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JIEKIus 1 (09.09.2015)

OcuoBHbIe DYHKTOPBI A PDEePEHINATIHHOTO UCIUCTEHUST

(1) R-rouku amrebpsr C*°(M), romeomopduocts M u |C®(M)|g,
rze |Al, obosHawtaer MHO«KecTBO k-TOUek k-amreGpnr A

(2) Koubiia, nosst, anre6pst, Mmosymnu, kareropus .#od(A), homy (P, Q),
homy (P, )), TeH30pHOE POU3Be/IeHNe, CBOOOIHBIE M MPOEKTUBHBIE
MOJLYJTH

(3) Kareropuu, dbyHKTOpBI, ecTecTBeHHbIE IpeobpaszoBanusi. 3omopd-
HocTe PHod(C>®(M)) u Vect(M)

(4) Bekropubie nosist u quddepeHIupoBaHust

(5) Jluneitubie auddepennmanbabie oneparopbt P — Q. Ciyuaii
C°(R™). IIpocreiimue coiicTBa

Bamaua 1. Ecin M — koMuakTHOe MHOroobpasue, To JIroOoi MakcuMalb-
ublil upean aarebper C°(M) umeer Bug p, = {f € C®°(M) | f(z) =0},
x € M. B HEKOMIIAKTHOM CJjIydae 9To He Tak. [locTpoiite KOHTpIpUMED.

Bamauga 2. Ilycts A = CO(R!) — anre6pa HempepbIBHBIX byHKIHI Ha TIps-
moit. Omummre Diff, (A).

3amaya 3. Ilycte A — k-anrebpa u P, Q — A-monymnu. Jlokaxkure, 910
TOXK/IeCTBCHHDbIC OTO6pa)KeHI/IH

id: Diffy(P, Q) — Diff} (P,Q), id: Diff] (P, Q) — Diffx(P,Q)
SABIAIOTCsT audpepeHInaabHBIMI olepaTopaMu mopsaka < k.

3ama4da 4. Mbl OpUBBIKJIA K TOMY, 4TO Ji000# mudbepeHnnaibHbIil ore-
paTop MOXKHO MOCTPOUTH u3 juddepeHnupoBannii u QyHKIWA, T.e. aared-
pa Diff,(C*°(R™)) nopoxaercs snementamu u3 Diff; (C*°(R™)). dyst npo-
MU3BOJIbHOI areOphl 910 He Tak. [locTpoiiTe KOHTpIpUMEp.

BouJiee ciioxkubIil BOIpoC: KaKue yCJIOBHA Ha aareopy A obecrneduBaroT mo-
POXKIAEMOCTDb BCEX OIEPATOPOB OIEPATOPAME IIEPBOIO HOPAIKa?

3amada 5. Ilyctb A — R-anrebpa jmHelHbIX IudDepeHIuaJIbHbIX OIepa-
topos A: C®(R!) — C*®(R!) ¢ mocrosaabMm Ko3bdbummenTaMI.

(1) Onummure |Alg.

(2) Ounmure Diff,(A).

Bagaga 6. Paccmorpum R-anrebpy nosmnoMuasbHbIX (GYHKIUE Ha Kpe-
cre A = Rlz, 4]/ (zy).

(1) Onummure |Alg.

(2) Ounmure Diff,(A).
Bagaga 7. Ilycte m u n > 1 — marypaususie u A = Zy[z]/(z™).

(1) Ommumure Al .
(2) Ounmure Diff,(A).



JIEKIuA 2 (16.09.2015)

CuMBOJIBI

(1) Badukcupyem 0603HAYEHYSI:

e k — mome, A — k- anrebpa, |A|, = {¢p: A—=k|¢o —»sun} —
HpOCTpaHCTBo k-Touex
Diff,”(P,Q) = { A € homy (P, Q) | (day 0+ 0 0g,)(A) =0} —
6I/IMO,ZLyJH> nuddepeHIualbHbIX 0lIepaTOPOB Mopsijika < k
e B ‘IaCTHOCTI/I lefH)( P) = Diff(ﬂ (A, P)
lef (P Q) = Uk>0 lef ( Q)
e D(P) = {X¢€ homk(A P) | X(ab) = aX(b) +bX(a)} C

lef 1(P) — mogynb P-snaunbix quddepennupoBannii

(2) Diff{" ( P) — acconmaruBHas anarebpa  c (bHﬂprauI/IeH
Diff (") (P,QQ) — uieBblit lef(+)(P P)- u mnpasblii Diff (" (Q Q)-
Mojyab ¢ duabrpanueii. [Ipu srom a(A - V) = (ad) - V,

at(A-V)=A-(atV), (atA)-V=A"-(aV).
(3) CoorsercrBytonuii  rpajgyupoBanubiii  00bekT Smbl, (P, Q) =

@52, Smbl (P, Q), re Smbl,(P,Q) = Difit”(P,Q)/ Diff ™ (P, Q)

HA3BIBAETCS MOJyJIeM CHMBOJIOB. Ecmn A € Diﬁ,(€+)(P, () To KIacc
cmexkHocT ok (A) € Smbly (P, Q) HasbiBaercst ero cuMBosioM. Ecim
s = ok(A) € Diff](j)(P, Q)us =opA) e Diﬂ"](j)(Q,R), TO 110
oupejieseHnio s’ + s = op i (A’ o A)

(4) Paccmorpum kommyTatusHyio anrebpy S = Smbl,(A) (samaua [9)).
[Iycts s = o;(A) € Smbli(A) u s’ = o/ (A’) € Smbly/(A). Onpe-
nemum ckoOky Ilyaccona {s,s'} = os19_1(A o A" — A’ o A). Ona
k-ytumeiina, KOCOCMMMETPUYHA U Y/IOBJIETBOPSAET TOXKJIECTBY SIKOOH.

(5) Ckobka Ilyaccona omnpenensier orobpaxenue 0: S — D(S), s —
{s, -}, aBagomeecss D(S)-3naunbiv nuddepennupoBannem. Ero s-
po ker & = H%(S) HasblBaeTcst IyacCOHOBBIM IEHTPOM, & 3JEMEHTHI
sIpa — Ka3UMHUPAMHU IIyacCOHOBOI CTPYKTYpbI. DJIEMEHTHI 06pa3a
X, = {s,-} — 970 raMUIBTOHOBBI BEKTOPHBIE HOJIsI. B cuity TOXK /e
crBa slkobn Xy, oy = [Xs, Xo].

Huddepennuposanne X € D(S) — cummerpusi IyacCOHOBOI
crpykrypsl, ecim X{s,s'} = {X(s),s'} + {s, X(s')}, u moxHO onpe-
nequts rpynny Hp(S) = {cummerpun}/ im0

(6) Bor emg curyarusi, B KOTOPOi#i BO3HUKAIOT IIyaCCOHOBbBI CTPYKTYPBL:
nyctb g — k-anrebpa Jlu u U(g) — eé yHuBepcaibHas 00EPTHIBAIO-
miast. Torma B npucoeuHERHOI rpajyupoBanHoil airebpe S(g) onpe-
JIeJISIeTCsT €CTECTBEHHAsI [IyaCCOHOBA CTPYKTYPA.

Kak oupegenuts Hb(S) npu i > 17

Bazaya 8. JlokaxKure, 9TO IPH NEPEX0JIE K CUMBOJIAM OUMO/Ly/IbHAs CTPYK-
Typa B Diff,(j)(P, ()) cauBaeTcsi B OJIHY.
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Bamaua 9. Jlokaxkure, uro ajrebpa Smbl,(A) koMMyTaTHBHA.

Bamaua 10. Onummure anre6pst Smbl, (A) u mpocrpancrsa [Smbl, (A)|, 1
anrebp A n3 sanaq pH7}

Bagaga 11. Jokaxure, uro B ciydae A = C°(M) anrebpa Smbl, (A) cos-
majiaeT ¢ ajredpoii riraakux GyHkimi Ha 1% M, HOJIMHOMHUAJILHBIX 10 CJIOSIM.

Bagaua 12. Jloxaxwure, uto ecm A = C®(M), to H5(S) mzomopdua
IIepBOii rpytirne KoroMmosoruii ge Pama muoroobpasust M.

Bagada 13. Ilycte X € D(A) C Diff;(A). onoxum p(X) = 01(X) €
Smbl; (A). Jokaxwure, uro npu A = C°°(M) sTa KOHCTPYKIHS JaéT KAHO-
HuvIeckyto ¢popmy pdqg Ha T*M.

Bamaua 14. Pacemorpum ciyuait chark = 0. Ilyers a € A, s = o;(A) €
Smbly(A). Onpenenum ¢,: Smbly(A) — A, nonaras ¢e(s) = #46K(A). Ho-
KasKHUTe, ITO
(1) @a(ss) = pa(s)pals’).
(2) Ecm A = C*°(M), 10 o = ¥, T8€ Ygq: M — T*M — ceuenne,
cooTBeTcTByOIIee popme da.
Bagaua 15. Borauciure Hp(g) (em. m. @, ecIn
(1) g — nBymepnas paspermMas anrebpa Jlu.
0 ki2 k
(2) g= { (0 0 kii) | kij € k} — aurebpa l'eitzenbepra.
00

0
(3) g mosympocrasi.

JIEKLMs 3 (23.09.2015)

IIpencraBasonize 06 bEKTHI

(1) Hycrs Q — A-moxyis. Oupenenum orobpazenue Oy : Diff (Q) —
Q, nomaras g (A) = A(1).

Ilpennoxkenue 1. Onepamop U asasemcsa dudpdepenyuanrvroim
onepamopom nopadka < k u obaadaem caedyrowsum YyHUSEPCANOHLM
ceoticmeom: dasa mobozo A € Diffy(P, Q) natidémea maxot edun-
CMBEHHDIT, 20MOMOPPHUIM WA, 4O JUAZPAMMA,

A

oA

Diff; (Q)

P

Q

KOMMYMamueHa.

Takum obpaszom, dyukrop Diff(e,Q): P = Diﬁ’gj)(P, Q) upencra-
BUM.



(2)
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BaduxkcupyeM MoIyiab P 1 paccMOTPUM TEH30pHOE HPOU3BEIeHUe
A ®g P. llycts §,(b®@p) = ab®@p —b®ap, a, b € A, p € P;
OnpeJIe/IIM MOJLy/Ib k-J2KeToB 7 F(P) = A®y P/im(64y 0 -0 day)
u jr(p) = pmod im(8g, 0 -+ 068,,) € _FF(P).

Ilpennoxkenue 2. Onepamop ji Asasemcs Oup@deperyuanrbroum
onepamopom nopadka < k u obaadaem cACOYIOUUM YHUCEPCAADHBIM
ceoticmeom: Odasn mobozo A € Diff(P, Q) natidémesa marol edun-
cmeennvti 2omomopdusm e, wmo duazpamma

P A Q
N
JH(P)

KOMMYmamueHa.

Uraxk, dyukrop Diff (P, e): Q = Diff(P, Q) npencrasum. Coorser-
CTBUE COOTBETCTBUE /(’i): P= /(’i) (P) — dyukTop u3 Kareropun
A-monyneit B kateroputo A-OGmMmoyett.

[TockoabKy BesiKuii omepaTop mopsinka < k eCcThb OIEpaTop MOPSIIKa
< k 4 [, uMeI0T MECTO KOMMYTATUBHbBIE JTAATPAMMbBI

J
Vk+z,k=1/lkk+l

I (P) ————— 7*(P)

ITosToMy MOXKHO OIpefenTh Moiyib _# °°(P) 6eCKOHEUHBIX [2KETOB
KaK OOPaTHBI IIPeJIes U OLePaTop joo: P — 7 °(P).
Komnosuus j; o A: P — _#Y(Q) naspisaercs [-M (JKeT-) mpojiodi-
»kenueM oneparopa A. Takum 00pa3oM, ecTb KOMMyTaTUBHAS -
rpamm
Vi
JHP) —— Q)

ijT T]’z

P—=2 0Q,

e Q/JkAH = ¢£le. N3 zamaun CJIeJIyeT, UYTO COOTBETCTBUE
F>®: P = _fZ°°(P) MOXHO HOHHMATb KaK (PYHKTOD H3 KaTero-
pun .#od(A) B xareroputo Ziff(A), obbekTaMn KOTOPOIl SIBJISIIOTCS
A-monysn, a MopdusMaMu — JinHeNHbIe TuddepeHnnaabHbe ore-
DPATODBI.

Ilycrs i: A — # L(A) — romomopdusM, HOPOKIEHHEI 0TOGPazKe-
muem a — a X 1 € A xg A m AY(A) = cokeri (Mmomynn 1-cbopm).



Onpenemnym d: A — A'(A) (muddepenunan ne Pama)kak KoMmosu-
mmio j1: A — _#1(A) ¢ ecrectsennoit npoeknueit _#1(A) — AL(A).

Ilpennoxkenue 3. ugppeperyuan de Pama asasemcs duggepen-
yuposanuem anzebpv. A co snavernuamu 6 modyase A (A), obaadaro-
WUM CAIYOUUM CE0TUCMEOM: Oas 406020 A-modyas P u dugge-
peryuposanus X € D(P) natidémes eduncmseenmoili 20MoMopPHu3m
Px, 0aa Komopozo Juazpamma

A X P
N A
AL(A)

Takum obpazom, dyukrop D: P = D(P) upejcraBuMm B KaTero-
pun A-momysteit u D(P) = hom4(A(A), P).
(6) Paccmorpum cBobommblii A-Momyns ¢ obpasyomumu d,, a € A, u
COOTHOTIIEHUSIMI

Aot = dg + dy,  doa = ade, dap = ady +bdy,  a,b€ A, ack

KOMMYmamueHa.

T0 sKCIMIUTHOE onucanne Moiydis 1-popm, npuuém d(a) = dg.
(7) Onpenenum momynm i-dopm kKak BHemmuue cremean A'(A) =
AY(A)A -~ AAY(A), i > 0, u Kommexe ne Pama amre6por A

TV
i pas

AL AN A) — A(A) —Ls AHFL(A) ——
I1oJIarad
daday A--- A da;) =da N day A -+ A da;.

OueBuano, do d = 0.

(8) IIycrs P — A-mozyib. 3uadennem P B Touke 0 € |A|, Ha3bIBaeTCs
dbakrop Py = P/(ker 0-P), a 3Hadenuem snementa p € P — ero Kiacc
p(0) € Pp. DeMenT Ha3LIBAETCS HEBUANMBIM, €CJIN €0 3HAYEHHS BO
BCeX TOUYKax TpuBHaabHBL. Hampumep, dopma de® — e* dx saBisier-
sl HeBHAMMBIM 3siemenToM Moyt AL(C(RY)). Tlo sToit mpuuamne
Moty b 1-hopm asre6pnr C°(RY) me comasaer ¢ Moymem «reomer-
pudeckux» 1-popM Ha IPAMOIL.

Moﬂyﬂb Ha3bIBa€TCdA IeOMEeTPpHUYICeCKUM, €CJIN BCE €ro HeBUIUMbIE
9s1eMeHThl TpuBnaibibl. Ilycrs Y.40d(A) — nonnast moaKaTeropus,
cocrosnast U3 reoMmerpudeckux A-moyseit. s kaxkgoro moyiist P

ITIOJIO2KHU M
%P:P/ ﬂ kerf - P .

o€l Al
CaoiicTBa coorBercTBus P = ¢ P paccMOTPEHBI B 3aJ1a4e



3amaya 16. JlokaxKure mnpeioxKeHne
Bamauga 17. okaxure npejgoxenne [2]

Samaua 18. B 7 k(P) 1Be MOIY/IBHBIX CTPYKTYPBI, OO IAEMBIC yMHOZKE-
musvm a(b®@p) = (ab) @p u a™ (b®@p) = b® (ap). CoorBercTByOMMil GUMO-
Jlysib obo3Havaerca 7, (’i) (P). lokazkure, 4TO TOXKIECTBEHHbBIE OTOOPAYKEHMSI

id: #KP) - ZFP)nid: #F(P) — F¥(P) cyrs muddepenmmansubre
onepaTopsl nopsaka < k.

3amaga 19. Ilycts A: P — @) — muddepeHnnaabHbIil Ol1epaTop MOpsiIiKa
< k. Jloxaxkure, 4TO:

(1) Huarpamma

A
’¢k+l+1

/k+l+1(P) AR /l+1(Q)

Vk+l+1,k+ll JVHLL
A
k+1

Py Q)

KOMMYTATHBHA, T.e. ONpeAeqéH romomopbmsm P: Z2°(P) —
J Q).
(2) Ecmm V: Q — R — emé omun auddepeHnuaibHbii onepaTop, To
VoA _ wV o d}A
* * *

Bagaua 20. [lokaxure npesioxenue [3]

Bajaua 21. Xorenoch 661, 9To6bI cootsercTBHe A = Al(A) 6bLT0 DyHKTO-
pom. OTkyna Kyma?

Bagaua 22. [lokaxkure yrBepxaenue, chopMyaupoBaHHoe B 11. [0}

Bagaua 23. Oummmre HeBUIUMBIE 3MeMeHTH Momysteir Al(C°(M)) u
S H(C®(M)).

3amada 24. Ilycre A — k-anarebpa u P — A-momayiib. JJokaxKuTe ciieLyIolme
YTBEPIKJICHUSI.

(1) CoorsercrBue P = %P gaBisiercss (DYHKTOPOM W3 KaTErOPHH
Mod(A) B GMod(A).

(2) @ynkropst D: P = D(P) u Diffy(P,-): @ = Diff;(P, Q) upeacra-
BUMBI B KATETOPUH M€OMETPUYECKIX MOJY/Ieil U MX [IPEICTABIIAIONII-
M obbekTamu apistores Moty YA (A) u G 7 *(P) coorsercrren-
HO.

(3) Ecim M — rmasikoe muoroobpasue, To YA (C®(M)) = AY(M).

Bamaua 25. Ilycts w € A'(A) — npoussosibnas 1-bopma. Ompenemure
romomopdusm ¢, : Smbl,(A) — A, koropsiii 0606maeT romomopdusm 1 f,,
HOCTPOEHHBI B 3azate [I4]



JIEKIuA 4 (30.09.2015)

Ckobku Cxoyrena—Huiienxeiica u IyacCOHOBBI aJiredbpbl
(1) Hycrs P — A-momynb. Oupenernnm moaynu D;(P) momunuddpen-
ruposanuii, nomarast Do(P) = P, D1(P) = D(P) u
Di(P) ={X € D(Di-1(P)) | (X(a))(b) + (X(b))(a) =0, a,be A},

IS Bcex 1 > 1.

IIpennoxenune 4. Coomeemcmeue P = D;(P) aeasemca ¢yrk-
mopom u modyav N(A) — ezo npedcmasasowuti obsexm. dmom
Pynrmop npedcmasum u 6 Kame20puu 2eoMeMPUUECKUT ModYAetl, U
npedcmasasouum obsexmom acasemes GA(A).

(2) lycrs X € D;(A), Y € Dj;(P). Onpenemum snementr X AY €
D;yj(P), nomarasgs X NY = X .Y, ecm i = j = 0, 1 10 HHIYK-
n

(XAY)a)=XAY(a)+ (-1YX(a)AY, i+7j>0.

Takum 0Opa3om ompeie/IEHHOe BHEITHEEe YMHOXKEHHNE aCCOIMaTHBHO
7 KOCOKOMMYTATHUBHO,

XAY =(-1)YY AKX,
ecin Y € Dj(A).
(3) OupejiesmM onepalyio BHYTPEHHETO YMHOMKEHUs (II0JICTAHOBKH)
PoaNTI(A), j<i,

i: Dj(P) @a N(4) - {Dj—i(P)a J =,

nostaras (X ® a) = aX u jganee no UHIAYKIUU
(X ® da ANw) =1(X(a) ®w).

Mpr 6y,£[eM HCII0JIL30BATL 0003HAYCHUA

(X®w), i>4,
0, i<,

iw(X) =

ix(w) =

(X ®w), i<],
0, i> .

(4) Hycrs X € D;(A). Oupenenum npoussonuyto Jln Ly : Al(A) —
A=I(A) Brons X, momaras Ly = [d,ix], tme [d,ix] — cymepkowm-
MyTaTop:

[d,ix] = doix — (—1)ix o d.
Teopema 1. Jlaa nobvix dsyz snemenmos X € Di(A) uY € Dj(A)
cywecmeyem marot anemenm [X,Y] € Diy;—1(A), wmo
[Lx,Ly] = Lix y-

Omo ceoticmeo onpedeasem [X, Y] odnosnauno.



Habpocox dokasamenvcmsa. Honoxum [X,a] = X(a), [0, Y] =
(=1)Y(a), a € A, u o UHAYKIUKI

[X,Y](a) = [X, Y (a)] + (1)’ [X(a), Y], 4,5 >0.
Haiee cM. 3azady 29| O

Anemenr [X, Y] nassiBaercs ckobkoii Cxoyrena—Huiienxeiica (uam
npocro ckobkoit Cxoyrena) nuddepeniupoanuii X u Y.

Ilpensioxkenne 5. Ilycmv X € D;(A), Y € D;(A), Z € Di(A).
Tozda

() [X, Y]+ (~1)6-DG-D]y, x] = 0,

(b) [X, [V, 2] = [X, Y], Z] + (~1) ¢~ D6-D[x, [v, 2],

() [X, Y AZ] =[X,Y]A Z + (—-1)DiY A [X, 7],
(d) [X,Y]=[X,Y,], ecrui=j=1,
(e) ipey) = [Lx,iv].

C sToro momenTa bymeMm cantaTh, 9To chark # 2.

Bunnddepennuposanne & € Do(A) HasblBaeTCs IyacCOHOBOI
crpykTypoii, ecim [P, P] = 0, a napa (A, &) HasbIBaeTCsl 1yacco-
HOBO{1 asrebpoii. Oupeennm ckobky Ilyaccona {a,b}» = Z(a,b),
a, b € A, u oneparop 9p: D;i(A) — D;11(A), nonarast dp(A) =
[Z2, Al

Ilpennoxxenue 6. Caedyrousue ymeepotcienus IK6UBANEHMMHDL:
(a) & — nyacconosa cmpyxmypa;

(b) cxobka {-,-}» ydosaemeopsem mootcdecmsy Srobu;

(¢) Op — Juddepenyuan, m.e. dp o Dy = 0.

BCJIG,HCTBI/IG 1I. IPpeJIO?KEeHU A @ BOSHUKaET IIyaCCOHOB KOMILJIEKC

0— A D(A) —— ... —— Di(A) 222 Dy (A) —— ...

(6)

Ero xoromosiornm oboznadatorcst depes H'(A; &) u maspBaroTcs
I[LyaCCOHOBBIMU.

Kak n B 1. |5| Jekiun 2, onpejiesuM IyaccoHOB IEHTD ajrebpbl A,
HoJiarast

Zp(A)={aecA|{a,b}» =0 g Bcexbec A},

nuddepeniposanust Buga X, = (a) OyneM Ha3bIBATH FAMUIBTO-
HOBBIMH, a juddepenimposanns X € D(A), obiaajaonuMu cBoii-
CTBOM

X{a,b}» = {Xa,b}» + {a, Xb} 2, a,be A,

— MHOUHATE3NMAIBHBIMA CHMMETDHAMH IIyaCCOHOBOH CTPYKTYDBI
(nmm kanonmdecknmu juddepennuposanusamn). U re, u apyrue 06-
pa3yioT aarebpst JIu oTHOCHTEIbHO KOMMYTATOPa, KOTOpPBIEe 00603Ha~
vatorcst Ham(A; &) n Can(A; &) cooTBeTCTBEHHO.
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Teopema 2. ITycmov (AP) — nyacconosa anzebpa.
(a) HY(A; P) coenadaem c nyacconosvim uenmpom;
(b) H'(A; 2) = Can(4; 22)/ Ham(A; 2);
(c) H?2(A; ) cocmoum us wkaaccoe undunumesumaivhois degop-
MaYUT NYaccorosots cmpykmypvl P no Mooy MPUBUANLHOLT;
(d) H*(A; 2) codeporcum npenamemeun x npodossicenuto ungdumu-
ME3UMANLHDOIT deopmaruti 00 HoPpMasbHBLT.

3amayda 26. okakure IpejioXKeHne @

amada 27. Jloxkaxure, uro 3jemeHT X A Y [1efCTBUTE/]HLHO JIEKUT B
D;y;(P), a BHemHee yMHOXKeHHE 00JIa/laeT yKa3aHHBIMU B II. [2| cBoiicTBa-
M.

3amaya 28. Oupenenure nousatue guddepeHnuaabHOro onepaTopa B Kare-
ropuu MOJYyJIeil HaJl KOCOKOMMYTATHHONW ajarebpoil M JOKaKuTe, 9TO0 OTOD-
paxenus i,: Dy(P) — D.(P) n ix: A*(A) — P ®4 A*(A) aBrsiorcs
nuddepeHIuaabHBIMU OIIEPATOPAMU IIOPSJIKOB ¢ U j COOTBETCTBEHHO, TJIE

A*(A) = ®i>0A(A), D.(P) = ®;50D;(P), w € A (A), X € Dj(P).
Bagauga 29. lokaxure Teopemy [I]

Bamauga 30. [okaxure npengoxenne [b

Bagauga 31. lokaxure npegoxenue [0

Bagauya 32. lokaxure Teopemy [2]

3agaua 33. IlyaccomnoBa cTpyKTypa & HA3BIBAETCS HEBBIPOXKIEHHOI, €CITH
omnpeiesisemMblii eto romomopbusm pu: AL(A) — Di(A), pa(w) = i,(2),
saBjsieTcs m3omopdusmomM. Jlokaxkure, ITO

(1) m3omopdu3M Q5 TPOIOIKAETCS 10 U30MOPGMU3MOB gog;?: A(A) —

D;(A), a ux upsimasi cymma, go(;) : A*(A) = D, (A) sBasiercst m30MOp-
PU3MOM BHEITHIX Aaredp;

(2) 2-dopwma 2, 06pa3oM KOTOPOIi sIBJIsIeTCs OMBEKTOP &, 3aMKHyTa (T.€.
A SBIIsIeTCS CUMILUIEKTHYIECKOiT aarebpoit);

(3) myaccoHoBBI KOTOMOJIOTHH COBIIQIAIOT ¢ KOroMoJIorusimu e Pama ai-
reopor A.

SBagaua 34. B cuy n.[db| npeyoxenns [30] myaccoHOBBI KOTOMOJIOrHHI HACIE-
aytor ckobky Cxoyrena. Jlokazkure, 9T0 ecjiu CTpyKTypa & HEBBIPOXKIEHA,
TO TOJIydaeMasi TAKUM 00pa30M CKOOKa TPUBHUAJILHA.

Bajaua 35. Ucnonbsys moacTanoBky iz : AY(A) — A2(A), onpenemuaTe
nyacconos qudddepennuan dg: A(A) — A"1(A). Ommmure cBoficTBa BO3-
HUKaIOIMNUX TaKNM O6paBOM HyaCCOHOBbIX TOMOJIOTUIA.

Bagaga 36. Ilycrs (A4, 7) — nyaccoHoBa aurebpa u Jg: D;(A) —
D;11(A) — eé myacconos muddepenman. Pacemorpum dopmy w € AJ(A) n
nonoxnm LY = [0,1,]: Di(A) = D;_;j+1(A). JlokazuTe, 9T0 PaBEHCTEO

igo0y 5 = L .16, we N (A), 0 e AFA),
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KOPPEKTHO ompeeser ckobky Ilyaccona {w, 0} » € AMTF1(A) na nudde-
pPEHIUATBHBIX (OpMax, KOTOpas 00JIaIaeT CJIEIYIONUMU CBOMCTBAMHE:

(1) {a, db}» = —{a,b},
(2) {da, db}» = d{a,b}», '
(3) {w,0Ap}o =fw, 0% Ap+ (1)U A fw, p} o,
(4) {{w7 {{6710}}9}}(@ = '
= {{w,0}2, p}» + +(-1)"VEDLO, fw, p} 5} 2,
(5) fw, 0} 2 + (-1)UDEDEY w5 =0,
(6) Lﬁj,@}@ = [LvaGJ]
Bcromy BeIme KBaJpaTHbIE CKOOKH 0003HAYAIOT I'PALyHPOBAHHBIE KOMMYTa-
TOPBL.

Bagaua 37. /IBe 11yacCOHOBBI CTPYKTYPbl HA3bIBAIOTCS COBMECTHBIMU, €C-
m [P, 2] = 0 (370, 04eBUHO, SKBUBAJIEHTHO TOMY, 4TO [Op, 05| = 0).
JloKazKnuTe CIe/yIoNuil pe3yibTarT:

Teopema 3 (Cxema Marpu). ITycmo P2, P’ € Do(A) — coemecmnmvie nyac-
conoev, cmpyxmypo, u HY(A; 2') = 0. IIpednorostcum, wmo cyuecmeyrom
maxue anemenmol ai, ag € A, wmo dp(a1) = dg(az). Tozda:
(1) Cywecmsyrom onemenmo, as,...,as,... € A 0daa KOmMOPLLT
a@(as) = a@’(as—‘rl)-
(2) Omu ssemernmovr HATOOAMCA 6 UHBOAOUUU OMHOCUMENLHO 00EUT
cxobox Ilyaccona, m.e.

{ai,a;} » = {ai,a;} 7 =0

oas scex i, j > 1.

JIEKuus 5 (07.10.2015)

Cko0ku Ppénuxepa—Huiienxeiica u anredpbl co CBA3HOCTHIO

(1) Msr 6ymem pacemarpusarh Momyin AF(A)-snaunerx auddepentm-
posammit D(A¥(A)). Onpesenam BHyTpennee nponspe/enne io(w) €
AFHI=1(A) snementa Q € D(A*(A)) u dopmer w € AJ(A) kak obpas
ss1eMeHTa () ® W MPU KOMITO3UIIUH

D(AR(A)) @4 N (A) —— AF(A) @ NVL(A) —Ly ARFI-1(A),

IJie IepBoe 0TOoOpaskeHrne — IMOJCTaHOBKA, BBEICHHAS B II. JIeKL[I/II/I 2.
Torna omnpesenena u npouspoHas JIn

Lo = [d,ig]: A7(A) — AFTI(A).

Ipensoxkenne 7. Ilyemwv Q € D(A¥(A)), w € A (A). Toeda
(a) La(wA8) = La(w) A0+ (=1)Mw A Lg(6),

<b) [LUJ7 d] - 07

(¢) Luaq = w A Lg + (—1)* dw Mg
das mobot popme 6 € A*(A).
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(2)

Iycrs Q € D(AF(A)), © € D(A*(A)). Paccmorpum KoMMyTaTop
nponssoubix JIu [Lo, Le].

IIpenmoxenue 8. Pasencmeo
[La,Le] = Lin,g
Koppexmmo onpedeasem dugdepenyuposanue [, 0] € D(AFH(A)).

Dnemenrt [§2, O] nasbBaercs ckobkoit Ppénmxepa—Huiienxeiica (nam
npocro ckobkoit Huitenxeiica) muddepennuposanunit 2 u 0. OcHos-
HbIE€ CBOMCTBA 3TOH CKOOKU CHOPMYIUPOBAHBI B CJACIYIONIEM YTBEP-
JKJIEHUU:

Ilpennoxkenue 9. Jas aobvx Jupdepervyuposanuts ) €
D(A*(A)), © € D(AY(A)) u = € D(A™(A)) umerom mecmo pacen-
(a) [2,0]+ (-1)"[6,0] =0,
(b) [Q’ |[®7 E]”l = [[Qa @]lﬂ E]I + (_1)kl|['®’ I[Qa E]],
(c) [Q,w A O] =La(w) AO + (—1)*w A[Q, 0]
—(=)EDER dw Nig (),
(d) [La,ie] = (—1)*Lig () +ig.e);
(e) i0[®, ] = [i0(©),E] + (=1)**VB,ia(E)] + (—1)ijn.e)(E)-
—(=1)UHmig 5(0),
2de w € Ai(A))

B 3ToM Ipe/I/I0Ke I 1 HIKe TIojicTanoBKa in(0) € D(AF=1) ompe-
JICJISICTCST PABEHCTBOM

(in(©))(a) = ia(O(a))

JUIst JTI060T0 ds1eMenTa a € A.

Quement .4 € D(A'(A)) HasbiBaeTcsi HHTErPUPYEMbIM, €CJTH BBITIOJ-
HeHO paBeHCTBO [, A] = 0 (ckobka [.4, 4] Ha3bIBaeTCsT TEH30POM
Huitenxeiica). O4eBHHO, HHTEIPUPYEMOCTb PABHOCUIILHO TOMY, YTO
Oy o0y =0,r1ne dy(Q) =[A,Q] Takum obpaszom, Jyist HHTErPU-
PYEMBbIX /" ONPEENEH KOMIIEKC

0 D(4) D(A'(A))

L D(AR(A) -2 (AR (A)) —— .

Ero xoromosorun o6osnauaiorcs gepes HF(A; A).

B unTerpupyemom ciaydae npomssonas Ju d_y = L 4 : AY(A) —
AL (A) raxoke aBnsercs muddepermmmarnom, mpuadm [dy, d] = 0.
Taxum o6pasom, mapa (d_y,d_y ), tie d_y = d—d_y ecTh GUKOMILIEKC
Ha A*(A), cuekTpasbHasi MOCIEI0BATEILHOCTE KOTOPOTO CXOAUTCS K
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koromosiorusim jie Pama asrebper A. B reomerpuaeckoit Teopun sud-
depeHInaIbHBIX YPABHEHU 9TO HA3BIBACTCS BAPUAIIMOHHBIM OUKOM-
TLJIEKCOM.

Pacemorpum k-anrebper A u B u romomopdusm ¢: A — B. To-
rna B — A-anrebpa, u MOKHO paccmorpers B-monyins D(A, B) B-
sHauHbIX auddepennuposannit A — B. Eciu X € D(B), o onepa-
st orpanndenust X |, (a) = X(p(a)) oupenenser muddepenipo-
Banne X|, € D(A, B) u TOYHYIO IOC/IE0BATEILHOCTD

0—— D¥(B) —— D(B) —— D(A, B),

rae
D'(B)={XeD(B) | X[,=0}

— MOJIYJIb (P-BEePTUKAJIbHBLIX AuddepeHinpoBanumii.

CesizHocThi0O B A-anrebpe B HasbiBaeTcss B-romomopdusm
V: D(A, B) — D(B), pacuieIuIsionuii 3Ty moc/iej0BaTeIbHOCTb, T.€.
raxoit, uro V(X| ) = X nys moboro X € D(B). Popmoii cBssHOCTI
nasbiBaercs anement Uy € D(AL(B)), onpesesnsemblit paBeHCTBOM

ix(Uv) =X —-V(X]|,), X € D(B).
Ilycrs X, Y € D(A, B). Honoxum
Ry(X,Y)=[V(X),VY)]-V(V(X)oY = V(Y) o X).
OJIeMEHT Ha3BIBAETCsl KPUBU3HON CBI3HOCTH V.
IIpennoxkenmne 10. Ecau V — csa3nocmv, mo
ix(iy (Uv)) = 2Rv(X|4, Y]4)
oas o mobwxr X, Y € D(B).

Cas13HOCTH Ha3BIBaeTCsI IJI0CKOM, ecin Ry = 0. B cuiy npemoxe-
uusi [I0]ssement Uy sIBIIsSIeTCSI HHTEIPUPYEMBIM B 9TOM CJIydae U Olpe-
Jenén muddepenmuan dy = Jyg . Paccmorpum kommtexce

0 —— D¥(B) —— D*(AY(B)) —— ...

. —— D(N(B)) — 2% DY (AFY(B)) —— ..
(cm. 3amagy [48) 1 obosHaumM ero koromosornn depes H'(B, V).

Teopema 4. IIycmv V: D(A,B) — D(B) — naockaa c8a3H0CMb.

Toz0a:

(a) Ipynno, xoeomonozuti H'(B,V) wnaciedyrom onepayuro emym-
PEHHE20 YMHONHCEHUA

i: H(B,V) x H(B,V) - H™ (B, V).
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(6)

B wacmmocmu, epynna H' (B, V) aeaaemca accouyuamuenot an-
2ebpoti

i: HY(B,V) x HY(B,V) - H'(B,V),
a nodcmanosxa
i: HY(B,V) x H°(B,V) — H(B,V)

onpedeasem e€ npedcmasierue 6 IHIOMOPHUIMAT 2PYNNbL
H°(B,V).

(b) Ipynnwt kozomonoeuti H (B, V) nacaedyrom crobry Hutienxetica
[,]: H(B,V) x H (B,V) — H"(B,V).

B wacmmocmu, HO(B, V) asasemca aneebpoti Jlu ommnocumens-
HO MOt cKoOKU.

Jpyras unrepnperamus rpymn H(B, V), koTopas 6yaer Baxkna B
TTOCJTETYTOTIEM M3JIOYKEHUN, COCTOUT B CJIEYIOIIEM.
(a) Jdudbdepenmupoparns X € HY(B,V) MOXHO TMOHIMATh Kak
CHUMMETPHH CBSI3HOCTH V.
(b) Daementst rpymmer H(B, V) — 310 KTacchl nHEbHHATE3IMATD-
HBIX JeOpMAInii CBSI3HOCTH O MOJIYJTIO TPUBUABHBIX.
(c) Hakonemn, rpymma H2(B, V) coliepKnuT TPEIATCTBASA K MPOIOJ-
JKEHUTIO MH(PUHUTE3UMAJILHBIX jTedopMmariuit 10 HGopMaIbHBIX.
C apyroit cTOpoHBI, B CHJIy II. TEOPEMBI 4| 3JIEMEHTBI T'PyIIIIbI
HY(B,V) «pasMHOKAIOT» CUMMETPHE CBSI3HOCTH (KAK MBI yBHJIHM
HUKE, B TEOPUU MHTETPUPYEMBIX CUCTEM OHM HA3BIBAIOTCS OMEPATO-
pamu pekypenn). C TOUKHU 3peHus: npusioxkeHuii K jauddepernnaiib-
HBIM YPABHEHUSIM BayKHA CUTYyaIus, KOIJa IOJIydaeMble CUMMETPUN
KoMMyTuUpyIOT. Pacemorpum cuvmerputo X € HO(B, V) u smement
R € HY(B,V). Beengm obosnauenns R(X) = iy(R) u X,, = R*(X).

Teopema 5. [Iycmv H?*(B,V) = 0. Tozda daa mobwxr X, Y €
H°(B,V), R€ HY(B,V) um, n=1,2,... umeom coomnoweHnus

n—1 m—1

[Xons Yl = X Y]ian+ ) (6 B (V) mean—i—1= ) (Y, BI™ (X5))men—j1.

i=0 =0
B wacmmocmu, ecau [X, Y] =0 u[X, Rl =[Y,R] =0, mo [X,,,Y,] =
0 das scex m u n.

B saksouenne, paccMoTpuM BakKHBIN 1pumep. st mpon3BoIbHO
k-anrebper A u A-mojyns P moctpoum anredbpy B cienytomuMm 06-
pasom. IIycre S*(Q)) 0603HAUAET CHMMETPUYECKYIO ajrebpy MOJLYJIst
Q. Honoxum By, = S*(Diff (P, A)). Torma By, C Bji1 1 MbI ompe-
nensieM B kak UpBy. Ilyete X € D(A) u A € Diffy (P, A). Iloso-
xuMm V(X)(A) = X o A n pacupocrpannm geiicrsue V(X) na B
no npasuity Jleiionuna. Takum 06pazoM MbI TOJIydaeM 0ToOpazKeHne
V: D(A) — D(B). U3 3amaun |50| ciaeayer, IT0 OHO JOCTPAHBAETCS
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JIO TLJIOCKON CBSI3HOCTU. DTO — ajrebpamdecKkasi MOJIE/b CBA3HOCTH
Kaprana, urparoreit KJII04eByIO pOJib B TEOMETPUU JI2KETOB.

3amaya 38. JlokaxKuTe MpeioxKeHne m
3amaya 39. JlokaxKute mnpeioxKeHne
3amaya 40. JlokaxKkute 1npeioxKeHne @

Bamaua 41. Momyms A (A) ®4 D(A) moxuo Broxuts B D(AY(A)), monaras
(w®X)(a) = X(a)w. DaeMenTsI, IpUHA/TIEKAIINE 06pa3y 9TOIO BJIOXKEHHUS,
HA30BEM PA3JI0KUMBIMHE. J{OKaXKUTe, 4TO Ha PA3JIOKUMBIX 9IEMEHTaX CKOOKa
Huitenxeiica nmeer B

we X, 00Y]=wAl@[X,Y]+wALx(0)®Y — Ly (w) A0 @ X+
+(=1)'dw Aix(0) @Y + (=1)liy (W) A dI ® X,
e w € Ai(A), 0 € AJ(A), X, Y € D(A).

Bajaua 42. Iokaxkure, uro mMoayts D(Al(A)) apisercs acconmaTuBHOl
asrebpoil oTHOCHTEIBHO onepalun ) - O = ig(0).

Bagaga 43. Kakue anrebpantdeckue CTpyKTYphl (BHyTPEHHEE YMHOMKEHUE,
BHEIIIHee YMHOXKeHHe Ha (opMbl, ckobka Huiienxeiica) «BbIKHBAIOT» [pH
nepexose or momyneit D(A¥(A)) k rpymmam koromosoruit H*(A; A)?

3amaya 44. Paccmorpum riajgkoe maoroobpasue M um aBroMopdusM Ko-
KacareabHOro paccioenusi J. OH sBisiercss snemerntom C° (M )-momyiis
homeee vy (D(M), D(M)) = AN (M) @coe(py D(M) = D(AY(M)). Tourn
KOMILIEKCHBIE CTPYKTYPbI Ha M — 5710 Takne J, 11st KoTopbix J2 = — id. Teo-
pema Horonmennepa—Hupenbepra yreepxkgaer, 910 J — KOMILIEKCHAST CTPYK-
typa, ecau [J, J] = 0.
(1) Borauciure xoromosorun H¥(C%(M);J) /st KOMILTEKCHBIX CTPYK-
TYD. _
(2) Boramcsmre takke Koromosiorun guddepenimanos dy u d.
3amaya 45. VccmenyiiTe cBOCTBa CJIELYIONNX CKOOOK:
(1) Tyers Q € D(A'(A)), © € D(A(A)). Onpenennm cxobky [Q2,0] €
D(A™I=1(A)) pasencrom
ii0,e] = [io,ie]
(sT0 Tak HaspBaeMas ckoOka Puaaprcona-Huitenxeiica).
(2) Tycrs A € D(AY(A)) u Q € D(AY(A)). Tlonoxum
Ly = [0.,ia]: D(A(A)) = D(A™(A))
u onpesenm ckobky [Q, O] € D(AI(A)), nonaras

L[Jg‘i@]i/" = [Lévaéi/]a

riie © € D(A(A)).
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(3) Ipeamonoxum Teneps, aro A'(A) — HPOEKTUBHBIH MOLYIIb KOHEY-
noro tuna. Torga D;(P) = D;(A) ® 4 P mis moboro A-momynst P.
Paccyorpum nogcranosky i: Di(AY(A)) @4 Dj(A) — Dryi—1(A),
noJiarast

(X®weY)=XAi,Y).

[ycts & € Dy(A) u 2 € Dip(A(A)). Tonoxum

Ly = [02,iq]: Di(A) = Diyi(A).
Ecmu © € Dy(AY(A)), onpenemnm ckobky [, 0]7 € Dyyi(AL(A)),
noJiarast

P P 1P
Ligez = [La Lo
Ectb jin emé unen?

Bagaga 46. Ilocrpoiire npumep napst anrebp (A, B) u romomopdusma
¢: A — B, B KoTOpoM omepaiusi orpanndenust D(B) — D(A, B) ue sB-
JisteTcst anuMopdusMoM. Kakue yc/ioBUst TapaHTHPYIO STUMOPMOHOCTH?

3amaua 47. Jlokaxwure npejioxenue [10]

Bajaua 48. Jlokaxure, uro ecim ) € DV(AY(B)) — Bepruxanbuoe mudde-
peHnmposanue, 1o Jy (1) TakKe SIBJISIETCS BEPTUKAIBHBIM.

3amaya 49. Jlokaxure Teopemy @
3amaya 50. Jlokaxure Teopemy

3amaya 51. [lokaxkure, aro orobpaxkenue V, onmcaxuoe B II. [8 mocTpan-
BaeTcs JI0 IJIOCKOU CBA3HOCTH.

IIpodonoicenue caedyem. . .
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