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AHHOTAIINA

Beemennoe B 2009 r. C.B. MaTBeeBbIM IOHSITHE BUPTYAJIHHOIO TPEXMEPHOTO
MHOT000pa3usi 0600IaeT MOHATHE KJIACCHIECKOIO TPEXMEPHOI0 MHOTOOODa3us.
Bupryasnbabie MEHOrooOpasus Onpeae/sioTcsa KaK KIACChl TAK HA3bIBAEMbBIX CIIe-
[UAJIBHBIX IIOJIUYIPOB, PACCMATPUBAEMBIX C TOYHOCTHIO 10 OOPATHMOrO IIpeod-
pasosanusi T (anasora 2-3 npeobpasosanus [laxHepa JJist TPUAHTYIISIINI). DTO
onpejieJieHre MOTUBHPOBAHO TE€M, UYTO KOMIIAKTHOE 3-MHOT000pa3ue MOJTHOCTHIO
3a/14€TCs CBOUM CIIAHOM, IIPECTABJIAIONIAM COOOM YyTOJIIAEMBI CIIEITNATHHBII
TIOTUIP, TPUYIEM JIIOObIE /1Ba HEBBIPOXKAEHHBIX CIIEUAIbHBIX CIAHA OTHOTO U
TOrO K€ 3-MHOTr000pa3us CBA3aHbI Ieno4ukoil T-11peodpa3oBanuii, 1 T€M CaMbIM
MBI MIME€EeM €CTECTBEHHOE BJIOXKEHHE MHOXKECTBa HACTOAIINX 3-MHOTr000pas3uil B
MHOXKECTBO BUPTYAJIbHBIX.

Kaxkmoe BupTyaibHOE MHOTOOOpa3ue eCTECTBEHHBIM 00PA30M OIPEIEIISIET 3-
MHOT000pa3une ¢ 0COOEHHOCTSIMU THUIIA KOHYC Ha/T IPOEKTUBHOI IJI0CKOCTHIO. Pa-
mee C.B. MarBeeB moka3aJ, 9TO 9TO COMOCTABJIEHNE CIOPbEKTUBHO, U TTOCTABUI
BOIIPOC O €0 MHbHEKTHUBHOCTH.

B nacrosimmeit pabore MbI JIOKa3bIBae€M, YTO JaHHOE OTOOparKeHWEe He WHb-
eKTUBHO. BoJiee TOro, Mbl IOKa3bIBaeM, UTO BHUPTyaJbHbIE MHOrOOOpa3usi Ha-
XOAATCH B OMEKTUBHOM COOTBETCTBHU C MHOXKECTBOM IIAp, COCTOSAINIAX U3 3-
MHOT000pa3uil ¢ 0COOEHHOCTSMU TUIA KOHYC HAJ[ IPOEKTUBHON ILIOCKOCTHIO U
HA0OPOM JIyT CIIENHUATIBLHOTO BUIA.

KuroueBbie cjioBa: TpexMepHOe MHOTroobpasme, BUPTyaJbHOE MHOTOOOpasue,
CIETMAJIBHBIN ToImdIp, mpeobpaszoBanue Marseesa-Ilueprasummu.

Pabora BbIOIHEHA TIpH mOjJIep:kKe rpanTa Poccuiickoro donma dbyHamen-
TaJbHBIX HccaenoBanuii (mpoekr 19-01-00741).
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1 Bsenenue

Beenennoe B 2009r. C.B. MaTBeeBbIM MOHATHE BUPTYAJIHHOIO TPEXMEPHOI'O
MHOr000pa3ust 0000IIAET MOHATHE KJIACCHIECKOIO TPEXMEPHOI'O0 MHOT00Opa3us.
Bupryasbable MHOrooOpa3us OIpe/IEIOTCs KaK KJIaCChl TaK Ha3bIBAEMBIX CIIe-
[MUAJTBHBIX TIOJIIIPOB, PACCMATPUBAEMBIX C TOYHOCTHIO JI0 0OPATUMOTO MIPeos-
pasoBanust T (anasora 2-3 npeobpaszoBanus [laxHepa Jjist TpHAHCYJIsIUii). DTO
OTIpe/JIeIeHne MOTUBUPOBAHO TE€M, 9TO KOMIIAKTHOE 3-MHOr000pa3ue MOJTHOCTHIO
3a/1a€TCsI CBOMM CIANHOM, MIPEJICTABIISIONTUM OO0 YTOIIAEMbIH ClIeInaIbHBII
[IOJIU3AP, IPHUYEM JIIO0ObIE IBA HEBBIPOXKECHHBIX CIIEIUAJIBHBIX CIAaifHa OIHOTO U
TOrO ke 3-MHOroobpa3us CBA3aHbI MENOYKOi T-nmpeobpa3oBanuil, 1 TeM CaMbIM
MBI UMEEM €CTECTBEHHOE BJIOXKEHHE MHOXKECTBA HACTOSINUX 3-MHOroo0pasuii B
MHOKECTBO BHPTYAJbHBIX.

Kaxkioe BUpTYyaibHOE MHOIOOOpa3ne eCTeCTBEHHBIM 00pa30M OlpeiesisieT 3-
mMHoroo6pasue ¢ RP2-ocobennoctavm. B (Mat09) C. B. MaTsees mokasaJ, 9To
9TO COMOCTABJIEHUE CIOPbEKTUBHO, U MIOCTABUJI BOIPOC O €r0 WHHEKTUBHOCTH.

B macrosmeit pabore MbI TOKA3bIBAEM, ITO JAHHOE OTOOPaXKEHNE HE MHDHEK-
tuBHO (upejyioxkenue 1). Bosiee Toro, Mbl HOKa3bIBaEM, YTO BUPTYaJIbHBIE MHO-
roobpa3usl HAXOHATCS B OMEKTHBHOM COOTBETCTBHM C MHOYKECTBOM Iap, COCTO-
AMUX 13 3-MHOTO0Opasnii ¢ RP?-0co6eHHOCTAME 1 HAG0POM JIYT CHEUAIBLHOTO
Buya (Teopema 3).

2 IlpenBaputesbHble CBeJIeHUS

Hanomuum ocHoBHbIe onpezeserus, cienys (Mat07) u (Mat09).

2.1 IIpocTbie u crienaJIbHBbIE MOJIUSAPHI U CIIATHBI

KommakTHbI mogmsap P HA3BIBACTCS NPOCMbLM, €CIIA JINHK KaXKIO0H ero TOYKN
romeoMopdeH OJHOMY U3 CJIEYIOIIUX OJHOMEPHBIX [IOJUIPOB: (&) OKPYZKHOCTU
(TOUKHM C TAKUM JITHKOM HA3bIBAIOTC Heocobumu); (b) obbeuHeHnI0 OKPY K-
HOCTH ¥ JuaMeTpa (TOYKU € TAKUM JIMHKOM HA3BIBAIOTCS MpotiHvimu); (¢) 00b-
eIMHEHNEM OKPY>KHOCTHU M TPEX PAIUYCOB (TOYKU ¢ TAKMM JIMHKOM HA3LIBAIOTCS
UCTNUHHBIMU Gepuunamy). OKPECTHOCTH TOYEK IIPOCTOrO MOJIUIIPA, [IPUBEIEHDI
na pucytke 1. Touku tunos (b) u (¢) Gynem Ha3bIBATL 0c06bLMU. KOMIIOHEHTBI
CBSI3HOCTH OOBEINHEHUSI BCEX HEOCOOBIX TOUEK M OODETUHEHNsT BCEX TPONHDBIX
TOYEK HA3BIBAIOTCSI COOTBETCTBEHHO 2-KOMNOHEHMAMU U MPOUHBMU AUHUAMLU
nosimazipa P. Eciin 2-KOMIIOHEHTa, IIPOCTOrO HMOJIUIPA SIBJISIETC 2-KJIETKOM, TO
MBI JIJIsl IIPOCTOTHI TaK U Oy/1eM ee Ha3bIBaTh. MHOKeCTBO 0COOBIX TOUYEK IPOCTO-
ro mosmypa P HaspiBaeTcs ero ocobvim epagom u obosunadaercs SP. B obmem
crydae MHOXKeCcTBO S P He siBisercsa rpadoM Ha MHOXKECTBE NCTUHHBIX BEPIITHH
nmosimysipa P, Tak kak SP MOXKeT cojepKaTh 3aMKHYTbIe TPOITHbIE JIMHUU 6e3
UCTUHHBIX BepIMH. Ec/n »Ke 3aMKHYTBIX TPOWHBIX JIMHWIT HeT, T0 SP sBis-
ercst 4-peryigpabiM rpadoM (Kaxkiasg BepIIMHa HHIUICHTHA POBHO YETHIPEM
pebpam), BO3MOXKHO, UMEIONIUM [eTJId U KPaTHbIe pebpa.
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Puc. 1. OkpecTHOCTH TOYEK MPOCTOTO MOJTUIIPA.

[Ipocroit ToMM3Ip HA3BIBAETCS CREYUAAbHBIM, €CJIU €r0 TPOWHBIE JIMHUU
SIBJISIIOTCST OTKPBITBIME 1-KJIETKAMHU, & €ro 2-KOMIIOHEHTBI — OTKDBITBIMU 2-
KJileTkamu. [loaToMy TpoiiHBIE JIMHUH CIIEIUAJIBLHOTO [TOJIM3/IPa €CTECTBEHHO Ha-
3b1BaTh pebpamu. CHenuabHbI TOJIUIP HASBIBAETCS HEGHPOHCOEHHBIM, €CTIU
KayKJiasi €ro KOMIIOHEHTa, CBSI3HOCTH WMEET [0 MEHBINeH Mepe JBe UCTUHHBIE
BEPIIHHBI.

IIycts M — cBsi3HOE KOMIIAKTHOE 3-MHOT00Opa3me ¢ HelmyCcThIM Kpaem. Kom-
MakTHBIN nosmmaap P C M HaseiBaercsa cnatihom MHOTOOOpasust M, eciin pas-
Hocte M\ P romeomopdua OM x (0,1]. ChaiiH TpexmMepHOro MHOToOGpasusi
Ha3BIBAETCS NPOCTbIM WA CNEYUAALHDIM, €CJIA OH SIBJISIETCS TPOCTHIM UJIH CIIe-
UAJTBHBIM [OJUIIPOM, COOTBETCTBEHHO. HECI0:KHO BUIETH, UTO CHEIUATBHBII
CHAfH CBSI3HOIO MHOTOOODA3Usl CBSI3EH.

2.2 BuptyaabHble MHOTOOOpa3us

[TycTb P — HEBBIPOXKIEHHBIN CIIEIUAJIBHBIHN TOIu3Ap U F — crangapTHasi OKpecT-
HOCTBb OTJIMYHOIO OT [eTn pebpa nosmdapa P (cM. j1eByro yacTh puc. 2). Yiaius
n3 P nmonmmanp E n 3amenus ero nomusapom E', n300paskeHHBIM B IPABOH 9acTH
pHC. 2, MBI TIOJIy 9MM HOBBIi crienuatbHbii noausap P'. B stom caygae Gymem ro-
BOPHUTB, 9TO CHEMUAJIbHBIN Hom3ap P/ mo/rydaeTcs U3 ClienuaabHOTO OR3P
P nocpesictsom npeobpasosarua T (a P us P — npeobpasosaruem T~1).

JlBa CrenuabHbBIX [OJIAYIPA IKGUBAAEHMHbL, €CITA OIIH MOYKHO ITOJIYIUTDH U3
JPYIOro TOCPEICTBOM KOHEUHOM Ienoukn npeobpazopanuii T+, Bupmyaivoe
3-MH02000pa3ue ONpeNenseTcss KaK KJACC SKBUBAJEHTHOCTH HEBBIPOXKIEHHBIX
CBSI3HBIX CHENUAJIBHBIX ITOJIHIPOB.

2.3 Hacrositime MHOTO0Opa3usl €CTh MOJIMHOXKECTBO BHUP-
TyaJIbHbIX

Ompesiesierre BUPTYaIbHOTNO MHOIOOOPa3usi MOTUBHPOBAHO TEM, ITO MHOXKECTBO
CBSI3HBIX 3aMKHYTBIX TPEXMEPHBIX MHOroo0pasmii (KaK U MHOXKECTBO CBSI3HBIX
KOMITAKTHBIX TPEXMEPHBIX MHOT0OOpas3uii ¢ HEIYCTHIM KDPAeM) eCTeCTBEHHBIM
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Puc. 2. ITpeobpazosanus T u T~ 1.

06pa30M BKJIQJIBIBAETCS B MHOYKECTBO BUPTYaJbHBIX MHOrooOpasuit. Omuirem
JeTaJIN TAKOTO BJIOXKEHUS.

Kaxkaplil crienuaJibHblil TOJIUP OTHOCUTCH K OJHOMY M3 JBYX THIIOB. Ec-
JIM CHENUAJIBHBIN MOJINYIP BKJIAJIBIBACTCH B Kakoe-HuOyib 3-MHOroobpasue M,
TO OH SIBJISIETCsl CITEIUAJIBHBIM CIIATHOM CBOEIl peryJisipHbIX OKpecTHOCTH B M
¥ HA3BIBACTCH YMOAULGEMbIM CIEIUATBHBIM O3 IpoM. OJHAKO CYMIECTBYIOT
HEYMOAWAEMBIE CIIETTHAJIBHBIE TTOJIIS/IPBI, KOTOPBIE HEJIb3s BJIOYXKUTH HU B KAKOE
3-MHOTOOOpa3ue, 9To TO K€ caMoe, HeJIb3sl YTOJIIUTD 10 3-MHOT000pa3usl.

VTOIaeMOCTh CIEIUAIBHOTO MOJIN3IPA 3aBUCUT OT €ro IIOBEJIEHUSI B OK-
PECTHOCTH Kpast KaxXK 0 2-KjieTKu. A UMeHHO, Jyist JTF000i1 2-KjIeTKY £ Creruasib-
HOTO TIom3Apa P IMeeT MecTo XapaKTepHucTHiecKoe oTobpaxkenue f : D? — P,
KOTOpoe roMeoMOpdHO 0TOOparkaeT BHYTpPeHHOCTh mucka D? ma &, a orpa-
Huuenne Koroporo Ha S' = 0D? aBisercsa JOKaIbHBIM BioKeHmeM. Kpusas
flop2 : OD* — P (u ee o6pas f|sp2(0D?)) HasbiBaercs epanuymoti Kpueol
KOMIIOHeHTE! ¢ u obo3Hauaerca Of. O6oznaunM wepes A2 U D? kompno S x I
¢ nuckoM D2, IpHKJIeeHHBIM BIOIbL CpeaHell OKpy:KHOCTH, a depes M2 U D? —
smer Mébuyca ¢ muckom D?, IPUKJIeeHHBIM BIOJIb cpeiHeit muaum. ['oBopaT, 9To
rpaHndHasi KpuBas 0§ UMeeT MPusuasLbHOe WA HEMPUBUAALHOE HOPMAADHOE
paccaoenue, eCIl eé XapaKTepuCTHIecKoe oTobpaxkenne f : D? — P mpomoi-
JKAeTCsT 10 JIOKAJIBHOTO BJIOYKeHUs f (A*UD*) . 42U D? — P uim 10 JIOKAJIBHOTO
BJIOYKEHU S f(MZUD 9 M?2uUD? - P, coorBercTBeHHO. J[JIsT KPATKOCTU MBI
GyJeM roBOpuUTh, 4TO 2-Kjerka & nosmdapa P ymoawaema (wma neymoswae-
M@), ecJli ee TpaHU4YHAs KpuBag O uMeeT TpUBHAJbHOE (MM HETPUBUAJILHOE)
HOpMaJibHOe paccioenue. spectno (Mat07, Teopema 1.1.20), uTo crieruaibHBI
MOJINAJIP HEYTOJIIIAEM TOTJA U TOJIBKO TOIJIA, KOTJa XOTsI ObI OJIHA €ro 2-KJIeTKa
HEYTOJIIIaeMa.

IIycte P — HEBBIPOKJECHHBIN CIIENMUAIBHBIN cnaiitH muOroobpasus M. U3
(Mat07, Teopema 1.2.5) ciefyer, 94To ero KJacC SKBUBAJIEHTHOCTH COBIIAJAET C
MHO2KECTBOM BCEX HEBBIPOXKIEHHBIX CIIENHUAJIbHBIX CIAIHOB MHOroobpasus M.



Tem caMBIM MBI IM€EM HCKOMOE BJIOXKEHUE MHOXKECTBA HACTOSAIINX MHOI000Opa-
31l (3aMKHYTBIX WJIM C KPaeM) B MHOYKECTBO BUPTYAJIbHBIX MHOI000Da3uii.

2.4 BuptyajJbHble MHOrooopa3musi u MHOrooopasusi c
RP?-ocobeHHocTAMU

JlJisi 1moJIydeHusT TPEXMEPHOUW WHTEPIIPETAIIMM BHUPTYaJbHBIX MHOI0O00pa3uit
B (Mat09) mcromb3yioTes TpexmMepHble MHOroobpasusa ¢ RP?-ocobenHoCTSIM™,
KOTOPBIE MBI s KPATKOCTU OymaeM HasbBaTh RP2-o6pasusmu. KoMmakTHbit
TpexMepHbIit momsAp M Ha3LIBACTCS MPerMepHbim MHo2000pasuem ¢ RP?-oco-
bernnocmamu (uma RP?-06pasuem), ecim JTUHK KazKI0# ero TOYKH TOMEOMOp-
den b0 JIByMepHOii cdepe, OO IByMEPHOMY JIUCKY, JIMOO TPOEKTUBHOI IIJIOC-
koctu RP2%. Cnemys Marseesy (Mat09), mocrpoum RP2?-obpasue W (P) ans
3aJIAHHOTO CIIEIUATBLHOTO MOoJIm3Apa P. 3aMeHsis UCTUHHBIE BepITUHBL B P Tpex-
MEpHBIME IHapaMu, a pebpa — pydkaMu MHJIEeKca 1, Mbl mosydaem (He 00si3a-
TEJIbHO OpUEHTHPYeMOe) Tesio ¢ pyukamu H, mpuiem kaxzast 2-kaerka C 1mo-
sm3apa P Beicekaer Ha Kpae OH oKpy:KHOCTH Yo. Ha xpae OH perynspHas
OKpecTHOCTh [N OKPYZKHOCTHU Yo roMeoMopdHa b0 KoJjbity, mbo jienre Mé-
buyca. B mepBom ciydae mbr yroamaem C' 1o pydyku mHAekca 2. Bo Bropom
caydae Mbl «yTommaem» C 1o koryca Con(RP?), npuknensas K H 1ByMepHBIit
muck D Broas kKpas ON u 6epst Koryc Ha romeoMopdubiM RP? obbeuneniem
NUD.

Teopema 1 ((Mat09)). Conocmasaenue P — W (P) xoppexmno onpedeasem
cropsekmuenoe omodpasicenue p: YV — W us mmooicecmea V cex supmyans-
MO 3-MH02006pasuti 6 muoscecmeo W ecex ceasmvr RP?-obpasuti ¢ neny-
CMBLM KPaEM.

3 OtBer Ha Bompoc MarBeeBa m TOYHOE IIPEJ-
cTaBJIEHNE BUPTYaAJbHBIX MHOT00Opa3mii

B (Mat09) craBuTcs Bompoc 0 GHEKTHBHOCTH OTOOpaykeHHs ¢. B naHHOM ma-
parpade MBI loKazKkeM, uaTo mpoobpas ¢~ (Con(RP?)) GeckonedeH, TeM caMbIM
JIaB OTPUIATE/IBHBII OTBET HA IIOCTABJIEHHBIH Bopoc. Jlajee Mbl TIOKaXKeM, 9To
oToGparkeHre U3 MHOYKECTBA BCEX BUPTYAJIbHBIX 3-MHOI000pa3uil B MHOXKECTBO
BCeX CBA3HLIX RP2-06pasmil ¢ ZyraMi ¢ ¢ HEeIyCTBIM KpaeM OyeT He TOJLKO
CIOPBEKTHBHBIM, HO U HMHbeKTHBHBIM. CHauajsa BBejgeM nouaTue RPZ-obpazus
C JlyTaMmu.

RP?-o06pasuem ¢ dyzamu wazosem napy (W, I), rne W — RP?-o6pasue, a I —
OJTHOMEpPHBIH TIosmoausap B W, romeoMopdHBIi U3 BbIOHKTHOMY 00'beINHEHUTO
JIyT, TAKOM YTO UHUCJIO KOMIIOHEHT CBSI3HOCTH B [ PABHO UHCJIY OCOOBIX TOYEK
B W, nmpudem y KaxKJio#f M3 9TUX KOMIIOHEHT OJIMH W3 KOHIIOB PACIIOJIOXKEH B
ocoboit Touke RP?-o6pasus W, a Bropoit — na kpae OW (mepecedernue I NOW
KOHEYHO).



OTTanKuBasCh OT NPUBEJIEHHON Bbime KoHCTpyKimu P — W (P), noctpo-
UM JIJIsi TIPOM3BOJIBHOTO 3aJIJaHHOTO CIIeNUajIbHOro nojmspa P RP2-o6pasue
¢ pyramu W(P) = (W(P),I(P)). ast sroro MoaudumpyeM KOHCTPYKIHIO
P — W(P) ua 3aBepmialomeM vraie, OTMedas BO BHYTPEHHOCTH jucka D Tod-
Ky T U <«yCIOXKHsIs» KOHyc Hajl roMeoMopduniM RP? obwenuuenmem N U D
1o xomyca naj mapoit (N U D, {z}). Tlox komycom Con(RP?, {z}) max napoit
(RP?, {z}), rie x € RP?, Mbl HOHNMaeM Tapy

(Con(RP?), Con{z})

BJIOKEHHBIX KOHYCOB, KOTOpPasl B HAIIIeM CJIydae U caMa apigerca RP2-obpasuem
C Ayroi.

Teopema 2. Conocmasaerue P — W(P) Koppexmmno onpedeasem omobpa-
orcenue p: YV — W us mmooicecmea V' ecex BUPMYANOHOIT 3-MH02000pa3UT 6
mmootcecmeo W ecex ceasnvr RP?-06pasuti ¢ dyzamu U ¢ HENYCMbLM KPAEM.
Omobpasicenue p ClOPBEKMUBHO.

Joxazamenvcmeo. s moKa3aTeabCTBa TOrO, YTO OTOOpasKeHWe @ Ompejesie-
HO KOPPEKTHO, JOCTATOYHO IIPOBEPUTE, YTO Y CIIEIHAIbHBIX HOan91poB P u P,
cBsI3aHHBIX TpeobpasosamueM T, RP?-o6pasust ¢ gyramu W(P) u W(P') ro-
meomopdubl (Kak mapbl). Jljis 370l NPOBEPKU 3aMETUM, YTO MOXKHO CUUTATD,
4T0 Topnonudap F C P, samensemblii mpeobpasopanueM T', COIEPIKUTCSA BHYT-
pu resa H, ucnosnb3yemoro upu cozpanuu W(P) u W(P). 910 nokasbisaer,
uro H MOXKHO HIpejcTaBIaTh cebe KakK H' ¢ OJHMM IPUKJICCHHBIM YTOJIIEH-
HbIM guckoM D x [0,1], u Ttorga 2-xierku mosmsapa P Beicekator Ha OH Te
JKe KpPHUBBIE, UTO U COOTBETCTBYIONIME UM 2-KJIETKH Tom3dapa P’ BblcekaloT Ha
O(H'U (D x [0,1])) = OH, uro u geMOHCTpUpYeT TpebyeMyo roMeoMopdHOCTH
MEK Ly W(P) u ,VV(P’).

[Mepefinem K OKa3aTENbCTBY CIOPbEKTHBHOCTH. BhIperkem B 33/ JaHHOM CBA3-
oM RP?-06pasun W (¢ ZyraMu 0 HeIyCTBIM KpaeM ) TU3bIOHKTHBIC PeryIspHble
okpectrHocTH Ayr. Ocrarok U — 00bIYHOE KOMITAKTHOE MHOTOOOpa3ne ¢ Kpaem. ¥
mHoroobpasus U umeercs cuenuansublii cnaiin P C U (em. (Cas65)) u gedop-
MmanmoHHast perpakiust p: U — P (cm. (Mat07, reopema 1.1.7)). (OueBnzmo,
MBI MOXKEM CUATaTh, 9TO y P He MeHee JByX UCTHHHBIX BepiiuH.) Mbl MOkeM
BBIOPATH [EHTPAJbHBIE JIUHUU 71, Y2, ... JieHT MEébuyca, o KOTOpbIM OTpe3a-
JINCh OKPECTHOCTHU JIYT, TAKUM O0pas3oM, ITOOBI IpH MpuKIeiike K P 2-KIeTok
1o KpuBbIM p(Y1), P(2), ... HOJLyYaJICs CHEUAIbHBIA HOIUAP (HYKHO JIUIIH
[IPOKOHTPOJIMPOBATH, YTOOBI IIPOEKIUU He IMPOXOJIU/IA Yepe3 UCTUHHBIE BEpIIU-
Hbl U T.11.). Kak HeTpyaHO BUJIETH, OTOOpaXKEHUE @ MEPEBEET MOJIY IUBIIUHACS

HOJIU3IP B UCXOaHOe W, 9TO U JEMOHCTPUPYET CIOPbEKTUBHOCTb. O
IIycrs 7: W oW — orobparkeHue 3abbIBAHUSI O JIyTax, TaK 9TO @ = T O (p.
IIpennoxenue 1. IIpoobpas w1 (Con(RP?)) 6ecroneuen.

Hoxazameavcmeo. Mbl  Bocrosb3yeMcss Teopueil KJIACCHYECKHX Y3JIOB U
T9HIIOB. OdHOHUMOUHLM MIH2A0M HasbiBaeTcs napa (B,t), rme B — Tpex-
MEpHBII map, a t — TOMeOMOPQHBINA Iyre OIHOMEPHbBIH MOAIOINyap B B



¢ tN OB = Ot. ToHIbI pacCMAaTPUBAIOTCA C TOYHOCTHIO JIO TOMEOMOPdU3-
ma 1ap. Tanrn (B,t) Ha3bIBAETCS HE3AY3AEHHVLM, €CIHA CYIIECTBYeT PaBUIIb-
HO BJIOXKEHHBIN JBYMepHBIN quck D C B, comep:xkamuii ¢t. ['oBopsT, 9TO OJHO-
HUTOYHBIH THI (B,t) siBasiercss cymmoll OJHOHUTOYHBIX TOHIVIOB (Bi,t1) n
(Ba, ta), eciu jyist HEKOTOPBIX juckoB D1 C By, Dy C 9By u romeomopdusma
f:(D1,D1Nty) = (Da, Dz Nte) maura (B,t) romeomopden TIHIILY, HOTyda-
emMoMy u3 T3HIIOB (B1,t1) u (Ba,ts) oroxmecTsierneM jauckos D1 u Dy nipu
roMoInu roMeoMopdusma f. 3ay3eHHbII OJHOHUTOYHBINH TIHIJI HA3BIBAIOT NPO-
CMbLM, €CJI OH He MPEJCTABUM B BHJE CYMMBI JIBYX 3ay3JIEHHBIX TIHIJIOB. 13
KJIACCUYIECKON TEOPUU Y3JI0B U3BECTHO, YTO CYNIECTBYET OECKOHEYHO MHOTO 3a-
Y3JIEHHBIX MOMAPHO HErOMeOMOPMHBIX OJHOHUTOYHBIX TIHIJIOB, U UTO KaXKJIbII
OJIHOHUTOYHBIN THHIJI KAHOHHIECKUM 0OpPA30M pa3jlaraeTcsl Ha IMPOCTHIE cjiara-
emble (BbITeKaer u3 Teopembl [IlyGepra o (hakTOpU3anuy KIACCHUECKUX Y3JII0B).

[Mycrs (W,I) = Con(RP? {z}) = (Con(RP?),Con{z}), e * € RP?,
— xonyc nan (RP?, {x}). Hapy (W,I) ecrecTBeHHO HHTEPIPETHPOBATH KaK
RP2%-o6pasue W ¢ nyroii, B KOTOPOM JIyTa He3ay3/eHa. 3aMeTHM, 4TO JIBYJIHCT-
Hoe pasBerBsieHHOe HakpbiThe Has (W, I) ¢ BeTBieHMeM B 0coboil TOUKe JaeT
nesayssennbii ToHTI. Ilycts E C Con(RP?) — map B Con(RP?), Takoit uTo
(E,ENI) ectb He3ay3JICHHBINH OJHOHUTOYHBIA TIHIVI. Yiaajus u3 xyru I yda-
crok I N E u 3amenuB ero 3aysJienHoil B F ayroii ¢t (uMeercst B BULy, 9TO Hapa
(E,t) ecTsb 3aysyieHnbIii ToHTI, a Ot = I N OF), Mb1 osrygaem RP2-o6pasme W
¢ «3ay3siennoil» ayroit J := (I \ E) Ut. Bamerum, 410 JBYJIUCTHOE Da3BETB-
sennoe Hakpeitue Hax (W, J) ¢ BeTBIIeHHEM B 0CO0OH TOUKE JIA€T 3ay3JIeHHBIH
TIHIJI, PA3JIOKEHUE KOTOPOrO HA IPOCTHIE OJHOHUTOYHBIE TIHLJIBL (C yIeTOM
KPaTHOCTH) €CTh YJ(BOCHHE Pa3JIoyKeHus 3ay3ieHHoro Tauria (E,t). ITockoiasb-
Ky romeoMopduocTs RP?-0bpasuii ¢ yraMu BjedeT TroMeoMOophHOCTL UX pas-
BETBJIEHHBIX JIBYJIMCTHBIX HAKPBITHIA, U3 OMMMCAHHOTO B CHJIY BBIIIEYTIOMSIHYTOTO
anaJsiora TeopeMbl I1lybGepTa oueBHIHO BhITEKAET TpEOYyEMOE. O

Wrak, MBI JOKa3ajd, 9TO OTODparkKeHHe @ CIOPBEKTUBHO, a Mpoobpas
7~ 1(Con(RP?)) 6eckoneden. [IoCKOBLKY (¢ = T 0 , OTCIO/]a BBITEKAET CJIEIYIO-

Iee.
Caencteue 1. IIpoobpas ¢~ (Con(RP?)) 6eckoneuen.

OcraBimasicss 9acThb pabOTHI MTOCBSINEHA JTI0KA3aTE/IbCTBY CJIELYIONIEl Teope-
MBI

Teopema 3. Omobpasicenue @ UHBEKMUBHO.

4 BcnomorareabHbIE CBeJIeHUS

4.1 IloawmdapsI ¢ Kpaem.

KommnaxkTabri osimaap P HA3BIBAETCS NPOCMbiM MOAUIIPOM € KDPAEM, €CITH JITHK
KarKJI0# €ro TOYKH ToMeoMOp(EH OTHOMY U3 CJIEIYIONINX OJHOMEPHBIX O
PoB:



a) OKPY2KHOCTH;

(a)
(b) OKpy?KHOCTH C JMAMETPOM;
(c) OKpYKHOCTH C TpeMsl PaJIyCaMHU;
(d) orpesky;
)

(e

MuozkecTBo TOYeK noamdapa P, He umeromux okpecrHocreil tuna (a), (b), (c),
Ha3BIBACTCA Kkpaem moamdapa P u obosnadaercs depes OP.

OyKeTy Tpex OTPE3KOB C OOIUM KOHIIOM.

4.2 JlyHo4dHBIe M BepIIWHHbIE ITPEOOPaA30OBAHUSI.

Ornumem Tereps 00beMiieMoe JIyHOUHOe IpeobpasoBanue L. Tepmun «o0bem-
JieMOe» O3HA4YaeT, YTO OHO OMpPEIesIeHO He it abCTPAKTHBIX ITPOCTHIX IOJIM-
3JIPOB, & JYIst IPOCTBIX HOJIOJN3IPOB 3-MHOroo6pasus. Ilycrs Ep, Ef — mpo-
CThIe TIOJUAJIPHI C KpaeM, yJacTBYIONINEe B OIpeJieJeHnn rnpeodbpasoBanus 1.
MoKHO IIPeJICTaBIISATh UX BJIOKEHHBIMH B Tpexmepnelil map B3. Ilycrs mapa
(B3, E1) nonyqaercs us napst (B3, ET) y1atenueM Kpblia, TPOXO/IAIIEro 4epes
obe BeprmHbl osmdapa Er. Ananornuno, napa (B2, B ) noay4aercss 3 napbl
(B3, El.) ynanenuem cooTBETCTBYIONEro Kpbiia. Ilyets P — npocToit mosmnom-
31p 3-muOT006pasus M, u B2 —map B M. Ilpeamonoxum, aro mapa (B2, B3N P)
romeomopdna mape (B3, Er), ommcannoii puime. Torya obbemiemoe JyHOUHOE
npeobpazosanue L 3amensier dbparment Er, = B3N P noimsapa P na dbparment
E C B3. 3amernm, 9T0 pe3y/bTaT IPUMEHEHHs MPeobpa3oBanus L MOTHOCTHIO
onpegessiercs kpusoii v, cm. (Mat07, puc. 1.16).

Ham momamoburcs erme oaHO mpeobpa3oBaHme — TaK HA3BIBAEMOE BEPIIMIH-
Hoe mpeobpaszoBanue V, BBejeHHOe MaTBEEBbIM U SBJIAIONICECS TACTHBIM CIIy-
yaeM npeobpas3oBanus L. Beibepem 1o Toduke Ha ABYX peOpax HEKOTOpOil 2-
KOMIIOHEHTBI (v IIPOCTOTO IoJim3ipa P u coejeHUM UX B v KPUBOH 7y, KOTOpasi
pa30uBaeT (v Ha JBe YaCTHU, IPUIEM OJIHA U3 JaCTEell sIBJISETCs TUCKOM, TPDAHIY-
Hasl KPUBasi KOTOPOTO COJIEPYKUT POBHO OJIHY UCTUHHYIO BEPIIUHY ToJu3apa P.
Torga npeobpaszosanue V ects npeodbpazosanue L, orpeesemoe KpUBoil 7y, CM.
(Mat07, puc. 1.14).

4.3 bBe3ynpedHble NMOJU/IPHI.

[Ipocroit mosmsap P ¢ BO3MOXKHO HEIYCTBIM KPaeM HA3bIBAETCS OE3YnpedHviM,
€CJIM BBITIOJTHEHBI CJIEIYIONTUE YCIOBUSI:

1. Ocobrrit rpad moamsapa P CBSI3eH M COTEPXKUT XOTS ObI ABE€ MCTHHHBIX
BEpIIUHEL;

2. Kaxmast 2-koMrioHeHTa Tomyipa P saBiisteTcst 00 OTKPBITON 2-KJIETKOM,
JInbO KOJIBIIOM, OJTHA U3 KOMIIOHEHT KPasi 3aMbIKAHUsT KOTOPOT'O COJIEPIKHUT-
cs B Kpae nosmdapa P.



Kaxprit 6e3ynpedHbIit moandap Jud0 sBISIETCS HEBBIPOXKJICHHBIM CIICIIH-
AJIBHBIM ITOJIN3IPOM, JIHOO IOJIyYeH M3 TAKOrO IOJIM3JPa 3aMEHON YacTh €ro
2-KJIETOK KOJIBITAMU.

Jlemma 1. ITycmov 6esynpeunviti noauadp P eaoorcen 6 mnozoo6pasue M mark,
wmo nepeceuenue PN IM codeporcumesn ¢ OP. Tozda

(1)

(2)

(3)

(4)

Bee noausdpw, noaywarowueca u3 noausdpa P obsemaemvimu TE!-
npeobpazosaruamu 6 M, 6esynpeuroi.

Beaxoe aynounoe npeobpasosarue das P 6 M mpedcmasasemcsa 6 sude
cynepnosuyuy npeobpasosanuii T,

IKBUBANEHTIHO, ECAU TLOAUIOD, NOAYUEHHBIT 0OPATNHBIM AYHOUHVIM TLPEOD-
pasosaruem, bezynpeven, mo besynpeuer u UCToOHbIl, o NPeobpasosaHue
npedcmaesasemca 6 eude cynepnosuyuu npeobpazosanut T

Ecau noausdp Q C M, noayuarowudica us noiusdpa P uenoukots T+ -
npeobpasosanuii u LT -npeobpazosanut, besynpeuen, mo Q noayvwaemcs
uz P u uyenouxoti odnuz avwn T -npeobpasosanuii.

Hokasamesvcmaeo. Y TBepK/EHUs JIEMMBI SIBJISIOTCS aHAJIOTAMHI 1 PACIINPEHNSI-
mu yTBepskaennii n3 (Mat07) u 1oka3bIBAIOTCS KOMOMHAIMSIMHA [PEICTABICHHBIX
B (Mat07) aprymentos. OnuimeM cXeMbl JOKA3aTEIbCTB.

(1)

(2)

Jlerko cieyer u3 ompeeeHnit 6e3ympedHoro MoIuyIpa 1 mpeodpa3oBa-
Hust T'.

YrBepKenue siBasgercsa anaaorom Jemmsl 1.2.11 uz (Mat07). Cxema j10-
KazaTeJIbCTBa BBLINIAJUT cJlelylomuM obpaszoM. Eciu mommsap P nomnyya-
eTCsl B pe3yJsibTaTe IPUMEHEHHs JIyHOYHOro npeobpasosanusa Kk P, o P’
OJITHO3HAYHO OIPEJIEJIAETCS 10 HEKOTOPOII IPOCTOR Jyre y IPABUIBHO BJIO-
JKEHHON B OJIHY M3 2-KOMIIOHEHT 110Ju3pa P (KOHIEBbIe TOUKM JIyTH 7y —
Tpoitabie Touku ocoboro rpada). IlockoibKy Beskast 2-komioHenTa B P
ABJIAETCA 00 2-KJIeTKOH, MO0 KOJBIOM, HANAETCS TOMOTONNS JYTH 7,
ABJISIONIASICS M30TOINEN Ha OTHOCUTEIBHON BHY TPEHHOCTH JIyTH U JIOKAJIb-
HOI m30TONMell Ha ee KOHIEBBIX (PPArMEHTAX U IIEPEeBOAMAIIAA IYLY Y B
[POCTYIO IIPABUJIBHO BJIOYKEHHYIO B Ty 2-KOMIIOHEHTY IIOJHM3pa JIyry 7',
PACTIOIOZKEHHYI0 B OKPECTHOCTH HEKOTOPOI MCTHHHON BEPIIMHBI C KOHIIE-
BBIMH TOYKAMH 110 Pa3HbIE CTOPOHLI OT 9TOi BepimmHbl. 10, 9T0 IyHOTHOE
npeobpaszoBanne moamdapa P Baonb ayru ' mpescTaBuMo B BHIE CyIep-
nosumuy peobpasopanuit T, mokasbIBaeTCs PACCyKISHUAME U3 JI0Ka-
3aresnbcrBa npemiokenns 1.2.8 8 (Mat07) (cm. puc. 1.15 B (Mat07)). To,
9TO B PACCMATPUBAEMOM CJIydae IIOJINYIPHI, 3a/[aBaeMble JIYHOUHBIMHE I1pe-
00pa30BAHUAME BJIOJb YT, OTIMIAIONINXCS HA MPOXOJ, KOHIIA JAYTH Iepe3
sepumny, TH!-sKBUBaIEHTHBI, JOKA3LIBAETCA PACCYKICHHEM U3 I0Ka3a-
resnberBa Jemmbl 1.2.11 B (Mat07) (em. pue. 1.18 8 (Mat07)). To, uro
B pacCMaTPUBAEMOM CJIydae IIOJIMSJIPHI, 33/aBaeMble JIyHOUHBIMU IIPE0D-
PA30BaHUSIMH BJOJIb JyT, OTIMYAIOMIAXCA HA IIPOXOJ, OLHOIO KOHIIA IyIH
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wepes jpyroit, T+ -5KBHBATEHTHBI, TOKA3LIBAETCS BTOPLIM DPACCY 7K ICHH-
eM U3 JoKas3aresbeTBa TOH ke jemmbl 1.2.11 (em. puc. 1.19 B8 (Mat07)).
Orcroma ciiestyer Tpebyemoe.

(3) VrBepkeHue 9KBUBAJEHTHO yTBEPKICHUIO (2).

(4) VYrBepxkieHue TOKA3BIBACTCI METOIOM CO3JAHUS «apOK C MEMOpaHAMUY,
onucanubm B (Mat07, crp. 37-39, oupenesenne 1.2.28) u npuMeHeHHBIM B
dbunasbHO YacTu gokazareabcrea Teopembl 1.2.30 va crp. 39 B (Mat07).
MeTos1 I03BOJISIET UCKJIIOYNTH IIpeobpasoBanus L~ ! i IpuMeHNM K Halme-
My caydaro 6e3 KakKux-aubo U3MEeHeHHI.

O

5 IIpeobGpa3oBaHusI HEYTOJINAEMBIX 2-KJIETOK

5.1 Omnpenenenne d-ipeobpazoBanus.

[Iycrs P — crnenumasbHbI mom3ap ¢ HeyTosmaeMoi 2-kiaerkoit C. Pacemor-
pumM P BioxkeHHbIM B oTBevaiomee emy RP2-o6pasue W (P), Beibepem Ha rpa-
HUYHOIN KpuBoii 2-kjeTku C' pOU3BOJIbHBIN yIacTOK J 0663 MCTUHHBIX BEPIINH,
BhIOEpEM KaKOW-HUOYIh MPUJIETAIONUI K yIacTKy J OmHOCBs3HBI dparmernT U
2-knerku C, GUKCHPyeM KaKylo-HEOYIb OPHEHTAINIO! Ha HOPMAJIBLHOM PACCIO-
ennu K U u, npojasiuBas uzoronuveit ayry J B HanpasieHun dparmenta U,
BBITIOJTHUM B OKpecTHOCTH 2-KjeTku C' 4eTBEepKYy JIyHOUYHBIX IIPeobpa3oBaHUs
[0 CXeMe, IPEJCTABJICHHON Ha puc. 3 (MOApOOHBbIE NOACHEHUS K CXEME [PUBE-
JIeHbI HUXKe). ByseM Ha3blBaTh OCYIIECTBJIEHHYIO [0 TAKOMY HPABUIY TPAHC-
dopmanuio npeobpazosaruem P (nmu P-npeobpazosanuem) (nommsapa P no 2-
kierke C).

[IpuBesiemM mosicHeHMsT K PHUC. 3. 3/eCh MMOJIPA3yMEBAETCs, UTO MMOJIHAp P
TpaHcgopMupyercsi B (PUKCUPOBAHHON MaJioit okpectHocTH 2-Kjerku C', u
mecTb (ParMEeHTOB PUCYHKA IOIMIATOBO OIHUCHIBAIOT 3Ty TPAHC(HOPMAIIIO de-
pe3 MPOEKINIO0 Ha UCXOIHYIO 2-KJeTKy. [l ynobcTBa onncans Mbl B OCHOBHOM
obcyKaaeM CIydail, KOra FpaHndHast KpuBas PACCMATPUBAEMOI 2-KJIETKH BJIO-
JKeHa (B CIydae ¢ HEBJIOKEHHO! I'DAHMYHOI KPUBOI IIpeobpas3oBaHue IPOBOIUT-
sl TEM 2Ke CIIocoGOM, HO 9TOT ciiydail MeHee yno0eH s onucanusi). B ciaydae
C BJIOYKEHHOI I'DAHWYHOI KPUBOIl €CTECTBEHHO MPEMCTAB/ISIThH, YTO HA KaXKJIOM
u3 mecTu GParMeHToB PUCYHKA N300parkeH HEIIOCPEICTBEHHO MUCK (0003HAYNM
ero 4yepe3 D), gBJsomuiicss 3aMbIKAHIEM PACCMATPUBAEMOIN HEYTOJIIIACMON 2-
kieTku C, ¢ MPOEKIUIMI HA 9TOT JUCK TPAHCHOPMHUPYEMOI B €r0 OKPECTHOCTH
yacTu mojuyapa. 1lpu 3ToM Majiasi OKpecTHOCTD Jiucka D, B KOTOPO#i MpOoncxo-
uT TpaHchopManus U GUKCHUPOBAHHYIO [TPOEKIMI0 KOTOPOIl Ha JIMCK MBI pac-

1 i
OxpecraocTs gyru J B nosmsape P ecTtb 06befuHEHNE TPEX MOJIYINIOCKOCTE; BEIOOP Opu-
EeHTAIlUU Ha HOPMAJILHOM DACCIOCHUH K ONHOM U3 STUX IOJIYILIOCKOCTEHl MHTEPIIPETUPYETCs
KaK BBIOOD IOpsiAKa Ha I1ape, JIEMEHTAMU KOTOPOH SIBJISIOTCS ABE OCTABIIHECS IIOJIYIIIOCKO-
CTH.
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(d) (e)

Puc. 3. Ilpeobpazosanue P: deTBepKa IMOCIETOBATEILHBIX JTYHOUHBIX ITPEOOpa-
30BaHMII HA HEYTOJIIAEMON 2-KJIEeTKe.

CMaTpUBaeM, IPEJICTABIISIET COOOM KOHYC HaJ, MPOEKTUBHOW IJIOCKOCTHIO — C
BEPIUHON B JIeKaIeil B BRIOpAHHOM 2-KJeTKe 0coboil ToUKe.

Ha pucynke ocobast Touka 0603HaYEHA CUMBOJIOM <«*», YKUPHBIE U IIyHKTHUP-
Hble JKUPHbIE JUHUA (CMBICI IIYHKTUPA O0bSICHSIETCST HIXKE) OTBEYAIOT 0COBOMY
rpady TpaHchOpMUpyeMOro (pparmMenTa moJaudIpa, TPU HAPACTAIOIINE TI'DAJa-
nuu 1BeTa 0b6JacTeil OTBEYAIOT KOJIMYECTBY — OJIHOMY, JIBYM U TPEM, COOTBET-
CTBEHHO, — IMPOEKTUPYIONINXCA B 00JACTD JIUCTOB TpaHCcHOPpMUPyEeMOro dppar-
MeHTa MoJnmyIpa. Kpome Toro, B MaHHON KOHCTPYKIMH YIOOHO CYUTATH, 9TO
0cobbIit rpad TpanchopMupyeMoro gpparMeHTa MOJINIIPa METUKOM COIEPAKUAT-
¢ B D, Tak 9T0 KUpHBIE (U IIYHKTHDHBIC YKUPHbIE) JIMHUUA MOYKHO MBICJIUTH
HE MPOCTO KAK MPOEKIIUU TPOWHBIX JIMHUH, & UMEHHO KAK CAMU TPOWHBIE JIMHUU.
[Tpu 3TOM BCe mepeKpecTKY TPONHBIX JIMHUH SBJISIOTCS UMEHHO HCTUHHBIME Bep-
[IMHAME, & He MePEKPECTKAME [TPOEKIHIA.

[TonpobHeit ocTaHOBUMCSI Ha CMBICIE IIYHKTUPHBIX JIMHUN Ha puc. 3. Mbl
CYUTAEM, UTO MPOEKIH OKPECTHOCTH PACCMATPUBAEMOro JIUCKa D IPOUCXOIUT
BJIOJIb HOpMaJsIbHOTO paccioenus na D \ {x}. ng BoccranoBienus KoMOuHa-
TOPHO# CTPYKTYPBI HOJU3IPA MO €ro npoeknun Ha D Tpebyercsa mabOpMaIus
O TIOPSIJIKE PACIIOJIOKEHUsT JIEMEHTOB ITOJIMd/IPa 110 OTHOIIEHUIO K CJIOI0 IIPO-
ekruu. [Ipu 9TOM HEOOXOAMMO YUUTHIBATE, UYTO PACCMATPUBAEMOE HOPMAJHLHOE
paccIoeHne HEOPUEHTHPYEMO: IIpoobpa3 Kpas JHCKa, KaK U mpoobpas Jroboit
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JIPYTO MPOCTOH 3aMKHYTO# KpuBOit B D, nMeroIIel e TuHUIHBIN UHIEKC OTHO-
CUTEJIFHO 0COD0i TOUYKH, B IIPOEKTUPYEMOIl OKPECTHOCTH sIBJsIeTCs JieHTol Me-
6uyca, TpooOpa3 OKPECTHOCTH KPUBOl YKAa3aHHOIO BHJIA JAET MOJHYIO Oy THLIKY
Kneiina, kpait Takoro mpoobpasa tpejcrasiser coboit Oyreuiky Kireitna. Mbr
BbIOMpaeM Ha D BbIxozAuUil 13 0co60ii Touku Jiyu R (0H n300pazkeH Ha pUCYH-
K€ TOHKUM I[yHKTHPOM) U 9KCTpanoaupyeM (bUKCUPOBAHHYIO HA HOPMAJIHHOM
paccyioeHnr K U OpHEHTAIMI0 Ha ONHOCBs3HYH obaacts D \ R. TpoitHas -
HEsT 0cO060ro rpada n3odbpakeHa IMyHKTUPOM B CJIy4ae, €CJIU, BBIAJIsI U3 TOYKHU
9TOi TPOUHOI JIMHUU B HAIIPABJIEHNU (DUKCUPOBAHHON OPUEHTAIINY HOPMAJIBHO-
ro paccjoeHusi, Mbl (elle He JOCTUIHYB Kpas MAaJOfl OKPECTHOCTH, B KOTODOI
npoucxoauT TpaHcdopMalys) BCTPETUM YacTh TPAHC(HOPMUPYEMOIO MOJIMIJI-
pa. (1o cooTBeTCTBYET CUTyanuM, KOT/Ia B3IJIs] HAGIIONATEIST HAIIPABJIEH Ha-
BCTPEYY BBIOPAHHOI OpUEHTAINH, UJIH, JPYTUMHU CJIOBAMU, KOT/Ia HAOJIOIATEIh
pacrioyiaraercst B TOH 9YacTu Kpasi OKPECTHOCTH, K KOTOPO#l BeJIeT BbIOpaHHAas
opuenTanus.) IIpu Takoil cucreme obo3HadeHuil TPOHAS JIMHUS, OT/IEIEHHA
oT Hab/IOIATENs U M300parkeHHAast, COOTBETCTBEHHO, ITyHKTUPHON JIMHUEH, IIe-
pecekas R, MOXXeT CTAaHOBUTBHCS «BUIUMOI» U JTOJ2KHA TIOCJIE MOMEHTA ITEPEX0/1a
n300paXKaThCs y2Ke CILIONTHON, HO Ha PUC. 3 B CHJIy CJEJIaHHOIO HAMHU BBIOOpA
Jgyda R Takas CUTyallus He BCTPEYAeTCs.

Onmcannasi cucreMa 0003HAYEHUN OJTHOZHAYTHO 331a€T KOMOMHATOPHYIO CXe-
MY IPOBOJIMOTO IIPE0OPA30BAHUS U O3BOJISET BOCCTAHOBUTL CTPYKTYPY chop-
MHUPOBAHHOT'O B PE3yJIbTAaTE MPeodpa3oBaHust HOBOrO hparmMeHTa moaundapa. Ile-
pexoz, ot (a) k (b) oTBeYaeT M30TONNMM, HAUMHAIONIENCS C <«IIPOJABINBAHUS>
y4acTka J TPOHHON JIMHUM U CO3/AIONIEH «JIYHKY» BJIOJIb IIPOCTOH p-00pa3Hoi
nyru B HeyTosmaemoit 2-kiaerke C. [Ipu takom mnpomasimBanuu pparMeHT 2-
KJIETKH, ABJISIOMIAICST OKPECTHOCTHIO JIyTH, BIOJIb KOTOPOI IIPOUCXO/IAT IIPOIAB-
JINBAHUE, 3aMEHSIETCS Ha, JIBa OJIM3KHUX <IIOYTH IapaJuIeJIbHBIX» (parMeHTa C
COBITQIAIOIINAMU [TPOEKIUAMA. DTU (hparMeHTsl 00pa3yIoT Kpail JIYHKU U pa3Jie-
JIEHBI O9€PIUBAIONIEH KOHTYDBI JIyHKU TPOHHO# smHueil. EcrecTBenHO IpeicTas-
JISITD, 9TO 9TU IPOJBUTAIONIUECS BMECTE C JIYHKOH BIVIyOb KJIETKN (bparMeHTbI-
TIOJIOBUHKY PACIOJIOZKEHBI B YTOJIIEHUN TIJIOCKOCTH PUCYHKA CHMMETPUIHO OT-
HOCHTEJILHO 3TOM 110cKocTh. [Ipu orpeiesieHnn B3anMHOTO PACIIOJIOXKEHUS dJIe-
MEHTOB TPaHC(HOPMUPYEMOTO HOJIUSIPA MbI CIUTAEM, YTO IIPH IIEPECEUEHNN JIy-
qa R «yrayOusiomeiicssy B MpoIecce M30TOMUH JIYHKONH OTHOCHUTEJIBHBIN TOPsi-
JIOK 9THUX JBYX Pa3/eJeHHbIX TPOWHON JIMHUEH CUMMETPUIHBIX U COBIIAIAIOIIIX
Ha, IPOeKIH (hParMeHTOB-TIOJIOBUHOK, COCTABJISIIONINX Kpail JIyHKH, 00paIaeT-
Cs TI0O OTHOIIEHWIO K HAIPABJIEHUIO B3IVIsIa HAOIOMATENsI: Ta MOJOBHHA KpPas
JIVHKH, KOTOpas Oblita «Ojmke» K Habsomarenio B obmactu U u cieBa OT JIy-
1a R, cTaHOBHUTCH TOCTIE TIepecedenust jJyda R «najibines 0T HADIIOATEs, TeM
CUMMETPHYHAsI IIPOTUBOJIEXKAIIAsl eff 1ojoBuHA. B pe3yibrare K MOMEHTY JI0-
CTHZKEHMsI KOHIIOM JIyHKHU CBOEro Ke GOKOBOrO ydacTKa (MOMEHT (C)) HAXOZAIa-
dCsT U3HAYAIBHO (T. €. B paiione obsactu U) 6imke K HabIIONATEIIO TOJOBHHKA
Kpasl JIyHKH OKa3bIBAETCd <«JAJIbIle» OT HAOJIONATEss, & <«3arOpPa’kKuBaeT» OT
B30pa HaboIaTessi 0003HAYEHHY0 MyHKTUPOM Ha pucyHke 3(c) 4acTh Tpoii-
HOW JIMHUM Ta [OJIOBHHA Kpasl JIyHKH, KOTOpasl B paiione obsactu U ObLia J1iist
Ha0sonaTeNns «aaabHeis. JanbHeiimas TpancdopMalius COCTOUT B €Ile TPex
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JyHOUHBIX npeobpaszoanusx (¢)—(d), (d)—(e) u (e)—(f). B kaxmom caydae
dopma 1 pacnosioykenne 2-KOMIIOHEHT TaKKe OIPEJIeJICHO ¢ OMOIIBIO IIyHKTH-
pa. Ha puc. 3(f) npeucrasiena dbunanbnas cragus npeobpasosanus P. B pe-
3yJIbTATE MPEOOPA3OBAHUSI B MTOJIUJIPE MOSIBIISIETCS 8 HOBBIX UCTUHHBIX BEPIIUH,
a UcxojHas HeyTosmaeMas 2-kjaerka C' rparncdopmupyercs B 9 2-KJI€TOK. DT
2-KJIeTKYM n300parKeHbl Ha puUC. 4, — €O CIBUIOM TpeX (hparMeHTOB BIIPABO, UTO-
ObI M30€2KaTh HAJIOXKEHMUSI.

4 )

co

C2

J

Puc. 4. 2-Knerku, Bo3uuKaomue B pe3yabraTe mpeodpasoBanus P.

Ha puc. 3 HOBBIE 2-KJTeTKE 0003HAUEHBI Yepe3 co—Cg. 2-KoMIoHeHTa ¢y n300-
pakeHa ¢ CAaMOHAJIOYKEHUEM IIPOEKIIUH, HO OHA TaKKe fABJISETCs 2-KJIETKOM (rpa-
HUYHAs KPUBas KOTOPOI IO IISTU U3 JIEXKAIINUX HA HEHl CeMU MCTUHHBIX BEPIITNH
IPOXOUT IBaXKIbI). HeyTosmaeMoli siBJIsleTCst JIMIIb CofieprKanias 0cobyo TOU-
Ky 2-kjeTKa cg. PparMeHThl T1 U o HE SIBJSIOTCH KJIETKaMU, — OHU IPEJICTaB-
JIIOT cO0O0it HOBBbIE (pPpArMEeHTBI OHONW WM JABYX 2-KJIETOK MCXOIHOTO TIOJIUIJI-
pa P, eciiu rpaHndHas KpUBasi UCXOMHON HeyToImaemMoit 2-kiaetku C' BIOKeHaA.
B nporusHOM citytae BO3MOXKHO, ITO OJUH U3 (pparMeHTOB X1 U Ty WX OHU 004,
OTHOCATCS K 2-KJIETKE ¢y (CM. IIPUMeED Ha PHC. 5).

JIlemma 2. ITycmo noausdp P noayuaemcs 6 pesysvmame npumererus npe-
obpasosarus O K HexKomMopol Heymoiwaemot 2-kAemKe C8A3H020 CNEYUAALHOZ0
noauadpa P, u nyems ¢ — neymoawaeman 2-kaemxa noausdpa P, eosnuraro-
wasa 6 peayavmame 3moz0 npeobpasosarus. Tozda

(1) Hoausdp P’ cneyuanen u nesvipostcoen.
(2) Ecau noauadp P nesvipostcden, mo nosusdpw P u P''T 1 _sKeusasenmioL.

(8) I'parnuunas xpusas 2-kaemru ¢ 8a00CENA, @ 3aMbikaHUE 2-KAemKu ¢
nepecexaem 3aMuiKGHUA AUWL MET 2-Komnorwenm noausdpa P', womo-
pole 603HUKAU 6 pedyavmame P-npeobpasosanus, nepesodawezo P e P’.
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Puc.

co zo
2
+
5. Ciiyuail, Korjia rpaHudHasi KpUBasi UCXOJIHON 2-KJIETKU HE BJIOXKEHA, a

dpparMeHTsl 1 U Lo OTHOCATCS K 2-KJIETKE Cg.

B wacmmocmu, samvikanue 2-xaemxu ¢ me nepecexaem 3amulKaGHUSL HU
00noti dpyzoti neymoauwjaemoti 2-xaemxu nosusdpa P'.

Jloxasameavcmeo. (1) To, uro mommaap P’ crenuasieH, mpoBepsieTCsT HETO-

CDPEJICTBEHHO TIO CTPYKType ero 1- m 2-kommonenT (cm. puc. 3(f) u 4),
a TaKzKe cJjeJlyeT U3 TOro, 9To OH IIOJIy9aeTCsdA B pe3yJjbTaTe JIYHOYHBIX
peobpa3oBaHmii N3 CHENUAILHOTO TOMU3Apa. IIpn a3ToM P’/ HEeBBIPOXK IeH,
IIOCKOJIbKY €ro eImHCTBEHHadA KOMIIOHEHTa CBA3HOCTHU UMeEET II0 MeHbIITe
Mepe BOCEMb HOBBIX MCTUHHBIX BEPIITNWH.

Ecin monmsap P HeBbIpoKIeH, TO T+ !-9KBHBAICHTHOCTD TOIHIIPOB P
u P’ BbITeKaeT U3 JIeMMbI 1, ITOCKOJIBKY, BJIOXKUB P B OTBEYaoNiee eMy
RP?-o6paszue W (P), peamuszosas ®-npeobpaszosanue, nepepojgiiee P B
P’ xaKk Cyleprno3uIuio YeThipex JIyHOUHbIX peobpasoBanuii 8 W (P), u
Boipe3aB u3 W(P) J0CTaTouHO Majible PeryJsipHbIE OKPECTHOCTH OCODBIX
TOYEK, MbI MOXKEM WHTEPIPETUPOBATE ITH JIyHOUHBIE TIPe0OPA30BaHMSsT KaK
JIVHOUHBIE MPEeoOpPa30BaHus BJIOXKEHHOTO B MHOroobOpasme 6e3ympedHoro
[IOJIITOJTI3/Ipa. TToJTI3Ipa P.

YTBep:KieHNe BBITEKAET U3 NpezcTaBaenHol Ha puc. 3(f) u 4 cTpyKTyphl
okpecTHOCTH 2-Kj1eTKu ¢ (Ha puc. 4 cooTBETCTBYIONMAs 2-KileTka 0603Ha-

YEeHA Yepes (g).
O

Teopema 4. ¥V w06020 1esvposicdennozo cneyuasbno2o noausdpa Hatioemcs
T -oxsusarenmmoviti nosuI0P, OCMAIOUUTICA CIEUUANDHBLM U HESBPONHCOCHHBLM
npu yoareHuu 1106020 HabOPQ HEYMOMUACMBLE 2-KACTNOK.
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Zoxasamesvcmeo. Ilycts P — HEBBIPOXKIEHHDBIN CHEIUaJIbHBIN Toumyap. Pac-
cMoTpuM P BJIOXKeHHBIM B oTBevatoniee emy RP?-o6pasue W (P) u nocieoba-
TeJIBHO ocyiecTBuM (T0 miu uHoe) P-npeobpazoBaHue HA KAXKJIOW M3 UCXOM-
HBIX HEYTOJIIAEMbIX 2-KjeToK mosudapa P. (Eciau 3aMblkaHus HEKOTOPBIX U3
HUCXOJTHBIX HEYTOJIAEMBIX 2-KJIETOK MOJUIIPA TEPECEKAIOTCS, TO B MPOIECCe
npoBejieanst P-rrpeobpazoBaHust M0 OJHUM U3 2-KJETOK JPYTUe HEYTOJIaeMble
2-KJIETKH MOTYT J1e(DOPMHUPOBATHCSI — B CMBICJIE J00aBJIeHNsT (DPArMEHTOB THUIIA
X1 M To KakK Ha pHC. 4; B TaKOM ciydae odepesuble P-rpeobpazoBaHus mpo-
BOIATCS Ha Je(POPMUPOBAHHBIX HEYTOJIIAEMBIX 2-KJIETKAX. DTO HE BHI3bIBAECT
3aTPY/IHEHUSI, TTOCKOJIbKY HEYTOJIIAEMbIe 2-KJIEeTKH OJHO3HAYHO WICHTUMDUITH-
PYIOTCS IO COJIEPKAIIIMCS B HUX 0COObIM ToUKaM. COOTBETCTBEHHO, 0DIIee KO-
JIMIECTBO HEYTOJIIAEMBIX 2-KJIETOK B IPOIecce TPaHCHOPMAIINE COXPAHSIETCSL. )
O6ozHauMNM MTOJTyIMBIIHICS TT0JM3Ip depes P’

Homusaper P u P’ TF-skpusanentunt B cury jemmbl 2. Ilokaxem, aro P’
VIIOBJIETBOpsieT TPeOOBaHWI0 U3 (POPMYJIUPOBKH TEOPEMBI B TOM CMBICJIE, 9TO
KazK/Iplii nosimanp P, mosydaemblit uz P’ ynajieHneM TOro WM MHOTO MOJHA-
6opa HEYTOJIAEMBIX 2-KJETOK, SIBJSETCs CHEeNUAJbHBIM ¥ HEBBIPOXKICHHBIM.
st moKa3aTesIbCTBa CHEIUAIBLHOCTH U HEBBIPOYKJICHHOCTH TIOJIH3/PA, JJOCTATOU-
HO MPOBEPUTH:

(i) mpocrory;

(ii) oTcyTcTBHE TPOWHBIX JIMHUM, SIBJISTIOIIIXCS OKPYZKHOCTSIMU;
(iii) orcyrcTBHE 2-KOMIIOHEHT, He SIBJISIFOIIUXCS 2-KJIETKAMU;
(iv) HeBBIPOXKJIEHHOCTb.

ITpenpapsiss mpoBepky nyHKTOB (1)—(iv) 3aMeTrM, 9TO KayK/as HEyTOJIIae-
Mag 2-Kjerka nojudapa P’ Bosnumkaer B pesyiabrare P-npeobpaszoBanus (31O
ompeieNisieT CTPYKTYPY OKPECTHOCTH ITOH 2-KJIETKU B TPAHC(HOPMUPYEMOM I10-
JII3JIpe Ha MOMEHT ee BO3HUKHOBEHHUsI: CM. 2-KJIETKY Cg Ha PHC. 4) 1 9TO IPU [IPO-
BeJleHnu nocierytonux P-npeobpazosanuii CTpyKTypa OKPECTHOCTH BO3HUKIIIEH
HEYTOJIIAEMON 2-KJIETKH He MEHSIeTCsI: MaJiasi OTKPhITasi OKPECTHOCTD 2-KJIETKHU
B TIOJIM3JIpEe TPU IPOBeeHnn mocieaymux P-nmpeobpasoBanuii He 3aTparuBa-
ercs.

W3menenve cTpyKTYpbl MOIUAPA [IPU YIAJEHUU HEYTOJINAEMON 2-KJIETKH,
BO3HUKIIIEH B pe3ysbrare ocyinecTBiIeHus P-npeobpazoBanust, WIIIOCTPUPYET-
sl pECYHKOM 6: yuassiercst 2-Kijietka cg (B 0003HaYeHusIX puc. 4), 9ro BeJer K
UCYE3HOBEHUIO OMHOr0 pebpa (LeTyis, OrpaHuvuBaBIIasg 2-KJIETKY Cg) U OIHOI
UCTUHHOM BepHIMHbBI (IIPABBIA BEPXHUNA «yIroJ» 2-KJIETKH C3), IPH STOM [IPOUC-
XOIUT 00beIUHEHNE 2-KJIETOK Co U C4 B OJHY 2-KJIETKY U CJIUSHUE «BEPXHEr0o» U
«IIPaBOrO» pedep 2-KJIeTKU c3 B OTHO pedbpo. 2-KommoneHTa, BO3HUKAIONIAT KaK
00 beIMHEHNE 2-KJIETOK Co U C4, ABJISIETC 2-KJIETKOMN, HO n300paskeHa Ha puc. 6
¢ HAJIOXKEHUEM (DPArMEHTOB; TPAaHUYHAsT KPUBasi 2-KJIETKU Co + €4 JBAXKIBI TIPO-
XOIUT IO Pedpy, IPUMBIKAIONIEMY K 2-KJIeTKe Cq.

ITepeitnem x mposepke yciosnit (1)—(iv).
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6. 3menenne CTPyKTypbl TOJIUAPA TPU YAAJICHUH HEYTOJIACMON 2-

KJIETKH Cg.

(i)

3aMeTuM, 94TO rpaHnYHas KpUBas KarKJIOH HeyTo/maeMoil 2-kjaerku B P’
BJIOYKEHA, a 3aMbIKaHUsI HEYTOJIIAEMbIX 2-KJIETOK N3 bIOHKTHBI. DTO BbI-
TeKaeT M3 CJeyIomero Hab/IoIeHns: Ipu 1epexojae oT P x P’ B MoMeHT
dopMupoBanus 09epeHOil HEYTOMIIAEMOl 2-KJIeTKH (T. €. IIPU OCYIIECTB-
JieHuu odepenHoro $-npeobpaszoBanust) rpaHUUHAs KPUBasi ITON 2-KJIeTKH
BJIOYKEHA U 3aMbIKaHWE 3TOU 2-KJIETKH He II€PEceKaeT 3aMbIKaHUU JIpy-
IUX HEYTOJIIIAEMBIX 2-KJIETOK TPaHChHOPMUPYEMOTO moymaapa (eM. puc. 4,
Cp. € JIEMMOIi 2), & IIpU IPOBEICHUH TIOCIeIyIomuX P-1ipeobpasoBanmii Ha L
JPYTUMA HEYTOJIIAEMBIMI 2-KJIETKAMU OKPECTHOCTH COOPMUPOBAHHON 2-
KJIETKH HE 3aTPArUBAETCS U IPAHIYAINNE C Hell 2-KJIeTKU He 00paInaTcs
B Heyroumaemble (cM. puc. 4). Orciofa cieyer, 9ro IPOCTOTA HOJIUII-
pa P’ npu ynajieHnu ero HeyTOJIIAeMbIX 2-KJIeTOK COXPAaHSeTCH, TIOCKO b
Ky IIOTepsi IPOCTOTHI [IPU yIAJeHUN 2-KOMIIOHEHT M3 IIPOCTOrO IIOJINIPa,
[IPOUCXOJUT JIWINb B CJIy4ae, KOTJa B 0coboM rpade mosmsapa Haliiercs
X0Ts1 OBbI O7THA 1-KOMITOHEHTA, [0 KOTOPO TPAHUIHBIE KPUBBIE YIATITEMBIX
2-KOMIIOHEHT CyMMAPHO IIPOXOASAT B TOYHOCTH JBa Pa3a.

[Ipu ynasennu 2-KOMITIOHEHT BO3HUKHOBEHHUE TPOWHON JTUHUN, STBJIATONIEH-
Csl OKPY?KHOCTBIO, IIPOMCXOJIUT JIMINb B CJIydae, KOrja B 0coboM rpade
UCXOJIHOTO TIOJIM/IPa HANIETCs UKJI, ¥ KOTOPOTo UCYe3aloT (B Iporecce
yIajieHus 2-KOMIIOHEHT) BCe BEPIIUHDI, HO He uc4e3aeT HU OJHOro pefpa.
B namewm ciaydae Takoro nukia He naiigerca (cM. puc. 6): npu yaajgeHun
KaXKJIOf HEyTOJIIIAaeMOl 2-KJIeTK! BHIOBIBAET POBHO OJIHA UCTHUHHAS BEpP-
[INHA — BMECTEe C peOPOM-IIeTsIell B 9TOI BEPINUHE, a ¥ KayKI0T0 U3 JBYX
OCTAIONIUXCSl MHIUJIEHTHBIX 9TOI BepinuHe (M CJIMBAIONIUXCS [IPU €e HC-
YE3HOBEHUM B OJHO PeOpo) pebep B KadecTBEe BTOPOil KOHIEBON BEPIIUHDI
BBICTYIIAET BEPIINHA, HE BXOIAIIASA B 3aMbIKaHI€E HU OJIHOU HEYTOJIIIIaeMON
2-ksreTku. B mociemgaem jerko yoeanThes, 0OpaTUB BHUMAHNE HA TO, 9TO
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HUKAKNe JIBe UCTHHHBIE BEPIINHBL IOusApa P/, BXojsdime B 3aMbIKAHUs
HEyTOJIIAEMBIX 2-KJIETOK, He SIBJISIOTCS CMEKHBIMU BEPIIUHAMEI 0CO00T0O
rpada moausapa (3To fACHO caemyeT u3 onpenenenus $-npeobpaszoBannus;
cM puc. 4).

(iii) Paccemorpum jyisi P BapuaHT ABOHCTBEHHOrO rpada, B KOTOPOM KazK 10
2-KOMIIOHEHTE OTBEYAeT BEPIIMHA, 8 KaxKJ0i 1-KoMImoHenTe — Tpu pebpa,
COEIMHAIONE BEPIIUHLI, OTBEYAIONINE 2-KOMIIOHEHTAM, ¥ KOTOPBIX T'Da-
HUYHBIE KPHUBBIE IIPOXOJIAT U€PE3 9Ty 1-KOMIIOHEHTY (BO3MOXKHBI IIETIIHN).
Vaanennio nabopa 2-KOMIOHEHT [IOCTABAM B COOTBETCTBUE PACKPACKY ITO-
ro asodicreentoro rpada ['(P'), B KOTOPOil 4epHBIM IBETOM IIOKPAIIEHDI
BCE BEPIIMHBI, OTBEYAIONINE YIAIICMBIM 2-KOMIIOHEHTAaM, U BCe pedpa, OT-
BEYAIONINE MCIE3AIONAM [P 3TOM YIAJEHUU 1-KOMIIOHEHTAM, a OCTAJIb-
Hble pebpa u BepmuHbl B I'(P') mokparensr Gesasim. Torma yuasienue Ha-
6opa 2-KOMIIOHEHT JIaeT 2-KOMIIOHEHTY, He SIBJISIONIYIOCs 2-KJIeTKOM, JINIIb
B ciay4vae, kKorga B I'(P’) naiinerca nuks 6e3 4epHbIX BepIIUH 1 6e3 GeJIbix
pebep. B HammeMm cirydae TaKoro IHUKJ/A HE BO3HUKHET, IMOCKOJIBKY KarK-
Jas yaassieMas HEYTOIaeMast 2-KJIeTKa JTaeT TPU YepHBIX pebpa (pebpa
MeK/[y BEPIIMHAMH Cg U C2, Cg U C4, Co W C4 B ODO3HAUEHUSIX PUCYHKA 4),
JIMIIb OJTHO U3 9TUX pebep (Ca-¢4) MHIUIAEHTHO JBYM OeJbIM BEPIIMHAM, U
HU OJIHA U3 TUX BEPIIMH HE MHIWJICHTHA JPYTUM YepHBIM pedpam.

(iv) HeBBIDOKIEHHOCTH CJIEAyeT K3 TOrO, YTO NPH YAAJCHUU KaxKIol u3
HEYTOJIMAEMBIX 2-KJIETOK MCYe3aeT JINIIb OJHA UCTUHHAS BEPIINHA, B TO
BpeMs Kak Kaxkoe P-npeobpazoBanme maer 8 HOBBIX UCTUHHBIX BEPIIIHH;

Teopema mokazama. O

3amevarue. OTMETHM, 9TO JJIs JOKA3ATEIbCTBA TeOpeMbl 4 BMECTO Mpeod-
pasoBanus ® MOXKHO HCHOJIB30BaTH OOJiee IIPOCTOE IIPeoOpPA30BAHUE p, OIPe-
nessiemoe o aHasornn ¢ P, HO ¢ 3amenoil mepexona (a)—(f) Ha Gosmee Ko-
porkuii mepexos (a)—(d) u3 cyneprosunum IBYX JIyHOYHBIX HPEOOpPA30BAHUI
(eMm. pue. 3). Opaako jyist p-upeobpa3oBaHUs HE BBIIOJHACTCA AHAJIOD MOCIIE]I-
HEro IYHKTa JIEMMBI 2, 9TO HECKOJBKO YCJIOXKHSET JOKA3ATEHLCTBO TEOPEeMBbI 4
qepes p-1peobpas3oBaHme, MOCKOJIbKY aHAJIOTUYHAsT KOHCTPYKIUS C ITOCIe0Ba~
TeJIbHBIM TIPUMEHEHUEM p-IIPeobpa3oBaHus K KayKJI0W HEYTOJIIAeMOi 2-KJIeTKe
norpeboBaJia Obl He IPOU3BOJIBHOIO (Kak B caydae P-nipeobpasoBaHus), a cre-
NUAJBHOTO MOJ00pa ydacTKa 0coboro rpada, ¢ KOTOpOro HavYHMHACTCH KayKJ0€e
cJeLyIoniee Mpeodbpa3oBaHue MEeNOIKY.

6 TouHocTh mpeacTaBjieHUS

B nacrosimem maparpade JOKa3bBaeTcs TeopeMa 3 00 HHbEKTUBHOCTH 0TOOpa-
JKEHUS P.

Jokasameavcmeo. YTBepxKieHne 06 UWHHEKTUBHOCTH OTOOPAYKEHUsI  DABHO-
CHJIBHO YTBEPZKJIEHUIO O TOM, YTO KazKJible JBa HEBBIPOXK/ICHHBIX CBA3HBIX CIIe-
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[UATBHBIX [OJIU3/IPA, OIPEJIEIISIONIIE TOMeOMOPQHBIE (B CMBICIIE TOMEOMOPhU3-
Ma map) RP2-o6paszus ¢ ayramu, T+ -skBuBasenTHbL.

Ciy4ail, Korjia IOJIM3Phl HE UMEIOT HEYTOIAEMBbIX 2-KJIETOK, & OIPeIeisi-
eMple TMI RP?-00pa3ns ¢ myraMu SBJIAIOTCS HACTOSIIIMHI MHOTOOOPA3HIMIE C
IYCTBIMU MHOXKECTBAMHU OCODEHHOCTEH U YT, COCTABJISAET B TOYHOCTH «TPYIHYIO
MEPBYIO 9acTh» TeopeMbl 1.2.5 (cMm. Takxke reopemy 1.2.30) w3 (Mat07). Ham
JIOCTATOYHO PACCMOTPETH CJIydail, KOrjja MHOXKECTBA HEYTOJIIAEMbIX 2-KJIETOK
y CIIEIUAJIBHBIX TIOJIA3POB U, COOTBETCTBEHHO, MHOXKECTBa OCODEHHOCTEHN U JIyT
y cooTsercTBytomux RP2-06pasuit ¢ jgyraMn HemycThb.

Wrak, mycTb HEBBIPOXK/IEHHBIE CBSI3HBIE CIENUAIbHBIE MOTUIAPLl P u Ps
(Cc HemyCTBIM MHOYKECTBOM HEYTOJIIAEMBIX 2-KJIETOK) OIIPEIEeJISIIOT TOMEOMOPd-
uple RP?-o6pasus ¢ myravm (Wi, 1;) u (Wa, I3). Mbi canraem tnonmsap P,
i = 1,2, BioskenubM B W; B KauecTBe [;-cnatina RP?-o0bpasust W; B TOM CMBIC-
Jie, 9aTo nepecevenue P; ¢ I; coBmasaer ¢ MHOXKECTBOM 0COObIX ToueK B W, u cy-
mecrByer romeomopdusm f;: OW; x (0,1] — W;\ P; Takoit, aro f;(X; x (0,1]) =
I; \ P; nyis HekoToporo KoHeunoro noamuoxecrsa X; C OW;. (CyecrBoBanue
Takux BioxkeHuit P; C W; rapaHTHPOBaHO NPUHATHIM HAMU OIIPEJIEJIEHUEM CO-
OTBETCTBHS MEXK]Iy CIeIUaIbHBIMU oy pamu 1 RP2-06pasuamu ¢ jgyramiu. )

Cosmectum romeomopdubie napot (Wi, 1) u (Wa, Is) romeomopduzmom u
oboznauum pesyinbrar depe3 (W, 1), tak uro Py u P, — nsa I-cuaiina B W.
[Tockonpky Hauptvermutung BeimosinsieTcs [y TPEXMEPHBIX CUMILIAIIAATIBHBIX
komitekcos (cM. (Bro69)), mbl MozkeM BBIGpATH COBMENAONHT roMeoMopdusM
TaKuM 00pa3oM, 9100kl P; 1 Po sIBJSLINCH TTOAIIONU3apamMu moaundapa W, aro u
[IPEJITOJIArAETCS B JJaIbHEHIIIeM. 3aMeTHM, 9TO JIMHK KaXK 10l ocoboit Touku B W
MIPEJICTABJIET COOOU MPOEKTUBHYIO IJIOCKOCTH, YTO B IMPOEKTUBHON ILJIOCKOCTU
WMeeTCsl eIUHCTBEHHBI M30TOMUYIECKUI KJIACC HECTATUBAEMBIX MPOCTBIX KPH-
BBIX, ITO TOJMUIAPEI P; m Pp mepecekaloT JUHK KaKI0if 0CO00H TOUKU WMEHHO
110 ABYM TaKUM KpI/IBI)HVI n 9TO0 .HIO6I)Ie JABe TaKue KpI/IBbIe MU30TOIIHbI B JIOIIOJI-
HEHUU K JIF000i1 TOUKe, Yyepe3 KOTOPYIO HU OJ[HA U3 STUX KPUBBIX HE IIPOXOJIUT.
Orcrona ciesyer, aro copmeraioniuii romeomopduam mex iy (Wi, 1) u (Wa, 1)
MOXKET OBITH BBIODAH €Ille U TaK, YTOOBI B JJOCTATOYHO MAJION OKPECTHOCTU KaK-
J0it 0coboit Toukm monmdapekl P u Po coBmaasn, 9To TaKKe MPEIoIaraeTcs
B JaJIbHEMNIIEM.

CaezieM CUTyaInio K PACCMOTPEHIIO OOBITHOIO0 MHOr00Opasusi 6e3 0CoOeHHO-
creit, Boipe3aB u3 W okpecTHOCTH Beex ocobenHOocTeit. [ljist Toro, 9Tobbl ocTas-
MIHAECs YACTH MOUIPOB Py u Py SBJISLINCH CHARHAME ITOJTY 9aI0IIEr0Css MHOT000-
pasust 6e3 0COOEHHOCTEH, YaaINM OKPECTHOCTH OCOOEHHOCTEl BMECTE C OKPECT-
Hocrsimu ayr u3 I. Peryssipnast okpectHOCTD Kaxkioil ayru u3 I (Kak u pery-
JISIPHAsT OKPECTHOCTH KayKJIOH 0CO0OM TOUKM) MPEICTABISET COOOH KOHYC Hal
IIPOEKTUBHOI ILJIOCKOCTHIO. Bribepem u BoipexkeMm n3 W takoit HaOOp OTKPBITHIX
MaJIbIX PETYJISPHBIX OKPECTHOCTEN AyT U3 [, 9TO 3aMBIKAHUS TUX OKPECTHOCTEH
MMONAPHO JU3BIOHKTHBI U KAXKJI0€ M3 ITUX 3aMbIKAHUN [IePeCceKaeT MOTmIpbl Py
u P, TOJIBKO 110 HEYTOJIIAEMBIM 2-KJIETKAM, COJEPKAIINM KOHEI COOTBETCTBY-
Iomeil yru, IpudeM TOJBKO II0 JIMCKY, COJIepIKalleMycs B OOINeil 4acTu 3TUX
2-kjrerTok. [losryunBiiieecst B pe3yJibraTe TAKOrO BBIPE3aHUsI KOMIIAKTHOE MHOI'O-
obpazue oboznaunMm depe3 W°, a nomusapet PL N W° u Po N W° — wepe3 Py u
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P3, coorBercTBenHO. TakuM 06pa3oM, OT HEYTOJINAEMBIX 2-KJIETOK IOJIN3/IPOB
P u P, B nonmmsnpax PP u Ps ocraioTcss HAOOPHI IOJIYOTKPBITHIX KOJIEL], a Iie-
pecedennst Py N OW® u Py N OW® coBIaaloT U COCTOAT U3 IPOCTLIX KPHUBLIX,
SIBJISTOIINXCsT KOMIIOHEHTAMU Kpas yKa3aHHBIX KoJterl. VI3 mocTpoenus: ciemyer,
4aTo noamsapsl P u Py aBidiorcda crnaitHamMu MHoroobpasma We.

O6o3zHaumM uepe3 P u Py nexxkamue B W° momMaaphl, TOJTY IArO0MINECs U3 T0-
J3apoB P u Ps, COOTBETCTBEHHO, YIAJIEHUEM BCEX HEYTOJIAEMBIX 2-KJIETOK.
IMommaaper Py u P nony4vatorcst uz PY u Py KoJuiancupoBaHueM KoJell| U siBJisi-
FOTCs T€M caMbIM criaiinamu MaOT00Opas3us W . CorsracHo Teopeme 4, MbI MOKEM
HEe yMaJIsisl OOITHOCTH OIPAHUYINTHCHA PACCMOTPEHUEM CJIydasi, KOTa KaxK bl n3
nonmapos P| n P crieruasnen n HEBBIPOKIeH (TI0J0KUM, uTo 1 Py, u Py nepe
HAXaJIOM MOCTPOeHNit 6Bt ocpeacTBoM 1 F-npeobpazosanmuii TpanchopMuIpo-
BaHbI K HY?>KHOMY BHJLY; 9TO IIPEJIITOJIOKEHNE HE YMaJIseT OOIIHOCTH, TOCKOIbKY
T*-npeobpa3oBanust CIEIUAIBHOIO IIOJIIMIIPA HE MEHSIIOT COOTBETCTBYIOIIETO
RP2%-06pasus ¢ myramu).

CoruylacHO «TpyuHOil nepBoit yactu» Teopembl 1.2.5 uz (Mat07) (cMm. Tak-
ke Teopemy 1.2.30 B (Mat07)), mommsaper P u Pj, Gyayqn crenuanbHbI-
MU HEBBIPOYKIEHHBIMHI CIIAffHAME OJIHOI'O U TOrO Ke MHOroobpaszms W°, T+I-
9KBHUBaJICHTHBI. BoJiee Toro, nokazarenncrso B (Mat07) npoBogurcs s craii-
HOB, BJIOXKEHHBIX B MHOrooOpasue (cum. Teopemsl 1.2.20, 1.2.23, 1.2.27, 1.2.30), u
10 CyTH JEMOHCTPHUPYET, ITO JIIOObIE /1B HEBBIPOXK IEHHBIX CIIEIINAIbHBIX CIIAIHA,
[IPOM3BOJIBHOI'O CBS3HOI'O MHOr000pa3usl IePeBOAATCS APYT B IPyra KOHEYHOI
[EIIOYKOM 0O'beMJIEMBIX M30TONMI MHOro0Opasusi 1 00beMJIEMBIX IIPEOOpa30Ba-
muit TH!. TakuM 06pa3oM, moIHsIp P| nepepojurcsi B Pj KOHEUHO! 11€II0YKOIT
T obbemaeMbx mpeobpasosanmii T+ u o6beMIeMBIX H30TOMmIT MHOr00Opa-
3ust W°. O4eBUHO, MBI MOXKEM CUUTATH, 9T0 P] u P) jie2Kar BO BHYTPEHHOCTU
MHOT00Opasua W°, a 37eMeHThl 1enodku ¥/ He 3aTparmBaior Kpag OW°e.

JlasibHeiiInee T0Ka3aTeIbCTBO Pa30NBAETCs HA JIBA CJIE/LYIOIINX Iara.

IIlar 1. MBI «3KCTpamompyemM» JIOCTaBJIsAeMbIil Ienodukoirt T/ mepexom oT
P| x Pj ua xosnbia PP\ P u Tem caMbiM Ha 1mojwmdapsl PP u Pp; a nMeHHO,
MBI TIOKAXKeM, UTO HANIeTCs KOHEYHAs IEMOYKa L1 00beMJIeMbIX U30TONUN U
obbemieMbix peobpazosanmit T+ u LT ¢ mocurensvu 8 W°, mepesomsimast
P| B PJ.

ITar 2. Mb1 gomosiHuIM TIETTOUKY £1 /10 MEMOYKA L9 00beMIEMbIX U30TOIUN 1
o6 beMIeMbIX IpeobpasoBanmit T u L*! (¢ mocurensivu B W°), nepesosieit
PP B Py (u 3uauur, P B Py).

Tem camMbIM MBI 3aBEpPIIAM JOKA3ATEIHCTBO TEOPEMBIL: TIOCKOJIBKY HOJAIIPEI
PP n Py Ge3yupednsl, B CHly JeMMbl 1 Iierouka £9 MOKeT ObITh 3aMEHeHa Ha
neniouky T, nepesogsiryo Py B Py (u 3Hauut, Py B Py) U COCTOAIIYO U3 OHUX
s TH-npeobpazopammii.

Hemouka £ mara 1 nosyvaercs IIONOJHEHUEM HEMOYKH T': ecm K MOMEH-
TY BBIIOJTHEHUS OUEPETHOIO MPEO0OPA30OBAHNS U3 MEMOYKN ¥ 3aMBIKAHUST KOJIEI]
u3z PP\ P| (Tounee, 3aMbIkaHus 06Pa30B ITUX KOJIE, TOJYyIeHHBIX K JTAHHOMY
MOMEHTY TpaHchOpMANuK) IepeceKaroT (PPArMeHT, KOTOPbIil HY?KHO 3aMEHUTh
[IPU BBIMIOJTHSIEMOM IIPEOOPA30BAHNN, TO MbI CHAYAJIA CABUIAEM KOJIbIA «B CTO-
poHbl» mpeobpasosammsivu T+ u LE! 1 TobKO 3aTeM BBINOMHSIEM Ipeobpa-
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3oBaHne u3 ¥ (momoOHAs apryMeHTAIs UCIIOJIb3yeTcs, Hanpumep, B (Mat07)
upu jiokasareaberse TeopeMbl 1.2.30). Ilpu 9ToM B npomecce IOCTPOEHUS TEnod-
Ku £1 MBI CODJIFO/IAEM JIOIIOJIHUTEIHLHOE YCJIOBUE, COCTOSIIEEe B TOM, YTOOBI IIPU
<OYHCTKE» KaXKJIOro ¢parMenta (a 3HAYUT U HA BCEM I[POTSIKEHUU BBIIOJIHE-
HUs Opeobpa3oBaHuil CTPOMMOI 1enodku £1) 9acTh IPeobpPasyeMoro moJudpa,
oTBevarIas Habopy MOJIyOTKPHITHIX Koder Py \ Pj, mpomosmkamsa ocTaBaThCst
HAOOPOM IIOJIYOTKPBITBIX KOJIEIl, T. €. YTOOBI HU y OJHOI'O U3 KOJIell 3TOro Habo-
pa B mporiecce nmpeoOpa30BaHuil KpaeBble yUACTKHA HE CMEIAJINCh HU Ha, JIPYTue
KOJIbIIa HA0Opa, HU HA JPYIHe YIaCTKU TOrO YK€ CAMOro KoJbla. (DTo ycaoBue
9KBHUBAJIEHTHO TOMY, 9TO OCOOBIH rpad mpeodpasyeMoro moImdIpa IPOI0JIKA-
€T COAEP2KATHCS B €r0 IO/IIOJIIS/IPE, OTBEYAIOIIEM CIIEINAIBHOMY IIOJIITIOJIINIPY
P|, — B TakoM ciiyuae yjaJieHHe 3TOrO MOIOINIPA JAET TOJUIIP C MyCThIM
0cobbM TpadoM, T. e. HAGOP KOJIeIL. )

Boobriie roBopsi, KaK HETPYIHO yOEIUTHCS, JJIss «OYUCTKU» (DPArMEHTa JI0-
crarouno npeobpazopanmit T+! u L. Ilonb3yscs Tem, uro nommsap Py 6esympe-
YeH, OTCIOIa MOYKHO OBIJIO ObI MOJIYYUTH IEMOYKY £1, COCTOSIIYIO U3 OJHUX
s THl-npeoGpazosannii. OHAKO I0KA3aTEILCTBO CyMIECTBOBAHMS TaKOi
TH_nenouxu ¢ 106ABOYHBIM YCIOBHEM O TOM, YTO OHA HEPEBOIUT P B P},
moTpeboBajo Obl JIOMOJHUTEIBHOrO yTouHeHus: K JjiemMe 1. Tlockosibky obpar-
HBIE JIyHOYHBIE TPEOOPA30BAHUsI CHOBA BO3HUKAIOT HA Imare 2, Mbl He Oyaem
pa3pabaTbiBaTh 3/1€Ch TAKOE YTOIHEHUE.

0O603HaYNM TSNP, B KOTOPBI TOJyYeHHAsT HAMU [EMOYKa £1 TMEePEBOJIUAT
mosim3p Py, uepes P% u nepeiigeM K mary 2.

Kak ormevasiocs Bbiliie, 110 ocTpoenuto nosmsapsl Py, Py, P u P asisior-
cs1 crajimamu Muoroobpasus We. Bosee Toro, u3 koncrpykiuu RP2-o6pasus ¢
IyTraM#, OTBEYAIOIIEr0 MOJIMSJIPY, Mbl 3aKJII09aeM, YTO HAWIYTCs 0TOOparKeHust

F;: OW° x [0,1] = W°, i=1,2,
006J1a1a101HEe CJIETYIONUMY CBOMCTBAMM:

(E1) Orpannuenne orobparkenusi F; na OW° x {0} siBasiercst TOXK1eCTBEHHBIM
oTobpazkenneMm Ha OW°.

(E2) Orpannuenne orobpakennss F; Ha OW° X [0,1) siBisiercst romeomopduns-
MoM Ha W°\ P/.

(E3) F;(0oW° x {1}) = P/.
(E4) F; siBiisieTcst JIOKAJIBHBIM BJIOYKEHHUEM.
(E5) F;((0W°nP;) x[0,1)) =P\ P

[TockoubKy TiemouKa £9 CTPOUIACh ¢ COOIOIEHUEM JIOTIOTHUTEIHHOIO YCIOBUS
(0 ToM, YTOOBI YacTh MPeobpPasyeMoro IMOJMdIpa, OTBeYalomas Habopy IMOoJLy-
OTKpPBITHIX Kosien, Py \ Py, mpozjoszKaia ocraBaTbcsd HAGOPOM IOJLyOTKPBITHIX
KOJIeIL), OTCIO/a CJIeJyeT, YTO Haiimercs orobparkeHue

Fy: 0W° x [0,1] — W*,
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yJloBJIeTBOpsiiolIee ToMy ke HaGopy ceoiicts (E1)—~(E5) npu i = 2 u P} = Pj.
2
W3 ceoiicts (E1)—-(E5) BBITEKaET, 9TO CyIIECTBYeT (€IMHCTBEHHBI) aBTOrO-
meomopdusm h nusmuapa OWe x [0, 1] rakoii, uro F 3 oh = Fy. (HeiicrBuressHo,
NOCKONBKY F's 11 F sIBJISIOTCS JIOKAJIBHBIME BIIOKEHUSIMU, Ope/Ie/leHHblil Ha

OW®° x [0,1) aBroromeomopdusm Fy 1o F, uMeer e mHCTBEHHOE HEIIPEpPHIBHOE

npojoskenue Ha OW° x [0,1].)

CymecrBoBanue roMmeoMopdusma h B CHJLy JIEMMBI 3 BJIEUET CYIIECTBOBAHUE
nenonprzknoil Ha OW° x {0} romeoronmn @y, ¢ € [3,2], ma OW° x [0,1], B
KOMITIO3HIIAH C F% JAIOIIE TOMOTOIHUIO MEXKTY F% u Is.

O6o3naunm wHabop kpussix PP NIW® = Py N OW?® qepes C. Ilo coobpaxke-
HUSAM OOITETro MOJIOXKEHHST MBI MOYKEM BBIOpATh roMeoTonuio ®; Takum odbpas3om,

4TO0BI OO'bEIMHEHIE

P = Py U (F% o ®,(C x [0, 1]))

29

TTOJIU3IPOM, STOT TOJUSP HE SBJISAJICA OBbI POCTHIM MOJU3IPOM € KPAEM JIUIIIb
B KOHEYHOE YNCJIO MOMEHTOB ¢ U IIepexoy depe3 KazKIbIH U3 9TUX MOMEHTOB {
(r.e. mepexony or PP _. x PP . ana mexkotoporo € > 0) orsedasno ObI 0HO
u3 YeTBepKu npeobpasosanuit T, T, LT, L. Ilonpo6HO aHAJIOrTYHAS KOH-
crpykuust ussnoxkena B (Mat07) (cm. ompenenenne 1.2.15, jsemmy 1.2.16 u ee
JIOKa3aTeIbCTBO, & TakxkKe puc. 1.21).

OTH mepexoabl JOMOTHSIIOT IEMOYKy £1 0 MEeMOUKHN Lo, 3aBepInas mar 2 u
TEM CAMBIM JIOKA3aTEJHCTBO TEOPEMBI. O

obpaza koser; C x [0,1] ¢ nommsmpom P5 = Pj 6wut0 mipu Kaskiom t € [2,2]
2

3amevarue. 3 NpUBEIEHHOIO J10Ka3aTe/IbCTBA BBITEKAET, UTO I JIH0O0r0
RP?-o6pasus ¢ gyramu (W, I) mobele asa [-cnaiina B W cBA3aHBI KOHeH-
HOI IEIOYKOl 00beMIEMbIX U30TOINI 1 Til—HpeO6pa3OBaHI/II7L 9TO yTBEpK/ie-
HHE CUJIbHEe, YeM JIOKA3bIBaeMOe YTBEPAKIEHUE O TOM, UTO KaXKJble JIBA HEBBI-
POXKIEHHBIX CBA3HBIX CIEIAAIBLHBIX MOJINIIPA, OIMPEIEIIIONIIEe TOMEeOMOPMHbIE
RP?-o6pazus ¢ gyramu, TF!-sKBuBaeHTHDI, T.e€. CBS3aHBI KOHETHON IEIIOU-
KOii «abcTpakTHBIX> T+ !-mpeobpaszosanmii. JJoka3aTesbCTBO yTBEpIKIeHNs 00
«abcrpakTibixy T -peobpasoBaisax MOXKHO GBLIO GBI IIPOBOAUTD U JpyrumMu
cpeacTBaMu. Harmpumep, BMECTO TOMOTOIIAH, TIEPEBOISINENR KOJIBIA Pg \ P} B

koublia Ps \ Pj MEJMKOM U HETOBIKHON Ha KPae, MOYKHO UCIOJIb30BATH TOMO-
TOIUIO, COBMEIIAOMIYIO JIUIIb IIOJKOJIbIA STHX KOJIEIl B OKPECTHOCTH IIOJIMII-
pa P} win, 9KBUBAJIEHTHO, FOMOTOIMIO, YBOJSAIILYIO Kpas KoJer, oT Kpas OW°.
CymecTBoBanue Takoif TOMOTOIME CJIELyeT y2Ke M3 XOPOLIO U3BeCTHOro (6o-
Jiee caboro B CPaBHEHUH C JIEMMO( 3) yTBEPK/JEHHUS O TOM, YTO MOMOTOIHbIE
romMeoMopdu3MbI IPOU3BOIBHON 3aMKHyTOi moBepxHoctn nzoronusl ((Eps66,

Theorem 6.4)).

3amevwarue. Y TeOpEMBI 3 IMEETCs €IIe OJINH SICHO MPOCMATPUBAIOIIIICS B KOH-
Tekcre KOHCTpyKImit paborsr (Mat07) myTs mokasarenbcrsa. Korodesoit orim-
YUTEJIbHBII MOMEHT 3TOTO aJIbTEPHATUBHOIO IIyTH COCTOUT B SKCTPAIIOJISIIIAN HA,
cJIydail MPOCTBIX CIAHOB C KpaeM TEeXHUKHU TakK HAa3bIBAEMBIX Npeodpa3o8anul
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63dymus (pazmen 1.2.3 B (Mat07)). Takoit ciocob mokasaTeabeTBa MoTpeboBast
ObI TPOBEPKH CJIE/IYIOIIUX YTBEPKICHHUIL.

e B npowusBosibHOM 3-MHOrooOpasum JiroObIE JIBa IIPOCTHIX CIaiiHa C Kpa-
€M, €CJIM UX Kpas MPaBUJILHO BJIOYKEHBI M COBIAJAIOT, SKBUBAJIEHTHDI C
TOYHOCTDHIO JI0 NOOABJICHUS U YIAJEHUs B3LyTHl (IKCTPAIIOJISIUS Teope-

Mmbl 1.2.20 u3 (Mat07)).

e B nmponsBosibHOM 3-MHOr000pa3uu JII0ObIe JIBa MPOCTHIX CHAifHA ¢ KpaeM,
9KBUBAJIEHTHBIE C TOYHOCTDIO JI0 JO0ABJIEHUS U YAAICHUs B3Iy THI, SKBU-
BaJIEHTHBI C TOYHOCTBIO /10 peobpasosanmit T+ u L*! (skcrpanonsmus
YTBEPXKJIEHUs U3 JIOKa3aTeIbCcTBa TeopeMbl 1.2.27 B (Mat07)).

Peasmsyst Takyto aJbTEDHATUBHYIO CXEMY JIOKA3aTeIbCTBA, Mbl MOTJIH ObI (HAUAB
JIOKa3aTeIbCTBO TaK K€, KaK 9TO CIeJIaHO BBINIe, H JOMIA B PACCYKIECHUAX JIO
muOroobpasus We co cnaitmamu PP u Ps) NprMEHHTD JiBa BBINIEIPUABEICHHBIX
YTBED2K/IEHUS] 1 32T€M BOCIIOJIb30BAThHCS [OCJIEIHUM YTBEPIKIEHIEM JI€MMBI 1.

7 BcrnomorareibHast JieMMa 00 M30TOIUSIX

Hacrosimuit pasmest mocBsIneH BCIOMOTraTeIbHON JIeMMe 00 M30TOIMSX, UCIIOThb-
3yeMoil B JJOKa3aTeIbCTBE TEOPEMBI J.

Jlemma 3. ITycmv F — xomnaxmuas noseprnocmbv. Tozda npocmparcmeo
mootcdecmeennux wa F X {0} 2omeomoppusmos F x [0,1] — F x [0,1] ceasno.

Hoxazameavcmeo. YTBepxKieHnE JEMMBI 3 JOCTATOYHO IIPOBEPUTH JJIS CBS3-
HbIX TIoBepxHOcTeii. Cirydail CBSI3HON KOMIIAKTHOI IIOBEPXHOCTH, OTJIMYHON U OT
IPOEKTUBHOMN ILIOCKOCTH, U OT cdepsl, ciaenyer u3 (Hat76, Lemma 2). Ciyuait
MIPOEKTUBHON TIJIOCKOCTH sICEH M3 KOHCTPYKIUH, IPUBEICHHON B IOKA3aTEIbCTBE
gemmel 4.1.1 B (KM92). Cuyuaii cdepsl cienyer u3 5KBUBAJIEHTHOH (HOPMBI ru-
noresnl Cwmeitna, gannoit 8 (Hat81, assertion (b) p. 430). O

3amevarue. Jlemma 3 cchopMmyIupoBaHa B TOMOJIOTMYECKON KATETOPHUH, HO, KAK
U3BECTHO, JIJIsi PA3MEPHOCTHU 3 3TO IKBUBAJIEHTHO KyCOYHO-JIMHEIHON U TJI1a KO
KaTeropusimM. [lepexo 1 MexK 1y TOIOJIOrMYeCKOil ¥ KyCOYHO-TNHEITHON KaTeropusi-
mu obecrieansaercs Hauptvermutung (Moi52) u Tprokom Ajiekcaniepa, mepexo/
K IJIaJIKO Kareropun obecreunBaercs jokasannoil B (Hat83) runoresoit Cmeit-
JIa, a BO MHOI'MX CJiydasix gocrarodno u reopembl Cepda (Cer68) (noxpobuoctu
[epexo/ia MeXKly KaTeropusiMu obcyskaarrces, Hanpumep, B (Bro69), (Lau74),
(Ham74), (Hat83), (HR85, Remark 5.8(a)), (McC91)).

3amevwarue. AnprepHATHBHBIE TOKA3aTEILCTBA JIsd Ciaydas cephbl B Jemme 3
MOXKHO 101y 49uTh u3 TeopeMbl Cepda (Cer68) miu mocsieoBaTeIbHbIM IPUMe-
HEHUEM TPIOKA U3 TEOPEMBI O JIAMIIOYKE, II0OBOPOTa M TPIOKa AJieKcaHjiepa.
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