I'pynna xKoc, KBAHTOBBIE T'PYIIbI U IIPUJIOKEHUST

JInctok 4. CKOBKU [TVACCOHA HA KOMMYTATHUBHON AJITEBPE

Pexomenayemuiit cpok caaam: 05.05.2022

1. Iycrs M — raagkoe n-meproe MaOrooGpasue, {2'}i<i<p — JOKAJbHBIE KOODIAMHATH B HEKO-
topoit obnactu U C M. Ckobka Ilyaccona jobbix nByx dyukmuit f u g u3 aarebpbl TIagakux
dyukmmit F(M) B TOKATBHBIX KOODJAWHATAX UMEET BUI:

{figy =2 0if(2)™(2)0hg(2),  Oif = 57,

ik=1
rne w(z) = {2%, 2F} — myacconos Tenzop.

a) TMoaw3ysack onpesgeneHnem myacCOHOBON CTPYKTYPbI, BBIBEAUTE YCJIOBUS HA TyaCCOHOB TEH-
30D, KOTOPBIE HAJIAralOTCH Ha HEr0 3TUM OLpe/ieIeHHEM.

6) TIycts MaTpwIa myaccoHoBa TEH30pa He BHIpOKAeHa B obmactn U C M: det ||w™ (2)|| # 0.
O603HAYNM CHMBOJIAME Wk (Z) MATPUYHBIE 3JIEMEHTHI OOPATHON MATPUIIHL:

Z wik(2)wk (z) = (53
k=1

Hoxaxure, uro auddepennuansuas 2-popma Q = > ., wirdz' A dz* apnsiercs 3aMKHYTOI
U HEBBIPOK IeHHOI B obstactt U (TO ecThb, 3a/aeT CHMILICKTUIECKYIO CTPYKTYPY B ob1acTu

U).

2. [ycrs anrebpa rmaakux dhyakauit F (M) ma maorootpasun M cHabxkeHa myacCOHOBOM CTPYyK-
Tpypoii (cm. zagady 1.). Ilo moboit 3agannoit byukuuu f € F(M) onpenegnM raMUIbTOHOBO
BEKTOpHOe noje Xy u3 KacareapbHoro paccioenusa 1'M cregyiomum jeficTsreM Ha (yHKIN:

Xyvg={f9}, VgeF(M).

a) Jlokaxkure, 9T0 MHOKECTBO FAMUIBTOHOBBIX BEKTOPHBIX 101l obpasyer anarebpy JIu oTHO-
CUTEJBHO ONepaINy KOMMYTHPOBAHUSI U CTAH/IAPTHBIX OTEPATIHil C0XKEHUS U YMHOYKEHU S
HA 9JIEMEHTHI YUCIOBOTO TTOJIS.

6) Jl7st HEBBIPOKIEHHON I1yaCCOHOBOM CTPYKTPYpHI Haiiaure 3Hadenue 2-opmbr (X g, X))
(cM. myHKkT 6) 3aj1a4u 1) Ha mape IPOU3BOJIBLHBIX MAMUJIBTOHOBBIX BEKTODHBIX moJell X u

X,.

3. Paccmorpum ymreitnoe npocrpanctso gl(N)* npoiicteennoe x anrebpe Jlu gl(N). O6ozmaunm
CUMBOJIAMU tg , 1 <1i,j < N, koopgunarst B gl(N)* orrHOCTEIBHO Gasuca, JBORCTBEHHOTO K Ha3uCy
MATPUYHBIX €IHHHII] E‘Z B asrebpe gl(N). B anrebpe F(gl(N)*) momunomuanbubix byHKIuil Ha
gl(N)* ckobka ITyaccona-JIn BBOAMTCS ¢ MOMOIIBIO CTPYKTYPHBIX KOHCTAHT anrebps JIu gl(N):

J1 472 _ 42501 Ji sj2
{th ’ tig }PL - ti1 6i2 - tiQ 5i1 )



I/I.HI/I’ B ManHquIX 0603HaquHHX:
{Th, o} pr = Pi2To — To Pyo,

rne Pio — matpuna tpancnosunun, a T = [[t]|| — N x N marpura, cocTaBleHHas U3 KOOD/NHAT.
JokasxuTe, 910 OAHOPOAHbIe HOIHHOMBL k(1) = Tr(T*) mpuHammexar myaccoHOBOMY HEHTDY
ckobku [lyacccona-Jlu.

4. Beenem B anrebpe F(gl(N)*) 6umuneitnyto onepanuio {, }sr no dbopmyse (obo3naduenus u3
3ajauu 3):

{1, T} s = T1Tor12 — r12T1 T3,
U PacIpoCTpaHuM ee Ha Jro0ble dyuknun mo npasmwty JleiGuuma {f,gh}tsky = {f,g}srkh +
9{f, h}sk. Bneco rig = ||7’£ZJ22H — N? x N? ancnosas MaTpuma MaTpuma. [Ipu KaKmxX yCIOBHIX
Ha 712 BBeJeHHAas omepanud Oymer ckobkoit Ilyaccoma?

5. [Tyacconosa crpykrypa {, }sk HaszbiBaercs ckobkoit Ckiaganna. JJokaxkure, 9T0

a) Jluneitnbiit nomuaom p1(t) = Tr(T) we mexxut B MyaccoHOBOM TieHTpe CKOOKM CKIsSHUHA,
3aIAaHHON Kjaccuueckoit r-marputeii dpunadensaa-lxumbo.

6)* Herepmunant marpursl Koopaunatr det(7") siBjisieTcst 3JeMEHTOM I1yacCOHOBA IEHTPA CKOO-
Ky CKJISHUHA.

VYkasaume. ns pemenns 3a1a9m u3 MyHKTA 6) MONE3HBI Caeyomue GOPMYIIbI, BEIPAZKAIONTHE IETEPMU-
HAHT MATPUIH B TEPMUHAX TOJHOCTHIO aHTUCUMMETPUIECKOTO TeH30pa panra INV:

det(T) €j1ja..dN — § Eirig...in tjlth "'tﬂ'N’
o in

det(T) = + D iy tAER N TN,
" {ih )

bigis...i b
Z Caigig..in € 22N = (N = 1)!d,,
2. iN

6. Ha anrebpe mommaoMuaIbHBIX DYHKIUN MOYXKHO BBECTH APYTYIO KBAIPATHIHYIO ITYACCOHOBY
CTPYKTYDY, CBSI3aHHYIO ¢ KJaaccuueckoii r-marpureii (ckobka Cemenosa Tsub-1llarckoro):

{1, Tr}srs = raiT1To — ThTori2 + Tori2T — Thrai T,

e 121 = Plor12Pro. Tomb3ysacs kmaccuwueckoit r-marputeit Ipuadensga-/Lxuvmbo, momyanTe
sBHbIA Bua ckoOku CemenoBa Tsamp-Illanckoro misa caydas N = 2 U JOKaXKHUTE, 9TO Caed U
JeTePMWHAHT MATPHUIIBI KOOPIUHAT JIEXKAT B ITyaCCOHOBOM IEHTPE 3TOi ckoOku. [lpm permennn
3a/1a41 TOJIB3YHTECh CIEAYIONIUM 0003HaYeHneM JIJIsT KOOPJAMHAT IIpocTpancTBa gl(2)*:

T:(Cg g).

7. llycrs Fj, — KBaHTOBaHUE KOMMYTATUBHON arebpbl F, axb — HOBOe YMHOYXKEHWE B BEKTOPHOM
npocrpatcrse F ® C[[h]], peasuzyioriee uzoMopdusM ¢ KBaHTOBO# ajrebpoit Fp:

a*xb=a-b+ hci(a,b) + h’cy(a,b) + ...

Paccmorpnv apromopdusm wp, + Fp, — Fp, TOXKIECTBEHHBIN Ha HyJeBO# KoMIOHeHTe JF (o) =
Fn/(hFr):
wp =1id + hwy + ...



a) Jlokaxure, 9T0 TUHEHHOE 0TOOparkeHne W] ABAgeTCs T HEPeHIUPOBAHNEM KOMMY TATHB-
HO¥T arebper F, TO €CTh,

wi(a-b) =wi(a) - b+a-wi(b), Va,beF.

6) dokaxure, 4TO aHTUCUMMETpUIECKas 4acrhb ci(a, b) — c1(b, a) nuneiinoro no h caaraeMoro
B IIPOM3BEIEHUN G x b He m3MeHsieTcsI Ipn AeiicTBun aBToMopdusMa wy. Takum obpaszom,
anrebpa wp (Fp) TakKe ABIAETCS KBAHTOBAHMEM KOMMYTATHBHOW aarebpwr J ¢ TOi ke
IyaCCOHOBOHN CTPYKTYPOii.



