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(ITonmyuaena 5 suBaps 2013; onmybnukoBana 15 stuBapst 2013)

KpuBble mycThle MmpocTpaHCcTBa O0JaNAlOT CBOWCTBAMH JHMH3BL [lmockoe MpOCTpaHCTBO
EBximMaa MOXHO 3aMKHYTH TIPOIEAYPOH OTOXIECTBICHHS C COXpPaHEHHEM JIOKaJIbHOM
CBKJIIMJIOBOM  METPHKH, HE Hajensss ero cBOHCTBaMu JHH3BL.  OTOXIECTBICHHE
JIOTIOJTHUTENTBHBIX M3MEPEHUH B TEOPUU CTPYH MOXKET YCTPaHWUTh W3 HeE MHOrooOpasus
Kanabu-5y u cokpatuth nanamadT TEOpUH.

B kocMonoruu HM3BECTHO Takoe SIBJIEHUE KaK IPaBUTALMOHHOE JIMH3UPOBAHME. 3aKIIIOYAETCS
OHO B TOM, YTO MPOCTPAHCTBO, UCKPHUBJIEHHOE BOJIM3M MACCHUBHBIX TeJl, HalpuMmep, YEPHBIX IbIP,
nposiBiiseT cebs Kak juH3a. CBeT, MPoXoasd Yepe3 TaKylo JIMH3Y, UCKPUBIISIETCA, (POKYCHUPYETCS KaK OT
OOBIYHOM CTEKJIIHHOM JINH3BI.

[TonoGHbIME ke cBOMcTBamMU 001a/laeT U MyCTOE IPOCTPAHCTBO, O€3 MACCUBHBIX TEJI, €CIIH 3TO
3aMKHYTO€ HCKpPUBJIEHHOE MpOCTpaHCTBO. OmnucaHue CBONCTB TaKUX IMPOCTPAHCTB B JIUTEpaType
MO>KHO BCTPETUTH JOBOJBHO 4acTO: chepruueckoe MpoCcTpaHCTBO PuMaHa, MpoCTpaHCTBO MOCTOSIHHOM
oTpunaTenbHoil KpuBu3HbI JlobaueBckoro. Eciau mpocTpaHCTBO UMEET MOJIOKUTENbHYI0 KPUBU3HY, TO
Jy4 CBETa, BBINMYIIEHHBIH B KakOM-IMOO HamnpaBlICHUH, Yepe3 HEKOTOpPOE BpeMsi BEpPHETCS K
HUCTOYHUKY C oOpaTHOW CTOpOoHBI. ECTh BecbMa KpacOoyHOE OMNMCAHHME ATOrO SIBJIEHHS: B TaKOM
MIPOCTPAHCTBE, KAK TOBOPUTCS, MOXKHO YBHUJIETh COOCTBEHHBIN 3aThUIOK:

«BHJIEH C Pa3HbIX CTOPOH U B pa3Hble MOMEHTHI BPEMEHH 3a CUET TOr0, YTO CBET MHOIO pa3
ycreBaeT 000MTH Takoil 3aMKHYTBII MU 3a BpeMsl paciuupenus» [3].

Kak Mozens mpocTpaHCTBa KOCMOJIOTMYECKON 3aMKHYTOM BceneHHOM 4acTo paccMaTpUBarOT
HaJyBHOM 1Iapuk (chepuueckoe npocTpancTso). [Ipu ero pa3nyBaHMM MakeThl FaJIakKTUK, HAKIIEEHHBIE
Ha €ro IMOBEPXHOCTH, OTIANSIFOTCS JAPYr OT Jpyra, OCTaBasCh BCErJa B OJHOM M TOHl K€ TOUKe
KOOpJIUHATHOU ceTKH. OueBUIHO, UTO JIyd CBETA, BBIMYILEHHBII B TAKOM MPOCTPAHCTBE, OMOALIET €ro
1 BEPHETCS B UCXOJIHYIO TOUKY. JIyd cBeTa B MPOCTPAHCTBE - ATO IpsiMasi TuHusA. CBETOHOCHOM cpenoit
i ceprl sBusieTcss e€ noBepxHocTh. IloaTomy myd cBera, ABUTasCh MO 3TOMY HPOCTPAHCTBY,
MOBTOPSIET €ro KOHTYpbI — cdepy. [iasi 3TOro ycioBHOTO jTyda CBETa HET HAlpaBlIEHUN BHYTPb U OT
cdepbl, OH pacrpocTpaHseTcs 10 Hell BA0Ib IMHUM Oonbliux KpyroB. [lapannensHble TMHUM Ha cdepe
- 3TO JiB€ 00JIbIINE OKPYKHOCTH, MPOBEAEHHBIE Yepe3 JIBE PAOM PACIIONI0KEHHbIE TOUKU. OUeBUTHO,
YTO JIBE TaKue NapasuieibHble JMHUU MepeceKyTcs ABaxibl. OTCI0a CleAyeT, UTO BCE NMPSAMBbIE JIMHUM,
MIPOBEJIEHHBIE W3 OJIHOM TOYKHM, BO-IIEPBBIX, IEPECEKYyTCs elE pa3, BO-BTOPBIX, SIBISIFOTCS
napajuiebHBIMU. DTO OJMH U3 IPUMEPOB HapyIllIEeHUs IATOro nocryinata EBkinga, B COOTBETCTBUU C
KOTOPBIM, Y€pe3 TOUYKY MOKHO IPOBECTH TOJIBKO OJIHY MPIMYI0, MapaJljIelIbHYIO JIaHHOM, TO €CTb, HE
nepecekawiyo e€. B chepuueckoM mpocTpaHCTBe (TOJOKHUTEIBHOW KPUBU3HBI) TAKUX TMPSMBIX HE
CYILECTBYET.

W3 npuBe€HHOro0 ONMMCAHUS MOXHO 3aMETUTh JOCTATOYHO OYEBUAHYIO OCOOEHHOCTH TaKOro
npocTpaHcTBa. Bompeku pacnpocTpaHEHHOMY MHEHHIO, YBHJIETh B TaKOM IIPOCTPAaHCTBE CBOIl
3aThUIOK HEBO3MOJKHO B MpuHIUIE. Bee mydun cBera, UCIyIEHHbIE U3 TOYKU, BEPHYTCS UMEHHO B 3TY
TOYKY. DTO 3HAYMUT, YTO B Kakyio Obl oOjacTb HeOa Mbl HM IOCMOTPEIH, Mbl 0053aTelIbHO Oynem
BUJIETh JIy4U CBETAa, HCIIYIIEHHbIE HAIIMM 3aTbUIKOM». M300paxkeHue ero OyAeT «pa3mMa3zaHo» IO
Bcel cepe HeOOCBOAA WM BUAUMOM ero yacTu. [IoHsITHO, 4TO /17151 3TOTO B pocTpaHCcTBe Beenennoit
HE JI0JDKHO OBITh HU JPYTUX MEIIAIOUIUX HCTOYHUKOB CBETA, HU €r0 NOTJIOTUTEIEH.

Tem He MeHee, TOJO0HBIE «M300paKEHUS 3aThLIKa» BCE-TAKU UMEIOT XapaKTEpHOE, T0BOJILHO
UHTEpecHOEe cBOMCTBO. Bo3pMéM, Hampumep, GOTOMIACTUHKY U Ha €€ ThUIbHOW CTOPOHE IMOMECTUM
UCTOYHUKU CBETa B BHJE SApPKUX TodeK. [lookaéM m0CTaTOYHO NOAr0 M MOCMOTPUM Ha JIMIIEBYIO
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cTopoHy (QoToracTuHKkA. Ha Hel mposBUTCS TOYHOE M300paKEHHE 3TUX TOYEK, Ka)JI0€ HAIpPOTHB
CBOETO HCTOYHHUKA, HAXOJALIETOCS Ha TBHUIBHOW cTOpoHe. TOo ecTh, MBI clenanu CBOEOOpa3HyIo
dboTokamepy, kotopas Oyaro Ob1 choTorpadupoBana uCTOUHUKH. Ho y 3TOM KaMephl HET HH JIMH3BI,
HU TOHKOro 0OCKypHOro otBepctus. M3o0paxenue ™Mbl mnoiayuwid Onarozapst 3ddexty
NPOCMPAHCMBEHHO020 UH3UpOGanusa. B KadecTBe JIMH3bI BBICTYNWJIO CaMO IOJOXKHUTEIBHO
HCKPUBJIIEHHOE TPOCTPAHCTBO. DTOT 3(h(HEKT MOXKHO HAOJIIOAATH TOJIBKO TOT/A, KOTJIa MUCTOYHUK U
(boTOTIIACTHHKA HAXOIATCS B OJJHON TOYKE MPOCTPAHCTBA.

Ecmm ucToyHMK M MpUEMHHUK HAXOIATCS B Pa3sHBIX TOYKAX MPOCTPAHCTBA, TO KapTHUHA OynmeT
uHOU. PaccMOTpuM OOBEKT - CcTpenKy A, HAXOIAIIYIOCS OT PKpaHa Ha PACCTOSHUU, MHOI'O MEHBIIEM,
9YeM JUTMHA OKPYKHOCTH chepudeckoro Mmupa. O4eBHIHO, YTO JIy9H OT TOYEK HCTOUYHUKA HE COUTYTCS
B COOTBETCTBYIOIIMX TOYKAaX Ha JKpaHE, NMOCKOJBKY OHH HE JHUaMETPaJbHO MPOTHBOMOJOXKHBIE. Bee
Jy9d OT TOUYEK OOBeKkTa A OyIyT pacrpoCTpaHSAThCS B CTOPOHY 53KpaHa HE IO EBKIMIOBBIM
napayieIbHBIM JIMHHASAM, a IO JyraM OOJNBIINX OKpyKHOcTel cdeprl. [loctaBuMm mepen skpaHOM
00bryHyl0 ontuueckyto nuH3y . Ecnu mpocTpaHcTBO 0O0BIYHOE, €BKJIMAOBO, TO OOBEKT A
oToOpa3utcs Ha 9KpaHe B u3o0paxkenue B. Eciaum xe 3TO mpocTpaHCTBO HMMEET c(hepHuecKyro
KpUBHU3HY, TO TaKoe ke n3o0paxenue B Oyner skBUBajIeHTHO N300pakeHUIO OT 00bekTa A':

TMPOCTPAHCTBO
MOJIOKHTEIbHOH KPHBH3HbBI O

B

Puc.1. [IpocTpancTBeHHAs yBeTUUMBAIOIIAS JIHH3A

dusndecku 00beKT A MeHbIIE 00beKTa A', Haromiero Takoe ke n3oopaxenue B. To ecth, kak
BUJIHO W3 pPHUCYHKa, cdepuyeckas HCKPUBJIEHHOCTh IMPOCTPAHCTBA (IIPOCTPAHCTBO IOBEPXHOCTH
cdepbl) yBEIMYMBAET H300pakeHUE YHaNEHHOro o0bekTa. TOYHO TaKXke, €ClIM TPEeXMEpPHOe
npoctpaHcTBo BeeneHHol 3aMkHYTOE, cpepuueckoe, To Bce 00beKThl BO BeeneHHoH, ynanéHHble OT
Hac, Mbl Oy/ieM BHJIETh YBEJIIMYEHHBIMU. YeM CUIbHEE UCKPUBIIEHO IIPOCTPAHCTBO, TEM CHJIbHEE OYIEeT
yBEJIMYEHUE.

Takas kapTuHa OyAeT B INPOCTPAHCTBE IMOJIOKUTEIbHOW KpuBU3HBL. Ho TOrma Bo3HuKaeT
€CTECTBEHHbIH BOIPOC, a KakuM OyIeT M300pa)keHHe B MPOCTPAHCTBE OTPHULATENBHON KPUBU3HBI?
Jlerko moranaThCs: €ciaM B IJIOCKOM MPOCTPAHCTBE MBI MOJY4aeM HEUCKaKEHHOE M300pa)KeHHe, a B
IIPOCTPAHCTBE C IOJIOKUTEIBHON KPUBHU3HOW - YBEIMYEHHOE, TO B IPOCTPAHCTBE OTPULATEIBHOU
KPUBU3HBI MBI JIOJDKHBI IOJIYYUTh H300pa)k€HUE YMEHbIIEHHOE. B mpocTpaHCTBE OTpULATENIbHOM
KPUBHU3HBI JIy4d CBETA OT HCTOUYHUKA PACXOAATCA, KaK TOKA3aHO HA PUCYHKE:

e
_
e e _—
e
—) \
NPOXeKTOP B MPOCTPaHCTBE MPOXEKTOP B NPOCTPAHCTBE MPOXEKTOP B NPOCTPaHCTBE
HYMEeBOI KPUBN3HBbI MOMOXMTENBHOM KPUBU3HBI OTpULLATENBHON KPUBM3HI

Puc.2. HanpaBienus iqydeil cBeTa MpOKEKTOPOB B pa3iIMYHBIX MPOCTPAHCTBAX

Kaxx1p1i1 13 IpOoKEKTOPOB MCIyCKAET MOTOK MapauIeNbHbIX Jydel cBera. Ho B mpocTpaHcTBe
MOJIOKUTENbHOW KpUBH3HBI (chepuueckuit mup Pumana) 3TH «mapajiesbHble» JIy4d Ha yJaleHUU
CXOJSTCS, a B IPOCTPAHCTBE OTpULATENbHON KpuBU3HBI (MUp JloOaueBCKOro) 3TH «IapaijiesIbHbIE»
ay4u cBera pacxonaarcsi. C yd4eToM Takoro MHOBEACHUS «IapauleNbHBIX» JUHUHM B IPOCTPAHCTBE
OTpULATENIbHON KpPUBU3HBI, PACCMOTPEHHBI HaMHU BbIIE OOBEKT IO CPAaBHEHUIO C IUJIOCKUM
MIPOCTPAHCTBOM OTOOPA3UTCS HA IKPAHE YMEHbIIEHHBIM:
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A MPOCTPAHCTBO
OTPHLATEIbHOM O
KPHBH3HBI

B
Puc.3. [IpocTpancTBeHHas paccenBaroIias JUH3a

Ha pucynke 00BbeKT A' - 3TO HICTOYHHUK B IJIOCKOM IPOCTPAHCTBE, BUIUMBIN Yepe3 ONTHUECKYIO JTHH3Y
O xak uzobpaxenue B. Takoe xe mzoOpaxeHue B B UCKpUBIEHHOM MPOCTPAHCTBE OTPHULIATEILHON
KpUBU3HBI OyleT MOJy4eHO OT o0bekTa A, KoTopbiii Oosbmie oObekra A'. ClieoBaTelbHO,
MPOCTPAHCTBO OTPUIIATEIILHON KPUBHU3HBI 00J1a/1a€T CBOMCTBAMHU PACCEHBAIOIIEH JTUH3HI.

3amkuymule npocmpancmea Eexnuoa

OueBumHO, 4TO 3h(HEKTH MPOCTPAHCTBEHHOTO JMH3UPOBAHUS U BO3MOXKHOCTH YBUICTH CBOM
3aTBHIJIOK MPHUCYIU TOJBKO 3aMKHYTBIM MPOCTpaHCTBaM. B ciydae IByXMEpHOTO MPOCTPAHCTBA 3TUM
CBOMCTBOM 00J1a/1al0T, HampUMeEp, TaKhe XOPOIIO HM3BECTHBIC TOBEPXHOCTH: cdepa, mceBmochepa
benbrpamu, TOp, HMIMHIP, KOHYC. Bce 3TH TMOBEPXHOCTH HE SIBISIOTCS IUIOCKOCTSMHU EBKiuza.
OdyeBuHO, YTO M3HAYAIHHO TeoMeTpusi EBKinaa co3gaBanack Kak reOMETpHsl IIIOCKOTO U30TPOITHOTO
MHpa, XOTs SBHO 3TO HE yKazaHo. Hu 0 Kakoil 3aMKHYTOCTH €BKJIHOBA MPOCTPAHCTBA HE OBLIO U
peun. BnocnenctBuu OCHOBHbIE €€ TOJOXKEHUS (C CYIIECTBEHHBIMH H3MEHEHUSIMHU) JOBOJIBHO
yCcHemrHo ObUTM TEPEeHECeHbl Ha 3aMKHYThIE HWCKPUBIEHHBIC cdepruyeckoe W THUNEpOOIHYecKoe
npocTtpanctBa. OpHako, M3BECTHO, YTO W camMa TreoMmeTpus EBKiamaa wmeeT CBOM COOCTBEHHBIN
€BKJIIMJIOB 3aMKHYTBHIA wmup. CBepHEM, K TMpuUMepy, B MWIMHAP JUCT C HAPUCOBAHHBIMU
MapajieabHBIMU NMPAMBIMU. Ha MOBEPXHOCTHM UMJIMHIApPA ONPEACIICHUE NapauieIbHOCTH OCTaHETCA
BepHBIM. [IpsiMbie Temepp CTaiM TeO/Ie3MYECKUMH, HO OHHU B TOYHOCTH TOBTOPSIIOT BCE CBOWCTBA
IJIOCKUX TpsMbIX JuHUN EBKkimuma. «3aMblkaHue» B KPHUBOE EBKJIHMIOBO IPOCTPAHCTBO 0€3
MEPECEUYCHHST MOXKET OBITh OCYIIECTBICHO CBOPAaYMBAHMEM IUIOCKOCTH EBKIIMIA TONBKO B IMIMHAP
WU B KOHYC. DTH TOBEPXHOCTH SIBJISIOTCS M30METPUYHBIMH 110 OTHOIICHHUIO K OOBIYHOM TUIOCKOCTH
EBxnuna:

«M30MeTpUYHBIC TOBEPXHOCTH — MOBEPXHOCTH B €BKJIMIOBOM HJIM PUMAHOBOM MPOCTPAHCTBE
TaKue, 4YTO MEKJIY HUMU MOXXHO YCTAaHOBHTH B3aMMHO OJIHO3HAYHOE TOYEYHOE COOTBETCTBHUE, NPHU
KOTOPOM KaXKJasi CIpsMIiieMas KpuBash OJHOW M3 TOBEPXHOCTEH HMEET CBOMM 00pa3oM TOXKe
CIPSAMIISIEMYIO KPUBYIO M TOM K€ JJIMHBD) [2].

Ha To0, uTto reomerpuss Ha MOBEPXHOCTSIX KOHYCa WJIM UWIWHIpPA COXPAHSIET CBOMCTBA
reOMETPHUH Ha TUIOCKOCTH EBKIMa, oOpaiany BHUMaHue, HanpuMep, Puman:

CUWIMHIPUYIECKUE WJIM KOHMYECKHE MOBEPXHOCTH CYIIECTBEHHO HE OTJIMYHBI OT TUIOCKOCTH,
TaK KaK MOTYT OBITh TMOJIyY€HbI W3 IIOCKOCTH IOCPEJACTBOM OJHOTO JIMIIb H3THOAHHS, MpUYEM
BHYTPEHHHE METPUUYECKHE OTHOIICHHS OCTAIOTCS HEM3MEHHBIMU U BCE TEOPEMBI, Kacaroluecs 3THX
OTHOIIIEHU, TO €CTh BCS IJITAHUMETPUS, OCTAIOTCS B CHIIE» [6].

Ha sT0 ykaseiBan u PameBckuii:

«TepMuH «u3rubanue» CBs3aH C HATJIAIHBIM MPEACTABICHUEM O TIOBEPXHOCTH KaK O TMOKOM,
HO HEPACTSHKUMOW M HEC)KMMAEeMOM TIJICHKE; TaKyIO TJICHKY MOKHO M3TH0aTh B MIPOCTPAHCTBE, MEHSS
ee GopMmy, HO coxXpaHsis JIMHBI BCEX KPUBBIX Ha HEW. [IpumMepoM MOXKET CIyKWUThb CBEpPTHIBAHUE
IIJIOCKOTO JIUCTa OymMaru B IWJIMHAP WU KOHYC» [4].

Onnako, ciaeayeT yTOYHUTh, YTO 3TH MPOCTPAHCTBA SABJISIIOTCSA MPOCTpaHCTBaMU EBKiMIa Tuib
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JIOKaJbHO, OorpaHM4yeHHo. Ha koHyce (eciu yroa cermMeHtra pa3BEepTKH MEHbLIE TT) U LIJIUHIAPE
Hapymaercs Tpetuil noctynar Esxkiuna [1, 7]:
«3. W 4TO U3 BCSAKOTO LIEHTPA U BCSIKUM PACTBOPOM <MOKET ObITH™> ONUCAH KPYI».
Hapymenne Tperbero mocrynata aBTOMaTH4YeCKM BENET K ApPYrMM orpaHudyeHusM. Hampumep, Ha
LUJUHIPE CYHIECTBYIOT 3aMKHYTBIE «IIpAMBIE», YTO SBJISIETCS HapyUIEHWEM IIOCTyJlaTa o
HEOI'PaHMYECHHOM IIPOJUIEHUM MPSAMOW: €CIU UATH IO 3TOM NPAMOU JIMHUM, TO NPHUAENL B UCXOIHYIO
TOuKy. JIBe mepecekaromuecs NpsMble HAa LUIMHAPUYECKONW IOBEPXHOCTH IIPU HEOTrPAaHUYEHHOM
IPOJUICHUH HMMEIOT HEOTPAaHMYEHHOE YHUCIIO TOYEK MepecedeHHs. DTO O3HA4aeT, YTO BHYTPEHHHE
HaOMoJaTeNId MOTYT 3KCIIEPUMEHTAIbHO OINpEeAEINTh 3aMKHYTOCTh cBoero mupa. Hampumep, asa
MyTeUIECTBEHHUKAa OyAyT IEepUOJAUYECKH BCTPEYAThCs, €CIAM OJUH HIET MEPHEHIUKYISIPHO K
3aMKHYTOM KOOpJAMHATE (TO €CTh, BJIOJh OCH IWIMHJPA), @ BTOPOU - HE MapajuIeIbHO K HEH B OJIHY
CTOpPOHY C IEPBBIM (TO €CTh, 10 BUHTOBOW JIMHHUU). ECIIM OHU OCTaBISIOT CIEN, TO 3TU Cilelbl OyayT
IIEPUOANYECKH IIepeceKaTbcs. B KpHBOM LWIMHAPUYECKOM Mupe EBKIMIa MOXKHO YBUIETh CBOU
3aTblIOK. Ha prCyHKe MOKa3aHbl HECKOJIBKO Pa3BEpTOK OJHOTO M TOTO K€ HUIMHAPA, TPHIOKEHHBIX
JOPYT K APYTY JUIsl HATJISIIHOCTH:
y

——

—_—
A

2n 0 2n 0 2n

Puc.4. PazBepTka NHIUHIPUYECKON TOBEPXHOCTH S¢. JiIs HATIISTHOCTH 110 TOPU3OHTAIN TIOKA3aHbI
MIPHJIO’KEHHBIE BCTHIK APYT K APYTY HECKOJIBKO Pa3BepPTOK - S, Sp. Ock y - HanpaBJieHHE OCH LIUIIMH/PA.

Ha moBepxHocTH 1miauHApa ABE MapajuielibHbIE MPSIMbIE MOTYT MMETh MHOXECTBO COBIMAIAFOIINX
TOYEK, CIMBATHCS, YTO Hapymraer akcuomy ['minsOepra I, rpynmnel npuHamiexHoCTH «KakoBbl Obl HU
ObLITH JIBE TOUKH A U B, CyliecTByeT He 0oJiee 0THON PSMOM, MPOXOAIICH Yepe3 ITH TOUKN:

Puc.5. PazBepTka nunmusapraeckon nosepxuocty. [lapaniensasie npsmMele nepecekatorcs. Och y -
HaIIPABJIEHUE OCH LIMIMHPA.

[Toka3zana pa3BepTka nuiInHApPa (OCh MUIMHIpPA - BepTuKaibHa). [TapamiensHo npsmoit AB nmpoBeneHa
npsimas DE. Tlpsmas AB mpomomkena a0 toukd C ¥ MPOXOAUT TOJ YIJIOM K OCH IUIMHApaA (HE
3aMKHYyTa). BuaHo, 4TO mpu ganpHEeM e€ mpoa0/DKeHIH OHa cobETcs ¢ mpsimoii DE.

Takum Ke JIOKJIbHO E€BKJIHMIOBBIM IPOCTPAHCTBOM SIBJISIETCS W KOHYC: Ha KOHHUYECKOU
MMOBEPXHOCTH CYIIECTBYIOT, 10 MEHBIIIEH Mepe, IBE MPSAMbIC JUHUH, KOTOPBIC MPU HEOTPAHUICHHOM
MPOJJICHUN TIEPECeKAloTCs B JBYX TOUYKaX; MOTYT CYIIECTBOBAaTh MPSAMBIC JIMHUHM, KOTOPHIC
camoIlepeceKaroTcsl U, cle0BaTeIbHO, apauieibHble Nepecekaromuecs npsmeie. Konyc o6pasyercs
W3 IUIOCKOCTH EBKIMAA CKIEHKON ABYX CTOPOH YIVIa M CBOpAayMBaHUMEM KyCKa IUIOCKOCTH. Ha
CIEAYIOIIEM PHCYHKE MOKa3aHa pa3BEPTKAa KOHMYECKOW MOBEPXHOCTH. Kak U B mpuMepe ¢ HWIMHIPOM
Ha OJHOM pPHCYHKE IIOKa3aHbl COBMENIEHHBIC BCTHIK YETHIPE OJMHAKOBBIE PA3BEPTKH KPUBOTO
KOHMYECKOTO MPOCTPAHCTBA - KOHyca AoB:
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Puc.6. PazBepTka KOHUYECKOI TTOBEPXHOCTU S¢. I HATTISITHOCTH 10 TOPU3OHTAIN TTOKa3aHbBI TIPUIIOKEHHEIE
BCTHIK JIPYT K APYTY HECKOJIBKO JOMOTHUTEIBHBIX PAa3BEPTOK Si, S,, S;. AB - TUHUS OKPYKHOCTH OCHOBAHUS
koHyca. CripaBa: TPaeKTOPUHU JBM)KEHUS BHYTPEHHUX HAOIIOIaTeNEH 10 IOBEPXHOCTH KOHYCA.

B koHMUYecKOM MUpEe TPACKTOPUH IBUKEHUSI BHYTPEHHUX HaOJt01aTeel - IBYX MyTHUKOB M U
n OyIyT epPEeceKaThCs C yBEIMUMBAIOIIEHCS MEPUOJUIHOCTHIO (BCE pexke), €ClIM OJUH U3 HUX - N UAET
OT BEpIIUHBI KOHYyca (M0 0Opasyromieii), a APyroi - m UAET MUMO BEPIIMHBI, TO MPHUOIMKAACH IO
KpUBOH K BEpUIMHE, €CIM CMOTPETh U3BHE, TO YAAJSAACH OT HEE, HO Ha caMOM JleJie, BCerja JBUTasCh
CTPOTO MO IPSAMOM Ha pa3BEPTKE KOHYCHOM MOBEPXHOCTH.

B 3aBucumoctu oT yria pa3BepTKH KOHHMYECKOro mupa (yria cermeHta AoB = o) oHu Moryt
ObITh IIOBHBIMM M O€CIIOBHBIMH. BeclIOBHBIH KOHMYECKHII MHpP MOET ObITh OOpa3oBaH TOJIBKO
CErMEHTaMU C yIJlaMHu o, KpaTHbIMU 7/2. Eciin o = 27n, oOpa3yercs oObIuHbIN Mockuit Mmup EBkinna;
eciu o > 2w, oOpa3yercsi CupajibHbII KOHMYECKUN camoriepecekatonuiicss mup. Ha pucynke cieBa
n300pakeH KOHMYECKUN OeCIIOBHBIM MUP ¢ MUHUMAJILHO BO3MOXHBIM YIJIOM 0, = T/2:

R - ‘
120’13(‘de g/hFB 9

ra 45
10rb \ -1
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Puc.7. TIpocreiimmii KOHHUECKH OECIIOBHBIN MUP.

OTO HAaUMEHBIINNA KOHUYECKUM OECIIOBHBIN 3aMKHYTHIM Mup. OH 00pa3yeTcsi CBOpaunBaHUEM
cerMmeHTa AoB B KOHYC, B pe3ysbTare 4ero Nnpu CKJIEHKe I'paHUIl IUIOCKOCTH TOYKH aa’, bb'... hh’
COBMecCTSTCS JIpyr ¢ ApyroM. Kak BUAHO W3 pUCYHKa, B ITOM cllydyae Ha IOBEPXHOCTH KOHYyca
COOTBETCTBYIOIIME KBaJpaThl MOBEPXHOCTU POBHO CTBHIKYIOTCS CBOMMH CTOPOHAMH, HEPa3pbIBHO
nepexo/s JApyr B Jpyra, MOSTOMY Ha IOBEPXHOCTH KOHyCa BCE 3JIEMEHTapHble sUelku OyayT B
TOYHOCTH KBaJPAaTHBIMH, PaBHBIMH B pa3BEPTKE Apyr Apyry. Eciu B3ATh CErMEHT, C yrJiOM 0, HE
KpaTHBIM /2, Hampumep, AoO’, TO TOYKH a'... h° HE COBMECTATCS C AaHAJIOTMYHBIMM TOYKaMH Ha
IpyroM paauyce cermeHta. /[Ba paamyca Ao U 00  OKaxyTcs CO CMEUIEHHBIMU BJIOJIb paauyca
KBaJIpaTaMH IMOBEPXHOCTH, 00pa3yst 0B A0=00 .
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Ha pucyHke BHIHO, 4TO Ha 3TOM CErMEHTE MOYKHO IPOBECTH INpsiMyro JiMHHIO EF, xoTopas
nepecey€r 06a ero paguyca oA u oB. D10 03Hauaer, 4YTo Ha MOBEPXHOCTH OOPa30BaBIIETOCS KOHYyCa
OyIeT 3aMKHyTas WIM CHUpaJIbHAs eBKJIHAOBa mpsimas nuHus. OOpaiairo Ha 3TO 0c000€ BHUMAaHUE:
9TO HACTOsIIAasl IpsMasl €BKJIMJIOBA JIMHUSA, KOTOpas cama cebs mepeceKkaeT, He UMesl MpU 3TOM HU
U3JIOMOB, HM mnepern6oB! Ha koHMuYeckol MOBEPXHOCTU INpHU CKIeHke o0pasyercss TpEXCTOPOHHMM
KBaJIpaT - KBaJIpaT, y KOTOPOTr'O OTOX/IECTBIICHBI, CKIIEEHBI JIBE€ PSAIOM PACIOI0KEHHbIE CTOPOHBI:

-
12Aa:)cde gd h B
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10+b
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6 f
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h

D C
0 2 4 6 8 10 12
Puc.8. Ipu ckieiike cropon AB u AD o0pa3yercs TpEXCTOPOHHUHN KBaapaT

Cropona AB - 3T0 ToXkAecTBEHHO cTOpoHa AD, 4TO MOKa3bIBAIOT OJAMHAKOBBIE 0003HAYEHUS
touek a..h Ha Hux. Iloatomy y atoro kBaapara Tpu ctoponsl: AB=AD, BC u CD (tpukanpar).
[lepumertp TpukBaapaTa, TaKUM 00pa3oM, paBe€H YTPOEHHOW JUIMHE €ro CTOPOHBI, HO IJIOLIa/lb paBHA
KBaJpaTy CTOpoHbl. Ha KoHyce mpsiMble caMoOIepeceKaroTcs, CIEN0BATENIbHO, IEPECEKAOTCA U
napasJiesIbHbIe:
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Puc.9. Ha xoHn4eckoi mOBEPXHOCTH MPSIMBIE NTEPECEKAIOTCS B JBYX TOUKAX

HunuHap v KOHYC SIBISIOTCS Hele(OopMUPOBaHHBIMU ITOBEPXHOCTSIMU U 00pa30BaHbl CKIECHKOMN
mwiockoctu EBkiuga B ogHOM M3 HampaBieHui. OcyliecTBUTh CKJIEHKY IulockocTu EBKnnaa Takum
obpazoM, dYTOOBI TOJYYWUIIOCH HEACPOPMHUPOBAHHOE IMPOCTPAHCTBO, 3aMKHYTOE€ II0 BCEM
HaIpaBJIEHUAM (KOOpAMHATAM ), HEBO3MOXKHO:

«ECIM OTOXKJECTBUTh B KBaJpare TOUYKU KaXKJOW CTOPOHBI C COOTBETCTBYIOIIMMH TOUYKAMH
MIPOTUBOIOJIOKHON CTOPOHBI, TO KBaJpaT «CKJIEUTCSH» B JABYMEPHOE MHOrooOpasue, yCTPOEHHOE
Hanoo6ue Ttopa. Ilpu 3TOM Bce ueThlpe BEpLIMHBI CKIESATCS B OJHY TOUYKY, B KOTOPOM COMIYTCSl BCE
4yeTbIpe yria kBajapara. Eciau coxpanuTh B 3TOM MHOTOOOPa3uH MPEXKHIOI METPUKY, TO MbI IOJTYYUM
IpUMep JIOKAJIbHO €BKJIMJIOBA IPOCTPAHCTBA ABYX H3MEpeHui (pazymeercsi, 3TO IPOCTPAHCTBO
MPUXOJUTCA paccMaTpuBaTh aOCTPAKTHO, HE MBITAsICh PEain30BaTh €ro B BUAE TOpa B OOBIYHOM
IIPOCTPAHCTBE: B IOCJIEIHEM CIIydyae METPUKA HE MOKET ObITh JIOKATbHO €BKIUIOBON)» [5].

Ecnu ckneutb, OTOXKIAECTBUTH MPOTHBOIIOJIONKHBIE CTOPOHBI KBajpaTa, TO Ha IMOJIY4EHHOH
MOBEPXHOCTU OyIyT BBIMOJHSIOTCS BCE INOJOXKeHUs reomerpun EBKinmma, Kpome TeX, KOTOpPbIE
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CBSI3aHbl C HEOTPAaHWYEHHBIM NpojajeHueM JmHuil (puryp). Ecau pazmepsl Takoit nuHuu (puUrypsl)
MPEBBICAT pa3Mepbl KBajpaTa, OyAyT HapylIEeHbl IOJOXKEHUS MNapajlIeIbHOCTH, €JUHCTBEHHOCTH
JIMHUAH, OTCYTCTBUS BBIJCICHHBIX HAIpPAaBICHUN W JIpyrux. TakoW «CKIECCHHBIM KBAapaT», TAKUM
o0Opa3om, Kak Obl MMEET TOJIbKO JBe CTOpoHbI (OuKBagpar). Croco® ero oOpa3zoBaHUS MO3BOJISIET
Ha3BaTh €ro TaKKe€ CBOCOOPA3HbIM LMIMHIPOM: CPepruyecKuM (CTATMBAHUE B OJHY TOUKY YIJIOB) WU
JIBYXOCEBBIM (CKpPyYHMBAaHHME IO JABYM OcCsAM). BbljeneHHble HampaBieHUs - 3TO MOINEpPEYHbIE,
IUaroHalbHble M cHUpajbHble. HecMOTpsi Ha aHM30TPONMIO, TO €CTh HAJIUYHUE BbLAEICHHBIX
HaIpaBJICHUH, HAa TaKOW 3aMKHYTON IJIOCKOCTH BBIMOJIHSIOTCS BCE 3aKOHBI €BKJIMJIOBON reOMETpHH (C
Y4€TOM OTPaHUYEHHOCTU JUIMH MPSAMBIX), MPU 3TOM BCIEACTBUE €€ 3aMKHYTOCTH, MOKHO YBUJIETh
cOOCTBEHHBIH 3aThbUIOK, TPUUEM B OECKOHEYHOM KOJIMYECTBE HAIPaBJICHUI.

Ha pucynke mnokazana ¢urypa - TpeyroJIbHUK, KOTOPBIM HMEET JHMHEHHbIE pa3Mepshl,
npeBbImaronme cropony kBaapata ABCD. B 3aBucuMocTH OT OpHEHTallMd M TIOJIOXKEHUS ITOU
¢burypsl, BUIUMOCTb €€ B IPOCTPAHCTBE Pa3JInyHA:
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Puc.10. ITnockocts ABCD, ckiieenHasi o 1ByM KoopauHaTaM (IloKa3aHa pa3BepTKa S), TOBTOPEHHAS
MHOTOKPATHO BCTHIK S;...Sg). M300pa3uth TpexMepHYI0 MOJIENb 3TOT'0 POCTPAHCTBA HEBO3MOXKHO, 3TO
CBOCOOpa3HbIil «CHEPUUCCKUN IUITHHIPY.

Takas ¢urypa Moker ObITh BHMJHAa OJHOBPEMEHHO C JBYX CTOpPOH: CIIEpeAd U C3aju.
CuMMeTrpus yacTell pa3iMyHa B 3aBHUCHUMOCTU OT HaIlpaBJIeHUs OCH (UTYphbl: JIMOO CKOILIEHHO Kak
anemenThl [-1I-III (neBast yacTh pucyHka), 1ub60 Ha OJHOM ocu Kak aneMmeHThl [-1I (cpennsis yacthb
pucyHnka). Jlrobast MMHMUS IpU HEOTPAHWUYEHHOM IPOJJICHUH MOYKET MOSIBUTHCS C MPOTHUBOIOJIOKHOMN
CTOPOHBI, MapauIeIbHO caMoi cede. Ha mpaBoil yacTu pucyHKa JUHUS a, HEOTPAaHUYEHHO PO IEHHAS
BIIEPE, MOSBISIETCS B MPOCTPAHCTBE KaK JIMHUSA a', a Mpoaii€HHas Ha3aj - Kak JuHus a". Touku e - €' u
g - g' SIBJISIFOTCS OTOXKECTBIEHHBIMY TOUKAMH Ha CTOpOHax kBajpara ABCD.

HumuHapuyeckuii W KOHMYECKMA MuUpbl EBKIWaa, BUAMMO, SBISIOTCA €IMHCTBEHHO
BO3MOXHBIMHU JIByXMEPHBIMHU IUIOCKHMHU 3aMKHYTBIMM MHUpaMH, KOTOpPbIE JIOKAJIbHO 00J1aal0T BCEMU
cBOMCTBaMH IUIOCKOro mupa EBkinpa. BpiBoapl, MOMydYeHHbIE MPU HUX PACCMOTPEHHH, MOYHO
pacnpoCTpaHUTh MO aHAJOTUU M Ha TPEXMEPHOE 3aMKHYTO€ MpPOCTPaHCTBO. B nuteparype oueHb
4acToO Halll pealibHbIi Qu3ndeckuii Mup u3zobOpaxaroT rpapuuecku B Buae cdepsl. Ha camom nene
TpexmepHasi cepa MOKET HAXOAMTHCS TOJIBKO B IPOCTPAHCTBE YETHIPEX M3MEpPEHHH (HEe cuuTas
BpeMeHH). M300pa3uth €€ B akCOHOMETPUHM HEBO3MOKHO, MO3TOMY M MpPHOEraroT K yHpOUICHUSIM B
BUJIE IBYXMEPHOU cepbl B TPEXMEPHOM MPOCTPAHCTBE. DTO YACTHBIN CIIydall KpUBOIO TPEXMEPHOTO
IIPOCTPAHCTBA - U30TPOITHOE 3aMKHYTOE IPOCTPAHCTBO.

[lo anamorum ¢ JBYXMEPHBIM IPOCTPAHCTBOM (IIOBEPXHOCTHIO) MBI MOXKEM «CBEPHYTHY,
3aMKHYTh ~ KOOpJAMHATBl ~ TPEXMEPHOTO  MPOCTPAaHCTBA B OKPY)KHOCTH,  OTOXIECTBHUTH
MIPOTUBOIMOJIOKHBIE TPaHU TPEXMEPHOTO KyOa, MOJYYHMB TAaK HA3bIBAEMBIM «TPEXMEPHBIN TOp» WU
TPEXCTOPOHHUI KyO0 - Tpukyd. ['padmueckun wu300pa3uTh Takoe 3aMKHYTOE MPOCTPAHCTBO
HEBO3MOXXHO. OueBHMJIHO, YTO MOJYYEHHBIH 3aMKHYTHI MHp SBJISETCS aHU30TPOIHBIM - B HEM
MOSIBIIAFOTCSL BBIZICJICHHBIE HampaBjeHUs. B 3ToM Mupe mr000i#l Jiyd cBeTa BEPHETCS B UCXOIHYIO
TOYKY, B HEM MOXHO YBHUJETb CBOM 3aThUIOK. AHHM30TPOIUS HANPABICHUN MPOSBISETCS B TOM, YTO
JMaroHalbHble HampaBieHUs OyayT Oojee MJIMHHBIMHU, YeM IO KoopJauHaTaMm. Takod HEsBHO
IIPEACTABIISIIOT CTPYKTYPY Hamled BceleHHON: ¢ OJHOM CTOPOHBI OHA CUMTAETCS E€BKJIMJIOBOM, a C
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Opyroil - 3aMKHYTOW. M3BecTHBI Oe3ycIElIHbIE MOMNBITKM HAWTH B HEHW «IyXOB» - IOBTOpPHBIE
M300paKeHus rajJakTHK, YBUJIETh CBOM 3aThUIOK.

Onucanne 3aMKHYTBIX €BKIUIOBBIX IPOCTPAHCTB, KaK IIOKA3aHO, OCHOBAaHO Ha JBYX
MPUHIUIUAIBHO OTJIMYHBIX NMpUEMaXx: CKIEHKHU U OTOXKIECTBIIEHUA. MeTo | CKIIeHKH, BUAUMO, CIEAYET
cuuTaTh (U3NYECKUM HPUEMOM, a METOJ OTOXKAECTBIEHUS - MaTeMaTH4YECKHUM. ODTO 3HAYUT, YTO
CKJEHMKa IJIOCKOCTEW WM NPOCTPAHCTB B HTOre MAAET (PU3NYECKUH OOBEKT, KOTOPBIM MOKHO,
HanpuMep, U3rOTOBUTH B BUJIE MAaKeTa, 00bEKTa, KOTOPBIM MOXKET peaibHO cylecTBOBaTh. Hampumep,
CKJIeHKa JIeHThI ME&Omyca MOXKeT OBITh NMPOU3BENEHA, TaK CKa3aTh, Ha padoueM croje. Ckieika
KOHyca, IWIMHJIpa - peajibHble (pu3nueckue npouenypbl. HanmpoTus, oTOXIECTBICHHE - 3TO METO[
UCKJIIOYUTENIbHO MaTeMaTUYeCKud, KOTOpbIH He 0053aTeIbHO IMO3BOJSET CO31aThb (U3UYECKU,
MaTepuainbHblii 00bekT. Hampumep, oToxkaecTBieHHE TOUeK Ha cdepe oOpa3yeT 3JUIMITUYECKOE
poCTpaHCTBO PuMaHa, KOTOpOe, €clii U MOXKHO IpPEJICTaBUTh, TO M3TOTOBUTH B BHJIE MAaKeTa HE
MIpe/ICTaBIsAETCS] BO3MOXKHBIM. OTOKIECTBIEHUE CTOPOH KBaJpaTa HEBO3MOKHO HE TOJIbKO MMOBTOPUTH
Ha MakeTe, HO JIa)Ke W MPEJACTaBUTh CIOKHO. TeM Oojiee, OTOXKIECTBICHUE IpaHeil kKyoa. OqHaKo, Kak
MaTeMaTU4YEeCKME MOJIeIM - OHHM B BbICIIEH CTENeHU YyIOOHBI W HHTepecHbl. (YeBHUIHO,
MaTeMaTHYECKOEe OMHUCAHNE UX HE UMEET HUKAKUX MPUHIMIUAIbHBIX TPYIHOCTEH.

[IpyHuMmas BO BHMMAHHME 3THU JIOBOJBI, CJIEIYyEeT YCOMHHUTBHCSI B BO3MOKHOCTH HAJIMYUS Y
BcenenHoi nByX HMCKIIOYAIOUIMX JIPYT ApPYyra CBOMCTB: €BKIMJIOBOW METPUKH M 3aMKHYTOCTH. Eciu
Bcenennas 3amkHyTa, TO Yy HE€ HE MOXKET ObITh €BKJIMIOBOW METPUKH, MOCKOJIbKY HEBO3MOKHO
MPEACTaBUTh Cce0€ «OTOXIECTBICHUE» TpaHel BcemenHoil. HampoTuB, eciu AOMyCTHUTh TaKyro
BO3MOXHOCTb: (U3UYHOCTh MPOLEAYPhl «OTOXKIECTBICHHS» TOYEK IHPOCTPAHCTBA, TO CJIEAYET
pacnpoCTpaHuTh ATy MPOLEAYPY U Ha Apyrue ¢pusnueckue Teopun. Hanpumep, Ha TEOPHIO CTPYH.

Mmnozooopasusa Kanaou-Ay

C 19-ro Beka B (pu3uke >KUBET M aKTHUBHO OOCYXKIaeTcs HIesl CO3JaHHUsl TaK Ha3bIBaeMOM
Teopuu Beero. Anp0ept DUHIITENH yaemsul el 00Jbllioe BHUMAHUE, MIOCBATUB OOJIBIIYIO YaCTh CBOEH
KU3HU TIOTIBITKAM CO3/aHusi Takod Teopuu. Ceilyac mMoa HEH MOJApa3yMeBalOT OOBEIUHEHHYIO
(U3MKO-MaTEMaTUUECKYI0 TEOPHUIO, OIMCHIBAIOIIYI0 BCE W3BECTHbIE HA CErOJHSIIHUNA JEHb
(¢byH1aMeHTallbHbIE B3aUMOJIEUCTBUS: T'PAaBUTALMOHHOE, 3JEKTPOMAarHUTHOE, CWJIbHOE M ciaboe
sIepHbIE B3auMoOAeHCcTBUSA. Ha 3TOM myTM BCTPETHMIIOCH MHOXKECTBO TpyaHocTend. Hampumep,
BBISICHWJIOCH, YTO Beayliue (pu3MuecKue TEOPUM - KBAaHTOBAs MEXaHHMKA U TEOPUsS OTHOCHUTEIbHOCTH
HECOBMECTHMBI Ha MHKPOCKOIMYECKOM YpOoBHE. Bo BTOpo# mosioBuHe 20-ro BeKa BO3HUKIIA HOBas
¢u3MKO-MaTeMaTHUECKasi TEOPHUS - TEOPUsl CTPYH, KOTOpasi MO3BOJIsIa U3HAYaIbHO OObEIUHUTH BCE
(GyH1aMeHTallbHbIE B3aUMOJICHCTBUS, NMPETEHYs] TeM caMbIM Ha poib Teopuu Bcero. Ho ¢ camoro
CBOEr0 BO3HUKHOBEHUS TEOpHUSl CTPYH JJsl KOPPEKTHOIO ONMCAHMS CBOWMCTB 4YacTHI] TpeboBaia
ucnosb3oBanug ot 10 go 26 wusmepenuil. IlocnenHss Ha CErOgHAIIHMM JE€Hb BEpCUsSl TEOPHUU
cynepctpyH — M-teopust TpeOyeT, 10 MEHbLIEH Mepe, HAIUYUS y MPOCTPaHCTBa 7 JOMOJHUTEIbHBIX
W3MEPEHUH, TO €CTh, Bcero 11 m3mepenuii, B Tom uucie, 10 — mpocTpaHCTBEHHBIX H3MEPEHUN U OJHO
BpeMeHHoe. [1ocKkobKy B peaibHOCTH Mbl HUKOTJA He HabOmojanu Oosee TpEX MPOCTPAHCTBEHHBIX
U3MEpEeHul, B TEOPUU CYNEPCTPYH IPOU3BOAUTCS TaK Ha3blBaeMask KOMIIAKTHU(HUKALUSA, TO €CTb
CBEPTHIBAHUE «IMILHUX» MPOCTPAHCTBEHHBIX M3MEPEHUN B CBOEOOpa3Hble KoJjibla. Pasmepsl »THX
KOJIeI] Ype3BbIYAHO MaJlbl, MIO3TOM HHUKAKUMHU COBPEMEHHBIMHM NPUOOpaAMH H3MEPHUTbh, YBUIETh HUX
HEBO3MOXKHO.

CBepHyTh B KOJblla 7 JOTOJHUTEIBHBIX H3MEPEHUI MOXKHO pa3IMUYHBIMHM CIIOCOOAMHU.
Hanpumep, 2 uamepenuss Mo>kHO CBEpHYTh B cdepy win B Top. Eciu 106aBUTH TpeTbe U3MEPEHUE, TO
npu  CBEPTKE TpEX U3MEPEHUN TMOJIY4YUTCS MPOCTPAHCTBO, IMPEJICTAaBUTh KOTOpOE KpaiiHe
3aTpyaHuTeNnbHO. KpoMe Toro, cBepHyTh 3TH MPOCTPAHCTBA MOXKHO €€ OOJBIIMM KOJIMYECTBOM
coco6oB. Jlnmssi 7 wm3MepeHuii crnocoOOB CBEPHYTh MPOCTPAHCTBO HECOMOCTABUMO OOJBINE, a
n300pa3uTh UX rpaguueckd BooOIe HEBO3MOXHO. To, YTO B MHTEpPHETE BBIAAETCS 32 MHOTOMEPHOE
CBEPHYTOE MPOCTPAHCTBO — MHOrooOpasume Kamabu-fy, Ha camom gene sBIsSETCS TPEXMEPHBIM
00BEKTOM:
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Puc.11. TpéxmepHas Bu3yanusanus MHoroooOpasus Kamnaou-Sy

Kak BugHO Ha puCyHKe, Takoe TEJIO IOCTATOYHO MPOCTO HAPUCOBATH M JAXKE HM3TOTOBUTH,
HanpuMep, U3 TiacTwimHa. CUuTaercs, 4TO YMCIO BAapHAHTOB CTPYHHBIX Teopuid B M-Teopuu,
IPUBOSIIMX K NPUEMIEMBIM B Pa3HOIl CTEIEHH pesymbraram, mpesbimaer 10°°. Bmecre ¢ Tewm,
CYIIIECTBYET PACCMOTPEHHBINA BHINIE CIOCOO OTOXKIECTBIEHUA. Eciam momycTuTh (DU3UYHOCTH ITOMU
MPOIIEAYPHI - OTOXKIECTBIECHHUS, TO MOKHO OCYIIIECTBUTH OTOXKJECTBICHUE KPAHHUX TOUEK KAXKIO0TO U3
JOTIOJTHUTEILHBIX U3MEPEHUHN, BMECTO «CBOPAUYMBAHHS) UX B OKPYKHOCTH. [Ipm 3TOM mosrydeHHOE
MHOTOMEPHOE TPOCTPAHCTBO OYAET TOXKIECTBEHHO MHOTOMEPHOMY IUIOCKOMY E€BKJIHJIOBY
MPOCTPAHCTBY, C Y4E€TOM OCOOCHHOCTECW HEOTpaHWYCHHOTO TMpoAaJeHus JuHui. Takas
KOMMaKTU(DHUKAIIUS «JTUITHUX» U3MEPEHUN B TEOPUHU CTPYH Yepe3 OTOXKIAECCTBJICHHE, BUIUMO, UMEET
€MHCTBEHHBIN BapUaHT U HE TPeOyeT CTOJIb CIOKHBIX MHOT000pa3uid, kak Kanabu-Ay. B pesynsraTe
KOJIMYECTBO CTPYHHBIX pelieHnii M-teopu, «iaHamadT TEOPUm» MOXKET CYIIECTBEHHO COKPATUTHC.
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