Jeknms 1.

OIIpeJieJIEHUsI: METPUIECKOE IIPOCTPAHCTBO, cdepa, OTKPBITHIN I1ap, 3aMKHYTHIHA IIap, OTKPBITOE MHOXKECTBO
METPUIECKOTO TTPOCTPAHCTBA, HEIPEPHIBHOE OTOOPAYKEHUE METPUIECKUX TPOCTPAHCTB.

1. Jokaxkute, 9T0 TpUBHAJIbHAS METPUKA JIEHCTBUTEIHHO SIBJISIETCST METPUKOIA.

2. Nzobpasure cdepy n OTKPHITHI map ¢ meHTpoM B Touke (1,2) pamuyca 1 B KAHOHHYECKON METpHUKe U B
TpuBUAJIBHON MeTpuKe. OTBET 0OOCHOBATH.

3. UzobpasuTe chepy U OTKPBLITHIH Iap ¢ meaTpom B Touke (1,1) pagmyca 2 B merpuke p(A, B) = max{|a' —
bl Ja? — b]}.

4. Nzo6pasure cepy u OTKPHITHIH Tap ¢ menTpoM B Touke (1,2) pammyca 1 B merpuke p(A, B) = |a* — bl |+
la? — b.

5. Ha mockoctu R? faHbl BHYTpeHHHE TOYKH HEKOTOPOTO KpyTa (B OOBIYHOM CMBICJIE 9TOTO CjioBa). Bymer
JIL 9TO MHOYKECTBO TOYKE &) OTKPBITHIM, 0) 3aMKHYTBIM Jjisi KaxK0ii u3 yerbipex Merpuk? OrBer 060CHOBATS.

6. Ha mtockoctn R? nam mnrepsas. Byser /i o a) OTKPLITBIM, 6) 3aMKHYTBIM I KayKJIOil U3 JeThIpex
MeTpuk?! OrBer 060CHOBATD.

7. Ha mockoctun R? 3amana romorerns f (To ecTb dbukcuposana Todka O W OTIMYHOE OT HYJIO HHCJIO
m. Kaxmoit Touke M IJIOCKOCTH CTABAUTCA B cOOTBeTCTBHE TOukKa M’ Takas 9ro W = mO—]\>/[ ). Byzner s
s10 orobpazkerne f : X = RZ — Y = R? HenpepbiBHBbIM, ecsin Ha X TPUBHAIbHAS METDHKA, & HA Y —
p(A, B) = |a' —b| +|a® — b°|.

8. Ha mmockoctu R? 3amama romorerust f (To ecth dbukcnposana Touka O W OTIMYIHOE OT HYJIO YHCIO M.
Kaxoit Touke M ILIOCKOCTH CTABUTCSA B COOTBETCTBHE TOuka M', Takas 9To W = mO—]\)[ ). Byzner qu sTo
otobpaxenue f: X = R? — Y = R? nenpeprsisabiv, ecin na X Merpuka p(A, B) = |a* — bY| + |a® — b?|, a ma
Y — TpuBmajibHasI MeTPHKA.

JIeKIUs 2.

OTIPEJIEJIEHNUsI: TOMOJIOTHIECKOE TTPOCTPAHCTBO, OTKPBITOE MHOYKECTBO TOITOJIOTMYECKOTO MPOCTPAHCTBA, 3a-
MKHYTOe MHOYKeCTBO, 6a3a romosoruu, 6ojiee ciaabas TONOJIOrus (CUIbHASI TOIIOJOIHS ), TOOJIOTUsT 3aPUCKOTO,
JAUCKpeTHas TOIIOJIOIUd, aHTUJIUCKPETHad TOIIOJIOTUA, METPpUIEeCKOe IIPOCTPAHCTBO, OTKprTbII‘/JI map B MeTpu4e-
CKOM IIPOCTPAHCTBE.

1. Jokaxkute, 9T0 OTKPBITHIA AP ABJIAETCA OTKPBITHIM MHOXKECTBOM B METPHYECKOHN TOTOJIOTHH.

2. Tokaxkure, 9TO 3aMKHYTBIH AP SBJISETCS 3aMKHYTBIM MHOYKECTBOM B METPUIECKON TOITOJIOTUN.

3. IIpusegure nmpumep HecpaBHUMBIX TonoJoruii. OTBeT 060CHOBATD.

4. Ilycrs (X, 7) — Tomosiormyueckoe mpocTpancTBo. Jlokaxkure, uto cemeiictBo B C T sBisercs: 6asoi To-
MIOJIOTHH T TOTJA W TOJBKO TOTMa, KOTIa JJIsi JI0O0ro HemycToro MuoxKecrBa U € 7 u joboit Toukn x € U
cymecrByer V € A, takoe uro x € V C U.

5. ITyers (X, 7) — Tomosornueckoe npocrpancTso. JJokaxkuTe, aTo cemeiictBo B Oyer 6a30ii Tomosoruu T,
ecan g m06eIxX Vo, Vg € B u moboro x € V,, N Vg cymecrsyer V., € &, takoe uro x € V,, C V, N V.

6. Ilycts X — npoussosbHoe mMuHOXKecTBO, B = {V,} — ero nokpeitue. Jlokaxkure, 910 €cjau Jjist JIOOBIX
Vo, Vs € % u moboro x € V, N V3 cymecrsyer V, € %, takoe uro € V, C V, N V3, T0 XA saBiserca 6azoit
HEKOTOPOii TonosIorus (oCTpoiiTe MHOYKECTBA STOI TOMOJOIUHU U JIOKAXKUTE, YTO BBIIOIHSIIOTCI TPU TPEOOBAHMS
U3 OIIPeJIeJIeHNs] TOIOJIOTHH ).

7. Ilycrs nano muOXKecTBO X 1 ero nokpsitue {V,,}. Ilokaxnre, uro MHOXKeCTBO B = {Nack Va}, tie K —
IPOU3BOJIbHOE KOHETHOE MHOXKECTBO WHJIEKCOB (v, SIBJIIETCsT 62301 HeKOTOPOii Torosioruu. Kak 6y Iy T BbITJISIIETh
9JIEMEHTBI ITON TOMOJOTUHU?

8. Jlokazkure, 4T0 13 6a3bl €BKJIAIOBOI TOMOJIOTMH MIPSIMOIl MOXKHO BBIKMHYTH ITPOU3BOJIbHBIN MHTEDBAJ.

9. [IpuBeaure TpuMepsl 0a3 AUCKPETHON M AHTUIUCKPETHON TOMOJIOIHUH.

10. TTokakure, 9TO cHCTEMA OTKPBITHIX KPYIOB U OTKPBITHIX KBAJIPATOB MOPOKIAIOT OJHY U Ty YK€ TOIOJIO-
ruto. YeMm oHU sIBJIsitOTCs 6a30i mim 1pea6a3oii?

11. OnumunTe Tonosoruio Ha npamMoii R', mpen6aszoit KOTOPOH sIBJISIOTCH BCe GECKOHEUHBIE MHTEPBAJIbI BUIA
(00,b) u (a,00), a,b € R.



12. Ormmre TOTMOTOTHIO Ha psiMoit R Tpe16a30it KOTOPOit sABIAIOTCS Bee GeCKOHeTHbIe HHTepBaJIb (a, 00),
a € R

JIEKIHST 3.

OTIpeIeJIeHNsI: TIOJHBII IPO0OPa3 TOYKHU, IOJIHBII IIPO0OPa3 MHOXKECTBA, HEITPEPHIBHOE OTOOPAYKEHNE, MH Ty IIH-
pOBaHHAS TOIOJIOTUs, TOIOJIOTHS WHIYIINPOBAHHAS OTOOParKeHWEM, 3AMKHYTOE MHOXKECTBO B TOIIOJIOTUIECKOM
IPOCTPAaHCTBE, OTKPBITOE MHO2KECTBO B TOIIOJIOTUYIECKOM IIPOCTPaHCTBE.

1. Jokazkure, uto f~1(UyAn) = Uaf 1 (As).

2. Hokaxure, uto f~H(ANB) = f~1(A)n f~1(B).

3. Hokazxkure, aro f~1(Y \ A) = X \ f~1(A).

4. JlokaxkuTe, 4YTO OTOOPaKEHHUS U3 IIPOM3BOJIBHOIO TOIOJOTMYECKOI'0 IIPOCTPAHCTBA B aHTUINCKPETHOE U
13 JUCKPETHOIO B IIPOM3BOJIBHOE — HEIPEPHIBHBI.

5. Jlokakure, 9YTO TOMOJIOTUS WH/IYIINPOBAHHAS OTOOPAXKEHUEM SIBJISIETCS TOIOJIOTHEH.

6. Paccmorpum oTobpazkenue BiIOXKeHUs in KBaJpaTa B INIOCKOCTH (C eBKJIMIOBO TOIOJIOrUel) 1 0Tobpazke-
Hue f KBaJpara B IIJIOCKOCTb B BHJIE YeTHIPEXJIEIIECTKOBOM POMAIIKY (BEPIIMHBI KBaIPaTa 0TOOPAXKAIOTCS B OJIHY
TOYKY — CEP/IIIEBUHY POMAIIKH, & CTOPOHBI IPEBPAIIAIOTCS B JerecTKH poMainkn). Ouunmmre WHyIMpOBaHHbIE
Ha KBaJIpATEe TOIOJIOTUU W CPABHUTE UX.

7. Iycrs gano Tonosiormdeckoe npocrpacrBo (X, Tx) u orkpbiToe MHOXKecTBO A B Hem. [lokaxkure, 4ro
s060e oTkpbIToe B A MHOYXKecTBO U Oyzer OTKphITHIM B X.

8. Ilycrh maHo Tomosormyueckoe npoctpanctso (X, 7x) u 3aMKHyTOe MHOXKecTBO A B HeM. Jlokaxkure, 4To
moboe 3aMKHyTOE B A MHOXKeCTBO F' Gy/eT 3aMKHYTHIM B X .

9. lokaknute KpuTepuil HEIPEPHIBHOIO OTOOPAYKEHNS B TEPMUHAX 3aMKHYTHIX MHOXKECTB.

JeKnus 4.

OIIpeJieJIeHNsl: HEIIPEPhIBHOE OTODparKeHre, 3aMKHYTOe MHOXKECTBO, TOMEOMOP(U3M, TOIOJIOIUNIECKIU HHBA-
puaHT, XaycaopdoBa TOMOJIOTHS.

1. Jokaxkure KpUTEpHii HEIIPEPHIBHOCTU B TEPMUHAX OA3bI.

2. IMokaxkure, yro orobpaxkenne [ : X — Y HempepbIBHO TOIJa U TOJBKO TOTJA, KOIJA IOJHBIA 1Ipoobpas
JIFOOOT0 3jIeMeHTa IIPea6a3bl TOIOJIOTMYECKOrO IPOCTPAHCTBA Y OTKPHIT B X .

3. llycre X = F1UFy, tie Fy u Fy — 3amkHyThIe MHOXKeCTBa. JloKaxKuTe, 910 f HEIPEPBIBHO TOTIA U TOJBKO
TOIJIA, KOIJ@ HEelPepbIBHbI oToOpaxkenus f|pm u f|p,.

4. JlokaxkuTte, 9TO XaycI0pdOBOCTh ABJISIETCHA TOIOJOTMIECKUM MHBAPHAHTOM.

5. Jlokazkure, 4TO OKPY?KHOCTH C BBIKOJIOTOI TOYKON roMeOoMOpdHa, MPIMOii.

6. /lokazkure, 9T0 JII0OBIE JIBa OTPE3Ka TOMEOMOPQHBI.

7. Ilokaxkure, 9TO JUCKPETHOE MIPOCTPAHCTBO HE TOMEOMOP(MHO AHTHIUCKPETHOMY IPOCTPAHCTBY (OHO CO-
JIepKUT 6oJiee OIHON TOYKM).

8. Jlokazkure, YTO MHTEPBAJ U OTPE30K C JUCKPETHBIMHU TOIIOJIOIUSIMUA TOMEOMOPQHBI.

JIEKITIHST 5.

OTIPEIeJICHNUsI: TOIOJIOTHS IEKAPTOBA MIPON3BEICHNST, 0a3a TOMOJIOIHH, HEIIPEPBIBHOE 0TOOPAXKEHNE, OTKPHITOE
MHOKECTBO, 3aMKHYTOEe MHOXKECTBO, OKPECTHOCTH TOUKH.

1. OuumunTe MHOXKeCTBa, 6a3bl JEKAPTOBO TOIOJOTHM HA MHOXKeCTBe 2 = (0,1) x (0,1), eciim Hu mHTEP-
BaJlaX 3aJIaHA a) EBKJIUJ0BA, €BKJIUJIOBA TOIOJIOrUd; 6) €BK/IUI0BA, JUCKPETHAS TOIOJIOTU; B) JUCKPETHA,
AHTUIUCKPETHAS TOIOJIOTHS.

2. Onmmnre MHOMKeCTBa 6asbl aByMepnoro Topa T2 = S' x S, ecim ma OKpy»KHOCTSX 3aJaHBI TOMOJIO-
rud a) obe MHIYIMPOBAHBI €BKJIMJIOBOII TOOJIOrUeH IUIOCKOCTH; 6) JUCKPeTHAs, eBKJIMIOBA; B) JUCKPETHA,
AHTUIUCKPETHAS.

3. Hoxaxwure, uro orobpaxenue f : X — Y X Z HempepbIBHO TOTJA U TOJIBKO TOTJA, KOTJA HEIPEPHIBHBI

orobpazkenus pry o f u prz o f.



4. Ilycrp X — Tonosiorudeckoe IpocTpancTBo. JIokaxKuTe, 4To TOIOJIOrHYecKoe IpocTpancTBo {y} X X ro-
MeOMOP@HO TPOCTPAHCTBY X .

5. Ilycth orobpaxkenue f : X x Y — Z uenpepwisHo. Jlokaxkure, ato orobpaxkenue f, : Y — Z, f.(y) =
f(z,y), tae © — HUKCUPOBAHHBII 2JIEMEHT, HEIIPEPHIBHO.

Jeknus 6.

OIIpeieJIeHnsi: OTHOIIEHNE SKBUBAJIEHTHOCTH, (PAKTOPMHOXKECTBO, OTKPBITOE MHOXKECTBO B (PAKTOPTOIIOJIO-
UM, HelpePBIBHOE oToOpazkenue, (pakTop orobpazkenus f 1mo pa3bueHnio S, CTATMBaHUE MHOXKECTBA A B TOUKY,
ckJeiika 1o ouekrun f: A — B.

1. IlycTp Ha mpsmoit R 3a1aH0 OTHOIIEHWE SKBUBAJEHTHOCTH ¢ ~ b, €CJii CyIeCTBYeT HEHYJIEBOE UHCJIO A,
rakoe 4ro a = Ab. Ilepeuuncsure asementsl dakropronosoruu (¢ 060CHOBAHUEM ).

2. Orobpazkenne f : X — Y mocrostHHOE Ha KaxKJIOM 3JIEMEHTe PasOMeHHs] TOTJA U TOJIBKO TOIJA, KOIJa
cymectsyer g : X/g — Y, takoe uro f = go pr. Ilpu arom g = f/s. Jokaxure.

3. Ecm f : X — Y HenpepbiBHOE 0TOOparKeHME TOIOJOTMYECKUX IMPOCTPAHCTB, MOCTOSHHOE HA KaXKIOM
asiemenTe pasbuenus S, 1o orobpaxenue f/g: X/g — Y menpepsisro. Jokaxure.

4. Jlokaxkute, 9T0 (DAKTOPTOIIOJIOIUS JI€EHCTBUTEIBLHO SABJISETCS TOIOJIOTUEN.

5. IIycTs Ha mIockocTH R? 331aHO0 OTHOIICHIE SKBUBAJIEHTHOCTH X ~ 1/, €CJIU CYIIECTBYET HeHYJIeBOe TICIIO ),
taxoe uTo T = \y. OmmmmTe akropmuoKecTBo R? /., OTKPHITbIE MHOXKECTBA B (DaKTOPTOIOIOT T, TTPUBEIATE
prMep 3aMKHYTOrO MHOXKECTBa B (DAKTOPTOIIOJIOTHH.

JIeKInst 7.

Mozkem cebuiaThest (6BIIO I0KA3aHO B Kypce GakajgaBpuaTa) HA CBA3HOCTh IPOMEXKYTKOB MPSIMOI, TIPSMOI,
OKPY2KHOCTH (TOIOJIOTUS €BKJIAIOBA).

OTIPeNieJIEHUsI: OTKPBITOE MHOXKECTBO B (PaKTOPTOIIOJIOTUHN, HECBSI3HOE TOIOJIOTUIECKOE MIPOCTPAHCTBO, CBSI3-
HO€E TOIIOJIOTUYIECKOe ITPOCTPAHCTBO, HECBSI3HOE MHOXKECTBO B TOIIOJIOTMYECKOM IIPOCTPAHCTBE, CBSI3HOE MHOYKe-
CTBO B TOIIOJIOTMYECKOM IIPOCTPAHCTBE, COKPAIIEHNe OTODPayKeHMsI.

1. Byger jiu MHOXKECTBO DPAIMOHAILHBIX dncel ( CBA3HBIM MHOXKECTBOM IpsiMoii R a) ¢ eBK/IMI0BOI TOIIO-
Jiorueii; 6) ¢ AUCKPETHON TOMOJIOrUeli; B) ¢ aHTHIUCKPETHOI TomoJorueil; ) ¢ romosorueii 3apuckoro?

2. JlokakuTe, YTO CBI3HOCTDH TOIOJOTMIECKOIO IIPOCTPAHCTBA COXPAHSETCH IIPU HEIPEPBIBHBIX CIOPHEKTHUB-
HBIX 0TOOPaKEHUSIX.

3. Jlokazkure, 9TO COKpAIeHNe HEIPEPHIBHOIO OTOOPAYKEHUSsI sIBJISIETCsT HEIIPEPBIBHBIM OTOOPasKEHUEM.

4. JlokazKuTe, YTO KBaJpaT CBA3HOE MHOXKECTBO IJIOCKOCTH.

5. Jlokarkure, YTO OTPE30K HE TOMEOMODPMEH KBAIPATY.

JeKIus 8.

OIIpesieJIeHUsl: IIyTH, IIPOU3BEIEHUsI IIyTel, JUHEIHO CBSI3HOIO TOIOJOTMYECKOr0 IIPOCTPAHCTBA, JIMHEIHO
CBSI3HOTO TOJMHOYKECTBA TOIMOJIOIMIECKOTO ITPOCTPAHCTBA, OTKPBITOTO MOKPBITHUSI, TOIIOKPBITHS, KOMITAKTHO-
IO TOMOJIOTMIECKOTO ITPOCTPAHCTBA, KOMIIAKTHOTO IIOJAMHOYKECTBA TOMOJIOIMTIECKOTO IIPOCTPAHCTBA.

1. Jokaxkwure, uro R™ \ {0} siBisieTcst TuHEHHO CBSI3HBIM.

. Hokaxkurte, uro R" sBjisieTcst TUHEHHO CBASHBIM.
. Jokaxxure, 9r0 1000€ JIUHEHHO CBSI3HOE TOIOJIOTUIECKOE MPOCTPAHCTBO SIBJISETCS] CBSI3HBIM.

. HokazkuTe, 9TO IpsAMasd ¢ eBKJIMIOBOM TOMOOTHEH He sIBISIeTCS KOMIIAKTHOM.
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4

5. BeisicHuTe, OyeT Jin IpsiMasi ¢ AaHTUIUCKPETHOM TOIOJIOI el KOMIIAKTHOH?

6. Byzser i MHOXKecTBO {0} Ha IpsIMOI ¢ ToOMOMOrHEH 3aPUCKOTO KOMIIAKTHBIM ?

7. Byner i MHOXKECTBO PaIMOHAJIBHBIX YHCE/ KOMIAKTHBIM HA MPSIMOI C JUCKPETHONW TOMOJIOTHEH !
8. Byjsier jim MHOYKECTBO paIMOHAIBLHBIX YHCE]T KOMIIAKTHBIM Ha MPSIMO ¢ TOMOJIOTHE 3apUCKOTO?
Jgekmus 9.

OIIPEJIEJIEHUST: TOMOTOTHSI, PEPIEKCUBHOCTD, CHMMETPUYIHOCTh, TPAH3UTHUBHOCTb.

1. ,HOKa)KI/ITe, 9TO OTHOHIECHMNE I'OMOTOIIHOCTHU ABJIAETCA OTHOIICHUEM SKBUBAJICHTHOCTHU.



2. JlokaxXuTe, 9TO J[BA MMOCTOSTHHBIX OTOOPAYKEHWSI TOMOTOITHBI TOTJA W TOJIBKO TOIJA, KOTJa UX 0Opas3bl
JexKaT B OJIHOI KOMIIOHEHTe JIMHEHHO CBI3HOCTH.

3. Ilycts f,g: X — Z — HenpepbIBHBIE TOMOTOIHBIE 0TOOpazkeHus, X u Y — roMeoMOpdHbIe IIPOCTPAHCTBA
(1:Y — X). Hokaxkure, 9410 f 0T U g © T TOMOTOIHbI.

4. Ilycrs f,g : X — Z — HeupepbIBHbIE TOMOTOIIHbBIE OTOOpaykeHust, Z n Y — roMeoMOPQHBIE IIPOCTPAHCTBA
(t:Z —=Y). Hokaxure, 9T0 T © f U T © g TOMOTOIIHBI.

gekmus 10.

OIIpeie/IeHUsI: TOMOTOIINS, TOIOJIOTHS IEKAPTOBA MPOU3BEICHNUS, IMTHEHHO CBI3HOE MHOXKECTBO, HEIIPEPHIBHOE
0TOOpaXKeHue, WHLYITUPOBAHHAS TOIIOJIOTHSI.

1. JokaxkuTte, 4TO BCAKOE HEIIPEPHIBHOE HE CIOP'bEKTUBHOE OTOOPaKeHUE JIF0OOI0 TOMOJOTHIECKOTO IIPOCTPAH-
crBa B cpepy S™ rOMOTOIHO IIOCTOSTHHOMY.

2. Jlokaxkure, 9TO JIIOOBIE JBa HEIIPEPBIBHBIX 0TOOPAXKEHUsI OJHOTOUEUHOro npocrpanctsa B R™\ 0 (n > 1)
TOMOTOITHBI.

3. Haiimure 1Ba HEe rOMOTOITHBIX MOCTOSIHHBIX OTOGPAsKEHUST U3 OJHOTOUEYHOTO MHOKecTBa B R \ 0.

4. JlokaxkuTe, 9TO JiBa OTOOpakeHus f, g TOMOTOITHBI TOTJIA U TOJIBKO TOIIA, KOI'/la TOMOTOIIHBI UX COOTBET-
CTBYIOIIE KOOPINHATHBIE OTOOPAYKEHUSI.

5. ChopMmynupyiiTe u JOKaKUTE TEXHUTIECKYIO TEOPEMY.

6. Joxazkure, 4TO JyIst JIO6OTO TOLOJIOrHIECKOro npocrpancrsa X muoxectso (X, [0,1]) cocrour usz oxHOro
9JIEMEHTA.

Jgekmusa 11.

OIIPeIeJIeHNsI: TOMOTOIINYIECKAS SKBUBAJIEHTHOCTD, OJNHAKOBBII TOMOTOIMYIECKHIA TUII, CTATHBAEMOE TOIIOJIO-
IUYEeCKOe ITPOCTPAHCTBO, IyTh, A-romMoromnusi.

1. Jokaxure, 910 9uCa0 31eMeHTOB 7(1,Y) paBHO YHCIy KOMIIOHEHT JIMHEHHON CBSI3HOCTH IIPOCTPAHCTBA
Y.

2. Hokaxxure, 910 JIOOBIE /IBA HEIIPEPBIBHBIE OTOOPAXKEHNUS ITPOM3BOJIHLHOIO TOIIOJIOTHIECKOTO IIPOCTPAHCTBA
X B cTaruBaemMoe mpOCTPAHCTBO Y TOMOTOITHBI MEXKIy CODOit.

3. JlokakuTe, ITO TOMOJOTHIECKOE MPOCTPAHCTBO CTSTUBAEMO TOTJA U TOJBKO TOIJIA, KOTJA OHO HUMeEeT
TOMOTOIUYIECKUI THUI OJJHOTOYETHOI'O ITPOCTPAHCTBA.

4. JTokaxkure, 9TO BCAKUHN MyTh MOYKHO PACCMATPUBATH KAK TOMOTOIIHIO.

5. JlokakuTe, ITO BCAKAs TOMOTONMS COCTOUT U3 IIyTEN.

Jeknus 12.

OIpeiesieHusl: TIpe10a3a, KOMIAKTHO-OTKPbhITast TOIOJIOTHS,CBOOOIHAST TOMOTOIINSI, TOMOTOIINS CBSI3aHHAsT Ha,
MHOXKECTBE A, IyTh.

1. IIyctb orobpaxkenne f : X X Y — Z aBisercs HenpepbiBHbIM. JlokaxkuTe, 9T0 orobpaxkenne F : X —
C(Y,Z), F(z)(y) = f(x,y) aBaseTcss HEMPEPHIBHBIM.

2. JlokaxkuTe, 9TO €CJIN JIBa IyTH CBOOOIHO TOMOTOITHBI, TO UX 00PAa3bl JIeXKAaT B OJIHON KOMIIOHEHTE JIMTHEHHO
CBSI3HOCTH.

3. Jlokaxkure, 9TO ecju 0Opa3bl IIyTel JieyKaT B OHON KOMIIOHEHTE JIMHEHHON CBS3HOCTH, TO OHU CBODOIHO
TOMOTOITHBI.

Jeknust 13.

onpegesenns: {0, 1}-roMoTONHBIE TIyTH, IIPOU3BEIECHUE Iy TEil, TOMOTOINS, Y Th.

1. IlycTh myTh % TOMOTOIEH IyTH ', IyTh ¥ TOMOTONEH IyTH v’ M CyMECTBYeT IyTh uv. J[OKaxKuTe, 4TO
CymiecTByeT IIyTh «'v’ 1 OH rOMOTOIIEH IIyTH UD.

2. Jlokazkure, YTO YMHOXKEHHUE IIyTeil HE aCCOIUATUBHO.

3. Hokaxkure, uro cyiectByer orobpazkenue o : I — I, Takas aro (uv)w o ¢ = u(vw).

4. Vcnonb3yst TeXHUYECKYIO TEOPEMY, JOKaXKuTe, 9To ImyTH (uv)w u u(vw) TOMOTOIHBI.

Jgeknua 14.



OIIPe/IeJIeHNsI: YMHOXKEHE TOMOTOIIMYECKUX KJIACCOB IyTell, (pyHIaMeHTaIbHaS IPYIIIa, YMHOXKEHNE Iy Tell,
U30MOPGU3M TPYIII, TOMEOMOPMU3M, TOMOJOTTIECKOE ITPOCTPAHCTBO.

1. JTokazkuTe, 9TO PABEHCTBO €,U = U BEPHO HE JJIsl BCEX IyTel U, s KOTOPBIX OIPEIEJICHO TPOU3BEJICHIE.

2. Byner i BepHO I BCeX U PABEHCTBO U€, = U, JJI KOTOPBIX OIPEIEIeHO IPOU3BeIeHue?
3. okaxkure, 9TO e u ~ u.
-1 _ _
4. JlokaxkuTe, 9TO VU~ + = €, TOJBKO JJIsd U = €.
—1 —17
5. Jlokazkure, 9TO V01 ~ U M BBIBEIHUTE U3 3TOT0, 4TO (V][] = [e4(0)]-
6. Yemy Gyner pasuo [v~1[v]?

7. Hokaxkure, 910 (DYyHIAMEHTAJIBHBIE I'PYIIHI TOMEOMOP(MHBIX IIPOCTPAHCTB B COOTBETCTBYIOIIIX TOYKAX
M30MOPQHEI.

Jeknus 15.

OTIpEJIEJIEHUsI: KPYTOBasl MET/Isl, FOMOTOIUsI KPYTOBBIX TIE€TEJIb, TETJIsl, TOMOTOIHUSI IeTEIb.

1. Jokaxkure, 9T0 KarXKJIO TeT/Ie COOTBETCTBYET KPYTroBas U KayKJI0W KPYTOBOU MeTJIe COOTBETCTBYET IETJIS.

2. JlokakuTe, 9TO KPYyTrOBbIE TETJIN TOMOTOITHBI TOTJA U TOJIBKO TOT/IA, KOTJa TOMOTOITHBI COOTBETCTBYIOIINE
UM TIETJIN.

3. Onpenenure yMHOYXKEHNE KPYTOBBIX II€TEJIb U BBIPA3UTE €ro Yepe3 KOMILIEKCHBIE TUCIIA.

Jekms 16.

ompejiesienns: QyHaMeHTaIbHas IPYIIa, aHTUIUCKPETHAsT TOMOJIOIUsI, n-MepHasi cdepa, crepeorpadude-
CKasl TPOEKITHSI.

1. Hokazxkure, uro w1 (R™,0) TpusnaibHa.

2. Hokaxkure, uro 71(X, o), rae X aHTUAUCKPETHOE, TPUBUAIBHA.

3. Hokaxkure, 910 (DyHIAMEHTAJIbHAS IPYIIA KPyra TPUBUAJILHA.

4. Hokaxkure, uro npu n > 2 rpymna m1(S™, (1,0,...,0)) TpuBuasbHa.

Jgekmua 17.

OTIpeJIeJIeHUsl: TOMEOMOPMU3M, N-MepHast cdepa, OIHOCBAZHOE TONOJOIHIECKOe TPOCTPAHCTBO.

1. Hokazxkure, aro m1 (X X Y, (20,y0)) = 71 (X, z0) X m1(Y, y0).

2. lokazkure, 9TO cTepeorpadudeckast mpoeKIws st S™ sBistercs romeomopdusmom. [lodemy npu yiaste-
HUU elre OHoi Touku u3 cdepnl S™ n Toukn n3 R™ crepeorpadutieckas IpOEKIns OCTAETCS TOMEOMOPMOU3IMOM !

3. Borunciure dynmamentanbayio rpymry R™ \ {0}, n > 3.

geknys 18. (ckavaiiTe 1IOCIIEAHIOI BEPCHIO JIEKIUHA — €CTh U3MEHEHMs )

OTIPEJIEJIEHNUSI: OJTHOCBSI3HOE TOTIOJIOIMYIECKOE MTPOCTPAHCTBO, HEIIPEPBIBHOE OTOOParKEeHUE, TOMOTOIINSI, TOIO-
JIorUsi, 3aMKHYTHIH KpyT B2.

1. Hokaxwure, uto X = {a, b} ¢ Tonosorneit 7 = {0, X, {a}} aBaserca onpocBasHbIM.

2. Boisacuure, 6yzer su X = {a,b} OIHOCBA3HBIM C JIUCKPETHON U AHTUIAUCKPETHON TOIIOJIOTUSIMU.

3. Hoxaxkure, uto ecmn X OJHOCBA3HO, TO Joboe orobpazkenne f : S — X roMOTOIHO TIOCTOSHHOMY.

4. JTokazkuTe, 4TO ecju Jiioboe HempepuiBHOe orTobpaskenue f : S' — X TOMOTONHO IIOCTOSHHOMY, TO €TO
MOZKHO HPOJIOJIZKHTB JI0 HEIIPEePLIBHOTO oTobpaskenns B2 — X.

5. Jlokaskure, uto oboe HenpepbiBHoe oTobpaskenne f : S — X MOXKHO HPOIOJIZKUTE JI0 HEIPEPLIBHOIO
otobpaxkenusi B2 — X, To BCSKUe JBa IIyTH, COCUHSIONINE TOUYKH L1 U o, TOMOTOIHEL.

B HOBOM y4eOHOM ro/y HpOAOJIKAaeTcs HyMepalus MPOIIJIOTOo ce-
MecTpa.

Jgekmua 19.

ompe/iesienusi: ¢cepon/a, r-si TOMOTOINYIECKast rpyia, dyHIaMeHTAIbHAS TPYIIA, TOMOTOIHbIE [TETJIH.

1. Hdokaxkwure, uro 7,.(R™,0) TpusnaibHa.

2. Jlokaxxure, 9T0 T COXpaHSeT OIEPAIUIO.

3. Hokaxure, uro Ty OGuekiusi.

4. Mokaxkure, uro Ty He 3aBUCAT OT BHIOOpA IIyTH TOIJA U TOJBLKO TOrja, Korga 71 (X, zg) abesesa.



aexknust 20.

oImpejieJieHre: HAKPBITHE, TPUBUAJBHOE HAKPBITHE, HEIIPEPhIBHOE OTOOparkeHue, MOJIHBIH TpooOpa3 TOYKH,
ITOJTHBIM TPO0OpPa3 MHOXKECTBA.

1. Tokaxkute, 9T0 TPUBHAJIBHOE HAKPBHITHE JIEHCTBUTEIHHO HAKPBITHE.

2. JlokazkuTe, uTo ecn p : X — B HakpbITHE, TO Ha P~ (@) TOMOIOrHHYecKoe TPOCTPAHCTBO X HHIYIMPYeT
JIUCKPETHYIO TOIOJIOTIHIO.

3. Ilyctb p : X — B makpseiTue. Jlokaxnure, 9T0 I XOPOIIO HAKPBITOM OKpecTHOCTH U JII000H TOYKY ¢ U3
B cymectsyer romeomopduaM h: p~t(a) — U x p~(a).

4. JToxazkure, uTo oTobpaskenne p : R — S, samannoe dopmymnoit p(r) = e?™@  gpagercs HAKPBITHEM.

5. Hokaxkure, aro ecmu p : X — Bup' : X' — B’ — nakportus, to pxp' : X x X’ — B x B’ Toxke HaKpbITHE.

Jgekmus 21.

OmpeiesIeHnsi: HAKPBITHE, MOIHATAE OTOOpaKeHUsI, HAKPBIBAIOIIHI Iy Th, YMCJIO JIICTOB HAKPBITHS.

1. Hokaxkute, 4T0 ecyn 6a3a HAKPLITHA CBA3HA, TO YUCJIO JINCTOB HAKPBITHUS HE 3aBUCUT OT BHIOOpA TOUKU.

2. Ilycrs man mytsh s : I — S1, t — €>™ y maxpeitue p : R — S, ¢ — €>™®. Haiinure Kaxoil-HU6GYIH
HaKPLIBAIOIUHA Iy Th.

3. IIycrs p : X — B — nakpeitue, u, v — nyru Buga I — B, 4, ¥ — ux nakpbiBaomue wytu, 4(0) = 9(0) = xo,
(1) = 9(1) = z1. Ecoiu myTut & u U roMOTOLHBI, TO TOMOTOIHBI IyTH u 1 v. Jlokaxkure. BepHo s 1pu 3rom,
9TO HAYaJIa W KOHIBI IIyTel 4 U U 00sI3aTeJIbHO JIOJIXKHBI COBIIAJIATH !

4. JTokaxkure, 9TO Ha CBS3KE MPSIMBIX CYIIECTBYET CTPYKTYPa MPOEKTUBHON ILJIOCKOCTH U IIOCTPOMTE HAKPBI-
te p : S — RP2.

JeKnus 22.

OIIpeJIeJIeHUsI: HAKPBITHE, IIOTHATHE OTOOParXKEeHUsI, HAKPBIBAIOIIUI Iy Th, C(OOPMYJIMPYHATE TEOPEMY O HAKPbI-
BaOIIEeil TOMOTOINHN, OTKPBITOE MHOYXKECTBO, HEIIPEPHIBHOE OTODparKeHHe.

1. Hycrs p : X — B — TpuBnajibHOe HakpbiTHE, Lo € X, by € B, p(xg) = by. s BCAKOro HENPEPHIBHOTO
orobpaxenusi f : A — B, mepeBoidIero Touky ag € A B TOUKY by, CyIIECTBYeT €ro HelmpepbIBHOE IO/HSITHE
f:A— X, s koroporo f(ag) = xo. Joxkasars.

2. Ilyctb p : X — B — TpuBHaibHOE HaKphITHE, Lo € X, by € B, p(x9) = bo. st BCSIKOro HenpepbIBHOTO
orobpaxenus f : A — B, mepeBojsinero Touky ag € A B TOUKy by, HEIPEPHIBHOE MOTHATHE f:A— X, s
KOTOpOro [ (ap) = xo, equucrBenno. Jlokazars.

3. Ilyctb p : X — B — HakpbiTHE, A — CBA3HOE TOIIOJIOIMYECKOEe IIPOCTPAHCTBO. Eciin HempepbiBHbIE OTOOPa-
xenus f,g: A — X coBuagarmT XoTst ObI B OJ[HOII TOUKe u po f =pog, o f = g.

4. CdopmynupyiiTe n JOKAXKNATE TEOPEMY O HAKPBIBAOIIEM IIyTH.

5. Illycte p : X — B — makpoitue. Ecian metiist s : I — B HaKpbIBaeTCHd HE3AMKHYTBIM IIyTEM, TO OHA HE
TOMOTOIIHA ITOCTOAHHOM.

6. lokazkure, urTo DyHIAMEHTAIBHAS I'PYIINA OKPYKHOCTH HE TPUBHUAJIBHA.

Jekmua 23.

OIIPEe/IeJIEHNUsI: TOMOJOTMIECKAN TPEYTOJbHUK, TPUAHT YIS, 3aMKHYTasi TOBEPXHOCTD, PA3BEPTKA [TOBEPX-
HOCTH.

1. TTokazkure (IpebsiBUTE TOMEOMOPMU3M B BHJIe PUCYHKA), YTO 3aMKHYTBIH KPYT € TPeMsi TOUKaMU, KBa/JI-
paT ¢ BHYTPEHHMMHU TOYKAMU U TpeMs (PUKCHPOBAHHBIMU TOYKAMU HA CTOPOHAX SBJISIOTCS TOMOJOTHIECCKUMUI
TpeyrosibHuKaMu. [lokaxkuTe, uTo moxycdepa ¢ TpeMs (PUKCHPOBAHHBIMU TOYKAME HA TPAHUIIE SBJISIETCS TOIO-
JIOTUYECKUM TPEyTOJIbHIKOM Ha cdepe.

2. ITocTpoiiTe Kakyo-HUOY/IH TPUAHTYJISIIAIO TOPA.

3. IMocTpoiiTe KakyoO-HUOYIH TPUAHTYJISAIIAIO TPOEKTUBHOM ILJIOCKOCTH.

4. 3anmimure CJIOBa, XapaKTEPUIYIOIIUe CXeMy TIPUKJICHBAHUs, JIJist Topa 1 OyThuiku KireitHa.

Jgeknusa 24.

OIIpejieJIeHre: JIEMEHTAPHbBIE OIEPAIUU C Pa3BEPTKAMU, JIMHEHYATHIA IyTh, KOMOMHATOPHAs HedopMalius,

KOM6I/IHaTOpHO TOMOTONHBIE JIMHEHYAThIE TIET/IN.



1. IIpuBenuTe ABa pUMeEpa pasOUEHUsT TOPA.

2. IlpuBeure aBa npruMepa pas30ueHHUs IPOEKTUBHOI IJIOCKOCTH.

3. [Ipuseaure mpuMepsbl KOMOMHATOPHBIX jedopmartuii [ u 1 poja.

4. IlpuBeauTe MpUMeEp TPUAHTYJIAIIE ChEPhl U 3AIUIIATE CI0BA, XaPaKTEPU3YIOIINe e CKJIEHKY.

Jekmuga 25.

ompe/iesienns: byHIAMEHTAIbHAS TPYIIA, TOMOTOINs, KOMOMHATOPHAS TOMOTOIIHS, JTHHEHIATHIN Iy Th.

1. Jlokaxkure, 4To JJI1s JiroOoii jiuHeityaroi neru B I1; cymecrByer juHeiidaras meriisi B 11, kombuHaTOPHO
romoronHas e B 11;.

2. Hokazkure, 4TO Jiobast TuHeIaTass IeTIsi, KOMOMHATOPHO TOMOTOITHAs MTOCTOAHHOM meTye B I1;, KoMOu-
HaTOpPHO roMoTonHa et B 1.

3. Ilycte A : I — K — nyrh B TpuaHry/siiuu K, TaKoi, 9TO €ero HAYaJI0 ¥ KOHeIl COBIAJIAI0T C BEPITUHAMMU
TpuaHry . JJokaxkuTe, 9TO CyIIeCTBYeT JuHeHaThii myTh B K, TOMOTOMHBIN .

4. HokazkuTe, 9TO (pyHIaAMEHTAIbHASA TPYIITa OKPYKHOCTH H30MOpdHA Z.

Jexknus 26.

OIIpeJieJIeHusl: TPYIIa, siipo roMoMopdu3Ma, 06pa3 romomopdusmMa, roMoMopdu3M, HGaKTOPrpyIiia.

1. Jlokazkure, aTo mpokosoTas miockocts R? \ {0} #e romeomopdma Topy.

2. Ilyers ¢ : G — G’ — romomopdusm rpymm. Jokaxkure, uaro ker ¢ apiasgerca noarpymmnoil B G.

3. Ilycrn ¢ : G — G’ — romomopdusm rpymm. Jokaxkure, aro Im ¢ asiaserca noarpyumnoit 8 G’.

4. Jlokaxkute, 9TO TOMOMOP(U3M I'PYIII IEPEBOJIUT €IMHUILY B €IIMHUILY.

5. Mokaskure, ato ecqm @ : G — G’ — cropbekTuBHBIIH roMoMopdusM rpyt, To G’ nzomopdna dpaxToprpyrme
rpyunsl G 110 gapy romomMopdusMa @.

6* (+1 6asur). Byjer s 10CKOCTb € ABYyMsi BBIKOJOTBIMU TOYKaMu romeoMopdua Topy? IIpunumaiorcs He
cTporue 060CHOBaHUS (<«HA MAJBIAXY ).

Jgekmus 27.

OTIpEJIeJIEHNUSI: TIEMHON KOMILIEKC, I'PYIa k-IIUKJIOB, IPYIHa k-IPAHUI], TOMOMOPMU3M TIEMHBIX KOMIIJIEKCOB,
rpymmna k-MepHBIX TOMOJIOTHIA.

1. Jlokaxkure, 9TO I'pyIia k-IPaHUIL sIBJISIETCS IOJTPYIIION IPYIIIIbI k-I[UKJIOB.

2. Jlokaxkure KOPPEKTHOCTH OIpeesieHns TOMOMOp(MU3Ma TPyl k-MEPHBIX TOMOJIOTHI U TO, IYTO ITO FOMO-
Moppu3M.

3. Ilycrs O — momxommieke kommekca C,. Jlokazkure, 9To Cr=C, / C,g u ék 00pa3yIOT IMEMHON KOMILJIEKC.

JeKnus 28.

OIIpeIe/IeHIsT: TOMOMOP(H3M IIEMHBIX KOMILIEKCOB, IPYIIIa TOMOJIOTHI, 0TOOpazKeHue O), TOUHASL MOCIIEN0-
BaTEJILHOCTD.

1. Hokaxkwure, uTo orobpazkenusi darropuzaruu ji : C, — Cr OIIPENENIAIOT TOMOMOP(MU3M IEITHBIX KOM-
ILJIEKCOB.

2. Jlokaxkure, 91O

0 —2 500 %, 0 2 & —2 0,

e ©(0) = 0, ¥(ck + C) = 0, Touna.

3. Onpenennre orobpaxkeuue Oy : Hy, (C*) — Hy(C?) u nokaxkute KOPPEKTHOCTD.

4. Jlokazkure, 9TO ), SIBJISAETCS TOMOMOPMU3MOM.

5* (+3 6asuia). Jokaxkure, 9T0 JJIMHHAS HOCJIEI0BATEIHLHOCTD TOUHA, TO €CTh Im dk11 = Ker v, Im jug =
Ker 6.

Jeknus 29.

ompeJiesieHus: k-CUMIIEKC, OPUEHTUPOBAHHAsI IPAHUIA k-CUMILJIEKCA, I'PaHU k-CUMILIEKCA, CUMILTAIUAIb-
HBI KOMILJIEKC, FPAHIYHBIE TOMOMOP(MU3MBI IEIHONO KOMILIEKCA,IOCTPOEHHOTO 110 CUMILIMIHAILHOMY, IPYIIILI
POMOJIOTHN CUMILIAIUAJIBHOIO KOMILIEKCA.

1. ITocTpoitre rpymy Cj /s CHMIUIATIAATBHOTO KOMILJIEKCA.



2. Hokazxkure, aro 0 0 9 = 0.

3. ITycTh cMMIUIMIIMAIIBHBIN KOMILIEKC COCTOUT M3 3-CHMILIEKCA U BCexX ero rpaneii. IlpusennTe npumepsr 1)
2-1ienu, He SIBJISIONIEHCS [UKJIOM, 2) 2-Ilenu, ABJIsIomeiics KoM, 3) 1-nenu, sBisomeiics rpaHuleil.

4*. (42 6auia). Jan cuUMILIMOUAJIBHBIA KOMILIEKC, U300pasKeHHbIl HA PUCYHKe (TPEYrOJIbHUK (g3 6e-

TCAd C BHYTPEHHHUMH TOYKaMM T T T'OJIbHUK 102 TCdA TOJIbK T HDbI ).
eTCA C S OYKa. , a0 eyTO. aaaa36e C. (@) O CTOPO

as Qs
Beisicaure: 1) Gyjer i nens (o as] + [agas] + [asaq] rpannmneit, 2) Gyaer u
nenb [ayas] + [asas] + [asar]| mukmom, 3) GymyT am menm ap + o T g + Qo
NPUHAJJIEXKATH OJIHOMY KJIACCY TOMOJIOTH?
(67} ap
gekruga 30.

OIIPEJICJICHUS: KOHYC, OPUEHTUPOBAHHAS TPAHUIA CAMILIEKCA, CAMILIEKC, CUMILIMIIUAILHBIN KOMILICKC.

1. Boruucsure rpymmst romostoruit st {o0}.

2. Borunciure rpyimry romosoruit Ho(aM,G).

3. Boruncymre rpymmst romosoruii Hy (oM, G), k > 0.

4. Boraucsmre rpyumst romosoruit H, (do™, G), n > 1.

Jeknust 31.

OIIPEICJICHUS: CUMILIUIMAILHBIA KOMILIEKC, CBA3HDIH CUMILIAIUAIBHBIA KOMILIEKC, CBA3bIBAIONIUA FrOMOMOD-
busm.

1. Berancoure Hy ({00}, G).

2. TokaxkuTe, 4TO JJisl CBSI3HOTO CUMILTANIMAIBbHOTO KoMIiutekca Hy(M,G) = G.

3. okaxxure, 9TO MOCIEI0BATEIBHOCTD
0 — Cu(L1N Ly, G) —= Cu(L1,G) & Cu(Ly,G) —L— Cy(L1 ULy, G) — 0,

wie 1, (S:(9:08)) = (Sulgi0t), = i), Jo (Silaiok), 52,(55%)) = Silgiol) + X2,(;5%) u woimesure
U3 9TOT0 TOYHOCTH ToceoBarenbaoctu Maitepa-Bueropuca

Jekus 32.

Hanumure ducsio cBoero jHs poxKjeHus nudpPaMu Kak IHIIYT HA [OYTOBBIX KoHBeprax (Hampumep, 02
uin 12). JonosHuTe TOUYKAMH TaK, 4TOOLI IIOJIYYUJICH CUMIUIAIUAJBHBI KOMIUIEKC ¥ BBIYHCJIATE €r0 TDYIIIbL
romostoruii. Perienne Hamumnre Ha 6ymMare u IPHHECUTE HA ITPOBEPKY.

Jekus 33.

OTIPENIeJIEHNsI: TIOJU3P, KOIETHON KOMILJIEKC, TPYIIIBI KOTOMOJIOTHI KOIEITHOTO KOMILIEKCa,

1. Berumcmure TpyHIIBl TOMOJIOrHiT 3aMKHYTOro mapa B" u cdepnr S”. BoIBeaure u3 9TOr0 BCe BO3MOYKHBIE
HE TOMEOMOP@HOCTH.

2. Buraucamre rpymisl romosioruit mumaaapa Stox [0, 1].

3. TlocTpoiiTe rpynmbl KOrOMOJIOTHIA TJIAIKOTO MHOT000pA3us U JTOKAXKUTE, ITO OHU 00JIAIAI0T CTPYKTYPOit
BEKTOPHOT'O MMPOCTPAHCTBA.

Jgeknus 34.

OIIPE/IeJIeHNS: TOMOTOITHBIE TUIa/IKAe 0TOOPaYKeHUsI, 0TOOPaXKEHIe aHTUYBJEUYEHUsI IPYIIIT KOTOMOJIOTHIA, IPyTI-
18 KOTOMOJIOTHII TJIaIKOT0 MHOTO00pa3usi, 3aMKHYyTasi U TOYHAs (DOPMBI.

1. Moxaskure, aro H°(M) — g-MepHOe BEKTOPHOE MPOCTPAHCTBO, T/ie ¢ — YMCI0 KOMIIOHEHT CBA3HOCTH MHO-
roobpasus M.

2. Omnpejienure 0TOOParKEHNE AHTUYBJICUEHUSI TPYIIIT KOTOMOJIOTHI 1 JIOKAXKUTE KOPPEKTHOCTD OIIPE/IEICHNUS.

3. Hokaxkure, 4ro jjisi 0TOOpAXKEHUI aHTUYBJIeYeHus rpyil Koromosoruii (f o g)* = g* o f*.

4. Hokaxure, aro d(DQ) — D(dQ) = Q|1=1 — Q|i=0.



