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1. BBegenue. Crpykrypa ¥ JeJyKTUBHBIE CBOWiCTBa apudmeruku IleaHo BToporo
nopsiika PAs J10ir0e BpeMsi OCTAIOTCSI OJTHON M3 IEHTPAJIbHBIX TE€M B JIOTUKE U OCHO-
BaHMsIX MaTeMaTuku. AHamusupyst 911 Boupochl, Kpaiizesas ykaszan B [1; §III, c. 366],
9TO BBIOOD IOJCUCTEM “SABIISIETCSI IEHTPAJIBLHOMN 11pobsiemoit”. Cumiicon B MoHorpaduu [2]
UBJIOKUJI COBPEMEHHbBIE MOAXO/IbI K nojcucreMaM PAs, BbIZEIeHHBIM Pa3HBIMU OIDAHU-
YEHUSAMU HA TUI (DOPMYJI, YIACTBYIONIMX B CX€MaxX AKCHOM, B OCHOBHOM B TEPMHHAX
KBAHTOPHOM cjiokHOCTU opmyst. Ipyroe Bo3aMoxkHOe OrpaHudeHne ObLIO YKA3aHO eIle
Kpaiizesem [1]:

[...] if one is convinced of the significance of something like a given axiom
schema, it is natural to study details, such as the effect of parameters.

B sTom koHTEKCTE NAPAMEMPAMU SBIIAIOTCST CBOOOIHBIE TIEPEMEHHBIE B CXEMaX aKCHOM
paccMaTpuUBaeMbIX TEOPHil.

C 1esibio u3ydeHust YyIIOMHYTOro “adpekra mapaMerpoB”’, MOXKHO CTaBUTh BOIIPOC O
CPaBHUTEJILHON CHJie TOM WJIM MHOI CXeMBbl aKCHOM S 110 CpaBHEHUIO C ee becriapaMeTpu-
qeckoit mojexemoii S*. Hacrosiiast cTaThst TOCBAIIEHA POJIH TAPAMETPOB B CXEMe aKCHOM
ceepmru CA B apudmernke Broporo mopsaaka PAs.

Crenys [1]-[3], apudmernka Broporo nopsinka PA, onpeesnsieTcst Kak TeOpUst B A3bIKE
L(PA5) ¢ nByMsi copTaMn NMEepeMeHHBIX — JJIsl HATYPaJIbHbIX wuces (tur 0) m jyist ux
muOXKecTB (Trn 1). Tpaauimonso j, k, m, n UCIOIB3YIOTCs JJIsl TIEPEMEHHBIX 10 W, T, Y, 2
JUIsl HepeMeHHBIX 110 P (w). Akcunomaruka PAy BKItouaer ciejyroinee:

WccnenoBanue BBINOJIHEHO 3a c4eT rpaHTa Poccuiickoro nayynoro donma  Ne 24-44-00099,
https://rscf.ru/project /24-44-00099/.
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(1) Axcuomsl ITeano jyist unces (tun 0).

(2) Cxema maaykmun ®(0) AVE (®(k) = ®(k + 1)) = Vk ®(k), aaa moboit
L(PA2)-dopmysst @(k), B KOTOPOIi paspelieHsl IIapaMeTphl, T.e. HHble CBOOO/HbIe
nepemMentble noMumMo k. (Mbr He MokeM GpaTh HHILYKIMIO B YAallle MCIOJIb3yeMOi
dopme 0HOTO ITpeIozKeH s, TOCKOJIbKY CXeMa CBEPTKHU He OYIeT IPEeo/IaraTbes
B II0JIHOI OOIIHOCTH B KOHTEKCTE HUKec/emyomeii Teopemnr 1.1.)

(3) DkcrencnonanbrocTs s muoxkects: VaVy (Vk (k€ v <=k cy) <= v =y).

(4) Cxema ceeprku CA: JzVEk (k €x <= CIJ(k)), Jtst 10001 (bopmystbl @ B KOTOPOIi
[EPEMEHHON X HeT, U IapaMeTphl TAKYKe Pa3PEIIeHbI.

Crenmyromast cxema HepeJIKO paccMarpuBaercs B cBsizu ¢ PAy. Mur ucnosibzyem AC,,

BMecTO Oosiee 0bbranO abbpeBuarypsl AC B korTekcre PAo, mockonbky AC pesepBu-
pyeTcs 37eCh JJIst 0003HAYEHUsT TIOJTHOM aKCHOMBI BHIOOPA B TEOPUH MHOYKECTB.

Cxema (cuernoro) BbeiGopa AC,. Vkdx ®(k,x) = JaVk @k, (x);)), s
mo6oit popmyiel @ ¢ pasperennbiME Tapamverpam, rae (1), = {j: 28(2j+1) -1 € x}.

Yepesz CA (X1) oboznauaercst cxema CA orpannuennas TpeboanueM, 4Tobbl ® Gbia
21 dopmymoit (mapamerpsl paspermenst). Hamomanu, ato X3 -dopmy.aamu HazbisaroTcs
L(PAs)-dbopmyist Buga JxVy U, tae ¥ — apudmemuneckas Hopmysia, T.e. He COIEPIKa-
Iast KBAHTOPOB 110 MIEPEMEHHBIM 110 (w).

Yepes CA™ oboznauaercs Geciapamerpudeckas yactb CA (t.e. ®(k) B hopmynuposke
He COJIEPXKUT CBODOJIHBIX IIEPEMEHHBIX KpoMe k). Anasorndno nornmaercss ACY.

Haxonen, PAJ 6yner o6oznatars nomreopuio (1) + (2) + (3) + CA™ reopun PA,.

Teneps GpopMyIUpPyeTCsT TIABHBINH PE3YJIBTAT STOH CTATHU.

TEOPEMA 1.1. Cywecmsyem zenepuneckoe pacuupenue L[G| waacca L wornempyx-
mueHux mnoscecms, u mrodicecmeo X € LG, dan komopozo P (w)NL C X C Z(w) u
(w; X) — modeav meopuu PA; + CA(XL) + ACY, 6 komopodi ne evinoaren nexomopwiti
ronxpemuol npumep CA ¢ napamempamu.

Taxum obpazom, cxema CA nedoxasyema ¢ PAS + CA(XL) + AC).

3AMEYAHUE 1.2. B dhopmyaupoBKe TeOpeMbl Mbl He JeIaeM Pa3Indus MeK/ Iy rmapa-
verpamu Tuma 0 u tuma 1. OmHAKO TpeACTaB/IEHHAS MOJEJb SIBJISETCST W-MOIEIBIO
B TEOPETUKO-MHOYKECTBEHHOM yHHUBEpPCyMe, rie mnapaMerpsl tuna () HHTepnpeTupyoTcs
KaK OOBIYHBbIE HATYPAJIbHBIE UUCJIA, U IOTOMY TPUBHAJIBHO SJIMMUHUDPYIOTCA. llosTomy
Teopema 1.1 ocraeTcss BepHOIT B IpeAnooKennn, 9To B cxemax PAS n AC] sanpemenst
TOJILKO apaMeTpsl Tuna 1 (Ho pasperensl napamerpsl Tuia 0).

2. Kommentrapun. lccienoBanus poJid rmapaMeTpoB B CXeMaX aKCHOM HAYAJKCh
elrie B paHHUE I'OJIbl COBPEMEHHOM Teopur MHOXKecTB. B uacrHoctn, Iysuikn [4] yeraso-
BII, HCnoNb3yst Mojiesin ZF ¢ renepudeckoil cBepTkoil kapaunasos 1o Jlesu—-Cosiosero
[5], [6], gTo cuernas cxema BoiGOopa AC,,, B a3bike PAg, He ciemyer uz cBoeii Gecriapa-
merpuaeckoii mogexembr ACY,. Dror ke pesymbrar o pasaeneann AC, n AC]), HO pn
HOMOIIY MOJIeJIefi ¢ COXpAaHEHNeM KapMHAJIOB, COIEPKUTCs B Hallleil HejaBHeil padore [7].

U3 sroro pesysnbrara keratu caenyer, uro ACY Henb3st 3amennts Ha AC,, (¢ paspe-
[IEHHBIMHU TTapameTpamMu) B Teopeme 1.1, 1o roit npuanse, yro AC,, Bieuer noanyo CA
(¢ mapamerpamm), TaK 4TO TAKOE YCUJIEHUE TEOPEMbI HEBO3ZMOXKHO.

O HEKOTOPBIX pe3ysbraTax O HGecrmapaMeTpUIecKuX MOJICXeMaX BBIJIEJCHUT U MOJCTa-
HOBKK B Teopun MuOxkecTB Llepmesio—®penkesss ZF cum. B paborax [8]—[10].
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OTOXIEeCTBIAS TEOPUH € UX JCAYKTHBHBIMU 3aMBIKAHUAMU, MBI 3aKJI09aeM U3 TeO-
pembl 1.1 (naxe B ocnabienHoii dopme 6e3 AC)), aro

(PAS + CA(%))) S PA,.

Paborsr o moscucremam Teopun PAs manm Hemasio cirydaes, KOrjia CTPOroe BKIIOUEHUe
S g S’ BBITIOJIHEHO JIIsT KaKoi-TO mapel mozcucreM S, S’, ¢Mm. K npumepy [2]. B psize
CJIy4aeB TaKue Pe3yJbTaThl MOJIyYaloTCsa MOCPEICTBOM BbIBoJA B S’ hopMasIbHOI Herrpo-
tuBopeunBoctu S. OMHAKO IjIs pe3y/IbTaTa BbIIIE 9TO OKA3bIBAETCsI HE TAK, MOCKOJIBKY

teopun PA%, PAj + CA(X)), u nommas PA, paBHOHEIPOTHBOPEUHBHI,

COTJIaCHO OJIHOH M3 TeopeM B [11], koTopasi Tak:ke ynomsiHyTa B cratbe [12]. D1a pasHo-
HEIPOTUBOPEUNBOCTD TAKKe CJIeJlyeT 13 GoJiee CHIBHOrO pesyibrara B [13; 1.5]. (ABropst
Garosapabl Asin DHasTY 3a ceblIKK Ha paboTsl [11]-[13] B oTHOmEHNN 3TOrO pesysabrarTa
0 PABHOHEIIPOTHUBOPEIUBOCTH. )

Yro kacaercst caMoro pesysbrara TeopeMbl 1.1, To OH SABJISIETCS YCUJIEHHEM HAIlle-
IO [pPEeJIIeCTBYIONIEro pe3ysibraTa B 9TOM HAllpaBJeHun B crarbe [14], rue ycranosiena
nesbBouMocts CA B8 PAS + CA(X]) (re. 6e3 AC)). Dror Gosee caabblit pe3yabTat,
¢ HaBPOCKOM JIOKA3aTeJIbCTBA, TaKzKe OlyOInKoBaH B Hamteil crarbe [7]. Ycmienue B Teo-
peme 1.1 cocrout B TOM, uTO cxema AC], (T.e. HEKOTODBIN ee KOHKPETHBIH TPUMED) HE
soiBostuTes B PAS + CA (1) (u maske B nosmoit PAy), kax ycranosieno B 4], [5].

U neckosibko cios o posu CA(X1) B yreepxienun teopembt 1.1. Mogens aist PAJ
(6ez CA(X})), B koTOpOii He BBIMOMHEHA TosHAs cxema CA, crpoutes ropasjio Gosiee
[IPOCTBIMU CPEJICTBAMHU, YeM J0Ka3aTeIbCTBO TeopeMbl 1.1. Vmenno, 6epem rexepude-
ckyto o Kosny nman L nocienoBareabHOCTb (X;)i<, MHOXKECTB x; C w, u obpaszyem
muoxkectBo X = (P (w) ML) U{x;: i < w}. Torma (w; X) — mogens PAJ, rae nonnas
CA He BbITIOJTHEHA TTOCKOIBKY X HE COEPKUT JIOMOTHEHNN W \ T; MHOXKECTB ;.

Taxum obpazom, Teopusi PAJ ¢ GeciapaMeTpuiecKoil CBepTKON HEJIOCTATOTHO CUJIb-
Ha, 9To0bI nokazaTh CA jake B TOW 3jeMeHTapHON (QopMme, UTO KayKJI0e MHOXKECTBO
nmMeer sromosiHeHne. Teopuu ¢ TaKUM CBORCTBOM BPSIJT JIM WHTEPECHBI, 1 UMEHHO TOITOMY
nekoropyto dactb CA ¢ mapamerpamu mpuxoauTcs j1obaBuTh. Kaxk mokasbiBaeT Halla
teopema, nobasitenne CA (X1), coxpanser B cuie TIaBHBIH PE3yIbTAT.

B nestom, nzydenue nojgcucteM apudMETHKE BTOPOTO TMOPSIIKA TTPOJIOIZKACT OCTaBATh-
Cs1 IPEIMETOM MHTEpECca B COBPEMEHHBIX paboTax, cM. K npumepy [15], n ata Hama crarbst
NIPpUHA/JIEZKUT JTAaHHOMY HallpaBJICHUIO.

3. O06ob6mienHbIit nuTepupoBanubiii popcunr mo Cakcy. JlokaszareabcTBO TEO-
pembr 1.1 ucnosb3yer cioxuyio ureparuio dopceunra Cakca, pazpaborannyio B [16] ma
ocuoBe Gostee panuux pabor [17], [18] u ap. Takxke Gyzer ucnojab3oBaHa KOAUPOBKA IIPU
[IOMOIIIK CTereHeil KOHCTPYKTUBHOCTH, B JIyXe METOjia, W3JI0KEHHOIO B CBSA3U C Teope-
moit T3106 B crarwe [19; c. 143].

Kaura Kronena [20] maercst Kak riiaBHbIH nCTOUHUK 110 MeTory (opcunra. Mbr B oco-
OeHHOCTHU ccbLTaeMcst Ha pasjen [V.6 B KHHUI'e B OTHOIIEHUM II0JIXO/a HA3BAHHOI'O TaM
“forcing over the universe” (popcHHI HaJ| YHUBEPCYMOM BCEX MHOXKECTB).

Koucrpykrupnbiit yausepcym L ucmosib3yercst Kak MCXOMHAS MOIEIb.

Paccyxnaem B L manee B aTom pasmene.
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Hanomunm, aro 2<% = Bee koprexku yuces 0, 1. Ml onpenensem, B L, MHOKeCTBO
I=(w x2%¥)Uwi; IcL, (1)

JACTUYHO YMOPsIOYeHHOE Tak, 9710 (7,s) < (B,t) xorma v = S u s C t B 2<¥; npn
9TOM KaxKJbIil opiuHan v < wp (Bropas udacth I) ocraercst <-HeCpaBHUMBIM B I HHI
€ KAKUM UHBIM 3JIEMEHTOM. 3aMeTHM, UTO eCJIH Yy < w1y t0 v npuHaieskuT I Kak s7eMeHT
MHOZKECTBa w1, u mapa (v, A) (rme A € 2<% — mycroil koprex) Takxke npuHajeRuT I
KaK 3JIEMEHT MHOYKECTBA w1 X 2<%, IpUvIeM MBI He OTOXKJIECTRIIsIeM 7y 1 {7y, A), 310 pazubIe
(u <-mecpaBuuMble) deMenTol I, npudem 06a <-MuHUMAJIbLHBL B 1.

Byxser 2, 7 ucnosb3yrorcs gy obo3nadenus d1emenTos 1.

Eciu ¢ = v nnu @ = (v, s) upunajgexur I, To oboznadum v = |¢|.

IMonoxkum E = {Bce He Gostee 1eM cueTHbIE HavaabHbIe cermenThl ¢ C T}

Bykseot £, 7, (, 9 OyayT ob6o3HAYATH HAYAIbHBIE CETMEHTDHI U3 =.

Eciu ¢ € ¢ € B, 1o paccMaTpuBaIOTCA HadaJbHble cerMeHThl [< 4| = {j € I: j < i} u
C[# 4] ={j €(:j#i}, mwananoruuno onpejesennsle [ ], ([ ).

Jasiee, paccMaTPHBAETCS KAHTOPOB JUCKOHTHHYYM 2 = 2¢. Ecmu € cuerno, 10 2%
€CTh MPOM3BeJIeHNe £ KOMUil TPOCTPAHCTBA & ¢ TOTOJIOTHEl TTPOU3BEIEHMS.

Iycts n C € € B. Ecim ¢ € 2¢ 10 4epes x | 1 € 9" 0603HAUNM OGBIYHOE OIDAHH-
wenme. BEcm X C 2%, o nonoxum X [ = {x | n: 2 € X}. Kax cokpamenne, = | ;
Oymer oboznadaTs | [< t], X [y; — obosmauars X [ £[# ], u T

Ecm ke Y C 2", to nonoum Y |1 é={x € 2.z [ne Y}

OnPEAENEHME 3.1 [16]. Ecin ¢ € B, To Perf, cocrour us seex muoxkects X C Z¢,
IS KOTOPBIX MMeeTcst TomeoMopduan H : 2¢ =% X | yioB/IeTBOPSIIONTit

vo =21 1€ <= H(zo) [E{=H(x) [ €

Jtst Beex o, 21 € dom H u € € B, £ C (. T'omeomopdusmbr H, yI0BIETBOPSIONINE STOMY
YCJIOBHUIO, HA3BIBAIOTCS COLPAHAIOWUMY NPoekyuto. JIPYyruMu CJI0BaAMU, MHOXKECTBA U3
Perf; — s10 06pasnr 9° 1pu COXPAHSIONX TIPOCKIAIO TOMEOMOPMOUIMAX.

3AMEYAHUE 3.2. ITycToe MHO:KecTBO & (pOPMAIBLHO IPHHAICKNAT =, 1 Toraa 29 =
{&}, u oueBnzno, uro I = {@} — enuncTBeHHOE MHOXKeCTBO B Perf,.

st ynobeTBa YuTaTe s MBI IPUBEIEM C COOTBETCTBYIOMIEH CCHLLIKON OJHY JIEMMY O
muoxkectBax u3 Perf., xoropas nokaszana B [16].

JIEMMA 3.3 (cm. [16; memma 8]). Ecau ¢ € B, X € Perf., X' C X omxpumo ¢ X, u
zo € X', mo umeemca mnoocecmso X" € Perf., X" C X', omrpwmo-zamriymoe ¢ X
u codeporcauiee xg .

4. ®opcuHTr U 6a30Boe pacHImpeHne. 3J1eCh BBOIUTCS (DOPCUHT JIJIST JIOKA3ATE b
cTBa TeopeMbl 1.1 u paccMaTpuBaeTcst COOTBETCTBYIOIIEE NeHEPUIECKOe PACIIUPEHIE.

MI)I IPOI0JIZKaeM pacCyzK/1aTh B L Ha.IIOMHI/Il\/I, 9TO 9aCTUYIHO YIIOPsAJ0YEeHHOE MHO-
skectBo I € L onpeneserno uepes (1) B pasgene 3, a 2 € L — MHO)KeCTBO Beex He Gosiee
YeM CUYeTHBIX HadaJabHbIX cerMeHToB { C I B L. Ecim ¢ € E, To mycts Pr = (PerfC)L.

Muoxkecrso P =Py = cem P¢ € Lim ects Ham ¢opcune. Ero snementor X € P Oyayr
HA3bIBATHCA “YCIOBUSIMU .

s ompenernenus mopsinka Met mooxkuM || X || = ¢ g Becex X € Pe. Teneps ompe-
nensieM X <Y (re. X cuavnee, uem Y), korga ( = ||[Y|| C || X||u X ¢ CY.

{eql}
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3AMEYAHUE 4.1. Muoxectso [ = {@} kak B 3ameuennn 3.2 npuHa iexRut P 1 sBJs-
erca <-HAOOJIBIHUM (T.€. CAMBIM CJIa6bIM) “ycioBuem” B P.

3AMEYAHUE 4.2. Ilycts muoxkecrBo G C P sBisiercst P-renepudeckum nay, L. Fein
X € P; 8L To X Ha camoM JieJle He SIBJISIETCs 3aMKHYTbIM MHOzxkecTBoM B Z¢ B L[G].
OrHAaKO €ro MOXKHO IIpeobpasoBaTh B 3aMKHyTOe MHOKecTBO B L[G] onepaieil 3aMbIKa-
nust. [Ipu 3ToM TomoIOrMYecKoe 3amMbikanme X 7 takoro X B Z¢, onpeyenennoe B L[G],
npunajanexur Perf yxe B cmblicie pacumpenns L[G].

Corutacuo jiemme 3.3 B curyaiuu 3amedanus 4.2 cyriecrByer (eQMHCTBEHHDI) MAacCUB
a[G] = (a;[G])icr Touex a;[G] € 2%, nus koroporo mbl umeem a[G] | € € X7 peaknit pas,
korma X € G u || X|| = & Torma L[G] = L[{a;[G))icr] = L[a|G]] ects P-2enepuueckoe

pacwupenue L. Takue maccupbl a = a[G] Takxke OyuyT Ha3bIBATHCS P-reHEPUIECKIMI.

TEOPEMA 4.3 (cm. [16; Teopembr 24, 31]). Bee xapdunaaw ¢ L ocmaromes xapdura-
aamu 6 LIG|. Kaocdas mouka a;[G] asasemesn eenepuveckot no Caxcy nad La[G] <4].

Cuestyromue geTnipe pesysbrara nojaydensl B [16]. B ka0l u3 jemMM, MHOKECTBO
G C P asngerca P-remepuaeckum man L.

JIEMMA 4.4 (cem. [16; semma 22]). Ecau koneunvie uau cuemmoie muoocecmsa n,§ C T
6 L ydosaemeoparom Vi en i€ (§ <14), moalG] | n € Lla|G] | £].

JIEMMA 4.5 (cm. [16; memma 26]). Ecau K € L — nauasvrod ceemenm 6 I, u i €
I~ K, moa;G] ¢LlalG] | K].

JIEMMA 4.6 (cm. [16; caencrsue 27]). Ecau ¢ # j ¢ I, mo a;[G] # a;[G], u dasice
Lla;[G]] # Lia;[G]].

JIEMMA 4.7 (em. [16; memma 29]). Ecau K € L — navaronod ceemenm 6 I, u r €
2“ N L[G], mo aubo r € Lla | K| aubo umeemcs i ¢ K, das xomopozo a;|G| € L[r].

Mp! IpUMEHUM 3TH JIEMMBI B JOKA3aTEIbCTBE CJIEIYIONEi TeopeMbl. depe3 <y, 000-
3HAYUM [OPSIOK OTHOCUTEIHHON KOHCTPYKTHUBHOCTH Ha 2%, TaK 4TO & <, Y PABHOCUJILHO
x € L[y]. Yepes x <y, y 0603HaIMM CTPOroe OTHOIIEHNe: ¥ <1, Y HO Yy LI &, & IKBUBa-
JICHTHOCTb & =j, i O3Ha4aeT, YTO T <1, Y U Y <[, T.

TEOPEMA 4.8. IIyemv 4 € I ur € L[G] N2¥. Toeda

(i) ecauj eI uj<i, moa;|G] <L a;(G];

(ii) ecruj € I uj &1, mo a;[G]| €1 a;[G];

(ii) ecau r <y, a;[G], mo r € L uau r =, a;[G] dan xaxozo-mo j € I, j < 4;

(iv) ecaui = (y,s) € I,e=0,1,ui"e = (y,s"e), mo a;~ [G] asasemeca npasusorvim
nacaedrurom a;[G], 6 mom cmuicae, wmo a;[G] <y, a;~.[G] u mobas mouka y € 2%
ydosaemeopaem y <t, a;~,|G] = y <1 a;[G];

(v) ecau i = (v,s) € I ux € 2¥NL[G] - npasusvnod nacredrnur a;[G| 6 cmoicae
(iv), mo cywecmeyem e = 0,1, das xomopozo x =y, a;~.[G].

JIOKA3ATENBCTBO. (i) Ucnoassyem nemmy 4.4 pu n = {7} and & = {i}.

(ii) Ucnonssyem gemmy 4.5 mis K = [ 4].

(ili) Ecou cymectsyer j € 7, j < 1, gy xotoporo a;[G] € L[r], o mycrs j obo3mataer
HanGOJIbINee U3 HUX, U IycTh £ = [X j] (koHeunslit HauanbHbll cerment B I). CoracHo
gevme 4.7 6o r € L[a[G] | €], 6o mveerca i’ ¢ € ¢ ay[G] € L[r].
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B nepsom ciayuae r € La;[G]] mo (i), Tax aro L[r] = L[a;[G]] mo Bui6opy j. Bo Bropom
xe caydae M1 mveeM ay [G] € La;[G]], Tak wto i < 4 mo (ii). Ho sTo mpormeopeunT
BBIGODY § U 7.

Haxouern, eciu wer j € Z, j < 4, g koroporo a;[G] € L[r], To amamoruanoe pac-
cyxyenue ¢ £ = @ naer r € L.

(iv) Coornomenme a;[G| <r a;~.|G] Beirekaer u3 jgemm 4.4 u 4.5. Ecuiun rteneps
Yy <r a;~,[G], To y € L mmm xe y =i, a;[G]| msa kakoro-ro j < ¢ e coriacHo (iii),
npudeM BO BTOPOM ciiydae j < 47 e, OTKy/la J < @, 1 HakoHell y <r, a;[G].

(v) Cornacuo (iv) ZOCTATOYHO JOKA3aTh, UTO & <L, 8;~0|G] mm x <r, a;~[G]. Houy-
cruM, 910 T %1, a;~9[G|. Torma mo semme 4.7 umeercs takoe j € I uro j £ 170 u
a;,|G] <r z. Ecm aj[G] <i « crporo, to a;[G] <y, a;(G] 10 cBOiiCTBY IpPaBUIBLHOIO
HACJIEJIHUKA, & 3HAYUT %9 < &, YTO HpoTruBOopednt %o # ¢ 0, Kak u Bbime. llosromy
Ha camoM jsiesie a;,[G] =1 x. Torma Mbl umeeM 49 = 470 wim 49 = 47 1, Tak Kak x —
npaBuIbHBI Hacsenauk. Ho Torma 49 = 47 1, IoCKoIbKY npejnosnaraercst & L1, a;-~o[Gl,
9TO U TPeOOBAJIOCH.

5. Mogens. Ilycrs mHOXKecTBO G siBasiercsi P-renepudeckum Hajg Lo a = a[G] =
(a;)icr € 2T. Pacemorpum mmowectso J[G] = J[a] € L[G] = L[a] Bcex i € I, nua
KOTOPBIX:

6o i = (v,0™), rme v < wy, m < w, 0™ =(0,0,...,0) (m uneHos paBubIX 0),

mmbo ¢ = (7,0m"1), rme vy < wy 1 m < w, a,[G](m) = 1.

Takum o6pasoM, ecn v < wq, TO 3HadeHue a, [G](m) = 1 uwmm 0 gis yro6oro JaHHOro
qucaa m < w KOAUPYETCsl IIOCPEICTBOM HAJMYUg (J1j1g 3HAYEHUS 1) MM COOTBETCTBEHHO
orcyrersus (s 0) paseuaru usz koprexeit (v,0m70) = (v,0™ 1) u (y,0™"1) nax kop-
rexkeM {7y, 0™) B J[G]. IIpu s10M camu opiauHaibl ¥ < wi (Bropas 4acTb onpejesenus I
cormracuo (1) B pazzene 3) muoxecry J[G| = J]a] e npunajexar.

Ha stom u 6yzier nocrpoer kourpipumep Kk CA B onpesesenHoii depes J[a] momenn
Wa] u3 (2). meno, ms ymoboro v < wi MHOXKECTBO {m < w: ay[G](m) = 1} me 6yzmer
npuna/iexars Wa] nockonsky v ¢ J(a], Ho Gyaer onpenennnvo B Wa] mogxozsineit
dopmyoii asbika PAy ¢ mapamerpom ag, Ay [G] yepes ykazannoe CBOHCTBO Pa3BHIIIOK.

Urak, et onpesensem L(E) = | J, ¢ p L[z] mnsa moboro mmoxecrsa E. Ionarmo, uro
L(E) C L[E], vo B npunnune L(E) moxer u He 0bITh Mojienbio ZF. Hakonery, nmonaraem

Ela] ={a[¢{: (e ENEC T[]} u Wa] = Z(w) N L(E[a]). (2)

JIEMMA 5.1. Ecau i ¢ J[a] mo a; ¢ Wal.

JIOKA3BATEJIBCTBO. Mbl He MOXKeM cpa3y cocsiarbes Ha jgemmy 4.5 tak kak J[a] ¢ L.
Omnaxo muO)kectBo K = {j € I: i # j} npunagyexkur L u ynosaersopsier J[a] C
K C I. Mot umeem ¢ ¢ K, crenosaressio, a; ¢ Lla | K] mo aemme 4.5. C npyroit
cropoHsl, Beimoarero Wia] C Lla | K|, orky/ia u ciie/lyer pe3ymibTar.

Uwest B Buty Teopemy 1.1, mbr gokazkem, aro (w; Wa]) somommager PAj + CA (1) +
AC],, no nonmas ceeprka CA mesepra B (w; W(a]). Dro pasburo Ha aBe TEOPEMBI.

TEOPEMA 5.2. Ecau mmnoocecrneo G sasasemes P-eenepuveckum nad L v a = a[G],

mo (w; Wla]) | PA; + CA(Z)) + -CA.

{s5}

{eq2}
{15.1

{t5.2
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JIOKA3ATENBLCTBO. Yro (w; Wal]) Bemmosasier Bece akcnombl PAy kpome CA — Tpu-
suasbho. Wcerunnocts ceeprku CA(X}) (¢ mapamerpamu) B (w; Wa]) ciemnyer uz teo-
pembr abcosiornoctu [lerduiia.

Hoxazxkem, uro nosnast CA 6e3 orpanndennst Ha dbopmyiibl goxkHa B (w; Wa]). Ilycers
v < wk, Tax w0 v M KAK A MApa (7, s), s € 2<¥, npunrayexar I o onpeenenuto (1)
B pasjiese 3. B uacrHoctn, 49 = (vy,A) € I, rme A — nycroit koprexx. K romy ke 7
(kak snement I) me mpunamiexxkut J[a]. Mbr cobupaeMcs JOKa3aTh, UTO TOUKA &, He
npunagiexur Wial, Ho onpeennma B (w; Wal).

HTar 1. a, ¢ Wla] no nemme 5.1, Tak xax v ¢ J[G].

IITar 2. Mol yTBepzKIaeM, 9TO TOUKa &, ompenesanMa B (w; Wlal) ¢ mapamerpom a;,,
rue to = (v, A) € J[a]. Bosee rouno, yrBep:kaaercs, 4To npu JodboM m < w:

cymecTByeT HabOp To4ueK bo, b1, ..., by, byygr mbY,
B 2%, nmis Koroporo: by = a;,, Kaxkgas bpii ecTb

a,(m)=1 <=
+(m) IIPaBUIBHEI HacaeHuK by (k < m), b, | ecTb npa-

3)

BHJIGHBL HACIEIHUK by, 1 0], 1 Z1, by

dopmysia B IpaBoil YacTu SKBUBAJIEHTHOCTH (3) OCHOBaHA Ha I'eJ[eJIeBOii KAHOHMYECKOMH
X1-dbopmyre ms <p,, Koropas abcomorna aia Wa] no onpenenenmo Wla]. Crenosa-
TesbHO, (3) o3madaer, 4T0 a,[G| B camom Jere onpeneanma B (w; Wa]) ¢ mapamerpom
a;,[G]. Urak, ocraercs mokaszarh (3).

Hanpagienne =. Ilycts a,(m) = 1. Torga J[a] conep:ut smements i = (7, 0F),
k <m+ 1, a TakKe CONEPKUT i;n_H = (v,0m"1). Iosromy Toukm by, = a;,, k <m + 1,
., |G] npunannexar Wlal. Tenepr reopema 4.8, (iv), (ii) Brewer To, uTo
TouKH by, ¥ D), | yIOBIETBOPSIOT MpaBoil yacTu (3), 94T0 i TPeGOBAIOCH.

/ —
n bm+l = ai;n

Hanpapienne <. [Homycrum, uro touku by, k < m + 1, u b}, ynosierBopsior
upasoit qactu (3). Ilo Teopeme 4.8, (V) HMMeETCH MACCHB MUCETT €1, . .., Em, Cmg1s €y y] =
0,1, ynosnersopsomux by = a;, s Beex k < m + 1, a raxke b, | = rJie
. -/

g = <77 <61a ceey 6k>> " zm+1 = <’Y7 <6la <y Emy,y elrn+1>>'

Omnraxo 1o nemme 5.1 45, € J[a] mus seex k <m+1, u i;nﬂ € J[a], mockoabKy TOIKI
by u b, npunanrexkar Wlal. Torga oueBumno €y = -+ = ey, = 0, a Takxe ey 41 = 0
u el =1, mb0 HAGOPOT, €141 = 1 m €],y = 0. Jpyrumu crosamu, napsr (y,0™ )
u (7,07 1) npunagmexar Jla]. Orciona u creayer a,[G|(m) = 1.

a;/
T+’

TEOPEMA 5.3. Ecau muooicecmeo G asaaemes P-zenepunecrkum nad L u a = a[G],
mo (w; Wla]) E AC], (6ecnapamempuneckan).

JokazaTembecTBO 9TOM TeOpEeMbl OCHOBAHO Ha TEXHUKE MepMyTarnuit ajst ¢popcunra P,
u3Haraemoii B cjeytomeM pasuese. CaMo JJOKa3aTeJbCTBO MOCJIEyeT B pasjese 7.

6. Ilepmyramuu. Paccyxnas B L, paccmorpum rpymmy IT € L Bcex Takux Guekiuit
Ha
T: w; — wi, 4T0 0bacTs HerpusnagbHoct |w| = {a: w(a) # a} orpannuena B wi,
¢ CyTepIIO3UIeli 0 B POJIM IPYIIIOBOI ONEpAInN; TaKue T HA3BIBAEM NEePMYMAUUAMU.

ONPEAEJEHUE 6.1. Jliobas nepmyranus m € IT aeiicryer:
(a) Ha smementbl ¢ =y u j = (7,s) B I, yepe3 7% = 7(7), COOTBETCTBEHHO, T~ =

(m(7), 8);

(b) ma muoxecrsa £ C I wepes n7¢ = {n"i: 1 € £};

{eq3}

{t5.3

{s6}

{d6.1
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(¢) ma dyuxnuu g ¢ domg C I, yepe3 dom(n~g) = n"domg u (77¢g)(7"1)) = g(2)
1 Beex 4 € dom g, mam pOPMASIBHO Uepes cynepnosuuuio o, T g = gom 1;
(d) Tem campim, ecrm E C Tuwx € P8 to m°w € 97 € u (m7x)(n78) = x(i), Vi € &
(e) ma “ycnosus” X € Perfe, £ € E, wepes 77X = {n7x: v € X} € Perf .
JIEMMA 6.2. Ecou € € 2, a € 21 wn,o € II, mo n7a = aon™ !, a makoice
7(0"a) = (Too) a, ur(a | €) = (1"a) | (1°€) € I7 .
JIOKABATEJIbCTBO. K mnpumepy, 1o OIpeIeIeHuio Mbl IMEEM

17(0"a) = (c"a)or ' =aoco tor ! =ao(roo) ! = (no0) a.

OcrajibHble YTBEPAKICHUS TAKZKE JIOMYCKAIOT PYTUHHYIO IIPOBEPKY.

st u3yueHus: reHepudeckux CTpykTyp Buga (w; Wlal), paccmarpusaercst asvik gop-
cuMea, T.e. B TAHHOM CIydae OOLIMHBIH €-s3bIK, O0OTAIEHHBIH UMEHAMU BAAA

UMs T —  Jyist J06oro x € L, omootcdecmensemes ¢ x
uMg ga — s Joboro o € 11 (4)
B TOM YHCJIe UMsI £€a = a — JIJIsl TOXKJECTBeHHOI niepmyTanun € € I1
Q — 0mHO cHenuaJILHOE UMS

Heticrsue mepmyranuit m € IT mpojomkaercs na numeHa t Tax:

~ @ ()
T = T
77(ca) = (com1)a
N — _ ()
B yactHoctd, 77a = (7 ')a (upu o =e¢)
T = Q

Hausee, ecn a € 21, 10 unwmepnpemanusn t[a] yrroGoro MMeHn ¢ ONpeJeIIeTCs Tak:

rla] = x (mesaBucumo or a)
cala] = o a=aooc ! (mpumamexur 27) 6
QJa] {o7(al&:0cTINE€ENEC Jal} (©6)
u rake W*[Q[a]] = Z(w)NL(Qa]) = P(w) NU,eqp Llul  (cp. ¢ (2)) Jeqd}

JIEMMA 6.3. B ycaosusx meopemvr 5.3, ecau m € II mo maccue b = n7a € 91
— P-zenepuneckut nad L, J[b] = 7~ (J[a]), u tla] = (77t)[b] dar w6020 umenu t.

JIOKABATEJIBCTBO. Orobpazkenue ¢ +— 71 SBJISIETCS MOPSIKOBLIM aBTOMOP(U3-
MoM I, TI03TOMY T'€HEpUYHOCTH b CJIeyeT M3 eHEepUIHOCTH A MO OOIIMM TEOPEMaM O
dopcunre. s mposepkn pasencrsa J[b] = 77 (J[a]) mocraTodHo 3aMeTHTH, UTO ecym
6 = m(v), To mo onpenenernto 7y =0 u (7, 8) = (4, 8). (Bmech i =y and ¢ = (v, s) —
siementsl Muoxkectsa I.) C apyroif croponsl, Mbl nMeeM by = a, Tak:Ke B CHJLy TOTO,
qro b = 77a. 13 srux dakros HerpynHo seisectu J[b] = 77 (J[a]).

Paccmorpum nmst ¢ = ga, kak B (4), rie o € II. Ncnonb3ys paBercrso 717 (07 a) =
(7o 0) a JeMMbl 6.2, MBI HETIOCPEJICTBEEHHO BBHITUC/ISEM

1

(v (ca))[r"a] = (com Va)[r"a] = (cor ') (17a) = (sor 'om) a=o0"a,

o dopmysnam (5) u (6), 9T0 U TPEGOBAIOCH.

{16.2

{eq4}

{eqg5}

{eq6}

{16.73



HE3ABHUCUMOCTBb AKCHMOMBI CBEPTKN 265

Haxkowner, paccmorpum nmst ¢ = , kak B (4). Tpebyercs nokasars 2[b] = Qa].
Paccymorpum MPOUSEOJIbHOE & = O ( f) Qlal, tie 0 € II, £ € B, £ C J[a].
Tlonmoxum & =" € BEnoy =con - € Il. Ucnonb3ysa memmy 6.2, BHITHCTSAEM:

0" (al &) =(c"a) [ (67¢) = ((crom) a) | ((crom)7¢) = (o7 (77a)) | (07 (7))

=07 ((r"a) [ (n7¢)) = o7 (b [ &).

Onnako n3 pasercrsa J[b] = 77 (J[a]) caenyer & C J[b], nu mosromy z = o (a | §) =
oy (b &) € 2bl

Eciun ® siBasiercss €-dbopmyinoii ¢ umenamu suga (4) B poan mapamerpos, To 7P
OyeT 0603HAYATH PE3yJIbTAT 3aMEHbl KaXKJ0r0 yJIacTBYIOIIero uMenu ¢ va mt.

Ecm xpome toro a € 21, To ®[a] Gymer o603HAUATE PE3yALTAT 3aMEHBI KazI0TO
YYaCTBYIONIEro UMeHH ¢ Ha uarepuperanuio t[a] no dbopmystam (6).

Yepes | obosuagaerca oruomenue P-soimykuenus nan L kak 6a30Boil MOJENIbIO,
coryiacoBaHHOe ¢ onpejesenneM unrepuperaiuii o (6). Ciemyroinas TeopeMa gBJISETCs
KJIIOYEBBIM PE3yJIbTaToM Teopuu dopcunra s |f-.

TEOPEMA 6.4. Ilycmo X € P, § = [ X]|, a ® — sammnymasn €-gpopmynra c umena-
mu (4) 6 poau napamempos. Tozda X | ® pasrocuavro momy, wmo La] = ®a] dan
106020 a € DT, P-zenepuneckozo nad L u makozo, wmo a | € € X#.

Pyrunnoe n1KasaTeabcTBO ciienyrolero pesyiabrara 6.5 06 MHBAPHAHTHOCTU OTHOIIIE-
HUsI |~ OTHOCHTEJIHO [IEPMyTal|il, OCHOBAHHOE Ha JieMMe 6.3, OIyCKaeTCsl.

CJIEJICTBUE 6.5. [Tycms © asanemes samkrymot €-dopmyaoti ¢ umenamu (4) 6 po-
au napamempos, T € Il u X € P. Toeda X | @ pasnocuavro 7~ X |- 77 P.

CHEJICTBUE 6.6. ITycmv ® — 3amkxnymasn €-dopmysra ¢ umenamu moaivko 6uda T
uQ us (4), u X € P. Toeda X |- © eaeuem I |- .

Hanowmumm, gto I gBasercs cinabeitmum “yemosuem” B P, cMm. 3ameuanue 4.1.

JIOKA3ATEJILCTBO CJEACTBUS 6.6. B nporusHOM ciyuae BbinosaerHo Y |- — @ s
kakoro-1o “yesopust” Y € P. Muoxkecrsa § = | X|| u n = ||Y|| (cm. mnauano paszmena 4)
pUHAJJIEKAT =, B dacTHOCTH, oHHU cueTHBI B L. Iloaromy maiijiercss takasi mepMmyTariust
7 € II, aro muoxkecrsa £ u 1 = 77 n nuszbonkrabl. OTcoma ciemyer, 4ro “yeaoBus” X
n Y’ =77Y (nocnennee ynosaersopsier ||Y'|| =n') comecrust B P.

C apyroii croponsl, ¢popmyna ¢ 1o yenosuio yaosiersopser 1% = &. Orcioma no
cnencereuio 6.5 u BRIGOPY Y cneayer Y |- —®. Ho sro mpormsopeunt BBIGODY X M
cosmecrnoctu X n Y'. TlporuBopeune joKasbiBaeT JeMMY.

7. Becnapamerpuveckuii BbIOOp U [J0OKA3aTEJIbCTBO OCHOBHOI TEOPEMBI.
311ech MbI IOKa3bIBa€M TeOpeMy 5.3 KaK PEIIAoIInil Iar B JOKA3aTeIbCTBE HAIIe OCHOB-
HOIT T€OpeMBblI.

HOKABATEJILCTBO TEOPEMBI 5.3. Mbr dukcupyem P-renepudeckoe nag L mmoxe-
ctBo G C P u nonmaraem a = a[G]. Hameit neasio seasterest oo, AC) B cTpyKType
(w;Wla]) € L[a] = L[G]. Tosromy dukcupyem Gecrapamerpudeckyio dopmyry ¢ (k, )
s3bika L(PA,). Tpebyercs nokasarb, 4ro

(w;Wlal) = (Vk 3z ok, 2) = FyVk o(k, (y)1))- (7)

{t6.4

{c6.5

{c6.6€

{s7}

{eq7}
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IIpepBeMcs Ha CJIEYIONLYIO IPOCTYIO JIEMMY.

JIEMMA 7.1. W[a] = W*[Q]a]] (em. (2) u (6)).

JOKABATENBCTBO. Eciin o € II to Lia | ] = L{o"(a | §)] (nockonbky IT € L).
Orcrona caenyer L(E[a]) = L(R2]a]) u nemma.

JlokazaHHasl leMMa, paspernaer mnepernucarsb (7) B CJIe/yIomeM SKBIBAJEHTHOM BUJIE:
(w; W al)) = (Vh I p(k,z) = Ty k @(k, (1)) (8)

9TO MBI 1 6y,u,eM JIOKa3bIBATh.

Hauunast BeiBogL (8), nipejnosaraem nporusHoe, T.e. —(8). Tlo Teopeme 6.4 510 BbIHY K-
Jmaercs HeKOTOpbIM “yejoBueMm” X € (. OjHako BBIHYXKIAaeMOe IPeJJIOYKeHre 3J1eCh
cozepKuT TOJIbKO uMsg £ corsacuo (6). ITosromy cornacuo ciaenersuio 6.6 Mbl uMeeMm

I -(8), me Il [(wWQ) E (Vk3x plk,2) A~3y¥E ok @)]. (9)

B gacrHocTn my1st Kaxkaoro k < w BBITOJHEHO

I ((w; W) | 3z ok, ).

ITo onpesnenenuto (6), 1uist Kazkgoro k nmerorcs takue & € B, uy < wy, X € P aro

Xi |- & CJ[a] A Tz (¥(a | &, pr, z) A (w; WHQ)) = ok, ), (10)

rne e-opmyna V(a | &, [k, T) TOBODHT, UTO T €CTh fg-il, B CMBICJIE KAHOHUYECKOTO
rejiesieBa nopsiaka Ha La [ &), snement muoxkecrBa 2 (w) N L[a | &

3AMEYAHUE 7.2. Keanrop 3z € Ljo™(a | &) N P(w) B (10), oxxugasimmiicst 1o
onpesesienno (6), cHadasa 3amerer 6osiee npoctbiM 32 € Lfa | §,]NZ(w), Ha ocHOBaHUI
toro, uro Lia [ (] = Lijo"(a | £)] (cnexyer uz o € II € L), a 3areM u npocro Ha 3,
nockosibky W(a [ &, k. x) dopmanbuo sieder z € Lla | ] N P (w).

U npu srom orobpazxkenue k — (g, g, Xi) npunaiyexur L.

Orobpaxenne k +— n, = || X| € E Torna rakxke npunajexur L. CregoBaresbHo,
paccyxkuasd B L, MoxKHO mocTpoutTh cucremy (mp)p<w € L nepmyranmii 7 € II, s
KOTOPBIX MHOXKECTBA 1), = T, N € & nonapo dussionkmus. Torma “yeaosus’” Yy, =
7, Xt € P ynosunersopsior ||Yy| = 7, OTKy/ia U U3 NONAPHON JIN3BIOHKTHOCTH CJIEJLYeT,
uro muoxkectso Y = |J, (Vi 7! n) npunagnexur P, u [|Y]| =7, roe n =, 1, € E.

ITycrs reneps & = ;. &k, Vk. ITockombky Y < Yy B P, Mbl nmeem u3 (10)

Y |l & © J[mea] A 3z (U((7wa) | &k i, ) A {w; WQ)) FE o(k,2)), YVE - (11)

PaccmoTpum Teneps sno6oit maccus a € 21, P-renepudecknit nag L, u Taxoi, uTo a |
n € Y#. Tlo Teopeme 6.4, (11) Bieuer, 5 L[a]:

& C J[mpal A 3z (U((rpa) | &) Al WIQLD) E lka)), VE  (12)

Onnaxko paserctso J[b] = 77 (J[a]) semmbr 6.3 o3Bossier 3amennTs coornomtenue & C
J[r, a] na sksusanentnoe &, C J(a], a mocieamee paBeHCTBO JieMMbI 6.2 103BOJIsET
saMeHuTh (7, ) [ & Ha sxsusanentHoe 7, (a [ &;,). Tem cameiv, B Lla] Bbimosnseno:

& C Jla] A Jz (V(mp (al &), x) Alw; W) = o(k,2)), Yk (13)

{17.1

{eq8}

{eq9}

{eq10

{x7.2

{eql1

{eq12

{eq13
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Hazee, Kosb cKopo orobpazkenus k — &, my, npunamaexkar L, orobpaxkenue k — &,
raxxke npunajrexkar L, a moromy muoxkecrso & = |J, &, npumamexar L, u £ € E,
¢ C Jla] cormacuo (13). Torma a | ¢ € Q[a] u Lla | ¢'| N Z(w) C W*[2a]] no
onpenenennio (6). Teneps, paccyxmas B Lla | £'], mus xaxmoro k < w MBI, uepes Ty,
0003HAYHUM [if-if, B CMBIC/Ie KAHOHIYECKOTO rejierieBa opsiika Ha Lm; (a | £},)], snement
muokecTBa P (w)NL{m, (a [ £,)], a 3aTem onpenensiem y € & (w)NLa [ '] paBencrsamu
(Y)k = x, VE. UNneem (w; W*[Q[a]]) = ¢(k,z) Yk cormacuo (13), u B T0 Ke Bpemsi
y € Zw)NLlal ] C W*Q[a]] no nocrpoernto. Takum obpazom, (w; W*[Q[a]]) =
FyVko(k, (y)r). Ho aro uporusopeuntr (13), nockosbky I € P — cuabeiimee “ycinosue”,
a a — remepuueckniit Mmaccus. [IpoTmBopedne 3aBepImaeT BBIBOJ TEOPEMBI 5.3.

JIOKA3BATE/IBCTBO TEOPEMHEI 1.1. Bepem mpoussosbaoe P-reneputeckoe uat L mio-
xkectBo G C P. Ilyere a = a|G] u X = W(a] = W*[Q[a]] (cm. semmy 7.1). Umeem
(w;W]a]) E PA; + CA(X}) + - CA. 1o teopeme 5.2 u (w; Wla]) = AC], (6ecriapamer-
puveckasi) 1o Teopeme 5.3.

8. O6cyxkxaenue. Mbl 3aKOHINM HECKOJIBKAMU BOIIPOCAMU U 3aMEUYaHUSIMU B CBA3U
¢ Teopemoit 1.1.

ITPOBJIEMA 1. Ocraercss HESICHBIM JI0 KAKOTO IIPOEKTUBHOIO YPOBH: CXEMa CBEPTKH
CA BepHa B ocTpoerHoit Mogerm Wa] = W*[Q[a]] st nokasarenscre Teopemsr 1.1.
U3 Teopembr 5.2 caenyer, uro CA (1) Bepra B 3T0it MOjiesm, a BHEUMATEILHBIH aHa-
ym3 npumepa st - CA U3 jioKasaTe beTba TeopeMbl 5.2 mokasbiaet, uto CA(X]) ne
BbiosHena.  OcraeTcst OTKPBITHIM Bompoc, Bepua ju Tam CA(X1). Hama runoresa
cocrout B ToMm, uto CA(X1), T.e. CA(X})+ - CA(X)), semonnena 8 Wa], a npesmnosa-
raeMblil METO/I JTOKA3aTeILCTBA COCTONT B UCHOJIB30BAHUN BHYTPEHHUX ABTOMOPGhU3MOB
dopcunra Cakca J10MOTHATENHHO K mepMyTarnusay u3 1.

[TPOBIEMA 2. Iloctpouts mogmesns st reopun AC) + CA (1) + - CA(X]). Perme-
Hre 3TON MpobJIEMBI ClIeIyeT OXKUJIAThL Ha OCHOBE MTEPAIUil W ITpou3BejieHnit (hopCcuH-
ra Vencena us [21], [22]. [eno B ToM, uTo pensTuBHAs “fiencenoBocts” spusercs 13-
OTHOIIEHUEM, B OTJINYNE OT OTHOIIEHUS “IPABUJILHOIO HAC/IEJIHUKA U3 JIOKA3ATE/IHCTBA

TeopeMbl 4.8, KOTOpOe ONEHUBAETCs KaK 3aBeloMo 6ojiee ciozxHoe ueM [13.

[TPOBJIEMA 3. Kak 006001meHe TpeablIyIero, 0bio Obl HHTEPECHO JT0KA3aTh, UTO
npu sobom n > 2, PAj + AC), + CA(X}) (c nmapamerpamu) ne sirever CA(X) ).
(Cp. ¢ mpobaemoit 9 B [3; §11].) Orcroma cremosaso 6b1, aTo moHas cxema ceeptku CA
He SIBJISIETCST KOHeTHO akcrnomarusupyemoii Hag PAS + ACY,. Mer oxkuiaem, 1m0 METOIBI
MH/LYKTUBHOTO TI0cTpoerust (hopcuuros B L, mon06HbIX nrepuposannoMy dopcunry Hen-
ceHa 13 [22], HO UMEMOIUX CKPHITHIE aBTOMOPMU3MBI, U3 HAIUX HEJaBHUX pabor [23],
[24], [25] u 1p., MOIYT NPUBECTH K PEIIEHUIO ITO IIPOBIIEMBI.

ITPOBJIEMA 4 (coobmiena Asm Duasgrom). Bo3MOKHBI JIU PE3yJIbTAThI, OA00HBIE Ha~
meit reopeme 1.1, nys Teopun kiaccoB Kesumn — Mopca Kak Teopun BTOPOTO HMOPSIKA HAT
ZFC? Pemenne 31oit 3aa9u MoykeT nmorpeboBaTh pasputus Texuuku ¢opcunra Cakca
JIUTsT HECIETHBIX KapJINHAJIOB, KaK y Kanamopn [26|, mim kak ceqaHo B HeJaBHEl emre
neony6mkosanHoit pabore C.-JI. ®puamana u B. ['urman [27] ars dopennra Nemncena.

{s8}

{pri}

{pr2}

{pr3}

{pr4}

{r8.1
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3AMEYAHUE 8.1. D10 ncciiejoBaHe MOXKET OBbITh MOJIE3HO TPU CO3JAHUNA aJrOPHUT-
MOB WJIA CYETHBIX AJTOPUTMUIECKUX MO/IEJIel, KOTOPbIE MPEJICTABIISIOT IBOJIOIIIO KJle-
TOYHBIX THIIOB U CBSI3aHBI C XPAHEHHEM U 00PabOTKON reHOMHOM nH(pOpMaInn.

Asropsr 6narogapar Anm Duaitara, ['orrepa @ykca u Bukropuio ['mnrman 3a juckyc-
CHUIO U 3aMedYaHusi, KOTOPbIEe IPUBEJIA K YCIEITHOMY 3aBEPIICHUIO 9TOH paboThl. ABTOPBI
[IPU3HATEIbHBI AHOHUMHBIM PEIEH3€HTaM 3a [eHHbIE HCIPABJIEHNUSI, TO3BOJIUBIINE CyIIe-
CTBEHHO JIONOJHUTD U YJIyUINTh U3JI0XKEHUE.
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