I = {n < w | ¥, € Thy(Ry)} BEIMECIIMO TEPEINCINMO B CHIY
yTBepKaenud 6.4. O

Ocraérea 3aMeTHTh, 9TO CyIeCTBYeT KOHTHHYyyM moaMuoxkecTs I C w,
takux uTo HU I, uu w\I He GyIyT BHIYUCIUMO TEPEUUCTUMBL. [

Cremyrommast TeopeMa 0606IaeT pe3yabrar u3 |2, mpeaiox. 1.

TEOPEMA 6.5. ITycmv 0 — xoneunas cuznamypa, M C K(o) —
keasumnozoobpasue, u C = {C, | n < w} C M — asppexmueniis Koreurvl
C-xaacc omnocumenvno M. Tozda cywecmsyem xKonmunyym nodkeasummo20-
obopasuti K C M, maxux wmo npobiema 8Tosncoenus OAL KOHEUWHO ONPedeat-
nox 6 M cucmem nepaspewuma 6 K, npobaema erosicdernus 0as koHeuHvT
cucmem Hepaspewuma 6 K, xsazusksayuonasvnas meopus K nepaspewuma,
HO cywecmeyem nesasucumoill bazuc keazumooicdecms das K ommocumens-
1o M.

JOKASBATEJIBCTBO. Bocnomszyemcst 0003HAYEHUAMY U3 JOKAZATE -
cTBa TeOpeMbI 6.4, u3 KOTOPOii CIEYeT, UTO MPOobIeMa, BXOXKIEHHUST /I KOHETHO
ompenenéHubix B M cuctem nepaspermuma B K.

Tak xkak C — xoneunsrii C-kjacc, kaxkjgas cucrema C, KOHEUHA, U CJe-
JToBaTeIbHO KoHewHO ompesenena B M. (Kak ormeueno Bbiiie, HECTIOKHO TI0-
JIYUUTH OMPEJIEISIONIY IO Tapy U3 aToMapHoil quarpamwmbl.) [ToBropss moka3za-
TeJILCTBO yTBep:KaeHus 6.1, ycranosuM, uro Wy — HE3aBUCUMBII Oa3uc KBA3H-
toxxaects a1 Ry orHocuTennbHo M. Bostee Toro, n € I Torma u TOJBKO TOTTIA,
korga G, € Rf, a Ry = R Torma u Toabko Torma, korma I = J.

[IpeamonoxkuM, 9To TpobIeMa BXOXKIEHUsT JI/I KOHEUHBIX CHCTEM pa3pe-

mmMa B Ry. Torma xapakrepucrumdeckas yHKITHI X, MHO2KECTBa
B = {v(I'(Da)) | A € Rf}

BerancianMa. Tak kak C — saddextupnbiit C-Kaacc, CyIeCTBYeT BBIUUCIAMAS

nocrenoBareabHocTh A = {(X,, Ay, Ay) | n < w}, cum. onpegenenne 6.1. ITo-
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9TOMY CYIIECTBYIOT BhIYHCIUMBIe byHKImu f u g, Takue uro f(n) = ['(X,) u
g(n) = T'(A,) mma kaxmoro n < w, T.e. MOXKHO 3(hGEKTHBHO BOCCTAHOBUTH
Hocurens C, ¥ MO3UTUBHYIO YACTH ATOMAPHON JUarpaMMbl. 3HAUUT, CYIIEe-
crByer BhrancanMast dyaknus h, takas ato h(n) = I'(De, ). HeiicrBurensho,

HETPYIHO MOHATH, UTO

De, = AU {-p | ¢ & A},

rme @ mpoberaer MHOXKECTBO ATOMAPHBIX (POPMYJI CO CBOOOIHBIMU TIEPEMEH-

veivu w3 X,. Kak u mpm moKka3areanbcTBe yTBepkKaeHns 6.3, 3aK/II09aeM, 94TO

maoKectBo [ = {n <w | €, € Ri} = {n <w | x/'(h(n)) =1} Berancamvo.
Ocraércst MOBTOPHUTH 3aKIIOYUTEIBHYIO YaCTh JIOKA3aTe/bCTBA Teope-

Me! 6.4. O

§ 7. llpuoxxenus

Mpbr mpuseném psan npumoxennii gst |1, Teop. 4.2|. ITokaxkem, uTo sTa
TeopeMa TMO3BOJIFET eIUHOOOPA3HO MOIYUUTh HEKOTOPBIE M3BECTHBIE U HOBBIE

pPe3yIbTaTHI.

CJIEACTBME 7.1. I[Tycmo» K — 0dun u3 caedyowus xiaccos:
i) mmnozoobpasue U scex ynapos;
ii) wmmnozoobpasue R ecex xommymamuenux xoarey ¢ edunuyet,

iii) xeaszummnozoobpasue G opuenmuposannur 2pados;

(iv) muozoobpasue MV MV -anzebp (anzebp Baticbepeaa);

(V) mmozoobpasue C,,, Kanmoposwuir anzebp, 20e 0 < m < n < w;

(vi) mmuozoobpasue A, moueunwvir abeaesvir 2pynn,

(vil) mnozoobpasue Mo 1 modyaaprwx (0,1)-pewémor;

(viii d 0] 0] U?

vill) cneyuanvroe nodkeasummnozoobpasue mmozoobpasus Ug ecer an-
2ebp cuznamypu o = {f,g,c}, 2de f u g — ynapuove Gynryuonasvrve CUM-
604D, G C — KOHCAHMNHDIT CUMBOA.

Tozda cyuwecmsyrom 2* nodksaszumno2006pasutl keazumnozoobpasus K,

ne umerowuxr nokpumul ¢ pewémre Lq(K) u, caedosameavro, ronewno
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p(136U60,6M020 basuca K6a3UMOANCOCCNE OMHOCUMEADHO K, HO UMENWUT W-

nezasucumull bazuc xKeaszumoocdecms omuocumenvho K.

BAMEYAHUE 7.2. Yreepxkenne (i) cieacrus 7.1 9acTUIHO TOKA3AT
B. K. Kapramros |7, Teop. 4]. YTBep:xkaenne (iii) crexcrus 7.1 qacTuaHo 10Ka-
3as1 C.B. Cuswrit |8, Teop. 4|. YrBepkmenne (vi) ciaeacrsus 7.1 9acTu<IHO 10-
kazamn A. Bameesa u coaBrops |2, Teop. 7|. YTBepxKenue, 61u3K0e K yTBED-
x&aenmo (viil), gokasan B. A.Topbysos [5, 9], cm. Takxe [10].

N3 |1, opemmok. 3.3] m (IPHBOAMMOro HIKe J0KA3ATEIBCTBA) CJIEJ-
crBust 7.1 mosyduaeM W3BECTHBIH (DAKT, ITO KayKIBI U3 yIOMSHYTHIX B (hOp-
MYJUPOBKE CeAcTBUA 7.1 KiaaccoB comepxkutT AD-Kiacc, n mO3TOMY SIBJISIETCS
Q-yHuBepcagbHbIM, cM. [1, Teop. 3.2].

JOKASBATEJIBCTBO. Mpbr npuBeméMm KpaTkue HAOGPOCKU JTOKA3a-
TeILCTB yTBepKaenuit. [Ing komeunoro mMuoxkectsa F C w monoxum [F] =
= ][ pi, e p; obo3HAUAET - MPOCTOe UHUCTO Jist KayKIOTO i < w; B YaCT-
HOéiII/;, cantaeM, uro [&] = 1. JIas KaxK0ro M3 BHINIEYNOMSAHYTHIX KJACCOB
Haiigém B-knacc ornocurensro K. TpeGyevbie yrBepkaenus caeayor ns [1,
Teop. 4.2].

(i) Oycrs F' € Pip(w), n Ap — 1-mopoxxaénnsrii muka 8 U guunsr [F.
Herpynuo nmposeputs, uto A = {Ap | F € Ppin(w)} — xomeunsrit B-xmacce
orHOCHTENbHO U.

(ii) Iycts @ # F € Pyin(w), 1 Ap — IUKITIECKOE KOTBIO mOpsiaka [F].
Yepes Ay obozraunm TpuBraabHoe Koabio. Torma A = {Ap | F € Pyin(w)} —
KOHeYHBIH B-k1acc orHocuTensHo R.

(iii) [Tycts C — kBa3UMHOT00Opa3we aHTUPE(hIEKCUBHBIX OPUEHTHPOBAH-

HBIX TpadOB, ONPeIeIEHHOE KBA3UTOXK IECTBAMI

Vaxyz E(x,z2)& E(y,z) — =1y,
Vayz E(z,2) & E(z,y) — = =1y.
Kak mokazamo B [11]|, kBazmmuoroobpasne C spisercs Q-yHUBEPCATHHBIM.

Ilycts @ # F € Ppip(w), n Ap obo3HadaeT OpHEHTHPOBAHHBIA Tpad

({0,...,[F] = 1}; E), Taxoii 9T0 /15 NPOM3BONBHBIX i,j < [F] BBIIOIHIETCS
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(i,7) € E rorma u TOJBLKO TOT/IA, KOTAA j = i+ 1(m0d [F]) Yepes Ag 0603Ha-
YUM TPUBMAJBHBIN Tpad, T.e. Ay = <{0}; {(0, 0)}> Herpymamo nposepuTsh, 9TO
A ={Ap | F € Ptip(w)} € C — xoneunsrit B-kaacc ornocurensno C. Ocra-
érca npumenuts |1, Teop. 4.2; 5, mpeiox. 6.3.1], . k. kBazumHOr00Opazme C
SBJISIETCS KOHEUHO GA3UPYEMbIM.

(iv) M.E.9mamc u B. [I3é6ak [12, c. 1057] mns kaxkmoro n < w mo-
CTPOUJIM KOHEUHYIO TPOCTYIO aaredbpy W,,, He UMEroIIyi0 COOCTBEHHBIX TO/TAJI-
re6p (Kpome 2-3JIeMEHTHON TMOJaIredphl, KOTOpas He SIBJISETCS TOMOMOPMh-
weiM obpazom W,,). Cormacuo [12, cmex. 3.44; 1, cmem. 2.8] kmacce A =
= {Ar | F € Ppin(w)} aBagerca koneunsiM B-kmaccom orHocuTenabno MV,
rne Ap = [[ W), nna xaxgoro F € Ppip(w). Bonee moapobro cm. B [4, 12].

(v) ﬁ(f(fl‘aTO‘{HO paccMoTpeTh MUHUMa IbHOe MHOroobpasue Ciy, rie 1 <
< k < w. M. C.Iepemer [13] mocrpoun kracc {Cr | F' € Ppipn(w)} C Cyp
KOHEYHO onpeenénupix B Cyyy cucreM, Takoit uro ais mobsix F, G € P, (w)

— cucrema Cy TpUBHMAILHA,

— cucrema Cp BaoxkuMa B cucreMy Cg TOrJa M TOABKO TOTJA, KOTIA
F =G,

— cymectsyer momopduanm &: 2 — Con Cp, nma xotoporo Cr/E(G) &
= Cp\g npu G C F.

Bosee Toro, u3 pokasarenscrsa [13, memma 3.1| cremyer, aro mst Jo-
opix m un, 0 < m < n < w, cymecteyer moaMmuoroobpasue Dy, C C,,,, KO-
HeIHO Gasmpyemoe oTHOCATENBHO Ciypy 1 TepManbio SKBUBATEHTHOE Ci() ).
CrenoBarensho, cymectByer kmacc A = {Ap | F € Pyin(w)} € Dy, yio-
BrerBopstommii yeaosusm (By), (Bg) n (B7) orrocurensro Dy, Cormacso |1,
cren. 2.7] kmace A saserca B-kmaccom orHocurenbuo D,y,,. Ocrtaéres Boc-

nosib30BaThes |1, Teop. 4.2] u [5, mpeqmox. 6.3.1].

(vi) Hyctes @ # F € Ppin(w)
Ap = <{0a’[F] - 1};0,+,—,C>,

rae ({0,...,[F]—1};0,+, =) — sro [F]-nukanueckas abesesa rpynma u ¢'r =
= 1. Uepes Ay 0b603HaunM TpuBraabHy0 aaredpy. Hemocpeacreernnas mposep-

ka nokasesaer, 9to A = {Ap | F' € Ppp(w)} — xomeunsrit B-kmacc orrocn-
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tesbHO A.. Bosee moapo6uo cm. B [14].

(vii) dms moboro i < w uepe3 F; o603HAUAEM p;-3JIEMEHTHOE MOJIe
MPOCTOTO TOpsKa, a uepes Sub(F}) — peméTky JTHHEHHBX TOATPOCTPAHCTE
4-MepHOTO BEeKTOpPHOrO mpocTpancTBa Hajx F;. P.®pus [15] mokasam, [ro
Sub(F{l) — mpocTasi MPOEKTUBHAS MOJYIApHAs PEIIETKA g J00T0 i < w.
Bosmee Toro, pemtétka Sub(F!) praoxkmva B permérky Sub(F ]4) TOT/Ia ¥ TOJIBKO
Torga, Korfa i = j. s kaxaoro F € Py, (w) nomoxnm Ap = [] Sub(F}), n
Bysem paccmarpuBarh Takue cucrembl Kak (0, 1)-perérkn. qepzeesFAg 0003Ha-
gnm rpuBnasbhyio (0, 1)-pemérky. Hermocpencreennasi npoBepka MoKa3bIBaer,
a0 75t 106010 F' € Py (w) yenosme § € Con Ap BBITOIHSIETCS TOTA W TOTb-
KO TOTJa, Korma 6 — perérounast Kourpysunust vHa Ap. CegoBarebHO, MHOTO-
obpazne My 1 KOHIDYSHII-IUCTPHOYTUBHO U 0bIaaeT cBoiicTBom Dpeitzepa—
XopHna, cm. [16, Teop. 1.3.13]. Vcnoan3yst aprymenTsbl u3 jgokazarenbcrsa [1,
craen. 2.8|, zakmouaem, uto kmacc A = {Ap | F € Ppin(w)} yaosrerBopser
yemosmio (Bg).

BamernM, 4To0 714 10600 HemycToro MuoXKecTBa F € Prip(w) cucrema
Ap He nMmeer TpUBHAIBHBIX mojcucteM. [losTromy ms 0b60ro romoMmopdusmMa,
frAr — Ay, e i < w, cuctema f(Ap) nerpusnansaa. CremosaTensbo,
ker f # 14,. Cornacuo (Bg) (cM. BBIIIE) CyIIeCTBYeT HEIyCTOE MHOMKECTBO
G C F, makoe uro f(Ap)=Ag < Agy. Ecm j € G, To cymecTsyer romo-
mopdusm h s f(Ap) ma Agj. Tak xax h — pemérounbiit romoMopdusm,
cymecTByeT permérounoe sioxenne Agy B f(Ar), a f(Ar), B cBoio ouepesn,
ABygeTcs noapemeTkoit Ay, Hosromy Ay Broxmva B Agyy. Tormai = j € F
u f(Ap)=Agy. Taxuv obpasom, semommsercs yenosue (Bj). Cormacmo [1,
ciaen. 2.8| knace A saBisgercsa KoHedHBIM B-kmaccom otHocuTeabro My .

(viii) TIyets K C U2 ompesenisieTcss KBa3UTOXKTECTBAME

Vay f(z) = g(z) — z=y.
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[Monoxxum €, = <{c,0, B 1};J> g n < w, TIe
f(k) =k+ 1(modn), g(k) =k — 1(modn) mpu 0 < k < n,
fle)=ygle) =c.
Herpysro nomats, aro A = {Cp | F' € Ppin(w)} — B-xmacc orwocures-
mo K. O

Temneps 110kaxkem, ato [1, Teop. 4.2] npumennva K KBazuMHOTOGpasnsM,
SIBJISTIOIIIAMCSI YHUBEPCATBLHBIMU B CMBICJIE TEOPUH KaTETOPHii.

[Tycts K — kBaszumHOr0OOpa3ne aaredpamvdecKux CUCTEM KOHEUHON CHr-
marypoel. Hamomunm, aro K HaswiBaercs ynusepcasbhvim, eciau jrobdbas Kare-
ropust anredp KOHEYHOW CUTHATYDHI (MM, 9TO PaBHOCUILHO, kareropus G
OPMEHTHPOBAHHBIX IPadoB M UX roMoMOpGU3MOB) n30MOpdHA MOJHOH TOI-
kareropun kareropun K. Eciau Broxenne G B K M0XHO ocyIecTBuTh ¢ mMo-
Motbio dpyaKTOpa F': G — K, mepeBosinero Kaxkablit KOHETHbBIH OPUEHTH-
poBaHHBIN rpad B KOHEUHYIO CHCTeMY, TO KBazuMmHoroobpasue K mazbiBaercs

ff-ynusepcarvrvim.

TEOPEMA 7.3. B aobom ff-yrusepcarvrom xeasummozoobpasuu K C
C K(o) natioémea nodxsazummozoobpasue M C K, codeporcawsee xoneurvii
B-xaacc ommocumeavno M. B wacmmuocmu, cyuecmsyrom 2% nodkeasummozo-
06pasuli Keasumnozoobpasus M, ne umerowur noxpumui 6 pewémre Lg(IM)
U, CALAOBAMEABHO, KOHEUHO Pa3OUBAEMO20 BA3UCE KEAZUMONCICCE OMHOCU-
meavro M, Ho umernwur w-ne3asucumuli 6a3uc K6a3umostcdecms ommocu-
meavro M.

JOKASBATEJIBCTBO. Ilycts K — ff-yrusepcaapHoe KBa3MMHOTOOH-
pazue. M. E.9namc n B. [I366sik [17] nmocrpomnn koweunsrit AD-kmacc A =
= {Ar | F € Ppin(w)} € K. Honoxum M = Q(Ap | F € Pin(w)). Toraa
yeaosust (Bg)—(Bz) Beimosasitores st kiaacca A orHocuTenbro M.

Oycre F € Pyin(w), f: Ap = B — romomopdusm n B € M. Cucrema B
KOHEUHAsI, e€ CUTHATYypa TOXKe KoHedHa. [109ToMy OHa KOHEUHO OnpejeseHa, u
peréTka ConygB koneuna. Be3 orpanmdenust oOITHOCTH MOXKHO CUMTATH, UTO

BXAg. Ucnonwsys yenosus (Bg)—(Ba), momyaaem

BeM=Q(Ayy |i<w)=LPs(Agy | i <w).
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Cucrema B gBngercst [-nipoekTuBHOit cormacuo |5, reop. 2.4.1]. TTostomy cyre-
CTBYIOT HelycToe MHOXKeCTBO G € Py, (w) 1 KOHEUHbBIe HEIyCThle MHOXKECTBa
G;, i € G, Takne uto B < H A%} U3 ompenenenns kmacca A, cm. [17,
c. 263-264], u [17, nemma 4.6] CZJEIS;LyeT, aro BAg € A u G C F. 910 03Ha4a-
er, uro ycioeust (Bs) n (By) Beimosnnsiiorcst qist kiaacca A orHocuTenbHo M.
Urak, A ymosimerBopsier onpeseneruio B-kimacca oraocurenbao M. Ocraérest

npumennTh [1, Teop. 4.2]. O

CJIEACTBUE 7.4. ITycmo K — 0dun u3 caedyrowux xiaccos:

(i) wmmnozoobpasue (0,1)-pewémor, codeporcawsee Koneunyro neducmpuby-
musnyto npocmyto (0, 1)-pewémry;

(ii) mmozoobpasue modyaapruoir (0,1)-pewémork, codepocawee pewém-
ky Ms (Quamanm);

(iii) xeasumHO2006pA3UE HEOPUEHMUPOBAHNWT 2pados be3 nemeab, co-
deporcawee nedsydoavhoil epap;

(iv) xkeasummo2006pasUE HEOPUEHMUPOBAHHBIL 2pados, codepoicauiee
deyraremenmuvil 2padp A co mmoorcecmeom sepwun {a,b} u mmoocecmeom
pébep {(a,b), (b, a), (b, b)};

(v) weasummozoobpasue Q(Z3) N Q(Z4), 2de Z; = ({0,...,i — 1} V,7),
cucmema, <{0, ceyi— 1} \/> aeaaemcsa eeprrel nosypewemxot ¢ 0 < ... <
<i—-1mnpui€{3,4},0=0,1=2,2=10aai=3u0=1,1=0,2=3,
3=20nai=A4.

Toz0a natioémea nodxsazummnozoobpasue K' C K, daa xomopozo cyuse-
cmeytom 2% nodxeasummnozo0bpasuti Keazummnozoobpasus K', ne umerouwuz no-
kpomuti 6 pewémxe Lq(K') u, caedosamenvro, xonewno pazbusaemozo basu-
ca keazumoosicdecmes ommuocumenvro K’ no umerowur w-nesasucumvlii basuc
keazumosicdecmes ommocumervro K.

JOKASBATEJIBCTBO. (i) Kaxk mokaszano B [18]|, ecam mHOroo6pasme
(0, 1)-pemérok Cco/epKUT KOHEUHYIO HeAucTpubyTuBHY0 mpoctyio (0, 1)-pe-
méTKy, To oHo fl-yHuBepcanbHo.

(ii) Tax kax M3 — KOHEUHAs TTPOCTAsA MOAYJISIPHAS HEAUCTPUOYTUBHAS

pemntérka, Tpebyemoe cpasy caemyer u3 m. (i).
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(i) Kak mokazamo B [19, 20|, ecoim kBasMMHOroOOpasne HEOPUEHTUPO-
BaHHBIX IpadOB COMEPKUT HEABYIOIBHBIN Tpad, To ouo ff-yHUBEpCaabHOE.

(iv) Cornacuo [19, reop. 1.2] kBazuMHOr0OOpA3WE, MOPOKAEHHOE A, TB-
nstercs fi-ynusepcaabHbIM.

B KaxKJ0M U3 BBIMIENEPEINCACHHBIX CIYYaeB OCTAETCSA MPUMEHUTH TeO-
pemy 7.3.

(v) B.d3é6sax [20] moctponn kmace {A; | i < w} € Q(Z3) N Q(Z4)
KOHEUHBIX CHCTeM, yaoBjeTBopsionuii yeaosuio (P) us [1, caem. 2.9|. Tlosromy

JOCTATOYHO TIPUMEHUTH 9T0 cjaeacTsue u [1, reop. 4.2]. O

SAMEYAHUE 7.5. Teopema 7.3 Take MOXKeT OBLITH MPUMEHEHA K KBa-
3UMHOTOO0DPA3USAM YACTHYHO YIOPSIOUYEHHBIX MHOMXKECTB U (OMDAHUYIEHHBIX)
JUCTPUOYTUBHBIX DPEIIETOK C BBIJETEHHBIME KOHCTAHTAMU, CM. [22] u 06Cy kK-
nmenwe B (17, § 1|. YrBepxkenue (iii) cremcTBus 7.4 YacTHYHO JOKA3AIH
A.B.Kpasuenko u A.B. fIkosmes [23, Teop. 9]. Q-yHUBEPCATBHOCTH KBA3WM-
soroobpasms Q(Zs3) N Q(Z4) n3 yreepxaenns (v) ycranosmn B. [I3é6ak [21].

Hanee, nmokazkem, uro obparHoe K [1, Teop. 4.2] yrBepxaenne, Boobiie

TOBOPS, HEBEPHOE.

HPEJJIOZKEHWUE 7.6. Cywecmseyem muozoobpasue M anzebp, ma-
Koe 4mo

(i) cywecmsyrom 2¥ nodxeasummozoobpasuti K C M, ne umerowur xo-
HeuHo pasbusaemozo ba3uca Keazumoscdecms ommuocumenvno M, 1o umero-
WUT W-HE3ABUCUMBLT Ba3UC KBa3UMoNcIecms omuocumenvro M,

(i) ne cywecmeyem B-kaaccos ommnocumenvro M.

JOKABATEJIBCTBO. Cornacro [24] muoroo6pasne D nauddepenin-
aJIbHBIX TPYIIIONIOB y0BIeTBOPsIeT yeaosnio (1), cm. takxke [2, Teop. 5]. Co-
rnacHo [24; 25, reop. 2| MuHnMasbHOEe Q-yHuBEpcajabHOoe MHOroobpasme Ks
YHAPHBIX aaredp C ABYMS OMEpanysiMi TaK>Ke YI0BJIETBOPSIiET yCaoBmio (i).

[Mokazkem, 9TO 3TH 1B MHOTOOOPA3Us yIOBAETBOPSAIOT yeaosuio (ii). 3a-
METHUM, 9TO KaKJ0€ N3 HUX NMEeeT HanMeHbITIee HETPUBUAJIHBHOE HO,D;MHOFOO6pa.—
sue. [ns anddepennnanbabix rpynmonios 3To MuOroodpasue Do 1 rpynmon-

JO0B C HYJIEBBIM JIEBHIM YMHO>KEHUEM, HOpO}K,ZI;éHHoe ABYX3JIEMEHTHBIM T'DYTITIO-
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oM Gg, cM. [26, Teop. 5.6.3, 8.4.14]. g yHapHBIX aarebp 310 MHOroobpasue
K2, mopox iéanoe 1ByxaieMeHTHOl anrebpoit M, cm. [27, memma 1]. Herpyaro
MOHATH, YTO CYIECTBYET TOMOMOPMU3M 13 KaXKI0r0 HeTpUBHATLHOTO audde-
PEHIMATBLHOTO Ipymmonaa (Kaxkaoi HerpuBmaibHoil amredpsr w3 Ks) ma Gy
(coorBercrBerno Ha M). ITosTomy yernosue (Bs) He BhImOTHSIETCS HE TS Ka-
koro knacca A = {Ap | F € Ppin(w)} C M. O

[IpuBeném mpumoxenns teopeMm 6.4 u 6.5. B cBasm co crencrBuem 7.7
samernm, uro JI. B. Illabyuun [28] mokazan HACTEICTBEHHYIO HEPA3PEITHMOCTE

s7eMeHTapHOM Teopun MHOT006pasnit Buga Cpy,.

CJHIEJACTBUWE 7.7. Jlaa aobuzr 0 < m < n < w cyuecmsyem Koh-
MUHYYM N00K6a3UMH02000pa3UT MH02000pasusd C,, KAHMOPOSHLT arzebp, OAf
KOMODPHLT HEPASPEULUMDL NPOOAEMA BLONCOCHUA ONA KOHEUHO ONPEOCAEHHBLL CU-
cmem 6 Cop U K8A3UIKEAUUOHAALHAA MEOPUA, HO KOMOPHIE UMEIOM HE3ABU-
cumvlli 6a3uc KEa3UMOANCIECTNE.

JOKASBATEJIBCTBO. U3 nmokasarenscrBa ciaenctust 7.1(v) m jaem-
MBI 5.2 crefyer, uto st moboro k > 1 kmace C = {Cpy | n < w} sB-
asierca C-kiraccom oraocureabno Cypg, cocrosimm n3 npocrbix cucrem. Co-
rinacHo [13] sror C-kiace adpdexrupnbiit. I3 gokazarenscrsa [13, memma 3.1]
It A00bIX m n n, Takux ato 0 < m < n < w, CyIIIECTBYET IIOJIMHOI'O-
obpazne Dy, © Cpup, Tepmanbro sxeusanentHoe Ci(,_p,). [losTomy npm
0 < m < n < w muoroobpasue C,,, comepxut 3dpdekruBuniii C-kJjacc or-

HOCHUTEJIFHO camoro cebst. Ocraérest npuMennTh Teopemy 6.4. O

CJIEACTBUE 7.8. ITycmo K — 0dun u3 caedyrowux xiaccos:

(i) mnozoobpasue U scex ynapos;

(i) wmnozoobpasue R ecer xommymamusnux xosey, ¢ edunuyet;

(iii) mmoz006pasue MV MV -anzebp (anzebp Baticoepea);

(iv) mmozoo6pasue A, moueunwvir abeaeswvir 2pynn;

(V) eneyuasvroe nodkeasummoz000padue mHo2006pasus Ug ecex anzebp
cuenamypw o = {f, g, c}, ede f, g — ynapuwie GynryuonasvHbIe CUMBOAVL, ¢ —
KOHCMAHMHbIT CUMBON;

(vi) mmozoobpasue D duddepenyuarvnmr epynnoudos;
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(vii) keasumnozoobpasue G opuenmuposanuvz 2papos;

(viii) mmnozoobpasue (0, 1)-pewémor, codeporcawsee Koneunyo neducmpu-
bymusnyro npocmyro (0, 1)-peweémry;

(ix) wmmnozoobpasue modyaapuoir (0,1)-pewémor, codeporcawee pewém-
ky Ms (Quamarnm);

(X) K6a3UMHO02000pa3UE HEOPUEHMUPOBAHHHLT 2pados be3 nemen, codep-
orcawiee HedsydoavHuiti 2pap;

(xi) ®6a3UMHO2006pA3UE HEOPUEHMUPOBAHHULT 2pados, codepoicauiee
deyxaremenmnnt 2pagh A co mmoocecmeom eepwun {a,b} u mmoocecmeom
pébep {(a,b), (b, a), (b,0)};

(xii) ®easummnozoobpasue Q(Z3) N Q(Z4), 2de Z; = ({0,...,i —1}V,7),
cucmema, <{0, ceyi— 1) \/> aeaaemcsa eeprrel nosypewemxrot ¢ 0 < ... <
<i—1npuie{3,4},0=0,1=2,2=10ai=3u0=1,1=0,2=3,
3=20aai=4;

(xiii) weasummozoobpasue Vi1 YyHApHHT anzebp ¢ 06yma HYHKYUOHAND-
HOLMU CUMBONAMU.

Toz0a watidémea nodkeasummnozoobpasue K' C K, makxoe umo cyue-
cmesyrom 2 nodksasummnozoobpasuti keasummnozoobpasus K' c nepaspewumoi-
MU NPOOAEMAMU BTONHCOEHUA ONA KOHeuno onpedeaénmuvir ¢ K' cucmem u xo-
HEUHDLT CUCTEM, U C HEPAZPEWUMOT, KEAZUIKBAUUOHAALHOT meopueli, HO UMe-
owur Hesasucumwili 6azuc rKeazumosicdecms ommuocumeavro K'. B ymeep-
orcdenuaz (1)—(vi) moorcno nosoorcums K' = K.

JOKA3BATEJIBCTBO. Cornacho jgokaszareascrsam cieacrsuii 7.1 u 7.4
KasK bl Kjiace n3 yreepxkjaennii (1)—(v) comepkut KoHeunblii B-kjacc oTHO-
CUTEBHO camoro cebs, a kaxzapiii kaacc K w3 yreepxkaennmit (vii)—(xi) co-
JIEPKUT KOHEUHBI B-KJacc OTHOCHTEIBHO HEKOTOPOTO TOIKBAZUMHON000pa-
sug K’ C K. ITosromy KaxKIblil K1acc, yIoOMsHyThIi B yTBepxaeausx (i)—(v)
(yrBepxaenusax (vii)—(xi)), yJIOBIE€TBOPSIET BCEM YCIOBUSAM JIEMMBI 5.2 1, CJie-
JOBATEJIBHO, COMepKUT Koueunwlii C-kyacc ornocurenbuo K (orHOCHTETHHO
Hekoroporo noaksazuMuorootpasnsg K C K coorsercrsenno). B kax oM u3
9TUX CJIyIaeB HEMOCPEICTBEHHO MPOBEpsieTcs, UTo ykazauubiit C-kracc addek-

TUBHBIN.
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Pacemorpum mMuOroo6pasne D u3 yreepxkaenus (vi). B [29] ompenere-
HBI CJIeIYIOIINe CUCTeMbl, cM. Tak:xKe [24, 30]. s KaxK0r0 moI0KUTeT5HOTO

MEJIOTO YNCIa 1 MOJoXRUM D, = <{0, 1,...,n—1,00}; ->, e

i-j =1 nna mobwix i,j € {0,1,...,n—1};
00 -4 = oo mg goboro i € {0,1,...,n —1,00};

i-00 =1+ 1(modn) mas mo6oro i € {0,1,...,n —1}.

Mook C = {D,, | 0 < n < w}. Herpyaro moHsiTh, 9TO 9TO KOHETHBIIT
C-kaace, cM. [2, nemma 3|. Henocpesacrsenno nposepsiercsi, uro kiaacc C ad-
dEeKTUBHBIIL.

3 pesyabraros paborsl [21] n jemmbl 5.3 ciepyer, 9TO KBa3MMHOTO-
obpaszne Q(Z3) N Q(Z4) u3 yrBepxaenns (xii) cogep:kur Koneunsrii C-kjacc
oraocurensro Q(Z3) N Q(Z4). Hakower, cormacuo [25] kBasumuoroobpasme
Vi1 u3 yTBEpXKIeHusA (xiii) comepskur Komeunwrit AD-kmacc, ymoBIETBOPSIIO-
it Bcem ycyioBusiM jieMMbl 5.3. ITo jgemme 5.2 Kark bt U3 KJIaccoB, YITOMSHY-
THIX B yTBepxKaeHnsx (xii) n (xiiil), comepxkut kKoHedHbIH C-KJIACC OTHOCUTEIH-
HO HekoToporo nojaksasumuoroobpasua K’ C K. HerpyaHo npoBepuThb, 9To
ykazanuble C-KJacchl [yist yTBepKaennii (xii) n (xiii) apdexrusupl. Ocraéres

MPUMEHUTH Teopemy 6.5. O

BAMEYAHUE 7.10. Yreepxkuaenne (i) ciepcrsusi 7.8 gokazano B [31].
Crnabbie Bepcun yreepxaennit (iv), (vi) u (vii) mokasausl B [2, Teop. 2-4], cm.
rakke [2, ciex. 3]. Ciencrrue 7.8 He 1aéT MOJIHBIN MepedeHb BCEX KJIACCOB, K
KOTOPBIM MPUMEHUMBI TeopeMbl 6.4 n 6.5; U3BECTHO MHOTO IPYTUX MOJOOHBIX
IPUMEPOB.

Cnenytomiast Teopema, 0600IIaeT U3BECTHBIE (PAKTHI 0 KBA3UMHOT000OPA-

3usix rpadoB, YACTh U3 KOTOPBHIX paHee moayuena B [17, 19, 20, 23, 30].

TEOPEMA 7.10. /[aa mobozo xsaszummozoobpasus Q neopuenmupo-
BAHHBLT 2paos 63 nemend PasHOCUALHBL CACOYIOULUE YMBEPHCOEHUA

(1) weasummozoobpasue Q codeporcum nedsydosvhuili 2pad,

(i) mowmocmsb pewémru Lq(Q) pasna 2¢;

(iil) xeasummozoobpasue Q asasemea Q-yHusepcarvbroviMm;
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(iv) xeasumnozoobpasue Q AGAAECMCA YHUBEPCANDHBIM,

(v) xeazummozoobpasue Q asasemca ff-ynusepcarorvim,

(vi) cywecmsyrom 2¥ nodkaaccos K C Q, maxux wmo mmoocecmeo (mu-
no6 uzomoppuzma) xonewnur noopewémor pewémru Lq(K) nesvuuciumoe;

(vii) cywecmseyem nodksasummnozoobpasue K C Q, maxoe wmo 6 pewém-
ke Lq(K) ecmv 2% anemenmos, ne umerouus nokpomui;

(viii) cywecmsyem nodkeasumnozoobpasue K C Q, maxoe umo 6 pe-
wémre Lq(K) ecmv 2¥ anemenmos 6ez koneuno pazbusaemozo basuca k6a-
3umosicdecme ommocumenvro K, 1o ¢ w-nesasucumvim 6a3ucom K6a3UmMONC-
decme ommnocumenvro K;

(ix) cywecmeyem nodkeasumnozoobpasue K C Q, makoe wmo 6 pewém-
ke Lq(K) ecmv 29 anemenmos ¢ nepaspeusumvimu npobaemoti 6LosHcoenus o
KOHEUHVT CUCTNEM U KBA3UIKBAUUOHAADHOT Meopued, HO UMENUUT He3a6U-
cumvlll basuc Keaszumoocdecms omuocumenvro K.

JOKABATEJIBCTBO. PasuocunsrocTs yTBepkaennii (i)—(vi) ycra-
HomJsiena B [17, 19, 20, 30]. ITo Teopeme 7.3 u3 yrBepKaenust (V) CJIeLYIOT yTBEP-
xaenwst (vii) u (viii). ITo caencreuio 7.8 u3 yrBepKaenusi (V) Takyxke Ciaeayer
yreepxaenne (ix). OueBnaHo, 9T0 Kaxkjgoe n3 yreepxaennii (vii)—(ix) siaegér
yrBepxaenve (ii). O

B 3aksrouenne aBTopsl BeipazkaioT ceoro npusnareabrocts H. T. Koraba-
€BY, KOTOPBIiT TIOMOT HANTHU MOIXOISIIY0 (hOPMYINPOBKY Teopemb! 6.4, a Tak-
ke B. A. JI3€0s1Ky U perieH3eHTy, KOTOPhle BHUMATEIBHO MPOINTAIN PYKOIUCH
M CBOWMHU 3aMEUAHUSIMU W TPEIIOKEHUSIMA TTOMOT/IN YIydIATh U3JI0KEHTe

MaTepuaJia.
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