Jexyusn 21

CuMIadimabHBIE CXeMbBI M UX TEOMETPUUYECKMC peasH3a-
HH.— ['pynnsl  KOTOMOJIOTHR — CHMNVIMIMAJABHBIX CXeM.—
HsoiiHoil Kommieke nokpuitHa.— I'pynnnl KOroMo/oTHi ABOR-
iloro  Kommtekca.— OKaiiMaentble ABOHHblE KOMILIEKCHL. -~
Kpacenie romoMopuambl,— ALMKIMUECKHe  KOMILJICKChI, ~~
Angranuioets no crpokaM npu p—=0.

B nepByio ouepenp Mbl B aGCTpakTHOH opMe OlHILEM
KOMOHHATOpHBIE CXeMbl B3aHMHBLIX IiepeceueHHii 3J/1eMeHTOB
HOKPBITHII rafkHX MHOroo6pasuil (usu— Gosee 06O — TO-
1OJIOTHUECKHX HPOCTPAHCTB).

[Tycts 2 —npon3Bo/bHOE TOUOJOTHUECKOE 1IPOSTPAHCTBO
u N={U,, k€K}—ero npousso/sbHOe OTKPHITOE NOKPLITHE.
Koneunoe noamHoxectso {ky, ..., k,} MHOXeCTBa HHJEKCOB
K MBI Ha3oBeM ommedenHolm, ecii nepecedenne Uy, N ... N Uy,
e mycro:

Ukoﬂ...ﬂUkm?&g.

Onpedeneunue 1. Muoxectso K, B KOTOPOM OTMeYeHbI
HEKOTOpble KOHEYHBIe JIOJMHOXECTBAa, HA3LIBAETCH CUMNAU-
HUaAbHOL cxemoli, ecau Jio6oe MOAMHOMXKECTBO OTMEUEHHOro
1I0IMHOXKECTBA OTMEUEHO.

$lcHo, 4TO OTMeMeHHble MOJMHOXKECTBA MHOMXeCTBAa HHJIeK-
cos K nokpoiths 11 ya0BJETBOPSAIOT TOMY YCJ/OBHIO, H, 3Ha-
unt, K aBAgercA CHMIVIHUMAJBHOR cxeMmo#. 3ra cxema
11asblBaeTcsi Hepgom NoKpuTHs 1.

Tosopsar, uro m-- 1 Touek addunHOrO NpoTpaHcrTsa ag-
(DUHHO HE3QBUCUMBL, €CI OHHM He COAEPKATCH HH B KaKOil
(m—1)-MepHO# MNJOCKOCTH, T. €. €CJIH LI HX PpajHyc-BeK-
topos Ry, Ry, ..., R, BekTOpol Ky—Ry, ..., R,—FR, sH-
1leHO He3aBHCHMBI.

Hdus nobeix m-+ 1 abdHHHO HE3aBHCHMBIX TOUeK Ry, ...
..., k, npocrpanctsa R" (m1n—6onee oOLI0 — IPOH3BOJIb-
110ro JIMHe#HOro npocrpancTsa Haj nojdem R) MHOkecTBO
Bcex Touek R BHJa

k=1tky+ ... +Lt,R0
rie t,, ..., {,—TaKkne BellleCTBEHHbIE UHC/1A, YTO
0 <), ..., 01, <]

to+'...+t”"=1'
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(Mbf, KaK Bcerja, OTOXJecTBJafeM TOYKH H3 R” ¢ ux pa-
JAMYC-BeKTOpAMH) HA3bIBAETCH HI-MEPHOIM CUMRACKCOM C 6Cp-
wunamu ke, ..., P, W 0003Hauaercsi cuUMBOJOM K. ..R,.
ITpu m —0-—310 TOYKA K¢, MPH M= 1-—0Tpe3oK Rk, Hpu
M ==2—TpeyroabiuK Ryi k, n npu m =3 tetpasup R.k,R.k..

Yucna &, ..., {, AAs Touku R cumnmaekca R,...R, Ha-
3BIBAIOTCS ee GapuyeHmMpuiecKkumy Koo pouHamamu.

Touka Kk cuminekca K,...k, HasbiBAe€TCA €ro GHyM-
peunrell mouxold, ecnm 0 ¢, <1 pas Beex (=0, ..., m.
(Takast Touka AB/IAETCH BHYTPEHHEH TOYKOH CHMIIIEKCa
k,. ..k, B OOLIETONOJOTHYECKOM CMbilJIEe 110 OTHOLIEHHIO K
cofliepKallleil CUMIIEKC fM-MepHO# MJOCKOCTH.)

Cumnauunansuyto cxemy K Mbl GyfleM Ha3biBath peaau-
3yemoll, ecn ee 3JMeMEHTbI MOXHO H300pa3utb (pu JocTa-
TOYHO GOJIBLIOM 1) TAKHMH TOYKAaMH NpocTpaHctBa R”, 4TO:

1) nas nio6oro oTMeyeHHOro MHOXKecCTBA {ke, ..., k,} =K
COOTBETCTBYIOLLHE TOYKH Ry, ..., R, addunHO He3aBHCHUMBI
(4, 3HAYWT, ONMpeNeNIAIOT CHMILIEKC Ry ... R,);

2) cumnnekcel Ry. ..k, v k;...R,., OTBeyalowHe JBYM
Pas/iHYHbIM OTMEYEHHBIM TMOAMHOXecTBaM {ky, ..., B,} H
{ks, ..., km} cxembl K, He nmeror o6mux BHYTPEHHHUX TOYEK.

B stom cayuyae ofbejdHeHHe BceX CHMIIEKcOB K. ..K,,
OTBEHAIOMHMX BCeBO3MOXHBIM OTMEYEHHBIM [TOJMHOMKECTRAM
{ke, ..., k,}, mHasbBaetcsi ecomempuueckoil peaiusayueti
cxembl K. O6o3Hauaercsi reoMerpuyeckas pea/i3anis CHM-
Bosom | K |.

KapruHkH, KoTopble Mbl pHCOBaNH B Npejblaywed Jex-
UMM, KakK pa3 M u300paxkalu reoMeTpHyeckHe peausalMi
HEPBOB COOTBETCTBYIOLIUX MOKPHITHE cheprl S U OKPYKHO-
ctH St

ITo xapakTepHo#l Jn5 MaTeMaTHKH TEHJEHUMH K Mepe-
HOCY TEPMHHOB OTMEYEHHBIE [0JIMHOXKECTBA cXxembl K NpUHATO
Ha3bBaTh ee cumniexcamu. [[Ipn 31oM, 4TOGBI PABJIHYHUTL —
KOrja B 3TOM BO3HHMKaeT HeO6XOJHMOCTb— CHMILJIEKCH B K
OT cumIekcoB B R”, nepBhie HasblBaloTCs afcmpaKmuoimu
(MM CxemHoIMU) CUMITIEKCAMH, @ BTOpble — e8KkAUA086IMU (MM
eeomempuueckumu).| JNeMeHTh CXeMbl, Y4YacTBYIOmHe XOTS
6bi B OJIHOM €e CHMIIJIEKCE, HA3BLIBAIOTCS €e GepUlUNaMU, A
cumnnekc {ky, ..., k,} Ha3bBaeTcs CUMIVIEKCOM C Gepuiu-
Hamu ky, ..., k,. )

OnemenThl cxembl K, He siBastomMecs BepuiHHamH, He OY-
LyT B JanbHeillleM y4yacTBOBATb HH B OJHOM KOHCTPYKIHII
(nojioBHO TOMY, KaK OHH He y4YacTBYIOT B TI€OMETPHYECKOil
peanusaumn | K[), u ux MOXHO 6e30MacHO HTHOPHPOBAT.
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[MHOl‘He aBTOpDL!, Onpene/sid CXeMbl, BBOJAT ITO3ITOMY AOIMOJ-
HHUTEJBHYIO aKCHOMY, TPebyIomylo, UTOOBl KaXMAbIH 3/eMeHT
cxembl Obisl ee BepwHHOit. OxHako Torja, onpejensisi Heps
NOKPLITHS, Hajlo GyferT TpeCoraTh, YTOGbI NMOKpPBITHE COCTOSA-
JO H3 HEeNyCTbIX MHOXKECTB, YTO He Bcerjaa YHOGHO.]

3ameuanne l. leomerpuueckue peasusalldd HaMm 110
CYWIECTBY HHMIJE HYXXHbI He OynyT. Mol HX onucalu TONLKO
U1 TOro, 4to0bl MUMeTh BO3MOXKHOCTL HCIONB30BAaTh B OT-
HOUICHUH CHUMIINMHIHAJNBHBIX CXEM reomeTpuqecxuﬁ asuik. Ilo-
3TOMY, B YACTHOCTH, JOBOJbBIO TOIKHI BOMpoOC O TOM, Kakue
CHMILTHINAJIbHBIE CXEMBI DeaJIH3YeMbl, Mbl pacCMaTpHBaTL
31eCb He 6y1leM. 3amerim JHUbL, 4YTO Jgobast KOHeuHast CHMIi-
JIHIMaJbHAsA CXeMa OYeBHAHbIM 06pa3oM pealin3yema.

3apgaua |. Bysem roBopuTb, 4TO cUMNIHuKaabHat cxema K es0-
WEHHO peanrusyema, oCIAH CYLeCTBYCT TaKas ee TeoMeTpHYecKas peaJids
samMs | K|, uto noamuoxecrso F < | K| torga ¥ TOMBKO rOria 3aMk-
HYTO (B MHAYUMPOBAHHOM TOMOJMOTMH), KOTA3 AJf JOGOro CHMNJeKca
{koy ..., k,,,ic K 3amkuyTo nepeceuenne F(\Ry...k,. [lokaxure, uro
CHMMNJIMUHAJBHAS CXEMa TOTA2 M TOJBKO TOCA3 BJCKEHHO pealH3yeMma,
Korja: .

a) MHOXKECTBO €€ BEPIUHH KOHEUHO WJIH CUeTHO;

6) Kaxpas ee BeplUMHA NPUHALIEKMT JHLUIb KOHEUHOMY YMC/Iy CHMI-
.ICKCOB}

B) CYIECTBYET TAKOE 7, UTO KaX /bl CHMMIekce cxeMbl K cOAepXKHT
tie Goqice 'n 41 BepLUHIL.

3ameuanue 2. INogMuoxke:TBa mnpoctpauctsa R*, sB-
JNIOUHECS T'eOMETPHYECKUMH peanu3ailHsMH CHMIJIHIHA/L-
HbIX CXeM, HasblBaloTCsl noausdpamu. Hx tonosorndyeckas
TeOpHSl, Ha3biBaeMast OObIYHO KYCOYHO JHHEHHOH ToO-
nosorued, ‘TeCHO CBA3aHa C TOMOJOrHYECKOH TeopHeH
IafKuX MHOroofpasuit (MOXHO MOKa3aTb—3TO TpYAHAS
TeopeMal —uro. mofoe raagkoe xaycnoposo MHoroobpasue
t0 CUETHOM 6a30if rOMEOMOpP(HO HEKOTOPOMY I[OJH3APY) H
HPONBHHYTA Be bMAa JANeKo, COCTABAAS ONHY H3 Haubosee
FCOMETpHYE KH OPHEHTHPOBAHHBIX 4acTed COBPEMEHHOH TO-
nonorud. K cokanenuio, 3Ta Teoplsi MNOJHOCTBHIO BBIXOJHT
I3 pAMKH HACTOSILLLErO Kypca.

Iycts K -—npousBonbHasi CUMIIHLMANBHAS CXeMa, W
nyers K, m >0, —noIMHOXECTBO TIPOH3BeJieHHs]

Ky ... xK,

| R —— f
mit I pas

cocrosiiee M3 TaKHX TNocnefoBartenpHocTelt (kg . ... R,),
ky, ..., k,€K, uto wmHOXecTBO- {ky, ..., k,} siBAsIETCS
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cummniekcoM cxemsl K. (SneMentsr ua K, HasbiBaloTca 06bi4110
M-MeproLML YNOPAOOHEHHIMY cumnaexcamu cxemsl K.)
[Tycts, nanee, G—uponsBosibHad aGeneBa rpynna (B aj-
JMTHBHOH 3allHCH).
Onpedenenue 2. Orabpaxenne

c: K,—G, (Ryy -, kp)—>c(ky ...\ k)

Ha3bIBACTCA m-MepHol Kouyenso cxemor K wad epynnoi G
(nau co 3nawenusimu B rpynne G), ecad 3T0 oToGpaxeHHe
KOCOCHMMETDPHYHO, T. €. eciH ¢ (R, ..., R,) MeHser 3HAK
TMpH repecTaHOBKe JIOJBIX JABYX CO.EJHUX apryMeHTOB £,
kyvy 0<la{m—1. Hpyrumi ciosamu, otobparkeHie ¢
SIBSIETCS] KOUEHDBIO, ec/iy

(1) C(kc(o), o ey kc(,n))=80c<ko, o ey km)
LIS JIOGOTo yrnopsjioueHHoro chmnaekca (ky, ..., k,) €K,
K J106o#i nepectanoBkH o mujekcoB 0, 1, ..., m (rme, Kak

Bcerja, €;—3HaK NePeCTaHOBKH 0).

MHoOxecTBO BCeX TaKMX Kolenell ABJIACTCH OYSBHAHBIM
o6pasoM rpynnoii. Mul GyneM o6o3HayaTb 3Ty Tpynny cHM-
BosoM C”(K; @).

B cnydae, xorza G spaserca mnosem, rpynma C™(K; G)
6yner npHeldHbBIM MPOCTPAHCTBOM Haj, 3THM nosieM. B yacrt-
HocTH, nph G =R (eMHCTBEHHO HHTePeCHbIH HaM ceffyac ciy-
yaiil) rpynna C™ (K; R) ssBnsieTca MHHEAHbIM IPOSTPAHCTBOM Ha/l
noneMm R.

Jlerko BugzeTs, uyTO IS aoGoil kouenn c€C”(K; G)
dopmyna

m+1

(@) (80) (b - ke = 20 (1 0k - oor Bir oo )

rje 3HauYoK 7 YKa3eIBAET, UTO COOTBETCTBYIOUIHH 3JeMeHT X;

Jo/KeH OblTb [IponyumieH, OMNpejenseT HEKOTOPYIO Kolellh

6c & C™+*(K; G). ([elicTBuTenbHO, MPH MepecTaHOBKe JBYX

COCEIHMX BepIIMH kB, U k,,.;, 0<Ca<{m, Bce u/eHbl CyMMbl

(2) MeHAIOT 3HAK, KpOMe a-To M (a-+ 1)-ro 41eHos, KOTOPLIC,

BXOJfl B CYMMY C pa3/HYHbIMH 3HAKaMH, [epecTaBJsIOTCs.)
$lcno, uTo oTOGpaxenue

6: C™(K; G)—Cm»* (K; G), cr~—>bc,

IBJSIETCA ['OMOMOP(HM3MOM. ITOT roMoMOpdH3M HA3EIBAETCH
KO2PAHUUHBIM ONEpamopom.
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[Nockonbky onepatop § ompefienen mast moGoro m =0,
Mbl MOX<EM COCTaBHTb MOC/JENOBATENLHOCTD

C* (K:G): C°(K; G)— C*(K; G)—
O (K; G)—s Cm L (K G)—s

Ipedaoouceriue I. Iocredosamensnocme C* (K G) seas-
emcs. KOUenHboiM KOMNAEKCOM, m. e.

8(8c)=0

01 Kanedoti koyenu ¢ € C™(K; G) u ramdoeco m=0.
HokasatenbctBo. [das J060ro ynopsJoueHHOro

koMnekea (Ry, ..., Rnip)=K,.. 3aeMeHt 8(8c)(k,, ..
.y kn1.) rpynnbl G siBASIETCS] CYMMOFH 3JIEMEHTOB BHWJa

(3) CRyy v By ooy By ooy k), OSE< <M 2,

KaXJIbll H3 KOTOPBIX TNOSIBJSIETCS JBaXKABI: OJWH pas IpH
BbIUMCAeHUM caaraeMoro (—I1) (8c)(ky, ..., k oy Rpir)s
a npyroﬁ—npu BBIYUC/JEHHH CJ1araeMoro (—-1)' (60)(

o Ry ooy k,+,). Tlpn 3TOM B NepBoM cayyae cjaraemoe
(3) 6y11eT uMeTb 38Hak (—1)/*/ (mOCKOMBKY B CHMILEKCe
(koy ...y kp ..., kp.,) BepuHHa k; uMeeT HoMep i), a BO
BTopOM cnyqae—auax (—1)*/~! (NOCKOMBKY B CHMILIEKCe

(kyy --.» Ry ..., ky,,) BepumHHa k; uMeer HoMep j—1).
ITosroMy Bce cnaraembie (3) cekpawatorest. L]

Kouemn ¢€ C™(K; G), pns xotopsix 8¢ =0, naswiBatorcs
royuxsamu cxembl K uaj rpynnoit G, a kounenu Buaa &c,
rae ¢ € C" 1 (K; G),—koeparuyamu. Kouuxjbl cocraBasior
noarpynny Z”(K; G) (sazpo romoMopdusma 6: C™(K; G) —
-+ Cm+1(K; G)), a xorpanuusl— noarpynny B~ (K; G) (o6-
pas romoMopbusma 8: C»~*(K: G)-—-C»(K; G); npy m=0
ycJ10BHO cynrtaetcsi, uto B (K; G)=0). Tak kak B™(K; G)<
=Z"(K; G), 1o onpeflejlena dakToprpynna

H™(K; G)=Z"(K; G)/B"(K; G).

Dra Qakroprpynna HaselBaetcs m-meproid (unH  m-i)
epynnoll kozomonoeuii cxemet K nad epynnoi G, a ee .3ne-
MEHTbI Ha3bIBAIOTCSI KAGCCOMU KO20MOA02UlL.

Cp. c ofmuMH onpelleeHUsIMH B Hauane jekiuu 20.

3aMeuanune 3. MoxHO NoKasatb (3Ta TpPYyAHasi Teo-
Pemal), 4TO rpynnbl KOroOMOJOrHH (M HBOHCTBEHHBIM 06pasoM
OnpejensieMble rpynnbl IOMONOCHHA; CM. HHXKe Jekiuio 28)
ABYX CXeM H30OMODQHEI, €CJH PeOMEeTPHUECKHE  peanusallHu
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3THX CXeM roMeoMOp({HH. 3TO MO3BOJIAET MPUMEHHTb allfla-
pat rpynn KOroMoJorufi (M TOMOJOIHi) CUMMIHLHAJBHBIX
CXeM K HCCJ/e[0BaHHIO TOMOJOTHYECKHX CBOHCTB [MOJH3/POB.
CooTBeTCTBYIOWHI OTAe/l MaTeMaTHKH Ha3blBaeTcs KoM O i-
HaTopHOW TONMonoruen. Jler nATbiecAT TOMy Ha3ai
OH HMe1 CaMOCTOfiTebHOe 3HayeHHe, HO HblHe KOMOHHATOp-
Has TOMoJorus IMOYTH MOJHOCTbIO DPACTBOPHJIACL B Gojee
ofbweii anre6pauvyeckoid Tonogsoruu. [Muorga rep-
MHH «KOMOHMHATODHAs! TOINOJOTHS» lIPUMEHAIOT KO BCeH anre-
pauyecKoH TOMOJIOIHHM, OJHAKO B HACTOfIUee BPEMA 3TO YXKC
COBEpIIEHHO He OTBevyaeT (paKTHUeCKOH CHTyalHH.]

Has cayuas, korga K sBasercss HepBoM NOKpbiTvs L -
={U;, kR€K} raagkoro Muoroo6pas3us 2, KOHCTPYKLHS
kouennoro komngekca C' (K; G) (o6o3HauaeMoro B 3TOM
cayyae cumsoaoM C° (11; G)) moxer Gbitb oGoGlena. Ilycts
Anst onpeleneHHOCTH G == R.

Kouenoio passeprocmu p =0 noxpoimus U1 co 3Hauerusimu
6 (yHKYUAX HA3bIBAETCS ONpejlesenHoe Ha K, oToOpaxenue ¢,
CONOCTABJISIIOULCE  KAXK/AOMY  YIIODSLJIOUEHHOMY CHMIIJIEKTY
(Ryy ..., k,)EK, nepBa K noxpuitus 1l raaikyio GpyHKUHIO

¢(hoy oy kp): UgNoo o NUp, =R,

onpejeneHHyl0 Ha (HelyctoM!)  OTKDBITOM  MHOXKECTBe
U ... NU,,, 1 ynosnersopaioulee yc/IOBHIO KOCOCHMMET-
puunoctH (1). Bce takue Koileny o6pasyior nuHealsd, KOTOPbIIl
Mol Gyzem o6ozHayaTe cumsosiom Cr (11). Korpanuua
dceCrrbo(11) kouenn c€Cr'°(11) onpegensierca npexHeil
(dopmysoil (2) (B KoTOpOH m 3aMeHEHO Ha p) JHIb C TeM
OT/IMYHEM, 4TO Kaxjoe cnaraeMoe C(Ry, ..., k; .., Ryy)
MpaBod yacTv NpepnoJaraercsi orpaHuyeHHsiM Ha Uy N ...
... NUp,,, (6e3 31010 dopMysna (2) He OyileT UMETb CMbICIa).
SicHo, uTo cooTHolweHue 8 (Oc) == (BMecTe ¢ OKA3ATENbCTBOM)
OCTaeTCs CMpaBeMIHBLIM W B 3TOM cCJyyae, T.e. Cemetcmso
Coy={Cr o), 8} aunearos C» °(Il) u eomomoppuamos

8: Crro (1) -— CP+ 1o (1l

ABAAMCH KOUERHHIM KOMNACKCOM.
Bosiee o6wum obpasom, mas modoro g—=0 ™Mbl MOXeMm
BBECTH B pacCMOTpPeHHe KOLEMHOH KOMILJIEKC

Cre(y={Cr (1), 8},

COCTOSILLMIT M3 Kouened CO 3HA4eHUSMU G opMmax cmenenu g,
T. e. U3 OMNpenelieHHbIXx Ha K, oToOpaxkeHH#l ¢, ynoBJETBO-
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PSIOILAX ycnosmo KococumMerpuyHoctd (1), 3HaueHus

(Ryy ..., k,) KOTOpbIX $iBJSIOTCA (pOPMaMH CTenew ¢,
uupeneneuummu na U,n. N Uy, (3neMentamn - ndHeana
QU n ... NUY). Oueparop & onpenensercs B 3TOM

cayuae 1ol e dopMmydoit (2) (¢ TeMH e yTOUHEHHSIMH,
KACAKMIUMHCA  orlepaTopoB orpaHuueHus). [Ipu ¢=0 Mol
nojyyaem npexxsuit komriexe C™9(11).

JliGoit kouenu ¢ € CP ¢ (11) Mbl. MOXKEM COTMOCTaBUTb KO-
ey de € Ceot# 1 (11), cuntasi no- onpede/etnio, uTo

(de) (kg -y Ry)==dc(ky, ..., k)
;119 Jio6oro yrnopsjoueHHoro -cummiiekca (ky, ..
flcHo, uTo OTOGpAaKeHUs!
(h d: Cra(l)—Cr 7' (1Y)

[IcPeCTaHOBOYHbI ¢ onepatopamu §, T. e. AJst mobeix p, ¢ =0
JutarpamMa

L k)EK,.

Cr () -2 CP o (1)

a !d
Cp,qtl(u)__)Cpll :141(1'()

kommyTarusHa. [To onpenesenuto (cM. onpeneseHHe 2 Jek-
i 20) 31O O3Hauyaer, 4To OTOﬁpa)KeHI/m (4) cocrasasior
KollernHoe oTobpakeHue

g CaQly—- Cot o (I

novrtekea C7 7 (1) B komiyeke CV 7' (11).

3ameriiM, uto d o d =0, T. e. g5t MmoBoro p = 0 cemelicTrO
Cr*M)={Cr a(ll), d} saBasieTC KOLENHBLIM KOMIJIEKCOM.
[pir 3TOM OTOGpaKEeHUs

6: Cror(ll) - - Cr v a(ll)
OVAYT COCTaBJISATh KolleNHoe oToOpaXKeHue Komnnexca cr (Y
B Kommaeke CP 1 °(11).

Onrpedenenue 3. Cemeiicrso C™ "= {CP1, 6, d} rpymu
Croegrae p, ¢ =0, u oro6paxeHuii

6: CP,(,__>C‘ullyq’ d: Cp»:] s C,le[-kl
HASLIBARTCS OBOLUHBIM KOMAACKCOM, €CJIH
808=0, dod=0ndobd=60cd,

I ¢ eCJd
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1° g moBoro ¢ =0 (mis moboro p=0) ceMeiicTao
C7=][Cr 4, 8} (cemelticrBo CP''={Cr9, d}) ABJISIETC S|
KOLEMHBIM KOMMJAEKCOM;

2° oro6paxeHnsi d cOCTaBJSKT KoueNHoe oTobpaxeiiic

d: Che— Cha+t

Komiiekca C™'9 B Kommjekc C® 9+, H, cJel0BaTelNbiio,
oroGpaxeHnst 8— KouenHoe orobpaxeHHe

§: Cpr 't Crrus®

KomiseKca CP'* B Komreke CP+1°

TaxkuM 006pa3oM, MBI BUIHM, 4TO IJisi JIOGOTO MOKPBITHS 11
rJajkoro MHoroo6pasusi £ HaMH I1OCTpOeH JABOHHON KOMIi-
JIEKC

Ch (= {(Cr i), 8, db.

Mul 6yneM HaskiBaTbh €ro 080LHbM Komnjexcom noxpuimus 11.

JBofinbie KoMmyeKchl Mbl GyaeM H3oGpakaTh Tabauuami
BHIA

G+l ., CLiq+l — |, — CP Q+1i> Cp+l,q+1
i af s Id
(5) 0,q — Ch© -5 .= CPY . CPFL e —s

.« — Q—fﬁ—r-..

!

Foo

[ —
e e —

1
i
cHY L, Cche L, L P, L CPYLO

B coorBerctBHH ¢ 3THM KoMmeKcsl C™ 9 Mbl GyneM HaseBaTh
cmpokamu [BOHHOro KoMiiekca C* °, a xomiiekest C# ' —
ero cmoabyamu.

ITonoxus ans moboro m =0

Cm = (C® m@CI, m=1 @ L @ Cm» 0,
MBI onpeieauM orofpaxkeHue
b: Cm s Cm+1
(hopmy.oi
de=468c-} d'c,
rae
d'e=(—1)?dc, ecnu c€Cr P,
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Takum obpazoM, sjemeHTamu rpynnsl C”  siBJsiOTCS
Henoukyu ¢ =(cy, ..., C,) Kouene# komnsekca C''°, pacrno-

JIOXKeHHBIX Ha €ero m-i aHTHAMArOHaJH:

Co

m

4 oToOpaXieHHe D KaXaylo TaKylo LelOYKYy MepeBOjHT B lie-

HOUKY de==(¢y, ..., €,,,), AJST KOTODPOH
€o
ey d'cy, C—é&1
ey OBeo4-d'ey,
(6) ........ Lt € —> ...
em OCm-ytdicy, .
em+l — 60”“ T

Cm—1—"Cp
Cop ==+ €41

B uactHoctH, bc=0 Torza ¥ TOJILKO TOTAa, KOTAa

0
Co - 0
dey=0, }*
) bcg+-d'e; 0, €y —> .
8¢my1+dcn O, :
8cp=0, T

Cmp—1 —> 0

|
Cpp —> 0.
Tak kak d'6c=(—1)?*'dSc n 8d'c=(—1)?8dc, T0O
d"08+80d =0, u notomy
Dob=(B04d)o(8+d)=0608+80d +d' 0ob+d od =0.
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dro o3Hauaer, uto cemeticmgo [C™, D} neasemcs Koyenuolu
KOMNAEKCOM.

['pynner koromosiorui 3TOro KOLEMHOTO KOMIIEKCA Mbi
OyaeM Ha3blBaTh epynnamu Ko2omoaocut 080LUHOCO KOMN-
nexca C° u Gyzem oﬁoax—raqam CHMBOJIOM H=(C").

B uacTHOM cayuae C™ »* (1) “sTH rpynnsl Mbl Oyaem
HA3KIBaTL 2pYnnamu_ xooo/uwtocuu nokpoimus 1L u Oyjem
o6o3HauaTh cumBosioM H™ (11).

JBoiiHoit koMmmleke nokpeitusi. 1= (U, k € K} MBI MOXeM
ecTecTBellHbLIM 06pa30M OKAlIMHTh cJeBa KoMIiekcoM e Pama
{2, d} wmunoroo6pasust &, a  CIiH3Y — KOMINIEKCOM
{CP(U; R), 8} koueneli mnoxpwitusi U ¢ KosdduumuenTamu
B nose R: '

(&)
o d: .11
0-Qug Lichaqy . SCrT) 2CPHL Q) -

i [
-ty Licuray --cCu 1(11)

ot I
i | ‘
blewdq) - Cho) ».sCro) oGP o)

00

COU; R) — OO R) ~.oosCPU ) — CPU1 (L R)

I | !
0 0 0 0

rle { — BJIOMEHHS, BO3HUKAIONHE B pe3yJ/bTaTe OTOXKAECTBJIC-
HHsl TPOU3BOJILHOrO uucsaa AE€R ¢ nocrossHHOW (yuxruuei,
npuHuMaiollell 3HadeHHe A, a 0TOOpa)keHHst | ONpefessioTes
thopmynoh

(jo) (k) =0 |u,,

rie w€Q'Z u keK.

SlcHo, uTO OTOOpaskeHusi { U | NepecTaHOBOUHbLI COOTRET-
CTBEHHO C onepaTtopamu O ¥ d, T. e. COCTABJASIOT KOLEMIILIC
0TOOp AXKEHHU A

i C°(; Ry—-ChoQY), j: Q& —COQ),
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Kpome TOro, oHH $iBJSIOTCS MOHOMOP(YUIMAMH H YAOBJETBO-
PAIOT COOTHOLUEHHUSM

doi=0, 8oj=0,

(Coornowenue doi=0 cieayer us Toro, uro ecau | ==const,.

ro df =0, a coornowenue 6o j=0-—u3 Toro, 4to Mo orpe-
JeJIeHHIO

(8¢) (Ko, k) =c(k,)—c(k,) na U/:un U/c.

A1 JIOBOro  ynopsjoueHHoro cummviekca (R, k)€ Ky, w,
tHauuT, ecmu ¢ (k)= uHa U,, 1o (8¢) (ky,k))=0.)
DTa CUTyalHs 3aC/ly’KMBaeT CMeHHalbHOTO OMpejeseHHs!.
Onpedeaernue 4. OkxaimienHoim OBOLUHMIM KOMAACKCOM

11a3bIBAETCH COCTOAAR M3 TPYNn H romomopousmoB Tabauia
BUa

, ¥ :

0 > B1 —],:;CO‘»'I - iTCp,q .,(,[pﬂ,q -

bl ' !

! . ! g

() b y *
0 - B! Licor Lot - Cprd _$‘Cp»l,l N

by r f
0B LiCoo Lho . aCro S Crih

T . L1 ............. lr ............ S

AS -» AL - > AV @, Aptl -

| ! ! I

0 0 0 0

e 4actb, OOBejJeHHAR pPAMKOIl, SBASETCH ABOMHBIM KOMII-
JCKCOM B CMbIC/Ie OrpejesieHust 3 U rje

1° cemeitcrea A'=1{A?, 8} u B'={Bi, d} sasasorcs
KOLEMHBIMH KOMIIIEKCaMH; .

2“ orofpaxeildsi [ COCTAB/SIOT Kolelilioe OToOpaxeHHe
nomiiexca A° B Kommgeke C* 0, obsajaiouiee TeM CBOHACT-
BOM, 4TO

(10) doi=0;

3° orofpaxenda j COCTABJSIOT KOUEMHOe otobpaxe-
e KoMillekca B° B xommuaeke C%°, ofnajaioilee TeM
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CBOKMCTBOM, YTO
o j=0;

4° Bce oTo6pa)keHHR® [ W | ABAAIOTCA MOHOMOpPGbH3IMAaMH,

3ameuanue 4. B pycckoéi Tonosoruueckot Jurepa-
Type OKalMJIeHHbI€ KOMILJIEKCH Ha3bIBAIOTCA TaKKe ayameH-
MUpPoBanKbiMU  GBOURbLIMU KOmnAekcamu. D10  (QOHETHYECKH
OTBPaTHOH KaJIbKOH C aHIVIMACKOrO f13blKa Mbl M0JIb30BATbCS
He OyzxeM.

M3 coorHowenus (10) HenocpeiCcTBEHHO CJenyeT, uTo,
OTOXECTBUB /8 Jqioboro anemeHra a € A snevenr ia€ C™ ¢
¢ uenoukodt (0, ..., 0, ia) €C”, Mbl MOAYYHM KOLEMHOe
orobpaxenHe [ Komniekca A’ B kommieke {C”, b}. [Heitcr-
BUTE/IBHO, TaK Kak (dof)a=0, To d ({a)=(0, ..., 0, (6ci)a) =
=(0, ..., 0, {(8a)) =i (6a).] MupyuupoBaHHblE 3TUM KOLel!-
HbIM OTOOpaMeHHeM roMOMOphH3Mbl

(11) i*: Hn(A") — H™ (C" ")

Mbl 6yjeM Ha3bIBATb HUNCHUMU KPAeBLIMU 20MOMOPHUIMAMU.
AHanoruuno onpegessiioTCH Ae6vle Kpaesvle 20MOMOPGHUIMOL

(12) *: Hm (B') — Hm (C.’ ')_

Huas psoitnoro xommiekca C™ ° (1) nokpeitus 11 MHoOro-
obpasusa £ HHXHHe KpaeBble roMOMOP(H3IMbI HMEIOT BHJ

i*: H=W; R) — H™ (1),
a JieBble—BH]
j"': H»Y — Hm (II)

Mbl GyneM roBOpHTb, YTO OKaHMJIEHHbIH JBOHHOI KOMII-
aekc (9) ayuxauuen no cmoabyam, €CJIM KaXkablit ero crosdel
SIBJISIETCS TOYHOHM I10C/NeA0BATeNbIIOCTbIO, T. €. IS JIOObIX
p, =0 HMeeT MecTO paBeHCTBO

[ Im@ AP Cre), ecn g=1)
Kerd: Cri1—-Cr 4 )=“\ Im(d: CPr 7~ — CP49), ecn q -0

[[Ipy g=0 310 paBeHCcTBO O3HAayaeT, HTO MOHOMOPQHU3M (
usoMopdHo orobpaxaer rpynny A? Ha rpymny H(Cr") =
= Ker (d: CP’°— C?'') Komnsiekca CP°, a npu g >0, ur0
rpynna H/(CP") KOroMoJordii 3TOro Komiljekca paBH
HYJIO. |
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Aganoruuto onpegensioress JBORHBIE KOMIJIEKCH, QyiK-
AUYHbIE NO CMPOKAM, /I KOTOPBIX

Im(j: BT— C%»9), ecau p =0,
Im(6: CP~vra—Crr4), ectu p>0.

KuawouoM K BuluMcsenuio rpynn koromodoruit jge Pama
IMaJKHX  MHOroo0pazuii sBJsiercss cJejyilouan aarebpa-
ecKas Jiemma:

Jlemma 1. Ecau oxadmrennsiii 06otinoti xomnaexc (9)
ayurkauuen no cmoatyam (no cmpokam), mo 0aa mo6o2o
mz=0 nuxcnuli kpaecsoti eomomopuas (11) (resorli xpaesol
comomopgpuamn (12)) swastenicst u3omoppusmon.

Hokasarcapberso. [lycrb aas kouukaa a€ A”
xomnekca A’ umeer mecTo paBeHcTBO (*[a] =0, T.e. cyue-

Ker (6: Cr -.»Cp+1w)={

CTBYET TakKasi Hernouka ¢=(Cy, ..., €,_,) €C™**, uro dc=ia.
llo onpepeacHHO 3TO O3HAYAET, YTO
0
dcy= 0, c->0
Beg+d'cy: 0, !
13 R cL— >
( ) 001}1-2“|_d Cm—1:07 :
8¢y _1=ia,
Cp-g~—+0
Cop—1-~>id,

Tak kak 10 ‘ycnosHio repBolif cronbew Kommiekca C™°
sIB/ISleTC  TOYHOM IOC/egoBaTe/NbHOCTbIO, TO CYLIECTBYeT
takas Kouenb b, € Co"~1, yrto db,=c¢,. Toraa Kouenb
¢ =c—db, (1. e., TOuHee, Kouenb c—>Dd (b, 0, ..., 0)) Oyger
iMetb BUA (0, ¢iy ..., Cn-,) H TO-TIpeKHEMY OyaeT yjpoBJeT-
BOpATH CoOTHOWeEHHW D’ =ia. [losromy G6ez orpaHuyeHus
0OMHOCTH MBI C CAMOro HauaJla MOXeM CYUTaTh, UTO ¢y =0.
Ho Ttorua Bropoe coorsomwenue (13) Gyier HmeTh BHI
tlc,==0, ¥ noromy, BBHAYy TOYHOCTH BTOPOro croJbia Komi-
Ackea C™°, 6ymer cylecTBoBaTh Takoil ajemeHt b, € Ch»»71,
wro db, =c¢,. [loaromy, 3aMeHHB ¢ Ha ¢c—Ddb,, Mbl j06bemcst
10ro, 4to ¢, =0 1 ¢,=0 (coxpaHHB cooTHOLIeHHe Dc=1a).
purasce TakMM 00pa3oM [0 aHTHIUATOHANH BHH3, MbI
B KOHIE KOHLUOB rpujeM K uenoyke ¢ Buaa (0, ..., 0,¢ _,)
rjie ¢,_;—rakasa Kouerie u3 C”71'9  yro dc,,, l_()
e _,—La Ho tak kak dc,_,=0, To—cHoBa BBUAY Toq-

m
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HOCTH COOTBETCTBYIOULEro cTonfua —CyllecTByeT TaKo# 3iic-
meHT a’' € A»~', yro ia'=c,_y, ¥, 3HAYUT, TaKOMH, 4TO

i(8a")y=06(id"y=26c,_,=1Ia.
Tockonbky oToGpaxeHue [ Mo ycJOBHIO MOHOMODGHO, 3TH\

IokasaHo, yto 8a’' =a, T1.e. uto [a]=0 B H™(A"). Caeno-
BatespHO, romomoppusm (11) sBasieTcs MOHOMOD(}DH3IMOM.

[Tyctb 1€nepb c=(cy. ..., C,_1)— POM3BOJIBHEIN fM-MC]-
Hbii  Koukksa Kommnekca {C”, d}. Torpa ana  Kouetieii
€y --.. C, BbIMOJMHEHH cooTHOWeHuss (7). B uacrHocTn,

de, = 0. TlostoMy cnoBa cyllecTByer Takasi Kouenb by, uto
IJ1st KOUHK/a c— Db, KOMIOHEHTA ¢, pPaBHa HYJIO, M, 3HAuli1,
B CHJIY BTUDPOIO COOTHOLEHHs (7) AJisl 3TOro KUUHKJI4 Oyact
MMeTb MecTo paBeHCTBO d¢y =0, M, ciegoBatenbHo, Gyacr
CYLLECTBOBATh TaKasi Kouernb b, 410 y Kouukaa ¢—dh,—bh,
Oyner paBHa HYJIO W KOMIOHEHTA C;.

[Tpogomkas 1ipouecc, Mbl B KOHLE KOHLOB TOJAYYIiM
KOLMKJ KOrOMOJIOTHUYHBIA JAHHOMY, Y KOTOPOTO BCE KOMII-
HEHTBI Cy, -« . ., C,,.1 DABHBI HYJIO, & HOC/JCHAS KOMIOHEHIA ¢,
HMeeT BUJ (q, TIe d-—HeKOTOpbif KOUMKJ Komiiekca A°
T. €. KOTOPhIH siBJisieTcss 06pasoM Kouukaa a npu ortobpa-
KeHuu i1 A" — C”. 3Dto o3Havaer, 4To roMomopdusm (l1)
ABJseTCA 3MUMopPH3IMOM. ,

CumMmerpryHoe y1BepxJeHHe O IBOHHBIX KOMILIEKCAX,
alUKJAUUHBIX MO CTPOKAM, JAOKA3biBAETCH AHAJOTHYHO. | |

Caedcmaue 1. Ecau oxalismacnnoui 0sotinot Komnaekc ()
aUUKAUYeH O cmMpoKam u no cmoalyam, mo 0aa Mobo o
m>=0 epynna H™(A") usomopgpua epynne H™(B"). ||

Caedcmeue 2. Ecau 0an omxpuimozo noxpeimus 11
= {U;, kR€K} eoradkoeo muozo06pasus X oKalumaeHHbI(
Komnaexc (8) ayuxkauwen no cmpokam u cmoabyay, mo 0
06020 m =0 epynna xozomonroeud de Pama H* X muoeovi-
pasus & usomopgra epynne rxoeomonoeud H”(U; R) no-
kpoimus 1

H»Z ~ H™(1}; R). i

Takum ofpa3oMm, B 3ToM cayyae rpyniay H”Z msl MOXKC
BBLIYHC/IATL YUCTO KOMOMHATOPHO Nto HepBy K mnokpsitus 1.
(Cp. BbuucaeHue rpynn H”S" B npeppliylued JeKuuH.)

YcnoBHe amMKJIHYHOCTH C1POK ABOHHOrO KoMiutekca (&)
npH p=0 osHauaer, YTO Kaxublil KouUHKJ ¢ € C* 7 (11) umeci
BUL [0, I'ie ® €Y, T.e. ut0 c(R)=0 Ha U, aas moborce
k€ K. Ho 3ro aeficTBHTENIBHO TaK, NMOCKOJBKY YCJOBHe, U10
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Kouens ¢: k—>c (k)€ Q U, ABasiercs KOLUHMKJIOM, O3HAuaer,
YTo
c(ky)=c(ky) na Uy, NU,,

ansi moCeIX  JIBVX HMHIEKCOB ky. k€K (118 KOTOPHIX
UnnUy = &), 1.e. Gopmut c(k), k€K, cornacopannl Ha
repeceuclHaXx W MOTOMY COCTaBJslior ueKotopyio  (opmy
0 € Q2. Takum ofpazom, ycaosue QUUKAUMHOCMU CRIPOK
npu p=10 ebinoancno 0 komnaekca (8) npoussoAbHO20
noxpeunust 1.

YeaoBust, ofecneunBalolie  aUHKAHYNOCIL CIPOK  (UpH
p - 0) u clonbuos (npu g = 0) keMmigexca (8), Mbl paccMoT-
DUM B (JeAyKLLed JeKUkH.



