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Tomorommu. 7(X,Y), GyHkTrOprasbHOCTD.

Yro Takoe kareropus.llpumepnr kareropuii, (BbyHKTODP, TOMOTOMUYECKUI
dyukrop. Kareropusi roMmoTonnaeckux THUIIOB.

IlyukTupoBanHble mpocTpaHcTBa. Kareropws NyHKTHPOBAHHBIX IIPO-
crpancTB. Mopdu3Mbl IyHKTHPOBAHHBIX MPOCTPAHCTB.

ITaps! TOmosIOTMYECKUX NPOCTPAHCTB. T POitKu, n—a/pl.

Perpakius. Perpakr, medopmannonnas perpakuus, aehOpMAINOHHBIN pe-
tpakT. CraruBaemocth. OKPECTHOCTHBIN PETPAKT.

ITapa Bopcyka.(ITocraukos, crp.83; Kierounsie npocrpancTsa.crp.15)
dyngamenTadbHad rpymma. 71 (S!). [lepemena ormedennoit Touku. Oynua-
MEHTaJIbHAA I'PYIINA JIeKAPTOBOro mpou3Benenus. Teopema Ban Kammena.

T'omoTomnug.

Paccmorpum gBa Tomosormdeckux mpoctpancrBa X um Y W ABa HENPEPBIBHBIX
0TOOpaKEHUsT

anfl : X—Y.

Bynewm roBoputs, uTo orobpaxkenus fq, f1 2omomonnw v iucats fo ~ f1, ec-
JIW CYIIIECTBYET HempepbIBHOE oToOparkerue F' mekaproBoro mpousseaenus X X [
npocTpaHcTBa X Ha €MHWYHBIA OTPe30K BemecTBeHHbIx aucen I = [0, 1],

F:X x [—Y,
JJIA KOTOpOFO BBIIIOJTHEHBI TOXKJIECTBA

F(:L’,O)Efo(l’), F(I,l)Efl(l’), reX.

Orobpazkenne F' HA3BIBACTCS 20MOMONUet MEXIY OTOOpaykeHusaMu fo u f1,
a TpoMeKyTouHble orobpaxkenus fi(z) = F(x,t) HasbBatoTca dedpopmayueds
coenuHsIONEel oTobpaxkenus fo u fi .



SaMerum, 4TO eMHUYHBIN OTPE30K | B OLpe/eeHru TOMOTOIMHA MOXKHO 34~
MEHUTh HA MPOW3BOJILHBIN OTPE30K BEIECTBEHHBIX UHCEJI, MOCKOJBKY BCE OT-
DE3KH BEIECTBEHHBIX YHCeN BUIA [a, b] roMmeoMopdHBI MexK Iy cOo0Oil, a B Kade-
cTBE TOMEOMOPGU3MA MEXKIy HUMH MOXKHO BBIOpPATH JIMHEHHOEe 0TOOparkKeHue.
Ha mpumep, romeomopdusm

¢ :[0,1]—a, b]
MOXKHO 334aTh (DOPMYJIOi

ot)=a+tlb—a), tel0,1].

3 sToro 3amedanusi CaeayeT, YTO OTHOIIEHHE TOMOTOITHOCTH MK, Ty OTOOpa-
KEHUSMU ABJISE€TCS OTHOIIEHUEM SKBUBAJIEHTHOCTH, T.€. BBIIIOJIHEHBL €CTECTBEH-
HBII CBOMCTBA OTHOIIEHUS SKBUBAJIEHTHOCTH:

o f~ 1[5
e u3 f ~ gcuenyer g~ f;
ecci fr~gug~h,10 f~h.
IIporectu mokazareabHOE paccyxkaenue!!
Ounpenenenne 1 7(X,Y)
Teopema 1 ITycmb 3adarv. HENPEPLIEHDBLE OMOOPAHCEHUS,
Jo, i : X—Y, go,91:Y—Z.

M S0 1 M ¥
Ecau 2omomonmovr omobpasicenu, u , @ MardHce 20mMoOmMonNHduL omobpasicenu,
go U g1, mo COOmMeeEMCMBYNULUE KOMNO3UUUYU ho = 4o - fo u hl =J1- fl mooatce
20MOMONHYL.

I OKABATEJLCTRBO. [Iposecru jokazaresibHoe paccyxierue!!
Teopema 2 QynrmopuasbHOCMDb:

(X, Y) x n(Y,Z2)—n(X, Z)
Omnpenenenne 2 Kamezopus 20MOMONUNECKUT MUNOE

Teopema 3 Henpepoienoie omobpasicenus f, g : X —Y X Z 2omomonmv, mozda
U Moavko mozda, Ko2da 0b6e NPOEKUUL HA COMHONCUMENU, M.E. KOMNOZUUUY
prx - f, prx - g upry - f, pry - g, coomsemcmeenno, 20MomonHbol.

Teopema 4 Unaue: Tuazpamma
m(Z,X xY) 25 s 7(Z,X)
e
(2, Y)<~—n(Z,X) x7(Z,Y)

KOMMYMamueHa.



Taxum 06pa3om, ceMeliCTBO BeexX HenPepbIBHbIX oToOpaxkennit { f : X —Y'}
pa30bmBaeTcs HA KJIACCHI MOMAPHO TOMOTOMHBIX HEMPEPBIBHBIX OTOOPAXKEHUIA.
Kareropusi TONOJIOrHYECKUX TTPOCTPAHCTB W HEMPEPBIBHBIX oToOpaskenuit T OP
TEM CAMBIM PEIyIupyeTcs A0 Kareropun HT Tak HA3BIBAEMBIX 20MOMONUYECKUL
Munos: 0OBEKTAMHU CIIy?KAT TOMOJOIMYECKHE MTPOCTPAHCTBA, a MOpdu3zmMamu —
KJIACCHI TIOMAPHO TOMOTOIHBIX HEIPEPBIBHBIX OTOOPAZKEHMIA.

ITo anasioruu ¢ mousitem romeomopdusma B Kareropun 7 OP Tomojorude-
CKHUX MPOCTPAHCTB, B KaTeropuu H7 TOMOTONUYECKUX TUIIOB BBOJAUTCS TOHATHE
20MOMONUYeCKOT IKGUBAAEHINHOCTNY TOTIOJIOIMYeCKIX IpocTpancTs . Hamowm-
wuM (cMm. ?7?), 9ro nozx roMmeoMopdhu3MOM MbI IIOHUMAEM O0PATUMOE HEIPEPbIB-
HOE OTODpAKEHUeE, T.e. TAKOE B3aNMHO OJIHO3HAYHOE HEIPEPBIBHOE OTOOPaKEeHUe
f: X—Y npocrpancrea X Ha MPOCTPAHCTBO Y, y KOTOPOTO 0OpaTHOE 0TOOpa-
xenme f~! 1 Y — X Toxke HempepeIBHO. JIpYyrEME CJIOBaMH, K OTOOParKeHHIo f
WMeeTCsi Ipyroe orobpaxkenne ¢ : Y — X | IpuvueM JBe BO3MOXKHBIE KOMITO3MW-
uuu f U g ABIAIOTCS TOXKIECTBEHHBIME OTOOPAYKEHUSIME, T.€.

frg=1dy, g-f=Idx.

Omnpeaenenne 3 I100 20momonuseckoti 9K6UBAAEHMHOCTNHIO MENHCIY MONOAO-
2uneckumu npocmparcmeamu X u'Y nonumaemcs maxoe Henpepvieroe 0moob-
pasicenue f: X —Y | daa Komopozo umeemcs dpyzoe nenpepuehoe omobpasice-
nue g : Y—X , makxoe umo dee 803ModCHbLE KOMNO3UYUL [ U § 20MOMONHDL
MOHCIECTNBERHBLMY 0MOOPAANCEHUAM, M. €.

f-g~Idy, g¢g-f~Idx,

g-f~Idx fg~1dy
T T
X Y X Y.
f g=f""1 f

B smom CAY“ae camu monono2uveckue npocmpaHcmea X u Y naswearomes
2OMOMONUYeCKU IK6UBAAEHTNHBIMU

IIpumepsr
IIpusectu nokazarennbcrsal!

1. TomeomopHBIE TOMTOIOTUYECKHE MPOCTPAHCTBA TOMOTOMMYECKN YKBUBA-
JICHTHBI.

2. SBK.HI/I'Z],OBO TPOCTPAHCTBO RTL TOMOTOIIMYECKHU 3KBUBAJIEHTHO OJHOTOY€Y-
HOMY TPOCTpaHcTBY {7} (KoTopoe MoxHO oToxkaecTBuTh ¢ RY ).

3. Bamxnyreit quck D® C RP , D" = {z e R" : 22 + 23 + -+ 22 < 1

TOMOTOTTUYECKU IKBUBAJIEHTEH OJHOTOYCYHOMY TTPOCTPAHCTBY.

[e]
4. Orxprerrerit quexk D"C RY . D" = {z € R" : 22 + 23 + -+ 22 < 1
TOMOTOITUYECKY SKBUBAJIEHTEH OJTHOTOUYEYHOMY TPOCTPAHCTBY.



CrdaruBaemMoCcTb HPOCTPAHCTBA K CBOEMY IIOAIIPOCTPAHCTBY

Onpenenenune 4 Pempakuyua, pemparxm, 0epopmayuornoit pemparxm, dedop-
MOYUOHHAA PEMPAKUUA.

Teopema 5 Pempakxuyus XL>A C X amo maxoe omobpascenue f : X— X,
wmo f - f = f. 3decv A — MHO0ICECNBO HENOIGUNCHBIL MOUEK 0MOOPANCEHUA

f.

Teopema 6 IIpumepsv. pemparmos, KOMopvle He ABALOMCA 0ePOPMAUUOHHBIMU
PEMPAKMAMU

Teopema 7 IIpumepo: JTucm Mebuyca, yusundp — dedopmayuortbie pempak-
YUY HA IKBAMOP

Teopema 8 Koncmpykuyus Bumea — dom ¢ d6yms kommamamu, Yy Komopozo
CMEHKU 00pa3yom CmAUBAEMOE NPOCMPAHCNEO.

Teopema 9 OcHogarue YUAUHOPA OMOOPANCEHUSA ABAALNCA €20 0ePHOPMAUUOH-
HOLM DEMPAKIMOM.

1 dyHaameHTaJbHad TPyNIa, HAKPLITULA, TeOpe-
ma Ban-Kammnena.

IIapsi Tomonormyecknx npocrpancTs. IlynkTupoBanubie mpo-
CTpaHCTBa

Iapot Tononorndecknx mpocTpaHcTs (X, A) Ha3BIBAETCS TOMOIOTWIECKOE MTPO-
crpancTBo X ¥ ero 3aMKHyTOe moanpocTpancTso A C X . Orobpazkenuem mnap
f: (X, A)— (Y, B) nasbiBaerca takoe orobpazkenue f : X —Y | njist KOTOporo
Boinosineno yeiaosue f(A) C B . Orpanuvenue fo = f |4 : A— B dbopmupyer
TOIJIa KOMMYTATUBHYIO JHAIPAMMY

X (1)

P

Y

ITosroMy wacTo TaksKe THUIIYT, YTO OTOOpPArYKEHWE Tap ITO Mapa 0TOOparKeHWi
(f, fo) , nas xoropoit quarpamma (1) KOMMyTaTHBHA.

Econ B mape (X, A) mogMHOXKeCTBO A COCTOMT M3 OJHON TOYKHU Zg , TO TO-
rJa npocTpancTBO X HA3BIBAETCHA NYHKMUPOSAHHbLM NPOCTPAHCTBOM HJIH NPO-
CMPAHCNEOM ¢ ommenentol moukod xo . Ilpu 3TOM OTOOPazKEHHUsT yHKTUPO-
BaHHBIX MPOCTPAHCTB JOJKHBI TIEPEBOIUT OTMEYEHHYI TOYKY B OTMEYEHHYIO
Touky. Takue oToOpaykeHus: GyjeM Ha3bIBATH NYHKMUPOSAHHOLMU 0MOGPaICce-
HUAMU.



Tomomonus nap
F:XxI—Y

— 3TO TakKas TOMOTONWs, KOTOpas IpH KaxKJIOM 3HaYeHuu napamerpa t € [
orobpazkaer noamuokectso A B B, r.e. F ecrb orobpaxkenue napbl (X x I, A x
I) B napy (Y,I) . B cuyuae 1myHKTUPOBAHHBIX [POCTPAHCTB FOMOTOLMS IIPU
KaKJIOM 3HaveHuu rnapamerpa t € I nepeBogur orMeveHHy TOUKYy To € X B
OTMEUYEHHYIO TOUKY Yy € Y .

Bce BbitTie cka3zaHHOE MO3BOJSIET ONPEAETUTE KaTeropuio H Ty MyHKTUPOBaH-
HBIX TOMOTONMMYECKUX THTOB KaK KATErOPUIO MyHKTHPOBAHHBIX TOMOJIOTHIECKAX
IPOCTPAHCTB, MOPMHU3MBI KOTOPBIX SABJIATCA KJIACCAME MONAPHO TOMOTOITHBIX
IIyHKTUPOBAHHBIX OTOOPAKEHMIA.

PDyumaMeHTATIbHAA TPYIINa

Paccmorpum gamrrymol (0puenmuposartoill) nyHKmuposartoil nyms B Iy HK-
THUPOBAHHOM TPOCTPAHCTBE KAK HEMPEPBIBHOE OTOOPAYKEHNEe eMHIIHOTO OTPE3-
Ka [ JeficTBUTEIbHBIX YHUCET B MIPOCTPAHCTBO X ,

~v:[0,1]—X,
KOTOPOE HAYMHAETCA W KOHIAETCS B OTMEYEHHOH To4uke xg € X , T.e.
7(0) =7(0) = o.
Jpyrumu ciroBamMu, OTOOPAXKEHUE Y sBJIAETCs OTOOPAYKEHUEM TIap
7+ ([0,1],{0, 1})— (X, zo).

Kak n B cayvae romoromnuit oToOpaKeHUil 3aMeTHM, 9TO 3aMKHYTHIH TyTh
MOZKHO 33/IaBaTh ITPU MOMOIIIN HENPEPHIBHOIO OTOOPAYKEHNs TPOU3BOJILHOTO OT-
peska [a,b] :

v ([a’a b]a {aa b})H(Xa IL’()).

ITpn ToM 3aMKHYTHIH MyTh Kak OJHOTIaApaMeTpudeckoe ceMeiicto Touek {7(t)},
[a,b] Bymem cumTaTh HE 3aBUCHMBIM OT KaK BbIOOpA OPMEHTHPOBAHHOIO TTapa-
Mmerpa ¢ € [a,b], Tak u or BBIOOpa caMoro orpeska [a,b]. JIpyruMu ciaoBamu JBa
3aMKHYTBIX IIyTH

71 : (la1, 1], {a1,b1})— (X, w0), 72 : ([az, ba], {az,b2})—(X, x0)

Oy/JeM CUMTATh YKBUBAJIEHTHBIMU (T.€. He OyIeM UX Pa3/Indarh), €CJIU OJUH Hapa-
MEeTp MOXKHO 3aMEHUTh Ha APYTOH, T.e.MMEETCS roMeoMOpPdu3M, COXPAHSIONTII
Ha4yaJsa 1, COOTBETCTBEHHO, KOHIbI OTPE3KOB

@ i lar,bi]——laz,b2], p(ar) =az, ©(b1) = by,
J I KOTOpOFO BBIIIOJTHEHO TOXKJIECTBO

Y2(t) = 11 (p(t)), t € lar,bi].



MHOKeCTBO KJIACCOB MOMAPHO TOMOTOITHBIX WA SKBABAJIEHTHBIX 3AMKHYTHIX
IYHKTUPOBAHHBIX MyTeil B MyHKTUPOBAHHOM npocrpancrse (X, xg) Oyaer 06o-
suavarbesa deped 7y (X, xg) . 3aMeTuM, YTO IKBUBAJIEHTHbIE HYTHU, MOJIYYAIO-
IMECsT IPYT W3 JAPYyTa IIyTEM 3aMEHbI NMapaMeTpa Ha OJHOM M TOM K€ OTpe3-
ke [a,b] oueBMmHBIM 06Pa30M TOMOTONHBI, MOCKOJIBKY JH000# romeoMopdusm
® : la,b]—[a,b] , coxpausOmMil HAYATIO W, COOTBETCTBEHHO, KOHEI[ OTPe3Ka,
TOMOTOTIEH TOXKIECTBEHHOMY OTOOPAsKEHUIO.

Bo muoxkecTBe 71 (X, o) KIACCOB MOMOTOIHBIX IyTel €CTeCTBEHHBIM 00pa-
30M 3azaercs onepaius y1 * y2 € (X, o), 11,72 € m1 (X, zo),

* 7T1(X,l‘0) X 7T1(X,$0)—>7T1(X,$0),

Ha3LIBAEMAST ONEPAUUET KOMNO3UUUY UAU YMHOdCeHUA. OTepaIus KOMITO3UIINT
3aAeTCA CIeIyIONAM 00pa3soM. PaccMOTpuM IBa KJIacca 3aMKHYTBIX ITyTei
v1,72 € m(X,x0), . Be3 orpanuuenus oOmHOCTH OyJeM CUUTATh, YTO Yy 3a-
MKHYTOIO [IyTH 7y HapaMeTp Ipoberaer OTpe3ok [a, bl, a y 3aMKHyTOro Iy TH 72
napamerp npoberaer orpe3ok [b, ¢]. Paccmorpum orpesok [a, ¢] paBublit 06benu-
HEHHMIO JIBYX OTPE3KOB

[a,c] = [a,b] U b, ]
C eIMHCTBEHHOMU 00Imel To4koi b. SagaauM oTobpazkeHue
v3 @ [a, ] —X
dopmyioii:

v2(t), te€[b,(]

910 onpeneneHre KOPPEKTHO ONMPEIENSieT HEePEePhIBHOE OTODPAXKEHHE 73, TO-
CKOJIbKY B €IUHCTBEHHOI 00Ieil TouKe b 3HadeHusi OTOOPAKEHUN Y, U Y2 COB-
aJIAT0T:

oa(t) = { 7 (t), te€]a,b],

71(b) = 72(19) = Zo-

Tax mocrpoennoe orobpazkenue OygeM 0D03HAYATH UEPE3 Y3 = Y1 * Yo H
HA3bIBATH KOMNO3UYUET 3AMKHYTHIX IIyT€H KOMNO3UYUUA 3AMKEHYMOLT NYymed.
Ecnmu mapaverp t mpeacTaBisTh KaK BpeMs, a CaM IMYTh KaK JIBUXKEHUE TOY-
KF B MPOCTPAHCTBE X, TO KOMIO3UIIUs TPEICTABIISIET COO0M MOCIe10BaATETHHOE
MPOXOXK/IEHHE TOYKHU IO JIBYM IIyTsIM, CHAYATIA M0 HEPBOMY IMYTH, & MOTOM II0
BTOPOMY IIyTH.

Teopema 10 OnpedeseHue KOMNOSUYUUY * 3AMKEHYMBLE NYMeET KOPPEKMHO Ne-
PEHOCUMCHA HA UL 20MOMONUYECKUE KAACCHL, M.€. Ha mHoocecmeo 71 (X, zg)
Ipyeumu cA068aMU, €CAU NYMD Y| 20MOMONEH NYMU Y], G NYMb Yo 20MOTNONEH
NYMU Yy, MO KOMNOZUBUL TNOHACE 20MOTMOTIHL:

Y1 % Y2 ~ Y] * Vs



Teopema 11 Mwnoorcecmeo w1 (X, xo), ocnawernoe onepayuets * AALEMCA 2PYN-
not.

Ppynna 71 (X, z) (B upe/iioioxKenuu onepamnuu * ) Ha3blBaeTCs GyroameH-
maavholi 2pynnotd TyHKTUPOBAHHOTO mpocTpaHcTBa (X, o)

Teopema 12 HenpepuisHnoe omobpasicenue nyHKmMUPOSAHHHLET NPOCTMPAHCE
(X, 20)— (Y, v0)

NPU NOMOWU KOMTO3UYUY 0MOOPANHCeHUT nopoxcdaem 20MomopPusm dynda-
MEHMANOHOLL 2PYNT
fermi(X, o) —m1 (Y, v0).

Teopema 13 /J[6a 20MOMONHBT HENPEPLLEHBLT OMOOPAINCEHUA NYHKEMUPOSAH-
HBLT NPOCMPAHCNE

[~g: (X, 20)—(Y,%0)

noposicdarom odur u mom dHce 20MOMOPPHUIM PYHOAGMEHMANDHBLL 2PYNN,

fe = gs (X, 20)—711(Y, 0)-

Teopema 14 /[aa 06yxT HENPEPuLEHHLT 0MOOPAHCEHUT NYHKMUPOSAHHBLT NPO-
cmpaHcme
[ (X,20)—(Y,90), ¢:(Y,90)—(Z,20)

KOMNOZUYUA HENPEPLLEHBLL OMOOPARCEHUT NEPETOOUM. 8 KOMNOSULUIN 20MOMOP-
Pu3M06 GYHIAMEHMANLHBLL 2PYNN:

g« - f* = (g : f)* : 7T1(X71‘0)—)7T1(Z,Zo)

CaencrBue 1 Ecau nynxmuposannve npocmpancmea (X, xo) u (Y, yo) 2omo-
MONUYECKU IKEUBAAEHMHIL, MO UT GYHOGMEHMAILHILE 2DYNNDL U3OMOPPHHDL

m1(X, w0) = m1(Y, o).



Apyroe onpepenenune pyHaaMeHTAIbHO IPyHIbI

Beaknit 3aMKHY TN TyHKTHPOBAHHBIN Ty TH
~v:([0,1],{0,1})— (X, z0).

TYHKTUPOBAHHOTO MPOCTPAHCTBA MOYKHO OJHO3HATHO MPEJACTABUTH B BUIE KOM-
THO3UIAN

([0’ 1]7{071}) - (X,:Z?o),

(Sl7 50)

MPUYEM COOTBETCTBUE 7y = 7 SBJISETCS B3aMMHO OJHO3ZHAYHBIM MEYKy 3aMKHY-
THIMU [TyHKTAPOBAHHBIMHY [Ty TAMHU W TYHKTUPOBAHHBIMU OTOOPAYKEHUSIME OKPY K-
HOCTH, COIJIACOBAHHBIM C 'OMOTONUAMYU IIYHKTUPOBAHHBIX IIPOCTPAHCTB.

Teopema 15 Omobpasicenue f : (S, s0)—(X,10) pearusyem netimpanvroiii
anemenm epynnve 11 (X, x0) moezda u moavko mozda, xozda omobpasicenue f
npodoasicaemcs do nenpepvieHozo omobpasicenus deymeprozo ducka (D?,s0), y
Komopozo oxpyostcrocms (St so) Aeasemes eparued.

Teopema Ban-Kamrmena

Teopema 16 (Ban-Kammnen) @yndamenmanvrasn zpynna 6ykema (XVY, oV
Yo) 08YT NYHKMUPOBAHHHE AOKAALHO AUHETHO CEAZHOLL AOKANLHO 00HOCEAZHLET
npocmpancme npocmparncme (X, xo) u (Y,y0) usomoppna ce60600nomy npous-
6edeHu PYHOGMEHMANLHOLL 2PYNTL CAAZAEMDIL:

T (X VY, 20 Vyo) = m1(X,z0) * (Y, y0)-
JOKABATEJILCTBO. UMmerorcst ToMoMOpGhU3MbI
iv (X, 20)—m (X VY, 20 V1),

Je (Y, 90)—m1 (X VY, 20 Vo),

IIOPOXKITAEMBbIE BJIOZKECHUAMN

i (X, 20)—(X VY, 20 Vo),

J: (Yoyo)—(X VY, 20 Vo),



Bnauur, cyniecrByer romoMopdusm
i V st (X, 20) * T (Y, 90)—m1 (X VY, 20 V 90).

Smumopduam: IMycrs f : ([0;1],{0,1})—(X V Y,z V yp) orobparkenwue,
peasiuzytoiee HeKOTOpbiil asement B rpynme w1 (X V Y, zo V yo). [NokpeiBa-
em npocrpanctBo X V'Y rpems orkpbirbivu MuokecrBamu: U; = X \ {zo},
U- =Y \{y}, u Uy C X VY — cBaA3HAA U OJHOCBA3HAS OKPECTHOCTH TOYKH
7o V yo- IIpooGpaser Beex Tpex muoxects f~H(U;), f~1(Uy,.), f~1(Us), pacnana-
I0TCs B HECBA3HbIE O0bEIMHEHUs MHTEPBAJIOB (U JABYX MOJyUHTEPBAJIOB). OHU
MOKPBIBAIOT Bech 0Tpe30kK [0, 1]. BuauuT, cyuiecTByeT KOHEIHOE CeMElCTBO TaKUX
nnTepsanon, ckaxem, £ = {(al, )}, R = {(af,80)}, O = {(a?,8)}.

WNurepsansr u3 £ U R MOKHO IPOHYMEPOBATH CJI€Ba HAIPABO TAKUM 0Opa-
30M, 9Tobbr £ UR = {(25,v:)}, ¥i < x;41. Be3 orpannvenns oGUTHOCTH MOYKHO
CUUTATh, YTO B CJIy4ae, KOIJA Y, = T;jy] 9T TOUKA OTOOPAXKAETCA B OTMEUEH-
HyIO TOYKY. B ciaydae ke, Korma y; < X;y1, OTPE30K [Y;, Ti41] OTOOpazKaeTcs B
okpecTtHOCTH Up.

ITocKoMBbKY OKPEeCTHOCTH JINHEHHO CBA3HA U OJHOCBA3HA, TO JI00asd TOYKA
z € Uy coemnHseTCS ¢ HAYAIbHOM TOYKOM X V Yo KPUBOH 7,, €IUHCTBEHHON C
TOYHOCTBHIO JI0 TOMOTOINNY, HEMOABWXKHOI Ha KoHIax. Torma Kpusast f TOMOTOT-
Ha KpuBOH [/, KOTOpast pacmasaercss B KOMIO3UIAI0 KPUBBIX

I = (floryn * 7]7(1,1)) * (Vrn) * Sy wa) * ’V;(la;z)) * (Vf(@2) * flwawal * 7;(1,2)) Koo
o (Ve * Siyeanaa) * ’7;(;;”1)) * (Vf(aren) * Slorprwei] * ’Yf_(lykﬂ)) e

ok (Vo) * Slyw—ron] * ’7]7(;1\7)) * (Vr(an) * flonyn))-

Kaxapiii u3 comuozkureneit 3azaer aubo sjaemenr B rpyiue m (X, zg), aubo
B rpymme 71 (Y, yo), 1160 HEATPATBHBII SIEMEHT, T.€. KOMIIO3HIHS MTPEICTABIISET
ssieMeHT B cBoOomHOM mpoussenenun 71 (X, xo) * 71 (Y, yo)-

Monomopdusm: Ecimm cimoBo aibiasbs - apb, maer HeATpaIbHBIA 3JIEMEHT,
TO CyIIeCTByeT OTOGpazKeHHme KBaapaTa I2, KaK [HOKA3aHO HA KapTHHKe. Kpac-
HBIM OTMEYeH Ipoobpa3 X, CHHUM OoTMedeH mpoobpa3 Y, a KeJaTbIM — Ipoodpas
OTMEUeHHOU TOYKHU. JlasibIlle HYKHO TPUMEHSTH Teopemy 2Kopaana, KOTOpas
ObLTa, CTyIEHTAM [IOKA3aHa B KypCe HATJISIHOW TNeOMETPHH Ha TEPBOM KypCe:
Becr kBajgpar pa3buBaercsd Ha KOHEYHOE HUMCJIO OBaJOB. CaMblil BHYTpEHHUIT
JAeT TPUBUAJIBHOCTD, CKazKeM, by. U T.I.



di b1 d> b2 ds b3

a b azbza3b3:1

ITapa Bopcyka m nmpouee
Teopema 17 If (X; A) is a CW pair consisting of a CW complex X and a

contractible subcomplex A, then the quotient map X—X/A ([1]), p.11 is a
homotopy equivalence.
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[1] Allen Hatcher, Algebraic Topology, 2000.
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