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IIpenucaosue

DTOT nepBbIii ab3all nmpe/iaraéMoi KHATY — UCCIIEIOBAHMUS 1O
BOIIPOCAM MHOTOMEPHBIX MUPOB, IIPOCTPAHCTB, U3MEPEHUIN MOXKHO
Ha3BaTh BCTYIUICHHEM — BemuM KaMHEeM: KaXAbld JOJDKEH CcaM
PEIINTb, UATH JIU MY NPSMO U Y3HaTh, UTO OyJET CKa3aHO AAJIBIIIE.
3/1ech KpaTKO OIKCaHbl OTCTAaMBAaEMble aBTOPOM TJIaBHbIE, OCHO-
BomoJararomue Gpuaocodckre 1 HaydHbIE TPUHITHUITBI, SBIISTFOIIUAECS
OCHOBOM, (yHJaMEHTOM MHMPOBO33peHHUs. MTak: nepBonpuunHOi 1
MEPBOOCHOBOM BCErO CYILEro, peaabHOCTU, bbiTus aBisercs Ma-
Tepus, BEYHAs B CYIIECTBOBAHWHU M OECKOHEYHAsi KOJMYECTBEHHO.
Marepus CymiecTByeT — 3TO TJlaBHasi, MepBUYHAs, (pyHIaMEHTaIb-
Has, ucxonaHas ¢opmyna bBbITHS, € CYyLIIECTBOBAaHUE TOXJIE-
CTBEHHO [BIKCHUIO, W3MEHEHHIO, B3aMMOJEHUCTBHIO. [J1aBHBIM
3aKOHOM II03HAaHMA SIBJISETCS 3aKOH JETEPMHUHHM3MA, HEPYIIUMOCTH
1 0053aTE€IbHOCTH IPUYUHHO-CJIEICTBEHHBIX OTHOILICHUH.

Paccyxnast 0 mpoCTpaHCTBEHHBIX M3MEPEHHUSIX, MEPHOCTIX,
KOOPAMHATAX, 0 MHO>KECTBEHHOCTH MHUPOB WJIH €0 €IUHCTBEHHO-
CTH, MbI BCETJja NIOJICO3HATEIIBHO MOAPAa3yMeBAEM HAJIU4KME YETr0-TO
BCEOOBEMIIIONIETO, B YEM 3TH M3MEPEHUS U MHUPBI HaXOJATCS. DTO
HEYTO SBJISIETCS CBOCOOpA3HOM apeHOM, MojeM, Ha KOTOPOM pas-
BOPAuMBaIOTCS BCE MBICIMMbIE COOBITHS, 3TO HEUTO SIBJISIETCS TOM
MEPBUYHOM, UCXOJHOW TKAaHBIO, U3 KOTOPOM CIIMTO BCE, YTO MBI
TOJIBKO MO>KEM BOOOPa3uTh, OCHOBOW U MPUYMHOMN BCero beITus.

Bonpoc o0 cymHOCTH 3TOM NEPBOOCHOBBI, IEPBOIPUYHUHBI
BCETO CYILEro, MUPO3AAaHUs, PEAIBHOCTH MOYXKHO OTHECTH K CAMBIM
(byHIaMEHTaIbHBIM, BAXKHBIM M HHTEPECHBIM BOTIPOCAM TTO3HAHMS.
Jlornuecku noka3aTh WIM ONPEICIIUTH B ONBITE NEPBUYHOCTH OC-
HOBBI, IEPBONPUYHHBI HEBO3MOXKHO, MO3TOMY (HUIOCO(BI MPHUIILITHA
K COIVIALIEHMIO, YTO €10 MOXKET ObITh TOJBKO OJIHA U3 JIBYX CYILHO-
creit: Marepuss wnu Mnes, nyx, 6or. EcTe TOapKO OJIMH croco0
ONPEIENUTh NEPBONPUUNHY — 3TO alpUOpU BHIOpaTh B KAauecTBE
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OCHOBbI MHUPOBO33pEHHUSI OJIHY M3 HHUX, OTBETUTh Ha OCHOBHOM
Bomnpoc ®unocoduu: uto nepsuuHo — matepus wiu Mnes, nyx? B
3aBHCHUMOCTH OT OTBETA Ha 3TOT BOIMPOC (PHI0CODBI pa3IeuiIuch Ha
JiBa Jlareps: MaTepHaMCTOB U HjaeanucroB. HeoOxonnMo ueTko
OCO3HATh, YTO MATEPUAIU3M U HJICAIM3M BO3HHMKAIOT Ha dTale OT-
BeTa Ha OCHOBHOU BoIpoc (uiiocodru, 1 OHM HUKAK HE CBS3AHBI C
JIOTUYECKUMH BBIBOJAMH, PACCYXACHUAMH, JI0Ka3aTEIbCTBAMH,
obocHoBaHMAMHU. OTBET Ha OCHOBHOM BOTIPOC SIBISIETCSI AOCOIIOT-
HoU McTuHoii, Ge3/ioka3aTelIbHbIM YTBEPKJIECHUEM, KOTOPOE CaMo
He cienyeT HU u3 4ero. CTporoe v MCUepIbIBAIOLIEE A0Ka3aTeNb-
CTBO ATON MCTUHBI HEBO3MOKHO. B TaHHOW KHUT€ MBI BHIOMpPAaEM B
KadecTBe (yHIaMEHTa MHUPOBO33peHHs (pmiocoduio auanekTude-
CKOTO MaTepHajn3Ma U BCE BONPOCHI MHOYKECTBEHHOCTH MHUPOB U
u3MepeHuil 0yJeM paccMaTpuBaTh € 3TUX MO3UIMNA. BMmecTe ¢ TeM,
HepeaKo (U3MKU BBICKA3bIBAIOT HETaTHBHOE OTHOIIEHHE K (HIIO-
couun. M3BeCTHO MPUMEPHO TaKO€ BHICKA3bIBAHME OJHOTO U3 Be-
nymux (U3UKOB: Tam, TJe HadwmHaeTcs ¢uiocodus, Guznka 3a-
KaHYMUBAETCS. DTO BBICKa3bIBaHWE MPUOOPETAET JOBOJHHO 3a0aB-
HBIM BUJI, €CIIM 3aMEHHUTH B HEM c10BO "drutocodus" Ha ero cMbIC-
JoBOE 3HaueHHE "IMF000BE K MyIpocTH'.

OcHOBHasi 4acTb BBIBOJIOB, YTBEp)KICHHH, NMPUBEAEHHBIX B
npeparaeMoil pabore, sBISETCs, 1O OOJBIIOMY CUETy, JIOIMYe-
CKUM, (pUI0COPCKUM MPOTUBONOCTABIEHUEM TaKUM K€, HO IpO-
TUBOPEYMBBIM, aHTU-(QUIOCOPCKUM B3risiaM B (hU3MKe, MaTreMa-
tuke. [loaTomMy Ui TakOTO NMPOTHUBOIOCTABIEHUS HEOOXOAUMBI U
COOTBETCTBYIOIIME AHAIMTUYECKHE, T€OMETPUUECKUE, JIOTHUECKUE
apryMeHTbI, KOTOpble 0€3 JOBOJIBHO 3aMBICIOBATHIX MOPOM ypaB-
HEHUI cPOpMYIUPOBATH IPOCTO HEBO3MOKHO.

Marepusi, IPOCTPAHCTBO, BpeMsl

UYro npexacraBisier coO00M MaTepust WM, [0 MEHBIIEH Mepe,
Kak Mbl €€ cebe npencrasisieM? IloHsTue mamepuu Hepa3pbIBHO
CBSI3aHHOE C MOHATHEM Cyujecmeosanue. beITb MaTepueil o3Hayaer
CYILIECTBOBAaTh M, HA00OPOT, CYyIIECTBOBAaTh O3HA4YaeT OBbITH MaTe-
pueil. CyTh CyIIECTBOBaHHMS 3aKJIIOUAETCS B U3MEHYMBOCTH, JIBU-
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KEHUHU, CHOCOOHOCTH B3aMMOJCHCTBOBATH, OTpakarhcs. HHaue
TOBOPS, IOHATHUS Mamepus U Cyuecmeosams ONPEAEIAOTCI 0JHO
yepe3 apyroe. Kparko: mamepus cywecmseyem. Bplpazutb 3T0
MO>KHO YETHIPbEMS ITPOCTHIMH (HDOPMYIIaAMU:

Marepus — Bce, 4YTO CyIIECTBYET.

Oxpyorcarowas OeticmeumenbHOCb.

Bce, uTo cymectByer, — MmaTepusi.

Amom. Dnekmpon. Yepnas ovipa.

Bce, uTo He maTepus, HE CyIIECTBYET.

Hoes, IIpocmpancmeo, Bpems, snepeus,
ungopmayusi.

Bce, uT0 He cymiecTByeT, — HE MaTepus.

Huumo, abcontomnasn nycmoma.

Marepust — 3TO TpeAenbHO TIyOokoe, (pyHIaMEeHTaIbHOE
MOHSTHE ¥ OHO HE TOXJACCTBEHHO HU OJTHOM U3 HaOII0aeMbIX (popM
OBITHS: BEIIECTBY (XOTS CIIOBO MaTepHs M MEPEBOIAUTCS KaK Bele-
CTBO), MOJIsIM, IJIa3Me, TEMHOW U BCSKOM apyrou sHeprum. Oue-
BHUJIHO, YTO MaTEpHsi — 3TO CIUIOLIHAs, HEpa3pbIBHASI, TOMOTE€HHAs
cpena, TO €CTh, OHa HE COCTOUT U3 AUCKPETHBIX YACTHUII, IIOCKOJIbKY
B 3TOM Cily4a€ BO3HHMKAET BONPOC O CYIIHOCTU CyOCTaHIMH, pas-
JEJSIOIIEH 3TH YacTullbl. Matepusi — 3T0 MPUYNHA, ICTOYHUK BCETO,
YTO MBI HaAOJIIO/1aeM, MOXEM HaOIIoAaTh B MPHUHIUIE WU, BO3-
MOXHO, HaOJt0/1aTh HE MOXKeM. Matepusi — 3TO OCHOBa BCETO CY-
mero, ObITHsl. HeT Hu4ero, 4to He ObLTO OBl MaTepHel B KaKOM-THO0
u3 e€ OecuncieHHbIX GopM. HudTo He MOXKeT ObITh OTOPBAHO OT
MaTepuu, CYIIECTBOBATh NMOMUMO HEE, PSIOM C HEIO, HE SBISACH
MaTepuen.

Marepusi 00nasaeT MHOKECTBOM CBOMCTB, MPOSIBICHUHN, Ka-
4ecTB, aTpuOyTOB, KOTOpPbIE, COOCTBEHHO, U IMPOSBISAIOTCA KaK €&
nekeHue. C JIpyroil CTOPOHBI, JABUKEHUE — 3TO TOXKICCTBEHHO
m3meHenue. CylecTBOBaHUE MAaT€pUU, TAKUM 00pa3oM, 3TO TOXK-
JIECTBEHHO €€ JBWXXEHHUE, U3MEHEHHUE, MPOSIBICHUE B PA3JIMUHBIX
BHJIaX U ¢opmax.

Kak HeuTOo eamHOe, MaTepusi HE UMEET pa3MepoB, OHA 0e3-
pa3MepHa, B MOHATHUIX HAILIETO 8eujecmseHnHo20 MUpa oHa Oecko-
HEYHO OoJiblllasi U Majasi OJJHOBpeMeHHO. Martepust cama mo cebe
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MPUHLIMIIHAIBHO HEe HaOmogaema. OHa HEMOCPEICTBEHHO HE B3a-
UMOJIEUCTBYET C BELIECTBOM KaK TaKOBBIM B TpPaJIULMOHHOM
cmbiciie. He cymectByer nonstust "BHe matepun”. [lonstus "Oec-
KOHEYHO Ooybmioi" u "OecKOHeYHO Majblil" W3BHE MaTepUH HE
HUMEIOT CMbICTIa, TOCKOJIBKY HE CYIIECTBYET BHEILIHETO JJIsl MaTepUH
HabroaTenst, crocoOHOTrO JaTh OIIEHKY €€ pa3mepam. Matepus -
HM TOYKa, HH BceoObemiomnas OccKoHEeUHOCTh. HeT cmmpicia ro-
BOPUTh O BPEMEHHU CYIIECTBOBAHUS MAaTEpUH, MOCKOJIBKY BpEMS
MaTepUH OTJIWYHO OT IPHUBBIYHOIO HaM TMOHATHS, 3TO IOHSTHE,
IIPOU3BOJIHOE OT HEE, IPOSIBICHUE €€ JBUKECHHUS.

OpHMM M3 KayeCTBEHHBIX IPOSBICHHUM JBWKEHUS MaTepUu
aBnsieTcs emé oaHo e€ (yHIaMEHTaTbHOE CBOWCTBO — KOJIHMYe-
cTBeHHOCTh. CylllecTBOBaHUE, JBWKEHUE, H3MEHEHHE MaTepuu
BBIPAYKAETCS YEPE3 3TO CBOMCTBO — KOJIMYECTBEHHOCTh. Bee npoune
CBOMCTBA MAaTEpUH MPOSBISIOTCS B KOJMYeCTBeHHOCTH. Ka-
KO€-JIM0O CBOMCTBO MPOSBIISAETCS TOJIBKO IOTOMY, YTO y HETO UMeE-
€TCsl KOJINYECTBEHHAs YepTa, BBIPAKEHHUE, CTOPOHA, OLIEHKA.

CymiecTBOBaTh 03HAa4aeT B3aUMOJIEHCTBOBAaTb, M3MEHSTHCS.
N3meHeHne — cyThb IBUKEHUE, HEOTHEMIIEMOE CBOIMCTBO (KauyeCcTBO)
MaTepuu. Marepusi MOKET CyIlleCTBOBATh TOJIBKO B IBMKEHUH. Bee,
YTO HE JIBWXKETCS, HE CYLECTBYET U, CJIEJJOBATEIbHO, HE MaTEpPHUSL.
CymiecTBoBaTh, 3HAUUT JBUTaThca. He cymecTByeT HU eIuMHOU
YaCTHUIIBl MAaTEPHH, HE N3MEHSIOMIEHCS XOTsI Obl MTHOBEHHE.

B camom gerne, eciu cymiecTByeT o0nacth 0€3 MaTepHUH, TO
HaJIMYue Takoi 00JacTy ONpeNeIuTh HEBO3MOXHO, TOCKOJIbKY OHA
HE BO3/ICHCTBYET Ha PAJIOM PaclOJIOXKEHHbIE 00IaCTH C MaTEepUEH,
CIIEIOBATENbHO, BEJET ce0s Tak, CIIOBHO €€ HET BOBce. B Takom
cllydae HET CMbICia NPUHMMATh €€ CYLIECTBOBAaHHE B pacyeT, a
IIPU3HAHUE €€ HECYIECTBYIOIIEH acT Te€ K€ BBIBOJbI, KaK U He-
CyllecTBOBaHuE ee Ha camoM Jene. [loaromy Huuto cnenyer npu-
3HaTh HECYHIECTBYIOIIMM, BMECTO TOTO, YTOOBI NMPHU3HABATh €r0
CYIIECTBYIOLIUM.

Hanpumep, nomycTim, 4To MEXIY ABYMsI OOJMacTsIMH Mate-
pUM cylecTByeT o0jacTb, CBOOOJHAs OT MaTepHH, aOCTpaKTHas
nycmoma. JInist TOro 4ToObI MOMACTh U3 OJHON 007acTH B APYIYIO,
HE0OX0IMMO MPEOI0JIETh 3TO MyCTOE MpocTpaHcTBo. Ho ero mpe-
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OJI0JICHHE HE BHECET HUKAKUX M3MEHEHUH IO CPAaBHEHUIO CO CIy-
gaeM, KOTJla 3TOro IMyCTOro MpocTpaHcTBa HEeT. Benb oHO He 001a-
JaeT HUKAKMMH CBOMCTBAaMH, B TOM 4YHCIE€ U IPOTSKEHHOCTBIO,
COINPOTUBIIIEMOCTBIO, BUIUMOCTHIO. ClI€10BATENBHO, HET PA3INUMS
B TOM, CYLIECTBYET 3TO IIyCTOE MPOCTPAHCTBO WM HET. [loaTOoMy
CUMTATh €r0 CYIIECTBYIOIIUM HET HEOOXOJWMOCTH, a NMpH3HAHWE
HECYLIECTBYIOIHUM a0COJIIOTHO OIIPABJIAHO.

BemectBeHHble 00pa3oBaHusi, TaKUM 00pa3oM, MOXKHO pac-
CMaTpHBAaTh JIMIIb KaKk U3MEHEHus B "Tene" MaTepuu, Kak "nedop-
Mmaruu", "nedexTel" omHOpOoaHOCTH. BemiecTBo — dopma UX mpo-
SBJICHUS, CYLIECTBOBAHUS, JBMKEHUS. Bo3HMKawllue B MaTepuu
"negopmaruu", "nedexTe" cayKaT OCHOBOW JJIi BOSHHKHOBECHHUS
BemiecTBa. OTH AedekTsl, aedopmaiu o0pa3yloT U (HU3HYECKHid
BAaKyyM, U TOJIsI, U JIEMEHTapHbIE YaCTHUIlbl, U BCE JPYrHe MpOsB-
JICHUS BEIIECTBEHHON peasbHOCTH.

JIBMKEHHE MAaTEpUH TOPOXKJAeT BPEMEHHBIE CBOMCTBA KaK
caMOM MaTepuH, Tak U Bcex e€ nposisiaeHuil. Ho camu n3mMeHeHus B
MaTepUU — BHEBPEMEHHBIE, MEXYy COCTOSHUSMU MAaTEPUHU HET Kak
TAKOBOTO BPEMEHHOTO HHTepBala NpOMexyTka. HaGmromaemoe
HaMU BEIIECTBO B CAMOM IIMPOKOM CMBICIIE€ MPEACTABISAET cOO0M
cBO€0Opa3Hyro fedopMaluio MaTEepPHH.

"DUHIITEH BCaenyo HCHpoOOBa psii YUCTO MaTeMaTHde-
CKHUX MOJAX0J10B. Bummumo, on cumtal, uro "Marepuro" MOXHO pac-
CMaTpuBaTh KakK TMETIM, KOJeOaHUs, HCKAKEHUS MPOCTpPaH-
cTBa-BpeMeHu. Ha 3Toil kapTMHE Marepusi urpajiga pojb CKOHLEH-
TPUPOBAHHOTO HMCKaXEHMsI MpocTpaHcTBa. MHBIMU cioBamu, Bce,
YTO MBI BUJIUM BOKPYT, — OT JI€PEBbEB U 00JIaKOB J10 3BE€3]] B HEOE, —
CKOpE€€e BCETro, MIUTIO3US, HEKask pa3HOBUIHOCTh CKIIAJIOK TMIIEPIIPO-
ctpaHcTBa. Ho 6€3 10CTOBEPHBIX TOTOJHUTENBHBIX CBEICHUN WIN
AKCIIEPUMEHTANIbHBIX JIAHHBIX Ujies 3anuia B Tynuk" [46, ¢.98].

Hu npoctpaHcTBO, HU BpeMsi HE MMEIT COOCTBEHHOIO C)-
Wecmeo8anusl, HE3aBUCUMOTO OT MaTepHU. ITO CBOHCTBA, CIIOCOOBI
CYLIECTBOBAaHMS, KOTOPbIE B BOCIPUITUHU MOTYT OBbITh OTpaHUYEH-
HbIMM M KOHEYHbIMH. TOJBKO MaTepusi HE MMEET I'PAHULl HU BO
BPEMEHH, HU B IPOCTPAHCTBE, TOCKOJBKY U IIPOCTPAHCTBO, U BPEMSI
— IpOSIBJICHUE JBWKEHUS MaTepuu. MOXXHO CKa3aTh, 4TO MaTepus
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OeckoHeYHa B HEKOTOPOM aOCTpakTHOM, abCOJIFOTHOM MpPOCTpaH-
CTBE, MOJJIOOHOM HBIOTOHOBCKOMY, U HE uMmeeT rpanuil. Ona — bec-
KOHEYHOCTh. JTa MPOCTPAaHCTBEHHOCTh BEpHA JIMIIL B 0Opa3HOM
CMBICIIE. DTO HE TO IPOCTPAHCTBO, KOTOPOE MBI HAOIIOIaeM BOKPYT
Hac. DTO MPOCTPAHCTBO CaMOro IMEPBOT0, OCHOBHOTO YPOBHS —
YPOBHS MaTepuu. Y 3TOro "MpOCTpaHCTBA MaTepUH" HET MPUBbHIY-
HBIX OLIYHIAEMBbIX XapaKTEPUCTUK ITPOCTPAHCTBA.

Cama Marepus, Kak HEMOCPEICTBEHHO He HalOio1aemMas
CyOCTaHIIMsI, SBISIETCS MCXOJHBIM MaTe€pHajoM Ui PealbHOCTH:
BEIIECTBA, IOJIEH, SHEPTUU U Mpoyero. MI3MEeHUYHBOCTh €€ 3aKiIIo-
YeHa B NMPHUHATUHU pa3NHuHBIX GopMm. Pasymeercs, Takas mepBooc-
HOBA MCKJIIOYAET BCAKHE IOHATUS ANpPHUOPHOTO MPOCTPAHCTBA M
JUCKPETHOCTH, IIPOU3BOJHON OT IpOocTpaHCTBA. Marepust Hemnpe-
pBIBHA, OJIHOPOJIHA B TOM CMBICIIE, UTO JIt00asi e€ Touka He 00s3a-
TEIBbHO, HO MOXKET 8 NpuHyune NpOsBIATh OJHU U TE K€ CBOMCTBA.
Takas cTpykTypa CHHUMAaeT IPOTHUBOPEYHME AUCKPETHOCTH, TO €CTh
HEO0OX0IMMOCTH YEM-TO 3aI0JHATh UHTEPBAI MEXAY IUCKPETaMHU.

CkopocTh Te4yeHMsI BELIECTBEHHOI'O BPEMEHH, TO €CThb Bpe-
MEHM B Hamed BceleHHO#, omnpenensercs KOJIMYECTBOM OJHO-
TUIHBIX MPEBPAIIEHU MaTepuy (M3MEHEHUI) B BEILECTBE, CIIE0-
BaTEJIbHO, 3Ta CKOPOCTh MOXKET OBITh pa3ianuHoil. Bpsn nu cnenyet
JIOTyCKaTh, YTO 3TH OJHOTHUIIHBIE MPOLECCHl HE HCIBITHIBAIOT Ha
ceOs1 BIUSHUS APYrux npoueccos. Hampumep, rpaButanus (Gpopma
JBUKEHMSI MAaT€PUM) BIMSET Ha CKOPOCTh INPOILIECCOB B aTOMHBIX
qacax (Toxe GopMbl ABMKEHUS MAaTEPUHN), 3aMEATIASA UX XO/I.

C apyroil CTOpOHBI, HET OCHOBaHUM OTPULIATh BO3MOKHOCTb
BO3HUKHOBEHHUsI BellecTBa Ha '"myctom Mecte". B abcosoTHOM
CMBICIIE IYCTBIX MECT HE ObIBAET, MOATOMY M3 HEHaOII0JaeMOoro
"HU4ero" — MaTepu MOXKET BOSHUKHYTh BEIIECTBO.

BemectBo sBieTCS MPOSIBICHUEM CBOICTB MaTepuM U HE
MO>KET BO3HHUKHYTh MHaue, Kak B pe3yjibTaTe JBUKEHHUS MaTepUU.
N3 Hudero MoxeT BO3HUKHYTH TOJbKO Huuto, mosromy bosbmoi
B3peiB, QAU U pacmupeHue BeeneHHoi MOryT UIMETh CBOUM
HCTOYHUKOM TOJIBKO MaTepuio. B 3TOM cMbIciie CUHT YIS PHOCTD, KaK
TPaAUIIMOHHBIM HCTOYHUK Bosbimoro B3peiBa, mpuoOperaer npu-
3HAKM MHCTHUYECKOH cyOcTaHIMM. DTa Hjes, HECOMHEHHO, OYEHb
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TJI0JIOTBOPHA, CIIOCOOHA MHOTO Y€ro OOBSICHUTH OJHUMHU TOJBKO
CBOMMHM (pHU3MUECKH HEOIpeAeTIeHHBbIMU cBOWcTBaMu. B Hecymie-
CTBYIOILLIEM IIPOCTPAHCTBE, B HECYIIECTBYIOIUN MOMEHT BpEMEHH,
n3 HecywecTByromero Huuero Bo3nukaer Be€. B3peiB ¢ paszneTtom
CyOCTaHIIMH BO BCE CTOPOHBI — 3TO JIMIIb BAPHAHT. A €CJIM CHHTY-
JSPHOCTH 3aT€M HHUKYJla HE UCY€3Jia, HE NMpeKpaThia CBOEro Cyllle-
CTBOBaHMSI B pe3yibTare B3pbiBa? BHyTpu HeEE, mnpuueMm 3TO
"BHyTpu" BCE Ta K€ CIUIOLIHAs MHUCTHKA, 00pa30Bajach IMOJIOCTb,
My3bIpb. A UTO CHapyxu? A HUKakoro "CHapyxu'" HET, Ja HUYEro u
HE HY)XHO, BEJlb 3TO — OHa e, CUHIyJsipHocTb. Ho mpu Takom
"MOJOCTHOM" B3pHIBE BO3HUKAIOT BIIOJIHE Pa3yMHBIE CIIEICTBUSL
Kyna pacmupsiercs nama Beenennaa? KoneuHo, B CHHTYISIpHOCTB!
3a TOpU30HTOM BUAMMOCTH Hallell BceneHHON HaxouTCs BHYT-
PEHHSIS IOBEPXHOCTh ATOTO CUHIYJSPHOTO "KOKOHA", M03TOMY BCE
BEIIECTBO, oOOpa3oBaBlleecs BHYTpH B pe3ynbTare bosbiioro
B3pbiBa, mpocTo IBMKETCS B €r0 CTOPOHY M, B KOHEYHOM CYETE,
MOTJIOLIAETCS] CUHTYJISIPHOCTBI0. YeM BCE 3TO 3aKOHYMTCS, BIIOJIHE
IIpe/ICKa3yeMo: IyCTON, O€3 BEeIeCTBa U U3JIy4eHUs ITy3bIpb IPOCTO
cxyomHercs. CHHTYISpHBIN "KOKOH" MMEeT, 04eBUIHO, OECKOHEUHO
OO0JIBIITYI0 Maccy, BIMSHHE KOTOPOH MBI HE OIIYyIaeM, MOCKOJIBKY
BHYTPH I0JIOCTH, KakK 1noka3an HoBukoB, rpaBUTalius paBHa HYJIIO.
Ho ects u apyroil Bapuant "Oosbluoro B3peiBa" — "Belle-
CTBOJIM3ALIMS" MaTepuu, TO €CTh CO3JAHHME €I0 BEIIECTBA, Kak
clelicTBHE €€ cBOeoOpa3Horo "mepeoxnaxkaeHus" u ciaeayromen 3a
HUM CIIOHTaHHOU KakK Obl KpUCTAJUTM3AINEH — POXKJICHHUE BEIIEeCTBA.
IIpouecc 3TOT MOT MPOUCXOAUTH M3 IMPOU3BOJIBHOM TOUKH Mare-
pHATBHOTO MPOCTPAHCTBA ¢ 00pa3oBaHHMEM OO0IACTH BEIIECTBA B
MPOU3BOJILHOW (opme, Hampumep, chepbl — nogodus bosbioro
B3priBa. Hukakux unHdasuuoHHOTO pazOeraHusi BEUIECTBA, pa3ly-
BaHUS IUIOTHOTO O0pa3oBaHWs Jyis 3TOro He TpeOyercs. Bermre-
CTBOJIM3MpYIOLIAsics 00JacTb MaTEpHUM BBI3BIBAECT IOSIBIICHUE Ya-
CTHI] BELIECTBA U3 MATEpHUH, a ATH YACTULbI SBIIIOTCA KapKacoM
IIpoCTpaHCTBa BemiecTBa. VX ABMKeHME, U3MEHUMBOCTD MPOSBIIS-
I0TCS KaKk TE€YeHHE BpeMeHM. Bce panpHelime mnpoiecchl mocie
BO3HMKHOBEHHS HMCXOJHOTO BELIECTBEHHOI'O IlIapa, CErOHSIIHUE
pa3Mepbl KOTOPOrO HE U3BECTHBI, MOTYT OBITh ONMCAHbl CTaHIAPT-
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HOW Mozenbio bospmoro BapeiBa. CkopocTh (poHTa BOJHBI "Be-
IIECTBOJM3aLMU" - 3T0 CKOPOCTh B MAaT€pUAJIbLHOM IPOCTPAHCTBE,
[I03TOMY OHa HE OrpaHUyY€Ha IPEACTaBICHHUSIMH HAIIEro Bellle-
CTBEHHOT'O MHUpa.

WN3meHenus marepuu, €€ JBUKEHHE BEAYT HEU30€KHO K
IrpOMaJIHOMY PACIIMPEHUIO npocmpancmea Belectsa BeeneHHol u
K €ro CTPYKTYpPHOMY Pa3IOKEHHI0. DTO 3HAYHT, YTO IPH JIOOOM
ClieHapuu pa3BUTUS BceneHHONW OCHOBHBIM, KOHEUHBIM SIBISETCS
Mepexo/ BEIIeCTBa B MCXOAHYIO (hopMy — marepuro. OHAKO HET
HUKAKUX BUAMMBIX NPUYUH CUUTATh HEBO3MOXKHBIM B3aUMOJEH-
CTBHE Pa3NUYHBIX (OPM MATEPUU MEKIY COOOU. DTO 3HAYUT, YTO
BELIECTBEHHas: (opma MaTepuu HMEET MNPUHLUIINAIBHYIO BO3-
MOXHOCTb B3aUMOJICUCTBOBATh C HEBELIECTBEHHOM, MaTepUaIbHOU
¢dopmoii. HeT HUKaKUX BUIUMBIX MPEMSATCTBUN K TOMY, 4TO Jr00as
(dopma BemecTBa MOXKET MPOTPECCUBHO, IBOJIOIMOHHO MEPEHTH B
mo0yr0 Ipyryro hopmy MaTepuu.

HaGnromaemoe Hamu, OIIyIIaeMoe IMPOCTPAHCTBO SIBIISETCS
BELIECTBEHHBIM, a HE YUCTO MaTepuanbHbIM. IIpocTpaHcTBO He
CYIIECTBYET KaK OT/EJIbHAasi, CAMOCTOSITENIbHAS CYOCMaHyus, a siB-
JIIeTCsl CIOCOOOM CYIIECTBOBAHUS MAaTEPUU UJIH )K€ €€ CBOWCTBOM.
CnenoBarenbHO, OHO HE MOKET OBITh IyCThIM, O€3 MaTepuu U, co-
OTBETCTBEHHO, BCE €r0 XapaKTEPUCTUKHU (MEPHOCTh, JIMHEHHOCTD,
KOHEYHOCTh U Jp.) ONPEAEISAIOTCS CBOMCTBAMHU M XapaKTEpUCTHU-
kaMu Mmatepuu. [IpocTpaHCTBO — 3TO OJHO U3 OCHOBHBIX BOCIpPH-
HUMaeMbIX HaMH CBOWCTB MaTepUU.

Hampumep, crakan BOABI SIBISETCS yCTOWYMBON COBOKYITHO-
cThi0 (prykTyanmii marepum BHyTpu ee "tenma'. beckoHeuHast co-
BOKYITHOCTb BceX (nykTyaruii (mosiedl, tem) obOpasyror "¢on",
IPOCTPaHCTBO. TONBKO HAaIMYME TOW COBOKYIMHOCTH YacTHI, HUX
MOJIEH U IPOSIBIISIOTCS B BUJIE TPOCTPAHCTBA. ECii MBI IonbITaeMcst
"BbIpe3aTh" y4aCTOK MPOCTPAHCTBA, YIaJIUB U3 HErO BCE YACTHUIIbI U
T0JIsI, MBI TIOJIyYUM Y4YacTOK '"dncToil" mMaTepuu, HeHaOIr0AaeMbli
y4acToK, HemepHbId. Takoil yuacTok s HaOmomarens Oyner
UMETh HYJIEBBIE pa3Mepbl, OyneT HeHabmogaeM, OyaeT OTCyTCTBO-
BaTh. TO ecTh (paKTUUECKH MBI pacCMaTpPUBAEM MaTEpHIO Kak 3¢pup,
"nedopmaruu” KOTOPOTo SIBISIFOTCS YacTUIIaMU, ToJissMU. OHAKO
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TOBOPUTH O CBOMCTBax Takoro "3¢upa" ¢ TOYKH 3peHUsi Mep Belle-
CTBa OECCMBICIEHHO.

JpyruM BaKHEWIIMM MPOSBICHUEM MAaTEPUH, OLIYIAEMBIM,
BOCIIPUHUMAEMbIM HaMH, IOMHMO NPOCTPAHCTBA, SIBJISIETCS BpEMSI.
Kak u mpocTpaHCTBO, BpeMsl Kak TaKOBOE HE MaTepUalbHO, HE
UMeEeT MpOsSIBJIICHUH B KakoW-mubo U3 (Gopm MaTepuu, a sSBISETCS
cnocobom €€ CyIeCTBOBAHUS WM €€ CBOWCTBOM, MEPUIIOM €€
nBukeHust. CoOOCTBEHHO TOBODSI, Ul MAaTE€pUM IMOHSATHE BPEMEHU
BOOOIIE uyk 0. Bpems — 310 noHsiTe, NpoM3BOAHOE OT ABMIKEHUS,
W3MCHUMBOCTH MaTepuu. BpemMeHHOW HHTepBan 0O0pa3yroT JjBa
CMEXKHBIX COCTOSTHHSI MAaTEPHH B TOU WM UHOM €€ (hopMe — cTapoe U
HOBOe. COOTBETCTBEHHO, MOHATHE "TIpouloe" 1js Hee HaXOAUTCS
BHE BPEMEHHU, HE SBIISIETCA €r0 XapaKTEPUCTUKOW. DTO CBSI3aHO C
TEM, UYTO MEXKJy TUMH JBYMSI COCTOSTHUSIMH HET HUKAKOTO UHTEp-
Bajla, OHU CYILIECTBYIOT Kak Obl oJHOBpeMeHHOo. M BMecTe ¢ Tem
MMEHHO pa3HHILa B 3THUX COCTOSHUSAX MU TOPOXKIAET BPEMEHHOMN
nHTepBai. HecomHeHHo:

"Bpemsi UMeeT CMBICI, TOJIBKO €CIIM BO BCEJIEHHOH YTO-TO
MPOUCXOIUT. MBI H3MepseM BpEMsl, HCIIOJb3YyS MEPUOJNYECKUE
MIPOLIECCHI, TaKue€ Kak BpalleHue 3eMJIM BOKPYI CBOEH OCH WIIU
Bokpyr CosHia. HeBo3MOXHO oOIpeneinuTbh BpeMs B OTCYTCTBHE
npocTtpanctBa u marepun" [30, ¢.236].

Ecnu paccmaTtpuBath BpeMsi B NPUBBIYHOM, BEILIECTBEHHOM
CMBICIIE, TO cOOCcmeenHoe BpeMst MaTepun ocoboe. OHO HUKOT/1a HE
HaYMHAJIOCh U HUKOT/1a HE 3aKOHYHUTCS. D10 BeuHocTh. Y Hero cBoit
OCOOCHHBIN TEMII, CBS3aHHBIN ¢ €€ aTprOyTOM — CyIIeCTBOBAHUEM.
Cy1iiecTBOBaHUE U €CTh U3MEHEHNUE, IBUKEHHE BO BDEMEHH, HO HE B
MIPUBBIYHOM IMMOHUMAHHUM 3TOr0 CjoBa. Eciu mpeamnosioxkuTh, 4TO
MaTtepust ocTaércs "HEABMXKMMOM'" HEKOTOpPOE YCIOBHOE BpeMs,
TOTJIa B HEM HET HUKAKUX a0COJIFOTHO U3MEHEHUI, OHA B 3TO BpeMs
MepTBa. Bpems e€ ocraHoBIIeHO. BpeMst — 3TO ABMKEHME MaTepuH,
€€ U3MEHEHUE.

MOo3kHO NPEeANoI0KUTh, YTO COCTOSTHUE MAaTEPUU IOBTOPUTCS
KOra-110o, B 3TOM ClIlydae MOKHO YCIOBHO IpPHUHSTH, YTO IpPO-
u30IIeN nepexoa B npouuioe. TeM He MeHee, 1000e HOBOE COCTO-
SHUE MaTepuu ABJIeTCA OyqylIuM, BKIKOYas U yIOMSHYTOE IpO-
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nutoe. Kak cneacrBue, MOKHO JONYCTUTh, YTO CYIIECTBYET MUHHU-
MaJibHasi TUCKpPETa BpEMEHH, paBHasi CaMOMY KOPOTKOMY IPOIIECCY.
Buyrpu 3Toi quckpersl, B TeueHue MneansHoro Bpemenu, peaabHo
HE CYLIECTBYIOILEr0, BPEMEHHOM OTPE30K MEXIy IBYMsI COCTOSI-
HUSIMU MaTEpUH HE UIMEET HUKAKOMN BEIMYUHBIL. TO €CTh OH HE paBEH
HU HYJII0, HU OECKOHEYHOCTH, HM KaKOW-TMOO MHOW BEIMYMHE,
MOCKOJIBKY Cama 3Ta BEJHYMHA JOJDKHA Oblla Obl M3MEPATHCS B
€IMHULIaX BpeMeHH. {1 MpOCTOTHI MOYKHO NPHUHSTH, YTO U3MEHE-
HUE COCTOSIHMN MaTepuy BHYTPHU 3TOTO MUHHMMAJIbHOIO MHTEpBaja
MIPOUCXOJUT MIHOBEHHO, IIOCKOJIBKY OTHaJaeT HE0O0XOAUMOCTh
"3aMoaHATE" 3TOT MPOMEXKYTOK "HECYLIECTBOBAHMS'"' MaTepUU Ka-
KUMH OBl TO HM OBLIO COCTOSIHUSIMM MaT€pHUM, COCTOSIHUSIMHM €€
CBOWCTB U Ka4eCTB.

ITpu mr00BIX MaHUMYJIALMAX C MOHATUEM BPEMEHHU CIEIYET
OTUETJIMBO IPEJCTABIISITH €r0 MIPOCTO KaK napamemp, He UMEIOLUN
MaTepuaJbHOro HamojHeHus. Henb3s oTpe3aTb KycOK BpPEMEHH,
HEJIb3s1 HAJIUTH ero B OoKall. B 94acTHOCTH, MHOTOMEPHOCTH BPEMEHH
WINA €BKJIMIOBO MHHMOE BPEMsI MOTYT OBITH TOJBKO yIOOHBIM Ma-
TEMaTU4YECKUM HMHCTPYMEHTOM, almpoKCHUMaIe Mociaea0BaTelb-
HOCTH COCTOSIHUM MaTepualbHbIX 00beKTOB. [IpencraBnenue cno-
CcOOHOCMU W3MEHSTHCS B BUJE HEKOEro 00Obexkma BBINJISIIUT Kak
abcypanasi SKcTpanoisius. HeBo3MOXXHO TpencTaBUTh, M300pa-
3UTh NOCIE008amenlbHOCMb COCTOSIHUNA B BHUJIE HEKOM MaTepHualib-
HOW WJIM BEIIECTBEHHOM JIMHHMH, 00beKkTa. BIOJHE JOTHMYHBIM H
pa3yMHBIM MOHO Ha3BaTh BbICKa3bIBAaHUE DUHIITENHHA, UTO BpEMs
— 3TO TO, YTO MOKAa3bIBAIOT YACHI.

BwMmecre ¢ Tem, Bce HHTEpIIpeTallii BpEMEHU KaK cyOCmaHyuu,
HECOMHEHHO, MO3BOJISIIOT BO MHOTUX CIIy4asX cjAejaTh Oosiee mpo-
CTBIM, YJOOHBIM MaT€MaTU4YECKOE ONMCAHNE KAaKUX-TO MPOLECCOB!

"OneraHTHOE MaTeMAaTUYECKOE ONMCAaHUE KBAHTOBOIO TYH-
HEJIMPOBAHUS MOKHO MOJYYHUTb, UCIIOJIb3YS TaK HAa3bIBAEMOE €B-
KIIMJ0BO BpeMs. JTO HE TO BpPeMsl, KOTOPOE U3MEPSETCS IO YacaM.
OHO BbIpakaeTcs NpU MOMOIIM MHHUMBIX YHCEN, TAKMX KaK KBaJ-
paTHBI KOpPEHb U3 -1, M BBOAWUTCSA JIMILIb Ul YA0OCTBA BBIUUCIIE-
Huil. [lpeBpamieHre BpeMEHM B €BKIMJOBO CTPAaHHBIM 00pa3zom
BIIMSIET Ha IMPOCTPAHCTBO-BPEMS: Pa3IMUUE MEXIYy BpPEMEHEM U

12



TpeMsI MPOCTPAHCTBEHHBIMU H3MEPEHMSIMH TOJHOCTHIO MCYUE3AET,
TaKk 4YTO BMECTO IIPOCTPAHCTBA-BPEMEHM IOJIY4AETCs YEThIpEX-
MEpHO€ NpOCTpaHCTBO. Eciin Obl MBI MOIJIM JKUTh B €BKJIHJI0BOM
BPEMEHH, TO U3MEPSUIN ObI €ro JIMHENKON B TOUHOCTH TakK, KaK MbI
m3mepsiem mny" [30, ¢.238].

EBKiINI0BO, MHMMOE BpeMsl OINpPEAEICHHO HE SIBJIETCS HU
MaTepHUaJIbHOM cyOcTaHIMel, HU JaKe MapaMeTpoOM U3MEHYMBOCTH
00BEKTOB, U Jaxe, 6oyiee TOro, MpeBpaIaeT MPoCTPAHCTBO-BPEMS B
OJIHOPOJIHOE 4-MEpHOE TMPOCTPAHCTBO 0Oe€3 00aBJIEHHUs] CIIOBa
"Bpems" [30, c.249]. BrioiHe BO3MOKHO, YTO Takash MOJIU(DUKAIHS
IIPOCTPAHCTBA-BPEMEHH TO3BOJIMT NOJYYUTh KaKHWE-TO HOBBIE IO-
JIE3HBIE BBIBOJBI.

B omnucanusix rumnoTte3 WM CUUTAIOMIMXCS JEHCTBUTEIBHO
MPOU30MIEAITNMH (PaKTOB, COOBITUN MPAKTUYECKH HHUKOT/IAa HE Jie-
JIaeTCsl aKIEHTa Ha pa3jiMuuy MEXJy MapajljieIbHbIMU MUPAMH BO
BPEMEHH U B IPOCTpaHCTBE. [IpyrumMu cioBaMu, epeMeIeHUe BO
BPEMEHHU CUUTAETCAd TaKUM JK€ MEPEMEIICHHEM B IapajljiesIbHbIE
MUpBI, KaK U B 0OBIYHOM MHOTOMEPHOM IIPOCTpaHCTBE. B HEKOTO-
POl cTeneHM Takas MHTEpIpEeTalus MallWH BPEMEHU pPELIaeT U3-
BECTHBIN "MapagoKc JeaymKu'".

Bwmecre ¢ Tem, caMo BpeMs MpaKTUYECKU BCErJa paccMarpu-
BaeTCsl KaK HeKas cybcmanyus, IpUUEM Jnaxe oOnanaromas coO-
CTBEHHOU KBaHTOBOW CTPYKTYPOM, COCTOSIIIEN U3 KBAHTOB BPEMEHHU
— XpOHOHOB. B coBpeMeHHOW (M3MKe Takue MpeACTaBICHHUS IO0-
JyYWIIN e1l€ 0JJHO HEO KU ITaHHOE OcHOBaHMe. COrjacHO TPaKTOBKaM
oOmield TEOpUH OTHOCUTENIBHOCTH, TOJ TOPU30HTOM COOBITHI
UepHo#l ObIpbl BpEMsSI U MPOCTPAHCTBO MEHSIOTCS CBOUMH CBOM-
CTBaMU. BBINISIIUT 3T0, KOHEYHO, IOCTATOYHO CTPAaHHO M HEOTpe-
nenenHo. Eciu OykBaJIbHO TOHUMATh TaKOW OOMEH CBOHCTBaMH, TO
y BpEMEHHU Kak Obl MOSBISAETCS emé ABa JOMOJIHUTENbHBIX U3Me-
penus. To, 4TO MPOCTPAHCTBO NPU 3TOM CTaJI0 OJHOMEPHBIM, B
00IIeM-TO, HE BBI3BIBACT CIIOKHOCTEH C BOCIIPHITHEM, XOTS SIBHO
MIPOTUBOPEUYUBO. [IeHCTBUTENBHO, IONAB I0J TOPU30HT YepHou
JBIPBI, KQXK/10€ TEJI0 WK YacTUIa MOTYT JBUTaThCsl TOJBKO B OJTHOM
HAaIpaBJIEHUU — K CUHTYJSPHOCTH, U TaKO€ JBUKEHHE BECbMa I1O-
X0X€E Ha CTpeNy BPEMEHH, IBI)KEHHE TOJBKO B OJTHOM Harmpabiie-
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HuH. Ho Tpu u3MepeHus: y BpeMEHM BBI3BIBAIOT CEPbE3HBIE BO3pa-
KEHUA, JTaXKe €CIM HE TOBOPUTH, YTO JIBIDKEHHE 1O HUM Temepb
paspernieHo B 000ux HarpaBiieHusaX. Jlaxke nmpu 0JJHOM KOOpJUHATE,
JIMHUU BPEMEHH ATO IPsIMO 0003HAYAET MAITUHY BPEMEHH CO BCEMU
BBITEKAIOIIUMU U3 3TOTO Mapal0KCaMH MPUUUHHOCTH.

Kak mpu 9TOM cliefyeT TpakTOBaTh ABE APYrHe BPEMEHHBIE
KOOpJIMHATBI, COBEPIICHHO HESICHO. B 3TOM cilydae, ¢ TakuMU
TPAaKTOBKaMU OOIIEH TEOpUM OTHOCUTEIHHOCTU B HEIPUMUPUMBIE
MPOTUBOPEUUsT BCTymaeT (uiaocodckas TPAKTOBKA BPEMEHH Kak
napamempa, XapakTEPU3YIOLIETO CBOKWCTBO MAaTEpPUM H3MEHSTHCH,
JIBUTaThCs, B3aMMOJCHCTBOBAaTh, CYIIECTBOBaTh. ECIHM KaKO-TO
00OBEKT U3MEHSETCS, OTO TOXKJIECTBEHHO €r0 JIBIKEHUIO BO BpeMe-
Hu. CaMo BpeMs, HEKOTOPBI €ro MHTEpPBaJia B 3TOM CIIy4ae MOXKET
paccMaTpuBaThCs MPOCTO KaK HEKOTOPOE KOAUYecmeo TAKUX W3-
MeHeHHH. JJis paBHOMEPHOTrO TE€YEHHUS] BPEMEHH, OUYEBHJIHO, MPO-
1IeCChl JIOJDKHBI OBITh TOXIECTBEHHBIMU. [IpencraButh cede cno-
COOHOCMb U3MEHSATHCA B BUJIE HECKOJIBKUX MapauIeNIbHbBIX, CXOKHUX
MPOIIECCOB BpAJl JIM BO3MOXKHO. CHOCOOHOCTh H3MEHSITHCA TIO
OIIPEIEICHUIO OAHOKOOPANHATHA.

Kak crmenctBue MHOTOKOOPAMHATHOE BpPEMSI €CTECTBEHHBIM
nyTéM MpuoOpeno emié 0JHO CBOMCTBO — MHUMOCTh. B Teopun oT-
HOCUTEJIHLHOCTH PENSTUBUCTCKUN WHTEPBAJ COJEPKHUT YEThIPE
YJI€Ha, Y OJJHOTO U3 KOTOPBIX 3HAK OTIIMYAETCS OT TPEX Apyrux. Bee
9T WIEHBI BXOJIST B YPAaBHEHUE /ISl PEJISITUBUCTCKOTO MHTEPBAJIa B
KBajpare, MOATOMY CJeJlaTh METPUKY B HHTEpBaje MPUBBIYHOM,
paBHO3HauHOU: (-1, -1, -1, -1) MOXHO TOJBKO U3MEHUB 3HAK y ITOTO
0Cco00ro 4JIeHa, TO €CTh, CAENIaB €r0 MHUMBIM:

ds® = — 2d(it)* — dx* — dy*— dz°

B sToM BapuanTe MeTpuKa HalloMUHAET KBaTepHUOH. OTHAKO
BO3HUKJIM COMHEHHUS B BO3MOXHOCTH MPUMEHEHUS TOM METPUKHU B
CIIELIMAIBHON TEOPUU OTHOCUTEIBLHOCTH:

"Ilo-BuAMMOMY, 3THU COMHEHHs, IPEXKIE BCErO, CBS3AHBI C
HEY/IOBJIETBOPUTEIHHBIMH TOTMBITKAMH TOJIYYUTh MpPeoOpa3oBaHUs
JlopeHiia B KBaTepHUOHAX, KOTOPBIE CTamu (PAaKTOPOM, OTrpaHUYH-
BAIOIIMM [PUMEHEHHE aJreOpbl KBATEPHUOHOB JIJIsi OIUCAHUSA
npocTpancTBa-spemenu” [52, c.7].
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Jlanee aBTOp ccbliaeTcs Ha paboty [leHpoysa mo 3Toif Tema-
THKE, BBIBOJBI KOTOPOTO MOKHO paccMaTpuUBaTh KaK HEKOTOPYIO
KPUTHKY BHECEHUS B (PM3UKY MOHSATUS MHUMOTO BPEMEHHU:

"... U3HaYaJIbHbIE "YMCTHIE KBATEPHUOHBI" [TOKA HE ONpaBIaIN
TeX OOJIBIIUX HAJEK/, KOTOPbIE HA HUX KOTJa-TO BO3JIArallH ...

Oxka3bIBaeTcs, OJJHAKO, YTO KBATEPHUOHBI HE IMOAXOJAT s
OTIMCaHUsl MPOCTPAHCTBA-BPEMEHH, TaK Kak 'ecTecTBeHHas" s
KBaTEPHUOHOB KBajIpaTWuHas (GopMma qq = t2+u2+v2+w2, C TOYKHU
3peHusi TEOPUH OTHOCUTEILHOCTH, UMEET "HENpPaBUIIbHYIO CUTHa-
Typy" [64, c.186].

Cunraercs, 4To COOCTBEHHO MOHATHE MHUMOTO BPEMEHHU B
¢u3uky BHEC XOKHHT:

"MHuUMOE BpeMsS CBOMM pOXJIEHHEM 00s3aHO XOKHHIY.
... Bp€Msl B €ro TEOpHUH ... TPAKTyeTCs KaK maremaTrudeckas ao-
CTpaKIHs U OTpeesIIeTcs Kak T = ict, T1ie 1 - MHUMasl €IUHHLIA, C -
CKOPOCTh CBETA, t - Hame amnupudeckoe Bpems" [38, ¢.106].

OTO MOHATHE U CIIOPHOE U JIBYCMBICIEHHOE. XOKUHT BbIJBU-
raer LeNbld pA] JIOTHYECKH HHUYEM 0c000 HE MOJTBEP)KIECHHBIX
MIPENIOJIOKEHUN, XOTS U JENaeT ONpeAeIeHHO JOTUYHbIN U 1erne-
cooOpa3HbIii BBIBOJ pPAacCMAaTPHBATh Ty WIM WHYIO KOHIICTIIIUIO
BPEMEHU C TOUKH 3PEHUS UX y0obcmea ISl ONUCAHUSI peaIbHOCTH:

"... HE UMEET CMBICIIa CIIpalIuBaTh, YTO K€ peaJbHO — Jei-
CTBUTEJIBHOE BpeMs WM BpeMsi MHMMOe? BakHo nuib, Kakoe U3
HUX OoJsiee moaxoauT juist onmcanus” [77, c.111].

B kauecTBEe mNOATBEPKIEHMS LEIECOOOPA3HOCTH TaKOTO
MOX0/1a OH MPHUBOJUT HEKOTOPBIE MOIYYEHHBIE C €r0 NOMOIIbIO
pe3yJbTaThI:

"B Hammx BBIYMCICHMSX HCIOJIb30BaNach KOHUEMIUS MHU-
MOT0 BPEMEHH, KOTOPO€ MOXHO NMOHHMMAaTh KaK BpeMs, HaIlpas-
JICHHOE TIOJ] MIPSIMBIM YIJIOM K OOBIYHOMY, JIEHCTBUTEIHHOMY, Bpe-
MEHHU ... MBI 3aMEeHUIN OOBIYHOE BPEMSI MHUMBIM BPEMEHEM. DTO
Ha3bIBAETCS E€BKJIMJIOBBIM IOJAXOJIOM ... MBI CMOIJIM TOHATH TIIy-
OWHHBIC TPUYMHBI TOTO, YTO YEPHBIC JBIPHI BEAYT ceOsi MOJ00HO
TOpSYUM TeJaM U UMEIOT sHTpornui" [79, ¢.65].

IIpaBna, cienyeT 3aMETUTh HEKOTOPYIO CTPAHHOCTb U JIaXke
IIPOTUBOPEYUE B UMEHOBAHUM MPOCTPAHCTB. EBKINI0BBIM Ha3BaHO
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IIPOCTPAHCTBO, B KOTOPOM BpEMs SIBISETCSI MHUMON BEIUYMHOM.
OueBHIHO, TAaKO€ HMEHOBAaHUE ObUIO BBIHY)KJIEHHBIM, YTOOBI
o0ecTeunTh PESITUBUCTCKYI0O METPUKY MHTEpBasia, XoTs EBkmu,
HECOMHEHHO, pacCMaTpUBaj IPOCTPAHCTBO TPEX NEHCTBUTENBHBIX,
a He MHHMBIX U3MEpPEHH, a BpeMs, eclii Obl U MPUCYTCTBOBAIO Y
HEro, 0JTHO3Ha4YHO ObLIO ObI TAKMM XK€ peabHbIM:

"Bo u3bexkaHue ycl0)KHEHMH TEXHHMYECKOIO XapakTepa Ipu
BBIYHMCIEHUN (PEMHMAHOBCKUX CYMM IO TPAeKTOPHUSAM CIEIYyeT Ie-
pPEXOAUTh K MHUMOMY BpPEMEHH ... Torna B IpoCTpaHCTBE-BPEMEHU
OOHaApyXMBAIOTCI WHTEPECHbIE W3MEHEHHS: B HEM COBEPIICHHO
HCYE3aeT pa3Inyie MEXKIY BPEMEHEM M INPOCTPAHCTBOM. ... IOKA
MBI UMEEM JIEJI0 C OOBIYHOM KBAaHTOBOW MEXaHUKON, MHUMOE BpEMS
U €BKJIUJ0BO MPOCTPAHCTBO-BPEMSI MOYKHO paccMaTpUBaTh MPOCTO
KaK MaTeMaTUYeCKUH IpHUEM JJIsl pacueTa BEJIMYHMH, CBA3AHHBIX C
peanbHBIM NpocTpaHcTBOM-BpemeneM" [77, ¢.107].

3/1ech MOXHO 3aMETUTh, YTO XOKHHI, TEM HE MeEHee, He
HAJEJs1 TAKOE €BKJIMI0BO MPOCTPAHCTBO CBOMCTBAMH PEaIbHOCTH,
3TO, HECOMHEHHO, y/1I00Has Hjealn3alisi, o3BOJIAIOIIas B YEM-TO
YIOPOCTUTh KaK pacyeThl, TaKk U UX UHTepIperanuto. CiaenoBarenb-
HO, €CIIM U JI0lyMaTh HEKHE MapajiesbHble IPOCTPAHCTBA B MHHU-
MOM BPEMEHHU U €T0 BO3MOXHBIX JIOTIOJHUTEIbHBIX U3MEPEHUSX, TO
II0Ka YTO 3TO OYJET ABIATHCS TOJIBKO MAaTEMATUYECKUM IIPUEMOM, a
HE peaJbHbIMU IPOCTPAHCTBAMU.

Co3HaHue 1 NO3HABAEMOCTh MHpa

CpoiicTBa Marepuy HeUcUepHaembl, HaOOp MX HUYEM HE
orpaHuyeH. l3MeHEeHHe CTPYKTypbl BEILIECTBA, BO3HUKHOBEHHE
CJIOJ)KHBIX MHOTOYPOBHEBBIX CTPYKTYpP: OPraHHYEeCKOTO BELIECTBA,
OpraHU3MOB HEN30€XKHO IPUBEINIO K MOsBIEHHUIO co3HaHusA. Co3Ha-
HHE — 9TO CBOMCTBO HAMBBICIIECH IO CIOKHOCTH U3 U3BECTHBIX Ha
CEro/Hs YesloBeKy (hopM OpraHu3ali MaTepUN — BEIIECTBA, MO3Ta.
JloctaTouHoe 4HCIIO B3aUMMOJIEHCTBHI €€ YacTe M WX KadecTBa
(xapakTep) HmposBIAIOTCS Kak co3HaHue. Bmecte ¢ TeéM HET OCHO-
BaHUI CYUTATH, YTO 3Ta (PopMa SBIISETCS MPENEIbHON, HAUBBICIICH.
MOo3KHO JOMYCTUTh, YTO BO3MOKHBI M UHBIE CTPYKTYPbl MaTepUu U
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e B3aUMOJICHCTBUI, CIIOCOOHBIE MOPOIUTH SIBICHHS, IOJIO0OHBIC
CO3HAHUIO U OoJiee CciokHBIE. Marepusi, HECOMHEHHO, 00JaaaeT
CBOMCTBaMH, IPEBOCXOISAIIUMHU CO3HAHHE.

MoeT i CO3HaHHE IMO3HAThb MUP 10 KOHIIA, MOJHOCTHIO?
OueBUIHO, YTO MCYEPIBIBAIOIIEE OMMMCAHUE MUPA JOJHKHO OBITH HE
MEHee CaMoro Mupa, MO3TOMY BMECTHTH IIeJIO€ B YacTh HEBO3-
MOXHO. AOCOJIOTHOE, WCYEpIBIBAIOIIEE 3HAHHUE O MHUPE HEBO3-
MOKHO TO OmpenesneHuto. TemM He MeHee, 0OBEKTHOE TO3HaHHE
MHUpPa B BUJIE YKPYMHEHHBIX CTPYKTYp MO3BOJISIET MOJYYHUThH IMOIO0-
Ove ToJHOTO 3HaHMA. [TyOMHA TaKoro 3HAaHHMA HE OTpaHHYCHA:
caMmoe IOJIHOE 3HaHUE BCET/Ia MOXKET OBITh JIOTIOJTHEHO.

beckoneuHocTs (hopM CyIIECTBOBaHHMS MaTepuu TpeOyeT
NPU3HATH BO3MOXKHOCTH €€ (opM, TOJOOHBIX BEIIECTBEHHBIM
(dopmMaM CO3HAHUSI — MaTepUAIIbHBIX, HEBEUIECTBEHHBIX (OpPM CO-
3HaHUs. HeT BUOMMBIX MPENATCTBUI CUUTATh, YTO MaTepusi B UC-
XOJHOM COCTOSIHUM CaMa MOXET SBIISTBCS HOCHUTENEM HEKOEro
nojnoOus co3HaHus, pazyma. llpu pacmane KOHKPETHOW, YaCTHOM
Bcenennoi, korma BemIECTBO NPEBPALIACTCS B CBOK HCXOIHYIO
bopMy — MaTepuio, MOXKET COXPAHHUTHCS CBS3b HOCUTEIS Belle-
CTBEHHOTO CO3HaHUS C MaTe€pHaJIbHBIM HOCHUTEJIEM, HEBEIIECTBEH-
HbIM. Takoe MmaTepuaibHOE, HEBEIIECTBEHHOE CO3HAHWE CHIIBHO
HarlOMUHaeT 00XKECTBEHHYIO CYIIHOCTh. [Ipiu3HaBas BO3MOKHOCTb
CYIIECTBOBAHMS HEBEIIECTBEHHOTO, MAaTEPHAIBLHOTO CO3HAHMS, MBI
JOJDKHBI TIPU3HATh M €r0 CBSI3b C CO3HAHMEM BEIIECTBEHHBIM.
CBoiicTBa MaTepHaNbHBIX, HEBEIIECTBEHHBIX OOpa30BaHHUN ISt
BEIIECTBEHHOTO MHUPA, OYEBUIHO, HEJOCTYIHBI IS MPSMOTO BOC-
npustus (mprubdopamu, yyBcTBaMi ). Ho 3BONTIOIIMOHHBIN IEPEXO]T OT
OJIHOTO K JpyroMy, HECOMHEHHO, Bo3MokeH. K MomeHTy "yraca-
Hus" BcenenHnoi, e€ "X0101HON cMepTU" CO3HAHUE YEIOBEKAa MO-
KET TPUHITH COBEPUICHHO HeMbICIMMBIE (popMbl 1 HOocuTenss. OHO
Oy/eT IpeeMHHUKOM, TIOTOMKOM YEJIOBEKa, HO TAKHM e TIOTOMKOM,
KaK/MM CaM YeJIOBEK SIBIISICTCS JJIS IEPBBIX MOJIEKYJ OPraHHYECKOTO
BEIIeCTBA. A 9TO O3HAYaeT — YeIOBEK, KaK OCO3HAromas ceds ma-
Tepusi, BUIMMO, BEUEH, KaK BEYHA ITePBast MOJIEKYJIa OPTaHUIECKOTO
BEIIIECTBA, KAK BEUHA MATEPHUSI.
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JdeTepMuUHU3M U cB00OIa BOJIH

OpHuM u3 HauOosiee BaXKHBIX AJI HAyYHOTO IMO3HaHUS pe-
aTbHOCTH (UIO0CO(CKUX BOMPOCOB SIBISIETCS BOMPOC JIETEPMUHU3-
Ma. BriosiHe pe3oHHO cuuTaercs, 4yTo (PUIOCOPCKUN AETEPMUHHU3M
MPOTHBOPEUYUT cBOOO e Bosn. [IpenenbHoii hopmoit neTepMruHI3Ma
MOXKHO cuuTarh (aranm3Mm. Hepenko B OBITY MOKHO YCIBIIIATh
¢pa3y Buma "Tak yx Ha cyapOe HamucaHo". UenoBeky ouYeHB
CIIOHO COTJIaCUThCS C TEM, YTO BCE €ro ACWCTBUS MpeAoIpese-
neHsl. OqHaKo HE cpabaThIBaeT Jake TaKOW OTUAsHHBIM BapHaHT:
pa3 yx BcE MpenornpenesneHo, To MOKHO BOOOIIe HUYEro He Mmpe/l-
npuHuMaTh. Ecin HUYero He MpeAnpHHUMATH, 3HAYHUT, TaK HaIH-
caHo Ha cynsOe. Bmecte ¢ Tem, B (pu3mKe M3BECTHBI SIBJICHUS U
3aKOHBI KOTOPBIE PACCMAaTPHUBAIOTCS KaK HEAETEPMUHHCTHUYECKUE,
YKICTO BEPOSATHOCTHBIE, CIy4daiiHble, OeCIPUUNHHbIE!

"B kyaccuueckoil (pu3MKe MPUUYUHHOCTH AUKTYET, YTO CIIy-
YUTCS B KKIBIM CIEQYIOMMA MOMEHT BPEMEHH, OJIHAKO B KBaH-
TOBOW MEXaHHKE MOBEJACHHE (PU3MUYECKOTO OOBEKTa MO CyTH He-
MIPE/ICKa3yeMO, U HEKOTOpbIE KBAHTOBBIE IPOLIECCHI COBEPIIEHHO
oecripuannbb" [30, ¢.237].

[Tonyuaercsi, YTO AeTepMUHM3M uUMeeT orpaHuueHusi? Her,
OTBET OJIHO3HAUHBII: HE MMeeT. [leTepMUHU3M clenyeT CUMTaTh
OJTHUM W3 OCHOBHBIX, (YH/JIaMEHTAJIbHBIX 3aKOHOB mpupoisl. Ciy-
4aifHOCTh, 3TO BCErO JIMUIb CIEACTBHE TI'POMAJHON IOCIEN0Ba-
TEIbHOCTU PUYMHHO-CIIEICTBEHHBIX LIENIOYEK, OTCIEAUTh KOTOPBIE
HEBO3MOXXHO B INPHUHIMIIE, TIOCKOJIBKY JJISI TAKOTO OTCIIEKUBAHUS
HE0OX0uMO eml€ OOJblIee YUCIO MOJOOHBIX LENOYEK, KOTOPbIE
caMH JOJDKHBI OBITh OTCIEKEHBl. JTO OECKOHEYHas pPeKypcus,
MPUHIUIHAIHHO HE UMEFOIasi OKOHYAHHSI.

OTcroa MO>KHO czienaTh BbIBOJ, 4T0 U CO3HaHKE MBICISIIETO
CyllecTBa SIBJISIETCS "BJIOKEHHBIM" — 3aKOHBI €r0 (YHKLIHOHUPO-
BaHUA "HaHM3aHbI" IPYT HA ApYyra, MHOTOKPAaTHO B3aMO3aBUCUMBI,
00pa3yoT OECKOHEYHOE YHCIO IUKIMYEeCKHX CBszeil. [loaTomy
MPEOoNPeIeIEHHOCTh KaXKJ0T0 M3 MeNbYalllInX, caMbIX (yHaa-
MEHTAJBHBIX B3aUMOJICHCTBUI, NPUHIMIIMAIBHO HEOTCIIEKUBae-
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MBIX, 00pa3yloT IOCIEA0BATEIbHOCTH IPOILIECCOB, KOTOPHIE OKa-
3BIBAIOTCA HEIPEICKAa3yeMbIMU B PUHIIUIIE, TO €CTh CIIy4YalHBIMH.

[IposiBneHne 3aKOHOB MPHUPOABI B YACTHBIX SIBICHUSX IpHU-
BOJUT K BBISBIICHUIO 3aKOHOMEPHOCTH B 00IIEeM, OOJIBIIIOM sBIIE-
Huu. [1o 3TOMy SBJIEHHIO MOKHO CYIUTh O CYTH 3aKOHOB, JISKAIIUX
B ero ocHoBe. Orcrojia cileayeT, YTO U COLHUAIbHOE MOBEJICHUE
JIOZIE — 3TO BHEIIHEE MPOSBICHUE YaCTHBIX, HIKEISKALUX 3a-
KOHOB (u3uosiornu yenoBeka (nmoneit). To ectb,  co3HaHHE, B
CYIIHOCTH, SIBJIIETCS CIIEJCTBHUEM Oe€3albTepHATUBHBIX, CTPOTO
JNETEPMUHUCTUYECKUX YaCTHBIX 3aKOHOB Ipupojsl. Her cB00O0abI
BOJIM B CaMOM (pyH/IaMEHTaJIbHOM, IIUPOKOM cMbiciie. OHaKo Mo-
3HaBas BHEIIHME 3aKOHBI YejoBeka (00miecTBa), CyAuTbh 00 3THUX
YAaCTHBIX, COCTABIIAIOIINX MX 3aKOHAX MOXHO JIMIIb C ONpPEAenéH-
HOM TouHOCTHI0. HEBO3MOKHO NpecKa3aTh OBEACHHUE OTIEIBHOTO
YeJI0BeKa JIETEPMUHHUCTHYECKH B (yHAAMEHTAILHOM CMBICIIE STOTO
cioBa. Takoe mpenckazaHue WHOOPMATUBHO JOJDKHO OBITh, OUe-
BUJHO, OoJbIe, YeM Bcsi MH(popMaIwms, cojepxaiiasics B Mupo-
3/1aHUU, U coiepkaTh B cede ceds camo€. [loaHocThIO onucats Mup
HEBO3MOXKHO: "KHHUra" Takoro ONMCaHHS JIOJDKHA COJIEpP)KaTh
6onpmie "aromoB", yeM cam Mwup, oTKyzaa ke ux B3ATh? OmHaKO
cienyer oTaudath (GUIoco(CKHUil AETEPMUHU3M OT €ro YacTHBIX
Pa3HOBUIHOCTEH, He 00IaIal0NTUX TAaKOH K€ 0OITHOCTHIO:

"IIOKJTOHHUKM OE€3yKOCHUTEIBHOTO JETEPMUHU3MA JENAI0T
omuOKy, U30upas 00pa3loM KIACCUYECKYI0 MEXaHUKY: ABUXKEHUE,
IIPE/ICKAa3bIBAEMOE KJIACCUYECKOM MEXaHUKOM, OKa3bIBaeTCsl He-
YCTOMYMBBIM OTHOCHTEJIBHO MAJIbIX CIIYYaWHBIX OTKIOHEHHI
HAYyaJIbHBIX JAHHBIX WJIM K€ B pe3yjibTaTre JEHCTBUS CIy4alHbIX
cui. Kak Obl HU OBLIN MaJjIbl TU BO3ECHCTBHS, BCETIa MOXKHO HAWTH
TaKkoe BpeMsl, P KOTOPOM HX IPPEKT OKa3bIBACTCS MPEBATUPY-
IOIUM. OTa HECTaOMJIBHOCTb JABHMIKEHUS OTHOCUTEIBHO MajblX
CIy4aHOCTEN MOJHOCTHIO PAa3pyLIAET WUIKO3UI0 O BO3MOXHOCTH
OJIHO3HAYHOT'O Mpe/CKa3aHusl OyQylero 1o HadajdbHbIM JaHHBIM
6e3 Toro, 4yToObI B JaJbHEHIIEM HE BHOCHTH KOPPEKTHB "MO X0y
nena" [24, c.21].

beccriopHo, 4T0 OJHUX JHIIb KJIACCUYECKHX 3aKOHOMEPHO-
CTeH NJIs1 MOJIHOBECHOIO IpEACKa3aHusl HeJAO0CTaToyHo. B mpuse-
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JEHHOM LUTAaTe 3TO NOKA3aHO OTYETIIMBO: TAKHE MPEJICKA3aHUs HE
YYHUTBIBAKOT JETEPMUHHU3M MasblX Bo3aeucTBui. [Ipu sTom m 3T
Majible BO3JCUCTBUSI TaKKe MMEIOT NMPUYMUHHBIE CBS3M emié Oosee
MaJIOTO YPOBHS U TaK Jajee.

B camom riy0oKoM, (yHIAMEHTaIbHOM CMBICIE JETEPMHU-
HU3M OTCTaWBAET HEPYLIUMOCTb IIPUYHUHHO-CIIEICTBEHHBIX CBS3EH,
YTBEpPKasi, YTO HUKAKOE COOBITHE HE MOXKET MPOU30MTH 03 Ipu-
yuHbI. BMecTe ¢ TeM, Takas Mo3HLKs He OTBEpraeT u Gpriiocopckoe
€IMHCTBO 3aKOHOMEPHOCTH U ciydaiiHocTu. CiydallHOCTb — 3TO
Takas 3aKOHOMEPHOCTb, JUIi KOTOPOM IPUYMHHO-CIIEICTBEHHBIE
IEMOYKH MOKa MPOCTO HE YCTaHOBIIEHBI. Pa3BuTne HayKku, (GU3NKH, B
YaCTHOCTH, IIOCTOSHHO YIJIyOJsisieT ypoBEHb TaKuX IENOoYeK, U TO,
YTO paHbLIE Ka3aJOCh CIy4YaWHbIM, Kak KoMmera ['ajuies, HaXoauT
CBOM NPUYUHHBIE OOBSICHEHHUS.
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1. Jlerenapl 0 napajiejbHbIX MHpPax

[TapamiensHbie MUPBI 1 MHOTOMEPHBIC MMPOCTPAHCTBA, WHBIC
W3MEpEHUs, MHOXXECTBCHHBIE BCelleHHbIE — My3BIPHKOBBIC U TOJIO-
rpaduyeckue, MyJIbTUBEPCHI, KBAHTOBBIC AbTEPBEPCH M IYILCH-
pyrolue kocMosornueckue bosnpire B3pbIBbl — U3/1aBHA SBIISIOTCS
HE TOJIBKO MPEJIMETOM MHOKECTBA CEPhE3HBIX HAYYHBIX HMCCIIE0-
BaHWW, HO W WU3IIOOJICHHONW TEMOW M CTAaBIIMMH TPUBBIYHBIMU
ITAMIIAMHA HAYYHO-TIOMYJSIPHOW W HAy4YHO-(AHTACTUYCCKOW JIH-
Teparypbl W KuHO. VcTopwsi MX TOSBICHUS YXOIHWT B JalleKOe
npornuoe. CymecTByeT Macca COOTBETCTBYIOIUX ONMCAHHA B BUJIE
KaK HEMPOBEPSEMBIX JIETEH/I, TaK U (aKTOB, CUUTAIOIIUXCS JOCTO-
BepHbIMH. OTpHUIIATh UX HEBO3MOXKHO WJIM HEPAIMOHAILHO, HO B
OCHOBHOHM HMX Macce TOYHO TakK K€ HEBO3MOXXHO M MX HAyYHOE HC-
cnenoBanue. Hanbosnee mpocTsiM 00bsCHEHHEM 3TUX (DAKTOB CUH-
TaeTCs MPHU3HAHHUE CYIIECTBOBAHUS MapaJlICIbHBIX, MHOTOMEPHBIX
MHUPOB U Pa3HOTO POJia THIEPIPOCTPAHCTB, XOTSI MHOTHE MX CBOW-
CTBa, XapaKTEPUCTHKH BOOOIIE-TO 3aMETHO MPOTHBOpeYaT Hayd-
HBIM TIPEJICTaBICHHUSM, WMEIOT KpaiiHe claboe palroHaIbHOE
00BsICHEHUE, TIOTUICCKH IPOTHBOPEUNBEI.

Tem He MeHee, Bce ITH (aKThl, ONMMCAHUS BBI3BIBAIOT HEW3-
MEHHBIM MHTEpPEeC K BOMPOCaM MHOTOMEpPHBIX MUpPOB. Hampumep,
Yero TOIBKO CTO AT BeChMa KPAacOUHBIE ONMCAHHs BuenKkuHa:

"Ecnu Bama mo0umast GyrOoiapHass KOMaHbpl He moOeana B
YeMITMOHATE, HE OTYauBalWTeCh: OHA OJiepkaiia modeay Ha Oecuwc-
JICHHOM MHOXECTBE Jpyrux 3emenb. Ha camom jene cymiecTByer
0eCKOHEYHOE YHCIIO 3eMejlb, IJIe Balla KOMaHa moOexjaana Bce
roapl 0e3 uckimodenus!" [30, ¢.11]

BrpodeMm, B mpuMedaHu# K KHUTE€ OTMEUYAETCS, YTO

"Campblif CIOPHBIA MOMEHT B 3TOM KHUTE — 3TO YTBEPKICHHE,
COTJIACHO KOTOPOMY KaXXIbI M3 HAC MMEeT OECKOHEYHOE YHCIIO
UJCHTUYHBIX KIIOHOB, JKUBYIIUX Ha OCCUMCIICHHBIX 3EMIISIX, Pa3-
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OpocanHbIX 10 BcenenHol. MHOTHX 3Ta wjaes juiwia cHa. Jlroau
YYBCTBYIOT, YTO Ha UX YHUKAJIbHOCTb COBEPILEHO MOCITaTeNIbCTBO,
U BOT IOCEUIAEMOCTh ICUXOAHAJIUTHKOB YIBOWJIACh, a MPOJAXKHU
ATON KHUTHW B3JeTenH 10 Hebec. Ommpasich Ha CBOIO TeopHio, Bu-
JICHKUH TaKKe IpeacKa3all, YTO Ha HEKOTOPBIX 3EMIISIX €ro KHUTra
Oyner uMeTh peHOMeHaIbHBIN yerex. Ho cipaBeanmmBocTH paau oH
MPU3HAJ, YTO HAa OECKOHEYHOM 4YHCIIE JIPYTMX €€ KJAET IOJHBIN
mposain ..." [30, c.12].

Tem He MeHee, ONMHCHIBAasg PEATBLHOCTh KaK OECKOHEYHOE
MHO>KECTBO MHpPOB, BHIIEHKMH BecbMa KpacO4YHO, HACTOWYMBO U
yOeaUTeNbHO YTBEPXKIALT, UYTO

"V AMBUTENBHBIM CJEICTBUEM 3TOM HOBOM KAapTHHBI MHpa
SBJIIETCS CYIIECTBOBaHHE OECKOHEUHOTO YHCJIa MUPOB, UJICHTHY-
HBIX HallleMy.

Jla, moporoii unTaresb, AECATKH BalIUX AyOJei Jaepkar cei-
qac B pyKax 3Ty KHUT'Y. OHM KUBYT Ha IJIaHETaX, B TOYHOCTH TaKUX
e, Kak Haia 3eMJisl CO BCEMH €€ ropaMu, TOpOJaMHt, IEPEBbIMHU U
6aboukamu. DTH 3eMJIH 00paIarTcs BOKPYT TOUHBIX Kot CoH-
114, U KaXJ0€ COJIHIE NPUHAIUIEKUT OTPOMHOM CIIUPAIBHON Tajlak-
THUKE — TOYHOM Koruu Hamrero Mneunoro [Tytu" [30, c.153].

KTo ke OTKaxkeTCs OT, XOTS M THIIOTECTUYECKOM, HO TaKOH
3aMaHYUBOI BO3MOXHOCTU MONACMb B MHUP CBOETO TOPYKECTBA U
ycriexa? boiiee Toro, He B IECATKH, a B OECKOHEYHOE UX 4ucio. B
KOTOPBIX OECKOHEYHOE YUCIIO AyOsiel ep:kat KHUry BunenknHa B
IpaBoil pyke, a 0ECKOHEYHOE YHCIIO — B JIEBOM, OECKOHEUYHOE YHCIIO0
YK€ OTKPBLIM €€ Ha NEepBON CTpaHUIlE, HO TaKue k€ OECKOHEUHBIE
KOJIMYECTBA YMUTATENEeH YHUTAIOT BTOPYIO, TPETHIO U IPOYME CTpa-
Hutpl. K coxanennto, Takoe BO3MOXKHO JIMIIb B paHTazusx. M Takue
(aHTa3uM HIYEM He JIydIIe TOTro, YTOOBI BOOOPA3HUTh ce0st TAKHM K€
ny0IieM, KIIOHOM Jro0oro skutenst 3emuid. He oTyanBaiitech, 4To Bac
MIOCTHIJIa HEYJaua, Be/lb Ball KJIOH 37IeChb HAa 3eMJle BBIUTPAJ B JIO-
TEpEr0 OYeHb IEHHBIN Mpu3! A Apyroit BOOOIIE CTAT MPE3UICHTOM.
Tonpko He AymaiiTe 0 CBOMX KJIOHaX — HEyJauyHUKaX, Kak TOT (u-
3K, KOTOPBII MpOUrpaJics B Ka3UHO U 3asBUI:

"Ila, 3TO BEpHO, HO B OJIHOM M3 KBAaHTOBBIX BCEJIEHHBIX 5 Oyay
6orar!" [47, c.394].
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IloHsTHO, YTO Takoe H300MJIME€ MHUPOB HEMOCPEICTBEHHO
cienyeT U3 OECKOHEYHOCTH M BEYHOCTH MarepHaia, U3 KOTOpPOro
OHH, TaK CKa3aTb, CACIAHBI:

"Kak ganeko HaXxOJsATCs BCE 3TH 3€MIIM, HaceJIEHHbIE HAIlIUMU
ayonsmMu? Mpl 3HaeM, 4YTO Marepus, COJAEpKallascs B HaIIleM
O-peruone, MoxeT Haxoauthest B 10 B crenenn 10”7 pasmimunbix
coctostHM. O0BEM, coaepkaui, ckaxeM, ryroimiekc (10 B cre-
nern 10'"’) O-pernoHoB, M0WKEH HCUEPIATh BCE BO3MOXKHOCTHL
Takoli oObeM OyAeT HMMETh MONEPEUHHMK MOPSAKA TYTOJIIeKca
CBeTOBBIX JieT. Ha 6O bmmx paccTosHusX O-perdoHbl, BKIIOYAs
Hai, OyayT noBtopsitees” [30, ¢.153].

"[lopa3urenbHass 0COOEHHOCTh HOBOM KapTHUHBI MUpPa — 3TO
CYIIECTBOBaHHE 3a MpeesaMHi HaOIr01aeMoi 00JIacTH MHOXKECTBa
"npyrux Mupos".

PeanbHOCTh HEKOTOPBIX M3 HHUX JOCTaTOYHO HECOMHEHHA.
Masio xTo, HanmpuMmep, OyAeT COMHEBAThCS B PEAILHOCTHU APYTUX
O-peruoHoB, HECMOTpPS Ha TO YTO OHU HEAOCTYIHBI [yl HaOmto/e-
nus" [30, c.268].

O-pernoHaMy Ha3BaHbl HEKHE TMTAHTCKUE CEpPbI MPOCTPaH-
CTBa-BPEMEHU JuaMeTpoM 1o 80 MHIUIMApAOB CBETOBBIX JIET, OCT-
poBHbIe BceneHHble, KOTOPHIMM HAaOUTO OECKOHEYHOE MPOCTPAH-
CTBO (PM3NYECKOI peaTbHOCTH.

OpHako cienyer 3aMETUTh, YTO 3/1eCh BUIEHKHMH HE coBceM
KOPPEKTHO HCIIOJIb3yeT TOHsATHE OeckoHedHOCTH. B dumocopun
TaKkylo OECKOHEYHOCTh MHOTJIa Ha3bIBaIOT TypHOU. beccopHo, 4to
MOTEHIIMAJIbHAsT OECKOHEYHOCTh JIOMYCKAeT CYILECTBOBAHUE JIIO-
00T0 KOJMYECTBA TOXKACCTBEHHBIX MUPOB, IPUYEM, HE 00513aTEITHHO
¢ pasmepamu Hamieit Bcenennoit. CormacHo mojnenu Buienkuna
KOIUS Halllel COJTHEYHOM CHUCTEMBI MOXKET HaXOJUThCS U B OECKO-
HEYHOM 4YHCIIE Opy2ux TalakTUK U opyux Bcenennbix. Ho Bo3HU-
KaeT OJHa HeCThIKOBKa. lIpopomkas MHOXWUTH pealbHOCTH, MBbI
HEM30€KHO MPHUIEM K BBIBOAY, UYTO CYHIECTBYET OECKOHEYHOE KO-
TU4YecTBO Hawux xomui. Komuit B camMoM OyKBajgbHOM CMBICIIE,
KaXKJast U3 KOTOPBIX UMEET IOJHOE MPaBo 3asiBUTh — 3T0 5. OiHako
MUPBI, OKpY)Xarolie Bce 3TU S, Taxke OECUMCIEHHBI, Pa3HOOO-
passbl. CrieoBaTeIbHO, KaX/IbIH U3 HAC JIOJDKEH BUIIETh KAXHCObIU
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13 3TUX OECUMCIEHHBIX MUPOB, BCE MX OJIHOBpPEMEHHO. Jlerko no-
rajiaTbCsi, 4YTO 3TO HE TaK, BCE Mbl BUJUM JIUIIb OJIUH-EANHCTBEH-
HBIW, Hall MUp, JMOO MOJHOCTBHIO TOXKIECTBEHHBIM HalIeMy. ITO
03HAy4aeT, Kak MUHUMYM, 4TO HE BCE€ 3TH HallM Sl TOXIECTBEHHBI
apyr npyry. Bee oHu, Bc€ ux mpeanonaraeMoe 0eCKOHEYHOE MHO-
XKeCcTBO — pasHble. [lomydaercs, 4TO TIJIaBHBIA INPU3HAK TOXKIE-
CTBEHHOCTU OECKOHEYHOTO YMCJIa MUPOB HApYyLIAETCs: BO BCEX HUX
00s13aTENIbHO TIPUCYTCTBYIOT pasHvle $1, yHuxanibHule, BCTpeYaro-
LIUECS JUIIb B 00HOM U3 BCETO OECKOHEYHOTO MHOKECTBA MUPOB, U
9TO — Habronaemblit axT. JInbo Takux MUPOB HUYITOKHO MaJo.

"IIpencraBisisi KBaHTOBYI0 MyYNbTUBCENEHHYIO, MBI ... CTal-
KHMBAaeMCsl ¢ BEPOSITHOCTBbIO TOTO, YTO, XOTS HAILUM MapajjiebHbIe
JBOMHMKH, >KMBYILIHE B PA3JIMYHBIX KBAHTOBBIX BCEJIEHHBIX, 00Na-
JA0T UIEHTUYHBIM T€HETHUYECKUM KOJOM, B IIEPEIIOMHBIE MOMEHTHI
KU3HU HaIlll BO3MOXHOCTH, HAIlll HACTAaBHUKU U HAIIM MEYTHI MO-
I'yT MOBECTH HAc MO Pa3IMYHBIM JIOpOTaM, YTO MOBJIEYET 3a COOOM
pa3UYHbIE HCTOPHH KHU3HH U pa3uuHble cyab0sl" [47, ¢.393].

OTO HEAOCTAaTOYHOE, KOMIIPOMHUCCHOE OOOCHOBAaHUE pa3iu-
Yusl IBOWHUKOB, MOCKOJbKY OECKOHEYHOE MX KOJMYECTBO B Oec-
KOHEYHOCTH DPAa3HbIX MHUPOB JOJDKHBI OOJIafaTh €IWHBIM Ha BCEX
CaMOCO3HAHMEM, MHIMBUIYaIbHOCTBIO, 30, COOCTBEHHBIMH S, a
pasnuyure B HUX 03HAYAET OMCYmCmeue moxicoecmeeHHoCmu.

OpnHako paccMOTpeHHas Ujiesi MHOKECTBEHHOCTH JIBOMHUKOB
BeChMa MPOJIYKTHBHA U TMO3BOJSET OTYACTH OOOUTH M 3TO MPOTH-
Bopeune. [leficTBUTENbHO, B 06CKOHEUHOM MUpE TOKIECTBEHHOCTh
BIIOJIHE JlorycTuMa. Kakplit u3 Hac nMeeT OECKOHEYHOE KOJIue-
CTBO aOCOJIFOTHO TOXIECTBEHHBIX S, HAXOASAIUXCsl B 0ECKOHEUHOM
KOJIMYeCTBE a0COJIIOTHO TOXKJIECTBEHHBIX MHpPOB. Pazymeercs, Ha
OECKOHEUHBIX OTpe3Kax BPEMEHM Bce ITH MHUPHI U S HaxomsTcs
BCEI/Ia B TOXKJECTBEHHBIX COCTOSIHUAX. [loaTOMy BCE, uTO 3THM S
BUJIAT, OUIYIIAIOT, O YEM JYMAlOT — TAaK)K€ TOKJIECTBEHHO, UX HE-
BO3MOXHO OTJIMYUTH ApYyr OT Apyra. CienoBarenabHO, KaKIbli U3
HUX CMOTPUT U CIBILIUT BCE TO XK€, YTO U €ro KIOHbI. [IoHATHO, 4TO
3TO OUYEHb MOX0XKE Ha OECCMBICIEHHOE OTOKJIECTBIEHUE, HO JIOTH-
YeCKUX MPOTUBOPEUYUI B 3TOM Beab HeT? M Bce-Taku 3Ta KapTUHA
TOXXKEe HauBHA. Eclii 3T MHpBI MOJTHOCTBIO TOKJIECTBEHHBI C MHO-
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KECTBOM TaKUX € MHUPOB, TO MOYEMY KaKON-TO U3 HUX OJIHAXKJbI
BJIpYI' CIIy4allHO He MOMAET Mo ApyroMy nyrtu? A mouemy oJuH?
Mmuorue! 1 paxke He MHOrue, a 0eCKOHEeUHOe MX 4uciio. Kakumm
MOTYT OBITh OCHOBaHMs, 3alpELIAIOLINEe TaKue OTKIOHEHUs?
Tonpko xenaHue crpsTaTh NPOTUBOpeuMs. MIHaue Mbl BHOBB NpHU-
XOJIUM K abcypay.

Ecmu e Bce 3TM MHpPBI BeayT ceOs TOXKIECTBEHHO, IIPOCTO
O0OMEHMBAsACh CHTHAJAMH CHHXPOHH3AIMH, TO BCS PEATBbHOCTh
J0JKHa OBITh 3alojHEHAa OECKOHEYHBIMU NOTOKaMU TaKHUX CUTHa-
noB. CorjacHO AMAJEKTUYECKOMY MaTepUaIu3My BCs Halla pe-
aIIbHOCTh, Halla Habmogaemas BceneHHas sBIseTCS 4acTbiO Beu-
HOM u OeckoHeuHoM Martepuu, mepBOOCHOBHI Bcero cymiero. Ho u3
ATOTO BOBCE HE CIEAyeT 00s3aTEeNbHO, YTO B 3TOM OECKOHEYHOM
KOHTMHYYME BO3HHUKHET OECKOHEYHOE MHO’KECTBO BEILECTBEHHBIX
oOpa3oBaHuii Bpoje Hamiel BcenenHoil co cBomMu Habopamu
PA3HLIX 3aKOHOB IPHUPOJIbI, CBOMMH IPOCTPAHCTBOM M BPEMEHEM.
OpHako Takasi BO3MOYKHOCTh IIPsIMO M He oTpuuaercs. Her Beckux
OCHOBaHUM OTpHULATH, YTO IEPBOOCHOBA peaIbHOCTH, Marepus
o0agaeT OECKOHEYHBIM YHCIIOM CBOKMCTB. [loaTOMY B 6ecCKOHEUHOM
MPOCTPAHCTBE OECKOHEYHOTO YHUCIa HU3MEPEHHH, CBOWCTB MOMKET
CYILIECTBOBAaTh OECKOHEYHOE YMCIIO OJJUHAKOBBIX, HO HE CBS3aHHBIX
Ipyr ¢ IpyroM mupoB. W, kcTat, ¢ MallMHAMHU BPEMEHU M BEU-
HBIMU JIBUTATEJSIMH, JUKHHHAMHU U BoJimeOHuMKaMu, ¢ Hum u Ge3
Hero, Mupsl, B KOTOphIX BO3MOKHO BCE U 1aXKe TO, YTO HEBO3MOXKHO
B npuHuune, noyemy Her? dopmanbHO Takoe MHOIOMUPHUE HE
MPOTHBOPEUYUT HU JIOTHKe, HU (punocoduu, Hu Bepe B Oora. Jlumib
KpOILIEYHBIN YEPBb COMHEHHUS: BCE 7TO MHOT000Opa3He MOUNHAETCS
COBEPLIEHHO HEMOHSITHOMY 3aKOHY — MEXJ1y BCEMH 3TUMH MUpPaMHU
3arpenieHbl KOHTakThl. Ho Toraa HEeBO3MOKHO M MX TOXAECTBO.

Hcxons u3 aHanmm3a MHO’KECTBA M3BECTHBIX BAapUaHTOB Ila-
paJIIEIbHBIX MUPOB, MOKHO IPHUHSTH, YTO y HUX €CTh JIBA OCHOB-
HBIX MCTOYHHMKA TOSBJIEHUS, MPOBO3IJAILICHUS: HAYYHBIH U JIUTE-
paTypHO-MUCTUYECKMM Ha OCHOBE BBIMBICIOB WM CJIOBECHBIX
orucanuii. Bropoe, BrpoueM, MpUBOAUT K emie OOJIbIIEMY POCTY
UHTEpeca K HUM. AHaJIW3UPOBATh JUTEPATypHO-MUCTUUYECKHE HC-
TOYHMKH BPAJl JIM UMEET CMBICI: MaJIO JIX YTO U KOMY IOMEpEIIH-
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JIOCBh, YTO HECJIB34d HU IMPOBEPUTH, HU BOCIIPONU3BECTHU. Hamuoro un-
TepecHee M IPOJYKTHBHEE MCCIIEI0BATh HAy4YHbIE MCTOKHU CyIlle-
CTBOBAHUA TaKUX MHPOB, HMCIOMIUX, KaK CYHHUTACTCA, CTPOruc
000CHOBaHMS, BBIKIAJKH M JlaKe J0Ka3aTeslbCTBAa. B 3TOM cityuae
aHaJIU3 BO3MOXKEH W HEO00XOJMM, MOCKOJBbKY Jake Oerjbld, mo-
BerHOCTHI)IfI B3TJI10 Ha np06neMy BBI3bIBACT 3aMCTHO CKCIITHYC-
CKOE€ OTHOLIEHHE K 3TUM oOocHOBaHMsM. IIpaBna, B HaydHOU H
Hay4HO-IIONYJISIPHOM JIMTEpPAType BCE OTU OIMUCAHUSA HEPEIKO IIPHU-
BOOATCA COBMCCTHO C MUCTUYCCKHUMU.

CBsi3b MAaTEMATHKH H (1)I/I3I/IKI/I

JIaBHO 3aME€YE€HO HMHTEPECHOE M BaXXHOE CBOMCTBO MaTeMa-
THUKH, KOTOpasi MO3BOJISIET JIENIaTh BEPHbIE, HO M3HAYAJIbHO IPOCTO
Kak ObI BBITyMaHHBIC OMMCAHUS HAIIETO MUPA, TIPEACKa3aHuUs:

"Cy1miecTByeT BONPOC, JABHO BOJHYIOIIMKM JIOAEH, 3a1y-
MBIBAIOLIUXCS 00 OCHOBAHUSX MAaTEMAaTUKU: nOoYeM)y Mamemamuxa
cmoab dhhexmusna npu ONUCAHUU HAWE20 MUPA U CMOJIb XOPOULO
onucvigaem e2o 3gomoyuro? ... Ilouemy 3TH npaBuiia Tak XOPOIIO
paborarot?" [56]

OpHako Bpsij JIM CIEQYeT CIUIIKOM yX CUIBHO 3TOMY Y/WB-
JAThCS. DTa MaTeMaTUKa TaK XOPOLIO paboTaeT MPOCTO MOTOMY, YTO
MBI U BBIBEIHU €€ U3 MpPSIMBIX HAOIIOJCHUM 3a OKpYyKarolleh Jei-
CTBUTEIBHOCTBIO. D(PGEKTHBHO paboTaeT, 3HAYUT, BEPHO TOJ-
cmotpenu. bonee Toro, B Hayke M B (pU3MKE, B YAaCTHOCTH, YK€
JABHO 3aMeyeHa elle OJHAa WHTEpecCHas 3aKOHOMEPHOCTb:
KaKyIIUecs MoHayary a0CTpaKTHBIMU MaTeMaTH4eCKHe
BBIDQKEHUS, YpaBHEHUSI BAPYr  OKAa3bIBAIOTCA  OINHCAHUEM
KaKOTO-HUOY/Ib BIIOJIHE PEATLHOTO SIBJIICHUS:

"... pu3uku OOHAPYKHBAIOT, YTO MaTEMaTHYECKHUE MOCTPOE-
HUS, HEOOXOUMBIC UM JIJIsl OTTMCAHUsI HOBOTO KJlacca sIBJICHUS, yKe
MCCIeI0BaHbl MaTEMAaTUKaAMU 110 TIPUYKUHAM, HE UMEIOIIUM HUYETO
obmiero ¢ oocyxxaaembimMu siBieHusiMu" [30, ¢.264].

OpHako Aake MpU TaKOM SIBHO IOJIE3HOM IOJXOJE CIEIyET
BCE-TaKu OBITh MPENEITBHO OCTOPOKHBIM TIPH (HOPMYIHUPOBKE BBI-
BOJIOB M CJIEICTBUI U3 3TUX MAaT€MaTUYECKUX MMOCTPOCHU. MOKHO
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MIPUBECTH PsAJ NMPUMEPOB, KOTJAa TaKue€ BBIKJIAJKUA IMPUBOJIAT HE
IIPOCTO K MPOTHBOPEUHUSM CO 3APABbIM CMBICIOM, HO K JOBOJIBHO
3aMETHBIM TPOTHBOPEUUSM C JIOTMKOM, COJEp’KaT JIOTUYECKUE
omnOku. Hampumep, ogHum u3 Hanbojee W3BECTHBIX TaKUX
CTPaHHBIX BBIBOJIOB TPHU HCCIEIOBAHUM OCCKOHEUHBIX MHOXKECTB
AJIEMEHTOB ABJIAIOTCS J0Ka3arenabcTBa KaHTtopa o paBeHCTBE uncia
TOYEK Ha KBaJpaTe U JUHUH, paBHOU JyTHHE ero pedpa. B npenensHO
CTPOTOM BHJIE TIOJIOOHBIE TOJIOKEHUSI CPOPMYITUPOBAHBI HA CaiiTe
Bukunenuu:

"... MHOXXECTBO HaTypaibHbIX 4ucen (N) paBHOMOIIHO MHO-
KECTBaM LIEJIbIX yucel (Z), 4ETHBIX HaTypallbHbIX YHCENl, BCEX pa-
nuoHanbHbIX uncen (Q), a orpezok uncioBoi npsamoit (I =[0,1],
KOHTUHYYM) OKa3bIBAaeTCsI B OMEKTHMBHOM COOTBETCTBMM CO BCEH
guciaoBoi npsamoil (R), a Takxke ¢ n-MEepHBIM €BKIUIOBBIM IIPO-
crpancteoM (R™)" [22].

3/1paBblil CMBICII U OYEBUJIHOCTH TOBOPSIT HaM, 4YTO 3TOTO HE
MOJKET ObITh. Buanmo, Ju1st 1oka3zarenbcTBa paBHOMOIIIHOCTH TOYEK
OTpe3Ka U KBajpaTta KaHTOp MCIONB3yeT MPOTUBOPEUYUBBINA, HEIIO-
ruyHblid Meto. KpoMe Toro, MOKHO MpEIIONIONKUTh, YTO METOM0-
jJoruss M Joka3zarenbcTBa KaHTopa W NpuBEJEHHbIE B ILUTaTe
YTBEPKACHUS SIBISIIOTCS  y3KUMU TEOPETUYECKMMHM, YaCTHBIMHU
npo0ieMaMy, HE UMEIOIIMMH MPSIMOTO OTHOILIEHUS K paccMarpu-
BAE€MbIM B JIaHHOM KHHUI€ BOIIPOCAM MHOTOMEPHOCTH MPOCTPAHCTB.
OpHaKko OHM B SIBHOM BHJI€ MCIOJIb30BaHbI /ISl TOTO YTOOBI MOCTA-
BUTHb II0JI COMHEHHME OJIHO M3 OCHOBHBIX IOJOXEHUM MOHATHUS

MHOTOMEPHOCTH:
"... MapaMeTpUYEeCKOe ONpEENIEHUEe pa3MEepHOCTU (10 Kpaii-
Hel mepe B ¢opme: "PazMepHOCTh MPOCTpPAHCTBA — 3TO MHUHH-

MaJIbHOE YHCJIO TTapaMeTpoB, KOTOPbIE HEOOXOAMMBI, YTOOBI OTIIH-
4aTh TOYKHM IMPOCTPAHCTBA JAPYr OT Jpyra') MareMaTH4ecKH He-
KOPPEKTHO. DTO CTaJIo SICHO Mociie nocrpoeHHoro I'eoprom Kan-
topoM (1845—1918) 3Hamenuroro mpumepa B3aMMHO-OJHO3HAY-
HOTO COOTBETCTBHSI MEXJy MHOXECTBAMHU TOYEK KBajpaTra U OT-
pe3ka" [35, ¢.32].

IToaTomMy 0001TH, OCTaBUTh 0€3 BHUMAHUS 3TH BBIKJIAJKH Mbl
He MoxeM. [IpuBenem kpaTkue qoKa3aTenbCcTBa, KOTOPbIE TIO3BOJIAT
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PEIIUTETHFHO OTBEPTHYTh 3TH apTyMEHTHI U MO3BOJISAT pacCMaTpH-
BaTh KaK MCYEPIIBIBAIOIIEE U KOPPEKTHOE IMapaMEeTPUIECcKOe OIpe-
JeNIEHUEe Pa3MEPHOCTH TPOCTPAHCTBA MMEHHO B TNPUBEIACHHON B
uTaTe GOPMYITHPOBKE.

Kanmop: mouku na keaopame u 1unuu

Meron KanTopa nmpoTHBOpedMB, YTO MOXKHO IIOKa3aThb, JO-
BEJl €ro JI0 JIOrM4ecKoro abcypja, O4YEBHIHOTO NPOTHBOPEUUS.
Ecnu yrBepkaaercs, 4To KOJMYECTBO TOYEK Ha KBaJApaTe PaBHO
KOJIMYECTBY TOYEK HA JMHHUM, TO MOKaKEM, YTO, HA00OpOT, KOJIHU-
YeCTBO TOYEK Ha JIMHUU OOJIbIlIE€ KOJUYECTBA TOUEK Ha HECKOJIBKUX
KBaJlpaTax, MCMOJb3ysd B TOUHOCTH TOT K€ METOJI JOKa3aTeJbCTBA,
yro U KaHTOop, KOTOpBIM Nperiokul KOMOMHHPOBATh TOUKHM Ha
KBajipaTe, COTJIaCHO UX KOOPJAMHATaM, B pe3yJIbTaTe 4ero U3 JABYX
YUCEN-KOOPAUHAT 00pa3yeTcst 0JTHO 00Iee YHCIIO:

x=0,0,..q,...

y=0,8,..5,..

z=0,a,B,a, 8,0, 0;..a,B,...

O4eBHUIHO, YTO HA OTPE3KE OT HYJIS JIO CIUHUIIBI IJIST TAKOTO
"CIBOCHHOTO" YMCIa BCErja HaWaeTcs OJHA-CIMHCTBCHHAS TOYKa,
9TO U CBUJICTEIBCTBYET, SKOOBI, OT TOXJIECTBEHHOCTH KOJIMYECTBA
TOYKE Ha KBaJpaTe W Ha TUHUH. J[JIs ToKa3aTenbcTBa 0OPaTHOTO MBI
BO3BMEM KyO, C JUIMHOW peOpa, paBHOW CpaBHUBAEMOW JIMHUU.
Boigenum B 3ToM KyOe A1 Hadajla POBHO JIECSTh CEUEHUH, KaxX10e
U3 KOTOPBIX, OYEBUIHO, PABHO TOMY KBaJpaTy, KOTOPBIH HCIOJb-
3oBan Kanrop. J[is Toro 94To0BI TOUKH Ha KBajpaTax MOXKHO OBLIO
Pa3IUYUTh U U3 OUYEBUHBIX COOOPaKEHUHN MBI 00SI3aHBI TIPU3HATS,
9TO KBAJPaThl UMEIOT el OJHY KoopauHaTy. /st mpocToThI, YTO,
BOOOIIIE-TO, YCJOXKHSET Halle OINPOBEPKEHHE, OCIabsIeT ero,
BO3bMEM 3HAYCHHS ITHX KOOPJIWHAT B KpaTyaillieM BHUC, B BHJIE
eMMHCTBeHHON mudpbl oT 0 10 9 6e3 TMoCHeAyIOMMX JIOMOJHU-
TEIBHBIX HYJCH, 9TO BO MHOTO pa3 YBEITUYHUT YHCIO TAKUX KOMOH-
HUPOBAHHBIX TOYEK, MPUHAICIKANTUX KOKIOMY KBajpary. Temneps,
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corjacHo merozojiorun Kanropa, 1 Touek X Uy Kaxa0ro KBaj-
paTa Mbl IOJIYy4UM CKOMOMHUPOBAHHBIE YHCIIA Z CIEIYIOIIETO BUAA:

x=0,Naq,..qa,...
y=0,NB,B,..0,...

z=0,No,po, B,0.0;...a, B, ...

3necy cumBosioM N 0003HaUe€H HOMeEp KBajpaTa Wi, YTO TO
ke camoe, ero koopauHara. Kak BUAMM, 3aKOHOMEPHO M OIIPAB-
JAaHHO BCE TOYKHU M, COOTBETCTBEHHO, CKOMOWHHPOBAHHBIC YHCIIA
OTIIMYAIOTCS IPYT OT npyra. JIerko oOHapy»KUTh, YTO KOMOMHHUPO-
BAHHBIC YUCJA KAXIOr0 KBaJpaTa U3MEHSIOTCA B JMAaIa3oHax, Co-
OTBETCTBEHHO, [0, 0.1), [0.1, 0.2), [0.2, 0.3) u Tak ganee. To ecTb,
BCE€ OHU B COBOKYITHOCTH 00pa3yroT mHTepBai otpe3ka [0, 1], uto
03HA4yaeT: MHOYKECTBO TOYEK BCEX JECATU KBAJIPaTOB PABHO MHO-
KECTBY TOYEK Ha JIMHUHU, BepHee, MeHblle. Mrak, aaxe npu
ocyabJieHuu Halledl apryMeHTalluu Mbl MPUXOJUM K BBIBONY, KO-
TOpBIA TPOTHBOpPEUUT BBHIBOAY KanTropa 00 mx paBeHctBe. [IBa
croco6a HymMepaluy, OCHOBaHHbBIX TOXJIECTBEHHO Ha OJTHOM U TOM
K€ METOoJie, MPHUBOJAT K HECOBMECTHUMBIM, MPOTHBOIOJIOKHBIM
BeiBOAaM. [loaTomy 3TOT Meron KaHTOpa JIOrMYecKH HEBEPEH,
omnboyeH. 1 BHOBb BO3HUKAET PUTOPUUYECKUI BOIIPOC, KAKOMU XKE B
3TOM Cllydae METOJ] BepHbIi? MeTo/10B IrpyNIMpOBKH MOXKET OBITh
CKOJIBKO YTOJIHO, II09TOMY BEPHBIM SIBJISIETCS] TOJIBKO OJIMH METOJ —
0e3 TpyNIUPOBKH, TO €CTh, CPAaBHUBATh MOKHO TOJIBKO DPaBHO-
3Ha4YHbIe OOBEKTHl — JJUHUIO C JUHUEH. B 3TOM citydae BBIBOJ O/J1-
HO3HAYHBIH — MHOXECTBa TOYEK JMHUM WU KBajJpaTa HE PAaBHO-
MomHbl. CaMbIM MPOCTHIM M HATJISAHBIM CIIOCOOOM OTIpEeTIeHHS
9TOTO SBISAETCSA IPOCTOE HAIOKEHUE JIMHUM Ha KBAJIpaT U OTOXK-
JECTBJICHUE CONIPUKOCHYBIIUXCS TOYEK.

[IpakTueckn Takas e MPOTUBOPEUMBAs CUTYyallUsl BO3HU-
KaeT M IpPHU OTOXKJIECTBICHUM JABYX IPOTHUBOIOJIOXKHBIX CTOPOH
KBaJ[paTa: BEpXHEH M HIDKHEH, MO0 JIOOBIX MBYX CPEeTHUX JIMHUMI
KBaJpara. BO3HHKAeT COBEPLICHHO IPOTUBOECTECTBEHHAs CHUTYa-
LMW 3TU Napbl JUHUNA BOOOLIE HENb3s1 OTOXKJIECTBUTh, OCKOJIBKY
HyMepaius UX TOYeK HE MMEET OJIMHAKOBBIX 3HaueHui. BepxHss
CTOpOHa KBajpaTa J0JDKHA MMETh 10 KaHTOpy 3HaueHHus NepBOu
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QpBI TIOCTIE 3aMSITON BCEX TOYEK, HAUMHAIOIIHECS C 9, a HOKHSIS —
¢ 0, a cpennue, Hanpumep, ¢ 3 u 5.

Konuuecmeo namypansnsix uucen

[IpoBepum Tenepp KOppeKTHOCTH MeToaa KanTopa mo moj-
CYETYy KOJIMYECTBA HATypPaJIbHBIX YMCEN JJISi pa3HBIX CIIOCOOOB UX
rpynnupoBanus. [lonpobyem mpocTo mepecuuTarb, NEPEeHyMEpO-
BaTh BCE HATypaJbHbIE YHCIIA, MPEABAPUTEIIBHO COCJAMHHUB HX B
napsl yeTHoe-HeueTHoe uucino: (1,2), (3,4), (5,6), To ecTb, mpucBa-
MBas KaXJI01 rape nocieaoBaTesibHO HoMmepa 1, 2, 3, 4 u Tak janee.
OuyeBuHO, YTO KaXKJI0M mape OyJeT MPUCBOEH OJMH HOMEp, HATY-
panbHOE yncyio. Y Mbl mosyyaem siBHOE MPOTUBOPEUHE, TOCKOJIBKY
9TO O3HAYaeT, YTO KOJMUYECTBO BCEX HATYpaJIbHBIX YHCEN, CO-
OpaHHBIX B Maphl, B JBa pa3a O0JbIlIe KOJIWYECTBA BCEX HATYpaITh-
HBIX yucen. BykBaabHO, KOJIMUECTBO BCEX HATYpaJbHBIX YHCENl B
JBa paza 0oJIbllle KOJUYECTBA BCEX HATypalbHBIX unces. Ho Hary-
palbHBIE YHUCIAa MOXHO TPYNIHUPOBATh U TPOMKAMH, MATEPKAMHU,
JECSITKaMH M TaK Jajiee.

Onnako ¥ 310 HE mpenen. MoHO, HalmpuMep, COCTABUTH
Ta0JIMIy W3 N CTPOK HATYPaIbHBIX YHCEN, IO3TOMY, COOTBET-
CTBEHHO, CTOJIOIIOB OyJeT TOXKE N, TJe N — HATypaJlbHOE YHUCJIO.
Teneps mnoacuvtTaeMm, MNEPEeHYMEPYEM JMArOHAIBHBIM METOJIOM
KanTopa Bce uncna stoit Tabnuiel. O4eBUIHO, YTO KaXJI0€ U3 YU-
CeJl OJyYUT CBOW MOPSAIKOBBIM HOMEpP, KOTOPBIX, OHATHO, OyAET
poBHO n. Ho tabnuma comepkut n” snementoB. [lomywaercs, 4ro
KOJIMYECTBO N” DJIEMEHTOB PABHO N, WJIH, JIPYTUMHU CIOBaMH, KO-
JIUYECTBO BCEX HATYPAJIBHBIX YMCENl PaBHO KBaJpaTy KOJUYECTBA
BCEX HaTypaibHbIX unced. KoHeduHo, camu HaTypajgbHbIE YuCIa K
TOMY HenmpuvacTHbI. [IpobneMy co3maér BeIOOp cnenuduyeckoro
croco0a moJicyeTa, B OCHOBE KOTOPBIX SIBHO JiexaT Metoasl Kan-
TOpa, MO3BOJISIONIME HOJYYUTh JIO00H, npouU3eoIbHbIl PE3YAbTAT.
[TockoJbKY OJIMH M TOT K€ METOJI MPU KOPPEeKMmHOM TPUMEHEHUH
Na€T pa3HbIe PE3yabTAThl, TAKOW METO/ HE MOYKET ObITh BEPHBIM.
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Cuyemnocmu OeiicmeumesibHbIX Yuce

Kax yrBepxkpmaercs, ¢ onopoi Ha MeTtojoJioruio cuera KaH-
TOpa, MHOXECTBO BCEX JICHCTBUTENBHBIX YHCEN HECUETHO, TO €CTh,
HEBO3MOXXHO HMX IE€PECUUTATh, IPUCBOMB KAXKJAOMY M3 HHUX HEKO-
TOpO€ HATypaJIbHOE YUCIIO — HOMEp, IOCKOJIbKY BCET/Ia OCTAHYTCS
HerpoHyMepoBaHHbIe yucia [31, ¢.73-74]. BooOrie-To, Ha IepBbIit
B3TJIS11 MHTYUTUBHO 3TO BBITJISLAMT BIOJHE OYEBHIHO. PaccMoTpuM,
HaTpuMep, CIEAYIOIYIO SBHO OECKOHEYHYIO MOCIEI0BATEIHHOCTD
JEeWCTBUTENLHBIX YUCET:

0,12345...
1,23456...
12,3456...
123.,456...

B 5Tux uncnax 3amsTtas mpocTo 3aHUMAET MO3UIIMIO N, MPel-
CTaBISIIONIYI0 HATYpaJIbHOE YHCIIO, TIOATOMY YHCEN B YKa3aHHOMN
MOCIIEIOBATEIbHOCTH B TOYHOCTH PaBHO YHMCIY CTPOK, N, TIe n
paBHO GeckoHewyHOCTH. IToCKOIBKY BCce HOMEpa HaTypajbHBIX YH-
CeJl UCTIOJIb30BAHBI JUIsi HyMEPAIlUN 3TUX JEHCTBUTENBHBIX YHCEI,
TO OYEBHJHO, YTO OCTAIBHOE MHOXKECTBO JIEHCTBUTEILHBIX YHCEI
ocTaoch 0€3 HOMEPOB, TO €CTh UX MHOKECTBO — HecdeTHo. Ho 310
oueBHUAHAs Jornueckas ommoka. UtoObl yOenuThbCs B 3TOM, JO-
CTaTOYHO, HAIPUMEp, TAaKUM K€ METOJIOM 3alucaTh BCE JCHCTBH-
TEeJNbHBIC YHCIIa, MEHBIINE HylIsA. MeTo1 3alucH O4eBUICH, HYKHO
MPOCTO 3aMMCHIBATh TOCIE 3aMATOW BCE MOCIEeNOBATEIbHBIE HATY-
pasbHbIE yMcna "3agoM Hamepen'. Bo3HukaeT, Hampumep, Takou
(bparMeHT NociIe0BaTEIbHOCTH ICHCTBUTEIBHBIX YHCEIL:

0,699—0,799—0,899—0,999—0,0001 u Tak nanee.

OueBUIHO, YTO TOCIEIOBATENILHOCTh COJIEPKHUT Bce Oe3 uc-
KIIIOUYEHUS JICHCTBUTENLHBIC YUCIIA, MEHBIINE HYJS, B YaCTHOCTH,
MOJIHYIO JpoOHYI0 yacTh yucen 7 (3,14159...), uucna Diinepa — e
(2,71828...), OCHOBaHUSI HATYPAJIbHBIX JIOTAPU(PMOB, KOHCTAHTY
nponopiuoHanbHocTu Jlanaay — Pamanymkana C (0,76422...) u
MIOCTOSTHHYIO TOHKOH CTPYKTYpHI . ECIH ke COCTaBUTh MHOKECTBO
TaKUX CTPOK, B K&KIOH U3 KOTOPHIX BMECTO HYJISl TENEPh yKe OyIyT
3aIMCBIBATHCS TIOCIEOBATENIbHBIE HATypaJIbHBIE YHCIa, TO 0Opa-
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3yeTcsi KBaJpaTHas TaOiidila, MaTpHIla, coJepKalas ece 0e3 uc-
KII0YeHus: TIOJIOKUTENIbHbIE JeUCTBUTENbHbIE uncia. JyOnupoBa-
HUE CTPOK CO 3HAKOM MHHYC N0OaBHUT B TaOJHIy M BCE OTpHUIA-
TENbHBIE JCHUCTBUTEIbHBIC YHUCIA. DTO MHOXKECTBO — CUETHOE, I0-
CKOJIBKY MOKHO HCIIOJIb30BaTh I WX IepecyeTa JuaroHaIbHBIN
nporuecc Kanrtopa [31, c.70]. CnengoBaTenbHO, BOMPEKH YTBEp-
KJEHUSIM €r0 TMOCIE0BATENEH, MHOKECTBO BCEX JEHCTBUTENBHBIX
YHUCeN — CUETHO. J[Ba MeTo/1a 3anucH AEHCTBUTENBHBIX YHCEIT U JIBA
KOPPEKTHBIX METOJbl WX HyMEpaluu Jar0T MPOTHUBOIOIOKHEIE,
B3aMMOMUCKIIIOYAIOIINE pe3yapTaThl. Ho kakoil U3 HUX BEpHBI?

Memoo ookazamenvcmea necuemmnocmu

OueBUIHO, YTO TPaJMLMOHHBIA METOJl J0Ka3aTelnbCcTBa He-
CUETHOCTH MHOKECTBA JEMCTBUTENBHBIX UUCEN COACPKUT SIBHYIO
JIOTHYECKYI0 OIIMOKY, TIOTOMY HEMpPUTOJeH caM 1o cede. DToT
METO/1 OTIUPAETCS Ha MPEATNOJIOKEHUE "eclin KOMY-TO yJaJlIOCh BCE
UX [I€PECUNTATh, TO MOYKHO HAalTH MPOIMYyILEHHOE" .

B npeapiaymeM paccMOTpEHHOM MPUMEPE € NEPECTAaHOBKOM
3aIATON TaKHWe MPOIYIICHHBIE YHCIIa OUYEBUIHBI, HAPUMED, B HEM
OTCYTCTBYIOT uHcia 1 u 2. OgHako TpagullMOHHBIA METOJ HaX0X-
JIEHHSI TIPOIYILIEHHOTO YMCIIa U3HAYaJIbHO COJIEPKUT JIOTUUYECKYIO
omnOKy, npotuBopeune. [logbop Takoro umcna naeT pe3ysabTart,
KOTOPBIM u3HauanbHo 0653amenbHo JOJKEH OblUl ObITh MOJCUHU-
TaHHBIM, NTPOHYMEPOBAHHBIM HATYPAJIbHBIM YHCIOM. {51 HaXox-
JICHUSI TaKOTO TPOIYIIEHHOTO Yuciia 0epéM HEKOTOpPOE YHCIO W3
MOJICYMTAHHBIX, TPOHYMEPOBAHHBIX U TEPBYIO €ro HUu(py BIHUCHI-
BAa€M B NEPBYIO MO3UIUI0 MCKOMOIO YHCIA, KOTOPOMY SIKOOBI HE
IIPUCBOEH HaTypajbHBIH HOMeEp. 3aTeM OepéM BTOpOE YHUCIO W3
IIPOHYMEPOBAHHBIX, HO B MCKOMOE€ YHCJIO BO BTOPYIO IO3UIUIO
BITMCBIBAEM M3 HETO OTIMYHYIO IUQPY U3 BTOpO mo3unuu. B pe-
3ynbTare 00pa3yeTcss HOBOE UUCIO. Y TBEPXKJIAETCSI, YTO 3TO YHUCIIO
OTJINYAETCs IEpPBOM NO3ULMEH OT IEpBOrO YHUCIA, BTOPOM — OT
BTOPOTO, TPEThEN — OT TPETHETO, TO €CTh, HOBOE UMCIIO HE COBIA-
JaeT HU C OJHMM M3 pacCMOTpPEHHbIX. OIHAaKO aBTOP U IMOCIEI0-
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BaTeld ATOr0 METOJia HE 3aMETUJIM, B OOIIEM-TO, JOBOJILHO O4Ye-
BUIHOTO OOCTOSITEILCTBA.

[IpenmoiokuM, 4YTO TMOJYYEHO HOBOE YHCJIO, CKaXeM,
0,1111911119999.... OnHako 3TO YHCIO HE SBISCTCS HOBBIM, OT-
CYTCTBYIOIIMM B IPOHYMEPOBAHHOM MHOXKECTBE. JTO CTPaHHBIM
o0pa3oM He 3aMEUYEHHOE 0YegUOHOe O0CTOATEIhCTBO. OUYEBUIHO,
9T0 KOMOMHAamuu 1udp Tocie 3amsaToi JEeHCTBUTEIBHBIX YHCEI
SIBJITFOTCST TIOJTHBIMHU, WCYEPIBIBAOIINMU, COJICPKAINTUMHU Bce 0e3
HCKJIIOYEHHST UX BO3MOKHBIE KOMOMHanuu. To ecTh, JiroOast Halle-
pen 3amaHHas KoMOWHaus mudp obs3amenbHO TPUCYTCTBYET B
MHOYKECTBE JACHCTBUTEIBHBIX unced. boiiee Toro, rodoe 4mciio ¢
KOHEYHBIM YHCIIOM 3HAKOB Kak (pparMeHT, mabioH NIPUCYTCTBYET B
ATOM psiLy OECKOHEYHOE YnCio pa3. JelcTBUTENbHO, "HalIeHHBIX"
yucen Buga 0,111nnn... — GeCKOHEYHOE MHOKECTBO, KaK M YHCEI
0,11119nnn..., Tie n — mobas udpa, MOITOMY Cpear HUX 00s13a-
TeNpHO UMeeTca U "HaigenHnoe". CienoBarelnbpHo, 1000 HaloeH-
HOE MOJI00HBIM 00pa3oM UHUCIIO0, 00S13aTEIBHO UMEETCSI CPeu MOJI-
CUYHUTaHHBIX, TO €CTh, OHO MPOHYMEPOBAHO, KaK U JIIO00E IPYyroe u3
MHOYECTBA JCHCTBUTEIbHBIX YHCEIL.

YHHUKAJIbHOCTh METOA0B MATEMATHKH

CoBepIlIEHHO OYEBUIHO, YTO IMPOJEMOHCTPUPOBAHHBIE JIO-
TMYECKHU MPOTHBOPEUHS B MAaTEMATUYECKUX JI0KA3aTEIbCTBAX paB-
HOMOIITHOCTH MHOYKECTB HM B KOEW Mepe He IpPOTHUBOpEYAT YIO-
MSHYTOMY HaOJIOJCHHUIO 00 YHUKAJIbHOCTH METO/I0B MaTEMaTHKH.
I'maBHOE — MPOCTO HE cileyeT HapylaTh 3aKOHBI JIOTMKU. boiee
TOT0, HaOJIIOJIEHUS! O 3aKOHOMEPHOCTSIX OBUIM MPOJABUHYTHI €Ille
nanpiie. CuuTaercs, 4yTo €CiaM A TaKUX MaTEeMaTHMYECKUX BBIpa-
KEHUU 1 He HallIeHO MaTepuaibHOe, PU3NIECKOE COOTBETCTBUE, TO
TaKo€ COOTBETCTBHUE BCE PABHO €CTh U OHO PAHO WMJIH MO3/THO MOXKET
OBITH OOHAPYKEHO:

", 000M M KaXI0M MaTeMaTU4YeCKOH CTPYKTYpbI
JOJKHA CYLIECTBOBATh OTBeuarolias €l BceneHHas. CylecTByer,
HanpuMep, HbIOTOHOBCKAsl BCEJIEHHAas, MOTUYMHSIONIASACA 3aKOHAM
€BKJIMJOBON T€OMETPUH, KJIACCUUYECKOW MEXaHUKH U TEOPHU Ipa-
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Butauuu HetotoHa. EcTh Takke BcelneHHbIE, B KOTOPBIX MPOCTPaH-
CTBO UMEET OECKOHEUHOE YHUCII0 U3MEPEHUM, U APYrue — C IBYMsI
U3MEpEeHUsIMU BpeMeHu. Emie TpyaHee mpencTaBUTh cebOe BCeleH-
HYIO0, YIpaBisieMylo anreOpoll KBaTEpHUOHOB, HE HMMEIOIIYI0 HHU
npocTpancTBa, Hu Bpemenu" [30, ¢.265].

W3 sTOTO Cpasy e CTaHOBHUTCSA BUAHA W (yHAaMEHTaJIbHasl,
NPUHLIMIIHATIbHAS WIS HAYYHOTO POXKICHHUS BCEX OSTUX Mapall-
JIEJIbHBIX M1 MHOTOMEPHBIX MHPOB, OCHOBAHME NIl UX IPOBO3IJa-
menus. Koneuno, takas cutyanusi copmupoBagach He cpasy, KO-
I'71a-TO Y4€HbIE OTHOCHIINCH K HEH MPEJEIbHO OCTOPOKHO, C HENO-
BEpPHUEM, CKETITUYECKHU:

"CaMa uzes mapajjiesbHBIX BCEJIEHHBIX KOTJa-TO paccmar-
pUBAJIaCh YYEHBIMU C U3PSIHOM AOJEH NOJO3PEHUS U CUUTAIACH
00JTacThIO IESTENFHOCTH MUCTHKOB, IIAPJIATaHOB U OOJBIINX OpH-
ruHajoB. Kaxaplil ydeHblid, ocMenuBaBImiicss paboTaTh B 001acTu
W3YYEHHUs TapajlIelIbHbIX BCEJICHHBIX, MOJBEPrajiCs HacMeEIIKaMm,
Ja)Ke PHUCKOBAJ CBOEW KapbepoM, IOCKOJIBKY BIUIOTH 1O CEro-
THSIIHETO JHS HE CYIIECTBYET JKCIEPHUMEHTAIbHOIO MOATBEP-
KJIECHUS CYLIECTBOBAHUS MapajlieNbHbIX BceleHHbIX" [47, ¢.30].

OpHako NOSIBIEHHWE TEOPUM OTHOCUTEIIBHOCTH, KBAHTOBOMW
MEXaHHUKH 3aMETHO MMOHU3WJIM YPOBEHb KPUTUUHOCTH, IIOKA3aB, YTO
UJeM MHOTOMEPHOCTH M NapajuleJbHBIX MHPOB MOTYT BECbMa
HEMPOTUBOPEYHBO MPOUCXOUTH, BBIBOJUTHCS W3 (opMaTn3Ma
CaMUX Hay4YHBIX TEOPHIA:

"OrasapiBasich Ha3ajl, MOXKHO CKa3aTh, YTO cama Hjies CyIle-
CTBOBaHUS NapaJJIeNbHBIX BCEJICHHBIX OYKBaJIbHO HaBs3aHA HaM.
WNudnaunonHas Teopusi MpeACTaBIsIeT COO0H CHHTE3 TpaIulMOH-
HOW KOCMOJIOTUH C JOCTHXXEHHSIMHU B 007acTH (PU3MKH dlIeMeH-
TapHBIX YacTUIl. Byayun KBaHTOBOW TeopHel, (U3MKa YaCTHII
YTBEPKJAET, UYTO CYLIECTBYET OIPAHMYEHHAs] BEPOSTHOCTH IPOMC-
XOXJCHHSI MaJOBEPOSITHBIX COOBITHH, TAaKUX, KaK CO3/IaHUE Mapa-
JIEJIbHBIX BCEJIEHHBIX. TakuM 00pa3oM, KaK TOJIBKO MbI IPU3HAEM
BO3MOJKHOCTh CO3JIaHUsS OJHOM BceaeHHOM, MBI TeéM CaMBIM OT-
KpOEM JBEpU BO3MOXKHOCTH CO3/IaHUSI OECKOHEUHOTO0 MHOXECTBA
napajuleNbHbIX BeeneHHbIX'" [47, ¢.112].
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Bmecre ¢ TeMm, Bce 3TH HaBs3aHHbIE TEOPUSMHU HJIEH
MHO>KECTBEHHOCTH MHPOB U MHOTOMEPHBIX MPOCTPAHCTB CTAJIKHU-
BaIOTCA C cepb&3HbIMU Prtocodekumu podemamu. OHA U3 HAX
cBs3aHa ¢ (PUIOCO(PCKUM yTBEPKIEHUEM, YTO OOBEKT, KOTOPBII MBI
8 npuHyune He MOKEM Ha0JII0/1aTh, KOTOPBIA HUKAK ce0sl HE MPOSIB-
JIS€T, HE B3aUMOJIEMCTBYET ¢ HAMU, JIOJDKEH CUUTAThCS HECYLIECT-
BYIOIIMM. ENWHCTBEHHBIM CITOCOOOM HM30€XaTh 3TOrO MPOTHUBOpPE-
ups, SBIAETCS TPEANOJIONKEHHE O TOM, YTO 3TO BPEMEHHAs WIIH
TEXHUYECKas MpoOsieMa, YTO TUIOTETUYECKH HaOIIOAEHHE AITHX
HECYIIECTBYIOIUX 00BEKTOB BO3MOXHO XOTS ObI B IPHHIIUIIE:

"K HecuacThlo, poBepka Teopur MyIbTUBCEIECHHOU, Mpea-
oJIararomiel CyIecTBOBAHNE MHOTOYHMCIIEHHBIX BCEJIEHHBIX C pa3-
JMYHBIM HA00POM (U3NYECKUX 3aKOHOB B KayKJIOW U3 HUX, B HACTO-
Al1ee BpeMs He SBIIIETCS BO3MOXKHOM. [[is Toro, 4T006I 100paThes
70 TapaJuIeIbHBIX BCEICHHBIX, HEOOXOIMMO ABHUTaThCS CO CKOPO-
CThI0, MpEBbITIatoNIel ckopocTh cBera" [47, c.121].

ITomyuaercs, 4TO BCce-TaKu BO3MOYKHOCTh HAOJIOJEHMS U T10-
CEIlIEHUsI TaKUX BceleHHBIX CyliecTByeT B IPHUHILMIE, XOTS TE€X-
HUYEeCKH U 3arpyaHeHa. C Apyroil CTOPOHBI, TaKHE BCEJICHHbIE
MIPE/ICKA3bIBAIOTCS TEOPHSAMHU, MUMEIOIIMMH MHOXECTBO 3KCIEpHU-
MEHTAJIbHBIX MOJTBEP)KJIEHUI, NOCTPOECHHBIE HA CTPOTHX JIOTHYE-
CKHUX, HETTPOTUBOPEUMBBIX MPHHIUIAX, I03TOMY HET (OPMaTIbHBIX
MIPUYMH HE I0BEPSITh UM:

"CorynacHo TeopuM DHHIITEHHA, CYIIECTBOBAHHE MHOTOYMC-
JICHHBIX BCEJICHHBIX SBJIETCS BO3MOKHBIM, a IO KBAHTOBOM T€OpUU
y Hac Jaxe €CTh CPEACTBa AJIs MEPEIBMKEHUS Mexay HUMH. U B
pamkax HOBOWl M-Teopuu MBI MOXEM OOpecTM HOBYIO, OKOHYa-
TEJIbHYIO TEOPHUIO, KOTOpasi MOMOXET pa3 U HaBCEI/a PeUIUTh BO-
IIpOC O MapajuIeNbHBIX BCEJIEHHBIX M IYTELIECTBUM BO BpEeMEHH"
[47, c.128].

IIpaBna, ngaxkxe B 3TOM ciydae cCienyeT ObITh MpPEneabHO
OCTOPOXHBIM, MOCKOJIbKY TOMUMO MHOXECTBA IOJTBEPKICHHBIX
OKCIIEPUMEHTAIIBHO MPEACKA3aHU TEOPUH, CYIIECTBYIOT U Ipea-
CKa3aHMsl, KOTOpPbIE HE MPOCTO MOKa HE OITBEPKJECHBI B OIIBITE, HO
y)K€ ceiluac OJHO3HauYHO IPOTUBOPEYAT JIOTMKE U 3aKOHaM
¢dunocopun. Hampumep, KOHPIUKT MKy KBAHTOBON MEXaHHKOM
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U CIELHAIBHOM TEOpUEH OTHOCUTEIBHOCTH 3aKJIIOYaeTCs B BO3-
MO>XHOCTH T€peMEIleHNUs BO BpeMeHM, B mpouuioe. Ho Takoe
NepeMeEIEHUE BCErla CBA3aHO ¢ BOSHUKHOBEHHUEM IIETENIb BpEMEHU
U MPUYMHHO-CJIEICTBEHHBIX MapaJOKCOB, KOI/a CIEJICTBUE Mpel-
HIeCTBYET NMpUYMHE [cM. npuioxeHue [lapanokc TaxmoHa — netTau
BpeMenH, c.358]. IlepemMecTHBIINCE B MPOILIOE, MPUUYUHY MOMKHO
YHUUYTOXXHTb, TOTJA CJIEACTBHE HE IOJDKHO HAcTynuTh. Ho TOT, KTO
YHUUTOXXWJI MPUUUHY CJIIeNajl 3TO, 3Has O CYIECTBOBAHUU CIEJ-
ctBuss. Ha 3TOoM mnpuHIUIIE NMOCTPOEH 3HAMEHWUTHIM '"mapaokc
nenymku". B kunematorpade sta uaes oObITpbIBAETCS JOBOJIBHO
gacTto. OHaKO YHUYTOXKEHHE IPUUUHBI, HallpUMeEp, ceOsl caMoro B
IIPOLUIOM, B (pMJIBMax BCEr/la COIMPOBOXKJIAETCS JIMILIb HCUE3HOBE-
HUEM €ro IOBEPXHOCTHOTO CIIEJCTBUA — ce0si B MPHUBEICHHOM
npumepe. Ho 3710 smmb Manas yacTe BCed LIETIOYKM NMPUYUH U
CJIEJICTBUH, IOCKOJIBKY 3TOT IIEPCOHAX 32 BPEMSI CBOETO CYIIIECTBO-
BAHMS Y4acTBOBAJ BO MHOYKECTBE B3auMoJAeUCTBUH. lcue3HyB u3
HUX, OH YCTPAHWJI TOJIBKO J[Ba 3MM30Ja 3TUX B3aUMOJCHCTBUMN, HO
MHOXECTBO JPYI'MX B3aUMOJECHCTBHM B OTOM CJIy4ae TaKKe
ocTanuch 0e3 npuunHbl. Jaxe Oosiee paclimpeHHas TPAKTOBKA 3TO-
ro napajaokca B Buze "dpdexra 6ab0UKu" TOXKE MOTHOCTHIO HE pe-
1aeT npoodsiemMy, MOCKOJIBKY M caM 3TOT 3((HEKT NP HOPMAITBHOM
X0JI€ COOBITUI IPOCTO HE MOT BO3HUKHYThH B IPUHIIUIIE.

Ho 3Tu nprunHHbIE NapagoKChl — JUIIb YaCTh YIUBUTEIbHBIX
Ipe/iCKa3aHuil Teopuu OTHOcuTenbHOCTH. Ha 3ape poxineHus
TEOPUHU OJIHO W3 TOYHBIX pEHIEHHH €€ HEBEPOSITHO CIIOKHBIX
ypaBHeHuii Hamen IlIBapmmmnen — 310 pemenune st YepHou
JbIPbI, BO3HUKAIOIIEH B MOMEHT KOJIJIAICA HEUTPOHHOW 3BE3[bI.
IloBeneHne STOM CTpPaHHOM 3BE3[bl OKa3ajJoCh HE IMPOCTO
HEBEPOSITHBIM, a OTKPBUIO IYTh K COBEPIIEHHO MHCTUYECKUM
TPaKTOBKaM:

"Matemaruk ['epman Beinib ... OTKpBUI, YTO €CIIM UCCIIEI0-
BaTb MUpP BHYTpH "Maruueckoil cgepsl", TO, BUAMMO, C APYroi
CTOpPOHBI €€ HaXOAUTCS Jipyrasi Bcenennas" [47, c.135].

[Ton "maruueckoit cdepoit”" 37ech MNoJpazymMeBaeTcs Tak
HazbIiBaeMblil paguyc llIBapummnbaa, ropu3oHT coObiThii YepHoit
TBIpBL. XOTS YIIOMUHAHUE 00 OTKPBITUH U COTTPOBOXKAAETCS CIIOBOM
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"BUIUMO", HO Jaxe B TakoW (pOpPMYIHPOBKE COIEPIKUTCS BeChbMa
3arafoyHblii 000poT. Kak MOXHO MOHMMAaTh BeIpaXEHUE "¢ Jpyroi
cropoHsl BHyTpu cdepbl"? Uto mis "BHyTpu chepbl” sBiseTcs
"npyroit croponoii"? KoHeuHO, €clii TpaKTOBaTh 3TH MOHSITHUS
OyKBaJIbHO, TPAJAUIIMOHHO, TO 3TO BCE, uTO BHE cdepsl. OaHaKo B
JAHHOM Clly4ae, OYEBUIHO, UMEETCS] B BHJly HEUTO COBEPIIECHHO
nHoe. C YepHol abIpoif Hepa3phIBHO CBS3aHO €IIIE OJIHO MOHATHE U3
o011el TeOPUH OTHOCUTENLHOCTH — CHHTYJISIPHOCTB. Eciii mpoBecTn
napajiens ¢ 0ObIYHBIMU TPAKTOBKaMM W3 OOIIEH TEOpHUH OTHOCH-
TETBHOCTH, TO TOJA "Ipyroil ctopoHOM" 37€ch MOapa3zyMeBaeTcs,
BHE BCSIKUX COMHEHHMI, Ta 00JacTh 3araJlo4yHoro IpOCTpaH-
CTBa-BPEMEHH, B KOTOPYI0 MOXHO IIONACTh, MPOCTO BOWISA B
CUHTYJIIPHOCTb.

KoHeuHo, BCE 3TO SIBHO TEOPETHUUECKHUE M3BICKH, IMMOCKOJIbKY
BCe (M3MKM EIWHOAYIIHO IIPU3HAIOT, UTO CHHIYISPHOCTH
YHUUTOXKAET BCE, UTO B HEE IMOMAa/NaeT, IpUYeM AaKe Ha JAIbHHUX
MOJICTYTIAX, 33JI0JIT0 0 TOTO, KaK 0OBEKT NPUOTU3UTCS K TOPU3OHTY
COOBITHH CKOJIIAIICHPOBaBIIEeH HEUTPOHHOH 3Be3/1bl. TeM He MeHee,
ITOCTOSIHHO M300pEeTaroTCsl BCE HOBbIE M HOBbIE BAPUAHTHI:

"®U3MKM Ha3bIBAIOT 3TH TMOPTaJlbl YEpPBOTOUYMHAMH, IIO-
CKOJIbKY, II0JIOOHO YEPBIO, BIPBI3AIOIIEMYCS B 3€MJII0, OHU CO3/1a0T
0oyiee KOPOTKHI albTepHATUBHBIA MyTh MEXKIY JIBYMS TOYKAMH.
OTu nopraisl TakKe Ha3bIBalOT MHOTJIA MOpTajiaMy wiu "Bpatamu”
B Jpyrue u3mepenus. Kak mx H1 Ha30BHU, KOTAa-HUOYAb OHU MOTYT
CTaTh CPEJCTBOM ITyTEHIECTBUI MEXAY Pa3IMUYHBIMH U3MEPEHUSIMH,
HO 3TO0 ciy4ail kpaiinuii" [47, ¢.138].

OTMETHM HCHOJIb30BaHHOE B IIMTAaTE BBIPAKEHHE "BpaTa B
npyrue uMepeHus". 9To BhIpaKEHNUE BCTPEYAETCS IOBOJIBHO YacTO
B pa3IUYHBbIX (POPMYIHMPOBKAX: MEPEXO] B JIPYroe U3MEpPEHHue, B
TUIEPIPOCTPAHCTBO, MAPEHUE, BBIXOJ M3 KAaKOIO-TO HM3MEPEHUS,
MIPOXOXKJCHHUE Yepe3 HEro, MUPHI B APYIrOM U3MEPEHUHU, B KOTOPBIX
MIPaKTUYECKU SIBHO C HEKOTOpPOW o0bOzacmblo TPOCTPAHCTBA
OTOXK/JIECTBJISIETCSI IPOCTPAHCTBEHHOE M3MEPEHUE, KOOPOUHAMHASA
ocb, MO cylecTBy. Takoe MpeAcTaBIeHUE O MPOCTPAHCTBEHHBIX
U3MEpPEHUSAX OJIHO3HAYHO SIBJIIETCSl OIIMOKON € MaTeMaTHYecKOM
TOYKH 3PEHHUS.
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JlroOble camble JIOTUYHBIE M aBTOPUTETHBIC PACCYXICHHS O
MHO>KECTBEHHBIX MHpaxX Cpa3y >K€ BbBI3bIBAIOT HEMPEOJ0TMMbIN
CKEIICUC M HEIOBEpHE, KOI/la pacCMaTpUBAIOTCS MOJOOHBIE MOJ-
XOJIbl K IPOCTPAHCTBEHHBIM U3MEPEHMSIM:

"... KTO CMOJET NpoOpaThbCsl B YETBEPTOE MPOCTPAHCTBEHHOE
M3MEpPEHHE ... CrocoOeH cTaTh HeBUIMMBIM" [47, ¢.208].

"... pakeThl MPOCTO W MIHOBEHHO NEPEXOJAT B THUIEPIIPO-
CTpPaHCTBO, JehOpPMHpYS OKpYXKaroliee HX MPOCTPaHCTBO"
[46, c.20].

"IlepeckouyuB B MATOE U3MEPEHNE, MBI IPOCTO BMUI' HCUE3HEM
13 Hamel HeiHemHe Beenennoit" [46, ¢.104].

IIpocTpaHCTBEHHOE M3MEPEHHE — ITO BCErO JIMIIb OJHA W3
YCIIOBHBIX, BOOOpa)KaeMbIX OCEil KaKo-IM00 CUCTEMBI KOOP/IMHAT.
Ecnu npocTpaHCTBEHHBIX KOOPAMHAT YETHIPE, TO UX CTOJIBKO BCET1a
Y B€3/1e, 1 HEBO3MOKHO HU YUTH U3 HEE HU TPoOpaThCs B HEE. ITO B
TOYHOCTH TO 7K€ CaMO€, UTO BBIINTH U3 TPEThEN KOOPAUHATHI HAILLIETO
mupa. ['me Obl MBI HM HaXOAMJINCh, KaK Obl HHU JBHUTAIUCh WIH
BpalllaJiCh, 3Ta KOOpJAMHATa BCErjJa NpUCYyLIa HAaM, OT HAallUuX
NeHCTBUIl OHA HUKAK HEe 3aBUCUT. HeT W OBITH HE MOYXET TaKOH
(U3NIECKOI CUTYaIMH, YTO TIOJI0KEHNE OJHOM TOYKH OTHCHIBACTCS
MObKO KOOPAUHATAMU XY, a APYroil — moavko Xz. Takoe BOZMOXKHO
JUIIb B MaTEMaTHUYECKUX aOCTpakUMsIX, HO HE B pEalbHOM
¢usnueckom mupe. [losToMy HUKaKoW HEBHIMMKa HE CHOCOOEH
npoOpaTbcs B Kakoe-1ub0 opyeoe uzmepenue. MOXKHO TOBOPUTH
MONbKO O JBWKEHHUH 6007b KaKOTro-TMOO W3MEpeHUs, BIOJb
KOOpAMHATHOM OCH 3TOro wu3MepeHus. MoxHo Obulo Obl B
MPUBEICHHON IUTaTe 3TH (POPMYIHUPOBKU HA3BATH HETOYHOCTSIMU
VIOPOIIEHMs, HO TMOCJEIOBaBIIME Jlalee B KHHUIE OINMCAHUA
MpUKIIoUYeHN yueHoro B [Imockoii crpane [47, ¢.209], cymeBiiero
BOCIIApUTh B THUIEPIPOCTPAHCTBO, B TPEThE U3MEPEHME, BCE-TaKU
HaCTOpaXUBAOT.

"Teopus DiHIITENHA 00BEAUHSIET MPOCTPAHCTBO U BpPEMS B
OJIHO HEpasphIBHOE IIesioe. B pesynbrare 000 mopran, coemu-
HSIOLUN JIB€ TOYKU MPOCTPAHCTBA, MOXKET TAK)KE COCAMHSTH JBa
MOMeEHTa BpeMeHH. HbIMU cloBamMu, Teopusi DUHIITEHHA JOTyC-
KaeT BO3MOYKHOCTD ITyTelIecTBUs BO BpemeHu'" [47, c.148].
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W 3nech cnenyer yka3aThb Ha HEAOCTAaTOYHO OOOCHOBAaHHYIO
AKCTPAIOJISILUNI0, KpallHE YCIOBHOE OTOKJECTBJIEHUE IPOCTpPaH-
CTBEHHBIX H3MEPEHHUH W napamempa BPEMEHH, SBISIONIETOCS
BOOOIIIE-TO MPU3HAKOM, OTIHCATENIEM U3MEHYMBOCTH MaTePHAIbHBIX
00BexToB. bBoee Toro, mepexo 0T 00bEKTa K HEMY XKe, HO B Opy2om
COCTOSIHWH, pa3pyliaeT (pakTUYecKku caMo TIOHITHE BpPEMEHH,
KOTOpO€ SBJISETCSI MPOCTO MOCIEAOBATEIBHOCTBIO COCTOSIHUM,
U3MEeHeHU o0BbekToB. M yX TOYHO, BpsiA JM MOXXHO Ha3BaTh
HAyYHOM MBICTb, KOTOpas 0e3 BCSAKUX MpoOJIeM JIOMyCKaeT
HapylIeHHe MPUINHHOCTH:

"Hay4ynast MbICIIb Tak JaJIekO OTCTyIUJa OT BBIBOJIOB XO-
kuHra, uro ¢usuk u3 [lpuncrona JIu-Cunp JIu naxe BBIIBUHYI
TUIOTE3Y anmu XpoHoJiorndeckoi 3amuTel: "He cymectByer Ta-
KOTO 3aKOHa (PU3UKH, KOTOPBIH OBl MPEMSTCTBOBAT MOSBICHUIO
3aMBIKAIOIIUXCS BpeMEHHbIX netenb" [47, c.161].

3/1ech MOKHO 3aMETHTh XOPOIIO, YETKO CPOpPMYTUpOBAHHBIE
MPUHIUIBI OECIPUYMHHOCTHU: caMa Mo cede pu3nKa IBHO BpoJie ObI
UX HE 3alpelIaeT, eCii He BUJAETh B €€ YPaBHEHUSAX JIOTHUECKYIO,
¢mI0co(CKyr0 COCTaBIAIONINE, KOTOPHIE B HHUX OIpPEIEIIEHHO
nMmerorcs. Ho mpocTo HEBO3MOXKHO MPU3HATH 00NyCMUMOCHIb
MyTEIIECTBHUS B MPOILIOE, KOTOPOE HEM30EKHO pa3pylIaeT Jaxe U
¢u3nvecKuii X0/ MPOIECCOB, XOTS CIEAYIONIYIO IIMTAaTy MOXHO
MOCYUTATh MPOCTO KaK KOHCTATAIIMIO TAKOTO MHEHHUSI:

"... elle O/IHOM MPUYMHOM, IO KOTOPOH ydeHbIe 0TOpachIBAIN
WMJICI0 MyTEIIECTBUS BO BPEMEHHM, OBLIA BPEMEHHbIE MApajOKChL.
... TAKOTO BPEMEHHOIO Mapajokca ObUIO Obl JIOCTATOYHO, YTOOBI
OTOpPOCHUTH UJICIO O MyTEIIeCTBUU BO BpemeHu" [47, c.164].

Kak Buaum, roBopurcst Bcero JMiib "OblI0 ObI JOCTaTOYHO",
HO HE YTBEPXKIACTCS, YTO Yoce O00CMAamouHo, 4To0bl OTOPOCHUTH
mo0ble WAeW O TYTEHUIECTBUM B MpONUIoe. BapHaHTOB Takux
MapagoKCOB MyTEIIECTBUS B MPOIIJIOE MOKET OBITh HECKOJIBKO, HO
BCE OHM CBOJATCSA, B KOHEYHOM CHYETE, K KIACCHYECKOMY
"mapanokcy nenymku'. Hanpumep, nHpopmanMoHHBIH napajokc,
COTJIACHO KOTOpOMY TMpHIIeamas w3 Oyaymero uHpopManus
(akTHUECKN HE UMEEeT Havyajla, ICTOYHHKA. 3Hasi cCBOE Oy/yIiee, Mbl
MOXXEM CJIeJIaTh TaK, YTO OHO HE HacTynuT. HakoHel, AOBOJIBHO
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IJI0X0  COPMYJIMPOBAHHBIN,  IPOTUBOPEUMBBIA  JIOTUYECKHU
CeKCYQJIbHBI TMapagoKc, B KOTOPOM YEJIOBEK MOXET OBITh
poauTteneM cedst caMoro.

OpHMM U3 BO3MOXHBIX, 4, B CYIIIHOCTH, €MHCTBEHHBIM pe-
LIEHUEM I1apajJoKca MeTelb BPEMEHHU Yallle BCEr0 pacCMaTPUBAETCS
HaJMuue NapajuleJbHBIX peadbHOocTed. O4YeBUAHO, YTO B 3TOM
cllydae IyTEeHIECTBHUE B IIPOIJIOE TAKOBBIM HE SIBJIIETCS, 3TO APYroil
MU, IOATOMY U MAapaJ0KCOB HE BO3HUKAET. XOTS U 3TO PELIECHUE C
NapajuleIbHOM PeaJIbHOCTHIO HA CaMOM JIENI€ HE SIBJISIETCS MOJIHBIM.
JleCTBUTENBHO, JONYCTUM, YTO HAlll IYTEIIECTBEHHUK MONal B
MIPOLIJIOE B KAKOM-TO MHOW PEAIbHOCTH W YHUYTOXKUI NPUUUHY
KaKoro-TO M3BECTHOTO €My COOBITHS B cBoel peanbHOcTU. Ho 3a-
KOHOB COXpPaHEHUsI HUKTO HE OTMEHSII, U 3[IECh OHH TaK e JJOJDKHbI
uMeTh MecTo. To ecTh, eclii Hall MyTEeIIeCTBEHHUK MPOHMK B 4y-
KYIO PEalTbHOCTh, TO 003amebHO B €0 COOCTBEHHYIO PEAIbHOCTD
IIPOHUKHET ITyTEIIECTBEHHUK W3 KAaKOW-TO JAPYrom peasbHOCTH.
ITycth 3TO fake U HE B3aMMOOOMEH IIPOHUKHOBEHHMSIMH, HO B JIIO-
O00oM cilyyae BO3SHHMKHET KaKas-TO LENb MEPEKPECTHBIX MEPEX0/I0B,
KOTOpasi, B KOHEYHOM CUE€Te, CTAHET TOXKJIECTBEHHOM IEepeXoiy B
cOOCTBEHHOE Tpomuioe. Bce 3TH MyTemecTBeHHUKH B MTOTE YHHU-
YTOXAaT B MPOLUIOM JIPYT Yy JIpyra OAHY U Ty € MPUUYUHY U3BECT-
HOTO UM BCeM COOBITHA COOCTBEHHOW peanbHOCTH. [lapamokc
OCTa€rcs B CUIIE.

JpyruM BO3MOKHBIM PELIEHUEM Tapa0Kca MOYKHO IPU3HATh
Hanuuue 3¢pdexra, MoAOOHOrO0 KBAaHTOBOM HeIOKalbHOCTH. W3-
BECTHO, YTO 3allyTaHHbIE YAaCTHULIbI BEAYT ce0sl Tak, OyATO MepeaaroT
npyr npyry uHpopmanuio. TeM He MeHee, HEe yIaloCh HU HAWTH
HOCHUTENST 3TOW WHQGOpPMAIMU, HU HCIOJIL30BAaTh TAaKOW OOMEH
KBaHTOBOW HMH(pOpMAIMK U TepeAadn MHPOpPMAalUU Kilacchue-
ckoil. Takoi xe A3PPeKT MOKET BOSHUKHYTh U IIPU ITyTELIECTBUU B
IIPOLLIOE C BO3BPATOM B TOUKY BPEMEHHU OTIIPaBKU. MOXKHO OyneT B
MPOIILJIOM COBEPIUIUTH JIFOO0N 603MOXMCHBIL TIOCTYTOK, OJIHAKO C
TE€YEHHEM BPEMEHHU BILJIOTH JI0 MOMEHTA OTIIPABKH BCE MOCIEICTBUS
ATHUX MOCTYIKOB OYIYT MOJHOCTBIO HUBEJIHUPOBAHBI, CTIIAKEHBI, TO
€CTh, B OyJIyIlIeM HE OCTaHEeTCsl aOCOTIOTHO HUKAKUX MOCIEACTBUN
ATUX MOCTYNKOB. Hanpumep, nonas B NpoIuioe, Bbl MOXKETE YOUTH
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CBOMX pOAUTENIEH O CBOEro poxeHus. Ho BBl He ucue3aere cpa3y
e, a BEpHYBLIUCH Ha3aj, B Oyayllee, CBOE UCXOJHOE HACTOSIIEE,
BHI C Y/IUBJICHUEM YBUIWTE, YTO OHH KMBBI. HauaB BBISICHATH MpHU-
YUHY 3TOTO, BBl OOHApPYXHUTE, YTO ITO HE OMOJIOTUYECKUE Balld
pOIUTENH, a IPUEMHBIE, KOTOPBIE BCIO JKU3Hb CTAPATENIbHO CKPBI-
BaJI OT Bac ATy TaHy. O4YeBUIHO, BOZMOXKHBI Pa3HbIE€ BapUAHTHI
MOJOOHBIX CTUPAHUN BO3IEUCTBHS OYAYIIETO Ha MPOIIJIOE.

B mo06om ciryyae mapaZoKcoB MPUYNHHOCTH B CAMOM IPSIMOM
cMbIce (pU3HUECKH OBITh HEe MOXKeT. PUIOCO(CKHUil 3aKOH JeTep-
MHUHU3Ma a0COJIOTHO BEPHO OTPAXKAET ATY 3aKOHOMEPHOCTh OKpY-
JKAIOIIET0 MHUpA, MOo3TOMY NpeHeOpexkenne Gpu3ukoB Qumocodueit
HEen30e)KHO BEJCT UX K PHUCKY BIACTh B MucTHU(UKamuio. HyxHO
OBITh TIPEICIIEHO OCTOPOKHBIM, UTUPYsI Lumepona:

"He cymectByer Huuero aOCypJHOTO HAaCTOJBKO, YTOOBI
¢dunocodst sToro He mpousHecu" [47, ¢.180].

ITo moBoAy LUTATBl MOKHO CBIPOHM3MPOBATH, YTO 3TO CIOBA
Hacroslero ¢guiocoda, K TOMy K€, M0 TOHSITHBIM MPUYUHAM, HE
3HAKOMOTO C COBPEMCHHBIMH MaTeMaTUKaMu M (pU3UKaMU U HX
HEKOTOPBIMH BBIBOJIAMHU BPOJIE TOXIECTBEHHOCTH MHOXECTBA TO-
YeK JIMHUU U KBaJpaTa, IOCTPOEHHOro Ha Hel. Kak crnpaBennuBo u
MeTKO 3amevyaeT Muuno Kaky:

"OHAKO MOKET CIYYUTHCS TaK, YTO CMEATHCS MOCIECIHUMHU
Oynyt Bce ke gunocodsl. KBanTOBast Teopus He 3aBepiieHa U Io-
KOUTCs Ha maTkoM ¢rtocodcekom ocaoBanuu' [47, ¢.180].

IIpaBna, crnenoBano Obl, MoOXKaldyl, YTOUYHUTh U 3aBEPLIUTH
MIPUBEACHHYIO [IUTATY [10-APYrOMY M, COOTBETCTBEHHO, TOHUMAas €€
HEMHOTO MHaue: "KBaHTOBas TEOpHS HE 3aBeplleHa U HE nokourcs
Ha (unocodckoM ocHoBaHWM". 37€Ch BIOJHE OXHIAEMO M 3aKO-
HOMEPHO BO3HHUKAET BOMPOC, IOUYEMY Mbl HE BUJIUM IPECKa3bIBa-
€MbIe KBAaHTOBOH MEXaHWKOW MHOTOYHWCIICHHBIE MHPBI, KOTOPEIE
HaxoATcs psaaoM ¢ Hamu? OOBsICHEHHE O HAPYIIEHUH KOHTAKTa C
HUMH BCIIE€ACTBHE JEKOT'€PEHIIMUM HUYETO TOJKOM HE IPOSICHSET.
KoHTakT — KOHTakTOM, HO €CTh 3TH MHUPBI BOOOINE WM WX HET?
B3aumonelicTBue Ipyr ¢ IpyroM HalIUX U UX BOJHOBBIX ()YHKIIHIA
BpsJl JTM MOTYT IOMeENIaTh, HApuUMep, POTOHAM JBHTaThCS, Kak
TOBOPUTCS, OT "HAIIEro CTOJIa K BallemMy cTory":
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"V nac Oosibiie HEeT KOHTakTa ¢ HUMU" [47, c.194].

B kauecTBe emié ogHOW NPUUMHBI HEBO3MOKHOCTH "TIPOHUK-
HYTb B JIECATO€ M3MEpEHUE" OYEeHb YacTO NPUBOAUTCS IpobdiieMa
HEXBATKH JIJIs1 3TOT0 PHEPTUU:

"3arpaThl SHEPTUHU, HEOOXOIUMBIE JUTSI TOTO, YTOOBI CBSI3aTh B
y3€J1 IPOCTPAHCTBO U BPEMsI, HACTOJIBKO BEJIMKH, YTO €€ MOJTy4YEeHUE
OCTaHETCS HEJJOCTYIIHBIM B OJIMKalIlIne HECKOJIbKO BEKOB WIIN J1aXke
THICSIYETICTHI, €CJIH 3Ta IIeNb BOOOIIe KOrja-HuOyah Oymer 1o-
cturnyra" [46, c.25].

"... U1l co3/1aHus "UepBOTOUYMHBI" MOTYT IOTPeOOBATHCS OT-
POMHBIE 3aTpaThl PHEPTUH, IOJTYIEHHE KOTOPOi B OmKaiiiine Bexa
OCTaHETCsl TEXHUYECKH HeocylecTBUMBIM" [46, ¢.18].

Jljis mpuMepa HEKOTOPbIE aBTOPBI MPUBOJIAT BEITUUHUHY TaKOU
SHEPruM, HO 3TU JAHHBIE BBIIJISIAT JOBOJIBHO CTPAHHO:

"V 1anock mojACYUTaTh, CKOJIBKO YHEPTHU MMOHATOOUTCS, YTO-
ObI BBISIBUTH CTOJIb KPOIIEYHOE PACCTOSHUE: MMOJTyYHIIACh TaK HA3bI-
BaeMas niankosckas snepeus, win 10" mupa aB. TIpencraButs ce-
0e Takoe KOJIOCCATbHOE KOJMYECTBO YHEPIHH HEBO3MOXKHO. OHa B
100 Mmwimuap0B MUJUIMAPAOB pa3 MPEBOCXOIUT 3HEPTUIO, COAEP-
XKAIIyICs B MPOTOHE, a TaKXKe BCIO SHEPrUI0, KOTOPYIO MBI CIIO-
COOHBI TPOU3BECTH B OJFDKANTIINE HECKOJIBKO cToseThii"[46, c.104].

BooOmie-To, miaHKOBCKasi YHEPTUsl JOBOJIBHO CKPOMHA, ATO
Bcero smmb 543 kBru (=10 THB, =738 1c.9).). CTOIBKO
AJIEKTPOIHEPTUU BBIpA0ATHIBACT HEOOJbINAs TEPEIBUKHAS JTU-
3eJIbHAs DIEKTPOCTAHIM. 1 CTONBKO 3IeKTPOIHEPTUN MOTPedIsieT
CPEIHUM POCCHUSHHMH IIOYTH 3a MOJIroAa. A eBpONEHCKHN YyCKOpH-
tenb BAK paccunran Ha pa6oty ¢ sueprueii 14 TaB = 14x10° I'3B.
[ToaTOMy HUTUPOBAHHOE 3asBJIEHHE BBITIISIUT HECKOJIBKO CTPAHHO.
B vactHOCTH, BUKHIIEqUs 3Ty SJHEPTUIO OLICHUBAET TaK:

"... OHa MPEBOCXOIUT MPUMEPHO HA BOCEMbB MOPSIIKOB MAKCH-
MaJbHYIO0 U3MEPEHHYIO SHEPTUI0 KOCMUYECKUX JIy4Yell U MPUMEPHO
Ha 6 % OynbHYIO SHEPTUIO0 MOIHEHIIETO apTHIIIEPUHCKOTO OpYIHs
B rcropun — 800-MM xene3noaopoxkHou mymku JJopa" [67].

Emeé onHy OLIEHKY 3TOW SHEPruM MOKHO HAWTU B KHHIE
"OnerantHas Beenennas" bpaitana ['puna:
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"DHeprus, HeoOXoauMmasl JUIsl HUCCIEOBaHUsl BeEIIeCTBA Ha
TUTAHKOBCKUX MacliTa0ax, paBHA MPUMEPHO THICAYE KHJIOBATT-4a-
COB — €€ XBaTWJIO OblI JUIsl padOThHI CPETHETO KOHAULIMOHEPA B TEUe-
HUE THICAYU YaCOB — U HE MPEJCTABIIAET U3 ce0s 4ero-mmdo ocobo
BbI1atomierocs. Kaxymascst Hepa3pemmMoil TexHudeckas mpooie-
Ma COCTOUT B TOM, YTOOBI CKOHIIEHTPUPOBATH BCIO 3Ty SHEPTHIO B
OT/IENILHOM YacTHIle, T.€. Ha OTJeNbHOM cTpyHe" [36, ¢.146].

CrnenoBaTenbHO, OIEHKAa SHEPTHMH OTHOCHUTCS HE K e€ abco-
JIOTHOMY 3HAU€HHIO, JIOBOJIBHO HE3HAYUTEIBHOMY, a K CIOXKHOCTH
NpUIATh TaKyl SHEPTUIO0 AIIEMEHTApHOH YacTHIle, MPOTOHY, UTO,
JIEWCTBUTENBHO, SBIISIETCS CIOXKHBIM. [loaTOMYy M U co3maHus
YepBOTOUMHBI, BUANMO, TpeOyeTcs He caMmo 1o cebe Oobiioe Ko-
JMYECTBO DHEPTrUH, a HEOOXOAMMOCTh CKOHIIEHTPUPOBATH €€ B
MpeeNbHO MallblX, TUNIAHKOBCKUX pa3Mepax mpocrpanctBa. Ho 3a
3TOW TEXHUYECKOU MpoO1eMo, sIkoObl MPENsSTCTBYIOIIEH MTPOHUK-
HOBEHHUIO B JIPyroe, NECSITOe M3MEpPEHHE, CKPBIBACTCS WMHAs Mpo-
OieMa, MaTeMaTHYECKas.

Takoe NPOHMKHOBEHHE HEBO3MOXHO COBCEM IO JApPYroi
NPUYMHE: HET U B MIPUHIUIE ObITh HE MOXKET HUKAaKUX TyHHEJIEH B
MHOTOMEPHOE TPOCTPAHCTBO, MOCKOJIBKY MBI HM3HAYaJbHO HaXo-
TMMCSI BO BCEX CYUYecmeyowux N3MEPEHUAX, Mbl TIPOCTO (H3HUe-
CKH HE MOXKEM HaxXOJIHUThCS BHE UX. YIIOMHUHAHUS B TOMYJISAPHOU
JUTEpaType NEPEexXo0B B MHbIE H3MEPEHHI 1 BCEJICHHBIX B IPYTUX
M3MEPEHUSAX HE TOJBKO 3a4aCTyI0 BBOJAT B 3a0JIy)KACHUE YUTATEIS,
HO U JIEMOHCTPUPYIOT NMPOTUBOPEYMBBIE MPEACTABICHUS O HUX Y
CaMHX aBTOPOB 3TUX YMOMHHAHHM.

Cunraercs, 4YTO THUMIEPIPOCTPAHCTBO MOXKET IO3BOJIUTH
MPONTH CKBO3b MPOCTPAHCTBO M BpPEMS, YTO MAIIMHBI BPEMEHH,
"KpOTOBBbIE HOPBI" WM "4EPBOTOUMHBI", COEUHSIONINE YAATCHHbIE
YacTH TPOCTPAHCTBA-BPEMEHH — 3TO YK€ He aOCTpakTHBIE pac-
cykneHuss win (aHTazuu, a cdepa HAYUYHBIX HCCIICAOBAHUIM.
[IpaBna, ykaspIBaeTcs, YTO BCE ITO MOKA JIUIIb THHIOTETHYECKHE
MPEINOJIOKEeHNs, HE HMEIOINE SKCIIePUMEHTAIBHBIX TOATBEp-
xnaeHuil. [IpuHATO cuWTaTh, YTO HE TOJBKO YBUJAETH YETBEPTOE
MPOCTPAHCTBEHHOE M3MEPEHHE, HO JIaXKe MPOCTO BOOOPa3UThH €ro,
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MIPEJICTaBUTh KpalHE CJIOKHO, @ TO U BOBCE HEBO3MOXHO, UTO CBS-
3aHO C 0COOEHHOCTSMM HaIIero MO3ra:

"T'enpMrospll NpeaynpexaaeT 4yuTaTesed, YTO BU3YaIU3H-
pOBaTh YETBEPTOE U3MEPEHHE MBI HE MOkeM" [46, c.42].

Tem He MeHee, Takue MOMBITKU NMPEANPUHUMAIOTCS, U, Clie-
IyeT NMPU3HATh, pallMOHAIbHOE 3€PHO B HUX €cTh. Hanpumep, Bpemst
n 0e3 MHHUMOCTEH MOYKHO paccMaTpHuBaTh KaK MPOCTPAaHCTBEHHOE
U3MEpPEHUE, B PE3yJbTaTe YEro YETbIPEXMEPHBIH OOBEKT MpeBpa-
mjaercs B CcBOeoOpa3sHyl0 KHHOJEHTY. B 3Tom cinyuae oH mpen-
CTaBJICH B BHJIC CBOHX IIOCJICIOBATECIbLHBIX CEUCHHUM, HEKOM IS,
MOJBYIIEH 3MEWKH, 00pa30BaHHOW TPEXMEPHBIMHM 3JIEMEHTAMHU.
OpnHako u 0e3 BU3yaJM3allUM MHOTOMEpPHBIE IPEACTABICHUS O
IIPOCTPAHCTBE-BPEMEHN MMEIOT 3aMETHYIO NMPAKTUYECKYIO TOJIb3Y,
MOCKOJIBKY IO3BOJIAIOT TPOLIe M sicHee (OPMYIHPOBATH 3aKOHBI
npupoepl. Bmecre ¢ TeM, Hamu4ue KOPHUIOPOB, TYHHEIEH MEXIY
yAaJeHHBIMU 00JacTIMHM IPOCTPAHCTBA-BPEMEHH YHMCTO AHAJIUTH-
YeCKH MO-NPEKHEMY IMPHUBOAAT K aKay3albHbIM IapajoKcam,
HapylIeHUsM TPUYMHHOCTH, KOTJa CIEACTBHE IPEIIIECTBYET
npuunHe. [Ipu 3ToM BMecTO TOrO, 4TOOBI OTOPOCHTH TaKue perie-
HUS KaK HEBO3MOJKHbIE, UM naércs "HayuHsli xoa'". IIpaBna, B ka-
YeCTBE OIPaBAAaHUs HEBO3MOKHOCTH SKCIIEPUMEHTAIBHO J0Ka3aTh
9TH OTpeIeNIEHHO HEHAYYHBIE BBIKJIQJKH TOBOPST O HEOOXOJMMOCTH
3aTpaT 3HEPIruM, KOTOpbIE "BpeMeHHO", B OnMKaiiine BeKa Heo-
CTHKUMBI Ul Hac, JU00 CChUIAIOTCA HAa HAJMYME TaKUX BO3MOXK-
HOCTEH TOJIBKO y 00Jiee pa3BUTHIX, BHE3EMHBIX IUBUIIM3ALINH.

Kax ykaszsiBaeT Muuno Kaky, coriacHo "Teopuu runeprpo-
cTpaHcTBa" M3HaYanbHO, M0 Bonbmioro B3pwiBa Beenennas Obuia
JIECSITUMEPHOM, HO BIOCJEICTBUU OHA pa3efuiach Ha JBE YacTH:
YETBHIPEXMEPHYIO (TpU MPOCTPAHCTBEHHBIX M3MEPEHUS U OJHO —
BpeMsi) U mectuMepHyto Beenennsie [46, ¢.25]. Bo3moxHo, y 3101
TEOPUU €CTh KaKHe-TO JIOTUYECKUE OCHOBAHHUSA, HO YTO INPEACTaB-
nsieT coboil Bropast BceenenHas, B KOTOpoOW Bce M3MEpEHHUs MPO-
CTpaHCTBEHHbIE U HeT BpeMeHHOTo? Takas BceneHHas MepTBa, B
HEll HET HUKAKOTO JIBMKCHHS, U3MEHEHHMH. MoXeT ObITh, HE Clie-
IyeT BCE 3TO MOHMMAaTh OykBajabHO? IIpocTpaHCTBO Kak TakoBOe
SBJIIETCS CIEACTBUEM HaJM4Msl MaTepUaIbHbBIX, BEIECTBEHHBIX
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00BEKTOB, KOTOpPHIE U MPOSBISIOT ce0s KaK MPOCTPaHCTBO. M3-
MEHYHMBOCTb 0OBEKTOB O3HAUAET JBM)KEHHE BO BpeMeHU. OUeBUIHO,
YTO HENPOTUBOPEUYMBO MOJEIb pa3/ieieHHs] BcelneHHBIX MOKHO
paccMaTpuBaTh KaKk W3MEHEHHE CBOWCTB OOBEKTOB, 0Opa3yIOLINX
npocTpancTBo. Ecii n3HavansHO y 3TUX 006eKTOB 0610 10, 20 1imu
120 u3mepeHuid, TO HUKY/la UCUE3HYTh IPOCTO TaK OHU HE MOTYT,
9TH CBOMCTBAa MEPHOCTH OOBEKTOB MOTYT OBITH MPOCTO MAaJoJ0-
CTYHHBI [ B3aUMOJCHCTBHS, KaK CTAHOBUTCS HEIOCTYIHBIM
BEPTUKAJIBHOE H3MEPEHHE IS TTOJI3YILEro MO0 ac(aibTy 0KIEBOTO
yepss. JIroboe cBoiicTBO Marepuu, KOTOPOE Mbl pacCMaTpUBAEM B
KauecTBE MU3MEPEHHUs, HEKOM KOOpJMHATHI - 3TO CBOWCTBO, HE 005-
3aTeJIbHO SABJISAIOLIEECS IPOCTPAHCTBEHHBIM.
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2. T'eoMeTpusi MHOTOMEPHBIX POCTPAHCTB

[Tosxamyii, MOXHO cKa3aTb, 4YTO TEPBBIA (yHIAMEHTAIHEHO
HayyHO OOOCHOBaHHBIH BapHaHT MHOTOMEPHOTO IIPOCTPAaHCTBA
MpeUIoKKIIa Beaymas (Gu3ndeckas TEOpUsl — TEOPHsl OTHOCUTEIb-
HOCTH, T€OpHUs TPABUTALIMM, PACCMATPUBAIOIIAS BCIO HAIly pealb-
HOCTb KaK €IMHO€ MpPOCTPAHCTBO-BpeMsi MMHKOBCKOTO — OWH-
mTenHa. B 9T0#1 TeOpuu TpHU NPOCTPAHCTBEHHBIX U3MEPEHHUSI U Bpe-
Msl OOBEMHEHBI B YETHIPEXMEPHBII KOHIJIOMEPAT, a BPEMsI, YMHO-
KEHHOE Ha CKOPOCTh CBETA, IPU3HAHO B HEM YETBEPTHIM U3MEpE-
HueM. KoHe4yHO, BBITTISAUT 3TO TOBOJIBHO HEOOBIYHO, MPHpPAaBHUBA-
HUE K MPOCTPAHCTBEHHBIM BEIMYMHAM BPEMEHH, Mapamerpa, Co-
BEPIIEHHO OTJIMYHOTO OT HUX. Hackosibko 3T0 mpaBomMepHO? SBis-
€TCsl JIU BpeMs OJHHMM W3 PaBHOIPABHBIX MPOCTPAHCTBEHHBIX, JIN-
HEHHBIX U3MEPEHUHN YETBIPEXMEPHOTO MUpA: X, Y, Z, t, MyCTh Jaxe
napamMeTp BpPEMEHH BXOJIUT B Hero ¢ koadduuuenrom? B cremnu-
QJIbHOM TEOPUH OTHOCUTENBHOCTH MPOCTPAHCTBEHHBIE KOOPANHATHI
U BpeMS BXOJST B YpaBHEHHUE PEISATUBUCTCKOTO UHTEpBAJIA:

ds® = cdt” — dx* — dy*— dz°

Ho He ciaMIIKoM 1M CIOKHO M JaKe KaK-TO HEECTECTBEHHO
BpEMSI COOTHOCHUTCS ¢ TpeMs Apyrumu? TeM He MeHee, B HacTosIIee
BpeMsl IIPEACTABIICHUE O PEAIBHOCTH, Pa3MEIIECHHOM B YEThIPEX-
MEpPHOM IIPOCTPAHCTBE — BPEMEHU SBJISIETCS OOLENpU3HAaHHbIM. B
YpaBHEHUHU, OJHAKO, BPEMsI IPUCYTCTBYET B CBOEM, OTJIMYHOM OT
IIPOCTPAHCTBEHHBIX KOOPAMHAT BHJE. Bo-nepBbIX, BpeMeHHas KO-
OpAMHAaTa BXOAMT CO 3HAKOM, IPOTHUBONOJIOXKHBIM 3HAKy IpO-
CTPaHCTBEHHBIX KOOPJAMHAT, U, BO-BTOPBIX, B BUJAE MPOU3BEICHUS
BPEMEHH Ha CKOPOCTh CBETA, IIOCKOJIBKY TOJIBKO B 3TOM CIIy4ae OHa
MOJIy4aeT Pa3sMEPHOCTh JUIMHBI (IPOCTPAHCTBEHHYI0). [lonyuenHoe
o0Opa3oBaHue HOCUT Ha3BaHHE IMPOCTPAHCTBA-BPEMEHH MUHKOB-
CKOTO M HMMeeT METpHKy cienytomero uaa: (1, —1,-1,—1) umm
KpaTtko (+——-). VHorma MeTpHKYy 3alMChIBalOT HHBEPCHO:
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(—+++). U3 aToro xopoiro BUIHO, YTO BpeMs caMoO To cede OT-
JMYAETCs OT IMPOCTPAHCTBEHHBIX KOOPAMHAT X, Y, Z. OTO HEUTO
MHOE, COBEPLICHHO OCOOCHHOE.

PaccmotpuM BO3MOKHBIE CITOCOOBI 00pa30BaHUs MHOTOMEP-
HOTO MPOCTPAHCTBA, BOCIOJIb30BABIINCH METOAUKON MPOTSKEHUS
BeIMYMH Pumana, W JUId NOCIEIOBATEIBHOIO PaCCMOTPEHUS
copmupyeM ¢ e€ MOMOIIBIO MPEIIIECTBYIONINE BApPUAHTHl MHUPOB C
pPa3MepHOCTBIO TNPOCTpPaHCTBA OT HyjdeBoro Ao yerseproro. Co-
IJIACHO paccyxaeHusM Pumana:

"Mpbl npuiéM K 3aKIHOYEHHIO, YTO B MHOTOKPAaTHO IpPOTS-
KEHHOW BEIMUMHE BO3MOXKHBI Pa3JIMYHbIE MEPOOTIPEEIICHUS, U YTO
IIPOCTPAHCTBO €CThb HE YTO WHOE, KAaK YACTHBIA CIIydal TPUIKIBI
NPOTSHKEHHOW BeNWYMHBL. HeoOXoauMbIM CIEACTBUEM OTCIOAA
SIBUTCSI TO, YTO MPENI0KEHUS F€OMETPUH HE BBIBOAATCA U3 OOIIMX
CBOMCTB NPOTSKEHHBIX BEJIMYMH, U 4TO, HAIPOTUB, T€ CBOMCTBA,
KOTOPBIE BBIIEISIOT MPOCTPAHCTBO U3 JIPYTUX MBICIUMBIX TPHUKIbI
MPOTSHKEHHBIX BEIMYMH, MOTYT ObITh TIOUEPIIHYTHI HE MHAUE, KaK U3
omeiTa" [Puman, ¢.309].

JlaHHbIE OIpe/eeH s], OUEBUIHO, HE SBISIOTCS J0Ka3aTelb-
CTBOM TOT'0, YTO HAlll MUP, IPOCTPAHCTBO, B KOTOPOM OH HaXOUTCH,
SBJIIETCS ONPEJECICHHO TpeXMepHbIM. OHO JIUIIb OTpakaeT METO-
JUKY IOJIY4€HHS 3TOTO0 YaCTHOTO TPEXMEPHOIO cilydash KakK Mpo-
TSYKEHUS BEIMUMHBI, B JAaHHOM CJIy4yae MpOCTpaHCTBEHHON. O1HaKo
"HeoOXoIuMoOe cieICTBHE" HE YKa3bIBA€T SIBHO HAa TaKOE BAYKHOE
CBOMCTBO BEJIMYMH, KaK 1mMO0XHCOeCmE8eHHOCMb UX CBOMCTB, YTO HC-
KIIIOUMIIO OBl IOJIMEHY NPOmAd#Ce s TIPOCTPAHCTBEHHON BEJIMYMHBI
0dobasneHuem MBICIUMOW BEJIUYMHBI C COBEPIIEHHO WHBIMH,
HENPOCTPAaHCTBEHHBIMU CBOMCTBAMU.

"...MBl MMEEM JEJO C HENpPEpPBHIBHBIM WJIH C HPEPHIBHBIM
MHOT000Opa3ueM; OTAEIbHBIE COCTOSIHMSI HA3bIBAIOTCS B IEPBOM
cllydae TOYKaMH, BO BTOPOM — 3JIEMEHTaMU MHOToo0pasus".

"... Ha1oOHOCTh B 00pa30BaHMU MOHATUHN, COOTBETCTBYIOILIHUX
CJIy4ar0 HEMpPEepbIBHBIX MHOIO00pa3nii, BCTPEUaeTCsl CPaBHUTEIBHO
pPEeAKO; M3 HEMHOTOUYMCJIEHHBIX NPUMEPOB MHOTOKPATHO MpOTS-
KEHHBIX MHOI000pa3uii, BCTpeyaroluxcsd B OOBIICHHOW >KU3HHU,
YKa)kKeM JIOKaJIM30BaHHbIE OLlylieHus 1 usera" [Puman, c.311].
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O4eBUHO, K ’TUM HEMHOTOYMCIIEHHBIM MPUMEpaM CIleayeT
OTHECTH W TIPOCTPAHCTBO, MpuYeM, TpexmepHoe. JloOGaBieHHne K
HEMY BpPEMEHHU KaK YeTBEPTOM MEPHOCTHU, HECOMHEHHO, SIBIISIETCS
OTKJIOHEHUEM OT METOJUKHU MPOTIKEHUS.

"IIpenronoxuM, 4TO HEKOTOPOMY IOHSATHIO COMOCTaBIEHO
HETPEPHIBHOE MHOXKECTBO COCTOSIHHM, MPUYEM OT OJIHOTO COCTOS-
HUS OMpPEACNIEHHBIM CIIOCOOOM MOXKHO MEPEXOIUTh KO BCSIKOMY
JPyromy; TOraa BCE 3TH COCTOSHUS 00pa3yroT IPOCTO MPOTSHKEHHOE
WU OJHOKPATHO MPOTSHKEHHOE MHOT000pa3ue, OTIMYUTEIHHBIM
MPU3HAKOM KOTOPOTO CIYXHUT BO3MOKHOCTH HEIMPEPHIBHOIO CMe-
IIEHUS Ha KaXJIOM JJaHHOM 3Talle JUIIb B JIB€ CTOPOHBI— BIIEpE U
Hazan. IlpennonokuMm Janblie, 4To 3TO MHOToOOpas3ve B CBOO
ouepesib MOXKET ObITh MEPEBECHO B JPYroe, BIIOJHE OTIMYHOE OT
[IEPBOr0 MHOT00Opa3usi, MPUTOM TaKXKE COBEPLIEHHO OMPEIENICH-
HBIM 00pa3oM, T. €. TaK, YTO KaX/Jas TO4Ka IIEPBOr0 MHOTroo0pa3us
MEPEXOIUT B ONPEICIIEHHYI0 TOUKY BTOPOTO; BCE COCTOSIHMS, KO-
TOPBIE MOTYT OBITh IMOJYYEHBI MPU TMOJOOHOTO POJia OMeparusx,
00pa3yrT JBaXKIBI MPOTSHKEHHOE MHOTOoOpasue. Tak ke o0pa3y-
€TCsl U TPHXKJbI NMPOTSHKEHHOE MHOT0OOpasue: J0CTaTOYHO Ipes-
CTaBUTH cede, YTO JBaXbl MPOTHKEHHOE MHOTrooOpasue ompee-
JIEHHBIM 00pa3oM NEPEBOAMUTCA B MHOE, BIOJHE OTIMYHOE MHOIO-
oOpasue. JIerko MOHTh, KaK MOXKHO TPOJIOJDKUTH 3TO MMOCTPOSHHE.
Ecnu ycnoBumcst Tepmuny "ornpeaesnieHHbIN" TPOTUBOIIOCTABIISATh B
KayecTBE MPOTHBOIIOJIOKHOIO TEPMHUHA "U3MEHSEMBIN", TO MOXKHO
XapaKTepU30BaTh Halle MOCTPOCHUE KAaK COCTABIEHUE U3MEHSIEMO-
¢ty n+1 u3MepeHuit u3 OTHOM U3MEHSIEMOCTH N UBMEPEHUN U OJTHOU
M3MEHSEMOCTH 0IHOTO u3mMepenus" [Puman, c.312].

31ech MOHATHE "BIOJIHE OTJIMYHOE MHOTOOOpasue" He ciie-
IyeT MOHMUMAaTh CIMIIKOM OyKBaJbHO: €CIIM MHOroo0Opasue OIu-
ChIBAa€T IPOCTPAHCTBEHHOE W3MEpPEHHUE, TO IEPEBOAUTCA OHO B
TOYHO TaKO€ € MPOCTPAHCTBEHHOE W3MEPEHHUE, HO TMOJIHOCTHIO
HE3aBHCHMOE OT MEpBOTO. bblIo Obl HENeno yTBep)KaaTh, YTO Ie-
peBOA MO0 ATOM METOJUKE, HalpuUMep, NMPOCTPAHCTBEHHOT'O H3Me-
peHus B MHOTOOOpa3ue I[BETOB CO3PEBAOIIETO sS0JI0OKa 00pazyeT
n+l mHOrooOpasue, XOTA Takas KOHCTPYKILHUS B TPUHIIUIIE BO3-
MokHa. Ha camom niene oOpasyercst mpocTpaHCTBEHHOE nt1 MHO-
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rooOpaszue. PasznmensHOE paccMOTpeHHE N-U3MEpEeHHH W OJHOTO
U3MepeHuss o4eBUAHO. [IpM HEM3MEHHOCTH 3HAYCHUN KaXKJIOU U3
N-BEJIMYMH BEIMYMHA HOBOTO M3MEPEHHS MOXKET OBITH MPOU3BOJIb-
HoM. Hampumep, 3TO MOXKET COOTBETCTBOBATH BBICOTE JIEPEBA B
oJie, KOT/1a CMBICII, CBOKMCTBA BCEX Nt1 M3MEpEHUId TOXKAECTBEHHBI.
JUis pacCMOTPEHHOI0 IMpHUMepa ¢ IBETOM sI0J0Ka NMpUAETCS yKa-
3bIBaTh COOTBETCTBHE MEXIY KaXKIbIM TOHOM sI0J0Ka U TOYKOM Ha
3TOM I10JI€, YTO SIBHO JIMILIEHO KaKOT0-IM00 CMBbICTA.

"B urore, onpezneneHue MojaokKeHUsI Ha JaHHOM MHOT0ooOpa-
3UM TPHUBOJUTCS K OIPEAEICHUI0 YHUCIOBOTO 3HAYEHHUS IPOCTO
MPOTSHKEHHOW BEIMUYMHBI U ONPEJEIICHUIO TOJIOKEHNUS HAa MHOTO-
o0pa3uu, TPOTSHKEHHOCTh KOTOPOTO MEHBIIEH KpaTHOCTH. ... [lo-
BTOPSISl YKA3aHHYIO OIEpalyio h pa3, Mbl CBOJUM OIpEIEIICHUE
MI0JIOKEHHSI HA MHOTOOOPa3uu N-KpaTHOM MPOTSKEHHOCTH K OIpe-
JIEJIEHUIO YMCIIOBBIX 3HAYEHUH N MPOCTO MPOTSHKEHHBIX BEIUYUH, T.
€. OIpelelieHHue TNOJ0KEHUsT Ha JTaHHOM MHOT00Opazuu (eciu
TOJIBKO TaKO€ ONPEJIEIEHNE BO3MOXHO) — K YKa3aHHIO0 KOHEYHOI'O
YyyciIa YUCI0BBIX MaHHbIX" [Puman, ¢.313].

Ecnu xpaTko pe3toMHUpoBaTh CMBICI IPUBEIEHHOM LIUTATHI, TO
JUIS OIPEJIENIEHUs MOJIOKEHUSI TOYKHA Ha N-MHOT000pa3uu HeoOXo-
JUMO yKa3aTb N YHUCJIOBBIX BEJIMYMH, a IPOIIE T'OBOPS, yKa3aTb
KOOpJIMHAThl TOYKM B N-MEPHOM IMpOCTpaHCcTBE. B mmpoxom
CMBICJIE MHOT000pa3Hsi MHOTOKPATHO MPOTSKEHHBIX BEJIUYNH SBHO
JIOTIYCKAeT CYIIECTBOBAHUS N-MEPHOTO MHpa C JIHOOBIM KOJIHYE-
CTBOM M3MEPEHUH N.

Meroauka Pumana nmo3BossieT 0OHApY>KUTh UHTEPECHYIO 3a-
KOHOMEPHOCTh B (POPMUPOBAHUU HM3MEPEHUMN HAIEr0 PEealbHOTO
Mmupa. Ilpennonoxum, 4ro CylmEeCTBYET HOJIb-MEPHBIH MHUp. OTO
MHp, B KOTOpPOM, 10 CYTH, HET HU OJHOTO u3MepeHusa. OueBUaHO,
MHp 3TOT MpPEACTaBIseT coOoil Oe3pazmepHyro Touky. CorjacHo
EBkiny, TOUkKa — 3TO TO, YTO HE UMEET YacTeil. TeM He MeHee, Mbl
MPUHAMAEM, YTO 3TOT MUP COJIEPKHUT B ceOe TaKue K€ OOBEKThI —
TOYKH, C TAKUMHU € HYJEBBIMU U3MEPEHUSIMHU U HE COJAep Kalue
yacteil. Teneps 100aBUM MepBOE U3MEPEHUE — KOOPIAUMHATY X. ITO
M3MEpEeHNEe BO3HHUKAET NMPHU ABIKEHHUH, "TPOTHKEHUU" TOYKH: 00-
pasyercs nuHUA. To ecTb 1-MepHBII MUp SBIISETCS TUHEHHBIM MHU-
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poM. Bce 00BEKTHI 3TOr0 MHpa Teneph yxe JIM0O TOYKH, JINOO OT-
pe3ku nuHuK. Eciau NpoTsHyTh ele pa3 Temnepb yXe JUHHUIO 110
HOBOM KOOpJMHATE — Yy, Mbl MOJYyYUM 2-MEpHBIH MHp. DTOT MHP
BCEM HaM XOPOIIO 3HAKOM, C HUM HaM IPUXOJUTCS UMETh JIENI0 Ha
yepTexxax, pUCYHKax, B KHUrax, ra3erax, Ha 3KpaHax MOHHUTOPOB,
TeneBU30poB. IlepelTn 0T 3TOro Mupa K Hallei pealbHOCTH MOKHO,
C/IBHHYB, NPOTSAHYB 00pa30BaBIIYIOCS MJIOCKOCTh [0 HOBOM KOOp-
nuHate — z. Kak BuauM, mepexoj OT OJHOTO MUpa K JApyromy,
OO0JIBIIIEH MEPHOCTH OCYHIECTBISIETCS MPOCTHIM CMEIICHUEM, TPO-
TSYKEHUEM 3TOT0 MMpA M0 JTONOJHUTEIBHON, BHOBb 88€0€HHOU KO-
opauHare. Cie10BaTeIbHO, MOYKHO OKUJaTh, YTO NEPEX0] K MUPY
CHEAYIOUIEH, YETBEPHOW MEPHOCTH MOKHO TAaKXKE OCYILIECTBUTh
MPOTSHKEHUEM HaIllero 0ObEMHOTr0, MPOCTPAHCTBEHHOTO MHUpa IO
KaKoW-T0 HOBOUW koopawHate. OYEBUIAHO, JJISI TOTO, YTOOBI TPHU-
CIIOCOOMUTH Ha 3Ty POJIb BPEMsl, HY)KHO BBINOJHUTH KaKHE-TO J0-
MIOJIHUTENbHBIE TPeOOBaHUsA. Y BPEMEHH YK€ €CTh CBOS, OTJINYHAS
OT IIPOCTPAHCTBA €IMHUIIA U3MEPEHUSA. JTO 3aMETHOE OTKIOHEHUE
OT IPUHATON MeToIMKU. [I0ATOMY MOKHO TOTPOOOBATH HAUTH E€CIH
HE HOBYIO IPOCTPAHCTBEHHYIO KOOPAMHATY, TO, M0 KpallHEH Mepe,
HE XYALIYI0, YeM BpeMsl.

B MaremarnueckoM CMBICIIE JIMHMS, IIOCKOCTb, IIPOCTpPaH-
CTBO — 3TO PE3yJIbTaThl ITOCIIEI0BATEIBHOTO UHTETPUPOBAHUS, UTO B
TOYHOCTH COOTBETCTBYET PHUMAHOBCKOMY MpOTSDKEHUIO. Ecmu
IIPOU3BECTH HOBOE MPOTSKEHHUE, TO €CTh, B3SITh YETBEPTHI MHTE-
rpai, TO, JOTHYHO HPEINOJIOXKHUTh, YTO OH M OyIeT HOBBIM, YeT-
BEPTHIM U3MEpPEHUEM. A KaKyI0 IEPEMEHHYIO /Ui €r0 0003HAYEHUS
CJIeIyeT BbIOpATh B 3TOM ciiydae? DTOT YETBEPThIA MHTErPAJl OUEHb
HAallOMMHAET BbIUKCIEHHE Macchl. TO ecTh, pe3ylbTaToM MHTErpH-
pOBaHMs BIIOJIHE MOTJjia Obl OBITH Macca, a YeTBEPTOM KOOPANHATOM,
COOTBETCTBEHHO, IUIOTHOCTb. ECIIM k€ B KayecTBE IIEPEMEHHOU
BBIOpATh BpeMsi, TO pe3ylbTaT OyneT Kyna Ooyiee OTBICUCHHBIH, HE
oueBUIHBINA. C Ipyroil CTOPOHBI, AHAIOTHIO C IPOTSHKEHUEM MOKHO
MIPOJIOJDKHUTH €IIIe JANIbIIE: YTO OSBUTCS MPH IBWKEHUU 00BeMa TI0
YEeTBEPHOI, HEBeTOMOW Moka koopauHare? KoHeuHo, Takas Tpak-
TOBKA YETBIPEXMEPHOCTHU BBITJISAUT TOKE HECKOJIBKO MCKYCCTBEH-
HO, OTBJICYEHHO. /[BHMrasch mo OCH IUIOTHOCTH, KOTOPYIO TOKE
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HeNb3s Ha3BaTh IPOCTPAHCTBEHHOM, Mbl B PACCMOTPEHHOM Cllydae
IIPOCTO MOJIYYUM OOBEMHBIE T€NIa Pa3IMUHON MaCCHI.

Tem He MeHee, monpoOyeM BBISICHUTb, KaK BCE ATH MUPHI CO-
OTHOCSTCS JIpYT C JAPYroM, B TOM YHCJIE COTJIACHO PacCMOTPEHHOM
Meroauke Pumana:

Jluans ¢ n=1 oOpa3oBaHa npoTskeHueM n-1= 0-mepHOTO
00BEKTa, TOYKH, KOTOPBIE 00pa3yloT €€ rpaHullbl.

IloBepxHocTh ¢ n=2  oOpa3oBaHa  MPOTHKEHUEM
n-1 = 1-mepHOro 00BEKTa, TUHUHU, KOTOPHIE 00Pa3yIOT €€ rpaHullbI.

Ob6vem ¢ n=3 oOpa3oBaH MHPOTHKEHHEM n-1 = 2-MepHOTO
00BEKTa, TOBEPXHOCTH, KOTOPBIE 00pa3yloT €€ rpaHullbl.

BemectBenHnsbiii (MaccuBHBIN) 00BEKT ¢ n=4 o00pa3oBaH
MPOTsHKEHUEM n-1 = 2-MepHOro o0beKTa, 00beMa, U B 3TOM Cllyyae
O I'paHulle TOBOPUTH HE BIIOJIHE YMECTHO. IIpaBuiibHEE rOBOpUTH 00
o0Opa3oBaHum 00BEMa, 3aMIOTHEHHOTO BELIECTBOM.

Mo3kHO cKa3aTh, 4TO BBIOOP B KAYECTBE UETBEPTON MEPHOCTH
MHpa OCHU IJIOTHOCTH BCe-Taku 0oJjiee HarygJeH, 4YeM BBIOOp ocu
BpeMeHH. XOTsl Takasi TPAaKTOBKa YETBEPTOI0 U3MEPEHUS U TPYyAHA
JUIS BOCIIPUATHUS, HO OHA MO3BOJISIET BBICBETUTh UCKYCCTBEHHOCTH
TPaKTOBKHM BPEMEHU KaK YETBEPTOTO HNPOCMPAHCHBEHHO20 W3MeE-
peHus. Jpyrumu cioBaMM, B paCCMOTPEHHBIX CIIydasx HET JI0CTa-
TOYHBIX OCHOBAaHUM TOBOPUTH, YTO HAIll MHUP MUMEET YETBIpE npo-
CMpPAaHCmMEeHHbIX KOOPAUHATBL.

Bmecte ¢ TeM, MHOTOMEPHOCTb npocmpancmea BOOOIIE-TO
[10/Ipa3yMeBaeT HAJIMUNE UMEHHO HECKOJIbKUX HPOCMPAHCIMEEHHBIX
n3MepeHuil. Bce MHOromepssle, napajuienbHble MUpPbl U Bceenen-
HbI€, AJIbTEPBEPCHI U MYJBTUBEPCHI SIBHO I0JIPa3yMEBAIOT HAJINYUE
JIOTIOTHUTENBHOW UMEHHO npocmpancmeenHol KoopauHaTsel. Ipe-
BpallleHUE BPEMEHU B IPOCTPAHCTBEHHYIO KOOPAMHATY CIENIaHO
YMHOKEHHEM €ro Ha CKOpOCTh cBeTa. Ho Takyro e XUTPOCTh
MO>XHO IMPUMEHUTh U K IUIOTHOCTH, YMHOXKUB €€ Ha HEKYIO BEJHU-
YUHY, [IPEBPATUB Pa3MEPHOCTh MPOU3BEACHUS B IPOCTPAHCTBEH-
Hy10. O4eBUIHO, YTO TAaKUM O0OPa30M MOYXHO BBECTH JIFOO0E€ YUCIIO
HOBBIX IPOCTPAHCTBEHHBIX KOOpAMHAT, u3MepeHuil. Ho Bpems u
camo 1o ce0e MPEeKpacHO UCHOIHIET POJib KOOPAUHATHI, XOTS U HE
MIPOCTpaHCTBEHHOW. [loaTOMy Te3nc, 4To Hall MUpP MMEET TOJIBKO
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TPU NPOCMPAHCMEEHHLIX W3MEPEHMsSI, BBITJISIAUT BCE-TaKU He-
CKOJIBKO 00Jiee MPEeANOYTUTEIIHHBIM.

Wtak, yeM ke NpUHLMINAIBHO OTIMYAIOTCA APYr OT JIpyra
napajuienpHble MUpbl? HOBBIM, JOMOJIHUTENBHBIM H3MEpeHueM?
Her, st0 HeBepHo. Ilo ompeneneHuro nBa napauieIbHbIX MHUPA
00s13aTEIbHO MMEIOT OJMHAKOBBIE CHCTEMBbI KoopauHaT. CB0eoO-
pasHble "KaJpbl MapauiedbHbIX" MUPOB MPOCTO HAHWU3AHBI HA OCh
KaKoro-TO JIOMOJIHUTENIBHOTO M3MepeHus. B atom ciydae st He-
KOTOPBIX MOJTHOCTHIO OJJMHAKOBBIX 3-MEPHBIX 0OBEKTOB MOTYT OBIThH
BBIOpaHBI J1Ba Pa3HbIX 3HAUEHUS YETBEPTOU KoopauHaThl. Cpasy ke
3TO 03HAYAET UX MIPOCTPAHCTBEHHOE Pa3JICIICHHUE.

O003HaUMM TaKyl0 HOBYIO, YETBEPTYIO KOOPAMHATY IS
3-MepHBIX MUPOB, KOOPJAMHATHYIO OCh peajbHOCTU uepe3 p. Ecnu
pl =p2, To ABa MHpa MOJHOCTHIO CIUBaIOTCA. B 3TOM cityyae oHu
TOXKJIECTBEHHBI, U 3TO - OJIMH eAUHbIN Mup. He MoxeT ObITh B IBYX
"cnuBIIUXCS" MHUpax IBYX PA3HbIX TOUEK C 0OUHAKOBLIMU KOOPIH-
HaTamH (X, Y, Z, p). TOUHO Tak ke 0/1Ha U Ta K€ 3-MepHas TOUKa He
MO>KET UMETh JIBYX Pa3HbIX HA0OPOB KOOpAUHAT (X, Y, Z).

Ecnu nBa napannensHbix Mupa pl (Hamr) u p2 (mapajiiesnbHbIi
HameMy) HaxoAsTcs "psaom" BO BpeMeHH (TO €CTh, Mbl MX pac-
CMaTpPUBAEM B OJJMH U TOT K€ MOMEHT BPEMEH), TO MOXHO OIIMCATh
B HUX HEKOTOpoe coObiThe. Hampumep, ceroanst BOT Ha 3TOM CTOJIe
cTout Baza. OHa majaer u:

- B HameM mupe pl pa3duBaercs;

- B MapajyIeIbHOM MHUpE P2 OCTaeTCs LEJI0M.

TakoBO 0JHO M3 TpPaJWLIMOHHBIX ONMUCAHUN MapalIeTbHOCTH
MHUpPOB. B yacTHOCTH, €CTh OnucaHue, 4TO B MapajyieIbHOM MHpeE
JMHO3aBpbl HE BeIMepiHd. Ho mpucMoTpumcs BHUMATENbHEE K I10-
NOOHBIM TpakToBKaMm. Eciii Hamia Ba3a moiyduia pasBuTHe "pas-
ounachk - He pa3dunace”, TO COBEPIICHHO OYEBUIHO, YTO JIO ATOTO
MOMEHTa BPEMEHM PA3BUTHE COOBITHH B JIBYX MHpax ObLIO MOJHO-
CTBIO MmodicoecmeenHblM. B IPOTUBHOM cilydae J1r000€ OTKIOHEHUE
B Pa3BUTHU JIOJDKHO OBLIO MOJHOCTHIO M3MEHUTH PEATBbHOCTH (3(-
dexr 6aboukm). [lomydaercs, 4To 0 MOMEHTa TAJICHUS Ba3bl JIBa
MapajuleJIbHBIX MHpa pPa3BUBAIUCH CTPOrO CHHXPOHHO, TOXJIE-
ctBeHHO. Toraa Bo3HUKaeT Borpoc: a mouemy?! Uem 310 coObITHE
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"MmajgeHue Ba3bpl" Takoe MpUMEYaTeNIbHOE, YTO JBa MapalIeIbHBIX
MHpa pa3BUBAJIUCH OJMHAKOBO MMEHHO JO HEro, a Jajee CTalu
pa3BHUBaTHCS HHAYE?

"OtmoTaem" yackl Hazaj Ha roJ. YtoObl 310 coObITHE "ma-
JIEHHE Ba3bl' HACTYIWJIO, pa3BUTHE MHUPOB pl U p2 NOIKHO OBITH
CUHXPOHHBIM C a0COJIIOTHOW TOYHOCTHIO. MlHaue Kk MOMEHTY Bpe-
MEHH MaJIeHUs Baszbl B OJHOM M3 MHUPOB €€ IIPOCTO MOKET HE OKa-
3aTbCs Ha MECTE.

"OtmoTtaeMm" vacel Ha crosieThe Ha3zala. 1 BHOBb MPUXOIUM K
BBIBOJIY, UTO 3TO CTOJIETHE B JABYX HapauIeIbHBIX MUPAX JOJHKHO
IIPOHTH B a0COTIOTHON CHHXPOHHOCTU. AHAJIOTUYHO U ThICSYENIETHE
HazaJ, ¥ MUJUIMOHBI JIeT Ha3ad. IIpu 3ToM Ha BCEM NpPOTSHKEHUU
pPa3BUTHS MUPOB B HUX HE MPOU3OIIIO HU €IMHOTO COOBITHS, pa3-
JMYAIOLIEro 3TH MHUphl. TO €cTh 10 MOMEHTa NaJeHUs Bas3bl JIBa
napajuiebHbIX Mupa pl U p2 ObUIM MOJHOCTBHIO TOXJECTBEHHBI.
Pa3nuuuth 3TH 1Ba MHpa HEBO3MOXKHO.

To xe camoe oTHOcHUTCA BOOOIIE KO BCEM MHpaM, Hapai-
NenbHBIM HameMmy — p3, p4, pS u Tak nanee. Bce mapamienbHbie
MHUpBI TOKJIECTBEHHBI. IlHaue ¢ caMoro MOMEHTa COTBOPEHUS 3TU
MUPBI JIOJDKHBI ObUIM TOWTH IO pasHbIM MYTSIM pa3BUTHS, U Ha
0001 MOMEHT BPEMEHH I0CIIE COTBOPEHHUSI OHU OYIYT IMOJTHOCTHIO
OTJIMYAThCs APYr OT Apyra. DTO BO3MOYKHO JIMIIb B Cllydyae Oecko-
HEeYH020 4ucia TaKUX MHUPOB, MPUYEM BCE OHU JOJDKHBI Kaxa0e
MTHOBEHHE Pa3/IBAUBATHCA 10 BCEMY OECUHCIEHHOMY MHOXECTBY
coObITHl B HUX. TOYHO Tak, KaKk 3TO OMHCHIBaET OKcpopiackas
MHOTOMHUPOBasi HUHTEPIIPETALMSI KBAHTOBOM MEXaHUKHU, IBEPETTUKA.

Jlig cuctemMbl KOOPAMHAT IJIaBHBIM YCIIOBUEM, BUANMO, Clie-
IyeT CYMTaTh OPTOTOHAIBHOCTh ATHX KoopauHat. [IpocTteiM u
HarJiiJHbIM 00pa3oM OpPTOTOHAJIBHOCTH SIBJISIETCS HE3aBUCHUMOCTh
KKJOW M3 KOOpAMHAT OT JHOO0W M3 OCTalbHbIX. MHaue MOKHO
CKa3aTh, 4YTO U HEKOTOPOTO 3a/laHHOT0 3HA4YEHUs OJHOM KOOp-
JMHATBI 3HAYCHUS IPYTUX MOTYT OBITh JIFOOBIMHU.

Ho B mpocrpaHcTBe-BpeMeHM MMHKOBCKOIO IOBEJICHUE,
CBOJCTBa NMPOCTPAHCTBEHHBIX KOOPAMHAT U BPEMEHU SIBIISIOTCS HE
BIIOJIHE TOK/IECTBEHHBIMH, PaBHO3HAUHBIMM, YTO OTpPAXKAETCs, B
4acTHOCTH, B MeTpuke. Hampumep, 1u1s 1100010 00b€KTa Mbl MOKEM
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MPUHYIUTETHHO 33aTh, 3a()UKCUPOBATH HEKOTOPbIE KOOP/IMHATHI B
IIPOCTPAHCTBE, HO HE MOXEM 3aJaTh, 3aUKCUPOBATh KOOPJIUHATY
BpeMeHH. Takoe mpocTpaHCTBO-BpeMs ciefoBajio Obl Ha3BaTh He-
OJHOPOIHEIM, HEPABHOIIPABHBIM YE€TBIPEXMEPHBIM IIPOCTPAHCTBOM.

Cko0/1bK0 N3MepeHnii y Halleil peaJlbHOCTH?

Bonpoc o kommuectBe u3MepeHuii y Haumien PeanpHOoCTH
MOXKHO C(OpPMYIUpOBaTh Mo-pasHOMy. [loyeMy mpocTpaHCTBO
TpexmepHo? Ilouemy Bce yBepeHsbl, 4TO OHO TpexmepHo? Ecnu xe
3TO HE TaK, TO CKOJIBKO TOTJa M3MepeHuil y npocrpancTa? Hako-
Hell, a moyemMy BooOie cymectByeT PeanbHocTh? EcTh 1 y Heé
anpTepHaruBa? [35, c.74-75]

IIpu Bcelt KpaCOYHOCTH NPEACTABICHUN O HAIMYUU Y HAllleH
pPEAIbHOCTH M3MEPEHUM CBBILIE YETHIPEX, UX BCE-TAKU CIIEAYyeT
paccMarpuBaTh KakK HEIOCTaTOYHO yOeAUTEIbHBIE, YTO, B CBOIO
ouepellb, BUJIMMO, TaK K€ HE MOXET pacCMaTpUBaThCs KaK JOKa-
3aTenbCTBO 0OpaTHOro. Tem He MeHee, eciu Ha BpeMs 3a0bITh O
CBEPHYTBIX M3MEPEHUSX TEOPUH CTPYH, TO MOXHO OTMETUTH J10-
BOJIbHO YaCTO BBICKA3bIBAEMBIE JIOBOJIbI B MOJIb3Yy TOTO, YTO HAIll
MU, AEHCTBUTENBHO, UMEET TPU U TOJIBKO TPU IMPOCTPAHCTBEHHBIX
n3Mepenus. OUH U3 TaKUX JOBOJOB MOXXHO OOHapYKUTh B WHTE-
pecHoii cBs3u Mexay Teopemoit depma u reopemoii [udaropa. Tak
HazbiBaeMas Benukas teopema @epma, Mo MMEOIMIMMCS CO0OIIIe-
HUSIM B IIeYaTH, Aoka3aHa. OIHaKoO B pacCMaTpUBAEMOM KOHTEKCTE
MOXXHO TPEUIOKUTh HECKOJIBKO MHYIO TPaKTOBKY WU (POPMYIIHU-
POBKY 3TOU TeopeMbl. Ecii MPUCMOTPETHCS K YPABHEHUIO TEOPEMBI
[Tudaropa, TO MOKHO 3aMETUTh, YTO OHO SIBJISETCS OJHHM U3 pe-
meHui ypasHeHus @epma:

"t b'=c" => a’+b’=c’ => 3 +4=5%

Ho mnomumo »3TOro pemeHuss MOXHO OOHapyXuTh emie
HECKOJIbKO YpaBHEHHM, BHEIIHE IMOXOKHUX Ha TaKyl K€ CBS3KY
ypaBHeHuss ®Pepma u Teopemsbl Iludaropa. Ilpm sTOoM siBHO
MpocMaTpUBaeTCs  "MPUHAUICKHOCTh"  3THUX  ypaBHEHHM K
COOTBETCTBYIOLIIEMY h-MepHOMY Mupy. HazoBem depma-pemeHnem
LIEJIOYUCIIEHHBIE PEIIEeHUs, KOrJa BCE CjaraéMble B YpPaBHEHUU U

54



caM I0Ka3areib CTENEHH SBISIOTCS MOPSAKOBBIMU YUCIUTEIbHbI-
mu. PaccMoTpum ot depma-perienust reopem [udaropa s kax-
JIOT0 U3 3TUX MHUPOB. Kak MblI NPUHSAIN, HAUMEHBIIEH BO3MOXKHOU
MEPHOCTBIO MUpa sBJIgeTcs HOJb. [loaTOMy ypaBHEHME

1°=2°

MOXXHO Ha3BaTh (epma-pemieHneM Teopemsl Iludaropa mns
0-MepHOTrO MHUpa (COOTBETCTBEHHO, TeopeMbl PepMa 11151 0-MepHOTO
Mupa). PopMyaupoBKa 3TOH TEOpeMbl OyAeT 3BydaThb MPUMEPHO
Tak: "HOJIb-CyMMa TOYEK paBHa TOuke" WM "pa3Mephl BCEX TOYEK
paBHbl". CyMMBI U COOCTBEHHO ClIara€MbIX HET, MOJTOMY Takas
cyMMa Ha3BaHa "HoJib-cymMmoit". Kak BuuM, ciaraemble U CTENEHb
— 3TO MOPSAKOBBIE 1elble uncna 0, 1, 2.

Hanee, uie OTHOMEPHOTO MUpPA, MUpa ¢ OAHUM €IUHCTBEH-
HBIM TPOCTPAHCTBEHHBIM HM3MEPEHHEM MOKHO IPHUBECTH JPYroe
(bepma-penienue ypaBHeHHs Teopemsl [udaropa

1'+2'=3'

3By4aTh 3Ta TEOpeMa, OUYEBHIHO, TOJDKHA CIEAYIOIIUM 00-
pazoM: "cyMMa JUIMH OTPE3KOB paBHA CYMMapHOMY OTpe3Ky". 31ech
TaKKe cllaraeMble U CTENEeHb — MOPSIKOBbIE 1enble uncna: 1, 2, 3.
Haxonen, nmoxanyi, caMbIM M3BECTHBIM M3 PELICHHI TPaJIUIIMOH-
HOW Teopemsbl Iludaropa, monasarommmM 1oJ ompeneneHue dep-
Ma-pelIeHus, SIBJIIETCS ypaBHEHHE

3 +47=5

3ByyaTb OHAa B HalIeM KOHTEKCTE, OYEBHUJHO, JOJDKHA
COOTBETCTBYIOLINM, TPAAULIMOHHBIM s Teopembl [lugaropa
obpa3om: "cymMma IO KBapaToB, MOCTPOCHHBIX HA KaTeTax
MPSIMOYTOJIBHOTO TPEYTrOoJbHUKA, paBHA IJIOUIaAM KBajapaTa, IO0-
CTPOEHHOI'0 Ha ero runotenyse". 3to reopema [Iugaropa, kak jer-
KO 3aMETHTb, JJIS IIJIOCKOTO 2-MEpHOTO Mupa. M BHOBb B pellIeHUU
ypaBHEHUS BCE YMCIIa IOPSIKOBBIE LIeTbie — 3TO 2, 3, 4, 5.

W, HakoHel, Mbl HAX0AUM caMo€ HHTepecHoe. J{11 00beMHOTr0o
3-MepHOTO MUpa TOYHO TaK K€ MOKHO C(HOPMYIUPOBATH €IIe OJIHY
teopeMy [Iudaropa, pepma-penienne COOTBETCTBYIOLIEH 7151 3TOTO
Mupa teopeMbl depma, KOTOPOE ONUCHIBAETCS ypaBHEHUEM

P+ +5=6
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3Byuatb 3Ta 00beMHas Teopema [ludaropa moxer, Hanpumep,
cienyroumM odpazoM: "cyMMa 00bEMOB KyOOB, MOCTPOCHHBIX Ha
pebpax mapayienenuriesa, paBHa 00beMy Kyba, MOCTPOSHHOTO Ha
ero muaroHanmu". OYeBUAHO, ATO ToOcienHee (epma-penieHue ¢
"HabopoM" MOPSAIKOBBIX LEJBIX uucen: 3,4, 5 u 6. [Ipyrux peme-
HUW, Cyad MO BceMmy, HeT. To ecTh, Ul 3HAYeHUH IOKa3aTells
CTENeHU OoJiee 3 HE CyIIECTBYET COOTBETCTBYIOIIMX YpaBHEHUH U
teopem Iludaropa u Depma. [leiicTBUTENBHO, JIIOOBIE Apyrue
COOTBETCTBYIOIIME  IOCJIECIOBATEIILHOCTH 4YHCET B  TOYKax
HAWTYYINEro COBMA/ICHUS BCE-TaKU HE PaBHBI:

3 +4*+ 50+ 6" =2258 £ 21401 =7

£+5+6 +7 +8 =61'500 # 59049 = 9°

4°+5°+ 6+ 7°+8° +9°= 977611 # 1'000'000 = 10°

0+ 17+2"+3 +47+57+6'=376'761 £ 117649 =7

DTO 03HAYaeT, YTO PACXOXKIACHHUE, TO €CTh, PA3HOCTh MEXKIY
CyMMOU CTeleHel MOCIeIOBaTeIbHBIX YUCEN U CTETICHH CIEIYIO-
IIEro YMcia HEe CXOJUTCS, a CTPEMUTENBHO Bo3pactaet: 143, 2'451,
22'389, 259'112 u Ttak nanee. M3 3TOr0, O4€BUAHO, CIEAYET, UTO
TpeOyeMBbIM YCIOBHSIM HE MOXET COOTBETCTBOBATH HUKAKas WHAs
MOCJICJIOBATEILHOCTh YUCENl, KPOME pPACCMOTPEHHBIX TIEPBBIX
YeThIPEX.

BeItie MBI yoke yMOMUHAQJIMA JOCTATOYHO Pa3yMHOE TMPEIIo-
JIO’)KEHHUE, YTO JIF000€ MaTEeMaTHYECKOE BBIPAKEHHUE 005S3aTENbHO
OTpaXkaeT Ty WM WHYIO 3aKOHOMEPHOCTh MPHUPOJIBI, B KOTOPOH MBI
xuBeM. Hanpumep, Teopusi CTpyH TOSIBIJIACH HA OCHOBE M3BECTHO-
r0 ypaBHEHUS sl 00bIYHOM (huznyeckoit cTpyHsl. [loaToMy Tak ke
pPa3yMHO TMPEAIOJIOKHITh, YTO U PACCMOTPEHHBIC YPaBHEHUS OTpa-
KAIOT HEKYI0 3aKOHOMEPHOCTh MPHUPOJBI. MIcX0/Is U3 JOTHUKH TPO-
BEJICHHBIX PACCYKJIECHUH, UX MOXHO pacCMaTpHUBaTh Kak 0OOCHO-
BaHHE TOTO, YTO MHUP YEThIpeX U 0oJiee MPOCTPAHCTBEHHBIX MU3Me-
peHuil npupoioit "He npexycMoTpeH". PaccMoTpeHHbIE COOTHOIIIE-
HUS BIIOJTHE MOTYT OTPaXKaTh 3Ty 0COOCHHOCTh PEATBHOCTH — TOJIb-
KO TPU NPOCMPAHCMEEHHble U3MEPEHUSL.

Hcxons U3 HECKONBKO HMHBIX MPEICTABICHUM, HAa OCHOBE
TUTOTE3bl O TEOHAaxX, TaKOW e BBIBOJ TpuBoAWT W Kimmer.
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Haumenbmeit »Heprueit oOmamaer ¢u3uueckas cucremMa B
TPEXMEPHOM IMIPOCTPAHCTBE:

"Ecnmu MCXOAWTH W3 TPUHIMIA, YTO Jt00as ¢u3ndeckas
CHUCTEMA CTPEMUTBLCS PEaIn30BATHCA B COCTOSHUM C HAUMEHBIIEH
SHEpPTHEeH, TO BIIOJIHE OYEBHJHO, YTO, OJarogaps H3JIO0KECHHOMY
BBIIIIE MEXaHNU3MY 00pa30BaHMs T€OHOB B /1-MEPHBIX IIPOCTPAHCTBAX
(M B IPENNOJIOKEHUH, YTO IJIAHKOBCKHUE T'€OHBI JIEKAT B OCHOBE
BeCOMOM (hOpMbI MaTEpHUH), BBIOOP TPEXMEPHOTO MPOCTPAHCTBA U3
BCEX JIPYrHMX BO3MOXKHOCTEH Npu (POPMHPOBAHUHM HAOIIOZAEMOM
Meraranaktuku Obl1 3apanee npeapemnien" [50].

TakuMm KXe OrpaHuYMTeNIeM N0 TPEX M3MEPEHUN MOXKHO B
HEKOTOpPOM CTENEHU CYUTAaTh M OOIIEeNpU3HAHHBIE OOOCHOBAHUS
HEBO3MOKHOCTH YCTONYMBBIX IJIAHETAPHBIX OPOUT B MPOCTPAHCTBE,
MMEIOLIEM KOJIMYECTBO NMPOCTPAHCTBEHHBIX M3MEPEHUMN, OTIUYHOE
OoT 3-X, B KOTOPBIX CYIIECTBOBAHHWE W3BECTHOIO HaM MHpa
HEBO3MOXHO [57, ¢.202; 47, ¢.285].

BMmecTte ¢ Tem, M3BECTHBI M COBEPIIEHHO (aHTACTUUYECKHE
NpPEJCTaBICHUS O pPa3MEPHOCTH MPOCTPAHCTBA — JPOOHBIE
pa3MepHOCTH, BOOOPa3UTh KOTOPBIE TPOCTO HEBO3MOXKHO '

"Ecnu Hekoe (pu3n4ecKoil TeIo o cnocody CBOETo CyIIeCTBO-
BaHUS OMpeAessIeTCs, HalpuMep, B MPOCTPAHCTBE IPOOHOM pas-
MEpHOCTH mopsiaka 2,718, a qpyroe Teiao — B IpOCTpPaHCTBE APOO-
HOM pa3zmepHoctu nopsaka 3,001 (umm 2,999...), To B3aumojen-
CTBOBAaTh OHHM MEXIy c000i OymyT o0pa3oM, OTJIMYHBIM OT
"Hamiero" TpexMepHoro Mmexanuctuaeckoro" [29, c.87].

Ha camom nene mbl paccMarpuBaeM Jit000O€ H3MEPEHHE —
IIPOCTPAHCTBEHHOE MM BPEMEHHO € — KAaK HEKMil MaccHB, HaboOp
TaHHBIX, Yalle BCETro MPEJCTABISIONINNA COO0H HEMpepbIBHBIN Psij,
KaK MPaBHJIO, AEUCTBUTENBHBIX yncel. [Ipu 3ToM Kakaas Touka Ta-
KO0 U3MEPEHHUs caMa SIBIISIETCS CBO€OOpPA3HbIM MHJIEKCOM, METKOM
TaKOro ke Habopa JaHHBIX U3 OECKOHEYHOTO psAJia JEMCTBUTEIbHBIX
YHCeI, TAKKE SIBISIONIMXCS METKaMH ClIeAyromux Habopos. [Ipen-
CTaBJIEHUS O IPOOHOCTU HabOpa NAHHBIX, UCXOJIS U3 3TOTO, JIUIIEHBI
Kakoro-nmubo cmeiciia. Habop mmbo ecth, MO0 ero HeT, u Jodas
yacmes Habopa — Toxke Habop. [lake BynbrapHasi MHTEPIPETALUSI
npoOHOCTH Habopa NEHCTBUTENBHBIX YHCENl W3MEPEHHUs Kak Mpo-
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CTOM €ro YacTH, HUYEro HE U3MEHSIET, HA0Op JaXe YaCTUUHBIN 1100
€CTb, 1100 ero HeT. [loaToMy Takue npeacTaBlIeHUs O pa3MEPHOCTH
IIPOCTPAHCTBA MbI PEIIMTEIBHO OTKJIOHSEM.

Hakonen, kak emé oauH I0BOJ B IOJb3Y YHHUKAJIbHOCTH
4-MepHOCTH MOHO IPUBECTH U3BECTHYIO TaK HA3bIBAEMYIO TEOPHIO
I'anmya, corjmacHO KOTOpOM JIOKa3bIBaeTCcsl TeEOpeMa, Teopema
Pypdunu — AGenss 0 Hepa3pelmmMOCTH B paguKanax ypaBHEHUH
5-oi1 crenenu u Bbllie. CyTh 3TOI TEOPEMBI 3/IECh HE BayKHA, BAYKHO
Jpyroe: OMATh-TaKd Mbl BUIUM MaTE€MaTHYECKUE TpPaHULbl JUIs
CTEINEHH, BBILIE YETBEPTO. ITO BHOBb MOXHO pPacCMaTpUBATh KaK
MIPOSIBJICHUE TPUBEJEHHOIO BBIIIE CBOMCTBA MaTEMaTHKH: €CIIU
CYIIECTBYIOT KaKue-TO, Ha MEPBBINA B3IJIAJ, aOCTPaKTHBIE MaTeMa-
TUYECKUE BBIPAKEHMSI, TO CIEAYET ONPEAEIECHHO 0KUIaTh, UTO OHU
HMEIOT KaKoe-TO BOIUIONIeHHEe B (u3myeckoil peanbHOCTU. B
JTAaHHOM CJydae TPOCTPAHCTBAa C YHUCIOM HW3MepeHHuil Ooibine 4
UMEIOT KaKHe-TO MaTeMaTUYECKHE OIPaHUYCHMUSL.

CripaBeaIuBOCTH  paaud  CleAyeT TMpU3HaTh, UTO ATH
MaTeMaTH4ecKue 'mpejackasaHus'', OTrpaHHYEHHE pPa3MEpPHOCTH
MPOCTPAaHCTBa UMEIOT (popMy "HEOOXOIMMO, HO HE JOCTATOYHO'.
JIeWCTBUTENFHO, MBI PAacCMaTpUBaeM 3TH OCOOCHHOCTH JHMINb Y
YeThIpeX 3Ha4YeHUH, creneHeid. Ho, BIoJiHe BO3MOKHO, UTO TAKUMH
ke "TpenckazaTeNbHBIMU" BO3MOXKHOCTSIMH OOJNamaroT W Jpyrue
gucia. ['oBopuM ke Mbl ""ceMb pa3 0TMEpBh, OJIMH pa3 oTpexb'. Bpsn
JU OTY TOCJOBHILy MOKHO MCIOJIb30BaTh Il OOOCHOBaHUS
JIOTIOJTHUTEIbHBIX CEMH ITPOCTPAHCTBEHHBIX U3MepeHul M-Teopun.
JIBeHaaLaTh CO3BE3/MMH, JBEHAALATh aIlOCTOJIOB, BEIMKOJICIHAs
ceMEpKka, IATh NaJblIEB Ha pyKe, CBATas TpoOUIA — BCE OTHU
KOJIMYECTBA TOXE MMEIOT HEKOTOpoe crenuduyeckoe, 0COOCHHOE,
)K€ CaKpaJbHOE 3HAa4YeHHE, HO BpPSA JU NPUTOAHBI JUIS
000CHOBaHHS MEPHOCTHU MPOCTPAHCTBA.

PaccMoTpeHHOE TOBOJIBHO CBOEOOPA3HOE Mamemamuieckoe
OTpaHUYEHHUE PEATbHOCTH YETHIPbMsSI U3MEPEHUSIMH OOBIYHO 3allv-
ceiBatoT B Buje 3+1. OgHako moMUMO JPOOHBIX pacHIupeHui mpo-
CTPaHCTBa HEPEAKO MOYKHO BCTPETUTh U THIOTE3BI O MHOTOKOOP-
JMHATHOM BpPEMEHH, KOTOpbIE JakKe OJUH U3 MX aBTOPOB paccMa-
TPUBAET KaK BOMPOCHI W3 oOnactu '"cymacmemmwux wuugeu" [19].
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Hcxons u3 copMyIupOBaHHOTO BBIIIE MPEICTABICHHUS O BPEMEHH
KaK O CnocoboHocmu W3MEHSATHCS, MHOTOMEPHOE BpPEMsl JIUIIECHO
KaKUX-11M00 JIOTUYeCKMX OCHOBaHuM. JIto0oe TeueHue BpeMeHUu
SBJIIETCS BCETO JIMIIb THPOSIBICHUEM CHOCOOHOCMU, TIO3TOMY
BecbMa 3a0aBHO 3By4asio OBl "OH TPH pasa CIIOCOOHBIN CIIOPTCMEH".
B kaudectBe npuMepa bapalieHKOB IPUBOJUT MPOLIECC CO3PEBAHUS
IIOMH/IOPOB U YKa3bIBAET:

"... BOT eciu OBbI IPOIECC CO3PEBAHUS IMPOTEKAI caM I0 cede,
HE3aBHCHMO OT MOKa3aHHWIl CTEHHBIX YacoB, TO JUI €0 ONUCAHUS
notpeboBanock ObI emie oHo Bpems" [19].

Ho kakas B 5TOM JOMOJHHUTEIHHOM BpPEMEHH HE0O0XO/M-
Mocth? [Iporiecc co3peBanus "cam o cebe" — 3T0 4YTO 3a Mpoiecc?
JIro60My COCTOSTHHIO TOMHIOPOB COOTBETCTBYET HEKOTOPOE BpEMsI
Ha yacax. Co3peBaroT JIM OHU, WM 3aCTHLIM BO BPEMEHH, OKAMEHEIN
— Ha Yacax BpeMs Bcerjga OyaeT uMeTh pasHble 3HaueHus. Kax
yka3bpiBaeT aBTOp, "HykHa TpeHHMpoBKa, YTOOBI HAy4YUTHCS TpPE-
CTaBIATH cebe BpeMeHHEIe Tpaektopuu". CYIs 10 TEeKCTy CTaThH,
9TH TPEHUPOBKHU HAIPABJIEHBI, IJIaBHBIM 00pa30oM Ha BBIPAOOTKY
YMEHUS TPATaTh JIOTUYECKUE MPOTUBOPEUHS, MTPHUEM, TOBEICHHBIN
OyKBaJIbHO JI0 COBEPILEHCTBA B MPOIECCE AN TallMK CIIECIHATbHON
TEOPUU OTHOCUTEIBHOCTH K CBEPXCBETOBBIM CUTHAJaM: TaXUOHHAs
MEXaHHKa, IPUHLHUII peUHTepIpeTauuu. MoryT M CChUIKM Ha aka-
nemuka A.Jl.CaxapoBa mim Oosrapckoro (u3nKa, KOTOpBIE, Kak
YTBEPKIAETCS, BCEPhE3 AOMYCKAIU CYIIECTBOBAaHHE MHOTOMEPHOTO
BpEMEHH, 100aBUTh HEKOTOPBIN BEC ITUM 'cyMacuieamum uaesam"?
Wnu onu, HA000POT, CTABAT 3TUX aBTOPOB B HEJIOBKOE MOJIOKEHUE?
Crnenyroiiee TOMYIIEHHE MOXKHO Ha3BaTh JIOTHUYECKOM YIIOBKOM:

"Ms1 He Oynem pa3Ouparb 3TH TPYAHbIE U BO MHOIOM €Il
BECHbMa CIIOPHBIE BOIIPOCHL, TPOCTO OyeM HU3ydaTh MUP, B KOTOPOM
TOYHO TPU MPOCTPAHCTBEHHBIX U TPU BPEMEHHBIX U3MEpeHUs" [Tam
xel.

Boo0e-To, Ha mopsaa0k yno0Hee U pa3yMHee pacCMaTpUBaTh
CaMbIil IPOCTOM Ciy4all — OJIHY €JUHCTBEHHYIO JOIOJHUTEIBHYIO
KOOpJIMHATy BpeMeHU. Benp cpeam jeca 3THX JONOJHUTEIbHBIX
KOOPAMHAT MOYKHO CIIPATATh YTO YTOIHO, IOHAN — pa30epuch, UTo U
OTKyJa B3sUIoCh. Jlanee aBTOp NPHUBOIUT Cmpo20 HAYYHbIE
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IIPUMEPBI: CBEPXCBETOBBIE JBIKEHUS B MUKPOMHpPE U OOMEH
pOJIIMU IIPOCTPAHCTBA U BPEMEHH, SIBHO MMes B BUAY 3TOT 0OMEH
moa Tropu3oHTOM coOblTuii  Yepnoil apipel. YTo KacaeTcs
MHUKpPOMHpA — CBEPXCBETOBOE JABIKEHHE IIPU OOMEHE KBaHTOBOI
nHpOpMAIMK MEXIy 3alyTaHHBIMH YacTUIIAMH, HEJIOKAIbHOCTb
HUT/IE W HUKOTJAa HE paccMaTpuBajlach Kak TpeOyromas
JIOTIONIHUTENbHBIX ~HU3MEPEHUN BpEMEHU. OTO  YIAUBUTEIBHOE
SBJICHHE OOHAPY)KEHO KaK B ypaBHEHHS] KBAHTOBOM TEOPHH, TaK U B
peasibHbIX  (U3MYECKUX  OSKCIEepUMEHTax. JlomoiaHWUTENIbHBIE
U3MEpPEHUs] BPEMEHU UM HE HYXKHbI. UTO e KacaeTcsi TOpU30HTa
coObITHI YepHOil ABIPEI, TO, BO-TIEPBBIX, PEACTaBICHUS 00 0OMeHe
pONSMH  TpU  THIATEILHOM  aHalmW3e OOHApY)XMBAIOT  SBHO
IIPOTUBOPEUYUBBIE CBOICTBA. [IHaue roBops, Takoii 0OOMEH UMEET BCe
npu3Haku abcypja, HET HHUKakoro obmeHa. Bo-BTophlX, 3TO
SBJICHUE BCErja JUIIb KOHCmamupyemcs, € YKa3aHHUEM, 4YTO
MIPEIMOJIOKHUTEITFHO MTPOUCXOTUT Takoh oOMmeH. [IpudueM Hurme B
JUTEpaType HE yAajloCh HAaWTHM YNOMHHAHWH, 4YTO Takol OOMEH
JIENIaeT BPEMsI mpexmepHbiM, KaK 3aMEHSEMOE€ UM TpPEXMEpPHOE
npocTpaHcTBo. HanpoTus, 1 0 MpOCTpaHCTBE HET SIBHBIX 3asIBICHUM,
YTO OHO CTajJ0 CTPOTrO OOHOMEPHBIM, KaK OTBETHO 3aMEHSIEMOE UM
Bpems. [ToMHMMO Takoro 3aMbICIOBAaTOrO MOBEJIEHUS BPEMEHH MO/
TOPU30HTOM COOBITHIT YepHON IbIpbl, MPUBOJATCS U NPOCTHIE
JIOTUYECKHE PACCYKJICHUS O TOJ00OHOM OOMEHE pOJICH:

"[Iyrem nmpocToro NOBOpPOTa Mbl MOKEM MEHSATh MECTAMU TPHU
IIPOCTPAHCTBEHHBIX U3MepeHus. Jlanee, ecau BpeMs — 4YeTBEPTOE
M3MEPEeHHUE, 3HAYUT, BO3MOXXHBI M '"TOBOPOTHI", MpEeBpallaroIIne
MIPOCTPAaHCTBO BO BpeMs, U HA000pPOT. OTH YETHIPEXMEPHBIE
"MOBOPOTHI" — MMEHHO T€ MCKaXXEHUSI MPOCTPAHCTBA U BPEMEHH,
KOTOpBIX TpeOyeT cnelualibHas TEOpHUs OTHOCUTENbHOCTH. MHaue
rOBOps,, IPOCTPAaHCTBO M BpPEMs HEPA3PbIBHO CBA3aHBI U
MOJYUHSIOTCS TEOPHUH OTHOCUTENBHOCTH. 3HAUEHUE BPEMEHM Kak
YETBEPTOr0 MU3MEPEHUS B TOM, YTO BPEMS U MPOCTPAHCTBO MOKHO
[IOBOpPAYMBATh JPYr OTHOCUTEIBHO JpPyra MaTeéMaTU4eCKH TOYHBIM
obpazom" [46, c.84].

Ho, uto mo3Boneno lOmutepy, He mo3BosieHO ObIKy. UyTh
noapoOHee TeMbl yIMBUTEIBLHOTO OOMEHa poJiel NMpOCTpaHCTBA U
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BPEMEHH 0]l TOPU30HTOM COOBITUH YUepHOU AbIpbI MBI KOCHEMCS
Huxe [cM. [{narpammel [IBapumunsaa, c.171].

Jlanee B paccMaTpUBaeMOW CTaTbe Kak €Ile OJHU apryMEHT
MHOTOMEPHOCTH (TPEXMEPHOCTH) BpPEMEHH MPUBOAUTCA CBEPX-
CBETOBOE JBM)KEHUE:!

"... MBI 3aMETHM, YTO HEKOTOpBIE TEJIa BOKPYT HAC JBUKYTCS
HENPUBBIYHO OBICTPO, MOYTH MTHOBEHHO MEPEMEIAIOTC U3 OJHOMN
TOYKH B JIPYTYIO. ... MBI OOHApPYXHM, YTO CKOPOCTh HEKOTOPBIX TEI
MIPEBOCXO/IUT CBETOBYIO. DTO HACTOPAKUBAET, MOCKOJIBKY (PU3HMKH
YK€ JJaBHO YCTaHOBMJIM, YTO CBEPXCBETOBBIEC TENA ... MOXKHO OBLIO
ObI 3aCTaBUTh JBUTaThCS BCIATH IO BPEMEHH - U3 HACTOSIIETO B
npomuwioe" [19].

Jla, Takoe MHEHHE CYLIECTBYET U MO/ HEr0O MOJIBOANUTCS CTPO-
ras HayyHasi OCHOBA — CIeI[MaJIbHasl TEOpHsl OTHocuTenabHOCcTU. Ho
P TLIATEILHOM aHAJIU3€ TOYHO TaK K€ MOYKHO CTPOIrO aHAJIMUTHU-
YECKH U JIOTMYECKH YCTAHOBHUTH — ATO JBIMKEHHE B IPOILJIOE MPHU
CBEPXCBETOBOW CHTHAJM3AIMU SIBJISETCS (DyHAAMEHTAILHOW IPO-
Onmemoit 3Toit Teopuu. JTo e€ HeycTpaHuMas 00JIe3Hb, TpobdIEMa,
TakHe MyTELIEeCTBUS B IPOIIOE — HEOTHEMIIEMOE CBOMCTBO JTHO00M
TEOpHUH, KOTOpasi ONMUPAETCs Ha MOCTYJIAaT 00 MHBAapHUaHTE, MOCTO-
SIHCTBE CKOPOCTH CBETA U, KaK CJIEJCTBUE, €€ mpenenbHocTH. Eciin B
TEOPUU YTBEPKAAETCSA, YTO CKOPOCTh CBETAa — 3TO MAaKCHMAaJIbHO
BO3MOXHasi CKOPOCTb, TO Ha KAKOM OCHOBAaHUM OHA PaCCMAaTPUBAET
CKOPOCTH, MpEBbIIIAONIEe MakcuMaabHyt0? [lapagokcsl U MpoTu-
BOPEUHs B 3TOM CIIydae — MPsIMOE CIIE/ICTBHUE.

OpnHako MBI K€ TOBOPUM HE 00 3TOM, a O MHOTOMEPHOCTH
BpemeHHu. [lapasokchl nerenab BpeMEHU U €70 MHOTOMEPHOCTh — 3TO
HENOCPEJCTBEHHO HE CBSI3aHHBIE IPYr ¢ APYyrom siBieHus. [Ipuso-
JMMbIE aBTOPOM IPHUMEpPHI Jjajiee HEBO3MOKHO OTIMYUTH OT TAKO-
BBIX U3 (popMann3Ma ClellaIbHONW TEOPUU OTHOCUTEIBHOCTH, XOTS
MEPUOIUYECKH U JIeJaeTcs CChUIKa Ha MHOroMmepHoe BpeMs. Ho B
3TOM HET HUYEro HOBOIO: COTJIACHO NPHUHIUIY OTHOCHUTEIbHOCTH
qachl UAYT CHHXPOHHO ToJibKO B oOuieit MCO.

"B MHOroBpeMeHHOM MHUpe ... CBeTsAmunics 00bEeKT BHE3AITHO
MOSIBJISIETCSL B TIOJIE HAIIETO 3pEHUs, Kak Obl BBIHBIPUBAECT "3
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HUOTKyJa" ... @ 3aTE€M ... CTAHOBUTCSI HEBUIMMBIM U BOOOIIE HUKAK
HeonryTuMbeIM" [19].

Boo0me-To, 3Ta KpacoyHast KapTHHA OJJMH B OJJMH COBIMAIAET
C ONMCAHHEM IYTEWIECTBUSA IO NapauIeIbHBIM APOCMPAHCMEEH-
HbIM U3MEPEHUsIM. 371eCh JOTMOJHHUTEIbHAS KOOpAWHATa BPEMEHH
JIOTUYECKH BOOOILIE HE MpocMaTpuBaeTcs. bosee Toro, Bce ocTalib-
HBIE MPUMEPHI JUIsI TOTO, KTO HE "HaTpeHHPOBAaH Ha BOCHPHUSITHE
MHOTOMEPHOTO BPeMEHH'"", IBHO BBITJIAIAT, HY, IIPOCTO OJIMH B OJIUH,
KaK TpuMepbl U3 00JacTH MHOTOMEPHBIX HPOCMPAHCHGEEHHBIX
MupoB. [To3TOMy Ha BEIBOJ-BOIIPOC aBTOpA CTATHH:

"... KaKOBO K€ BCE-TaKH BpeMsI B HAIlIEeM MUpPE - OJTHOMEPHOE,
KaK Mbl TIPUBBIKJIN TyMaTh, HJIA MHOTOMEPHOE U MBI, B IPUHIIUIIE,
MOXKEM 0’KMJIaTh BCTPEUH C "MHOBpeMsIUIaHeTssHaMu'"? [Tam ke

MOXXHO OJIHO3HAYHO OTBETUTh: BpEMs, KakKk CBOWCTBO
U3MeH4Uu8oCcmu, MOXKET OBITh TOJIBKO "OJHOMEpPHBIM'" — OKpYXKaro-
mas W CcocTaBisAomas Hac Marepus CyIIecTBYET, IBHIKETCH,
B3aMMOJICHCTBYET, YTO TOXXJIECTBEHHO W sBiseTcs e€ Oe3ocTa-
HOBOYHBIM H3MEHeHueM. "J[ByxxkoopauHaTHOE" u3zmeHeHue HHU
JIOTUYECKOro, HHM (u3ndyeckoro cmbicia He wumeer. Hy, a
"HHOBpEMsI-TIIaHETSIHE" — 3TO BCE Ta e 00J1acTh MyTEIIeCTBUN Ha
MaIlIrHaX BPEMEHH, BOIIPOC, BIOJIHE CAMOCTOSTETbHBIMH.

B o0Omem, paccMoTpeHHBIE 0COOEHHOCTH Mupo3gaHus
MOXKHO c(OpMYIHpPOBaTh U B OoJiee JKECTKOW (hopMme: MpOoCTpaH-
CTBEHHBIX H3MEPEHHI TOJIBKO TPH, a BpEMsI BOOOIIIE uzMeperuem He
ABIISIETCS, TMOCKOJBKY MOJXKET M JIOJDKHO PAacCMaTpHBAaThCA Kak
OTpaXXEHHUE u3MeHeHuli B peanbHoOM Mupe. [Ipym 3TOM BO3HHMKAET
MIPaBOMEPHBINA BOTIPOC, YTO )K€ TOTJA JOJLKHO MPEICTABIIATh COOO0M
OJIHOPOJHOE YemvlpexmepHoe TIPOCTPAHCTBO, COJEpIKaIllee YEThIpe
npocmparncmeennvix u3Mepenusa? MiMeer a1 oHO Kakue-1100 JI0rH-
yeckue ocHoBaHus? IlompoOyem pasoOpaTbCsi B 3TOM, JUISL YETO
paccMOTPUM TIOCIIEJIOBATEIEHO BO3MOKHBIE BHIBI OJIHOPOIHBIX
MHOTOMEPHBIX ITPOCTPAHCTB, HAYMHAS C 06a30BOTO TUIIOTETHIECKOTO
MIPOCTPAHCTBA C HYJAEBOW MEpPHOCTHIO N = (.
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Hynvmepnoe npocmpancmeo

Ha mepBblil B3MIsii IMPOCTPAHCTBO HYJIEBOM MEPHOCTH HE
MMEET CMBICIIA. DTO ke MPOCTPAHCTBO, KOTOPOT'O, B CYIIIHOCTH, HET.
OpHako naxe TakoMy IYCTOMY IPOCTPAHCTBY MOTYT OBITH IpHU-
[IMCaHbl HEKOTOpBIE XapaKTEPUCTUKH, CBOWCTBEHHBIE IOOOMY
JIpYroMy HpOCTPaHCTBY. BuAMMO, 3TH XapaKTEPUCTUKH TaK e
SBJSIIOTCA "MYCTBIMHU', KaK M CaMO HYJIbBMEPHOE MPOCTPAHCTBO.
Hanpumep, B TakoM IIpOCTpaHCTBE OTCYTCTBYIOT OCH KOOpAMHAT. B
HEM OTCYTCTBYIOT NMPOEKIUHU B J0O00M BHJe. EquHcTBEHHOE, YTO
MO>KHO YCJIOBHO MPUIIMCATh TOMY IPOCTPAHCTBY, — 3TO HAIUYHUE B
HEM OOBEKTOB C HYJEBBIMH METPUKAaMHU. OTH OOBEKTHl HMEIOT
HYJbMEpHbIE MPOTSHKEHHOCTH, TO €CTh HyJieBble JIMHBL. Ho uucio
TakUX OOBEKTOB B paMKax HYJb — IPOCTPAHCTBA, KaK 3TO HU IIO-
Ka)KeTCsl CTPaHHBIM, PaBHO O€CKOHEYHOCTH. Benp B HyleBOM 00b-
éMe momenaeTcsi 0ecUMCICHHOE KOJMYECTBO HYJIEBBIX O0BEMOB
(31eck MBI He Oy/IeM BECTH Pa3roBOp O MOPSAKE MATOCTH).

Bynem paccmarpuBaTth BpiTHE Kak peanbHbBIN (PHU3HUECKUIt
MHp, B kKoTopoM IIpocTpancTBo u Bpems poxaaroTcs B Iporecce
BO3HUKHOBEHHUsI BellecTBa U3 Marepuu [cMm. Matepusi, mpocTpaH-
CTBO, BpeMs, cTp.4]. Mbl He Oyaem ceifuac BOaBaThCsl B TaKHE Jie-
Talu, KaKk CHUHIYJIApHOCTb, bosnbmoil B3peB U uHQuALIMOHHOE
pacmupenre BeelleHHOM, NOCKOIbKY HAC MHTEPECYET HE MPOIIECC,
HE MEXaHU3M BO3HMKHOBEHHsI IIPOCTPAHCTBA, a €ro cBoWcTBa. MTak,
BOOOpa3uM cebe yclioBHO Marepuio, B KOTOPOl HET OOBEKTOB CO
CBOMCTBAMM IIPOCTPAHCTBA.

Puc.2.1. HynbmepHO€ MpoCTpaHCTBO (TOUKA)

Hab6monate [lpoctpancTBo Marepun Kak TakOBO€ MbI HE
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MOXKEM, IPUHHUMAsi, YTO MPOCTPAHCTBO — 3TO CBOMCTBO MaTEpHH,
MpOsIBIISAONIEECS B OPME BEIIECTBA U HEKOTOPBIX IPYTUX CBOMCTB
coocrBenHo Marepun. To, yto Matepusi u300pakeHa Ha PHUCYH-
ke 2.1 B BUJIe NPOCTPAHCTBEHHOI'O 0OBEKTA — 3TO YCIOBHOCTb, BEb
3TO Takoe "MpOoCTpaHCTBO", HAOIIOIATh KOTOPOE MOKET TOJIBKO
CyObexT, HaxonsIIMiics BHE Hero, BHe Marepuu. BHyTpHu BbIze-
nenHoit ob6nactu IlpoctpanctBa Matepuu H300pa3uM TOYKY —
IIPOU3BOJIHOE HYJIBMEPHOE MPOCTPAHCTBO U PACCMOTPUM, KAKUMHU
ocoOeHHOCTSIMU OHO oOmajgaer. IlockosbKy MBI Ipearnosaraem
paccMOTpeTh IEINBIN KITacC MPOCTPAHCTB, TO HAM HEOOXOIMMO BHI-
JENUTh 4TO-TO 00Illee B HUX, MPU3HAKH, OOBEAUHSAIONINE 3T IIPO-
CTpaHCTBa.

OTO MO3BOJUT YBUJETh U MOHATH MOBEJEHHE CaMBIX CYIlle-
CTBEHHBIX M3 3THX NpH3HaKoB. [losaToMy 37€Ch U Aanee Mbl Oynem
UCXOJUTh U3 CIEAYIOIINX TPaBUIL:

1. cBOMiCTBA 1TaHHOTO MPOCTPAHCTBA JOJLKHBI OBITH MPHUCYILH
U IPOCTPAHCTBY OOJIbIIIEH MEPHOCTH;

2. IpOCTPaHCTBO OOJIBIIEH MEPHOCTU MOKET UMETh JIOMOJI-
HUTEJbHbIE CBOWCTBA, OTCYTCTBYIOIINE Y TAHHOTO IPOCTPAHCTBA;

3. COOTHOLIEHUSI MEXKIY CMEXKHBIMH  IPOCTPAHCTBAMHU
JOJIKHBI OBITh CXO0KH, BKJIKOYAasl CIOCOOBI ITEpeX0/1a K MPOCTPaHCTBY
00JIbIIIEH MEPHOCTH.

B nepByto ouepep HaC MHTEPECYET CIEAYIOIIEE COOTHOILIE-
HUE MEXJly IPOCTPaHCTBaMU: KaK "BUIAUTCS", KaK BOCIIPUHUMAETCS
HEKUH 0OBEKT M3 JM0OOro MpocTpaHCcTBa. [IpHUMHON 3TOrO MHTE-
peca SBISI0TCS U3BECTHBIE ONMCAHUS BOCTIPUSATHS YETHIPEXMEPHOTO
00BEeKTa U3 HAIIETO TPEXMEpPHOTo Mupa. CuuTaercs, 4To B LIEIOM
HEBO3MOXKHO "TIOMECTHUTBH" YETBIPEXMEPHBIN OOBEKT B TPEXMEPHBII
MHp, U OH BOCIIPUHHUMAETCS KaK CEYEHHUE, CPe3 ITOro 00BEKTA, €ro
MIPOEKIMS HA TPEXMEPHOE MPOCTPAHCTBO. DTO CBOHWCTBEHHO BCEM
CMEXHBIM IIPOCTPaHCTBAM. J|eCTBUTENBHO, TOMECTUTH, HAIIPUMED,
B HYJIBMEPHOE MPOCTPAHCTBO OIHOMEPHBIH OOBEKT, JIMHUIO He-
BO3MOKHO. [Tpy MpoXoKIeHUH TaKOoro OJHOMEPHOTO 0OBEeKTa ye-
pe3 HylIbMepHOE MPOCTPAHCTBO, YCIOBHBIE OOUTATENN MOCIETHETO
MOT'YT HaONIOAATh TOJBKO TO, YTO B MPHUHIIUIE JOCTYIHO HaOII0-
JICHUIO B 3TOM IPOCTPAHCTBE — HYJIbMEpPHBbIE OOBEKTHI. TO €CTh
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TUHUS OyZIeT MpOeHupoBaThCs B HYJIBMEPHOM IPOCTPAHCTBE B
TOYKY C HYJEBBIMU pa3Mmepamu (puc.2.2a). 3aech W jganee ais
HArJSIHOCTH HA PHUCYHKAaX MBI HM300pakaeM HYJEBBIE pPa3Mephl
(ToNmMHY TUHUHI, 00BEKTOB) HEKOTOPHIMU OOBEMHBIMU (PUTypamH,
MOJIpa3yMeBasi, YTo 3TH 0OBEMBI U pa3Mephl Ha CAMOM JIeJie paBHBI
uwymo. s "Habmonareneil" (MOHATHO, YTO TakWe HAOIIOAATENH
CHJIPHO OTJIMYAIOTCS OT TMPHUBBIYHBIX JJIi HAC, TPEXMEPHBIX
HaOmoaTenell) HyJIbMEPHOTO MPOCTPAHCTBA BO3MOXKHO HaOIIO-
JICHUE JIUIIb KPaTKoro ()parMeHra 00beKTa 0JHOMEPHOTO.

a . X Y @) "
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Puc.2.2. HynbMepHOE MpPOCTPAHCTBO B OJHOMEPHOM, ABYX-
MEPHOM U TPEXMEPHOM IMPOCTPAHCTBAX

IIpu 3TOM OHH, OUEBHUJHO, OyAyT HAOIIOAATh YAUBUTEIBHOE
SBJICHHE: BO3ZHUKIIMI B MX MHpE HHOTKy/Ja OOBEKT 3aT€M CTpaH-
HBIM, HEOOBSICHUMBIM 00pa3zoM u3Mensiercsi. Hanpumep, ogHomep-
Hasl JIMHUS MOKET ObITh HEOJHOPOJHOW M MMETh Ha CBOEM IPOTS-
KEHUU PA3IMYHYI0O Maccy Wid 1BeT. J{ns Habmomarenst HylIbMep-
HOTO IMPOCTPAHCTBA TAKOW TMOSBUBIIUICSA W3 HUYErO OOBEKT 0Oe3
BCSKOM MPUYMHBI U3MEHSIET CBOIO Maccy WM 1BeT. Hanportus, nmis
HabJroaTeNsl OJJHOMEPHOTO MHpa MPH 3TOM HUYEro CTPaHHOTO HE
MIPOUCXOJUT: MPOCTO JIMHUS TEPEMEIIAaeTCsl 4Yepe3 3Ty TOUKY.
OueBHIHO, UTO Takas k€ KapTHHa OyneT HaOI0JaThCs U IpPHU Ie-
pEMEILEHNH Yepe3 HYJIbMEPHOE MPOCTPAHCTBO JIPYroro 00ObeKTa —
nByxmepHoro. Kak 1 B nepBoM cirydae, HaOI0JaTesin HyJIbMEPHOTO
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MPOCTpaHCTBA OyAyT C YAUBIEHUEM HaOII01aTh, KaK BOSHUKILIUH U3
HUYEro oOBEKT MEHSIET CBOM XapakTepuctuku (puc.2.2b). Ha pu-
CyHKE sl yA0oOCTBa ABIDKYIIMMCS ITOKa3aHO HYJIBMEpPHOE Tpo-
CTpaHCTBO. Ecmu OBl 3TO mpocTpaHCTBO (KpacHbIe cepsl) ObLIO
M300paKeHO HEMOJBIKHBIM, TO MPHUIIIOCH ObI M300pa3uTh B JBU-
KEHUU TUIOCKOCTh (ABYXMEPHOE MPOCTPAHCTBO), YTO CHIIBHO 3a-
TEMHUJIO OBl PUCYHOK.

JIByXMEpHOE MPOCTPAHCTBO NPUOIINKAETCS K HYIIbMEPHOMY U
nepeceKaet ero (YCIOBHO 3TO IMOKa3aHO OTBEPCTUEM B JIByXMEPHOU
IJIOCKOCTH). B 3TOT MOMEHT HaOmrofaTeld HYJIbMEPHOIO IMpo-
CTpaHCTBa HAONIOAIOT BOHWKHOBEHHE B HEM W3 HUYETO HOBOTO
00BeKTa, KOTOPBIM, OYEBUIHO, 00JIaJaeT BCEMHU CBOHCTBAMHU 00b-
eKTa IBYXMepHOTo. [IIOCKOCTh IBYXMEPHOTO IPOCTPAHCTBA MOXKET
nepemMeniaThecsl Jajiee TakuM o0pa3om (BJIEBO), 4TO OyAeT Bceraa
nepecekarb 001acTh HYJIBMEPHOTO MPOCTPAHCTBA, HAXOSICh B HEM
CBOEH 4acTbIO.

HabGnronarensm HyIbMEpHOTO MTPOCTPAHCTBA MIPH ATOM OyIIET
JOCTYITHA UMEHHO Ta YacTh JIBYXMEPHOTO MPOCTPAHCTBA, KOTOPas
nepecekaercss ¢ HUM. [loaTromy oHM OynayT HaOmoomatbh Oecripu-
YMHHOE, HUYeM HE OOBSICHUMOE U3MEHEHHE CBOMCTB HOBOSBIICH-
HOro 0Opa3oBaHMs: U3MEHEHHE IIBETa, MACChl, TUIOTHOCTH M TPO-
4yero. J1o OyJIeT B TOM Ciydae, €Clid JABYXMEpPHOE MPOCTPAHCTBO
(rutockocTh) OyneT, COOTBETCTBEHHO, HEOJHOPOJIHOM MO CBOEH
MOBEPXHOCTH. B nmanpHeiiem, Korjaa ABYXMEPHOE MPOCTPAHCTBO,
TUIOCKOCTh M3MEHUT HAalpaBlieHHE CBOETO IBIDKEHHS (CMECTHUTCH,
HaTpuMep, BBEpX) M BBIMJECT U3 CONMPUKOCHOBEHHS C HYJIbMEPHBIM
MPOCTPAHCTBO, B TIOCIEIHEM NPOM3OUAET UYyI0 HCUYEC3HOBEHHUS
3TOro 00BEKTA.

TouHo Takas ke kapTuHa OyJeT HaOIOIaThCs U MpU Iepe-
CEUEHHH HYJIBMEPHOTO TMPOCTPAHCTBA OOBEKTOM TPEXMEPHOTO
npocrtpaHcTBa (puc.2.2c). JABmwxKymuiics BBEpX — 110 OCU Z — TpeX-
MepHBbIH 00bEKT (Ky0) B HEKOTOPBI MOMEHT BPEMEHH MPUXOAUT B
COIPUKOCHOBEHUE C HYJIbMEPHBIM IMPOCTPAHCTBOM, KOTOPOE KaK ObI
JBMDKETCSI CKBO3b 3TOT KyO BJIOJIb M300pak€HHOTO Ha PUCYHKE Ka-
Haia. HaOmromatensiM HYIBMEpPHOTO MpOCTpaHcTBa OyayT Jo-
CTYMHBI JUIS BOCIIPHSTHSA T€ 00NacTH Kyba, KOTOpBIE B JaHHBIN
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MOMEHT IepeceKkaroTcsi ¢ HUMH. Ecim KyO0 HEOJHOPOJEH, TO
HabJro1aeMble CBOMCTBA OyayT M3MEHATHCS 0€3 BCSAKOW BUAUMOMN
IPUYMHBL: IJIOTHOCTb, LBET, AMAJIEKTpUYECKas MPOHUIAEMOCTb,
BSI3KOCTh U npouee. Koraa HylbMepHOE MPOCTPAHCTBO JOCTUTHET
Kpas Kyba W BBIHJET M3 HEro, B HYJIbMEPHOM IPOCTPAHCTBE
HEOKUJAHHO HMCYE3HET 3TOT 00BbeKT. HHMKakuMu KilacCM4eCKHUMHU
(GU3NIECKUMHU 3aKOHAMHU OOBSICHUTH 3TO OY/IET HEIb34l.

MakpockonruecKkre CBOMCTBA — INIOTHOCTb, LIBET U TaK Jlajee
B OIMCAaHUM MCIOJIb30BaHbl YCIOBHO, MOCKOJIBKY B MX OOBIYHOM
CMBICJIE OHM JUIsl HAOMIOJEHMSI B HYJIbMEPHOM MHpE HEIOCTYIIHBI.
Bo Bcex paccMOTpeHHBIX CiiydasgX OOBEKTBI OOJIbLIEH MEpPHOCTH
(0Z1HO-, IBYX- ¥ TPEXMEPHBIE) UMEIOT B HYJIbMEPHOM IPOCTPAHCTBE
HYJIEBbIE YCJIOBHBIE NMPOEKLUHU. MOKHO TNPEATNONIOKUTh, YTO 3Ta
3aKOHOMEPHOCTh CIPABEAINBA Ul BCEX MBICIMMBIX MPOCTPAHCTB
00JIBIIIEH MEPHOCTH.

Oonomepnoe npocmpancmaeo

Kak cBsi3aHbl Apyr ¢ IpyroM JBa CMEXHbIE IPOCTPAHCTBA —
HyJIbMEpHOEe H ogHOMepHOoe? OYeBHIHO, YTO MpeoOpazoBaHHE
IIEPBOTO BO BTOPOE MPOU3BOAUTCS MPUHYAUTEIbHBIM J100aBIEHUEM
KOOpauHaThl. B MaremaTtuke Takoe pUMaHOBO IMPOTSHKEHUE OIH-
ChIBaeTCs OIepalnueil UHTErpupOBaHUs, TO €CThb, CYMMHUPOBAaHUEM
MHO>KECTBA TapajlieIbHbIX OOBEKTOB 110 BHOBb BBEJIECHHOW KOOp-
nuHarte. /[ mosydeHus: ClenyroIlero MPOCTPAHCTBA MbI MPOCTO
JUPEKTUBHO YCTaHABJIMBAEM HOBYIO KOOPJIMHATY M MPUCOETUHSIEM
ApYr K JIpYry IO HEH HyJbMEpHbIE NMPOCTPAHCTBA, TOXKAECTBEHHO
PUMaAHOBCKOMY MpOTsbKeHUto. IIpu 3Tom mosydyaeM OJHOMEpHOE
IIPOCTPAHCTBO C €IUHCTBEHHON KOOPAMHATON X (Ha3BAaHUE MOKET
ObITH MIOOBIM). HUKaKuX JTOTHMYECKUX MPUYHH, KPOME TUPEKTUBBI,
HeT. Takoe ImpOCTPaHCTBO MBI MOYKEM H300pa3uTh YK€ B HallleM
peaTbHOM TPEXMEPHOM MPOCTPAHCTBE B JIHOOOM YIOOHOM Uil HAC
BHJIe, HANpUMeEp, Ha TpexmepHoM KybOe (puc.2.3). 3aech oCh X
MPUHAIICKUT YIOMSIHYTOMY BHOBH 0Opa30BaHHOMY OJTHOMEPHOMY
npoctpadcTBy. Kak BUIHO Ha pUCYHKE, B OJJHOMEPHOM IPOCTpaH-
CTBE TPEXMEPHBIN 00BEKT — KyO TOMECTUTHCS HE MOXKET.
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Opnako JF000¥ HYIBMEPHBIH 00BEKT 0TOOpakaeTcs B ITOM
IIPOCTPAHCTBE BIIOJIHE ONPEIEICHHON BEIMYMHON — KOOPIAUHATOM.
CrnenoBarenbHO, HYIbMEPHOE IPOCTPAHCTBO UMEET €UHCTBEHHYIO
MIPOEKINI0 B OJHOMEPHOM IPOCTPAHCTBE (TO €CTh, KOOPAMHATY).
[Ipu mepemenieHun OAHOMEPHOTO OOBEKTA BJIOJIb WM TOTMEPEK
OJIHOMEPHOT0 IPOCTPAHCTBA, OH NOMEUIAETCSI B HEM LIETUKOM U
HaOJII01aTeI 0 OTHOMEPHOTO MPOCTPAHCTBA OH BUJICH KaK IIE€IbHBIH,
CO BCEMH CBOMMH CBOMCTBAMU, OOBHEKT.
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Puc.2.3. OnHoMepHOE POCTPAHCTBO B TPEXMEPHOM

B cooTBeTCTBMM C IPUHATHIMU MPaBUIIAMH MOKHO 3aMETHUTbD,
YTO 10 OTHOILIEHHUIO K MPOCTPAHCTBY OOJIbILIEH MEPHOCTH — JIBYX-
MEPHOMY, TPEXMEPHOMY H TaK Jajiee, HaOII0Aal0TCsl TaKue JKe SB-
JIEHUs, KaK U s HyJbMepHOro mpocTtpaHctBa. Hampumep, npu
MIEPECEYEHUH OJHOMEPHOTO TMPOCTPAHCTBA C JABYXMEPHBIM,
HaOJIr0IaTeNM OJHOMEPHOTO MPOCTPAHCTBA BUIAT TaKO€ K€ YIH-
BUTEJILHOE SIBJICHHME: U3 HUOTKYJAa BAPYT HOSIBISIETCS OOBEKT OJI-
HOMEPHOTO MHUPa, KOTOPBI COBEPIIEHHO HEOOBICHUMBIM 00pa3oM
U3MEHsIET cBOU cBOMcTBA. OH MOKET U3MEHMUTH CBOIO JJIMHY, LIBET,
Maccy U Ja)ke IpOCTO NCYE3HYTh B HUKYyAA (puc.2.4).

Ha pucynke 2.4a BUIHO, KaK IpU JIBUKEHUH JIByXMEPHOTO
IIPOCTpaHCTBA (N = 2) MPOUCXOJUT HAJIOKEHUE €r0 Ha OJTHOMEPHOE
npoctpadcTtBo (n=1). Ilpu 3TOM AByXMEpHOE MPOCTPAHCTBO (Ha
PUCYHKE 3TO YCIOBHBIN MPSMOYTOJIbHUK) BHIPE3AET HA OJJTHOMEPHOU
JUHUM 0Tpe30ok L. B 3aBMCHMOCTH OT MOJI0XKEHUS NPSIMOYTOJIbHUKA
JIBYXMEPHOIO MPOCTPAHCTBA, JUIMHA 3TOTO OTpE3Ka MOXKET ObITh
pasHoil. Ecnu mpsAMOYronbHHMK JBHMIKETCS, BpallaeTrcs, W3MEHSET
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HAKJIOH K OJHOMEpPHOW JIMHWH, JJIMHA OTpe3Ka OyaeT M3MEHSThCS
CTPOr0 B COOTBETCTBUM C OTHUM JABMKCHUEM B IIJIOCKOCTH JBYX-
MepHOTro mpocTtpancTBa. [Ipuuém s HabmoaaTenst 0qHOMEPHOTO
IpoCTpaHCcTBa Oy/leT HEU3BECTHA HU IPUYMHA TAKOTO M3MEHEHUS,
HU 3aKOHOMEPHOCTH 3TOI0 U3MEHEHHs], TIOCKOJIbKY UCTOUYHHK JIBU-
JKEHUs HaXOJUTCA 3a IIpe/ieJlaMU OJTHOMEPHOTO IIPOCTPAHCTBA.
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Puc.2.4. OnHoMmepHbIit 00BEKT B IBYXMEPHOM U TPEXMEPHOM IIPO-

CTpaHCTBaxX

AHanorn4yHas KapTHHa OyneT HaOJrolaThCs W MPH Tepece-
YEHWU OJHOMEPHOTO TPOCTPAHCTBA TPEXMEPHBIM OOBEKTOM
(puc.2.4b). 1 B sTOM ciyd4ae B OJHOMEPHOM NPOCTPAHCTBE II0-
SIBUTCSI HOBBbII OJHOMEpHBIH 00BekT mmuHOM S. Ilpm stom mns
HaOroaTeNss OAHOMEPHOTO MPOCTPAHCTBA HET HUKAKOH BO3MOXK-
HOCTH OMPENENINTh, K KakoMy 'pOJUTETbCKOMY' MpPOCTPAHCTBY
OTHOCHTCS HAaOJI01aeMBbIli 0OBEKT: OTHOMEPHOMY (C BOJIIEOHBIMU
CBOMCTBaMH), ABYXMEPHOMY, TPEXMEPHOMY HIIH 00Jiee MEPHOMY
npocTpaHcTBy. [lpu nBMXeHMH TpexmepHoro oOwekTa (n = 3)
CKBO3b OJIHOMEPHOE NPOCTPAHCTBO (JMMHMIO n = 1) HabmromaTenu
nociuenHero Oyayt GUKCUpOBaTh pa3IMYHBbIE CBOMCTBA OTpe3Ka S:
TUIOTHOCTD, IIBET, BSI3KOCTh U JIPYTHe, KOTOPHIE B 00IIEM CiTydae s
HUX OYyAyT W3MEHSTHCS MO0 HEU3BECTHOM NpHuUnHe, 0e3 3aKOHO-
MepHocTelt [46, c.71]. Eme pa3 oTMeTHUM, 4YTO TIJIOTHOCTH, IIBET,
BSA3KOCTh U TpoYee ISl HyJbMEPHOTO, OJHOMEPHOTO M JABYXMEp-
HOTO MHPOB SIBJISIFOTCS YCIIOBHBIMH XapakTepUCTUKaMHU. Tpex-
MEpPHBI OOBEKT MOXKET JBUraThCs BIOJb JUHUHA OIHOMEPHOTO
MPOCTPAHCTBA WMJIM TONEPEK HEro B JBYX BO3MOXHBIX OPTOTO-
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HATBHBIX HAIMIPABJICHUSX, & TAK)KE MOYKET BPAIATHCS BOKPYT JIFOO0H
ocu. Bce 3T ciryyan mposBISIOTCS B OJTHOMEPHOM IIPOCTPAHCTBE B
M3MEHEHHH BEJIMYHHBI S OTpe3Ka W €ro CMEHICHHWH BJIOJIb OCH OJI-
HOMEPHOTO MpocTpaHcTBa. Kak OTMeuYeHO, B OJHOMEpHOE Ipo-
CTPAHCTBO TpPH 3TOM '"MomafaroT" pa3iMyHbIe 00JIACTH TpEeXMep-
HOT0 00BEKTa, KOTOPHIE B OOIIEM Cllydae MOTYT UMETh pa3In4yHbIe
CBONCTBA.

Kak BuauM, mepBble JBa MpaBuia COOJIIOJCHBI, a TPEThE
MMpaBHJIO BCTYIIUT B CUITY, KOrAa MOABUTCA BO3MOKHOCTE CPABHUTH
7IBa TIEPeX0/1a OT MPOCTPAHCTBA K MPOCTPAHCTBY (374€Ch MBI HUMEEM
JIMIIb OJWH MEpexXoJ — OT HYJIBMEPHOro K OJHOMEPHOMY IpO-
CTPaHCTBY).

Jleyxmepnoe npocmpancmaeo

Ilepexon K MPOCTPAHCTBY ABYX U3MEPEHHUI MPOU3BOAUTCS B
COOTBETCTBUU C TPETHUM IPABUIIOM TaK e, KaK U IEepexoj] OT
HYJIBMEPHOTO MPOCTPAHCTBA K OJTHOMEPHOMY, TO €CTh Mpeodpazo-
BaHHWE OJIHOMEPHOIO MPOCTPAHCTBA B JIBYXMEPHOE IPOU3BOJUTCS
MPUHYAUTEIbHBIM 100aBIEHUEM KOOPIMHATHI, MpoTshKeHneM. Kak
OTMEUYEHO, B MaTeMaTHKE 3TO ONMUCHIBAETCS OIepalredl MHTerpu-
pPOBaHMS - CYMMHPOBaHHEM OOBEKTOB 10 BHOBb BBEJIEHHOW KOOP-
nuHate. Mbl IpoCTO JUPEKTUBHO YCTAHABIMBAEM HOBYIO KOODPIHU-
HaTy U TNPUCOEIUHSEM JpPYyr K JAPYry MO HEW OJHOMEpPHBIE IpPO-
CTpaHCTBa - JuHUM. [Ipu 3TOM mMosyyaeM JIBYXMEpHOE MPOCTpPaH-
CTBO C JIByMsI KOOPJIMHATaMH X U Y (Ha3BaHHS MOTYT OBITH JTIOOBI-
Mmu). Kak u paHee, HUKAaKMX JIOTMYECKUX MPUYUH, KPOME IUPEK-
TUBBI, HET. Kak U B peaplIylleM ciaydae, TaKoe MPOCTPAHCTBO MbI
MO>KEM M300pa3UTh B HAILIEM PEAJIbHOM TPEXMEPHOM IPOCTPAHCTBE
B JIIOOOM yJIOOHOM JUIsi HAC BHJIE, HApPUMEp, Ha TaKOM K€ TpeX-
MEpHOM KyOe. 3/1eCbh BHOBb BBEJICHHOW KOOPAUHATOMN, IPUBOISILIEH
K 00pa30BaHUIO IBYXMEPHOTO MPOCTPAHCTBA XY SBJseTCs Och y. Ha
PUCYHKE BHJHO, YTO, KaK U B MPEAbIAYIIEM Cllydyae OJHOMEPHOTO
IIPOCTPAHCTBA, B ITOM JBYXMEPHOM IIPOCTPAHCTBE TPEXMEPHBIN
00BEKT — Ky0 pHc.2.5a, HOMECTHTHCS HE MOXKET. 3aTO B 3TOM IIPO-
CTPAHCTBE TENEPh BIIOJHE ONPEIEICHHON BEIMYUHOW — KOOpINHA-
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TaMH MOTYT OBITh OTOOpaK€HBI OOBEKTHI MEHBILIEH MEPHOCTH —
HyJbMEpHbIE (TOYKa Ha IUIOCKOCTH XY) U OJHOMEpHbIE (JINHUS Ha
TIOCKOCTU XY). OOBEKTHI K€ TpeXMEpPHBIE MOTYT OTOOPa3UTHCS B
BHJIE TPOCKIUN.

Ve —
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Puc.2.5. TpexmepHbie 00BEKTHI B IBYXMEPHOM MPOCTPAHCTBE

Hanpumep, npu 1BM»KeHUU TpEXMEPHOTO 00BEKTA 110 TPEThel
KOOpJMHATE Z, OH MepeceyéT MIIOCKOCTh JIBYXMEPHOTO MPOCTpPaH-
CTBa U OyzieT BOCTIpUHAT "HaOIMr0AaTeNsIMU" IBYyXMEPHOTO MUpa Kak
JIBYXMEPHBIN 00BEKT — CEYEHHE TPEXMEPHOTO 00BEKTA IIIOCKOCTHIO
JBYXMEPHOI'O IPOCTpaHCcTBa puc.2.5¢,e. Kak ¥ B ABYX MpeabIAyILuX
cllydasiX ABYXMEpHbIE HaOII0AaTeIn CMOTYT HaOM0aTh CTPAaHHOE
SBJICHHE: BOSHUKHOBEHHE U3 HUYETO 00BEKTa UX JBYXMEPHOTO MHU-
pa, 3araJjoyHOe U3MEHEHHE €r0 CBOICTB, U TAKOE e 3araJjloyHOE UC-
Ye3HOBEHHE O00BEKTa, eciii KyO MPOJOJDKUT CBOE JIBUKEHHUE U, B
KOHEYHOM CY€eTe, BBIIIET 3a Mpenenbl MI0CKOCTH 3TOr0 JABYXMEp-
HOro mpoctpancTBa. K 3arafioyHbIM H3MEHSIOIIMMCS CBOMCTBAM
00BEKTOB NT00ABUTCS IUIONIA/Ib, KOTOpas OyIeT WU3MEHSTHhCS TpHU
JBUKEHUM Yepe3 JBYXMEPHOE MPOCTPAHCTBO TPEXMEPHOTO OOBEK-
Ta, HalpuMep, nupamuabl puc.2.5¢. JIro6oit 00beKT OosblIel Mep-
HOCTH, 4eM JIBE, OyZeT 0TOOpaxaThCsl B JByXMEPHOM IPOCTPAHCTBE
B BHJIC €AMHCTBCHHOHN MPOEKIMU Ha IUIOCKOCTh Xy puc.2.5d. Ho
KpOME 3TOTO U JIByXMEpHbIE OOBEKTHI, HE HAXOAAILIUECS B 3TOM
JBYXMEPHOM IIPOCTPAHCTBE TAK)KE€ MOTYT OTPAa3UTHCSI B HEM B BUJIE
npoekuuu puc.2.5b. OTMeTuM, 4yTO NMOAO0OHBIM COCOO MPOEKTUB-
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HOM BH3yalM3alMy — Pa3BEPTOK WJIM CEUEHUEM OOBEKTOB B IPO-
CTPaHCTBO MEHbIIEH pa3MEPHOCTH ObUI H3BECTEH U paHbLIE

[46, c.71].
Tpexmepuoe npocmpancmeo

Ilepexo K IPOCTPAHCTBY TPEX M3MEPEHUI NMPOU3BOIUTCS B
COOTBETCTBUU C TPETHUM INPABUJIOM TaK K€, KaK M B IPEIbIIYLINX
IpUMepax MPUHYIUTENbHBIM J00aBIEHUEM HOBOM, TpeThel KOOp-
JMHATBI, YTO TaK K€ OMMCHIBAETCS B MaTEeMaTHKE OIepaluedl HH-
TErPUPOBAHMS WIM PUMAHOBCKOTO NMPOTSDKEHUS. Mbl JUPEKTHBHO
MIPUCOEIUHSIEM APYT K JAPYry 10 HOBOM KOOPAMHATE JABYXMEpPHBIE
IIPOCTPAHCTBA - INIOCKOCTU. [loslyyaemM mpu 3TOM NMPHUBBIYHOE HaM
TPEXMEPHOE MPOCTPAHCTBO Xyz 0€3 KaKuxX Obl TO HU OBLJIO JIOTHYe-
CKUX IIPUYUH, KPOME JTUPEKTUBBI.

B »3TOM mpocTpaHCcTBE Tenepb BIIOJIHE OINpPENEICHHON BENH-
YUHON — KOOPAMHATAMU MOTYT OBbITh OTOOpaKe€Hbl OOBEKTHI MEHb-
1€l MEPHOCTH — HyJIbMEpHbIE (TOUKA Ha IUIOCKOCTU XYy) U OJHO-
MEpHbIE (JMHUS Ha IMJIOCKOCTH XY) U JBYXMEpHBIE (IJIOCKOCTU B
IIPOCTPAHCTBE XyZ). 37€Ch Mbl YK€ MOYKEM IPEAINOJIOXKHUTD, 10ra-
JaThCsl, 4YTO OOBEKTHI OOJIBLIEH MEPHOCTH B MOJIyUEHHOM TPEXMeEp-
HOM IIPOCTPAHCTBE MOTYT OTOOPa3UThCS B BUJE TPEXMEPHBIX 00b-
€KTOB (TPEXMEPHBIX NMPOEKIHH).
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Puc.2.6. UetblpexmMepHbIIl 00BEKT B TPEXMEPHOM IIPOCTPAHCTBE

Crnenyer OTMETHUTb, YTO OJJHA U Ta e MPOEKIUs B TpeXMmep-
HOM MHpE MOXET MMETh MCTOYHHUKOM JIOO aOCOIOTHO TUIOCKHI
4-00beKT, MO0 TOITHOICHHBIH 4-MepHBIH 00bekT. Ero "morpyxe-

72



Hue" B 3-MepHBIH MUDP MOXKET OBITh KaK NMPOEKIMOHHBIM, 0e3 me-
pecedyeHus: — puc.2.6a,b, Tak U B pe3ynbTare €ro MepeceueHus C
3-MepHBIM MHPOM — puc.2.6¢. Hanpumep, cienyeT npeanoaoxKuTh,
YTO MPU ABMKEHUH, CKaXKEM, YETBIPEXMEPHOTO Ky0a M0 4eTBEpTOil
KOOpJMHATE, OH IepeceyéT 00bEM TPEXMEPHOIO MPOCTPAHCTBA U
Oyzmer BocIpHHAT "HaOmromaTeNnssMu" TPEXMEPHOTO MPOCTPAHCTBA
KaK TPEXMEpPHBIN K€ 00bEKT — CEUEHUE YEThIPEXMEPHOI0 00BEKTa
00BEMOM TPEXMEPHOTO IPOCTPAHCTBA (TIPOEKIIUS YETHIPEXMEPHOTO
00BbeKTa Ha 00BbEM TPEXMEpPHOTO MPOCTPAaHCTBA Xyz). Takum "ce-
YeHHeM' WU MPOEKUMEN JUIsl TPEXMEPHOTO MPOCTPAHCTBA MOXKET
CUMTATHCS JTH000H 00BEKT, KOTOPBIN MBI HAOIIOAAEM B PEATHHOCTH.
Bunumo, npu IBMKEHUU YETBIPEXMEPHOTO OOBEKTA 0 YETBEPTOMH
KOOpJIMHATE B HALIEM TPEXMEPHOM MHUpPE JOJDKHBI HAOMIOIaThCS
TaKHe K€ 3araJlouHble SIBJICHUS, KAaKU€ OMMCAHbI JUIsl IPOCTPAHCTB
MEHBbIIIEH pa3MepHOCTU. TO ecTh, B IPOCTPAHCTBE MOKET BO3HUK-
HYTb U3 HUYErO0 HEKUH OOBEKT, MPUUYEM €ro CBOMCTBA MOTYT M3-
MEHSTBCS CaMbIM YIUBUTEIBHBIM 00pa3oM, HUYEM HE OOBSICHU-
MBIM, C HApPYIIEHUEM BCEX MBICIIMMBIX 3aKOHOB (Qm3uku. Hanpumep,
00BEKT MOKET M3MEHSTh CBOM pa3Mepbl, Maccy, BET U Ipoyee.

N300paxkeHne B TPEXMEPHOM TIPOCTPAHCTBE OOBEKTOB
MEHbIIIEH MEPHOCTH U HA00OpOT ObUIO MOKazaHOo BbImIe. Clenyer
0KUJaTh, YTO CIIOCOOBI 0TOOpPaKEHUS B TPEXMEPHOM IPOCTPAHCTBE
00BEKTOB YETHIPEXMEPHOTO MPOCTPAHCTBA JIOJHKHBI TTOAYUHSITHCS
TE€M JK€ MpaBWiIaM. B 4acTHOCTH, 3TH yYeThIpeXMEpHbIE OOBEKTHI
MOTYT OBITh H300pak€Hbl B BMJIE NPOEKLUUN HA KOOpPJAUHATHBIE
mockocTy. ITockoabKy moka He BIOJIHE SICHO, KaK 3TO MPOU3BECTH
Ha MPaKTHKe, HAYHEM PAaCCMOTPEHHE C COOCTBEHHO YETHIpEXMep-
HBIX 00BEKTOB.

YemuvipexmepHoe npocmpanHcmeo

IIepexo k MPOCTPAHCTBY YETHIPEX U3MEPEHUN IIPOU3BEAEM B
COOTBETCTBUU C TPETHUM IPABUIIOM TaK K€, KaK U B MPEIbIIYIIHNX
IpuUMepax, NPUHYAUTENbHBIM J00ABICHUEM YETBEPTOH KOOPAM-
HaTbl M, ¢ y4€TOM MaTEeMaTU4YECKOM OIepalyd WHTErPUPOBAHUS
WJIU NPOTSDKEHMS. MBI TUPEKTUBHO NMPUCOECAUHUM APYT K APYTY 11O
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HOBOH KOOpMHATE TPEXMEPHBIE MPOCTPAHCTBA - 00BEMBI. OIHAKO
KaK 3TO MpOJieNaTh B peaibHOCTH, IIOKa HEsICHO. BuinuMmo, npu atom
MBI IOJIyYUM HEOUYEBUAHOE INOKAa YETHIPEXMEPHOE IPOCTPAHCTBO
Xxyzm (06€3 KakuxX Obl TO HU OBIIO JIOTUYECKUX MPUUYUH, KPOME JIU-
pektuBbl). Kak 310 m300pa3uts Ha cxeme? [l m300pakeHUs 4e-
TBIPEXMEPHBIX OOBEKTOB M HCCIIEIOBAaHUS MX MOBEICHHUS B TpEX-
MEpPHOM IPOCTPAHCTBE BOCIOJIb3YEMCSl  BBILICTIPUBEICHHBIMU
IIpaBUJIAMH.

OOBEKTHI B TPEXMEPHOM MPOCTPAHCTBE MOXKHO M300pa3HTh B
BHJIE TIPOEKLUH MO0 KaK OTPE3KOB HA OCH, YTO MEHEE HarJsiJHo,
1100 Ha TpU KOOPAMWHATHBIE IUIOCKOCTHU. {1 TpeXMepHOIro Mupa
ATUX IJIOCKOCTEH MMEHHO TpU. A CKOJBKO IIIOCKOCTEM B YETHI-
pexMepHOM mpocTpaHcTBe? 11 TPEXMEPHOTO MHUpa — 3TO IUIOC-
KOCTH XY, XZ, yZ. B 4eTbIpeXxMepHOM NpOCTPaHCTBE J100aBISAETCS
emé oaHa koopauHaTa. [loaTomy cienyer mpeamnoyioKuTh, 4TO B
TAKOM TPOCTPAHCTBE YETHIPE OPTOTOHAIBHBIE OCH: X, Y, Z, m 00-
pa3yroT 6 TIOCKOCTE MPOeKIuil (AByXMEPHBIX MPOEKIUN): XY, XZ,
yz, mX, my, mzZ OPOTHUB 3 TaKUX K€ JBYXMEPHBIX MPOEKUHUHA B
TPEXMEPHOM MHpE U OAHOM — B JIByXMepHOM. COOTBETCTBEHHO,
BO3MOXKHBI 4, 3, 2 u 1 ([yIsI OJHOMEPHOTO MPOCTPAHCTBA) OJHO-
MepHble Tpoekunu. OTcroa cpa3y e CTAHOBUTCS BHUIHA €1 O/1HA
KaTeropus MpoeKIi, XapakTepHas JINLIb JUIsl YETBIPEXMEPHOTO (U
BBIIIIE) IPOCTPAHCTBA: TPEXMEPHas MPOeKIUs. TakuxX MPOeKIUM s
YEeTHIPEXMEPHOTO MHpPA, OYEBHIHO, MOXKET OBITh UETHIPE — TPEX-
MEpHBIEC 00BEKTHI KaK MPOSKIIMH 10 KAXKIOW U3 0Cel, HO JIUIIb OJTHA
W3 HUX SIBJIAETCS MPOEKIMEH B HAlll 3-MEpHBIA MUP.

B cooTBeTCTBUM C TPETHUM NPABUIIOM, I UETBIPEXMEPHOTO
MPOCTPAHCTBA TPOU3BENCHO "mMobOaBlieHUE", CYMMHpPOBAaHUE JO-
MIOJTHUTEJIBHBIX AJIEMEHTOB — 00BeMOB. B wacTHOM cityuae, eciu
paccMarpuBaTh IMPOCTPAHCTBO 10 YETBEPTOH KOOpJAMHATE Kak
TMCKpeTHOE (IEIOYMCIICHHOE), K UCXOHOMY KyOy (00BmemMy) mpu-
0aBIIOTCS HOBBIE KYOBI. TO €cTh, KaXK10¥ AUCKPETHOM KOOpAUHATE
m=1, 2, 3 1 Tak Jayee COOTBETCTBYET CBOM COOCTBEHHBIN KyO. DTO
pa3Hble KyObl, HMCIOIIHNE KaXKJbIii COOCTBEHHBIN HAOOp CBOWCTB.
OpHako Takoe NpuOaBIeHHE BU3YaJIbHO OCYILIECTBUMO M B TPEX-
MEpPHOM MHpE, TOrja B 4eM ke pasHuua? PasHuma B TOM, 4TO
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KaX/IbI JIONMOJHUTEIBHBIH 00BbEM, KaK NPHUHITO CYHTATh, HAXO-
JUTCSI BHE HEKOTOPOTO MCXOJIHOTO, HAIIETO TpeXMepHOro mupa. OH
JOJDKEeH OBITh HEBUIMM B TPEXMEPHOM IIPOCTPAHCTBE, BEpHEE,
BCerJia BUJIEH JIMIIb OJUH KyO u3 Habopa. Ecnu TpexmepHoe mpo-
CTPAaHCTBO YCJIOBHO IPEACTAaBUTh IUIOCKOCTBIO, TO TPEXMEPHBIE
KyOBI-2JIeMEHTBI "BUCAT" HaJ 3TOW IUIOCKOCThIO. TO ecTh Takue
KyOBbI KaK ObI COEMHEHBI B CBOCOOPA3HYIO IETIOYKY TaKUM K€ 00-
pa3oM, Kak OblJIM COEMHEHBI IUIOCKOCTH MpU 00pa3oBaHUM 00bEMa
(0OBEMHOrO MpOCTpaHCTBA). B 4eThIpeXMEPHOM K€ MPOCTPAHCTBE
3TOT KyO €IMH, TO €CTh 110 KOOPJMHATE M Mbl MOXEM H300pa3uTh
JUIIb OAHY MPOEKUHWIo, oJuH KyO. Kak 3ToT Ky0O mOJDKeH mpo-
CMaTpUBAETCS C TOYKU 3pEHUsl MPOCTpaHCTBa TpexmepHoro? Ilo-
CKOJIbKY Ky0 MMEeT TOJHOCTHIO COBIAAIOIINE MPOEKIUH, U300-
pasuM JMIIb OJHY U3 HUX, 00BEIMHUB KaK OJMHAKOBBIE TPU KOOP-
JMHATHI XyZ, U TIPUHSB 32 OMPEICIISIONIYI0 HOBYIO, YUETBEPTYIO KO-
opauHary m (puc.2.7).

m A\
L ) 13
n=4
2
0T -- __.1
<

Puc.2.7. JIBuxeHne 4eTbIpeXMEepHOro 00beKTa

Ha pucynke ropusoHTanbHas 0cb 0003Ha4Y€Ha KakK X, Y, Z, 4YTO
IIPOCTO OTPakaeT (PaKkT MOJHOIO COBIAJECHMS MPOEKIUH XY, YZ, ZX.
Kak B 3TOM cilyyae uyeThIpeXMEpHBIM KyO Mpoenupyercs B TpeX-
MepHOe MpocTpaHcTBO? OYeBHIHO, YTO BCE MPOEKLUU YETHIPEX-
MEpHOIo Ky0a B TPEXMEPHOM IPOCTPAHCTBE SIBIISIFOTCSL, 110 KpaHEeN
Mepe, KyOOM, M300paXKeHHbIM B IPOEKLUAX XY, XZ, yz. TO ecTb,
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MEpEMEIEHUE YEThIPEXMEPHOTO KyO0a B UETBEPTOM M3MEPEHHUH I10
YEeTBEPTOI KOOPAWHATE M HE BBI3BIBAET €r0 NMEPEMEILEHUS IO TPEM
JPYTUM OPTOTOHAJIBHBIM KOOpJAMHATaM. DTO HamboJjee MpOoCTod U
BMECTE C TEM II0KA3aTEJIbHBIM, HATJIAIHBIM ClIy4dad, KOorjga Tpex-
MepHasl MPOEKIUsI YETBIPEXMEPHOrOo KyOa BHJHA B TPEXMEPHOM
IIPOCTPAHCTBE KaK OOBIYHBIN HEMOABHKHBIN KYO.

PaccmoTpuM, 4TO MPOMCXOIUT B TPEXMEPHOM NPOCTPAHCTBE
NP €ro JBWKEHUU B OOIIEM, YETBIPEXMEPHOM IIPOCTPAHCTBE.
Bo3bmeM Tpu TOUKHM Ha YETBEPTOM KOOpJAMHATE m: KOOpAHMHATa 1,
KOOpJIuHaTa 2, KOTOpas COOTBETCTBYET HAIIEMy TPEXMEPHOMY
MUpY, KOTOpasi MOTMagaeT Ha PUCYHKE B 00BEM Kyba Imo 3TOil Ko-
OopAvHAaTe, ¥ KoOpaAuHaTa 3, BBIXOJIAs 3a KpaillHIO TOUYKY Ky0a,
KaK M0Ka3aHo Ha puUcyHKe 2.7. B TOT MOMEHT, KOTJla IBHKYILEECs
3-MIpOCTPAHCTBO HAILIErO0 MUpPA MEPECEKAET KOOPAMHATY 2, B HEM
BJPYT BO3HUKAET 0OBEKT — KyO, M300paKeHHBIH MPOEKUHUSIMH XY,
XZ, yz. BuU3yanbHO 3TO 03Ha4aeT MosiBIeHUE Kyda, ero pokKJeHuE B
IIPOCTpaHCTBE Kak Obl U3 HUYEero. [IponcxouT 310 NOTOMY, 4TO IPU
JBUKEHUM 3-IIPOCTPAHCTBA IO OCH M OHO IepecekaeT Kyo, TO eCTh
IIPOSIBJIIET €r0 TOYKU C KOOpAMHATAMU X, Y, z. JlanpHeiliee nBu-
KEHHE 3-IPOCTPAHCTBA 10 KOOPAUHATE M HE MPUBOJUT HU K KAKUM
M3MEHEHUSIM TPEXMEPHOM MPOEKIMH Ky0a, €CIi OH MO 3TOM KOoop-
auHate m oxHoponeH. Ilocne yxona 3-mpocTpaHCTBa 3a KOOPIU-
HaTy 2 (BBEpX WU BHU3), KyO JUIsl HEro, KaK CUUTAETCS, NCUE3AET.

MoKHO TPEINnOoNI0KUTh, YTO 00BEM YETBIPEXMEPHOIO Kyda
paBEeH IPOM3BEICHUIO €ro TI'paHei: a’, IIOCKOJIBKY TPEXMEpHBIN
00bEM Kyba paBeH a’, a Takux KyOoB a mryk. COOTBETCTBEHHO,
KBaJlpaT JuaroHajid, BUIUMO, I0JDKEH ObITh paBeH CyMME KBajpa-
TOB €r0 rpaHen: 4a’ kaK 1 11t OGBIYHOTO TPEXMEPHOTO KyOa.

Hpyroit mnpocrednmmii 0OBEKT, YEThIpEXMEpHas NUpaMuia
MOXKET UMETh, HapuMep, BUJ puc.2.8. B kaxa0M U3 TpexMepHBIX
MHPOB CO 3HaYEHHEM YE€TBEPTOM KOOpAMHATHI - 1, 2 u 3 Takas nu-
pamuga OyJeT BBHITJSIIETh KaKk TPEXMEpHBbIE KyObl pa3MdHON Be-
auuuHbl. [Ipy [BWKEHMM TakoW NUPaMHJIBl 4Yepe3 TpPEXMEpHOE
IIPOCTPAHCTBO B HEM OyAeT HAOII0aThCsl U3MEHSIOIIMICS 1O pa3-
Mepam Ky0. CHauana, npu JBM)KEHHMH €€ BIPaBO, KOI/Ia MUpaMua
KOCHETCSl IPOCTPAHCTBA XYyZ M0 KOOpAMHATE M = 2 HaLIero Mupa,
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BO3HUKHYT KOOPJAWHATHI TPEXMEPHOTO OOBEKTa KyOa pa3smepom,
PaBHBIM BEpIIMHE MTUPAMUJIbI, 3TO OYeHb MaJICHbKUIT KyOuk. Jlanee
M0 Mepe JIBIKEHHUSI TPEXMEPHOTO MPOCTPAHCTBA BJIEBO MO PUCYHKY
pa3Mmepbl Kyba OyayT IUTaBHO YBEJIMYMBATHCS W, HAKOHEI, KOrja
MPOCTPAHCTBO XyZ COBMECTHTCS C OCHOBAaHHEM INUPaMUIBI, KyO B
3TOM MPOCTPAHCTBE MTHOBEHHO MCYUE3HET.

BT

‘ll,’lllbl])c’.\l"t.’])ﬂblﬁ 00veKm

i

m

Puc.2.8. JIBukeHne nupaMuaagbHOTO YETHIPEXMEPHOTO
00BeKTa (4eThIPEXMEPHON MUPAMU/IbI) IO YETBEPTOI KOOpAMHATE

OueBuaHO, YTO emI€ OJMH YETHIPEXMEPHBIA O0OBEKT, THIIep-
cdepa (cM. puc.2.22) 1oJKHA UMETh, KaK U Ky0, IIIECTh OMHAKOBBIX
npoekiuii. [Ipu nBuwkeHun Takoi cepsl CKBO3b TpeXMepHOe Tpo-
CTPaHCTBO, TO €CTh, IO YETBEPTONl KOOPAMHATE, B TPEXMEPHOM
MPOCTPAaHCTBE Xyz OyaeT Habmogatbes cdepa ¢ IIIABHO M3MEHS-
IOLUMCS AMAMETPOM.

Taxum 00pa3oM, U3 BCEro CKa3aHHOTO MOKHO CJIEJIaTh BBIBOJ,
4YTO deTBepTass KoOopauWHaTa (HAaKTUUECKH MpPEICTaBIseT coOoi
"ocp", Ha KOTOpyI0 "HaHU3aHbI" TpexMepHble 00BeKTHl. llepeme-
IIEHWE MO ATOH OCH NPUBOJUT, B HEKOTOPOM CMBICIIE, K IOOYE-
pEeAHOMY NOSIBJICHHUIO B TPEXMEPHOM IPOCTPAHCTBE HAHU3AHHBIX Ha
He€ 00bEeKTOB. B wacTHOCTH, MOXXHO HaHHM3aTh Ha MOJOOHYIO OCh
Takue BOT IIYyTOYHbIE "siflle - KypuHble" 00BeKTHl (puc.2.9). Ha
PUCYHKE TMOKa3aHbl JUCKPETHBIE OOOOIIEHHBIE H300pakeHus,

77



TpEXMEpPHbIE MPOEKLNH, COOTBETCTBYIOIIME YETHIPEM 3HAYCHUSIM
KOOPAMHATHI YETBEPTON IIPOCTPAHCTBEHHOM ocu m. [Ipu nBmxeHun
M0 YETBEPTON KOOpJMHATE Takoro "siIe - KypuHOro oObekra" B
TPEXMEPHOM IIPOCTPAHCTBE MOXET OBITh JAUCKPETHBIM, TOTIJA
KaKIbI U3 00bEKTOB OyJET CKAaUKOOOPa3HO MOSBIATHCSA B OJHON U
TOH K€ TOUKE TPEXMEPHOTO MUDA.

A

xyz

0 1 2 3
Puc.2.9. CnoxHslii 4eTbIpeXMepHBIN 00beKT "IBomronus siina'.

Hanpotus, B ciaydae MOHOJMTHOCTH, HEPA3PBIBHOCTH YEThI-
pPEXMEpPHOro 00BEKTa MEX]Yy ABYMS COCETHUMU MPOEKIUSIMHU MPO-
CTPAaHCTBEHHBIX Pa3pbIBOB HET, M HaOmomatbcs Oyler IIaBHOE
ABOJIIOLIMOHHOE TpeoOpa3oBaHue "SI0 — LBIUIEHOK — Kypuma'.
Takol mporiecc MOXHO CPaBHUTh C OOBIUHOM 3BOJIIOLIMEN BO Bpe-
MEHH, €CIM paccMaTpuBaTh YETBEPTYIO KOOPJIMHATY KaK BpeMs.
WNuave u3meHeHNe 00bEKTa MOXKET OBITH C JTFOOOH CKOPOCTBIO U B
Tr000M HarpaBlIeHUH, HE3aBUCUMO OT T€UEHUS BPEMEHHU.

[IIupoko pacHpoCTpaHEHHBIM IPUMEPOM UYETBIPEXMEPHOTO
IIPOCTPAHCTBA MOKHO MPU3HATh CKPUHCAIMBED (XpaHUTEIh 3KpaHa)
"Metamop¢o3s" B omepaunonnoii cucreme Windows (puc.2.10).
3TOT 00BEKT (PakTHUECKH TpeiCTaBisieT co0oi MocienoBaTelb-
HOCTh (OpM, TPOSBISIOMIMXCA B YCIOBHOM TpexmepHoMm (3D)
IIPOCTPAHCTBE 3KpaHa MOHUTOpPA NpPHU JBUKEHUM €ro 4Yepe3 3TO
IIPOCTPAHCTBO MO YeTBEPTOM KoopauHaTe. Ha pucyHke mo uerBep-
TOW KOOpJIWHATE M300paKeHBI JUCKPETHBIC 000OIICHHBIE 00OBEKTHI
(TpexMepHbIe npoekiun). Ha camom zene 4eTblpexMepHbIid 0OBEKT
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SIBJISIETCS. MOHOJIUTHBIM, U MEXIY ABYMS COCEIHUMU MPOCKLIUAMHU
MIPOCTPAHCTBEHHBIX Pa3pHIBOB HET. J[BMKEHHWE MOXKET OBITh JUC-
KPETHBIM, TOTJA YETBIPEXMEPHbI OOBEKT OyHeT NpeACTaBIATH
cO0OH TOCIEeI0BATENBHOCTD AUCKPETHBIX TPEXMEPHBIX 00BEKTOB.

Puc.2.10. YerblpexmMepHblii 0O0BEKT, XpaHUTENb 3KpaHa "Mera-
MOpdo3b1" (B OpUTHHAIIE €T0 COCTABJISIFOIINE UMEIOT PA3HBIN I[BET)

Hawubosiee mpoCcThIM U SIPKUM TIPEICTABUTEIEM TaKOTO YEThI-
pEXMEpPHOro 00bEKTa MOKHO CUMTATh KUHOJIEHTY. Kaxkaplii e€ kaap
— O3TO JMCKPETHBIM 3JIEMEHT (TpeXxMepHasi aKCOHOMETpUYecKas
MIPOEKIMS) YETBIPEXMEPHOIO OOBEKTA, a JBUXKEHHE JIEHTBHI 4epe3
IIPOEKTOP — 3TO MEPEMELIEHHUE N0 YETBEPTON KOOPAUHATE, B PE3YJIb-
TaTe Yero B TPEXMEPHOM IPOCTPAHCTBE KMHOJKPaHa 0TOOpaKaroTCs
KaJpbl KHHOJIEHTHI (TpexMepHble NpoeKiun). Eciu kaapsl caenarb
JOCTaTOYHO MOJPOOHBIMHU, YaCTBIMH, TO, YCTPEMHUB B IpeIeie K
HYJIIO Pa3HUIlY MEXIY JBYMsI COCEIHUMH KaJpaMH, MOYKHO IOJY-
YUTh HEMPEPHIBHBIN (CIUIOIIHON) YETHIPEXMEPHBIN 0OBEKT.

YpouiéHHo sBJIeHUE JBMKEHUS YETBIPEXMEPHOTO 00BEKTa C
JUCKPETHBIM IIPEBpAIEHUEM, IIEPEX0JI0OM OT OJAHOW TPEXMEPHOU
MPOEKIUH K IpYroi (Metamopdo3bl) MOKHO H300pa3UTh CIETYIO-
et cxemoil (puc.2.11). Ha pucyHke mo uyeTBepToil KOOpAMHATE
n300pakeHbl 00OOIIEHHO YETHIPEe TPEXMEPHBIX OOBEKTa, TpeX-
MepHbIe mpoeKuu. Ha caMoM Jiene 3TOT 4eThIpeXMepHBIH 00BEKT
SBJIIETCS MOHOJUTHBIM, U MEXIY ABYMSI COCEIHUMH MPOEKIUAMU
MIPOCTPAHCTBEHHBIX Pa3pbIBOB HET. MOKHO MPOBECTH AHAJIOTHUIO C
METaJUTMYECKOM Oankol, MMEIoel COOTBETCTBYIOIIME IOIepey-
Hble ceueHus no JuinHe. Ho B JaHHOM ciiyyae KakJl0€ CEueHUue
0aNKl — TpeXMepHOe, KyO B 3TOM TOUKe 3-MEPHOTO MPOCTPAHCTBA.
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3/1ech MOKa3aHO JIBM)KEHUE TOUKU A B IpOLECCE U3MEHEHUS
koopauHaTel m. Ha pucyHke MBI MOXEM YCIIOBHO NPHUHATH, YTO
OOBEKT M0 IBYM TPEXMEPHBIM KOOpIHMHATaM, HApuMep, Y U Z
CUMMETPUYEH, TO €CTh €r0 MPOEKLUUU Ha 3Ty IUIOCKOCTb yZ - 3TO
KBaJpar, poM0O, Kpyr, B TO BpeMsi KaKk Ha JIBE Ipyrue MIOCKOCTH (XY
U XZ) - IPSMOYTOJIbHUK, BBITSHYTBI poM0, oBasl. Ha pucyHke Bech
O0O0BEKT B IIEJIOM B TPEXMEPHOM NPOCTPAHCTBE MpeoOpazyercs mpu
JBUKEHUM 10 YETBEPTOM KOOpPAMHATE JUCKPETHO (CKayKaMH) U3
Ky0a B DJUTMIICOU]I.

Ax,y,z

: . . >

1 2 3 4
Puc.2.11. YerbipexmMepHblil 00BEKT KYO - SJUIMIICOU.

Emeé pa3 noguepkHeM, 4To 3TOT OOBEKT B peaIbHOCTH BIIOJIHE
MOXET OBbITh MOHOJHMTOM, a HE YMNPOILIEHHBIM HabOpoM HU300pa-
KEHHBIX Ha cxeme OTHeNbHBIX ¢uryp. Ha puc.2.12 s10oT 00BEKT
IIPEJICTaBJIEH C HEKOTOPOH CTENEHbIO YCIIOBHOCTH HENPEPBIBHBIM, B
BUJIe 0OBEMHOW KPUBOJMHEHHOW MHpaMH[IBI, CIOKHOTO YETBIPEX-
MEpPHOIo O0O0BEKTa, HENPEpPbIBHON KPHUBOJIMHEHHON NUpPaMUIbL,
MIPEJICTaBIISIIONICH co00¥ mepexoa Kyba B AJUTUIICOM], METaMop-
¢do3HOEe TpeoOpazoBanue "O6auMHOB". B TpéXxMepHOM MpOCTpaHCTBE
HabOmromaTenu OyAyT BUAETh W3HAYAIbHO HEOONBIION TOIyOOM
KyOUK, KOTOPBIIi B OJJHO MTHOBEHHE TPEBPAIIACTCS B OOJIBIION
3eNI€HBIM poMO, €€ yepe3 HEKOTOpOe BpeMsi MTHOBEHHO MpeBpa-
mjaercsd B JKENTHIM KpPUCTAl M, HAKOHEL, B CHJIBHO BBITSHYTHIN
CUHUU JJUIAIICOULL.
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Puc.2.12. YersipexmepHas KpUBOJMHEIHAS THpamMuia

Koopaunatsl 1 - 4 mo ocu m Ha puc.2.11 cooTBETCTBYIOT
(dbparMeHTam, CIIOSM, CEUYEHHUSM OSTOW mHpamMuabl. TakuxX cloéB,
ceueHHii OeCKOHEYHOE MHOXKECTBO M BCE OHH, KaK OTMEYasloCh,
"HaHu3aHbl" Ha ock m. Kak BuAHO Ha puc.2.12 mo BepTUKaAIbHOMN
OCH M MOXXHO IOJIyYUTh HE€ TOJIbKO TNPHUBEAEHHBIE BBIIIE JHC-
KpETHBIE CJIOU ¢ KoopauHaTamu m=1, 2, 3, 4 (Bbl€JICHHbIE LIBETOM
CJIOH - CEUEHUs1), HO U JIF000€ IPOMEKYTOUHOE 3HAUCHHE. 3/IECh JIJIs
HarJIiTHOCTH Ha PUCYHKE IOKa3aHbl JBE TPATUIMOHHBIE IIPO-
CTPaHCTBEHHBIE KOOPJIAUHATHI X, Y U UETBEPTasi KOOpAMHATA m.

TpeTbell IpOCTPAaHCTBEHHOM KOOPAMHATE HA PUCYHKE MOXKET
ObITh, HaIpUMep, MPUCBOCHO (puKcHpoBaHHOE 3HaueHHe z =h. B
9TOM ClIy4ae KaXKI0€ U3 TPEXMEPHBIX CEYEHUH YETBIPEXMEPHOIO
00beKTa (KpUBOJMHEHHON MupaMupl) OyAeT MpeACTaBIsTh COO0H
mwiockuit  "OmuH" BbICOTOM h: cBepxy ONWH-KBaIpar, CHU3Y -
OomuH-oBasl. Beicota Takmx "OnwHOB" Ha pucyHke 2.11 - 3To ero
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U3MEpEeHUe N0 KOOPAUHATE Z, a HE MO KOOPJAMHATE M, KaK MOXET
[I0Ka3aTbCs U3 PUCYHKA.

[Tpu Takoii cryIonIHON KOH(UTYpAIIUN YETHIPEXMEPHON KpH-
BOJIMHEWHON mMpaMujpl, oHa OyneTr "naBaTe" HpU JBUKEHHUH I10
4eTBEPTON KOOpAMHATE M TPEXMEPHBIE CEUEHMsI B BHUJIE KBaJpat-
HOTO, pPOMOMYECKOTO ¥ OBajIbHOTO OJIMHOB. [Ipuuém B 3TOM Cityuae
M3MEHEHHsI TPEXMEPHBIX POpM 0OBEKTOB OyIyT yXKe IUIaBHBIMH, a
HE CKauyKOOOpa3HBIMH, KaK ObUIO B MEPBOHAYAIBHOM BapHAHTE C
JUCKPETHBIMU 3HaueHusaMH "ciao€B". Ecnm xe juist BceX MPUHSTH
y =27, TO KaXabli u3 "OIMHOB" TpeBpaTuTcs B GUTypy BpallCHHS
BJIOJIb LICHTPAJIBHOM OCH, MAPAIJIETLHON OCU KOOPAMHAT X.

Kax npaBuio, mro6oe nepemernieHre oObEKTOB MO KOOPHU-
HaTHBIM OCSIM CBSI3aHO C TE€UYEHUEM BpeMEHU. To ecTb cOOCTBEHHO
IepeMeleHUe 3aBUCUT OT BpeMeHu. OJTHAaKO 3Ta 3aBUCUMOCTb He-
o0si3aTenpHa, OHa MPOCTO yaoOHa. OYeBUIHO, YTO BPEMS IIPU STOM
OTHOCHUTCSI OJJUHAKOBO K JIFOOOM M3 UeThIpEX KOOpJMHAT, HO CaMo
IIPU 3TOM HE SIBJISIETCSA IMPOCTPAHCTBEHHOM KoopAuHaToi. Crenyer
0C000 OTMETUTH, YTO HAOOP TPEXMEPHBIX KOMIOHEHT (TPEXMEPHBIX
MPOEKIUN) YETBIPEXMEPHOTO 00BEKTA MOKET OBITH MPOU3BOJIHHBIM.
Hanpuwmep, a1 HEKOTOPOTO TUCKPETHOTO YETHIPEXMEPHOTO 00B-
€KTa MOYXHO HCIOJIb30BaTh HA0Op OJIOBSIHHBIX COJITATHKOB. Kax-
IBI IIar MO OCH YETBEPTOro H3MepeHHs OynaeT oToOpaxkaTb,
"poknaTh" B TpEXMEPHOM ITPOCTPAHCTBE HOBOT'O COJIAATHKA B3aMEH
IIPEBIAYILErO.

Eme pa3 orMeTMM: NMOCKOJIbKY BCE KOOPAMHATBHI YETHIPEX-
MEPHOI'0 MPOCTPAHCTBA SIBJISIIOTCS OPTOTOHAJIBHBIMU, TO TEpeMe-
IIEHHE [0 YETBEPTOM KOOpJMHATE HE MPUBOJUT K U3MEHEHUIO I10-
JIO’)KEHUSI TPEXMEPHOr0 00bEKTa B MPOCTPAHCTBE KOOPJAUHAT X-Y-Z.
Ilepemenienue mo 4eTBepTON KOOPAMHATE BBI3BIBAET M3MEHEHUE
(OpMBI, CTPYKTYpBI 00BEKTa MIIN KaKUX-THOO IPYTHX €TO CBOMCTB,
NpUYEM yIMBUTEIBHBIM 00pa3oM, Kak €ciau Obl OOBEKT Jeian 3TO
CaMOIIPOU3BOJIbHO, 0€3 ybero-nubo ydactusi, 6€3 Kakux Obl TO HU
OBLIO BO3JICHCTBHUI Ha HETO M3HYTPH TPEXMEPHOTO MPOCTPAHCTBA.

Bo3MoxHOCTh M300pa3uTh YETHIPEXMEPHYIO OPTOrOHAIBHYIO
CUCTEMY KOOpPAMHAT B TPEXMEPHOM IPOCTPAHCTBE BIIOJHE OCYIIE-
CTBHMa. B ByXMEpHOM IpPOCTpPaHCTBE aKCOHOMETPHUYECKHE H300-
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paKeHUs] TPOU3BOJATCS B COOTBETCTBUU C OOIICTIPHHATHIMU CO-
TJIAIICHUSIME TI0 M300paXEHUI0 TPEXMEPHBIX OOBEKTOB Ha JBYX-
MEpPHOMU MJIOCKOCTH.

B caydae uyeThlpexMepHOW aKCOHOMETPHH HE0OXOIUMO
MIOMHHUTb, 4YTO HM300pa’KEHUE JIOJDKHO OBITH B TPEXMEPHOM IIPO-
CTpaHCTBE, a HE Ha JIBYXMEpHOM TpocTpaHcTBe Oymaru. To ecTs,
Mbl HAHOCHM TpPaJMLUOHHBIE TP OCH aKCOHOMETPUU Ha Oymary u
CTaBUM YETBEPTYIO OCbh, HApUMeEp, KapaHAall MEpIeHIUKYIIPHO
3TOMY JIMCTy. Tenepb Mbl UMEEM pEaJIbHbIE YETBIPE OCH, MEXAY
KOTOpPBIMHM 0Opa30BaHbl MPOEKIIMOHHBIE TPEXMEPHBIE MJIOCKOCTH, U
TaKyl0 KOHCTPYKLHIO — YETBIPEXMEPHYIO aKCOHOMETPHUIO — MBI B
IIPUHIIMIIE MOKEM M300pa3uTh HA TAaKOM K€ JINCTE (XOTS U MOTpe-
OyeTcst u3psiaHasi A0Js BooOpaxkeHus ). [[ist 3Toro mo HOBOH, 4eT-
BEPTON OCH MBI OTKJIabIBaeM "cpe3bl" TPEXMEPHBIX aKCOHOMETPUI
YEeTBIPEXMEPHOT0 MpocTpaHcTBa. UeM yale pacroyioKeHbl Cpesbl,
TEM TOUHEE YEThIpEXMEpPHasi aKCOHOMETPHSL.

JUig mocTpoeHus: mpuMepa Takol aKCOHOMETPUHU BO3bMEM B
KauecTBe OObEKTa MPOCTEHIIMM W3 HUX - YETBIPEXMEPHBIN KYO,
KOTOPBIM UMEET CIEAYIOIINE TPEXMEPHBIE TPOEKIMH - puc.2.13a, n
KOTOpbIE Ha PUCYHKE MOKa3aHbl KaK aKCOHOMETPHUU-CEUEHUS OJHOMN
13 OJINHAKOBBIX YETHIPEX TPEXMEPHBIX IPOEKINNA. DTH TpEXMEPHbIE
aKCOHOMETPUYECKHUE MPOEKIUHU "HaHW3aHbl" HAa YETBEPTOE H3MeE-
peHHe, B pe3yibTaTe Yero IMoJyuyeHa yCIOBHAs aKCOHOMETpUS de-
TBIPEXMEPHOTO Ky0a B YETBIPEXMEPHOM IIPOCTPAHCTBE. 37€ECh
MPUHSTO, YTO ATOT KyO HEMOJBMKEH 110 BCEM YETBIPEM KOOPJIMHA-
taM. OTCyTCTBHE JBMKEHHUS U IO3BOJIMJIO IOKa3aTb Ha PHUCYHKE
JUCKPETHbIE 3HAUYEHUS MPOEKLUUH I HEKOTOPBIX IMPOU3BOJIBHBIX
3Ha4YeHMM yeTBepToil KoopauHatel 0, 1, 2, 3, 4.

Ha pucynke 2.13a nepekprpiTHe aKCOHOMETPUYECKHX CIOEB
(mpoexuuil) NoKa3aHO IITPUXOBBIMU JIMHUSAMH JIMIIb JUIsl 3HAYECHUS
YETBEPTON KOOPAMHATHI M = 3, 4TOOBI HE 3arPOMOKAATh PUCYHOK.
Hamomuum, 4t0 B peanbHOCTH Bce (GUryphl (MPOEKIHH) B YETHI-
PEXMEPHOM IPOCTPAHCTBE SIBJISIIOTCSI MOHOJIMTOM, TO €CTh, B HEM
HET TaKOro SIBHOTO Pa3IeJICHUs Ha OTICNIbHBIC CIOU (ITPOEKIUN).
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Puc.2.13. a) ueTbipexMepHbIii KyO (TEccepaxr);
0) yeThIpexMepHbIi 00beKT "38 momyraes"

Takoli yeTbIpexMepHBI KyO, MpeaCcTaBICHHbI HabopoM
JMCKPETHBIX MPOEKIUH, Ha caMOM JIeJie SIBJISIETCSl CKopee CBOe0O-
pa3Hoil "kosbacoi", Hexenu "KeIe3HOJOPOKHBIM COCTaBOM" U3
OTJIEIbHBIX TPEXMEPHBIX KyOUKOB, KOTOPBIE TPOCTO PHUCOETNHEHBI
ApyT K Ipyry. B menom takoil 4eThIpeXMepHBI KyO SBIISIETCS MO-
HOJIUTHBIM, U MEXIY IABYMsI COCEIHUMHU TPEXMEPHBIMHU IPOEKIIH-
MM TIPOCTPAaHCTBEHHBIX Pa3pbIBOB HET. B KkauecTBe HEKOTOPOro
BHU3YaJIbHOTO TOJIOOMSI TAaKOro HEMNpPEephIBHOTO '"cocTaBa" MOXKHO
IpUBECTH "00JIaKO-4epBsA" W3 MOIMYJISPHOTO TEIEBU3MOHHOTO Ce-
puana "OcTtarbes B KUBBIX'.

JIpyroii UIyTOYHBIA MpUMEp YETHIPEXMEPHOTO OOBEKTa, KO-
TOpBIA MOXKHO Ha3Bath "38 momyrae", nzoOpaxkeH Ha puc.2.130.
XOTsl MOKa3aHbl JHIIb YEThIPE JUCKPETHBIE TPEXMEPHBIE MPOEK-
[IUU-aKCOHOMETPUH O0BEKTa, HYKHO IMOHHMAaTh, YTO, KaK U B
MpENbIAYIIEM IpUMEPE C TUIEPKYOOM, 3TOT HYEThIPEXMEPHBIM
O0O0BEKT TaKXKe SBJISACTCS MOHOJIUTHBIM, U MEX/Y ABYMSI COCETHUMHU
TPEXMEPHBIMU TPOEKIUSMU HE MPOCTPAHCTBEHHBIE pa3pbIBHI, a
MHOJKECTBEHHBIE HEIPEPBIBHBIC CIIEU(pUUECKUE MeTaMop(O3bI
"cnoHo-ynaB", "ynaBo-mapthimuka"' U "maptelmko-nomyraid”. Bce
3TH YacTHBIE TPEXMEPHBIE MPOEKIMM TaKKe "HaHU3aHbl' Ha 4eT-
BEepTOE U3MepeHue (KOOpIMHaTy).

Cpeny Bcex BO3MOXKHBIX I'pa)UuecKux H300paKEeHUH YeThI-
pEXMEpHBIX OOBEKTOB HMX TJIABHBIM INPEICTABUTEIEM, 3MOJIEMOM
YETBIPEXMEPHBIX OOBEKTOB I10 MPaBYy MOXKHO CUHUTATh THIEPKYO —
teccepakT. Kak ykazaHo B Bukunenuu, 4-mepHbIil Ky0, TeccepakT
umeetr 16 BepminH, 24 rpanu u 32 peOpa. B cooTBeTcTBUM pac-
CMOTpPEHHOH 37eCh METOJUKOM, THIEepKyd mMeeT 6 IBYXMEPHBIX
MIPOEKIMHA, KOTOPbIE MOXKHO M300pa3uTh B BUAE CTOPOH OOBIYHOTO
urpajgbHoro kyouka (puc.2.14). OnHako BO3HUKAET €CTECTBEHHBIN
BOIIPOC: NMOYEMY Ha PUCYHKE U300paxKeHbl TOJIbKO 6 poekiuii? Kak
3asBNeHO B Bukunenuu, y runepkyba rpaHeid Oojblie B 4YeThIpE
paza — 24. OTBeT JOBOJIBHO MPOCTOM. B10J1b KaX1011 KOOPIMHATHOM
OCH DPACIIOJIOKEHO IO Mape rpaHeld, HO Ha MPOEKIHUIO0 BBIBOJIUTCS
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TOJIBKO OJIHA W3 KaX A0 Mapsl, "nmuieBas”, TO €CTh, 12 IpoeKIuil.
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Puc.2.14. JIByxMepHBIC MPOCKITUU YETHIPEXMEPHOTO Ky0a.

Ho cpemu stux 12 npoekiuii ecTb MOBTOPSIOIIUECS, YTO
BHJTHO Ha CJIEYIOIIEM PUCYHKE:!
y A y A
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Puc.2.15. TpexmepHbIe MPOEKINUN YETBIPEXMEPHOTO Kyda
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Ha pucynke mnpucyTrcTByOT BCE BO3MOXHBIE BapHaHTbI
2-MepHBIX npoekuui. X koiandecTBo, Kak BUIUM, paBHO 3x4 = 12,
TO €CTbh, 10 OJTHOM U3 KaA0u napsl. [Ipu 3TOM, JIErKO MOACYNUTATH:
MIPOEKIMs Xy MOBTOPSIETCS ABAXK/bl — HA IIEPBOM U UYETBEPTOM pHU-
CYHKE; XZ — Ha TIEpBOM M TPETHEM; YZ — Ha IEPBOM M BTOPOM; Xk —
Ha TpeTheM M ueTBepTOM; Yk — Ha BTOpoM M ueTBepToM; zk — Ha
BTOpOM U TpeTheM. [lomydaercs, 4To Bce MPOEKLUUU MOBTOPSIOTCS
JBAX/1bl, TO €CTh, YHUKAJIbHBIX IPOEKIINI HA 3TUX PUCYHKAX TOJIBKO
12:2 = 6 mwTyk, X0Ts O0IIee YUCIO MPOEKIU, TpaHei Ha PUCYHKE,
HarpoTHB, B ABa paza Oonbiie: 12x2 =24. COOTBETCTBEHHO, U
0003HaYeHHI TOYKAaMH TaKKe JOJDKHO OBITh B 4 pa3a Ooiible, TO
€CTb, YEThIpE IpaHu KyOa, HallpuMep, C YEThIPbMsI TOUKAMM, Clie-
IyeT, BUANMO, JOTIOJHUTEIILHO MIOMETHTh OykBamu 4a, 4b, 4¢ u 4d.

N300paxkenue THmepkyda MOMXHO BCTPETUTh HE TOJIBKO B
HAy4YHOH JHMTEpaType M HAyIHO-(PAHTACTHMUYECKHX IMPOU3BEICHUSX,
HO U B Npou3BeAeHUAX UcKyccTBa — "Pacnarue” CanbBanopa Janu.
Cuuraercs, 4To U300pa3UTh B TPEXMEPHOM IMPOCTPAHCTBE THIEP-
Ky0 TIOJJHOCTBEO HEBO3MOXKHO, IMIOATOMY €r0 OOBIYHO HM300paKaroT
YCIIOBHO JIUOO B BUJIE CABOEHHBIX KBaJpPaTOB, CBOCOOpPa3HOU pe-
HETKH, IMOO B BUJE TPEXMEPHON pa3BEPTKHU:

puc.2.16. TpaguimonHasi pa3BepTka runepkyoa

IIpu Bcelt KpacOYHOCTH 3TOr0 M300pakeHUs, CIeNyeT 3ame-
TUTB, YTO 3TO HC CANMHCTBCHHAA BO3MOXXHAA TPEXMEpPHAasA pa3BCpPTKa
runepky6a. Ha camom Jiene CylecTByroT pas3jIM4HbIE JPYrUe CIIO-
coObl pa3BepThiBaHus KyOa. JlJis cCpaBHEHHSI pPacCMOTPUM HMX Ha
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IIpUMepe Pa3BePTKU TPEXMEpPHOTo KyOa. M3BecTHyr0 pa3BepTKy B
BHJIE KpPECTa HA30BEM I ONPEJCIIEHHOCTH TPAJAULUOHHOW. DTO
BIIOJIHE KOPPEKTHBIM CHOCO00, OJHAKO TIOJy4YEHUE pa3BEPTKU
3-MepHOTO Ky0a TaKuM CIOCOOOM TpeOYeT ero paspylieHus, pas-
pe3anus. O4eBUAHO, YTO Pa3BEPTKy MOHOJIMTHOTO KyOa WM TH-
nepkyoa TakuM CHocoOOM MOJIydHTh HEBO3MOXKHO. OOBIYHO Ha
aHMMAaIlu}, B IWHAMHKE Pa3BEPTKy THIIEpKyOa M300paxkaroT B BUJIE
IIOCJIEIOBATEIBLHOCTH KaJpOB, IIEPBbII U3 KOTOPBIX MIPEJICTABJIEH Ha
pucynke 2.17b. Kak BUaHO Ha pHUCyHKE, OT UCXOJHOTO THUIIEPKyOa
"oTpbiBaeTcs" oAHA M3 3-MEpPHBIX MPOEKLMH, BbIIEICHHAs MyHK-
TUPHBIMU JUHUAMH. OCTaJbHBIE OCTAIOTCS MO-NPEKHEMY B KOH-
TaKTe C €ro HEHTPaIbHON 4-MEPHOMN YaCThIO.

a) A7) )

Puc.2.17. [1epBblii mar TpaulIMOHHOM pa3BEePTKU TUNIEPKyOa

OTMmeTuM aBe OCOOCHHOCTH TaKOTO pPa3BEepTHIBAHUS THIIEP-
KyOa. Bo-mepBeIX, B mpolecce pa3BepTHIBAHUS B TPEXMEPHYIO
MIPOEKIMIO BHYTPEHHUE CEMb TPEXMEPHBIX KyOOB MPOXOIAT, Tepe-
CEeKaIOT TpaHb BHEIIHEr0, BOCBMOTO KyOa. Pa3BepHyTh KyO O3 Ta-
KOIrO IepeceuyeHus: HEBO3MOXKHO. Bo-BTOpBIX, BHEIIHUI KyO npu
pa3BepTHIBAaHWM BBIBOpAYMBACTCS HaW3HaHKy. Ecim HaHecTn Ha
rpaHu Haamucu puc.2.17a, To mociie pa3BopaurBaHUsi 3TOU MPOEK-
LMY HAAMHMCHU CTAaHYT 3epKalbHbIMU puc.2.17c. Dt nBa mnpouecca
XOpOIIO BUAHBI HAa AaHMMHUPOBAHHBIX H300paKEHHSX THUIEPKYOa,
MPUBOJAMMBIX B HHTEPHETE, U 3TO €r0 HEOTHEMIIEMOE CBOMCTBO.

BwMmecte ¢ Tem, pa3BepTKy MOKHO IMOJIyYHTh U 0€3 paspyie-
HUSI HCXOJJHOTO 3-MEpHOTo Kyba — mepeKaTbIBAaHHEM €ro Io IIoc-
kocTu. CyIliecTByeT BCEro HECKOJIBKO CIIOCOOOB MOIYUYEHUSI TaKUX
pa3BepTOK, BXOJAIIMX B HaOOp rekcaMuHO. l'ekcaMuHO - 3TO
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IiocKasi urypa, cocTosias M3 IIECTH PaBHBIX KBaJpaToB, CO-
eNMHEHHBIX CTOpOHaMH. EciyM He cuuTaTh pazIMyHBIMU (HUTYPHI,
COBIAJAIOIIME INPU MOBOPOTAX U 3€PKAJIBHBIX OTPAKEHUAX, TO
pa3nuuHbIX (opM rekcamMuHO HacuuthiBaeTcst 35. Ilo cyru, 3To
GUTyphl, B TOW WM WHOW CTETICHW HATIOMUHAIOIINE Pa3BEPTKY KY-
OuKa, y KOTOpPOro kak pa3 6 rpaneil. OJTHaKO MBI OTPAHHYUM CIIO-
COOBI TIOJTYYEHHSI €T0 Pa3BEpPTOK. DTHU MpaBHIIa Pa3BEPTKU TAKOBBI:
HY)KHO OTII€4aTaTh Ha MJIOCKOCTH BCE I'PaHU Ky0a nepeKkaTbiBaHUEM
€ro uepe3 rpaHb 0€3 OTpbIBa U 0OpPAaTHOTO JABMKEHUs. B pesynbrare
MOJKHO TIOJYYUTh 5 pa3iM4HBIX Pa3BepTOK Oe3 paspezaHusi Kyoa.
OpHa 13 TakuX pa3BepTOK U3 3TOro Habopa umeet Buj puc.2.18.

XOTsl KOPPEKTHBIX Pa3BEPTOK O€3 pa3pylIeHHs Kyda MOXKET
OBITh HECKOJIbKO BHJIOB, HO, BUJIMMO, CaMO#l NpaBHJIbHOW, ONTH-
MaJbHOM CJEIyeT CUMTATh Pa3BEPTKY, KOTOpas UMEET HAUMEHbIIEe
YKUCJIO BHYTPEHHMX YIJjoB. Pa3BepTka Ha pHUCYHKE HMeEeT JBa
BHYTPEHHHUX yIja U IpH MEepPEeKaThIBAHUU HE TpeOyeT BO3BPATHOTO
JBUKEHMSI, UEPE3 YK€ CO3/IaHHbIe OTIeyaTku. OU4eBUIHO, YTO ATOT
QITOPUTM TMO3BOJISIET TOJYYHUTh PA3BEPTKY U YETHIPEXMEPHOIO
MOHOJIUTHOTO KyOa.

Puc.2.18. Pa3BepTka kyOa nepekaTbiBaHUEM, TEKCAMUHO

PaccmoTpuMm croco® mosydeHus: pa3BepTKH TMIIEpKy0a, 1o-
TOOHBIN TOMY, UTO NIPECTAaBICH B UHTEpHETE B BU/E aHMManuu. Ho
Hallla pa3BepTKa JOJDKHA PUHAJUIC)KATh KOPPEKTHOU JIMHENKE U3 5
FeKCaMHMHO, TO €CTh, OHAa B MMPUHIOUIIC MOKCT OBITh MOoJIydCHa IJid
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MOHOJIUTHOTO TUNEpPKyOa INepeKaTbIBaHHEM, HE TPEOYIOIIUM €ero
paspe3aHusi.

Ha mepBom sTame BMecTe ¢ OTPHIBOM BHEIIHETO 3JIEMEHTA
THIEepKy0a 7, MBI TaKke OTOPBEM OT BHYTPEHHETO >JIeMEHTa T'H-
nepkyba u qpyryro ero rpaib — 6. OTHOBPEMEHHO BCE DJIEMEHTHI Ha
pPHUCYHKE cpa3y ke mpeoOpa3yeM B 0ObIuHBIE KyObl. B pesynbrare
MBI 1ToJTy4uM 010K puc.2.19a.

[Toutn 3ameTHO¥ crana ['-oOpa3Has 4acTh MPOEKIUU THIEP-
KyOa. D1eMeHT 4 MOKHO ObLTIO OTOpBaTh OT IEHTpaIbHOTO Kyba 0
cpa3y e BMECTE C JJIEMEHTOM 6, HO MBI BBLACIMIM ITOT dTal B
OT/ENbHBIN, OTMETUB €ro cTpeskoi Ha puc.2.19a. Teneps MOXHO
ClleNaTh CIEAYIOUINI Nepexo — MePeMeCTHTh TPYIILY 3JIEMEHTOB
0-3 xak moka3aHo Ha puc.2.19b u moay4IuTh HOBBIA OIOK puc.2.19c.

[Tepemernaem anemenTs 0, 1, 2 1 5 KaKk MOKa3aHO CTPEJIKON U
dbopmupyem 610k puc.2.19d. Ha mocnemsem srame Mbl pocTo Tie-
pemeniaeM 3J€MEHT 1, Kak MMOoKa3aHO CTPEJIKOW, B pPe3ysbTaTe I0-
Jy4aeMm 3-MEpHYIO pa3BepTKy Teccepakrta puc. 2.19e.

puc.2.19. Dransl pa3BepTKU THUIEPKyOa B FT€KCAMUHO

DTy )K€ TPEXMEPHYIO pPa3BEPTKy T'MIIEpKy0a MOYKHO MOIY4UTb,
nepekarbiBasg ero mno miockoctd Xy0z B 4-MepHbIX KOMOMHHPO-
BAaHHBIX KoopauHaTtax. OuYeBHJIHO, YTO MOJY4YEHHas TpeXMepHas
MIPOEKIUs TUNEepKyOa UMeeT B 4-MEPHOM NPOCTPAHCTBE HYJIEBYIO
TOJIIHUHY, TO €CTh, SIBIISETCA MJIOCKOM MPOEKIHUEH, a He 00BEMHOM
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¢urypoii. B komOuHIpOBaHHOH 4-MEepHOU CUCTEME KOOPAMHAT MBI
OJIHOBPEMEHHO TOJIy4aeM Ha IIOCKOCTH Xy0Z CIBOCHHYIO IPOEK-
1[I0, UMEIOUIYIO IOJIHbIE 3-MEpHbIE KOOPAWHATHl. MOYKHO 1M U3
3TUX CABOEHHBIX Mpoekuui X0z u y0z noayuuth 3-MepHYI Ipo-
exuuto puc.2.19? Jla, 370 Bo3MoHO. {71 3TOro mpocTto HyXHO
n300pa3uTh UX B Halel 3-MepHOU cucTeMe KoopauHaT — puc.2.20.
JIByX IpOEKIHH OKa3bIBAETCs JOCTATOYHO, YTOObI MOJYYHUTH
00BEMHOE, aKCOHOMETPUYECKOE N300paskeHe 3-MepHOM pa3BEePTKH
TUIepKyOa. 3aMeTuM, 4TO TpaJWIMOHHAs KpecTooOpasHas 3-mep-
Hasl MPOEKIUS THUMEepKyOda Takke MOXKET OBITh BOCCTAHOBJIIEHA TIO
cBOE€HHBIM npoekiusaM x0z u y0z B 4-MepHOM IMPOCTPAHCTBE, HO
caMM TIPOEKIIMU TepeKaThIBAaHUEM THIepKyOa IMOydeHbl OBITh He
MoryT. OIHaKO MOKET BOZHMKHYTh BOIIPOC, MOXKET OBITH 3TO IMPO-
CTO YaCTHBIA CIy4ald, MPUMEHUMBIH TOJBKO K KyOH4eCKOMY 00b-
exTy? Het, MeTon cIBO€HHOW IPOEKLNHU MO3BOJIIET BOCCTAHOBUTH
3-MepHYI0 pa3BepTKy U 00Jiee CI0KHBIX 4-MEPHBIX (QUTYD.
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puc.2.20. 3-mepHas pa3BepTKu runepkyoda
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PaccmoTpumM, Hanpumep, 4-MepHYIO NSATUKOHEYHYIO 3BE3JY.
Pacrioosxxum 3Be31y TakuM 00pa3zoM, 4TOOBI B 4-MEpHOI cucTeMe
KOOpAMHAT C OJHOM CIIBOCHHOW OCHIO 3Be3/a Oblia MapajuieibHa
3TOM ciBoeHHOM mockocTu xy0z. Torna B HameM 3-MepHOM Mupe
MbI OyJIeM BHJIETh 3Ty IUIOCKYIO 4-MEpHYIO IPOEKLHI0 KaK 00beM-
HyI0 Qurypy. B naHaom ciyvae, HarpuMep, Takyro, Kakast moka3zaHa
Ha cieayrolieM pucynke 2.21.

Kak Bugum, 1o IByM IJIOCKMM IPOEKLUSAM 4-MEPHOU 3BE3/1bI
MO>KHO BOCCTaHOBMTH €€ TpExMepHbIil BUJ. Ha prucyHke npuBeneHsbl
JUIIb Ba (parMeHTa 3-MEpHOM MPOEKIHH, TOCKOJIbKY B IOJIHOM
BapUaHTE MOJYYUTCS JOBOJIBHO CIOXKHas 00beMHas (urypa. 31ech
JUI HAaTrJIIJHOCTU B AaKCOHOMETPUH MOKa3aHbl JINIIb 1BE TUPAMU/IBIL.
Buaum, uro sTa o0beMHas Gurypa B TOYHOCTH NA€T JBE OJWHA-
KOBBIE TIPOCKIMU B (popMe MATHKOHEUHOH 3Be3/pl. Ha akcoHOMeT-
pUU MBI BUJIUM 3BE€3]1y IOJ YIJIOM C HIKHEH, 3aTyllleBaHHOU CTO-
ponbl. Ha npoekiusx nokasaHo, 4To IpOEKIUHU MUPaMUJ] HAXOAATCS
B MX IpeJieNax, He BBIXOJAT 3a UX rpaHunbl. KoHeuHo, cienyer
YTOYHUTh, YTO NPU TAKOM BOCCTAHOBJIEHMHM MBI HE HCIIOJIb3YEM
20Mo8yI0 TPETHIO MPOEKINIO, a (hakTHIeCKu (hopMHUpyeM e€ camu,
[I03TOMY OHa MOXET OBITh Pa3HOM.

A9 AY

puc.2.21. 3-mepHas pa3BepTKu 4-3B€3/1bl

A MOHO JIM TAKUM ke CrIocoO60oM chopMHUpOBaTh U 3-MEPHYIO
92



pa3BepTKy runepcgeps? Cunraem, 4To B 4-MEPHOM MIPOCTPAHCTBE
OHa, pa3BepTKa TaKXKe SBJISIETCA IJIOCKOH, TO €CTh, UIMEET IO YeT-
BEpPTON KOOpAMHATE HYJIEBYIO TOMIMHY. CHauana Takyro pa3BepTKy
HaM HYXHO c7enaTb B 4-MEpHOM IpOCTpaHCTBE. Mbl BIOJIHE
00OCHOBaHHO CUMTAaEM, YTO BCE KOOPIHMHATHI 4-MEPHOTO MpO-
CTpaHCTBa paBHOLIEHHBI, TOATOMY rUnepcdepa J0HKHA 0JIUHAKOBO
BBITJIAZIETh HA KaXIOW TpoOMKe 4-MEepHBIX KOOPAUHAT, MO3TOMY
0000IIEHHO B CABOEHHBIX KOOpAMHATaX €€ MOXKHO H300pa3HTh
cleyonuM o0pa3om — puc.2.22.

Ha pucynke nmpoekuusi Ha KakIyr U3 TpPEX IJIOCKOCTEH SB-
JISI€TCsI KpYTOM U 3/1€Ch OHHM IIPOCTO HE MOKa3aHbl. Vcroyib30BaHHYIO0
CUCTEMY KOOpJAMHAT HE CIEAyeT OTOXKIECTBIISITh C OOBIYHOM
3-koopauHaTHOM cucteMoi. OCOOEHHOCTBIO €€ sBisieTcs 00s13a-
TEJIbHOE HaJIM4MEe YETBEPTOM OCH, a OJIHA U3 OCEH MMEET JBOMHOE
0003HaYeHHE, YTO O3HAYAET HAIWYNE Ha HUX TOYEK C OJMHAKOBOM
KOOpPJAMHATOW. DTO Mbl U Ha3bIBa€M CHCTEMOM KOOPAMUHAT CO
CIABOEHHBIMH IUIOCKOCTSIMH Xy0z u Xy0m M CIBOEHHOW KOOpAHU-
HAaTHOM OCBIO XY.

x’y N

v

Puc.2.22. Yersipexmepnas chepa, runepcdepa

Pa3zBepTka cheprl Ha MIIOCKOCTh HEBO3MOXKHA, TOITOMY TaKHE
pa3BepTKU Bcerja NMpuUOIM3UTENbHBIE. [ mpOCTOTHI BOCIOIB3Y-
€MCsl OJTHUM W3 OOBIYHBIX CIIOCOOOB paszBepTKH chepbl Ha IUIOC-
KOCTh — B BUJI€ "aneabCHHOBBIX AoJiek". Eciin B3sTh UX OECKOHEYHO
0OJIBIIIOE YHCIIO, TO MPOEKIHUSA OyIeT WUMETh BUJ JBYCTOPOHHETO
rpebHs ¢ 04eHb TOHKMMH 3yOuamu. Och 3yOI0B, JOJIEK BhIOEpEM
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BJI0JIb YETBEPTOM KOOpPJMHATHI, IOATOMY IOCIIE UX Pa3BOpAYUBa-
HUS, pacKaThlBaHUS Ha 3-MEpHYIO IUIOCKOCTh Xy0z B 4-MepHOM
MPOCTPAHCTBE MBI TOIYYUM TOHKYIO ¢urypy. Temepp HyXHO
MIPE/ICTaBUTh, KaK OyayT BBIMJISLIETh B 3-MEPHOM IIPOCTPAHCTBE 3TU
iockue 4-mepHble QUrypbl. 3/1eCh BOZHUKAET HEKOTOPBIM pa3HO-
00#1. MBI IPUHSITH, YTO HA TIOCKOCTH CABOEHHBIX KOOpAHHAT Xy(Z
J1r000MY 3HAUEHHIO KOOPANUHATHI X COOTBETCTBYET JIFOO0OE 3HAUCHUE
KOOPJMHATHI y B IIpeJiesiax JJIMHBI JOJIbKU. A 3TO 03HAYaeT KBaJparT.
Ho B Hamem ciyyae kBagpat He OOBIUHBIMN.

PaccmoTpuM OJIHY-€IMHCTBEHHYIO JOJIbKY. B 3aBucumocTtu
OT KOOPJIMHATHI Z IWANa30HbI U3MEHEHUH X Uy OyIyT U3MEHSIThCS
OT HyJIS 10 MAaKCUMaJIbHOT'O 3HAYEHUSI — JJIMHBI JOJIbKY, IPUYEM I10
KpUBOJIMHEWHOMY 3aKoHY. To ecTh, BO3HHKaeT cBoeoOpa3Has "mo-

nymika',

0 (\W/VV "

Puc.2.23. PazBepTka runiepcdepsl B 4-MEepHOM ITPOCTPAHCTBE

v

Takux mopayiiek Ha HalIeM PHCYHKE MBI BBEIOpAIM 6 IITYK,
WHaye WX MPOCTO HEBO3MOXKHO OyAeT pa3risaneTs. U 3Tu moaymku,
KaK BHJIHO Ha puc.2.24 OyayT nexarb CTONKOW BIoJb ocu z. Ha
pUCYHKE HU300pakeHbl TOJBKO YETHIPE M3 MHOXKECTBa TOJY-
meK-pa3BepTok rumnepcdepsl. OUrypsl Ha pUCYHKE YCIOBHO pas-
HECEHBI BJIOJb OCH Z, NHAYC OHH CIWINCH Obl B CIUIOIIHOM KOMOK
nmuHui. Ha camom niene BhICOTA MO OCH Z 3THUX MOAYIIEK JTOJKHBI
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OBITH TIPENEeNbHO MaJIOM, M OHHM JOJDKHBI KacaTbCs APYr Ipyra.
ITockonbKy CTOpPOHBI KBaJpaToB MO OCAM X M y M BBICOTa pac-
MPSIMJIEHHBIX "aneIbCHHOBBIX JI0JIEK" B TOYHOCTH paBHbI 27R, rie R
— paguyc runepcdepbl, TO B IEIOM IOJYYUBIIAsACS B 3-MEPHOM
pOCTpaHCTBE 3-MepHas Gurypa — pa3Beprka runepchepbl BBITIIS-
IUT Kak KyO, coOOpaHHBI M3 TOHKUX KBaJpaTOB IEPEMEHHON TOJI-
uHbI (puc.2.25).

xN

0 4
y
Puc.2.24. DnemeHTHI pa3BepTKU TUNIEPChEPHI
X A\
3-mepuasn pazeepmka
2unepcgepul
0 R
y

Puc.2.25. PazBepTka runiepcdepsl B 3-MEpHOM MTPOCTPAHCTBE
Kak mokazaHo Ha pucyHKe, pa3BepTKa runepcdepsl myTem
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paspe3aHusi e€ MOBEpXHOCTH Ha "amneJbCHHOBBIC JOJBKHU'" C TIOCIIe-
JYIOIIUM HX PacKiIa/JbIBAaHUEM Ha TPEXMEPHOM IJIOCKOCTH XYZ B
3-MepHOM MHUpE BHJHA KaK CIOEHBINA KyO, YTO CBA3aHO TOJIBKO CO
CIIOCOOOM pPa3BEPTHIBAHUSI NOBEPXHOCTU B 4-MEPHOM IPOCTpPaH-
crBe. OYEeBHUIHO, YTO MPOEKUHUIO THepchepsl B 4-MEPHOM MHUpE
MOXXHO CZeNaTh U JPYTMMHU crioco0amu, HanmpuMep, pacroIoKUTh
3TH K€ J0JIbKU BeepoM, o Kpyry. Mnu co3naTh MPOEKLUMIO MyTeM
packaThIBaHMsI THIIEpC(Epbl MO cCHupanu ApxXxumena Ha 3TOH ke
IUIOCKOCTU. B mociennem ciydae mioniaab pa3BepTKu OyAeT B
TOYHOCTH pPaBHA IUIOIMIAJHN TOBEPXHOCTH runepcdepsl. Cremyer
OTMETHUTh, YTO BCE PACCMOTPEHHBIE CIIOCOOBI BU3yaJIN3allUU YEThI-
pPEXMEPHBIX OOBEKTOB HE SIBISIFOTCSI YHUKAJIbHBIMU, OHU OBLIN W3-
BECTHBI U paHee. VX paccmarpuBal, UcclieoBall, HapuMmep, XuH-
TOH, KOTOpPBIN HMCHOJb30Bal METOJ Pa3BEpPTOK, METOJ TEHEH, KO-
TOpble OTOPachIBAIOT 3TU OOBEKTHI B MPOCTPAHCTBA MEHBIIUX H3-
MEpEeHUM, Croco0 MOMEPEUHbIX CEUEHUH, SIBISIOUIUMNCSA, MO BCEH
BHJIUMOCTH, aHAJIOTOM criocoba norpyxenus [46, ¢.70].

Ilamumeprnoe npocmparncmeo u 60.1ee

Jlsis osTydeHust MATUMEPHOTO MPOCTPAHCTBA TOOABUM K Ue-
TBIPEXMEPHOMY MPOCTPAHCTBY HOBOE, Isitoe m3mepeHue k. B mo-
JIY4EHHOM CHCTEME, OYEBUJIHO, TOSBWIMCH 4 HOBBIC, JIOTIOJHU-
TeJbHBIC MPOCKIUOHHBIE TUIOCKOCTH kX, Ky, kz m km. CootBet-
CTBEHHO, VHUKAIbHLIX TPEXMEPHBIX MPOCKIINA, aKCOHOMETPUH TIsi-
TUMEpHOTO MUpa Xyzmk Bo3mMoxHO monvko 10: Xyz, xyk, xym, xzk,
xzm, xkm, yzm, yzk, ymk, zmk. B 3tom ciaydae kaxmas Takas
TpeXMEepHasi MPOEKIUs CO3MaéT TPU JBYXMEPHBIE MPOSKIINH, TIPU-
9eM, KaK U BBIIIE, ITH JBYXMEPHBIC IPOEKIIUU OYIyT TOBTOPSATHCS
HECKOJIBKO pa3, B TOM YHCJIE, 33 CUET BPAIICHUS TPEXMEPHBIX Ocei
(M3MeHeHne TopsiaKa UX clenoBanus). JIerko oOHAPYXHUTh, YTO y
TaKoTo MATUMEPHOTO MPOCTPAHCTBA CYIIECTBYET TOJBKO JHIIb 10
VHUKAIBHBIX TPOEKIMOHHBIX 2-MEPHBIX IJIOCKOCTEH: Xy, XZ, yZ,
xm, ym, zm, xk, yk, zk, mk. [TorpoGyem omnpenenuThb, Kak U paHb-
1ie, 0011ee KOJIMYECTBO BO3MOKHBIX TpaHel y 5-MepHOro 0ObeKTa.
OueBuHO, 4TO JIOOOM M3 HUX UMeeT poBHO 10 AByXMepHBIX Oa-
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30BbIX, OCHOBHBIX I'paHel, 00pallleHHbIX "MHIIOM" K IPOEKIIHOHHBIM
IJIOCKOCTSAIM 5-MEpHOM cUcTeMbl KoopAuHaT. BHOBH 0003HaUMM HX

TOYKaMH, KaK OOBIYHBIE UTPAIbHBIE KYOUKH:
y z b4 X y

0 . .

Puc.2.26. JIBymMepHbIe IPOEKIIUU NATUMEPHOTO Ky0a, IeHTepaKTa

IIpoBeneM aHaslOTHIO, PACCMOTPUM CHauana 3-MEpHOE Ipo-
CTpaHCTBO. B HeM ecTh TONbKO O/1HA 3-MepHas MPOEKLMs, CO3/a-
fomas 3 ABYMEpPHbIE MPOEKIMOHHBIE IIOCKOCTH. CienoBaTenbHo,
mo60€e 3-MepHOe TeJo UMeeT TpH "nuieBble” TpaHH, 0OpaIIeHHbIE K
3TUM MPOEKIIHOHHBIM ITUIOCKOCTSIM, U TPU 0OOPOTHBIE, 3€pKaJIbHBIE.
To ects, m060e 3-MepHOE Teno, Ky0 (opmanbHOE HMeeT 3X2=6
YHUKAJIBHBIX TpaHEN.

B mpocrtpancTtBe 4-x M3MEpEeHUN BO3MOXHBI Y€ YEThIpe
3-MepHbIE MPOEKIINH, KOTOPhIE CO3a0T, COOTBETCTBEHHO, 3x4=12
YHHUKAJIBHBIX 2-MEpPHBIX MPOEKIIMOHHBIX IIocKocTel. JIroboe He-
MOJIBWYKHOE TEJI0 B 3TOM MPOCTPAHCTBE, TAKMM 00pa3om, "BUAUT"
9TH 12 NMPOEKUMOHHBIX IJIOCKOCTEM, M MpU 3TOM '"mo3aau" Hero
HAXOJATCs emé CTONBKO K€, TO eCTh, TeNO, Ky0, Teccepakt (op-
MaJbHO UMeEET 24 rpaHy, IPOEKIUOHHBIE CTOPOHBI.

B npoctpancTBe 5-TM M3MEpeHU BO3MOKHBI, KaK Mbl OOHa-
pyxunu, 10 yHuKanbHbIX HAOOPOB TPOEK OCeH, TO €CTh, TPeXMep-
HBIX IIPOEKIINH, KOTOpPBIE, COOTBETCTBEHHO, co3aat0T 10x3=30 mpo-
eKLMOHHBIX 2-MEpHBIX MIockocTel. OOpaliaeM BHUMaHHE, YTO B
OyKBEeHHOM 0003HAUEHHUH 3TH Oecsimb BO3MOXKHBIX TUIOCKOCTEH IMo-
BTOPSIOTCS TPYKBL. [1o mpuHATON MeToauKe J1r00oe S-MepHoe Te-
J10, HETIOJIBMKHOE B 3TOM IIPOCTPAHCTBE, TAKUM 00pazoM, "BUIUT"
3TH OCHOBHBIE, "NHIIEBbIE" TBYXMEpHBIE MPOEKIMOHHBIE IIOCKO-
CTH, a TaKXe CTOJIbKO ke "mo3amu" cebdst, To ecTh, Bcero 60 mpoek-
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uuit. To ecth, popManbHO, TaKOE S-MEPHOE TEJO, KyO, MEHTEPAKT
MOXKeT UMeTh He Oosiee 60 rpaneil. U 31ech Mbl BUIMM pacxXoskJie-
HUe ¢ nH(popmanueit Ha caiite Bukumnenuu, KoTopast yka3siBaeT 00-
miee KOJMYECTBO I'paHeil Takoro kyba, paBHoe 80, a KOJIUYECTBO
TpexmepHbIX npoekiuil — 40. Takoe pacxoxkaeHue, BUAUMO, CBs3a-
HO C MOBTOPHBIM YYETOM HEKOTOPBIX ITPOEKIINM, C UX BPALIEHUEM.

OueBHUIHO, YTO JUIsl HAHECEHUS Ha TpaHU IEHTEpaKTa yHH-
KaJbHBIX 0003HAUYEHUI, HaM CIIEAyeT MPOTHUBOIOJIOXKHBIE U TIO-
BTOpHBIEC TPaHU MHJEKCHPOBATh, Kak BhIIIE, OykBamMu. Hampumep,
rpaH 5-MepHOTO Ky0a, UMEIoIIne 5 ToUeK, ciexyeT 0003HavaTh ¢
OYKBEHHBIM WHJIEKCOM Sa, 5b, 5S¢, 5d, Se, 5f.

B TpexmepHOM MpOCTpaHCTBE MPOESKIIMH MOTYT OBITh Ky0aMu
U B TOM CJIy4yae, €CJIv 10 JIBYM BBICILIUM HU3MEPEHUSIM (UE€TBEPTON U
nsTONH) OOBEKT HE TOJIBKO HE SIBISIETCS KyOOM, HO MOKET OBITh BO-
oOmie ¢urypoil Tpom3BOIBHON CIIOKHOCTH. [logOOHBIN cydaid
MOXXHO M300pa3UTh CXEMATUYECKU B TPEXMEPHOHW aKCOHOMETPUU
MyTeM TPYNIHPOBKH PaBHBIX M3MEpeHUH puc.2.27, KaKk Mbl 3TO
HEOJ/IHOKPATHO JEJIaJIi paHee.

X )2

n=

mpexmepnas npoexyua
nAMUMEPHO20 00beKma

k / namumepHulil 06veKm

Puc.2.27. Ceuenune nsTuMepHOro KINMHOOOpa3HOro o0beKTa

[Tpu NBM>KEHUHM TAKOTO MATUMEPHOTO OOBEKTa MO JH00H 13
BBICIIMX KOOpPAMHAT, B TPEXMEPHOM IIPOCTPAHCTBE, KAK BapHUaHT,
OyayT BO3HUKATh U MCUYe3aTh TPEXMEPHbIE KyObl pa3InYHON BEH-
YUHBI U C PA3JIMYHBIMU CBOMCTBAMHU. DTH CBOWCTBA OIPENEISIIOTCS
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cBolicTBaMM 00beKTa B 11eJIoM. Hanpumep, o o1HOM U3 KOOpAUHAT
m — 0OBEKT UMEET Pa3IMYHYI0 TUIOTHOCTb, a 1Mo Jpyroil k — pas-
JUYHBIN BEIIeCTBEHHBIH cocTaB. JlJis HAOMIOIATeNsT TPEXMEPHOTO
IIpOCTpaHCTBa OyaeT MPOUCXOIUTh SIBJICHHE, HE IOJJIAI0LIeeCs
OOBSICHEHUIO C (PU3UYECKON TOYKH 3pEHUS: KyO0 MOXKET 3arpocTo
IIPEBPATUTHCS U3 CBUHIIOBOTO B 30JI0TOM.

Bcé u3noxkeHHOe MO3BOJSIET CBECTH BCE PACCMOTPEHHBIE
HaOOPBI MPOCTPAHCTBEHHBIX KOOPIHMHAT B CBOEOOpa3HYyIO cxema-
TUYHYIO HEPapXUI0 — AHAJIOTHIO C MPUBBIYHBIMHU OKpPYKaIOLIUMU
Hac OOBEKTaMH, B KOTOPON HOMEp IyHKTa O3HAYaeT MEPHOCTh
IIPOCTPAHCTBA:

0) B xauecTBe HYyJIBMEPHOIO IIPOCTPAHCTBA B PEATIbHOM MUDE
MBI MOKEM paccMaTpUBaTh KaK TOUKY, TaK U C JI0JIEH YCIOBHOCTH
0001 MeNKuit 00BEKT — MIAPHK, 3EPHBIIIKO U TaK Jajiee.

1) C ogHOMEpPHBIM MHPOCTPAHCTBOM MOKHO aCCOIMHUPOBATH
70001 MPOTSHKEHHBIN TOHKUN TIPEIMET — CTPYHY, JIBDKHYIO MAJKy U
TOMY II0JI00HOE.

2) Bce mnockue IByXMepHbIE OOBEKTHI — 3TO KapTUHBI, Yep-
TEXH, IJIAKaThl, KOTOPHIE MbI YCIIOBHO MOKHO M300pa3suTh B BUJE
KaJ[pa KUHOJICHTBHI.

3) IIpumepoB TpeXMEPHBIX IPOCTPAHCTB eUIE OOJIbIIE: 3TO, IO
CYIIECTBY, BCE OKpY)KaloIllM€ Hac IMpeaMeThl. TpexMmepHble Ipo-
CTpaHCTBa MOYHO M300pa3nTh, KaK U IByXMEpHBIE IIPOCTPAHCTBA, B
Buje akcoHomerpuii (3D — 0OBEKTOB), 3ameyaTiIEHHBIX Ha OT-
JENTbHBIX KaJpaX KHHOJIEHTHI.

4) B aToM cilydae cama KHHOJEHTa MOXET YK€ paccMaTpu-
BaTbCsA KaK YEThIPEXMEpPHOE MpOCTpaHCTBO. Kaxaplil kKajgp KUHO-
JICHTBI IPY 3TOM SIBJISIETCA OTAEIBHOM TPEXMEPHOM MPOECKLIHEN.

5) HaGop KMHOJEHT MOXHO MPEACTAaBUTh Kak MKa( ¢ KUHO-
JIEHTaMH, KOTOPBIH MOYKHO acCOLIMHUPOBATH C MATUMEPHBIM IPO-
CTPaHCTBOM.

6) B kadectBe cneayoolie acconualnud — MIECTUMEPHOTO
MPOCTPAHCTBA — MOXHO MPHBECTHU CKJIAJ CO MHOXKECTBOM IMIKA(OB C
KOpOoOKaMu KMHOJICHT.

Yem c Oouplieil 4acTOTOW MpeNCTaBICHHBIE KaJpbl KHHO-
JICHTBI YE€TBIPEXMEPHOTO MPOCTPAHCTBA (PUKCHUPYIOT OKPYKAFOIIYIO
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JNENCTBUTENHHOCTh, TEM 00Jie€ TOYHO OHH OTOOpPa)KaroT 3TO MPO-
cTpaHcTBO. [IOHATHO, YTO IepeMenIeHuE 10 YETBEPTOU KOOPAUHATE
IIPOCTPAHCTBA COOTBETCTBYET JABM)KEHHMIO KUHOJIEHTHI B KHHOAIl-
napate. [Ipuuém MBI CBOOOTHBI B HAaIIeM BBIOOPE: MOXHO JICHTY
JBUTaTh ObICTpee, MOXHO MEIUICHHEe, MOKHO BOOOIIEe e€ OCTaHo-
BUTh U JJa)K€ MPOKPYTUTH B 00paTHYIO CTOpoHY. B 3TOM cMmBbICIe
BpeMs B KaueCTBE YETBEPTON KOOPAMHATHI HE AAET HaM IpaKTHUe-
CKH HMKAKOTO BbIOOpA.

MosxHo ObUIO OBl TPOAOKUTH AHAJIOTUM MHOTOMEPHBIX
IIPOCTPAHCTB, HO HUYETO HOBOI'O ATO yXke He JacT. boisee Toro, yxe
Ha 3TOM JTale BUJHA JIOOOMBITHAs 3aKOHOMEPHOCTh. Eciau Mbl
MPENIOJIOKHUM, YTO MHOTOMEpPHBIE MPOCTPAHCTBA CYILECTBYIOT B
pEaIbHOCTH, XOTS U B 00JI€€ CII0KHOM, HEIPEPHIBHOM, MOHOJIUTHOM
BHJIE, TO 37]paBblii CMBICII U JIOTUKA Cpa3y ke 3aJ1aayTCsl BOIIPOCOM: a
MoYeMy MbI, COOCTBEHHO TOBOPS, HE HAOJFOJIaeM B MOBCEIHEBHOMN
KU3HM HUKAKMX U3 OINMCAHHBIX CBOWMCTB TaKMX MHOTOMEPHBIX
npoctpaHcTB? Benb ecny OHU JEHCTBUTENBHO CYIIECTBYIOT, TO 3TH
HEOOBSCHUMBIE SIBJIEHUS JOJDKHBI C€0Sl XOTh KakK-TO IPOSIBJIATS.
Wnu Bcé sxe Kakue-To U3 3araJjlouHbIX SIBJICHUH Mbl MOXKEM OTHECTH
K TIPOSIBJICHUSIM JIBIDKCHHS YETHIPEXMEPHBIX OOBEKTOB Uepe3 Hallle
Tp€XMepHOe npocTpaHcTBO? UTO MOXHO cKa3aTh, Hampumep, o0
HJIO? Wnu o 3aragoyHbIX Kpyrax u Apyrux ¢gurypax, ooOpazoBaH-
HBIX YTpaMOOBaHHBIMU CTEOJIIMU TpaB Ha MOJAX M Jyrax? A He-
ONO3HaHHbIe IU1aBatomue oObekThl, HIIO — cBeTsmmecs u Bpa-
naromuecs GUrypsl Ha MOPCKOM MoBepXHOCTH ("IbsIBOJIbCKAs Ka-
pycensb'")? DT0 U HE SIBHOE MPOSIBICHHUE YETHIPEXMEPHOU IpPOEK-
nun? Wnm, HakoHel, BechbMma "oUIyTUMOE" XOPOLIO M3BECTHOE SIB-
JIEHWE - [1apoBasi MOJIHUS? Bpsi 1u MOKHO Ha 3TH BOIIPOCHI OTBE-
TUTh YTBEpAUTENbHO. KOHEUHO, OJMH M3 OCHOBHBIX IPHU3HAKOB
ONMCAaHHBIX SIBJICHUH, Ka3aJoCh Obl, COBMAJAET C XapaKTEPHBIM
IIPU3HAKOM YETBIPEXMEPHOTO OOBEKTa, CIPOECLMPOBAHHOIO Ha
TPEXMEPHOE MPOCTPAHCTBO — MOSBIECHUE €T0 U3 HUYETO U TAKOE JKE
3araZloyHoe ucue3HoBeHue. OJHAKO 3TOT NPU3HAK B LEJIOM IS
O0OBEKTOB HE TaK Y)X M 3HAYMTENEH, J]a U HEHaJA&KEH — BCeraa
MO>KHO ITPUBECTH 00JIe€ PEaTUCTUUHbIE IPUYNHBI BOSHUKHOBEHUS U
ncuesHoBeHus. CymiecTBeHHee Apyroe — ObICTpoe MepeMenieHue B
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MPOCTPAHCTBE, BpallleHHE, sIBHAS 3aBUCHMOCTH OT CPE[bl, I/ie SIB-
JeHne 0ToOpaXkaeTcsi, YTO COBCEM HE CBHJETENBCTBYET B TOJB3Y
4eThIpEXMEpHOCTH. Ecim 3T0 M mpoeknus 4eThIpéXMepHOro 00b-
€KTa, TO OH HAXOJUTCSI B BECbMa CJIOKHOM JIBM)KEHHH B CBOEM de-
THIPEXMEPHOM MPOCTPAHCTBE, MPUUYEM JBIKETCS TTIAaBHBIM 00pa3oM
10 Hawium mpém, BOCIPUHHUMAEMBIM HAMH TPOCTPAHCTBEHHBIM
KoopauHaTaM. JIpyruMu cioBaMu, OOBSCHEHHE 3araJOYHbIX sIBIIe-
HUI YeTBIPEXMEPHOCTHIO MPOCTPAHCTBA CIHMIIKOM HCKYCCTBEHHO,
He yOemutenbHO. CreloBaTeNbHO, BPSA JIM pasyMHO O€30TOBO-
pPOYHO TPHHUMATHh PEATbHOCTh HAIMYMS YETBEPTOW MPOCTpaH-
CTBEHHOW KOOpPJMHATHI. A TPOCTpaHCTBA OOJbIIEH MEPHOCTH, B
NpsIMOM TIOHUMAaHUU TPOCTPAHCTBEHHOCTH KOOPAMHAT, BBITJISAIST
enié MeHee yOeUTEINbHO.

Wtak, MBI paccMOTpenu, KakuM oO0pa3oM MOXKHO CJeNaTh
CUMTABIIIEECS] HEBO3MOXHBIM — M300pa3uTh TpadMuecKd B HAIIEM
TPEXMEPHOM MHpPE MOHOJHTHBIEC, HEMPEPHIBHBIE OOBEKTHI, UMEIO-
urue OoJibliiee Yuciio u3mMepeHnit. Kaxapiit u3 3Tux 00beKTOM UMEET
MOJTHOLIEHHBIE JIOTIOTHUTENbHBIE TPOCTPAHCTBEHHBIE KOOPIMHATHI,
HE HMMEIOIINE HHUKAKOTO OTHOIIEHHS K KOOpJAWHATe BpeMeHH. B
pPaccCMOTpPEHHBIX NpPUMEpax BCE MPOCTPAHCTBEHHBIE KOOPIWHATHI
eBKJIMJIOBBl — MPSIMOJIMHEHHbIE W OECKOHEYHBIE, TO €CTh, MPO-
CTPaHCTBA, BMEUIAIONINE TaKHE MHOTOMEPHBIE OOBEKTHI, SBIISIOTCS
B KJIACCHYECKOM CMBICIIE TNIOCKIMU MHOTOMEPHBIMHU.
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3. 3aMKHYyTBIe IPOCTPAHCTBA

Yarmie Bcero HeBO3MOXKHOCTh HAONIOJICHUS JAOMOTHUTEIBHBIX
MIPOCTPAHCTBEHHBIX U3MEPEHUN OOBSACHSIOT UX MaJOW BEIMUYUHOM.
ITockonbKy NpeAcTaBUTh TAKUE KOOPAUHATHI C SIBHO BBIPAXKEHHBIMU
KpasiMu J0BOJIbHO MPOOJIEMATUYHO, JEJIAeTCsl CIEAYIOUIUHN Iar —
OOBSIBIIAETCS, YTO 3TU KPOIICYHBIE KOOPJMHATHI KO BCEMY IPOUYEMY
3aKoJibLIoBaHbl. To ecTh, 00pa3yeTcst 3aMKHYTOE IpocTpaHcTBO. U
3TO 3aMBIKaHue, ""3aBopaunBaHue" Ha ce0sl caMy KaKOH-JIM00 OHOM
WJIM HECKOJIBKUX MPOCTPAHCTBEHHBIX KOOPAMHAT SIBJISIETCS TJIaBHOM,
pemaromeld OTIMYUTEIbHON OCOOCHHOCTBHIO JIF00OT0 3aMKHYTOTO
npoctpancTBa. O 3aMbIKaHMM KOOPAMHATHI BPEMEHU MBI IOKa HE
TOBOPHUM, IOCKOJIbKY, BO-TIEPBBIX, 3Ta KOOpJAMUHATa HE IPOCTPaH-
CTBEHHasl, a, BO-BTOPBIX, TaKO€ 3aMbIKaHWE C (UINYECKOH U
JIOTUYECKOM TOUYEK 3pEHUs] OECCMBICIEHHO, OHO BEIET K METIISIM
BPEMEHU U NPUYHUHHBIM 11apaJI0KCaM.

BapuaHTOB 3aMKHYTBIX HPOCTPaHCTB HW3BECTHO HEMAJIO,
CaMbIM IPOCTBIM M H3BECTHBIM U3 KOTOPBIX SIBISETCS OOBIYHAS
cdepa unm cepa B 4-MepHOM IIPOCTPAHCTBE, rutepcdepa.

PaccMoTpeHHBIE BbIIIE TUIOCKME MHOTOMEPHBIE IPOCTPAHCTBA
UMEIOT OCH KOOpJMHAT, KOTOPBbIE MOXHO CPaBHHUTH C MPSIMBIMHU
eBKJIMJIOBBIMHU JIMHUSMHU O€CKOHEYHOW mpoTshkeHHOCTH. Ho B 00-
1€l TEOpUU OTHOCUTEIBHOCTU M B KOCMOJIOTUM OOBIYHO paccMart-
pPHUBAIOTCS WCKPHUBJICEHHBIE NPOCTPAHCTBA, CUHUTAIOUIMECS OoJee
OOIIUM CITy4aeM MPOCTPAHCTB.

OdyeHb BaXHO IMOHUMATh, YTO JIFOOOE MCKPHUBJIECHHOE IPO-
CTPAHCTBO SIBJISIETCS TAaKOBBIM, BHJUMBIM, BOCIPHUHUMAEMbIM
MONbKO TIPU HAJIIMYUU MPOCTPAHCTBA OOJbIIEH MEPHOCTH, JIUIIb B
3TOM cllydae€ Yy HEro ecTh, "KyJa HMCKPUBIATHCA" M TJ€ MOXKET
HaXOJUTbCSl LEHTP pajauyca KpuBH3HBL [loaTOMy crnenyromue 3a-
MEYaHMsI CIeAyeT IPU3HATh HEOOOCHOBAHHBIMMU:
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"MBI JKMBEM B TPEXMEPHOM IMPOCTPAHCTBE, BHIIPBITHYTHh U3
HETo HE MOXeM (Tak Kak BHE NMPOCTPAHCTBA HUYETO HET), IIOATOMY
HEeJb3sl CHpaluBaTh: "B 4eM H3rubaercs Halle peajbHOE Ipo-
ctpancTBo?" ... CyTh KpUBHU3HBI MPOCTPAHCTBA 3aKIIOYAETCS B W3-
MEHEHHU €r0 TeOMETPUYECKHUX CBOWCTB IO CPAaBHEHHIO CO CBOM-
CTBaMHM TUIOCKOTO MPOCTPAHCTBA, TJIE CIIpaBeyIuBa reomerpus EB-
xmma" [62, ¢.78].

"He umeeT G0JIBIIOTO CMBICTA CIIpAlIMBaTh, KyJa paciIups-
ercsi Becenennas. Mbl n3o0pakaeM BCEIEHHYIO BO3AYIIHOTO IIapa
pacmmpsionieiics B OKpy)Karoliee mpoCcTpaHCTBO, HO ATO HE UMEET
HUKAKOTO 3HaueHUus Juisi ee oburareneil. OHM TNPUBS3aHBI K TIO-
BEPXHOCTH IIapa U He MPEJCTABISAIOT cebe TPEThero, pajuaibHOTO
m3mepenus. [logoOHbpIM 00pa3zoM s HAONIIOAATENs B 3aMKHYTOM
BCEJIGHHOW TpexMepHOoe C]epHuecKoe MPOCTPAHCTBO — 3TO BCE
CYLIECTBYIOIIIEE IPOCTPAHCTBO, U BHE ero Huuero Het" [30, c.35].

Bo-miepBBIX, COMHEHUIO HE TOMJIEKUT, 3TO OECCIIOPHO, YTO
KPUBOE TIPOCTPAHCTBO — 3TO HE IUIOCKOE TMpocTpancTBo. Ho,
BO-BTOPBIX, 2eoMempuyecky KpUBH3HA IPOCTPAHCTBA OMpPEICIsIeT-
Csl paliycoOM KPUBH3HBI, IIEHTP, HA4aJI0 KOTOPOTO SIBHO HE MOXKET
HAXOJUTHCSI B TOM XK€ MPOCTPAHCTBE, KPUBHU3HA KOTOPOTO OIpese-
nsiercs, Toraa rae? To ecth, HAOOOPOT, HA CAMOM JieJie HET CMBICIIa
TOBOPUTH O KPUBU3HE TAHHOTO MPOCTPAHCTBA, €CIH (PU3HUECKH OT-
CYTCTBYET MPOCTPAHCTBO OOJBILEr0 YMCIIa M3MEpeHui, Ooiee BbI-
COKOTO Iopsiika. Buaumo, Tak xe cuuran u Puman, KOTOpbIii:

"... 3aMEHWI JIBYMEPHBIN JMCT OyMaru HalluM TPEXMEPHBIM
MHUpPOM, "CMSTBIM" B YETBEPTOM H3MepeHun" [46, c.35].

ToyHO Tak ke JIUCT JBYMEPHOTO MPOCTPAHCTBA MOXKET OBITH
CMSIT, UCKPUBJIEH MO/IbKO TIOTOMY, YTO €CTh 00Jiee BBICOKOE, 00b-
eMJTIoIIee MPOCTPAHCTBO, TpPEeXMEpHOe. B cBOI odepenp, Tpex-
MEpHOE MPOCTPAHCTBO TAK)X€ MOXHO CMSAThb, HO JUIS 3TOTO HEOO-
XOJHMMO OTIATH ke 00Jiee BEICOKOE, YEThIPEXMEPHOE MPOCTPAHCTBO.
Haxownen, BuanMO, npaBuiibHEE BCE-TAaKW TOBOPUTH, YTO BBIMPHIT-
HYTb U3 HAIlIET0 TPEXMEPHOTO MIPOCTPAHCTBA MBI ""noka HE ymeeM",
a He TO TNpPUYMHE TPHHIUIUAIGHOW HEBO3MOYXHOCTU 3TOTO.
Hanpumep, crnenaTh 0JHOMEpPHOE MPOCTPAHCTBO HA CIIEAYIOIIEM
pucyHke puc.3.1 HCKPHBIECHHBIM ceomempuiecku TP €r0 €IUH-
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CTBEHHOCTH HEBO3MOXXHO, JUISI 3TOTO HEOOXOAWMBI, IO MEHBIIEH
Mepe, eme€ aBa u3MepeHus. VICKpUBIEHHOE OJHOMEPHOE IIpO-
CTPAaHCTBO MOKHO YBUJETb MOJAbKO U3 IMPOCTPAHCTBA OOJIBIIETO
yucina usMepeHui. [Io ogHOMYy M3 HMX, Kak BHJIHO Ha PHUCYHKE,
MOXXET OBITH OIpejesieHa MCKPUBIEHHOCTb, OTKIIOHEHHE KOOP/H-
HAThI OT NPSMOJIUHENHOCTH, a 110 APYTOH — HaJIM4ue BTOPOro CJIos,
BUTKA, €Il€ OJJHa UICKPUBJIECHHOCTb.

01 2 3 4
L

" =N

I
Puc.3.1. VickpuBiieHHOE OJHOMEPHOE MPOCTPAHCTBO

B sTom ClIydac, pyu MX HAJIMYUU CYHICCTBYET BO3MOXHOCTD
MEepeMEIEHUsI U3 OJHOM TOYKHM OJHOMEPHOIO IPOCTPAHCTBA B
JPYryto 1100 MPOCTHIM NEPEMELIEHUEM IO 3TOM KOOpAuHAaTe, 1100
MEPEeX0I0M B JIPyrue M3MEpeHHsl, Kak 3TO OOBIYHO TPAKTyeTCs B
TAKUX CUTYyalUAaX.

IMapaJuieJibHBII IEPEHOC BEKTOpa

[IpakTyeckn BO BCE€X MCTOYHHMKAX, Y4EOHHKaX MOYKHO
BCTPETUTH YTBEp)KJIEHHE, YTO BHYTPEHHHUH HAOII0aTeNNb CIIOCOOCH
OTIPENICNIUTh KPUBHU3HY CBOETO IPOCTPAHCTBa 0O€3 MPHUBICYCHHUS
MIOHSATHS IPOCTPaHCTBA OOJIBLIEH pa3MepHOCTH

"... BHYTPEHHs KpUBHU3HA IIPOCTPAHCTBA-BPEMEHH, T. €. KpPH-
BU3HA, NIPU ONpeACIECHUN KOTOPOH HE TOJIKO HE UCIOJIb3yeTCs MO0-
IpyXeHHe B KaKoe-IMOO TMIIOTETHYECKOe TIOCKOE MHOroo0Opasue
0oJiee BBICOKOM Pa3sMEPHOCTH, HO Jla’ke HE JOIYCKAETCS MBICIH O
BO3MOXHOCTH Takoro norpyxenus" [59, 1.1, c.411].

B kadecTBe 0JJHOrO U3 CIIOCOOOB TAKOTO OMPEICICHUS Yalle
BCEr0 PacCMaTpHUBAETCs SBJIEHHE MOBOPOTA BEKTOpA IPU €ro mna-
pajUIeIbHOM IEPEHOCE N0 3aMKHYTOMY KOHTYDY.
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"KpuBn3zHa MHOroo0pasusi cama 1o ce0e BBIpa)KaeTcsl yepes
M3MEHEHHE HAIPaBJIEHUS! BEKTOPA, BO3HUKAIOLIEE MPU Napauiesb-
HOM IIEpPEHOCE BEKTOpa IO HEOOJBIIOMY 3aMKHYTOMY KOHTYpY.
V3MmeHeHne HanpaBieHUs] BEKTOpa 3aBUCUT OT UCXOJHOI'O Halpas-
JICHUS] BEKTOPa, a TAK)KE OT OPUEHTAIMH ABYMEPHON NMOBEPXHOCTH,
B KOTOPOW pAaCMOJIOKEH 3TOT 3aMKHYTBIA KOHTYp; MPHU 3aJaHHOU
OpHEHTAIlMM U3MEHEHHE HAIPABJIEHUS BEKTOPA MPONOPLHUOHAIBHO
IUIOUIA/IM, OXBAaThIBAEMOM 3aMKHYTBHIM KOHTYpoM. CienoBaTenbHo,
YUCJIEHHOE 3HAYEHUE KPUBHM3HBI MHOI000pa3zusi MOKHO BBIPa3UTh
4yepe3 U3MEHEHUE HalpaBJeHUs BEKTOpa (B Tpaaycax) Ha €AMHUILY
IUIOLIA/IM, OXBAaThIBAEMON 3aMKHYTBIM KOHTYpPOM, IO KOTOPOMY
coBepiaercs ooxox" [20, ¢.82].

M3BectHbl U OoJsiee (OpManM30BAHHBIE OMUCAHUS TaKUX
IIPOLIECCOB, HAIIPUMED, B TEPMUHAX TEH30POB:

"... mapaJIeNbHBIA TEPEHOC MPOU3BOJIBLHOTO BEKTOpa (TEH-
30pa) MO 3aMKHYTOMY KOHTYypy. IlapamiensHo nepeHocs mpous-
BOJIbHBIN TEH30p ... U3 MPOU3BOJIBHON TOUKU A B TO4Ky D BHOiB
Pa3NUYHBIX CTOPOH MapauIeJorpaMma ... MOKHO yOeIUTHCS B TOM,
4yro TeH30p Pumana-Kpucroddens ompenenser pazHOCTb KOMIIO-
HEHT TEH30pOB, NMEPEHECEHHBIX M3 OJHOW TOUYKHU B Jpyryro (Omau3-
KYIO) IByMs pa3HbIMH IyTsMU (ypaBHeHue) ..." [32, c.67]

Pa3HOCTBIO KOMIIOHEHT TEH30pa B JAHHOM Cllydae U 0003Ha-
YaroT U3MEHEHNE HAINPaBJIEHMs BEKTOpPA MPU TaKOM IMapajljIeIbHOM
nepeHoce. [IpumepHo Takol ke BBIBOJ CIIEYET U3 JIOKA3aTEIbCTB
eI11e OJTHOTO aBTopa: 3eapMaHoB, DineMenTsl OTO

"[Ipy pOM3BOJILHOM MEPEHOCE ... BEKTOP MOJIYy4aeT Mpupa-
uieHue ... Beisegem dopmyny ... Takum oOpazoM, pu napajijieib-
HOM TIEPEHOCE BEKTOD ... MoJyyaeT mnpupamienue ..." [41, c¢.51]

OTHU BBIBOJIbI OTHOCATCS K KPUBOJIMHEWHBIM NPOCTPAHCTBAM,
IIOCKOJIBKY B JIEKapTOBOW M B €BKJIMJIOBOW CHUCTEMaX KOOpPJIUHAT
KOMITIOHEHTBI BEKTOPOB IpU MapajieIbHOM NEPEHOCE HE MU3MEHS-
I0TCS U PE3YJIbTUPYIOIUNA BEKTOP IOCHE IPOXOXKIEHUS JH000ro
3aMKHYTOTO KOHTypa COBINAJET C HMCXOJIHBIM BEKTOPOM, IPHUYEM
CUCTEMa KOOpPAMHAT B OOIIEM Cllydae, KaK CUMTAETCS, MOXKET ObITh
Y UCKpUBJICHHOW. HO B MCKPUBIEHHOM IIPOCTPAHCTBE:!

105



"... pe3yNbTUPYIONIUHA BEKTOP a’, BoOOILIE TOBOPA, §yﬂeT oT-
JIMYEH OT MCXOHOTO BEKTOpA &', IIPUYEM Pa3HOCTh & — a ' 3aBHCHUT
OT BbIOOpA 3aMKHYTOM KPUBOH ... 3TO €JMHCTBEHHOE CYILIECTBEHHOE
pasnuyre MeXAy IUIOCKUM M HMCKPUBJICHHBIM IPOCTpaHCTBaMHU"
[58, c.231].

VIMeHHO Takoe MOBEJEHUE BEKTOPA TP MapauIeTbHOM Iie-
pPEHOCE ¥ HCIIOJIb3YETCS B KAueCTBE OIpEIeNICHHUS TOHSATHS KpU-
BU3HBI IPOCTPAHCTBA:

"... IPOCTPAHCTBO HA3bIBACTCSI MCKPUBIEHHBIM, €CIU pe-
3yIbTaT MapajUIeNIbHOTO TEepeHOca BEKTOpa M3 OJHOW TOYKH B
IPYryl0 3aBUCUT OT BhIOOpa IyTH, MO KOTOPOMY INPOU3BOIUTCS
nepenoc" [20, c.84].

[Ipu mapamienbHOM TEpeHOce BcCerja NPUHUMAETCS, YTO
JUTHHA BEKTOpa OCTAeTCs HEM3MEHHOH, MOATOMY pe3yabTaToM Ie-
peHoca MOXKET OBITh TOJBKO MOBOPOT BEKTOpA, HO HE €ro pacTs-
KeHue mim ckatue. [I0CcKonbKy myTH MOTYT OBITh pa3HBIMHU, TO H
Pe3yIBTUPYIOUINIA MOBOPOT TaK K€ MOXKET ObITh pa3HbIM. B wacr-
HOCTH, TJIABHOM XapaKTepUCTHKOW CBSI3HOCTH HAa MHOT000pa3uu
€CTh U3MEHEHHE NIPU TIepEeHOCE KacaTeIbHOTO BEKTOpa:

"B nuddepennpanbHON popMe ero MOKHO ONHCATh 3aJaHEM
orepaTopa MmoBopoTa BekTopa I mpu rnepexojie U3 TOUYKU X B TOUKY
x+dx, a AIMEHHO:

I'c")y=t"-Irtr%dx" (3.4)

Koahdumwmenrsr 77, B dopmyse (3.4) Ha3bIBAIOTCS KOMITO-
HEHTaMU CBsi3aHHOCTH. Pa30uBasi Ternepbh KPHUBYIO, COEAMHSIONIYIO
JIB€ TOYKU MPOCTPAHCTBA, HA MaJIble OTPE3KH M ONHCHIBAs HA KaX-
JIOM OTpe3Ke M3MEHEHHE BEKTOpa C IMOMOoIlbio omeparopa (3.4),
MOKHO TOJYYUTh M3MEHEHHE BEKTOpa MpHU TEepeHOce M3 OJHOU
TOYKH B Jipyryo. [Ipu 3TOM cymiecTBeHHO, 4TO pe3yibTaT Oyaer
pas3NuYeH Ui Pa3TUYHBIX KPUBBIX, CBSI3BIBAIOIINX 3TH TOUKH ...

Takum 00pa3zom, MmapajuleNbHBIA MEPEeHOC B UCKPUBICHHOM
MPOCTPAHCTBE 3aBUCHUT OT MYTH, IO KOTOPOMY OH OCYIIECTBIISIETCS "
[42, c.30].

O4eBUHO, YTO pa3HBIX MyTEH MapauIeNbHOrO TEepeHoca
BEKTOpa U3 OJTHON TOUKH B IPYTYIO MOXKET OBITH CKOJIBKO YTOAHO. B
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TUIOCKOM TIPOCTPAHCTBE CYIIECTBYET €IWHCTBEHHOE HAIpPaBIICHHE,
napajielbHOe 33JaHHOMY B KaKOW-TO TOYKE, OATOMY pe3yiabTar
MePEeHOCca OIMPEIEISIETCS TOJIBKO UCXOJHBIM BEKTOPOM M HE 3aBHCHT
OT IyTH niepeHoca. HarpoTus, B MCKPUBIEHHOM IIPOCTPAHCTBE:

"... pe3yabpTaT NapajyIeIbHOTO MEPEHOCa BEKTOpa 3aBUCHUT HE
TOJIBKO OT HMCXOJTHOTO BEKTOpa, HO M OT IyTH, MO KOTOPOMY CO-

===
A
T

Puc.35. IlapaniensHblii IEPEHOC BEKTOPA MO JBYM BO3MOXKHBIM
MyTsM

Ecau Bektop vy (puc. 35) cHauana napajajiesibHO IEPEHOCUTCS
u3 Touku A B Touky B, a 3atem B Touky D, TO B pe3ynbrare Mbl
MIOJIyYUM BEKTOp V;, €CIM MapajljiesIbHbI IEPEHOC BEKTOpa Vy CO-
BepuIaeTcst OT Toukd A k Touke D depe3 Touky C, TO pe3ylibTaToMm
nepeHoca Oyzet BekTop v;. [lapanienbHbli mepeHoC BEKTOpa BJIOJIb
IIyTH, COCTOSIIIETO U3 OTPE3KOB MPSIMBIX (JIOMaHasi JIMHMS), B KOHIIE
KOHLIOB BO3BPALIAIOIIMXCS B UCXOJHYIO TOUKY (3aMKHyTas JOMa-
Hasi), MPUBOJUT K HOBOMY BEKTOPY B HAYAJIbHOU TOYKE; TOT HOBBIH
BEKTOp OTHIOJb HE COBMAJAET C MCXOJHBIM, XOTS MpU NEpPEeHOCce
BEKTOpa 10 BCEM CETMEHTaM IETJIM Mbl HUTJIE HE HApYIIWIIN IPaBUIl
napajuienasHoro neperoca" [20, c.62].

UucneHHO BeNMYMHA KPUBU3HBI MHOrooOpasusi (IIpoCTpaH-
CTBA) MOXET OBITh BBIPa)KE€HA UYepe3 KOHKPETHBIE YHCIIOBBIE Mapa-
METpbI NapaJUIETBHOIO NIEPEHOCA!

"KpuBr3Ha MHOroo0pasusi cama o ce0e BbIpa)kaeTcs uepes
M3MEHEHHE HAIPaBJIEHUS! BEKTOPA, BO3HUKAIOLIEE MPU Napauiesb-
HOM IIEpPEHOCE BEKTOpa IO HEOOJBIIOMY 3aMKHYTOMY KOHTYpY.
... YUCJICHHOE 3HauY€HUE KPUBU3HBI MHOI000pa3ns MOYKHO BbIPa3HUTh
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yepe3 U3MEHEHUE HalpaBJeHUs BEKTOpa (B rpajaycax) Ha €IUHULLY
TUTOIIA/IA, OXBATHIBAEMOH 3aMKHYTBIM KOHTYPOM, IO KOTOPOMY
coBepiaercs ooxox" [20, ¢.82].

Kak BapuaHT, 00bEKTUBHBIM, KOJMYECTBEHHBIM TTOKA3aTEIIEM
KPUBHU3HBI TPOCTPAHCTBA MOXKET OBITh BEIWYHMHA, MPOTOPLHO-
HaJIbHAS TUIOMIAANW KOHTYpa, 1O KOTOPOMY IPOU3BOJIUTCS IMapal-
JIETIbHBIN MTEPEHOC BEKTOPA:

"B HCKpUBIEHHOM IPOCTPAHCTBE HAYaJlbHOE M KOHEYHOE
HaNpaBJeHUE BEKTOpa HE COBIAJAIOT, MPHUYEM OTiIn4He OA Oyner
MPSIMO TIPOTIOPITUOHAIBHO IUIOIIA N KoHTypa 0S" [21, ¢.54].

B pabote [28, ¢.59] B nocrarouno o6mieM, hopMaIbHOM BHJIE
IIPUBOJATCS ONPENENICHUsT MOHATHM MapajyiebHOIO IepeHoca
BEKTOpa W TMOHATHUS KPUBU3HBI — TEH30pa KPUBU3HBI MM TEH30pa
Pumana. OTmeueHo, 4TO 3ajaya O MapajUIeIbHOM IEpeHOce M
OTIpENICNICHUN KPUBU3HBI SBIISETCS KOPPEKTHOM W HMMeEET OJIHO-
3HAYHOE pEIlIECHUE.

Crnenyer OTMETHTH, YTO NMPH BCEH KOPPEKTHOCTH, OJTHO3HAY-
HOCTH U TOYHOCTH aHAIMTHYECKUX BBIKIIAJIOK, OHU BCE-TAaKU HEIO-
CTaTOYHO HarjsaHbl. Bmecre ¢ TeMm, 3TO BecbMa Ba)kKHOE 00CTOSI-
TEJIbCTBO, MOCKOJBKY B I'pa)MUeCKUX HMIUTIOCTPALHUAX MOXKHO 3a-
METHUTb HEKOTOPOE HECOOTBETCTBUE C AaHAJIUTUKOM. [[efiCTBUTEIBHO,
IIpU aHalu3€e pUc.35 K NPUBEIECHHOW BBIIIE LIUTATE CpPa3y K€ BO3-
HUKAeT BOIPOC: MOYeMy NpU JBM)KEHHWU BEKTOpa M3 TOYKH A B
Touky C ero HampaBJIEHHE PE3KO M3MEHUIOCh gusyanvro? 1o u3-
BECTHBIM COOOPaKEHMSIM MBI JTOJDKHBI cuuTath JiBe a1yru AD u CB
napaieIbHBIMU, KaK HaXOIIHecs Ha PUMaHOBOH, CEepHUIECKOM
MOBEPXHOCTHU TIOJIOKUTEIBHOW KPUBHU3HBI. W 3aMETUM KCTaTH, 4TO
Ha Kaprte 3emiH (rjo0yce), Kak 3TO HU CTPaHHO 3BYYMT, Iapaj-
JIEIIbHBIMU Ha CaMOM JIEJI€ SIBJISIIOTCS MEPUIMAHBL, a HE MapaJljieliu,
KOTOpPBIE SIBIISTIOTCSI MIPOCTO KPUBBIMH JIMHUSMHU. HO MBI OCTaBHM
3TOT BOIIPOC — HEAOYMEHHUE MTOKa 0e3 OTBeTa.

B kauecTtBe HanOosiee HATMAHOW JEMOHCTpALMK TaKOTO M3-
MEHEHUSl HalpaBJeHUs BEKTOpa MpU NapajuIeIbHOM IEpPEeHOCe
OOBIYHO MPUBOJUTCS TIEPEHOC BEKTOpa HA MOBEPXHOCTH ceprl. B
ATOM CiIy4ae poJib IPSMON UTParOT AYTH OOJBIINX KPYroB chepsl,
MOJTy4aeMble CeYeHUEM C(ephl TUIOCKOCTHIO, IPOXOIAIIeH yepes eé
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1eHTp. Bo Bcex Takux mpuMepax HarjsiiHO JAEMOHCTPUPYETCS, YTO
NpU TapaJJIebHOM TEPEeHOCE BEKTOpa MO MOBEPXHOCTH c(epbl B
HCXOJHYIO TOUKY €r0 HallpaBJI€HHE HE COBIIAJAeT C HAPaBJIECHUEM
HCXOJHOTO BEKTOpA.

PaccMoTpyuM OMH M3 Takux NMPUMEPOB MapajuIeIbHOTO Iie-
peHoca BEKTOpa Ha MOBEPXHOCTH c(epbl, 0XKHasi, YTO B HEM HHU-
KaKHX HESCHOCTEW, HEONpEeAEeICHHOCTEHN HET.

"Ha pucyHKe HadaqbHOE TOJOXEHHE BEKTOpa 0003HaueHO
muppoit 1 (ceBepHsiii momroc). OH OOHOCHUTCS TapaJUICTbHBIM
oOpa3omM (mmosoxkeHus 2, 3, ...) BOKPYT c(hpepruecKoro TpeyroibHH-
Ka, Bce yribl kKoToporo pasHbl 90°. Ilo Bo3BpallleHuU B UCXOIHYIO
TOYKY BEKTOD (I10JI0’keHHE 4) 0Ka3bIBAaETCsl MOBEPHYTHIM Ha 90°:

eayccosa ) (yeon_nosopoma)  (m/2) 1

o .« o 2y 2
kpususna ) (obotidennas _niowaov) (1/8)(4ma”) a
(TIONI0KUTENTbHA; HAIIPABIIEHUE TIOBOPOTA COBIIAJIACT C HAIIPABJICHHU-

em ooxona) [59, 1.1, c.412]".
N

I'ayccoBa KpHBH3HA YG B PACCMOTPEHHOM cilydae cepude-
CKOM TIOBEPXHOCTH OIpeiesieHa KaK OTHOIIEHHE IUIouaau, 000ii-
JIEHHOW BEKTOPOM, K YIJIy TIOBOPOTa BEKTOPA, KOT/1a OH BEPHYJICA B
UCXOAHYIO0 TOYKy [59,7T.1,c.412]. B npumepe c TpeyrosbHbIM
KOHTYpPOM, JIE€HCTBUTENBHO, IOJy4aeTCsl BIIOJHE OCMBICIEHHAs
BeJTMYMHA KPUBH3HBI — 1/a°, I7ie a — paauyc cdepsr:

e m/2 1
S 4ma’/8 a’

Kak BuauM, u B 3TOM ciydae npu 00XOJ€ MO 3aMKHYTOMY

KOHTYPY PE3YJbTUPYIOLIUN BEKTOP HE COBIAJN 10 HANPaBICHUIO C
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UCXOJHBIM. XOTSI HAa PUCYHKE 3TO HE OUEHb 3aMETHO, HO B IPEJ-
MOCJIETHEN TOUKe 3 HaNpaBJI€HUE BEKTOpPA B TOUHOCTU COBIAAAET C
MOCJIETHUM HalpaBlieHueM 4 npu o0xone TpeyrojpHuka. Tem He
MEHee, U B JAaHHOM CJly4ya€ BO3HUKAET BOINPOC MO H300paKEHUIO
BeKkTOpoB. Cyzsl 0 BCEMy, BEKTOPBI B TOUKax 2 U 3 HAINpaBJICHbI
TOYHO 10 CTOPOHaM TPEYroJIbHUKa, TO €CTh, 0 ONPEAEICHHIO Ma-
pasutenbHBl Ipyr apyry. OaHako OHU M300pa’keHBI CIHUIIKOM KO-
POTKHUMH OTpe3KaMH, I0ATOMY Ha PUCYHKE HE COBCEM SICHO, JIEKAT
J¥ OHU Ha TMOBEpXHOCTH cdeprl? Ha mimockom mpocTpaHCTBE IMO-
BEPXHOCTH C(Epbl BO3MOXKHBI JIMIIb BEKTOPHI, MOJTHOCTBIO COBIIA-
JAIOLIME C ATOU IMOBEPXHOCTHIO.

B ciiyuae cdepudeckoro TpeyrojabHHKa BEKTOP, Kak OKa3aHO
Ha pUCYHKE, IPHU NepeHoce M3MEHUI cBo€ HampasieHue. Ho yto
OyzeT, eciu B3sTh KBAJAPATHBIN MU IPSAMOYTOJIbHBIN KOHTYp? Kak
BUJIHO Ha puc.3.2a mpH TaKOM TNEPEHOCE UTOTOBbINM yrona ¢ =0,
IIOATOMY KpPHMBHU3HA OKa3bIBaeTCs paBHOW Hymro. Ilomydaercs, yrto
METO/] HE BIIOJIHE KOPPEKTEH, MOCKOJBKY JAE€T AJIs OJJHOM U TOM XKe
MIOBEPXHOCTH MpPH HUCIHOJB30BAaHUU OJHOTO W TOrO K€ IpaBUiIa
pa3Hble 3HAUCHUSI.

0] 0
e e U
S 4rma’/n

Hemuoro nopaGotaem pHCYHOK, 4TOObI YCTPaHUTH 3Ty He-
OTIPE/IENIEHHOCTh C HAaIlpaBJIEHUSIMU BeKTOpa. byneM cuutarh, 4To
UCXOAHBIN BekTOp 1, BekTOphl 2, 3 1 4 KacaTelbHbl K gyram 1-2 u
3-4, 10 ecTb, K OOKOBBIM CTOPOHAM TPEYroJIbHHUKA, BJIOJIb KOTOPOTO
OHH IepeHocATcs. VIMEHHO 3T0O M 03HAYaeT UX MapayIebHOCTb.

ITockonbKy MBI BIIpaBe NMPOU3BECTH NapajlielIbHbIA MEPEHOC
BEKTOpa M0 MPOU3BOJIBHOMY MapuIpyTy, TO Mbl J0OaBUM elI€ OJUH
OTpE30K, MpeBpaTHB C(HEpUUECKHl TPEYTOIBHUK B CHEpUICCKHIA
KBaJipat (BepHee, KpUBOJIMHEWHBIHN YeThIpeXyroibHuK). U cpasy xe
oOHapyXHBaeM, 4TO Hall BOIIPOC BO3HUK, BOOOIIE-TO, HE HA ITyCTOM
MecTe. MBI BUIUM JiBa MEPEHOCAa BEKTOpa IO OPTOTOHAJIBHBIM K
MepuauaHaM JUHUAM — 2-3 u 4-1. BHOBb BO3HHMKaeT BOIPOC: MO-
4yeMmy MpH NEPEeHOCe MO Mapajieny 2-3 BEKTOp OCTaJICs KOJUIMHE-
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apHbIM CBOMM MepuauaHam 1-2 u 3-4, a Ha otpe3ke 4-1 Her? Jlo-
THYECKOTO OTIPaBAAHUS TAKOTO Pa3IMYUs, TOXOXKE, HE CYIIECTBYET.

Puc.3.2. TlapanenbHblil IEpEeHOC BEKTOPA

JUis HarIsTHOCTH Ha PHUCYHKE 3.2a M00aBIeHBI MPOMEKY-
TOYHbIE MEPUANAHBI — NApAJUIEIbHBIE JUHUH, C KOTOPHIMU BEKTOP
00s13aH COBMEIAThCS MpH NapaiyiensHoM neperoce. LTpuxoBsie
CTpEJIKA TIOKa3bIBAIOT HAMpaBJeHHE 00X0/a, a TOHKHE CTPEIKH —
IIPOMEKYTOUHBIE TIOJIOKEHMS IEPEHOCHUMOIO BEKTOpa. XOpPOIIOo
BHJTHO, YTO IIPH BO3BPALICHUH B UICXOAHYIO TOUKY BEKTOP COXPAHUII
CBOE UCXOIHOE HAIPABJIICHUE — BJIOJIb MEPUIUAHA.

Hano 3ameTuTs, 4TO NOJIy4EHHBIM pE3yabTaT HE TOJIBKO
IIPOTUBOPEUYUBBIN, HO W CTPaHHBIA. BBIXOIUT, YTO TakOW METOJ
BHYTPEHHETO OIPEENICHUsI KPUBU3HBI IPOCTPAHCTBA HE BIOJHE
KoppekTeH? MBI TOYHO 3HaeM, 4To cdepa — 3TO HUCKPUBJICHHOE
npocTpancTBo. Ho moBOpOT BEKkTOpa, BO3HMKAIOIIMK IIpU Iapaj-
JIEIbBHOM MIE€PEHOCE IO 3aMKHYTOMY KOHTYPY M CUHTAIOLIUICS
MIPU3HAKOM KPHUBHU3HBI NOBEPXHOCTH, OTCYTCTBYET. TO €CTh, KpH-
BU3HBI HeT? Ho MBI k€ B MCXOJTHOM BapuUaHTE C TPEYroJIbHOU Tpa-
€KTOpUEN OTYETIMBO BUAEIU — BEKTOP UCHBbITaN NOBOpOT. [louemy
BO3ZHUKIJIO TAKO€ HECOOTBETCTBHUE?

UYroObl BBISICHUTH MPUYUHY PACXOKICHHH, MpOJENIaeM clie-
Ayroliee. YMEHbIINM JUIMHY BEPXHEW Iapajulielid, TO €CThb, Iepe-
MECTHUMCSI Ha 0ojiee BBICOKYIO IIHPOTY, CIEAYIOLIYIO Mapajlieb,
KOTOpBIE TMOKa3aHbl MITPUXOBBIMH JIMHUSMH Ha pUCYHKe 3.2b, H
BHOBB TPOM3BENIEM TEPEHOC BEKTOpa M0 00pa3oBaBIIEMYCS KOH-
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Typy. O4eBHIHO, UTO pe3yabTaT OYAET TAKUM K€ — BEKTOP BEPHETCS
TOYHO B HMCXOJIHOE COCTOsSIHHE. Emé yMEeHbIIMM JUIMHY BEpXHEU
Iapajuley U BHOBb IIEpeHECcEM BeKTOp. Pesynbrar npexHuii. bynem
YMEHBIIIATh BEPXHIO Napajuleiab IO TeX MOp, MOKa OHAa HE Co-
KMETCS B TOUKy. Bunmmo, naxe JOCTUTHYB NOJdIOCA, MBI Oyaem
00513aHbl TaXKE B OTOM TOUKE SBHBIM 00pa3oM Kak Obl nogepHymbs
BEKTOP JI0 €r0 MCXOJHOIO IOJIOkKEHUsA. JleMCTBUTENBHO, MOBOpa-
4yyBas MpHU MEPEHOCE BEKTOpP BO BCEX MPEBIAYLIUX CIIydasX, IO-
4eMy Mbl BAPYT JOJDKHBI MPEKPATUTH €r0 MOBOPOT B HCXOAHOE
nonoxkenue? Keratu, 3To cnexyer Bce-Taku yrouHuTb. Ha camom
JieNie BO BCEX ATHX Cllydasi COOCTBEHHO MIOBOPOTA HET — €CTh CTPOTO
NapaJuleIbHbIN NTepeHOoC. [JIMHHON CTPENIKON 5 MOKa3aHo, YTO IIPH
T000M TOoABEME MIMPOTHI BIUIOTH 0 TIOJIOCA, HAWBBICIIEH mapal-
JIENIA BEKTOP B KaXK/I01 TOUKE BCETJa COBIAJAET C MEPUIUAHOM.
3neck cienyer oOpaTUThCS K IMOXOXKEW CUTyallud U3 Teo-
MeTpuH, puc.3.3. PaccMoTpum KkpuByto ¢ uziomoM B Touke B. Ilo-
CTPOUM CEMENCTBO KacaTeIbHBIX K 3TOM KpuBO. OUEBHUIHO, UYTO B
TOYKE W3ruda Imepej HaMHU BCTAHET BOIPOC: B KAaKyl CTOPOHY
HalpaBJieHa KacaTelbHas U CYIIECTBYET JIM OHA BOOOIIe?

\
y

Puc.3.3 KacarensHbIE K JIMHAU C U3JIOMOM

Ecnu paccyxnate crporo, To Touka B — 3T0 TOUKa, onpene-
JICHHO TNpPHUHAJIEXKAIlasl Halled KPUBOM, IO3TOMY KacaTelbHasd,
BUJIUMO, JTOJDKHBI ObITb. HO KpuBasi COCTOMT U3 JIByX OTpPE3KOB.
Ecnu Ob1 MBI TOYHO 3HAJIM, KAKOMY U3 HUX MPUHAUIEKUT Touka B,
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TO BOMIPOCOB HE BO3HUKJIO Obl. HO B 3TOM, COOCTBEHHO, U COCTOUT
oTBeT. Ham Hy)KHO IIpPOCTO OmpenenuThes, Touka B — 310 eaun-
CTBEHHAasl TOYKa, WM 3TO IBE€ TOUKH, IPHUHAUIEIKAIINE KAXKIOMY U3
oTpe3koB? Crenarb 3TO MPOCTO: HYXKHO 3a7aTh MHTEPBAJIbI, KOTO-
pBI€ ¥ YKaXyT, KAKOMY M3 OTPE3KOB 3Ta TOYKA MPUHAIEKUT. Bu-
MO, COJIOMOHOBO DPEUIEHHE C YABOCHHMEM TOYKH 3[E€Ch BPAJ JIU
YMECTHO, IOCKOJIbKY CO3JaéT HEOIpPENEIeHHOCTb, JBYCMBICIEH-
HOoCTh. [lycTh Touka B mpuHamnexut npaBoMy otpe3ky. Torma c
KacaTeJIbHOU BCE SICHO. B 3TOM TOUYKEe OHA IPUHAUJIEKUT CEMENCTBY
OCTAJIbHBIX KacaTeJbHBIX K POJUTENLCKOMY Y4acTKy KpuBoil. [Ipu
IIepexoJie 4epe3 3Ty TOUKY Mbl, COOTBETCTBEHHO, INEPEXOAUM K
CEMEICTBY KacaTeNbHBIX JpYyroro orpe3ka JuHMU. Kak BuauM,
HUKAaKUX JIBYCMBICICHHOCTEN M NMPOTUBOpeUnid HeT. 1Ipu aToM MBI
MOXXEM OIIpEAETICHHO 3asBUTh: KacaTelbHas K Touke B — eauH-
cTBeHHas1. Ecau Mbl OyzieT mocie10BaTeNbHO CTPOUTh KacaTelIbHbIE
K JIEBOU MOJIOBUHE JIMHUH, TO Mbl HUKOTJ]a HE CMOYKEM 3asBUTh: BOT
JTa KacaTelbHas — B TOUKEe B, MBI He MMeeM mpaBa, MOCKOJBKY
TouKa B 3TOMY OTpe3Ky HE MPUHAIIEKUT.

Tenepsr BepHEMCs K Hamieir cdepe. IBrwkeHHe MO KBajpaT-
HOMY KOHTYpPY HaM OTYETJIMBO [T0Ka3aJl0, YTO KOHEYHasl TOUKa — 3TO
HE YZIBOCHHAs TOYKa IOJI0CA, 3TO JABE pa3Hble TOUKU. Y CTPEMUB K
HYJIEBOMY IIpe/iely BEPXHIOK Napasuleib, Mbl, B KOHEYHOM CYETE,
MaKCUMAaJIbHO COJIM3WIIM STH TOYKH, HO OHM Bcerja ObUIM U OCTa-
JUCh pasHuimu. Ce10BaTeNbHO, B TPEYTOJIbHUKE MBI TOXKE JTOJAKHBI
OT/IaBaTh ceOe OTYET, UTO BEPHYBIIUMUCS K MOJIIOCY BEKTOP B IEp-
BOHAYaJILHOM TPaKTOBKE 8 UCXOOHOe nonoxceHue He BepHyics! OH
MO-TIPE)KHEMY HAXOJUTCS Ha JMHUM IPaBOl CTOPOHBI cdepuue-
CKOTO TpeyrosibHHKa. YTOObI €ro BEpHYTh B MCXOJIHOE MOJIOKEHUE,
MbI 0053aHbl TIOCTIE0BATEIBHO MEPEMEILATh €r0 10 MEPUANAHAM,
TO €CThb, IPOCTO-HANPOCTO MMOBOPAYMBATH B MCXOIHOE IMOJIOKEHHE.
JlelicTBUTENBHO, TOYKA MOJIKOCA — 3TO HE OJHAa Touyka. Ho MBI Bo-
MPEKH STOMY CUMTAEM, YTO TOYKA U3rH0a — MOIIOC Chepbl — MOKET
IpUHAUIEKaTh TOJIbKO OfHOW JmHuM. Ilo ompenenenuto, u3Ha-
YaJlbHO MBI €ro "MpuKpenuiu" K JIEBOM CTOPOHE CPepuuecKoro
TpEeyrojbHUKa, a 1nocjiae o0xo/la KOHTypa — K mpaBoi cropone. Ha
camMoOM JieJie B 3TOM TOYKE MEePEeCceKaeTCs] MHOXKECTBO MEPHIMAHOB,
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KaXKJIbIN M3 KOTOPHIX UMEET COOCTBEHHYIO TOYKY Ha moJjroce. bes
pa3pbiBa MEPUINAHOB Ha IOJIFOCE YCTPAHUTh €r0 MHOTO3HAYHOCTh
HEJb3s, HO TAaKOH pa3pblB MEPUAMAHOB JIOTHYECKOTO OTIPaBIaHMsI HE
UMEEeT, 3TO BECbMa HCKYCCTBEHHBIN, HMUEM HE OOOCHOBaHHBIN
npuém. Ecnu MbI nepexoyuM Ha MOJIOCe ¢ KpaHero mpaBoro Me-
puaMaHa Ha KpallHUM JIEBBIHA, TO €CTh, B UCXOHOE IOJIOKEHHE, TO
MBI (pakTHdecku "maraeMm" IO TOJIFOCHBIM TOYKAM KAHCO020 Me-
pUAMaHa U, COOTBETCTBEHHO, JOJDKHBI B 3TM MOMEHTHI MU3MEHSATh
HaIpaBJIEHUE NEPEHOCHMOTO BEKTOpa. A HE MEpPEXOAUTbh MBI HE
UMeeM IpaBa — MCXOJIHAs TOYKAa, B KOTOPYIO MBI, KaK CUMTAETCH,
BEPHYJIM NEPEHOCUMBIN BEKTOpP, HAXOAUTCS Ha JIEBOM MEpHJIMAHE.
JleicTBUTENBHO, Ha KAKOM OCHOBAHHMHM MOKHO 3asiBUTh, 4YTO Ha
MIOJIFOCE BEKTOP HMMEET HAlpaBJICHHE UMEHHO 9mo20 MepuanaHa’?
Takux OCHOBaHUU HET.

N3 3toro npsiMo cienyet: napauielbHbIN IEPEHOC BEKTOPA B
pamMKax MpOCTPAHCTBA He NO360/Aem NOAYYUmsb UHGOpMayuio o ero
KpUBHU3HE, TI0 MEHBINIEH Mepe, Ha MOBEPXHOCTH cdepbl. XOTs He-
CJIO’)KHO OOHApPYXHUTh, YTO MOJOOHOE HECOOTBETCTBUE BO3HUKAET U
Ha MOBEPXHOCTU TOpa, U JOTAAAThCS, YTO 3TO CIPABEJIMBO B OT-
HOILIEHUU 1706011 UCKPUBIIEHHOHN nmoBepxHocTU. Ho Kak e Torna
CJIEyeT OTHOCUTBCSI K CTPOTUM aHAJIMTUYECKUM BBIKJIAJKaM U J10-
Ka3aTeJbCTBaM BO3MOKHOCTH 3TOro? OTBET COIEPKUTCS B NPUBE-
JNEeHHOM aHaiu3e. Kak B aHaTUTHUYECKUX BBIKIAJKAX, TaK U B Tpa-
¢uueckux mpuMepax NpU NapayieIbHOM NEepeHOCe BEKTOp He
BO3BpALIEH B UCX0OHOe TIOJIOXKEHUE, IO3TOMY U COXpaHsEeT mapa-
METpPbI NOCIEAHETO Y4aCTKa TPAEKTOPHH.

Cnenyer pa3nuyarh KpUBHU3HY NPOCTPAaHCTBA U €ro aedop-
MHUPOBAaHHOCTb, Je(pOpMaInIo, TO €CTh, OHO MOXET OBITH COBMe-
meHo "0e3 my3bIpei'!, 0e3 MyCcTOT ¢ €BKJIMIOBOW IUIOCKOCTHIO, HO
JIOKaJIbHO MMEET Pa3Hyl CTENEHb PACTAHYTOCTH WIM Ckatus. B
3TOM Cllyyae, Kak TaKOBO€ — OHO IJIOCKOE, HO CyMMa YIJIOB Tpe-
YroJIbHUKA Ha HEM B Pa3HBIX O0IACTSIX JUTsl BHEITHETO HAOII0AaTes
MOXKET OTIMYaThcsa OT 27. boisiee TOro, Takoe MpOCTPaHCTBO, BHU-
JIMMO, HE MOKET OBITh paBHOMEPHBIM, TO €CTb, B €I'0 Pa3HBIX TOUKAX
CyMMa YTJIOB MOXKET ObITh pa3HoOM, Hampumep, Ha puc.3.4. Ilpen-
CTaBJICHHBIC HAa PUCYHKE KOOPAWHATHI SBJISIOTCS OMAHTYISPHBIMH.
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Cucremy ciemyer paccMaTpuBaTh KaK H30METPHYHYIO OOBIYHOM
€BKITU0BOM TUIOCKOCTH C JCKAPTOBBIMH KOOPIMHATAMH.

Puc.3.4. Ilinockoe neopMHUpPOBaHHOE MMPOCTPAHCTBO

Kanonunueckue Qopmynsl g nepeBoja KOOPAMHAT X = ¢;
y =0 (moapazymeBaeTcsi, 4YTO TOJIOCa UMEIOT KOOpAWHATH X = 0,
y = ¢, T2ie ¢ — J1I000e YKCI0), TO €CTh, B OTJIMYHE OT OUICHTpHYe-
CKUX KOOPAMHAT, MOJIO)KEHNE TOUYKU 3aaéTCsl HE PACCTOSIHUEM OT
MOJIFOCOB, a yriaamu. OTMETHM TaKXe, YTO TaKO€ MPOCTPAHCTBO
HCMPEPBIBHO, TO €CTh, HA HEM MOKHO 3aJaThb KOOPAHWHATLI JIFOOBIX
TOYEK, JTaKe JIeXAIUX Ha ocH y. Takoe nckakeHue MpoCTpaHCTBa
MOKHO CHUTATh TOIIOJIOTUUYCCKUM:

"Ecnu cunrtath, 4TO reomMeTpudeckas purypa cienaHa u3 Ka-
KOTO-TO 3JIACTUYHOTO Marepuala, To Jrobas ee aedopmarus 6e3
Pa3pbIBOB U CKJIEEK OKAYKETCS TONOJOTUYECKUM MpeoOpa3oBaHueM"
[35, c.23].

HecomueHHo, n300pakeHHOE HAa PUCYHKE ABYXMEPHOE IPO-
CTPAaHCTBO SABJISACTCA 0OEeCKOHEUHLEIM M IIJIOCKHM B CBKIINJIOBOM
CMBICJIC, HO MCKPUBJICHHBIM €T'0 HAa3BaTb CJIOKHO, IMMOCKOJIBKY HEC-
BO3MOXHO YyKa3aTb TOYKY, T'IC HAXOAUTCA HCHTP KPUBHU3HLI, U
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ONPEENUTh €r0 KPUBU3HY HM3HYTPU HEBO3MOXHO. KoopauHaTHast
CUCTEMa MpeACTaBIsAeT co00 CeTKy M3 JIydel, UCXOIAIIMX paB-
HOMEPHO 10 OKPYKHOCTAM U3 J1ByX nosoco OQO'. Cyzas no Bcemy,
Ha HEM JlaXKe BBINOJIHAECTCS S5-bIi noctynar Eskinaa. [Ipu 3ToM Ha
OTpaHUYEHHON 00JaCTH MTPOCTPAHCTBA JIJIsl BHEIITHETO HAOII01aTeNst
U3 TPEXMEPHOIO MPOCTPAHCTBA TPHU PA3HBIX TPEYTOJIbHUKA UMEIOT
CYMMY BHYTPEHHHX YTJIOB MEHbIIIE, OOJIbIIE U PABHYIO T, XOTS JUIS
oOuTarenel TOro MPOCTPAHCTBA HUKAKUX OTKIOHEHUH OT €BKIIH-
NOBOM reomeTpun HeT. Taxke HM300paK€HHBI Ha PUCYHKE JUIS
npuMepa kBajapar abcd ¢ BNHCAaHHON B HEro OKPYKHOCTBIO JUIS
BHEIIHEr0 HaOJroAaTessl BBITJISAUT MCKa)KEHHBIM, XOTsSI BHYTpPEH-
HUH HAOIIOAaTETh HUKAKUX UCKOKEHUH HE OOHAPYKHUT.

KoopauHaTHylo CeTKy Ha PHCYHKE MOXHO paccMaTpHUBaTh
KaK CIIeIbl OT BEPTUKAIBHBIX IIocKocTel. [TosTtomy, nobaBuB emié
o1uH "Beep" M3 TAaKHUX )K€ MJIOCKOCTEH, BCE U3 KOTOPBIX MPOXOIAT
yepes /1Ba OpTOroHaNbHBIX HeHTpa OO', MOKHO NOJIYYUTh NIOCKOE
TPEXMEPHOE E€BKIUAOBO NMPOCTPAHCTBO, B KOTOPOM BBITIOJHSIOTCS
Bce nocrynatel EBxinpga. KoHeyHO ke, BBIMISAUT 3TO BechbMa
CTpPaHHO, IOCKOJbKY HaOII0JaTeNb M3 YETBIPEXMEPHOIO IIpo-
CTpaHCcTBa OyJeT OTUETIMBO BUJIETh Pa3HbIe pa3Mepbl OJHOW U TOMN
ke (pUrypsbl, MepeHoCUMO U3 OJTHON TOYKH TAaKOTO MPOCTPAHCTBA B
apyryto. Ho TpexmepHble 0OUTaTeN HUKAKUX CTpPAHHOCTEH 0OHa-
PYXUTb HE CMOTYT.

TouHO Tak ke ABYXKOOPAMHATHBIE WM JIBAXAbI MPOTSIKEH-
Hble 10 PumaHy npoctpaHcTBa — HUIMHAP WM KOHYC — MOTYT OBITh
BUJHBI BO BCEW CBOEU Kpugu3He JNUIIb C TOUYKUA 3PEHUS] TPEThEU
KoopauHaThl. Iy HaOmonaTenel 3TuX MUPOB UCKPUBIEHHOCTD UX
IIPOCTPAHCTBA HEJIOCTYIHA, OHO SIBJISIETCS ISl HUX IJIOCKUM €B-
KIUA0BBIM. EQMHCTBEHHOE, YTO OHM MOTYT ONPENENIUTh 3KCIEpHU-
MEHTAJIbHO — 3TO 3aMKHYTOCTh MX IJIOCKOTO MHMpa WM HApyLIEHUE
oproroHanbHOCTH. OIHAKO U 3TO HAOIIOAEHUE OHU MOTYT TPAKTO-
BaTh KaK HAJIMYUE MapajljIesIbHOM, TOKIECTBEHHON peallbHOCTH, YTO
BUJIHO Ha MPUBEACHHBIX HUXKE puc.3.5 u puc.3.6 mo pacroioxeH-
HBIM BCTBIK pa3BEpTKaM IMJIMHApa Wi KoHyca. Hapymienue op-
TOTOHAJIBHOCTH TNPOSIBIISIETCS B TOM, YTO, JIBUrasiCh BJIEBO, MOYKHO
BEPHYTHCS CIEPEH, a HE CIPaBa.
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OueBUHO, YTO M3HAYaJIbHO TreomeTpus EBkimpa paccmar-
puBajach Kak reoMeTpus IIOCKOTO0 M30TPOMHOI0 MHUpa [CM. MpH-
noxenne I112. Ipo6aema "5-ro mocrynara EBkiaupaa, ¢.375], xoTs
SIBHO 9TO0 He ykasbiBajoch [EBkimmzal. Hu o kakoil 3amkHyTOCTH
€BKJIMJ0BA MPOCTPAHCTBA, Cyls MO BCeMy, HE ObLIO U peun. Bro-
CIIEICTBUM OCHOBHBIE €€ IOJIOKEHMSI, XOTS U C CYLIECTBEHHBIMU
W3MEHEHUSMH, JOBOJIBHO YCIEIIHO ObUIM MEpEeHEeceHbl Ha 3a-
MKHYTbI€ MCKPHUBJIEHHBIE Cepudeckoe M Tunepoomyeckoe mpo-
ctpaHcTBa. OnHako M cama reoMerpus EBkinja mo3BOJseT ya-
CTUYHO C(hOPMHUPOBATH CBOM COOCTBEHHBIM 3aMKHYTBHIH MUD.
CBepHéEM, K MpuMepy, B IMIMH/AP JIUCT C HAPUCOBAHHBIMU HA HEM
napajuleIbHBIMU IpsAMbIMU. Ha NOBEpXHOCTH LWIMHJIpaA OIpele-
JIEHUE NapauIeIbHOCTH OCTaHeTcsl BepHBIM. [IpsiMble Teneps cTaiu
re0JIe3NYECKUMH, HO OHM B TOYHOCTH IOBTOPSIOT BCE CBOMCTBA
IUIOCKUX MpsAMBIX JIMHUN EBknnna. "3amblkanue" B KpUBOE €BKIIU-
JIOBO MPOCTPAHCTBO 0€3 MepeceyeHusi MOKET ObITh OCYIIECTBICHO
CBOpaYMBaHUEM IUIOCKOCTH EBKIMIA TONBKO B LMIMHAP WM B
koHyc. [IpaBna, Takumu ke CBOKWCTBAMH OOJIAZAalOT M MIIOCKOCTH C
JIOKaJIbHOM KpUBU3HOWU. Hampumep, ecim TOT kKe JIMCT CKOMKarTh,
BC€ M0JI0KeHUs reomeTpuu EBKiina Ha HEM OCTaHyTCs BEPHBI. DTH
MIOBEPXHOCTH SIBJISAIOTCA HW30METPUYHBIMU 10 OTHOIIEHHMIO K
0OBIYHOH, TITaJKOH, Hele(OPMHUPOBAHHON TUTOCKOCTH EBKITHIA:

"M30MeTpryUHbIE TOBEPXHOCTH — MIOBEPXHOCTH B €BKIINJIOBOM
WIM PUMaHOBOM IMPOCTPAHCTBE TaKWE€, YTO MEXAY HUMHU MOXKHO
YCTaHOBUTH B3aUMHO OJHO3HAYHOE TOUEYHOE COOTBETCTBUE, NPHU
KOTOpOM Kax7as copsMisieMas KpuBas OJHOW M3 MOBEPXHOCTEH
UMEET CBOMM O0pa30M TOXKE CIPSIMIISIEMYI0 KPUBYIO M TOM ke
uHbL" [45].

Ha 10, yTO reomerpus Ha NMOBEPXHOCTAX KOHyca WIM LH-
JIMHJIpAa COXPAHSET CBOMCTBA N€OMETPUU HA IUIOCKOCTH EBKnIMAa,
oOparmian BHUMaHue, Hanpumep, Puman:

"... IMJIMHAPUYECKHE WM KOHUYECKHE MOBEPXHOCTH CYIlle-
CTBEHHO HE OTJIMYHBI OT IIOCKOCTH, TaK KaK MOTYT OBITh ITOJTy4EHBI
U3 IUIOCKOCTH MOCPEACTBOM OJHOIO JIMIIb W3TMOAaHUs, HpPUYEM
BHYTPEHHUE METPUYECKUE OTHOILEHUS OCTAIOTCSI HEM3MEHHBIMU U
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BCE TEOPEMBI, KACaIOLIUECs ITUX OTHOIIEHWH, TO €CTh BCS IUIAHM-
MeTpus, octatoTcst B cuiie" [Puman].

Taxske Ha 3TO yKa3bIBaJI U PameBckuii:

"TepmuH "u3rudanue" cBs3aH ¢ HAIJIAJHBIM IIPEICTABICHUEM
0 MOBEPXHOCTU KaK O TMOKOH, HO HEPaCTSHKUMOM M HEC)KMMAEMOM
IUIEHKE; TaKyIO IIJIEHKY MOKHO U3rH0aTh B IPOCTPAHCTBE, MEHSIS €€
¢dopMy, HO coXpaHssl [UIMHBI BCEX KPUBBIX Ha Hel. [Ipumepom mo-
KET CIIY’)KUTh CBEPTHIBAHHUE IIJIOCKOTO JIUCTa OyMaru B HWJIMHAP WU
konyc" [72].

OpHako cienyeT YTOYHMUTb, YTO 3TH MPOCTPAHCTBA HKBHUBA-
JEHTHBl MpocTpaHcTBaMu EBKiIMJa Bce-Taku JIMLIb JIOKAJIBHO,
orpannueHHo. Ha KoHyce (ecnu yroa cerMeHTa pa3BepTKU MEHBIIIE
T) ¥ LWIMHJIPE HE BBINOIHIETCS TpeTuil nocrynat EBkinuaa:

"3. M 4yTO M3 BCAKOTO LEHTPA U BCAKUM PAaCTBOPOM <MOKET
ObITH> onrican kpyr" [EBkmua].

Hapymienne Tperbero mocrynaTa aBTOMaTHUECKH BEIET K
JIpyruM orpaHuueHusM. Hampumep, Ha LMIMHIpE CYLIECTBYIOT
3aMKHYTBIE "TIpsiMble", YTO SIBJISIETCS HApyIICHHEM IMOCTyjaTa o
HEOT'PAaHUYEHHOM IIPOJJICHUHN NMPSAMOW: €CIIM UATH 110 ATOU MPSIMOU
JUHUM, TO NpUIEIIb B MCXOJIHYIO TOUKY. /[Be mepecekarouiuecs
MpsIMblE HA IWIMHAPUYECKON WJIM KOHMYECKOM MOBEPXHOCTU NPHU
HEOTrpaHUYEHHOM MPOAJICHUU UMEIOT HEOTPAHUUYEHHOE YU CIIO TOYEK
nepeceueHus. To O3HAYAET, YTO BHYTPEHHHE HAOIIOAAaTEI MOTYT
AKCHEPUMEHTAJIBHO ONPEEIINTh 3aMKHYTOCTh CBOEr0 MHpa, €CIIU
He OyAyT paccMaTpHUBaTh BapUaHT NapauIeIbHbIX, TOKIECTBEHHBIX
MupoB. Hampumep, nBa myreniecTBeHHUKa OyAyT MEPHOANYECKU
BCTpEUYaThCsl, €CIU OAMH HAET NEPHEHIAUKYISIPHO K 3aMKHYTOMH
KoopAuHaTte (TO €CTh, BJOJIb OCH IMJIMH]IpA), a BTOPOU - HE mapal-
JIeNbHO K HEW B OJHY CTOPOHY C TMEPBBIM (TO €CTh, M0 BUHTOBOM
nuHUM). Ecau oHM OCTaBIAIOT cief, TO 3TH Clelbl OyAyT mepHuo-
JMYECKU nepecekaThes. B kpuBoM nunmmuapudyeckoM mupe EBkinnia
MOXXHO YBHJETh OOBEKT C JBYX IPOTHMBOMNOJOXHBIX cTOpoH. Ha
pUCYHKe 3.5 A HarIsiIHOCTH TOKa3aHbl JBE JOTOJHUTEIbHbBIC
pa3BepTKu Si, S OAHOM M TOMU K€ LUIUHAPUYECKON MMOBEPXHOCTH
S0, IPUIIOKEHHBIX BCTHIK APYT K Ipyry. Och y - HalpaBiIeHUE OCH
LHWIMHJIpA.
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Puc.3.5. IlapannenbHble MUpBI Ha HUIMHIPUUYECKON TOBEPXHOCTH

Ha nosepxHocTy muvHApa ABe NapajlielbHble MPSMbIE MO-
I'yT UMETb MHOKECTBO COBIAJAIOIIMX TOYEK, CIMBATHCS, YTO He-
CKOJIBKO TpOoTHBOpeunuT akcuoMme ['mnpbepra I, rpymmbl nmpuHan-
nexxHocTH "KakoBbl Obl HU OBIIIM J1BE TOUKU A U B, CyllecTBYeT He
Oosee 0HOM TPSMOH, mpoxoasieit uepe3 3tu Touku" [[wibbepr].

Ha cnenyromiem pucyHke rmokasaHa pa3BepTka HUIMHApPa (0Ch
y IWIMHJpA - BepTukaibHa). [lapannensno npsimoit AB nposesneHa
npsvas DE. Ipsimas AB moxet ObITh npojosnkeHa a0 Touku C u
MIPOXOUT MO/ YIJIOM K OCH LUIUHIPA (HE 3aMKHYTA).

0 x
Puc.3.6. IlpsMble Ha HUIMHIPUYECKON IOBEPXHOCTH

BunHo, 4T0 11pu nanpHenneM e€ npoaoLKEHUU OHA CONIBETCS
¢ npsmoii DE. IIpotuBopeune yka3aHO Kak HECTPOrO€, IOCKOJIBKY
IIpPsIMBIE MOTYT PACCMaTPUBATHCA KaK OJIHA MIPsiMasi, HO IPOAJIEHHAs
3a npezaensl Touek. OAHAKO 3TU JBE CIMBILUECS MPSIMbIE, KO BCEMY
IIPOYEMY, SABISAIOTCS €€ U MapalIeIbHbIMU.
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TakuM e JTOKaJIbHO €BKJINJOBBIM IPOCTPAHCTBOM SIBJIIETCS U
KOHYC: Ha KOHWYECKOM IOBEPXHOCTH CYILIECTBYIOT, 110 MEHBILEH
Mepe, /BE€ NpsSMbIE JUHHUH, KOTOPbIE MPU HEOTPAaHUUYEHHOM IIPO-
JUIGHUU TIEpeceKaloTcs B JBYX TOYykax. MOTYT CyIIEeCTBOBATh
IpsIMbIE€ JINHUU, KOTOPBIE CaMOIIEPECEKAIOTCSI U, CJIEI0BATENbHO,
napajulesibHble nepecekaronuecs: npsimbeie. Konyc obOpasyercs u3
IIJIOCKOCTH EBKIMAA CKIIEUKON BYX CTOPOH YIJIa M CBOPAYUBAHUEM
Kycka Imiockoctu. Ha cremyroniem pucyHKe Noka3zaHa pa3BEpTKa
KOHUYECKOW MOBEpXHOCTU. Kak u B mpumepe ¢ MHWIMHAPOM HA O1-
HOM pPHCYHKE 3.7a MOKa3aHbl COBMELIEHHBIE BCTHIK YETBIPE OJH-
HAKOBbIE Pa3BEPTKH KPUBOIO KOHUYECKOTO MPOCTPAHCTBA - KOHYC
AoB u pononHuUTENbHBIE pa3BepTKU Si, Sy, S3. AB — nuHuMsA
OKPY)KHOCTH OCHOBaHHS KOHyca. CripaBa: TPaeKTOPHM JIBUKEHUS
BHYTPEHHHUX HaOJI01aTeNIel 110 MOBEPXHOCTH KOHYCA, KOTOPBIN AJIs
HarJIiHOCTH, Jy4llIed NeTalu3alliy MOKa3aH C yBEJIWYEHHBIM yI-
JIOM TIpU BEpPLIUHE.

B koHHMYecKOM MupE Ha PUCYHKE TPAECKTOPUM JBUKECHUS
BHYTPEHHUX HaOmoaTenei, AByX MyTHUKOB M M h OyIyT mepece-
KaThCsl C YBEIMYMBAIOLIEHCA MEPUOUYHOCTBIO (BCE pexe), eciu
OJIMH M3 HUX — N WAET OT BEPIIUHBI KOHYca (TI0 oOpasyrolieit), a
JApyroi — m UJAET MUMO BEPIIMHBI, TO NPUOINKAsICh MO0 KPUBOM K
BEpIIMHE, €CJIM CMOTPETh U3BHE, TO YAAISAACH OT HEE, HO Ha CAaMOM
Jiesie, BCerja JIBUrasiCb CTPOro IO IMPsIMOM HA Pa3BEPTKE KOHYCHOU
MOBEPXHOCTU. B 3aBHCHMOCTH OT yriia pa3BepTKH KOHHYECKOI'O
Mupa (yria cermeHTa AoB = o) OHU MOTYT OBITH CO IIIBOM, BBI3BI-
BaloIMM JeopMannuio KOOPAMHATHOM ceTku, W 0Oe3 mBa. bec-
IIOBHBI KOHMYECKUH MHP MOXET ObITh 00pa30BaH TOJBKO Cer-
MEHTaMHU C Yriamu o, KpatHeiMu 1/2. Ecim o= 2m, oOpasyercs
oOBbIUHEIN Mnockuii mup EBknmna; ecnu o > 2w, oOpasyercs CIu-
pa’bHBIA KOHMYECKHI camornepecekatomuiics mup. Ha pucys-
ke 3.7b n300paxeH KOHUYECKHI OECIIOBHBIM MHpP C MUHUMAJIbHO
BO3MOKHBIM YIJIOM ¢ =T/2. DTO HAaMMEHBIIMHA KOHMYECKHH Oec-
IIOBHBIA 3aMKHYTBIH Mup. OH 00pa3yeTrcs CBOpauMBaHUEM Cer-
MeHTa AoB B KoHyc, B pe3yinpTaTe 4ero Npu CKJIEHKE TpaHUI]
TUTOCKOCTH TOYKM aa', bb'... hh' coBmecTsaTes apyr ¢ apyrom. Kak
BUJIHO HAa PUCYHKE, B 3TOM CJIy4ae Ha MOBEPXHOCTHU KOHYCa COOT-
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BETCTBYIOIIME KBAJApPaThl IOBEPXHOCTU POBHO CTHIKYIOTCS CBOUMH
CTOPOHAaMH, HEPA3PBIBHO IIEPEXO]S APYr B Jpyra, O3TOMY Ha IIO-
BEPXHOCTH KOHYCa BCE DJIEMEHTapHbIE SYEHKU OyIyT B TOYHOCTH
KBaJPaTHBIMHU, PAaBHBIMU B Pa3BEPTKE IPYr APYTy.
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Puc.3.7. Pa3BepTku KOHMUECKUX TOBEPXHOCTEMN

Ecnu B3SITh CErMeHT, C YIJIOM o, HE KpaTHBIM 71/2, Harnpumep,
Ao00', To ToukH a'... h' He COBMECTATCS ¢ aHATOTUYHBIMY TOYKAaMH Ha
Ipyrom paauyce cermenra. J[Ba paauyca Ao U 00' OKaXyTcsl cO
CMEIIEHHBIMH BJIOJIb pajiyca KBaJpaTaMu MOBEPXHOCTH, 00pasys

121



moB Ao=00'. Ha pucyHke BHJIHO, YTO Ha 3TOM CETMEHTE /2 MOKHO
npoBecTu npsmyro TuHuio EF, koTopas nmepecedér oba ero paauyca
0A u oB. D10 03HauaeT, YTO Ha MOBEPXHOCTH OOPa30BABIIETOCS
KOHyca OyJeT 3aMKHYyTas WM CIHpalibHas €BKIIMI0BA MpsMast -
Hus. Crnenyer oOpaTUTh Ha 3TO 0CO00€ BHUMAHHE: 3TO HACTOSLIAs
npsiMasi eBKJIMI0BA JIMHUS, KOTOpast cama ce0s TiepecekaeT, He UMes
IIPY 3TOM HU U3JIOMOB, HU Neperu0os!

Ha xoHuueckoi MOBEpPXHOCTH TpU CKIEHKEe oOpa3yercs
TPEXCTOPOHHMI KBAJpaT - KBAJPaT, y KOTOPOTO OTOXKJIECTBIICHBI, a
HE CKIIECHBI JIBE PATIOM PACTIOJIOKEHHBIE CTOPOHBI — puc.3.8.

Al abcde g h B

12

10rb

D C
0 2 4 & 8 10 12
Puc.3.8. Ilpu ckieiike cTOpoH KBajpaTra 00pa3zyercsi KOHYC

Cropona AB — 310 TOXAEecTBeHHO cropoHa AD, uto moxa-
3BIBAIOT OJIMHAKOBBIE 0003HAaueHHs To4eK a...h Ha HuUX. [losTomMy y
storo kBajaparta Tpu croponsl: AB = AD, BC u CD (tpukBaapar).
[lepumeTp TpuKBaapaTa, TakKUM 0OO0Opa3oM, IOJDKEH OBITh paBeH
YTPOEHHOMW JJIMHE €r0 CTOPOHBI, HO IUIOIIA/b MO-MPEXKHEMY paBHA
KBazpaTy cTopoHbl. Kak BHIHO Ha pucyHKE 3.9 Ha TakoM IICEB-
J0-KOHYC€ — TPUKBAJpaTe Kak U Ha OOBIYHOM KOHYCE IpsIMBbIE Ca-
MOIIEPECEKa0TCs, CIEA0BATEIbHO, IEPECEKAIOTCS U NapajlIeIbHbIE.
[umHap U KOHYC SIBJISAIOTCS HeAe()OpMHUPOBAHHBIMU IOBEPXHO-
CTSIMU U 00pa30BaHbl CKJICHKON MmiockocTH EBkIMaa B 0JHOM U3
HarpaBiieHud. OCyIIECTBUTh CKJIEHKY IIockocTu EBknnma Takum
00pa3oM, 4ToOBI MOTYYHIIOCH Hele()OPMUPOBAHHOE MPOCTPAHCTBO,
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3aMKHYTO€ 10 BCEM HAINPaBICHUAM (KOOpAHHATAM), KaK CYUTAETCs,
HEJIb351, BO3MOYKHO JIUIIb OTOKIECTBIICHHE:

"... €CIIM OTOKJECTBUTH B KBaJ[paTe TOUKU KaX 10N CTOPOHBI C
COOTBETCTBYIOIIUMH TOYKAaMHU IPOTHBOIOJIOKHONH CTOPOHBI, TO
kBazgpar '"ckieutcs" B JABYMEpPHOE MHOrooOpasue, YCTPOEHHOE
Hanoo6ue Topa. [Ipu 3ToM Bce YeThIpe BEPIIMHBI CKIEITCS B OJIHY
TOYKY, B KOTOPOM COMAYTCS BCE YEThIpE yrila KBajpara. Ecimu co-
XPaHWUTh B 3TOM MHOT000pa3HH MPEKHIOI0 METPHUKY, TO MBI MOJY-
YUM TpUMEp JIOKAJIFHO €BKJIM0BA MPOCTPAHCTBA JIBYX M3MEPEHUN
(pa3ymeeTcsi, 3TO MPOCTPAHCTBO NPHUXOJIUTCS paccMaTpUBaTh aod-
CTPaKTHO, HE MBITASACh PEAJTM30BATh €r0 B BUAE TOpa B OOBIYHOM
MPOCTPAHCTBE: B MOCJEIHEM CIydae METpHKa HE MOXKET OBITh JIO-
KaJIbHO eBKJIN10BOM)" [73].
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Puc.3.9. Ha xoHMueckoi MOBEpXHOCTHU MPSIMBIE MepeceKa-
IOTCS B JIBYX TOUYKAX

371ech MOXKHO BO3pa3uTh, YTO, IO BCEW BUIUMOCTH, YTBEp-
&KJieHHe 00 aOCTPaKTHOCTH TAaKOTO IPOCTPAHCTBA BCE-TAKU HE CO-
BceM BepHO. IIpu ckieiike IByX CTOpOH KBajpara MOJYyYUTCS LIU-
muHap. Ilpu nmocnenyromen CKiIeKe OCTaBUIMXCSA ABYX CTOPOH
IWIMHAP TPEBpaIIaeTcs B HE COBCEM OOBIYHBINA TOP, MOCKOJBKY
BHYTPEHHUI W BHEIIHHHA MEpUMETPHI ero OyayT paBHBL ITO, KO-
HEYHO, TOpP, HO IPEAEIBbHO CIUIIOIICHHBIA B IUIMHAP. Ecimm ke
M3HAYaJIbHO cOOpaTh BCE BEPLIMHBI KBajpaTa B OJHY TOUYKY U
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CKJIEUTh COBMECTHUBIIIHMECS CTOPOHBI, TO ¥ B 3TOM CIIy4ae MOIyIUTCs
BIIOJIHE MEXaHUYECKU peannzyemas (urypa, HalmoMHHAIOIas MOY-
TOBBIM KOHBEPT. Hu pa3pbIBOB, HU PACTSIKEHUN, HU NIEPECEUECHU
Takue QUrypsl, TeJaa He UMEIOT, a Ha UX TOBEPXHOCTH MOJHOCTBIO U
HENPOTUBOPEUMBO DPEATU3YETCS JIOKaJIbHAsl E€BKJIMI0BA METPHKA.
Ecnu xe cunmTaTh MCXOAHBIM KBaApaT IMOBEPXHOCTHIO JABYXCTO-
pPOHHEH, TO 0O0pa3oBaBIIMECS BHYTPEHHHUE, 3aMKHYTbIE 00JIacTH
TaK)K€ OKaXYTCsl CKICEHHBIMHU, OTOXIAECTBICHHBIMU U JaK€ B He-
KOTOpPOM CMBICJIE HEOCTYITHBIMH, MOXKHO CKa3aTh, UICUE3HYBLUINMU
JUTSL BHELITHETO HAOII0IaTeENsL.

Tem He MeHee, €cCiiM CKIEUThb, OTOKIECTBUTH INPOTHUBOIIO-
JIO’)KHBIE CTOPOHBI KBaJlpaTa Mo J000OMY U3 JIBYX ONHCAHHBIX Clie-
HapueB, TO Ha TOJIYYEHHOW NOBEPXHOCTH OYyIyT BBIOJIHSATHCS
TOJIBKO T€ MOJIO’KEHUs TeoMeTpun EBKIna, KOTOphIE HE CBS3aHbl C
HEOTpaHUYEHHBIM MpOoJIeHHeM IuHUHA (puryp). IT0 OuyeBHIHBIE
CBOMCTBA 3aMKHYTBIX IIPOCTpaHCTB. Eciu pasMepsl TakoW JIMHUU
(purypsl) mpeBBICAT pa3Mephl HCXOJHOTO KBajapara, TO OyayT
HapyIIEHbI MOJIOKEHUS NapauIeIbHOCTH, €IMHCTBEHHOCTH JINHUM,
OTCYTCTBHMSI BBIJICJICHHBIX HAlpaBJIEHUN W Apyrue. Takue CKiIeeH-
HbIE KBaJpaThl, KAK MOKHO 3aMETUTh, BOOOIIE HE UMEIOT CTOPOH.
CnocoObl 00pa3oBaHMs TMO3BOJIAET Ha3BaTh WX TaKXKE IJIOCKUM
TOPOM MJIM CBO€OOpa3HbIM KOHYCOM C YETBIPbMSI BEpUIMHAMHM U
JaXKe YeTHIPEXYTOIbHON cepoii.

OueBHIHO, YTO IIPU CBOPAUMBAHUM KBaJpaTa B OJHY U3 3TUX
¢uryp, HaHeceHHass Ha HEM CeTKa IOJHOCTHIO COBMECTUTCS Ha
kpasix. OOpa3yercsi 3aMKHYTasl TIOCKOCTh, HA KOTOPO#l BBITIOJHSI-
I0TCSl BCE 3aKOHBI €BKJIMJIOBOW r€OMETpPUH (C y4E€TOM OTpaHHYEH-
HOCTH JIJIMH NPSIMBIX), U, BCIEJACTBUE 3aMKHYTOCTH, Ha HEH MOKHO
YBHUJIETH JTF000# 00BEKT C ABYX MPOTHUBOTIOJIOKHBIX CTOPOH, TPUUYEM
B OECKOHEYHOM KOJIMYECTBE HaIlpaBJICHUH.

Ha cnenyromem pucynke 3.10 Ha Takyr 3aMKHYTYIO IO-
BEPXHOCTh, TUIOCKHI TOp HaHeceHa (urypa - TpeyrojlbHHUK, KOTO-
pPBIl UMEET JIMHEMHBIE Pa3Mepbl, MPEBBIIAIOIINE CTOPOHY UCXOM-
Horo kBajpara ABCD. B 3aBucuMocTH OT OpHUEHTAllMM U I0JIO-
KEHUSI 3TOW (Urypbl, BUIUMOCTb €€ B NPOCTPAHCTBE pa3IUyHa:
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Taxkas ¢purypa MoxeT OBITh BUTHA OJTHOBPEMEHHO C Pa3HbIX CTOPOH:
criepeny, C3au Ui ¢ OOKOB.
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Puc.3.10. KBagpatr ABCD ckieeH BepmIMHAMM B IUIOCKHI TOp.
IToxazaHbl pa3BepTKH Sy, HOBTOPEHHBIE MHOTOKPATHO BCTBIK

®urypa B Buzae seMmentoB [-II-III (eBasi wacTh pucyHka),
OyzeT BUIHA HAOMIOJATENIO TIPAKTHYECKU CO BCEX CTOPOH, KyAa Obl
OH HU nocMoTpe. JIMHKS TpU HEOTPaHUYEHHOM IPOJAJIEHUN MOXKET
MOSIBUTBCS C TPOTHBOIIOJIOKHON CTOPOHBI, MAapaJlJIeIbHO CaMOM
cebe. Ha mpaBoit yacTu prcyHKa JTUHHS a, HEOTPAaHHYEHHO MpO-
JUIEHHAsl BIEpEN, MOSBISAETCS B IMPOCTPAHCTBE Kak JMHUA a', a
IpoJUIEHHAs Ha3aj - Kak JuHug a". Touku e - €' u g - g' ABIsItoTCs
OTOXJECTBIEHHBIMU TOYKaMH Ha cTopoHax kBaapara ABCD.
TpaauumonHo, OOBIYHO pPAacCMATPUBAETCS OTOKAECTBICHUE IIPO-
THUBOTIOJIOKHBIX CTOPOH KBajpara. OJHAKO HECTO0XKHO yOemuThCs,
YTO BO3MOKHBI M JIpyre BapHaHTHI MpeoOpa3oBaHUs KBajpaTa B
00BEMHOE TEJO0, MOBEPXHOCTh KOTOPOTO SIBIISIETCSA JIOKAIBHO He-
MIPOTUBOPEUNBON Ui reomeTpun EBkimpa. Kak u B paccMoTpen-
HBIX CIIy4yasiX, OTpaHUYEHUs] WM OTKJIOHEHUS CBSI3aHBl C OIpaHU-
YEHHOM IPOTSHKEHHOCTBIO MOBEPXHOCTU. K TakoMy OTOXKIECTBIIE-
HUIO CTOPOH KBaJpaTa MOKHO C HEKOTOPHIMU OTOBOPKaMHU OTHECTHU
YaCTHBIM Cly4dall C INpPEJBAPUTEIBbHBIM PAaCCEYCHUEM €r0 Ha JIBE
4acTH. DJTO MOXKHO Ha3BaTh 'CIBOGHHOW CKJEHKOW'": cHavaya y
KBaJ[paTa He MPOCTO MaTEMaTHYECKH OTOKECTBIISIOT, @ (PU3NYECKH
CKJIEMBAIOT MPOTHBOIIOJIOKHBIE CTOPOHBI, MOCIE YEro BHOBBL pac-
CEKaroT, HO YK€ 10 JIOMaHOM JINHUMU.
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Puc.3.11. Pa3BepTka okTasapa u oKTasap

B pesynbrare u3 mpomMeXyTOYHOrO LMIMHApa oOpasyercs
iockasi, "kBaaparonojaoOHas" ¢urypa, u3o0pakeHHas jJanee Ha
puc.3.11. Dta ¢urypa sBigercs pa3BEepTKONW OKTadapa, TOXKIAeE-
CTBEHHAs €BKJIMJIOBOM 3aMKHYTOM IIJIOCKOM noBepxHocTu. Ha pu-
CYHKE CTPOUYHBIMM OyKBaMU 00O3HAuU€HBl CKJIEMBAEMBIE, OTOX-
JIECTBIIIEMbIE TPaHUIIBI Pa3BEPTKHU, a IPONMCHBIMHU — €r0 BEPILINHBL.

JleficTBUTENBHO, TOCKOJIBKY JIIsl 0Opa30BaHMs Tejia, OKTadIpa
HCIOJIb3YETCs MpOoLeypa CKIEUKH WM OTOKJIECTBJIEHMS, TO HET
HUKAKHX JIOTMYECKUX MPEMSITCTBUM M A pa3pe3aHusl UCXOJHOMN
¢urypsl. B nannom cirygae kBagpata. Eciau pa3pesats ero no JMHHH
EC, 1o Bcero smmb MOSBUTCS €mIE€ OJHA JMHMUS CKICHKU WU
otoxaectBiaeHuss — FC. B 3Tom ciyyae u BO3HHMKAaeT BapUaHT He-
IIPOTUBOPEUYMBOM CKIICHKM KBaJpaTa B OKTa3Jp C COXpPAHEHHEM Ha
€ro NMOBEPXHOCTHU IOYTH BCEM aKCMOMATHKU E€BKIMJOBOM IE€OMET-
pHH, BCETO, YTO PACCMOTPEHO B MPEABIAYILIEM ITPUMEDPE.

Ho B nmaHHOM ciyyae MOKHO OOHapyXHUTh y IOBEPXHOCTH
OKTa’/pa emé oJHy 0ocoOeHHOCTh. Eciau nmpoBecT Ha HEM CILJIONI-
HYIO OPTOTOHAJIBHYIO JIMHUIO, YTO OHA 00OMAET BCE €ro CTOPOHBI U
BEPHETCS B UcxoO0Hyio ToUuKy. O/lHa U3 TaKuX JIMHUM n300pa)keHa Ha
pucynke. Eciu ke MpoBOIUTH JHHUIO C HEOOJBIIMM HAKJIOHOM
BCTHIK C HaYaJbHOUM TOYKOM, TO BCS MOBEPXHOCTH TETpadapa OyaeT
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MIOJIHOCTBIO TMOKPBITA 3TOM JIMHUEH 0€3 pa3phlBOB, HO C MHOTIO-
KpaTHBIMU [IEPECEUECHUSIMHU.

Takoe mnoBeneHHE IUIOCKOM IOBEPXHOCTH MOYKHO Ha3BaTh
OJIHOMEPHOCTBIO MJIM, KaK MbI BbII€ 0003HAYMWIM, HAPYLIEHHEM
oproroHanbHoCcTH. Ilomydaercs, 4YTO MOBEPXHOCTh OKTa’apa B
YKa3aHHBIX YCJIOBHUSIX OJHOMEPHA, TO €CTh, IOJIO)KEHHE Kaxa0H
TOYKH HAa HEW MOKHO 3aJaTh OJTHOM KOOPJAMHATOM, yKa3aB TOJIBKO €€
JUIMHY, YJAJIEHHOCTh OH Hadaja KoopauHat. Ho 3To nuie runore-
TUYECKH, IOCKOJIbKY MPOTSKEHHOCTh TaKOM JINHUU OYyJeT, OUeBU-
HO, OECKOHEYHOU M 3a7aTh (PU3MUYECKH KOOPAMHATY 000 TOUKH
Oy/ZeT HEBO3MOXKHO, TOCKOJIbKY BCE TaKHe KOOPAWHATHI OyayT
paBHbl OECKOHEYHOCTU. BBINTH M3 MOJIOKEHHUS MOXHO, €CIH 3a-
¢bukcupoBaTh mUpuHy JTUHUU. [IpH e€ mpoyIeHuN OHA MOTHOCTHIO
MOKPOET MOBEPXHOCTH Tela, MpuieM ABaxkIbl. [Ipu ¢pukcrupoBaHHOM
IIUpUHE JIMHUH, HApUMep, TUIAHKOBCKOM, OOIas JIMHA JIMHUH
Oy/eT IMETh KOHEYHOE 3HAYCHHE U MOXKET OBITh UCTIOIb30BaHa JIIS
3aJlaHUs] KOOPAMHATHI JIFOOOM TOUKHM Ha MOBEPXHOCTH OKTa3/pa.

KoHneuHo, ¢pukcanuio NMprUHbI JUHUU MOKHO paccMaTpUBaTh
Kak (paKTHYECKOE BBEJCHUE BTOPOil KoopauHaTel. Ho 3T0 He coBceM
BepHO. OOBIYHO TOJOKEHUE TOYKU 3aJaéTCs C OIpeNeiIeHHON
TOYHOCTBIO, KOTOpasi HEe 00s3aTEJIbHO CBSI3aHA C PAa3MEPHOCTHIO
npocTpaHcTBa. Hampumep, B ¢u3UKe NPUHATO CUUTATh MUHU-
MaJbHBIM PACCTOSTHUEM IJIAHKOBCKYIO BelMUMHY. ClienoBaTenbHo,
B Cllyya€ HM3MEpPEHHUsl KOOpAWHAT B IUIAHKOBCKUX BEJIMYUHAX MBI
M3HAYaJIbHO (PUKCHpPYEM IIMPUHY MOKPBIBAIOIIEH JTUHUM KaK €]11-
HUILy U3MEpPEHUSL.

BeposiTHO, BO3MOXKEH U €II€ OAWH XUTPBIM BapUaHT — JOJIe-
BOI, MPOLEHTHBIA. MBI He MOXXEM Ha3BaTh A0COJIOTHYIO JIHHY
OTpe3Ka JUHUM OECKOHEUHOU JUIMHBI, HO MBIl MOKEM TOYHO 000-
3HAYUTH JIF000H, BUANMO, €€ yaacTok: 50% - 3TO cepeilnHa TMHUU U
TaK Jajee.

OCoOeHHOCTH TTOBEPXHOCTH OKTay/pa Ha 3TOM HE 3aKaHYH-
BaroTcd. Kak BUIHO Ha pUCYHKeE, OJIHA U Ta K€ HENpPepbIBHAS IMHUS
oproroHaipHa cama cede. To ecTh, ABUrasich 1o 0JJHOM U3 KOOPIuU-
HATHBIX OCEH MOBEPXHOCTH, Mbl HEM30€KHO NIEPEXOIUM Ha APYTYIO,
oproroHanbHyt0. COOTBETCTBEHHO, 3TO O3HA4aeT MPUHIMIIHAIb-
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HYIO HEBO3MOXXHOCTh Ha TaKOM MOBEPXHOCTH E€BKJIHMIOBBIX Mapa-
JICNBHBIX JTIUHUH, KOTOPhIE HEU30EKHO MEePECEKAIOTCSl Ha KOHEYHBIX
paccrosiHusx. [Ipu 3TOM JTOKaIIEHO, B OTPaHUYECHHBIX 00JIACTAX ITOH

MOBEPXHOCTH TIOJTHOCTBIO BBITIOJIHSIOTCSI BCE TIOJIOKEHUS! €BKIIH-
noBO# reomeTpun. Takas ke 0cCOOEHHOCTh Oblila OOHApYKEHA BBIIIIE
U Ha TMOBEPXHOCTH KOHYyCA: JBE JIMHUM Ha TAKOM EBKIUIOBOU
IUIOCKOCTH MOTYT UMETh JIB€ U 00JIee TOUEK MepecedeHUs..

A B

A

)

Puc.3.12. BapuaHThI CKJI€KHA CTOPOH KBajapaTa

MO’HO TPUBECTH €IIe€ HECKOJBKO CHOCOOOB OTOXIECTBIIE-
HUSL CTOPOH KBajapaTa. CaMblil IPOCTON — 3TO YHNOMSIHYTOE€ BBIIIE
OTOKJIECTBJICHHE WM (PU3UYECKasi CKIICHKa MOJOBUHOK Ka)XIOW U3
cTopoH. B 3TOM cnydae BO3HUKaeT uiockas Gpurypa, HalroMHUHATO-
mast KoHBepT. OCTaBUM BOTIPOC OTKPBITBIM, MOKET JIM Takasi (pury-
pa UMeTh BHYTPEHHIOIO MOJIOCTh, 00beM. Ecnu 11a, To B 3TOM ciiyyae
OHa Oy/eT HallOMHHATh OOBIYHYIO MoAymKy puc.3.12a. Ecnu xe
YBEJIMYUTH 00BheM Tena emié OOoJbIle, TO OHO, MO KpaiiHel mepe,
TUIOTETUYECKH Oy/AeT HallOMUHATh YETHIPEXJIYUYEBYIO 3BE31Y,
JBYXKOOPJAMHATHOCTh U OPTOrOHAJIBHOCTh HA KOTOPOM HE HapyIla-
10TCsl. BO3MOKHOCTB NOYYUTh MIPH TAKOH CKIIEHKe 00vemHyto (Hu-
r'ypy, O4€BHJIHO, TpeOyeT oKka3zarenbcTBa. [Ipu 0TOXIECTBICHUN —
CKJIEKE JIBYX COCEJHUX CTOPOH M IIOJIOBHH IIPOTHUBOIOJIOMNKHBIX
oOpasyercst cBoeoOpa3Hasi KOHMYECKasi MMpaMuIa: B BEpXHEH, OCT-
pPOM 4acTH OHA MOKET UMETh KOHUYECKYIO IIOBEPXHOCTh, 4 BHU3Y —
TPEYroJbHOW MUpaMubl. Takue CKICHKU BO3MOXKHBI (PU3UICCKH U
SIBJISTFOTCSI, OYEBUJIHO, OJJTHUMU U3 MPOCTEUIINX BapuaHTOB. Ha 3Toit
MMAPaMHUIAIbHO-KOHUYECKOW ITOBEPXHOCTH HAPYIIAOTCS U JIBYX-
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KOOPAWHATHOCTH U OPTOTOHAJIBHOCTDH, HO B €€ JTOKaJIbHBIX 00J1aCTIX
BBIIIOJIHAKOTCA BCC IMOJIOKCHHA T'COMCTPHUU EBKJII/IZIa.

C

T .
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Puc.3.13. Koopaunatselie ocu Ha KyOe

UTo MHTEpEeCHO, HE MEHEE CTPaHHON OCOOEHHOCTBHIO KOOP-
JUHATHOM pa3MeTKHU oOisiajaeT OOBIUHBIM TpexMmepHbId KyO. Ilpu
IIONBITKE HAHECTH HA €r0 NOBEPXHOCTh HEKOTOPOU OIPENEIECHHOM,
MHTYUTUBHO OYEBHUJIHON OPTOrOHAJIBHOW Pa3METKU Ha HEW BO3HU-
KaloT o00JacTh, B KOTOPHIX HEBO3MOXHO OJIHO3HAYHO 3a/1aTh
HalpaBJIEHWE KOOPAMHATHOMN OCH, KaK IOKa3aHO Ha pucyHke 3.13.
Ha u3o0paxkenHol pa3zBepTke Kyda XOpOIIO BUIHO, YTO HA €T0 BYX
COCEJIHUX I'PaHsIX HAMPABJIEHUE OJHON U TOM 7K€ KOOPJAMHATHOU OCH
OKa3bIBACTCSI MPOTUBOIIOJIOKHBIM. [IpH 3TOM Ha TF0O0M JIOKATEHOM
y4acTKe MOBEPXHOCTH KyO0a MOYKHO HaHECTH KOOPJIMHATHYIO CETKY,
Ha KOTOpoi reoMeTpust EBKiIN/Ia BBITTOIHAETCS OJTHOCTHIO.

OnHako BO3MOYEH €llle OJWH BIOJHE KOPPEKTHBIN, HO OoJee
CJIOHBI BapUAHT OTOKJECTBIIEHUSI CTOPOH KBajpara. [y 3Toro
€ro CTOpPOHBI HY)KHO pa30WUTh Ha CETMEHTHI, CKIIEMBAEMBIE U3 KO-
TOPBIX 0003HAYEHBI OJMHAKOBBIMH IHdpamu — puc.3.14. Uto uH-
TEPECHO, 3Ta pa3BepTKa MO3BOJSAET OTOXKAECTBUTh CTOPOHBI KBa-
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paTta TakuM 00pa3oM, 4yTO 00pa3yeTcsi BIOJHE JIa)Ke BU3YaTU3UPY-
eMoe Telo, CBoeoOpa3Hblii chepokyd, peaabHOe Tell0, CXeMaTUIHO
n3oOpaxxeHHoe Ha pucynke puc.3.14c. Ha puc.3.14a crpenkamu
MOKa3aHbl TOYKH U3ruda CTOPOH KBajJpaTa, KOTOphIE Ha CAaMOM JieNe
MOTYyT OBITh KOHMUYECKMMH BEpIIMHAMU Tejla. JTa OCOOEHHOCTh
OTO’KJICCTBJICHHS TO3BOJISIET MPOU3BECTH HaXe peanbHylo, (hu3u-
YEeCKYyl0 CKJEHKY BbIOpaHHBIX cTOpoH. durypa mnomydaercs 3a-
MKHYTOH, IIOJIOM M HAIIOMUHAET CJIeTKa MOKOCUBIIMIICS 1marep. Bee
n300pakeHHbIe Ha puc.3.14c TUHUM MOTYT pacCMaTPUBAThCA U Kak
TpaHy, ¥ Kak JUHHUH, IPOCTO OTOOpaXKAroInue BUAUMBIE KOHTYPHI
[WIMHAPUIECKUX WIH KOHMYECKUX TTOBEPXHOCTEH.

a
C "NAD .Y 3

oM

Puc.3.14. Pa3BepTka chepudeckoro kpaapara

Cnenyer OTMETHTb, YTO BO3MOXKHOCTh CKJIIEMKH BCE-TaKU
HYX/IaeTcs B JOKa3aTeIbCTBE, MOCKOJIBKY HESICHO, 1e(hOpMUpyeTcs
WM HET UCXOJIHAs IUIOCKOCTh KBajipaTa. BroyiHe BeposTHO, KOp-
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PEKTHBIE M3TMOBI HEBO3MOXHBI, TPeOyIOT AedopManuu — CKaTHs
WM pacTsHKEHUS MIJIOCKOCTH.

B ciyuae mMaremMaTH4eckoro OTOXKIECTBJICHHUS, 0e3 ¢u3nue-
CKOHM CKJIEMKH CTOPOH y OOpa30BaBIIErocs Telia MOKHO OOHapy-
KUTh ONMCAHHYIO BBIILIE MHTEPECHYIO I'€OMETPUYECKYIO OCOOEH-
HOCTb. B CymHOCTH, TOBEPXHOCTH MOJIyYEHHOTO TeJla SIBJISETCS €B-
KJINJIOBOM IIJIOCKOCTBIO, HO... OJHOMEPHOH, TO €CTh, C HAPYIICHHOU
OpPTOTOHAJILHOCTHIO. JIpyruMu ciioBaMu, Ha 3TOM IJIOCKOCTH BO3-
MO’KHA TOJIBKO OJIHa KOOpJMHATA, JIs JIPYrod, OpTOrOHaJIbHOW Ha
ATOW IJIOCKOCTH MPOCTO HET MecTa. [leficTBUTENbHO, onpodyem
HA4YepTUTh Ha 9TOM 3aMKHYTOH IIJIOCKOCTHU pHcC.3.14b oqHy nuHuIO,
HayaB e€ otT rpanu | B Touke 0. Ilocne nepeceuenus kBaapara 3Ta
JIMHUA OKa)keTcsl Ha rpaHu S. IIockoybKy OHa UMEET OTOXKIECTBIIEe-
HUE, HO epeIEM K HEMY U IPOJOJKUM JIMHHIO, 0003HAYUB €€ HO-
Boe Havayo 1udpoii 1. J[BuxkeHne onsare OyAeT 1Mo TOpU30HTAIH, U
MBI JOCTUTHEM I'paHy 4. BHOBB nepexoiuM K €€ 0TOKIECTBICHUIO U
Cpasy ke 0OHapy»XUBaeM, 4TO Tereph JBIKEHUE OyIeT 1o BepTHU-
kamu. HoBoe Haudano 3toif imHuu 0003HaYUM ITUBpOi 2 U MPOI0II-
KUM €€ 10 rpaHu 2. OTOXIECTBIEHHAs] ¢ HEI IPaHb HAaXOJIUTCS
psIOM, TTO3TOMY Cpasy ke pa3BopaunBaeMcs U, 0003HAUYMB OYepe/I-
HOE MPOMEXKYTOYHOE Hayaylo JIMHUM Yepe3 3, cpa3y ke BepHEMCS
TyZa, OTKyZa BpoJie Obl TOJIbKO YTO mpuuuid — K rpanu 4. Ilo eé
OTOXK/IECTBJICHUIO TOCJIEI0BATEIILHO MPOXOAUM YK€ NPOMNIECHHbIE
IPaHu, KKl pa3 yBEIMUMBas HOMEp IPOMEXYTOUHOTO Hadaja
JTUHUM: TpaHb 4 nuHus 4, rpans 5 nounus S. Ilocnennsss nuHUS
BO3BpAlIaeT HAC Ha CTAPTOBYIO IPaHb, HO HE B UCXOJHYIO TOUKY, a
psaaoM. IToaTomy nepexoaum Ha OTOXKAECTBICHHYIO I'paHb 1, mpu-
CBOMB HOBOMY Hauairy HoMmep 6. C HOBOM rpaHu 1 MbI IonajgaeM Ha
rpasb 3 U, pa3BEpHYBIIUCH U IPUCBOUB JIMHUU OUEPETHON HOMED 7,
oOHapyXHBaeM, YTO CIIEAYIOIIEH IpaHblo OyJIeT UCXOqHAs TPaHb 1,
IIPUYEM MBI I0T1aJITa€M HEMOCPEACTBEHHO B MCX0HYI0 Touky 0. Ha
KBaJipaTe, Kak BUJTHO Ha PUCYHKE, MbI B IIPOLIECCE IBUYKEHUS HapHU-
COBAJIM JIOBOJIbHO KPYNHYIO KOOPAMHATHYIO, OPTOTOHAJIBHYIO CET-
Ky, BCEerJa JBUrasch CTPOro mpsmoJmHenHo. Ilomydaercs, 4ro Ha
TaKol IOBEPXHOCTH JIt00ast mpsiMasi JIMHUS BCEr/1a nepecekaeT ceos,
MIPUYEM CTPOTO NEPIEHIUKYIApHO. FIHaue roBopsi, Mbl B IPUHIUIIE
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HE MOYEM HAaHECTH Ha 3Ty NIOBEPXHOCTb ABYXKOOPAMHATHYIO CETKY,
HAHECTH Ha He€ OpTOroHajbHbIe OCcU. OJIHAKO JIOKAIBHO MOBEPX-
HOCTb Teja SIBISETCA E€BKIUAOBOW INIOCKOCTBIO, HA KOTOPOM BBI-
IIOJIHSAIOTCA BCE MOCTYJIAThI €BKJIMI0OBOM T€OMETPHUH.

ITo aHanoruu ¢ IByMepHBIM NIPOCTPAHCTBOM (TIOBEPXHOCTHIO)
MbI TOYHO TakK K€ MOXEM CBEPHYTb, 3aMKHYTh B OKPYXHOCTH KO-
OpAMHATBl TPEXMEPHOTO IMPOCTPAHCTBA, OTOXKJIECTBUTH NPOTHUBO-
MOJIOKHBIE TpaHU TPEXMEPHOro Kyba, IOJIyYUB CBOEOOpa3HBIN
TPEXMEPHBIN TOP WU TPEXCTOPOHHUN KyO — TpuKyO. I'paduyecku
n300pa3uTh TAKOE 3aMKHYTOE MPOCTPAHCTBO, BUANMO, HEBO3MOX-
HO. BeposATHO, MOJTy4eHHBIM 3aMKHYTBIH MUP COXPaHUT CBOMCTBO
M30TPOITHOCTH UCXOJHOTO MpocTpaHcTBa. JIF00oit Tyd cBeTa B 3TOM
MHUPE PAaHO WU IO3JHO BEPHETCS B UCXOAHYIO TOYKY U B HEM
MOXXHO YBUJETH JHO0OH OOBEKT OJHOBPEMEHHO C ABYX NPOTHBO-
MIOJIOKHBIX CTOPOH. BO3MOKHa aHM30TpONUS HANpaBIEHUI, KOTO-
pasi IposIBISIETCSL B TOM, YTO JUAaroHajJbHbIE HAIpaBJIEHUs OyAyT
Ooyiee UIMHHBIMH, 4YeM IO KoopauHatam. Takoil HESBHO Tpen-
CTaBIJISIIOT CTPYKTYpY Hailel BceneHHOMW: ¢ OJHOM CTOPOHBI OHA
CUMTAETCs €BKJIMJOBOW, a ¢ APyroil - 3amkHyToil. M3BecTHbI 6e3-
yCIIELIHbIE MOMBITKA HAaWTH B HEW "MyXoB" — MOBTOpPHbIE M300pa-
KEHUS FaJaKTHK, YBUJETh UX C IBYX IPOTUBOIIOJIOKHBIX CTOPOH.

Bmecte ¢ TeM, MOKHO HCIHOJIB30BaTh JUISl OTOXKIECTBIICHUS
HaIpaBJIEHUH TPEXMEPHOIO MPOCTPAHCTBA TOT K€ METOM, UYTO U
PacCMOTPEHHBIN JJI MPOCTPAHCTBA JABYXMEPHOr0. MOXKHO OTOX-
JIECTBUTHh HE IPOTUBOIIOJIOXHBIE CTOPOHBI, @ PACHOJIOKEHHBIE Ps-
oM. B 3TOM citydae Mbl BHOBB ITOJIy4aeM IIPOCTPAHCTBO, HEKOTOPOE
nonpobue TpexMepHOW JieHThl MéOuyca, B KOTOPOM KaXJ0€
HaNpaBJICHUE CTAHOBHUTCS OPTOTOHAIBHBIM caMoMy cele, a Jrobast
KOOpJMHaTHasI IMHUM 3aMbIKaeTcsl cama Ha ce0st — puc.3.15.

Ha pucynke HanpaBiieHne X CKJieUBaeTcsi (OTOXKIECTBIISETCS)
HE C Cco0OM, a cO CMEXHBIM HaIlpaBJICHHUEM Y, KOTOpPOE 3aTeM
CKJICUBAETCS CO CMEXHBIM HAIIPABICHUEM Z, KOTOPOE, B CBOIO
odepelib, 3aMbIKAeT LENOYKY, CKIEUBAsICh CO CMEKHBIM HallpaBlie-
HueMm X. [IOHATHO, YTO B 00O TOUKE MPOCTPAHCTBA JIOKAJIHHO
BbINIOJIHsIETCS TeoMeTpust EBkinaa. [{inst mprMepa Ha ocsiX oKa3aHbl
KyOWKH, KaXaas M3 TpaHeld KOTOporo (akTudeckd Oblia mooye-
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PEIHO KOJUIMHEApHA C KaXKJI0M U3 KOOPAMHATHBIX oceil. OueBUIHO,
HUKAKMUM 3KCIIEPUMEHTOM HE YAACTCS HaWTH pa3iIudue Mexay
STUMH T'PaHAMHU, HO NMPU OECKOHEUYHOM JIBUKEHUM BJOJIb OJHON M3
KOOPJIMHATHBIX OCel KaX/blil pa3 BOIU3U UCXOAHOM TOUKH, Hadai1a
JIBUKCHISI OJTHA M TA JK€ OCh S Ky0a OyIyT MMoodepeTHO HarpaBieHa
TO BJOJIb OJTHOM, TO BJOJIb APYTrOM WIM TPETHEN KOOPAUHATHOU OCH.

AY

) 4

Puc.3.15. OroxaecTBieHrne TPEXMEPHOTO MPOCTPAHCTBA

Takyro cucremy KOOpAWHAT, HAPHUMEP, B BUJIE KyO0a MOKHO
HE TOJIbKO OIIMCaTh MaTEMaTUYECKU, HO MOYXHO MU3rOTOBUTH B BUJIE
(U3NIECKOTO MaKeTa, KOTOPBIA OyAeT JOCTAaTOYHO TOYHO COOTBET-
cTBOBaTh pUCYHKY 3.15. Ecnu ¢opmanbHO ABYXMEPHYIO CKIEHKY
IIPOTUBOIOJIOKHBIX CTOPOH KBajpaTa MOXHO Ha3BaThb OPTOro-
HaJIbHBIM NIEPECEYEHUEM [BYX IMWJIMHIPOB C BBICOTOM, paBHOM
CTOpPOHE KBaJipaTa, TO TaKO€ e TeJo A KyOa Oy/ieT mpelcTaBiIsITh
co0Ol OpTOTOHATBHOE TEpeceueHre TPEX TOPOB KBAIPAaTHOTO Ce-
YEHUsl CO CTOPOHOM, paBHOU rpaHu kyoa. B o0oux ciyuasx Takue
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TeJIa MOKHO M3TOTOBHTH B BUJIE pealibHBIX 00BeKTOB. [Ipu ckielike
COCEIHUX CTOPOH 00pa3yroTcs Tena emie OoJiee MpOCTOl (HOPMBL
OpnHako cnemyeT OTMETHTb, 4To (pru3nueckasi CKiieiika co3aéT Hc-
KpHUBJIEHHOE, Je(pOopMHUPOBaHHOE MPOCTPAHCTBO, JJISI CYIIECTBOBA-
HUSL KOTOPOTO, 0€3yCIOBHO, HEOOXOIMMO MPOCTPAHCTBO OOJIBIICH
MEpPHOCTH, Ha KOTOPOE€ OMNMCAHHBII MEXaHU3M, B CBOIO OYEpE.pb,
MOJKET OBITh PACHIMPEH 0€3 KaKKX JTMOO NPENITCTBUM.

[ToMuMO oOmHCaHHBIX OCOOEHHOCTEH, B JIUTEpPATYpe MOKHO
BCTPETUTH €IIE OJTHO CTPAHHOE CBOMCTBO rpaHeit kyba. dopmynu-
pyercsi oHO B (hopMe HEOOJIBILIOTO IUaora:

"... husuka 3amaer maremaruke Bonpoc: "Kakas xapakrepHas
BEJIMYMHA TUIIA TEH30pa B F€OMETPUH aBTOMAaTUYECKU COXpaHSET-
ca?" Marematuka naetr otBer: "Tenzop OunmTeiHa". dusuka
cnpamuBaeT: "Kakum oOpa3om obecnieunBaeTcs 310 coxpaHenue?"
Maremaruka B nuue Onu Kaprana otevaer: "bnaromaps npuHIu-
1y, TJIacsIIEMY, YTO IpaHMLia TpaHMLIbl paBHa Hyt0" [59, 1.1,¢c.441].

AHalIUTUYECKH 3TO YTBEP)KJIEHUE JIOKa3bIBAETCS uepe3
CBEpHYTOE€ TOXJECTBO buaHku, a B KauecTBe BU3yaJbHOI0, rpadu-
YeCKOT0 JI0Ka3aTelbCTBa PUBOINUTCS PUCYHOK.

"TIIpocymmupyem" mo Bcem 3TUM peOpaM, YUUTHIBasi HaJyie-
XKaluM 00pa3oM 3HaK KaxxJaoro U3 Hux. Ilpm 3Tom okakercs, 4To
KaXJJ0€ JJaHHOE peOpo YUMTHIBAETCS JBAXIbl: OJUH pa3 B OJHOM
HaIpaBJIEHUH, JPYrol pa3 — B MPOTHBONOJOXHOM. OTcroga 3a-
KIIIOYaeM, 4TO JBYMEpHasl I'paHulla TPEXMEPHOMH T'paHUIIbl YEThI-
pexMepHOro Kyba TOXAECTBEHHO paBHa Hymo" [59, T.1, c.443].

JIeHCTBUTENBHO, 3TO JOBOJBHO JIOOOTBITHBINA BBIBOJI, a Cam
TE3MC BBITJIJUT, YETO YK CKPbIBaTh, KAK MaTeMaTH4eckas 3a0aBa,
IIyTKa, C JOBOJBHO TYMaHHBIM CMbICIIOM. OJHaKO OTMETHUM, 4YTO
HESBHO B HEM YCTAHOBJIEHO NPUHYAUTEIBHOE HAINpaBIeHUE 00X01a
10 BCEM I'PaHsSM B OJIHOM HAaIpaBJI€HUH, B JAaHHOM cilydae, IpOTHB
9acOBOM CTpEJKH, €CIM CMOTpeTh Ha rpaHb. OOOCHOBaHUU st
Takoro rpauueckoro nojaxojaa He mpuBomurcs. Eciau xe momy-
CTUTh BO3MO>KHOCTb IPOM3BOJIbHBIX HAIIPaBJICHUM, O 3alIpeTe YEro
yYKa3aHU{ HET, TO JI0CTATOYHO Ha JBYX IPOTHUBOIOJIOKHBIX I'PaHsIX
M3MEHHUTh 3TU HaIpaBJIEHUS Ha MPOTHBOIOJIOKHBIE, YTOObI MakK-
CUMaJIbHOE 3Hau€HUE JUIMHBI TPaHULlbl CTallo paBHO 16 rpansam. [Ipu
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TakoM 00xoze 8 rpaHeil OyayT YUMTHIBATHCS JBAXKIbI C MOJIOKH-
TEJIbHBIM 3HAKOM, @ 4 — C B3aUMHO IIPOTUBOIIOIOXKHBIMH.
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Puc.3.16. O6xox rpaneii kyba. Pucynok [59, 1.1, ¢.443]

Kpome Toro, MOKHO BBECTH U €IIE OJTHO OUEBUIHOE IPABUIIO
o0xo/la: He OTphIBas KapaHjamia, o0oitu Bce rpanu. M B 3Tom
cirydae 00X0J BO3MOYKEH — Ha KaX/10i I'paHu B OJHY CTOpoHY. Kak
OTMEUEHO, ATO MPaBUJIO Jerko Moauduuupyerca. Ha pucynke no-
Ka3aH BapHaHT 00XoJia TpaHeil IpOTUB 4acoBOM crpenku. OnHako
HalpapJieHHE 00X0/1a MOYKHO M3MEHUTh Ha MPOTHUBOIOJOKHOE Ha
m000# TpaHu, a YTOOBI MaKCUMAaJIbHO U3MEHHTh CYMMY TPaHMIIbI,
Jy4llle BCEro 3TO CJENaTh Ha JIBYX IPOTHUBOIOJOKHBIX TpaHSX,
HarpuMmep, Ha 3 ¥ 5, IPOCTO pa3BEpHYB METIIO.

[TockonbKy B HaIIeM CiIydae paccMaTpHBAaeTCsl BIOJHE cede
omnpeneneHHas (Gurypa, TejIo, TO B 3TOH CBSI3U BIIOJHE YMECTHO 3a-
JaThCsl, BUIMMO, CTPAHHBIM BOIIPOCOM O KOJIMYECTBE CTOPOH Y Tpa-
HuUIlbl. COBEPIIIEHHO OYEBHIHO, YTO MPH 00X0 1€ TpaHel Kyda JTHHUS
00Xx0/1a KaXK/IbIii pa3 HAXOJUTCS, YTO HAa3BIBAETCS, MO JPYTYIO CTO-
POHY rpaHuIbl. ByKBabHO 3TO MO’KHO TPAaKTOBAaTh, YTO y TPAHUILIBL,
BOOOIIIE-TO, /IBE CTOPOHBIL. [103TOMY CITOCOO CyMMUPOBAHHUSI TPAHHII
IIpU UX 00X0/€ B PacCMOTPEHHOM CIIydae MOKHO CUUTAaTh CIOpP-
HBIM. Y CJIOBHO TOBOPSI, €CJIM KTO-TO 00OIIEN IPaHHuIly, TO € Jpyroi
CTOPOHBI 00 3TOM MOXKET OBITh BOOOIIE HUUEr0 HE U3BECTHO.

Kpome Toro, k paccMOTpeHHOMY 00XO]1y TpaHUI] MOKHO J10-
0aBUTH U elle OJHO MPABWIIO: JTUHUM 00X0Ja HE JIOJDKHBI Tepece-
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Kath Jpyr apyra. IlocMmoTpeB Ha pucyHok 3.17, MOXKHO 3aMETUTB,
4TO ¥ TAaKOE€ MPABUJIO TAKIKE JIETKO OCYLIECTBHMO.

HaKOHeH, OTOXACCTBJIICHUC IMPOTHUBOIIOJIOXKXHBIX CTOPOH TI'pa-
HUII[, BUIAUMO, TOXKE SBISICTCS OCOOBIM, HO HE 00s3aTENBHBIM Ipa-
BUJIOM, OIIMPAIOIIKAMCS Ha MOJIYAJIMBOE COTTIAIICHHE.

5 -
1 16 Y 5 1
»24#«11*4,‘64#
—> > 5 —>
< < BXO/J BBIX0]
{4 4y 3 A

Puc.3.17. O6xox rpaneii ky0a Ha pa3BepTKe

3/1ech TaKkKe MOYKHO 3aMETUTh UHTEPECHOE CBOMCTBO I'PaHULL.
[TonsiTHO, UTO rpaHuLa — HEe Bcerga JauHUA. Hampumep, CKOJBKO
CTOpPOH y JIMHUU? 37eCh MOXHO, MYCThb U B LIYTKY, CKa3aTb: 3TO
CMOTpA, C KAKOW CTOPOHBI TOCMOTPETH. [[elCTBUTENBHO, HA JINHUIO
MO>KHO CMOTPETh C OECKOHEYHOT0 uncia cropoH. [loaToMy BrosiHe
JOIMYCTUMO CKa3aTh, YTO y HEE YHCIO CTOPOH — OeckoHewyHo. On-
HAaKO B OTHOILIEHUH OTPE3Ka JIMHUU OOBIYHO TOBOPAT: OH OTPaHUUYEH
TOYKaMH. TO €CTh, FPAHULIAMU JIMHUU SIBJISIOTCSA TOYKH.

WNnu, ckaxeM, Ui IOrPaHUYHUKA y TPAHUIIBI SIBHO JIBE CTO-
POHBI: CBOS U compenenbHas. M 3To onpeenneHHo 1B COBEPIIEHHO
pasHble cTOpoHbl. Mim emé mpomie: MoHeTa. MBI MMeEM MOJIHOE
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IIpaBoO CKa3aTbh, YTO OHA OTPAHUYEHA JIBYMS KPYTaMH U LMJIMHIPOM.
To ecTh, MBI IUNIOCKHE TOBEPXHOCTH NPUPABHUBAEM K IPAHUIIAM.

HanomuuMm, 4T0o mpuBENEHHBIE PAaCCyXICHHUSI OTHOCSTCS UC-
KIIIOYUTENBHO K JJAHHOMY KOHKPETHOMY CIy4aro: 00XOJy TpaHein
KyOWKa 1O KOHTYPY WJIM TaKHX e MPOCTBIX 00bekToB. Emie pas
KOHCTaTHUPYEM, UYTO OOpa30BaHME 3aMKHYTBIX EBKJIMJOBBIX IIPO-
CTPAaHCTB MOXET MPOU3BOJIUTHCS ABYMS MPUHLUIHUAIBHO OTJIMY-
HBIMM CITOCOOAMM: CKIIEHKOM M OTOKAECTBIEHHEM. METO T CKIIEHKH,
BUJMIMO, CJIEAYeT CYMUTaTh (U3MYECKHM MOpUEMOM, TOHUMAs
CKJIEHKY OyKBaJIbHO, @ METOJI OTOXAECTBIEHUS - MATEMAaTUYECKUM.
DTO 3HAUYUT, YTO CKJIEHWKa MJIOCKOCTEH WM MPOCTPAHCTB B MTOTE
naéT pu3nuecKuii 00BEKT, KOTOPBIH MOXKHO, HAIIpUMEp, U3TOTOBUTD
B BUJIE MaKeTa, 00bEKTA, KOTOPBIH MOYKET CYIIECTBOBATH PEAJIbHO.
PeanbHbIMH (U3NYECKUMHU TIPOLIEAYPaMU SIBISIOTCS, HANPUMED,
CKJICHKa KOHYyca, HINHApPA. HarnmpoTuB, OTOXIECTBIEHUE TOYEK HA
nosrycepe oOpasyeT UIMNTHYECKOe MPOCTpaHCTBO Pumana, Ko-
TOpPOE, €CJIM U MOKHO MPEACTaBUTh, TO U3TOTOBUTH B BUJIE MAKETa,
CKJIEMKM HE MpEeACTaBIsAETCS BO3MOKHBIM. OTOXKIECTBIIEHUE Tpa-
Hell KyOa HEBO3MOYKHO, €CIIM 3allpeTUTh HCIOJIb30BAHUE ITPaBUIIA,
KOTOpOE pa3pelIeHo UCIO0Ib30BaTh IPU CBOPAYMBAHUM LIMJIMHIPA B
TOP: pacTsHKEHHE MOBEPXHOCTHU. EcnM pa3pemmTts €ero Hcmoib3o-
BaTh, TO C PACTSHKEHUEM KyO MOYKHO CBEPHYTh B KBaJPATHBIH TOP.

[Tpore Bcero ckielika peaanu3yercs ¢ TUIOCKUMH O0BEKTaMHU.
Hanpumep, ckneiika neHTsl MEOnyca MoXeT ObITh IPOU3BENEHA,
TaK CKazaTb, Ha pabouyeM crosie. DTO JIOBOJIbHO MHTEpECHasi KOH-
CTPYKLHS, XOTSI €€ CBOMCTBA WMHOM pa3 TPAKTYIOTCS HE COBCEM
BepHO. Ecin npeactaBuTh BeenleHHyI0 B BUIE TaKOM JIEHTBI, TO:

"Ecnu monpocuis py3ei mogoxaaTh Teds, He CXOMs ¢ Me-
cTa, a caM 0OOMIeNIb BCIO 3Ty BCEICHHYIO, TO OOHAPYXHIIb, YTO
BEpHYJICS B Ty K€ TOUKY, C KOTOpoi Hauan nyrb. Ho TBou npy3bs
y)KaCHYTCsI, OOHapy’KUB, UTO MpaBas U JieBas CTOPOHBI TBOETO TeJla
MOMEHsTUCh MecTaMu" [46, ¢.96].

Her, 310 HEeBepHO, BCE HECKOIBKO MHAYe. UTOOB yOenuThCs B
3TOM, JIOCTATOYHO CKIIEUTHh TAKyIO JICHTY W3 OyMaru U COBEpPIUINTH
[0 HEW yKa3aHHOE 'NyTeuiecTBue'", HanmpuMep, ¢ MOMOIIBI0 ABYX
LBETHBIX KapaHJallel, CBA3aHHBIX B IMapy: OJUH CJ€Ba, IPYrom
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crpaBa, yTOObl CTOPOHBI ObUIM pa3avuuMMbl. B MOMEHT mnepBoii
BCTpPEUM KapaHJAIIM OKaXyTcs "BBepX Horamu'", HO IPaBO-JIEBO
MeXAy HUMH coxpaHuTcs. llpu nanpHelneMm IBHXKEHUU KapaHJa-
IIM BEPHYTCS B UICXO/IHYIO TOUKY, U BHOBb UX IIPABO-JIEBO COBIAIYT
C UCXOJIHBIMH.

[unuHaprdecKkuil 1 KOHUYECKU MUpbl EBKIIMIa M3HAYAIBHO
SBJIAIOTCS. IBYXMEPHBIMU IUIOCKUMHU 3aMKHYTBIMH MHUpaMH, KOTO-
pble JOKaIbHO 00JaJal0T BCEMU CBOWMCTBaMH IJIOCKOTO MHpa EB-
Kiuaa. BpIBOJBI, IMOJIydeHHBIE IPU HMX PACCMOTPEHUHU, MOKHO
pacnpoCTpaHUTh 10 AHAJOTUU U Ha TPEXMEPHOE 3aMKHYTOE IpO-
CTpaHCTBO. B muTepaType 04eHb 4acTo Halll peaTbHBINA (GU3NICCKUI
MUp H300paxaroT rpadudecku B Buae cheprl. Takas TpexMepHas
cdepa MOXKET HAXOTUTHCSA TOJIBKO B MPOCTPAHCTBE YETHIPEX H3Me-
peHuil (He cuutast BpemeHu). 1300pa3uth €€ B akCOHOMETpUH, BU-
JIMMO, HEBO3MOJKHO, TIO3TOMY M MIPUOETAIOT K YIIPOLIEHHSIM B BUC
JIBYXMEPHOU c(epbl B TPEXMEPHOM IPOCTPAHCTBE. DTO YACTHBIN
cilydail KpUBOT'O TPEXMEPHOI'O MPOCTPAHCTBA — HM3OTPONHOE 3a-
MKHYTO€ ITPOCTPaHCTBO.

Paspexem chepy HagBoe Mo OHOMY U3 MEPHUJIMAHOB U TO-
BEepHEM 00pa30BaBIIMECS MTOJIOBUHKH BOKPYT LIEHTPA HA BEJIUYHHY,
HanpuMep, OJHOIO JAEJEHHUS CETKH, Napajulesd, KaK MOKa3aHOo Ha

PHCYHKE.

Teneps, ABUrasch Mo KakOW-IMOO TMapalljieNid, Mbl Yepes
MoJI-000pOTa MoMaiaeM Ha COCETHIOI Yepe3 OJIHY Mapajuiesb, eIle
yepe3 MoJI-000poTa — Ha CIEAYIOIIYIO U Tak ganee. B aToMm cinydae
TpaekTopusi OyJeT HalOMHHATh JBM)KEHHE 10 cnHpanu. B xoHeu-
HOM CYCTC, CABOCHHAA TPACKTOPHA ONHIICT IMOJHOCTBIO BCHO IIO-
BEPXHOCTH 1apa. OCHOBHOE, UTO MOYKHO B 3TOM CIIydae 3aMETHUTh:
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KOOp/AMHATa JI000H TOYKM Ha TOBEPXHOCTH IIapa MOXET OBITh
OJTHO3HAYHO 33/1aHa JUTMHOM HUTH, KaK 3TO OBLIO B PACCMOTPEHHBIX
paHee ciy4asx. BeIXOAUT, YTO OBEPXHOCTH IIapa IIPU TaKOW pas-
METKE CTaJla TOXJAECTBEHHA JJINHE OJJHOKOOPIMHATHON MOBEPXHO-
CTH — JIMHUH, JUIMHA KOTOPOH B 00IIeM ciydae OecKoHe4Ha. JTo,
BUJIUMO, JIeJIaeT NpoOJeMaTUUHbIM 33/1aHHE KOOPAUHAT TOYEK.

PaccMoTpeHHBIE ¢ MO3UIUU JIOTUKU XapaKTEPUCTUKHU, CBOMN-
CTBAa MHOTOMEPHBIX M 3aMKHYTBIX IPOCTPAHCTB IOKa3bIBAIOT
HECOBMECTHMOCTh €BKJIMJIOBOM METPUKH M 3aMKHYTOCTH, NPOTHU-
BOPEYMBOCTh HAIM4Ms y BCENeHHOM ATHUX MCKIHYAIOLIUX APYT
npyra cBoicts. Ecnm BceeneHHas 3aMKHyTa, TO y HEE HE MOKET
OBITh TIIOOATHHOU EBKIMIOBOW MeTpuku. lIpencraButh cede @u-
3uU4ecKyro CKIENKy rpaHeil BceneHHoN HEBO3MOKHO.

HpOCTpaHCTBeHHOC JIMH3UPOBAHUE

OnHUM U3 HHTEPECHBIX HAOIIOAaEMBIX CBOMCTB (PU3HUECKOTO
IIPOCTPAHCTBA-BPEMEHHU SIBJISIETCS] TPABUTALIMOHHOE JTMH3UPOBAHUE.
3aKIro4aeTcss OHO B TOM, YTO BOJIM3M MACCHUBHBIX TEJN, HaIPUMeED,
4EPHBIX JAbIp WM oOjacTe ¢ TEMHON Marepueld HCKPUBIEHHOE
IIPOCTPAHCTBO NpOsBIsAET ceOs Kak juH3a. CBET, IpOoXods uepes
TaKyl0 T'PaBUTALMOHHYIO JINH3Y, UCKPUBJISETCS U Jaxe POKYCUpPY-
€TCsl KaK OT OOBIYHOM CTEKJISIHHOM JINH3BI.

Ho mnonoGHbIMH ke cBOMCTBaMM 00JIaJla€T M MYCTOE MPO-
CTPaHCTBO B CaMOM OOIIIEM CMBICIIE, HE COJIEprKalllee MacCCHUBHBIX
Ten. B yacTHOCTH, MPOCTPAHCTBO MOXKET OBITh 3aMKHYTBIM, XOTS B
oOmeM ciaydae 3T0 He o0s3aTenbHO. MaTeMaTHUeCKH MCKPUBIICH-
HOE U 3aMKHYTO€ IPOCTPAHCTBO M BO3MOXHO, U HEMPOTHUBOPEUHBO.
Ho ¢usuueckun 0OBSICHUTD, YTO MOCTYKHUIIO MPUYUHON MUCKpUBIIE-
HUS ITyCTOTO MPOCTPAHCTBA BIUIOTH /0 3aMKHYTOCTH, CJIOKHO. B
JUTEpPaType MOKHO HAWTHU HEMAJIO ONMCAHUNA TaKUX IIPOCTPAHCTB:
cepuueckoe MPOCTPaHCTBO PuMaHa, MPOCTPAHCTBO MOCTOSHHOMN
OTpULaTENbHON KpUBU3HBI JIoOaueBCKOro, Takue XOpOILIO U3BECT-
HBIE TOBEPXHOCTH Kak cdepa, Top, ncesnochepa benprpamu, mu-
TuHAp, KoHyc. Hampumep, B mpocTpaHCTBE C MOCTOSIHHOM MOJIO-
KUTEJIbHON KPUBU3HOM JIyd CBETA, BBIMYIIEHHBI B KaKOM-JIMOO
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HaIpaBJIEHNUH, BCJEICTBHE 3aMKHYTOCTH 4Ye€pe3 HEKOTOPOE BpeMs
BEPHETCSI K UICTOYHUKY C 0OpaTHOM CTOPOHBI, @ HECKOJIBKO Mapai-
JIEJIbHBIX JIy4eil BCIIEACTBUE TMH3UPOBAHUS J1aXKe MOTYT COOpaThCs
B OJIHY TOUKy. ECcTh BecbMa KpacouHOE ONMCAHUE 3TOTO SIBJICHUS: B
TaKOM IMPOCTPAHCTBE OYKBAIHHO MOYHO YBHJIETh COOCTBEHHBIM
3aThUIOK:

"... BUJIEH C pPa3HbIX CTOPOH U B pa3Hble MOMEHTHI BPEMEHU 32
CUET TOTO, YTO CBET MHOTO pa3 yCIeBaeT OOOUTH TaKOH 3aMKHYTHII
MUp 3a Bpemst pacmupenus” [62, ¢.170].

"KocMuueckuili kopabib, ABMXKYIIMKCS NPSIMO BIEpea B Ta-
KOH 3aMKHYTOH BCEJIEHHOH, B KOHIIE KOHIIOB BEpHYJCS Obl B HC-
xonHyto Touky" [30, ¢.31].

Kak Monens mpocTpaHCTBa KOCMOJIOTMYECKOW 3aMKHYTOU
Bcenennoii yacTo paccMaTpuBaIOT HAAYBHOM MIAPHK, CHEepUIECKOE
npoctpancTBo. [Ipu ero pasayBaHMM MakeThl TaJaKTHK, HAKJIEEH-
HbI€ Ha €ro MOBEPXHOCTh, OTAAIAIOTCA JAPYr OT APYra, OCTaBasiCh
BCErJla B OJTHOM M TOM K€ TOUKE KOOPAMHATHOM ceTku. OUueBUIHO,
YTO Jy4 CBETA, BBITYLIEHHBIH B TAKOM IIPOCTPAHCTBE, OMOAIIET €T0
U BEpHETCA B UCXOJHYIO TOUKY. JIyd cBeTa mIpUHATO CUUTATh Ips-
MO#l JIMHMEH, reone3nyeckoil. CBETOHOCHOM cpenoil cdepbl ABIIs-
ercst €€ moBepxHOCThb. [loaTomMy nyd cBera, ABUrasch IO ATOMY
MPOCTPAHCTBY, TOBTOPSET €ro KOHTYpel — cdepy. ms sroro
YCIIOBHOTO JIy4a CBETa HET HAINpaBJIEHUH BHYTPb U OT cepsl, OH
pacripocTpaHsieTcst 0 Hel BIOJIb TUHUK Oonbinux KpyroB. [lapan-
JenbHBIC TMHUU Ha cdepe - 3TO JTro0bIe 1Be e€ OONbIINe OKPYKHO-
cti. O4eBHUIHO, UTO JIIOOBIE JBE TaKUE NapasuleIbHbIE JIMHUM Ie-
pecekyTes ABaxabl. M, COOTBETCTBEHHO, BCE MPSIMbIE JIMHUU, MPO-
BeJIEHHBIC W3 OJHOU TOUKH CQEpbI, BO-TIEPBBIX, MEPECEKYTCS eI
pa3, BO-BTOPBIX, SIBJISIFOTCS NMapajljIeIbHBIMU. DTO OJIMH U3 IIpUMe-
pPOB HapylIeHMs IMSATOTO MocTynara EBKiIuAa, B COOTBETCTBUM C
KOTOpPBIM Yepe3 TOYKY MOKHO INPOBECTH TOJBKO OJHY IPSMYIO,
napajuleNIbHYIO JTAHHOW U He Iepecekaronryio e€. B chepuueckom
IIPOCTPAHCTBE (MOCTOSIHHOM MOJIOKUTEIbHONM KPHUBM3HBI) TaKHX
MPSIMBIX HE CYLLIECTBYET.

B mpuBeaéHHOM ONHMCAaHWU OYEBUIHA OCOOEHHOCTH TAKOTO
IpocTpaHcTBAa. Bompeku pacrnpocTpaHEHHOMY MHEHHMIO, B HEM
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YBHUJIETh CBOM 3aTBUIOK B MPSMOM CMBICIIE HEBO3MOKHO B MTPHHIIU-
ne. Bce nyun cBera, MCHyIIeHHBIE U3 TOYKH, BEPHYTCS UMEHHO B
ATy TOYKY. JTO 3HAYUT, YTO B KaKyr Obl 00J1acTh HEOA MBI HU T0-
CMOTpENH, Mbl 00s3aTENIbHO Oy/leM BMJIETh JIydHd CBETa, "HCIy-
HIeHHbIe HamuM 3aThliikoM". M300paxkenue ero 6yaet "pazmazano”
1o Bceit HebecHoM chepe miu BuauMoit e€ yactu. [loHaTHO, uTO 115t
3TOr0 B INPOCTpaHCTBE BceneHHON He MOJDKHO ObITh HU JIPYTruX
MEIIAIONINX HCTOYHUKOB CBETA, HU €T0 MOTJIOTUTEIEH.

Tem He MeHee, o00HbIE N300paKEHUS BCE-TaKU UMEIOT Xa-
pakTepHOE, JOBOJBHO HHTEPECHOE CBOMCTBO. Bo3bMEM, Hanpumep,
(GOTOTIIACTUHKY M HA €€ THIJIBHON CTOPOHE IMOMECTUM HCTOYHUKHU
cBeTa B BHJE SApKUX Touek. [1o10kaéM T0CTaToOuHO 0JITO U MO-
CMOTPHUM Ha JIUIIEBYIO CTOPOHY (oTormacTuHku. Ha Hell mposiBUTCS
TOYHOE M300pak€HHE ATHX TOYEK, KaKJ0€ HAIpPOTHUB CBOETO HC-
TOYHHKA, HAXOJAIErocs Ha ThUIbHOM cTOpoHE. To ecTh, MBI cemna-
U cBoeoOpasHyro (oTokamepy, Kotopas Ooyaro Ower chortorpadu-
poBana uctouHuku. Ho y 3T0# Kamephl HET HU JIMH3BI, HX TOHKOTO
OTBEpCTUsl KaMepbl-00cKyphl. M300paskeHre Mbl OJTyIHiIN O1aro-
napsi 3pPeKTy npocmpancmeenHHo2o auH3Uposanus. B KadecTBe
JIMH3bI BBICTYIIMJIO CaMO MOJIOKUTENbHO UCKPUBIEHHOE MTPOCTpaH-
CTBO. OTOT 3(pPeKT MOKHO HAOIIOJATh TOJBKO TOT/A, KOTJa HC-
TOYHUK ¥ (POTOIIACTUHKA HAXOAATCS B OJTHOW TOUKE IPOCTPAHCTBA.

Ecmu uCTOYHMK W MPUEMHHMK HAXOIATCS B Pa3HBIX TOUYKAX
MPOCTPAHCTBA, TO KapTWHA Oyner WHOW. PaccMoTpum OOBEKT -
CTpeNKy A, HaxoIiIIYKCs OT SKpaHa Ha pacCTOSHHUU, MHOTO
MEHbIIIEM, YeM JUIMHA OKPY)KHOCTH cepudeckoro mupa. OueBu-
HO, YTO JIy4d OT TOYEK MCTOYHHMKA HE COMIYTCSI B COOTBETCTBYIO-
IIMX TOYKAX Ha SKpaHe, MOCKOJIbKY OHU HE AMAaMETPAIbHO MPOTH-
BOTIOJIOKHBIE. Bee myun ot Touek 00bekTa A OyIayT pacmpocTpa-
HSTBCSI B CTOPOHY KpaHa HE M0 €BKJIHMJIOBBIM ITapajuIeIbHBIM JIU-
HUSM, a 110 TyraM O0JIBIINX OKPY)KHOCTeH cdepsl. [locTaBum nepen
9KpaHOM O0O0BIYHYIO0 onThueckyro JuH3y O. Ecmu mpocTpaHcTBO
0OBIYHOE, EBKJIHMIIOBO, TO OOBEKT A O0TOOpasuTCcs Ha JKpaHe B
n3zobpaxenue B. Ecnu e 3T0 mpocTpaHCTBO UMEET c(PpepruuecKyro
KPUBHU3HY, TO Takoe e u3o0paxxeHne B OyneT SKBHUBaJICHTHO
n3o0paxeHuto ot oovekra A' Ha puc.3.19b.
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@u3nyeckl OOBEKT OpPUTHHAIBHBIK A MEHBIIE MHHUMOTO
obwvekTa A', nmaromero Takoe ke m3obOpaxkenue B. To ecTh, kak
BUJHO M3 PHUCYHKa, cepudeckas MCKPUBIEHHOCTh MPOCTPAHCTBA
(TIPOCTPaHCTBO MOBEPXHOCTU C(EpPhI) YBETHMUMBACT H300pakeHHE
ynanéHHoro oobekra. TOUHO Takke, €ClIM TPEXMEPHOE MPOCTpaH-
cTBOo BceneHHoil 3aMkHyTOE, Cheprueckoe, TO BCE OOBEKTHI BO
Bcenennoii, ynanéunslie OT Hac, Mbl Oy/IeM BHIETh YBEITHYCHHBIMH.
UeMm cuiibHEE HCKPUBJIEHO IPOCTPAHCTBO, TEM CHIJIbHEE OyneT
YBEJIMUYEHUE.

Takas kaptuHa OyZeT B NPOCTPAHCTBE IOJIOKHUTEIBHOM
KpUBHU3HBL. HO TOTJa BO3HMKAET €CTECTBEHHBIH BOMPOC, a KaKUM
Oyner n300pakeHHe B MPOCTPAHCTBE OTPHUIATEIbHOW KPUBU3HBI?
Jlerko norajgaThes: €CiaM B IJIOCKOM IPOCTPAHCTBE MBI MOJIY4aeM
HEUCKaXEHHOE N300pakeHNUeE, a B IPOCTPAHCTBE C MOJIOKUTEIBHON
KPUBU3HOW - YBEIMYEHHOE, TO B IPOCTPAHCTBE OTPULIATEIHHOMN
KPUBHU3HBI MBI JIOJDKHBI IOJYYUTh H300pakKeHNE YMEHBIIIEHHOE, KaK
4yepe3 pacceBalolllyl0 JHMH3Y. B IpocTpaHCTBE OTpULIATEIBHOMN
KPUBHU3HBI JTy4U CBETA OT UCTOYHUKA PACXOJITCA, KaK IMMOKa3aHO Ha
pucynke 3.19a.

Kaxplif u3 MpoKEKTOPOB HCITYCKAET MOTOK MapalliebHBIX
nydeil ceera. Ho B MpoCTpaHCTBE MOJOKUTEINBHON KPUBHU3HBI, B
cepuueckoM mpocTpancTBe PuMana 3ty "mapaienbHbie” Tyqu Ha
yIIaJIeHUU CXOJSTCS, a B MPOCTPAHCTBE OTPUIATEIHHON KPUBU3HBI
JlobaueBckoro 3tu "mapasuienbHble" Jyun cBeTa pacxonsarcs. C
Y4€TOM TaKOI'o MOBEICHUS "MlapaiebHbIX" TUHUI B TPOCTPAHCTBE
OTPHILIATENIEHOW KPUBHU3HBI, PACCMOTPEHHBIH HAMHU BBIIIE 0OBEKT TI0
CpaBHEHHMIO C TUIOCKMM IPOCTPAHCTBOM OTOOpa3HWTCsA Ha HSKpaHe
YMEHbILIEHHbIM, puc.3.19¢c. Ha pucyHke neicTBUTENbHBIN 00BEKT A'
— 3TO MCTOYHHK B IJIOCKOM NPOCTPAHCTBE, BUAMMBIA Yepe3 OINTHU-
yeckyto nmuH3y O kak uzoopaxkenue B. Takoe xe uzobpaxenue B B
WCKPUBIICHHOM TIPOCTPAHCTBE OTPUIATEIBHON KPUBU3HBI Oy/eT
MOJIy4eHO OT 00bekTa A, KOTOpblil Gombie oobekra A'. CienoBa-
TEJIbHO, IPOCTPAHCTBO OTPULIATEILHON KPUBU3HBI 00JIaaeT CBOII-
CTBAMU PaCCEUBAIONIEH JIMH3BI.
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Puc.3.19. [IpocTpancTBO Kak onTHYECKas JIHMH3A

3aMeTuM, 4TO 3aMKHYmoe HE WCKPUBJIEHHOE, IJIOCKOE €B-
KJIIJIOBO TIPOCTPAHCTBO u3uyeckoeo CMbICIa He MMeeT. Bo3HuKaeT
OHO TOJIBKO B Pe3yJbTaTe YHCTO MAaTEMaTHYECKOTO, aOCTPaKTHOTO
OTOKJIECTBJICHHSI TPAHHI] HEKOTOPOU BBIPE3aHHOU 00JacTH OeCKOo-
HEYHOTI'0 MJIOCKOTO IPOCTPAaHCTBA.
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BcesieHHbIe B 4-MepHOM NPOCTPAHCTBE

Hanee, Bo u3bexaHue BYCMBICIEHHOCTH, 110 BO3MOXHOCTHU
OyzneM HyMepoBaTh NPOCTPAHCTBEHHBIE W3MEPEHUS, HAYMHAs C
€IMHHULIbI, CUNTasl BpeMs HYyJEBbIM M3MepeHueM. [Ipyrumu cioBa-
MU, TOBOpS 31€Chb O 4-X NpOCMPAHCMEEHHbIX NU3MEPEHUSX, MBI
OCTaBJIsIeM BPEMEHHO € M3MEpEeHHe 06e3 BHHMAHHS, I10Jpa3yMeBas
IPU 3TOM MOJ YETBEPTHIM JOIOJHUTEIBHOE IMPOCTPAHCTBEHHOE
M3MEpPEHUE 10 OTHOIICHUIO K HAIIUM TpEM n3MepeHusiM. OTMeTum,
YTO HEPEAKO BPEMs pacCMaTpUBAETCs KakK INEpPBOE M3MEPEHHUE, a
4-MepHOE MPOCTPAHCTBO-BPEMSI, COJEPIKAIIEE TOJIBKO TPH IPO-
CTPAaHCTBEHHBIX H3MEpPEHUs, CO3/1a€T HEKOTOpPOE HEeyn0OCTBO B
HyMepaIuH, OCKOJIbKY CIEAYIOIIEE, YETBEPTOE MPOCTPAHCTBEHHOE
U3MEpEeHUe JOJKHO MMETh MATHIA HOMep. Bo3HukaeT HekoTopas
HEOTIPEJIEIEHHOCTh: YETBEPTOE H3MEPEHHE B IISITUMEPHOM IIPO-
CTpaHCTBE-BPEMEHH.

Bce pocrynHble HaMm a1 HaOMIOAEHUS MPOCTPaHCTBEHHBIE
U3MEpPEHUsl ONPEJCIIEHHO PaBHOIPABHBI, MIO3TOMY BCE 2-MEpHbIE
mupbl XY, YZ, ZX MOXHO TakXKe pacCMaTpuBaTh KaK pPABHO-
IIpaBHbIE C€YEeHUs 3-MepHOro Mupa XYZ.

SABnsierca nmu crpyHa B M-teopun 10-MepHBIM OOBEKTOM,
KOTOPBIM IPOCTO MPOSIBISIET ce0d Kak 3-MEPHOE CEYEHHE, MPOEK-
uto u3 10-mepHoro mupa B Haml XYZ-mup? JlelicTBUTENBHO, TO,
YTO CTpyHa MOXKET KoJyieOaThcsa B 10-MepHOM MpOCTpaHCTBE, HE
TOXKJIECTBEHHO TOMY, 4TO cama cTpyHa 10-mepHa. OueBUIHO, YTO B
10-MepHOM IIPOCTPAHCTBE MOTYT COCYLIECTBOBATh OOBEKTHI JTHOO0M
MEpPHOCTH — OJIHOMEpHBIE, IByXMepHble U Oosiee. CTpyHa BIOJIHE
MOXKET paccMaTpHuBaThbCsl KaK OOBIYHBIN 3-MepHbIM 00BEKT, 00Ja-
JAIOUIUH CIOCOOHOCTHIO COBEPIIAThH KOJIEOAHUS B IOTIOJTHUTEIbHBIX
n3Mmepenusix. C apyroil CTOpoHbI KoseOnromascs CTpyHa, Kak U
npocTast Ipy)KuHa, (PU3NYECKH 3aHUMaeT HEKOTOPBIA 00BEM, YTO
HKBUBAJICHTHO €€ MHOTOMEPHOCTH, XOTsI CaMH I0 cebe OHH OJHO-
MepHbL. TO €CTb, BBIXOJIUT, UTO B MpoIiecce KoJieOaHui cTpyHa BCE
BpeMsI BBIXOJUT 3a IIPeJIeNbl 3-MEPHOT0 IIPOCTPAHCTBA.

BecbMa HenpocTo, 1axe HEBO3MOKHO HAWTHU B JIUTEPATYpE 110
TEOPUU CYNEPCTPYH MPUMEPHI CXEMATUYHOTO pacyeTa, a MoCMOT-
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peTh Ha HUX ObLIO Obl MHTEpecHO. Hampumep: BOT Tak BBITJISAAT
YpaBHEHUS U1 BBIUMCIICHUSI TapaMEeTPOB 3JIEMEHTAPHBIX YacTHIl. A
BOT pe3yabTaT pacyeTa MO HUM: MOJy4E€Ha Macca JIEKTPOHA, €ro
pa3Mepsl, 3apsijl, KOHCTAHThI CBSI3U U ITpoyee. HeB3upas Ha To, 4TO B
OOJIBIIMHCTBE CIy4aeB OHH, CKOpee BCEro, OyIyT 3aMETHO OTIIH-
yarbes oT CtanpapTHoi Mojenu. OJHaKO TaKMX MPUMEPOB HaWTH
HE yJaJloch Jaxe B AByXToMHUKe [37], a 3To 2000 cTpaHull TekcTa.

IIpakTnueckn Bce MOJEIM € MHOXKECTBOM BceneHHBIX,
MYJIBTUBEPCHI U AJIbTEPBEPCHI IBHO UM HESIBHO MOJPAa3yMEBAIOT UX
OeckoHeunoe MHOXeECTBO. [Ipu 3TOM mouTu Bcerja CYUTAETCs, UYTO
Takue MnapajjesnbHble BeelneHHble He CONPUKAcAOTCs APYr € JIpy-
roMm. U, kak mpaBusio, IpUHUMAETCS, YTO 3TU BceneHHble orpaHu-
YeHbl, TO €CTh, JTMO0 UMEIT NOCTOSHHYIO KPUBHU3HY U 3aMKHYTHI,
(dbopManpHO ABJSSACH chepUUecKHMH, JIMOO MPOCTO 3aHUMAIOT HE-
KOTOpYIO 00JIaCTh IPOCTPAHCTBA, OKPY)KEHHYIO HEKOW IyCTOTOM.
N3 sroro crnenyer, 4to Best PeanibHOCTD, Kak HEKast HEOIIpeAeICHHAs
cyOCTaHIIMsI, cozeprKalas Takoe MHOKECTBO BCeneHHBIX, T0HKHA
MIpPECTaBIATh cO00M Kak Obl INeHy, oOpa3oBaHHYIO 3TUMH Bce-
JIEHHBIMU-ITY3bIPbKaMU.

Crporo roBops, CepbE3HBIX JIOTHUYECKUX HPOTUBOPEUUM B
TaKOM IMpPEJCTABJIECHUU HET, CUTyalusl BIIOJIHE BOCIPOU3BOAMMA,
[I03TOMY CJIEJIyeT TOBOPUTH, CKOpee, 0 €€ CTpaHHOCTU. Bmecrte ¢
TEM, TAaK)K€ HET U NMPUHIUNHAIBHBIX PUYMH JUISI OTCYTCTBUS CO-
IIPUKOCHOBEHUSI U Ja)K€ MEpPECceueHus: BIUIOTh JO CIUSHUS TaKUX
ITy3BIPHKOB.

B Mozensx peanbHOCTH, 00saAaroliell JONOJHUTEIbHBIMU
U3MEpPEHUSIMU CBBIIIE M3BECTHBIX TPEX, NMPAKTHUUECKU BCEr/A 3THU
JIOTIOJTHUTENbHBIE U3MEPEHUS PACCMATPUBAIOTCS KaK CBEPHYTHIE J10
MIpPEeeNbHO MaJIbIX, IUIAHKOBCKMX pa3MEpoB, MO3TOMY Mbl U HE
HaOJI0/1aeM 3TH U3MEPEHUS.

Tem He MeHee, cHayalla MBI PacCMOTPUM OoJiee TPOCTOU
cilydaif, KOTJa JOTIOJHHUTENbHAs KOOpPAMHATA TOJIBKO OJIHA, 4YeT-
BepTas npocmpancmeenHas KoopauHara. B atom ciydae Bce my-
3bIpbKU-BceneHHble pacnoioKeHbl BAOJIb 3TOM KOOPAMHATHL, Kak
Ob1 HaHm3aHbl Ha Heé (puc.3.20). Ha pucyHke TOHKMMH IHCKaMU
auaMeTpoM cBbime 30 MWIIMAapIOB CBETOBBIX JIET HM300pakKEHBI
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OTKpBITHIE TIOCKHE BcenenHble, 4To HE OYEHBb corjacyercs ¢ Tpa-
JTUIIMOHHBIME TIPEJCTABIICHUSIMUA O TPEXMEPHOU cdepe B YeThI-
pEXMEpHOM MpOoCTpaHCTBE (CpaBHU ¢ pucC.2.13b - yeTbIpeXMepHBIM
oowexktoM "38 momyraes" Ha c.85). OmHaKo, B COOTBETCTBHE C
ACTPOHOMUYECKUMH HAOJIOJEHUSIMH, CUUTAETCs, 4To Hama Bce-
JIEHHas! SIBJIAETCS IUIOCKOM, a 3TO MCKIIOYaeT €€ 3aMKHYTOCTb,
chepuuHocTh. KOHEUHO, TOJ MUCKaMU MOXHO IPOCTO IOAPA3y-
MEBaTh U TPEXMEPHBIC 3aMKHYThIE c(hephl, TOCKOIBKY H300pa3uTh
Takyio chepy AByXMEPHOH aKCOHOMETPHEH BPS JIU BO3MOKHO.

Xy A\ A A AYs

Puc.3.20. Becenennble-0MHBI HAHW3aHBI HA YETBEPTYIO
MIPOCTPAHCTBEHHYIO KOOPAWHATY.

OueBUIHO, 3HAYEHHE HOBOM, YETBEPTON KOOPJMHATHI IS
Kax70i BceneHHOW MOKHO ObITh YHUKAIbHBIM. JTO 3HAYMT, YTO
KKl U3 00BEKTOB HEKOTOPOW BceneHHON MOXKET ObITh ONUCaH
KaK MMEIOIMN KoopauHaThl (X, ), z, k; = const), rae kaxnaas Bce-
JIEHHasi UMEEeT COOCTBEHHOE YHUKaJIbHOE 3HAUE€HHE YETBEPTOM KO-
opauHaThl. B mpoTuBHOM ciyuae, B Kaxzaol Touke (x, ), z) Bcee-
JICHHBIX MOTYT OJJHOBPEMEHHO HaXOJIUTHCS Pa3HbIe OOBEKTHI.

Ecnu 3HaueHus OOBIYHBIX IPOCTPAHCTBEHHBIX KOOPJIMHAT
MU3MEHSIOTCS IUIABHO WM, [0 MEHBUIEH Mepe, C I1aroM IUIaHKOB-
CKOM JJIMHBI, TO O 3HAYEHUN KOOPJAMHATHI Ak CKa3aTh YTO-TO OIpE-
JICJICHHOE MBI TI0Ka HE MOXeM. BO BCSAKOM Cily4ae, MUHUMAJIbHO
BO3MOJKHBII HMHTEpPBAJI MEXKJy pPa3sHbIMU BcCelneHHBIMH, BUIMMO,
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JOJDKEH OBITh paBeH, IO MEHbIIEH Mepe, IUIAaHKOBCKOM [UIMHE,
nHaue Bce BceneHHble mpocto colbloTes B oaHy. C apyroi cro-
POHBI, TOJIIIMHA WM pasMepbl BCEIEHHBIX IO 3TOM KOOpAUHATE,
BUJIUMO, TAK)KE€ HE MOTYT OBITh M HYJIEBBIMU, MIOCKOJIBKY 3TO O3Ha-
qajio Obl UX OTCYTCTBUE. BrosiHe AomycTUMO, YTOOBI UX TOJILIMHA
Obula MUHHMMAJbHOHM, paBHOHM, HampuMep, IUIAHKOBCKOW JJTHHE.
JlnuHa camoil ocH 4eTBepTOl KOOPAWHATHI MOKET OBITh Kak Oec-
KOHEYHOW, TaK W 3aMKHYTOM WIM KOMIAKTU(UIMpPOBaHHOW. B
cily4ae 3aMKHYTOCTH KOOPJAMHATHI BO3HUKAET BOIIPOC O KOJIMYECTBE
JNOIYCTUMBIX PA31UYHbIX 3HAYEHHUH 110 3TOW KOOPAMHATBI, KOTOPBIE
MOTYT NpUHAJUIekKaThb TOW WM MHOW BceneHHoW B oOmiem mpo-
CTPAHCTBE, U KOJINYECTBO KOTOPBIX B 3TOM Cllydae KOHe4HO. Ecnu
HCXOJIUTh, HAIpUMEp, W3 TUIIOTE3Bl O MYIBTHUBEPCE, TAKUX pa3-
JIUYHBIX 3HAUEHUN MOJKET ObITh OECKOHEYHOE MHOXKECTBO, YTO MC-
KJIIOYaeT 3aMKHYTOCTb MU, TEM CaMbIM, KOMIAKTH(PUIIMPOBAHHOCTh
YETBEPTOr0 U3MEPEHUSI.

OnsaTe xe, ecnu onuparbcsd Ha BCE T€ K€ TPAAULIMOHHBIE
MIPEACTABJICHUS O MPOCTPAHCTBEHHBIX KOOPAMHATAX, TO JOIOJIHU-
TeIbHAas 4YeTBepTas NPOCTPAaHCTBEHHAs KOOPAMHATA, BUJIUMO, HE
JO0JDKHA UMETh MPUHIUIMHAIBHBIX (U3NYECKUX OTIMYUN OT Tpex
Apyrux. XOoTsl €CTb U UHbIE MHEHUS:

"MoxeTt ObITh, JaXK€ pa3yMHO ToOJjaraTh, YTO Kaxjaoe (Gpusu-
YecKoe u3MepeHue (pa3MepHOCTh) 00YCIOBIIEHO KAKUMU-TO CBOUMH
(GU3NIECKUMU OOCTOSITENLCTBAMUA M PABHOIPABHOCTh KOOPMHAT
MPOSIBISIETCS.  TOT/Ia, KOTJA COOTBETCTBYIOIIME OOCTOSTENHLCTBA
OKa3bIBatOTCsl cuMMeTpuuHbiMu" [33, ¢.77].

Jlpyrumu cjaoBaMu, COTJIACHO MHEHUIO, U3JI0)KEHHOMY B I1U-
TaTe, paBHONPABUE JIMIIb MOXET IMPOSBIATHCSA, HO 3TO HE 00s3a-
TenbHO. OMHAKO ISl TaKUX IPEANOJIOXKEHUIN Bce-Taku HeEIOCTa-
TOYHO OCHOBaHUM. J[eiCTBUTEIBLHO, COTJIACHO HEM3MEHHBIM MeXa-
HU3MY TPOTSHKEHUs PrMaHa WM mpocToMy JOOaBIEHUIO HOBBIX
KOOpJMHAT TUPEKTUBHO, IIyTEM MHTETPUPOBAHMS, KaXKIasi U3 3TUX
YEeThIpEX KOOPAUHAT IIPOCTO IO MPOUCXOKIACHUIO JOJDKHA MMETh
OJTHU M T€ K€ CBOMCTBA. B HameM Gpu3nueckoM MUpe MBI HE IMEEM
HUKAaKAX CBUJETEIBCTB PA3IMYMS MEKIY TPeMsl NPOCTPAHCTBEH-
HBIMHM KOOpAMHATAMHU, TOCTYIIHBIMU HaM Il BOCIIPUATHS, IPUUEM
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M30TPOITHOCTh — OJIHO M3 ATHX COBHAACHHUNA. OTH KOOPJIUHATHI
OIIPENIETIEHHO NPOCTPAHCTBEHHBIE U, KPOME TOTO, Ha3BaTh UX CHM-
METPUYHBIMM 3a4acTyI0 JIOBOJILHO CJIOkHO. [losTomy st Toro,
YTOOBI 32 JIOTIOJIHUTEIHLHON MPOCTPAHCTBEHHOW KOOPJMHATOM 3a-
KpENUTh KaKHE-TO MHbIE, 0COObIE CBOMCTBA SBHBIX Pa3yMHBIX OC-
HOBaHUW HE BUJHO. B 4acTHOCTH, CBOMCTBO HEIOCTYNHOCTH IS
HaIIero BOCHPUATHUS BBIIVISIAUT KaK MIPOCTasl IUPEKTUBA, MOCTYJIAT.

WNHaue roBops, €cnv XOPOUIEHBKO IPU3aIyMaTbCs, TO INPHU-
JeTcs MPU3HATh, YTO HET M OBITh HE MOYKET HMKAKMX OCHOBAaHUU
CUMTaTh KOOpPJAMHATHBIE OCHU HepasHonpaeuwvimu. Cienyer 3ame-
TUTh, YTO U CaM TE3UC O BOCIPUITUH HAMU TPEX POCTPAHCTBEHHBIX
U3MEPEHUHN BBITIIAIUT JOBOJIBHO HEOIPEACICHHO U JIaXKe INPOTH-
BopeunBo. Yto o3Hawaer Bocnpusitue nMmepenusi? Kakumu opra-
HaMHU YyBCTB Mbl MOXEM BOCHPUHATH 3TU H3MepeHuda? I'nmazamu?
Ho umu mbl BocnipuHHMaeM CBET, a He KoopauHaTtel. Ha ciyx? Ha
omrynb? MokeM JIn Mbl Kak-TO OTJIMUUTH UX JIpyr oT apyra? B
KOCMOCE, B HEBECOMOCTH JUIsl HAOMIOJATeNsl BCSKOE pa3Inyue
MEKly HUMU IOJHOCTBIO Ucue3aeT. [l Hero HeT pa3HULbl MEXIy
BBICOTOM, JUIMHOW U IIMPUHOM, KPOME KaK HA OCHOBAHUH ITPOLLIIOrO
OIBITA: y BEPEBKH - ITIMHA, & y DKpaHa - IUpHUHA. Bepx u HU3, IpaBo
1 JIEBO — BCE ATO CBSI3aHO C TPaBUTANMEH U OCOOCHHOCTSIMHU HAIIHX
OpraHOB YYBCTB, HO HHKAK HE C NPSIMBIM, HENOCPEICTBEHHBIM
BOCIIPUSAITHEM CBOMCTB HEKOTOPBIX YCIOBHBIX OCEH KOOpAMHAT,
HaIlpaBJICHU! B IPOCTPAHCTBE.

HamoMHuM, 4T0 celiyac Mbl pacCMaTpuBaeM MEPHOCTH IIPO-
CTPAHCTBA B MOHATHUAX TPAJAULMOHHBIX OCEH KOOPAMHAT, U3MEpe-
HUN — TIPSAMOJIMHENHBIX, OECKOHEUHBIX, OPTOrOHaJIbHBIX. BriosHe
0’KMJIA€MO KEJIaHUE MPEICTAaBUTh CETKY TPEXMEPHOIO MPOCTPaH-
CTBa B BUJIE OPTOTOHAJIbHBIX, BIOXKEHHBIX JIpYr B Jipyra KyOoB, B
BHJIE TaKOM Kak Obl TeccepakT-marpeniku puc.3.21a. B ciayqae uc-
KPHUBJICHHS TAKOTO MPOCTPAHCTBA, IPUUYUHON MOXKHO TPATULIMOHHO
Ha3BaTh CUHTYJSPHOCTh WK UepHyto JpIpy B ero neHtpe. OHako
TINATEIbHBIM AHAJIN3 TOKA3bIBAET, YTO HA OTOM IIyTU BO3HUKAIOT
JIOBOJIBHO CEphE3HBIE MPOOIEMBbl: N300pa3uTh Ha Ky0ax Takoe Hc-
KpPUBJIEHHE ITPOCTPAHCTBA CJI0KHO. [Ipn 3TOM 00HapyXHBaeTcsl, 4To
MOJ00HBIE K€ CJIOKHOCTH NPUCYIIM M TPATULMOHHOMY H300pa-
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’KEHUIO CHHTYJISIPHOCTH B BUZIe BOpOoHKH. [Ipo0iema 3akimrouaercs B
TOM, YTO HESICHO, KaK M300pa3uTh KOOPAWHATHYIO CETKy Oe3 pas-
pBIBa M BO3HUKHOBEHHS M3 HUYETO JOMOJHHUTEIBHBIX KOOPAWHAT-
HBIX THAA. CHavYama pacCMOTPHUM 3TO Ha IPUMEPE OPTOTOHATIBHBIX
MJIOCKOCTEHN 3-MEPHOT0 MPOCTPAHCTBA, KaK 0OBIYHO MIPEICTABUB €T0
B BUJIC YACTHOTO CEYCHUS, MOTPYKEHUS, TPOXOIAIIETO Yepe3 IEHTP
CHHTYJIIPHOCTH. MBI pe30HHO OKHIaeM, U4TO Ha OOJIBIIOM yaale-
HUM OT LIEHTpA, JUHUU KOOPJMHAT MPSMOJIMHEWHBI U OPTOTOHATb-
Hbl. [Toka MBI IBHKEeMCS OT LIEHTPa UCKPUBIICHHOTO MPOCTPAHCTBA,
Bcé Bpoze Obl HOpManbHO. Ho B mporiecce ynaieHus OT IEHTPa MBI
OKH/Ia€M, YTO JIMHUM HAYHYT IMOCTENEHHO PaCHpSIMISATBCS, IO-
CKOJIbKY Ha OECKOHEYHOM yJalIeHHH OT CHHTYJISIPHOCTH BCE JTMHUU
JOJDKHBI OBITh OPTOTOHAIBHBI W PAaBHOMEPHO paclpeielieHbl B
npocTtpancTBe. OHAKO HA caMOM JieJie BO3HUKAET CTpaHHas, IMpo-
TUBOpEYMBas KapTWHA. YeM [anblle OT CHHTYISIPHOCTH, TEeM
CHJIbHEE W30THYTHI JMHUU KOOPAWHATHOM ceTku puc.3.21b.

Puc.3.21. KoopauHaTHble cE€TKH MPOCTPaHCTBA

Bonpekn HammM oXXHIaHUAM, BOJIM3HM 00JacTH OECKOHEYHO
00JIBIIION KPUBHU3HON JMHHM KOOPAWHATHOM CETKH XOTA W TIpe-
JETHHO YIUIOTHUIINCh, HO B JIOKQJIBHOW 00JAacTH TPaMeHT KpH-
BU3HBI IPAKTUYECKU PABEH HYJIIO, TO €CTh, KBaJpaThl KOOPAUHAT B
HECKOJIBKUX PSJIOM HaXOJSIIUXCS Psiiax MPaKTHYECKU OJIMHAKO-
BbI€, YTO O3HAYaeT OTCYTCTBHE JIOKaJbHOW KPHUBM3HBI, HeAeop-
MHpPOBaHHOE MpOCTpaHCTBO. HampoTuB, BAamu OT LEHTpa JIMHUU
CETKH HCKPUBIIAIOTCS BcE Oounblie M Oosbiie. KoHEUHO, MOKHO
3asiBUTh, YTO 3TO IPOCTO CIEJICTBUE CIELMAIBHO I0J00paHHBIX
auHui. OJHAKO TJIABHBIM YCJIOBHEM CO3JAaHMSI CETKH KakK pa3 U
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ObUTIO U3MEHEHHE Pa3MepoOB JICICHUH OT MUHUMAIBHOTO U HEpaB-
HOMEPHOTO B LIEHTPE K HEKOTOPOMY (PMKCHPOBAHHOMY Ha OOJIBILIOM
ynaneHuu ot Hero. Croco6a (GopMUpOBaHHMS TaKOW CETKH C BBI-
MIOJIHEHHEM 000MX TpeOOBAHUN HAWTH HE yJAJIOCh, 3TU TpeOOBaHUS
B3aMMOMCKITIOYAIONIU. DTO MOXKHO OOHAPYKUTh MPH MPOCTOM JIO-
rM4ecKoM aHanuse. Ecny B LIeHTpe JTMHUM paclojIOKEeHbl 4acTo, a
BJIAJIM — PEIIKO, TO B MIPOIIECCe TePeXoia MEKIY HUIMH MBI 00sI3aHBbI
1100 100aBUTH B LIEHTPE JIMIITHUE JIMHUH, U3 BO3/yXa, IOCKOJBKY B
LIEHTpe UX sBHO Oouibiie. JInGo B HEKOTOPOM 00JIacTH MEXy 4da-
CTBIMH JIMHUSIMH M PEIKUMH JIOJDKHA OBITH 007acTh ¢ emé Oosee
pPEAKUM MX pacripenencHueM. Eciau cpaBHUTH 3TO ¢ IpaBUTALlUOH-
HBIM TOTEHLIMAJIOM, TO BOJIM3HM CHUHTYJISIPHOCTH MOTEHLHUAN 00Jb-
IIOW, 3aT€M OH PE3KO YMEHbIIAeTCs, a BAAJIU BAPYr BHOBb YBEIHU-
YUBaeTCs (C y4ETOM 3aKOHA 0OpaTHBIX KBAJApPaTOB).

KoHeuHo, MOXHO cKa3aTh, YTO Takas HEECTECTBEHHas He-
PaBHOMEPHOCTbh KOOPAWHATHOW CETKH MPOCTO SIBIISIETCSI CBOMCTBOM
KPUBOJIMHEWHBIX JIEKAPTOBBIX KOOpAWHAT. TpaafilMOHHO CHHTY-
JpHOCTh YepHOU AbIpbl M300pa)aloT B MOJSPHBIX KOOPAMHATAX,
MIO3TOMY TaM, Ka3ajoch Obl, TaKO HEPaBHOMEPHOCTU OBITH HE
nojxkHo. OJIHAKO, €CIM MPUCMOTPETHCSA, TO U Ha TaKUX KOOpPJHHA-
Tax MOXHO YBHMJIETh 3TY K€ HEPaBHOMEPHOCTb — PUCYHOK 3.21c.
OTa HEPaBHOMEPHOCTh MPOCTO CKPHITa MO TpaduyecKuMu Oco-
OEHHOCTSIMH OSTHX KOOpAWHAT. ECIM CpaBHUTH KOOPAWHATHYIO
CeTKy 0€3 CHUHTYJSPHOCTH M C HEI0, TO Ha JIOCTAaTOYHO OOJIHIIIOM
UHTEpBaJIe OT LIEHTPA YWCJIO JIMHUN BO BTOPOM Ciydae JOJDKHO
OBITE 1100 OOJIBIIE, JIMOO OHM TAKKE MOKHBI OBITH HAHECEHBI C
YKa3aHHON HEpPaBHOMEPHOCTHIO. B NMpOTHBHOM ciydae clie0Bajio
ObI TOSICHUTH, OTKYJA B3SUIMCH JIOTIOJIHUTENbHBIC JIMHUH, OKPYXK-
HOCTH B CHUHI'YJSIPHOW KOOpAMHATHOW ceTke. CKakem, eciii B HC-
XOJHOM COCTOSIHUHM, 0€3 CHHTYISPHOCTH JIMHUM OBLIM TPOHYMeE-
POBaHBI, a 3TO U €CTh LIIKaJIa PaCCTOSHUM OT IIeHTpa, Hanpumep, ot 0
(uentp) mo 100, To B ciay4yae ¢ CHHTYJISPHOCTBIO MEX]Y HYJIEM U
100 60 MOKHBI MOSBUTHCS HOBBIE JTMHUU, OKPYKHOCTH (Zpo0-
HbIe?), TMOO0 WMEIOIUECs JODKHBI OBITH TepepacipeielieHbl yKa-
3aHHBIM HEPAaBHOMEPHBIM (BaKyyMHBIM) oOpa3om. HescHo, siBis-

150



€TCsl JIN 3TO MapaJOKCOM HMCKPUBIIECHHUS MPOCTPAHCTBA WJIU XK€ 3TO
BIIOJIHE (PU3HUECKU OOBICHUMOE SIBJICHUE.

"Ha camom nene MCKPUBIEHHOCTH MPOCTPAHCTBA COBCEM HE
CBsI3aHA C YETBEPTHIM HM3MEpPEHHUEM, a SIBIISIETCA, TaK CKa3aTb, €ro
BHYTPEHHUM JieJoM. W yCTaHOBUTH HCKPUBIECHHOCTh MOXHO HeE
BBIXOJSl M3 3TOTO MPOCTPAHCTBA, a JMIIb IPOBOJAS H3MEPEHUS
BHyTpH Hero" [31, c.23].

Takoe MHEHME BBICKA3bIBAETCSl JOBOJIBHO YacTo, SIBISIETCA
OOIIEeTTPU3HAHHBIM, XOTS BBIIIE MBI OOHAPYXHIU TPOTHBOPEUH-
BOCTb TaKUX NpejacTaBieHuit [cm. [lapainensHbiii nepeHoc BEKTOpa,
c.104]. YnomsHyTble U3MEPEHUS OOBIYHO CBOJATCS K U3MEPEHHIO
yrioB TpeyrosbHUKa. [Ipu HepaBeHcTBe X cymMmbl 180 rpagycam
IIPOCTPAHCTBO MpU3HAETCAd MCKpUBJIEHHbIM. Ho 31ech He BcE Tak
npocro. Ha pucynke 3.21¢c nns npumepa u3o0pakeH TPEYroJbHUK.
C ToukM 3peHHsI BHEIIHEr0 HAOI0aTeNsl CyMMa YIJIOB SIBHO MEHb-
e 180 rpagycoB. Ho ji1st BHyTpeHHET0 Habt01aTesst 3T0 OOBIYHBIHN
TpeyrojapHUK ¢ cymmoi yrioB 180 rpanycos. Koneuno, ecnu npu-
3HATh, YTO U300paKEHHAsI KOOPAMHATHASI CETKAa UMEHHO TaKOBOM U
aBigercsa. TeM He MeHee, METO/ TPEYTrOJIbHUKOB allpuopy MPU3HaH
[JIaBHBIM apOUTPOM MpHU OMNpPEAETICHUH KPUBHU3HBI NOBEPXHOCTH.
Yamie Bcero npuBOAAT IPUMEP C U3MEPEHHEM YIJIOB Ha MOBEpX-
HocTH cepbl. OJIHAKO U B 3TOM CJIy4a€ €CTh BO3MOXKHOCThH HaHe-
ceHMsI Ha cepy Takol KOOPIAMHATHON CETKH, IPH KOTOPOH CYyMMBI
YIJI0B JIOKaJIbHO OyayT B TouHOCTH paBHbl 180 rpagycam. Ilpu ta-
KOH pa3MeTKe OINpEAeIUTh KPUBU3HY MOBEPXHOCTU U3HYTPU MPO-
CTpaHCTBa, BUJUMO, HEBO3MOKHO. B cBOIO 0uepesib, 3TO MO3BOJISET
BBICKA3aTh BO3paKEHHME IPUBEACHHON LMTaTe: KPUBU3HA IIPO-
CTPaHCTBa BCE-TAKH ITO HE €€ BHYTPEHHEE CBONCTBO, OHA peajbHa
JIIIB TPY HAJTMYUHU MPOCTPAHCTBA OOJIBIIEr0 H3MEPEHUSI.

Paccmorpum npumep. TpaauIMOHHO KOOPAVHATHYIO pa3MeT-
Ky TOBEPXHOCTH c(epbl MPOU3BOAAT, HA30BEM 3TO, IIMPOTHO-ME-
PUAMAHHBIM METO/I0M. TakuM METOJ0M HAaHECEHA pa3MeTKa KapThbl
3emunu, riaodyca. JIro0yro TOUKy Ha HEM MOKHO OJHO3HAYHO 33/1aTh
JIBYMsI YUCJIaMU: JOJTOTON (MEpUAMAH) M LIMPOTOW (Mapaisiesnsb).
IIpu Takoi pa3smeTke cucTeMa KOOpAMHAT MMeeT JBa mnoiroca. Ha
3emJie ATO F0KHBIN U ceBepHbI. HO MOKHO 3aMETUTh, YTO HMIMPOTHI

151



¥ MEpHJUaHBI MO3BOJISIOT CO3/1aTh €HI€ JBE HEMPOTHBOPEUMBHIC
pa3MeTKH, KOOpAMHATHBIE CETKH Ha oBepXxHOCTH cepsl. Hepenko
B JIUTEPAType MOXKHO BCTPETUTHh MEPHIMAH-MEPHIUAHHYIO pa3MeT-
Ky cdepsl. To ecTh, BMECTO IIUPOT MCIIOJIB3YETCS €IIE€ OMH Ha0oP
MEpHIMaH — OPTOTOHANBHBIN (puc.2.22).
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Puc.3.22. /IpoiiHas mupoTHas pa3MeTKa cqepsl

B sTom cnydae Ha cdepe BOZHHKAIOT yXKe YeThIpe TMOJroca —
Mo JBa JJIs KakJI0To Habopa mepuauad. M B aTom ciiydae q00yio
TOYKY Ha TIOBEPXHOCTU C(epbl MOXKHO 337aTh ABYMs YUCIIAMH, TO
€CTb, KOOPJIMHATHAS CETKa HEMPOTHBOPEUYMBA M CaMOJIOCTATOYHA.
OueBUIHO, YTO TPABWIIO YIJIOB TPEYrOJbHHUKA BBIMOJHSACTCS W
3/1€Ch, MOCKOJIBKY €r0 CTOPOHBI MO-IPEXHEMY 00pa3oBaHbl 00JIb-
muMH Kpyramu cepsl. [IoHATHO, YTO BO3MOKEH M TPETHH CIIOCO0
pasMETKH TMOBEPXHOCTH c(hepbl — MUPOTHO-IIUPOTHBIA. B 3TOM
cllydae ceTka o0pa3oBaHa JByMsI OPTOTOHAILHBIMH Ha0OpaMu Ta-
pamienelt, mupoT. Kak u B npeapIaylux ciiyJasx, Jirodoas Touka Ha
MOBEPXHOCTHU c(hepbl MOXKET OBITH ONpeAeIeHa IByMs YUCIIaMH, TO
€CTh, CHCTeMa KOOPIMHAT TaKX€ CaMOJ0CTATOYHA M HETPOTHUBO-
peunBa. OcoOEHHOCTHIO €€ SBISAETCS HaJMUKe TETEph Y)Ke TPEX rap
noytocoB.  [[st  onpeneneHHOCTH Ha30BEM MX HOT-CEBEp, 3a-
Ma/1-BOCTOK U MOJIACHB-TIOJTHOYb:

MoxkeT 3aMeTuTh, 4TO Takas pa3MeTKa CO31aéT Ha MOBEpPX-
HOCTH Cepbl 00JIACTH C HoJ1ee CUNbHOU KPUBUZHOU KOOPOUHAM , UEM
B IBYX JIpyrux BapuanTax. Ho 3to He coBceM BepHO. bosee cunbpHas
KpUBHU3HA B JJAHHOM CIIy4ae BO3HUKAET B MPOMEXKYTKE MEXIY I0-
JIOCaMH, B TO BpeMs Kak B IPYTUX pa3MeTKaxX OHa BOSHHKAET Hero-
CPEeACTBEHHO Ha MoJrtocax. Mepuanansl Ha OOBIYHOM IOJTFOCE MOXK-
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HO TEpelIarHyTh, 3/1€Ch e TakuxX Touek HeT Booduie. Ho BmecTo
3TOTO €CTh JIOKAJIbHbIE 00JaCTH, B KOTOPBIX MOJHOCTHIO BBITIOJIHS-
ercst reoMmerpuss EBkinmaa. OTo mosiroca MOJHOYL U IMOJIJICHb.
BO6im3n 3THX MOJIOCOB HUKAKMMHU M3MEPEHUSMH, BHIUMO, HEBO3-
MO>KHO OTIPE/ICIUTH KPUBU3HY OBEPXHOCTU. MBI TOUHO 3HAEM, UTO
310 chepa, HO cymMMa YTIIOB TPEYTrOJIHLHUKOB HA HEH B 3TOM 00JIacTh
u ¢ 3Toil pasmerkoi paBHa TouHo 180 rpamycam. MoxHO naxe
ONpaBJaTh HAJIWYME TOPU30HTA — 3TO ONTHUYECKOE, aTMOC(HEPHOE
sBreHne. [I0CKOIbKY MBI paccCMaTpHBaeM reOMETPHUIECKYIO cdepy,
I'PaBUTAIIMOHHBIE U3MEPEHUS CIIEAYET UCKITIOUUTD.

Crosa ’xe MOHO OTHECTH U MpocTpancTBa puc.3.4 Hac.115 u
puc.3.21b. SABnAroTCS 1M OHU IJIOCKUMH U paBHOMEpHbIMU? J{71s1 X
oOutareneid — HECOMHEHHO. HHKakMMHM H3MEpPEHUSMU OHH HE
CMOTYT OTIpEJICNNTh MX KpUBU3HY, nedopmaruio. Pazee uro, mms
HUX, BO3MOXKHO, HO HE 0053aTeNbHO, OyIeT TOBOJIBHO 3aral09HbIM
SBJICHHEM HaJlnuue ByX ocoObix Touek 00' Ha puc.3.4.

Ho torpa xak mMbl Morim Obl BOCHPHUHSTH B TaKOM CIlydae
JIOTIOJTHUTENIbHYIO, YeTBEpTYI0 KoopauHaTy? Hampumep, Teopus
CTpyH, M-Teopus Ha 3TOT BOIIPOC OTBEYAET IPOCTO: JOIOJHHU-
TEJbHBIE MPOCTPAHCTBEHHBIE W3MEPEHUsI KOMITAKTU(HUIIMPOBAHEI,
OHHU HACTOJBKO MaJIbl, 9TO MBI UX MPOCTO HE OIIYIIAEM, HE BUIIM.
W BHOBB 37€Chb HEN30€XKEH TOT K€ MOJXOJ: BUAUM, OLIYLIAEM,
BocIpuHUMaeM. OOBIYHO MPHUBOJIUTCS MPUMEP KOMITAKTH(PUKALUU
B BHUJIC CaJI0OBOTO IUIAHTA, IO KOTOpPOMY OeratoT MypaBbu. M3nanu
OH Ka)KETCSl OJTHOW CIUIOIIHOM TOHKOH nuHuel. Ho BONM3M y HEro
oOHapyXHBaeTCsl JAUAMETP, KOTOPBIA M MPHUHUMAETCS 332 KOMITaK-
TUPUIPOBAHHYIO KOOP/IHHATY.

Beirmsaut yoenutenbHO, HO JWIIb Ha mepBbid B3risia. Co-
MHEHHSI BO3HUKAIOT, €CITU TONBITAThCS TPAKTOBATh OYKBAJIBLHO IO-
HSTHS IPOCTPAHCTBEHHBIX KOOPAMHAT. A eciii OBl 9Ta KOOpAWHATA
ObLIa c)KaTa He TaK CUIIBHO, a, HarpuMep, A0 auameTpa 1 metp? Uto
MBI gudenu Obl TOTIA, JUTHHHYIO TpYOy, M0 KOTOpOW OeraroT peds-
TUIIKYU WK TOTyou?

Kak Obl HU BBIMJISIZIENIM TE€OMETPHUECKH TPOCTPAHCTBEHHBIE
KOOpAMHATHl B BOOOpPAKEHUH, UX TJIABHOM CYITHOCTBIO SBISETCS
KOJIMYECTBEHHOE OINMCAaHUE TMOJIOKEHUS B IpocTpaHcTBe. Jlrobast
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KOOp/AMHATA SBJISETCS 6ceoOwell, TIPUCYILICUH 11000MY, KAHCOOMY
00BEKTY peartbHOCTU. Bce 0OBEKTHI OKpYKAOIIEro Mupa 00s3a-
TEIbHO UMEIOT OJUH U TOT K€ HAOOp KOOpJAMHAT: U 3aMKHYTBIX, U
0ECKOHEYHBIX, U KOMIIAaKTU(PHUIIMPOBAHHBIX, HEB3UPAs HAa TO, BUIUM
JIM MBI UX, OLIyIIaeM, BOCIPUHUMAEM WIH HET. Jlpyrumu cioBamy,
nBa O00bBEKTa, HaxXoAdlIUecs Jpyr OT JApyra Ha pacCTOSIHHH,
HanpuMep, B KUJIOMETp, 0053aTeIbHO UMEIOT TO WJIM MHOE 3HAUYEHUE
10 00HOU U Mot Hce MOOOW TPeNeNbHO Maoil, KOMIAKTU(UIHU-
POBaHHON WJIM HE OYEHb MaJIOMl KOOPAMHATHI, 3HAYEHUS, KOTOpbIE
MOTYT OBITh JaXe TOKIeCTBEHHbIMU. COBEpIIEHHO HEBO3MOKHA
CHUTYyallusi, KOT/Ia IBa 00bEKTa UMEIOT XOTs Obl 0JIHY HECOBIAAl0-
LIYO0 [10 HAMMEHOBAHWUIO KoopAuHaTy. FlHaue rosops, B K101 U3
0ecUnCIEHHOTO MHOeCTBa BceneHHBIX B 4-MEpPHOM KOHTHHYYME
(He cuMTasg BpPEMEHM) O00s3aTeNbHO NPUCYTCTBYET TOYKAa IIPO-
CTpaHcTBa (X, y, z), HO KOH(UIMKTa 3a 00JIaJaHue PTOW TOUYKOW HE
BO3HHUKAET, TIOCKOJIbKY Y KaXIOH M3 3THX BceneHHBIX CBOsS cOO-
CTBEHHAsl YeTBEpTasi KOOpJAMHATa k, MIpUUYEM, OTINYATHCSA JPYr OT
Jpyra OHU MOTYT CKOJIb YTOJJHO, U Ha TPOMAaJIHYIO, 1 HA HUYTOKHO
MaJlylo BEJIMYHHY, BIUIOTH JI0 MJIAHKOBCKOIA.

Eme pa3 orMeTum, 4TO OJTHOHM M3 OYEBUIHBIX OCOOCHHOCTEH
CBEpXMaJOl KOMMAKTU(UKAIUU TaKOTO 4-TO M3MEPEHHUs SBISETCS
OTpaHUYEHHUE YMCIIa BO3MOXHBIX Bcenennbix. JltoOast 3aMKHyTas
OCb KOOPJMHAT IO ONPECIECHUI0 UMEET KOHEUHYIO IIPOTSHKEHHOCTD
C U3BECTHBIM IPEJEIIbHBIM 3HaueHHeM Ha Hell. [Ipeanomnoxum, 4to
OHA CKaTa, KOMIAKTH(GHUIMPOBAHA B OKPYKHOCTH mmHOH 107
MeTpoB. Torna obuiee ynucio BO3MOXKHBIX BCEIeHHBIX, OTCTOSIINX
JpyT OT Apyra Ha IUIAaHKOBCKUW MHTEpBaJ, HE JOJDKHO MPEBBIIATh
npumepHo 500. X0Ta OHM U HAXOJATCSI HA HUYTOXKHOM PacCTOSIHUU
Jpyr OT Ipyra, HO IOYEMY-TO HEJOCTYIHbBI HaM [yl HaOJt0JICHUS.
MokHO cKa3aTh, 4TO 3TO JIOBOJBHO CTpPaHHO, HO, MOXXET OBITb,
IpaBWJIbHEE CKa3aTh, YTO BCENeHHBIX C TaKMMHM KOOpAMHATaMU
IIPOCTO HET?

W3 cka3aHHOTO MOJKHO clielaTh BBIBOJ, UTO OECKOHEYHOE
4yici0 BceneHHbIX BO3MOXHO JIMILIb MPU HATUYUU CPENU O00noJ-
HUMmMenbHblX W3MEpPEHUMN, KOOPAMHAT, N0 MEHbIIEH Mepe, OJHOMI
HE3aMKHYTOM, OECKOHEYHOM HPOCTPAHCTBEHHOM KoopauHatel. C
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Y4eTOM TOro, 4TO Haila BeeneHHas 1axe B COCTOSIHUM IIOCTOSIHHOTO
pacIIUpeHUs] MOJKET CUYUTAThCA BCE-TAaKU 3aMKHYTOH, TO €CTb,
UMEIoLIell KOHEUHbI 00beM, Takoil OECKOHEYHON KOOpIAMHATOMN
J0JDKHA OBITH ueTBepTas u Oosiee. Jlyis enuHCTBeHHOM BceenenHoi
TaKUX OTPAHUYCHUH MO0 KOMITAKTU(UKAIIUN y TPOCTPAHCTBEHHBIX
KOOpJMHAT, U3MEPEHUI, BUIUMO, HE BO3HUKAET.

MHOFOMepHOC ABHIKCHUE

Bce 0e3 uckimoueHHs] pacCyKIEHUS W OIMCaHHs Tapai-
JIeNbHBIX BCeneHHBIX B MHOTOMEPHBIX IIPOCTPAHCTBAX 3aTPAaruBaArOT
BOIIPOC O BO3MOKHOCTH IEPEMELICHUS MEX Iy S TUMHU BceneHHsiMu
10 JOIOJHUTEIBHBIM U3MEPEHUSAM. ECIIM BHUMATeIbHO PaccMoOT-
peTh ABUXKEHUE, B YACTHOCTH, MO 4-0M MPOCTPAHCTBEHHOM KOOP-
JUHATE, TO MOYKHO IPUMTH K JOBOJIBHO IIPOTUBOPEYMBBIM U JAKE
napaJoKCaJIbHbIM BbIBOZaM. PaccMOTpuM HX, HampuMmep, B BHUJE
CJIEIYIOLIErO ONKCAHMUS.

[IpencraBuM myTemecTBEHHUKA, CIOCOOHOTO NEpEeMENIaThCst
110 4-0¥1 MPOCTPaHCTBEHHOW KOOpaAuHaTe. BpeMs B 3TOM KOHTEKCTE
paccMaTpuBaeM KakK HE3aBHCHMYIO HYJEBYK KoopauHatry. Cpazy
K€ Ha/J0 OTMETUTh, YTO 3Ta 4-asg KOOpJMHAaTa J0JDKHA 00nanaTh
aOCOJIIOTHO TEMH K€ CBOMCTBaMH, 4To W 3 apyrue. Her HHKakmx
OCHOBaAHUH MpeAnojaraTh UHOE. ITO 3HAYUT, YTO JIMHEUKA JTMHOM
B | MeTp MOKeT yiexkaTh KaK BJI0JIb KOOPIAWHATHON OCH, HAIIpUMED,
X, TaK ¥ BJOJIb JHOOOH APYroi — y, Z WM BHOBb BBEIEHHOM KOOP-
muHathel k. Kakue ocHOBaHMSI MOTYT mpensiTcTBoBath 3Tomy? Her
ux. Bce KoopauHATHI paBHOTPABHBI, MHAYE, KOOPAHMHATY K MBI OBI
HAJEIWIN KaKUMH-TO HEOOBIYHBIMU CBOMCTBaMHU. B ToMm umcie, u
€ro MeTpUYECKHE CBOICTBa: JII00O€ 3aJaHHOE PACCTOSTHUE MO JIIO-
00l KOOpAMHATE UMEET OJHY U Ty ke anuHy. [IpaBnaa, onny usn-
YECKYI0 OCOOEHHOCThH JIOMOJIHUTEIBHOTO MPOCTPAHCTBEHHOIO M3-
MEpEHMSI MBI BCE-TAKHU JOMYCKAEM: 3TO BO3MOXHOCTb 00bEeMHO20
Tena OBITh MIOCKUM TIO 3TOW JOMOJIHUTEIBHON NMPOCTPAaHCTBEHHOMN
KoopauHaTe. MOXHO 3Ty 0COOEHHOCTH IO aHAJIOTHUU OIUCATh Clle-
ayromuM oOpa3oM. B Hamem 3-mMepHOM MHpE BO3MOXHBI IUIOCKHE
00BEKTHI, KOTOPBIE TIEPEHOCATCS B 2-MEPHBIA MUP OJIMH K OJTHOMY,
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HarpuMep, (orokapTouka. OHU OJUHAKOBO BBITJISAST U B
3-mepHoM U B 2-mepHOM wmupe. COOTBETCTBEHHO, IUIOCKUM
4-MepHBI 00BEKT sIBIIsSIETCA 00bEMHBIM B TPEX n3MepeHusax. Ho on
OJIMHAKOBO BBITJISAUT KaK B 3-MEPHOM MHUPE, TaK U B 4-MEPHOM.

Wtak, Ham 3TaJOHHBIA METp YJIOXKEH BIOJb KOOpAMHATHI k.
[IyremecTBeHHUK AEAET OJUH IIar BAOJIb 3TOro MeTpa. YTo ¢ HUM
npousonuio? bByaer I OH TO-IpeXKHEMY BUJEH OCTalIbHBIM
HaOroaTeNnsiM, He yMEIOMIMM JABHTraThCs Mo 4-0if KoopauHAaTe?
[TpenmonoxuM, 4To MyTEHIeCTBEHHUK Oouiblie UM He BuieH. Ho
Cpa3y k€ BO3HUKAET Bompoc: noyemy? Eciu nmyremecTBeHHUK CMOT
cenarh IIar BJOJb 3TOW KOOPJIMHATHI BIIEPEA, TO OH MOXKET Clie-
JaTh ero 1 Ha3ajd. CHavana OHU KMCYe3, HO 3aT€M BHOBb MOSBHIICA?
OpHako ecnu COCOOHOCTBIO MEpEMEIaThes Mo 4-0i KOOpAMHATE
MBI HaJIETWIN MyTEUIECTBEHHUKA, TO Mbl 0053aHbl HAIEAUTh 3TON
&e crocoOHOCThI0 U PoTOoH. JI1060# MaTepuanbHbId 0OBEKT — 3TO
CJIOXHAasi KOHCTPYKLUS U3 AIEKTPOHOB, IPOTOHOB U 3JIEKTPUUECKUX
curHasioB. [loaToMy JAMIIUTH TakoW BO3MOKHOCTH JBIKEHHS TIO
4-0ff KOOpJAMHATE MBI UX HE MOXEM M, COOTBETCTBEHHO, ITOU K€
CIIOCOOHOCTBIO JIOJDKHBI 00J1a7laTh U UX AMHAMHUYECKHE CBOMCTBA —
AJIEKTPOMAarHUTHBIE CUTHANBL. J[pyruMu cioBamMu, eciu Kakoi-muoo
10601 00BEKT cocoOeH MepeMeCTUThCs 1Mo 4-0i KoOpIuHAaTe, TO
MBI HEM30€XHO 00s3aHbl 0ONyCmums TaKyl0 CIHOCOOHOCTh U Y
cBeta. KoHeuHo, eciu peub UAET 0 pealbHOM (PU3NUECKOM OOBEKTE,
a He 0 MUCTHUYECKUX 00pa3zax BpOJe KUHHOB.

3aMeTUM, 4TO TaKyl K€ BO3MOXKHOCTh, CIIOCOO BM3yalu3a-
LMY paccMaTpHUBall U UCIOJIb30BaJl, HAIpUMeEpP, XUHTOH:

"... crmoco0 BH3yalM3allMd MHOTOMEPHBIX OOBEKTOB: C IIO-
MOIIBIO TEHEH, KOTOPBIE OHU OTOPACHIBAIOT B HWHKHUX U3MEPEHUSX.
K npumepy, duatinanaen MOXeT MpeacTaBUTh cedbe KyO, TOCMOTpPEB
Ha ero JBYMEpHYIO TeHb. KyO BBITIIAMT Kak JIBa KBajpaTa, CO-
eauHeHHBIX BMecTe" [46, ¢.70].

WHTEepecHo, 4TO 3TO B TOYHOCTH COOTBETCTBYET BO3MOKHOCTH
U B HalleM TPEXMEPHOM IMPOCTPAHCTBE YBHUJETh TAKYIO K€ TE€Hb —
runepkyo. VIMEHHO Tak NpUHATO H300pakaThb TUIIEPKYO: 1IBa
KBaJ[paTa, HaXOSAIINECs OJUH B IPYTOM C COCJMHEHHBIMU MTOTIAPHO
BEPIIMHAMHU.
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ITomumo ¢GOTOHOB, CHOCOOHOCTH NPOHUKATH B JIONOJIHU-
TEJIbHOE YETBEPTOE M3MEPEHUE SIBHO INPUIIHMCHIBAETCS I'PABUTALIM-
OHHOMY B3aHMO/IEHCTBUIO, TPABUTOHAM:

"... IOCKOJIbKY TpaBUTAlMsl BbI3BAaHA HCKPHUBIICHUEM THUIIEp-
MIPOCTPAHCTBA, TO TPaBUTALMOHHOE B3aMMOJEHCTBHE MOTJIO ObI
nepeMenaThesl Mex 1y BeeaeHHbIMU'" [47, ¢.250].

W3 atoro cieayer, 4TO TOUHO TaK K€, KaK ITyTEIIECTBEHHUK 1
IPaBUTAIIMOHHOE B3aUMOJICHCTBUE, CIIOCOOHOCTBIO JIBUTATHCS B
TUTIEPIIPOCTPAHCTBE JOJKHBI 00JIalaTh U Jy4d cBeTa. 1O €CTh,
peaJIbHO IMYTEIIECTBEHHUK MCUYE3HYTh HE MOJKET: OH BCerjaa OyneT
BUJIEH KaK B OTPa)XEHHOM CBETE, TaK U B BUAEC HMH(PPAKPACHOTO
M3JIy4eHHs] COOCTBEHHOTO Tena. Takum 00pa3om, TOMyIIEeHue BO3-
MOXHOCTH JIBUTaThCA MO 4-0M KOOpJIMHATE HEU30eKHO Tpedyer
JOTYCTUTh U HEMPEPBIBHYI0 BUIUMOCTD JBUXKYIIETOcs. JTO O3HA-
YaeT, YTO MpPHU JABIKEHHH N0 4-0i KOOpAWHATE MYyTEeIIECTBEHHUK
Bcerna OyneT BHEH ocTaBmMMcs HaOmonarensm. Ecim on yiiger
Ha 10 meTpoB, TO OH mo-npexHeMy OyzaeT BujeH. OJHaKO €ro Ko-
OpAMHATHl B 3-X MEPHOM MHpe He M3MEHWIUCh. [lomydaercs, uro
ynanuBmuch Ha 10 MeTpoB 1o 4-0if KoopaAUHATE, MyTENIECTBEHHUK
MO-TIpeXKHEMY Oy/IeT BUICH OCTAIIbHBIM HAONIOJATeNsIM B TOW Ke
CaMOl MCXOJHOM TOYKE MO OCTaJbHBIM KoopAuHaTaM. boiiee Toro,
Kak OBl JaJIeKo OH HH yHIeN 1o 4-0i KOOpIuHATe, M0 TPEM OCTaB-
IIMMCS OH Bcerjia OyJieT B UCXOJHOM MECTE U, Cy[s 10 BCEMY, OJ-
HOTO M TOrO € pa3Mmepa. J{eHCTBUTEIBHO, €r0 MOJOLIBBI UMEIOT
BCEI/Ia OJIHY M Ty € KOOpJAMHATy B HameMm mupe. Ho u nuisma Ha
ero rosioBe — Toxe. CienoBareiabHO, Kak Obl Jajieko OH HU yAa-
JIUJICA, PacCTOSIHUE MEX/Ty TIOI0IIBaMH U LIUISINION BCETAA OJTHO U TO
xe. Bce 370, pazymeercs, OTHOCUTCSI TAaKK€ M K JIOOBIM JAPYrUM
JIBYM TOYKaM Ha €ro Tele.

Ho kak paccMOTpeHHyIO BBIIIE AHAJIOTHIO, 3/1€Ch MOXKHO
TaKKe PacCMOTPETh MOAOOHBIN mpumep. st mosHOpazMepHOTo
HabmroaTenss 4-MepHOTO MHUpa Haml 3-MEpHBIA MYyTEIIECTBEHHUK
OyZeT BHITISANCTh 4-MepHO TUIOCKMM. Ero "tommuHa" 1o ueTBep-
TOMY, JOTIOJIHUTEIFHOMY H3MEpPEHHI0 OyJeT paBHa HYJII0 WIH
npeaenbHo Mana. GakTuuecku 4-MepHbIi Habmo1aTeNb OyAET ero
BHUJIETh KaK TUIOCKHMU 3KpaH MOHHTOpa. Tonbko 0e3 pamku, 0e3
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KOHTYpOB. Eciu 3TOT nosiHOIeHHbIN 4-MepHBIA HaOMI0aTeNb 10-
CMOTPHT Ha HAIIIETO IMyTeIeCTBEHHUKA "¢ pedpa”, TO ecTh, monepex
YeTBEPTOH KOOPAMHATHL, TO OH €ro MPOCTO HE YBHUIUT. DTO Kak
cMoTpeTh Ha (oTorpaduto "c Topua", mpuuem, Gororpadus mpocto
oOpe3aHa Mo KOHTYpY u30o0paxkeHus. [Ipu 3ToM n300paxeHue mo-
JBMKHO, TIOCTOSTHHO MEHSIET KOHTYPBI, BCETIa OCTaBAsICh TUIOCKHM.

I'maBHasg cyTh mepeMenieHusl Hamero 4-IIoCKoro IyTemie-
CTBEHHHKa (JOpMAIIbHO OY/ET COCTOATh B TOM, YTO OH ITepeMelia-
eTcs 1Mo JAPYruM, pa3HbIM MapauielbHeIM MupaM. [lpudyeM, mecto
€ro HaXOXIEHHUS B 3TUX MUPAX JTOJDKHO OBITh IMyCTHIM, CBOOOTHBIM
OT JAPYTrUX 0OBEKTOB, HHAYE 3TU OOBEKTHI JOJHKHBI OBITH TOYHO TaK
’Ke BHJIHBI U3 Hamiero Mupa. Ho 4To-To ke JOJDKHO M3MEHHUTHCS?
Bnonne oxugaeMo, 4To CBET, OTPaKEHHBIA OT HErO, Kbl pa3
MPOXOJUTH BCE OOJIBIINI M OOJIBIINNA TYTh, PACCEUBASICH IO JIOPOTE.
[Tomygaercsi, 4To ocTaBIIKecs B 3-MEPHOM MHpE OyIyT BUIETh €T0
BCE MEHEE U MEHEE SIPKUM, CJIOBHO OH PacTBOPSIETCS B TyMaHe:

"[IpencraBpTe cebe JTaMIIOUYKy, OCBEIIAONIYI0 KOMHATY. ... B
o0IieM ciryyae CyIIecTBOBAaHUS JIAMITbI B N-MEPHOM MPOCTPAHCTBE
SAPKOCTh €€ CBeTa yOBIBAaeT, paccemBasich Mo cdepe, MmiIomans Ko-
TOPOM YBETUYMBAETCS MPOMOPIHOHATILHO (n - 1)-i cTenenu paau-
yca" [47, c.248].

Ho onmcanHast kapTHHa MpeAIoiaraeT, 4to B 4-MepHOM MHpPE
HaxXoAwics 3-MEpHBIA OOBEKT, MYyTEHIeCTBEHHHUK, (HOpMaAILHO
MMEIOLIUI HYJIEBYIO TOJIIINHY 10 4-01 KOOpAUHATE. A eclii 0OBbEKT
MIOJIHOIIEHHO 4-MepHbIii? UTo-HuOyap THna 4-mepHoro Kyba — tec-
cepakTta wim 4-MepHoi cepbl? Bo3HHKaeT BechbMa aeKko UayIas,
XOTS ¥ BeChMa BOJIbHAs HHTEeprperanus. [lomydaercs, yTo B HareMm
Mupe OyneT HaONroAaThCsl BCETrAa MOJIHBIN 6HewHul BUJ 4-MEPHOTO
o0BeKTa, €CJIM OH He TMOJyNpo3pavHbiii. Hanpumep, B cioydae me-
pecedenus 4-MepHOH cpepoit Hamero 3-MepHOTO MUpa B HEM OyayT
Mamepuanu308amsvcsi  3-MEpHbIE CEUYEHHsST HCXOAHOIO OOBEKTa,
cdepsl, mapsl pa3auyHOTo quamerpa (cpaBau ¢ puc.2.8 Ha ¢.77). Ha
pucyHKe cdepbl pa3HECEHBI W CMEMICHBI M0 BEPTHUKAIHU, YTOOBI
YCTpaHUTh MX CMa3blBaHHUE, HAJIO)KEHHME ApYyr Ha Apyra. Ha camom
7enie EHTPBl MX JOJDKHBI OBITh B OJHOM TOYKE, BHYTPH CaMoOM
0omb1I0# 3-chepsl, TOCKOJIBKY BCE OHH SIBIISTIOTCS CEYCHHUSIMH TH-
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nepcdepbl Mo OJHOW M TOH e KOOpAWHATe K Hamero Mupa mnpu
JBUKEHUM runepcepsl o 3TOM OCH.

A k 3-cghepui, ceuenun cunepcghepol

Xyz
>

4-cpepa, 'zunepczpepa

Puc.3.23. Bunumocts chepsl B 4-oM U3MepeHUN

Ho emgé mo mepecedyenust stoii 4-mMepHO# cdepsl ¢ HamUM
3-MepHBIM MHPOM OT He€ K HaM OyIyT HENpEepbIBHO IMOCTYNaTh
(doToHBI, Hecs ¢ coboit nHpOopMaIHo 00 OTHOBPEMEHHOM H300pa-
KEHUM 6cex dTUX ceueHuil. [y Oonblued neTain3alui KapTHHbI
paccmoTpuM cdepy paauyca R Ha puc.3.24, nueHtp KoTopoil pas-
MelleH B Hayasne koopauHar, B Touke X =y =z =k =0. Cdepy
OyseM paccMaTpuBaTh C HEKOTOPOTO PACCTOSHHS MO KOOpIUHATE
X0 > R.

Cunraem, HO Hama BceneHHas xapakTepu3yeTcsi BCEOOIINM
napameTpoM k > R, TO ecTbh, IIEIMKOM HAXOJUTCS BHE M300pakeH-
HO¥ cepsl. JIroObIe Tpyrue 3HaYSHUS K COOTBETCTBYIOT MHOYKECTBY
Apyrux napamiensHeix Beenennbix. Ecnu cdepa nHenpospauna, To
MbI OyZieM BHUJETh €€ KakK 3JUIMIICOMJ, HE JOra/blBasiCh, YTO 3TO
cdepa, mpocto 4-MepHasi. [[eiicTBUTENHHO, IPY CMEIIIEHUH 110 OCH k
MBI JTOJDKHBI OBLITH OBbI BUZIETH Cepbl BCE MEHBIIErO M MEHBIIETO
auaMeTpa, Kak 3-mepHble cedeHus: 4-mepHoil chepbl. Ho atm
MEeHbIINE CQepbl NOJHOCTHIO HAM HE BHJHBI, IOCKOJIBKY OHH
HaXOJATCsl BHYTpU OOJIBLIETO BUAMMOIO HaM CEUEHHs HENpo3pay-
HOM cepsl.

[TockonpKy i Hamiero mupa 3ta 4-cdepa pakTHUECKH 5B-
nsieTcsi 0ECKOHEUHBIM HabOpOM PsIOM PacCIOJIOKEHHBIX 3-MEPHBIX
CEUCHHIA, TO, MEPEKPHIBASACH, OHH JOJDKHBI OBITH BHJIHBI KaK HEKOE
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YCPETHEHHOE TeJO, BUIUMBINA 3-00pa3, HAIOMUHAOIIUN AJUTUTICO-
uz. Ha pucynke n3o0paxeHsl TOJIBKO TPU U3 OECKOHEYHOTO YHcia
CEUEHUH, B TOM YHCIIE, IIPEIEIbHOE, KpaliHee ceueHue 3, BUIUMOE
u3BHe. B ciydyae momympospauHoit 4-cdepbl UHIICOUA OyIeT
IIPOCTO BUJIEH LIEIIMKOM KaK CTEKJISIHHBIN. BeposTHO, ¢ nepeMeHHoN
IJIOTHOCTHIO, TPO3PaYHOCTHIO.

L
d-cpepa =" Buoumwiit
e 3-oopas
\ p
4
/
/
!
[
1
I ceuenue 1
1
L]
1
\ ceuenue 2<s
\
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\
A Y
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\\
\\~~~

Puc.3.24. Bunumele ceuenus 4-cepsl

Heckonpko nHaye J0JKEH BBITISAETh TeccepakT. [TockonbKy
BCE €r0 X)z-CEYeHMs M0 4-KOOpAMHATE PaBHbI, TO JUISI BHELIHETO
HaOroaTenss oH OynIeT BBIMJISIETh KaK KBaJApaTHBIN Tapaliene-
nunea, B OJHOM W3 BapuUaHTOB, BUIMMO, C YABOECHHOH UIMHOM.
IIpo3paunsblii, CTEKISIHHBIA TeccepakT OyleT, BEpOsATHEE BCEro,
TaKKe UMETh MIEPEMEHHYIO TUNIOTHOCTB: Ha TOPIax OH OyxeT Oojee
IIPO3PaYHBIM.

Bunumo, MOeT BO3HUKHYTH BOMPOC: KaK MOYKHO CMOTPETH
BJI0JIb OcU k, B Kakyto cTopoHy? OTBET NMpOCTOil: MbI ke 3a4aau
KOOpJIUHATHI LIeHTpa cpepbl x =) =z = (0. BoT B 3Ty TOUKy, B 3TOM
HalpaBJICHUH M cleayeT cMmoTperb. [Io Bce BHAMMOCTH, 3TO
JOJKHO OBITH CIIPABEIITUBO U JUIS JIF0O00H APYroi TOUKH UCXOTHOTO
4-MepHOTO MPOCTPAHCTBA: BCE OHU JOJDKHBI OBITH BUIHBI HaM, I10-
CKOJIBKY BCE OHM UMEIOT HaIllll 3-MEpHbIE KOOPIUHATHI.

bykBanpHO, 10 mepeceueHus ¢ "TUIOCKOCTBIO" HAIlIEro MHUpa
3TOT 4-MepHBI 00BEKT OyIeT MPOCTO BU3YVATLHBIM 00PA3ZOM, MU-
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pakoM, WJUTIO3KEH, TPUYEM BUAHA OYAET TOJIBKO OJJHA €0 CTOPOHA,
HE3aBHCHMO OT TOTO, C KAKOM CTOPOHBI Ha HErO CMOTPETh: aHpac,
npouiIb, CBEpXY, MOYTH TaK, KaK BRITJISAUT JHUIO HA (poTorpaduu,
10J1 KaKuM ObI YTJIOM Mbl Ha HEE€ HU CMOTpEIH.

"... THIIEPCYILECTBO, B3UpalOIllee HAa HAC CBEPXY, YBUIUT HAC
BO BCEH TOJHOTE: CIepead, C3aau U ¢ OOKOB OTHOBPEMEHHO"
[47, c.210].

Bo3MoXxHO, 3TO onucaHue Bce-Taku HE COBCEM MOHSATHO. DTO
CYIIECTBO Oy/eT BUIETh HAac, COOpaBIIUXCS B KPYT (cdepy) U3HYTpU
Kak rnmaHopamy — Ha Bce 360 ceprueckux rpaaycos, I/ JUIIb B
OJIHOM HarpaBjieHHH B CBOEéM 4-mepHoM mupe. Kpome storo B
ONHMCAaHUU MOYKHO 3aMETUTh MOATBEPXKIACHHUE CHIEIAHHOIO HaMu
BBIIIE MPENNoJIoKeHNsd. Eciii yka3aHHOE T'MIEpCYLIECTBO BHJIUT
HAac, TO 3TO MOATBEPXKAAET IMPHUHATOE BBIIIE IPEINOJIOKEHUE O
CIIOCOOHOCTH (POTOHOB JIBUraThCsl MO ATOMY JONOJHUTEIHLHOMY
4EeTBEPTOMY M3MEpeHHI0. BMecTe ¢ TeM, 3TO BCE-TaKM HECKOJIBKO
CTPaHHO, MOCKOJIbKY SIBHO O3HAuyaeT, 4To ()OTOHBI OT HAC YIUIU B
YEeTBEPTOE U3MEPEHME, K ITOMY TMIIEPCYIIECTBY. ByKkBaJlbHO: OHU
MOKUHYNIM Hally BceneHHylo, (akTHUECKHM YMEHBIIUB €€ maccy.
IIpouecc MoxxHO onucarh emé OoJsiee aeTanbHOo. Ecau HanpaBUTh B
3TO CYILIECTBO MOIIHBIN JIyd IPOKEKTOPA, TO BCE €r0 (POTOHBI YTy T
n3 Hameil Bcenennoil mo 3toit koopaunate. Kyna? Bumumo, k
3TOMY CYILIECTBY, B €ro BceneHHylo, UMEIOIYyI0 Ipyroe 3HaueHue
3TON ueTBepTOi KoopanHaThl. COMyTCTBYIOLINI BOMPOC: a B KAKOM
HaIpaBJICHUU CJIETYeT HaIpaBUTh Jiyd npoxekropa? OTBeT — B
mobom. Ecim cymiecTByeT deTBepTasi MpOCTPaHCTBEHHAs! KOOP.IH-
HaTa, TO BCe 00BbEKTHI PeabHOCTH MMEIOT M0 HEeM KaKoe-TO 3Hade-
HHE, B TOM 4MCJIEe, U KaXIbli U3 HAC U TUIEpPCyIIecTBO. Kaxaplii
o0bekT Hameil BceneHHOH, BEpOsITHO, MMEET OAHY M Ty K€ 4eT-
BEPTYIO KOOPJMHATY, IOCKOJIBKY B UHOM CJIy4ae, BUIUMO, MbI ObLIIN
ObI CIOCOOHBI TPOXOJUTH CKBO3b JpYr apyra. Ho u3 srtoro xe
cienyer U oOHapy)KeHHoe npoTuBopeure. Ecim Mbl MoxkeM
HaIpaBUTh HA TMIIEPCYIIECTBO JIy4d IIPOKEKTOPA, TOUYHO TaK )K€, KaK
U OTpaKE€HHBbIE OT HAac OOBIUHBIE JY4M CBETA, TO YTO MOXKET Ham
MIOMEIIaTh KUHYTh B HETO Ms4? M4 OTCKOUYMT U BEPHETCA K HaM. A
€CIIM TUMepCyecTBO yBepHETCsa? nm BooOIe yaeT B CTOpoHy?
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Torma Mbl MOKEM B €r0 CTOPOHY OTHPABUTH KEJIE3HOIOPOKHBIN
COCTaB, TPYKEHHBIN TSDKETBIMH CBHHIIOBBIMHU ciuTkamu? CocraB
MCYE3HET U3 Halllero MHUpa BMECTE C 3aKOHOM COXpPAaHEHHs Bellle-
crBa? [Ipu 3TOM JJIs1 TAaKOTO TEpeMEeNIeHUs He TpeOyeTcsi HUKaKuX
cBepxcrocoOHocTedt. Ecnmu (OTOHBI YXOIST, 3TO TOYHO TaK Ke
CMOJKET C/IeaTh U MOE3].

OnucaHHasi KapTHHA 3aMETHO IPOTHUBOPEUMT pacIpocTpa-
HEHHBIM B3TJISIaM O HEBHIMMOCTH TapalljIeNbHBIX MHUPOB, IIO-
CKOJIBKY OHHU SIKOOBI HAXOJSATCS TIO JIOTIOJIHUTENILHON OCH B APYron
koopauHaTte. OHaKo, COrJacHO NPUBEACHHBIM NapaJOKCabHBIM
paccyXJeHUsAM, OTCYTCTBHE TaKUX HAOIIOAECHUN JJOJDKHO 03HAYATh,
YTO TaKHUX MMapauIeIbHBIX MUPOB MOTPOCTY HET.

"Ecnu Obl ATO€ U3MEpPEHUE JIEKAIO AAJbIIE, YEM B MUJIIH-
METpe OT Hac, TO OHO MOIJIO OBl CO34aTh MU3MEPUMBIE HAPYIICHUS
3aKoHa 00paTHBIX KBaapaToB HrroTtona" [47, ¢.248].

W BHOBBH OTMETHM, YTO HHKAKOE (TIPOCTPAHCTBEHHOE) M3MeE-
peHHe B MpPUHIHIE, B OYKBAJILHOM CMBICIIE HE MOXKET JIeKaTh Ha
KaKOM-JIMOO PacCTOSIHUM OT Hac. JTO MPOCTO OJIHO U3 U3MepeHUll
Hauie2o NonodceHuss B MHOTOMEPHOM IpocTpaHCTBe-BpeMeHu. Ha
caMOM JIeJI€ 3TO Mbl MOXEM MMETh TO WJIM MHOE 3HAYEHME I10JI0-
KEHHU TO0 JTIF000M M3 BO3MOXHBIX Oceil koopauHar. HeBaxHo, Oec-
KOHEYHA WJIM KOMIAKTH(QHUIMPOBaHA 3Ta KOOPHMHATHAS OCh.

Teneps MOXKHO J00aBUTH, YTO CAMO IO ce0e TOTIOJHUTENBHOE
M3MEpEeHUE HEe UrpaeT abCOMOTHO HUKAaKOW posi. CKOIBKO OBl UX
HU OBUIO, caMH 1O ceOe OHM HHM Ha YTO HE BIUSIOT. Biuate oHH
MOTYT TOJIBKO uepe3 0OBEKTHI, HAXOAIINECS B ITUX MHOTOMEPHBIX
npocrpaHcTBax. 1loaToMy yrnomsiHyToe msToe, TO €CTh, YETBEPTOE
IIPOCTPAHCTBEHHOE U3MEPEHNE MOXKET 0Ka3aTh Ha 3akoH HploToHa
BIMSHUE JIMIIb B TOM CIly4ae, €CIM MEXKIy ABYMs OOBEKTaMHU
HaIllero MHpa €CTb MHTEPBAI MO smomy u3MepeHuro. Hampumep,
3HAaYeHHE YETBEPTOH KOOpAMHATHI il 3eMJM MOTJIO Obl OBbITH |
Mmetp, a g Connua — 10 metpoB. He cnenyer aymats, 4Tto Takoe
Majoe pasnuuue o3HavaeT nepeceduenue 3emuin U Connua. Ousu-
YECKM OHO BO3MOJKHO, HO B PEaJbHOCTH TaKOE€ pa3IMyue IOJIOXkKe-
HUH 10 YEeTBEPTON KOOPAMHATE MPUBEIO Obl OyKBAIbHO K MOSBIIE-
HUIO JIIOJIEH, NMPOXOJAIIMX CKBO3b CTEHY. [[eHCTBUTENBHO, €CIIH
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CTEHA UMEET I10 3TOH JOMOJIHUTEIBHON KOOPAUHATE 3HaUeHue 1 cm,
a 4eJIOBEK — 2 CM, TO HUYTO HE MPEMATCTBYeT UMETh UM OJHU U T
Ke 3HaYeHHsS KOOPAWHAT HAIEro TpexXMepHoro mupa — xyz. Jmus
HAIIIEr0 MUpa CTEHA U YEIIOBEK B ATOM IpPHUMEpe UMEIOT OJIHY U Ty
e TOYKY B YETBIPEXMEPHOM NPOCTPAHCTBE-BPEMEHH, HO B IIATHU-
MEpHOM — pasHble. [109TOMy HMYTO HE HPENSATCTBYET MX HAXOXK-
JICHUIO B 3TUX PA3HbIX TOUKAX.

"... TJaBHBIN TepOi Mapuil B YETBEPTOM U3MEPEHHH, & IOTOMY
ObLT HEBU/IUM ...

Jlrobast ranakTuka B ... MapaJUIeTbHON BCEIEHHOW OyneT He-
BUJMIMA JJIS HAC ...

Jlrobast GompIasi rajJlakTUKa B ... MApaJUICTBHON BCECHHON
MPUTATHBAJIACH ObI Yepe3 TUIEPIPOCTPAHCTBO K FaJIAKTHKE B HAIIEH
Bceenennoii ..." [47, ¢.250]

[epBas 1 BTOpast ppasbl UTATHI SBHO TPOTHBOPEYAT TPETHEH.
®oToHaM, KaK CIEeIyeT U3 HUX, 3alperieH0 MepeMenaTbCcs MEKIY
napajielbHbIMUA BeeneHHbIMY, a TPAaBUTOHAM U TPABUTAIIUH — HET.
Takoe paznuuue cBOUCTB TpeOyeT Beckoro obocHoBauus. [lo atoi
e TpUUrMHEe 00bsACHEHHE (EHOMEHa TEMHON Marepuu Takxke He
0e3yIpeyHo:

"OTa CcKpbITas rajakTHKa ... Obula ObI ... HEBUJIUMOH ... Cy-
[IECTBOBAaHME TEMHOTO BEUIECTBA MOXET OOBSICHATHCS TPHUCYT-
CTBUEM MapajuienbHol BeeneHHou" [47, ¢.250].

W3 »sTOro MOXHO chenaTh BBIBOJ, YTO cama o cebe
JOTIOJTHUTENbHAS MPOCTPAHCTBEHHAsI KOOpAWHATA WJIHM, HA00OpOT,
OTCYTCTBYIOIIasi HE 00s3aTeIbHO BIMSET Ha 3aKOH OOpaTHBIX
KBaJpaTOB, XOTS B JIUTEpaType TMPHBOIUTCI HHOE MHEHHE:
[57, ¢c.202; 33, ¢.56; 35, ¢c.113; 47, ¢.285]:

"JloGaBreHNe WM H3BSITHE XOTS ObI OJHOTO W3 MPOCTpaH-
CTBEHHBIX M3MEPEHHI clienano Obl HEBO3MOXKHBIM CYIIIECTBOBAHUE
IJJAHETHBIX CHUCTEM. JIeMCTBUTENBHO, IIPH Pa3MEPHOCTH IIPO-
cTpaHcTBa-BpeMeHu d > 4 cuiia TpaBUTAIMOHHOTO B3aUMOICHCTBHS
nagaer OsicTpee, 4eM 1, a npu d <4 o6Ias TEOpHs OTHOCHTEIb-
HOCTHU YTBEP)KJIAET MOJHOE OTCYTCTBHE TAKOW CHIIBI. DTO TOBOPHT O
HEBO3MOKHOCTH CYIIIECTBOBAHUS CTAOMIIBHBIX TUIAHETHBIX CHUCTEM

npu d # 4" [56].
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Bmecre ¢ Tem, caM 3aKOH, KaK M3BECTHO, COJIEPKUT HE
3HAYEHUs KOOPJMHAT, a 3HAYEHNE UHTEpPBaja B 3TOM KOOPAUHATHOM
npoctpaHcTse. JlelicTBUTENBHO, IPUTATUBAEMOE U IPUTSITHUBAIOILIEE
Tela UMEIOT KaKJI0€ M0 TpU MPOCTPAHCTBEHHBIX KOOpAUHATHL. Ho
paccTosiHiEe, MHTEPBAJ MEXKJy HUMU — 3TO, IO CYTH, OJJHOMEPHOE
IIPOCTPaHCTBO. MBI U3 MMEIOIIUXCS TPEX KOOPAMHAT BBIYHCIISEM,
YCIIOBHO TOBOpSI, OJJHY, KOMIWJIMPOBAHHYIO KOOPJUHATY:

s :\/(xl _x2)2 +(y _yz)z +(z, _Zz)z
Bo Bce ypaBHeHUs, TOIUUHSIONIMECS 3aKOHY OOpaTHBIX
KBaJpaTOB, MbI TMOJCTaBIEM HE OTH TPU TNPOCTPAHCTBEHHBIC
KOOpJMHATBI, a pPe3yJbTaT WX KOMIWIAIUKH — OJHOMEPHYIO
BenuuHy. J[71st 60siee MEpPHBIX MUPOB 3Ta BEJIHUYMHA TIO-TIPEKHEMY
OJTHOMEpPHasi, CKOJIBKO Obl KOOPIUHAT MbI HH B3SUTH:

5= =)+ (1 = 2) (2= 2,) et (ky )’

B ypaBHeHMe 3akOHa TATOTEHHsS Mbl INOJACTaBIsIEM BCETJa
OJIHy U Ty K€ BEJIMUYMHY MHTEpBaia, Bo3Bens €€ B kBaapar. Dop-
MaJbHO HMKAKOTO HapyLIEHUs 3aKOHA OOpaTHBIX KBaJIpaToOB MpHU
9TOM He HabJomaeTcsa. 3aKoH OOpaTHBIX KBAJpPAaTOB — ATO 3aKOH,
3aBUCHMBIN OT UHmMepeana MEXIy TellaMy, HO HE OT UX KOOPAMHAT.
KoHneuHo, 3akoH chopMHpOBaH U3 yCIOBUS KBaJPATUYHOTO YMEHb-
IICHUs TIOTeHIIMANa, KaK OTHOIICHUS IJIoMIaei chep pasHoro pa-
Jyca, a 9TO OTHOLIEHUE KaK pa3 M OINpPENEseTcsl pa3MEPHOCTHIO
npocTpaHcTBa. Bmecte ¢ Tem juis Oojiee MEPHOTO MHpa 3TOTO Ipa-
BUTAIlMOHHOTO OTHOILIEHUS HUKTO, ECTECTBEHHO, HEe u3Mepsul. [lpu
3TOM OHO, HallpUMEp, BIIOJIHE MOTJIO Obl OKa3aThCsl TAKOBBIM, YTO
3aKOH OOpaTHBIX KBAJpaTOB COXpaHMICS Obl M st 4-x u Oojee
MepHbIX MUPOB. C Ipyroi CTOPOHBI, BCE HAIM HAOIIOJEHUS U pac-
CYKJEHMSI OTHOCSTCS K 3-MEPHOMY MUDY, KOTOPbIH, XOTSI U HAaXO0-
TUTCS, CKaXeM, B 4-MEPHOM IIPOCTPAHCTBE, HO UMEET IO 3TOM KOOp-
JUHATE TMpEeAeSbHO Myl BEIMYMHY, JIMOO BCE MaTepuaibHbIE
0OBEKTHI HAIlIero MUpPa UMEIOT OJJTHO U TO K€ 3HAYeHHE ITOH KOOop-
JuHAThl. Hanmnuue AOTNOJHHUTENBHOM MPOCTPAHCTBEHHOW KOOPAHM-
HaThl B 9TOM ClIy4dae camo 1o cede, COTIacHO MOCIEIHEMY ypaBHE-
HUIO, HE BEJIET K YBEJIMYEHHIO 3-MEPHOIO HHTEPBAJIA.
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"B konmeniuu MynbTUBCEIIEHHONW CYIIECTBYIOT Mapalijielib-
HbIE€ CIIEHBI, PACMOJIOXKEHHbIE OJHA HaJ JPYrod, C JIOKaMU U IO-
TaHBIMU TYHHEIIIMH, cOoequHsomuMu ux" [47, c.386].

IToxanyH, Bce 3TO BBINVISIAUT HECKOJIBKO Ipouie. Eciu u ecth
9TH CLEHBI, TO HUKaKUX JIIOKOB U TIOTalHBIX TYHHEJIEH He TpeOyeTcs
— BCE IYTH OTKPBITHI, T00pO MOKajIoBaTh!

B o/1HOM M3 MpoCTENIINX WUTKOCTPALU BTOPOH, Hapajuieib-
HBIW 17151 HAC MHUP OOBIYHO M300pakaroT Ha MpUMeEpe JIHCTa OyMaru,
CIIOKEHHOTO BABOE, puc.3.25a. YNOMSHYThIE JIIOKA M IOTaiHbIE
TYHHEJIU TOKa3bIBAIOT MPOKAJIBIBAHUEM MIJIONW 3TUX JIBYX JIUCTOB.
Wrna — 370 ¥ ecTh TOT caMblil TyHHENb. OHAKO 3Ta alJIErOpHsl Bbl-
[JIAIUT Kak-To HajyMaHHO. [louemy nuHMs cruba oJjHa 1 IMEHHO B
stoM Mecte? IloueMy m000i HaualnbHOM TOYKE BCEra COOTBET-
CTBYET TOJIbKO €IMHCTBEHHas KoHewHas? Ilouemy mocne cruba
IJIOCKOCTH JIMCTA NapaJljIelbHbl, a PAJINyC TaKOW M HUKAKOMN IpYy-
roit? /Ipyrumu cioBamu, BCe 3TO BBITVISIIUT KPatHE HCKYCCTBEHHO.

C npyroii CTOpoHBI JI000€ HCKPHUBIEHHE IIJIOCKOTO IPO-
CTPaHCTBA, JMCTA B JIAHHOM CJlydae, HapyllaeT OpTOrOHaJIbHOCTb.
Hckpusinenue naxe 1o oJHONW KOOPAUHATE IPUBOAUT K MOSBICHHUIO
KOOpJMHAT JABYCMBICICHHBIX, JBY3HAaUHBIX. TOHKHMH JIUCT — 3TO
YCIIOBHO, HA CAaMOM JIeJIe MBI JIETKO MOEM U Ja)ke IOJDKHBI 100a-
BUTb €MY OPTOTOHAJIbHYIO KOOPAMHATY, NEPIEHIUKYISPHYIO K €r0
miockocTu. Bo3Hukaer HecThlkOBKa — puc.3.25a. ['eomeTpruuecku
HaM HHUYTO HE MPEIMSTCTBYET JO0OAaBUTH 3Ty TPEThIO (YETBEPTYIO)
KOOp/AMHATY, COOpaB TeM CaMbIM MOJHOIICHHBIA TPEXMEpHBIN (ue-
TBIPEXMEPHBIN) MUpP, KOTOPBIH (PopMalbHO B 3TOM ciydae OyneT
MPEACTABIISITH COOOM Kak Obl CTOMKY MapalIeTbHBIX IMJIOCKOCTEH,
puc.3.256. OnHaKO 3TOTO HUKOTJA HE JIEeJaroT, MOCKOJIbKY, B OT-
JUYHUE OT OJMHOYHOIO JIMCTA, HEBO3MOXKHO M30THYTh CTOIIKY Ia-
paJUIETIbHBIX TUIOCKOCTEH TakuM 00pa3oM, YTOObI Kaxaash M3 HUX
OKazajach LWJIMHAPOM WIH €ro (parMeHTOM U IpU 3TOM OPTOro-
HaJbHasl KoopJuHaTa Obula Obl HEMPOTHUBOPEUMBOM, BCErAa OJHO-
3HA4YHOM, a MCXOJHBIE KOOPIAMHATHI — paBHOMEpPHbIMU puc.3.252.
DT0 MpocTo Takasi BOT HEOOJIbIlIas FEOMETPUUECKAsk XUTPOCTb.

B camomMm nene, paccMOTpUM KOOPAMHATHYIO TJIOCKOCTH kOx
Ha pucyHke 3.25a. be3 HapyiieHuss OOUIHOCTH CBEPHEM OCh X B
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MOJIYOKPY>KHOCTh HEKOTOPOTO HA4aJIBLHOTO pauyca, puc.3.256. Mbl
MOJIyYUM OJIHY U3 JIMHUH ceTKu k = const = 0, x - nroboe. JlobaBum
CIICYIOIIYIO JIMHUIO CETKH, JUCT k = const = 1, x - moboe. Cpa3zy
e oOHapy>KMBaeM, 4TO JUIMHBI OTPE3KOB IO OCH X SBHO HEPAaBHO-
MEpHBI U 3aBUCAT OT BEIMUYUHBI k = const. Bo "BHemHIOW", 1010~
KHUTEIBHYIO CTOPOHY MBI MOXKEM J00aBUTH JIF000€ YHCIIO JTUHHNA
CETKH, INIOCKOCTEH.
k

Puc.3.25. UckpuBnenue npocTpaHcTBa

Ho Bo "BHYTpeHHIOI", MUHYCOBYIO CTOPOHY OCH k MBI CMO-
&KeM JI00aBUTH JINIIb OTPAHUYEHHOE YUCIIO TAKUX JIMHU, Ha HAallleM
PHCYHKE — TOJIBKO OJHY. BO3HMKIIa HEONpPENENEeHHOCTh: KOOPIU-
HaTa kK IpU UCKPHUBJIEHWH KOOPJAMHATHI X cTaja OrpaHUYEHHOMH, B
JAHHOM cllydae €€ MUHYCOBbIE 3HAaUEHUsI HEBO3MOXHBI, TIOCKOJIbKY
IpU [POJUIEHHMH B OTPUIATENBbHYI0 OOJacThb OHA CIMBACTCA CO
CBOMMM K€ MOJIOKUTEIbHBIMU 3HAYEHUSIMHM BUJIA k = -1 U Ipu 3TOM
k =+3. Ecan niaockocTu COMKHYTCSI B IIWJIMHAPBI, TO TOYKH OPTO-
TOHAJbHOW KOOPAMHATHI HE MPOCTO COBMECTATCS, a BO3HUKHET
JIMHUSA, B KOTOPOH IEpEeMELIEHUE 110 3TOM OJHOM U TOU K€ KOOp-
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JMHATE CTAHOBUTCS MEPEMEIICHUEM 0OHOBPEeMEHHO B JIBYX MPOTHU-
BOTIOJIOKHBIX HampasieHusx. [loMuMo mpoyero mpu mepexojie 1o
TOHHEJ0, "HO 4YeTBepTOM KoopauHaTe" W3 OJHOM TOYKH IIpO-
CTPAHCTBA Xz B APYT'yIO0 TOUKY HU OJIHA U3 KOOPIMHAT X-V-Z HUKYOd
He ucuezaem. CrnenoBaTeIbHO, TBIKEHUE 10 HOBOW k-KOOpAWHATE
00s13aTeNIbHO OyZeT HEpa3phIBHO CBS3aHO C JIBUW)KEHHUEM U IO HUC-
KPHUBJICHHOW KOOpJAMHATE, HAIPUMED, X.

Kaxxnomy 3HadueHuio k OyneT B obs3amenbHOM TIOPSIIKE CO-
OTBETCTBOBATH HEKOTOPOE 3HAUEHNE KOOPANHATHI X HCKPUBJIEHHOTO
npoctpancTBa. [Ipu 10CBETOBON CKOPOCTH IO TYHHEIBHOM KOOp-
IUHATe k CKOPOCTh MO CBSI3aHHOM C HEKO KOOPJAMHATE X HEU30€KHO
Oynetr cBepxcBeToBOM. IlepemecTuBIIMCh IO OCH k& Ha HEOOJBILIOE
paccrosiHre, 0OBEKT HUKY/AA HE MCYE3aeT 10 KOOPAUHATE X, Y HeTO
00s13aTeNIbHO €CTh €€ 3HAa4YeHHUE, TO €CTh, OH BCErJa HaXOJUTCS B
KaKOM-TO OIIPE/ICJIEHHOM TIOJIO)KEHHH B TMPOCTPAHCTBE IO 3TOM
KOOpAMHATE M B 3TOT MOMEHT BpeMeHH Toxke. Eciu pasHuma mo-
JIO’KeHUH 1o x coctaiisieT 10 CBETOBBIX JIET, a 10 KOOpJAUHATE k —
TOJILKO OJMH CBETOBOM TOJ, TO, TepeMemasch IO JTOMH
k-KOoOpIMHATE CO CKOPOCTBIO CBETa, (PaKTUYEeCKas CKOPOCTh IO
X-KOOpIMHATE, peajbHO perucTpupyemas HaOIoaTensIMu, Oyaer
paBHa JIECATH CKOPOCTSIM CBETA.
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4. ITapajlelbHbIe MHPBI HA IMarpaMMax

Maremaruueckasi CYHUIHOCTb JIOOBIX KOOPJIMHATHBIX JHa-
rpaMM MMEHHO B 3TOM U COCTOMUT — 3TO OObIYHAsl XOTs U HE BCErja
MPUBBIYHAS CHUCTEMa KOOPJMHAT, KOOPAMHATHBIE OCH M KOOPIH-
HaTHas ceTka, OyJb TO KJIACCHYECKUE JEKapTOBBI KOOPJIUHATHI,
MOJISIpHBIE KOOPJIWHATHI WM J00ble MHble. Ha muiockocTu nucra
WM DKpaHa 3TU KOOPAMHATHBIE AMarpaMMbl MTO3BOJIAIOT HArJISAHO,
BU3YaJIbHO, rpauyecku MoKa3aTh CBOWCTBA MCCIEAYEMBIX (yHK-
1ui, HabOpoB AaHHBIX, Tabmuu. CrenoBaTeNbHO, MEXIY Tpadu-
KaMu, QUrypaMu ¥ MX aHAJUTUYECKHMMHU NPEICTABICHUSIMHU HA Ta-
KHAX JUarpaMMax B MPUHIUIE HE JOJDKHO OBITh HUKAKUX HECOOT-
BeTcTBUH. Ecnm QyHKIMsS nMeeT kakoi-m6o HaboOp 3HAYEHUH, TO
KKJOMY U3 3THUX 3HAYEHHMM JOJKHA COOTBETCTBOBATh peajbHast
TOYKa Ha auarpamMme. HampoTtus, ecnu Ha auarpamMmy HaHOCHTCS
Kakas-10o TOYKa, TO OHA, B CBOIO OYepeib, B 0053aTEIbHOM TO-
psKe JOJDKHA OBITh TEM WM WHBIM pEIIeHHEeM OToOpakaemoit
GbyHKINH.

B sTOM OTHOIIEHMM Tako€ COOTBETCTBHE Yallle BCETO BBI-
nosHsercss. OJTHAKO €CTh U €]1Ba 3aMETHbIE OTKJIOHEHUus. buiBaer,
YTO TaKO€ COOTBETCTBHE OTCYTCTBYET, HO MHTYUTHBHO CO3JAETCS
BIIEYATJIEHUE O €ro HaJau4uu. MOXHO Ha3BaTh 3TO CBOEOOpPa3HBIM
nuap-3¢(HeKkToM, KOor/ia HeT pealbHOM, TEXHUIECKONW BO3ZMOKHOCTH
TOYHO OTOOpPa3uTh Ha TpaduKax aHAIUTHYECKUE COOTHOIICHUS,
n300pakeHNe MPHUBOJUTCS B HECKOJBKO OOpa3HOM, aOCTpakT-
HO-WJUTIOCTPATHBHOM BHJE. SIBJISETCS JM 3TO NPUHIMIUAIBHBIM
HeZocTaTKoM Takux nuarpamm? Ckopee Bcero, HeT. Camo 1o cebe
3TO BIOJIHE JIOIMYCTUMO, IPOCTO HYKHO MMETH 3TO B BuAy. Heno-
mycTUMo apyroe. Ha takux nuarpammax, rpadukax Kak Obl aBTO-
MaTHUYECKH MOSBIISIFOTCS. 00J1aCTH ¥ TOUKH, KOTOpPbIE BOOOIIE-TO HE
HMMEIOT COOTBETCTBYIOLMX aHAIUTUYECKUX pelleHui. B atom ciy-
Yyae MPUITUCHIBATH TAKHE OTCYTCTBYIOIIME PEIICHUS HCXOJHBIM
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AHAJTMTHYECKUM BBIPAKEHHSIM, 0€3yCIIOBHO, HEJIB3S U BCETa HY)KHO
COOIIOIATh OCTOPOIKHOCTh, YTOOBI HE JOMYCTHTHh TAKOTO MPUIIH-
CBHIBaHUSI HEYMBIIIJICHHO. J[arpaMMel, KaKk MpaBHJIO, TPOU3BOIHBI
OT aHAJUTHKH, MO3TOMY OIIMOKM Ha HUX HE CTOJIb OMACHBI, KaK B
aHAJTMTHYECKNX BBhIpaXeHUsX. Ecim ke Takoe HECOOTBETCTBHE
oOHapyXHBaeTcs SIBHBIM 00pa3oM, TO B ATOM CJIy4ae PEHIaroniuM
SABIISICTCS BBISICHEHHE MCTOYHHMKA OIIMOKM — YPE3MEPHO YCIOBHBI
aub0 AuarpaMmsbl, JIMOO aHanUTHYeCKue BbIpakeHus. C npyroi
CTOPOHBI, U 3asiBJICHUSI O OE3YCIOBHOM CIPaBEJIMBOCTH, TOYHOCTH,
0€3yNpevYHOCTH aHAJTUTHKH TaK K€ CIeqyeT JelaTh BCe-TaKH C He-
KOTOPOH OCTOPOKHOCTBIO.

OnHako CymIeCTBYeT JAOBOJIBHO YAOOHBIH, 3(dexkTuBHBIM
METO/1 IpeoOpa30BaHusl 3TUX PELIEHUN Ipyr B Apyra. beiBaioT cu-
TyalluH, KOI/la HE U3BECTHO TOYHOE aHAIUTUYECKOE OMMCAHUE IO-
BEJICHUsI HEKOTOPOTO MpoIlecca, HO €CTh MHTYHTHUBHBIEC MPE/ICTaB-
JIeHUS O HEM, KOTOpBIE TMO3BOJIAIOT MPUOIU3UTENFHO HW300pa3suTh
ero rpadudecku. ITo rpaduyecKoe MOBEICHHE MOXKHO aIPOKCH-
MUPOBATh AHATUTUYECKUMHU (DYHKIMSMHU, KOTOPBIE 3aT€M HCIOJb-
30BaTh JJISl TIOCTPOEHUSI HOBBIX auarpamMM. COOTBETCTBHE BOCCTa-
HABJIMBAETCS, a SMIIMPUYECKU HaWCHHbIE YPaBHEHHS MOXHO YKe
UCCIIEIOBAaTh Ha COOTBETCTBUE C peaIbHBIMU JAHHBIMH, JTaHHBIMH
HaOJIIOIeHUIA.

Ho y cBs3ku QyHKIuMsA-auarpaMma ecTb M €mié ojHa TaiiHas
cTopoHa — ¢unocodckas, jJorudeckas. HeCoMHEHHO, MOTYT OBITh
MOJTyYEHBI pEIIeHus, KOTOpBIE SIBHO MPOTHBOpPEYAT JOTHKE, (HUIIo-
cockuM BBIBOJIAM, BpOJIE TETENh BPEMEHH, HAPYIIECHUS TPUIHH-
HocTHU. Takue penieHus cieayer, 0e3yciI0BHO, 0TOpachIBaTh, OHU HE
SABIISIFOTCSL (PM3UYHBIMU, OHU TPOTHBOPEUMBEI, YTO JJISI HAYYHOTO
3HaHUS HempHemJemo. Jlake MpH SIBHOM COOTBETCTBHHM TaKUX
MarpaMM M aHAJUTUYECKUX BBIPAKCHUN MX OyKBaJbHAs TPAKTOB-
Ka, paclpoCTpaHeHHE Ha PeabHBIA (HU3NYECKU MUP HEIOMYCTH-
MbL. CaMBIM SIpKUM ITPUMEPOM HaPYIIEHUS STOTO MPaBHIIa SIBISETCS
pacnpocTpaHeHue (opmaiu3Ma ClIenUaIbHOW TEOPUH OTHOCH-
TEJILHOCTH Ha CBEPXCBETOBBIE NBWKEHUs. [Ipu sToM cTtporo kop-
PEKTHO, AHAJUTUYECKH W TpapUuecKd BO3HHKAET IBIKEHUE B
npouuioe. A Beb BBIBOJOB B 3TOM CIIydae CJIIEIaHO MOXKET ObITh
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nBa: au00 TaKoe JBMKEHHE BO3MOXKHO, JHOO CBEpXCBETOBAsl MO-
muduKanus TEOPUK OTHOCUTENILHOCTH — Ipy0ast omuoka. B mepom
ciydae MpUAETCS OTKA3aThCs OT JIOTUKHA B (DUIOCOPCKOTO JeTep-
MUHHU3Ma C €r0 HEPYIIHUMBIMH TPUYUHHO-CIIEICTBEHHBIMU OTHO-
[ICHUSIMU U IPUMUPHUTHCS C MACCON MapaZoKCOB U MPOTHBOPEUHIA.
Bo BropoM ciydae cienyer mpu3HaTh HEOOOCHOBAHHOCTH, OILIHU-
O0YHOCTH TAaKOM MOIM(HKALNU U OTKa3aTbcs OT HEE [CM. MPHIIO-
xeHue [lapagokc TaxuoHa — neTyu BpemeHw, ¢.358].

Tem He MeHee, cpeid MHOTOYHMCIEHHBIX WHTEPIpPETAIHiA
YaCTHBIX PEIICHUN TEOPUU OTHOCHUTEIBHOCTHM MHOM pa3 BCTpeya-
I0TCS TaKHhe, KOTOpbI€ JIOMYCKAlOT SIBHO, COJAEp)KaT B ceOe mapa-
TOKChI, mpoTuBopeuns. Kaszamoch Obl, NEHCTBUTENBHO, PELICHUS
YpaBHEHHI W COOTBETCTBYIOIIUME MM JHArpaMMBbl OMPEICICHHO
MIOKa3bIBAIOT: TAaKOE-TO IPOTHUBOECTECTBEHHOE SBJIEHHUE 3J1€Ch
nMeeT mecto. M mosyumn 3To pernieHue He aObl KTO, a TaKOH-TO
KOJUJICKTHB COJMIHBIX aBTOPOB, BCEMHUPHO NMPU3HAHHBIX [CM. MpH-
noxenue [lapamoxc Dpendecra ¢.360]. Kro xe Oymer ¢ HuMHU
cnoputh?! W mapanokc, npotuBopeune, abcypl OKa3bIBaeTcs y3a-
KOHEHHBIM, OTKpPBIBasi MPSMYIO TOPOTY B MHUCTHKY. 3aMETHM, YTO
napagoKCaIbHBIM, TPOTUBOPEUYHMBHIM Yallle BCETO SBISIETCS HE CaMO
peleHre U €ro JUarpaMMbl, a UX MOCIEAYIOIas MHTEPIPETaIHs.
Kak roBopuTtcs, IbsIBOJ CKPBIBAETCS B JIETATIAX.

B nureparype MHON pa3 MOXHO BCTPETHUTh BBICKa3bIBAHUE
BHa "TUIOXOro (HEyAauyHoro) BbIOOpa', KOTOpoe, Mo OO0JIBIIOMY
CUeTy, MOXHO NMPHMEHUTh KO MHOTHM BBIKJIAJKaM Kak B (pU3UKE
[59, 1.3, c.20], Tak ¥ B apyrux Haykax. B maremaruke, Hampumep,
M0J1 HEro, HECOMHEHHO, TOIaIal0T PadoThl IO MHOKecTBaM KaH-
TOpa, B KOTOPBIX MPOCTHIM (HEYAAYHBIM, IIJIOXUM ) BEIOOPOM METOAA
cuéra, OyKBaJbHO HAyraJj, MO>KHO MOJIY4YUTh B3aMMOUCKIIOYAIOIIHNE
pe3ynbTarel. Hampumep, YeTHBIX 4YHcCeld B HATypalbHOM DSy
MO>KHO HACYHUTATh CTOJIBKO K€, CKOJIKO U BECh HATYPaJIbHBIN psijl, a
TaKKe, B JIBa, TPU U JIFOOOE YMCIIO pa3 MEHBIIE U Jlaxe O0JIbllle, He
TOBOPS yXKE O TOM, YTO O0Ill€e YUCIIO BCEX AEWCTBUTEIbHBIX YHCEI
TOXKE€ MOXHO TEepeHyMepoBaTh, IMOKa3aB, YTO HX CTOJBKO XK€,
CKOJIBKO U 4MCeJ HaTypanbHOro psaa [cM. KonudecTtBo Hatypaib-
HbIX yucel, ¢.30]. UTo MOXHO 0XHUJaTh OT TEOPUH, METOJIA, TUIIO-
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Te3bl, KOTOpask MOXKET MpeacKa3aTh BCE, uTo yroaHo? Ho nanee Mel
o0paTuM BHHMAaHUWE JIMIIb Ha "HEyNa4yHbIH BBIOOP CHCTEMBI KOOP-
IMHAT" B TEOPHU TPaBUTALNHU — OOIIEH TEOPUU OTHOCUTEIHHOCTH.
B pyciie paccmaTpuBaeMbIX BOIIPOCOB HAC B IEPBYIO OYEPEAD
MHTEpECyeT, KakuM 00pa3oM B OOIIEH TEOpHH OTHOCUTEIHHOCTH,
TEOPUMU TPABUTALMU CTPOTO HAYYHO BO3HUMKAET MHOIOMEpPHOE U
MHOTOMHPOBOE MPOCTpaHCTBO. KakuM oOpa3zom B Heil 000CHOBHI-
BaeTCsl TOSBJICHUE NapajuIEIbHBIX BCEJIEHHBIX M, 3a0/1HO, benbix
TBIP ¥ MOCTOB MEX]Ty BCelleHHBIMU. [lompoOyem 3TO BBISICHUTS.

Juarpammel llIBapumuasaa

OnnuMm u3 Hanbosee HarJISIAHBIX MPEACTaBICHUN O mapal-
nenbHOM BceeneHHoit B oOmel TeOpHUH OTHOCUTEIIBHOCTH, HECO-
MHEHHO, SBJISIETCd  MaKCUMAJIbHO  pAacCIIMPEHHOE  pElleHUe
[IBapummibna Ha auarpammax [leHpoys3a ms Tak Has3blBaeMOU
BeUHOM YepHOU nbIpbl, Ha KOTOPBIX MapajuienbHas BceneHHas
(aKTHUECKH MOSBISAETCS KaK HEM30€KHBIN 3JIEMEHT.

Yarte Bcero, eciay HE BCeria, NOHITHE MapaljieIbHbIX MUPOB
1 MHOTOMEPHBIX MPOCTPAHCTB CBS3BIBAIOT C TaK HAa3bIBAEMBIM MO-
ctom OJiiHmTelHa-Po3ena. Buaumo, mpexiae Bcero clieayer He-
MHOTO YTOYHHMTH CMBICJ 3TOTO MOHATHSA. BO3HMKIO OHO mpH pac-
CMOTPEHUHM OJHOTO M3 MEPBbIX IIMPOKO H3BECTHBIX pELICHUI
ypaBHEHUH OOLIEH TEOpUH OTHOCUTEIBHOCTU OWHIITEWHA, perle-
Hus [IBapmimmniabaa, KOTOpOe YUCTO MaTEeMaTHUYECKU, aHAJUTHYe-
CKH TPEJICKA3aJI0 CYIIECTBOBAHHUE TAaK HA3bIBAEMBIX "HEBUIUMBIX
3BE31" — KocMmoJiornueckux YepHsix nplp. M3HauanbHO Hemocpen-
CTBEHHO O MapajlIeJIbHbIX MUpaX aBTOpbl PeYd HE Belu. TeM He
MeHee, HEKOTOPbIE U3 UX PacCyXJACHHUN MO3BOJISIIOT BCE-TAKU IIPO-
U3BECTH 0OJIee MUPOKYIO TPAKTOBKY.

"IlepBpIM 1arom K oOLIEll TEOPUU OTHOCUTEIBHOCTH SBHIICS
TaK Ha3bIBAEMBII IPUHIIUIT SKBUBAJICHTHOCTHU: €CJIA B CBOOOTHOM OT
IPaBUTALMOHHOIO TOJISl MPOCTPAHCTBE PAaBHOMEPHO YCKOPSAThH Ka-
KyI0-THM00 CHCTEMY OTCYETa, TO 3Ta CUCTEMa OTCUETa MOXKET pac-
CMaTpUBaTbCAd Kak "TOKosIIasics'", MPU yCIOBUHM, YTO COCTOSTHUE
IIPOCTPAHCTBA M0 OTHOLIEHUIO K HEH MO>KHO HHTEPIIPETUPOBATH KaK

171



OJIHOPOJHOE TpaBUTAIIMOHHOE TMoJsie. M3BeCTHO, YTO MOCiIeaHEe
TOYHO OTIMCHIBAETCSI METPUUECKUM TosieM [84, 1.2, ¢.425]:
ds® = —dx] —dx; —dx; + ax;dx; (D)

Jlanee, BHOBb OOpaTHBIINCH K YpPaBHEHHUIO METPUYECKOTO
noist (1), aBTOpbI JenaoT cleayrollee 3aMedaHue, MO3BOJIAIONIEe
pacIIpUTh MOHATUE MOCTA!

"Cnenyer 3aMeTUTh, 4YTO B ciiydae pemeHus (1) Bce mose co-
CTOWT U3 JBYX PaBHBIX YacTeH, pa3AeisieMbIX TAKOW MOBEPXHOCTHIO
cumMeTpuu X;= 0, 4TO JUIsi COOTBETCTBYIOIIMNX TOYEK (Xj, X2, X3, X4) U
(—=X1, X2, X3, X4) BEIMUMHBI Zix paBHBL. B pe3ynbTare Mbl HALLLJIH, YTO
OTPEIETUTEND g, XOTS U MOXKET oOpaiarbes B Hyab (it X1= 0), Tem
HE MEHEe U3MEHEHMSI 3HaKa g U BOOOIIE N3MEHEHNUSI CUTHATYpPbI KBa-
npatuyHoi ¢popmsl (1) pu aTom He poucxoaut” [84, 1.2, ¢.427].

Pacmmpenue mosist mo npoCcTpaHCTBEHHOM KOOPJIMHATE aBTO-
MaTHU4YECKH MOJKET TPAKTOBATHCA U KaK pacIIMpPEHHE CaMoro Ipo-
CTpaHCTBa C 0Opa3oBaHUEM JOIMOJHHUTEIHHON oOsacTu. XOTS BBI-
[JIAIUT 3TO BECbMa CTpaHHO. JlOCTaTOYHO MPOCTO PacCMOTPETh
OOBIYHBIE JIEKApPTOBBI KOOPIMHATHL. B HHUX HyleBas TOYKa, OCb,
IJIOCKOCTB JIEJISIT IVIOCKOCTh U MPOCTPAHCTBO HA HECKOJIBKO YaCTEH.
Ho 310 onHO mpoctpancTtBo! OueBHAHO, UTO MapaMmeTp X; B HC-
XOJHOM TMpEACTaBIECHUU HHTEpBaja O00O3HA4YaeT OJHY M3 IpO-
CTPaHCTBEHHBIX KOOP/AWHAT, TO €CTh, opmy (1) MOKHO mepenucarb
B IPYTOM UCXOJHOM BUJIE:

ds® = —dx’ —dy® —dz* + ax’dt’ 4.1)

3asBieHHs O "ABYX paBHBIX YacTAX" BBIMIAOUT BecbMa
HacTopaxuatomie. PopManbHO BCE BEPHO: MOJIE MOKHO paccMart-
pUBaTh KaKk CUMMETPUYHOE, MPUYEM TOUKOW IEHTpPAIbHON CHM-
METPHHU SIBJISETCSA TPAaBUTUPYIOIINN LEHTP. bonee Toro, ynoMsiHyras
MOBEPXHOCTh CHUMMETPHU SIBISIETCS CQepoil, TO €CTb, MOHSTHE
"gyacTp" B JAHHOM cilydae TpyaHoomnpenenumo. Ckopee cienyer
TOBOPUTH O PAaBEHCTBE MHOXKECTBA 4HacTe edurozco moid. [lpu-
MEpHO TaK, KaK Mbl MO’KEM CKa3aTh O TIOBEPXHOCTH IIapa: JIBE €ro
MIPOTHBOIIOJIOKHBIE YAaCTH PaBHBI, IPUYEM PABHBI JIIOOBIM JIPYTUM
JIBYM TPOTHBOIIOJIOKHBIM YacTsIM. 3J€Cb YMECTHO MPUBECTH JIO-
BOJIBHO ciopHO€ MHeHue [lyankape:
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"Kak HeoHOKpaTHO noguepkuBai Aupu Ilyankape, B 310l 1
APYrux 00JacTAX HAYKH yXKe yCTapels MPHHIHUI, YTBEP KA
"[Ipexne, yem u3naraTh, Jail ONpeaeNieHue UCTIOIb3YEeMbIM MOHS-
tusim". Bee ¢u3ndeckre 3aKOHBI U TEOPHH, B TOM YHUCIIE U HBIOTO-
HOBCKHE 3aKOHBI TATOTEHUS, 00JNagal0T TeM IIIyOOKUM U TPYIHO-
YIOBUMBIM CBOWCTBOM, YTO B HHUX KaK JaeTcs ONpeAeTieHHe Hc-
MOJIb3YEMBIM TOHATHSAM (3€Ch TaJIHJIEeBBl KOOPJMHATHI), TaK U
nenaroTcs yreepxkaenus o uux" [59, 1.1, ¢.359].

OTO cepbE3HBIM M BeChbMa OTBETCTBEHHBIN IPHEM, IOJb30-
BAaTbCS KOTOPBIM CIEAYET C BEIUYAWIIEH OCTOPOKHOCTBIO, IO-
CKOJIBKY OH JIONTyCKAeT 3aByaJIMPOBAaHHBIC, CKPHITHIE, HE3aMETHBIC
MOJIMEHBI MOHATUH. ECu HET cTpororo, 0JTHO3HAYHOrO ONpEAEIIe-
HUS, TO YHUTATENb, MOCIEAOBATEh HEU30€KHO OyaeT MOoJCO3Ha-
TEIHHO WJIH OCO3HAHHO (POPMHPOBATH COOCTBEHHOE OTIpE/ICIICHUE
ATHUX MOHSATHHA, KOTOPbIE MOTYT OTIMYAThCS OT UCIOJIb3YeMbIX W3-
JararomuM. B paccMOTpeHHOM citydae SIBHO HE CKa3aHO, HO MOYKHO
JOMYCTUTh HAJIW4YHE BYX HECBA3aHHBIX, HE3aBUCHUMBIX IPYr OT
napyra obmactedd moins. bonee Toro, OykBaibHasi, HO JIOTUYECKU
000CHOBaHHAsI TPAaKTOBKA TAKOTO PABEHCTBA 4acTeil HEM30EHKHO
NPUBOAUT K BOMPOCY 00 WX OTHOCHUTEIBHOM paCIOJI0KEHUH.
Hanpuwmep, koopauHaTHas OCh X — 3TO OJJHA U Ta ke €IUHas, He-
paspbIBHasl MPOCTPAHCTBEHHAs OCh OT MUHYC OECKOHEYHOCTH JI0
TII0C 0eCKOHEUHOCTH. ['0BOPUTH, UTO HyJNeBasl TOYKA JACTHUT e Ha
nBe 00JacTH, MOKET 03HAUaTh 3asBIICHHE 00 UX HE3aBUCHMOM CY-
niecTBOBaHUM. B 00pa3HOl uHTEeprperanuu MocTa OWHIITEH-
Ha-Po3eHa Bcerya mpuBOIUTCS OyMaXXHBIN JIUCT, CIIOKEHHBIN BIIBOE
(cM. puc.3.25a Ha ¢.166), a MOCT — 3TO NEpPEMbIUKA MEXAY ABYMSI
MOJIyYMBIIUMHUCS TOJIOBUHKAaMHU JMcTa. TO ecTh, JAeJeHne Ocu Ha
JIB€ paBHBIE YACTH TaK)KE HESBHO MOJPAa3yMEBAET BO3MOKHOCTb
n3ruba ocH Tak, 4ToObI JBE MOJyOCH OKazanuch psaoM. Ho Bo3HH-
KaeT eIlle OJUH BOIPOC: Kak OJIM3KO JpYyr OT JApyra JAOJDKHBI OKa-
3aTbCd ATH MOJOBUHBI? OUYEeBUIHO, "MJIOCKOCTh CUMMETpUH'", HY-
JieBasi TOUYKa MMEET HYJIEBYIO TONIUHY. Ciie1oBaTeabHO, MOJIOBUHEI
CIIOKEHHOM BJBOE€ OCH (JIUCTA) HE MPOCTO OKAXKYTCA PSIIOM, OHU
TOJDKHBI CIIUTHCSI BOeTUHO. O KaKOM MOCTE MOYKHO B 9TOM CIydae
TOBOPUTH, €CIHM €ro MPOTSHKEHHOCTh paBHa Hy0? Ecim ke och
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(JiucT) BOOOIE HE CKJIANBIBATh, TO OMATH-TAKW, MOCT B HYJIEBOM
TOYKE SIBHO HMEET HYJIEBYIO NpPOTsKEHHOCTh. lHaue roBops,
YTBEPKICHUE O pPaBEHCTBE JBYX O0OJacTeil MOyl OINpeAeIeHHO
HY)KJaeTcs B OYEHb U OUEHb TIIATEIbHOM ONPEACICHHH.

TpaguioHHo, BBHUIY CQEpUUYECKON CHMMETPUU 3BE3/bI,
YpaBHEHHUS TEOPUH OTHOCUTEIBHOCTH 3alMCHIBAIOT B C(hEPUUECKUX
koopauHaTax. Pemenne IBapummnbaa ais cepruuecKkd CUMMET-
PUYHOTO CTAaTUYECKOTO T'PAaBUTALMOHHOIO MOJS B 3TOM Clly4yae
puoOpeTaeT BUA:

-1
ds® = (1 —2—m)dt2 — (1 _2_m) dr’ —r*(d0* +sin” 6d¢*)
r r

Pemenune mnpeamnonaraer, 4Yro r>2m, XOTA IOJIHOE
MIPOCTPAHCTBO-BPEMS 3axBaTbiBaeT 1 00snacth 0 <r < 2m, a cdepu-
YeCKHe Yribl U3MEHsSIoTcs B auamnasoHax 0<0<m, 0<¢ <2m.
Bmecro mnepeMeHHBIX (Xi X2, X3, X4) 3/€Ch BBEIEHBI HOBBIE
nepeMmennsie (1, 0, ¢, t). [locneanee cnaraemoe oOpamiaercs B Hylb
npu 6 = 0. OOpaiieHre B HyJb O3HAYaeT PaHaIbHOE JBHKCHHUE H
TO, YTO HU OJJHO W3 MPOCTPAHCTBEHHBIX HANPABICHUI BOKPYT 3BE3-
Ikl HE SIBJETCS BbIJEICHHBIM. OOpaileHue k€ B OECKOHEYHOCTb
MHOXKHUTENS g;; BOMM3M r=2m O3HayaeT TMpPOSBICHHE TaK
Ha3bIBAEMOI KOOPAMHATHOW CHUHTYJISIPHOCTH WJIM OCOOEHHOCTH.
[osiBieHre CHUHTYISAPHBIX TOYEK B (PM3MUYECKOW TEOPUU SBISETCS
Ui He€ CUTHAJIOM O TOM, YTO TEOPHS CTOJIKHYJIACh C CEPbE3HBIMU
3aTpyJHEHUSIMU:

"O6nacTh MIBapUIIMIIBIOBCKOW T€OMETPUH, TJ€ BO3HUKAIOT
yKa3aHHbIE 3aTpyAHEHHUsd, r = 2M, Ha3bIBaeTcs "TpaBUTALlMIOHHBIM
paanycoMm", "MIBapUIIMIBJOBCKUM paanycoM", "TOBEPXHOCTBIO
[IBapummneaa”, "ropuzontom [IBapummnbpaa", wid, HaKOHEI,
"cepoit Bapummisaa”. B HekoTopbIx 0oiee paHHUX paboTax ATy
00TacTh HAa3BIBAIOT TaKke MIBAPUIIMIBIOBCKON CHHTYISIPHO-
CTBI0"; HO TAaKO€ HAa3BAHME HEJIb35 CUMTATh NIPABUIBHBIM, IOCKOJIb-
Ky, KaK OyJIeT MOKa3aHO HMKE, FTE€OMETPHS NPOCTPAHCTBA-BPEMEHHU
B 3TOM 00nacTu He uMeeT cuHrynsapuoctu” [59, 1.3, c.15].
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B nureparype MOXHO BCTPETUTDH U €II€ OJHO JTOBOJIBHO OT-
BJICUEHHOE, HO BechbMa TMOMYJSIPHOE OIpeneNeHue  cgepsl
[IIBapummibaa B BUuae YepHOU ABIPHI:

"YepHoil AbIpOi Ha3bIBAIOT 00JIaCTh MIPOCTPAHCTBA-BPEMEHH,
B KOTOpPOH IpaBUTALlMOHHOE MOJIE HACTOJIBKO CHUJIBHO, YTO HE IM03-
BOJIIET JIaXKE€ CBETY MOKWHYTHh 3Ty 00JacTh M yHTH B OECKOHeU-
HocTh" [60, ¢.5].

CHHTYISIpPHOCTB 3/1€Ch ITPOCTO HE ynoMsiHyTa. OJTHaKO Takke
MO>XHO 3aME€TUTh, YTO M3 3TOrO ONpPEJEIECHUS BOBCE HE CIEAYET
HaJIMYue JOIMOJIHUTENIBHBIX IPOCTPAHCTBEHHBIX U3MEPEHMH U ma-
pannenbHbIX BeeneHHbIX.

Jli ycTpaHeHus: KOOPAWHATHOM CUHTYJISIPHOCTH B YpaBHEHUH
[[IBapimmuibaa 1enaercs 3aMeHa NepeMEHHOM:

u'=r-2m
B pesynbrate Takoil 3aMeHbl HU OJIMH U3 KOA(P(UIMEHTOB B

MeTpuKe 00JIbIlIe He 0OpaniaeTcsi B 06CKOHEYHOCTH (5a):

2
u

ds’ =———dr* —4(u* + 2m)du® — (u” +2m)*(d6” +sin’ 6d¢*)
u +2m

JIOTIONMHUTENBHO OTMEYAETCs 3aMeHa IMPEeXHEW THuIepro-
BepxHOCTH X;=(0 Ha HOBYIO U= (0, COOTBETCTBYIOIIYIO IEpPBOHA-
YJaJlbHOM MepeMeHHOM r = 2m. 3aMeHa MepeMEHHON U MPUBOJUT K
BO3HUKHOBEHHIO TPAJUIMOHHOTO TIOHATUS MocTa ONHIITEH-
Ha-Po3ena:

"Korzaa u meHsieTcst oT —oo 10 +oo, mepeMeHHasi I U3MEHsIeTcs
OT +00 JI0 2m ¥ 3aT€M CHOBa OT 2m J10 +oo. [TonbITka MHTEpIIpEeTalluu
peryisipHoTo pemieHus (5a) B mpocTpaHcTBe I, 0, ¢, t MPUBOIUT K
CIIEYIOLIEMY PE3YJIbTaTy.

YerbipexMepHOE MPOCTPAHCTBO MAaTEMAaTUYECKU OIMCHIBACT-
Csl IByMs KOHTPYIHTHBIMH OOJIaCTAMHM WM "NMuUcTaMu', COOTBET-
CTBYIOIIMMHU 3HaYeHUsM U > 0 u u <0, KOTOpble COEAUHSIIOTCS TH-
NEePIUIOCKOCThIO T = 2m miu u = 0, Ha KOTOpoH g oOpamiaercsa B
Hylb. Takoe coeauHEHHEe JBYX JHUCTOB Mbl Ha3zoBeM 'MocToM"
[84, 1.2, c.428].

Mo>kHO cKa3aTh, YTO MOCT IPHOOPET CaMble BECOMBIE OCHO-
BaHUS U pealbHbIe ouepTaHus. M i 3Toro moTpedoBagocs BCETo

175



JIIb U3MEHUTH NepeMeHnyro. Konedno, 3ameuanus 00 MHTEpBase
MEXAY JJUCTaMH U IPOTSHKEHHOCTH MOCTOB, PACCMOTPEHHBIE BHIIIIE,
OCTal0TCA B CUJIE U 3/IECH.

OpHako BHMMATEIbHO PAaCCMOTPUM BHOBb CO3JIaHHYIO Kap-
THHY. MBI IOMHHM, YTO CHUCTEMa KOOPJAMHAT PaccMaTpHUBAEMOIO
pemenust [IBapunmpaa siisiercst cepuueckoir. Takas cucrema
XapaKTepU3yeTcsl, B YaCTHOCTH, PaANYC-BEKTOPOM, JJINHA KOTOPOTO
BCErJa MOJOXKHUTENbHA, TO ecTh, 0 <p <+oo. COOTBETCTBEHHO, B
ucxogHoMm pemiennu llIBapmimibaa BeaWYMHA paguyca TakkKe
u3MeHsiercs B 3tux npenenax 0 <r <+oco. BHyTpu MMEHHO 3TOTO
MHTEpBaJla ¥ BO3HUKAET KOOPANHATHAS CUHTYJISIPHOCTb ' = 2m.

A Temepp oOpaTuMcsi K YpaBHEHHIO MOIH(PUIMPOBAHHOTO
unTepBana llIBapummuibaa. 31eck napamMeTp u cTajl HOBBIM, XOTS U
OTBJICYEHHBIM PaJANYyCOM-BEKTOpPOM. M 3TOT 3MynupoOBaHHBIM pa-
JIMYC-BEKTOP U U3MEHSETCS KaK-TO CTPAaHHO, B MHTEPBAJe OT MUHYC
1o mmoc OeckoHeuyHocTH. Kakoil reoMeTpu4ecKkuil CMBICI MMEET
cepuueckue KOOPAMHATHI C OTPHUIATENBHBIM PaJNyC-BEKTOPOM?
OTMeTUM 3TO: W3HAYaJIBHO JHAana3oH CHEepUIecKoro MpPOCTpaH-
CTBa-BPEMEHU O0OECIEUNBAJICS KIACCUUECKUM PATUYCOM-BEKTOPOM
MOJIOKUTEILHON BEIMYMHBI. Termeph 3TOT K€ JUANA30H 08aXHCObl
(bopmMupyeTcst HOBBIM MmapaMeTpoM. To eCThb, OIMH M TOT XKe JTuara-
30H TNPOCTPAHCTBA-BPEMEHU NPOCTO-HAmpocTo ayonupyercs. [lo-
4yeMy K€ 3TOT OJUH U TOT K€ JMalla30H paccCMaTpUBAeTCs Kak JBa
pasHuix uana3zoHa? Mbl Beib MOTJIM CAENaTh U JAPYryI0 3aMEHY:
u=r—2m " NoJy4uu Obl MOIU(PHUIIMPOBAHHOE YpaBHEHHUE:

ds?=—" ar - (u+2m)du — (u+2m)*(d6*> +sin’ 8d¢*)
u+2m

rae 0 <u < +oo

B 3TOM ciydae MBI Tak kK€ yCTpaHSE€M KOOPAMHATHYIO CHH-
T'YJISIPHOCTb, @ TapaMeTp U UMEET BHJI, PEAJIbHO COOTBETCTBYIOLIUI
MOHATHIO PaJNyca-BeKTOpa JUIsl PACCMOTPEHHOro C(EepUYecKOoro
npocTpanctBa. Ho Toraa Hu 0 KakoM MOCTE HE MOXKET OBITh M PEUH.
BbIxoauT, 4To MOCT CO3/aH YMBILIUIEHHO, NMPUHYAUTEIBHO, UC-
KyccmeeHHo 0€3 BCSIKOW K TOMY HeoO0XoauMocTu. DopMallbHO MBI
SBHO O€30CHOBATENbHO YIBOWJIM OOBEM IPOCTPAHCTBA-BPEMEHHM.
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Takoi#l METOJ1 HICKYCCTBEHHOT'O YBEJIMYEHMSI TPOCTPAHCTBA SIBIISETCS
BecbMa 3¢ ¢exkTuBHbIM. Hampumep, ecnu n100aBUTh BCEro JIMIIb
OJIMH WHJIEKC, TO CUTyalus MpUOOPETET BOOOIIE SKCTpAOpAUHAP-
HBIN Xapakrep:
u> =r—2m
rmen=20, 1, 2, 3 u Tak gauee, a —0 < u, < +oo

HNmeem 11 MBI 1paBO 100aBUTH TakOM HHAEKC? A mouemy
HeT? Maremaruyecku OH He OoJiee MPOTHBOPEYHB, YEM HCIIOJIB30-
BaHHBIA DUHIITEHHOM, 3aTO (PU3NYECKU MPHUBOAUT K COBEPIICHHO
KOPPEKTHOMY TIOSIBIICHHIO JIFOOOTO >KEIaeMOro 4YMclia TMapaijielb-
HbIX Bcenennsix. M0XHO M Jajnee MCIOJIb30BaTb BO3MOXHOCTH
sToro Mmerona. Hampumep, xkBaHTOBasi MeXaHHMKa, KaK HM3BECTHO,
IIMPOKO OINEPUPYET KOMIUIEKCHBIMU 4HclIaMu. B wacTHOCTH, U3-
BECTHAsl IUIOCKOCTh ApraHa, 1o CYIIECTBY, MPEACTABISIET COOOM
MacCUB KOMIUIEKCHBIX YHCEJ, KOMIUIEKCHYIO TUIOCKOCTb MJIM T'€0-
METpUYECKOE IMPEACTABICHUE KOMIUIEKCHBIX 4ucesl. Ha »3toi
IJIOCKOCTH MHUMAsi M peajibHasi YaCTH KOMIUIEKCHOTO Yucia Ipes-
CTaBJISIFOTCSI IPOCTO KaK OPTOTOHAJIbHBIE KOOpAWHATHBIE OcH. [lo-
3TOMY NPEICTABJIEHUE MapaMeTpa U, KaK MOAYJSI KOMIUIEKCHOTO
yrcia 100aBiIseT eme oJuH OSCKOHEUYHBIN Maccug mapauieIbHbIX
BceneHHbIX, MOCKONBbKY TaKH€ BEKTOPBI 3allOJHSIIOT BCIO KOM-
IUIEKCHYIO IUIOCKOCTb. ECiM ke NpeacTaBUTh MapaMerp U, Kak
KBaTEpHUOH, €UI€ OJHY Pa3HOBUIHOCTh KOMIUIEKCHBIX YHUCEIN, TO
MaccuB NapajuleabHbIX BceneHHBIX cTaHeT BOOOIE YeThIpexmep-
HBIM TUIIEPKOMIUIEKCHBIM MPOCTPAaHCTBOM. B 3TOM ciyyae ypas-
Henue llIBapimmnpaa ciegyeT paccMaTpuBaTh B YETHIPEXMEPHOM
TUIEPKOMIIJIEKCHOM TPOCTPAHCTBE, a CaMM MOCTBI YK€ OyIyT
HEen30€KHO MHOTOMEPHBIMHU.

OpHako BCE 3TO SIBHO HMCKYCCTBEHHBIE IPUEMBI, HU B KOEM
ciydyae npsmo He ciueayromue u3 Mmetpuku [IBapinmuneaa. MHaue
rOBOps, TOSABJIEHUE KIACCHUECKOro MocTa OiWHuITeHa-Po3eHa
SIBWJIOCh CJIEZICTBUEM HHYEM HE OOOCHOBAHHOTO Y/ABOEHHS YHCIIA
pemieHnii ypaBHeHus llIBapummibaa U BecbMa BOJBHOW uacmHou
TPaKTOBKOM METO/a 3aMEHbI IEPEMEHHBIX, [IOJICTAHOBKH.
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Jlo6GaBuM, YTO CYIIECTBYET HEMAJIO M JPYTUX MOJOOHBIX 3a-
MEH IEpPEeMEHHBbIX B pPELICHUSX ypaBHEeHUH OlHmTeiHa. HeBos-
MO>XHO OTpHUIaTh, YTO UMEHHO 3TH 3aMEHBbl U MPHUBEJIN K MOSBIIE-
HUI0O MHOTOCJIONMHBIX MapajyIeNIbHbIX MHUPOB Ha JAuarpaMMmax
Kpyckana-Illekepeca, [lenpoy3a u npyrux. IMEHHO 3TUM U TOJIBKO
3TUM MOKHO OOBSICHUTH IOSIBJICHHE KPOTOBBIX HOpP B PEIICHUSAX
[IBapummnbaa, Keppa, Paiiccuepa-Hopactpéma mist crammonap-
HBIX, BPAILIAIOLINXCS U 3apsHKEHHBIX YepHBIX JIBIP.

Hemanyio ponp B MNOSIBIEHMM MapajUlefbHBIX BceneHHbIxX
ChIrpajla U TpakToBKa penieHus lIBapiimmibaa, paclIMpeHHOTO Ha
BHYTPEHHIOI0 001acTh YepHoi nbIpsl. [loxkainyii, mepBbIM CUTHAJIOM
0 CTPaHHBIX, 3araJ04YHbIX (PU3NMYECKIX 0COOCHHOCTAX ITON 00JIacTh
MO>KHO MOCUUTATh JOBOJIBHO YaCTO YIOMHHAEMbIN BBIBOJI TEOPUU
00 oOMeHe B Hell poJielt BpeMeHU H IIPOCTPaHCTBA. MOXKHO BCTpe-
TUTh, HAIIPUMEP, TAKOE ONHCAHUE!

"Haunbosiee 0ueBUAHBIM 00pa30M CHHTYISIPHOCTH IpH T = 2M
MPOSIBJIIETCS B TOM, YTO BpPEMEHHas t U NMPOCTPAHCTBEHHAs I KO-
OpAMHATBl MEHSIOTCS B 3TOM MecTe pojsimMu. B oOmactu r>2M
HaIpaBJIeHUE t ... SBJISETCS BPEMEHHUIIOJ00HBIM ... a HAIpaBJIEHUE
I ... IPOCTPAaHCTBEHHONOAOOHBIM ..." [59, T.3, ¢.19]

OT0, NEHCTBUTENBHO, BECbMA CTPAHHOE U OYEHb MHTEPECHOE
00CTOSITENLCTBO, KOT /1A IBUKEHUE B IPOCTPAHCTBE MPEBPAIACTCs B
JBUKEHHE BO BPEMEHU. MOYKHO 3aMETUTh, YTO 3JIeCh paccMaTpu-
BaeTcs (PaKTUYECKH MPHUCBOCHHUE BPEMEHH CBOICTB, XapaKTEPHCTUK
MPOCTPAHCTBA, TO €CTh, (POPMAIBHO, BO3ZMOKHOCTh JIBUTaThbCS BO
BpeMEHHU B 000MX HANpaBICHUSIX — BIEPE] U Ha3ajd, TO €CTh, B Oy-
nymiee u B mpouuioe. OJIHaKo Yalile akleHT JIeJaeTcsl Ha 00paTHOM —
MIPUCBOCHUU CBOHCTB BPEMEHHU MPOCTPAHCTBY, TO €CTh, (pru3nueckast
00513aTeNbHOCTh, HEU30€)KHOCTh MEpEeMEIIeHUsI B IPOCTPAHCTBE
TOJIBKO B OJIHOM HallpaBJICHUU:

"Yro crieayeT NOHUMATh MOJ TeM 00CTOATENbCTBOM, YTO KO-
OpAMHATA T, BHICTYIABIIAS B KQUECTBE MPOCTPAHCTBEHHOMOI00HOM
KOOP/JMHATBI, CTAHOBUTCA BPEMEHUNO100HOU? BooOpaxkaembiii
HaOJrOIaTeNb ... €CJIM OH TOMaj BHYTPh cdepsl r = 2M ... naib-
HEHIllee YMEHBIIEHUE I WUrpaeT pojb TEUEHUS BPEMEHHU ... 4achl
MyTEIIECTBEHHUKA OTCTYKHBAIOT "OE3BO3BPATHO YXOISIINE MHU-
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HYTHI", TaK )K€ HECOMHEHHO U TO, YTO I HEYKJIOHHO YMEHBIIIAETCS OT
2M no nynsa" [59, 1.3, c.19].

bonee moapoOHO W GopMann30BaHO B3aUMHOE OOparmieHue
BPEMEHU W pacCTOsHUS BHYTpH cdepsl LlIBapmmmibaa paccMoT-
peHo B pabore HoBukoa. PaccmaTtpuBas xoopaunatel IlIBapu-
AR/, OH 0OpalaeT BHUMaHUE Ha TO, YTO, HECMOTPSI Ha HAJTMYHe
KOOPAMHATHON CHUHTYJISPHOCTH, TOPH30HTA COOBITHUH, ypaBHEHHUS
UMEIOT PEIIeHHs ¥ BHYTPU 00JIaCTH MO TOPU30HTOM:

"Mmeer nu 3Ta cucreMa Kakoil-mubo npsmMoil (usnueckuit
cMbICa IpH T <T,? Oxa3piBaercsi, umeet ... KoopauHaTa r Tenepsb
(mpu r <r,) HE MOXKET OBbITb, KaK IIOKA3aHO BBIIIE, PaJUAIbHON
IIPOCTpPaHCTBEHHOM KoopauHaroit" [60, c.19].

Boo01ie-to, 3T0 MOMKHO HACTOPOXHTH. M3MeHeHue moio-
KEHHS TAJAIONIET0 OOBEKTa MO0 OTHOLICHHWIO K CHHTYISPHOCTH,
1eHTpy YepHoil AbIpBI Bce-TaKH MO-TIPEKHEMY UMEET BIIOJTHE JTaKe
(bU3NYIECKUil 1 TEOMETPHUUECKUI CMBICT. A Yachl, CBS3aHHBIE C ATUM
00BEKTOM, TOKA3bIBAIOT MO-TIPEKHEMY BpeMsi, a HE PaCCTOSHHE.
Tem He MeHee, Takoli 0OMEH MMEET JOCTATOYHO JIOTHYHOE 000C-
HOBaHHUE B paMKaX TEOPHHU:

"OIHAKO OHA MOXET UIpaTh POIb BPEMEHHOH KOOPIHHATEL
YTO IPSIMO CleayeT U3 BhipakeHus (2.2.1),

1
s’ = _(1 _26M jczdﬁ . (1 _26M j dr? +1(d6° +sin® dg®)

2 2
cr cr

re ko3 dumment npu dr’ MeHseT 3HAK IIPH TIepexoe uepes chepy
[IBapummibaa u opu r <1, orpunarencH. C qpyroil CTopoHsl, Ko-
opavHaTa t Ternepb MOXKET CIYXHUTh NPOCTPAHCTBEHHOMN paanaib-
HOM KOOPAMHATOM, K0d(duiment npu dt* monoKuTeneH LI 1 < I,
Taxkum 00pa3oM, KOOPAMHATEI I U t IPU I < T, HOMEHSUIUCH POJIIMU"
[60, c.19].

HecoMHeHHO, 3TO BecbMa CepbE3HOE OOOCHOBAHUE: €CIIU
paccMaTpuBaTh 00J1aCTh BHYTPU CQephl, TO 3HAKU STUX COMHOXKH-
Tenel SBHO TMOMEHsUIMCh Ha oOparHbie. Ho uro XapakTtepHo ist
METpHKM MHHKOBCKOTO: 3HAK MHMHYC CBS3BIBACTCSI C BPEMEHHO i
koopauHaToi. [ocKONbKY BUJ ypaBHEHHS! OCTAJICS MPEKHUM, €ro
CIIeyeT MPUBECTH K OOBIYHOHN popMe peITUBUCTCKOTO HHTEpBaA.
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J1st 3TOTO0 MOXHO TPOU3BECTH OUEBUHYIO 3aMEHY KOOPAWHAT, TO
€CTb, BBECTH HOBO€ 0003HaueHue [60, ¢.19], mpocro nepenmeHoBaB
reT,atBR:

"Momensem o6osHaueHns r=-cI, t=R/c u mepemmmem
(2.2.1) B BUzIE (2.4.8):

-1

dszz— r—gN—l chT'Z_'_ r—g,\,—l d§2+"
(=cT) (=cT
+c2dT?(d6* +sin® Odp?)

Ha mnepBbiii B3ria BCE BBITISIUT KOPPEKTHO, OJHAKO
MPUCMOTPUMCSI K TIOJIyY€HHOMY BBIPQKEHUIO M CPaBHUM €ro C
MCXOJIHBIM BUJIOM UHTEpBaia. Jla, Tenepb 3HaKu Mepej1 ciiaraéMbIMU
pacTaBJICHbI PEISITHBUCTCKH BEPHO, U (HOPMATbHO BHJ HOBOTO
WHTEpBajia, BpOJEe Obl, COOTBETCTBYET MeETpUKe MHHKOBCKOTO.
Bmecre ¢ Tem coBmaseHue ¢ OOBIYHBIM HHTEPBAJIIOM Ha STOM U
3aKkaHyuBaeTca. Bo-mepBbIx, Ha BpeMsl 3aMEHEH U COMHOXXHUTENb B
MOCJIETHEM ClIaraéMoOM, 4YTO SBHO HE COOTBETCTBYET (opme
TPAAUIITMOHHOTO PENIITUBUCTCKOTO UHTEPBAJa U 3TO Kyaa OOJIbIIUI
IeQeKT ypaBHEHHS, YeM HE TOT 3HAK Tepel MEPBBIM ClIaracMbIM.
Bo-BTOpBIX, KOOp/IMHATHASI CUHTYJIIPHOCTD TEIIEPh YK€ CBsI3aHa CO
BpemMeHeM. Ecnu ObI Takoe JBIKEHUE OBLIIO BO3MOXKHO, TO YIAISACH
OT CHUHTYJISIPHOCTH, YaCTHUIIa, BUJUMO, JIBUTATACH OBl 10 TOPU30HTA
coObITHIi Beuno. Ho 3To Takke O3HA4aeT, 4YTO M MaJeHHE Ha
CUHTYJISIPHOCTh TOCJIE TEPECeUeHUs] TOPU30HTA COOBITUH JTOIHKHO
JUIATHCS BEYHO.

OpHako Ha 3TOM cJ1a0OCTH TAaKOM TPAaKTOBKHM HE 3aKaHUYMBa-
10TCsI. 3/1€Ch CIEMYET 3a/1aThCsl JOBOJIBHO PUTOPUUECKUM BOIIPOCOM:
TOXJACCTBEHHBI JIU UCXOJHBbIE UepHble ABIPBI, POAUBIINECS B MO-
MEHT KOJUIATCca, W B3pOCIIble, CBEpXMAcCUBHBbIE YepHbIe IBIPHI?
O4eBUIHBIM W HHUTJE HE OCMApUBAEMBIM OTBETOM SIBJIsSIETCS 'na,
toxaecTBeHHbI". K TakuMm cBepxmacCuBHBIM UYepHBIM JbIpaMm 3a
PEAKUMH HMCKIIOYEHUSIMA NMPUMEHUMBI BCE BBIKJIAJKU MO (pU3MKe
OOBIYHBIX, CKOJUTAIICHpOoBaBIKUX YepHbIX abIp. Ho B TakoMm ciydae
9TH BBIKJIAJIKU CTAHOBSITCS YK€ HE CTOJb YOCIUTEITbHBIMU U JIaXKe
MPOTUBOPEUUBLIMU. Hampumep, HET HUKakuX (DU3MYECKHUX 3arpe-
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TOB Ha 00pa3oBaHUE CBEpXMACCUBHOM UepHOU JIbIPBI, HA TOPU3OHTE
COOBITHI KOTOPO# ycKOpeHHe CBOOOJHOTO TaJeHHs He OOJIbIIe,
4YeM Ha NMOBEPXHOCTU 3eMJIN.

JlefcTBUTENBHO, 171 TOTO YTOOBI IPy3 Maccoi B 1 Kr Becui Ha
ropu3oHTe cBepxmaccuBHOM UepHoil apipsl TouHo | kI, €€ Macca

J0JIKHA OBITH paBHA
4

c 81x10*

Mo =36 " ax 6,6710™"
['paBuTanmonHslii paauyc (pa3mepsl) Takoil YepHOH ABIPHI
_2GM _ 2x 6,6710" x3x10%
COs 9x10'°
DTO OrpOMHBIE pa3Mephl JIaxe ISl CBepXMacCcuBHOM UepHoit
nbipel. Ho 3TH ke pazMepbl HUUTOKHO Malbl JJa)ke B MacluTadax
Hameil rajakTuku. KoHeuyHO, BO3MOXHOCTh OOpa3oBaHMS TaKOM
UYepHoil 1bIpa, BBHIMISIAUT BCE-TaKU JOBOJBHO COMHUTENBHO, IO-
ckoJbpKy oHa moutu B 1000 pa3 Gosbie Macchl BOBMOXKHOTO KaH-
JUiaTa Ha MpeesbHyI0 cBepXMaccuBHy0 UYepHyro ablpy. Cumnra-
ercsi, 4To YUepHble AbIpHI B KBa3zapax, MMEIOLUIUMX AKKPELIMOHHBIE
JUCKHA, HE MOTYT MMETh Maccy OOoJblie, 4em 5x1010Mc. Tem He
MeHee, KaK OOBIYHO TOBOPAT, (pU3MYeCKH OHAa HUYEMY HE MPOTH-
BopeunT. Ha ropuzonre coObiTuii Takoit UepHOoH AbIpbI AEUCTBYET
CHJIa MPUTSDKEHUS KaK Ha MOBEPXHOCTU 3eMiu. UTO MOXKeT nome-
iaThb CBETOBOMY JIydy MOKUHYTh €ro? EcTb naxe BO3MOXHOCTh
MIOJHATHCA KOCMOJIETY HaJl 3TUM T'OPU30HTOM. J[pyrUMHU CIIOBaMH,
oOMEeH poJieli BPEMEHH W PACCTOSIHHS IMOJ TOPH30HTOM YepHOoi
TBIPBI B 3TOM CITy4ae BBITJISHUT IJIOX0 000CHOBAaHHBIM. J[BUTaThCS B
o0OpaTHOM HaIpaBlIEHMH BPEMEHH HEBO3MOXKHO, HO 3J]1€Ch, TPHU
AKOOBI OOMEHE pOJISIMH, Takasi BO3MOKHOCTB SIBHO MPOCMaTpUBa-
ercsi. KoHe4yHo, eciii Bce-Taku HacTauBaTh, YTO 3TO JIBWKCHHE SIB-
JseTcs JBIDKEHHEM BO BPEMEHH, B TPOLUIOE, TO (PaKTHYECKH
cBepxMaccuBHast YepHast 1bIpa 0OBSABISIETCS CAMOM YTO HU Ha €CTh
HACTOSLIEH, peaIbHOM U JOCTYITHOM MaIIMHOW BPEMEHM CO BCEMH
COITYTCTBYIOLIMMHU €l MapaJloKCaMy HapylIeHUsl IPUUUHHOCTH.

~3x10%kg ~3x10° M,

~4x10°m~04 ce.nem
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[Touemy 10 Tak? U3 4ero ciemyer, 4YTo U3-TOJ TOPU30HTA
CBEPXMACCUBHOM UepHON ABIPBI BOIPEKH YTBEPXKACHUAM TECOPHUU
OTHOCHUTEILHOCTH MOXHO YUTH? PaccMOTpuM cuTyanuio ¢ oopat-
HOM CTOpOHBI, OTKYyZla BO3HUKIIO YTBEP)K/IEHUE O HEBO3MOXHOCTHU
YUTH U3-1I0J TOPU30HTA.

JIomyCTUM, 4YTO HEKMH KOCMOJIET IIONANaeT IOJ TOPU30HT
Takoi cBepxmaccuBHOM YepHoil npIppl. COrjlacCHO ypaBHEHUSIM
TEOPUHU OTHOCHUTEIBHOCTH, TEHEPh yXKE Jake CKOPOCTH CBETa He-
J0CTaTOYHO, YTOOBI yJIETETh UM MOCIaTh CBETOBOM CUIHAJI Hapy-
Ky. OJHaKO 3TO YTBEPKJIECHNUE NMEET HECKOJIBKO NHbIE OCHOBAHMUS,
4eM TPaJUIIMOHHO MOJYaJIMBO NojapazymeBaemble. Ha rpaBuranu-
OHHOM pajyce YepHoi IbIpbl HEBO3MOXHA CIMAYUOHAPHAsSI OPOUTA
CIIyTHUKA, IOCKOJIbKY TaHT€HIIMaJIbHasl CKOPOCTb, paBHAsl CKOPOCTHU
CBeTa, A Hero HepocTwkuma. OOpaijaeM BHUMaHHUE: CKOPOCTb
MaH2eHYuanbHas, To ecTh, IEPHEHAUKYIIpHas K paguycy. B atowm,
COOCTBEHHO, W COCTOMUT CMBICI TEPBON WIJIM BTOPOH KOCMHYECKOM
CKOPOCTH, U3 KOTOPBIX M ClE€IyeT I'paBUTAlMOHHBIN paauyc. On-
HAKO IepBas KOCMHYECKas CKOpPOCTb ONPENEINIAET YCIOBUE HHEP-
LMOHHOTO (0e3 JBUrareseil) ABMKEHHUS IO HEKOTOpoi opOute. B
Clly4ae CBEpXMACCUBHOM UepHOM! IbIpbl HA KOCMOJIET MOXET ACi-
CTBOBaTh CHJIA NMPUTSHKEHMsI, HE MPEBBIIIAIONIAs TaKOBYIO Ha IO-
BEPXHOCTH 3eMJiu. BO3HUKAeT €cTeCTBEHHBIM BOIPOC: UTO MOXKET
MIOMEIaTh 3BE3JI0JIETY, BKJIIOUMB JBUIATEIM, MOJHATHCA BBEPX,
yaanuThes oT neHtpa YepHoil apipsl? KoHeuHo, u yiiTu Ha Gecko-
HEYHOCTh €My OyJEeT HEmpoCTO: NOTPeOyeTcs OUeHb MHOTO TOIIH-
Ba. Ho rmaBHOE — yiTH U3-1I0J TOPU30HTA TakOM UepHOH AbIPHI B
MIPUHILIMIIE eMy HUYTO He Memaer. M, Tem Oosee, mocnarh Hapyxy
CBETOBOM WJIM PaAUOCUTHAI.

Mo3kHO BO3pa3uTh, 4YTO 3TH PACCYKICHUS SBHO OIIUPAIOTCS Ha
(dbopManu3M HBIOTOHOBOW (u3uku. Ho Torna BBIXOJHT, 4TO B 00-
JIACTH CBOEH MPUMEHUMOCTH, COTJIACHO 3asiBICHUSM TEOPUHU OTHO-
CUTEIBHOCTH, HPIOTOHOBA (DPM3MKA MPEICKAZBIBACT UHOU UCXO]l, YEM
TEOpUsI OTHOCHUTEIBHOCTH, YTO JUIsl TOCIENHEH aBTOMAaTUYECKU
CTaHOBHUTCSA MPOTHBOpEYHEM. Takum oOpa3oM, Mbl BUAMM SIBHBIC
OTKJIOHEHHUS! OT OOIENPUHATHIX BBIBOJIOB TEOPHUH OTHOCHUTEIBHO-
CTH, BBISIBJICHHAsI €€ MaTeMaTUYECKUMHU CPEICTBAMU BO3MOKHOCTh
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00OWTH €€ ke 3ampeT: YUTH W3-TO0J TOPU30HTAa CBEPXMACCHBHOU
YepHoil AbIpbl U OOMEHMBATHCSI CUTHAJIAMHU C BHEIIHUM MHUPOM B
MIPUHIIMIIE BO3MOYKHO. A 3TO ¥ 03HA4YaEeT, YTO OOMEH pOJiei BpeMEeHU
Y TIPOCTPAHCTBA SBIISETCS YUCTO (DOPMAIBHBIM, BU3yaJIbHBIM, HO HE
uMeromuM  ¢uzndeckoro BoriomeHus. st mepsuunoi YepHoit
JBIPBI, Cpa3y IOCJE KoJularica HEBO3MOXKHOCTh yXOJa HM3-II0J Io-
pPU30HTa BOBCE HE CBSI3aHA C TAKUM OOMEHOM POJISIMHU.

Kpowme atoro, oOMeH posiell mpoCcTpaHCTBA U BpEMEHU BHYTPH
UYepHO!l NbIpbl OYEHb YACTO CBSI3BIBAIOT C BO3HUKHOBEHHUEM 3aM-
KHYTBIX Teojie3ndeckux. [1o 4ncTo noruyeckuM cooOpa’keHUsM —
3TO JIOBOJIBHO CHIOPHBIA MOMEHT. J[€MCTBUTEIIBHO, HEPEAKO MOKHO
BCTPETHTh OMHUCAHKE, YTO, TOIAB IO TOPU3OHT COOBITHI UepHOoi
JBIPBI, MO’KHO COBEPIIUTH IYTEIIECTBUE B OOPaTHOM HalpaBJICHUU
BpEMEHH U MONACTh B COOCTBEHHOE Iporuioe. B atom ciyyae mno-
SBJIIETCS BO3MOKHOCTh BCTPETUTH ce0s caMOro J0 Haudaja ITyTe-
mectBus. Ho mpu sToM BO3HUKaeT psa TOHKOcTe. OTroBOpUTH
ce0si OT MYTEHIECTBHS YK€ HE YJAAacTCs, IMOCKOJBKY B IPOIIIOE
MOXHO BEPHYTBbCS IO 3aMKHYTOM T€0JE3MYECKOU TOJBKO Yoice
OKa3aBIIUCh O] TOPU30HTOM COOBITHIL. B 3TOM ciiydyae Bo3HHKaeT
Henblil psax U Ipyrux npoTuBopeunii. CoBepuIMB KpYyr IO 3TOM
re0JIe3UYECKOM, MyTEIECTBEHHUK OKa3bIBAETCS B MCXOJHOM TOYKE
U, KaK CUMTAETCsl, BCTpeyaeT TaMm cedst. OHaKO clieyeT YTOUYHUTh
HeKkoTophie aetanu. OH BCTpeuyaeT celsi, 0YeBUIHO, IIEIMKOM, 0e3
nU3bAHOB. Pyku-Horu nesnsl, uro emeé? Ho, mpoaomkuB, Mbl JOJKHBI
MPU3HATh, YTO U OJIeXKJa TaKXKe BCs mpu HEM, oueMy Het? Ciie-
JoBaTeNbHO, U ckadaHap, kKak ke 6e3 Hero? Ho u moj ropusoHT
MyTEUIECTBEHHUK MONIAJI HE C MyCThIMM PYKaMU U HOTaMU: Kpeco,
MYJBT YIpPaBJIEHNUS KOCMOJIETOM, JIa U CaM KOCMOJIET TOKE JOJKHBI
okazatbcs TYT k€. [loaTomMy 1 cebst IpoIIoro OH BCTPETUT B TaKOM
xe "komruiekrauuu". OTroBapuBaTh CeOS-POILIIOr0O OT JIBUKEHUS
M0 3aMKHYTOH Te0/1e3u4ecKoi acTpo(HU3UK - HOBBIM Bps JIU CTa-
HET, €CJIU C/eJaeT HECIO0KHbIe yMo3aKitoueHus. OH - HOBbII OKa-
3aJICS B 3TOM TOYKE TOJBKO MOTOMY, UYTO OH - UCXOJHBIN caenal
TakKoe ImyTeniecTBrue. Eciau oTToOBOpPHUTE €ro - ceds OT MyTeIecTBus,
TO OH - HOBBIH, BUJIUMO, JIOJDKEH Cpa3y ’K€ UCUYE3HYTb, IMOCKOJIbKY
OH sBIseTCS (PAKTUYECKH pEe3yJIbTaTOM 3TOTO IyTEIIECTBHUS.

183



BnpoueMm, oTka3zaTrbcsi OT IyTEHIECTBMS, KaK IPUHSATO CUMUTATh,
MOMPOCTY HEBO3MOKHO — T'PAaBUTALMSl CUHTYJISPHOCTH MCKIIIOYAET
TaKyl0 BO3MOXXHOCTb. 3HAYMT, TEMEpb y)Ke OHU 00a BMECTE CO
CBOMMM 3B€3/10JIETAMU OTIIPABSTCS BHOBb B HOBOE ITYTEIIECTBUE 1O
BCE TOM K€ 3aMKHYTOM IeoJe3u4ecKoil. Eciin OHM Kak-TO CMOTyT
BHOBb M30€XaTh MMaJIeHUS] HA CUHTYJISIPHOCTD, TO Yepe3 10CTaTOYHO
KOPOTKOE BPEMSI BHOBb OKaXyTCA B 3TOH K€ TOYKE 3aMKHYTOU
reojie3nyeckoil. M, o4eBUIHO, ONATH BCTPETSATCS CO CBOMMHU HC-
XOOHBIMU BepcusiMu. Kak BuAMM, Tenepb YK€ 3BE3JI0JIETOB U
3BE3JI0JICTYMKOB CTAJIO 4eTbipe. KakIblii BUTOK MO 3aMKHYTOU
reo/Ie3NYecKoil OyleT yaBauMBaTh HUX KOJIMYECTBO. 3a OYEHb KO-
POTKOE BpeMs BCE OHU YK€ MOMPOCTY HE CMOTYT IIOMECTUTHCS MO
MTOBEPXHOCTHIO TOPU30HTA COOBITUH, YTO, KOHEUHO K€, SIBIISETCS
SIBHBIM a0CYpJIOM, HEJIETIOCTHIO.

O 3aMKHYTBIX re0Je3N4YECKUX KPUTHUYECKU BBICKA3bIBAJICA U
XokuHr. I1o ero MHEHHIO, TaKME T'€0Ie3UYECKUE CYIIECTBOBATh HE
MoryT. BrickazaHo 310 naxke B popme teopemsl. [IpaBna, Teopema
TOXE He JMIIEeHa npoTuBopeunid. Ha pucyHke K HEll ykasblBaeTcs
00JacTh MPOCTPAHCTBA, B KOTOPOH SKOOBI TaKUE T'€OJIC3NUCCKUE
OoTCyTCcTBYIOT. HO mpOCTpaHCTBO 3aMKHYTO, MOCKOJBKY yKa3aHoO,
YTO €ro TpaHMIbl OTOXKIECTBIEHbl. HecoMHEHHO, B TakoM 3a-
MKHYTOM IPOCTPAaHCTBE 3aMbIKAHHUE I'€OJIE3MUYECKUX HE SIBISETCS
Hen30eXHbIM U HeoOxoauMbIM. Ho 1 HEBO3MOKHBIM OHO TakXe He
apigercsa. g MX MCKIIIOUYEHUS MOYKHO, KOHEYHO, M3JaTh 3ampe-
maromui 3akoH. Ho cama mpuHIMIMAIBHAS 603MONCHOCHb WX
3aMBIKAHHUSA SIBJISIETCS YK€ BIIOJIHE JOCTATOYHBIM OCHOBAHHWEM JIJIst
IIPU3HAHUA ITOM MOJENM INapajokcanbHOW. Kak m B mapanokce
JEeTyIIKH, YOUHCTBO €ro BOBce He 00s3aTeNbHO, HO cCaM IMapajoKc
IIpU 3TOM HUKyJAa He ucyesaer. Mmu, ckaxem, HEKUI Nanupuct
OTHPABJIIET ATOMHYIO OOMOY B MPOIILIOE Ha 3aBOJI, TI€ TaKWe U dTa
O60M0a M3rOTaBIMBAIOTCA. 3/I€Ch YK€ 3alpPETHTh €l YHUYTOXXHUTh
3aBOJI HEJIb3S HUKAaKUMU 3akoHaMu. IIpuHUUMNUanbHas o3moorc-
HOCMb HACTYIUIEHUS COOBITHUS JIETAET €r0 HeU30eHCHbIM...

JloGaBuM B 3aKJIIOUEHHE, YTO HA 3TOM CTpPAaHHBIE WHTEpIpe-
Taluu noBeAeHUsl YepHbIX Iblp He 3akaHuuBarorcsa. OO0 UX Maru-
YEeCKUX, BEpHEE Jake, MUCTHMUECKHUX CBOMCTBAaX CKa3aHO HEMaJo.
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JlocTaTOYHO TOJIBKO BCIIOMHUTDH HOMYJSPHYIO HBIHE HJIEIO O IOJIo-
rpapuueckoii Bcenennoit B ayxe kuHoduiabma "Matpuma" [cMm.
npuioxxenne Mudopmanns u saTponus YepHoit apbipsl, ¢.372], win
TOHHEJHU B Apyrue BceneHHble, KOTOpble OHU OTKPBIBAIOT.

Ilaoenue pomona na copuzonm Illeapymunvoa

OnHo#t U3 MpOCTENIINX, HO, TEM HE MEHEE, MHTEPECHBIX 3a7a4
SBJISIETCS 3ajJada O CBOOOJHOM paJMaTbHOM TAJCHUHM Ha
BAapPUIIHIBAOBCKYI0 UEepHYIO AbIpY MaTEpUalIbHbBIX YaCTHI] HIIH
¢doroHOB. B Hamem cirydae MHTEpeC K HEH COCTOHMT B OXKUAAEMOU
BO3MOKHOCTH YBHJIETh TpoliecC 00pa3oBaHUsl, BO3HHUKHOBEHUS
MapajyieIbHOrO MUPA, BO3MOXKHOCTH OCYILIECTBIICHHUS ABUKEHHUS 110
HEKUM JOTOJIHUTEIbHBIM THUIEPIPOCTPAHCTBEHHBIM H3MEPEHUSIM.
Jns mocTpoeHusi ypaBHEHUM [IBUKEHUS PACCMOTPUM YpPaBHEHUE
WHTEpBaJIa B CHEPUUECKUX KOOPAUHATAX:

-1
ds® = —(1—2—’”}#2 +(1 —2—’”) dr’ +r*(d6” +sin’ 6do”)
r r
[Tagenne Oymem paccMaTpuBaTh, KaKk ¥ MHOTHE JPYryde aB-
TOPBI, BAOJb HYJIEBOW YIVIOBOM KOOPAMHATHI, IOCKOJBKY B 3TOM
CJIydac MmocjcqHee cjiiaracMoc 06HyJI$IeTC$I:

-1
ds* = —(1 —2—’”}#2 + (1 —2—’”) dr’
r r

JIns moctpoeHusi ypaBHEHUN JIBUKEHHUS, TO €CTh, 3aBUCHMO-
CTH OT BPEMEHU YIaIEHHOCTH YaCTHIIBI OT TOPU30HTA COOBITHI, HAM
HEOOXOIMMBI JIONOJHUTENbHBIE YCIIOBUs. Bocmonb3yemcs MeTo-
JIOM, ONMHUCAaHHBIM B pabote [23, c¢.5]. [lepBbIM OUYEBHIAHBIM YpaB-
HEHUEM SIBJISICTCS YpaBHEHUWE JBWKCHHUS (POTOHA, TIOCKOJBKY IS
Hero uHTepBan ds’ paBeH HyIIIO:

-1
0= —(1 —2—’”}#2 + (1 —2—’”) dr?
r r

[Moce mpeoOpa3oBaHusl MOTydacM:
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-1
dt = (1—2—”“) dr=—""dr

r r—2m
Boruucnenune unrerpana [cm. npunoxenue [101. YpaBuenue
nBkeHust potonHa, ¢.334] Ha UHTEpBaAJIE OT Ty IO HEKOTOPOU Te-
KYIIIel TOYKH JTaeT BBIPAKCHHE:

= J.Ldr =r—r,- 2mln(ﬂ]
r—2m r—2m

JInst IpOCTOTHI, KPAaTKOCTH B KauyeCTBE BEPXHETO Nperesa
MHTETPUPOBAHUS Cpa3y JKe B3sATa cama nepeMeHHasi. OTMETHUM, YTO
3TO pEeUIeHHEe C TOYHOCTHIO J0 KOHCTAaHT W 3HAKa COBIAJAET C pe-
HIEHUSIMH, IToJ1ydeHHbIMU boynepowm [25, c.181]:

"Bpemst, HE00X0IMMOE CBETY UIS TOTO, YTOOBI MPOUTH OT T
710 T2, MO’KHO Haiitu, unterpupys (10.2.2):

r2
(= [~ (y—n)e20m | 22O 1023y
J1-26M)r r—2GM
n HoBukoBsim [60, c.13]:
—r r r—
P R & P +1, (2.3.3)
c c |\r—r

4

CoOCTBEHHO TOBOPS, 3TO M30TPOIHOE PEIICHUE JAOCTATOYHO
OYEBHUIHO U €T0 MPUBOJAT MHOTHUE JPYTrU€ aBTOPHI MPAKTUUYECKU B
ogHoM U ToMm ke Buue [21,c¢.91; 27, c.87; 40, c.410; 53, c.419].
JIeHCTBUTENBHO, €CIAM IPUHATH € = 1, I,=2m M SKBUBAJEHTHO 3a-
MEHUB WHJCKCHI, ypaBHeHUE (2.3.3) mpuoOperaeT TakoW e BU,
kak 1 (10.2.3) ¢ TOYHOCTBIO JIO 3HAKa, KOTOPBIM MPOCTO O3HAYAET
HanpaBJIeHUE ABIKEHHS (OTOHA.

ITo Tako¥i e METOAMKE Teleph MOXKHO MOMpoOOBaTh COCTa-
BUTh AHAJIOTUYHBIC YPaBHEHUS ABUKEHUS U JUIS IBYX JPYIHX 3Ha-
YeHUH WHTEpBaJla — BPEMEHUNOJO00HOTO U IMPOCTPAHCTBEHHOIIO-
no6noro. boiee mpocTeIM SBISETCS MPOCTPAHCTBEHHOIIOI0OHBIN
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MHTEpPBaJI, IOCKOJIbKY OH Cpa3y K€ HNPHUBOJIUT K AJIEMEHTAPHOMY
(TaxMoHHOMY) pemeHuto. Ham HM3BECTHO, YTO TI'paBUTALMOHHOE
MOJIe BOKPYI CTallMOHApHOW YUepHOU IbIpbl TAKKE SBJISIETCS CHM-
METPUUYHBIM CTaTUYECKUM, CTallMOHApHBIM. JleMCTBUTENBHO, €ClU
Mbl U3MEPUM TPABUTALHOHHBIM MOTEHLMANl B HEKOTOPOM TOYKE
MPOCTpPaHCTBA psaoM ¢ UepHO# ABIpoH, TO OH OYIEeT TaKUM Ke U
yepe3 0001 MHTEepBai BpeMeHU. To ecTh, MOTEHLHal HE 3aBUCUT
oT BpeMeHu. TakuM 00pa3om, Kak Mbl BBIIIE€ OOHYIUITU (OTOPOCHIIH)
3HAYEHUE WHTEpBajia, TaK U 3/1€Chb Mbl UMEEM OUEBHUJIHOE NPaBO
0GHYIUTE (0TGPOCHTH) BPEMEHHYIO COCTABIIAIONIYI0 HHTEPBAIA:

-1 -1
ds® = —(1—2—’"}#2:0 +(1—2—m] drzz(l—z—m) ar

r r r

CrnenoBaTenbHO, B 3TOM CJy4ae MHTEPBa] OIMUCHIBAECT MPOCTpPaAH-
CTBCHHOHOIIO6HyIO MeTpI/IKy, TaXWOHBI, HOCKOHI)Ky OY€BHUIHO, YTO B
ATOM cllyyae 3HaYeHUE KBaJIpaTa MHTEPBaJa IMPHU T > 2m sIBHO UMEET
MOJIOKUTEIBbHBIM 3HaK. IlozmcTaBisieM 3TO 3HAUEHHWE B HCXOJHOC
ypaBHeHI/IC 1 HAXOIUM:

—1 -1
(1—2—’”) drt = —(1—2—’”}#2 +(1—2—’”) dr
r r r

[Tocne aneMeHTapHBIX TPE0Opa30BaHUN MOTYUYAEM:

1_2_m dt’ =0 —t = const
r
PesynmpTar mMeeT BIIOJHE pa3yMHOE M OUYEBUIHOE OOBSCHEHHE:
TH000MY pacCTOSHUIO, yIAIEHHOCTH TaKOM YacTHUIIBI OT TOPH30HTA
COOBITHI COOTBETCTBYET OJJH M TOT K€ MOMEHT BPEMEHH, MOMEHT
WCITYCKaHHS YaCTHUIIbI, TAXHOHA.

35ech crieayeT OTMETHTD, YTO TAaXMOHHBIE PEIICHHs B 0OMIeH
TEOPUH OTHOCUTEIFHOCTH SIBJSIFOTCS BECbMa CIIOPHBIMU M HETPHU-
SITHBIMU ISl HEE:

"B03MOHOCTB TOTO, YTO B JJOTIOJIHEHHE K 00JI€€ NPUBBIYHBIM
YaCcTUI[AM C TOJIOKUTETLHBIMH MaccaMy Halll MHpP MOXET COAep-
KaTb TaxWOHBI, U3ydaach (PU3UKAMHU €I IO TOSBICHUS TEOPHH
CTPYH, OJHAKO MX pabOTHl MOKa3ajH, YTO CO3AaTh HETPOTHBOpE-
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YUBYIO TEOPHIO, BKIIOYAIOIIYI0 TaXWUOHBI, YPE3BBIYAWHO TPYAHO,
ecau BooO1e Bo3MoxkHO" [36, ¢.209].

Bonee toro, actpodusuk CTtuBeH XOKHHI BOOOIIE MPSIMO
UCKITIOYAeT TaKyl0 BO3MOKHOCTH CYIIECTBOBAaHHS TaXHOHOB B 00-
el TEOPUH OTHOCUTEIBHOCTH:

"Hama ¢popMyIHpoBKa TEOPUN OTHOCUTENFHOCTH UCKITIOYAET
BO3MOXHOCTh CYIIECTBOBAHMSI YAcCTHIl BPOJE TaXWOHOB, JBUXKY-
LIUXCS IO TPOCTPAaHCTBEHHONOI0OOHBIM KpuBbIM" [78, €.72]

Tem He MeHee, TPUBEIEHHOE TAXHOHHOE PELIEHUE YPAaBHEHUS
[IBapummibia, B 00IIeM, He BBITJISIUT TPOTUBOPEUYNBLIM U BIIOJHE
MOJKET OBITH PACCMOTPEHO.

Hakonen, kak u 115 TaxuoHa, MOJOOHBIM K€ METOJIOM pac-
CMOTPUM U pEIICHHE IS BPEMEHHUNOAOOHBIX YacTul. OTMeTHM,
YTO B SIBHOM, OIPEAEICHHOM BHUJE 3TO PELIEHUE MOJIY4YUTh JO-
BOJIbHO CJIOKHO U JUISl ydeTa BCEX YCJIOBMM JABMIKEHUS CIEAYET
HCI0JIb30BATh CIIEUUAIbHbIE MPUEMBI, JOMOJHUTEIbHbBIE YCIOBUS
[cM. mpunoxxenue I102. YpaBHeHnue aBwxkeHus dvactuubl, c.335].
ITockonbKy HESIBHO BCE ATH PEIICHUS PACCMaTpPUBAIOT JIBUKEHUE
4acTULl U3 OECKOHEUYHOCTH, TO BOJIM3M FOPU30HTA COOBITHI TH00ast
MacCUBHas 4acTHLA JOCTUTHET NPAKTUUECKU CKOPOCTH CBETA:

"...Tpu JBWKEHMHM "K 4YepHOM ApIpe" ... yacTHlla BCKOpE
IIepeCcTaeT MHCIbIThIBATh CKOJIb-HUOYb 3()(PEKTUBHOE BIUSHUE
M000TO TOTEHIMAaNa W TO CYHIECTBY JBHKETCS CBOOOJHO K
YMEHBIIAIOMUMCS  3HaueHusiM 1* ... "co ckopocTeio cBeTa"
(dr*/dt =—1)"[59, 1.2. ¢.332].

IToaToMy B 3TOM cilyyae Mbl IPUHYIUTEIBHO U3MEHSIEM 3HAK
KBaJpaTa MHTEpBaja Ha BPEMEHMIOJOOHBIH M Takoe pelieHue "B
700" (aKTHYECKH COBIMAJAET C TMOJTYYECHHBIM BBIIIE PEIICHUEM IS

¢doToHa:
-1
dt = 2(1 —2—’”) dr = idr

r r—2m
31ech MBI IPOCTO MPUHYIUTEIHHO U3MEHUJIN 3HAK KBajpara
WHTEpBaJa, ClIeJaB €ro OTPUILIATEIbHBIM, COOTBETCTBYIOIIUM Bpe-
MEHHIOJOOHONH METPUKE CTAllMOHAPHOTO T'PAaBUTAIIMOHHOTO MOJISL.
O4eBUHO, YTO 3TO YpaBHEHHUE HE OMMCHIBAET JBH)KCHHE MACCHB-
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HOW 4aCTUIIBl U3 COCTOSTHUS IIOKOS C 0Npe0eseHHO20 PACCTOSTHUS OT
ropu3oHTa coObiTuil. [lonyyeHHOE ypaBHEHHE NpPU HHTETPUPOBA-
HUH C TOYHOCTBIO JI0 TIOCTOSSHHOI'O MHOXUTENS MPUBOJUT K ypaB-
HEHHIO JIBUKEHHUS CBETOTIOJJOOHBIX YacTHIl, (GOTOHOB BUA:

ry—2m
t= \/E(r—ro) —2\2mln| =2
r—2m
Vcronb3ys TpU MOJydEHHBIE YPABHEHHS, IOCTPOUM IpadUKH
JIBMYKEHUS TPEX TUIIOB YaCTHII:

r=2m

CuUH2yaAApHOCmMD

maxuon

. —— ¢omon

yacmuya -

1

r\
-

Puc.4.1. I'paduku nBmwkenus GoToHA, TAXHOHA U YACTHIIBI

Ha pucynke xopomio BugHa mpoOsema, co3gaBaeMasi Taxuo-
HOM JJIsl TEOPUU OTHOCUTEIBHOCTU: BPEMS €r0 JIBHXKEHHS JI0 TOPH-
30HTAa COOBITUM Jake¢ IS BHEIIHErO HaOmrodaTels KOHSYHO W,
MpsIMO TOBOPSI, paBHO HY0. OYEBUIHO, YTO TAXMOH MPOJIOJIKHUT
CBOE JIBIDKEHME BIUIOTH JO CHHTYJISPHOCTH U, BIOJIHE BO3MOXHO,
npoiinér YepHyro npIpy HackBO3b. Ha rpadukax yacTuipl HaunHa-
10T JIBFDKCHHUE JIPYT 3a JPYroM: CHavaja BEUIECTBCHHAs, 3aTeM (o-
TOH, MpUYEeM, C OOJIBIIIETO y/IaJIeHUsI, YEM YaCTHUIIA, U 3aTEM TaXUOH.
Bumum, uto GOTOH JOTOHSET YacTHIly, @ TAXHOH, BOOOIIEe OOTOHSET
WX MTHOBEHHO, TPUYEM B OJIMH U TOT K€ MOMEHT BPEMEHHU.
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371ech Mbl MOKEM OTMETHTb, YTO B MCXOJHBIX KOOPAMHATAX
[[IBapumuapga BO BHENIHEH 00JIaCTH aHAIUTHKA W TE€OMETPHS
BIIOJIHE HENpPOTUBOpeuuBhl. HepocTynHas 1 BHELIHEro HaOmro-
natens 0071acTh MO TOPU3OHTOM COOBITHH B JAaHHOM CiIydae IOoKa
HE JJaeT HUKaKUX OCHOBAHUH JJIs TUIOTE3 O NapauIeIbHbIX MUPAX:
nrameTp UepHoil JbIpbl IMEET KOHEUHBIE Pa3MEPhI B IPOCTPAHCTBE,
a TaxXUOHHbBIE PELICHMs AK€ HE UCKIHYA0T BO3MOXKHOCTU IIPO-
xoxJaeHus YepHoW IpIpbl HAckBO3b. Kpome TOro, ypaBHEHUs
[IBapummuibaa, cTpOro roBoOps, JOMYCKAOT PEIIEHUE U ISl BHYT-
peHHell obOnactu. s 3TOro Mbl MOXEM HPOCTO JOTOJIHUTH IPH-
BeZICHHbIE Tpaduku a1 GOTOHA M YacTHIbI. [IJI1 TaxHoHA B 3TOM
HET HEOOXOAUMOCTH — OH U TaK CBOOOJHO JOCTHUI CUHTYJISPHOCTH.

Jljis 3TOro BHOBH BO3bMEM HCXOJHOE YPAaBHEHUE U UCIPABUM
ero noJ uaTepsai ot 0 10 2m:

t=r—2mln —2m =r—2mln 2m
r—2m 2m—r

Kak u BbIIIE, 371€CH TAaK)KE€ MOYKHO OOHAPYKHUTh, YTO C POCTOM
r OT HyJs (CHHTYJISPHOCTH) 70 2m (TOPU30HT) C TOYKHU 3PEHUS
BHEIIHEr0 HAOMIOaTes sl BpeMs YBEIUYUBACTCS OT HYIIS 10 MUHYC
0ECKOHEYHOCTH, TO €CTh, (popMaILHO TeueT B mpomuioe. Eciu xe
paccMaTpuBaTh JBMKCHHE B HOPMAJILHOM HAalpaBlieHHH — OT TO-
PHU30HTA J0 CHHTYJISIPHOCTH, TO HalpaBJICHUE TEUCHHUS BPEMEHH,
BpoJie Obl, AaHATUTUYECKA BOCCTAHABJIMBAETCS, HO CTAHOBHUTCS He-
SICHBIM, KaK MOTJIO BO3HHUKHYTh TaKoe€ JBIKEHHE JO TOTO, KaK 4Ya-
CTHIIA yTaJia ol TOPU30HT, IPUUYEM MPOU3OIIIIO 3TO B OECKOHEYHO
JTAJIEKOM OYIyIIeM.

Opnnako Hac 37ech MHTEpECyeT HHOoe. XOTs YacTuIla MoJj To-
PHU30HTOM U JIBIDKETCS] B HETMOHSATHO KaKOM HallpaBJICHHH, HO, TEM
HE MEHee, TeYEHUE ITOr0 BPEMEHH U JIBUKEHUE SIBHO TPOHMCXOIST
BCe-Taku B Hamed BceneHHol. Hukakux napajuiesIbHBIX MHUPOB
3/IeCh HE BUIHO U HE TpeOyeTcs.

JInsi TOJIHOTHI KapTUHBI, PACCMOTPHM TENEph IOBEACHUE
¢oTOHA IO TOPU3OHTOM C Y4eTOM OOMEHA pOJIei MpOCTpaHCTBA U
BPEMEHH, BOCIOJIb30BABUINCH YPAaBHEHUSIMH, TPEITI0KESHHBIMH
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Hosuxoseim [60, ¢.19], cpa3sy nepenucaB ero ¢ NpuBBIYHBIM 000-
3HAYEHUEM KOOPJUHAT:

-1

2m 2m .

ds’ =—[1+— dt’ +| 1+ == |dr* + £ (d0’ +sin’ Odp”)
t t

ITepBoe, 4TO 3aMedyaeM — 3TO KaXKYIEeCs HMCUYE3HOBEHHE CHHIY-

nspHoctu. IlpuBeném ypaBHEHHE K pagualbHOMY BHUIY, OTOPOCHB

cpepuuecKuil 4iieH, MOCKOJIbKY MBI pacCMaTpUBAEM paIdalibHOE

IMagacCHUue:
-1
ds* = —[1 + 2—’”] dr* + (1 +2—mjdr2
t t

s poToHa MeTprKa MpuoOpeTaeT CIeTYIONUN BUT

-1
0= —[1 + 2—’"] dr* + [1 + 2—mjdr2
t t

[Tocne npeoOpazoBanuii mosrydaem

-1
(1 +2ij dr* = (1 + 2ijdr2

dr =142 \ar=—'_ay
t t+2m
Kak BHauM, MOTy4eH TOYHO TaKOM K€ MHTErpall, Kak U JJis
BHeMHel obsactu. [ToaToMy cpasy e ero u 3aluchiBaeM:
ty+2m
t+2m
Ha uto MBI cefiuac Mmoxem oOparuth BHUMaHue? Kak BuanuM,
OCH KOOPJIMHAT COTJIACHO Halllel 3aMeHE JIeHCTBUTEIBEHO OOMEHsI-
nuck possimu. CoryiacHO MPOU3BEICHHBIM 3aMEHaM HaXOJUM Jua-
Ma30Hbl U3MEHEHMs BeJIMUMH. [IpuHMMas CKOpOCTh CBETa paBHOM
€IUHUIIC, 3AIMMCHIBAECM: T = -T, t=R. Bnayrpu YepHoil AbIpbl 3ame-
HEHHas MepeMeHHasl u3MeHsiercd B auanaszoHe 0 <r <2m, cieno-
BaTENBHO, HOBAs MepeMeHHas T moydaeT quama3oH -2m <t <0, a
JMANa30H W3MEHEHMSI HOBOH BEIMYHHBI R, KOTOPYIO MBI BHOBB
0003HAYMIIN KaK MPUBBIYHYIO I, OTPEACITUM U3 YPaBHEHUS:
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= 0—0+2mn[ 2F2M ) _g
0+2m

0+2m

—2m+2m

DTO JMOBOJILHO HEOKWAAHHBIA pe3ynbTaT. Bponme Obl, B uc-
XOJJHOM YpaBHEHHH CHHTYJISIPHOCTH OTCYTCTBOBajla, HO 37€Ch OHA
MIPOSIBUJIACh BHOBb. BO3HMKaeT ecTecTBeHHBIM Bompoc. Eciu mbl
oOMeHsTn 0003HAUYEHUSI TEPEMEHHBIX, HY)KHO JI MpPH 3TOM OT-
KJIaJbIBaTh X 3HAYEHUS HA 3TUX XK€, TEHeph YK€ OJHOMMEHHBIX C
HUMH OCSIX? WJIM OCH TOKE€ HYXHO nepeumeHoBats? OTBETOB [JBa.
becniosie3Hslii: €CiIM MBI OCH TaKXK€E NIEPEUMEHYEM, TO MBI Cpa3y ke
BO3BpallaeMcsl K MCXOJIHOMY, PACCMOTPEHHOMY BapHaHTy, B KO-
TOPOM MbI HUUETO HE NIEPEMMEHOBBIBAIN U HE MEHSUIN pojeil. JTo,
BOOOIIIE-TO, I0BOJILHO OYEBUIHO: IBOMHAS 3aMEHA BO3BPALIAET BCE
Ha cBou MecTa. Ecii ke, BTOpOi OTBET, OCH OCTAIOTCA C UCXOJ-
HBIMHM Ha3BaHUSMH, TO MOJTYYEHHOE YPaBHEHHE HE IMO3BOJIAET HaM
nocTpouth rpaduk aswkeHus. Ilompocty, Ha BepxHel TIpaHule
JIMara3oHa HOBOW MEPEMEHHON BPEMEHU He cyujecmayen 3HAYCHHUI
HOBOW mepeMeHHOU pacctostauii. OOMEH pojieil BpeMEeHH W pac-
CTOSIHMSI He umeem T€OMETPUYECKOr0, 1a U MaTeMaTH4YECKOrO BO-
rtomeHus. M300pa3uThk Takoi rpaduk Ha Halled IuarpamMMme MBI,
KOHEYHO, MOXEM, HO OH TOYHO HE OyJIEeT COOTBETCTBOBATH OXKH-
JaeMbIM OT Hero cBoiicTBaMm. O4eBUAHO, OH MOIMPOCTY MOBTOPUT
rpa¢uku puc.4.1, cOOTBETCTBYIOIIME BHEUIHEeW obiactu YepHoii
JBIPBI, HO Ppa3BEPHYTbIE TOPU3OHTAIBHO, BETBAMHU BIpaBo. llo-
SIBUTCSI CBO€OOpa3HbIM "TOPU30HT COOBITHII BpeMeHHU'", HE MMEIo-
Ui HA (PU3MYECKOT0, HU MaTeMaTUYECKOI0 CMBbICA.

WNuave roBopsi, 0OMEH posiei BpEMEHU U PACCTOSIHUNA BHYTPH
ropu3oHTa COOBITUH HEBO3MOXEH, aOCypAeH, a MeTpuKa
[IBapmmuiabaa 1 6€3 Takoro 0OMeHa, B MICXO/IHOM BUJE MO3BOJISET
ONHCATh MPOUCXOSIINE TaM IPOLIECCHI.

B 3akmioueHne MOKHO pacCMOTpPETh €Ulé OJMH BapUaHT Ta-
XMOHHOTO pelIeHHs — MaJeHHe Ha TOPU30HT JAPYIMX MNPOCTpPaH-
CTBEHHOTIOJOOHBIX YacTHI], HE TaxXxHMOHOB. MBI OXHMJaeM, 4TO B
OTJIMYME OT TAXUOHA, 3TU YACTHUIBI ABMKYTCS CO CBEPXCBETOBBIMU
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CKOPOCTSIMHU, HO HE ¢ OECKOHEYHO OOJIBIITUMHU, MTHOBEHHBIMU [CM.
npuioxxenue 1103. IIpoctpancTBeHHOMOK00HBIE YacThlbl, ¢.340].
Kak u amst TaXHMOHOB, Ui TaKUX YaCTHI] KBaJpaT MPOCTPAHCTBEH-
HOIIOI00HOTO MHTEPBAJIA MOJIOKHUTEITHHBIN:

ds* :%mdﬁ — ke 1_2_m dr* >0
1_=m r
r

3neck, 3a/1aBas ypaBHEHHE MHTEpPBala, Mbl HCKYCCTBEHHO HCKIIIO-
YWJIM YUCTO TaXMOHHOE penieHue. [1ockoyIbKy MBI paccMaTpuBaeM
oObryHyt0 MeTpuky LlIBapmmmnbaa, TO Takoe 3HAYEHUE KBaJpara
HHTEpBasia "3a10%keH0" B CBOMCTBa camMoi yacTHUlbl. MHBIMU cil0-
BaMHM, yacTuia "BocrnpuHuMaer" MeTpuky llIBapummniabaa Takum
BOT 7K30THYeCKMM oOpa3om. IloacraBnsem 3To 3HaYeHHE B pajau-
anbHyl0 MeTpuky llIBapmmmuiabaa W, MHTETPUPYS HA HEKOTOPOM
MHTEpBaJle, HAX0IUM
t=ke" " — ke "
3neck mapamerp k 0003HauaeT CKOpOCTHBIE CBOIcTBa pas-
JUYHBIX TAaKUX MPOCTPAHCTBEHHOMNOAO0OHBIX yacTull. [Ipu nBmxe-
HUH OT TOYKH Ty 10 TOPU30HTA NMPOUAET KOHeUHoe Bpems. Hanpu-
Mep, ISl Iy=4m BpeMmsl aJIeHUsI COCTaBUT:

4m-2 2m-2 2 2
tg=ke m m_ke m mzk(e m_l)zke m

W no cunrynspHocty, r = 0
t = ke4m—2m _keO—Zm — k(eZm _ e—Zm) > tg

CJICZIyeT OTMCTUTH, 4YTO IIaJACHUC MACCHUBHBIX YaCTHUI[ Ha
UepHyto AbIpy paccMaTpuBarOT MHOTHE aBTOPbI, HO PE3YJbTAThI
OKa3bIBAKOTCA HHBIMMH. HaHpHMep, JJIA MAacCCUBHOU qaCTUulpl, I1a-
Jarolen Ha TOpU30HT coobITuH [59, T.2, ¢.334]:

"... He Urpaet poiiu, oOpaiiaeMcst 1 Mbl K KOOPAUHATHOMY
WU coocTBeHHOMY BpeMeHH. OIHaKO KOHEYHBIE CTaJUU TMaJeHUs
BHOBb CHUJIBHO OTJIMYAIOTCA B 3aBUCUMOCTU OT TOI'O, BBIPAKCHEBI JIN
oHM uyepe3 coOctBeHHOoe Bpems (1—0, r—0) wm depes
MBapUIIHIJIBAOBCKOC KOOPAUHATHOC BpEMA

r/2m=1+4e™% """ (25.396)"
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B wurore MoXHO cAenaTh 3aKIIOYEHHE, UYTO MPSIMOE,
OyKBAJIbHOE PACCMOTPEHHWE IBAPIIIHIBIOBCKOTO  JIBUKCHHUS
YacTUI] HE BEJET K HEOOXOJIMMOCTH JOTMOJHEHHUS MpPOCTpaH-
CTBa-BPEMEHHM HOBBIMU HW3MEPEHUSMU WM MHapalyIeIbHBIMU
BcenenapiMu.

Juarpammel Kpyckaia-Illexkepeca

Kax mb1 Bugenu B pabote DifHIITEHHA, TOSIBICHUE AOTOTHU-
TEIBbHON MapajuleIbHON BCENeHHON ONIpEeNesIeHHO CBA3aHO C €€
HCKYCCTBEHHBIM, TPUHYAUTEIILHBIM BHEJIPEHUEM, CITUCHIBAEMBIM Ha
MOMBITKY YCTPaHEHUsI KOOPAUHATHON CHHTYISIPHOCTH. B nanb-
HeHImeM I 5TOH ke 1eNTu ObUT pa3pabdoTaHbl U JPYriue CHCTEMBI
KOOpAMHAT, KOTOpHIE TAaKXKE OMHPAIOTCS Ha CIenupUUecKue 3a-
MEHBbI IIEpeMEHHbIX. BriogHe oknjgaemo, 4To Takue 3aMeHbl MO0
SIBHO, JINOO CKPBITHO CIIOCOOHBI PACIIMPUTH MPOCTPAHCTBO-BPEMS
Metrpuku [Bapmmneaa. Ctporo roBops, merpuka LlIBapimmibsaa
OTHCBHIBAET NOJIHOCMbIO BCE PEABHO CYILIECTBYIOIIEE, JOCTYITHOE
U1 BOCIIPUATHUS IPOCTPAHCTBO-BpeMsl. B Hell Bpems u3meHseTcs Ha
0eCKOHEYHOM WHTepBaie, a ChepruuecKue KOOPIUHATHI OXBAaThIBa-
10T Bclo Beenennyro. Ucxons u3 sroro, mo0oe pacuiupeHue mpo-
cTpaHcTBa-BpemMeHu llIBapimminbaa cienoBaio Obl paccMaTpUBaTh
C OYEBHIHBIX MaTeMaTHUECKUX MO3UIMIA: JTI000€ pelIeHne J0KHO
BXOJIUTh B 00JIaCTh OIpENEICHUS] U U3MEHEHUsI pyHKUUU. Tem He
MeHee, reometputo LlIBapimmiapaa pacupsIoT:

"Cucrema KOOpJIUHAT, KOTOpasi HanboJiee MOJTHO OXBATHIBAET
reoMerputo IlIBapimniabpaa, HM3BECTHA Kak CHUCTEMa KOOPAMHAT
Kpyckana - llekepeca" [59, 1.3, c.18].

"Haubonee moHO" B JAHHOM CITydae 3BYUUT KaK 3asiBJICHUE O
HEJ0CTaTOYHOM mnojHoTe MeTpuku [IIBapmmwmibna. JleicTBUTENB-
HO, @ KAKOBBI OCHOBAHUSI OTPAaHUYMBATH CYIECTBYIOIIUM peaTbHBIM
mup, bertne metpuxoit llIBapimmnsaa? C Apyroii CTOpoHBI, CTPOTO
TOBOPS, U PACIIUPEHUE ITOU METPUKU HE UMEET HU JIOTUUYECKUX, HU
(GU3MYECKUX WM MaTEeMaTHYeCKUX TpoTHBopeunid. Eciam Mbl
MOCTYJIATUBHO J00aBiIsIEM K Halled pealbHOCTH HOBBIE IIPOCTPaH-
CTBEHHBIC M3MEPEHHs, TO MOJy4aeM, B OOIIEM-TO, JOIMYCTUMBIE,
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OCMBICIIEHHbIE  pemieHMs. [loaTomy pacliupeHue  METpPUKHU
[IBapummuibaa, 04EBUIHO, CIEAYET paCCMATPUBATh UMEHHO C 3TOM
MO3ULMU: OCMBICICHHOCTH, JIOTMYECKON HENpOTUBOPEUUBOCTH,
OTCYTCTBUSI a0CYpJIOB.

B oTo#t CcBA3M BpsA JM ClleqyeT pacCMaTpUBaTb B KauyeCTBE
OTPOBEP)KEHUSI HMEIOUIUECS PACXOXKICHHUS B  PaCCYXKIECHUAX
pa3HbIX aBTOpoB. OAHAKO 3TO HE SABIAETCS M OCHOBAaHUEM JIJIs
OTKa3a OT, BO3MOXKHO, YPE3MEPHO KPUTUYHOTO OTHOLIEHUS K ATUM
paccyXACHUSM.

"Koopnunatel Kpyckana - [llekepeca mnoka3plBaroT, 4YTO B
IpocTpaHcTBe - BpeMeHu [lIBapummnbia uMeroTcs 1Be '"CHUHTY-
nsipHocTH r = 0" 1 ;1B "BHEIIHUE 00JaCTH T — 0"

B cucreme xoopaunar Kpyckana-Illekepeca CHHTYIsIpHOCTB
r = () pacroNoXkena B TOM Mecte, Tae v> —u” = 1. Takum 06pazom,
(aKTHUECKN UMEETCs He OJTHA, a IB€ CHHTYJISIPHOCTH ...

Taxum oOpa3om, U 371eCb UMEIOTCSI (PaKTUUECKU IBE BHELTHHE
obmactu" [59, 1.3, ¢.29].

B nwmTepatype cCymiecTByeT MHOXECTBO HM300pakKeHHUI
koopauHat Kpyckana-Illekepeca, Hanpumep:

Puc.4.2. Bapuant uzobpaxenus quarpamm Kpyckaia

Ha pucynke u3oOpaxkeHa nuarpamma Kpyckama w3 craTbu
[1,¢.20, fig.1.1]. Pasnmuuarorcs OHHM JeTanu3anveld, TOTHOTOM,
1BETHOCThbI0. Hampumep, Ha pHUCyHKe, IPUBEJECHHOM B y4eOHMKE
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"I'paBuranusa” [59, 1.3, ¢.32] ocu v-u HampaBii€Hbl, COOTBETCTBEH-
HO, BEPTUKAJIBHO M TOPU30HTAIBHO. DTO M3MEHEHHBIE OCU IO OT-
HOILIEHUIO K HCXOJOHBIM auarpammam Kpyckama, Ha KOTOpBIX OC-
HOBHBIMU SIBJISIFOTCSL AWAroHanbHble ocu U-V, Kak MoOka3aHO Ha
pucyHke 4.2. MoXHO TakKe BCTPETUTh JUarpammy, Ha KOTOpOH
BEpPTHUKaJIbHAsI U TOPU30HTANIbHAS OcH 0003HaueHbI Kak T-X [63, 9].
Ha mmarpammax Kpyckama B MCXOJZHOM BapHaHTE Cpas3y K€ BO3-
HUKAIOT YEThIpe MOMAPHO CUMMETPHUYHBIE 00JIACTH KaK UX HEOTb-
€MJIEMOE aHAJIUTUYECKOE CBOMCTBO. ABTOpPBI 3a/JaIOTCS BBITJISISA-
IIUM BIIOJIHE YMECTHO BOIIPOCOM:

"Kak sto Moxer ObITh? Korma reomerpus omnuceiBaercs B
LIBAapUIIMIBIOBCKAX KOOPAMHATAX, OHA COJEPXKUT OJHY CHHIY-
JSPHOCTh W OJHY BHEIIHIOI O00JIacTh; HO KOTJa TIE€OMeTpus
[IBapummuibaa onuceiBaeTcsa B koopanHarax Kpyckana-Illekepeca,
B HEHl NOSIBIIAIOTCS JABE CUHTYJISPHOCTU U JIBE BHEIIHHE OOJIACTH.
OTBeT COCTOUT B TOM, UTO MIBAPLIIMIBIOBCKAs CUCTEMA KOOPIMHAT
OXBAaThIBACT JMIIb YacCThb IMPOCTPAHCTBEHHO-BPEMEHHOI'O MHOIO-
00pa3us; 3Ty CHCTEMY KOOPJIUHAT CIIeIyeT MPEICTaBIATh cebe KaK
MECTHYIO KOOPAMHATHYIO CETKY, HAJIOXKEHHYIO JIUIIb Ha 4YacTh 3TOTO
MHOT000pa3zus"

"C nomouipo npeoOpa3zoBaHUsl KOOPIMHAT, IPUBOISILETO K
koopauHatam Kpyckana-Illexkepeca, Mbl moiydaeM METpPUKY, KO-
TOpasi OKPBHIBAET BCe (MJIM MOYTH BCE) MHOTOOOpasue U KoTopas
ABJIAETCS ~ AHAJUTHUYECKUM  IPOJIOJDKEHHUEM  OIPaHUYEHHOTO
IBAPIIIIIBA0BCKOTO pemenus” [59, 1.3, ¢.29].

Ho ¢ orBeTOM 3THM BpsI M MOXKHO COTJIACUTHCA. BO BCsikoM
cilydae, €cThb Jpyroil, kyaa Oosiee ouyeBHIHBIM oTBET. Takoe mpe-
o0Opa3oBaHUe KOOPIUHAT TNPHUBENO K CO30aHUIO C HYISA OONOIHU-
MeNbHOU MempuKu, KOTopas Ha caMOM JIeJieé HE NOoKpvleaem BCE
(wm moutH Bc€) MHOTOOOpasue, a dobasisem K UCXOTHOMY NOJ-
Homy MHOTOOOpa3uto IlIBapimmiabpaa ero Konuto, ayons. OdeBu-
HO, 3/IECh MEXaHH3M TaKOro J100aBieHUs, B O0IIEM, TOXKIECTBEHEH
TOMY, 4YTO KCII0JIb30BaJl DWHIITEWH MpU CO3JAHUU MapajIeIbHbBIX
MHPOB U MOCTOB MEXy HUMHU. Kak U Tam, 371€Ch JOMOJHUTEIBHOE
IIPOCTPAHCTBO-BPEMsSI BO3HMKIJIO B pE3yJbTaTe KBAJpaTUUYHON 3a-
MEHBbI HCXOHBIX KOOP/INHAT.
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Kak u B cirydae ¢ SHHIITEHHOBCKUM PaCLIMPEHUEM METPUKHU
[IBapummuibaa 34€ch Tak K€ MOKHO O€3rpaHMYHO YBEJINYUBATh,
IPOJIOJKATh "OrpaHMUYEHHbIE IIBAPLIIMIBJOBCKHE peEIIeHUs "
MosxHO, HanpuMep, NMPOCTO J00aBUTH €€ OJHY, BpalllaTeIbHYIO
KOOpAMHATY, TO €CTh, PaCKpyTuUTh KoopauHaTel Kpyckana-Illeke-
peca BOKpYr BEpPTHKaIbHOM ocu. M3 INBYyX CHHIYJISpPHOCTEW INpU
3TOM OyneT 00pa3oBaH JBYXIOJOCTHOW TUNEpOONION, U3 JIMHHUM
BPEMEHHU — KOHYChI BPEMEHH, a KOOPIUHATHBIE CeTKH obsacTeii I u
III cranyr HaGopoM runepboionoB BpamieHus. Kak BapuaHr,
KaKJOMY 3HAa4€HUIO BBEJIEHHOIO BpAaIllaTElIbHOIO IapameTpa
¢ = const MOXXHO OyJeT MpPHUIHCATh CBOIK COOCTBEHHYIO Mapal-
nenbHyl0 BeeneHHnyro, mpuueM nepexoj] MeKy HUMHU Telephb yxe
He TpeOyeT crenuantbHOro Mocta-napadononna dGramma.

OueBHIHO, BO3MOXKHBI KaK JpYyrue TPaKTOBKU TaKUX THIIEp-
6omonaneix koopauHat Kpyckama-lllekepeca, Tak u npyrue Jo-
MIOJTHUTEJIbHBIE MOTPYKEHUS TPOCTPAHCTBA B 00JIee MHOTOMEPHOE
npoctpancTBo EBkinpga. OmHako MpH BceX 3TUX MOJU(UKALMAX
ClIeyeT OT/aBaTh ce0e OTYET U, KCTATH, SIBHO ATO yKa3bIBaTh, YTO
OHM HHMKAaK HE CBS3aHbl C 0a30BBIM MPOCTPAHCTBOM, METPHUKOM
[IBapumniabaa, a sBJISIOTCSA NPOCTBIM CIEIACTBUEM €€ BOJIBHOIO,
MOCTYJISTUBHOTO PaCIIMPEHMSL.

Benas npipa Ha muarpamme Kpyckana

beccriopHo, uto camu 1o cede Bce 3TU AuarpamMMbl BBITIISISAT
HENPOTUBOPEUMBO M KOPPEKTHO OTPAKAIOT AaHAIUTUYECKHE MUPO-
Bble TUHUU [cM. npusioxkerue [104. Koopnunater Kpyckana, c.341].
JUIs1 IEMOHCTpAallMK pACCMOTPUM THMITOTETUYECKUH CIIydall cO 3BE3-
JIOJIETOM, COBEPIIAOIINM 3aMKHYTBIM LMKJ NOJETA. B HavambHbIN
MOMEHT BPEMEHM IKCIEPHUMEHTA, B HEKOTOPOM OTIAJIEHHOM IIPO-
[IUTOM 3BE3I0JIET HAXOWICS Ha CTAallMOHApHOW opOuTe BOIH3U
ropu3oHTa coObITUil YepHOi AbIpbI — B TOUKe A. 3aBeplIUB 3aria-
HUPOBAHHBIE SKCIEPUMEHTHI, aCTPOHABTHI OTIPABISAIOT CBETOBOM
CUTHAJ YAaJEHHBIM HaOIIOaTeNsIM M, JUId KOHTPOJS, B CTOPOHY
YepHoil npipel. M300pa3uM 3Ty cUTyalMio Ha TPaJAWLIMOHHON Jua-
rpamme Kpyckana-Illekepeca. st 5KOHOMHM MeCTa Mbl TPUBOIUM
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TOJIBKO OCHOBHYIO 4acCTh JAWarpamMmbl — o0nacTh I, Hamry BceeneH-
Hyto (puc.4.3). U cpasy ke oOHapyx uBaeM, 4TO B TPaJAUIIMOHHBIX
koopauHatax Kpyckana HyneByr0 reofe3udecKylo Mbl HE MOXKEM
M300pa3uTh Kak mpsmyto JimHuo! Tem He MeHee, IPOJOIHKUM JKC-
MEPUMEHT. 3BE3J0JIET yAAJIAeTCs OT 3BE3/bl C HEKOTOPOW Hayallb-
HOM CKOpPOCTBIO U OTpPHIATENIHBIM YCKOpeHUEeM. JIoCTUTHYB
HauOOJBIIIETO YAaJICHUs, TOUYKHA B, acTpOHABTHI BHOBH OTIPABIISIOT
JIBA CUTHAJIA: OJIMH YAaJCHHBIM HAOIIOATENsIM, IPYroii — BHOBb B
cTopoHy YepHoil Abipbl. 11 3T HyJeBbIE T'€OJE3UYECKUE HA JHa-
rpamMme U300pa3uTh B BUJIE TIPSMBIX JTUHUN HaM HE yJ1al0Ch.

Yepnas ovipa

IV\\‘%

benas ovipa

Puc.4.3. DxcriepuMeHT co 3BE370JI€TOM

Hakowner, 3Be37101€T BHOBb NMPUOIU3UIICS K HUCXOTHOW CTa-
LMOHapHOUM opbute, B Touky C, ¢ KOTOpON BHOBH IOCHIJIAET JBA
CBETOBBIX cUTHasa. Kak BUAMM, B HCXOJHOM BapHaHTE AUarpaMm
Kpyckaia cBeTono100HbIe re0/1e3UYECKUE 3aMETHO OTINYAIOTCS OT
MIPUBBIYHOT'O U30TPOITHOTO BU/IA, KOT 1A OHU CTPOTO MPSMOJIMHEHHBI
U HakJIOHEeHBl 1moj 45 rpanycoB K ropusoHry. CBsi3aHO 3TO, oue-
BHUJIHO, C OCOOEHHOCTSIMU HCIIOJIb30BAHHON KOOPJIMWHATHON CETKH
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ararpamMmel. J{elCTBUTENBHO, €CITU MOTBITATHCS IIOCTPOUTE HAYTA,
BEEPOM TpPSIMBbIE JIMHUU BO BCEX BO3MOJKHBIX HAINPABICHUSIX, TO
CpeIy HUX CBETOMOJOOHBIX MBI BoOOIIe He HainéMm. Kpuosm-
HEHHBIMH OKa3bIBAIOTCS BCE T€0/IC3MYECKHEe, U BPEMEHHUIIOI00HEIE,
U CBETONOAOOHBIE W TPOCTPAHCTBEHHONOJOOHBIE (KpoMe JIMHHIA
BpEMEHHU, TO €CTh, MPOCTPAHCTBEHHOTOJOOHBIC, TAXHOHHBIC) —
puc.4.4. Ha pucynke n300pa>keHbl 36 MPSIMBIX JTUHUNA C YIJIOBBIM
uHTepBasioM B 10 rpamycoB, BEITISASIINAE Kak mayk. Kak Bumnm,
CpeIy HUX COOCTBEHHO MPSMBIX JIMHUH HET, KPOME OJIHOU — TOpH-
30HTAIILHOM OCH. boiiee Toro, JIeBbIE CTOPOHBI BCEX I'€0AE3MUYECKUX
P TPOJJICHUH CXOJSATCS B JICBOM YIJIy AWarpammbl (K LEHTpY,
€CIIM paccMaTpUBATh IMOTHBIN BapUAHT JUATPAMMBEI).

Yepnas ovipa

1A%

benas ovipa

Puc.4.4. Beep npsmbix nuauii Ha quarpamme Kpyckana

Ho, moxer ObITh, 3T0 0COOEHHOCTH KOOPJIMHATHOW CETKU B
JTAHHOM BapuaHTEe, Ha OCHOBE ypaBHeHHWH [59, 1.3, ¢.28]? UtoOb1
MPOBEPUTH 3TO, MOCTPOUM TAKOE KE CEMENUCTBO MPSAMBIX JIMHUN Ha
muarpamme Kpyckana-Illekepeca B Bepcun CrpomuHkepa —
puc.4.5. Kak 1 Ha IpeIbIAyINX PUCYHKAX, 3/IECh B IIOJIHOM pa3Mepe
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TaKKe MoKa3aHa ToJbKo 00sacTh | — Hama Beenennasd. [lockonbky B
0a3oBoM BapuanTe ypaBHeHus Ctpomumxkepa [14, c.12] co3maror
KOOPAMHATHYIO CETKYy Auarpammbl Kpyckaia B TaKOM HAaKIIOHHOM,
AxaroHaJJbHOM BHJC, MBI TOXC HC CTaJId IIOBOPAYMUBATH €€ K Tpa-
AUIUOHHOMY ITOJIOKCHUIO.

I1I 1T Yepnasa ovipa r=2m
1A%
_2.4
[
S
Il I
~
YA
S \/ \ N
=
O
S
§
_

Puc.4.5. Beep npsmbix nunuii Ha quarpamme Kpyckana

['taBHOE BUAHO M Tak: My4OK IPSIMBIX JIUHUN BCEX BO3MOXK-
HBIX HANpaBJICHUN IMOKAa3bIBAET, YTO CBETOMNOJOOHBIE Teoae3nye-
CKHE IOJIy4YUTh HE yZaJoch M B 3TOM ciydae. Kak u BbllIe, UMes
YpaBHEHHS KOOPAWHATHOM CETKH, MBI OOBIYHBIM CITIOCOOOM HaHECITH
Ha He€ TpapuKu aHaMUTHYeCKUX (QyHKIMHA 1 = kt+r). OyHKIMA 3a-
TaéT MpSMYIO JIMHUIO, HalpaBJIeHHE KOTOPOW OIpenenseT KO-
¢durmenT k, a mapaMmerp ryp O3HAYaeT JWIIb ¢€ MapaUIeIbHBIN Tie-
penoc. ITosromy, ecnu Ha auarpamme Kpyckana-Illekepeca ¢ wuc-
XOJTHOW pajuanbHON CETKOU r = const OyayT M300paKeHbl CBETO-
nol00HBIE JIMHUKM C HAaKJIOHOM B 45 rpaaycoB, K 3TOMY CIeIyeT
OTHECTHUCH IPEJIEIIBHO CKENTHYECKH.
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‘{epenambﬂ KoopauHaTa

BauMarenbHbIM aHAIN3 BOZHUKILIEH CTPAHHOCTH MTOKA3aJl, 4YTO
KPUBOJIMHEWHBIC HYJIEBBIE T'€0/Ie3MYECKHE HEOXKHUIAaHHBIM 00pa3oM
OKa3aJINCh CBSI3aHHBIMU C TaK Ha3bIBAEMOM uepenambeil Koopau-
HaToM. Takoe Ha3BaHUE MOJIYYMIIO OJHO W3 CIEUU(PUUYECKUX BbI-
pakenuit B popmanuzme teopun rpasutanui. CoOCTBEHHO Ha3Ba-
HUE caMo 10 cebe CBA3aHO C OJHOM U3 alopHil JpPEeBHETPEUECKOTO
¢dunocoda 3eHoHA 0 OBICTPOHOTOM AXHILIECE, KOTOPBIA HUKOTIa HE
JOTOHUT HETOPOIUIMBYIO uepenaxy. Cyns o BceMy, aBTOp allopuu
He ObLI 3HAKOM C MOHSATUEM MaTEMaTHYECKOIO psja U €ro CyMMBI,
HO ajuleropus nprkuiack. Kak mpaBuio, ypaBHEHUE Yepenamben
KOOpAMHATHI B Jurepatype [59, 1.2, ¢.331] npuBoautcs B ciemy-
IOILLEM BUJIE:

P =r+2mln| ———1 (25.31)
2m

PaccmoTpuM 31O BBIpaxkeHue 0Ooisiee MOAPOOHO, A YEro TPHUBHU-
aJIbHO TIPe0Opa3yeM ero K COoCTaBUMOMY BUY

¥ =r+2mn(r—2m)+C
Tenepb CpaBHUM 3TO BBIpRXKEHHME C IOJIYYEHHBIM paHee (3]1eCh,
Hosukos, boynep) pemennem ais poToHA, MANAIONIETO HA TOPH-
30HT coObITui YepHo#t apipb! Bapimmibaa

t=r—r,—2mln h=2m
r—2m

HpI/IBCZICM H 3TO BBIPAXKCHUC K TAKOMY KC BUAY, YTO U JJIA YCPC-
nanrsei KOOpAWHATHI, BBIACIB KOHCTAHTY

t= r+2mln(r —2m)+ C
Tenepsb cpaBHUM 3TH JIBa MPEOOPA30BAHHBIX BRIPAKEHUSI:
t = r* = r+2m1n(r—2m)+C
Kak BuanMm, depemamnibs KOOpAWHATA I* YIUBHTEIBHBIM 00-
pa3oM oOkazanach (GOpMYIOW Ui BPEMEHU MIBMKEHUS (POTOHA,

NOJIHOCMbIO COBIAB C HEIO. Y paBHUBAHUE BPEMEHU U PACCTOSTHUSA HE
JOJKHO BBOJUTH B 3a01IyXJI€HHE, NTOCKOJIbKY 3/1€Ch IIPOCTO 3aBY-
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anMpoOBaHa CKOpOCTh cBeTa ¢ = 1. Ho Ha »TOM cTpaHHOCTH uepe-
Mambed KOOPAUHATHI HE 3aKOHUYWIIMCh. B Mreparype 3ta koopau-
HaTa BCTpEYaeTcs TOBOJIGHO dacto. Hampumep, B yuebnuke "['pa-
BUTaIMsA" 3Ta KOOpJAWHATA YIIOMHUHAETCA Oojiee necsiTka pas, u
yYTBEpP)KIAETCA, YTO OHA

"... ObUTa BBeJleHa YHWJIEPOM ... U MOMyJIsipu30Bajack Pemke n
Yunepowm ..." [59, 1.2, ¢.331]

OZ[HaKO, YTO BBIITIAAUT TAKXKE NOBOJIBHO CTPaHHO, IO IIPH-
BCIACHHBIM CCBIJIKAM B KaXXAOM U3 JABYX YIIOMSIHYTBIX UCTOYHUKOB,
BO-TIEPBBIX, Ha3BaHHWe 'depemamibs KoopauHaTta" (tortoise coordi-
nate) BOoOIlle HE BCTpPEYaeTcs, a, BO-BTOPHIX, €€ 3alUCh HCIIOIb3Y-
C€TCd JIMllb OJUH pa3, Kak MNOACTaHOBKAa U B I[&JII:HCFIHIGM 0oJIbIIIe
HUTAC HC UCIIOJIB3YCTCA U HC YIIOMUHACTCA, YTO Ha IMMOITYJIAPU3AUTO
MaJIO ITOXOXKCE. KpOMe TOr0, B OTUX HMCTOYHHKAX OHAa HMMECT ABHO
WHOW BUJ:

dr¥ =exp™™"? dr
Xots B [59, 1.2, ¢.332] u oTMedaeTcs, 4yTo, €ciau Obl 3TON KOOpIu-
HaTBI HE OBLIO, TO €€ HYXKHO OBLJIO OBl MPUAYMaTh, ’TO MHCHHE HE
BBITJIAAUT AO0CTATOYHO 06OCHOBaHHI>IM, a CaMa KoopauHaTa HE
JIMIIEHA ITPOTUBOPEYUI.

MoxHo NpCANoOJIOXKNUTb, YTO TJABHOC HA3HAYCHUC HYCPC-
Manbel KOOpPAWHATHL, XOTA 00 ATOM MPSIMO HUT/IE HE 3asIBJICHO, —
9TO CIIPAMIICHHUEC HYJICBBIX I'€COAC3NYCCKHUX Ha MCXOAHBIX JUarpam-
Mmax Kpyckana-Illexepeca, uto BunHO Ha pucyHke 4.6. B nucxonnoi
BE€pCUN Ouarpamm, KaK MbI TOJIBKO 4YTO O6H21py>KI/IJII/I, HYJICBBIC
I'€oJC3NYCCKHUEC HEBO3MOXHO I/I306pa31/ITI> NpsAMBIMA  JIMHUSAMH C
YKJIOHOM B 45 rpaaycoB, YTO aBTOMaTHYECKH JI€JIaeT HEBO3MOXK-
HBIMU U CB€TOBBIC KOHYCEI. HpI/I HUCIIOJIB30BaHUN T-ICpCHElIHI)eI\/JI KO-
OpAMHATHl UCXO/IHbIE KoopanHaTel Kpyckana Ha camMoM Jerne mpo-
cTo neopMUpPYIOTCS, HO BechbMa yIOOHBIM 00pazoM. MOKHO naxe
CKa3aTh, YTO 3Ta KOOPAMHATA HA CAMOM JIEJI€ SIBJISIETCS] ypaBHEHUEM
HyJIeBOM reojae3mveckoi. Kak BumHO Ha pucyHke 4.6, Teneps ce-
MEHUCTBO, Beep MPAMBIX JIMHUN, TIOCTPOCHHBIX C UCIOJIb30BAHUEM
yepenamibe KOOpIMHaThl, COJAEPKUT HYJIEBbIE T€0E3UUECKHE.
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BriOpaHbl THMHUY, TPOXOAIINE Yepe3 OJHY TOUKY, HO HMe-
IOIIME Pa3HbIA yroja HakJIoOHa (TO €CTh, CKOPOCTh uacTulibl). Kak
BUJIUM, JEHCTBUTEIHHO MPSAMBIMU JUHUSMH SBISIOTCS TOJIBKO
CBETOBbIE, HYJIEBbIE reojie3nueckue (BoiaeneHsl). Ciaemxyer oTme-
TUTh, YTO B 3TOM cITydae JUHHH I = const (mmapaboibl) TpaaulluoH-
HOHM CeTKM Ha quarpammax Kpyckanma, BUAMMO, yKe HE SBISAIOTCS
TOYHBIMH 3HAYEHUSIMU PAAHAIBHON KOOPIUHATHI.

Yepnas ovipa
11

//q)“
<

A,,

)))

IV <%

benasa ovipa

Puc.4.6. CemeiicTBo nmpsMbIX TUHUI Ha quarpamme Kpyckana B
yepenambix KOOpAUHATAX

s obecrieueHUsT M30TPOMHOCTH auarpammbl Kpyckama eé
KOOpJMHAaTHAsl CeTKa JOJKHA MPUHLIMINAAIBHO OTJINYAThCSl OT HC-
XOJHOM ceTku. JIMHUM r = const Ha Takol JuarpamMe pacroJjara-
FOTCSI 110 AKCIIOHEHIIUAILHOMY 3aKOHY: T ~ exp(u) — puc.4.9. Teneps
MBI MOXKE€M, HCTIOJIB3Ys Yepernanibio KOOPAWHATY, UCTIPaBUTh HaII
pucyHoK 4.3 ¢ sKcnepuMEHTOM Ha 3Be3noJiere. M 3aech cosep-
IIEHHO HEOXKHUJAHHO Ha TPHBEIEHHBIX TUarpaMMax Mbl OOHapy-
KHUBaeM emi€ OJHYy CTPAHHOCTb M JIaXKe, BUJIUMO, paHEE HUKEM HE
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03By4YeHHYI0 npobiemy. IlocMoTpuM BHHMaTenbHO Ha puc.4.7 u
OTUIIIEM H300paKEHHYI0 Ha HEM KapTHHY OYKBaJbHO, JETAJIBHO.
Wtak, Mbl BUAUM, KaK 3BE370JIET COBEPIIMI OPOCOK U3 OKPECTHO-
cteil YepHOM AbIpbl U3 TOYKH A Ha HEKOTOpPOE yJaJeHHE OT HEE, B
TOYKY B, mociie uero BHOBb BEpHYJICSA Ha UCXOJHYIO OPOUTY B TOUKY
C. Msl He OymeMm NpUAMPATHCS K TMPOCTPAHCTBEHHOMOAOOHOMY
BUJly €r0 MHUPOBOMW JIMHHMHU, 3TO BCETO JIMIIb JAEMOHCTPALMOHHBIN
npumep. IIpumem, yTO Ha 3BE370JIETE YCTAHOBJIEHBI TaXUOHHBIE
JBUTATEIN JOCTATOYHOW MOIMHOCTH. CuMTaercsi, 4To pa3orHaTh
KOCMUYECKUI KOpabib 10 CYOCBETOBBIX CKOPOCTEH OOBIYHBIMU
XUMHMUYECKUMH JIBUTATEISIMU HEBO3MOKHO. TSTy JOKHBI CO3/1aBaTh
HOCHTEIH, CAMU JIBUXKYIIHECS C CYOCBETOBOM CKOPOCTHIO. TaxnoHbI
JUIL 9TOU LIENH MOAXOIAT KaK HEb3s JIy4lle.

Yepnaa ovipa

Pl
Q
IV =%
benas ovipa

Puc.4.7. DxcriepuMeHT Ha 3BE3/10JIeTe

B mpouecce nBrkeHHs €O 3BE3[0JIETA TPHK/IBI I101aBAIKCh
CIIBOCHHBIE CBETOBBIEC CUTHAJIBI: OJINH yIAIEHHBIM HAOIOAATENsM, a
JIPYrO¥, 30HIUPYIOIIHUM, STAJIOHHBIA — B CTOPOHY UEpHOW IBIpHI.
WNHbIMH CIIOBaMH MOKHO CKa3aTh, YTO OJIMH JIyd CBETa MCITYyCKAJICA
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BIIEpE], 110 X0y ABUKEHHUS 3BE3J10JIETA, IPYTOH, OJTHOBPEMEHHO C
3TUM — B OOpaTHy0 cTOpoHYy. Eciam yronHo — 3a cnuHy, uepes
rieyo. Takue mapbl CUTHAJIOB OBLIM OTIIPAaBJIEHbl B MOMEHT CTapTa
13 okpecTtHOocTel UepHOM NbIpbl U3 TOUKH A, 3aT€M B HaUBBICIIEH
TOYKE TpaeKkTopuu B, Ha MakCHMaJbHOM ynajieHHH OT YepHou
neipel. [locnennss mapa curHanoB Oblla OTHpaBiI€HA B MOMEHT
BO3BpALIEHUSI B UCXOIHYIO TOUKy C.

Mkl cTonb MOAPOOHO ONUCHIBAEM MPOLENYPY CUTHAIHU3ALMU
HecripocTa. Bo Bcex ciydasix cuUrHayibl ObLIM OTIpPaBJICHBI B CTO-
poHy UepHOH IbIpbl U B NMPOTUBOIOJIOKHYIO OT He€ cTopoHy. U
TEMepb caMO€ MHTEPECHOE: CMOTPUM Ha auarpammy puc.4.7. Tam
OTUYETJINBO M300pakeHbI BCE ATH IIECTh CUTHAJIOB. B onrcaHnuu Mbl
TaK)K€ YETKO M SICHO OTMETHJIM, YTO HU OJIMH U3 HUX HE HalpaBJieH
KyJla-TO B CTOPOHY: TOJIbKO K UEepHOM! ABIPE U TOJIBKO B MPOTUBO-
IIOJIOKHOM OT He€ HampasieHuu. Ho Ha nuarpamMme Tpu cursana
CTpaHHbIM OOpa30M HampaBieHbl HE Kyda-HUOyAb, a B CTOPOHY,
rpaduUecKy MPOTHUBOTIONOKHYIO TOJIOKEHHIO bemnoi b, TO eCTh
oT beno#t npipbl. MBI SBHO OTMETHIIN: BCE 3TH CUTHAJIBI HAIIPABJICHBI
BOBHE, HapyXy oT UepHoil nbipbl. Tpu curnana — va YepHyro asipy,
U TPU — B MPOTHUBOIIOJIOKHOM OT HEE HANpaBJICHWU, U HU OJHOTO
CUT'HAJIA, HAIIPABJICHHOTO K benoi apipe unm ot Hee.

MOHO CKOJIBKO YrOJHO CHOPUTH M HE COTJIAIIAThCS, HO ITa
camas benas npipa Ha camoM Jziene — 3TO BCE Ta ke, OJJHA-EAUHCT-
BeHHass YepHas aplpa. Her Ha nmarpamme HUYero, KpoMme 3TOH
enMHCTBeHHOU YepHoii nbIipbl. To, 4TO CTpaHHBIM 00pa30M PEIIIN
Ha3BaTh benoil apipoi, Ha caMoM Jene BCE Ta ke UepHas nbipa, HO
IIPOCTO-HAIIPOCTO 3a Halleld CMHOW. Eciau MBI CMOTpUM Ha HEE —
oHa YepHast apIpa. A eciu OTBEpHYJIUCh U CMOTPUM B IIPOTUBOIIO-
JI0’)KHOM HaIlpaBJIeHUHU, OHA cTana benoii?

U3 3TOT0 K€ HEMOCPEICTBEHHO CIEIyeT, YTO (PaKTHUECKH HET
HUKakuxX pas3Hbix obmacreit Il u IV — 310 onHa 1 Ta xe obnacTe, 1
CUHTYJISIPHOCTb B HEH TOXeE OJHA U Ta kKe. HeT HuKakoro aHTH- Uiu
aHTHUTIAPAJIICIILHOTO TOPU30HTA, a CeTKa r = const "oOTekaeT" 3TOT
yroJl Juarpammsl TiajKo, 6e3 pa3peiBoB. OTMETHM, YTO MOCIE W3-
MEHEHUSl YpPaBHEHHUW HYJIEBBIE, CBETONOJOOHBIE I'€0JIE3UYECKUE
(OTOHOB, MCKa)KE€HHBIE BbIIEe Ha puc.4.3, mproOpenH >KenaeMbli
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BU Ha puc.4.7: yroa HakjoHa cTporo 45 rpaaycoB WU Mmapali-
JIEJIbHO ropu3oHTaM coobITuil YepHoii apipbl. Ho mpu sToMm okasa-
JIOCh, YTO COOCTBEHHO KOOpJMHATHAsl ceTKa nuarpammel Kpyckana
TEIeph yXkKe JOJKHA UMETh COBEPIIEHHO MHOM BUA. Teneps 1o yxe
M30TPOIHAS CeTKa M "pacmmpsiercs” oHa 3KCIIOHEHIIMAIBHO B 00-
paTHOM HaIpaBJIEHUU: OT CUHTYJISPHOCTU K OECKOHEYHOCTH, YTO
BUJIHO Ha CJIEIYIOIIEM PUCYHKE:

Yepnas ovipa

1A%

benas ovipa

Puc.4.8. N3orponnas koopaunatHas cetka Kpyckana

3/1ech yMECTHO BCIIOMHUTD, KAaKUM 00pa3oM OBbLITH MOTY4EHBI
3TH CUMTAIOLINECS pa3HbIMU ciBoeHHbIe oOnactu [l u IV. IlpuBenem
MIPUMEPHYIO 3BOJIONUIO0 KoopAauHat lIBapimmiabaa B AuarpaMmy
Ilenpoy3a, HECKOIBKO CXOXKYIO C TEMH, YTO MPUBOJAATCS B JIUTEpa-
Type [49,c.164]. B ucxogHOM BapuaHT€  KOOPAUHATHI
[IBapummnbaa puc.4.9a conepkar OAHY CHUHTYISIPHOCTh UepHoii
IbIpbl I = 0 M 0IMH €€ TOPU30HT COOBITUM I = 2m. 3aTeM HauWHAETCs
3araJlouHas ¥ He BIOJHE TOciefoBaTeNnbHas aedopmaius Koop-
nuHat puc.4.96. Ha HekoTopoM 3Tarne 0e3 BCAKOM BUIMMOW MpH-
YUHBI CUHTYJsIpHOCTH IlIBapiimmiabpaa pa3peiBaeTcsi HA JIBE YacTH
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puc.4.98. 3aMeTuM, YTO 3Ta CHHTYISPHOCTH, BOOOIIE-TO HAdYaso
KOOpJMHAT, UX HyJeBas Touka. [lozaou neé nem nuyeco. OqHaKo B
MOMEHT €€ pa3pblBa BApPYr 00pazoBajach, MaTepUalIN30Ballach U3
Hu4ero napasuienbHas Beenennad. CMmbica pa3pbiBa Hadajla KOOp-
IMHAT, YABOEHUS HAYaJIbHOW TOYKU OOBSICHUTH BECbMa HEMpPOCTO.
Bbriio o1HO Hauano KoopauHaT, crajo aBa. Hampumep, kak Obl BbI-
[JISAENU B TAKOM KOHTEKCTE JIBOMHOE BO3HMKHOBEHHE BceneHHOi,
cBOeHHbIN bonbioil B3peIB? Tem He MeHee, PoLece pa3aesieHus
npojioykaercss puc.4.9r: yIBOeHHbIE KyCKH CHUHTYJISIPHOCTH, JIBa
Hayajia KOOpAWHAT pa3BOISTCS, TaK CKa3aTh, IO CBOMM YyIJIaM pUHTa
U PACIIOJIararoTcsi TOPU30HTAIBHO.

t a) t$ 0)

Puc.4.9. Domonus koopauuar LlBapummunsaa B auarpammy Ile-
HpOYy3a

A #3 mycTOro MecTa, TOYKM pa3pbhiBa CTPEMUTEIBHO cTajia
paspacratbes dpemepHas napamuiensHas Beenennas. Koneuno, 3to
y>K€ 4acTHbIE, MEJIKUE JIeTaldu. | TaBHOE COCTOUT B JIPYrOM: TOpH-
30HT COOBITHH T =2m OyKBaJbHO NEPEIOMHIN HAJBOE, COTHYB B
npsimoit yroJi. Ilocie 3Toro HauMHAIOTCS CTpaHHBIE 0OBETUHEHUS
nuHui. [lo clI0XKHO OOBSCHUMOUN TPUYMHE W3 yrila HW30THYTOTO
TOPU30HTA COOBITUN "BBITATUBAIOTCS" W3 HEOBITHUS JIBE JUHUM —
napajuieJIbHbI ¥ aHTUIAPAUIETbHBIN TOPU30HTHI, TaKUE Ke de-
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MepHbIE€ KOHTYpHI 3(peMepHoi napauienbHoi Beenennoii. Ho ecnu
MBIl BHUMATEJIBHO MPUCMOTPUMCS K 3TOMY "KOJIEHY"' TOpPHU30HTa
r =2m, IPUCMOTPUMCS YEPE3 OUEHb CUIIbHBI MHUKPOCKOII, TO MbI
HE YBUJIMM Ha HEM CaMOM HHUKAaKHUX OTBETBJIEHUU. Tem He MeHee,
puc.4.91, 3TH IMHUY IPUKJIEUBAIOT K "KOJIEHY" U IPUCBAaUBAIOT EMY
cobcrBenHOE MMs i, Ha caMoM jere, 9T0 He edunas TOUKa, 3TO
HCKYCCTBEHHOE 00pazoBaHKe, KOTOPOE Jaxke (hOpMaIbHO HE MOXKET
MMETh aHAJIUTUYECKOTO OMMCaHMs. Takas ke mpolenypa Ipojie-
TBIBAETCSI U B PYroi Touke auarpaMmel puc.4.9e. 3neck aena 06-
cTosT emé 0ojee CTPaHHO, MOCKOJIBKY B ATOM OKPECTHOCTH COOU-
paeTcst LeNblid My4oK JMHUN, UMEIOIMUX KoopAuHAThH oT 0 10 2m.
Tem He MeHee, 3TOl OKPECTHOCTH TaKKe MPUCBAMBAETCS UMs COO-
CTBEHHOE — i . B UTOre MBI HOJTy4aeM JOBOJILHO HEECTECTBEHHOE,
HO BechbMa yI00HO€ HOBOOOpa30BaHHWE — MAKCUMAJIbHO pacCIIu-
penHoe pemenue [IBapmmmnsna. ['11aBHOE B HEM TO, 4TO pa3pe3as
O00HY U Ty K€, €IMHCTBEHHYIO CUHTYJISIPHOCTb Ha JIBE€, Mbl CTaJU
CUMTaTh, YTO TENEPb YK€ 3TO ABE pasuble CUHTYyNsipHOCTH. Ho, Kak
MBI TOJIBKO YTO OOHApyXWJH, AWArpaMMbl PEIIUTEIBHO ATOMY
MIPOTUBSATCS, JIIOObIE BHIKJIAJKHU SIBHO MPUBOJAAT HAC K 3aKJIIOUEHUIO!
3TO MO-IPEXHEMY OJHA U Ta K€ CUHTYJISIPHOCTh OJAHOM M TOM ke
UYepHol IbIpbl, OHOW U TOM K€ €IMHCTBEHHON BCelleHHOM.

B 510l CBSI3M BO3HUKAIOT PasHbIE, TOBOJIBHO KaBEP3HBIE BO-
npockl. HampumMep, BecbMa CTpaHHO TeNEpb BBHIMJISAST MONBITKU
IIOCTPOUTH MOCT, YEPBOTOUUHY, IPOXOIAIINE B IPOMEKYTKE MEKIY
JBYMsI CUHTYJIIPHOCTSIMH, €CJIM OKa3bIBA€TCs, YTO 3TO, BOOOIIIE-TO,
OJIHA U Ta K€ CUHTYJISIPHOCTh, TOUYKA U HUKAKOTO "MEXIy" 3/1eCh B
npuHLIMIE ObITh HE MOXKeET. [lonpoOyiiTe-ka, MPONUTH MEXTy IBYMS
cTonbamu, eciii 3TO OJMH U TOT ke cTos16. Kpome Toro MocT no:-
KEH COEIMHUTH HAIlly H3BECTHYI0 BceneHHyl0 ¢ MupakoMm, HE
MMEIOIIUM HUKAKOW pasyMHON UCTOPHUH NTPOUCXOXKICHHUS.

Ckopee Bcero, BCeM U3BECTECH ITPEAMET MeOeIn - Tpebsik. OH
COJIEP’KUT TPH 3€pKaia, JIBa U3 KOTOPBIX OOBIUHO MOBOPOTHBIE. B
3TUX 3€pKajaX Mbl BUJIUM TPH CBOMX OoTpaxeHHs. KoHeuHo, eciu
yOpaTh cpeliHee 3epKajo, TO, Bpoje Obl, B 00pa30BaBIIHUIACS TIPOEM
MOXXHO TPOWTH MEXJy OCTAaBIIMMUCS JBOMHUKAMHU. DTO U €CTh
11010011 3epKaJIbHBIX ABOMHUKOB — YepHoil u benoil npip.
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3amMeTuM, 4TO y Bcex 0e3 MCKIIIOUEHUS TPaJWLMOHHBIX JHa-
rpamm ¢ YepHoil u bemoil IbIpol Kak CIEACTBUE €CTh €IIE OJHO
YIUBUTEIFHOE U KpaifHe, HeBeposATHO 3abaBHOE cBoiicTBO. Ha Ta-
KHUX AMarpaMMax Jjrooas mouka BCerJa, B JII000l MOMEHT Auarpam-
MHOTO BPEMEHHU 00uHaKo6o yoanena oT UepHoil u benoil abIpsl.

JelicTBUTENbHO, TaBaiiTe HaHEceM Ha auarpammy Kpyckana
COOBITHE, MPOU3OIIEANICe MUJUIMOH JIET Ha3aJ B OKPECTHOCTH TO-
pu3oHTa coObITHit UepHO AbIphl. OTMETHM 3TO 0OCTOSATEIHCTBO
MPEACIBHO YETKO M OIPEAEIICHHO: B OKPECTHOCTH UepHoil, a He
benoii neipel. M300pazum 310 COOBITHE HA qUarpamme, U300pa3um
YCIIOBHO, MTOCKOJIBKY Ha JUarpamme 3Ty TOYKY MOXKHO pasriIsiieTh
TOJIBKO B DJIEKTPOHHBII MUKpOCKOTL. MTak, 0003Ha4uM 3TO COOBITHE
OyKBOIi A.

3aTem n300pazuM Apyroe coObITHE, KOTOPOE POU30UJIET, HO
TEIeph YXKE B OKPECTHOCTHU betoi AbIpsI, JINIIb Yepe3 MUJUIMOH JIET.
CkaxxeM, B 3TOT MOMEHT U3 He€ BbLIETENa MOCIEIHAS U3 OCTaB-
muxcs B He yactuil. JInbo, kak MpUHATO CUUTaTh, IAE-TO B CBS-
3aHHYIO C Helo YepHyro AbIpy ynana 3Ta camasl yacTHUla U, TyHHE-
TUPYs, BhUIETENA U3 Hamiel bernoii qeIpel. IT0 cOOBITHE 0003HAUNM
OykBoil B. OueBHHO, YTO €ro MBI TOKE 0003HAYMM YCIOBHO, TO-
CKOJIBKY U ero Ha auarpamme Kpyckamga MOYHO pas3riislieTh pas3Be
YTO B 3JIEKTPOHHBIH MHUKPOCKOI. A Ternepb MOCMOTPUM Ha MOJY-
YUBIIYyIOCS Auarpammy puc.4.10.

Her u ner! Ha nuarpamme Bcé n300paxeHO BEPHO: COOBITHE
A — B okpecTtHOCTH YepHOM AbIpbl, a coObITHE B — B OKkpecTHOCTH
benoil. Ho nouemy »xe Ha auarpaMme Mbl SIBHO BUAMM OOpaTHOE:
COOBITHE A HAaXOAMTCS PSIIOM C CHUHTYISIpHOCTHIO benoi IpIpbl, a
coObiTHE B — psimom ¢ cuHrymnsipaocteio YepHoii?!

Bort B 3TOM U cocTouT abcypA ABYX CUHTYJISIPHOCTEH M Haphbl
JBIp. DTO 0OHA CUHTYJISIPHOCTH, 3TO 0O0Ha, YepHas nbIpa, HET HU-
Kako#i benoil AbIpbl ¢ €€ aHTU-CUHTYISIPHOCTBIO. XOTSI MEXAY CO-
ObITHSIMU A 1 B TIpo1uio 1Ba MIUITHOHA JIET, HO OHU BCE 3TO BpeMs,
BCEI/1a HAXOAWJIUCh B OOHOU U MOl J#ce TOYKE MPOCTPAaHCTBA, Ha
OJIHOM U TOM K€ YAAJICHUN OT TOPU30HTA COOBITHUH - Ty. ITO OJIHA U3
0Ye8UOHbIX OCOOEHHOCTENW TakuX AMArpaMM: Ha HUX B IPUHLUIIE
HEe803MOXNCHO N300pa3uTh TOUKY, KOTOpas HaxoJuwiach Obl Ha pas3-
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Hom paccTosiHuM oT YepHou u benoit apipel. Hukakumu yxunipe-
HUSIMU HU Ha OJIHY TaKyIO JUarpaMMmy Heg03MOJCHO HAaHECTHU TaKOoe
coObITHE, YTOOBI OHO K OJHOW M3 CHUHTYISIPHOCTEW ObLTO ONmKe,
4eM K JPYTroi.

Yepnasn ovipa

II

r, = const

I

Puc.4.10. [IBa coObITus B oOkpecTHOCTSIX YepHoil u benoil npip

Jlrobas Touka Ha nuarpamme Kpyckana wu [lenpoysa gcezoa
pasHoyoanena Kak oT YepHOM, Tak U OT benoit IpIpel, MOCKOJIBKY B
OJIUH U TOT K€ MOMEHT BPEMEHU HEBO3MOKHO HAXOJUTCS Ha pas-
HBIX PACCTOSIHUSAX OT OJTHOTO U TOTO ke 00BhekTa. Hurme B nurepa-
Typ€ 3TO CBOMCTBO HE OIHCAHO.

Eme pa3 orMernM: JBa HyNEBBIX KyCKa OCH KOOpIMHAT Ha
NMoJOOHBIX IUarpaMMax pa3HECeHbl B pa3HbIE MECTa, YTO BeChMa
HeecTeCTBeHHO. Ha amarpammax (akTHyecKw MPHUCYTCTBYIOT 08a
Hayvaja KOOPIMHAT: KaXKJIas W3 CHHTYISIPHOCTEH MMeeT HyJeBOe
3HayeHune koopauHatel r=(0. Jlerko moramaThCs, YTO B 3TOM
HANpaBJICHUU TMPOCTOPHI JUII MHOTOMHPOBOTO TBOpYECTBA HE
UMEIOT TPaHHUII.
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Benas napipa Ha muarpamme [lenpoysa

Wtak, Mbl HeOXXUAaHHO OOHapyxwiu, uto YepHas u bemas
JbIpa OKa3bIBAIOTCS COBMEIIEHHBIMU, SBISIOTCS OJHOM W TOU XKe
€MHCTBEHHOW IBIPOM C €IMHCTBEHHOW CHHIYJISIPHOCTHIO. BO3HM-
KAeT €CTECTBEHHBIN BOIIPOC: YTO OCTAIOCH IMOCIIE TAKOTO CIUSHHUS —
Uepnas unu benast npipa? Paccmotpum cutyaruio nojapoOuee. s
aToro obparumcsi Kk auarpamme IleHpoysa Uil Tak Ha3bIBaeMOM
BeuHoi YepHoii 1pIpsl — puc.4.11.

Yepuasa ovipa

10

benas ovipa

Puc.4.11. Inarpamma [lenpoysa ni1s BeuHoit YepHOH AbIpbI

CobcTBeHHO TOBOPSI, OHATHE benoil apIpbl Kak pa3 U BO3-
HUKJIO U3 TMarpaMm noJo0HOTo BU/1a, OJJHUMH U3 NTEPBBIX KOTOPBIX
obutn, BuaMMO, KoopauHatel Kpyckana-lllekepeca. Eciu Bepxusis
JeBasi TPaHuIa — 3TO TOPU3OHT cOObITHI YUepHOil IbIpbl, TO JieBas
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HWDKHSASA TPaHUIlA, BUAUMO, JOJDKHA ObITh €€ aHTUIIOJOM, TO €CTb,
TOPU30HTOM cOOBITHI benoil abIpbl.

N300pa3um Temepp yke Ha 3TOW JAuMarpaMMe HEKOTOpoe
IIPOU3BOJILHOE COOBITHE A, Haxojslieecs B MPOLUIOM BOJIM3M Io-
pusoHTa coObiTuil YepHoil npippl. M1 uyTO MBI 0OHapyxuBaem?
Oxka3bIBaeTcs, BU3yaJbHO Ha AUarpaMMe Mbl H300pa3uiIu 3B€310JIET
BOMM3U ropu3oHTa coObITHI benoit apipel. Ho Benb TpeGoBaioch
n300pa3uTh ero Bozie UepHoil IbIpHI.

Hy, xopomo. Ilycte Temepp, Kak BbIllle Ha JuarpaMmme
Kpyckana, 3TOT 3B€3/10JIET MOCBUIAET MPOKEKTOPOM, JIa3€POM Iy
CBE€Ta B IPOTUBOIOJOKHOM HalpaBiIeHUU OT YepHOH IbIpHI, B
CTOPOHY BTOpOro 3Be3znosiera B. I BHOBb HaM Ha auarpamme
n300pa3uth 310 He ynaércs. KoneuHo, 1yd cBeTa TOYHO HaIpaBiieH
Ha 3Be370JeT B, HO co cTOpoHBI beroil abIpbl, U3 OKPECTHOCTEN €€
TOPU30HTA COOBITUI.

Kak usBecTHO, Ha Bcex auarpammax llenpoysa myuum cBera
M30TPOIHBI M BCErJa M300pa)karoTcs MPSAMBIMHU JMHUSAMU, Napa-
JEIbHBIMU CTOpOHAM, IpaHulaM auarpammsbl. IlpaBpa, cienyer
YTOYHHUTB, YTO JUIsl auarpamm IleHpoysa ¢ ropu3oHTamMu COOBITUI
3TO MPaBWIIO B OOIIEM CIydyae HapyllaeTcs: B OOBIYHOM UX BUJIE HU
HYJIEBbIE T'€0/I€3MYECKNE, HU CBETOBBIE KOHYChl M300pa3uTh H30-
TPOIHO, ¢ yriamu moj 45° Henb3s. Ho Hac 310 ceifuac He JOJDKHO
6ecniokouts. [loaTOMy Tenepp MOMBITAEMCSl OTIPABUTH CO 3BE3J10-
néta B oTBETHBIN CBETOBOW CUTHAJ — B CTOPOHY 3Be310J1€Ta A. BHe
BCAKMX COMHEHUH B pEaJbHOM IPOCTPAHCTBE-BPEMEHHU 3TO BO3-
MOXHO. OJJHaKO M B 3TOT Pa3 y Hac BO3HUKAIOT T€OMETPUUYECKUE
poOJieMbl Ha AuarpaMme. Mbl ke BUANM: Ha TuarpaMMe 3BE3/10JIET
A HaxoJUTCS cl€Ba CHU3Y, HO HAIpaBUTh TyJa Jyd CBETAa MbI HE
MO>KEM, IOCKOJIbKY 3TO OyJEeT IBUKEHUE B 00OpaTHOM HaIPaBJIEHUU
BpEMEHH, B IIPOLLIOE.

IToaTOMy €IMHCTBEHHOE HaIlpaBJIEHUE — 3TO BIJIEBO BBEPX.
HMeHHO B 3TOM HampaBieHHH AJs 3Be3/1051€Ta B HaxoauTcs ropu-
30HT coObITU YepHOH AbIpbl. M1 OTHpaBIeHHBIN CBETOBON CHUTHAI
noJTyduT 3Be3710JET C. DTOT 3BE370JIET HAXOAUTCS B OKPECTHOCTAX
ropu3oHTa coObITHI UepHOl IBIPHI.
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Ho uro 310 3a HOBBIN, TpeTuil 3Be3105ET? Benp Mbl u3Ha-
JaJlbHO Pa3MECTUJIM B 3TOM TOYKE Ha Juarpamme 3Be3nosier A? A
JIeNI0 B TOM, 4YTO 3TO OH U €CTh — 3BE3J0JET A, TOJIBKO B ApYroi
MOMEHT BpeMeHH. Ho Tenepp BU3yaIbHO OH OKa3aJcs yxXe B
OKPECTHOCTH TOpH30HTa COObITHI UepHOU IbIpbl, Kyla MBI €ro
M3HAYAJIBHO U TIOMECTHIIN.

UYro ke momyyaercsi? Mbl MOMECTHIIN 3BE3/I0JIET A BOIU3U
ropu3oHTa coobITUi UepHO AbIpbI, HO HA JUarpaMMme OOHapY U,
YTO OH CTPaHHBIM 00pa3oM OKa3aycs BOJHM3M, B OKPECTHOCTH TO-
pu3oHTa coObITHi benoi apIphl. 3aTeM MBI MTOCHANU JIBa CBETOBBIX
CUTHAJI, U BBIICHUJIOCH, YTO BTOPOW CUTHAJ NOJy4YuI 3Be310J€T C,
KOTOPBINA OKa3aJCsi Ha CaMOM JIeJi€ 3BE€3/I0JIETOM A U UMEHHO B TOH
HCXOJIHOM TOYKE, TENEPh YK€ TOYHO B OKPECTHOCTH YEpHOU JIBIPHI.

KoneuHo e, HUKakux gynaec He npousonuio. IIpocTto Mbl
SIBHO U HEJABYCMBICIICHHO IOKa3aJIM, 4YTO CYIIECTBYET JIMIIb OIUH
TOPU30HT COOBITUI — UEepHOU ABIPbI, YTO CYIIECTBYET JIMLIb OJIHA
nblpa — YepHasi, HET HUKaKoi bestoi AbIpsl, 3TO WILTIO3HSL.

Kak 051 65T3K0 K JIF000MY U3 TOPH30HTOB MBI HU pacrioyiarain
HCXOJIHYIO TOUYKY 3B€3/0JIETA, BCErAa IIepel HUM WIH 110331 HETO
OyzaeT TonbKO OAHA U Ta ke UepHas npipa. ClieJoBaTenbHO, HIKHUN
JIEBBIM TOpHU30HT coObITHI Ha nuarpamMme [leHpoysa siBisieTcs ro-
pu3oHTOM coOblTui YepHoi nbipbl. Toli jke caMoil, 4yTO U cieBa
BBepxy. O0a JEeBBIX TOpPH30HTa COOBITHH r=2m Ha JUarpamme
IIPUHAJUIEKAT OHOM U ToM ke UepHoit abipe. i benoit abIpsl Ha
marpamme [leHpoysa mpocTo HeT MecTa. Brpouewm, kak u BooOIe
Ha JT1000#1 1pyroi.

IToBTOpPHM, UTO, B CYIIIHOCTH, 3TO TOCTATOYHO OYEBUIHO. Bee
JIMHUH T = cOnst ABJISIIOTCS CIUIOIIHBIMU, HEPa3pbIBHBIMU JIMHUAMU,
M3HAYAJIBHO MPUMBIKAIOIKUMU K JIEBOMY YIUIy JUArpaMMbl, I1OCTE-
IIEHHO OTAAIAACH OT Hero. TOJIBKO Takash TPaKTOBKA FOPHU30HTOB
II03BOJIIET pacCMaTpUBaTh IOJHBIM IUAIa30H JBUKEHUS B IIPO-
CTpaHCTBE-BpeMEHH nuarpaMMel [IeHpoysa: oT ropu3oHTa COOBITHIA
no 6eckoHeyHocTH U oOpaTHO. OOpa3 bemnoit AbIpsl B Takylo Kap-
THHY IONPOCTY HE BIIMCBIBACTCS.

Hanpumep, Oyner HEBO3MOKHO M300pa3uTh JIBUKEHUE 3BE3-
J0J1€Ta IpoUYb OT YepHOU JbIPbI, MOCKOIBKY BCE 3THU HANPABJICHUS
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"oT" OKa3bIBAIOTCS 3aKPEIIEHHBIMU 3a MHUMOU benoil aeipoil. Ho
OTKa3 OT 3TOr0 OIMOOYHOTO MOHATHS CTAaBUT BCE HA CBOM MECTA.

PaccmoTtpum emie pas 3Be370J1€T, TAaKOM K€, YTO U HA JIHa-
rpamme Kpyckana Boime. 3Be3/1071ET UMEET CBEPXMOIIHBIE JBUTA-
TEJH, TO3BOJISIOLINE EMY BbIPBAaThCs U3 IpaBUTALUMU YepHOU IbIpBI
nocJsie NpuONIMKEHUsI K Hel Ha paccTosiHue, HanpuMmep, r=2.01m,
YTO SIBJISIETCS BIOJHE (PU3NYECKU JONMYCTUMOM CUTyalMen. 3aTeM,
IoCJIe YAaJleHUsl Ha paccTOsiHUE, CKaykeM, 6m, 3Be370JIET pa3Bopa-
YMBAETCS U CHOBA JBIDKETCS K TOPU30HTY COOBITHIA, TIOYTH /IO CO-
npukocHoBeHus ¢ HUM. Ha quarpamme Ilenpoysa 6e3 benoii neipsi
puc.4.11 Takas MUpOBast IMHUS MOKET ObITh N300pa’keHa KOPPEKT-
HO, 0€3 KaKuX-JIM0O HEeOoIpeleIeHHOCTEN WK ycioBHOCTeH. OnHa-
KO TIpY 3aMeHe HUKHETO Topu30HTa UepHO# AbIphl Ha IKOOBI TOPH-
30HT coObITHI benoi ApIpbl Takylo KapTUHY Ha AMarpamme u300-
pasuTh HEBO3MOXKHO, BO3HMKAET JABYCMBICIEHHOCTh. M300paxkas
yaaneHue 3Be3zojieTa oT YepHo IbIpbl, HA AMarpaMMe Mbl (PaKkTH-
YeCKH, BU3YaJIbHO N300paXkaeM ero yaajaeHue ot benoi IbIpsl.

Kak BunmuMm, oOHapy)eHHasl BbIlIe Ha Auarpammax Kpyckama
OCOOEHHOCTh TPHUCYILIAa TOYHO Takke M auarpaMmam [lenpoysa.
N306pa3uts nBuxkenue ot YepHo# AbIpbl HU B KoopauHaTax Kpy-
CKajia, HU Ha auarpaMmax [leHpoy3a HEBO3MOXHO, €CIIM CUHUTATh
HIDKHIOK CHHTYJISIPHOCTB npucymier benoi asipe. Ha nuarpammax
benas npIpa nosiBuiach, 0OUEBUIHO, IPOCTO MO HEJOPA3YMEHHUIO.

B cymnoctu, 30T a0Cypa, 3Ty KOJUIU3UI0 MOKHO MTOCUHUTATh
TIOBOJILHO CTpPaHHOM. SIBisieTcss MM 3TO MapagoKCOM COOCTBEHHO
benoit npipel, BUAMMO, peliaTh CEIUAINCTaM B 3TOU oOnactu, Gu-
3MKaM, BUPTYO3HO BIJIAQJICIONIMM €€ MaTeMaTUYeCKUMHM METOJaMHU.
Tem He MeHee, caM BONPOC HACTOJIBKO OYEBHAEH, UTO OCTAETCS
JMIIb COXAJIETh, YTO ATO 3a01yJHcOeHUe TOJaMHU KOUyeT U3 y4eOHuU-
Ka B yueOHUK, U3 cTaThu B cTaThio. [lo 24 suBaps 2018 roga Huka-
KHUX OIMCAHUI 3TOr0 MapaJOKCaJIbHOTO SIBJICHUS HU B JINTEpAType,
HU B KaKUX JPYrUX UCTOYHUKAX HE HAWJEHO, TO €CTb, 37ECh €ro
ONHCaHue MPUBOANUTCS BiepBble. HanpoTHB, BO BceX IUTEPaTYPHBIX
HCTOYHUKAX U YyYeOHMKaX OINHKCBHIBAIOTCS TOJIBKO MOCTBI, YEPBOTO-
YUHBI, KaK KaHaJIbl, IPOXOASIINE CTPOTO MedxHcOy 08YMs pA3HbIMU
cuneynaprHocmsamu. B oCHOBe MocieHUX, NOocae-3HHIITEHHOBCKUX
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BEPCUIl KPOTOBBIX HOpP WM MOCTOB JIEKUT OTHOCHUTEIBHO PEIKO
MMEHYEeMBI B IuTepaType napadonons @ramma.

Iapaobonouo @namma

[IpakTUdyeckn BO BCEX CIydastX YpaBHEHUS IJIsi MOCTPOSHUS
TaKUX MOCTOB - TMapaboJIOMI0B, YEPBOTOYHH MPHUBOJATCS B JIHTE-
paType ¢ JOBOJBHO IOBEPXHOCTHBIM, OErIIbIM OO0OCHOBaHHEM.
bykBanbHO, B BHJE T'OTOBOIO pe3yiapTaTa. B MHTEpHETE MOXHO
BCTPETUTHh YTBEPXKICHHUS, YTO COOCTBEHHO mapabosonyn dramma
napaboJIouI0M KaK TaKOBBIM He siBJsiercs. [IpaBuiibHEEe TOBOPUTD,
YTO 3TO MPOCTO MUMS HAPULATENIBHOE, OTHOCSIIEECS K HEKOTOPOMY
00BEKTY, OTYACTH HATIOMUHAIOIIEMY TTapaboJIouI.

B kauecTBe MOCTATOYHO MPO3PAYHOTO M HATIISATHOTO 000C-
HOBAHUS TPAJAUIIMOHHOTO YPaBHEHUS MOCTA, Y€PBOTOUYMHBI MOKHO
MIPUBECTH, HAIPUMED, OMTUCAHUE, T/I€ YKA3BIBAETCS, UTO

"... BCe TIOTPY)KCHHE XapaKTEpU3yeTcsl OTHOU (YHKIIHEH, T.C.
noasemoM z = z(r) ("dopmyna morpyxenus"). ['eomerputo 3Toro
HCKPUBJIEHHOIO JIBYMEPHOTO TE€OMETPUYECKOTO MeECTa TOUYEK B
€BKJIMJIOBOM MPOCTPAHCTBE (3-IIPOCTPAHCTBO — JUIIL MaTeMaTH-
YyecKasi KOHCTPYKIIHSI, He UMEFOIasi OTHOIICHHSI K pealbHOMY MHPY)
CIIEyeT OTOXAECTBUTH C T€OMETPUEH IABYMEPHOI'O SKBATOPHUAIIb-
HOTO CEYEHHs, NPOBEJCHHOIO Yepe3 peajbHY0 3BE31y, IPYTHMMH
CIIOBAMH, JIMHEHHBIE OJJIEMEHTHl B O0O0OMX CIy4asx JIOJIKHBI
coBmaaare" [59, 1.2, ¢.278].

W3 storo cnemyer, 4To (haKTUUECKH MOTPYKEHHE MPE/ICTaB-
nseT coboi cnocod eusyaruzayuu, HArISAHOTO NPEICTABIICHUS
HEJOCTYIHOMN JJIs1 HAOJMIOJEHUSI T€OMETPUU PEATbHOIO MHUpA, €ro
CcBOEOOpa3HbIM 3cKH30M. IHa4ue roBopsi, HUIKAaKUX MOCTOB B TaKOM
BUJIE B pealbHOM Mupe norpocty HeT. Iloo0HbIe ke BBIKIAAKU
IIPUBE/EHBI U B CIEeAYyIOlIeH pe3eHTanui [8, ¢.3]:

"YT0oOBI NOJYYUTh HEKOTOPOE MPECTABIEHUE O TI100aNbHON
reoMEeTpUH YepHOH IbIpbl LIIBapmmmibaa, MbI MOXKEM TOMBITATHCS
MIPEJICTaBUTh €€ aCHEKThl NMOCPEACTBOM BIIOKEHHUH B 3-IIPOCTpaH-
cTBO. PaccMOTpyM IpOCTPaHCTBO MOCTOSIHHOTO BPEMEHHM, A TaKkKe
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MO/IaBVIM OJTHY M3 YIJIOBBIX KOOPAMHAT, CKaXxkeM, 0 = /2. Merpuka
CTaHOBUTCS:

-1
dli* = (1 _2_m] dr’ +r’de* (1)"
r

Jlanee paccmarpuBaeTcsi runeprnpocTpaHcTBo EBknmiaa B
cepruecKux KOOpAMHATAX, COJAEpIKallee JOMOJHUTEIbHYIO, YeT-
BEPTYIO IPOCTPAHCTBEHHYIO KOOPIAUHATY Z:

dI> =dz* +dr’ +r’de’

Cpa3y ke OTMETHM, YTO paccMaTpUBAIOTCA JIBa CaMOCTOS-
TEJIbHBIX, OT/IEIbHBIX, CYHIECTBYIOIIHUX CaMU 10 cebe MpOoCTpaHCTBa
B chepuveckux KOOpAMHATAaX: MPOCTPAHCTBO-BPEMS B METPHKE
[IBapummuiabaa ¥ €BKIUIOBO 4-MEPHOE THIEPIPOCTPAHCTBO. Jljis
ynoOcTBa oHa U3 chepUYecKUX KOOPAMHAT, YTO HA3BIBACTCS, TO-
JIaBJIEHA, TO €CTh, PACCMAaTPUBAIOTCS SKBAaTOPHAJIBHBIE CPE3BI MOJI-
HOMEPHBIX IPOCTPAHCTB.

Jlanee B 1muTupyeMod paboTe Uil €BKJIMJIOBA THUIEPIPO-
CTpaHCTBa BBOJAUTCA ell€ 0AHO orpaHndyenne. Ha npaBax nocrynara
BBOJUTCSI CBSI3b, 3aBUCHMOCTb MEXIY JBYMSI OPTOTOHAJIbHBIMU
M3MEPEHUSIMH, KOOPIMHATAMHU, KOTOpas OMHCHIBaeTCS (HOpMYIon
z =7(r). Y1 BHOBb OTMETUM IPOU3OLIEAUINE NTPU 3TOM U3MEHEHHUS:
Takas 3aBUCUMOCTb Cpa3y € INEpEeBOJAUT YpPaBHEHHUS IOJIHOpA3-
MEpHOI'0 MPOCTPAHCTBA B YACTHOE YpPaBHEHME, ONMUCHIBAIOIIEE HE-
KOTOPBI 00BEKT, TEJIO B 3TOM MPOCTpaHCTBE. BhIXOAUT, YTO ATOT
OOBEKT 3aHMMAeT JMIIb YacTh HMCXOJIHOTO TUIEPIPOCTPAHCTBA,
ypaBHEHHE KOTOPOTO MOCe NpeoOpa3oBaHnii MPUHUMAET BUJL:

2

dli* = 1+d_22 dr’ +r’de’

dr
Taxxe 04eBUAHO, UTO TEMEPh yXKE KBAJpaT MHTEpBajla OTHOCUTCS
HE KO BCEMY UCXOJHOMY €BKIIMJOBY 4-MEPHOMY TMIIEPIIPOCTPAH-
CTBY, @ TOJIbKO BJIOKEHHOMY B Hero 3-mepHoMy oObekTy. [lomy-
YEHHOE YpaBHEHHE HCKYCCTBEHHO CMOJEIMPOBAHHOTO 3-MEpPHOI0
00BEKTa COMOCTABISIETCS TMOYICHHO C YypaBHEHHEM 4-MepHOTO
IIPOCTpaHCTBAa-BpeMeHH, uHTepBanoM llIBapmmmnibaa. A UMEHHO,
COTIOCTABJISIFOTCS KO3 PUIIMEHTHI Tepe]] paguyc-BEKTOpaMH JBYX
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PAa3HbBIX TIPOCTPAHCTB, IPUYEM Pa3HBIX JaKe B CMBICIIE Pa3MEPHO-
cTi. BuanMo, MMEHHO 3Ty MpoLeaypy U Ha3bIBAIOT OTPYKEHUEM B
3-MepHOE €BKJIMI0BO MPOCTPAHCTBO. XOTsI, CIEIyeT 3aMETUTh, YTO
Ha caMOM JeJie TIpOoIlelypa BBITJISINT, HA000POT, Kak MOTPYKEHHE
MPOCTPAHCTBAa 3-X MPOCTPAHCTBEHHBIX W3MEPEHUH B TUIEPIPO-
CTPAHCTBO 4-X MPOCTPAHCTBEHHBIX U3MEPEHUII.

ComocTaBiieHHe claraeMbIX MPOU3BOJUTCS UX OyKBaJTbHBIM
NpUpaBHUBAHUEM, JIOTHYECKass OOOCHOBAHHOCTH YEro, BOOOIIE
rOBOpsI, HE BIIOJIHE OYEBUIHA:

. 5
1_2_m dr’ = 1+di dr’
r ar’

[Tocne cokpamieHnii 1 TPUBHATBHBIX MpeoOpazoBaHuil 0Opa-

30BaBILETOCs PaBEHCTBA, OIy4aeM

&2_ 1 =" - 2m
dr’ l_gﬂr r—2m r—2m
r
Oty npoueaypy OyKBaJbHO MOXHO TPaKTOBATh CIEAYIOMIMM 00-
pasoMm. B ypaBHeHHE METPHKH €BKIUA0BA MPOCTPAHCTBA MOACTaB-
JICHO 3HAYEHHUE OJHOM M3 KOOPAMHAT KaK (hYHKUIHS OT IPYroi, To
€CTb, B HCXOJHOM €BKJIMJIOBOM IPOCTPAHCTBE MOCTPOEHO, '"MO-
IPpY’XKeHO" HEKOE TEeJIO 10 YPAaBHEHHIO U3 JIPYroro MPOCTPAHCTBA:
ckzz—zﬂ—dﬁ
r—2m
CoOTBETCTBEHHO, METPUKA TOTO E€BKIIMIOBA MPOCTPAHCTB TEIEPh
y’Ke UMeeT, BOoOI1Ie TOBOPs, 1e(hOPMUPOBAHHBIN BU:
ﬂzz—éﬁ—mﬂ+mﬂ+ﬂd¢2
r—2m
[TpeobpazoBanre HyHKIUN-TIOCTAHOBKY MTPUBOAUT K YPABHEHUIO B
middepeHnnanax cienymero Buaa

dz = 2—ma’r
r—2m
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[Tocne UHTETpUPOBAHUS MBI M TIOJTy4aeM U3BECTHOE YpaBHEHHE IS
napaboisl Mocta DiHmTeiiHa-Po3ena BHe cdepsl [Bapummibaa
r = 2m, u3o0pakeHHo Ha puc.4.12a:
z=2:2m(r—-2m)
[Toxosxue pe3ynbTarhl NMpeACTaBiIeHbl U B padotax [11, ¢.23;
68, ¢.6], HO, MOCKOJBKY ITO MPE3EHTAIMH, TEKCTOBOE OMHCAHUE B
HUX TpeAeNnbHO JIaKOHWYHO. JluddepeHnnaapbHoe ypaBHEHUE

HaA3BaHO yCJIOBI/IeM BJIOJKCHUN .
ST % i r

z
0) <% B

Puc.4.12. Bapuantsl napabonounna @ramma

[Ipy TpagWMIMOHHOM HAmNpaBICHMM OCH T BIPAaBO MBI
MOJIy4nJI Ha puc.4.12a ypaBHeHue u rpaduk napadoJibl ¢ BETBSIMH,
TaK)Ke HalpaBJIEHHBIM BIIPABO U MEPECEKAIOIIMMHU OCh PACCTOSHHM
B To4Ke 1 = 2m. [lockonbKy HoJsipHasi KOOpAWHATA () HE TIOJaBJIeHa,
TO B JEWCTBUTEIBHOCTH MbI MOJYYMJIN OJHOIOJOCTHOM napaboJo-
U, KOTOPBIA BBITJSIAUT Kak TPAIUIMOHHO H300pakaeMblii B
outeparype MocT OiHmTeiHa-Posena, puc.4.126. Bcé Hame
UCKPUBIIEHHOE 3-MEpHOE NPOCTPAHCTBO-BpEMSI HAXOJIUTCS Ha
MOBEPXHOCTU 3TOTO Mapabosionja, Kaxaasi OKPYKHOCTb KOTOPOTO
(opMasbHO SBNSIETCSA CeueHHEM 2-c(hepbl 3TOTO MPOCTPAHCTBA.

MBI TIOMHUM, 4YTO TIOJIydeHHass TeOMeTpHuecKas Qurypa
HaxoauTcss B 4-MepHOM runepnpocrtpaHcTBe Epximmpa. Iloatomy
BOCCTAaHOBHMM TIOJaBJICHHYIO 4-YIO MPOCTPAHCTBEHHYIO chepruec-
KYI0 KOOpAUHATY 6, MBI IPOCTO HE UMEEM IpaBa HE JIENaTh 3TOTO.
Ha pucyHke 3T0 5KBHBaJICHTHO BpaiieHuto ¢uryps! puc.4.126 Bo-
Kpyr OpTOrOHaJIbHOM ocH. [10CKOIBKY CHavyana Mbl Bpallaiu napa-
6oty puc.4.12a BOKpYr OCH z, TO TeIephb BpamaeM 00pa3oBaBIIyIO-
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csi (urypy BOKpYr ocu r. B pe3ynbpraTte MBI 3alojHSEM HaIIUM
napaboJIouaA0M MOUYTH MOJHOCTHIO BCE 4-MEpHOE THIEPIPOCTpaH-
ctBO EBKIMIA, 3TO 3amITpuxoBaHHas o0nacTh Ha puc.4.12B, HO pu
3TOM B HEM 00pa3yloTCsl TPU BBIPE3aHHBIE OOJIACTH, YTO BHJIHO Ha
ATOM K€ PUCYHKE. DTO LEeHTpaibHas 001acTh — cepa pagmyca 2m,
U JBe napabosimyeckue 00JIacTy BIIPABO U BIIEBO OT LIEHTPA — JABYX-
nosioctHo mapabonoun. Hu onHa Touka 3TX TpEX oOiacTei, yc-
JIOBHO CBSI3aHHBIX JIMIIb JBYMS MCKIIOUYUTEIBHBIMH TOYKAMH
r=2m, ¢=0, He MNPUHAAICKUT OCHOBHOMY IPOCTPAHCTBY B
eBKIIUIOBBIX KOOpauHaTax (r, ¢, 0, z).

OueBHUIHO, YTO B ITOW CBSA3M CIEAYET 3a/aThCsl BOIPOCOM:
KaKO€ OTHOILIEHUE K THIIEPIPOCTPAHCTBEHHOMY TOHHEIIO UMEET 3TO
€BKIIUJOBO MOTPYXKEHHE 4-MEpPHOr0 IPOCTPAHCTBA-BPEMEHU?
EnuncTBeHHas nuHUS — mapabojia — TpU JBOMHOM BpallleHUH
YEeThIpEXKIAbl '"3aMeTaeT" MPaKTUYECKU BCE TUNEPHPOCTPAHCTBO
EBxinna puc.4.12B, He ocTaBmsisi Hecsszanubix obnacreil. To ects,
MO>KHO CKa3aTh, YTO MOCTBHI WJIM YEPBOTOUYMHBI B 3TOM CIIy4ae Kak
pa3 U BOZHUKIHM B PE3yIbTaTe 60.71€6020 NOOABIECHUS €IIE OHOTO
NpOCMpPAHCMEeHH020 W3MEpPEHUs. be3 3TOro JO0NOJIHUTENBHOTO
IIPOCTPAHCTBEHHOTO M3MEPEHHUs caMoro 1o cede 4-MepHOro Impo-
CTpaHCTBa-BPEMEHH HEAOCTATOYHO /ISl COEAMHEHUS TapauIeIbHbIX
Bceenennsix. Jlumb B mpocTpaHcTBE 4-X npocmpancmeenHvlx
u3MepeHuil (IUIoc BpeMs) BCE IMapaljleNIbHbIE MHUpPBI CTAHOBSTCS
OJHUM eIMHBIM MUpoM, Bcenennoil. Ho Beap B paccMOTpeHHOM
IpUMepe  JOMOJHUTEIbHOE H3MEPEHHUE HE BO3HUKIO U3
¢dopmanm3aMa TEOPUH OTHOCHUTEIILHOCTH, OHO OBUIO J00aBIECHO
NPUHYOUMENbHO.

KpotoBbie HopbI B npocTpancTBe Kpyckaia

Kak BuOHO Ha pucCyHKax, KpoToBas HOPa, MOCT ODWHIITEN-
Ha-Po3eHa WM YepBOTOYMHA HMMEIOT SIPKO BBIPAKEHHYIO (OpMy
CABOEHHOU BOPOHKH. [103TOMY BIHOJIHE €CTECTBEHHBI U TOHSTHBI
MPEACTABJICHUSI O TOM, YTO 3Ta CABOCHHAas BOPOHKA JOJKHA CO-
€MHUTb, KOHEYHO e, JIB€ mapajuieibHble Beenennbsie. Bmecrte ¢
TEM, CaM MPOIECC TAKOTO COCTUHEHUS OMUCHIBAETCS HETOCTATOYHO
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MOJIHO, JIaXKe, MOXHO CKa3aTh, BEChbMa IMOBEPXHOCTHO. Buammo,
CUMTAETCS, YTO ITO BIOJHE OYeBHIHOE siBieHHE. OHAKO, Cyns 10
cooOmIeHnsaM, 00Cy)IeHNsIM Ha (opymMax B MHTEPHETE, CYITHOCTh
3TOTO MpoIecca Majlo KOMY MOHATHA. B I0CTYIMHBIX ydeOHHUKAX MO
TEOPUH OTHOCHTEIBHOCTH M B HAyYHBIX CTAThSAX €ro JETaJbHOTO
OIMCaHMS HAWTHU HE YJAI0Ch:

"... XOTSI HECKOJIbKO IITUPOKO HCIOJB3YEMbIX YUCOHHKOB 00-
IIel TEOPUH OTHOCUTENIEHOCTH BKIIIOYAIOT KAUE€CTBEHHBIE OTMCAHUS
M 3apUCOBKHM JWHAMUKK uepBoTouMHBI IlIBapummibaa (nim ee
npo¢uiei) ... HaM HEU3BECTHO KaKoe-TM00 OMmyOIuKOBAaHHOE 00B-
SICHEHHE JIJIs1 pacueToB BioxeHuit" [5, c.3].

OT0 TeM 0oJiee CTpaHHO, YTO OMMCAHUS APYIUX BbIPAXKEHUH,
MPOLECCOB, SIBJICHUI HEPEAKO MPUBOJUTCS C YPE3MEPHOU JETAIIH-
3anuei, XO0Ts UX 3HaYUMOCTb, HY’)KHOCTb Yallle BBITTISAAT JOBOJIBLHO
npeyBenuueHHOH. IlompoOyem Bce-Taku pa3oOpaThCsi € IOBENE-
HUEM KpOTOBBIX HOp. IlepBBIM M, BUIUMO, OCHOBHBIM BOIIPOCOM K
UX TEOMETPHH SIBJISIETCS BONPOC 00 MX OYKBaJIbHOM (PU3HUECKOM
MOJIOKEHHH B TPOCTpPaHCTBe-BpeMeHH. Hepenko mnapabomouasl
®rnamma n300paxarorcs qaxe 0e3 0003HAYCHHS UX OCE, a B JIpy-
T'HX CIy4asx MMPUBOJMMOE HAa3BaHUE OCH BPAIICHUS OTCYTCTBYET B
TOM TMPOCTPAHCTBE, B KOTOPOM I3TOT Tapadbojou, Bpojae Obl, U
HaxoauTcs. Hampumep, MOXKHO TIPHBECTH TaKOE€ CXEMaTHYHOE
n3o0paxkeHue u3 yueonuka — puc.4.13.

Ha pucyHke cxemMaTnyHO NpUBEACHA, KaK YTBEPXKIAeTcCs,
OuHamuveckas BOIIIOLUS MOCTa DifHIITeHa - Po3eHa B reoMeTpun
[IBapummibaa A5 BaKyyMa, JIB€ HCTOPHH KOTOPBIX MPEICTABICHBI
B KOJIOHKax crpaBa. KypcuBoM MBI BBLAETHIN CIOBO "IWHAMHUeE-
ckas'", TIOCKOJIbKY y NMpPHUBEICHHON TUHAMHUKH OTCYTCTBYET OYEHB
BaXHBII mapamerp — Bpems. COBEpIICHHO HESICHO BpeMsi BO3HHK-
HOBEHHUS M CYIIECTBOBAHHS TOTO WJIM MHOTO (pparmMeHTa MOCTa.
[TocnenoBaTeabHOCTH JAWMArpaMM TOTPYKEHHsI TPEICTaBICHBI B
Bujie nByX ucropuil. ®opmy napadononsoB diaMMa ONMUCHIBAIOT
pacroyio)KeHHbIE CIpaBa J[Ba CTOJIONA CJABOEHHBIX DJIEMEHTOB.
[TpocThIM WX BpalmieHHEeM BOKPYT BEPTHKAJIBHOW OCH B IIEHTpE
KaKJ0W mapsl U 00pa3yroTcsi mapadoouabl U MOCTHI. Taxke yro-
MUHAIOTCS TUIEPIIOBEPXHOCTH, KOTOPBIE HE MOTYT OBITh HOTpPY-
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KEHBbI B €BKJIUJIOBO MPOCTPAHCTBO, MOATOMY HAa PUCYHKE HE MpH-
BeJIeHbI (MHAC(PUHUTHAS METPUKA).
UI"T;.. — G

Puc.4.13. Bapuantsl napadosionoB ®@iamma [59, 1.3, ¢.37]

be3 nonomHuTenpHON HHQOPMAIMK, KAKOBOM BPST JIM MOKHO
IIPU3HATH CCBUIKU K PUCYHKY, ITOHATH B HEM MOKHO JIUIIIb [IPUHIIAII

Puc.4.14. Bapuantsl napadosionga @namma [59, 1.2, ¢.173]

MOKHO NHIIb JOrabIBaThCs, HA KAKOM PAaCCTOSHUU JAPYT OT
Jpyra HaXoA4TCs BpalllaeMble IOJJIOBUHKU HAOPOCKOB-AUArpaMM, TO
€CTh, KaK OIpeAeisIeTCsl paauyc BpPAIIEHHWs OTUX JHarpamM,
HabpockoB. He BUIHO Takke, IO KAKOMY IPUHIUITY (POPMHUPYIOTCS
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ux ooOpasytomue, Hampumep, Z'Z win Y'Y. Hemuoro mydme
IIPOCMATPUBAETCS FEOMETPUUECKUN TPUHIIMIT TIOCTPOESHUSI BOPOHOK
Ha JIpyroM pUCYHKE B yueOHuKe — puc.4.14. B onucanuu K pucyHKy
TOBOPUTCS, YTO ITO HEKOTOPBIE IPUMEPBI U3 MHOJCECMBA CLI0CO00B
MIPOBEJICHUS] TaKUX MPOCTPAHCTBEHHOMOJOOHBIX ceueHuil. Tpaau-
LUOHHO, KaK U BE3/I€, B 9TOM CIy4ac 000CHOBAaHHbBIC aHATUTHUECKHE
BBIPAKEHUS, YPAaBHEHMsI HE MpezacTaBieHbl. [IpuHumMn noctpoeHus
MOCTOB 3/IeCh 00JIee 3aMETEH, U JaXe HallpaBJIEHHE OCEil MOCTOB
CTaJld OCMBICIEHHBIMU. OTCYTCTBHE MaJO-MaJbCKH IMOAPOOHOTO
ONMCaHUsl BCE-TaKU OTYACTH MO3BOJIAET Pa3IJIAACTh alfOPUTM I10-
CTpPOEHHUS] TaKMX MOrPYKEHUH, NapadojouJoB. XOTs, MOBTOPHUM,
TOYHBIX aHAIUTUYECKUX BBIPOKEHUHN HET, U3 MPEJCTABICHHBIX PH-
CYHKOB HMX MOXXHO BBIBECTH 3MmMpuyecku. M300pa3um 3toT yra-
JAHHBIN AITOPUTM Ha pUCYHKeE 4.15.
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Puc.4.15. Anroputm noctpoenus napabdonouioB @inamma

Kak npasuio, nocrpoenue napaboJouJ0B MPOU3BOAUTCS HA
OCHOBE TOPU30OHTAIBHBIX CEUYECHHUH, KOTOPBIE HAHOCATCSA Ha JHa-
rpaMmMmy Kpyckana. CedyeHus Moryt ObITh TpexX BUAOB. llepBblil:
v = const, TO €CTh, IPOCTOE TOPU30HTAILHOE CEUEHUE YEPE3 BCIO IU-
arpammy. Bropoii Bua: Hekas runep0oJia, 04€Hb I0X0Kast Ha THIIep-
00y CHHTYJISIPHOCTH. B 1eHTpe nmarpamMMmbl Takas rumepoosa
BBIpOXkAaeTcs B psAmyro auHuto v = 0. U, HakoHel, cexyiast TUHUS
IIPOU3BOJILHOW (OpMBI, HampuMep, MOKa3aHHas Ha pUCyHKe 4.13
muaug YY'. TIpUHIMITBI TOCTPOCHHUS CEKYIUX TUIIEPOOI U IPYTrUX
M30THYTHIX JIMHUM HESCEH, B JINTEpAaType O HUX HET JOCTYIHBIX
CBEICHHMN, XOTA HEPEAKO YKa3bIBAETCs, YTO ACIAIOTCS OHU HPOU3-
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gonbHbLIM 00pa3oM. UTo KacaeTcst MPSIMOJIMHEHHBIX CEYSHHH, TO
HY)KHO IPOCTO 3amucaTh KOOPAMHATHI CUHTYJspHOCTU I =0 B cHU-
CTEME KOOpJHMHAT u-V, IEPEMECTUB OCh U B TOUKY CEUEHUs V = const.
3areM 10 3TUM KOOPAWHATaM CTPOUM "KOMIHIO" CUHTYJISIPHOCTH, KaK
NoKa3aHo Ha pucyHKax 4.15e u 4.15d. Bpamas nomy4yeHHbIe KpUBbIE
pucyHkoB 4.15b, 4.15¢ u 4.15d, MBI ¥ MOTy4aeM MOCT, Y€pBOTO-
YHHY, KPOTOBYIO HOPY, M300pakeHHbIe Ha pucyHKe 4.15c.

Jlornyecku 13 NOCTPOEHHUS CIEAYET, YTO OCh KaXJ10i 4epBO-
TOYMHBI PACTIONIOkKEHA BJOJIb OCH U U JJa’K€ COBIAJAET C HEt0. TakuM
o0pa3oM, JIOTHKa COOCTBEHHO T'€OMETPHYECKOTO MOCTPOEHHE MO-
cToB OoJie-MeHee mpocMaTpuBaercsa. C yueToM HX JTUHAMHYECKOU
ABOJIIOLIMM, BCE MapadOJoOuIbl OKAa3bIBAIOTCS COOCHBIMH, HO B
KaKIbli MOMEHT BPEMEHH CYHIECTBYET JIMIIb OJUH MapadoiIony
HeKoToporo auamerpa (cm.puc.4.22 Ha ¢.231).

Tem He MeHee, HEPEIIEHHBIMH OCTAIOTCS JPYTHe Ba)KHbIE
Bonpockl. Kakum 006pazom 3TOT MOCT 1O3BOJISIET NTEPENTH U3 0011a-
ctu | (mpaBbiii kBagpant, Hama Bceenennas) B oonacts 11 (sieBsiit
KBaJIpaHT, napasuieabHas Bcenennas). J[BUkeHHe 10 MOCTY, 4epes
TOHHENIb Ha auarpamme Kpyckama B 3TOM cilydae OKa3bIBaeTcs
MPOCTPAHCTBEHHOIOI00HBIM, a TO ¥ BOBCE B OOpaTHOM HarpaBJie-
HUU BpeMEeHU. PacCMOTpPEHHBIN alrOPUTM MOCTPOCHUS 1MapadoJio-
nnoB dramMma BU3YyalbHO BIIOJIHE COOTBETCTBYET MHOTUM M3 MpPHU-
BEJICHHBIX B JINTEpaType AUarpamMmm MorpyKeHUs:

Hw
g N
s ——X
. — \

Puc.4.16. Ceuenus s napadononoB Gnamma [49, ¢.169; 7]

Kak u B qpyrux ucToyHmKax, BOSHUKHOBEHUE ITHX CCUCHHI
napaboJIoua0B TaKKe HMMEET MpeNesibHO KpaTKoe omucanue. B
OTIMCAaHUU PUCYHKA YKa3bIBAE€TCsI, YTO MPEJCTaBICHHBIC TUIEPIIO-
BEPXHOCTH PaCHOJIOKEHBI MOCIEA0BATEIBLHO BO BPEMEHH, OJIHAKO
HUKAaKUX YKa3aHWM Ha 3HAUYEHHE BPEMEHM I KaXJ0ro mapado-
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nowia He mpuBoANTCs. Kak moka3aHo Ha pUCYHKe, MTepelieeK, ropiio
I-IepBOTO‘-II/IHbI B HpOHCCCG SBOJIFOOHUU CXKUMACTCA 0 CI/IHFy.]'ISIpHO-
CTH W paspymaercs. [Ipu paccMOTpeHHH PUCYHKA MOXET BO3HHK-
HYTHb ONIYIICHHWE, YTO BEPXHSS CEKYyIas IEepPECeKaeT CHHTYISIP-
HOCTh. OJHAKO 3TO HE TakK: JMHHUS IUIaBHO oOTekaeT €€, XOTS B
OTIMCAaHUU PUCYHKA 00 3TOM HUYETO HE CKa3aHo.

Puc.4.17. Iluramuka mocra DitHmTeliHa-Po3ena [ 16, fig.3]

Kak oTrmedeHo, yaie BCero mojoOHbIE OMUCAHUS COAEPIKAT
BechbMa oOImuMe, ecny He CKa3aTh, TPUBHAJbHBIE CBeneHHs. M3-
BECTHO, YTO JII0ObIE Tiepexo/ bl Mex Ty obnactamu 1 u Il sBastorcs
MPOCTPAHCTBEHHOTIOI00HBIMHU, TO €CTh, (PHU3UUECKH HEBO3MOIKHBI-
Mu (B nurate oOo3HaueHus wuHbIC: peruoH Il — mapamrenpHas
Bcenennast — 0603Ha4eH kak [V):

"Mexny Tem, pernoH IV He MoxeT ObITb JOCTMTHYT W3
Hariero peruosa [ Hu Brepen, HU Ha3aj BO BPEMEHHU (HUKTO M3 HAC
He MOXkeT TyAa nonacts)" [4, ¢.190].

Tem He MeHee, 00J1aCTH BCE-TaKH UMEIOT HEKYIO CBS3b!

"Ero MOHO paccMaTpHBaTh KakK CBS3aHHBIA C 00JacThio |
"qyepBOTOUMHON", MIEHHON KOH(HTrypanuel, COenuHSIONEeH IBe
OTAeNbHBIE 0OsacTu" [TaM xe|

Ha npuBeneHHbIX Aanee puCyHKax MOKa3aHa 3BOJIOLUS 3TOU
YepBOTOUMHBI B CTABLIEM TPAJAULIIMOHHBIM BUE: NMPSIMOJIMHEIHbIE
ceueHHs, cpe3bl Ha auarpamme Kpyckama u oOpasyromuecs: mpu
3TOM MapHble BOPOHKU. M Tak e TpaJuLMOHHO HE MPHUBOJUTCS
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HUKAaKUX QHAJUTUYECKUX W JIaXKe TPOCTO CIIOBECHBIX OTHMCAaHU,
KakuM 00pa3oM MPOUCXOIUT 3Ta IBOJIIONHS, KAKOMY BPEMEHHU U TI0
YpMM YacaM COOTBETCTBYET TO WJIM WHOE CEYeHHe, Cpe3 Ha Jua-
rpaMme ¥ 00pa30BaBIIKECS YEPBOTOUMHBI - BOPOHKH. ToJbKO ab-
CTPaKTHOE YTBEP)KICHHE, YTO UYEPBOTOUYMHBI PACKPHIBAIOTCS U 3a-
KpBIBAIOTCSl OUEHb OBICTPO:

"... reometpus lIBapummibaa Ha caMoM JieJie OTIMCHIBAET JBE
ACHUMIITOTUYECKH IIJIOCKHWE OO0JAacTH, KOTOpBIE IOCTUTAIOT Jpyr
Apyra, COCOUHSSICh Yepe3 YepBOTOUMHY HAa HEKOTOpOe BpeMs, a
3areM oTrcoenuHsAoTca. Ho uepBoTOuMHA CiAMIIKOM OBICTpO 3a-
KpBIBaeTcs JUIsl JitoOOro BPEMEHUI0I00HOTO HaOIroAaTeNsl, YTOObI
repeceydb ero U3 OJHOro peruona B apyrou" [4, c.191].

Mano 4Tto TpOSICHAET M TOCIEAYIoNas TOMBITKA OTHECTH
TaKMe TOYHBIC OMHMCAHUS K MaJlo3HAYallldM, MajOBEpPOSTHBIM B
peaTbHOM MHpE, HO TO3BOJIAIONIAsl OTKAa3aThbCs OT JalbHEHIIEro
paccMOTpPEHHS STHX BOIIPOCOB:

"OTa UCTOpPHUS O JIBYX OTIEJIbHBIX IPOCTPAHCTBAX, KOTOPHIE
HEKOTOPOE BpeMs IPUOIIKAIOTCS APYT K APYTY, a 3aTeM YIaJISIOT-
Csl, MOXKET TMOKa3aThCsl HECKOJIBKO Hempapaonoao0Hoi. Ha camom
7ie7ie 3TO He TMPOUCXOAMUT B PEaTbHOM MHPE, MOCKOJIBKY METPHKa
[IBapumnibaa HE TOYHO MOJISTUPYET BCIO BCEICHHYIO" [TaMm xke].

Ha 3ToM coOCTBEHHO OTHMCaHWE MEXaHHW3Ma YEPBOTOYMH 3a-
BEpIIAETCS, TOSCHEHUH O CYIIHOCTH OBICTPOTO OTKPBITHS U 3a-
KPBITUSI YEPBOTOUMHBI 37IeCb MBI HE BUIUM. BMmecTe ¢ TeMm mro0oe
YTBEP)KJICHHE O HEKOW OBICTPOTE WJIM CKOPOCTH IpoIlecca SBHO
MOJIpa3yMeBaeT €ro ONHCAaHHEe B TEPMHUHAX PEATBLHOTO BpeMeHl.
Kaxmomy nmpoMexyTO4HOMY 3TaIry, COCTOSIHHIO TIpoIiecca JJOKHO
COOTBETCTBOBATH TO WJIM WHOE 3Ha4YeHue spemeru. KoHeuHo, ToU-
HbIe 3HAUCHHWsI HE O0s3aTeNbHBI, HO B Cllydae C JAMarpaMMaMH
Kpyckana mpocmaTrpuBaercss mTpoTHBOpedHBas curyauus. [lpu
aHaJM3e CEYCHUH Ha TuarpaMme, CO3/1aeTcs BIIEYATICHUE, YTO ITO
camoe "o4eHb OBICTPO" HA caMOM JieJe MOXKET 3aHMMaTh BEChbMa
O0JIbIIIFIE HHTEPBAJIBI BPEMEHH.

[Toxxamyii, Haubosee MOJIHBIM U3 psAJla PACCMOTPEHHBIX OIMHU-
CaHM sBIIETCS CIEAYIOLIEe, B KOTOPOM MBI 00paliaeM BHUMaHUE
Ha sIBHOE YKa3aHHe COOTBETCTBUS MEXIy BpeMeHeM Kpyckana - v u
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peaJibHbIM BpEMEHEM Ha auarpamme. PucyHok 2 B murare — 3TO
MaKCHMAaJIbHO PacIIMPEHHOE COCTOSTHUE YEPBOTOUMHBI, B KOTOPOM
JUaMeTp Iepelielika B caMOl Y3KOW 4YacTH paBeH 2m, a Bpems
Kpyckana v =0 cooTBETCTBYEeT BpeMeHHU AuarpaMmsl t = const = 0:

"MOMEHT MaKCHMaJbHOIO PACIIUPEHUS COOTBETCTBYET CH-
Tyaluu, MOKa3aHHOW Ha puc.2. Paccmorpum, HanpoTus, (aszy Bce
0oJiee MOJTHOTO BHICBOOOKICHNUS HANpsDKeHU, Korjaa T mepexoauT
B OECKOHEYHOCTh (M BpEMEHHasi CHMMETpUYHAas CUTyarus, korjga T
MIPOCIICKUBACTCS 10 MUHYC OeckoHeuHocTH)" [6, ¢.921].

Ham wu3BecTeH nuarna3oH u3MeHeHusl BenuunHbl Kpyckana:
-1 <v <+I, Ha KOTOPOM YEPBOTOUYMHA CUATAETCA IPOXOAUMON, HO
3TOT AMAIa30H HUYETO HaM HE TOBOPUT O pealbHOM BPEMEHH yJia-
JIEHHOTO HAOMIo/IaTeNsl WIN JIBWXKYIIETOCs 4epe3 KPOTOBYIO HOPY.
[IpencraBneHHass KapTHHA BBITJIAAUT TakK, OyATO MOJIHBIM MK
"pacmmpenne-cxatue'" 3aHIMaeT BpeMsi OT MHHYC OECKOHEUYHOCTH
70 TUTIOC OECKOHEYHOCTH. BBITTISAIUT 3TO BecbMa CTpPAaHHO M IIPO-
THBOpeunBo. Ha mpepcraBieHHBIX cpe3ax MPUBOAMTCA HEKUH Ia-
pameTp Y, UMEIOLIHI npou3601bHOe 3HAUEHUE U CMBICT KOTOPOTO HE
packpbiBaercs. OpHako "mmMpuHA" TOPJIOBHHBI KPOTOBOM HOpBI
SIBHO OTIPEJIEIIAETCS ATUM [TapaMeTPOM:

u=084
\'
1,—0.’5 u=0 (4+uz)a/z"’o-3
a'%\4u=—0.84

~fp
Puc.4.18. ®parmenrt (2) pucyHka [6, ¢.922]

"Cpe3bl ObLIM IPOU3BOJIBHO BBIOpAaHbl 3HAYEHHUSIMH KOOPAU-
HaThl Y, ONPENENIIEMOM, KaK BOIIPOC YUCTON BBIOOPKOM, ypaBHE-
HeM y=v/(4+u®)"?" [6, ¢.922].

JlanbHeiIIee ONUCaHUE SBIISIETCS CKOPEE KPACOYHBIM JIUTE-
paTypHO-XYJ0’KECTBEHHBIM, YeM Hay4yHbIM. B mpouecce mpoxox-
JICHUsI 4Yepe3 4YepBOTOYHMHY (POTOH, CIOBHO Ha KadessX, cHadaia
JBUKETCS HapYXKy (OT LIEHTpa rOpJIOBUHBI), 3aTEM BMECTE C €€ 10~
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BEPXHOCTBIO JBMIKETCS BHYTPbH, HOCTOSIHHO HAxXOJUICh TOA JICH-
CTBHEM OOJIBIIMX MPUJIUBHBIX CHJI. JlenmaeTcs OueBHAHBINA BBIBOJ,
YTO TMpHU JBWKCHWU H3Janeka, (oToH (U3MYECKH HE YCIeBaeT
MIPOCKOYUTH Y3KYIO TOPIOBUHY.

IIpocTpancrBo Punpiepa

3aMeTHO OoJjiee ompeeNIeHHOE HarpaBlIeHHEe 0Ce MOCTOB U
MECTOHAXOXKJEHHE €r0 TOpPJIOBUH MOXKHO YBUJAETHh Ha PUCYHKE W3
crateu Punanepa (puc.4.19). Tekct Ha pucynke riacut: "Bes aua-
rpamma Kpyckaia kacaercs ucrtopuu 31oil nuHuu. Kaxnaas touka
JUHUHU TIPENCTABISIET 37eCh Kpyr, cepy B mosHOM pasmepe’, a
CTpeJKa OT TEKCTa yKa3bIBaeT Ha napaboJiona, TOJCTYIO JInHUIO. [1o
0003HaueHHUsIM 00JacTeil OTYETIIMBO BUIHO, YTO OCh MOCTA Ha JiHa-
rpamme Kpyckana 1omkHa coBasaTh ¢ €€ TOpU30HTaIbHOM OCBIO.

Puc.4.19. ®parment puc.21 us crarbu Punmiepa [13, ¢.93]

Tem He MeHee, IO-TIPEKHEMY HESICHO, U3 KaKHX COOOpakeHH I
BBIOMPAIOTCS, CTPOSTCS MapaboIMyecKre OruOaroIIfe 3THX MOCTOB.
Jaxe B TOM, BUIUMO, MPOCTEUILIEM CIy4yae, KOT/Ia TaKUE CEUECHUS
UMEIOT BUJ NPSMBIX JIMHHUM, MO-IPEXHEMY HESICEH MPUHLUI HX
Ha"eceHus. Hampumep, cam Punanep tak ommchiBaeT crocod o0-
pa3oBaHus N300PAKEHHBIX CEUCHHIA:

"OnuH XOpomuii crnoco0 MOMYyYUTh MPEICTABICHUE O Teo-
MeTpuM mpocTpaHcTBa Kpyckama — 3To paccMaTpuBaTh €ro Kak
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BPEMEHHOE Pa3BHTHE IIPOCTPAHCTBEHHONOO0OHOTO 3-TIPOCTPAHCT-
Ba, JPYTMMHU CJIOBaMH, pa3pe3aTb €ro Ha IOCJIEeI0BaTEIbHOCTh
IIPOCTPaHCTBEHHONIOIOOHBIX NoNepeuHbIX cedeHuid. Koneuno, amns
3TOro ecTh OecKOoHeuHbI BeIOOp. Ilomepeunsie ceueHus: MOCTOSAH-
HOTO BpeMeHM Kpyckaia t SBISIOTCS OJTHOM BO3MOKHOCTBIO, U OHH
OBLTH MCIIOJIB30BaHBI YHUIIEpPOM | ero yueHukamu" [13, ¢.91].
OOpatuMm BHUMaHHE Ha Gpasy "I ITOrO eCTh OECKOHEYHBIN
BBIOOP", UTO SIBHO 03HAUAET BO3MOXKHOCTh NPOU360.1bHO20 BBIOOPA.
[TpuBOAMTCS CCBHIJIKA HA PUCYHOK — Mo7j00Me nuarpaMMbl Kpyckana:

& F b
14 €2
' 10
4{ 14
sia(\\

I r =

T =M/

Puc.4.20. Puc.18 u3 crarsu Puniepa [13, ¢.91]

Ha mmarpammax Kpyckana BpeMs BIOJIHE MOXKHO paccmar-
pUBaTh Kak B a0COJIIOTHBIX €IMHUIAX C Pa3MEPHOCTHIO BPEMEHU U
JMana3oHOM M3MEHEHHs OT MUHYC JI0 TUTIOC OECKOHEUHOCTH, TaK U B
VIJIOBBIX — OT HYJA JI0 7/2, TIOCKOJIBKY BpeMsl Ha 3TUX JHarpaMmmax
n300pakaeTcs pajualibHBIMHU HaNpaBiICHUsAMHU t = const, HAaIOMU-
HAIOUIMMU CTPEJIKY 4acoB. JTa cTpeika BpeMeHu Kpyckana nBu-
KETCsl MPOTHB HAIIPABIICHHS IBMYKEHUSI OOBIYHOM YaCOBOM CTPENKU
U TOJIbKO B Ipejenax npsMoro yria. Ho, Kputukys cnocod HaHe-
CEHHUsI CEYCHHM Yuiiepa ¢ YYEHUKaMH, MPUBOJAIINM, KaK YTBEp-
XKJaeTcss K 0Opa30BaHHWIO HECBsS3aHHBIX oOmactedt (?), Punmiep
npepiaraeT runepOoIMYecKUe CEYeHMsI, TIOXOKUE Ha TAKOBBIE Y
Oynnepa-Yunepa (pucyHok 4.18). OgHako Kak TaMm, Tak U 3]1€Ch
MO-TIPE)KHEMY HESICHO, KaKoe BpeMs 0003HAyaeT 3Ta CeKyllas JIn-
Hus? Ha pucyHke Bce ceKyline MpoXoAsT cpa3y 4epe3 HECKOJBKO
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obnacreii muarpammel [ —IV. Uto mpepcraBusier co00i 3TO TII0-
OanpHOE BpeMsi, OJMHAKOBOE ISl BCEX YETHIPEX (TPEX) PU3UUEcKu
HecBsA3aHHbIX oOnactei? Eimie Oosblle HEsCHOCTEH BHOCHUT Clle-
AyIOoIIee YKIOHYUBOE MOSICHEHUE:

"TouHoe omnpeneneHue "BpeMeHH" T, KOTOPOE SIBISIETCS IO-
CTOSIHHBIM Ha 3THX Cpe3aX, MEHee Ba)KHO, Y€M €ro HEmpephIBHOE
m3menenue ot T =0 Ha R =0 B kBagpante [V 10 KOHEYHOTO OKOH-
YaTeJbHOTO BPEMEHHM, CKakeM, T =m/2 Ha R =0 B kxBagpanrte II"
[13, c.91].

To, uTo Bpems cekyiiel T = const BEIOMpaeTcs MPOU3BOJIBHO,
JOIMYCTUMO U HEMPOTUBOPEUHBO, TOIBKO €CIIM yKa3aHbl OCHOBAHHS
JUTsl TOM MPOU3BOJIBLHOCTH. ['eHepatop ciyuaitnbix yucen? Ho nu-
HuM (TunepOobl) MOCTOSIHHOTO BPEMEHM T = const pa3MELIEHBI,
PAacIIoNIOKEHBI MEXKAY ABYMS pA3HbIMU CHHTYISIPHOCTSIMH, YTO 3TO
3a BpeMmsi, 10 KakuM yacam?

"Jlnst OTpeneNeHHOCTH MBI MOXEM BBIOpaTh Habop KoH(oO-
KaJbHBIX TUNep00a Ha auarpamme Kpyckana M HENpephIBHO HX
00o3Hauath oT T=0 g0 t=m/2" [13, c.91].

Camu o cebe >Tr 0003HaUEHHS KOH(POKATBHBIX THIIEpOOIT HE
SBIISIFOTCS IPOTUBOPEUUSIMH, TOJBKO HESICHO, YTO MOAPA3yMEBACTCS
noxa "ompeaeneHHocThO". Jlanee B ONMMCAaHMM BHOBb JAIOTCS HE-
MIOJIHBIE, HEYETKHUE TIOSCHEHHUS

"Cnenyronjass — anbTepHaTHUBHAs  Hape3ka IPOCTPAHCTBA
Kpyckana emie Oosiee 4eTKO TOKa3bIBAa€T €r0 CBSA3b C MPOCTpPaH-
crBoM llIBapmmmisaa. Bozemute te ke KoH(OKaIbHBIE THIIEPOO-
JIBI, YTO ¥ Ha pUC. 18, HO IIe OHM MepeceKaroT 3aJaHHYI0 THIIEPOoITy
R=1/2+¢, oueHb ONU3KYyI0 K TOPU3OHTY, TNPOJOJDKUTE HUX C
T = const (;kupHas aunus Ha puc.20)" [13, ¢.92].

BHOBb BO3HHMKAaeT COMHEHHE B OOOCHOBAaHHOCTH IPENJIO-
KEHHOTO METOJla U COBEPIIEHHO HE BHUAHA "YETKO TMOKa3aHHas
cBs3b". BelpaxkeHue "mpoaoinkuTe" 3/1eCh ONMPEeIEHHO MOXHO U
Ja)Ke CIeAyeT TPaKTOBaTh Kak: "MPOM3BEIUTE CIHUSHUE B OJHY
obmryro a0, ClenoBaTeNnbHO, B 3TOM CIIydae BCS 3Ta 00beIu-
HEHHas JIMHUSA JOJDKHA ObITh 0003HaUYeHa Kak T = const 1 T = const.
Ho y xaxmoii koH(OKaTbHO! TUNEpOObl — COOCTBEHHOE BpeMsI

229



T =const, TO €CTb, TaKOE€ MPOJJICHHUE MATEMaTUUYECKU BBITJIAIUT
JIOBOJILHO HEOTIPEEIICHHO.

"Kaxxp1it Takoit cpe3 COCTOUT, MO CYIIECTBY, U3 JIBYX MOJIO-
BUHOK Tmapabosnouna Pramma (cooTBeTcTByOmMX T = const.
R > 1/2 +¢), coeqMHEHHBIX YacCThIO MBOWHOW TpyObI pmc.l8, Ko-
TOPBIH JIEKUT MEXKIY TOPU30HTaAMU (CTPOTO: MEXy FOPU30HTAMHU
"mroc sncunon") [13, ¢.92].

Crporo roBopsi, reOMETPUYECKH 00pa30BaBIIAsCA HA PUCYH-
ke 20 crarbu (31ech puc.4.21) durypa BpaiieHus SBISETCS COEIH-
HEHHEM JIByX YCEYCHHBIX KOHYCOB (TI0 KpasiM) M TUrepOoIonaa
BpalleHus (MeX1y HUMH).

1
Puc.4.21. ®parment puc.20 u3z crarbu Punmiepa [13, ¢.92]

Kpowme toro, na pucynke 4.22, kak Buaum, ooiactu [l u IV u
obmactn E; u E; o0o3HaueHbl yepe3 3amsaTyl0. DTO WHTEpECHas
JeTanb, SIBHO HUTJIE HU B CTaThe, HU B JOCTYITHOH JIUTEpaType He
orMevaemasi. OJTHaKO clenyeT 3a4aThCsl BOIPOCOM: a BCE-TaKH, TIe
Teneph Ha ATOM PUCYHKE HAaXOIATCs 3TH mapsl obiacreit? Camo 1o
ceOe Takoe 0003HAYCHHE MOXKET 03HAYaTh, HAIPUMED, YTO Kaxaas
13 ATHUX Nap o0nacTel CIUINCh B OJIHY, e1nHyto. Tenepb obnactu E,
u E,, o0o3Hauaembie kak r = (), SBISAIOTCS OChIO CEMENCTBA mapa-
6omonoB. Bmecte ¢ Tem, IEHTpajbHas OCh THIEPOOJIONIOB TIO
CMBICITY OJTHO3HAYHO COBITAJaeT C OChIO U Auarpammbl Kpyckana,
cienoBarenbHo, obnactu By u By u obnactu II, IV momkub! pac-
MOJIaraThCsl B UX BBIEMKaxX, TO €CTh, CBEpXy M CHU3Y. [loaTomy Ha
pucyHke 4.22 Mbl U IOBEPHYJIU ATH NapabOoJION Ikl TOPU3OHTAIIBHO,
B I10JIO’KEHHE, B KAKOM OHHU JIOJDKHBI PacIioyiaraTthCs Ha TUarpaMme
Kpyckana. Kak Buaum, onvcanue 3BOJIIOIUY, JUHAMUKH KPOTOBOU
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HOpbl Ha quarpamme Kpyckaina B nuTepaType NMPUBOAUTCSA HEIO-
CTaTOYHO MOJHO. OTHOCUTENBHO MMOAPOOHOE ONMCAHUE HEKOTOPBIX
JeTaneil y pacCMOTPEHHBIX aBTOPOB, TEM HE MEHEE, HE MO3BOJISET
COCTaBUThH IOJIHYI0 KapTHHY MMEHHO 3BOJIIOLIMHU, JAWHAMUKH, TO
€CTb, U3MEHEHUSI COCTOSIHUS YEPBOTOUMHBI B PEaJIbHOM BPEMEHH.

Puc.4.22. Pucynok 19 u3 crareu Punmiepa [13, ¢.92]
(TOBEpHYTO MO YaCOBOM CTpEJKe)

[To-npexHEMY BBITTIIIUT HEYETKUM YTBEPKACHHUE O TOM, UTO
YepBOTOUYHMHA CMBIKAETCSI HACTOJIBKO OBICTPO, YTO B OOIIEM ciydae
HE TT03BOJISIET MMPOUTH uepe3 He€ ake (OTOHAM.

JAunamMuka yepBoTOUMHBI Ha (uarpamme Kpyckana

Bellie MBI CMOIUIM BBISSBUTH BEPOSTHBIN aITOPUTM IIOCTPOE-
HUS Pa3iIMYHBIX 00pa3yIoUIMX YepBOTOUMHBI. Temepp MBI MOXKEM
MONBITATHCS HAUTU AHAIIMTUYECKHUE BBIPAXKEHUS JUI UX IOCTpOe-

HUsl. PaccMoTpuMm ciienyromne ypaBHEHUS:
t t
4m Tdm T
r e +e
V= 1 _ e4m
2m 2

4m Tdm T
r e —e

U= 1l-———— p4m
V' 2m 2

DTO /JBa MapaMeTPUUYECKUX YpaBHEHUSI KOOPAMHATHOU CETKU
muarpammbl Kpyckana [59, 1.3, ¢.29, yp.118,11r] 11st cunrynsipHoit
obnactu II, U3 KOTOPBIX MBI MOXXEM BBIBECTH YPaBHEHHE CHHTY-
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JSIPHOCTH. Y Jaiisdsl TapaMeTp BPEMEHHU, HAXOAUM YPaBHEHHUE CETKH
B CHHTYJIIPHOM 00J1acTH T = const:

.
P
2 2
Vi—u = 1-— |e*”
2m
Otcroia HaXoAUM ypaBHEHHE CaMOH CHHIYISIPHOCTH, KOTOPOMY

cooTBeTcTBYeT I = 0

2 2
vi—u =1

MBI nosTyunny ypaBHEHHE TUIEPOOJIBI:

v=+l+u’

VYpaBHEeHHE TPOMEKYTOUHON OTHOArOIIC YepPBOTOUYMHBI HAXOJIUM
10 "NOJICMOTPEHHOMY" alIrOpUTMY €€ MOCTPOECHHUSI

2
Ty =V—v, =N1+u —v_, (4.2)

371ech Veek = const— koopauHaTa Kpyckana HEKOTOPOW MPOU3BOIIb-
HOHM CEKylIeH, UMEIOLIEH B HallleM cllydae MPSIMOJIMHEHHBIN Ipo-
CTPaHCTBEHHONOJO00HBIN BuA. 3 ypaBHEHMsI BUJIUM, UTO Ha HEKO-
TOPOM HHTEPBAJ€ BO3MOKHBI OTPHULATENIbHBIC 3HAYEHUS TOpJIO-
BHUHBI, HO MBI 3TH 3HAY€HHUs B JalibHEWIeM OyneM mpocTo oTOpa-
CBIBaTh, TPAJIULIUOHHO CPE3aTh.

Nrak, MBI BUAMM, YTO Ha CaMOM J€Jie IIPU PACCMOTPEHHOM
alropuT™Me 00pa3oBaHMs YEPBOTOUYHMHEI, €€ 00pasyolias — rumnep-
0oa, a caMa 4yepBOTOYMHA, CIIEOBATEIbHO, SIBJISETCS He mapabo-
JIOUJIOM, a OJTHOTIOJIOCTHBIM IMIIEPOOIONUIOM BpPAICHHUS.

OpHaKko MOJy4EHHOE BBIPAXKEHHE TIOKa HUYETO HE TOBOPUT O
JUHAMUKE, DBOJIIOLMHA YEPBOTOYMHBI BO BPEMEHHU, HACKOJIBKO
ObICTPO OHA PAacTET M cxXiombiBaeTcs. /i BBIACHEHHS 3TOTO BO-
npoca Mbl U 3aaMd GOpMYy CEUeHHid, KOTOpasl yalle BCEro Ipen-
CTaBJICHa CTPOro npsmoil JmHuen. [IpoBeas Takyro JTUHHIO Yepe3
auarpamMmy, Mbl OOHapy>KMBaeM, 4TO OHa IOCJIEI0BATENIbHO Mepe-
CEKaeT JIMHUM BPEMEHHU t= const. 3aJaluM OYEBUJHOE IPaBUIIO:
KQKJI0€ CEUYEHUE JIOJDKHO COOTBETCTBOBATH HEKOTOPOMY €IHH-
CTBEHHOMY MOMEHTY BPEMEHHU JJIsl BHEIIHETO HA0II01aTeNsl.

JT0, KaK OKa3bIBa€TCsl, OYE€Hb YJOOHO, MOCKOJIbKY MPU ITOM
BO3HHUKAET BIIOJHE Pa3yMHasl TPAKTOBKA €€ OJHOI0 Iapamerpa:
pacCTOsTHUSA MEXIY ABYMS INIOCKMMH IIPOCTPAHCTBAMU, KOTOPBIE U
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COEIIMHSAET paccMaTpuBaeMasi uepBoTourHa. Hampumep, Mbl MOKeM
3aJ1aTh ATO paccTosiHuE r = 3m — puc.4.23. OTMETUM Ha Tuarpamme
TOYKYy  II€pECeUEHHUs  CEKylled, BbIOpaHHOIO  MHTEpBasa
r=3,0=const u Bpems nepeceueHus t= const. [lockosbky 3Ta
TOYKa HAXOOUTCA B KOOPAWHATHOM IIOJIC AWArpaMMbl, BCC YKa-

3aHHBIEC 3HAYECHUS U1 HEE€ COOTBETCTBYIOT YPAaBHEHUIO
t t

[ r et +e tm
v = |[—=]——"
sek

2m 2

B sTOM ypaBHEHUM BEIMYMHA I, KAK Mbl IIPUHSIIM, paBHA I10-
JIOBUHE PACCTOSHMS MEXKIy IBYMs BCEIEHHBIMH, COEAMHAEMBIMHU
YEpPBOTOYMHOM.

Yepnasa ovipa

1| Y
< cexywan

T m———)

sek

= =
"\l' T“ v=1t=10
= - Paccmosnue mericoy
mupamu
A
e =
v <3 £=\-;

benasa ovipa

Puc.4.23. Onpenenenrie BpeMEHU CEUEHUS

Tenepp Mbl MOKeM HaWTH KoopauHaty Kpyckana cekyieit
i ro6oro napadosionsa @namMma, B 11000 MOMEHT BPEMEHH JUIS
3aJjaHHOM Mapbl BeeneHHbIx:

Vo =U-cth 4L
m

3nmeck yepe3 U Mbl 0003HAYMIIM COMHOXKHTEIH, 3aBUCSIIHE OT T,
MOCKOJIbKY TIO CMBICITY 3Ta BEJIMYMHA SBJISICTCS KOHCTAHTOM, W3-
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MEHSIOLIENCS B AUANa30HEe OT HyJIs 10 OECKOHEYHOCTH. Tenepb Mbl
MO>KEM 3allHicaTh B Pa3BEPHYTOM BHUJE YpaBHEHHE CEMEWCTBa yep-
BOTOYMH, OTPAKAOIIEE UX IBOJIIOLMIO BO BPEMEHM, Ha3BaB BEJIH-

yuHy U CKOPOCTBIO 3TOM 3BOJIIOLUU:
t t

v=+l+u’ -Ux M

OTa CKOpOCTb O3HA4aeT, YTO pPa3HbIE YEPBOTOUMHBI 3BOJIIO-
LIUOHUPYIOT C pa3HOM CKOPOCTBIO: KAKME-TO U3 HUX PACILIUPSIIOTCS U
CXJIOTIBIBAIOTCS OBICTpEE, KaKuhe-TO MeEJUICHHEe. 3HAaueHHEe 3TOU
CKOPOCTH, BHJIHMMO, OIpeneisieTcs COOCTBEHHBIMU CBOICTBaMHU
UepHoii apIpbl (MaccoM, 3apsioM) U, ¢ APYrod CTOPOHBI, OMpeie-
JSI0T MHTEPBAJ MEXAY coeAuHseMbIMU BceneHHbIMU. DTy Belu-
YHHY MBI MOKEM 33/1aBaTh MPOU3BOJILHO, MMOCKOJIBKY (PaKTUYECKHE
cBolicTBa YepHON AbIpbl M PACCTOSIHUE MEXKIy KakMMHU-TO Bce-
JICHHBIMU HaM HEU3BECTHBI.

C nmomoIIpI0 3TOr0 ypaBHEHUSI CTPOUMM OTruOaroliue 4epBo-
TOYMH Ha quarpamme Kpyckana /i HeKOTOpBIX 3HAUE€HUH BpeMEHU
(puc.4.24). PesynapTupylomye TUNEpOOIOUIBI YEPBOTOUYMH CTPO-
ATCA TPAJAULMOHHO: HYXHO TNPOM3BECTH BpalllEHUE Kaxa0H u3
M300paKEHHBIX JIMHHUM, OrMOarIMX BOKPYr ocu U. Bpems Bo3ie
JUHUI 0003HAYaeT abcontomHuoe BpeMsl KaKJ10M U3 4epBOTOUNH.

Kak BuauM, 1oJioBMHA LIMKJIA 3BOJIOLUU AUArPaMM, OT TOJI-

HOI'0 PAaCKpPBLITUA OO0 IMOJIHOTO CXKATHA OIMPEACTIACTCA BRIPAKCHUECM
t t t t

UXM: T qem szl
2 2m 2
MO3KHO BBIYMCIIUTB ATOT UHTEPBAJI BPEMEHHU:
A .
et +e 4m :2(L—1] e 4m
2m

PexypcuBHO€ (NMpUONIM3UTENBHOE) BBIYUCICHHE IJIs = 3m
naer 3uauenue U ~ 2x107, geMy COOTBETCTBYET 3HAUCHHE BPEMEHH
t=~65m. OrMeTuM, 4TO Ha pucCyHKe 4.24 nuarpaMMbl 3BOJIIOLUHU
nocTpoensl, ucxonas u3 3nadenus U = 0,008, mias KoToporo mosry-
YEeHO 3HAYEHUE BPEMEHHU IMOJIOBHHBI 3BOIONUU t = 18m. UTOOHBI
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OIpENENNUTh 00JIee KOHKPETHO YHCIIOBBIE 3HAUEHHS 3TOTO BPEMEHH
B CCKYHJaX WM TroJax, HGO6XOI[I/IMO BOCCTAaHOBUTH B HCIIOJIB30-
BAaHHBIX YpPaBHCHHAX 3HAYCHHUA KOHCTAHT — CKOPOCTH CBETAa, r'pa-
BUTALlMOHHOM MOCTOSIHHOM, IPUpPaBHEHHbIE €IMHUIIE. A MTOKA JINIIb
3aMCTUM, 4YTO IPU PAaBHOMEPHOM TCUYCHHWHN BPECMCHH YCPBOTOYUYMHA
CKMMaeTcs-pa3kuMaercs HanboJiee ObICTPO B MOMEHTHI pa3phiBa,
3akpeITUsi. Hao60poT, B MOMEHT HaMOOJIBIIETO OTKPBITUS, KOT/a
JMaMeTp TOPJIOBUHBI MAaKCUMAJIEH, I' = 2m, CKOPOCTb JBM)KCHUS €€
MOBCPXHOCTU MUHHUMAJIbHA.
Ny

v

-~

\
| N g I

2
-,
Mm i ) %

Puc.4.24. 3meHeHne 4epBOTOYMHBI BO BpEMEHU

VYCcnoBHO TpeAcTaBiICHHbIH HA00p (GopM YEepBOTOUMH COOT-
BETCTBYET NPUBEJCHHOMY BbIlIe pUCYHKY 4.22 Punjnepa Ha c.231,
TOJIBKO B HAIIIEM CITy4ae YepBOTOUYHMHBI SBISIOTCS THIIEPOOIONIaMH
BpallleHHUs, a He apaboIouaaMH.

Kpowme Toro, u3 ypaBHEeHUs ¥ HA JUarpaMme MOKHO 3aMETHUTh,
YTO IPU TPOMAAHOW Macce UYepHOM IbIpbl BpeMs 3BOJIIOLUU —
pacIIMpeHus] U CXJIOMBIBAHUS YEPBOTOUMHBI — MOXKET OKa3aTbCs
JOCTaTOYHO OOJIBIIUM, YTOOBI MPOXOXKIAEHUE yepe3 He€ (HOTOHOB
CTaJI0 BO3MOXHBIM. ClleIyeT 3aMEeTUTh, YTO OCHOBAHMSI JUI HIDKE-
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CJIEIYIOLIEr0 BBIBOJA, K COXKaJEHHIO, HE HMEIOT KOHKPETHOTO
YHUCJIOBOTO TOITBEPKACHHUS:

"Ha 3TOM OCHOBaHHMHM HEOOXOIMMO CHENIaTh BBIBOJ, YTO HH
OJIMH DKCTIEPUMEHTATOp B OJHON HeKacTpacTpodudeckoir obmacTu
HE MOXKET MOCIaTh CUTHAJ Yepe3 ropJio HabJIlo1aTelt0, KOTOPBIN Ha-
XOJMTCS B IPYTOM HeKatacTpoduueckoM peruone” [6, ¢.922].

Kak cnenctBue u3 3TOro0, B IIUTUPYEMOM CTaThe, MOCBSIIEH-
HOM MCCJIEI0BAHUIO BIUSHUS YEPBOTOUYMH HA MPUYMHHOCTD, Jieja-
eTcsi U eme oJuH BhIBOJ. [I0CKOIBKY CPOK MPOXOJIMMOCTU YEPBO-
TOYUHBI KpaliHEe MaJj, OHAa HE MOKET BbI3BaTh HAPYIICHUS MPUYUH-
HOCTH TIepeJadell CHTHAJIOB OBICTpEe CKOPOCTH CBETa W3 OJHOMN
obnactu Beenennoii B apyryro. OgHAKO 3TO YTBEPKIECHUE, BBIBOJY
SIBJISIETCSl HECKOJIBKO upe3MepHbIM. Ha camoM jene naxe npu amu-
TETLHOM CYIIECTBOBAHMM KPOTOBOW HOPBI, BIUIOTH JO BEYHOTO
HUKAKOTO HapyIIeHUs: MPUYMHHOCTA OHA CO3/1aTh HE MoxeT. He-
BO3MOKHO C(OPMYJIHUPOBATH TaKOW MBICICHHBIA SKCIEPUMEHT, B
KOTOPOM BO3HHMKJIA OBl METJsI BPEMEHU WM TapaJoKc AeAyku. B
ATOM OTHOIIIEHUHM KPOTOBAasi HOpa HE OTHOCUTCS K OOJACTH OIpe-
JIEJIEHUS CHENUAIbHOW TEOPUM OTHOCUTEIBHOCTH, OHA BHE €€
dopmanusma. JleicTBUTEIHHO, MOTIPOOYEM CO31aTh TaKylO TETITEO
Bpemenu. HaGmonatens A nocbutaeT curiai HaOmrogarento B dge-
pe3 KpOTOBYIO HOPY, MTHOBEHHO. UTO TpH 3TOM MPOU30MLLIO?
KTo-HuOynp moydmsi cCUTHAN paHbIle, YeM OH ObLI OTIpaBiieH?
Her. HaGmogarens B TOYHO Tak jke MOKET OTIPABUTH OTBETHBIN
MIOYTU MeHO8eHHbIli cUTHaNl HaOmoaarento A. Hukakux mpoTtuBo-
peuurii He BUJIHO: CHa4YaJla OCHOBHOW CUTHAJl M TOJBKO 3aTEM — OT-
BETHBIH. MOXXHO JIU TaKUM OOMEHOM CHUTHajaMU YHHUUYTOXHUTH OT-
MpaBUTENS JI0 TOTO, Kak OH nociai ceoi curHan? Her! Hu A, nu B
HE MOTYT B TAKOM CEAHCE CBSI3U YHUUTOXUTH Y ce0s U IpYT Yy Apyra
MepeAaTyuKy IO TOT0, KaK T€ OTHPABHIIM CBOM CUTHAJIBI, HO YTOOBI
CUTHAJIBI TIPU 3TOM OBLIIM BCE-TAKH OTIIPABJICHBI.

Ho kak ObITh TOT/1a € "OKOJIEHBIM" CHTHAJIOM, TIO "[UTHHHOMY",
cBeToBOMY myTH? HEBO3MOXHO CaMOCTOSITEILHO OJIMH U TOT K€
(OTOH OTIPABUTH TIO IBYM pa3Hblm MyTsAM. Te ke caMble CHTHAIHI,
HO Jpyrue (OTOHBI, OTIPABJICHHBIE OKOJBHO, MPUAYT K IMOJIydarTe-
JISIM HaAMHOTO T03)Ke, YeM OHU K€, HO OTIpPaBJICHHBIE "KPOTOBBIM
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tenerpadom". B uem 371ech MOKHO YCMOTPETh MapaoKC WITH MPO-
tuopeune? [Ipocro 3Tu curHaibl 3aBansiuck Ha noute! Hampu-
Mep, A oTmpaBwi npuriameHue B, HO oHO Ha mourte ObUIO IpO-
OyOJIMPOBAHO CHUTHAJIOM IO KpOTOBOW Hope. [leiicTBurensHO, A
yAUBUTCA, KOrjaa B mpuener k Hemy paHblile, 4eM BpoJie Obl HOJy-
gl npuriamenue. Ho HM mpu kakux ycnoBusx B He cMmoxer
npuexarb K A 0o mozo, Kak TOT OTHPABUT CBOE MPUTJIAIIECHHUE.

Mo3kHO 11, UCTIONIb3YSl KPOTOBYIO HOPY, IONIACTh B CBOE OY-
nymee niau npouwioe? Her, Henb3s! Ho kak ke cneuuanbHas Teo-
pusi OTHOCUTENbHOCTU? A JUIsl HEE€ MPOCTO MOSBUIIACH €Il OJIHA
roJIoBHast 00JIb, HAPSAY C TaXMOHAMHU. Ternepb Mbl MOXKEM '"MOTH-
XOHEUKY" CHHXpPOHHM3UPOBATH Yachl, BOIPEKU IpaBWIIaM CIIECLH-
QIbHOW OTHOCUTEJIBHOCTH, U €1 Ha yJUBJICHUE.

BrnpouewM, 310 Bce-Taku JuIlIb (paHTa3UM: KPOTOBBIE HOPBI U
0e3 KpaTKOBPEMEHHOCTH CBOETO CYIIECTBOBAHUS (U3NUECKU CaAMU
1o cebe NPOTUBOPEUUBBI, IOFTOMY IIPOCTO HEBO3MOXKHBI. Cyas 1o
YpaBHEHHUSAM, 4€pBOTOUYMHA s UepHOU ABIPBI BBITVIAIUT KaK OJ-
HOpa3oBoe siBieHHE. KOHEYHO, MOXHO NIPEANOJIOKHUTh, YTO OHA
BO3ZHUKAET KAdHCObIli pa3, KOTAA KAaKOE-TO TEJO MOTPYKAeTcs MOJ
ropu3oHT coObITHil YepHoii apipbl. Ho 3TO BCe-Taku BecbMa BOJIb-
Hasi MHTEPIOJISLUS, MOCKOJIbKY OECKOHEYHOE IPOIIOE YEPBOTO-
YUHBl B 3TOM CJIy4ae HMMEET BechbMa HEONPEIECIIEHHBIN CMBICIL.
Kpome Toro, emie oaHOM cephe3HOM MpoOIeMoit MpeacTaBIeHUN O
KPOTOBBIX HOpax SIBJISETCS MPHUHLMII NOTpyKeHus. PakTU4ecKu
YepBOTOUMHA SBJISIETCSA IPUHA]IEKHOCThIO HEKOETO OTBJICYEHHOTO,
OTJIAJICHHOTO €BKJIUJ0Ba MPOCTPAHCTBA, HE MMEIOIIEr0 HUKAKOTO
OTHOILIEHHUs K MpOCTpaHCTBY UepHOW IbIpbl. MBI BeCcbMa BOJIBHO
IIPOBOJMM BU3YaJIbHYIO Mapajjiellb MEXJy YpaBHEHUSMU METPHK.
Opnako B mpocTpaHcTBe EBKiInaa 3To SBHO 3ajaBaeMas MOBEpX-
HOCTb, YCJIOBHO TOBOPSI, MBUIBHBIM Iy3bIPb, HATSHYTHII Ha MIPOBO-
JI04HO€ KoJblo. [IpnyeM Takas mapanienb Takke MPOTUBOPEUUBA!
4epBOTOUMHA B MpocTpaHcTBe Kpyckaiia onpeneneHHO SBISETCS
rUnepOoJOUIOM BpallleHUs, a NOTPY)KEHHE B MPOCTPAaHCTBO EB-
KJIMJIa — 3T0 napaboson BpamieHus, napadonous Oinamma.

Bce 3t KpoTOBBIE HOpBI, YEPBOTOYMHBI — 3TO COOCTBEHHOE
CBOMCTBO quarpamm, a He YepHbIX ap1p. OO 3TOM MOXKHO YBEPEHHO
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CYIUTh IO MPABUILY NPOU3BOIbHO20 HAHECEHUS ceueHUi. Mbl Mo-
’KeM TOYHO TaK ke M300pa3uTh UX M Ha Auarpammax [lenpoysa, u B
3TOM CJIydae MBI MOJIYYHM YE€TKO OUYEpUYCHHBIE Kpasi MapabdoJIonoB
(runiep6osionsioB). Ho u 310 He BCE. Ecnu B3sTh 1eKapTOBBI KOOP-
JMHAThI, HAPUCOBAThH Iapy rurepOoi U NOBEPHYTHh OcU Ha 45 rpa-
IYCOB, TO TOYHO TaKHe € CEUYCHHUs NMPUBEAYT K 0Opa30BaHHUIO
TOYHO TaKUX K€ TMIepO0JIONI0B BPAIICHHSL.

ceKyuwan

Puc.4.25. KporoBas HOpa B A€KapTOBBIX KOOPAWHATAX

Kak BuguM, MeTO/MKa 3BOJIIOLMOHHOIO MOCTPOEHHS YEPBO-
TOYMH B JIEKaPTOBBIX KOOPJIMHATAaX JTa€T B TOUHOCTU TaKOW e pe-
3yJbTaT, 4TO U B koopanHarax Kpyckana. Hukakux runores o Uep-
HBIX W Benbix npipax i 3TOro HE moTpedoBanoch. W 31ech MBI
BHOBBH 00paTuMcsi K NPHUHLUIY HAHECEHHS MPOCTPAHCTBEHHOIIO-
TOOHBIX CEUeHHH Ui TMOy4eHHs MapaloJou0B Ha JuarpaMMax
Kpyckana. Ilo-npexHeMy BOIIPOC OTKPBIT: KAKOB IPUHIUI HX
dbopmooOpazoBanus? [TouemMy B HEKOTOPBIX CIIydasix 3TH CEYCHUS —
npsiIMbIe JIMHUM, a B APYruX — napabossl? W gaxe MMHUU TIpOU3-
BOJIbHOU (opmbI? OCTaBUM TOCIEIHHUN BOMpOC 0e3 OTBETa, a 1o
MOBOJly MapabOJIMYECKUX CEYEHUH PacCMOTPHUM CIENyIoIlee Mpes-
nosiokeHue. Kak Bcerja ykasblBaeTcsi, 4epBOTOUMHBI SIBIISIOTCS Ia-
pabonounnamu BpamieHusi. OpHaKo JMaxke OEryioro B3TJsAa JIOCTa-
TOYHO, YTOOBI OOHAPYXHUTh: yraJlaHHBIH aJTOPUTM HUX MOCTPOCHHUS
JUTSI IPSIMOJTMHEMHBIX CEUEHUN SIBHO TAET eunep60i10udbl BpalieHusl.
Ho y Punmnepa n ®@ymiepa-Yunepa 3TH CeYeHMs SBISIOTCS HE
HNpsIMBIMU, a rumnepOosiaMu. A y MOCIETHUX JaXe MPUBOJIUTCS
AQHAJIMTUYECKOE BBIPAYKEHUE ITUX TUNEPOOTNIECKUX CEKYIIUX:
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v=y(@+u*)"”
[Mpu mocrtpoennn mnapabosongoB dramMma B 3TOM ciydae
ypaBHEHHE 00pa3yromiei OyaeT UMeTh IPYroi BUI:

v=l+u’ —y(@d+u’)'"”?

B nmanHOM ciyyae SBOJIIOIUS YEPBOTOUYMHBI BO BPEMEHH,
OYEBHUIHO, OIpEAeNsAeTCs 2BOJIIoNMeN mnapamerpa y. IIposepum,
KakoB B 3TOM CJIIydae TI'€OMETPUYECKHN XapakTep OTHOaromux
4epBOTOUMHBI. Ham HM3BECTHO, YTO Yroi MeXay BETBSIMHU THIIEp-
0061 Ha OeckoHeyHOCTH paBeH 1/2. Ecnu ke oOpaszyromas — mna-
pabouia, TO yroy Mexay e€ BeTBIMH Ha OECKOHEYHOCTH paBeH HYIIO,
BETBU BEPTUKAJIBHBI U mapaiensHbl. [IpoauddepennupyeM 31o
HOBOE ypaBHEHUE 00pa3yromIei:

dv u u

du \/1+l/l2 7/\/4+uz

[Ipu goctaroyHO OOJILIIMX 3HAYEHHUSX U MBI MOXKEM KOH-
CTaHTHI B 3HAMEHATEISAX OTOPOCHUTH:

dv
du

DTO BBIPAKEHHE O3HAYAET, YTO TNMPU MAKCUMAJIBHOM pac-
KpPBITUU YEPBOTOYMHBI, KOT/1a Y = 0, OHa UMEET TUNEPOOIUIECKYIO
dbopMy, a TIpU CXJIOMBIBAHUH, KOT/1a Y — 1, €€ BETBU pacmpsiMiIs-
IOTCSI JI0 TOPU3OHTAJIBHOTO TIOJIOKEHHS, TO €CTh, YEPBOTOUMHA
npeobpasyercss B TOHKUM nuiauHAp. Kak BUAMM, HM B OJTHOM U3
PAacCMOTPEHHBIX CIy4aeB HM Ha OJIHOM CBOEM YYaCTKE YEPBOTO-
YUHBI HE UMEIOT hopMy NapaboIouIOB.

B 3axiroueHue emeé pas npoaHaaIu3upyeM MHEHHE O BBICOKOM
CKOPOCTH CXJIOTIBIBAHUSI KPOTOBOM HOPBI, YePBOTOUMHBI. B Hammmx
BBIKJIaJIKaX Mbl YMBIIJICHHO "Ha3HAYWINA" UM CKOPOCTH IBOJIIOIUH,
OPUEHTHUPYSICh, KOHEYHO, HA PACCYKJICHUSI PACCMOTPEHHBIX aBTO-
poB. Ho 3T0 BCE-Taku JUIIb OJUH U3 BO3MOXHBIX CIIEHAPUEB BO-
JIOIUU U, CKOPEE BCEro, 3Ta CKOPOCTh MOXKET ObITh J000HU. Jlei-
CTBUTEIIBHO, €CJIH KPOTOBasi HOpa oOpa3yercss MEepCOHAIBHO IS
KaXXJIOTO HOBOTO OOBEKTa, MOMAJAIONIET0 MO TOPU30HT, TO CUTY-
anus BBITJBSIIUT BEChbMa IMPOTUBOPEUMBO. [[1s1 0THOTO — OHa yXkKe
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CXJIOTIBIBAETCS, a AJIsl JIPYroro, JABMIKYILEroCs CIEIOM — TOJIb-
KO-TOJIbKO BO3HUKJIA? Kpome Toro, ectb U BecbMa HMHTEPECHOE
MHeHUE bpOHHUKOBA, JOKTOpA HAYK:

"[lo coBpeMEHHBIM MOHSTHSAM, TO, YTO DWHIITEWH U Po3eH
paccMaTpuBaId Kak rOpJoBHHY (TO €CTh caMO€ Y3KO€ MeCTo '"Mo-
cta'"), Ha caMOM JieJIeé €CThb HE YTO MHOE, KaK FOPU30HT COOBITHI
4epHON AbIpbl (HEHTpanbHOM WM 3apsbkeHHoi). boiee toro, ¢
pa3HbIX CTOPOH "MOCTa" YacTULbl WM Jy4YH MONANAI0T Ha pa3HbIe
"yuacTku'" rOpuU30HTa, a MEXKIY, YCIIOBHO TOBOPS, IPaBOW U JIEBOU
4acTSIMM FOPU30HTA HAXOAUTCA 0co0asi HecTaTuueckas 00J1acTh, He
MIPE0/I0JIEB KOTOPYIO HEB3sI MPOUTH HOpY" [26].

B »tOomM ciyyae roBopUTh O CXJIOTBIBAaHUU 'TOPJIOBHUHBI"
KPOTOBOI HOpbI BOOOIIE HENb3s, MOCKOJBbKY TOPU30HT COOBITUI
UYepHol IbIpbl UMEET paauyC, HEM3MEHHBIN ITPAKTUYECKH Ha IIPO-
TSYKEHUU BEUHOCTH. M 31O 6€3 yuera Toro, 4To caMo PacIoyIoKeHHe
KpOTOBOW HOpHI Ha auarpammax Mexnay YepHou u bemoit nwipoi,
KaK Mbl BBIIIE OOHAPYXKHIHU, SBISETCS OECCMBICTUICH. DTH /B
JBIpBl — 3TO OJIHA W Ta ke YepHas AbIpa, MO3TOMY HHUKAKOTO
"Mexay" He MOKET ObITh B IPUHLIUIIE.

Muoromepnocts qiuarpamm Ilenpoysa

Co3nanue pa3sHOOOPa3HBIX KOOPIMHATHBIX CHCTEM B (DH3HKE,
B TEOPUU OTHOCHUTEIBLHOCTH, OUYEBUAHO, MPECIIEIyET BIOJHE IIpar-
MaTUYHbIE LEJIN: YCTPAHUTh TE€ WM WHBIE, KAXYyIIHUECS WIH pe-
albHBIE NPOTUBOPEUUS B PEUICHUSAX YPaBHEHHUH TeopuH. B CcBOIO
ouepe]ib, TAKO€ pa3HO00pa3re 03HAYAET, YTO MOJIHOCTHIO YCTPAHUTh
MPOTUBOpPEUUsl BCe-Taku HE yna€rcs. byayr nu paspaboTansl emié
0oJiee 3aMbICIIOBATHIE CUCTEMBI KOOpAWHAT? DTO HEe UCKIIOYeHo. B
HACTOSIIIUHA MOMEHT, B CAaMOM Hayajie TPEThETO ThICAYENIETHUs, 10
HaAOJIOIEHUSIM MOYKHO CZIETIaTh BBIBOJ], YTO YaIlle BCErO HMCIOJb3Y-
I0TCSl BEPCUM CUCTEM KoopanHaT — auarpaMmbl Kaprepa-Ilenpoysa.

OTU AuarpaMMsbl, B CYIIHOCTH, OTBEYAIOT BCEM KOOpJIUHAT-
HBIM TpeOOBaHMIM IPAKTUYECKH JIt0001 Teopun. OHM U3HAYAIIBHO B
OTpaHMYEHHOE IMPOCTPAHCTBO BKJIIOYAIOT BCE OECKOHEYHOE IIPO-
CTpaHCTBO-BpeMsl. V3BECTHO MHOKECTBO BapHaHTOB TaKUX JHa-
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rpaMM, U Hapsaay ¢ MOJSIPHBIM BapuUaHTOM JIuarpamm, OJHUM M3
MEPBUYHBIX, HCXOJHBIX MOXXHO IPHU3HATH POMOOBUIHBIE JHa-
rpammbl puc.4.26b. MOXHO 3aMETHTh, YTO B TaKOM JEKaPTOBOM
BapuaHTe auarpammsl [lenpoysa puc.4.26b odyeHb OX0XH Ha KO-
opauHatel Kpyckana-Illekepeca. ['maBHOE oTiMume — ceTka JIMHUM

IIOCTOSTHHOTO BPEMEHHM BBIIIOJIHEHA TaK K€, KaK M CEeTKa paccTos-
Hui. [IoATOMY B KBagpaTr KOHEYHBIX Pa3MEPOB CTAJIO BO3MOXKHBIM
BMECTUTh BCIO IIKaJIy BpPEMEHM H paccTossHUK. KoopauHaTel
Kpyckana n300pa3uTh Ha 4epTEKE MOJHOCTHIO HEBO3MOKHO.

-t

1]

i i

Puc.4.26. Ucxonusie quarpammel [lenpoysa

ITonnota muarpamm IleHpoy3a B TakoMm BHZIE BOBCE HE HC-
KIIIOYAaeT CYIIECTBOBAHUS NAapauUIEIbHBIX WIIU JIONOJHUTEIbHBIX
MHUpOB. B camom Jiene, MBI MOKeM, HapuUMep, IPOCTO 100aBUTH K
IJIOCKOMY PUCYHKY €Ul OJHY, NEPIEHIUKYISIPHYIO K €r0 MJI0CKO-
CTH, OPTOrOHAJbHYIO, THUIEPIPOCTPAHCTBEHHYIO KOOPAMHATY, B
pe3yiabTaTe 4ero Ha HeW MOXHO OyleT pa3MeCTUTh JIF000€ YHCIo
TaKUX e IJIOCKUX JuarpaMM, OTpakaroluX MapaeibHbie Bee-
JIEHHbIE C COOCTBEHHBIMHM  OECKOHEUHBIMH  IPOCTPAHCTBA-
MHU-BPEMEHAMHU.

Tem He MeHee, OHUM U3 TEPBBIX NPUHYIAUTEIBHBIX 100aB-
JIeHnil nmapauienbHoi Beenenno Ha nuarpamme Ilenpoysa crano,
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BUJIUMO, TaK Ha3bIBAEMOE MAaKCHUMAJIbHO PACIIUPEHHOE pPELIECHUE
[IBapummnbaa puc.4.27. JluarpaMMa COOTBETCTBYET TPAAUIIUOH-
HOMY H300paKEHUIO JuarpaMMbl IIBapLIIMIBA0OBCKOW BEYHOM
UYepnoli npipbl. HeCOMHEHHO, 3TO JOCTATOYHO JIOTMYHOE U JAXKeE
M3AIIHOE paciupenue GpopMann3mMa TEOPHH.

CUHIYynAapHOCTL ¥ = 0

[MapaanenbHas

Bcesiennas

r=0
Puc.4.27. Iuarpamma [lenpoysa st YepHo# AbIpbl, MAKCUMaJIbHO
pacmuperHoe perienue [IBapimibaa [63, 48]

Ho, xak u B ciryqae koopaunar Kpyckana, ero oueHb mpocto
JIOBECTH JI0 MPOTUBOPEYU HEMOJHOTHI. 3HauanbHO, OCHOBHBIMU
oOmactsimMu 3To¥ nuarpammbl Obun obmactu 1 u 1. OHuM mpsimo
cienoBaiy u3 pemeHus HIBapummnbaa 1 n300paxan UHTYUTUBHO
HNOHATHOE OECKOHEYHOE MPOCTPAHCTBO-BPEMs, 3a IpelesiaMu KO-
TOPOTO, BUAUMO, MPOCTO HUYETO HE JOJDKHO Obuto ObITh. HO Muen
OHHIITEHA O MOCTaX W KBaJpaTU4YHBIE 3aMEHbl MEPEMEHHBIX,
MPUBEIIINE K TAKUM MOCTaM, aBTOMaTHYECKH TIOTPEOOBAIM CBOETO
MecTa Ha auarpaMmax. Takasi BO3SMOXHOCTb SIBHO IIPOCMaTpUBAET-
csi: HyXHO Jymins aBe obnactu I u II noBepuyrs Ha 180° BOKpyr
neBoro yryia obmactu | ¥ monyduTh ABE HOBBIE IIPOCTPAHCTBEH-
HO-BpeMeHHbI ¢ o6mactu I1T u IV. Ho 31ech MOXHO 3aMETHTB BCE Ty
xe 1polieMy "BKycOB", 0 KOTOPBIX HE PUHATO CHOPUTH. [Ipruem
BO3MOKHOCTEH pacIIUpeHusl AMarpaMM M IOJydeHHe emé Ooiee
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MaKCHMAJIbHO PACIIMPEHHBIX PEUICHUH B JaHHOM Cllydae HE CTajlo
MeHbIe. MoXHO, HallpuMep, Kak BBINIE, T00aBUTH el OJHY T'H-
NEPIPOCTPAHCTBEHHYIO OpPTOTOHAJIBHYIO KOOPJIMHATy — IMEpIeH-
TUKYJISpHO K udepTexy. [lomyunBiieecss Telo MOXHO paccMmarpu-
BaTh KaK MHOXECTBO AHMarpamm, H300pa)xarolliX MHOECTBO 00-
nacren I, II, III u IV. Ilpudyem no 3TOM runepnpocTpaHCTBEHHOM,
4-0if MPOCTPAHCTBEHHOW KOOPAMHATE MOXKHO OECHpensTCTBEHHO
MepeMEIaThCsl MEXIy OJAHOMMEHHBIMH OOJACTSAMM, Napauiesb-
HbIMH BcenenneiMu. IloueMy Hurzae B nutepaType HUKTO U3 HC-
clejoBaTeNell He pacCMAaTPUBAET TAaKWE BAPUAHTHl PaCIIMPEHUS?
Buaumo, nx m3o0mine GpakTudecku CBOIUT K aOCyply camy UJeH0
MHO>KE€CTBA MUPOB U NIapaJuIeIbHbIX BceneHHbIX.

ml':

IMapaJsutenbHas
Bcesiennast

Puc.4.28. BeprukanbHoe pamenue auarpammel [lenpoysa

KpOMe TOr'0, MOXXHO BOCIIOJIB30BATbCA U CTAHAAPTHBIM IIPU-
€MOM, H3BCCTHBIM KaK IMOJABJICHHUEC BPAlIATCIbHBIX MNCPEMCHHBIX,
KoopauHaT. TOJIBKO B JIaHHOM CIydae BMECTO ITOJIABICHHUS MBI
MOXeM cielatb oOparHoe: e€ BoccTaHoBieHHe. Eciam 106aBUTH
BpalaTeybHyI0 TUIEPIPOCTPAHCTBEHHYIO KOOPAUHATY BOKPYT OCH,
COCIMHSIONIEH LEHTPbl CUHTYISIPHOCTEN, TO MBI IIOJy4YUM J1BA KO-
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Hyca cuHrysisipHocteil ans YepHoit u benoit apip — puc.4.28. 3nece
y Hac TaKKe €CTh JBE€ BO3MOXHOCTH Uil MHTEpIpETalUH MOJIy-
4yeHHOro "kBajapaTHoro Topa". KaxqomMy 3Hau€HUIO BpPAIIaTEIbHOTO
yria MOET COOTBETCTBOBATh IPOCTO OJHA JIOTIOJIHUTENbHAs JHa-
rpaMmMa, ONMCBIBAKONIAsl CBOKO Mapy BceneHHoOW M mapaiesbHOM
Bcenennoii, a Takux map — 0eCkoHEYHOE MHOXKecTBO. Ho MOKHO
CUMTaTh, 4YTO BCE 3TU Mapbl — €AUHOE S5-MEpPHOE IIPOCTpPaH-
cTBO-BpeMs. B 3ToM ciydae nepexospl Mex Iy napamu BeeneHHbIX
HE TpeOyIOT HUKAKUX CIEIHU(PHIECKIX MOCTOB.

Bce stu Bcenennble u3Ha4anbHO OOBEAMHEHBI MO 4-OMY
IIPOCTPaHCTBEHHOMY M3MepeHut0. Takke 04eBUIHO, YTO BpallleHUE
JyarpaMmMbl MOYKHO TIPOU3BECTU M BOKPYT OCH, OPTOIOHAJIBHOM K
OCH, COEIUHSIONICH IEHTPBI CUHTYIsIpHOCTEN — prc.4.29.

Cunrynsprocte ¥ = ()

[Mapainenbuas |

Bcenennas
Bcenennas

Puc.4.29. I'opuzonTansHOE BpaleHue quarpaMmmsl [lenpoysa

B srom ciydae B oany oOnacth cnuBatorcs Uepnas u benas
JbIpbl. Tako¥W BapHaHT BOCCTAaHOBJICHWS BPAILATEIbHOM KOOpIU-
HAThl BBITJIAIUT, KOHEYHO, €Ille MEHEE MPUEMIIEMO, ITIOCKOJIbKY OH
SIBHBIM IIOPSZAKOM OTBEPraeT He TOJIBKO CaMU benble AbIpbI, HO U
KOCBEHHO T'MIIOTE€3y BO3HMKHOBEHHUs BceneHHON M3 benoi apIpsl.
IIpu 3TOM JTMHUS BpeMEHH OECKOHEUHOTO MPOIIIOro CMeEIaeTcs Ha
BpalaTeNbHY 0Cb. MOYKHO paccMOTPETH U €I11€ OJIMH UHTEPECHBIN
BAapHaHT BpalleHus quarpammsl — puc.4.30.
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Benas [{pipa

v

Yepuas [Apipa

CUHIYNAPHOCTL | = 0

A A A A

Yepuas Ipipa

IMapannaenbHas
Bcesnennasi

Puc.4.30. [IBoitHoe BpaieHue quarpammsl [lenpoyza

OueBHUIHO, YTO CHHTYJISIPHOCTh YEepHOU ABIPbI — 3TO TOYKA B

e€ menrpe. [loaromy sormuHo ObUTO OBl Tyda €€ W TIOMECTHUTH,
IIPOU3BENs BpallleHUE AMarpaMMbl BOKPYI OCH, COBIAJAOLIEH C
nuHUel cunryaspHoctu YepHoit npipel r = 0. IIpu 3TOM cpa3sy xe
CTaHOBSTCA BUIHBI €1IE 1Be 00sacTH quarpammsel — V u VI, KoHycCHI,
Bpe3annble B oOmactu | u III. Bunumo, 310 He mocnenHuii crnocoo
BOCCTaHOBJIEHUS BpallaTelbHbIX KoopauHaT. Ecinum mpousBectu

BpAIllCHHE 3TOrO 3aMBICIIOBATOrO IIPOCTPAHCTBA-BPEMEHHU CYIIEP
MaKCUMaJbHO pacumupeHHoro pemenus IlIBapummibna BOKpyr

BEPTUKAIBHON OCH, TO BHOBb IPOM30ii1eT 00beuHEHNE Beenennoi
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n napamnenbHoil Beenennoid, obnacreid I u I, a ropuzoHTOB CO-
OBITHI — C TTapaIeTbHBIMU TOPU30HTAMH.

Takxum 06pa3oM, MOKHO MTPUATH K HEU30€)KHOMY BBIBOJTY, UTO
co3ganne (U3MYECKH W MaTEeMaTHYECKd HETPOTHBOPEYMBBIX IIa-
PaAJIEIBEHBIX MUPOB U MMPOCTPAHCTB MOYKHO TIPOU3BOAUTH MPOCTHIM
npou36oIbHbLIM T0OABIEHUE U3MEPEHUH, Jaxe 0c000 He yTpyxXaas
cebst mx obocHOBaHHEeM. HUKakux MaTeMaTHYeCKUX U Jaxe (HiIo-
COCKUX OCHOBAHUU JUISl TOTO HE TPeOyeTcsi, BIOJIHE JOCTATOYHO
OJIHO¥ TOJIBKO (paHTa3HM.

Kak crienctBue ™Mbl TOMy4aeM pPACTYIIYI0 OCCKOHEYHOCTH:
m000e OECKOHEYHOE YUCIIO MUPOB MBI MOJKEM JIOTOJIHATH OeCKo-
HEYHO, NMpuYeM OeCKOHEUHOe Ynciio pa3. OIHAKO TaKOM MPOU3BOI
JIOJI’KEH HACTOPOKHUTh.

Juarpammel Keppa-Hbomena

CaMbIM NOJIHBIM TOYHBIM PEIICHUEM ypaBHEHUIN DHWHIITEHHA
asisiercss pemieHue Keppa-HpromeHa Ui 3apsokKeHHOM Bpalaro-
mieiicst YepHoii npipbl. Bee ocranbHble pelieHust MOTYT OBITh I10-
Jy4eHBI U3 HETO MPOCTHIM OOHYJICHHWEM B YpaBHEHHH 3apsia W\UJIH
rapameTrpa 0CeBOro BpalllCHUs.

OpHako OJTHO M3 YacTHBIX pemieHuid — pemenue Keppa ans
Bpamaronercs YepHol IbIpbl BBITIIAT IPOTUBOPEYUBO CAMO 10
ce0e: 0OCTaHOBKA BPEMEHH Ha TOPU30HTE COOBITHII HECOBMECTUMO C
JIBH>)KEHUEM B €ro OKpecTHOCTH. B camom nene, pemenue Keppa
OMMpaeTCsl Ha OOCTOSITENBLCTBO, KOTOPOE B NPUHIUIE JOMyCKaeT
JKCIIEPUMEHTAIIBHYIO IIPOBEPKY — PErUCTPALMIO BPAILEHHUs, YCIOB-
HO TOBOPS, CAMOTO FOPU30HTAa COOBITUI C YBICUEHHUEM MaJAIOLIUX
Ha HEro TeJ, YaCTHLI.

[IpuHATO cunTaTh, YTO Y CTAlMOHAPHOW UEpHOU ABIPBI HET U
OBITh HE MOKET HUKAKUX BHEIIHUX XapaKTEPUCTHK, TIOMUMO MACCHI,
MOMEHTa UMITyJIbCa U ONPENCNEHHBIX 3apsAoB. B wactHOCTH, pe-
menue Keppa u sBiseTcs OAHUM U3 4YETBIPEX TOYHBIX PELICHUN
ypaBHEHUN DUHIITEHHA, B KOTOPOM M MPUCYTCTBYET OJHA U3 Tie-
PEYMCIICHHBIX XapaKTEPUCTUK — OTO CTAlHOHAPHOE, OCECUMMET-
pUYHOE pelieHue I Bpamiaromieiics YépHoi AbIpbI 0e3 3apsia.
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[Ipu Bceil CTPOroCcTH €ro MoJy4eHus,, B HEM, KaKk OTMEUYEHO,
oOHapyXHBaeTCsl MPOTUBOPEUrE ¢ 6a30BBIM (POPMATH3MOM TEOPHH
OTHOCUTENBHOCTH. COTJIACHO TEOPUU OTHOCUTENIBHOCTH JJIsl BHEI-
Hero HaOmrofaresns Ha TOpU30HTE cOObITUN YUepHOU IbIphl Bpems
ocTaHaBiauBaercsa. Kak cieacTBue OCTaHOBKM BPEMEHH Ha IOpH-
30HTE COOBITUI CTAHOBUTCSI HEBO3MOXHBIM M BCSIKOE JBM)KEHUE, B
TOM 4YHClie U BpamieHue. JleicTBUTenbHO, AOMYCTHUM, YTO HaOJII0-
narens ¢ HudepOIaTHBIMU YacaMu MMaJIaeT Ha TaKyo YepHyto AbIpy,
CKOPOCTh BpalIEHHsI KOTOPOI B TOYHOCTH paBHA OJJHOMY 000POTY B
4ac, a INIOCKOCTH BpALIEHUS CTPEJIOK 4acoB U YepHOU IBIPBI COB-
najgaroT. Eciim MUHYTHas CTpeJiKa 4acOB HAIIPABJICHA HA BHEIIHETO
HabroaTens, TO OHA 6ce20a NTOJDKHA ObITh HANpPaBJICHHA UMEHHO
Ha HEro.

Buemnuii HaOmonatens OyAeT BUAETh, UYTO MAAAIONIME HA
UepHyro ApIpy 4achl 3aMEJISIIOT CBOM XOJl, TO €CTh MUHYTHas
CTpeliKa JIBUXKETCS MeJUIeHHee, YeM OJUH 00opoT 3a yac. Crieno-
BaTEeJbHO, €€ HalpaBJieHUE JJIs BHEIIHET0 HAOII0AaTeNs BCe BpeMs
Oy/eT MEHATHCS U y)Ke He OyIeT HarpaBJIeHO Ha HETo.

Hanporus, nns nHaOmioznatens, CBOOOJHO NaJaloLIEro Ha
YepHyto AbIpY, BpeMsI TEUET KaK OOBIYHO U BCSAKOE JBHKEHUE B €r0
OKPECTHOCTH NPOAOJIKAECTCS, CTPEIKA 4YacOB BCEr/la HaIlpaBJIcHA B
OJIHY U Ty 7K€ TOUKY — Ha BHeIlIHero HaOmonatensd. [lomyyaercs, uro
B IIpejiesiax 0JJHOro 00opoTa UepHOM NBIPHI ¢ OJTHOM TOUKHU 3pEHUS
CTpeJIKa CMOTPUT B OJHY CTOPOHY, & C JAPYrod TOYKU 3PEHHS — B
JIPYT'YI0, 4YTO HEBO3MOXHO, HEJIETIO.

[IpoTuBOpEUNEe CHUMAETCS, €CIU NMPU3HATh, YTO U CKOPOCTh
BpAallleHUs MPU MaJeHUM 4acoB Ha YepHyIo AbIpYy Ui BHELIHETO
HabroaTens Takke 3ameisercs. Ho Ha caMOM TrOpH30HTE Yachl
OCTaHaBJIMBAIOTCS, CJIEJOBATEIbHO, U CKOPOCTh BpAIICHUS TAKKe
CTAaHOBUTCS PAaBHON HYJI0. A 3TO O3HAUYaeT, YTO [yl BHEIIHETO
HaOroatenst BpamieHne YepHOW IbIphl HEBO3MOXKHO, JJISI HETO
TaKHUe JbIPBI HE CYILECTBYIOT.

A 4TO MOXHO cKa3aTh 0 3apsie YepHoil npipel? W3 snemen-
TapHOM JJIEKTPOCTATHUKU MBI 3HAEM, YTO OJHOMMEHHBIE 3apsi/bl
OTTAJIKMBAIOTCS, a pa3HOMMEHHBIE — MPHUTATHBAIOTCA. Tenepb 00-
paTUM BHHMaHue Ha YUepHble AbIPbl C aKKPEIIMOHHBIM AUCKOM. C
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OJIHOM CTOPOHBI BpaIllEHHE ANUCKA, Bpoj€ Obl, SIBHO CBUIETEIb-
CTBYET O BpalleHuu U camoil YepHoli apipel. Ho Takoe MHEHME He
SBJIIETCS JIOCTAaTOYHBIM OCHOBaHHWeM. [lnaHersl, Hampumep, Bpa-
LIAIOTCS BOKPYT 3BE3]1 COBCEM HE IIOTOMY, YTO BPAIarOTCs 3BE3/BL.
Ho nac unrepecyer npyroe. Ecinu UepHas npipa 3apsikeHa, TO OHa
Hen30eKHO BBI30BET MOJISIPU3ALINIO IJ1a3Mbl aKKPELIMOHHOTO JIUCKA.
Ha BHyTpeHHe# 4acTu Jucka OyAyT CKaruTMBaThCS YacCTHIIBI MPO-
THBOIIOJIO’KHOTO 3apsiia, ¥ UMEHHO OHU OyAyT moruomieHsl YepHoit
JBIPOM B MEPBYIO Oo4epelb, yMeHbInas e€ 3apsa. HanpoTus, BHEHI-
HUE CJIOM JTUCKa OyIyT OTTAJKWBATHCS W, BUJMMO, DKETHl YepHoii
IbIpBl OyAyT B OOJbIIEH CTENEHW UMETh OJHOMMEHHBIN ¢ HEIO 3a-
psaa. To ecTb, OTOpOILIEHHBIE HKETAMH YacCTHIIBI YHECYT YacTh 3a-
psina YepHo#t npipel. B koHeuHOM cuere, UepHas apIipa oCcTaHeTCs ¢
HEUTpaJIbHBIM 3apsAaoM. CIOXKHO CyIuUThb O CKOPOCTH 3TOIO IpPO-
recca paspsiaa YepHoit IbIpbl, HO OH HEU30EKEH.

Tem He MeHee, HHTEPECHO PacCMOTPETh, KaK M BBILIE, MIPO-
LECC PAMAIIBHOIO MAJICHUs YaCTUL] HA JTYy 3apsKCHHYIO Bpallaro-
mrytocst YepHyro JpIpy BCE ¢ TOM ke Iebl0 — OOHApYKUTh, KaK B
TaKUX PEUICHUSAX BO3HMUKAIOT IapajyielbHblE MUpPBI, JIOTIOJIHH-
TeJIbHBIE U3MEPEHHS M BO3HMKAIOT JM. [[1s 3Toro mpeoOpasyem
ypaBHeHue pemieHust Keppa-HbiomMeHna k paguaibHOM BUIy. OTO
pellIeHre, OYEBUIHO, SIBJISETCS B 3HAYMTEIBHOM CTENEHM YCIIOB-
HBIM, IIOCKOJIBKY BpAIllEHHE 3BE3bl MCKIKYACT BO3MOXKHOCTb
JNEVCTBUTENBHO paJHalbHOTO MajeHus Ha He€. Ho Mbl mpumem, 4To
CKOPOCTb BpAILEHUS JAOCTAaTOYHO MaJa, a YacTulla, NPUOIN3MBIIA-
scsl K TOPU30HTY COOBITUM, IBUKETCS ¢ CyOCBETOBOM CKOPOCTBIO U
e€ TaHreHLHMAIbHOE, OPOUTAIBHOE CMELICHUE Ha 3aBEpPIIAIOIIEM
JTane MaJeHUsl JOCTaTOYHO Maio. M3 3THX yclIOBHI ypaBHEHHE
pemenus Keppa-Hbromena npumer Bup [cm. npunoxenue [105. 3a-
psbxenHas YJ1 - nagenue ¢otona, c.344]:

) PP =2mr+a’+Q%) ,,
ds” =— — dt’ +| — > >
r’'+a r-=2mr+a +Q

rr+a’

dr?

2
st porona ds” = 0, mOITOMY IPUXOJAUM K UHTETPATY BHIA
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' r’+a’
tzj. > > > |dr
r-=2mr+a +Q

r0

Kak Buaum, noasiHTErpanpHas (yHKIUS W3-3a KBAaJIPAaTHOTO

YpaBHEHUs B 3HAMEHATEJIe MMEET JIB€ TOYKH pa3pbiBa, COOTBET-

CTBYIOLLIME JIBYM TOPH30HTaM COOBITMH. Bbrumcisiem umHTErpan B

o0meM BHJE, OCTaBHB IMOKa 0€3 PacCMOTPEHHUs 3HAYCHHE KOH-
CTaHTBl MHTETPUPOBAHMSL:

t=r+mh[(r—m)’ —m*+a*+0>)]+

2m’ - Q* ml=m= m’—a’ -Q’

+
2ym’ —a’ =0 r—m+\m’—a’-Q’

BeipaxkeHust moa jorapumMoM H3HAYAIBHO OBLTH B3STH B
ckoOku Mojyist. OJJHAKO, CTPOTO TOBOPS, UCTIOJIB30BAHHE MOJIYIS
JeTaeT perieHne 0osee MUPOKUM, MO3TOMY Ha TMEPBBIX IMOPAX MBI
OTKa)XEMCsI OT HEro, OTJIOXHMB Ha BPEMsS M pEUIeHHe Borpoca 00
obnactu ompeneneHust Gpynkuuu t(r). Jamnee anms ynpomieHUs BbI-
pakeHUs n30aBUMCS OT U300UITUS IEPEMEHHBIX, KOHCTAHT a U (J, HO
U1 OOLTHOCTH pelIeHUs] BhIOEpeM MX 3HAYCHHs TAaKUMH, YTOOBI
COXpaHHUTh 00€ STH TOYKH pa3pbiBa, TOPU3OHTHI. 3 BBIpaXKEHHUS
MOJIBIHTET PATTEHON (DYHKITH HAXOAUM:

_ 2 2 2
r,=mt\m —a -Q

HpOCTBIM W HarJIs1THBIM CJIY4acM ABJIACTCA

a=Q=\/§m

B sToM ciyuae pagnychl TOpU30HTOB COOBITHI paBHBI

m
=m+—
f:g mx

[ToncraBuB 3TH 3HA4YeHUS, TPeoOpa3yeM ypaBHEHHE HYJIEBOU reo-
JIE3UYECKON K BULY:
m*| 13 N 2r—3m

—t=r+mln| (r—-m)> —— |+—ml

-C
4 8 2r—m ()
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Cpazy xe oOHapy>KHUBaeM, 4TO U3 TPEX MHTEPBAJIOB OIpe/e-
JeHus PyHKIUHU, Ha CPEJHEM OHA He ompeneneHa. To ecTb, 3Hade-
HHUE KOOpPJIMHATHI I JOJDKHO OTBEYaThb YCJIOBUIO > 1,.5m wnm
r<0,5m. BHyTpu 3TOro uHTEpBajga 3HAUEHUS BBIPAKEHUH MOJ
3HaKOM Jiorapu(pmMa OKa3bIBalOTCSI OTPULATENIbHBIMH. 3allOMHUM
ATO OOCTOSATENBLCTBO M BEpHEM JorapupmaMm 3HaKH Moayis. Bot
TeNepb MOKHO BEPHYTHCS K BOIIPOCY O KOHCTAHTE UHTETPUPOBAHMSL.
OueBHIHO, UTO €€ BUJ] ONTUCBHIBAETCS TOUHO TAKUM K€ YPaBHEHHUEM,
HO C MPOTHUBOIIOJIOKHBIM 3HAKOM, @ BMECTO 3HAUEHUS paJualibHOMN
MIEPEMEHHON MbI JJOJDKHBI MOJACTABUTh Ip — HAaYAJIbHYIO TOYKY, U3
KoTopoil (poToH Hauyan aBwkeHue. OUEBUIHO, YTO HAIpaBJICHUE
WHTETPUPOBAHUS OKa3bIBA€TCI B OJTOM Cjly4yae OOpaTHbIM, OT
OOJIBIIIETO 3HAYEHHS K MEHBIIEMY, MO3TOMY 3HAu€HHE BPEMEHHU
OKa)keTcs oTpuuaTesbHbIM. HO MBI IPOCTO MPUHYAUTEIBHO H3MeE-
HUM €ro 3Hak. I'eose3nueckne, COOTBETCTBYIOLINE 3TOMY ypaBHE-
HUIO IpesacTaBieHbl Ha pucyHke 4.31. Kak BuauM, Ha auarpamme,
NEMCTBUTENBHO, IPUCYTCTBYIOT JIBa TOpU30HTa coObiTuii. Ha mep-
BOM HHTepBase I > 1,5m KapTWHa, B CYIIHOCTH, IPAKTUYECKH
MOJTHOCTBIO COBMAJIAET CO CIy4aeM MajeHuss (OTOHA Ha OOBIYHYIO,
craunoHapHyro Uepnyro apipy IIBapumunbaa. TonbKO TOPU30HT
COOBITHI B JTAHHOM CIIy4ae OKa3aJiCsi HECKOJBKO OJIKE K CHHIY-
nsipHocTd. CyAUTh O CTPAHHOCTH 3TOTO IMOKa paHo. XoTs (HOTOH
NIEKTPUYECKU HEWTpaseH U 3aps] UepHOU AbIpbl, BUAMMO, HUKAK
HE JIOJDKEH OTpakaTbCsd HA €ro JBW)KEHHHM, HO MOMEHT HMILYJIbCca
(opMaIbHO MOXKET CIY)KUTh NMPUYMHON CYKEHHsI TOPHU30HTA CO-
ObITHH, Onaronapst MEeHTPOOSKHON cuiie. Ha ocTalbHBIX MHTEpBa-
Jax J7s BHEIIHEro Habmropatens uH(opMaius HEJOCTyIHa, IOo-
TOMY M300pakeHHOE ToBeieHHne (OTOHA BHYTpU UepHOU IBIpHI
JUISL HErO0 MOYKHO CUUTaTh MPOCTBIM BBIMBICIOM, UTPOH BOOOpaXke-
Hus. Ho u B 3TOM ciydae BBIMBIIIUIEHHOE, BOOOpakaeMoe IMoBe/ie-
HUe (OoTOHA BBITISAUT BechbMa MapajokcaibHO. Hampumep, Ha
TPETbEM MHTEpBAJE, I/l ypaBHEHHE I'€0/I€3MUECKON OIpeAeeHo,
noBesieHue (GOTOHA TPYAHO OOBACHUTH paloHabHO. OH Kak Obl
HA4YMHAET JABMKEHUE U3 OECKOHEUHOTO MPOILIOTo, 3a/10JIr0 J0 TOTO,
KaK OH B PEaJIbHOCTU UCHYIIEH B cTopoHYy YepHol abipbl. OOBsic-
HUTb 3TO HEBO3MOKHO.
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Puc.4.31. [Tanenne porona Ha UepHyro ABIPY C 3apsIoM

Kpome Ttoro, Taxke 3a10JIro 10 MCIYCKAaHUS €r0 CHapYXH,
3TOT TAWHCTBEHHBINA TyOIHKaT (POTOHA YK€ JOCTUT CHHTYIISIPHOCTH
1 ObL1 ero nornonéH. OHaKO HU Ha BHEIIHEM, HU Ha BHYTPEHHEM
MHTEpBAJIaxX y HAC HE BO3HUKIIO HUKAKOW HEOOXOMMOCTH BBOJIUTH
JIOTIOJTHUTENbHBIE TPOCTPAHCTBEHHbIE IIEPEMEHHBIE WM Mapall-
JeNnbHble  BceleHHble. Ha  mpoMexyrouHoM — HMHTEpBale,
0,5m <r < 1,5m, KOTOpBIil MBI AKTUBUPOBAJIM BBEJCHUEM MOJYJIEH,
rpaduK Te0Je3MUECKO He MPOCTO MapaZoKcaleH, HO SBISETCS
npoTuBOpeuneM, abcypaom. JlefcTBuTenbHO, TpeTuit panToM (o-
TOHA Ha 3TOM MHTEpBAJI€ C TOUKH 3PEHUs BHEIIHEro HaOIoaaTens
JBUXKETCsS B 0OpaTHOM HanpasieHuu Bpemenu! [Ipuuem u3 6ecko-
He4yHoro Oyaymero B OeckoHewuHoe mnpouuioe. Koneuno, Ooiee
JOTUYHO CYHUTaTh, YTO 3TOT (PAHTOM JBWKETCS HOPMAIBHO, W3
0ECKOHEYHOT0 MPOIUIOro B OECKOHEYHOE Oy/ylee, MepeMeasch
OT CpPEIHET0 TOpU30HTA K BHelIHeMY. Ho ypaBHEHHE cOCTaBIIEHO U3
UHBIX COOOpa)k€HHe, KOorja ABM)KEHHE MPOUCXOIUT HU3BHE B CTO-
POHY CHUHTYJISIPHOCTH.
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Tpebyer nu Takoe IBMKEHUE JOMOJHHUTENBHBIX MPOCTpPaH-
CTBEHHBIX H3MepeHuil? Wnu npyroil, mapajuieapbHOW BCEJIEHHON?
®opmanbsHO — HeT. [IpocTpaHcTBO I 3TOTO (PaHTOMHOTO (hOTOHA
3aHMMAET BIIOJIHE OIPEJEIIEHHYIO0 001acTh BHYTpU UepHOH IbIphI —
Mexay e€ AByMs FOpU30HTaMU. [IBMKETCS OH CTPOro pajuajbHO,
II03TOMY BCE OKPECTHOCTH €r0 TPACKTOPUH CYILECTBYIOT KaK Obl
camu 1o ce0Oe, HUKaK Ha HEro He BIussA. A caM (akT IBUKCHHUS B
IpouuIoe, BOOOIE-TO, CIEACTBUE TOUKU 3peHHA. Mbl mouemy-To
CTIOKOWHO BOCIIPUHSIIH, YTO UCXOTHBIA (DOTOH, HAXOMISIIUNCS BHE
UepHOl IBIpBI, BEYHO ABUTAICSA K TOPU30HTY, a 3aTEM BIPYI U3
OECKOHEYHOW BEYHOCTH Hadaj JABMKeHue oOpaTHo? Kakasi-To 310
HenpaBWIbHasg BeYHOCTh. Ho Torza 4ro HaM MemaeT paccMOTPETh
¢u3nveckn IOMycTUMOE siBIeHUWE — TyHHenupoBanue? KoneuHo,
Takoe TYHHEJIMPOBAHHUE TOXKE BBIMJISIAIUT HECKOJIBKO CTPaHHO, HO
OHO HMYEM HE XYyX€ JBHKCHUS B Ipouuioe. J[eHCTBUTENIBHO, Yilas
Ha OECKOHEYHOCTh BPEMEHH, Halll peajbHbIi (POTOH MTHOBEHHO
(HeMoKaNbHO?) TYHHEMPYET Ha BHYTPEHHUN TOPU30HT COOBITUN B
0ecKOHEeYHOe MpoIioe. 37ech, BUANMO, MOKHO JOMYCTUTh HEKOE
Moj00ue JOMOJHUTEIBHOTO (HENOKAIBLHOT0?) U3MEPEHUs — CBOE-
o0pa3HOTO TOHHEJ, Hanoo0ue napadonona Gramma.

Tem He MeHee, Bce 3TH JOMYIIEHUS 0Opa3ylOT IOBOJIEHO
MPOTHBOPEUYUBBI KOHTJIOMEpAT: TyHHEJIMpOBaHUE U3 OecKOHeu-
HOro Oynyiero B OECKOHEUHOE MPOLLUIOe, MTHOBEHHO, MPUYEM Ha
Takoe paccTosiHhue (M0 BPEMEHM), YTO B MOMEHT HCITyCKaHUS
Hamero (otoHa STOT ()AaHTOMHBIH (OTOH B TOYHOCTH JIOCTHUT
CpeIHEN yacTH BHYTPEHHEro MHTEpBaja, MEXay IBYMs TOPU30H-
tamu. bosee Toro, ypaBHEHME TaKOro JBUKEHMS, BOOOIE-TO HE
MMEET pEIIeHUs], Mbl €r0 AKTUBUPOBAIM NMPUHYAUTENbHO! Jlaxe 1
BBIMBIIIJIEHHOTO (PM3MYECKOIr0 Ipoliecca 3TO SIBHO UYpE3MEpHbIE
JOTIYILIEHUSI.

Jlume ans mucatens-gaHTacTa Takas KapTHHA MPOCTO Kila-
7Ie3b CUTYaIluil U CIOKETOB, 0COOCHHO, eclii BMecTo (poToHA Opo-
CHUTb Ha Takylo YepHyro JbIpy Kakoi-HUOYAb 3Be3107eT. Koneuno,
ISl AcaTensi-paHTacTa 3TO COBCEM Jaxe M He 00s3aTeNIbHO, OH U
TaK MOXET BbIIYyMaTh JIF000€ MHOYKECTBO MHMPOB C JIIOOBIMU 3aKO-
HaMU (PU3HKH, HO 3TOT €LIE OJUH MTOBOJ TOKE HE JIMIIHUMN.
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JJ1s HOJTHOTHI KApTUHBI HAM HEJIOCTAET €€ OJHON CUTYAllUHU:
JBYDKEHUS TIOJ] TOPU30HT YepHO# NBIphl MaTepUaTbHOTO 00BEKTa,
TOTO K€ 3BE3JI0JIETa, C ONMMCAHWEM HaONIONeHMH ero skunaxa. B
3TOM CJIy4ya€ Mbl HEMHOI'O YIPOCTHM CHUTYAIMI0, OTKA3aBIIUCh OT
MOMEHTa umnyiabca YepHoW AbIpbl. Bo-mEpBBIX, MBI HCKIIIOYAEM
CIIOpHBIE MOMEHTBI C PaJAMaJIbHOCTHIO MaJIEHUsl M3-3a BpAaILECHUS,
BO-BTOPBIX, Mbl BIUIOTHYIO CTAJIKHBAeMCs C €€ OJHUM IapajoK-
CaJIbHBIM 3((EeKTOM TEOpUU OTHOCUTENBHOCTH — TOJIOH CHHIY-
JISApHOCTBIO. JlaHHOE pelIeHHue sBIAeTCs pelleHrem PaiiccHe-
pa-Hopacrpéma i cranoHapHOU 3apskeHHOW YepHOM JbIpHI.

ITockonpky Haw BapuaHT pemenus Keppa-Heromena nonyden
B 00111eM BHUJIE, MBI IPOCTO TIpeoOpasyem ero B pemienue PaiiccHe-
pa-Hopacrpéma, oOHynMB napamMeTp MoMeHTa umnyibsca a = 0:

2 2 2
ro=2mr+ r
r r°=2mr+Q

IlosBriTack BO3MOKHOCTD YIIpOUmCHUA MCTPUKH, ITIOOTOMY

2
r r

2 2\
s’ =121 e s 1—2—m+Q—2 dr’ (4.3)
ror

Jlia ompeneneHus napaMeTpoB JIBIKEHHUS B JaHHOM CiIydae
BOCIIOJIB3YEMCSI METOI0JIOTHEH, N3TI05KeHHOU B KHUTE [ 15] [cM. mipH-
noxxenue I[106. 3apspkennas YJ| — mapenue vactuusl, ¢.347]. Pac-
cMaTpuBaeTcs najeHue Ha UepHyro IbIpy Tena U3 COCTOSHUS MOKOSI
Ha OeckoHeuHOCTH. [IpuBoAATCS apryMeHThl O HEU3MEHHOCTH OT-
HomeHust E/m juis Tena, 4To MO3BOJISIET CYIIECTBEHHO YIPOCTHUTH
onucanue e€ apukeHus. CoriiacHO 3TOMY NIPEACTaBJICHUIO, Iaja-
IOIIEE TEJIO MMEET MOCTOSHHYIO SHEPIHIO0 BO BPEMS BCETO CBOETO
JBUKEHMSI, Oy/ib TO ¢ 0OJILIIOTO yAajaeHus: OT YepHOH JIbIpbl WU C
6mm3KoT0 OT He€ paccTostHus. Ho Ha ynaneHuu OT YepHOH JBIPHI,
3TO TeJIO MMEET FHEPTHIO, HACHTHUIHYIO €r0 Macce, T0 ecTh, E = mc”.
C yueToM BbIOpAaHHOW CUCTEMBI €IMHULL, B KOTOPOI CKOPOCTh CBETA
paBHa €IMHMIIE, Mbl MOXEM 3amucath s peuieHust PaliccHe-
pa—Hopactpéma (4.3) ypaBHEHHE, aHAJIOTMYHOE MPHUBEAECHHOMY B
kaure [15, ¢.3-12, yp.19]:
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2
E_[y_2m, Q@ |dt_

5 1
m r r- )Jdr

Pa3IIeJII/IM NEPECMCHHBIC B BO3BCJICM B KBaJAparT

2

2 2

art=[1-2 2| gp
r r

IIpupaBHsieM 3TO ypaBHEHHE K ypaBHEHHIO (4.3), mepenucaB ero
MPeIBAPUTEIILHO BO BpeMeHUNo100H0# Gopme [15, ¢.2-19, yp.1]

2
2m O 2m Q°
1——’"+Q—2 dr* = dr’® = 1——’”+Q—2 dr —
r r r r
2 -1
1—2—m+Q—2 ar’
r r

ITocne nmpeoOpazoBaHuii NOIy4aeM ypaBHEHUE
1
dr 2m . o\ 2m QO

T 2

/2

dt roor ror

IIpu u3BIEUYEHUU KOpPHSA BHIOMpPAEM 3HAK MUHYC, ITOCKOJIBKY HaM
M3BECTHO, YTO HATPABJICHHE JBIDKECHHS IIPOUCXOUT OT OONBIIMX
3HAQYEHUM PaCCTOSIHUM K MEHbIUMM. Pa3fennB repeMeHHbIe U IIpu-
Be/sl BBIp@KEHHE K MHTErPANbHON (Qopme, MoiaydaeM ypaBHEHHE

ABHUKCHUSA C TOYKH 3PCHHA BHCIIHCTO Ha6JHOIIaTCJI$I

I"3

t:'[(r dr

> 2mr+Q° X2mr - Qz)”2
st ynobctBa u 6e3 HapyleHusi OOLUHOCTH, COXPAHUB BCE TOUYKU
paspbiBa, TpUCBOUM 3apsiay Q Takoe 3HaU€HUE, YTOOHI e1le OOJIbIIe
YOPOCTUTHh BbIpakeHUEe. M3 04YeBUIHBIX COOOpaKEHUU HAXOJAUM
Takoe "ynoGHOoe" 3HaueHHe 3apsga Q°=3m’/4 W, MOJCTABUB €ro B
ypaBHEHHE, TIOTy4aeM:

1’3

8
= M'[(4r2 —8mr+3sz8r—3m)”2

HOXO)KC, YTO INPOU3BCCTHU UHTCTPUPOBAHNEC B AHAJIUTUYCCKOM BHUAC
Oyner Herpocto. OHAKO, aHATTUTHYECKOE PEIIeHrue HaM 0CO00 |
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HY)KHO, TIO3TOMY JJIsl NOCTPOEHHUS I'€0JIe3UYECKON YacCTHIIbI IIPO-
U3BEJIEM YHCIIEHHOE, TaOJIMYHOE MHTErPUPOBAHME [CM. MPHIIOKE-
nue [108. Uucnennoe unrerpuposanue, c.353]. CHauana Haxoaum
o0acTi ompeaeneHus] MOABIHTEIPATbHON (QYHKIIMH H, COOTBET-
CTBEHHO, UHTErpaia. JJist 7TOro BEIYHMCINM KOPHH ypaBHEHUH, sIB-
JSIOUIMECS] TOPU30HTaMU COObITHI. Takux TOpU30OHTOB TpH (1O
Mepe yObIBaHUs):
3m m 3m

T = 9 rgZZE Vg3 = 8
Cpazy xe oOHapyKuBaeM el 0JIHy 0COOEHHOCTh UHTETpaJia:
MOABIHTET pANIbHAS PYHKIIUS UMEET MEPTBYIO 00JIACTh, TA€ () YHKITHS
HE OmpeieTieHa.

t
0=0866m

3m m Im

Puc.4.32. I'paduk noapHTErpaIbHON QyHKINN

[IpssMO 3TO O3HA4aeT, YTO MHTEPBAI OT BHYTPEHHErO I'OpH-
30HTA JI0 CHHTYJISIPHOCTH HEAOCTHKUM JUIS NMaJaromux Ha YepHyto
IbIpYy MaTepuaibHbBIX OOBEKTOB. JIeHCTBUTENIBHO, 3TO OYEHb
CTpaHHOE OOCTOSITEIBCTBO: KAXKJIbI MaTepuabHBI OOBEKT mpe-
Bpallaercs Kak Obl B IOIUIABOK HAa IOBEPXHOCTHU 3TOTO TOPU30HTA.
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Ha Bpems ycinoBHO "pa30biokupyem" 3TOT MHTEpBaj, B3sB B
CKOOKM MO/l TpaBblii MHOXKHUTENb B 3HAMEHATENE TOJbIHTE-
rpanbHO# pynkumu. Tpu ropu3oHTa 00pa3yroT YETHIpe WHTEpBAIA
paccTosinuid, a rpapuk e€ mmeer Bun puc.4.32. KpaitHuii neBbIit
OoTpe30K Tpaduka A00aBlieH YCIOBHO, Ha CaMOM Jelie B JTOHU
o0acTi QyHKIHS HE OTpe/iesieHa.

UucnoBoe (TabnM4HOE) MHTETPUPOBAHME HAET TPU OTpE3Ka
reoje3udeckoil (puc.4.33). BeprukanbHbie Kpas re0Je3UUeCKUX Ha
PUCYHKE Ha CaMOM JIeJIe IPOCTUPAIOTCA 10 OECKOHEYHOCTH BBEPX U
BHU3. JIEBBIIl OTPE30K reoJe3MUecKor He UMeeT (PU3NIECKOTO BO-
TUTOIIEHUS], 9TO UCKYCCTBEHHO JT00aBIIEHHBINH QparmMeHT. B obmem
MOJKHO 3aMETHTb, YTO T'€0/Ie3UYecKas MaJaloield YacTHIIbI BBITIIS-
IUT HE MEHEEe CTPAHHO, YeM TIpadHK MOJBIHTETPATHHON (YHKITUH.
Cam ¢akt Hammuusi TPEX HECBSA3aHHBIX OTPE3KOB MPAKTHYECKU
HEBO3MOXXHO COTJIAcOBAaTh C TE€M, YTO 3TO, BOOOIIE-TO, JABMKEHHE
OJHOM M TOM K€ YaCTHUIIBI.

Hanecém Ha puCyHOK FOpHU30HTAJIBHYIO JIMHUIO, KOTOpas Oy-
JeT 0TOOpaXaTh X0J1 BPEMEHH, COOTBETCTBYS HEKOTOPOMY MOMEHTY
BPEMEHHU HacTosIero. B atom ciydae eme 6oiee OTYETIUBO CTa-
HOBHTCSI BUJIHO, YTO PEaJTbHO MBI IMEEM TPH HE3aBHCHMBIE MUPO-
Bble JIMHUH. YUTO 3TO MOXKET 03HA4aTh C TOYKU 3PEHHUS BHEIIHETO
Habmronatens? IlepBast MupoBasi, KpailHAs NpaBas UMeEET BIOJHE
pazymHoe oObscHeHue. Ilagaromas yacTHIla C TOYKHU 3PEHHUS
BHEIIHEr0 HaOJI0JaTeNsl HUKOI/Ia HE MepeceuéT TOPU30HTa COOBI-
THI Tako# 3apsbkeHHor YepHoi awipel. Ho ABe npyrue reonesnye-
ckue (PaKTHUECKH SIBISIFOTCS €0 MBICIIEHHBIMH 0Opa3aMu, Haxo-
TSIIIAMUCS. B CEPbE3HOM KOH(IUKTE C JIOTMKON M 3/PaBbIM CMBIC-
oM. Ho uTto o3Havaer BTopas, cpeaHss reoje3ndeckas?

BykBanbHas TpakTOBKa AMarpaMMbl TOBOPHT, YTO 3TO T€0jIe-
3U4ecKass KaKOW-TO JOTIOJIHUTENFHOW YaCTUIbl, HUKAK HE CBS3aH-
HOM C UCXOJIHOM. 3a/10JIT0 10 TOTO, Kak Oblja 3amylieHa Halla, uc-
XOJHAasl YaCTHIIa, OHA M3 OECKOHEYHOTO MPOILIOTO Hayaia JBHXKe-
HUE C MOBEPXHOCTH BTOPOTO BHYTPEHHEIO TOPU30HTA HApPYyXy, K
BHEIIHEMY TOpU30HTY. [Ipy 3TOM B MOMEHT HW3JIy4eHHs HAaIIero
¢doToHa, dTa YaCTHIIA OKa3ajach MPAKTUYECKH POBHO TOCEPEINHE
MEX]ly BHEITHUMH TOPHU30HTAaMH, TOCIIE€ Yero MpOJOJDKHIIA CBOE
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OECKOHEUYHOE JBHKXCHUC, 6YKB3,JII>HO IJIe4YoM K IUICHYy C HallluM
(1)OTOHOM, IHOCTOSAHHO C HHUM C6JII/I)KaSICI>, HO HHKOrjJga TaKk W HC

KOCHYBILHUCB €TO0.

t t
Q0=0,866m 0=07m

3m) | m 3m
2

T tuacmtmu(ee

Puc.4.33. 'eonesnueckast yacTuilbl, Najaroleil Ha YepHyro IpIpy
Paiiccuepa-Hopactpéma yist BHEITHEr0 HaOII0AaTeNs U IBYX 3Ha-
yeHu# 3apsana Q

Ho ectpb u emé oqHa crpaHHasi yacTHIla, 1Ol BTOPBIM, Cpel-
HUM TOPU30HTOM. DTOT (JaHTOMHBIN (POTOH TAKKe B Mape C Mpe/bl-
JTyIIUM Haydall CBOE€ JIBIKEHHE M3 OECKOHEYHOTro mpouuioro. JBu-
KEHHE OH Haydaj (aKTUYECKH U3 TOW K€ TOYKH, HO B IIPOTUBOIO-
JIO)KHOM HAIpaBJIEHUU — B CTOPOHY CHUHTYJISIPHOCTH. B MOMEHT,
Korja Ham ()OTOH MOYTH JOCTUT BHEIIHEro TOPH30HTA COOBITHH,
3TOT (PaHTOMHBIN (POTOH, HAKOHEII, JOCTUT IIEJIA CBOETO IyTellle-
CTBUSL — TPEThETO ropu3oHTa. M, 4TO MHTEpEecHO, cpasy ke Ipe-
KpaTHJI CBOE CYIIECTBOBAHME TAK ke, KaK U BO3HUK. C TOUKHU 3peHUs
KBAaHTOBOH MEXAaHUKHA 3TO CUYHUTAETCS HEAOMYCTHMBIM — OOpBIB
MHUpOBOH nuHUU. HO ypaBHEeHHE HE Ta€T HAaM HMKaKHUX CBEJICHHUU O
TOM, YTO €r0 MHUpOBas JIMHUS MPOJIOJDKEHA BO BPEMEHHU, 3a Ipejie-
JIaMH 3TOM TOUKH (PYHKIIHS HE UMEET pEelIeHUN.

KoneuHo, MbI MOTIIH OBbI HCHIOJTB30BATh W3BECTHYIO MeTadopy
00 oOMeHe poJielf TPOCTpaHCTBA U BPEMEHH I0JT TOPU30HTOM CO-
ObiTuii YepHoi npIphl. OJHAKO BBINIE MBI YK€ OOHAPYKHIU He-
JIeecIoCOOHOCTh 3TOM MeTadophl, MOCKOJIBLKY METpHKa TpHUoOpe-
TaeT (U3NYECKH HETNPUEMIIEMBIH BUJ, a YYaCTKHU TI'eOJe3HMUECKUX
01 TOPU30HTOM Ha OCHOBE ITOH "0OMEHHOMN" METPUKH MBI TIPOCTO
HE MOXEM MaTeMaTHUYeCKd HaHECTH BBUAY NPUHLIUIHAIBHON
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HECOBMECTHMOCTH 00JIaCTeH M3MEHEHHs PeoOpa30BaHHBIX Tepe-
MCHHBIX — BPCMCHH U PACCTOAHUA.

JIist cpaBHEHMS MBI NIPUBEIN HA PUCYHKE JBA BapUaHTa I'e€0-
ne3nueckux, s 3apanoB Q = 0,866m u Q = 0,7m. Bunum, uro npu
YMEHBIIEHUHU 3apsaa pemenue Paliccaepa-Hopactpéma nepexoaut
B pemienue llIBapmnibaa, a BHyTpeHHHE TOPU30HTBI COTMAKAIOTCS
1 INIOCTCTICHHO CABUTAIOTCA B CTOPOHY CUHTYJIAPHOCTH, B KOHCUYHOM
cueTe, CIIMBAsACH C HEIO.

Tenepb JJId TTOJIYYCHHA YPaBHCHUA ABUKCHHA YaCTHUILIbI WA
Jake KOCMOJIETa MO COOCTBEHHBIM YacaM BHOBB BOCIIOJIb3YeMCS
Meroaukoi Teinmopa-Yunepa [15], [cm. mpunoxenue [107. 3aps-
xenHasa YJ] — magenue kocmosnera, ¢.350]. [ocie npeobpazoBanuii,
MOJTy4aeM CIIEAYIOIIee ypaBHEHNE ABIKEHHS YaCTUIIBI, KOCMOJIETA:

B rdx _ mr+Q®
t_'[\/2mr—Q2_ m’ amr=Q

3

4! TCIICPb MBI MOXXEM Z[O6aBI/ITB NpeaAciibl MHTCrpUPOBAHUA:
2
mr + r
t= —ZQw/ 2mr —Q°
3m 7
B pe3ynbTaTe nonydaem ypaBHEHHUE

2 2
mr+ > mr+
t=—Qq/2mr—Q —°—Q1/2mr %
2 2 0

3m 3m
Bropoe IMHHOE cllaraeMoe SIBISIETCS TPAIUIMOHHONW KOH-
CTaHTOM, HO UMEET SIBHYIO 3amuch. Kak BUIMM, B YpaBHEHUU HMe-
€TCS CKPBITAsi CUHTYJISIPHOCTh, KOTOPAsk B JIAHHOM CIlydae orpese-

JIEHa COOTHOILIEHHUEM 3apsiia U Macchl YepHOM IbIpbI U OTCEKAET,
JeaeT HeAOCTYITHOM 00J1acTh IPOCTPAaHCTBA!

2
’/‘SQ_

2m
OCOOGEHHOCTD 3TOM CKPBITON CHHTYISPHOCTH WJIM HETPOXO-
AXUMOTO TOPHU30HTA COOBITUH COCTOUT B TOM, YTO OHa NPHUKPLIBACT
COOOH WCTHHHYIO CHHTYISAPHOCTB, IeHTp YepHOW IbIpHI, (hakTu-
YECKHU BBIMOJHSSA 005S3aHHOCTH "KOCMHYECKOIO LEH30pa", 3aKpbl-
BAIOMIETO "TOJIYIO CHHTYISPHOCTH". [laxke 1Mo coOCTBEHHBIM Yacam
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HaOJroaTeNls B MPHUHIMIIE HE MOXET JOCTHYb ILeHTpa YepHoii
JBIPBI, XOTS 3TOM CKPBITOM, IPOMEXKYTOYHON CHUHIYISIPHOCTH OH
JIOCTUTHET 3a KOHEUHOE BpeMs — puc.4.34.

Kax u BbIlIe, Takoi e HeSIBHOM 0COOCHHOCTBIO MOJTYYeHHOTO
YpaBHEHHs JIBWKCHHS 4YacTUIBI SBIsETCS (POpManbHbBI OOpHIB
reo1e3n4ecKoi. [IeiCTBUTENBHO, 3TO ypaBHEHNE HE UMEET HUKAKUX
peleHni, COOTBETCTBYIOIIUX HEKOTOPOMY BPEMEHH t > tend. BBI-
TIISAT 9TO OYKBAJIBHO KaK MCUYE3HOBEHHE YACTHIIBI U3 (PH3HMUECKON

pEaNTbHOCTH.
t 0°
2m r

\ 4

Puc.4.34. I'eone3nueckas yacTuiibl, nagaromnieit Ha UepHyro IbIpy
Paiiccuepa-Hopactpéma 1o coOCTBEHHBIM YacaMm.

Bo BcsikoMm cityudae, 3TO ypaBHEHHE HE ONMCHIBAET COCTOSHUE
ITOKOSI YaCTHI[bl HA 3TOH MCEBAO-CUHIYIspHOCTH 1(t) = const. Byk-
BAJIbHO 3TO W CJENyeT TPaKTOBaTh KaK HCUE3HOBEHHWE W3 IIPO-
CTPaHCTBa-BPEMEHM KOCMOJIETA, KaK TOJIBKO OH JOCTUIAET 3TOrO
ropuszonta. Ho xyna on ucdesaer? UTto ¢ HUM IMPOUCXOJIUT B 3TOT
MoMeHT? Jlaxke ero B3phIB JI0JKEH UMEThH SIBHOE OIHCAHUE.

VYpaBHEHUS IBMKEHUS MPOCTO MOJTYAIMBO OOPBIBAIOTCS, HU-
Yero He roBops O cyan0e oObekTa. KoHeuHo, B MareMaTuiecKkoM
CMBICIIE TaKOM OOpBIB HE MMEET HUKAKUX MPOTUBOPEUUil, IPOCTO
IIpOBEJIEHA JIMHUS MEXy AByMs Toukamu. Ho nuarpamma He cra-
TUYHA, OHA U3MEHSIETCSA BO BPEMEHH, II03TOMY IMPOCTO TaK OCTaBUTh
Ha HEHl B 3TOM TOUKE M300pa’keHUE KOCMOJIETa Mbl HE MOYKEM, 3TO
TpeOyeT 00bsicHeHHus pu3zndeckoro. OUeBUIHO, YTO 371eCh OIpee-
JIEHHO BO3HHUKAaeT COOJa3H NpUBIEYb K OOBSICHEHHIO CUTYalluu
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napajuleJibHyl0 BcelleHHyr0 WM JTOTIOJHUTENbHbIE WU3MEpPEHUSI.
XoTs cuTyaluss Majo 4eM OTJIMYaeTcs OT IMaJeHUs 4YacTHIbl Ha
@u3zuueckyro CUHTYISIPHOCTb, TaKOE€ INpHBIICYEHUE OyIeT Hempu-
€MJIEMO HMCKYCCTBEHHBIM, HaJayMaHHbIM. bojee ecTecTBEHHO
MIPENIOJIOKUTH TUOO HEKOPPEKTHOCTH UCIIOJIb30BAHHON METOUKH,
BKJIIOUasi BO3MOXHBIE OMIMOKM B JIOTMKE BBIYHMCICHHUH, JTUOO He-
KOPPEKTHOCTB CaMOU pEIIITUBUCTKON MOJIEIN TAKOM 3BE3bI.

Taxkxe MOXXHO 3a7aThbCsl BOIPOCOM U O CyAbO€ BellecTBa 3a-
PSYKEHHOM HEUTPOHHOM 3BE3/1bI B MOMEHT KoJjularca. MoOKHO J0-
IYCTUTh, YTO OHO MO 3TOW K€ MPUYMHE HUKOTJA HE CXJIOIHETCS B
CHHTYJISIDHYIO TOYKY, a COXpaHHMTCS JUOO B BHJE HEKOW IICEB-
JIO-CUHTYIIIPHOUW 000JIOUKH, ITyCTOTEIIOTO II1apa, MO0 0THOPOIHOMH
cdepsl, Beb 10 KOJUIarica B IIEHTPE 3BE3/IbI UTO-TO OBLIO.
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S. MHoromMepHbl€e M NapaJjjieJbHble MHPbI

B ofmem ciaydae HayyHOEe 00OCHOBAaHHWE MHOXKECTBEHHOCTH
MHPOB MOKHO BCTPETUTH B PA3IUYHBIX BapHaHTaX, 1Ba U3 KOTOPHIX
0a3upyIOTCS HA BEAYIIUX TEOPUSX COBPEMEHHOCTH — KBAaHTOBOM
MEXaHUKe U TeOpuu rpaBurtanuu DiiHinTelHa. K nepomy Bapuan-
Ty, HECOMHEHHO, CJIEYET OTHECTH MHOTOMUPOBYIO HHTEPIIPETALINS
KBAaHTOBOM MEXaHUKH DBEPETTA, a KO BTOPOH — KOCMOJIOTUYECKYIO
runore3y Jluage o6 uHIAIHOHHOM opMUpOBaHUU BceneHHoi ¢
o0Opa3oBaHHEM MHOXeCTBa BCeleHHBIX — MyIbTHBEpPCA, B OCHOBE
KOTOPOTO JIEKUT OOIIasi TeOpUsi OTHOCUTEIBHOCTU — TEOPHS I'pa-
BUTanuu JifHIITelHA. K TpeTbeMy BapHaHTy cieayeT OTHECTH He-
KOTOPBIE IPYrUe TUIIOTE3bI, KaK BHIIBUHYTHIE B JPEBHEM MHUpE, TaK
U cpopMyTUpOBaHHBIE B MOCIEIHUE TOJBI, K KOTOPBIM MOKHO OT-
HECTH, HANpuUMep, TUINOTE3y O HEBUIUMBIX MapajijIeIbHBIX BCe-
JeHHbIX MynbTHUBCEIIEHHOM AHTOHOBA [2], KOTOpast OTBEPraeT JIBe
Jpyrue runoTessl — anbTepBepca U MylibTuBepca. DaHTaCTUYHOCTh
BCEX 3TUX TMIIOTE3 3a4acTyl0 CONPOBOXAAETCS MPU3HAHUEM aBTO-
pPOB O HEBO3MOYKHOCTH HaOJIOACHUS IIPEJICKa3aHHbIX JApPYIUX,
MHOECTBEHHBIX TMapauIeIbHBIX MHUPOB. [lOMBITKH MPEIIOKUTD
CHOCOOBI MX KOCBEHHOT'O HAOJIOJIEHUS, KaK MPABUJIO, JJOTHYECKU
IJI0X0 000CHOBaHBI. JleHCTBUTEILHO, JIFOOOE, JaKe caMOe MHHU-
MaJbHO€ KOCBEHHOE HAOJIOJEHUE O3HA4YaeT B3aUMOJEHUCTBUE, YTO
Cpasy K€ JeJaeT 3TU MUPHI pealbHo CYIIECTBYIOIUMU. B poTuB-
HOM CIlyyae, HEBO3MOXHOCTb B3aMMOJECHUCTBHSI C HUMHU TpeOyeT
MPUMEHEHHs BAXXHOTO (MIOCO(CKOro MPUHIIUIIA: TO, C YEM B3au-
MOJEWCTBHE HEBO3MOKHO 8 NpUHyuUne, He CyIeCTBYET.

NHpasunoHHBI MYJILTHBEPC

B xauectBe OJJHOTO M3 BCCKHUX AOBOAOB NPOTHUB JOIIOJIHU-
TCJIIBHBIX NPOCTPAHCTBCHHBIX I/IBMepeHI/Iﬁ MOKHO IIPUBECTH MHCHUE
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Opendecta, koTopsii emie B 1917 roay oOHapy>KUJI HEBO3MOKHOCTh
YCTOWYMBBIX IUIAHETAPHBIX OPOUT B YEThIpEeX U Oojiee MPOCTpaH-
CTBEHHBIX u3MepeHusax [47,c.285]. C 3TUM MHEHHEM COTJacHBI
MHOTHE BeayIne GU3NKA COBPEMEHHOCTH:

"JloGaBieHWEe WM U3BSITHE XOTS Obl OJHOTO W3 MPOCTpaH-
CTBEHHBIX U3MEPEHUN crienano Obl HEBO3MOKHBIM CYLIECTBOBAHUE
TJIaHETHBIX cucteMm" [56].

ITomyuyaercsi, 4TO0 BCce MHOIOMEpHBIE IPOCTPAHCTBA C pas3-
MEpHOCTBIO Oojiee TPEX MPOCTPAHCTBEHHBIX M3MEPEHUI NPUHIIU-
MUAIbHO HEBO3MOJKHBI, TOCKOJIbKY MPUBOJAT K HAPYLUICHUIO 3aKO0-
HOB rpasuranmi. Ilo kpaiineir mepe, st Hamel Beenennoit. [lpu-
BOJMMasi apryMEHTalus B M0JIb3y 3TOI0 MHEHUS ONUPAETCS KaK Ha
TEOPHUIO TPaBUTALMHU, OOIIYI0 TEOPUU OTHOCHUTEIHHOCTH, TaK H,
BUIMMO, Ha ¢u3uky Hprorona. OmHako B HUX 3aKOH OOpaTHBIX
KBaJIpaToOB JUIsl TPaBUTALIMOHHOTO B3aUMOJICHCTBUS CIIPABEIINB
UCKIIIOYUTENBHO I TpEXMEpHbIX Tel. Ho HacKoIbKo paBoMEpHO
YTBEPKIaTh, YTO YETHIPEXMEPHBIE TeJla B3aUMOJICHCTBYIOT 1O Ta-
KOMY JK€ 3aKoHy? WMiu TpexmepHble Tena, pa3HECEHHBIE MO 4YET-
BEPTON MPOCTPAHCTBEHHOM KoopauHaTe? OTBETHl HE OUEBU/THBI.

[To HabmogeHWsIM OOBEKTHI HAIIETO MHpa OJHO3HAYHO
HaXOJATCS B HAIIMX TPEX U3MEPEHUSIX, HUKOI' /1A, 1a)Ke Ha KOPOTKOE
BpeMsi, HE ucue3asl B JOTOJIHUTEIbHBIX U3MEPEHUI. JTO O3HAYAET,
YTO BCE OHM MMEIOT OJHY U Ty € KOOPAMHATY MO KaKJIOMY BO3-
MO>KHOMY JIONOJIHUTENIbHOMY H3MepeHuto. IHbIMM clioBaMu, TOJI-
IIMHA Hatrel BeeneHHo 1Mo ’ToMy N3MEpEeHHIO paBHA WITH OJIM3Ka K
Hymto. Torga 3akoH oOpaTHBIX KyOOB, YETBEPTHIX CTENEHEM M Tak
Jajiee aBTOMATUYECKHU MPEBPAIAETCs B 3aKOH 00paTHBIX KBAJpaTOB
¥ HUKaKUX TMpo0IeM IS TNIaHETapHBIX OPOUT HE BOZHHUKAET.

Hcxonss m3 oOpaTHOro, MOKHO MPEANOJIOXKUTh, YTO HAIU
TpEXMEpHBIE TeJa HE MOTYT SBJIATHCS U CEUEHUSMU HEKOTOPBIX
4-MepHBIX TeJ, HOCKOJIBbKY B 3TOM CIIy4ae OIISITh )K€ J0JKHO HAOII0-
JaThCsl HapyllIEHHWE 3aKOHa OOpaTHBIX KBajapaToB. bonee Toro, us
ATOTO CJEIYeT, YTO MOJTHOBECHBIX 4-MEPHBIX TeJl IPOCTO BOOOIIIE HE
cymiectByeT. Eciim M ecTh 4eTBepTO€ HM3MEpPEHUE, TO BCE HaIIM
TpEXMEpPHbIE TeJa SABJSAIOTCA B HEM IUIOCKUMHU 4-MEpHBIMH OOBEK-
TaMu, BKJIIOYas ¥ BCIO Hallly BeeneHHyro 1eTMKoM, Kak MOKa3aHo Ha
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puc.3.20 Ha c.146. B 3TOM cilyuae MHOKECTBO BCEJICHHBIX MOTYT
pacrionaratbcsi BAOJb 3TOM KOOPAWHATHI HAaro100Me pa3HOIBETHBIX
JIMICKOB Ha 00111l OCH B JIETCKOW UTPYIIKE — TUPAMUJIKE.

Bmecte ¢ TeM MHOxkecTBO BceeneHHbIX He TpeOyer o0si3a-
TEJIBHOIO HAJIWYUS JIOTIOJIHUTEIBHOTO M3MepeHus. CoriacHo clie-
HapHio XaoTwueckod wHQusmuu JIuame Takue BceneHHbIE MOTYT
BO3HHMKATh B €IMHOHN, OYEBHJIHO, TPEXMEPHOU obOmacTw, B "mep-
BHUYHOM Xaoce" cCKasipHOTO 1oJist [56].

Kaxnyro takyro BeeneHHyr0, 0HOM U3 KOTOPBIX SIBISETCS U
Hamla BceneHHas, MHOTAa aJUIETOPUYECKH HAa3bIBAlOT OCTPOBaMH,
OCTPOBHBIMHU BCEJIEHHBIMU. BO3MOXKHOCTh X aBTOHOMHOTO MOSIB-
neHus, 0e3 KOHTaKTa C IPYTUMHU oOecriednBaeT MHQISAIUS UCXO/I-
Horo npoctpancrsa [30, c.112].

Nmenno unmsuust 370l UCXOAHOW 00JaCTH M MPUBOAUT K
TOMY, YTO OOJIACTH BCEX 3TUX OTAEIbHBIX BCEIEHHBIX JIMIIEHBI
BO3MOYHOCTH B3aMMOJIEHCTBHSI, KOHTAKTa JAPYr ¢ Apyrom. becko-
HEYHOE MHOYKECTBO TaKUX BcelleHHBIX NO3BOJIAET claenarh JIOMy-
IIEHWE U O BO3MOXXHOCTM B HHUX JIIOOBIX CaMbIX HEBEPOSTHBIX
Ha0OPOB 3aKOHOB (PU3UKHU:

"CornacHo UHQIIALMOHHON TEOPHHM, HAllla BCEICHHAs MOXKET
COCTOSITh U3 PA3JIMYHBIX YACTEH C pa3IMuHbIMU (B IIpeienax MajbIX
SHEPTuil) 3aKOHAMH (PU3HMKH, JOMYCKaeMbIMH €JHHON (pyHIameH-
TanpHOM Teopuen" [56].

OoOwuTarenu Takux BceneHHBIX )KUBYT:

"... DKCIIOHEHIIMAJIBHO JIaJIeKO OT €€ I'PaHHULl, U NOTOMY HH-
KOI'/Ia HUYETO HE Y3HAIOT O CYIIECTBOBAHUU APYrUX "BCEIEHHBIX" C
apyrumu cBoiictBamu" [56].

Bo3HukHOBEHHE MHOKecTBa BceneHHBIX MPUBOIUT K CBOE-
0o0pa3HOH cllenKe HECKOJbKUX MOHATHH. DTO M mapaienbHbIe
MUPBI B JIOTIOJTHUTEIBHBIX U3MEPEHUSX, 3TO U BOBMOYKHOCTD JIFOOBIX
MBICTIIMBIX Ha0OpOB (PU3MYECKHX 3aKOHOB, IMOCKOJBKY OECKOHEY-
HOE yuclio BeeneHHBIX MPsIMO ATOTO HE 3aIpellaeT, 3TO U 3aKOHO-
MEpHBI BOMPOC O KOJMYECTBE TakMX BceneHHBIX, (uznueckue
3aKOHBI KOTOPBIX JOIYCKAIOT CYIIECTBOBAaHHE OMOJIOTHYECKOM
KU3HHU, U, HAKOHEII, JOBOJIbHO TYMaHHbIN BOIIPOC: KTO KOTO CO3/all,
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3aKOHBI Npupoasl BeeneHHyro wim cHavana cama BceenenHnast co-
3/1a71a 3aKOHBI IPUPOJIBIL:

"... HaM HAaJ0 3HATh, YTO MOSBIISICTCS MEPBBIM MPH 00Opa30-
BAHWM BCEJIICHHOW — cama BCEJICHHas WJIN )K€ 3aKOHbI, €l yIpaB-
nsrouie. OIMHAKOBO CIIOKHO MOHSTH, KaK MOTYT CYIIECTBOBATh
3aKOHBI /10 00pa30BaHUsl BCEJICHHOW, WM BCeJieHHas 0e3 yIpaB-
JIFOITUX €i 3aKkoHOB" [56].

Jlerko 3aMeTuTh, YTO MpoOIEMA HUYEM HE OTIMYAETCS OT
poOeMbl KypHIlbl U Ailia, CIeI0BaTeIbHO, U €AMHCTBEHHBIM pa-
3YMHBIM U IOCJIEJIOBATEIbHBIM OTBETOM JIOJDKEH OBITh TAKOM XKe:
"cHavaya" OblTa Be4Hass W OSCKOHEYHAsh MaTepusi, a Y KaKuMHU
3aKOHAMM OHa YNPABISETCS — 3TO BOIPOC JOJIHM Kak cama Beu-
HOCTb. CTpOTrO TOBOPS, 3aKOHBI MPUPOJIBI U (PU3UKH, B YACTHOCTH, B
pHpoJie BOOOIE HE CyecTBYIOT. Het Takoi cyOcTaHIIuu — 3aKOH
npuposl. Bce OHM HMCKIIOYMTENBHO IUIOJ YMCTBEHHBIX TPYIOB
yueHbIX. O3By4eHHBIN BOIPOC — 3TO CIIEACTBUE MOMBITOK U30€KaTh
oTBeTa Ha PrI0Co(CKHe BOMPOCH, OTBEprasi, 00Xoast GUI0codurio.
Heckonpko B CTOpOHE HAXOJATCS AHTPOIIHBIC MPUHIIMIIBI, UMEIO-
II1€ JOBOJBHO MPOTHUBOPEUYUBYIO OCHOBY U, CIENYET 3asiBUTh, HE
HMMEIOIINE IPAKTUYECKU HUKAKOM HAYYHOU LIEHHOCTH.

"Nmes BBIOOp cpeau pa3iMYHBIX BCEJIEHHBIX B CTPYKTYype
MynbTUMHUpPA, MBI MOXEM POJI0JDKaTh, OTOpackIBas Te, e Halla
YKU3HB ObL1a ObI HEBO3MOXKHOM [56].

AHTpPOTHBIN MIOBUHHU3M caM Mo cebe 0co00 He YAWBISET:
KOHEYHO ke, BceneHHas He MorJia MOsSIBUTHCS, €CM Obl HE ObLIO
Hac, Joe. A Kak emeé MOXHO OOBSICHUTh HEBEPOSTHYIO ITPUCIIO-
co0IeHHOCTh BeeneHHoM K CyIecTBOBaHUIO B Hel uenoBeka? 31ech
y)K€ HUKaK He OOOWTH (aKkTa HaIM4YUS OYEHb TOHKOW MOIATOHKH
(byHIaMEHTANBHBIX (PU3MYECKUX KOHCTAHT, TPU KOTOPOH Jake
MaJible OTKJIOHEHHsI OT MX CTaHJApTHBIX 3HAUCHHWH MpUBENU OBl K
MPUHIUITHATIHLHONH HEBO3MOXXHOCTH BO3HHUKHOBEHHE B HEW OHOIIO-
THYECKOM KM3HHU, YeJIOBEKA:

"Ilnst Toro yToObI Bo BeeneHHoM cyliecTBOBaia )XU3Hb, TPe-
OyeTcst peZIKoe CTEYCHNE MHOKECTBA OOCTOSATENLCTB U COBIAICHHIH.
XKuzup, KOTOpas 3aBUCUT OT Pa3HOOOPa3HBIX U CIOKHBIX OHOXH-
MUYECKUX PEAKIMM, JErKO MOXKET 0Ka3aTbCs HEBO3MOKHOM, CTOUT
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TOJIBKO M3MEHUTH XOTS OBl UyTb-UyTh HEKOTOPbIE XUMHYECKHUE U
¢busnueckue KoHCTaHTH" [46, ¢.257].

A He TpoIIIe M JOMYCTHTh BO3MOXXHOCTh MHBIX (hopM opra-
HU3alUM MaTEepUH NPHU TAaKOM PACCOTIacoBaHMM HacTpoek? Benp
00CYXIAaIOTCsl B HAYYHBIX Kpyrax BO3MOXKHOCTH JIFOOBIX HAOOpOB
3aKOHOB MPUPOBI, U TJIE-TO CYHIECTBYIOT AaHTUIIIOAM, JUIs1 KOTOPBIX
MPUCIIOCOOIEHHOCTh Hautelrl BceneHHOW — cmeptu nojaoOHa. Mnu
BCE-TaKM €CTh OrpaHUYEHUs Ha UX BapuaHThl? Cama 1o cebe uaes
MyJIbTUBEpPCA BIOJHE JOMycKaeT Takoe. BeuHas u OeckoHeuHas
Martepusi cnocoOHa BMECTUTh B c€0sl OECKOHEUHOE YUCIIO 0O0UHA-
Kogblx 10 mocnenHero Oaita Beenennsix. [Ipu 3ToM ux B3anmosa-
BHCHMOCTh COBCEM He 00s3aTenbHa, MMOCKOJIbKY BapHAHTOB — Oec-
KOHEYHOE YHCJIO:

"... K&KJIpI MBUIbHBIN My3bIph — Ii€Nasi AECATUMEpHAs BCe-
neHHas. Tak Kak NpPOCTPaHCTBO U BpPEMs MOTYT CYLIECTBOBATh
TOJIBKO Ha Ka)0M IIy3bIp€e, MEX/1y HUMU HET HU NIPOCTPAHCTBA, HU
Bpemenu" [46, c.255].

Mpl mpsIMO OTHOCUM 3Ty LUTaTy K BBeleHHOMY JIunzae B
Hay4yHbI 00uxoA noHsatuo Mynstumupa, Mynetusepca. Iloatomy
oOpariaeM BHUMaHKUE Ha OTCYTCTBUE MEXIY ITy3bIpsMU-BceneHHbI-
MU IPOCTPaHCTBA. BO3HMKAET HESICHOCTh: Ky/la )K€ B 3TOM Ciydae
pacuupstcs Beenennble?

Bwmecte ¢ Tem, rmaBHBIN BOIIPOC, KOTOPBIA HAC UHTEPECYET B
JAHHBI MOMEHT, COCTOUT B MPUHIMIHNAIBHON BO3MOYKHOCTH B3a-
WMOJICUCTBUSI 3TUX MHHHU-BCEIIEHHBIX, KOTOpPOE, KaK CIEIYyET M3
LUTAT, HEBO3MOXKHO. OJIHAKO Jake MPU WX MHOTOMEPHOCTHU MBbI
SIBHO BUJIUM, YTO BCE OHU HaxXOJSATCS B PaBHBIX YCIOBHUSX, TO €CTb,
IIEpBbIE TPU MPOCTPAHCTBEHHBIX H3MEPEHMs Ui HUX DSKBUBa-
neHTHbl. COOCTBEHHO TOBOPSI, TOJIBKO 3TO OOCTOSTENHCTBO U MOKET
CIIY’)KUTh OCHOBAaHHEM Uil YTBEPXKJIEHHH 00 WX HEIOCTYIHOCTH
apyr ans apyra. Eciau Obl OHM M3HAYaJlbHO CYILIECTBOBAIM B HeE-
CBSI3aHHBIX IPOCTPAHCTBEHHO-BPEMEHHBIX 4-MEPHBIX KOHTUHYY-
MaX, TO YTBEPXKJICHHS 00 MX HEIOCTYITHOCTH HE UMeJH Obl BOOOIIe
HUKAKOTO JIOTHYECKOTO CMBICIIA.

C nmpyroii cTOpoHbl, U BeCb KOHTMHYYM, MyIbTUBEpPC U BCe
MUHU-BCEJIEHHBIE, ITy3bIPbKH, JTOMEHBI, KaK OJIHO3HAYHO YKa3bIBa-
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eTcsl, UCTBITBHIBAIOT pacimupeHue. Ecnu Obl pacmpsuiuch TOIBKO
MUHHU-BCEJIEHHBIE, TO PAHO WJIM MO3/HO OHU JIOJIKHBI CTOJIKHYTHCSI.
N tonpko pacmmpenue Bcero MynpTuBEpca, B TOM YHCIE U TOTO,
4TO Kak Obl M HE CyIIECTBYET — 00JacTeil MEeXIy ero KOMIOHEH-
TaMd, BceneHHbIMH, MOXKET Kak-TO KOMIIEHCUPOBAaTh TaKHe
cTojkHOBeHUs. Cpasy ke CTaHOBMTCSA BUAHA MpoOiIeMa CKOPOCTH
paciiupenus, ynaiaeHus: BeeneHHbIX apyr oT apyra. [laxe mpu ux
KOHEYHOM KOJIMYECTBE, JIBE JOCTATOYHO Y/AaJ€HHBIE IpYT OT JIpyra
Bcenennple uMEIOT 0€CKOHEYHO OOJBIITYI0O CKOPOCTh pa30eraHusl.
BwMmecre ¢ TeM, pacmypeHue Beb MOKET OBbITh U 3aMEAJICHHBIM, TO
€CTh, CO BpPEMEHEM TMepeXo UM B cCkartue oOmacreil. B 3tom
cllydae paHO WJIM MO3JHO PacCTOSIHUE MEXAY 00NIaCTAMU OKaXKEeTCs
BPEMEHUNIOJO0HBIM, U MUHHU-BCEJIEHHBIE CMOTYT OOILIAThCS IO-
CPEICTBOM CBETOBBIX WJIM PaJIMOCUTHAJIOB.

KoHeuHo, ocTaercsi TOT XK€ CTpaHHBIM BapuUaHT HaJIWYMUSA
MEXAY HUMHU IyCThIX oOiacTed, He cojaep)Kalux B cebe Ipo-
CTpaHCTBa-BPEMEHM KaK TakoBOro. Kak oHO JOmKHO ce0sl MpOsIBUTH
B 3TOM ciyyae? Bompoc He oaHO3HauHbIN. Ecnu 310 abcomtoTHas
MyCcTOTa, TO OHA SIBHO HE JOJDKHA O0JIaaTh CBOWCTBaMHU TpO-
CTpaHCTBa-BpeMeHU. MHbIMH cloBamMH, €ClIM W3 OJHOW MH-
HU-BCEJIEHHON OTHpPaBUTH Jy4 CBETAa B JPYryl0 4epe3 Takyio My-
CTOTY, TO CBET, BUJUMO, JIOJDKEH POUTH depe3 He€ HampsMmyro 0e3
KaKuX-1100 3a/lep’KeK, MTHOBEHHO. JleliCTBUTENBbHO, TPYIHO BO-
0o0pa3uTh, 4TO Ha TPAHMIIE TAKOTO IMYy3bIPbKa, JOMEHa CBET OyK-
BaJIbHO ynpércs B creHy. Mnm oH ucuesner? Bo 4ro e oH B 3TOM
ciydae npeBpatutcsa? GopMaabHO OH MOTJIOMIEH MYCTOTOM, HO ATO
TIOBOJILHO CTpaHHBIN, (paHTacTHYECKUH BapUaHT, MOXJIENIe IaXe
Yepnoii apipbl. Kyna Oonee pa3yMHO NpeaCTaBUTh, UTO ATA IIyCTast
o0yacTh, He OOJagaroIIasl HUKAKUMU CBOMCTBaMH, HE 00JagaeT
TaKKe M CBOHCTBOM MpPOTSDKEHHOCTH. To ecTh, st (pOTOHA OHA
HMEET HYJIEBYIO IPOTSKEHHOCTh. 1IHaue roBops, BCE MpOCTpaHCTBO
MEX]ly MUHH-BCEJICHHBIMU SIBJISIETCS (PAKTHUECKH OIHUM CILIOII-
HbIM IPOCTPAHCTBEHHO-BPEMEHHBIM TOHHEJIEM, MOCTOM OWH-
mreiiHa-Po3eHa, CIMBIIMMUCS BOEIMHO BCEMHU BO3MOXKHBIMHU KPO-
TOBBIMH HOPaMHU, YEPBOTOUMHAMHU.
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A 3TO O3HauaeT, 4To Bce JAaXe cepuyecKkue My3bIpbKU B
IIPOCTPAHCTBE KOHTHMHYYMa COINPUKACAIOTCS JPYr C APYroM B Be-
IIECTBEHHOM CMBICJIE, IPUYEM CO CTONPOIIEHTHOM IJIOTHOCTHIO
yrmakoBKH mapoB. Toraa Bonpoc 00 oOMeHe CHrHaJlaMu MpHoOpe-
TaeT HECKOJIbKO WMHOM CMbICH. [IpM yCKOpEeHHOM pacmIupeHun
KOHTHMHYyMa M BCEJIEHHBIX OHM HUKOTJa HE CMOT'YT OOIIaThCsl APYT
C pyrom, o MeHbIIeH Mepe, Ha yIaJeHUH OT TPaHUll TOMEHOB Ha
BEJIMYMHY TOPU30HTA BUIUMOCTH. CaMO NOHSTHE FPAHUILIBI IOMEHA
TepseT (U3NYECKUN CMBICH, TIOITOMY Bcelo BceneHHOW B 1enom
MOKHO CYHTaTh BCE OOBEAMHEHHBIE BOCIMHO MHHH-BCEIICHHBIE,
TOMEHBI, IMy3BIpbKU. M Bompoc 00 0OMeHe CHrHaJlaMH TOJIHOCTBIO
OTIPEIENAETCS XapaKTEpPOM pacIIMpEeHUs 3TOM 0ObEIMHEHHON Bce-
oO1ei, equuoi BeelreHHOM.

B Hacrosiee Bpemsl paclIMpEHHE CUMTAETCS YCKOPEHHBIM,
MO3TOMY HET HHMKAaKOW HaJeXabl Ha WH(POPMALMOHHYIO CBS3b
Mexy e€ obnactsamu. Ho ecnu paciiupenue oiHax b1 nepenacT us
YCKOpPEHHOU (ha3bl B 3aMeJICHHYIO?

Ckopocmu pacuiupenus Bcenennoii

IIpunsTO CumTaTh, 4YTO paziavuHble OOsacTu MynbTUBEpCa,
Bcenennsie B MpHUHIUIIE HE MOTYT OOMEHHUBATHCS MH(POPMAIUEH.
IIpynumnHON sABIsAETCA KaK paclIMpeHHe camMuX BcCeneHHbIX, IPUBO-
TSI1Iee K YBEJIMUEHHUIO UX TOPU30HTa BUJUMOCTH, TaK U paclIMpEeHUe
Bcero MynbTuBepca. MCKIOYNTh Takoe pacuimpeHre 00beMITIo-
mero MynpTUBEpca HenNb3s, MOCKOJIBKY B INPOTHBHOM Cllydae
paciupstoniecs: MUHU-BceneHHble, BUAMMO, PaHO WIHM MO3IHO
JOJIKHBI IEPECEUbCsl, CIUTHCSI BOSIMHO.

bosiee Toro, Hama Bceenennas pacmupsieTcsi ¢ yCKOPEHUEM,
[I03TOMY JIOTUYHO MPEIOJIOKHUTh, YTO YCKOPEHHO PaCIIUPSIOTCS U
BCce Apyrue Bceenennele u caMm MysnbTuBepc. YCKOpEHHOE pacilu-
peHue Hameill BceneHHoOW sBisieTcsl HaOMIONATENbHBIM (PaKTOM.
CooTHoIIEHNE MEXKY KPACHBIM CMELEHUEM YIANEHHBIX TalaKTUK
U UX yJaJEHHOCTH HE COOTBETCTBYET CTaHAAPTHOMY 3aKOHY Xao-
071a: TaJaKTHKH OKa3aJMCh MEHEe SIPKaMHU, YeM 3TO MPEICKa3bIBAET
3aKkoH. JleiCTBUTENBHO, COTJIACHO ATOMY 3aKOHY IOCTOsSTHHAs Xao-
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O6ma H nmomwkHa OTBeYaTh CIEAYIONIEMY COOTHOIICHHIO MEXIY
CKOPOCTBIO V YIANSIOIEHCS TATAKTUKY U €€ YAAUIEHHOCThIO R:
="
R
CkopocTh ynajaeHus TATaKTUKH MPOMOPIIMOHATIbHA KPaCHOMY
CMEIIEHUIO: YeM 00JIbllIe KpaCHOE CMEIIEHUE, TEM BBIIIE CKOPOCTh
rajakTuku. HampoTus, ygalleHHOCTh TaJlaKTUKKH OOpaTHO MPOTOpP-
LUOHAJIbHA €€ SPKOCTU: YEM OHA JAJbIIe, TEM HUXKE €€ SPKOCTh.
[Tockoybky B pe3ynbrare acTpoPU3NISCKUX HAOIIOJCHUHN SIPKOCTh
TrajJakTHUK{A MPU U3BECTHOM CKOPOCTH OKa3ajlach HUXKE, TO 3TO 03-
HauaeT eé 6O JIBIIYI0 YAaTeHHOCTh — Rjucs, 4TO, O4EBUIHO, COOTBET-
CTBYET MEHBIIIEMY 3HaYEHHUIO MOCTOSIHHOW Xab0ia B POILIOM:
%
H e =5 —
Jact
Ecau BeIpa3uTh (hakTHUECKYIO yIATeHHOCTh TAJIAKTHKU Yepe3
MPECKA3bIBAEMYIO 3aKOHOM, TO MOJIY4YHM:

H =é, 20e R, =kR, k>1

Jact

Ham He u3BecTHO, U3 KakuUX COOOpaKEHUH Ha caMoM Jielie
OBUTIO CIIETAaHO 3aKioueHHe 00 YCKOPEHHOM pacmupeHun Bce-
neHHoi. Ho 3TOT BBIBOJ B IPHUBEICHHBIX BBIKJIAJKAX, YTO HA3bIBA-
€TCsl, ISKHUT Ha MOBEPXHOCTH. BIIOTHE BO3MOKHO, YTO UMEHHO Ha
OCHOBE TOJIOOHBIX PACCYXICHHWA W CHENaH BBIBOJ, YTO DPAHBIIE
nocrostHHass Xabb6na FHp. ¥Mena MeEHbIIEE 3HAY€HHE, 4YEM B
HacTosiee BpeMst H, To ecTh, BeenenHast pacimpsieTcsi yCKOPEHHO:

v V. H

Hfact _k_R = R : k

OpHaKo BO3HHUKAIOT HEKOTOPbIE COMHEHHUS B KOPPEKTHOCTH
IIPUBEJICHHBIX BBIYMCIICHUI. BO-IIepBhIX, ecny Janékas 3Be3za Me-
HEC dpKasd, TO BBIXOAWUT, YTO pPaHbIIC OHA JIBUTAIaCbhb 6BICTpeC u,
COOTBETCTBEHHO, MO3TOMY JIOJKHA Oblia yaanuThes aaibiue. Ho
9TO O3HA4aeT 3aMEUICHHOE paclIupeHue. Bo-BTOpBIX, B IpHBe-
NEHHBIX YPaBHEHUSX HESBHO MPUCYTCTBYET NOMILIEP-3PQEKT, mo-
CKOJIbKY pacCMaTpUBAIOTCS CKOPOCTH OTHOCHUTEIBHOIO JBHKEHUS
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raJJakTUKM ¥ HaOmogaresneil. B oOiielt TeoOpur OTHOCUTEIBHOCTH,
KaK M3BECTHO M HEPEIKO YKa3bIBAeTCsl B JIMTEpaType, KpacHoe
CMEILIEHUE SIBJISIETCSA PE3YJIbTaTOM M3MEHEHMsI MaclITabHOro Qak-
Topa. To ecTh, CKOPOCTh B 3TOM CITydae sIBJSIETCS Kak Obl TOOOYHBIM
apdekrom. [TompoOyeM OmpenenuTh 3TO K€ YCKOPEHHE pacIInpe-
HUS, UCXOJs HEMOCPEACTBEHHO W3 MaciTabHoro dakropa. Pac-
CMOTpUM JBa BapuaHTa pacliupeHus BCeleHHON ¢ HEKOTOpPhIMHU
YCIIOBHBIMM ITapaMeTPaMu PACHIMPEHUSI.

[lepBrrit Bapmant. Cpady ke mocie ucrmyckanus (oToHa
YAIEHHOW TajlakKTUKOM Ha paccTossHuu R =2 oT HaOmromareneit
BcenenHasi MTHOBEHHO pacIIMpuiIach B 2 pas3a, MOCJE Yero MrHo-
BEHHO K€ M NpeKpaTuiia pacuupenue. B atom ciaydyae roBopuTs o
nomriep-3¢dhexTe Helb3sl, TOCKOJIbKY TalaKTHKa W HaOIIoaaTen
OoJblIe HE yOANSIOTCS Apyr oT apyra. OpHako MacmTaOHBIN (ak-
TOP SIBHO M3MEHMUJICS, YBEIUYMB JI0 4 pacCTOSHUE MEX1y TalaKTh-
Kol u HabmomarensmMu. B camom nerne, B MOMEHT m3inydeHus: (o-
TOHA OH OBUI paBeH 2, KaK Mbl IPUHSUIIN, U (JOTOH UMEI €INHUIHYIO
JuHY. [Tocie MTrHOBEHHOTO pacIIMpeHus BeeneHHol yaBOMINCh U
MacIITaOHBIH (PAKTOP M, COOTBETCTBEHHO, AJMHA BOJHBI (POTOHA.
bynem cunTtaTh, 4TO yJIBOEHUE COOTBETCTBYET U KpPAaCHOMY CMe-
meHnto z = 2. O4eBUIHO, YTO 10 HaOmomarenss GOTOH MPOUAET
yABOeHHOE paccrosinie R =4, kotopomy OyIeT COOTBETCTBOBATH
YMEHBILIEHNE €r0 CBETUMOCTH B 16 pa3.

Bropoit BapuanT. POTOH NOYTH IOJHOCTBIO MPOILIENT pac-
ctositHue R =2 OoT rajlakTuky 10 HaOmroAarenei B CTallMOHAPHOU
Bcenennoii. SIpkocTh, CBETUMOCTD €r0 (3BE€3/1bl, KOHEYHO) YMEHb-
mwiack B 4 pa3a. I ToJibkO Ha MMUHUMAaJbHOM YAAJIEHUU OT Ha-
Omonateneii BeenleHHass MTHOBEHHO paclIMpUiIach B Te ke 2 pasa,
IIOCJIE YEro MTHOBEHHO K€ MpeKpaTHiia pacmupenre. MacimtaOHbIi
(baxTop TaKKe yBEIMUWICS B 2 pa3a, yBEIMYUB, COOTBETCTBEHHO, U
IITUHY BOJHBI (poTOHA B 2 pa3a. Kak u B mepBoM BapuaHTe 3TO OyzeT
COOTBETCTBOBATh KpacHOMY cMelleHuto z = 2. OnHako (OTOH 10
3TOr0 MOMEHTa MpOILIEN TOJIBKO paccrosiHue R =2, mo3romy ero
SPKOCTB (SIPKOCTH 3B€3/1bl) YMEHBIINIIACH TOJBKO B T€ caMble 4 pasa.
Jonmuiep-3¢ppeKT OTCYyTCTBYET U B JAaHHOM CiIy4dae, OCKOJIbKY 00-
JIaCTh IIPOCTPAHCTBA, B KOTOPOM B MOMEHT PacIIMPEHUs] HaXOAUIICS
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¢doToH, U KoTOpast GaKTHUECKH SBISIETCS €ro M3JydaTesieM, U Ha-
OmoaTeny He YAAISIOTCS OPYyr OT japyra. J{eHCTBUTENBHO, eciu
BCE-TaKM MPHU3HATH HAIWYKE JOMIIIEP-3pQPeKTa B MPoILecce MrHo-
BEHHOTO pacuiMpeHusi BceneHHOH, ToO KpacHOE CMEIIEHHE B ATOT
MOMEHT JIOJDKHO CTaTh PaBHBIM OECKOHEYHOCTH.

CpaBHuBasi BapMaHTbl, Mbl IMEEM BCE OCHOBAHUS 3aKIFOUUTh,
4YTO B MEpBOM ciydae BceneHHas pacmupsiiack 3aMeJUIEHHO, BO
BTOPOM - yckopeHHO. Ho mpu 3TOM, YCKOPEHHOMY pacIIipeHHIO
OMSTb-TAaKU COOTBETCTBYET O0Jie€ BBICOKAs SIPKOCTh YIAIEHHBIX
rajakTuk. PesynbTar, ciaenyer 3aMeTHTh, CTPaHHBIN U Ja)K€ HEBe-
posiTHBIN. bosee TOro, ero gaxke MOXHO Ha3BaThb HEJICIBIM, I10O-
CKOJIBKY OH PE3KO IPOTHUBOPEUYMT CYLIECTBYIOIIMM B3IJIsIIaM: MPHU
YCKOPEHHOM paclipeHnn BceneHHOH, mpocTpaHCTBa, OKa3bIBaeT-
Csl, MBI JIOJDKHBI BUJAETh NANEKUE TaJaKTUKH Ooyee SIpKUMHU. DTO
BEJIET K JIOBOJIBHO HENPUSTHBIM MOCIEACTBUSIM JJIsi THIOTE3BI O
TEMHOW JHEPIrHH, B OCHOBE KOTOPOM JIEKUT UMEHHO YCKOPEHHOE
pacuupenue BeeneHHoi.

Bwmecre ¢ Tem, moueMy nepBblii CIOCOO BBIYHUCICHUS Jall pe-
3yJabTaT 00 YCKOPEHHOM pacHIMPEeHHH, a BTOPOM, Ha0OOpoT, O 3a-
MeuieHHoM? Kakolt croco6 mpaBuibHbIN? PaccMoTpuM pacxox-
neHust aeranbHee. [ OOJbIIe HArISAHOCTU TEPEIUIeM 3aKOH
Xab0ma B TepmMuHax sipkocTH. IlockonbKy sipkocTh S oOpaTHO
IIPOMOPLMOHAJIbHA YAAJEHHOCTH, TO TOJy4aeM, COOTBETCTBEHHO,
JUIsl YCKOPEHHOTO (S) M1 HOpMalibHOTO (n) pacimupenus Beenennoit

H, =V,
H, =vA,

BennunHy CKOpOCTH MM KPACHOTO CMeElIeHUs OepéM OJIHY U
Ty €, MOCKOJIbKY HECOOTBETCTBUE B TOM U COCTOMT: JJIsI HEKOTO-
pOro KpacHOIO CMEIIEHUs SPKOCTh OKa3blBae€TCAd HMIKE, YEM 3TO
CJIeIyeT U3 OCHOBHOTO 3akoHa Xa00usa. [Toatomy:

U 31ech Teneph yke SIBHO BHIUM: YeM OOJIbIIIE ITOCTOSHHASI
Xab0ma, TeM OoJble U SIPKOCTh TaJaKTUKH. TO eCTh, IpU YCKO-
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PEHHOM pacliMpeHun BceneHHON ynansionmecs TalakKTHKUA TpU
HEKOTOPOM 3aJJaHHOM KPACHOM CMEIIEHNH UMEIOT 00Jiee BBICOKYIO
ApKOCTb, A5 > A,. Ternepb MbI MOXEM BBISICHUTH NIPUYHHY OOHApy-
KEHHOTO pPAaCXOXKJEHUS C MPEeAbIAYIIHMH BBIYUCICHUSIMHU: 3TO
TpajuLMOHHAs pobseMa UHTeprpeTauuu. Mbl Ha3BalIu MOCTOSH-
Hyl0 Xa06na B mponuioM Hye, HO (DaKTHUECKH 3Ta MOCTOSHHAS
COOTBETCTBYET HOPMaJIbHOMY paciiupeHuto Bcenennoit, 6e3
yckopeHus. ClieoBaTelIbHO, U BEIMYHMHA YIAIEHHOCTU Ry, TaKkKe
COOTBETCTBYET 3TOMY PEXHMY paciimpeHust — 6e3 yckopenus. [lo-
3TOMY BEJIMYMHA R — 3TO yJAJIEHHOCTh FAJIAKTUKH B PEXKHUME YCKO-
PEHHOT0, HBIHEIIHETO, KaK CUUTaeTcs, pacuumpenus Beenennoi. Ho
MBI TPUHSUH, 4TO K > 1, cuMTas, 4yTO M3MEpPEHHOE 3HAYCHHE y/aa-
JIEHHOCTH — 3TO IPOILIOE 3HaYEHHE, YAAJIECHHOCTb, KOTOPAasl AOJKHA
Obuta OBITH MIPU HOPMAIBHOM pacimupenun Beenennoii. Ho B pe-
albHOCTH BCE HAOOOPOT: TallaKTHKA OKas3ajlach MAajbllle, YeM
JOJKHA OBITH IPU HOPMaJIbHOM, HE YCKOPEHHOM pacIIMpPEHUH, TO
ectb, Rpue < R. Ilpu HOpMmaibHOM, 0€3 YCKOPEHHUS DPACHIMPEHHUS
BcenenHoli B mponuioM yaajq€HHOCTh JIOJDKHA OBITh MEHBIIE, YeM
IpU YCKOPEHHOM, HBIHEImHeM. To ecTh, crneayeT npuHATh k< 1 u
COOTHOIIEHUS] BHOBb IPUBOJAT K 3aMEIJIEHHOMY PaclIUpPEHMIO.

KoHeuHo, npuBeeHHbIE BBIUMCIEHUS CIIENAHbI Ui HEKOTO-
PBIX TOBOJILHO aOCTpakTHBIX cuTyauuil. Ho Tak v oHM paneku ot
peasibHOCTH? KOHEYHO, CTpOro HaydyHbIMM, AHAIUTUYECKUMHU HX
Ha3BaTh cJ0XHO. [loaToMy monpoOyem npojenarb 3TH K€ BbIUKC-
JEHUs. CTporo (opMajibHO, AaHAIUTUYECKH, KaK TOBOPUTCH, C JIH-
HEWKOU U KAIBKYJISATOPOM B pyKax.

TpaauIIMOHHO 3a OCHOBY BO3bMEM ypaBHEHHUE JIBIKECHUS TEIa
B pacIupsronieMcs mpocTpancTse. M3 dpopmanmsma odieid Teopuu
OTHOCUTEJILHOCTH M3BECTHO COOTHOILIEHWE JUIi MAacIITaOHOro
dakropa:

H=4
a
[Tpeo6paszyem ero B oObraHOE MU HepeHIHATEHOE YpaBHEHHUE:
a—Ha=0
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DTO ypaBHEHHE UMEET MPOCTOE PEIICHUE, KOTOPOE MOYKHO Ha3BaTh

CTaHJIaPTHBIM 3aKOHOM Xa00J1a /17151 pacCTOSHUI:

. H
r=re

HeiictBurensHo, nuddepeHpoBaHueM HaXOIUM ypaBHEHUE IS
CKOPOCTH, KOTOPOE TENEPh YK€ IBHO UMEET BUJI U3BECTHOI'O CTaH-
JTApTHOTO YpaBHEHUs 3aKoHa Xa0bia

v=r=rHe™ = Hr
HJISI MNPOBEPKHU NOACTABIACM OTH BCIWYMWHBI B YPABHCHUC I
MacimtabHoro (aktopa u yoexxaaeMcs, YTO OHU €My TOYHO COOT-
BETCTBYIOT:

. . Ht

a_ri _nfle”

a r re

Ham Taxke U3BECTHO, UTO B KOCMOJIOTUH MCHOJIB3YIOTCS CO-
OTBETCTBYIOIIME HAOJIOIaTENIbHBIE TTapaMeTpbl — APKOCTh YAaJIeH-
HOM TaJIaKTHKU U €€ KpacHOe cMmelleHue. SpKoCTh sBIsSeTCs MaTe-
MAaTUYECKH TOXKJACCTBEHHOW BENWYUHOMN Ui yaan€HHoctu. Ompe-
JEJsisl IPKOCTh CTAaHJAPTHOM CBEYM — CBEPXHOBOW la, mosywaror
TOYHOE 3HaueHue e€ yman€HHOocTH. Yem sipue 3Be3na, TEM OHa
Oonmmke K HaMm. BTopoii mapameTp — KpacHOE CMEIIEHUE B TOYHOCTH
COOTBETCTBYET CKOPOCTH, C KaKOH raJlakTHKa YAAJISETCs OT Hac: YeM
0oJIbIIIE CMEIICHNE, TEM BBIIIE CKOPOCTh yhaneHus. MHaue roBops,
(dakTHYecKu B 3aKoHe Xab0ia MPUCYTCTBYIOT HE CKOPOCTH M pac-
CTOSIHMSI, @ KpaCHbIE€ CMEILIEHUS U sIpKOCTU. U TI1aBHBIM OCHOBAaHUEM
JUIs YTBEPKICHUI 00 YCKOPEHHOM paciiupeHnu BeeneHHol kak pas
U cTaj TOT (akT, 4TO SPKOCTh JAJbHUX CBEPXHOBBIX OKa3ajlach
HIJKE, YeM 3TO JOJDKHO CIEA0BaTh M3 3aKoHa Xa0O0ma. Ho MbI mo-
poOyeM aHAIUTUYECKU IPOBEPHUTH, KAKOW BBIBOJ JIOJIKEH CIIEH0-
BaTh U3 OOHApYKEHHOTO HECOOTBETCTBUSA. MBI MPOCTO MOCTPOUM
nBa rpaduka: 3aBUCUMOCTH OT BPEMEHH CKOPOCTH yIaJCHHS H
yAan€HHOCTH WM, YTO TO K€ CaMO€, KPACHOTO CMEUIEHUS U SIPKO-
cru. KaxxqoMy MOMEHTY BpeMEHH, TEM CaMbIM, Ha Tpaduke OymayT
COOTBETCTBOBATh ABE ITH BeIMUMHBL. KpoMe 3THUX IBYX rpaduKoB,
MBI 3/I€Ch K€ TIOCTPOUM €IIIe J[Ba TAKUX K€ TpaduKa, HO UCXOIS U3
MIPENIOJIOKEHNS, YTO TAJAKTUKA YHANSETCsl ¢ YCKOPEHUEM, C TEM
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caMbIM HECOOTBETCTBHUEM CTaHJIApPTHOMY 3akoHy. Ilockombky
YCKOpPEHHE B CTAaHJAPTHOM 3aKOHE Xa00jia MBI MOXKEM OTpa3UTh
TOJIBKO BETUYMHOM MOCTOSTHHOM Xa6071a, TO YyCKOpPEHHUE, OUEBUTHO,
03HAYaeT, YTO paHbllle ObUIO OJJHO €€ 3HAUEHNE, a CO BPEMEHEM OHO
YBENMUYMIOCh. TOYHBIA 3aKOH YBETMYEHHUS TOCTOSTHHOUM XaObma
HaM HE U3BECTEH, J1a, COOCTBEHHO TOBOPSI, U HE HY>KEH, TIO3TOMY MBbI
IIPOCTO BO3bMEM 3a OCHOBY OJMH W3 BO3MOXKHBIX B IPHUHLUIIE Ba-
pPUAHTOB, KOTJa IOCTOSIHHAs BO3pacTaeT C TEYEHHEM BPEMEHH.
[TapameTp Takoro BO3pacTaHMs, KOHCTAHTY Mbl TaK M Ha30BEM —
YCKOPEHHEM pacIIMpeHusi, 0003HAYHUB €ro OYKBOH a:
H, =H(l+at)

Kak BuguMm, B HadajabHBIE MOMEHT BpeMmeHH t =0 3HaueHue
MOCTOSIHHOM Xa00iia NPUHATO PAaBHBIM HEKOTOPOMY HCXOJHOMY
3HaueHno H, a B janpHElIIeM OHa yBEJIMYMBACTCS W JOCTUTAET
COBPEMEHHOT0 3HaueHUs! Hpew, €CIM yCKOpEHHUE, TeMI €€ Bo3pac-
taHus a> 0. CornacHo 3TOMy JAOINYLIEHUIO YpPaBHEHHUE YCKOPEH-

HOI'0 ABMKCHUA ITPUMCT TaKoOM BHU:

Ht(1
r=re t(1+at)

W3 storo ypaBHeHHs IudQepeHIIMPOBAaHUEM MBI HAXOJIUM
YpaBHEHHE CKOPOCTH AJIsl YCKOPEHHOI0 3aKoHa Xab0ma
v=7= Hre" " (1+2at)
CpaBHHMB pacCTOSIHMSI TIPU PAaBHBIX KPACHBIX CMEUICHHSX,
MPOCTO BBIYUCIUB UX OTHOIIeHUE [cM. ipuioxkenue [109. CkopocTh
pacmupenus: Beenennoii, ¢.356], mosydaem:

n__ 1

r 1+42at

NHneke 2 cooTBETCTBYET YCKOpEHHOMY paciuupenuto. I[lo-
Jy4eHHasl BeJINYMHA NP 33JJaHHBIX YCIOBUAX OJHO3HAUYHO MEHbIIIE
enrHuLbl. IlodydeHHOEe COOTHOIIEHME IOKAa3bIBa€T, YTO I > Iy,
CJIEIOBATENbHO, MOCKOJbKY 3aBUCUMOCTh O0OpaTHasi, IpKOCTh yia-
NEHHOM TaJaKTUKK TE€M BHIIIE, YeM OOJIbIIIe CKOPOCTh PACIIUPEHUS
Bcenennoii. IIockonbpKy y Hac ecTh Tenepp JABE Mapbl YPaBHEHUH,
COOTBETCTBYIOIINE OOBIYHOMY M YCKOPEHHOMY paciinpeHuto Bce-
JICHHOW, MBI MOKEM COIOCTaBUTh SPKOCTH M KpacHbIE CMEILECHUs
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IUIsL IBYX BapHaHTOB pacuinpeHus: BceneHHoi Taxke u Ha rpadu-
kax. [lemaem rpagudeckue NOCTPOCHHS M MOIY4aeM CIEHAYIOIIYIO
KapTuHy puc.5.1.

“WhZ %, = z, = const 2

[ uf/
1, - cmanoapm / v
YCcKopenue v(t) — .,
r@®
r, - yckopeHue r,

/

cmanoapm v(t) 77

o) 4

>

36e30a

cmanoapm

¢ YCKopenue t, o

o—— 3emnn

Puc.5.1. I'paduku cKOpOCTH U pacCTOSTHUH

MBI UCXOWM W3 HAOIOATENILHOTO (akTa, YTO YAAIEHHBIC
raJJakTUKM MMEIOT 0o0Jiee HU3KYI0 CBETUMOCTb. TO €cTh, HEKOTO-
pOMY KOHKPETHOMY KpPacHOMY CMEIIEHHIO, COOTBETCTBYIOILIEMY
KaKOM-TO CKOPOCTH, OTBEYAET HEKOTOpas ylalEHHOCTb FaJaKTHKH.
[TosTomy mpoBenéM Ha rpaduKe TOPU3OHTAIBHYIO JIMHUIO, COOT-
BETCTBYIOIIYIO 3TOMY HEKOTOpPOMY KpPacHOMY CMEIICHHIO
Z1=2zp=const. DTO JBa CPaBHUBAEMBIX 3aKOHA, [I0ATOMY MBI U OEpEM
PaBEHCTBO B HUX UMEHHO KPacCHOTO CMEILEHUS.

ITockonbKy KpacHOE€ CMELIEHHE — 3TO CJEJICTBUE TOM WIIU
WHOW CKOPOCTH JIBHXKEHHS, TO TEM CaMbIM MBI BBIOpAJIH TOYKU Ha
ATHUX TpauKax — CKOPOCTH JIBM)KEHUS TaJJAKTHKH COTJIACHO CTaH-
JapTHOMY 3aKOHY Xa00ma u ero yckopeHHo# Bepcun. Kak Buium,
3TH KPACHBIE CMEIIEHUSI COOTBETCTBYIOT JIBYM Pa3HbIM MOMEHTaM
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BpeMeHH t; U t;. DTO HE JOJKHO BBI3BIBAThH YIUBJICHUS, IOCKOJIBKY
JOCTUXKEHHE YKAa3aHHOTO KPacHOIO CMEUIEHMs], ECTECTBEHHO, IIPO-
M30MJET B pa3Hble MOMEHTHI BpeMeHU. Eciu rajakTuka ABUTanach
0e3 yCKOpeHHus, TO 3T0 OyJeT MOMEHT BPEMEHH t;, €ClId Ke OHa
JBUTAJIaCh YCKOPEHHO, TO, OYEBHUJIHO, 3TOT MOMEHT HACTYNHJ OBl
panb1e — ty. M 31eck Mbl IEpEX0IMM K CaMOMY TJIaBHOMY: B 3TH ke
MOMEHTBl BPEMEHM TallakTHKa HMMeJa U COOTBETCTBYIOIIWE yJa-
JIEHHOCTH — ' U I;.

3aMeTHuM, 4TO IIKaja BPEMEHU — 3TO HE OObIYHAs KaJeHaap-
Has IIKajga OT OOJBIIOTO B3pbIBA JIO HAIIMX JHEH. DTO LIKaja Bpe-
MEHHU TI0 BHYTPEHHUM dHacaM yjajsromeics 3Be3abl. [lockonbky
JBUKEHHE OTHOCHUTENIBHOE, TO Mbl MOXEM C MOJHBIM OCHOBAaHUEM
CUMTATh, YTO HE 3BE3/]a yAAISIETCS OT 3eMJIH, a 3eMJIsl yAAJIIeTCs OT
3Be3/Ibl. B 3TOM cityyae kaxaoe Bpems Ha IIKaJle M 03Ha4aeT, 4To B
ATOT MOMEHT W3Jy4eHHbIe (POTOHBI JOCTUTIIM 3eMid. J[Ba pa3HbBIX
BPEMEHH TAKOTO COOBITHS 03HAYAIOT MPOCTOE COBMEIIEHHE HA OJI-
HOM PHCYHKE JIBYX Pa3HBIX I'pauKOB.

UTO MOKHO NMPOTUBONOCTABUTH NMPHUBEAEHHBIM BBIKJIAJAKaM?
OTO cTporue aHaJIUTUYECKHE BBIYUCIICHUS, UCXOJASIINE U3 He-
OCIOPUMBIX MCXOJHBIX JaHHBIX, NPEANONOKEHUNH. EAuHCTBEHHOE,
YTO MOXKHO Ha3BaTh HEMOJHOTOM — 3TO OTCYTCTBHE TOUHBIX YUC-
J106blX 3HAYECHUN YNANEHHOCTEH TAIAKTUKU B 3aBUCUMOCTH OT €€
xapakrepa ABWKeHMs. Jla, 4McIoBble 3HAUEHUS TapaMEeTPOB B3SIThI
npenenbHo ycinoBHbIMU. Ha naHHOM rpaduke B KOMIBIOTEPHYIO
nporpamMmy OBLITH 3aJI0KEHBI HEKOTOPBIE YCIOBHBIE 3HAUCHHs Oe3-
pa3MepHbIX napameTpoB. HECOMHEHHO, YTO ¢ MHBIMH, PEAIbHBIMU
(GU3NYECKUMHU 3HAUYEHUSIMH ITHX MapaMeTpoB M Tpaduku OyayT
MMETh HECKOJIbKO MHOM BHJI, HO NPEACTABISAETCS COBEPILIEHO Ma-
JIOBEPOATHBIM, YTOOBI €0 Xapakmep MPUHIUIAAIBHO OTIHYANICS OT
IIPEJICTAaBICHHOIO. A TJaBHas €ro CYIIHOCTh NPOSBHIIACh B Hepa-
BEHCTBE I >T;, YTO O3HAUYaeT: INPU YCKOPEHHOM pPACIIMPEHUU
Bcenennoii ynanéHHple TralakTUKWA JOJDKHBI OBITH Oosee ApKuMu,
4YeM IPU PaBHOMEPHOM WJIM 3aME€JJIEHHOM PacCIIMPEHHH.

Crnenyer OTKpOBEHHO NMPHU3HATh, UTO B HAYYHOM CMBICJIE 3TO
HE TOJIbBKO HHTEPECHBIE, HO U JIOBOJILHO CTPAaHHBIE, OYEBUJHO,
CIIOpHBIE BBIBOJIbI, IOCKOJIBKY OHH PE3KO MIPOTUBOPEYAT HE TOJIBKO
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MHEHHUIO OOJIBIION TPYyNIbl BCEMUPHO M3BECTHBIX YUEHBIX, KPYII-
HEHIINX CHELMATMCTOB B 3TOM 00J1aCTH, HO U MHEHUIO Psiia APYTrux
aBTOPUTETHBIX OpPraHU3allii, BBICOKO OLIEHUBUIMX TPYJA 3TUX Yyde-
HbIX. Kpome Toro, 3Tu BBIBOJBI aBTOMAaTHYECKH CTaBAT IOJ CO-
MHEHHUE W BBIBOJIBI CIICIIHAIMCTOB B 001acTH OOIIel TEOPUH OTHO-
CUTEJILHOCTH U KOCMOJIOTHH, MOCKOJIbKY TEMHAasi 3HEpIusl Terepb
YK€ JIOJKHA OOBSACHUTH NMPUYMHY 3aMEUICHHS, a HE YCKOPEHUS
paciupenus, 1100 mpocTo YiUTH u3 Gpopmanmzma teopun. Bmecre ¢
HEH, BUTUMO, JOJIKHBI OBITh IEPECMOTPEHBI U PELIEHMUS], CBA3aHHbIE
c JIAMOJa-4wIeHOM B ypaBHeHUHM OiHIITEeNHHAa. OTKa3 OT TEMHOM
SHEPrUY BHOBB MMOJHUMAET BOMPOC OT MNIOCKOCTHOCTU BeeneHHoi,
IIOCKOJIBKY oOmiasi mMacca €€ NoJDKHa ObITh IepecunTaHa, YMEHb-
[IE€HA HU MHOTO, HU MaJjo — Ha 75 MPOILEHTOB, MACCY CTaBIIEH Te-
IIepb YK€ HEHY)KHOW TEMHOU SHEPTHH.

C npyroil CTOpoOHBI, TaKHE CEPbE3HBIE MOCIEACTBUS, IPOTHU-
BOpEUHsl C U3BECTHBIMM NPEACTABICHUSIMHU O XapaKTepe pacIIupe-
Husl BceneHHOMN, KOHEYHO K€, BBI3BIBAIOT U CEPbE3HBIE COMHEHMS B
MIPaBMWJIBHOCTH NPECTABIEHHBIX PACUETOB, KOTOpBIE, BOOOIIE-TO,
BO3ZHUKJIM IPAKTHUYECKU CIIYy4aiHO B IIPOLIECCE PELIEHMS] HECKOJIBKO
uHBIX 3a7a4. Ho ¢ apyroil cTopoHsl, €CiM BBIKJIAIKH BEPHBI, TO OHU
JIOBOJIHO HEIIJIOXO BIIMCBHIBAIOTCSI B AJIbTEPHATUBHYIO THIIOTE3Y
bonbiioro B3pblBa — TUIIOTE3y O BOBHUKHOBEHUU BEILIECTBA B IPO-
necce ($a3oBOro npeBpamieHus: MaTepun, IepBOOCHOBEI U MIEPBO-
NPUYMHBI BCero cymero. Beunas m OeckoHeuHas Matepusi mpe-
Teprnena (pa3oBblil Tepexo], CXOKUM C MpoIlecCoM B kKamepe Buiib-
COHa, B pe3ylbTaTe 4ero OHa Kak Obl CKOHJIEHCHPOBAJach, Belle-
CTBOJIM3MPOBAJIach, 00pa30BaB OTPOMHYIO 00J1aCTh BEIIECTBEHHOTO
Mupa, Hamy BceeneHnyro. Hamnuue Bemectsa OJHOBPEMEHHO 3a-
MyCTHJIO W TIPOLIECCHI €r0 JIBMKEHHUs, MpeoOpa3oBaHusi, B3aHMO-
NEUCTBUM, KOTOPbIE MbI BOCIPHHHMAeM KaK TEUYEHHUE BPEMEHHU.
Hukakoro Toueunoro bosbioro B3peiBa B 3TOM citydae He TpeOy-
ercs. KoHeuHo, BemiecTBosM3anys Morja MpoUCXOJUTh U B BUJE
cepuueckoil BOJHBI, HANON00WE TOPEHHS TOMOJIMHOTO IyXa OT
OpOIIIEHHOH B HEro CMYKH. B mepBbIii MOMEHT BpeMeHH 00pa3o-
BaJlaChb OCHOBHAas CyOCTaHIIUS BEIIECTBA, KOTOPYIO BIOJIHE MOYKHO
OTOXX/IECTBUTh C TNEPBUYHBIM OyJIbOHOM TIHNOTE3bl bojbiioro
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B3pbIBa. O4EBUIHO, YTO MPHU TAKOM IOAXOJ]E YK€ HET NMPUHLUIIH-
aIbHOW HEOOXOAMMOCTH B MHQIIAIUH, KaK PACHIMPEHHS] UMEHHO
BelecTBa, nepBuuHOro OympoHa. Cam (akt ¢da3oBoro mepexoja
BBITVIAIUT Kak pa3 TakK, OyATO BO3HHUKIIEE MPOCTPAHCTBO-BPEMS
CTPEMUTENIBHO paciupuiock. Ho 310 nmme Ha nepBoM srane. B
JAJIBHEHIIEM MPOLECCHl Iepexona Martepuu B BEIIECTBO HE Ipe-
KpaTWJINCh, HO CYILIECTBEHHO 3aMEJIMINCh. Tenepp y)xe He 00pa-
3yeTcsl TOPSYMi KBApKOBBIM OYJIbOH, TENEPh YK€ B IMPOCTPAHCTBO
BelllecTBa JOOABIIAIOTCS JIMIIh MeJlbuaiiiue "aToMbl IpocTpaHcTBa"
— o0nacty (pu3NYecKoro Bakyyma, 001acTH KBAaHTOBOM NIEHBI U TOMY
000HOT0. BRIrIsSAuT 3TO Kak pa3 Kak pacHIMpEeHUE CaMoro Ipo-
ctpaHcTBa. IIponecc nmpeoOpazoBaHUs HE MOXKET JJIUTHCS BEYHO,
MI03TOMY M J100aBJIEHHE aTOMOB IPOCTPAaHCTBA CO BPEMEHEM 3a-
MEUIAETCS, 3aMeUlsii M BHUIUMOCTb paclupeHus BceneHHOH.
Kpome Toro, HauaydmuM MeCTOM JUIsl MOSIBICHHUS TAaKUX aTOMOB
SBJIIETCS MyCTOE MPOCTPAHCTB. B 00sacTaX rpaBUTAlMOHHON CBSI-
3aHHOCTH IUIOTHOCTH TaKMX aTOMOB M 0€3 3TOr0 BENMKa, IO3TOMY
TaM UM BO3HUKHYTb CJIOKHEE.

KoneuHo, Bce 3TH pacCyKIeHUs HE UMEIOT CTaTyca JI0Kas3a-
TEIbCTBA. 3JIECh KE MBI MPOCTO HCIOJIb3YEM HX KaK €CTb: €CIIU
JOIYCTUTh pacuiupeHue BceneHHOM ¢ 3aMeUIeHHeM, TO 3TO JI0-
MYLIEHUE E€CTECTBEHHO pACIPOCTPaHUTh U Ha MynbTHUBEpPC, 4TO
03HAy4aeT, B CBOIO OuYepelb, MPUHLMIINAIBHYIO BO3MOXHOCTb II€-
pPEXOJ0B M3 OJHOM €ro o0yiacTé B JPYryr, U3 OJHOH MYyJb-
tu-Beenennoit B npyryto. KpoToBble HOpBL, MOCTBI OWHIITEH-
Ha-Po3eHa M runeprnpocTpaHCTBEHHbIE JONOJHUTENIBHBIE HU3MEpe-
HUS B 3TOM cilyyae OOJbIlI€ HE SIBJIIOTCS HE3aMEHMMBIMH, YHU-
KaJIbHBIMM, €JMHCTBEHHBIMH KaHAJIaMU CBSI3H.

MHOFOMHpOBaH HHTEpIIpETAlus

Eme onuH U3 HEBEpOsATHO MapaJOKCATbHBIX BapUaHTOB (u-
3MUYECKOM peaIbHOCTH U3 MHOKECTBA MOJOOHBIX APYT APYry MUPOB
BO3HUK B paMKaX aJlbTEPHATUBHOM, pacCIIMPEHHONW MHTEpPIpETaLun
KBaHTOBOM MEXaHUKH, INpeanokeHHol Xbio OBeperTroM B 1957
roJly 1 U3BECTHOM Ha 3amajie Kak "MHOTOMHpOBasi MHTEpIpeTanus"
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(MMMN), a B Poccuu kak 3BepeTTHKA WK OKc(opckas HHTepIpe-
Talusl KBaHTOBOM MexaHUKH [55, c.174]. DBepeTT paccmaTpuBai
CBOIO pabOTy HE Kak THUIIOTE3y, TPEOYIOIIYIO0 IOKAa3aTeNbCTB U
MOJITBEPXKICHUH, a KaK 3aKOHYEHHYIO METaTeopHIo, OoJiee 0O0IIyto,
4eM pacnpoCTpaHEHHAs HbIHE KJIACCHYECKash KOTIEHTareHcKas WH-
TepIipeTanus, U BKIIOYAIONIAs IOCIENHIOI B cedsd B KauecTBe
MpeAEIbHOTO (YaCTHOTO) CITydasl.

Crnenyer OTMETHTD, UTO IBEPETTHKA YK€ C MOMEHTA ITyOJIH-
Kallii BCTPETHJIa BO3PAXXEHUS CO CTOPOHBI psina ¢(uszukoB. B
YaCTHOCTH OJJHUM M3 CIIEICTBUI TEOpHH OBLIO MpencKa3zaHue Oec-
KOHEUHOTO BETBJICHHS, PACIICIUICHUSI PeaTbHOCTH (aJbTepBepca),
BKITFOUaromiero u "pacmierienue” HaOmoaarens. Cutyarus KpaiHe
CTpaHHas W HEOOBbIUHAs, TMMOATOMY TEOpHsl HE MOTJa HE BBI3BATh
HEJIOBEPUE W BO3paXeHUW. J[OBOJBI NPOTHB 3THUX BO3PAKEHUM
OBeperT chopMynupoBai B CTaBIIEH 3HAMEHUTOW CHOCKE B CBOEH
crarbe "®OpMyIUpPOBKAa KBAHTOBOM MEXAaHMKHU 4epe3 "'COOTHECEH-
HBIE COCTOSIHMS'", KOTOpasi CyMMHUPYET SIpO TEOPHH, COCTOSIIEE B
TOM, 4TO ypaBHeHue lllpeawHrepa OmMCHIBAET M MHKPOCKOIHYEC-
CKHE, U MAaKPOCKOTTNYECKHE MHUPHI:

"... HEKOTOpbIE KOPPECIOHACHTHI MOJHSIM BOMPOC "TIepexo-
Ja OT BO3MOYKHOTO K JICICTBUTENIbHOMY" yTBEp)KJAas, uTo B "mei-
CTBUTEIIBHOCTH" — KaK CBUCTEILCTBYET HAIIl OTIBIT — HET HUKAKOTO
pacIllenIeHus] COCTOSIHUMM HalOmtojaTenel, IOCKOJIbKY BCerja
TOJIbKO OJIHA BETBH MOXET CYIIECTBOBATH (hakTHUecKu. Tak Kak
3TOT MYHKT MOKET MPHUTU B TOJIOBY U JIPYTHIM YHUTATEIISIM, HIKE
MpeJyIaraeTcs cienyroomniee 0ObsICHEHHE.

Uro kacaercsi BOIpPOCa, COCTABIISAIOUIETO IMPEIMET Cropa -
nepexojia oT "BO3MOXKHOIO" K "NEeHCTBUTENbHOMY'" — T€OpUs CHHU-
MaeT 3Ty 03a00YE€HHOCTh OYEHB MPOCTHIM CIOCOOOM: TaKOro Ie-
pexoJia HeT, ¥ IIPH ATOM OH M HE HYXXEH Il TEOPUH B COOTBETCTBUH
¢ HamuM onbIToM. C TOYKH 3pEHHS TEOPHH BCE DJIEMEHTHI Cymep-
no3unuu (Bce "BeTBU") ABISAIOTCA "IEUCTBUTENBHBIMU, HU OJTUH HE
Oonee "peaneH" yem ocTanbHBIC. He HYXHO Tojarath, 4TO BCeE,
KpOMeE OJTHOTO, TaK WJIM MHAYe Pa3pyLICHBI, TaK KaK BCE OT/IEIIbHBIC
AIIEMEHTHI CYMEPIO3UIUN WHAWBUIYATBFHO TMOJIYUHSIOTCS BOJHO-
BOMY YPaBHEHHIO C TOJIHBIM Oe3paziuuneM K MPHUCYTCTBUIO WU
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OTCYTCTBHIO ("peaabHOCTH" UM HET) JTHOOBIX JPYTUX 3JIEMEHTOB.

OTO MOJHOE OTCYTCTBUE BIMSHHS OJHOM BETBU Ha JPYTYIO
TaKKe I0APA3yMEBAET, UYTO HHUKAKON HaOIIOAATENh HUKOI/IA HE
OyZeT 3HaTh HA O KaKOM Iporiecce "pacuieruieHus "

Te apryMeHThl, COIVIACHO KOTOPBIM KapTHHE MHUpa, Npe.-
CTaBJIEHHOM 3TOM TEOPUEH, IPOTUBOPEUUT OIIBIT, IOTOMY YTO MBI HE
CO3HAaeM HHUKAaKOTO IpOIlecca BETBIICHHS, MOJOOHBI KPUTHUKE KO-
MEPHUKAHCKOW TEOpUM HAa TOM OCHOBAaHUM, YTO TMOJBHKHOCTD
3eMiH Kak peanbHbId (GU3NYecKuil (pakT SBISETCS HECOBMECTHMOM
C MHTEpIIpeTaeld mpupoabl 3[paBbIM CMBICIIOM, TIOCKOJIBKY MBI HE
YYBCTBYEM TaKOTO JIBH)KEHHUs. B 000MX cirydasix apryMeHT TepIHT
HeyJauy, KOT/la OKa3bIBAaeTCsl, UTO caMa TEOpUs NPECKa3bIBAET, B
yeM (paKTHUeCKu OyJIeT COCTOSITh Hall ombIT. (B KomepHuKaHCKOM
cllydae JIOTIOJTHEHHE HRIOTOHOBOH (pU3WKH OBLIIO 00s3aHO TIOKA3aTh,
YTO KUTENU 3eMiId He OyayT OCO3HaBaTh Jit0OOe e€ JBuKeHue)"
[55, c.205].

OpHUM M3 TakuX KOPPECHOHJIEHTOB — UMTaTeNeld  ObLI
Jle-BUTT, MCTIONHSABIIMI Ha TOT MOMEHT OOSI3aHHOCTH PEaKTOpa
TEKyIero BhITycka xxypHana "Reviews of Modern Physics", B xo-
TOPOM OBUIM Halle4aTaHbl YKOPOUEHHBIE TE3UCHI CTaTbU DBEPETTA.

"B cBoem mnuceme Jle-Butt yrBepxaan, 4To OH HE MOXKET
YyBCTBOBAaTh C€0sl paCIIENMBIINMCS, IO3TOMY MaTeMaTUYECKU
MpUBJIEKaTeNIbHAS TEOpUsi DBEpeTTa HE MOXKET OBbITh MPABUIBHOM.
OBepeTT B OTBETHOM mucbMe Jle-BUTTy Hamucan, 4To COTHM JIET
HazaJ, Mociie Toro, kak KonepHuk npoBo3riacuil cBoe paauKalbHOE
YTBEPKJICHHE O TOM, 4TO 3emJis Bpamiaercs Bokpyr CoiHila, a HE
Ha000pPOT, €ro KPUTUKH >KAJIOBAJINCH, YTO OHU HE MOTJIU OWYUams
3eMHO€ JIBUJKEHUE, a IOTOMY — Kak Takoe yTBepkaeHue KonepHuka
MOXeET ObITh MpaBUIbHBIM?" [55, ¢.215]

Bospaxxenuit Ha Takoe OOBSICHEHHE B JaJbHEHIIEM HE TO-
cienoBasio. Bo BCAKOM ciiydae, OHM HE BCTPEUAOTCS B JIUTEpAType
XOTsI ObI U C MEHBIIICH YacTOTOMN, YeM caMO OOBSICHEHHE DBEpeTTa.
[Ipunsn ero Jle-BuTT nnm HeT, HEU3BECTHO.

Wtak, 10BOJIOM NPOTHB BO3paXKEHHSI 00 OTCYTCTBHM OILY-
LIEHUM COOCTBEHHOTO pacllEIUIeHHs HaOJtoaTeNsl IpeacTaBIeHa
napajuiesib ¢ OTCYTCTBUEM IOJOOHBIX € OUIYIIEHUH O JBUKEHUU
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3emnn Bokpyr Comuna. [Tockonbky, MOJ, ABMKEHHE 3€MII HE
OIIlYIIIAa€TCS, HO HAa CaMOM JieJle OHO €CTh, TO M 'pacllerieHue
HabmroaTens" ToXe eCTh, XOTS OHO U He onrymaercs. OHaKko aaxe
MTOBEPXHOCTHBIN B3I HAa 00bsCHEHUE DBepeTTa 00s13aH ObLI MO-
Ka3aTh MOJMEHY MOHITHH, ¥ IOTOMY CTPaHHO, YTO Ha 3TO HHUKTO
psIMO HE yKa3all.

B camom nene, mpoBen€HHas DBEPETTOM Mapaliesb CPaBHH-
BaeT JIB€ MNPHUHIMIHUAIGHO pa3IMyHble CHTyaluu. B ciydae ¢
OLIYIIEHUEM ABIDKEHHUS 3eMIIM JTOKA3aTeIbCTBOM JIOKHOCTH OIIY-
IIEHUH ¥ UCTUHHOCTH JIBUKCHHUS 3eMIIM SIBIISIETCS pealibHOe (pHU3H-
yeckoe HabOmogeHue. [lepBoHayasibHO B OOJIBLIIMHCTBE CIIy4aeB
HaobnooeHue Obl10 KOCBEHHBIM, HO IPH 3TOM IMOIATBEPKIAIOCH
CTPOTUMH JOKa3aTeJbHBIMU JIOTHYECKUMHU pacCyXaeHUusMU. B
JMaNbHEHIIEM TaKoe ABUXKEHUE Hab100anoch CaMbIM HEMOCpe-
CTBEHHbIM 00pa3oM. To ecTb, HpU OTCYTCTBHH CYOBEKTHBHBIX
OLIYIIEHUH PEaTbHOTO IBMKCHUS 3eMIIH, OHO ObLIO 803MOMNCHO 8
npuHyune W 3aTeM TOJYYHIIO CTPOTO€ IKCHepUMeHmMAIbHoe T
TBEPKJCHUE, 00bICHEHHE.

CoBepIlIeHHO HHas CUTyallUsl CKJIaJbIBaeTCsi C 'paciierJie-
HueM HabmogaTeneit". HukTo u3 Hux, 6eccropHo, HU B OJJHOM JKC-
nepuMeHTe CyOBEKTHBHO HE OIIYIIAeT CBOETO PACIICTUICHHUS Ha pa3-
HbIe BETBH aibTepBepca. Ho B 1aHHOM cilydae, B OTJIMYHE OT JKC-
MEPUMEHTATIFHOTO HAOIIOICHNS BpalleHus 3eMJIH, HE CYIIEeCTBYET
U NPUHYUNUATILHO He MOMdMCem CYuecmaosams KCIIEPUMEHTa, CIIO-
COOHOTO MOKa3aTh Takoe paciieruieHue! 37ech HeyMecTHa Jaxe
(dbopMymUpoBKa "BO BCSKOM CIIydae, B HACTOSIIIIUNA MOMEHT TaKHUX
HKCTIIEPUMEHTOB HE TMPOBOAMIIOCH". Takue SKCIEPUMEHTHI HEOCY-
[IECTBUMBI 8 npUHYUne, Ha YTO TPSAMO yKa3al i caM DBEpeTT:

"... IOJIHOE OTCYTCTBHME BIHUSHHS OJHON BETBH Ha APYTyIO
TaKXkKe TOApa3yMeBaeT, YTO HUKAKOW HaOMoAaTenbh HHUKOTA HE
OyzeT 3HaTh HA O KakoM mporiecce "pacmeruieHus” [55, ¢.205].

Kak BuIMM, TIO CYIIECTBY IOJIHOE OTCYTCTBHE BIUSIHHS BET-
Beil SIBIISETCS MOCTYJIATOM TEOPHH, HE MPEAyCMaTPHBAIOIIUM HU-
KaKMX OTKJIOHEHUH. PemuTh 3Ty mpobiieMy HecrocoOHa HUKakas
MOJIEpPHHU3AIHS, HUKAKOE YCOBEpIIEHCTBOBaHME Teopun. Hampumep,
0eCKOHEYHOE BETBJICHHE MUPOB MO>KHO YMEHBIIIUTH JOOaBIEHUEM B
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MHOTOMHpPOBYIO HMHTEPIIPETALNI0O OBEPETTa TaK Ha3bIBAEMBIX
"ckneek". FIX aBTOpoM SIBISETCSI OAMH U3 YOESKIEHHBIX CTOPOHHU-
k0B 3BeperTuku — FOpuii JlebeneB. CyTh Takux CKJI€EK KpaTKO CO-
CTOUT B TOM, YTO MOMHMO PACIIEIUIEHUS] MUPOB BO3MOXEH M 00-
paTHBIN Ipolecc — UX 00bEAUHEHNE, CKIIeHKa:

"PeaJIbHOCTH HE TOJILKO BETBITCS, HO U cKienBarorcsa. Kiac-
CHUYECKHE MHUpBI aJbTepBepca (COOTHECEHHBIE COCTOSHUSI) MOTYT
B3aUMOJICMCTBOBATh ApPYr ¢ ApyroMm. Korga Takoi mpouecc craHo-
BUTCA BO3MOXHBIM, 00pa3ytorcst ocobOble cocrosiHus KPDOM,
Ha3bIBaeMble ckierikamu" [55, ¢.56].

Kazasioce Obl, Hemioxoe pelieHue MNpoOJIEMbl, MOCKOIbKY
O0EeCKOHEYHOE BETBJICHHE MHPOB, OECKOHEYHOE YBEIMUYEHHE HX
qHcia B 3TOM Cllydae CTAaHOBHTCS He 00s3aTenbHbIM. OHAKO 3TO
PSIMO TPOTUBOPEUUT TOCTYNATY TEOPUH 00 OTCYTCTBHH BIUSHHS
BETBEH Npyr Ha apyra, GopMaibHO 3TO YKe Ipyrast Teopus. 3ame-
THM, YTO TaKO€ OECKOHEUHOE YBEIMYEHHE YMCIa MUPOB B HEKOTO-
pOI1 cTeneH! NMbITAICA OTPAaHUYUTh U caM Xbi0 DBEPETT:

"Takum 00pa3oM, C KaXIbIM IMOCIEIYIOUUM HaOII0JICHUEM
(wnu B3auMoeicTBUEM), HAOIIOJaTENb "BETBUTCS" BO MHOYKECTBO
pa3nuyHbIX cocTosiHUNA. Kaxknas BeTBb mpezcTaBisieT co0oil MHOM
pe3ybTaT U3MEPEHHUS M COOMEemcmeyoue20 COOCTBEHHOTO CO-
CTOSIHMSI CUCTEMBI 00beKTa. Bece BeTBU CyIIeCTBYIOT OJTHOBPEMEHHO
B CYNEpIO3UIMU Mocie Jo00NW MaHHOW TOCIIEeN0BATEIbHOCTH
HabOmroeHuit** ... B 11000M M3BECTHOM 3allOMHUHAIONIEM YCTpPOW-
CTBE BCJIEJICTBUE OTPAHUUYEHHON EMKOCTH €ro aMsATH BETBJICHHUE HE
IIPOJI0JIKAETCS OECKOHEYHO, HO JOJKHO OCTAHOBUTHCS B HEKOTOPOM
touke" [55, c.194].

B nanbHeiieM OBepeTT 3TO 3aMEYaHHE O TOYKE OCTaHOBA
pa3BHBaTh HE CTal. YKa3aHHAs B JIAHHOW IUTaTe CHOCKa ** u sB-
JsieTCsl TEM OOBSICHEHHEM, B KOTOPOM DBEPETT MPUBOAUT IIPUMEP C
BpallleHUEM 3eMJIN.

3nech ciieayer oOpaTUTh BHUMaHUE Ha OJIHY U3 COMHHTEIb-
HBIX CTOPOH TaKOWl MHOTOMHPOBOM peaIbHOCTU — O CBSI3U MUPOB B
KOOPJIMHATHOM CMBICIIE, O XapaKTepe AOIOJHUTEIBHOIO HU3Mepe-
HUS. MHO>KE€CTBO MHPOB MOTYT OBITh YCIIOBHOCTBIO, TO €CTh, (haKTH-
YECKH, OT/EIbHBIMU O0JIACTSIMU €JUHOTO IPOCTPAHCTBA-BPEMEHH,
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MEX]Ty KOTOPBIMU TEPEX0/ibl BO3MOXKHBI XOTsI Obl B IpuHIHIE. B
9TOM CJy4a€ HUKAKUX JOMOJHMUTEIbHBIX IPOCTPAHCTBO — BpPE-
MEHHBIX H3MepeHmii He Tpebyercs. IIpaBja, BO3HMKAET BOIIPOC O
MEXaHHU3ME TaKOro CBOEOOpa3HOIO0 KONMUPOBAHUS, KIOHHUPOBAHUS
Bcenennsix. Kpome Toro, HEeKOTOpbIE pacIMpEHUs] HHTEPIPETALUU
OBepeTTa I0IyCKa0T KOMUPOBAHUE WK PaCILENJICHNEe MUPOB U BO
BpeMEHHU. JTa BEpCUs 3aMETHO PACXOJUTCSI C MCXOJHBIMU I0JIO-
KEHUSIMU TEOPHH, MTOCKOJIbKY MHUIMATOPOM pacCIIEIUIEHUsT MUPOB
SBJIIETCS HEKOTOPOE KOHKPETHOE KBAHTOBOE COOBITHE.

Beenéunsie JleOeneBbiM B TEOpHUIO DBEpeTTa CKICHKH, KO-
HEYHO, MOYKHO ITPU3HATh KOPPEKTHBIM JIOTUYECKUM IPOI0TKEHUEM
Teopun. Ho ckieiiku UMEIOT Te ke camble CIab0CTH, 4TO M UX JIO-
rUYecKHe IpeIeCTBEHHUKY — BeTBU anbTepBepca. [locnenoBarenu
OBeperTa (B PYCCKOS3bIYHOM CErMEHTE MHTEPHETA) BIIOJIHE OXKH-
JTa€MO U C TIOHMMaHUEM Hen30eKHOW HEeO0OXOJUMOCTH 3TOTO MpH-
BOJIAT "JOKazaTrenbcTBa" CYIIECTBOBAaHUA CKJIeeK. MOXHO pasje-
JUTh 3TU "Hoka3aTtenbcTBa" Ha TpH rpynnsl. IlepBas — 3to mudo-
norudeckas. IlpuBonsarcs (1o MeHbIIEH Mepe, OMH) IPUMEpPHI
SKOOBI peahbHO HAOIIIOJTaeMBIX CKJICCK WIIH, B KpaifHEM cirydae, co-
OBITHIA, KOTOPbIE UMEIOT BECKHE OCHOBAHHs pacCMaTPUBATHCS B Ta-
KOM KauecTBe. JTO COOBITHE, SKOOBI OMUCAHHOE B JIUTEpAType, O
TOM, KaK B >KEJIE3HOJOPOKHOM IACCa)KUPCKOM BaroHe BJPYI He-
0’KHUJJAaHHO MOSIBUJICS] BO3SHUIIA U3 IPOIIBIX CTOJETUH. Ero HEBOJIb-
Hbl€ CIIyTHUKHU ObLIM HEMAJIO YIMBIIEHBI U Hamyransl. OIHaKo yepe3
HEKOTOpPOE BpeMs BO3HMIIA MCYE3 TaK K€ HEOXKUJAHHO, KaK W IO-
auiics. [lepen 3TuM OH ycmen Ha3BaTh CBOE UMsSI U MECTO KUTEIb-
cTBa. B OubnuoTeke ynanock HalTH, YTO 3TO MECTO CYIIECTBOBAJIO B
peansHOCTH. Ha 5TOM "nokazarenncTBa", Mo CyTH, 3aKOHUYMIIUCH.

K mogo6HbeIM ke "nmokasaTeabcTBaM' MOKHO, BUINMO, OTHE-
CTH M pa3IM4Hble MUPAXKU BPOJE MPOMYABIIMXCS MOE3/I0B METPO,
"neTyuux rojutaHaueB" u ToMmy nojnooOHsle. OQHAKO BCE OHU ONU-
paroTcs Ha CBUJETENBCKUE "MOKa3aHus", CyObEeKTHBHOCTh KOTOPBIX
JIMIIIAET UX HAYYHOU U JI0KA3aTeJIbHOM LEHHOCTH. JIErko 3aMeTHTh,
YTO TMOCTYJNAaT 00 OTCYTCTBUM B3aMMHOTO BJIMSIHUS BETBEH 3]1€Ch
SIBHBIM 00pa3oM 0TOpachIBaeTCsl.

Bropas rpymnmna "nokxa3atenbcTB" - 3T0 HayyHbIE OOBSICHEHUS
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HEKOTOPBIX (PU3NYECKUX HKCIEPUMEHTOB C HCIOJb30BAaHUEM
ckieek. Hanpumep, B xypHane "Hayka u Xu3Hb" IpPUBOIUTCS
0OBsSICHEHUE C TPHUBJICYCHUEM CKJIEEK HKCIIEpUMEHTa Ha MHTEpde-
pomerpe Maxa-Ilannepa. B TakoM 00bsicHEHUHU SIBHO TTPOCMATPH-
BaeTcs IByCMbICIIEHHOCTh. Harpumep, BbIOOp BETBEH anbTepBepca,
MEXAY KOTOPBIMHU MPOUCXOJIUT CKIIEHKA, MPOU3BOAUTCS HA OCHO-
BaHUM TOTO, YTO MHUP PACUICIUISIETCS TOJBKO HA @huzuuecku 603-
Mmodxcuvie BeTBH. Takas (puznyeckas BO3MOKHOCTh B CTaThe HUKAK
HE paciu(poBBIBAETCS, BMECTO 3TOrO SIBHO IPEICKAa3bIBAIOTCS
BETBM, KOTOPBIE 3aTEM O] JOBOJBHO HaJAyMaHHBIMU MPEAJIOTaMHU
mpocto orOpaceiBatorcs. OJTHAKO BeCbMa 3aMETHO, U4TO (PU3UYECKU
BO3MOXHBIE BETBH IOJIHOCTbIO COOTBETCTBYIOT IPEACKA3aHUSIM
CTaHJIaPTHON KOIIEHIareHCKON WHTepIpeTalnuu, KoTopas 000CHO-
BBIBACT PE3yJIbTAT UCKIIOYUTEIFHO Ha COOCTBEHHBIX CTPOTHX Ma-
TEMaTUYECKUX PAaCCYKJICHUSAX. ODKCIEPUMEHT 3aT€M TOYHO MOJ-
TBEpKJaeT 3TU MaTeMaTHdecKue mpenackasanus. Kak Bugum, u
3/1€Ch CKJIEMKHU M BETBJIEHUS UMEIOT IATKYIO MO3UIUIO.

Hakonen, Tperbeil rpymnmoil siBaseTcss 00acTh MCKYCCTBA.
Cy1iiecTByeT MHOYKECTBO XYA0KECTBEHHBIX (M JTOKYMEHTAJIbHBIX)
(GMIEMOB, COOBITHA B KOTOPBIX pa3BopauynBaioTCcs Ha (oHe "ckad-
KOB" B mapajulienpHble peaibHOCTH. Bee 3T "ckonbxenus", "mpo-
BaJIbl BO BpEMEHHU" U MpouHe "Mepexobl" SBISIOTCS BCErO JIUIIb
XYZ0’KECTBEHHBIMU MHTEPIPETALUSIMU CTPOTUX HAYUYHBIX TEOPUN —
KBaHTOBOM MEXaHHUKH, TEOpPUM TrpaBUTauMM OiHIITENHHA. OHU
OTIMCHIBAIOT BBHIMBIIIICHHBIE CUTYAllUd M MOTYT OBITH TOJIBKO Je-
MOHCTpALIMEN, WLUTIOCTPAMEd THUIMOTETUYECKUX CIEACTBUM 3THX
Teopuil. He cyiiecTByeT peanbHbIX, BOCHPOU3BOAUMBIX 3KCIEPHU-
MEHTOB, MOATBEPKAAIOIINX 3TU XYJOKECTBEHHbIE nepexoabl. Ha
pOJIb PBEPETTUUYECKUX CKJIIEEK, KCTaTH, OHU "Ha3HAuYeHbI" CTOPOH-
HUKaMH 5BEPETTUKU. ABTOPHI 3TUX (PUIBMOB, BIIOJHE BEPOSATHO,
)K€ W HE MOJ03PEBAIOT O CYIIECTBOBAHUU TAaKOTO MOHSITHUS —
CKJICIKa BETBEW aJlbTEpBEpCa.

Takum oOpazom, oObsicHeHHE OIBeperta 000CHOBAHHOCTH
BETBJICHUI HaOmrogaTenst co cchuikoil Ha KomepHuka HecocTos-
TEJIBHO U C TOUKH 3PEHUS JIOTUKH POTUBOPEUNBO. TeM HE MeHee, Yy
TUIOTE3bl DBEpETTa HAIJIOCh HEMaJ0 CTOPOHHMKOB CpEAHd W3-
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BECTHBIX YUEHBIX:

"YTO yAMBUTEIBHO, IPUHUMAS 3TY CTPAHHYIO TOUKY 3pEHHUS,
y4€Hbl€ MOTYT NPUNTHU K TEM K€ Pe3ysbTaraM, 4TO U C IOMOIIbIO
Konenrarenckoro noaxona, 0e3 BCAKOW HYXJbl B KOJUIAINICE BOJI-
HOBOM (QyHKIMU. HBIMM CcIIOBaMM, 3KCIIEPUMEHTHI, IPOBEACHHbIE
KAaK B COOTBETCTBMM ¢ KONEHrareHcKoW MHTepIpeTanueil, Tak U B
COOTBETCTBUU C MHTEPIPETALMEN TEOPUU MHOTMX MUPOB, IPUHECYT
B TOYHOCTH COBMajiatomue pesynbrarsl” [47, c.195].

Crporo roBopsi, 3T0O HE TakK: MpeACKa3aHUsl 3BEPETTUKH,
BO-TIEPBBIX, B HEKOTOPBIX CIIy4asiX MPOCTO MCIOJIb3YIOT IpPEJCKa-
3aHMS KOTIEHIareHCKON MHTEpIpETally, BblIaBas UX 3a CBOM, KaK
[I0OKa3aHO BBIIIE, TAK U MOTYT JaBaTh MPOTUBOpEYAIlUE €l Ipen-
ckazanus. PaccMoTpum 310 moapoOHee.

Humepgepomemp Maxa-Ilanodepa

['maBHOM 1EeNBI0 THIIOTE3BI DBEPETTa, OKCPOPACKON HHTEp-
IIpEeTalUy KBAaHTOBOM MEXAaHMKH SIBUJIACh IOIBITKA UCKIIOYUTH U3
e€ opmamm3Ma MocTynaT O pPeayKIMH BOJHOBOW (yHKIMH. Jlei-
CTBHUTEJIBHO, PEAYKIUS WIN KOJUIATIC BOJJHOBOM (PYHKIIMH O3HAYaET
IpepbIBaHUE €€ YHUTAPHOU LIPENMHIEPOBCKON 3BOJIIOLUH, MOCIIE-
JI0BaTEJIbHO-3BOJIIOIIMOHHOTO Pa3BUTUS U NEPEXOJ B HENpPEICKa-
3yeMO€, HO OJJHO M3 U3BECTHBIX COCTOSHUI.

Haubosiee mpoCThIM M HArJIIJHBIM BapHaHTOM TaKOTO pas-
BUTHUSI COOBITUH sIBIISIETCS TOBEJCHUE (POTOHA B MHTEPHEpOMETpe
Maxa-Ilannepa. KBantoBoe coctosiHue (OTOHA SIBISETCS CyIep-
MO3UIMEH BYX OPTOTOHAIBHBIX COCTOSHUH, Korna (JOTOH paBHO-
BEPOSITHO U OJHOBPEMEHHO HAXOJUTCS B JIByX OpPTOrOHAJIbHBIX
COCTOSIHMSIX: C BEPTUKAIBHON M TOPU30HTAIBHON NoJisipu3anueil. B
3TOM CJIy4ae COTrJacHO KOIEHTareHCKOM WHTEpIIpEeTallud B IpPO-
1ecce U3MepeHus: (POTOHA OH M3 CYNEPHO3ULUOHHOIO COCTOSHUS
MIEPEXOIUT B COOCTBEHHOE, OJTHO3HAYHO OIPEIEIEHHOE COCTOSHUE.
B pesynbrare ero mosnspuzanys CTaHOBHUTCS JTHOO BEPTHUKAIBHOM,
00 ropu30HTATEHON. CIieI0BaTENBHO, OJTHO U3 COCTOSTHUM KaK ObI
HCYE3aeT, YTO, COIJIaCHO KPUTHKE DBEPETTA, BBHIMJISAUT CTPAHHO,
MIPOTUBOPEUYUBO U AK€ OIIUOOUHO.

284



B cootrBercTBHE )€ ¢ 0kc(HOPACKON HHTEpIpETaIei B TIPO-
1ecce u3MepeHus: (poToHa ob6a €ro COCTOSHUS MPOJOJIKAIOT CBOIO
YHUTAPHYIO 3BOJIIOLMIO, IPOCTO KaXKJbI M3 HUX OKa3bIBAETCS B
CBOEM COOCTBEHHOM, HE3aBHCHMOM OT Jipyroro mupe. Takoe pac-
LIETVIEHUE MUPOB, 110 MHEHUIO DBEPETTA, MOKET PACCMaTPUBATHCS
KaK WHTepHpeTanus KBaHTOBOH MeXaHUKH B Ooiiee oOlieM BUJE,
HEXeJIM KOINEeHrareHckas. XoTsl 04eBHAHO, YTO OJIHA PEAYKLIHS —
KOTIEHTareHCKasi — 3aMEHSIETCS APYrol peayKuueid — MHOTOMHUPO-
BOM, KOTOpHIE, [0 CYTH, HUYEM MPUHIIUIUATIBLHO IPYT OT JApyra He
OTJINYAIOTCS.

CornacHO MHOTOMHpPOBOM HHTEpIpETallMid B IpOLECCe H3-
MEpEeHHUs KBAHTOBOW YACTHUIbl HU OJIHO U3 €€ CYNepHO3UIIUOHHBIX
COCTOSIHMI HE Hcue3aeT. B kauecTBe nmpuMepa Takoe MPOXOKICHUE
KBaHTOBOHM wacTHIlBl uyepe3 uHTepdepomerp Maxa-Ilannepa pac-
cmatpuBaet FO.JlebGeneB B cBoeil craTbe, OMyOJUKOBAHHOUW B KYyp-
Hane "Hayka u xxu3np" B 2010 roay [54].

"Kako#t Obl CTpaHHOW HU Ka3zajlaCb MHOTOMHpPOBAsi TEOPUs
DBepeTTa, MOXKHO J1I0Ka3aTh, YTO OHA MATEMAaTUYECKH IKBUBAJICHTHA
OOBIYHON MHTEpIIPETAIH KBAaHTOBOM Teopuu. Ho Tak CI0XKHIIOCH,
YTO MHOTOMMPOBAsi TEOPUsI HE TOJIB3YETCs MOMYISIPHOCTBIO CPEIU
¢u3ukoB. OTBEprHYTh €€ HEBO3ZMOXKHO, HO cama UJIiesl O€CKOHEeUHO20
MHOECTBA B PAaBHOW CTEIEHU JIEHCTBUTEIBHBIX BCEJIEHHBIX, KaX-
nast U3 KOTOPBIX €KEMHHYTHO NENUTCS HaABOE, — (QHIOCOPCKHIt
Kommap i (pU3MKOB, JHOOSIIKX POCTOTY" [46, ¢.262].

[Ipu MOBEpPXHOCTHOM PACCMOTPEHHU MOXKET MOKa3aThCsl, YTO
IBEPETTUYECKOE ONMCAHHME BIIOJIHE TOUYHOE U HENPOTUBOPEUHBOE.
OpHako 9TOOBI YBHJIETh MPOTHBOPEUYUBOCTH OKCPOPIACKON MHTEP-
IpeTaluy, TpUCMOTPUMCA BHHMMATeJIbHEEe K jJoBoAaM JleOenesa,
OJIHOTO M3 BEAYIIMX CTOPOHHMKOB Teopuu. Ha cienyromem ¢par-
MEHTE PUCYHKa M3 CTAaThbU TMPEJCTaBICHBI BEPXHUE KaAIPbI-ITAIIbI
MIPOXOXKJICHHUS KBAaHTA Yepe3 UHTepPEpOMETp.

Ha sTu kanmpel nepeHeceHbl TPACKTOPUU KBAHTOB C TPEJbI-
IOYIMIUX, HWKE PACIOJIOKEHHBIX KaJpoB, KOTOpPbIE 3aTeM OTOpO-
meHsl. [lomydeHHas cTpoka NpsSMOYrOJIBHBIX KaJIpoOB — 3TO BCE
BO3MOJKHBIE BAPUAHTHI IPOXOXKICHUSI KBAaHTA HAa COOTBETCTBYIOIIEM
stame. CreayeT ykazarh Ha JIBE OUYEBHIHBIC OIMIUOKH (OTICUaTKU) B
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cTaThe: Ha KaJipe 7 MOoKa3aHO MPOXOXKJACHUE KBaHTa Ha 00a JaTyuKa
A u B (31ech Ha pUCYHKE UCIPABJICHO) U PE3yJIbTaTOM MPOXOK-
JIEHMsI YKa3aH JaTuuK B, X0Ts U3 onucaHus MO>KHO 3aKIHOUYHUTh, YTO
JOJDKEH ObITh yKazaH Aatuyuk A. Ha npuBeJeHHBIX Ha PUCYHKE
JTanax 5-8 KBAHT BHOBb BCTPEYAeT IMOJIYNPO3pauHble 3epKaja u,
COTJIaCHO 3BEPETTHKE, 00pa3yeT JIB€ HOBBIE Mapbl MUPOB: 5-6 u 7-8.
B mMupax 5 u 8 KBaHT NpoJI0JDKAET JBH)KEHHUE B TOM K€ HaIpaBiie-
HUM, YTO ¥ TIPU BXOJe B HHTep(hepoMeTp, omnaaas Ha JaTduk A, a
IBYX IpYruX — 6 ¥ 7 — B EpPHEHIUKYIIPHOM HalpaBiICHHUHU, MOIa-
nast Ha gatuuk B. OnpHako ecTh 3kcnepuMeHTs! [10], B KOTOpBIX
KBaHT HMKOTJa HE MONaJaeT Ha JaTdyuk B, cienoBaTenbHO, 3Be-
peTTHKA A0JDKHA SBHBIM 00pa3oM OOBSICHUTH TAKOE OTKJIOHEHUE OT
CBOMX IIPEJICKa3aHUM, JOMYCKAIOIIUX CYIIECTBOBAHUE 3TUX MUPOB.

1 | PE3VYJIBTAT

/s % | IPOXOKIEHUSI
KBAHTA YEPE3
UHTEPOEPOMETP
g &
/ CKJIEAKA \
BQ B B B0
4 - Yk Y t i Y ! L ~-.
: A i Al i A A
g 7/ g 7/ A 7/ & m— 7/
5 6 7/ 8

Puc.5.2. AnpTepBepchl MPOXOKICHUS KBaHTa Yepe3 HHTephepo-
MeTp Maxa-Ilannepa

W 3necy el mpuxoauTcs NpUOETHYTb K HCKYCCTBEHHOMY
npuémy, BBeAEHHOMY JleGeneBbIM M Ha3BaHHOMY UM CKJIEHKOI.
Hukakux crporux ¢usmyeckux 0OOCHOBAHMH 3TOro npuéma He
IIPUBEECHO, MPOCTO JIETaeTcs 3asBJICHHE, YTO JBa U3 YETBIPEX HC-
XOJIOB SIBJISIFOTCSI BEPHBIMH UJIM, KAaK OHM UIMEHYIOTCSI B 3BEPETTHKE,
(bu3n4IecKr BO3MOXHBIMH PE3yTbTaTaMH B3aUMOICHCTBHS.

ITonnpoOyem BBIICHUTH OOOCHOBAHHOCTb TAKOM CEJEKILUU.
CornacHo puCyHKY, CKIeuBarOTcs MUpHI 5 1 8 (?!). YTBepxkmaercs,
YTO 3Ta CKJIEWKa O3HauyaeT "BBIOOP" IBEPETTOBCKON HHTEpIIpeTa-
nuerd (U3MYECKH BO3MOXKHBIX pPE3yJIbTaTOB B3aUMOJICHCTBUS.
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WHpIMU cOBaMU, 3TH J1Ba pe3yabTaTa BOZMOXKHBI [0 HEKUM (U3H-
YECKUM IPUYMHAM, a APYTrue — HEBO3MOXKHBI:

"Oco0bIii MHTEpEC MPENCTABISIOT aubTepBepchl 6 u 7. OHH
00pa3yroT CKJICHKY, B KOTOpoU ¢uznyeckue KoHpurypamuu 060ux
aJIbTEPBEPCOB A0COIIOTHO WACHTUYHBL Pazmuuue Mexay HUMU
COCTOMUT B UCTOPUU UX BO3HUKHOBEHUS, TO €CTh B PA3JINUUU ITYTEH,
10 KOTOPBIM IpUIén kBaHt" [54].

Xopot1io, J0MycTUM, 3T0 Tak. Ho 4eM MIeHTHYHOCTh (u3u-
4ecKUX KOH(urypauuid 6 u 7 oTiIM4yaeTcst OT UAEHTUYHOCTH (PU3HU-
geckux koHburyparuii 5 u 8? Kak HU npurisabIBaiicsi, Kak HU
Bpamail HampaBJIeHUs IBIKEHUS (POTOHA, MBI BUIAUM TIOJTHOE TOXK-
JIECTBO B CMBICIIE UICHTUYHOCTH KOHpuUTypanuii 6-7 u 5-8. B o6oux
cirydasix (OHOH MPUXOAUT Ha 3€pKajo C JABYX B3aUMHO IEPIICHIH-
KYJIpHBIX HanpasieHuil. Yto 6-7, uro 5-8 HE JalOT HUKAKUX OCO-
OBbIX OCHOBaHUH 17151 OTOPAKOBKH: 3TO MOXHO, a 3TO — Henb3s1. CTpo-
IO JIOTUYECKHU CKJIEHKY 5-8 Mbl 00s3aHbI 0OBSABUTH CTOJb ke "Tpe-
JCTaBIIAIONIEN 0COOBIN MHTEpec"”, Kak U ckielika 6-7. [Ipo ckielky
5-8 MBI MOXEM CTOJIb k€ 000CHOBAHHO 3asIBUTh, KaK U IIPO CKIIEHKY
6-7, uTo B HeW (u3HUECKHe KOHPHUTypaluu 00OUX albTEPBEPCOB
a0COJIIOTHO WICHTUYHBI, U PAa3JInYMe MEXy HUIMH COCTOUT B HCTO-
pUM UX BO3HUKHOBEHMSI, TO €CTh B Pa3jIMUUU IyTeH, IO KOTOPHIM
npuén kBaHT. Kakue 10BObI MOKHO IPUBECTU POTUB TaKUX OC-
HOBaHMI? SIBHO HUKAKUX TaKMX OCHOBAHUN HAa PUCYHKE HET.

"MHOromMupoBasi TPaKTOBKa HCXOJUT M3 KOPITYCKYJISIPHOTO
ONMCAaHUs KBAHTA U ITIOKA3BIBAET, YTO B JAHHOU CKIICHKE BCIIEACTBUE
3aKOHA COXPAaHEHHUs HMITyJIbCa CYMMAapHbI HMIIyJIbC, IIEepeaBae-
MBIl 3epKaiy aibTepBepcaMu 6 u 7, TOJIKEH paBHATHCS Hy0" [54].

Mpl crienuanbHO 0ObEIUHWIN TPAEKTOPUM KBAaHTOB B OJIHY
CTPOKY, YTOOBI CcTaja 3aMETHA IOJIHAsl TOXKJIECTBEHHOCTh Map BET-
Beil. [loaToMy, paccMOTpeB CKIIEHKY 5-8, MbI OOHAPYKHM, YTO U B
3TOM CJIy4ae HET HUKaKMX OCHOBAHUH JJI HMHOTO, YEM 3aKIIOYCHHUS
O PaBEHCTBE HYJII0 CYMMapHOro umiyibca. OQHON TOJBKO UMEIO-
nieiicst nHGopMaluy Ha PUCYHKE HEAOCTATOYHO JUIsl BBIBOJIA O Ka-
KOM-OBI TO HU OBIJIO pa3HUIIE MEXKIY STUMH JIBYMS CKICHKaMH: OHH
TOXKJIeCTBEHHBI. bojee Toro, pucyHoOK o3BOJIsIeT HaM 0€3 KaKuX Obl
TO HM OBUIO MpOOJIEM NMOMEHSTh MCXOJbl Ha MPOTUBOMOJIOXKHBIE!
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AOCONIOTHO HUKAKMX M3MEHEHUH Ha pHCyHKe He mpom3ounér. Ha
MPUBEIEHHOM PUCYHKE MCXOJIbI 0003HaueHbl kak ABBA, To ecTs,
ciieBa HarpaBo (POTOH Ha M300paKEHHBIX Kajapax (Mupax) 5, 6, 7, u
8 momajiaeT, COOTBETCTBEHHO, Ha JaTunku A, B, B, A. Ho cTonb xe
BepHbIMU OynyT u ucxonsl BABA, BAAB, ABAB. Kpowme 3t1oro,
HET HUKAKUX BUJMMBIX IPUYUH OTKa3aTh B PEAJIbHOCTU pe3yJbTa-
tam: BBAA nu AABB. Kaxnomy u3 3TUX IATH HOBBIX HCXOJOB
Jerko "Ha3HAYUTh"' U COOTBETCTBYIOLIME CKJIEHKH, IPUUYEM UX B
KaKJOM ciydae OyAeT [Be, MOJHOCTBIO PABHOLIEHHBIE CKIIEHKH.
Takoil HEMPOTUBOPEUUBBII pa3OpOC CKIEEK U UCXOJ0B BBI3BIBAET,
10 MEHbIIEH Mepe, HEKOTOPOE HEIOYMEHUE.

"B sTOM cilydae U UMITYJIbC KBAHTa JOJKEH CTaTh HYJIEBBIM,
YTO B Hallel BETBU MYJIbTUBEPCA HEBO3MOXKHO, a MOTOMY TaKas
CKJIEHKa HE MOXKET peain30BaThCsl HU B Kakoil BeTBU KPOM" [54].

Bce 3T 000CHOBaHUS TOKAECTBEHHBI Il 00EUX Map CKIEeK
6-7 n 5-8. Het Mmex 1y ’TUMH ABYMS CKJIEMKaMHU HUKAKUX pa3Induii,
KpOME OJHOTO: cpabOoTaBIIEro AaT4yuka. Jpyrumu cioBamu, mpen-
CKa3bIBa€Mble JIBa a0OCOJIIOTHO OJIMHAKOBBIX MpOIECCca AT MpO-
THBOIIOJIOKHBIE, B3aMOMCKIIIOUAroLue pe3yapTaTel. To, 4ro cpa-
00TaBIIMM Ha3HAuU€H JAaTYUK A, — 3TO MPOU3BOJIBHBIN, HUYEM pe-
aJIbHO HEe 000CHOBaHHBIN BBIOOP. ECTh pOBHO Takue k€ OCHOBaHUS
UIg BbIOOpa cpaboTaBIIMM JaTdyvka B, ¥ HEBO3MOXXHO NPUHATH
000CHOBaHHUS, TIOYEMY UMEHHO W TOJBKO CKJICHKa 6-7 HE MOXKET
pean3oBaThCs.

"Benpb cornacHo okcOpIACKON UHTEPIIPETAIIUN PEATU3YIOTCS
HE BCE, a TOJbKO (PU3NUYECKH BO3MOXKHBIE PE3YJIbTAThl B3aUMOIEH-
ctBus" [54].

Takoro o60cHOBaHUS SIBHO HEIOCTATOYHO. YTO ke BCE-TaKU
03HayvaeT (PU3MUYECKU BO3MOKHBIN pe3yabTaT OT B3aUMOJECHCTBUS?
W3 npuBeaeHHBIX 000CHOBaHUN COBCEM HE CJIENYET BBIBOJ:

"Orcroga cienyer, 4To B JaHHOW CXEMe IPHU MPOXOXKIACHUU
(oTOHA BO3MOKHA peann3alnus TOJIbKO ambTepBepcoB 5 u 8. Kakoi
Obl U3 HUX HU cTall "HammM'" albTEPBEPCOM, MBI OOHAPYKUM, YTO
cpaboran gerektop A ¢ BepostHOocThIO 100%" [54].

EnvMHCTBEHHBIM OCHOBaHHMEM Ui BBIOOpAa TOW WIIM HMHOM
CKJIIEHKN M3 Habopa aJbTepBEPCOB OKCHOPIACKONW HHTEpHpETAIHU
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SIBJISIETCS] IOBOJIBHO 3aMeTHasl "MaJieHbKasi XUTPOCTh". ABTOp yBe-
pEH 3apaHee, YTO MCXOJ SKCIIEpUMEHTa — CpabaThIBaHNE JAETEKTOpa
A. Tonbko u Bcero. Cama 3BepeTTHKA HE TPEA0CTaBUIIa AOCOIIOTHO
HUKaKuX OOOCHOBaHUU NJisi BHIOOpa albTEPBEPCOB, B OTIIMUKE OT
KJIACCUYECKOM (KOTIEHrareHCKON) HHTEpIpeTaluy, KOTOopas HC-
KIIIOYMTENBHO B paMKax cBoero Qgopmanm3ma JaéT OJAHO3HAYHOE,
HENPOTUBOPEUMBOE U COTJIACYIOUIEECS] € JKCIEPUMEHTOM IIpes-
CKa3aHHE ero MCXoja, MmoBeAeHus: GoToHa B uHTEpPepomerpe Ma-
xa-1{angepa.

Kpowme Toro, 11t opuruHana, To ecTb, Uit paboThl JBEpeTTa,
CKJIEMKH 10 CMBICTY SIBJISIFOTCSI YY)KJIbIM MEXaHM3MOM MWJIH, IO
MEHbLIEH Mepe, BeCbMa COMHUTENbHBIM €€ yinydlieHueM. Mupsl y
DOBepeTTa pacIieIUIAoTCs, HO HET HU HaMEKa Ha TO, YTO OHU MOTYT
ciuBarbes. HampoTuB, 1o ero MHeHHIO "BCE BETBU CYLIECTBYIOT
OJTHOBPEMEHHO B CYNEPIO3UIMH TOcie J000# JaHHOW mocieno-
BaTelbHOCTU HaOmoneHui". bojee TOro, HEKOTOpbIE MHpHBI, OINH-
CaHHbIE B paccMaTpuBaeMoil cratee Jlebenena, o onpeesieHuIo U
BOTIPEKH THIIOTe3€ JBEPETTA ABISIOTCS (PUIUIECKU HEBOZMONCHBIMU
pe3yiapTaTamMu B3auMoaencTBus. [loka3piBas X Ha pUCyHKE, aBTOD,
4YTOOBl HE MPOTUBOPEUYNUTH OTCTAMBAEMOM T'MIIOTE3€ U CBOEMY Te-
3HCY, 00513aH NEPEUEPKHYTh UX "KUPHBIM KpecToM".

Takum 00pa3om, SBepeTTUKA HE CIIOCOOHA J0Ka3aTh, (Pu3u-
yecku 000CHOBATh MCXOJI dKCIIEPUMEHTa Ha uHTeppepomerpe Ma-
xa-Ilannepa. BMecTo nokasarenbcTBa OT €€ UMEHH B cTaThe (akx-
TUYECKH JIeNaeTcsl MoATacoBKa. Pe3ynbTar s3KkcriepuMeHTa eil u3Be-
CTEH TO pe3yJbTaTaM KOHKPETHBIX uyo#cux (PU3MUECKHX SKCIIEpH-
MEHTOB, MPEACKa3aHUN KOIEHrareHCKOM uHTepnperauuu. Yro 3a-
0aBHO, CKOJBKO OBl MBI HHM TPOBOAMIHM 3TH AKCIIEPHUMEHTHI Ha
cmanoapmuou KOHCTpYKUMU uHTepdepomerpa Maxa-Llannepa, Ha
caMOM JieJi€ Mbl HUKo20a B PE3yJAbTaTe€ PACLICIUIEHHUS MHUPOB HE
OKa)KeMCsl B alIbTepBepce, B KOTOPOoM (OTOH MOMAIaeT Ha AaTYHK B.
Buaumo, no sToi npuyuHe MpU CKICHKE aabTEPBEPCOB 5-8 B pe-
3y/nbTare MOJYYWIICS MPOTHUBOMOJIOXKHBIA albTepBepc, OoJiee Mmo-
XO0KHUM Ha CKIIEHUKY aabTepBepcoB 6-7, puc.5.3.

W Takolt npomueononodcusiii NCX0J CTPOTO KOPPEKTHO, KaK
TOBOPHUTCS, A0 ISTOrO 3HaKa IOCJE 3arsTod, JOKa3bIBAaeTCs KO-
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IIEHrareHCKOM MHTepIpeTanuei. B HEll HET TaKUX COMHUTEINIBHBIX,
MPOTHBOPEYUBBIX 000CHOBAHUIA.
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Puc.5.3. ®oton Bcerna nonaaaer B aerekrop 1 [10]

ABTOp HEIJIACHO paccMaTpUBaeT OJUH U3 BO3MOXHBIX BapH-
aHTOB ycTpoiicTBa nHTephepomerpa Maxa-llanaepa, 1t KOTOPOTO
HaOmoaeTcsl UMeHHo Takoit ucxoxa [17, 18]. Ha camom nene cy-
IIECTBYIOT WM JIPYyrHMe€ BapHaHTHl HACTPOWKH WHTepdepoMmerpa, B
KOTOPBIX UCXOJ1 B TOUHOCTHU HPOMUBONOI0NHCHBIL — PUC.5.3, IpUUEM
3TOT BapuaHT uHTepdhepoMeTpa HaKTHUECKH SBISIETCS OCHOBHBIM,
6azoBbM. Kak BuIHO Ha aHMManmu (Kajap), GOTOH B 3TOM cCirydae
gcez0a TOIAJaeT Ha MPOTHUBOIOJOXKHBIM JaT4uK, B paccMaTpuBa-
€MOM CJIy4ae — 3TO JIaTYUK A.

Jloka3aTenbcTB, MO CYTH, JIBa, COIJIACHO KOPIYCKYJISIp-
HO-BOJIHOBOMY JyaJIu3My KBaHTOBOW dacTHIbl. HamomHuM, dTO
IBEPETTHUKA PACCMATPUBAET TOJIBKO KOPIYCKYJISIPHOE IOBEJIEHUE
KBaHTOB. [Ipu 3TOM, Kak MOXKHO 3aMETUTh, aBTOP HE IMPHUBOIUT
cTporux 000CHOBaHMI MCX0/1a KCIIEPUMEHTa Ha UHTEPPEepOMETpE,
OJTHAKO KPUTHKYET WHTEPIPETAIHIO, KOTOpas Takoe 000CHOBaHUE
MPUBOJUT B CAMOM HCYEPIIBIBAIOIIEM BUJIE:

"TpagAMIIMOHHBIM  KBAaHTOBO-MEXaHWYECKUM  (popMamusm
ONMHCHIBAET B JAHHOM CJIy4ae KBAHT KaK BOJIHY U NPEICKa3bIBACT
BO3HUKHOBEHUE "IeCTPYKTUBHON HHTEp(DEpEeHIIUH" pacieTNIEHHBIX
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BOJIHOBBIX (DYHKIMI KBaHTa C PaBEHCTBOM HYIIO BEPOSITHOCTH 00-
HapyXHUTbh €ro B 3TOM cocTtosiHun" [54].

B nyuimem ciyyae BbICKa3aHHOE MHEHHUE SIBIISIETCS HETOYHBIM.
ABTOp CTaTbU KPUTHYECKU NPUBOJIUT KONIEHIAr€HCKOE 00BbICHEHNE
BOJIHOBOTO TIOBEJICHHS KBaHTa B mHTepdepomerpe Maxa-1lanaepa B
CJIEYIOIEM BUJIE:

"Cwmblcn onucaHusi TakoB. PoToH (enuHUuHBI!) B (dopme
BOJIHBI pacIlEIUIsIeTCsl Ha TIEPBOM 3€pKajle U Jajiee MPOXOJIUT HH-
TepdepoMeTp B BUE ABYX MOITYBOJH ("paciierui€éHHBIX BOJHOBBIX
¢bynkuuit"), ocraBasch NpH TOM €AMHCTBEHHOH uyactuiei! O ToM,
Kak eMy 3To yfaaércsi ¥ 4To Takoe "(pOoToHHas MOJIyBoJIHA'", KOTIECH-
rareHckas uHTepnperanus ymanuusaet" [54].

Hano mnpusHate, 4TO, JOEHCTBUTEIBHO, BpAI JIH MOXKHO
BCTPETUTHh 00OCHOBaHUE '"MOJIYBOJIHBI", HO TO, YTO 3TO JIUIIL Ma-
TeMaTU4eckuii ¢opmanu3Mm, HecoMHeHHO. [Ipuuém dopmanusm,
aOCOJIIOTHO TOYHO W JIOTUYHO [AIOIIUK OTBET: modyemy (OTOH
MPOXOJUT Ha 3TOT JATYMK M HUKOTJA HE mornajgaer Ha apyroi. Ko-
HEYHO, (JOTOHHAS MOJTYBOJIHA B KOTICHI'ar€HCKOW HHTEPIIPETAIIH HE
SBIIIETCA peaJbHbIM (u3NYecKuM 3ieMeHToM. Ho 3To oTinmyHO
paboTaromiast anmpoKCUMAIIHsI.

"Ha BBIXO/€ MOJIYBOIHBI MHTEPPEPUPYIOT U OOBEIUHAIOTCS
CHOBa B '"MOJHOUEHHBIN (QOTOH", MpUYEM OKa3bIBACTCS, YTO OH
MOXET JBUTATHCS TOJIBKO BIpaBo" [54].

DTO BEpHO, HO "MOJTYBOJHBI" OOBEIUHSIIOTCS BCE-TaKU B Ta-
Kyl ke BoiHy. Hacuer "oka3piBaeTcs" eCTh TOYHBIE aHAJTUTHYE-
CKHUE€ 00OCHOBaHMS M TOYHO COOTBETCTBYIOIIME MM 3KCIEPUMEH-
TaJgbHbIE YCTAaHOBKU. DOTOH MOKET MPONTH Ha JIFO0O0H U3 BBIXOJOB
C 3apaHee pacCYMTAHHON BEPOSTHOCTBIO COTJIACHO €r0 BOJIHOBOMY
noBeeHu10. [Ipy 3TOM He BO3HMKAeT HUKAKKX BOIPOCOB 110 MOBOAY
"(u3nYeCKH BO3MOXKHBIX PpE3yabTaTOB B3auMoJeHcTBUA" — BcE
OJIHO3HAYHO PACCUUTHIBAETCS.

C npyroil cTopoHbl, B KOIEHIareHCKON HMHTEpHpeTaluu Cy-
IIECTBYET U OJIHO3HAYHO KOPITYCKYJISIPHOE OIMCAHUE MTPOXOKICHUS
KBaHTa uepe3 uHteppepomerp. B atom ciyyae poTon paccmarpu-
BaeTcsl Kak KBaHT, 4acTUIA, a HE BOJHA. B mHTEepHETe ecTh mpe-
KpacHbl€ yuyeOHbIe (PMIIbMBI, ONUCHIBAIOIINE ITOT IPOLECC.
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XOTs 31€Ch M BO3HUKAET Takas K€ TPYAHO BOCIpUHUMAaeMast
curyanusi. C KOPIyCKYJISIpHOW TOUKH 3peHUs POTOH, TEHEph yXKe B
BUJIC YACTHIIbI, OMATh-TaKW OyATO OBl JENUTCS Ha JBE IIO-
Jy-4aCTHULbI, KaX/Aas U3 KOTOPBIX JBUKETCS 10 CBOEMY pyKaBy MH-
TepdepoMeTpa, 1 BHOBb KOTICHTareHCKasi HMHTEPIPETas yMaTdu-
BaeT, uTo Takoe 3Ta "QoToHHas momy-yactuna"! OJHAKO HCHOIb-
30BaHME KOMIUIEKCHBIX (DYHKIIHIA MTO3BOJISIET MPEIeIbHO KOPPEKTHO
OOBSICHUTH JBIKEHUS "TIOJOBUHOK" (oToHA. DYHKITNHU ITH KaK pa3
U TIPOMCTEKAIOT U3 OCHOBHOI'O TOHSATUS KBAHTOBOW MEXaHUKU —
BOJIHOBOM (PYHKIIMH, KOTOpPbIE MMEIOT €€ OJHO Ha3BaHUE — aM-
IUIUTY/Aa BeposiTHOCTU. Hanpumep, BEpOSITHOCTb TOTO, UTO (POTOH —
yacTulla MOonaA€éT B HEKOTOPYI TOYKY Ha D3KpaHe B ciydae
JIBYXIIIEJIEBOTO SKCIIEPUMEHTA, paBHA KBaJApaTy CyMMapHON BOJI-
HOBOW (YHKUMH, A IBYX BO3MOXHBIX TPACKTOPUH IBHIKEHHS
¢doToHa, 00pa3yIOIMUX CYNEPIIO3ULUI0 COCTOSHUH.

"Korma Mbl oOpazyem KBaapaT MOAYyJIs CyMMbl W+Z NBYX
KOMIIJIEKCHBIX YMCEJI W U Z, Mbl OOBIYHO HE MOJIy4aeM TOJIBKO JIMIIb
CyMMY KBaJpaToB MOJAYJEH 3TUX YHUCEN; CYIIECTBYET JOINOJHU-
TEIbHBIN "TIONPABOYHBIN WieH":

[w + 2| = [w]’ + |z]” + 2|w]iz|cosh,

rze 0 — yroi, 06pa3yemMblii HaNpaBJICHUSIMHA Ha TOYKH Z U W U3
Hayajla KOOpAMHAT Ha MJIOCKOCTH Aprasa ...

VIMeHHO TIOTIpaBOYHBIN WieH 2|w||z|cosO ommchiBaeT KBaHTO-
BYIO HMHTEp(QEpPEHIUI0 MEXJy KBAaHTOBOMEXaHWYECKUMH albTep-
HatuBamu'" [66, c.198].

IIpunpatbcsi, KOHEYHO K€, MOXKHO K JIIOOOMY KBAaHTOBOMY
dopmanusmy. [puuém nake K ero GpyHIaMEHTATBHBIM TOHSATHSIM.
Kak, nanpumep, onucatb camo "s6J10K0 pazopa', sBUBIIEECs €aBa
JM HE caMOW TJIaBHOM MpUUYMHON pa3paboTku IDBeperra? Kak mo-
HATH CYNEpHo3uluio coctossHui? KBaHTOBass yacTtulia — eAuH-
CTBEHHasi! — HaXOUTCSI OJTHOBPEMEHHO B JBYX MECTAaX, WJIH B IBYX
coctoaHusax. CKOJIBKO HMX, dTHMX KBaHTOBBLIX 4vacThll? Onna? Mnn
BcE-Taku B8e? M 310 moJi0’keHHUE B OJIMHAKOBOM MEpE JIEKUT B OCHO-
B€ KaK KOTICHIareHCKOM, Tak U OKcopackoit mHTepnperanuii. Pas-
JUYME B MAJIOM: B IEPBOM OJTHO M3 COCTOSTHUI MOXET KOJIJIarcHpo-
BaTh, UCUE3aTh, @ BO BTOPOIl — "mopoxaaeTr" HOBbIM Mup. Ha nepBblit
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B3IJISJ] OJTHO HMYEM HE XyXe M He jaydme apyroro. Ho mouemy
CTOPOHHHMKH 3BEpEeTTUKH B jmie JleOeneBa ynuBISIOTCS pasjele-
HUIO KBaHTa ("equHCTBEHHOr0!") Ha JIBE MOJIYBOJIHBI, HO CIIOKOIHO
MPUHUMAIOT €ro pa3jielicHre Ha JBa (M 0ojiee) He3aBUCUMBIX CY-
MEPIO3UIIMOHHBIX COCTOSHUS U Jjake Ha /1Be Becenennbie?

B noareeprk/ieHne cka3aHHOIO MOYKHO €Il€ pa3 pacCMOTPETh
YIOMSIHYTBIE BBIIIE ONHUCAHUS KOPIYCKYJISPHOIO IOBEACHHUS
KBaHTa B uHTepdepoMerpe Maxa-Ilanaepa ¢ mo3umum KoreHra-
IFEeHCKOM MHTepHpeTaluu. JTa OueHb HarisgHas (uidli-aHUMalns,
npeAcraBieHHas B uHTepHeTe [10], compoBoxkmaercs YETKUMHU
YpaBHEHHUSIMH, pacCMaTpPHUBAOIIUMH (POTOH Kak yactuiy. [IpocTeim
cnBuroM ¢asel B uHTephepomerpe Maxa-llangepa MOXKHO H3Me-
HUTH HallpaBJIeHHE BbIX0Aa (poToHA. BrioiHe 0ueBHIeH BBIBOI, YTO
"(u3nyeckn BO3MOXKHBIM HCXOJOM'" B MHOTOMHPOBOH HMHTEpIIpe-
TallUy SIBJIAETCS TAKOW, KOTOPBIM MPEJCKa3bIBAET KOIEHIareHcKas
unTepnperanys. CoOCTBEHHOE OINMCaHHE MOBENEHUS KBaHTa MpU
€ro TMpOXOXACHWH uepe3 mHTepdepomerp Maxa-llannepa c¢ wuc-
MOJIb30BaHUEM OKC(HOPACKOH (MHOTOMHPOBOM) HHTEPIPETAILIH
OBepeTTa SBISIETCA KpallHe MPOTUBOPEUNBBIM U HETIOJIHBIM.

Ikcnepumenm BUIB

B cBsi3u co cTpeMUTENbHBIM pa3BUTHEM HAyK, B YaCTHOCTH,
(bU3NYECKUX, MMOCTOSIHHO CO3/al0TCsl BCE HOBBIE U HOBBIE TEOPHH,
KOTOpbIE, HEPEJKO HE COIJIACYIOTCS, NMPOTUBOpEYAT JPYr IpYry.
Bo3HukaeT HeoOXoqUMOCTh BbIOOpa cpear HUX 0osiee MpaBUIIbHBIX,
0oyiee BEpPHO OOBACHSIOMNUX HEKOTOPYIO COBOKYITHOCTH (DaKTOB.
Kak yka3zaHo B pacCMOTpPEHHOM CTaTbhe, JUIsl TAaKOW CEJIEKUUH He-
00X0IMM HEeKHH "pemaromuii SKcnepuMeHT", o1 KOTOPHIM B HAyKe
MPUHATO CYMUTATh O3KCIEPUMEHT, [0 pe3yiabTaTaM KOTOpPOro H
MOXHO OBbLIO OBl BHIOPATH TAKYIO MPABWIHHYIO TEOPHIO.

Jlnst rectupoBanusi, Bepudukanuu BepeTTkd B 1994 romy
ObUI CIUIAHMPOBAH JIKCIIEPHUMEHT, KOTOPBIH €€ CTOPOHHUKH Tpen-
JararoT paccMaTpUBaTh KaK TAKOM pPEINAIOIIMNA JKCIIEpUMEHT. B
OCHOBY 3KCIIEpUMEHTa IIOJIO)KEHA HUJEsl O peaJbHOCTH 'Mapall-
JEeNbHBIX MHUpPOB", mpemiokeHHas B 1993 roxy OnuuypoMm u
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BaiigmManoMm, KOTOpbIX, HECOMHEHHO, MOKHO CUYHTaTh OJHUMH U3
HanboJiee aBTOPUTETHBIX 3aIaJHBIX CTOPOHHUKOB MHOTOMHPOBOM
MHTEpHpETaui JBEpeTTa. DKCHEPUMEHTHI, MOJYYHUIH Ha3BaHHE
"u3MepeHusi, CBOOOHBIE OT B3aMMOJIEHCTBHS" WU "OECKOHTAKT-
Hble U3MepeHus Jnuuypa-Baiinmana" — BUIOB. Umu 6bna cdop-
MYJIHpOBaHa 3a/aua B BUIE JETEKTUBHOM MPOOIEMbI TECTUPOBAHHUS
(OTO-IyBCTBUTENBHBIX OOMO, CpabaTHIBAIONIUX OT BO3JCHCTBUS
eAUHCTBEHHOTO (hoToHa [43, 65].

YTBepKIACTCSI, YTO ITOT IKCIIEPUMEHT ONIPEAEIEHHO I0JI-
TBEP)KJAeT JEHCTBEHHOCTh, HCTUHHOCTD (pOpMaii3Ma SBEPETTHKH.
Onmnako TmpH ero aHanmuze OOHAPYKHBAIOTCS MPOTUBOPEUHS,
CTaBSIIIIUE TOJI COMHEHUE MCTUHHOCTD KaK BBIKJIAJIOK, TaK U CaMOU
MHOTOMHPOBOH Teopuu. PaccMOTpUM KPUTHYECKU M STH BBIKJIAIKH,
BOCTIOJIb30BABIINCH CIEAYIONIUM (ParMeHTOM pPHCYHKa M €ro
ormucanueM B crartbe JleGeneBa. Ha ¢parmente pucynka mpen-
CTaBJICHBI BEPXHHE KaJpPBI-ITAIlbl MPOXOXKICHUS KBAaHTa Yepe3 WH-
TepdepomeTp ¢ TecTHpyeMoil 60MOOH.

"CyTb pelIammiero >KCHepuMEHTa COCTOUT B TOM, YTO B
uHTeppepomerp Maxa—Ilangepa B kKaduecTBE OJHOTO U3 3epKall
nomernaercss "ucneityeMass 6om6a" (puc. 16). Ilo mpemckazaHuio
Omuiypa u Baiinmana, B 25% ciydaeB, korna 6om0a "ucnpaBHa',
cpabatsiBaeT AeTeKTOp B 1 "B3pbIBa" HE MPOUCXOIUT.

Cam mo cebe (akT cpabarbiBaHus aeTekTopa B 6e3 B3pbiBa
CITY’)KUT JIOCTaTOYHBIM OCHOBAaHUEM [UISl TOTO, YTOOBI YTBEPKAATh:
O6om0a ucmpasHa [54].

Ha cnenyroniem pucyHke Ha BbIOpaHHBIE KaJpbl IEPEHECEHBI
TPAeKTOPUU KBAHTOB C MPEIBIIYIINX, HIKE PACTIOIIOKEHHBIX Kal-
POB, KOTOpHBIE 3aTeM oTOpomeHbl. [loaydenHas cTpoka U3 4eThIpex
KaJpOB — 3TO BCE BO3MOXKHBIE BapUAHTHI MPOXOXKICHUS KBaHTA Ha
COOTBETCTBYIOLIIeM dTarne. Ha JaHHOM pHCYHKe IOKa3aHbl BcCe
BETBJICHUS AJIbTEPBEPCA MPHU TECTUPOBAHUH (POTO-TYBCTBUTEIHHBIX
60M0 B 3amaue Dnuiypa-Baiinmana. OTMeTuMm, 4TO a)ke B CiIydae
B3pbIBa O0OMOBI (DOTOH ycmeeT IOWUTH A0 KaKOro-Iubo JaTdyuka H
Oyzet 3apeructpupoBan. [loaTomy, kKak u Ha pUCyHKe 5.2, 3/1eCh Ha
sTanax 5-8 100aBJIEHbI 3TU TPAEKTOPHH, OTCYTCTBYIOLIUE HA OpH-
THHAJBHBIX PUCYHKAX B paCCMaTPUBAEMOM CTaThe:
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"B pe3ynbrare B anprepBepce 1 MpOMCXOIUT B3pHIB OOMOBI.
3T0, OJHAKO, HE O3HAYAET 3aBEPILICHUS IKCIIEPHUMEHTAa B albTep-
Bepce 1. KBaHT ABMXKETCA €O CKOPOCTBIO CBETa, U BTOPUYHBIC
KBaHTBI, MOPOXKACHHBIE B3PHIBOM (a TeM OoJiee B3pBIBHASI BOJIHA),
BCeria OTCTaroT OT Hero. CrieoBaTeNnbHO, MBI MOYKEM TIPOJI0JDKATh
CIIEIUTH 3a Cyap00i KBaHTa B 3TOM ajJbTEepPBEPCE M MOCIHE B3pHIBA
O00MOBI, He oOparass BHUMaHUS Ha T€ KaTaCTPOPUUECKHE MOCIE/I-
CTBHsI, KOTOpBIE pa3pymiaT YCTaHOBKY B aibTepBepce 1 depes
MT'HOBEHHE TMOCJIE 3aBEPIICHHS HAIIEr0 MBICIEHHOTO SKCIEpUMEH-
Ta" [54].

B
7 Y ‘
A
PE3VJIBTAT YJIAYUHOT'O
- 7/ TECTHPOBAHHUSI
A BOMBBI
B BY B Y B
/7 = /7 y 1 R 1 P -
: A : A i A A
& A L % h 4 1 %
S 6 7/ 8

Puc.5.4. MHOroMupoBasi TpaKkTOBKa pelIeHUs 3adaud  OJHIY-
pa-Baiinmana. Pucynok u3 crateu JleGenena [54]

Cpa3y xe 3aMeyaeM, 4TO yJaJIeHUE MOCJIEIHUX TPAaeKTOPH
KBaHTa Ha anbTepBepcax 5 M 6 (paKTUYECKH MpPSTaio BaXKHbIE, NO-
Jie3Hble 00CTOSATENBCTBA, BEAYIINE K MHBIM 3aKITIOUCHHSIM:

"AnsTepBepc 3 ¢ BeposiTHOCTBIO 50% TOpOXAaeT aibTep-
Bepchl 5 U 6, pasnuyaromuecs TeMm, kakoi gerekrop (B mim A co-
OTBETCTBEHHO) (PMKCUPYET KBAHT Ha BBIXOJIE U3 MHTEphEepoMeTpa.
Bripouem, pe3ynbTarhl 3TOM (DUKCAIIMM COBEPIIEHHO OECHOJIe3HBI
— yCTaHOBKa B 00OMX 3THX aJbTepBEpCax OKa3bIBACTCSI YHUUTO-
KEHHOU B3phIBOM" [54].

Berme Ob110 ykazaHo, 4To ()OTOH BCE-TaKW yCIEeT AOCTHYB
3TUX JETeKTOpOoB! J[eHCTBUTENBHO, KaKUM ObI OBICTPOJICHCTBYIO-
UM HU OBLT B3pBIBAaTENh OOMOBI — OH BCE-TAaKd MEXaHHYECKOE
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YCTPOWCTBO, a B3PbIB IIPOUCXOJUT KaK IIPOCTOM XUMHUYECKHUM MPO-
1IECC TOPEHHUs], — KBAHT, JBWKYIIMICS CO CKOPOCTbIO CBETA, B JIIO-
O0M city4ae JOCTUTHET TaTYMKOB ObICTpEE, a CUTHANIBI OT IaTYNKOB
— YCTpOIICTBa PETUCTPALIUU, KOTOPOE HAXOAUTCS JTAIEKO OT 30HBI
paszpymienus. OgHAKO U 3TO OOCTOATENHCTBO HE SIBIISIETCA pela-
oM. JIOCTUTIM KBaHTHI JAaTYUKOB U pErucTpaTopa Wi HET, HaM
3apaHee U3BECTHO, YTO 3TO JIBa PABHOBEPOSATHBIX CUTHaNa — A u B.
A u3 3TOr0 MBI HEM30EKHO JENIaéM BBIBOJI: aJlbTEPBEPCH 6 U 7
OJIMHAKOBO JOJDKHBI CBUIETENBCTBOBATh 00 MCIPABHOCTH OOMOBI.
OnHako B cTaThe JENaeTcs OUIMO0OYHOE YTBEPKACHUE:

"AnbpTEpBEpPC 8 HE MPEACTABISET WHTEPECA, TOCKOJIBKY Cpa-
OaTpIBaHHE B HEM JIETEKTOpa A HUYEM HE OTIMYACTCS OT CpadaThi-
BaHUS JIETEKTOpAa B PACCMOTPEHHOM paHee Ciiydae MHTeppepeHIINN
0e3 B3pbIBaTessi OOMOBI M IOTOMY HE MOXKET AaTh MHPOPMALUHU O
TOM, UCITPaBEH JIM B3pbIBaTeNb" [54].

Mkl He OynieM zienaTh aHaJIOTHYHY TOBEPXHOCTHYIO CCBUIKY
Ha TO, 4YTO ATOT JOBOJ BbIIIE€ ObUI MOABEPTHYT OOOCHOBAaHHOMY
COMHEHHIO Kak omuOouHbIi. [IpocTo mocMOoTpuM Ha BOCCTaHOB-
JICHHBIA PUCYHOK 5.4, a KOHKPETHO — Ha Iapbl albTePBEPCOB 5—7 U
6—8. ®uznyeckoil pa3HUIBl MEXAYy HUMHM HET HHMKaKoil: B 000MX
napax ciay4yaeB cpadaThIBAalOT OJMHAKOBBIE JATUMKH, MPUYEM B
NEpBBIX U3 Mapel O0MOa B3pbIBaeTcs. B uem ke pazHuna? A B TOM,
YTO MBI MOJKEM CJEJaTh B TOYHOCTH IPOTHUBOIIOJIOXKHOE YTBEP-
KJCHUE: albTepBEpC 7 HE MPEACTaBISAET HHTEpEca, MOCKOJIbKY
"cpabaTeiBaHHE B HEM JIETEKTOpa A HUYEM HE OTJIMYAETCS OT Cpa-
0aThIBaHUS JIETEKTOPAa B PACCMOTPEHHOM paHee ciydae MHTepde-
peHIuu 0e3 B3pbIBaTenst 00MObI (puc.5.2) U TOTOMY HE MOXKET JaTh
nH(OpMaIIUU O TOM, UCTIpaBeH Ju B3pbIBaTens". Kpome Toro, panee
HMMEHHO 3TO0, COOCTBEHHO IrOBOPS, U YTBEPKAAIOCH:

"... B JIJAaHHOW CXeMe TMpHu MPOXOXKICHUH (POTOHA BO3MOKHA
peanu3anus TOJIbKO albTepBepcoB S u 8" [54].

N tem He MeHee:

"OcoObIii WHTEpEC MpecTaBseT anprepBepc 7. B HEM cpa-
OoTan nerekrop B, "ero He Moriio ciyyuThes, ecivd Obl B MHTEp-
depomerpe He ObLTO UcTIpaBHOW O0MOBI. [Ipu 3TOM KBaHT HE KOC-
HYJICS 3epKaa B3pbIBaTess U ObomOa He B3opBaach!”

296



Boo0mie-to, B HEM 3TOT AerekTop cpabotan Obl B JFOOOM
cllyyae, MOCKOJBbKY €ro KBaHT M Ha CaMOM JIeJie BUTAICS MHMO
60MOBI. CiieroBaTenbHO, 3TOT BHIOOP MOKA HUYEM HE 0OOCHOBAH.
[TocMoTpuM, Kakue IOMOJHHUTEIbHbIE 0OOCHOBAHMS IMPEIOKECHBI
3TOMY BBIBOY:

"Takol pe3ylbTaT CTajl BOBMOXKEH IMOTOMY, YTO MEXAY allb-
TepBepcaMu 6 1 7 CKiIelika HEBO3MOXKHA — X (pr3myeckne KoHpury-
paluu CoBEpILIeHHO pa3inuHkl. (B "mapannensHom mMupe", KOTOpbIi
Mor Obl o0ecreunTh "MEeCTPYKTUBHYIO WHTEp(hEpEeHIIo", B3phIB
OOMOBI YHHUTOXKUIT HEOOXO0IMMOE JIJIsl CKIICHKH 3epKaio.)" [54].

Cpasy ke BO3ZHHKAIOT BOIPOCHI: a MPUYEM 37eCh BOOOIIE
CKJIEHKa, HAa pUCYHKE €€ HeT HU B KakoM Buje! Mnu mouemy ckiieiika
paccMaTrpuBaeTcsi UMEHHO Mexay 6 um 7 amprepBepcamu? SIBHO
IPOCMaTPHUBAETCS HUYEM He 000CHOBaHHAsA aprymenTanus. [louemy
ObI HE PacCMOTPETh CKIEHKY Mexay 7 u 8 wiu 7 u 5?7 B mocnenaem
ciiydae KOH(PUTYpalMK 3€pKaJIo ObLIO YHHUUTOXKEHO HAMHOTO I03-
e, 4eM 3TO HEOOXOIMMO ISl pa3pylleHHs "JeCTpyKTUBHOM HH-
tepdeperuuu". B 3TOM ciydae MOTHOCTHIO pa3pylIeHHOH Oyner
JIOTHKA JIOKA3aTeNbCTBA, U HY)KHBIH Pe3ylbTaT He OYJeT JOCTUTHYT.
Ho u 310 He Bcé. [louemy Bce-Taku 7 anbTepBepc, a HE 8, €CIIM BbILLIE
YTBEP)KJIAJIOCh U HA YTO CJIeJIaHa CCBIJIKA, YTO BO3MOXKHA pealin3a-
1Us TOJBKO 8-r0 anpTepBepca’

B camom pnene, Ha KakoM OCHOBAaHHMM OTOpachIBaeTcsi pe-
3ynbTar A B anpTepBepce 8?7 B ero "mapHom" ciyuae 6oMOa Takxke
B30pBaJIach B albTepBepce 5, uto, corjacHo Joruke BUOB, o3Ha-
YyaeT UCIPaBHOCTh OOMOBI. [[pyrumMu cioBaMu, B 3TOM CiIydae cam
no cebe ¢axT cpabarbiBaHHs JeTekTopa A 0e3 B3pbIBa Tak XKe
CITY’)KUT JTIOCTaTOYHBIM OCHOBAaHUEM JUISl TOTO, YTOOBI YTBEPKAATh:
6om0a ucnpaBHa. B uem jxe pa3HHUIA IBYX PAaCCMOTPEHHBIX CUTY-
aruit? Jleno B ToMm, 4TtOo paszHuilbl HeT. ClenoBareiabHO, CIENATh
BBIBOJI 00 HMCIPaBHOCTH OOMOBI MBI 0OS3aHBI B JIIOOOM ciydae:
cpabotan natuuk B unu natunk A. MoXHO ObLIO OBl CKa3aTh, 4TO B
50% cnyuaes, korjna bom0a "ucnpaBHa', cpabarbiBaeT geTekTop B
i A u "B3peiBa" He mpoucxoaut. Ho, oka3piBaeTcs, 4To M 3TO
HeBepHO. PaccmoTpuM cityuaid, korja 6omOa HeucnpaBHa. B anb-
TepBepcax 5 U 6 HUYEro He MPOU30MIET, U KBAHT JIOCTUTHET paB-
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HOBEpOSITHO MaT4nkoB B u A. M B 3TOM Ke ciiydae Takxe paBHO-
BEpOSITHO KBaHT JOCTUTHET JaTuukoB B u A B anbrepBepcax 7 u 8.
W BHOBB MBI 0053aHBbI JIOTUYECKH MOCIIEA0BATENBHO 3asiBUTh, YTO B
50% cnyuaes, korga 6omba "HeucnpaBHa'", cpabaTHIBAET JETEKTOP
B wnu A u "B3pbiBa" He mpoucxoauT. Bo3HuKaeT npoTuBOpeyue:
JUIS OZJHOTO M TOTO K€ UCXO0Ja U3MEPEHUS Mbl JOJDKHBI CIIENIaTh Ba
B3aMMOMCKITIOYAIONIUX 3aKiIoueHns. BooOmie-to, 3T0 0o3Hayaer
HEONPEENIEHHOCTb, TO €CTh, TI0 UCX0/1aM U3MEPEHUN Mbl HUUETO HE
MO>KEM CKa3aTh O COCTOSTHUM OOMOBI.

Ho xakue mpenckasaHusi B 3TOM 3KCIIEpUMEHTE JIEJIaeT KO-
neHrareHckass uHrepnperauusa? Takue xe mnu uHble? CoriacHo
BUOB noseneHne ucnpaBHOW OOMOBI, HEMCIpPaBHONH OOMOBI U
O60MOBI MCHpPaBHOW, HO MO KaKOW-TO NMpUYMHE HE cpaboTaBIIEH,
JOJDKHO OBITh a0COJIOTHO OAMHAKOBBIM. Ecim (oTOH KOCHYyICS
3epKajga, TO BO BCEX 3TUX cliydasx "kak Obl cpaborama" Hekas
KHOIIKA, CUTHAJI OT KOTOPO BO BTOPOM M TPETHEM CIIydasiX IPOCTO
HE JOmEN 0 B3pbIBarensd. 10 €CTh, BXOJHON YYBCTBUTEIbHBIN
AJIEMEHT BO BCEX Cilydasx "mouyBcTBoBan" naBieHue GortoHa. [lpu
3TOM aOCOJIFOTHO HEBAXKHO, B YEM COCTOUT 3TO caMo€ '"TIOYYBCTBO-
BaJl" — CMEIIeHHEe KHONKM WJIM 3BYKOBas BOJIHA B HEW OT ymapa
KBaHTa. B 11000M ciTydae 5TO 03HAYaAET, YTO MBI MOKEM 8 NPUHYUNE
OTIPENIENIUTh IyTh, MO KOTOPOMY JBHUTAJCS (OTOH, MPOCTO uUMes
803MOHCHOCMb TIOCTABUTh PSAJIOM CO IUTAaTHBIM B3pPBIBATEJIEM BTO-
poil "TexHosornyeckuil", 0ojee YyyBCTBUTEIbHBIA JaTYUK, TEH30-
JaTYUK WIK MHUKPO(OH, Ha3HaYeHHE KOTOPOro — JUIIb (PUKCHPO-
BaTh B3aMMOJICHCTBHE JaTuMKa OOMOBI M KBaHTA JUISI KOHTPOJS H
OTJIQJKU MeXaHU3Ma O0MOBI Ha ATarne €€ U3rOTOBJICHUS.

OTMeTuM, YTO 3TO HETOCPEACTBEHHO clenyeT u3 (popmanms-
Ma skcniepumenta BUIOB. U ucnpaBHble 1 HewcnpaBHblE OOMOBI
HEN30€KHO JO0JDKHBI "MOYyBCTBOBATH" aBieHne poToHA. TOJIBKO B
9TOM CJIydae UX MEXaHHU3M MOXKET COBEpPLIMTH JajbHEHIINE Ieil-
CTBUSL: 3aIlyCTUTh WM HE 3allycKaTh B3pbIBaTeNb. OTCI0a cpa3y ke
CJIEJTyeT, YTO TPH JIFOOOM MCXO/Ie UCTIBITAHUI MBI HEU30€XKHO OyeM
8 NpuHyune UMeTh BO3MOXKHOCTh MOJYYUTh WH(POPMAIHIO O MyTH
¢doToHa, ake He yCTAaHABIUBAS JOTOJHUTEIBHBIN TaTUUK, a JHIIb
UMesl TaKyl0 803MONCHOCMb. ITO BAKHO: Mbl HE 0053aTENBHO TO-
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Jy4UM 3Ty WHPOpPMAIHIO, HO B MPUHIUIIE Y HAC TaKas 603MOXHC-
HOCMb €CTh.

Bcé 310 mpUBOAUT K PE3KOMY NMPOTHUBOPEUHIO IBEPETTHKH C
TPaJIULIMOHHON KONEHTareHCKOM MHTEPIPETAUEH, COTJIACHO KOTO-
poii chopMyYIMPOBAHO 3aMeYaTeIbHOE MTPABHUIIO HAPYIICHUSI UHTEP-
bepenyn: r0dast gaxe nOMEeHYUdaIbHAs BOSMOXKHOCTh TOJTYYUTh
uHpopManrio o myTd GoToHa pazpymiaer uHTepdeperuuo [80].

Ecnu paccmarpuBate skcniepumedT BUOB ¢ Touku 3peHus
KOTICHTareHCKOW MHTEPIIPETAIlMH, TO BO BCEX CIy4dasX Mbl UMEEeM
NPUHYUNUATLHYIO BO3MOXKHOCTH OTIPENENUTh MyTh (OTOHA. ITO
3HAYUT, YTO HE3aBUCHUMO OT TOTO, MCIIpaBHAa O0OMOa MU HET, B30pBa-
Jachk HeucHpaBHas 6om0a WM HET, MBI Bceraa OyaeM HaOIoaTh
HapylieHne uarepdepeHimu Ha uaTeppepomerpe Maxa-Ilanaepa.
To ecTh, HE3aBUCUMO OT COCTOSIHHSI 60MO MBI Bceraa OyaeM UMeTh
PaBHOBEPOSTHBIE BBIXOJbI KBAaHTOB K 000MM gatdunkaM — A u B,
npuyYeM KakJIOMy M3 CHUTHAJIOB B TOJIOBMHE CIy4aeB OyIEeT COOT-
BETCTBOBATH B3PBHIB OOMOBI, TO €CTh, PE3yIbTAaThl B TOYHOCTU COOT-
BETCTBYIOT IPE/ICKA3aHUSM 3BEPETTUKU — HEOTIPEICIIEHHOCTb.

OnHako paccMOTpPUM MpEAENbHBIA Clydyaid HEMCHPABHOCTH:
IITOK B3PBIBATEIISI HACTOJIBLKO HEUCIIPABEH, YTO MBI JIUIIEHBI JTI0O00H
NPUHYUNUATLHOU BO3MOKHOCTH OOHAPYXHUTh €r0 KOHTAKT C KBaH-
TOM. DTO MPUBEAET K TOMY, YTO BCerjga OyIyT perucTpUpOBATHCA
CHTHAJIBI TOJIBKO Ha OJTHOM U3 JaTYMKOB A min B, B 3aBHCHMOCTH OT
KOHCTPYKIIMU HWHTepPEpOMeTpa, a 3TO YK€ MPOTUBOPEUUT PAaBHO-
BEPOSTHBIM MPEICKA3aHUSIM IBEPETTUKH.

Takum 00paszom, mnpeackazaHus nopeaeHus "tecrepa 6oMO0"
BUDB cormacHo KONEHTareHCKoi U OKC(OPACKON MHTEPIpETaIHi
KBaHTOBOW MEXaHWKHU pa3n4Hbl. B cirydae okcdopackoil uHTep-
IpeTaluuii Bce abconomno HencnpaBHble 00MObI Oy1yT IPUBOIUTH
K cpabaThIBaHUIO 00OMX NAaTYMKOB — A U B, a B ciydae KomeHra-
TeHCKOM MHTEpIpeTal — TOJBKO OJHOTO M3 JaT4ukoB. [lpu
HAIMYMKA WCIPABHBIX, HO HE cpaboTaBmMX OOMO, pe3ylbTaThl
000MX MHTEpIpeTanuii OyIyT COBIAIaTh, OJHAKO WH(pOpMAIUs 00
UCIpaBHBIX O0MOax nosrydeHa He OyeT. XOoTs U yTBEPKIaeTcCsl, YTO
IBEPETTHKA TaKyl0 MH(POpPMAIHUIO JaET, MPOTHBOIOJIOKHBIE MpE-
CKa3aHMsI HE MOTYT ObITh OJJHOBPEMEHHO MCTHHHBIMHU. HampoTus,
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JUI KONIEHTareHCKOM MHTepIIpeTanny Bce 0e3 UCKIIOUEHUs TIPOoBe-
NEHHBIE SKCIEPUMEHTHI SBIISIOTCS "pelarimuMu’ U Bce OHHM 0e3
HUCKITFOYEHHUS TTOATBEPKIAIOT €€.

Emeé pa3 HanoMHUM, 4TO ONKCAaHUE CTAHJAPTHOTO IMOBEACHUS
uHTeppepomerpa Maxa-Llannepa ¢ mosunuii okchopackoi (IBe-
PETTOBCKOW, MHOTOMHPOBOI) HHTEPIIPETAIIMU HCIIOIB3YET Mpell-
MOJIOKEeHHE O "PU3NIECKH BO3MOKHOM UCX0e". DTO 03HAYALT, UYTO
B CaMO MpeAcKa3aHUe W3HAYaJIbHO 3aJI0KEH Pe3yJbTaT 3KCIEepHU-
MEHTa, Pe3yJabTaT, KOTOPBIA HE SBISETCS MpelcKa3aHHueM Cco0-
CTBEHHO TEOPHM, WJIHU... 3TO NPEJICKA3aHHE KOMEHIareHCKOM WH-
Tepriperaiiui. be3 3TuX MOMOJHUTENBHBIX CBEACHUN O (pusnyecku
BO3MOXHBIX HCXOJAaX, KEM-TO W KOTJa-TO ONIPEIECNEHHBIX, OKC-
dopackas HHTepIpeTays HE MOXKET JaTh COOCMBEHHO20 BEPHOTO
npenckasanus. [lpennaraemele JlebeneBbim "ckIeHKH" UIMEHHO 3TO
U O3HAYalOT: PacCMAaTPUBAIOTCS TOJBKO T€ MCXOJbI, KOTOPHIE CO-
OTBETCTBYIOT KONEHIareHCKOMY KOPIYCKYJISIPHOMY (B3auMOJIEi-
CTBUE BOJHOBBIX (YHKIMI) WJIM BOJHOBOMY (YCHUJIIEHHE WIH
oclabJieHue BOJIH) OITUCAHUIO HHTEphEpoOMeTpa.

Emgé pa3 oOpatumcst k pucynky 5.4. CoriiacHo akCHOMAaTHKe
BUDGB u3mepenue saBnsercss beckonmaxmuuim. 11o3TOMY Hammuue,
IIPUCYTCTBUE OOBEKTA ONpeAesieTcsl Kak Obl 6e3 npuKocHo8eHus K
HeMy. B aTom ciydae yrBepkaarh, uro OomOa "mouyBcTBOBaya'
doToH, Henmb3s. CnemoBarenbHO, eciu GoToH B 3amade bBHOB
"mpommén mumo", To He OyneT cpabaThIBaHUS HUKaKOW OOMOBI — HU
UCIpaBHOM, HU JedekTHOU. To ecTh, MpaBble HA PUCYHKE albTEP-
BepCchl 7-8 OKa3bIBAIOTCS HEUYBCTBUTEJIBHBIMH K HCIPABHOCTH
60M0. [ToaTomy 06a ucxoma: cpabareiBanue A wim cpabareiBanue B
OyIyT OJMHAKOBO COOTBETCTBOBATH JIBYM COCTOSHHUSIM OOMO: HC-
IpaBHOMY U JepeKkTHOMY. MeToJ He MO3BOJSET MPOU3BECTH OT-
OpakoBKy. 371eCb UMEETCs SIBHAS JIOTHYECKas OITHOKa.

IIpu 3TOM NOMHMO CKa3aHHOTO, HEOOXOIMMO YKa3aTh Ha enié
OJIHy IIpo0JIEMY: MOJYyYEHHBIH TOJBKO YTO PE3yJbTaT SIBHO pacxo-
maTest ¢ "GU3NIeCKH BOZMOKHBIMU UCXOJaMu'". DBEpETTHKA, KaK U
KOIIEHTareHCKass MHTEpIpeTanuss He JOIMyCcKaloT Hucxoaa A uis
HOPMAaJIbHBIX YCJIOBHMM 3KCIIEPUMEHTA, TO €CTh JUIsl OOBIYHOM KOH-
¢uryparuu uHTEpdepoMeTpa U 0e3 mpuBiIeUeHHs MUCTHKH. [lo-
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geMmy ke, COTJIACHO PUCYHKY 5.4, pOTOH BCE-Taku mormal Ha TaTYHK
A? DT0 IpOTUBOPEUUT U IBEPETTUKE U KOINIEHrareHCKomy ¢opma-
mu3My. Benp ecniu Oomba HeucnipaBHa, TO B allbTepBepcax S U 8, Kak
MOKa3aHO Ha PUCYHKE, HAOIIOJAIOTCA HCXOIbl A, KOTOpBIE, Kak
YTBEP)KJIAJIOCh ABEPETTUKON B MpUMEpe ¢ OOBIYHBIMH 3epKajlaMH,
HE SBISIOTCS (PU3UIECKH BO3MOKHBIMU. Ecii sxe 6oMOa rctipaBHa 1
cpaboTaina, To OTOH Ha JIEBBIX aJbTepBEpcax, TeM HE MEHee, JI0-
CTUTHET JIaTYMKOB, B YACTHOCTH, JIaTYMKA A, MMOCKOJBKY JBUKETCS
ObIcTpee JI00OW B3pPHIBHON BOJHBI. BoO3HHMKaeT mapajokc HHTEp-
MpeTayu: K 0ObICHEHUIO IPUBIICUYEHBI (PUZUUECKU HEBO3MONCHDbIE
cutyaiuu. Ilo MeHblIeil Mepe, 3T0 03HAYAET, YTO MpPH JIFOOOM CO-
cTosiHuM O60MO Bcera OyIeT paBHOBEPOSITHOE CpabaThIBaHUE 000X
JATYUKOB C JIOBOJIBHO HETPUSTHBIMHU CIIEICTBUSMHU.

B paccmotpenHoi#t cutyanuu cpabaThiBaHUIO JaTynka B
Bcerja OyayT COOTBETCTBOBATh 06a COCTOSTHUS OOMOBI: MCTIpaBHasI
(0 uéM MBI cpa3y e y3HaeM IO B3PhIBY) U HESICHO KaKkoe: AaT4uk B
cpaboTaeT W TpH UCIPABHOM, HO HE B30PBABIICHCS, U MPU HEUC-
npaBHoi OoMOe. He cnacaer moJiokeHHEe M MHOTOKpPAaTHOE H3Me-
penue. Mbl mosrydaem 100 B3phIB (anbTepBepchl 5 U 6), n1bo
"06xo0n" (OTOHOM B3PBIBATENS, UTO SIBHO He HeCEém UH@DOPpMAayuro
00 ucpaBHOCTH OOMOBI.

[TpruéM TOUHO TakWe K€ UCXOJbI OYAYT COOTBETCTBOBATH M
cpabareiBaHnio gatunka A. [lomywaercs, 9To y Hac HET ompere-
n€HHONW WHQpOpMAUU 00 HCIPABHOCTH OOMOBI, TOMHUMO €IWH-
CTBEHHOTO ciy4asi, korja Oom0a B30pBaiach.

3aMeTuM, 4TO U C TOUKH 3PEHHUsI KOTIEHTareHCKOH MHTepIpe-
TaI[H MBI TAK)KE HE MOYKEM MOJYYUTh IOCTOBEPHYIO, OJHO3HAUHYIO
uHpopmanuo o coctostHuu OomO. JIrobas rumoreTHueckas BO3-
MOKHOCTh TOJYYUTh HHGOpMAIHMIO O MyTH (HOTOHA pa3pymniaert
UHTEepEPEHIINIO, B PE3yJIbTaTe Yero fatTuyuku A u B Bcernga Oynyt
cpabaTeIBaTh PAaBHOBEPOSTHO. B 3TOM ciydae uHTEpdEepoMeTp,
COOCTBEHHO, M HCIIOJIHAET POJb OECKOHTAKTHOTO PETHUCTpATOpa
HAIMYHUS 00BbEKTa HAa MyTH (OTOHOB, B JJAHHOM ClIy4yae 3epKajia Ha
6ombe. Eciiu ecthb 3epkano 6e3 60MObI — cpaboTaeT TOJIBKO JaTUYUK
B [17]. Eciu 3epkana HeT, win 3epkaiio "dyBcTByer" Hanuuue ¢o-
TOHA, TO €CTh, HMcCIpaBHas OomOa B30pBajlach WM HEHCIIPaBHAs
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B30pBaJIaCh WM HET, — HHTEP(EPEeHIINs pa3pyliaeTcs, U cpadoTaer
PaBHOBEPOSATHO J11000H M3 JgarumkoB. Huxakoil cenekuuu, otOpa-
KOBKHM O0MO P TaKMX MCXO0/1ax MPOBECTH HE yJIaCTCSl.

"B urtore u3 4YeThIpEX aJIbTEPBEPCOB yNAuHbIM A1 1enen
AKCHEPUMEHTA PE3YJIbTAaT Mbl MOJIYYHM TOJIBKO B OJIHOM, TO €CTh C
BEPOSTHOCTHIO 25%, 4TO M MOKa3aau IKCIIepUMEHThI" [54].

Cchbulka Ha SKCHEPUMEHTHI — 3TO OYEHb CEPbE3HBIA JJOBOJ.
OpHaKo MX ONMHCAaHUE B CTATbE€ UMEET CEPhE3HBIE, BCKPBITHIE 3/1€Ch
U3bSHBI, YTO SIBJIIETCS BECKUM OCHOBAaHHEM IIPU3HATD: YIIOMSHYTbIE
AKCHEPUMEHTHI HE UMEIOT HUKAKOTO OTHOILEHUS K CKJIEHKaM, pojb
KOTOPBIX SIBHO NPEYBEINYECHA!

"W3 U3110KE€HHOT0 IOHATHO, KaKyl0 pOJIb UI'PAaeT BBEAEHHOE B
IBEPETTUKE IOHATHE CKIIEEK Ul OOBSICHEHHUs SBICHHUS MHTEpQe-
pennuu" [Tam xel.

Oto HeBepHO. Onucannbiii BUIOB skcneprMeHT B npUHIMIE
HE MOKET ObITh noOmeepacoarowum "peraronmm KCIepuMeHToM "
st 9BeperTuku. Ckopee HA000pOT, OH CBHICTENBCTBYET O €€
MPOTUBOPEUUBOCTH. [IpereH3un DBeperra Ha Ooiiee OOIIYIO WH-
TEPIPETALMI0 KBAHTOBOM MEXaHMKHA MMEIOT OINPOBEPraroIIvui pe-
3ynpTaT "pemaromiero skcriepuMenta’. Kak ykaszwiBan le-Burr,
TakKas TEOpUsl HE MOXKET OBbITh ITPaBUIILHOM.

CoOcTBEHHO TOBOpSI, paccCMaTpuBasi CTOJIb TIIATENLHO H Jie-
TaJbHO OCHOBAaHUS MHOTOMHUPOBOI HMHTEpIpETaliy, Mbl Ipeciie-
JIOBAJIM BIIOJIHE KOHKPETHYIO II€JIb: ONPEAEIUTh HACKOJIBKO B HEH
000CHOBaHO HaJIMYHEe MHOXECTBa MUpOB. B o0mieM-To, 6eckoHed-
Has M BeyHas Matepus HE NPOTHUBOPEUYUT BO3MOKHOCTH CYIIE-
CTBOBaHUSI OECKOHEYHOTO YMCIJIa MHPOB HE3aBUCHMO OT CIIOCO0a X
MOSIBJICHUS. J[71s1 MHOTOMHMpPOBOW MHTEpIpPETAlMU BO3MOXKHBI JBa
TakuX crocoba: myreM A00aBlIeHUs] MUPOB B OOIIEM 3-MEpHOM
IIPOCTPAHCTBE U JI00OABJIEHMEM HOBBIX M3MEPEHUH MPOCTPAHCTBA
JUI KaKJOTO U3 pacIIENUBIINXCS MUPOB.

Hama Bcenennas cymectByer nmoutu 14 MUUIHApJOB JIET,
MO3TOMY KOJMYECTBO PACIIEIUICHHH JTOJDKHO OBITH HEBOOOpPA3UMO
OonpmM. [Ipennonoxkum, 4TOo BCE OHM TMPOU3ONUIM B €IWHOM
IIPOCTpPaHCTBE-BpeMEHN Hamiero 3-mepHoro Mupoznanus. Oue-
BUJTHO, YTO KaXK/IbIil U3 HUX JIOJDKEH YAAJIUTHCS OT HAC 110 MEHbIIEH
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Mepe Ha 28 MUJUIMApAO0B CBETOBBIX JIET, TOCKOJIBbKY MHAY€ OH Iie-
pecekcst Obl ¢ Hamielt BeeneHHol W ObLT OBI JUIT HAC HaOIIOIaeM.
[Ipu 3TOoM ynaneHue HOBOM BcCeeHHON NOHKHO MPOU30UTH MTHO-
BEHHO, ITOCKOJIbKY OIIITh K€ B IPOTUBHOM cilydae OHa Oblia Obl
Habmromaema Jutst Hac. Kpome Toro, pacieruieHus mpoucxo st He B
OIIHOH Touke Hamieli BcejleHHOH, a, HECOMHEHHO, B O€CKOHEUHO
0OJIBIIIOM KOJIMYECTBE ATHX ToueK. J{axke Ha 3emiie Takux COOBITHIA
JIOJIKHO MPOUCXOUTh KaK/10€ MTHOBEHUE TPOMATHOE KOJIUYECTBO.
Cnenyer npeamnosiokKUTh, YTO €CIAU BpeMs TUCKPETHO W MHHHU-
MaJIbHBI MHTEPBAJI PaBEH, HAPUMEP, MIAHKOBCKON BEJIMYUHE, TO
IIPU TaKOM OO0JIBLIOM KOJIMYECTBE PACIIETIICHUI MHOKECTBO U3 HUX
JOJIKHO TIPOU30UTH OJHOBPEMEHHO. 13 Bcero 3Toro MHOroo0pasus
BceneHHBIX M M30TPOIMHOCTH MPOCTPAHCTBA HEM30EKHO CIIEIYeT,
YTO BCE OHU JIOJDKHBI OYKBaJbHO OJHOBPEMEHHO pa3jieTaThCsl OT
Hac CTPOTo B pa3Hble CTOPOHBI. HeT HUKaKuX MPUYUH CUYUTATh, YTO
BCE OHHU YJAJIAIOTCA OT HAaC B OJJHOM HAINpaBJIEHUU: B KAKOM UMEHHO
Y TIOYEMY UMEHHO B 3TOM?

KaprrHa BeIrIsauT Kak HOBBIM bousbiioi B3pslB U3 MHOXe-
cTBa BcelleHHBIX, pasjeTaromMxcsi OT HAac HamojoO0ue OCKOJIKOB
rpaHaThl B pa3Hble CTOPOHBIL. OAHAKO U Kakaas U3 3TuX BeeneHHbIx
BBUJIY UX PABHOIPABUS U OJMHAKOBOM PEAIbHOCTH TAKXKE JOJKHBI
pacILEeIIATHCS KaK10€ MTHOBEHUE, CO3/iaBasi BOKPYT ce0sl TakoH ke
bonbimoit B3pblB M3 COOCTBEHHBIX pacUICIUIEHHBIX BceneHHBIX.
IIpu 3TOM yYacTh M3 HUX OYJET pasjeTarbcs U B HaIly CTOPOHY.
CnenoBarenbHO, B IIPOLIECCE pacIleIIEHNs Bce 3T BceneHHble He
MOT'YT OCTaHOBUTBCA, @ 00s13aHbI MPOJIOJKUTH CBOM pas3ieT ¢ bec-
KOHEYHO OOJIBIION cKopocThio. OOpa3yercsi cBoeoOpa3Has MeHa u3
pacilenaeHHbIX BceneHHbIX, Takke HalOMMHAoLas B3pbIB Ipa-
HaTBbl, HO MPU 3TOM KaXbli OCKOJIOK TaK)KE OKa3bIBaeTCs I'PaHATOM,
KOTOpasi TO’ke B3pbIBAETCsA, 00pa3ys HOBbIE OCKOJIKU-TPAHATHI.

Kak BuauMm, Takoll cueHapuil BBITJIAIAT BECbMa M BEChbMa
abcypano. Takoe oOpa3oBaHHME pacUICTUICHHBIX M PaCIICIUISIO-
muxcsi BeeneHHbI BpsA IM MOKHO NPHUHSATH 32 HAYYHYIO MOJIENb.
Opnako BeuHas U OeckoHeuHas Martepusi, OUeBUHO, MOKET UMETh
m000€ KOJIMYECTBO M3MEpeHui. B 3ToM BapmaHTe MOXKHO Mpen-
MIOJIOKUTh, YTO Ka)KJasi U3 PAcIIEIUICHHbIX BCelleHHBIX 3aHUMaeT

303



OJIHO W3 3TUX OecuucieHHbIX u3MepeHuil. Ho u 31ecy BO3HHMKaeT
npotuBopeune. Ecin u3MepeHust CymecTByro A0 pacUieieHus, To
BCE€, 4TO sBisieTcsd PeanbHOCTHIO, N3HAYAIBHO HAXOJUTCS B 3TOM
O6eckoHeyHOMEpHOM Mupe. [103TOMy U B 3TOM BapHaHTe KaKaasi U3
HOBBIX OTAEIUBUINXCS BCElEHHBIX T0KHA UMETh XOTS OBl MO OJ1-
HOMY M3MEPEHHIO OTIMYHYIO OT JIpyrux BceneHHbIX KoopauHary,
MHA4Ye OHU IMPOCTO COJBIOTCS. 1 BHOBH BO3HMKAET BOINPOC: KAKOM
JoJKHa OBbITh HOBas koopauHata 3ToM Bceenennoit? Ilouemy
HMeHHO Takou? IToHATHO, YTO HAIWYUS OJHON MU HEOOJBIIOTO
quciia JOMOJHUTENbHBIX U3MEPEHUM CBOAMUT MpPOOJIEMYy K INpeabl-
IYIIEMY CIy4alo - IepeceueHuIo BeeneHHbIX, HaXoIsIIuXCsl BJIOJb
3TOW KOOPJAUHATHI, U3MEPEHUS.

Ecim xe xaxnpas pacmenusmiascs BceneHHas co3maér cBoé
COOCTBEHHOE JIOTIOJIHUTENIFHOE HM3MEpPEeHHEe, KOOPIUHATY, TO BO3-
HUKAaeT yXKe JiBa MpoTuBopeuns. IlepBoe — kakyto KOOpJIUHATY HO-
Basi Bcenennas "HasHaunt" cebe B 3TOM m3MepeHun? Bropoe — B
00I1eM-TO, CO3/1aHUEe HOBBIX M3MEPEHHH TOXKJIECTBEHHO UX alpu-
OpPHOMY HAJM4MI0, HO TpeOyeT, 4ToObl y YK€ CYIIECTBYIOLIUX
BceneHHbIx BAPYT HU € TOTO, HU C CETro MOSIBISUIUCH HOGble TIPO-
CTPaHCTBEHHBIE U3MEPEHUSI.

[IpoTtuBOpeunst 6a30BBIX MOJIOKEHUN IBEPETTHKU U PaccMO-
TPEHHBIX BAPUAHTOB MHOTOMEPHOCTH U MapajIeIbHOCTH MUPOB Ha
€€ OCHOBE HE MO3BOJIAIOT PACCMATPUBATD €€ KaK HAYYHYIO TEOPHUIO.

MHoromepHoe NpOCTPAHCTBO TEOPUM CTPYH

C 19-ro Beka B pu3uke KUBET U aKTUBHO OOCYXKTAeTCs UIEs
co3JaHus Tak HazbiBaeMon Teopuu Beero. B uucne npounx, camoe
MPUCTAJIbHOE BHUMaHME €M yaensn AnbOepT DHHIITEHH, TOCBATUB
MOMBITKAM CO3/aHUS TaKOW TEOpHUH 3HAYUTENBHYIO 4acTh CBOEH
#u3HU. CorjgacHO COBPEMEHHBIM IPEJCTABICHUSIM, Takas TEOPHS
OTIMCBHIBAET BCE H3BECTHBIC (YHIAMEHTAJIbHBIE B3aUMOJCHCTBUS:
IPaBUTAIIMOHHOE, JIEKTPOMArHUTHOE, CUIIBHOE U cllaboe siiepHbIe
B3aumo/ieiicTBus. Ha mytu co3gaHusi TEOpUM BCTPETUIIOCH MHOX€E-
CTBO TpyaAHocTell. Hanmpumep, BBISICHWIIOCH, YTO BeAylIne pu3nye-
CKHE TEOpUHU - KBAHTOBAs MEXaHMKA W TEOPHUS] OTHOCHUTEIBHOCTH
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HECOBMECTHMBl Ha MHMKPOCKOIIMYECKOM YpoBHE. Teopus cTpyH,
HOBas (pu3MKO-mMaTeMaTHuyecKas Teopusi Ha poyib Teopuu Bcero
MIPETEHyeT BIIOJIHE OOOCHOBAHHO, NOCKOJBbKY OHa I103BOJIMIIA
00BbEeTMHUTD BcE (yHAaMEHTAJIbHBIE B3aMMOJCHCTBHUS C CaMOTO
MOMEHTA CBOETO MOSBJICHUS.

Kak wu3BecTHO, "Teopuss CTpyH CJIOXKHAa M MHOrorpaHsHa”
[37, c.29] u ynuBuTenbHa. CorjaacHO €i BCEe KBAHTOBBIE YACTHUIIBI
SIBJIIOTCS KPOIIEYHBIMU KOJIEOIIOMIMMHUCS CTPYHAMMU:

"CoriacHo TEOpUM CTPYH, €CIIM Mbl KaKUM-TO 00pa3oM yBe-
JUYUM TOUEYHYIO YaCTHUIY, TO YBUAUM MaJIEHbKYIO BUOPHUPYIOLIYIO
cTpyny" [46, c.153].

MHOroMepHbIM U MapajyIeIbHBIM IPOCTPAHCTBAM TEOPHS
obOecrieunBaeT, MOXKalyd, MpeNeIbHO OOOCHOBAaHHBIM HAyUYHBIH
¢dbyHgameHnT. XOTd YCIOBHSI CaMOCOTJIACOBAHHOCTH TEOPHU M 3a-
MpelaT CTpyHaM IepeMenaTbcsi B TPEX WM YETBIPEX U3Mepe-
HUSX, OHU ke TpeOyroT JuIsl KojeOaHUIl CTPYHBI U HE MPOU3BOJIb-
HOTO, a BIIOJIHE KOHKPETHOTO YKMCJIa U3MEPEHUM, IPUUEM 3TO BCETO
nBa yucna: 10 u 26 nuszmepenuil. IMeHHO Takoro yucia u3MepeHui
KaK pa3 M XBaTaeT, 4TOObl 0ObEANHNUTH BCE OCHOBHBIE (PU3NYECKHE
B3aumojierctBus [46, c.154]. [locnenusass Ha CEeroAHSANIHUNA JICHBb
o0beTMHEHHAs! BEPCUSI TEOPHHU CyNepCTpyH, M-Teopust TpedyeT, 1mo
MEHbUIEH Mepe, HATM4Msl Y IPOCTPAHCTBA 7 JIOTIOJHUTEIbHBIX H3-
MEpEeHMH, TO ecThb, Bcero 11 m3mepenuii, B Tom umciue, 10 mpo-
CTPAHCTBEHHbIX U OJTHO BPEMEHHOE.

"B cymHoOCTH, TEOpUS CTPYH — €IMHCTBEHHAs W3BECTHAas
KBaHTOBas Teopwus, TpeOyromas, 4yToObl KOJWYECTBO HM3MEPEHUM
MIPOCTPAHCTBA-BPEMEHN  BBIPAXKAJIOCHh OIPEIEICHHBIM YHCIOM"
[46, c.170]. Takoe uncI0 U3MEPEHU OKa3bIBAET HETIOCPEACTBEHHOE
BIIMSIHUE Ha MaTEMAaTUKY Teopuu. [Ipu BBIIIOJIHEHUH pacueToB B HEMl
MTOCTOSIHHO TOSIBJISIFOTCS pa3JIMYHbIE KOMIIOHEHTHI, 0€CCMBICIIEHHbIE
¢ (pusmyeckol TOYKHM 3pEHHS, HO MPH ITOM OHMU 3a4acTyIO IS
10-mepHoro npoctpanctBa, N=10 wumetor mHoxkutenb (N - 10),
YHUYTOKAIOIIUM UX.

Tem He MeHee, CTPyHHbIE TEOPETUKH HE MOTYT OOBSICHHUTH
MIPUYMHY HEOOXOMMOCTH TaKOTO Yucia U3MEpPEHHH, Mpeanoiaras
T, YTO OHA CBS3aHA C TaK HAa3bIBAEMBIMU MOJYJISIPHBIMU (PYHK-
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LUSIMHU, B KOTOPBIX TOCTOSIHHO, B HEOKUAAHHBIX MECTAaX BO3HUKAET
ato unciio 10 [46, c.170], u o1Ha U3 KOTOPHIX HOCUT MUMS WHIUU-
cKoro Mmaremartuka Pamanymkana.

[IpaBaa, B HUX MOCTOSIHHO (UTYpUPYET TaKXke U yucio 24, B
YaCTHOCTH B HEHl UMEETCSI 2JIEMEHT, BO3BEJICHHBIN B 24-yI0 CTENIEHb,
npudeM Bce 24 pexuMa (YHKIUH COOTBETCTBYIOT (DHU3NYECKUM
KojebaHusM cTpyH. Bugumoe nporuBopeune Mexnay 10-MepHbIM 1
26-MepHBIM MUpaMU (PU3UKU YCTPAHSIOT JOBOJIBHO 3aMbICIIOBATHIM
crioco6oM. Bo-nepBbixX, Kk 24-M U3MEpPEHMSIM B PEISATUBUCTCKOMN
TEOPUH MIPU BBIYHUCICHUU OOIIETO KOJMYECTBA KOJICOAHUH OHH J0-
OaBIISIOT IIe IBa U3MEPEHHUSI, TO €CTh, IPOCTPAHCTBO-BPEMSI B 3TOM
ciydae uMeeT 26 MPOCTPAHCTBO - BPEMEHHBI X H3MepeHHil. Bo-Bro-
PBIX, IO KaKOH-TO CIIOKHOW MaTeMaTW4ecKOl Npu4rnHe B QYHKIHH
Pamanymxana B 00001I€HHOM BHJIE YNCIO 24 3aMEHSETCS YUCIOM
8. Otcrona, mocie n00aBlieHHs €Ile ABYX W3MEPEHUH U BBITEKAET
10-mepHOCTB MpoCTpaHCTBA - BpeMeHHu [46, c.171].

Br160p 26-MepHOCTH, B YaCTHOCTH, MPUBEN K YCTPAHESHHUIO U3
TEOPUM TaK HAa3bIBAEMbIX JYXOB WM OTPULIATENbHBIX BHIYETOB
[46, c.19]. B ypaBHEHHUSX TEOPUHU 3TO UYUCIO U3MEPEHUHN SIBHBIM
00pa3oM MPHUBOJIUT U K YAAICHUIO APYTUX HEPHU3UUECKUX COCTOS-
Huil cTpyH. Hampumep, BbIYMCIIEHME KOMMYTAlIMOHHBIX COOTHO-
LIEHUH IPUBOJUT K CIIEIYIOIEMY YPaBHEHUIO:

[T++ (6)7 T++(G’)] =
i(T,,(0).T,,(6")5'(c — ') + 5(26 - D)o"(o ")

3neck D - UMCIO MPOCTPAHCTBEHHO-BPEMEHHBIX KOOPAMHAT. BTo-
poe ciaraeMoe B YpaBHEHUHU ONMCHIBAET COCTOSIHUSA, HE UMEIOINE
¢u3nveckoro cMpiciaa. OHAKO B MPOCTPAHCTBE 26-TH U3MEPEHHIHA,
onmarogapst MHOkHTENO (26 — D) oHu ycrpansitores [37, ¢.37].
Bmecre ¢ TeMm npu Bcex JAOCTOMHCTBAaX TEOPUHM CTPYH, CY-
nepcTpyH, M-teopun 0OHApPYKUIOCh, YTO OHA UMEET OIIEIOMIIS-
IOIee KOJIMYECTBO PEIICHUH, COOTBETCTBYIOUIUX, KaK CUMTAETCH,
MIOJIHOCTbIO ~ HENPOTHUBOPEUYMBBIM  IapajljieIbHbIM ~ BceneHHbIM,
MOATBEPKIAIOLIUM TEM CaMbIM HUJI€H0 MyIbTUBCEIECHHON, HO CPEU
KOTOPBIX YUEHBIM JI0 CHX TOp HE yJAaeTcs HalWTH €IWHCTBEHHOE
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penieHue uMeHHo s Hamielt Beenennoit [47, ¢.236]. bonee toro,
paccMarpuBaeMas Kak KaHIuaaT Ha poib Teopun Beero, crpyHHas
TEOpHUsl OJDKHA MPHU ONPEIEIIEHHBIX YCIOBHSIX MEPEXOIUTh B JIPY-
I'Y€ NU3BECTHBIE TEOPUH TOUHO TaK K€, KaK TEOPUsI OTHOCUTEIbHOCTH
IIPU HU3KUX CKOPOCTAX U ¢1a00i rpaBUTallMK NEPEXOJUT B TEOPUIO
Herorona:

"HauaB ¢ mpocTtoil Teopun BUOpHpYIOIIENH CTPYHBI, MOXHO
BBIBECTH TEOPUIO DWHIITEIHA, ... CTaHTApTHYI0O MOJENIb U JaXKe
teoputo Bennkoro o0veaunenus" [46, c.154].

IIpaBna, 0 TakoM KOPpPEKTHOM IE€peXoje, HapHUMEp, C BbI-
BOJIOM ypaBHEHHI DUHIITEHHA W3 TEOpUU CYNEpCTpyH HHPOpMa-
L[MU TIOKa HET.

[ToMuMoO 3TOM, TEXHUYECKOU, TIO BCEW BUIUMOCTH, MpoOIIe-
MBI, €CTh U MpOoOJIEeMBbl MEHee 3aMeTHbIE. [IepByl0 U3 HUX MOXKHO
BCTPETUTh BO MHOJKECTBE MOMYJSPHBIX W3JIaHUM, TOCBSIEHHBIX
Teopuu CTpyH. B KadecTtBe amneropuu, metradopbl, aHAJIOTHH,
IIPU3BaHHOM 00O0CHOBATh Ha3BaHUE TEOPHUH, IPUBOAATCS CTPYHHBIE
MY3bIKaJIbHbIE WHCTPYMEHTBI: CKPUIIKHM, BHOJIOHYENH, KOHTpabac.
JIeCTBUTENBHO, B 3THUX MHCTPYMEHTaX CTPYHbl HATSHYTHI, Kak
YKa3bIBAa€TCsl BO BBEJICHUHM B TeopHio cTpyH. Ho, Bo-mepBbIX, 3TH
MHCTPYMEHTBI — CMBIYKOBBIE, TO €CTh, CTPYHA I10J] BO3JICHCTBUEM
CMBbIYKa HCIIBITHIBAECT BpallaTelbHble KOJeOaHus, a, BO-BTOPBIX,
KOHIIbI CTPYH BCE-TAaKM 3aKpEIUIEHBI, U CTPYHBI, COOTBETCTBEHHO,
HATSAHYThI, PaCTSHYTHI, XOTS B MOCIEAYIOIIMX ONUCAHUSAX TEOPUU
CTPYH HET HU OJIHOTO IIpUMepa TaKUX CTPYH, BBITSIHYTHIX B/10Jb, TO
€CTb, KaKk FOBOPUTCS, HATSIHYTHIX, Kak CTpyHa. MlHaue rosops, B
TEOPUU CTPYH, COOCTBEHHO T'OBOPSl, CTPYH-TO U HET. BmecTo HuX,
KaK MOYKHO JIOTaJaTbcs, JEMOHCTPUPYIOTCS CBOeoOpa3Hble KaMmep-
ToHBI. Jla, Takue KaMepTOHBI MOTYT OBITh W MPSMBIMU U CBEPHY-
TBIMH B OKPYXKHOCTb. ECIIM TakOl KaMEpTOH U3rOTOBJIEH U3 YIIPY-
roro Marepuaina: CTajb, CTEKJO, TBEpJbI€ COpTa JIPEBECHHBI, TO
KOJIBIIO U3 HETO OyZAeT u3aBaTh 3ByKH, KojeOaThcs. bonee ymecTHO
ObUTO OBl IPUBECTH B MPUMEP CTPYHHBIE LIUIKOBBIE WIH yIAapHBIE
MY3bIKaJIbHbIE HHCTPYMEHTHI: THTapa, apda, Oananaiika, TuMOasl,
CTPYHBI KOTOPBIX HAaTSHYTHI U NPU BO30Y)KIEHUU COBEPILAIOT I10-
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nepevnsle konebanusa. Ho, kak oTMe4eHo, IpUMEPOB TaKUX CTPYH B
TEOPUU HET BOOOIIIE.

Jlanee MOTyT BO3HMKHYTh JOCTaTOYHO OTBJIEYEHHBIE (HIIO-
cockue Borpocel. du3nyeckn CTpyHa HE MOXKET UMETh HYJEBYIO
TOJIIIMHY, TTOCKOJIBKY 3TO O3Hayasio Obl e€ peaJbHOe OTCYTCTBHE.
Ho npu n1t000M CKoJIb YTOHO MajioM €€ CEYEHUH OHA YK€ JI0JKHA
oOmagath KakuM-TO 00beMOM. COOTBETCTBEHHO, B 3TOM ClIydae
BCTa€T BOIIPOC O Marepuale CTpyHbl, U3 4ero oHa ciaenana. C apy-
rO CTOPOHBI, CTPYHbI — 3TO 000COOJIEHHBIE OOBEKTHI, CIEA0Ba-
TEJIbHO, BCE OHU UEM-TO pazjiesieHbl. [IpocTpancTBO MeX 1y HUMU HE
MOXET OBbITh aO0COTIOTHOM MyCTOTOM, MOCKOJIBKY MTYCTOTa — 3TO HE
¢usnveckas cyocranuus. Ecnu sxe Mex1y HUIMU HaxoauTcs: pusu-
YeCKHIl BaKyyM, TO BHOBb BCTa€T BOIPOC O €ro CTPYKType, MaTe-
puaiie, U3 KOToporo oH coctout. CoriacHO KBaHTOBOW TEOpUH, B
BAaKyyMe€ IIOCTOSIHHO POXKIAIOTCSI M HMCYUE3al0T BHUPTYaJbHBIE ua-
ctuiibl. To eCTh, 3TO ONATH Ke JOIHKHBI OBITh BUPTYaJIbHBIE CTPYHBI.
W ecnm co cTpyHaMH C TIOJIOKUTEIILHOW 3HEpruei Bc€ Bpojie-Obl
SICHO, TO YTO IpPEACTABJISIOT COO0N BUPTyalbHbIE CTPYHBI C OTPH-
1aTeIbHOM SHeprueii?

Eme Oonee cepbe3HbiM sBISIETCS BOMpoc O Opanax. [laxe
JIByMepHas OpaHa BBIMVISIAUT JOBOJIBHO 3arajo4yHo. Eciu cTpyHbI
MOTYT KPEMUTHCS K HUM U CKOJIB3UTh 110 HUIM CBOMMHU KOHIIAMH, TO
Takue OpaHbl HAXOAATCS HA HUYTOXKHO MAJIOM PAaCCTOSIHHU JPYT OT
Jpyra, He Jajiblie, YeM Ha JUIMHY CTPYH, a pa3Mephl JOJIKHBI UMETh,
MO-BUMMOMY, MakpocKonudeckue. Ml BHOBb BOSHHKAET BOTIPOC 00
UX Marepuaie, a Takxke, IoUYeMy MbI HE BHJIUM U HE OUIyIaeM ux?
Bpoje Ob1 reomMeTpuyecKr OHHM JTOJDKHBI OBITH JOCTYIHBI, HAOIIO-
JaeMBbl, aXKe €CIH M HAaXOJATCS, KaK OOBIYHO TOBOPST, B JIPYrOM
IIPOCTPAaHCTBEHHOM M3MEPEHUH.

KoHeuHo, Ha 3TH YaCTHBIE BONIPOCHI MOKHO MPOCTO 3aKPHITh
rJ1a3a, HO €CTh U Takue, 000UTHU KOTOpbIE HAMHOTO cioxHee. Kowm-
NakTU(GHUKAIKUA JMITHUX H3MEPEHHUH, Ka3ajaoch Obl, MO3BOJSET
OOBSICHUTH MX HEBUIUMOCTH. HO 1 371eCh HE BCE TaK Ii1aaKo.

"Otr pacumpenus BceneHHyro caepKuBaiM TETIN CTPYH,
IJIOTHO 0OMOTaHHBIE BOKPYT pa3iIu4HbIX u3Mepenuit” [47, c.251].

308



OTO0 yTBEpKIEHHE BBITIAIUT BECbMa CTpaHHO. B camom nerne,
m000€ U3MEpeHne — 3TO MPOCTO HEKOTOPOE HarpaBlieHHe, HE UMe-
foree (PU3NYECKOT0, MAaTEPUAIBHOTO BOTUIONICHHSA. TOYHO Takxke
MBI MOJKEM CKa3aTh, YTO B3sUIM "J€BO" M OOMOTalIM €ro BOKPYT
"BBepx". Jto0oe nu3MepeHne XxapakTepU3yeTcsl WM BOILJIONIAETCS B
KOOPAMHATHOM OCH. DTH OCH MOTYT OBITh OECKOHEYHOW JUIMHBI,
XOTsl M300pakaroTcsi KOPOTKUMHU cTpenkamu. KoopanHatHas och
T000TO U3MEPEHUs] — 3TO MBICJICHHAs, BOOOpaykaemast JTMHHUSI, KO-
TOPYIO MBI MOKEM HAlPaBUTh B JIFOOOM HANpaBICHUHU U TIOMECTUTH
e€ HavaJo B JIO0YI0 TOUKY IIPOCTPAHCTBA, IOCKOJIBKY MBI CUUTAEM
MIPOCTPAHCTBO M30TPOINHBIM. MHaue roBops, IMJIOTHas HaMOTKa
CTPYH BOKPYT IIPOCTPAHCTBEHHBIX U3MEPEHUI — 3TO HAOOP CJIOB, HE
MMEIOIINX HUKAaKOTO MaTeMaTUYeCKOTO MIIN (PU3MUECKOTO CMBICIIA.

Komnakmuguxayus

[TonsiTne KOMMaKTU(UKAUK H3MEPEHHA HEW30€KHO BO3-
HUKJIO ¥ UCHOJB3YETCS UMEHHO B TEOPUH CTPYH. Tpebyembie Teo-
pueil 7 unu 6 NOMOJIHUTENbHBIX IPOCTPAHCTBEHHBIX U3MEPEHUN B
peaIbHOCTH Mbl HUKOTAa HEe HaOmoxanu. [[nst oObsICHEHHSI ATOTO U
Obuta chopmynHpoBaHa TaK HaszbIBaeMas KOMIAKTH(UKAIHS, TO
€CTb, TUIIOTE3a O TOM, YTO 3TH JOIOJIHUTEIIbHbIE POCTPAHCTBEH-
HbIe M3MEpPEHHsI HEBUIMMBI, TTOCKOJIBKY OHU CBEPHYTHI B CBOEOO-
pa3HbIe KOJIbLIa YPE3BBIYAITHO MAJIBIX Pa3MEPOB, IO3TOM HUKAKUMU
COBPEMEHHBIMH MPUOOPaMU HU3MEPHUTh, YBUJIETh UX HEBO3MOXKHO.
BwMmecre ¢ TeM, 1100bIe BBICKA3bIBAHUS O BOSMOXHOCTH YBUIETh MU
M3MEPHUTH KaKoe-T00 N3MEpEeHHUE JIOTHUECKH MPOTUBOPEUUBBL. ITO
IIPUMEPHO TO XK€ caMoe, 4To yBuAeTh "neBo" mmu "Bepx". Coot-
BETCTBEHHO, M TIOTIBITKH C TaKOH MO3UIMKA OOHAPYKHUTH 3TU CKPHI-
ThI€ U3MEpPEHHs BHIMJLIAT MPOTHBOpeunBo. Hampumep, onuceiBa-
€TCs1 TAKOW MBICIICHHBIA DKCIIEpUMEHT XHUHTOHA:

"IIpencraBuM cebe MepeMelleHue CUrapeTHOro JbIMa B 3a-
MKHYTOM IIpocTpaHcTBe. [IoCKoIbKy aTOMBI J1bIMa, COTJIACHO 3aKO0-
HaM TEPMOJIMHAMUKH, PACTIPOCTPAHSIOTCS U TUPPYHAUPYIOT BO BCE
CTOPOHBI, MOXHO OIPEIEINUTh, €CTh JIU B OOBIYHOM TPEXMEPHOM
IIPOCTPAHCTBE MECTA, IJ€ OTCYTCTBYIOT MOJIEKYJbI aAbiMa. Ho skc-
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MEPUMEHTHI M HAONIO/IEHUS MOKA3ajd, YTO TAKUX CKPBITBIX MECT
HeT. CreoBaTeNIbHO, YETBEPTOE MPOCTPAHCTBEHHOE H3MEpPEHHUE
BO3MOYKHO, TOJIBKO €CJIM OHO MEHBIIIe YacTuIl 1piMa" [46, ¢.72].

31ech SBHO, MPOTUBOECTECTBEHHO OOBEKT OTPHIBACTCS OT
IIPOCTPAHCTBEHHOTO U3MEPEHUS, €r0 MOJIO0XKEHUS B IIPOCTPAHCTBE.
BMmecre ¢ TeM HET U ObITh HE MOKET OOBEKTOB, KOTOPBIE HAXOATCS
B pa3Hbix m3MmepeHusix. C camoro Haudana nuddys3uu Bce 0e3 Hc-
KIIFOUEHMS] YaCTHUIbl bIMAa UMEIN HEKOTOPYI0 KOOPAMHATY B 3TOM
YETBEPTOM HU3MEPEHUU. A CpaBHEHHE OOBEKTa U U3MEPEHUS MarTe-
MaTU4YecKu BooOIIe He KOppekTHO. [IpocTpaHCcTBEHHOE U3MEPEHUE,
KOOpAMHATA — 3TO XapaKmepucmuxa moJ0KEHHsI II000ro 00beKTa.
UYro Oonbuie — ropa win e€ BoicoTa? JIr000M caMmblii rpoMaHBIN
00BEKT MOKET UMETh HEKOTOPOE 3HAUCHHE KOOPMHATHI IO JIF000H
O0ECKOHEYHO MaJoi KOOPAMHATHOW OCH, MU3MEPEHHIO, MPHUYEM Y
IBYX TaKMX OOBEKTOB, CIOHA W KUTa, HAIpHUMEp, pa3HUIAa ITHX
KOOpJIMHAT MOXXET ObITh IUIAHKOBCKOW, YTO HHMYYTh HE MpEnsiT-
CTBYET HaXOJIUTHCA OJHOMY B aQpUKAHCKUX JUKYHTIISIX, & IPYTOMY
— B OKeaHe, BOJIM3U KaHaJICKUX Oeperos.

['eoMmeTrprueckn CBEpPHYTH B KOJbLA HECKOJIBKO HU3MEPEHUU
MOXXHO pa3HbIMM crniocobamu. Hampumep, 2 u3MepeHUS MOXKHO
CBEpHYTH B chepy wiu B Top. Eciiu usmepennii 3, To mpu ux cBEPTKE
BO3HMKAET MPOCTPAHCTBO, MPEACTABUTh KOTOpPOE KpaiHE 3aTpyn-
HUTEJBHO, IPUYEM CIIOCOOOB CBEPTHIBAHUS YK€ HAMHOIO OOJIbIIIE.
Jlnst 7 TPOCTPaHCTBEHHBIX W3MEPEHUH CIOCOOOB CBOpAYMBAHHS
CTaHOBHUTCS HEMBICIMMO MHOTO, a H300pa3uTh UX rpaduyecku Bo-
o0mie HEBO3MOXKHO. B mHTepHEeTe mpuUBOAWTCS NpuMep rpadude-
CKOTO M300pa)keHUs MOJI00HOTO MHOTOMEPHOIO CBEPHYTOIO IPO-
cTpaHcTBa — MHoroo6Opasust Kanabu-y, koTopoe n3-3a HEM30€kK-
HBIX YIPOIICHUN HAa CaMOM JieJie SBJISIETCSI aKCOHOMETpPUEH TpEX-
MepHOTo o0bekTa — puc.5.5. [lockoybKy 31O, BOOOIIE-TO, MHOTO-
MEpPHOE NPOCmpancmeo, TO eCTh, HEeKas mycras 001acTh, TO ObLIO
ObI pa3yMHO H300pa3uTh HAa HEM XOTsI OBl HEKOTOPBIE M3 OCEH U XOTS
Obl YaCTHYHO KOOPAMHATHYIO CeTKy. MHaye 3TOT MpocTO KpacuBO
CBEPHYTHI HOBOTOIHUN OAHTHK HUYETO 0CO00 HE IEMOHCTPUPYET.
Cunraercs, uro B M-Teopuu Tak Ha3bIBAEMBIN JIaHAIAPT TEOPHH,
TO €CTb, YMCJO BAPUAHTOB CTPYHHBIX TEOPHUM, MPUBOISILIUX K
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IIPUEMJIEMBIM B Pa3HOM CTENEHU pe3yabTaTaM, MPEBBIIIAET YUCIIO
10°%. Kakoii U3 3THX BAapHAHTOB MOKET OBITH PEAH30BAH, BBISC-
HUTb BeCbMa CJI0KHO. [10CKOJIbKY TaKMX BapUaHTOB MHOKECTBO, U
Ka)/[bIil U3 HUX I'JIe-TO CYILIECTBYET, TO BCE OHU 00pa3yloT, CIeI0-
BaTEJIbHO, CBOCOOPA3HYIO CTPYHHYIO MYJIbTHBCEICHHYIO.

SN

Puc.5.5. Busyanuzanus maoroo6pasust Kanabu-5y [71]

Buaumo, 3T0 He MpOTHUBOPEUUT (HOopMaIU3My, MaTEMaTHKE
TEOpUH M (PaKTHUYECKH SIBISIETCS CTPOTHM MaTeMaTHYeCKUM 000cC-
HOBaHUEM BO3MOXKHOCTH JIF00OT0 Habopa (PHU3MUECKHUX 3aKOHOB.
Tem He MeHee, HEKOTOpPbIE OMMCAHUSI TAKOW MHOTOMEPHOW MYJIb-
TH-BcCelleHHON BBI3BIBAIOT ONPEIEICHHOE HEIOBEPUE, CKEIICHUC.

Eme pa3 obparumcst K IOMJISIPHBIM OMHCAHUSAM, H300pake-
HUSIM TaKuX MPOCTPAHCTB B uTeparype. Hampumep, B [36, puc.8.7]
MOJKHO YBUJETh Takue PHCYHKH — puc.5.6. beccriopno, nzobpaxe-
HUS BeCbMa Kpaco4yHbl M HarsiaHbl. OJHAKO IpH IEPBOM Ke
B3IJIS/I€ HA HUX BO3HHUKAET BOIIPOC K X F€OMETpHH. [ 71e Ha Kaxk10M
U3 3TUX PUCYHKOB HaXOJUTCSI Hayalo KOOpAMHAT? A KOHKpPETHEE,
CKOJIbKO MX? JeHCTBUTENBbHO, IPU B3IJIs/I€ HA PUCYHKH BO3HUKAET
omryimeHue, OyATo Kaxkaas (urypa Ha HHX HAXOAWUTCS B CBOEM
COOCTBEHHOM Hayaje KOOpAWHAT.

Hanpumep, kaxnmas cdepa kacaercs IUIOCKOCTH B OIHOM
cOOCTBeHHOU Touke. Buaumo, chepbl — 3TO CBEPHYTBIE KOOPIH-
HaTHBIE TUIOCKOCTH U COOTBETCTBYIOILIME UM OcU. Bce oHM enukom
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Y TIOJTHOCTBIO HAXOJATCA Ha 3TOH cdepe, cinejoBaTeNnbHO, COCEIHSS
chepa He mMmeeT Ha ITOU chepe coOCTBEeHHBIX Touek. Ho B Teo-
METPUYECKOM TPOCTPAHCTBE KAaK-TO CTPAaHHO TOBOPUTH O He-
CKOJIPKUX HayajlaX KOOpAHMHAT. B 3TOM ciydae Mbl HE UMeeM HU-
Kakoi BO3MOXKHOCTH 33JaTh JaXe EIWHCTBEHHYIO TOYKY, IIO-
CKOJIbKY HESICHO, Kakue y He€ KoopauHaThl. Ecim Takux cdep Ha
TUTIOCKOCTH JIBE, TO, MO JIOTHKE, HAM CJIeJ0Bajo Obl yka3aTb 6 KO-
OpAMHATHBIX YMCIIA, [0 OJHOMY Ha Kaxaoe n3Mepenue. JloBOJIbHO
CTpaHHBIN croco0, 0COOEHHO, eClTU TakuX cdep He JBe, a TpH, de-
TBIpe U Jake OECKOHEYHO MHOTO. DTOW HESICHOCTH MOXKHO JaTh
JUIIB OJHO pa3yMHOE OObsSCHEHHE: cdepa eAUHCTBEHHAS, HO MBI
MOJKEM BBIOpaTh €€ IMoJIoKeHHe B JII00OM M3 MOKa3aHHBIX HA pH-
cyHke mecte. U3 aToro u OyaeM UCXOAUTh B JalbHEHIIEM, CUUTas
TOUKY CHpI/IKOCHOBeHI/ISI HyneBon I0)KHBIM TIOJIIOCOM.

Puc. 5 6. PI/ICYHKI/I 8.8, 8. 7VI/I 8.10 u3 KHI/IFI/I  B. FpHHa "3neraHTHasI
Bcenennas" [36]

OpHaKko W 3TO JOMYIIEHUE UMEET CBOU HESICHOCTH, HIOAHCHI.
[TpocTpaHcTBO C OBYMSI KOOpAWHATaMH, CBEPHYTHIMH B cdepy
F€OMETPUUYECKH INPOTUBOPEUYUBO. Bce KOOpAMHATHBIE OCH, U3Me-
pEeHMs, COTJacHO OOIIMM, TPAAULIMOHHBIM IPEJACTABJICHUSAM O CH-
cTeMax KOOpPJUHAT, JOJDKHBI ObITh OPTOTOHAIBHBIMU, TO €CTh, HE-
3aBUCHUMBIMU JIpYT OT jApyra. [Ipyrumu cioBamu, Jr000My 3Hade-
HUIO KaXJIOW M3 KOOPJIMHAT JIOJDKHBI COOTBETCTBOBATH BCE BO3-
MOXHBIE 3HauyeHUs JApPYyrux KoopauHar. Kpome Toro, Haauuue
Pa3HBIX TOYEK C OJMHAKOBBIMU KOOPJAWHATAMU WM OJHOU TOYKH C
IBYMsI HaboOpaMU KOOPAMHAT HEJIOIYCTHUMO, IOCKOJBbKY OIISITh
BO3HHUKAET HEOIIPEAEIECHHOCTD.
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Bo3bMem Touky BHE cdephl Ha BBICOTE €€ paauyca, Kak IMo-
Ka3aHo Ha pucyHke 5.7. [IpuHa/UIeKUT U 3Ta TOUKa M300pakeH-
HOMY YETBIPEXMEPHOMY MpPOCTpaHCTBY? OTBET HEOAHO3HAYHBIM.
Ecnu He npHUHAUIEKNUT, TO 3TO O3HAYAET, YTO HE BCE TOYKH ILIOC-
KOCTH TpUHAAJEXKAT 3TOMY NpOCTpaHCTBY. Ecim ke Touka BHE
cepsl MPUHAICKHUT SITOMY TPOCTPAHCTBY, TO OJIHA U3 CBEPHYTHIX
KOOPJIMHATHBIX OCEN OKA3bIBAECTCS JIMIITHEN, TOCKOJBKY IMOJIOKEHUE
TOYKH MOXET OBbITh OJHO3HAYHO 33JaHO JABYMS IJIOCKUMH KOOp-
JUHATaMU U 0OOHOU U3 CBEPHYTHIX.

JICHCTBUTENIBHO, €CJIIM CBEPHYTBIE OCH PACIIOJIOKEHBI Ha
cdepe 1or-ceBep M 3anaa-BOCTOK, KaK IMOKa3aHO Ha puc.5.7a, TO ¢
Y4€TOM IUIOCKOCTH y Hac €CTh YEThIPE KOOPAMHATHI JJIsl TPEXMEp-
HOTO MPOCTPAHCTBA — X, Z, 0, ¢. Iy onpeneneHus BEICOTH TOUKH
Ha/I TUIOCKOCTBIO JOCTaTOYHO KOOpAWHATHI . A BOT MepujauaHa,
yroa ¢ BO BCEX ClydasX IpeIoIpesesieHa KOOpAMHATaMM Ha
miockoctu X0z, To ecTh, PAKTUUECKU SIBISIETCS JMIIHEH, IPOMU3-
BOJHOMW, BbrauciauMon. Takum o00pa3oMm, TPUBEIAEHHBIH CHOCOO
M300paKeHMs] YEeThIpeX KOOPAMHATHBIX OCEH T'€OMETPUYECKH SIB-
nsieTcsl U30BITOYHBIM, 110 MEHBUIEH Mepe, 0J1Ha U3 CBEPHYTHIX KO-
OpJVHAT JIUIIHSAS.

y

',"' a ) b)

Puc.5.7. KoopaunatHsie cdepa v HUIAHAD

¥

Ota M30BITOYHOCTh B CPEPHUECKUX KOOPAMHATAX SIBISETCS
HEYCTpaHUMOMW. Ecii npoJoJDKUTE aHAIIN3 CUCTEMBI KOOPAUHAT CO
CBEPHYTHIMH W3MEPEHHUSMH, TO MOKHO OOHapyKHTh, UYTO HEMpO-
THUBOPEYUBOH SABJISIETCS TOJIBKO OJHA U3 HUX — JBYXKOOpAUHATHAS.
To ecTb, €IUHCTBEHHBIM TI'€OMETPUYECKH IIPEICTABUMBIM TAKUM
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M30TPOIHBIM MPOCTPAHCTBOM SBIISIETCS CHUCTEMa KOOPJAUHAT C OJI-
HUM IUIOCKUM ¥ OJHUM CBEPHYTBIM H3MEPEHUEM - LHUIUHAP
puc.5.7b. Tonbko B 3TOM cCiIy4ae MBI MOXEM H300pa3uTh HA €ro
IJIOCKOCTH TOYKY, UMEIOLIYIO JII0Oble 3HAYEHUS JBYX KOOPAMHAT.
OOpamaeM BHUMaHHE HA TO, YTO TOT CIIy4ail — 3JIeMEHTapHBIN, 9TO
JIBYXMEPHOE HWJIM TPEXMEPHOE MPOCTPAHCTBO, UTO 0053aMmMenbHO
JOJKHO TIO3BOJIUTH PeajibHO, KOHKPETHO HM300pasuTh €ro rpadu-
YEeCKH, Ha YepTEeXKeE.

Ecnu MbI oneiTaeMcs CBEpHYTh LHUWIMHJIP B TOP, TO Cpazy ke
OoOHaApyXUM HapyIIEHHE H30TPOMHOCTH, TOCKOJBKY TMPOTKEH-
HOCTb, JUIMHA IPOCTPAHCTBA BJOJb JJIUHHOW KOOPIMHATBHI TOpa
Oy/eT 3aBUCETh OT 3HAYCHHs BTOPOW KOOpIUHATHL. M30TpOIHBIM
MOKET OBITh TOJIBKO TOP, CILIIOIIEHHBIN BJIOJIb OJHON U3 JJIMHHBIX
oceil cumMmeTpur (Ha pucyHke 5.7b — BepTHUKaIbHOM), HO TOT/Ia OH
OyzeT SKBUBAJICHTEH "TOJOH" TIIOCKOCTH, Y KOTOPOW (haKTHUECKH
BO3HHMKAET HECKOJBKO HECBSI3aHHBIX 00JIacTel (BHYTpEHHUE U
BHEIIIHUE CTOPOHBI CILTIOCHYTOT'O TOPa).

OpHako M3 3TOTO BOBCE HE CIEAYET, UYTO PacCMOTPEHHOE
YeThIPEXMEPHOE MPOCTPAHCTBO HEBO3MOXKHO. [IpocTo ero mn3obpa-
JKEHHUS Ha pUC.5.7 B JTaHHOM Cllydae CHEJIaHbl HEKOPPEKTHO. [[ns
aHanumuyeckux MpeACTaBICHUN HET HUKAKUX MPENTCTBUN, YTOObI
KaXKJasi TOYKa TaKOTO MPOCTPAHCTBA C JBYMs CBEPHYTBIMHU H3Me-
pPEHUSIMU HMMeEJa JIOCTaTOYHbIE Uil 000COOJIEHHS M YHUKaJIbHbIE
3Ha4YeHus1 koopauHaT A(X, y, 0, ¢@). OqHaKO reoMeTpuYecKd, Ha
yepTe)Ke KOPPEKTHO H300pa3uTh Takoe MIPOCTPAHCTBO, BUAMMO,
pOCTO HEBO3MOKHO. C HEOOJBIIMMU OTKIOHEHUSMH, IOIYIIe-
HUSIMH 3TO BO3MOKHO TOJIBKO JUIsl TPEXMEPHOIO IMPOCTPAHCTBA C
IBYMsI CBEPHYTBIMH KOOpJAMHATaMH. B 3TOM cilyyae Mbl nojydaem
BIIO’KEHHBIC JIPYT B Jpyra, 00beMITIoNIMe Apyr apyra chepsl ¢ 00-
IIUM LEHTPOM, KaX/Jas U3 KOTOPBIX SBJISETCS KOOPAMHATON ILIOC-
KO COCTaBJIAIOLIEH MPOCTPAHCTBA C YMCJIOBBIM 3HAUYECHHUEM, PaB-
HBIM €€ pajnycy, a Ha HOBEPXHOCTU — CBEPHYTHIM. Takas Koopau-
HaTHasl CETKa B TOYHOCTH COOTBETCTBYET TPEXMEPHOMY MPOCTPaH-
CTBY C JBYMsI CBEpPHYTBHIMU M3MepeHusiMU. O/HaKko, Kak BUJIHO Ha
PUCYHKE, 3TO BCE-TaKU JIOBOJIBHO YCIIOBHO. JI€HCTBHUTENBHO, NIPHU
yIaJeHUM OT LIEHTpa KOOPAMHATHI BO3PACTAlOT JIMHEWHO, U, COOT-
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BETCTBEHHO, BO3pPAcCTalOT PAUYChl U MPOTSKEHHOCTU CBEPHYTHIX
U3MepeHui, mpuuéM 10 OecKkoHeuHOCTH. OUeBHJHO, YTO O KOM-
NakTU(HUKAIMKA B 3TOM CIy4ae TOBOPUTH HE Mpuxoautcs. Takas
cucreMa KOOpAMHAT (DAKTHUECKH SBISIETCS CEepUIecKoi, Imo-
CKOJIbKY 3HAY€HHE IUIOCKOM OCH MOXET OBITh TOJIBKO TOJOXKH-
TelnbHBIM. J[t00as Touka B TAKOM IPOCTPAHCTBE JIEKUT HA TOBEPX-
HOCTH OJHOW W3 KOHIIGHTPUYECKHX cep M MOXKeT OBbITh 3aJaHa
TpeMs koopauHatamu (1, 6, ). MOXHO 3aMeTHTh, YTO PHCYHOK
HAaIlOMUHAET paclIMpsONIyrocs BeeneHHyro, HO, B OTIIMYME OT HEE,
IIpeIoJIaraeT J00e IBMKEHNE BJOJIb PaIuyca.

Puc.5.8. Chepuueckne KooparHATHI

Bugumo, ommcaHHas TpPOTHBOpEYMBAs KapTUHA OyneT
HaOIIOaThCSl U MPH TPEX JIMHEHHBIX M JIFOOOM KOJMYECTBE MO-
MIOJIHUTENBHBIX CBEPHYTHIX, 3aMKHYTBIX IPOCTPAHCTBEHHBIX U3MeE-
penuil. Ilpu 11000M MX COOTHOIIEHMH, KPOME LUIUHAPUYECKOTO,
HeB803MOJ#CHO 00ECIIeUUTh W30TPOIMHOCTh NMPOCTpaHCTBa. Eme pas
OTMETUM, YTO TPEXMEPHOE MPOCTPAHCTBO PACCMOTPEHHBIX THUIIOB
BU3YaJH3UpyeTcs 0e3 KaKux-THM00 TeOMETPHUECKHX 3aTPYIHEHHA.
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Habmomaemoe mpocTpaHCcTBO-BpeMsl Haliei BceneHHON H30Tpori-
HO, TIO3TOMY HQJINYUE CKPBITHIX W3MEPEHUMN BBIMJISIIUT, MSTKO TO-
BOps1, KpallHE COMHUTENBHO.

KoneuHo, cienyer npusHaTh, YTO MHOTHE W3 MPOOJIEM IpPO-
TSKEHHBIX JIOMOJIHUTENBHBIX KOOPAWHAT MPUEMbl KOMIIAKTHU(DUKa-
IIMM U OTOXJAECTBJICHHS pElIaloT BecbMa ycrnemHo. OgHako, He
CMOTpsl Ha 3TO, B TEOPUU CTPYH Takas CHCTEMa KOOPAMHAT BCE
paBHO BeAET K JONOJHHUTENbHBIM HpoTHBOpeunsaM. OOparumcs
BHOBB K PUCYHKY W3 KHUTH puC.5.60 [36, puc.8.7]. B kaure k HUM
IIPUBOJIUTCS CIIEIYIOLIEE ONKUCAaHUE!

"... B K&KJOW TOYKE HAILIEro MPUBBIYHOTO TPEXMEPHOTO IMPO-
CTPaHCTBA COIJIACHO TEOPUHU CTPYH MMEETCS IIECTh JOCENIe HEBE-
JOMBIX M3MEpPEHUl, TECHO CBEPHYTBHIX B OJIHY U3 3TUX JOBOJBHO
IPUYYUIMBBIX (QOpM. OTH H3MEpPEHHUs MNPEICTABIAIOT CcO00M
HEOTHEMJIEMYIO M BE3JIECYLIYIO YacTh CTPYKTYPhl IPOCTPAHCTBA,
OHHU MPUCYTCTBYIOT NMoBcroy. Harpumep, ecnu Bbl onuieTe pykou
LIIMPOKYIO AYTY, Balla pyka OyJIeT ABUIaThCsi HE TOJBKO B TPEX
pa3BEpHYTHIX U3MEPEHUSIX, HO U B 3TUX CBepHYThIX. KoHeuHo, no-
CKOJIBKY 3TH CBEPHYTbIE U3MEPEHUS CTOJIb MaJlbl, Ballla pPyKa B CBO-
€M JIBM)KEHHMHU IepeceyeT uxX 0eCUrCIeHHOE KOJUYECTBO pa3, CHOBA
Y CHOBA BO3BPAILAsACh K UCXOJHOM TOUKe. Pa3mMepbl 3TUX U3MEpEeHUH
HACTOJIBKO MaJlbl, YTO B HUX HE CIUIIKOM MHOTO MECTa /s Iepe-
MEUIEHHs] TaKUX OIPOMHBIX OOBEKTOB, KaK Ballla pyKa, U BCE OHU
"pa3masbIBalOTCA": 3aKOHYMB JIBUYKEHUE PYKH, BBl OCTAE€TECh B TOJI-
HOM HEBEJECHUHU O IYTEIIECTBUU, KOTOPOE OHA COBEPLINIA CKBO3b
cBepHyThle u3Mepenus Kamabu — Sy" [36, c.142].

Jlig Hayana OTMETHM, YTO 3TO KPacOYHOE OMHMCAHME COJIEp-
KHUT BECbMa HHTEPECHYIO, MOJIE3HYI0 HH(POPMAIINIO, BEICKA3aHHYIO
aBTOpPOM, OYEHb ABTOPUTETHBIM (U3UKOM. bosee Toro, 3To BHI-
CKa3bIBaHUE CJEJIAHO B KHUTE, HA KOTOPYIO MTOJIyd€Ha Macca caMbIX
MIOJIOKUTETIBHBIX OT3BIBOB OOJIBIIOIO KOJMYECTBA MUPOBBIX Hayy-
HBIX u3gaHui. CMCOK JIMII, CPEeIU KOTOPBIX HEMAJIO HAay4YHBIX aB-
TOPUTETOB, KOTOPBIM aBTOP BbIpa3uJl OJAaroJapHOCTh 3a IOMOIIb B
paboTe HaJl KHUTOW, 3aHUMAeT IeNTyI0 CTpaHuIly. Takum oOpazom,
MO)XHO 0€30rOBOPOYHO MpPHU3HATh — KHUIAa OTPakaeT MHEHHUE
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OTPOMHOT0 YMCJIa aBTOPUTETHBIX, MPU3HAHHBIX B MUpPE YUEHBIX U
II03TOMY MOKET pacCMaTPUBATHCS KaK OOLIENpU3HAHHAs UCTHHA.

A cyTp uHpOpMaIuU, Ha KOTOPYIO JENAeTCsl aKIeHT, BeCbMa
MpOCTa: HAaXOJSCh B JIOCTYMHBIX HAONIONEHUIO TPEX MPOCTpaH-
CTBEHHBIX H3MEPEHHUSX, Mbl BCerja M HEHM30€KHO BIDKEMCS U
CKBO3b cBepHyThie u3MepeHus Kamabu-fAy. Koneuno, nousrue
"ckBO3p" He coBceM BepHO. Hampumep, Oyner crpaHHO 3BydYaTh
BBICKA3bIBAHUE, YTO MBI JBHXKEMCS CKBO3b HM3MepeHHue '"miauHa'.
3HauuT i1 3170 "monepék" unum Bc€-taku "BAOIL"? To ke camoe U B
OTHOIIICHUH TIepeceYeHnus m3MepeHuil MHoroooOpasuii Kanabu-Sly.
BeposTHO, 3TO Kakue-TO TOHKOCTH MEpPEBOJIa, HECKOJIBKO CMa3aB-
mue cmbici. [IpaBma, mpenpinyiiee BbICKa3bIBaHHE Oojie-MeHee
COOTBETCTBYET OOBIYHBIM MPEJCTABICHUAM O JABW)XCHUU: 'NBU-
ratbCsi HE TOJBKO B TPEX Pa3BEPHYTHIX U3MEPEHUSX, HO U B 3TUX
CBEpHYTHIX". 3/1€Ch U3 CPAaBHEHUS MOKHO INOHSTH BIIOJIHE OIpeJie-
JIEHHO: JIBUTaThCS 600716 KAXI0M U3 KOOPAMHATHBIX OCEH, IO 3TUM
n3mepenusM. [loatomy OyaemM MCXOIUTh U3 TOTO, YTO pyKa ABHU-
KETCSI BJOJb KaXKIOI0 M3 BCEX 3TUX JECATU MPOCTPAHCTBEHHBIX
n3Mepennii. [IpaBga, BHOBb BO3HHMKAET IIOMEUYEHHAs KYpPCHBOM
JIBYCMBICIIEHHOCTb B TOM, YTO "pyKa B CBOEM JBM)KEHUU nepeceyem
ux OecumciieHHOe KoiuuecTBO pa3". Kpome Toro, BO3HMKAaeT BO3-
paXEeHHE U IO IOBOJY 3aMEYaHMs, YTO B ITHUX HU3MEpPEHUsX "He
CIIMIIKOM MHOTO MecTa" A OorpoMHBIX 00bekTOB. Kaxumu Obl
KPOIIEYHBIMU HU OBLTH 3TH U3MEPEHUs1, OHH 0053aTeIbHO MPUCYIIN
TO0OMY CaMOMy TpaHJAMO3HOMY OOBEKTY: KHTy, OHdeneBoi
OarrHe, TaMSITHUKY XPHUCTY-CIAaCHTEIIO, Ja M BCEH TUIaHeTe 3eMIls,
KOTOpbIE, MOKHO CKa3aTh, /U1 3THMX MU3MEPEHUN OyAYyT CTOJb ke
Mmanwl, Kak CojHIle i1 MaciuTa0oB BeereHHOM.

OpnHako mpuMeM, 4TO BCE 3TO BCETO JIMIIb HEOOIbIINE JINTE-
paTypHble, IEPEBOJAHBIE HETOYHOCTHU. J[BUKEHUE nonepéx u3Mepe-
HUS 03HAYAET TOJBKO OJIHO — HEIOABUKHOCTh OTHOCUTENIBHO 3TOTO
n3MepeHus. byneM cuutarth, 4TO aBTOpP MMEN B BUJIY JBHUKEHUE
PYKH 60076 KQXKJIOTO U3 3TUX U3MEPEHUH, Kak aBTOMOOWIIb 10 JI0-
POKHOMY KOJIBbILY, © MHOTO pa3. A BCS LIUTaTa MOCTPOEHA C HEKO-
TOPON HECYHIECTBEHHOM, HEOOJIBIION YCIOBHOCTBIO, JHUTEpaTyp-
HBIM YIPOIIEHUEM.
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Ho nmamnee M0XHO BO3pa3uTh W MPOTHUB emié ogHOW (hopmy-
JUPOBKU: "B KaXJOU TOUKE ... TPEXMEPHOTO MPOCTPAHCTBA ... UME-
€TCS IIECTh ... U3MepeHuil". BeITIsIuT Tak, OyATO B KaXAOW TOUKE
HUMEIOTCSl c80U cOOCMBeHHble TeCTh u3MepeHuid. OTHaKo cleayeT
MPEIOJIOKHUTh, YTO aBTOP MMEJ B BHJy BCE-TaKW WHOE: Bce 0e3
HCKIIFOUEHHUBl TOYKH TPEXMEPHOTO MPOCTPAHCTBA HAXOOAMCS 00-
HO8pemenHo €€ B ecTH u3mepeHusx. [IoHsaTHO, 4yTO Kaxaas u3
ATUX TOYEK MOXKET MMETh KaK CBOM COOCTBEHHBIE, OMIUUHbIE KO-
OpJIMHATHI B 3TUX JIOMOJHUTEIbHBIX U3MEPEHUSIX, TaK U CO8naoa-
rowjue ¢ KOOpAUHATAMH KaKUX-JTHOO0 JPYrUX TOYEK.

3/1ech MOXKET MOSIBUTHCA OTBETHOE BO3PAKEHHUE CO CCHUIKOM
Ha TEOPHUI0 OTHOCUTEIHHOCTH. Beb TaM MBI IPUPUCOBHIBAEM KO-
opauHaTHbIe ocH K Kadxcoou CO-tenexke, U OHM MPUHATIEKAT,
Bpoje Obl, umeHHo 1ot MCO u Hukakoit npyroit. Ho »To HeBepHas
TpakTOBKa. B Hamiem mMupe CymecTBYIOT mo/ibKO TPU KOOPJUHAT-
HBIX OCH, TIPUCYIIUE 6CeM 0Oe3 UCKIIOYeHUs CUCTEMaM OTCYeTa.
JIBurasicb BJIOJIb HUX WJIM KaK-TO MHAYe, Kak/Jas CUCTEMa OTCYeTa
MPOCTO MEHSIET CBOM 632110bl Ha MaTepHalbHBIE CBOWMCTBA
OCTaJbHBIX OOBEKTOB, JIMHEEK W 4YacoB. AOCOJIIOTHO HCKIIOYEHBI
CUTYallM, KOTJIa HEKHI OOBEKT "BhIMAgaeT" U3 KaKOro-TO H3Me-
peHus1, KOTOphIe JJi1 BCeX OOBEKTOB BCETa UMEIOT CTPOTYIO B3a-
MMOCBsI3b (TIpeoOpa3oBanus Jlopeniia).

A Tenepp paccMOTpUM, B 4€M, COOCTBEHHO, COCTOUT MHTE-
PECHOCTh M TOJIE3HOCTh YBUJACHHOW WH(MOpMAIMU. DTO OYEHBb
BKHO: JTIO00H 0OOBEKT B MHOTOMEPHOM MPOCTPAHCTBE 00SI3aTEIILHO
TBUKETCS N0 8CeM MMEIOIUMCS M3MEPEHUSIM, JIM00 UMEET TaKyro
BO3MOKHOCTb. DTO 03HAYAET, YTO BCE 0OBEKTHI HAIIIETO MHUPA, BCEH
Hamed BcelleHHOW NpHM HaJIMYMU 4YETBEPTOTO M3MEPEHHSI UMEIOT
HEOMBbeMAEMYI0 B03MONCHOCIb O08U2AMbCS NO MO 4emeepmoti
KoopOuHame. DTO TPSMO CJIEIYyEeT U3 BBICKA3aHHOTO MPOIMTHPO-
BAaHHOTO MHEHHSI OOJIBIIIOTO YMCIa aBTOPUTETHBIX Pu3UKOB. M 31O
OYEHb BAXHO: MMEHHO C TaKUX MO3UIMH MBI U paccMaTpUBAIH
BBIIIIE BCE BAPUAHTHI HAXOXKJACHHS B YETHIPEXMEPHOM MPOCTPAHCTBE
WU JIBIJKCHHS 0 STUM JOMOJHUTENbHBIM KoopauHaTam. Ho, c
JPYrO CTOPOHBI, PACCMOTPEHHBIE MIPEJICTABIICHUS] TEOPUU CTPYH O
JOTIOJTHUTEIBHBIX U3MEPEHUSIX IEMOHCTPUPYIOT BECbMa CEPhE3HBIC
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JIOTUYECKHE, reoMeTpuueckue npotuBopeurs. [loaromy ObLI0 OB
HEBEPHBIM IPUHATH 3Ty MOJEIb CO CBEPHYTHIMH U3MEPEHUSMU B
Ka4eCTBE PeaJbHONU MOJIEIM MHOTOMEPHOTO IIPOCTPAHCTBA.

CB00OIHBIC KPOTOBbIE HOPBI

Kak MBI HEOAHOKpPATHO OTMEYaIM, B HAIllM JHU K BOIPOCaM
MHOTOMEPHBIX IPOCTPAHCTB, MapajIeNbHbIX MUPOB, YEpHBIX AbIp U
KPOTOBBIX HOp 0OpallaiTcs MHOTHME aBTOPbl HAydyHBIX W Haydy-
HO-TIONYJISIPHBIX CTaTe€l U KHUT. PerynspHo Ha Tejie- U KHHOAKPAHbI
BBIXOJST XYAOXXECTBEHHBbIE M JOKYMEHTAJIbHbIE (UIbMBI, IOCBS-
IIIEHHBIE 3TUM BollpocaM. Bmecte ¢ TeMm, HEMano M KPUTHUYECKHUX
MyOJIMKAIUi, OTHOCSIIUX ATH KOCMOJIOTHYECKHE BOTIPOCH M UJIEH K
HEHAYYHBIM, MPOCTON (aHTACTHKE WIM XYHO0KECTBEHHOMY BBI-
MBICITY.

KoHeuHo, MHOTHE Hay4HbIE NCCIIEI0OBAHUS 110 3TUM BOIIpOCaM
COJIep’KaT OYEBHUJIHO CIHOpPHbIE MOMEHTHI. OJHAKO MU CKENTHKaM
MO>XHO BO3pPa3HUTh: HECMOTPSl Ha CHOPHOCTb, 3THU BOIPOCHI, HECO-
MHEHHO, MpU3HAHBl HAay4YHBIM coobmiectBoMm. Hampumep, B 2010
rolly ydeHas CTeNeHb KaHIuIaTa (U3UKO-MAaTEMATHYECKUX HayK
npucyxaena M3maumnory P.H. 3a paboty no teme "Bpamatomuecs
KpOTOBbIE HOPBI TUNIA DiliMca-bpoHHNKOBA U UX cBoicTBa" [44], a B
2011 roxy mo teme "UepHbIe IBIPBI U KPOTOBBIE HOPBI B 00JIACTH K-
crpemanbHOU TpaBuTanuu” B MI'Y ydeHas creneHb JOKTOpa Gu3m-
KO-MaTeMaTHyecKkux Hayk npucyxzaesa [llankomy A.A. [83]. B pa-
6ote [44] uccnenoBanach BOZMOKHOCTh CYIIECTBOBAHUS OOBIYHBIX
KPOTOBBIX HOpP, M ObUIM MOJIYYEHBI PELICHUS, YIUTHIBAIOIINE Bpa-
II€HHE B KOH(POPMHO HOPMUPOBAHHOW KapTHUHE DUHIITEIHA.

B pycne paccMarpuBaemMbIX 37€Ch BOIPOCOB CIEAYET OTMeE-
TUTh YTBEpPXICHHE, HEOJHOKPATHO BbICcKa3biBaeMoe [llankum, B
TOM YHUCJIE B COABTOPCTBE, O NMPUHIUIHAIBHOM DPA3IUYUU MEKIY
YepHbiMu abipamMu ¥ KpoToBeIMH HOopamu (KH), o3Hauaromem, 4to
KpPOTOBBIE HOpPBI MOTYT CYIIECTBOBAaTh aBTOHOMHO, CBOOOJHO OT
YepHBbIX IpIp. DTO MHEHHE MOKHO OTUETJIMBO YBUAETb, HAIIPUMED,
B cleAylomux IuTtatax. B aBropedepare k aucceprammu [83], B
YaCTHOCTH, TOBOPUTCSL:
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"AKKkpenuss OObIYHOM MaTepUu Ha BXOJ B KPOTOBYIO HOPY
MO>KET IPUBOIUTH K 00pa3oBaHMIO YepHOU AbIpel ..." [83, ¢.9, 15].

"B cBsI31 C BO3MO>KHOCTBIO B3aUMOIIPEBPAILEHUS YEPHBIX JIBIP
1 KPOTOBBIX HOP ...

MOo’KHO 3aKJIIOUUTh, YTO YEpHas Ablpa U KpOTOBas HOpa IO
CBOE€H CyTHU SBIISAIOTCA 00BEKTaMHU, KOTOPBIE ...

Tem He MeHee, NPU3HAKOM CYHIECTBOBAHHUS YEPHOM JbIPHI
MO>KHO CUHTATh HAJIMYME JIOBYILIEYHOTO TOPU3OHTA ...

KpoTtoBo#t HOpoi1 cienyeT Ha3bIBaTh TOHHEIb, COCIUHSIOIINI
oT/AalieHHbIe o0acTu npocTpancTBa Beenennoii ..." [83, ¢.22].

B craTbe, ony0nnMKOBaHHOM B jKypHane "Ycnexu Gu3nyecKux
Hayk'", TakXke SIBHO MPOBOAMUTCS 3Ta IPaHHULIA MEXKIY KPOTOBBIMHU
Hopamu (KH) u UepHbpiMu 1pIpamu:

"B oaroii paboTe paccMoTpeHO cTathyHOe u cdepude-
cku-cuMmmeTpuuHoe pemenus A KH, mano ommuaromeecs or
peuieHus it Y€pHOU AbIpsI ..." [82].

Hakosnen, B Hay4HO-ITONYJISIPHOM CTAaThe, IIUPOKO MPEACTAB-
JIEHHOW B MHTEpHETE, MOJAPOOHO U, CIEAYeT NMPU3HATh, BEChMa JI0-
XOJUMBBIM SI3bIKOM OIHMCBIBAIOTCS, B YACTHOCTHU, XapaKTEPUCTUKHU
KPOTOBBIX HOP U MOCJIEA0BATENbHO IPOBOANUTCS MBICIb O Pa3Inuuu
MEX1y HUMHU U YepHBIMU JbIpaMu:

"Takum 00pa3oM, e€clii KPOTOBas HOpa SBJISIETCS HEMPOXO-
JUMOM, TO BHEIIHE €€ NPAKTHMYECKH HEBO3MOXHO OTJIMYUTH OT
YEpHOM ABIPHI ... IPU 0Opa30BaHUMU JHOOON YEPHOM IBIPHI Y Hee
o0si3aTennbHO OyAeT BpalieHHe ... U 00sS3aTeNbHO OyAeT AIIEKTpHU-
YEeCKHUl 3apsij ... T.€. 4epHas AbIpa OyJeT He MIBapIIINUIIbI0OBCKOM.
Janee s Oyny Ha3pIBaTh TAKHE YEPHBIE IBIPHI PEAIBHBIMY ...

Kak s yxe nucan, eciu KpoToBasi HOpa SIBISIETCS HEIPOXO-
JTUMOM, TO OTJIMYUTH €€ OT YEPHOU JBIPHI OYAET OYEHBb HEMPOCTO ...

... TEOPETUYECKH, B OTJIMYHME OT YEPHOU JBIPbI, KPOTOBask HOpa
MOXeT 001aaaTh 000 Maccoi ... " [81].

3aMeTuM, 4TO B MOCJIETHEM ab3alle LUTaThl, 110 BCEH BHUIU-
MOCTH, pa3jIfuue B MaccaXx KpOTOBOW HOPBI U UepHOU IBIpBI OT-
HOCHUTCSI K MX HaUMEHbBIIMM 3HaueHusM. Kak M3BECTHO, y cTaTHy-
HOM, cTabuiibHON UepHOH JBIpHI HE CYIIECTBYET BEPXHETO IMpeeria
Macchl, HO HIDKHUN Mpejen 4eTKo orpannyeH. MHaue rosops, cTa-
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OWJIbHASA KPOTOBAs HOPA, B OTIMYKE OT CTaOMIbHOW YepHO# ABIpHI,
MO>KET UMETh CKOJIb YT'OJTHO MAJTyt0 Maccy.

B nutupoBaHHbIX paboTax HE OTPULIAETCS HAIMYUE TAKUX KeE
TPaJIMLIUOHHBIX MPOCTPAHCTBEHHBIX TOHHENIEH U Y pa3IMYHbIX BH-
noB YepHbIXx 1plp. ENMHCTBEHHOE, YTO B TaKOM IPOTHMBOIOCTAB-
JEHUW /0 KOHIA HE SICHO, TaK A3TO MaTepuajbHas CYIIHOCTb,
MIPENBICTOPUS KPOTOBBIX HOp B IPEACTaBIEHHBIX TpakToBKax. C
YepHbIMH AbIpaMU ¢ (HU3NIECKON TOUKH 3PEHUS, MOXKHO CKa3aTh,
BCE SICHO: 00pa3oBaHME TOHHENEH, YEPBOTOUYMH, KPOTOBBIX HOP
ABIIAETCSA MamemMamuideckum CIeICTBUEM ONMCAHUA (XOTSA U C U3-
pAAHON n0je (paHTAaCTUUECKHUX JIOMBICIOB) I'POMAaJHBIX Macc U
TUIOTHOCTEH KOHKPETHBIX aCTPOHOMUYECKHX OOBEKTOB — 3BE3,
cKoJtancupoBaBmnx B YepHyto npipy. Hampotus, He cBsi3aHHas
YepHoii IpIpol YMCTass, aBTOHOMHAsI KpOTOBasi HOpa, Kak 0e3 mac-
CBI, TAK M C MaccOil pa3HBIX 3HAKOB, "CQepHUUECKU-CHMMETPUIHAS
CBOOOJHAsE OT MAaT€PUM YEPBOTOUYMHA" BBIMVISJUT YPE3MEPHO TH-
MOTETHYECKUM OOBEKTOM Jlaske Ha (poHe 4epBOTOUMH UEpHBIX IBIP
U ux 3¢peMepHBIX oTpaxeHnid — benbix apip. IlepBuuHbIe MarHuT-
HbIE MOHOIIOJNH, PK30THYecKas ((paHTOMHas) MaTrepusi, KpOTOBBIE
HOpPBI C MarHUTHBIM TOJIEM W ()aHTOMHOW TBLIBIO, paJUaIbHOE
MOHOTIOJIPHOE MAarHUTHOE T0JIe W KBasWHAealbHas (haHTOMHAS
KUJKOCTh (KpoToBas Hopa Tuna Mopuca-TopHa-bponnukoBa-Ii-
muca — MTBD [61]) — Takumu KaTteropusMd M TE€PMHHAMU B
HACTOsIIIee BpeMs ONEPUPYIOT yueHble, padoTarouiue B 3Toi o0ia-
ctu actpodu3uku. YeM 0CO00 BBIJCISIOTCS BCE 3TH (DaHTOMHBIE
CyOCTaHIIMH, YeM NMPUHLIUIHAIFHO OHU OTIMYAIOTCS, HAIPUMED, OT
0opoJel cTapuka XoTTradbua wiw Jamiel Anapnauaa? Mx mosene-
HUe, nposiBieHne — HuueM. C pyroil cTOpoHbl, BAPUAHTOB, MOJIE-
Jeil peabHOCTH NPUAYMAHO CTOJBKO, YTO OKUJATh YETO-TO MPHUH-
IMITHATLHO HOBOTO BPS JIH CTO UT. HeKoTOpbIe My MPUBHOCITCS
B HayKy CO CTpaHHIl (paHTACTUYECKUX POMAHOB U KOMHKCOB OYyK-
BaJIBHO KaK PEaJbHO YCTAaHOBIICHHBIE (DAKTHI.

Mo>kHO cKa3aTb, YTO TaKH€ aBTOHOMHBIE KPOTOBBIE HOPBI C
OYKBaJIbHO HAyIHO-(DAHTACTUIECKOU CTPYKTYPOU COCTOSIT, YCIIOBHO
rOBOPSI, U3 YUCTOTO 3(prpa — MarHUTHOTO TOJISL U JPYTUX CTOJIb K€
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ademepHbIX cyOctaHnuid. OIHAKO TMPU WX OIMUCAHUU MOKHO
BCTPETUTH U BECbMA HEOXHUAAHHBIE TPAKTOBKU:

"Onpenenum cdepy paanyca ro U CO)KMEM MaTEpUI0 BHYTPHU
9TON ceprl 1O KOMIIAKTHOTO OOBbeKkTa B ee LeHTpe. CoriacHo
YpaBHEHUSAM OOIIEH TEOpUU OTHOCHUTEIBHOCTH I'PABUTALIMOHHOE
noJjie BHE Takou "Bakyosn" He m3meHuTcs. [loaTomy cymiecTtBoBa-
HUE TakoW BaKyoJIM HE TOBJIMSAET Ha pacIIMpPEHHE BEIECTBA BHE
He€. ... PelleHne BHYTPHM BaKkyoJIM COOTBETCTBYET PpEIICHHIO
[IBapummuibaa, HAMMCAHHOMY B PacHIMPSIONIEHCS CUCTEME KOOP-
JMHAT, a pPElIeHNE BHE BAKYOJIM COOTBETCTBYET pelieHuto dpun-
mana" [12].

IlIo Bcem mpu3HakaM — 3T0 onucaHue YepHOU IbIpbl, BO3HHU-
Kalolllel B pe3ynbTaTe KoJjutarnica marepuu. Kpome toro, yreep-
KJEHHE, YTO 3Ta 00JIaCTh HE BIMSIET HAa PaCIIMPEHNE BEIIECTBA BHE
He€, BBITJISAIUT BEChbMa CTPAHHO, BEJb 3TOT OOBEKT OOJagaeT Jo-
BOJILHO OOJIBIIION Maccol, U ux, BUIUMO, Hemaio. Ciemyer 3ame-
TUTh, YTO HEKOTOpHIE (pU3MKHM Oojiee WM MEHEe SBHO OTMEYArOT
YUCTO TEOPETHUYECKUH, TMIOTETUUECKUN XapaKTep MOJO0OHBIX K-
30THUYECKHUX PELICHMI:

"... pazHOOOpa3ue "KOHCTPYKIHI" KPOTOBBIX HOP, U OOIIMIA
BBIBO/JI TAaKOB, YTO NPY BCEH HEOOBIYHOCTH MX CBOWCTB M NPH BCEX
TPYAHOCTAX TNPHUHIMIIMAIBLHOTO, B TOM 4uclie H (HUiIocodckoro,
XapakTepa, K KOTOPbIM OHU MOTYT IPHUBECTH, K UX BO3MOKHOMY
CYIIECTBOBAaHUIO CTOMT OTHECTHCh C IIOJIHOM CEphE3HOCTHIO U
JOJDKHBIM BHUMaHueM" [26].

Kak BuamM, SIBHO OCO3HAIOTCSI HEOOLIYHOCTH HMX CBOMCTB,
TPYAHOCTH TPUHIUITUAIBHOTO U (PHIOCOPCKOTO XapakTepa. XOTs
[P 3TOM CaMM OHH, MOXO0XKE, TBEPJO BEPAT B PEATBHOCTb CBOMX
TEOPETUYECKUX ITOCTPOCHMIA:

"YenoBeKy HEUCKYIIEHHOMY IIYTEIIECTBUS BO BPEMEHHU
MPEICTABIISAIOTCS BOILUIOIIEHHBIM abcypioM. Ho BOT amst Gu3uKoB 1
MaTeMaTHKOB Ipoleaypa OOpalleHuss BPEMEHM — COBEPLICHHO
MpUBBIUHBIN "ipuem"[26].

JleiicTBUTENBHO, CO 8pemenem (PU3MKU 0oOpaIarTcs BeChMa
YBEPEHHO M BOJIbHO. [IpaBnia, B 3TOW yBEPEHHOCTH HEPEAKO MPO-
CMaTPUBAIOTCS 3JIEMEHTBI HEKOTOPOTO IPOTUBOPEUHSL:
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"... IOMyCTHB CYIIECTBOBAaHUE MAIlIMHBI BPEMEHH, MBI He-
MEJJICHHO CTaJKUBaeMCs CO BceM "OykeToM" mapaioKCoB ...

... ec (puzHYecKas TeopHs MPETEHAyeT Ha OINHCAaHHE pe-
aJIbHOCTH, OHA JIOJDKHA COJIEPXKATh MEXaHU3M, 3alperaroniii 00-
pazoBaHHe MOAOOHBIX "BPEMEHHBIX TMeETeNb", WIM, N0 MEHbIIEH
Mepe, 10 KpalHOCTH 3aTPYAHSITh UX oOpa3oBanue" [26].

JleiicTBUTENBHO, KOT/1a OOpallleHue BPEMEHU — JIUIb aHAJIH-
TUYECKUN TPHEM, HE PACTIpPOCTPaHSEMBIH SBHO Ha peajbHBIN (u-
3MYECKH MHUP, HUKAKUX TIapaJI0KCOB KaK ObI BPOJIE M HE BO3HUKAET,
pa3Be uTo, B YCIOBHOM MaTeMaTH4YE€CKOM MHUpE. A MHaue BBIXOAMT,
YTO B apceHalie MPHEMOB COBPEMEHHBIX (PM3UKOB HAXOAATCS M Ta-
KHe, KOTOpBIE BIIOJIHE JIOMYCKaroT "Borutomenue abcypaa". U rakoe
"BoruionieHne" HEpeIKo OTKPBITO PaccMaTPUBACTCS U HUCIOJIb3Y-
€TCsl B BBIKJIQ/IKaX KaK HayyHas apryMeHTallus, KaK Hay4HbIE€ BBI-
BOJbI. B HamieMm ciydae mpuaaHue CTpOTOi HaydHOH (OPMBI Kpo-
TOBBIM HOPaM, MPOCTPAHCTBO - BPEMEHHBIM TOHHENSM, BembiM
JbIpaM, CO BCEMM NPHUIUCHIBAEMbIMH UM YY/IE€CHBIMU CBONCTBaMH,
Ha caMOM JeJie MpeBpaIlaeTcsi Bce X B JUTEPATypHO — (paHTacTH-
YECKUN BBIMBICEN, U OTHOCUTBHCS K HHUM TaK U CIEIyeT: C BEJIH-
JalInuM, "MOJIHBIM CEpbE3HOCTH" CKENTULIU3MOM, HEITPUSATHEM.

323



6. U300pa3nTesibHAsl yHHBEPCAJbHOCTH KOOPAUHAT

3ameTuM, 4yTO BOOOIIIE BCE TMarpaMMBbl IPOCTPaHCTBA-BpEMeE-
HU MOXHO paccMaTpHUBaTh Kak 0ObIYHbIE MATEMATUUECKUE CUCTEMBI
KOOpJMHAT, HAapUMep, JIEKapTOBbl WM TMOJSPHbIE KOOPAMHATHI.
Ecnu mpocto npeactaBuTh 0003HaYeHUsI Ocei KOOPIUHAT KaK MpH-
BbIUHBIE 0003HaueHHs - X0y, TO Ha TaKUX PENSATUBUCTCKHUX JUa-
rpaMMax MOKHO OyZIeT JIeTKO MU300pa3uTh J00bIe TIMHUH U (DPUTYPHI.
KoHeuHo, ux BHEWIHWHA BUA MpH 3TOM OyJeT BechMma JaléK OT
npuBbryHOro. Hanmpumep, Ha auarpammax llenpoysa rpaduxu He-
KOTOPBIX 2JIEMEHTApHBIX (YHKIUNA U QHUTYpHl MOKHO HM300pa3UTh
cienyromuM oopazom (puc.6.1a-c).

Puc.6.1. ®urypsl Ha nuarpammax Ilenpoysa u Kpyckana

Cnesa Ha puc.6.1a nzo0Opaxens! rpaduku Gpynkuuit sin(r), 1/r
u 1’. Tloxanyif, TOIbKO TrHIIepbONa MMeeT NPHUBBIYHBIA BHI. B
1eHTpe, puc.6.1b, n300pakeH Kpyr ¢ Bpallaromiencs B HEM CcTpell-
KOH, nmojobue cekyHaomepa. Jla, 310, AEHCTBUTENBHO KpPYT, XOTS
BBITJISIIUT OH TOYHO KaK YETBIPEXYrOJbHHUK CO CTIIaXEHHBIMH YT-
namu. CripaBa Ha puc.6.1c B KoopanHaTax JuarpaMMbl JJ1s BEUHOU
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UYepHoil AbIpbI TaKkKe N300pakeHbI JBa KpyribiX "cekyHaomepa' u
HECKOJIbKO KOHLIEHTPUUECKUX OKpYyXHOocTel. Pucynku 6.1b u 6.1c
MOXHO HaWTH B MHTEPHETE B BHUJAE aHUMaUui. [IBrKymasics 1o
KPYT'y CTpeNKa BBITJISIUT HEBEPOSITHO 3a0aBHO, MOCTOSHHO W3THU-
0asiCh TO B OJIHY, TO B JIPYTI'YI0 CTOpOHY. [IOHSATHO, 4TO B 3TUX KO-
HEYHBIX PaMKaxX JMarpaMM MOKHO H300pa3uTh KapTHHY JIIOOBIX
(aKTHUECKUX Pa3MEPOB.

Takumu e yHHMBepcalbHBIMU CBOMCTBaMHU OOJIafalOT U KO-
opaunatel Kpyckama, HO Ha HHX pa3Mepbl (QUIYp OTrpaHUYEHBI
pamMKaMU MOJI0THA, KOOPIAUHATHOM CeTKHU. J{J1s mprMepa Ha pUcyHKe
6.1d-g Taxke IOBOJBHO YCIOBHO H300paXEHBI TPAJAUIIMOHHBIN
THIEPKY0 — TECCEepaKT, CHHYCOM/a M CeKyHJOMep, KOTOpBIH aHa-
JUTUYECKU MPEACTABISAET CO00I OOBIYHYIO OKPY)KHOCTD.

CoOOTBETCTBEHHO, BCE PAaCCMOTPEHHBIE BBILIE MIPUMEPHI Bpa-
LIEHUS] CUCTEM KOOpJMHAT WJIM MX JIOTIOJJHEHHE HOBBIMHU H3MeEpe-
HUSIMH SICHO TIOKa3bIBAIOT: HET HUKAKUX MPOTUBOPEUUI WM TIpe-
MATCTBUMN, YTOOBI UCKYCCTBEHHO, BOJIEBBIM PELLIEHUEM J00aBIISITH K
IIPOCTPAHCTBY-BPEMEHU JIONOJHUTENIBHBIX U3MEPEHUN CTOJIBKO, Ha
CKOJIBKO XBaTUT (aHTazuu. OJHAKO HU B OJJHOM M3 PAaCCMOTPEHHBIX
PENIATUBUCTCKUX, KOCMOJIOTMUECKHUX CJIy4aeB OHU HE SBISAIOTCA
MPSIMBIM, JIOTUUECKHUM ciedcmeuem petienus LBapummnbaa, na u
BOOOIIIE, JIFOOBIX MHBIX MOCIEAOBATEIBHBIX pEIIeHU 00Iei Teo-
PUU OTHOCUTEIBHOCTH.

BMmecre ¢ Tem, cucTeMbl KOOPAMHAT HEPEJKO IOJIBEPTatoTCs
HEKOPPEKTHBIM MOAU(PUKALUAM, B PE3yIbTaTe YETO HApyIIaeTCs UX
HENpPEpPBIBHOCTh. B mpocTpaHCcTBE KOOpAMHAT BO3HUKAIOT 'ne-
¢dopmupoBaHHbIe" 00IaCTH, B KOTOPHIX N300pa)kaeéMble MPOLIECCHI
PUOOPETAIOT IPOTUBOPEUNBBIE CBOMCTBA. 3/IECh YMECTHO BCIIOM-
HUTH U MPUHATH K CBEICHHUIO, OYKBaJIbHO, KaK W3BUHEHHS, OTPaB-
JaHUsl 3aMeuaHus aBTOPOB paboTel [59, T.1, ¢.298], oTHecs >TH
3aMeYaHusl W Ha TPUHIMIB MOAM(UKAIUK CUCTEM KOOPAWHAT,
KOTOpBIE, B CYLIHOCTH, TAKXKE€ SIBJISIOTCS PUCYHKaMU B OOBIYHOM
N300pa3UTEIBLHOM CMBICIIE:

"1. PucyHku He MOTYT 3aMEHMUTH BbluMcieHUs. OHU ckopee
[IOMOTAIOT: a) MPEANOJIOKUTh HAMYUE F€OMETPUUYECKUX COOTHO-
IIEHUH, O CYIIECTBOBAHMU KOTOPHIX paHee HE IOJ03PEBAIOCH U
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CIPaBEUIMBOCTb KOTOPBIX 3aTEM IOATBEPIKIAETCSI BHIYMCICHUSIMU,
n 0) MHTEpHpPEeTUPOBATh TOJBKO YTO Y3HAHHBIE N'€OMETPUUYECKUE
pE3yJbTaThI.

2. Takast poJib PUCYHKOB, KaK IIPaBUJIO, HE CBS3aHHAsI HETO-
CPEICTBEHHO C BBIYMCIICHHUSMH, MO3BOJISIET HaM PUCOBAaTh MX J0
HEKOTOpOU cTeneHn HEOpEKHO".

KoHeuHo, HEOpeXHOCTb B CMBICIE HEJIOCTATOYHO POBHBIX
TUHUNA, HAOPOCKH OT PYKH, TOPOIUIMBBIC W/MIM HEAKKypaTHbIC B
JTAHHOM KOHTEKCTE HE€ BBI3BIBAIOT CEPbE3HBIX HapekaHui. Wiiro-
CTpallMy TO3BOJISIOT CIIENaTh BBIKIAAKH 00Jiee SCHBIMH WU HOHST-
HBIMH, TIO3TOMY HX OOWJIME U TOJHOTA, HECOMHEHHO, MPUHOCST
nosb3y. Ilo3ToMy B HEKOTOPBIX NIpeaesiax TaKUE HETOYHOCTH, KO-
HEYHO K€, HEeXKEJIaTeNbHbI, XOTsI BIIOJIHE JOMYCTUMBI.

Ho, kax roBopurcs, He 10 Takoi ke crenenu! PaccmoTpeH-
HbIE CUCTEMBI KOOPJIMHAT, BKJIIOYasi MHOTOMEPHBIE, 4aCTO COJIEPKaT
"BbIpe3aHHbIe" 00JIaCTH, TO €CTh, OTCYTCTBYIOLINE HAa HUX YYACTKH
OTMCBIBAEMBIX MPOCTPAHCTB, YTO HeAomycTUMO. pyrum nedek-
TOM, HECOMHEHHO, SIBJISIETCS (huzuieckas MpOTHBOPEUUBOCTh TAKUX
MOU(UIIMPOBAHHBIX KOOPAMHATHBIX cucTeM. [Ipocteiimeit mpo-
TUBOPEUMBOCTBIO, BEPHEE, HEMOJHOTOM SBISIETCS OTMEUYEHHAas
BBIIIE HEBO3MOYKHOCTb HYJEBBIX T€0JE3MYECKHX MM CBETOBBIX
KOHYCOB Ha UCXOJHBIX Auarpammax Kpyckana. Cienyer oTMETUTS,
YTO 3Ty HEMOJHOTY HE 3aMeyaroT JaXXe BECbMa aBTOPUTETHHIE
yuensle. Hanpumep, Kappoin, onuceiBass koopauHatel Kpyckana
[3, c.225], mumieT crneayroliee:

"Koopmunatet Kpyckana o0mamaroT psSaoM  4yJIECHBIX
cBoiicTB. Kak u xoopaunatsl (t, r*), paguanbHble HyJIEBbIE Ieojie-
3UUYECKUE BBITISAST TaK, KaK B INIOCKOM ITPOCTPAHCTBE:

T ==£R + const (5.125)"

Uyre BbIlE, HA NPEAIIESCTBYIOUIEH CTPAaHULE KHHUIHU
[3, c.224], oH ompenenus BbIpakeHUs asi 3THUX BenuuuH T u R,
dbopmupyromux koopanHatel Kpyckana:

1 1/2 ‘
T=—('u)=| ———1] " sinh| ——|  (5.121)
2 26M 4GM

326



1 1/2
R=—('—u)=| ———1] " cosh ——| (5.122)
2 26M 4GM

OnHako CpaBHUM STH BBIPAKEHHS C JAPYTMMH, KOTOPHIE MBI
HETIOCPE/ICTBEHHO HCCIIEA0BAIN U MCHOJIB30BAIN MIPU IOCTPOSCHUU
Pa3NUYHBIX KOCMOJIOTHUECKUX CUTyalwid. Hamm BwIpaykeHHs TMO-
Jy4eHbl TOXKJECTBEHHBIM IpeoOpa3oBaHueM ypaBHeHu# [59, 1.3,
c.28, yp.11a,1106] ans npuBeneHNs UX K IPUBBIYHOMY BUJLY:

VE%(V+L7): L—le‘”"sh(L]

2m dm

1 o
=—(V-u)= L—le“mch t
2 2m dm

HeTrpyaHo 3aMeTuTh, YTO 3TH YpPaBHEHUS MOHCOECMBEHHbl
ypaBHeHUAM (5.121) u (5.122), 370 0HM U Te K€ ypaBHEHUs, B HUX
R=uu T=v (Bpemsa Kpyckana). OnqHako npu uxX UCHOIb30BaHUHU
paHee MbI IBHO OOHApYKUJIM, YTO HU HYJIEBbIE I'€0JIE3UYECKUE, HU
CBETOBBIE KOHYCHI M300pa3uTh OHU He nozgonsaom. CUTyalus uc-
MpaBIsieTCS JIUIITH N3MEHEHUEM YpaBHEHUH TpeoOpa3oBaHUsl yTeM
IIPUMEHEHMSI TaK Ha3bIBaEMOM depenalibei KoopauHaTel. B pabore
Kapposna 00 3ToM HECOOTBETCTBUM HET HUYETO ONPEAEIECHHOTO.

OTO nUIIb YAacTHBIM Cilydail HEMOJHOTO, MOBEPXHOCTHOIO
onucanus ypaBHeHuil. Kyna Ooisiee cepbE3Hble HECOOTBETCTBHS
BO3HUKAIOT, HAI[pUMeEp, PU MCTI0JIb30BaHUM Juarpamm llenpoysa ¢
TOPU30HTaMHU COOBITUH T =2m, auarpamm Juisi BeuyHol YepHoit
IbIpbl. [IepBOi CTPAaHHOCTBIO MOKHO Ha3BaThb HEONPEIEICHHOCTH
HYJIEBOM KOOpAMHATHL. J[EMCTBUTENBHO, €CIM JI€Bas IIOJIOBMHA
TUarpaMMbl 3aHUMaeT 00JIacTh MPOCTPAHCTBA OT 2m JO T =Ty, a
BTOpasi — OT I = Iy A0 OECKOHEYHOCTH, TO BEJMUMHA Iy puoOpeTaer
KaKOM-TO 0COOBIN, CEU(PUIECKUIA CMBICII.

Hynem oHa To4HO HE MOXeET ObITh, a MPU NOCTPOECHUU KOH-
KpPETHBIX T€0JE3UYECKHX, II0 pPEAJbHbIM YPAaBHEHMs, OHA SIBHO
JOJDKHA MMETh KaKoe-TO olpeiyieHHoe 3HadeHue. Ho 310, 4to
HazbIBaeTcs, nosudeabl. Cpasy e BBIACHAETCS, YTO JIMHUU PaccTo-
SHUH T = const B MPHUHILUIIE HE MOTYT OBITh HAHECEHBI OJIMHAKOBO
MOHOTOHHO. Eciu BieBO, B CTOPOHY TOpU30HTA I' = 2m 3HAUYCHUE

327



"MUPUHBL" MEXy JIMHUSMU CTPEMUTENILHO yOBIBAaeT, TO BIPABO, B
O0ECKOHEYHOCTh, OHA YK€ 00s13aHa ObITh MO0 HEU3MEHHOMU, JIOO
BO3pacTarh. Takylo CTpaHHYIO 3aKOHOMEPHOCTh YAAJIOCh PEan30-
BaTh KBAJPATUYHOM 3aBUCHMOCTHIO dr=2"+2 TNpPUCBOMB IEHTPY
JMarpaMMbl TIPOM3BOJIBHOE 3HauYeHue 1o = 4. B sTom cinyyae "mm-
puHa" neneHus ompenensieTcs ero Homepom n=...-2,-1,0,1,2 u
Tak jajee. 3HaA4eHHE n =1 COOTBETCTBYET LIEHTPY JUarpamMMmbl.
3HaveHue 1y =4 B3SATO UCKIIOYUTEIBHO U3 ICTETHUYECKUX cooOpa-
KEHUH, YTOOBI BIIPaBO U BJIEBO OT IIEHTPA OTCTOSUIN, 10 MEHbILIEH
Mepe, /IBa [EJIOYMCIEHHBIX TPIMEPHO OJIMHAKOBBIX HHTEpBaja +dr.
OpHako pemieHre NpoOIeMbl CETKH PACCTOSHUM MPUBENO C HEU3-
0EXHOCTBIO K MpoOsieMe CeTKH BpeMeHd. Ha Takoit MOHOTOHHOM
muarpamMMe IleHpoy3a moHsTHE t= const NPUHIMIIMAIBLHO Hepea-
au3yemMo. B 3aBHCHMOCTH OT HampaBJ€HMs JBWKEHUS IO OCH T,
TEMIT BpEMEHM pasinueH. B cBoro ouepeap 3T0 NPUBOAUT K TOMY,
YTO Ha AMarpaMMme OJHO M TO e COOBITHE MMEET, MO CyTH, cpa3y
JIBa MECTA — T10 HAIIPABJIECHUIO ABMKEHUS.

Ucxons u3 storo Ha pucyHke 6.1c n300pa>keHbl JBa yCIOB-
HBIX CeKyHJ0Mepa. Eciiu paccMOTpeTh aHUMAaIUIO, TO OKa3bIBaeTCA,
YTO NPU BCEX PABHBIX YCIOBMSIX CTPENKA OJHOTO U3 HUX JIBUIKETCS
[0 YaCOBOW CTPEJIKE, APYrOro — MpOTHB. YPAaBHEHUE KAXJIOTO CO-
ObITHS WK (QUTYPHL, JIMHUKM HA JIUArpaMMe OTpeAeNsIeTcsi 0COObIM
rnapamMeTpoM, KOTOPBIM peaJbHO TMOJMEHHI COOOM CEeTKy JIMHUMA
t = const Ha ceTKy JTMHUN m = const. X0OTA, B 00IIeM, 3TO JIOBOJILHO
MPOCTHIE MpeoOpa3oBaHus, MO3BOJUBIINE CHOPMUPOBATH JEECIIO-
COOHYIO KOOpIHMHATHYIO CeTKy nauarpammbl [leHpoy3a ¢ neBbIM
TOPU30HTOM I = 2m, npoOieMa aHW30TPOIIMU BPEMEHHM Ha TaKUX
auarpamMmax, BUJUMO, Hepa3perrma NpUHIUIHAIBHO.

Takas e TUIOXO 3aMeTHasi, HO (u3MYecKH HEe MeHee ao-
CypAHas CHUTYyallsli BO3HMKaeT Ha auarpammax IleHpoysa c¢ koi-
JIaIICOM HEUTPOHHOM 3B€3/bl. B MOMEHT BO3HUKHOBEHHS TOPU30HTA
COOBITUH Ha TaKUX JUarpaMMax BO3HUKAET pPa3phIB IMPOCTpPaH-
CTBa-BpeMEHH, CBOeoOpa3Has abipa B PeanbHocTu. [eficTBUTENBHO,
70 TOSIBJIGHUSI HA JMarpaMMe JIMHUU TOpU30HTa COOBITUH CeTKa
PACCTOSTHUN COJEPIKUT JIMHUU T = const < 2m. DTo CIUIONIHbIE, 06€3
pa3pbIBOB JIMHUM, COEIMHSIOIINE BEPXHIO U HIDKHIOK TOYKU
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OeckoHeuHOCTel muarpaMMbl. OIHaKO B MOMEHT TMOSIBJICHUS TMHUN
TOPHU30HTA, TH JIMHUM CETKH OOpBIBAIOTCS, BBIINIC TOYKM Haydaia
TOpU30HTa MPOJOJDKUTH HMX HEBO3MOXKHO. CrenoBaTesnbHO, BCe
reojie3Mueckue (HEHTpUHO, HampUMep) B ATOM 00JacTH TaKxKe
JOJDKHBI ICUE3HYTh, 000pBaThes. [Ipobnemy ynaeTcst penTh JIUIIb
IIEPEX0JI0M K JuarpaMMe Be4HOU YepHOM AbIPHI.

Haxonen, nnarpamma Ilenpoy3sa g ucnapsronercs YepHoi
JBIPBI COJEPKUT JBa Havajia koopauHaT. OOBACHUTH JOTMYECKH 3TO
BpSJ JTM BO3MOYKHO, TIOCKOJIbKY Ha JIF0OOOM Takoil Juarpamme H3-
HayaJIbHO IIOJPA3yMEBAKOTCA M BCE OTAAIEHHBIC 3Be31bl Bcenen-
Hoii. CoBepIIeHHO HE MPOCMATPHUBAETCS paAIlOHAIBHOE OOBsCHE-
HUE, IoYeMy TOYKa IIPOCTPAHCTBA-BPEMEHH, B KOTOPOI HaXO0AUJICS
F€OMETPUUYECKHUI LeHTp YUEepHON NBIPBI, HEOKUJAHHO KyJa-TO IIe-
pemecTuiics B MOMEHT €€ B3phiBa. Kyna?

B MaremaTuke M MCKyCCTBE M3BECTHBI TaK Ha3blBa€MbIE "He-
BO3MOXHbIE OOBEKTHI", OJHUM HU3 XOPOIIO H3BECTHBIX aBTOPOB
HEKOTOPBIX M3 HUX sBisieTcss Pomkep [lenpoys. 3nech, B pusnke u
KOCMOJIOTUH MBI TaK)XK€ MOKEM HaOII0AaTh HEYTO MOJ00HOE, MpHU-
4YeM, OJIUH U3 TaKUX 00bEKTOB — 3T0 auarpamma [lenpoysa ¢ ropu-
30HTOM cOOBITHH 1 = 2m. [Ipu3HakamMu Takoro »*e HEBO3MOKHOTO
apT-TIPOEKTa, KaK MBI BhIIIE 0OHAPYKWIH, HECOMHEHHO, 00JIafaeT u
napa o0bexToB — UepHas u benas npipa v napamiensHas Beenennas
CO CBOMMH NapAJIJICIIbHBIMA TOPU30HTAMH.
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3akjaueHue

IIpn Bcell KpacOYHOCTH M INPUBIIEKATEILHOCTH MJEH Mapail-
nenbHbIX MupoB, BceeneHHbIX, JOMOJIHUTENbHBIX MPOCTPAHCTBEH-
HBIX WM3MEPEHUH, BCE ATH HUAEU SBJSAIOTCS IUIOJOM pPa3yMHOTO,
HaMEpEeHHOTo KOHCTpyupoBaHus. [IpoBeneHHbIE 3/1eCh MaTeMaTH-
YeCcKHUe, JIOTUYSCKH M (PrIoco()CKUe HCCICIOBAHUS MOXKHO TpaK-
TOBaTh WCKIIOYUTEIBHO TAaKUM OOpa30oM: HUKAaKUE Hay4HbIE BBI-
BOJIbI, PEIICHUS Ha CaMOM JIeJie CaMU 10 ceOe He SBIISIOTCS JIOKa-
3aTeIbCTBOM UX CYIIECTBOBaHUS. Bo BceX pacCMOTPEHHBIX CIIydasx
3TH JI0Ka3aTEIbCTBA SIBJISIFOTCS CJIEACTBUEM HEKMX TMIIOTETHUECKUX
JOMYIICHNH, BOJIEBBIX MOJU(HUKANWN ypaBHEHUH, HTHOPHUPOBA-
HUeM "HeynoOHbIX" pereHui.

Bmecre ¢ TeMm, Haly BBIBOJBI HE PAaCIpOCTPAHSIOTCS Ha pe-
aJIbHbIE HAOJIIOAECHUSI, O KOTOPBIX HaM TOJIbKO TO U HU3BECTHO, YTO
KTO-TO TIE-TO YTO-TO BUJEN. Jlake MCKIIIOUMTENIbHO HAy4yHO MpH-
3HaBaeMble (aKThl — CHUMKH, BUJEO U JaK€ TPYIHOOOBSICHUMBIE
BEILIIECTBEHHbIE OOBEKTHl MOTYT HMETh BIIOJHE pallOHAIbHOE,
YCIIOBHO TOBOPsI, TpEXMEpHOE 00bsicHEHNE. Bpsa 1 uccienosareins
COrJIaCUTCAd C MUCTHYECKMMHM JOBOJAMHU, €CIU MOXKHO IPUBECTH
JIOBOJIbl PALIMOHAJIbHBIE, MYCTh JaK€ HA MEPBBIX MOpax BBIMJISAAS-
e Kaxk "mpuTsaHyThle 3a ymn'". Y, TeM Oosee 4TO riaaBHBIM KpHU-
TepreM OTOPaKOBKM MHUCTHKH BCETJa OBbLI M HaBCErJa JOJDKEH
OCTaTbCs NMPUHIUN HEAONMYIIEHHS B HAYYHYIO TEOPHIO MPOTHUBO-
peunii, peasbHbIX MapagoKcoB, adcypaoB. Teopus, koTopas BcCE
OOBSICHAET MPOUCKAMHU HEMO3HABAEMBIX MOTYCTOPOHHHUX CHJ, TEM
caMbIM MO>KET IIPEJCKa3aTh BCE, YTO YTOJHO.

OTnenbHO clleyeT pacCMOTPETh KaXKyLIUMECS COBEPILIEHHO
0e3ympeuHbIiME "HcTOpUYecKue" JToKazarenbcTBa. Kak, Hampumep,
MOXXHO OOBSICHUTH SBJICHUS Opakyja, npopoka? Bpsn nu MoxHO
HalTH HEONPOBEPKUMBIE, OECCIIOPHBIE OCHOBAHMS OTPULATh, YTO
LEeNbIM psJl TAKMX NPECKa3aHUuil peagbHO COBUICS, OCYILECTBUIICS.
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[Ipu 3TOM, HECOMHEHHO, JIFOOOU JIOTHK, YOexAeHHBIH (umocod
00s13aH MPHU3HATh, YTO JIIOOOE ACHCTBUTEIHHO MpEICKa3aHUe — ITO
OJIHO3HA4YHO B3I B Oyayllee, ero nocemeHue. ToJIbKO B 3TOM
cllydae NpeJCKa3aHUE SIBISIETCS MMEHHO 3TUM — IpeAcKa3aHUueM
emé He HacTynuBIIero coobITua. Ho Kak ke B 3TOM citydae OBITh C
napajokcamMu mpuauHHOCTU?! A ecnu myremiecTBue B Oymyiiee (¢
MOCJIEYIOLIUM BO3BpAIIEHUEM B Mpouuioe!) BO3MOXHO, TO TOYHO
TaK k€ Mbl 00s13aHbl PU3HATh U KPUTUKYEMBIE 3/1€Ch IMapalljiellb-
Hbl€ MHpPBI, MHOKECTBEHHbIE BceneHHble, TOMOIHNUTENbHbIE N3MeE-
penusa. KoHeuHo, Bompoc, Tak cka3arb, BeCbMa CKOJIb3Kkui. Ho u
€My MOXHO HalTH BIIOJIHE JIOTHYHOE, apryMEHTHPOBAHHOE 00BsIC-
HeHue [cM. npunoxenue I113. IIpopoku 1 3KcTpaceHChl — Kak OHU
310 pAemaroT, ¢.376]. Her Humkakoli HEOOXOIWMOCTH B MAaIlUHE
BpEMEHH, pAllMOHATIbHOE OOBSICHEHUE BIOJIHE BO3MOXKHO.

Croma ke cremyeT OTHECTH M Kyna Oojiee HaydHbIe mapa-
JOKCBI, KOTOpPBIE BOBHUKJIA CTPOTO JIOTMUYECKH B HEPAX MPEKPACHO
ceOsl 3apEKOMEH/IOBABIIMX HAyYHBIX TeOopuid. boyee Toro, 3Tu ma-
pPaZloKChl MMEIOT BIIOJIHE JIaXe IOCIIEI0BAaTENIbHOE U KOHCTPYK-
TUBHOE omnucanue. EquHCTBEHHOE MX cliaboe MeCTO — HMHTepIHpe-
tarus. Ha HekoTOpoMm sTame mMaTeMaTHYECKHH, HaydHbId (hopma-
JIN3M HEN30EKHO CTAIKHBAETCS C DTOM Oemoil — HEeIOCTaTKOM, He-
XBATKOM 3TOr0 camoro (opmanmsma. Bpsi M CTOHUT yhpekaTh B
9TOM Y4YEHBIX, HccienoBareneil. Jlyumie TpakroBaTh MX MUCTHYE-
CKHE JKMBOKHM B TaKWX CHUTYaIHsX MPOCTO TpoOieMaMu pocTa.
Buaumo, HayuHble 3HAHHS 70Ka HE TO3BOJIIOT OOBSICHUTH 0e3
MHCTUKH TO WM WHOE sBieHue. Hanpumep, napagokce kota Ipé-
nuHTepa [eM. npunoxkenue [lapanokc korta Ilpémunrepa, ¢.368]. B
KOHIIE KOHIIOB, ()M3MKaM, MaTeMaTUKaM TOXKE CIeAyeT MHOW pa3s
1aTh OTIOXHYTh, pa3Bieubcs, MOPMIOCOPCTBOBATH HA CXOJACTHU-
yeckue TeMbl. OCOOEHHO, KOTJ]a Ka)XXeTCsl, YTO OCHOBHBIE BOIPOCHI
(Gu3MKHU B 11eTIOM pereHbl. MOXHO Ji ObITh YBEPEHHBIM, YTO HEKHE
HbIHE CPOPMYIUPOBAHHBIE TUIIOTE3bI, TEOPUH, TEOPEMBI BEPHBI Ha-
Bcerga? Koneuno ke, Het. [[Be Benymue Gpu3nuecKue TEOPUU CO-
BPEMEHHOCTH — KBaHTOBAas MEXaHHUKA U TEOPUs OTHOCUTEIBHOCTH —
BJIpYI OOHApPYXWJIM BHYTPEHHIOIO HECOBMECTUMOCTh. Kak ke Tak?
Ho, Tem He MeHee, HEJOKaTbHOCTh, KOTOPasi, BOOOIE-TO, HE UMEET
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0OBSICHEHUS ¥ B CaMO# MMOPOIMBIIIEH €€ KBaHTOBOH TEOPUH, MO3BO-
JSIeT pa3pyIIUuTh TIABHBIN, KpaeyroibHbI KaMEeHb TEOPHHU OTHO-
CUTENBHOCTH — €€ BTOpoi mocTynat [cM. npunoxenue [110. [Tapa-
JOKCBI TEOPUH OTHOCUTENIBHOCTH, €.358]. XOTs 1 JenmaeT 3To Kak-To
HEYBEPEHHO, KaK Obl COMHEBAsICh B COOCTBEHHOM IpE/ICKa3aHMH.
HenokanbHOCTB MPH TIIATEIBHOM JIOTHYECKOM aHAIIN3€ SIBHO O3Ha-
YyaeT HaJIM4ue HEKOETrO0 CBEPXCBETOBOTO areHTa, HOCUTENS. Y HEro
Jaxke UMs eCTh — TaxroH. Ho BMecTo npu3HaHus HHPOPMAaIMOHHO-
ro, KBAHTOBOTO B3aUMOJICHCTBUS MEXTy 3aITyTaHHBIMHU YacTUIIAMH,
TEOPETHKH CTapaTebHO MPUKPBIBAIOTCS HepaBeHcTBamMu bemta. Ho
4YTO OHM TaKoe, KaK He SBHOE, ONPEAETICHHOE, OJHO3HAYHOE MpU-
3HaHUE UMEHHO oOMeHa MHQopmanueil mexay uvactuunamu? Co-
TJIACHO BBIBOAAM bera, eciin Bce-Taku 0TKa3aTh YaCTULIAM B TIpaBe
Ha Takoil 0OMeH uHpopManuei, To MpUAETCS TPUCBOUTH ATO TPABO
W3MEPHUTENSIM, JIaTYMKaM, KOTOphle MPUHUMAIOT WH(POPMALUIO OT
ATUX YacCTHUIl. A B 4eM, COOCTBEHHO TOBOps, pazHuia?!

Wnaue roBopsi, qr00ble W3BECTHBIE HBIHE MOIYMUCTHUYECKHE
MHTEPIPETAlMHA PEATbHBIX HAONIONEHUH WIIM KOPPEKTHBIX MaTe-
MaTHYECKMX BBIKJIAJOK JIOMYCKAIOT BIIOJHE HEMPOTHBOPEUHUBOE
payuonanvhoe oObsICHEHUE, 00BICHEHNE, NMEIOIIEee eHCTBUTEINb-
HO HAy4yHOE COJIEp’KaHUE, HAyYHOE OCHOBAaHHUE.

3nech, noxainyil, Oyaer BecbMa yMECTHO NPUBECTH MHEHUE
Anekcannpa Illankoro, mToKTOpa HayK, MU3BECTHOTO POCCHUUCKOTO
acTpodu3uKa:

"... s XoTea Obl KOCHYTBHCS €IIe OJIHOTO BOMPOCA: YTO HYKHO
IUISL TOTO 4TOOBI CTaTh MPOGECCHOHATBHBIM (PU3UKOM-TEOPETUKOM
1 HACKOJIBKO 3TO CJI05kHO. Hy, BO-TIepBBIX, K 3TOMY /€Ty Y U€lIOBeKa
JOJDKHO OBITH MPU3BAHUE €I1e CO CPEIHEH IIKOJIbI, MOCKOJIbKY yJaT
Ha TeOp(PU3NKOB B HEMHOTHX By3aX M TyJa OOBIYHO HEMPOCTO IO-
CTYNUTh. A NOTOM €llle 00y4eHHE B acUPaHType W 3alluTa KaH-
muaarckoit auccepranuu" [81].

Hecomuenno, B o01ieM, 3TO BepHas MBIC/Ib: HEOOXOIMMO HE
TOJIBKO IMpHU3BaHUE OyKBaJIbHO C JIETCTBA, HO M JJIUTENBbHOE 00Y-
YeHue, u3ydeHue npenmera. Ho Mbl oOpaTiM BHHMaHHME Ha eg
IIPOJIOJIKEHHE:
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"JIerko Jii co3/1aTh HOBYIO Teopuro? OOBIYHO HA ATO YXOJUT
BCA KM3Hb IPO(ECCHOHAIBHOIO YUYEHOTO. ... HA MCCIEJ0BaHUE
o01Iell TEOPHH OTHOCUTEIBHOCTH ... TIOTPATHIIN CBOU KHU3HU COTHH
TaJaHTJIMBBIX YUEHBIX ..." [Tam xke].

3T0, HECCOMHEHHO, TOX€E BEpHas MbICIIb, HO OHA HE 3aBeplie-
Ha, a 3aBepUICHUE €€ YK€ HE CTOJIb ONTUMUCTUYHO. Bps 11 MOKHO
C 3TUM CHOPUTb, HO, CTaB BO IJIaBE HAYKH, y €€ aIMUHUCTPaTUBHBIX
BEpIIMH TAKUE YUYEHBIE Yalle BCEr0 MPHUKIAJIBIBAIOT MaKCUMyM
YCUJIM Ha OTCTaMBaHHE IUIOJIOB CBOETO TpPYy/a, MOJAABIIIS JII000E
HayyHOE MHAKOMBICJINE, MO0 MBITAIOTCS MPUCBOUTH ceOe 3TH Uy-
KUE WJIeU, HalpuMmep, IPUKpPbIBas UX COaBTOPCTBOM. B ucropun
HayKH TaKUX IPUMEPOB HEMAJIO, U HET HUKAKUX HAJEXK/ Ha TO, YTO
UX CTaHET MEHBbIIIE.

OpHako HY)XHO JIM DELIUTENbHO OTBEprarb M IpenaBaTh
aHaeMe paccMOTpEHHBIE MHOTOMUPOBBIE, MHOTOMEPHBIE U ITPOYHE
Yepno-benbie nunTepnperarmu? Bunumo, Her. Jlns mupoxoi 06-
LIECTBEHHOCTU OHM IIPEJICTABIIAIOT HEIUIOXOW JIMTEPATYpHBIA WH-
tepec. Cka3ku U aHTa3UH — 3TO MpeKpacHoe pa3piedyeHue. Ho s
Y4EHBIX, HCCIIE0BATENIEH YPE3MEPHO IPUMUPUTEIILHOE OTHOLLIEHUE
K HUM, M3JIMIIHEE HAaydyHOe (paHTa3MPOBAHUE BPSA JIM YMECTHO.
Bormpoc OykBaIbHO B TOM, IOHUMAIOT JIU OHHM BOOOIIIEe a0CYpHOCTb,
HEHAy4YHOCTb TaKUX BBIBOJIOB, U KaK JTaJIeKO TaKue MpEeACTaBICHUS
YBOJAT MX OT JECUCTBUTENIBHO HAy4YHBIX McciiefoBaHui. Mccneno-
BaHUE "Ha IMOJIHOM cephE3e” BCEX 3TUX MHOXKECTBEHHBIX, Mapall-
JIEJIbHBIX MUPOB M UX JMarpamMM B HAcCTOSIIEE BPEMsS BBITIAIUT HE
MPOCTO CIOPHO, HO HMHOM pa3 Kak Oe3ylnep)KHas CXOJIaCTHKa,
MMEIOLIas TAKOE YK€ OTHOILIEHUE K HayKe, Kak OpocaHue KOCTEM.

Bpsin i KTO-TO OTKa)KETCS COBEPIIUTH ITyTEIIECTBUE B COO-
CTBEHHOE MPOILJIOE, YTOOBI IOBTOPUTH T€ "UyAHbIE MTHOBEHHUS'" WU
IIOCETUTh CBOETO AeayliKy. He ¢ KpuMHUHaIbHOM 11€1bI0, @ MPOCTO
4yTOOBI NepeaaTh €My HOBEHIINE JIeKapcTBa U3 Haulero speMenu. K
CO’KaJICHMIO, 3TO HE Oy/EeT BO3MOXXHO HUKOTJ1a.
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IIPUIJOXEHUA

I101. YpaBHeHue 1BUKeHHs (POTOHA

B merpuke IBapummipaa ynansem cepudeckue KOOpAu-
HAaTbI, OCTABJIAA paJuaJIbHOC ABUIKCHUC!

-1
ds* = —(1 —2—’”}#2 + (1 —2—”“) dr*
r r

2
Jliis cBeTono10OHBIX Teoe3udecknx ds =0

-1
0= —(1 — 2—’”}#2 + (1 — 2-’”) dr?
r r
2

Ha Bpems 0oTOpoCcHM ISl IPOCTOTHI MHTEPBAIIBI UHTETPUPOBAHUS
-2 2 2
tzj ! cﬁzjﬁ——ﬂi—zaﬁzjdr+j " dr

r—2m r—2m r—2m
t:r+2mj ! dr
r—2m
Hcnons3yem TabiiuuHOE ypaBHEHHE
1
In'(x)=—
X

U3 sToro cnenyer
1
r—2m
Teneps nojicrapisieM OTOPOIIEHHBIE UHTEPBAIBI HHTETPUPOBAHUS

t:r+2mj

d(r—2m)=r+2mln(r—2m)
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t =[r+2min(r —2m)] g =[r + 2mIn(r—2m)]- [ro +2mIn(r, - 2m)]
)
I'pynnupyeM OTHOTHIIHBIE YICHBI

t=r—1,—2mln h=2m
r—2m

JlJis KOMITBIOTEPHBIX BBIYHCIICHUH 3T0 Hambosee ymoOHas ¢opma,
OJTHAKO 3aIUIIeM e€ eIIe B OJTHOM SKBUBAJIEHTHOM BHJIE
t=r+2mn(r-2m)—t,

He nomkxHO cMmymarh BHAMMOE OOCTOSITENBCTBO: IIPH
JBIDKEHUHM B CTOPOHY TOPU30HTA BPEeMs BO3PACTAET B MHHYCOBBIC
3HaueHus. [Ipu r—2m BpeMst CTpeMHUTCSI K MUHYC O€CKOHEYHOCTH
t— —o0, X0TsI 0 TpauKy BUJIHO, UTO ITO HE Tak. CBSA3aHO 3TO C TEM,
9TO Ha caMOM Jelie rpaduk oToOpakaer He abcomomuoe Bpems, a
ompe30K BPEMEHH, HEOOXOAMMOTO Ui TPOXOXKICHUS MYTH OT
FOPU30HTA JO HEKOTOPOW HCXOAHOM TOYKH ro. Ho nBukeHHe
MPOUCXOTUT B OOpPAaTHOM HAamNpaBICHUU — OT MUCXOJHOM TOYKH K
TOPHU30HTY, TO €CTh, IPOTUB HANIPABICHHUS OCH T, TIO3TOMY U BpeMsI
JBMKEHUS OKA3bIBACTCSl OTPULIATEIIEHBIM.

I102. YpaBHeHue IBUKEHUS] YACTUIIBI

OnpenenuM ypaBHeHHE TafeHUs Ha YepHyro AbIpy MaTepH-
aJbHOHN YacTHUIBL, HAXOJUBIICHCS B COCTOSHUM ITOKOS Ha Oecko-
HEYHOCTH. [IOCKOJIbKY MajieHue paiualibHOE, YPABHEHUE METPHUKHU
MPUHUMAET BUJL;

-1
ds’ = —(1—2—’”)61# +(1—2—m) dr* (1102.1)
r r

Jlist onpenienieHust MapaMeTpoB JIBKEHUS B JAHHOM Cilydae
BOcMoyb3yeMmcsi meroaosoruent Teinopa-Yunepa [15]. Ha npots-
KEHUH BCErO0 BPEMEHHU CBOETO JBWKECHMS MAJAIOIIEEe TEIO0 MMEET
IIOCTOSIHHYIO JHEPTHI0, HE3aBUCUMO OT YJIAJIEHHOCTH OT YepHoi
nbIpbl. Ho Ha MakcMMalIlbHOM ynaneHuu oT YepHOH AbIpBbI, 3TO TEJIO0
MMeeT SHEprHIo, HACHTHYHYIO ero Macce, To ecth, E =mc”. C yue-
TOM BBIOpAHHOM CHCTEMBI €IUHULI, B KOTOPOH CKOPOCTh CBETA paBHA
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eAuHUIE, U coryiacHo [15, ¢.3-12, yp.19], Mbl MOkeM 3anucaTh Jis
pemienus IBapummnbaa (I102.1) sHepreTnueckoe ypaBHEHHE B

CIIETyIOIIEM BHJIE:
E 2m )\ dt
—=1l-—|—=1
m r Jdr
PaszensieM miepeMeHHbIE B BO3BOIUM B KBajpar

2
dz’ =(1—2—m) df (1102.2)
r

Teneps 3amuiieM ypaBHEHHE HHTEpPBAIa BO BPEMEHHUTIOTI0OHOM
Buze [15, c.2-19, yp.1]

2m 2m\"
dr’ = (1 ——jdﬁ -~ (1 ——j dr’ (1102.3)
r r
[Tpupasusiem ypaBuenus (1102.2) u (I1102.3)

2 -1
(1—2—’”) df = dr* = (1—2—’”)61# —(1—2—”“) dr?
r r r

[TpeoOpazyem

2 -1
(1—2—’”) dr —(1—2—’")5#2 - —(1—2—”“) dr?
r r r
-1
(1 —2—’"]((1 —2—’"] - 1]dt2 = —(1 —2—’"] dr
r r r
2
(1 —2—”“) (2—’”}#2 = dr?
r r

OKOHUaTEIBHO MOJTyYaeM

dr_ _(1 _2_mj(2_mj
dr r r

IIpu u3BIEUYEHUU KOpPHSA BHIOMpPAEM 3HAK MUHYC, ITOCKOJIBKY HaM
M3BECTHO, YTO HATPABJICHHE JBIDKCHHS IIPOUCXOIUT OT GO JIBIIMX
3HAQYEHUM PaCCTOSIHUM K MEHbIIUM. Pa3nennB nepemMeHHbIe U Ipu-
BeJsl BBIp@KEHHE K MHTErPANbHON (Qopme, MoiaydaeM ypaBHEHHE
JBUKEHMSI C TOUKH 3pEHUS BHEIIHETO HA0II01aTeNs
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p 1/2 1
dtz—(—j —|dr
2m 1-2m/r

JJiss MHTETpUPOBAHUS TIPOU3BEIEM YITPOIIAOIINE TPe0Opa30BaAHUSL.
CHayvana pa3zeianm nepBble CKOOKH Ha COMHOKUTENH

w-of 2] (2] [

BTopoif COMHOXUTENH BHECEM B TPETbU CKOOKH:

dt = —dr(ﬁjm(ﬁ} - _dr(ﬁjm(%}

Bo BTOpBIX CKOOKax MpOM3BENEM COKpPAILEHUE U BHOBBH PA3AEIUM
IepBbIE CKOOKH Ha JIBa COMHOXKHTEJIS:

a~ofz) (52 lem)

BroBBL BHEceM BTOpOfI COMHOKHUTCIIb B TPEThU CKO6KI/I, Hn 3aTEM B
qHCcauTeNe 00pa3oBaBUICHCs IPOOH OTHUMEM U MTPUOABUM €IMHUILY
U COKpaTHM:

1/2 1/2
di = _d,,(Lj rf2m-1+1)_ _d,,(L PR B Y

2m r/2m—1 2m r/2m—1

Packpoem BTOpBIE (TMHHBIE) CKOOKH
’ 1/2 ’ 1/2 1
dt=—drl —| —-|— — |dr
2m 2m r/2m—1

[TpeoOpazyem BTOpoE claraeMoe CX0XuM 00pa3oM, pa3OuB NepBHIi

COMHOXKMHUTCJIb Ha ABa (Ha BpeMs, I COKpallCHUSA IJIMHBI ypaB-
HEHUsl 0TOPOCUM MEPBOE ClIaraeéMoe):

) k) Gl

BHecem cpemHMT MHOKUTEIH B IPaBble CKOOKU U TIOTyIUM
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p 1/2 ’ -1/2 ]/‘/2
a=-af{ ] (][
2m 2m r/2m—1

Teneps B umcnuTeNe TOCIHEAHEW OpOoOH, KaK W B IMPEABIAYIIEM
cilyyae, OTHUMEM M MPUOAaBUM €IMHUILY U COKPATHUM:

1/2 -1/2
dtz_d,{L) _(Lj ram-1+l),
2m 2m r/2m—1

CoxpaTuB M pacKpbIB JUIMHHbIE CKOOKH, TIOJydaeM

p 1/2 ’ -1/2 ’ -1/2 1
=) a5 i) [
2m 2m 2m r/2m—1

Pa3noxxum BblpaskeHue B OOJIbIIMX (KpallHMX cIipaBa) CKOOKax Ha
JIBa cJlaraeMblX, J00aBUB U OTHSB B UHCIIUTENIE KOPEHb U3 IIEPBOTO
ciaraeMoro B 3HameHarene. IlockoibKy 3HaueHHE yIBauUBaETCH,
BBIHOCHUM 33 CKOOKH JICITUTEIb:

p 1/2 -1/2
dt = —dr(—j - dr(L] +
2m 2m

J{Lj”z n [ (r/2m)2 =1 (r/2m)" +1] Y
2m 2\ r2m-1 r/2m—1

[Tpou3BoauM cokparieHHus B OOJIBIINX CKOOKaX

p 1/2 -1/2
dt = —dr(—j - dr(Lj +
2m 2m

+(Lj1/2 Xl 1 ) 1 Y
2m 2\ (r/2my2 +1 (r/2m) -1

PackpriBaem JiIMHHBIE CKOOKH

p 1/2 -1/2
dt = —dr(—] — dr(L] +
2m 2m

1/2 1/2
. [L] NEUNS S [L] Lo,
2m 2 (r/2m)" +1 2m 2 (r/2m)" —1
JloGaBuM OOIIMIT MHOKHTEIH U ITEPETHIIEM KOMITAKTHO:
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di _ (rNPdr (Y,
2m 2m 2m 2m 2m

dr (r2m "t dr (r/am)
Am (r/2m)> 1 4m (r/2m)" —1

Nrak, MBI IOJIy4HJIM XOPOILIO MHTErpPUpPYyEMOE BbIpakeHHe. MHre-
TPUPOBAHUE NAET PE3yIIbTaT:

3/2 1/2
LA SR P (L
2m 3\ 2m 2m

CoeauHuM jorapu@msl 1 100aBUM KOHCTAHTY UHTETPUPOBAHUS

= [ i e e e
2m 3\ 2m 2m (r/2m)/—l

[TonyueHHO€E peleHue MOJHOCThIO COBMA/IAET ¢ pemeHueM (25.38)
[59, 1.2, c.334]. 3ameTnmM, Moaynb B Jorapudme He 0Os3aTENCH,
MOCKOJIBKY 3HaMEHaTellb BCerJa MOJoXkHuTeleH. bojee Toro, Mel
MOXEM SBHBIM 06pa30M CACIaTh OLCHKY KOHCTAHTBI, IJId Y€ro
N00aBUM K PEIICHHIO MPEIeNIbl HHTETPUPOBAHUSI.

t 2 2 S " l/2+ (r/2m)/ +1
2m 3\ 2m 2m (r/2m)/ 117
[MosnyyaeM CyMMy JBYX JUTMHHBIX BBIPQKCHUIA, OJHO M3 KOTOPBIX
(aKTHYECKH M CTAaHOBHUTCS KOHCTaHTOM WHTErpHpoBaHHs. Bynem

CUnUTaTb, 4YTO OJHO BLIPAKCHUEC COACPIKUT NNCPEMCHHYIO BCINYHNHY
pacCToOsAHUA 1, A APYTrO€ — TOYKY Ha4ajJla IBUIKCHHUSA, TO €CTh!:

2[ r )3/2 [ r )1/2 /2m)/ +1
const=——| —| 2| — —
3\ 2m 2m (”1/2’")/ 1

Ecmu paccmarpuBarh JBM)KEHHE W3 OSCKOHEYHOCTH I1=00, TO Be-
JMYMHA KOHCTAHTHI TaKkXke Oy/eT OeCKOHEUHOM:

(r/2m)) +1‘ “In

(r/ 2m)% — 1‘

)

const = —%(00)3/2 —z(oo)”2 n 1noo_+1 — 040
3 oo—1
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I103. IIpocTpaHCTBEHHONOA00HbIE YACTHLIBI

JI71st TaXMOHOB, JBMXKYIIUXCS CO CBEPXCBETOBOM, HO HE Oec-
KOHEYHOM, MIHOBEHHON CKOPOCTBIO KBAJpaT HHTEpPBAJA TaKkKe
MOJIOKUTEIBHBIN. 3a/1aJIMM €ro 3HaYeHHE UCKYCCTBEHHO, UCXOIS U3
OYEBUJIHBIX YycaoBHil. [lepen MHTErpupoBaHMEM HYKHO MOJABUTH
BAPLIIHIbA0OBCKHE 3HAYECHUS Za4 U Z11, U IOACTABUTH BMECTO HUX
BBIPAKECHUE, JAIONIEE KOHEUHOE 3HAYCHHUE I/IHTeraJIaI

ds® = (1_2_”1) drt — 2 2m)( ikl
r r

3mech mapamMeTpoM K, SKBHUBAJICHTHBIM CKOpPOCTH, 0003HA-
YeHbl CBOMCTBA TaKWX pPa3JIMYHBIX IPOCTPAHCTBEHHONOJAOOHBIX
qacCTHUII. HOHSITHO, YTO MbI M3MCHHUJIM HC MCTPUKY CTAHAAPTHOI'O
MPOCTpPaHCTBA - BpeMeHu [lIBapiimnibaa, a HaeIuian 3TH YaCTULbI
HCKOTOPBIMHU CHCIII/I(bI/ILIGCKI/IMI/I CBOﬁCTBaMH, IIO3BOJIAKOIIINMU UM
BOCIPUHHUMATH 3Ty METPUKY WHAUE, 4eM 0ObIYHbIe YacTUIBl. CTONb
3aMBICJIOBATOC BBIPAXKCHUC HC BBIITIAAUT OYCBUAHBLIM, IMO3TOMY
MOJICTAHOBKOM MPOCTO TOKaXEM, KaK OHO MpeoOpa3yeT 3HaYeHHE
METPUKU

2 -1
L _Bo2m) peam drzz—(l—z—m]dt2+(l—2—m] dr’

1_2ﬂ r r r

r

PackpsIB neBble CKOOKH, 0OHAPYKUBAEM, YTO 3JIEMEHT CTaHIAPTHOM
METPHKH 11 Cpa3y ke UCUE3aeT:

kZeZ(r—Zm) 1_2_m d”'z: 1__ dZ
r r

Ilocne ero cokpaiieHus: BUIUM, YTO IJIIEMEHT METPUKHU Z44 TOXKE
COKpAIAeTCs:

ke *™dr = dt

B pesynbrarte MbI MOJIYYHIIA XOPOIIO HHTETPUPYEMOE BhIPaKCHHUE:
-2
t= _[ ke ™ dr

WuTerpupyemM Ha HEKOTOPOM HHTEpBAJIE:
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t= ke(r72m) o _ ker()me _ker72m
r
Kak BuuM, Npu ABUKEHUU OT KOHEYHOTO T 0 TOPU30HTA C TAKUM
YpaBHEHUEM JIBUKECHHUsI POUAET KOHEUHOe Bpems. Hanpumep:

t= ke4m72m _ke2m72m — k(e4m _ l) ~ ke4m
I104. Koopaunarsl Kpyckana

B yuebnuke "['paButanusa’ npeasoxkeHsl T0BOJIBHO yAauyHbIE,
yoOHBIE YpaBHEHUS JJIs IOCTPOCHUS CeTKU KoopauHat Kpyckana.
[Ipsimble BBIUUCIIEHNS IO HUM CPa3y K€ Jal0T TPAAULIMOHHYIO CETKY
muarpammbl - Kpyckana-Cekepema. IlpuBeneHsl ypaBHEHUS OT-
nenbHO s npoctpascTs I u 11

B ypaBHeHMX Npou3BecHa JONOJHUTENIbHAs 3aMEHa Mepe-
MEHHBIX, MPHUBEIIAs K TOMY, YTO OOJaCTH JHarpaMMBbl cpa3y ke
3aHMMAIOT Ha JAMarpaMMax TpagulroHHoe Mecto. [lepenuiem
TOXJIECTBEHHO ypaBHeHus [59, 1.3, c.28, yp.11a,116] B ymoOHytO
JUI Hac TIeYaTHyo GopMy U K IPUBBIYHOMY BUAY:

r = t
u=,|—-—le*"ch| —
2m 4m
r
r - t
v=|——le*sh| —
2m 4m
JUis MCHoJb30BaHUSl B KOMITBIOTEPHBIX BBIYMCICHUSX 3alUILIEM
runepooanveckre PyHKIUU B SBHOM BUJE

X —X X —X
e —e e +e
sh=——— ch=————
2 2
[Tomyuaem
t _r
4m 4m r
r et +e —
U= |—-1 e
2m 2
_t _r
4m 4m r
r etm —e —
v=,]—-1 etm
2m 2



Wcnosib3yst 9TH ypaBHEHHS JJIsl TIOCTPOCHUS CETKH OCHOBHOU 00-
nactu nuarpammbl Kpyckama, mojiydaeM PUCYHOK, HCIOJIb30BaH-
HBIN BBIIIE B TEKCTE:

Puc.4.4. Beep npsambix nuauid Ha quarpamme Kpyckana, ¢.199.

Jns nanbHEeWIMX BBIYMCICHUNA U HUCCIEJOBAHUM TaKOW BU/I
JMarpaMMbl Hac BIIOJIHE ycTpauBaeT. Ha camom nene monHast aua-
rpamMmma Kpyckana conepuT JBe Takue 001acTd, BTOpas U3 KOTO-
PBIX PaCIOJIOKEHA 3epKATBHO CIeBa OT H300PAKEHHOM.

Takue xe ypaBHEHUs MPUBEICHBI U IS CUHTYJISPHBIX 00Ja-
creit auarpammsl [59, 1.3, ¢.29, yp.11B,11r], KOTOpBIE 37€CH MBI

TaK)Ke MIPUBOJIUM B TOXKJIECTBEHHO MPeoOpa3oBaHHON dopme:
t t

4m T4m T

r e +e e

v=l—-——— — p4m
V' 2m 2

4m TAm T

r e —e -

U= 1-——— p4m
V' 2m 2

Ucnone3yst 3T ypaBHeHUs Mg MOCTpoeHust cetku obmactu Il
nuarpammel Kpyckana, mojgydaeM KOOPJIMHATHYIO CETKY CHHIY-
JSpHOM 00NacTh AuarpamMbl:

Puc.4.24. 3meHeHne 4epBOTOYMHBI BO BpEMEHH, €.235.

Taxoit Bun auarpammsl, obsactu 11 Ham Takke BHOJIHE MOJ-
XOJHT JUIsl JAJbHEWIINX BBIYMCICHUN WU HccienoBaHuid. Kak u B
MpENbIAYIIEM Cllydae Ha CaMOM JIeJ€ 3TO JIMIIb BEPXHSS 4YacTh
noJHOW muarpamma Kpyckama, KoTopasi COJEpKHUT JIBE Takue 00-
nacti. Bropas Ttakas xe obnacte IV pacnonoxeHa 3epKanbHO
CHU3Y, HO B Halllell KHUT€ MbI €€ HE HCIOJIb3YEM.

B xauecTBe BapuaHTa pacCMOTPHUM TaKke MOCTPOCHUE CETKH
nuarpammsl Kpyckana B Bepcun CTpoMUH)KEpa, KOTOPbIN IPUBOIUT
st He€ [14, ¢.12] cnenyromue Boipaxenus (3.18), (3.19) u (3.20):

P =r+2mlnl ——1| (3.18)
2m

u*=t—r* v¥=t+r* (3.19)
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u=—-4me™"*", v=4me”™*"  (3.20)

JInsi KOMITBIOTEPHBIX TOCTPOCHUH ClIENIaeM YIpOoLIaroIue mpeoo-
pa3oBaHus:

(r*—t)/4m 7t/4mer*/4m

u=-4me =—4me

(r*+t)/4m t/4mer*/4m

v =4me =4me
Tenepp nojacTaBuM 3HaueHHE '"yepenambeil KOOpAUHATHI"

In| —-1
_ —t/4m _r/4m (Zm )/2
—4me e’e

”
In
t/4m r/4m
v =4me

— 1 /2
2m
u:—4m —t/4m r/4m
/4 /4
v:4met m r/dm
V2m

OxoHuarenbHO ypaBHeHUS CTpOMHHXeEpa Al TOCTPOEHUSI CETKU
nuarpaMMsl Kpyckana npuHUMArOT BUJL

_ _4me(r t)/4m

v=+4me r+t)/4m

B nameii pabote Mbl paccMaTpUBaeM JIUIIb €IUHCTBEHHYIO CUTY-
a0 Ha auarpamMme Kpyckana B Bepcun CTpoMHHXKEpa — BO3-
MO>KHOCTb IOCTPOEHHUSI CBETONOJOOHBIX I'€0JI€3NYECKUX, TOITOMY
HaM JIOCTaTOYHO JIMIIb OJHOTO €€ ()parMeHTa, OTHOCSIIETOCsS K
obmactu 1. Cetka u "nmayk" CTpoMHuHXepa BBITTISAIAT, KaK MOKa3aHO
Ha PUCYHKE B TEKCTE:

Puc.4.5. Beep npsambix nunuii Ha quarpamme Kpyckana na ¢.200.
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I10S. 3apsiskennas Y[ — nanenue ¢porona

Mertpuka 3apskeHHON Bpawmatomercs UYepHoit naeiper Kep-
pa - HeromaHa uMeer cieayromuii Bu1

ds> =—(A/ p*)[dt—asin’® 8dp]’ +
+(sin* @/ p*)x[(r* +a*)dp—adt] +(p° /| Ndr* + p°d &’
A=r*=2mr+a’*+Q’
p’=r"+a’cos’ 0
Jnst ciryyast paauanbHOTO majgeHus ¢ = 0 = 0, mostomy
ds’ =—(A/ p*)[dt] +(p* / Ndr’
A=r=2mr+a’ +Q’
p =r+a
PaccmarpuBaem majenne Gorona, ds”= 0
0=—(A/pH)[dt] +(p* / A)dr’

(A pP)dl) = (p* 1 Ndr’
d = (p* | AYdr®
dt=(p* | A)dr

IToacraBnsieM B OJyYEHHOE ypaBHEHUE TapaMeTpsl A U p
2

dt =L ar
A
A=r =2mr+a’ +Q°
pl=r+a’
2 2
+
dt = rra dr (1)

¥’ =2mr+a’ +Q°
[MpuBOIMIM K MHTETPAILBHOMY BUIY
P +a’
t= J. 5 ——dr
r=2mr+a +Q
JU1st BEIYHCIICHUS] HHTETpajia peodpasyeM ero
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2 2 2 2
t='[r 2mr+a” —2mr+Q er

¥ =2mr+a’ +Q’
CoxkpaiaeM
t='|-r2—2mr+a2+Q2dr+'[ 2mr —Q°

dr
¥ =2mr+a’+Q° ¥’ =2mr+a’+Q°

ITomyuunnocs
2mr —Q°
t=r +'[ 5 Q2 >dr
r"=2mr+a +Q
BbIHOCHMM KOHCTaHTYy 2m 3a 3HaK MHTErpasa
Q2
t:r+2m_[ 5 2m2 >dr
r'=2mr+a +Q
CBopaunBaeM 3HaMEHATENb U PaCIIUPsieM YHCIHTENb

2
r—m+m—Q—

t:r+2m_[ 5 5 22m2 >dr
r-=2mr+m —m +a +Q

[Tomyuaem
Q2

(r-m)+m-—="—
2m
(r—-m)’ —m’+a’ +

t:r+2m_[ der

JlenaeM MoACTaHOBKY I — m = U

2
u+m—2Q

m
2 2 2 2dl"
u -m+a +Q

t=r+2m

Paz0uBaem nHTETpan Ha ABa
Q2

m
> 2dr+2mJ. 5 5 2’721 > dr
-m +a +Q u -m +a +Q

Bo BTOpOM HHTErpane BHOBb BHIHOCHM KOHCTAHTY 3@ MHTErpall

u

t:r+2m_[ 5
u
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t—r+2mJ. “ dr +

uw-m+a’+Q’
2

+2m m—Q—J. 5 21 ———dr
2m ) ut—m"+a” +Q

u

[TpeoOpazyem

t=r+2mj —(mz—az—

1
2 2
+(2m _Q )Juz _(mz —a> _QZ)
JlenmaeM BpEMEHHYIO IOJICTAHOBKY
(m2 -a’ —Q2)= v'>0

2)du+

du

ivz du+(2m2 —QZ)I " ivz du

t=r+ 2mI >
u
Hcnonb3yem aBa TaOIUYHBIX I/IHTeraJIa

jkzk dk——ln(k2+a )

dk 1. k-
J. 3=, In -
k" —v 2a |k+v
BerunciisieM HHTErpasibl
1 1. lu—v
t=r+2m—Inw’ —v)+2m* —=0*)—In
2 ( ) ( Q )2v u+v
BoccranaBsiuBaeM HOJICTAaHOBKU:
2 2 2 2
vi=m —-a -Q
Uu=r—m
t= r+2m%ln(u2 —m’+a’+0%*)+
(2m2 —Q2\

1 | m’ —a —Q2|
/2\/m2—a -0’ ‘u+\/m - Q2‘
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t=r+mn((r-m)’ —m* +a*+ Q%)+

2 2 2
o —07) 1 ln|r—m— m-—a —Q
(m ¢ /2\/m2—a2—Q2 ‘r—m+\/m2—a2—Q2

t=r+mn[(r—-m)* —m* +a’ +0*)]+

. 2m* -Q° |r m—m’ —a’ |
2ym* —a* - Q? ‘r m++m* —a’ ‘

3HaveHne KOHCTAaHTHI C JIETKO OMPEENSIETCs: BRIpAXKEHUE TS
He€ MMEET B TOYHOCTH TaKOM K€ BHUJ, HO BMECTO I CIEAYET MOJ-
CTaBUTbH I - KOOPAUHATY Havasla JBUXKEHUS.

I106. 3apsizkennas Y/1 — nageHue yacTulbl

Paccmotrpum cBoGomHOE manenue Ha YepHyro nwipy Paiic-
cHepa-HopacTpéma yacTuilsl U3 COCTOSHUS MOKOSI Ha OECKOHEYHO-
CTM B CTallMOHApHBIX KoopaunHartax. Cpa3y 3amuileM ypaBHEHHE
Paiiccuepa-Hopactpéma B paananbHON BpeMEHUNOI00HOH dopme
[15, c.F-31, yp.51; ¢.2-19, yp.10]:

2
aer =122 2 e 12, 2
r

r I" r

-1

dr® (1106.1)

Jlia ompeneneHus napaMeTpoB IBIKEHHS B JAHHOM Cilydae
BOCIOJIB3yeMcsl Metofoioruelt [15]. Ha mpoTsxkenun Bcero Bpeme-
HU CBOETO JIBIKEHUS MAaJaiouiee TEJI0 MMEET MOCTOSIHHYI 3HEp-
TUI0, HE3aBUCHMO OT yIaJIeHHOCTH OT YepHoil abIpsl. [Ipu 3TOM Ha
MAaKCUMaJIbHOM yJaJI€HUU OT YEepHOH JBIPBI, 3TO TEIO UMEET dHEP-
THIO, HICHTHYHYIO €r0 Macce, To ecth, E = mc’. C y4eroM BHIGpaH-
HOM CHCTEMBI €IMHUL, B KOTOPOU CKOPOCTh CBETA paBHA €AUHULIE, U
corsacHo [15, ¢.3-12, yp.19] MBI MoXxeM 3amucarb JUIsl peuieHus

IHBapIIIHI/IJIBIIa :‘)HepFeTquCKOe ypaBHeHI/Ie B CJ_IeZ[y}OHIeM BUJIC:
2
E_[1-2m 219 _y (moe.1)
dr

m r r
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CornacHo Meronuke [15, ¢.3-13, yp.20] npupaBHHBaeM BbIpaKEHUS
(1106.1) u (1106.2):

2\? 2 2
[1—2—’"+Q—] dt2=drz=[1—2—m+Q—]dt2— dr
1

2
roor roor 2m Q
roor

3anwuieM NoJy4eHHOE PaBEHCTBO B 00Jiee KOPOTKOH opme

2\? 2 2
PR PP R Y
ror ror 2m Q
l——+=-

ror
[Teperpynnupyem OJHOTHUITHBIE YJIEHBI

2\? 2 2
[1—2—’"+Q—) dtz—[l—z—m+Q—)dt2 o
1

2
roor roor 2m Q
roor

PackpriBaem crieBa ckoOku 1 "miepeBopaunBaeM’ poOk CrpaBa

o e e
r r r r r r

VYipoiaem BeIpaxeHUE

(1_2_%9_2] (2_'"_9_2}#2 _ar

r 7’2 r 7’2

W3BnekaeM KOpeHb U MOdyd4aeM AU(PQPEepeHIINaTIbHOE ypaBHEHUE

JIBIDKCHUS
2 2 1/2
% = (1—2—m+Q—2](2—m—Q—2] (1108.03)
ror ror
[TpeoOpaszyem B ynoOHyro nuddepeHmanbayio hGopmy

dr

ExIeE
r r r r
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rdr
P 1
2m Q"

2
r r

dt =

/2

(rz —2mr +Q?

rdr

(r2 —2mr + QZ)(2mr—Q2)l

[Tosmmydaem MHTETpaIbHOE YPABHEHHUE
1/2

=]

(r2 —2mr+Q2X2mr—Q2)
B3sTh uMHTErpHipanl B aHAIMTHYECKOM BHJE, CyIsS IO BCEMY,
HenpocTo. [103ToMy MOKHO MPOM3BECTH UYHCIEHHOE (TaOJIIMYHOE)
UHTETrpUpoBaHu. MccnenqyeM MOAMHTETpadbHYI (YHKIHIO Ha
HAIMYME W KOJHMYECTBO Pa3pbIBOB, TOPHU30HTOB. HemHoro
YIIPOCTUTH ypaBHEHUE MOXKHOE €ClIM B3sTh "yJoOHOe" 3HaueHue
3apsina Q’=3m’/4. TlepBbIii COMHOXETENb B 3HAMEHATENE CO3/AeT
JIB€ TOYKH Pa3phiBa, ABA TOPU30HTA:

P =2mr+Q°=0
PP =2mr+m’—-m’+Q° =0
3HavYeHUs EPBBIX ABYX TOPU30OHTOB PaBHBI

r=mxm’—-Q’

OuYeBHIHO, YTO pEIICHHE HMMEET CMBICH TOJBKO mpu m’ > Q7.
Btopoil cOMHOXWTENb B 3HAMEHATEIE CO3JAeT el€ OJHY TOUYKY
pa3pbiBa, TPETHUM TOPU30HT, KOTOPHIN PaBEH:
F_Qz _3m2 1 3m
2m 4 2m 8
Wtak, MBI NOJYy4YWIN ypaBHEHUE JBM)KEHUS 4YaCTHUIbl, CBOOOJHO
najaroed u3 OECKOHEYHOCTH, ¢ TpeMsl ropusoHTtaMu. Ilpu 3tom
cpa3y e OOHapyKHBaeM WHTEPECHOE OOCTOSITEIHCTBO: MEPTBYIO
30HY BOJIM3M HYJISl, UTO O3HAYaeT — TPETUI TOPU30HT HEMPEOI0JIHUM.
Ilo xoOpIMHATHBIM YacaM 4YacTHULA HUKOrJa HE JOCTUTHET
(bU3nIecKoil CHHTYISPHOCTH.

dt =

/2

2
rr

dr
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I107. 3apsiskennas Y/[ — nageHune kocMmoJietTa

Paccmotpum cBoOomHOE manenue Ha YepHyro nwipy Paiic-
cHepa-Hopactpéma yacTuibl B COOCTBEHHBIX KOOpJAMHATAX U3 CO-
CTOsIHHA IIOKOsS Ha 66CKOHC‘IHOCTI/I. O‘ICBI/IIIHO, PEIICHUE OIIHChI-
BaeT Kak CBOOOHOE MaJIeHNEe YaCTHUIIbI, TaK U JTFOOOTO MACCUBHOTO
oOBeKTa, Hampumep, KocMmosera. YpaBHeHue PaiiccHepa-Hopn-
cTpéMa cpa3y 3aluIlieM B pauaibHON MPOCTPAHCTBEHHOTIONOOHOM
dopwme [15, c.F-31, yp.51; ¢.2-19, yp.10]:

2 2\"!
ds* =do’ :—(1—2—m+Q—]dt+(l—2—m+Q—] dt

2
r r

Y BpeMEHUII0J00HOH hopme

-1
2 ’ 2 ’
dr* = (1——m+Q—2]dt—(l——m+Q—2] de (T07.1)
ror ror
N3 ypaBHenus Merpuku PaliccHepa - Hopactpéma Bo BpemMeHUIIO-
no0HOM popme Haxo UM

2 1/2
dr=dt,, = [1 - 27’" + g—z] dt (1107.2)

W3 COOTBETCTBYIOIIETO ypaBHEHUS METPHKH B MPOCTPAHCTBEHHO-
110100HOM (POPMBI HAXO UM

2m O’
do =dr,, = (1 -—— +_r2

r

-1/2
] dr (1107.3)

N3 nByx mociieHUX ypaBHEHHI Mbl MOKEM HAWTH BEIIMYMHY CKO-
poctu nageHus oobekra [ 15, ¢.3-15], usmepeHHyro e€ cOOCTBEHHBIM
HaOJIroIaTeIeM

J 5 S\-1/2 ) SN2
’Qheﬂ:(l_erQ] dr (1_m+QZ] dt =

2
.. r r r r

., ﬂ(l om0

1
-—+=| (11074
Aty dt roor ] ( :
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Jlnst onipeiesieHust mapaMeTpoB ABWKEHUS U BeIpaxkeHus dr/dt
BHOBB BOCIOJIb3yeMcsl MeTogoJiorueit Teitnopa-Yunepa [15], uc-
MOJIb3YIOLIEH OOCTOSITENBCTBO, YTO HA MPOTSHKEHUN BCETO BPEMEHU
CBOETO JIBIKEHMS MMaJarolllee TeJI0 UMEET MOCTOSHHYIO 3HEPTHIO,
HE3aBUCHUMO OT yaaineHHocTu oT UYepnou apipel. [Ipm 3TOM Ha
MAaKCUMaJIbHOM yJaJeHUU OT YepHOU IbIpbI, 3TO TEJIO HMEET
SHEprUIo, HACHTHUHYIO ero macce, To ectb, E =mc’. C yuerom
BBIOPAaHHOW CHCTEMBI €IWHUIl, B KOTOPOM CKOPOCTh CBETa paBHA
eAuHUIE, U coryiacHo [15, ¢.3-12, yp.19] MBI MOkeM 3amucaTh JJis
pemienus IBapummunbna (I107.2) sHepreTnueckoe ypaBHEHHE B
CJIEYIOIEM BU/JIE:

£ (1—2—’" Q—]dt_l(now)
dt

m roort

CornacHo metonuke [15, ¢.3-13, yp.20] npupaBHUBaeM BbIpAXKEHUS
(I107.1) u (I107. 3)'

2 2
1—2—m+Q2 dt* =dr* = 2m Q dr’ —Lz
r r 7 r ) 2m+Q7

2
r r

3anuiiem paBeHCTBo B OoJiee KOpoTKoi hopme

2
12,0 <[22 Qg4
r r r P 1_27m+Q7

ror
I'pynnupyem OL[HOTI/IHHBIe YJICHBI

2
1_2_m+Q dr’ — 1_2m Q dr’ ——Lz
roor 1_27m+Q7

roor
PackpriBaem cripaBa ckoOku 1 "miepeBopaunBaeM” 1poOh clieBa

(_2_m+Q_j]( m Qz] (1—2’” QZ]—l di* = —dr*
r r r r r r

VYipoiaem BeIpaXeHUE
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2,22

r r r 7’2

W3Bnexas KOpPCHB, noJjrygyacm YpaBHCHUC JABMOKCHUA B
middepennumansaoit popme

d 2 2 2 2 1/2

?}; :( ——m+Q—2](—m—Q—2 (I107.6)
ror ror

[Toncrasnsiem Beipakenue (1107.6) B (I107.4)

2 2 1/2 ) -1
d_(lz_mQ_](z_mQ_] 1_2_m+Q_]
14

2 2
dtshell

r ror
[Tocine cokpaleHus: HaxoauM
) 1/2
dnye :(Zm 0 ]
2
dtshell

ror
[TpoOyem nmpeobpa3oBaTh K HHTETPATBHOM (popMe, UTOOBI OTYINUTh
YpaBHCHUEC ABUXKCHUS YaCTUIIBI 10 COOCTBEHHBIM YacaM

2 1/2
dtshell

roor
OtOpacpiBaeM Temeph yXKe JIHUITHUE WHACKCH, KOTOPBIE MOTYT
0003HaYaTh KaK MAJAONIyI0 YACTHIly, TaK M JIt000e Telo, B TOM
YHCIIE ¥ KOCMOJIET

2 -1/2
dt= _(Z_m —Q—] dr= —r(ZmV—Qz)fl/zdr

2
r r

[Tpeobpazyem K MHTErpay TAOJIHMYHOTO BUIA

dt=— _[ S —
\2mr—Q°
Hcnonb3yem TabaudHOE 3HAYCHUE WHTETpaia
xdx 2(ax —2b)
I = —~ax+b
Jax+b 3a
[TojcTaBisieM HaIIM 3HAYEHMS, a=2m, b= — Q2

352



rdx _2(2mr+20°) O
J\/2mr—Q2 0

3*4m’
rdx mr+0Q° 3
J\/2mr—Q2 T 2mr—Q°

OKOHYATENBLHO 3alMChIBAEM YPaBHCHUC MAACHUA I10 cOOCTBEHHBIM
yacaM o00beKkTa Ha 3apsikeHHylo YepHyro 1wlpy PaiiccHe-
pa-Hopactpéma u3 cocTossHUS NOKOSI HA OECKOHEYHOCTH:

B rdx _ mr+Q®
t_'[\/2mr—Q2_ m’ amr=Q

3

Kak Buaum, pemieHue coaepKuT CKPhITYIO CUHTYJISIPHOCTD, TO €CTh,
HETPEOA0JTUMBIN TOPU30HT COOBITHM. J[a’ke 0 COOCTBEHHBIM YacaM
npu nageHuu Ha YepHyro AbIpy OOBEKT HUKOT/A HE JIOCTUTHET €€
LIEHTPA, CHUHTYJISPHOCTH, TOCKOJBKY YPAaBHEHHUE JBHKCHUS HE
OIIPENEIIEHO JIUIS 3HAYEHUS B €T0 OKPECTHOCTH:

2mr—0* >0
2mr > Q°

2
’/‘ZQ_

2m
I108. YUncieHHOEe MHTEIPHpPOBaHHe

WuTerpan oT HEKOTOpol (YHKIMHM TEOMETPHUYECKH Mpej-
craBnsieT co0oi Turomanp mox rpadgukom 3toi GyHKIUH. Takum
o0pa3omM, A1l BEIYMCIICHUS] WHTErpaia (YHKIUHN CYIIECTBYIOT, IO
MEHbUIEH Mepe, TPU NPUHLUIIHAIBHO OTJIMUHBIX criocoba. IlepBbrit
— 3TO aHAINTHYECKOW BBIYHMCIICHHE HOBOW (DYHKIIMM - MHTErpaia,
BTOpOH — pa3OMeHHe TUIOIAAN Ha SIIEMEHTAPHBIE YYaCTKU U UX
MepecyeT, TPETUH — MO00EH TaKoMY e pa30OMeHHIO Ha YIaCTKH, HO
aHAJIMTUYECKH, C HCIOJb30BAaHUEM YpPaBHEHUS HHTEIPUPYEMOM
¢bynkuuu. B aTom cinydae mbl mosrydaem 0o rpaduk, 1mbo tad-
JUIy YUCIIOBBIX JaHHBIX. HampoTus, mepBblii cr1oco0 MO3BOJISIET
MOJIYYUTh PEUICHHE B TOUHOM aHAIIUTUYECKOM BU/JIE, YTO MO3BOJISET
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B JAJbHEHIIIEM OCYIIECTBIATh CTPOTHE aHATUTHYECKHE IMpeodpa-
30BaHMS M HCCIEIOBAaHWE WHTETpajia, €CIH TOJIbKO MpPU €ro BbI-
YHCJICHUN HE UCIIOJIb30BAMCH YIPOIIAONINE 3aMEHBI, (pakTHIeCcKn
MOIMEHSIFOIINE UCXOAHYIO (DYHKITHIO e€ mojo0nem.

CoBpeMeHHbIE KOMIBIOTEPHBIE TEXHOJIOTUHU TO3BOJISIOT BBI-
YHUCIUTh 3HAYEHUE MHTErpajia B BHJE Ipadudeckoil GpyHkunu. Mbl
MoJIydaeM HEKYI0 JIMHUIO, T'paduK, MPeNeNbHO TOYHO COOTBET-
CTBYIOIIMIA HHTErpaTy GyHKINHU, KOTOPAs Ia)Ke MOXKET ObITh M cama
MpeACTaBieHa B rpad)uyecKOM WM TaOJIMYHOM BHUJE, HO aHAIUTH-
94ecKoe HCCieoBaHue JTOW Tpadudeckor (WM TaOIMIHOMN)
(GyHKIMU-UHTErpasia 3aTPyJHEHO. MOXKHO OTIENbHBIE YYacTKU
MHTETpaja anmpoKCUMHPOBATh KAaKUMHU-THOO DIEMEHTAPHBIMH
¢byHKIMSAME, HO (PyHIAMEHTANBHYIO CYyTh MHTETpaja OHHU, pa3yMe-
eTcsl, He OTPAXKAIOT.

Tem He MeHee, Tpaduueckoe, YUCIOBOE (TaOIMYHOE) WHTE-
rpupoBaHue AaéT Hemallo 1eHHoi nHpopMaiuu. Eciu He npearmno-
Jaraercsi JaibHelmiee (yHIaMEHTAIbHOE WCCIeIoOBaHuEe Co0-
CTBEHHO MHTETpaJia, TO TaKue rpaduku BIOIHE JOCTATOYHEI.

PaccmoTpum moapoOHee, Kak BBITJSIAUT TaKOE€ YHCIOBOE,
Ta0JIMYHOE WHTErpupoBaHWe. Bo3bMeM (yHKIUIO, Hampumep,
cos(x). Ctpoum e€ rpaduk. Teneps BHIYUCISIEM MOCIEAOBATEIBHO
BEITMYHMHBI €0S(X)dX W HaXOIUM BO3pACTAINYI0 cymMmy: cosl+
cos2+ cos3... A KaXxA0ro TeKyllero 3HaueHus x. [lapsl 3HaueHuit
(cymma; x) uzoOpaxkaem B Buje rpaduka. Pesynpratom u siBisiercs
rpaduK — ypaBHEHHE HHTETpaa:

ANIAWY
VANV

Puc.T108.1 YncnoBoit naTerpan pyHKuu cos(X)

Ha pucynke mnpencraBnensl Tpu rpadwuka. [lepBorii - omm-
HOYHAs TOHKAs JIMHUS — 3TO UCXOIHAsI, HHTeTpupyemMasi GyHKIUSI —
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cos(x). ToncTast TMHUS PSAAOM — 3TO €€ YUCIOBOM MHTETrpai — sin(X).
Pspgom ¢ ToncToil nuHMENH MHTErpana Ui MpUMepa MnokasaHa aHa-
JTUTHYEeCKas JIMHUM (QYHKIHMH Sin(X), KOTOpas HEMHOTO CMeIleHa
BIIPABO, YTOOBI HE CIIMBATHCS C UHTETPAIILHON JIMHUEH.

[TotoOHBIN aNTOPUTM MO3BOJISIET MPOU3BOJUTH MHTETPHUPO-
BaHHE JII000N KaK aHAJUTHUYECKOHM, TaK M alnmnpoKCUMHPOBAHHOM,
tabnuuHoi ¢yHkumu. Hampumep, TpamenenganibHOE WHTETPUPO-
BAHME COCTOUT U3 CIEAYIOLIUX IIar0B:

Haxonuwm nepBoe 3HaueHne QYHKIIHH.

Haxonuwm BTOpOE 3HaueHne GyHKIUU sl IPUPOCTA apryMEHTa

3arnmoMuHaeM ero s CJIEAYIOUIEro 1ara

HaxonnuMm nomy-cymmy 3allOMHEHHOTO M HOBOTO 3HAYEHUN

YMHOaeM Ha npupaiieHue aprymeHTa (OHO HEM3MEHHO)

ITonydyeHo 3HayeHUE IIIOLIAAM IEPBOIO UHTEpPBAJIA

B nukine HaxoauM OCTaJIbHbIE U CYMMUPYEM HUX.

BeIuncieHHbI HHTETpa ABJISIETCS ONPEACIICHHBIM, HA HEKOTO-
POM MHTEpPBAJIE, IO3TOMY KaK/1asl IPOMEKYTOUHASI CYMMA SIBJISIETCS
TOYKOMW rpaduka (Tabauibl) HHTETpaa.

Ha cnenyromeM pucCyHKe MOKa3aHO, KaK BBIYUCIIIETCS ILIO-
magb JIEMEHTApHOW TpalelenIadbHON SYEeHKH HHTErpUPYyEeMOU

byakmn f(x)

Yy
. (0
Y
N+,
SI S]= 22 - (x;—x;)
x| x X
0

Puc.I108.2 [1nomaas MHTErpaibHOM Tpanenuu
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IIpn yMeHbLIEHMM NOpupamieHus (x»-x;) IUIOMAAb MPSIMO-
YrOJIbHOW Tpamneuuy MpeesibHO MpUOIMKaeTCsl K IUIOIAI KOCo-
YTOJIBHOM Tparenuu, 0JHa U3 CTOPOH KOTOPOM SIBIISIETCS OTPE3KOM
JIMHUY rpaduka.

x2
§, =2 =) = [ £ (0)d
x1

I109. Cxopoctb pacuiupenusi Beesennoii

[Ipu BBIYKMCICHUH TPadUKOB YCKOPEHHOTO pacIIUpEeHUs
BcenenHoll B KOMIBIOTEPHON IporpamMme OBIIM HCIOJIb30BAHbI
HEKOTOpbIE YCIIOBHbIE Oe€3pa3MEpHble 3HA4YEHHUsS [apaMeTpPOB.
OueBUIHO, YTO TOyYEHHBIE TPapUKH UMEIOT KauyeCTBEHHBIH, Je-
MOHCTPALIMOHHBIN XapakTep. Eciau HCnosib30BaTh peajbHbIE 3HA-
YEeHUSI IEPEMEHHBIX, TO U TpapuKu OyIyT UMETh HECKOJIBKO WHOU
BUA. BMmecre ¢ TeM, HET HMKakMX OCHOBAaHUM CYUTATh, YTO OHHU
OyAyT NPUHLIUITHAIBFHO OTIMYHBI OT PUBEAEHHBIX 3/1€Ch.

VYcnoBue yCKOPEHHOIO pacUIMPEeHMs OINpENeNsieM U3 Cle-
nyromux ypaBHenuil. [lapamerp yckopeHus pacmiupenus 0003Ha-
yiM OykBoii a > 0:

H,, =H(+at)
H  —ucxoanoe, nepBuyHOE 3HAYEHUE NIOCTOSHHON
Hpew — HOBOE, yCKOPEHHOE 3HaU€HUE MTOCTOSIHHOU

VYpaBHeHue nBUKEHUS 0€3 YCKOPEHUSs
_ Ht
n=re
YpaBHEHHE YCKOPEHHOTO 1B KCHUS
_ Ht(1+at)
r, =r1e
VYpaBHEHUE CKOPOCTU JBHKEHHUSI 0€3 YCKOPEHHSs, MPOTOop-
[UOHATBHON KPACHOMY CMEIICHUIO:
v, =7 =r,He™
VYpaBHEHHE CKOPOCTH YCKOPEHHOTO ABUKEHUS, MPOTIOPIIHO-
HAJIbHOW KPACHOMY CMEILCHUIO:
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v, =", = (rOeH’(””’)) = rOeH’(””’) x H(1+ 2at)

= Hr,(1+2at)e"™
HyXHO HallTH MOMEHTBI BPEMEHH, KOTJIa KPaCHbIC CMEIICHHS IS
JBYX YpaBHCHUH IBIKEHHS PaBHBI, TO €CTh, PaBHBI CKOPOCTH
JIBYDKCHUS:

v, =v, =r,He"™ = Hr,(1+ 2at )™
Ynpoctum 3anuch
rHe™ = Hr,(1+ 2at)e"™ "

CoxkpaiaeM

th — (1 + 2at)th(l+at)
JlorapudmMupyem 1 BOCCTaHABJINBAEM UHJICKCHI Y BpEMEHH

Ht, = Ht,(1+at,) +In(1+2at, ) (1109.1)

Mpl nojmyuunu BpeMms, 3a KOTOpOE€ B KaXKJIOM M3 JIBYX PEXHMOB
JBUKEHMSI TAJIaKTHKa JIOCTUTHET OJHOW M TOM K€ CKOPOCTH WJIU
OJIHOTO U TOTO € KPaCHOTO CMEIIEHMsI. 3a 3TO BPEMsI OHa B KaXKJIOM
U3 PEXKUMOB YAAINTCS HAa COOTBETCTBYIOIIEE paccTosiHue. Haiinem
OTHOIIEHUE ITUX PACCTOSIHUM:

H o rbth(lmt) th(Hat)

Ht Ht
noone e

B ypaBHeHUM MHJIEKCHl Y BpEMEHHU HE IPOCTABIISIEM, YTOObI HE Jie-
JIaTh 3aIUCh CIMILKOM MEJKOM, TpyAHO unuTaeMoil. Ho MbI 3HaeMm,
YTO B YHCIIUTENE — BpeMs t, a B 3HaMeHarene — ty. st ynpoienus
BBIPAKCHUS TI0JICTABIIIEM B 3HAMEHATENe 3Ha4eHHue BeanuuHbl Ht;

n3 ypaBHeHus (I109.1), BHOBb 0TOpachiBast UHAEKCHl Y BPEMEHHU:
Hi(1
H o e t(1+at)

" - th(l+at)+]n(l+2at)

[TpeoOpazyem

n o eH(l+at)t ~ 1 B

ro e (14 2ar)  1+2ar
MEr HCXOOWJIIN W3 YCIOBHA, YTO KPACHBIC CMCHICHUSA TaJIaKTUK
OJNMHAKOBBIC. B PE3YIbTATEC MOJYYHIIU, YTO I'aJIaKTHKA, JBUTraBIIa-
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ACs C YCKOpEHHEM, HaXOAUTCSl Ha MEHbBILIEM yJalleHUH. Y YUThIBas,
YTO 3TO yJajJeHHe OOpaTHO HPONOPIMOHATIBHO SIPKOCTH, JEaeM
BBIBOJI: YCKOPEHHO JIBUTABIIAsICSA TaJaKTHKa BUIUTCS OoJiee SpKoOi
(oHa Gmmke). MlHaue roBopsi, MpU YyCKOPEHHOM paciuupeHuu Bce-
JICHHOM TaJIaKTUKU BUJIHBI 00JIee SIPKUMHU.

I110. ITapagokchbl TEOPHUH OTHOCUTEIBLHOCTH

Ilapaookc maxuona — nemnau epemenu

Kpurnueckoe oTHOmIEHME K CHELMAIBHOW TEOPUU OTHOCH-
TEIBHOCTU COXPAHSETCS U B HAIlM JTHU, HECMOTPS Ha TO, 4YTO B
Hay4yHBIX Kpyrax OHa IOJydlsa, MOKHO CKa3aTbh, BCELENOe U
OKOHUaTeJIbHOE NMpu3HaHue. OHAKO CO BpEMEHEM CTaHOBUIIOCH BCE
0oJjiee OTYETIMBO BHHO, YTO TEOPHUS SIBHO MMEET OTPaHUYCHUS B
MPUMEHUMOCTH K (PU3MUECKOM peadbHOCTU. [ JaBHBIM €€ ommo-
HEHTOM BBICTYIWJIA Jpyrasi Beaymas (uzndeckas Teopusi — KBaH-
ToBas MexaHuka. Emie B 1935 rogy BO3HHMK BOIIPOC O MPUMEHUMO-
CTH CHEIUAIIBHOM TEOPUH OTHOCUTEIBHOCTH K BECbMa HHTEPECHOMY
SIBJICHUIO — KBAHTOBOM 3aIyTaHHOCTH, HEJIOKanbHOCTH. OKa3aioch,
YTO B MPUPOJE €CTh SIBJICHMS, B KOTOPBIX OINPEAEICHHO MPOCMaT-
pUBAIOTCS MPOLIECCHl TMEpeAayd HEKOEro B3aMMOJEHCTBUS CO
CBEPXCBETOBOM CKOPOCTHIO. M XOTS 3TO B3aMMOICHCTBUE HA CAMOM
Jieie He M03BOJISIIO IlepelaBaTh 0OBIYHYI0 HH(OpMaILKIo, IpodiemMa
BCE-TaKu Oblia:

"B cymHocTtu, kBaHTOBasi Teopus ... [loutn BO Bcex OTHO-
HIEHUSX ... IPOTUBOMOJIOKHA TEOPUH DUHIITEHHA. ... 3TU JIBE TE€O-
pHUU — BpaXKIYIOIIUE TPOTUBOIIOIOXKHOCTH " [46, c.112].

Wudopmanmro cTany Ha3bpIBaTh KBAHTOBOH, a €€ HOCHUTEIIEM
YCIIOBHO CYMTAIOT TAaxXxWOH. Jl0 HACTOAIIEro BPEMEHM HHUKAKOIO
CBEPXCBETOBOTO HOCHUTEIN SKCIEPUMEHTAJIbHO OOHAPYXHUTh HE
ynanocb. TeM He MeHee, BO3HUK BOIPOC, HACKOJIbKO (hopMamu3m
CHEMAIbHON OTHOCUTEIBHOCTH MOXKET OBITh CIOJIb30BaH IPHU €r0
onucaHuu. belnu crenanbl SBHO OMIMOOYHbBIE BBIBOJABI O IPUMEHHU-
MOCTH K TaXMOHY IOJIO’KEHUI TEOpUH OTHOCHUTENbHOCTH. [losiBH-
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JIOCh MHOKECTBO CTaTEH, UCCIIEI0BAaHUM, TTIaBHOW TEMOW KOTOPBIX,
HECOMHEHHO, OblIIN MapafoKChl IPUUYUHHOCTH.

[IpumeHeHNne TMOJIOKEHUH TEOpUU K TaXWOHaM HEW30€kKHO
BEJIO K BO3HUKHOBEHUIO NIE€TENb BPEMEHH, ABM)KEHUIO B IIPOLIOE U
BO3HUKHOBEHHUIO B CBSI3U C ATUM Pa3HBIX IPUUYMHHO-CIIEICTBEHHBIX
napazoKCcoB, HApUMep, MapajoKca ASAYIIKHA. B momnbITke n30aBUTH
TEOPHUIO OT ITHX MapaJOKCOB OBLIM BBHIPAOOTAHBI Pa3HbIE HCKYC-
CTBEHHBIE MEXaHU3MBbl, HalpuMep, MPUHLMII PEUHTEPHpETaIUH,
nepexioueHus. Beepp€3 crama paccmaTpuBaThCs Kak HaydyHOE
MIOJIOKEHWE TaK Ha3blBacMasl ollepexarolias NpUYMHHOCTh. Ha
caMOM JieJle M IPUHLUI PEMHTEPIPETALMU U OllepeKaromas npu-
YUHHOCTBh — 3TO Oe3ycCIenIHasi MOIbITKA CKpblmb HapyLIEHUE IpH-
YUHHOCTU. HukakuMu MaTeMaTMUECKHMU YIOBKaMHM  HEJb3s
YCTPAaHUTh HApYyLIEHUE NMPUYMHHOCTH B CHELMAIbHOW TEOPUH OT-
HOCHUTEJIBHOCTH TP PACCMOTPEHUU CBEPXCBETOBBIX CHUTHAJIOB,
Ja)ke B TOM cllydae, KOrJa HeT KaK TaKOBOM Iepeladyd peanbHOH,
Kjlaccuueckoi MHpopmanuu. [laxke B 3TOM ciydae CyIIECTBYET
peabHO OCYIIECTBUMBIN SKCIIEPUMEHT, MO3BOJIAIOMINN 00bEKTUBHO
MI0Ka3aTh: B JABYX JBMKYILHXCS OTHOCUTENIBHO JAPYT Jpyra CHUCTe-
Max 4achl YT CUHXPOHHO, HET HUKAaKOI'O PEajbHOI0O JIOPEHIEBA
3aMeJUIeHHs BpEMEHH.

JlelicTBUTENBHO, €ciii Mpou3BoANUTh B 3THX 1BYX MCO peru-
CTpalMIO 3allyTaHHBIX YaCTHII, U 3allMChIBaTh BPEMs MX pErHCTpa-
IIUH, TO CHTHATYpPBI CUTHAJIOB M UX BPEMsI TI0 COOCTBEHHBIM YacaM B
nByx MCO okaxxyTcsl TOXKIECTBEHHBIMU. JTO CIEAYET U3 TOT0, YTO
JUIE HEKOTOPOTO BHELIHEro HaOIroAaTessl BCE M3MEPEHUs B JBYX
NCO npousBosaTcss ooHospemenHo. A TIOCKOJIBbKY cpabaThIBaHUS
JaTYUKOB IPOUCXOJSAT MIHOBEHHO (IO YacaM 3TOr0 TPEThEro
HabroaTens), To U B Kaxao u3 aByx asmwxymuxcs MUCO stu
COOBITHS BCETIa TPOUCXOIAT B OJIHU U T€ K€ MOMEHTHI BpEMEHH (110
UX BHYTpeHHUM uyacaMm). CnenoBaTeiabHO, HHTEPBAIBI MEXIY
KKIbIMU JIBYMSI U3MepeHusaMu B kaxaod u3z MCO Bcerma OynyT
onuHakoBbIMH. CIIOXKHBIH PHCYHOK (HamomoOme a30yku Mop3e)
CUTHATYpPBI, MOCJIEI0BATEILHOCTH YaCTHUI[ MO3BOJISET MPOU3BECTH
TOYHOE CoTOcTaBiIeHHe 3anuceil. M 3To comnocTaBiieHne Mokas3biBa-
eT, yto B 00oux MCO temn "menonun Mop3e" ouH U TOT *ke.
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Heunz0exHble mapaJoKchl MPUYMHHOCTH, HapylIEHUE YypaB-
HeHui JlopeHna, peasbHasi BO3MOKHOCTb CHHXPOHU3UPOBATh YacChl
— HeyCcTpaHMMasi OCOOEHHOCTh CIIEUATbHON TEOPUHU OTHOCHUTEIb-
HOCTH, €CIIM NPUMEHUTh €€ K CBEPXCBETOBBIM, MYCTh JaXKe, U
KBaHTOBBIM curHagaMm. @usnka Hpl0TOHA MOIHOCTHIO CBOOOIHA OT
[1apaJIoOKCOB CBEPXCBETOBBIX CHUTHAIOB. ClieyeT OIpeeleHHO
npusHaTh: CTO HenmpuMeHHMa K CBEPXCBETOBBIM CUTHAllaM, Ta-
XHOHAaM, KBAHTOBOM HEJIOKAIbHOCTH.

Bwmecte ¢ Tem, Hammuue Takou, IyTh IIOKa HEYJIOBUMOM, UH-
(opmanyy Mo3BOJISIET BIIOJHE PE30HHO JIOMYCTUTH €€ MPUHIUIH-
albHOE OOBEKTUBHOE CYIIECTBOBaHME. A €ClIM €CTh Iepeaaya UH-
dbopmManuu, T0 HEM30EKHO JIOJKEH OBITh U €€ Mamepuaibhblii HO-
cuTelb. B cBOIO 0ouepeap Takoil HOCUTENb B TOM WM UHOW CTENECHU
CTIOCOOEH MEePEHOCHTH HE TOJIBKO d(eMepHYIO uHgopmayuio, T0 U
BIIOJIHE peabHyIO Maccy. CnenoBaTeNnbHO, HET HUKAKUX Qusuye-
CKUX 3alpeToB HAa CBEPXCBETOBOE, MIHOBEHHOE IEPEMEIECHUE B
npocrtpanctse. [loaTomy, kKak OBl JajneKko OT HAC HU OBLIM BCE ITH
paccMOTpEHHBIE 3716Ch MHOKECTBEHHBIE MUPBI, THIIOTETUYECKU OHU
docmynnel 175 noceneHusi. KoHeuHo, MOXKHO BO3pa3uTh: CBETOBAs
CUTHAJIM3allUs CYIIECTBYET PEajbHO, HO OHA, BpojAe Obl HE MO3BO-
JSeT MepefaTh ¢ TAKOW CKOPOCTBIO Ja)Ke 3JIEMEHTAPHYIO0 YacTHUILY,
2NIeKTpoH, HanpuMmep? Ho HUKTO M HE yTBEepXkAaeT, 4To 3TO OyJeT
npocro. Bo BcskoM ciaydae, m00yr0 HaAydHYIO CTaTbio, KHUTY MBI
JIETKO MEepeacM C MOMOIIBI0 PaAMOCUTHAIIOB, MIPOCTO BOCHPOU3-
BOJISl X TOXKJECTBEHHYIO KONIO. [louemMy MBI 10JKHBI HCKIIIOUUTh
TaKyl0 BO3MOXXHOCTb IPU HCHOJIb30BAHUM IOKAa YTO THUIIOTETHYE-
CKHUX TaXHMOHOB?

IHapaookc pengpecma

Crnenyer ompeleneHHO 3asBHTb, YTO B 00JACTH CBOEH Mpu-
MEHHMOCTH CHelHaJIbHas TEOPUU CTOJb Ke Oe3ynpedyHa, Kak U
mobasi cTporo JoKazaHHas MaTeMaTHueckas TeopeMa. EE€ HeBo3-
MO>KHO OTIPOBEPTHYTh HUKAaKMMHU MBICICHHBIMU JKCIIEPUMEHTAMHU,
TO €CTh, MATEMAaTHUYECKUMH apryMeHTamHu. M, TeM He MeHee, Takue
MIOTIBITKH MPEIIPUHUMAIOTCSI C CaMOTO €€ 3apOrKICHUSI.
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OpHMM M3 caMbIX M3BECTHBIX MapaJOKCOB SIBISETCS Tak
Ha3bIBa€MbI TIapaJOKC ONM3HENOB. BriepBbie 0H OBLT chOpMYIHU-
pOBaH B oCcHOBorojararomieit padore — "K snexkrpoaunamuke ABU-
Kymuxces Ten". B HacTosiiee BpeMs ONUCBHIBAE€TCS Kak ITyTelle-
CTBHE OJIHOTO W3 OJHM3HEIOB Ha KOCMHYeCKOM Kopabie. Bo3epa-
TUBIIMCH 00OpaTHO, ONM3HEIBI OOHAPYKUBAIOT, UYTO MYTEIIECTBEH-
HUK OKazajcsi Mojioxke. [lapagokc ycMarpuBaeTcsi B TOM, 4TO IO
OTHOIICHHUIO K IyTEHIECTBEHHHUKY JBUTAJCS, HAa00OpOT, OCTaBaB-
muiics Ha 3emie. [lapamokec uMeeT 0JlHO3HAYHOE M HEMPOTHUBOpPE-
YUBOE PELICHHUE, HO KAXK/JbI BIEPBBIE CTOJIKHYBIIUMNCSA C TEOpHUEU
MIOYTH BCET/IA MBITAETCS HAUTH B HUX U3BSHBI.

OpHaKo BCTpEYAIOTCS CHUTYallMM, KOTJa PEIIUTh MHapagoKc
CHELMAIbHON TEOPUU OTHOCHUTEIBHOCTH HE YIAETCS Ja)Ke XOPOILO
MOJrOTOBJICHHBIM (u3ukaM. K TakuMm mapagokcaM, HECOMHEHHO,
OTHOCHUTCSI Mapanokc JpeHdecra. 3BecTHBI BapUaHThl 3TOroO Ia-
pajokca: Mmapajokc KoJieca, nmapaaokc moeszna. Cyrb mapajokca
COCTOMT B KpPYroBOM JBMXEHHMM. Eciu packpyTHUTh KOJIECO, LIH-
JUHAP WINA MyCTUTh 3aMKHYTBIN COCTaB IO KOJIBLIEBBIM PENIbCaM, TO
BHEIIHUI 000] Kojeca, IWIMHApPAa WIN JJUHA COCTaBa JOJDKHBI
YMEHBIIUTh CBOK JUIMHY, COIVIaCHO ypaBHEeHMsM Jlopenmna. Yem
ObICTpee KpyroBoe IBMKCHHE, TEM CHIIbHEE 3TO cokparinenue. Of-
HAKO CIMIIBI KOJIeCa, BHYTPEHHSS 4acTh LWIMHJpPA WIH PEIbChl HE
MIO3BOJISIIOT YMEHBIINUTHCSA BHEIIHEMY auameTpy. Eciu, Hanpumep,
LHWIMHIAP U3TOTOBUTH M3 CBEPXIPOYHOTO Marepuaia, To, MoJjyda-
€TCsl, €ro0 BOOOIIE HEBO3MOXHO OYIET pacCKpyTUTh, NOCKOJIBKY ITOT
MaTepuaj He MO3BOJISIET EMY CKAThCSL.

[TpuBonmnuch pasHble OOBSICHEHMs, pELIEHMs Napajokca.
Ecnu xoneco xpynkoe miM ruOKoe, TO CHHIBI €ro JOMAalTCa WU
n3rubarorcs. B ciaydae moesna 1o HEMOHSATHOW NMPUYMHE HE pac-
CMaTpUBAETCS BapHaHT pa3pbiBa CLUENKU MEXJI1y BaroHamH, a Ipo-
CTO BBIP@XKAETCS HEJOYMEHHE: KaK K€ YKOPOTHUBIIEMYCS IOE€31y
yZaeTcsl ABUTaThCA 10 JUIMHHBIM peibcam?

Tem He MeHee, B paMKaxX TEOPUH OTHOCUTEIILHOCTH ITOT Ia-
paZioKc TaKOBBIM HE SIBJISIETCS, 3TO PsiioBas 3ajada, MMerouas J1o-
BOJIbHO IPOCTO€ pemeHue. Ecam paccMoTpeTh /1Ba TOHKUX CIIOSI
KoJieca, IWINHAPA, TO OKAXKETCs, YTO KaXKJbli U3 HUX MpHU Bpalle-

361



HHUH COKPAILIAETCS TaK, YTO HE MPEMATCTBYET COKPAILIEHUIO IPYroro.
JleicTBUTENHHO, TAHTEHITUABHAS CKOPOCTh TOUYEK 000/10B Vi = 0R;.
CoxkpallleHHYI0 JUIMHY OKPYKHOCTH Ka)XJ0Tro 000/1a OIIpeieNsieM 1o
ypaBHeHusIM JlopeHia:

L =27R\1-@’R;
31ech MBI paccMaTpHBaeM 3a7lauyy B CHUCTEME €UHHUII, B KO-
TOpPOM ckopocTh cBeTa ¢ = 1. Paccmotpum aBa 00601a: BHEHTHUI ¢ Ry
¥ oauH U3 BHyTpeHHHX — Rj, myctb Ry =kRy, tme 0 <k <1. U3
MPEABIYIIET0 YPaBHEHUS MOTyYaeM:

L, = 27kR\1- &*k*R?
L, =27R,\1- &R’

[Ipu "packpyumBanuu" gucka JiBa 3TU 00072 YMEHBIIUIN
cBor0 JuHy. ClienoBaTeabHO, PaguyCchl UX HOBBIX OKPYKHOCTEH

COCTaBAT:
R, = L kRy\J1 - 0’k*R?

2

R,, =2L—;=Rm/1—w2R§

JICHCTBUTENIBHO, HET HUKAKMX PAa3yMHBIX OCHOBAaHUN 3asB-
JSATh, YTO y KoJieca (000/a) ¢ OKpYX HOCThIO L omcymcmeyem pa-
IMyC KPUBU3HBI WIM OH HE paBeH L/2m. OTHOWIEHHWE pPaaiycoB
paccMaTpuBaeMBbIX 0000B TIOCIIE PACKPYTKU PaBHO:

R, KkR1-w'k’R; s
Ry, Ry1-0’R
OTO BBIpAXKEHUE IOKA3bIBACT, UTO OMHOUlEHUE PATUYCOB
CMEXHBIX CJIOEB 3aBUCHT OT CKOpPOCTH BpamieHus. Hac nomkHO
3aWHTEPECOBaTh, KAKOH MOXKET OBITh CKOPOCTH BpAIlleHUs, YTOOBI
paanycChl, OTIIMYAIOIIUCCA B k pa3s B HCIOABHUIKXKHOM COCTOSHUMH,
1OCJIe PacKpyTKH CpaBHSIMCh. Buaumo, 310 Oyner mpeaenbHas
CKOPOCTB, [TOCJIE KOTOPOH cIou OyayT "Hamoa3are", JaBUTh IpYr Ha
Apyra, NpensaTcTBys PacKpy4MBAHUIO Kojeca. BerauciuM 310 OT-
HOIIECHHUE ISl YKa3aHHOTO YCJIOBHSL:
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Ilocne HecnoxHBIX NpeoOpa3oBaHUIl HAXOJUM 3HAuYCHUE
TaHI'€HIIMAJILHOW CKOPOCTH /17151 BBIOPaHHBIX YCIOBUI

1

N
N e

HepecequI/Ie MOXCET HA4YaTbCAd MECKAY COCCIHUMU CJIOSAMU,
st kotopbix noumu k = 1. CienoBaTenbHO, OHO BO3HHMKAET IPU
CKOpPOCTH BHEILIHEro o0oa:

S S SO
141 2 2

[TonyueHHO€E pelieHne SICHO NOKa3bIBAET: O BEIMYUHBI TaH-
TeHIMAIBbHON cKOopocTH nopsanka 0,7 OT CKOPOCTU CBETa HUYTO HE
MIPEMSITCTBYET PACKpyYHBaHUIO KoJieca. B 3ToM ciydae nmpoucxoaut
"riagKoe"” JIOPEHIIEeBO COKpallleHHe ero quameTpa 0e3 BHYTPEHHHUX
HanpspkeHui, nedopmauuid. Ecnom ke mpoaHanmu3upoBaTh Aajib-
Helllee pacKpydnBaHHUE KOJIeca, a 3TO, HAIOMHUM, IOYTH JI0 CKO-
POCTH CBETa, TO OKAXKETCSI, UTO M B 3TOM ciydae (pusmueckue mpo-
LIECChl HE MMEIOT HUKAKUX CBEPXBECTECTBEHHBIX XapaKTEPUCTHK.
Ho kaxoe oTHOIIEHHE 3TO UMEET K MHOTOMEPHBIM ITPOCTPAHCTBAM U
napajuieIbHBIM Mupam? Eciiu MOXHO Tak BBIPa3UThCS, TO, B CYIL-
HOCTH — 'mapajuiesbHoe": HEKOTOpbhle OYEBUAHBIE SIBJICHUS, KaK B
napajokce DpeHpecta, OTOPACHIBAIOTCS, @ BMECTO HUX JIEIAFOTCS
BECbMa OTBJICUEHHBIE UHMEPNpemayuu.

0,7

II11. IMapagokchl KBAHTOBOW MEeXaHUKHU

Kak u3BecTHO, M 3TO OOUIENPU3HAHHO U CTPOTO MaTreMaTHu-
YeCKH apryMEHTHPOBAHO, 3aIllyTaHHbIE KBAHTOBBIC YACTHIIBI,
Hanpumep, GOTOHBI HE MOTYT OBITH MCIOJIB30BAHBI I CBEPXCBE-
TOBOH Inepenaun kimaccuyeckor napopmarun. He To, 4T00bI NIepe-
Jaya Takoi MHPOPMALKU C TIOMOIIBIO 3aITyTAaHHBIX YaCTHI] BEAET K
KaKMM-TO JIOTUYECKUM TMapajgokcaM. Her, 3Ta HEBO3MOXHOCTbH
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MIPOCTO SBISIETCSA MPSMBIM CJIEJICTBHEM MaTeMaTH4ecKoro (opma-
JIM3Ma KBaHTOBOW TEOPHH.

XoTs Takue (POTOHBI KaKk Obl OOMEHHBAIOTCSI CBEPXCBETOBOM
KBaHTOBOW WMH(pOpManuel, 3Ty nHpopMaIuio He yaaércs mpeBpa-
TUTh B UH)OPMALINIO KJIACCUUECKYI0, KOTOPYIO MOXKHO CUUTBIBATh U
oOpabaTbIBaTh KJaccMYecKMMH mpubopamu. Jlpyroid cTopoHOH
TAKOTO 3ampeTa Ha mnepefadyy WHGOpPMAIMU SBISETCS HEBO3MOXK-
HOCTb JKCIIEPUMEHTAJILHO ONPEJEIIUTh COCTOSIHUE KBAHTOBOM 4a-
ctunbl. [Tpu m000M M3MepeHun OHa cpa3y K€ MEpPEeXOJUT B CO-
CTOSIHME 3TOro H3Meputens. MOo>XHO, KOHEYHO, 3Ty CUTYAalLHIO
Ha3BaTh TPYCTHOH, BeJJb MMESl TaKyI0 BO3MOXHOCTH, MBI Cpa3y ObI
MOJTYYHITH pealIbHBIN CBEPXCBETOBOM Tenerpad.

JleficTBUTENBHO, KaK ObLIO OBl XOpOIIO HU3rOTOBUTH Ka-
KON-HUOY/b HECIOXKHBIH MPUOOpP, HAMOMHUHAIOMINN WTPYIICYHBIN
cemadop. OuH y4acTHUK IIPOCTO MOBOPAYUBAET HA CBOEH CTOpOHE
PYKOATKY, a JPYroi Ipy 3TOM Ha CTPENIKax CBOUX NPHUOOPOB BUIUT,
B KaKyl0 CTOpOHY ObLIa MOBepHYyTa Janékas pykostka (puc.II11.1).

310 O6BLTO OBI BO3MOKHO, €CITH OBl MBI HA CTOPOHE IPUEMHHKA
HENOCPEJCTBEHHO MOIJIM OIPEAEIUTh COCTOSHUE KBAaHTOBOW Ya-
CTHIIbI, KAK OHO U3MEHUJIOCH ITPU TOBOPOTE PYKOSITKY NE€PEIaTUHKA.
OpHako Takas KOHCTPYKIMS, KaK U MHOXXECTBO JIPYTHX, MPEJIO-
KEHHBIX Pa3HBIMH aBTOpPaMH, HECOMHEHHO, MPOTHUBOPEYHUT (op-
Malu3My KBaHTOBOW uWHGpopmatuku. Bo Bcex momoOHBIX KOH-
CTPYKILHUSAX, KaK OTMEYEHO, TTIaBHOM MpoOIeMoil mpHu MCHOJIb30Ba-
HUM 3aIlyTaHHOCTHU Uil TiepeAayr MH(OpMAIMH SIBISETCS HEBO3-
MOKHOCTh CUMTBIBAHUS (HAKMU4eCcKoeco COCTOSIHUS KBaHTOBBIX
YacTUIl U, KaK CJIEACTBHE, HEBO3MOKHOCTb Pa3jIMUEHUs] X HEU3-
BECTHBIX COCTOSIHUM.

ofp=0°
o=45 MOJISAPH3aTOPbl  HPUEMHHK
Vi gy V2 m 0] 50%
— 100%
HUCTOYHHUK
3alyTaHHbIX CUYCTUHK
nepeaaTIvk (boToHOB |0} —6 COBIIAJICHHUI
Anuca boo

Puc.IT11.1. T'umoTeTrueckas cxemMa KBAaHTOBOTO cemadopa
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[Tpobnemy MOXHO OBLIO OBl pemmUTh, eciau Obl yIaloCh
KBaHTOBYIO YacCTHIy pPa3MHOXHUTb. Torjga HECKOJIBKMMH MOCIEA0-
BaTEJIbHBIMU HM3MEPEHUSMU MOXHO ObUIO OBl JOCTAaTOYHO TOYHO
onpenenuTs €€ cocrosiHue. Tem Oosiee 4TO JUIsl TAaKUX LIEJIEH co-
CTOSIHMSI YaCTHI] MOXHO CBECTU BCErO K JIByM OpPTOrOHaJbHBIM. B
3TOM CJIydyae JOCTAaTOYHO BCErO JIMIIb OJHONW KOIWU YacTHIIBI.
Hanpumep, ¢ortona. Ecnu oauH mpomien uepe3 KOJUIMHEApHbIN
MOJISIPU3aTOp, a APYrod B TO K€ BPEMS HE MPOILIEN Yepe3 OpPTOro-
HAJIBHBIA, TO 3TH (OTOHBI SBHO MMENH MOJISIPHU3ALHUIO, COBIIAIAI0-
IIYI0 ¢ KOJUIMHEApHBIM MOJSPHU3aTOPOM. A 3TO yXke€ OJHO3HAYHO
KJ1accuueckasi ”HpopMarus.

OmgHako HET HHUKAKOH BO3MOIKHOCTU HCIIOJNB30BATh TAKOM
IIpUEM, TMOCKOJIbKY B KBAaHTOBON TEOPUH CYIIECTBYET TEOpEMa O
3ampere KIOHHpOBaHMA. HUKakuM CcrocoOOM Henb3s MOJIYYUTh
TOYHYIO KOTIMIO KBAaHTOBOM 4acTULIBI. J[eMCTBUTENBHO, pACCMOTPUM
OJIMH W3 TaKUX THMOTETHYECKUX CIIOCOOOB, MCIIONB3YS KBAHTOBBIN
reir CNOT.

I'eiT OCymIECTBIsAET JIOTHYECKOE CIIOKEHUE KBAaHTOBBIX KY-
OWUTOB MO MOAYNIO 2, MPUYEM CUMTAETCS, YTO CHUTHAI Ha YIpaB-
JSIOUIEM BBIXOJE PAaBEH CUTHAIY Ha €ro yIpapisIOUIEM BXOJ€
MPOCTO BCJIEJICTBUE TOTO, YTO ATO OJIHA U Ta e JuHusA (a = A), 310
ouH U TOT ke PoToH. OHAKO, 3TO CHPABEITUBO TOJIBKO IS Op-
TOTOHAJIBHBIX COCTOSIHUN KyOMTOB. YTNpaBiSIOUMM KyOUT B Mpo-
M3BOJIBHOM COCTOSIHUHM HEM30€XHO OyZeT 3aryTaH ¢ yrnpaBisieMbIM
KyOUTOM, TIOTEpPSET CBOE MEepPBOHAYATIBHOE COCTOSIHUE, TEPEeH/IeT B
cocTtostHue 3anmyraHHocTd. Jpyrumu cinoBamu, redt CNOT oka3bl-
BAETCS YYBCTBUTEIbHBIM K HANpaBICHUSM MOJSIPU3ALNN  KaK
YIPaBIsEMOTO, TaK U YIIPABJISAIONIET0 KyOUTOB.

Jlnst mepenaun KBaHTOBOW HMH(OpPMAIMM MOXHO HCHOJB30-
BaTh (DOTOHBI B YMCTOM 3aMyTAaHHOM COCTOSHHH bBemna ¢', umero-
IIIEM Ha3BAHUE COCTOSIHUSA HIPEJUHI€POBCKOTO KOTa:

1

# =—=(00)+11)
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[Tpu 11000M HAKIOHE PACHICILIAIONIErO MOJISIpU3aTOpa mnepe-
JaTYMKa Ha €ro BBIXOJBI MPOUIYT (POTOHBI C YIIIOM HAKIOHA COOT-
BETCTBYIOIIETO BbIXOJa. Ha KakoM BbIXOJE OKa)XeTcsl o4epeaHoi
(OTOH, HEU3BECTHO, 3TO TJaBHAst OCOOCHHOCTh KBAHTOBBIX YACTHII.
OpnHako BCIIEACTBUE 3aITyTAHHOCTH BOJIM3M MTPUEMHHKA BCE BTOPHIE
(OTOHBI U3 3aITyTaHHBIX MMap Bcerja OyIyT UMETh TOUYHO TaKyIo JKe
NOJIIPU3ALINIO, HAKIIOH, KaK U Ha CTOPOHE NepeJaTyrKa.

Jisl onpeAeaeHHOCTH MyCTh NEpPeJaTyhK PaclookKeH JIM0o
BEPTUKAJIBHO, JINOO TI0JT yriiom 45°, B pe3ylbTare 4ero K IpueMHUKY
MPUXOJUT TOTOK MOJIIPU30BAHHBIX (DOTOHOB, MOJOBHHA KOTOPBIX
TaKKe MMEeT MOJSIpU3aluio JM00 BEPTHUKAIbHO-TOPU30HTAIBHYIO,
60 HAKJIOHHYIO 1Mo +45°. OueBHIHO, YTO TJIABHAS IEJb TPUEM-
HUKA — Pa3IMYUTh 3TH J[Ba HAKPECT MOJIIPU30BaHHBIC (POTOHHBIC
noToKku. IIoTOKM — 3TO HEnmpephIBHO ClENyIoUIMe APYr 3a IPyrom
OJINHOYHBbIE (OTOHBI, KaXJbId M3 KOTOPBIX, KaK BHUJUM, MOXKET
HaXOJUTHCSI B OJIHOM M3 YETBIPEX COCTOSIHMM MOJSpPU3ALUU: BEP-
THKAJIBHOM, TOPU30HTAIIBHON M JIBYX ¢ HAakjIoHOM o 45°. Tlycth
IIEpBBIE JIBA COOTBETCTBYIOT, HAIIPUMEP, CUTHAILY HOJIb, 1BA APYTUX
— equanne. Kaxaplii (GOTOH MOCTymaeT Ha YHIpaBIISIOUIMA BXOX
reiita CNON, Ha ynpaBisieMblil BXOJ KOTOPOrO OJHOBPEMEHHO
MOJAIOTCST KyOUTHI, (DOTOHBI C TOPU3OHTAIBHOW Mosipu3anuei. B
TAaKOM CIlydae Ha BXOJE reiita mapbl KyOMTOB OyAyT BIEpEMEIIKY
HaXOJUTHCSI B OJTHOM U3 YETBIPEX COCTOSTHUI:

W) =[1)®0)=0[00) +0{01)+1/10)+0[11)
W) =[0)®0) =1/00)+0/01)+0/10)+ 0| 11)
¥} =(0)+[1))®|0) =(1]00) +0{01) + 1|10)+0[1 1))
) =(0)-[1))®0) = (100) +0j01)1]10) + {1 1))

C Beixopa reiita CNOT nBa hoToHa TIOCTYMAIOT Jajiee Ha JBa
TaKMX K€ PaCIIETISIOUINX MOJspU3aTopa, YTO U Ha CTOPOHE Iepe-
JaTYrKa, HO MOBEpPHYTHIX Ha 45°, Tlocie MPoX0oXKIeHHs TeiTa Tpu-
BEJICHHbIE YpaBHEHHUS! COCTOSIHMM M3MEHSIOTCS U CTAHOBATCS, CO-
OTBETCTBEHHO, CIEAYIOIINMHU:

366



<

el
|0)®|0)
- oo>+|n>>¢|wl>®|wz>
Vo)=¢ qOo>—|n>>¢|wl>®|wz>

Bropsle paBeHCTBAa B 3THX ypaBHEHHSX O3HA4arOT, YTO ATH
BOJIHOBbIE (DYHKIIMU MOTYT OBITh IPEJICTABJIECHbI KaK TEH30PHOE
MIPOU3BEACHNE (3HAK PAaBEHCTBA B MEPBBIX JIBYX) U HE MOTYT (3HaK
HEpaBEHCTBA B JIBYX JpYyrux). B mocineaneM ciaydae 3To 03Ha4aeT, B
CBOIO OYepe/ib, YTO Ha BBIXOJE IeiTa ()OTOHBI HaXOIATCS B 3aIly-
TaHHOM COCTOSIHUHU. Bce 3TH (OTOHBI, Kak yKa3zaHo, Jlajiee MOoCTy-
MAOT Ha JIBa HAKJIOHHBIX MO 45° mospu3aropa.

Bo Bcex mpencTaBieHHBIX YpPaBHEHUSX MJISI MPOCTOTHI MBI
0oTOpachlBaeM HOPMUPYIOIINE MHOKUTEIU 12, [Ipu sTOM MBI
MIOMHUM, YTO TEPBBIE J[BA COCTOSIHUS JIOJDKHBI COOTBETCTBOBATH
nepejaue HyJs, a 1Ba Apyrue — €AMHULBI.

ITockonbKy nepBble ABa COCTOSHUS MONAPHO KOJUIMHEApPHBI,
TO €CTh, 00a ()OTOHA MOJAPU30BAHBI TUOO BEPTHKAIBHO, JMOO TO-
PU30HTAIIBHO, TO BEPOSTHOCTH UX MPOXOKJEHHUS IMOJHOCTHbIO He-
3aBUCHMBI, U TIO3TOMY OO0Ill€€ YMCIIO MapHBIX MPOXOKICHUN OyneT
poBHO 50%. [TapHbIe IPOXOXKAECHUS, ITO KOT1a 002 POTOHA MPOILITH
Ha OJIHOMMEHHBIE BBIXOJBI CBOMX HoJisspu3aropoB. [lonHast ciy-
YaliHOCTh TAaKUX MPOXOXKICHUN 00ECHeUYMBAECT TOJNBKO J[BA PaBHO-
BEPOSITHBIX HcXoJa: Ju00 o0a MpouUIM OJUWHAKOBO, OO 00a
MPOIILIN TIO-Pa3HOMY, TO3TOMY U noaydaem 50%.

WNHuas xapTHHA 0XXHJAeTCs, KOrja pyKosATKa y MepeaaTdyuka
nosepHyra Ha 45°. B 5ToM ciyuyae B "paboTy BCTymaror" BTOpBIE
napbl ypaBHeHUH. [10cKoIbKY Bee mapbl (POTOHOB Ha BBIXOJIaX reiTa
HaXOJATCsl B 3allyTaHHOM KOJUIMHEAPHOM COCTOSIHMM, TO U IIPOXO-
JUTh Yepe3 CBOU MOJSPU3aTOPbl OHU OYyAyT TaKkKe: BCErJa KOJUIM-
HeapHo. Ecni ovH GoTOH mpomén yepe3 BepXHUI BBIXO CBOETO
MOJISIpU3aTopa, TO U BTOPOM 0053aTeNbHO MPOIAET Yepe3 BEpXHUM
BbIX0J cBoero. To ecTh, OyaeT HaOI0AaThCsI OJIHOE COBIIAJIEHUE HA
BbIXOJax. BOT B 3TOM cily4ae 1 BOZHUKAET Mapaj0Ke, IPOTUBOPEUNE

367

out

)=
) =[0
)=¢




¢ (hopMaIM3MOM KBaHTOBOI MEXaHHUKH, TIOCKOJIBKY MBI SIBHO BUIMM:
7IBa COCTOSIHUS pasznuuuMebl. [louemy BO3HHMKaeT 3TOT mapajokc?
Kakum Takum HeecTecTBEHHBIM 00pa3oM HEYJIOBHMasl, HEOLIYTH-
Masi KBaHTOBasi MH(pOpMAIs BAPYT MO3BOJIMIA PA3IUYUTH JIBA CO-
CTOSIHMSI IIepeaTunka? IToT abcyp/l BO3ZHUKAET, [0 BCEW BUAUMO-
CTH, B pE€3yJbTaTe EIUHCTBEHHON BO3MOXXHOCTH KJIOHUPOBAHUS
(oTOHA — B OPTOTOHATBHOM COCTOSHIH. O BO3MOKHOCTH KIIOHUPO-
BaHUs ()OTOHA B OA3MCHOM COCTOSHUM OBLIO M3BECTHO M paHee U
OHO omucaHo B (opmynupoBke no-cloning theorem (Teopeme o 3a-
npeTe KJIoHUpoBaHus). M Takoe KIOHUPOBAHUE OCYIIIECTBISET TeUT
CNOT. D10 BRIMISAUT KpaitHe HEOOBIYHO: 3Ta OJIHA-EAMHCTBEHHAS,
OyKBaJIbHO KpOIIEYHAss BO3MOKHOCTH CO3JIaHHs KIIOHHMPOBAHHOTO
¢doToHa, MOMyCTHJIAa BO3MOKHOCTh TeEpeAayd KIaCCHUECKOW WH-
¢dopmanmu, GopMaTbHO JaXe W HE Hapylas TeopeMy O 3arpere
KJIOHMpOBaHUs KyOuTa. Hukakue mHble XUTphble MpeoOpazoBaHUs U
npuOOpBl HA UX OCHOBE HE MOTYT 00OMTH 3ampera KBaHTOBOW Me-
XaHUKW Ha CBEPXCBETOBYIO Tepeaady KIACCHUECKON MH(pOpMaIum.
Takass HemokanmbpHasi, MTHOBEHHas CBSI3b MoOTrja OBl TO3BOJIUTH
HENOCPEJCTBEHHO OOHAPYKUTh JIIOObIE YCKOPEHHO YAAISIOUINECS
Ipyr ot apyra obsactu MynbTuBepca, SKCIEPUMEHTAIBHO IMOJ-
TBEPJUTH WM OTIPOBEPTHYTH UX CYIIECTBOBAHHE.

Ilapaooxc koma Illpéounzepa

Hapsiny ¢ HEBO3MOXKHOCTBIO CBEPXCBETOBOM Iepeaayu MH-
(dbopManuu MOCPEICTBOM 3aIyTaHHBIX YACTHII, €Ie OJHUM TaKUM
K€ IIHUPOKO HU3BCCTHBIM U TMONYIISAPHBIM ITapaJoOKCOM KBaHTOBOU
MeXaHUKU siBisieTcss mapajgokc kora llpénuurepa. Cnemyer npu-
3HaTh, YTO BMECTO €r0 PEIICHUS] MHOTOYHCIIEHHBIE PACCYXKICHUS O
MapajiokCe M €ro TPAKTOBKH JIHIIb BCE OOJIBIIE U OOJBIIIE HATOHSIOT
Ha Hero TyMaHa. [lpénuarep chopmynupoBas CBOM mapamokc s
TOro, yTOOBI NOKa3aTh napajaoKCaJIbHOCTb TJIABHBIX ITPUHIIUIIOB
KBaHTOBOMU MCXaHWKH, HUX TNPOTUBOPCYHUBOCTb, HO, B KOHCYHOM
cuere, MapaJoKce CTall TPAKTOBAThCS YYTh JIM HE Kak e€ 0e3ycI0BHOE
MOATBCPKIACHUC. BI:IBOI[I:I KBAaHTOBBIX AQHAJIMTUKOB COBCPIICHHO
HCECCTCCTBCHHBI, HAa I'PAHU MHUCTHUKHU!
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"... kot Ipénunrepa MoxeT ObITh MEPTB WUJIU JKUB OJTHOBpE-
MEHHO, €CJI MBI KakUM-TTHO00 00pa3oM H30JIMpYeM KOTa OT BO3-
MOXHOTO BO3CHCTBUS Ka)XJOT0 aroMa WJIM KOCMHUYECKOro jyda'
[47, c.195].

OnHako XUTPOCTH JEKOTE€PEHIIUH, TO €CTh, HAPYIIEHUS CO-
CTOSIHUS CYNEPIIO3HUIINH, PAKTHUECKH CBOAAT Ha HET JIt0ObIe pac-
CYXJICHHSI O COCTOSIHUHM KOTa: (PU3UYECKH TaKas U30JISLHUs BOOOIIe
HE TIPE/ICTABIIACTCS BO3MOYKHOM, MOCKOJIBKY MOTOKH KOCMHUYECKUX
HEUTPUHO BPSII JIM MOTYT MPEKPATUTHCS BIUIOTH JI0 TIOJIHOTO KOJI-
narnca BcesneHHOM M ucnapeHusl BCeX MMEIOIUXCS B Hel YepHbIX
npip. Hukakoit KOT HE MOXKHUBET JO 3TOTO MOMEHTA, CUTyallHs
MPUHIUITHAIHLHO HEBOCIIPOM3BOIMMA:

"KoHe4Ho, Ha MpakTUKe 3TO HeocyliecTBUMO. Kak ToJIbKO KOT
BCTYITUT B KOHTAaKT ¢ KOCMHUYECKHM IIy4OM, BOJHOBAs (YHKIUS
KHBOTO KOTa W BOJIHOBas (PyHKIHS MEPTBOTO KOTa JEKOTepUPY-
I0TCS ¥ OYIeT Ka3aThCs, YTO BOJIHOBAs (PYHKITUS KOJIIaricupoBaia”
[47, c.195].

IToaToMy Bce pacCyXA€HHS Ha 3Ty TEMY MOYKHO CMENO OT-
HECTH K OECCMBICIICHHOM CXOJIaCTHKE, HE MMEIOUIEH CMBICHa JaKe
teopernuecku. [IpaBna, cieayer 3aMeTHTh CTPAaHHYIO HETOYHOCTH B
[UTaTe: Ha CAaMOM JleJie ABYX OTIENbHBIX BOJHOBBIX (DYHKIUH KU-
BOT'O M MEPTBOT'O KOTa B Mapajiokce HeT. EcTb oHa eduncmeennas
BOJIHOBasg (pyHKIMS '"KMBOH-MEpTBBIA KOT", IpH KOJUIANICE KOTO-
pOro Mbl OOHAPY)KMM KOTa B OJTHOM U3 JIBYX CYHEPIO3UIIMOHHBIX
COCTOSIHUH: KOT HB U KOT MEPTB, a JIEKOTEPEHIIUs MPSIMO U O3Ha-
4aeT, YTO CYNEPHO3UIMs pa3pyliaeTcs, TO €CTh, OHA TOK/IECTBEHHA
KOJUTAINlCy STOW BOJIHOBOW (PYHKIIMH, TMOCKOJIBKY y KOTa BCErja
MOJKET OBITh TOJIBKO OJIHO U3 ATHX JIBYX COCTOsIHUH. Tem He MeHee,
npo0JieMy JEKOTEPEHIINHU CIEAYeT paccMaTpuBaTh B 00Jiee y3KOM
KBAaHTOBOM CMBICIIE, KaK TPEMNSITCTBUE TOJIYUUTh UHGOpMAYUIo O
COCTOSIHUM KOTa. Torja ciieayeT NMpU3HaTh, YTO HUKAKHE KOCMH-
YecKHe JyYH HE MO3BOJIAIOT 3Ty WH(POPMAIHIO MOJIYYUTh, TIOATOMY
uHTEepEpeHIIHs COCTOSIHUNA He Oy/leT HapylleHa M KOJIIarc BOJI-
HOBOM (PyHKIIMM HE HAcTynmuT. B 3TOM ciydae, mapaJoKc U OINH-
CBIBAETCSI B TAKOM BapHaHTE:
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"Ilnst TOrO 4YTOOBI OMpPEAENUTh, MEPTB KOT WJIU KUB, MBI
JOJKHBI OTKPBITh LUK U YBUAETh KoTa. Ho B KakoM cOCTOSIHUU
HaXOJUTCS KOT JI0 TOTO, KaK Mbl OTKpoeM suk? CoriacHO KBaH-
TOBOM TEOPHM, MBI MOKEM YTBEPXAATh TOJBKO, YTO KOTa OIHCHI-
BAa€T BOJHOBAas (YHKIHS, OTHOCSIIAsACA Kak K KMBOMY, TaK U K
MepTBOMY KoTy" [46, ¢.260].

To ecTb, KBAHTOBON MEXAaHUKE COBEPIICHHO CEPHE3HO MpPEJ-
JlaraeTcsi paccMaTpuBaTh BO3MOYKHOCTb OJIHOBPEMEHHOTO COCTOSI-
HUS KUBOU KOT — MepTBBIH KOT. Kak MokHO Takoe npenctaButh? C
MO3UIMH 3/IpaBOrO CMbICIIA — HUKAaK. Takoro ObITh HE MOXKET, €CIIU
HE paccMaTpuBaTh Pa3HOOOpPA3HbIE MEAMIIMHCKUE COCTOSIHUS —
KOMa, KJIMHUYECKas CMepTh, KaTaJlencus. 3eCb CMEPTh KOTa pac-
CMaTpUBaeTCs B a0COJIOTHOM BHJE, KOTJAa KU3Hb OIPEAEICHHO
OTCYTCTBYET. Bpsa M MOYKHO TOBOPHUTH O Tako CyNepHoO3UIUH,
€CJIi, HallpuMep, MocJie sAa OETHOro KoTa pacTBOPUT CUJIbHENIIAs
KHCJIOTA.

BwMmecTe ¢ TeM, OCHOBHOM IIYHKT O CyAb0€ KOTa B CTaHAaPTHOM
ONMCAaHUHU MapaZoKca OOBIYHO KaK-TO 3aTyHIEBBIBAECTCS, IPSUETCS
3a XUTPOYMHOW JEKOTE€pEHIMENd U peAayKuuen. MOKeT JIh *KHUBOE
CYIIECTBO OBITH OJHOBPEMEHHO JKHMBBIM U MEPTBBIM 0751 cebs ca-
moro? To, 4To 0 HEM AYMaIOT @HewHue HAOMIOAATEN, HaXO I~
ecsl 3a CTEHaMHM KaMepbl — 3TO OJIHO, HO 4TO O ce0e JymaeT KoT,
€CJIM, HapUMep, 3TO CKA30YHBIA KOT YUeHbIM win Yemupckuid?
3/1ech OT OYEpEeTHBIX CXOJACTHMUECKUX pPacCyXJACHUH HUKaK He
yitu. Ilycte 3TO naxke HE KOT, a IPUTOBOPEHHBIN CMEPTHUK,
UMEIOIINN JTOKTOPCKUE CTENeH! Mo (u3MKe, MaTeMaTHke u (uio-
couun. Kax on Oyner cam ceOsi BOCIPUHUMATH BIUIOTH JIO MPHBE-
JIEHHsI IPUTOBOPA B UCTIOJIHEHHE O€3AYIIIHONW KBAaHTOBOW YacTULIEH?
Jlyis BHEIIHUX HAONIO/IaTeNe, HECOMHEHHO, OH OyIIeT Kazamvcs
HaxXOJsIIUMCS B OECCMBICIIEHHOM CYNEpIO3ULIUU YKUBOM — MEpT-
BbIA. HO 3TOT JOKTOp HAyK MOXKET BECTH 3aIIUCh B CBOEM JKypHAJIE C
yKa3zaHueM BpeMeHHU. bojee Toro, BHYTpU MOKET HaXOAUTHCS U
BUJIeOKamepa, KoTopasi OyJaeT (PUKCHpPOBAThCSl €ro COCTOSHUE Ha
BCEM IMPOTSKEHUM DJKcliepuMeHTa. M3omMpoBarh B KBaHTOBOM
CMBICJIE TaKyl0 CUCTEMY OT BHEILIHEro MUpa, OYEBUIHO, HE Ipe-
CTaBJISIET HUKAKOrO TpyAd. beTOH, CBUHELl M TOJICTBIA CJIOW BaThI,

370



HECOMHEHHO, 3alllUTAT BHEHIHEr0 HAOIIoAaTeNs OT JII000H caMoi
TUIOTETUYECKON MHPOPMAIIUHU O COCTOSIHUU BHYTPH KamMepbl. A 3T0
HEO0OX0IMMOE M JIOCTAaTOYHOE YCJIOBHE JJIsi HACTYIUIEHHUSI MHTEp-
(depeHIM U, COOTBETCTBEHHO, COXPAHEHUSI COCTOSIHUU CYIEPIIO-
3UILUU )KU3HU HECYACTHOTIO JOKTOPA Pa3HbIX HayK.

[Tomyunth Takyro MHPOpPMAIHIO BHEIIHUE HAOIIONATENN HE
MOTYT B IIPUHLUIIE, €CJIH, HAIIPUMED, neped OmKpulmuem KaMepbl
9TH JHEBHUKM aBTOMATHUYECKU OYIYT YHHUUTOXKEHBI IO aTOMapHOTO
COCTOsIHUS. MBI OIIPEICIICHHO 3HAEM, 4YTO B JHEBHUKAX COCTOSHHE
OJIHO3HA4YHO M HE IIPOTUBOPEYUT 3JIPAaBOMY CMBICIY, HO HaM OHO
Hens3BecTHO. Ho naxe B 9TOM cilydae COBPEMEHHBIE MEIDKCIIEPTHI
MOT'YT C BECbMa BBICOKOW TOYHOCTBIO ONPEACIIUTh MOMEHT CMEPTH.

ITonmygaercsi, 4TO 3TOT YACTHBIM CiIy4aill KBAaHTOBOW cCymep-
MO3UIIMK PeaJIeH JIMIIb JJIsi BHEITHET0 HAOIIOAATENS, U30IUPOBAH-
Hozco OT cucreMbl. Hukakas kocMuyeckas 4acTuIia — HEUTPUHO JIH,
BUMII MJIM TaXHOH — HE CHOCOOHBI HApYIIUTh 3TO COCTOSHUE, IIO-
CKOJIBKY JUIsl BHEIIHEro HaOIofaTensi HUYEro M3MEHUTh OHM HE
MOTYT, OHU B TPUHITUIIC HE CIIOCOOHBI MepeaTh eMy KaKyro-ITr00
WH(GOPMAIIHIO O BHYTPEHHEM COCTOSIHUU CHCTEMBI.

Bc€ 10 BecbMa CTpaHHO, IPOTUBOPEYUBO U HEECTECTBEHHO.
Ilo 3aBepHICHHIO JKCIEPUMEHTa BCKPBITHEM KaMepbl BHEIIHHE
HaOJro1aTeN BBI3OBYT KOJUIANC ATOM KPUMHHAJIHHON BOJHOBOM
¢yukuuu. TolbKO Tereph OHM MOTYT IPOCMOTPETh KYpHAI, U BH-
JI€03aITUCh, €CJIM OHU HE OBLIT YHUYTOKEHBI, yOeTUBIINCH BOOYHIO,
YTO COCTOSIHME JKUBOW - MEPTBBIM — 3TO BCErO JIMIIb IIPOJYKT UX
KBaHTOBOTO BOOOpaXEHMsI U NPOTHUBOECTECTBEHHBIX IMpEACTaBIIE-
HUW O Makpo-cynepnosuuud. KBaHToBas yactuma, poxicHHas B
pe3yabTaTe CUMTAIOLIEroCcsl aOCOIIOTHO CIydallHBIM IIpolecca pa-
JUOAKTUBHOI'O W3JIy4EHHUs, B HENPEICKA3yeMblii MOMEHT BPEMEHHU
3anyctuia (paranbHb Mexanu3M. Ho 3a7101r0o A0 3TOTO npuiesn B
JBUKEHHE APYroll MEXaHM3M — MEXAaHH3M MMCTUYECKMX HHTEp-
IpeTanui.
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Hugopmayusa u snmponusn Yepnoit ovipot

OnHUM M3 YHUKAJIBHBIX, 0COOBIX, emmé OoJiee (haHTaCTHUHBIM
BapUaHTOM bBBITHS, HEKEIM MHOTOMEpPHBIE U MapauleJbHbIE IPO-
CTpaHCTBa, HECOMHEHHO, SIBJISIETCSl TMIIOTE3a, UJEsl O TaK Ha3bIBa-
eMoil BHUpTyanbHOH Bcenennoil. Drta coBeprieHHO abcypaHas,
KpaifHe HeHay4Has (paHTa3usi B MOCIEIHHUE TOJBI CTalla JOBOJHHO
MONYJISIPHOM.

Ho, xak 310 HEpenKo cirydaercs, Ha4ayo €M MOJI0KUIU CTPOTo
HayyHble OTKpBITHA. CTpaHHBIM 00pa3oM OHM TPAKTYIOTCS Tak,
Oynaro Bes Hamia BeeneHHasi mpeacTaBiisieT co00i YHCTYI0 HHPOP-
Mall1I0, 3allMCAaHHYIO0 Ha IOBEPXHOCTU TOPU30HTa cOOBbITUI UepHoit
IBIPBI, HEKyI0 rojorpamMmy. OJHAKO THIIOTE3a, SIBHBIM 00pazom
OTBEprasi MaTepUATMCTHUYECKYIO (PUIOCO(HIO, BCE-TAKH COJECPKHUT
CEPbE3HBIE JIOTHYECKUE NMPOTUBOpeuus. MCToOKOM €€ MOKHO CYM-
TaThb BBIBOJBI, IOJIyd€HHblE BEKEHIITEHHOM Mpu HCCIEI0BaHUU
Yepnbix apip. OmgHA U3 BO3MOKHBIX (OPMYIUPOBOK ITHX BHIBOJIOB
UMeeT BUJL:

"DHTponus YepHOM ABIPbI, U3MEPEHHAsl B OMTax, MPOMOPLU-
OH&JIbHA IUIOIIAJNA €€ TOPU30HTA, U3MEPEHHOM B IUIAHKOBCKHUX
enquuaunax" [75].

N3BeCTHO, YTO SHTPOINHUSI CUCTEMBI UMEET HETIOCPEICTBEHHYIO
CBs3b C MH(pOpMaIuel, coaepxKaiieicss B 3TOM CUCTEME, MTOITOMY
3aKOHOMEPHO MOSIBWIIOCH 00Jie€ KOMIIAKTHOE TOJIKOBAaHUE 3TOTO
Te3Hca:

"NUudopmanus paBHa miomaan" [75].

Wnaue roops, uHpopMarus, coaepxamasics B YepHoii ApIpe,
PAaeéHa KOJIMYECTBEHHO IUIOIIAIU €€ TOPU30HTa COOBITHH, H3Me-
PEHHOW B IJIAHKOBCKUX €AMHUIIAX. BBINIAIUT BechbMa 3arajoyHo,
CTPAaHHO M IIPOTHBOECTECTBEHHO, ITOCKOJBKY IIOJIy4aeTcs, 4TO B
BemiecTBe YEpHOU IbpIppl MHPOpPMAIUS OTCYTCTBYET, HO COJIEp-
KHUTCSA B KpaifHe ycJIoBHOM, 3¢demepHOM "0OBeKTe" — TOpHU30HTE
coObITHH. BripodyeM, BBIKIAIKH, JOBOJBI, MOATBEPKAAOUINE ATY
THIIOTE3Y, Ha IOBEPKY OKAa3bIBAIOTCS OIIMOOYHBIMHU.

UToOBI YBUAETH 3TO, IOCTATOYHO PACCMOTPETH JBE UepHbie
TBIPBI C MacCOW KaxIoW, Hampumep, OMU3KOH K MHUHHMAIBHOM,
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paBHOU mipubaM3uTeNnbHO 2,3 macc ConHila. OueBUIHO, UTO Kaxaast
U3 HUX COAEPKUT OJIMH M TOT K€ 00bEM HH(pOpMAIINH, TOCKOIBKY B
IIPOTUBHOM Ciy4ae J00ble pacCyXIACHUs 0 €€ KOJIMUYECTBE MPOCTO
TEpAIOT cMbICH. Takxke 04eBHIHO, YTO 00e UepHbIie TBIPHI UMEIOT
OJIMHAKOBYIO IUJIOMIA/Ib TOPU30HTA COOBITUH MPOCTO MOTOMY, YTO
3TO JB€ 00uHaKogvle UepHbIE IbIPHI.

Coemunum >t aBe YepHble abipbl B oAHy. CyMMapHbIN
00beM MH(POPMAITUHN TIPU 3TOM JOJDKEH OCTaThCs MPEKHUM, HHAYES
HaM cjeoBao Obl OOBACHUTH, KyJla UCYE3/Ia WIM OTKYyJa MOSBU-
Jach JOMOJHUTENbHA WHpopManusa. Hukakux paszyMmMHBIX 00Bsic-
HEHHI TaKOMY U3MEHEHUIO HH(OpPMAINH, BUANMO, HE CYIIECTBYET:

8 (4,6-GM,
o)
\ c

C npyroii ctopoHsl, Macca cymMmmapHoi UepHoil IpIpbl TaKxke
yaBoutcs. OfHAKO IUIOIIAAb TOPU30HTA COOBITUH HpPU ATOM YBe-
JMYUTCS HE B JIBA pa3a, MOATOMY CyMMapHbBIi 00beM nH(pOopMaIy B
IIJIJAHKOBCKUX IUIOIIAAAX CyMMapHOW YepHO! AbIpbI COCTAaBUT

_4x (2x4,6-GMC T
o2 c’

Nrak, MBI NOMY4YWJIA [1BA BBIPAXKEHUS JII CyMMapHOIO KO-
nuuectBa uHGopMamu B YepHOi apIpe: Kak cyMMy HH(OpMAaIuii
JBYX OJIMHAKOBBIX UEpHBIX IBIP W KaK KOJMYECTBO MH(OpMAIMU
UepHo#l AbIpbl yIBOEHHOM Macchl. Kak BUIUM, 3TH JABE BEJIUYHHBI

JPpYT APYry HE PaBHBI:

B, 871(46 GM ]2.477(2><4,6-GMCT _, (1]2 1
B, (; ¢’ A c’ 2) 2

Bo3Hukaer nmpotuBopeune, MOCKOJIbKY OJUH U TOT K€ UTO-
TOBBI 00BEKT UMEET pa3Hoe KoJmdecTBO MHpopmanuu. CremnoBa-
TEJIbHO, KOJIMYECTBEHHOE COOTBETCTBUE MEX]Y IIOLIAAbI TOPH-
30HTa coOBITHI M WHpopManuu B YepHOH IpIpe MO yKazaHHOMY
[IpaBUILy HE MOXKET OBITh YCTAaHOBJIEHO.

ToyHo Takoe k€ HECOOTBETCTBHE MOXXHO OOHAPYXHUTh U B
CBSI3M IUJIOIIAJM TOPU30HTA COOBITHI € BHTpONUEl. DTO BMOJIHE
0’KHUJJAEMO, TIOCKOJIbKY CYHIECTBYET CBSA3b MEXKIy MH(pOpMaLuen u
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sHTponueil. Ha to, uro UepHas aplpa MMEET SHTPONMIO S, MPO-
MOPIHOHAIBHYIO TUIOIIAIN €€ TOPH30HTa COOBITHH yKas3bIBaeT
XokuHr [76, ¢.55] 1 IpUBOIUT ypaBHEHUE ITOMU CBSI3U:
s=14
4
MsI uMeeM MoJIHOE IPaBo IMpeoOpa3oBaTh Ty MPONOPLUIO B
OoJtee HarsIHYIO (OpMY, BBIpA3uB €€ B SBHOM BUJIE:

1 2 2
S :ZkRR2 :%km 4(4;1 2= km? m2 ,
c c
N3 3TuX ABYX ypaBHEHUH ClenyeT
4 22
4 k’”(i m
c

3neck R — rpaBuTannoHHbIi paauyc YepHoil apIpbl Maccoil m,
G — rpaBUTAIIMOHHAS MOCTOSIHHAS, C — CKOPOCTh CBETa, a kg M ki, —
KOHCTaHTHI, JOMOJHHUTENbHBIE KOA(PPHUIMEHT MPOTOPLHUOHATIHHO-
CTH, YYUTHIBAIOIIUI BCE JpYyrue, BOZMOXKHO, HE yYTCHHBIC Mapa-
MeTpsl YepHoii apipel. Kak u B ciydae ¢ mHpOpManuen, 31ech Mbl
TaKke 0OHAPY)KMBAEM TaKOE€ XK€ 3araJlo4Hoe, CKauKooOpa3Hoe M3-
MEHEeHHEe SHTponuu. J[Be OT/AenbHbIe OJMHAKOBBIE UepHBIE JBIPHI,

BHUIUMO, UMCIOT B CYMM€ SHTPOIINIO
2

S,=2x k’”? m’
c

Ecnan ke oHM CIMBArOTCA, TO JHTPOIMS TAaKOW CYyMMapHOMN
UYepHoil 1bIpel OyeT YK€ UHOU

2 2
kG e (2m)’ = 4k, G m2=4S=%(A><4)
C

KOHequ, SHTPONHS BO3pPOCIA, YTO HE 3amperieHo, HO KO-
3GGUIUEHT TPONOPIIMOHATFHOCTA B PACCMOTPEHHON CHUTYaIluu
SIBHO CTall Apyrum, B 4 pasza Oonsbiie. CienoBareabHO, U B 3TOM
cllyyae SHTPONHUS HE MOXKET OBbITh MPOMOPIHOHATHHON TUIOIAIN
ropu3oHTa coObITHI1 UepHOil IBIpHI.
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I112. TIpo6aema "5-ro mocryaara EBkinaa

BeiBecTn maThI mocrynar EBknnMaa MX 4eThIPEX NMpenblny-
IIMX MaTeMaTHKHU MBITAINCh HA MIPOTSKEHUH IBYX ThIcsyeneTuil. B
IIPOLIECCE 3TOr0 TMOSBWINCH JIBE AJBTEPHATHUBHBIE T'€OMETPUU —
JlobaueBckoro n PumMana, B KOTOpBIX 3TOT HOCTyJaT UMEET JBa
alIbTepHATUBHBIX BapuaHTa. BmecTe ¢ TeM cienyeT npsimMo 3asiBUTh,
4yro reomerpus EBkiuaa — 31o 0a3oBas, (pyHAaMeHTaJIbHas Ieo-
MeTpusi. TOJIBKO 3J€MEHTBl ATOM T€OMETPUU MPUCYTCTBYIOT JIO-
KaJIbHO B /70001 WHOW reoMerpuu. UM, HampoTuB, B Hell camoi B
MPUHIIMIIE HE MOTYT IIPUCYTCTBOBATDH 3JIEMEHTHI KaKON-TM00 MHOM,
HEEeBKJIMJOBON reoMeTpuu. TOYHO Tak xke, andaBUT MPUCYTCTBYET
BO Bcex 0€3 MCKIIOUEHHs TEKCTaX, c(hOpPMUPOBAHHBIX Ha €ro oc-
HoBe. Ho B HEM caMOM HET HM OJIHOTO M3BECTHOTO WJIM TMIIOTETH-
YEeCKH BO3MOYKHOTO TEKCTa, KpoMe HEero camoro. M TouHo Tak ke,
0a3oBbIie MUDPHI JIFOOOH CUCTEMBI CUUCIICHHUSI COJIEPIKATHCS B JIEO-
O00M BO3MOKHOM YHCIIE, CAMH MIPHU 3TOM B cebe HE CoIep)kKaT HU
OJIHOTO M3 BO3MOJKHBIX YHCEN, KpoMe ce0s1 camoro.

Hcxons U3 3T0ro, MOKHO C YBEPEHHOCTBIO 3asBUTh, YTO I10-
cTynar B Bepcun EBKiIMJIa NpUHLIMIIHANBHO YHUKAJIEH, JBE €ro
oOIIenpr3HAHHBIC aJbTEPHATUBBI HA CAMOM JIEJIE €T0 8apuUaHmamu
He SBJISIOTCS. [ TaBHAs MpUYMHA COCTOMT, 110 MEHbBIIIEH MEpE, B TOM,
4yT0 nocTynar EBkinga onupaercss Ha uemvlpe MPEALIECTBYIOMNX
MOCTyJ1aTa. A BOT MOCTYJAThl pPacIIMPEHHBIX N€OMETPUHM HE CO-
JepXkKaT, Kak MUHUMYM, OJJMH U3 3TUX UCXOIHBIX, Oa30BBIX MOCTY-
naToB. MHaue roBops, 3TH AONOJHUTENIbHbIE IOCTYIAThl HE UMEIOT
CBOMMM IPEJIIECTBEHHUKaMH, 10 MEHbIIEH Mepe, TPEeTUl MOCTYy-
nat. CreoBaTeabHO, HENb3sl TOBOPUTh, YTO 3TU MOCTYJIAThl BBIBO-
IaTCs U3 4-X TPEIbIAYIINX, SIBISIOTCS €ro CIEACTBUSAMH, (op-
MaJbHO, HacaeAHUKamMu. OHM HE MOTYT cle[oBaTh U3 3-TO MOCTY-
JaTa, HOCKOJIBbKY B MX (popMajn3Me TaKoro MocTyjnaTa HeT, OH B HUX
He BbIMonHseTcd. Henb3s HacinenoBaTh OT Ipejka, KOTOPOrO HHU-
KOI'/1a He ObLIO.

W3navanpHO mocTynatel EBKimmaa ¢GopMynmupoBaiIuch Ui
IJIOCKOTO MPOCTPAHCTBA, IIOCKOCTU. OJHAKO HET HUKAaKUX Ipe-
MATCTBUH IS UX PACHIMPEHHsS HA 3-MEpHOE MPOCTPaHCTBO. B 3k-
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BUBAJIEHTHOW (OPMYIMPOBKE MATHIA MOCTynar EBknuza mor Obl
HUMETh, HaIlpUMeEp, TaKOM BUI:

B miiockom perynasipHOM NpPOCTPAaHCTBE YEpE3 TOUKY, HE Je-
Kalllyl0 Ha JaHHOW IMJIOCKOCTH MO>KHO IPOBECTH TOJIBKO OJIHY Ia-
paJUIEIBHYIO IJIOCKOCTh, HE IIEPECEKAIOLYI0 TaHHYIO.

st reometpun JlobayeBckoro 3ta opmyna cpasy ke cra-
HOBUTCS] HEBO3MOXKHOM, MIOCKOJIbKY PETryJISIPHBIX TOBEPXHOCTEN €T0
Ir€OMETPUH HAUTH HE yaJIOCh.

Ho u 310, BUgumo, He npenen. Brosnne nonmyctumo chopmy-
JIMPOBATh JTOT XK€ 'S-MOCTYNaT EBKINAA M JUIi N-MEPHOTO pery-
JISPHOTO IIPOCTPAHCTBA!

B mnnockoM peryiaspHOM n-MEpHOM IPOCTPAHCTBE uepe3
TOYKY, HE JIKAIIYyI0 Ha JaHHOH (n-1)-TI0CKOCTH MOKHO MPOBECTU
TOJBKO OJIHY NapaJUiesibHY0 (Nn-1)-TI0CKOCTh, HE MEePECEKAOIIYI0
JAHHYIO.

[TOCKOJIbKY, OYEBHIHO, YTO "3-MOCTYJIAT MHOTOMEPHOTO TPO-
crpancTBa EBKIM/Ia He UMeeT aHaloroB B "I eomerpusix Pumana u
JIo6aueBCKOro, B HMX HET M OBITh HE MOXKET aHaJora "S-mocTynara
EBxnuna.

I113. IIpopoku u IKCTPacCeHChl — KAK OHHU 3TO 1eJ1aI0T

Kak mnpunsATO cuMTarh, 001Ias TEOPHUS OTHOCUTEIBHOCTH
MIPE/ICKa3bIBAET BO3MOXHOCTh IEPEMEIICHUS MEXAY Napajuielib-
HBIMH IIPOCTpaHCTBaMU, BceleHHbIMU Uepe3 Tak Ha3blBaeMble MO-
cThl DiHIITeHA-Po3ena. bBonee Toro, cormacHo e€ dopmamuzMmy
IIPOCTPAaHCTBO U BpeMsl 00pa3yloT €AMHOE IoJIE — IPOCTPaH-
CTBO-BpEMsl, BCIEACTBHE YErO0 TAaKUE€ MOCTBbI, TOHHEJH, YEpPBOTO-
YHHBI O3BOJISIOT HE TOJBKO MOMACTh B IPYTYIO 00JIaCTh CBOCH MM
NapajuleIbHOM BCEJIEHHOM, TO U MEPEMECTUTHCS B JPYTYI0 TOUKY
BpemMeHH. To ecTh, Takue€ MOCTHI OJHOBPEMEHHO SIBIISIFOTCS U
CBOEOOpPa3HBIMU MallIMHAMU BPEMEHH.

B 37011 cBA3M BO3HMKAET 0COOBIN, HAYYHBIN B3I Ha SBIIE-
HUE€ NPEJICKA3aHUN, IPOpPOUYECTB, opakyisoB. llosydaercs, uro ta
uHpOpMaIKs, CBEACHUS, KOTOPHIE MPEIOCTABISIOT 3TH MPOPOKH,
BIIOJIHE COTJIACYETCsl C HAyYHBIMH JJaHHBIMU, TEOPUSIMU. ByKBaJIbHO
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KaKMM-TO 00pa3oM IpeCKa3aTel COBEPIIAIOT, IIyCTh MBICIEHHOE,
HO peajibHOE MYTENIEeCTBUE B OyAylllee, OCIe Yero BO3BPAILaloTCs B
CBOE BpeMs ¢ HEKOM nHpopmanuen.

Xenanue y3Hath, npejcKazaTh OyAyllee BHI3BIBAET y YeNO-
BEUYECTBA OIPOMHBIM MHTEPEC Ha MPOTSHKEHUU MHOTUX BEKOB. Ogi-
HAaKo J1000€ MPOpOYECTBO, MpeIcKa3aHue OyAyIero CKpbITHO CO-
JEpXKUT B ceOe MPUUMHHBIA mapanokc. Eciav BHUMATENbHO IpH-
CMOTpEThCS K CYIIHOCTH IIPOPOYECTBA, MPEACKA3aHUS, TO MOXHO
3aMETUTh MPUYMHHO-CJICICTBEHHYIO CBSI3KY. ECTh 1Ba COOBITHSA:
COOCTBEHHO MpeJCKa3bIBa€MOe COOBITHE W €ro ONUCAaHHEe, TEKCT
npenckasanus. [loHsTre Tekcra ciaenyer paccMaTpUBaTh B CAMOM
HIUPOKOM CMBbICTIe: OYKBEHHBIN, TOJIOCOBOM, 0Opa3HbIi, BUACHUS U
TOMy To100HO€. DTH J1Ba COOBITHS MOXHO 0003HAYUTHh KaK MpPHU-
YuHy U caeactBue. O4eBHIHO, YTO NMPUUYMHOM CleNyeT NMPHU3HATh
COOBITHE, a Ipe/ICKa3aHue — CIeACTBHEM. Tor1a moay4aeTcsi, 4To 1o
BpEMEHHU TPEJCKa3aHUE MpealIecTBYyeT cOObITHIO. VIMEHHO 3Ty
00paTHYIO 10 BPEMEHH CBSI3b U MOXHO 00O3HAYUTH KaK JICHCTBH-
TEJNbHOE, UCTUHHOE NPEACKa3aHne COOBITHS.

[IpenB34arTsiii, CKpPYyIyJe3HbIA aHaIW3 MO3BOJISIET CAENATh B
STOM OTHOLIEHUHU TPHU U TOJBKO TPH JIOTMUECKU LI€JbHBIE, MOCIIE-
J0BaTeNbHbIE, KAPAUHAIBHO OTIMYAIOLIMECs APYr OT Apyra Hpen-
noJsioxkeHust. st emé He HACTYMUBIIETO COOBITHS, COOBITHS B OY-
IyIeM JEUCTBUTENBHOE, Hacmosuee npeockasanue BO3MOXKHO
JUIIb TOJIBKO INPU HENOCPEICTBEHHOM, INPSMOM B3IJIJE Ha 3TU
npenckasbiBaeMble  coObiTus. HyXHO o00s3aTenbHO mONMacTe B
npeJcKa3piBaeMoe Oyayiiee, yBUJIETh 3TO COObITHE U 005S3aTENEHO
BEpHYThCA OOpaTHO B mponuioe. Takoe NpeacKa3aHWE CTPOro
"00s13aTE€ILHO K HCIIOJHEHMIO", OHO HE MOXET HE COBITBCS, IO-
CKOJIbKY HMHaue€ YBHJEHHOE B OyIylleM TepsieT BCSKUH CMBICI.
@axThl BecbMa JIOCTOBEPHBIX IIpeJCKa3aHMil Oymyiero, Korja
IIpe/ICKa3aHhe COBHAJIO C COOBITUEM, IIPU TAKOM MPEANOJIOKEHUU
MO>KHO OIIPEJICJIEHHO pacCMaTpUBaTh KaK CBUAETENbCTBA B MOJIb3Y
MAXUOHHOU TEOPUH OTHOCUTEIIBHOCTH C €€ CUTHAIM3alel B Mpo-
nutoe. Ecnu B npuHIMNE WK TMIOTETHYECKH BO3MOYKHO IepeMe-
LIEHUE meKcma npopo4ecmsa BO BPEMEHU, TO BO3PAXKEHHUS IPOTUB
TaKUX JK€ IEPEMELICHUM, INPEICKA3bIBAEMbIX TEOPUEH OTHOCH-
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TEJNBHOCTH, YK€ HE CTONb yoenutenbHbl. [lomydaercs, yTo peais-
HbIe ()aKThl, pealibHbIe TpPEeACKa3aHus, (POPMaJIbHO CUUTAIOLIUECS
MHUCTHKOH, BBICTYMAIOT B POJIM BECKUX APTYMEHTOB B TOJB3Y
HAaYYHBIX BBIBOJIOB O MEKBPEMEHHBI X OPTANAX?

BMmecte ¢ TeMm, NpUYMHHBIE AHOMAJIMM B OJTOM Cllydae
no-npexHeMmy ocrarorca. Ho kak ke Tak? BosHukaer nuiemma:
OMUPATHCSl HA HEHAayYHbIE, MUCTHYECKHE TPEATIOIOKEHHS, COMIEP-
Kallue MapajoKkchl U abcypapl, WM Ha (UIOCOPCKUN TeTepMuU-
HU3M, UCKITIOYAIOIINI HapyIlIeHHE TPUIUHHOCTH, TIETIIM BPEMEHH H,
CIIeZIOBATENIbHO, MPHUBOJAIIEE K HUM JIBUKEHHE BO BpPEMEHH B
npouutoe. Kakosa anprepHarusa?

[To meHbIIel Mepe, eCTh J1Ba JPYrUX BapHaHTa OOBSICHEHUS
MIPOPOYECTB, KOTOPbIe MpU3HAIOTCs cObBImIMMECS. Hanbomee pea-
JUCTUYHBIM (U3UUECKU U HUITOCO(CKU BHITIISIIUT TPEATIOJIOKEHHE
00 yeaowviéanuu OyAymero ¢ MCHOJIb30BAHUEM KaKOTO-THOO JIOTH-
9YEeCKOro, MaTeMaTHYeCKOT0 pacyera, BBIYMCICHHS, NPHUYEM Cam
MEXaHU3M 3TOTO BBIYHCICHHS MOKET OBITH CIPSTaH MOJ IIHPMON
uHTYHIMU. Takoe yrajganHoe Oyaylee - BCEro JIMIIb NPOCHO3 U,
OUEBHU/IHO, HE SIBISIETCA O00S3aTENbHBIM K OCYIIECTBICHHIO, (a-
TaJbHBIM.

B kauectBe emie OJHOTO, TPETHEro, JOBOJBHO CIIOPHOTO
0OBsSICHEHUS, MOKHO TIPUBECTH BAPHAHT C ghopmuposaruem Oymny-
IIeT0O Ha OCHOBE mpopouecTBa. KoHedHO, B cBeTe W3BECTHHIX
COBIBIIMXCS TIPOPOYECTB TAaKOH BapHaHT, XOTS U BO3MOXEH, HO
BBITJISIIUT BECbMa DK30THYECKH, (aHTacTHUecKd. Hekoe BuIeHHE
MpOpoKa 3araJjoyHbIM 00pa3oM MPHBOJUT B JCHCTBHE KAaKHE-TO
MEXaHU3MBI, KOTOpPBIE HW3MEHSIOT BCEBO3MOXHBIE TPACKTOPHH
JBDKEHUS U TIEPEMEIAIOT MPEIMETHI, IOMAIOT TEXHUKY, H3MEHSIOT
TEYEHUE XUMHUYECKHX, (PU3UUECKUX, OMOIOTHIECKUX MPOIECCOB, B
pe3yibTare yero GopMHupyeTcs MpecKka3aHHOe COOBITHE.

IIpu Bceil npuBIeKaTenbHOCTh NpAMOro "Birisaa" Ha Oyay-
M€ COOBITHS CO CCBUIKOW Ha COBPEMEHHBIE HAay4YHBIE BBIBOJIBL,
TaKkoe MepeMeIieHre BO BpeMEHN HEU30eKHO BEIET K HAPYIICHHIO
MPUYUHHO-CIIEJICTBEHHBIX OTHOIICHHUH, HapymeHus Gpumocodckoro
3aKOHA JETEPMUHU3MA. A BO3HMKAIOUIME TPU ATOM MapPaTOKCHI
aBTOMATHUYECKH BBIBOAAT STH B3IIIAIBI 3a Mpeaesbl HaydyHbIX. Ko-
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HEYHO, Mbl MOXEM OOBSCHATH IPEJICKA3aHUs TPOPOKOB HA OCHOBE
"MaluHbl BpeMEHHU'", HO B 3TOM CJIy4ae HE CJIEJIYeT CChLIAThCS Ha
HayKy, JOTHKY, (puiocoduro. 1o Oe3ycioBHas Muctuka. Jlrodoe
nepemenieHue (Bo3BpalleHne) B MPOILIOe BCETa, B 00s3aTEIIbHOM
MOPSIIKE MPUBOAUT K HEYCTPAaHHMMOMY JIOTHUYECKOMY MPOTHUBOpPE-
YUI0, MapaJoKcy, abCcypay.

Takum 00pa3om, ¢ y4eTOM CKa3aHHOTO, U U3 ()EHOMEHOB
Mpe/ICKa3aHusl U €My MOJIOOHBIX TAaKK€ BaXXHO HUCKIIOYUTH BCSKOE
"sarnsgpiBanue’" B Oynyinee, 3aMEHUB €ro, HalpuMmep, Ha Crocoo-
HOCTb K IPOTHOCTUYECKUM BBIYHCICHUSM PEaTbHON MaTepHUaIbHON
CyOCTaHIIMH - MBICIISAIIETO CYIIECTBA.

[IporHo3upoBaTh, a HE OMUCHIBATH O0OCHMOBEPHO COOBITHS
OyayIIero mocie ero MmocemeHus, MOXKeT U J0JDKHA TOJIBKO MaTe-
pUalbHasg CTPYKTypa, O€3YyCIOBHO IMOJUYMHSIOUIAsICS 3aKOHY Jie-
TepMuHU3Ma. OYEBUJIHO, YTO CO3[aBaTh TaKWE€ IPOrHO3bI MOKET
TOJIBKO JOCTaTOYHO BBICOKO OpraHun3oBaHHas Marepus. Heco-
MHEHHO, YTO CaMOM CJI0)KHOM CTPYKTYpOU BEIIECTBA BO BeeneHHoM
ABIJIIETCS CTPYKTypa OuoJioThyeckasi, HauboJjiee CIOXKHasi U3 KO-
TOPbIX - MO3r. CIOKHOCTb 3TOM CTPYKTYpbl TakoBa, 4TO B HEH
BO3HMKJIA IPUHIUIHUAIBHO OTJIMYHAS OT BEIECTBEHHOW, MEXaHU-
4yeckoi (popMa IBIKEHUS MaTepHH — CO3HAHKUE. JTO KpalHEe BaKHOE
OOCTOSITENICTBO: MMEHHO CJIOXKHOCTH CTPYKTYPBI M HUYTO HHOE
MPUBOJUT K BO3HUKHOBEHHMIO y HEE TAKOTO YJUBUTEIBHOTO CBOM-
CTBa Kak co3HaHue. C TOUKM 3peHUsl KOHLENIUU AETEPMUHU3MA U
MIPUYHNHHO-CIIEAACTBEHHBIX CBSI3€H BCE MPOLIECCHI B MO3TY SIBJISIIOTCS
MpeoTpeeIEHHBIMU, CTPOTO 3aKOHOMEPHBIMH, Jaxke (aTaibHbI-
MHU. DTO TOXKAECTBEHHO YTBEPKACHUIO, YTO HUKAKOM CBOOOIbI BOJIN
He cymecTByeT. OJHAKO CIOXKHOCTh CTPOEHHS MO3ra M €ro MHO-
rOypOBHEBasl CTPYKTypa B MaTEpPUAILHOM MUPE MCKIIIOYAIOT KaKYIo
OBl TO HH OBIJIO BO3MOXKHOCTH OIKCATh M, TEM 0oJjiee, pecKa3aTh
xoJ mpoueccoB B HEM. IlonmHoe, aeranbHOE OmMMCaHUE 3TUX MPO-
LIECCOB HEBO3MOXHO.

HeB0o3MO0KHOCTh MOJHOTO OMHUCaHMS /1700020 TIpolecca Mo3-
BOJISIET, U JJa)ke TpeOyeT paccMaTpuBaTh €ro JETEPMHUHHU3M, IIPE-
ONPENEIEHHOCTh KAaK MMEIOLUN HENPOTUBOPEYMBO CIIy4aWHbIN,
BEPOSATHOCTHBIN XapaKTep, MOCKOJIBKY UIsl JIF0OOT0 KOHEYHOTO (TI0

379



00BbEMyY) omucaHusi Bcerja OyayT MCKIIOUEHBI M3 PacCMOTPEHHUS
IIPUYMHHBIE MTPOLIECCH 00JIee paHHEro NEPUOa.

XOTsI 3TO | BBITJIIIUT KaK yIOBKa, KaKk BBIBOJA OT O€3BICX0/I-
HOCTH, HO HEBO3MOXHOCTb IOJIHOTO OIHMCAaHUSl BCEX CBOMCTB U
BO3MOXHOCTEIl MO3ra BIIOJIHE OOOCHOBAHHO U JIOTUYHO TpeOyeT
JOTYCTUTh HAJINYUE y HETO U TaKUX CBOMCTB, O KOTOPBIX MBI IIOKA
HE UMEEM HE TOJIBKO SICHOTO MPEACTaBIEHUS, HO JaXe KaKUX-1100
SIBHO C(POPMYTHUPOBAHHBIX TUIIOTE3.

B 3T0i1 CBSA3M HET HUKAKUX BUAUMBIX MPENSTCTBUM JJI pac-
CMOTpeHUsI PEHOMEHOB MPOPOUECTBA, OPAKYJIOB, SKCTPACEHCOPHBIX
CIOCOOHOCTEH, TelenaTHH M TOMY IMOJOOHOE TOJ ATUM YIJIOM
3peHus. BrionHe pe30HHO MOKHO BBIABUHYTH MPENOJI0KEHUE, YTO
m000€ M3 M3BECTHBIX NPEACKAa3aHUN — 3TO CBOCOOpa3HBIN aHAIU-
TUYECKHM, TO €CTh, BEIYMCIICHHBIN npO2HO3 PA3BUTHS COOBITHH, a HE
uHbopManus, onpedenénno B3sATas u3 oyaymero. M B 3ToM, CTporo
TOBOps, HET HUKAKMX MPOTUBOPEUYMHA WIIM MUCTHUECKHX THIIOTE3,
OCOOEHHO €CIIM ONMPAThCS Ha JETEPMHHM3M, Ha 00s3aTEIbHOCTh
MIPUYHUHHO-CIIEACTBEHHBIX OTHOIIEHUH.

Hanpumep, MOXHO HPHUCMOTPETHCS K HEKOTOPBIM APYTHM
MIpe/ICKa3aTeIbHbIM OMUCAHMSM, KOTOpPBIE 110 MHOTUM IIpHU3HAKaM
CX0’H C TEMH, YTO OMUCHIBAIOT MPOPOKHU. B Halm 1HU cyiecTByer
LEeNbIi pA MaTeMaTHYeCKUX 3ajad, JJIs PEUICHHUs] KOTOPBIX CO-
3/1at0Tcsl BCE OoJiee U OoJiee MOIIHbBIE CyllepKOMITIbIoTEpHI. [Ipume-
POM TakoOil KpaiHE CII0KHOW 3a/ayyl SBISETCA IPEJICKAa3aHue I10-
roapl. Cyzs o JOCTYnHOW MH(OpMAIUK, 3TO €1Ba JH HE TJIaBHas
3ajjaya Juid COBPEMEHHBIX cymnepkoMIibioTepoB. Ho kpome Heé
MIPOU3BOIATCS. BBIYMCICHUS M JUIA JPYTrUX (DU3NYECKUX SIBICHUI.
Hanpumep, usBectHo MHenue, yto Coeaunénnble Illtater corna-
CWJIMCh Ha MpPEKpalleHUE SAEPHBIX MCIBITAHUM MOTOMY, YTO yJa-
JIOCh MOJIYYUTh PELIEHUE 3TOH 3a/1a4 Ha CYIIEpPKOMITBIOTEpE.

Taxke Ha KOMIbIOTEpaX MOJEIUPYETCS MHOXKECTBO KOCMO-
JIOTUYECKUX 3a]a4: MOBECHUE YEPHBIX JbIP, IBOJIOIMS TaJaKTUK U
Jaxe HBoonus Becel Beenennoit ot bousbmoro B3peiBa 10 Hammx
nHei. C nmoMmoIb KOMIBIOTEPOB JENIAl0TCS MpeACKa3aHus MOBejie-
HUS TaJaKTUK, COAEpkKaIIUX TEMHYIO MaTtepHio. Bce aTu npumepsl
ONpENENEHHO BBINIAAAT Kak Ipe/icKa3aHus, IMPOpOYEcTBa, IIO-
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CKOJIbKY OHM IIOJIy4alOT pe3yJbTaT pa3BUTHUA BO BpeMeHU. Bo
MHOTHX CIy4YasX MpeAcKa3aHus B TOUHOCTH NOKA3bIBAIOT PE3yJib-
TaT, IOJYYEHHbII Ha OCHOBE KOHKPETHBIX AaCTPOHOMHYECKHX
HaOJTIOIeHUIA.

Urto 310 03Havaer? Bo Bcex ITUX MpuMepax Kak Obl popo-
YeCTBOM OKa3bIBAETCS CTPOTO MAaTEMaTUYECKOE pEIIEHUuEe Ka-
KOH-TMO0 KOHKpEeTHOH 3amaun. Takue mpeacka3aHus HMEIOT B
aCTPOHOMHHU JIaBHIOKO HcTOpuio. [Ipencka3pIBatoTCsl IMOSBICHUS
KOMET Ha MHOTO JIECATUJIETUI BIEPEN, MECTA TOSIBJICHUS IJIAHET U
Jla’ke MECTa MOSIBJICHUS IUIaHET /10 TOM MOPHI HEU3BECTHBIX. Beé 310
— NIPaKTUYECKU MPOPOYECTBA, MPEJICKA3AHUS, B CBOCH CyTH Majo
4eM OTJIMYAIOLIUECS OT APYTUX, COLUAIBHBIX U JIMYHOCTHBIX IPO-
pOYECTB.

OTpuiate Takoe CXOJACTBO JIBYX BUJIOB IIPOPOUYECTB HET BEC-
KUX OCHOBaHMI. HO BO3HMKAeT €CTECTBEHHBIN BOIPOC: KAKUM Ta-
KM "KOMITbIOTEPOM" MOJB3YIOTCA OpaKysbl, mpopoku? Bce onHu
UMEIOT JIMIIb OJUH OpraH JUisi KaKUX-JIUOO BBIYUCICHUH — cOO-
CTBEHHBIN MO3T. []a, 310 Tak. 1 BeposiTHEE BCETO MMEHHO 3TOT MO3T
ABJIAETCA JIMOO TEM CaMbIM CYNEPKOMIIBIOTEPOM, Ha KOTOPOM
IIPOPOKH JIENIAl0T CBOM MpejAcKa3aHusi, MO0 OJHHUM M3 €ro sie-
MEHTOB.

Ho nmouemy Takux npejckazaHuil He JienaeT Kax/bli U3 Hac?
N xak uM, mpopokam yaa€rcs peluTb, HECOMHEHHO, KpalHe
CIIOXKHYIO 3aJjady 10 INPOTHO3UPOBAHMIO JAIBHUX COOBITHH, €Ciu
HEPEJIKO MO3T HE IMO3BOJIAET PELIUTh Ja)Ke MPOCTEHbKYI0 MaTeMa-
TUYECKYIO 3aauky? B mo0oM cirydae HaM ClieAyeT elme pa3 ompe-
JENEHHO 3aABUTh, YTO JIIOO0E npedckazaHue TPEACTABISET cO00i
TOJIBKO OJIMH W3 TPEX BapUAHTOB: 3TO MO0 nymeutecmeaue BO Bpe-
MeHHU (B Oyayiiee ¥ Hazan); OO ATO aNTOPUTMHUYECKUN pacuém
0’KHUJJAEMBIX COOBITUH, NCXO/ U3 UMEIOIINXCS HAaYaJIbHbIX JaHHBIX
Y W3BECTHBIX 3aKOHOB Pa3BUTHS MPHUPOJBI M OOIIECTBA; JTUOO ITO
BO3/ICUCTBUE HA MPOILIECCHl UCTOPUUECKOTO PAa3BUTHUSA, POpPMUPYIO-
niee npexackasaHHoe. He cylecTByeT MHBIX pa3yMHBIX ONHCAHUMN
9THUX IIPOLIECCOB BO BCel NOJIHOTE. [Ipy 3TOM ri1aBHEUIIMM 3aKOHOM
npuposl U puocoduu cienyer cCYuTaTh 3aKOH AETEPMUHU3MA H,
KaK CJIEJICTBUE 3TOTO 3aKOHA, IPUYNHHO-CJIEICTBEHHbIE OTHOLICHUS
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¢ 6e3yCIOBHBIM OTpPHUIIAaHUEM aOCOFOTHBIX ciydaitHocTel. U Torma
U3 3TOTO MpPSIMO CJIEAYET, YTO €IWHCTBEHHBIM pa3yMHBIM, CBO-
OOZHBIM OT MHUCTHKH W HJeajn3Ma OOBSCHEHHEM IpPOPOUYECTB,
Mpe/ICKa3aHUi MOTYT OBITh TOJIBKO aJITOPUTMHUYECKUN pacuéT, Tudo
BO3JICIICTBUE HA PEabHOCTh. TOJNBKO TakMe MPOTrHO3bI HE UMEIOT
HUKAKUX IPUHLIUIHAAIBHBIX IPOTUBOPEUUH C 3aKOHAMM IPUPOIBI.

OueBHUIHO, CIIOKHOCTbh TAKMX IpPECKa3aTeIbHBbIX BbIUMCIIE-
HUHN MOXET MPEBOCXOIUThH BCE MBICIMMBIE ITPEJICTaBIEHUs O HUX. 1
TeM OoJiee — BO3/IeHCTBHE HA peaslbHOCTh. OHAKO HU TO, HU PYroe
camH 1o ce0e TOXe He IPUBOJAT HU K KaKUM JIOTHYECKUM MPOTH-
BOPEUHUSAM WIN NapaJoKcam

Cnenyer npu3HaTh, YTO BBIYUCIUTEIbHbBIE, TPOTHOCTUYECKHE
CIIOCOOHOCTH MO3ra MPEBOCXOJAAT BO3MOXHOCTU CYNEPKOMIIBIOTE-
POB CYLIECTBEHHO OOJbIlE, YEM CJIOKHOCTh MO3ra MPEBOCXOJUT
CJIOKHOCTh cyrepkoMibiorepa. Ho B OOBIYHOM COCTOSIHMM YeJio-
BEKa 3TH CIIOCOOHOCTH K CBEPXBBIYMCIIEHUSIM €My HEIOCTYIHBI B
(dbopMe 0CO3HAHHBIX paccyxkaeHHi. OIHAKO, U3BECTHO TaK Ha3bl-
BaeMoe€ M3MEHEHHOE COCTOsIHME co3HaHus. He Oyznem BraBaTbes B
JIETa ATOTO SIBJIEHUS, U CBOJUTH MCKIIIOUUTENBHO K HEMY Iy-
OWHHBIE CITOCOOHOCTH MO3ra, OTMETHM JIMIIb €r0 JeKIapupyeMoe
CBOMCTBO: B 3TOM COCTOSIHUM 4YENIOBEK CHOCOOCH CYIIECTBEHHO
aKTUBU3UPOBATh CBOM MBICIMTEIbHBIE CIOCOOHOCTH. K cX0okum
s dexTaMm MOTYT NPUBOJUTH TAKKE M ONpe/eIEHHbIE OMOXHUMMYe-
CKHE BO3JCHCTBHS Ha MO3r. M3BecTHa, Hampumep, THIOTE3a O
npopunatensaune [Inpun, cnocodHOCTH KOTOPOH MPOSIBISUIUCH B
ONpeaeNEHHOM MeECTe, I/, KaK MpearoJiaraercs, MpPOUCXOANIIN
BBIJICJICHUS! KAaKUX-TO BYJKAHWYECKUX Ta30B, B PE3yjibTaTe Yero
IIpopHIIaTeIbHUIIA BlIa/laja B COCTOSIHUE IPOPOUYECKUX BUJICHUI.

CdhopmynrpoBaHHOE COOTHOILICHWE MOXHO Ha3BaTb MHUHU-
MaJbHBIM IPEBOCXOACTBOM Mo3ra. Ho ciemyer paccMmoTpers u
COOTHOLIEHHUE cleayouiero ypoHs. COBpeMEHHbIE KOMIIbIOTEPHI
SBJIIOTCSI. MHOTOIIPOIIECCOPHBIMH, ATAKHE CKAa30YHBIE TPEXIJIaBbIE
WIM JBEHAALATUIIIaBble JIpakoHbl. Kpome TOro, oHu MOryT OBIThH
OOBEIMHEHBI B CIIOXKHBIE KOMIBIOTEPHBIE CETH, YTO emé OoJIbIe
YBEJIIMYUBAET UX BBIYMCIUTEIBHYIO MOIIHOCTh. B KauecTBe Takoi
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K€ CETH MOXHO IPEIIOJIOKUTh HEKYI0, BUAUMO, HEIOKANbHYIO
CBSI3b MEXK/[y CO3HAaHUEM MHOXKECTBA JIFOJIEH U HE TOJBKO HX.

Cpa3y ke OTMETHM, YTO 3Ta TMIIOTe3a HE IPETEHAYET Ha HC-
KIIFOUUTENBHOCTh, 3TO BCETO JIMIIb TUIOTE3a, MONBITKA HAUTH XOTh
KaKOe-TO pPAlMOHAIBHOE OOBSCHEHHE SBICHMSM, HUMEIOIIUM CO-
BEpILICHHOE HepalnoHaIbHbIN Bua. [lpu Beelt e€ panTacTuaHOCTH,
OHa BCE-TAaKM IIPEAEIIBHO KECTKO ONUPACTCS HA MaTepUaIUCTHYE-
CKHE IIPEJCTABJICHUS, HA PALIMOHAJIBHBIN HAYYHBIN OIIBIT.

Kakum o00pa3oM MHOXECTBO JIOJCH OOBEIUHSIIOT CBOU
MBICTHTEIbHBIE CIIOCOOHOCTH, CKa3aTh clokHO. Kpome Toro, 00-
HapyXUTh TAaKyIO CBSI3b B HACTOsIEE BpeMs €Ill€ HUKOMY He yaa-
nocb. OnHako (QU3MYECKUX MPOTUBOPEUMH B TAKOW CBSI3M HET.
Y CIIOBHO TOBOPSI, BCEO COBOKYITHOCTH OMOJIOTHUECKUX OOBEKTOB Ha
3emiie, UMEIOIIMX KaK MUHUMYM HEPBHYIO CHUCTEMY, MOXXHO pac-
CMaTpUBaTh KaK CBOEOOpA3HbIM BCEIUIAHETHBIM MYPAaBEMHMK WM
ITYEJIMHBIA POii, BCE WIEHBI KOTOPOTO COCTOSIT B HEKOTOPOW HEJO-
KaJbHOM cBsi3u. Hu 60ecTBEHHOTO POBUJIEHMSI, HU CBSATOTO yXa,
HU nepemewjeHus 60 épemeHu U MPOCTPAHCTBE I TAKUX KOMMY-
HuKauuid He TpeOyercsi. KoHeuHo, peub 37ech HE UAET O HEKOEM
Bcenenckom win gaxe 60KECTBEHHOM pa3yMe.

['maBHOM CHIOCOOHOCTBIO MPOPHUIIATENICH B 3TOM Ciy4ae cie-
IyeT CUUTATh UX BPOXKAEHHYIO, IPHUOOPETEHHYIO WM BBIpaOOTaH-
HYIO CIIOCOOHOCTH M3BJIEKaTh MH(OPMAIMIO U3 3TOW MHOTOMO3TrO-
BOM BBIYMCIUTENBHON ceTH. Camo TMpeicKa3aHue SIBISETCS HC-
KIIIOYUTENIbHO MAaTeMAaTUYECKUM U BEPOSTHOCTHBIM, CTOXacTHYe-
CKUM pEILIEHUEM 3BOJIIOLMOHHON 3a7auyd OT MCXOJHOTO MOMEHTA
BPEMEHHU J0 HEKOTOPOrO COLHUAIbHO-3HAYMMOIo coObITHs. Oue-
BUJIHO, CaM IPOLIECC BBIYUCIEHUN CKPBIT OT MPOPHULIATENS U TIPE-
CTaBNSIET COOON HEKHE TOJCO3HATENbHBIE OXXUAAHUS DPA3BUTHA
COOBITHI MHO>KECTBOM CO3HAHHIA.

Hanpasnenue pa3BuTHs, 3BOJIIOLIMHA, HECOMHEHHO, 3aBUCUT OT
(daHTa3uM KaXJO0ro U3 CO3HAHWHU, BXOJSIIMX B TaKyl THIIOTETH-
YECKYI0 MBICIUTEIbHYIO HEJOKaIbHYIO CeTh. Bce OHM CHHXpOHH-
3UPYIOT APYT ApYra, J1aBas, B KOHEYHOM CU€Te, HEKOTOPBI yCpe-
HEHHBIN pe3ynbTar. OCO3HATh, YAOBUTH 3TOT PE3yjbTaT — IJIaBHAs
3amaya opakyna. Ho Bo Bcex BapmaHTax 3TOT pe3ysbTar SBISAETCS
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CJIEICTBUEM O0BEAMHEHHOTO MBICIIUTEIBHOTO MPOLIECCa MHOKECTBA
CO3HAHMM B N3MEHEHHBIX COCTOSHUSX.

Wrak, ¢eHOMEH mpenckasaTens, MpPOpoKa, MpOpUIATEs,
OpakyJsia Mbl BIOJHE OOOCHOBAHHO MOKEM CUUTAaTh IMPOSBICHUEM
CKPBITOH CBEPXMOIIHOW BBIYUCIUTENFHOW CIOCOOHOCTH YeloBe-
YEeCKOro MO3ra B BO3MOXXHOM OOBEIMHEHHOM COCTOSHUM, HEJO-
KaJbHON CBSA3M MHOYKECTBA CO3HAHUU M JIIOOBIX MHBIX MPOSIBICHUH
HEpBHOU JiesrenpbHOCTH. Hukoia Tecia 3asBiIsi1, 4TO OLyIna CBs3b
C HEKMM BBICIIUM DPa3yMOM, KaKOBBIM MOT OBITh TaKoil oObemu-
HEHHBIM MHTEIEKT. HUKakuMX MUCTHYECKMX INCEBIOHAYYHBIX pe-
JATUBUCTCKUX W MM MOJOOHBIX IEpEMEUICHUH BO BpEMEHH HeE
TpeOyeTcs.

ITomumo mnpopuLIaTENbCTBA, CYIIECTBYET TaKKe HEMaJo M
APYruX MapaHOPMAIbHBIX SBJICHUH, KOTOPHIE MOTYT OBITH BIIOJHE
MIPUEMJIEMO M CTOJIb )K€ PEATMCTUYHO OOBSCHEHBI C TOUKH 3PEHHS
Takoro OOBEIUHEHHOTO CO3HAHMS. OKCTPACEHCOpPHUKA, Korja
[JIABHBIM yYaCTHUK, OOJIaalolIdii JapOM SKCTpaceHca, Kak Obl
BCTYNIA€T B HEJIOKAJIbHBIA MBICIIEHHBI KOHTAaKT C HEMOCPEe-
CTBEHHBIMH YYacCTHUKaMHU HCCIeIyeMbIX coObITHH. Bapumantos
TaKUX KOHTAKTOB MOXET OBITh MHOKECTBO. 3aMETHO 0oJiee MPOCT B
00bsicHeHUN (PEHOMEH TeJIeTIaTHH, HEMOCPEICTBEHHO M COCTOSIINI
B cBoeoOpa3Hoil "mepenade MbIcieil" Ha pacCTOSHUM 0€3 MOMOIIH
¢u3nveckux opranoB uyyBcTB. K Hauboee a3 pexTHpIM eHOMEeHaM
OTHOCUTCSI TEIEKHHE3, CBA3aHHbIN C MEXaHUYECKUM BO3JICHCTBUEM
Ha MaTepuallbHble OOBEKTHI: HM3THOAHUE JIOKEK, MNepeMelleHue
00BEKTOB, BBIBEICHHE U3 CTPOS AIEKTPONpuOOpoB. B aToM ciayuae
MO>KHO MPEANOJIOKUTh KaKOE-TO JIONOJHUTENBHOE, ellle 0ojee He-
BEPOSITHOE CBOMCTBO 3TOM MBICIUTEIBHOW, HEJIOKAIbHOW 3HEPTUH,
crocoOHOM TpaHC(HOPMUPOBATHCS B TEIJIOBBIE, MAarHUTHBIE, DJICK-
Tpuueckue mnoiiss. Camo mo cebe MEXaHHMYECKOE JIBUKEHUE SBHO
CBUJETEIBCTBYET O IMOSBICHUM HEKOTOPOW PEaTbHOM CHIIbI, NPHU-
JIO’)KEHHOUM K 00bekTy. Borpoc, HECOMHEHHO, HayuHBIH, IKCIEpH-
MEHTaJIbHBIN.

B sTOM cMmbIciie oueHb 00JIBIION UHTEPEC MPEICTABISET dKC-
NIEPUMEHTAJIbHO BBISIBJICHHOE, KaK YTBEP)KJIAETCs, BO3JEHCTBUE
KOJUIEKTUBHOTO CO3HAaHUSI MHOKECTBA JIIOJIEH Ha AJIEKTPOHHBIE
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TE€HepaTophl CiydallHbIX uncen. Yu€Heii Pomxep Henbcon 3amy-
ctunt pmutensHeiid mpoekT Global Consciousness [70], B koTopom
IPpU TIOMOIIHM CETH TEHEPAaTOPOB CIYYalHBIX COOBITHI, pacrolio-
’KEHHBIX Ha pa3HbIX KOHTHHEHTAX, IOMPOOOBaII YIIOBUTH JBIKCHHE
HEKOETO BCEMHUPHOTO pa3yma, Oecco3HATelIbHO (OPMUPYEMOTO
BCEMHU JI0pMU [69]. MainHa nojacuuTsiBaga OMHApHYIO BEPOAT-
HOCTb CITyJalHBIX COOBITHH, TOJOOHBIX MOIOPACHIBAHUIO MOHETHI,
KOTOpasi 10 TEOPUH BEPOSITHOCTH JOJDKHA OBITH B TOYHOCTH paBHA
1/2. OmHako Ha caMOM Jielie 3Ta BEPOSATHOCTh OKa3aJiach 3aBHCUMOM
OoT mupa Jwojer. Tak Ha camMomnucIax MPOEKTa OTIEYaTaUCh OT-
KJIOHEHUS OT CTaTUCTUYECKOW MOTPEIIHOCTH, TO €CTh OTKJIOHEHUS
ot 1/2, Bo BpeMsi IOXOpOH MpHUHIECCH JlMaHbl U psfa JPyrux co-
OBITHIA, TOPSYO TIEPEKUBAEMBIX OOJBIIUMH MaccaMu, BpOJIe MHAY-
rypauuu OGambl UM 3emileTpsiceHust B Mramuu.

MeHee 3aMeTHOH SBIISIETCS CBSI3b MEXKIY KOJJIEKTUBHBIM CO-
3HAHWEM U HEOIO3HAHHBIMU JieTarommMu oosektamu — HJ1O. On-
HAKO U 3/IECh BIIOJIHE JOIYCTUMBI U JIOTUYHBI MTPENO0JIOKEHUS, YTO
HJIO sBnstoTCA MPOAYKTOM KOJIJIEKTUBHOTO BOOOpPa)KEHUS HA OC-
HOBE JINTEPATYPHO CO3JaHHOTO oOpasza. Cam (u3ndeckuii 0OBEKT,
TakuM 00pa3oM, SBIISIETCS MBICIe(HOPMON KOJUIEKTUBHOTO pazyMa
MBICIIUTEIIbHOW HEJIOKAJIbHOW ceTh. Bo BCSAKOM ciydae, B 3TOM
MOJENIM HE IMPOCMATPUBAETCS HM HApyLIEHHE NPUYUHHOCTH, HU
IepeMEIEHUE BO BPEMEHH, a JIMILb TMIOTETUYECKUE Mamepuanu-
3yr0uue BO3MOXKHOCTU KOJJIEKTUBHOTO CO3HAHUSL.

Kak Hekyro oNTHYECKYH0 MHCTAJUISILUIO "MBICIUTEIbHON He-
JIOKaJTbHOU CeTH" MOYKHO paccMaTpuBaTh U ()EHOMEH XpOHOMUpA-
*ei. MTHUMaTopoM U CLHEHApUCTOM MOKET CTaTh HEKUM KOJUICKTUB
"aOOHEHTOB ceTu'", CO3/aBIIMX HEUYTO CpeaHee, 000OIEHHBIH MHp
13 CBOUX I10/ICO3HATENbHBIX 00pa30B.

Eme oqauM M3 MeHee M3BECTHBIX (DEHOMEHOB TepeMeIeHHs
BO BPEMEHHU SBJISETCS TaK Ha3biBaeMbli Ko bubimu. B wacTHOCTH,
YTBEPK/AaeTCs, YTO B TEKCT KHUTU "BpiTHe" BKIIIOUEHA CKpBITast
uHpopMmanusa o OyIymuX COOBITUSX M CIIy4aifHOE IOSBJICHHE KO-
TOpOM MpakThyecku uckiarodeHo [51]. HecomHeHnHo, nocroBepHas,
peanbHast ”HPOPMALIKS O COOBITHAX OYAYIIEro MOXeT ObITh TOTy-
YeHa MoJbKO B PE3yNbTaTe MyTEeIIECTBHS BO BpEMEHH: B Oyyliee u
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3aTeM 00paTHO, B TOUKY OoTHpaBku. CieaoBaTeNbHO, TOT, KTO MUCAT
bubnuto, nomkeH ObuT OBITH CIIOCOOEH COBEPIIUTH TaKOE HEBO3-
MOXHO€ MyTEHIeCTBUE. AJTOPUTMUYECKAsE CTPYKTypa KHUTH CO-
IJIACHO HAYYHBIM UCCIICIOBAHUSIM KpaitHE CJI0KHA JTaXkKe JIJIsl HAIINX
COBPEMEHHBIX CPEJICTB BBIYMCICHHM, HO MUMEHHO 3Ty CTPYKTYpPY
CJIelyeT pacCMaTpUBaTh KaK pe3yibTaT €€ allfOPUTMUYECKOTO KE
npoekTupoBanus. Her HHKakuX (QU3NYECKUX M JIOTHYECKHUX 3a-
IIPETOB Ha TO, YTOOBI CO3/1aTh HEKUI TEKCT, COJEpKalluil CIOX-
Heifmue cnennduyeckue mocie0BaTeIbHOCTH 3HAKOB, OykB. Bu-
Mo, "cozmatenan" TEKCTa MMEJNM IMOIXOISIINE BLIYMCINTEIBHEIE
MarmuHel. M Takod MammHOW BIOJHE MOXET OBITh HEJOKaTbHast
MBICIHUTENbHAs ceTh. [Ipu 3TOM OHa MoOrJia MPOU3BOJIUTH U TPO-
THOCTHYECKHUE BBIUUCIEHUS, TPEACKA3aAHMUS.

[ToMUMO TPOrHOCTUYECKUX BBIYUCICHUN KOJIIEKTUBHOTO
CO3HAHHUS HE CTOUT COPACHIBATH CO CUETOB M €r0 BO3MOXKHBIE CITO-
COOHOCTH YIIOMSIHYTOW BBIIIIE MaTepUaTU3alUU COOBITHUM, KOTIa
IIpe/ICKa3aHHOEe COOBITUE Hacmynaem AUl NOMoMy, Ymo OHO ObllI0
npeocKkazano u odcuoaemcsi, TO €CTb, KaK OJAWH W3 BapHAHTOB
dbopmupoBanwst Oy TyIIETO.

[IpencraBneHHbie TUMOTE3bl, HECOMHEHHO, BBIMJISIAAT Kak
(danTacTHYeCcKre, 0COOCHHO, MaTepUATU3YIONIME CBOMCTBA CO3HA-
Husg. KoHeyHO, Bce OHM SIBIIAIOTCS JIMIIb OJHOM U3 BO3MOKHBIX
MOMBITOK OOBSICHUTH HEKOTOPHIE M3 MHOXKECTBA YAMUBUTEIBHBIX
SIBJICHUH, HAOJII0aeMbIX B TpUpoje, 0€3 MPHUBJICUCHUS MOTYCTO-
POHHUX CHJI, MUCTUYECKUX U UJCATHUCTHUYECKUX MEXaHU3MOB. B nx
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