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Ecnmu mocmoTperh Ha moOJKax oOTAena reoMeTpuu Oubinmoreku [lpe3neHckoro
YHuBepcHUTETa, TO MOXKHO C YBEPEHHOCTBIO CKa3aTh, YTO KHUTH NEPBOM TpeT XX CTOJIETHUS
OyayT Ha 90 MPOLIEHTOB MOCBAILIEHBI Pa3IMYHBIM BOIIPOCAM NPOEKTUBHON T'€OMETPHH.

Ceituac nHTEpec K IMPOEKTUBHON IN€OMETPUM CUJIBHO MOYTHX, a KO€-KTO U3 yUEHBIX
CUMTAIOT, YTO BONPOCHI IPOEKTUBHON I'€OMETPUU HAZ0 OTHOCUTH YK€ K BOIIPOCAM HUCTOPUU
Hayku. OJIHaKo, HOBBIE KpacUBbIE TEOPEMbl MPOEKTHUBHOW TE€OMETPUU MPOJOIIKAIOT
OTKPBIBaThCSl.

3aHUMAasICh U3yUYE€HUEM MTPOEKTUBHON F€OMETPUHM MOXKHO OTMETHUTb, YTO MPOECKTUBHBIE
IIPOCTAHCTBA «IPEJCTABISAIOT €000 camble TpocThle TMocie cpepbl KOMIIAKTHbIE
MHorooOpaszus» ( [1], ctp. 113 ). Bo3M0OXHO, IMEHHO B CHJTY 3TOTO, IPOEKTUBHAS IJIOCKOCTh
JIOIyCKaeT MHOXKECTBO BO3MOXKHOCTEH UIsl MOCTPOCHUA €€ MOJEJICH, C MOMOLIbIO KOTOPBIX
MOKHO YCIIEIIHO U3y4aTh CBOMCTBA CaMOU MPOEKTUBHOU INIOCKOCTH.

Cpenn HUX MOXKHO BBIICIINTH aHAIIMTUYECKYIO MOJEIb IPOEKTUBHOM Iockoctu /[l
Iuns6epra ( [2], cTp. 338)

['mas0epT cTpous CBOXO MOJENb, B3SB 33 OCHOBY OJHY M3 TOINOJOIMYECKHX MOJEICH.
A  WMeHHO, - eIuMHHYHYI0 cdepy, y KOTOpPOH OTOXKIECTBICHBI JHAMETPAIBLHO
IIPOTUBOIOJIOKHBIE TOUKH.

VYpaBHeHUe Takoil cepbl OH paccMOTpes B TPEXMEPHOM €BKJIMIOBOM MPOCTPAHCTBE,
IZIe B KAYeCTBE KOOPAHMHAT BBICTYIIAIOT HEKUE ITAPAMETPBI.

w+wr+vi=1 (D)

Hanee T'unpbepr 3ama€r  yciaoBuUs s OTOXKIECTBIEHHS — JHAMETPAJIbIHO
MIPOTUBOIMOJIOXKHBIX TOYEK B BHUJE IMapaMETPUUYECKUX (OT TeX K€ MapaMeTpoB u, W U V)
GYHKIUM KOOpAMHAT X; €BKIMIOBA IIPOCTPAHCTBA UYETHIPEX H3MEPEHUIl (MEHbIE 4YeM B

MPOCTPAHCTBO YETHIPEX U3MEPEHHN HEBO3MOXHO «IOTPY3UTh» MPOEKTUBHYIO ILTOCKOCTb,
yTOOBI HE OBLIO CaMOTIEpECeUeHUM, 371eCh i mpoberaet 3HaueHus ot 1 10 4). [Totom I'mnsbept
JIOKa3bIBa€T KOPPEKTHOCTh BBIOPAHHBIX (PyHKIMI. A TIOTOM BBIBOAWT JBa YypaBHEHUS
runepnosepxnocren F, = F,(x,,x,,x;,x,) u F, = F,(x,,x;,Xx,), Iepece4eHNEM KOTOPBIX
U SBISCTCS AHAIUTUYECKOE BBIPAKEHUE I MOJCIH MPOSKTUBHOM IUIOCKOCTH B
YEeThIPEXMEPHOM €BKIIMIOBOM MIPOCTPAHCTBE.

Ha stom rnaBa B kHure [2] 3akaHYMBAETCS, YTO B CBOE BpEMsI MEHSI OUYEHb YIUBUIIO.
[Touemy?

['unpOepT mOMYyYHMSI  aHAJTUTHYECKOE BBIPAXKEHWUE JUISI MOJEIH MPOSKTUBHOU
IJIOCKOCTH, ToueMy Obl C HUM He TopaboTaTh, moueMy OBl €ro He mouccienoBatb? Mbl
UMEEM <OKHMBBIE» ypaBHEHUs. 3afaBas X; =0 111 KakoH-TO KOOPIUHATHI YETBIPEXMEPHOTO

IPOCTPAaHCTBA B ypaBHeHMAX ['mnpbepra F, = F, (xl.) u F,=F, (xl.), MBI ITOJTy4aeM «CIIE»

OT MPOEKTUBHOM IIOCKOCTH B HAIIEM POJHOM €BKJIMIOBOM TPEXMEPHOM MPOCTPAHCTBE. UTO
MBI U TIPOJIENIAIIH.

«Cneny okazaics B BUJAE HYJEBOH TOUKM, T. €. TOUku ¢ koopauHatamu (0, 0, 0). B
IpyroM ciyyae - B BHAe HOpsAMod X, =x,. M B TperbeM ciyuae - B BHAE OyIH
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nmoJTryokpyxkHoctu. T. e. «cimem» ObUT MO0 TOUYCHHBIH, JHOO TUIOCKHN (B TUIOCKOCTH) W
HECUMETPUYHBIN 10 OTHOLIECHHIO K KOOPAMHATHOM cucteMe. Cl10BOM, HUUErO HHTEPECHOTO.

Bunumo nostomy, ['mibbept u He mpuBEN B ATOM IUIaBe KaKUX-JIMOO HMCCIeA0BaHUN
CBOMX ypaBHeHUH. Crenany Mbl TaKOH BBIBOJ U HE BCIOMUHAJIN 00 3TOM Mojenu JeT 25.

OTBie4éMCcs HEMHOTO OT T€OMETPUH M TOTOBOPHUM O (hUBHKE.

Emé co Bpemén DifHmTelHa cymiecTByeT y (DM3MKOB MeuTa — IOCTPOUThH TaKyIO
eIMHYI0 TEOpHUIO, KOTOpas Obl OOBeIWHWIIA BCe pas3nenbl (GU3MKH W OOBsICHWIA OBl Bce
SIBJICHUSI IPUPOJIBI.

K sT0#i nenu yuénple UOyT ¢ pa3HbIX HANpaBICHUNA. DTO W KBAHTOBAs TpaBUTALMs, U
¢u3nKa 37eMEHTapHBIX YaCTHIl, U TEOpUs BakyyMma, U Teopus (uznyeckux crpykryp. T. e.
MOJIONIUTA K CaMOW TpaHUIle, 3a KOTOpoH (u3mka yxe mpeBpamaercs B Mmeradusuky. Ho
OKa3bIBACTCsl, «IOLLYyNaTh» 3Ty CaMyl0 IPaHMIy HHUKAK HE yAacércsa. DKCIEPUMEHTaJIbHBIX
JAHHBIX JJIS1 9TOTO HET, a TeOpHsi, MATKO TOBOps, OykcyeT. M ¢Gu3MKN pa3HBIX HarpaBIICHUH
CXOJATCS K €INHOMY, YK€ TPaJUI[MIOHHOMY, MHEHHIO — Ha/l0 00paTUThCs K MaTeMaTuke. T. e.
B (pyHmaMeHTe Takoil PU3NUECKON TEOPUH JOJDKHA JISKaTh (yHIAMEHTAIbHAsS MaTeMaTHKa, a
HUMEHHO - T€OMETPHs, HO ¢ YepTaMy (PU3NYECKUX KOHLEHIHNHA, OT KOTOPBIX (PU3UKE Y’KE HUKAK
HE OTKa3aTbcd HU NpPU KakuX ycioBUAX. ODPU3MKM Ha3bplBalOT TaKyl0 TIE€OMETPHUIO
npenreoMerpueii. Mbl Ha30BEM €€ BPEMEHHO MeTareoMeTpueil, 4ToObl OBLIO CO3BYYHO C
MeTapU3UKOH.

O yepTax MeTarecoOMETpPUU TOBOPST U3BECTHBIE amepuKkaHCckue yu€éHnbie Y. Musnep, K.
Topn, Ix Yunep ( [3], ctp. 474 ), akagemuk I'. U. lunos ( [4], cTp. 207 ), mpodeccop MI'Y
10. C. BnagumupoB (co ccbutkoit Ha akagemuka A. J[. Caxaposa) ( [5], ctp. 334, 342, 418).
UYro e 3TO 3a YepThl TaKUE.

B Takoif MmeTareomeTpuu J0HKHO OBITH:

1. EcrecTBeHHBIM 00pa3oM 3a7aBaThCs 3apsijl 3JEKTPOHA, T. €. KaK-TO JOJDKHO OBITh
BBIJICJICHO 3HaYeHHe —1 (MHUHYC €AMHHUIA, O €JUHMLAX U3MEPEHUs B T€OMETPUU T'OBOPUTH
abcypano). OTkaszarbes OT 3apsizia AMEeKTpoHa (PU3KMKA HUKOTIA U HU MPHU KaKUX YCIOBUSIX HE
CMOJKET.

2. CnuH anexTpoHa. T. €. KaK-TO JOJIKHO MPOSIBIATHCS B 3TOM METareOMETPUU YHUCIIO
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3. Takast MmerareoMeTpus AOJKHA OBITH CBOOOHA OT METpUKH. T. €. - HEBO3MOXHOCTh
BBIYUCIINTH PACCTOSTHUE.

4. Ho BMecTe ¢ 3THM BCE-TaKu JOJDKHA OIMpeNessaThes «cinadas» MeTpHuka B Touke. T.
€. KaXJas TOYKa KpoMe CBOMX KOOPJMHAT JOJDKHA €IIE ONPEEATh M0 KAKOMY-TO 3aKOHY U
HEKOE YHCJI0, KOTOPOE MOKHO ObLIO Obl YHUKABHO CBSI3aTh C JAHHOW TOYKOM.

5. BpeMms He MOKHO HOCHTH KOOPAMHATHBIN (HAMpPAaBIICHHBIN) XapakTep, a JOHKHO
BBICTYIIaTh B BHUJE HEKOTOPOTO mapamerpa. T. €. MOHSATHE CBOOOJHOTO MapaMerpa JOHKHO
€CTECTBEHHO IIPUCYTCTBOBATh B TAKOM METAreOMETPHUHU.

Mps1 noGaBuM emié u 6-0if MyHKT.

6. Takass merareomeTpusi OJDKHA OBITH (PYHIAMEHTOM, NIEPBOOCHOBOM UISI IPYTHX
reoMerpuii. Jlymato, Gpuszuku He OyAyT BO3paXkaTh MPOTHUB 3TOTO MyHKTA.

Hy uro e, ga npocTsaT Hac (GU3HMKH, KOTOPbIE CaMU K€ MOCTABWJIM TaKUE YCJIOBHSI,
Ha7o OBITH CHEnbIM, YTOOBI HE YBUIETh, YTO BCE 3THU YEPThl NPUCYIIH MPOCKTHUBHOU
reoMerpu. C 3TOr0 MOMEHTa Mbl yIpa3JHAEM TEPMHUHOJIOTHIO — «METareoMeTpus» WIn
«TIPEIreOMETPHUsD U HAa3bIBAEM BEIIM CBOMMH UMEHAMU — IPOEKTUBHAS! TEOMETPHUSI.

PaccmoTpuM kaxblid myHKT. MBI TocTapaeMcs 37ech JaTh KOHKPETHOE 0OBSICHEHUE O
TAKOM KaTerOpUYECKOM HaIlleM 3aKIIOYeHHH, YTOObl Yy YHMTaTedsl He BO3HUKJIO OILIYIIEHHUS,
YTO 3TO CAMOE 3aKIIOUECHHUE KIPUTSHYTO 32 YILIN».

Hynkr 1. OTKya NOSBISETCS B MPOSKTUBHOM Tr€OMETPUH YUCIIO —1.
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[IpoekTBHAasE TeOMETpPHUs OYEHb CBOOOJHA OT WHBAPUAHTOB. EIMHCTBEHHBIN
VMHBapHaHT IPOEKTUBHON F€OMETPUH — 3TO CIOXKHOE OTHOILLIEHUE YETBHIPEX TOUEK Ha MPSIMOM.
KoopnunatHbiil periep Ha NPOEKTUBHOW IMJIOCKOCTH 3aa€TCsl YETBIPhMS IPOM3BOJIbHBIMU
touykamu. [Ipoie roBops, - NPOU3BOIBHBIM YETHIPEXYTONBHUKOM A, ,A,,A,,E (Puc. 1).

Puc. 1

Kakum OBl 00pa3oM Mbl He 3aJaBajJii Halll YETBIPEXYTOJIBHUK, CIIOKHOE,
WHBapUaHTHOE OTHOILICHHE 4YeThIpEX Touek A, B, C u D Bcerna Oyner umerh 3HaueHHe —I
(Ham MUp IEp’KUTCS Ha HJIEKTPOHAX, a IPOEKTUBHASI TEOMETPHS - HA CJIO)KHOM OTHOUICHUN).
Takas yeTBépka TOYEK B IPOEKTHMBHOW I'€OMETPUM Has3blBaeTcad rapmoHudeckoi. Kax
BBIUUCIIAETCSI TAKOE€ OTHOLICHME MOXHO HaWTH B JIIOOOW KHHMIE IO I'€OMETPHH, TIE €CTh
paszei, NOCBALIEHHBIM IPOCKTUBHONU FEOMETPHH.

Iynkr 2. JlokazaHno, 4to jgro0as mpsMasi Ha TPOSKTHUBHOM IUIOCKOCTH roMeoMopdHa
OCEBOM JMHHM KIJIACCHYECKOro (T. €., Tpy0O TOBOpS, CKJIECHHHOTO W3 MPSIMOYTOJbHOU
MOJIOCKK Oymaru) nucta MEOuyca. A 3TO 3HAYMUT, YTO Takas MpsMas UMeeT Kpyudenue. U

3HAYCHHUEC OTOr0 KpyuCHUA paBHO E . A MBI 3HaCM, 4YTO MOHATHUC CIIMHA CJICKTPOHA CBA3aHO

1
KaK pa3 ¢ KpyueHUEM PaBHBIM 3

IIynkr 3. IlpoexTuBHas reoMeTrpusi — MUMEHHO Ta TE€OMETpHUs, IJl€ OTCYTCTBYET
MOHATUE METPUKHU (KaKk MHBapuaHTa paccTosiHus). Hemerpuueckas reomeTpus.

Iynkr 4. 376Ch MBI JTOJDKHBI HEMHOTO TIOPACCYXKIaTh, T. K. «cliabas» METpUKa —
MOHATHE HEKOHKPETHOE M YTO 3a HHUM MOXKET CKpbIBaTbCsl HE TOHATHO. bynem
OpPUEHTUPOBATHCS HA KJIIACCUYECKYIO YK€ (PU3UKY IIPOCTPAHCTBA-BPEMEHH.

V¥ Hac ectb MarepuanbHasg Touka M. C 3TOM TOYKOHW MOYKHO CBSI3aTh €€ MHUPOBYIO
aunuio (Puc. 2).

Puc. 2
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Ha npoexkTHBHON IUIOCKOCTH TOXE MOYXHO B3ATh TOYKY, HO KakK IOCTPOUTH €&
MHUPOBYIO JIMHUIO (HA4aJ0 KOOPJAMHAT MPOEKTUBHOTO perepa He MPUHAJIEKHUT IPOESKTUBHOM
TIJIOCKOCTH)?

Ho ocobas Touka Ha MPOEKTUBHON IUIOCKOCTH BCE-TaKH €CTh. DTO €IUHMYHAs TOUKa
ni Touka HopmupoBaHus E(1:1:1). Bynem cuutarh, 4ro MupoBass JUHUS TOUYKHM M

MIPOXOAUT UMEHHO 4epe3 3Ty Touky (Puc. 3).

Puc. 3

Torna npsimast ME miepeced€T npsiMbie KOOpANHATHOTO penepa A, 4 ;B Toukax A, B u C. MbI

MO>KEM BBIYMCIUTH KOOPAUHATHI ATUX TOUYEK, & 3aT€M BBIYUCIUTH CJI0KHOE OTHOILIEHUE TOUYEK
M, A, B u C. [lonyunuM KOHKPKTHOE YHCJIO M, CBSI3AaHHOE UMEHHO ¢ Toukoil M. [Touemy O
HE Ha3BaTh ATO YHUCIO «cIaboi MeTpukou» B 3TOH Touke. Dopmylia, MO KOTOPOH MOKHO
BBIYHUCIUTH CJ1a0YI0 METPUKY OYEHb NPOCTa (MBI HE MOKA3BIBAEM 3/1€CH €€ BBIBOJ).

m,—m,

m=—1—=3 )

n, —m;

EcTecTBeHHO, YTO Ha MPOCKTHBHOW IUIOCKOCTH MOXET ObITh aBe M u N TOYKH
(BooOIIE TOBOps, OECKOHEYHO MHOTO TOYEK), KOTOpbIE HMEIOT OJMHAKOBYIO «CIIa0yro
MeTpuky». T. e. MOKeM 3amucars:

m,—m; n—n;

m,—m; n,—n,

He npaBno 5u, 3T0 BBIpaX€HHWE BHEIIHE CUJILHO HAIIOMHWHAET YPAaBHEHHE MPSMOM,
mpoxojsuiei uepes nse Touku A(x,,y,) u B(x,,y,) Ha 3BKINA0BOM INIOCKOCTH:

X=X, V=)

X=X, V=)

bynem camoxputuuHbl. MBI JymMaeM, 4TO 3TO MPOCTO JIUIIb KPACUBOE COBIAJCHHE.
Ho, MoXxeT ObITb, CTOUT U OUCKATh OOIIME KOPHU TAKOTO COBNACHUsA?

WTak, MBI MOKa3aIu OJJHY U3 BO3MOXKHOCTEH ompeeseHus «caaboil MeTpUKn» B TOUKE
10 KOOpAMHATAM 3TOM TOYKH, HUCIOJIB3Ys METOJ BBIYMCIEHHUS BCE TOTO XK€ €IUHCTBEHHOIO
VMHBapHaHTa IPOEKTUBHON T€OMETPHUH, T. €. — CII0KHOI'O OTHOLIEHHUS.

IIynkr 5. 3nech Bc€ oueHb mpocTo. IIpoekTuBHAs reoMeTpusi — 3TO B KaKOM-TO
CMBICIIE T@apamMeTpuueckas reoMmerpusa. Toukum ¢ koopauHaramMu (X, X, :X;) H

(¢-x,:t-Xx,:¢-x;) OIPENENAIOT OJHY U Ty k€ TOUKYy. UHCIIO # MOXKET NPUHUMATH JIOObIE

3HA4YeHHUs, KpOME HyJs (HyJEBOW TOYKHM HET Ha MPOEKTHBHOH IuiockoctH). Iloyemy Obl He
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MPEIOI0KHATh, YTO TAaKOW TMapameTp OyJeT OTBeYaTh 3a BpeMs B OyAylieid (U3MUecKou
Teopun? Mbl 1 0003HAUMIIN €T0 CTIEUAIBHO Yepe3 OyKBY f.

IIynkr 6. KTO-TO MOXET CKa3aTh, YTO ATOT IYHKT CIELUAIbHO MPUTSIHYT HaMH,
9TOOBI ClIeNIaTh aKLEHT Ha Hallel Jro0uMol IpoeKTUBHOM reomeTpuu. Kak xotute, HO (hakThl
ynpsimasi Bemib. Jlemo B ToM, uto M reomerpus EBximma, n JloGaueBckoro, u Pumana, u
Ianunesi, 1 MMHKOBCKOTO, M pa3inyHble a(puHHBIE T€OMETPUH, U (raroBasi, 1 BooOLIe Bce
MIPOYME — 3TO JIMLIb YACTHBIE CIydyaud NMPOEKTUBHON reoMeTpuu. B cBOE BpeMs 3T0 nokasai
BbLAAtOUMICS aHrnuickuil reometp Aptyp Komm [6]. Ilo ero ke cioBam: «IIpOeKTHBHAs
reoMeTpust — 3To Bcst reomerpus» ( [7], ctp. 208 )

Jlyis Hac HEeT COMHEHUH B TOM, YTO CTOJIb (PyHAaMEHTalIbHAasi TEOMETPHsI 0053aTEIbHO
JOJKHA UTPaTh OMPEEIIAIONIYIO pPOJib B €CTECTBEHHBIX Haykax. KcTatu, Halo OTMETUTH, YTO
IIPOEKTUBHAsI TEOMETPHS UIPAacT NMEPBOCTENEHHYIO POJIb BO MHOTHX KJIACCHUUYECKUX paslenax
MaTeMaTUKd U, KPOME TOIO, «IPOEKTHUBHBIE IPOCTPAHCTBA BO3HHUKAIOT €CTECTBEHHBIM
o0pa3oMm Takke B KBaHTOBOM MexaHuke» ( [1], ctp. 113-114).

W BoT 316CH MBI CHOBa (4yepe3 25 JeT) BO3BpallaeMcsl K aHAJIUTHUYECKOH MOJenu
npoeKTUBHOM miockocty JlaBuga I'mnpbepra. Ecnu mpennmonoXuth, 4TO MPOSKTHUBHAS
reoMeTpHsl CTOJb (yHIAaMEeHTalbHa, TO TOYeMy €€ MOJAEh MPOSKTUBHOMN IJIOCKOCTH HE AT
HUKAKMX MHTEPECHBIX PE3YJIbTaTOB B IIpoLEecce €€ UCCIeN0BaHUs?

W MBI pemmiii caMmoCTOSATEIbHO IIPOUTH BCIO LIETIOYKY PACCYKICHUM U BBIKJIAJ0K, KaK
ato nenan JlaBwuin ['mib0eprT.

Wrak, Mbl uMeeM ypaBHeHHe (1) u mapamerpuueckue GyHKIIMM KOOPAMHAT €BKIM0BA
MPOCTpaHCTBA 4ETHIPEX wm3MepeHud: (Mbl HEMHOTro yHUDHIIMPOBAIKW O0003HAYCHHUS:
X, =X X, =); X; =25X,=1).

x, =u’—v*; 3)
X, = uv; 4)
X, = uw; (5)
X, =ww. (6)

Tenepp HaxomouM ypaBHEHUs I TUIEeproBexHocTed F, = F, (x,.) u F,=F, (x,.).
[Tonyuaem:

F xz(x32 - x:): Xy X3 Xy (7)

. 2.2 2.2 2.2
F,: x;x;+Xx,x; +X;X; =X,X,X, ()
CpaBHHMBaeM pe3yIbTaThl U BUIUM, YTO y [ UIp0epTa HEMHOTO HE TaK!
F,: xz(x3 —x4)=x1x3x4.

KBanpater cremepeit mpu x, x, B ypaBHeHuu (7) morepsHbl. [lomurpaduueckas
omuOKa, oreuatka? CMmoTpro nepBoe uznanue 1936 rona. U ram omubka. Boobiie, ommbdkoit
3T0, KOHEUHO, HE Ha30BENIb. JTO CKOPEE BCETO JIMILb JOCAJIHAS OMUCKA.

Ho xak Obl Tam He OBLIO, HAaO BHOBB, CIYCTA 25 JIET, MOMBITATHCA HCCIEIOBATH
«CIebD» AaHATUTUYECKON MOJEIH ITPOEKTUBHOM IUIOCKOCTH, 3afaBas 1o odepeau x; = 0.

CHoBa momyyaeM TpH «ciema». Ho Te «cienp», KOTOpble OBUTM HE CHMMETPUYHBL,
CTaJIM Tenepb 00J1aaTh CUMMETPHEH.
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[TepBbIM «criemOMY MO-TIPEKHEMY OCTAETCsl HyJieBasi Touka ¢ koopauHaTamu (0, 0, 0).
Bropoii «ciemy - 370 napa npsMbIx:

x, =% x,. 9)

Tpetnii «cnen» mpeacraBiasieT coOOW OKPYKHOCTh (IBE TIOJIOBUHKH OJIHOM
OKPYHOCTH):

2x; Fx,+x,=0. (10)
CnenaB 1oCTaHOBKY

t

; (11)

X, =

FN Y

5/~

MOJIy4aeM BBIpaKEHHE OKPYKHOCTH B KaHOHM4YeckoM Buie: (3Haku B (10) u (11) momxHbI
OBITH COTJIACOBAHBI).

1
Yi+x;=|—=]|. (12)

V2

1
T.e. TPETbUM «CIICAOM>» ABJIACTCA OKPYKKHOCTD C paIUyCOM ¥ = ——— .

V2

Yro mpencTaBisiOT cOOOM TaKHE «CJEIbD» C TOYKH 3pCHHsS (U3UKU (€CIM OHH,
KOHEYHO, BOOOIIE MMEIOT OTHOIIEHWE K (u3MKe) cka3aTh TPYTHO. MBI MOXEM TOJBKO
nogaHTa3upoBaTh U OCTPOUTH KaKHE-TO aHAJIOTHH.

IlepBoe, 4TO cpa3y NPUXOAUT HA YM — ITO TO, YTO «CIJIEI» B BUJIE OKPYKHOCTH MOXKET
OBITh B CBOIO OUYEPEIb «CIEAOM» KOMIAKTU(PHUKAIMKA (CBEPHYTBHIX pa3MEpPHOCTEH
npoctpanctsa) [8], [9].

Benmnunna xe % JIOBOJIGHO TIOMYyJIsIpHA B COBpEeMEHHOW ¢u3uke. JlocTaTouyHO
MOCMOTPETh, HAMPUMEDP, TEOPUHU MPOCTPAHCTBA-BPEMEHU B CIIMHOPHOM u3JioxkeHuu [10]. A
KBaJIpaT 3TON BEJIUYMHBI, T. €. 3HAUCHUE 3 TaK 4acTo BCTpeyaeTcs B (PU3MKE MPOCTPAHCTBA-
BpEMEHH, 4T0 00 3TOM MOAPOOHO U TOBOPUTH He mpuxoautcs [11]. Kpome Toro Mbl noMHUM,

1
4TO CIINH 3JICKTPOHA KaK pa3 paBCH E .

Yro xe kacaeTcs BToporo «ciema» (Puc. 4), To Takoil cieq MOXKET OBITh «CIIEIOM)
HEKOTOPOTO0 KOHyca (MBI JIOPHUCOBAIHM OKPYXKHOCTH B BHJE JIUIMIICOB JUIS HATJISTHOCTH
KOHYCOB).
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['ne »xe B pU3HKe MBI CTAIKMBAEMCS C KOHYCaMHU.

He BpaBasce B Oombline mNOAPOOHOCTH, Cpa3y MOXHO HPUBECTH HECKOJIBKO
M3BECTHBIX PUMEPOB MPOSBICHUS «KOHYCHOCTH» B NMPAKTHYECKOW M TEPETHUECKOU (PHU3UKE.
B nepByto ouepens MmoxkHO Ha3BaTh 3 dext Uepenkona ( [13], ctp. 242).

B Teopun npocTpaHcTBa-BpEMEHM CYIIECTBYET MOHATUE CBETOBOro KoHyca [11], [12].
Kcratn, Tam jke paccMaTpUBAIOTCSI M BpPEMEHHBI € CEUYECHUs TaKuX KOHYCOB B BHUJE
OKpPYXHOCTEH, JIeXkallliX, B OPTOrOHAIBHOM IMIIOCKOCTH.

ITo mepe cBoero pa3Butusi, pU3NUecKas HayKa BKIIOYAET B apCeHa CBOMX METOOB
uccreoBaHus Bc€ Ooliee CIOXHBIE U aOCTpaKTHBIE MaTeMaTHieckue o0bekThl. CHavana 3To
ObUIM CKaJsIpbl U BEKTOPHI. 3aTeM B XOJ MOILIM MaTpHIbl, TEH30pbl, COMHOPHI. [Ipnuém
nociieAyomuye 00beKThl 3aKII0YaloT B cede MpeablAylue, Kak yacTHble ciiydau. Hampumep
U3 CIIMHOPA MOKHO MOJIYYHUTh TEH30p U BEKTOpP, HO He HaoOopoT. Ceifuac Ha meperHEM Kpae
¢u3nkaM MoHagOOMIMCH CTpyHBI. CTpyHa MOXET OBITh CTSHYTa B TOYKY, & MOXET OBITh U
BBITSIHYTa /10 OECKOHEYHOCTH U CTaTh OOBEKTOM, TOMEOMOP(HBIM MPSAMON JIMHUM (Teopus
CTPYH HaXOJUTCSl CETOJHs B CTaJUN CTaHOBJICHU). Eciiu ciiejoBaTh TakOMy YCIOXKHEHHIO, TO
MOXET CIIy4YUThCS, 4YTO Ha OYEPEJHOM BHUTKE pa3BUTHS (U3MKaM IOHAJ00UTCS
MaTeMaTUYeCKUH ammapaT, 4TOObl MaHUITYJIMPOBAThH LENBIMH NMPOSKTUBHBIMU TIOCKOCTSIMHU.
Bor 3mecr Obl Kkak pa3 u npurommwiack Mozaenb I[umbbepra. Tak kak cdepa ¢
OTOKIECTBIEHHBIMUA JHAMETPAJIbHO MPOTHUBOMOIOXHBIMA TOYKAMH — CYTh HPOCKTHBHAs
MI0CKOCTh. KOHEeuHO ke, B OATOM ciydyae HeoOxoaumo Oyner pa3paboTaTh HOBBIN
MaTeMaTU4eCKUi ammapar, 4YToObl MOXHO OBUIO MaHHUIYJIHpPOBATh TAaKHUMH cdepamu.
Hanpumep cknanpiBaTh HX, IE€PEMHOXKaTb, HAaXOJUTh IE€pecedeHuss U oOeAMHEeHMUs,
muddepeHUpoBaTh... MoXeT OBITh BO3HUKHET HEOOXOIMMOCTb IOCTPOCHHUS KaKHUX-TO
HOBBIX MAaTEMAaTUYECKHUX ONEpaluil B BUAE paclIupeHus U cxatus chepsl... B npunnune, ms
3TOoro BcE€ ecTh. EcTh aHaMUTHYECKHE YpaBHEHUS B KOOpJIMHATAX M IapaMeTpUYEeCcKHe
ypaBHeHus. OnHa cdepa OT aApyroi AOHKHA OTIWYATHCSA HEKUM mapameTpoM. Ha 3ty porb,
€CTeCTBEHHO, mpocutcs paauyc chepsl (I'mnpbept pabortan ¢ eguHmuHOM cdepoif). BBoas
3HAUYCHHE paanyca, TPETHH «ciem» cdepbl HaBEpHSAKA IMOIYYUT HEKOTOpoe 00oOIIeHHE.
Boo6me rosops, chepa He uyxna ¢usuke. Hampumep, GpoHT TpaBHUTAIIMOHHOW BOJIHEI
spisiercst cepoit. Co cdepoit cBsi3aHBI HCCIEAOBAHUS AICKTPUUYECKOTO IOJSI TOUYCYHOTO
3apsiia (3KBUIOTEHLIMAIbHBIE TIOBEPXHOCTH JUIsl TOUSUHOTO 3apsiia ABJSIOTCA chepamMu).

Xo4y 3aMETHTh, YTO CIIMHOP - JOBOJBHO SK30THYECCKUN MaTEMaTHYCCKUU OOBEKT.
Omnpenensiercss OH Mapol KOMIUIEKCHBIX YHCEI (51,52) U TpU TOBOPOTE KOOPJMHATHOU
cuctemMbl Ha 360 rpagycoB NEpeXOOUT B AMAMETPAIBHO IPOTHUBOIOJIOXKHBIM CIUHOP
(— & ,—52). NMeHHO 3TO CBOWCTBO CIMHOPOB W TPHBJICKIO BHHUMaHHE (HU3UKOB. YUTO

KacaeTcs Hamied cdepsl, TO 37€Ch Bpamarh CHUCTEMY KOOpPIHMHAT BOBCE HE Tpedyercs.
JlnaMeTpanbHO MPOTUBOMOJIOKHBIE TOUKH YK€ OTOKIECTBEHBI.

MsbI n1ymMaem, 9To Jaxe eciu (U3UKOB M HE 3aMHTEPECYET NMPOEKTUBHAS T'€OMETPHSL.
[TocTpoenue omepanMoOHHOTO HCYHUCIEHUs cdep yxke cama Mo cebe, ¢ TOYKH 3peHus
MaTE€MAaTHKH, OYEHb NHTEpPECHAs 3a/1a4a.
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