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MaremaTnyeckasi MoaeJ b MalIMHbI BPEMEHH

SBJjienune Topa

Sl - OOBIKHOBEHHBIM 4YCJIOBEK, T.C. UYCJIOBEK, HE HAACICHHBIA HUKAKUMH
MapaHOPMAaJIbHBIMU U KOHTAKTEPCKUMHU CITOCOOHOCTSIMU, HO BOKPYT MEHSI BCET/1a ObUIH JIFOJIH,

y KOTOPBIX XOTs OBI [0 pa3y Takue CIIy4ad B KU3HU Mpoucxommin. OTer YBUIET OTHAXKIBI
BEIIUHA COH, Mexay Mamod W Téred Kareil (MamMuHOW cecTpoil) OJHaXIbl MPOU3OIILIA
TejenaTu4eckas cBsi3b Ha orpoMHOM paccrossuuu (Kpacnosipck — ['po3nblit), y poaHOit Moeit
cecTpsl BukTopun OBIT KOHTAaKT CHadaja ¢ KaKUM-TO MIAPOBBIM OOBEKTOM (BO3MOXKHO 3TO
Obula mIapoBas MOJIHHUS), TIOTOM Ha KyXHE y He€ Mpou3omén monrepreiict (eciu Obl 3TO
MPOM30IILIO HE CO CTOJh OJU3KUM MHE YEJIOBEKOM — HE TOBEpHJI Obl, BCE KaK B CKa3Kax),
JIBOIOPOIHASI CECTpa — AUIJIOMHUPOBAHHBIM acTPOJIOT, ABOIOPOAHOTO Opata MOeH sKeHbI KTO-TO
MOXMINAJ, a MOCJIe BO3BpaIIeHUsI OH BHe3amHO ymep B 40-leTHeM Bo3pacTe 0€3 BUIUMOMN
npuyrHbl. C POAHBIM k€ OpaTOM MO KEHBI CIyYHMIIOCh &K TPH (AaHTACTHUECKUX CIydast:
OJTHAX/Ibl OH TeJeNapTUpOBaj NPSIMEXOHBKO C uUepaaka BO JBOp J0Ma, B APYrod pa3 ero
BOJIWJIO, OH BCIO HOUb HE MOT' COMTH € 3aMKHYTOT'O MapuipyTa, a B TPETHI pa3 U BOBCE Kakasi-
TO 4yepToBiIMHA. CO MHOH € HUYEro MoAOOHOrO0 HE MPOMCXOAWIIO, HO OJHAXKIbI S BUIEI
HJIO. 310 65U10 HACTOIBKO MOTPSICAIOIIEE 3PEIHILE, YTO 5 CTAN [TOCTIE STOTO HHTEPECOBATHCA
MoA0OHBIMU cOOBITUAMH. HO HU 00 OHOM TIOXO0XKEM ciTydae OOJbIlle HUKOT/Ia HE YUTAI U HE
cipiman. Bot 00 3ToMm ciyyae s 1 Xo4y paccka3aTh nmonopooHee. IMEHHO Tora U MOsSBUIICS

UHTEpEC K TOPY.

K coxanenunto s He MOMHIO TOYHOHM AaThl. Ciydmsaoch 3TO NO3AHENW oceHbto B 1972
roxy. beut Mopo3HbIit sicHBIN (a0COMIOTHO 0€3001a4HbIi) BeUep U yKe JaBHO CTEMHEN0. Mbl
C Ipy3bsIMHU UTpasu B GyTOOI (MBI UTpaJIK TOT1A B (GyTOOT KPYTIbIH rOJl ¥ JIETOM, M 3UMOI1) B
camoM 1eHTpe ropoga KpacHospcka (3To Mecto s 0003HAUYMII Ha KapTe KPAaCHBIM KPYKKOM

(Puc. 1). Bopyr KOpa, moii apyr, ¢ KOTOpsIM MBI UTpaii B (pyTOOJ, TOBOPUT MHE: «CMOTPH,
3HamMeHuey. S mocMmoTtpen Ha HeOO U 0CcTONOCHET.
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Puc. 1

[To HeOy MBLI MOYTH CTPOTO HA CEBEpP OTPOMHBIN TOp. bbul oH GeHO romy6oro
1[BeTa HE MPO3pavHbIiA, uaeansHoi Gopmel (Puc. 2).



O©®pany I'epman Mamemamuueckasn MoOenb MAUIUHbL 8peMeHU

Puc. 2

JIBuKeHHe HE COMPOBOXKIAIOCH HU 3BYKOBBIMHM, HH CBETOBBIMU 3(QeKxTamu.
Omymenre ObIJIO TaKoe, YTO OH IIENT HE OYEHb BBHICOKO, YTO MOTOM W MATBEPAWIH JIPyrue
o4eBHIBI. MapmipyT ero s 0003HaYMJI Ha KapTe CUHEH CTpenkoi. S yBUAeN ero mpuMepHO B
TOM MeECTE, I'JIc Ha CTPEJIKE CTOUT CHUHHUU KPY>KOK. TOp IPOIIBUI BAOJbL KPBIIIM KpacBOU
OuOIMOTEKH U BAPYT Hayall ncye3aTh. BoIrisneno 3To Tak OyTo OH MPOCAYUBAETCS B KaKyIO-
TO HEBUIMMYIO HaM ILEJb B MPOCTPAHCTBE, B TOXKE BpeMs OH ObLII OOBEMHBIN, U IOITOMY TYT
K€ BO3HHUKJIO OLIYILIEHHWE, YTO OH HE MPOCAYMBAETCS B ILEJb, @ YXOIUT 3a YroJl, KOTOPOTO
TOk€ He BUIHO. IIpu 3TOM cKOpOCTh €ro He u3MeHwIach. OH MEAJIEHHO YIUIBLI, & MBI, HE
CrOBapUBasiCh, KUHYJIUCh HA MPOCIEKT Mupa, Ka3ajaoch, YTO U3 APYroll TOUKU MbI CHOBA €T0
yBuauM. Ha mpocrnekte Bc€ 3amepsio, MHOMKECTBO JIIOJCH Tapammioch Ha HeOO, HO Tam
0oJbllle y)X€ HHUYEero He Mpou3ouuio. ManeHbkue peOATHUIIKKM U3 HaIIero ke JBopa
pacckazaiyd MHE MOTOM, YTO 3aMETHUJIM OHU AITOT OOBEKT C YETBEPTOrO 3Taxka, I'ZI€ OHU
rpeiuch B Moabe3ne, korma Top Jjeren (rubuil) Hajy Enuceem. OCHOBBIBasich Ha ATHX
CBUJCTENHCTBAX 5 3aKIIFOUMI (MOKET OBITh OMIMOOYHO), UTO JIETEN OH JOBOJIHHO HU3KO. Bcé
YBUJECHHOE MEHsI IPOCTO MOTPSICIIO, @ UCUE3HOBEHHUE TOPA ObUIO OLIEIOMIISIFOIINM.

Top u pusuka

MBI Kak-TO CIMIIKOM MPOCTO CMOTPHUM Ha OKpYy’)Karollee Hac MpPOCTpaHCTBO. Bee Hamm
Mpe/ICTaBICHMsI O JUIMHE, IIIUPUHE U BbICOTE OoJblIoN mpuMUTUB. [IpuBeny Bcero iuiib Tpu
npuMepa U3 MaTeMaTHKH.

1. CymectByer B Tomojiorun Teopema lllendmauca 06 OkpyXHOCTH, KOTOpasi IEIUT
JBYMEpPHOE NPOCTPAHCTBO Ha JBa MHOXxecTBa. Kazamoce Obl, 100aBuUM emé OnaHY
KOOpJMHATY, 3aMEHUM OKPYKHOCTb c(hepoii u roroBa Teopema lllenduca nias npocTpaHcTBa
TPEX M3MEpPEeHUH. AH HET, YTO-TO C MPOCTPAHCTBOM MpoUcXoAuT u Teopema llleHduuca B
TPEX U3MEPEHUAX HE paboTaeT.

2. Em€ Oonee mpoctoii mpumep. Ha TmIIOCKOCTH CyIIecTByeT OECKOHEYHO MHOTO
MPAaBWIMHBIX MHOTOYTOJBHUKOB. A B TpEX H3MEpPEHUSX — BCEro IMATh MPABHIBHBIX
MHOrorpasHukoB (IImaToHOBEI Tena).

3. Kako#t ¢urypoii MOXKHO 3aMOCTUThH IUIOCKOCTH 0e3 mpobenoB. [ ATOro roautcs
MPABWIBHBIN TPEYTOJbHHUK, KBaApaT U MIECTHUYTOidbHHUK. Cpeaw HEempaBWIBHBIX (uryp —
BOOOIIE JIFOOOW TPEyTrOJbHUK, JIIOOOW YeTHIPEXYTOJBHUK (HEoOs3aTeIbHO BBIMYKIbIH!), 14
KJIACCOB HEIPABWIBHBIX MSTHYTOILHUKOB, a CKOJBKO HEMPABWIBHBIX IIIECTUYTOJLHUKOB,
Ka)KeTcsl emé HUKTO M He COCUMTal. A MPOCTPAHCTBO TPEX M3MEPEHH MOXKHO YMaKOBaTh
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TOJIBKO TPaBWJIBHBIM KyOOM. A W3 HEMPaBWIBHBIX — TOJBKO MapajuieyenuneaMil |
POMOHMUYECKUM J10/1€Ka3IPOM.

Bce monoOHBIe (akThl HABOIAT MEHS HA MBICIb, YTO MPOCTPAHCTBO TAKKE KaK U
BpeMsl JIOJDKHO MMETh Kakue-To Oosiee INIyOOKHE XapaKTepHCTUKH, a HE MPOCTO JIUHY
IIMPUHY U BBICOTY. BepHee, MHE IIPencTaBIIsIeTCs], YTO IPOCTPAHCTBO JOJIKHO UMETh TOYHO
TaKHe )K€ XapaKTEPUCTUKU KakK U Bpems. Hampumep IIOTHOCTh MPOCTpaHCTBA. A IUIOTHOCTh
10 OTHOIIEHHUIO K yeMy? ToJIbKO 10 OTHOLIEHHIO KO BpeMEHH, Apyroil kateropuu y [1-B Her.
Tak e Kak M IUIOTHOCTb BPEMEHH MOKET PAacCMAaTPUBATBCS TOJBKO IO OTHOIIEHUIO K
IIPOCTPAHCTBY.

Korna uyuraemsp nonyssipHble, a M HE TOJBKO IOIYJISAPHBIE, KHUTH IO TEOpUU
OTHOCUTENIbHOCTH, 3a4yacTylo, B KayecTBe MoJenu mpocrpaHctBa-Bpemenu (I1-B)
paccMatpuBatoT cdepy. I'oopsaT o pacmmpenun II-B, kak o pacmmpstomeiics cdepe.
'opu30HT COOBITHIA TPaBUTAIIMOHHOTO KOJUIarica - omsiTh ke cdepa LlBapummuipaa. A 3a
TOPU30HTOM COOBITUH TMPOUCXOIUT «BbIBopaunBanue» [I-B wamsnanky, Tt.e. II-B
npeBpamiaercss B B-II (3mech Teopuio KoJuiamca MOXKHO pacCMaTpuBaTh B KadyeCTBE
MaTeMaTH4ecKoi Mojenu ManuHbel BpeMeHu (MB), T. K. 10 «BbIBOpaunBaHUs», 10 KoJularca
MOXHO ITyTEUIECTBOBATh B3aJ U BIIEPE] TOJIBKO IO NMPOCTPAHCTBY, a IOCIIEC BEIBOPAYMBAHUS,
HaBEPHO, MOKHO ITyTEIIECTBOBATh Ty1a-CIOZa 110 BpeMeHH?). Bo3HuKaeT BONpocC: JIOTUYHA JIA
Takas Moziens? Benpb cdepa xapakTepusyercs TOIBKO OJHUM IapaMeTpoM — paauycom, a I1-B
JBYMsI: IPOCTPAHCTBOM U BpeMeHeM. UTo ke IPOUCXOAUT IIPHU BBIBOPAYMBAHUM HAU3HAHKY?
I'ne 3amenka ajst MaTeMaTHKa, YTOOBI ONUCATh TAKOE BHIBOPAYMBAHUE Ha SI3bIKE YPABHEHUH U
¢dopmyn. He cuIKoM Jin NPUMHUTHBHO MBITa€MCsl MbI IOCTPOUTH MOJEIb KOJUIAIICa ¥ MOJEIb
camoit Bcenennoii, cBonist Bc€ k cpeprueckum odpazam?

Hagaiite modanTtazupyeM. Creayroomeid MO CI0KHOCTH 3aMKHYTOW (GUTYypod B
TOIIOJIOTUM TPEX U3MEpeHHH HAET TOop. BOT TOp Xapakrepusyercs Kak pas AByMs

napameTpamu, JIByMs paiuycamu (TOp, Kak TeJIO BpPALICHUs OKPYKHOCTHU C pajuycoM F,

BOKPYT OocU Z-Z Ha PACCTOSHUM ¥, OT LIEHTPa OKPY>KHOCTH /10 aHHOM ocH (Puc. 3).

Puc. 3

Nném nampime. ACTpOHOMBI JOKaszaid, 4To OO0BEM BceneHHOW BBIYHCIAETCS IO
2 o . o
dopmyne ¥V =27’R’. Y TouHo 10 Takoii ke (OpMylIe BBUHCIAETCS 00BEM MPOCTEHIIEro

TOpa, y KoToporo v, =r, = R. IlpaBaa, cpaBeJIMBOCTH pajy, HaJ0 3aMETHUTh, YTO B CIyyae
co Bcenennoit peub UAET 0 paanyce KPUBHU3HBI, a I TOPA — 3TO T€OMETPUUECKUNA PAIHYC.
Ho Hajo momMHUTH, 4TO MBI BOBCE HE coOMpaeMcs BCIO BceneHHyo 3aCyHYTh B TOpP, & TOJIBKO
JUIIb TbITaeMcs HaOpocaThb IWITPUXM Mojaenu BceeneHHoit B mepBoM, Tak CKazath,
npubnmxennu. Kceratu, y Takoro topa HEHTP CUMMETPHH MPOCTO CaM IPOCUTCS Ha POJb
CUHTYJIIPHOCTH B HAIlIE MaTeMaTHYECKON MOJIEH (a CIIMpasIu TaJlaKTHK HE OT Topa Jin?).



O©®pany I'epman Mamemamuueckasn MoOenb MAUIUHbL 8peMeHU

Manee. Kax ObITh c BBIBOpauMBaHMEM TOpa, T.€. Hamero mojaenupyemoro II-B
Hau3HaHKy?

3aMKHYTbIE€ KPHUBBIEC, PAcCIOJIOXKEHHbIE HA TOPE U HE CTATMBAIOUIMECS B TOYKY, S5
Ha3bIBAIO TOpouAaMu. Paznuuaror nBa kiacca Topoua. Toponuael MpoJOJIBHOTO THIIA, KOTOPBIE
CTSTUBAIOTCS K JBIPKE TOpa U TOPOU/IBI TIONEPEYHOTO THIIA, KOTOPhIE 0XBATHIBAIOT CaM 00pyd
Topa. Torosoru 1okasany, 4To IpU BHIBOPAYMBAaHUM TOpAa HAM3HAHKY TOPOMIBI IIPOIOJIBHOTO
U TIONEPEYHOro THUIIA MEHSIOTCA MecTaMu. BOT B 3TOM M €CTh 3alenka Ui MAaTeMaTHKa,
yTOObl BBIBOpPAYMBAHME HAW3HAHKy omnucate Ha s3bike ¢opmyn. Top kpacuBo
XapaKTEePU3yeTCs CIUPATICBUIHBIMM TOPOMJAMU TMPOJOJBHOIO M IONEPEYHOIO0 THUIIOB
(Puc. 4). CooTBeTcTBYIOIIME ypaBHEHHES TAKUX TOPOU UMEIOT BHL:

p=|1+Cos| |6+ Sin Lk, p=(1+Cos(w-p)k+Sin(w-p)k,
[0)] [0

rae e = f-Cos(¢)+ ] - Sin(¢), ® - 4KUCI0 BUTKOB TOPOUJIBHI, ?_ a (win o-¢=a) (Puc.
@

3).

Kak Bugum, 4TOOBI oOmMcCaTh BBIBOPAUMBAHWE TOpPAa HAW3HAHKY HEOOXOAMMO B

YPaBHCHUH TOPOHABI IIPOOOJIBHOI'O THIA IIapaMETp @ 3aMCHHUTH Ha O6p8.THBII>i — H
a

Ha000pOT.
Ha Puc. 4 4ncio BUTKOB @ PaBHO YETHIPEM.

Puc. 4

Kaxkoit jxe Maremarnueckuil anmapat HEOOXOAUMO TPHUBIICYD JJIA TaKOW OTNEparvu?
MHe mpeAcTaBiseTcs, YTO TaKUM armapaToM JOJDKEH OBITh anmapar TEOpUH TPYIII, TaK Kak
OJlHAa U3 aKCHOM TEOpUHU TPYyMI TOBOPUT O HEOOXOAMMOCTH CYLIECTBOBAHHUS ISl Ka)JIOTO
aneMeHTa eMmy oOpartHoro. Kpome Ttoro Bompocel II-B  sBustoTcs  cambIiMu
(yHIaMeHTalIbHBIMU B BOINPOCAX MO3HAHUA U JJI PELIEHUS TaKUX BOIMPOCOB HEOOXOIUMO
MPUBJICKATh U cCaMble (QyHIAaMEHTAbHbIE MAaTEeMAaTHUECKHE TEOpUU. A OJHOW W3 CaMbIX
(byHIaMeHTaNbHbIX, OECCIIOPHO, SIBJIAETCS TEOPHs TPYIII, T.K. A €€ MOCTpOoeHUs TpedyeTcs
BCETO JIUIIb 4 aKCUOMBI!

C Ttouku 3peHus kosutanca, [I-B 1omkHO OBITH CHMMETPHUYHO, CJIEIOBATEILHO, MBI
JOJDKHBI paccMaTpuBaTh TPU Pa3MEPHOCTH MPOCTPAHCTBA U TPU pa3MepHOCTH BpeMeHu. Hy
YTO K, CAMO€ BpPEMs B3[VIAHYTh HA OJHY M3 IPyII LMIECTOr0 MOpsAAKa. TakuX rpyIil BCETro JBE.
Msi OyneM paccMaTpuBaTh HEKOMMYTATHBHYIO rpymiy. Tabmuna Kamu 31oit rpymnmbsl nmeer
takoi Bun (Puc. 5):
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Kak oka3anoch, 3Ta rpynna UMeeT YHHKaJIbHOE ajaredpanyeckoe NnpeacTaBjIeHHE.
Hackonbko MHE M3BECTHO, HM OJIHA U3 TPYMIl 00JIee BHICOKUX MOPSAIKOB HE UMEET M0100HOTO
IIPEJCTaBICHHUS.

1+ 1 1 0]
x1=a);x2=——;x3=——1 ;t1=—;t2=——1 L =—(1+w).
w + o 7)) +

Kak BuanMm, B paMKax JaHHOTO MPECTaBICHUS, KOKIbIA SJIEMEHT IPYIIBI UMEeT cebe
0oOpaTHBIi 3JIEMEHT, HE TOJIBKO B IPYIIIIOBOM CMBICIIE, HO U B aJIreOpandecKoM.

Kakas jxe rpymnmnoBasi onepanusi COOTBETCTBYET AAHHOMY IpejacTaBieHuto? Baeném
0003HaYCHHE JIJIs1 HAIICH TPYTIIIOBOM OMIEPAITH — « © ).

Puc. 5
IIpumep nencTBUS TPYyNIIOBOM OIlEpanuu:

X, e 1
x30t2=— — i =—=t1_
1+ x, 1-,. o

Kax BUIUM, HaAo 3JIEMCHT X; HNOACTABUTb B 3JICMCHT tz Ha MCCTO mapaMe€Tpa @ H

BBINOJIHUTD airedpanyeckue npeoopazoBaHusl.

JlaHHOE TIpeICTaBICHHE XOPOIIO €II€ W TeM, YTO AAaET OOJNbINNME BO3MOKHOCTHU JUIS
napameTpa @. DTO MOXET OBbITh M YHCIIO0, U MaTpula (WU TEH30D), U CIIUHOP, U QYHKIHS H
ew€ bor 3naer yro.

Cnenaem emé€ OAMH IIAar B HAIIMX MaTeMaTHYeCKMX (aHTa3UAX — BBIUUCIUM
IIPOU3BOIHBIE (QYHKIMI IPEACTABICHUS 10 TapaMeTpy @ , MOTYyUUM:

dx, __d, 1
do

T do (+o)

dxl_ dt3_1. de_ dL_L
do do do do o

b

3/1ech MBI IMEEM €III¢ IBE 0OpPaTUMOCTHU: TaK CKa3aTh OOPATHMOCTh IO HAMPABICHUIO
(MpoW3BOAHBIE MEHSIOT 3HAK) W MPOCTPAHCTBEHHO-BPEMEHHYIO OOpaTuMocTh, T. K.

HpOI/I3BOI[HOI71 HpOCTpaHCTBCHHOﬁ XapPaKTCPUCTUKU X; CTaBUTCd B COOTBCTCTBHUC

NPOM3BO/IHAS BPEMEHHON XapakTepucTuku ¢;. Kcratd, NpOCTPaHCTBEHHO-BPEMEHHYIO
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0o0paTUMOCTh UMEIOT U caMH (QYHKIUH MPEACTABIECHUS, HO OOpaTUMOCTb 3Ta APYTroro

Xapakrepa, 31echb X; = —.
ti
W, HakoHel, B paMKax HAIIero IpPEACTAaBJICHUSA, KaKIbI DJIEMEHT IPyIIbl MOXHO
BBIPA3UTh YEPE3 OTHOLLIEHUE JIBYX JIPYIHX IO TAKUM IIpaBUIIaM:

C ToukM 3peHus (U3UKM, TaKUe OTHOLICHMS MOXKHO paccMaTpuBaTh Kak
XapaKTePUCTUKU IUJIOTHOCTH, JABJIEHUS, CKOPOCTH WJIM YCKOPEHHUS WU elE 4ero-iuodo.
OTmeTruMm, 4TO MOJIOOHBIE BBIPAXKEHUS paccMaTpHBall B CBOE BpeMsl M3BECTHBIM acTpOpHU3UK
H. A. Ko3blpeB, u3yudas NpUYMHHO-CJIEICTBEHHbIE OTHOIIECHUS M BBOJS TMOHATHUS: «XOJ
BpeMeHm» [1, ctp. 338] u «mnmoTHOCTh Bpemenu» [ 1, ctp. 368].

Kpowme Toro:
dx, dt,
— = X, =X
da do
dx, x,t, 1 ) dt, x;t, 1
] = — —_ . - = .
do t, Lx, do x, xt,
dx, t, e, x,
do x, do t,

He mnpaBma num, 3T ¢GopMysbl HaOMHHAIOT W3BECTHBIE U3 Kypca auddepeHnnanbHOM
reomeTpun popmynsl Opene [2, ctp. 171]:

-

ﬂ=kn

ds
<d—n=Nb—kt,
ds

ﬁ=—2’¢n
L ds

rne k — KpuBU3Ha KpUBOH, X - KpydeHHe KpUBOil.

BoT Tak oTTankuBasch OT TOpa U €ro BHIBOPAYMBAHUS HAU3HAHKY MOKHO OOHApYKUTh
yIUBUTENbHBIE MATEMaTUYECKHE 3aKOHOMEPHOCTH.

[TapaniensHO 3aMeTUM, YTO 3HAUYEHUS CIIO)KHOTO OTHOILIEHUS YEeThIPEX TOYEeK Ha
npsiMoit & = (AB, CD) B NMMPOEKTUBHOM MPOCTPAHCTBE 00pa3yIOT Ty ke camyro rpynmy [3]. A

CaMoO CJIO’)KHOE OTHOLLIEHHE SIBIISIETCS €IUHCTBEHHBIM HHBAPUAHTOM IIPOEKTUBHON T€OMETPHUHU.
Kaxk u3BecTHO, TIPOCKTUBHAS T€OMETPHS — SABJISETCS, TaK CKa3aTh, 0a30BOM reoMeTpueii [4] u3
KOTOpOHM, Kak YacTHBIM ciyyail, moiydaercss U reomerpus EBknmpa, u JloGadyeBckas, u
Pumana, u BooOwie nr06ast Mpicnmumasi reoMeTpusi. MOXHO MPEeAnoI0kKUTh, YTO U B OCHOBE
Hamero ¢usndeckoro II-B nexur npoextuBHas reomeTpus. EcTh KOCBeHHBIE (DaKThI
yKa3bIBAIOIME HA 3TO MpeAmnojiokeHue (cMm. padborel aBropa «OT ommbkm ['minpbepra k
UCUHUCIICHUIO cepy, «MaTeMaTuka TOHKOTO MUDPa»).

Ho npexae yem okoHuUaTeapHO 00y37aTh HAIly MaTeMaTUKO-(pu3ndeckyro (GaHTa3uio
celaeM eié ABa TaKUX MPEANnoI0KeHUs! (TUIIOTE3bI).

Ha nmepByro rumore3y MeHS HATOJKHYJ TOT (akT, YTO OpOMTa JyHBI HPEICTABIISIET
cO0OH CIIOKHYIO 3aMKHYTYIO KPUBYIO, PAcCIIOJIOKEHHYIO ... HAa TIOBEPXHOCTH Topa [5, cTp. 64].
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[IpaBma TOp 37€Ch T€OMETPUYECKH HE HICATBHBIA, HO C TOYKH 3PEHHUS TOIOJOTHH — 3TO
CTONPOLIEHTHBIH TOP.

Kak n3BecTHO, OpOHTHI IIAHET UMEIOT HE AJUTUIICOBUIHYIO TIPUPOY, XOTS U OUYEHb Ha
Heé mOXOoXyr. S mpeamonararo, 4YTOo OPOMTAMH IUIAHET MOIYT OBbITb TOPOMIBI.
YcranoBiieHHE 3TOTO (paKTa UMENIO OBl KUPHBIN IUIFOC B MOJB3Y TOPOUAATBHOCTH METPHUKH
BCET0 HAIIero NPOCTPaHCTBA U, B KOHEYHOM CcuéTe, /I TOpouAaabHoi Moaenu MB.

B cBoé Bpems (sier 20 Tomy Haszam) s HAmEN TOYHBIE pemieHus AudQepeHnnatbHbIX
ypaBHeHu# (1) nns reome3wuecKkux JIMHUN Ha MpocTedineM (€AMHUYHOM) Tope. A OpOUTHI
TUTAHET — 3TO HU YTO MHOE KaK reo/ie3ndeckue JMHUMU Hamiero [1-B.

2

2
40 Gin*0.Sin20. ‘Z—Z’ =0

2

(1)

2
19, 4c100.9992 _
dt dt

dr®

VYpaBHeHUsI Te€0/1e3UYeCKUX JMHUN Ha Tope (pemeHue cucremsl (1)) B chepuueckux
KOOp/AMHATAaX UMEIOT TAKOW BUJI:

1
=—-Ja-(1+Ctg’8)* +b.
@ zJa (1+Cig"0)

Kak paborats ¢ TakuMm ypaBHeHHeM. HeoOXomaumo B3sTh KOOpPAHWHATHI (@,60) TpEx

KOHKPETHBIX OJIM3KOPACIIONOKEHHBIX TOYEK OpOMTHI KakoW-HUOYIb miiaHeThl. KoopauHaTel
KpallHUX TOYEK MOJCTaBUTh B JAaHHOE YPABHCHHUE U U3 PEIICHUS CUCTEMBI, ABYX ITOJy4YEHHBIX
YpaBHEHMI, BBIYMCIUTH KOHCTaHTHI @ ¥ b, Xapakrepu3ylollue JaHHBIH KyCOK
reojie3uyeckor JMHUM. Ecium KOOpAMHATBI NPOMEKYTOUYHOW TOYKH OyIyT YyIOBIETBOPSTH
HalleMy YPAaBHEHMIO I'€OJE3UYECKOM JIMHUHU, ¢ YYETOM HaWJEHHBIX KOHCTAHT, TO JaHHBIN
KyCOK OpOMTBI MOXHO CUMTaTh KyCKOM TOpoujbl U T. A.. K coxanenuto, s He pacrosararo
TOYHBIMHM ACTPOHOMUYECKUMH JAHHBIMHU U HE UMEI0 3HAKOMCTB CPEIU aCTPOHOMOB, KOTOPBIX
Obl 3aMHTEpECcOBaa Takas uziesl.

Ha BTOpylO rumoTe3y MeHs HaBesla M3BECTHAasl 3arajka o TOM, IOYeMy OpOMTHI BCeX
IJIaHEeT, BKJIOYasi actepoubl, B Hamiel CoiHeuHoit Cucteme jiexaT MPaKTUUEeCKH B OJTHOM
wiockoctu. Ha a1y 3aragky oOpamian Baumanue B. M. Bepuanckuii, cuutasi 3T0 sSIBIEHUE HE
CIIy4alHOCTBIO, @ IPOSBIEHUEM HEKOEr0 «CTPOMHOTO KOCMHYECKOI0 MexaHu3Ma» [6, cTp.
193], KOTOpBIM HMMEET HE MAJOBa)XKHYIO pOJIb Ul CYLIECTBOBaHMs KM3HU B Hallel
Conneunoii Cucreme.

MO3KHO NPEANION0KUTH, YTO HAPSILy C 3aKOHOM BCEMUPHOI'O MIPUTSKEHUS CYILIECTBYET
7 3aKOH BCEMHPHOro OTTAJKUBaHuUA. [lone orrankuBaHus co34a€Tcs 3a CUET BpallCHUSA
MAacCUBHOIO T€JIa, TOJIbKO, B OTINYHME OT CHJIbI IPUTSKEHMSI, CUJIa OTTAJIKUBAaHUS HaIlpaBJICHA
HE OT IICHTPAa, BPAIIAIOIIErocs Teja, a OT OCH €T0 BpallleHus U e neprieHaukysipHa (Puc. 6).

OPOHT BOJIHBI |
1
1
1

OTTaJIKMBaHHUA C‘_/'

Puc. 6
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B kpynHomacmrabHoit kaptuHe ConHeyHoi CuCTeMbl CUIOBbIE TUHUU (PPOHT BOJIHBI
OTTaJKMBaHUs) MOTYT BBIIVISIIETh B paspese Iiockoctu Puc. 7 B BHUIE ceYeHUH TOPOB.
UépHblil Kpykok B cepeauHe cumBonusupyer Connie. Bo3MoOXHO, cuia OTTaJKWBaHUS
HAMHOTO clabee CWIbl TPHUTSHKCHHUS W, TNPAKTHUYECKH, HHUKAK HE NpOosBiseT ceds Ha
MOBEPXHOCTU 3€MJIM, HO B KpPYMHOMAcIITaOHOM KapTHHE e€ AeHCTBHE YK€ CTaHOBUTCS
3aMETHBIM.

Puc. 7

MoxeM NpeanoaoXuTh, YTO BEJIUYMHA ATOM CUIIBI 3aBUCUT HE TOJIBKO OT MacChl U
paccTOsIHUS, OTTATKUBAIOIIUXCS TEJ, HO TAKXKE U OT CHJIbI BPAIICHUSI 3TUX TEJl.
Ha Puc. 8 nokaszana cxema aeictBus cuil nputsbkenus F, u orrankuBanus F, Ha

TUTAHETY, TUIOCKOCTh OPOMTHI KOTOPOW IMoKa3aHa mpsimoid P-P, a cama IiaHeTa n3o0pakeHa
CHHMM KpY>XKOM. B 3TOM ciydae pesynpTHpyromas cuia (CHHSS CTpeika) Bcerja Oyzer
HalpaBlIeHa B CTOPOHY IUIOCKOCTH, KOTOpas IIOKazaHa Ha Puc. 8 ropu3oHTanbHOM
IIYHKTUPHOM IIPSMOU.

Puc. 8
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NMeHHO B 3TOH IJIOCKOCTH W JIOJKHBI B KOHEYHOM HUTOIE PACIOIOXKHUTHCS OpPOUTHI BCEX
IIaHET.

MOXHO NpPEaNoNOXKNUTh, YTO TMPOLECC «YKIAAbIBaHUs» OpPOUT TIJIAaHET Halen
Conneunoii Cuctemsl emmé He 3aBepui€H. Hanbosnee MaccuBHBIE MIIAHETHI, IPAKTHUECKU yKe
UMEIOT OpOWTHI, JIekKAIIWe B OJHOW IUIOCKOCTH. A OpOWUTBHI CaMbIX MAaJICHBKUX IUTaHET
HauOoyiee OTKJIOHEHBl OT O0Owed MmIockocTH. YTO MBI M HMMEEM B JEHCTBUTENBHOCTH.
[Inockocte opOuTHl MepKypuss MMEET OTKIOHEHHUE HPUMEpPHO 7 TIpaaycoB, a IJIOCKOCTh
opoutsl IlnyroHa (xoTs ero yxe HCKmoumid u3 yuciaa ruiaHeT CosHeuyHo CucTtemsbl)
OTKJIOHEHa npuMepHo Ha 17 rpaxycoB. Kcratu, IlnyTon u menbiie Mepkypus, ¥ Janblie OT
ConHna.

Comuie

ITonanera

Puc. 9

Mo’HO BBICCKa3aTh M TaKO€ MPEANOJOKEHUE, YTO JIIMHA BOJHBI CHJI MPUTSDKEHUS U
JUIMHA BOJIHBI CHJI OTTAJKMBAaHMs Pa3iIU4HbI, HO HAKJIA[bIBAsCh IPYr Ha JApYyra, CO3Ja0T
YYaCTKH CTaOMIIBHOCTH, YTO, B CBOIO OUEPE/Ib, ONPEACIISET CYIMECTBYIONINE PAIYChl OPOUT.

Ecnu pomycTuth, 4TO B OCHOBE HAlIero (U3MYECKOr0 IPOCTPAHCTBA JIEKHT
MIPOEKTHUBHASI TE€OMETPUS, TO MOXKHO NPEINOJIOKUTh, YTO AJIEKTPOMArHUTHBIE CHUJIbI CBOEH
JIBOUCTBEHHOCTBIO 00s3aHbl B KaKOW-TO Mepe 3aKOHy JBOWCTBEHHOCTH IPOEKTUBHOM
reoMeTpuu (MMeeTCsl B BUAY JBOMCTBEHHOCTh TOUYEK U MPsAMBIX). Torna MMEHHO B CUITy TaKoi
NBOMCTBEHHOCTH, MOXHO IpPEANOJIOKUTh W  CyIIECTBOBAHUE 3aKOHA BCEMHUPHOIO
orraikuBaHus. llpuuém B nelCTBUM 3THX CWJI TakXke YyCMaTpHUBaeTcs KilaccuuecKas
JIBOMCTBEHHOCTb NPOECKTUBHOW IeOMETpUH. B OoHOM ciyuae HampaBieHHE ACUCTBHS CUIIBI
OTpeAesAeTcsl IEHTPOM (TOYKOM) MaCCUBHOIO TeNa, B IPYTOM — OCbIO (IIPUSAMOI) BpalleHUS
9TOTO XK€ Tena.

[Topoii, B ¢u3KKe BO3HUKAIOT CUTYyallMM, KOTJa OOLIENPHUHATHIE (DAKThl HAUMHAIOT
OIIPOBEPraThCsl HOBBIMM ONBITHBIMU JaHHbIMU. HO B pe3ynbrare 4ero 3To NpoOMCXOAMT MOKa
He sicHo. O06 o7HO# U3 Takux mpolieM pacckasbiBaeT ¢pusuk [[. Menbxucenek. «3To oaHa U3
OonpIIUX TPOOJEM B HayKe — KOTJa BBl CUMTAETe, YTO PEIIWIN MpoljeMy, a 3aTem
JIBUTAETEeCh Nablie, NMPUMEHss 3Ty HMH(GOpMAIMIO A AadbHeWmux noctpoeHuid. Celvac
HayKe MPUXOAUTCS UMETh JIeNI0 ¢ MPoOIEMOM Takoro poaa, Hanpumep, JIs Tell, MaJaloliX B
BakyyMe. Beerga cuuTanoch, 4To OHU MaJal0T ¢ OAMHAKOBOM CKOPOCTBIO, U MHOI'O€ B HAIllEH
OONBIION HayKe OCHOBBIBAETCS HA 3TOM (YHAAMEHTAIBHOM «3aKOHE». YKe J0Ka3aHO, UTo
9TO HE TaK, HO HayKa MpOJOJDKAET MPUMEHATh €ro. Bpamaromuiics map nagaeT HaMHOIO
ObIcTpee, ueM He Bpaatomuiics. Korga-HuOyap HacTaHET EHb Ul HAy4HOr0 0OOCHOBAHUS
atoro henomenay» [7, ctp. 180].

ITIpencraBum cebe, YTO 3aKOH BCEMHUPHOIO OTTAJIKUBAHMS BCE-TAKM CYLIECTBYET.
Torma BeimeonucanHbld  (EeHOMEH cpa3y Imonydaer oObsicHeHue. JleiicTBUTENBHO,
paccCMOTPHUM BEKTOPHYIO AMarpamMMmy CHUJI Tajaromero Bpamatomerocs mapa (Puc. 10). T. k.
miap BpallaeTcs, TO BO3HUKAIOT CHUJIbl OTTAJIKMBAHMS, HANpPABICHHBIE MEPHEHIUKYISIPHO K
ocu BpauicHus. Ho rpaBUTalMOHHBIE CWJIBI MCKPHBIIAIOT IIOJIE CHJI OTTAJKUBAaHUS W CHJIBI
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OTTaJKWBaHUs OYIyT YK€ UMETh HE TMEPICHIUKYJSIPHOC HAIPABJICHWE K OCH BpAICHHS, a
OyIyT OTKJIOHEHBI B CTOPOHY CHUJI MPUTsDKEHUS. Takum 00pa3oM, BOSHUKAET JOTMOTHUTEIbHAS
pe3yabTUpPYIONIasi cuiia (CUHSISI CTpeJiKa), HalpaBleHHAs B CTOPOHY CHUJI MIPUTSHKEHUS U 11ap
nagaet OpicTpee. Eciu Obl OH He Bpamasics, TO TOW JOMOTHUTEILHON CUIIBI HE BOSHHUKIIO OBI.

T .

Puc. 10

Top u reomerpusn

B 3akmrouenue X041y ITO3HAKOMHUTH Bac ¢ ABYMsI TEOpEMaMH, CBA3AHHBIMU C TOPOM,
KOTOPBIC, KAK MHC KaXXCTCsA, MOT'YT OBITH TOJIC3HLIMHU AJI1 KaKNX-TO KOHKPCTHBIX paCC‘IéTOB u

IIOCTPOEHHUM.

Teopema 1 (0 ceuennu Topa cepoii)
Ecmu top (7, , 1, ) 1 chepa (R =+/r} +r] ) umeror obmuii nentp cummerpuu O, TO
cdepa paccekaet TOp Ha JiBe paBHOBenukue yactu (Puc. 10).

Pa3zpe3 Topa moka3zaH yépHBIM IIBETOM, pa3pe3 cdepbl — cHHUM. Jlokas3arh, 4TO
V,=V,, rne V, - 00béM Tena, oOpazoBaHHOro BpameHueM ayr topa (U ABC) u chepsl
(UCDA), a V, - 00béM Tena, oOpa3oBaHHOrO BpamieHuem nyr topa (U AEC) u chepsl
(U CDA) BOKpYyT BEpTUKAIBHOH OCH.

Jloka3areJjbCTBO:
O6BéM ¥V, MOXHO BBIUMCIUTH KaK Pa3HOCTb 00BEMOB OOpa30BaHHBIX BpalllCHHEM

ayru U ABC u nyru U CDA .

_zﬂj‘( y +r1)2dy 271'_[("1 +r) =y )dy_

n

r 2
= 275'[ 2r 1, — yidy = 4z, %\/r; -y’ +%Arcsinl =x’nr,.
0

r, 0

) 1
N3BecTHO, 4TO 00BEM TOpa paBen V = 2z r r}, cienoBarensho, V, = —V | a orcioa
b 1 2 b b ] 2 b

3akimogaeM, uto V, =V,
Yro u TpeboBaNOCh JOKA3ATh.

11



O©®pany I'epman Mamemamuueckasn MoOenb MAUIUHbL 8peMeHU

Puc. 11

Teopema 2 (00 00bEéMe HeMPaBUILHOTO TOPA)

O6BéM Tenma (HEMpaBUIBHOTO TOpa), OOPa30BaHHOTO BpalIEHHEM CErMEHTa Kpyra
BOKPYT OCH, IPOXOJIAIIEH Yepe3 LIEHTP ATOr0 Kpyra U napajuieabHO XOpe JaHHOTO CerMEHTa,
€CTh BEJIMYMHA NOCTOSIHHAsS, HE3aBUCSINAs OT paJuyca Kpyra JaHHOTO CErMEHTa M paBHas
00BEMY I1apa, IMaMETPOM PaBHBIM JUIMHE XOP/Ibl TaHHOTO cermenTa (Puc. 12).

Puc. 12

Jloka3areJjbCTBO:
Ilycte nan cermeHT ABC HekoToporo kpyra. JlnvHa XOpAabl, CTATUBAKOIAS AYTY

U ABC paBHa 2r, (B IpUHATBIX paHee 0003HadyeHUsx). Torga MCKOMBIA OOBEM IaHHOIO
Tela BpAalllEHUs MOXKHO JJIEMEHTAapHO HaWTH, Kak pa3HOCTh OOBEMOB IIAPOBOrO CIOS
TOJNIUHOW 2r, C OJUHAKOBBIMU PaJUyCaMU OCHOBaHMUN r, W IIMHJIpA, BBICOTOH 2r, U

paznycoM OCHOBaHHS F, .

12
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4
V= %(3;’12 +3r +4r) )— 2, = 57!1’23

A 5Ta Benn4MHa, KaK pa3 ¥ COOTBETCTBYET 00bEMY IIapa C pagiycoM F, .
Urto u TpeboBanoCh 10Ka3aTh.

B 3axmouenue xoTenoch Obl BBICKa3aTh Takoe Mpenrnoyiokenue. M3pectHo, 4to y
YeJIOBEeKa, KOTOPBIM Haxoautcs «3epkasie KosbipeBa», yCWIMBAIOTCS IapaHOPMAaJIbHbBIE
CIOCOOHOCTH (TeNemnarusi), ¥ OTOMY K 3THM 3€pKajlaM TPOSBIISICTCS B HACTOAIIEE BPEMsI
MOBBIIIEHHBIA HHTEpeC (uccnenoBanus HoBocubupckoro yauBepcurera). C reoMeTpudeckoi
TOYKHM 3peHHus 3epkano Ko3blpeBa, B TaHHOM cilydae, — 3TO LWIMHIApP, & YEJIOBEK JOJIKEH
pacnoJjiaratbCsi BAOJb OCEBOM JIMHUU JAHHOTO LUIMHAPA. MOXHO NpPEAno0kKUTh, YTO TAaKOU
UWIMHIP SBJSETCS YACThIO «IVIOOATBHOTO TOpa» (TOPOMIANBbHBIX CHIJIOBBIX JIMHUN
nH(pOPMaLIMOHHOTO Mo BeceneHHol) 1 IMEHHO TIO3TOMY IPOUCXOAMT CBSI3b (HACTpPOWKa) C
WH()OPMAIIMOHHBIM TI0JIEM, B PE3YJIBTATE YE€TO YCHIINBAIOTCS MapaHOPMAIBHBIC CIIOCOOHOCTH.

3epkaio
Ko3sripesa

Puc. 13

He X041y HaBsA3bIBATb (1)I/ISI/IKaM n 6YILYHII/IM co3aaTeyiAM MallMHbl BPEMCHHU CBOHMX
uael, HO Kakoe-TO IIECTOe YyBCTBO IIOJICKA3bIBA€T MHE IPOU3HECTH 3Ty (pa3y BCIyX:
NPUCMOTPHUTECH K TOPY!

13
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