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ITAMATH

PEBOJIBTA HBAHOBHYA
TIHMEXIOBA

19 Oexabipa 1990 2. nHa 60-0M 200y HUIHU CKOHYAACR UIBECT-
HOllL COBETCKUU MOATEMATUK, COKTGP HUIUKO-METEMATUNECKUX Ha-
yx Pegoabvr Heanosuu ITumenoe (poduaca 16 mar 1931 z2.).

Hocne oxoHYGHUA METeMATUKO-MeXGHUYecKo20 ddaxynvrera
Jenurnepaockoaa yrnuaepcurera e 19354 2. P.H.[Tumenos paforan
crapuium pedaxropoM @ bubauoTexe Axedemuu NayK, accucrex-
ToM KagheOpbi Maremaruxu JIeHuH2paoCKoz2o TexHON02UYeCKo20
UHCTUTYTa nuuiecol npomoiwaennactu, € 1963-20 no 1970 2. on
paborat nayunwvim corpyoruxom Jlenunepaderozo ocrdeaenus Ma-
Temaruvecrozo uncruryre AH CCCP, 20¢ 8en neyunbili cemunap no
MaTeMaTuyeckum npodnemMaMm TeoPuUU nPoCTRANCTEa-8PeMeRrU, Yu-
Ta/ ACKYUL RO 2e0MeTPUU CTYOdenTaM MaTMexa JII'Y, aawuris wan-
oudarcryio {1965 2.} u ecxope CorTOpeKYw (1969 2.) dueceprayuu
NO CReyuaibROCTY 280METPUR U TONORO2UA ( K comaseKulo, Qok-
TopcKul OUNIOM OH ROAYYUR ToabKo & Konye 1988 2.). C 1872 2.
u do caoell xonvunot P.H.ITumence paboran e Komu dunuane A4
CCCP, npeobpasogannom enocaedcreuu & Komu nayunmii yenrp
Ypanvckozo ordenenus AH CCCP, 20e ON npowen nyre or magd.
wezo Jo gedye20 HaYYHO20 COTPYORUKA,

P.A.[Tumenoe 0616961 APKO 8BIPAKEHHUIMU MATEMATUNECKUMYU
CnOCOOHOCTAMY, DOABUUMY HABBIKAMU @ CAMO0OPasoaanuL, Teop-
YECKOL CGMOCTOATEALHOCTBIO MBIULACKUA L @bICOKOU pabGaroeno.
coOrocrew. E2o nayunbie paborsl MOXHO pazbure wa rpy QyuKxaq.



Ynce nepasiii yuxst pabor P.H fTumenocea {1956.19364 22.) codepxan
eduHOe GKCUOMATUNECKOE ROCTPOCHUE CUCTEMbL HEEBKAUTOGHIX 2€0-
merputl, 3decs P.H.[Tumenoey yAa10cs onepedurd paloTs: yeaoeo
pAOa Opy2ux 2enMerpoa u PAleurs Ho&uie n1od0T8O HEIE NOOXOJb!
K 3TUM TEOPUAM, OKaIagWuecA IPPeKTUSHMMU TAKNKE U 6 TEopUlL
zpynn*

Bropoii yurxna pabor P.li.[Tumencea (1964-1966 22.) codepmur
uccnedogarue aKaI02068 PUMAHOELIX NPOCTPaNCTE, npedcrasAsa-
wux coboil MeTPUIOGAHHbIE 2RAOKUE MHOZO0OPAIUR, ¥ KOTOPBIX G
KaCATe/LbHbIX NPOCTPARCTEAX UMEET MECTO TG WA UHAR OORODOOHAA
Heegrnudoga z2eoMerpus. B 3rom wnanpasaenuu P.H.[Tumenos, 8
4ACTHOCTU, 06eCneyusn NPUOPUTET OTeueCTEeRNOl HAY KU 8 Pa3quTIU
TeNIJOPHOZO0 UCYUCACHUR, COEABCOBARKO20 C PACCACERTBEM NDUCTDIH-
cerea. B repmunax atux nonstuli PU. [Tumenoerim Ovint pazeur odun
U3 GaPUAHTOE €OuHDL obuell Feopul OTKOCUTEALHOCTU U 3NEKTDO-
MA2HETUIMA, He NOTEePAGUINE c80ell aXTYAALHOCTU 00 HACTOALYR2O
apeMgeru.

Tperuu yuxa pabor P.H.[Tumeroaa (1966-1980 z22.) cerdan ¢
asreuruem udeu araoemurxae A.J.Anexcanoposa 0 nepsuUYHOCTU
KEY3IAAbHOAZO OTHOWEHUR € PAMKGX NPOIPaAmMMbi. NOCTPOUTL Teo-
PUD OTHOCUTELOKOCTY UCXO0O0A U3 OTHOWeHUA hopadka. 3decy P.Il,
Tumeno8 noCTPouUs TEoPUlo HeOOHOPOOHBIX RPOCTPAKCTE, IHAUU-
TeALHO PACUILPUSUIUX CUCTEMY MeTemaTuvecKux modeaeld RPoct-
PGHCTAAGPEMCHU, KQTOPbIE UCNOABIYIITCA YUEHBIMU 8 DATAUUKLIX
001aCTRX HOYKU, OR Pelilis RPOGAEMY NOCTPOERUS HePE2YAAPHLLX
NPOCTPAHCTE €O 3HAKONEPEMEHHOU MeTPUKOU, a Taxwe npubaemy
@beE0eHUR NPOCTPAHCTEEHRO-BPEMEHHBIX CTRYKTYP U3 OTHOUWIEHUSR
nopadicg. CyTh e2u no0xo0a COCTOUT 8 foMm, ¥TO 68 OCHOEY @cex
NPOCTPARCTEEHHO-@PDEMERHBLY KOKCTPYKYUU KAAOYTCA OTNGWeHUSR
nopadre (AuKelHOl unu HSOCTUNHOU YROPAOOYEHROCTY) U Odiee
TWaTeAbHo SHAAUIUDYETCR, Kakue Opy2ue aKCuoMbl U OTHOWERUA
(TonoaoczuuecKue, MerpuvecKue ¥ 1.0.) U xaxum ofipeIoM 0oAXHKul
OniTd dobdenexrsv: K C8OUCTEAM OTHOUWEHUR NOPAGKE, NToOb! noany-
NUTL UonoAab3yemble 8 uruxe MHo2000paiun. HMeHRo 8 raxom
Kawve P.H.Tlumenos nocTpoua Teopur axuaoTpoONnKo20 NPOCTDaH-
cTa-8peMenu, 8 KOTOPOM CKOPOCTh CEETA PA3AUYKE NO PAIHBIM HG-
nPA8AECHUAM, T.@. C8Erogoli KORYC Me Kpyzoaoi, a zpanenbiii’,
Janvuelituee donyupenue, Y10 3TOT KOKYC MEHACTCA OT TOMKU K TOW-
Ke npueodur ¥ duncaepody 00o0wyenuw obweli TeOPUL OTHOCUs

* H.AT'pomos., Koarpaxuur 1 ananuTadeckue IPOAO MEAUA KIACCHYEC
Kux rpynn. Eavrenit noaxoq. — Ceicrnimxap, 1990, — 220 ¢.
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reavuocTu. 1o ybexcoenuro P.H Tumenoaa, ""usyuenue crpyxKryp ho-
pROKa ecTb 8 PuIUYecKoM acnexrTe pa3paboTrd cambix GaIUCHbIX
anpuophnx modeneli OAR YKAGO EOHUA & KuX nocnedyouse2o Pu-
uveckoao marepuana’. H 6 Oounol KHUZe, NOOZOTOBACRKOU X ne-
varu Heaadoazo do Konyunol, P.H.[Tumeros npodoaxun uccredoea
Hie GOIMONHLIX NPOCTPAKCTEENHO-GPDEMERNBRX KOHCTPYKLRU, Ha-
3@AHKLIX 'TeMNROPLAbHLIM YHUGEDCYMOM ",

C noweckux ner P.H.I[Tumernoe Gopoaca 3a 0eMOKXPATUNECKUE
npeobpazoaanun e obwecrae, B 1957 2. ox gbicTynun ¢ rpefocanu-
em npoaedenun 8sifopoa no MHO20ManOaTROU cucteme, 3e uro bvia
ocymden Ha 10 ner. B saxawuenuu P.H.ITumenos npodoawan ax-
TUGKO JARUMATLCA HAYYHOU PaGoTOU U CyMen NOAYUUTD GAICHBIE HA~
YUNBIC Pe3ynbTaThl, KOTOPUe nepenpaaua 8 Axademulo nayw CCCP,
ITo xodaragticrey npeaudenra AH CCCP M.B.Keadwmwa u noara
A.Taapdogcrazo o Obi d0CPOURD 0c80l0oNIer nocne 8 neT naze-
peil, Odnaxo u & danvueliuesm P.H.ITumenoe npodonxan npasgoin-
WUTRYIO OeATeAbNROCTL, 3a YTO e20 e 1970 2, avicaaan u3 JTenun2pa-
da, B 1990 2, P.H.ITumernoaa u20pasu Kapoduttm denyrarom PCOCP,
wienom KoneruryyuosMot xomuccuu Poccuu.

P.H.TTumMerog Obin DPAINOCTOPORKE TANGHTAUGHIM YEeA08EKOM.
OH OTAUKAACA  WUPOKUMU 2YMAHUTADHWMYU UHTEPecaMu, Ihan
bonviie OCCATU UNOCTDAHRBIX R3BIKOR, araden OaecTRUSUM AuTEpa-
TYPRUM CTUACM, HANUCG RECKOADKO UCTOPUNECKUX U XYOONECT-
eHKRbLIX KKU2, BOABUIGA YACTL XOTOPYLIX etye ke onybnuxoaana. Ezo
ONTUMUIM, CAMOOTEEDNEHKOCTh U NPEOGRKOCTb JeaY abidblgany
BOCXUUCHUE OKPYKAUUX U HECOMHEHRO OCTAHYTCR HABCe200 6 UX
Aywax.

3an.126 MaTeMaTHRH, Xas.hus Mt .HayK H.A.'pomon

CHHCOK HAYYHLIX PABOT P.H.NINMMEHOBA

1. AKCHOMATHYeCKGE MCCIATOBAHKE [IPOCTPAHCTESHHO-BPEMEHNAIX CTPY K-
Typ // Tpyau: I Beacowa. matemar, caednz (Mockea, 1856). ~M. — 1959, —
T.4. —C, 7B-79, )

2, K ocHopanusm reomerpit [/ Koxnanut AH CCCP. — 1964, —T.165, —
Ne 1, — C.44-46.

3. TlpumeHentHe NONYPUMAHOBROW TeoMETPHM K exuwHoll TeOPHMB nona [/
Doxnanm AH CCCP, — 1964, —T.157. —Ne 4. —C, 796-797.

4, Tensopran Teopir Qnarosmx npocrpaHcts // Tes. zoxn, 11 reomerpn-
geckoi xoud. — Xapsxon, 1964, — C.316-216,

B, Anrebpa daarrensopos // Bectnux JII'Y — 1964, —Ne 13, — C.160-152,

6, K onipegenestmio nonypumanonsix npocrpances [/ Becraux JINY, — 1945,
~Ne1,—C, 137-140.
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C. 40,
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— 1967, — T.8. — N¢ 1. — C.49-55,
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ro tuna {/ 11 Beecooanbii cuMnosHyM mo reomMerpsu B uenom, — [Terpoaar
aoick. — 1967, —~ C. §1-52.
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meT, sayk, —M,, 1969, — 18 ¢,
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M., 1969.— 814 ¢,
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COXPRUANLIMX Koayeni /] Maremar. samerxn. — 1969, — T.6, — N 4, ~C.361-
169,
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PHXON # KOHI'DY3Humeil BpemeHHsix xpushx /] 1Y Beecowasn.xordepagus no
reomerpun: Teaa, aoxn, — Towincu, — 1989, —~ C,202-205,

25, Kinematic spaces. — New-York & Londoa: Consultants Bureau, 1870.—
185 p.
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NP EAUCICBUE

YacTosapnawrca sonpocom: "Yro Takoe mpems?” 3ToT Bo-
MPpOC HADOMAHZSTCS CMBLICAOM B 3ABACHMOCTH OT HO3HGHE clpa-
WHBAOWeTD, HAH OTBEYAKLIEro ¥/ii fpocTo cAywalomero, To
"BpeMs” BLICTYNAGT KaK YKA3R&HHE HA HOHSOeKHY CMepTh mo-
GOT'0 MO3HAKEero HHAWBHAYYMA. TO "Bpemn” = XaKk snoxa Tex
WA uHBIX NMpapaTenell waM macrepos. To *mpems’ - kax HeyTo
"peanwvuoe”, yro ‘ynpasaser xoaoM’ BCeX KCTOPHYECKUX HIH
$U3NYSCKUX npou eccop, “Bpems” KX Mepa H NpHIKKA NopeTe-
KaHgs fecka B NecodHs!X xgacax, To "Bpemi’ = kax nporTuaono-
crapnenne TBeydocTH”, "axpossoctT’, B ceaau co "spemenem”
YROTpaGnsioT TaKue, HanpuMep, ¢pas3n: "Bpema ~ anepen!”,
*BpeMsi TAK %@ OTHOCHTCA K BeCy, xak Opema x Gecy”, YBpe-
Mf ectTy dopma cywecTeBoBasua MmaTepuu”, “Bpems ecTh nopH~
CTas MepenoHKa: 4epes KoTopYlo Mmuf npouexusaemcs”’, B sroft
KHEI'e Myl Synem roeopuTb® O “mpemMern”, N03TOMY HOCKONb=-
KO YTOYHHM &CHEKT, B KOTOpPOM OYAYT BBCTHCH HAWH paccy
nenus, Ho B npenHcnoBsM, 3808YA KOTOPOI'G COCTHIKOBATE pa-
AHb® CIOCQBEI CNOBOYNOTPeGneHHs Ha 9Ty TOMY, TEpMuHL Gy~
QYT YHNOTPeONATLES HECKONLKO NpUGAR3KTENBHO: TONbBKO HA
AByX nocnen HUX CTpAHHU &X NPefucloBEA Mbl BAOKHM, HaKOHAL,
OKOHYATEeNbHEIK TOYHBIA CMbICN B ynorpeSnsemibie HaAMH ChoBa
U ¢pa3ni,

*BpeMa” ana Hac 6yner opumM u3 TepmrHos B CUCTEME
ApYTUX TepMuHoB. HHEbiME cnomame, Mu padotaem ¢ [IOHHATHH
HEIMY KOHCTPYKTAMH, c TeMu U3 HUX, CPeAH ROTOPHIX Pu-
rypHpyaT U OOHATHHHLIK KOHCTPYKT "mBpeMs’, ITeM MOTHBUPY-~
aTcq JipHnararenbiHoe "remnopanbHuii’ B HesBAHME RAweH KHU-
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ra. Koneuno, ato 6ynet HE EAMHCTBEHHLIM Tepmus, He
ONHHCTBEHHBIM NOHATUAHBIE KOHCTPYKT, ¢ KOTOPHLIM Mol pabora=
eM 3dech CobcTeenHo, "epema’ He Gyger AAXE rAABHLIM Ha-
WHM [OHATHEM, ITO OOUH U3 TOPMUHOR, OAMH K3 NMOHATUNHBIX
KOHCTPYKTOB -~ BOT aCHeKT, 8 KOTOopoM Mu 6yOeM TNPOBOZKTE
H3ayuenne ppexenn, [loHaTUiinkle KOHCTPYKTH OTHOCATCS XK TO-
MY, YPO B JUAOCO(QUM TDAAUN MOHHO HAghBaeTCH "anpHOPHBLIMHU
upeacTasneHMsAME”; MOXOT GniTh, YHoOH@e TORBOPUTE NPOCTO O
“npeacTapmeduu” n “gopMax upenCTABNSHUG”, HMES B BUAYV
nporeBOnOCTaBNeHNe “ponu”’ M "npencTapneHHA”, X4K 2TO Npy-
HATO B TOH dunaocodcko’ cHcTeme, Kotopas MHe Oonbwe poerc
HpaBUTCd, HO Hawe HanoxkeHue OHygerT crOBOZHO OT BKYCOBRIX
IpeanoyreHuil B PuaocQodRd, Mb! TPOCTO H3yYaeM TOMNCPAalbHLIE
NOHATHN Kak GopMbi anpAOpHLIY NpencTasneHull, He yrnyénascob
B BONPOC, OTKYyA&a 9TH QopMul noabgiich, Apyroe guaocodcxoe
Haspadke Toro we camoro - “mopnens”,

Cnocof vawero nay4deluss - MaTeMAaTHYeCKEl, HO0 HanGo~
lee NpohecCHOHANIBHO, HaIl60/18e@ KCOpPEeKTHO ¢ HOHSTHHHLIMY
KCOHCTpYKTamMHu paGoTeeT mareMaTHra, Ora, B yacTHOCTH, Cne-
uganbHO HCCHEeNYyeT BBOOHMDLIA HOHATHRHLIO KOHCTPYKTHLI HA HX
HeNPOTHBOPEYUBOCTL { COBMECTHOCTL), HA CAMOCOIIACOBAHNOCTE
BCeR CHCTEMI] PACCMATPUEAEMBLIX KOHCTPYKTOB. lIoaToMy Mul,
coboreenno, Bynem crpouth MATEMATUYECKHUE MOOLEJIH.
Topopa TeXHEMHECHKHU, HA #3bIKO DypBaku, Mpl H3Y4HM MOOenH
pona (M, § < MxM, R): xofixpeTuee, Te 3 HUX, KOTOpHE B
CULY BLIGPAHULIX HABMU AXCHOM OKS3LIBAIITCS TAKME MOReNnaMu
pona (M, T < 2™ Mm).

JayennednocTe aTEX Mogenell sa YpeaanpsocTs”, 3a "dak-
Tw’, 3a "ponw”, sa "nepenokxy”, 3a “ecrecTBeHHOCTBL”, 23a
"opueMneMocTs? EANKOCTPEPYSTCH HA ClAEAYIONEM NIpHMEpe, OTw-
HOCHIIOMCH K sKennukauuu Tepmuna Twacm®, HACKI pnanr noib-
A0BATENK HOKOTOPOS UNUCHO -~ narty, JIac, cexyday. Cnenopare-
nsuo, YJACH HMemO T OTHOWGKA® KO MHOMOCTBY JK  BemMeCTB-
eHHpX (peilctPrTonbHLIX) uucen., Ho camo no cebe ormennsHO
B3RTO@ YHCNO MOXET HE HMOTh HAKAKOrO OTHOWeHHT X “Ha-
caM” ~ HH¥ X YbHM uacas, [IpC Yachl MOKUC TIOBOPHTH, ANUL
ecng [TPOMCXOAUT COIICCTABIIEHHE, ecnu ‘cobertrr ¥ co~
nocTaBNASTCH YUCRO, apagwueecs "parToll aroro coburus”’, B
paMKax pacrnpoCTpaseHHoll B Hawem Bexe npeayMmusu (MeTaHa-
YHHODO NOCTYAR&TA}, YTO CHAMH COOLITHA OOpPA3YIOT MHOMESTBO,
xopopoe ofoaxaumm (£ or HauanbHOR GYKEBHI ClOBA Tyrupep-
cyM”, YaCK w OKa3znBaloTcs Opd sToMm Barnane OTOBPAXE-
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HUEM una W s R y YTO MBTEMATHYECKH SAlECLIBARTCH

w: L = R uau, nourn pasdHocunnHO, we R . Takum obpa=
30M, SKCHNMHKAUUY TepMUHa "gacw’ xak npufopa, QAIKMETO Yi-
CnoBOE 3HAYGHKHEA, OPHBOANT K METEMATHYECKOMY HOHATHIO
"¢yHKUMyT, 3anaHHAA HE MUOMACTBE COSLITHE ¥ YMBIOWAH BG=
WEeCTBLHRLIE 3HAYe HHS,

Ho TAROTO yTOYHOHMH HENOCTATOYHO, nabei CIELHNOHYE-
CKH prigeante "swacwm”’ cpepn mBCex pasiooBpasHEIX TrnpuHo-
pos® unu "suctpymenros”, Benn, wanpumep, rpanycuux <%
TOXE [A&T B WECTBeHHHI6 YHCNA B 3A8BHCHMOCTH OT TOCO,
OUYCKaeM i Mbl 8re B KeOAwY0 BOAY, CYOM nu erc nomis-
KXYy AAY Knanem B CHer, I'DanyCHMK ~ Toxe "GyHKUHH Ha MHO-
KOACTRE COObLITHH (COCTosxnuﬁ) CO 3HAYEHHYMH CPEAH BelecT~
peHALIX uncen’, #¢ R* . B uenm CHEUMOUKA “gacon’ cpa-
BH HTENbHO © “TepmomeTpom’? OrTeeT Ha aToT BONpOC B PaM-
Kax MPHHATOIO HAMH Y@ HECKONBKO [ASCATHneTHH H Hanarac—
MOro B 3Tolt XHuI'e nonxoga CHAeOYeT UCKATH He B ONHCAHUU
Tex HBJ/IZHAKW, xoroprie namepsiorcy “uacamu” wnu "rpany-
cuukamu” {"yacul” ne HAMEpIT JAHTENbHOCTH " BPEMEHHEBIX
npoMexyTkos”, a "“TepMomMeTph” uaMepsioT ‘TENNOBYIO 3HEepP-
ru0”), e B onucenun GPAKTHMECKOID YCTPOUCTBA Tex
HJIH WHBIX Y2C0B MK TepMOMOTpPOB, & B NpHHCKaHuu MATE
MATHRIECKHX KBAJ/IMPHKATOPOB X yxe noaydesHoMmy
NoHATHAHOMY KoHCTPYKTY “dyuxuua”., [JycTe y meHs nme0TCh
ABa nocnenoparenvHpix womepenus A u B, B xaxnom ua-

MEpeHHH # PaBoTald YacaMH w W TepMoMeTpom & , mno-
Ny4ai COOTBOTCTBEHNO HHCAA W, , Wy & *5"; . —9'3 R

dHa4yeHHd, BLINABEMLI® TepMOMETPOM, MOTYT MeXay CoBoi
COQTHOCHTLCH OOBOALHCO NPOMEBOMALHO, MOXET CHYUHTLCSH

/9::. < 9‘5 y HITH SA = ‘93 Y 9ﬂ P 9‘3 , lHesanH camo
OoT TOrV, KakOe us Mamepeunit A i B HPOMIBORKIOCH
padslle, KAaKoe nozxe, Ho 3nadedHnd, nLiiapaeMuie yacamy

w , H® MOIYTOHTH CTOMP HPOKHIBONMBHLIMU: €CHAM HaMeperHe A
aenanock pasblie Hamepenws B (sanpumep, A - xayano
peaxuuu, & B - ee komen), To BCcerga W, < Wg . 9T0 Ba-
HanLHo, RARTA Oonee n03aHEro CofSLITHE BCeraa O0iblue, 4eM
para Bonee paHHero cobuorusi, [po TepMoMmeTp ke Henbss
CKaoaTe, OYATO TeMmueparypa Gonee NUADHEI'0 COOLITHI BCOw
rna pulile Temnepatype Gonse padsero, B atoff Gamanpuoc-
TH COoRepxRHTCA ykaszawue Ha MATEMATUYECKYW CHEHHOH-
KY wyacos — Yacu €CTh He KakKan yrogdHo Pydaxuua u3s yHU-

pepcyma U B R, #o BO3PACTAIRWASA OYHKUUA ua

.-‘1_.



s R .

OTKnapnsiBag Ha HEeCKONBKO CTPAHHK OTBET HAa BO3IHUKAK WM
¥y MareMaTHKs BONPOC HACHOT YNOPSAHAOYSHHS B OGRACTH 3488w
HHE OTOM (YHXKUHH, PACCMOTPHM ApyTrde Bonpocs. MOryT Bo3-
HEXHYTb BOIPOCHI: 8 BCIXAR nN¥ BO3pacTailuwuad ¢yHKURA TOAMT-
C B KaYeCTBe 4acoe? B auauyuTennHoit Mepe »Cé copepxanpe
KUUTH npogdcHgeTr, Kakue poapacrapumue QyHRKUHH MOYT npere -
. HAOBATb HA3bIBATHCH “yacamu’, a xakue -~ HeT, B pasaan4ianix
QHAHYECKR HNH GACNOTHYRCKY OCMBLICISHHHIX YHABEDPCYMAX Kak
YHCcno, Tek K BuAd “4acoB” pasnmuHbn. TlOKaMectT e Mul KO-
CTaTHpyeM, 4YTO YKA3AHKS Ha paanugde mexay JAKODBLIMH ¢y~
kukavu B dyHinyamue BO3PACTAIIOUIMMH - cama no cege
O¥eHb BANHO8 yxKaaauwe. OHO cpaay, € fnopora, oTMeTa®T BCe
Te paccyxaerss "o yacax”, rae He oTMeYEHO 3TO BO3paCTAa-
une: ormaTaer xax HECINEUHWMOHUYECKOQE u noromy HEPENRE-
BAHTHORE nns Teopuu wacon (@, CNenoBATENbLIO, KNS TEOPHU
*speMmeHR”) paccymieHHe.

Takum oBpasom, 07 ‘peansHocTH”, OT “oMnupHxu”, OT
Yrouperuuu” (acan npuberaTb K TEPMHUONOIHH COOTBETCTRYIO-
WhX puiaocoguil) Mb GepeM HOMHOroe -~ Ha ypoBHE HPHMEPOB,
NosBONAIIWMKX OTASAHTE HETepecyllee HAC 0T HEHBTepeCylue-
ro, Kak ToOAbXO MbI HAUYIan#H Ta, 4T0 103BOnseT (POpMYITKpPO-
BATH CAMOOOCTATORHYI0O MATEMATHYOCKYN MOAeNL, ML T386ni-
BaeM” npo "BHeWwHHN Mup”’, a paboTaeM HCKIOYUTENLHO € 06~
PeT@HHLIM MNOHATHAHLIM XOHCTPYXTOM,.

Hay4eHHe MOHATHRHEIX KOHCTPYKTOB, T.8, MATOMATHYSCKUX
Mopenell, XOTOPLIM Mbl 38HHMAEMCA y¥e CBrillle TPHAUATH NeT,
npuBaNO HAC, B 4A8CTHOCTH, X yOemACHHIO, YTO ManecopepxaTe-
NbHO PACCYRKLATH D "BpeMeHm”, ©CAH He PACCYXAATBE O HEM B
pamKax "impocTpaicreospemernu”. Bens “BpeMa’ ¥ B ero muty-
HTHBHOM BOCHPHATHH, K B CMLICZI® O06LIGEHHOID ClOBOYyTOTPES-
nepus, % B PHIUCOPCKOM IOCUAMAHMK, H B CMEICNE NSpeMEHUON
B {MIUYCCKHX YPABHOHRRX, K BO MHOIHX APYTHX CMBLICR&X -
JUHEWHOE HEYTO. "Crpena speMer#” - 3T0 B nepesoge Ha
MATEMATHHECKH SaLIK ABAZEeTCH *OnHMOMEepHLIM HPOCTpAHCTBOM”
Hanportus, To, 4To noHwmaeTcs B OOnileHHOM aAa3bike noa "npo-
cTpaHcTaoM”® uMnH B ¢HoUKe moad “OpocTpaHcrBOspeMeHem Y, -

B NepeBoae HA MATeMATUXOCKMH A3LIK ABNAETCH MHOTOMEPHBIM
OPOCTPRAHCTBOM PA3MEpPHOCTH He MOHbWEe ARYyX-TpeX. A ORHO
MEpHO® NPOCTPAHCTBO -~ [OEONBHO ADOCTIHEKHW OGBEKT cpasm
HHTOMBHO € NMPOCTPAHCTROM MHOT'OMepHnM {ecnu oTeB@yncsd

OT TEP&TONOTKHYECKEX XA3ycoB),., I[lopTOMY H paccy-



xnenns of OgHOMOpHOM O00vexTe, U "ppeomMeHy” B SHAYHTENBLHOM
Mape genalTCid TPUBHAaNbHWMY, GaRanbHLIMU. Ha-3a 2Toro Mui
riiapHoe BHUMAHHS OyneM ynenith TOMY, 4TO HA3LIBAATCSH
"mpocTpaMcTaOBpeMeneM”, TpakTys “speMa” kax HOKUH 4HacT-
arit IOQOBBERT B #em,. Tepmun “upocrtpancreospems’ Bo3-
HRK B QHIMKS ¥ OXHRIEH NPAMEpAMH, KOTOpLI® OTHOCATCS
uMeHno k $uagxe (K KnacCrueckol HnioTOHOBOW, K pensiTHBH-
CTCKON alHITEHHOBOA, K KOCMOMOrHY, K JAHCHEPOROH reoMeT—
pHR), TOrDa Kok B »TO#l KHHP@ Mol Gygem MGBOPATL B O GHORO-
rig, ¥ O I'e0A0rHd, B © nuursxctare, Ho, K comaneHdo, oau
HOTO TepMH:A ANd BCEX 3TUX METLPEX HAYK He CO3AaHO, NpH-
DEeTCS ROXTOMY HEM HONB30RATLCH HOCKONLKO HOAHEXBATHO
{®a~32 cnenH(HYECKH (MAHYECKOH HArpyaXH 3BYYaWHM Tep-
MAHOM “IpOCTPAHCTROBpeMA”, JKenas KAX—T0 CHNTh ITY NpH~
BA3AHHOCTD K QU3IAKe, Mbl nNpeaoduTaeMm YoTpeOasTbh BRO-
QUMM B 3TOE KHED® TOPMHH “TeMNopanbHRU YyHuBepCYM”,.
Crnorocoderaure “GHONOIHYECKOR NMPOCTPRHCTROBPOMAY MOWHO
Gptno 6t ynoTpetnaTs, xafu! yxe ©Oua0 HaBECTHO, YTO TAKOe
“GHONOrRYSCKO8 NPOCTPAHCTROY, 4 »TO 8ume BeCbMAa CnopHuii
¥ HeYyCTOHaBILKIICH TEp™M HHe

Ho seaaBncHM OT TOPMUHONOIHH, CMEREHHe® B CTOPCHY
AUHEHKHOCTH, OLIOMEP HOCTH, xoropoe Ratnoaaercy
TPR UIYUCHAK BpOMEHH, Bh3LBUACTCH TAKKE HHOTIA HOAOCTAa-
TOYHOH OCBEROMNLHHOCTLIY 8BTOROB IO AL T 3IHAHRA CBOICTBE
yoopsaoyeHHocT, Moo B ocHome “TeopHy NPOCTPAHCTEOBPEME~—
KiY NesHUT, POBOPY MATEMATHYOCKH, HEKAA MOATEOPHS obuiell
TeOopsy YNOPAROHeHHLX MuomecTn. B cadoM aeqe, Xak Mbl
Bitlend H3 RApHMepa ¢ "vacamB’, Mu Cpasy NepexoauMm K
‘BoapacTaaukrnM by NRuEaM Y, OnHako (yHxKy HS MomeTr OniTh
aoapactawueii TOJILKO B ToM cnydae, ecng B obaacra ee
sananua (B yamsepcyme 2 ) B » oGnacru ce anauweHil (Be~
wecTpesnLe ydcna R ) ¥ AHE AAOAHQO xkaxoe-To oTHOM@HHS
nopAnia, KOppexTHee popopsi, oTHowexne POAA [HOPHIKA,
3o 06 aToM nmoapobho ByneT robupuThCs Aance, MTak, yuu~
BEpCYM MLICMHTCS He Kak AkWeddoe pcex cpoiicTs “ronoce’
maoxectso (L , Ho xax MHOXECTBO C OTHOWEHUEM

< NMNOPAKA, T.0., XKak CTPykTYpa (U-, < ) MO, New
BAHTUHYECKH, KK CTDYKTYp4 poasa (U. . Sa u "LL) . Pac-
MpocTpale Hilds WHPOKO HHTYHIL ¥sl, Nplen¥Hufl onur padaro
C HOpHAKOM U yHO[JH,D.O‘Ie‘IIHvatH MHCECTBAME CROLUATCH HA
IpAKTHKS K padore ¢ JHHENHC Y!IOPHAOYEHHLIMK Muo-
WMECTBEMH: DHY MHOPAA AAXe HMEHYTes "YNopadoYeHHLIMK
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MHO¥CTEAMKY, UTO BOBCE COHBEET € TOAKY -~ B 2Toil TepPMK—~
HOUIOHHE HAUWAR CTPpY KTYpAa lu, <) HAawBAGTCH "4aCTHYHO
VIO sUANYe HHEM MHEORQCTBOM®, TIpakTyka pabornl € ALICKABLI-
BaHHJMM BpoHe “gucino o Menbuwe wucna € 7, "opamHan X
M@HbLIIe OpaHNHana M " cyaerT nNpUMeHedne obuiell rpen nops-
AKa [0 OAHOHAGNUPABACHHOI'O, OOHOMEepHOre MNOapsAKA: $Ta NPUBbLI~
4K& CTBIXYETCd C HATepecoM K nuuellHo HanpannenHOMY MOTO=
Ky BpéMemu,
Ondako HAue OTIOHeHHe “cobuyue p patbue cobuiTud

2 7 “coburne q UpOoUIOWAS MO3%8, YeM Mporzowns p Y-
HE OBY{3AHQ Gurs nuuefigeiv, Aas uamocTpaunu ofpaTnncs
K PACHpOCTPANEUHOMY KAY3ANLHOMY NOHHMAHUK OTHOMLEHM §
‘pafbuwe-noaxe . Ccax B nosxe A , To 82TO IUANUT, UTC
A nMoTo SuiTh (noveHn BanbUoll, #e ofgaaTeibLHO AKTYallb—
Ho;}‘:) IPHIKHON ARd & . Joupee, TO, UTO NPOUCXOHHIO B
A, MOrnO OKa3ATHECA OoHHM H3 GABTOpOB, ASHCTRYHLHUX B

B . Ho npr rTaxkoM TOAKOBAHWH SCHO, WTO [B& OYEIlb CHAbw
HO YynaneHHL[X coGuiTEx He MoryT BEITE CBA3AHE OTHOWOHH-~
eM palblia -I03XKe, eCAH TONLKO Mbl CYHTAEGMCH C TeM, 4TO
CKOpOCTh fepeldatill Kaya3anbHulX CUTHaNOB orpaduyeda, Che-
ACRATENLHO, Ang paCoTul C NPOCTPAHCTEOBPEMEeHeM HaM HNpe-
AMy . -mecTpe o nouagobarca YHOPAQOCHEHHLIE, HO HE
JIMHEZINHO, wmMuoxecTsa,

lipunegemM HECKONLKO NPEMEPOB TaKOrO OTHOWSHHHA IIOpsd-

Ka, pafn paculaTaTbh OfHOMEPHBIE CTepeOTHNL: ¥ KUTYHUUIO,
[ ppeii. TlycTh MHOMRCTRO M COCTOMT K3 nap 4YHCen (’;,'?).
Jagaem oTHOMEeHH @

/ ’

(3,90t ) e 3<¥ &p<n’; (00)
5TO oTHOWweHde aHTRCHMMeTpHyuo: ecim (§,7)<(¥ v}, 10 He-
Boamowto (5527) <{(%,3) . 370 oTHOWeHHe TpAHSHTHRHO!
CCHM (t"?)( (gr’q?/) " (E,-,’?I) < (gﬂ‘?q} y TO
£<§”gn<p”. Cnenosarennio, BReNeHHOa HEMH (OpPMY noil
(G.1) ornomemie <& sabaseTcd ofHowedwem CTPOIOIQ MO~

PHLKA, llpr aToM, Hanpumep,

Taxue Toykn {iaphl yducen),

xax (0,0) n (1,1) ouesnnuo me

of CBH3I&HLI Memxay Co00il HH OTHO-
2 wengeM (0,0) < (1,1), ux
N I (0,0) > (1,1), CnenoBarens-
Ho, muoxectso /1 HE HBJIHET-

Pug. 1. Cs NUHELIHO-YNOPHLOYEH-
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HoiM muomecrsom. Ha puc.l muano, yro Touxa (p'=(%/ »’)
cnenyet aa Touxkodl p=(k 7 ) , €CnH p’ CONGPMATCA BHYTpH
YeTRepTh=N/OCKOCTE (XBAApAAT&) C BOPWKHON P , ApHIEM
uMeeTCs] B BHAOY TOT KBAnpaHT, KOTOpbid 06pameH BBepX H
BNRAaBO, Hame na npakrnke NOBOP&UNBAT OCH KOGpNHHAT HA
457, # rtorpa ornowenue (0.1) B HOBLIX KOOPAMHATAX BrpaKa—
eTca GopMynol

(tx)<(¥\x") & t -t 5)x"-x|, (0.2

cM, puc.7. Ofobwenne Toil GOPMYNb C ABYMEDHOTO HA MHO-
romMepdsifl cnyvaii Xopoilo H3BECTHO T&M, KTO 3AHAMANCH TeO-
pHeit OTHOCHTEALIIOCTH!

(b .3) € (8’ g2 & 28> Ll agy) vz af

7

3necs 11opSNoK JIALERTCH KOHYw
COM, K&8K 4300pa})elo Ha pUc.2,
S ABYM@PHOTO Cayyasd KOHYC
BLIPOXAAETCA B YI'ON, npUyem B
dopMyne (0.2} eme nononHrTeNn-
HO mpepnojaranocck ¢ =i,
HMittepecHpM Kpalidiam CHAY Yo«
eM (€= oo ) ¢opmyns (0.3)
SBNNETCH CACAYlomee OTHOWe-— "F
e nopsaka, Ha Muoxecrss pue. 2.
vernepoxlt, T, ¥ %) BBOAMM OIpeRenexne;

/
(’é,x,y,%) < Cf:x/.‘;’,?’) e t <t | (04
Torna sa Toukoli p= (t,x,;},}) cRnyer ueJ10€¢ nonynpo-

CTp&aHCTBO {(éﬁx’,;"g Dt ¢}
HE3ABHCHMQ ot Toro, Kaxosw

KoOpanKaTH X, cy’, 2" H ;
CcM. prc.3. OyerKAHO, 4TO T&K t‘
YNOOHADYBHIOE MHOXACTBO HeTBe-—

op'
POK TOwMe HE HHEHHO=YIIOPALOYE H- [g’ X
HOQ! He CDBARAHL OTAOIWSHHOM [0~ 2
PaAKAa T Hapul TO4eX, KoTopLie e~
Put.3.
KAT HA CeUOLHH € = cons?t .
Apyrum kpaiisam cayysem

( € =90} dopMmyns (0.3} sBnuercs ynopano4eHue no Gopmy-
ne:

(t2,5,2)< @ty 2) € 25T g x=x"by=y g2, (0.5)
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Pue. 4.

Haronen, xoiuye, xoTopuil

Taorpa; kak pupgiuo a2 puc.d,
aa touxoit (€,,x 4 2)=p cre~
YT TOALKG T€ TOYKH, KOTOPLI
nemeaT HaA nuayupsamoi x = x,§
&i', » Buixopsted us p
H Hartpamzeuaou BBep X, UmATh=~
raku, Towkda (¢, x,,y,,% ) ®
X 12, JUPR X F X He CBa3Ia-
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Torna MHOXRCTBO TOYOK, CBRYO-
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oTHouieHKe "paHbWe-Noawe”, 0 ko-
TapoM 3JeCk UART peyb, Fropasito
tlenpuBrividee, foraye, paadoobpaa-
Hee, HeRMeAM OTHOueHRe ”"foanule-
Meupwe”, M3BeCTHO® HA YHUCHAX ®
LHTYpBpyiomee oSni4Ho B puUnocod-
CKHX COYHMHAHUSEX 0 BpemeHn, FPac-
CMATPHDRAMOR 3[eCh OTHOWOHUS -
2T0 OHHapile OoTHOWONWe, OT KOTO~-
poro TpebyeTCH TONbBKO 8HTUHCHMME~
TPHYHOCTh U TPAHIUTHBRHUOCThL, K TO=

My wme nocnepA:das Dymer HUxe ewe ocnabnana, pabsl BKMOYHTH
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b PACCHMOIpe IS UHOTeHUManbble  MAWKHE BPpeMeHK”, T.e, 3am
KBYTLI® BpeMEeHHnEe U HKilbi,

M1 6yuem aanumarsca npobneMamu "spemeru” uiay “npocrt
parncrpospemenn’ unu “TeMmuopansioro yurebepcyma’ B pamMKax
TEOpUH YOOPSAOHeRHNX CIpyk?yp (Muoxectn), Tam, I'lte sosus-
kKaloT Kaaccuyeckue pmompocitt “Fae? Hro? Korma?” "= T.0. oT
IOPUCTIPY JEHLEY L0 MOKpOPHIUKH — TaM nogoligeT oaHa M3 MO-
Aaneill yrnopsaoYeHHoro Miowecrea, HOaMOKHE K pARHKAALHO
HHLIE BO3I3PE UM HA MIp, HARpUMED, Taxkie, IAE HeT [Lamxe Macw
T2 COOTBETCTBYWULIM UOHITHAM. HAnpuMep, BUBAPCHHEA, CBASAH-
Hue © TepMudaMu ppoge “sogopon”, "renuii’, YToyka B runsGe-
pToBoM NpocTpauetee”, “nwtoss”, Tasmem’, “pesuocTn’, "B
HHOCTE s STH ToHMuadil ¥ CUNYTCTBYKXUE UM ON@PAUHU OCTADT—
¢ Bl PAMOK reopuy weunopaibBEOTO VHuBepcyMa, Jlo-syau—
MOMY, 113 edpaieitcxit dunocodos neppwm Lloneuraysp noka-
317, rre 'upeus" He supasercsa HEOBXOTMOW anpuopHoil dopMoil
HAWwe 'O hpeAcCTABASHH:, T aKMM obpazom, 34 upeneramMy 1Tedpud
TeMIOPANBHOTO yHusepCYMa OCTORTCH MAOIQ AAKe BaXHWX upepn-
CTABNGHHN, 13 DAMKI X8 TEODHR YIOpgAOHeSHOIO YyHHBepCyMa
BRIAGHBQITCR # KAGCCHIGCKHE [boTOHOBL! NpeUCTaBIeHNd © Bpe-
ME@HN, I CllegH&anLHas T OPEN OTHOCHTNLHCCTH, ® PeNsdTHBHCTC-
Kagd KOCMOMOTHS, W (HHCAR[ORO JIPOCTRAHCTRBOBPEMS, H QAKe eNH-
Has TeQpHH IpuCTpancrnoppeMelk=-sfokTpiHuacTea, Kax Braanui-
BRTCH - OyneT NoRgdsHCO p KEMPe, Mrl utapeemMmcs, wra MOMKO
BAOXKHTh 4 TQONGCHUGCKHE H BRONOTHISCKHE JIPeACTABLISHNS O
AoeMBHH,

Orasanoch, Y70 4CM CTPOUTB TEOPHIO TEMNIOPONBHOPQ YHE -
BepCyMa, HaduMay Ae CO mMuakecTsa M |, a © YiuOop JA0YeHAD-
ro MHweeTBa (M, <) , TO TpelyeTCa OYuHb HEMHOI0 4KCH-
OM = Muubwe pecatn®/, nabe U0 CYTH LOAYYHTL NPUCTLAHCTLO~
DpeMy OCweHd TeEOpHK OTHACHTENLUOCTH. vioed NOAXDAa OYellk
GpocTad v ecTeeTeeHNad, s saygewns muoxecrna Mo, kak
HIRSCTHO, O4eHbh RAXUEYXW pPOAb HIDAWT BeURCTHEHHOAHAMUHERE
LY ARUAY Qi M i—r IR 1 ocobeHyo RO3ACTAET HX PONb, €CHY
HAYKHETh HE C© MyowmazcToa M, a4 ¢ ToOnoAOTHUCKOrD UpOCT-—
pascTae (M. T} wan ¢ rragkoro smuorcodpasui (M, T F) . Ec-
M YrOLAnoUeHO, TO CPOANH LEOX MLICHUM X L)uxuwu “CTEw
CTiHe@HHEN noleneTca nonrnane BOJIPACTAIWOHRIVMX wnxum&f
Tal, fﬂULneTﬂopﬂmmux YCAGRA:

TR, e s e ey in e &

Haa cpapvands: & runefopTopgil ancHOMATHES 2BK/IKLOBOI
TEOMBTPUK 1BE ASCHTKA 8KCAOM, B BOHNb-PALIENCKOH AKCUOMA-
TR Spjilv0r0 UPOCTPARCT1 BA ~ RACHTOK AKCHOM.
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p<7,:>§‘p<:-§g, ) (0.7)
Ouoepenumanst {ecnd MONHO O HHX FOBOPDHTE) 3THX mocaen-
HEX pyuxuuit of BegensioT B npocrpascTee AMddepeHL MAROD
NPpOR3BOAbHBIX $yuruAM (B TAX Na3bIBAEMOM “KOK8CATERBHOM
NPOCTPARCTBR ") cnpedeNe HHOa MUMKECTRBO: X010poe N0 CBOHM
MaTeMaTH4YaCKHM CBOACTBAM sBnueTcd “xaundom?”, Ocraercs
TaK OTPeAAKTRPOBATL AKCHOMEI, 4T06L! 3TOT KMHH ORABANCH XO-
p Dl KOHYCOM , « TOTRE ROAYHHM (HHCIEPOBO pOCTPAHCTBO-
EpeMK. Ecnu Kk aToMy O064BUTHL TPSGOBAHNES KIUTPOTHOCTH
(oauHEKOBOCTHE NPOCTPAHCTBOBPeMEHNX NGO BCEM RalpabBReHRaM),
TO NONYYASM PHMAHOBG € TOYHOCTh LO MacwTada HpoCTpaH-
CTBOBpeMd, T.0, "06uYI0 TeopHw oTHocuTenwHocTH' . Waeiuo
CaMo08 ConepxXa8TeNbHOe BAXNOUEATCy B BLHIASNSHHM CpenH BCex
BOSMOXHbIX dyukumit #a M B JR BoapacTawwMx, T,e, YAOw
sneTeopswumux (0.7). Beé npouee okasnmaeTcs BOOPOCOM TeX=
HAKY #, Habepuoe, MoxeT OblThb YCOBepPUEHCTBOBAHO, KOoraa
3TUM SaliMyTCa apyr#e asTopsl, HamMu ke B TeOpZio NpocTpaH-
cTeOBpeMenn (Ha HOMETPHYBCKOM YpPOBHO) RPUBHECEHL! AHUb
npe upeH, [leppas ws Bux (1968) cocroana B TOM, YTO HA OT=-
HoweHne nopanka xaaaramuck TOINOJIOCTHYECKHE xapekTepH-
CTUXKH: Gnaronaps 3TOMY ¥ YRalROoCh BLIASAETH Cpea¥ BCeX
YROPANOYE HHLIX CTPYKTYD KE8X paa Te, KOTopsle@ OlMChiBany Te~
MOopanesHuli yHHBepcyM, QHE Torpa 6ulnu Hazpapsi Hamuy "To-
[IONCTHYSCKHMY NPOCTPAHCTBAMHE KHHeMATHYeCKOro tuna’, noa~
Ko HABBaAHWE COKPATHNOCH U0 "TONOIOrAYeCkHe KHHOMATUKER
Ypanocey M TONONOTHYECKH ONHCATEL paaindue Mexay ‘HblTo-
HobuiM¥ B TsitrwrelnrosLiMR’ KudeMarTuxamu., Bropag uped
(1872) sakawyanack Kax pa3 B ONHCEHHOM BhIJQIEHHH BO3pa-
CTARWEX (YHAKUER Ha HudPepeH:iy ¥anbHO-TONONOIYHMECKOM YpO—
BHe,

Haug pafoTi no3pongior maTe Taxkoe ofwee onpepeneHpe
nouaTAo "npocTpancTBoBpzM 7 {unu, 4TO TO ke, "Temuopalh-
Hplit yBHBepcyM”). [IpoCTpBHCTBOBREMS €CTE A0KalbHO YHOpSH~
NOoYeHHOE MIUOKEeCTBO, B KOTOPOM OTHOWEHHE HOpsiAKs HO3BO-
ngeT BBECTR XOpowylo Tonodorui, ’Xopowaa” npybhanan Tenb-
Ho oszHagaeT “co cueTHo# Ga.soi’, YperynapHas’, "nokanbHO
xoMnaxTaan”, ‘noxanpHo cBA3Haa”; Tpetopanue "xaycnopgio-
Ba’ He bxoaur BOBEM TepMHHA “Xopowan”. Y TOYHOUUH CM.
HHXKE B TEXCTe KHHIH,

TyTr ymecTHO 3anepuaTsCg Ha lHepedde BOSMOKHLIX YPOB~
Hell paceMOTpeHHs-Ba3yueHrs, Cam DiinwrTellH napsyio CBOXW
P4GOTY O CHeuMaNnbLHOH TEOPHH OTHOCHTONBLUOCTH Nucas Ha
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ypenHe NHHe#HOH Prsuxn''. ONIUKA NPHCYTCTBOBAI2 B TOM,
4TQ OH ONEpPUPOBAN NOHATHAMH ''Macca", 'anexTpommHaMuxa'
n T.n. “JIueeiidocTb” cogepxanacks B T0H mMareMmarTHYIecKof mMo-
nenu, KoTopyio OH npeanonaran. Mu He cTaHeM fepebuparth
anechk poamOoxHuXx PUAUYECKHUX n SHIOCOPCKUX yposuet
paCccMOTpeHKR, Cpaly nepeiineM X TéMm tTpeM-yarupeM MATE~
MATHYHECKHM ypoeHam paccMOTpeHHs TeMinopanbiofi TeOPHH,
KOTOphLie §yayT HI'paTh CYWECTBOHHYIO pOnb aasl ganbhdeimero
HanoxeHus, [leppnie Apa HAGLIBABMLIX HHXE YPOBHR UWHPOKO H3-
BeCTHbl, cnenywuHil - campit abCTpakTHLl — pBOKEH HaMH,

MTax, HCTOpHYECKH [epBLlil ypOB&HL, KOTOPHIA B 0BpaTHOM
JOrHYBCKOM CYeTe Mpl 6yAaM Ha3abBaTh “Thersum’, ~ YpPOBEHEB
JIUHEVIHBIA gar BEKTOPHLIW, CaMoe rnaskoe asnécry - 3TO
HANKYHe abBCONICTHOrO napannensHoro nepexoce ( "Tpanchasunn”)
3TOT Hepeuoc 3agacrcs BerkTtopoMm { "BexTop nepenoca’) m um
OT K&KOTI'0 nyTH He 3apHCHT, lloaToMy ymaercs paGoTath 8
PAMKAX BEKTOPHOIO mpocrpancTsa E,, a ToyHee - adipuHyoro
npocTpanctTea A, . Ha 3Tom yposme 3APAHEE M3BECTHO,
urTo TAKOe “npamag nuuda’, TaKk 4TO0, Hanpumep, (IOpMYAHPOBKA:
‘Besroa Teno COXpaHSeT COCTOSHHEe HOKOHA MAR PABHOME@PHEO
NPAMONHIGAHGTO APMXEHHR”, — KOppexTHA, [IpaMupe AUHKE DO-
AYHESIOTCA ROBONLHO HPOCTLRIM NP ARMAAM., HCTOPHUOCKH 9TH
IPAMBI® CYUTANHCH HOAYHHeHHLIME TAKXKe eue MeTRHHIeCKHM
BAKOHOMEPHOCTAM SBKAUACBOH IMeoOMeTpdM, HO H& Aens BamHa
ngweL apdHHEAR CTPYKTYpA. DTO HACTOABKO npocToit B ofpauEe~—
HUY OGBeKT, MTO HUKAKHX TPYAHOCTOH H HeONHO3HAYHOCTEH
NPaKTHY6CKKE HE BO3HH KaeT. Dynywu ogHORpeMEMHO # feomerT—
pPHYSCKEM OOBEKTOM, # OGBEKTOM anrebpaudeckiuM, BEKTOpHOEe
MPOCTPAHCTBO MO3BOAAST QrKO NUCATHL YPARHEHRd, 4 HHRADH-
aHTHOCTE OTHOCHTEALHO &GCOMIOTHOID IIepeHOCA RENAeT 3TH

pPABHOHUS HOAaBUCSYUMHU OT TOHKH, T.9, BOBCE [IPOCTHIMHU.
Ha sTom ypoBHe coznaBalacks r'anHNnespO-HbpTOHOBA MEXaHnkKa,
BCA TeDpeTHyecKas Mexaruka XY[1-X1X BeKOB, crneunanbHas
TEOpRs OTHOCHTENRHOCTH, XpodoreomeTpusa no A.Jl.Anexcanppo-
BY. D ollpegeneHrnoM CMLIC/IE® 3TO0 CaAMEI HU3OBOH ypOREHB Hay-
JOHH Y TEMNOpPanbLHAro YHHBOPCYMA.

Crnenylomnfi ypopeHb (¥ HCTODEYECKN E NOTHYSCKK ~ BTOpoi)
BOAHHKAST, SCHAM MbI WOOABINACMCHE OT KOCTKOre TpeGoBasKg,
yToGhEl CYweCTROBAN aGCONMTHLII mapanneadam, HO CoxpaHsiem
TpeGopanke, wToGh PACCMATDNABASMAS CTPYKTYpa GbUI& CTDYK-
TYpOR N=MEpHOrO rwankero MHOroobpazua /M, , T.e, r18gkoi
( AnddepeHunpyemoit), Hanuyne raankocTH NMOIBONACT TOBOPHTE
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0 "xacaTeAnHOM B TOHYKEe p npocwpaﬁc'rae"'r; MM, Cnego-
BATEAbLHO, XOTS§ MpoCToe adduuHoe uHpocTpaHcTmo A 3aMe-
HaHo 6Gonea cnoxHLiM (6ojes O6UWHMM) MUOFOOGpa3HEM M, B
KaXnoi Touke p e M, HME@TCH CBOfA ~ ynoOHaZ H NPABLIYHAA
- BeKTopHaAm CTpykTypa [, M = E_ . [lpaBna, B pa3HuX
TOYKAX OHA pasHaR, H HET clocoba CPaBHHBATH BEXKTOpPHI C
pasHuME HavanLHLIME ToykamH,., daxe xorma QOUOC/THUTEb=-
HO mpBonaT Ha rnagkoM MHOTIOOOpPasdH CTPYKTYpY KoBapraitr-
Horo angdepeduuposasua V. (MiE, paBHOCHIbHO, [ApAaMNSITb-~
HOM'O NMepeHoCA !:; » MR $opM CBRIHOCTH W ) unr 60~
188 CHIBLHYI0 CTPYKTYPY ME@TpHuSCKOro Texaopa g, » TO
OKasbbaeTCH, 970 MepaHOC H3 TOYKK B TOUKY 3aBHCHT 97T Iy-
TH, He ABmALTCH abBConwTHLIM, [lofnywaempuit o6vekr He CBO--
A#TEH K NpoCToMy anreBpanyeckomy o6wekry B . Ceilqac
npeanaxeHsl MeTonsl, KOTOPHLe NPEeBpAawalnT TIKoe NpPOCTPAHCT-
B0 B anreGpanyecKHit o6BeKT {IriAnKiae KBASKIPYUNL, I'MAQKEE
noxannible AYHb), HO CHU anrefpanyeckne oGLeXThl HACTONbL-
KO [A&ileKy QT HPOCTOThl BEKTOpHo#l anrebpnl, YTO OCTAITCH
MOuYTH HUKOMY HEHIBECTHuMH, [lax Hac BAXHO, YTO HA 3TOM
Yraanxom yposHe” ( “rMidepeHuUHANLHOM YpPOBRHE”) pACCMOTPE-
UHS MOXHO TopopuTh npo AWGOEPEHLMUANLI &Y HKUWA, npo
OMNEPATOPLI AHOGQEPEHUUPOBAHKMSA, lloatomy RameudeH-
Hue Boiwd B cagaM ¢ gopmynoi (0,7) coofpamenuri 3AKOHHO
ApOBOONTHL Ha TNAOKOM YpOBHE pACCMOTpRHHs, He npaberag X
aononmiTensHol CTPyKTYpe abBceonorHoro napanneanama, {Ha-
IOMHHM, 4TO BCskasd CTPyxTypa abComoTHOTO Napanjiennama
aBTOMBTMHEGCKHY HBAASTCH Tnankoii CTpYKTYpok.} B uauctom
BY O rhafkas CTPYKTYpA €CTh OeCKeoHewuo axddepoNuupyemoe
KOHRYHOMEePHO® MHOTr ~-006pasuse, JTOT BTOpo#, npunoaHarTsill
B HANpABAEHHH ADCTPATUPOBAHUA HAL JNHHENHLIM YPOBHEM,
YPOB&@Hh PACCMOTPEHRA [PACYL OGLI®H TECDHE OTHOCUTENbLHQ~
CTH, K HeMY OTHOCHTCH XpOoHOreomeTpusi B cMucne CuHra,
KayaanbHaa Toeopus no lJempoyay-XoxuH) y., [lonyyaemsie TYT
ypanueaua, KOHSYHO, GABHCAT OT TOYKM. PUHCNEpUBO HPOCT
PAHCTBOBpE.SE TAKXKE® OTHOCHTCg KO BTOPOMY YpROBHEK DPACCMO-
TpeHKBs, NOTOMY 470 HANHYHO 8HAdA30TRPOIUIH HUYEero He meyae?
B TOoM ObCTOATENLCTRE, MTO NpousponHele U gHyhepeduuany
aMelrca, a abcoJWTHOro Napannensicro Nepsioca — Her,
TpeTHit HCTOPHYECKE YPOBOHL PACCMOTPEHUS = TOIONATH—
qeCKHfl, JaeCh HeT HHKAXGA rnagxoCT 4, Booblie ropops,
He ob0dsaTeNsEHO NpennonaraTh, YTC paccMaTPUBAEMOE TOMNO-
NOTHYLCKOS MpOCTPAHCTBO ABIAG TCH TOHOAOIAYCCKMM MHOIQ-
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oGpasuesM. Pas #eT rpankocTy, TO HOJALAR YROMHUHATL HUKAKKX
aaddepeHusanoe GYHKIUHA, & NOTOMY pACCYXKA€HUA, CBAIAHHPpI
¢ ¢opmynoil (0.7}, npepusaTcs. Hukakux BexTopOB, CaM0
coboi, He poanukseT. Ha 3TOM ypoBHE, (AaKTHMECKM, PACCME-
TPHBENH TEOPUIC MPOCTPAHCTBOBpPEeMEHM Toabko lluMenos aa
Bysenan, a nosasee KpeilHOBEY, XOTS upesa TOKOIO hoaxona
perpedanacn ede B 1930 r! v ALA.Mapkoma wmn.

HerpepToil ncTopuyecku, Camblii abCTPaKTibIA ANDHOPH M bl
CIUMbIH YPOBEHL PACCMOTPRHHA H DOTOMY /NQUHYSCKH TSepBLId -
2TO TeOpe THROMHUX@CTBeHYbIl, korga HeT # rononorad. OnHa-
K0 B Haweil TeMnopanbHoil Teopuu “rpernit” u "ueTmeprTmiik’
YPOBHU CnusalTCd. [Jeno B TOM, YTC Mbl HAMHAGM, KAK Yxe
OTMeuanoch, He ¢ rogoro mHoxkecTsa M , a ¢ ynopanowesio-
ro (M <) , A npu 5TOM OK8BILIBAGTCH, YTO AKCHOMBLI, BhaE-~
ngomUe TeMIopanbHelil YHHBEPCYM H3 RpyCHX yUOPAAOYSHHBIX
MHOXECTB, QOpMYyNUpPYiOTCS TakK, 4TO N0 OTHOWCHHIO NOPSAKa
< OAHO3HAYHO KOHCTPYUPYETCH 7rononores T < 2™,
HaspBaeMmasd “HHTOPBANLHEON Tonorurkeil’: nogpo€HOCTH B TeK-
cre Hiwe. B peayavrate memny "TpeThum” i TueTEeptmiM”
YPOBHYMH pA3HALBI HE OCT@OTCH, B NOCHYSOCKOM CHeTe TOT
YPOBOHE HA3LIBASTCA HAMU MEHPBbLIM.

Boauu kaeT ecrectTredsguil sonpoc o0 COLEPAATEIISHOC -
TH UIYHEHHHA ua 3ToM BepxueM, TOmonOriyeCkKkoM, adbcrtpa-
KTHeliteM YpOBHE. {I3BecTHO, YTO np# Mepexone C HU3METO
{ koukpeTHOro) yporH4 HA BLICWHi {AGCTPakTHBLIE) w4CcTO YyT-
PAYMBAIITCA MHOTHE NMBLYHEIE nousTusa. Hanpumep, npuw ne-
pexole ¢ BeKTOPHOIO YPOBHSA #Ha InaAKuil PUMAHOB YpPOBOHb
YTPAUUBARTCY BOIMOMHOOTs ReduHUpOBATE ~weCTKOe Teno”,
He nponcxonur nu Takux yTpaT upH nepexone Ha eue Gonse
OCIHMHA TOoRONOrAYECKHH YPOBEHB CTONIL MHOIMQ, YTO Teopus
CTAHOBUTCH OeccopepxaTenshoii? Her, ne npoucxonut. OQka-
36IBEETCH, ¥TO H3 CNARKGTQ YPOBRHI HA TOMONUCHHECKHH MOK=-
W “fepeTawnTh’ enpa X He BCe moHATHA. [[pH sTOM, ONMH-
Q@ HHBI® 0T MATCMATHHYECKH X NOapobdocTeR, OHM AenalTcd
prnocodCKn npoapadHes, yerye, HanpuMap, 3TO OTHOCHTCR K
TAKuM HOHHTHsM: “axpoxdoe MHoxecTpo” (BpiB. HpOCTRpRECT-
BeHHONOROOHO ceueHKe), "Gynywee” (CniB,. Xonyc Gynymero},
Fapema®, "nata”’, "uaaromuas xprpag” (6sB, BpeMeuHOnonob-
HAH KPHBAR MK, HA BOfle@ HHIKOM .ypoBHE, MHOpRNANILHAS Ya-
cruua), "uwareppan”, "marepuansuaas touka”, "apocrpadgcts-
enHonounobuaa MeTpuka”, "wabawoparenn”, ‘obnacte Kowx-za—
BUCUMMOCTH", "opHeHTauus po Bpemeuu”, "noTok pewecTsa’,
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"npomexyTox BpeMehn”, “npownoe png cobuTHa’, ‘npownoe
ang MHOwecTna”, “cacteMa orcyere”’; "TemnopannHag MeTpuxa”,
*unxnuueckoe ppemsa”’, "yacm’ ¥ MuOroe apyroe.

[Ipr sToM cOGMOAeH APHMHUKN HEPMAHEHTHOCTH: NMOHATHO,
ONpPeneNeHRod HAMIN ANiF BHICIIEIO YpOBHA PACCMOTPEHHUS, aB~
TOMATAYECKM NepeXxceauT B NOHATHS, TPAHHUMOHHO ONPENese-

MO@ HA IVISNKOM YpOBHME PACCMOTPEHUS, KAK TOMLKO Mi NOy=—
CKAEeM CYweCTROBAHHE II2IKOCTH,

HapetTHne B (UBHMKE MoOelE HpOCTPAHCTBOBPEMEMU TAaK
pPasMemanTcs Mo HASBAHHLIM TpeM ypoBHaM (HasBarus Ha Bep-
XMOM YPORHG ©I1j® HO YCTAHOBHIKUCK):

HBEIQTOH
abconTHad
ONHOBPEMEHHOCTh

SUHIUTERH
NocTynar
Sasakopne e reng

POMOKY TOUHLIS
MOQRNH

PONQAOTHYIEC KU

JluHelHo® abco-
nwTHOE PBpeMsf

u abconwoTHOR
HpoCTPaHCTRO
{Morymee aapn-
CeTh OT Bpemaw
nu) 3 6ea MeTpH-
KH.

MpocTpasceTBORpOM |
MOy Y&aeMOe BRIPDAIEI~
AHHEM H BRAOHBAHE-—
eM, & Bonee odwee

raanxpd

HsworTodopa oBuias

HOCTH.

T OpHA OTHOGCHTENY

duucnepopa {aun~
aoTponHdas) u
pumManeea (afimureli-
HOBA) TeOpHg OTHO-
CHTOILHOCTH

TIpocTPaHC TBO—
BREM E~S1CKTPH-
HeCTBO.

LY

BeRTOPHBIH

{anyneapo—HREiO-
Tokoso ( ’xnaccon-
geckos”} npocT~

PAACTBOBPAM K

AHUBOTpONBAA o
sHWTe {dOBA
clreunanLHasa TeOopHd
OTHOCHTENBHOC TU
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Beé arto gocTuraetcd Ha nepBoM, BepXHEM YpOBHe pac-—
CMOTPEHHA TONLKO 3& CHeT Talo, 4To Mhel GepeM e A , a
(M,<}. Beakuil nonxon kx TOOpHH NMPOECTPAHCTBOPPEMEHH, KIHO-
PHPYWOWAN OTHOwedw poaa nopstaka < (eBemeHHOE XAk
OPHMMEPHOE, ANPHOPHOE, 6o uAaye eMy HeoTKypa pagd-
THCH H& 2TOM YPOBHRG), OKA’LBASTCE Gecconep:kaTenbHbIM.
bes ’pausiie-tioaxe’ Bcé, 4YT0 MOKHO CKA3ATH O MHOMKECTEE,
O 8FC 3NEMEeHTAX, HOAMHOKECTBAEX H (YHKUEAX, - C PaBHLM
NPaBoM MOXHO OTHECTH HE TOMNBKO KO BpemMeHH, HO M K Becy,
B X TJIOTHOCTH, M K TORWMHE, M X Temileparype. Hes OTHoue~
mist “pancwe-m3 xe” Tepgetcs CIEUHOHUKA npocTpascTeo-
BpeMEHH, TO, %eM OHO oTaryaeTcd oT “npocrpancTma”, or
*dasosoro mnpocrtpancrea’, ot "mpocTpancTea cocroduuit’, or
"mpocTpaksCcTBA NPHSHAKOB"., Ha 6Godee HU3KKAX YDPOBHAX paceMo-
TPeHUA 3TY cnenitguky obuibo BbLIBOAAT us Merpuuecxoi
CTPYKTyphl, ANf 3a04HHH KOTOPOH Yxe npegnonaraarcd Halu-
yue IVALKOCTH,

liongumo, npu Gonee NpRCTANLHOM RACCMOTRPEHHM B HA3=
BEHHEIX YPOBHAX 00HapyxupawotTga ‘noaypopu’. Tuk, Hanpx-
Mep, "raagnail yposelb” conepxuT B cefe “MeTpHYGCKUH ypo-
pede”, "Kor/OpMEB yposedn”, "ypoBedb apdHHHON CRAIHOC-
Ta'' ¥ ApyrHe, O KOTOPHX Dews noider Huxe. Ho B yKDYIHeH-
ROM NUIAH@ MbLl GyOGeM BeCTH pacCMOTpeHde Ha HA3BAHHLIX
TPpeX YPOUBHSIX: 1) HE TONONOTHYECKOM, KOTAa 3818HA CTPYX-
rypa (M, <) , 0 KOTOPON ONIO3HAYHO OUPEAEnseTCy TOMONO—
russ | ¢ 2) HE MAOKOM, KOT[A 381A4HA CTPYKTYpa
(M, <, T ,F) e Ff - Tak Hagubaemas “ranagxocTh’,
T.€s F & R™M M ceMeliCTBO QYHKURE £ €~ YyAoRIeTBOPHET Ho-
BECTHAIM yonobram (O ~guddepeauupyeMetx Miaoroobpaanii: 3)
Ho BeXKTOPHOM, kKoras B (M, <) 3anadb COraCyUHeCH C
nmopaokom < onepagud MiEM — M {T,8. “cnoxenne”
(=,y) P> x+y ) ou RaM r— M (1,0, "yMHOXKCHHE HA
cranap” (h, x )= Ax ), mongdmasmommsc, WsBECTHEIM anre-—
Opan4eCKHM YCIOBHLEM,

3peck CAeNYOT CK&3ATh HECKOALKO CAOB O CTHNE HA3/10Ke—
HHE B 3TOH KEHHre, [IperMyuiecTBedHo Mbl 6yneM HHCATH 6ea
AOKA3ATeN6CTE, [oka3aTensCTBE YUTATENh CMOXET HalTH B
maumx kaurax [8,11], a Takke B cTaTssEX {8,12] » Toneko
B L eASX UNIOCTPETUBHLIX, & TAKKEe B Tex Chy4asx, korga b
Ha3RAHHLIX paboTax HeT HOKa3aTEILCTEE (HOPMYIHPYSMOMY
300CH YTBEpKAOHUIO, MLl 6YAeM ero npksonuTh. B ocHOBHOM
8TQ OTHOCRTCH K Ii.4, B TO xe memx or qurarens TpebyeT-
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C 8 onponanexdias mMateMarHHecKas XyabTypa, faCsl dng Hero
OLINKE HOHATHL! U He ABNYNHCb 61 MYCTLIM MECTOM BLILUIIUDH~
BeNSHHLBI® JopMYNul, xoTs O O H N& paboran npexae ¢ HE-
MR, Hauwa genb B »7T0ll KHHTE -~ CBECTH BOSANHO ACR pPO3IyNb-
TATh! IO TEOPHH TEeMIOpL/ILHOI O YHHBEpCyma, &8 CHabxeHNe HX
@U@ ¥ OCKA3ATeRLOTBAMHE CYUECTBEHHO YBeNHYyUno Obl IMMUTH—
poOBaHHEBIl VOLREM KHUTH, B OTHAMYNS OT HAWYX NPeMHHX KHUD
Ha 9Ty TeMAaTRKY MLI 8A€Ch HE OJaMEIKAEMCH B paAMKH HCKIOUYH-
TCNbHO (PEIUKO~MAETOMATHYGCKHX NPEACTABISHHE, HO APHBAAKA-
eM CHTYauHy H3 Ieonorun, GROMOTHH ¥ T.0.

BOT TOT MusunManbHpit MaTeMaTHdeCkril PEKBH3HT, Bea xo~-
TOPOFO YWUTATE LaHHYK® KuulFy Heue/gcoobpasxo. Hapo ausars
caeaylowre nougTug: "Muomectso”, “anemedt MioxecTtema”,
TPAIRLKROHHLIG ORepaunEu Hah mHowecTmam (U , N 5, N\

x v/ o+ 2™ , w~™ ), "onepaurs ¢aKropra&nER / [O
HEKOTOpUMY OTHOUUUIO IBHUBARIHTHOCTHY, T0T0OpaMEHU® MHO=
xecTha M  Bo mMuoxecrso NV 7, T.e. M— A u “oToBpameHus
U3 MHONeCTBE M Bo Muomecteo Y T.r.ea, M — N
MHoxeCTBO BCeX orobSpawaduil Mras N ob6sinHo 0003HayaaTCi
N7, Mt ByneM HONL3CBATKLCH, LADIYCKAS BOMBHOGCTE oboanaye-
Huil, K60 OHA He NpHBORET HHE X KAKHM HeiopagyMeHHaM, oTHUM
%e CHMBOAOM OAf OBO3HAYSHMA MuOKeCcTmRa oToGpamenmit §
M —s N j nopadTHYHO CAeROBAND D&l NMCATH (Mu{p’})”
rae g = HyGTCO MIOK2CTBO, Onepauun axkTopH3auiyu, B 4ACT-
HOCTH, NOMOXKET HaM {He TORbKCo CKASHBATbL KYCKH DPA3HLIX NPO=
CTPAKCTB, HO H NOHATL Takie KOHCTPYKTHl, Kak "oaHoppemeH-
HOCThL®, “NUHCUHO-YHOPIAOYEHHO® BpeMs”, "COBCTEEHHEO=IDOCT=
pPaHCTBO HaHHol cucremul oTCyeTa”, “npbexnuyd INeRKTPOMELHAT~
HOI'C MaTHMepHs Ha 4~M3pHOe NPOCTRAKCTBOBPEMsY,

Lanee, wuTatemo Hanc 3HAThL, 470 Takoe "OTHOWQHKE IOpA-
nka’ u poolite yueHHe O AOTHYECKHX OQHO=ABY= H TpPEX=MECT=
HEIX MpEAHKATAX, PABHO KAK H CHMBOIHKY VvV , & 4 1 , = ,
> ,ie> ¥V , 3, Plx}) , = |P(x)} . Heno
3HaTh, 4TO TAKOE "BemOCTHSOHHOE 4Mcno’ M "MuOkecTBO BCOX
POLIOCTBEHHEIX yucesd R 7, XOTa 6s HA ypOBH@ MpPaKTHHECKO-
0 NoHMMaHUS Oes yrayGneHuas B oCOCHOBAKHE 5TONO HOUATHS.
BaxHoo sHauedue npuodperapT Taxkine oTofpamenug OpHOro yno-
PAGOISHHOIO MROXCCTBA B APYToe YNOpsiAo4YeHHOS ( BO3MOMXHO,
OAPY UM oTHoiu@HueM) MHOKeCTBO, [IpH KOTOp BIX NOpSIACK COX=
passie TCa, TAKOrO pona OToBpaMeHus 08b/4HO HA3LIBAKTCS THA0~
ToRROR gyuxurell’, unn “BozpacTammeil Jyukuueit*, uau “MopdHe
amom nopsgka”, Ha HaoTOHHEIX QyHKumil IMaBHY0 AR HAC ponk
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6ymeT RrpaTe 0Tobpaxenus R — (M y < ) H (M>< ) — @ ,
rog (M, <) npou3BONLEO® YUHLUPANOYSHHOS OTHOWEHHEM <
MaokecTso /M (naw yvaupepcym U |, nauie npocTpaxHcTRORpe
ma), 8 IR« MHOKECTEQ BEWSCTBOHHLIX YHCOI C HX eCTeCT~
peHHbLIM TNOPSIAKOM. '

ilenbio Bawedl SyneT paccMoTpeT N0 BOSMOKHOCTU HCHap
nwbaklme ace T8 Mmomenu (M <) uam, KoppexTHee (M,{,IP),
KOTOpHhI@ RONCKAWT HHTOPIPETAUHI® B TepmurHax “ppema”,
*npocTpaucTeospamMa’, [lpy 3ToM Ml HCKNIOYASM HA DACCMOT-
peHHss Te MORenW, B KOTOpLX MioxkecTbo M coctouT ma KO-
HEYHOIMO HHUCA 2nementosn, [lopol Mb CnyckaemMCH C NEpPBO=
ro {Bricwerce n¢ abCTPaXTHOCTH) YDOBHE DPECCMOTPEHUS HA BTO-
poit {rnenumi) wnm Tpertuil (sexkTopHmit)., YnTarenm, He IHAEKO-
Mblll HHE C pUMABHOBON HH C OC@BACABXKIHAOBON I'eoMeTplaMH,
MOMET MIPONYCKATE 5TH HAWH HXCKYpChi: OH YTRATUT YOCTH 20—
BOLOB, NOAKPOIANIOWKEK HALY TeopHio, Ho He yTepsieT oGwel
xKaprikel, Moknoyeruem asnsieTck ri.4, koropas [PEANOC/A-
TAET xopouiee 34HaxOMCTBO YuTATEAs C anNapoyoM pHMalopoil
reomeTpud. OHA BCs HaCAatla HAa BTOPOM YpOBHE pPAacCMOTRe-
MU,



Fn.l, OIPEAEJIEHMA H  AKCHOMD
TEMHOPAJBHOI'O Y MBEPCYMA

§l. OTHOW=HHA PO4A [TOPALAKA

IO.CTpOI‘Hﬂ nopsHdao0 K, MiiTepsad
i TONONOTHK Mmeem mroxactso M| anew-
MEUTE! KOTOpPOTQ N0 TPaiHd Uy Hasumsoen “royxaMmu”’. Hpymec-
THO® OTHOWEHME XX < Y  HAJLIDACTCA OTiOWEUHAM CTPOrOro
UOPANKA, @C/AH OHO AHTHCHMMETPHUHO {T.0y X<y => Y {x )
d TP&HSTHBHAO {T.e.xcy&#‘:k =2 xR ). lloaTomy,
B HACTHOCTH, OHO JUTHPE JIGKCUBHO! X ¢ L , MHUKDCTDO
ix]p( x < ?,-j- TEX TOYCK, KOTOPLIE AGXAT MOWAY p H § ,
upn p< q Haspipaetes MHTLEPBAJIOM u oGosuawaercs (p,q);
MpH  p 4 ¢ OHO OycTo. Cpenn peex ynopdaoderunx {1Hornpa s
TAKLK C1y YAAX IOBOpaT "HACTHYHO YIOpialogcHUBIX') MBOKECTEB
MB! BLIHCAHEM Te, EOTOpLe YUODBASTEBOPSOT HIDKE CPopMyNKpO-—
BANHLIM AKCHOMAM 'I‘I«1 , H BYHCM SAEWMATHLCH TOABKO HMHU,
B sTo¥ pybGpuke peub HOWAGT TOALKO O HEPBLIX TPEX AKCHO—
Max, npoune cm, §1.3, §4.2 # §3.6, OGosnauenus TK ecTb at-
GpepxaTypa TononoruyeckKad KuneMarwka, TAK 4YTO pedkh HAeT
0 (HOCKONBKO MO MGHU IPOBAHHON) AKCHOMATHXE TOMOAOLHYe-—
okolt KuHeMaTukk, ssenenuoit b [ 9], om. raxwe {11},

Ti,. [Ina ncaxoil Touky o & M H&lineTCx Coaepawkil
ee nareppan {p,q D . :

B yucTHoCTH, 3TO O3Ha%aeT, yTO y RCAKOH TOYKM O BCThb
HpeywlecTByOman p< q M Cneayiowast 3a Heih g > a . (O
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HEroCPeNCTBOHHO npeawecTeylweit” uaAR “neppok cnenyouei
3a” peuyn He KAeT.)

TE21 [lepeceyoHne n0GbLIXx ABYX HHTSpBANOR, COLERMAWES B
cefe TOUKY X , COHEPHMHUT § Ce0e BMECTE C KOHRAMH HEKOTO~
Peill TpeRTUH MHTepBANR, TAKME COa4epXKAaWRHd TOUxy o6 .« DD pu~
ne OpMYNLL

Vo V& Ve Vdf xe(u,flﬁn(c,d) ==
3,39 xe(pa) &Hivlp.9dvis}c (a,fdale,dD .

O6paTuM BHAMAHHE, YTO AONYCKARTCH H cayyal @ = C ,
= d . [looToMYy Kampauihi HHTEPBANT MOKHC YMEHLUWHTh, GO~
Xpasup OHKCHPOBAHHY0 BHYTPEHHIOWD TOYKY.

ONMPEOENEHHE 1. Haameaem UHTEP BANLHQH TOMNOAO-
I'ME¥ T° wa M Ty Tononornw, 683HCOM KOTAPOIl CHYyMAaT
MPOU3BON bHLE uuteppanet U3 (M, <Y .

HanoMHauM, uT0o TonosorHs W Ha MuoxecTee M ects
HexoTopoe ceMelaTBo W& 2M, yroBnersopsomee H3IBeCTHHIM
axcioMam (OHO 3AMKHYTO OTHOGCUTENLHO OHepalul OCBeaVHS HES
¥ OTHOCHUTBNBHO ONepaudll KOHeYHOI'O nepecedenus)., Hawe rtpe-
Gopangre TK_ 03#awaeT, YTe BCAKOE QTKPHITOR B HHTGPBANBHOR
TONOROTHN T MHOKOCTBO dBMHTCH OOBEAUHSHUEM HHTEDRBANOB.
Y70 OKPECTHOCTEL NIOOH TOYKK = 3TO COOGDKANME €8 HHTEpPBRA]
AN0C, BOAIMOXKHD, HEHTO eue, N

ONPEIENEHUE 2. Muokecrso § | & < X} pcex Touex,
CnenyiowHx 3a o , naampaetcd BYOYIIHUM TOYKM & u o&-
oaragaeTca b , Mroxecrso {x |x <a} =ncex Towek, npen-
WeCTBYIOWHRX o , HaamiBaatcs [((POUWJILIM OAA TOYKW « wu
aGosHavaaTea A

W3 onpenenennil cnepyer, 4ro (fp,q,): p+n q,“. I3 axcu-
OM HENOCPEACTHBEHHO BbITeKAaeT, 4YTo o' g O OTKPpLITL B WM~
TeppanbHOil Tomonoruy K yTo & AAAASTCs TOUKOl NpHKOoCiIo-
Beaus mas O @ A7, T.e., B A060I OKPECTHOCTH TOUKH
@ gajinyres TO4KH 43 @’ K ua o , [loaToMy TpeTed AKe
CHOM& YaCTHW HO yCHINBAST @ ONPefS/ieHHOM ACHeKTe LTORYo:

Tl\’B. Ecmk p,g € (u,f) u p<q ,r0(p,3)cC
C {u,€) » IOe 4HepTa 06O3HATAGT IAMLIKAKKME OTHOCHTENLHO
HHTepBANbHOW TGIONCIKEH.

[lpuBegeM npuMep <. , YOOBRATBOPANWEND HamM akcHaMAM
U npuMmep & 5, HE YOOBAGTBODHIOLIETO MM,

Ha xoopangataoll nnockoct §(¢,x)4 oupenemun

(t.x)< (tx') 1e> t'-¢t > |x'-x| - ¢ 1.1.1)

3
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CM. puC.!: cp, (0.1-3), Ouernrano, 4r0 T!{ _3 BLINOIHSHEL,
3TO OTHOWEHNS® ~4aCTHLIL Chygafl KI/IH nna KMHS [11]-
Hanpotup, pacemMorpaM OTHOWERUE:

@x)<(t.2) e tity)x'-x) & #\x')#(4,x).(1.1.2)

JTO OTHOWEHWE CTPOrere UOpsiiKa, t
1 HeTpynHO yGeauTwcg, dte TK

peitoneHa, Ha puc,7 Touxka, oTHO-
CAwasiCy K 3TOMY OpuMepy, HoMe-—

weHa [[. Hurepsan ans Towek p=
a{t, = )u q;,x('b x, ) COCTOUT
snech wa (¢ 1)\ b~ t PAETERE
&'f? o 1)(: xl&Pal-{jl' :C}‘-i-'ct,}
ﬂo:a‘mmy, B qac'ruoc'm, HETBpBANLE Pue 7.
¢ sepwasamn @ -1 €-1), (art, €-1) a
H(a—i Fr4), (ot £+14) NepecCexauTesl nQ OaHull eSRHCT-
pe kol Tayxe (a,F) . Ecnu 6t TK, o suinonusaics, TO npo-
n3eonoHaR Tozxke (a,8) Guuia 6n OTHPLITEIM MIOXECTBOM (Cme-
KOBATENLHO, TONOAOrEs | Obina 6bl AMCKpeTHO#) ¥ B Hel, B
oAHOH TOuke, conepxancd 6ut Lenud HETEpRAN, T.8. MUHHUMYM
LBE DA3HLI@ TOYKH. STHM IIpOTHBOpAYHEM [OKA3SmBAETCH, HTO
']‘}'{1_2 (0 BhEIOAHE:HLI OpH onperencHus {1.1.2).

Axcuomut TK ORACHIBAIT, KAk BHOHO U3 HX (OpMYynH-—
pPOBOX, /lokanbHO® ycTpoiicTea, Beam ® rnoBansio MEp YCTPOOH
TaK e, Kax J10KajpLHo, TO AOCTAHET U NPpHBOACHHONR AKCHOMAaTH—
kM, Ho umesr B Buny rno6sancHO@ YCTPOHCTRO 60ned CROMHBLIX
TeNIOpaNLHLIX Moaeneil, noHagodsaTCd HeKOTOphie MOMMGMXANKA
CKB3RHHOrO, B 4aCTHOCTH, NPHAOTCS BRBECTH MANCHSBECTHDE OT-
HQURHIKE Ynokanesor0 caeposauna’, moauduiaKupylouwea MopAAckK,
2,0 THOWeHNn S Ao0KanihbHOTDO chnen o-
B & H # g J3TO OTHOUWEHHE DPOAA NOPARKA, T.8., RABYMECTHOEa,
AHTHCHMMQTPHYHOA, HO TPAHSHETHBHOCTE Y OTHOUEHH: MOKaAbHO-
'O CNSNOBAHEA < OCNabneda 40 CAGHYWLMATO yCaOBAMA!

VxVyVa ((3p I,y,'iGP+ v 3q x,}f,iéq,') =
- (2 4y by=7)=> x=<E)) . (1.2.1)

ficHo, wTo crporuit nopaook < 9BASETCR YACTHHLIM Chnyyaem
OTHOWE WM AOK&NLHOTC CReaopaHMs -2 . HMHrepban ana —<
onpene/ifemM Tak xe, MK oas ana <, Gydywee # Opownea -
Towe, OBpaTuM BEAMEHEE Ka To, YTO YC/AOBHe p <4 B oupepe-
NAeHHH KHTepBANA CTAHOBHTCS HeTRpHBHAALNbIM. B ciyyae joKanp-
HOI'0 CAGQOBAHMA NPE p -& ¢ MOXET CYWweCTeOBATB X , yhow
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BGTDOPSIOWEsT p R X 4 q, s TeBs p aqg7 ¢ {p,q) + XOTH
(p,9d = p*ng~ . Toudo Tur we us fex* HC chenyeT e

c at s lpupmepom < MoxeT CHyXETE OTHOWENHHE
/
() 2 (3 x)] <> 0c<t-t <1, {1.2.2;

Hanbonee KHTEpaCHO OHO, @CAH Mu o0& M npiHHMaeM He ca-—

My KOOpOMHATHY TAOCKOCTh ‘€, %X , a pegyiasraT @e {H&xTo-
pasanm | crneananui}) na otwowu-

HINIO SUBHBAACHTHOCTH (& 22 A

(t+2k,z) ,kehA ! cm. puel

C Q JTo uxnHeap, obpaaywwmel koropo
: (tix) ro CHYXHT OCh alcuilce 2 , a Ha-

! npasngiowealt ~ och TeMmuopar € ,

£ o CKNeeHHas B OKpYXKHUHOCTE ANMUHL 2.
ft,X) 7 B ¢aktopusopasdon mpnmepe (1.2.2

Puc. 4 1.2.2) mmeercy umenouka (0, xJ-{

2 (%,%,)= (%,%3) = (0,x,) npn
ApAu3pONbHEIX x‘ i Il’ x.,K Iﬁ .
TyT BROHO CAMOE TNABIOB OTAUYINE —< OT <& . Jloxanm.-
Ho@ C/AencBaHI® pnoilyckaeT UenoukH suua a < € <4 ¢ < o iy,
ofuwee, @, < a, <, ~ o, < &, » TR@ y®e @ -A’a.“a
IT0 romo-ronuqecxoe paamzqne MEHKAY RONORKaMH & < @, < <.
<a,< . B .~Aa < @, <, ~{a, <, 103B0NAeT GUUCATH 60-—
nee mp:poxun Knacc Moaeneﬁ. B ancTirocTH, (M, =) MOXHO HHOTw
aa ﬂOKpblTh KOMHeYyHRIM MUQOMOCTBOM HI’.ITepBaFlDB, Tora xXAakK
(M, <) Hanepas HEKOraa NOKpULITH KAHEMHLIM YHCAOM HHTEDRANCR.
Hanpumep, npy onucasuoll auime GaKTopH3A U M nac'm'ro*mo

tpex wutepsanos (0,0}, {3/8, )Y , ((2/3, 0), {3/ 0))

H ((4./3. ) (13/3, 0) )} . NosTomy crporuil nopagox < ro-
ARTCE ANS OURCAHUS! KCKAIOYUTLABHO HeKOMIIAKTHHX TAMIICDAL—
HbIX MOgene#, & noxkansHOoe CNencBAHHE NO3BORAET OIUCLIBATHE H
koMIiakTHEG, Hanpumep, B noloHaHHe K DJHUHCAHUOE (axTopHaa-
UMM MOXHO HPOBECTH LAKTOPUSAUUD MO OTHOWEHUIO (1‘: X+ K)o~
~ (t,x), NpeBPATHE udMHKup B Top, XK € A .

JlokanbrOe craesgondige MOxHO BKCHOM{ITHBHPDBBT]: HO-pES'
gomy, Onun #3 cnocoBop ykasan QopMynoit (1.2.1) nokanssou
TPAHAUTHBHOCTH, [lpyrol cno cob ocuoBad Ha NnpedBapHRTeNhLHOM
He3ABKCHMOM BBEACHHH OTHOWSHHA ONEoOCTH (TONEPAHTHOCTH),
T.0. NBY MGCTHOrO CimMeTpuddoro otnowewust x|y . Taorpa
paamed " {1.2.1) mocTynupyeresd BnnondHerKe {OpMY:

x =y => =l (1,2.3)
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Xy dy<2dx|x => x2x (1.2.4)

OueBHAHO, YTO BCE paanuuus mMexay —<, H <&  rroba-
NbHL, & N0KaNLRO, T.e, H8 BCAKOM uHETepnane (p,q ) OTHO-
WeH¥s < ABJE-eTCs OTHOWEHAEM CTPOTOTre NOPANKE; [105TO-
MY ARCHOMEI TK]-3 e HYXAAWTCH B nepedopMyIHpOBaHKB. M
HO onpenseHur nojaraeM HX BeinonHeHdoMM, CaMa upeqa pac-
CMATPHBATh OTHQWeHHe pona nopsaka KAK 3ALAHHOE JiOKA=-
AbHO pasprpeerca B cnenyowel pyGpuke, rae O0GHAPYKUBAGTw
CH HONYTHO HEAOCTATOYHOCTh {18Xe OTHOWeHHS NOKANBHOI'D Ce~
AVBARKA QO OXBATA RCceX MLICHHMBIX IiobanbReIX Mopeneit re-
MIQOPAalLHOTO YHHBEPCYMa,
° Noxkanswsaoe 3 a08HUeE CTpPpOTFLOID
nop gk a PaccMmorpum nBa mroxectBa M, n M, ka-
WKALEe Co CROMM OTHOQUWEeHHESeM C'I‘pOl"OI"O HO})HRKB {.‘ " {"1 I
Ina xamporo (M; ,<1) MOAOI0 ONpenentTe CBOR HuTepBan,
CPOKX TOMOAOTHIO: NPEenlicAaraTCd BRHIONBEHALIMH TK]_{-}' Ecan
MM, # @ y TOY TOUKH & G M a4, KEMERTCS CONEPKAWMIE
ee nurepBan {p,q ), B CMmCne <, u coaepxamufi ee HHTe-
ppan {x,8P, B cmitne £, . Ho nooGue rosops 3TH MH-
TepBansl MOTYT OplTh PA3HLIMH M REPECeKATHCA HO OQNOH eAKRH~
cereengolf Touke & , [AAH MCKMOYSEHHA NONO0HHIX KA3YCOB K
Ong cornacoB@HER HOPANKOD HA 1epeCOUYeHHM Mbl BBOLKM AKCH-
oMy:

TK,. Ecim a € M _nM,, To Haliny TCKL P‘?’GM’nMa JANS
KOTOPEIX nuGo fp,q,)d =4 Py, »®6dp,gdc m ~my ¥ AnNA
BCIXUX X,y u3 (p,q) COOTHOWEHU® X <, ¢  BISHET X <, §
nubo He (P,q,'h’f(q,,p)z , U E dp,g)‘c;m‘nmln ong BCAKMX
x,4€ (!p,c;‘,a1 M3 x <, g CASAYST Y <, x .

Tenepr unreppansaofl tromonorueir T  Ha M, v /M, HasbM
BAEM TaKyl®w CHCTeMY OxXpeCTHoCTell: noka Todka x NpuHag-—
ASKHT QMWL onuoMy K3 /M, , To 6e3 OTopBopOK, & eCiM x &
€ MaM , TO C OroBopKOH, YTO poyb wAeT 06 MiTepbale, rapan-
TapoBaHHoM akcuomoll TK . Tax xe nocrynaém B Chy4ae, Xo-
rie sapado KoHeyioe ceMelcTmo muoxecTs M. , Kaxdoe co
CaoMM OTHOWEHUEM Nopsifnka <; . [asg cnydast GSCKQHEHHOIO
K HBecueTHoro cemeiicrsa M, axcuoma TK nepepenakKTHpye T
CA TpHBHGNLHO, HO POMO3NKO, BNpoueM, HEeCHeTHLI! caywail ¥
HaC 6yReT HCKAKYIeH axCHOMOM TK6 B 84,1,

BoTr npumep noxaibHOr'0 aanasds CTPOrero uopsudka nocpea-
CTBOM Tpeéx MioxecTs, FPacemarpuM nuct Mébuyca, T.e, pax-
ropuayem $(t . x)} NO OTHOWEHR IO DKBHPANYHTHOCTH (¢, x)~
~(C'E  xak) ke N L llycre M =)o xR}
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Mg =80e 2y Y < 13 B Ma={(t )% < x < “/3? .

. v S Meh

N

L

>
i |
My Mz

—t M:———i—
Put. S

iTopanxyn annanum Ttax: (oM. puc.9);
(txy <, (¥ ,x") 1 &'t 5 ix’-x )
(txy e (Fix") e ¢t > ix'—x) | (1.3.1)
(4, xy <, (# xYie» t -2 >ix’-x)|

Torpa Ha noacce 1/g < X < 2/3 HOpHAOK < , coBHanaer ¢

<, » Ha nunoce 2/3 < x < | nopaaox £,  NpPOTHBONOIO-
wed <, , Ha nonoce 1< x < 4/g5 (1. 0 € x « 1;3) HO=
PRAOK €, COBNANAQT C <, . ITOT CNOCOG ylUOPAROYHBAHIIA
He HKaRphiBaeTCsi, Koweydo, O HHM orHowennem cTpororo mng-
PANKA, HQ HE HAKPLIDARTCH OH ¥ OTHOWEHMEM I0KANBHOIG CJE=—
NORAHKS, K&K BHAHO U3 CHE/YOUISH TeopeM bl

TEOPEMA 1. llycte na {/ {M. <. ) BomONHEHLI AXCHOM L

’I'Kl_4. Torpa ans Toro, 4Todwl HA (M, MOXHO BLIAO 38R4ThH
OTHOW@HHE NOXKANLHOI'O Cnepopndng —< ¢ KOTOpYEe Ha OaHOM
na M. noxennko copmanaeT ¢ <, , & HO OCTONLHBIX M
(«%{ } copmanaer ¢ <&, uanr ¢ 0BPATHLIM K <, mopsg-
KOM, - AEOOXOAHMO H [CCTATOYHO, YTOBL! HEKOTODLIE M3 HOpH-
kKoB <, { k=#/{ ) MOxHO B0 611 06patTuTh (T.8. uepeil
T K NOPSAKY X <. ye Yy <, x } Tak, uTobBLl OTHOCHTENb~
HO OCTURHIEXCs HCOXODHLIX MOPYAKOB H MOpHLKOB OGpaHI@HHLIX
axcaomva TK, Bunonaanack Gul B 60nee CUNLEOR popMynupos-—
K&, XKorma AMABHKuka Y nubo ... ddg00 .., 7 3aMeucHa Ha 11ep-
BO@ YTBEPWAOASHHE B 2TOH uHIBHHKUHY,

Joxa 3a TenbCTBO TEOPEME APOCTO ¥ MOKeT GLITh NpoBe—
ORHO wUTaTesleM. TOYKO TaK ke YHTATEIb MOKQT HPOBEpHTH,
¥TQ yuopsaovenne {1.3,1) He gonyckaeT BLITOARZHUS TEKOH
ycunentolt dopMynipoBKH,

[IpupeseM npuMep HeBpnNOAHeHMa akcuomul TK,, M3 nnoc-
koot t x subpocum TpeTrii Kpan-paT €S9 g x€0, a

-‘3]_.



Ha ocTapuiciCsl ODILACTH 3ua8iduM Hue MHUA SCTBA M‘
=§(t x)x >0t 8 My={(E=) t > 0} C 1ICPHARAMM;

é‘:‘x) <. (t:IJ) - s 'l‘,‘—»‘t_' > 3');(;}—3:[ X (1.3-2

s /
(t,2) <o (Fx7) 4 x=x >3 )L
cu,. puc.10, Ha aopeoceuenuy M’nfﬂl y Te@, DI —é >O&x~>o‘j

STM ICPSRKY HHKUK e Cornacopallng,
Wane HBWIHAIOT 1@ € MHOLRCTD V

)

M. , 4 ¢ TOUGHCTIH'ICCKOTO HPOCT=
ps.'nltcwls:; {(Mm )T) DOTURMLA T'OBODT PO p<" 3 ,Q
QTKP LITO2 NORpuITIe WS Mr—=»"T |, u
Ho XoxuoM wp  , PEM sapawutniM -
CHNTARTOH CTpOruil Hopsnci <, .
lla riepecayesiy pasHLIX Qprwy 0«
PSOKA COrnacoBaibt akCHOMUM BPOHE 4
; puc
1 Ko oM, [9] 3neck MU upenoYan
HC DBOAMTE TOMOHOIHID ANPHOpHO, A HONYYaTh €€ 13 OTHOWeHHi
poaa UopuUIAKa, HO NPHHIMNIONLHOMO JHAYGHES THKaT MONLyHKA=
WMs HY [IRGET,
Hakouen, MOWUT CAYYRTRCH, 4TO HOPNAKH HI UM; HILKAK
HQ CBU3ARTY M@y COUGCH B ToM cMpiCne, w10 M,  Mewmdy CO-~
Goll noIApUo ue HepeCaKAwTCsd, [labul HCKAWNHTE HTC YCONMKHe—
HIfC, MOl BRONHM AKCHOMY
Ti.. fna mobus nap Touek p,g € UM, HALASTCH TAKas
NAUOUKA MNOKECTR (B yNpom@HHOM OGO3HARE HHI) Myr voo o M,
HTO peM, &%emﬂ L iskén-t =D M M g
B Gaace ofwem Cay«se upniiloCh 65! PACCMATPHDITL lieC-—-
Konhko “KOMIUHENT CBHIOCTHY, HE COOTHLCRHHHX Apyr C© 4pYy-
I OM,
4.1l pourasoanine 0T oHATH S teps o~
ro Yy popBH:3 Yo RenculinX uxtd axcuom {a ipu
NOKATLEQA Na3YyYOHL! = TOABKO MEPBLX TpeX) AUCTITOUNO, M10-
Ohl BBCCTU psaa HONC3ULIX B TeMUOPARLION Teopul MOMsTHiL,
Myl ywe ropopnan spo Gyaymec And cabu@Ha p2 , T8,
npo Y . Mommo ropopuTbh npo Oyaysiee AT ana Miuoxccrea
A , ATo MmionecTno {x(JaeA a<x} , He pouxau Touxa
na A% cnonyer aa BesKolt Towxoil 13 A, HO 4MY BCHKOM
peA’ HAiineTCH XOTL DANE TOMkA & € A ) 34 ROTOPOit p THO~
AYCT. Fl muBau Touka p , CREAYIOMAS X0Tb 28 OHHOl e €A
uonatueT 5 AT, CaMo MuD.wCTBO A KUK NpiaLvLo He No-
nagaer n AT, Texiuueciu Hyoldd 1ONESHO pACCMATPUBHTE
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A+~ A* | koropoe 0BU3RAYELTCS A® g yeampaetca HACKI-
WEHWEM mMpoxkecTea A B 6yaymee, AHAHOLHYHO ONPANSIId=
orea A~ n A2,

Myul PBEnE TONMONOrH | ¥ [OBOPHIE YXe O SAMBIKAHUK
A MuoxectTsa A OTHOCMTeNLHO MuTepBamsiofi Tomonorum T .
Moxao ropopuTh # o TPAHUUE A otsocuTennso TOft e To-
nojsoraw, JYawe acero rpavp gy MHTEPHpeTHPYT Kax “npenesnb-
et ¢cHruan®, xax “HemaTepunannbroe BoageicTsHe”, “CBETOBOG
aocanovcTerre”: o6 aToM cM, b B3, [Toka MEl, He BRABASCH B
HHTEDNPETAUKIO, ONpeAeNdM BRNHO® NpoyapopgHoe noHsTye: OT-
HOWEHHME 3 AMKHYTOIC CNEAOCBARUA ¢ € p¥ . flcuo,
YTO ECAK p<q » TO ¢ €p*  u notomy ¢ e p¥ . Ofparuoe

HeBEPHO, XOTA On OOTOMY, %T0 COIJIAGHO axkcHomam TK 0T~
HOWEHH® Pp<q  OTKPHTO®, & M3 Q & p*  CHeayeT ¢ & p v
q€dpt . HO HE g€ pt . (nerxko BuaeTHL, YTO p =

= p*vdp* + pTedpr=g):, Boobue roeops, OTHOUIEHHE q ¢p¥
H& HBAAETCs OTHOUWQHHAM CTROrore Nop#nka, Name BCid 38 He-
XOOHOSG BIATO OTHOWEHHS CTROIOTO NOopugka <& , & HE [IOK&Mh-
HO@ CnenoBaHUE « Ho B cuny TK, orasuisaeTcs, 4YTO OT-
HOWEHHS § € p”  spASeTCH OTHOWOHWeN NPennupsAKkA B pas-
HOCHABHO p € 3~ ., [Ipeanopanck - 3To TPAHIHTHBHO® CHHAp-
HO& oTHOWenHe, HacTHHU OCWEeR3IBECTHHNI npuUMep npenuopsnka
ACTh OTHOWEHNe HeCTPOI'OrD NOpRAKA ANg vucen t £ <
# E<yvi=n . Torna L ¢ &3¢ = ¥ =1 . Ho B
ofmem cnyyae npeunopagka & H3 ycnomms x ¢y &y ¢ % ye
BrITeKART X =4 _» @& MHQXECTBO TaKuXx map ropaanc Gorauve.
OTrowenne q ep’ & p g™ OKE2bBAETCR OTHOEHHOM
IXKBUBANQHTHOCTH, NPHYEM BLIBOAHAETCH

TEOD PEMA 2., MNHoxeCTBO TOWGK X, ONH KUTOPLIX
x €p* &pexT, coBnanaeT Co MHOKCCTBOM p¥ ™ = 3t ~dp”
4 COBHANART C 3aMpiKaHMeM P  TOYKM p i oM. [ 9], 12,

Tarum o6pasoMm, Beo6ie robops, MHTEPBAJL-HAS TONOAOIHA
T He ovyeHb cUNkHA — 3&8MplKAHHe OQHOK TOMKK MHOr@a He Co
CTOMT H3 opHolt 70l Toyxu, O6 sToM noagpobree OGynetT ®ATH
peuYbs B IML2-4, Ho Tak Kak y HaC OTHCIIEHH® X € g papHo-
CRNLHO Y € T H SBAKSTCH OTHOWRHHEM 3KBHBENeHTHOCTH,
TO no CTpykrype (M, <) ABTOMATHUECKU crpourTos paxrop-

CTPY KTYpAa Mé ¥ , BNOMSHTEMH KOTOPOR gANAoTCA 3a-
MpiKeHua Toyer, B ra,2 MBI ysHaouM, KAK BLHIOR/SETCH NPH Ta-

KOi ¢axTopuaanyy Tnuue#HO TeKywee apema”, a 2 rim.4d ~ Kax
YQTKO BLIARNKITCR Opd TAKO (aXTopK3audH SMeKTPOMADKHTHLIO
AB/IBHHHA. ﬂoaﬂaaarenhﬂo FTO CymeCTB8HHQO BOT B KAKAM ACIHSK
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7¢. B TOM cny4me, xorue T = p {370 GyneT cnyuaik T3},
BCSi TOOPHE T@MIOPANHHOI'O YHUBGPCYMA CTPOMTCH KAK TOOPHS
CTPYXTYPHL (M,<) , T.0, HUYETO CBepX OTHOWEHHR poaa
nopanka HE TPEBYETCH 3APAHEE, B cnywas xe, Korna
HHTCDDAAREAA TOMOAOIKd OKA3LBEETCH HeoTHenuMmoll K P # p ,
ANl COOBPKATRILHON O NOCTPOGHKA TEeMIOpA/NLHOR TOOpHY Tpe-
Syercs anpropm aanamBaTe NOMHEMO nopsaxkae < EWE TOOO/O
FUI0 T  (yxe He muTopBanbHY0, a 5ONGe CHRBAYI, HeMenM

AaTeppansuas), Takam obpasoM, NpeaMeToM ZaYUESHHS CTaHCo-
BHTCH CTPYXTYpa

Uw=mMm,< ,T) (1.4.1)

HMeuso taxk Byner ofcToarh nenc B rn.2 u1 4. Topops TaMm ©
"nenpepnisaocT’, Mpl GyneM UM@TL B BHAY TONONODHW, Gonee
CHIIBRYIO, HBX8/H NHTepRAnbHasd,

ﬂgyr‘oa HanpapnoHHe XOHOTpYKUME, Taa HCHONBLIYTCH A
u A ;s — 9TO ONEpAUNY BLIMYKAOH OGONQYKH MHOxECTBA A ,

M M
Mo cnpepensumio 3T0 Takaw onepauns H:2 »+ 2  , Koropas

yaoirierpopaeT axcHomam: A< H(A) , H(H(M)?— H{A) u
AcB = H{(A) < H(B) . Oxasemsaercs, urto onepauns H
Avs @ YAOBNGTRODAST 2THM SKCHOMAaM, CN8NOBATENbHO, BO
BCAKOM YNOPSACYEHHOM MHOKECTE® (M <) ABTOMATHYSCKE BOIHH
K8eT BeOIYKNnas CTpykTypa (M H) , ¥ paxe ase, HS0 Tem xe
akcramam yaomsaeTeopsaeT H™: A r» AP . 2TO ouenn naocxas Bb-
AYKAOCTh, NOTOMY HTO BHIYykAas OGONOYKE OAHON TQUKH x & M
He CTOBNAAAeT HAKOTAS & camoll Toukrod, H(x)=x WX E X ,» A
KpOMe TOrQ NMPakTHYSCKH Yy BCAEXX PA3HLIX ABYX TOYEK HX Bble
nyknse cGonoukd nepecéxawres,xt eyt g . Onsaxo naxe Ta-
Kaf BEIMYKAOCTL OKB3LIBAGTCH HONE3HOH, NOTOMY YTO NPUMeHMw
Ma& HACTh ANNAPaTAa TEOPHH BLIMYKALIX MHOMECTH! B YA&CTHOCTH,
nepHa

TEOPEMA 3. Mnoxectsa dp~ , 9p QAT u npyruae
IpAHULE BaXHLIX B TEOHHH TOMMNUPEANBLHONC YHUBEPCYMA MHOXEW
cra seaawTcas IKCTPEMANIBHBIMHU MHOKECTBAMMW nng
CTpyxTyp BemtyksocT¥s H z H .

Kpome Toro, BOBMOXEH H oDpaTHBIR nogxDdA: Rasunas ce
CTPYKTYpH! BLIIYKAOCTE Ha MaoxecTBe (2anaHHUl AXcROMaTHYe-
CKY), MOKHO BPECTY HA TOM @ MHOXECTR® OTHOWIGHHE CTHOrO-
r o NopsifKae.

Onepaulk rpadMibl ¥ 3aMbKAHHA, NEepPEHECOHHLI® HA MHOKO-
CTBO Map MY M |, NO3ROARKT onpeneauTh HoHATHe YCTOHYH-
BOIC NIOPHAAKA. B M XM ocrecTpeHuo BO3HUKART  TORONO~
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rua | X T° , pnanee Mb! uMeen B BARY oe. Kpome Toro, B
MxM umeercs nopMHoxecTso A =§(x.y)| x < 4} . Pacemar
TpupaeM xnacc K  oTHoweumit nopsnka <' Taxofi, wro cpe
an §<'} comepwuTcu m <,

OMPELREJNIEHHWME 3. Tl'osopumM, 4TO HeKOTOpoe CRHOHCTBO
{(npenwkaTt) OTHOWEHRAA AOPSAKA <  YCTOHYKBO B Kiacce K ,
ecna HohaeTCR TaKas OKPSCTHOCTH V, MHOKeCTBA A- , 4TO

P ‘ : —~r
ansg peceXx <’ e K |, coorBeTCTBYOWME MuHOXecTBaA A KOTO=—
phix copepxatcs B VY, , 570 CBOHCTRO BEHIIONHASTOS,

B uyacTHOCTH, 0XasnB&RTCH, YTO TAKOR ChOBCTBO, xakx “He
CYWECTBY®T 3AMKHYTOU UENOYKH TOHEK p, < P4 =P, Y -
HE YCTOIYUBO, cv, 17}, ra.s.

C ormowmeuneM nopsnka ( Tousee, ' ppenilopEnKa) TeCHO
CpaoaHo MOHATHE KpaaupapHoMmepHoh (nonypanuomMepHoli, comu-
paBHOMepHO#, ceMu-yun opMHOR) CrpyxTyprl. HMesHO, KBasu-
pPABHOMEDHAR CIpYKRTYpa S Ha M eCTr HeKOTOpPuIt GHUALTP

H2a M , cofepwauKil pHaroHanr p M XM K ynosheTpopgiomuit
ycnopuio ¥ Ve § IWE S Wew < . Tak poT, orHO-
WeHMe NPRANOPSIAKa € BOJHHKAST, OCHH NONOKHTE X § Y NpH

(x.z.}e N , roe /) - nepeceucHHe BCEX MHOKACTE K3 GHIBLT~
pa S, dlo~- BHABMOMY, 5Ta CBA3b {paBHO KBK MW O6paTHag or
pRAROpANKE K KRA3MpARBBOMEPHOA CTPYKTypeé) noaMeyeHa siaep-
gr®e HauGuHOM. Ml 3THMH BOHpOCAMH 349Ch 3GHHMATLCH He
DyHusM, .

HaapaHHLIMH 8[eCb NOHATHAMM ¥ KOHCTPYKUMIMHE H@ HCHOp-
OBIB2IOTCS BCA NPUHM3BOANEI® MQHATHR HE& NepPROM YpOBHE PACCMO-
TPEHHA, HO C&MO@ BANHO® H3 TAKHX MNOHATHA - AUHeNHO-yHOpda-
ADYSHHOE MHOKEe~CTBO TO4YEX — ynofHee paccMoTpaTh B OTAGNb-
HOll rjape, CM, .2,

§2. BTOPOW YPOBEHbL M3YYEHUA - MNADKOCTDL
Io.ﬂo;;esneuue KOHYyGa n KacsaerTaog -
b HOM HRpoCTpascTs e B §1 onucado pcé,
qTo Tpebyercd ANd CORepKATONLHOI'O KAYYaHHS TeMIIOpanbHBIX
npobnemM, 3& MCKOOYeHHeM NHWEL DPOGAeMbl METEPNpOTALKR, O
xoTopoil cm, §3. Lag o6nergenysa noxiMaqHd Hailero TEKQTE Te-
MHE 4HTarenaMHK, KOTOpPLI® IHAKOML] € MNOCTAHOBKON BONPOCOB B
TEPMHHONOIKH TEOPHY OTHOCHTEGIb HOCTH, T,8, HA BTOPOM UK
TPETBEM YPOBHO H3yvYeRNd, HAMETHM OnoCo0, KK CIYCKSTBCH C
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HAWETO BEepXHAro, afCTPAXTHOI'O ypoBHR KO BTOpoMYy, OGonee
CHOMHOMY, HO 3aTo BGonea KOHKPETHOMY u OBUSHABECTHOMY
ypoerw, [Ipr arToM oTrMeTEM, Kakre cTpyxrypnt [JOPQXIA~
I0OTCH nopanxom, & xakme HE NNOPOXOAXTCA.

He BTOpoM ypoBHE rnasHeiM HMHETPYME@HTOM CNYXHT KACE
TeNbHOR ApOCTRAHCTBO, [labul MOMHO OhIIO O HE@M I'OBQDPHUTD,
HYXHO PacCMaTpHBATL He HPOCTO TONONOTHYEC KOS (IPOCTPAaHCT-—
po (M, T) , a cosmectuo ¢ muomecTaoM R peuwscCTbel-
HEIX 4ECEN ), T.e. cTpyxTypy (M, T, R) . Umenno, R
BXOAHT B Ollpeaénehnne ToNONOIHYeCKOTO MHOTOO6pA3Rg M,
{4ncno n , HA3LIBEEMO& DA3MEPHOCTRIO MHOPOOBPASHA M
OSHO H TO Xe ONE BCeX ToueK p € M }: y Bcakodl Touxu p
HOMKHKA CYWSCTBOBATL OKPACTHOCTh, romeomopduas /R” o Io-
watne /R BxomnT H B Camo ompageneHMe rnankocTH F uepea
MHOkecTB® R”*  orobpawenuit ua M 8 R . Hmeuso,
TpabyeTCd, YTOOR! CPOAM BCEX HEOIPEpLIBHBIX OTOBpaweHul ua

M 2 R cyuecTsoBant Bl B CpeéaH BCEX CYMOCTBYWWHX
65UI0 Gbl BhldeseHD ceMencTBo F, obfnanawmee onpeneneHHu—
MH aKCHOMATMYOCKHMH CpORCTBAMH, 3T ceMgeiicTno ¥ nazsi-
pasToR "rnapkoctuo”, uny YENACCOM ThnanxHx ¢yHxauid”®, mnn
YcemeficTBOM BGECKOHOYHO-AH (POpOHUKPYaMEIX (yHKUMNY, B
* C*~cTpykTypoik ma M 7, 3aMeTHM, UTO (OCKOMLKY TOROIO-
MM | 2anala © camor'c Ha4ana, NDCTOENBKY BCE HCHOAB3O
BAHHEIC TOPMUHLL "HenpepuBHsih”®, “roMmeoMopHuit”, "oxpect-
HocTs” koppexTust, [locie Toro, kak xnaca F  BuneneH, T«
NOCne TOr'O, KAK MLI Nepeuir X CTpykType (M ;T R F), B
Kewoolt Todxke p € M papensorea ¥a F o Te L e F , ans
KOTOpuIX obnacth 3anauus oom{ CONApHKT TOUKY p : MHO~
HECTBO Taxx dyaxuuit ofoanavaercs £, . 3atTem paccMaT-
pHBAWTCH onepaTopsl X & F, R, ynomRneMOpPEOINUE N3~
BECTHLIM TP GORAHNAM B Ha3bBAeMbIe onapaTopamMa autppepal-
urpobaHus yHrurfl £ € F. « 3Tu omepaTopr k¥ 0BpasyioT
10, 4T0 HaznBAeTCd K&CETBHI}HBXM B p ENpOCTpaucTBOM [, /M
K TNAgKOMY MHoroofpasHio M, = (M T R,F) ¥ ROBCTRO
KACATeNLHOr 0 NMPOCTPANCTRA B TOM, 410 ouo OKA3LIBAQTCH
N-MOpHEIM BeKTOPHEIM NpocTpaicTeoM E, . [loetoMy Bee
DACOYKUEHUS ¥ PE3YALTATL HA BTODOM YPOBHe PACCMOTDOHH d
BHIMIAAAT K4K pacCyxARHUE O CAM@UCTR® BeXTOpHHEIX ApOCT=-

DAHCTB, '8 Xamnoe npocTpaHcTBo Yaanymeposano” xaxoif-To
TQUKQHR p € M

+
) OropapubarTe BTO IPHXOANTCH, B HACTHOCTH, H3-38 PAC~
IMPOCTPAHEHUA TA@ HH HeCTAHAAPTHBIX BOURCTBEHHBIX 4YHCEeRn,
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Adcno, 470 B paMKaxX 3TOr'O NOAXona COBSDPWERHO HeCYe—
crTpedHn raobanbduie ToHkocTy §1.2-3, a AOCTBTODHHO pPACCMO-
TRe1L DOKO OTHQUISIIHe CTPOraro HopRRKa < Ha noCTraroy-
O MANO OKpPeCTHOCTH TOYKE p o [To & Mbl DORyHanH HH-
TepBanbiylo TOn0d0rHKW, Karx orvevanock B §1.4, HHornAa B
nzit p # p (xouxpersee cm. §6.3 u §12.3). Hun onpepene-
HUST TOL J10THIECKOrO MHOPOOGpA3KS Takasd TOM0IOTHS He ro-
AUTCH, MO3TOMy B obwemM Cuyyac HAQQ HCXOAHTH HE H3
(M’A:)?RJF),aﬂa(Mi"}"Td,?ﬂ‘F) , rpe | B«
3ALAHH N8PBHYHO B HE3ABUCHMO OF IPQGUHX CTRYKTYP, XOTH H
5 OHPEUENOUHOM COINACOBaHIH, CM. [9]. Ua-aa Hangyusa <
MDI [TOJIy HAEM XKOCw-4TO ROGABCHIOS CPaBHATENLHO CO CK&3AH-
HIM B npeasiayneM afaaue npo raagkecTh nooduwe. Mmedto,
cpenu BCeX HempepuBHbx Oyukuuil K¢ M-—> R ecTecrTmBaHHO
BLIAGNAIOTCY u3DTOMHNe [CTporo poapactammue) ¢yHKuMER,
A1 KOTOR LIX

pecg = L)< {(g) . (2.1.1)

Oqenrgiio, 4To oHH o6pal3yIT KANHH, T.6. KOHYC € He DAHOTO-
qayoi BepulHHOl, TeM caMniM 13 MHOKEe C TBA BCeX onepé-
TOPOB AH:yeperukposamus X € T, M Buogeasiores HexoTopue -

Te, KOTOpL2 1a 5THX }IJDTO'iHhIK £E F' gamT HeoTpHUA~
TenbHOR Hucno { “HpOoNaBOLHAA He y6msae-r "y
X5 >0 . (2.1.2)

Owesyano, 4TO 3TH onepartopt! (KOTaps!e Mul CTAHAM Hazbl-
BATb NMOAOKHTENbUBIME NI HEOTPHUATeRLHLIMY ONSPATODAMH),
camMu OGpA3YIOT KIHH]

My 0 kX$r0 &Y€ 70 ()5 30 (21

Kand p N-MEpHOM BeKTODHOM NpOCTPAHCTBE MOXET OLITE He-
yaoGuuM, MOxeT obnanathk HyCTOR BUHYTREHHOCTBLIY, HaIpHMep,
9T0 m~MOpHBll KOHyC, npudeM m< v , Tak, s rn.4d My yad-
AUM, HTO KIHH HIQTOHHMX ¢yHxauit ofpaayeT 4-MepHuLt xO-
HYC UPQECTRAHCTBOBPE ME@HK B S=MepHROM HPOCTPAHCTBOBRPE MG~
HE-3JCKTPpHYeCTEe, HANpOTHB, KIHH MOXET OuITb  CAHWKOM
GonbluM”, HaNpHMep, COCTOATE M3 UEAOrQ HOAYNPOCTRAACTBA.
Tak, B r1,2 MBE yBUAHM, HTO B HbioTOHOBOM NPOCTPAHCTHEO-
BPEMAHA KAHH H3 TAKRX [HCRO0uHTEALHLIX OlleparTopoB AHGpe-
peHUHDOBAHUS 3ANONHARYT BCE nonylpocipawcTee £ >0 . B
Haubonee pacnpoOCTPAHSHNIOM CAydae NpoC TpAHCTBOBDEMOHH
obinell TeopHu OTHOCHTENLIDCTR TAKHX NATONOIHH He BO3INH-
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xaer, B M3 Mu cHopmMyupyeM AKCHOMBI JIAAKHX KMHema-
THK, TpPY BLIOOJHSHUKE KOTOPLIX HOAYHHAM B KacaTeNlbHOM BeK-
TORHOM HPOCTDAHCTEE OHPOAeNaHRul OTKPLITL BLOAYKALI KO-
HYC € ONHOTOY&HHON pepunnoil: aToT KOHYC Mbl O003HAYHM
Op . Oxt HasmeeeTca "xouycoMm Gyaywero” Qs kacaTebHOTO
IIpOC:TpaHCTBa T.M , a TouHes ero cinenonano Gef HE3HIBATDH
KOHYCOM BECKCOHEYHOMAJICTO ByYLAY UIETQ, noTtoMmy uTo
O# COpCeM apyroe, Hamenu Gynymee p*  ang TO4KM p .
CHMMeTpRYHLIA oMy  OTHOCHYeNbHO BepwMHW { Hynsl} KoHyC
o, =-0; HA3LIBAGTCH KORYCOM MPOWACTO A1 KaCaTeinilolo
npocTpadcTea., B ToM wdcTHOM Cnyyae, Korna RONOAHETERLHO
TpabyaTCH BhICOKAH CTENeHb CHKMMeTpHH, KOHyC 2TOT OGyner
cepuy :ICKHMS 3TO [{O4TH TO CaM 0@, 4HTO 0GLIMHO H3BECTHO nop
Ha3BaHHeM “IpoCTPAHCTBOBpeM R o0uleil TQOpPHH OTHOCHUTR/ILHO-
ctu” (nouemy "nouru” -~ oM. B &neayiowdx pybpukaxj. Ecnn
O KOHYC CHMMETpHAMY He obaanseT ujH e ofnanaeT HA B
nonHok Mepa, To noayiaeM “nodTu’ QUHCHCPOBY KHHOMATHKY.

CyweCTBO ONHCAHHOrO NepeXohd € Nepsoro ypoBHR HA BTO-
poll saxmoYaeTcs B TOM, HUTO B paAMK&X yHOopano€eHHOHR CTpy
XTYpbl Mbl AOINKHB W pacCM&ETpHBA@Mbe YPYHKUHHM MLICIUTDH
Kak MOpOH3IMW [IOPASKA. A DBHOEJIeHHE Ccpend bBeex (yHIumi T’
TaKuX, HOTOpPLIE? COXPEHMOT NOPAAOK, CPA3Y ME BLIASIAST B
NpoCTPAHCTEE rCpanuenTos (auddepedHunanocn) ¢yERUEA onpene-
JeHHLIH XOHYC ['PRIHeHTOR, HA3LIBASMLIX NMONOXUTENBHLIMA, B
KaxnoR TO4MKe peM And KacarennHoro ApOCTPAHCTBA T, M
YKalaH, Takum oGpa3omM, Nepexog OT MHHYCA K NAKCY, BGKHH
Knace HAnpaw/ieHuil, 0o KOTORBIM 3TOT NEepexXon QCVMUSCTBAs-
@TCH,

[lepexon co BTopuPo ypoBHA Ha TPOTH NMOYTH GaHaneH.
Benb TpeTuil yposedb npeanonardet Hagmeue abcoOAKTHOrO
napannemasna B Muoreotpasud (M T R F) , a rouuee,

B UpOCTpAHCTRG adoHiH o CBA3HOCTH (M “r‘ R,F,V) , rae
V - 70, 4yTO HaswBaeTCH aqximnaoz: csaauoc'rb.m' ( naage *xo-
BApHAHTHOe Nudgdepeauuposanne”, “abcomoTHoe nudPepaHIRpO-
rauue’, "nueiisas cpasuocTs”)., AGcomorunli NapannenuanM -
aTO Cny4ail, xorna Kosgphantinie mMiepeHUHPOBANME 1O RO~
6bIM OBYM HanpabReHudM KOMMY THDY K0T V‘Vz V V, « Tax
BOT, B 5TOM CHYY80 BCE KOHRYCHI O,, B PA3HLIX TO‘«'{KaX OKa-
3bIBAITCH OQHHAKOBEIMH — € TOYHOCTHIO DO abConTHO-Napan~
NenLHOro nepsdoca, IJTa CHTYALKS, COOTBETCTBRYKUWAA CHalH-
anbHOW Teopuu OTHOCHTenL-.H%CTH (c onsHM yTO4YHEeHHeM, O
KOTOPOM peub b pybpHkax 3 - § )}, eCnu aTOT KOHYC GoepH-
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YECKUK: OH& COOTBETCTBYET CHTYA&UHH AHHIOTPONRHOID NPOCT-
PAHCTROBPeMOHH, eCHK KOHYC He HPKBOAMTCH K COpUEYRCKOMY,
2.CTpyxTypa yraoeaes (c xopo -

c T O ). Kax Tonbxo cpenu Bcex pekTopob X€ 1, M (npx
meccnposauﬂoii peM ) sruneneunt [TIOQNOKHTENDHLE ser~
TopkE X € O , TaK Cpasy Ha MHOKQCTBE BCeX NAP BEKTOPOB
onuoaﬂaquo onpepensiercs YTTIOBAS CTPYKTYPA. B cne
nywouweit pyBpuke aTo Byper nokasafne “konpopmHmmB’ MeTO-
gamMi, a apecs - ‘npoekTUnHLIMU Y, PaccMoTpeM OBA BOXTO-
Ps X,¥Ye 0y ¢ T,Mm . HecyuHe ux npameie OTMOwaioT napy
TOYOK Ha {ecCroHeyHOo~yaanesHoW npaMoil, uMewmelcyg &8 2-n10-
CKOCTH, 3agapaeMoll 3TOK napoxw BeKTOpOB. Kpome toro, Ha
TOH e 2-NBOCKOCTH Bblﬂeﬂﬂemﬂ nepeceyolde 5TOR NNOCKOC—
TH ¢ rpanuugeft 30 xoyeca Q) @ roeops 0 IIOCKOCTEH,
MBI 2TO nepeceqenue Oy aeM oGoauaqa-rb nIpoCTO }O » BEcnr
KOHyC He& BHPOXIEH, TO TAKHX TOYEK fepeCcedeHH: mae, B Bhi—
DOKABHHOM CHyY4e MOieT O6bLITh OAHA TOYKu. B HeBupoxaeH-
HOM ChYyuae pAHee yXa3adHhle npsaMble OTMeYAT elle A8 TOo=-
ykw Ha GeCkKoHedqHo ypeneHHon npamoil, [losToMy cooTBOTCTBY -
wlee gpolidoe OTHowedue (ToYHee, erc norapagm, HOTOMY

YTO [BOKHOE OTHOWEHXE €CTh MepA MYnb THHAHKATHBHAES, &
norapadM ~ apoHTHRHAs) B HABBIDOXKOALHHOM CHY4A48 onpefa-
nder "runept onryeckyww” ann¥THBHYO MEpy Ha& fAapax BSKTO-
pnoB, T.@ YIOMA. B Tom cnyuae BLIDOXASHUH, Koraa }0 -
oaHa aeolidaa Op smad, sTa Mmepa (yrom) Takxe cymec'rsye-r

M ABRNAeTCA napaboniyeeCHol,

U3 npocreiliugx TPpHIOUOMETPHYECKUX COOTHOWEHUR Aelko
YCTARABAHRASTCH, YTO B BLIPOXKABHUIOM Cly4Hae caM yroa ¢
CBA3AH C TeM, 4YTO HASLIBACTCH "CKOpOCTbi' v= %if_. COOTHO-
WEeEHEM

V=ay | o = const,, {2.2.1)

a4 B HOBLIPOKAGHHOM
.1--— — -4
L= thy ¢ = const,, (2.2.2)

rae th « TanreHc runepbonudeckmil, SRARHCTOH Npeanaran
HaapBatTh B gopmynte (2.2,2) yronm "Gunictporoit’, HO 3TO Ka-
3BAHNE HE OPUKHIOCh. B HCTPOTA, K8K # CKCOPOCThH B HBITO-
HOBO=allHiicepOil KHHOMATHKE, HIMEHASTCH OT-od QO o
¥ anAMTABHA {CKMABQLIBASTCA NPH O6LEAHHEHHH RBMKEHHH).

C nosuapaTOnbHOl TOUKU 3peHHST CaMOe Bax}(HOe TO, 4TO
OpE 34AA8HUM CTPYKTYpbl NOPHARKA B rankoM MHEOT0OOODA3RU
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M B ero KaCcaTelLHOM NPOCTPAHCTEE® T, /M  yKe BOGHMKAGT
ONHO3HAYHO ONlpefe/IeHHAs CTPYKTYPA YITIOB MEXRY BeKTOpa-—
MU, & NOTOMY B YIVIOB MEeXKBY XDHBLIMR (IUe yroa BROOHTCH
o6 urqHO KAk YyI'on Mexay Ka&&TEm:.uaIMH K KDUBLIM) . 3anaduyen:
rpaduyHnX HanpaeieHuil 90,, HA GeCKOHBYHI-YRBAeHHQI]
2-NNOCKOCTH OHPEeNengoTCs TO, 4YTO B MPOSKTHBHOM MEDOONpe-
nenedHHy daseibaeTc “abcomorom”’. B 68,7 6yner nokazano,
HACKO/1BbKD CYWERCTBEHHA TYT npe2yMnonsa TNAagKoCTH,

O

3. MerTpuue CKEHHI T8 Ha3aop H ©TOpy-
KTYpa 0D opaaka Hame BCEero Ha pTOPOM Yypoi-
He pacCMOTpeHHst TOBOPHT He€ O nopamke < , He of yriax,

a o “meTpuke”, umen B BHAY MeTpuusckmil TeHaop g, (p). B
kaxolh Mepe sanaMMeM NopHanKa < EpeacnpesnseTcs MeTpHh-—
yeckag cTpyurypa? He p noamoll, XxoTa OnpepeneHHmne yCROBHSI
HanaraaT, ¥ B 3aRUCHMMOCTH OT TOr0, KAKQIl BOAGHH KART KolyC
HONOMATONLHLIX BEKTOPOE, = PA3JMYEH NPOHIBOA B 3&AAHIH
MeTDH KN,

AaBpl ©TO ONOCACHHTL, HAOOMHKM, KAK BOIHHKIAT METpHUKA
g,.(r) mo xonyey 0O . B creunanbuofi ¥ ofweil Taopur UT-
HOCHT@NLUOCTH HME@TCH KOHYC - KpYroachh kOoHye, Fpatiua
KOTOPOTO B JIDAXOOAUMX KooparHaraX {Koopaudatm aufio 8 M

nubo B ‘TPM COOTBETCTBEHHQ) 3ARAATCH ypaBHeHnem
=1

t -at-yt-xt =0, (2.3.1)
8 B HPOHBBOHBHBIX KOOPAHHEI'T&K JagaeTC d ypaBHem{eM
IR K
9. Cp) XX =0 | (2.3.2)

rne cTosimasd CNepA KBagpaTwyHas QopMa HMeeT CHITHaTypy

(+ =+ s &« =), T.e. ponycraeT OpuseaeHue k sagy (2.3.1).
loaTomy, ECJ/IHM 3APAHEE NPEQNOIATAETCH, HTO PO~
CTPAHCTLOBPEMSH OMUCHIBAETCH AMNIIAPATOM PIHMA-~
HBO W TEOMETPUMY, To Hanuume KoHyca O: HoaBONLaT
OTOMECCTBMT b erc rpadugy ¢ (2.3.2), 2 TeM CaMuM poay-
YMTh MEeTPUYeCKHE TeHaop Fie (p) ¢ oYeRH LM [DOR3IBO—
nOM B BHAE CKANAPHOTO MHOMHTAI

e (P) 1> Mp)g.bk(p) , 2> 0. {2.3.3)

[lpeoGpazonaune {2.3.3), € TOYHOCTBIO 20 KOTOpO! 0 38A32T~
Cil M@TPHKE B PUMAHOBOM CAYYAS, HAZLIBAOTCH KOUJOPMHLIM
npecbpagosaHueM. 1loaToMy CTPYKTypAa Jiopapke zanaer (B
NPes3yMAUHA PEMAHOBOCTH) KOHPOPMHYD CTRYKTYpY Ha MIOIo~
obpassn, (3pechs CAenYyeT NPeAOCTEPEeYH NPOTHR HRAOPASYME-
HHd, Yaue BCero XoHQUPMHYIO CTPYKTYyPY BBOOAT, Hadunad €
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IDRAHAOBON, TG, C HUJIOXHATENDBHO ONPCNLAGHHON MEeTLHEHR: TO-
raa AOCTaTO4YHO UHe0aBHTh OAdY @AHHCTBEHMYID TOYKY = GE&CKO-
HeUHOY QAN HHY U, B caydse nepesetioll no suaxy MeTpukd bBe-
MeCTRA HHO@, MHMMOS U HYNeBOR HANDEBNSHHUY CYMECTHeHHO He-
paptonpashil (He MOPrYyT OLUTE nepepeneHsl oaHo B ApylOe An-
TOMOpRIMaME )}, No2TOMY Helb3r oboliTuce poGasneuuem O -
HCOK u Toit we Geckome4HOYRARRHMON TOUKK ANS BCEX HAIpAaBR-~
nesnit, Hapo noBasnsaTe Gonpilie Tauek, & 3TO YACTO 3abnba-
107T,)

KourdiopMiioll cTpykTypOR oauoadayHO ORpenensierca yroda,
C KOTOROM WAL pedk B npeasilymeld pybpuke, HMeHHO, XKOCHHYC
runepbonMuecKiiii 9TOTO yrila 3anaeTcg H3BeCTHOR Jopmynofi:

i X“Y*
he ==

> (2.3.4)

xn.xk (g:u YLYU.
H O4eBHIHO, YTO JIpH YMHUKSHHM MeTLHKM Ha A YroAHe Mo-
HS@ TCa

Tak oBoTouT neno, KOraa KOHYC HE BLIPOMASHHRIN H Ho~
NyCKAET PUMUHOBY TOUMOTpMIO, ECIY KOHYC OF BrpOKAeHRL,
uannuMep, oGpauiaeTCs B [MOAYRPOCTRHHCTRO, TO, KOHEYHO, HHw
kakolt xpanpaTHuHOR Popmul (2.3.2) He aanaTs: 2TO CHTYAUUS
P2, Eenr srpoxaenns Gonee caGoa, TO KOHYGOM O;' qaC~
THYHO ONpenendeTCs MeTPHKa, HO 1OAU0& ONHCAHHEG MOTPHUYCC~
KHX COOTUQUEeHR? BOSMONHC NHUL NpH 060ralieHUd CTRPYKTYDLI
ACNQAAUTENBHO CTRPYKTYDOo HORYpMMuUHOBON FeoMeTpHH: 3TO
cityauds .4, Ho paxe ecan kouye He prpompesuwti {curya-
us r3), Henpy ATHOCTH BCE PABHO BOIMONHEL. ViMenso, aToT
KOHYC Moxetr SuTh A U20TPOIALIM, r.e, pasdmM 110 Pa3aLIM
Hanp apfeEHaM, HampuMep, GLITh HE KpyloBLIM, & KPOApATHBLIM,
B »ToM ~ HasnpaeMoM “YHHCACROBHIM® - CHyu&o YpanRHOHM S,
(2.3.2) aaMeHHnTCS BHeIMHE NOXOXNHEM:

g, (p,X)X'X"=0, (2.3.5)

KO 3nech 3;‘:(%“ SABUCHT HE TONLKO OT TOUKK p€M , HO

gue oT Haupapneuua (pexropa X € T, M ). H ~ camoe #enpu-
aTHOe -~ B gHacneposom cnygae OHHMH W TOT KE KOHYC mc
HeT 3afaparTeCu PAINULIMH quicneposeimy Tenaopamy g. (p, X}
u o h;, (py X} « Menay xoToputmu HeT cocTHOmeHus h=)lg : oM.
(9.5.5), {8.5.5), {9.8.1). C gopmynait (2,3.4) Tyr Toxe nme-
PTCH CAOXHOCTH, XOTR yIod TYyT BCE~TAKA ONpenensieTcs onHo-
aHauno, CM. (9.5.3)., daxe B TOM Cclyyada, KOPRA KOHYC O;'

Kpyroneil, QUHCNepon Teilsop, JAAGWLKHL ¢1'o, ONpeuaIieTey
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CyWeCTBEHRO HeoaHoasasHo (Cm, §8.8), BOT n0YeMYy BLiul@ MbL
Tak NMONYSPKABANK NPEAYMIOLUI0 PUMAHOROCTH.

4 .CTpyxTYyQpa oG » e M 8. Ha scaxom raan-
KOM MUQTI'0OGpa3ui, A/KE AHWEHHOM METPHKE AAN nopsaka,
MO¥HO BBECTE CTPYXTypy obvema, Xors AOKancHO, HO, KOHBY—~
HO, He QOUHHCTReHHLIM ofpasoMm, [na sToro » p-MepHOM NP0~
CTpPaHCTBE 'TPM [OCPBaACTROM ONepanil xocoro (BHEWHEero)
YMHOWEHUS BROMAT n-BAKTOpH X, 4 ... X, . TeB. BIOME-
HTLl U3 n-0li BHewuell cTenexu nmpocTpaHcTRa ~T-M  {nea-
HpOC TPAHCTBA I'PAEGCMAHORA fipocTpascTna) A = E\TM =
=TMa .. ATM B yUCA® n  MOox HTeNel. PaccmaTpupa-
0T HEROTopoe oTobpaweuane V i A — R , u ero sHayesne
pasmpaior OBDEMOM V:= V(XX )Rapannenenunena, xa-
TARYTOI'O HA n BeKTOPOB X4 ¢ s » X, . 3rto orofpaxe-
HAG OCYMECTBHACTCH N~REKETOROM, T.9. BIOAUE KOTOCHMMETp~

HYeCKHM TeH3O0DOM &, . , ROTOpLIA B duamxe 4acTo
[ Y

q n
naapiBaeTCa “ncepnocnandpom”, ECnE B NMPOCTPAHCTBE YMe
BREOEHA MeTpHKA @,  , TO OUHCAHHO® OTOGpamende esuH-

CTBEHHD ¥ 38189TCH U3peCTHOl dopmynod:
V(xt'\”‘_h xn) = . .

vy Ch ¥, K, .
333,;,4“'“.?&,,%)(1 X" x* X" o {2.4.1}

¢ ¢ .t o
=?:’1u‘ih~-?‘:nkn X,.*h_._nxh"k‘ A“'AX"" i
OTciona ywe siICHO, 4YTO KOHGUpwmBAR CTPYKTYpAa He 3ajnaer
CTPYKTYpH 06meMa. {0 9CHO Taxke M T0, 410 BépHa

TECPEMA 4. ITpu sapnanuu CTpyKTYpPL! NOpsaaka K CTPY K-

Typs!l 06wBME prManos MeTpUuackuil TeHaop {ecnn qro noayc-
KaeT CTPYKTypa NOPaRKa) ONpeaendeTCs OLU02UAYHO., HHbMH
choBaMH, CTPYKTYPA Hopsnka zanaar (B8 piuvasosoMm caydae)
MOTPHUSCKYI0 CTPYKTYpY ONHOSHAYHD C TOUHOCTRIO N0 06BOMA,
5.CTpyxTypa adduHHEOR CB R 3 H O-
c T #. Ha BropoM ypoBHe pACCMOTPOHHN BCErpa QPUTYPHDY-
eT - HBHO W/ MOoAPasyMeBAGMO - €@ CTPYKTYp& agduaHOk
ceaasgocT® [,  mou, 470 To ke, onepauMsa KOBAPHMAHTHOTO
auddepeduuporanus V., OHA B floapasymeBaeMOM BApHAHTE
DBOAUTCH YCIUBKEM:

Vg, =0 (2.5.1)

Tax cornacosagdad ¢ pUMAHOBOH METPHKON CBAZHOCTE HAZLI-
paetca PUMAHOLOHWH CBA3HOC TG, a8 ecny B {2.5.1) cTo-
BT QHHCJIOPOEA MeTpPHKa, TO ¢RHCAep-AdEMNUAS CBAGHOCTL HA-
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apiBavresa o6eiso KAP TAHOBON. Baaropnapa CBY3HOCTH Mom-
HO I'OBOpMTHL O MADANAIALHUM [IEepeHOCe BeXTOpa BAGAL NYTH,
olpesensTk, K&K CpaARHHBATL, HACKOIBKO IOBEPHYACHTd BOKTOP
Jpd ofxoce 10 IAMKHYTOMY KOHTYypY, AlbdepeHnuposaTk ( “Lo-
BApHAHTHO” MAN Ya6CONKTHO") BGKTOPLI M TEHAOPHl, BHORAATH
knace “npsaMmeiwux” xpusnix { “reopeauuecxunx”) ¥ T.0. Hepea
CBAAHOCTE CTPOHTCH TAko#l 00%2KT, K4K pHMAHOBA KPUBHIHA o
¢rHCnepoBil KpumKaHel, [1o MeTpaAke CRA3HOCTE 3aK4eTCA o4HO-
3HaYyHO, RO CBSI3BHOCTHM MeTRPHKA - HEOOHOIHAYHO,.

Y shech CTEFYKTYPA NMOPHAKS CYWECTBEHHO HOHHKAST CTA-
NeH b HNpoHabona-ieonHoanawdoctH, kMuvenro, cornaconalue cpa-
auocTH V ¢ nopapkoM < o onpepgeneHuo o3:iayaeT, 4TO
HpH NapaninensioM B CMLICAe 5TOH CRAZIHOCTH IIP@HOCE BEKTO-
pa X, €T, M 1o moebony NyTH B TOUKY 9 € M nomyuaemurit
BEKTOD X?’ET%M YHOGBASTROPHERT YCNOBKIO:

-+ ¥ =
){PEOP = )(1’601’ (2.5.2)

B wactaocTd, eciu Gut on 6bin “ceeToBoil?, To ‘ceperoBBIMY M
OCTABHeTCH?

4 +
X, €30 @» X, €20, 02.5.3)

Torga BLIOAHACTCH:

TEOPEMA 5. [Ana cegadocTel, Cornacymnuxca C gad-
HBbIM HOPAAKOM, KOMNOHEHTH [0 CBasHOCTeR npeebpasywTod
2 knacce npeotpazopanyit {8 OmiuOi M TOil K& XoOpAuUHATHOI
cHCTaME)} Tax:

Ry ()= M) T (P + 2, () 3N p) 5 (2.5.4)

rue Alp)y Onporanonbhas Yy HKu.

Hurarone, aHakoMbull ¢ ypaRHeHHGMM TSOHSAHUYSCKHX, yBU~
OHT, 4TO [IPH OZHOM K TOM e [OPRAKe BO3MOKHSE! PA3NKYHLIE
Tebgeanyeckne, [laxe ypABHEHHA CPETOBBIX TEORO3MHUSCKHX MO~
ryT pasnnIaThCH,

AINDHOPHOR 2808HKE CBA3HOCTH HANATAeT H3BeCTHhE Orpa-
HMYeRNS HA OONDYCTHMYI0 METpHKY, COrAaCOBAUAYIO € 27O Chsie
BHOCTb, 16 (2,5.1): Popopd Te XHAYECKH, #3 G2CKOHeUHOMEPHO-
IO OROCTPAHCTEE METPHK BhlaendeTcs KoHeddomepHoe. Janssue
WE aNpUopH HOPSRKA HAIATEST HE AONYCTHMYIO MEeTDPHKY, COr-
TACOBALKHYI0 C 9THM HOopAAKOM, ewe (Co/ee CUNbHLIE DIPAHAYE -~
HUS: rOBOPs TEXHHYECHKH, OCTASTCH ONHOMOPHOEe OPOCTPAHCTBO
MeTpuK, [lpouaNwCTpHpYEM 2TO Ha AByMepHOM cnyyae, Ecmu
3aj8HA CBA3HOCThL € abCOMIOTHLIM [apanielinaMoM, TO MOTDH-
KY MOXHO B HeKOTOpPOH xapTe aanucarb b Byje (; 1_01) .
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W

F-} upn A # 4 .,u’#ii '

V#O (nuwe Bu CHTHATYPA COXpPAHANAChH) TornacyeTcd C Toil
M@ CBSIBHOCTBIC. £CAM Ke 3448 HOPANOK, TO METPUKA B HeKO-

A
HO ¥ MeTpika € mMaTpHUel <v

y 5 Q
TOPCH KapTe unmeeT pin (0 ) U T TCM e opuaikoM COw
- -
TnACyeTcHd TONbXO MeTpHKa BURa ( o - , Tt HTO CTO-

Mefh (IPOUIBOVIA MCHBWE. ANTeCpauIatRI aT0 06,;CN0BACHD TOW
NBKO BUNOM CHFEATYPE (¥ = o , . «). Yuwe ang (+4+ —w=) He
T ax,

A IPH TAKOH - @AHHCTBEHHO COIACOBAMHIIDK € HAnHYIHEM
KOHyCa& = CHraaType anrebpanycckoe cgoeolbpasge COCTOUT BOT
B qem. MeTpuke g,  OlIPOALNAET MSEECTHOQ OTHOWEHHEG Op—

TOTORANBHOCTH 3..;}(”}'":0, T,6, DIPENSIACTCY IJIOCKOCTH
Tex pexTogos Y , KOTOPDLI® UpTOPOHANBIREL BEK10pY X . Ilpx
DTOM AOMHUAQHHE §. ~ H APOH3BOMLAVS A HHYE 'O HE MG-

HsieT, HCHO B 06p4 THOE: HulHMYUe OPTOrOHAHNBHOCTH 3aRacT MO -
TPUKY @;, © TOMHOCTuLIO 10 NPOHIBONLUDTO MuocxHTens A
ITO YCTOAHABOHRALICH, U CYTU, paCCymxAeHMAMH §2.2, TOMbKO
3 OPOCKTURHBIX TepPMUHAX COROpInM 'monrspurer’', a B anres-

pagqeCkHXx “opTorodannrer”). PaceMoTpuM Tenepb (AN HpO-
CTOTEl HA TPeTH@M YpODHE) napy TOHeR p < g, K MHO.(eCT~
BO }‘p* s 35’.* - OxasuipagTed, 410, CCAR KOHYC ClepHYSCKUN,
TO TO MHOKECTBEO Ue/UKOM AHAT B O4HOI [MMQCKOCTIY, KOTO~
pag B ME@IrpHHMeCKOM CMLICAS OpTorcHadnHAa upamol pq, , (ne-
LoBAaTRRLHG, HAMH4YHKHEe C(;',EPH'IECKOT‘O KOHYCE& [pEpogiUT K O4HO-
JNAYHOMY NOABNGHHIC OPTOTOHAALROCTI, & NOCHARHEE = K MET-
pHXe,

; , o L0
P aaymeercs, Bcé cragaxdaoe B pybpuxax 3 - 57 anayuTe-
NLHO OCAOKHABTC: OIS AHUIOTPONHOTO (KRHCASPOBA Cayuas: CM,
§8.3, §8,5, 89.4,

Tepmunonoriwecky Mol paaardaseM cnyvadn [JIALKHX KH-
HEMATHEK, B xotousuix 3ajak (B Kaxaoll To4ke ¥ raanke) He-
Bbip ORAGHH I KOHYC O:' , 8 PUMAHOBLIAN KHUHEMATLK,
B KOTOpbIX CBEpPX KoHyCa 3aiA&HQ ©U@ PHMadoBa MeTphka ¢, (p),

cornacopaunas ¢ O: , a raie $HHCAEPOBRIX KHHEMA-
TL’EK, B KOTOpLIX 274 MeTnHxa 3m (p))f) H9 pEMaLocra, a
duupcnepoBa. B aByx nochnenuHx cny2asax obveMiut ¥ CBU3IHOCTH

onpeaeNsiioTCsy] QAHOIHAYHO,

0 .

B, YecrolivupoceTh H a BT OpP O M

Yy p o» H 8 Korna asasse Mmetplka g, , TO UO4 yCTOHHR-
BUCTHEK TOTO HOM HHOIC CpOICTRE, PRpIAKAKUWETACS depead %im
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NOHAMAIOT [17] cnenymmee:

ONPEAB/AEHHWE 4. Torpopdar, yTo MeTpuyeckoe CBOECTBO
H ycvmﬂuao, ecli B ApOC T aHCTHE T'"’M *TSM ¥y Toukn
suu(p)GT M xT*'M cywecThyeT OerCTHOCTh V TakKas, 4To
AAs BoAROro g4, €V CROHCTBO H BLILONHASTCS,

Oryernupo BHAHO, KAK MOANHUNPOBAHD QnpefesfeHus 3 npy
nepexofie¢ Ha TOT ypoBoldb PACCMOTpOHHA, I'M6 HMEeTCH KaCaTe-
nbHo® npocTpaHcTBO, durypuposapunit Tam “kxnacc K ¥ anecs
NOLpE3YMEBASTCR B HEHBHOM BHOE Kak ,Te OTHOLH@HHH &’ ua
M , goToppie onpeasngioTCd Yepea MO TPHKY g‘ » KEK XOHK~
peTHo - oM, §8.7,

§3. [IPOBLJIEMBI HMHTEPIIPETALNWH

[T orarue QoAaeapxxaTenbHdold #H-
TeponpeTann H DBeoaxoll popMenbHOl Teopuw OTBEYE-
er Gone e Mnu MeHee me yaTkufl mpouecc "comepxartennHoll HH-
reprpeTankin”. [labnt nyqwe nNpoACHHUTE CMLICH, XOTOpLIH Mot
BXlAOeB&EM B 3TO CNOBOCOYETAHKE, COSNEEM HEKOTOpOe (UIQ—
COofCKOe OTCTYIIIeHKA,

PacrnpocTtpaseno MHenne, Gynmo Gul HEyka “orpamaer” us-
pacTHble ef ceoiicTea ("cropoum?”) peansdore mupa, Ocobeuyo
HacTo numyT, OYATO Obl GHIUKO-MATeMATHUECKHE HAYKH QTpaxa-
0T cpoiicTBa (M3IRUACKOoH peanuaioCTH. MBI e npupepmHepaamMeca
cero parngna, Hayka Hudero He ofpamaeT -~ OHA OCBOUWART,
Wmeuno, MareMaTHka CO3AAGT NOHATHIIHEE KOHCTPYXTh (Xouc-
TPYRUMK) o ITE KOHCTRYKTHM MOIYT OLITh MACAOM BLIMGIHEHKY
OPUKISAHONO 38KA38 HA yCTpaseHHe J(aAHTTepA& OpU TORSTE Ca-
moneTa ( Keamoiw), MOryT poauTbGR KAK OTBET HA [ICHXOMOTH~
YECKR-PENUTHO3HYI0 NMOTPeBHOCTE NOCTUTHYTh, kak TO0 p Cha-
Toit Tponue “onrr pabdo Tpem” (Kaxtop), MoryT Guitb BHI3,
BAHL! BOOHHO-HHXEHEDHBIMMY NOTREGHOCTHMHE B BECKPHITUHH Xpe-
noctel (MoK}, MOI'YT DogBHTLCA M3 Kenaaus “YCTPAHMTL BCH-
xue naTea Ha Dpxnupna” (JloBavesckufi). OTkypa u novemy bew
PYTCSH CIOKaTH B MareMatdke - GeCKOHEeYH08 uone paGoThi Rid
HCYXOAOT'0B ¥ MCTOPHKOB MATEMETHKM, Ho, GygyyH pa3s coafjaH-
HbIME 10 CBOEM (QOPMANLHLIM, AKCHOMATHYSCKHM HIHM KOHCTPYK=
THBHCTCKEM XPHTODHAM, NOHATHAHLEIC KOACTPYKTEI HHODOE AGARY--
AKOT BICNAHEYTh RAALHAS 4 RAVGPOENBHHEN. BIATIHLN! HA TY
HNH HHYI0 COBOKYMHOCTH »MIMpHYeCKHMX Marepuantdm, llodgarui-
Hute KOHCTPYXTwm fawt [IPOBEPEHHLIK HA HENPOTHBORPE-
HHUBOCTDEb H3bLIK nna danoxaHES 3THX MATOPHAaAOB. JTO BpO=-
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ne Kak QoHApb H& y/AHU€! OH NMORRONAST OTYETNHBO pPAArnAReTh,
He luaps pykKamMH, THe KAIHNTKa H 3arop He KanuTke, OTNM4YHTH
NYXKY OT ONIBUHX NHCTHER, HaKTH, HaAKOoHEH, OOPOHOHHLIA KW -
ecny oBpodan non domepeMm, ., . A Oe3 LoHAPHA, B CPOTE OAHHX
BeyHrX 3Be3L, BMECTO BCero 3TOI'o BUAMUEL KAKHB8«TO TEeHH,
PACANLIBAOUIHECH OYepTAHHA, HATHIKASWLCS B 4epHOTE HA FTO-—
TO TBepNOe, Koueuuo, ¢oiapk HA YAHRE HHHURM HE NOMOXeT 3Ja-
tnyauBuemycs B n=cy (paszpe yTo Koraa TOT npobhercs Ha
ONYWKY): BHPOYCM, H B 3TO# CHTYanHH (QOHADD MOKET {IOMO4Yb
O0eCTIOKORHHLIM POACTBEHEUKOM 2a0nyaAuBLU BIOCH ! NOCKOPEE CO3-
RATL cnacatenel, Tak # MATeMATUYECKHE ROHCTPYKUMI CaMH [0
cebe we otpamawnry HHMKAKOH PEAJABHOCTH, naxe ecnn oun
cHopMYyM1I pOBAHLl B XUTEUCKA~(HIKRTeCKUX TepmuHax “np smaa”,
“paccTogune”, “ofvem”. HoKoToppie M3 OACTOATNLCTE YOAHHO
OCBRIMAITCH CHME XONCTPYKUIAMH, XOPOWOC YKMaNbIBAIOTCA B
SIBIK NOHSTHHA, O06BCKTOB, OTHOWE UM, AKCHOM KR TeopeM. dpy-
rEe « oCTawTes HEoOycTpoeHHbIME, MaTeMATUK. OTBEMAST TO/b-
KC 3& T, 9wTolnl ropén poHapk HONpOTHBOPOYHBOCTH, & 38 Ma-~
TepHANT, OCBRlIAGMEBIl (oldapeM, 05 OTBETCTBeHHOCTH He HecerT,
Takomy “ocpewmednio” oTpeyaST APOUCGCC COABPKATE!LHOM
HHTOpIpR TAUlH, cm.[l@ . Tem H/IH UBLIM DOMATHIIHBIM, MatTeMa-
THYCCKHM KOHCTPYKUHSM [PHOASTCS 3HAYSHH® MUTOHCKHX npen-
MeToB, ollapauiil € KOHKPE@THLIMW BEIfAMH, MLICASHHLIX DKCHePA-
M@HTOB C (QU3MYECKHMH OGBexkTam#. Hanpumep, “Tozkad” ucron-
KoBbiBa@TCH kak ‘necunrka”, "npsmas’ ~ Kek THaTaHyTas Be-
pepra”’, “odwem” - KaX Cpok, Ha KOTOpLUI XBATAGT Xap TGUKH B
Benpe sToro obrema, HelkoTopule ma NpemiioKeHHLIX TONKOBaHM
BOIYCEAKT yc1oiidupae [OCREeRUBATENLI0S ynoTpebneune, HywaAa-
ACh pA3ne 410 B “yTouHsiouux” gonpabBkax: ‘oyedn MeAKASY lHe-
cyn BKA”, "nemuuka¥, “Taxas kpoxa, Yro #H fopMul Pe He BHOATH,
“oueub TOHKAS W CKONLKO YIoAHO A AWHKas Bepebka”®, u .M,
Hupe e w3 tonxopantii roanw HA pasosoe ynoTpeGaeHxe, CKO-
pee okannpaschk MeTajopaMi, HE&}xONH TePMUHAMME ONS CUCTEMAa—
TUHECKOQ cnopoynorpebieuns., horga ynaeTos YCTAHOBUTE lIpH-
BMASMOE BIAUMNO~ONIOIHAYHOR, CHCTEMATHYECKO® H IPHHYOLHTE -
nuHoe coorpercrede mexny BCEMHE rtepMmutaMy noHaryiiHoro
KOHCTPYKTA H Onpene/gisiM HalopoM OGCTUATER/NILCTD, NpeaMe-
TOB, NPUUECCOB, RAHHIIX, -~ Torpa rosopar o6 MHTEPITPETA-
UHH. 3710 coornetcTBie Moxer oxasarbest JAGHKCHPOBAHC
HBHLIM €rOBApeM COOTBeTCTBHA {kax cpenaHo, HanpKmMep, B [q.
momer [[OAPAIYMEBATBLC R, Moxar BsipaxartsCs peniuxaMu
¥ NOKAYMBSHUAME TONOBON JIpR gOKNagax HA CeMuHApax. Bcer-
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A& comepmarenbHAd HETEPHPOTAUHN 3AKMOYECTCS B yCAODHOM
COOTBETCTRBHE MOXAY CTPOIEM JIOpMa/lbHEIM H3bIKOM « X HACKO-
IIhX0 DECHABIBUATHIM H3LIKOM Ha Toll. uny uaoh obnacTH pesare-
ALHOCTH, ’

2. P agpuwe ~ 103 xe” Hdua usrepnperaunua
6ygeT OCHoBAHA HA 3aMeHa QopMajLROPe crMpona " < of
ung @ — 6 * sppaxeruom " o passwe, yem & 7, Caopo
“pasrwe’ nmweyo B aToli (pa3e KONKHECTREHHOI'O OTTRHKA

( “pasbwe ma nuTe MuHYT”, “passuie Ha cronethe”), OHo nepe-
RaaT YHCTO KaYeCTERHNDe OTHOWAHME, JIpH oTOM' NOADASYMEBA-
ercd, 910 Y g * ecth “MruosexHos cobsmMe’, Takoe ®e Kpow
X0THOd no ¢bneMy M OMHTENBHE WGTH, Kak ‘caMag Mensualiwas
mecyHd k&, Tonuko CheprayRwas Ha coaxue”’. To me oTHocHTcH
u x "€ 7, PaboTna B TEO HE MHOKGCTB, MH Mulciaum @ H &
B KAKOM~TO OM5ICNe DPABHOUPABRHLIMU, 0G83/HU@HHDLIME, HpOARMI.
RIHMECH TONhKQ CTATYCOM MLIC/S HHOI'O CYUIECTBOBAHHS - T.€,
aKTOM YMCTBEHHOIO B DIARCHHA 2TUX "MruoBeHull’ ua pxyHr-
net “pecero, 4YTe NpoMCXOnHT H HTO noMepeusiTes”, Takoe npe-
ACTABNEHAE ~ ONHCARHE NOCPEACTBOM TOYEK H2 MHEOKECTBA=-PA&Cs
NpOCTPANEHO O4YeHb IWMPOKO, H 3BNePXKHBATLCHA HA HeM eaPa nK
yMecTtHo, CrnennduyanM Rus Hoco spasercs uMedno PAHBIIE-
[TO3KE, Toueuusii, MruoponBeM xapaktep " q ¥ ucknioyaer
HBY CMLIC/HMLE SLITOBOrD CNCEOYNOTPabHeHAd BpORe TakoH: OT-
us! O6LIHHG paHpite geTeifl, HO ObiBaeT, YTO OTHb mepexupaTr
cBOHX zeTel {u B CMpBIcRe (QHIUUECKOrQ CYLECTBORAHHA W B
cMbICHe nocMepTiodl cnasn). Ho ToueuHnd xapakTep COOHITHS
@ He HCKNWYaeT, 4TO C HHM MOXET Owbth ¢pazasc MHOIOE,
Hanpumep, ¥ a " MoxeT Gtk cobsgrueM nonyaxa 8 [leTponap-
J0BCKOU KpemocTu: Torpga ¢ Y@ " caazan nyweyHel BnLICTpen
B CBA’AHA BCTpeHaA RBOMX BAKWOICHHBIX, OOrOBOPHBWANXCH B HOJ-
peus TaM cofiTHch, B Mexadnke, xaK tipapuao, Cobum uem @
CHUTASTCH MTHOBEHHE WE3IHA Tak HaswnBaeMod “mMaTepuanbmm
Touku ! € 3THM CBg3aHL OO KaNeHnapHas AATA, ero Koopal-
HaTsl B NPOCTPAHCTEE, MAcCA 3TON TO4YKH, ee zapafl, TeMmnepa-
TYRP&, TENAOOPOBOLHOCTHL, CHAA APHTATHEBAWAS HIH BpauUARWAL,
CnosaM, “caMas mMensdaiimad OuiMMEX2 B OGAR H3 MUETOB @0
xpyxennd” moxer obngnaTsh ONpOMHELIM 3anaCOM XBPAKTEPHCTUK~
nap amerpoe, OTHoeRre “pagbue-noaxe” oazvavaeT, 4TO Te
HIM UHBIG aMaxeudy NapaMeTpob -~ He 0093aTeNBHO TeX Xe Ca-
MboiX = ¥y  MOPYT OK&3EBATE Bo3aeilcTere HA Te HAK HHple
suavenus mapameTpos y € . VIMOHEO 103TOMY HOCTpORHEE T8 «
OpMM H& OCHORE OTHOWGHEsS a <& HasLBAeTCH 4awe pcera “Ka-
yaanhHblM [TOAXQAOM”, MOOXAROM MOCPENCTBOM “NpRunuHocTH”,
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Wuaorna npepnnaranics Haszpaius Téna *xposudreomerpus’, "xpo-
HomeTpus”, HO BLeohuwery paCnpoOCTPAHE HES 3TH TePpMUHE HeO
NONyYHIIH,

"lNpaguugocTe”, "npuuHaa” — CROMHBI® NOHUTHS, M HS BXO-
OMT B HAWK 3&RAYR NOMHOCTLIO OCPHCOBLIBAThL CNOECOBLI UX CHO-
poynorpednenus, Ham poCTAaTOYHD NOMHETE, 4T0 "npusdua’ sce-
roa MucnuTes npeguwectsywiiell “pesynwrarty”’: ecau "npuunuks’
nemdT B ByayweM, TO oHA OBBMHO AMeRyeTCs “uedblo?’, H My
HE QaHHM aeMCH TefeoNorHdYeckoil ¢pasaonorrei, Hrak, "npuun-
na” npepwectsyeT “cnepcrsino”. JTe (paseonords BekamMu Npu~
HATA B {Mauke ¥ lopucupyaexnunuu, Ho tepmun “npuurea® sceH u
IPOCT TONRKO B HCKMOYKTOMbHBIX CllyHanX, VBakop yMplneHHO X
¥ TAKKOM [OACHINAR UHAHACTLIR Kanud B O60Kan CHOOPOBE - HDH-
yuHa cMapTH Cupopoma oguozuayna. He eenn C upopos nman, npo-
I'OHfeMbIli CKBO3EB CTPOll wWniupyreHos, TO KTO OB npuurHOol
ero cmepyu? [locnenuuit nulicauon, xnecTHyBWHR eme KUBOIO
Cupoposa? Mnu nepssplit, oTkpmbpuinit axkaexyurio? Hay ppav, so-
ppemMsa Re ocranopHplui? My rexHepan~ry6epHaTop, KOHUMPMO-
BaBWHA npuronop? Mnam saxou? HMnw cam Craopos, oboxpapwai
CKRAN K NMOMEeTruKMil @rc B UAKeXAE IaMeCTH caenn? TyT Msoi
BCTYyn#eM B o6nacTh HEQOCTATOYHOCTH ApUCTOTENEROR TePMHURO~
NOTdY, ¥ ROBNEeTBOPUTENbREe TroBOpHTE 0 PARTOPAX, pelicTeyro-

WMHEX WAR nposabasiomuxcs B "q ¥ 3TH $AKTOPH KaAn# HOPOSHE

TaK KHAK HHAUQ BO3ASHCTRYIOT HA mpoucxondwes & “# 7, Ho on-
pesensicT “chepcraue” uau "pesynbTar’ HO kaxAarll AOpO3HB, 4
NEilh BCEIO CBO@X COBOKYNHOCTRIO, Npuiem B ” € 7 moryr npu-
CYTCTBOBATL M ApYI'He 6@ (PBKTOpLl, KOTOPLIX BOBCe HE Cymec-
TeoBano B © @ . TaxuM oBpasoMm,” @ < § * oTpaxaer anub
YACTUYHO® LOTeHL KansHOe NPUYKEHOE BOBHEHCTEMO #H3 @ HA § .
Hawa ocuonHas MeTaTtTeopernHyecxas ranoTe3s COCTOMT B
TOM, YTO TEpPMUHOJ Orya ' padsule-noaxe’ # ¥ges "yacTHHHOrO
HOTOHU KANLHOTS MNprtkHore pospelicTena” spasiorca HEYCTPA
HHMDLIMHW ana ecaxofi remnupansuoil Toupnu. Jlwboe paccyxae=
HiHe © “ppemeun”, o TeMmopanbHEIX MOogendX, O ApACTPEHCTBO~
BpeMaenu, Q6 M3MOPEMNAX BPeMEHHRIX [DOMeXYTKOR - BKIWYa-
eT B ceBy “panbwe-lcaxe”, ABTOp Gpin 6bl HPHIHATENEH BCAXO-
MY KPHTHXY, KOTODLIA Npensdapun Gul pacCyKOS!KEe Q¢ BpeMeHH
Sa He O maeyqHoCcTH), B KOTOopom poBce QTCYTCTBOBANC bhi
padtma-~nosxe” (BosMoxHO, B npeppameHHOl gopme), Ho ecanm
Hallla THIIOTe3& BepHa, TO TODPHA J40M188TCH BCTECTReHHMM NpH—
BNeYb OTHOWSHHS POHA NOPROKS K NOCTROGHEX TEMIOpANLEBIX

moneneil: penk * @ panewe £ *, * £ pasnwe ¢ Y B 06bIg-
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HOM CROopOYNOTpeBMe MK ¥ a8 AOCTATOYHO POACTBEHHLIX CO-
GoiTeii @, £ , €  OpakTHYECKH HOM3GEKHO O3HANAOT, WTO
* 2 pagswe ¢ 7, CpeaopaTeando, “paspme” pricTynaer kax
OTHOWEHHA HOopAnKa, NOHEYHKO, BAY OYeHb PAOHECEHHEIX BU Bpe-~
MeHM CoGLITUI, maa ARHUKLIX Uemodek &, <&, <...< &, < <&,
ngorna ¢AoBD 7 a4, Guno. nprdnHol ons a, * OKaanBAKTCes
COoRepmarenhio BoccMuicneuutmMu. lipaviepoM TOMY - LBRTOK,
pasuapaetislt AHALAADROM MRJINMHOH feT Ha3ah K OxAxapBlluics
npuyHdol #adbpadus apyroro npeargeita CLIA, Kax B ogHOM U3
nacckasop DpapGepd., [lnsm ycrpade MHa TAKEX HECYy pa3UU Mbl
HCHDNUBAYEM OTHOWRHYE JIOKANBHOIC Cl2A0BAHMN, KOTOPLIM MO~
ryT 61iTh ChAdaHul Tonbko BIIMGKHME « » xaxom-—rTo CMbiche -
coborrua: oM. §1.2. HcnonbayeM noxanwioe 3amaRue Hopsaika,
Kak oincado B §1.3.
BD.TGMI‘IOP-‘.}HE:HMﬁ YyHurnsBepcywm B
CBOUX fanbHelltu X pacCy KAeHEaX Mbl OyneM BCeTaa AMEeThH B
sHay #exoropwit TEMIIOPAJILHLIW Y UUBEPCYM, T.e, Hexo-
Topoa Muowxectee U ¢ onMMM HAM UCCKORBKKME OTHOWEHRAME
poa&a HOpAMKE, 3a0AHALIMAE COT'RACHD axcxmomam TK 5 *Y nupe -
pcyM” Xopowea chone anf oGOaRaueHHs TRCEro TOrd, YT0 UMe-
e7TCa B BUAY B QAHNOM pPACCY)MXASHHHM HAM P [ABHOR cUcTOME
paceysnenuilt”s ¥ supepcyM, koHewdo, ecTs JIEPEMEHHOE no-
HSTHO!, YHHUBEPCYMOM MOXeT CHYXKHThL COBOKYNHOSTh BCOX COBLI-
T]il, CAYHYHBWHAXCS H& 30Me, M YHRRODCYMOM MOKET COYXBTh
DOBCE HEM HeBENOMAas COBOKYMHOCTL BCeX COBLITUN , NpOK3O-
wegmdX B TYMAHHOCTH AROpoMena B TOYEHA® HAWErD 3I9MHOrO
XX Bokf, YHABEDPCYMOM MOxeT OHITy M BHOAAG YMO3PUTENbHOS
oGpasoBaiue: MoAenk, yAOBI8TROPAKINAA IaliAesBCKO-HLIOTOHO=
BCKUM NpOCTPAHCTEE HHOBp@Me HHEIM ROCTyHaTaM, Onst Tompopa-
NbBHONO YHHBEPCYMA CYUWECTREHHO OPHCYTCTBHE OTHOWEHHg DOna
nopstaKa,

llpempe Bcero sMmecro “TeMnopansHeit yRusepoym” o roBOpuf
Yrononoruvyeckad kngemartuxa’. Touwree, cuavana s nucan "ro-
nonornqgeckoe NpoCTPAHCTBO KuHeMAaTHvecXoro tuna’, a npr ne-
pepoae@ MOoel KHEIY na AHMAHACKNUHR A3EIK 9TO AAMHHOE BhIpa)e—
Hue coxpatuau (Gen moero semoma) ao “rTonoiorugecxas Xupe-
MATHKAY, $ npuisn ero ¥ panee NOALROBRJICH HM. DedbL B cne-
LpuanbHO MBATESMATHYECKOM TpaxTare He HMeeT 3HANOHHA, XaK
HAJPBATH TOT UAZ HHOM xoHCTpykT. Ho TA&x xak g npeanonaraio
Kpyr uyurartened sToff KHul® Gonee WHPOKHM, YeM MAaTeMATHKH,
TQ 3A8ChHL % fpealoYdTAaK Heilonrl0BaThL AAR OLO3HAWEHHMA TOro
x8 obrexTa Gonee amoumoHanbHull TepMHH "TemnopansHol yHU-
BepcyM ",
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4°Nepsroa TepwuMuE OB B a coqne p-
K aTenwdp i 73 8l ke Hrag, {{ cocTouT M3
CAHOIrO UM KOHeHHONO YAC/Id MHOMOCTER M; y H2 KaXIAOM 3
KOTOPBEiX BBEAGHO OTHOUWEHHE CTPOrOro Nopsfka <: , KOTO-
prie coriacopags! Apyr © NpyToM (10 MpaBMiaM AKCKoMBl TK ,
Hukaxkod gpyroft poam, xpoMe COrnacoRaNMs ROXAGNbHO-IaAfAH
HLlIX “paHblie-nosxe”, corjnacopannd Ha OB X o6nacTax nofie
creus, sxcroma TK ue urpeeT, a akcnoma 1K, rTapasrtupyer
BOAMOMHOCTE TaKOPg cornacopanKkd. Kak punHo M3 TeopeMhul 1,
B LWHPOKOM KNacte Cny4a8eB MOMHO BMECTO HECKOALKHX DTHO-
WeHKHil CTPOroro NOpsafAXa I'OBOpUThH 06 ONAOM—GRHHCTER HHOM OF-—
Houwe HH NOKaNIbLHOTO CMeUUBA&HUL, .

My Oynem Ha3slpaTh TeMHopanLBRLt yHuaepceyM [IPHUYMH~
HOWMIPOCTEHMIWIWM, ecne da nceM ({ 3anasc DaHD @OMHCT
BeHHEOE OTHOUIGHHe CTPOroro NopAgkKa. Kex orMeucHo B §1.2,
rorna i mexomnaxrtno., Mu 6ynem rosopuTh, aTo U TEM-
[TOPA 1bHO-OPHUEHTHPYEMLI yHHBepcyM, ocnu Ka #eM MO-
WHO 380ATE OAHO SOHHCTBEHHOE QTHOMLEGHKHE NOKAALHONC CNefO-
paHns, Harouen , masunpaem (L TEMI[IOPA JIbHO-HEOPUEH-
THPYEMBIM yuuBepcyMoM, eCnu CHCTOMY 3aaaliHbiX Ha Hewm
nopsakos { <; | HeAbaR SKBMBANGHTHO IAMEUHTHL OLHAM OTHO-
WeHreM JDKANLHOI'Y CHnenoBauMi, [lpH nepexone RA BTUPOR -ypo-
BE€Hb M3Y4eHHS, 'He [0S BAAITCH KOUYChI B Ka@caTellbHOM Ipoc—
tpanctae {ocM, §2), 2aTA KOHYChHl B XAxAOA TOYKe MHOrcobpa-
3GHR COCTORT K3 ABYX HONOBHHOK = XOHYC& GECKOHeHHOMANOro
Y [y Wero M NpOWNOro. :pH4HHKEO~NPOCTeRWHN yHEBOPCYMT -
3T0 TaKoa PRANKOe® IpOCTPpARCTBMBPEeMA, B KOTODOM HEe CyulecT—
ByeT 38MKHYTLIX BpeMeHHONOAOOHHX KpubhiX (Bceraa mxoadwux
B OnHY H TY M@ NHONOBUHKY KOHyca”), He CyuweCTBYET iLUKACGE.
TeMnopanbHag opHeuTHpYEMoOCTE HE 2TOM YpOBiHe O3HayaaT,
HTO MOJXKHO ¥y HEKOTORPLIX KOHYCOB TaK {JOMeHAThL HpOomnioe B Oy-
Aylee, 4TO B HTOI® NONYYMTCH HenpepriBHO® H ONHO3HAYHGe 10—
ne NepaxonoR Ha NMpoWnow B Sydywea s Kamnoff Toike mMuorg-—
obpases,

B sTo#f cpsay¥ nogqepXHEM BAMHYK YepTy =Hauel HuTepnpeTa—
unu. B onpepenesuax 81 H nmechb Mul roBopdM “npownoe ans
cobuiTHg A ¥ B T.., HO HHKOI'Ja HE ynoTpebnaeM TepMBHA
*npouwnoe” BE3 YNNOMAIHAHWA nepemenuot & , Opua da Ha~
HEonea paCnpOCTPAHSHHBIX OWHKGOK B OKQAOPHIOCOGC KO nUTESpAa-
Type = Ounep upoeaTtTL chnopoM "npowsce’ umn "Gyaywmee” uin
"sacTosmee” BEJ3 ykassrua napaMeTpa-nepeMeHHoOU: Yyhe Npoul-
noa? HaCTOoswee Ans Xoro? OTa yuupepcanuzauks ( “runocraci-
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popanue”, HesaKohuoe "KonnexTuBupoBaHRHe” B Opyrofl TepMi-
HOJ/IOCHK) J3ATPYNRAST MOHAMAHKS peanLENX npobnemM, KOTODhIe
BOSHHKAQIOT B TOMNOPANLHON TeopHM. MOXHO IOBOPHTE HPO® MNPO=
noe {6Gypyutee) #He opgHOTO COGLITHS, 8 MHOXKECTRA COOLITU A
(cm, 81.4), no pcerna cnose "npomnoe’ MyxmaeTCst B apryme-
HTe “ype npouwnoce”’, - '
AxcuoMa TK_ AoCHT T@XHHUECKUH XapakTep: OHA NO3IBOJIA—

eT CTPOiTDh uaorguume GyHKOMH, KOTOPBMIH MOXHO OTREMATH

YOOpAAOHCHHBIE MHOKECTBA OAKC OT APYIOro AHANOTUYHQ To-
MYy, KAK B OGLIMHO# TOROROTHY HENpepbLIBHLIMH (yHKORAME OT—
RGISIOT ORHO MHOMECTBO OT APYralO. B aToM CMAIC/Ie QHA CO-
OTReT CTBYST AaKCHOME PaTryNspHoCTH, XOTA HUEOrL& O HA 3aMEeHS~
a7 aKCHOMY HOPMA&ILHOCTH. H(s T}(a crnegyeT, B 4aCTHOCTH,
970 ecnu A = Ae u B=8 CYThL 3AMKHYyThie ¥ HeNepaco-
KARIHEeCH, TOo Ha (L cCywecTpyeT HeOpepsiBHAN HEYOLIDAKWAR
pewecTeennas gyaxmua §: U > [0,1] |, nax xoropor £¢AY=0
u -§U‘?g) = { . Bnaropapsi akCHOMe ’E‘Kg ycnosua p e ?,'j" "

g € P~ OKasbIGATCH PARHOCHUNBLHBIMH, I TJl, CAobom, ©OHA
ofneryaaT Hay4eHne,

Axcuomuol TK NOJBONSIT MLICNHTL 06 yHUBepCyMe

(U ,§<.}) wrax o ronomoruyeckom mpOCTPAHCTEA, H B STOM
CMLICN® ol dyhpemMeHTanbHbl. B HMX CYTh Hawed pedmuuunu,
Benap Taxoe noaponeHYe O4YeHhL BAEXKHO, NOTOMY HTO Boobuie Io-
BOpA B TEOPEH MHOXOCTB He NPHCYTCTBYeT Tononords, Cpenu
BCeX MOAMHOMECTH 2 MuoxecTsa W anpuopu HMKEK He
BLIAe TEHO HHKax0e® cemellcTsO, sapnapsumee 6y Tomonoryia Ho
Gnarouaps Hanuwulo nopanka £, 4 6aaronaps BuIGpailH bib
8KCHOMAEM, MBI [OJdyuaeM IpaBo B nankbHefuwen padoTarh He
npocto ¢ (L wmi ¢ (u-, <.) ,nmoc (L, T ), 1@ © TORO-
NOTHYECKUM APOCTPAHCTEOM., IpefoBanka, 4 106nl HRTEp Ban Guia
OTKPBITHIM MHONECTBOM - OYeHb CYeCTBeHHOe TpefopaHHe,
HeTpUBKANILHOO u ynobGxHce B pabotTe Tpebobande, B HekOTOpPHIX
AnbTEPHATHRHLIX NOCTPOEHEAX TEMIOpDANLHLIX MOpenell padoTa-
10T C JaMKHy ThIMH OTHOmEHHAME nopaaka (T.e, B OcHOBY kna-
AyTca oTHowenus epoae 9 € p* )., Torna takue 0GBeKThi,
Xex mHTepsan, byAymee® TOYKE ¥ T.n., He OTKPHITH, 8 3IAMKHYTH.
Ho # Tam npuxopuTCcd 8B0oAUTHL @Hanor Hawero TpeGOBAHUA OT-
KpLITOCTH, HANpUMep, 8 Takofl dopmynuposke: "BuyrpeHHoOTH
uNTapbana He nycra’, [lotne »TOro NpOCTHM NepeonpencneH|-
€M OTHOWOHMA NOPARKA YCTAHABIKBASTCE SKBHBAMGHTHOCTbH 0oBa-
HX NOAKOMOB, LCHE Xe NOopHAOX 3anaH He "¢ macoM”, a, Ha-
NpUMEp, TOABKO HA rpALRUNE MHOXECTRE HNM [AXKEe HA Gonee Go-
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raToM MHOMGCTBE Mepbl HyNh, TO HHYEIO XOpoWere He mony-
¥ACTCH; ACKABAHO, YTO TAKMe® Qa80aHMM He CYUuleCTaeuHnl nns
TeMnopanbRod Teapud,

Axcromamy TK HCXAKHAIOTC S 13 PACCMOTPCHHE T@ Ha—
HPABNQHAS B TeMIOPANbLHMX TOOPHAX, B XOTODHIX OTCYTCTBYET
HeorparRHde HHAA ApoOHMOCTH HHTEPBANA. ECAH p < L -, TO
scerna HAareppan {p, 3D He nycrt, T.e. AMeeTCd ¢ NpH

p <€ *<q. UcKmodaTea TaKXe T¢ HanpanileHRs MbICia, B KO-
TOP&EIX AonycualoTes Tkpoduue Toukm’, T,8, TaKHe, 38 KOTOPLI-
MA HUYENO HSe CrHefyeT HnH KOTOPLIM HHYero He upenulecTByeT.
Hcxmouaoren cakke Te yanpasfeld s HCCNBLOBAHNH, B KOTO-
PBIX OTCYTCTBYCT npenensivii mepexoa - y Hac Ko BCAKOil To-
4Ke MOMHO NORONTH HeNpepBIBHEIM lIpeie]l bHRIM Tepe XxonoM H3
e@ IPQUWAQNT'O MAM M3 e Gyaywerp . Huckonksko onpapasdHbi
Takne oTceueuya? He akaw. Hymewn, yro rieedbiM XpliTepuem
30eCh MOMNET CRYMHTL NHWB KanT}IBHO*BHCﬂﬂHK&THBHﬁH CHIIa
Teopufl, & £ He 3HAKL HUKAKUX 6OTaTbiX M/MIK COREpRKATElbHHIX
MOOe o, B KOTOphiX HaApYWE/HCh Ob1 AKCHOME TK » Hapywma-—
NHCB Obl MO CYWACTRY, 8 lie BREWNHS, KOrnA TPOCTEMM Ilepeorpe-—
neNeHEeM CHE BOCCTAHABMRAI0 TCH,

B mawed uwaTopuparTapu# @ <&  IOINMAOTCH KAK BO3MO-
¥HOGTSL NOBNUATE HA MPOHCXO4AWee 8 6 B3 @ KaXuM~—iH-
Gy, "MaTopHanbHLIM Bo3gelicreuem’, 3Ta HE BNOIAHS YHAYHAN,
HO PGONPOCTPAAEGHHAs TOPMHHEONOTNHI O3HAYAST, YTO MOMHO No-
PEMECTHTL HEHYIRBYW MACCYy NOKOS B3 < B £ . A orno-
mwenne « € , T.e. £ a” HOHII MAETCHA KAXK BOAMONHOCTH
off:} upeqene' nophuaATs U3 @ Ha € , MOXRT GblTh, M TAKHM
HHPOpM ATHRHLIM BO3NGHCTBHEM, Kax Taaanepmava, 3anuck xe
€ ¢ da* ozuauaeT, wro s @ » £ poxoguT ceet {paauc u
Ty}, HO HE NYNs, HH NeWaxop, HE pakera He focTurayT €
poienwn *. 3 a . (Bo nabexanune HenopasyMOHRT HAMNOM—
HEM, 9TO CBET OKA3pIBAGT [ABACHHE HA TeNa HeHYnesoll Mac-
Chf H IEepeMellaeT HX, HO OHM HepeMemAalTes YHKe CO CROpoC-
Thio M@HbUeH cBeTOBOH.) Haxodea, poaMmoxHe CuTyag us
a.# fhEfa (um afl & €¢a npu nexoropnx ynopa-
noYe HHAX), PO KOTOPYIO Mbl GyneM TFOBODHTH, YTO COGLITHHA O
u £ AXPOHHH, Ecnu MHoxecTBo A Taxoso, uroe mobag
aro napa TO4eK axpoHHa, 70 6y gsMm Haonmpare A AXPOHHGLIM
MHOXECTBOM, Ero aneMeHTsl, B-3daThlie cami no cefe, xax
661 nexar ‘ade Bpememm”, HO CBs3adm APYT C ApPYKKOl HEKA-
KMM NpPUSAHYEIM EDJAAGHCTBHOM, XOTH 6Ll NPOKeNbHBIM.

He BTOpOM YpoORHE pacCMOTpeOHNA, M6 Y HAC HOoAPALTCS
ROKTOpPH!, KOBEKTOpPHl E Mp., HASDAHKOS pAas3NUYHe Mexiy @ <&
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a<§ + Fe€da*t n m,{é’d,f#a CONpPAXRHO C apy-—
Toil Tepmuxonorked, lobopat, 4ro pektop X EPRM @HHOT 00~
Gex, ecnn * X pxogeT BO BEYTpL KOHyCa O“ c TM .XEO 0
Fosopsar, uyTo mextop X  xayaaned, ecnu )(e op v, . Poao-
paT, ute X cpeTononoGeH (xmn Kynapofi}, ecnu K307 u?O

Taxum o6pasom, koayc 997 , 1.8, g.XXx"=0 , HBBEBA~
wr CBETOBLIM E\UH}’COM TOBOpsI'r, sra X npocrtpancr
paaxonanoGes, ecau X £ 0 OP » JTAa TOPMHURONOIRHA

BCKDbIBAGT ncnmnoruqemcym CBR3b MOXAY “upocTpsHOoTBOM” M
"axpounocroo”, Te cobumrud, KoTopbie PACHONOKEHH B NPOCT-
paicTee, MBICAATCR Kak Gpl “onsHoBpeMerHmMHY, T,e, He pasznH-
ranuumucs B Xpodace, Ha 3Ty TOpMUHONOPHK MOXHO BAHPATL
YHCTO MATEMATHYECKH - CHCTOMAa TEeDPMUHOB, H3 KOTODLIX HMKAE-
KOMY He ApHOHCHIBAZTCH PEAnLHOTO COAEDMAHHSA: Iae moboi
TOPMHUH MQiKHO 3aME@B¥Th (OpMYNOi: Xopouwo peGoTaicmast CHC-
TeMa TepMUHOB, MOxHO B3EDATE KAK HA CONEDXATEALUY®D HH=
Tepnperaurio, Ycnex GU3MKd 30eCh CBA38H ¢ TAYGHHHHIM 06va-~
ORHeHHeM O©OOHX BO3ape Hii,
Kak yxe BHAHO M3 NpHBefCHHLIX B 81 npuMmepos, QnHO H

TO e MHOKECTBO MOMHO YNODALQIHDATL NO-pA3HOMY. JTO pa-
annuve YNOPAMOHHBAHMYH yHuBepcyma - camoe paxcHoe ¢m-
NOCOPCKH ODCTOATENLCTRO. I 3aBHCUMOCTHE OT TOrO, KaK yiou-
PABOYEHOMHOMECTBO, OHO MOKET OKA3ATHCH TOM, YTO Mbl HAw
3nBanyu "HLIOTCUOBON kxupHeMarTykoil” ummm “ailBuTeiHOBON Xdue-
maTukoit”, 3gech UeneCoob6pa3HO IrOBOPUTE He O "KuHemaTHKAx”
a o CNOCOBAX YNOPANOHUBAHUL, ¥Ynop novenue Moxer
GulTH HBLIOTOHOBLIM, MOXeT OblTh ShHWTeHHOBRIM, MOxKeT ObTh
e TPOThbHM, YETBEPTLIM,.. D NOCASOYICWUX TNAaBAX Mbl JIPOC~—
NenHM, KBK BapHMpYOTCH AONYyCKAIHe COReRKATENLHYD HHTe-
plpe Tausl TepMHHbL! NPE PA3HEL X YNODARO4YKBAHHAX, B cpasu ¢
aTHM BCTSET meTogHHeckas npobiema HpocTOTbLl=-RORATHOCTH,
HapecTHO, 4TO NMPoCTOTYy-yaoGCTRO MONHO NOHUMATH B QBYX
NpOTHBONONOMKELIX CMuCHaX. [IpenmeT MoweT 6unThlIPOCTLIM
B OBPAUIEHHH, NQJ/T b3OBAHHWK, = HO BechMA CAOXKIBIM IO
jyerpodctsy, ¥, Hanpotus, npeaMeT MuUeT GhITL NPOAGILHO
NPOCTRIM 11O yCcTpolCTRY, HO HOBCALYEOC HENPOCTO HM NONL3IOBA-
tecs, Hanpumep, Taxoso paanuyue MexKAY 3NGKTPOAPSAbLIO M nNye
GUHKOIt, KOraa Hano chenaTb OTBepCTHE B cToHA, MEl HAYHEM
CHO8 HINOKEHHe C NPOCTeftIHX B HUCIOALIOBAHNU TeMIOPAILHLIX
KOHCTpyKunft, T.e. *c snexrponpens”. Texopumu 6ynyT "HpHBO-
AMMBI® K NEHeAHBbIM Cn 0COOW ynopsamourBaHua”,
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Fn.2. IMHEVMHO-YTIOPAQOYEHHKE H CBOAHMHE K
IMHEWHLIM  CTPYKTYPLI

§4, MTUHEUHO ~YTIOPAROYEHHOE MHOXK BCTBO

+1° Nausettno ~-yQopaooeYeHHO® CTp o
FTEM OODSHLKOM M HO X ®@<CTa 0, losopar,
yro yHupepcyMm (U, <) o ¢Tporum mopankoM <  JIMHEW-~
HO-YITOPAROYEH, ecmn Vr,;eu x<Yvy<cxvx=y, Bo-
ofuwie TOBOpsi, TAKKX MHQMeQTB MHOro, ropasgno Sonbwe, Hexe
MH HYKHO B TEOPHH OpPOCTPAHCTBOBPEMeHMs Axcmomu TK H3-
GbITOYMKLI, NTOTOMY YTO ¥ H&C OOHO SAHHC TBEHHOE OTHOINOHHA MO-
panxa, Akcuoma TK_ B enydae sauiefiHofi ynopsao4eHHOCTH BhI~
BOAMMA K3 AKCHOM “PKI o B cuny TK o HaWe JAUHERHO~YI O~
PANCHOHHOS MHOXECTBO CRABLIBAGTCH rbidnornueckum npocTpa—
HOTBOM C H@ UCKDPATHOH TONONOrmesl — aTEM YXe Pe3Ko Cyma-
8Ted KAAGEe AQORYCTHMBIX B TEMIOpas bHO# TecpUn NRHGHHQ-YII0-
PAROYGHALIX MHONMOCTBs Cneflyomell aKOROMOR ML QLI® IHAUHTE—
ALHee CY3HM STOT KIS0C,

TK_.» HuTeppannuast TONo/Aor¥s HMeeT cYeTHyw Gazy.

B hpuHGUDNEe MCHKHO OTDOMTL TEMIORAHLAYI TODPHIO U ANS
HecuweTHRX 683, Hanpsmep, MOxHo 3a [ RprHATHE Tak Hazsbld
BaegMylo "MIRHEY® npaMyi”, ©Ae Kaxaas To4YKa EMeeT OKpecT-
g0C0TBH, roMeoMoOpduyw BewmecTBosHOR mpgmolt R | mo ncd
COCTOMT K3 BOCYETROID MHOMESTRAA TAKEX ApaAMbIX, NOCNeaOBA-
TeNLHO DPACNONOKeHHEIX, HO GopMynupoBKE nNOCHIAYIOMX YyTBep~
KABHMRA cTand Gnl NpPH STOM HE HeUKONbKO NOp ANKOB 0608 1po-
MO3AKEMU, & Mol XOTHM UPOHACHHTDL CHEUNGHKY TOMIOP&NLHOIC
yHEBGPEYMA, KO BIAABAAGH B I'DOMO3AKYI0 BCROGIRHOCTh,.

Ha axcuom TK herxo poXaamiBaeTed, 4Te Ha (W, < :T)
MOXHO BBOGTR MOTPHAY, ©oriacopanuyio © nopsakom (ecam
X<y« 1o T(xH=7(xy)+t(y2)), a Torna (U,T)oxa~
SMBARTCE INOMEOMOPPHO HEKOTOPOMY MOAMHOKECTBY REMEeCTBOH~—
HEZX F80en, [aGn! HCXNOWHTL BCEKHe TONONOTHYSCKHe® TepaTono-
I'HM, Mk PBOLHM €8 ONHY aAKGHOMY, HpHYeM JOpMYyNUpyeM ee
(xax » npeamnyuryxo TKB) B TAKOM BHAE, NTOBL OHA COXpAaHsi-
na OMBIGA M 13 ©Ny4HAeD HOJIUHARKRO-ynopaAOMeHHBIX MHOXEeCTR:

TK.. ¥V acaxoft pPE€ U ecrn QXPBC THOCTS V4 Takad,
9T .u—;m MoGrIx :c,jcVnpn' X <y uarepsan {x,4) coasey,
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3T0 "noxanbHAg KHTepBANRHAR CBAaHocTh”., Ha nee cae-
fyeT, 4TO BCRKAS TOMKA p NHHeRHO-YNOPHROYSHEOT'O yHHBEpCY-
M2 HMEEeT OKpeCTHOCTh, NOMEOMOpPHRYI0 OTPS3IKY BOIEOTBOHHLIX
yucen R 1 dubivE cnomamu, (&,<) oxaswmaeTcs onHOMep.
HEIM TONMOMOPMYRCKAM MHQroobpasdem 6e3 rpasguHLIX TONEX H
BETBNCGHUE, (03 BHIOPOWEHHKX TOYEK,

Kaxie nH-TopnpeTAUHOHHELIA .A0BOLLI EMOIOTCH B nonbsy cpa~
38O0CTH? Ecnaun SelndTeppan 65lA HECBHA28H, T,8, PACH agancs 6um
B O0BONMAGHRE HONPPECAKADUWXCHS OTHPRITHIX HoAMHOXecsEs IR ,
TO Mul flony4uand Bel HegooTpaTCrBHe onpegeneluesiM AHTYUTH-
BHHM TIPELOCTABJIEHUAM, xora JOTMUECKOTO NPOTHUHBO-~

PEYHHSH ne Gunno 6bie Hanpumep, Ha4qusas ¢ coburog & , Mu
Haux Gbl BO3PACTAIOWYO NHHENHY® NOCNAROBATE/NLHOCTH
a=a <, <,.. <, <. .. » KOTOpas He KMeeT HOCAeAHero

97OMOHTA, HO BCE TOYKH 3TOR NOCHONORATENLHOCTH OTpAHHYG~
st ( “CnyyawTos passwe, ueM”) cobGurrueMm £ o TOYKO TaKkKe
ua & BLIXOONT Y6BIBAXAS AUHENHAR FOCIe I0BATONbHOCTh

<8 <. . <€ <cE=€ ,xoropag Mo UMEeT CAMOIrO paH-
HeT'0 2HEM@HTA, HO KAMAAS TOYKA HA KOTOpOoll CnedyeT He TOMh-
KO 38 & , HO # 3a BcAko# @, . [Ilpy o9TOM HASBAHHMKE TOY-

KE MOrYyT GbiTh B32Th CKOAb YI'OARO NAUTHO, JliEefBO—ynopa-
poveHHBI YHRBep8Y M = 870 "YHCTAas ANETeNsHOoTL” no Bepr-
COHYs JITO ~ BOIMOKHOCTE MLICIGHHO NEPEXONHTL OT CoShmua

X €06ef v “nocneNOBATENBHO RO Bpemesu’, 3TO TO, ITO HHLE
punoeodrt AasnaloT “BpemedeM xak cyboraunzei”. BoaMoxHe
% "npopanu”, "nmput” 8 "aucroft paurmennuocTn’? Kyna nesa-
Tcs "B npenens” cobniTHS, MOHOTOHHO BO3PACTAIONHE H OIpa-
HAYEHHLI® CBEDPXY — YXORAT B Roaceasaude, 4To nm? QyMarts o
ERX Mbl GOMMCAR, 4TC JM? [lo—BummMoMy, OTBETH Ea n0oAoGH:e

BOMPOCH! 3ABKGAT OT OTReyawmero cyGrexra. Ho ana Sonsuwmkn-
¢Tha MCCNenopa”nll npocTynaer, Bpoxe Ony, Takaa TOYKS 3pe-~
HUS; @CNAM RO3HA KAGT kKaKaa-nabo Taonipa’, *dHeepasnocts”, “Ha-
pylue Hue RONPOPHIBHOCTHY B NuUHSNHONA ANMTEABHOCTH, TO HTH
aupu” u "HeebganocTR* OBA3AHK BHTL YEM-TO OBBAC-
HEHBI. Quu monxnu "umern JpAYuBY”, "SbiTh MOTHBHEPOBAHL-
Me®, “umvers ntponcxoxnesue”, Takum 0BpazoM, METATSGPETH-
YEGKEMH NOBOAAME B NQIb3Y NOCTYNaTa NOKANLHOU KRTepB&ib-
HOIl CBA3BHOCTY CIYXKAT RHTEDPNPOTRIMOHHLE €000 pLxOeMHA, 4 He
coobpaxes i TeXHHYeCKUR, aninepaTHO~MATEMATHEYOCKNS ~ IO
kpaiigefl mepe, nna coyuyad NHHEERHO-YHOpPARZCOYOHHOID YHMBOp-
CYrM &8,

C pHIoCOdCKH~HUTOpRpe TANHOHHLIX NO3RL At Bemanopaxyo,
Y¥TO B PACCMATPHBAGMOM NHHBHHO~-YHRCPROOUYOHHOM Y HRABEPOyMSe
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weT Hm “Havana” @@ “koHua”, T.e, oH “Heckomsuen”, Cam
YHHBSPCYM BRIPAASHT "HeOPPaHHUR HHO palAyTeM KiuTeppanom”,
Hmenxo, nycts (u.‘P]J < i , a cobpmrue PGU. NpU-UI0L=
N0 NpoM3BoNkHD, MMubL 6 £ 4 p . Torna no nuueinod ymo-
PHABOYEHHOCTH AubO p € du‘?) mGo xe p<a , B nocnen-
HEM CAyq&8@ MOXHO PaccMoTpeTh Gonslmii nuteppan {p,€), K
KOTUopOoMY ObiBIAR HaYanbHAR TOMKA a 2 OTHOCHTCH Yke Kak
BHYTpEHAR TO4YKA., ] 48K KAK ¥ BCIKOK @ ©CTh npeadlecTBYIO-
mas, To "npouenypy pasiybaHMa BHH3" HUTEpPBATAL MOKHO MPO—
ROMMKATD HECDAHWYGHHO, A TaX KAX YHMBEPCYM RUHCRHO-YIOPS
IONeH ¥ UMEeeT CYaTHYK Baay, TO Geapasniyio, € KAKOTO HMC-
HHO WHTEPB&AA Mbpi HadHeM “pasagymaade”, "B npenene” Byner
COHO ¥ TO K, oaHA "BeCKOoHedYHOCTH BpeMOHd B npowsoe’ .
Aganor‘nqao H ang Gyoywerao,

2., CTpyYyKTYDP U H a ‘BpewmeoeHn c a-
M O M o o cqg 68" Kax mul Bupens, Ha (G-,d) BOS—
HHKEeT CTPYKTypa BeeCTBeHHAIX YuGed. Ho nozwapaTenmHo
CYLIOCTBEHHO, 4TO 3Ta4 CTpYKTypa sapaeTcs C TOYHOCTHIO
L0 romeomopéuaMa (T.¢, TOUONOTUYOCKH), ['oMmMeoOMOphuaM celt
uagToHHLi, HO sce~Takun on HE COXPAHAIET anreSpawueckoi
CTPYKTYpPHl BeWleCTROHHmX Tucesn., HMarepeany {«,€) uenwas
NPUNHCATL HHKAKOIO 4HCIA, TAXK CKAasaTh, “Mepu BRTepBana® -
naxe ecny Toykam @ ® € npHrKcasm uucna . H Ee
llpg ppyroM MaoTOHHOM IoOMeoMopuaMe YHCIA %, 4 Qg by~
AyT COBODWeRHO APYIHMH, COXPAHMTCA AN:bL 9, <Pp , CMU

E <&, Ecnk («,6) u (p,9) cym nea Henepecexaw-
MWUXCH MHTEPBAAA, TO HeNbag CKAa3AaTH, "PAaBHL” AH 3TH AHTep-
panm, Kaxkolt #3 mHX “meHbnule”, xexod “Sonpwe”., Cpaphusarke
MOXHC TOABLXO TE HHTAPBANE, OOHH H3 KOTOPbIX U @IHXOM COO&-~
pxuTCH B apyroM. "Jluueidxu” nna nepeuwecexust "o bBpemeru”
“OpOMEX yFKOB BPeMOHR” - HerT, JlndellHo~yngrapodeHH il yHMBE
pCYM COTb HeyTo Kpalius THExoe, NONyCKawwee TAKHe YHCAO=-
Bh® NpPeaCTABNCHHA, HNPH KOTCDHIX HE TONbKO HAPYWAeTCH BENh-
YuHA YHCRR, HO NAXEe KOHEYHO8 HHCRO MOMOT 06paTHTLCH B Oe-
CKOHeHHOCTE — Bonb yucnopoil orpesok (0,!) uuyeM © Tonono-
IHYECKO! TO49KH BPEHHS HO OTNMYASTCH OT BCell YmCnomoll mpa—
Molt (~eo, ®e) 3 0 nocmepeTRHAxsTOrO cM, §5.2 n §8,7. Ha-
xakoli “kodrpyestHocTH” y "npemedHHmx IpoMexyTKon® noka
Het: om, §8,

Ha (W, <) MCKHO, NONLAYACH NMHHEHHON YIopdO0YeHHOCTRK,
BBOCTH Tp 8XMOCTHO® OTHOwoHHe “Memny” Iopopum, wto § me-
x*ay o u C , ccng a<f<c wim ¢ < & <& . amerum,
YTO GpH 3TOM HeoGxoaumMo o < € uaw € <4 , [IpugaTo oGo-
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JHAYATL TepHAapHOe oTHowedwe "Memay” CitMBOIOM afc . He=-
TPYOHO NPOBEPUTH BHINONHEHHE CHAEQAYWUIMX CBOHCTB 3TOro OT-

Hole gl a:

wfc = cfa s __(4.é.l)
a.gq = | £c @ » {.4.2.2)
abc & adl = adc (4.2.3)

a e &a.o{c = q.dbav fsdv é)c/c ’ (4.2.4)
asfhPrcharc B abe véeaveal 4,2,5)

a % & =7>3c ct.c'g‘1 (4.2.8)
o =+ £ ”'?PEC,CJ caf&cr.?a/ . (4,2,7)

Bepuo u obparnoe. Ecnn @a mHoxecTBe U aAan&aHa TepHa-
pHOe OTHOWAHYe, YnOBieTROpalowee dopMmynaam (4.2,1-7), To
nMoxHO ( MBY M8 NpOTUBOINONONHBIMH crnocofaMi) seecTy ua U
oTHOmeHHe cTpororo uopsaka &, npuieM (U, <) oxamerT-
Cs RUHeHHOwYNOPHAOUeHHUbIM. IpeaoCTapNaeM 9T0 KaK yapaxHe-—
HACG YHTATONIO,
Bo.nuHeﬁﬂo-yncpanoqenuoe nox a-
b H Bl M cCnepfpoBEaHHaM M HO XX @CTBE D,
[as CnywA’] NOKansHOPO CIeHOBAHHA -  YC/AOBHE Vx\;g, 2 P d
= a:-é; vysx Gpino Gui OBpeMeHIITENbHO: MLl HE CcTadeM 38
nepUBATLET Ha NofcHeruld, moyeMy, HHTaTens, CKIOHHBLI K
nepauwTHaMy, caM 6ea Tpyna obHapyxNT HeynoGCTBO TAKOre Ol
pensnesns, pacCMOTpeB, HANPHMSED, OKDYXHOCTb, [O3TOMY Mbl
QUpPeneIuM NUHaHHO-YNopagoyeHHD9 Mmmecraofds-%) ABYMHA

},Ii’nﬁjﬁlfﬂa}fizf-i(@p p=a &p-ef\ﬂp a.-ep&f-ep)@ =& v b= q_),

AYM,,. gqgf#Hfaﬂ: @ =a &a.n=€ & (ur.u_’-i a va, ~ q,“_’) .

[leppoe ycnopua cGecneunpaeT, HTQ NOKANABHO Mu HMEOM
neno € NHHeHHO-YHOopPsA04Ye HHLIM B OBBIYHOM CMLIGIA MHDXECT-
BOM, I3 YACTHOCTH, €Cld - QCTh OTHOWEHHKE CTPOroro 0o-
pagka <, TOo JIYM_ comnageeT c padee A8HHLIM onpeae-
neHneM., Hukaxux BeTBAEHKI, OTKRAOHeHH B cTopouy, GHdypka-
uuit noxanLHo He  foflyckaeTcs. Bropoe ycnopHe GoOTBETCTBY-
ar axcuoMme TK_. u moxmiogaer cutyaumoo, npi KOTOpPOR MOIMH
OLl BOGHHM RHYTL OARE Hal Donee HHKAK HE CBE3BHHLIX Me@wAY CO-~
6ot MmHomecTs. Halpumep, gne napannennHne APAMEE, HA KO-
TOpHIX HA KAMAON BBeAGH CBOR IIOpALOK, & BOT COIAGOBAETH
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HOpSOKY HA PA3HEIX NPAMEX Mbl nDoaaBeind, [Ana rcknouenus
Taroil HenPEATHOCTH H BROAMTCs /1Y M, cornacHo KoeMy H3O
BCAKGIl TOZKM MOXHO 110CpeACTBOM KOHe4HOr'o 4ucla WHTepBA-
nop pobpeTscs [0 ka&xaofl Touxkm, Tak Kak kKaxasit gETepBAan
JIMHEQH B CHNY H.YMI, T0 06eClledHBAR TCA NHHeRHOCTE BCETO
(U <) .

lnaBroe paanwune Mexny AUHEHHO-YIOPAAOYEHHLIM B CMbLIC—
ne &£ MHOKEGOTBOM K NHHEHHO-YNOpPHAOYBHHLIM B CMbICHe —
MHOKECTBOM B TOM, -4TO OHH, BOoOBWE rosops, JOMOTOITHUE-
CKH PA3/IWYHLI, Bropoe nonyckasT saMKHYTHIE  UEHOYKH,
nosTomy (U  — ) MoxeT okasaTLCs HeonHOCBa3HEM, HeTpyd-~
HO yGepKThLCH, MTO NMPH BuManHe Huu akcuoM TK nag
ymusepcyma { U, ) ocranTca e BoaMoxHOCTR! b romec—
mopger nubo /R' , nubo oxpyiHOCTH S‘ (¢ R(modd)].

Ha 6asae ~—{ smeaeM apa oTHoweHusi, OnHO RBYMeEGTHOS:

alf &> a<fvl=ava=E€, (431

Ono uuraerca “Touka « 6auaka rouke & 7, Ilpyroe Tpex—
MECTHO8, HASLIBAOMOO MONpexHeMy T OTHOWeHUeM Mexny’, HoO
onpepenaoMoe He 4eped a< f & f-<¢c + & SYTH-UYyTh TOHL-

. aEc L & (g‘é (q,c> v é’e «C':q)) . (4;3.2)

HeTpyanso nposepHTL, UTC TOTAA B NRHOHHO-YIOPANOYEBHOM YHU~
BEpPCYME (U.l—-{ prmonaaoTes (4.2.1-4) g {(4.2.6-7), a Bmec~
o (4.2.53) #MesT MeoTo: :

atC&bac et §alf§llcle|a »ale vécaveally 4 a

Kpome Toro B NUHEQHHO~-YIOPSLOYH@ HHOM yHnsapcyMa(& ,-() B bf=—
MOMEANTCH CReAylouwHe $OpMYynbss

wbc = olc | (4.3.4)
abc fabd = &|d , {4.3.5)
cxfdylabyll=>xly . (4.3.6)

3amMeTUM, YTO NPY HANUIHH IaMKHYTON uenoukKa ~<a < <0 <&
BeCh NHHSHHO-YNOPAROWOHHLIR YHHBORSYM OKA3LIBASTE? KOMIAKT~-
HeiM, & NOTOMY HEBO3IMOXKHO, ytobu (L =a’va vatxorn anst on-
Holi Touxu @ € (£ . Benob o~ va va® HEXOMHAKTHO® MiIOMECT-
BO, T10aToMy gnR sesikoit a € U wajigeroa a ¢ , € ¥ a , xo-
TOp&ad He CRA3AHA C O HH OTHOWGHUEM @& ~< & 5 HE E—X & ,
n0aToMYy, Heposmoxuo ] & [Ja , OaHako Taxkyw Oapy TOYex B
OTNHYHE OT Cayyan CTPOroro NOopsika HeynoGHO HA3LIBATE "aX-
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poHroit”, 3r1o NAAEKHE apyr or agpyra touxk. B manoii oxpe-
CTHOCTH MX HOT,

4°.Tpn BEe@pCHH 1 0KaAalIbHOHMH N p H -
UM HHOCTH, OTHOWesHmE ROKANLHOTO ¢nenoBaHud, Kax
CKa3 M 0, HHTepIIpeTHRpYe TCHd HeMH KaK A0XanbHAA JIPHYHHHEOCTH,
Kor'da NpHYMHHAS OSYCROBIGHHOCTL HE MOXET TIpPOCTHpATHCSH
ouenb nanexa”, Tepmuu "ouens ganexo’ ynoTpeGneH apeChk B
Ka4YeCTESHHOM CMbIcAe, UBO Benb HRKAXRMX MmacwTafor, AnHeek,
Mep, Hagop -~ Y HAC elie HeT. [IPOCTO eCiAH B ciy4ae CTpOro-
ro nopagka “pasngypaure aMTepmpana’ He aHano rpaumu ® ‘B
npepenae” ®a NoCneaoBaTeNBHOCTH OBBAMIICHIMX HETEepAAaloB No-
Aydancg pech YHHBEpCYyM: - B.C/y1a4 [OKANLHOTD CNeAORaHHS
TAKAM CYNpaMyMOM HHTEPBRANOB SBHTCH HEKOTUpOa 3aMKHYyTOoe
MHOMBCTBO, Y8 HE okazsiBaiomaeecs HATepsanoM (ero Kosnamu
6YRYT K&K pPaa RIaRMHOfANeKMe TOYKH) H HO NOKpLIBAIONOE BCEe-
I'o yudpepcyMa, BaagMonelcTPUA MEXAY HA3IBAHHLIME KOHU&MH,
napod panekKEx Touex, - HaT, - Bactal Moero RACCHNA -~ He
MO paccan’; - BCHOMHEHARTCH CpEAHEBEKOBOA NpaBOBOS H3pPe-—
tenne, CaM yHABQPEYM MOXET COCTOATEL H3 HECKONLKMXE TakuX
MHOXECTB, ¥ TYT OTXpPHIBAIOTES TPH BOIMOWHOCTH.

[lepBas ¥3 BUX HaHMeHee HATEpPECHA MAaTeMaTHieCKH. JloKa-
MbHOE CNeaOPAHME MOXET SLITEL 3anaHo Ha GacKoHe4YHOH NpaMod ,
rRe HAT PAMKMYyTnX uenowek, Hanpumep, ma R  mmomum —<

YCIOBMBM

x——-!\a,:dﬂo'ig—x-<1 . (4.4.1)

Torna HETEPNPETANKOHHO NPHYMHHCE BosgelicTeue Kax Obl "HC-
TomaeraR”, "wccakaer” 3a RPOMEeXRYTOK BpeMesy eaxuuua . Ho
HEYTO HO MewaseT NepecipenelidTh 3NECh - Ha CYp arHH no-
pPRAOK < 4 MNONOMHBIUK

x<y v L, x,=x dx,=y 5:(""‘ ”*xu-‘*x")(q 4,2)

Benh B nepeuuynoM —< HeT 3aMKEYTHX UENCUEX, NO>TOMY (Jop-
Myna {4.4,2) xoppexrHa X Ra@T AHTECHMMETPHYHOE TPAHSHTHB~
HO® OTHOUGLMA,

[Ipit ATOpPOX W TPeThell BO3IMOXHOCTHX yXe CYHeCTBYOT
3aMXHYTLHI® UeNOYKM, iosrToMy ¢opmyna (4.4.2) Henpumewuma,
¥ — Ho ynaeTcs cmecTH k "yKopaumsaomemy’ <& . 3Ta
BTOp&A RO3MOXHOCTL pes/lHayeTes MpAMepoM, Kolna Ha oTpea-
ke [Uaéq IpH OTOXACCTBNOHRA NO Moaymc 4 Mpl 3a38eM DTHO~
WGHHE -~ YCIORHOM

x-zy.:ﬂBKGA/H;'efP §-=x ""9’“?!&0(?,‘:!' (4.4,3)
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Cenn npy oTCyTCTEHMH 3aMXWYTLIX UeNOYeK Mip, [pybo
rosops, npencrasasiercy kak BHEPA, CETOIHA, 3ARTPA,
TO NMpH Hanuyid UX Mup cocrouT ua BYIEPA, CEIOAHSA, JA-
BIPA, a taxke ¢ we NOC/EIABTPA, xoTopos MoxeT RO
BcaM cosBnanats ¢ [TO3ABYEPA, lNprunsuoe noapeiicTeue B
3TOM NpUMepe, Kax H B3 (4.4.1), no-npexuemy "ucromaercsa'’,
vracaer” wa oTpeake AnnEn enumHuna, 20 B {4.4.3) noarnge-
TCH HeyTo HOROE, Yero HaT B NepPPOM, BACKOHaYUOM, ChAydae,
MoxHo sBaapaThCa BONpocoM O “naRHe” BCEro 3aMKHYTOTrD
BpeMeHH, XOoTA Macmraba no-npexHemy Her. ''Hnuea" Moxer
BLIPA3NTLCH Hapes HAHMEeHHLUee 4YUCNIO OTPe3KOoB, KOTORLIMY
nokpeiBaetTen "pcé ppema’. 3aeCh CHO DPABHO HeTLREM, MOWKHO
AOKADETh, YTO QIO BCEl'la #He Meunme asyx, Kax 6u Bo3dHKa-
0T ectecTBeanxe “spnt”, Tsnoxu’, "s0Hp", X010pLIS, BOPOUEM,
nepexonar oaka B aApyryw (ChaMeTHO, Be3 NOKAMbUBIX HBMEe—
HeHHi-3Ane NoOK=tOTDpACe . {0 Te BaapMopencTBHA, KOTOPLI®
obyCnapndBaioT NPEIMNNOCTL B onHOM “soue”, He meiicTpyoT
o gpyroit "spe”, Jdrum cunivaeTca "napagoxc Ny Te wWeCTBeHHH-
Xa, nCTpeTHBIIArC  camoro ceba’, [MoxkamecT # cosnaw ceba
KAK UEABHYIO JAHYHOC Th, s Hax0xyCh B npenediax ORHOTO
20HR, T.@, D OOROCTH ACICTBHA OTHOWRIAN -~ K3 OaRoh
TOYKH o , M HAKAKHKX IHeTeAb B 2TON OOnaCTH He MOWET Cy-—
wecTeoBaTn, KOMHa ke BosHrkaeT “merna” @< €—~c¢c<a ,TO
roe—-To Moeway £ B ¢ paspLiBAaeTCH BO3ACHCTBHE «  HA
cobLITUH BONM3M ¢ ¢ @AMHCTBA NMYHOCTH YxKe ObITh He MO~
KeT, MEl AMeeM [0eN0 C oOReKTaMl, HpHHAANeKAllKME K ABYM
unw Gonea “aonam”, '

TpeTesl BO3IMOMHOCTE CXOxa CO BTOpol#, HO Y "soxop” mo-
ARNA0TCH Trpaluyenie ToukR”, YCRHT yaspHBIe TO4KM®, OTCYT-
CTBOBABWUE BC BTOPOM Cnygae, Mmenno, Ha TOM e OTpR3Xe
[0,4] upd ToM xe OTOXASCTRAGHMH MO Moayho 4 3ajeeM U0~
psanok — Tak. ['opopum, 4TO x =y, ecin H aunyTcR Taxne
npepcTapdTenn x’ , ¥’ aTux u mcen me moaynwe 4, 4ro cpa-~
3y BLIIONHEHLL GB& YCHOBHA: 2 < g’ M TaKas ANABOHKINS Ye-
TEIP@X KOHBWHEKIMI?

@<x’sd &‘9‘3"2) v {(tex’s2 &Hg’sa')v
v(Z(x'$3 &2(}(4) v (3(_:#5('&3(3;(5.).(4.4.4}

Toroa Touku 0,1, 2, 3 2 4 (=0) oK&3LBRIOTCH BLIARIEHHLIME.
io-60i mrTopBan, Hauyndawouuiicss B Toykax mexny O u 1, xo-
#uaercs (B CMbLIC/® npeneabloll TOMKE) B Toyke 2. Paaupe

SIUTEpBANLl -~ B OonHOd ¥ TON we, TyrT Qn«a HEKOTOPLIX HAp TO-
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YGK 2L 4 BbINOAHHETCHd XV ad g_* , HTO BCEraa D[epHo RIG
CTPOOTO NHOPALKA, HO HE HUMCBT MECTAa Ul IS KAKOH j1aplLl
npy ynopsagoxexun {4,4.3). MaTeMaTHUACKY 3TO CaMbli HOYAG-
GHuit BUg yrHopapoueusd, 1O 3ATO OH (MI0COJCKH=KETepIpe TAlH-
OHHO [E3IRBONAST KAX Bl OCMLICAUTE "CTupavHe” MPHUHUHOCTH B
olpeaenatHbIX CODLITHAX.
.Paanunuaue M@ x ay UM KAKYHOC -
T B 10 1 DepuogHYHOCTD® iy, KLoeoabiue pec-
npocTpaneHa nyTasuus noHaTrh "nrxhwynocTs’ u "nepuoany-
HocTb”, [lepuonuyeckuil fgpouecc - Gyak TO Ranyyeuse OCHMAA-
Tope, 6ynb TO Mepexol 2T HOCA OT NACCHUUAPHOCTH K Crarda-—
LM = €UTBh CONOCTOR/EUHE KAKEX~TO XAapAaKTepHCTHX, 1apaueT-
poB X npouecta ¢ lexoropoll (wawe Bcero kaneunapHoiil ne-
penMaHHoi t {lpounecec ouncumaeTCcs B BUAe cssﬂan'g-‘.tw)x,
TAK YTO NMOAPA3YMEBAIOTCR OBE 0SnacTH! obnacTs JOOAHAR iy -
ke € (roe maxomurcs nepemennasx € ) U 06naCTh 36—
yenus ¢yxudu £ (rne HaxoauTCs nepeMeHHas X). JloBTC —
peHHA DHAYeHME X  Yepes HpaBILHLLI HUTEPBAN, T.0s 3 W
§(t+w) =% (t) - sor yro Taxkoe “nepHOANYECKHA upoORECC”.
KoHayHo, BOAMOWHLL HIDAUCH, [{anpumep, NOBTOPGHHE NATeH HA
Conpue npOHCXOOHT € nepuoaoM w = 11 net, uo cam uepu~—
of @ OOABERCASTCS CRyKaiHbM (ykTyanuam. B rymMunescxol
nepdoagusecTH *crannls sThoca’ pooGule HET KOMHYECTBEHHLIX
HepeMeHHblx, O HOBTOPeHNHH MOXKHD FOBOPHTB TONBKDO KaUuelCTBRH-
o, Ho npu mcex HaspauwHbIX W APYTHX papuauuax ofmeed anax
MOPHORUYHOCTH TO, HTO lPH NOBTOPSHUM AHAYSHUA NMapaMmaTpa X
nepemennas € cuMTaeTCH pasHoll, CABMHYTON KA OAWi WK HO-
ckonbko Hepuonon: ¢ , € 4w , t+ KW

Coectem nKOe neno, xorna peub uaeT © HHMKAWYHOCTH
BPEMEHH. Toraa, coGcrsenso, uweT ux dymxumu € , HE ABYX
obpacTell, ¢ Hei0 Cha3aHHbIX. OCTadTCE TOnbLXo oO6AacTh 3a08-
ung €, 2 HHKAKHX BHeWHHX YepeMeHHHX x K pacCMOTpe-
AN IPHENQKATE He citeayeT., l[lpocTo 110 HCTOYEHME, HEYNHASR
of € , KOAKOTO-TC HPOMEXY-TKA ¢ Mol MONAfeM He B HO-
pyw zaty € +w , a B npexuww gary ¢t . Paaymcercs, ec-
M [IPECYTCTBYKT XKAKHE-TO BHOKHHE XAPAKTEPHCTEKK X, TO
OH¥ FMOAHNOCTLIC HOBTOPmIOTER Mpa € +w =7 , Ho cyTs *uuknu-
yeCKXol0 BpeMEeHH® He B [OBTOpeHHM STHKX XaApAKTEpPUCTAK, a B
nonTopeHnz caMmux aatr €, camux coBurHil ua o6macT H aa-
RAHHSA,

CywecTsyeT ToYKa apenus [_2_,]’[15]. CyaTo AHTHYHAS UHPH-
NE3AL K HE 3HANA KOHUeNUMK GeCKOHeYHOIOo BpeMeHH, 8 KMaa
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B NapagurMe UHKNHYeCKOro BpeMeHH. OG0CHOBAHHOCTE 2TON
KOHLEMIIMY COMHHTO/LHA, H [1a©® eCNid OHE BepHa, To ¢AKT,
470 OTHOWEHHS /0KAMLHOTC CAGHOBAHKSA B TeX UABHAU3ANMAX
PA3EHTO He 6150, BeCCHBOPHEIM CTOPOHHEKOM  MKAMYHOCTH
BReMeHu 6nin Huniwe ¢ epo naeceidl "neynnix poappaweHui”,
8.0 "repuendun BpeMeHH., Cnobo "Bpems
B PASTOBODHOM H3bLIK® YNOTPeGNAQTCH B COTHAX DAINHUHMLIX
3nHavye HRid, HHOCAA M BO MHOKACTBCHHOM dHCHO. Mpl, ecTeCT-
REHHO, He CypeM nepebupaTbh BCEX IHAYES HUHW-CMLICIIOB, TeM
601’[99, Y TQ B PA3HLIX XWIBLIX A3BIKAX CeMBHTUYECKHS NONTH
pTOre ¢acepa He conpapaoT (HanpHMep, AHRIIHACKOE HMeeT
3HauenKke "pas’, cobepweHHO OTCYTCTEYOWEEe B PYCCKOM).
Mepl NpeRROKUNE NEHeHHO-YNOPAROYEHHYIO CTPYKTYPY GHA 3KC-
ANgKau#Y vHcTOR HenpepnBHOR AAHTENBLHOCTH, NHLUEHHOH Npo-
CTPARCTBOHHON NIPOTHXKEHBUOCTH M KA&KHX—ARO60 HMHDLIX BHE WHHX
XApaXTepUCTRK, 3aTo craGueunoRt "Hanpamnenmem®. [Ipk aToM
Mbl NIOK8Z&NH, 4YTO B NPUULKHIS BO3MOMHE ABE TaXHE MOQenNH:
oana oteeyaeT ‘GeCKonNeyHOMY BpeMenu”, a ppyras - “ppemMe-
Hit uukaudecxoMy’. Ma nccnepomaunil KynbhTyponoros KM3IBeCT-
HO, 4TO $HOpMA HHKAHHECKOrQ, IAMKHYyTOrO BpemeHa Gbina pno-
BOALHO DACHOPOCTPARENUON B MCTOpPUHM 4eN0B&YeCTRa, Hame
pCero IH KAHYHOCTH BpeMaHx OhiBana CONpsaxeHa ¢ MHECTHMH3-
MOM H KATACTPOH3IMOM, JTO 8CTECTBEHHO, €C/AK BAYMATHCA,
YTO JIOTMYECKH TAKOA IIPeNCTABACHHE CBONM/IOChH K IOOLITKAM
onHcuBaTe OKPY MKHOCTE nocpepereoM obuiwzoro CTPOIO-
IC CJIZA0OBAHKSA, T X HCXOAHD NpOTHBOPEHMBON 3agaue,
Beabp HEXTC He ocnafiaan 8KCHOMY TRAHIXNTHBHOCTH B NOHMMA-
HEM OPHEMHMLIX chfageit go wawmed dopmyan: (1.2.1). Hnea sa~
MXHY TOTO BpeMeHH poanGHoPHIachk B XX Bexe Ha COBCEM
MHOIl QCHOBS — YMABNKHA BpaMadu’,

Ecnl nOHUMATE AHHEHHO-YHORSAROYOHHOSE MHDKCCTEDO Xakx
"Bpemu®, To duAOCOdCKH 2TO OTBEYAST TAK HA3LIBASMOMY
YcyGerarnpaneHoMy spemeHi”. 3pecek B ponu “cybcTaHuHR”
BRICTYH&OT CAMO MHOXECTBO., 1 &K KAK HO ONpPeNeneHHIy y Hac
HHYeTrQ [ApyTrorco NOK& HeT, KPpOME NHHeHHG—-YNOopaAOYeHHOTO
MHOWECTBE (u_.’_{) , TO HeJlL38 M COROPHTEH NHPO COOTHECEeH~
HOCTE aTore "speMoHR” ¢ "MupoM¥, © YEeM~TO COBEpLIAIOWEM~
ca., Mul npoMonenuposend “epems camo no cebe”, *anpuopuo
sanaHdoe ppemA’, JTo - Ta MoOenns, KOTOpas HPHCYTCTBYQT -
XOTHM MLl TOPQ MAY HE XOTHEM ~ BO BCAKOM pDA&CCYMUAGHHR D
BpeM2HH, HO B HeKOTOphIX pACCYMAGHHAX MOXET NPHUCY TCTRO-
BATH e Ha4TO “nocTopoHea”, “noGamounce”. Hampumep, B

[ 4
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TOM BULOE , KaxXx 00 3TOM TIOBOMIIGCH B NpeaklAywmed py6pHKa,
#nz xakKk B §14.

HacTo NpoM3KOCAT paszy ~Tedexue spemexu”’. Cama no
cae6e OHA GecoMbIwNGHHA — BeAb '"reuedme” asnserca ABY-
MECTHRIM npepuxarom, a8 #e OJAHOMECTHLIM: BOZA B pOYKe
meyer OQTHOCHTE /LHO 6epercs peku, Ecnn bpemii “rager?
TO QO OTHOweHNO X yemy? OOHAKO 3A 3TOl JAOTrHYECKH-TPaM-
MATHYS CRON DecCcMbICNHUEH CTOUT HEHMTO, ¥TO HA TAKOM Xe
pa3rosopHOM z3kIKe jyuile BCEI0 [epedaBanoCh 6nl BLHIPANO-
HteM “Teyauue Bo Bpemeun”, Tounee, "Tevexue (4ero~-To MmO~
OpasayMeBaeMero) so spemesu”, Mmeduno "TeuoHMKy BO Bpeme-
#u" couTReTCTBYeT uepexcR OT “paHbume’ X nosxe’. Hamuuue
TAKOO MepeXoga ~ HanpemMedHud atpuGyT naek BpeMeMH, oM
1 Yaaundpoeas” B YTevenuMm Bpemeun”,

He BO BCAKOM MLICIHMOM YHHBEDCYM® NPUCYTCTBYET "pa—
spwe~noaxe”, Hampumep, "GHCCeKTPHCH TpeyronnHMKA hHeépe-
CexawTcs B onHol Touxe”, ‘llepecekawrea”? Unr “nepecexa-
mecb®? Wan “nepecexnucn’? Hau “nepecexyren”? Yro uemy
nopegmecTsyeT: TOUKA M NepeceveHHs LHCLeKTpucaMm, iy
BHCCeKTPHEL - TOYKe KX fiepeteuedHus? Kakue npae Guccexrt
pHCLI TI@PeCeX/CE PAaHblule, Y8M TPeThd NPOLUIA Hepes3 STy
TouKy? DBespasnuuno, llnen nepexosa oT *paubwe” x *noame”
HeT B TPHTOHOMETpHK , HanpoTuB, B NHHEHO~yNOpADOUYES HHOM
MioxectTse ECTDL ue roanpxo NEFPEXOL or Bonee paxsero
coBumrust q K Goned nosndemy coboimio £ , HO @CTh HAMe
OBA3ZATE/ILHOCTh Takoro nepexona NPpUMeHHTENLHO X
nape GaMakux CoOnrruil: anbo a < £ , nubo €< . 37O
H cooTeeTcTRYeT “Teyenu#'or @ x £

OcofeHBO HArMaaHO BHOHO 5TO Ha BTOPOM YROBHE paCH~
(morpennd, Torpa (U,=<) oxaaLiBae@TCA ORHOMEPHLIM MHEOI00Gw

t) He Hapno cMewinpark TPHTOHOMOTPHIO M AOKA3ATENLCTE Te-
OpeM:R TPUIOHOMOTPUE, B OOKR3IRTENLCTBAX YNODALOUEGHHOCTE
hpas BECkMA BAKHA, TaMm HpuCyTeTbByeT Haes "pannue~noane”
2TOT acleKT [OKA3ATENLCTR NDHHAANS KT JOfHKe, B KuTopoil
caMo oTHoweHue mmuiaukaund A>8 (us A puTexaer B )
8CTh TpAHIUTHBHOE oTHOWeHKe, [ioNyTRC 3aMe@TUM, HTO OLLID
6Bl MOMAE3HO MOCTPOHTBL JIDTHKY, B KOTOpOH MMNNMKanxs Ssina
OBl NUWE NOKaNLUC-TRAHAHTUBHA, TAK CKE34ThL, NOTUKY O3y
Hero SMNOHpH3MA, HOOOBEPUHBRONO K YMOJAKRIOUEHHUAM,KNHU, NO-
Nb3YACh KPUMHHANMCTHYECKH=-NCR XONOTMHYECKHM TBpMAHROM,
JOT'HKY {IONEBOTO MhuIWIC HUS,
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BABLEN, 8 Te T KOHYC, 0 KOTopoM '/edfloCh B PU.l, rtperpala
CTCS b BRIISICHULEL KoCaTodetdbll NVY K 3TOMY MALIOOOpA3HI,
Paeivo cnonamit, 2a W sosgikeer OFTH TALLH, utoll=R'
i1 U—""g . “Toweune ppovenu?® otpeu. & TopredTaudd UG-
rooopaaia’, 1omy Yroxy”, KOTOPLIL MO 27y gr 8 AN LEC=TOT 0~
TermgeC Rl TRIONAM BCeIOa HOHCY TS B-YET, sullb CKONO d-
DA TABOD BUDLR0WAR (HLe BEETAN J0R 1 A3, A HO .wCTEO C
CLlgdTaliln, C© dANpAaRAGIen, NolToW ORHONY JHG? ~ BOT Y73
Tesese TUpreta”, A mToM Tawsn VRN AL S fgol.kda OuLTh G-
CCTEL L AM arpuyton. b noiveny, Moo §i1 arIC I HES
PACL MO AT L BCE DACCNIATHHES "M ole T Mety N0 [T 1, OV,

B “ouuitze” dpeaserLy, GoTapal pOBHO MO OHOMY 90H.ur0
W.Ce,p 10 LCR DUBHO T2pexun 07 D020 TAM2I000 Kk Jojuee ne-
Faoy (UM Hepe XU MLICTH 0T Gunec 20AOr0 K GOR2e Tame-
oyl Gut Ghn HPOUIBONBHY M, HE OGR3IATEM I 1LIM, Hlepoxon we
MLICTHHRLTG BRIOMAY OT 7 yi2e pagtero coborT #a x boiaze
LLaZil sy = O00X4371TENneH, §I yMaldiiTell HAee BoemMed!,

I D0 HO=YHoR a0 HHOM Mi0meCTae HeT “oaxonpen et
gorn coburrnd’ - Tonnse opdo codwnTae naeT “MeTry” MTHoBe -
o, DBOanog oThRgvkue 07 geTo COOLITYE y.i@ ANGO pan:iue HR-
PO, MO0 Mo3Ke, NYI0 Tak YAMAGKC, HTO @ puMKax A0Kallbuou
APUYHIHOC T (2G0T QUT ABUMO, J{HHEIHI-Y IO AR0YS HIOMY MHO-
G CTRY AQPOW) OTE2940T Kaew "Bygyuero”, "npouuioro™. Tyt
ORANLIBALTCH HOMTH 622 pasuliyul, COBODNM NI Mpl 0 “BygyureM
Touxt” Wiy rpocro o YEynywem” ~ B OUDPEORNSHIOM CMEICAE
OTH CMLICILI CAHBAOTCH,. ANa SCCKUIICHHOTD BpeMesdd Boobryo
TPOUCXODUT Ad2allbRO TPOCToe paCleleHde: Mur, Npouale,
Oyayuae - BOT BCE BpeMal

Hr 1po kaxme wacwrabul BpeMeHdi], HH O KAKOM 9 CJ/ICHHOM
HAMEPSHUH IpOMeuyYTKCE BpeMedHd, HM DO K8Kue HACH JIoKa
Helis3d TOBODUTL.

Cl IR, Y56 Conbine YoT'v BRCHT. HO [Lawme 801 BLIKUHEYTL

5, BPiMHA B YHHMBEPCYME

lo.‘byHKuI{OHaanOe Bp e g [Ana upak-
THXH HeaoCTaTOYHO TOHATHHS BpeMeHW 'KAaK YueToH ansTenbHO-
cTu”, XOT#l OHO H OORPOAKAO IaybOKHe U elle He OKUHYSHHBIe
paam LB HHst grnocodop, [locpencrtrom Bpemedd ofuldHO Kak—
TO OATUDPYIOTCH HekH® Bellil, He BMEWAKMec: caMy o cede
BO BpOoMedn: cp. §4.5 0 nepronuuHocTH, NMAaTeMaTHUSTKH BO3-
MOARA Takasi Monenb,
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PaccMmarpupaem ABA yHupepcyma., QauH = 2T0 BBOARHHEIL
B §4 nvHellHO ynopdnouYeHHLII yisneepcoyM: oGosHavaem ero L
(o7 numwinocTn), a nopssck B #em =<  {oH MOXeT 6ulTh
KaX CTPOIHM NOPSAKOM, TAK W NOKANBHLM Chefosanuem), 3a-
Tem paccmartpumen ewe yuupepeym (U, {<} ) , xoropu
COCTOHT, BO3MOKHO, M3 HRCKOALKKX MHOXECTB (M, <;) ;K&K
oucanc B §1.3. ilpeanonaraem, 4To (t{,i-ﬂ) yoosheTBopda-
eT axcuomam TIv 5 H gopmymnpyemoil ganee Ty, , a{L,_—:{)
yaomaeTepopseT axcuoMam TK u JIYM » [Teppeii
yunnepeym (L, =¢ )] Haopbaen ppeMdiuem, eropoit (U <) -
npocto Y HHBEPCYMOM, ConepxaTenbdo MpIGAHTCH, 4TO
YHHBEepCYM 23TC M eCTh “TO, UTC HAM HA CAMOM Q2@ OpeRIe—
»uT1® (B MLCHEX, B OWYILOHHAX, B HUTYyMUHH), & BpeMda eCTh
HeYTQ anpHopHoe, OHC CPAaBHEUTENBHO CYyDBPEXTHBHO TpHCTPau=
BaeTca HaMd CaMHUMH,

BoaMoxHEsl cayvan | < U a Lol = ,Gf' » Btopo#t - avo
xorga L # U  cosepuwesso pasnoll npuponst, uanpusep, U
COCTOMT H3 KACMOJIOINHYOCKu—dHanueCcKku: cobniTul, 8 L - ua
BeeCTREAULIX 4HCaM, I3 5TOM cryuae u cpaprusaTh L ¢ (T
aenna3g, Ho naxe B cnywae | < {{ ponycxaeics BO3MOMUEICTE
Toro, 4To =¢ M <; CYTb COBEPWEHHO DA3HLIG MOPILKM.
Ho u cnyuyalli, xorpa < = < . TakxKe HE HCKIAWYaeTca C

3

nopora, FPaccmarpusamTcs oToGpamenss «wda U B L, 1.

e. ", upruuem, nockonbky xak B L, , Tak ¥ p (L nMmeeT~
Csi CBOY TONDMAOIHMA, I[TOCTONBEKY MO.HO OBOPHTE O HENPepBIB-
HoCTH oToGpamedHyi. OrpaHneMpaeMcsi pa3 HaBCerpga TonoNoO-
FHHSCKKEM I MOPGHIMAME, T.8, HENpephBHbIMK £ € L% ., Tnae-
HYIO POibH3 ‘HUX BynyTurpaTh MOPQOEIMLI YITOPAAOYSHHDIX
CTPYKTYP; T.8. HOOTOHHHIE HOMPAPLIBHLI@ OTOGpaxewHa ua L'° .

ONPEAEJIEHWUE 3. Tomopum, uwto {:(L—» L, sBagercs
GYHKUHUOHAbHBIM BPEMEHEM, ecnr £ wenpepneHO
u K3 X<, Y crenyer £ x o 4y .

B nencsedieM ¢QyHxumid £ , yADBISTBOPAOUYIO 3TOMY
onpeeneHmo, CTAHLAPTHO O0GOsHavaem Gyxmoii € , Hrax,
1o onpepeneHye, ¢yEKUHOHANBHOE BRPeMA 8CTh MOpPYH3IM HO-
pRoka MexAy YHUBEpCYMOM H H36paHHeiM CyOCTAHIRANhHBIM
BpeMeHeM,

ONPE BEAEHME 68, NATONM t_ CoBHTHA xeld OT-
HOCHUTENBHO BPEMEHH ¢ ¢ &* HsasuineaiM aHauenHe dyiux-—
uouansuoro spemeny ¢ Ba x  , T.e, t_ =T€x

C mMaTeMAaTHYRCKCl TOYXM 3PeHHS [POWIL BCEre BO3IHAKA-
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DT BUNPLCLE @ CYUCCTHROBAHAK TAKOTO CTOBpaK2HMN. HOHO, uin
fIPH YOOPpRALOYEHIIH (1.3.1) me cymecTsyeT GYHKUHOHAMNBHOTO
vpememn na (4, §<}) HU B xakoe AMHCIHHO-yROPSAOHEHHOS
maoxectno (W, =) . 3T0T QuxT cornacyeTcs C HpHHuTOR HA-~
MH B $3 TepmHHOROTHRIl, cornacuo korcpoili (1.3.1) ecTh Tem
NOp&albRO-HEeOPHeHTEPYSMEIl yHUBERCYM, Y 49iTLIBA&R Toopemy 1,
He OyneT nosTOoMy OTDaHMYeHHeM OLMHQCTH A4KE B rnobaib-
HolX paCCyKAoHHSX, ecay Mol Buecto (W, {<}) cravem pace
CMATPUBATEL TONLKC Ciyyall (u.,,a{) C aKCHown oi .I“Ijr'f\.r‘l.‘2 BME ~
cto TK, Ho u B wrom cayuae tpn Hey—aaiioM Bubope Cy~
6C'I‘BH].IH&.TH=I!OI‘O ppemend (L. =4 ) MO&OT e Cyme— CTBOBATL
QY HKUL HOHAN61I0M0 BpeMest (cm. §8,5). Hanpumep, nyeTh yHA-
BepCyYM (U’.,-—s’)— oTO uunuHap ua apumepa 1.2.2), a sa cyo-
CTaHd ranbiaoe BpeMil NMpHHATO MHOKUCTBO Be.UCCTBRHHELIX HH--
Cell C eCTeCTPSHHBIM LOPANXOM 6230 BCUKHX LaKTOpH34ukit,
Torna orafpameuus uenoykn @ < £-4 ¢ < o C cofanCHH-
eM £ < 1‘: <:t <1{' HeBoaMOxuO, Ho, ccnu apecwh sa L npu-
MATE m(moggjc coo'raemmyxowm UTRQUEHEGM MORANBHODO
CReadBanUs, TO OTOOPAMEUHE CTAHOBUTCH BO3M OKHBIM,

BuinawT cnayyau, xoras oTobpawxenus +T: {{ ~{, He copre-
KTHBHO, a MEBEKTUBHO, T.@, T(UL) F={, . IT0 monpocTy ozHA-
JaeT, YTO MH B KAYCCTBE CYOCTANUHANLRALIO BpeMBHE BuL:Lpa-
NY CRAUIWKOM 6GONEIL0Oe MHEOKLCTBO, [JOCTA&TOUICO A3IATH TACTh
erot(W) el , 4ToBEl HOMYYHTh BOAMOXKHOCTH OUHCATH Yy HK~
UHOHANBHBLIM BpRIeHeM M gaTaM¥u Bech yuupepcym ., Hau-
Gonee ApkMil TOMY [IPUMED MOCTABASET COBpeMEHMAasi (MAIUYOC~
Kasgd KoCMOnNarid: OHa HCXOOHT M3 CTApOMOLHEHLIX npenc*raane:im“i
O BpeMeHy XaK O 3IalaHHOM Ha BCelt ocH (-ee, o) , TOIaa
KaK BCE 8@ MonenH ymeuwaloTcs xa nonyoch (0, ee) , a TOYKA
HONME BOOOIKE HE BAe3aeT HY B OUHY (HM3MIECKYIY Modenbk (el
cuarynsprocTy, Apyroi npusmep. Craxem, Mbl AIPHOPA NPERilo-
NOKUMH  WHKNINYHOCTE B MEHH (L,-—() » HO mpH oTOGpaxe-
amn € okaasnocwL, uto L oTuBpaweHo Heé HA Bchd L., A
MHWE HA ero cobcrteennoe noaMaocxectso L'< L . Toras, no-
CHONBKY Mbi paboOTaeM TONLKC CO CRA3HLIM BpemeHen { axcuo-
ma TK }. noctoasky L\ L’ oxaaumaeTca AMwHEM, a B L~
Yy M6 He CYUIeCTBYeT JAAMKHYTHIX LenpyeK, CaeaoearTensHo, Ml
HanpacHs alpHOopH npennonaranf BpeMs UMAITHIHBIM, BIIONHES
MO/XHG B 9TOM Cy4dae OOUHTHCE CECKOHeYHLIM Bpe MaHaM
MoXeT ObiTh, CASI'Ka Iepeo(pelR/IHB HCXONHOS -< HA MaHep
gopMyasr {4.4.2}.

Apyro#t gocTapnswunit SecnoxoitcTro Gnyuall, xarga ob=-
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AACTR 3anaduf AN € He cosraneer co pcem L, T.e. ko-
roa QYHKuUHOHANbHO® BpeMida 380aHO NKWb HA NOAYHABOpPCYMe
domt C I , & He Ha BceM yHEbepcyMe (L , re oHO a3a-
L2HO GniTh He MOxeT, B 3ToM chnydae roBOpHT, 4YTO Bpema €
sapano noxansho, a opk demt = U rosopar “rac6anbao”,
Ha BTOpoOM ypoBH@ H3YYeHHSR (YHKUMOHANBLHOS Jap{eMﬂ +

NpencTaeT Kak ¢PHKUHA ¢ noacuTensinM (B cMmeucie §2,1)
TpaguedaToM ot . Hawe B8Cero EMEHAD TAKYIO GYHKUHIO BLi-
EUpalT B KaueCTBe NepEOil KOOpAMHATHON (yMKUHM, paankvas
3anmuceic € C OAHOR CTOPOHH, H X, 4§+ ¥ - c npyroh.
PyHAnaMEHTANBH OCTh OTHOWEKMS NMopaaxa <  33eCh HUPOSIB~
IIeTCK B NOAPASYMEBESMbIX HONYCTHMbIX U3MBHAHHAX KOOpAH=-
HaT, Ecny nopopoTe (nepeMmauopagki} KOOpOKHATHLIX Ocel
HEPABOHCOTBO X < X 3@M@HIETCH H& X > X' WO TO X8 HPOHC
xonwr ¢ ¥ , ® . TO X ITOMY OTHOCHTCH KaX K KOODO#HAT-
HOMY apTedaxry, Geapaanuyno, Ho samena ¢ <¢” ua ¢ >¢’
NPOOCTABNSQTCH YX©® (H3IMIOCKYM HONOMYCTUMOH, HepaBRHCTBY
+ <t npunasevcs 3uaweHu e 6onblles, YOKBAH [POCTOMY KOOD-
AYHATHOMY GOQTHOWEHHIO,

2. Yacu H H X perpaagy”posaEka,
3neCk Mbl OTPaHMHUMCs] GCCKOHEUHLIM CYyBCTABUUAMLHLIM BpE~
megem (L,<) , upwiem bBLGEpeM ero B CleuzanbHoli jopme
L={F  DpowecTBeHHEIX 4HCSJ HAK CBIGHOIO 10 MOOM.JONE~
cTRa

OQNPELEAEIKE 7, HACAMVY maspBaercs ortobpaxesue
£ (U, <) > (R <), eciu OHO HeNpEpHBHEO K COXPAHAST HO-

pauow: x <y = 'é:x«ct), .

ConepRaTONMBHO: Yack eCThb HeKOTOpull UHCTP yMAHT, NCC~-
PEACTBOM KOTOPOI'd Mb! OpHIHUCLIBESM COGRITHID — HUCNO,
CnenopaTonbHa, 210 “dyuxuua”. Ho we ncskas ¢yuxuus {Kax
H He BCHAKHA HHCTPYMEHT) MOXET BelTh wacamil, B uem oT-
AMYIHe, CKakeM, 4acOB OT TepMomeTpa? HauuHaeTcs HeKOTO=
pag peaxuHsa, B Hayane B KOHUe XoTopofl a1 3aMepRw BpemA
H TeMpepaTypy. 1ak BOT, 3HANOHRE TeMNeparypnl B XOoHie
peaakuuy MOKET 6piTe Meublwe, oM 3HAYEHH® TeMIEPATYRH!
B Hayane peakums, HO syavende Bpememy {IoaTa) B xoxne
peaxund bcerud nponmxHo Guirb BOJIBUIE, gem B Hauane pea-
KUFH: PARHOCTL B3HAYEHHH BPEMEeHM B NpeAllICaHHOM NOpanke
xaK pas papHe ‘anurensHoCTH peakguun’, a 310 [IONOAUTE
NHEHOE uucno, TpeGopaniue HUOTONHOTTH (YyHKLEY KAK pa3
oTBOYAST HHTYRTUBHOMY NPEACTABIGHKN O paziuupy "BpamMes
Hg” (yacoe) z "remneparyput” (TepmomeTpa).
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M I1UK, 3acbi = 4acTHRIR CAYYal QyHXUWOHANLHODOG BpeMaHH,
And onHOroc ¥ TOTo xe yREpepcyma W MoxHO nmo-pasuoMy
sapaTth oroGpaxenna b (ua) L, a L. Mowwmoe mo~pasmoMmy
BIAKEMHO~OLHO3HAYHD X B3AUMHO-K3OTOHHO COMNOCTABH1IEL C TR .
370 03H4YEET, 4TO Ha OOHOM H 1T0M xe yuapepcyme U Mom-
Bo 3anatb PA3HLIE YHACHI, CobcTBerRHO, BONPOC O TOM,
CKO/MK O pasruix 1acos (T.e, CRONLKC QyHKUKOHANLHO He3a~
BUCKMBIX (YHKEHN- MODOHIMOR NOPHAKA) MOXHO 3I8RATH Ha
YAUBEpCYMa, ~ APHHAQNSKHT K OCHOBHBIM ANH K/IACCHOHKAMLHH
'reMrrOp'-taull:,um‘.x~ YHuBepcyMor BonpocoB, Cefizac MLl OorpsHHYH~
MCSl pacCMOTPoHHeM KWL GAHOTO ero acnexra! npeobpasocbBa-
HHeM @ : R > R, |

QIUPELENEHHE 8. PETPALYUPOBKONW HACOR (per-
PAAYHPOBKOH TeMoopanbhod IuKaas) Ha3biBae@TCH HMIDTOHHOA
CIOPpLeXTHBHOG oTolpaxenne ¢! R +— R (v - (w,/g)»—.
v (3,%) , HO 2TO 110 CYTH OLHO B TO ).

Orciona cnenyeT, ¥Te ¢ obnanser obpathmM ¢! ,uTo
o6paTHO@ W3O0TOHHO, 4TO @ M ~! HenpaprBHE!, a noToMmy @
ecrL roMeomMmopdnasm, Ha aTopom ypoBse uasyuenus, xorma R
peccMaTpHBaeTCs K&K I'1afKoe OLHOM@pHOoe MHoroobpasme /R,
otofpaxeHia ¢ ABNALTCH OPUYHTUPOBAHHBIM R PHeMOp PR3~
Mom, de> O . Toraa dt >0 n dr>0 n, kosouso, oz =

Mel paccMoTpuM TpH NpHMEpa TDPaAYHDOBKH: NorapudMuuec—
Ky, HEPHOOBIDHYI H KOCMOJOIMYeCKYIo,

INeppas pcTpeuaiack B GHONOIEH 1:1] H B KOCMOJ OI'EH [6].
Oue COCTOHT B nepexoge

+t —» T = T ga?-f—- 3 ’ (6.2.1)

roe 'I’.'_, B T, GCyTh HEKOTODLI® KOHCTAHTHl (QH3HUECKOR pas-
MEDHOCTH BpeMalu, DTO npeobpazopanne (0,e0)is(-e0 o0o) ,
npyyem orpesox (0,+ ] nepexonur B GecxouewHuil ayy (-eo,0).
Buonoruye cku~-NCH XONOruYeckad MOTHRAPOBKA fepexona OT €

K T [aeTCd 3aKOKOM PeXHepA: KONMNEecTBO OlWyINedHd opo-
NOpUHOHANKHO He XoNnHyecTRyY pasapaxe dufi, Ho OTHOCUTE/IE
HOMY konuuecrey pasppawetuit (T.e. YKcny pasnpaxenui,
O2le HEOMY HA ofwee YUCHO nepewHTHIX [0 TOr0 PAsApaNe-—
Hui) . MaTeMaTHUYECKH 3T0 BLIPAKAUT:

Ay
AY = ———= . 2w
v (2:22)

- f
Ecnu, rpyGo roBopsd, CHITaTh pasgpamoHHd A/\/ - HS 3aBU-
cduke 0T OMymAawmero CygseKTa — HpONOpUUoHANBHLIME Ofue--
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My xopy mpemesz af , 8 OMyme HHS AV  CHHTATL [PORD=-
puxaHanbELiME “cobcrfeudomMy”, “puneexnyansroMy”, Toy&n-
exTneioMy” BpeMaHs AT , TO Cpa3y HHTOI'PHPOBAHMOM
(5.2.2) noayuum © TOYHOCTLI A0 koHCTauT (5.2,1), Baxman
qa SoraToMm COHMONOrHYecKoM {9KORATHYECKOM K 9MOPHOAOIH-
MEeCKOM) MATEpRAane NOXasall, B KeKOM WHPOKOM ORANA3OHe
OKaapiBaeTCH NACACTBOPHBIM TBKO08 NPeCbpaA30BAHHS WKANLI
BuonorH4ecKore BpeMeirH, Mung B cBoed KOCMONOrHYeCKol
Mogenu {(He mcxopswed Hs ofmelt TOOPHK OTHOCUTENLHOCTH)
PACCYKRAN NOXOKHM 0BpasoM. 3& npoMexyTox g1 Bpemeun
pacrnaneetcs KonauecTso AN ypada, RPONOpUXORARLHOD He
st , wo ormevawmes saxony aN/N =at, rne M - obuee
KONUYeCTRO ypana, Mummu cnosamu, ¥ me® « Hy, a ecan
rpasydpopart BpeMf 8 HE N0 ROA4M pacOaslleIoos ypada,
a2 no abconwTHoil Macce ero (HaNMYHOrC AWM paCNaBMerocs -
s10 Ge3pasnnyio, A0o nonyyaeTcs HaMaeHedHeM 3HAKA), ToO
Torna AT waN®m cpnar € 4 ©  paerca Toh e PopMy-
noft {5.2.1). Munx Taxxe NOKAs3an, K KAKMM O4NeKAM 4 IAy-
COK®M noCnenCcTBEHAM HNPHBOAKT 3TAa POIDALYHPOBRE Kanol
BpemelnE, B »TOH £BH3KM OH pocTapUil MATEMATHYOCKHE DAJYM~
Hple BOHPOCH! 6 PErpanyHpPOBKe H IHQAYYH/ BAXKHLIE OTBS ThI-
Te opemer, cM. {6]. Cnuaxo caenyeT moauepkHyTh, 9TO B OT=~
axuse Oor BaxmeaHa [1], Taopea Munna paxe B Tot cpoeh
yaCTH, KOTopag 2aHHMaeTCd TOALKO CBA3LY Mexuy T -Bpare-
HeM B T -ppeMmeHeM, He CBOOAMNACKh K NpeobpalopaHusm /R-+
=R, a npeanonarana Gonee cnoxEbie MonMduMkKaunz € ¥ + Ha
YPOBHE TIOHSTAX *OQHOBPEME@HHOCTL”, O KOTOPOM Mbl @@
He roeopunu, MHpMU cnoBamy, Bng €ro TEOopHd CYL 40 TBOK-
HO, ¥T0 ana ortobpamenndt il va @ B T (L v R us'tt=t
we.cnenyer T, =T, , 4 Haobopor: oM. §10.3~4, 4
Bropaz perpanyuposka, Haspauunas Hamu *HeprONBIpHORY,
HaNpOTUR, B SBHOM BHOe NPAKTRYSCKN HO YHOMUHAESTOSR, XOTH
UMIUMNETHO BCET'AL NPHCYTCTBYOT BO BCEX PACCYMASHHUSX oOT-~
HOCHTe/ILHO Y@DHLIX ObiP. 38 OUKO H3 (YHXEKOHANBEHLIX Bpe~
MeH € TyT OpHHAMARTCH KOODAHHATHOS, DTO TO BPOMH, KOTO-
po8 EXCAMT B OnyCAHNE Camoro peueHss Wbapumwunspa {uam
Keppa -pns pauux ueneli srto Geapasaxydo), B 3ToM pelue-
HHEK ONUCBLIBAIOTCH Op OKTH niadHeT: BPOWAKMUXCH BOKPYD N&Hw
TPANBHOIO THATOTEOWENO Tena, ¥ poobme BCO® Te npouecCH],
IpE KOTOPLIX HE NMPOHCXOAMT 6el0CTAHOBOYHOIO MAASHMA HA
UEHTP, TOTHE®, A& WBAAPUMUALAOL PARMYC ¢ =@ . Hpyroe
spema T ~ 3T0 cOGCTBRNHOS DBPOMR TOrO Habmonarens, xo-
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TOpMmR €Ce3oCTRHCBOYIHO [TAQABT HA U HTD, Crsap Me@xAyY HEMHU
He forapHiMuygecxas, a Gonee rpoMo3nKEst, CM. EID], GOPMY =
1 (6). B uutuwe nm ea I QHOIO TIIHH‘!UOI‘D cnyliaﬂo

d = -_ T v
S 3 g V odr = """ """"“__.,P
raa

t+wnsf32?%ﬂ@ﬂ2\/€?(1+§%) . (5.2.4)

Ji0GonuTHO, YTO ACHMHTOTUYRCKH UPH 1t ~» 00 30BuCHNM OCTE
mewmay € a € BLIp @KaeTCs yepea et y xoucrayTm, Tax
UTO 3Ta perpafiyiponka HenaneXo yuula oOF norapadMHICCKOil.
3ideck BaxHO Cnenyowee KayecTBeHHo® HaGniopeune. [loka
CesocrayopiiHe mapawmull cybnexT ua T = T, BOCTULKET ¥ =@,
oH cornaciio {5.2,4) sarpaTteT GeCKoneYHO MHDTO BpeMeHH
£ =00 , HO0 gmrthi=ee, Ho murerpan (5.2.3) cxoaurca B
=€ o+ BMHAYAT, TOT e CYyGBeKT IATPATHT BpeMeny T° KOHe-
YHbll OpoMexyTok! HauBonee pasurener Taxkoil Mbichaenmstl
skengpumedt, [lycTs Byawnuil HAGnORATEnb § , XKEABYLMRE BO
npeveru € |, nocuinaer cpetosoil nyuy £ M MAaTOpHANLIOrO
Habnionatena (reouaes’Myeckoro) m [0 HAUPEBRCHUK K 2 =@,
Torpna ang camoro §$ rnpoiigeT GeCKOHEYHO MEOMD DPeMeEHH
+ = o0 , npesxae yem nyy € poCTUTHCT A =@ , & ang
pabhioparens m IpolgeT HEOONLWOH KONCYHLUI IIPOMEKYTOK
BpeMeHM “T° |, npexie YCM OH BCTPeTHTCH € HOCNeiCTBHAMU
(cnepamu) Toro, ywro € nepecek TEe

Obuiee, YTO OHDLAAHNACT NOCapHMHMYECKYIO lepelpaiyipoR-
KY H YCpHOALIpHY = 3T0 KayeCTbBeHHOR? yPapHUBaHHe XoHeY-
HOTO ¢ feckoHedHnIM. Craepywowuil NpuMep csoboped OT TaKo-—
o fNpbkKa. B pensTEBRCTCKOR KOCMONOrHH MabecTHa Deapas-
vepuasa dyuxuuns N {€), Bxoamuas n MeTpuky PoSeprcouna-
Yonkepa (cm, §10.3). Muncnumo takoe npeofpasobaHHe KOOp-
nHHaTHOre Bpemoun € (OGLIMHO NPHHAMASMOr'O 38 KOCMOAO-
CHYGCKOO Bpemsi): +

At

t — T = 3 p(*) ) (512.5}

MoTueuporky aTtoro apeobpasopauus cM. B §10.3, ousa cea-

saga ¢ "panapHoil ogHoBpeMeunnocTh? §10.1. B GonmummMaCT-
Be xocMonorngeckuk Teopuil npy € =0  dynxuua B{+)Tome
ofpauaeTon B JHOIlb, NDH STOM Qi ManLix €t acuMnToTHZG-
CkH l?éé) 't ( xonopHas acesennas”), unu RH) ~ {;'/"‘

(5.2.3)

y

~ 70 -



(“ropsivas pceneunas”}, wm & (£)~ {-_"'3 { "ynurpannordag
Bcegeuuag”), [loaToMy BO BCeX HA3BaNHLX MOACAAX HHTArpAadn
(5.2.5) CXOnMTCH B Hynle, a CleQosBaTennHO, KOHBYHEI NpoMe-
MY TOK (o,é) npeobpasyeTcn B KODHEUHLIT xe (0,‘?:} . Ho uu-
CNeHHLIC BEAXYUHBl IPH 3TOM PE3KO Me udioTesi, Hanpumep,
AN Cchlyuas ropauyeil BCENEHHOU H3BECTHL! TAKHE CTaikK 3eo-
mouns (B oopopsHarHoM BpeMews € ): Tappouwaz” O <t <
< 10-Y cex, "nenTonuns” 109 ¢« £ < 10 cex, "doronran”
10 < £ < 1012 cex, aarem ywe coppemeauras, [lpy yxasan-
HOH IeperpanyHporke B T ~WKANG COOTBRTCTBEHHLIE HHTEPRA-
Apt MOTYT MpuHEATeE BHA: "agpoHHag” 0 <o < 109, "nenrounag”
105 <« = < 10°, *doronrag” 10° <= < 1019, 3pec s nan6o-
lNee 3waumM He COBHI Havana “CoRpoMexHOIl” CTandi CywecT-
BORAHKA, & TO, 4TO BU MHOrO pal Gonble BpeMeHH OTBOAMTCSH
Ha Ha4anbHywy cTaauw, A D SonbWHHCTBe HU3INYECKHE DaaKUBH
(npeppauwedns renus ¥ Op.) Kpaine yyBCTBUTENLHLI KMOHHO K
ONHTEABHOCTH TOT'O POMEXYTKa BPeM@HH, IoKa oHd HayT. Ofy
MAYT M3-3A TAKOW-TO NAOCTHOCTH peweciBa, KoTopasl ocTaeTesa
ondoit M Tod xe 8 OGEHX rpagyupoBKax hpeMaHd. 3HYYET, J0-
CTATOYHO HePETPAAYHPOLBATH HAacul, YTo6ul COBEpPMEHHO H3ME-
HATDL MpencTaBlAeRUA O X0Ooe (italgelkuXx peakiull Ha Hadalb-—
HOIl, npeaonpegenswweil cragny pasprTis scencuioll. Tem ca-
MbBIM [TOMIIOCTBIY UBMOUNAACE Obl HUTQRPUHETAUNA TOIG, YTO HAM
yaaercs HabnodaTb B 'LLWTOolee BREMS,

BD.BpeMH K & h CNnHOMEDHHaAaS: 0 ¢ b.
Tarum 00pE30OM, ML I'OAOPUM O BPEMEHM I YHHBGPCYME, O
DPOMEHN B MHPC, KOPQAA Mt B3BCE MuolOpasnuytull mMup ¢ ero
NRpOCTPAHC TR HHLIMI, TPABHTAUKOHHEIMY, DACKTPHYCCKUMH, MG~
TaﬁOHquCKHMH, NOo4Y DA HLIN U, fage THYCCO KM, XHMHYSCKNMK,
UCH XMYe CKEMUE, HDALCTBeHHALIME, MAaUM4eCKHMHR, ANMHHKCTPATHL
HbiMH XapaKTeputtHzamy [IPO-hTHUPY M HA OUHY OCh, no
AAHCHHO-YIOPnO Y2y 10 NpaMYX (HAH OKPYMHOCTL) . 3TO Cpe—
feHle, penyKUHS X OQUHOMCPHOCTH - HEOBXOnNHMOS YCIoBHe,
4TO0L MOKHO OBIIO rOBORHTL © BPCMEHH,

Ho nepocroreyunoe, 6o He BeuKoe chenedue X ogHOMEp-~
HOCTH, de BCxKast npoexuus {MPO2KTHPODANS®) HMEeT kacarte-
neeTBO Ko Bpenmedd. Hanpumep, Mo oci, aScuucc MOMEO CHpO~
SxTHpopaTk “TomuuHyf, 1o “Bpoms’ TyT we upn uem. SMwe ToO
NPOCKTHPOBAUNG, KOTOPOL HMEeT OTHOUHhHa X CloBoynoTpeGne.
uno "panblie~Roaxe”, kacacTes TtepMmiyda ‘mpema’, [Ipu aTom
QO/KHEL OLITh COTacobaiul ABA "paxsiie”: onHo, OTHOCAESCH
caenonagiio cobuTHil BO BHBUWIHEM YyHHSEPCYMe, M ApPYyro®, OT-
HoCgieucsd K Creacvaruw colbumuil B HabpanunoM namu (T.e.
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¥36paHHOM CyBBeKTOM NO3HAHUA) NHHeHHO~YNOPANONaHHOM
MHOKACTEO,

Mpr cuTyauu L, ¢ U ynopsagounsawummit cyGpexT (L,:E)
caM He MbICHAT Celd OTHOCHWHEMOH K TOMY MHPY-YHHBOPCYMY,
KOTOpHIl OX TpaxkTyeT. BHyTpeussd (ncuxuueckas HWau HHasg)
YIOPSAOYEHHOCTL =< ans L. HRxak, MOxeT GHTh,.He Sa-
LenneHs 34 BHBWIHIOKW, "oGBeXTHBRY®H” YUOpRAOUSHM OCTh B
{u.,<)_Hanpnmep. TaKk GuiBaar gpd pocnoMuuHaHusx: "To supnr
OH: Ha TanoMm CHere, xax GyaTo cndwd# Ha HOYNeTre, HoNBR-
KUM IOHOWA NGKHET , , » 1O BHOUT OH BPAroB SAGBEHHLIX,
XNEBRBTHUKOR ¥ TPYCOR aIblX Y poOi HAMEHHUI MONOABIX, H Co-
JAbCKHI [OM,..." B peanbHoli muons ORerusa cHavana Grim
neTepGyp PCKHe BPATH, KASROTHHKN, MAMOHRMULL, & Alib TOTOM
~ yGuTeit Jlenckuit, "ceanckuft xe nom” 6bLil HO B KOHM G, HO
B cepeide,' ORiaksc eroe oybreKTHBHAS YNOPSACMEHHOCTH=X ,
KaK ¥ 08M HOTOK er0 MLICASR-MYBECTB, HO® [ADMMUHHADYETCH BHO-
WwHe XaneHpapRON Y NOpAfOYOHROCTLI) <& H HO BKIAALIBLS T~
Cst PO BHeWHHE CulObITRE YHUBEPCYMA COOpITHH H3 109MEL,

B xaxo#t mepe "ppems cy6nextuBHo”, a B xakoii o#Ho “ofy-
exkTeHO”? TlepeBons aToT BONPOC B TepMUESLl EOHATHNRHGIX
KOHOTPYKTOB, C KOTOpPbHIME TONLKC H padoTaeM Mil, HELO HOw
pedopMynHposaTk ero caepylowum ofpasom. [LaM yHUBepCYM
(U ,<)s Copaumesercs, cyweorsynr an taxue OOHO3HAY-
HbLIE koHCTpY kuupg-~Onépanun Hag (LL,<) ; KOTODLI® ND3BOM~
an 6p1 (MM pnawe nvVYle BHpPA3KTLCS “3acTaBung” Gel) NpRATH
K ONHOSHAYHO-OHPEASNseMOMY IOUHEHO-yNOPRAOYONHOMY MHO-~
wectny (L,«), roe ortHowenke ={ oRHD3HAYHO Gnionpenand-
noch uyepaa oTHowexwe & . ECnaw oTeReT dOnoxuTenkHuifi, TO
B TaKoM MEpe-YyHHBEeDCYMe JHHONHOS8 BpOMA ¥ ero TeMeHde B
CHpanenendoM cMuicne YobrekTheHet’. ECnd O TRET OTPHLATO~
NBHLIE, TO B S9TOM MUpe BLIGOD BpeMOHE KOO HEBOSMONKEH,
ABO OMKTYeTOS KAKHEMU-TO MNOCTOPOHHRME MHDY COOGpPAMOHAA-
MH, T.0, “He ofsoxrupen”’, Hcropmuecksr cnoxunock, Tak, 270
MATeMATHYOCKA-TOYAL® MOASNR, H3yNapwHecH B ¢usuke XYIl~
X1X cromeTwii, OTHOCHIAHCD K Pa3pPAAY N0 CYTH JHHEHHO—
ynopanoyeHdsx Monenei (em, 88), T,0, TaKMX, rpe oTBeT HA
Hau BONpoe nonoxurensuult. [1oaTOMY pPaCrpPOC TPpIHENGObL NCH-
XONOTHYOC KOS YO KNOHNY, YKOPOHHAHCDL TPA&LRUHHM [Ipenonans-
HHA, ONHPAIOMHUECS HA RpeayMnummw *O6LeXTHRHAIO CYHECTBO-
paH¥a Bpemewu”, Boaxuxmas noaxe "TeOpHsS OTHOGHTEABHOC-
TH" BHIMywnoHa Ociia nHGo GOpOTLCR, NGO CYHTATLOH C
9TUM HPSAPACCYRKOM.
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4 MuTepranbuasg 0L&8aTHupoBB X a C 0=
6 o1 T ¥ ., Pac.cMoTpuM cHAYgaa oald llofCcnyyall HAMeHe-
zoro ofutero ponpoca. IycTe nsn ymsepcym (U <) 1 B HeMm
BLIAGJIOHO NUHERHO-YNOPKAOHOHHOE TOAMILOKECTBO (L ).
CnpamapneTcsH, MOXHO AKH BCAKOMY CoBbLITHIC X € U conotTa-
puth coborme X €l B kayecTse mekoTopoR “maru’ ¢ cobnn-
neHHeM ynopanouefinocTu; xpoMe Toro Tpebyes, uTO GCHH
xel , ToxX=x,

Boosmem x §L . Ecian 6w Mp onpeaenuni ero aaty X
TaK, YTU OHA NpHHARAExANA Gkl Dpownomy ang = (T.e, X€X)
TO MBI CpAa3y Xe nplune On K INpoTHBopeddic, B caMom pene,
B Lax” HalgeTcs o mpu X <4 , Ma roro, 4To Y < X ,
craayeT, 4To Y <X, HO § = B, TAKHM OOGpaloM, X <Y<
<x ! Cnenopatenvro, ¥ g L Ax" 1 atanormno ¥ € L o x",
Hupmr cnopamu, eGnn obosHasuTsL p_ =L ndx g g_u-:.,{_.n}x‘:
TO BCEe RONYCTHMEI® OATH AR X J2XKAT B IAMLKASHME BHTE-—
peana (p...%«h [piexonsm x TAXOMY OnpenenoHnio:

OIIPENENERWE 8, HMHTEPBAALHON AATOM (p)tL)x
COBHITHH x ¢l B TemmopanbioMm nortoxe [ < {{ HasLBEaT-
cH

o~
dp.9 2, + = L"n ({P:‘ﬁ) . (5.4,1)
Fr‘ielﬂ & x Efg—\’i)

Bor Apyroe packpbiTHe TOI'O Xe onpegenemnsa. Ilycrale)
Hatnem #a L napy cobumit p , §. 4 B X8KO#A-TO Meps
*naTupyjouMx’ X, UMEHHO, CreAyWMM 00pasomMi B < £
210 rpy6as RaTHPOBKA, Coofwawinag HeUTO Bpoge TOro, HTO
X npoudomno necne cMmMepTH uMiIeparopa HepoHa ¥ go cMepta
reqepanrccuMyca C ra/mig, KoeTaTH, B HOKOTODRbIX MoRensx
Y@ K TaKam NaTUPDBKA HeBOSMOXHA, ubo B unx x ¢ {F, T )
npr sesxux P, €l , Torna kurepmansHas paTta nycTa:
([p,ci,})x= 7. om. §8,5-6, Ho ecmn nawnucn Takume § K ?7:' .
o unreppan L A {F,§ ) moxer nogseprarscd yMmMeHbwe-
HUIO, Te€e LATA MOMET YTOYHRTHCH, VIMOHHO, BEYTPU HEI'0 MO-
ryr maitees p° , 47 raxue, uto p< Fcx<F%q . Craxem,
BLIACHAGTCH, YTO YHOMSHYTOe BLie COBBITHE CIyYHIOCH NOCTe
Toro, kak CepmaHTeC noman s Typeukdd nned, HO g0 TOro, Xax
napesnw Aznexcell TletpoBuu Soit yOHT Ha anbe, Cymense npo-
MexyTKa noyty 8 20 nU KONKReCTBEHHLIM MEepKAM, HO B HEWeI
KOHCTPYXIUHE KOJUHeCTBRHHLR mMaclTabol OTCYTCTBYKRT. Ilponon-
M5 HOOIpAadHYeHHOS YMeHLWOHUE, B CHIY CBARHOCTH HUTSRBa-
na Ha pH@eM K TOMY, YTO cyuecrtsyaT npenen {nepe-
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ceqeina) BCeX TAKHX HHTEPBANOB, DTOT NpPeAdl MOKET OXxa-
3aTeCH oOitof TOyYKOll, TOTAA [0 ONjens e HAK (P,%E,;‘EEL.
IpHYeM MORKHO OOXAa38Tb, YTC B STOM CAy4he X =% nl {HaAnO~
MHHM, 4TC ¥ eCTh BUMLIKAHHE TOUKK B MHTOpPBANLHON TOHO~
noruu), JToT Npenen, HAKOHOH, MOKET CaM OKABATLCA HHTEp-
pagon: (P, 90, = AP, 3 D ~ L . B aToMm cayyae, ro-
BOpd CofepwarTensHo, “aaT Gonbule, HeM HymHO”,

Cnyua#, xorpa {p, 3D = 53, oTBayaeT BAPHUITY OTCYTCT-
BHA nobansHoro sBpeMedy {Np¥ paCCMATPHEASMON OaTHDPOBKE).
Cnyvaii, xorna {p,q D, = {Px 9.9 nL » Tie. cayweil “pa-
aMas3aHHell gaTm;”, BOwesl A OGHXON € PAaACHPOCTRAHEeHHEM cne-
URanbHCH TeopHH OTHOCUTEJILHOCTH, B ®TOM Cay4ae [ATHpO-
BATb TaK, KAK NOCTABNeHdd p YCNo RUIX Jaravd, MOkHO, HO, X
COMANMRHHIW, He epnHCTBeHHbLIM ofpazom, D kxazecTee npeted-
ReHTA Ha paTy cobmTua x € L romures w-emsil KOHTHHYYM
naT x € &p,_\f{:‘}' nb . Darupoeka (1.6, byEXnuOHANBHOE
BpeMf} nena@Ted PeNaTHBHOHN, ¥ HET ONOphl, KAK A3 HE0603pH-
MO0 MHOXECTBA DABHOUPABHHX YHKUUOHANLHLIX BpeMeH Bblae-
mite “atcoam THOR®, “epnHcteeuHoe”, TobGrexkTERHO”, HamubGo
nee ypoBel, KoHeylv, Cy4dal, KOoIla HHTeppRanbLHAR gidTa CBO-
AMTCH K ©OMHCTBEHHOMY coBmrtmio X = X oL ., Bor torsam
TO MOXMHO C yaepezmor.:'r‘mo 'OBOPHTDL, 1T0 CYLISLTBYET a6C O~
N0OTHOS, KHBAPHaAHTHOS, o0vexTHRHOE, Npexpacice spemi, OHO
nojiyiaeTcH NpoeKTHPOBAHMEM Bcero yuusepcyme WL wa L
[0 OpoBHMY: X +» X ~L , T.8, BCSKOMY COBLITHK CONOCTAaBIIS-
@TCH ero MHTeppansHad aaTs, B 2TOM M TOALKO B 2TOM COY- .
yae oveilb eCTeCTBOHHO H UHBAPHAHTIIO Chenyloliee Onpensie-
HHO D,ﬂHOBpeMEHHDCTH:

OIP E AEAEHUE 10, Tosopun, uro x,y&{{ OUHOBPE-
MEHHDLI, ecau ux gatit Ha L comRanaoT ¥ CRORATCA K ead-—
HCTBE HHOMY COOBITHI.

Taxoe onpseneneiine Iopasne HHpapzaHTHeE, HewenR TAKOC
ONPEREJEZHUE 1. Topopum, uto x,Y €ll OOHOBPE
MEHHE!, ecnar npH (YREKGHOHOALHOM BPEMRHE ‘t  cosnapaioT

HX OaThi fx = .

MU He CcTaHem HONL3IOBATLCSH HA TeM HH OpyrHdm onpepe-—
neyUeM, paspe 4YTOo AUWB HHOPRA, B CONOCTABASHUW C ApYrh=—
MU, Doree yOAYHBIMH ONpepeneHdaMd,

3aMeTuM, 9TO Ha TpeTheM YypOBRHEe H3Y4YeHWs, KOrad MMeeT-
Cch a6CONTHBI 1apaAleInaM M MOXHO TOBOPHTE MpPO CependHy
oTpe3Ka, NOABNACTCH TeXHAYRCKAA BOSMOMHOCTL JIPHNHCAThL CO~
Gutnio x € b Tounryw aarty wa L pawxe B Tom cnywas, kor-

- 74 -



fla ero NMHTEPBANBLHAR AATE HE CBOMITCH K Touxke, Mmeuno, B
3TOM Clyuae cepemmy M. 1Tepaana (px, 9 ) HpUHMMRIOT B Xa-
YaCTBE RATbLI, T.Cs -'-(tf_ ;) .« Hame scero Tax uoc-
TYym T, Korna L o-ronm ectpnenc ¢ &, npuuem B coOT-
BETCTBAE C YCTAHOBKOI TpeTbel® YpOBHR pACCMOTpPEHHS 3AeCh
qHC/ia M3 ONPeneneHel KO . C TOYHOCTLIO 10 MPOH3RBONLHONG
YNOpSHNOYEHHOTD 'OME80MUP@H3IMAa, 8 C TOYHOCTBI 10 HIOTOHHO-
ro JJMHEH HOT'C npeofpasopauns. HeM BriienacTess UMEHHO Ca-—
peniKsa OTPeaksa CpPABHMTONLHO C ApYroil BHyTpenHdol Toykofl
ero, 0OBACHEHO B Dl] » §4,2, llpu Takoil parusponxe BO3HHUKA-
BT HEKOTOpasi MaBbLITOYHOCTL: Halpumep, a3 T c‘!: Ha caenyert
x < g . (lpo Ty PAaN-cpaYIc KATHPOBKY Cie Y. Ouna yme~
HpllpeT PelnsTUBRHOCTL RATHPOBKH, HO e yCTpaHaeT ee,
S . MaTtTepuansbuad TOY4YKaAa Hnw T 0~
qeqn‘mﬁ HaotnanwaatTens Onepauns, B HeXo-
TopuM poae "oBparHaa” QUEPALHUM IPOSKTHPOBAHHSI BCEr0 YHH-
popcyMa (A  ua nuHeitno-ynopsioweHHoe Bpems L, JBKA0-
YaeTCHs B HHREKTRPOBAHUM STOrD HuMHEHO-~YNOp anOYeHHOIO Bpe-—
mesan {Temnopannioro mortoka) {, B yuupepcym L .

OOPEAEJEHAE 12. TOUYLYHLIM HABMIOOATEIEM f
B yHusepcyMe ({ <) npd ROHHOM JMHEIHO=YIOPSIMOM@HHOM DpPS=
venn (L, =2 ) Ha3bpaeTes 0o6pa3 U3OTOHHOTC HONPEePLIBHOTO
orobpamesun A: L — U, 7.0, = {x_eu_ja el x..)‘;,}—
= A(L) , rae A  HenpepniaHO ¥ x = Yy =% )nc < A

B reome'rpnqecxux 'repwmax camMo HempepupHoe wroGpa:-ue-
ane A: L~>W ects “nyrn”., Paccmarpueaenoe ¢ TOYHOCTIO A0
NPONABONBLHON HAOTOHHON peunapameTpuaauun (perpanyupopxu)
cbBoe# o0nacTi lanalisa (L, =} , OHO B MATEMAOTHK® HA)LIAA-
ercs “kpupasn”. 3anmume xpusoli A mocpemcTsoM ee ofpasa
A(L), BoOGe ropops, HEBOAMOKHOE B HEYHODALOTEHHOM HEOC-—
TpaAHCTBE, OKalniBaeTCHd BOIMOMURIM B YHOPHAAOYUCHHOM YyHUBEpR~
CyMe A1t KNacca& R30TOHMu(X KpHmsnix, B AuTepaType KaK CHHO-
HEMBbI TTOHATHS "Tovyoulplil HaGmonarens” BCTp~ 3Y&WTCH M TA-
Kue TepMuHbl “MaTepuansHaa Touka®, ‘mMupOBady JLIiMS MATEPH-
anholl ToNxH”, "waoToHuad Xpupaa®, "nzoroHusidt nyre*, "To-
yoyHaa dacTuua®, “takcon”. [locneauuit TepMHR pHMeAUTENbL—
H#O K reonornd (naneowronordu) upeanoxea C.B. Meied, umesq
B BHRY JIOC/CN0OBATE/BHOCTb I'GHETHYECKU CBHU3AHHLIX COCTOAHI
OMIOre GMONOTHYECKOro BHAA 1 T, cm. | 14].

Ha aropoM ypoBHe H3y4Y4eHHA, Kor'la BCB paccMATpUBAEMbhIe
KpUBLI® TNAQKMG, T.8, OORANAIOT KAOCATeNbLHON (diM KycoyHoO-
VIAAKAS, YTO He MONSeT KapTHHLI), COOTBETCTBBHHLE XpHUBLI®
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IPHHSITO BLUICASTD He YCROBMsMH Ha TOYkH (BPOHG X 2 Y =
> ix ~< Ay ), 8 YOnOpuAME Ha KacaTeapuyo A p B TOuKE
P ; yYCuopka 6epyT B BHA® )*960: MY )l‘,pef); MK Tall,
CoOoTBeTCTRY DUIHE TEepMuHLI CyTh: BpeMexpononobuasg xpupaa’,
"peMendan xpubas”, "kaysanbusas kpusas”’, TXpHpad € OO OXH-
TepHLIM KacaTeibHuiM BexTopoM”, ‘Bpemennoncpofuas reope-
amyecrag”, coeroBag xpusas’, “dynepas xpusan”, Ha Tpersem
ypOBHe pAac CMOTPENMS TOBOPAT: "BpeMeHHonoGHa#® HpaMas”,
"uHepuwankHag vactuna”, "nHapamankHbpll TowedHnil Habmoga-
Tens”,

B cayuae, xoraa nopdaok B yHunepcyMe aapai, kak B §l1.3
NOKANRUAG Ha CROHX "OIJ.O6HBCTHK, H30TRHHAA KpHBAH Onpeﬂeﬂﬁ—-
eTca He yoAopeMm X =y =HNx < )\3 , & 6onee I'poMOSH/KAM
KHM: OH8 H3OTOHEA H/M QHTANHA Ha KakAol Ha obnacreit (M, <)
38RAHHN, & COIVIACODAHHOCTbL Ha Nepeceveuny OoGRACTed aAenaeT
5TO ONPEUEeNEeHHe OCMLICTeHHLM, CM. [_9].

Texuuyecky OribaeT yaofHee DACCMATPHRATL KPHBYI) Kak
3afaHHyI0 He HA BCeM |, , A Ita aaMkHyroMm oTpeaxe(p,3) nl.
310 CBAZBHEO C TeM, YT0 JHHeHHO-~YROpHAOYEHHLIH ABMKHYTLIHA
HHTEppal B CHNY CBRHIHOCTH KOMII&KTEH, & Camo L. Jag$- CHY —
Yag CTPOroro NOPAAKE He KoMHexTHo. TyT BO3HUKAKQT BapiHaH-
Th sanamug [ p,q] o, (p,qg] [Pa?) une (p,3), Ho
Mbl ¢ Gypem BXOAHTE B Te XHHYECHUE NOLPOBKOCTH.

MTpouenypa onpeneneuns “maTepHanbHOl Touxd” oKCHAKUK-
pyeT tmnocodckyw uaoex “anpropu’. Mmenso, mMut anpuops mpi—
miMaem HekoTopoe nxHelino-ynopsnosenxHoa (L, =} 38 Bpawma,
aa TeMuopadwEuii NOTOK. 3arem Mu no oupensneaxio {anpuopu)
NMpKMHKMBSM, YTO B ApyFEX MecTax, ¥ ¥y apyrux “maSmopareneiy”
“yactun”, "rouex” BPEMSH TEUYET TAK XE KAK s (L,<=).
9710 cooTrercTBYeT MHbexuuH L ws U, Mbl Bripensem ymo-
3PUTENLHO ONPEeAeReHHLE HOAMHOKECTBA M3 Mupa No 06pasyy u
nopobuio aapaiee HA3HAYSHHOrD HAME NUHelHO-YNopAn0He HHOTO
mHomecTna (L.=) . B aToM cMucne “BpeMs” OKaanpaeTed
YanpuopHoh ¢opMok” HAWEro NPeACTABNGHAR O TOM MHEDPE, KOTO-
PLIl ONHCHIBACTCHA CADBAME “MaTepuannHas Touyxa”, "wacTHua”,
royeydsill Hebmopatrens”, Hocurenk camMonoBneiomero BpeMoHi,
T.€, YHCTOR AnuTeAniocT® (L, =) , MBICA@HHLIM AXTOM NAPeHO-
CUT Takyw Xxe OAUTeNbLHOCTh Ha onncanxne BCEX apnenuflenpo-
ueccop BHe cafu, JKmpf alech, Ha 3eMne, s NOAATAD, MTO HA
Cupuyce (ynpoleHsoM 00 TOYSHHOTO O06BEKTA M COOTBE TOTBAH~
HO 0BGCCTPYKTYPCHHOM) COGCTB @HHO BpeMsl TEeYET TAK Xe, Kak
B y MeHsi: TYT peus HAeT He o "CKopocTd Tededua”, Ha o rpa-
QyYHpPOBKe YaCOoL, &8 MCKAKYHTENLHEO O 60ee NePBUIHEIX TAHAOH-
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HOK HaupasnexuocTn” u "HelpepsnipHoCTH” Teueuus, Ppoas "Cy-
W2CTBYRT MATEpHuanbHag ToHKA” (MU ToYedHas 4aCTHLL) OsHa-
YaeT Tenodpb, Y70 HEYTO, CBAsnIDaemMO8 C s7Toit Tovxoi, OJINT-
CH. Y1 nna noGoro Hapyuweuns QARTEABUOCTR (BOJNUXHOBOHHM g,
YHRHTOKS HAL, OTC YTCTBHZ) CpanHuTennHo ¢ MOHM TemMnopann-
Hum rotokoM (L ) HYKHE! KOKHE=-TO KOHKDETHHL @ OGRACHG-
His, TpefyeTCa NpeatsRAThL OCHOBAaHMI,
GO.KDHCpr‘KLIIIH H A M arepmarin b-
H Bl X T 0 we X, CofcreeHus, Hanuye nopsinka =< rnpu-
BOOHT K TOMY, 4TO mpouabBonbhuie xpussie A:{0,f]ws U pacna-
QBNTCS HA YCTLIPE CHELAANBHEIX KNacca H 0aud xnacc “ofuwe ro

nonoxexus®, Mepppl -~ 270 Te N, ¥y KOTOpLIX u3 <y Cne-
ayet At <An , T Anp € (M) . OHE HAOMBAIOTCS HIOTOH-
HLMH MK BpemeuluMu . Ha BTopoM yposde () % & O:;& )

CHH HAa3KIBaAIOTCH BpeMeHHONoOOGHLIM I,
Bropoft KmacC - 3TO Te, y XKOTOPHX 3 &< p cheayeT
A ¢y, Tee. Ay e (A¥)T . Oun vaoumanTCa KayaanbHumMu,
Ha mropom yposwe ( )\, % € E'f_; ) OHM HA3BIBATCS rnagxi—
MH Kay3anbHbhiME, .
Tperyii xmacc - worma ua ¢ < n chenyer ).qze)(kﬁ) ! OHu
HA3LIBAKTCH IpaHduydnmi (cserousniMR). Ha BTOpOM ypoBHe
( A X € '30:;_ ) ouH HA3RIBAKTCS CHEETONONOGHBIMM.
YerpepTEHilt kxA8Ce - TO, ¥ XoTouphX nbule 0BG TOYKH ax—
POHHBL, Ha BTOpOM YpoBHe MM OTBEYAKT Te, ¥y XOWpbix M X ¢
¢ Q). v O, « Oun 0BLIYHO HaanBaTOS "TaxyoHaMu”,
[lpoueccsl BAOAL HAX pACHPOCTPAHATHCHE HE MOrYT, OHE MONAQ/IH-
pyRT “MruoBeHHoe COCTORHHG BRCKOHEYHO TOHKOPG cTep:kHa”,
HakoHen, xpu brie o6we -0 NONOWKEHRA - T€, Y KOTOPLiX
LS pasHplX lap BOIMOXKIO BCE Hepeuucnestoe. OHR OOLINHO He
#IYHAWTCH B TOOPHH MPOCIPAH CTBO BPpeMeH), TaK KaxK H4A BTO-
poOM YpPORH® KacaTensHul BRKTOP TAKHA KpKHBbLIX O0MweH Snw
6L nepexOnRThL Yepes [oA0KeHNe OeCXKOHe4HOOONBUWOIC HMNIYIb-—
ca, 4TO KAXMETCA HedCTECTBEHHbIM. KpuBrie obwere  NOJA0XO-
HHST = aTO Ta, ¢ NOMOWAIC KOTOPHIX B TEODHMM roMOTONHR CTpOo-
STCH rpyniiel. MoxHO AyMaTh, Y70, MCHO/IL3Yyd ¥NOPAROYSHHbIG
KpUBLG, HAlPHMep, BPOMOHHONOMOGHLI®, MOKHO INPHATH K YyHOPdA~
HOYEHHBIM IpYnllaM COMOTONMM, ®TOrO HOKa He AeNalloCh.
{[leppaa sapneva, XOTOpad BOSHAKRAT B TEOPHHM KPHUBLIX, STO
BONPOC O COOTHECAHACCTH NepexilcieHHbIX BOC bMH KI&CCOB
Apyr € OpYroM., DTOT BONPOC NONHOCTBLIO pa3peuleH [11]. He
TPUBAANBHO TYT TQ/ABKC O[HO! CYWRCTBYIOT I'NANXKe H3IOTOHHLIQ
xpaBb@ { A% < h'? ): ¥ KOTOpHIX, OAHAKO, KACATEALHLI BEK-
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TOp BCIOAY CBETOROI (l,ﬁeﬁo“; ). Haumu cnosamyu, sTo TO~
HeHHbIR TACTHULL, ¥ KOTOPLIX MIROBLHUAS CKOPOCTh B Mobyio
AATY paDHA CKXOPOCTH CRETH, HO XDTODMIe 34 KolleuHmil npome-
XKYTOK BpeMenr nnbo popCe HO HepemMea.nTes, Au0o HopeMen(fa
OTCR CO CKOPOCTBIO, MEHBuel CKOpocTH cpera: ¢M., § 10.4.
Mo Hessane ux "ppawaoumecs doTous’. Hanwixne nx cywect-
BERHO OCCALKHAST BADHAUMOHHYIO 3afaqdy B TOORHH IIPOCTPAHCT-
BOBPAMBHK,

Cnenywoiuil BOMpoC CBI3AH C COBAHHNNMOCTLIO TOYEK p M

g Dpe p<g {(mm T.aL} nocpescTBOM KpUBOIl COOTEGTOTEYIO-
LEro KAacca; C RPONOJLKEMOCTLIO OTpe3ka KpdBoit (RYrH) ot p
J0 q 3a q uok B OGDaTHYW CTOPOHY 34 p. A nonoxu -
TenLHOro pelelnsd nonobhulX DOUPOCDB TpebyeTeu CBEpX paHee
BEONEHHLBLX AKCKOM BBeCTH erye aKCHOMY?:

TKg. ¥_pcaxolt Togru peld umeercs oxpectuocts V  Ta-
Kag, 43T0 V  XOMHAKTHO.

Papsocuneioa dopMyinposka 3Toll akCHOM st NOKAN RHOR KO-
MI2KTHOCTH COCTOHMT B TNeGOBAHKY, YTO 3QMLIK&HHE LOCTATOY~
HO MAaNOro HATOPDENS KOMIAKTHO, [IpH BRIMONHGE IMH AKCKOM
TK.8 BOfnXNe NBe ROCTATOYI0 GAUIKME TOuUKH Pyl Y KO-
TOPLIX P <q , MOXRO COSAMHHTR H3ATOHHOH KPHBOK A\ . Bes-
XYio UIOTOHHYW OYLY MONMHO NpOUOIMHTL 38 Mo6oi x@eu. [lony.
YUB BO3MOXKIOCTE BMOCTO UENOYaK ey, < =g < ToBo-
PUTE 00 H3OTOUHLIX HAM KEY3ANbHLIX FPHMBBIX, Mbl MOKEM BLipa-
JHTE PA3NIHYHE MENAY CTPOMdM [OpHAKOM H UMKIHSHBIM [HOK&lb
HLIM C/IEA0BE NHeM K&K OTCYTCTBHE MnHM Ranuyme JAMKHY TONH
BP EMEHHQION GBHOM xpusot N , Muorga s nUTOpATYpPe
OTCYTCTBREe 3aMKHyTol BpemewIonoaclHoN Ha3LBASTCH ¥ XPOHO-
FOTUMECKHM YCNOBHOM®, 2 OTCYTCTBHE IAMKHYTOR KaysanbHoll
nasuviBaeTCAd “KaysambMuM ycnopueM?, PacnpoCTpaHeHo TARXe
cunnHoe kayaansntoe ycnosae’ - oxHo CocTouT B TpeboBaHmM,
9TC NpH ¥ <9  HEBO3MOXAO A} € ()n?}' . GRrYpHpYeT K
"yerofiuksoe kaysannHoe ycnowmue”, cm. [17], a Taxme §1.4 &
§2.8.

Ha aropom ypoBH@ H3y4YeHHS CpPpend BCeX IIakKEX KAy3albh-
Hb(X KpHLBIX OGLIYHO BLIflendeTCH KIAGCC HpHBUIC THPOBAHHLIX Kpi-
prx ‘reopneauygeckix’, Ho genaeTcd 3TO HO 3a CHET CTPYKTYpHI
nopsaxa camoi no cefe, a aa CYeT AO0BABOMHLIX CTPYKTYP MOT-
pHXE H/UnB cpssagocTH, cm, §2.3-5.

GUNOCOQCKA CaMAR BAXHAA XOHCTRYRUMA H3 MATEPUAMLHLIX
TO4ek -~ 3Tc "CHCTema orcyarta’, leoMeTrpuyack# oHa arseyaeT
HOHSTHIO "KOHUTPYSHUdS”, TOUONOIMYCKM — HOHATHIO ~pastuenue.
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ONPELEJEHAE 13, CHCTEMONH OTCUETA A B yuau-
vepcyme (U , <) c auneitmm ppovenem (L, <)  Haawmo-
aTcs Takoe MioxecTno A ={f} matTepuaasanix Tovek £= AL,
4TOo! ~1)(U e ABNFETCH OTKPuLITLM MHOkeCTEOM B |l {BA-

&4

A 4 :
pugrT: & =UJ ): 2) ana pesxkx posnsusnx €€ € /A Grnon
naetca £af'=g i 3) cywooTRYe T Tak8# HPOSKUUE il L
nmpr KoTopod pad xawpoill e A N LITONH4Q TCH -rrl o\ = id
T80 aCnd xz A , TO T =t . £

3amMeTHnm, 9TC OT »Toil npoekunt T Mb Ude Tpebyenm,
yrobul oHA Gpra wuorouna Ha (U, <) : oxa OyAeT U301 OHHA
#a kawaom ( f, =~} . Tpetee TpeHOpAalMa NOHPOCTY NpelycMa-
TpHBgEeT COrnACORAHHOCTHE napame’rpnsaunﬁ BA PalHDIX KPHBbLIX
w3 A . BeRs Ha xaxaofi M3 gUX HOPO3HE MOKIO MEHSTH H&-
paMeTpHas uuie ¢ SonsuiwM npomaponom {cm. §5.2), a giaa CH-
CTEMDL] orcyeta nmonarseTcs CHCTeMATHYECKAR COPACOBaH-
HOCTb.

Bropoil nyHKT ompepencHud O3BONRKET BBECT-M OTHOLIOHHO
oxpHpanenTHOCTH x ~y 3¢ x.y «f n fuxropracsare U
N0 ~ » Te@ .0 A . Peaynerar ¢akroprsadmi (L /A da-
apibacTcs “npocTpaucTnoM ans yukeepcyma U (nwiM nna enc
opoBiacTit UL ) OTHOCHTen HbHO OOHMHOGD CACTEMbI OTCYRTA

A %, Mel nokancecT ocrasnsie M B CTOpOHe Bonpoc, Gyner
nu 270 "npocTpalcTBO” KARUM-1tMGynL H3 FeOMBIPHYECKRX WU
TOMONOI UHECKUX NMPOCTPAHCTHE, Uil PCEro nillb MHOXECTBOM,
Ho pucuwenaeiue yuupepcyma (L b bune U =L x (U/A),
T.¢.:p Buge BPEMEHH (. u [IPOCTPAHCTBA W/A Bcer-
A8 DO3AMUxHO, KOIlb CKOPO BpedeHA CHCTema OTCYeTa.

Ha BTOPOM YpOBHG DOCCMOTPOHMA MATEPHANLHLIO TOYKA A
o6NBA8I0T KACATCNLHLIMA HONOKHTENLHLIME BEXTOPAMM A, . Ta
xkuM ofpaszom B U samaeTcs HEocoGoe BeXTOPHOS HONE! YAC~
TO NOALIYIOTCH TepMHHONOruer “Tok meuecrva”, O6BMKO HA
BTOPUM YPOBHEe pacCMOTpPeHUS CHCTEMY OTCYOTA Tak H olpepe-
ASIOT KaK HeBLPOWASRHOB BaxXTOpHOe f1on¢ Ha obGnacTi. D sTOr
acflexTe OYeHL CYUECTBOHEH cnenywownil Tomonoriyeckaufi (u
OQHORPEeMEHHO (uilocopckail) peayanTtar. Ha scakom ncaeaopk
MAHOBOM NPOCTRAHCTEG CHIHATYPsl (+ - , o ., =) M naxe Ha
BCYKOM OMIHCIepOROM TpOCTpaHCTRe TaKoll curuaTyps CYIHE-
CTBYET HeBnlpO®AeRHOS BEKTOPUOE nojae, Tar KAK RHTeIpan:
Hbl€ EPH Bi€ K HeMY MNOpOXZalwT OLRONARaMeTPAYeCcKY Tpynny
/g, TO Bcerpa MOXHQ YO0 WISTBOPUTHE T PCThL2MY YCAORMIC B
onpefenetMy CHCTEMBLl oTcueTa (3a cyeT pnifopa HapaMeTpHaa
ugu sa €, orBeumneit napameTpy rpynnw Jlu)., Cnenosate

S
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NLHO, NPOCTPAHCTROBPEMS obwelt TeopHd oTHocuTenerocTU {n
Aaxe B duucnepopom OLOBwEHUU) MOXKET BLITL DA3NCKEHO Ha
COGC TBEHHO BpeMs M Hd CO6CTBEHHKO HpocTpaHcTrRo. Paaymeer-
CH, 00 O[UOBHAYIOCTH DTOrD PASNOKAOHHH HE NPUXODANTCS X Me-
YTaTh. KoHOUHO,; B TOMIOPaANnLHO-HEOPHEHT HpyeMOM Cly48e 3To
PASNOKEHHE OCYWeCTBNSCTC® TONLKG noxalbHo {no o6racTas),
aa o B TE‘MHOpaﬂbHD*DpHGHTHp}’GMOM Cay4dae BOIMOmHAB CIOXK-—~
RocTH, 66 /A  MOXKET COCTMTE YACTHMHO M3 HE3AMKIYTLIX
KDUBLIX, 8 HACTUYUO U3 IaMKHYTHIX. F, KAK yxe OTMe 9a70Ch,
npo reomeTpryeckHe cmofiorsa Takoro “mypocTpancrtea’ MLl no-
Ka HHYero Xopowero ckazarte tHe Moxem, Hu n KooMm cayuae
HenoHyCTHMO CeRYaC OTOXMUSCTBAATL 3TO "npocrpaHcTeo” ¢ ka-
KOll=HEBynb CeKYWEeW axXpOHHON NOBePXHOCThI T = consts CM,
§10.3~8, [lpy BCeX 3THX U HEBIX OrOBOpKAX COXpaHieTCH NO-
3HapaTenbud BamHeil daKT, YIO B HNPpHHUHIS TAaX0O pacusSnia-
1@ BO3MOXHO,

7. KapT s H KOOpLY HE&T H ulee Tp o -
06pasonaHlu g O CHCTeMEBMH OTCYOTA YA4CTO CMEH-
BAIOTCH CHCTeMH KOOpIUHAT HNH, KAK CceHlyac TIOBQPHAT, rap-
Y. YTo rakce Kapra? Mu yme nHcany B §2,1, 3TO 3an3HHem
FrIapgkoCTH ~  Mbl BhifeadgenM M3 pCeX HONpepHBHLX GyHKuah
f:MamHexoTo,mﬁ nopgxnacce F ., fleCKONMkKY MEl KMeem [e-—
M0 C KOHSYHOMOPHLIM TONOAOPHYECKHM mMNoroabGpasuem M, , Ta
qucnc nesaBncuMuX Qyskuumit £, §, , . .. ;€ F se Becko-
HeYHO, & DABHO B TOYHOCTHY n . B4R 2TH He2aBACHMBIe KA
gexoropoll obnacte L pynxuxu €0 ov o o $0 0 Mu BHAKM,
4TO (iyHKU- RE~NPOU3BEReBHe £ x ... x €, otobpaxaer £ Ha
nexoropyio V€ M"  romeomopduo, Bor aTo oToBpaneHne K
naapisaeres KAPTOWM nns M, (o6nacte aapadsa sTofl xapTl
copepxuT &) ), 8 caMu $yuruny £, , eee; §, 1R 2TOM Ha~
ALIBAIOTCH KOOPAMHATHEIMHE yHKRHIMR B 0GO03HAYAIOTCH CTaHRap-
o X', 4 .., X", Yx nosapxsocTn ypoeﬂﬂfp\x‘(p)nms‘f}
HAQLIBAIOTCR KOODAHHATHBLIME OBEp XHOCTSMH, 4 Kpuspoie lepece-
qenus N—{ XoopNUHATHLIX NMOBSPXHOCTEH HAALIGAKTCH XOOpAA—
HATHLIMK KPHBBIMH { KOOPOMHATHLIMK NHHASMHA) ! BOQAb HAX HA-
npap gon puddepeHUEaN { oolycKa® BOA BHOGTL pPeys, TABOUPAT
*rpamwent”) dx* coorsercreywomell xoopnuHarel. [lepeXon oT
onHoOk KapTu K ﬂpy‘I‘Oﬁ (Ha nepacCogqe f#dH uXx Oﬁﬂ&CTBﬂ) nagTCcq,
KAK M3BECTHO, HEBLIPOA(JAGHHLM IpeOoGpAa3dB&HUEM

x¢ e £°(x= . x") . Hsisn,  (5.7.1)

det (B /2K ) + O . (5.7.2)
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Npa npuuarom ¢ynxzponansiom nogxone (95.7.2) gokxasn
RBATCH RAX TeopemS, NPY PACNDOCTPBHOHHOM NIOAXGAe, B KO-
TOPOM KaptTh! JIDHHUMAIOTCR 34 NOpPBHYHMA O06BEKT, yCcnopus
(5.7.2) nocrymupyercs, HapoMAuMm ouedp CymecTBEHHOE Tpe-
6opasme: oGnRACTL 3ananHs kaxuo § €F , a greposarem
Bo, BCRKOA X uenpemeano o'rxpm‘aa. O6BINHO HPHEATE

Yo e KOOpﬂKHBTbI 0603H24aTb x* y OTMOUYAH HX HOBRH3~
HY WTPAXOM, A MPOMIBONHBIC. UCATH 9, + 3 /3x"n oBoauayaTH
o
D S (5.7.8)

[ 4
B atux oSoaxavenunx (5.7.2) smraamur det (-8; )'—'# Q.

Cofnaan orowpectTerTb “kapTy” u "cncremy orcuera” eo
IHAKABT cheayionus ofpaszoM. Buifepem 3a NMepsyio NOCDNK-
HaTHYS ¢yHKUdW TO 3HAYCHNE + , XOTOpOe (QUIYPUPYET B Ny—
#KkTe 3 onpenenennsa 13, a Ha HeEBp XHOCTH € = consl 3BpAARM
KOOpRHHATLI, HCXON# H3 npocrpanctsa WL /A ., BoT H nonyuu-
N4 xapTy, copnapaomyl 6 cucteMoll orcyeTa B KAXKOE~TO Me-
pe, 3HAYMT, MOMHO XX OTOXHECTBAATE. [103xe Ha npumMepax
§6.5 u 810,3-6 pckpoeTca MHOIrG nNOQBOAHNIX KaMHEH D TaroM
pacCyxgeHnH. JloXa Xe MW Orpa’HdYuMcA TeM oYesHEHbIM
coobpaxeinieM, 4TO B NPOH3RONLHONK CHCTOMO KOOpAUKRAT RU
onna xooppurarsag nuexga HE CBH3IAHA Gute nkuneid Toka
BEUIQCTBS, A B CHCTEMB OTCYEeTaé — K&XOad KOOPAHRATHAS NM-
HHsi, BAOMNL KOTOPOR MIMOHSIETCS TOnLKO T, SBASeTOg IRHA-
eff Toxa =2TOfl CHCTeMHl OTCHOTA., MuoxecTBd Bcex “cmcrem
KOOPHMHAT” ropaanoe obusipHes, HOXONAH MHOXECTBO BCeX “CH-
cTem orcyara®, Bropoe OTnygymMe 2THRX HOHATEKR - Ha MeTaTeo-
peTHvyecKoM yporHe, Kapta {CcncrTema xoopnmHar) ecte BCIIO-
MOTATENBHOE MaTeMaTHYeCKDE IOHATHE, NMOCPEACTBOM KOTO-
pore yno6io OnRCHBATL IMiagxie Mroroobpasys, HO OpH QUITE-
HOM KelaHdd MOXHO ofoitTHCh B Gea Hero, OHO He HMeeT oH-
JIUYEeCKO! HHTepupeTanud, CHCTEMA X0 OG- TC€HOTA ~ TO MaTe-—
MATHYECXAA SKCIIHKaMd onpenencHdLiX ¢ agvecxux [NPOLE-
aAYP,

C HEes3aKOHHLIM OTONWRECTRACHMEM STHX OBYX OHATER H
CRA3AH TaK HasnBaeMiil “IpRHUMD XoBapyadwTHocTH”, OLHO
BpeMs WHpOXO ¢(UrypHpoBaBwnid B (Mauke. [leno B ToM, WTO
BC@ MATOMATHYOCKHMe OUBOKTHI, MPencTABAGHHLI® B PAMAHOBOH
re oMeTpEKR, CYTh BOKTOPH ¥ TEH30pLL VX Honnag 3agaTs 0f-

HUM YHMCIOM HIH HaBOpoM HHCeld, MO0 B pasHulX KapTax UM OT-

BPE4aIvT pasHble CHCTeMbt yHcen, Hampumep, mexrop A° npe-
obpasyaTcs 10 3aKOHY:
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L k 7/
A — A D (5.7.4)
{rne nonpasyMesaercd CYMMUDPOBAHHE IO NOBTOPSIOUEBMCE HH-
naxcam) , TexHaop Fin (HaasiBaeMmit MerprueCKHM) - O

3AKGH YL

' K
S %P (8.7.5)

13

.-
rausop K juf (HasniBaeMell TOH3OPOM KPHBH3HLY) ~ MO da-

KoHy: , v .
B.2,, . (518

g QD18

ixt JRE L g
“[TpHULHT XOBApHAHTHOCTH ouxcasRd’ Tpebopan, 4rober BCE
dHan4yeckre nepaMesdLB, BCTPEHAIOIWHRCS B PACCYXKAEHHAX, &
BCO OXBATHIBAWIUKE HX YPABHeHHH NpeofpaA30oBHBANMCL DLl IO
TAKOI'C popa 3axoHam, [1OCKOoALKY T8 %o (HAKKM , 9TC rOBOPUIM
O NpHHUNAe xosapHadTHoCcTY, ¥ XKE Buibpand CooHM HHOTPYMOH-
TOM PHEMAHOBY PEeOM@TpHIC, NOCTONLKY "NpPpHAUXAN KOBAPHAHTHOC~
TR " npeppamancs B TpefopadHe, WTOOH B reoMeTpHH GHrypHpoO-
BaNH TONLKO IeOMeTpPHYECKHe OGLGKThH, T.Ga B TamTonoruw “ma-
cno Macaadoe”, Epuuc TBeHHAN! CMuCA, KOTaphil MOMHO YCMOT-
peTh B NPARUHIE KOBAPHAHTHOCTE -~ 3TO METAT@OPSTHYECKO®
TpotoBAKRE, ZTOOK (HINYECKHS 2AKOHOMBPHOCTH ONKCHIBANNCH
6Gpl aunapaTonM I'e OMeTpPHM.

CMeuleHHg cHcTeM OTCYETa O CHCTeMAMM KQOpAHMHAT ¢ NON-
Haf BCONCIBONIOHHOCTE B NPEOGpA3OBAHME NOCASUHEX TOPOAHIIO
ouHGounoe, HO pACHpPOCTPAHNSHHD® H YCTOUUNBOe MHOHHE O AKO-
6l “panyonpanBuH BCOX CHCTeM oTcyera’, TeopHE TpoCTpPaAHCTBO-
BPEMeKH fPHHANY He/ M0 HA3RAHAE “TOOpyHM OTHOCHTONLHOCTH'.
Brit®d MHOXECTBO HONMTOK CHOPMYARpoBaTh "HAPUHUHIT S KBH-
panexreocTR” KOTOpwfl paspewHun Gkl CYHTATH PAaBHOIDABHEIME
M0bpe BB CHCTOMLI OTCYOTA, KPHTHYECXH® XOHTPIPHMOpPLI X
STHUM (OpPMY-IHPOBEAM OpHBONY K TOMY, YTO “npuaiuun’ cys#uncos
10 noxaneuoro, & crporo ropops HHOMHHUTE3IHMANBHOIO
MPHHUKIA, CYTH KOTOpPOGro COCTOMT B TOM, 4YTO NP0 OQHOr. SiMH-

CTBRHHOPO TOYEeYHOTO HaONWOATEeNIs I'OBOPDAT Xak 0 ' cHCTeMe
oTcyaTa”; yauwa Bcero furypupyeT “‘masawcmmi nudr”, Hexop-
PeKTHOCTE TAKOIO CAOBOYNOTPEGNGHHA B TOM, 4YTO TOYeYHEIl H&-
Gmonartene (mMarepuanngag Touka) ecTs mHonarme OAHOMEPHOE,
a8 CHCTeMd OTCweTa ecTh nofdstie n -MEPHOE: oka, rpy6o mo-
BOPE, COCTOHT B3 ( N =]} ~MEPHOT0 MHUXSCTBA OLHOMEDHKIX Ha-
ﬁgmaraneﬁ.

8.4YacTrHuHmnae ¢eny4vYasu npeo&paaoa
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BEABEgA ~ pDoOoOAyYypPpRMAHOEBRR raosMeT.-
p # #. llpumenuTonkyo X CHCTaMe OTCH@TA ABCTpAKTHLIR Npe-
o6pasoBaHed (5.7.1) ponyckawr yrouHAluyw Mogudrrkamio. Bo-
O6we~T0 B CHCTOMSO OTCYETA AONYCTHUML!I BCO® KAPTH, KOTOpbLIA
HONYCTHME B CCOTRETCTRYOMOM -MEOr006pasua. Ho B nedl nve~
etca ewe kxnacc [IPUBHJETHPOEAHHLIX xapr, knacc ecrect-
BOHHRO BHIASMEHHBIX KOOPAMHATHEIX cHcTeM. MMmeHHO, 2TO Knacc
T@X E40T, ¥ KOTOpHhIX M@pB&sT KOOpRUHATHAR NuA%E X ' cosna-
RaeT C MHApPOBOR /AuuMEli TOXA BewacTsa 3TON CHCTEME OoTCYa-
T, T C € 8B onpepgenenun 13, Ecnu 060358YHTHL BEKTOP TO-
xe A‘ , To Haspauumf NpEIHAaK pABNOCHUASH TPeGOoBAKWD, HTO-
1 B a7Tofl xoopnHHaTHOl CncreMe OH HMea Owm BHA A" =

= (&, 0, ivep 0)y T.0. UTOBH XOOPAHHATHLIG AMREK DYyHKURM
Pt ") npm 2<¢pm &n HO aampuconx Opt OT xt.

Tak xex #e opHa XapTh, & ACE® KapTLl RAHNHODD KINACCA QGKHEI
YACBASTBOPHTL 2TOMY TpeOobauuw, TO IOy YaeM, Wo TpE TB-
pexoae K ppyrol nomycTRMOf xoopnaaa-raoﬁ cnc'reme Rpoekuas
A' HA NIOCKOCTH MEepeMeHHBMX X, .+ « - 4 X" [HOHAXKEHS coxpa-
HATROS NPQKHBH, T.9, NOMYHA OCTABATLOH pﬂﬂﬂoﬁ uymo: AT=0
(2 spén [, uro & cuny (3.7.4) osmauaer A’ .E?" =0 K 9T
BO3MOXKHO TOABLKO IpH

o' =0 & -9’: =0 . (5.8.1)

4

lp¥ 2THK M TONBKO 3THX YCAOBHAX OKABLIBAGTCS BO3MOMHEIM,
Trobol O, :.r:"‘—o BO BCEX “KApPTAX [AHHOCO knaccsa, uGo ¢, X™s
= 2,2, x* +9., 9, x" Yeaosnamr (5.8,1) punensores L'goi‘l!-
CTHMBIE (comacmannme C TOKOM BeUQCTBA&) XapTH B CUC-
reMe orcueTa. Q6wmne dopmynnt cMm. {12.4,1). Hrax, koopouka-

T DP8OBpaayloTon N0 GOPMYyNaM

ot §' (w2

be__’ %F(xa"“’xnj . 2%#&0,(5'8.2)
pMeoTre (5,7.1}. MaremaTe4eckas aanada, BOIHUXAWINAR IpM
DTOM, = AIYYKTL OOBEKT LI X CTDYKTYDRI, COPRACYKRWHECH C
npeobpaaopauaMy (5,8.1-2), B TOM CMICNI8, B KAKOM BOKTO-
PH~TOHIOPLI COrNAacoBnBanMCh B ¢opMmynax (S5.7.4-8) c (5.7.1),
yonoeuo (5.7,2) He meHseTcs, JTH OOBOKTH NORYHANA HA3BA-
uKe Tduartenscpor” R NMOX0XE HA TEH30pL BNIOTB OO CoBRane-
HBA OTdenbHmXx fopmyn, B tbuanxe B 9TON Cpsak 4awe Bcero
HCIONB3-ye TCH repMHHonomg *MouanHuli mevon” [3] axX~
MepKbll dopManHaM”, “XPOHOMOTPHHOCKH® HHBADHAHTH™ ’ltb
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Ofvenuaedys annapaTa (UArTeH3aOPoB C kAoell “MeTpHKH” npH-
RopuT K "nonypumanosoit reomertpur” [8]: B paaGupaemom
cnyyae TOKA BAIRACTBA TO V: . Camoauarennsoe onpenena-
HHO nomypuMauopoh reometpur V. Gyner mado B ring,
§13,1. Ceoityac Mn H3ROXHM OOHH 43 BHEIWHXX CROCOGLB 3aga-
HHS @0 CTPYKTYPbl. s
B o06emuHOM RMCEBAORPHMAHOBOM ITPOCTPAHCTES \/" C MOTpK-
xoit g, wumeeM none A* Toxa memecTsa. 3aaHEM ero
Cpagy OINpeafAASTGR HeCKONbKO HHAYHHPOBAHHBIX MeTpPHKEOH
crpyktryp: OOQHOMEPHASHA METPHAKA h,, s Ronyuammaacs
QrpaHgieHEeM @, Ha JAKHHK TOKA ROJIS A° : TPEXMEP
HAA METPUKA ”«p , ROAYSAOMAICA KO&K MOTDMKE GHBEKTO—
pHoro apoctpakcTea AsX |, me, | o,
,1 deﬂ.‘_:__i_-q—&(?l, A? A‘AX"AJAXJ:
“# Jo A AR NG e (5.8.8)
Pk ¢ K e o
=~ 9. XX+ AXAX g KA

v TPEXMEPHOE PACIPENENEHWE
7 ix AY" =0 {5»8.4)

BaxTOpoB Y , OPTOTOHANBHLIX uanpasnteadia A , (B dopmy-
e MH AONYCTHNH BOABHOCTbL 0GO3HaYGHMR, sanucLBast A™ A X"
smearo crperoro (A+ X)'" , uo oma me npupemer x Hepo-
pasymeHnsaM,) Kax ormeyanocs B §5.8, BosMmoxHa (axTOpH-
3aURA NO HHTOTPANBLHLM JMHAAM of BEKTOPHOTO noas A |
2T8 HaKTOPESANKA 3480b OKAIBPAGTON JOKAIbRO=TDHBHANLHBIM
paocaoenuer, 4 Bce gopmyns (5.8.1-4) cormacyprca o sTaM
paccnoeHmeM, fensop h 4 3@RaH B 6a3a DPACCIOSHHA, TEH-
sop h,, sanam » caoe. [lepeuncnenxas COBOKYNHOCTL OGLOK-
TOB X ecTe 'moaypHMakesa reomerpra V. 7, a xommnekr
(b.,ﬁ,hﬂ ,g“‘)aa TpeX 00BOXTOB HABLIBASTCH 82 MeTpPpUYeCKEM
pnarfonsepom h, . Hanee smomstes “¢narapiusnas cpas-
#ooTb ", “(NAarTeRM30p KpPHBH3HLIY = C YyTh OPYIMME 3aKOHAMH
npeobpasosaHsi r ceodsrTBamu, Hewean B §5.7.

86,  HbYXYTOCHOBCKH YIIOPAAOYEHHLN YHHBEPCYM
lo.noorynar onHOBBAYHROR narT #-
posxn. Paccsorpem uarepmail (a«,€Du mexoropyw ma-
Tepranniyo Touxy (mpmeyw A ) € or @ no € . Moxer

na 70T TovesdmB Habmonarens, "Bpemsa KOToporo Teder TAaAK
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xe”, Kak B ofvaMmIUEM YHupepcyMe (T.e, ¢ = =< 1, 00~
cTapuTh "BpemMs ans yHEeepcoywma”’? [lpuyeM Bpems ORHOIHEY-
soe? MHDEpPHANTHO® B TOM CMLICH®, YT0GLI DIponeneHKe He Oo-
nyckano Obl HUKAKONO BAPHMPOBAHUA pelynbTatar HHnMU Chlo-
BAMY, Mbi HETEpECYeMCs, BOBMOXHA NH HETOpBANLHAA ASTHPOB-~
ka coborri ua §e,€> nma £ 7Tex, wro6m kamnomy x € (=€)
conocrepnsmocs 6o EQMHC TB EHHOE co6urie b € L "o Obpa-
masce K §5.4, Ml NOMKHDL! ChopMymipoBaTr CIIGHYIONIHIL

HBIOTQHOB NMOCTY/IAT. llycre x ¢ (a,édu A:10,(]
= {a,fPvacf nenpeprmuo, M3OTOHHO U No=a, A= « Torna
HaigeTos yuchno § € {0,1) Taxoe, 4To va gda,€P y<x >y < ME
2 Vyefa,€) ccy = Ax <y .

3TO OweBHANO emHECTBSLEOe 3ucnc & (anx ero obpas

A =A%) 6ymem nasusats HbBTOHOBOW HATOM cobeiras
po ppeMenn natmonartens € < («,€) , SicHo, UTO BCAM x <
1o Ay < }\J s & NOTOMY HHTEpBajbHEA NAT2 /1G0T COGLITES
x&{ CBORMTOS K omsHC TBOHHOE TOwke X ={p,2Y_ = A Ouu-
BRANO TAKKS, 4TO COBhTHS X W A, , OCAM HO COBHALAWT,
? axpodusn, Hamu ywme oTMmewalioch, 4To ¥ =3 ~f . Haxouar,
S8CAR BEHOONHOH HLIOTOHOGB IOCTYNAT, TO JUIf BCAKHX NHap X0 CH.-
HuX cobuiTaR x 4y &y <> cnpapenmmso yeX o x ek
ITOT KNACC OTHOUEHHT SKDUBAAGHTHOCTH, BROHOHROIO B §1.4,
BECTY MHBAST OTAeNLHOIC JHARMOHOBAHHS,

OQNPEREJNEHWE |4. Topopum, 4TO x,y € (a.f) aGcomo-
THO ONHOBPOMBSHHLL, €C/n § € <

[lpy HBIOTOHOBOM MOCTYNAT@ TOYKM AXPOHHLI TOMRA W TONb

KO TOoraa, xorna oHM aGConxwrHEo oaABOBpemeHHbl. PaKTOpHayeMm
nareppan {a,€) no oTHowe mMio Y € X AGCOMOTHOH OmHOBpe-
Mo RHocT#. Hetpyaro mposeputs (oM. {8]), um mepua

TEOPEMA 6. dakvoif MH0¥®0TB0 (a,fD/ycX © daxrop
OTHOWSHABM nopanka < /y€ X HBMEeTCA JHHE{HO~YODMA0-
HAEHBIM OD CTPAQI'EM UOpHAKOM MHOXKECTBROM, YAOBISTBOD SIOWLAM
axcuoma TK{_.3,68,7 “remnopansuore noroxka”, “cyGecrannuans-
Horo BpaMeHu”’, cM, §4,1. KaHoHuyeckoe orobpamxenne {a,f )
> (@,6)/yexx annnerca ¢ysruMoHanBRLIM BpOMOHEM, COM, §5,1,

Mpx noenenuem orToGpaxenus mwaxohi narte t, € Li=(a,f}/yex
oreegaer caolt cobmtuil ua {a,; € , kKoTopnie BIAUMIO abCO-
NOTHO-ONHOBPOMANKE, Tee. t,=fx€(a, )| x cF} . ATo. -
3aMBIKAHHE TOYKE B MHTOpPBANBHOH TONOROrHH, Kak oTMmauanock
B §1.4, Mmoxro B3aTh 71 Oy TOYKY HI €108 — AAMbIXA —HOS
OyneT oauRAKOBRIM, JLA8 pasHLIX QAT 3TH CnoM, BooGuEe IOBROpPH,
MOr'YT OniTh pasHLIME A8%K6 N0 MOULHOC/TH MEOXeOTB, Ho cong
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OHE BCKOAY OAMHAKOBE!, TO MOKHO [OBOPHTE IpO TO, ¥TO yHH~
popcym (upioronop!) {a,fp < 4 apnsercsd KOCHIM NpOH3IBE .-
EHeM BpemMaHu . Ha THRUuuL Cio# t x « HO naxe B sToM
cnyuge ewe HenbL3s oOBopuTe, 6yaToe W ecTe fipamoe npoma-
penenwe L xt_ , Benb Mpl yMeBM [pMIHCHIBATL COBLITHIO

x €U Tonwko abcomornylo nary t,_ , HO Be “afCONIOTHOR M0-
noxesne” B cnoe T .

B cnyyse, Korge gopfgok 3amaHd y #HaC nOKanbHo, Ml OIpH
GaKTOpH3AUKE AONMONHHTEIbHO ckieupaesm {oToxpecraasem) Te
MHOAKECTBE, KOTOpPHIE COBHAAMOT HA NOPECOUBHMM DAIHLIX 0=
PJAAKOB B COOTBATCTEYHE C TKq..S'

Ha BTOpOM ypopHe paccMOTpeHHSI CaMbIM TI7ABHBIM B CNpe-
AGNeHEM HBIOTOHORA NPOGTPAHCTBOBPEMEHHE BhICTYNAGT HAJHIHG
raagkoll npoekuun 1 ysusepcyMe L =M _Ha nuaeitsosymops—
AOYE HHOe ORHOMEPHO® MIOIooSpasHe: 3A0Ch MPUHATO CHUTATD
GCe CHOM AXRGOOOMOPPHLIMY.. B caMoM JAydilieMm Cily2ae MOoxHO
MOBOPUTh O NOKANBHO-TPHBRANLHOM pacCADeHKH YRUBRPCYMA
M, na ( p=l)~MepHLR CAOH ONHOBPEMOHHEIX COOLITHA, Ga30i
KOTOpOTo (paccnogura) cayiHT OnHOMEPIOD BpeMs, -

2. 0peMeprn . HBIOTOHOBLXKX KU HBO «
M & T % K, PaccMoTpeM weTipexMepHoe agdudHoe npocTpaH-
CTRO C KOORL--HHATAMMK (*t,x,,,'z) H ITOpAXKAM

(f,x\y,‘k)f-’.(tﬁac"?’lz').‘d%% £ <’ : (B.2.1)

CMy ' prC,.3. COGCTBEHHO- NpOC TP RHUCTREHHbIE KOOPAKHATbI X,y ) B
anecy (xax ¥ B nopsaxke (1,1,1) } HecyweoTBeHHbLI ANH BHIAC-
neadss HTO parswe, a8 YTO noaxe, BaxHa TONbKo TeMIOpalb-
Has xooppusara €, Bpems ryr R' - Becxoueuwo. Cnoii -
TpeXMepKoe MNpocTPaHCTRO {(x,;,z)} s 3TO HpoaTeitwuil
cnyyaii, KOTOPBIH € HU3IBECTHOH BOALHEOCTbI ofosHavaeTcs R :'
KaX TONYysBEKIMNOBO NPOCTPAHCTBO,

Ha uunuugpe nopspox aapamuM dopmystan.  (1.2.2), oM,
puc. 8, HanoMmEuMm, wo TeMlopaTs OTOXOSCTBAAIOTCH: , HaNpH-
Meap, 1o mMomymo 4, kex 8 (4.4.3), 3to cnyuail, woropuift 10—
KanbHO commanaet ¢ (6.2,1), Ho racGanbBo OTIHYAGTCH YCTEOR-
CTBOM BPAMEKM — DHO 3AOCHL BAMKHYTO, MMes ma 3@ . Caoh
Q8 yRoo £TBa Mpl BuIOpanH OQiiOMApHLIM, HO 270 HE CYUECTDBaE-
Ho, C HeKOTGPOR PONLHOCTLK O6OSHAYAS®M 3TOT Cllywail 3; KAax
"nonycdepriecryw reomerpri’, "monyamrapecurrepos Mup”’.

Toyno Tol xe JopMynoH HBIOTOHOR NOPHNOK PANESTCE Ha
TOPR, NQAYHAGMOM H3 NPOAHAYHOI O UHIHHAPA OTOXISCTEIEHM -
em (¢, x)~ (€t e +3x)] , ke ¥ . Ho aToft dopMynoli Henb-
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3% BE@CTH HMKAXoro nopsaaka « uwm £ Ha dcTe Mé&Guyca,
nonyyaemoM n3a [R? orompectenenmwem (¢, x)~(-t, x+ 3x).
Hacs noxaAsbHC BBERCTH HBOTOHOB NOpAROX Ha AucTe Maet6uca,
Hano nocrynutb araaorayguo (1.3.1), sapamas

(£, x) <, (27%") 1 ¢t <’ fo<x ,x" <2
(€,2x) <, (&, x"): &> tet’ & {<x, x’ <3) (6.2.2)
(¢.x) <, (F,xViert/ct &2<x,x/cq

CM. pHuc. 8, Bo BCceX 2THX cayyasx oCck TemmnopaT 'f: BBICTYIIa"
eT KaK npepacrTaputenk 6asel pacCNoerus # ycnosue acconioT-
HOH O0AHOBPEMOHHOCTH COO BITHH F g KoopoHHaTHO npeacTa-
BAEHO PABEHCTROM Temiopar —L-‘_—.-.-t% .

Bor npumep, roe cnoii abCoNOTHO OZHOBPEMEMHBIX CO6LI-
TAH XpHBONKHeeH, B TpexMepHOM RPOCTPAUCTRE, OMEUCLIBABMOM
NOAAPKRBIMHA KOCpAIHETAMY (9., tp"§ ¢ S8HANHM NOPHAOK (pOp-
My IoH :

(3,¢.9)< (¢.0/9) 1 &> g <’ (6.2.3)

Torna panuyc-sexrop §_ Touk# ¢ OXA3LBASTCS e TOMNO-
paroii ¢ _=p¢_ ., a c¢epbl C % HBATPOM B HYN® CyTh 2-NOBEp X-

HOCTH ONHOBPEMEHHOCTA AHAJIOCUYHO MOWHO NOCTYNUTD
ans Bonee CACKHOrO BilfA NOBEpPXHOCTEOH.-
3.Pasurocunpaue topMYARHPDOBKH

Hb p TOHOBOGCT#, M onpeneling HRIOTOHOBO YIOpS
AoveHHe Yyepea kcrnoMoratTenbHoro Hatmoparens Ha MaTepranbh-
Holf ToMke. DTO TEX0e YNOPALOYEHHe, YIPH KOTOPOM KAKOM-—HR-
Oyak HeGampatrens £ , UppGeralommi K HATOPDANLHON EATHPO-
BKEe, MOXET ONHO3HAYHO RATHPOBRAThL BCE cobuM 4 (KM Torna To
XKe ByneT BepHO NMpuMeduTeakHO K mwboMy HabmopaTteniod). Tax
EarnspgHee, HO ROrMYeCKE 3TO BpepoHEe dabamwpaarend KabwTos-
Ho,: Bea pgokasaTenbcTs HpHBeneM pag Kputepies, koraa (U <)
SBOSETCHA HBIOTOHOBHIM YHHBEPCY-~MOM.

[Tycre rTouxy Py 6 {{ nocraTauuo 6nu3kx (TONONOIrHYEC-
KH, T,8., Ha&npuMep, COREPXKATCH B OLAHOM HHTepsane}, Oxaani-
BaeTCcd, 110 HumwTouory [oCTynaTy papHOCHASH ClHenywomui:

NOCTYNAT (NIPMHUUN) DRAJBHOEEHNCTBIA., Ecnu
P ¥ 9 AXpOHRAL[;, TO BCAKOR x ApepuieCTBYOmMee p npe-~
AllRCTEYeT 9 .

MMoyemy 7o “npurunn gannEopeiicters’? [a moromy, uTo
HA KaysankHoM H3nKe OH O3HAYABT: el p B ¢ HO Chsla-
HEl ApAYRHHBEIM BOSRGHCTRHEM (B, 3HAYUT, NOGPA3YMOBAETCH,
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paafenans KAKEM~TO KGHEHHHIM MPOCTP&HCT BOHHLIM HPOMEHKY -
TKOM), TO # MOTY U3 X IpH x < 0OOCHaTh BO3ASICTBRS,
KOTOpOe NMpOgBUTCH PESYynbLTATOM B ¢ 3 HeCMOTPS HA TO, HTO
MPOMBXKYTOK X P Hpou3BoaAbHo Mad (Cxons yroaMo man, Gec-
xoHeu#o man). Tyr “paccTosHMe” Mexmy p M g HEKEX He
Or'pAlEYHBAST BO3IMOMIOCTH BO3RCICTBHA H3 X < P .

Bepna u nBoficTeendan (opMyI/HPOBKA: @CIH p H g axpo-
HENI, TO BCAKOS X , ClOOyluee 3& p , CAeAyaT 328 § .
Bepra u obpenanawumadq «popmynnpaaxa' eciw p o 9, AXpoH-
HBl, TO BCAKHN nurepsan {p,9'V , conepxamuit p , CosepMEBT
¥ ¢ . Bce Tpu yTmRepx aesus sksubaned THu! (UpH BLUTOIHE-
nun axchoMm TKy _3) HbOTOHOBY ROCTYRATY,

I3 nocnenHeil popMynHpOBKH BHTeKAST yXaCHOoe ANg TOoo-
aoruv gneporeie, Mureppanwaas Touonorus [ OKA3LIBAOTCSH
8 HLWTOHOBOM MHupe HeoTAeAuMON., Y Touka p Henbas HaTH
OKpeCTHOCTR, XOoropad conepxana 6ol p y HO HO copep:kana
61 Ty TOMKY 9, nns koTopok p 4 g &9€p . Benp samsika-
HMe P TFTOYKM P CCTOMT He Ma oguwoft P, a H3 MHOKEC
tea BCEX TOo4ex, CANOBPeMOHHLIX p , T P =prnp” #p,
iloaTOMy B HRWTOHOB OM YIOpPIOOH@HMH M OXKOT Cyul BCTBOBATL
TAKAS AHHeUHO~YNOPANOUYeHHAH NOC/e N0 BaTeNnkHOCTL
X, 4 [ Ffa, <a , ynagel KeTOpO# nonapnaioT BO EBCAKYIO
OKpPeCTHOCTh TOYKE O { XOyeTCd CKA2AaTh "N0Ceu0BATeIILHO~
CTh CXOOHTCH CHHAY K « ), HO IpedesioM KQTOPO# B HHATYR~
HTHBHOM CMbicne ABuTC® Touka £ , Be e@opnapnamwmas ¢ a .
Harm o HO 9Ty CHTYaunio MOXHO NPpeacT abdTh, KI00Pasup BCO
@, Ha OAROA RpuBOH A , rpe caMoll bepXHell Toukol ayra )
6yner Touka & ,H0 He a €€ .u xdA .,

Bopaemca x TapmuHy “opsHoBpemeHHo”. B HBbOTOHOBOM
YNOPANOYEHHH #BEe TOUKH axpokin p+ ¢ &g 4 p & p*+¢ TOrnNa
¥ TOALKO Torfia, Korga OHM ablCONOTHO OAHOBpOMAHHSLI pefnc?.:
[1oaToMy MO XHO I'OEOPHTB NPO OHHOBPEMEHHOCTL, He YTO4HASR,
“0 uneil TOHKK apemma”’. B §6.1. roBopuaoCh, 1 TO MHOXECTBO
CAHOBpEMOHKLIX Toyek ob6pasyeT CnoH Nnpu mepexome K $axTop-
NpoCTRAHCTRY: Kaxari Taxolt ¢n0H COCTOET H3 3aMblKAHHA On-
Hoft Toukm. Tak xax a6CcomTHAA OGHOBPEMEHHOCThR €CTh OTHO-
meHHe 3IKBHBANEHTHOCTH, TO nNOJMy“aeM, 4YTO aXpPOKRHOCTE TPAHSH-
TupHd., Depuo N o6paTHO® YTBOPMAGHRE: @C/IH OTHOUG HKE
p44&q¢p TpaRouTHBHO HA (K, < ) , TO BLNTOIHAETCH HBIO-
TOHOB NMOCTYRAT,

Hy10T0HOBO YROPSNCUEBALNE NMO3RONAST ONOPHUPOBATH TepMR-
raM¥ “ractronmee”, "Gynymee”, "npounoce”, HiMeHRO, B HBTO-
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KOBOM YINOPHAOYOHEH He BHLIIONHASTCH YCNORMO® “DAaa/IBuyuM OCTH
coBnirmit nocpencTeoM npownoro (Gy-nymero) . 3T0 ycaobie,
HIPPE WUee BAXHYK DOk B KAay3anbHOI TaopHY, COCTOUT B Tpa-
SOoBAHUN r*—:—tf =» xX=y K/ua% {BOHCTDEHHOM, Ho B Hblu-
TOHOBOM MHP@ [N aGCOMOTHO ONHOBPEMEHHEIX X H Y ByReT

xV=y*r x” =47 , [MoaTOMY CAeNANOCH CTOMb NPABLITHLIM
B BhpAKEHHMR "Oynywee cCOGhITHS p ° ONYCKaTh apryMeHT p,
ropops npocTo “&fnfupe”, [lepecexanue npowaoro B Synyueraq,
KOHEUHO, AYCTO mis Beaxoint pell H9-3a anTHCHMMETPHA OTHO-
UeHASt NOpHANKa, HO NepeCaYeHNe IAMHKARAR npomioro n byay-
Wero QaHACH TOMKH B HbIOTOHOBOM YHOPAHOYEHHH COBHALAAT C
88MbIKA - H¥OM @O, GO CnoeM NpOeKOKH, Takge Xopowiee MHOXEe-
CTBO F 34C/IYXHBAeT OTRONLHONC HAEMEHOBAHUA; @CTACTBOHHO
#83BATH Or0 “HacToswkm cobumsa p ", Onure xe, 2HO cpa-
ay sapnsercda Hactoammm HE TONLKO pnax p , uwo m ana
BCEX x , OAHOBDEMOHHLIX p , T.@, ARR x €§ . Cnepona-
TenbHO, B KaxAyWw naTy 1, HboTOKOB YyHHBeDCYM pACHALGET-
CHE B CYMMY ¢~ v X v x* “mpounioro’, “macrosuwero’ n "Syny-
mare” OTHOCUTE/ILHC JAHHOW [NATHI, a e OTHOCHTAILHO
COBEITHUA x , ubo HHYErO He HAMEHUTCH HpE 3aMeNe x Ka

y -, ecm £ '—'-t; . Ypaesennem € =7_zanaetcs “mosepx
HOCTE HauanlbHBIX OaHHEXY, X010pas @CTeCTBEHHO OTOKASCTBNAS
9TCi C “npocTpaHcTBOM Y, NOHMMAeMuiM KakK - MI'HUBE HHOG COC-
TOSHK® YyHuBapcyma'. . OTO0 OueHL NMPOCTO® = HCEXOHOT'HYECKU-
yoTpOHCTBO MMpa. MMmenHo Taxanm ofBpaaoM nomuman “npoctpa-
Horpo” IHanape (1901} u penen sa uEM ditgwTedH, TOr KA
Kax [lyauxape 6rnin Bmxe XK noumrmaxMio “npocrpanHcTpa’ yepes
CHCTEM}V oTCfeTa, Kagk !‘QBOpHHOCb BbILG,

B cneuMgEYyecKE TONOROTHYeCKHX TEepMUHAX CKA3AHHOR MOXK~
HO BHIDE3HTH € NeAYWOLEM o6pasom. Paccmoipum W »W ¢ To-
nogorweft T xT°  , roe T uuTepBannhas, ¥ pacc-MOTPEM
MEOMECTBO A ~ ‘{(x,y)| x <3} .

TEOPEMA 7 . Eonx yuusepoym (A < ) ynopanoues Heio-
TOHODCKH, TO HOoaOMHOMECTRO A < (L x W BCIOQY WNOTHO
p (Wrl, TxT).
4Q.BpeM£ n 4y ao sl B M0 TDHO =~
B O M M I p e, ®$yHKuHOHANLHOE BpeMnu (oM. §6.1 ecte
MIOTOHHGE HeNpepLBHO® oTobpaxeHns W v— L , a wacu iR,
Ha x <y =& §= <«§4 no menpepuiB#ocTE And npepHopanxa
& {cMm, §1.4) camenyeT, uTo y & xF = Lx < £y »amo
ONP@NeNeHRIO ONHOBPEMEHEOCTH B RbWTOHOBOM CHYYAS Noayya-
eTCH! @CIK X K Y  OAHOBPEMAHHM (axpouaun), T0o {3 =¥y,
JTO O3HAYAST, YTC BCHAXHEe UACHI B HbTCHOBOM YHHUBEPCYME

- 89 -



COrnacyid Tl C NpOeKUMell yHHBeRCYMA NpE QAaKTOPH3AUUM €TI0
no opmoppementocty U L /peq . Orciopa spir-eraer,
4TCc nwGoe Bpems, NOBLI8 YACH B HLIOTOROBOM CNYUYAE CBOAST-
€q KO BpeMeHd, X uacaM Hag {akTopyumpepcymom U /pe3 |
& nocpanHgil - guseliHo-ynopspoyed, C nenocpaTensro, ncd 6Go-
r'aTCTHO YaCOB B HhIOTOHOBOM MUpe CROAUTCH K (YHXKEHA QT
ONHGH nepemMeHHOd - K QYyHKUAH OT TeMmIlopaTel, X perpagyuMpon-
kaM §5.2, a "npocTpancTeeHEHbE KoOpaMHATLIY OCTAWTCA HelHa
YUMEBIMH And Yacop ¥ npobnemMel bpemMesn, Kax 6yaeT BHuio b
§8.8, nna 9liHwTeliNOBA CNYYAS CHUTYAURE HPOTHBONONOMHA .
BCce BOAMOKHLI® H3MEHOHNE YACOB B HbjTOHOBOM YHUBED,
CymMe CBORATCR X perpaayupopke R — JR . Ortciwopa, B xzacr-
HOCTH, BLIT@KAET, HWTO HA BTOpOM YPOBHE paccMoTpeHud Kudipe-
peruuanst {8 TOYKE) Hacos NBPE3YIOT ONNOMEPHOE NpOCTPAHET-
po (fynruuy cndoll nepemeuncl), Fopops TeXHEYECKH, KOHYC
{ knua) O:' . HMBIDHIAICA B HLISTOHOBOM C¥yuae, pasgysaeT-
CHs A0 DOAYNPOCTPAHCTBE, AQNHPAIQWANOCHE HA NONOKUTeNLHO OpH-
QUTHDYBAHHYI0 CTOPOHY TON IUNeprHopepXHOCTH, O XKOTOPOA romO-
punocks B nocneanem npumeps §6,2. DyHKOHEA XKe, NONOKHTEIL-
Hbleé OTHOCHTeNBbHO KOHYCH, 270 T€, NHIUH YPOBHA KOTOPHIX HAB~
ARTOR ONMOpHLIME AAT Koidyca, Knuyg, copnapawiuil ¢ nonynpo-
CTPAHCTBOM, OPAYCKaRT ©AUHCTBRHHYK ONOPHYK HAOCKOCTR -
Ty, HA KOTOpYI0 oT0 NOAYNPOCTPAHCTBO OIHpaaTCH. 3TCG M oCTh
anuHoTReHHAS {C TOYHOOTHN A0 TEHBHANLHLIX PacTArHBAHKIN)
NQNo:uTensEas ¢y HKUUSE B HLIOTCOHOBOM Clyuae.

Tax Mu! BTopoil pa3 (nepsnil ~ HeEOTHENHMOCTL HHTEpPBANL-
HO# Tononoruu) crankuraemor ¢ HEYLAOBCTBOM ubloToHoBa
YHORSAROYKHBARKR Afld Cyryfo MaTeMaTHueCKkHX xoRCTpykndid. He-
yROGCTBO COCTORT B TOM, YTC ARA MioroMepuoro (HanpuMmep,
YOTLIPOXMOPHOT0) CHYHAH CYWECTBOHHEMH OKAasbnBalTes sydK-
uun Tonbko QAHOH nepemennoil: maTeMaTHisCKH 8TO nopnana-
et nof paspag "sBripoxknesua”, 4 NOTOMY He MOWOT BuIThb Tpa-
xropano PEIYJISIPHLIMY cpanctsams (annapartaest), n ocrae-
TCS 38 IPAHBIO NPHURBMHONG RA3YYEHRH, KOI'A& RPEONONaraeTod
HEeBLIDOXACHHOCTE AXOOHAI0B Ml T, HO Tak K&K ICHXOIora-
YOCKY ¥ NCTOpHYECKM Cllyuail cell KpaiHe BaxeH, TO H3yUS8HHe
ere caenanoCb [OSHYEH AHMETAHTOB H COGAKHAATCH CO MAOKEe-
CTBOM HEMRULIX AOMBIC/IOB,

S.Cucrema OTCHeTaA B Hb T O~
HOBOM MHUDPp @ bl noaypasM~aHdo0Bpa
reoMeT™p H #4 BosmBpausacs X ONpefsafHIl0 CHCTOMII
orcyera ua §5.8, paccmoTpum cemsiicTeo /A oTOGpaxeHRi



A (o)~ L , NoKphBamwues scé (L  ©e3 nepeceseuuii,
B cuny HLIOTOUORA nocTynaTa RKaxiavy cofmiteo e {{ orse-
yaer xa kawnot € = A (0,1) onxoarawno mexoropas natal,
or& monydaercyH nepecevyenneM £ © ‘NOPepXHOCTLIC ONHOBpE«
MOHHOCTKH X ‘. MosToMy TpeThe YCnomue B OHpendieuHsy
CHCTEeMbl OTCHETA BLINGARSHO ABTOMATHYECKHM, K&K Mbl YIOMH~
Hank, pesaynnTaT jaxkropuaaunn W no KpusbiM Fe N eCTe-
cTReHHO NPHHATHE 3a "npocTpaucrso’, M apnecs mac nomxupaeT
MATEMATHYECKOE KpyuweHHne, K3-~-38 HeOTReNnWMOCTH HHTEDBA/IB-
HOl TOMOMOIHK QNS HeRToHOBA Mipa HHMKAKOW pasysmuoir To-
nosorud B Yaxrop~yuspepcyme L /A HE O6pPAJyQTCs, 104~
Hoe, $aKTOP-TONONOIHS BO3HMKAAT, HO B HOll @AMHCTBEHHM OT-
KpLITO@ MHOMECTRO — 220 BCe npocTpauetso L /A . Taras
"aHTHOMCKpOTHAS " TOHONOrKH Geclofesra., [[03TOMY B HbXTO-
HOBOM MMpe “HpocTpaucTRO” OCTESTCH MHOMOCTBOM, Ha Hane-
NeHHEIM HHAKSKOH CTpyxTypoll, eCTeCTHeNHO NpoucTeKasuiail bBnl
H3 CTPYKTYDPH [IOPALGKA B TOnsKO K3 Hea, CTpykTypol, XoTopas
He Guma G6n "HamgzaHa usBHe npouasonoM”, Tor ke cambi
HeyTe WHTenbHuil peaynoTaT noayyuny Ob Mbl, e¢nn Obl 3a
“npocTpancTao’ saxoreny O npuHaTh “MIHOBORHOE COCTOIHHE
mMupa”, “ceveume erp nosepxuccThio t=*%, ’. Bens oTa
NOPEPXHOCTh HAXOAUTCSI BO B2AMMHO-OAHO3HAYHOM COOTBETCT-
BHYM O (AaKTOp~yHUBepcymoM W /A -« cooTBeTCTRHEe OCYyWECTBAS:
@TCH KpUBLIMH , K&XJI88 H3 KOTOpPLIX nepeceyeT £ B enM-
KeTpoHHOll TOuKe, M Tak kax aTe NODEPXHOCTh COBHORAET C T,
TO 28 HAH TAaKXe [OpOXKAASTCH TONLKO AHTHAUCKPETHAA TOIOAO-
rus, Meropudecxku, mnpoueM, >T0 OTOXKABCTBACURE "COGCTBEH-

HO nNpoCTpaHcTra” ¢ rrnepnopepxuocTe R ¢ =1, Guno NCHKOIO-
FHYECKE COQIAHO H CHIPan0 - ¥ HIPAST — BaKHYIO PONnL B

OCMBICHE HHE QU3UHECKHX DPeIYALTATOR, 2 WTO TONCIUIHIO cloza
DPUBREKAT NOCTOROHHIOKN, NPOHABONLHO, BHOWHUM LOEPA3OM-—
He 38MEeYAal0Che.

- Ha pTopoM ypo BH@ paccMOTpeHRHs HBIOTOHOB Caywall Beir-
AAQMT TeK. JTO N =Mmucorootpaaye M, , ans xoroporo on-
pedgneHa NMPOeKUHS T & an-- M,‘ , OpHYeM B KacatenLHoM
IpoOCTRAaHC TRE “l", M BLIAGREHC OONHD HONYNPOCTpaAHCTBO, Ha=
asipa@Moe TONCKUTONLHLIM, B cHCTEME OTCYeTa RONOAHUTANb-
HO 3anaH BEKTOPR )(Pe "I;M ~ KACATENEHBI! X KPHBOH fe/\,
KOTopag HpoOXoaut 4Yepes pe€ M . OTOT BEeKTOp RanpasneH B
NDNICKHTONbHOE NpOCTPSHCTEQ, [OBOPS B MOAGPHHCTCXHX Tep-—
MHHAX, OpoeKuga T aagaeTr { n -1)-pacnpepencude (HHTEIpU-
pyemose), a YP sanaeT l-pacnpenefielne, TpPaUCBepCanbHoe

_gl_



{n 1) ~pacnape gensunio.

, Ecrec'raemm«soann:cae'r WKEIaHHe YyMeTh H3MepATb Kak
NPOM@XYTKM BpeMmeHH” pnoonn Rpusmx f , Tak ¥ “paccTos-
HHA® B Cnoax #(mp)=F (snecs ¥  o60amayaer monHL Mpo-
obpaa Toro, ymo cnpasal, X TyT muaHa HEOOMHAKOBOCTDL
“ppevenna” ¥ "npocTpencrtea’. B CHay Teopem 06 HHTETpAnh-
HWX KPMBHX H AX OOHOMAPEMETPHYECKHX TPYINax TEpBOMY
HeNasnRk YROBNOTREORPHTL MerK0 H poaynLTAT NPAKTHYECKH Of~
HO3HAY2H C TOYHACTHIO N0 HEaAHAYETENBHON perpagyHpOBKH,
BropoMy Taxwe MOKHO yAOBRNETBOPUTHL B CHAY CyWECTAORA-
HHR 07 OMHTCIBHO oupepneneHHod M8TPEXH kKa nXwEom raap-
KOM MHOrooBpasdu - Ho M o Karxoft QUHO3HAYHOCTH cek
MOTPHKR peud Honrb He MOWeT, Mul yxe npy nepexone oT
TeppoOro YPOBHA PACCMOTPeHUs KO BTONOMY YpPOBHIO HPOHSBO=-
NBHO NPUNHCANE MHOXMECTBY OOHOBPEeMOHHBIX COOLITHR KaKylo-
1o xopouwyio TOMOJIOIHK g MNNMALKOCTh, a cefivac sme
nonxHel ¥ Bubpares METPHMKY nponapoasio, cpeas borartoro
xnacgca sCexX MEeTpPHK,

QIPEOENEHKE 13. MerpusoBaHHOR CHCTEOMOR oTCHeTA
ONE BLWTOHOBA YHUDOpCYMa HAALIBASTECH CHCTOMA OTCH6TA
nnioc Metpexy B O83¢ H B CNOEX PACCHQERHS -~ NpA paccnoe-
HKE o afcon® THol oaxoBpeMeHHICTH.

[ipeoBpasoBaBHd KOOPOHHAT, COrNACyiomKecs C paccnoo-

BHeM Tr s TAKOBBI:
1
! - -§ (I‘) y

.}
-‘l:z — 'G’z(.x‘lbxls“"r ) ? (BQS-IJ

- - - -~ - » - -

x” s -S;AGC‘,X",“.,IH) .

Orpasgyesus Ha QONyCTHMBIe Npaobpas3oBaHEd B 0G03HAYeHEEX
{5,7.3) Burgapsr rax:

R
‘SF - 0 -8": - o 3 (6.502)

H
YTO DO/G3HO CPABHATE O NOXOXHMH, HO apyramu (56,8,3). Of-
wee a/is BCOX npeobpasopanni TpaebGosaume |(5,7.2) npEacAHMT
NOFTOMY K ABYM HOBLIM:

¢ IS
09,', + 0 3 n‘gf (-9\;’)?#0, 2"':“‘”-{6.5.3)

Obmure gopmynn oM, (12,4.1}, Mo Bugum, wro wach {nepeas
xoopaulaTa ! =€ ) npeofpasyerTss oTHeALMO, HOZARECHMO
OT HPOCTPAHCTBEHMAIX KOODIM MAT.

CopokynHOCTh TPOX OOBOKTOH! OOHOMEpHOR MOTPHXRE Z ey
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(dt = Vg, dx'dx' ), (p ~1)-mepnoii merpuxs g,, |,

2 ¢p,v én (de =Vg,, dxPolxt ) ¥ KOMnouent - ( 3anaw~
mu x ( n -1)~pacnpenencune dx, +g.,,,‘d=c" =0} npr opeocbpazo-
sanngx (8.5.1-2), naspipaercs METPUYECKUM JTATTEH3IO-
POM g, Oonypumaropoil reoMeTpHE V': . YrasauHoe B
HOM pacnpenencHxe HEMeeT IeTKHA (niHZeckuil CMEICH = 2TO
none CKOpOCTel TOKa BewecTEa B YHuBepcyme, B rnagkom
Cny¥ae KacaTelibHLe X KPHBPbIM, NPeAYCMOTpPeRHSIM Onpenenie—
HgeM 13 gHCTOMLI OTCYOTa, CYIUECTBYIOT: CNBA0BATE/LHEO, 3TO
none ects, OGoomatum «,= g (p) 5 2Ep <N, a=(1,af),
Hrax, mMeTpazopadHuas HbIOTDHOBA CHCTOMA QTCHYETA CoBlIAaApaeT
¢ monypumanopoit reomertprer V! ¢ cp. §5.8 u §13.1. Toaw-
KO OOAYEPKHEeM, HWTQ KMacC  GPUYCTEMbIX KOODOHHAT BLISHPACT-
Cs 3AeCk CONlacoBAHHEIM C ABCOMIOTHON ORHOBPEeMEH HOCTLIQ

( oTHome BHeM nopsnKka), a He Kak B §5.8 cornacopaHHbM C
TOKOM Bel8CTBA, Takxe OTMEeTHM, UT0 KOMMIOHSHTEI e, He
BIOHG NPOH3BONLHUELI, & YOOBISTBOPHAIOT TpeDOBR&HUAK, AaHAIOTH-
YHOMY YCNOPHIO KOBADHAHTHOR IOCTOCAHHOOTH MOTPHYECKOro
TeHaopa, AMSHHO

vo a'!‘- h vf"q"’ = O » 2‘*‘\“&”' (6¢5-4)

Ha TpeTsem yposBHe paccMOTpoHHA Bech yHAREpPCYM oboraua-
ercs AQOULHHO-BOKTOPHOR CTPYKTypoil. bass paccnoeHus cHab-
WMEOTCH MACWTA N, 8 CAGH - geKAlLopoil (TpexMmepioRl) MeT-
puxo#l, Kpome Tul0, 8 Kaxnoll Touke pe L = A, CY e CTBY-
et 4-poxTop BhigeneHporo ( “npeamoururensEorc’, “npuaENETi~
pODaHHOro”) ABMxKeHMs BOWECTRA =~ 3T0 BEKTOD, KACATeMbHbl
K MHDOROR /NHHRU MAaTepPHANLHOR TOHKKH H3 CHCTEMbI OTCYeTa,
B oy MmaTemMaTHdeCckoro yCTpaiCTBA NoaypAMaHoBod reomeT-
pan’ (©M,:§13,1) KOMMOHEHTHI @, HO O6SBAHE C..Th KOHCTAH-
TaMy [&Xe B CAydas aScon®™THOrO Napaniendama, a yC/HOBKE
(8.5.4) npz2 zameHe KCBAPRANTHOT'O aAnddepeHuMpOBasUS HA
OGHTHYI0 HACTHYW NPOUIBOAMYIC COOTBETCTBYOT TOUGHH)Q <
REAKOCTH 683 pacTamxenns {6es aedopmanuu: yuoraa d o, HA~
3HIBAIOT TOH30poM Manoit aedopMaunu). IlosTroMy “cucteMa
orcyeTa’ B HRTOHOBOM CHYYA8 MOMET ObiTh DOCTATOYHO 06—
IMEM TOYOHRSM BRIIGCTEA, PacCCMOTPUM TpH IPHMERA.

[Tepreit -~ "cTaunosapras cucreMa” vnw "MHepUHANLHAS
crcTeMa’, Xorga TOK BewecTBA NPOHNCXOAHT IO AP AMNeHbHEbiM
BpeMeHRONONOOHLIM npaMbiMe ERHACTRe HHBI! NMapameTp, ONHCHI-
Bgowmrii cucremy - mextop @ = (1, e«l) , xoTopriM =zanaercs
ny4yok napanneneil, [1oypUMAKOBL 1apaMaTpPh! CYTh! P { ,
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Ppv = S;w " gw=-f/q?‘ . Co6ecrrenno “npoctpanctao’ ecth
peayneraT paxTOopuzauHM APGAHHONO HpooTpaHcTea A, 110 BeK-
TOpY A, npkd4enM ynoOGHee cpenR BCeX MAOMODYHLIX NMPeacTa-
BAGHEN 5TOR (AKTOPH 3aU#M B34Th CHBEKTOPHOS NPOCTPAHCTHO
x+E , roe E, - pextopHos npocTpancTRO adduHHOTO A, .

Fnapras npofnema Anst pa3HpiX HEEPLUHANLHBIX CHCTEM ~ STO

Hepexon OT OOHOA CHCTeMb! K OpYyrod B IEBHCHMOCTH OT 248~

YAHKS hapameTpa oL s OTH npeolpazoBaAHMT UMEXIT BHA!

t =t + t,
x‘.f‘ et Vrt -+ x.’; -+ ’?:‘ x.v {605t5)

3

e
roe ¢, ¥ X, xosoranrw, ’0;:' - rpynina SBKAEACBEIX B8

meurt 8 ( N —~1)-MepHOM 5BKAENOBOM NPOCTPAHOTEE, a v’ =
=af_af, xorga a*rn F" cyruunapaneTpn! onHof B apyroi
RpeOGpalyMbIX EEepl- KenbHblX cHeTeM, Hpyras npobiaema,
Cru3aHHas ¢ ou¢TeMoid oTCHeTA, -~ PTO BONPOC O FpYNRnRe 89
COGCTBEHHBIX ABTOMOpDIMIMOB! OUOBHRHR, %TO HHODUMANBLHAS
cuctTeMa oTcuera 050anAeT B TOYHROGCTE IpyONol SBKIHAOBRIX
ABuxoHEit; Bpamelal, NepaHOCOR ¥ OTpaxenui,

TepMUHONOTHYBCKH OYeHb BAXHO paanKYaThL Moxay HHE-
PUBANIBHON CHUCT EMOM QTCHETA a UHEPUHA/IBHOW
TO YEYHOW YACTHULEWN. TMoononuss - aTo OaHa wacTHua,
Te@s AHRGIIHO~YIIOPRACYSHHOG MHQ XECTBO, [lOppas —~ 3T0 OHC-
TeMAa TBKMX 4acTHH, NORphIBAKMAA MRER. K coxaneHuln, Do
TOH npUdute, 4TO @TanvoHapHaa (UHepuHannHag) CHCTEMA Of-
HOAHAUHO 5B8A8GCTCH YKa3aHHeM OfHOR @QUMHCTBOHHOM HNepuMa-~
neHOR Ta CTAHEl, NpRHARNexaled sTOd CHCTOMS, &4 TAKXe B
cunay GonsWOH PACTPOCTDAHE@HHOUTH KEMOEHO CTAUHCHADHOR CH-
cTeMb B (M3HKa, — B JRTepaType YO TAHOBHACL HEI'DAMOTHAS,
HO BAMST@ALHAA TPAAMUHA 6O83COXHO NYTATL >TH PASHLS IO~
#aTHA. CUUTAeTCq, HANpUMEp, BOIMOXKHLIM yKasaTe QIAHY
MAaTepHARLHYK TOYKy, Hanps#Mmep, croGoaHo nagawpwnik nrdr,
uTolnl PACCYXABTH, KaKk sTo omiubouno penen JRwTeHH, Npo
"nagamyn cucreMy orcueta’. Bce 9TH paccyxAeHHA C HOUO-
OnpeaeneHHEIME CHCTOMAMY OTCYETA HO OOMAAAIKT HHKAKHM
AOKa3aTA/ILALIM SHAYSHASM,

Bropo#t npumep - "Bapuipnas cuorema’ uny "pasaysan-—
maacHd CACTeMa, 3QeCh TOK Be{@CcTha IANKeTCd Toxe CYCTo-
MOR BPOMOHHBIX NPAMBIX, HO H& NApP&N/IefLEbIX, 4 NPOXORAMKK
teped ¢ukcupoBaauce ofwee cobhitue O€ A . 3a yaupep-
CYM MNpHHEMAETOR NHWE MHOXKECTBO, NOKDLITOS® NOAYyApSAMbIME
noone aTOH TOYKM., TakuM obpasom, MHP B 3TOR CHECTeMe OT-

- 94 -



cyeTa HMeeT ouepnance cobnrrme “Toopénus” (rouxy Q), xoraa

NI
7777\

Put. ff Pue.j2.

raa ‘cnyunncs e3pmB’ M "Hasajsoch pazberauxe’, Huka—~xoro
‘weurpa Mupa” (BowOneruol npamoft) HAY Yero NOLOGHOIQ HO
HMeeTCs, [pynna aBToMOp (U3MOB STOH CHCTeMH! OTCHEeTA TO~
Ke COPNANaeT C IBKARAOBON Tpynnol aesrxexns (B weM HeTpy
OHD yOeARTRGH, YCTAHOBHB B3aMMHO OXHO3HAYHOG COOTBOTCT-
BAe MOWRY couounem ¥ =¢, > 0 B MHQXECTBOM NPAMBIX, IpO-
Xopawu X 4epes O , nocpen.c'raom CAMEX 9THAX APAMBIX] o
Sra cucTeMda He oGNeNAGT HHKaKUMH NAapaAMATPEME, KPOMe Ca-
Moft Touku O , a npu ¥sMeHennx O MeHAOTCA CaM YHEBep-
TyM, CHCTEMA X6 N0 CYTH HE MERAETOH, 1axuM obpaszom, O
NepeXonaX MeMAY PA3ZHLIMH B3DHIBHEHIMM CHCTOMAMH DOYR HR-
TH He MOXeT,

dneck BAXKHO CRaMYiIOmee BHXOAHUEA B OGRACTR QHAGCOOHH
abCTosiTennCTRO. PaccTosiiie Maxay ABYMdA "Touxamu ™ npo-
cTpaHcTRA” B 2TOM CJiy4ae - 3TQ TARAMOTP MO}XAY HBYMS Tew
pecexalOmuMECs b 0O IpaMbiMiS OH OTBEYART TAK HA3HBAGMO-
My NONYaBXIKAORY YNy = yray Ha HONY aBKINGOBOA IIOCKOC—
TH Ra . Harnapsee (¥ ¢ HexoTOpoll yrpatolt CTPOrocTH)
DTOT NEPE&MOTP OTREYaeT D A3HOCTH CKOpOCTel 119 9THX ABYX
MATEpHANRHLIX TO4eX v, -V, . STO pacCTOARKE [l ABYX
(HKCHPOBAHHBIX TOYGK IIpOGTp&RCTBa COXPAHAETCA HEWU3-
MEHHLIM, Teaxum oGpasomM, "Co CBOeR KOMOKONEHE® BaApLIB-
Has cHcTeMa NOoNuTaeT cebs cTaunosapmofi, U ewe [lyauxepe
HOCTABHA BONPOC, KOTOPEIA B nmepeBone@ HA Hall npaMep 3BY-—
YHT; KeX PHYTPOHHMM o0paaoM OTNHYUTL B3PHIBHYK), DASAYBA~
OMYyNCcs CHCTEMY OT AHepuuanbuofi, oTaunosapuoR? OR npmr-
I3yl X BLIBOHY, UTO BHYTpeHH{X CpeACTE X TAKOMY pasiwdye-
g HE MMEETCH, ' [Ipasns, onHO U TO %6 SBNeHHE B pas-
HbIX CHCTEMAX ONHCLIBAGTER NMO-~pal’BoMy. CKaxeM, ABHXOHUO
o npamol x = O ouKCHBASTOA B UHepU-HaNLHOf CHOTEMS C©
napaMerpoM of =0 xax MOXOR; B uHepu HalsHOR ORGTOME ©
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uapaMeTpoM g 4 O  Kax paBioMepHOe UpsMOHHedHoe nBH-
HOHHE CO CKOpPOCTBX ~ & | BO BAPHIBHOE cucTeMe 3TO Oy-
deT HigoHHEe Touxp M3 SecKoBedHooTk Ha TodKy v=( , 3aMen-
ASpImescs mapexue no aaxowy T/t . Ho xakoe u3 aTuX omni-
caHkik ~ "peproe”? Hy, and HpepnuanLisiX CHCTOM Mbl yCTa-
Hopuny npeobpasopauve (6.5.5), yorpansiouee pasiHine Mex-—
0y [OKOSM K NpAMONMHOMHEIM pABHOMEpHLIM ABHxeHHeM, Ho
B dHOpURANLHON CHCTEME MOKHO pACCMATPHBATH ABHKE@HHe NO
aakony xf' /¢ , a B pacuMpdiomeiics CHCTEME MOKHO 06paso-
BATh NOKOHIY-10CH MaTePHANLHYIC TOYKY ... Kax Buifpare
"npasynbuoa”? Yrto mpoHcxosuT "ma camom pene’? Hyasxape
OTBOTR/: B nagrom cnyuee ato sonpoc KOHBEHUAKWH, “Kon-
penuusa ' Ke HpeplionaraeT Hajnpuue COUUANLHOrO cy6bekTa,
rex “Tpunauar# cuxopell jefitenanTa LlMmuara®, xoTopnie aak-
nwiaI0T Mexay coboll kompeHnuio, Tax JlyaHkape bBniilea Ha
yKaaakHe poau Heyuypmx wxon (Madwil, conpyxecTE} B peilrd-
UHKM BOMNPOCOBR, KAaMymMXcy O0LeXTHRHEIMH, MENH, C yderoMm
2TONQ, O4YGHO TWATEAbHU H3YURA B3pbLEHYI0 cucTeMy Kak [IPO-
THBO- n CO~IOCTABJIAEMYI unepuransHoit cucreme: of
aToM ©M. §10.3-4,

Tpernit npuMmep - pBpauapwwascg cCucTeMa orcyaTa, 1lpocTo-
TLI pagyg pacCMOTpHEM €@ B TpeXMOpHOM CRYy4ae, T.8, B KOOp-—
aznuarax (¢ ,x,y) . Ofpasyem caedywyio aBynapaMeTpuac-—
ryjo (napamerpsr e K « ) KoUTpYsHUKR 0

(4,x.9) = (£, gear (a+wt), gsin(arwt)) , (8.5.6)

0Ceg<ewaa , ~oodw ‘m(ﬂ"ocf&’w) ,

¢ noBasneunem wactans ( £, O, 0.). 3necs napaMerpom bBCRU
cucTeMil gpnaerTci “yraomad cKopocTs’ &f (B 4eTHpsXMep-
BOM ciiyvae aT0 Goii 6n1 BEKTOP, 0Ch - XKOTOPONO ¥ LAC B34TA
pooib oc¥ % ), Hukaxme nse puuTombie naudun (6,5,8) usmr
351 COBM@CTHTB HPU PAIHLIX 3IHAYEHHAX HApaMeTpa ¢ , NO3=-
TOMY madHags CHGTeMA oTcHeTA He 00A&agalT Ipynnol [epeHo~
cop (rpaHensuuil). Oxa ot6maneeT B OHTPOM { ocbo} CcHMMOT-
pun ~ yactuua { ¢, 0,0) ~ n ogHomapaMaTpHYOCKOR Ipymnoil
BPAIGHKA DOKDYT »TOr'0 UEHTpA, P aar yCTpaHeHHs Hepopasy-
MORRM ofpaTHM BHHMAHHE Ha COHBAKNES C TOAKY CXOACTBO.
l‘kmca PeYL MNET O TOYKAX H& 2~MIOCKOSTH, NMapaMeTPHE K
o BOCIPHHEM&KTCH 3&KOHHO KakK OODLIKHOBEHHBI® NONApHLIO
KOOpH MHATLI, HO KOrpna pevns #neT O BUEHTOBLIX RHHEMSX B S—
NMPOCTPAHCTBS: TO @ H o CYTh NAPAMETPS! { xoopaAMHATH1)
STRX BIHTOBBIX AWuMI, & pasHLe BRHATOBLI® NMHEEM HE COBM@-—
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maeMel ~ B OTnHyze or Touak, ChejdoBaTenbro, HPOCTPAHCTBO
Bpamalmalica CHCTeMEl 0TCHOTE, COCTORILGS A3 BHHTOBLIX MM~
wpi (B8.5.8) ¢ xoopauxaTaMu (¢,~) , He obmanser sRXRHNO-
BOU Ipynmolk apToMOpdMaMOP NBYMEPHOT 0 NPOCTPAHCTBA, Cle-
acka TellbHO, He JBAAeTCd IBKNEAOBLIM, B cnope Bepkak c
HejoTooM ¥ B noclieaGBaBUBAM MONTOpE BEKA COyCTR “peue-
HHM' = cmopa MaxoM aTo cymecTsexHeimee OGCTOATENLCTBO -
HE3BK/IMAOBOCTL BPAHAKIIENCHA CUCTEMBLI OTCYE-
TA —~ Gp10 HeaaMexOKO, A HOTOMY H ‘peuieHEe” OKARaR0UDL
HE 10 CYWEGTBY.
B . ABTOMODOIHN A M b Hb TOROBA
TeMIOpPpAaneHOTIO YHABRPCYMAaA Mu
PACCMOTDENY asTOMOPWHIMbB! HeKOTOpPKX HANGONee 3RAYHMEIX
B UCTOpHH OPHIHKHE CHCTEM OTCHOTA B HLKTOHOBOM YHUBOPCY-
Me, MX He Hano CMOWHBATH C ABTOMOD{MSMAMK GAMOIOU YHA-
BEpOYMAa, T.¢. © asToMoppuamamr (U <) — (UL <) ., Pacopto-
TPEM ABA BAPHARTA TaKHX &BTOMOBPUIMOB, HPHUSGM pAIH NPO-
CTOTH WIJIOKEHHA 05A pOOLMOM Ha HOpPBOM YpOBHE paccmorT
peand,

[lepe bt = xoroa COOCTBEHHO NPOCTPAHCTBO P HE MET-
PU3OBAHO X HO TOMNONOTH3ORAHNO. lorna nwdoe upeobpazoBa-—

HEe 5{_ — £ (4

IPH h"(t :,“.‘ n) 2("5”, (8.6.’.}
rpe §  TMpouasoAbHAR rAaAKAs nao'rouuaﬂ gyaxuus, a {h*)npn
BeaxoMm € oﬁecuaquu&em B3&AMHO~OAKO3HAYHO8 OTOOpaXeuna
muowecTra MR"”"' ua cebs, - coxpaHseT CTPYKTYPY NOPSnKE
H ABNAETCR H30TOHHRM ABTOMORYM3IMOM.

Bropo#t - korpa co6cTsesso npocTpanctro (x* . x") mer-
PH30BAHO IBRNAAROBOI MOTpHXOH, & Ha BpPEeMEHE ABALOH MAacll-
Ta6, Torna mofoe npeofpasonanre

+ = t + 1,
xF s hh(E) G2 X (6.8.2)
rae (h*) Apou3sOsbHAS FRANKAS HOKTOpHAS dyukuars R ~v £

n-qt
a KOHCTauThi 97, OlpepensiorT TPYNNYy $PKAMAUBHX KB EHHI,

xax B {6.5.5), ~ ABNAETCA aBTOMOPGUSMON, T.e, coxpaHAeT

CTPYKTYPY NOPSOK& 4 MeTPHYACKYE CTPyKTYPsl. Has muHOr-ux
HEOOXULARHHKIME BBIIAANAT HEHHHEHHHE cnaraemMrsle B noojien

Hell dopmyne, Oum npussixnm kK ‘ranuneepniM IpeolpasoBaHHANM

R § 't — t '-I-'t,
" e wPE -a-xt + -@":xu . (6.8.3)
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Ho nocnegume - nmwe 4acTHu ChNyyali npeoSpasopasmi
(8.8.2). Hleno 2 ToM, 4TO0 B HLIOTOHOBOM MHPE HHOPLHAIBLHLI®
YACTHUL HHYGM He BHBUAGNCHE CPEAH NPOYEX MATEPHAI bHLIX 4a-
cTid, ABTOMOopdmamMamMi {B8.6.2) HbLIOTOHOBA YROPSAOROHUS MO~
KHO — HAXKE HDK COXPAHEHHH GODCTBEHHO UIROCTPaHCTBEHHOM
MOTPUKH — COBMECTATh MODLIe B MATQDUANLHBI® TOYKH. IDTO
06CTOATEILCTRO HE CNEAYET CMOWHEATE C CORMECTHAMOCTLIO
cucTeM oTrcyeTa. BooGme rosops, HOT aBTOMOpOH3IMOB, HPH
KOTOPMHIX MOXHO GbiI0 {nl COBMOGTHTL KaXAYI0 MAaTepHANLHYW
TOYKY ONHOHX CHCTOMBI orcderTd ¢ Kakoi-«HuGynbh MaTepHanbHoH
TO4KON Npyroli cHcreMel oTe4eTa, Ho oTr pasuste BemHd H4acTo
CMOWHRATCA. HaepuranbHuie CHCTEMBl OTCHETA TaK NPHBLIM-—
Hul, T&K Xopowk, # Ana adx pepuo (6,5.5)}, BoT nowemy npeob—
pasopauug (6.6.2) MamomassoTHbL.

CrouT oGpaTHTHL BHUMAHKO® HA pacCHPOCTPAHEHHOO Henopa-
ayMeHne, KOoTopoe BoOCXomur X cTamo Meicnurs OTH E/1GHBIMHA
apdHu gnamu, a ge CHCTEMAMH arxcmom-npenurnos, Xyna xa-
Kol nubO Cneu— HaAMbHO O6CYXAAOMEIM NPHHUUN BXOAHT COCTAR-
Holt yacTwio. Hanpumep, “npuinun sxsuasaneHrHocTH” ( KOTO-
phifi He MOXOT OGRITHE C)OpPMYMHMPOBAH KOPPEKTHO ON8 NPOU3BO.
NBHLEIX CHCTEM OTCYOTAa, RO KOTOPHM Xopould paboraetr nnd
HHOPIHANBHLIX CHOTSM) UDEAYCMATPHBAOT BO3MONHOCTE Nepeii-
TH OT ORHON mHepuMannHod cHCTeM:pr K /W GOU ApYrolt uHepuw-
albHOR XO Tax, YTO B onHCaHAM MHpA HE4ErD Ha MEHdeTCd
KpOME 3JHAYOHHY KOHWOTALIX NapaMmeTpoB-~wmMe:dH). Hepenko »
NOUCKAX R IIp OTHROPEHER B TEOPHH OTHOGHTENLHOCTH pACCMAT-
PUBAIOT HEYTO BPOAE TaKOTQO LHAMHApA: §(t, x)} nopu oroxme-
crsnennst (t,x)n (* x +3) n c nopankom (1.2.2). Torna:
MaTepHanbHan Towka (¢,0) # MartepHansuaa Touka (¢ ,¢)
umesn -otmee cobsrrue (0,0}, Becrperarcs s cobwirun (3,3) ~

~(3,0), a oTClza IerKo NPAATH X RBPOTAROPSIH, HADpPEMED,
HacuerT COGCTBeHHEIX ANEK Y "oBaxywedcs”’ # “noxoaweiicn”
yacTunpl, Ho oTO paccywpnesue HexoppexTHO, [-anuncenm (H
JOpPeHUMOBH) NpeofpasoBaHis BolBSASHbLl B NPEANONOKOHHH; HTO
yuapepcyM romeomopdeme R, a Tyr durypmpyer K" '« §*
(uam R*x §*°' ). ¥ arux Tononorkveckax o6LEKTOB pasHme
rpy-nus romoronnii, Hou, roeopa SrapuHHLIM ASLIKOM: pasio—
NMPAaBHe HHCPUHMHIBHBIX CEHCTEM OTCYETa yTBepPMAABTCH B HpeR-
QONOMEHHH, 9TO "NPOCTPAHCTHBO OAHOPORRO, H3QTPONHO ¥ 6eC—
XoHe4HO”, a TYT Hapyuaercsa nocienunee Tpebosaune (%, B Apy
FOM BapHaHTo, lpeianociernHes).
Eme onuo aaMedaune, B PACCNIO@HHOM M :10T00GNa3Hn

7:1M, M, opr kaxom t, Bb,onoe t =T 3anaeTca MeTpH~
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xa, PUIIOCOGCKE BAXEH Tekol pompoc (XoTopiit B HHBIX TepPME~
Hax o6cykpanca IlyaHkape): nycTh B XaxAoM c1oe STa Me-
TPHXA Q,, SBKIANOBA, T.8. AOIYCKAST KOOPAMHATH, B KOTO-
prix g, = 3;,,. OaunaKkoBE! A MOTPHKH B PAa3HLEIX CnoAX? Me-
HAKTCS 1M, AHbIME Crnopamu, Macwrabei ¥ TPAHCNOPTHPH T Te-
veHueM BpeMeHH? Moxem mM MI! 38MeTHTh T&KHe HAMOHRHH A ?
{{ToguepxueM, YTO CHOTEMA OTCYeTAa 306eCh HEKAXE&R HO HBO-
puTCcH. PaccMartpunaeTcsl npoCTPaHCTBORPeM: 683 (UKCHpOBaH-
HOT'O TOK& pemecTea,) B pamkax oBruxoft peMarosol reoMeT-
puH Vq OTBE THTL KA DTOT BONNOC HepOAMOWHO, HO B pamkax
NOAypUMAHOBOH reoMeTpux V,f ycioame Y, g, = 0 oxaam
BAGTCS MHBAPHMAHTHLIM Npi Opeobpaacaauuax (6,5.1-2), xors B
OpHUBLIYHOR pHMAHOBOR FOOMETPHHR GeCCMLICASHHO MpUPARHMBATH
HYMO BoinefeHueni HaGop xoMnoHeut. [loaToMy ang #LIOTOHOBA
YHUBEPCYM & ONUCLIBAEMOTO HOPO3 V; » MOXHO ornryurn
Cnyusit, XoTA& §,y SABKCHT OT + » OT CHyuas, Kormag,,
He SBEBACUT OT . Takgm ofpazos, 3peCk OTBET MA BONEOC
[Tysuxkape yTeHTO/eH QA pasyMa: MOxHO CoopyauTh HoHaATH
HMZ XOHCTPYKT, B KOTODOM [IOQCTOMHCTEO 3BKJIHOOBR MACHTA-

63 {npE HBIOTOHOBOOTH BpeMeHH) OTAHYHMO OT HONOCTOSAHCTEA.
7. E g e o rp afiyHEpoBXoe T a0 O B
He B HBIOTOHOROM YHHPepCYMe, HH B HLIOTOROBOR cucTeMe OT-
CHATHA HRBOIMOKHO “BLIGpATL NpaBHUALHLe Hace’, Haow BCEr~
L& OnpeasnawTcd € TOHHOCTBLIO A0 NPO H3BOALIONO HIOTORHOIO
$¢ R —» R . Ucropryeckr € aTofi TPYRHOCTLIO ONpaBlAlUChH
ABYMS PARHEIMH IyTaMH. OfHH = sMNBpmIackuil, 3a “npapdinp-
Hoe ppeMa’ OpMKEMANOCH KANSHOAPHOG, ACTPOHOMHY@CKoa, 8TO-
MHOE Bpems. O TOM, Kak#e yMO3pHTenbHRele TRYAHOCTE BO3HE-
kapT pE “aromaoM noaxofe”, Mpl ywe nucanx B £5.2, dMnu-
PRKH 2T TPYHHOCTH HIHOpUpYIOT., Rpyrof non.xom - XxoHnenry-
anphuill, yepea gHHaMHRY. MMBHHO, CYZTanoCh, 4TO YPARHOHHO
CpOHOMRON LaCTHIE!
d*x _

dt*
HAM SACTELB, ABIKYIISHCS NOR ASHGTBEeM CHALI

dx

=5=F (8.7,2)
BODHO, T.€ef IMOBOPH MATGMATHUYECKH, NPRAUMAETCH B KaAueoT-
Be aKCHOMEIL, lorpa moGoe ipeofpasopanie BpeMeHH ﬂ?::—g({—)
vapyunao 6n ypasyoume (8,7,1), npempates ero n

of¥x _ _ dx d2E
e == 2% s (6.7.9)

r aganoruyno (B8,7.2). Tonpko nAuHeliRkla npecSpasoBalusi HH-

(8.7.1)
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¥ero He usmeHunz 6w, Takum obpasoMm, BohlaeneHHafs WKana
BpeMeHnn bosHHKana B TpaiMyHOHHOK (U3HKS KaK Ta WKAana, B
KOTOPOR RepHBE! ONHAMHYCCKH® ypaBHeHHH.

B sTofi cRRaM nonesdo KanoMKTe, uTOo M Mamy ymanoch
CPA3ATh KHODURANLHYIO K B3IPbIBHYK CHCTEeMEl OTCYeTa He TO-
NBKO KK HEMATEYQCKEMH, HO H QHHAMHYECKHMH QOPMYA&MH Io-~
pexoga. Mmeuno, monuayacs CBOHM NOTAPEIMHYBCKHEM Ilepe XO0-
goMm (5.2,1), ou nmokasam XTO YaCTHUBI, XKOTOpLIE ABAKYTCH BO
B3PLIBHOK CHCTEM@ OTCueT8 B ‘T ~BPCMEHH IO HRIOTO.IOhY 38—

KOHy 2
Sl (8.7.4)

6yayT ABATATLCH R MHepuManLAONl CHCTeMB B f-npeueﬂn no

QaKc
gt _ 4 dx x4 tog
d_é_l -é- dt ‘tz' fo ? (6.7-5)

ApateM nng *dyanaMenranbex”, Traaspuix” MaTepHA:HLX
rer d%/dt= x/t Toswwny B Teopur MuIHa YpaBHCHHE X =0
coxpausercs, B orauyne ot (8.3.7), ans bdyHRaMOHTANMLHLIX
Tell., ITHM pe3ylIbTATOM ero Teopud PepA B €AMNCTREHHOCTH
GOPM bt RHHAMUUYRCKAX 3AKOHOB, B HX “KAHOHEYHOCTHE CYU BCT-
BeMHO ToaphBaaTCs, KpoMe Toro, Mor au 6nl anpUopR BO3HK-
KRYTh A BOSpAMAHHE BPOAS TAakMX, 4YTO Mhl XK€ HAYCTO He 3Ha-
eM 0 KacroswemM 3Hayouny cuan F : Mower GeiTe, €@ "upa-
BRALHOS " aHAueNMe KeK DA3 TO, KOTOpOe HOAYHMTCH Hoche ne-
pefona spone (5.7.3), ){Bo uatexanse HeaopaayMeruit yTou-
Hi0, YTO caM MNnH Bce CBOR pacCyxNeHHA Ben He B HbIOTOHO-
BO M Yy HEBepCcyMe, a H1a 6230 CHaHMANLHON TeOopUd OTHOCHTONL:
HocT#, Ha HLOTOHOB A35iK @ro ¢OPMYyaALl nepemen i.)

§7, IPECEP A3OBAHHWE BPE MEHH ¥
KOHKPETHOI O OBBEKTA

1°° HekoTop e nounxMauga “Gio0on o
rEY6ecKOTO BpemMeHx’. C pospactoMm nwbofi
Guonoruyecxaii oprasmamM -~ Syab TO KneTKa, 6yabs TO YQ/10BEK -
NPeTepNeRasT xakne~To ¢uagonorzyeckue (MeraGonuyackie)
nepamMonnt, CaMu 5TH HaMeHOHHA HODENKO NPHHAMAKTCH 34
BpeMOIHOI noxalarenb NPEMEAXTENbLHO XK QAHHOMY O6BBKTY
(rnu rpyrne ocobeift), Hepaxuo, kak IO KaleHRApROMY CYETY
poipoCia 6opoaa - B gecaTh HAY B TpHAMATh neT - NHPHIHAX
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@2 TNOHBNEHHA HIH BCE~Oe ~-OTCYTCTHUS U NPUEAMAETCE 3a "Bo-

spact”, TyT BO3pacT He O0A3aTENBHO MOHMMARTCH KAK KOIH~-
YeCTROHHAS Mepa, 8, HAIPEMOp, "MIanedueckri”, “aspemwii”,
etapyeckuit”, [MpuMepHo Takoif xe Baraag CymecTBYOT X B
reoNOr|KE: B ONPONOJEHHLIX ACNEKTAX HE BaxBel abconidTHsle
XpPOHOBOIHYSCKAR ANUTBALHOGTH NANGOHTMNIOTHYSCKKX NpoHeccos
Haauuue unga oTCyTCTEHE CDOTRBETCTBYIOUINX OCTATKOB B CTpA&-
TaX caMo no ¢ete npuHEMASTCS aa "reonorHueckoe ppema”, B
MpHRLMNQ, 3TO OAHA U3 BOIMO XHLIX H BIOMNHO NpAaBOMOpPHLIX
"rpapynponok” Hacop y MaTepUANLHOA TOYKH, NpHYeM 5Ta II0-
clicAHTg Ha OUONCTHYECKOM HA3MKe Hasmb alack Swl “0COOGR”,
Hng "nonynsmuesn®, unu "Taxcow”, uam TMBYmA$ XACTKa B Op-
ranuaMe”, HO HHODDA CTOROHHKHXU TAXOr'o CHOBOY(iOTpebiieHus
JAX0AAT RanbWe M - HPEBOAR NCHCTBHRTONLUC PASUTANEHEL S
NpAMEp sl HOCORTIANSHUS KANSHZARHOI'D BpeMeud ¢ TAKEM gUaydo-
NOTHYSCKHM - HAYHHAKT HAaCTAUBATH HA TOM, W®© MO/l Boobwe
IOBOPHTHL © K&AeHRARHOM (OHM NPeANOYHTAIOT BHPaKATBEHS “die
3U4YECKOM ") BpeM8HKM HO HUMeeT CMuicia B Gxonoruu, Yro B Ga-~
ONMOr¥U¥ MOA cpoe cuBecTBeHHDE Guonorwyeckoe speMd., Ham Ka-
WMOTCSH, YTO TYT NONEG3HO IPOBRAHTL TOPMEHONOTHYSCKO® paaiin-
yogHa, llenscoobpasto ropopuTe Ae Hnpo “Guonoruuetkoe ppe-
Ma", a npo "6UONOrHUeCKYX rpafgyHponky mpemaxy (opo wxa -
1Y BpeMOHH) MM naxe eme ToHHee npo ‘6 CAOrHUSCKPW Ipa-
AYWpOBKY BpeMedy Yy paHHoll oco6u” uaum "y nanHoro Takcoka”
(Te€u ¥ NMHEHO~PACNONOKGHHEIX B GUONOI'HHE CKU~-NPHYIHHON
N0CARL0BATS/ILHOCTYH HANGONTONOTHYGCKHX OCTATKGB) .

MHo HOHIBECTHHI NMpHMephbl, Koraa G b "GHONOTHISCKO® Bpe-—
Ma” £  oBpamwano Bu xog COBLITHE CpABIHTE/NLHO C “KajleH-
papHLIM BpeMeHeMm” €  , T., ROPECTEBAAIC 6Ll COGLITHA B HX
AOCIE AOBATENL HOCTH, T.8, NpH ¥ (x) < t{y) 6mAO0 Gl f(x))f(:).
[NosTomy “Bpema” B cMmuicye §5.1 ocTaeTcs OfHMM H TBM X6,
Ecan xe npr 5TOM QusKonorayeckas rpaoyupoexa &, ¥ oco-
6 A oTnuuaercs OT (UANONOTHHECKON O IpPARYHpPOBKEK f&

y ocobr B , Tax yro fp (;)—fﬂ(r)#{(jﬁ»{{f)mn *onuorpeMer-
HeIxX Fix) = t(X )} 4 ‘t(;)zt(y') ¢ TO TYT HHYGIO HEQKARAH~
HOI'0 ¥ CBOPXLECTOCTBeHHOI'O HeT, Denb B oTaMYHa 0T (HIHKH,
TOe MATOPHANBHYIO TOYXY MBI MBICHAM BCerc nHlibk K&K Ansdwe-
acqa To4e4foe Teno (MIIOC MACCA, MMOC 38D, UAKNC # T.R.),
B OHOJNOIUA 0Co0b A OOBMHO HEAOCTATOYHO MLICJIHTB Kax

IPOCTO HAKOTOpPHIR ANAWHICH W YOTKO OTHHMHELIA OT ApyreX
npegMeT C KaKEMU-TO napameTpamH, [fs BGHOAGBU BAMEH e
AKTUBI bl xepaxrep sroro “mpenmera”, KoTopuii OBOMM mpn-—
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cyTcTBHEe “npeobpaxaeT” owpy wawmee (M CBox CobCTBeNHDIe
nepaMeTpul ApH 9TOoM)}, Ecnk 65 MOXHO 6bIN0 IoBopHTh O “6a-~
onornuyeckoM npocrpaucree’ (oM, §14), To nwbas ocobe {xne-
TKA, TAKCOd M T.N.}] B HeM lpeacTaBnaiach Gkl xaxk “onepa-
Top” , BO3AGNCTBYMHIl HA COCTOSHAA PTOMO IPOCTPAHCT-
B& A NepepoadAmuil MX B APpYyr¥e COCTOHHHH., JTO H NPoSpRaaT-—-
CH B TaKux CHMMOTOMAX, KAK NONOBAs [opMa:Haurd, pocT Bopo~
apt ¥ ap, Hexkoropsie "Brixonnl”, "anadesua” 3TOro ogepatopa
BpeMOAHONOAOOH M, BOT TOrRA~TO ANA KPATKOCTH KX HMBHYT
‘GronoruveckuM bpemeHem”,

Hepenku cayuax, xoraa Taxue npocBGpalopaHHs KaneHNap-
Horo Bpemenn € nas ocoBu A npM YCNOBMAX o BO Bpe-
MOHHONOC AOGHYI0O BeaMauHy & yHnaeTcx BoLpAIUTH KakuM—-HHEY b
RHTETPAaNLHLIM ONePaTOp oM -

*=
o Gz _;‘g.(.a,a,t)a/f . (7.1,1)

CoboTpenug, Takze npecbpas’cBalus B-O3MOXHLL M (HIHKE TOKe,
Hampumep, MGx«HO H3MEDATL HPOMEXYTOK BPEeMOHR OGTOMOM
BCKENesweHk B galiHuke (KOTIe) bBoab NP (MKSCHPOR AHHOM Ha-
IpFKSHUE % AeKTpOonAMTER {CTauHoHApHOM pexUMe KOTenbROk).
TOYHO Tax Ke NPOMENYTOX (UIKOAOTUYECKOrD BPEeMEHH HaMe-
psor uHcnoM (06meMOM, HETQHCUBHOCTHIO) MPOTSKWHX GKa3KONO-
FHYecKux mponeccon, ¥ © ToR ke o0OOCHOBAHHOCTL, G KAROIL
B fnocnagHemM Caydae TopopsT, 4To “BpeMs ¥ Henonska BO CHe
ToueT HHade, 4eM B'COCTOHdHKH GoapCTROBAHMA", MOKIO I'OBO-
PRTB, 4TO “BpeMst y ualiHpxa TeueT npH sHanpsmicesuy 200
BONBT HMAYe, ueM apH HanpsxeHEr 100 poasnT”’.

Wxorpa omspatop At ~» 4 oxsanpaeTcs ofpaTEMBIM,
3710 BOCEMa CymecThouno, Tak, QCHM +F - ONpenefoHHuE Ro-
Kas3aTalh KOHUSHTPAUHM XHMUYSCKUX peareHToB B KASTKe, TO
Hamuuue ofpataoil dyakuuu € () rapantupyeT, uTo MeTaGoORH-
4R@CKHe NpONeCCH MOTYT HIpaTh ponik “GHONGIHISCKAX 4ACOoB”,
aro no zuM Moxuo BOCCTAHOBUTDL xancupepHoe ppemd,

B. npasoune raxue A -npeobpa3ioBannas CyTh YacTHLil ony-
4aft perpagysponxi 4acoB, paccMoTpesdxod B §5.2, Ho rtam ua-
pun wonuni npousson £ /R ~» R, a 17yT Mbl umeeM ngeno
C KOHXP@THLIM gn R -~ R . 2Ta 30BHCUMOCTE panyRpOBKYR
OT KORKpRTHOr 0 onepatopa A  (T.2. 0T GROIUOPHYSCKOD G Op-
ramamMa B ero AnyTenkdAocCTH, OT IfOonNolYYeCcKor oo npouecca B
BI'0 AUAXPOHHOM PAaspeae) NHOpoMAASeT COBCEM HHLIC YYBCTBA
K perpanyuponxe, B §5.2 oda npeacTaBana kak CTHXHIIHEGH OO-
MeXxd, OT KOTOpoH He 3HAaws, Kaxk uabaBuThCH, a sfiechk OHAE
BLIMIUAAT “OCHLEeKTHBHLIM PRIYALTATOM BO3AeECTBEA 00BEXTA
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A ¥, xagosoi H HARO MAYHATh, H HMBWTCA HAnoxALl pPA30-

OpaThC de
Orsowetue d¥/dt ecrecTseino wazsarbs "CKOpOCTHIO

PU3RONOrHuecKoro npounecca y 06%9xTa A 10 OTHOmeHHIO K
XpOHONOrRYeCKoMy ( kanennapHoMmy) BpeMeRH”, 3neCh “Fakke B
TETepaTYpe pacmpocTpaxena GOHBAIWAH C TonXy A6G6pepHaTyp-
HOCTb, XOorna ouwyT ApOCTO "exopocTn®, a no oTHOWeEHMIO K
qgMy -~ H® YIlIOMHKHAaIT,
20 amnmH reoaore4eacsxsHi npuMerP
Haorna oTHOUWeHH®. OAHOBPE@MAHHOCTH CHOBHO 6Ll HABA3LIBAGT-
ci camofl nprpopoil #aywaemMoro 06beKTa, Tax oOBCTOMT RONO
co eTparaMi (cnogMM) B recnorux, To, 9T0 BCTPeMAETOHA B
OOHOM W TOM XK@, ABHO He CMemeHHoOM X 0ea cnepop nepeMe-
WHBAHES €109, XO4YeTCsd HASRATE — Y HAJILIBAOT ~ QAHOBPEMOH-
AuiM, IipM 3TOM BO3RHKAKT TPYOHOCTH ¢ A2XCI/IuKa RESH BOT
K&KOro poas. B wochenosarenbEbiX CTpATAX OGHADRY ¥ BAIGTOH
KaX COBCTEBOHHO DEO/CIHURCKHS OCTAHKHM, TAK H OHONOrEYes -
xne (nanecHTonoTuweckua)., [1o HEM HReT AaTHpOBKA - OTAeNL-
HO I'eonorudecksas, OTnenbHe OHOnuruyeCxes. B Hawefl Tepmm-
KOMOFHH, BpoOHe Obl, YHHPEPOYM cHafxaercs apyMmsl dacamu €

K?:
d/‘i'/’@?

N BOT 2MIMPKYEeCKH OKA&3BIBAOTESH, HTO MHOTOA MOMAY OOKA3A&-
HUSMHM aTHX HACOB HOT COOTROTCTEHS, HET COXpaHMOmero nops-
AOK nepaxopfd OT (IOKA3AHUH IeONOrHYeCKHX HACOB g ¥ noxa-
sauy aM Gmonoruseckux uwgoo € HHOTAR 9(p)< 2(¢) 4+ HO
£(p) > €(3). Kax sxcnnzunporats 5TO oﬁciome.n{cwao?
Bepp monyuaemuM JIOTMHYECKHM npoTebopeuneM orapdTCa
nop comuenne [IPHMMEHHMOCTDL cxemun {7.2.1)., Paatupsas

CUTY AU, MLl NPOCIENEM [IOTHKY aBTOpOB XHERIH [:14]. H3 KO~
TOpOf MBI NOYSPHUYNH Cell npumMep, HO ele PAHLUS ML JOIIO-
NHATONRBHO 3a0CTPHM CHTYAUR® HA BOOOpaxAEeMOM IpHMEpe,
PacomotpaM OOHOIO uenomeka, u soapact ero Gynem me.
PHTH ABOSKO: B OOHUX HACAX HUCIOM CHOMCHHBIX MM pyGawek,
4 B Apyr#X Hacax = HGACNIOM €I'0 BCTped ¢ MHIHUKOHOpOM, Mo-
HMOT NM CHAYYUTLCH, 4TO B MOMBHT p OH asuocun 3500 pyBa-
mex w 12 pa3 BCTPOTH/CA C MHNUUHOSEPOM, HO B MOMOHT g,
o cHocun yxe 550 pybGawex, a © MUAELHORODOM BCTPOTHEACH

(7.2.1}
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scero 9 pas? Her, pounTencHo oTBeTHM Mil, JTO NPOTHBOPG-
quno Gul noruke, apHhMeTHKe, A MOomeT nuM nonotHOe BCTROTH-
TCA B CTRATArpadul? 3a CYeT Hero? Ecad Gnl KOMNOHOHTLH
cnosd npeacTaBisian Cofofl uror RUHe HHO-YyOpagoYeHHONG NPO-
tecca, xek NPHUYMAHHLIK HaM# deAoBeK, T0O M B CTPATHIPAQHY
GeITh TAKOIO He Morio Opti owHMOKOK CaAsponanc Obl CHeCTh
8MONpPHYeCKHe naundgbie. Habmopetens (“rakcon”) xak oM onpe-
nense p 85,0, = nuHeeH. Ho ecm MLl MuiciuM 08pa3opaHHe
cnosi kagk mror MHOTHX nuseituniXx npoueccos, T.e, xax pesy-
anTar Rexoare "toxa pemectea” ( ‘cucrema orcueTa”), rpe
Cnofd BOSHHMKAST Kak “Cpe3” 3TEX JIHHEHHLIX NPOLUECCOR; 3TOIG
TOK& BAUIECTBA Ha XaKyl-TO AaTY, ~ TO OTKDPLIBAKTCR HOBLIO
AOTHYECKHO® BOaMOxHOCTH. MMeeTcn oCTaTtok Kakoil-To paxywm-
ki p » KOTOPLIA QETHPYS TCH ?{p) r'ecuiomqecm, K pakyumixd
p’ s aarTupyemofr £(p’) Ouonoryuecxu. H uMeercs oTnevaTok
nlenecTka q , KOTOpbM RATHPYeTCs g(4) I'eonorHieck, u
otmesarox 49’ , patapyembit €(¢’) Gmonornuecxu. flpz aTom
P H p’ ORHOBpEMeHHEl, H § R ¢’ TOXE ORNOBPOMOHHN, Mo-
WOT AKX CAYHHTHCSH NPE 8TOM, 4O

3(1}](?(7,) & E(p') > f(i;’) ? (7.2.2)

[Tpx upTOHOBCKOM YHOPAAOUSHKE YKHBENCYMA, KOTL& HMOSTCH
abconwrHoe BpeMs (XO0TH 6l ©C TOUHOCTLIO A0 PerpANYMpPOBKH)
xorna actk g6COMOTHAK OAHOBPEeMEHHOCTh, TAX HY7C BO BCSIKOM
xaneugapuoM Bpemend t(p)=1+(p’)ct(g)=¥(y’), a noTomy &
B - GHONOIMHReCKOM a’(p')c fig')r B monornqecxomy(p)cgq,). u
npoTupopesus {7.2,2}) ciayunTbcA He mMoxeT. Ecnx 6ul odo cny-
Y#AOCh, TO B TEODHK , MATEMATHYOCKYI TeOoplly, BOWAO Oh
Npo1¥BOpe4Hs, hgero MareMaTHke He ponycxaiT. [locaromy
HbIOTOHOB YHUBEPCYM HE TNO3BOMAET JIKCILNIMUNPO-
BATL yunomsimyTtix uwaxonox. Ha atom ocnopannm K.B,Crma-
Kop {cTp.252-270 xuura [14]) ¥ orgacTy C.B.Meilen ('.c'rp.
209-219) cxioHaI0TCH K ACHYWEHHK, Y10 HECKATh B SKCIRUKAa-
OHY >MIRpRIOCKOR OTparurpadnl Haane AT NONL30B&THCH BO-
JAEE CNOXHEMMHY reMnopansHLIME KOHCTPYKUMAMH,. HEWeNH
HbIOTOHoBA, Kak #a nopxopsmue B oTHX 00CTOATEALCTBAX OHH
YKaabBaioT HA Monenn cheudaanHoll ¥ game obwel TeopH: oT-
HocHTensHocTH, fla, B Taxux mopnenax MOXKHO obsacHHTL
korvlokuu (7,2,2), NOCKOALKY TaM ORQHOBPEMOHDCTE HE 06-
nanneT CRONCTROM TpaHAKTHBHOCTH. HO mpHBAeteHns HieH

A —oneparopa noamondeT HAlTA HCKOMQe OBBACHEHHe npolwe,
COXpAHAT HBLIOTOHOBOCTL MEPA AAS ME&NLIX @0 PA3MOPOB H MO~
ON8HHO TeXYWmEX Npoueccon. Benk Xxax-T0o HE¢CTECTREEHO Oy-—
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MAaTb, YTO OnA ONHCAHHA COBPEMOHHGLIX OHOMOIUYelHu X JIpOoLeC -
COB, NS OMUCAHHA COBPEMEHHLIX MEILISHHO ToKYLHX HA 1HoBEe-
PXHOCTH 3eMim AHTONOrHYCCKUX (PO USCCOBR HaM BITOOHe Xp4-
TA6T HLIOTOHUBON MoN enyd NPOCTPaAHCTBOBPEMOHH, -~ & BOT Ui
ONHCAHAE TAKHX K@ NpoeUecCCOB B JIpOUtnoM, CEKpBITHIX [Alg d8C
K [NPOTOXKABWHX B Bile MEeHbUIEM O0REeMe, = YKE HYKHO npHice
raTh K He HbIOTOHOBCKIHM IIpEeaCTABIEHNHM,

Hwmeugo, coberrna p ¥ ¢ pecCHOnoxeHLl Ha MIIPOBROI! Nu—
HHM TaxkcoHa A , & cobuipys p’ M ¢’ = HA MUPOROH nMRHH
Takcona B , HMaMmepennuit y A 10 IeonoPHHeCKMM RpiHaiaxam
noxagarens ¥, (A,p) = 370 B ecTs “reonormsscxoe Bpema
cobbITiS p B KeleHNApPHY® matTy t_  aaa mpouecca A 7,
AHANoOruvYHO, ‘9;("‘-?- ) - reonornqec?coe BpeMs COOmITHN 9 B
xanehnapEyo nary ¢, ang TOrO ke A, a 93{8\ p’) m
9,(9,1') ~ TO xe ang npouwecca B , HMamepsemuii no Gu-
ONOTMYCCKKM NOKA3aTeNAM ¥ A H B COUTBETTTBOHHO, 3 6y-
net pased ¥,(A p) u 9,(B p’) B nary t = M peEeK
F(A.9) » (A q") N T tt:t‘t’ . W ecnu nng
ONHOTQ M TOrO Xe MOOJACTHYECKQrQ npogecca, A8 OQHOTO U
TOPO Xe ManeQuTONOIAUECKOro TaKcoHa uenatewuo & (A,p) <
£ -99 (A ,1)1{9“,(8,9’){9‘,(3,1’), TQ COBEpPWEHUHO HAUYTO He CBsi=
ILIBAST BIAUMHBLIX BOJHYUUH 93 (a4, p) u B(s8, 7,’} , R ‘
(8,5 ) m ~9£ (A,q ). Bnoine soamoxHo; 4TO ‘9:'“ ,P)<19y(e4z
HOo B (A,p) > Dp(B,q) » @ p u p’ Wonanyr ®» OAMy crparty
( “onHoBpeMesun}, Toraa xax ¢ u ¢’ nonanyT B GpYry© 06—
wyw c¢rpary., [lapanoxc CraT, HCHYepnaH, X and ero npeojone-
HH8 He noTpebopanock NpuBeraTh K PONITHBHUCTCKAM HCKPHB-~
neHHLIM MoaensM. B Tepmunax NOsCHA®MEro npaMepsa: oaHH
4yenopRK MOI' CHociHTh 500 py6Galuex ® MOBCTpeYaTh MHIHINO-
Hepa 12 pa3 da TOT CaMblfi XAaNQHOAPHLUL HPOMEKYTOK BpaMe-
HM, 3a KOTOpeilrapyroft 4e moeex, €r'u posecHHK, cHocun 550
pyGalileK, NOBCTpeYablik MHAHUYOHEpa Bcero S pas, M oba
OHUY NMON&JIH B OaHY GPaTCKyry Moruiy,

Koneuyuo, paccMoTperKe aph aToM aenaerca Gonee IDO-
Moalxum, Ho rrodeMy, xorga MLl XOTHM AenaTs BLIBOAst HA
ocopanun COBMECTHQOIQ paccMmorpesus nocnenosarenbHOC—
TE pakywex {Taxcod A ) M nocNSo@®aTENBHOCTH OTIIEYATKOR
GaGouxkn {Takco B )}, M HajesMChL 6L HA UPOCTOS pac-
cMoTpenre? [1oxAa Mu! ONUCHLIBASM OBHXEHNE OHHOID ABTOMOGH.
A Kaxk NepeMeleHna oo BTPUHEeCKOll TORKK JIQ TIOCKOCTR,
Mbl MOKOM AOCTHYHE NpocTOTHt onucaunda, Ho korpa Mu pasbu-
paeMcCs B CTONK HOBAHHH TpeX a4BTOMOBUneN, 06yCnoBNeHHOM M
MapkKemMHd KaunH, ¥ MapkaMy Ge2H3IWHE, ¥ H3HOCOM HWHH, X YKO-
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COM 1wocca, H A03cll HNpRAATOrG B UTENIMH AAKOTON, — C
HEro QXUEATE NpOCTOTn? KOoHOYHO, CBRS3gHIOe C sMIHpUKOH
onMcadra O6ynaT euie Coree IpOMO3AKHM, Heweld HAlH nepe-
mentse ¥, (A, q )



Tn,3. BAMIKOUENCTRHE H
COOTBETCTBYIQUEE YIOPAAOYEHUE

§8., OTAEMMMOCTE MHTEPBAJABHON TOOO/OI'MU

IO.Onpaneneune sl gwmrTeitHOoOBRODO
TeMIOpPpAAbHOTO nopsasa x a’, Cobecr-
PeHHO, 2HiHWTEeH HKKOraa B SBHOM BHAe He BBOLHII TAKOIO
yHopano4enns, OH Boobuie—~TO 6Ll HeBHEMETeNeH K aTOMy Ha-
NpABRNG KO Mpienu., OCHOBHLIE HAAH TYT BOCXoRaT X Pob6by,
dpauHrToRy w A.A.Mapxopy ML ucTopmeorpadiio oM, B [ 9],
Ho Tak kxag rnapHpil ODpunMep TaxKoro YICOPSNOHQHES HARTOHA
CHOUUAILHOH Teopuall OTHOCHMTOHBHOCTH, KOTOPYIO BBEJ B HAY Y-
Hplil ofopoT uMeHHO JiywTrelin, Mn Oyaem HassiBaTh COOTBET-~
CTBYOEHA CrIocOo6 VIODAMOMMBAHMA ' 3iHITeR oL .

ONPEAEZENEHHE 16, oeoprM, 4TO BLINONHER HOCTYRAT
6nK 8KOASRCTEHA, QCAH ISl BCUKMX ABYX AXDOHHLIX TOYeK X W

(Tee, x 4.3 & J ,{ x ) HalnyTCs p K 9 UpH pex §
Rpédy M gex? @,3,4&,3*. Toyxa p npeguiecTsyer Touke x,
HO U3 p HeNb3d BO3ACICTBCRATEL HA .y CEMMOTPAYHO aan g .

Conepxarensitd 8T0 O3HaA4aeT: Ha [peoAoraexue “paccTog-
Hps® 0T X A0 Y HPOUBBOMBNO MANLIX “NpoMexyTKOB BpeMe-
au” {p,x) ¥ (x,4) sanoccratouno, BospeiicToue He MoxoT
nepegapatbcs "CO CKOnh Yyroano Goabuioii ckopoctsw”, Cnocob
YNOP4DOYCHRS, YAOBNATROPA WKl Hauwum axcromam TK{ g ¥
noeTynary GnuakogelicTBis, GyneM HaswpatTek DWHUITEAHQBLIM
TEMIIOPAJIBHLIM TOPALKOM, a yHusepcyM © TaxuMm nopa-
KoM -~ SHHWTEHHOBKEM,

TEOPEMA 8, Hnas Toro, 4ro6p yHubepcyM Ohil afigwreii-
HORBIM, HEOOXORWMO B HOCTATONHO, YTO0OM Ve ll ;:Fn;:_: =,

TEOPEMA 8, [na Toro, 91o6n yuupepcym fhin simwreii-
HOBLIM, HOOOXOOMMO H AOCTATOYHO, YTOBL UHTEpBalbHAS TOIU~
norxs 6elna OToenuMa, T.e, Y BCAKRX x‘a ¢l =matinerca oxpe-
CTHOCTEL TOYKH X , He copepmamas .

OTciona crneayeT B cHIly HamMX AKCHOM, 4TO HHTEpBAalib~
Has TOoRonorks peryaspxa, [lepedopmynuposxoii Teopems 8 aAB-
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NaeTCA Tukasd:

TEORPEMA 10. [Ana toru, 47obur yuusepcyM Geit sHHWT-
@jid PBRIM, HOODXOAMMO ¥ AUCTATOYHO, HToOL RAS RCaxoro x&u
QAMUCTBRHHOEe abCOMOTHO OAHOBpEeMBHHOB X  CoOhTHe (CM.
§6.3) Gpino camMo x |,

Mot BrANM, 4TO 3[HIUTOHHOBO YHODGAOUEHH® IBASSTCHA Kpaik
Hi¥M, HPOTHBOIWIONIIM ELKTOHOBY, CAyiaeM, O HhIOTOHOBOM
YHOpspoUe HHM PakTOop=yHUPEPCYM DO OTHOUCHHK GBCOMOTHOH
OLAHOBPEMEHHUCTH oxaswmipanca CAMLBIM BEAHBIM #3 BeamMoi-
HulXx { OMHOMODHLIM), TOLAA XaK B olHWTOIHORPOM - CAMLIM
BOTATbIM us moaMomnsix, 260 QaxTop~yHHBEepCYM COBNARAST
C CaMEM YHUBEPCYMOM,

[Toirony BeCCHMuCNEHRAC 3A2ChL BROAUTL NHOHITHE “HacToa-
mee afs cofumua X 7, Benb OHO COBNANO BH C CAMHM X=X
M Ue pacapoc TpaHkAoCh 6m Ha "Bech mup”., Eomnx ¥ = 3¥ |
TO BLUIONHACTCS X =y \ TAK Y70 3iHWTe{HOBO IPOCTPaH—
CTHOBpEMSA OKA3LIBAOTCH DA3IMYAMLIM U3 Gyayme.- ro (¥ ua
npownold). fisa padHux cobuTHR BCErRa MMET palHbe Npo-
wnme (u Syoyuwne).

2%, 0nun KpHT®opHuM OTnNUuYHASA

Hbp KW TOHNOBOCTH oT 3 W T @ B H 0=
B ocC T H, ToMiIopalsHsIl yaupepCyM € abCo/BOTHON OOHO=-
BPCMEANOCTRIO { T.0, HbLOTOHOBO NPOCTRANCTBOBPOMS) MOXHO
pasneMl cnocoGamu [pasHumMu axcuoMamu) OTIHYATL OT TeM-—
nopanbHoOrg ylugpepcyMa ¢ 6an3KoaelicTouem (szmm-rei‘mono?a).
M opiBegeM CAHE KPHTAPHI, KOTOpmil B caMm no cebe Heoxu-
N2H H HME@ET, Kak HaM KMKeTcd, onpanenenHsil @HI0COHpCKuH

G M BICIT,

CHavana HECKO/ILKO CNOB O HEKOTOpsIX OY rybo MaTemMath-
1eckKiIX o6LeKTax, He sarpardpagd ponpoeca “CymecTsyoT 4
ouy Quanueckrn”, Hanecruo El&], YT0 CYI OCTBYIOT KPUBLIE
ppode pubuil [learo., 3ta KM paf, BNOJAHS HO4NagaKinas IoR
MAaT?MAETHYSCKOG, TUUYHOE, TONOMNOIO-IOGMETPHUNECKOS Alpeae-
AoHMe KpKBoll, NOKPLIBAGT BCKW HAOCKOCYhL HAAM, S@CAH TOBORHTD
0 @& nyre, - TO Bach Ksajppar, B TpexMoepHOM Cnydas Hapo-
CTUh KpHBLIE, Ha3bBaeMbne "souTHkoM [leano’, ITo roMeo-
MOpyHLIA O00pa3 OTPeRK&E, HO TAKOH, UTO KpXBas NPOSKTHPYeT-
Cs1 H& KBaopaT = 0e3 nponycka Kakkx 6ol TO O GLUIO TOYeK.
HexoTopul@ H3 TAKHX EPHBLIX AOIOANKTONBHO O6NafawT ewe
CBOHCTBAMH, Ha NEPBHIl B3rJadgn KAKYWEMECA AHRDO HEeBOIMO W~
HbiMM, AHDOO KpAaiHe OTpaKHNHTeNLHBLIMH.

CnpawgbaerCs, MOIYT A CYweCThOBATh “Ha caMoM Denme”
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nopobupie Kphpue? YTo o3HaYaeT 3TOT BORPOC METATEOPATH-
gecku? TloCKonbKY Xpupas - ROHATHITHLE KonctpyxT, HOCTOAL-
KY CYWeCTRORATE OHZ MOXKEeT TONRKQ B TOM HUNDE HHOM kRhaacgce
NOHATUHABIX KEe KOHCTDYKTOB., B Y3Ko [EeOMSTPUHICKOM E1aC—
ce ~ FOe OTHOWE HHC NopsaAxs8 He dirypupyer - TAKHE KpYBhIS
cymecTeyieT, CywacTsyor nm HOHATUIIHEIE KOHCTPYKThI, HMEIC-
IHe OTHOWGHI® X MeXaHHEe WM K XKMHeMaTuxe, B KOTOphIX
Takue KpuBne 6niny 6m soaMoxHbel? M TyT, orxaammsaeTcg,
HMEeT MeCTo

TEOFEMA 11, B TemnopanbHOM YHABepPCYMe ¢ abCOMOT-
HOM OAIIOBRPEMEHHOCTHIO I06Aaf TONONOrHYeckar xpupas (B TOM
YUCHEe M 1S AHOBCKHE) MOMKAT GLITh TpaegtopHedt QR HeKOTO-
poll maTepranbHoii TOYKH. B TeMiopanbHOM yHHBEpPCYME C IO-
CTYnaroM 6nuakoaeidcTsus HE kp#basa [leano, uk sonTuk [lea-
HO, H4 KM 10ge6Hnie xpupuie CopnEHBCKOrO Aanxd Meurepa He
MOryT SBRSITBCRE TRASKTOPHAMH Xaxod fu 7o HM OLINO Mare-—
PHANLEOR TOYKH: B 9TOM CAyyAa€ BCHKAH MATOPAANLHER TOHY-
ka ( ¥ eo .TpaAKTOpPRA) ONACLIBAGTCS JIHIUMURBOR ¢y RKUReI
nopANKa SnKHMLA.

s, Cucroema OTCHYeTa X a K opo~
cTpausnecTsp o M eungenn B §6,5, 4T0 opu HbloTOHO-
BOM YTIOPAAONSHMH TPOCTPAHCTRO OAHHOI CHCTOMbLI OTCYaTA,
NoHHMAaeMOe KAK peaynbTaT dakTopRaauuy ysgpepcyma 0O k-
Hy¥aM TOKA BELIECTBA B CHCTeMe OTCHeTSs, PaKkTHYeCKH de OKa-
3LIBASTCH TONOJIOTRYECKNM IPOCTPAHCTROM,. §OICAOT'HA B HeM
aRTHOHCKpeTHad, ConceM He mK B sHHWTeAHOBOM Ccayuae,

Bo muoxectse W /A  BBOSHTOR GEKTOD-TONOROCHA. DTO
3naduT, 4T A W /A OoTKpuTO, BCIR ero npoofpas B W or-
KpeiT, ECR a ¢ W/A , To npoobpasoM se HBNCeTCH HOKOTO-
pas kpapas A€ A, T.e» 3aMEEyToe B ({ MHOXECTRBO; 8TQ
BLITEKAST U3 OTHENHMOCTH uamedi HHTOPBANLHON TOUGNOTHH | .
Mopromy, ecnm e+ € u «, € L/A , TO MHOXECTBO
(L/A)\ @ OKA3LIBAETCH OTEKPLITHIM B (GAKTOPTONONOIEM MHO-
KOGTBOM, conepxamuM & ¥ ge conepxamum o« o Cnegovare-
NBHO, PAKTOPTONOIOTHS YIAOBASTAOPAET HOCTYNATY OTHEHEMOC -

Ha caMoM peae, KaK [pABINIO, HMeeT MeCTO nawxe Oonee
CHABHBL peayawTaT. Bonb ME Ha3y4a4eM TOALBKC YBHBEPCYMbl
co ¢weTuOi Gaaoh Tornonor#zm, A OOBYHC H3YHAKRTCA HaXe TO-
NBKO KOoHeyMOMEepHble NpocTpascTeoBpeMeda. B aToM Cilyqae
TONGAOIHA | , KAK MOMHO yCTaHUBHTb, 00A34TENLHO HOpPMA
NbHAa", & TOrgpAa (aKTOPTONONOrua >HHmMTEeNROBA YHRBEpCYMA
Taxxe BygeT, KAK HABeCTRO, HODMANLHOMU,

PRIOCOGCKR TO kpaline BaxHuH peaynetrar, MOHH3M XOH-
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CTpYXUEl Npu oRHWTEIHOBOM YANRANOYOHUM ROCTUDAEST OpEe-
1a; U3 OLHOTO NMllh NOPARKa { KAY3anbHOCTH) BO3HHKAa®T
CTpyxTypa Tonoaoruyeckoro COBCTREHHO OPQCTPRPAHCT-
BA past cucremubr orcuera. CTpYKTYpY TNPOCTPAHCTEA HO Haw
Ao weoauTs RONOMIHTEJIEHO, BHEWHAM OBPA3OM,
Donee Toro, ee W Heabad BBOUNTH BHOWHUM OBDAIOM N[O PO~
H3poJy: Ixeosxo,utgmo. YTOOLl BBEOEHHAA HU3BHe TORONOIRS CO~
I'IACOBLIBANIACE Onl € QAKTORTONONOTHUEel, A NOCKONBLKY T& OT-
AenlMa ¥ gaie pecero HOpMAankbHé, TO »TOC DYSEHL CHALHCOE
TpebopaHKie, KoH2uHO, HOKaAMACT B OOAY4YeHHAOM TONONOPHHAC-
KoM OpOCTPEuUCTBE HeT ME'I‘pH!{H, KK deT e [IgoKka HBR B YHH-
pepcyMe HM B cHCcTeMe oTcuera. H3BecTHo, uvo npH paHHOM
TONCAOTHH MOXHO BBRCTH CKOABKC YyCONAQ COMaCyrWHXCH ©
Hel TpQCTPaHCTBSHHD NOoAOCHLIX MeTpHK, CXONLBKO YyIogHo
PABHOMEPHLIX CTRYKRTYD (CTpykTyp OEpyxeuuit), Haxe Ha mTO
poM YypOBHE pacCMOTpPOHHHA, KOA& RONOIUUTenkLHO 3anada
MrNazkoCTh, MOMUQ BBECTH CEONMBXO yIoaiio rriadkKkx piMado-
BLIX METPHK CHIHATYPL (+ . .+ *+), XOTOpr® GyAYT.COIVIACO-
BLIBATHLCH C EMemuelics TENONOPHYCCKOU I"apke#d CXpyRTypoh
YacTo rpoBoarnawt.orT “HpUHUMN SKBHBRACHTHOCTHY Kak
TpeGOBAHRE PABHONPABHA BCEX CHCTaM OTCHOTA, [lomuepkuem,
4TO HYM B HBLOTOAOBOM, HE B SiHWTEIHOBOM Cly4aax, Boobuwe
ropopd, CHCTeML! OTCHMETA HOPABHONDABHLI | O4YHee, ABE KOH-
pre!—!n}lﬂ KpHBEIX HA OOQMOM H TOM Ke TONOAOIHYEeCKOM HpPO-
CTpuHCTBE HEe BCerpd Moryr OniTh NMepepeAeHLl oaHa B Apy-
ryt KakIM-—-HHOYOb ABTOMOpUM3MOM 3TCIO NROCTPAHOTRA, B
IMafikKoM QUlydas, HanpuMep, Helbad NepopeCTh AugdeomMopdu-
3MOM TO BEKTOpHOe Hoje, KOTOpoe obnamaeT npenelbHuiMH
REKNaMK, B none Boa WHKIOB HAU T.H, TakuM 06pas’oM, Bpe-—
neune “npHEUANZ SKBUBanerTHOCTE” Npupeno Gnl K cHAYATC-
AbllaMy CYyXeHRNI0 AONYCTHMuIX K pacCMOTpeHHiy TemMilopanb-
HLIX YHHBEPCYMOB,
4°, Ocuonauoi HTp HMenp o g wTeH ~
H 0B a ynopanouwe HEU g, PaccMOTpHM Camuli
UpHADUOHANGHBIR NpUMep HA TpeTbeM YDPOUDHe, T.€, NPH HamM-
gy A0COMOTUHRryg NApaAde/aadMa. [nd NpoecToThl BOCOPHATRA
OuKileM @r'e B TpexmepdoM cnyyae, HMmeeMm aguHuoe MpocT-
paucteo A, ® xoopanmatex (t,x,y) . Ha nnocxocty
{1, x, y ) BHINONMM NMPOH3IBOABHYI BAIYKAYK durypy S¢. ,co-
Beprawyo Hayeno koopmurat (1, 0, 0} cm. prc. [3. B we-
TEIpAXM@pHOM cayxae $)  6uA0 Onl TesOM, & H& QUIypoili,
Bexrop (t,x.;) ¢ BXoRamHl B2 H4YBA8 KOODAHHAT, Ha3bl-
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paaM “nonoxarencHuoiM? (une YBpeMennononebunM”), ecnu

Pue. 15, -0

cnpeneafieMil MM /1yd nepeceKkaeT mnoCkooTh t={ BO BHY-
TpeHned Touke guryps S& . losopmm, wro coburrue (‘t,x#)
npeswa - cTeyer cobumun (4),x’y’) , ecau BexTop

(-t /- ,a,’fg) NOTOKKTE 10H,

Tax xak BCAKOR BLINYKIOE TeNO B YKA3AHHLIX YCAOBHAX
onECHBAETCH Kakoli-To (HeoumMMeTpayHol, BooOGwe rosopsd)
gopmoft .} & R™™—> R (r.es nonoxmrensuo-ompkoponsolt
BoHIy kot HeBppompaHROR Qysxuueii), To peeaedHult HaME NDO-—
PROOK BLIpAxaaTci yepea gopMyny Taxk:

- 4 - f
E2) (. 2) e+t > -2 | . (8.4.1)
IpaHnna KOHyC8 HONOKUTRNLHELIX Ay4ell aagaeTcs $opMymoi:
t =lxlt . (8.4.2)

OHa cooTsBeTCTEYeT “CBOTOBOMY KOHYCY”, T.¢. HpefelbHOMY
Kay-3anibHOMY BO3AERCTBHIO, O 4YeM nopapofuee B cregyioueil
PYEpuxa,

Cnenuanbeag Teopusd OTHOCHTENL HOCTH, TOYHE@, NPOCTPaH-
CTBOBpeMSA ee, BosHHKaaT, Korga sMmecto [IPOH3IBOJIHHOIO
Bhiityknore Tena fepeTcH cdepa, T.e. B (8.4.1-2} BMecTO npo-
B3BOALHON HOpMs! || % || GepeTCH 3BKIMAORO PACCTORAHUS |X )=
= V%%, YupME cnoOBEMH, KOPA& ACHORHHTA/LHO NPENlONaraeT-
Cf® OYOHb BLICOKEA CHMMETpH#, KOoPAza geidcTByeT SBKAKAORA
rpymi a spawexnit, korna sce "xHanpasnenus’ pasnolpaEH:ul,
Te8» TNpOCTPARCTRO H3oTponHo®, B atoMm cayyge B onKCaHMK
OGLIMHO PUTYypHpYyeT €We KuHCTAaHuTa, T.e, BMECTOT = tEI NH-~
myr ¢t = |3). Dra KoacTakTa HA3LBaAeTCa "CKOPOCTHI CBe-
ta® # (8.4.2) npuumMaeT BMn ypabBHe@HRA (pPOUTA CRATOBOI
BOJIHLI

et = Vx? +;‘+2? , (8.4,3)

- 111 ~



B oBwem we caywae OOHOW KoHCTAHTOK O60HTHCE HeNBAR,
YTO COOTReTCTBYST COAESPHATAINLHO TOMY, 4TO "CXOPOCTL ChBE-
Ta pasimM4YHA NO pAsHpIM HalpabAeHiiaM”, O 4eM Hoapodyee B
cegyweil pybpuxe,

STOT HpEMEep YNOopARCYeHUH - (yHRAMeHTaloibil. Ilpg da-
pexone Ha PTOPOH YROBEHB PACCMOTPOHHHA Y KA3AHHELUE 0810uit
KOHYC 3an89T70f yX& e B CaMOM [RpOCTpaAHCTRE /M , A4 B
KacaTensHOM 'T'; M , Eca yk43aHHO® B OIMCEHHK KOHYCA Bhl-
nyknoe reno JL  ecTe wap, TO nonysaeM Clyusli wHOMHMTEIM-
MAnLHD HIOTPOMHOrO NPOC TPAHCTRBOBPEMEHA: 2TOT CAyual oy
CHIRBETCH pUMEHOBoR (TOYHee NCORNOPHMAHOBOM) reoMerpiei,

Ecny mpnyrnoe Tenp He OPHBORHTOA K BHYTPSRHOCTR Cdepl,
To nonydaeM cAyYaf HHGHHHETE3HMANDLHO AHK3OTPOMHOI'O QPOLET-

pAHCTBOBDPEMEHRH: OH onMcuBaeTca ¢uHcaeposoH (TouHee nces—
noduHCAeponof) reomeTpuell, Hawe rowvopsT Kopoge: "pHmaHO-
Ba xumHemaTuxa’, Tduucnepoma kurematTuga”,

Ha meproM ypoBEe PACCMOTpeHHsd, I'I® HET B KaCATONL-
HOTO NPOCTPAHCTBA, T'he B Kaxiaoll Toixe peM MOXHO rono-
pUTE TONLKG Npo Gynywese p¥ ¥ npownoe p” , & TaKKe npo
nx rpamgnst pt  u 9pT , ODXpaHZaTCs OpHO OYeHb
BAXHO CBOBCTBO DACCMABTPHBAEMOTC Ynopafouedds. Hmenso,
MHOXECTBO p¥ up~ CBASHO ¥YX® B CHAY HAWAX aKCHOM
TK1-3. Ho siswrelidopo yNOpAROYe HAS BLIAS NS TCHE CROUK
BCOX OPOYHX TeM, 4TO pY vp. N\ P g9 CBsano, Ma sa-
MbiK2HHE TNPOWAOTO F~ B GaMbIKAHK@ GyAYHero p¥ MOXNHO
nepefity ‘TOMNBLKO gepes Touky p .« DB HBIOTOHOBOM Me
YNOPANOHEGHKH HE TAK MONHO NPOHTA 4Hepea Jo6Y TOUKY
g& pTop \\ P , OThEuEYIC OT P
5% He 0 6 t1 4 1 11 © MaTepHuanbHHD
T OY K K., B HbwToROBOM Gy ya®, Xax oTMevanolk B Teo
peMe ll, HHKAKHX orpaxHyeHHil Ha ¢YHKJIUH, OHMCHIBAIIIKS
MAETEpPUSTILEYD TOSKy (unh e TpAGKTOPHIO), He HANaraeTcs,
B anyuse shHmTelidopa ynopaacienms B cuny (B.4.1) ma ma-
TappanvEyw Touxy (¢t §(t)) , rae £: R R™'Y , nana-
raercs (nomuMo Henpepwmswocrh) eme ycnosue at > |laf il
TaX YTO CKOPOOTH NWGOR MATepHANLROMN TONHKH {MnK ¢e npe-
Aene) nonIMHEEeTCS HepapeHKCTBY:

n_zfﬁ_“ <! . (8.5.1)

B u30TRpONHOM Ciayvaec ¥ Npe SBHOM BBENEHEH rapaMeTpa
CKOPOCTHE CBOTA 9TC YONO BHO BHINNSOHT TAaKS
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BriTokampEe Ko 2THX yC/AOBHW pasiu4us B yCTpOlicThe
MAaTOpHAankHEIX Toyek {TOYBYHEIX HABnnATeneil) onRCHBalTCH
CNOAYUMMY TeopeMamMi;

TEOPEMA 12, B HbOTOHUBOM YHEHBEpCYMe BO3MOMKHO nepe-
MeueHue o nwboil TpaekTOpPHYU, KOTOPAS B TONONGIMYECKOM
cMbicne aBnfeTcE KpuBow {nyTem), BoamMOXHO IepeMemeHne ¢
HynepoH MIHOB@HHON CKOPOCTEHID B TOM CMbICHe, %TO CKOPOCThL
KakKk HpollpuaAHas MATEpHANBHOH TOYKM Cylle-~ CTBYET MHOYTH
Besne {38 PHYETOM MHOKCUTBA MEpH Hynh) M BCRLYy, I8 Cy=-
uecTByeT , CKOPOCTh paBHa Hynio, HO TOdKa HE CTOMT Ha
MecTe, & NepeMewaeTea MOIOTONHO B OJHOM ¥ TOM K@ HAnpa
BACHHY HA KCOHOYHLI OTRE30X 38 BCAKMI KOHeYHBIA NponMeiy
TOK BpemMeHd,

TEOPEMA 13. B stinwreftHopoM yHuBepcyMe ofa yTBap-
MOOHMA TeopBMH 12 He HMMewT MeCcTA. BOo3MOXKHO epeMemo-
HEe 10 nKbolt a6ComoTHO-HANpep bIRHOM TPAeKTOPHE, ¥ TOHEKO
I0 TaKKM TpaexTopiam, CymeaTsyerT MarephanbHas To4yka,
‘ofnapapnas NoYThH Beody (84 BLINETOM CHETHOrD MHOXKECTRA
TOYEK) MIUODERHO CROpOCTbio, [PHYEM BCORY, A 8Ta CKO-
POCTE CyweCcTEBY&8T, OHAO papia CHOpPOCTH CBOTA C , HO 3a
BCAKHIT KOoHoUHLII NMpOMENYTOK BpeMeRd 41 MaTepHanbHas
TOUKS HepeMewaered Ha [|ax (< eal, NpHYEM ABHXEHHE ONONC -
XOAXT BHAOAb ORHOTIC H TOIO XE O HOMEePHOTD, HAUpABJQHHS,

HO Bsapn-snepen. B HsaoTponlom sitHWTOHHOBOM /) —=MOpHOM
yHupepoyMe npu n 2 3 (T.e. COGCTBOHHO NHpPOCTDAHCTBO UMEeT
PO3MEPHOCTE He MCEHE® ABYX) CyWLeCTBYaT IV1aikag MATepHANL
Rast To4xa (7.0, HMOIOUAR MIHOBEHEYH CKOPOCTL BCKAY),
MTHOBEHHAA CKOPOCTL KOTO POif BCIOOY PABHA CKOPOCTH CBETA,
HO 34 BCAKHA XousuHpill NMPpoMexyTOK Bpemeny At 3Ta rou-
Ka nepemeita~crcd Ha \ax) < ¢ AT @ cpepnss {RHTErpannHas)
CKOpOCTHE Takoill TOYKE MOXET CTPOMHTBCS X HyAlo,

MaTepuanskHsi® TOYKM U3 TPETLOTO YTBEPXKIORHS HA3LIB&-
oroa ANKHMKU HACTHULUAMU, a na seTpeprore - BPALUAIO-
WHMHCH $O'1O0rMAMU,

TEOPEMA 14, H B HboTouoBeM # B 2ilRwTeliHoBOoM YHi-
BOPCYMaX CY WecTBYSeT MaTeopHankdast Toyxa , y kKotopod yc-
kopeune (B CMbICNS BTOPOR MPOHABORHOI) CywecTsyeT NOHTH
Beaae (3a PHMETOM MHOMECTBE MepH Hylk) 1 BCORY, The Cy-
BeCcTBYeT, OHO PABHO Ry/MO, HO CKOPOCTE He NOCTONHHA; & fAB-
nHeTCH Henpep LIBHCl HepeManHOl QyHKnHaH,
B.ﬂecn'r'repoa H AHTYXRO@CHTT e~
p o=m M i p. flepelipem kK pa3sooBpa3’aHuIM TEMUOPANLHEIM
YIOPANOUS RSN, BEPRKPYIOIEM OCHORHO! npiMep, Cleu HaATH3H-
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pyeM .ocuopyoft npumep §8.4, peifpas RuiIyKiIoe Teno R B
BHAO wAapa, HO HOBBICHM DAAIMEPHOCTh, TaK 4TO NONOKATEIh—
HL BEXTOD 28[407CH Teleph ycroBMeM L > yaxt+ytwa® +ut,
PaccMmorpim T BhiXoOamEe #3 Hayana xoopauwar ¢(0,0,0,0,0}
Ny4H, HB KOTOpX Bomonkserca$t -x'-y - -u™> <0 : oum
IaBenOMO He HOMOXETEAbHbI, X HA3LIBAIT “NpocypaHCTBeHHD-
HonofHeME MygaMu” uUnd "NMpoC TPAMCTREE KHOROLOGHHIMY HANpap-
nexusiMn ¥, [Ins nysa TodHoe 3Ha4eHHS KDOPB.HHQT(tIr,;(.E‘w)
HO CyYWeCTBeHHDO, & BEXHO NHWL UX o-momeunat:xz?:%:u .
B 4yacTHOCTH, KOPPEKTHO PACCMOTREHH® BIIMYMHEL

v +
= e e '
€= o= py S (8.6.1)
Augnoruydo BpopuM | X , }' , ® uw & ., [py srom
046 BUAHO )
~ ~ ~ - ~ .
- xY-yr-EF -9 ! (8.6.2)

Temepk no onpegensHuilod BBREKEM ANS HAWMX Ndyuell oTHOmEHNE
CTp QIOrc NOopAnKa (POpMynoi .y
(€.%,5,5,7) < (£,%,7,% & ) ¢ o= (66
~ - o~ a~ ! e L ~r VT aTas
e € > -y (G HERE) ~@ )"
QIIPELGE/NEHHE 17. Muoxeecrse nayueidl (8.6.2) © oTilo-
weareM (8,6,3) Hazupaerca mupoM ge Currepa, CM. puc,ld.
Bor HeCKOALXC Opyrux, SKPHBA~
JeHTHLIR ONHCAHMIA TOT'O We MH-
pa ne Cutrepa, OTTankupasch
or (8,5.2), Z3oBpaxaeM ero B
BHIO OQAHOIONADCTHONG THNEp6O-

nonga
® i a 2
¢ -xl—;‘—l -l ® -)?,(3_5_4)
Puc. i, Ha KOTOpOM ROohdaQX BBeneH Ha-=-

CHORCTBOHHEHRMM O0pAa3oM H3 00BeNMIIOUISr0 NCOBADSBKAAAOBA

npoctpaucTea K. ¢ merpukal viET-xi-yiz-ut, B uac-
THOCTH, NPSIMOANHeiiHMe ob6pasywuxe m™mnepOboncupa HBIAITOA
cpagy W CBETOBHMX OOLeMTONere MpOCTPAHCTEY Z‘Rs H CBeTOo~
BriME Midpa pe Cutrepa *C . | '

TeM, KTO RErys MEBICAHT B8 paMKax TPO8KTHRHO-METPHYQC-
KuX TMPeaCTAaBas MHil, Hanpumep, mopens K nefira ¢ aboonwrom
B BUDe CQepsl, ynobHee Tako@ npencTannexue. [lepecewem ru-
nepbonoun (8.8.4) naockocree +t=a > O . Torpa epepxnsag
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nonosuna (€ > 0) runepSonouns TOYHO MPEACTABASETCS BHAM~
HOCTBLI wWapa (aMAMNConn& B AQGEHHOM NPOCTPAHCTES A X;ua
pHC.13 HOxaszaHa BHEAUROCTH KpYyFa. g5
Wrax, reomerpnda JloGavencroro
RASTCS BHYTPeHHOCTBIO UIapa, & Peo-—
merpra A6 Curtrepa - BHAWHOCTHIO
wapa (TouHee = ©OBAN& B HPOO KTHR-
HOM LPOCTPAHCTBE, HO B 95TH YyTOY-
HeHHA MDbl He BXOOHM}. HMa xrampoh
TOYKH P BEIXCOOAT ARG KacaTallb-
HBI@ X 3TO# QOKpYKHOCTK-AGCONIOTY
W BCAKAS Toyka p’ , AexaEWAS
MEXAY 2THMH XKacaTellkHbiMM U COOTReTCTRYIOWEH nyrod acco-
nwTs, = AexuT B Cydywem aona p . Haraaano BungHO, 4TO,
Hanpymep, A9 yRasaudplX Ha PHUCYHKe TO4e@K P H g5 HX Oy-
ayume p M 97 He nepecexalTCa -~ B OTAHYHS OT CAYHAS .
apxaupopa (B CrnenHanLHON TeopHH OTHOCHTEALHOCTH), I'ae
VeV ptaq¥+# @ . [symeprult mup ge Cutrepa B npo~
@KTUBHO=-METPUHECKHX TOPMEKAX ONHCLIBARTCA XKak cayyai,
KOrfa ‘Ha npaMLIX 3a4aH0 ranepboimyeCKoe MEuOOnpeueeHse,
& #Ha yriax - NAEMTEYECKOe, HO 3TC He BIOCAHE NOJNHOE OnH-
CAaHKE,

TemMm, KTa serye MpicaudT B paMKax "reoMeTpAll ma cgepe”
C HeRCUWOCTBOHHRIM PAaLUYCOM, @CTECTBOHHO ACCHPHRAMEATE A
CUTTOpPOR MHP Kax CHMDHOS che- T
pHYECROH B 106A4eBCKOI IeoMeT-
pHit: ¥MenHO, "nobauesckoil” no \
BPE@MOHHOIONODHRIM HAND AR NS HE - o T 2T
AM H “cdepHueckoii’ o iApocT- ; -
parcTeesHfonofobusiM. B U3BECT-
HpiX Onsd Taxoro nogxoaa "TpH-
NpAMOY TONLHBIX KoppaudarTax”
( oGoBwauu X AeKapTOBEL) T, ¢ pue. 18,
OyneTr - 0<Tcee , & ¢ fepaTesn
ng mopynw 2R . Pucyuwox 16 nokaznipaetr, 4TO TRETOBLIS,
Buixoasmue u3 roukn (0, L&) , ACHMHTOTHYSCKH MpHBIMKAE~
OTCR X HpEMbM @20 ¥ e=wR (BCa npaMbe ¢= consy ¥
3dech mepHNeHAUKYAspHL k npaMolt T =0 }. TyT xopouwo
BHOHO, YTO NOCPERCTBOM HHTEpBANBHOH MATHPOBKH ColuTHI Ha
npamoit ¢ = TE (oM. §5.4) MOXHO OXBATHTHL TONBKO HONO-
cy 0« @ < ™R s+ & H& BaCe Mup,

B koomonorum pacrnpocrpases papiaHT, AOCA& MHpD @

v

Pue. 15,
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CuTrepa paccmaTpueaeTCs He xak "cdepuyeckuit”, a xax "sn-
NUNTHYQCKHH ®, UMeHHO, KOr & NONONHUTeNLHHO NpOMARORAT $aKr—
TOPH3ELHK TIO OTHOWSHKIO (‘!':,I,y,'z,u).-u(-t,-x,-ﬁg'—-il-q\. Torpa
cdepa~CeusHye, O KOoTOpOi WNa peds Bbille, ASNASTCSH DINHNTH-
HACKHM IIPOCTRpAHCTBHBOM. Ho B 2TOoM CAy4dae OTHOUWeHKS nopdal-
K&, ecny ero aapapark no (8,8,3), HexoppekTHO! HATAADHO
37O BHAHO Ha pHC,|5. Beas npH oTomaeCTeASHEN QHAMeTDaNRb-
HO—-[pOTHBONONOKHEIX Banpapnesut (¥ npu OTOMOSCTBACHUA Na-
pannenell 8 OaHy GeCKOHEYHO YARNOHUYW TOUKY) MexAy KOHY-
camMi Pa,f H g,a'f” HOT HRK&XOH p&ananbi, Hadul anechb
BBECTH MOKAALHLE TOpAAOK, HANO pa3pPe3laTh yHHBEpCYM HA
TpE obnacTty, KaK Mbl nocrtynaan B §1.3. [Toayuures temnope~
MLHO HQOpHeHTHpyeMmulll yuuBepcyM. [lonuas aaxsa (npocTpan-
CTBEHHONQuUOBHOR) npaMoil"apecs pasna KR , a ne 2R .
BnpoyemM, uHorpa GakTopHIAUKIO NPOA3BOAAT R0 OTHOWEHKIO
(t,x,3.% )~ (t 242 -«) Torna na ncem momyaloWeMER yHH~
BepCyMe MOKUD BRSeCTH ©QHKHUHOE OTHOWSRHE CTPOIror'c NOpAAKA,
AHanoraudniM oBpa3OM CTROUTCH H ARTUASCHTTODOBO YNO
panogeHne. [1o4ucHHM €I'C HA ABYMSpHOM MpPAMEepd B fapeMaH—
HEIX ~00 <0< od , 0¥ €2mR, npu-
jr YoM MOCAROHHK N0 MOAYAK 2An k.
Jicranbrod cnoepnohaHde BBOAEM
gopMynofl: (a o) 2 (vip’): &>
’
oty TE 5 g 80D
npM YCROBUM, WTO '~ T < FmR ,
e cpe (1.2.2), Ha puc.17 coxpamexn
obosnavenus puc.ib. B sTofll Moge-
Pue. f7. B OTYETIHBO BHAHWK “Gapbepnl And
Gyaymero’ = Hg OAHC BOaxeHCTBHY
Ha coBbLITHa (T,§ ) He NP OANKTCA ROAbwe naTtH ¥ +EwK
70.1UBalemHJIBHOBO YyN1O0OpEIAOHLeHHE
PaccMoTpEM OBYMBPHO@ NPOCTPAHCTERO B KoopguHaTaXx @< £<q
-o0 <} <00 , Ham yno6ro SyHReT NpencTemnsdTs erg "Hapeaat-
geM Ha nonoch” k< A<kmw+m H kw-FEd<xm+F |, xamnas
WHEpHESK B Tr « OTHoweHK® NOpAlKA BRORUM $OpMy /0

plgied ngh\P < gi.wrli‘ &¢, anlF < 5’1“'"% , (8.7.1)

I9ra bopMANLHEO OnHa QopMyna He Asne obnenHiser CueTHOE
YHCNIO OTHOWOHHI [TOXAABHOIO NOPSAKA AAf £ kK HA3BAHELIX
nonoc., Bearo, 4TCo H4 nepeceverudax oGnacralt aanamus K-oT-
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soweHwe Ha nonoce (wkar, krr +1r) B “cnsHHyTos da I o
K~-oTHOmexme ma momoce (kn-T , ww+ X ) coenapawT.
Touno TaK ke CABHAYTO® K -~OTHOWSHH® COBNANAST ¢ HECABRU-
HyTeiM ( K +1)-OTHOWeHHEM HAa HopeCaYeHHHN HX oGinacTei 2ama-
iy, CpeToBble@ KPWBLE NDH 3TOM HOUHAMADT BHA OQHOTO H3
cneayimMXx ypasHeRUlt! -

) = 1-1-2'}" 2
els-‘nll =« a>0 | {8.7.2)
Q]cosn'——" o :

cM, puc, 18, Ho ianpapneHEOCTb 2THX CRPeTOBEIX HO OAMHAKO~

§

- o t T 2
I

Basl, & HepouyruLsCH TO B HalipapNaHHK K ¢=0 , TO X g==o
E CHNY YepenoBDaHia 3HAKOB CRHYCa-KOCHHYCa. UBS3b Koopix-
HAT A # @ C mApuUBRMHBIMY AAa MerTpukx lBapuumnbaa xoopaH-
HaTaMu ¢ H® ¥ gaeTcs $opMynsmp:

)«G(KW,KT?*-%) => —é?(}‘_‘%):-‘/_—l’i ,
m o (8.7.3)

A€(kﬂ+¥ }wn--l—?r) == c'fg (,\-qﬁ) = ‘ﬂ:},_'f: (8.7.4)

e sin2d = (f - 7",';-) exp ﬁ—
K noup-obHee onHCAaHA b EID}. {lonocxka -13"{ «A€0O , Kax ¥
1O10-CKa ‘g- < A<T , COOTBOTCTRYST “BHOUNIOMY D& EHKI
Waapyunnnaa” © >m , & nonoca 0< A<E oreevasT Ypay-
TpeHHaMY pellgHUI0 B BHAS HepHod anlpui” v < m , TOrga kax
nopoca me A < YT ormeuaer "mHyrTpenHeMy peOHEHRIO B BU-
ne Gesgow Appu”’.

Mgpt BEOUM, 2T0 “HopHas Awipa” CoQOpXHETCR B GynyweMm
pna "BHewHOro Mupa’, T.e., ¥ BCAKOIO COGLITHN B 4YepHoil abi-
pe HaiigeTcs nNpeRleCTBYOMRS eMy COSLITHE BO BHOWHOCTE (B
OGeKX BHEWHOCTAX). TOYHO TAK ke BHEWHOCTSH COAepXHTCH B
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NpPOILNIOM 16O OTHOWEHHK K XMepHOl Ablpe, T.8. 0AA BCAKOLO
6hITMA BO BHOIHDCTH HARNSTCH CHABAYOWESe 3a HUM COSLITH
yepHON nripe. [IpK aToM He HAaRO, KOHEWHO, AYMATH, Gysra
L AOLLE o9 cobsormw - dnd 80 BEELRICTH, Rpyroe B
Abipe = CBA3OKRE OTHOWSHHEM IopSHKA,

[Tongsdo ormeTHTL, ITO B TAKOM YNOPHAOOYSHUU HAT HRUE-
ro occoCOHKO MApANOXCanLHOro, [loxoxee uMeeT mMeCcTO B Mu.
pe ne Currepa Takxe. I} eflcTeATanedHe, IMALa Ha puc,iB, o
pa3yeM RBA& MHO KeGTBa: rnoGanndoe npownoce € ang Hab-
noparana 4a MupoBok miuuH e=FR , T.8, &=

= fc..'ri@)_] T € [F?} s, R Trnofannioe Oynymwee m¥Y maa watawona

Tens m Ha MEPOBON NHANM @* -3—"5—'3 s Te€. {(t',l-;_'—g)* T € fp}
Ovwanyano, ¥ STE ABE MHOXECTRPA He NepeCeXmioTcd, paaje.
JloHb] CRETOBRIMM M COBMSECTHO CO CRETOBLIMH HOKDBIBAKT
peck Mup e Currepa (annun v K ), fipx arTom scuo,
gro € < (m*) u m*< (€)Y . Huapmu crnosamu, € urpa-
T posb “BHemHero MHpa®”, a mY ~ ponk "wepHoO# avipm”,
HeTukdas napenoxXCalsiocTs WHEDUUANBAOSHIX "yepunlx Anp”
He B TOM, 4TO B HEX, NecxaTh, 'BCS Npodanayeaerca” U OTTY-
a8 HH Ha 4TO BO BHEWHeM MHpPe NOBAHATL HABOSMOXKHO, A B
AHoM. B pecurreposoM ynopraoyeHmy BECDH yHuBepcym Muic-
nuTcs kag ONHO pewenue, xak oguH dus3uMeoknii Mup., B
WBAPI-IIMALAOROM K& YAOPAAOHOHKH 38 NPHBLMALH (Handec-
KEA Mup B OBsI4HBIX KoopnsHartax (£ v ) npuuumaercs TOJE
KO onua nonocka I ¢ A< ™ npyras nonocxa HE-<i<2n
0OXaaLBaeTCA &8 “HeRyxHelM Ay GauxatoMm’. Hcnm “nybBnuxar”
HeyC TpaHiiM, TO BO3HAgaeT HMCTHHHAS NAPAnOKCANLMOCTL. L
BeaL BCcd TO, 4TC NPOUCXOMUT HS NOAOCKS (ff ,*rr) s DO~
HO ~ P CHAy GHM3HYeCKKX YyPABHOHMH - B TOYHOCTY NOBTOPATE-
CH Ha [ONOCKe (3-:1'_1‘3 , 29 ) . 3TO 3HAUUT, WTO MANCKOCTH
KOOp A HHAT (t)'w.) Mbl DOAXKHS! MBICIHTL B [ABYX HECRASHHIX
{un B TOMOnOruUYeCKOM, HH B NPEYMHHOM CMBICREX) HK3IeMIAH-
paxe Hemmyue oTOro npoitH¥ka - ecan OH HEYCTPAHBM -~ BOT
B YeM HCTHHHAHA I&DAQOKCAAbHOCThL UWBapUUHALAOBA YHOPARO-
yeHust (Mbl BeAeM pedb Ha AOMETPH YSCKOM YpoOBHe, A napa-
NOKCH, CBA3AHHKG C ANKHAMH, YACTHYHO 3aTpoHyTel B §5.2).
OT pBORHEKA MOXKA0 NHORPOGORATE U3fiAPUTHRCH NOCPEnCT:
B-OM DaxTOpH3IAUAM~CXAGHBAHYE no monyme 7 . ToraaA=F
x A=3T orompecTBuuce Gu, XAk H A =0 ¢ d=w . Ocrancsa
6b1 TONBKO ONAH SKSCMIOAAP M BHQWBOCTH H Q@uiali Roilbi
Npekpacno. Ho Tak kex WA npaMux A=0 % A= Hanpasne-
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aug (B cMmuicne mopsnxa 8,7.1) mpamo RPOTHBONOROX HLI®, TO
Takasd QaKTOpHIAUKS OKA3LIBAETCS HOBOAMO:KHOR, [aGb KOppe k-
THO TIPOMIBACTH 3Ty QEXTOPU3AUHID, NOTPeEYeTOd mepsonpene—
NETL OTHOWeHHe nopsake, BMecTo (8,7.1) BBeas ero Mopuduka
uuo s sage {1.3.1), 1.0. BB2CTH NOKARLELHT MOPALOK, [167yueH-
Hplll YHHBepCyM Oyner TeMOopBILHO HOOPHOHTUPYEMBIM, B HEeM
ByayT npuCyrcTBOBATBH IAMKHYTHI® BPEeMOHHONORZOGHL® ( LHKIH—
YecKue Habnoparteni). PUSHKY TAKOrO podA KOHCTPY KUK HyTa-—
0T, NOCKOAbKY HapyWalT pasHor't poad TPAAKIHOHHELE NOCTy-
zarst (ycnosHAa) npHNHHHOCTH. HoarToMmy Takas (paKTODHSANMA
okaanBaeTCa Henpuemnemoh, Crenylomas BosmOxHas $axKTopn-
3aUMd - IO MOQYNo 2w . Tofna BCe OTEOWeHHMS NOPSIRKA COr~
nacyiorca 6e30 BCakMXx o0paweHril, aaMXHYTLIX BpaMaHHOMN0]0G-
HLIX He BOJHHKAET: PaKTHYSCKH 2TO penaeTe:x y (H3HKOB HA
“nuarpamMe Kpyckana”, xoropas or wawmX xoopauuar (¢,M) o~
amuaeTca TeM, uTo Kpycuvan crsrupaet npamyio ¢=0 B oany
TOYKY. HO [OpH 3TOM, XKAK OTMEYAJIOCh, BHEUIHE® PDOWCHHE BO3-
Hgkaetr B ABY X comepuie HEO ORMREKOBLIX, HD DPA3HLIX AKISMI-
napax, A peab @Asudecky saxio, wrto KAIKAbLIFH us atux asyx
akzaMmnnapos BJIUAET wa npoucxonnmes p wepHoll A bipe, @
TaKx2 Ha XamApii H3 BHeUWHX 3KI3I8MIYIGPOR BadUAeT Genad Rpi-
pa, cp, 11,

damMeTEM Taxkae, YTO gpyrue, Kpove K4 KpaTHue T
CKACHBAHKA~)AKTOPHIGUHA HEBO3MOKME! C COXDAHEUHEM CTPYKTY-
pbl nopsaka, Hanpumep, ecny daxTopuzosars no = » To Tak

KaK 8in ¥ cos sBengyT cebs Tio—pasHoMy npH B00aBieHHH
gapyuuTca camo onpememenue (8.7.1). Ecan, xak noctynawt

B Teopud “yeppoTouux”, “mepemuiger”, B3aTL OBA sKIEMINApA
prewrero mupa T <l <™ # CKieHTs mO A= r , 1o obiapy-
KUTCH,; 4TO 3 MECTe CKINeNBaHMd CBeTOBLIE HalpapieHsl HABCT:
pe4y Opyr ApYyly, Tak 4YTO M TAKDOS CkKia2YBaHHe HepOlMOXHO,
Hononwirrenbio aamMeTaM, YTO B TRAIHU HOHHO H3YYAEMLIX Fep-
HuniX M Beavix aspax B auarpaMse Kpyckana HONOCKH (o,%"%

w (m, 7 @10 YMGHBUGHE CPAPHATBALHO C HAWMMH —~
00LIYRO BLIGpachIBAKT O6NACTU ez Sin2\ P i y HO LGN HRWKX

gejiefl aTO HeCYWSCTRelO, & OBCYMABTL, NOYeMY TaKoe Buih-
pAChIBRNKE HOOHpPABAAHHO, - 3A28Ch ReyMeCTHO,

879, Bumpe3saHde UYACTH NPOCTPAHCTEOBDEMEHH.
Hocirenue [B& TNpHMEP2 TEMIOPAIBLHOTC YROPADOYEHHA .
JPHACURKCE Ko BTOPOMY YpPOBHI DACCMOTPEeHHS -~ HATHEHE
MAA0KOCTH Npennonaranoch, Tegepb U3y4HM Mpumep, B KOTO~
pon 4 8we IManKocCTh HapyuwaeTca, ANA NPOCTo Tht CKOHEeHTpR ~
pPyesm aTO HApYWCHHEC B 0Ol TOoyKe.
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PaccMmoTpum o6miyd yio n170CKOCTDB }?2 B KOOpOMHATAX
tx ¢ ucxonymm nopsaxom (8.4.1) ¢ oGriuHO# sBKIHpOBON Ho-
Moﬁﬂ(M)l=fac '« STHM MOPAAKOM, KAXK OTMEURAaNoCh, OHilO3NRa-
YHO 38[5eTCHA yron MemAy BPEMEHHOMONOGHLIMK HpPSIMLIMH
xsa,‘lfwi-bp a>{ : cM, POpMY B (2.2.1) n {2.3.4). dPuxcupyem
aHAYeHH® o U Brpexem no oGe CTopoint or ocu Tenmnopar t
CHMMETPHYHO N0 yINIY o« . POPMANLHO ~ BLIGDACLBAGM MUOKC-
CTBOY

M:'—-‘g(‘ﬁx)}”&‘)o &_'f_‘-dﬂvu} . { 8.8.1)

O6GoaHaduM rpapRyYHBe K ITOI'0 MUOMECTRA HYWH: f c ypa-
pieruem x = -tthy u £, c¢ yaemdgemmeM x =‘t‘:‘thd . 3a-

Tem ckneuM R*\M no £, & £, , crnens, WToSu OTOXAECT-
BIGMble HA JIyaX £ u TOYKH MMeIH GLl pEBHHG TeMIIC-

PAaThIS ‘ *
(toe)~(tn) e tot & Yl =ttha . (882

IR
B nonydeusom Mmuowectae U = (R \M)/NBHOEIHM OTHOU® -
HHe nopspxa phopmynoi:

(t,x)< (t ') & (£~ 3 Vxlox) v
vit > o(én—-tsx-to-éhd & ﬁié > |ac’+toﬂw|) v (8.8.3)
VIt >0 (¢ —t=x+bithy &E-E,> |x'-Ltha])

Harnanio aTor nopanok Haobpamer Ha puc.l8. Ecax Ha Hcxo-
axolt naockocTy /R muTeppaa
(({xx(),({ix’))nnxax He sapesan
rpaguy Bppesa £ H [i , TO 110~
PANOK Ha HOmOM MuoxecTne W npe-
"miKti, Ecna we sapepaer, TO TOP~
na ceetTompas M3 (€ x )Nepecexaer,
ckakem, £, B Touke(t ¢t ¢he).Ee
NPOOOAMOHRE HO OPYrYO CTOPOHY
BEIpO38 fepercs B BUAE CBeTOBOH,
Beixopuuwed ua Toll TOYKHM Ha é’
KOTOPas MK CKIAWBAKUW CoBnapamm C (¢ £ tha ), Tie, #a
(¢, ,~t,thw ). Herpynuo yGenurscs, 410 mony4aeTc: shuiu-
Teﬂﬂoso yRnopugoie Bne,
C ToukH 3pemds QuddepedumannLHON TONONOMNMH 3Q8Ch Cy-

MeCTREHHO Cnenywwed, ECTeOTBOHHO, MBI XOTHM BBECTR Ha
W rnaoxyio cTpyxTypy - Tak, 4roBbl BCEe TO HpPHMLI® Ha
R*, koTopoie He nonanaT B Bupes M , ocTanECe Bkl raa-
AKHMH B (u. ,F ) . Ho nomanag (T.e. ue rnanxad dyHxuua)
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A= (—-f,‘)u f, no camomy nocTpoeRM Capnapaer © npaMoi (T,
e. rnankohi) €= (=€, )v €, . B T0 xe Bmpemx npamas L zpna-
€TCs NPeneoM LIS OYeBHAHOH NOCNeAOBATENEHOCTH NpAMbIX,
npoxopAmEx wepes Touxky (0,0) W npuSamkapumsxcs x £ no
4acoBON CTpeAre., CNemoBaTeNbHO, 0MAHAA A AoNMKHA Guina
Bbi 6pITbL NpenoesnoM TaKKHX NPSAMBIX = ITC OYEBHRIIO HEBO3IMOK~
HO. BHuMartenmnHOe pacCMOTpeHHe MOKAXeT, YTO BO BCeX ApY-
rEX TO4KAX, B TOM 4KCie W sa nonympamoht €,~ &, , Kpome
roukn {0,0), MOxHO HOAL3OBATLCA rnankecThio F= R? Ges
npoTuBopeyni, A B Toske (0,0} Mbl HeuU3BOKHO AOMKHEI DACWIH-
PHTB KA4CC RONYCTHMBIX (yHKHREA, BKIOYZYE B mAX Hapsoy C
RPAMDBIMU enfe noMAaHme { T.e, HADARY C JAudefiuniMU ¢ YHKUUAMY
eme KyCogHO-AHHelBuIe): 3TOr0 COenATh 663 HapYLIeHH:d aKkCH-
OM TAAfKOCTH HERO3MOWKHO, XOTE M ¥ NONL3OBAMNKECH AN Ha-
rafanHocTH addiugpMi ToHgTMaMH. Tak#dMm obGpasoM, molyvaeT-
csa crpyktypa {4 ,F), rne F =~ yHacneposauiasa ot R raa-
LRKOCTb, 34xaHnan npciony, kpoMme vouku (0,0), xakopas Halbl-
paercs "ocofanroi”, Haraanuo BMAOHO, 3TO MUOXKSCTRO Kacare-
nsHbiXx Bexropop B Touke {0,0) cywecTpeHHO MOHbWE, Heweni
MHOXECTBO BEKTOPOB NBYMEpHO I'D BEKTOpHOIO HpOCTPAHCTBA:
OTCYTCTBYIOT BCE T8 BEBKTOpPbl, XOTODHIEC BXOOHAH 6Ll B BHpP&3.
Hcnonbsyst aHAnoOrH4EHbiM 06pA30M COXPARMBILYIOCH B KAx(—
poli To yke, xpome ocoGoil (0,0), NaHelHYW CTPYKTYpY, M
MOXOM ONpefenuTe nousthe “xpusuaxa” gag (U ,<) . Oa=
3TOro BOBCe H#e Hapnobuo epomuTh ua L Hukaxoii pEMaHoBOMN
CTPyKTYpul, MMeHHo, Xax nokaszaHdo Ha puc,18, npobenem mnps-—
Muie pg M pe’  , rAe 9 ~q’, [onydnm To, 4ro Hazmma-
ercd “ABYYTronsHREY, NOAOGHBIA NOMTHKY Mex1y RByYMS Mepuan-
anamMu Ha cepe, CymmMa yIaoB sTOIO RBYYIrONLEMKA H @CTh TO
4TO HalauBBeTCHd “KpMBEIHOE ofHacTH’, & B QAHHOM CIyH4as
*oGnacTLo” ABNAGTCS HBYYIONBLHUK pq q’ ., Eciu Bbl BHYTPXR
Bero He comepxanack gcobaa touxa (0,0), To Mnl HMenR 6
Aeno C NCEeBAOSBXNMAOBOH reoMeTpuedl W KpUBHAHA PABHANACK
6! Hynio, ma H caM “ABYYronnAWK® Bopoxpancs 65 B OTpesoK.
Ecnu we (0,0) HaxoauTcs BHYTPH ABYYrOoaLHHKA, TO KPHBR3HA
a@ro, KAK nerKko BHOSThL HA DHCYHKe, pasda 2o . 110 aipesene-
HHI0 KPRBASHOR B TOUXE HA3LIBACTCH Npenesa OTHOWEHHI KpHUDH-
3#pl 06RACTH K naomand o6uaCTH, Xorpa o6RaAcTe CTHACHBAETCH
B TOUXYy: O4YeBM AHO, 4T0 B.TOouke {0,0) o7r0v mpenpen Oymer pa-
peH 2« /0 = o2 , Taxum 06paszsoM, TeMnopanspml yHHBEp-
cym (U,< ) npu EaCIeACTBeHHOH (Trne Mowxio) I'NAAKOCTH ¢
HacneRCTROHHON (ro© MOXHO} MEeTDPHKe OKAaLIPAsTCA NpOOTpa-
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HCTBOM, KOTOPO€ B OKPDRCTHOCTH BCSIKGH TOWKH, 34 HCKAWYSHH-
eM onuoit epuucreennch (0,0), ycTpoeHo kak 'Rz (apocTpan-—
CTBOBPEMS CHEUMANLHON TEOp#M OTHOCHTENLHOCTH), & B STOM
0co0Ooil TOYKe HEe BMe8T KacaTenwsHol'd npocTpaHcTaa u obaa-
nacet GeCcRodHedilo OONbUICH KPHBHIHOM,
B sexoropoM CcMmMpichRz »TA MOACHb NO3BORKCT IKCHAKUBRO-

parTe denomes “raroreuus”. lae MmartepuanbHLe TOUKH Py
pq’ , BAYAB CHaxafla yARMATLCH Opyr OT 4Apyra €O GXOpPOCTHIO
¢h R, NOTOM UEPECTAIOT PALKGEraThCs M HAYHUAIT HalaTh ApyTl
HA Apyra! OpH BCTPEYE B COGHITHK 3:«.}" OM# HMMOIOT OTHOCH--
TONsNYK CXOPOCTh (UMIynbe) ¢4 (2..;../3). To we MokHD cka-
34Tk O 1Ape B3AKMHO NOKOUBUKXCH MATOPUBALALIX Todek (na-
PANNCALHLIX npsiMeIx), KoHnewsno, »TuM oTHOABL HE M OAGNIKpYe T—
CA HLWTOHOBA IPABHTAUAS, HO 5Ta MOHENb KBJIASTCH XKaYeCT-
BCUHLIM YKA3AUMEM Ha CB43b Mexay “Taroteasdem’ m "Bhipelnr-
BauMeM KYCKA hpocipaxdcTBomRpeMenn”, Buipes— ankem H3 npocT-
PAHCTAA CGephl MOKHO NPOMUAAANPOBRATEL HCKPURIGHWE TRONe3d-
HOCKUX BONUSH MACCUBHOIC Tana. Scaum nagpesats 'R, u no
NARHY HagpO3a BEAeHTL ULDLITOYHLIE yrojd, TO MOUEIMPOBAIOCDH
6n “oTTanxkBeHue ¥, “puasberaune”, “orpuuarencHas macca”,
Texuu4yeCcKHii BONPOC HAKNIOYE2TCH B TOM, 9TODH! HAITH HOQXO=-
RANE 2 BLIPCILI-BKARIKK, 1IPH KOTOPLIX LOCTUIACTCH KONHYEBCT~
BEHHOR CROTEDTCTBME © HIRBECTHLIM @HOMGHOM TAM'OTEHHH,
BO.Tpaucnﬁunoauma KK H@MAaTss X K,
Haxoneua, Hpuapsenem HpHMED ewe OAHOTQ KHACCA TeMIopanbiolX
CTPYKTYP, XOTS H He YKIAALEBAKUWEroCs p Hawh 8XCHOML [ K,
HO DOCTATOMHO URTSPEC .00, YTobn O HeM yNOMSHYTh, P edn
uaeT o “TpRHCNARZIICHHW X XKMHeMaTHKax™, xak ux wassan B,
Kpeligosra, KOTOPOMY K DpHHanAexiT GONbUNHCTBO peay NuLTa-
TOp O 4iX, B 9TUX CTPYKTYpax HapyuwaeTrcsd TK?' Tpe Gy oL ast
cnaaHocTH auTeppana {cu. §4.1), Hanpumep, na anoGKOCTH

{t x} sapamm opraok dopMymoiis

(¢x)< (%) e et > | sin(x"~x)| . (8.8.1)

Toraa CRETOBKIE OKAILIBAITCH CHuycoaaMd, cM, pHC.D. lloaTo-
MYy TpﬁHCHSIlIHDIIHmMH EHHSMATHKAMRE MORHO MOﬂeanDBaTh T
HENMHHGUHLIG TEOPUH, B KOTOPHIA “CKOROCThL CBaTA MedseTCHA CO
ppeMeHeM” { xacaTenbHLIe K CHHYCOMAC B pAIHLIX TOYKAX He na-
pamnenkis), Ma-sa gecesasocru uureppana {p,q ) TNounyuaer-
CHd, YTO BEMENTCH CoOLITHA 9, » H& KOTOp:IC Kak-TO NOBAKRATH
N3 P MOXHO, 110 HEBOIMOKHO [OGpATBECH H3 A B q ~HAKO-
KHM CDSIaHLOM ( HeNPepbiBHLIM) HpoUSCCOM: NpHYHHHOE BO3REHCT-



pHE KaK Gbl HCALITHBAeT koe~rpe (se meane) “cxauky”’. Ha
OYTH TAKOro poad BO3JRHCTRBAS Henssa "(IOCTABHTEL skpana” -
OHO ero "mepenpuirhet”,
10°. " mansgue XHHEe MAaTH K H Kax yme oT-
MEYA4N0Ch, N10CTYyNaTy BauaKoae HCTBHSA Ha BTOPOM, ANYPPepPE HUH-
ansiHoM YpPOBHE pACCMOTRRHUA QTBeYaeT CHTYyAuNs, KOrda B Ka-
CATE NbHOM TPOCTPAHCTBA 3ap8K konye (8.4.2) C HeBHPOKAQH-
Ho# HopMmOill, Tlocnecasee o3HadaeT, 4T0 KOHYC He BLIPOMASCTCS
HH B KOHYC MeHplWlel pasMepHOCTH, HH B TUPOHIBSNEHIE KoHyca
MerbIell pa3sMepHOCTH [a ApaMyie. OTH IeOMeTpiY2CKAY yCclo
BAA SXBUDANEHTHLIM O0pasoM TigpalOBapUBANTCH A S3nKe Yo~
NouMIt pnas RIOTOHHLIX ¢yukuuik a paudolt rpa,socte .

HUMeEHRO, BRSAGM TRABHOE TOHWNTHE B 2TOIL AKCHOMAOTHKE -
CUNBHO-U3OTOHHAA DY HKUWHA -g- « 3To Ta gysKuRA $€E
ambcbepeﬂuﬂan df KOTOPOH HMeRT E KOKACATan Wi oM I1pOCTPAH-
cThe - ‘l‘" M rakywo oxpecthoets W (Te. dfeW T T)'M |,
4TO U3 o €W caepyer, 1r0 g  ABAmeTCH U3 QTOHHOM Gy HK—
unel, kaxopa Ow HH Gnina ;e’F . JameTM, Mo He TpebyeTcH,
470611 $ Boina CIIHBHQ—HJQTOHHO‘i. AxcuoMul Tenepb QOPMYJN-
pY KT Cs TAak!

FKy. MEOKeCTBO nuddepeHuMEAOD BCEX CH ABHO-H3OTOHHEIX
Pyukupft Hemycra {(CcnejopaTensye, HMGOT HANYCTYID BHYTPCH-

HOCTE OTHOGHTENLHD BEKTOPHOH Tomonoruz B T XM ).
[Ky. Ecan od§= fimd dg, * A= Lmdh, . a wymxun g,

H — h,  ABIAIOTCS CHNLHO —M30TOHHLIMH, TO d-s-zo (Dbyaxuna h,
Haamaae'rcﬂ CHNBHO-ABTITO ilHOIl, }

AXCHOMATHKY MOXHO BAPBHPOBATE H, B HACTHOCTH, OTHOCHTDL
[K3 #e x onsoit Touke p& M, & k O6nacTu o"cm-g 3gpanug
. Torna saxmoweyue b axoHOMe Byner THUCHTE & =condt.
TEQPREMA 15, [llpu punonueumt axcioM UK o MiomxacT-
BO NHPIEPEHUKANOE CHALHO~W3OTOHHLIX YYBKuHi, oboanagaemoe
O:+ , UBpaayeT B T'* OTKPBITHIH BLIAYXKNbll KOHYC C TO~
YeYHOIl Bepmmoﬁ B Hyne. ConpsakeHHb X 9TOMYy KOHYCY KOHyC
rpanseHToB O < T M TOXE OTKOILIT, BLUT~YKI H UMCGeT
TOYEHHY IO Bepmuﬂy, 'r.a. ounc mBaeTcs ypapmeawem puaa(8.4.2).
S'roii Teopemoil yToyHdeTCH CKalanuoe » §2,1 HacdeT Ko-
Hyca O . B0 xe gaerca xpuTepuil Ang OTIHYNSE Ml CAARKOM
ypOBHe paCCMOTpaHMB TEMIOPAALHLIE YHHBEPCYMOB € 8KCHOMOH
EAMAKOALIACTERA OT HLIOTOHOBLIX YHHUBCDCYMOR HAH YHHDRPCYMOR
AIeKTPOAYEAMURK B IF.4. YHHBEPCYM, YOOBIETBODIOMAL aKcH~

OM aM l“K1 g OGLIYHO Ha3s - peastes IJ1ABKOM KHHEMATH-
KOrl, Cpeun BCeX PNAAXKHX KHIZMaTHK BLIRONAETCH DACHPOCTpA-
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HeHHEl KIacC "pHMAHOBWX KHUIGMATHKY, AAd 4eTO (OpMynupy-
eTCR AKCHOMA&!

[Kg. Tycts B xaxpoii Touke p € M, 3anaHa ncesporpynna
7;. naddeomopduomon S U >V , roe pelhtsV B UL VET,
obnapawan caeayiomiamu npymsa cpoicTeaMu: (A) ecnn YPyHK-
g §  CHnBHO~N120TOHHA, To {o f TRKKE CHIBHO=-H3OTOHHE,
(5) ecnm dyurusss § ne cunpuo~i30TOHHE, HO of§ = fim dfx,
roe fu CYTh CUNLHO-HIOTOHHLIG {YHKUMA, ¥ TO i€ BepMHQ OT~
HOCHTNLHO GYHK GHM § , To HafneTcs 73, nra xorogo-
ro dg= off a(f.

TEOPEMA 16, [lpx soimonnesun axcumom I'K{_j xowyc O:
ABAAeTCH CPSPHYGCKHM KOHYCOM, & a’f? - rpyanoit Jiopesua,
poMitoxeHHONl HA POMOTETHH.

ConepxkaTensHe rnyBORMI! CMalCchl 3TOH TeopeMbt B TOM,
YTO HA O KAKON MOTPHKE B AKCHOMAX TKI—S #H 'K).g pednm ue
Guyios A nosiRNeHKO RPYNAM J10peHUA PABHOCRABHO [10HBNRE HUIO
HeKoTopoll MeTpaxM, npanaa, COracHO TeqopeMe 8 Julk € To~
YHOCTBRK 0 MHomuaTenda. CoaepxaTenbHo “DHMAROBL KHHOMATH-
xn¥ OTEREeYawT TaK HaarmeeMoMy “XOHOOPMHOMY NOAXKOGAY K Teo-
PHK OTHOCHTE/NBHOCTH”,

§9. TEMIIOPA/TbHAS METPHKA H
ACCOLMHPOBAHHBE CTPYKTIYPL

1. TemMmuopeansras Hag KHHEeMaAaT H
yecxKxas MeTpHKa, [Ipd HLRTOKOBOM YHOPHAIOHG-
HUH, OTTANKHBASCL OT GMKCHPOBAHHOTO (yHKUHQHANIBLHCIO BpeMe-
ui £, naus noBOR napnt CoBLTHI p < g U3 YHUBEPCYMA DO~
RYyHAKT HeXOTOpYIC HHCHNCHHYK MSPY T (p,q ) HA3HBAEMYIO
fipoMexyTKOM BPEMOHM MewAy p M g ° RH ” nnuroft MATOpP -
sana (p,;4P". Hmeuno:

T(p,g )= t;-—tp (8.1.1)

Taxoli cnocof uamepeHEs CYeHb ynobeH, HO10MYy 9TO NpPH CJl0-
wenun camnx unreppanos (p,2D=(p,q4Yvqvqg 1} cooTRETCT-
BYWIYE NPOMEXYTKH PpeMeHE CKIAALBANTCH]

T(p,r) = Tlp,g) +T(g,%) , (8.1.2)

ROIABACHMO OT priGOpa HCXonHOl (yHRUHK 't . 3T0 CBOHCT-
B0 HAJLIBA2TCH AQQAXTHRHOCTHIO H XadpaXTepHQo HMEeHHQ AN b=
TOHOBA YNOPAQGHEeHA, Bem:}ecmt seimoauseTcs {9.1.2), To onsm
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BCOX TO4eK HuTeppana p,Y) BHIORHER NOCTynar ORHO3HAY-

Hofi parupopkik 3 £0,1, CrepoBareibuo, ynopgnoyeayge HbLOTO~
HOBO,

NosToMy AAs cuTtyauun, B KOTODOU BHNONNSCTCS NMOCTYRAT
6aMaxoneicTBUA, pasoncTBo (9.1.2) He MOMeT mmers MeCTa,
H HeT HRKAKMX OCHOBAHMH HAO®WTLCH HA CYWECTPOBAHHES yHUBE-
PCANLHOrO BpemeHH. [1oaToMY HOHATHe "IPOMOXYTOK BpeMEeHn
mexpy ¢ B 9 (nopu p<q )7 BRORAT HeaasucuMoO oT jAKCa-
UMM KaKero Gbl TO HuY 6s1A0 (YHERUHOHAABHONO mpemenn. O6nw
#o (cm. {8]) noamsyiorcs Taxoh nedmmunneb:

ONFELENEHHE 18, dyswxmie T iU U —= R , yoosnereo-
pROUYK akcHoman)

KMj. =<y & r(ac,y) > 0 . (8.1.3)
KMa,. 34;_';;;:* 5 fc(_x.;)a—:O R (8.1.4)

KMg. x <3 &yc’z »$ T (x,%)2 f(xsy)*‘?—'(y ’i‘) (9.1.5)
naapBar KHHEMATUYECKOW (Tremmopansdod) METPHKOPI
ma (W,<).

TIpABeneM HeCKONBXO APHMEPOB TeMIOPANLHLKR MeTpHK. LRiIs
CneuuansHoRk TOOPHH OTHOCHTENLHOCTH 3TO

(3, N = (@ —e) (2~ . (9..6)

Anst pecurTepoBa Mipa
oty = Xp X dods ~Rp By~ Uplin
e(Pﬂ)—;}?w‘cA‘/ ‘/ ——(91.7}
t I ’P‘z' u. t x,$ }1’, ’E‘L— } .

Ana anusorponsoro mupa (8. 4 1) Boamomaa Me’rpnxa

'z:'((t <), C 2) \/(t t) Y | R H . (9.1.8)

#o cM, Takke §08.6-6,

MMeeT MecTO Teopemé, CONNACHO KOTOPOH NpH BLUICOHA-
ann excuom TKy g4 na (@< ) Bcerna cywmecTpyeT KHHOMA-
THYOCKSH MeTprra < . [las (u, -4) (M .{-Jona BROAKT-
Cfl NOKANHBHC HA oﬁuac'rﬂx, HORYUHARM bIX ycnoanﬂm CoOrnacopa~
HUA HMa [epeceieHHgXx, He [0 Kouus KCCHeNOBAH BONPOC O CTE
NeHW IPOMIBRONA B 3agailHH T HA CAHOM B TOM Ko (u.,.c).
He naywed ¥ Takoll npaauaAnKansHuli Bonpoc: Ra BTOROM YROB-
HO HayyeHns 3anaumem nopsnka OQRIIO3HAYHO dmxcupyercsa
yraoead otpykrypa (oM. §2.2): 4«10 cooTReTCTBYeT OH Ha ne-
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PBOM ypopHE HAyYyenma?

B maremaTHxe xopowo uapacTya Merpuka dpewe, nHaye
*npocrpancreeHsas meTpura” @ IMIM > ¢ . BT KOTOROR
(8.1.8-4) u cmuicna me uMeT, WBO NMOPSANOK HE M He Bpeged.
bonee Toro, ¢ onpenenena Ha BCeM MXM  , A T IHUL Ha
vacTE W ¥{{ ¥ He 3apana NS nap axpoHumX ToYek. Bmecto
(8.1.5) merpiuka Ppewe ygoBieTeopseT OGPATHOMY HEpaBeHCT
By (HepaBeHCTBY TpeyroHLHHKA):

e (=% € 9(xp) +e(y.%) . (8,1.8)

Tax 4To 5TC OBe pA3HRIE, XOTH YeM-TO CXOXKHe, CTPYKTYpPHL
HayaTs ¢ TOro, 4ro @ onpepenasTCs HA NPOH3BOALHOM TONO-
NOTAMECKOM TPOCTPAHCTBE, 8 T TONLXO HE yNOPAAOYEeHHOM,
[ance, NponsBon B SA4RaHRY € Ha OnMOM i TOM Xe NPOCTpaH-
CTpe CYwWecTBOHAO Bsllie, HOMENM TpoOMamon B 3ansuny T , Ho-
CKONbKY ‘T QOAXHA COrlaCORLIBA&TLCH C YK€ IARAHHON CTRPYKETY
ROl nmopaoka, Kakosoo TpebGopaHue Rnd ¢ orcyTcreyer, Ha
I7IBAXOM YPOBHE PAaAGCMOTPeHHE 3TO pasnaine Gnno npCHInOCT=
pupopagce » §2.5, 1o npocTpaHCTReHHONl MeTpuKe ¢ ONHOJHAH
HO CTPONTCH PABAOMEPHAR CTPYKTypa, & NO TeMunopanbHO#f Mer—
pRke T HHKAXON pabppOMepHofl CTPYKTYPH, BOOGWE Ioeopd, 110-
cTpoKTL Henbas. Lcis cpepw §x| @fa,x) <&} ¢ meuvpom B
ToOYyKe & M pasHycons £ MOXEO NPUHATE 384 CHCTOMbBI OKpeCcT-
gocrell {6a3anC TOMOMOTHH), TO LAY TeMIOpanbHOl MOTPREKN T
TEKOR HOROBMOXHO, GO pcorma & € O {x |T(a,x)<e}. Ha nape
8XpOHHEIX TOY&X x ,y & {{ KhHeMaTndeckas MeTpuxa 160 {vya-
me EBcero} BOBCO He 3apasa, anbo {Toxe paCHpoCTpaHeHo) el
NPUIEHCHIBAIT MHMMOO 3MAYCHHE®, OTTANKHUBA&NCH OT POPMYMTEH
(8.1.8), nubo npunucsLBAT BHAYeHE® ‘MURYC GeckorexmocTh”
(1pK pacoTe ¢ AGRAPATOM BOTHYTHIX ¢YyHKuuil), - HO BO BCEX
cnysanx oTC 3ABHOHHS HOPeryNdpHO, TOrAa xak § onpeaensHa
4 HMEeeT BelueCTBeHHOe, RAaxe HeOTPHUATANLHOSe, SHAYCHUE HA
nioGofl nape ToHek x,yeM .

"Tem He MeHed, NONLICBAHHO 2TOX METPRKON [1N0IOTBOPHO,
Cpen#t BCOX MbiCNEMEIX MopguamMor (U <) x (i, <) — (R, <)ana
NpUNHCHBAHKE IHUCAA TIpPOMRKYTKY BpeMorx” spigpensercsd {mo-
cpencTeoM akcuom KM, _ o) sexoropmil knace ¢ynsnuil, ¢ Koro-
PLIM MOKHO pafoTaTk.
2D.CprKTYpbi.HOpQ}KQGGMHG T® M -
nopanimHdgO0H Me&@Tpu Koit, Kak TtonnKo ppeaeHa
KHHEMATHYRCXAY MQTPHKA T , TAXK CPA3Y KO MOKHO DGOTRTHT b
K ROHKpeTHZORATL &DCTPAXTHOR pPaACCMOTPeMyyn TOMOOpaAbLHOr O
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yHnBepcymMma {U-, <) » MiM@HHO, eCcn® BMEeTCH H3IOTOHHAN XpPH-
sas (mMaTepHanoHas Touka $5.5) A :fo,i]l—vu. y TO HM&a Helt’
MOkaO Tenepb BBectd RJIMHY [OYTH - npomexyrok “co6crre

Horo¥ uan "rmdEOTQ” BpeMeHm oToI'0 HabnwmaTend:
axct (Ajo, 1) =

_,‘-f{g*t'(.ls kS)\O"S(S( <5 :4_? ..
="y L - TRA T Ten YT T 3
9TOT MHQHYM 6EpeTCa MO BCeM pPRACHeHHAM NEpAMETPEYECKOrD
orpeska (0,1] . [loxascipaeTest, ¥TO OH HE 3ABACKHT OT BHGO-
pa mapamMerpa, UTO HPU CNONEHMK OyI' HX QMMEL CXJanbBanT-
cqa. IloaToMy MoxHO TpuisTh Qopmyny {8.2.1) 2a wupapmadt-
HOe onpenenenne AJMUHB OYLH — DPOMEXYTKA LAMTONbHOCTH MA
TepuansHo# Touxu (mabmoparens) ot mura A0 ao mara A,
fTpg aToM BMecCTD TPYAHOTO NOHATES “TOYHOA HHXHOH T'pasHHLdl
MOXHO IOBODHTE O MPOCTOM Npeneie

ovecP{ ) 10 1) = Lim 2 1-'(/\8&_1 . )&St.) (8.2.2)

upe §,-S;_, cTpeMameilca K Hymo, Cpeau BCEX MATSPUANLHLIX
ToueK Tenepkh Mox#o srmenuts WHEPUHHWAJIbHLIE Touxn {non.
YepKABASBM, YTO He "HHRPUHANLHYW CHCTeMy orcyeTa”, a “dHey
QHaNBEY 0 MATepPHANLIYIO TOMKY”),

ONPERENEHHE 19. Kpeeaz ) :[0,1]1—-&(.(, HA3LIBARTCH
I'EONE3NYECKOR, a cooTReTCTBRHHO MaTepHAnbHAR TOYKA
£=A[0,1] nasviaercs MHEPIIHANBHON, ecnnm

T(py) = mﬂf(k;p,q,) (9.2.9)

ond BCAKOA Mapm TOYEK p< g HA 9TOH KPEKOH,

[lpumepss anTHpeckTTepora Mapa 88,8 u pmpesaa §8.B noxa-
JILBAKT, YT0 [Ope KUepuManbHee YAL TR, Bbiiaga H3 ofmero
nonowends p , MOCYT CHOBA BOTPATHTLCH B COGLITHH 3 . flo
2TOMY BOOSIe I'OBOpA HENbAIR PACCYXAATbL HPO HHEPUHANLHYIO
cHcTeMy orcuera {cM, §5.8), r.e, apa Taxyioc cACTEMY OTCUYQ-
ta, BCE nauRE Toka p KOTOPO# EBBIEKTCH UHOPDUUANBHLIME Ma-
TepManbHEIME To4gkaMi. MakCcEMyM  HA 4TO MOKHO HAOKTL
CH, - MTO Taxad CHCTEMA CymeCTBYeT NOKARLHO, XOTH, BIpPO-
YeM, H 2TO euwd He foXas3aHo B obmem cnyyas.

Chneayowee TOHATHE, KOTOPOe y ARETCH BBOCTH, KOIMA HMe-
6TCH MeTpHKA 7” , DTC AHANQF OpPTOrOHANEHOCTH (UepNeRIUKY-
AApHOCTH) ¢ ,

ONPEIENAEHUE 20. Ilycts £ = )\[O)i-] ~ HHepUM&aNIbHAS
MBTPUANLEAA TOYKE, p = AO  , 3 =X n peA-, Fopopum,
4T0 MHONMecTBO A bdprorodansro £ B p . ecim A copna-

(8.2.1)
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faer 0 MHOXKECTBOM {x \'E(x,1,) = 'C’(Ps‘b)? .

l'eoMeTpHYeCKHN CMLICH 3TOCO ONMpeNe/eHKS B TOM, Y10
cdepa OpTOroHANlLHA CBOMYy papuyCy, XOTH OHO H HY}KIaercd B
HEKOTODPKIX TPeThLOCTONaHHRX MATeMATHYECKMX OroBOpKax. B
HACTHOCTH, OPTOrOHENBLHNOE MHOKSCTBO He OBA3AHO ABARTBCH
HOBED XHOCTL KW B AHPPePeHUMANBHO-~TROMB8TPHYECKOM CMBICIS,
cM, 810.1.

Llanee, MATPHKA NO3IBORRET OHpENeNUTh yIlbl. Mu He Gy-
OeM 34[epKEBATBLCH Ha ITOM OonpepeneHuv. BoaMOoxHbl pasinie
ero pappantTel. OAHH K3 duX npegiowey B 9 , HO Ha ero ot~
HOB® yAAeTCA NOXK&3ATh KpaHie Mano TeopoM. I'napHas xe npo-
Gnema, CBR34AHHAR C yraaMH, eu® He peleHa: Beab ¥3 obwux
coobpaxenu (cm. 82,2) HanprmipaeTCH, YTO CTPYKTYpod no-
PAAKA YKEe Cpady [oMxHE §ui1a Opf OAHO3HAYHC 38X4BaTRECT U
Hexoropas yriaoBas CTpykTypa — He3 KakuxX 6ul ToO HY OniAAQ
BONOTHATeNLHEIX MeTpRK, Mul W@ ~ Ha NOPEROM YpOBHE PACCMO-
TPeHEA -~ HE yMeeM 3TOT0 [AenaTb 6Ge3 IpABNOYOHHA MEeTRHKH
T . Konb ckopo yraw seepexs! (Hanpumep, Ha BTOPOM YpOB-
He}, A& TRXKE BBEQeiO NOHATHE NNOWARH, MOXHO, OTTANKRBG-
0L OT ABYYTORLHEXKOB, onpepenuTs (cps §8.7) nousrTrRe HREBH~

adsI,

Q

3. TemMmnopanssiaaasn M e TpHKa B
RpocT®eR We M ¢cnytTae, Ha rperseMm ypoe-

HE PacCMOTPOHHA, T.¢. HUPH HaNUY#u AGCONIOTROTO NAp &4iNenHa-
M8, KHHeMATHUECKAS HIZ TEMIODANbHAH MOTDHKE XOpOHIC H3Be-
crra., Oua sagasrcs pasekcteoM (8.1.8) u wzacrto HaabBaeTCH
YRCeRNOaBRKNRAOBEIM paceToanueM”, "MerTprxol Muxkosckoro”,
"nopeuuopof Merpkxoit”, Muorpa ne dusnyeckum coobpamaMaas
xooppuHaTa £ ROMHOMAETCS HA CKODOCTH CBETA ¢ , 8 HHO-
rua K& < ReAAT NPOCTRAHCTBEHHLI@ KOCPAKHATH X , Y y B 4
Ha rpaumge xouyca (8,4.8) sra meTppxa ofipamaercst B Hynb,
TaK uTo axcuoma KMo Bbmionuexa. Arcuoma KM g fpoBepser-
CHA HECTIOKHBIMH METOMATHYECKHME BHKIANKAMY, ONUpasCh Ha
HepapeHCTE0 MANKOBCKOT O, AxcnoMa KM, momonkesa p ToM
CMpiC1@, Y¥TO ARG aXpOXHLIx Nap Touek popmyna (B.1.8) naer
YRECTO MHRMOO YuCHD, 4 H9 BRWECTBeHECA. Kax yxe OGBaACHS-—-
nock B §2.3-4, IPHE OAHOM K TOM Ke NOPARKeE <L MOXHG BRE-
cTR MuOro Metpnx {£.1.8), ornawalwuaxcs ppyr oF gpyra ma-
CUITEGRBIMKM MHOWHTANIAMH &

Ha npuamepe »Tofl npocraimell MeTPHKM BURHD, KAK CHILHO
ornuyaeros cgepa =1 or mpocrpascTeenHo odepsi @=1 .
B camMom nene, ypaeuemte T (0 x )= R ans (9,1.8) asanaer
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OQHY ROAC BMMHY [QBYNONOCTHOr o rimepbuiouna
2 T 2 z 3
etV xi-ytogt = R t>0, (8.3.1)
K feKe, 0CnH §bl Me COTJIACHNECL HA BCTeCTBOHHLE pacuMpe-

Hue oGnacreil nepemeusnix, Mil ML AoGapHnu Gul euwe BTOPYIO
nonopiuy €< O 2Toro runepbonoHAA B IO I'paHHRy

C‘.ttl —ml—?h*z“-:_c_lpi (90302)

3

?

Tak 410 "wap® o € K 0oXxaszaics OGnl HEeXOMIAKTHLIM MHOXECT-
BOM, COCTOSIUHM M3 TpeX KCOMIOHEHT, Pa3AGNeHHbIX XOHYCOM
207307, Tem ite Menee, H3BLCTHO, MACKONLKO YHOGHON OKaasn:
paeTCH 3Ta METpPHKA ANS POURHHY KOHKPETHLIX 3838y CHelHANBL-
HOK TOOPHH OTHOCUTENEHOCTH,

Oaura ayru (8.2,2) BpeMeHuonon 06RO K pr BOA l  orro-
cUtennto MerpukH {8.1,6) poipaxaercd HKTErp &10M BLOAbL
aToil Km BOHt 9

arcl(Ajp.g)= 5 ‘/"’fl’i‘z (et +dy*+dn’) (g.5.9)

P
Kpxerie Gos ocofeHuocTed pACHAR&SMTOA HA KNACCHI! C NONOGKN-

TenbHOR AARHOR myr#, C HYneROof A C YHCTO MHEHEMOZ BAMHOM,
[Tocnennne OBLIMHO NMOAAT&AIOTCS HE AMEWHMK DHHIKEYeCKOTD
cMbicna, OGHACHAETSA 3TO TeM, YUTO BCAKHG ABE TOHKE TaKoi
KPUBOA OKa3nlBAIOTCH BXPOHHBIMH: OHM H@ CBA3BHBI APYT C BpY-
roM H#UKakuM "paHsme-go3Ne”, KpoMe NPOH3BONHHO NpHBHOCH-
MOT'C iI3BMe HapaMeTpa sTaif xm sol, Acnycxawweros obpameHde
8o OPHEHTAUNHK HE NPCTUBOIOAOKHYIO, ¥ KA3OHHOS pPA3NKYeHME!
“peunlcCTREHHAA AARHA", "MumMas anuHA® peckbMa yaeBHO AnN
IKCHNHKAUKE TOTO, Y70 Ha3wpawT "iMsuyecKkas HaaMepHOCThL”,
PaccTounana, #3aMmepseMuie BOWEGCTBOHHRIME HKCAAMH, KMEKT PAa-
aMepHocTe ‘cexydna’, a pacCTOgHHA, U3MepAeMbie MHEMBIMR
YHCNaMy, EMBIOT paaMeprocTs “Merp”. HuxaxkeMu npeobpalosa-
HHsaMH, coxparsmuuiMH (B.1 .B), HOBO3IMOXHO COBMECTUTE BE-
WecThelioe PACCTOSAHKHE € MHUMLM, HTO OTBOYAGT HAee HOCBO-
CHMOCTH RPOCTPauCTBOHHOr'O MAcwTaba K Bpa@M@HHOMY, B 00
PATHQ,
4, Temnaopanssaas Me@TpDHEIKS H 8
YypoBHE rfTaaKocTH - pPUMAHOD
= ayuat, Ha sropom ypossue paccMOTpeHEs NpocTelinim
ciy4aeM OKAanpaeTesa Takoit, K OrAs 38 XUHEMATHYSCKYK MAOT-
DUKY NMPAHKMEETCH CAGAYIOMan KOHCTPYKuAA. B Kay ol TouKe
pe M, B KacarennioM mpocTpancTse |, M BRORRTCH MeTPH-
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Ka T, Bnaa {9.1.6}: mMeTpHRH B PABHBIX TOUKAX I'MAAKO CO-
OTHeCeHL!, Takad METpPUKa, BLIPEXKENHAs HA B CHOL - Mand3upo-
B2aHHLIX KOupiHATAX, & B NpON3BONLHO~OGMIKX, HMEeT BUA

T, (X ) = l/g;“ (p))(LJ(k. X €T M, (043)

rae g, ~ TeH3op cHTHaTYpH {(+ - . . . -~} Kak u B {9-1*8)1
MOTPHKE T4 YADB/ARTDOPRET HBKCHOMEM KAHCMATHHECKON MeT-
pRKH KMI-—S IpH K8mAOM (PUKCHPORAHHOM £ dounonuntTeNb-
HO K 9THM TpCeM aKCHOMAaM MeTpHKA (9.4,1), Bax U MeTpHKa

(8.1.8), ynopasTeopseT CHOAYIOUM CleU.-~HaXbULM YCIOBHAM

{(croiictea xkunemaTHueckoi BEKTOPHOW merpuxr). Ona no-
A0KHTEeNbHQ OAHO™OAE No tHepeMamubmM X €T, M » OHa umeeT
BTOPLIE MpON3BOAHbIe N0 TepEMeHHbIM ¥ ET}M , HpHYeM

z Y
"r-qa:(a?.'/éx 3X )tn—,{ « KpoMme Tore, oxa rnagkas no pPEM-
TECPEMA 17. Ha onpenenenus (9.4,1) Bnitakaer

z 2 ’, N (¢
9. (p) = %,;9 T eX 9K (8.4.2)

[fo meTpryeckaMmy TeUaOpY 9.x HIBECTHEM 0GpA3OM EBO-
QHTCH OQANHA HYyI'M BpeMeEIHORONOGHOM KpuBOil

¥ x
ozl (’&H’x?) = § m 3 (9.4.3)

rae A* - KacaTennHas K KPUBOH A ; BROANTCA TeMIIOpaNb-
NOEG PacCTOsIHNG T (p,q JMEXAY TOYKAMH p<gq, MO Jopmyne

TCP&?() = S"‘-PEMCE (A; PJ"V)\ )\} y (8.4.4)

HPAYEM MONHO DO pUTEL, 4Te T(p.q ) yaoRneTaopaeT KM]-3;
BROAUTCH adiMHHAS CBASHOCTbL, TEHAOp KDUBHAHLL H Tl.0.
C OHOMYECKOHK TO4XH opomua u $opvyne (9.3.3), z2anuceina-

eMas B BURe —_
L‘—“f\”-{; AE (0.4.5)

n gopMyna (9.,4.3) ToiaKywTCs KAk Bulpamenna aas ‘pefioreus”
um “narpamkkhada’ - B opocTeilwWMX Caywuasix onHoli HoaapsgweH-

HOH TOYKH,
FeoMeTpyIaCKl OYeHb BAXIIO, YTO MOCPEACTBOM 4., YRaer-
[N
GA BBECTH OTHOLEHHE OpTOrORANLHOCTH

XLY & g, (XX =0 | X,Y €T, M (s.4.8)

KOTOpOe GHIMYSCKH HCTONXODBIBASTCH K&K OTHOWGHME OHII0Bpe-~
meuHoc T, [opopar, aTo colni tHe q, OpHORPEMSHHO COBBITHIO

|

- 130 -



p oruockrensio HaGnwpatrens XeT, M, scmn p W g nhe~
AT R OARON THOAPIOBCPXHOCTH, opTorodansiolr X , Tlompo6-
Hee 06 zToM oM, B §10,

. TemMmnopansbuas M eTpuKa H &

¥ poOoHaE rnegKxocTd - G¢dHHCHTOEPODH
cCny«ai, YpopeHh I'NaaKQro PACCMOTpPRHUSI HE HCYepHLBa-
eTCs pHUMAaHOoBLiM chayyaem, OOumu#i Ciyysi xoHyca 07 "B xaca-
TSALHOM BEKTOPHOM [IPOCTPAHCTEBE, KeK oTMeyanocs B §8.4, -
3TO Chnyd4all HAc(epaHeCKOro { Hez UIMNTHYaCKOro} KoHyca € ypa-
erengeMm {8,4.1~2). [las Takoro xowyca Henb3s HopobpaThk Koop-
AMHAT, B KOTOpLIX O Janapaics 6u1 ypenuesuem (8.4,3) unn
ypapueR#neM 9,, X'X*=0 . rae G ol Bb1 TCH3OPOM (T.S
ne sapucen om of X ). Ho $yoxaus T, T,M — R, yros-
NeTROR AW AR onuCaHiIb B NpeaAbiayleil py bpuxe caoiicTbaM
BeKTOPHOI KuMHeMATHYeCKOHl MOTPHKR, Bcerga CymeCTayeT b Ka-
Knoll p € M, , XOTsl XOUeWHO, Qla We eANHCTBEeHHAS upy 3&4-
HAaHHOM 0“ s TLM Ulpu aToM Gopmyna (9.4.2) Mopu junn—
pyeTtcsa aa nc-pnmn B3 trmm O'-Pﬂb Mano:

g, (p, X} = J—é (N /N XNk ) (8.5.1)

TaK 4TO KOMNOHEHTH Q. CTAHOBWTCH (PyHKUMSMEA He TONLRO
OT TOUKM p ¢ M, . HO H OT BBKTOpﬂ X e O"'c:TM Ho ma-
TEMATHYRCKN® IToCReOCTRHs 3Toit "Manod Moma.t.unaumr Kpailne
oBwMpHLI.

CHadana yToHiMM, 4TO HA CAMOM 2718, K&K BLHCHASTCH,
sapncamocts 9;, or X b (9.5.1) OKasLBAGTCR 3aBHCUMOC-
TbIo Hz oT BEKTOPA X , a or HATIPABJAEHHA ZY . Tex~
HUHCCKR 2T0 BLpaKASeTCH lpOpM’YJlHDOBKOH. ?;K CYTh OQ lopofnkie
CTeledrl HOABL IO BEKTOPHOMY NepcMeduomy bydaxunt. ¥ ato
BIIGNH2 COOTRETCTRYeT TOMY, UTO B upumepe §8.4 Mmu pveem
npeno ¢ KOHYCOM, paamtuawgmaMca 110 HAMNPABIZHAAM, Ta-
KM 0Bpa3zoM, Ha ypobHe $ul3MdecKOl muTepnpeTauHs paccMaTpu-
BaeMas TeMIopalbHas MOASAbOTREHART &HH3OTPOUROCTH NpPOCT-
PAACTBOBREMEIH, OTBAEYAeT J38BUCUMOCTH €rc IapamaTpos OT
Hanp apne Hus,

3apncu MOCTE @. OT Y IpeBpamasT TeH3op g. B " guHC~
nepop TaHaop”, KOTOpbu{ ABnfeTcd OGBLLKTOM ym"g HE& Ray
T, auvag T T M . a ucxonssie $opmynsl npeofpasopa-—
Huil Koopauuar Huule, COOTBOTCTRYMOLUE (OpPMYAL HAIIHCARH B

11]. 01 TPOMO3AKM, K MbB{ He CTAaHeM RX TYT QOBTORATL. tpn
KexkaoM (UKCUPOBAHHOM auaqeﬂnu Xe Q7 curnarypa xsangpa-

TEHHOK (opM bt ‘?.;,((P;)OY Y Ta ke, YTC B PIMAHOBOM cnyyae,
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Te€e {(+ = o &+ «'=), MHOTHE gopMy A»i (uHCREpOBA Aantapara
NOXOKR BHEWIHE HA PHMEHOBH, HO C CYMOCTRRHH.M OTARINGM.
Hanpumep,

(X)) = 9. GOXN*, XeO! (asa

#o senwuuna g, (pX)Y'Y" HE UMEET FEOMETPHHECKOI‘O

CMGuICITIA, kﬁmpnmep, OPTOTOHANLHOCTE BOIMOXCHA B NPUBLMN -
HOM CMRCAS: opToroxaner X B Touke p 7, 4T0 o3HAaua
eT gtg(p,k’)){ Y" = () . Torpa Buickaamisaune "Y opTorosa-
nex X “ He PABHOCUNBHO Buickasnpanww * X oproroxanenY ”
Ho x oMkypexrToCnoco6ra W dopMynuposKa: 7 Y opToroHanes X

oTHOCHTENBHO Z B TOYke p 7, 4TO osHAHAST §. (p,?)X“f =Q
Yron (ﬁmc'rpo'ra) l’ﬂ Meny BpeMaNHEOHonoSHEIME BeXKTOpaMH

¥ Y Bupaxkaerca gopMynod

3‘,(P,X)Y z"

‘P_:_%S),l T 3 {8.5.3)
Vo (XYY Vo g (pX0XR

rge ’;_Z - BOKTOp, OpToToHankHuil X H& asymMmepHOil nnocxo-

ctu XaY B Hapnexamesl OpEeHTAL MK,

[lo mMerpuiecKoMy (uHCNepoBRY TeHs0py iw CTPOATCS tha—
Acnep-adbuHNas CBAIRACTH (r C* ik N‘ ) o JTHMH KOQMIOHER-
TaMH Onpepesercy napannen&umﬁ nepeuoc, rOp430UTAALRAE W
BEpPTHKANLHAA KOBApHAHTHHE NpPOHIROSHEIS, TOPH3CHTANLHLIE
reoficangacyre, QUHCASPOBL! TEH30PLI KpuBHAHE (MX TpH LITYKH)
H OpOuea, CM, [11:].

C TOYRR 3peHua SUNOCO$CKOR OHEeHb HENPHATHO, HTO B AH-
HIOTPOIHOM Cly4ae OpTOIMOHANBHOCTH HMRAK HE BLIpKATCH
gepez kowyc 9pT B NPOTHBONGIOKHOCTS TOMY, WTO CKA3AaHO
B 82.83 (xpoma kKak B ZRyMEpHOM CNYYAe, XOIHa Npo AHUBOTDO-
UMIO HENPABJACHYMA FOBOpHTh HEMANO, NOCKONbBKY OCTAEGTCH OfHO
eRHCTREHHOa Hanpspneiuie), Ha (uINKo~-dWIOCONCKOM A3bIRe
STO MPEBOART X NOCTAHOBK® NPOGASMLI CHHTATH AKX ROHATHO
*onHOBpeMeRHOoCTH” modsTHem KAYIAJIBHOW CTRPYKTYPH
(T.e. om0 cBOAuTCE K < ) RAX e CHATATL r'0 HOHITHEM
CTPYKTYPGI JIATPAHXHAHA? CMm, Taxke §10.1,

‘Hoauiv B duscnepopoM Ciy«ae OXA3LIBAATCH, YTO [/19 Of=
HOT'O A TOTO e Kodyca O MOKHO 388ATb COBEPUIGRHO Pa3Hbe
TEMNOPANLHBLI® MeTPHKH, QMHCIepOBL] TEHAOPH! KOMX HE MPREC-
AATCH X OOMH K OpyroMy YMHOMKEGHRHOM HA MacwTabubil Ckalap.
HBHDHMSP. b XoopaWHaTax § 18 8 ,:S' npg N3 Xouyc

0% aanaguM ycnomuen

¥'508%50&...8& >0 . (854

r
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dTo ‘cuMnIRuEanbian kuxeMmaTRKa’, HE0 KOHYC AH6CH = CHM-
nNeKC B HpocTpaHcTee n yuedl., B sToll xumeMaTHEKE MOmMHO
BR2CTHM BOXKTODHYIO TeMIOPANLHY MEeTpHKY T moboli Ha ABYX
gnegymwoux GoapMyl

= \/(Zél Ex-"nrri-'ngg“})nminfﬁl}v (8.5.5)

HIIH

pr——y

Vi %" . (9.5.6)

Hexons wz (9.2.1), aneMeHTADHLIME BLIKIBAXAMY YCTAHABRUEI-
@TCR, <TO JMECHEpOBs Teuacpul ;. Ans {3.3.5) u {9.5.6)
pasnuyRbl ¥ He npoucpuxodansisi, Cwm, gtoapobuee [11 » WOp-—
Ma[nbl (1.2.8) , (1.2.7), {2.2.7) u (3.6.2).
OpuuuxnauaueckKasx B aH pHHC~
nep-—mnapumunbnnaa M @ TpPH K a,
Qpniy cnyysail, B KOTOpOM NpH OHHOM H TOM KE KOHYCe QHHCAS
POBBEI METOHXH CYLWECTBEHHO PABANNHE], J8CAYKWBAST OTAG/BHO
To prHManis. BookMeM cpepuueCKRE xouyc, # nycte 3, (p) -
OORINHEBI DPHMAHOBE TeH3ICD NIt »TOI'e KoHyca., MeTpHKy we
5(,,})(] Ha BHYTDOHHOCTH 2TOI® KOHYCA Ml saganuM QopMy o

¢ (pX)= (;EK(P}A‘XH)F(%,‘(‘PJ XYY )

roe O € ﬁc{ , & BekTop A(p) BIAT Tax, 4TO6W g, A A 0,
T,.¢, A3 . Torga na (8.5.1) monyunm ang MQTpH'—l’eCKOI‘O
QHECIepOBA TeHz0pa & (p,X) , ovBevawuwera h, (p¥) caeny-
xomeez Xa)mp axeHHe;

he, = :

=a((i-pre g, + prcw, —2p(=p)E ) %), (8.6.2)
Tiae a603ra4YeH]

=g X< (9.8.3)

= g, A" /gHAX , (8.5.,4)
-2 X
= T * oy
x, g. X _ (9.6,5)
3A°Ch nOOpa3YMEeBaAeTeA J&EHCHMOCTB BCOX ponmiukoT p . Oue
BEIHO, STO TeH3OpH 3, h; (X }He cBasaup cooTHOWEHHSM

hhg-:- A ?Ik .
Merpaxa (9.6.1) nocrapaseT XOHTphHpRMeEp X ORHOMY hHUAD-
codcxomy samuicny, A.J.Anexcauapop BhORHKYA HporpamMmy mno-

NYYUTE “BCIO TROPHIO OTHOCHTEABHAACTHY U3 0AHOr @ TOALKYG OT-
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HOWE KNS poaa NOPSINKA ~ XOTs Onl C TOYROCTRIC N0 06neMA
MM MHOMHTONR, KaK CHopMYyRHPOBAHO B Teopeme 4 B §2.4.
Ho, Xak Mur BRIMM, 2Ta nIpOrpaMMa MOoxeT ObLIThb peasiopa-
HA TOIBKO B anpMOpIOM IlpennoiokeHnn (npesymiudd, orpaiu—
yeuun), 4T0 auweros PUMAHOBA metpuka, CHasuu 270 orpa-—
uayenue u nonyctus M ¢UHCJ/IEPOBY, Mu cpaay ofSuapyxrba-
em, uTo METPHKA HE BLIBOGWMA M3 TTOPHIIKA.

Merpnka (8.6,1) npuoGpetaeT Taxkxe o6CEPBALUOIHOS
3RA4OHHEe, ©CNH BMECTO J; NOACTaBHTL KOUKPOTHO WLADP(WA-~
abaoby (mne KxeppoBRY) pHMAKODY MeTpHry, a4 BektTop A  BLIG-
paTs B HaAnpapBiGHMH Ha ueRTp =0 . [lopuadaMony, TRKaH
MOHENb TOYHeE IKCIWMUMpYeT (eHoMeH TRroTeHAs: Bean
npy ruroredun UMEETCH B LIAETEHHOE HAIPABNIEHWUE -
pce wWapnl GHANHAPRHOIO CTOR8 CKATHLBAOTCH fIPH HAKIOU® B

OfHEY CTOPOHY. OHO HM@eTcR JZaxe B SeCKOHEeWHOo ManoM, ¥ Hu—
K AKOl pap#aHT “NprHUMNnNa 9KBHBANEHTHOCTH® H9 MOXKeT OTMe-
uATsL TOrO aKCnepHMMeHTannHoro 06CTOuTeaLCTRA, w70 PAJIHLIE
Tena CKaTelBa KITCH N0 manpasaonsw K OfHOMY H TOMY XE
HeHTPY. FPEMAHGBA MOfeab YHRCTH 3T0r0 06CEPBAUMOHEOIO ¢a-—
KTA He MOXOT, NOTOMY 4YTO B GeCKOBCYHOMANOM B PUMAHOBOI
IeOMeTPUH BCe HAalpar/eudd pasdoupap#bl. B aToM kayecTseit-
HOE MpeMMyuecTRO ¢etHcneporoi merpuxm (9,6,1) nepenm puma-
uomoR. {lo.:poGHoae paccmorpeane {11] ee nokaswpaer, wTO
pce OpOGHTLI Nhaie?T C pandkyCoM 0T oaHoll aCTPOHOMKHYQCKOR
SHNMBEHULI M Bhiie p 2T0N Mopens HEOTNHYHMb! OT OOBIYHLIX
WB&P UHABAOBLIX: BCEe CBeTORbLI® 2uydeKTHl XAYeCTBEHHO B TOU-
HOCTH COBNARAIT CO WBADHWUNLAOBLIMHE. P asnkuie Mexny sTh-
MH MOZens My MOXET - 4 TO bpope Obl 18 HOpedenamu »KCnapu-
MEeHTaNnbHOX TOYHOCTH = RPOSBAKTECH ML B PA3IHLIX RONNNEP OG-
BoiX Qe KTAX OO pasHuM HanpapieHEsaM. ChensepaTonbio, of-
CepBAUHMONHO 5Ta MOAEAb He XyXe wWpaplu#nbnopofi, Paanuune
MexXAy NBYMS MoneilsMH aenaerTcs 3aMeTHbHIM Ha PaCCTOSHHMRX,
CNAJZKAX WRApUUKUILIOBY panRyCy; & OCOGQUHOCTL B T=m OXKa-
2LIBARTCS B GHHCNOPOBOA MOOENH MCTUHHON, & HE XOOPAMHATHOIML
MMosTomy B sTOH Mopgenu HeT “wepHmx Anp” (0<Tr €m ), a
TeM CambiM H6T B npoGaaM, obcympasmuxcs B 85.2 w B §8,7.
TexHAyeCKM pa’nfvKe MOMAY WBAPKIMHALIOBHM M (HECHeD-
LBADHRIMABACBLIM DEMWESHHAMH B TOM, WID B WBADKHIKIBOOBOM
pelleHUY B XKACARTOALHOM N-MEepHOM NpocTpaHCTee HOHCTRYyeT
rpyana Jloperua, B ¢uucnep-mp-apu unasaoroM {8,6,1) pelict-
ByeT Ta 8e NOArpynmnsa, XoTopas COXpaHseT HeIOOBUKHLIM JyYy
MA . OHa usomopdua opruMknmyeckoir (opucdepuyeckod) mon-
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CPYQIe rpynns Axeduit (N —=1)-Mepuoro npovipadcrsa jjuda-
YeBCKOIO, T.e. Ipynne noiobHuIX npeofBpascsatift { ) ~2) -M8p~
AQIO ZPKAMAOBA NPOCTPARCTRA.

T.HNpo6BnamMa CoOrnacobaH®rs K o~
pYaK o B Konms CKOpO HMeETCH MeTpHYeCKKH TeH3op 9./nl)
CUTHATYPE (+ = . =), HM OOHO3Z HAWHO ONPEAGRASTEH. KOHYC

2 (p, X XX"> Q (8.7.1)

P KacaTenwiOM NPOCTPALCTRE. MoOwHO, no Kpalueil Mepe noKa-
NbHO, {3 nBYX MOAMOBIHOKX ITOIO KOHYCAa ONly OTMeTHTR KAK
Bhiflenendylo, Kak onpCupanock B §2,3, are BrigeneHgan Noio-
suRa coenuRaet ¢ kosycom OF , MonyvMaeMbM HOCPeaCTBOM
BRMACNCHUT HIOTOUHBIX QYHKOMA Cpemu BCeX IAALKHX Gyuwruui,
Ho » TpanHUHNOHHOM HUINOKEUUM He BpOUAT Ha M, 3apanee Hi-
KaKore topdpxa £ , 4 OpefensioT caMrulll 1opagox yeped
MeTpHKY, TOYHOEe, 4Yeped BLALIeHHYIO nononudxky kouycaf5.7.1).
MM2aHO, eciK BpeMeAdHoHouoGHan KpApasi BLIXOQHT K3 p M upH-
XODMT B § , TO (ApH BEMOANSHAN HIDECTHLIX YCAOBUR X /IOXKA-
IbHO) TOROPSIT, YTU p UP2QWECTBYET 4§ , 4YTO OGOIHAYMM
P~ g9 i COUTBETCTBEHHO IOBOPAT, YTO B HEXOTOPOL OXKPECTHOC-
TU 3AXAH CTPOTHIl NOpANOK — « Axcitomu -TKy_4 npr eToM
BLINCAHRIOTCH,

IToaToMy, ecnd Mul HaqysHaeM C ({L‘<), TO BO3INHKALT
cneayiouias apotaema, llo & Mmat nocpencTeom akcuom I'Ky_,
u3 §8.10 mocrpoman Temaop ¥, (€ TOYHOCTBR HO MUOKHTE-
as A ), NO TeHoOpY ¢ NOcTpoMnm gamee —{ . Kak coor-
Hecodnt < U —| ? CopmapawT nM oan? KoTopoa U3 gBYX
OTHOWERHE cunnaee? CobBceM R OHH paaauduM? QTeeThl Ha
8TH BONPOCHL nony4ersl. [Ipu BuwIONEeHMy akcuoM TKg_g W no-
caeayiommMx aByX axchom [y o oTHowemuya £ 4 - Beer-
03 NOKANLHO COROARAINT.

I‘K4. Y BCskoit Touxkn « € M, umcercs okpectiocTs ({ Ta-
kaf, YTO 414 Mo6uix pge L u3z pdq &qbp suTexaer cyue-
CTBOBAHUE CH/IbHO-d30TOWLON dyaxuwmu £ na U ¢ Tp <Ffg .
ViBuiME cpnosamu, mobL® AXpoHALIS p H g MOXHO PA3AQEANUTDL
CHABHO=HAQTOHHOR dyuxuynedl £

I'Kg. Ecau Touku p g MOKHO CORQUAMTL HIOTORHOA
KpHpoll, TO p H g, MOWKHO COQAUHUTH Taxxe RuddepesBunpyemoit
H3QTDHHOIL KpHEeOi,

B otwowesny axcmom TK7 u 'Ky noxasaa WX uesapuCH-
MOCTh, HesabucumocTs akcHomu! Ky upotnenartuusa. HeonHow
3HAYHOCTH TeH3Opa g‘.k(f,‘kjnpu peWaHHK DTOM 3404YK OKA3hI-
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b Lok MoeuyujeorpoHEOR, H00 MO yCROBHK Y BCEX BOIMOXKHLIX
9: Kouyc OF ocamd ¥ TOT xe.
Bl pop6newa CnyvwahRos X M e Tp UK
BepleMCa X nMepeoMy YpPOBHIO pACCMOTp2HHAA, MBI RCXoaund
ua sanaunoro 4:TKOI'O oruoweHdus nopadxa: 34ndcn p < q
WMena TOMbKO ABA AOIHYCCKMX allaqexHs Tuctuuro” uax “nox
d07. Taxum w3 0oSpaioM KU TeMIODANLHYK MeTpHKY 2 Mbl OO
peaenstnu sxak TQUHO aagenHoe wucno T{(p,q ) npH JunaH-
HbiX pe<gq o Ho mpaxrTudacky pcerna emeumpaetcs WYM, u
CKasars, cnegyer hm 4 3a p (paBHOCKABHO, YCTAHOBHTL
T(p,3)>»0) MOKHO NNWL C HEKOTOPOH CTENEHLIO BEPOATHOCTH.
[Togcanm Ha lipuMepe aAHH3IQTPONHOrO yruopajoieHus us §8.4.
dpout ceeTopoll sonmt tam T =02l . 3TO — HeKO TOPOE BuI-
OyKRoe 7Te30, BO3MONHO, C pefipaAMH H NHOCKEMH YYACTKAMH.
B rere MoxKo pmucarh wap {5ANKNCOMA) M BOXKPYT HEIO MOX-
HO OnEcarTh Hap. Sod B3OTbh Cpendnil Me KAy BNUACAHHLIM M
ONUCAKKBIM ApAME, TO MuLCAHMA TAKAX KASONOTHS! Ha CAMOM
aena ¢poRT cCpeTowod Boausl He € =lX || , 2 ofuLuEmi Kpyro-
poit € =] | , Torma Kak oTkinoucaMs OT CiéepudHocTH (OT
cpeaserc mwapa}) CHAYYHYAWHL # pacxupans ¢ gucnepcusll, co-
OTBETCTBY OWe i TOMUHNG CAdd Meway BHYTDPSHHHEM K BIIS LWHEMI
wap a4, Xorenock Ob MONYYHTh MarTeMuTHUGCKHI annapat, Ko
TopLil paboran G ¢ pacupeneneunsamu puaa P(r(p,9)2¥E), na-
Ban Owl pe3ynnTaThl, IpH RLPKARHUR pacnpedeneduil B XoBH-—
caffoBn NPHBOAUN 5bl X OGLMHHM ''geTepMuunpoBaHHbM! MOge-—
naM. ITO0 TeM 60d9e XKeAATANLHO, YTO ANN MeTPHKK dpeuwe
Takaa TeopHd HocTpocua [20]. Ho, vabl, ang T u < HHYE=
ro cogepxaTelLHOrO HeT,

8§10, OTHOUIEHHME OAHOBPEMEHHOCTHU
o)
lI'.NoxaneHnoe cnpepgpeneHne o A-
HOoBpemeHnaHocoTsn OTHOWeHKE OOHORDEMORIIDCTH,
KOTOpQe B HBIOTOHOBOM YNOPSAOYEHHH Tax AsSI'KO 3anapanoch
popmynoli x € F  (cm. 86.1), BupacTaer B HenpocTylo 1poeb-
AeMy Anst cnyvaq SHHWTOHHOBS yNopdno4deHds, T.@., Korfa Bpi-
fondaeTes noctynar GanoxopelcTeua. (oM. §8.1) u F=p .
Teneps Tousewupt nat monatens £ He B CuAAX MHTEPBAILHO
OATHDORATE MPOMCXQQ AwMe He Yy Rere cobmrra OLHOIHAYHC
He nanas noka tounsix Ae(UHALMN, ONMUWENM BOSHHKAOWUE
Bael w TpyHHOCTH. [ HATASOAHOCTH H3N0MeHHK HAYHEM C
TpeTharc ypopEd Kak camoro GoraTtoro,
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YemMm XapaKTepH3yeTod OJUCH)eMEeHHOCTh B HhIOTOHOBOM
cnyyae? [a TeM, HAIPHMED, 4YTO €CNd MLICReHHO IOMeHTh
mMacTaMi anpouics H Syaywee, T.e. ptes pT , TO MHOXECT-
BO COGLITHH, ORUOBPEMEHHRIX p |, HE A3IMEHUTCHd: p v P |
oo BCHKad TOYKE U3 P= ;’Fn p. ocrasTcHd Ha mecte, lono-
PR TeXHMYRCKM, PEYb MNET 00 auTuaBTOMUpgKaIME W' WL rvld
PR KOTOPOM p<q 4b wg < WP A COXpAHGITCA @iie IRKOTO-
phi€ CTPYKTYpL:, B YaCTHOCTH, Macwtab HA DpamMol £ . 3r1a
HHEd: B npeapameuﬂma pHAS, TNPUHEMASTCH 38 OCHOBQOOMIAT &=
WYl ¥ B SHIUTRIHOBOM cCcliyiae, 303Chb MNPUEXONHTCH PA3ik-
YaTh U3OTPOilHbIH CAydall, Korma KOPPeXTHOCTE WIIPCRE/IRHHAN
oueBHMAHA, M AHHIOTPONALIH, KOTAA MpHXOQKTCH POMO3RKGC
OGOCHOBHEATL KOPPOKTIIOCTL onpainensHun, UYuTaTenh MOMKET
NPONyCTHTH 9TH OLOCHORAHUA, NPeaCTABASINAe Y3KO T XHil-
YaCKHH HHTEepec.

B usoTpoiHoM Cayvas, Kak My graem, shHwTeilHoBo Yo
PAAOUDHEE & TOPOHKIAST HPKOTORYK [CeBACSBKANACBY MQT-
pRKy 9, € TOHUOC ThIO QO MIOKHTERR A . Cama MaTpuxa
fgonycxaeT BATHABTOMOPOUIM £ ~» % | A IpH QHKCaIKH
Macuwtata Ha ¢ HUKAKHX TOMOTGTHII He ocTagTcs, Tak
4TO BICHOKOMTRCH O MHOxUITRIe A He IpuXonurcs, Tak
Kax npn < -+ > a3 p->gq chneanyer, 4To pt—=q” , To Onparp-
RaygHo onpefe/eH !

ONPEAENREHUE 21. Tloaopam, uyto x € £ PALAPHO
OLHOBPEMEHHQ cobuiTHio ¢l OTHOCHTENIbHG HAGAIO~
narang f s @CHU apétp ’e?bp" H 3$€L‘° a €B$_" H?
eCTh CepefitHa OTpe3ka pq .

CURCPKATENBHD TV OHPCAR/ILHAE CCUTRETCTBYET ClAYI-
wed nmpodepype natupopanud, B paty 1&P HadnepaTenb f
nocLilaeT JAYKTPOMArHHTHEIRL CUTHAN, KOTOpLIE B COGLITAH
OTRP&RKABSTECH H BOABpAWALTCHA K { = gaty fg . Torpa co-
S bITH O ? OGPHTIHCLIBERTCH AaTa *:“tx"i'(*p"'t;) o Ta@, Ce-
peanda TOro WHuTepsana, KOTOopmi OTBeyaeT “HHTEepBaNLHOI
aarupoeke” co6LiTHL Y {cm, §5,4), B Buiue mpyupeneHAOM
ONpoHeNeHKE X N Y DUCYpHPYIOT HaCHMMeTpu4HO (H3-3a yC-
nosést x ¢ K y ¢&f ), HO HE NpeHCTaBNEET HHKAKOTD
Tpyna nepegopMyispoBaTh olpefeneue, cgenas ero bonee
I'pOMO3InKHM, Tak, 4To6n1 X U y CTank CAMMSTPHYHLIMH,
Torna asTOMATHYCCKH NPOB@DHTC I, YTO TAK OAHHOS onpeaens-
Hue obeCledYHBART pAaNApdOi OAHOBPAMAH HOCTH CRORCTBA CHM -
METPiM M TpaHauTupHOoCTH (npu JUXCupoBaHiioM RaBmunarTene
£ }: reoMeTpU4eCKH TOCARAHMEO O3HAMAET, YTO MHOKECTBO
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CobuITHA, PAQAPHO ONHOPPAMEHHLIX COOLITHIO 4 «( OTHOCHTE-
aso  { , COCTARAET THNEPINOCKOGTH.

B aHn3orponuoM Cayyae Toxe MOXKHO NpHHNTh ONpeasIe-
Kae 21 - 0nO OAHOJHAYHO ONPEeNefdT panapHyio OfRROBpeMeH
HOCTE H T@M CAMBIM OHO KOppeXTHO, Ha szrke adTHa BroMop-
(H3MOB OHO DABHOCHILHAD CEAYIOMEMY [POMIIHAKOMY OHpenene-—
MHIO;

ONPELENCHHUE 22. Tosopsw, uro ¥ panspHe onilon~
peMeHHO o OTHOCHTeNLHO HaGmoparena ¢ , €caw npu OTO-
GpaxedHk w. A, A, wx =X , offnanawmem TpeMsa CBONCT-
paMi &), 6) ¥ B), okalpBAeTCH, WTO 1 NpaHAane KHT H.BA=-
pPHAHTHOMY MHOXECTBY, O3nayeHHL® CBOKCTBA TAKOBLL A) Ma-
cwra6 Ha € re MenaerTcs: 6) BCAKES nBYMepHAs INOCKOCTE,
npoxopsmas wepes ¢ , NepexoauT NpE «w B cebs: B)p<ge
D wg<wp , Te. pYie p-

Yxe B HIOTPOIHOM Cny4ae BO3NHK&AeT TpyaHOCThL C TpaH-
AN BHOCTHIO OMHOBPSMEHHOCTH! €C/K X My pAanapus oaHo-
BPEMEHBB OTHOCHTONLHC HabnoRaTens f" v 8 y ¥ pana-
PHO OLHUBPEMEHHE! OTHOCHTONBHO HaGRAATEAs (, , TO X H
2 B0oOGlIe roBRCOpS He ONHOBPOMEHEL! pafapHo HH OTIOCHTENb-
HO f mu oTuocutensio £, (Kpome Cayuas, xoraa & n £,
BIGHMRO HOMOABHAKNE!, Teo. npsmvie £, u f’z napannenbnm)
fopasno Xxywxe ofCTO¥T neno B aun.so'ipouaom cuyyae, B xawm~
nofl NByMEepHOR NACCKOCTH MHBAPHAHTHOE MHOXECTBO CyuwecT-
pyaT # seaueTes npaMmolt gumueit. Bce aTH npaMue npoxonst
yepea obwylo TO4KY. Onnraxo B o0mWuM CHYHae OHH He 0Bpady-
10T naockocTd. [ToaTOMy OTHOWMSHHOG OUHOBREME UHOCTH ASI86T.
CH HeTPAHAUTHABHLIM [RAKE MO OTHOWRHUIO K ORUOMY kK TOMY
*e Habmoperenio: p PanapHO ONHOBPEMOHHO ¢ OTHOCHTSAL-
Ho £ , q PpAKepHO CAHOBPEMEHMO ¥ OTHOCHTE I BHO TOrQ
we £ 4, HO.p ® 1T He ONHOBPGMEHHL! PAKAPHO OTHOCHTO/b-
o ¢ . MHoxecTBO COBLITUE, ONHOBPEMEHHLIX aaHsoMy (OT-
HOCHTERLHO HAOGHIONATSNH), OKA3ILIBACTCA Her/N1ankHM B HAH{pe-—
pPeHUBANLEO-~TONONOMRYECKOM CMbICHE MHOTrcOGpasueM (B CMhl-
Cne BHOKEHHOro MHOroolpasyf), T.@. MN'GOMETpHYACKH 3TO He
"nopepxuocTe”, [lpaepna, 970 RPOCTPAMCTBO MNO-{IpemHEMY HME-
eT pPA3MEpHOCTL n~1 ® pasgenseT OBA W =-MEPHLIX NOANPOC-
TpaHCTBA, Ho Ha HOM YXe Henb3s BBQCTH I'N&ZKOil CUCTOMBEI
KOOpAUMHAT, KOTOp&s COMIACOBLIBANACH Dbl € MIankoctToLic 06%L-
eMIIIOLIe O An ., Hakoreu, npi onpenepenuax 21-22 prinonks-
@TCca chaenyiowas NHapajoKCansHas Teopema:

TEOPEMA 18, Ecnu ynopanouemue afiswTefHoBO M CYle
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CTBOHHO KE H3OTPONHOS, a OQHUBpeMeHHOCThL NOHEMARTCH B
panapHoM GMBICAS, TO ONbIT MalkenbCcows NRUBRENET K yMO3a
KTOYe U0 006 H3OTPORHOCTH CBETODOTC KoHyca, HMaade: papap
KuiM ofpasoM HEBOIMOQAHO o6gapyxuTs AU%30TPCOHIO, |

PakTHY2CKN »Ta Teopema (HO snHO He CHOPMY—MpOBAH-
Hasl, 4 BLIaRHraeMas B BHAE .OTAGALHLIK HPHMEpPOR, 384ACTYIO
HOXOPPEKTHO MOoAAHNHLIX) Opula YyHOAMEHTOM RAS HAHAA0K TeX
AHHIOTPONICTOR, KOTOpLI&E CTPOMHIECL OTESPTHYTBE-ORPOBEpPr-
HYTh TROPHIC OTHOCHTeNLHOCTH. Kax 61 HY OTHOCHTBCH K HX
HaMeps HHAM, TIOpeMa gBMeTCS POCKHM Q0BOAOM B HONL3Y
TOr'0 MHEHHMS, 4YTO pafapHOe oNpefelieHHe HeUeecoobpazyo
npyapmars kax SAWHCTBEHHOE, xax “oadoanaysoe’, xax
*abcomoTuoe”, "kak camoe BapHDe”,

[1pi{ nepexoge Cc TpeTbero Ha BTOPOH YypOBAHL PACCMOTPE-
HAZ BOOHRKRIT ACUONURTONLHBIR CAONUOGTH, SCAR B Kaxnoil
TOYKE p € M, KoHyc O CTM H30TponaH, TO MHONMECTRO pa-
napso onuonpemenamx Hymo OTHOCHTENbHG BAKTOpA X‘GO:' co-
Gurtiit asngerca ( N ~1)=nhocxocruo b £, =T, M & noromy
MOMST PACCMATPHBATLRCA KAK FHIepN/IOCKOCTH, KACATeRLHas
K HeKO YO poil r‘aneprxoaerHDCTH. B cnyssae, eciik BGKTApHOe
none X (“cncTema orcueTa” kak QHa onpepensaack AnA
BTOPOIO ypOBH: paccMDTpeddd B §5.6) yuomaeTaRopaceT HIBe-
CTHBIM YCROBHAM, TO MOUO TOBOPHTHL IPO "HOBEpXHOCTHL OQHO
BPeMSHHOCTY QNA NOHHOA CHCTeMnl oTcyerTa’. B auuaoTpon-
HOM K¢ Cay4ae 9TO MHOMSCTBO HArJANKO B HyZe NN Kaxno-
ro 'T"P M , @ TOTOMY eaHHCTBeHHLIM O6BIKTOM, HKOTOpLIf
MO BLl BOIHMKHYTHL Ha >TOM {IyTH B BUAS axanora "nosepXx~
HocTa onsoppemessocTy”, okaswvmaercs HHIAE HE [HePE
PEHUMPYEMOE rtononoruveckoe (n ~l)-MepHoe npocrpaso-
T0. Beip a B opmoilt ero ToYxe He MOoNEeT CYUeCTROBaThb
KaCaTensHoll rnepriocKkocTy!

Taxoro posa QHANNTHYSCKHE TPYAHOCTH 34CTEBASIIOT CKAG-
HATHLCH K ONPRAEeNEHHI0 OAHORPOMBHHOCTH 4epe3 OPTOTrORANb-
Hocte (9.4.8) BmecTo panapa., [ing MaOTpONHATo ChAyyas o6a
noAX0a8 papHONpaBHs H 3KRHPAASHTHL, HO B AHHAOTPONHOM
Clly4ae OHU CYyMe-CTBEHHO paanuydHsl, OTveveudse B §8.5
TPpYOKOCTE HPHBOAAT K TOMY, YTO OTHOWEGHUL OAHOBPEMEHHO-
CTH, XOTOPOS B KIaCCH4YeCKOM raARileeBO-HLIOTOHOBOM CNY-
qae GuI10 OTHOWSHMEM OBYMECTHHM ( p OAHOUDEMEHHO § ),
B sligwreiinosoM M3O0TPORHOM Ciyyae Opind OTHOWGHHEM TpoOX-
MecTHeM ( p opHOBpPEMEHHD g OTHOCHTONLIO HaGawnare-
na K }, nenseTcs B AHMIOTPOINHOM Cjaydae OTHOUWENHEM Yo~
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THIPE XMACTHBIM:  p OAHOBDOMEHHO 49 OTHOCHTeNRHO HaGno-
natens [ MO OTHOWRHUK K , 94TC dopMynoil 6y- neT:

3, (P XD A, 2 =0 =D, (10.1.1)

roe q = =p+% . N, xax yxe oTrmevanocr B §9.3, scTaeT TPy~
4uaf MROCOPCKAs, MeTATeLPRTHYSCKAA HpOoBa2MA: CulTaTh A
ONHORPAIMEHHOCTEL XapaKTepHUCTHKONM, PLenand HOPOKAACMOH H3
KayaaneHoH CTRYKTY pul, MAM @ QQHOBPEMENHOCTE ChemyoT
i@paspPLInHo CRISLIBATE C M@TPKUYECKeIl CTpYyKTypoil?

,Jlcesnounpod®tanewuya - "o@partTn -
M OCTHh Bpemeru'. Onepanda ptwsp’, CBi~
aainiaf C oUpPepeneinsM ORHOBPEMEHHOCTU M samuchbasMaz B
nouXonauwyx kooppzuatax { "aokapropwx’, YiopennoBnix”®, “ra-
mnaennix’) B BUAOE

t -t (10.2.1)
T - X S
nopoauna ydMy pas’i0bopoB, B TOM YUCHe H HEKP PPeKTHLIX,
CobcTreHHO, KOorga p34Yb AT © So/iblloM HHCRE pas’HnlX, XO—
79 M OIH3IKMX, HaCTPOTHX BHICKa3LIEAHUSX GONbLWOro %HCHA
nun, ‘onpopepruyTh” HUYero uesosMoxHO, Ho Mp noctapaem-
CS BHICTY B BTY TEeMy SCHOCTL, X TORA KeRAOLEMY, 3HaKOo-
MOMY C TCM kaAM HHoM BAPHAHTOM MEeTATEOPETUNCCKMX pasro-
BOPOB HACHeT OSpaTUMOCTH Bpenmedd, ByaeT BUAHO, B TeM HE-
KOpRPeKTHOCTDL HMEUIO TAKOro=-TO BAPHAHTA,.

3avela oTHOWmeHda £ < ¢ Ha ofparTHoe g < p HasulBaeT-
¢a yaue BCcero "obpaueHdeM Te HeHHsl BpeMenn”: b KoopauHA-
Tax 9To 3amena t ua -t . YTo coxpasnerca B & MIUKe
QY TUKOM ODpamerull, a 4To ue*r" Bece re gakostl, B dopMmy-
AUPOBKY KOMX BXOAUT TuABKO t* am /2t COXpaHTOTCH,
KONeHUHO, A 3TO QOBO/MBLHO AUHPOKKI ENaCC aaxQios M paspe-
nop duoukd, Bonaonoe ypapHeuna 2.4 Ju 2w D, Du

2¢! P ’?: }’;1

OTHOCUTCH K HOeMY, ChNefoBaTe/ibHO, oGhaajacT [NOMHMO 3ATIA-
SARIBAYMHAT0 NOTCHUIANA €M@ ON8PEXAloMIM MOTEHIHAOM.
JopeHUOBA METPUKA OTHOCHTCH K TOMY Ke Xnaccy, Clenona-
TeNkLHO, BCH CHepHanLHaAA TeopHd o*ruocn‘renb tOCTR "CHMMET~
pr4ytia OTHRCUATS ALY ODpameumx BPQME}{H . HO:"TOMY 3agacTyiy
rosopaT nNpo "oGpaTHMOCTL, BPeMeEeHH B (JyHRAMOHTANBHLIX (M-
oudeckix TteopHax”. Tax xox To “Bpems”, koTopoe cornacyer
Csl C SMIUPHUCKEM MATEDIANOM, OUCBUIHO HeoGpatUmo (n
TOM CMBuICe, 4ATO HMKTO HE MOXKET HI NOHCUALHIKA BEepHYTh=-
ca B [IpeAbIgYyiltee BOCKP2CESHLE M NAREXHTE YHKSHD 3aloM Ha-
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nepen), TO UHAOTAA TOBOPAT NMpPO "Ap AMATHYECKOO NPOTHBOPE ~

yue ToOpHHM ¥ npaxTHER’, Ha mene cuTyauus He CTONL Apama-
THYHA - TAOPHA TOxe He [0aeT noaxoit ofpatumoctu, Bens
PUBYKE HE CRBOLMTCH K JAKOHOMBPHOTTHM, KBAAPATHYHLIM IO
Tt . Hanpunmep, yxe B HLIOTOHOBOI (X 3BEXKE Cy- W eCTDOBANA
Takan GyRABMeHTan-HAN (RMOKWeCKag TOOPUH, KAK TEOpH f Tei-
NONPOBOAKOCTH, B KOTOpOM OCHOBHLIM ABNHOTCR ypAaBHEHUS
Vw ’blif- 2hw

—_— A L = . {10,2,2)

¢ dx* ?y" ox?
CHo, xoHe4Ho, He wHPAapHaHTHO oTHocHrTennuo (10.2.1). [Nos-
TOMY BCS Ta (uBSMxa, Koropasd MMeeT Aen0 ¢ HarpaBaHKeM -
NMpOBOAHEKE MM I0a TOKOM, [opemenlanilleroCa ni B Cpepe Te-
na ~ ymxe nNepecrTseT OmTh CHMMOTPHYHON M, CIenODATENLEO,
HeT Toro *palpsiga Teophd € HpakTHKOI "y 0 KoTopom Bocro-
KOATCA YIOMAHYTRIE MLCIHTEIIM.

Ho naxe M B TeX QUCUMINMHAX, B KOTORHIX (UIyDHpyIOT
HCX/TIOMUTORbHO BLDAKERNs1, HHBAPBAHNTHLIE OTHOCUTEILHO
(10.2.1}, HeT npu4ul yreepxkanTh "06paTUMOCTE BpeMeHu”
B TE&MIIOpafibHOM YHHUBEpCYME M Mamnmym, 4TO MOXHO ¥
BEPIKALSTL, — 270 “obpATUMOCTDL Bp@\defm B BOOOpamaeMoM
KacaTenbuoM npacTponctee |, M X yausepcymy M, B cobui-
THE p € M . lToscuuMm ua upiMmepe, B xocMos-ordu pacnpcc'r-
paHGHA MOTPHKA ofs¥ = ofé — R ‘(¢)de? , tne dp  ~ uscTO
UpOCTpAaRCTBeHHAR, JTAa METPUKE, ©CTECTBCHHO, HHDAPUAHTHE
OTHOCHTENbAO 3 aMeHut

ga}i — — ot (10.2.3)
ofg: by d’9

3

HO TORYHAOMDBIO H3 HEe XOCMOMOTANeCKHe DOWEHMSN, KAX H3bBe-
CTHO, He O6paTHMb! BO BpeMeHE {(HeT + — - 1T ), Heawas
CMeHHTh NOCRCAORATRNbLU-OCTL RNEpHLIX DeAKHHR, HAyWH X B
3aPUCHMOCTH OT yObIBAKHE TUMOTHOCTH BewecTna, o6paTHOH
MOCN2N0BATENBHOCTLID peaxy uil, XOTopuie wWiA¥ Owl © BO3IpPACTA-
seM nnorEoctH, Mng eue Sonee “uyncTuid? npumep. Faccmo-
TPEM B OfLmMHOE 3BXNANCBON reoMeTpui Ha NAOCKOCTH KU bbe-
PeHUMPYe MY KPHUBYID \ . Ona ameer KACATENBHRYIC B Kax-
NOA TOYKE, TaK 4T0 HHOMLATEINMAMLHO 3TA KpHBaAs CHMMET-
PRYNE OTHOCHTENBLIC CBO2H HOPMANK: KACATe/bLlAs, Nepeeep-—
RYBWACYK, comnangeT cama ¢ cofofi. Ho #a aTol nH)pmuuTO3H~
ManbHOR  GHMMEeTPHM, XGTOpas, COBCTBEHHO, BOCXOAHT HCK—
AOYUTeNBRO K NUPORDOHUHPYEMOCTH KPHBO# R HRYeI'e cleud-
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duynoro ann AAHHOH xpwsott 4  Ho conepmmy - uMkar zenb-
3 3AKMOYMATL O KAKOR 65 TC HR 6uino racHaasdcoll CHMMET—~
pHH paccMmatpreaemoll kpusCcH, MoiHo B3RTH mapadany, TayTO~
Xpolly, CHHYCOHAY, OPAXHCTOXPOHY, COMPANE - KpHBAS MOMST
BHTRCH KAK y£0ogHo, a4z U BLl Mapko, 6e3 M3INOMOB H TO4eK
BO3aBpara., 10T, KTO ApaMaTE3YeT “npOTHBOpeYHe” TeopHd BTO-
POrc ypoRHA PAacCMOTPAHHA H OMIUPRYECKODNO wakTa HeobpaTi-
MOCTH CTapceHHs, CoBepwaaT HMeHHO Takylw OCwuSKYy HnepeHoca
AHOHHEHTE IRMARALHCTY ¢BOHCTBA HA rnoéannHolll ACOEKT,

Ho cux mop Mbl OCTSBANHCL B pamMXax MIOTPONHOre ciy-—
yasi, B AHUAOTPONHOM e Cnydae, XAK CKa-~ 3aH0 B OPEALIAY=
el pyOCpuke, HHRAPHAHTHO2 MUOKECTBO OpH p¥ — p~  He Oka-
3LIBAETCH NMIOCKOCThyy, JHAYHT, HE Cylle~ CTBYeT KOOpAHHAT,
B XoTOpuIX Bupine Gu soamvonklo (10,2,1). Tagum obpazom, B
AHM3OTPONIION chRyMAae © camMoro aayana OTCYTCTBYE
“eumMeTpus npoutRoro ¥ Syaywere”, orCcyrcrayer To6paTH-
MoTThE BpeMeRH”, Mogkiuo [0 HaHTa3HpopaTs, 4TO, TAK XaK He-
o0p aTHAMOCThL €CTh #5/¢HHe KYMYASTHBHOE, TO [OOCTATOYHO Ma-
naro, HEYTOXAONQ, OTKIOHRHHY OT H30TponHy, nabnl BO3HUKIA
YCToRgUBAd aCUMMEeTpRE BpeMeru. B aTol HReo.1orud UH3oTpo-
NHAY MOMNENEL BRIIVISOHT K&K BCEerc Wik BLICOKOMAIUSHUD O
BAHHAS MOASNb OONee pealCTEY2CKOTO AHMIOTPORJI0TO CHy-
qag, a npe TAKKX yonopusX ‘o0paTaMocTs BpeseHx” penaeT-
Ca HeBO3MUOXIHOH pawke HA TpeTbeM YyPORHE PACCMOTPRHMIN,
nonpofinema CHEMARTCH NOIDCTLIO,.

3. Mnepunannsqasg cCHCTEMa o T —
cCqe T " M Be@pU®HansHDL A H a6 -~
AW A Aa&Te I b Bygem BEeCTH pacCMOTpeHIe Ua TPETHEeM
ypopHe., Kaxk ¥ B §0.5, paccMaTpUnaeM HiepAHANLHY,w CHETE—
MY OTCYeTa, T.®, CUCTeMy RApARACNBHLIX BPEMeHHONOAoBHBIX
npaMex € B A, . Cornacao ckasaxuomy B §10.1, B naor-
PONHOM Chy4yae OAUOppeMEeHHBIMU ANY COObTHa p GyRYTF BCE
COBBITHE X , KOTOpLIE NexAT HA NNOCKOCTH, OpTOrGHANLHOM

+ Tak Kak Bce upsiMmaie y HAC NAPANNENbHLI, HHKA -KUX
TPYOHOCTEH HE BOHMKHeT, JTO onpejeeHHe BIOJANe COriacy-
eTCH C TOH QyHKuUuel BpeMeHM, XOTCpas K&XKAOMY COHBT -HIO
X comocTapaset gary €, , pasdyio abduHHOl xoopauHATE
ua opamoit €, B oTmuque oT HABIOTOHOBA Crny4aa 3a¢Ch B
RpocTpadcTse (7.9, B LaKTOp~yRHBEpCYME A» [f ) momer
BpiTh BB@OCHA NPOCTpaHCIBEHHEAN MeTPUKA ¢ - BBemeHa HCK-
AOMHTeNbHO U3 OTRoweHra < o JITO Ta camas HopMma {)...4,
koTopas ¢urypupyer n {8.4.1): mockoamky peyh woeT of H3O—
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TPONKOM Cny4&e, aTO oOuniYHas apknrnosa Hopma (paccToa-
nne), Bass Tenepb HexkapTonn (npamMoyronsHbie) KOOPARHATH,
HONyYuM ang Ax npeobpalobasusa npH Nepexofe 0T CHCTEMb
- - 4

orcuera ¢ npamoit £ x cucteme oTcuera ¢ apsmoit & (u,
COOTBETCTRERHHO, C OTHOCKTEALHOH CKOPOCTHI ¥= th i’ )
TAKNG JOopMyNnEDL

~1/2 - -
{tt—.(‘“vl/‘:lj/(t*'vx/cé) — e
3 s e vx (V%) -
% ea (1w E w0t e vimaTe 2t ,{10,8.1)

€ €+, - U (e x)
Es—oi'c+5'=o +:$-::-5.h'nd > ——3 ~(4"“’5““) - {10.3,2)

3pcch &€ -~ yron nopopora (B T;‘emepHDM npoCTpaKHcTae) of-
HOd CuCTeMul OTCUYLTA OTHOCHTS/ILHO APYyIOk,

Kax ymwe ormMevYanock, CINOp A8 PHEAOM e DPA3INHYARWT {10
HATHR “nHepumaapHas cicTeMma orcyers”’ u "HHepudAALHuEI Ha-
Griogatenn”. Ho HepBOe no onpepeneuyio €CTh BOKPHITHE [IPO-
cTpasctea A, npamumu £, T.e. N0 CyWECTBY 5 ~Mep-
unii o6rexT., Bropoe - onHa npsamasa £ , T.e. OGLEKT OOHO-
MepHbpil, © HBYYECKM BTOPO: MOHATHE SIBNKGTCS BHOJHE onepa-
UHOHANBHLIM QGBeKTOM, & A8 KOHCTPYHPCOBAHRE HepBOro Heob-
XOQUMO SANOIHUTHh BECH MWD BoOOpaxaeMbMH JIMHHAMK TOXa
peuecTea, Ho mig cnyyas Huepumaqntnik Habawopareneil B
CneuualibHok TEeopuif OTHOCHTENHL ‘HOCTH STH OTAHNUS NOYTH He-
IRauAMBL, HOCKoabKy cuctema orcyere O4H OIHAHHO 3ARA-
ZTCH yxasauweMm wsaSaopaTensd ¥ obparHo., [lopepX HOCTH o=
HOBPEMEUHOCTH ANK OCOWX NOHATHA OAMHAKO Bbl — PHOCPHNOC—
KOCTh, OpTOTsHanbias oaloMy (M motoMy BCeM) Habmo AaTe-
ne, Ho cosceM nHoe 6 yaeT B HCKPUBIQHHLIX MHEpAX, HANDH-
Mep, b TakoM OpacTos, Kak MUp ae CaTTepA.

MHOxeCTB0 COGHITHI, ORIOBPCMOHIEIX COBLITHIO p + IpoO-
uzouesmemy y gabawonaTens £ .» Mupe pe Csrrepa (cm,
58.6) Toxe oxasnBaETCR HMNOCKOCTh opTorodansHoli £
Datel He 3arpoMoxpaTh U3NOKMCHHS [EOMEeTPHUYECKMMH NoupoGa
HOCTAMU, OTpEHMYMMCEA ABYMepHmM Caydaem. Torpa "nopepx-
HOCTh OAHOBPEMEHHOCTH” - 970 HpsMas (NpoCTpaHCTHE HHOUG-
nodias). Ywme TyT BozukkaeT Rapanokc, jleno B ToM, WTO o
3aK0HAM [OeCHTTeponoil reoMeTpHH BCe NepHeHOHKYNSDbl K
upmmoit € oGs3- uTenbHO NepeCeKyTCHs B OAHOR ¥ Tol xe
Toake W Ha paccroumps TR ot apamoll ¢ . Takum 06-
pasom, coBwTae w OKaapiBazTCcHd "BOYHBIM MTHOoBeddeM” pasd
adamnaTens { , ecny onuO-BPEMEHHOCTH MOHMMATL B Da—
RapaoM cmbicne, Quu ssaseres MUIHOBZHHBIM co6bruem
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{ rouxoii), onuako ono OLAHOBREMEHHO KAXIOMY coB6LiTaw
y watmonatens £ . Ecam npoaonkaTh OTCHUT bIBATH ORHOD pe -
M@HHQCTL N[O OpTOrOHanbHEIM NODCPXHOCTSAM 38 STY TOuKy, TO
NpK 11pe BHiWE M pacCTOSHUA T R Bpemsa noreyeT B obpar—
Hy ¢ ¢Topory”, Koueuno, oT aTUX NAPANOKCOR MQKHO H36ARK-
TLCH 38 C4OT JNOKARLHOI'O pACCMOTPeHK:H, HC Hanuvude ux n06y-
MAAST OCTOPOXKHRE OTHOCHTLCHA K BLICKAILIBAHUAM, OTHOCSWUM-
¢ K Tepmuuam "spemi”’, "sHIponnA” B HM NonOBHLIM, HpEMEe-
HHTeNBHE KO BCEeMY MHPY B LEAoM,

Kax oGcronT peno ¢ cHcremoil orcyeTa, cocTofmeil 13
HHepuranbHuX wabaogareneil B pecurTrepopom Miupe? [Ipexae
BCEI'0 TYT BO3HRK&OT TA I'eOMeTpUYaCKAS TRYREOCTh, YTO TYT
MOryT  ¢yuecrpopars [LBE PA3HbLIE cucremut otcwera ¢ pa-
BHbIM LpaBOM MNPETEHAYIOWME HA TAKO2 HA3ABAHMe: NMPH OTCYTC
TBHY KPK BH2HLDI 5TH ABAa NOHMTHA COBRARANHM B ofHo. MiMeuro,
B 3BKANGOBOM caygae cucremMa apaMux, NEPIIEHOUBKY A 5P -
HBlX opsok ofmeil npamoid, aBTOMATUYECKH OKA3LIBAETCA CHC~
Temoit {IAPANNIEJIBHLIX npaMux. B reomerpuax xe nobaues-
CKOIl, Cdepru2CKOl, peCcHTTEpOBOH - e TaK, ITO [OPe pasHee
cucTeMil, 06e oarHakopo Ieogeaudecxne {nuepumanbuve). To-
YHO TAK e pa’iludalTcs H O0Bep XHOCTH, OpTOrCcHANLHbLI?E HA3-
BBHIBIM HydYKam np AMBIX: B NOPBOM Cyuae OHH Ha3bpAIOTCS
IPKHANCTARTAMYM, 8 BO DBTOPOM - OpHCdepamu. Ans Hac BaxHQ,
YTO HM Ta HB gpyras noeepxdocte HE COBIIALAET c anoc-
KOCTBLI0 -~ B OTHHHYME OT 3BKAMgoBa cnay4asd,. OGe HCKpHBASULL,
XOTH M NO-PA3HOMY, B OTAHUNE OT NPAMULIX, OpTOMOHANLHLIX
ApAMoH ¢ s B SKBUIMCTAHTHI, HE OPUOMKADI H3 TOI'O HYYKA,
XOTopLIk 3anaeTcs mpsmown €, HC NepeCEeKAWTCR HH B Xa-
KOil ofwell To4Ke: paCCTOL:He MEXAY HIMH — H3IMepdemMo2 no
HpAMOR COOTBETCTBYKWENO NyiKa -~ COXPAIASeTCSH OfHO K TO
xe. Tax mbl yemarpueaeMm, 410 naxe KAHECTREHHGLIE ceoie
ctoa “onuompeMeHHOCTH” palMUML ANA HUED UHANLHOIC Habio-
AaTens ¥ onad CHCTeMuLs OTCHeTa B3 HHepuuanbHsiX Habamopate-
neli, 3To O06CTOATENLCTBO -~ ofmas TPYAHQCTh, BOIHAKAOMAT
NpK nepexoae X TEM MOACASM, TA2 OTCYTCTBYET abComoTinul
Hap anfianyaM. '

- JonoaunrensHe 3aMeTHM, 4TO NpH HAnNW 4uu AGCOMIOTHOrO
flapannenuasMea [HpoCTpaHCTRBORpeMS obnapaeTr OGolaTod rpyunoil
apTOMOp(U3IMOB., B oThgune OT aBTOMOpPON3MOB HRITOHOBA YIO-
pAnOuYeHus, KDTOpLIe, KX yxasayo B Jopmyne (6.6.2), mena-
Helldot o €, 8BTOMOpYHHIMEI NOpARKA NpR nocrynate Gmi-
3KONCHCTBKSA NPAKTHYGCKY BCerpa NMHHeliHL, a4 B H30TPOIHOM
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cayyae dopMannuo umewT bug (10.3.1-2) ¢ nobBamnenseMm eue
romoTreTuil

(£,2) = (At A2) , >0 . (10.3.4)

[oMmoTeTrn, kax npaepuno, HLHOPUPYIOT, OTHOCH HX K Macwrab-
HEIM NpeoBpaappasdaM {470, BUpoyeM, BeAeT K yrpaTte Pusn-
KamMKH aoHoll BamuOR nmoprpylnes, noapofaes CMm. Elﬂ). a oo~
Tomy rpynna Jopexna (10.3.1-2} BrcTynaeT B nuTeparype
Cpady B TpPEeX HNOCTACHX: KAK Ipynna ipeofpasonadnil cucteM
gTCHeTAa, Kak rpynna apecobpasopaHii HHepiusanbEmx Habmond-
Teae# # KAXK rpynna apTomMopduaMoB CAMOI'G NPOCTPaNCTBOBpeE-
MaHy, CMmewe ~xre ke oTHX TPeX pasinlX aCnexToBn HPEeBaTo
Nopoil KapOMHaNbHLIMY  PUSOCOPCKAME OWADKAMM, NIOHMEDOM
HEKOTOPLIX K3 KOHX CllyxaT padors /1, Anown,

4. B 3pussAaaan " Bpaiulawiuadacas
CHCTGCMHN oTC Y4 e T a FPaccMmMoTpuM OlURCAHHYIO
B §8,9 papwmbHyio cucteMmy orcueta, Ornuune sdvuTeludEG
Ccsyuas OT HBIOTUHOBA NPOHBHTCI ¥ TOM, Kaxodl OyneT noBOpX-
HOCTh O[HOBPEM@HHOCTH, JTA FOBEDXHDCTHL AOMikHA GHMTHL ©pTO-
roHQNbHE NYYKY NPSAMLIX, BLIXOONWHUX B3 opdoh obmel Toyxy =~
MOCKOALKY HMCGHHO »TH [IpsAMple COCTABRAKKT B3PLIBAYO CHCTE-
My, CrnenoBaraensio, 3TO NPOCTPAHCTREHHOHoaoGUaR Chepa b
ncesaodBKALAOBOM MpocTpancTee R, ¢ ypabieuem {8.4.1),
Ha taxoil chepe astomopdmamamy {10,3,1-2,4) mopanxka mugy-
uEpyeTcs reomerpusa JloGawerckoro. [losTomMy oxésbiBaeTCH
cnpaseanuneo#f noTpscapman reopema Mujua:

TEOPEMA 18, Onucauge yHusepCyMa B BUAL TOHUEYHOID
BApLIAA, CAYUMBRIUGrOCH Kolewnoe yucho € a8t HAlAd, ¢ NO-
caeaAywOUIHM 10 HHEPUMH paBHOMEpPHLIM pAaGerasusM BeleTTRA.
OCTAaIWEroCH B Or'paHdzeHHOM OGmeMe Cdeps! paxuyca ¢f  sp-
knupora npoctpawctba, PABHOCH/ILHO onucenuno Toro e
YHUBEPCYMA KaK H3BOYHG 0T —e0 [O0 oo CYUWACTBYOMEH
craggozaproil cucTeMit BRUIGCTE &, 3ANONHIIOMETO BeCKOHBY-
HoO JNo0aueBCKoe [poCTpadHcTBOo, rrae NKlas MNapa TOo4ek COx-
paHseT [MOCToAHHO® PacCTOoRHUG,

[Toxany#, Gonee CHNBHOIOC APFYyMOHTA B NMONLIY KOHBEHNWE
AN3MA HAKTO ©ue He BpIARUHYN: He caywaiino A A JKoaxos
CTOk PE3K0o Buipaxancs » agpec £.A.Munda. 'opaaaw Gonee
rpoMOBAKO NEepElOKA3&N MU CYTH Ty ke Teopemy A./l.3ensma-
Hop B 19580

C ppawawumeiica cucteMoli B silruTteliHopoM crAyyae l“Op&-
3n0 xyxe. llpexne BCOro, B NpoCcTpPRHCTROBpEMEHH CNONHANL-
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RO TCOpPUK OTHOCHTRALHOCTH HEBOIAMOXHO B3HTL BPAWAIYIO-
CA CHCTeMy, KOTOpAd 3anonHuna On peChb yHUBEPCYM. Tak
KAK BOKTOD CKOpGCTH B 3Tl CHCTeMa HMeeT BUN

(i‘-?ms,'n(d.,,wt)‘ ?m&oS(d*mt))O) . (10.4.1)

TO ClCTEMA MOET NOKPLIBATL TOALKO Ty HACTbh MUpA, niis
KOTOopOH

roe ¢ - pajnyc-pexTOp, W - YrIoBad CKOpoCcTh., OrpauHydm-
ca 3Toll 4aCToi YHHBEPCYMA, T.@. HE@KOTOphHIM MMIMHADOM. Ha
FPAlHNE @w = C KPYyKaTCs bpamamimueci GoTOK ", KOTOpLIS
cnnomgoll CTeHOK Kak 6Ll OTARMSIOT BPAULAWYIC.A CUCTEMY
MATEPH ANBHBIX YACTHL OT BCulO HPOHaro Mupd. AnR yaobcrea
PACCMOTPEHU R BQ3bMEM NOKE TOIBKO NOAQBHHY STOTC URNMHEL-
pa npu € > Q . Kax TyT o6CTOUT Heno ¢ “noBepXHOCTLIO Of-
goBpeMexrrRocTRY? Cpady BLISICHAETCH, YTO K BEKTOPHOMY IOMQ
§ 10.4.1) He cymecTeyeT OpTOINOH&NBHO! NOBEPXHOCTR. Crepo-
BATENLHO, BPAWAWIMAACE CHACTEMa MATepHAA BHLIX TUYEK He
HMOeT ceyeHull onHoBpeMeHHNOCTH B CMeuiche §10,1. TpeTee, yec-
nosHe B oapepeneHxy 13 Ka §5.8 nonaageeT TeM caMbiM Ton
COMNERHE = BU3IMOMHO /I OHOT

HekoTopslt Buixop Momer GbiTh naliged, Ho gpebaTnil ona-
CHOcTaMu, Moxio paccMoTpeTh AMRHH TOKa B 9Toll CHCTeME
XKaK HHTEIPANELLO KPURLIe NPH HAYANbHELIX YCIOBHAX HA Ceye-
qur € = 0 . Torne CymecTeysT ~ B SAHUCTBEHHLIH - BApa~
MeTp & , KOTOpLIY OMMHCLIBAST CPAAY BCO HHTRTIPANLALIC KPH-
suie noad { 10.4,1), npuueM oM agAUTHBEH BOONL KAXKAOH KpR~
POl &1 W3 wero He cneayeT, Syaro & =1, Ou mnome roaa-
nca 6y HA pontk "kKoopasdaTHoOro epamedn’, reM Gonee, gTp
MHOK2CTBO ¥ = const > 0 -~ 370 CHIISPNOBEP XHACTh, CEXY~
uana BCe NHHuH toxa., Ho speckL cpasy oGHApYXRMBASBTCA HECKO-
nbXo Tpyahocrel,

Bo-nepBnix, 3Ta IUNepIIOBep XHOCTE HE OpTOroHadAbHa, KO-
HeYHO, NHHAGM TOKa, [JosToMy onucanye B xoopaMHaTax
(#,x,y,2) COOTBETCTBYGT OUMCAUHIC MEpa HE B NPAMOYTOMb:
"H5IX, & B KOCOYronbiiuX cucremMAax xooppuHaT, HarnsaguEo sTo
TaKkoe ONMUCAHHS, KOTOPOQ@ MLl HMenm Bpl, ecnai 6b B HbBIOTOHO-
BOR (M 3HKe U4 P CHEUEAABHOI TCODHY OTHOCHTANLAOCTH OCh
TEMITON AT Ml BuiCupand Gbl He B BHAE NOKoswelcg MarT2pHans”
HO{f TouRy x = & , $=¢ , ®=0 , aB BRAe ABMKYywWell-
CH ¢ HepeMeHxHoll CXOopoCThio Todkk x » { U(2)d?. fcHo, cxonw
X0 nopoli Bopce HenpeONOAMMLIX daTpynHedndl nopoauno 6w Ta~
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Koe onucadue, YBul, B Cny4ae ppalawueilcs CHCTeMh Apyro-
ro QUMCAHHA H HEe MowkeT B6uLiTh.

Bo-BTopuix, BO3HKKAKT TeMIOpalaHbIE Mapagorcsi, Iobepx-
Hocty $ = tomf Koo-wem HanomusawT cdepst (8.3.1): kak K
C¢epni, OHH NOCNEMOBATENLHO BIOKEHb! OgHA B npyr‘ym. a Ipu

HanpaBileHHX K TpaHxyue {(t,x O}I\f:r- +y" £ } ) BEN0/i~
He HHON BpAmAanUHMHACH ¢o-rouamu, OHIt ACHMIITOTHYRCKHK K Heil
CTpeMATCA, NOAOOHO TOMY, Kakx C{epbl ACHMNITOTHYECKA NPHUO-
ORAKARTCH K KOHYCY ¢t = x +3‘+-z‘ Ho nocii.eauyii xouyc -
CBeTaBOH, 8 NOBepXHOCTb K3 BPANAIOUKXCS POTOHOB - BPEeMEH-
HonopoGuas, HoaToMy B oTnuyne OT Cyep OKAARIBARTCH, YTO
noBaep XHOCTR ¥ = onst  He mpoOCTPAHCTBRRAONOOGHLI JTO
A2 O3Ha4HAeT, 4TO RMETCH HapLl COGLITHH, RIH KOTORUIX p<g
HO -9 -,9 H Qaxe 9 > 19" , &, CNGAUBATENhAR, PyHKUNIo ¥ He-
:Ib:aﬂ anHSITb B Kawcnae daymm HOHAALHOPC BpemMaHH (CM,
onpensasHKe 3 ua §5.1).

ViTax, Bpamarpwancgd crCcTeMa MATePUANBHBIX TOUSK HEe
MOMET OuTh CHCT2MOIL OTCueTa B MPOCTPANCTBEOBPEM S UK
cgeuuanbuof& TOOPHH OTHOCHTEALIOCTH,
B.KocMonorugygyecskad cCRBCTEeMaBE
O TC % e T a B xocMmMoaorum 06 MYHO pacCMATPUBAIOT LMIIO-
roobpaspe ¢ MRTPHKOI

AR dr:{@’,mgx,ﬁ,a’a) . {10.5.1)

B cnyuae, xorna ~ Kak OOLIMHO INPeAlOISAraeTCH = BHIIOIHEHE!
ypapHenna [unsbepra~3itHwTeliHa B BLRWNCTRO OpencTasisaeT-
CH B BURAE KUAKOCTH, OOR-HOCTLIC 3agapaemoil MACTUICTLI @
1 AABACHHEM p , OKA3LIBAETCSH, YTO TPASKTOPUH :c,a,;z:wnst
CyTh IeOofe3HYeCKMe ¥ AUHNY TOKA »TOr'Q BeIUecT Ba. llipu
3TOM DHM 34n0aHa10T 683 CHUrYRSIpHOCGTAll HeKOTOpPYX ob6H&CThH,
KOTOpas o0bMHO H npdrémMacTCH 3a Beenennyw. Ceyennn

€ = wnst oKaaLBalTCH NOBEPXHOCTAME, OPTOTOHANLHLIMH NH-
dusAM Toxe, B 3ToM CcMbBIChe cucTeMa OTCweTa muiBpana ynag-
HO, HHKAKHUX TPYAHOCTEll HeT, ee MOXMHO faxe HA3BATh “HHep-
nuanbBol®, Henogobue TEX HHepUMANIBHBIX CACTeM OTCHETa,
4T0 Ml paccmarpysen B Mupe ne Currtepa, Ho sarpyanenns
BOJHAKAWT CoBCanM HHOTO lInana,

MriaHHG, HEBOSMOKHO QAKTOPHIOBATE YHHBEPCYM MO 3TUM
NUHUHEM TOKA T&K, 4ToOb B HOAYYeHHOM TCOHNORCTEIECKOM HpO~
crpeucrTee (Co6CTBERHO, 3T0 OyAeT mnaxke rnagxoe Maocroodpa-
aue) ymanoch Obl BBGCTH HACNOACTBOHHY MeTprky (cp, coob-
paieHne, BhICKA3AKHbI Nocne onpepeaeHus 13 » 63.Gj. Ana
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NeCHTTEPOBA IPOCTPAHCTBOBpEMENN Takasa gpaxropusauda Oriia
e BO3MOXKHA, XOTa U NARAMIA DA3HBIC DeaYyNLTaThL ARA DBAA-
HbiX DYYKOB: ANd nyyka NpAMuLIX, OpTOTOHaANLHBIX O6MWMEH naoc-
KOCTH, NoAywanocs cyepryecxoe { n -1)-npocmpaicreo, a anr
Iy4ka [NApANenbHLIX HPAMBIX — IBKNKACRO { n -1} -ApoCTpaHcT:
BO. B popmyne xe (10.0.1) Merpnka “coBCTpeHHO IpOCTPAHCT-
pa” MeHseTca B aaBHcMmMacTH OoT €, NO3TOMY Henb3s TOBO-
PHTEL HPOC OAHY i TY X2 MQTPUKY BAONL PHEKCHDOBAHHOI JHHKE
TOX&. BOT xabu MeTpHKa He MeNJNach BUGAL MHPCBBIX AZHHKE
CHCTEMbBI OTC4eTd, TO €€ NPOCTPAHCTBAHHAR 4aCTb FOLNHAACH
Cbl 8B KBYECTRS HACAeACTHRAHHOR MeTpHEM Ha CoOCTBEHAHO-~IDO-
cTpaeTie. Tokos cayuall cTamumoHapHBIX MeTpPHK, HO KOCMOilo-
FHYeCKaa METPHKa He CTauMoHapHa, [10aToMy B XOCMOJIOTHH
HE HCHONbLIYIOT enAMOTo noasTHs “apocTpancrTea’, 3a “npocT-
paHcTeo” npumimanr ue paxrop-yumeepcym, a CEYEHUE sro-
I'o YHUBAPCYMAa NOBEPXHOCTLIO, OPTOTOHANLHON NUURSM TOKA,
T.e, I'OBOPAT MMwb O “npocTpadcTse Ha paty T =1 *. llpen-
CTapnAeHHe O UPOCTRAaHCTBe KAaK 0 CHCTeMe MaTepHanbHbhiX TO-
yex npuwagnexur Ilyankape. [lpencresnesye 0 npoCTpasCTee
KaK ¢ CONEHHHN B [POC ThAHCTBOBpoMeiln npHRannexuT llananio
{ anpouem, MoxeT 6uiTh, B llyankape u [lanans uMeny npeguie-
CTBEeHHHMKOR, 4 aTOl0 H2 UCccneaosan). DinumTelid paspenus
poagpeune [lanans (s He onao, wNTan ¥ OH 8I'0), ceidyac B
(UIMKe MPeHMYCCTBEHIO TPaKTYICT "NPoCTpaHCTBO”® xax ceys-
He. Taxoe nouumavite, X&K Mul BHASNM Ha UPHMOPS BPALAK-
Weica CRCTeMSs!, KUOIQA YKacCHo, K HOROGHLIM YKACAM OTHOCKH
TCA B KocMonoryueckoe pewedue [épena, Ho neppoe noxmma-
HAC TOXNe, KaX RHAHO Ha NpREMepe XOCMONOTHH, WHOLAE HeBOI-—
MOXLHO,

Ha cote iy t = ¢, HaCNeACTBEHHO BEORUTCR METpHKA ofs =
.._R('t yde ' npnspamamuaq @ero B PUMAHORD JIDOCTPAHCTEO C NO~
JomHTeNLHG onpegrnasdolli Merpukoil. Ho ¢aM0 2T0 ceuyenne -
oGMmanyuBwil KooppugaTuwnil apTegaxT, BoT npumep. Oana MeT-
PEKA AycTh OGypeT:

2 1
di* = dt” - & da* a = wonst  {10.5.2)
a2 pgpyras

os* = Jf (1 - ) a'lf K L x‘+f+2‘_( 10.5.3)
Torpa e fepeofl KPOCTPBHCTEO HA CEUEHHN 4= 1‘2-’ SBKARAOBG.

Bo -propoft Ha ¢ = ¢, sanasa merpdka npocTpascTsa JloGauen-
CKOFO C xpuBuonoll & = 0 , Bpope 6l ~ padHuieé NpocTpasc-
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rea., Ho maTtpuxa (10.6.2) sMoxer ObITk RpeofpailobaHa Ha
obnactu t> 0 B merpuxy (10.5.3) npocTum npeobpas oma-

H{eM KOOpOHHaT:
€ e Verox? '
) {10.5.4)
o zc

Cnegosatenpic, "COGCTREHHO NPOCTPAHCTROY -~ KOOpauKATHEII
apT@GaKT B XOCMOAOTHI, JoALMAHOB fipubes K 00fee pasHTe-—
NbHbI® OpHMEpsl Npeo BpaszcpanKA KapT, npH XoTopulx ‘kouey-
HO® NpOCTPaHCTRO” nepexoauT B “GecKcoHeyHOe NPOCTpAHCTRO”
H TQHO

Mp aHaemM, 4TO BCAKY®R TeMIOpaNLHYK WKany MONHO mepe-
rpaiyuposarh IpakTHYecky nponaponbuo (cM. §6.4), Kax ag-
CTOMT [eno C rpadyHpoBRKOl BpeMeHHON xoopaxsaTs € BROaL
mapd Yoka 8 (10.5.1)7 C oaxoll cTOpOHL!, OKA3LIBAGTCH, HTO
€ ectn pnuua ayru (oS reonesmweckoi, Tak uTe BHGOp Ta-
KO0 UMEHHO BpeMeHR ecrtecTeeH. C upyroli cTopomrsl, CooT-
Be@TCTBYOT NH OH NpeanaywunM onpepenesysm? HMmewso, sep-
HEeMCH K PAn8pHOMY ONpeRene sy ORHoBpeMeBHOocTh (onpene-
menue 21 us §10.1). Cornacuo snemy, coburue ped on=OD~
pemennc x ¢ £ , ecaw Ha € Halnyrca p. M p, Takue,
4TO CBOT, HCHYUIGHHBIR U3 p, B AaTy t‘nt’ - T , AOKAGT 1O
£ , orpaaurcs n sepuercs K £ B coSuTitk P, B paty ¢, =
tT" ., npugem no onpeieneHHId X NOAYYAeT LATY to= t=
=4 @, v, ) [Tpumensas a71o x (10.5.1}), cpeay noayusaem ycno-

BHe; ( t ) -t-a
Lt + s
e —g/-(% (10.5.5)
< R(£) % ftl"'tx)

InpRr 'nponaaunbubm t, # €, . OHo BLIOAASIETCA TONBKG, OC-
a4 NPOA3BeCT-H aaMedy bBpemeHs no (5.2.5). A Torpna B ¢msu-
YOCKO K MHTSPhOpeTaudK Cpasy MHOIOe HaIMeHHTCH, kanprvep,
OTnaneT MPHBLMHEN cmocof mojy¥aTe "kpachve cMeuedHuc”,

O mpyrux uaMeHandax Mp yme ropopERK B §5,2. [Jo6apuM He-
Muoroe, O6emuo B uaske L{0)= O , 370 OThReuaeT *BOIHH-
KHO BeREK” unx "reopeumio® mMupa npH *Gonsuwom Bapuide .
Ecnu dyuxuua R(¥) rnankas eSnusk +=0 , To Torne oo
IIABHARK HACTL MMeeT BHR £ , Ige k uence NDioKATaNb-
HOe, a NOTOMY NpH YRKA3a#HO} 3aMeHe WKAaNL BpeMesHi Hava—
N0 mMupa OTOABMTAETCH HA € = -o00 pMecTo =0 1 R Mup
CywecTsyYeT B24HO B TakKoll rpagyupopke, PRIHKH U3 BHE €O~
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MEQTPHYECKEX COOGpameHHll MonarawT, WTo B6MMs3M T = Qy HE~
ug R{%) eener ceGa xax ¢ , e U<« <], Torga Hawa
rpanynponka {5.2.5) He ycTpasseT “wadana Mupa®, Kak H DuR-
cano B §5.2. Ho szaro ncraer yxke MareMatuveCkxil Bonpoc:

a4 paspe 3axoudo B reopuu ITJAOLHX mMuarooGpasnit paccmart.
pPHBATL HOrAanxyio qyuxuwio R(¥) 7 DTo caurynspHocTb 60o-
nec dHaMUMAd, HeMeldl CHHCYNAPHOCTL PRAAKO! MeTpiik# B TO-
yuke t=0 .

Mubl aapgepkaadCh Ha npuMepax CUCTeM OTCYeTa NHDTOMY,
4TO AOBAABHO YACTO 3THM HOHSTHEM [OILIYIWTCH HErpamMoTHO,
D ConLUMHCTBE Cayqaep peaylbTarhl NoNyqawT pepHsie, HO
ATH We POBYNLTATH MOk HO [IONYUHTL APYI'HM CROCoGOM,He
upuferas K COMUHTSALELIM nodaThsM, HHorna we g camu pe-
saynprartn owHlboydsl, BO BcakoM Cayuae, ONHCAHHAH YNEpECno-
nocHuEa NOTHYeCKRHX HeCOOTpeTCTRUI NOYTH nGelna NpHUCyTCTBY-
€T b UINOMeHUdX, nprHapfiexaurx dHagxam, NpuyeM cpaered,
HTO 4eM dHonK Kpyunee, Tem Oonbuwe Henenocteill cu cebe no-
aponneT (DiRwTeliy W Yunep ToMy npumepnr). [loxeaylt, eanu-
CTBeHHLM HMCKAKYeNMeM 23ieCh cnyxnr Wpénmirep, mumymai
fesowlBoYHD, A 3TA CHUTyauds, XKOI'Ao TAaKHe ABTOPHT2THM, KAk
Jlagpay, ¥unep, Dilguwrreitd, noasonmioT cebe "poxa--anmare”
I10CPeLCTBOM AOMHYECKHX HEJenOCTell, NopowRasT OTBeTHYIQ,
HO yapy4aouyw peaxkusio B supe uyGnuxaunid [euncosa, flory-
HoBa, TanxiHa 1 nBp.

GO.HeBoamumuoc'rb He KO TOD B X
CHCTEM O T¢C 4de T a DBpyBpuxke 4 Mo YERNEAH,
Wre BY AMAIMAUCH CHCTeMA DTCYETA HBeBOIMOKHA B CHenMallh-
HOW TeOpUH OTHOCHTeILHOCTU, [I0 BCce-Taky ciucTema “CHHXpPOW
O BRSWIAKLUIXCAY MATepHANLHLIX TOYGK, AYCTL HE IOKDEHBAK-
Wasg BCEGrO MUPA M He yAOBMASTROPAMILAN UYHXTY 3 onpemnsne-
K 13 §5.6, TyT cywecreyer, Celduac Mul NMOK&MEM, YTO BO-
ofuwie TOoROpHd [AAaXe CHCTEMb MATOpHANLHEX TOYEK, KOTupuie
HQOI'DAHHYOIHO BU BPCMEHH INOKPLIBA&NH XoTs Obl OPpAHMYQHHYI
B OPOCTRAUCTBE OGNACTH TEeMUIOPANbHOrC yHHBEPCYMA, KaNcKo
He pcarae CyweCTayeT .

PaccMmoTprM onmcanunil B 83,8 Mup, nonyuedusill bLipesza-
nnem (8.8.1) # Beepennam nopsaxa {8.8.3), nononuue ero
HECMeACTBEHHOl THANKOCTHIO K MeTpuXoil {Kpome Touxku 0):
e, puc. 19, [loxenaem HOCTPORTH CTBUHOHADHYK® CHCTOMY Mo
TepREnLYLIX TONEX, T.@. B3AEMHBO-TMOKOAWAXCH, [icnu coorpeT—
CTBRRHY 061aCTh Mb! BpiGepeM fpapee AAY Nepee TemNopalb-
ot ocu T {rToumnee, npu ¢ $¢3 =10 och x =@ , a nput >0
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aTO PeaynsTAT CKaeusauusa aygell £ =ttho u a:::-'l.':‘éfu )
TO HEurAXEX ApenarcTeHil y #ac He BoaumkasT, Ho poabmMeM
orpeaok T = . < ¢ ,-x,<x <X, B nposeneMm 4epeld  He-
ro pCe HOMOORBIDKHEIE OTHOCHTE NLHO 2 TPASKYTOPUM, DTO
Oyuner cemelicTBO NapanneanHpX NMpaMuX, kak B §6.53 # §10.3,
OHnKr opTorosanbHul B3STOMY OoTpesky. Ho Taxk obcTouT neno
TOABKO [0 BCTPeHH NMPAMLIR 3TOTO ceMelicTsa ¢ npamMOi0 Bbi—
peaa {(npasoio iy nenoi). TyT HapywuTCs O3HO3NAYHOCTb, &
NO onpegsn&iHi) CHCTAMElI OTCHRTA HYeped KAKO0e CoOLIT -He
ROIIKHA DPOXOMHTE AHME OJKa KpMBAdA H3 ceMmellcTBa. Ghepo-
B8aTenwrHO, B paCCMATpHBAEMaH MOMCHH CKROIBXO—-HHOYAB JIH-
TeIbHAA HEeDPUHanhHasd CHCTEMa HeBosSMOxXHA: MaTepHalhHbhe
TOUKK HaupHAanT CTANKHBATHRCA APYr C OPYXKOM, CHoTeMa
"senyunpaerca'’, "paapyumaerca”.

Bapuiraa crereMa §6.5 i §10.4 agec. Tarkx? HEeBO3MOx-
Ha., Te sarepuanbinie TOYKHE, KOTOPHIE ABHNMYTCH OTHOCHTENL-
HO gpyr apyra SpicTper,; HeMend ogHa IPEMAS BLIPE3a OTHO-
CHTENBHO APy, XA0UOT HEe QOCTABNAKT, HO MeaneHHO ABH
wyumecs us toukd (T, ,0) npu €, <0 napriMaTepHANBHHX TO-
YoK, onHA BHOpAaBO, APYTas bBAeERO, WlATb-Takd BCTPeTHTCH B
KaKOl~TO TOYKE® HAa NPHEMLIX BRpe3da, TCM CAMLIM Lapyuyp Oh-
HOSHAYHOCTH.

Mol Bribpans Haubonee apiuil tipunep C© 6eCKoUEHHOGONDL =
woft ToYeyHOH KpdABUIHON, HO NOnoGHLIC 32TPYLRHEHWE THMHRYHLL
ANG CHTY&auUHH C HepeMeHHol xpupuzuoil, M ageck mMoxilo Gbl-
10 011 B MAROH OXKPOCTHOCTH Tou4yKH  sarnagiTh ocofeHHOCTL
BHY IO #He MeHd g AaobaneHo,
7°.Hepemeuaan npo6nema = O H=-
C aHHue X a0c¢ a Kasagoce bGul, eCTeCTROHHA TaKAasd
KapTHHA MHpA: B IyCTOM MNPOCTPaHCTH papenieun Hocuopsagoy-
HO, uItKak apyr € OPyroM He CBU3aHHsM 08paszoMm, “no-Gpoy-
EIOBCKH". H He ajnonidan pcaroe npOCTpaHCTnonpemeﬂu CIIaoll-
HiuM oGpaszoM, OABNKYTCH HHepUXANLHLIe HACTHILI = B KOHEY-
HOM UK OeCKOHEYHOM 4HHCH2, Ho Takan KapTHHA, KOTOPYyw
BHOAHC TOYHO MOKID QUHCAaTh B HLIOTOHOBOM HPOCTP&HCTBOBPE.
Meilf, He HapHCOBAHA CLlEe CKONLKO~HHOYRbL TOHHO MAaTeMaTH4Ye-
CKIl B OpPOCTPAHCTBOBpeMEHK C IOCTynarom OnuakonsilcTBH.
Hu npu uwamidnyu abCoioTHOT 0 napannesiy3Ma, HH OpU ary ot
CYTCTEBUH,

BoamowkRo, oTCcyTCTBHE MATAMATHY2CXClH MOAGNN, XCOMH-
uupyicineil aTy XapTiHy, CBYJAHO € TEM, HTO MEA0 KTC 5THM
3aHEMancd. BO3aMokiO, 300Ch NPOXBAMIOTCA MATEMATHYSCKKS



TPYAHOCTH, CBR3&GHHLIS MMEHHO CO 3HAKOMEDOMOHHON MeTpd-—
kol @ ofuapyxeaable B,{.Kpeitnosuuyem, Tak, ou ycranoeui,
YT HE CYUIeCTBYeT BG?OHTiIOCTHOﬁ HOPMHUPOBAHEOH Meph Ha
MHOXCCTRE XPHBHIX B Pﬁ + HHBBPWBYMTHOR OTIOCHTENHLHO CO-
fcTeeHHRX Hpeobpazcpanuil flupeuua ¥ COCPenOTOYSHHOI HA
BpeMeHHLIX KpHBbIX. Besakaa unopMuponawua: MOPRHU-~-KOBAPUA~
HTHaA cihayyahiaa ¢yHkaua Ka “"Rn , HUBAapRanTHaAS OTHO-
CHT@IILAC Nepeneces, imeeT nHOO Gecxoneudyw, nuS0 pasphbib
Ry gucnepcmwo, ITH Hoaoluele pesynvrarsl Kpeidnopiya aa-
CTABNAIT 3aAYMATLCH, BO3MOKHA AK Lakywesca ‘ecrecTpeH-
Holt” kapTuna “6GpoyHopcroro aAbhxenns” po Bcenennoit?

§11. KAY3IAALHOCTL U AETEPMUHUIM

lo.Oﬁnac'rb aaBpiicHMOCTH -Ana npo-
CTOTLI 34CCh Mbl OT'paAUMYEMCHE Clly4acM Y UHDBEepLysa C
ogaAM OTUOWOHEEM CTpOrero Nopsnxa P < 9, ., I3 copepixa-~
Tennnoit gHTepnpaTaiud §3.2 sTO O3RAUaAeT, 4TO g, SABHCUT
B xakofi-t0 Mepe ot p . "Japycur’ eme ne osHagasr “no-
AHOCTRIC OMpaféneno”, ¥ uesabic 3TOr0 nNaparpadpa OygeT Kax
(A3 HPOCAIOMTL, XOFN8 MONHO TOBROPHTHL O "MONHOCTBIO O.lpe-
nengro’,

-+

Ona sMuoxecrsa A< Mbt 3Haem KOHCTPYK UHIO AT -
6y aymee ana A » Te@s MHOXECTBO TEX COOBIT i, HOTO-—
phie 38BECHT OT COBnLTRA M3 A , HO, BOAMOXHO, 3QBHCAT
gule ¥ Of OpYrdX COOLTHR « Mpr 23H8@M TAKKE KOHCTPY K-
umo rpanuiast, Tak yre OAY oTnenmer Te coSuTus, Ha Ko-
TOPLIE MOK10O HOBAXATB 3 A , 0T Tex cobuTHil, Ha KOTO-
pre Ud A NOBAMATL HeBO3aMOuEO. AHagzormito A” u A",
Y nac Gui10 pBeASHO MNOHATHE® YaxpOHHLIX ONap Towex”, pacui-
PUM 3TY ACIHHHUHIO HA (POAIBOABHOR MHOK2CTBO. [ 0OBOPHM,
Y10 MHOM2CTBRO A axpouHoe, ec/in_AnA MOGHX x,:‘eA He
BBIIOAURETCH HH o e}'_‘r' m oy ext .

Tenepb nepelflaemM X OBMCAHMIO KPHBBIX HA¥ NOCHLOBATO-
nnHocTell cobuirud, B MeXOTOpOM CMuCHe "nepecexawmux”
nnd "He mepecakaluwHX” AXPOHHOE MHOKECTBO. P aceMoTpuM
HEKOTORYIC OEeCKOHRYHYK HOCHELOBATEALHOCThL COGBITHA

vie < p < Pn-.’("" <p, - Ecnu 6s cywmecTaoBan fim..P": Pos 5

TO 3TY MNOCHANOBATENLHOCTE MOMHO DLinO Gnl 3aMeHHTL KOHO-
YHOUl NOeCIelORATENbHOCTERIO Poo < ,o1< P, + B BOKOTOPOM CMBIC~
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e papHoCHakHOE ofi, C yyeToM TOIQ, 4TH (OBOLQHIOEL B
88,5 apo #30TONMBIE KpHBRIE, MOXHC CORAMHNTE COCeAHUE fC
HOMEpaM TOMKH AYTraMd XPUBLIK, B i €40M NDMYYHTCH TOKe
H30TOHHAS KPHBAZ A , U Tpebopauue OTCYTCTBUL MpenenbAuil
TOUKM p,, ByneT osiayaTrh fla s13sIKe XpHBLIX, HMTO Adizas )Y
C Koumom p =il HeOrpamHyeHHO NPLACILKIUMAE B TPOULIOU
T.@, 13 A0 | K

ONMPEHREMAEHHUE 23, IlycTs A -~ axposHo? MUOKICTBS
B TeMmaopanbiom yiusepcyme (U < ) . YOupewwas 6ecko-
HeYHAY MOCNeROBATENLHACTE .. S p, <P <. < P, ez npepans
HO# TOMKH D .+ (PABHOCWIHHO, HEOrPAHMYEEBHO IPOROKHMAR R
nNpoUnoe N20TOMHAA KpHRas A iapr A = P, )+ ¥ EOTOpOIl
TOYKA P, £ A"', HasmBaerca CTOPOHHEN ana A , eciu
p,_‘#.A MO QP Pu-tINA = @ uapu bcex somepax k>4 (pasn-
HOCHIBbHO, eciiu Ao ] A =0 ).

CopepikaTennio, YT0 TAKDE LENOYKD e € PPl S Py ?
ATO UenoMKA NOLNIeNOCBATCALHLIX KAY3IARLHMX BO3ReiCTaHIl na
npownere g- B Sypyumee p: . Takux soapeiicTBHll, KOTO-
pLle He CBOLNTCA K NPOACMKEGHRIO OfHoT0 BO3ARICTDHA Ua
Pow ¢ 32BEPWEHMS DTHX EOINSHCTLBHI NPOVCXOHAT BOCHE BCEX
colCurtuil ¥3 MHOomecTBa A , RGO P, € AT . Ecrecroemio,
YTO TE NSUOYKH BOSASACTRII, KOTOpwme MpuyleT A U camu
B CBOHMi NpOMe Ky TKaMH {phpk_'), ‘HPDXOLAT CTOpOuOL”Y of
or A . 3aMeTHM, YTO NpPH 3CTACTD SUHBIX YCIOUHAX KOMIUAGK~
THOCTH TOLIONOPMNECKOrQ NpOCTPaNcTpa Halle TpeGobDaule,
HTOGL! He CYWSCTBORANO IPEACABLHON TOYKM P, 3alpelia-
eT NOCHAeNOBATeALHOCTH “6hTh MAaNeHbkoil”, [locne obaTten:—
HOCTb He MOXEeT COonBPKATHCH HH B RAKOM KOMI AXTHOM MHO-
JKeCcTpe, BO0 OH&A& MOIIOTQHHE, A [IOTOMY HKHAYEe CYIeCTBODAI
Sul @e npepen.

CAPEAEBNEHAWE 24, Topopum, uro coburmma pe At za-
BacuT no Kouwwm or A y €CIM A AXpOHII0 # 4epes p  He
OROXOAUT A oaxoll cropouded ana A lI0C/I8 AUDATCNBHOCTH,

OIIPELENEHHE 25. OSnacteio P, (A} Keowu-zabucr-
mMoCTH OT A B 6yaymee HA83uBARTCA MHOKOCTEBO BCEX pell,
KoTopee sapucsaT or A ao Kouws,

Ananornyno yYepes nocieanoBaTeaAbLKOCTH g, € P Py

ANld KOTOphIX He CylueCTBYeT p ,= lim P, + onpepensercs
& X

obnactTh Q) (A) Kowwx  3aBucHMocTR oT A B npoulnce,
Bor npumep obnacTi zasucumoctu P (A) B creunansHoil
TeoHMA OTHOCHTenp WocTH. [lycTs A  ecrTs wap
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A= f(ﬁ,x,g,?)if“o & x-‘*;‘*‘ziﬂ?l} - (11.1.1)

Toraa

B, () =m0l Viy e < R-et] | (1119)
‘—38*.{»‘): §(f,x.3,2)‘t 20 & V’xt—!-q'tl'-i-il e O - c,t'} {11,1,3)

npi

At = S(f;x-J:z)}f:'o & \/x‘+3’“+2—‘: <-l?~r—c't}  (11.1.4)

OlNPLEALJAEHWE 28. Topopsit, 4T0 @Xpousos MHOMACTRO
A ecTh UOBepXHOCTEL howmM AAg Byaymaro , eChK A"'*:E‘]*(AI,

OrmeTnmM, yro “nosepxuucts” afecs yooTpeSIi@TCR HO
B CMbICII® I'9OMETpHHQCKOrsc TEepMHHA, A KAK BYIBYKOCOY&Ta-
ERG, Broaswee B TepMaH “mosepxiaocth Kouwm”,

OHNFE HMENEHHUE 27. Topuaoutom Kowu B Gynyuice Ha-—
ampaor (3D, (A))N A » ecimn A ~ nosepxiccts Kown,

FopuzonT orpenseTr Te TOUKH M3 OYAYWETo, dd KOTOpLE
MOMKHO MOBARATH HOMHMO A , OT TeX Ha KOTOpLHIE TOBMATH
MOMHO TONLKO yepaea A , Kax suowo #a {(11.1.2-4), wap B
Clle URANLHOH TEOQHH OTHOCHTEALHOCTH He ofpasyeT ROBepIHO--
cTt# Kowyt, BHe Hero OoBOnLHO yerd, HTO MOKeT HORANATDL
#a Byagywuee HOCHALHES TOMO, YTO BHYTPU wWapa.

Cumpicnl BCex HTHX onpeneneunit npocT. OHM B COROKYIl-
HOCTH [A0T AGOHEHUMI TOrO, WTo Ha Gynywee BIUSOT COfLi~
TH H2 MHOXECTBE A U TOALKO 0¥ = B TOM CMuCNE, HTO
BHG HX KOHTPONd HUYTO gpyroe fe maddeT. Koxneyuo, mMoxeT
CKA3LIBATHCH Qe H OTAaNeNHOR ljpouwnde, HO OHO BCE B Xa-
xoii-To Mepe “kKopp2KTHpyeTea” muomecTsom A . TepMmuuo-
noruA, BKmovamas uMa 'Komw'', ofbacHMercA TeM, UTQ HLTO
pHYOCKH “3anasne HadanbHSIX RAUHEX ¥ HA DOpepXHOCTH f- =T,
{T.8, 8XPOHHOI) MAaTaMETHICCKH KOPPESKTHO paccCMOTPeNl HMeH-
a0 Kouwn, XOTA CaMa NOCTAHOBKA JA0&4K BOJHAKANE M PaHBLIL
(Mannac), a xay--sANLHLIE KOECTPYKUMM Golilg pas paGOTAHB
TONLKO CBHMeE cTa nor pogye Koww, “IopHaoaTsr Kown’ -
IrQ NOHATHE BOIHEKIO TONBKO B UECTHOSCHTLI® FORM XX B2~
xa. Copepxarenkio paAGoTAST OHO TONBKD B QHeHb 32MbLIGJIORA-
TO HCKPUBMEBHEBIX Mupax ofuwell TeOpHU OTHOCHTRNLHOCTH,
2°.Hpnmepm HoBep XHOCT®H HE ToO-
PHSOHTOB K o w u., J|lpexae Bcero, B HbIOTDHO~
BOM yuunepcyme odfiactelt KouM-38pHCHMOCTH H NOpepxHOC-



Tefi Kouut He uMaeTcd. BosbMeMm npocreiwnil npumep, Gecxo-
HeYH08 I'amiledno-ybI0TUHOBO JIpOCTPRAHCTBORPEMA BEero Aby-
ME@pHOM BapHaHTe, EALUHCTBeHHOE AXPOHHOE MHOXKQRCTBO TYyT -~
9TO MHOKICTBO aSCONIOTHO ojHonpeMadunx cof bITul (axpon-~
HOCTEL TYT ofpepensgeTc: Oen saMblKaHid, ¥Hade HAT ¥ aXpol-
uuix muoxecTe). Bepem npouaponsio muomectss A=ftx)lt=L}
W Touky p,=m(E 2 )€ AY . r.e, t, *.-'{:0 ., CymectayeTt au
POXONALAA Yepe3 p  CTOPOIIHRAA nocAenvsaTeNsHOCTL? LA,
HAUDHMED, NMOCAe30BATENLHUCTL TOHEK, PACHONOKAHHBIX HA
N30TOWUOIN xpHBOI

('Qx)z (t"x4+1-|:i:-_2:. - :}:Eo ) . (11,2.11
cM. puc,20, He wiiceT npepnena, He nepecéxaeT ﬁ‘ﬂtfa , Cne-
aoBaTeAsyo, noayviaeTed, 4T0 “MH-
sys t=C, %, 13 OoCKOHCYHOCTH MO- i
MeT npEaTH BOJALUCTBHE, KOTOopoe } w
nomnugeT Ha p, . M 270 BOGned-
CTBH® MCAOOMT K3 YEeT'e=-TO, HA YTOQ
camMo A  HAKAK NOBAMHTE HE MO-
#oT, Ecnhu BasiTe Tenepbh CHMMET-

PHYHYW HoCnenosaTensHoCTh 03,4y
I | Puc. 20
(é>x) =(f1 XYy T et )
% o 7t (11,2.2)

TO B COHOp}KﬁTEHhHOﬁ HH’I‘E‘pﬂpBT&HHH BOOMOKHE TaKasd KApTH-~
us. B pary €=0<{ venosex, nmokosuudca B ToUKe x = x, N0~
Manuiaces bory. MoneTea ero co mcé BOIPACTAIWMM YCROpPE-
Hyem nouwna no kpupoft (11.2.2) na BeckomausocTsk, roe obH-
raer Bor., Tam, b BeckodeusocTh, OH MIHDBEHHO YCILuHAN

MOJIETHRY M UDUHAN 00 Heft pelesye, [OC/IaBUH YeI0BEKY M[Q

kpusofi (11.2.1) BecTe: cm, puc, 20, £ro BecTh, BOHAn B Pu-
suwg2ckuril Mup, nepeMewlanace € COGAWACHHAM 33aKOHOR GHIHKA
¥ DTOT MMIIyABC ACCTHI YEOLEKA B TOM M€ MECTe X =X, B
naty t=%,v % , 0GOIHYB BCE yCAOBMS M MDPEHOHH B t=t, -

B jipoCTpaHCTBOBpeMBHE CrepEanbroll ToopHM OTHOCHTENbL-
HOCTH TAaKKX HeoHunasHocTell He BosHikaeT, Bcaxam nmopepx-—
HOCTh tﬁto ¥ Omxe BooOWe npbad NPUANYHAR NpOCTPAHCT-
pesiononotHEan nonepxHocTn, A (He Takag MANeHLKAER, Kax
map {11.1.1), & #Ha xoTopoi "He npokpyyeno Ampok’), pasne-
ng1diaa NpoCTpadCTBY Ha Aps NoaynpoCTPAaHCTBA, CKasbkBae TCH
qoBep XHeCThI0 Kowd, Ans aee AV = £]+ (A) . Mopuzoutop Ko-
WK HAT, ITO = MAKCUMBALHO IPOCTOO yCTpPOWCTBO Mupa C TOu-~
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K BDEeHItE KAOYSQAbHOC T He

{oxaa we npocTag  KapTdHa HaGmonaercda B MEpe ne Cur-
Tepa {He ¢axkTOpH3OBaNHOM) € TOU AMWL pe3Hiueil, 4T Nope-
pxgocTe =1, TyT xomnaxTia {onma romeomoppua §7 ), B
AGUTHOCCHUTTEPOBCKOM Milpe, HANpPOTHB, YCTROHCTBO Takoe xe,
KOK B HBITOHOBAOM, [loBepxH0CTh ‘¢ =f0 , KOTOpAfl 3/18Ch Fo-
mMeoMOpdHe R° , He ABAAeTCS NoBepXHOCThW Komu. Begs
CBE TOBLIC ‘aF* M3 TOH TOYKMU p  Koiopas Ha paccwomuu%’-’,@
IpeauBCTBYET $TOH NMOBEPXHOCTH, ACKHMITOTUHCCKR CTPCMATCH
x nopepxiocThs £ =€ ; cM, puc,17, TouHO Tax xe CBETO-
pue 8¢ M3 TOH TOWKH ¢ , KOTopas Ha paccrosHus TR
cieayeT an ¢ =%, , uapameasim =1, . [JosTOMy TYT BoO-
SHAKAIOT GTOPOHMME NOBepXHGCTA, aHanoruyebe (11.2.1-2) R
IMPUMAMAIULHAGCH K 3THM CBETOBHM, B AHTAOECHTTRPOBOM CIy-—
Y4e MLI HM@eM B BHaYy HS BTChb YEMBEpPCYM, a NUllb 4aCTh
ero, nabns Moxuo 6LI0 rosopHTbh Npo OTHOWERHe <, 4 He
.

Tononorigyecks CyTr CXA28HHOIG B TOM, YTC B HbLIOTOHOw
BOM MHpe MHTEepRAN BCEroa HE KOMIAKTEH, B LSCATTEpPUBOM
i ACEePROIBKAH.ILLOM ~ BCerNa KoMnaxTes, 8 B BHTHRECHTTE
NABOM MAalkle HHTSRBANsl XOMTAKTHLl, HO HpH PA3RAYRAHINH HX
ApeBPAUIOTCH B HCKOMOAKTHLIG, DTO OGCTOATENLCTRO HAXO
anT cebe Bupamenue B TaX HaznBaeMoM “RoOCTynaTe rnobanw-
ROH rRpepBomiudocTn”, KOTOphilt HeOOXuauM =- H BO MHOFHX
caydasix Aocratoysfs ~ patul CY WeCTBOBAAK NOBEpXHOCTE Kowwu.

Cnoxua xapTrHa oGnacTeli KOWH B WBAPYWHABROBOM CJAY~
vae, Baewnwil mup (-c‘z} , Kak Mpi sHaem u3 §8.7, onHCrIBA~
8TTd B KOOpUHAATAX (Q,A) 3RayeHMSMH T <A< , CM, DUC,
13, IlopepxuocTh oRuUOBPaMeEdBOCTY t=¢, oumcumaercs
A=A, . Byaymee ans Hee - 9TO Tere A, 1 8 TBKKE Re-
pdaa avipa O < ) 4 Fi- , Kyfia yxouqT BCe BpeMeHHLle ¥ Cpa-
roapie, 1fo Ha TOYKY B nodoce O0<¢ )\ <  OoBANATE MOXHD
1 H3 Ay6ankarae BI2URe N0 MUpa -1C ¢ ),lc 0 . Takum obpaw-
30M, 0ad muowocTBa {(t v} e to}z UMeaTCHa CTOPOHHAA MOBS -
DXHOCThL, TeM camMbpiM YCpHAS Bhipa HA [0OMN848eT B O6MACTL
J2BMCHMOCTH nnn noeepxdocTd t=1_ , a ceeronas nomepx-
fI0CTh )4:‘17'5. OKa3hiRAGTCH roprsonToM Koww, Ecnd xe pac-
CMATPHAATE (AKTORHIOBAHHOE IO T  NPOCTPAHCTBOBPEMH
Huvepuwwun,aga, T 0HO TEMUOpANbHO 1 OpHGHTHPYEMO, M BCe
rnobanbape paccyxaeHua o AT . AT, © (A) u T Te-
pSIOT CtanC]l,
3.lTomsepxuocrn Kouwan o 3
Ay ehPepeunnnanbyux YpasHeHR A

158 -



3HANHMOCTb topepxuqcred Koww 2 TOM, HTO np# paccmMoTpe-

HUK HA BTOPOM W TPETLEM YPOBUAX OOLMHO (MIMYRCKAR IAKD
HOMEPHOCTY OMNCEHBaOTCH IOCPeACTBEOM A HpdopeHIHanbHEX
ypapresui. Bennuuua w (¢) nongmHaercs sexo Topomy grdde-
peHulansHOMY ypapueuuio (KM cucTeme), Ha n0Bep XHOT TH
1t = '(.‘. 3navYe HAH u.(t } . COOTBRTTTBYIOBIHM X RPOU3BOAMEIX Aa-
HaHbl. Torna, NpoLoAKas MO TAA0KMM TpackropismM ( KpRBLIM)
QARO3UAIKO HE GECKOHOUHOMANOM (to,to +elt navanonue ada-
4e#ns B cornacau ¢ grddepelus anbLELIM YPaABHC HIGM, MbL Cy-
meam OIHO3HAYHO paciopocTpadHiuTs ux Ba 6y Rywee Bcioqy,
K¥YA 2 HZ NPOMMKAST HUXAKHKX CTODOHHUX MOCAaeuQBbaTanbLbHOCTel,
T.a #a @ (t=t,) . Zcox nomepxaocte €=, amnnercs
noueprmc'rmo Koun (.9 (¢t = t, )= (t=¢, Y ), To Moxat
10 OCYWLECTBETL @TO Hpononﬁcemw ga Beé Gymymee ¢ >,
3a ropusour Kown zmskaxkoe npepeodunaiibuce ypasneaue HEe
HOMOET OPOUHKHYTh,

3ascey QUAOCO-OCKH CaMoe CyWeCTBOHROe ~ Npes3yMiiuus,
4YT0 BoaneiicTBMs (B TeOopHH NU Mexaudgeckore Bo3aeficTauam,
B TEOPHH MM NMOASA, B APYFrHX /X BapUAHTAX MALPOTROPHH} IHe-
perocarca no [MTALKHMM Mmuponemv nUHESM, noCpeacTROM
BHOPEPEHUHPYEMBLIX marepuansdeix rtoyek {RaSmonare-
neit, TpaxTopHil, cunoswmx nnapk). /lwo6oe rapywesaMe raanks
CTH MPEBOAKNG S K nouapneudd "cuuryndpxoctell’, “6udypka
LBKY ¥ geondoadayHocTel B peweHnax. [losToMy HA Hapaom,
BHICMEM 110 A0CTR&RKLHH, YpOBHO PACCMOTPERHUSA, HA KOTOPOM
CTPYETYDn IMAAKOCTH e HMeeTCs, HeT ¥ AHajcra anlapary
uu¢¢epefmhmhuolx yp&apue mi,
4.I<pymeﬂue Tapapgurnrmsa L H G ¢ o
P e HUYHYaEannbHBLB X yparpde ugn h. [o regas
HeT'D BPeMEHM BO3pAKeHHE NPOTHB TAKOIO NOOXOAA He BO3IHK~
xano. XOT1 UCTOPHYLCKY B NH(depeHIMENBHO-Y P aBHEHYS CKOit
napagMTMe HADMOQAN0Ch MHOKECTRO npobenon u OwKBGOK, pa-
6oTamMi KayaanbHol WKonsl X ceMEOecaTsIM ToaaM XX Beka
OoNy BCe OuIK BLITOBISHLI, oGCyxAenn, sawtonadnl. Ho 8 po-~
ChbMEASC STLIE oAbl CHQGRPRHUHANBHLIE TOMONOTR obuapyxuaim,
YTO B CaMOoM BAKKOM OINE (PHIMKU CAyvYae - 4Y9eThIPO XMOpPHOM
Ha CaMLX HITSpeCHHIX Ang (GHIUKA MHOrOOGpasusx — Ha me
U ga M xS - Moxio 3amaTh e oLy, & HECKONLKG, Oaxe
feCKOHOYUO~-CHETHOA MHOKECTRO pasnuydntX {He audpeomopd-
HelX ppyr gpyry) rnagkocteit, KoweyHno, 3TO OTHOCHTCH HE K
noxanbHoll, a8 kK rnoSanuHoll Teopuu, HO Beab ¥ HOHATHA "6~
nacte sapHcuMocTu’, “nopepxiuccts Kouwm” - Tomwe raofans-
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Hiple NOHATHS, A B 3TOH CHTYAUHH yTPARUBEAT CMLICH OCHOB-
Hag NpeayMIiIgusa napaaurMbl AKGd2paHGMAaNnLHELIX ypabHeHu,
6yaTo Bo3NRICTBHE MEPEHOCSTCH NHO I'NARKHM KPHBHIM: T& Ca-
MAg KpABas, XOTOpAA B ORNOE IAafKOCTH BLIMNIAAHT MARKOIl,
B Apyro#t rAsHKOCTH CMOTPHETCH Kak Hermagkas, OtGuapyxeH-
Haz PEJIATUBHOCTDL IMTAQKCCTH esemes Mmonuanwao 00—
pasymerapweiica ABCONMIOTHOCTH I'NMAAKOCTH nop kopeds
noopesaeT NapanurMy akgpdepeHnsannsHoiX ypangerul, Konedso,
COXpPaHLeTCHA TO €6 BaydRoe 3HAyenue, uTo “noa »TeM o Ha-
pem caaTnee”: ruanoTesa AHQPEpPOHUHPYOMOCTH NOMOIAET BLIC—
BETHTE MHOIHEe ponpocnl. Ho kxaxas Onl TO0 HH ObIAO XaATEeFOpH—-
YHOCTH BRCKaauwipaumil, Byate Om "Mup ycrpoes rtax~-ro’, no-
TOMY YTO MOCREACTROM AMN&pATE AMQUEDPeHUHANBLHALIX ypABHE-
HEll 0Ka3a¥bl TakKKE-TO TCUPSMBI, - ARIAETCH HeaAKOHHOIR,
[Tpr nboM T AKOM zaaBmeiiid BaphexnT COPAUNBATbL! 8 X8K
H3MEeHATCH Pe3yNbLTaThl, @CAN CMEHNHTH IJIagKoCThL HA APYIYIO?
3aMeTHM, YT0 NOKE8 Peyh HALT O Tpe XMEepHnIX ypaBHeHHKX, O
Tpe XMEepHsIX pe3ynbTaTaX, BONHOBATLCH He npHXopaTcd, OO
B 3~MH0I000p A3KH TIal KOCTh QAMHCTESHHA € TOHHOCTRIO A0
audpooMoppuama, HenpuarHocTd BOSHAKAKT KMOEHO B 4-MHO-
roobpasnax.

B noHCKax BbiXoga MLICAEME! HOCKCNLKO Hanpaene dail
Mucnd. Ooud ~ ynopague, 4TO gRMblepoHUBANLHLIC TOUQNOMH
H3obpaTYT KOMCTPYXUHIO, © IOMOWLIO KOTUDOH MouHO Byget
CpeAH BCE@X DIAAKOCTaH BuiAelATb OLHY, NPHBUACHPOBARHYIO,
“aBconwrayw?, [Ipyroe - oTkas 0T raoBaibuuX BOCTRpOSHKE B
5 bMOMKe, OI'DAHRYEUHE 4 CAMOOIpaHMYSHHE CYLWOCTBEHHOD N10O=-
KanbHuMH PEIYALTATAMH. 1pEThHE — OTKAZ OT NEAPANMNML! [W-
PiepeHuUKanbHEIX YPABHQHRIL, Hanpdiiep, 38MeHA BCeX yPabHe-
Al HB pRTarpani-ynle, B KOTODLIX BuIOOp TRAGKOCTH He Cyue-
cTBedeHd. HeTBepTue, KO10poe MB!I CTApa’MCH] pA3BABATh, 34—
KMoia2TCa B PACCMO TP HuH Lonee oOOWHX, HQWENH DRAAKHO,
KoHCTRpYKnuli - AHRCNOPORO NPOCTPAHCTBOBpOM &, I'Ie CBETO
pOit KOHyC HO I'ALOK: H&YATKH Teopad "Ha NepeOM YDOBHE
paccmoTpernsn’ ® T.i, M3 Mx coaepuanusd mMOryT 3apONRTHCH
HOBLIE KOMOIMIMM [OCTpoeund Juauxn, HMHLeG, Hexennm yHache-
OUBAHRBIQ OF HLIOTOHOBCKH-T&NUNEEBLIX NPEACTABNSHHH W O~
BOURBIXMHEHHH HaCYET BoaMUKHOCTEH ANGlepeHuHanbLHHX ypa-
BHEeHAW,

JaMeTuM, 4HTO XOTH NpH nMepexoge K NCPBOMY, RAHAGCTpAaK~
THe#CMY yPOBHK PACCMOTPEHH NPHXOANTCR OTKASHIBATLCS
0T yaoGCTR, CO3QaBASMLIX NpeayMnnneldl 'IagkoCTH, TeM HEe
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Mexee XKnace ¢yHkuuil, COOTHeCeHULIX C aTEM YPOBHOM, NOp-
THTCS HY® CAHWKOM CHAbHO. YMeiHO, ygaeTCs ROKA3&4TH, 4TO
T ponxel 6niTe  KAACG NMOYTH BEIAS AHPYepeHNHpyeMbLIX
PYHKUHI, TAK 4TO TSPATONOI'UYeCKHO ¢yHKu##d BpOAe HUIOe He
AU GpOpeHUHPYSMOR, HAM HE YIrpoxaoT. MMeHHO nOITOMY, B
4YaCTHOCTH, COXPAHAIOTCH BCE pEeayabTarn, ChopM YABPOBAHHbIE
B TepMHU ax HHTerpanuibix. ypagieunit, Bnpouem, OOne3HO OT-
MOTHTE, YTO HO HY~RAACL B NPelBAPKTE/LHOM JaJAaHUB CTPY-
KTYpbl MaaxocTH, HHTErpanLuble ypABHOHHA HyXKOQWTCH B nOpe-
ABAPUTENHHOM 3408HHH CTPYKTYPLL MEpPLL.

C obwenoauapaTenproll, METATEUDSTHYECKOR TOYKH JIp9HEN
OYeHb Ba}HO, 4TO0 XA ACTERPMHHHUPOBAHHOCTH (4BCTHLIM Ba-
pHaUTOM KO Topofi ABAA2TCS ¢unocodua peTepMHEHMAMAE) B HAy
K€ YKPSRHNACH ¥ Aep:KMTCHd HCKAQYATENLHUO NOCReICTBOM LU
PepedHuUAsbYLIX ypaABHeUNl, T.e. OCHOBAXa Ha NpeayMuunu ab-
CORITHOCTH rpankocTi., ¢ 1882 rona ReTepMEHHPOBAHAOGCTbL -~
Oyay:me rod Y NpowWyetM, NNOWLAONO RH HACTOSWHM, HIK B
HHpIX KOMOHHAUHSX ~ CTana BEIVISAeTE HeOOGOCHOBRABHmHONH, OHa
nocne pacor M.dpapmaHa cpenanach “He3aBHCHMEIM NOCTYyna-
ToM®, JTO OTHOCHTCS H3 TOMLKO K TAKHM DPloBaNLHLIM NOCTA-
HopxaMm fnpobnaMe, Kok “nannacee Ao TepMUHEAMT, HO M K CO-
BEPEHHO KOHKPETHLIM 06 TODMUHHIPOUBA&HHOCTAM,



[n.4, [MPOMEXYTOUHLE BHMIAL
yNnopanous Ha

§12, MNOAXOL K MHOI'OMEPHGIM EQMHSIM TEOPHAM

D .

}'.lpenen 8443 0Tponuu BEAESYE M
BpenE OCHORHOH Hpumep SHUNTSHOBA YOOpAno4YRGHd., 3TO N0~
psnox, safnabaemui B R & : hop My Aol

t,2)>0 &= t >z | (i)

ree |L..fl = npousponbHun HeBLIPONKOAGHHAA UECHMMETPUIHAN
HopMA, T.e, NONOKHTENLHO-OOHOPONHAA BLIIYKA3A ¢iyHKUIR
E,. R . Haunpumep, B aByMepiom chaydae {T.e, B TpeXMep-
HOM TCMHOOPANLHOM YHHBEPCYME) B KOOpaHHATEX x,y Hopma
MOXeT 24HaBaTbCH (OpMynok

g =l=l+lgl (12.1.2)

JTe nopmé Baobasok CRMMeTpuyHa |- ERIER] % V., Bus nee
CKOpOCTh CBeTa, NOoHHMMAaeMaH KakK yraopoil Xos(geuMeHT lpPs-
MO Ha rpansie >0, panna | B HanpaBReHnu ocH abocuucc
Y =() , T4KOBA %€ B HAIPABAGHMH OCH opuHHAT X =0 , HO B
HARPABAR UMK ONCCEKTRHCH X = oila pasna 2 /2, llo npo-
Me@xXy TOYHEM HANPABASHHAM OHa BO3pACTAAT OT 2 /2 ne 1.
310 « o0lIaa XAPOKTEPHCTHKS adH3OTPONACFO CAYyH&Al (IDeAenb-
Hhle CKOPOCTH NO Pa3IHBIM HERIPABISHEAM pasanydst. B TepMu
HAX aBTOMOpPPHIMOB: XOHYC 207 He Mveer Ipymun aBTOMOp~
ddaMoB, TRAHIKHTUBHION Ha CRAOUX OGpAdYIOWHX.

ilpy aToM 3a CYET HEBLIPOKAECHHOCTH HOPMEI BC& npeje-
NBRLIE CKOPOCTH OpAHMYeHLl, T.2. CYWeCcTBY-0T TaKde €,
€ v a0 [ dXicc, u | Hjcc,  ecnn(F 2t g (t)) u306-
pamxaeT HIOTOBHYIO IR Kaysanedyw Koy {(cMm. 83.3). B
HLIOTO IQOBOM Mipe, HAnpoTHB, N0 pcen HANpPAaBACHHIM CKQRpOC—

TH HeOTpamiyeriHu: %’E—-\c - T ]%[,‘— o It ‘gi%‘_]c ) .

A yTo OypeT, eCn¥ Mul A# HOKOTOPLiX HANPABASHMI COXpaHuMm
TpeGopaine OrpaHMUY@HHOCTH CKOpOCTH \%\4 C, a oas apyrux
Hanpasaewsll GO3BOAKNM HEOTrpaHHYeHHO GOALWLMUE CKOPOCTH
[%\(w ? MaTeMaTHYeCKKH 9TO CQOTBETCEBYST TOMY, 4TO
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B (12.1.1) BypeT pa3peiucHa BLIpOKIAIWUASCE B HONL Ha Ka-
KHX~TO Haupeenenusx uopma, uanpumep, fi,y}|=)=| . Torga

l%i‘fl €1, wo ]%1!1&6 . JrTOoT Kpalauit caywall asuzorponuw
He yrnanspaeTest b doficny GaHakopeHCTsHA. [I0 TeM XoopiH-
HATBM, 0 KOTOphIM HOpMAa BRIDOKALETCH, LOUYCTHMO HNAJbHO=
Reficreue, xax y HpoTowa, HO M moaANOCTRIO HBIOTOHOBRIM TH-—
Koh Mup He gapaacTCH. [osToMy Mbel BLIQENHNH TAKHS Kay3allb-
HLI® MoOeau B OTHeAsHYO THany.

3 apaxn X 8 1 pPpaamMepHROCTEL nopo
CTpaHCTBRR & N pisa HABGKDOB, LICTOCTHOHHO,
YTO Manc HapexkAnl, O0CTARASCE B PAMXAX YOToIpeX CTaHIapT-
MEIX KOOpAOKIAT (’f,x.;,'i-‘J , TICNYHRTE COAEPKATENLHYIO
HHTQDIIDE TALKI0O TAKOrO NuJsafka - CHMOHQZO IbIOTOHOBA AANb-
HORCHRCTBYS IO DOKMM HanpasacHUAM C sfinmuTefinopuM Ganaxo-
AaficTReM Mo APYIMM Haapasreduasis:, Ho, ecan Mu He Gygem
OCPAHRUYNBATLCH “I'80rpAYRYSCKH~TONOMagUUCCKAMH Y npHaHa—
KAMY: OOAroTa, WHPOTA H BRICOTA, T.C, KOOPAHHATaAMH X,

M ¥ , a4 HapuAy C HUMMU eme KaKk B KAXOM-TO CMbpicie PAB-
HOMPABHLIH TIPU3HAK spemev ‘snexrpuueckuét sapan’e .

BBeASM XOK "npocTpaHcTBOHHYI0® P HPOKOM CMLICHE XapakTe
puctuxy (cm, §14), To wuTepapaTAuLMS nEpGCTadET 6bl’l‘b HET ~

pHeMaeMoit ¢ nonora. Hmenro, ana Bemmuﬂl ﬁ l
of 2
‘ CYWAECTBYQT HIBOCTHAA aep},.ﬂs‘ﬂ rpadua ¢ o Ho Hen-

ZBRCTHO HHKAKOIO OrpafdYe HHE Hal ’ . COBORYNHOCTE

(f ,¢.% e) ABHTCH [TepBLIM HBIHHM apuMepoM “npocTpaHCT-
Ba np;unanoa", 003 CoOOpAaXEeHIA O KOTOROM MBI U3N0MKHM
B 814,

Hrax, cramem paceMmatpupaTh HSITUMEepHOS OPOCTPAHCTBO
(‘f x ;_,2 e) » B KOTOpOM OTHOWEeHHe CTporolro lopanka

3anaHQ opM ynoi
t,x, g% e)< (f-r; 2'@’) éﬁ"é ZI>)/x~x)+(yJ){2 2) (12 2.1)

[Toka dayuyeHHO BOgeTYLa NOKANLHO, HAM HOT HYx ARl KaK-Hi-~
OyAbL chnouudAurpoOBaThE TO Ouuomepuoe Mioroobpa3ne, rag di-
mMeHseTCd € . OHo mMoweT 61:11‘1;, R , MOx=T BbITh 8§t ,
HuM 9TO dHeBaxHO. M Tounax “yHaumyeckad pasmepocTe’ @
HaM He Baxga, 270 MomeT OulTh 3apul HAR OeilCTBHE HIK
ee 4YTo,

Cornacso ofwe# feopun, WUTepRanLHONl TONOROTHH | AC-
CTATOMHO ANA NOAYRemdd BCEX OCHOBAMKX cTpykTyp TOJIBKO
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Ipe BLROAHEHHW NOCTyaarta GaxakopeiicTeHA, ¥ HAC OH He Bbi-
monrcH "no anexTpayeckoll ocu”, s6o cobuma (€,x,y,%, e)

H (z‘:,xq,’z_,e’) abCoMOTHO QnUOBPCMERIILEt COMMIACHO Teope-
me 2 i onpegenenusd 14 u nexaT B 28MBIKAHAU OOHOE TOYKH
B cuiny (12.2.1), [losToMy B nwToil KOOpAuUHATE -~ CHOB ~ HAM
OPUNETC s TOHONOFNHY :CKYIO M MeTpHHECKYK CTPYKTYps BRBO-
AUThL HEIABHCHMO, kak yxoe ore9a40Ch MU APYFOMY HO-
Boay B §6,5.

3., OTudHoWweHH®S npegintopsakKan H
paccnanoe due B §6.3 Mu Buocnd, 4YTO QTHOMUR4HE
p<q 1 MONYHOEMOS 3aMBIKAHHEN q € pT  OTHOWGHHE CTPOro
I'a nopanka < y Y@ MOMRET H@ ORJ2JATLCH CaMa O THOUeHRN-
@M IIOpAAKA, HOTOMY 4TO p¥a [:'"" = p o p . B uamem cny-
yace, Koirga ML Ha 0o BCeM, a TGALGKQ HO HESKOTORLIM Hornpap-
ACHEEM J0nycraeM npalbHopelcreue, ByneT To e CaMoe, C
TOIl NHWb pasRiMuel, 4TO MUOKCTBO P H8 PAsA@AIseT MHUp
Hd ApS HACBASAHHLIC KOMIIOH2 dTbLI.

OliPANEANE 28, Tobopim, 4O TeMUOpPANLHLIA yHRBEpD-
oym (U, <) PAacCnvoR CBOMM YHOPSIAOYCHHAM, eCNH (aKTOp-
yHIBapCYM L /p €9 apnseTCs { OTHOCHTEA ,HO QAKTOp~HH-
TSPBANBHON TORUCNOTHH) TOROAOTHYECKHM HPOCTPAIICTBOM pPad-
MepHocTE Gonse eNHiylnl, 8 Kasiuil Cnolli COCYTOWT He H3 on-
HO%t Toukm, (B cuny sampx axcuony TKj_ g HHKAKMX HBYCMLIC -
AR ¢ HonuyaHKeM “pasmepuoccTH? HE BO3IHMKDST,)

3THM OnPEeNUTICGHIEM MCKAOUARTCS I HhIOTGHOB Cllyuad,
Korna SAaKrOp-yBURSpCYM Oma ORiaoMeplbiM, H cilyyad BGIEa-—
KopelleTeH:, Korda chod OLuM MHOTUYeYHbIMH.

hak #t B H6I0TOJUODROM CRy4ae, B CROUX HU KAKOW YHOBHOD
TOMAONOTUN H3 YHUREPCYMA OTHOWRUH.M AQOPARKE 1€ HMIY UHDY-
erca (eMm, §8.3): 2Ty TOMONOTHIO NPAXORHTCHA PBONNTE ACION-
HuTONBHRO, B panvdedtie M Mpl DyaeM BeCTH pACCMOTPRHME HA
BTOPOM YDOBHE H3YYEHHS M OTPANMYHMCH TEMH YHHBeDCYMEMY,
KOTOpLIe YOOBRETBOPAWT CHNSAYOWeMY onpehenc A1io!

ONPLAENEHWIE 28, YHueepcyM eNRHOA TROPHH — 2TO
TemMuopansisil yuusepcym (U, T ) , UpdaeMm za
(L sapapga romonorus 1 6onee Clibilas, YeM WHTePBANbL-
HAH, 1 3008HA IVAOKOCTB F  , COrnacoBaHias ¢ 1, OpH-
qeM MpH KaHOUUYECKON Npoekunu mr i LLH-LL/; [0 INpapHAy
T™p=p BOJHUKAST TVIAAKOQ DACCI0CHNE € m -uepHoill 6a3of

1

{m 3z 2).
370 NORANLHO-TOPKBUANLACS PACCAOEHHE, M CTAANADTHU
Gyges nucathk bmecto cusmpora U cumaon M, Bmecto
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6aast U /p cumeon M, a choli oGoznausem M, .

et
4, CTPpPYXTY p B, corpmacymniokecaq
c pacecnoeaduemMm, M yxe BCTpe4anichb

npuMepoM QYHKUEH, cornacywwiesliica € paccnoeHseM 1  , -
c uaoToHHON ¢yHkumeil. B §3,2 ™Mbl sIpeny, 410 ang.-adconic-
THO OQHODPeMOHHHX p # g  QYRKUHoH&ABHO® Bpems T
naer onuy u TY me pmy £, =¥, . He Toabko uaorounpie
Gy HrkABHE OORARAWT FTUM CBOICTBOM.

OMPELQENEHUE 30. [opopHat, 4TO g:umgp cornacy er-
Ca C pacCnoguueM T , OCAR H3 wx =qry CHEAYeT {x={y.

Uumivu cnopa_mu, pacCaveHloM NOPOXAARTCS HeKDTOpOe
OTHOWEHNE DKBHRBANGHTHOCTH, ¥ YyHKU as f o0G83aHa UIMeTh
ONEHAKOBLIC J3HAYEHHS] HA 3KBABANS HTHLIX 3UAYEHUAX ApPTYMeH-
Ta. Zcnu —_F coMacyeTcsi C PacClooguant, To uo Hefl B
f6ase paccnoeHua M _ OQHOSUAYHO CTPOMTCH (AKTOp-CyHKIU MG,
XKOTOpYK MBI, RACGNYCKAS BORLAOCTL ODLAHAMEHHH, HO-IIpeKHe—
My oBoziioEm £ .

Camble gyHRaMeHTanbilnie $yHKU M, COTRacyiounecs
paccnoeHNeM, 9T0 KoOpauHAaTHmie gyHxuud {oMm, §5.7)., Umen-
HO, ecrid 6Aa38 m-—MepHA, TO MLL B KAYeCTBC [[SPBLIX M KO-
DPAMHBATHL X Pyuxuuil BrIGHDAOM QYHK KU, COMNACYKOEMECT C
paccnocHitem, [IpH TakoM BHIGORY KOOpPUHUHAT (QAKTUR~KOOUpQN-
HATHULIG (QYHK UM 3a8afyT KOOpaHHATHGLl maGop ¢yHxuali B
Gazs M |, EcrecTBedno, 4TO YK&3aHMHOD OrpaudyeHus ua
KapThi HIPOAAT HIRYIO OTpaHHYEHHOCTL AONYCTHMBIX Npeopa
30B&aHNl xapT, MIMEHHO, 0CTAWTCH ROMYyCTHUM LIMY

x g“ xt o x™ ¢
— Gty =) PECEm (12,40
m
xﬂ — J.;r(x“""x ’x"’*“i 1. sx”)-, m <l &
Apy O0udHUbIX YCMOBHAX KA aaakKoCTs d HA uxofuan, JCno-
pue (12.4.1) yuofHee mepenncarb B BaOe
) of
DY =0, D=0 | wemap, (1442
rae cTaugapTHO NpHHATH oBoauauexxa {3.7.3). Cp. ¢opmynn
{5.8,1) u (6.5.2).

Apyroii opuMrep COrAaCOBAHHOCTH C PACCHOGHHEM -~ MET-
puka. Eci# sa M, o2anana, sanpumep, ksaapaTuuHas QopMa
As = ¢ 1, odxtdx* , COrnacopaHHa® C PACC/AOEHHEM B CMbICAES
onpenenedus 30, To Takasa ¢opma 0DN3IAHA BLIPOXKAATHCS B
HONMk Ha cnoe. B TepMHHaX CHUHaATYpPB @€ CHIHATypa HMeeT
BUA (4 « o2 = ¢+ 0 o.= 0 ¢+ « 0), rne uwncno uyneil panxo
h—m .« Tersopsr, KAk H3RECTHO, CYTh RoARAUHEiHpe QTOG-
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oS Hid, Tpebosadne cornacmanus RONMARHEREBIX oTobpaxe
HUE C pacChoeHNEM 7r TalkKe BUIOU3MeHSeT yCTpolcTBO OTO-
bpa.KeHnd, o noayvaeTcd To, 4TO HaadmBaercs “dnartTersopa-
Mu”. Mol 3gece He CTaueM EPeYMCNATL UM ONACLIBATh BCE
BOOMOKIILE OOBLOKTHL, COTNACOBAHHLIE C pacchoeuueM. e2opid
TaxiX OOTLRKTOB - 2TO nonypumaHopa (nonysasknupona) reome-
TpHSI f8]

Bo Habejkalie TopMuuONOrUNeCKMX HONOPA3yMeHHAN yTod~
HHM, 4TO uaue pacCho:ida 7 HQ HMGET HIYero odu@ro C
TOAK #HudLIDAages 1M "I‘H{JBHDIM paCCHOBtlIIGM' H accou:iipopaliibl-
M BOODOCAMH, A2 B C/IOR O24CTDYCT KAakaa~To rpynua, TipH
nocnenleM nogxoas dan HQOCTpaHCTBOM.(x')“‘ulf,)KaK O bt
HZACTOAMBACTCS HRYTO BPUAE KACATENLHUTO NMpoCTPAHCTAR
(dx’,...,dx"}, u satem enmauii 0b6sext (x*, x ™ dxt dx™)
MBICANTER COCTONWMM 13 6238 (.. '-} "u cnos
(dx' ... olx") . ¥ Hac we paccnoom{e coaepua-ﬂ'rcsx B CAMOM
wpocrpauctee (x' . x") . Huoxake? rpynge B €02 M He
BhAengeM, floﬂ'rmwy He Hano eMeuiigaTs TepMHHONIOIMIO H Me-
'rommy ITHX ADYX PU3HLIX ~paccnoeHuhn”,

.y anp H e yHCHA i $¥3u Y e-
cxHe pasmMepyoc T H. llonyapxmgaosa reoMa-
Tpis ‘pacnonaraeTca B npoMaxyTre” Mexgy WXonsUOW 3BKAR-
A0nOY H ICERHOIDKNHAOBOI IeoMOTpUAME, KiMMeHHo, acnu nnua-
H3 B2KTOPA (f:x} B IBXANAQBQI IeOMEeTPHH eCTh

Pe JIF Tt (12.5.1)

B NCEepN0IBRAHAOBOIL Oi1In

£= Ve - <t ) (12.5.2)

TO B NONY3BX/INAOBON OHA

f = {'H ‘ €40 (12.5.3)
b x : €t=Q :

Baasse, 4T0O Tak onpepeniennad anmHg cornacyeTtcd T paccao-
eHMeM, sanasaemumv apockumeid w{t x) =t , noxa peyn

npaT O bBeKTope, He Nexawer B Cnoa, LEons Ke oM NeXHT B
cnee, TO eMy INIpHANCHIBACTCH HNKHA, yKe He COTNacywuag-
CH C patcioeHMeM, TP ROTOPOM BeCb BEKTOp N OKTHUPYEeTCSH
B OAUY TOUKY. WwopMymy (12.5.3) MOxHO nepenncaTh C nomo—

Ubhi TAK HasLBaeMuIX AyalbHLIX YRCe)l £ = Xt , I'Be t?=9,

HamoMudM, 970 3 TOM IID2ACTABIS HMH 9HCeN, I'ie ReleCTneH-
A O

Hpte Uicna HaolpaxalrCa MaTpd-gamn 6 N : B HYUCTQ
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MHHMBIE — MATPHUOMH (?- -2 ) y AyanbHble HHECA& Kaolbpa-

A A
W AKNTCS (-k _,)‘) . MHeMoHMUeCKAR 3anHch QopMYy awmi{ 12.5,3)
HMe8T BHA

=Vt v (=)t (12,5.4)

Ha (12.5.1}) ycMmarTpHeaeM, 4TO B 3BXAHMOBOR IEOMOTDHH L/M-
Ha BUKTORA, Kak OLl Mbt ero HM Opany, BCATOA dRNARTCH BE-
WRCTBOHHLIM YHMcaom. Ma (12.5.2) BuAKO, Y10 B ICEBA0IBKIK~
UOBOH T'9OMETpUH DBeKTOpb! He HynepOoH anuHbl OLBAIOT ABYX
Haumenopanuli: pewecTeednsie {(mpu €] » || ) u wmcro man-
mole (apx |4] < x| ). DTo Broase cooTBeTCTBYST TOMY,
KOK NPUMANHIOTCS HA3BANHILE TQOMETPHH: fI8DBAS NPKMEeHACT-
Cr HCK/OMHTENHHO K BeARNHHAAM JHau4yeckKoldl pa3MepHOCTH
*meTp®, & BTopas Kak K BenHYHHAM pasMepHoCTH "cexyHpa”,
TaK M K BenmuMHamM paaMepuocTu "merp”, HecropumocTs On-
HOH PAJOMEP OCTH X APyrofl OTpAXARTCH QOPMANLHO B TOM,
YTO PEWECTREHHME YHCNA ¥ YHCTO MUMM LI8@ HUCIa He onUHAaKO-
e, a3 (12.5.4) Buuio, 4TO B HOAYSBKAMAOEQI IeoMeTpHE Be—
KTOP bl OLIPANT RuYyX HAHMCHOPAHHHA: BCUeCTBeHHBIE (npn‘f’#&’)
I yycTo oyanbHee xr {npm +t =0 ). Taxum ofSpasom,
TORYSBKAKAOBA TEOMETPRE TAKKR HPHIroaHa LAS MOAECAHpORE~
U OBYX padHLIX pUidHeCKEX pasMepuaocTei, B “acCTHoCTH,
HETLIPE AMBDHAS [ONYSBKNMACEE R MOREMIPYeT HLIOTOA0BO
npocrTpaycTnoppeMs { Ha TpeTheM YpoBHe pacCMOTPRHUSN).

BO3BpALAACH K NATHMEPHIO (t\x,g,z,e) C p&Ccc/oe ul~
oM Tr(t,x,y,2,€)= (¢,x,9,%) s Mbl 10 asagorMu C {12,5.4)
niueM MHEMOHHYECKM MeTpUKy B Bine

g = ./'d_i_ xx.__gt.__.zz. ""CEZ)l ‘ (12.5.5)
JTa MeTpHKa NDEPDAHA ANRA MOOQ/IMPOBAHHE TpPeX HAaUMBHOBA~
uuit {pasmepuocrelt): pemecreensne (cexyuna) nas bt} >
- ‘/x"‘““‘xﬂhzi, yuCTO MuMMse {maertp) anaid)< VW K
4YUCTO ayanbule (KynoR) nna+ = x =4z =0 1 e$O.
Lnga pnokasaTenbCTe Mbl H2 CTAHEM MCIOAL3OBATH QY anbHEIE
YACAA, KOTOpLIE HACTOALKO HENPUBLIYHLL, YTG HHLI® HA3DLIBAOT
ux "gyxaMue”’, "meumcroit cunolt”: pcd nocmenyoumee CTPOrD
nokaaLBAETCS MOCPenCTEOM annapaTa, YXa3addoro p pybpuxe
4°, Ho nna me Gosumxcs "Heumcroil cunn’ N0y IETEABKO 3aMe-
TETh, YTOQ Bl lochregylomy Teompso MOAKHO nocrpoutTs, mMu-
Hys OQBEKTH, COTNMACORAHHLI® C PACCHOLHHEM, MUy (narTed-
30PEI, SCHHM HATOXHTL ODLIYHYI0 PHMAHOBY I'ROMETPHIO HA HHC-
TO [YaRbLHLIS KOOPUMHATE! {IpH COUMOOCHHH NBYX 3BPHCTHYEC~
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KUX HpapHi:

' = }af o # 0
/2 2 3 .

»

I Cleiyiolero! BLpaKCHMe BHna @ /T , I'O¢ @ — BeleCTReH-
HOE UUCHO, BU3MAKHO TOARKE NpH o = {MOTHRUEPORKA BeLb

2
(‘i‘) s—l—- }, Hatexngo Taxum gyTeM antop Ielitien K cboell
noaypaMenopoll I'eoMaTpuln BO BIADUMHPCKOL Tiopame B 1962
rony, a 0OTOM yx¢ ofa¢donnipan @2 “6e3 uewncToil cmnut”,
AstoMopUitoMul (MoomeTpur) Metpirr (12.5.5) anano-
MHYHBl ABTOMOpPOHIMAM HbioTodopa yHaBepcyma {d4.8.2) u co-
nepxarT audeidsie w HEJMHEHLIE chraracemure:
of * 8
X "*f ; “/“" (12.5.7)
2 s oxe® o § (! 2Tt x)

o

rae (L 8 )- rpoym a Jlopeuua, a f—' - NPOMIBOALUAR iy HKILH S
YeTLPEX POCTPAHC TROHROBPEM QUHLIX KOOPAUNRAT, IJTH IBTOMO-
POHaMLI B TO4HOCTBLIO COBNAROIT € ODUWGHAIBOCTHLIMY IONYCTi-
MBIMY (peolGpAalORatHisSME NAFpaKKIAda B 3ACKTPOUMKAMIKE:
HPOCTPANCTACHHOBP2MEHELIEG KOOPANHATA 11peolpanyioTcy noc-
pepctTeoM rpylitsi Jopeuns, a "paiicTene” ppeotpasyercs an-
AKTHBHO, C TOYHOCTLIO [O AOGABNGHHS NPOUIBONBHOI! QYHKLUIL
or t,x, J H &,

§13. NMONMYPHUMAHOBA TEOMETPUHA I EAWHLIE TROVIH

l.ﬂ,elbnunurrﬂ O G HOXpPATNHWNOC ~p ac-~
CnHoe I’ onro nOLYpPpHMaHORBA op o
CTpPpAarRCTB a4 PaceMarpupasM raafkos MUUTUOOpA3NS

M, € raanguM pacciroesaes i M M . B Gaze M _=wrM,
pqccuoerms: IULBLTCSH HQB‘:IEJO)I(QGIIHQS! pl{\l&l[Oﬂ& MeTpuua - DN
1<at, 8<¢m « B cnoax W,_ -‘!rn'pc': M_ , pem_ 3apaer-
ca Tome (’(".'BI;I{JO}‘{RIDEIHWSL pd\:auoaa MeTpiuKa 3““‘ ’ m{}l v-fn
Hpv orov 2, B8BICHT TONBKO OT KOGPAUAOT Gaamx_mox

A &‘“v CYyTh WI[KQJII oT RBCQAX n ilcpeMeHRLIX HA M .
ODBINHON pUMAHOBOL TeOMeTPHR He 3anaiT TaKHX mn:sopon,

a cpasy seoasT g, . 1€ L,k §p H& BeM M . CoorpercT-
BOUNO MATpHILSE xozuuo:ren'r Bblrnsnna'r B oﬁamnou reoMeTpIn
TaK

d<g  Frp
Fuv  Fr
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a p pacCnoHHOM Cny4as Tax:

( dur 2
” ) {13.1.2)
e

[1abpt yponudTh PACCAOVURLIL Ctyualt ¢ puMailOBEIM 1O YHCOY
KOMAOHRHT MIATPHKN, BBOMIM XOMIIOHSHTL] g P “ Emep,
QHRuY, eCTeCTBOUHO, IFABHCAT ywe OoT BCAX apeMEHHEIX., [co-

MeTPUYOQ CKHE g;" 340aKT 70, 4YTQ HAILIBASTCH m-=PACPenSne-

HHAS M

.
wpim g, dxi =0 (1

opTuroianciHzM ( TpaHSsepcannHuM) ¥ CroOw M, . Kok 6y~
[OT BHAHO K3 HANLUGHWEro, |Ma-HYeCKuii HHTOpaC TpaacTap—
ASIOT NMUL HEHRTATPAPYEM bl NACHPenone His,

O6vakT 91, = (Fug.Fpv, o, ) PEOBDAIYETCS MpK UpeOGpa-
aopanisx xapT {12.4.1~2) HHAYE, HRKENH TAH30P: UMEOILIO,
aTOT OGLEXKT, HAZBIBaeMLIl dnarTediIopoM 3 , Tpeobpanyat-
cg 1o hopMytaM; Lk

i "
3-(’/3/' ?0({3 :?.gi Ef" , \ (13'1-4‘)
- u
on = Ton DL, + 3,9, D

austiaTel’. O6paTuM BHMMGHMC, 4YTO B CHAY PACCNOR2HUA, €CTE-
CTBEHHO, KOMIIOUENTH 2., [pA UPEOCTpA3QBaHNaX H? JaBH-
CHT 07 KOMHOKeUT g, H Guy i, B #exoTOpOM CMEIC-
A0 HEOKNAAUHO, KOMHONGUTLI g, He 343HCAT NpA npaedpa -
SOBAHILHX OT KOMIVHGHT @,y . & g, = HHM Of 3,4 4 OT
g.," , YTQ Yx@ ecTec’Berlio, icway B nan'bueiimem aHama3o-
Hb! CYMMUpPOBAHKA [O o , IO A& M RO &  — CBOK, YKa-
JaHNbE pLIWeE,

MeTpuuaCKYil (NarTIH3op MO KHO OGOCHOBATL C/ASQYyuNM
oGpaaom, O6qupll MeTPH e CKKil Tenavp 3, JNomyuaercsd
KeK oToGpaxenune g E.. e E: , BANNCLIBACGMOS B DHRG

P - : .
g(x e:)zz)( 32,“@” , rae ‘é:.- GasdcHuit Bextop B £, , a
e" « p conpaxeusom F ¥ : npu »TOM nO ONPeEQBNEHHI "é"e".Si
Tpefyercs, 4TobLI BHIO0 HEeDELPOXKACHILM, & ycnosue
3(!)Y=9(Y)Y ofecnewMBaeT CHMMETPHRIO Qou = Fy; + V@-s2 TO-
ro, 4TO pacchoesHeM m ' E —» £ Boon AIOTCA ABa HOBEIX
BEKTOPHLX TpocTpaicTea (cnoll £, = ker#:{YéE“ ]f,xe,o? i
Gasa &, =& }, OTOGpANKEHH® £ e £® MOXST GuiTh 3aMe-
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HEHO YeTLIpbMH oraﬁpameanﬁmn' E,. E*, E, HE ,

E v E) 8 E, E, [lepBuiM 3878eTCH 0SBt Mk
pﬂqecmﬁ TeHaop 9“, B 6a3e £, BTOPHIM ~ OGLMHLIH MeT-
PUMRCKUA TeHIOp g,, B C/l0Q E « TpoThHUM M Yo TE2pT LM

3apaorca KOMHOHGH’PM 3‘“" " 3’”‘ ’ npm—zem Ha 3T® [era
oTofpaxennd HUKAKMX YCAOBHA HeBuipoxaerHocT® (obpaTumMo-
CTH) He BARArawTCH,

MaTemaTHyecKkad TOHKOCTL COCTONT B TOM, HTO Fug
Juv v Fuu B . HOUHCTAHEL BCO B PAIHLIX bascax, a
NOTOMY ¢(uI'ypHpuBaThk B OOHON dopmyne RM Tak xe TpydHo,
K&Kk TPyRHO CKA&RLIBATL BEC ¥ TeMnepaTypy. llpoule Bcero ne-
M0 O6CTORT C KOMIOHOHTAMU Tpv  » Ouit onpenensiorcs no
BLILGYIIOMSHYTOMY GA3UCY e r.;E"". TO/tbKO H3 BCEX 6azHC-
HulX BEKTODPOB BLINEAHIOTCH 're, 4T nema'r B c.rwe £, i CO-
OTBOTCTREHHO C conpaxeHHnM Bmucom e e g% noa'romy
nonyiaem OGLIKMODEHHLIA TGH3CD HAR &, . Komnouea'rbx
*e g, ONpeHesIvTCE OTAOCHTEILHO Gasnca €, B taxTop-
npocTpmructee E,_ =17 E, , TAK 4TO 6G83UCHLIe BEKTOPH CYThb
He ROKTOpH HB E, + HO EKnNacCm SKBHBAMNRHTHULIK MeXAy CO~
6okt mokTopop € = & +ak e “* (3neck & €.<E, a A, npo-
H3DBOJILHL) . Ja c'te'r 'roro, 4TO 0Gpa3ou E’ npu croﬁpa}xenuu

CAYKHT COMNPSKIHHO® K TOMy we E HpDCTPBHCTBO E: ,
B KOHe@4YHOM CYeTe M nonyzaeM o6 LIKHORQHHBIA TEH3IOD, TONb-
ko e san E_ , a nag E_ =wE, . B caysae tperwero
OTOCpRIKAHHA o ¢ ,....E* 6aaucH B oOpase H fipoobpasa cy-
UEeCTREHHO paammm. Oas"roro, 4To6pl MOKHO 65110 Ghl aa-
IUCATb 2TC OTOSpakexsus B Gasuce €, € £, (# conpsen-
HOM K HeMy), T.6, fabu (POROIKHTE 2T0 OTOCpAKEHMe C E,_
Ha OToGpawxeHua £ =, HeoGxoauMo npencTaryTh E, B DH-

Ge IPSMOra upgodapeneHud E-.-. xE,_ _ . Tne E, - Hexaropoe
noanpoctparcTBo ¥a E | . Cxexem, npe ¢uxcypopanHom Ga-
snce € € £__  aa ed » MPeACTABNSIOUHE 8, ., mpasEMa-

TCS 're, KOTOPHE B popmyne € = €, +A, € g, nonysawTcs mnpu
At =0, KoneuHo, knacc Taxmx npenc'raaneann COCTOHT HE H3
POARHCTBOKEONO 2/1@MEHTA H NN ONMCAYHE CTENelNH NpOoM3BOnA
HYXHO pACCMATPUBATL TAXKe KOMNOHRHTH g . 1 K&K BHAHO
H pid “ =
"‘G;OPMY\:X 3@ + A%, €, V€, 3(2 )é’ +—kvg(ef‘)e
Ho x cbopM)rnm npeoﬁpaaonanan xohnouea'r (13.1.4) apr ra-
KOM DpeacTaBAeHHH BKAOYAICT B ce6d TONBKO KOMMOHSHTI
Yoy 1 M HUYETO Bonsite., AHanordudo YeTBEpTOe
owoﬁ%ameune NPOAOIKAETCH B BAAG OTOOPAXGHHE E rv E*
XKorna E: npe ucTaRIARTCH B BHAS E X E,, TO‘{HG‘.‘T&K e
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B OnHCAHAI CTONSHN ApPOM3BOAZ BONHMKAWT g, K3 $opMyaul
[}

3(‘?#)(6«*)\&3,, "?M*—)'.‘?,mi NpH (MKCUHPORBOUHAOM me Enm
6yner AY, =0, dopuMynu npeobpazoBaHis Fpra s TE WO, HTO B
TRPETbLEM Cly4ae.

Haxoren, orvaTeM eme, 470 HeIABHCHMOCTL QOPMYIN npe-
00, 230BARHE KOMMIOHEBUT Surp” OT Fop # Fuy v OvYenun-
Hast NP UBAOMEUHOM MNOCTpoCHuM-geummimy B, HiZ BLITE
KAET ua sakona npeoGpasomasus (12.4.2) &7, =0 = .23;’_

Benp ofuure gopMynst npeobpasopamisi TeHsopa Hel £, ae-
of

[ 9
ne 5o 3_,;14- = gcfﬂ 48",-8:‘!, +gu,u‘£)ﬂ”£):‘ + gFV'S:’ '8;, )
rae HEYMTO He o6g3aHO SuThe wynem. UMa yenosuii (12.4.2) Bni-
TOKAET MMk HI3ABUCUMOCTR g,y OT QL. B g, .

1o MeTpHyeCcKOMY yilarTed30py J: TOHTH OBLIMHLIME (O-
pMyn aMsi puManonoll regmeTpuy CTPOATCH KOMIOHeHTH! ghiar-
adpunzod cpaznocTr” l‘::‘ = r‘u‘{, { “cu mBoner Kprcrodhenaly,
cornacywuws :6n ¢ atol meTpuxoi. [Tocneanee oanazast, 410
AN KoBapHAHTHOro aAnduepCHuxpoma gsa V¥V  OTHOCHTRNhHG
CRSI3HOC TH E"J‘K ameor mecto Vg,,=0 1 Vg,, =0, vo yc-
nopue Vg (0 HE HanaraerTcs. waarafyuHHag CBA3HOCTS cor-
aracyeTcs C paCCnocHMEeM, HTO NPKBOONT K OBYM PEIYNLTATAM,
Bo-nepBeix, HM@OT MCCTO pAaABRICTBAa

r;: =0 | A< Em<in, feigp (1815
mpuyem p cuny (12.4.2) 2To ycnopee HHSBADHAUTHO OTHOCATO—
NLHO KoopiauHATHRIX npecobpasopatsii. BTopo® - KOMIGHEHTH
Cle He BLDAKA OTCH HBPE3 KOMIOKSHTH! METPUKH gy 4 OC-
TABASICE COBEPUICHHS NPOHABOALHLIMU (Y HKI-HUME N Nepe-
MeHuHbIX. [Jogpohnee npo BCé 3TC CM, [8} H {9]

MapecTHO, 470 B pPHMAHOROH TeOMETpHH BGErA&8 MOMKHL IO
Kaxaoll JUKCHPOBAHHOH Towke p€ M, pulpaTe KapTry Tax,
2ro6u 9,9, (p)=0 , roe’d,; ofoausiaLT YACTHHE NpoHa-
ponfvie, B nonypumanopoll aTo se pcerga soaMoxio, Heobxo-
AMMLIM M QOGCTATOYHOIM YCNOBRA@M CYuw eCTBOBAHME Toxoll "sp-
xnuaosoll B rouxe’ kapTH anaAseTed BLnoadeside ycnopuii

V,.ﬂw + V 9u =0 - (13.1.8)

B atoit kapre FJ; (p)=0r xpome r“:‘ » KOTOpHIE [PONABONBHLI
[lo roMnon2ATAM CB43HOCTH OSLIYHLIM O8pasoM CTPOKTCH
Teusop (Toi#ee, (narTeHsop) KpHBRIHLL R‘.jni’ . On Takxe
B OBYX OTHOWEMHUAX OTNYASTCH OT DPUMAHORA TeH30pa KPpARH3.
Het, Bo-nepBoiXy BEMEIT M2C0TO cneaywowse (MunpaohanTHme!)

ychnopus:
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o « :
R =0 R. =20 (13.1.7)

f‘l.ﬂ ;'l-bk 1 '

e
a BO~BTOPBIK, XOTH R,ucf pLpexkaeTca wepea [, aGuuHuiM
obpasom, HO K., HepB3 2;. HO BrpaxaeTesd {ma-3za npo-

H3BORBHGCTH f‘" ).

Conox.ynuoc'rb BCeX HKOlRaHULX B 3ToH pybpuke ofnekTon
Cc zakoHamu npeodpasovaua (12.4.2) uasupaercs [ONYPH-
MAHOBOH FEOMETPHEH VI .
2.Muor‘oupa'rﬁoe paccnoedn e,
CaMm Cnoll W < M MOxST OKas3arsCAd TOMA PACCNOSdILIM,
1.8, CYmeCTBYoT 7, W s W’ , ¥ T,1. B aToM cayvae ocio-
BHOS KOHCTPYKUMS COXPAHACTCH, HO Q.4 CTPOMTCH YxE He
KAK HeBRIPOKOCGHHLIT Me@TPRUCGCKHH TeNHI0p, a NonypHUMAHOB
METPHYRACKHH (narrenaon ¢, B up2nsmyumed pybprke. B
BTOM CAYHA9 ynoGuee COBOPKUTL 0B 0 pacCl0euui Cnod, a
SKPHBANGHTHRIM 06pa.0OM O USUOYKE BIOKCGHILIX APYD B Apy-—
Ta NoceaoBATeNsHLIX PacCoaduil
maM MM e M, Lsa)

" i 2 4

Tokas nonypyMadopa reomeTphs 0003HAYALTCH Vﬂm"“m" ,

a BCe ONHCAHHBE KOHCTPYKUMU COXPAHSIOTCR, HO CTAHOBHTCSH
BRCHM& r‘pomoammun, ACTOMY HTO QRANABOAN [ MHAGKCORB
TONApE CYTh €&, ¢ m, mCal,Smy s+ o ym<ax, En.
Mu BCTpellanHCb n npagLAyLaMm T(.KC:TE TUJleO c D.EIHO'LPHT-—
HbIM paccnoeunew B §6.5 nonypumadopa reoMmerpus V‘ (T,
e, M, — R, paccnoem:e 3anapanochb }Jyﬂnamemanbubm Bpe -
Meﬂam) ONHC LIBAIA HLIOT OHOLQ FIPOCTPRHCTHOB BEMS, B §5.8
nonypdMauosa reoMetphns \/ (7. M, —>M,, pacenoe-—
HHE QCYWECTRIUIOCE BAOND KOHIPYSHUMH KpHBLIX) OmACLIBAnAa
CUCTEMY OTCYETa Al NMPOCTPAHCTBOBPEMOHU C OOCTYNAATOM
Gauaxogeiicraud. [lonypsmanona (cch*raemm, M1l TTOK& OIiM-
cenu B §12.5 TONLKO NONYy3BXIMAOBY 3R ) reomerTpus -
3V (Tvoa Mg 'V, , paccnosume ocyuxec-mnae'rcﬁ 110 OTHO-
uemno a6CoNOTHON ORIOBPEMRHHOCTH, T.@, TI0 SaM LKAHKIO
OTHOWE HEsl KAY3ANBHOIG NMOopARKa)] onxcubaia gopmynofl
{(12,5.5) sapsn HapasHE C OpOCTPAHCTEEHHOBDOMEHHLIMH KO-
opiMIaATAMH COSUHANBLHOH TEOPRH OTHOCHTENLHOCTH, 4 QOpMY-
noft {12.3:7) -~ upeofpazopauks narpalmKala B 3TOM CayHac.
Hudro H2 Mew&eT anpiaopy B HOCHENHEM Ciy4ae MLICNHTDL
npOCTpBHCTBO He DendT-HBHCTCKHEM, 8 HBIOTOHODCKHM, T.<.
PacCMATPHBATE UENOIKY PACCNDQUME-POCKUHE My oM H{R
Torna Mp ROAyHINM OL: ABYKpPaTIO pac:cuoenmy:o nonypuwa-
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HORY ICOMeTPHQ V;“’ . O ge $MIKYCCKOM OPUTOLIOCTH CM,
§13.7. A B80T BO BTOpOM fApuMAape Aeao OI6CToMT Hkage. [Ipoe-
KUK, COOTBRTCTRYIOUL] CAOK QLUHODDEME@HUOCTH NPR HLIOTOHD
DOM YHOPSIAOYeHHUH, ¥ UPOEKUNd, COOTB2TCTBYIOWAS OTONARCT-
BASHNIC BCeX COoBLITH Ha ORilod MAT2pHIANBIQI TOWKE, - He
BKAAALIBAIITCA 0aHa B Rpyryw. Cacaosarensine, NpH MX 05hI-
AMKCHNE HeAb3d BBECTR (BYKPAaATIHO DACCAOSHAOH IIOMYPHM IO
POl MOTPRKH,

ApAaroe RAMPabaC dHe MBLICAH, CASAYH LOTOPOMY MOEHO BBO-
AUTE MHQIORPATHO LACC/AQCHHLIS ApeCTRAHCTBA, COCTOHT 3 MNMo-
BLILG HINE PAIMEpIIUCTH, KOTOopad B UAPCOLAYUIMX 1TpHMepaX pan.
HAa 5. DTHM Mbl 3uilMencs b pyOpuxax 4 -6 , ToKke n Hl4.
Go.Hu'repnpe'rauun ROMIOHRIT G-
Quucainue B pyep.lO KOMIOHSATH @, 4 ana cnyqas
In =4, N= 5 e BuinumaoT Hegoymenull, llapsnie ofecnanum-
BAIOT MeTPUMYSCKMI TeHs0p B COOCTBREHHO HPOCTPAHCTROBRAMS-
HY, HeTHIDS XMEep oM ¥ RHIMHATCIRMAALIO HA0TRONHOM: NpH
sroM Vy 9y s=Qu . g,," 0. Bropue, mpuuaM anns Teueps

BUA goo s COTHACHO (13.1.4). 1peobpasyioTCHd 110 LOopMY e
5T 9
Fsogr g . D, 2., (13,3.1)
3apUCHT OT BCex maTi nepeMeutsx, 83 Vg .~ 0, Oun sionne
MOP'YT GpITh KHTCRHDEeTHPODbAKL XKaK mMacwTad phaa naoMmepedus
sopana (MM geliCTBUSI, HNH KAK Mul HCTAIAKYeM STy WOOpal-

Haty), Hoo
ds? = g”_ (t‘x,;,z)e) a’e ole (13.3.2)

npu ycnonux, aro o =dx =y =dv=0, Komonouru ®e g,
HYmBAOTCH B Bonee ApiCTANLAON pacCMaTpeuii, COrIacHo
(13.3.3) our upeolpasyvITcH no Lopsmyne

— by o Ly 85— -
g;—.‘d/ - grﬂ' @‘, $“' +- g:s ‘gg, 7 4 {1%’&3'3)

ol

RAypbesao, 470 TO4yo Takas KE DApPMYRa HONYY&eTCH UM UC-
nonbaenanuy smecto {13.1.4) acuapaTa HEBIPOHG LTIl pAM a-
HOB O reomeTpuy | Ve nau 3\/‘, IR ice qu' ). HeN U
O0'LACHACTES, YTO M IUKA IATONMOJN/E CBO2 BilMMANHIR ACKIN-
YHTANLHO HO HIBLPAKAIHHOH recstetpin, Qaidko connagHie
CAHOll HAR ABY X QOPM YN URUDABMABHOL TROPHN C QOpMYNaMH
TOOpUNY NPABUNGHON eme Jd2 J0KA&3ILBAeT IpLaaHIkil.CTe NepBoil,
s uurapnperanus {|3.3.9) crangaprao npuberawt & nppdep
HO TAKOMO MO8 PACCYXKAVHHAM. hoMIooHeTLl dss B TOHXC -
KUHCTAHT L, ¥ 44 CHUeT H3MOHeHMS MACWTADA DI, MOXHO BCe-
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ma CYHTATH PR {1 , a gpaabwme macwral ue MEHATD, T.e,
=4 . Toraa (13.3.3) :uprmeT pun Ieu ™ Feu 9, + B,
Koséupﬂmem"m D%, OTEEGHAIOT KOOPAHHATHOMY npeoSpa:sosa-
U0 B COBCTBEHHO HPOCTpaucTBOBpeManH (x' x¥ x fxY), a
Npd BLIACHE MUY CREUMYRKY g, Q@CTECTBOHHO B HOM HHI2I0
12 MeHﬂTb, Tax 4T0 DY = 3" . Toraa (13.3.3) paraauuT
Fea ™ Jsu ™ 11&6u o RyTATLCH ¢ mWwEM HAEmekcoM "5,
nepeoﬁommqnm A, = 9., 1t packpoem coraacio (5.7.3) cone-
PAUHS CHMBONA .95" ! nony 4w

5
Ad‘-ﬂA“-P)“JC . {13.8.4)

A 3T0 nOTKO Y3HABAEMOL ¥ XOPOIHO H3BECTHU® B SHBKTPOMAw
HuMEHe DpeobpasQuanye KenekTop-noTeHudana A, - Jocpea-
CTBOM ROOABNEHUA 1*pa,:m~|r-r P -§ NpOK BONLHON @Yy HKIH
£, smece §=xF

floaraMy CTAHLADTHU TRPHHHMART Geuw I BICKTPOMAT-
HUTHEST noTeHmuAn A, , Ml B KuTeplipeTauly Toxe Symem
nocTynats Tak, Haioasiim, 49TO yCilop Mg xongpRauTJI0dl [OC-
TOAHIOCTH ng-*o HC HQNArAKNTCH 110 ONpepeneidlo NoaypH-
MERQIOH I'eQMeTpHH,

MTar, TeoMeTpH4eCKul mouXon HO380AKA oHY YUTh €1A-
HuM O0pasoM CIHCKYIONHAE ODLeKThi: METPHUCCKHR TeHIOP UPO-
CTPAHCTROBPAMSIN g, , (u:‘ x" x? ,x '), macurrag ;“(x x x x"r‘)
A H3MepeHUA nﬂmu xoopummrm { aeficTBuA, 38paRA) U KO-
sexTop=notenaian A (' x" x! 2’ x ) , ,,mq.am B cuny
{13.1,8) pumonusierca 9, A (b0 He ~0). Ha nouxoit
cragm paceMmoTtpewns Tmsunei © oxa&;,xnaurcs. cgymmus; Feg !
KOTOPAS MONYyY#na Ha3lpauie "cranapiuiit noredauan” unu
*ekanupHOe mone®. Oua de HaxoauT cobe OBCOPLALUCRHOID
COOTRETCTBUY HPU HATEHHpPeTALN, HGO xnaccnauecky BCE ane-
KTOOM AP THOR Holle CBOAKTCH K F;“:-.}‘.AH-Q,‘A‘.'G\%S KAKOR —J1H~

6o P Josue, HIXo, 9TO0 BMECTOo 'a A = ML UMeemM
nHwe | V. A =0, Haxoueu, obpaunauchk l{ Komnoneﬂ'ram CRAIHO=-
ot F! 3 OO HIPYHRABABN LY HIK WM F' (x 'y x3 x x") #

iK
5 (s, x% P} KoTopue Tamme e Kakonat cebe #utepipe-

Tu;um.r
4O.O-rcy'rc'rane KpuHBHSIH L B O
BDHY TpPEeHHeM npocTpauwcTsee B rep-
MITHOIO DU (HOIK0B, 384EMACWMHACS BOHHLIMY TEORHAMI, TO,
yTo y nac wManyercd “cnoi”, mnasupaerca BHYTPLHHHM
IPOCTIPANHCTRBOM, TeoMeTpus chod n NOAYPHMAHOBOHK reo-~
METPHE TOAHOCTbLIO OXPCIARRNSTTS MUTPHKOH sy (ot’;mée -

3 uv ) B H® LARHMCUT QT METPHKH Fup 3 2TOLO yAQGHOro
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CBCTOATENLCTEBE HET B HuBLIpOKASHHON DPeomevpiu. Mir sana
AEM PeoMeTpHIo B €08 Tak, wreohsl o4& Bhila TaM 3IBRANIORA
R He 3aBuCcena 6l OT KOOPIMILIT H3 Ga3.1 PACCAOSHEY: 3TO
GyayT HaluM cpeuypdaHpyowMe JocTyRaTul flo CHX mocTynaron
f He poayMancs B NyOnAHKAnHEX HA 3TY TeMy UWCCTHOCCATLIX
Tonon, NOJXTOMY TaM M3N0MEIFE ropalao Goee TPoOMOIAKQ? H
OTAINOIE HIIQ HERY KHDIMH QY HKUUSMIL, XOTH B LQN0M [HOAXDG) Be—
pibit, OxasplBAETCH, COOTICTCTBYIOLHES ITHM HOCTYAATAM YC-—
JOBHKS:

V,g.. =0 1€l €4

“ ¢ "‘ ) 093.4.1)

3
R".. =@ | € k€S (13.4.2)

Sep 3

HUBAPKAHTHE OTHOCHTSNb.10 O OMIYCTUMbLIX i1peoCpanona At
(12.4,1-2} B cuay .opmyns (13.1,7), 1ouTOMY BBORGTE TAKHE
DOCTYNATH KoppeKTHuo. Torga B efnicTd (4 Ha B onHoil TOYKe)
MOMHO BLIBpATE XapTy, B KOTONOI I":;_-:O ’ I"'si= O . hnace
TAKHEX KApT BHACNASTCS OQUO3HAYHO M RHBADIAUTHO, BTH Kap
TH CBA3AHLI APYDI' € APY oM JIUHAHHBIME 1O ki TO0 XOOp MHaTe
%¥ npecGpasonaHnsMi, B 5ToM RIUCCC KapT 3AKOMIO MONO—
WNTL {;r.—_o , 4TO ML ¥ cgonaeMm, B sTOll 3e kepre 3,,[35,"'"0,
2, e =0 H Br?5r=0=B;A; Tax ycrpanstiorcs pee nuae 06 b
@XTEl U 3ATPYAHNRHXH, HeplUYUCHSNHLIC B KOHI2 npouuaywwed py-
Opit kK.

B gpyrxx, 6onee reoMeTpHUHLIX CACDAX, CYTLH CKA3AHHOIQ
B Tom, 4T0 dopMynamu (18.4.1-2) rapanTiposan a6comOTHO-
napannensiuil nepeunc nwdoro pexropa M3 CJIOA  no nmoGo-
My NyTH BO BCeMm G-nmAoroobpaoni, Bo3:40xHOCThH TaKOH rapai-
THR BO3MRKAET U3 CTPYKTYpPbL NOAYPHUMAHO LU reomeTpux,
ee mer » PUMAHOBOMN HEBGLIPOKLEHHOHE reomevputi, DTim
OGLRCHAETCS HAAPAHEE, KOTOPUS ML A&8M ilalleMy ROocTYnary:

NOCTYNAT 3BKAMLOBOCTH, Bee paaumoaeilcTeas ong.
CLIBAOTCH HOJYRHMAHOBOI reomeTpueil ¢ atCoONKRTHO -2BKANAC—
ByIM Cnoaiat.
So.lllec'rnmepﬂmﬁ cny«ai, Her nuxagnx
NPEeNATCTEEA pasabBUTbh 2TH MeTOAL Ha chnywud Donbuero qucaa
naMeperii. Paccmorpum wvi= 6 p nonpesueMy Bepem 4-mep
mywo 6asy 'V, , BooMowdn msa caywas. Mepsudt « paccro-
@aue OOHOKPATHOZ m M, “"“’M., y 8 CjIolt T p yHME HQ
paccnoel, TOraa CornaCHo HOCTY&TY 3BKANAOROCTH Ha 12
BLIMONYRE TCH IBXAHI0BA HIK NCEBROGBKINA0BA Ire0MaTpiA

( R, wum 'R, ). Bropo# caywah - cam cnolf paccroed,
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Tak 490 B HeM BhLMONEASTCR HONYaBKAHOOBA reomerpus R}
Jror Cnywall ynoGiee ONHCLIBATB B BHRE ABYX NOCA840BATENbL-
HblX DACCAORHUA M« Mg F> My U 1, 1 M, = M,

lns onpenensHHOCTE B IepBOM CNYYAE PACCMOTPHM  TOT
rogcnyqail, xerna reoMeTpHs B Cnpd 3BKMNAOBA C HONOAKNTE-
NBLHO OonpepeeH Holl MeTpHKOH, T.e. g = g’“ . Toraa pony-
CTEMBLIO B Clioe Hpeolpal’onaiMs KOOpPANHAT A2KAPTOBRLI # HME-
10T BEA

5 : =
-f);,ﬁcosp , B, =sing P =0 . (13.5.1)

BponM 061e KT A;"}“},; i Bf—‘gﬂg";. B cuany (13.18)
HM2aM!

A.;,sﬁo: AJ,"‘-—B“‘S 3 B..e,c =0, (13.5.2)
a (13.1.4) gawnTt ans Ay B 1AL RanuOpon cHHbIe Ope-
o6pasoBauia: ' . _ ]

Agr> A cosp rB sing + Cosﬁf_b.‘x +sing }dx
. < ((13‘5.3}
B, H*Adﬁmf + 8, Coiq - s,mf,?‘:x +qs<’3“nc )
(13,5.4)
Aa,( - Ad,c

Orcmopa  soiTekaeT Teopama:

TEOPEMA 20, PaccmarpusaeMuift cayuall nonypumaHOBoi
reoMeT PR 1\/: PRBHOCHAGH CprKType(g‘dﬁ‘w"rup_.@'“‘)}
roe W, * W, (', x* x¥ x") ecTh mexrop {a de KI/IACC pek-
TOPOB C TUYHOCTHIO OO T'PAANGHTA, KAK 06CT0R10 neilo ¢ A))

"
= A ¢ . e .
F‘ﬁ_- W[ﬂl,ﬂj x 3 G."ﬁ Eq’p] x ’ ( 13.5.5)
F"’P 5 F.tp Cos p * G-p Sing ( 13.5.8)

G '—'-F'Jﬂs.'nw + G cosy :

<« “A
M3oMeTpKH TYT NMEKT BHA
o LY fa
XOTT Re T (13.5.7)
xlf" — Ef; x"l A Eh(&(’xl)xrlx") ). Iy

rae ¥ - rpymuna fopesua SE’,‘ , Marpuua E: aana-
eT ppaiedus Ha SBKAmponol 2-mnockocTh (xS x%), a JS”; ‘3“
CYTh RpOM3BONBHLE (yHKuud, HBApPUANTAME 30eChk OyayT
ds’= 35{,‘, dx* ol 2 { nnuna » 3\/" ),q’g‘: ?’w dxledx® (nnuna
B CRoe Np¥  dox'=ofx® =ofsel = ofac?= 0) % BuPamKenue

- N < X
A de dxl g odx! dxt
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XOTsl noc/legHee npIpAKeHHe MOKET MTPaTh PCAL Narpax-
KHaHA, TeM He Megee B Taxol Mop-end HET MECTA snext-
POMATHETHAMY! Bafb HerT B KTODUHOIMO 10714, DiipeaeIeHROTD C
TOYHOCTBHIO AC I'DafMeHTHOIO HpeohpalopaHus: .

Paccmorpam Teneps BTOpolt caydait., Paccnoenie Morm,
TOPORAAST BCE T@ OGBEKTH, KOTOPLIS Bl PACCMOTPLHU B
pyop.4 ¢ Tem TpHBHANLHRIM 0O NONH3INEOM, HTO N0 HOCTROL-
HHI Ofl nCe He aapncaT OT weCTod Koopn¥uarhi. Pacenoe-
HHC e Mg s M NOPOILRACT BOGaROYHbe OGBEKToI Ysu ' Fas
H 3“ ' npmeM B CUNIYy aGCOMOTHLI IPBKIM AOBOCTHA €DK
(x%,x$)RPA NOCAGAHMX CYTh KOHCTAHTH! (M = 1)e 33K0H

Fes
npeoGpaacsamus (13.1,4) BurasgHT 306Ch

£ 5 & 3
Yeg ™ 31“.2'36,-‘{9“”L 3”.9,3 +3“.9 B, ,(18.5.8)

1TQG RaeT anga obmexrta 3 ? . Taxkde ¢QopMys Kanubpono-
YHL1X pecdpas3opaduis
. : g &
gd — BM + g“ bdx + élf x p (13:5-9)
Bx,g —p Buﬁg , (13,3.10)

By = B, + const . (13.8.11)
[lpn asroM coranacuo(13.1.8) uMeer meocTa
Bd 6 = o . (13.5.12)

STo nDJIagaeT, ‘{TO B ROHHOM CNY4Yae jIOMUMO DNRXTROMATHUT-
noro nona A,=g° 5’::.: NOSIBAASTC S eme, panonoGue "V" '
"BeRTOpHLIN 3apan” W, { W, B, , )., saprcauHI 3;1901:.
BooBme roaopsx OT nepBmIX nm‘n KOOPARKAT, & TaKXe [ONe
“F*_S w ﬂJ ¥, #o anecws (B oTnMume OT 3'\/" ) mona
Fea W Q-‘.ﬂ KB3aBACHMEBl ADYD OT Jpyra. I’I'rax B@DHA TROpe-
Méa:

TEJUPEMA 21, PaccmarpupasMuii caygall nonypHMadosoi
reomerpid VT p&BE’ocuneH c’rpyx'rype( A,,‘Wd,fg ),
roe A, = A, (x' x>, x") sagan ¢ Tormoc:'rmp no Icanﬂﬁpoaoq—-
HBIX npeDSpaaona!mﬂ (13.3.4), a W = W, {x*, xt x |t x‘]-m:n
BapHANTIC 280aiHLH Bex'rop Ges KanH(‘SpOBO‘!HbIX HPGOGPGJO-
padui, [lons ;.’ = A ayk G_,ﬁ HUKAK HE CBu3aHpl. hOoHC-
Ta{lTa Br Odpeﬂ-‘EHEHE] C TOMHOCTL 10 HO AQUHTHBHOU HOCTO-
sugoi, HaomeTpim cyTe

1o ol S—— L:‘ﬂ J:A 3 . .
5 £ - Jsf(x‘,:x:"i'x VX )
= =

xS 8+ -gc(‘x.‘,xiaxl} x*‘:rs) {13.5.13)
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M MMeIOTtH GBA AHZa]WaH A A.J“." i B“I’:‘-l-e, +5 . aro
AAFpaiLKBaiBl QAHHON MOASAM,

Tax Hepen HaMi OTia) oIBAOTCH NEPCHEKTHBA NOAYYeHES HO-
BblX B3uEMOReNCTEIl, xak COXpoHas padee loaydeHHme (aaek-
TPOMAPHCTHIM BO BTOpOM CHy4yae), Tak ¥ He coxpanas nx (B
nepnoM Cny4ae). Bo pcex HOBLIX PaarMoneicTaeax OyayT po-
BHUXUT "DEETORILe aapAnsl’ ¥ HHOPRA OT Q4sHCUMOCTH MO
KOCPAIAATAM U3 BHYTPeHHISr) ApOCTpacTBa Ha6apUTLES He
ypaercs,

BO.Cunsﬁ BlaapmMmopeificr e ua, Mr cuura
emM, uto "cuaa” (rToumee, "ipupepwiddHas HA SAMHHMKY MACCEI

cuna®), T.0. BTOpas KOBApHAATHAA Npoxaponnas L dx™

=~ ds 4% i
apnaoTcs QysKiHel ot CKOpUC%H %= 9F° MATepHanLHOM TO-

YKH H OT 8ceéXx aAlgeHRLIX B I TeusopoB. ODBLIRHO B pH3HKe
CHAIL AN DACKTPOMArmuTIoro BaanyMogeiicTBix GepaTCca e~
HOH Mo RAMLAOMY U3 nepoICRedRbiX TEHJOpHLHIX apryMeilToB:
Mid PACIIPIM KAALC HOMyCeTUMLIX (YHKUHMR, B3AB @8 TeHIOp-
HOI pagnoiankioll pynxknomeil, He Hanares Ha peca aplyMen-

TOB HAKAKuX orpasuvenul, lipeanonoxnd, 4To X He SaBR-
CHT OT uex'rummlx HepeMen X (&pome x ). Torga, Tak
Kax x_‘:b = 4 H neToMy *® ¥, =2 Q , cpasy OKA3LBAOT~

Csl, 4TO ypanidenke nsnmeuna ( cnna") MaceT BHAS

Rzt a.?"'wxG +a.,H )x, fJF Fp” gF F G ...
YA ):c +(c FAE, F -rcF""F G,
o "H"HHH,):: + (d, F"’F F

“t- X SR .
+d,F prpa Gzt+*‘*+43s Hpr 3“:) TxEE

3gnch OTTOHMS BHYTPH CKOGOX 031AY4I0T OLloYIeHbL!, Noayua-
amule cowerauusma ¢ ., & ¥ H {(nocneguee -~ B
COMUMEPHOM Cay4ae) B COOTAETCTRYOIWUX IPOK3BEALHHAX.
Orrouxe p Kouue QopMynbl yKadmBaeT Ha COOTRRTCTBYKNNS
cnaraenmnie peca 5, T ¥ T.a. 10 x  , F G M e
Kpsddunueours: o, & , ., . CyTs ueoupeuanﬂemma TED~
pueit xoucTautsl, B S-mepnom CIyHae OTCyTCTBYIOT H , s
G-:cepnom, orcyreteylor H ® G, a npu n > 7 noasnaior-
ca AonONHMTenbHLIe CnaraeMiie TOH e CYPYXTYpbl, HO € HO~
BLIMR TEH3Op 8MH.

B WGCTZLM TRy NIORQBOM cny*{ae , KoTaa .ﬁ (QT' 0 00)
8 ‘(elt" 9.0 0} u a(e,'c. a,0 D] moxcHo (13.8.1) nepe-~
nyEcaTh Kopo'—Ia nas HMI‘IYH!:CE ;&" B BHOE:

"(13.8.1)
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dp ( - =3 Lod g ¥
= +
:If- k‘e.‘-q-)tea-\-\,e,)‘r.t *’Z}“';Jgeqete!tt
(13.6.2)
v, AV -v? ’
+Z‘Jke'ee( R+
-2 s 1% 4
TAe B OFTORMM CTOAT CRArAeMbie C (e'r. ) ), L,
4 cymMitpomamite npoussoanrtes no 0 €4 g,k ¢ 8 npu ycnonun
d+j 4Kk =3, KoreTauTo A, oo 1V, Re onpeneasiorcs
TeopHeil, e o e

Ecne Bce xOHCTAaRTHl, Kpome X. , Cy'rb MyIntM, TO NOAYyH&-
@M KYJOUOBO JIONe B KMACCHYSCKOM n«me. Ecneg owe P3aa® @
TO nonyqaem ‘panzanaoiiyio fiotipacKy” Ha KYnoOHOBO mMONA,
Yaexwe c© e e’ wmoryr BOCHPUBHMATLCS B 3XCASDHMEH~
TAX Kok 'Ganee CUALHO [eUCTDYIOWHS” CPpaBUHTSILHO CO Cld-
reaMuMK, TA8 NpHCYTCTBYET TONLKO €T’ .

LononnHo HPOCTHIMA DACCYMAGHUSAMHU TPH ©CTECTREHHBIX
OPSANONONEHMAX nonyvyaeM ypasdeHuw Maxcsemia gas safinen-
HEIX BIaHMOUOHCTDHIl, B aunsiinoM IpUBIHKHHM OHE HMEOT

BHL:
=0 =0
F’[d’&‘]‘] ] G[u'&,y] ? ? {13.6,3)

v, FUf =2l vd('_;“": ;m’c.",,.. y {13,8,4)

a B HenMuellngM Ciiy+ae Hag0o b npasyw dacTth §13.6.4) BMmec-
70 )%  [OACTABMTH OTHOCHUIBECH K 5TOMY B3aUMORGHACTRMIO
HneHLl H3 npasolt wacTi ypasseuka (13.6.1).
.BoamMoxno nn a2 1eXTpUITeaecC T-
o B HbIOTOHOBOM YyYHHBEepCYMES
M el © caMoro sagana DOSTYARHDPQOBARY, 4T065A3a paccnoeHis
My~ M, apnserTcs NCeBACPHMAHOREIM TPCCTPANCTBORPEME-
HeM Ve _oﬁuxen TOOPKM OTHOCHTENBUCCTH, A 4TO HIMEHHEOCH
Gul B Tecp:u, ecnd Gu Gasa Sswa V| , T.e, moaypiuMamo-
BEIM HpOCTRAHCTBOM, COOTRE TCTBYIIUHM HBRTOHOBY YIOPAAO-
yeRRK? Torga M IMeny 66 cneqylomre O6BEKTHI: Fu ? Fup
(2 g, p¢ 4) « $yg COOTBETCTBOKHO CYTh METPHK@ B OAHO-
Mepuoit 6ase (Ha ocu TeMmnoupaT), B COGCTBRHHO HPOCTPAHCT-
pe (Tpexmepuom X, ¥ , # ) i D oguHoMepidoM cnoe x*
3aTeM HMPAUCH OLT CMeWAHULIG KOMIOuweHTH g, (244 ¢ 4),
Jus B Gys . ¥l3 BUX §,4 OTBEHEIOT BRKTOPHOMY MIONIO
¥y TOKa& aemec'raa cM. (8.9.3), 8 §,p ¥ g, Oxa He
OTOKADCTBAOHHEI®. 38K0Us MPeofpa30BAHEA CYTh:

7
B
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4 1
In ** G0 B, By ’ (18.7.1)

dap '™ Fup 'B-f‘ '3" » (13,7.2)
Fes ™ Gsr D P  (13.7.3)
Fiu ™ Fau 'ai"a + 3pu'9 9-" » (13.7.4)
Jus 3“2) .a + Jes “,.9,. \ (18.7.5)

f b3 .6

315 = Bup DD ¥ 9,0 D) B, +g,, 8,9, (13.7.8)

Wa (13.7.4) prado, 4TO Ipd NepeXoae K APYroid cacTeme OT—
cyeTa "CKOpoCTH CKAanmpaloTca”:

V, 4 V= ..__,__y...“x ‘ (13.7.7)
X « o
Mph Tex Me HATePNPRTAUMONHEIX APCANONOGIKeHUAX, ¥TO CAena -

Hol Buiwe, ¢oprynst (138,7,.5-8) NpRIuMewT BHA:

T, 49 x5 26w é 4,
Jus T Fur T O ’ (13,7.8)

[y

3‘5,»-—-»3“4—\{“% iﬁ- ‘ (13,7,8)
Hrax, po-nmepesxx, Mul Ha aoRyYaem nnxaxoro XS T LIRe XMEpHO-
ro sexkropa (KXowexTopa). Mpl Monyyaem MaTepHan TONbRO
ans TpexXMepHOTO BexTopa A = - I ,» 1pOOOpasYHMIEeTOCH
C TOMHOGTHLIO AO TPEXMEPHOPQ ke IPaaMeHTR’, & TaKKEe HOny-
yaau @ue g, - HOUTO, HE gBIHKUIGACA HA BEXTOPOM HH
cxanapor. OBzext xe Ar,, g9 (2 §v,45 4} ne naxpupaer To-
m 4TO HW3BECTHO HOJ UA3BAHNEM PACKTROMATHHTHONG 11014

(1w g < 4).

ﬁ Moxuo cpasnaTh BHiBOD —~ BOpO¥eM, KapecTHHl cnenXanH—
craM daxTHYeCkH CO BpeMmed Maxcsenna, R Mako UCNYyRApH-—
3yeMpiil: O He ynoMmuHaeTCst B yyoOumxe flanpay, Hanpumep,=-
YTO CaMO© HANNYKe SNGKTPHYSLTBA H MAPHATH3ML XaKk AUYX
TPe XMepHLIX BEKTOpOD g ¥ #4 noxasupaeT, yTe MpoCTpPaH-
CTROBpPOME He HbIOTOHOBO, & TO, KOTUPOE MABSCTHO Ifoa HAI-
saguen ‘MpoCTpaHCTEOBpeME CREUMA/LHON TEOPHH OTHOCHTEN L~
Hoctu’,

o)

8, I nexrTpunyec T O B aAaHUHIOTP O
TuHOoOM npocTpauncTRPOBDPEeMEOHR Ec-
¥ OONYCTHTH, 4TO Gana paccacesus M > M, cama asna-
@TCH e PHMAHOBLIM TPOCTPAHCTBOM °V, y 8 MHCIepOBLM,
TaK 41O ?-:,o L,F {(p, X) , TO B pPACCYHASHHAX MEPBLIX
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maT¥ pySpHK HEYCIO He R3IMeRHTCA. [lonpexHeMy HOIIYHHUM
OB BEKT LT Do , NPE4EM AEXe BOIMOKHO HHPADMAHT-
HOQ cdopMm mfpona'rb YCNOBAS, UPH KOTOPHIX KOBEKTOR ~[10TeHLH~
an Aw"J“JM. OKAKETCS HACTOSNUKM KOBEKTOPOM, 8 HE (MH-
CneposuiM KOBEKTOPOM, TaK YTO B NPHHUIHNG COYGTAHHE 3N8K-
TPOMATHETHAMA X AAMJ0TRONHH NpOCTPaHCTBORPEMEHH BOSMO-
MHO,

[Iprk aTom 70, 4TO ocobeuuO HyKHO Ads paBoTw "B NPUR
4HOM TPEXMOPHOM HpOCTpaHctTBe”, - TPeXMepHLe BOKTOPL!
# M snexrpuuscroll m maruntioll manpsixenHocTell ypgaercs
BREBECTH IDAKTAYECKHM TAK e, KaK B HIQTROHHOM Cny«suae,
MmenHo, 8 BX BBCUSHHE Baxiy 0 ponk HrpaeT "rTeHscp obne-
Ma® (2.4,1). B gurchrepopoM cnyyae 0d, K&K H METPRYCCKHIl
T H30D, IABHCKT E-llg OT B KTOPHOTO USpPBMEHHOI'D, HTO [ODH-
BOLKT K HQOAHOBKAYROCTH NOHATHR o6sama. Oanako pens £

# H opoaaTCca yame mpu duxcupusaHHoM pexrope A, xa
POKTOPUAVIOWOM NIRHEI0 Toka { TOYeYHOro HOG MORATeNA, OTHO-
CHTenLHO ko@ro Teusop F pacmennssrca B8 E u H ).
[looToMy HEORHOIHAYHOCTD "H’ {(p,X) snorewacrcs sa
cuetr A BuGopom X= A . Hwmennuo:
L 3 .
=¥ = 3“’(;:,#)6,‘. p,MAY (13.8.1)
o
N = 873, A F oy (p, M)A, (18.8.2)

[ OMHOWeHHZM [13.8 2) na ’«. MOQHO TONyIHTh MArgHT-
Hy 10 KHAYKUHK B H T.H,

OpHaxo B ¢opMynax esna (13.8.2) Tenepn BM6CTO vt
Nk ¥4 - vier  Gyoyr Jurypuposarh Gonea CnoxHbie BUALL
BeKTQPHOl  XUHOMATHYeCKOR MeTpuxu Bpoae (8.5.5-6) uam
{9.5.1). Ho camoe HonpraATHOS TO, 470 HET TROoneM 0 BUAC
$UBCNep~TOHIOpHOR QYHKGNYN (HHCNEDP-~-TEHAOPUMX APTYMEHTOB.
HosToMy ‘dopmMynst pySpdku 6 OenaTCd  BOAMOMHLIMM, EO
He OAHICTBEHHO BO3MOXHLIMH., B (uMHCNepopoM cayyae He HC-
KAIOM@HL QpYTHE CHAB M OpyTHEe YpamHeHud and ionei,
0°, Crxpuwras npobGnoemMa - a2 ne-
XK TPOMATPrHSETI I3 M H a nepBoOoOM
Yy poBrae  BoavoxHo ne of08uiuTb NPeangxensyld Teow
pHI0 SA2KTpOMACrHeTH3IM& C Inaakor o { TeHaopHOro) ypoBHR
Ha TOOPGTHXO-MUIOXOCTBSUHLIA (TONOAOTUYSCKHI HAN Temio-~
panbHRO~-METPRyeCKH) yposedb? [leppyio nmonopmuy aamgayy -
ppepeuus "maro#”’, "snexTpuuecko#” xoopnugarts, OTIMEAEI-
welcs OT BCeX NpOYHX HANPAaBAQGHAR, -« PIIIKTL JOBONBHO NPO--
cTo. JoctaTouno paceMmaTpuparh yepepcyM (U, 5) + Y KO~
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TOPOro oTrvueste § € F  meer onomepuce (D yAoGmok
TOOpLNl pazMepHocTH) dApo. HO TPYAHOCTH BOSHAKAST B TOM,
49T06; KAK=-70 ARdUHHPOBATL 4-mMmepHOe "TpadcBepCannHoe” x
aToMy cnow “pacnpepenesie”, MmenHO RoadIHUKOUTL TaKOrD
pacrpeaeneyx, KAK Mul BHASNA, COCTAB/ A0T NOTQULMAN &/eK-
TPOMUTHHTHOIO 0N, KOrge HeT KOOPAUHAT, HET M KO2(QgHUH-~

eHTor. fla B "TpancBepcanbHOCTL' ONpeNenHTs TPYIHOBATO, XO-
TR nocpencteoM OSynymero H nNpouicro KQe—y7rTe CAeNnaTh MOX—
HO: BIpOYeM, TpeGonanue " HEMBTIPHPYeMOCTH' CHIBHO OCAOMK-
Hster aeno, DBod aTo e TONRKO HE pewenHble npobaeMui, TO
naxe eule He HoCTaRASliIbIe YeTKO npotnemsus, [lozroMy asapa-
4a oSo6UNTE BACKTPOMATHOTIAM TaK, YyTobOu 0 HOM MOKHO Bhi-
10 6u rFObOpHTR Ho RepBROM, BECXOODRHHATHOM, YpODHe pAaCce
MOTRCHER, FOBAPETE NPHMEPHO TaK @ CORepPIKATENLHO, Kak

yaaeTcsa ropBopETh O “MarTeomanuuodr Towke” BaM “cucteme
orcyera” B §5.8, -~ 2TA InALYA OCTASTCH OO DIONHO OTKPLI—
TOil.

§14, NMPOCTPANHCTTBO [IPM3HAKOB

1. 06 wmue coob6paxeusdd B arom napa-
rpade HO OyZeT HUKOGKHX TOWHLIX DOpMYA H, JQoxanyil, nawme
YopMmynuponok., Te ofnacT® 3maHMA, KOTOPLIX Mbl TYT KOCHEM-
Cil, KONMYCCTH CHHO M3YYeHH B JOriuyecky JopMand30BaHLl He-
HBMEPUMO XYHe, HIKSAAK YVYeHHS O NPOCTPAHCTER, I'PALBATAUHH
H DAeXTpRYeCTBO, TeéMm He Mepes MHe Kaxercd, ¥TO HeKOTO-
puie ofuMe MeTOogu uaasaHuux pucwisimun MOITY T umers ka-
CATGUABCTBO H K TAaxIM pasReaaM, X4k GHonoTid, AHNCBHCTHRA
H reonority, ¥YXe HICKOABKO A2CHTHARTHI, KAK B GHONOIHM [hl-
TaeTes npugars TOH HOE auwagexue TaxoMmy BUpaxertio, Kax
ynanzHHOCTBE oAuoro pHaa or apyroro”. [lopofiuce sToMy =B
AUHCBHCTUXEG GCTECTHOHHO NpOIBYHUT ¢pasa: 7Y Xpanic xdil
APBbIK PACHVHOKSIT TOCPRAMHE MeMAy P yCCKHM ¥ HONBCKAM
ABLIKAMR Y, = I HEECTTCTROHHO (pasa: "Bacxcxull gonx pacno-
NOMEHR MeNAY PYCCKAM ¥ MONBCKHM dA3uKAMHY, — RO HHM T4 HH
Bpyrasgpasa He HAuM [0Ka HAKAKOH oOWeNpHHiTOR TOYHOH H
TeM 6onee XONIYeCTREHHON BepHHKadii:.

"NpoctpaixcTeo” ¢ Hekoel (PrAoCOPcKON! TOUkE 3peHHA
eCTH PE3YNLTAT MLICAGHH OT0 mepexofsa oT “BosmMoxHOCTH” X
"BKTYaNM3auKH STOH BOSMOKHOCTH B BEOS YEO-TO NOHOS HOIO
peansaocTH”, §fl BHKY Kamens B gasuoM Mecte., BHxY xaMeHb
B apyrom. BEiy, K&K NOTHT KaMeHb, Gpoweuusll B oxuo, B
ApoMewy TRaX — xamueill Her, Ho g Mupcnio cefe nO3MOXKHOCTE,
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HO 60518, ¥OM MLICNCHHY® BOAMOIKHOCTh, TOIO, 4TD KEMEHD
MOXET NPUCYTCTBOBATRE ® TaM H TaMm, TOYHO TAKHE Ke
kamywkr-gecyeRkA MOTYT JANCIHATE meck mozayx, HAXO-~
AXTHCA HA 1IOBERXHOCTH pexu-MopfR-oaepa, BOIMOKHOCTD,
npespameEiad B He kMl nodaTuiigmii xoRCTPYXT, obChnanaxwri
aTpUGYTaMH PaanbBOCTH, — BOT 4TO TaKoe “npocTpaHcTsa”,
[IpocTop pad MEUNeHMA. [IOKAMeCT 8 MpICHI0 TONBKO peailb-
HBIMU MBCTOMAXOMACHRIME KAMES{ s ¥ MEHYI NIIQOYTH He oCTa-—~
eTcd “TeOpeTHRACKOr 0 nhipocTopa” AN NOCTARODKH BONpoOCa:
YA rnousMy OHH HAXOASTCH MMENHO TaAM, a He TaM-To?’ Bens
“apyroro mecTta’ mnd HEX ¥ HeT, KpOMe xXak TAM, rae Oul
peanbHO Haxopgarcd, Kolya xe A BO3MOKHOZ MecTOonpebypa-
HH® KAMH® YPABHHDAKX MLICASCHHO C 8r0 pealLdbiM Mecronpe-
GpipaHdeM, TOraa K DNOJHH XR8T OCHOBA AR HOCTAHOBKA RO~
poca: “TloyeMy K30 BCE X MbLICAHMBIX BO3MOXHOCTaX KaMEHb
pPRIA0DAT HMeHHOo 3TY?Y HO mas Taxoro sonpoca HApo
ITPUMBICTIKTEL cefe ovens MHDI'OG, 4er0 B peanbHOCTHE HeT,
ne uwmearcda, s "{usndeckoro npocrtpancroa” raxkag npolle-
aypa cpenanack TP SAMUHOHHO-NPHALMHOA (BO BCAKOM Ccaygae,
NOKB pedYb HE 3&XOOHT O COKHO-HCKPHBACHHBIX NPOCTPAHCT-
bax), Kns sKo HOMEXH RNOHATHE “SKOHOMHEYECKOrQ MPOCTPAHC-
TBRA” pacnpoCTpaHeHO UINPOKS, XOTA He CTalo ewe BIOlHe
NPHBLIYHEIM, & And SUOAOIrHM, HAREGOHTONOTHY, NUHCBHCTHKE «
BCE¢ 3TO NOoKa ewe npobnamMaTuyird, Hapsay C peanbio cywe-
CTBYIOWHMA I3LRAMY MLICAKRTE KoK O PaBHONpPABHLIX eule K O
MUDHARAX HECY~WOCTBYWUMK, HO B KA&XOM=TO CMbICHE “pBoamo-
WHbX" sanikax?! B xakom cmupicne "soomowumx”?! Tyr rpo-
MANHRI® TPYKHOCTH W TEXHEYECKHe® M ICKXONOTHYLCKHEe,

B npudHuune MOmHQ TOBOPHTE © NpOCTPAHCTBAX H BeKTO-
paAX NpEMEHNTEIBHO B K GHONOI'HA M K MAHI'BHCTHUKE, ©CNHU
BOCHONIB3ORATLCH KINACCUPHKAUHOHHO~-KONMHYECTREHH M MeTOo~
GOM. BoipoC nHG B TOM, HACKONLXO NpHeMneM ( XOHBEHUUO-
Hanen) GygeT Ceit ASHK s GHONOTOBR, INMHPBHCTOR, TEONIOrOE
H APYLHX,
2”.Kn-accntbuxauxouuo-nonuuec'r-
B e HHBNIMR MeTO L, JITOT MeTo MOXHD ONHCATDH
TaK, YCTaHABNHBASTCH OnpeaeNeHHas PRAKCHPORAHHAA HOMEHK-
Jarypa NpE3HRAKOB, Ka;Aul H3 KOTOPHIX MoXxeT 460 BoBCE
OTCYTCTBOBAThE Y ORHCHIBABMOTQ. o6iexTa, AH60 NpPRCYTCTBO-
BaTe ¢ KO/IHHYECTBEHHO BupaxeHHol cTeleHb® RHTSHCHB-
HOGTH., JTQ TO, 470 2Dwbu Hazsan “BeRTOpOoM b KMbBepHsTH-
xe¥, cm, [21 . Toraa mcaxmft 06vexkT (npennpusTee, 0Cobb,
beHOTHI, A3KK M T..,) BHPAKASTCH KOHAYHLM HaGOPOM UHw
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cen {¥x, ®x,,...,%.}. Tex Mu nomywaeM K-Mepuoe npo-
CTPAHCTRO HPU3HAKOB, TYT MOTYT QUIYDHpPOBAThL, HANPHMOp,
KONMMYEeCTReREpIE TAKCONOMHUISCKHY NpH3uakH, MOoxeT GUTYpH-
poBaTh Habop TOX FeHOB, KOTOphIe HONYCKAaKT KOMHYGCTREH-~
HOS BBIpAXQHHE CDOEH MHTEHCABHOCTH — M0 AKTHBHOCTH 3H3IU-
MOB, UMK 10 (SHOTUIHYRCKHM [IpH3HaKaMm , uaH euwe xax, [loxa
B Ta&KOM YHHEBepCcyMe ocobell He UpeAllNCAHO Kaxoro-gHbo oT-
HOWEHNE poONa NOopankKA, pas.nge Mexiay sTHME ocobava (B
bpopma nH PA3HOCTA BEKTOPOB! B YOPME A¥ MOTPHXE O : B
HHON Iim QopMa) Hoay«aeT cMmbici "paccroaxna”’, 3aMetum, X
C/AQORY, YTO B TAKCCHOMHH YaWe BCETC pACCTORHHES BBOAAT 4Ye-
pe3 npocToe Cymmupopaxse @= g |k, -xjy] . MaTemaTi-
YeCKH »TO kpaiige HeyaoOHOe pacc TOsIHME, OHO COOTBeTCTBYeT
YoxpyxHocTH” B BHA® KBappaTa ~ C YEeThIPEMA Yriamx. lopa-
300 yaobHee OpaTb pACCTOSIHEE - €CNE ¥t Mp! MOKEM BBIYHC-
nate %, ¥ x: ~ b Buse p= Vg (x;~x2}) 1 HO OHO xawer-
ca GronoraM-~rakcouoMaMm “crnoxmee”, a noTOMY HE HCHIOAB3Y -
eTcs, [ax Ha ypo BHE nepeoHaYalLHBIX AediMHHURE paspyliacT-
CHd CTLIKOBXAa MExny OCHONOraME H MaTeMATHKAMN,

Korpa uMceTtca NpoC TRAHCTBO NPH3HGXOB, TOrAa MOMHO
OOMHONpABHC IO30PUTh M O TKOPOCTR H3MOHeHMS HpPHIHAKOB.
CxopocTts MoxeT Guirh “cpeausaa”, T.e. paccuiiTadHas 38 BeCh
paccMaTpHBAECMbIA IPOMEXYTOK BpPEeMEOHH: MOoxXeT 6blTh TaK Ka
avipaeMas "KOHewHAaR”, T.6. B3ATAR 38 CPABHHTENLHO Manuil,
HO XOREYHRIl NpoMemyTOK BpeMEeHH At \ OHA BHMHCANRTCSH
kak 6% /6T 1 HaXOHEW, CRODOCTE MO XKET BblTh “MIHOBGHHOH'
"ungusnTesnmansioi’ dox /ot , ecnx Muicnexno gonyckaer-
¢ HeoTrpavpyeHH&S APOOHMOCTh-HEHMOCTD,

B §7.1 Mul oTreepray 70 cnopoynorpeGlleHu@, XOTOPOS IpH-
AHCBHIBABT TeM HIH AHEM (QUIHONOTHYAGCKHM HApAMOTPEM Yy
OTRENBHO PACCMATPHUBAEMOI ocobu auavenue *Guono-
rh yeckxoro spemMemn”, llpHMeHHTenBHO Xe K "OGHONOTEYECKOMY
apocTpaucTey” B ue/lloM HO MOXKOT BOIHUKHYTR BOapAXKeHHIl
TIPOTHE HCIONRLIOBAHNA >TCro Tepmuda, OyeRupHOo, YTO MHOIO-
obpa3Ke BceX HHONOIHYEeCKH pasanddHelX OCO6eH HeBO3aIMOMHO
onucatTe TONLBKO gnanyecxumu (reoMeTpHyecxumu, TONOrpa-~
JHHECKUMH) KOOpRHHEATAME 2, u ¥ . HysHw euwme xa-
kue-T10 CHELUNGUUYECKH~-BUOAOIMYECKHE pasmvepiocTu
aAng paaMewmeHua GHONOTHYECKUX OOLEKTOB, ITH PA3MEDHOCTH
QOCTABAHIOTCH Toil HOMSBHKI&TYPOI! HpKIHAKOB, KOTOPAR 3400-
wela B AanALil XKnACCHOHKAUMOHRO-KONMYELTREHHLIIT MeTOon.
[losugMMOMY, B OTANYHE OT TOrQ, KK ™Mbl MOCTYH&AH C SAQK-
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TPUHOCTBOM, KOTOpOe HaMM BBOARNOCH B PHA HpOCTPRHCTREH-
HEIX XoopauRaT %X, } , % 4 3aTem & . — BHoOnorRyec-—
Kue npHu3”axy yaob:aee pactmartpusats B OTPLHIBE or npoct-
padCTBeNHLIX Koopnaaar, H, koHouwHO, HUKAKKO AKCHOMEL o1H~
HOH TeCpHH He MPHEMOHUMbI K OCHONOrHYECKHM IDE3HAKAM HA
HplHQWHR CTAUNN W3yue HUd,
BO.Hpumep - AEBepreHdUH A B 6 u-
oOnoruH H A X HTBHCTHXRKe, JonycTuMm
HA MUHYTKY, YTO B OHO/JIOTHY H B NRHFBUCTHKE YM¥E CDINAHL
CBOH NpOCTpAaHCTBA. [IporamocTpapyeM, XAKOrC poa8 Pe3ynbTa-
Tol MOXHO 6LuI0 G5! TOr ga "noaywarth napoM”, 3a CUGT TOABXO
MATEeMATHYECKIX TeOpeM, BLITEKAKMNX HI UROCTLIX H €CTeCT-
BeHHLIX BKCHOM, 63 CHeuNanbHLIX CHOAOMMYSCKHX HAM  JIHHD=
BHCTHYECKEX #3LicKaudii, Ana sToro Gaonorsyeckos IpocTpaH-
CTBO Mbl HynaeM pPaCCMATPHBATE KAK BIOKOHHOS B HeEHR HpIo-
touop yHmeepcyM (cm. §8), u npumesum x Hemy MeTonut Mui-
Ha, OCHOBAMHLIE HA BIPLIBHON CHUCTeME K PA3BHTLIC MBNHOM
(6] ua actporomuuecKoM A3bike. COGCTBEHHO, RANLHETUIRE NO
CYTH €BASeTCH NepP3IBOAOM C ACTpOHCOMEYECKOTNO A3LIKA HA
sabik Buonoruuweckuit (nuurercTyuYeckuil), ¥ 0 "peaynsraTax”
MOMHO TYT I'OBODUTB B TOM CAMOM CMLCAR, B KAKOM MOXHO
TFOROPRTE O “pesynabTaTax” B TEOPeTHYCCKOH KOCMONOTHY IO
NpoRengHAR CooTBeTeTByrouMx ofcepeauxii., [lonyuasTes cnegy~
10lAg Kap THHA.

JlonycTM ~ o9TO QOonyiued#e HOCHT CTATYC aKCHOML! - 4TO
B nexmil HGxonHbll moMment € =0 BCe OCOGHM MPaKTHYECKH
He oTAMYan®ch OAHa OT aApyroil (o SUONOCHHeCKAM NpPH3HA
Kam), Torna e cuny TeopeM MHNHE C TeyeHdeM BPEMEHM OHM
-pacnagawTc’ B Fpynnrt ocobed, 8 rpyniiel ®TH C XOnoM Bpeme-—
H¥ BC& Gonee RQUBeprEPyOT, T.@, PASHRYHS MexAy Ipynnamu
pacTyT. [Ipomesy TOuHEIC Ke BUABI, CYUWECTBOBABIWKE OO
MB)&LR}Y’ ABYMSA TaxuM{ Cpynnamid, HEIPOTHE, BRIAZAKT, HCYE-
aawr, CymecTtsyer Heuro Bpope “rarotvesusn” OTASNBHO B3fA-
Toll ocofy no danpapieHHKX K Ongkaillefl oT HOe Tpynibl OCO-
6ol — ou& Kax Onl CTpPeMHTCH yooaoGuThek (ACCMMHNKPOBAThL-
ca)} Gnumxalimell ¥ Hell rpyane. KonuuecTBeHHO camde Iiasiiog,
9T0 pasfuuus MOwAy CaMHMH rpyamaMi (a rpynnbkl CoCToaT
HA OuQHL MMUIKHX Opyr apyry ocofeft) pacTyT Nponopd HOHaNb-
KO BpEeMEeHHM,

3710 rag 6z Mogenb NA3BHTHA pasHOOGpasKs M3 9oUHOTr O.
3neck HeT YSBOMWLKM OT JPOCTOro k ChoxHoMy®, 3aecnh BooG-
e HeT HpenmouTeHus: kaxas ua rpynn (ckonnesmnil ocofefi)
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Yenomree”, "npmcnocobnennse”, "nanewses” ycrpoena, Bce
BHAL! (8CAH 9THM BHONOTHYECKHM TEepMHHOM TepEfaPATbL AH-
feTanTCcKo® "rpynna ocobed’) papHONpPABHLEI B KAKOM=TO CMbi-

cre. Bupyc Huuem He 'muxe" kurTa, Boaopochs M aMeba Toxe.
C marTeMaTHvecXofl TOYKH 3peumdg BCH CyTh TeopiH MRaua b
HCCASOORAHAR CReNCTaHH, BLITEeKAKIUNX K3 aonyvywesHs PAB-
HOOP ABHSA scex (uuepuuancumx) sabnmparencil, AMENW.LHX
obuKM 0aHO K TO ke coBuTRe (AaTy Bapuna)! Euonormvec-
kK sta "oTaocHTennLHOCTB”. "pamruonpasue” OnMcaHbt CpapHo-
HUeM BUPYCA ¥ MIOXOIHTANOmErs. 372 Mogenk oSBACHAST, HO-
jeMy p A3ANUKE Mex{dy BAQSBMH YEBEIHYUBAKWTCs, MOYEMY Bbi-
NaganT SIpOMeXYTO4HpIe $opMit. Ho #xuero macyetr “npucno-
COGNeHEVCTH K xuaur”, HacyeT “pocTa CAMKHOCTEY 2TA MO-
fens He rOoBODUT.

Apyras aaTepnpeTaunis —MHUTBKCTHYeCKaH. Mbl OTTAINKHBA~
eMca OT QaxTEYeCKOro pasrepopaoro sanxa (‘per ole *}, a
HE OT HOPMATHBHOIO ('I‘mngue'). BoiycTiM, 4TO B HAY&lbL-
Heli MOME@HT BCE UNAUDIAYYMB! Pu3lOREPHBAAM HA NPAKTHHEC-
KM OQHOM I TOM K€ S3blKe, YTO DPAIJIRUNH MemAY A3bXaMy
ObifM CTONB MAansl, 4YTO MOXHO BbiN0 BCE SIBIKH NOMEGTUTH
B ORY TOYKY AHHIBHCTHYCCKOPO npocTpauctia. *Bapus’ B
aToll Moftend osiagan Onl, 4YTO C TEHOHHEM BPOMOHM PA3rO~
BOpHuLIE SI3LIXKM HOHaDemHO pacianuch Gbl HA HeCKONMbKO TPYML
B npepenax Kaxpoll rpyann! pasroBopHele S3bKH Soiiy G5l
ropaana Bnzxe OpyT K ApYTY, HOmenH o3bIKH H3 pPasAkdHbiX
Tpynn. Tax 4TO CpapaHTONLHO C AKCTaHUAEH RO coc gaHel
rpynmnel MOKHO 6hino Gbl NpHbAMAKC HHO CYHTATh, YTOQ BHYTDH
COiIOfl I'pYNOhl PA3NOBOPHLIE ASBLIKM He pa’nuyarTes. A ps -~
TAMKA MeXAY TpyHiIaM¥ A3bKOB poGad Obl NPONOpU KOHRAMLEHO
BpeMeHK, [Ipr 31Ton nmobne "HpOMexyTOYHLIE B3bKK” ¢ BLICO-
KON CTEeNeHbIO DOPOATHOCTH ECHEIANK Ohl) NOCTONEHHO CTHPA~
nacs Gnl, BLIXOOHAU HA )’I’(D'rpeﬁneHHH’ nuGo BOBCe HE BORHR-
Kann Oui faxe HA KparTkoe BpeMs, JI3bik¥ xe, OTHOCHUTENBLHO
Onuaxne CKONMIEHMHEM SH3bIKOB, CTRCMH/AUCE Bbl YMEULUUTDL
CBOM pAa’dNHYAS CPABHHTENLHD CO CKOMAS HHAMH, ACCHMINAPO-~
Bankch 6wl Audo ynonobnaauck 61 BM. TakK U3 "BABHAVHCKO-
ro CKOMAeUMS € eanHpmM SamkoMm’ nocremenno -~ HE BIAPYT -
BOsu¥xny Bbl COMBH HILIKOB C TEHOSHUHON K AUBOpIeHN HY .
Kak u v 6GnonormyeckoMm npumepe, seneno 6umo S Cnpawh-
BATL; KoTapweiil #3 aabnikop “Gonee paapxt”, "Kotopuit Gora-—
ye”, koropwil *Gepxee”’. M He HAMA@nocnL 6Ll Cpear CY WECTBY~
UM X CeMBICTE ~ O JPOWECTBUH AOCTATOYHOT Q IIpOMENY T~
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Ka Bp&MOMK ¢ Lulki B3pblB4 ~ TAKOT'O AsblKd, KOTORLIA [40mMHQ
Boio Gbf BHASNHTL B KadecTre "IHpandsika’ KaK Npegka BCoX
Apyrux siapikoB. HeT, ool H3 CymecTBRYOWEX H3LIXOB pap-
HONpAaeeHd B 2TOM CMLICHO,

Taxoro posa peayneTaTn Moxiuo 6bfl0 Gpl nonayvarTs, xabel
Mbl EMENH paboTocnocoHule IOHATHS “6MONCTHYECKOS APOCT-
paHcTeo”, *JARHACBHCTHYECKOe npocTpaucTso”, O6GpaTHM BHEMA-
HHE HA TO, 4TO HPAMEHATONBHEO X "3KOHOMHYRCKOMY IpOCTpEH-
cThRy” ranoTesa o TOM, u¥TO ‘IepBOHAZA/BHO BCO NDEANPKATHN
HHCKOMBKO HG OTNHYANNCEH APYT OT mpyra” g 4ro "Bce nuxeii~
Hole €rHOCOGE! PA3BHTHAH PABHOUPABHL”Y, — HACTONLKO NDPOTHRO-
pPeyYaT SMUHPHKE, 9TO ApHMEHHAThL 3TY Mogeias MuAHA K 2KOHO-
MEKE DeCcM bLiCne HHO,
4°. TexumrRuBcCxUe aKcC®HoOoOM B K
Nnp HMepy MuclopMyaupyeMm aTiH axcHoMpl B npocTeii-
WeM Ciiydaee — NpUMEHUTONbHO K HbIOTOHOBY TEMIOpanbHOMY
YHUBRpCYMY, RAA /opoHnopa odu Gonee I'pOMO3AKR, a Ans ne-
CHTTEpPOBA OYEeHR CROXHLL, YITak, paccMaTpHsaeTCsa HbIOTOHOB
YHEBE@PCYM, COOCTBEHHO RPOCTRAHCTRO B KOTOPOM OCHAWMEHO
9BKNKOOBOR MeTpikoil. I'pynma, KoTopasd H0lywaeTCs NPOU3BE-
OeHUEM RHHeNHLIX SBTOMOPYHIMOR HLIOTOROBA yHKHBEpCcyMaA {CM,
§8.8) Ha macwrabHbie npeobpaaopanrs T Yt nH T e XZ
HA3LIBAQTCH B Aanendeiiwem “¢ynHpgamenrtansuolt rpynnofi”. Kpo-
Me mpocrpaHcTBoBpemeux (*,X) paccmaTpupasM Taxxe (a-
30BOE NMpOCTPAHCTBO (X ,V) , roe v = dx%/dt, Oénacts » ¢$aso-
BOM I1pOCTPAHCTBe OBoaHAwaeM < , & xenaf OTrMeTHTb, HTO
OHA ORUCHIBASTCH NOCPeACTBOM yCnopail #a x u v  {Hanpu-
MEp, 3¢ < ¥ € X, &v,<v <V, }, ntmweMm ¢ REKOTOPOI BONBHO-
CTEIO B oBosnatemax D = .‘B(x V) . Nycre P(¢, ) ects
BepoaTHOCTh OfHAapymeunst “vero-ro” ( "sewecrpa”, ‘Hxpusuny-
YMOBR, paaroBapuBaoildX Ha a3nike”, “ocobell ¢ npusHOKaMH")
B nary ¢ B oBnactn £ : 574 BepOATHOCTL, XKAK OGHTHO,
sagaeTcd HMTerpanoM no 06nactH, Haxowen, NySTh 3(‘& x v)
€CTh (YHKUUS TPSX YyXEJAHHLIX MEepeMEeHHBIX CO IHAYGHKAMH,
HMeWIME DA3AMEpPHOCTh "yckoperus”, T.e, [ ¢ x*2] . Tpeby~
eTcA, yTobul npn npeoCpaAdOBaHHAX U5 ¢yHOaAMedTanmHOL IpyH-—
NhHl, BO~IOPBLIX, REPOATHOCTH He 3amHcenn Gn! OT npeobpascBa-

Bannii:
Pt D(e) — Pl D) (1aa)

¥ YTOo6Ll pPOanbHOG OBMKEHHE BEMIECTRA B 3TOH MOAeAH [POAC—~
XOOHNRO NO Tpae KTOPHAM, BAOAb XOTOPLIX
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4P

e = 9 (14.4.2)
ﬂ!—: 9(’6 L LV) { 14.4.8)

Haxonen, TpebGyercsg, “TOOLI CyueCTBOBANK bimne % Cimv
BNOAB TPASKTORHH, Tat0 e +0

O6ozdadum v, = ﬁ-(ﬂ) mt=x-v,E . Torna aokassipaoT-
csl Taopema;

TEOPEMA 22. Bo BcaxoMm npaMoyronabkike V, $V "-“-Q""Jt}
0<¢T €@  pepoarnocTe P = 1. Bo BCAKOM NpsaMOYyIoNbHU-
Ke V,€v £ v, +dt 1 €,6T €0, BeposTHOCTE P< 1 7 yGuI-
paerT kak {/4¢ § ¢.>0.

[lepnas Jpasa u ozuadaer, YTO HAa :c:v.'f C BepOATHOCTHIO
epuurua {4ocTopepno) o0HapyxHBeeTCH HediTO. BTOopas ¢pasa
R 03HAYaeT, 4T0o MaxaAy*=vt ® x'=vf ‘’pemectsc puMBbBa-
eTCa”, BEPOATHOCTL CGRADYNHTH YTO-NREO CTpeMuUTCH K Hyhio.
A To, 4TO caMg cxonneHHs pasberaptcs, ciegyeT 43 TOro,
110 x-x’ =({~v)Et .

.1l poccrTrpearacTsobpeMas= B 6 K O —~
A o0or u H. [lpocTpancTBo, Kak Mbr Bupend B §5.8, §6.5,
§8.3 u ap., He COBepPXHT MAeR BPSMEeHH: HaNPOTHB, OHO eCTh
Houro, YCTRAHHAOWoa TEeMNOPANBHYK OMNTeNbHOCTb, OHO - pe-
3YyAbTAT GAKTUPK3IANUM 10 MHPOBLIM nAMHMAM. [OROpHTE npo
NpOCTPAHCTBOBpPEMS MOXKHO TOTAA, KOPHA K UPOCTRAHCTBY “RoO-
Gapnaerca” oTHOoweHye “pauswe-noaxe”, J6Go ROMHOuEHHEM
H& TeMIOpanbHYI 0Chb, KaX B HBLIOTOHOBOM YyHHBOpCyMe, nHOO
CNoOXHe®, XAk B DiHWTEIIHOBOM YyHUBEDPCYME, I'le BMECTO OCH
GyHOaMOHTAlNLHOK CTPpYKTypoll oxa3siBaeTca KoHyc. M B Guo-
NOFHYECKOM NPOCTPAHCTBE NpPH3HAKOB, HTOKAMECT MBI pPACCMAaT-
pHBAEM P TH NPHIHEKH CHUXPOHHO H/IM AXPOHHO, HET eule HHKAa-
KOT'O TemlopanbHore yHupapcyma, Jlywes xorfa Mu paccmor-
DHM HEKOTOPLIR COYOTAHMS IpHaHaKoB (T.@, HeKoTOphi@ “3Ha
4eHUS XoopAUHaT"® B GHONOTHYECKOM, HANpPHMEp, NPOCTPAHCT-—
Be) B OMAXPOHHOM pa3pese, NUWlb KOrga oaHc CodYeTaHHe NpU-
saaxop [TPOTHBOMOCTAB/AZTCH apyroMy coyeTaHHK Kak
B KakoM-TO CMmuiCile Oonee paHHee, -~ JIHWB Torna MOXHO Oo-
BOPHTb O NpOCTpaHCTBOBpeMeH#. Hampumep, Bo ¢paaax "coyew
TARHE [IDHIHAXOD HMpecMEIKaueroecs ¥ NeTARIEere paHbwe,
qeM CO4@T8HHe NpH3Hakop AbyHoroe Becnepoe”, “nmrepopax-
THAL penbwe romof,

B §7.1 Mn npuBon#mi LOBOALI OTHOCHTOBHO HeOOGOCHOBAH~
HOCTH NOJIbAOPAHHS TepMHHOM “GRONOMHYeCKoe BpeMa” npume-

- 186 -



HITeNBHO ¥ OTAeNBbHO B3ATHIM HHAMBHAYYMAaM H ocofaMm. Ho
HUKAKMX CNOpOR HACYeT Toro, 4TO 6Guonorua HY KRAETCH s
MOHATHE "GHONOTHYECKOIO MNPOCTHAHCTBOBPEeM@HH”, BOSHHXHYTH
Mo HAWEMY MHQHHIO He MoMer. QYePHAHO, YTO (H3UYeCKHe
xoopausars £ , ¢ k % HEAOCTATOHHLI ana onuca-
HUA OHOMOTREYECKMX pA3nuyiil Mexly OCo0AMH, ANS OOHCA&HUSA
OTHOCH TeNLHOoi yaaneHHOCTH TOHOTHNOB, ¢OHOTHIOR K T.I. Ec-
an "GronoruYeckoe BpeMR” nouumasTed KAK abGpeBuaTypa
ona fonee KOppeKTHOrO TepMuds “OHONOIMYecKoe NpoCTpasc-
TBOBpeMH”, TO BO3pAMEOHHA NPOTHD JTOTO MONHTHS, OPOTHB
&T0C HYXHOUTH B TeopeTHUECKOll CHONOTHE ~ HeT,

1o HAmEeMY MHEHHIO, CO3AADBATE KOHUGIHUHIO GHONOIKYSCKO-
ro ppeMeHH cacayeT He B /106, He Ha ypOBHE JUHRRHO-YNO-
pagoyerHeptx nepexnsangii OAIlOIN0 yuanONOTHISCKOIrO opTéa~
iHama, a "B o6xon”, uepea "npocTpancTeoBpeMs’ BCEX HAH
Gonbwell 4acTy OPraiHu3MoB. Kak peajlsHo CyWweCTBYKIAHX,
TAK K MLICNOHHBIX TPOMENYTOUHLIX GopM, Cpefl KOTOPHIX RN
HeKOTOpmX nap oupegencHo orgowcHue PAHLUE-[TO3XKE.
[Bna aToro, BHAMMO, [pEenBapHTenbiio HAANGKUT CQOPMHTBE B
TOM ®NI¥ #¥HOM BHNEe NOHATHe “GHONOMHYECKOIQ NPOCTPAHCT~
pa’, "npocrpaHcrea GHONOrHYyeCKUX npHaHaxoe”,

Hackonbro ycnellns NpeanpiHHrMaemMele B 2TOM Halipapne-
HUM yCUMHA B TAKCOHOMUE U TAKCOMETPHH ~ s HE MOTY Cy-
auThL,
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obugest TeopHi ameMeHTaPHRIX YACTHL,

Beiias I, [pocrpasicro. Hpemna. Matepua. Jlenuy 00 00med Teoprst 0THOCHTETBHOCTH.
Cayynresuy ¥, C. IKCTIEPHMENTAILHLIE KODHH CIEHMAIBHON TEDPHH OTHOCHTEIBHOCTH.

Guaocadus HrsAKA

Peitxenbax I, Pul0COPHR NPOCTPARCTAR U BPEMENH.

Peixenbax I', Hanmparnenne BpeMeHn.

Yumpay Jxc. EcTecTBennan dunocotun Rpemerm.

Ipionbaym A, @unocodcrne TpodueMEl RPOCTPAHCTES H BPEMeHH.

Axcenos [, {1, TIpHiuna spemern,

Kanxe B. A. ©opmbl Bpemens.

feiizenbepe B. Dunocogekde npodaempi ATOMHO% PHIHKH.

Jetizenbepz B. Yacve u nenoe (Deceant BoKpyT amosmuolt GHIHKR),

Bopn M. Moax ms3ke w s3mase. [lep ¢ anm.

Illpedunzep 2. Moil Bsrana Ba mup. [Tep. ¢ tiem,

Kapuan P. Oanocodickne ocHoBauna GusHkH. Baeenute 8 dwiocodsno gaykn.
Bytze M. Ounocodns Grivxm.

Honnep K. P. O0bexTviBnoe 3arne. DBonomMonnsdil noaxoen. iep ¢ anr,
Zowcermep M. TlowarHe Maccrl B KN4OCHIECKOHR M cOBpeMeHHoH hhinke.
Mozuneackuis 5. M. 11pwpoga rnazamu demsuka,

3axapos B. /I, Pr3uka KAk GAnocodun npupoasl.

Muracan JI. A, Eyman reopun noan: Quiocoderuii aNamus coppeMemx mpobaem dnsmn
WICMEHTAPHEIX YACTHI] H KocMOI0rH. OIRIT CHHEPreTHIECKOTO 0CMBICIICHMS.

YaeOHNKY M 38JA4HUKHA 110 GUIHAKE

Bapanoe B. K.. Ilodonence A. B. Cospemerman pusnxa.

Heanos b. H, 3akornl dusmks.

Kanymonos H, M. Beexenne B GUIHKY Aipa B HACTHI.

Kupunnoe B. M. u Jp. Pemesne 32124 mo huznie.

Kpowun Hxc., Fpunbepz JI , Teneedu B, TeopeTuwecKaf ¢uinka. C6. 334449 ¢ PEIBEHHAMN.
Konoxonoe H, B u dp. 3anawu NO MATEMATHIECKHM METONAM PUHKN.

XKyxapes A, C. u dp. Jagama moBeIeHHOd CA0KHOCTH B Kypee obmest dusHih.

Pozeénarm I' M. Mexahmxa n 3a1ayax K peilieHMEX.

Bapuxaw B, M., Boacyn A. H., Axcenos B B, COopHMX 32139 no CTATHCTHICCK0H H3mKe.
Ileneaes A. B. Onrixa, ToTOBMMCR K 9K3aMeHaM, 3A9eTaM, HOMIOKBHYMAM.

Fuknuex 10, E, TnoGanmueii B CTOXACTHILCKRH aHAIH3 B 3a1399X MATeMATHIECKOMH UIHKH,
Cypdun B. I'. ACTPOHOMHMECRHE 3NN C PelUICHHAMM.

Hukonaes Q. C. Dranka u acTpoovmna: Kype npaxrmeeckux paboT uia cpeieii mkosm).
ITonosa A. [T, JaiiMMATETHhHARA ACTPOHOMMA.
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Ilpeacragnsem BaM Haum ayymue KHHIH:

Teopus nosas

Pybaxoe 8. 4. KnaccHIeckne Kambpopoumbie No1i4. BoioHuke Teopu.

Pybaxos B. A. KnaccHieckHe KATmGpopoumsie nons. Teopn ¢ drepMiroHamm. LIRSS
HexommyraTuptisle TeopHu.

Capdanaweusu I A. ConpeMeHinie MeTOAM TEOPHM noan. 1. 1-4,
Hearenno 4, 4., Capdanaweuau T, A. Tpanwranua.
Konornesa H.I1., [Tonos B. H. Kamfiposowinie moan.

Borofyea H. I1., Kybuuuun FO. A. AnddepeHmianbuas reOMeTPUA H 5Tedpet JIn
H HX DPAIOKCHHR B TeODHH LONA.

bozyw A. A, BBeente B KANAGPOBOMHYIO NONERYI0 TeopHiv YNeKTpocaabix B3armonesicTeui.
Bocyw A A., Mapas /I I. BelleHHe B TEOPHIC KIACCHYECKHX NoJeiL

Teopwusi IpyTIN U €& MPUMEHEHWA

Xamepmew M. TeopHu TpynEn » ee MpHMekeHUe K PHINYECKEM npobaemam.
Betiav I Knaccnveckue rpynmmi. Flx wHBADHAHTM W IPEACTRBACHAA,

Beiine I CrvmeTpnn,

Buziep 3. NABAPHARTHOCTR M'3BKOHM COXPAMEHMA. T TIOAM O CHMMETPHH.
Haxogckuti B. 4., boroxos A. A. [pynmul cHMMETDPHM M SUIEMEHTADHAIE YACTHIRL,
Menckutt M, 5. Tpymna nyreii: wiMeperys, U0IA, Y2CTHIH.

Menckuit M. b. MeToa HMAYIHPOBAHMRIX TPEACTRARIEHMT.

Pedopos D, H. 1pymia Jlopemua.

bayep B. Brenehue B TeopHio TPYIN M e¢ HPWIOKERHS K KBAHTOBOH dréimie.

TepvoauraMmuKa u craTueTHIECKan GHIHKE

Keachukos H. A. TepmonnnaMika i cTaTHCTINeCKAR duanka. B 4 T,
Kaacnuroe H, A, MorekKynapHas dbuinka.

Bpuanwosn . Kpanmosas CcTATHCTHKA.

Bazapos H. I1. 3abaykneaus H omnOky B TEPMOIIMAMHKE.

Aaéimyn C. 7 UcTopua napaapxca [ubGoca.

Azeeg E. IT HepapssosecHas TepMOJHHAMHKSZ B BONPOCAX M OTBETAX.
ypoa B. A., Azeeq E. I1. TepMomRHAMAYECKAR TEOPHA PACTBOPOB.
Miowcmep A, Xuvpgeckan TepmoMHAMHKS .

Kpoinos H, C. PaGoTsl N0 0GoCHOBARKMIO STATHCTHICCKOH dprzukn.
Jaiiyea P. 0. Brepenne 8 COBpeVEHHY0 CTATHCTHUECKTIO (hi3HKY.
Hoxsonexuii H. A., Bupio C. A., Hoderox C. I, CtarneTHieckas (PpH3IMKa 10/1YDPOBOAHHKOB.

KpaqToBaa meXxaHuxa

Hempawens M. H., Tpughonoe E. J. YIpavenente TeOpHH IPYIIN B KBAHTOBOH MeEXaHuKe.
Ban dep Bepden B, JI. Meroa TeOpHH PYIH] B KBAHTOBOH MeXANHKE,

Tanuuxuit B. M., Kaprakos . M., Kozan B. H, 3agaun no xsauroBol mexansxe. 4. 1,2,
Jopbanesuw A K. Keantopasg MexaHHKa B oDmed TeOpHA OTHOCUTETHROCTH.

JTopbauesun A. K. OCHOBLI KBAHTOBOA MEXAMBKH R HCKPHRNISHHOM DPOCTPAHCTEE-BPEMENN.
Kuiun C. 5. KBaRTOBAA ONTHKA: OQUIA H UX JeTeKTHPO BAHME.

Bursgh @. X Jlorwgeckas cTPYKTYpa KRAHTOBON MeXAHHKY,

Spadns J1, Je. BeeaeHne B 801HOBY0 MEXSHMKY.




IIpeacraasiem Bam HAA nyqiune KHACH:

Cepus «CHHEPreTHEA, OT ApouLIoro K GyLyieMys

KXaxen I. Undopmanmig B CAMOOPTAHHIUNA.
Beapyuro B I u dp. Nyh B cunepreTHKy. DKCKYpPC B JECHTH NeKUMAX.

Hannoa 0. A. JIeKITHA 00 HeIHHeHHON AHHAMAKe. DJIEMEHTAPHOE BBEJCHKe.

URSS

Knnzesa E. H. | Kypdomos C. IT. OcHOBAHMA culepreTHKM. CAREpreTHRECKOe MHDOBAICHHE,
Thybeuxos Il H. Beeneune B cyepreTyky. B 2 kH.. Konebayms B Bosmbi; XA0C 5 CTPYKTYPRI.

Apnoand B. H, Teopust katacrpod.
Manuneyyuit I, I, MavemaTHueckye OCAOBM CHHEPreTHRR.

Manuneyxuii I I'., Tomanoa A. b. HempelHaa JHHAMAK2 U XA0C: OCHOBHBIE IOHSTHA.
Maauneyxuii T, I',, ffomanos A. b. HemameHaR THRAMMKA: HOAX0OL], Pe3YALTATH], HAAEKNb.

Manuneurui I I. (pen.) Bynymee PoccPM B 3epKANe CHHEPIETHRH,

brikog B, H, MogeMpoBaHne KPHTHIECKHX ABJeHMIA B XHMITTeCROM KMHeTHEe .,
Dymavenxo E. H. u dp. CrepXnaacTHIHOCTD! MATCPHAIE, TEOPHA, TEXHOJIOIHH.

Peorio B. I. DBomoums, nel(poHAbie CeTH, HHTE/UICKT.

Yepnaescruti J. C, CoHepremka u nndopmains (MHaMAIECKas TeOPHA MHOpMAITHH).

Bapanyee P. I, Cupeprerska B COBpPEMERHOM €CTECTBOIHAHMMN,
FBapanues P. I u dp. ACHMITOTHUECKASN MATEMATHKA H CHHEPIETUKA.

Komee K). 5. Hosble MATEMATHIECKHE DOAXONM K 3ATAYAM MCIHIMHCKON AMErHOCTHEM.

Teavpanod H. M. 1 dp. Ovepxn 0 coBmecTnoi paboTe MATEMATHEOB 1 Bpayei.

Hpucoxcun H. HepapHoBecHas CTATHCTHYCCKAS MEXaHHKA,
Ilpuzoswun H. OT cymecTRYIOMIETO K BOZHHKAIOIEEMY,

Ipuzoncun H., Cmenzepc Y. Bpems. Xaoc, Knant. K pemenno aapasokca BpeMeHM.
Ipuzoweun H., Cmenzepc H. Tlopanok uz xaoca. Horwii mpanor desionera ¢ IpApOIOH.

Hpuconcun H,, Huxoauc I. TloaganHe caoXZHoro. Beencune.

Hpuzoxncun H., Tnencoopd II. TepmoguHAMMYECKAS TEOPMA CTPYKTYDEL, YCTORIMBOCTH

H rysTyanmi.
Cepust «CHHCPICTHKA B IYMaHUTAPHEIX HAYKAX»

Kapomaea 4. B., Manxos C. 1O, (pen.) Ueropaa H canepreTuxa. K, 1,2,

Envvanunoe M. C. Connaibhas cRAHEPreTHRA ¥ KATACTPOGR Poccn » 3noxy Moaepua.

Munosanoe B. Il. CviepreTHia # camoopranHianus. K 1. 2,
Muaosanos R. I7. Hepapnopecusie COMHANBHO-3KOHOMHMIECKHE CHCTEMBI.

Nuyenso B. E. CAMOODPraHEIAMIA: 3MCMEHTR TEOPHE B CONALAME DPMITKEHMS.

Foun H.A. NHcKyeCTBO H CHHEPTETHKA,

Ten. /tbac: Hatum KHHIH NOMCHO DPHOGRRCTH B Mara3Muax:

«Bulnmo-TnoGyce (M. iyOnHNa, YL, MACKWLNAR, 6. Ten. (095) 925-245T)

<095) 135'42'46- «MOCNOBTNNA ROM RHNrW» (M. ApOarckas, yn.HoBwid ApGar, 8. Ten. (D95) 203-8242)

(095) 135:42-16, | «mocwnan (k. OxoTwwid pra, yn. Taepcuan, 8. Ten. (0g5) 229-7335)
«MORCAAA rBapanA» (m_ManwkKa, yn_b. Nonnnea, 28. Tea. (095) 238-5001, 780-3370)
«flow xenoBoA KHNrN» (M. (ipaneTapcias, yn. Mapeoscronan, 9. Ten. (DSS) 270-5421)

E-mail:

URSS@URSS.IG | «rnoauce (M. YuusepcuTer, 1 ryM. xopryc MUY, momn. M1, Ten. (095) SI9-4718)

hetp://URSS-FU | sno. aom mumrne (Hescond np., 26. Ten. (812) 31-3054)

«Y Hevraspa» (PITY) (m, Hosoteo0oacKan, yn. Yannana, 15. Ten. (095) 973-4301)




Pesonbtr MBanosuy MMMEHOB
(1931-1990)

M3BecTHLIM OTEHECTBEHHbLIN MaTeMaTuK, AOKTOP (PU3MKO-
MaTeMaTnyeckux Hayk. B 1954 r. okoHYMN MaTemMaTUKO-
MexaHnuyeckun akynsreT JleHMHrpagackoro rocyaapcr-
BeHHoro ynusepcurera. C 1963 no 1970 rr. paboran Hay4-
HbiM cOTpyAHMKOM JleHuHrpagckoro otaeneHus Marema-
Tyeckoro nHcTutyra AH CCCP, raoe Ben HayYHbin ceMuHap
no MaremaTuveckum npobnemam Teopuyu NpocTpaHCcTBa-
BpeMeHW, YMTan nexkuud no reoMeTpuu crygeHram marv-
mexa JIIY, sawmTvn kaHauaaTckyio (1965), a 3atem ¥ [QOKTOPCKYIO AUCCEPTaLMIO
(1969). C 1972 r. » oo cBoei KoHuuHbI paboran B Komu ¢dunuane AH CCCP,
npeobpaszosanHoM BnocneacTeuM B KOMM HayuHbiR UeHTP YpanbcKoro
otpenennna AH CCCP, rge npowen nyTh OT Maajwero o BeAyuwero Hay4yHoro
COTPYAHUKA.

P. N. MumeHoB — aBTOp MHOMMX Hay4Hbix paboT B paanuyHbIX obnacTAx mare-
MaTHUKN M PbU3MKK (HeeBKNMAOBA reOMeTPUA, TEH3OPHOE UCHUMCIIEHWE, TeoOpHA
OTHOCUTENTbHOCTH W 371eKTPOMarHeTU3M, NpoCTPaHCTBEHHO-BPEMEHHbIE KOHCT-
pyxuuun). OH pa3eun HOBble NOAXOAbLI K NOCTPOEHWID CUCTEMb! HEEBKNUAOBLIX
reomMeTpmi; o6ecneyun NpMOpUTET OTeHECTBEHHOW HaYK! B Pa3BUTUM TEH3OPHOTO
MCUYMCNEHURA, COTNIACOBAHHOrO C PacciioeHWeM NPOCTPaHCTBA; NOCTPOWUII TEOPHIO
HEOAHOPOAHLIX NPOCTPAHCTB, 3HAYUTENbLHO PaclUMPUBILMX CUCTEMY MaTemaTH-
YecKuMX Mofernei NpocTpPaHCTBa-BpeMEHHW, KOTOPbIe UCNONLIYIOTCHA YYEeHbIMK B
pasnuyHbIXx obnacrax Hayku.

Hawe usparenscrso pekomeHayeT cnenyiowine KHAr:

C. Bainbeps
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