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AHHOTATIUSA

B mamrOn paboTe 10Ka3BIBACTCA, 9TO B caydae ¢ > 1 Ipou3BOIHAA TPyIINa,
[Mukapa TrPic(A) anre6per, cooTBeTcTByIOmen 3Be31e Bpayspa Tuma (n,t),
IOpOXK AeHa cABUroM, rpynnon [Tukapa Pic(A) n sksusanentuocrsavu { H;}1
onpenerenusivu Hlanc n 3akan-Nntoys. Oun xe goxasanm, ato H; yaoBie-
TBOPSIOT COOTHOIEHUAM TPYIIBl KOC Ha adduuanon mumarpamme A, ;. B
ciaydae t = 1 gokasweiBaercs, 1ro TrPic(A) mopoxieHa 4yTh GOJIBIIMM MHO-
JKECTBOM.
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1 Bsgegenue

[Ipoussoguas rpynna [ukapa TrPic(A) arre6 per A — »To rpynna Kiac-
COB U30MOP(MU3MOB IBYCTOPOHHUX HAKIOHAIOMNX KOMILTeKcoB B DP(A® A%P),
rie npousBenenne KaaccoB X m Y — 1o kiaacc X ®4 Y, mam, 9TO TO XKe ca-
moe, TrPic(A) — »To rpynma crangapTHLIX aBTodkBUBaTeHTHOCTeH D°(A)
IO MOAYJIIO eCTECTBEHHBIX u30MOpdu3MoB. Jlerko sugeTsh, 9To TrPic(A) —
DTO MHBAPUAHT MPOU3BOIHON KATECOPHUHU.

Pykve n lumMmepMann HadaIm U3ydeHne MPOU3BOIHOU rpynnbl [Iukapa
aareGp, COOTBETCTBYIOIMX AepeBbaM bBpayaspa [16]. B caydae xparnocTn 1
OHM TTOCTPOMIN MOPGU3M n3 APTUHOBOU IPYIIBI KOC Ha n+ 1 HuTsAX (rae n —
aucso npocthix A-monyaen) B TrPic(A), onn nokasanu, 9To 510 n30MOophu3M
10 MOJYJII0 HEKOTOPOU IEeHTPAILHON MOArpynsl, Korga n = 2. B [19] Huwm-
MEpPMaHH OOOOIIMUI 3TH Pe3yJAbTATH HA CIYIal MPOU3BOJLHOU KPATHOCTH.
XoBaHOB 1 3eujenb ONPEIeJUIN JeUCTBUE T'PYIIBI KOC HA OTPDAHUIEHHOU
IPOU3BOTHOU KATErOPUM HEKOTOPOU aireOphl, TMOXOXKerW Ha airedpy, coOT-
BETCTBYIOIIYIO nepeBy bBpayospa; u3 ux pe3yabTaToB CJAeIyeT, 9TO JTeUCTBUEe
CPYIIBL KOC HA OPPAHUYIEHHON MPOU3BOIHON KATErOPUHU AIreOphl, COOTBET-
CTBYIOIIEN aepeBy bBpayspa ¢ KpaTHOCTBIO MCKIIOYATEILHON BEPIIAHLI 1,
Touuo [10].

[Manc u 3akan-Manoys mocTpouIn IeucTBUe TPYNIbLL KOC Ha adduHHOU
auarpamMmve A, 1 Ha OrpaHUYIEeHHOM ITPOM3BO JHOU KATErOPUH aIrebpbl, COOT-
BETCTBYIOIIEN IepeBy bpayspa ¢ mIpou3BOILHON KPATHOCTHIO UCKIOYMATE b
HOU Beprnuubl [17]. MyxTanu-AnaMcuax mokasania, 9TO HTO AeMCTBUAE TOTHO
B caydae kparnoctu 1 [12].

[MManc 1 3akan-Mrroy3 Takx)e MOCTABUIX BOIPOC, TOPOXK JAIOT J1 00pa-
3yfolme TPYNsl Ko¢, casur u Pic(A) npoussoguyio rpynny [ukapa B ciy-
Jae KPATHOCTU # 1, W ABAIETCA JU TOMOMOPMHU3M M3 TPYIIBEI KOC OTHO-
OTHO3HATHEIM. VICIIOAB3YA TEXHUKY MYTAIMA HAKIOHAIOMINX KOMILIEKCOB, Pa3-
paborannyio Auxapon u Mamon [3], [2], MBI 0oTBedaeM Ha MEPBBIX BOMPOC
HOJOXKUTENBHO, 8 UMEHHO:

Teopema 1. Ilycmv A — aazebpa, coomsememsiyowas 36ezde bBpay-
apa muna (n,t), t > 1, u nyemv A = @icz/nz P — pasaoxcenue areebpor A
Ha HEPa3A0HCUMble Heuzomopdrbie npoexkmusnvie modyau. Tozda TrPic(A)
nopoxcdena cisuzom, Pic(A) u sxsusasenmuocmanu H;, 2de

00— 0 — P jgFi,i—1
HZ(PJ): 0 —0 — Pifla j:Z
PSP P, =i

B cayuae kpatHocTn 1 rpynmna TrPic(A) mopox eHa 4y Th GOMBIINM MHO-
JKECTBOM.

A 681 x0oTena mobraromapuTh P. Pykbe 3a TO, 9TO OH TPHUBIEK MOE
BHUMAaHIEe K MyTaIllAM HAKIOHAIOIMINX KOMILIEKCOB, a Takxke M. AHTHIOBA,



1O. Boakosa u A. I'emepasoBa 3a MHOIOYMCIEHHBIE OOCYXKIECHUS U HPEIIO-
JKEHUA [0 YIYYIIIeHNI0 IePBOHAYAILHOIO TEKCTa CTATHH.

2 IlpeaBapurTenabHble CBeIeHUA

2.1 IIpousBogHBIe 3KBUBAJEHTHOCTHU

[Tyctes A m B — anre6psr HAT KOMMYTATHBHBIM KOJBIIOM R, MPOEKTUBHBIE
kak mogyan Han R. Tlog A-MomyaaMu MBI UMeeM B BUAY JeBble A-Momy./im.
O6osmatuM qepes DP(A) orpammtiennyio Mpou3BOIHYIO KaTeropuio A, we-
pes per-A — moamyio mogkaTeropuio DP(A), cocToAmyo m3 COBEpIICHHBIX
KOMILIEKCOB, TO €CTh OOBEKTOB M30MOP(HEIX OrPAHMICHHLIM KOMILIEKCAM
KOHEYHO TIOPOK ICHHBIX MPOCKTUBHLIX Moyaer; depes K°(proj-A) — romo-
TONMUYECKYIO KATETOPUIO OPPAHUYIEHHBIX KOMILIEKCOB KOHEYHO TTOPOXK JEHHBIX
NPOEKTUBHBIX Moayaen, depes C'(A) — KaTeropuio KOMILIEKCOB A-MOIYJIEN.
Caenyromas TeopeMa IaeT HEOOX0IUMOE U TOCTATOYHOE YCJIOBUE MPOU3BO/I-
HOU DKBUBaJIeHTHOCTH A n B.

Teopema. (Puxapa, Kemnep, [15], [14], [9]) Caedyrowue ycaosusn sk6u-
BAAEHTNHDL:

1. kamezopuu D°(A) u DY(B) skeusasenmmubl Kax MpuaHyiupoe6anble
Kamez20puu;

2. xamezopuu K°(proj-A) u K®(proj-B) sxeusasenmub xax mpuarneyau-
DOBAKNLIE KAME20PUL;

3. cywecmsyem Komnaexc T € per-A, makxot umo

e Hom(7,T[i]) = 0 npu i # 0,
e per-A nopoocdena T,
® EndDb(A) (T) ~ B,’

4. cywecmsyrom ozpanuvenurl Komnaekce (AR BP)-modyaet X, oepanu-
wenus komopozeo na A u na BP npoexmuenbl, u oepanuuennbil KoM~
naexc (B ® AP)-modyaei Y, oepanuuenus xomopozo na B u na AP
npoexmusnbl, makue umo X @Y ~ A 6 DY (AQAP) uY @4 X ~ B
6 D°(B @ B°P).

Kommaeke 7' m3 myHkTa 3 Ha3bIBaeTCA HAKIOHAIOMIAM KOMILIEKCOM, X
1 Y u3 nyHKTa 4 Ha3BIBAIOTCA ABYCTOPOHHUMY HAKTIOHAKIIMME KOMILTEK-
camu, o6paTHEIME ApYT Apyry. Kommieke X kak xoMmmiekc A-mMomxyaen win
KaK KOMILIeKC BP-Moay./ien ABIAeTCA HAKIOHAIOMINM KOMILTEKCOM. B3ammuo
o6parnbie skBuBatenTHOCTE Mexay DP(A) m Db(B) sagaorca X ®p — u
Y ®4 —. Takue >KBUBaJIEHTHOCTU HA3LIBAIOTCA CTAHIAPTHBIMHU.



[MycTs T — maxmorsmomui koMmiiexc, Endpy4)(T) ~ B. CymecTyer aBy-
CTOPOHHUY HAKJIOHAKWME KoMmieke (A ® B)-momxyren X, orpaHuveHue
koToporo Ha A msomoppuo T' B DP(A). Ecim X' — npyroit ABycTOpOHHMH
HAKTOHIOMUN KOMILIEKC (A ® BP)-MomyJien, orpanndenne KOTOporo na A
usomopduo T, Torga cymectsyer o € Aut(B), rakon uro X' = X ®p By,
rae B, — 1o (B ® B)-Mouy/ib, n30MOPQHBIN B, HO ¢ TIPABBIM JeHCTBUEM,
MOAKPYYeHHBIM Ha o [9)].

Onpeneneuune 1. Ifycmv ' — depeso ¢ n pebpamu u 00notli ommeuennot
sepwunot, Komopot npunucana kpamuocms t € N (ama eepwuna nasvi-
BAEMCA UCKAMOUUMEALHOU, T HABLIBAEMCA KPAMHOCTBIO UCKAOUUMEAbHOT
sepuwumbl), u nyems 6 ' sadurcuposan yurauvweckut nopadox pebep, un-
yudenmupir Kaxrcdol eepuune (6 cayuae, xoeda I aexrcum wa naockocmu,
6ydem cuumamp, wmo pebpa ynopadouenbt no wacosol cmpeaxe). B amon
cayuae T' naswsaemesn depesom Bpayspa muna (n,t).

B cayuae, korma gepeBo — BTO 3Be3[a € UCKIOYATEILHOU BEPIITHON B
[eHTPe, OHO HA3bIBAeTCA 3Be310u bpayspa.

Kaxxomy nepeBy Bpayspa tuna (n,t) MOXKHO IOCTABATH B COOTBETCTBUE
anre6py A(n,t). Aarebpa A(n,t) — 5To aarebpa myTen KoT4aHa ¢ COOTHO-
menuamu. [lo mepeBy Bpayspa I' moctpoum xordam Bpayspa QQr. Bepmunsr
@r — »To pebpa I'; ecin pebpa ¢ U j UHIMIACHTHLI OTHOW BepiiuHe B [, u
pebpo j creayeT 3a pebpOM ¢ B COOTBETCTBHUU C MUKJIUICCKUM TTOPATKOM pe-
6ep, UIKUIEHTHBIX WX OOIIEN BEPINWHE, TO W3 BEPIIUHB i B BepuiuHy j B Qr
ecTb crpenka. Kordan Qr o61agaeT CIeayomuME CBOUCTBAMA: (Jr ABIAETCA
00BbeINHEeHNEeM OPUEHTUPOBAHHBIX IIMKJIOB, COOTBETCTBYIONINX BepiinHaM [
KayKIasd BeplimHa (Jr JeXHT POBHO Ha IBYX HuUKIaX. Lluki1, cooTBeTcTBY-
IOIIUY UCKIIOYATETHHON BEPITUHE, HA3BIBACTCA UCKIIOINTENbHBIM. CTperkn
(QQr MOXHO pa30WTh HA IBA CEMEUCTBA ( U (3 TAK, YTO CTPEIKY, IPUHA, ITEXKa~
[IMe MePeCeKAIOMNMCS UKIAM, TPUHALJIEKAT PA3HBIM CeMencTBaM. byaem
0003HAYMATL CTPEJIKHU, IPUHAIJICKAIINEe CEMEUCTBY «, Yepe3 «, & CTPEeIKH,
IpPUHA IIeKAIINEe CEMEUCTBY [, depe3 [ COOTBETCTBEHHO.

Omnpegeneune 2. [lycmb k — aqeebpauvuecku 3amknymoe noae. bBasucnas
aazebpa Bpayaspa A(n,t), coomeememeyrowasn depesy I' muna (n,t), — amo
anzebpa kQr /I, 2de udean I nopoxcden coommowenuimy 6uda:

1. aff =0 = Pa daa 4066z cMPesor, NPUHAOAEHCAUUT CEMETLCMBAM O U
B, coomsememseenno;

2. 0an 410001 6EPUWUHDL T, HE NPUHGOAEHCAUET UCKANOUUIMEADHOMY YUKAY,
ezt e, = ey 3" e,, 20e Ty, COOMBEMEMBENHO T3 — OAUKA O, COOMEEM-
cmeenno B-yukaa, codepircau,e2o T, a €, — UIEMNOMENM, COOMBEEM-
cmeyruul x;



3. dan 410001 6EPULUNLL T, NPUHAOAENCAUET UCKAIOUUMEADHOMY C-YUKAY
(coomeemcemeenno B-yukay), e.(a® e, = e,B8% e, (coomeememeenno

ex0 e, = e (8%8)tey ).

Auneebpa nasvisaemca aazebpoti Bpayspa muna (n,t), ecau ona Mopuma-
okeusasenmua aqzebpe A(n,t) dasa mexomopozo depesa Bpayopa T' muna

(n,t).

3aMeTuM, ITO ugean I He ABIAeTCA TOMYCTUMBIM maeaaoM. [laxee misa
y106CcTBa Bce aareOphl IpeamnoaaranTcsa 0a3ucHBEIME. byrem Takxe mpeamno-
JaraTh, 9To 7 > 1, Tak Kak npu n = 1 aarebpa, COOTBETCTBYIOIIAA TePeBY
Bpayapa, qokaibra, u mo pesyabratram Pykbe n [uvmmvepmanna [16] npowns-
BoHas rpynna [Tukapa nopoxgaercs casurom u Pic(A), Ha ¢popMyaupoBku
pe3yJIbTATOB BTO OrPaHUYEHUE He BIMAeT. Takxke CTOUT OTMETUTh, IYTO aJ-
reOpHI, COOTBETCTBYIONINE TepeBbAM bpayspa, CHMMeTpPUTHHI.

Pukapa mokasaua, 9To aBe aareOphbl, COOTBETCTBYIONINE TepeBbAM bpay-
opa I' u [, npou3BOIHO DKBUBAJEHTHBI TOTJA W TOJBKO TOT/A, KOTJIa WX
tunst (n,t) u (n',t') copnagator [13], a u3 pesyabrara [abpusia u Puivann
BBEITEKAET, ITO KJIacc alreop Bpayspa 3aMKHYT OTHOCHTEILHO IIPOU3BO JHON
SKBUBAJICHTHOCTH [6)].

IIycte A — anre6pa, coOoTBeTCTBYIOIIAA 3Be3ae Bpayspa ¢ n pebpamu u
KPATHOCTBHIO UCKIIOUYNTEIpHOU Bepiumabl {. Kordan A umeer Bu:

TN
N

Caenya [Manc n SaKaﬁ—I/IJUons [18], Oy 1emM HA3BIBATH HAKJIOHAIOIIMN KOM-
ILIEKC OBY-OTPAHIIeHHBIM (two-restricted), ecau ero Hepas3IoKUMbIe TIPAMEBIE
cjaaraeMble ABIAIOTCA CABUTAMU CIETYIONINX KOMILIEKCOB:

0—PFP,——=0

0 P, p; 0,

rje u3HadaIbHO I; cocpepoToder B crenenu 0, moxymm P; u P; — Hepasaoxu-
Mble IPOeKTUBHBIe A-Monymm, a Moppusm P, — P; uMeeT MaKCHMAIbHBIL
panr (kax MopdusMm Hag k). [By-orpaHu<eHHbIE HAKIOHSIONINE KOMILIEKCDI
COOTBETCTBYIOT HEKOTOPBIM [OTOJHUTEABHBIM KOMOMHATOPHBIM TaHHBIM, CO-
HOCTABJIEHHBIM IepeBbAM bBpayspa, KOTOpBIE HA3BIBAIOTCA ~ PACCTAHOBKOU
rouek” (”pointing”). [Tpu >TOM cOOTBETCTBHUU HEPEBO, HA KOTOPOM PacCTa-
BISAIOTCS TOYKH, SBIIETCA AepeBoM bpayspa KoabIa >HIOMOPQMU3MOB IBY-
OTPAHUICHHOTO HAKJIOHAIONIET'0 KOMILIEKCA. Kean NIpuMeHnTh TPOU3BOIHYIO



SKBUBAJIEHTHOCTH, COOTBETCTBYIONIYIO0 OJHOM PACCTAHOBKE TOYEK, & HOTOM
IPUMEHUTDH DKBABAJICHTHOCTh OOPATHYIO K DKBUBAJEHTHOCTH, COOTBETCTBY-
IOIIEH IPYTOHM PacCTAHOBKE TOYEK HA TOM kKe JepeBe, TO OyIeT IMOIyIeHa aB-
TOKBUBAJICHTHOCTH aJIreOphI, COOTBETCTBYIONIEH 3Be31e Bpayaspa, sTa aBTO-
DKBUBAJIEHTHOCTD 33,1a€TCA HEKOTOPHIM HAKIOHAIOMIIM KOMILIEKCOM; OyIeM
Ha3bBaTh Takue KoMminiekcwl ~caoxkeHHbiMu” (“refolded”). Mlame u Bakan-
Nianoys m3y4anu moarpynmy npomsBogHou rpynmel [Iukapa, Hopox IeHHYTO
CJIOKEeHHBIMI HAKJIOHAIOMNME KOMILIEKCAME, ¥ IIOKA3AIH, ITO OHA IIOPOXK TeHa
HAKJOHAIONIMMYI KOMILTeKcaMu Hj, KOTOpEIe yI0BICTBOPAIOT COOTHONICHUAM
I'pynms Koc Ha addurnon gumarpamme A, ;. Byzem rakxe 0603Ha4aTh e-
pes H; HexoTophie cTanzapTHble aBTodKBuBadenTHOCTH DP(A), cooTset-
CTBYIOIIVE DTUM KOMILIEKCAM U TeUCTBYIOIINe HA HePA3I0KUMbIX IPOEKTUB-
HBIX MOJIY.IAX CJIeIYIOUIMM 00pa3oM:

0 >0 — P, j#ii—1

B8 soc

P=PF_1— P, j=i—1,

rie soc — MopdusM, o6pas KoToporo u3omMopdeH moKoaIo F;_q.

2.2 MyrTanumu

[IycTs k — anrebpantdeckn 3aMkuyTOe moe. [lyers 7 — k-munennas, Hom-

KOHe4YHasd, TpuaHryaupoBannas kareropusa Kpyana-IIvuara. Mopdpuzm X EN
M’ € T uaspiBaeTCA JeBBIM MUHUMAIBLHLIM, €CIHU JI0601 Mophusm g : M’ —
M’ Takon, aro gf = f, aBagerca mzomopdusmom. Ilycrs M — mogkarero-
pus 7, X — oowexkt 7, M’ — o6bekT M, Mmoppusm X L. M’ waswmsaerca
JeBor anmpokcumaiuen X mo oruomenuio Kk M, ecaim Homz (M’ M) AN
Homz (X, M) cioopwekruBro mis aodoro M € M. TlpaBbiil MUHIMATEHBIN
MOpGU3M U mpaBasd M-anmpoKCUMAIWs OMPEIeIAIOTCA IBOUCTBEHHO.

T € 7 wuHaspBaeTCA MOJIYHAKJIOHAIOIMM O0BeKTOM (silting), ecam
Homz (7T, T[i]) = 0 gasa mo6oro i > 0, u 7 mopoxgaercsa add(7) xak Tpu-
AHDYJIMPOBAHHAA KATEropusA. ByjeM Ha3bBATh MOJYHAKJIOHAIOMIMNA O0OBEKT
T 6asucubiM, ecan T m30MOp(QEH NPAMOU CyMMe HEepPa3JOKUMBIX ITOHAPHO
Hem30MOP(MHBIX 00HEKTOB.

[Iycte T — Gasucuem moayHakIoOHAOMMEA 00beKT B 7, T = M & X,
M = add(M). PaccmoTpuM TpeyroabHuK

xLm —y—, (2)

rae [ — MUHEMAJbHAS JeBas alnpoKcuMalus X Mo OTHOIeHno K M. 3ame-
TUM, 9TO f eTUHCTBEHHBIN C TOTHOCTBIO 10 m3oMopdusma. OobexT pui (1) 1=
M @Y maswiBaercs Jeson myTamuen 1’ mo ornomenuio K X . [To pesyrsraTam



Awxaper n Wamer [3] 06bekT p5 (T) cHOBA ABIACTCA GA3MCHBIM IOy HAKIOHSA-
oM. Ecar X HepasaoxkuM, TO MyTalus HA3bIBAETCA HEIpUBOAMMOn. [Ipa-
BBIC MYTAIU¥ ONPEIEIAIOTCA MO TBOMCTBEHHOCTH M 06Go3HAYA0TCA iy (T).
3aMeTuM, ITO B 0003HATCHUAX Tpeyroabauka (2) mmeeM juy (i (T)) = T.

[Iycte T, U — 6a3ucHbie moayHaKIOHANMME 00HeKTH B 7 . [Tomoxum T' >
U, eciu Hom7 (T, Uli]) = 0 g mo6oro ¢ > 0. OTHOmeHne > 3a,1aeT YacTHY-
HBIU OPAJIOK HA MHOXKECTBE KJIACCOB U30MOP(MU3MOB GAZUCHBIX MOTYHAKIO-
Haommx 006ekToB [3]. Bygem rosoputs, ¥to U cBsasan (ceasan ciesa) ¢ 7T
ecan U MOXKHO MOXYIUTE U3 1 MHOTOKPATHBHIMA HETTPUBOIUMBIMU (JIEBLIMN )
MyTaluAMA. TpPUAHTYIUPOBAHHAA KATErOpHUA 7 HA3LIBAETCA CBA3HOU OTHO-
CATEIBHO MYyTAIMI MOTYHAKIOHAMMX 00BeKTOB (silting-connected), ecan
BCe 0A3UCHBIE TONYHAKJIOHAINNE OOBEKTH B 7 CBA3AHBI APYL C JAPYTOM.
7 — CHIBLHO CBA3HA OTHOCUTEILHO MYTALUUN MOIYHAKJIOHAIIINX OOBLEKTOB
(strongly silting-connected), ecan musa m0OLIX GA3UCHBIX TOXYHAKIOHAOIIAX
o6bexkToB 1, U Takux, uto 1" > U, U casan caeBa ¢ 1. l3BecTHO, 9TO
B CAyYae CHAMMETPHUIECKOUW aareOphl J000W MOJYHAKIOHAIOIINA OOBEKT B
K®(proj-A) sBaseTca HAKIOHAIONMM KOMILTEKCOM. B DTOM cIydae BMECTO
CBA3HA OTHOCUTETHHO MYTAIMU MOTYyHAKJIOHAKNIMX 0OBEKTOB OyIeM TOBO-
PUTB, ITO KATErOpHUs CBA3HA OTHOCUTEALHO MYTAlUl HAKJIOHAIOIIAX KOM-
mrekcoB (tilting-connected).

Teopema.(Anxapa, [2]) K°(proj-A) ceazna omuocumeabno mymayuti na-
KAOHAOUUT KOMNAEKCO8, €Cat A — CUMMEMPUUECKAs a12ebDa KOHEUH020
muna npedcmasaenis.

BameruMm, uto u3 [2] (Teopema 5.6 u Crencreue 3.9) Takxke cregyer,
9TO B CIyIae CHMMETPHIECKOU aIreOphbl KOHEIHOT'O THUIA MPeNCTaABJICHUA
K*(proj-A) cu1bHO cBA3HA OTHOCATEILHO MyTaIUi HAKIOHAIOMHNX KOMILICK-
cos. [Toaromy 060U HAKIOHSIOMINNA KOMILTEKC, COCPEIOTOTEHHBIN B HEIOJIO-
KUTENBHBIX CTENEHAX, MOKET ObITh MOAYYIeH 13 A MHOTOKDATHBIMHA JEBHIMI
MYy TaIUAMA.

[I¥pOKO U3BECTHLIM IPUMEPOM MYTAINN HAKIOHAIOMIAX KOMILIEKCOB ABJIA-
oTcAa MyTaluu rpadoB Bpayspa, uiu, 1To To XKe camoe, SSB-aare6p. Mbr
OrpAHUYUM OIPENeJeHNE HA CIyval 1epeBbeB Bpayspa, T0o eCTh MBI He Oy 1eM
paccMaTpUBATh TETJIH.

PaccmorpuMm anrebpy A, coorsercTBylomyio xepeBy Bpayspa, Kak Ha-
KIOHmoOmuH KommIexe mar coboit. Ilyers A = (D, ,; Pi) © P;j — pasoxe-
HUE Ha HePa3IoXUMbIe TPOCKTUBHEIE MOIYIN. PaccMOTPUM JEBYIO MyTAILAIO

n
f
i () = (D PP Pnoh)
i=1,i#]
aareOpsl A Mo OTHOIICHNIO K Pj (COOTBeTCTByIOIHaH anmpoxcuManusa 6epercs
n

o orromrenuio K add (@], i P,)), roe P, u P, — IpOEKTUBHBIE MOIYIH, CO-
OTBeTCTBYIOIIME pebpam B gepese bpayopa, caeayomum 3a j B IUKJITIEeCKOM



nopaake pedep, MHIMAEHTHBIX OJHOW U TOU X)e Bepumue, a [ = (3 ), roe «
u [ COOTBETCTBYIOT CTpeIKaMm u3 j B M u u3 j B | coorBercTBeHHO. [le-
peBo Bpayspa anare6pni A mpejacrasieHo clIeBa, a gepeBo bpayspa koabra

f
DHIOMOP(PHU3MOB ,ulf,j(A) — cmpasa; pe6po, coorBercTBylomee P; — P, & P,
Takxe OyaeM 0603HAYATD j.

NN\ NN\
L T
JINTIN JINTIN

B cayuae, korga j mHIMIEHTHO JUCTY B JepeBe Bpayspa A,

n

ih(A) = (P pyem LR,

i=1,i#j

U Ha yPOBHE nepeBbeB bpayspa mmeem:

NIZ N NI\
E T

HackoibKo HaM M3BECTHO, DTU MBUKEHUS ObLIM BIEPBBIE PACCMOTPEHBI
Kayspom [8], Takxke onu maydanucs B paborax [4], [1], [5], [11]. Myramus
}ip,(A) onmpeserierca mo ABOWCTBEHHOCTH M COOTBETCTBYET JBIKEHUIO B
obpaTHOM HampapieHnr. HaKJIOHAIOMMA KOMILIEKC BHIA, /,Lligj(A), roe A —
POM3BOJIbHAA aarebpa, COOTBETCTBYOIIAs jaepeBy Bpayspa, OyaeMm Hasbl-
BaTh DJIEMEHTAPHBIM HAKJIOHAOMINM KOMILIEKCOM. Mymaium, 3a1eicTByio-
IIKe JIUIIb OTHO JOMOJIHUTEIbHOE PeOpo [, Gy 1eM HA3BIBATH MYTAIMAME TUIA
[; MyTanuu, 3a1eiCcTBYOMIEEe Ba TONOJIHUTEILHEIX pebpa m u [, 6ygeM Ha-
3bIBaTHh MyTanuaMu Tuma [I. 3aMeTnm Takxke, 9YTO TaKWe MyTAlUM 3a,1eH-
CTBYIOT JHIIb PeOpPa: NCKIYATEIbHAS BEPIINHA DU HUX HE MEHAETCH.

3 MyTamnuu u npou3BogHaa rpynmna IIukapa

O6o3naunm vepes Pic(A) rpynny ITukapa aare6psr A, To ecTh rpymmy
KJTaccoB m30MOP(pu3MOB o0paTuMbix A ® A°P-Moyaen, Win, ITO TO XKe Ca-
moe, rpynny Moputa-aBrosksusanentuocren A. ['pynma Out(A) Bmemmux
asToMopdusMoB A cosmagaer ¢ Pic(A) B cayduae 6asucHOn anreGpel A u
asaserca noarpynmon TrPic(A). Jua o € Aut(A) cymecTByer 06paTUMBIR
A ® AP-monyas A,, vae Ay, — o710 (A ® A%)-Moayab, uzoMopdubn A Kak



JEBLIA MOIYJIb, HO C IPABBIM JIEUCTBHUEM, TIOIKPYICHHBIM Ha 0. Bumoayis A,
n3oMopder Ay TOTAa M TOIBKO TOLA, KOTJIA 0 COBIAJAET C 0 II0 MOIY.IIO
TOATPYIIIEL BEYTPEHHIX aBTOMOP(U3MOB. PaccMOTPIM aBTOSKBUBAICHTHO-
cru F,F' : D°(B) — DY(A). [IpegnonoxuM, 9TO OHE 3aTaHbl IBYCTOPOH-
HIMY HaKJIOHAIOIMME KoMILTekcayu X, X' ¥ IpemooKnIM, IT0 OrpaHnde-
HUA 000UX KOMILIEKCOB Ha A M30MOp(MHBI HAKJIOHAIOIIEMY KoMmILiekcy T'; u3
[9] crenyer uro, uro X' = X ®p B, s HexkoToporo o € Aut(B).
Caegyiomee YTBepXK IeHAE OTCBI THO.

Jemwma 1. ITycmpv A, B — dse mpuanayauposannvie kameeopuu, F: A — B
— MPUAH2YAUPOBAHHAA FKEUBAAEHMHOCMb, M — nodkamezopus A, X € A u
nycmo X ERy Vi (M’ =N X) — MunuMaabHaA 4804 (COOMBEMCMBENHO NPa-
F
sasn) annpokcumayus X no ommuowenuo k¥ M, mozda F(X) o, F(M")
F

(F(M") RilSIN F(X)) — munumasbnas ae6as (COOMBEMEMBERHO NPABAA) AN~
npoxcumayus F(X) no omnowenuro x F(M).

[Iycte A — cuMmmerpudeckas aarebpa, 1 — 6a3MCHBIN HAKIOHSIOMINYA KOM-
mreke. O6o3HaduM depes F CTAHTZAPTHYIO SKBUBATEHTHOCTH TAKYIO, ITO
F(B = Endpa)(T)) ~ T, rae F : D"(B) — D"(A). Ilycts T = M & X,
rae X — HepasmoxuM, a jy (7)) — HAKIOHAIOMNY KOMILICKC, MOLYYCHHBIN 13
T npasoit umm aesoit Mytanuei. O6osnaunm tepes C' = Endpua)(py (7)), a
qepes G 1 DY(C) — DY(A) — cTaBIapTHYIO DKBUBAJEHTHOCTH TaKyI0, TTO
G(C) ~ pE(T). PaccmoTpum B Kak HaKIOHAIOMEE KOMILIEKC HAJ COGOML.
CaaraeMble KOMILTEKCOB 1 m B HAXoIATCA MO TercTBUHEM [ BO B3amMHO
orHO3HATHOM cooTBeTcTBUU. O003HAMUM 1epe3 Px HEPa3T0KUMBI TPOEK-
TUBHBIN B-MO1yab, cooOTBeTCTBYIOMNN X, HAKJIOHIIONINN KOMILTEKC /ﬁDX(B)
noJyden u3 B myTaiumen oTHOCUTEAbHO Px.

Jemma 2. Endpyp)(pp, (B)) ~ C.

[MokasareabcTBO. PaccMoTpuM TOIBKO caydan mpaBbix myTaiuin. C' =
EHdDb(A)(M ) Y), EndDb(B) (/JJI_DX(B)) = EHdDb(B)(Fil(M) ©® Y’), rae Y —
N — Px — — Tpeyroibauk, a N — Py — MUHUMaJIbHasg mpaBasg alIpoK-
cumarma Px 1o orsomerunio k add(F~'(M)). F~! — rpmanryimpoBaHHas
BKBUBAICHTHOCTE, W MO Tpeabiaymen semme F1(Y) ~ Y’ mosTomy

End pogg) (1p, (B)) ~ Endpo() (F~' (M & Y)),

OTCIOTa TOTYIaeM TpebyeMoe yTBepiK IeHue. O
O6osraaum gepes H : D°(C') — D(B) cTanzapTHYIO S5KBUBATCHTHOCTD
Takyio, uro H(C') ~ MI%X(B).

Jlemma 3. Cywecmeyem o € Aut(C) makot, wmo G ~ F o H o (C, ®c —).
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HoxazarenbcTBo. [lo mpenbiaymmen JemMye UMEETCA CAETYIONIAS WA~

R DYC) H D'(B
N A
D*(A)

[locrarodno nposeputs, 9ro genctBus G u F o H wa C' cosnagaror. Paccymo-
TPHUM JHIIb CIydan npasbix MyTanni. [lo npegmonoxenuto G(C) = puy(T).
Torga xax H(C) = pp (B) ~ F~'(M) @Y’ cregosarersno, F(H(C)) ~
Ma&FY'),mo FY)~Y,asmauwr F(H(C)) ~MaY = uy (7). O

Caenyromas JgeMMa, TIOHAI0OUTCA HAM B XO/€ BBIYUCICHUU, OHA TOKA3HI-
BAETCSA MPAMOU TPOBEPKOM.

)

JIeMMa4.HycmbV:---—>X”i>Xi>Yi>Z—>0—>...7W:..._>
0= X' LYY 272 2/ ...~ dsa o6vexma DY(A). Iyemw
x'-tex-toy-togz 0
l lw lld lv l
0 X/ 9 Y n 7! 2 YA

xT

h !
— mopuzm f € DY(A), mozda Cone(f) ~--- - X" S5 X L x' 2z 4%
7' 5 7" — o npuuen Z' cocpedomouen 8 moti sce cmenenu, umo u 6 W.

3.1 CrangapTHas KOHCTPYKIIUA AepeBa

B orom myskTe MBI 3aduKCHpyeM CTaHIAPTHBIM CIOCOO TOCTPOEHU e~
peBa u3 3Be3[bI C MOMOIIMBIO MYTAIWMU. JTa IPOIEIYPA UCIOJb3YET TOJBKO
myTannn tuna .

[Iycrs ' — nepeso Bpayspa Ttuna (n, t). [IpeanosoxumM, 9To KOpeHs [ BbI-
OpaH B MCKIIOUYUTEILHON BEpIINHE, W TepeBo [ pacmoJokeHo Ha ILIOCKOCTH
TaK, ITO BCe HEKOPHEBLIE BEPINUHLI JeKAT HUXKe KOPHEBOU B COOTBETCTBUN
CO CBOMM YDOBHeM (4YeM [ajbllle OT KODHS, TeM HUKe; BEePIIMHBI OIHOIO
YDOBHS JIEXKAT HA POPU3OHTAIBLHOU IPAMON). PeGpa BOKPYT BEPIINH YHODS-
TOYEHEI II0 YaCOBOU CTPEIKE.

[Iycte A — anre6pa, cooTBeTcTBYOmAd 3Be31e Bpayspa. Ecain cooTser-
CTBYIOIIEE TePEBO BIOKEHO B IIOCKOCTh TaK, KAK OMUCAHO BHIIIE, Oy IeM CHH-
TaTh, 9TO ero pe6pa IPOHyMepoBaHbL caesa Hanpaso. A = @) | P, rae P, -
HEPA3JOKMMbIE TTPOEKTUBHBIE MOAyau. MBI cobupaemMca npoaenaTb HEKOTO-
PYIO MOCIeIOBATEILHOCTDL HEMPUBOAUMBIX MyTalnd A, mocae r-of MyTaIlNK
MBI OJXYIUM HAKJIOHAIOMINN KOMILIeKC 17 = @?:1 T, npudeMm craraemsle 1"
MPOHYMEPOBAHEI Caeryomum obpasom: 1° = A, T? = Pj; xaxmaa MyTanus

11



W3MEHACT JUIIb OTHO CIAraeMoe HAKIOHAIMEro KoMILIekca 17 !, mampu-
Mep T;-"*l, obo3navmm vepes T craraemoe, KOTOPOE OBLIO M3MEHEHO 7'-OM
vyTanmet, 17 := 177! i # j. DTo MO3BOIAET HAM B3AHUCHIBATL KOMTIO3M-
nuo mytamun. O603HaYuM depes /,L;.*L MY TaIINIO, N3MEHSOILY 0 Tf’l. [lepeBo
Bpayspa koabia sagomopdusmos T" MoxkeT OBITH MOJIYI€HO MyTaluen re-
peBa 1"~ !, mampumep, o Iemme 2.

3aMeTHM TakKxke, 9TO KOAbII0 »HIoMopdusMoB 1" — »To aarebpa, cOOT-
BETCTBYIOIIAA JIepeBy bpayspa, MOSTOMY BLIMUCICHHE MUHUMAJILHOU JEBOU
AIIPOKCUMAIAN T;-" OTHOCHUTEIBHO APYTUX CaaraeMbx KoMmiuiekca 1" He co-
craBiasgeT Tpyjga. Ecam pebpo j, COOTBETCTBYIOIIEE T]?", He WHIUAEHTHO JU-
cTy, To mycTh 1) m 1] — craraemsle, cooTBeTCTByMomme m u [ — pebpam,
CIAETYIONMAM 33 peOpoM j B IMKINIECKUX MOPAIKaX pebep BOKPYT KOHIIOB j,
U MycTh f — MOPU3M, COOTBETCTBYIONHME ABYM cTpetkam B End a4 (T7),

f
rorga 1} — 17 © 1) — MuHEMaNbHAA JdeBasd annpokcuManus 1) OTHOCH-

TeJIbHO APYIUX craraeMeix I7. Ecam j mHuMaeHTHO aucry, 1o 17 EN 1" -
MUHUMAJIbHAA JeBad allIpPOKCAMAIIIA T]’-", rae | — eqruHCTBEHHOE pebpo, cJe-
IyIOIee 3a j B MUKJIMIECKOM TOPSAKe, a f — COOTBETCTBYIOIMIAS CTPEIKA.
Byzem roBoputThb, ITO MBI MYTHPYEM j BIOIL pebep m u [ Wi BAOIL pebpa
[ coorBercTBenno. Ilpu »TOM ecim KOMIOHEHTa f COOTBETCTBYET CTPETKE,
JeXKaled Ha HEeUCKIIOYATEILHOM MUK, TO B KAYeCTBE DTON KOMIIOHEHTHI
MOYKHO B3SITh JIOO0U HEHYJIEBOU MOPQU3M.

[Mycrs I' — nepeso Bpayspa tuna (n, t), npeanoaoxkum, ¥ro n > 1. [Ipony-
MepyeMm pebpa pepeBa [’ crenyrommm o6pa3oM: mocTaBuM MeTKy 1 Ha caMoM
JeBOM pelOpe, MHIMIeHTHOM KOopHo. Ecan pe6po ¢ MeTkon 1 He MHINIEHTHO
JUCTY, TOCTaBUM 2 Ha pebpe, HHIIMICHTHOM €TI0 HeNCKIIOIUTEIbHOMY KOHITY,
KOTOPOE MPeAIIecTByeT Peopy ¢ MeTKOU | B MUKANIECKOM TTOPSIKE; eCJau Pe-
6po ¢ MeTkou | WHIWIAEHTHO JUCTY, MOCTaBAM 2 Ha €IMHCTBEHHOM pelpe,
npemecTByomeM pebpy ¢ merkon 1 B mukam+deckoMm mopsake. [Ipemgmoso-
KUM, ITO METKa ¢ IPUNHCAHa HEKOTOPOMY pebpy, ecau 3To pebpo He WHITU-
MeHTHO JUCTY, TOCTABUM MeTKY ¢ + 1 Ha peOpe HMXKHEro YpOBHS, KOTOPOe
HpEeIIIeCTBYeT peOpPy ¢ METKOU ¢ B IUKINIECKOM MTOPAIKE; €CJIu PeOPO ¢ MeT-
KOW 1 MHIMAEHTHO JHUCTY, TOCTAaBUM METKY i + 1 Ha eIMHCTBEHHOM pebpe,
IpeImecTBYoNEeM pebpy ¢ METKOU ¢ B IUKJIMIECKOM MOPIAIKE; €CAU DTOMY
pebpy ykKe IpHUINCAHA MeTKa, HaugeM peOpo [ ¢ HambOJbIIen MeTKOW Ta-
KO€, ITO Y er0 BepXHero KOHIIa X HAILIOCh WHIIWIEHTHOe peOpo 6e3 MeTKH,
MOCTABUM METKY % + 1 Ha pebpe, IpeamecTBYyomeM pebpy | B MUKINIeCKOM
HOPSATKE BOKPYT X. 3aMETHM, 9TO TAKYIO XK€ HyMEePaluio MOXHO TOJIYIUTh
¢ momotkio 06xoga I'puna (Green walk) mim 06xoa gepeBa B DIyOuHY.

Oycts ¢r : {1,2,....,n} — {0,1,....,n — 1} — QyHKIMA, KOTOPAsA CTABUT
B COOTBETCTBUE METKe { JINHY KpPaTdaullero mMyTH OT 3TOro pebpa g0 uc-
KTIOUUTEILHON BEPIINHEBL, WIK, ITO TO XK€ caMOe, YPOBeHb pedpa ¢ MeTKOU
i (mpemmosaras, 9To pe6pa, WHIMAEHTHBIE NCKIOYATEILHON BEPIIUHE, TTPH-
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Ha1ekKaT ypoBHIO 0).

Jlemma 5. Ilycmo T’ — depeso Bpayspa muna (n,t), npowymeposarnnoe, Kak
onucano eviwe. yemo T = (pH)?r™ o (ut )or=Vo. o(uf)?rW(A). Tozda
' — oamo depeso Bpayapa koavya sndomapgpuzmos T'.

HoxazareanbcTBo. [loHATHO U3 MOCTpOEHUS. 0

Beraucany makmousomun kommieke T u3 gemmbr sBHO. OG03HAYMM *1e-
pes Yr : {1,2,...,nN\ép'(0) — {1,...,n — 1} dyEKmmO, KOTOpas CTaBUT B
COOTBETCTBHUE METKe | MeTKY peOpa BBICIIETO YPOBHA, WHIUAEHTHOTO Pebpy
1. Mb1 npennonaraem, 9To B Komiuiekce ) — P; — (), cOOTBETCTBEHHO B KOM-
nrekce 0 — P, — P; — 0, mogyas P; cocpegoroder B 0 (MBI HCIOIB3yeM
KOIOMOJOIIYECKIEe 0003HAYCHNA).

Jlemma 6. ITycmoy T’ — depeso Bpayspa muna (n,t), npowymeposarnoe, Kak
onucano sviwe. ycmv T — womnaexc uz aemmvr 5, mozda T umeem 6ud

T=@" T, 2de

b ¢r(i) =0,
(P = Pyw)lor(i)], ¢r(i) #0.

Moka3zaTeabcTBo. HamomunmM, 910 cTpeaku B airedbpe, COOTBETCTBYIO-
men 3Be31e bpayspa, o6o3nadanuct 3. [lockoabky

T = ()" ™ o ()" Vo .o (uf)r(A),

TO CHaYaJa MBI MyTHPYEM CJIaraeMoe ¢ MEeTKOW 1, TOTOM C METKOU 2 M TakK
JaJjee, Caea10BaTeJIbHO, Mbl MOXKEM BbBIYUCIATH T C IOMOIIBKO MHAYKIOWUN IIO
HoMmepy metku. ¢r(1l) = 0, crenosarensuo, Ty = P;. Ecau pe6po ¢ meTkon 1
He THINICHTHO JUCTY, TO 2 CTOUT Ha pebpe, THINICHTHOM €r0 HeHCKIIOUH-
TeILHOMY KOHILY, KOTOPOe IIPEeAIIeCTBYeT peOpy ¢ MeTKOH 1 B MUKINICCKOM
nopsigke; ¢r(2) = 1 u Mbl gomxHB TpuMernTh Uy K A. CregosaTersHo,

T =P 2, Py, m »TOoT KOMILTEKC cocpemoTodeH B cTemeHax —1 m 0, kax
n TpeboBaJgock. Ecau pe6po ¢ merkon 1 WHIUIEHTHO JUCTY, TO 2 CTOUT Ha
pebpe, MHIM IEHTHOM MCKIIYNTEIbHON BepimHe, ¢r(2) = 0, cienoBaTenbHo,
T2 — PQ.

[Ipeanonoxum, aro T; Berauciaen. Eciu pebpo ¢ MeTKou 7+ 1 MHIN IEHTHO
UCKIIOYUTENbHON Bepinuue, Toraa ¢r(i + 1) =0, u Ty = Piyy.

[Ipexmonoxum, 9T0 pebpo ¢ METKOU i + 1 MPUIUCAHO HEKOTOPOMY pe-
Opy, HE MHIUIEHTHOMY UCKIIOYUTEIbHON Bepimrae. O603HAYNM epes T, T,
ooy Tgr(i1) = Y(1 + 1) pebpa, npuHALIEKAIINE KPATIANIIEMY TIyTH U3 UC-
KTIOUUTEILHON BEPIINHLEL K pebpy ¢ MEeTKOU ¢ + 1, IPOUHIEKCHPOBAHHEIE
aucaamu oT 1 10 ¢r(i + 1). Ilo mpegnonoxenuto

T = ()" o (1) Voo (u))" V() =P T e P P
k=1 k=i+1
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Bmk_mkfl

T:m - Pa:m T:Ek = (Pl’k - Pmk—l)[¢r(xk)]

M#1 XOTUM TPUMEHUTH (/,L;rl)‘bF(i*l) Kk T", wau, 9T0 TO JKe caMoe, TPOMYTUPO-
i+1—x
r+1 __ Bt !

BaTh P11 BIoab 1, , T@""’T%rwm' [onarro, aro 17} = Py ——— Py,

MubnumaabHasa JeBasg alIpOKCHMAIIUA Tfjll OTHOCUTENbHO NPYTHUX CJaarae-

Merx T — 510 MOpduaM

Bi+1—m1
P’i+1 > X1

\L/Bi—s-l—xg lld

ﬁaz27a:1

P,,——P,,.

ﬁi+1—oc2
[To memme 4 i’:“f = (P;;; —— P,,)[2], npumenus aemmy 4 HYKHOE KOJIM-
9eCTBO pas, NOIy9IaeM KeJaeMbIl Pe3yabTaT. O

3amedanue 1. [Toayuennviii komnaerc dey-oepanvuen. Ilozoxcue Komnaekco
yorce usyuaaucy 6 pabomaz llanc u 3axai-Uanoys (cm., nanpumep, [18]),
OHU COOMBEMCMBYIOM HEKOMOPOMY CREYUAADHOMY 6bIOOPY PACCTIANOBKU MO-
uex.

IMpumep 1. ITycms T' — depeso Bpayspa

N

2|

SN

4

T = (py)? o (ug)? o 3 (A)

N SN e Ny

2| 2|

Caaraemsbie T — 2T0:

Py

p—C-p
P3—6>P2
p-—2.p,

P.
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3.2 OcHOBHOU pe3yJabTaT

[Iycts A — anre6pa, cooTBeTCTBYIOMAs 3Be3 e Bpayspa tuma (n, t). Ilycts
R o6o3HAvaeT MOACPYHIy mpoussoauou rpynnbl [Tukapa TrPic(A), mopo-
XK IeHnyio c¢asuroM, Pic(A) u sksusamentnoctamu H; (em. dpopmyay (1)).

3ameuanue 2. (a) [lodepynna R cosnadaem ¢ nodzpynnot, paccmampusa-
emoti 8 [17]. Tam xce Obiao nokasano, ¥mo wa 3mot nodzpynne detdcmeyem
epynna Koc na duaepamme A,_;, coomeememeyrouwut 20momopPusm nepe-
sodum obpasyrowue 2pynnwl koc 6 H;. B [12] nokazano, wmo amo deticmsue
mouno npu t = 1.

(b) B Pic(A) umeemcsa asmomopdusm, coomeemcmeyowuti nosopomy
s6e3dor Bpayspa, on nepesodum H; 6 H; 1 conpascenuem, nosmomy Mo#eHo
onpedeaums R kax nodepynny TrPic(A), nopoxrcdennyto cdeueom, Pic(A) u

IKBUBAAEHTTIHOCITILIO H1 .
soc

(¢) Hi(A) ~ (u)?(A), mo ecmv das womnaexca P 5Py 2 b

cywecmsyem mpeyzoavnur Py L5 M — Cone(f') — u mpeyeoavnur
Cone(f") Zomr — Cone(f") —,

ede f' u f" — munumasvuvie aesvie annporcumayuu P; u Cone(f') ommnocu-

meavho add(@D_, ;4 L), a Cone(f") = (P; Lop, e P,_4).

Teopema 1. Fcau t > 1, mo TrPic(A) = R.

CxeMma gokasatenbcTBa. Hago nposepurs, uro iroxenue R B TrPic(A)
cropbexTuBHO. Jlro6on saemertT X u3 TrPic(A) orpanmumsaercs Ha HEKO-
TOPBIH HAKIOHAIOmMEE Kommieke 1" Takoit, 110 Endps 4y (1) ~ A; mobon
apyron snemenT TrPic(A), orpaHMYUBAIOIIANCA HA TOT K€ HAKIOHAIOIIAN
KOMILTEKC, oTandaeTcsa or X Ha saeMeHT Pic(A), To ects Ha saement R. ITo-
DTOMY JOCTATOYHO MOKA3ATH, YTO [ JIOOOr0 HAKJIOHIIOMEro KoMiaekca T
CYLIECTBYET DJAeMEHT U3 R, KOTODPBIU MEePeBONT NPOEKTUBHBIE A-MOIy M B
caaraemele 1.

[IycTs F mexoropas apToskeupateHTHOCTE DP(A), Boramcanm F(H;(P;)).
Tak xax H;(P;) = Pj, upu j # i,i — 1, o F(H;(P;)) = F(P;), upu j #
i,i — 1. Hi(P) = Pj_y, cregoBarersuo, F(H;(P;)) = F(Pi—y). lia kom-

mrekca H;(P;_1) cymecTByloT TpeyroibHuku P EAN Y Cone(f') — u

1"
Cone(f") LN V. Cone(f") —, rme f' u f” — MUHUMAJBHBIE JEBHIE
anmpoxcuvamnmn Py n Cone(f') ornocurersho add(@D)_, ;,; Pj), crenopa-

TeabHO, 10 Jdemmve 1 mas kommiekca F'(H;(P;_1)) cymecTByoOT TpPeyroJb-

uuku F(P;) 4N S Cone(g') — u Cone(q) CANY (- Cone(g") —,
rae ¢ = F(f')u g’ = F(f") — Mmunumatbubie aesble annpokcumanuu F(P;) u
Cone(g') ~ F(Cone(f')) orrocurensno add(EP’ F(P;)),aF(H;(P-1)) ~

J=Li#i
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Cone(g"). Takum o6pasom, F(H;(P,_1)) — aTo nBounas myramus F'(P;) or-
HOCHTEIBHO Npyrux ciaaraeMbix F'(A). PaccMoTpum aBTODKBHBAJIEHTHOCTD

P, -0 — 0, j#ii—1
H{(P)) = PP -0 — 0, j=:i—1
p2plp,, j=i

Samerum, uro H](A) ~ (u;_1)?(A), To ects ana H](P;) cymecTByooT nBa
TPEYTrONBLHUKA M3 ONpefeJeHnA (1. AHAJOTMYHO MpeabIAyIIeMy DPACCyIe-
HUIO MOMYYaeM, 9TO IPUMEHUTH HEKOTOPYIO aBTOIKBUBAJIECHTHOCTL K H/(A)
— 5TO TO ¥Xe caMoe, 9TO BLIMUCIATL ABOUHYIO mpaByio myTanusa G(P;_1) or-
HOCHTeIBHO Apyrux caaraeMex G(A). Jlerko sugers, uro H/(H;(P;)) = P; n
H;(H/(P;)) = P; pna mo6oro j. To ects (H;)~! meficTByeT Ha MPOEKTHBHBIX
A-mopmynax Tak ke kak H).

[IpeAnoIoKIM, 9TO HEKOTOPBIM HAKIOHAOIIANA KOMILTEKC T MOXKHO MOJTY-
IUTH U3 A, IPUMeHA KBAIPATHl MyTALUN, TO eCTh 1 = (ui)Qo...o (ujil)Q(A).
Nuayknuen mo ¢ morydaeM, IT0 CYIeCTBYET BAeMEHT u3 R, KOTOPBIU mepe-
BOIUT MPOEKTUBHEIE A-Monyim B craraemere 1. Takum oO6pasoM, ecam MBI
TOKaXKeM, 9TO JIOOOU HAKIOHAOIIANA KOMILTEKC 1 MOXHO moaydIuTh u3 A
NPUMEHAA KBaIPAaThl MyTaIllMd W CABUT, TO Teopema OyaeT TOKa3aHa.

[Ipeamomoxum, ¥T0 1’ cocpefoTOUeH B HEIOJIOXKUTEALHEIX cTemeHax. Ilo
pesympraram Amxapsr [2] T = p;f o ..oy o pi opl o opu o p(A)
1A HEKOTOPBIX {41, i3, ..., is}. OG03Haunm qepes T" := i o ,u;t_l o..opufo
117 (A), agepes I'" — nepeso Bpayapa ero ko/blia 5HIOMOPOU3MOB. 3aMeTHM,
9TO eCau 3Be3Ja Bpayspa MpoHyMepoBaHa CTaHIAPTHLIM CIOCO60M, TO [
IMeeT €CTeCTBEHHYIO HyMepaluio pebep, KOTOpasd MOXKeT He COBIATATH CO
CTaHIAPTHON.

C mcnoab3oBaHMEM JeMMBI D ToaydaeM, 910 ecanm A — aarebpa, cooT-
BeTCTBYIONIAA 3Be31e Bpayspa co cTaHIapTHOU HyMepaluen, TO KOJIbIO SH-
momopdmamon ()™ o ()= o o (uf)?r" (1 (A) — aT0 aarepa,
cooTBeTCTBYIOImAA aepeBy Bpayspa I'" co crammaprmon mymeparuen. Ecim
HyMepanusa p gepesa [ He cTaHIapPTHA, TO CyNIECTBYET HEKOTOPAA MepecTa-
HOBKa T, KOTOPYIO HYKHO IIPUMEHUTDH K CTaHIapPTHOU HyMepamun [, 9700k
NOAYIUTDL p. [IpUMeHuB T K CTaHIAPTHOU HyMepalun 3Be31bl Bpayspa, mo-
JIy9uM 3Be3qy Bpayspa ¢ HEKOTOPOU HyMepammen, KOTOPYIO Takke OyIeM
o603HaTaTh p. A mpmmenms T K mamexcam () (™M o (puf (Do o
(u)?r(D(A), noaywaem mocae[0BaTEILHOCTS MY TAIAH, IPUMEHEHHE KOTO-
pou k 3Be31e Bpayspa ¢ uymepanuen p naet gepeso [ ¢ aymepanuen p. O60-
3HAYUM DTY TOCJIEA0BATEILHOCTh MyTAlMi fi” 1A eCTeCTBEHHON HyMepalumn
p mepesa ['". Yepes i~ " := (g")~! 6yzem 0603HAYATH HOCICIOBATEIBHOCTD
syTammic (12,7 ) o o (s, JorTn) o (7 e (o), Ber A°
anrrebpa, COOTBETCTBYIOIIAA 3Be3ne Bpayspa ¢ Hymepanwen p, a B — anre-
Opa, cooTBeTCTBYIOIIAA gepeBy bpayospa [ ¢ ecrecTBeHHON HyMepalmen, TO
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o T (AP) = A w i o T (BT) = B
T:/LZO...O/LZ+1 OMZOMZ_IO...OMZOMZ(A) =

+ ATl = () ~—(r—1)

= H; ©...0f b ouiﬂoﬂ’"oﬂf’"ouitoﬂ’"*lou O/,L;;lo...

~2 L ~=2 sl sl
Ofi* 0 fi" 0 pugy 0 fi o i oy (A).
HOJIy‘IaeM, 9TO ONpeacTaBUMOCTB B BHJ€ KOMIIO3UIIUN KBaJApaTOB MyTa-
< .o (r+1 + ~r p
Ui JOCTATOTHO MPOBEPUTH LI KOMILIEKCOB Buaa: fi~ "1 o M,y © f1 (AP),
~_ ~a__ /
f ot (A) m o o iF 71 (A”) ana moaxoaamero p'. Koasna sugomophusmon
DTUX KOMILIEKCOB U30MOP(HBI aJaredpe, COOTBETCTBYOIIEN 3Be31e Bpayspa.
~_1 + _ + N/r,/ p/ _ + 2 p/
Acno, a0 i~ op (A) = A, a p o fi" (A”) = (p,.)*(A”), 31ech MBI HCIOMB-
3yeM TO, 9TO t > 1 ¥ 9T0 NCKIIOYUTEIbLHAS BEPIINHA BB IEICHA KPATHOCTBIO.
~—(r+1 + ~T
OcTaeTca MpOBEPUTH YCIOBHE 1A KOMIIekcos i~ "1 o f1; ., ©f (AP) s
mo6oro gepesa [ u 10600 MyTaIuH “ZH' [IpuMenus 77!, MBI cobupaemcs
IPOAEIaTh COOTBETCTBYIONIYIO MOCIEI0BATEILHOCTh MyTAIUA CO CTAHIAPT-
HOU 3Be310u Bpayopa. DTOMY MOCBAMIEHBI CJAAYIONME TYHKTH. O

3ameuanue 3. BOTLpOC 0 coomuowenusr 6 K ocmaemca OMmKrpsvIMbIM.

3.3 MyTanuu Tuna I

3aMeTuM, 9TO BCe MOCAeNyIOIIe BeraucaeHus Bepusl u mpu ¢ = 1. Yacto
MBI OyZeM ONMyCKaTh CTEMeHHM, B KOTOPBIX COCPEIOTOYEHBI KOMILIEKCHI, HO
6yaeM IpUHUMATH UX BO BHUMAHUE.

Bes morepu obinocTn 6yaeM npepmnoJarath, 9To I — mepeBo co cTaH-
JTapTHOU HyMepamumen, modroMy fi" (A) — 5T0 mocIe0BaTeIbHOCTD My TAIWH,
omucanHasa B myakTe 3.1. [Ipeamonaoxum, 910 j := 4,1 — pebpo, UHIIU TEHTHOE
BepmuHe x crenenn 1 B I'", To ecTh uj’ — myTtanua Tuna [. [1a Beraucaenuns
p o+ opj ofi" (A) pacemMoTpuM caefyromme TP Cytas: 1) & — He KOpeHb, i
cymecTByeT pebpo TOro e ypoBHA, 9TO U pebpo j, caegyioiiee 3a peOpoM
J B MUKJIXYECKOM TOPAIKE; 2) T — He KOPEHb, U He CYIIEeCTBYeT peGpa Toro
JKe YPOBHA, UTO pedpo j, CAeayIomero 3a pebpoM J B MAKITIECKOM TTOPSIIKE;
3) & — KOpEHb.

1) x He KOpeHb, U CyIIeCTBYeT pedpo [ TOro xe ypoBHs, 9TO U PeOPO 7,
caeyromiee 3a pebpoM j B NMKJIMIECKOM mopsaake B 7.

Yreepxkgerue: [7T! — depeso co cmandapmuoti nymepayued, u;“ o
A" (A) uzomopden cmandapmuomy HAKAONAOUWEMY KOMNALKCY U3 AeMmMmbl 6,
coomeememesylowemy smomy depesy, a 3nawum fi~ ") o M;_ oi"(A) ~ A.

MokazaTeabcTBo. [lonarro, uTo 7! — nepeBo co cramgapTHON Hy-
mepanwuen. [Ipeamonsoxum, ¥To pebpo j He WHIUIEHTHO KOpHID. O6G03HAINM
yepe3 ¢ pebpo BHICIIETO YPOBHs, WHIUACHTHOE U pebpy j, u pebpy [ B [
[Mockoabky ¢rr(j) = ¢r- (1), a ¥(j) = ¥(l) = ¢ B I'", TO MUHUMATLHAA JTeBAS
anmpokcnManya 1) uveer Buj
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J q

lﬁfl lld
pl—a

Pl — 1y

T+ = (P LN Pl)[¢rr( ) + 1] no memme 4. Orcroga moxydaem Tpebyemoe,
TAK KAk bro+1(j) = or-(j) + 1 m(j) =18 T7T
Ecau pebpo j mHIMIECHTHO KOpHIO B I, To pebpo [ Toxke MHIINIEHTHO

kopHio B ['", u Toraa TT+1 (P; LN P)[1]. O

2) x — He KOpeHb, u He CyIecTBYeT pebpa TOTO XKe YPOBHA, YTO pedpo 7,
clefyomero 3a pe6pom j B nmkamdeckoM nopsgke (B I'M). [uas ynpomenus
0003HAYEHUN TTOJOKUM P = @rr.

Yreepxgenne: [i-" oyt o im(A) ~ (uf)*(A).

HMokazareabcTBO. 17 = @?:1 T; — HAKJIOHAIOIINN KOMILTCKC M3 JEeMMBI
6, pebpo ¢ UHAEKCOM j He WHIUICHTHO KOopHIO. OO03HAYUM HUepes X, Ta, ...
Ty = ¥(J) = j — 1 pebpa, mpuHaIIeKaIMe KPATIAMIIEMY IyTH I3 HC-
KJTIOYUTEJILHOU BEPIIMHBI K PEOPY C METKOW j, MPOWHIEKCHPOBAHHBIE Y-
cravm ot 1 10 ¢r(j). T/ — oro xomyc Moppusma

p—2-p 0

S

0 Piq % Py, )1
rjae soc — MoppusM, 006pas KOTOpOFO m30MOpdeH HOKOJIIO Pi_j,aa=j—1—
Typ(j)—1- 11oaTOMY TTJrl ~ (P; LN P, 25 Py £, Pry - \), TIe Pry

COCPeNoTOYeH B TOI/I JKe CTeneHdW, 9TO W B TT Ecau pebpo j — 1 wHIm-

IEeHTHO KOPHIO, TO P% i =0, I/IT’"+1 (P; 5, P;_ oo — Pj_4). Ilpmvenum

JacTh MOCAeTOBATETLHOCTH [i (’"“), KOTOpasA COMEePKUT MyTalluu ¢ WHIEeK-

camu OosapiuMu j u uHgekc j — 1. [aa cooTBeTcTByIOmEro r’ moaydaeM,

aro T =~ @f;lsz@ (P = Py = Py = L ® P @icn b

- / v
[Tpumenum oy T;-" 1~ 5710 KOHYC Crenyomero MOpgU3Ma, CIBHHYTHIN HAa
—1
)

Bb
0 0 0 Tor()-1 > Lz )—2
. l Ju l
B 5“
b =P —>P P%r(j)—l 0,

! a-+b
rAe b= Ton(y-1 — Top(i)—z- 1o deante 4 T = (P 2 Py 2% Py 2

P%Fm%), rie P%F(j)f2 COCPEIOTOYCH B TOU XKe crenenu, 9To u B 1. [Ipume-
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B8 soc
HAA JeMMy 4 HyXKHOe KOIHIecTBO pas, moaydaeMm 1; ~ (P, — Pj_y — Pj_4),

rge P cocpefoToueH B cTeneHn —2.

[IpuMemas ocTaBIIMeca MYTalnM 3 mocIegoBarerbmocTn i~ "D owe-
BuHO noaxydaem ()% (A). O

3) * — KopeHb, j = 1.

[Tycts [ — pebpo, caenyioiiee 3a pebpoM j B IUKITIECKOM TTOPSIKe pebep
BOKPYT HEKOPHEBOT'O KOHIa pebpa j B [

[ =T"u """ cxemaTuano umeror crenyomuin ug (Metkn {2, ...,1 — 1}
u {l+1,...,n} paccraBieHbl Ha TPOU3BOJIBHBIX MOMIAEPEBHAX):

=t =1

RN I\
I+1 = n 27 -1

Yrsepxperue: i~ "ol o (A) = ((uy)?o(pz)? 0.0 (py)*(4))[1].
HdokazareascTBo. IlycTs 17 — KoMILIeKC U3 JTeMMBI 6, COOTBETCTBYIO-
-1
mun gepeBy . Umeem: 17 = Py, a 1] = P, ~, P,. MunnmaabHaa JeBas
annpokcumalug P, — 3T1o Mopdusm

0—>P1

| e

Pl—>P1.

Ee xonyc — sto P[1].
[Ipuvermy k Kommiexey 17+ mocaegosaTersnocts MyTamai fi~ ") =
)—1

iy © ()77 o o ()P o ()oY oo ()0
Mpumenenne (y;, )?r™~1: 3amerum, 910 pe6po N BUCATEE; eCIU 1 HE WH-

AIEHTHO j, TO TPUMEHUB (u;)¢r(")_2, MOJIY9IUM, 9TO 1 WHIIAIEHTHO J, U €My
n—1

B
COOTBETCTBYeT Kowmiuiekc P, —— FP;. MunnmanbHas npaBas anmnpoKCHMa-

IUA 3TOCO KOMILIEKCAa — 3T0 MopdusM u3 P[1], uagynuposanusiu P LN b,
110 JemMe 4 ero Kouyc uzomopden P, (2], cregosarensho, T, ~ P,[1]. Axauo-
TUIHO, TIPUMEHASL (/Ll;l)¢r(l+1)—1 o..0(p, )r=D=1 nogyuaem, uro T),_; ~
P, (1], ..., Ti11 =~ Pyq[1].

Ipmvewmenne (y; ,)?"~Y+L: samermm, ato pe6po | — 1 Bucatee; ecam

| — 1 me wamuaentao [, To mpumerus (u, . )?r=Y-1 noxyamm, aro [ — 1
’ -1 ’ ’
ﬁl_2
VHIUJEHTHO [, 1 eMy COOTBeTCTByeT Komiuiekc [j_; —— P;. Munrumans-

Hasg MpaBas AMIPOKCUMAINA STOTO KOMILIeKca — 3To Mopdusm (5, 1d) u3
B! 8
P, —— P;. Tlo memme 4 ero xonyc usomopdern P} — F_;. MunumarbHas

npaBas anmpOKCHUMAIMA CIBUIA DTOrO KOMILIEKca — 2To Mopdusm u3 Pj[1],
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" soc soc B
nHIYIupoBaHubn P, — P, ero xonyc mzomopden P, — P, — P,_q, mocae

casura P,_; cocpegoroten B 1, cregosarersuo, 1), ~ (P, 25 P LN P_1)[1].

Amarormiao, mpmversas (uy )T+ o Lo (y;_,)?r =2+ moryaem, TTo

soc

Tis =~ (B 2% P25 Py,

T~ (P2 P 220 ppl.

— Bl
[IpuvennM 1, : MEHEMaJIbHAA IpaBasd amnpoxkcumanus [ —— P; — aTo
o so0cC soc
mMopdusm u3 F)[1], unayuuposauunin P, — P, ero kouyc uzomopden P —
pl—i soc
P, — P;, moczne casura P; cocpegoroden B 1, cregoBarensso, 1) ~ (P, —

soc

1— 1—

P2 Pt = (P2 B 2 Py,
Homywgaem T ~ ((uy)? o (pg)? o ..o (1) (A)[1]. O
3aMeTuM, ITO UHAEKCH j 1 [ MOMEHAINCH MECTaMM.

3.4 MyrTanuu Tumna II

[TpexnmoroxmMm, 1T0 06a KOoHIIA pebpa j := i,1.1 — BepIINHLI cTemeHn > 1
B I, To ecTh uj’ — myTanng tuna 11, Jia serancrenua -+ o ,uj o " (A)
PACCMOTPUM CJIEAYIOUMe TPU CIy4das: 1) peOGpo j He WHIUIEHTHO KOPHIO, U
cymecTByeT pebpo TOro e ypoBHA, 9TO U pebpo j, caegyioiiee 3a pedpoM
J B IUKJINYECKOM TIOpsIKe; 2) peGpo j MHIMAEHTHO KODHIO; 3) pebpo j He
UHIUICHTHO KOPHIO, U HE CYIIeCTBYeT pebpa TOTO XKe YPOBHA, YTO U Pedbpo
J, CTeMYIOMETro 3a peOpoM j B MUKINIECKOM TTOPATKE.

1) pebpo j He MHIMAEHTHO KOPHIO, ¥ CYLIECTBYeT peGpo [ TOro ke ypOBHH,
1710 u pebpo j, creayiomniee 3a pe6poM j B MUKIUIECKOM nopsaake. Pe6po Humx-
HEro YpOBHA, cjaeayiolee 3a pe6poM j B MUKJINIECKOM TOPAIKe, 0O03HAINM
Tepes m.

[ =TI"uIl"" cxemaruano nmeror creyomui Bug (MeTkn {j+1,...,m—
1} w {m + 1,...,h} paccrTaBieHB HA TPOU3BOJIBLHBIX MOAIEPEBBLAX, | — He
00s3aTeNbHO BUCAYEe PEOPO):
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Zor() + l

/‘j j
s AN

/| SN
m~+1 \h Jj+1 - om—1
Kak u mpexge 0603HAMUM €Uepe3 Ty, Tg, ..., Ten(j) = ¢(j) pebpa, mpu-

HaJJIexXaliue KpaTqafImeMy nyTn u3 I/ICKJIIO"H/ITGJIBHOfI BEPHINHBL K p€6py j,
IIPOMH IEKCUPOBaHHbIE duciaMu oT 1 10 ¢r(j).
Yreepxgenne: Yo M;“ oji"(A) ~ (/Jaj’)2 o (M;+1)2 o...o(p )?*(A).
HdokazareascTBo. IlycTs 17 — KoMILIeKC U3 JTeMMBI 6, COOTBETCTBYIO-
muit gepeBy 7. Tak xax ¢r-(j) = ér-(1), ¢rr(m) = or-(j) + 1, a ¥(j) =
V() = vgry B 17, TO MUHIMATLHAS JeBag annpoKcuManus f craraemoro 17
uMeeT BUI:

gl mer ()
0 p; Py

( BEZ ) Id

g =240(7)

Py,

ZopG)®

Crenyromas fuarpaMMa KOMMYTATHBHA:
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7ﬁm7l

(1d,0) (—67-1,1d,0)

_am-—I1
P, i P, 0,

m—I _pm—l
nosromy (P, ~ P) ~ (P, —— P)) — craraemoe Cone(f). flcro, aro
m—1

B
Cone(f) romoronen P,, —— P, Tak KaK 5TO HEPA3JIOKUMOE CJIAraeMOe
HAKJIOHAIOIIECT'O KOMILJIEKCA.

[pumernm k Kommaekcy 17 mocaegoBaTeasHOCTS MyTammia /1_(”'1) =
(Iu;)q)r(?) 0...0 (M]f_l)abr(y—l) o (M]f)¢r(y)+1 o (M;)¢F(m)+1 o (M;+1)¢r(j+1)+2 o..0
— —1)42 - 1 —\ér(h - ht1 -
(Hme) P02 0 (p )07 00 ()7 0 (g, ) TP 0o ()P0,
[Tpumenss (u;+1)¢F(h+1) o...o0 (p)r(™ ouesnano, noryaaem T, ~ P,
oy Thyr = Py
[Tpumenenme (u,:)d’F(h): 3aMeTHM, 4TO pe6po h Bucadee; ecau h He UH-
IUIeHTHO §, TO MTPUMEHUB (u,;)dm(h)*‘bf(m)*l, MOMYSNM, 9TO h WHIHIEHTHO
h—m
Jj, I €My COOTBETCTBYET KOMILIEKC [, ~, P,,. MuanmabHas mpaBas afl-
m—1
OPOKCUMAINA 3TOr0 KOMILTEKCa — 3T0 MopdusM u3 P, ~, P, manyun-
h—1
poBauuniu P, , P,,, mo memme 4 ero xomyc mzomopdern P, ~ B, Mu-
h—1
HUMAJIbHAA MpaBasd allIpOKCUManua casura P LN P, — 510 Mopdusm u3

g mer ()

o Id
p— P UHIYIUpOBaHHLIN I, — Pj, mo 1emMe 4 ero KOHYC H30-

ﬁh—l
mopden P, — P,

qaeM, ITo 1), ~ P,
- +1 - h—1
Ananormano, npuvenas (u,, )™ o o (u;, )T~V noxywaem, 1o
Tho =Py, oy Tinr = Py
Mpumverenne (., )?r(m=D+2: sanernm, aTo pe6po m — 1 Bucstee; ecian

m — 1 He wHIMIEHTHO M, To npumenns (y, )T D=¢r(™)  nonyuum, aro
m—1—j
m — 1 MHOUZEHTHO M, U eMy COOTBeTCTBYeT KOMILICKC [, | ——— P;.

MubnumaapHas mpaBad amMIPOKCUMAIKAA DTOr0 KOMILIEKCA — 3TO MOPQPU3M

op(y» TPAMCHAS JIEMMY 4 HyXKHOe KOJIWIeCTBO pa3, MOIy-
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(8,1d) us P, ~, P;, ero xomyc mzomopden P, LN P,—1. Muanvans-

B
HasA mpaBasA annpokcumanus casura P, — P, 1 — 210 Mmopdusm (soc, 0) n3
_ngm-—I1
gm! (%) (0,8)
P,, —— P, ero xonyc w3omopcpen P, — P& P,, — P,,_1. Muun-
MaJIbHAA MpaBad ANIPOKCHMAIMA CIBUCA 3TOT0 KOMILIEKCA — BTO MOpPQU3M

g mer )

o Id
m P — UHIYIUPOBAHHLIA P, — P, ¢ TOMOIIbIO BEIYHUCICHNUA,

—g" "er )

soc

Tor()?

AHAJOTUIHOTO JeMMe 4, moaydaeM, IT0 KOHyC m3oMmopden P,

(0,8) _
P%F(j) @ P, —> P,,—1. llpumenas ocraBmueca CTeNeHU [, ;, HOJIyTaeM,

9TOo
Tm—l = (Pm £)Pmﬁ)Pm—l)-

Amanormano, mpmvenan (u7,,)T0 2o o (u, 5)ormmHF2 nonyuaen:

Tm722(Pm%PmﬁPm72)a

soc m=j—1

7}+12(Pm—>Pm—>Pj+1).

_ g
[Tpumenenne (p )?r ™+ ymrmvaTeras mpaBas ammpoxenvanua P, —
/Bmfl
P; — sTo Mopdusm (soc,0) uz P,, —— P}, aHAIOTHYHO IPEIBIIYIIEMY CJIy-
a0 MOJYIaeM, ITO

m—j
T = (P 2% P 25 P)).
. m—l
[Ipumvenenne (u;)¢r(3)+1: MUHUMAJIbHAA IpaBas annpokcumanus P, —

g mer ()

. Id
P, — »To moppusm w3z P —— uHAynupoBanuwin P, — Pj, 1o

g™ Ter ()
JemMe 4, moaydaeM, 9TO KoHyc m3omopden P, ———

JeMMy 4 HyXKHOe KOIXYIeCTBO pas, moIydaeM, ITo 1 ~ Pp,.
pnverenue (py )@ o .o (u;_ )"0~ paer Tj_y ~ Pj_y, ..., T ~ P,
T, ~ P,.
Monysaem, ato T = (115 )% 0 (1;1)% © ... 0 (p1y1)*(A). O
3aMeTnM, 9TO UHICKCH M U j TOMEHAINCHL MECTAMM.
2) pe6bpo j MHIUIEHTHO KODHIO. DTOT CAyYIal aHatorutden caydaio (1).

ZLor()?

() TPEMEHAL

-1
[Tomoxum P‘%r(i) =0 B (1). Housrao, uTo T;-"“ ~ P, ~, P,. C moMmomso
BLIICJICHII aHATOTMIHEIX cIy4daio (1) moxywaenm, aro i~ o ,u;' oji"(A) ~
(115)% 0 (1) 0 o0 (1) (A). O

3) pebpo j He MHIUAEHTHO KODHIO, M HE CyLIeCTBYyeT pebpa TOro ke
YPOBHA, 9TO U pebpO j, CAEAYIOMIETO 32 peOPOM j B IAKAWTIECKOM MOPAIKE.

23



[ =T"ul""! cxemaTudno umeroT caeayomuil Bu (Merku {j+1, ...,m—
1} u {m+1,..., h} paccraBieHbl Ha MPOU3BOIBHBIX IO IEPEBHIX ):

X1 X1
[ [
[ [
ZTor() ut Tor()-1
J
—_—
. ) Lo ()
J J

j+1 m—1 mAl o Nk
m+l o h j+l o om—1

Kak u npexje 0603Ha4NM epe3 T, Ta, ..., Top(j) = ¥(j) = j — 1 pedpa,
IpHUHA IIEKAIINE KPATIANIIeMy Iy TH 13 HCKIIOYATEILHON BEPIINHLL K PeOpy
J, IPOWHIEKCUPOBAHHLIe ducaaMu oT 1 10 ér(j).

. o+l t o ) .

Yreepx aerme: i~ "t o p; o ji"(A) = Fj(A), 2de onpedeaenue Fj(A)
npusedeno 6 NPUAONCERUL (YuKrAuUeckul nopadox pebep, coomsemcemsyio-
wuz caczaemvim Fj(A), 6 36eade Bpayspa onpedeasemces aunelinbim nopao-
KOM IMMUL CAGRAEMBLT CHU3Y 66€DT).

[MokazareabcTBO. Bortucinm Tj”l. MunnMmaabHasd JeBas allpOKCHMAa-
s T;-" — 3TO0

B
0 P; Puy 0
L ild lsoc L
gm—I 0 B
P, Pj P%p(j) Px¢r‘(]')*1'
TTEe0(5) a
Lo+l B soc B
ITo menve 4 mveen: 17" ~ (P, vory " Prapgy quSF(j)fl)’

A€ 4 = Top(j) — Lor(j)-1-
[pumernm k Kommaekcy 17 mocaegoBaTeasHOCTS MyTammia /1_(”'1) =
Vor() o o (uT N9rU=2) o (y)er) -1 o (= )erm)—1 o (= Yer(G+D) o o
(h3) (1 -2) () (Hm) (h751)
(b 1) 0 (1,11 )PP "2 0o (11, ) o020 ( )r o ()P o

oo (),
[Mpumensis (

Mx¢r(j)

/,L;¢F(j))¢F(j)o(ﬂg+l)¢r(h+1) 0...o(p; )™ ouenmano, MOTYIAEM
Ipmverrerme (p; )*r(M~2: 3ametum, ¥T0 pe6po h Bucaiee; ecru h He WH-

NUJIeHTHO j, TO MPUMEHUB (u;)‘bf(h)*wu)”, HOJAYYIUM, 9TO h HHIIUIEHTHO
h—m

. g
j, 1 €My COOTBETCTBYeT KoMmiLiekc P, —— P,,. MunumaipHasa mpaBas am-

BT Ter () soc
MPOKCUMAIIAA 3TOTO KOMILIEKca — 3T0 Mopdusm u3 P, —— (i)
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B o Id
P, — P uHIynupoBanuwin P, — P,, mo jemMe 4 ero KOHYC

Lor() LopG)-1?
p, Y p s p B p M
uzomopden P, —— voriy " Lrorgy — Prgniy - MUHEMATBHAS TIDa-
,Bb
Basd ANMPOKCHMAINA CABUTA DTOTO KOHYca — 3TO MopdusMm u3 P, oG- 1
o Id
Pry y—o (028 b = Tgp(j)—1—Tep(j)—2), MBAYIUPOBAHHLIL Py, o — Py o
4 P /Bh_%r(j) p e p gatb P

no aemme 4 xkonyc mzomopden P ———— or) " Lagpy T Lrgniy o
h=2r ()
' ory

[IpuMenus seMMy 4 HyKHOE KOIMIECTBO pas, moaydaeM, 9ato 1), ~ (P, ———

soc
P%pm P%p(j))'
Ipuyvenenne (p;, ,)?r*=D=2 (4, ,)r("*D=2 nommocTeio anatornimo,

U MBI IIOJYy4YaeM, 9TO

7 P g T Ter () P soc,
~o %
-1~ (Paoa Tor(i) %rm)’
+l—z -
g or @) soc
D1 =~ (Bt Tor(5) P%pm)'

[Ipumenenne (ufn_l)‘ﬁf(m’l): ecau m — 1 He WHIMAEHTHO M, TO TPUMEHUB
(M;L_l)qbr(m_l)_qbf(m), MOJYIUM, 9TO M — | MHIUAEHTHO M, U €My COOTBET-

Bmflfj
CTBYyeT KOMILIeKC P, | ——— P;. MununmanibHad npaBas anlpOKCHMAINA
gmi-d i gmi-i
P,y —— P; — sto mopdusm (5,1d) w3 P,, — P; B P,,_y —— P,
B
mo semme 4 ero kouyc — oto P, — P,,_1. Muauma/ibHas mpaBas anmnpoKCh-
B g erl) soc
manus P, — P,_; —»T0 Mopdusm (soc,0,0,0) uz P, ot
—8" Ter () )
P . p sP, 5P 1, ero Konyc —ato P, ———> ®
Lor() Zor(i)—1 m m==i m Lor()
( —soc 0)
0 ﬁ (750170)
P, — P%pm &P, —> P%F(j)fl. MunuMmaibHasg mpaBasd aIllpOoK-

ﬁb
CUMAIA CABUTA DTOTO KOMILIEKCA — TO MOPPU3M U3 P%p(j)—l — P%F(j)_w

Id

UHIYIUPOBAHHLIL P, orro1 P, spiy_10 IO JTEMMe 4 ero xoHyc m3oMopden
_ g™ Fer () —soc 0
P ( ﬁ soc ) @ P ( 0 /B> P @ P (_ﬁa+b70)
_— _— e —
m Top(j) m Top(i) m—1 Top(j)—2"
[Tpumensas memMMy 4 HYXKHOE KOIXIECTBO pas, MOJIYIaeM, ITO
(_67”_%1«(]‘) ) (—soc 0)
Ty =~ (P ——— 5 p P, ~22.p P
m-1 = (P Zop) D Em voriy © L)
Ananoru4no,
—24( —soc 0
(,5"‘80?1“(]) ) ( (5)00 52>
Tpg = (Pp ————— P%r(j) &Py ———— Pffqbr(j) ® Prn2),
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e - 0
_ g™ o)) < soc. U >
( g soc ) 0o pgmit

Tjs >~ (Bp ———— tor) D L Puy ) @ Pjs).
_ _ g
[Tpumenenne (- )?r(™~!: ymrEMaTbHAS TPaBas ammpoKrcnMamnua P, —
g erl) soc B
P; — sro mopdusm (soc,0,0,0) w3 P, —— o) Py oy —
m—j
P, ort)1 B P,, —— P;, aHal0ru9HO OpeJblIyleMy CIydaio HOIydaeM, ITO
(-~ oo < oo ,8”9*1' )
so0cC
T =~ (Pm P%r(j) S P, P%r(j) @PJ)‘
Mpumenenne (p; )?rU)~!: MuEIMaTBEHAS TpaBAsA ATTPOKCHMAITS
p Hj p p
g er) soc 8
P o) Zop) L ogp(-t
Bb . Id
— 5T0 MOp}U3M u3 P%me1 = P%F(j)fz, UHIYVIUPOBAHHLIL P, —

r()—1
7, TMPUMeHAA JeMMy 4 HyXKHOe KOJIWYeCTBO Pa3 TMoaydaeM, 9ITO

Tor(i)—1?
5 TEr () soc
Ty = (Pn Pryiy = Proriy)- A
pnvenenue (p5 )" ® 0. 0 (u;_,)?"U~ ouepuano gaer Tj_y ~ Pj_,, ...,
Ty~ BT ~ P UJ

Yreepxgenne: Fj(A) = (1;)% 0 ... 0 (thy1)? 0 (17)? o (pj,)? 0 .o 0
(Hm—1)? 0 (1) © (p—1)? © o 0 (1] )? (A).

[okasarenscTso. [Ipuvennm k Fj(A) o6paTHyIO MOCIEI0BATEILHOCTD
MyTaIlll, €CIH B Pe3yJabTaTe MBI MOAYyIUM A, TO yTBepkKIeHHE TOKA3AHO.
Boraucanv geounyo myranuio 1 Broab T MunuMaTbHasS TpaBas all-

Id
—
()

T ()"

npokcuMalusa 1y, —»To mopduam u3 1), B 1},, MHAYIIUPOBAHHEIA P,

o1 ()
g er ()
P%F(j), o Jemme 4 ero Konyc uzomopden P, — P%F(j); mocJie mpuMe-
HEHUA CIBUIA KOMIIOHEHTA P%F(j) COCPeNOTOYEHA B TOU K€ CTElNeHu, 9TO U
—\2
B Ty, ;,» IpuMenas nemumy 4 eme pas, noaysaem [(u, )*(Fj(A))]n = Ph.
HAJOTHUYHO,

[(t—1)* © (12 ) (F3 (A))]n-1 = Paa

() © o0 (1) © (2B (Aot = P,

~- )2 — 2 —\2 r
O603HATUM KOMILIEKC (fi,,,1)% © ... © (fty,_1)% © (1, )?(Fj(A)) epes T7.
HaHOMHI/IM, 9TO0 romMorTronmvdeckKasa KaTeropmusa MOoxKeT OBITH onpeuaeaeHa

KaK CTa0WIbHAA KATeropus HeKOTOpou PpoOeHnyCOBOU KATETOPUH, & UMEHHO
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KaTeropum KOMILIEKCOB, 110 OTHOIIEHUIO K KJIaCCYy TOYHBIX MOCJIEeT0BATEIHLHO-
CTeW, PACHICILIAIONINXCA B KaXKI0U cTeneru. [103ToMy TpeyroipbHUKU B TO-
MOTOTHIYECKON KATETOPUK COOTBETCTBYIOT TOYHBIM MTOCIEI0BATEILHOCTAM B
KATerOpUu KOMILIEKCOB, PACIICILIAIOIINMCA B KAXK 10 cTernenu [7].

Beraucanm gBounyto myTtanuio 1, Broas 1. PaccmoTpuM cremyromryio
TOYHYIO MOCJIET0BATEIBHOCTh B KATEIOPUU KOMILIEKCOB, PACIICILIAIILYOCST
B KaXKOU CTEeICHMU:

pgm—i
X — 0 P b
9 (1) (1)
( _p7 T () ) < 7300 577?7]‘ >
T = P = P%ru) ® Py P%r(j) P
f Id (1d,0) (1d,0)
LN soc
T; ~ Py, Py Py

rae [ OYeBUIHO ABIAETCS MUHUMAJIBLHOU JEBOU alpoKcuMaruen 1, mo OTHO-

mennio K ApyruM caaraemsim 17, ITostomy, Cone(f) ~ (P, LN P;) B co-

orTBeTcTBYIOWEN crenenn. Munnmanabras aeBas annpokcumMaius Cone( f) mo

5m7$¢r(j)
OTHOIIEHUIO K APYruM caaraeMuiM 17! — 510 MopdusM B T, =P,

soc o ) — .
Py, oy — P,y BAyIEpoBanneti (Id, 477"r@), u no nemme 4 ero xomyc
TP ()
2 - ~ D B soc
w30MOPDEH [(f,)*(T7)]m = P; " Lagri) Pogeiiy
Anasorndso,
AR

[(/’L;_+1)2 o (/’L;)Q(Tr)]J+1 = Pj+1 - ZTop(5) ﬂ PZE¢F(]*)

. g T e ()
(1) 00 (1140)*0 () (Tl 2 Pt ————— Pa ) == Pay -

[ToaTomy

(tm—1)* 00 (1542)7 0 (1) © (1) © o0 (1) © (1, )* (F3(A)) =~ G(A),

rae onpenererne Gj(A) npuBegeHO B IpUIOKeHNN (MUKINIECKIH TOPSIOK
pebep, coorBercrByomux craracmbiM G;(A), B 3Besze Bpayspa onpejens-
eTCA JMHEMHBIM TOPSAIKOM DTUX CJIAraeMbIX CHU3Y BBEDX).
O4eBn,HO, IpUMEHSAA (/L;)Q K G, noay4aem [(M;)Q(Gj)]j ~ P,.
Ananoru4no,
— 2 —\2
[(1m—1)” @ (15)(G)m—1 = P

27



(15500 0 (1) 0 (1) (G )1 = Pria
(1) © (11750) © (1) © (1) (G )l 2= P

HoaTomy (1,)% 0 (141)% © o (Bm—1)? © (117 )*(Gy) = A.
3aMeTuM, YTO B UTOIOBOU KONWKM A IMUKIMIECKUNA TOPATOK MPOEKTUB-
HBIX MOJIYJeH CTAaHIaPTHBLIA, a HyMepalua — HeT: METKHU j U 1M HOMEHAIACH
MeCTaMu, OTCIO/Ia MoAydaeM TpeOyeMoe YTBepkK IeHHe. O
Ha sToM 3akaHYMBaeTCsa JI0KA3aTEIbCTBO TEOPEMBI 1.

3.5 Cayuamt=1

[Iycts A — aare6pa, cOOTBeTCTBYIOmAA 38316 Bpayspa Tumna (n, 1). Pac-
CMOTPHUM TOATPYIIy R mpouwsBogHou rpynnbl [lukapa aare6psr A, mopo-
KIeHHYIO caBuroM, Pic(A), sksuBantenTHoCTAMEU H;, N DKBUBAIEHTHOCTAMI
Qi, rie (); — HEKOTOPBIE CTAHIAPTHBIE ABTODKBUBATEHTHOCTH, TEUCTBYIOIINE
HA MPOEKTUBHBIX MOIYIAX CACIVIOMIAM 06pPA30OM:

Qi(P;) oo b =
R NV N T 1

3ameuanme 4. ['pynna, nopoxcdennas Q;, paccmampusasace Myrmadu-
Aunamcuaz 6 [12]. Ha net deticmeyem epynna koc, komopoti coomsememesyem
epynna Kokcemepa, 3adannas noanwvim 2padom na n 8epwuHar, amo det-
CMBUE HE MOUKO.

3ameuanune 5. [Tonwammno, wmo Q;(A) =~ ;11 O fl5 0 ... 0 ft;_o 0 f1;_1(A),
MG CEPUA MYMAYUT MEHAETM YEHMPAIbHYIO Sepwuny 36e30b, Bpayapa na
srewnul Korney pebpa ¢ memrotl i. Tax sce nowammno, wmo (Q; MoACHO NO-
AYuumb U3 Qi1 CONPAHCEHUEM C NOMOWBIO AEMOMOPPUIMA, COOMBEEMCMBY-
owyzo nosopomy 3ee3dvt Bpayopa. 3amemum marmce, umo Q? ne mensem
yenmpaaohyro sepuiuny 368e30uw Bpayapa, nosmomy QF € R.

Teopema 2. [Iycmb t = 1, mozda TrPic(A) = R.

HoxazarenbcTso. Tak xkax Q;(A) ~ p; 04 50...0; 40, (A), cra-
raembie (;(A) MOryT OBITH BEIYMCJIEHBI KAK KOHYCHI MUHUMAJIBHBIX ATTPOK-
CHMAIIIA IPOEKTUBHLIX MOy Ieln. Tak ke kak B caydae H; JerKo BUIETh, ITO
s eraucaenna F'(Q;(A)) @A HeKOTOpOW aBTOSKBUBAJICHTHOCTH I mocTa-
TOYHO IPUMEHUTH MOCICIOBATEIBHOCTD MYTAIIMN fi; 1 O [; 9O ...0 [l; 5O [l;_;
K F(A).

Kax u pambimne, JOCTATOYHO MOKA3aTh, 9TO 1A JOOON0 HAKIOHAIOIUIEIO
Kommexca 1 rakoro, 1To Endps4)(T7) ~ A, cymecTsyer sieMenT u3 R, me-
PEeBO AN MPOEeKTUBHEIE A-Moay.u B craraemeie 1. [Ipeamonoxum, aTo 1’
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COCPEOTOYEH B HEMOJOKUTEIbHBIX cTeneHsX. [1o pesyabratam Auxapsi [2]
T = MZO...O/LZHo,uitouj;ilo...ou;;ouzt (A) st HEKOTODPBIX {71, ig, ..., 15 }. Ecam
MOCACOBATEILHOCTE MY TAITHHE (1, O...0f1;  Of; ofi  o...ofu} ofut (A) He m3me-
HAET HeHTPAILHYIO BEPIINHY 3Be3 16l Bpayspa, TO, MOIbL3YACH BETUCICHUAME
13 IPEeJELIYIINX IYHKTOB, HOIyYaeM, 9TO CTAHJAPTHAA SKBUBAICHTHOCTE I
Ttakas, 9To F(A) ~ T, npunagmiexut R, a smauuT u R. Ecan mocaegosa-
TeJHHOCTH MYTAlUU U3MEHACT HEeHTPAJbHYIO BEPIIMHY 3Be3abl Dpayspa Ha
BHEITHUY KOHEI pe0pa ¢ MeTKOH 1, TOT A, TPUMEHUB Hip 1O 90 -Ol; oOk; 1,
nosydaeM HakaoHsoumn kKommieke 77 € R. Nmeem T ~ Fo(Q);(A), mosTomy
I mpunanaexut R. 0

3amedanue 6. Kax u 6 cayuae t > 1, sonpoc o coomuowenusr 6 R ocma-
emcsA OMKPLIMbIM.

3ameuanue 7. [lo sceii sudumocmu, deiicmeue npouzsodnot epynnot Ilu-
Kapa na pebpaxr 36e3dvl Bpayapa ne moxcem 6bimb onpedeaeno Koppexmmo,
MaK Kak 60 MHORUT NPUMEPAT BbIMUCACHUT Mbl HALOJUAU J8e NOCAEI0Ba-
MeAbHOCmU Mymayut, Komopbie dam 00UH U MOM HCE HAKAOHAOUUT KOM-
NAEKC, HO NO-PA3HOMY Nepecmasastom pebpa 36e3dvr Bpayapa.

4 IlpunoxeHue

P
P
Pj_s
" er ()
n P Pyt Pry i
(—8™or)) (*BOC B"?*j>
: soc
Tj s P Pay () ®Fm Pry )y ®F
T; — . —soc 0
., (" ™) (0" 5ms-1)
T; _ ° .
j+1 Py, PE¢F(j)@Pm P$¢F(j>@P]+l
F' _= _=
J Tm—1 _ .
Trn+1 (—/Bm %r(y)) (T)ocg)
sSoc
. S soe /.
. Th FRRREINC) soc
. _—
Hr () Pr+1 Pry ) Pegriy
Thyt
h— .
T, b B9 soe, p
h Tor (i) o (i)
Pyt
Ppyq
P
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P
T :
T; P; 5
. 5] I¢I‘(]> soc
_— By Prory =7 Prori)
J— ; — .
T P 5J+1 For() P soc P
- =
Tt it Tor(i) o)
Tm'—l m—1—=z .
G. — T, — 8 ér (@) soc
- —
] o Pt Pay i) Peyrii)
Top () m—z .
Tm+1 B ¢F(]) soc
' P Poy iy Poyrii)
: Peyrii)
Th Pm+1
Thi1
: P,
Tn Ppyq
Py
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