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Anpnoranus

B cratee A. [pibeimesa "Kobopausm-gpeiiv-coorsercreusa u K-teopus Munaopa' qjis mosis
k xapaxrepucruxu 0 U IEJI0T0 HEOTPUIATEILHOTO m, ompeeses komiuiexe Cy, ZFP (pt, G,,\™),
u noctpoer m3omopduszm H (C’* ZF (pt, GmAm)) — KJ}(k). B macrosmmeii pabore n0Ka3biBa-
eTCsl, 9TO MPHUBEJEHHAs I'PYIIa KOTOMOJIOTHI KOMILIEKCA B JIEHCTBUTENBHOCTH BBIYUC/ISIET 3Ha-
4yeHue CTabUIbHONO MOTHBHOIO Iy4Ka FOMOTOLUI Ha TOYKE Ty m(MGLe)(pt) crekrpa MG L,.
Tem cambiM, Tpojgo/IzKaeTCs Hapasiens ¢ peruucaenneM A.Hemmurosa B ero crarbe "®peiim-
coorBercTBust n K-Teopust Munnopa-Burra KoTopoe, B AeiCTBUTEILHOCTH, BHITUCIAET CTAOUIb-
HbIe MOTUBHBIE TOMOTOIMYECKHUE TPYTIIBI Ty m (£°°.5Y) (pt).

Karouesovie caosa— Crektp ajqrebpandecknx KOOOPIU3MOB, (DPeiiM-COOTBETCTBUSI, Ty IKH TOMO-
Tonuit, MHOrooOpa3us ['paccmana

Pabora BeimosHena mpu nopmepkke rpanta B ¢gopme cybcmaun no COLIJIAIIEHNIO o npeno-
crapjieHuu rpanta B popme cydocuuii u3 dejiepasibHOro 0I0/1zKeTa Ha OCYIIECTBJICHUE IOCYIapPCTBEH-
HOM TOAJIEPZKKA CO3JaHUA U PA3BUTHSA HAYYHBIX IEHTPOB MUPOBOTO YPOBHA, BKJIOYAs MEKIyHAPOI-
HbI€ MaTeMaTHUYeCKUe HNEHTPbI U Hay4dHbI€e IMEeHTPbl MUPOBOT'O YPOBHA, BBITOJHAIOIINE NCCJACI0BaHNUA
U Pa3spabOTKH 10 NPUOPUTETAM HaydIHO- TEXHOJOTHIECKOro pa3BuTus oT «8» nodbpsg 2019 r. Ne 075-
15-2019-1620
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1 OcHoBHBIE 0003HAUEHNs, ONpeae/ieHns O0BHEKTOB
U UX CBOWCTBA

Badukcupyem 6azoBoe 1moje k xapakTepucTuku 0.
[lesb HACTOsAIIEH PAGOTH — HPUBECTH JOKA3ATEJIbCTBO Caeayomeil Teopemsl, oc-
HOBAHHOE HA BBIYUCJICHUH, IpuBeIeHHOM B [cob-Fr].

Teopema 1.1. (Teopema Tpnn(MGLE™) (pt) = KM(k) — K-epynna Muanopa.

T o6oznavaer nmyHkTupoBannbiii my4ok Hucnesuua Al /G, na k-rnaakux cxemax
Sm/k.

I'paccmamman Gry, v, OUNpeeTer Kak cXeMa, peicrasisomas GyHkrop (X —
{Muoxkecrso Kmaccos nzomopduszma BeeBo3MoKHbIX 3nuMopdusmos OF — & e
& — nokanbuo ¢Boboustit OxMOLY/IbL paHra n}).

T, N — TaBTOJIOTHYECKOe paccioenue Haa G, y.

Bameuanne 1.2. Hmeemcsa ecmecmsennas no X ouexyus Hom (X, 1, ) = {Mmno-
AHCECNBO NAP U3 INUMOPPHUSMA U CEUeHUA (OﬁN — &, s € E(X)), 2de £ — nexomo-
ol A0KaAvHO c60000HbT Ox -M0YAL panea n ).

Mot k-rnankoii cxempr X n nyuka Hucmesunua Y Fri?} (X,Y) — muoxecrsa,
oupesenennsie B [cob-Frl Oupenenenne 2.6] xkak Frif(X,Y). Fret(X,Y) onpe-
nenenbl Tam ke B [cob-Frl Oupenenenne 2.9] xkak Fre®(X,Y). B cayuae, Korja
Y = spc(Y') = Hom(—,Y') — upeacraBieHHbIH IIy90K, UCIOIB3YIOTCS 0003HAMe-
aus Fref (X, Y') m Fret(X,Y7).

Hawunem ¢ onpenesenuii 0CHOBHBIX 0OObEKTOB.

Crenymomee onpeesienne MOIIO ObITh, HO He ObL10 gano B [cob-Fi]

Omnpenenenune 1.3. (Ananroeuuno [GP, Onpedesenue 5.2/)
x0b60pdu3dm-@ppetim-momus M‘ﬁb(g) nyrkmuposarrozo nyuka Huchesuua G

— amo St-cnexmp Cezana

(C.Freot(—,G),C.Freot(—, G A S, Freov(—, GAS?),...),

noayuwaemuit us I'-npocmpancmea K — Crréob(—, Gy A K) npu nomowu npoye-
dypui, onucannol 6 [Seq, Onpedenenue 1.3 u paccyscdenus cpasy nocaef kax A —
BA.

B cayuae, ecau G = spe(Y') = Hom(—,Y) — nyuox, npedcmasaernod Y, MP(G)
0003HAUAEMCA MAKKHCE KAK M]‘;’;’b(Y).



Jlemma 1.4. (Ananoe wacmu [GNP, Teopema 1.2])
Jlas mo6020 yenozo m > 0, das arobozo U € Sm/k umeem

T ZME (X AT (U)) = H (ZF“Y(A*x U, X  AT™)) = H,(C.ZF“*(U, X, ANT™)).

Jlokasamenvemso. Tomygaercs gocaosabiv nepenocom [GPL TTpunoxkenne B wa ciy-
qait Kobopau3M-dpeiM-coOTBeTCTBUM. O

Omnpenenenne 1.5. Ob6vixkHosennsili cnekmp xobopdusmos E = MGL, — T-
Cnexmp u3 NYHKMUPOSAHHHLL NYyukos Hucnesuua, 3adasaemuiii caedyrouumu daHHbl-
MU

E, = MGL, — xonpedea npocmparcme Toma Th(t, n) npu N — oco. IIpocmpar-
cmeo Toma Th(7, n) — darmop-nyworx Hucnesuwa T, n /7oy — 0 no donoanenuto x
Hyaeeomy cewenuro. Mophusmv, cmabususzayuu no N, omuocumesvro kKomopux be-
pemcea Konpedea, noAYHaMea Garmopuzayuet us Mophusmos CLem To N — Tn N+41s
3a0GHHBLT HA NPEICTNABAEHHBLET GYHKMOPAT CONOCMABAECHUAMU

(ON > €,5€ (X)) = (O =020 55 OV — £,5 € £(X)).

Mopdusmv cmabusuzayuy non MGL, AT — MGL, 1 noayuatomcs garmopu-
3ayuet us MopPuUIMO8 CTem, 3a0aHHBIT HA NPEICMABAEHHBIT HYHKMOPAT CONOCMAE-
AEHUAMU

(O = £,5 € E(X),t € Ox(X)) = (ON = OxBOY — Ox®E, (t,5) € (OxBE)(X)).

Harnaa opma sadaem mophuamot cmadbuIU3AUUL HA KOHEUHBLET YACHAT Konpede-
Aa. U3-3a moz2o, 4mo Koopdunamol HaPaUUBAIOMCS ¢ PA3HHLL CMOPOH, daHHoe 0mob-
pasicerue cmabuAU3GUUL CO2AACO8GHO ¢ omobpasceruem cmabuausayuu no N, u 3a-
daem MopPuam Ha NPedesvoHbBIL YNECHAL.

Bameuanune 1.6. Hecaooicno nposepums, 6aa200apsa momy, 4mo Konpeden AGAAEM-

ca nanpasaervim, wmo das Hemepoeot cxemor X, MG L, (X) = colimpy oo Th(7 n)(X).
(Hempusuasvha moavko ClopsekmueHocb CIMpesky, Cnpasa-HAAEB0, G 0HG CAeOYem

U3 BO3MOACHOCTNU GUOOPA KOHEHHO20 NOONOKPUIMUA).

Ompenenenne 1.7. Cummempuueckuti cnekmp xobopdusmos E¥V"™ = MGLIY™
— cummempuveckut T-cnexkmp u3z nynkmuposarnux nyukos Hucnesuua, 3adasae-
MBI CACOYIOUUMU OGHHBLMU:



E, = MGLY™ — xonpedea npocmpancme Toma Th(T,,xn) npu N — oco. Ilpo-
cmpancmeo Toma Th(r, n) — Pakmop-nyuor Hucrnesuua TN /Tnnxn — 0 10 do-
noanenuio x Hyasesomy ceuwenuio. Moppusmor cmabuarusayuu no N, ommnocumens-
HO KOMOPHLL OEPEMCA KONPEOes, NOAYHAOMEA Parmopusayuet us mopdusmos crem
T, Nxn — Tn,(N+1)xn, 300UHHOLET 1A NPEOCTNABACHHOIT HYHKIMOPAL CONOCINABACHUAML

rPn
(ONXn _» 5,8 c 5(X)) N (O(N+1)><n — (ON@O)EBTL L> (ON)EBn _ ONX" — 8,3 € 8(X))

SHAKU PABEHCMEA 6 JaHHOT HOPMYAE 03HAMAIOM KAHOHUYECKUE U3OMOPHUIMbL.

Jleticmsue cummempuyeckot epynno na MG LY™ 3adaemcsa nepecmanoskot caa-
eaemmz 6 OV = (ON)on,

Mopguszmv emaburusayuu non MGL,NT — MGL, 1 noayuwatomecsa garxmopu-
3ayuets us MOPPUIMOE CTeM, 3a0GHHVT HG NPEICTNABAEHHOIT GYHKMOPAT CONOCMA6-
NEHUAMU

(p: O™ - £ s € £(X),t € Ox(X)) > (O = OX@ON*m P12 O €, (1, 5) € (OxDE)(X)

3ameuanmne 1.8. Cnexkmpwos MGL. u MGLI™ asastomea cnexkmpamu Toma ¢ xon-
cmanmoti oepanusernus 1 6 cmucae [GN, Onpedeaenue 2.8/

Jlemma 1.9. Cummempuueckudi cnexmp MGLY™ aeasemcea cnexmpom co cma2u-
saemvim deticmeuem 3uakonepemennol epynnol, 6 cmuicae [GN, Onpederenue 2.7]

Aoxazamenvcmeo. 1lycTh 0 — deTHad mepecTaHOBKA Ha 1 dJieMeHTaX. 1orjga cooT-
BeTCTBYIOMNIL eif uHeiineiit oneparop na O™ Al-romoronen Toxaecrsennomy. [lycrn
h € GL,(k[t]) — nekas Takas romoromus. Torma roMmoTonmst

Nxn __ nxN n N hN n N nxN Nxn
OXXAI — OXXAl — ( X><A1) — ( XXAl) - OXXAl - (9)§'><A1

33J]aeT TOMOTOITHIO MEXKY TOXKIECTBEHHBIM MODMU3IMOM HA T Nxn(X) B MOpP-
du3MoM, HHAYIIPOBAHHBIM IepecTaHOBKOM 0. [locKoIbKY HysIeBoe ceuenne mpu 3Toi
rOMOTOIHUY II€PEXOIUT B celsl, OHa TaKzKe 3a/JaeT TOMOTOIHNIO Ha npocTpancTse Toma.
Baarogapst onpeiesieHn0 rOMOTOIIMH B BU/IE TIPSIMOii CyMMbI 110 [V, OHa COriacoBaHa
¢ Mmopduzmamu crabunmsanuu no N B onpejenennu MGLY™, a 3Ha4nT, 310 ceMeii-
CTBO TOMOTOIHII 3aJaeT TOMOTOIHIO Ha mpejaeabHoM diene MGLY™. [

Caenys |[GN], BBemem mias cuekrpa E nomsitue E-dpeiiM-cooTBeTCTBHil:



Omnpenenenne 1.10. (cm. [GN, Onpedeserue 7.1] Jasn X € Sm/k u T-cnexmpa
E, obosnavum

FrE(X) = Hom(P"", X, A E,).

Fr¥(X) := colim,_,o FrZ(X).

Jdemma 1.11. Jlaa k-2nadkux XY, FrMGle( X Y) ecmecmeenno usomopdno Fre®(X)Y),
2de nocaeduee nonwumaemca ¢ cmuicae [cob-Fr, Onpedeserue 2.9/

Joxaszameavemeso. Tlpsimasi npoBepka 1Mo ompe/ieJIeHusIM. O

Cnenctsue 1.12. /lia k-2aa0k0t X, u cumnavyuarvnoti k-zaadkot Yy, C, Fr¥Gle(XY,)
ecmecmesenno usomoppro CoFree?(X,Y,),

oxazamenvcmeo. Tlonydaercs u3 npeablayineii JeMMbl TepeHocoM godasaenueM C
7 MIEPEX0I0M K JIMarOHAJIM. O

2 Ilocrpoenne m3omopdu3ma

Jlemma 2.1. Cywecmesyem ecmecmeennan no X u S buekyua mescdy FrMGle(X)(9)
u FrMGL (X)(S).

,ﬂonasame./wcmeo. OTH MHOXKECTBA [IapaMeTPpU3yoTcd CJeIYIONIUMHU TreoMeTpuYe-

CKUMH JAHHBIMU:
FrMGLe(X)(S) — namnbivu Bua

BamxuyToe moamuokecTBo Z C AN, xomeunoe mam S
e DrasbHag okpectHOoCcTh W MHOKecTBa Z B AN

e (CyeTHOMEpHBIH JIOKAJIBHO ¢BOOOIHBIN y4uoK Oy -Momyaeit F

Ceuenne s nyuka JF #a W, HyJsgMH KOTOPOTO dBJsSeTCd 4
e ciopbeknus nyukos p: O & OF, — F

[Ipu 3TOM gaHHBIE JOJKHBI "MIPUXOAUTH ¢ KOHEYHOIO YPOBHS TO €CTh HUMETh CJIe-
JYIOTHI CHeruanbHblil BuJ 11 HeKoTopeix n, N (31ech A”"™ — mOAIPOCTPAHCTBO,
COOTBETCTBYIOIIEe KOOPJAUHATAM ¢ HOMepaMu GOJIbIe n):



Z c A c AN

o W =Wy xA”", rune Wy — okpecrnocrb Z B A"

> (1)
F = Fo® O, rne Fy — JOKAIBHO CBOGOJHBIN panra n

e 5= (s0,pry0can) € T(W, Fo @ Of"). Bnecs pryo can - W — AN — A>".

e Ha Bropom craraemom p| OCYIIECTBISIET TOXKJIECTBEHHBIH H30MOpdU3M

080"
CO BTODBIM CJIATAEMBIM B Da3JIokKeHnn J

0

e Ha mepBom craraemom p|ON>N@O =
w

DT JaHHBIE TOHUMAITCS ¢ TOTHOCTHIO /10 n3oMopdu3ma u 3amensr W Ha MeHb-
IIYI0 OKPECTHOCTb.

3ameuanne 2.2. Jamemum, 4mo no3eoaas yseaunusamov N, nocaednee Ycaosue
MOIHCHO 3AMEHUMD HE,

e Ha nepsom caazaemom p|O$’V®0 HOAD NOYMU HG BCET KOOPOUHAMHBLL BEKMOPAL.
sym

FrMGLET(X)(S) — nanabivu Bua

e 3amxHyTOe moaMuOXKecTBo Z C AN, Komeunoe man S

e DrasbHag okpectHOCTh W MHOMKecTBa Z B AN

CyeTHOMEpPHBIH JIOKAJIBHO ¢BOOOIHBIN y4uoK Oy -Momyaeit F
e Ceuenne s nyuka J wa W, HyIssMH KOTOPOTO SIBJISIETCST Z
e ciopbeknus mydkor p : O, & (’)%XN — F

[Tpu 3TOM HaHHBIE JOJIKHBI ' TTPUXOAUTH ¢ KOHETHOTO YPOBHSI TO €CTh UMETh CJIeTyT0-
MU CIIEUATBHDIN BUJL /U1 HEKOTOporo n (31ech A~ — MoaAnpoCTPaHTBO, COOTBET-
CTBYIOIIEE KOOPJMHATAM ¢ HOMepaMmu GoJibiie n, anaaorndno N, = {k € N|k > n}):

o Z C A" C AN
o W =Wy x A”", rne Wy — okpectHocTh Z B A™
o F—=Fuy® (’)ﬁ;n, rjie Fy — JIOKaJIbLHO CBOOOIHBINA paHra n

o 5= (s9,pryocan) € D(W, Fy @ O&™™). Brecn pry o can : W — AN — A>™,

6



e Ha BropoMm ciaraemMom p| OCYIIECTBJSIET TOXKJIECTBEHHBIH H30MOpdU3M

080"
CO BTODBIM CJIATAEMBIM B Da3JIoKeHnn J

NXxNy - O

e Ha mepsom ciaaraeMom p|(ON>an+O -
w w

DTH JIaHHBIE TOHUMAIOTCS ¢ TOYHOCTHIO /10 n3oMopdusma u 3amennst W na MeHb-
IIYI0 OKPECTHOCTb.

3ameuanue 2.3. Jamemum, 4mo no3sosasn yseauvusamos n u N, nocaednee ycao-

6UE MOIHCHO 3AMEHUMD HA

o Ha nepeom caazaemom p\ONxN@O HOAD NOYMU HA BCET KOOPOUHUMHGIL 8EKIMO-
w
pax.

JIerko BUAETD, 9TO C y4€TOM 3aMeYaHuil, 9TU reOMeTPUIECKIEe OIUCAHUSI IPEBPa-
IAKTCS ApYT B Apyra npu momorru joboit 6uekrun N ~ N x N (Ho oguoit u roii
ke jist Beex X u S). O

[ToJ1b3ysICh NPUBEJIEHHBIME TOCTPOEHUIMU, MOKHO JIOKA3ATh CJIE/LYOIIEe.
Teopema 2.4. 7,,(MGL¥™)(pt) = KM(k) — K-epynna Muanopa.

Joxasamenvcmeo. Tlockonbky ciektp MG LY™ asnasercs cumMerpudeckuM T-CIeKTpoM
Toma ¢ KoHCTaHTOH OrpaHMYeHHA | M €CO CTATHBAEMBIM JeficTBHEM 3HAKOIEPEMEH-
Hoii rpymmbl (CM. 3amedanue n Jlemma , k Hemy npumernma [GN|, Teopema
9.13(1)].

Cite1oBaTEIBHO, TPYIIIBL Ty, (M G L™ ) (pt) MozkHO oMy anTh Kak To(Mysarsm (GO) ) (pt).
[TockobKYy 3HaUYEHWST BHIYUCAEHBI HA TOYKe, JIOKaJbHas (puOpaHTHASA 3aMeHa He Me-
HseT 3HAYeHUI CUMILIAIMAIBHBIX MYYKOB. TeM caMbIiM, HEOOXOMMO BBIYUCIUTD

To (MMGLfy'” (G;’r\zn)) (pt).

113 Jlemwmbt 2.1] citepryer, 910 910 ecrecTBeHHO H30MOPMHO

mo(Muar. (G))) (pt).

113 Crencrsus [1.12] 310 ecrecTBeHHO H30MOPhHO

mo(M" (pt, Gy,,))

asee, MOCKOJIBKY 5TOT cnekTp (—1)-cBS3€H, TO €ro HyJeBble TOMOTONHYECKHE
TPYTIBI COBMAIAIOT C HYJIEBBIMH TPYINTAMHA TOMOJOTHIA



Ho(M (pt, G},))

13 [Schl, Onpenenenne 11.6.24, konen ctp. 280, 310 w30MOPGHO

mo(ZM (pt, G,'))

[To Jlemme [1.4

Ho(C.ZF* (pt, G,"))

Ho B [cob-Fr, Teopema 2.19| mocrpoen uzomopdusm 31ux rpynn ¢ K-rpynmaMu
Musnopa KM (k).
Tem caMbIM, MOCTPOEHA MEMOYKA H30MOPMHU3MOB, COCTUHSIOMAL T, ., (M G L, ) (pt)

c KM(k). O
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