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Y]IK 530.12 (023)

k. Cunr WwHpoKO H3BeCTEH KaK Bhialouiwiicss MaTema-
THK, MeXaHHK, CNelHaJHCT MO TEeOPHH OTHOCHTEJNLHOCTH.
Hacrosimas knura — ero nepsuiil M BecbMa yjAauHBIL OOBIT
B ofiacTH nonyaspH3aund. ABTOp nocrasua nepen coboil
HeJerkyw 3azauy: Ha MO0JYTOpacTa CTPAHHUAX HeGOoAbLUIOTro
(popMaTa TIO3HAKOMHTb YHTATEIS HE TOABLKO CO ClelHalb-
noii, Ho n c ofwell TeopHeli OTHOCHTEILHOCTH, NMpHYEM CHa-
yaaa ¢ obuleii — noaxoa, cam 1o ceGe peobumunmiil Tlpn
stoM . CHHD B MHHEMAJLHOI CTeNeHH HCNOJb3yeT MaTe-
MaTHyeckHii anmapar. Uurtas kHuTY, noytH GeaseTpHCTHue-
CKXyio no ¢iopMe, HO CTPOTYIO [0 COJEP:KAHHIO, HEBO3MOKHO
0CTaThCSl MACCHBHLIM HAH paBHOAyHEIM: CHHT, ONBITHGLI] H
TAJAHTIHBLIL paccKasuWKk, HaieleHHuIl K ToMmy e 060.b-
LM YYBCTEOM IOMOpa, Bee Bpens OyIOpawkuT BooGpaikenHe
PE3KHMH TOBOPOTAMH MbICAH, NapaoKcaMH H HOKa3aTelb-
cTBaMH «0T abcypia», «BCTPAXHBAET» BHHMaHHe HEOMHAAH-
HBIMH NCPCXOJAMH H3 MHpA pEaJbHOr0 B MHP MOICJLHDII
H oGpaTHo.

[Knura naiizeT WHPOKYO ayJHTOPHIO NPEXkKIe BCEro Cpeiu
MOJT0ACKH (CT}’}ICHTOD, HKOJbHHKOB CTElplIIH.‘C K.JTEICCOB), HO
¢e ¢ MHTCPECOM NPOYTYT M CJAOXKHBIIHECS CNEUHaJHCTH: (H-
3HKH, MaTeMaTHKH, (QHJIocOdLI, HHKEHepHI,
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I peducaosue nepesodwika

Heropuxu-Ouanorpadel, aHalusupyst uluc10  Hay4HO-
NOMYNAAPHBIX KHHT, TOCBALICHHLIX TEOPHU OTHOCHTENBHOCTI,
morain Obl OTMETHTB ABa Nuka, OmiH U3 HHX DPHXOANTCA na
JBajLAaTLie, NPYrod — Ha LICCTHAECHATHIE TOiLI HAIIEro CcroJje-
‘tusg. O0a 3TH IHKA «CNPOBOIUPOBAHLY aCTPO(HU3HUECKHMIL
orkpuituAMi. [lepBulll — OTKDPLITIEM OTKJOICHHS CBETOBLIX
Jdydeld oT NpAMOJHHEHHOCTH Npi Hpoxomgexin BOIH3H Mac-
CHBHOTO NpHTATHBalomero tejaa — CoJinua, BTOpoil — Hexas-
HUMH OTKPBITIAMI KOCMHUGCKHX OO0LEXTOR ¢ BhIeJeHHeM
OTPOMHOTO KOJHYECTBA 3HCPIIN — fALep I'AI2KTHK, KBasapoz,
nyascapos — i o0HAPYKEHHeM DEeMHKTOBOI0 KOCMHYECKOTO
HaayyenHa. JTH ARAEHHA N1 CBOCTO TEOPETIYECKOIO aHAMN34
notpeSoBaaH aKTHBHOIO MPIHBJCUCHHA TEOPHH OTHOCHTE/b-
HOCTH.

Kuifrit  IpaluarelX ToJ0B B OCHOBHOM OnliNi MOCBSIIEHH
NPEACTABICHHAM CIeUHANLHON TRODHH OTHOCHTeNBIOCTH, KHUTH
IIeCTHAECATEIX TOJA0B BCe Hallie 11 chesce 13/araioT OCHOBHbIE
NPeiCTaBACHIA 3HaUNTesnbio Godee TPYAHON I NOHIMAHIA
ofutell TecpHH CTHOCHTEALHOCTIL. ITj CTh 1103H3HDI H Heolonlt-
HOCTH, COMPOEOX(IaBIlad MEePBC2 3HAKOMCIE) € NHapagokcaib-
HLIMH NIDENCTAB/ACHUSME TEOPHH OTHOCHTE/LIOCTH, HBIHE MO-
CTeNelHO ChieHsIeTCs YIOBJAETBOReNNIEM OT TV1VGHIUDI TOCTHAKECHH S
stoif Teopun. OCHOBEI €€ CCTORMNS EBGAATCS B IUKOJbHBIE
nporpamMsl mo (uanke. Kak yuuto 3Ty ocroBaMm? Baxuyio
poab 37ech JOJKHBLI CBLITPaTth H  HAYUHO-TONYAfApPHBIE KHITH,
B 0coSeHHOCTH HANKCANe BHANBLM yucupiin., K uX uncay
OTHOCHTCA H aBTOP HacTofiell KHUTH, H3pecTHLIH (H3LK,
cnenua/iuct B obiaactH ofuiell TeopHH OTHOCHTEJBHOCTH.

Kunryd, HOCBAWEHHBIE TEOPHH OTHOCHTEIBLIIOCTH, MHOTQ-
ofpasHbl, cpeall HHX eCcTb H (PH3IUCCKIE, N MarteMaTHYecKue,
H ¢uaocopcKie, H KHHIH, B KOTOPLIX ECE 3TH acneKkThl TEOpHil
cantel Boeguno. Keury Cunra noxadnyii, Moo OTHEeCTH K Lo-
CHeJHEMY THAY. 3TO KuMTa O KOHUENUNX, 05 OCHOBHBIX
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nouATHSX ofulell M CHeUHaJbHON TEOPHH OTHOCHTEILHOCTIH.
ABTOp YyaessieT MHOrO BHHMAaHHS BOTPOCY O TOM, KaK Bepa0a-
THIBAIOTCH TOHATHs, KAK OHH B3aHMOCBSI3aHbl C OBITYIOUIHMMH
NPEACTABIEHUAMI, NMPHHALIEHALHMI «3APABOMY CMBICTY™.

Muorie cTpanuubl KiiiTil ONpPaBALIBAIOT MHEHHE aBToOpa
O TOM, YTO OH& B OIpeleNieHHoH Mepe MOmKeT OBITh GTHECeHa
K pasgeny «@uaocopusn Haykms. ABTOP 1o Beell KHMTe mocae-
JIOBaTEJIbHO NPOBOJHT MATePHAIHCTHUCCKHH TE3HC O CYLUICCTBO-
BaHHH JIBYX MHPOB — JeHCTBHTeIbHOro Mupa (JI-mupa 1o
TePMIIHOJIOTHH aBTOpa) H OTpamKaloiHX €ro MHPOE TPEICTaB-
JeHHil, MOAenbHBIX MipoB (M-mupoB). Cinr Bce Bpema npa-
BHJILHO NOxYepkuBaer, yro M-mupul — 310 Juwb Gosdee HAM
MeHee BepHLIe KomuH JI-Mupa. «Hen0BeK He MOXKET OXBaTHTh —
OTPasuTh — NPHPOALI BCell, NOJHOCTLIO, €€ HelOCPEeACTBEHHO
LeJIbHOCTHY, OH MOMKET JIHIUb BeYHO NPHONHKATBCA K 3TOMY,
cospasasi aGCTpaKUMM, NOHATHSA, 3aKOHH, HAYYHYK KapTHHY
MHPA H T. &, H T. I.»,— nucai B. M. Jleann B «Punocopckux
TeTpansax» *,

Kuura nocrpoena upesBbraiino cBoeoOpasso. ABTOp H3-
Gpan TpyAHHI NMYTh NOBECTBOBaHHS, BBOASI HHTATe]s B MHP
OCHOBHBIX TNpencTaBleHHH cHavasga ofmwefl, a 3areM Yyxe
CreuHasbHON TEODHH OTHOCHTENBHOCTH. [logbeM Ha ropy
cOulefi TeOPHH OTHOCHTEJIBHOCTH, C TEH30PAMH H YpaBHEHHSIMH
noas, H3 NOJNHHBE NPOCTeHUIMX MaTeMaTHUeCKHX NOHATHH aJ-
re0pbl H TEOMETPHH BRIJIAAMT JOBOJIbHO KpyThiM. Ho na s3ToM
nojibeMe A4BTOR YCTpaHBaeT H MNPHBaJbl, TIe OH HECHEHO
pacckashiBaeT O MHPOBBIX JHHHAX, 00 OTHOCHTEJNIBHOCTH IO-
HATHSi ONHOBPEMEHHOCTH. JTO Becesible NMPHBAaJH, 34ech CHHT
JeT BOJIO CBOEMY IOMOPY H TalaHTy nenarora u cofecefHHKa.
Ero «Beceanl» He rpeiaT CHOGH3MOM CNEIHAAHCTA-TIPOdECCHO-
Hana H JIBIUAT MOJOJOCTBIO H 3HEPTHeHd, TaK YTO TPYIAHO
laxe IOBEPHTb, YTO aBTOPY I3THX CTPaHHIl YKE CEMbJECHT
NATL JeT.

[lpeanaraemas KHWra OpHTHHAJBHA M MO NOCTPOEHHIO,
H 1o QopMe H3JOKEHHS OCHOBHLIX MDENCTaBJIEHHI TEOpHH
OTHOCHTE/IbHOCTH. Hanncana ona Jerko u »xuso. f aymaio, uto
€¢ C YIOBOJBCTBHEM TiPOYTYT MHOTQUHCHEHHBIE JI0GHTeNH
HayKH.

B. H. Pudnux

* B. H. Jenun, Tlomn. cobp. cou., 1. 29, crp. 164.



AEHHCY OXOHCTOHY,
MHCATEAN H APAMATYPry,
KOTOPBIH XOTEJ ¥YBHIACLTH
HEYSTO HNOAOLHOE 2TO!
KHHTE

I peducacoue asimiopa

B peMss OT BpeMeHH MOJOABIE JIOIH TIPHCELIAOT MHE —
¢ HeIBI0 Y3HATBH M€ MHEHIe — cRoiH paloTsl, OTJIHYNHO
ohopmienssle, Ho... 0e3 HazpauHusa. 3TO MEHA [Opakaci:
3ar0JI0BOK SIBJRETCS 15 MEeHs CTPeVKOil Kommaca, IOJHOCTRIO
onpefeasiiomieil Hanpassenlie ciefosauus. Pasywmeercs, no-
Pa3MBICTHE, 1 MOTY H3MEHHTb Ha3BalHe, HO ONacaioch, Kax (nl
3TO He NPHBEJO K Pa3iBCEHHIO MoOeil JHUHOCTH: HEAb3f OJHG-
BpeMeHH0 ObITh CJAYIOI0 ABYX TOCHOI.

Cozepanne npeijgaraevoci YnTateTi0 KHHTH — 3TO Hami-
TOK, BRIOPORMBIUHH H3 MJ0JOB TeX Pa3MLILLICHHH, KOTOPLIM
fl IPeJaBajCcsl NOCAENHHE NMAThAECAT JeT. O0HIbHLIe A03EL €10
NPHILIOCH MOTJIOTHTD CJYLIATEIAM MOHX JIEKIHH B HECKONBKHX
YHUEBEPCHTETAX M BCEM YHTATeNAM TeX CHellHaJbHBIX KHIT,
KOTOpbie i HAMKHCANM O TEOPHH OTHOCHTENbHOCTH. Heroropuie
paszeant 3Tofl KHHTH MOMKHO OTBICKATb B JIEKUHAX, KOTOpLi@
1 UNTAJ HeCKOJBKO JeT Hasal B KeHTYKKHACKOM YHHBEPCHTETE
I B YuueepcuteTckoM Koanemxe B yOaune. Been, Kro caywa.a
MOIl JIGKIUHH ILIH NO Kpaiineil Mepe mpouesa XOoTb uTO-aHOO I3
HanHCAHHOTO MHOIO, §I NPHHCIIY TJayGOKYI0 H HCKPEHHICIO
041aro1apHOCTb.

JT4a KHHTAa MOXKET NONacThb B PYKH UHTATesas, KOTOpLIl
HHKOT12 B JKH3HH He CJAylaTl YHHEEPCHTeTCKHX JEeKIUHH Ml
AOK71310B, NpeIACTAaBJEHHHIX HA HayuHele KoHdepenuuH. Mne
IOBEJIOCh CAYIIATL H Te H IPYTiie, H Kaxablit pa3 s Obl1 cierka
OLIGJIOMJ/ICH, [IPEHCHOJIIeH BOCXHILEHHHA 3PYAHLHel JoKnajk-
YHKOB I COXAJEHHS, YTO MOHHMAJM CTOAbL MaJao H3 TOrQ, uTo
0l FOBOPH/H. BpoKIeHHasT CKPOMHOCTL TOBOPH/JIA MHe, YTQ
NpHYHHY 3TOH HeYJOB/CTBODEHHOCTH 51 AOJ/iieH HCKaTh B cele
CaMOM H UTO MHE HEKOro BHHHTh, pa3 YK BCe CJIOBa CKasaHbl
H GopMyJael Hanucaubl. Ho CKpoMHOCTb MOXKET 3aBecTH C.iHul-
KOM JaJieKo.

Pewatomum AJas MeHA C€TaJ MOMEHT, KOrja s yeablad
WYTJIUBYI0 ¢pa3y, ckasanuyio lpesunrepom mnocse JAeKUHH
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€ro KoJulere: «3naeTe, s HE MOHSJ HH CJIOBAa H3 TOTO, YTO BLI
TOBODHJIH». ITO [a/0 MHE XOPOLIMH IIOBOX TOCJE JeKIHH
lpennunrepa npusHarbes camoMy cebe (HO He [ penuurepy!),
1TO A TOE HE NOHSAJ HH €[IHHOTO CJI0BA U3 ero JeKuuu. Ipyrum
TIOBOPOTHBIM J/1A MEHS COOLITHEM 0Ka3aJ0Ch YTeHHe KHHIH
®. J1. Omm3anHH *, cogepiKale TAKOE BEIHKOIENHO® OMHCANHE
HAYUHBIX KOH(EpeHUuH, Jyyle KOTOPOrOo TPYAHO 4T0-HHOYIb
HafTH.

Sl Hauan 5To MpenHC/IOBHE C PasroBOpa O 3aTrOJOBKAaX H MX
B&XHOCTH. I XOYYy BHOBb BEDHYTBCS K 3TOMY BOIpOCY, HO
MPEKAE 51 NOJIKEH HCMPAaBHTh TO BrevaT/IeHHe pasoyapoBaHHs,
KOTOpO€ MOIVIO BO3HHKHYTD IIPH YTEHHH TIPelbliylero absaua.
Hayunce ofuienne MoeT oKasaThes 3aTPYAHHTENBLHEIM, HO
OHO BCe e cyuwecTByeT. Boznee Toro, 6es Takoro ofuieHus
He MoxeT ObiTh camoii Hayku. M ono felicrBureqnHo CYILEeCT-
BYeT, NpHyeM HeT GoJbiuell pajocTH, KOTJa OHO IelicTByer
YCnemHo, H GOJIBbLIETO OrOPUEHHs, KOr4a OHO HE MOJyuaeTcs.
B ocnoBHOM, 0lHaKo, OHO HIET BOBCE He IO TeM KaHAIaM,
KOTOpbie (POPMaJIbHO J/151 HETO IPENHA3HAYEHB!, HIH 110 Kpalinei
MEpe HIET Aa/ICKO He C TOli HHTEHCHBHOCTBIO, KaK CKJIOHHLI
AyvaTe MHorue. M ecnn cpean mosyBpasymuTenbubx TpeGo-
BaliHil COBDPEMEHHOI'O NOKOJEHHS GYHTYIOUIHX CTYIEHTOB pas-
AACTCST NPH3BIB «PACYHCTHTLY KaHaJbl OOUIEHHS C MpernojaBa-
TEISIMH, TO A, IO KpafHeli Mepe B IpPHHUNIE, NONEPIKHBAIO
ero.

Ho ox kax nenerka sta sanaua oGuienus! Hoxanyii, s me
oubych, ¢ caMOro Haya/a 3aroBopHB o Hell. Ofuienie yacTo
nopoxaaer armocepy nemomnManusi. UYesoBeyeckuit yM —
neoGy3jiaHHOe H KanpH3HOe CO3aHHe, He MPHYYEHHOe K Camo-
AHCUHNVHHE. S MpHiepKuBaloch MHEHHS, 4To, BoOGIIe roBops,
U€/10BEK CTPEMHTCHA MMOHSATh TO, YTO B JaHHLIH MOMEHT HEMOHSATHO
EMY, H UTO JIOJH, KOTOPBIM KaXKeTCsl, YTO OHH NMPHILJIH K TAKOMY
NOHHMaHHIO, OGBLIY4HO XOTAT IEepeaTb €ro TeM, KTO B HeM
nyxjaercs. IlpoGsema H COCTOHT B TOM, Kak 3TO CAelaTh.
Hukro, pasymeercs1, ne coGupaercs Gpocatb Tenb Ha Te c10%K-
Hbié CcHCTeMbl 0O0pasoBaHMsA, KOTOpPhble CYIIECTBYIOT BO BCeX
IIHBH/IH30BAHHBIX cTpaHaX. CylnecTBOBAHHE TAaKHX CHCTEM
B BBICIUEI CTENIEHH ONpPABAAaHHO, HO €CTb M JOMOJHHTEbHbIE

* F. D. Ommanney, The River Bank, Longmans, London, 1966
(B ocoGennoctd crp. 216—220).
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(GaxkTopnl  (SKOHOMHYeCKHE,  TOJHTHYECKHE,  HAlHOHAb-
Hble M T. 1.), KOTOpLIE CTPEMATCSI 3aTyIeBaTh Ty HPOCTYIO
HCTHHY, UTO DeJIHIHe#l COBPeMEeHHOTO YeJOoBeKa NOJKHO OBITh
He 3HAHHE pajH MaTepHa bHOro 6.1aronoJVYHsI HAH NPecTiiia
(HALMOHAIBLHOTO MJIH JHYHOTO), & 3HAHHE KaK OJHO JMIUb IO
BO3MOXCHOCTH Coslee TMosiHOe H TAyJoKoe NOoHHMaHHe.

Bo BesaxoMm cayyae IS MEHS MOHOJOT — YCTHBUT MM
NHCbMEHHbIH — HMeeT nefoJbliioe 3HaYyeHie KaKk CpPeicTRO
nepelayn Mbicell. Baxxnee quasor, a npocreiimas ero gopma —
3T0 Oecesla MeXAYy ABYMA JIOABMH, HY, MOMKET GHITh, Tpeis
U 4eTBIPBMS, HO YK HUKAK He pasroBop ¢ GOJbLIO ayLuTo-
pueii. B kpaiinem cayuae MOXKHO TOJKOBATh ¢ caMHM cofoii
W TIBITATHCSl MBICIEHHO BLI3BATH HA PasroBOp aBTOpa, Aepixa
nepen coGolt oTKpLITOH ero Kuury. Myenio ma Takux nyrsix,
a He BJ0Jb (GOPMATbHBIX JOpOr OOLICHIS, BHI3pEBaeT AelCTBil-
TesbHOe MoHuManue npobaenm. §I Buipan HazBanHe 3TOH KHHTH
eule J0 TOrG, KAK HanucaJa B HeH XOTs! Obl ¢1HNHCE CJAOBO. DTHA
51 IBITAVICS BBIPE3UTh CBOIl NIPOTECT NMPOTHB I'YCTCIT TeHH, CKpPLI-
BapLleli JKH3Hb HAYKH B TEYEHHe COTCH JIeT,— Mpaka aBTOpIi-
TETOB, HAYYHOI0 NeJaHTH3Ma, AaB/JIeHHs BCeli Toll TPOMOT/I1acHOH
YenyXH (H3pekaenoll JIeKTOpaMmi), KOTOpOil allJIoRUpYIOT [o-
TOMYy, UYTO INDPHHATO XJONaThb — BEKAHBLIE AMJI0THCMEHTH,
NOXO0XHE, KaK roBopHT OMMSHIH, Ha 4KOPOTKYIO Apo0b J0MK-
JERHIX Kanelb IO KpLILe».

Hostomy 51 naseazi cBolo KuHI'y «Beceant o Teopun oTnocu-
TeIBHOCTH?, H KaXKIOE CJ0BO B STOM HA3BAHHU BbLIOPAJ COBCCA
He cayyaiino. «OTHOCHTEIBHOCTE» — BIIOJIHE SICHOE M BMeCTe
C TEM OTBDATHTEJbHCE CJIOBO; YBHl, HO MBI HE IIMeeM 3aMeHBI
emy. «becensl» — 3/lech sl nBITAaJCsH BCe BpeMs BHACTH Tepen
cofol0 Bac, Moero coGecelnika, I[OCTOAHHO TOTOBOTO BO3-
MYTHTBCS MIOGOH TVIYMOCTBIO, KOTOPYIO $I H3PCKYV, HJH YCHYTh
IpH NEpBOM CKYYHOM pasbsCHeHHH. UTo e KacaeTcsl coiosa
¢0» — OH 03HAuaeT TO, YTO 03HAYAET, a HMCHHO YTO HHKAKVIO
Eelllb HHKOT/A He/b3sl PACTONKOBATh 10 camoro Kouua. Tenepn,
KOrja MOsl KHHFa HalHCaHa H 51 NMEepPEeyHTLIBAIO ee, 51 BHMKY,
Il€ OHA OTBEYaeT MOEMY 3aMbICay, a TJe H3JOMKEHHE CTPAJaeT
JOTMaTH3MOM H nefganTHuHocThio. OnHaxo ObITh cynbeli cBoed
cOOCTBEHHOI KHHTH 51 He MOTY. 3aKOHYEHHAs KHHTA MpECTaB-
JfeT LA ee aBTOpa He GoJ/iblle HHTepeca, yeM MepTBas puida
AJisl BBIOBHBLIErO ee phidaxa. JlOMKHO TNIPOHTH KaKoe-To
BpeMs, H TOTZA, eCc/IH KHHIa NONaJeTca Ha IJasa aBropy, yxe
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220bIBIIEMY, O YeM B Hell HAeT peub, OT HETO MOMHO OXKHIATD
KaKoii-To peakuun. Kuura moker Torna Bbi3BaTh y aBTopa
nuGo eennuaiiiee oTBpaiienne, HGO CBH(TOBCKOE BOCK/IHLA-
uie: «O, KakuM remuen s ObL1, Koraa mueads eely Tonpko Bpems
MOKazKeT.

B sroit kHure peun uier o NOHATHAX, HO Jame Cerojiusd,
ROTa OHA 32KOHYeH2, A He 3Kal), YTO O3HAYAET CAMO CJIOBO
«nogsaTHe» *. S nmpuiyMan HECKOJIBKO TCPMHHOB, KOTOpBIE
MOTYT OKa3aTkCsl NOMIE3HBIMII B 3Toit cBA3H. §I npoBoxKy yeTKoe
Pasitie MEWKAY peajabHbIM, AHCTBHTEJBHBLIM MHDPOM (/-Ai-
poM) M HECKOJBKHMH MOZEJbHBIMH mupamu  (M-supasiu),
CO3LAaHHBRMH  4YesoBeyecKHM ymoMm. CuenoBado Obl BoO3aaThb
XAy TOMy, KTO AOAYMA/Csl A0 PAa3jiudyeHHs 3THX MHpOB.
Kpore Toro, s npemnaraio o6osnauaTh TEPMIHOM cundpos
fluemaruona taxkce ncnxuyeckoe 3alosicBanie, MPH KOTODOM
YTPaHBACTC:A YETKOe pasniuuue mexay Jl-mupom 1 M-mupamn.
Mensi MOryT oOBHHHTL B 32COPEHHH (PH3HKH TIPOH3BOJLHOH
TEPMHHOJIOTHEH, OAHAKO A/s OGLEHHS APYr C APyroM Ham
HYJKHBI CTOBA, H B JaHHOH CHTyalHH HEKOTOphIE H3 NOLOGHBIX
TEPMHHOB KAXKYTCA MHE COBEPIUEHHO HeoGXoAuMbMH. C Tofi
IOPBL Kak # [pHAYMal TepMHH «CHHAPOM FIMrMannona,
#I <HPOCBEHHBAIO» HA 3TOT NPeAMET BCeX MOHX 3HAKOMBIX (DH3H-
KOB-TEOPETHKOB I yCex1a10ch B TOM, 4TO 5Ta GosesHb Ype3Bkbl-
YallHO IMHPOKO pachpocTpaneHa.

JoGas  GuGiuoteka, KoTopast npHoOpeTeT 3Ty KHHTY,
CTOIKHETCA C BONPOCOM, K KAKOMY Pasfieay oTHeCTH ee. S Gl
NPeNJIoKHA — K «Pusuker. TIpapaa, B KHHIe He TAK YK MHOTO
¢u3HKH, HO 3aT0 3Ta (H3HKA B BuICWIel CTENeHH (yHI1amen-
Tanbuasi. XOTS KHHTA HH B Kcefl Mepe He MOmKer CAYKUTB
B KauecTee yyeGHIKa, BHECEHHE €€ B 3TOT Pasfies] HMEeT A0CTa-
TOUHO BeCKOE OCHOBAHHE: OHA OCTaBJsET LHDPOKHI MpocTOp
AS nabHeHIero HSYYeHHs NMpeIMeTa H BMECTe C TeM B Heii
HUYEro He HajZo 3ayudBaThb. EcaH GHOMHOTEKA CMOKeT npH-
OGPECTH BTOPOI 3K3eMIIApP 3Tol KHHIH, TO €ro CJ1eA0BaJI0 GBI
TIOCTABHTL HA MOAKY 1oz pyOpukoil «@Puaocopus». STHM co-
BoM ofo3navaercsi Hayduas AHCIMILIHHA, ONHO BpeMfA MOYTH

* ABTOp HCMOB3YeT HeCKOILKO HeoTIpe/Ie/ICHHEIT TePMHH <KOHUSTI[HS»
(conception), KoTopulil Mbl B 32BHCHMOCTH OT KoHTeKcTa nepeeofuan nubo
KaK «<npeicTaBfieHHe» (4yBCTBEHHO-HATIAIHBII o6pa3 npefvMeTa HWaAM ABne-
HHA), AHGO KaK ¢noHSTHE» (cymueHre, Mbicab, PACKpBIBAIOUHE CYILHOCTD
LpeaMeTos wan ssaeanit).— [Hpus. nepes,
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NIOAHOCTBIO COBMNajaBiuas ¢ (pusHKoi, a cefizac, K COMAILINIO,
pasoumienwasics ¢ nefi. [ TpeTbero 3IK3eMOAfpa  KHHIH
HAUAYVHIIHM TIOMeLeHen okasasicsi Obl pasfien <qnmoco:}>‘
nawma 1 BLICOKO 1ieHI0 To, uTo lIpenuurep B cBocii nocaeinc:
KHHTe * Ha3paJ MEHA <OuCilb 3anATHLIM COGCCCAHIKOM?, 10
BCE JKe HE AYMal0, UTO KHHT'Y MOKHO GBI10 Gbl ele Kyaa-Huly i
IOCTABHTDL IO 3TCMY NPU3HAKY.

OrcTaBass WYTKI B CTOPOHY, 4 BCC K€ XOTeJ, uTo0b! BBI 10
SN, UTO 51 BCTPETHVCA ¢ 3ajauelt HCKIIOUHTEJBHON CJOM-
HOCTH — 3ajaucii oCmenis. Y HHBEPCHTETCKHIl JeKTOp HMeeT
BO3MOMHOCTL Y3HaTh CBOIO ayiuTOpHIO, M €CJII OH Heraym
1 pofpoxkesartenen, TO BhOepPCT TaKYyI0 MaHepy 4TeHis, KOTO-
past Gyler He CAHIUKOM JErKoil s JIydIIHX H He CJAHIIKOM
TPYAHOH A XYAWHX CTYIEHTOB, HHBIMI CJOBaMI, HEKYIO
3010TYIO cepeanny. JIeKTop, KOTOPOro NpHI/IauIaloT NpoYHTaTh
OAHY HJH J(BE JEKIHH IMepe] He3HaKoMOH ay umopneu Haxo-
RUTCA B ropasfo Xyawem noaoxernn. Ha mofol saianubli
HM BOIPOC O TOM, B Kaxoi CTENEeHH BOCNPIHATO TO, 4TO O
NpOYHTa, OH TI0 cooGpal}(euHm[ MeCTHOrQ TIIECIaBHA BCErAa
TOTYYHT YPE3MEPHO YTElNITebHLIT OTBeT. ABTOp KHHTH npe-
fuBaeT, OZHAKO, B HAHXVAUIEM H3 BO3MOXKHBIX TOJIONKEHHI,
NMOCKOABLKY OH MOJKET LelaTh TOJbKO camble (paHTacTHueCKHe
NpeANo/IOKEHHA O TOM IpHeMe, KOTOpbiil BCTPETHT ero KHHTa.
To, 4TO MOHATHO OJHOMY €e YHTaTesi0, OCTAHETCH COBEPLIEHHO
TEMHBIM JJIsi Ipyroro. To, 4TO ApaMaTHYHO AJs ©AHOTO, ApY-
TOMY NMOK&XeTcs TPHBHAJbHBIM. DTa MBIC/Ib KOMY-TO Kamercs
mTepecnon a KOMy-TO T1ymoii, i TaKk jazee H ToMy nonoSHoe.
To sToii npiynne 51 NepenpoGoBat B CBOCH KHHIe pasHble Crio-
oG5l H3N0MEHHS B Hajex/Ie HA TO, YTO KaxcAblH M3 Bac Haijer
B HeHl uTO-TO mpHemgemoe as celsd.

* E. Schrédinger, My View of the World, Cambridge University
Press, 1964.
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Beceoa o nowamuar

u enb 3TOH KHHTH — H3JIO0MXHTbh OCHOBHLIC NOHATHS TEODHH
OTHOCHTEJBbHOCTH B popMe, JOCTYMHOH LIHPOKHM KpyTa:l
ypraTesedl, KOTOpLIE 2KeNaloT Y3HaTb noGoJblie o IpeiMere,
CYTAHHOM TAHHCTBEHHOCTBIO JJIsi BCEX, KpOwe HeGoabIIOH
rPYNNKH crenpanucToB-npodeccionanor. Bo3MOXKHO, YTO 3TiH
CHelHaniCcTH He BrojHe ofo0pAT MOI0 HIEI0, MOCKOJIbKY To-
LATHS SBJASIOTCA JOBOJbHO JEMIKATHOH BeWbIO, HO 5 BCe Hie
[0J1araio, YTo TEOpHs OTHOCHTEIBIOCTH B TOM BHAE, KaK i ee
3ech 113707KY, HE CJILIKOM Pa3oiiiercs ¢ TeM, KaK ee NpHHATO
poCnpHHIMATE Y npodeccHOHaNoB.

ra Knura, oAHaxo, HanHcaHa He A HHX. d anpecyio ce
TeM, KTO HHEOTAA He moaydal Kakux-aufo ceeleHHi o TeopHIl
OTHOCHTE/BIOCTH B CBA3HOM BHJE, & TakxKe TeM QH3HKaM H yye-
HBIM JPYTHX crelianbHocTell, KTO Koe-4To Cablmag o0 370l
TEODHH HJH HMEJ CIydail HCNoJb30BaTh kakue-Jin0o ee Qop-
MYJIBI, HO HE HMeEeT HH MaJnelilero npeicTaBieHHsa O TOM, UTO
CTOHT 3a 3THMI (GopMyJIaMi.

Mosi 3ajaua, Oyayuu sagaueil olmenus, (aHTaCTHUECKH
TpyaHa. §1 He Xoyy MpeaaBaThbesl YHBLUINIO, HO HE XOQ4y H H3JY-
yaTh AYX ONTHMH3MA. [Ipe:xae Bcero BCTaeT BOMPOC O 3HAHHI
mareMaTHKH. Kakoil ypoBenb 3HaxoMcTsa C MaTeMaTHKOH
d JO/DKEH Mpejionaratb y yyraTeasn? Ecau d NpHMY €ro upes-
MepHO BBICOKHM, TO UHTATE/b 3aCKYyU2eT H Oyner pasouapoBaH,
B riaBuas Ledb Moell KHHrH ne Gyner AOCTHIHYTA. Ecau xe
% BNAAy B APYTYIO KpaiiHOCTh H JIONLITAOCh RooSwe ofoiTIICh
€e3 MaTeMaTHKH, OTPaHHUYHBIUHCh JUILLID O0UIIIMIT paccyKie-
HHAMH, TO Pe3ysbTaToM TaKOrO MOAX07a fBATCS H BOBCE HE-
JeqaTeNbHble CMYTHLIE NpeAcTapfientsi B roJ0Be YHTaTe .
[TosToMy i BBIHYXKIEH NPUHSATH KOMIDOMHCCHOE pelleHie:
cnesath aGCOMIOTHO 1HEeoGOCHOBAHHOE NPENNOJOoKEeHHEe O TOM
YpOBHE 3HAHMSI MAaTEMaTHKH, Ha KOTOPOM HAXOAMTCA HEKHil
cpefHHil YHTATe b, TOBTOPUTH /15 Hero, BO3IMOXKHO, 1103a0BITHIC
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UM pasje/bl MaTeMaTHKH H JIHLIb 3aTeM MepefiTH K OCHOBHOIL
TeMC KHHTH.

Korza wmramor sekuun no maTematHke, oGbHO OHWYT
bopMyJIBl HA OCKE H COMpPOBOMNIAIOT HX KOMMEHTapHeM, C Io-
MOLIBIO KOTOPOTO MaTeMaTHYCCKHE CHMBOJIB [IEDEBOJISIT B CJIOBA.
Yuurens numer x* u rosopur: «Mke kBagpat». OH Mor Ool
obofiTick H 6e3 JOCKH H OTPDAHHYHTBCH OJHHMH CJIOBECHDLIMU
PacCcyxkIeHHAMH, ec/H Obl He OrpaHHYEHHOCTb HAMIHX yMCT-
BeHIbIX crocobHocTedt. Ham sierye cocpenotountses Ha Belax,
KOTOphle H300paXaloTcs B 3pHMOM, KOHKDETHOM BHAe. Bee ke
GIEAYET HOAYEPKHYTb, YTO MaTeMaTHYECKHe 0GO03HAYeHHH —
370 He GoJiee uem npocTo ouenb 3¢uheKTHBHEI Cnoco6 KpaTKo#
3aMHCH TOTO, YTO MOXHO OBLLIO Obl 3amHCaTh H IJHHHBIMH CJIO-
BaMH.

Takum o6pasom, 4ToGHl HMETL Heq0 MaTeMaTHKOH, MbI
AOKHBEL  YCBOHTBL cnocolObl 3Toff  KpaTKoil 3amucw. 3roro,
onHako, Mano. Mcrnonb3yem Mel MaTeMaTHuecKHe 06O3HAYCHHS
HJIH yCTHBIE DACCy <IEHHS, MLl NIOYTH BCE BPEMs HMeeM Ae/o
C MaTeMaTHYeCKHMH NOHATHAMH, KPOMe pasBe tn)% TeX MOMEH-
T0B, KOTJa MEXaHHYECKH IIPOH3BOAHM BEIYHC/ACHHS. BEl Moxkere
CTPOCHTL MeHst, UTO 3Ke TaKoe nonsitue. Ha stot Bonpoc tpyauo
OTBETHTb. §I MOTY JaTh onpejesieHHe JIHIIL C TOMOIILIO ApYTHX
C/0B, KOTOpLIE B CBOIO O4Yepelb MOTPeGyIOT OnpeneleHHs,
H TaK 1o CeckoHedHocTH. JIyuiue BCEro nOSTOMY YHTATH KHHTY
AaJiblle, H TOTAd Bbl, BO3MOMKHO, YBHIHTE, YTO 51 IOHUMAIO MOJ
CJIOBOM «MOHSITHEY,

Ilpowe rauath ¢ MpHMEPOB, B3ATHIX H3 OGHLIEHHOL JKH3HH,
[aMATYs, YTO B CYUHOCTH HAII BONPOC — 3TO BOMPOC OOUIEHHS
Me&xIy moAbMH. Ecnm s ckamxy Bam: «Csgbre, noxkanyicra,
Ha CTy/»,— BBl MOXKETe BBINOJHHTb HJIH HET MOI0 Hpochly,
HO B JI00OM CJyuae Bbl 3HaeTe, YTO s MOAPA3yMeBAI0 Mox CJIo-
BOM «cTysi». MHBIMH cloBamH, B Bameii rosiope CYIIeCTBYET
npeacraenesne o cryne. Korza Bel TOMbKO 4TO NOSBHJAHCH
Ha CBET, 3TOrO NpeNCTaBJeHHA y Bac ewe He O6mwio. OHO no-
SBJIFICTCA Y BAC B PE3Y/bTATE YKH3HEHHOTO CIBITA H CJYIKHT,
B YaCTHOCTH, LeJIAM OCLICHHS C APYIHMH JIOAbMH, €CJl OHH
TO:E HMEIOT TaKoe INpeJCTaBJeHHe.

Ilpu s10M BoBCe He TpeGyercs, uToOul MpencTaBaeHHe GBLTO
A1 BaC COBEpIIEHHO NOHATHBIM. Her HuKakoli Heo6xogumocTH
B TOM, YTOGhl Bbl YMEJH OT/JHYHTB CTYJ OT OMeHb NOXOmKeH Ha

“Hero TtaGyperku. U B camom jeue, NIPEACTaBNEHHsA BCErAa
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HECKOJIBKO PACIbIBYUATH, H OJHO H3 OCHOBHBIX pasiHyuuii
MeXJy HayKoH M NOBCELHEBHON YH3HBIO COCTOHT B TOM, 4YTO
HayuHele onpefedeniiss CGosee Touubl. COBEPIICHHO ueTKiie
onpeleseHHss JaetT TOJAbKO Takasg Hayka, Kak MaTeMaTHKa,
H, BO3MOXKHO, 2TO «HajuYe/OBEYECKOe» CBOHCTBO MaTeMaTHKH
H OTMYTHBAaeT OT HEE MHOTHX JIOACH.

Bel mMoram Oul CKa3aTh, 4TO BONPOC COCTOHT MPOCTO B MO+
MIMaHuK Toro, utd oGosnauaerca ciaopamu. OIHAKO, MO MOEMY
MHEHHIO, TCBOPHTbL TaK — 3HAYNT CTABHTH Tendery Bhnepeid
JoWaNH: TPe/ICTaBIHIC &IRNKHTS T yG5€, YeM CI0BO (HJIH CJ10Ba),
KoTOphIM Mbl ero ofo3nadaed. ¥ pebeHKa TpelCcTaBJeHHE
0 CTyJe CKJaJEiBaeTcd elle Jo TOTo, KaK OH Y3HAET CaMmo CJOBD
¢CTYyN» (3TO CJIOBO 3BYYHT TIO-PE3HOMY Ha PA3HBIX AI3LIKAX,
TOrAa Kak INpPeACTaBJeHHe sl BCEX MO CYIIECTBY OJHHAKOBO).
@unocodel CIOPAT O CMBICTE, KOTOPLIl BKJ3JBLIBAETCS B NO-
HATHA, HO $1 HE XOUy BJesaThb B 3TH JAe0pH H NpeAnoduTalo
FOBOPHTb, HCIONB3Ys ofUenpHHATHE onpenenenns. Ilpu xe-
JaHHH BBl MOKeTe pacKpLITh TOJNKOBLII Cl0Baph U HAHTH B HEM
BCC IIOHATHBIE H HeNOoHsTHbe BaM cJjoBa. Kuaue romops,
NOHATHLIM CJOBaM B Ballleli TOJIOBE COOTBETCTBYIOT OMpeiener-
HBIE TPEACTaBJAEHHS H NOHATHS, a 4ToOBl Y3HATh, UTO CTOMT 34
HENOHATHLIMH CJ0BaMH, Bhl ofpalnaerech K cjoBapio. B mo-
clefHEM CJyyae BCe HENOHATHBIE ¢J0BAa NPHXOAMTCA pasie-
JuTh Ha ABe rpynnul. CjoBa nepBod Tpynnsl NoJAYy4aloT B CJO-
Bape 00BACHEHHE C NOMOIIbIO TAKHX CJIOB, KOTOPLIE BHI3LIBAIOT
B Baweil TOJIOBE YK€ H3BeCTHbIe BaM npejcrasienus. Ko Bropoi
rpymnne OTHOCATCA CJI0Bd, KOTOPHIE H NOC/e YTeHHH TOJKOBOIO
c10Baps OCTaI0TCA 18 Bac CTob Ke TeMubiMu. Kak npasuio,
03HAKOMNEHHE CO CJOBapeM He YBeJIHuHBaeT 3anaca LaliHX
npeicTaBJeHHIl — BLl NpocTo y3HaeTe GoJplue CJOB, C J10-
MOLIBIO KOTOPHIX MOX<ETE€ MOBOPHTb 00 Yike HMeIoIHXcs Y Bac
npejicTaRNeHHax.

Onuako BpeMsl OT BpeMeHH B Baueil [oJ0BE C€O31al0TCA
HOBHIC TIPEACTABJAEHHST H NONATHA. DTOT npouece HAeT Haunbonee
AKTHBHO B TOAI JETCTBA, HO HE MPEKpPAILAETCS B TeYeHHe BCel
xusuH. CBoil BKJIaJ B HEro NpejHasiaueHa BHECTH H 3Ta KHHTra.
f peiGpan Ans Hee TaKoe HasBaHHe NOTOMY, YTO yOeRICH
B TOM, 4YTO NOHSITHE — 3TO HE TaKad Beillb, KOTOPYIO MOXHO
CXBATHTb M YCBOHTb MTHOBEHHO, KaBaJepHHCKHM HAaCKOKOM.
ITonaTHA NMPHXOAAT K HaM OKOJBHEIM IyTem Oecell 0 Belllax
Kyla OoJiee JIeTKO, MeM IpPH TNONLITKAX BHEAPHTh HX CHJI0ii.
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Mosr wmomer oTkasaThes paGoTaTh, KOTAA €ro 3acTaBJsioOT
uTo-11100 NOHATb, H 3Ty IpPOUENYPY Jefue OCYUIeCTB/IATH,
KOrJa OH HAXONAMTCA B CHOKOHHOM, OTAOXHYBILEM COCTOSTHHH.
51 moHHMalo, UTO COBET pacciabHThCsA MOMKET OKas3aThes Geco-
JI€3HL'M; MHe, HamlpHMep, HHUKOTAa He YJaBaJjoCh COBJAaiAaThb
¢ Oecconnmueii, mpuxasbiBas cefe paccaabHTBLCA, M NOITOMY
sl BOBJEPIKYCh OT TAKOIO COBeTa. Bee e s mogaraio, utaq,
roBopsi 00 YCBOGHHH IMOHATHI, YMECTHO NPHUBECTH CJefyIOLUIHe
ctpokn Kaaga *:

BocxoanT conHue, Kakercs, Tak MeAJeHHO,
Ho — rasaub na 'sanmaj — taM ysxe csemno.

Kax si yzce roBopu., s CYHTAIO, YTO CYLHOCTH MpecTaBe-
HIL JIGHKHT MHOrO IJ1yG7Ke CYHIHOCTH CAMHX CJOB, H HA CaMOM
Jienie JIIORH ¢YMAloT DYKaMH», T. €. MPeICTABJAEHHS BO3HHKAIOT
B HX rosoBax, He o0sizaTesibHO Tpe(ys CJIOB ja5i CBCEro OIH-
cauis. OnHaKo A NOJMKEH NMOJb30BATLCA C/IOBAMH, BK/IAIbIBASA
B HHX TOT CMBIC/I, KOTOPLIH OHH HMEIOT, H NPH 5TOM GHTb Ypes-
BblYaiHO OCTOPOKHBEIM. BBOZA HOBHE 1A Bac TNOHATHS,
1 I0JIAKEeH HCIO/Nb30BATh TOILKO Te CI0Ba, KOTOPbIE BO3GYKAAI0T
B Ballleil roJoBe Y:Ke HMEIOU[Hecs TaM mpejcTaBieHnsi. Ho
AAs 3TOTO f JOJIKeH OTOHpaTh HMEIOLiHecss B MCEM pacrnopsi-
JKEHHH CJIOBA INIpPENENbHO TIIATeNbHO. FI3 BCex HA3BIKOB awur-
JHACKRH JaeT nanGonblnie BO3MOMKHOCTH JJIsl TRKOTO BHIGOpA.
Buecte ¢ TeM, HCnosnb3yst Heynaunbie ca0Ba,  PHCKYIO OTOHTH
y Bac HHTepec K KHHIE, CIel1aTh ee CKyuHOH. [pyrue xe
C/10Ba MOTYT BO30YAHTh y BAC MHTEPEC COBCEM HE K TOMY, UTO
HY}KHO, H TEM CaMbIM OTBJIeYb Baille BHHMAHHE TaM, TJe OHO
TaK Heo0XOAuMO. S CTpemMHsICsl B CBOEM H3JIOMKEHHH IpHep-
JKHBATHCA 30J10TOI CepenHHEL.

loeops o coBax, YTO MOMKHO CKa3aTh O TAKOM HX coye-
TaHHH, KaK «TEOPHA OTHOCHTEJIBHOCTH»? MHe nymaercsi, urto
570 couetaHue obsagaeT GOJBLIOH NPHTATATENLHOH CHJION.
Bosbmem cnoBo «Teopusiy. ITO — BeJNHYECTBEHHOE CJIOBO, Of-
HAKO NGAPa3syMeBaeT OHO TOIBKO HeKHe coo0pasKeHHs, a BOBCe
He (DaKTHl H [IOTOMY HHYETO He TOBOPHT HAM O TOM, IPaBHJIbHbI
OHH HJH HeT. UTo Kacaercs C/IOBA «OTHOCHTEBLHOCTE?, TO B HEM
3aKJIIOYEHA HEKas 3arajka HacyeT TOro, YTG OTHOCHTEJNBHO IO

* Xvio Apryp Kaagp (Clough) (1819—1859) — anrquiicKuit nost.—
fTpun. nepeo.
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OTHOLIEHHIO K ueMy. $1 yacTo JIoBHJ ce0sl HAa MLICTH, 9TO, 6YAb
A Ha Mecre JiiHuwTeiiHa, A BeiOpan Obl Kakoe-HHOYAb Apyroe
Haspanne. Ho Teopus sta yxke cyumecTeyer (B TOM CMBIC/HE,
Ha KOTODOM 51 OCTAHOBJIOCH HECKOJIBKO II033KE€), H HHOTAA
JeHCTBHTETBHO OKa3biBaeTcss TPYAHBIM CKasaTb, YTO [0 OTHO-
IIEHHIO K YeMY OTHOCHTenbHO. ONHAKO 3TO Ha3BaHHE CErogH:
CTOJIb IIHUPOKO pAacHpoCTpaHeHo, uTo Obio Obl IeJaHTH3MOM
NPHAYMBIBATL HOBOE, H, [I0ZABUB CBOE HEJOBOJLCTBO, f MpH-
COGAMHSIIOCh K OCTAMBHbIM.

Bo3ppamasich K BONPOCY O NOHATHAX, OTMETHM, UTO HX,
BO3MOXKHO, TPYAHO YCBOHTB, HO elle TpyAlee H30aBHTLCA
oT HuX. MoeT mokasartbesi, yTo 4eM OOJIbIUE HMeeLb NOHATHIL,
TeM Jyulle, OJHAKO 3TO He Bcerja Tak. JIBa MOHATHA MOTYT
BpaXK/OBaTh APYr C APYTOM HE HA 3KH3Hb, 4 Ha CMepPTb H JO-
BecTd GefHbld MO3T, B KOTOPOM OHH FHE3JATCH, A0 HNOMELWa-
TeAbCTBA. TaK MOMKET CHYUHTHCH, €M Bhl NONLITAETeCh BBECTH
B CBOIO TOJIOBY MOHATHSA TEOPHH OTHOCHTENBbHOCTH, HE OUHCTHB
ee TNpenBapHTeNIbHO OT TNOHATHH HBIOTOHOBCKOH MeXaHHKH.
OnHaKO TOJHOCTBIO QUHCTHTBLCSH OT HHX IIOYTH HEBO3MOXKHO:
BCe MBI BEIPOCJIH B KPYT'Y KJaCCHYECKHX NMOHATHH MPOCTPAHCTRA
H BpeMeHH, OHH H N0 CEH JeHb pasleysioTCs NOAABJSIOLIHM
GO/BIIHHCTBOM YYEHOIO MHpa.

OGyyenue nolto0HLIM Beliam O0ObIYHO NPOH3BOJAHTCA IO CJe-
Ayloutell cxeMe. HauHHAIOT ¢ H3YyUeHHS eBKJIHAOBOH FeOMeTpHH
Il HLIOTOHOBCKOH M@XaHHKH, UTO IO3BOJIfIeT OCO3HATL KJaccCH-
yeckue noustus (Heroton Jquwb chopmynuposan ux Gosee
ueTKO), KOTOpHE CYIIECTBYIOT B TOJOBAX JIONEH YiKe B Teuemlie
BechbMa JJHTEILHOTO BpEeMeHH. 3aTeM yiKe MOXKHO HauyHHaTh
H3y4YeHHEe CMeUHaJbHOH TEOpHH OTHOCHTENBLHOCTH, PAaccMaTpH-
Bad ee MOHATHA KaK BHIOH3MEHEHHS, YTOUHEHH KJIACCHUECKHX
noHATHH. KoHeUHBIM 3TamoM oOKashlBaeTcsl H3yueHHe ofuieif
TEODHH OTHOCHTEJbHOCTH, KOTOpas CUHTaeTcst o0obLieHneM
cenHalbHOH TeopHH. Takoe MOCTpPOeHHe Kypca CJeLyeT HC-
TOPHYECKOH IOC/e0BaTeIbHOCTH PA3BHTHS (U3HKH H BHI3BAHO
MHOTHMH TIpHYHHAMH. [lo-BHAHMOMY, HMEHNHO TaKHM myTeM
uiio o6pa3oBaHHe BCeX CIEHANHCTOB B 3TOH ofaacTH — mMoe,
BO BCSIKOM cayyae. OIHAKO s B CBOe BpeMsi HEMaJso CTpajad
OT M3PFAAHOH IyTaHHIBl TOHNTHH B CODCTBEHHOH roJioBe.
[TocKoJIbKY CMEHA MOHATHH MPOHCXOAHIA NOCTENEHHO, TO HE
OBIIO TOTO YETKO ONPEeNeNeHHOr0 MOMEHTA, KOTAA s OJHOCTbIO
cOpOCH/I CTApYIO «KOXKY» H ofsauuiics B HOBYO. B pesynbtate
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iue ToTpefoBaNoch MIOTO JeT, uTO0bl OCO3HATh MOHSATHS,
KOTOpLIe TIpUHecka ¢ o00I0 TeopHs OTHOCHTEJBHOCTH.

B Te auu, KOrja TeOpHH OTHOCHTGBLOCTH elle MPEeACTOSLIO
3aBOEBATL ABTOPHTET B HCIOBEPUHBOM Milpe, OBLIO €CTECTBEH-
HBIM 14 mpnianiisg eii pecrnextaGedbHOCTH PacTOJNKOBLIBATH
ee ¢ NoMOmbI0 GEITOBABLINX MONATHII B Toll Mepe, B KaKoil aTo
BooGule Gbli0 BO3MONEO. A 3TO KaKk pas M NPHBOAMAO K CMe-
wieiio nonAtiii. Te Bpevena, oimako, ZABHO YsKe NpOLLIH,
H CeTOTHA MOXKNO OTHICKATh APYTOH NMOAXO0J K 3a/laué BHEI-
peHilst MOHATHI TEOPHH OTHOCHTEILHOCTH. MHE KaXKeTcsi, 3T0T
TIOAXO0/ HANOMHHAeT CKOpee He NOCTeneHHOe OTHATHE pedeHKa
OT MaTepHHCKOH TPYAH, a peskuil orpuB. ITpH TakoM MoAxoze
fi BBIDLIBAIO MHTATEIA H3 NPHBLYHLIX OOLATHH KJacCHUECKOH
MeXaHHKH H cpa3y Gpocalo ero B MOpe caMmblx OGIUIHX BONPOCOB
TEOPHH OTHOCHTEJALHOCTH, MHBLIMH CJ0BaMH, ST HAUMHAIO C H3-
JioAeHNsd ofliel TeOpHH OTHOCHTENLHOCTH H JIHIIL 3aTeM 06-
pallaich K CrelHaibHOH TeOpHH.

Ho s xouy OuiTh cnpaseniuenM. Jlaxe ecau si moJaraio,
uto HuioTon ommnbaercst, a Diinmreiin TIpaB, A JOJXKEH KaKHM-
anbo o6pasoM pa3bACHHTB, YTO s NOHHMAIO IO CJA0BAMH
«omnGaercs» ¥ «npas». ITo 3Toli npHuHHe 1 1 NpHAYMAN Tep-
MuH «[I-MHD> 1751 0G03HaueHHsl QeicmBumeabH020, PeaIbHOTO
MHpa ~— TOrD CaMOT0 HEBEPOSATHO CJOXHOTO MHPA, B KOTOPOM
BCe MBI 2KHBEM, JBIDKEMCS H COBEPINAeM IOCTyNKH. B nporuso-
NOJI0KHEOCTb €MY MBI BBOAHM pasauuHsie «M-mups», rae Gyksa
«M» 0313Ua€T COKpAIlleHHE CJOB MoO2abH6ul RJIH Mamemarni-
ueckuil. Kaxoe B3 3THX ABYX CJOB MBI HCIOJNb3yeM, HE OUEHb
CVIIECTEEHHO, TNOCKOJIbKY HA TPAKTHKE HEJb3A OMNHCATh MO-
Jeasnel Mup, He npuferas X MaTeMaTHKe.

Honyernd, uto aas onucanusa mozenel Huiotona u 2iln-
IITeiHA MBI JICIIOMB3YeM COOTBETCTBEHHO M,-MHp M M,-Mup.
Hit o1t 13 3THX MIIDOB He SIBISICTCS UCMUKHGIM B TOM CMBICIE,
4TO 00a OHH 1e CayKaT TOUNBIMH H3oOpamennamu J-Mipa.
Hukaxolt M-Mup ne MoxeT TOMHO COOTBETCTBOBATH PEATLHOMY
mipy. Oxuako o062 HasBammLIX MEpa XOPOWO OTOGPakKaioT
HeKoTopeie CBolicTsa JI-3iipa, OCTaBAAs B CTOPOHE MHOMKECTBO
APYTHX CBOICTB N SBJEHI, C KOTOPLIMH OHH HECMOCOGHLI
JiMeTb JLejo. F3 3THX BYX MHPOB HBIOTOHOBCKHE M,-up
0oJee YHHIBEPCATeH, O MOAET BMECTHTh BENHKOE Pa3HOo0-
pasie mpoGren TCXHHKH, (M3UKH H aCTPOHOMHH H pemaer
3TH NPOOJIeMbI € JOCTATOUHO BLICOKOH TOYHOCTBIO. DRHuTEll-
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HOBCKHIT ke M,-MHDP mpHHOCHT ¢ co00il CA0KHYI MaTeMaTHKY,
H NMO3TOMY C HHM TpyAHee umerhb geso. Onnaxo Taw, rie oba
5T M-nmupa nepekpriBaioTcsa — OT HHX Beib Tpedyercs, ytolul
OHH TpeNCcKa3biBalud co0bITHS, Npoucxomsuite B Il-MHpe,—
No-BHANMOMY, TPHHATO CUHTaTh, 4To M,-MuD JaeT ayuiee
omucaune, uem M;-mup. Cuenarh Takoe 3ak/IOUEHHE B KaXIoM
KOHKDEeTHOM cJsyyae ObIBaeT TEM He MeHee 3aTPyAHHTEJNBHO,
MOCKOJBKY, HECMOTPSI HA OOJbLUOE pas3iHylie OCHOBHBIX IIO-
HATHH, TNpeackasanHa o0eHx TeopHi YacTo cToAb OGUAH3KH
IPYT K APYTY, UYTO HEBO3MOXKHO peLINTh, KAKOEe H3 3THX Nped-
cKa3aHHil BepHee.

S1 BBoxky nouatuss o J-mupe um M-mupax sartem, uToOLI
H3bexaTh nyTannusl B ronoBax. IlpaBpa, Takyio nyTaHHLY
ne Bcerjga CJeAyeT CUHTarTh HecyacTbeM. Pusuky Gosee or-
pagHO YYBCTBOBaTb, YTO OH [TO3HAET pPEAJBHOE IOJOMKCHHE
Bemedl B J-MHpe, HEXKeNH JOCTaBMAATh cefe UHCTO HHTeJeK-
TyaJbHOE YAOBOJBCTBHE, YNPaKHASACH B NOCTPOEHHH M-MHPOB.
B camom jgese, KOrZa OH COBETYET, KaK CKOHCTPYHPOBAThb
npufop, TO IO CYILECTBY OH I'OBOPHT O TOM, YTO HAJO0 AENaTh
B J-mupe. ([IpuGoper B M-MHpe NpeacTaBasioT HAEATH3HPO-
BaHHYl0 Beulb.) Takum oGpasoM, (H3HKH-TEOPETHKH BechbMa
PacmosIoKeHEl K TOMY, 4T0OkI cliesiaTh CBOH M-MHDEI KaK MO#HO
Goaee Gau3KuMH K JI-MupY, 1 B ofleM 370 coBceM He IUIOXO.
[l1oxo /mumwe mocTynaTh Tak, He oT/AaBas cefe B 3TOM OT4YCTa.
Taxoe cMelleHHe MHDOB MOXKeT NOBECTH KO MHOIHM Helopa-
3yMeHHISIM, H Xopowio Gbf NPHAYMAaTh Ha3BaHue LIA OWHOOK
nojoGuoro poxa. $ Oyny ma3smBaTh HX cundpomost [luaaa-
ALORQ TIO HMEHH CKYJBNTOPA, H3BaSBIUETO CTATYIO € TaKHM
NCTPACAIONHM peanH3MOM, 4YTO OHa COLUNIa € [OCTaMeHTa
H 3a)KHJ1a HacTosuleil XxKn3ubio. FHBIME c/10BaMH, 9TOT CHHAPOM
o3Hayaet, uTo M-Mup npesparticH B JI-MHD B MO3TY H3ARNIHC
BIOXHOBJEHHOTO (DH3HKA.

TyT MHe cJIeIyeT OCTAaHOBHTLCA H CIPOCHTD, BCE JiH BLI enle
caenyete 3a MuoH. CBfI3b C 4HTATEsEM TaK JICTKO NOTepATH!
Hasepuoe, Gyzer nyyuie ewue nobecenoBaTh o MOHATHAX [I-MEpa
1 M-mupoB s GoJee NMOJHOrO HX YCBOGHHS.

Ecnu MHe TpHCHH/ICA MYKYHHA B BbICOKOH Gesiofi e,
f Mory mocqie nmpo0y:IeHHS pacckasaTh O CBOEM CHe Moei
¥eHe, HO HHKTO H3 HAC He MOAYMaeT, 4TO 3TOT YEJOBEK HOUBLIO
MPHCYTCTBOBAT B Hauel cnajbHe. OH He SABJSETCH YacTblo
H-mupa, oH nnWb cHoBuIeHHe. §l nojarawo, 4TO CHOBHJEHHE
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SIBJSIETCH PE3YJbTAaTOM 2JeKTPOXHMHYECKOH aKTHBHOCTH MOEro
MO3Td, & MO3r H BCE, YTO IPOHCXOJHT B HEM, COCTaBJSIOT
yactb JI-Mupa. My4HHB B BBHICOKHX CeBIX ILISANAX MOLYT
CYIeCTBOBaTb H, EEpOATHO, HAa CaMOM Jiele CYIIECTBYIOT
B [l-mupe. BcTperHB Takoro uYesoBeKa HA VJHIE, Ml
HCNBITaNH Cbl JKIIb HEKOTOPOE YAHBJIEHHE, BH3BAHHOE HeOGbIY-
HOCTBIO €To TyaJnera.

B JI-Mupe, Kak st IOHHMAIO, He CYIEeCTBYeT HHUEro CBepXbec-
TECTEEHHOrO. ¥ TBep:kaas o6paTHoe, Mbl BoajH Gkl BO BHYTpEH-
Kee npoTuBopeune, H6o JI-MHD oXBaTHIBaeT BCIO MPHPOAY.

Bee skcnepunmenTH cTaBaTes B J-Mupe. OHH CNJIaHHPOBaHLL
TaKkxke B JI-MHpe B TOM CMBICJIe, YTO MO3T H PYKH 3KCIEDHMEH-
TaTopa npuHamiaexar -mupy.

3anaueil GH3KHKH HAa NPOTAMKEHHH BCETO ee CYIIeCTEOBaHMS
Gu10 HeeaegoBanne JI-Mupa, H VIS 3TOT0 HCC/IEI0BAHHSA 4eJ10-
BEEK HCIIOJIb3YeT ABA OCHOBHEIX HHCTPYMEHTA — I'QJIOBY H PYKH.
FonoBa TOBOPHT pyKaM, YTO Halo J[enaTb, a PYKH B CBOIO
ouepelb CcBA3aHEl 00paTHOl CBA3LIO ¢ rosoBoi. Bee ato, crporo
TOBOpfl, NPOHCXOZHT B JI-MHpe, OIHAKO yHOOHO BLILEISTH
HEKOTOphIE pe3yJsibTaThl AeATeJbHOCTH MO3Ta H FOBOPHTb, YTO
ond ofpasyior M-mup. Kak nucan Bopaceopt *

H B camom nene on HH ¢ yem He CBsizaH —
Mup, cospanHLl OIHHM BOOGpaXKEHBEM.

Takum ofpasoM, xors JwGoft M-mup npencrasasier coboil
B CYUIHOCTH 4acTb J-MHpa (MPOOYKT JAEATeNbHOCTH MO3ra),
OfHAKO YA006HO CYHTATh €ro OTYACTH HHEIM, CAMOCTOSTENbHBIM
MIPOM, KOTOpBI MBI MOKeM CpaBHHBATh ¢ [I-MHPOM C HOMOIIBIO
SKCTIEPHMEHTOB **.

Xorsa TepMHHEl «[I-Mup» B «M-nmup» g npugyMaa pas sToii
KHMTH, CaMa HJesl Janeka OT OpHTHHAJbHOCTH. f He 3Halo,
KaK JaBHO OHa BO3HHKJA, HO B HalleM CTOJNETHH OHA CTaJja
JIOBOJIbHO LIHPOKO H3BecTHO{l. M Bce ke 51 yBepeH, 4To MHOTIE
JIOMH CTPaJAeT CHHAPOMOM ITHrMa/nnoHa -— XHBYT B BHIMELL-

* Buavam Bopaceopr (Wordsworth) (1770—1851) — anrauiicknil
nost.— [fpuxm. nepes.

** Mup npeacrzsnenuil 1 nonatuit (M-MHp) ecTh He yacTh MaTepHab-
noro Mupa (JI-mupa), Ho ero orpamenue. ['OBOPHTb O CaMOCTOSITENbLHOCTH
M-MHpa MOXKHO JHIUbL YCI0BHO: Ge3 cyuecrBoBanua JI-mupa u Ges comnocras-
JACHHA C HHM OH He HMeeT cMblcaa.— [Ipua. nepea.
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JeHHOM MHpe,— H f CYHTAI0 CBOHM JOJITOM BCTPAXHYTH HX
TaK, YTOOLE OHH BHIIA/JH H3 3TOTO COCTOSIHHSA.

K cuacTbio, s ceilyac Ceceayio C JIOABMH, KOTOPLIE B H3BeCT-
Hoil Mepe 3HakoMul ¢ My-mupoM HeloTona, I BCe, UTO MHE Tpe-
0yercsl,— 3TO HAMOMHHTHL BaM, YTO B 3TOM MHpE KoJeca Ipei-
crapasoT cofoll HeasbHLIE OKPYXKHOCTH H HAKJOHHBIE IIIO-
CKOCTH H7eaJbHO TMajKH, a TaKyKe HaNOMHNITb, UTO AJf perue-
HHS 3aj]ay MEXaHHKH BBl [OJb3yeTech MaTeMatHkcil. Bce 3To
coctapnsier cogep:xanre M -aupa. Pasymeercs, HHUKTO He
sanumatcs Onl paspaborkoli M,-mipa, ecnn Ol Jesaeble
C €ro NMOMOLIBIO [1pejICKa3anlifl CORBepILeHHO He CNPABALIBANICH
Ha OMbiTE. 3Mech, OAHAKO, Mbl He Oyaen aKleHTHPOBATbh BHHMa-
HHE Ha SKCMEpHMEHTAJbHOI MpPOBEPKE TEOpHH, CYHTas 3TO
TPHBHAMBHEIM OGCTOATENbCTBOM. BaxHO MOAUEPKHYTh JIHLIL
10, 4TO, KOIZa BBl M3yyaaH MeXxaHHKY HeloTona, jpaxe cambie
3JIEMEHTAPHBIE €€ OCHOBHI, BEI «Hrpajiu» B M -mupe. ITostomy
Gor1o Obl cMerino, ecaH Onl BEI 3afBIVIN, 4TO 1 He INoJo3pe-
Baete o cymecrtpoBannn M-mupa. Pasywmeercs, Bbl OTJIHYHO
OCBEJIOMJIEHEI O €ro CYUIeCTBOBaHHH!

Onnako, Kak § YKe TOBODHJ, HEJAb35 HOBbIE NOHATHA
«B0HBaTbh» B roJoBbl Jojgeil. IlocTurats uX chenyer myTeM
MOCTENEHHOrO MOTPYXKEHHsl B CYI[HOCTh Beuiefl. YcnokoiTe
CBOHl yM W IIQJIOKHTeCh Ha TOAco3HaHHe. Torja B MOMEHT,
KOTAA Y Bac YyiKe CMBIKAIOTCA [J1a3a, B IOCJAGIHION MHHYTY
fo1pCcTBOBAHUS TOHSTHE BBILILIBAGT M3 IOJCO3HAHHS B CO3-
nauue, M ecsd, npocHyBLiNCh, BBl yGenutech B TOM, UTO OHO
HE HCYe3N0 M He Kaxkercs BaM (eccMbICAnLell, TO Bbl MOMKETe
CYHTATh €0 YKC BawHM COOCTBEGHHBIM.
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TIADBA

DBeceda o 2eomempuu

€OMETPHA NaeT HaM B PYKH npocTeliLnii cnoco6 oToGpaxkenns

H-mupa B M-mupe, 1O 51 OblT Gbl YAUBJEH, Y3HAB, UTO BHI
HH pasy He 3amyTaqiuck B 5ToM otolpa:kenni. d He ofiagaio
JIOCTaTOYHON NPOHHIATEABHOCTBIO, YTGOR! 3aryI#HYTh B IOJIOBHI
ApEBHETPEUCCKIX Ie0MeTPOB M BLIACHHTB, YTO OHH JAyMaJi
no 3TOMY INOBOAY, 10, BO BCAKOM cJaydae, EBKANL cymea
8amyTarb 3TOT BONPOC HA NOOPLIX ABaAUATh CTOJNETHH BHEpes.
Ecau pawie om cam un ne crpagan cumapomom ITurmannona,
TO CHenan CAHIKOM Majgo JJs Toro, ytobhl yGepeub OT HEro
Zpyrix. JlHmb K KOHNIY JeBSTHAALATOTO Beka Iuib0ept
(1 HEKOTOpBIE IPYTHE YUeHke) MPOSICHHJ CHTYalHIO, Pa3fenuB
reomerprio Ha ase — M- u [I-reomerpmio. Ilepsasi u3 nux
B CBOIO ouepeab Gasupyercsl Ha apyrom M-mupe — mupe uicea
(o HeM GyLeT pacckasaHO HECKOJILKO M03¥Ke), a BTOpast OCTaeTcs
uepTexKHHKaM, Tonmorpacgam, acrponomaMm u T. A. Onuako Bce
5TH JIOLH B TAKOH CTENeHH NopaKeHsl cHuapoMoM ITurMaanona,
YTO Ja»{€ CerogHA HM TPYAHO CCO3HATh, YTO B YEJOBEUECKOM
MBIIVIEHHH Yyie JaBHO IIPOH30LLIA HACTOALLAS PEeBOJIOLHS.

Paswachum Bece 310 noxpoGuee. Haunem ¢ Toro, Kax Bac
ofyualoT reomeTpuH. Bam jaior amer Gymarw, Kapanjaul,
JHHEHKY M WHpKysb. Ber pucyere pasinunbie Gurypsl, HaMe-
pAeTe LJIHHLI H YIVIBL, 1 BCE 3TO fBHO Npou3Boautcs B II-Mupe,
CTOb K€ PeanbHOM, KaK M Bala GyMara, BaluH HHCTDYMEHTbI
1 Bbl cami. Ecunin Bot HauepTiTe GHCCEKTDHCH! YIVIOB TPEYrOJib-
IHKa H OOH2pPY/KHTe, YTO NPH TOI TOYHOCTH, C KOTOPOH Bbl HX
NpoBe/aH, BCE OHH NepeceKaloTcss B OXHON TOuKe,— 3T0 Gyzer
SKCMEPUNMCHTAIBHBLIM PE3YJILTATOM. DbIJIO G, KOHEYHO, Of-
POMETYIIEO OCHOBLIBATH CBOH 3aKJIOUEHHSA HA OJHOM-CAHHCT-
ECHHOM 3KCNepHMeHTC (MOKET 0Kas3aThbCs, UTO STHM CBOHCTEOM
002127aCT TONLKO OXHH 5TOT TPEYTOAbHHK), HO €CTH BhIsIC-
JifeTcs, uTo OHCCCKTPHCH NEPECEKaloTcsl B ABaJIATH HapHCo-
RALNLIN E&MH TPEYTOJbHHKAX, TO Bl YXKe MOMKETe 3aKJAIuiiTh,
YTO 3TOT 3SKCUEPHMEHTAJMbHLHI pe3ysabTaT BepeH MJsl BCeX
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TpeyrobHHKOB. Bbl MOKeTe Takie IOBTOPHThb ONBIT, OTTOUHB
KapaHjaul [0 Takoil OCTPOTHl, YTO NPOBENEHHBLIE HM JIHHHH
CTAHYT O4YeHb TOHKHMH, Bbl MOJKETE BMECTO IPOBEIEHHLIX I10
JHHEHKe NpAMBIX HCIOJbL30BaTh CBETOBBIE Jiy4l, HO BCeria
OKa:KeTCsl, 4TO OHCCEeKTPHCHl NEPeceKaroTcsi B OMHOH TOUKe.

K Balemy 3ax/ioyeHHI0O Hes1b3s IPHAPATLCS, HO B JEHCTBY-
TEJAbHOCTH OHO MOKA HE HMMEET HHKaKoro obocHoBaHHA. But
npocto coolliaeTe AP yrHM, 4TS BB yBHIeaH B [ -mupe. [Ipnuynna
TOMY, 4TO Bbl YBHAEMH, CTaHET H3BECTHON TOJBKO IIO3HKE,
Korja Bbl MoOCTpoHTe M-MHD H3 TOueK, NpAMBIX JHHHI H OK-
PYHOCTeH, NpeACTaB/IeHHs 0 KOTOPLIX IOJYYaloTCA B Pe3yiin-
TaTeé HEKOero IpejesbHOrO Mepexoja oT TeX H3olpaxkeuui,
KoTOphie Bl pHcoBanH Ha Oymare. Tax, Toyka B JI-mHpe
([1-Touxa) ecTb NATHO OT Kapanjauia Ha GyMare; COOTBETCTEEHIIO
Touka B M-mupe (M-Touka) nousyuaercs, ecnn Mol 3aGyiem
o pasmepax H copae [I-TOUKH H COCpPENOTOYHM CBOE BHHMaHHe
JHUIb HA ee IOJOMXKeHHH. AHANOTHYHO BBIBOAATCS MOHSTHS
M-npayeix H M-okpy:kuocteil u3 [-npaMeix u J-0Kpyx-
HOCTeHl: A/ 3TOrO HYXKHO NPHHSATS JIHIIL, UTO TOC/IEAHIE yTpa-
TH/AH CBOIO ToMHHY. K coxanenuio, He BCErda HCIOAb3YIOTCH
pasHble Ha3BaHHA 115 pasHBIX Belleil, Tak YT, €CJH BaM
BCTPETSITCSL CJIOBA «TOYKA», «IpAMafg» HJIH €OKPYMKHOCTbY,
Bl CMOXKET€ TOJBKO M3 KOHTEKCTAa Y3HaTh, SBJAAIOTCH OHH
odbextamu J-MHpa uaH M-mupa. M B camom gnene, s3bIK
reoMeTpHH KaxeTcs CO3LAHHBIM JJ51 TOrO, YTOGH BHOBb H BHOBb
BO3poxaaTh B Hac cHuapom [Turmannona! KanamGyper xopouiy,
HO B NOJOOHEIX OOCTOATENBCTBAX OHH MOUYT BbI3BATh JIHIID
roJI0BHYIO GOJIb.

['eomeTpuueckuit M-MHpD COCTOHT He TOJBKO H3 MPEICTAB-
JeHHH O TOYKe, NPAMOH, OKPYMKHOCTH M APYTHX NOJOGHBIX
o0bexTax. B sToM MHpe NDPHESTH TaKie HEKOTOPHIE NpaBHja
o0patients ¢ HUMH, HMEHYeMble aKCHOMAMH HJIH MOCTYJaTaMu.
A Homxen NOAYEPKHYTb, YTO 3TO — ¢NPABHJA HTPbR, a HE
K4KHE-TO CAMOOYEBHAHBI® HCTHHBL, OHI HMEIOT CKOpee XapaKTep
yKasauuii, Bpose: «[epxiice Jserolt cropoubl» man «He nuoil
Ha TPOTYyap», HEKENH TAKOrO YTEepxaeHHs, Kak «A — qanbo
TO Ke camoe, 4To H B, nubo orauuaercst ot B». Kak 6w mu
Ha3bIBATh H KaK Obl HH PacCMaTPHBATh HX, HO ¢IPABHJA HIPHD
BecbMa BaxHbl. Bes mux M-reomerpus cramer sdupHBIM cO3-
JaHHEM, NIOCKOJBKY HH C OJHHM H3 ee NOHATHH HHYEro Hesb3st
Oyner caemaTb H HH K yeMy HX He/b3st GyZeT NpHBA3aThb, Bul
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MOMETE BBIPE3aTh HOXKHHUAMH H3 Oymard JI-TpeyroabHHK M
HaKJICHTb €ro Ha CTeHKY, HO G0eCCMBICIEHHO TOBOPHTB O
KaKkux-jinGo MONOGHEIX MAHHNYJAAUHAX ¢ M-TpeyroJbHHKOM
PaHbIlIE, HeM Bbl ONIpeJesIuTe, UTo Takoe M-6ymara, M-HOXKHHIIBI,
M-xneit u M-crenxa *.

Ho T'mapGepra cuugpom ITurmanuona 61 BecbMa pac-
npocTpanen cpefii reoneTpoB. Ouu myTasu 06a MHpa U aymMaJH,
YTO €C/H OHM HEUTO JIoKasanu B M-MHpe, To TeM caMbiM 3TO
IoKazano u pas Il-mupa. 3Ty NyTaHuNy MOMXKHO MOHSTB,
NOCKOMBKY TO, YTO JOKasaHo Aast M-mipa, okxaswiBaetcs
Ha CamoM Jene crpaBelTHBEIM M aaa Ji-Mppa, mo Kpaiineil
Mepe B paMmKax ToH JOCTHIHYTO! TOUHOCTII, ¢ KOTOPOH mpoBe-
pAaHCh npeickasanns M-reomerpun. HelicTeimenbHo, GhIO
AOK332HO, HYTO OHCCEKTPHCHl YIVIOB TPEYTQ.IbHIIKA Tepece-
KaloTCsl B OJHOH TOUKE, UTO TaKzke B OZHOI TOUKE Iepecekalorcst
H BHICOTLI TPEYTOJbHHKA, UTO CyMMa VIJIOB TPCYTOJbHHKA
PaBHAa JBYM NPAMBIM YIVIaM,— H BCE 3TO OIPaBibIBAeTcs
B peasqbHOM MHPE. 3a MCKJIOYEHHEM OTZEIbHLIX CKEeNTHKOB,
Bee OblIH CYACTVIHBEL

[yraunuy u caewenne H-reoverpuu ¢ M-reomerpuei
JHKBETHPOBAJT He Kakoii-mibo peinaiomwuii sxcrnepnment B -
MHDE, KOTOpBI ONPOBEpr 3aKMIOuEeHlie, NpPEeITO/eHHOe A5
M-wupa. 2ta nyramnua 6biia YOTpaHEHA  HCKJIOUHTEBHO
HHTEANEKTYAABHBIM Y CIJTHEM, HO CII€1aTh 3TO YCIJIHE YeJ0BEKY,
crpajaioweny ciiapomon Ilurmaniona, neoluiuaiino TpyaHO,
TaK KaK 3TOT CHHAPOM NOAABJAfET JI00YI0 NONBITKY OTAEIHTD
S5TH 1iBa MHDA APYT OT ipyra. [lockoabky B 370ii KHITE sl TOBOPIO
O TGOMETPHH HE pajH Hee camoli, a B CBfI3H C TeMm, YTO oua,
BIAIMO, CAY:KHT HaHJAyYwIel MHITIOCTpaIieil B3aHMOOTHOLLE-
uuit d-mupa n M-mupa, to 51 ne Oy1y nonpoGHO OCTAHABJH-
BATbCA HA HCTOPHH 3TOTO 3HAMEHATEJBHOTO pasbeHHEeHHS
MHPOB. Bee ke 7 Xouy emle pas cociaTbCs HA TEOPEMY O CyMME
YIVIOB TPEYTO/IbHIKA, KOTOPas, KaK 5 yiKe CKa3al, yTEepKIaeT,
UTO 3Ta CYMMa paBHA IBYM NPAMBIM YI1aM, IIpHYEM TaK H OKa-
3an0cb B JeHCTBHTeNbHOCTH. UTo Kacaercsl okasaTenbcTna
5TOH Teopembl, TO €r0 MOXKHO HaiTH B JMIOGOM LIKOJILHOM yueld-

* Cnopa nyshul JIHL A4S 0603HAYCHHS NPEICTaBAeHRl H NOHATHIT
8 M-uipe. Tlostomy oropuatbes aaeere ¢ Cinrom no TIOBOAY TOrO, 4TO OFHH
H TC JKe €10BA 06o3HavaloT # ofbekThl B J-MHDe, U NpeICTABIeHHS 0 HHX
B M-mupe (2 210 GyAT0 614 IPHBOANT K NYTAHHLE), HET HHKAKHX OCHOBAHHII, —
fIpus, nepes. .
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HHKE TeOMeTpPHH, OJHAKO JierKo yOemHTbCH B TOM, YTO OLHO
H3 YNOMAHYTHIX «MPABHJ HIPHIY PABHOCHJILHO MPHHATHIO 3TOTO
pesyJaeTara ¢ camoro Hauasa. Cuuzpom ITurMasHoHa HECKONBKO
NOWATHYNO JIHIIb OTKPEITHE Apyrux M-reoMerpuil (HeeBKJH-
IOBHIX), B KOTODEIX CyMMa VIVIOB TPEYTOJbHHKA GOJbIIE HIH
MeHbllle CYMMH! IBYX NpAMBIX yIrJoB. Kak JorHyeckse nocr-
poennsi 3t M-reoMeTpHH HHUYTH HE XyiKe eBKJIHAOBOII M-
TEOMETPHH, H eCTECTBEHHO BO3HHKaeT BOMPOC, KaKas H3 5THX
TeOMETPHH MOXKET Jiyule APYFHX NPeACTaBAsATh [l-reoMeTpHIo
(reomeTpHI0 peasbHOrO MHpa).

OTKpHITHE HEeBKNHAOBLIX IeoMeTpHil GbLI0 GJaTOTBOPHEIM
Pa3pyIaIomHM yAapoOM [0 HJJIIO3HAM, OQHAKO, YTOOHI MOJI-
HOCTBIO JIHKBHAHPOBaTh CHHIpOM [lurmannona B reoMerpHw,
TpefoBasoch Kyna Goabliee Bpems. $I COMHeBaloch B TOM,
YCTpaHeH JH OH TOJHOCTBIO H Mo cefl Jenb. MaremaTHKH
HaBepHAKa OCBOGOAHIHCh OT Hero, B OTHOIUEHHH (H3HKOB
¥ MEHA HeT TakoH YBepeHHOCTH, a YTO KacaeTcs IMIHPOKOil
nyGJIHKH, TO TYT 51 OJIOH CaMBIX MPAuHbLIX MOJ03penHii. A eca
BIYMAThCsl, TO B CAMOM JieJie CTPaHHO, MOYeMy JIOAH MYTaioT
H-reomerpuio M pasamunble BBl M-reomerpun — Beib 5TO
COBEPLIEHHO pasible Bew(: J[-TeoMeTpHS HMeeT JeJo ¢ KapaH-
Aauiami, Oymarol M uepTeKHLIMH HHCTDYMEHTAMH, JJIsi ee
NOCTPOEHHH MOMKHO HCIIOJIb30BATh H CBETOBLIE JyYH, TOTJA
kaK smofas M-reomeTpust — Beero JNLb NOpOXAEHHE pasyMa.

IlpucmoTpumes Teneps moGuike K II-reoMerpun — Hrpe,
B KOTOPOI y4acTBYIOT Kapanjaui, Gymara u T. . BooGpa3sure,
4TO BBl HADHCOBAJH reOMETPHUYECKHI YepTex Ha JicTe Oymary,
JexaumeM Ha ctose nepei Bamu. CToa CTOHT Ha mogy, a nod
IepKHTCA Ha 3emile, KOTOpas COBEPIIAeT ofHH 0GOpOT BOKPYT
CBOEH OCH 32 CYTKH H OAHH o6opor Boxpyr CoJHIA 3a TOL.
Bama JI-reoMetpnst ecTb COBOKYNHOCTB De3YJILTATOB, 3allH-
CaHHbIX BaMH B paCoueil TerpajaH, 3TH pe3yabTaThl MOJYYeHbI
Ha ONBITE, a He H3 KaKHX-11H00 paccy<IeHHH, NpPOBENCHHBIX
B M-mupe.

Ho, moxer OwiTe, xpyroii skcmepHmenTaTop, Haxoasach
B IPYTHX YCJNOBHsIX, IOJNYYHT APYrHE Pe3yJabTaTe? Bl Moxere
TNONBITATECA OUEHHTD, YTO MONYUATCH B HHbIX 0GCTOATENLCTBAX,
HaKJIOHHB Ball CToNl. Bhl MOXKeTe TMepeHecTH CBOH CTOa Ha
NoNIOC HJIH HA 3KBATOD, MOKETe IOTPY3HTh €rc B NOes[ HJH
B CamoseT, OTBE3TH €ro B KOCMHYECKOH pakere Ha JIymy,
HAKOHEeN, MOXETe ClIe/iaTh €ro II0BOPAUMBAIOIIHMCA H C
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TMOMOIIBIO MOILHOIO MOTOpA IPHBECTH ero B GhICTPOe BpallieHHe.
Ecan Gbl peaysibTarsl skcnepHMenTos, NPOBEJCHHEIX B 3THX
PA3THYHBIX YC/IOBHAX, HE HAXONHJHCH B Pa3syMHOM COTJIACHH
APYT' € IpyroM, TO TOTAA CYIeCTBOBaJa Obl He oxHa Jl-reomer-
pud, a MHOTO pasubX [I-reoMeTpHil, 3aBHCALIHX OT CTeYeHHs
06CTOSTENBCTB.

Ceiluac mue He xouerca paccMaTpHBaTh BO3MOXKHOCTh
CYLeCTEOBak s [l-reoMeTPHH, BLICOKOY YBCTBUTEABHON K KAKHM-
Jmbo obctosTenberBaM. Takyio TCOMETPHIO JaBHBEIM-IABHO OBl
sameTuan. Ho Bee iKe Koe-KaKyio 3aBUCHMOCTS J-reomerpun
OT OGCTOATEALCTB CAENOBAN0 GBI NMpeinoaarars. BosbMew Ha
MHHYTKY BpaUAIOUHICA CTONHK, FOMYCTHM, 4TO OH KDYTHTCS
YpesBEaline GLICTPO, H H300PasHM NpsSIMO HA €ro KPBILIKe
HEKYIO TCOMETPHYECKYIO Qurypy. Ecan cron Bpamaercs cum-
KoM OLICTPO, TO OH pasJeTHTCH Ha KYCKH NOf JelcTBHEM
UEHTPOGEIKKOH CHJBI, H TOTAA HAM yKe He NPUAETCH TOBOPUTH
O TCOMETpHH B JaHHBIX YCAOBHAX. IIpH Mewbluedl, HO Bce emme
Gonsoll ckopocTH UEHTPOOEIKHAS CHJIA HCKA3HT CAENAHHBIN
HEPTEXK, HSMEHHB PACCTOSHHA MEXKAY OTACIAbHBIMH /eMEHTAMU
uzobpaenns. UtoGbl mosiyunTh HEH3MEHAIOWIYIOCS TeOMEeT-
PHIO, c/enoBano Obl CAenaTh PHCYHOK Jaxke He HA cTanm,
KOTOpas HAYHHACT <NOJ3TH» NpPH OOJBIIHX MeXaHHUECKHX
HANDFMEHHAX, a HA KYcke abCOMIOTHO JKECTKOTO MaTepHasa.
Ho rae Baath rtakoil matepuan? B H-tupe Bee Tena nedop-
MUPYIOTCA IOA HATPY3KAMH, OXHH B GoJblueli, a APYTHE B MEHb-
et crenent. Cama MbICab 06 26COTIOTHO KECTKOM (abcoaoTHo
TBEPAOM) Tede €cThb MNOPOMKISHHE cuiipoma Ilurmanuona,
NOCKO/ILKY npeicras.ienie ob alGconoTHOH KecTKOCTH cylecT-
ByeT anuib B M-mupe EBkinza u HoioToHa, Ho BoBce He B
H-mupe. : : '

Onuako, Kak Mbl yie FOBOPH/I, Bce npencrasjenua B J-
MIpe pacribByatel. Paciuasisuato npegcrasienue o Jl-Touke,
4UT0, OAHAKO, HE moMeinano Esxauiy ssectH M-Touky B CBOIO
M-reomerpuio. Pacnasizuaro s H-mupe 1 mpexcrasensne o TBep-
RocTH (HANpUMED, KaMeHb TEep] B CPABHEHHH € PE3HHOI),
HO H 310 HC nomewano Heiotoumy u Eskanay Beectu B cBOI
M-MHp npencTaBieHHe 06 aGCOMIOTHON IKECTKOCTH. Ocrano-
BHMCS Ha MHHYTY Ha 5ToM. Koueuno, B yueGHmke reoMeTpui
Bbl CKOpee BCEro He HafgeTe CJ/ioB <«abCoJIOTHO TBEPABIH»,
HCMOJIL30OBAHHBIX B TOYHOM HX cMeicsie. Ho ecan Bol noxesnaere
TIEPEHECTH PACCTOSTHIE, OTMEPEHHOE HA ONHON YACTH yepTexa,
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B APYTYIO YACTB C MOMOUIBIO LHPKYJIS, TO BaM NPHAETCA HEABHO
NPHHATH, UTO LIPKYAb — 5TO aGCOMOTIO TBEpAoe TeJlo (eCIH,
KOHEYHO, PACCTOAHHE MEXAY HOMKAMH LHPKyJs 3aiKcH-
poBaHo BHHTOM). YTO Kacaercss KJ4acCHUECKOl MeXaHHKH
HeiotoHa, TO Ramkmpill CTYAEHT ToCke H3ydeHUs JAHHAMHKH
TOYKH TIEPEXOOHT K AHHAaMHKE abCoJioTHO TBepAoro, T. €. HH
npH KaKHx YCJOBHAX he jeopmupyoiierocs, teqa. C TOUKH
speHls HHJKCHepa HJH aCTPOHOMA, yTparta mpeicraBicnnz 06
a6co/IOTHO TBepROM Tese Opuia Obl Kpaiile NeyasbHbiM CO0bI-
THeM; OeHCTBHTeabHOo, 0e3 3TOro NpeICTaBJCGHHA pellicHIsd
3a1auy O Kojiece MJH TJaHeTe, BPAlaioNHXcs BOKPYT CBOeil
OCH, 0Ka3aJHCh Obl YUYNOBHLIHO CJOXKHBIMH.

9 noMKed 3aABHTb CO BCell Cepbe3HOCTLIO, YTO Npe/]cTaB-
nenyie 06 aGCOMIOTHON JKECTKOCTH SIBJSIETCS OMacHuIM. [1pH
5TOM $1 HMEIO B BHAY, YTO, €C/IH BbI IONBITAETECh ABTOMATHYECKH,
Ge3 pasmymuil, BHECTH 3TO npejcraBienne B M.-mup DiiH-
mTefiHa, OHO HAYHET BPa:KJ10BATh € APYTHMH IPEICTABICHISMH
B 5TOM Mépe, Mbl NPHIEM K JIOTHUECKHM IIPOTHBOPEYHAM,
H B pesyjbTaTe He IIOJYYHTCH HHYEro, KpOMe HeI0pasy-
MeHHH.

M,-mup HeioToHa n M.-Mup DilmwuTeiina, KaK Bbl y3Haere
noxke Gonee MoipoGHO, NMEOT B cBoeii ocHoBe psi oCULHX
npenctasiennii. Ho ofa onu BMecTe ¢ TeM H pas/iH4aloTCH:
ecii Gul 5TH M-MupHl Obii OZHHAKOBEIMH, TO He OblIO Obl
1I0BOZa TOBOPHTL O TEOPHH OTHOCHTeslbHOCTH. Ecan ynopoGuth
(u3HUECKHE TEOPHH JAOpOraM, TO MOXKHO YBHJAETb, BCTaB HA
pasBusKke, 4to TeopnH HbloTona M DfiHlWTelHa — 370 JBE
peTBH onnoli goporu. Ho omnm pacnonaraiorcs Tak Oau3KO
APYT K APYTY, YTO NOAYAC TPYAHO OTVIHUHTL OAHY OT APYIOH.
9™H MOpOTM oTAMYaloTcst ABYMsi ocoGenHoctamMH. Oxmna H3
HHX — 3TO TpeACTaBJieHHe 00 OJRHOBPEMEHHOCTH, HJH (4TO
BLISICHHAOCH TIO37Hee) o0 aGCOMIOTHOM BpeMeHH. Bropas —
npencraejenne o6 abconioTHoH TBepaocTH. Ecui Bl rkesaere
HATH 10 Jopore, NpojoxeHHoil HploTOHOM, TO Bbl NpHHIMaeTe
o6a Ha3BaHHEIX MpexcTaBieHHsl ero M-mupa; ecin ke BH
XOTHTe chefoBaTh 3a DHHTEHHOM, BaM NMpPHIETCS OTKasarbCd
ot nux. Ha sToM nocsieiieM nyTH BB CMOKeTe 3aTeM NPHOOpecTH
HHBle TIPEICTABJIEHHA, HO 3TO Yike ocobas Tema.

Ecau BW OTEepraere npeictaBieHHe of abcosoTHEI KecT-
KOCTH, TO BBl ABTGMATHYECKH JIOJIXKHBEI OTKA3aThesl OT EBKJHIO-
poit reomerpri. OHAa MOKeT NONBITATBCS BHOBb TIPOHHKHYTD
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B BAlIH MLICIH Yepes 3aJHIOI0 ABepb, HO BCE e, BLHIKHHYB ee
B OKHO, Jy4me B 3TOM OBITh HENPEeKJIOHHBIM.

Sl 4yBCTBYIO HEOGXOAMMOCTH IIPHHECTH HEKOTOpDble H3BH-
HCHHA YHTATeNIO, C/elOBABLIEMY 3a MHOIO B 3TOH IJaBe:
CHatana f OKyHYJ efo B reOMETPHiO, a Tenepb BHILIECHYJ
us nee. Ho mue Kasasock, 4To mer Jyumiero cnocofa BBecTH
€ro B A€JI0 H pacTo/KOBaTh eMy NPOTHEONOJIONKHOCTL II-MHpa
H M-Mipa, H ecaH meche 3Toro YIOMAHYTEHIC NIPENCTABACHHA
CTaqn HUTATENIO fICHCE, TO TOTAQ, HABEPHOE, sI MOTY B3AThb
CBOIl H3BHHEHHS OJDATHO.
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Beceda 00 aazedpe

ﬂ Gyay HMCTonb30BaTh COBO @12epa B €TO ofemM 3HaueHHH,
NOHHMAs TOJ HHM He TOMbKO COOCTBEHHO anreGpy, HO H BCe
paszebl MaTeMaTHKH, B KOTOPHIX MpHMEHAIOTCA OyKBeHHbIE
o6o3HaueHHA U1 3aMNCH YiCces HJH OlepanHii Haj YHCAaMH.
9 xouy CPAaBHHTb ONpeleisieMylo TakiM 00pasoM anrebpy
¢ reoveTpHeil, O TIOHHMaHMHM KOTOPOH TOBODHJOCH B IIPEAbI
Ayleil roiape. §I ynmomuH&J TaM, YTO B rOJ0BaX JIofed 1apcr-
pyer nepasbepixa g0 TeX TNOp, NOKAa OHH HE HAYHHAIOT MOHIl-
math, uto Ji-reomerpust H M-reomerpns — 3TO COBEPLICHHO
pasHble Bellld. 3aTteM s NpeAynpemun Bac, 4To M-reomerplito
EBK/HIA HEeJb3s HENOCPENCTBEHHO IepeHOocHTh B M-mip
TeOpHH OTHOCHTEJIBHOCTH, Pa3Be YTO C MAKCHMAIbHLIMH MPELO-
cropoxkiocTAMH. Temeph MPHULIO BPeMs JOMBITATHCA BRIIC:
HHTh, KAKOe MecTo 3aHiMaeT ajarefpa B 3TOM MpPOTHBOCTOAHHH
- 1 M-mupos.

AunreGpa BeneT CBOE NMPOHCXOXKIEHHE OT NpOCTERMX ore-
pauuii cyera, NMpOH3BOILHMBIX, KOHEYHO, B I-mupe. Mol 3anu-
CcbiBaeM pe3yJ/bTaThl TAKOTO Cdera C MOMOILBIO ofio3HaueHull,
JHAKOMBIX IA)Ke MaJbiM AeTsaM: 3 kowkm, 4 camosnera, 7 wa-
puKOB H T. A. Mbl GepeM Ase KOPOOKH C LIapHKaMH, IOACHH
THBaEM WAPHKH B Kax1oH KopoOKe, a 3aTeM NOABOAHM oBmLuii
uror. Pe3yabTaThl Mbl 3amHCLiBaeM, HalpHMeEp, Tak:

2 mapuka + 3 wapnka = 5 IMIapPHKOB.

Takas 3amichk TOBOPHT O TOM, YTO Mbl CHAYaja COCHHTAIH
9 wapika, a 3ateM 3 wapHka. Brpouem, Mbl J0BOJbHO GLICTPO
yGerk1aeMCsi B TOM, UTO MOPAAOK, B KAKOM MBI CUHTAEM mapuKH,
jié lMeeT 3HAUEHHS, MOXHO 3alicaTh H TaK:

3 wapnka + 2 wapHka = 5 WAPHKOB.

Jl;ist TOro yTOGH 3anHCaTh Pe3yJbTaT MOACYETa, Mbl BBEJIH 1Ba
NoJesHBIX 3HaKa («+» H «=»); OHH COKpallalT 3amHCb, HO
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03HA4AI0T He Goslee YeM 3KBHBAJEHTHI COOTBETCTBYIOLIHX CJIOB
ILTIL C/10BECHBIX BbIpayKeHHI.

Beaien 3a sTHM HaM BCKOpe CTAHOBHTCS SICHBIM, 4TO He Hrpaer
PO It BH IPEAMETOB, KOTOPLIC MBI I@PECUHTEIBAEM; Pe3yJIbTaT
HIPIT STOM OCTaeTCsT OAHHM 1 TeM xce. M Mul, noTEOpeTBYS cBOel!
JICLOCTH, ONyCKaeM Ha3BaHHS NPEIMETOB H IHILIEM:

24-3=312=5.

Mol pce eme npeGuiBaeM B JI-MHpe WM B TaKoil HEIOoCPeCTBeH-
Hoit G.TH30CTH K HeMY, YTO J/151 BO3BPALICHHS B HEFO HAM LOCTA-
TOYHO BCErO JIMIIL HAMHCATL HAHMEHOBAIHS NPEAMETOB M0C/Ae
unicet. Ilpu stoM Hyrna, 0OHAKO, H3BECTHASI OCTOPOXKHOCTD,
HHA4e Mol MOZKEM HamicaTb, Hampuyep, 4TO-uuGYAb Bpoje:
2 camoseta 4 3 euuinusi = 5 cTIoapecc.
Sciio, uto B J0GOM TaKOM paBeHCTBe Besje cenyerT HCNodb-
S0BaTh ONHO H TO € HaHMeHOBaHHe mnpeameroB. Hanucas
€ro, MBI YRepPeHHO Bo3BpailaemcA B [I-Mup.

YnoMmsnyTas npoctas NperocTOpOMKHOCTB, onHaxo, He
lomoraer, Koraa Mel ofpaimaemcsi K yMHOMKeHHIO. Mbl 3uaem,
ut0 2X3=6, HO 4TO 3T0 O3Hauaer? [l Bo3BpaieHusd B [I-Mup
Mpl JO/ZKHBI CA€14aThL YHCJAA HMEHOBAHHEIMH, H 3TO MOXKHO
OCYUeCTBHTR IO MeHbIIell Mepe ABYMsT crocoGamu. Hame
PABEHCTBO MOZKHO HCTOJKOBEIBATb TaK, YTO y Bac 2 KopoGkH,
B Kax[oif N0 3 mapHKa, Tak 4To BCero y Bac 6 LIAPHKOB.
A MOMHO TIOHHMATD H TaK: 2 metpa X 3 merpa = 6 kBagpat-
HBIX METDOB, HMesl B BHAY MJIOWIAND NMPAMOYTOJLHHKA.

Hawm nperxu yme naeumiM-naBro coznasanm, yTo Takas
ciuTyanus TpeOyer cosianus kakoro-1uGo M-mupa, naceser-
HOTO YHCJAAMH I ONPEAESCHHBIMH 3HAKAMII, OCOOBIMII JJIst CJIO-
ANCHH,  BBIMHTAHHS, YMHOMEHHS, JeJNeHHS | paBeHCTBA
(€2, €=, €X», €3, «=»), H YTO KH3Hb ITOrO M-mupa poskua
YNpaBATHCA  ONpeleieHHBIMH  3akoHamy. OxHako npouecc
3TOT NPOTeKad MENJIEHHO H 3Hr3aroo0pasHo, TaK YTO TOJABKO
B AeBATHAAUATOM cTo/IeTHH 3T0T M-MHp ofpen ceoio «/lekaa-
paummio  He3aBHCHMOCTH». B rojsoBax GosbIUHHCTBA Jmojeil
Bee ewe coxpanmaca yronok Il-mupa, u 370 — Gosee HPOCTH-
TeJIbHOE nposB/enue cHujipoMa IldrMa/HoOHA, HEXeNMH OTOM-
ACCTB/IEHHE TCOMETPHIT NefiCTBHTEJBHOIO H MOLETBHOrO MHPOB.
B ceoem wacto nmTHpyeMoMm u3peuennn mateMaTHK Kponekep
CKasad, 4To Or co3jlas MOJNOMKHTe/AbHBIE LEIble YHCIa, a ye-
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JIOEEK — BCe ocTajbHee, ecaH o0oHTHCh 0e3 YIOMHHAHUSA
BhICIIEH CHJIBI, TO MOMKHO CKa3aTh, yTo KpoHekep OTHOCHT BCe
HOJOXKHTEAbHBIE Uedbie uHcaa 1, 2, 3, ... K J-mupy, a oTpH-
nateibHbie, APOGHLIE, HP pailHOHAAbHbE ¥ TpoyHe — K M-nupy.
1 61 motueJ €lle AaNblie H OTHEC Nake NOJOMHTEIbHEIE LHenLe
ygeaa K M-mupy, momyckas B KpaliHeM cJyyae, 4TO OHH Ha-
xoaaTca Ha rpamuie JI- 1 M-MHpOB.

Yro kacaercs atoro M-mupa, To moapoGroe Hcc/lenoBaue
ero npupobl Obwio Gbl 3jech HEYMECTHBIM, TeM Gosee YTC
3TOT BOMPOC H3JoxeH B Gonee ypoGounTaemoli (opme MOiM
xoaseroii, npodeccopoM K. Jlanmomem, B Opouuope o1
paspauueM «Uncsia Oes Konua» *. B To xe BpeMa s JOJKeH
MONBITATECS OCTABUTh XOTA OBl OTNEYaTOK Majblia Ha CKane,
HAa KOTOpOH BoO3BeleHa TeopeTHYecKas (H3HKA, NOCKOJBKY
stoT M-MHp yHcen npefcTaBaser cofoil Kyja GoJiee HaJEKHOE
OCHOBAHHeE JJIsl TOCTPOHKH, ueM M-MHD reoMeTpHH, K KOTOPOMY,
KaK fl y)Ke TOBODHJI, CJIeLyeT OTHOCHThCS € GOJIbLIOI OCTOPOIK-
HOCTBIO.

BripaGoTka NpaBHJbLHOTO MHDOBO33DEHHS HMEET, KOHEUHO,
NepBOCTENEHHYIO BaXKHOCTb AJf desioBeyecTBa (OyayyH B nps-
MOM CMBICJIE BOIIPOCOM JH3HH H CMEPTH), HO f1 BCe XKe 10J1aralo,
4YTO NOAXOAALHM obpaMieHHeM J/1f Hee ABJIAETCH He CTOJBKO
yGuiicTBeHHas Cepbe3HOCTb, CKOMBLKO OTMEHHas XH3HepapocT-
HOCTh. ITO Hrpa, B KOTOPOH MOTYT Y4acTBOBATh BCe, HE3ABUCHMO
OT 1BETA KOXH, BEpPOHCIOBeNaHHsS, KJacCcOBOH MpPHHAIJIEN-
HOCTH HJIH HMYUIECTBEHHOTO COCTOAHHSA, JJs 3TOTO HYMKHBI
JHWE Nepo H GyMara, Ja H HX MOXHO OTOPOCHTBb, €C/IH T0JIOBa
Balla B noJHOM mopsjke. BooGpa3uTe, 410 BB NoJyyaere
NpH3 3a KaXAYI0 HHTEPECHYI0 H BMecTeé C TeM IIPaBHJbHYIO
MBICAB H IuaTHTe wrpad 3a JmoGyio raynocTb. OCHOBHBIMH
NpaBHJIaMH HIPBl CAYXKAT 3aKOHHI OOBIMHOH JIOTHKM, J0noJ-
HEHHblE HEKOTOPBIMH JPYTHMH TOJOXKEHHSMH.

Hrpa HaulHaeTcs ¢ Pa3OMEHHBIX NeEpel HamH MOJOAKH-
TeNbHEIX HeasX uHees 1, 2, 3, ... H 3HAKOB ¢—4» H &=,

${l npepnaralo BaM HaHTH 4HCJIO X, TaKOe, UTO x+2=5.
Bl oTReuaeTe MHe, UTO Xx=3, H noJyyaere HeGOJBINOH TMPH3.
3aTem s mpensarailo BaM HafiTH X H3 ypaBHeHHs x+2=2,
H Bbl JaeTe MHE NPaBHJABHBEIH OTBET, YTO 3Ta 3ajaya He HMEeT

968* C. Lanczos, Numbers without end, Oliver and Boyd, Edinbourgh,
1968.
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pemenusi. Ho, XoTs1 Bam orser u npasmJen, Harpajel BH He
NOTyuaeTe, IOCKOIbKY OH He HHTepeceH. UTOGH MOJyYHTDH
e, CiaenyerT nposasHTh noSosbluie GecrnokoiicTBa. Bel oMKHBI
TIPOTCCTOBATE H 32fBHTH, YTO, XOTA CYLIECTBYET GECKOHEYHO
MHOTO LEJBIX YHCEJ, BaM HYXHO €Ie OLHO TaKoe YICJo,
KOTOpOro panblie e Gb10, a nMenno 0 (HyJb), H TOTA2 OTBETOM
Oyaer x=0. Bul nacranpaete na tou, uto HI'Da OTHBIHE JOJIMKHA
hectneh yxe ¢ uncaamu 0, 1, 2, 3, ... Hy urto ke, Apyrue
VUACTHHKH HTPBl TIPHXOQUAT K BHIBOAY, YTO 5TO HEMJOKAs
MBICTB, H BRI IOJy4aere Gonbiioil npus *,

Crasamnmnoe BBillie BO MHOTOM NOBTOPAGTCSA, KOTJa 5 Npoiy
Dac pemmrs ypaspentie ¥--5=2. OHO ONATH e B MPeKHUX
PaMKaX He HMCCT DEMIEH ST, HO PeIleHle MOXKHO ¢CAeNAThbY, T. e.
TIOTYANTh B RAHHOM CJAy4ae ¥==—3, paCIIHPHB HALIy CHCTEMY
YHCRN, TAaK YTO Tenepb OHA MPHMET BHJ

=2, 1,0, 1,2, 3, s

Ycranosnens mpasuaa AAS ONEPHPOBAHHA TAKHMH UHCAAMI
It 3HAKOM csiomennsa («+»). ITockosbKy BBl OTaHuHO 3HaeTe,
KaxnM jomken ObiTh pesyabTaT JioGoil nonoGHof oneparii,
s He Oyay majoenaTb BaM (OpMAJIbHLIMH YTBEPIKACHHMH,
a4 Mepeiilly K 3HAKAM BEMNTAHHS M YMHOMEHHA. B obmen ome-
DAL BLIHT2HHA H YMHOMKEHIS He NPEICTABAAIOT CTOMb YK
fo1buioro nmTepeca, NMOCKOALKY HE BHIBOAAT HAC 3a Npeesl
Hamicanmol ppiwie GeCKONeIHoll COBOKYMHOCTH Ynces. Onnako
SACCh CAEAYCT OCTAHOBHTBCA HA MUHYTY H 3aiath BONpOC,
fioueny MGl rosopuM, uto (—2) X (—3)=6. Ilonutka Bep-
nyThes B JI-MHp 1 BHISICHITH, CKOJIBKO e Y Hac GyaeT aPHKOB,
CCH 1L Hicer —2 KopolKkH mo —3 waplKa B KaxIol, 6es-
nanezina. Jlydiie BCCTO BCMOMHHTB, YTO MBI MIpDaeM B Hrpy
[0/l naszannent ¢aarebpa» 1o HEKOTOPHIM IPABHIAM 11, COIVIACHO
OAOMY M3 3THX Npabua, (—2)x(—3)=6.

Hanes, ecan pau npennomaT pewnts ypasBHeiue 3x=2,
TO BaMm IPHACTCA 1300)PCCTH HOBGE YHCJIO, H PelleHHe NPHBEIET
bac K onepaiii feneHid («1v). JTa onepauns I0MOMHIT CHCTEMY
HHCC BCCBOSMOMKIHLIMII JDODAMH, KaK MOMOMKHTEALHBIMH, TaK

* Hurepecntit gaxr: [HoGaab peBHHBO OTHOCHJACH K 1IBEJCKOMY Ma-
Texatiry Murrar-feduaepy, kotopwit GyaTo Gbl MO3BOJASI CTABHTH CeGf
5 HayHHoM Mipe Ha onny gocky ¢ HoGenem. [Tostomy HoGenescxux mpemuit
o Marenatiiie ser. Cyiiectayil oHN, Aa ewe Bo BpeMs GHO, H «n3o0perateib
HY/st», Gea coMuenust, 6ul1 Gul yaoctoen HoGesdesckoit TPeMHH,
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H OTPULATE/BHBIMH, H TaKHM 00pasoM MLl NOJYYHAM CGBOKYI-
HOCTb BCeX payuoHaisHeix dnces. Ilpasuia obpawenns ¢ HuMI
C MOMOILLIO 3HAKOB «—», ¢—», ¢X» W «» TAKOBLI, Y4TO [OJY-
MaIoUIHeCH B pe3yabTaTe 3THX onepaliil 4HCIa Mo-NperkHeMy
OpHHAANEKAT K TOH Ke COBOKYNHOCTH. B Hefl ecTh TOJIBbKO
0lHa 3ampelleHHas Oonepaluus — jJeJeHHe Ha Hy.ab; OeccMsic-
JIGHHO TOBOPHTL O pelneHHH ypasuenus xx{=1.

JI1000nBITHO, UTO MBI HHKOTJA HE BBLIWJH ObLI 3a Mpegesbl
palHOHAMBHBLIX UlCes, eC/H Obl He 10AYMa/IHCh, YTO HEKOTOpbLIe
BHALI YpaBHeHH[1 o0s3ameasHo QoascHsl HMETh pellleHHe H BHe
3tHX paMoK. M Mbl cefiuac cHoBa Hcrosb3yeMm Takoi crocol
paccy:kaennsi. Paccmorpum ypapueniue x*=2. OHO He HMeeT
pellleHHs, NPHHALIeKALEr0 MHOXKECTBY PallHOHANBHBIX YHCed,
H HALUHM fepBBIM NO0YKASHHEM MOT0 Obl ObiTh TaKoe: OTBepr-
HYTh 3TO YpaBHEHHe KaK He HMeloulee cMmelcaa. Onnaxo 3jgech
onAThL SoJiee pa3yMHO NPHHATb, YTO PELUeHHe BCe JKe CYILecT-
BYeT, XOTs1 OHO TpeOyeT BBeJeHHST HOBOTC BIIA YHCRJ.

Kouneyno, ABHO HEIOCTaTOUHO JHLIL HacTauBaTh Ha TOM,
yto ypapHenue x*=2 H papyrue nozoCHbIe eMy YpaBHEHHS
mveior pewenusi. CrenyeT eure # ykasaTh, Kak o0pamiarbes
C ITHMH peLIeHHAMH C TOMOLIBIO 3HAKOB «-{-», «—», «X», «»,
caenyst oOLLHM MpaBHaaM anredphi — TeM CaMblM, YTO HMeIOT
CHJTY JJIS1 PALMOHAJBHBIX YHCE, 3TO MOMKHO CARIATh HE TOJALKO
1A TeX uYHCeN, KoTopble ObWIH H300peTeHbl VIS pelueHHs
ajaredpandecKHX ypaBHeNHil, HO TaKxKe H QA YHCE] Hanoxo-
Oue 7, MOJYYAIOUIHXCA B Pe3yJsbTaTe NpejiedbHBIX NepexoloB.
Takum o0pa3zoM Mbl IPHIEM K TOHITHIO 00 uppayuoHaibHbix
yucsaax, o0pasyiolHX BMeCTe C paliOHAJBLHBIMI MIOMKECTBO
delicmaumensHolx dHCeJL.

Hayunpuince ynpaeaath M-mupoM, HaceseHHbIM AeHCTBH-
TeJBHBIMH YHCJAMH H JKHBYIIHM IO 3aKOoHaM aJjredpbl, Mbi,
KasaJjoch Obl, MOXEM YCHOKOHTbcSl. OIHaxko pHCKHeM MOHTH
HEMHOTO AaJjbllie, TOAHSB 3HAMS BOCCTAHHA NMPOTHB MpHOOpe-
TeHHBIX HEKOrJa NperpaccyiKOB.

Pacemorpum  ypasuentie x2-+1=0. IlockoabKy KBaapar
JI000T0 NEHCTBHTENBHOIO YHCIA MOJOMKHTENIEH (3@ HCKJOYe-
HHEM KBaJ1parta HYJisi, PABHOTO HYJIIO), ICHO, YTO 3TO YPaBHEHHE
HE MMeeT PelIeHH, eC/i He PACIIHPUTh KakuM-iHbo obpasom
Hally CHCTEMY uHcesq. Takoe paclUHDEHHE NAeT HAM MHUMOe
yiea0 i=) —1 M KoMnAexcHble YUC/a, SB/SIOUHECS CYMMOR
JeliCTBITEAbHON 1 MmOl yacTell (cKameM, a+bi, raea u b —

2 Jox. Cuurp
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zelicTenTtenbyble uncna). OnaThk BO3HHKaeT BOMPOC, MOMKHO JH
onepHpoBaTh C TakKHMH WHiciaMH B COIMIACHH C IIpaBiJami
anre0pel, H BLIICHAETCS, YTO MOMKHO. BBINISAAT 3TH NpaBHaa
0GMAHYHBO TLPOCTC: MOMKHO BBIIOJHSATH BbIUHCIEHIST C KOM-
MJAEKCHBIMH UHCJAAMH TaK, KaK eI Obl OHH ObLII JACHiCTBIITE 1b-
HEIMIL PANHOHAJLHBIME UHCJIaMH, 3aMeHsifl Besle, IJe BCTpe-
gurtea, [f na —I1.

Crnopo «MuHMBIT» 007a8eT OHHM JOCTOMHCTBOM: OHO YKa-
3BIBAET 1A TO, UTO MBI fIBHO HAXOIHMCS B aiareOpaiueckoM
M-uupe. Ognarxo Guwio Obl HEMpaBIMIBHBLIM MOJarath, YTO Mbl
rokujaeM M-MHP TOAbKO TOrja, KOTAa JLIT4eMCcsd PelInTh
vpasuerne x*+-1=0. Ml NOximy/an ero ywke Mioro paiblie.
Ha wmoil Baras, 5TO NPON3OILIO ele TOTAd, KOrja Mbl Haual
PaccyuaaTh 0 NQARIX UHCIAX, ¢OUNILEHHLIX» OT HalleHoBaHH
nepecunThBacMuIX  npeaveron. [lo  muenmio  Kpouenepa,—
KOTJia Mbl 3arOBOPHJAM 00 OTPHLATEABHBIX H APOOHLIX UlCIaX,
OaKTHYECKH MBI MOMCM pacCMATPHEATh MHHMBIE HHCTIa, HE
NpUHIMAg BO BHHMAHIE CHMBOAA { HIN 3KBHBAJICHTHOTO €My
ofo3pauciis, a KOMIVICKCHLIR YHe/la paccMaTpHBaTh K&K NAaphl
JelICTBHTEIbHLIX YIiced.

O paculnpeHiH CHCTCILI HICET MOXKHO PasMBIILIITL [0
apaJgorini ¢ noantikoil. Yicaa cvTb wutean crpaisl. Hacede-
nie, Ipagia, nogvuaeres (Geckoneuno OOJBLINMN, [0 3TO e
JOKHO HAC CMyINaTh. Hacetemue yBelHYIBaeTCs 3a CueT
NpEACCTaBIeHNST TPaXKIAHCTEA  HMMHIPaHTaM, YHIJICHHOCTD
KOTOPBIX 3HAYHTEJLHO IPEeBLINaeT YHCACHHOCTL KODEHIOro
nacesenia (He 3aGyaeM, UTO KOPEHHLIX KHTenell GecuncIenHoe
muoxkectso!). Crpana ynpapiasieTcs NPOCTBIMH, HO CTPOTNHAMH
3aKOHAMH, 3allHCAHHLIMI B ee KOHCTHTYLHH (anredpandecKunu
NpaBiiani), M Kaicaulil IHOBblil TpaxJaHIH CTpaHel Jaer
NpHCATY BHINOAHATh 5TH 3aKoHbl. Bee HaeT Xopowo B 3ToH
crpaiie, Jlaxe HeB3Hpas Ha To, UTO NPHILIOCh PACIMHPHTDL NPABO
TPasKnaHCTBa, YTOOk! €0 MOIVIH NMOJYYHTh KOMIJIEKCHEIE Ulcaa.

Oanako ecTb M TaKie HTeJH, KOTOpDLle NEBITAIOTCS H3Me-
HUTh KOHCTHTYUHIO. Tak, OHH XoTeqd OBl JHKBHANPOBATH
3aKOH KOMMYTATHBHOCTH NPH YMHOXKEHHH, KoTopwli Tpebyer,
yToOH X X Y=y x. 1 BOT oaHaxABI 3TO HM YAaaoch. B cTpany
TOTYaC K€ XJBIHYJ NOTOK HOBBIX HMMHTPaHTOB — B OCHOBHOM
KBATCPHHOHOB H MaTpMl, KoTophle 00pasuoBO MOIYHHSIOTCS
IPYTHM 3aKoHaM aareGpel, HO fABHO HEKOMMYTATLBHbLI, KOTJa
COeAHHAIOTCA B TIPCH3BeleHHE,



BECEJIA OB AJITEGPE
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Ha sTor pas B orunune ot npeaunayiieit razsul 5 one coli-
paiock 3arkanunBaTh Ceceqy n3blmcHiani.  Mower  Oulth,
Koe-TAe B cpoeil Oecefe i HEMPaBIVLHO PACCTADINT CKLCHTLL,
HOAPOCGHO PasbACHsIsA BaM TO, 4TO BLl auacre n (o3 MOHA,
1 cocraeaas CGe3 oOpsicuenus penonsarnce. Ho s Xortea not-
YEPKHYTb, YTO ¢CTPOHTENIbHLI MaTepiad» MaTeMaTiKU TBepl,
KaK CKa’a, i YTO 3Ta CKajga He PAcTPECHNBACTCH IIPH BHEIpE-
HII B ee (U3NYECKIX IL1eil, KOTOPBIC BPEMA OT BPEMEHH MOTYT
ueuatsess. TlponosKast auanorino, MOMKHO CHA3aTh, UYTO 3TOT
M-yup — »up anareGpel — npesensio alcTpasTen Ha pepliline
CEaakl, a nojHoxue ee yxoinT B nousy l-upa — anipa
MAJIeHBHHX JeTell, BHIepBLIe MEPCCHITLIBRIOMUX CBOH Na/bLLbl
H HrpymeyHele KyOuxil.

2!
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Hepestennvie, onepainopol,
PyHRUUL

K aK Mbl V¥Ke TOBODHJH, eCTb OCHOBAHHS YTEEpPHAaTb, UTO
anrefpa B BLICUIell CTeNeHH HAJEXHA, TOTJa KaKk K reo-
METPHI CIeIVeT OTHOCHTBCS C H3BECTHOH OCMOTPHTENBHOCTBIO,
O/IHAKO BCE MBI JIOJH, H OJHIX JIHWDb JOTHYECKHX NOBOAOB HaM
Hepocratouno. Ham nojapall Benuiuku (paHTA3HH, 2 TEOMETPU-
weckas NnouBa A4s 37X (eitepBepkoB Kyjaa Gonee foraTa, yem
anreGpainveckast, No Kpaiineil Mepe Tak Kaerca GOJbLIHHCTBY
n3 nac. AareGpa — 5TO KeHa, B BHICIIEH cTeneHH jobponops-
JouHast, HO, TOXKaayil, CJAHLIKOM paccylHTesbHasi, TOTAa Kak
reoMeTpis — 3TO JIETKOMBICJIEHHAs [eBHila, KOTOpas 3acTab-
JIsieT Bac CMOTPETh HA BEUIH MOJ HOBLIM YIJIOM 3peHHs (HMHaue
roBops, ee raasamu).

Mpl NO3HAKOMHJIHCH € CHCTEeMOH JeHCTBHTENbHBIX YHCeN,
H sl CpaBHL ee CO CTpaHoil, nmemolleii GeccueTHoe KOJHYECTBO

L I L 1 L 1 L

-3 -2 -1 0 [ 2z 3

®ur. 4.1. JeiicTsuTesbHBe YHCAA Kak
TOUKH Ha TpsAMOil.

sknteqell. Kax MX BCceX NepecuuTaTb KOPOJIO 3TOH CTPaHLI?
Ha nepBoiil B3rAfL 3TO KaeTCA HEMBICAHMBIM, OJHAKO OH
MOJKET ¢JeJaTh 3TO, HCHOJb3VS TPOCTOH TIeoMeTpHYeCKHH
cnoco6. OH poJixeH NPOBeCTH HA JHcTe Gymari npaMylo Ju-
HHIO, OTMETHTb HYJb B €€ CepelHHe H OTJOXKHTb OTPe3KH
1, 2, 3, ... BnpaBo u —1, —2, —3, ... BI€BO OT HYJdA, KakK
nokasano Ha ¢ur. 4.1.

Takoe n3oOpaxeHne HMEET JBAa OYEBHINBLIX, HO HECYILECT-
BEHHBLIX HEOoCTaTKa. JIHHHIO Ha OyMmare Heslb3sl TPOJOJIXKATDL
Io GeckoHeyHocTH B 00OMX HanpaB/leHHAX (HIH Jaxe Xors Obl
B O7IHOM), HO 3TOT HEJOCTATOK JIErKO NPEeni0JeTh C NOMOUIBIO
poofpakennsi — MBICJIEHHO IOIKJEHBasi BCE HOBBIE JIHCTHI
Gymari, Ha KOTOPBIX NpojoJixaeTe BecTd JuHHIO. Kpone
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TOTO, HEBO3MOXKHO OTMETHTb Ha OyMare Bce UHCJa, Ad:Ke Te
H3 HHX, YTO 3aKaiodenbl Mexkay O u 1. Ho u aToT memocrarox
MOXHO NpeojoJieTb, Boobpaszup, 4To, eciH noTpefyercs, Bbl
BCeraa cMmoxkeTe ykasaTh Ha Oymare JioGoe 3alaHHOE YHCJIO.
Ipavaa nHHHA sBAsieTCS MOLIHOH NOAAEPKKOH HHTYHIMH,
KOTJa Mbl HMCEM JIeJ10 C AelCTBHTEJAbHBIMM uHclamu., Koa-
IJIeKCHBIE uHC1a H300par<aloTesl TOUKAMH yXKe He Ha IpAMoi,
a Ha IIOCKOCTH, HO MBI He GyleM 37ech HX KacaThes.

IMzo0pamenne AelCTBHTENBHLIX YHCE ¢ TTOMOIIBIO YHCIOBOI
OCH OKa3plBaeTci OcO0EeHHO CHJIBHBIM CPEJICTBOM, KOIJa Ha
€ro OCHOBE BBOJHTCH NpPEACTaBJeHle 0 nepeMernol x, Kotopas
MOXeT MNpHHHMaTh Jiofoe 3HadYeHHe B HHTEpBaJe OT —oo
1o +oo, uaH B Gosee Y3KOM HHTepBaJje, CKaxeM OT HY.1A
10 enuHHUbl. [la5i TAKOro NpeACTABJIEHHS HCIOMB3YIOT JHOO
BCIO YHCJOBYIO OCb, JHOO 3a1aHHBIH €e OTpe30K.

[locKoabKY Halll M CTPEMHTCS CXBATHIBATh JIHIIb YACTHOCTH
u u3beraer obofileHnli, s no.araw, uTo BOCIPHHAThL MOHATHE
nepemeHHoll CoBCceM He rnpocroe jeqo. Beab JoGoe yTBepk-
leHHe OTHOCHTEJNBHO NepeMeHHOH X JO/KHO OLITh CIpaBeii-
BLIM /1Al 6CexX sHaweruti X B 3ajJaiHOM HHTepBaJe. Henocra-
TOYHO, YTOOB! OHO BLIIOJHSJIOCH JJISI TOTO HJIH HHOIO 3HAYEHHS:
eCTH OHO NpeTeHAYeT Ha poJb 3akoHa 117 NepeMeHHOl Besl-
YIHBI, OHO JOJIXKHO ObITh CIIPaBEHJHBLIM abCOJIOTHO /151 Beex
ee 3HaueHuil. Hanpuwmep, ecnn x 3axnoueno mexay 0 u 1,
T0 x Oosbuie, yeMm x*%.

Or onpejesieHusi NOHATHA NepeMEHHOH X — mpsiMoil mar
K onpelefeHHi0 NOHATHA ¢hyHdxyuw oT x. Mer roBopum, uTO
nepeMeHHass § ecTh (JYHKIUHS OT X, €C/IH NPH Ka)kaoM 3Haue-
HHH X ONpeie’eHO 3HAuYeHHe y. ITO MLl 3alichiBaeM B BHIE
y=f(x). Cnoso «pyuxuus», 0AHAKO, HE OUeHb YJAuHOe, MNO-
CKOJIBKY €ro 4acTo HCIOJB3VIOT B JAPYTHX CMBICIAX, H A4
HEKOTOPBIX eneil § MpeamouHTalo II0/Ib30BATLCH  CJIOBOM
onepamop, XoTs TOUHbIH CMblca o0OHX 3THX CJ/OB CJerka pas-
JHYeH (Mo-NaThiHH «(pYHCOP» 03HAYaeT «s1 BLITOJIHSION).

Mrak, ecan y mnac ecTh paBeHCTBO y=x®, TO MBI MOXKeM
CKasaTb, 4TO y — (YHKUHA OT x. B TO :Ke BpeMs MOXKHO Io-
BOPHTb, UYTO K X NIpHMEHeHa HeKoTopas olepauHs, KoTopas
NePeBOIUT X B x%; 3TOT onepaTop Kak Obl KOMaHIyeT: «BO3BeCTH
B kBazgpat!». Taxum ofpasom, y Hac NOABISETCH BO3MOXKHOCTH
Bhifopa Memxay AByms ofo3nayennaMmu. [lepBoe U3 HHX, KOTO-
poe MOXKHO 3amHcaTh B Bije y=f(x), ecTb oOo3HaueHue
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GVHKIIOUA bEON 3aBlciMocTil. BTopoe 3anickiBaeTcsl B BHIE
y=/[x, rae [ — onepaTop, KOTOpbIil YKaselBae€T HaM, HTO C X
Haio uta-To cneqnath. OOosnauenue fr, pasymeercs, He O3Ha-
yaer, uTo [ Haj0 YMHOITBH Ha X; BooOLle ONepaTeps! I UKHCJa
jeNb3sl NePeMHOKATh. PasTnune Mexay YKasanablMi IBYMA
o003HaUEHNAMH CKOpEe ULCTO INCHXOJOTHUYECKOE.

y

DyrryucHaAsHLI
(onepamopHeIl )
AuuK

&

@ ur. 4.2, DynkunoHalsuLil (HAH onepa-

TOpHHIL) AMWKK Ad% OXHON (YHKUMH 07HOl
nepemeitoii.

B novoub naweMy Loo0parkeilo Mbl MOMNICM  BIPSAYb
TeoneTpHio H Haplcobarbh rpadux ¢yuxuun y=f(»). Hzobpa-
aenre QyHKUull ¢ nomombl rpadnxos Hanboaee yaolHO,
TAK KaK BBl MOMETE CPa3y 3aMETHTDL BCC OCHOBHLIE XaPaKTe)HbIE
ocofenHocTH (YHKIHOHAJILIOTO COOTHOWEHHA MEX1y X I f.
Onuaxo, Kak Mu! yBUIHAM Ea crp. 40, TakoMy NpeicTaBIeH!io
GYHKUINE Bee Ke NMPHCYIIH HEKOTCpPhIe HEAoCTaTKII.

§l npemnaraio BaM CIEICEATh HHBIM MBICJAEHHBIM TYTCM,
MEHeE VAOBJETEOPHTEIbHLIM B OJIHOM, HO JVYIIHM B JPVIHX
ornowentigx. Ilpeacrappte cefe fMIHK, 113 KOTOPOTO BhIABII-
ralorcsl ABEa CTEprKis; OANN H3 crepriHell noveuei OyKEoil x,
Apyroit — GvkBoit gy {(dur. 4.2). 3nadenne nepemcuidil
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COOTBRTCTBYET IIHHE HacTH CTePHA X, BRICTYNAOWe 3
SIUHKA, [ aHaJOTHYHO — LA mepesernioil y. Ecan ofe 3t
[epesesybie He 3aBUCAT APYr OT JAPYra, Bbl MOMKETE BLIABHTATL
Ka:Isiil cTep:kenb M3 AULIKA HA JHOOVIO MKEJASMYIO VLY.
Oxuaxo, ecan y=f(x) (w11, uTo TO Ke, y={x), TaK NOCTYNATH
ViKe He/ib3a. Temepbd, eCai CTepH#ellb X BLIABHHYT Ha HEKOTO-
PYIO LIHHY, TO CTEPHCHL § HEIb3d BLIIBHTATL IMPOH3BOJLHO.
Bui moxere poeBpaciTh, UTO BHVTPH ALIIKA 3aKJI0UEH HEKill
MEXAITI33, CBH3LIZNOWMI o0a Ccrenmusd. DTOT MexXaHusM (Lid
HAC CODEPLUCHHO HCCYLICCTECHIO, KAKGBA M0 KOHCTPYKUuA)
EJH AIEK C HaXOJfAWINCA B HEM MEXaIII3MOM MOXHO ObUIO Gil
HA3bIBATh (MYHKNUCHEIGHELL WL CNERAMOPHLIN RULUK0M. DTO
JCBOVIBHO 3aNHMETCILHAA 1 comeplienHo Cesppeinast Hies,
KOTOpas IMCET HEHOTOphle HCHXQIOTHUECKHE HpeiMyUlecTa
neped Hicell rpadmxa. Ecau f npegioiky BaM Boo0pasiThb
DCEBOZMOXKHLIE (YHKUHN, Il OIEPaTophl, LM XoTs  Oul
JloCTaTcUIO uIpoxce pasnoolpasie X, Y BaC MOMKET 3aKpy-
FHTBCH TOJ0BA LIPI MLICIH 05 orpoMpon KoJldectse rpadit-
KOB, KOTOpbIC NPHIeTCs HapucosaTh na Oyuare. Ilo mixe, ryia
Jerye BoOOpa3NTL MIOMCCTEO SIIUIKOB, NOUTH COBEPLIEHHO
OHAKOBLIX CHADYACH, HO B KOTODLIX 3aKJIOUSHBI BCECRO3MOMW-
HEIC MEXaHH3aMbl, COPATAHHLIC OT BAUIIX B3I0OPOCB.

YUroCul eiie oTUCTVINZeE II0Xa3aTh NPCHMYecTsa HyHKLio-
HAJIBHOTO AUIKA, 7 BMECTO OJHOCil nepeneHHOll X BBCIY YeThlpe
HE3ABIICHNMBIR TIePRMEHIHbIe X;, Xa, X3, Xy §1 BEIOpAT 3TO 4HC/IO
[IepeMeHIEIE He C1y4allHo: HMCHHO UCTLIPE IICPEeMCHHLIC BCTpe-
TATCA HAM B TCOPIH OTHOCHTE/IBIGCTI, XOTS I He 0bs3aTesibHo
Tos1pK0 TaM. [1ycers, jaaee, Yy, U, ..., Yy ABIAAIOTCA HYHKIHIME
OT 3THX HXCOB (KoanuecTBO (hyHKIIHII ONATL K@ HMEET HeKOTO-
pPVIO CBA3L € Teopieifl OTHOCUTRIBLHOCTH). JTO 03HAYaeT, YTO
3HAYEHUANMI YETLIPpEX HKCOB ONpeiessioTcd 3naueHs JeCATH
urpexoz. Jasg tero utoOR BLIPASHTL 3TO YTBEPx{ACHHE, Mb
Morgil OLl 3a0UCATL JIeCATh YDABHCHIIL; NMepsnoe {13 X HMeeT
BILT

y1:f1()~'1, X2, X3, Xy).

BumucsiaTe Bee JZECATL TAKIX YpaBHCHHH J0BOJBHO CKYUHO.
[Hagaiite o0o3nauniy Bce HKCH ofHOI OYKBOIL X, & Bce HIPeKH —
toxe oamnoil dyxpoit y. Toraa (yHKIHOHAALHOE COOTHOUIEHHE
MOZKHO BBIPA3HTbL € NOMOLILIO OJHOTO-GAHHCTBEHHOrO YypaBHe-
g y=/{(x), wig, B oneparopHoil dopme, y=/fx.
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HonycTuM, MBl COBepLUEHHO 3aNyTAlHCh B BBIUHCIACHHAX
H XOTHM NpPeACTaBHTh cefe To, UTO Y HAC MOJVYIVIOCh, XOTS OBl
KadectBenno. IlepBofi Ha yM DpHXOIHT MBICTE O Trpaduke.
Ecau y nac ecrb Bcero aHmb OJHH HKEC H OAHH HIPeK, TO M
npocro GepeM Juct OyMaru M pHCYEM OJHY OCb IS X, a BTO-
pyio — aaa y. Ho 3feck y nac yeTbipe HKCa I JeciaTh HIPEKOB,
BCero 4YeThlpHajguaTh uH3aMepenuil. 'eomerpus npocrpancTBa
¢ YeThIPHA/ALATbIO H3MEPEHHAMH, KOHEYHO, BNOJIHE BO3MOX{HA,
Oyayun pasHoBlAHOCTbIO M-reomerpun, Ho Hawemy BooGpa-
JKEHHIO OHAa HeiocTynHa. I'pauKH HE B COCTOSSHMH NOMOUB,
KaK TOMIbKO Mbl BBIXOAMM 3a PaMKH NPHBBIYHBIX HAM TpexX H3-
MepeHnii.

D YHKUHOHAJbHBIT e ALK, ecaH ToabKe He TpeQoBaTh
OT HEro CJHIIKOM MHOTOrQ, B 3THX YCJOBHSX OyIeT AeHcTBO-
BaTh TaK K€ XOpOILIO, Kak H B ¢Jyyae OJHOTO HKCA H OJHOTO
urpeka. JloctaTouHo JHIIEL BOOGPasHTh, YTO M3 SLLHKA BbIABH-
TalOTCs YEeThIPE X-CTepPKHA M JIeCATh Yy-CTepiKHeH, CoeIHHeHHBIX
BHYTPH SIIHKA HEKOTOPLIM MeXaHH3MOM Tak, YTO €CJH Mbl
KakHM-TO 00pa3oM BBIABHHEM K3 SIUHKA X-CTEPMHH, TO ¥-
CTEPKHH ABTOMATHYECKH YCTaHOBATCA B ONpEIeJeHHBIX Tio-
Joxenusix (pur. 4.3). Temepp MeXaHH3M B ALTHKE DPeACTAB/SET
coGoil flecaTh (YHKIMI, HO Mbl MOXEM CKa3aTb, 4TO OH Ipej-
cTaBJ/sieT TONbKO 0dur onepaTop, a8 HMEHHO OlepaTop, KOTophiil
NePeBOUT YeTHIPeXMEepHLIl HKC B JeCATHMEPHBIH IFpekK.

A uTo npou30iijer, ecaH COeIHHUTE JBA TAKHX ONEpPaTOPHLIX
auwuka? [Tycte AmuK, ofo3nauennblit 6yKkBoit A, nepeBoANT X
B y, a ALKK B nepeBoauT y B z. 34eck OyKBaMH X, y, z ofo3Ha-
UeHbl COBOKYNHOCTH TepeMeHHbIX, NPHYEM COBEpIIEHHO He-
BayKHO, CKOJIBKO 3THX IePEMEeHHBIX B KaxK 05 H3 COBOKYIIHOCTEI,
a5 onpeieneHHOCTH BO3BMEM YeTHIje X H JecATb Y, Kax
H panbwie, H AecAThb z (ONATL e HMesl B BHJAY IPHMEHHTb Bce
3T0 B JajbHeiilleM K TeopHH OTHOCHTeAbHocTi). Mbl MomeM
HallHCcaTh

y=Ax, z=By

H TeM caMmeiM z=BAx, eclll 3avMeHHTh ¥ BO BTOPOM pPaBeHCTBE
Ha Ax. Orcioia BHIHO, YTO 2 ONpejessieTcsl BeNHYHHOH X,
a 3Ha4YHT, nosxeH ObiTh Takoil onepatop C, KoTopwii Oeper
57O Aeo Ha ceba. Ecan sanmcats z=Cx, TO 0TCIOAA NOJYYIM

C=BA.
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Ecmn 661 A u B Gwan uukcaaxi, a He oneparcpaii, TO Mbl
MoraH Owl paccmatpupaTe C Kak X NPOH3BEIEHIC. TIpouzge-
nenne... A e 3anath a1 HaM TaKoil BOIPOC: CHPaBeIINBL Ji
3aKousl ajreOpel Takie A1s onepatopoe? OTBeT oKamercs
B O0LIEM MOJIOKHTEIbHEIM 32 OJHHM CYIIECTECHEBIM HCKIIOUC-
HHEM: pedb HIET O BLINOJHCHIN 32KOHA KOMMYTATHBHGOCTH
TpH YMHOXKEHHH.

¥
A

OnepamopHbid

AWK F r

e

@ ur. 4.3. OnepaTopuelil AUMK AA7 UCTH-
PeX HKCOB H JCCATH HIPEKOB, SIBJSIOULIXCH
(pyHEUHAME HKcoB (y=[x).

Paccmorpuym npocroii cayuail, Koraa y mac HMelOTCSl BCEro
JHWb Tpu mepemerHble X, y 1 z. Ilyvers omepatop A osHavaer
«1puGaBATD eIHHNLLY», a ONepaTop B — «BO3BECTH B KBajipats.
Torna

ABx=A (x)=x-}1,
BAx=DB (x+1)=(x+1)%
PeaynbTaThl MOAYyYNANCE pa3Hbie, TaK YTO Mbl IPHXCAHM K BEI-

Boay, uto B ofmeM AB5:BA, XOTSl HeKOTOphle OIepaTopul
Ha caMoM JeJle KOMMYTHPYIOT APYT € ApYTOM.



49 [JIABA 4

Bepuemest K paccMOTpeHHOMY BbllE CAYYaio MHOTHX nepe-
MeiHHbIX. B 3TOM cayyae mpuHATO TOBOPHTH, UTO HIPEKH CYTh
@GYHKUHN HKCOB, a 3eThl — QyHKUug nrpekos. Yro ke Torza
MOXKHO CKa3aTh O B3adMCOTHOLIEHHH 3€TOB H HKCoB? SHcHo,
YTO 3eThl — (YHKLIH HKCOB, NOCKOJBKY HKCHl ONpEAAsIoT
311@4CHHSl HTPEKOB, a Te B CBOK OYepeNb — 3HAYCHHA 3eTOB.
Ho raxoii sseik He pcerja cnocofen mepenaBaTh CJAO0KHOCTE
ccoTHoLteHitl; O0HYHO TOBOPAT, YTO 3€T €CcTh (DYHKLHOHAT,
wur dyuknns o gynxkuun *. Opuaxo ayuwe Beero npuber-
HYTb K OmnepaTtopibiM o0O3HAUEHHAM, KOTOPLIC MO3BOJISIOT
CAEI1aTh CaMyI0 KOPOTKYIO 34IiHCh.

[Tockoabky Bewin, o KOTODBIX sl CeHYac paccKasnblBaio BaM,
COCTABJSIOT CaMyIO CYTh TOTO MaTeMAaTHYECKOTO ammapara,
KOTCPEIM JIOIb3YETCs TeOpeTnyecKas (uaiika, CTOHT HOTPaTHTh
CLUIE HEMHOIO BpeMeHl, 4TOOLI NO3HAKOMUTLCS € HHMI I0-
rayome. Hanomunum, yrto cuMBoa x ofo3madaer oy Wi
CHCTEMY HECKOJBLKHX MEpeMeHHBIX, Hanpnsmep uersipex. Ome-
patop A naer yxasanus, 4TO HaJO NelaTh ¢ X, npeolpasys x
B HOBYIO MepeMeHnylo (IJIH HOBLIC NepeMeHHHE), ofo3nayae-
myio Ay, OTMeTHM, YTO 3TO HasBaHHE BCErja YHTACTCH CIpaBa
HaJeBo: cHawataa x, 3ateM A 1 Haxownen B.

I[TpeactaBuTh cefe 3TY KOHCTPYKIHIO MOMKHO C MOMOMIBIO
PICYHKA, HA KOTOPOM IOKa2aHBl -OnepaTtepHule AUHKH. Tak,
na ¢ur. 4.4 MOMHO BUIETH AWHKH, o0o3xadenuble A u B.
M3 awmxa A TopuuT rpynna crepikueil x, H300pakeHHas
OHOM KHPHOH JHHHEH. DTHMH X-CTEPKHSMUE MOXKHO MaHHIy-
JIIPOBaTh KaK HaM YTOAHO, HO HX MOJIOXEHIAMH ONpenessieTcs
NOJOMEeHHe APYIHX cTep:xueid, obosmavennwpix Ax # coenu-
Haownx siwuk A c amuxom B. ItH AX-CTepPIKHU NPHBOAAT
B JelicTBHE MeXaHl3M, CKPHITHH B sunke B, U B pesyJabTarte
H3 3TOro ALUiKa OYNeT BRABHIaThCs TPEThsl TPYNNa CTEpIKHEll,
oGosnauennass BAx. Ecan Bac HHTepecyer TOJBKO CBSI3b
nepexewennit crepxuell BAx H X, BL MOMKETE 3aKJIOUHTD
ofa smnra A 0 B B oauH 6oJbloil SHIHE, 00031AYeHHEIT
BA — OyKEBI HMCHHO B Takom mopsjke, a ne AB, HOCKOJIBKY

* B pyccron A3uke 2751 2, KpoMe TOTO, 3aKDENNIGSh HEY1auH0e HA3Ba-
e «cI0mH2A QYHKUHs». De3 CBA3H ¢ TeKCTOM HEBO3MOMKHO YCTAHOBHTH,
10 I (PYHKIHS IPHUYINBO BeleT cels NPl n3MeHenun apryMeiTa, To Jau
€& ZPIYLICHT B CBOK uepein ssasercst dynxuunell Apyrero apryneura.—
HIpun. nepes,
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OfiepaTopsl B o0WeM cayuae He 06A3aTENbHO KOMMYTHPYIOT
EpYT € ADYTOM.

1 Xouy moauepKHYTh BO3MOMKHOCTB M, §oJee TOro, JKela-
TEJIBHOCTH NMPEACTaBIeHHA 00 3THX ONepaTopax KaKk o papio-
npasHplx ofutateasx M-mmpa, meBsipas Ha To uTO OiH 1@

|T' ——————— =

; BA }

I SES.
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@ ur. 4.4, Onepatopis AUkl 4 0
B ¢Gpasyior oneparopublil anmx BA.

SIBISIOTCT HI YHCAAMI, HH NEPCMEHHLIMI, a CYTh JIHMb KO-
MAHBL 1T HHCTPYKIUH, YTO HAJ0 BHIIOHRATb. DTH aGCTpaKT-
HLIE TOHATHS MOMXKHO HANOJHHTL KOHKPETHDLIM COAEpIKaHHEeM,
npeicrapass cebe OnepaTopui B BIje AWHKOB Il He HHTEpecysch
TeM, KaKlie B HHX 3aKMI0YCHBI MeXauusnMsl. ECaH e sTH smukn
TOJIBKO JIYTAIOT Bac, 7orjia salyvibre O HHX K TONbITaiiTech
HAllTil ApyrHe crocolel 10MOYL BaweMmy EooGpazKeHiio.
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Hexoropnie 13 HanGoJ/1ee BaXKHbIX YPaBHEHHI QH3HKH HMEIOT
BHJ,
BAx=0.

[Mpucmorprmest K 3ToMy YypaBHeHHIO. OHO CONEPXKHT TpH
ofbeKTa. D710 — MepemenHass X 1 jABa oneparopa A u B.
[lepeMeHHYIO X f1 CYUNTAIO ¢OJHOMEPHOil», XOTH OHA B JelCTBH-
TEJbHOCTH XMOMET IPEACTaBJIATh co0off COBOKYMHOCTL Iepe-
MEHHBIX.

JTioGoe ypaBHeHHe TpeDyeT CYIUECTBOBAHMS DPeIUEeHHS,
T. €. YEro-To TaKoro, uTO YHAOBJeTBopsAer emy. JlomycTH:
Ans Hayana, uTo onepatopel A u B 3afansl (T. €. H3BECTHO,
KaKile yKa3aHls OHH Cojepxar) u TpeGyercs naltH x. [losb-
syach 0003HAYSHHAMH (DHT. 4.4, MOXKHO CKa3arh, yTo Tpedyercs
HAHTH TaKOE IIOJIOMEHHEe X-CTep:KHs, NpH KotopoM BAx-
cTepikuA BoolUe He OyAeT BHAHO. DTO YPABHEHHE MOKET HMETD,
4 MOMKET H He HMEeTh PellCHHs, HO B Jio00M c/yuae BCE XKe CTOHT
NOMBITATBCS OTHICKATh ero. B mpuHuMe 3a1aua 0 HAXOMKAEHHH
HEKOTOPOTO KOHKDETHOTO 3HAueHHs] MepeMeHHOH X He OTJIII-
Yaercsl OT 34J/laYH ONpEeNesIeHHA TaKOTo X, KOTOPOE YAOBJET-
Bopsinio Obl, CKaxem, [aHHOMY KBaJpaTHOMY YPaBHEHHIO.
IMocnennasn sajzaua uacTo BCTpedaercsi, HO HE O Heil celiuac
HIET pasrosop.

[Mpeanosoxum Tenepsb, YTo 3a1aH JHIIE onepatop B, a A v x
HeH3BECTHLI. 3ajaya 3aK/oyaercs B OTBICKauHH omepartopa A.
B ofosnayenuax ¢ur. 4.4 370 03Hayaer, 4To HAM AaH ALUHUK B
(oH COZEPIKHT H3BECTHBIE YKA3aHH#A), a X NPOH3BOJbLHO (T. e.
X-CTEPIKHEM MOMHO MAHHIIYAHPOBaTh, KaK HaM 3absaropac-
CYJIHTCA), H 33/1a4a COCTOHT B TOM, YTOOL! HANTH TakoiH AmHK A,
NpH KOTOpOM H3 siKa B re Buasurancs Out BAx-crepxkeHb,
uTe Obl MBI HH JIG1aJH C X-CTSPIKHEM. DTO 03HAYAET, YTO HAIO
OTHICKHBATh HE UYHCJIa — Hal0 HCKaTb yKazaunusa. B aTom
H COCTOHT [/aBHas mnpo0aema, XOTs, MOMET ObiTb, H3 MOEro
H3JIOXKEHHS 3TO CPa3y H He CJAEIyer.

[To3Bo/ibTe MHE DIPOMJIIIOCTPHPOBATH CKA3AHHOE HECKOJIb-
KHMH TIpHMepaMH.

Teno maccoit m cBoGOAHO IBHMKETCS B OTCYTCTBHE CHII,
3aHHMAasl TI0JIOXKEHHE {f B MOMEHT BpeMmeHH f. YpaBHEHHe IBH-
JKEHHA Tea BBINMALHT TaK:

mD*y=0,
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rae D o3nauaer nponspoiuyio d/dl. Oneparop B B 3TOM ypap-
Henun ectb mD?® (on yKkasnBaeT: ABaX(Ibl NpolHddepeHiupo-
BaTh H YMHOXHTb Ha 1), a onepatop A nepesoaut { B iy. Takum
ofpasoM, ypaBHEHIe IBIKCHHf MOKHO 3anncarh 1l TaK:

BAt=0,

YTO BIOJAHE COBI4ZdeT CO CAEJTAHHONR HamH paHee 3amiichio,
33 MCKJIOUEHHeM TOro, uTo AA5 nepemennoil Bpeamenu Ooace
NPHBLIUHO HCNOMAL30BaTh o6o3navyenie f, a He X. OTMETHM, 4TO
onepaTop B 3jech H3BeCTeH, H MHI HileM onepartop A, onpeje-
asownii ceasb y=At. Csroro ypasnenus HeioTona i nayanace
Bcsl cerogusiusg GH3NKa. 3HAYMT, HAlla 3ajavya COCTOHT
B ToM, utoOn HaiTi A. Ceflyuac HaAM H3BECTHO, YTO pEILEHHE
HMEET BMJ
y=at--b,

rie a u b— NOCTOSIHHLIE, 34BHCALLHE OT TOrO, IIpH KAKHX YCJO-
BHSIX Te&JO HavaJ0 CBOe JABHIKEHHC. Taxiim 06]’)830}\{, onepa-
TOp A JAaeT yKasaHHe: VMHOXKHTb Ha OAHY NOCTOSHHYIO H IIPH-
GaBuTb K NPOH3BEIEHHIO ADYIYIO NOCTOAHHYIO. Ha stom peuie-
HHe H 3aKaH4YHBAaeTCsd.

Paccmo’rpm: Tenepb BHGPHPY!OLU,}’IO CKPHIHYHYIQO CTPYHY.
Ecan ofosnauuThb yepe3 y TNONepeyHoe CMEUEHHE CTPYHDI,
§ — paccTosiHHe OT MecTa €€ 3akKperieniss H i — Bpemst, TO
YpaBHEHHE ABHKEHHs CTPYHBI 3aNTHIIETCA TaK.

¢:Diy—Diy=0,
e ¢ — TNOCTOsiHHAS, 3aBHCsILas OT HATAKEHHA CTPYHBI H OT
IJIOTHOCTH ee marephana, a D,=d/ds u D,=d/0t osnavaior
yacTHBIE NMpPOH3BOAHBIE MO § U {. B 3tom cayuae onmeparop B

paBeH
B=cD;—Dj

I COMEPIKHT CJAEIVIOUIHE YKasaHHA: ABaX]bl NpoiHddepenin-
pPOBATb N0 §, YMHOXKUTB PE3YyJ/bTaT Ha ¢ I BhlUeCTh H3 3TOro
peayabrat  JABoiiHoro Andipepenunposaniia no f. Tenepb
Y HAC HMEIOTCS IBe MepeMenHble s 1 {; ofo3nayim o0e HX OJHHM
cumBooM x. Torga y Gyaer Hexotopoil (yHKUHEH X, cKameM
y==Ax. Y Tenepb ypaBHeNUe IBHIKEHNA KO1eO/IOWEeNCA CTPYHEL
MOXKHO 3anHcarb B BHe
BAx=0.

SEI,ILEIIIEI CHOBA 3aKJI0UacTCsa B OTBLICKAIIH Oleparopa A. Kax
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H3BCCTHO, pelicHHe 3TOro ypabBHeHHsd TaKoBO:
y=F(s+ch)+g(s—ct),

rie f U g — nponsBoabnsle ¢yuxnmn. Taxum obpasom, Haif-
JeHnnifl Hamu omepatop A TOBOPHT HaM, 4TO Hago CIe14Th
¢ §H WK ¢ X, KOTOPbiM Mbl 0003HauH/H ofe 3TH NepeMeHHble.

PaccuoTpun euie ofny 3ajauy, KOTOPYIO, NoA00HO 3ajaue
0 Koqelawouleica CTpyHe, MOMHO CUHT4aTh MpapojuTesbHHUEH
coppeMertelx teopuit noas. OCo3HAUHM CHMBOJIOM X TPOHKY
NepPeMEeHHBIX X1, Xa, X3;— KOOPJMHAT B MpocTpanctse, a OyKBoil
V — noteunnan mnpuTamennsd oiHoil mMaccst K gpyroil (no
HBIOTOHOBCKGH Teopun Tsaroteuns). Torza V Gyvier HexoTopoii
(Qyrruneil MoJoKCHHS Teda B IIPOCTPAHCTBE, M Mbl MOFKEM
nanucats V=Ax, rie A — uexoropslii oneparop, KOTOpPLI
Heo0Xo1HMO  OThicKaTh. Hakomel, o6o3maduM cHMBoJaoM B
oncparop Jlansaca, KOTOpBI jaeT HaM YKasaHHe JBaxibl
npeingepenpoBaTh MO KaxuolH H3 Tpex MepeMeHHbIX
W 3aTeM CJAOXKHTB pesyavraTel audxpepenunpopanus. Ilocae
5TOro vpapmenie Jlammaca AV=0 (B mpusbinbix ofo3iaye-
HuAx) rToe npuaumaer sug BAx=0.

Mel 371¢Ch HIIYETO 1e OY1eM FOBOPITh O PeLiCHHAX yDaBHeHHst
Jlanaaca. OTreTHM JIHUIb, UTO BO DCEX PacCMOTPEHHBIX BhILIE
VpaBHeHHsX NPHCYTCTBYIOT IIEpPeMeHHAs X 1 Apa ornepatopa A
i B, u3 KOTOpnix B CTOHT MEPBBIM CJeBa, TaK UTO €ro MOMKHO
H43BATh 24aeHbisL onepamopost. B HAWMNX c/iydasaX TJaBHbiH
orneparop GBLT H3BecTeH, 0fHaKo Tak OnIBaeT He BCerja, 1 Toraa
ero Halo OTHICKHBaTb. Booble MOKHO CKa3aTh, UTO BCE OTPOM-
noe pasnoofpasie HUIHUECKHX 3a1aY CBOAUTCS K JBYM BOIMpO-
ca:

I. KakoB mpaBu/bHBEIH BHA TJABHOrO oneparcpa?

2. Kak npafitin apyroii oneparop, ecaH IMaBHBLIH oneparop
H3BecTen?

B naue Bpenst NPHHATO TOBOPHTh O TEOPETHUECKOI (H3IKe
H MaTemaThHyecKoll (U3uKe H NMPOBOANTH MENKIY HHMI pasJiil-
uiie — BOpOYEM, JOBOJBHO cMyTHOe, Mpe Kaxercs, npaBHib-
Hee Onio GBI TOBOPHTB, YTO TeopeTHuecKkas (M3HKA peunlaer
sonpec Nel, a wmaTemarnueckasa (uslka — Bompoc Ne 2.
MOXI0 TAKKE CKA3aTh, YTO TeopeTHyecKasn (PH3HKa 3aHHMaeTCst
OTKPBITHEM 3aKOHOB NPHPOAL, TOrAa KaKk MaTeMarHuecxas
paspalaTuiBaeT CJACACTBIS H3 3THX 3aKOHOB, H0O NMPaBHJbHbIE
IVIABIBIE OMEPATOPbl MOIKIIO CUNTATL Kak OBl KODUeray,
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B KOTOPHEIX XPapsTCs OTKPHITEIE JIOABMH 33KOHLI TIPHPOILL.
M Bpce e croab uerkoe pasznedeHie sTiX ofgaacteli (uankn
HEepealCTHYHO, MOCKOIbKY caxMH 1o cebe 3aKOHBI NPHPOILI
NPEACTABANIOT Masio HHTepeca, CGCJAN MBI HE VMEEi H3BJCHUL
H3 HHX CJEICTBHA, H TNO3TOMY HE CTOHT IVMaTh, uto (3rii-
TEOPETHK BCE CBOE BPEMs IIOCBHLLART IIONLITKAM GTKPLITh
3aKOHH NpHpoILl. OCHOBIICE BPEMST V HEro VONT 1a To, utelul
otuickneaTs A npu napectnnix B,

Jaa Gouawuieii ofuwipocTH caeiopato Ol VIOMANYTh il
O1H BamHelunii THn GUINTECKNX 3a1ad, HPHBOIALLIT K Pe-
WECHIIO YPABHCHIIT CAETYIOWCIO BIia:

BAx=Cx,

rie x — nepenennas, B u C — nspectuuie onepatopsl, a A —
HCKOMBIH ofiepaTtop. Y paBHeHHa Taxore Tina ofuuino, Xov:d
1 He Bcerja, ABRIAIOTCA JugibepeHUHaNbULIMI YPEDICHHAN ]
B MACTHLIX MNpoussoinsix. VM 3iaech B HEHTpe BHINMIHES —
raasnull onepatop £, a OTHPLITIS TpapR! ranieHIll
1 B — pepercribie cToal0R Ha MyTaAX passutid dosunn, e
TpH oneparopa B, 0 KOTOPBIX Mbl PECCKa3LBa Il BLILE, HMEI
ypesBLuaiinoe shaueHne a1 QH3UKH B cBoe Bpensi. B Gooce
no3iHHe ppenena panfotee 3HaUNTENLILIMII OKa3alduch Iian-
HbIE ONEPATOPH — IHBIMI CIoBaMi, Anddepenaibise ypan-
HeHusA B UaCTHBIX IIPOH3BOANLIX, Halizeiinie Silnmrelinon,
Hipeanurepont u Hupaxon. Tlocaeinue apoe 13 3THX yUenwx
nosyuilci HoSencpcriie npeMil 3a OTKPLITHC STHX YpabHeni.
Siimwreiin Toxe Owpl1 vioctoen HoSesepcxoil npemni, no sa
apyryio pabory *. Tlosme s1 Oyiay DaccKaspiBaTh O TW2BHOM
oneparope DHIUTCIHA, HO TOJALKC B O0LIHX YepTaX M He BXOHA
B JCTa1H MeXaHusMa, AeiicTBYIOUIEro B sLUIKE 3TOr0 Oneparop4d.

S1 xoren Gr1 HANOMHHTL BAM OXHO OOCTOHTENLCTBO. XOTH
A Mor 6ul BepuyTh Bac B JI-MHD, NONPOCHB NpEiCTaBuTh ceCe
RCE TH CTEP:KII I AUHKI, OHH BCE ke He §once ueM NoACIopLe
Baweny BocGpaxicninio. Her nyniibl TOBOPHTD, UTO ONIICAHHbIE
B 37T0il rvase nousiTHA oTHOCATCA K M-MupY Teoperiueckoil
dusHKH BHE 32aBHCHMOCTI OT TOTO, XOPOUIO I INVIOXO 3TH
TIOHATHS TIPEICKA3LIBAIOT PE3V/bTATH 3KCICPHMEHTOB, IIPO-
poaumeix B J-mupe.

HEIX

* Biunureiln Gua viocroen Hobeaencxofl npestt 8 1921 1. 3a teopern-
yecroe ofibacneiie seaenna (otozblexta. B ceocil TeOpHH OH BnepBLIZ
Eeca pangiciiucs 14 (usnks nonstie o Qorone.— Hpun. nepes.
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Mocwm sweaicdy codvOnuANY

)

HaKomnelt oHH 3aBepLIHJH TBOpEHHE
BblcOUalliero Macrepcrsa —

MocT u3 ckas, NepeKHHYTBbIil

naa ueobo3pHMOH NpONacThblo,

Tawm, rae npogaeran Carana...®

ﬂ He HaMepeH TMpornobeicBaTh O COOLITHAX B JyXe [albl
PHMCKOro, Belalollero ¢ ameona. Ho, nono0Ho npH3pakaM
MuaptoHa, s XOUy nepeKHHYTb MOCT uUepe3 Iponacth, pasje-
gaomylo Helotona 1 SiiHwTeiina, HCNOAL3YS NOHATHE O CO-
Gottnui. 310 CA0BO oOUEN3BecTHO, OHO H B (H3HKe B Teyexie
JIOJITOTO BpeMeHH HMeJio 3HaueHie, BechMma OJH3Koe K KHTeil-
CKOMY. A NOTOM 3TOT JIHCT C ApeBa KJAACCHYECKOil HH3HKH Gbll
COPBaH PEe3KHM MOPLIEOM BeTpa (BOT 3TO JGIICTBHTENbHO OBLIO
co0rnITie!) I 2aHeceH B TCOPHIO OTHOCHTENLIICCTH, TAC NOHATHE
coboiTis npuobpeso dynsaMeHTa bHelllnee 3Hauenue. Ha Bcex
NpeICcTaBieHnil TEOPHH OTHOCHTEJNLHOCTH 3TO — CaMoe oc-
HoBoe. Moxno ckasaTh, 4TO coOwiTHE AJs TEOPHH OTHOCH-
TEJNBHOCTH 3HAUHT TO K€, YTO TOUKA JIs1 TeOMETpHH.

Onnaxo ¢ caMoro Havaja HAaIJIeXKHUT ClelaTh OJHO pasbic-
nenue. MU3MK, CTOAMUN Ha MOYBE HBIOTOHOBCKOH TEOPHH, €C/H
NONMPOCHTE ero JaTh onpejesnenHe cOOLITHS, MOT ObI CKAa3aTh,
YTO OHO B CYLIHOCTH MpeAcTaBjseT cofofi naGop ueTkpex
YHCEJT, d& HMeNHO TpeX KoopanHar (x, y, 2), (HKCHpYIOLUIHX
MecTo coOBITHA, U 4eTBepToro (f), (GHKCHPYIOWEro MOMEHT
HacTyIeHHs ceCuitia. HUTo kK, 3TO IpeKpacHoe alpefeneHue,
ecan Bul ctpouTe M;-mup HreloTona, HO oHO coBceMm He roguTcs
A1 Me-mupa DitHmtefina. XoTs IpeacTaBieHHe O COOBITHH
nepeHocHTess 1 B M,-Mup, HO TaM oHO opMyJIHpYercs: 3HAUH-
TeqabHo Oosiee AKKYpaTHO H OCTOPOXKHO, 0€3 YIOMHHAHHN
0 MPOCTPANCTBEHHBIX KOOPJAHHATAX MJIH MOMEHTaX BpeMeHI,

* Crpokn u3 «[lotepsiiioro pasi» — nossMul BeJIHKOFO aHIVIHIICKOTO
nosta Ja. Mwavtona (1608—1674).— Ilpua. nepes.
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MOCKOJBKY B 3TOT MHD MOHATHS O MPOCTPAHCTBE H O BPEMEHH
NOpo3Hb He Jonyckalorcd. Ecam BLl He paccTaHeTech O CTa-
PLIMH TPEACTaBJCHHSAMI HAa IOPOre HOBOLO MHpA, TO PHCKYeTe
CMIOTKHYTLCA H YNACTh elie paiblile, yeMm cIeJaeTe B HeM NepBbiil
wiar.

Tloka yTo MbI GecefloBaJil ¢ BanMu O BCAKOH BesiunHe. Bpems
OT BRPEeMEHH # BRITACKHBAJI HA CBET YTO-TO BPOIE 4Yyyesaa M Ha
HEeM pAaCTOJKOBBIBAJA T€ HJAH HHbIE TOJNOMKEHHs, MOCJAe 4ero
BBIKHBIBAJ €r0 3a HEHAL00HOCTBIO, KaK 3TO OBbLIO, HanpHMEp,
B IyiaBe O reoMeTpHd. Bbi, HaBepHoe, ViKe HAYHHAJIH HCIOBI-
TeIBaTh OecrnoKoficTBO, OXKujasd, KOTJA e OH HACTYIHT, TOT
HOJITOXKIAHHBIH MOMEHT, KOrja BBl BOIJeTe B MHD TeOpHH
OTHOCHTE/NBHOCTH. Mbl BLIACHHJH, YTO K TE€OMETPHUECKOMY
M-MHDY HYMKHO OTHOCHTBCA C OCMOTPHTEJIBHOCTBIO, H HE
MOTOMY, UTO OH HecoBepilieHeH caM mo cefe, a NOTOMY, 4TO
€ro HeJb3sl HANPAMHK nepenectd B M-Mip T€OpHH OTHOCHTEJb-
Hoct. ¥ mpu sTOM peub HAET JiHIUbL O MHpE CHelHadbloll
TEOPHH OTHOCHTEJILHOCTH, OTKYAa A0 KOHUA HAIUEro IYTH eile
naqaeko. C ppyroil cropossl, anrebpanuecxkuii M-mup (momn-
MaeMplil B IUHDOKOM CMBICJE) BIIOJHE YIOBJIETBOPHTEJIEH,
H BCerja, KOrja OH HaM HYMKeH, OH OKa3blBAeTCH IOJ PYKaMH.
1 B camom jlejie, BHIHMO, HAHJIYUIIHM CNOCOGOM BBECTH Mpel-
CTaBJieHHe O COOBITHH SIBJSIETCS 3alaHHE ONPEIeNsOUHX €ro
YEeThIPeX YHCE Xy, Xa, X3, Xy, @ 33]aB 3TH UHCAA, MOXKHO YIKE
nepefiTH K nenay.

ITpexkne Bcero najlo ckasath, uto ecs Gel cosgarens M-yipa
ObLT JIMLIEH YYBCTBA IOMOpA, TO COTBOPEHHBIH HM MHpP BpPSL JH
BooOIie npHBJeK Obl BHHMaHHE (DH3HKOB, HHTEPEChI KOTOPBIX
cocpenotouennl Ha [I-mupe. 31oT M-MHD OBl GBI TOrZa CoBep-
IIEHHO 3aMKHYTBIM MHDOM, HE HMEIOWHM BLIXOJOB B JIEHCTBH-
TeAbHOCT. Fcmosb3oBanie OQHHX H TeX XKe CJIOB AJSA OMICAHHS
Beuted B M-mupe n JI-mMupe nopoxiaer kaaaMGypsi. Mul urpaem
CJIOBaMH, HCHONb3YHA ORHO H TO K€ CJ0BO «COOBITHE» A3
0003HaueHHa KaK peasbHOTO MPOHCIUECTBHS,  HaNpHMep
BCNBINIKH COHYKH B JI-Mupe, TaKk H JAJS €ro ONHCAHHS C To-
MOILbIO BBIMIENPHBEAEHHOH YeTBepku uucen. Opuako Bce 3TO
He TaK yx Xopowo. Mel XoTeau Obl y3HaTh, Kak KoMy-sinGo
yAacTes NPHNHCATH YeTHIPE YHCJa BCObILIKE CHHYKH, NYCTh
Jaxe He ¢ abCo/IoTHOH TOYHOCTBIO (B [I-MHpe Beib HHYTO He
MOKeT OBbITb ompejeneHo afCo/IOTHO TOYHO), & C TOYHOCTBIO,
Haxo[slelcss B pa3yMHBIX IIpejenax.
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Utolpl caeaatTh 370, sl BBIHVIKAEGH MPOCHTH Bac JOMYCTHTD,
YTO CVIIECTBVET HE TOJALKO CIHICTBEHHEIH M TAMHCTBEHHEBIN
J-Mip, He TOJOLKO B HeM-TO KapHKaTypHO oTobpazkaloiiie
ero M-nuput, 1o 1 P-uup — Mup (anTasuin. ITOT MHpP Hrpaet
BechMa CVLICCTSEHIIVIO POk B HAYHIOM Mbimvicnii. YTo npo-
m3elinet, coif... Ho nnyero e nNpoHcxoanT, no kpaimell amepe
B Je{icTBUTEIBIOCTH. ¥ TOBOPIO O MBICJICHHBIX SKCIEPHMEHTEY.
M 1nipoio nodib3yioTcsl B COBpenenHoil (usike, xa, Bija-
MG, O ObLill 3HAKOMBL i (1).13111(3-1 MHHYBILHHX BpeMeH.

flrax, Ovawre mofeansl Boo0pasiTh, UTO BE CHANTE B He-
KOG MOMEIIEHIN, NEPCL DaMil Jexar Kapaniaul, Gyvuara
H npuCop, wotopwii s OVIY naswBarh ncecdouacani. Ilosme
f 1aM BaM B DY HACTORUUIC Yackl, KOTOPHIE B HEHOTORGM
eMpIcae UAVT npapiibro. Ho ecoanr ceffvac nadnyres BOIPOCH

1
HACueT TOTO, Kak NaA0 MNpPaBHALHO VCTAaHABJINBaTh 4achi, TO
5TO M€ DLI30LeT HIYEro, KpoMe IVTaHHUBL BReM#A JL19 2ThX
paspacHeniii eme mHe npimio. Bawm rcesjouack! Upeshhi-
wafino npocTel. 2TO CTpedKa, KOTepas Bpaulaerca Io ungen-
6aaty, npuye! Beeria B OHOM HAMPABJCHIIL 1 I 1A MIHO3e-
HHE IIC 0CTanananBanch *. DLICTPO I METJCHHO ABIDKETCHA
BTa CTpE’ika, CoBe iLucm--n:: Le Hrpaer posaH.

Pu jocpknsl cHSTh TOKasanie TCERIOUACOB Cpasy ke
BCJICT 22 TeM, KaK Ralle BHIManlie NMPHBJICUET HCKoe ColbiTHE.
BT0 1npoCTO I JIETKO CcReaarbh Ads coObiTHil, cosepmwourx‘;cn
E TO{1 Koumare, rie eot cuaire. O1naxo GoNbIINHCTEG COORITHIT
IPOKCKOIT 38 €& CTEHAMH, H BLl HHUETo le 3panu Obl o HiX,
ecan Owl Bac ne undopmuposanin of stoM Kakue-uuOyib cir-
naqael. Takvio nudiopManmio MOLVT JOCTaBITh CBETOBOI Jayd,
HAH PAjnoBoJINa, WA JIaiKe MavsibuHiuKa-pejocuneiucr. Pas-
JIHYNE  MEMAV  HOCHTEISIMII  CHTHAJOB HeCVIIEeCTBEHHO, [10
Kpaiineii mepe ceiluac; Bala 3ajava, NOBTOPRIO, B TOM, 4TOCHI
OTMETHTDL TOKa3aHlie BalUHIX IICCEJ0YAacoB B MOMEHT, KOTAa BhI
moayunte coobuenue o COOLITHH.

Ecan yrojaso, BBl MOMeTe CKasaTh, 4TO JeJdeTe OTCYET,
Koeda ebt noaysaeme coofuyerue. OiHAKO COBEPILEHHO HE CTOHT

et

3

po

* Momer GuiTe, Ayviie npeiAcTapinTh ceGe 2TH MCeBjovacH B BHjle
FazoBOTO CYETYHKA € HCCKOIEKIMIL CBA3ZHHLIMH JAPYT ¢ ApyroM ungpepbia-
TaMif HJH 8¢ B EHAC CYCTUHKA SJEKTPOIHCPrHHM, B OKOWIKE KOTOPOTO Bbl-
cxakisaior urdpil. OT Takoro yerpoiictsa Tpedyercs B CYUIHOCTH JHWbH 70,
uTo0HEl QHO AABAGO YHOICHHBIC NOKA3ERNA, BCe BPCMA HAPAacTalOmLie Ii 3a-
KGUeHHLIe B HPHIUHOC B HATCPRAAC 0T —w0 10 ";‘w.
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TOBOPHTh, YTO BBl CHHMaeTe NOKa3aHue, Ko2da Npoucxodium
culeimiie, WM CNPAIINBATh, KaK OBICTPO NYTCILECTBYET K Bam
HocuTe b coobuenus o colwitun. Ecomm Bel Gylere 3anagats
TAKHE BOMPOCHI, TO Al POCTO OTBEYY BaM, YTO HA 3TOH cTaiui
HALEro Pa3roBopa OHM elle He IOJYYaT OTBETa, MOCKOJbKY
5TH BOTPOCHl CBSI3AHLI C MOHATHAMH OC0HOBPEMEHHOCHIL W CKO-
pocmu. Tlepsoe H3 3THX NOHATHI HAM B TCOPHH OTHOCHTE.].-
HOCTH NPHIETCH OTBEPIHYTh, K ONPEICICHHIO 3Ke H 00CY#L1eHI110
ClRICIA BTOPOTO Mbl OOpaTHMCSI 3HAUNTEIBHO TIOS:Ke.

[Tycts moGoMmy coObITHIO, MPHBIEKIIEMY Balle BHHMaHIHE,
NPHCBANBAETCA YHEIO, CKaKeM X, I MYCTh 3TO YHCJIO H eCTh
NOKA32HIE BALIIX IICeBAOYAcOB. ECTECTBEHHO OMKHIATL, UTO
€CJIH B! TOJYYMIH CBEIEHHS O MHOMKECTEe COOBITHH, TO HEKo-
TOpBIE H3 HHX OVAYT HMETb OJHHAKOBBIC SHAYEHHS X I Ke
3HAYEHHS, HACTOJbKO OAHM3KHE IPYT K JAPYTY, Y4TO OKamyTes
repasunMenil. Tax 4To eCIH MBI HA30BEM X Koopduramodl
colbITHS, TO OXHONl KOOPAHHATBI OKAayErcs HEeI0CTaTOYHO,
yo0b! OIHYHTE OZNO COOLITHE OT JpPYroro.

¥no0uo npHAyMaTh HAa3BAHHE COBOKYNHOCTH BCeX BO3-
MOKHBIX COOBITHIT. Mbl MOTJIH OBl HA3EIBATH 3TY COBOKYITHOCTB
Beeaenroil, 1o Gojlee NPHHATO HCNOJIB30BATH TEPMHH NpOCH-
parcmoo-gpems. §1 Toxce GylLy HCIONL30BATH 3TOT TEPMILH,
1O € 03HOil Bax#<HOH OTOBOPKOIl, UTO JedHC MeXKAY 3THMH ABYMS
CioBaMH 5 HuroeOa He 6ydy cHusame, pasBe 4YTO COMPOBOAMB
370 JTHTRIBHBIM O0CYKAEHHEM H BCAYECKHMH IIPEIOCTOpO:K-
noctsiMi. Mer nuxoraa ne Oyaem GecelqoBaTh ¢ BaMH O NpocT-
paicTBe H O BPEMEHH NOpO3Hb, TaK, CJAOBHO Mbl Jaiyke H He
3128M CMbICJIA 3ITHX CJIOB.

[TockoabKy, Kak y:ke CKas3ano, OIHOH KOOPJAHHATBEI A4
omicanis CcolBpITHA HEJOCTATOYHO, MBI MOMKEM TOBOPHTh, YTO
NpOCTPAHCTBO-BLEMA HEe OJHOMEPHO — 3TO NpPOCTO ABE 3KBH-
BAJICHTHBIE (DOPMYIHPOBKH OIHOTO H Toro xe. IlpocTpauncrso-
BpeMA JOIKHO HMeTb Go/ee BHICOKYIO Pa3MenHocTh — 1B,
TPH, UETHIpE WJIH Jaxe JoJjblie.

Mbl npnxoxin, TakuM oGpasoM, K camoll GyHIaMenTaabHOM
H3 KOrja-1H00 BbICKA3LIBABLUHXCS THIOTE3: RPOCHPAHCIIGO-
épests uemsipexsepro. B aTHX cJI0BaX He 3aKJAIOYEGHO HHUETO
CCHCAIMOHIIOTO HJIH HOBOI'O 17151 BacC; YeJOBEK, BHE BCHKOTO
COMIFIIlisl, J@BHLIM-TABHO 2HAeT 3To, M Jaxe scTped, mapsimii
B DO3[VXe, Hepe/] TeM KaK pHIYTLCHA Ha CBOIO MKEPTBY, NOTHeH
LHCTHHKTHBHO YYBCTBOBATL 3TY YeThipexMepHOCTh. [loka Ml
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elie HII Ha [IOTY He OTOLWIH OT NMpeicTaB/eHHH HbIOTOHOBCKOI
¢usnkn. Bee, uTo s yTEepjaio,— 3TO TO, UTO Pa3MEPHOCTD
pasna 4, i ecani Bbl HanuwnTe 4=3-1, To BBl NPOCTO 3a(PUKCH-
pyere apudMeTHYECKYIO HCTHHY, @ BOBCe HE TO, YTO IIPOCT-
PaHCTBO-BpeMsl MOXKHO pasCHTL Ha TpeXMepHOe IPOCTPAHCTEO
M OJHOMEpHOe BpeMs.

Taxum oGpa3oM, IPHHSIB, YUTO IPOCTPAHCTBO-BPEMsT UEThIPEX -
MCPHO, Bbl JI0JIXKHbI YETKO NIOHHMATDb, 4TO BaM B Baluell KoMHaTe
JJisi PErHcTpauii CcoGHITHH HeIOCTaTOYHO HMEIOLErocs KOJH-
yecTBa [CEBJoUacoB. BMecTo OJJHOTO OTCYETa X BaM Halo JenaTth
yeThIpe OTCYera (Xq, X, X, Xi), H B pesyJabrare norpeGyercs
HMeTh YeThipeX HalniofiaTesell B YeThIPEX NOMEIEHHX, OCHAC-
THB Ka:KJOTO CBOHMH mcepiodacami. Tenepb Kaublil H3 HHX,
NOJYYHB l3BecTie o coOwTHH, OydeT OTMeuaTh MOKasanue
CBOHX MCEBA0YACOB H 3aNHCHIBAThL €T0 B CBOIO pafo4ylo TeTpajk.
Takum nyrem n OyAyT NpHIHCHIBATbCS YEThIPE KOOPAHHATELI
Kax/10My COOBITHIO.

du3HKAM H aCTPOHOMAM IPHBBIYHO NMPHIHCHIBATE COOBITHSIM
YeThIpe KOOPAHHATLI, OAHAKO OHH HE CaXKaloT MJIS 3TOTO YeThl-
pex naOmiojaresell B KOMHaThl C ICEBJ0OYACAMH — B 5TOM HET
ny#abl. BaxkHo AHLBb, uTOOb CHHMAJOCh “embipe TOKa3aHus,
a He TO, Kak 3TO JeJaercsi. YCTAHOBHB 3TO 0GCTOATENbCTEO,
f1 03500 cefe BBeCTH B HIPY HEKOTOpBIE MpeCTaBJIECHHS
KJjaccHyeckoil «¢usuku 0Oe3 OosA3HM, UTO BHl MOXKETE «3apa-
BHTBCA» HMH.

TpeacTaBbTe, YTO Bbl TEMHOH HOYLIO OKAa3aJuCh B JHKOMH
NYCTLIHE W HE MOXeTe B KPOMEIUHOH TbMe HHYEro YBHIETD,
KpoMe cpeTsinerocs ungepGaara CBOMX HapyYHBIX 4acoB. Bawa
KPOBb JielleHeeT OT pasjlaBlierocsi JbBHHOIO pLIKA, M Hemel-
JIeHHO BeJien 3a STHM pasfaercs BTopoll peik. Jlomyctuwm, 4to
BBl [VIVXIT HA OJHO YXO H HE MOX{€Te ONpPENeHTh HallpaB/aeHHE,
OTKYJa JOHECJIOCh pLYaHKe, a 3HAauYHT, H HEe MOMeTe CKa3aTh,
C OJHON WJIH ¢ pa3HbIX CTOPOH JAoHecaHuch ofa puika. Bee, uto
Bbl CMOIJIH, 3TO B3TAAHYTh Ha CBOH YacCkl M 3aMETHTh MOJIOMeE-
HHSI CTPEJIOK Ha HHX. $I Mor 6bl 100aBHTH €ile, YTO BAalIH Yachl
HAXOJATCS B OYEHb MJIOXOM COCTOSTHHH: O HHX MOXKHO CKasarb
JHib, YTO OHH HAYT.

Brl, Kopeuno, xotesau Gbl 3HATH, PhiYAJ ONHH JIEB HJH JBa?
Bo3MOKHO, YTO OAHH JIEB H31aJ pbiUaHHe JBaXKIAbl, H 310
MOXHO 6BLI0 GBI TOCYHTATH 32 01HO cobuiTiie. Ho ecan peuasin
ZiBa JbBa, TO ECECe ne ofasatesblo, uToObl OUH HAXOAHAHCH
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no0IH30CTH APYT OT ApyTa, H TOTAA CJIeAyeT FOBOPHTb O ABYX
coGbITHSIX. Eciu Baina BHHTOBKA 3apsiKeHa TOJNBLKO OIHHM
NaTPOHOM, TO BOIPOC O TOM, IPOH3OLIIO OJHO HJAH JBa COOLI-
TH#A, HMEET JJI5 BaC JaJIeKO He akaleMHuecKHil Hutepec. OgHako
BBl pacrojiaraeTe TOJIBKO OLHHM IOKa3aHHEM BALIHX Yacos,
a 3TOTO HEJOCTATOYHO JJsl DelleHHsT BOompoca.

Ho B nycrbine ects u apyrue momu. Ouu Toxe cabinanm
pelYanne, TOXe B 3TO BpeMA B3TJISHYJH HA CBOM Yachl, H OHH
TOK€ MOIJIH 3a1aThCsl BONMPOCOM, OMHO HJAHM JABA COJLITHA
npousoulto. Jlyywe Beero Guiio Gui, ecan Gbl Bee onH coGpa-
JIHCh BMECT€ M CPaBHHJIH CBOM Habaiozexusi. Toraa, BLIHYB
¢BO{t GIOKHOT C 3aMHCAHHLIM B HEM 3HAYCHHCM X;, Bbl CMOTJIH Obl
B3MJIAHYTD HA 3alHCH OCT&JbHBIX MYCTHIHHHKOB H IOCOBETO-
BaTbCsl C HHMH. '

B GnoxHoTe nepBoro Bl 0GHAP yHKHIAH TOMBKO OHO YHCO Xq.
Bet nymaere, uTo ec/in Gbl MPOH3OULIO ABa, @ HE OJHO COOLITHE,
TO OH Hanucas Obl 1Ba, a He OfHO 4HCI0. ONHAKO 3TO eule He
CKEJNE3HBI JOBOJ.

Bl 10/12KHBl OTBICKATE €llle OJHOrO CBHIeTe/sI. ECIH B ero
OokHOTe 3amucaHbl ABa MOKA3aHHS, TO HABEPHAKA ObLIO ABa
coObITHA, MOCKOJIbKY KaKAOe COOLITHE MOMKHO OLLIO (hukci-
poBath TOJMbKO oauH pa3. Ho ecanm u B ero G/0KHOTE €CTh
TOLKO OfiHa 3aMHChb, 4TO TorAa? Ha Bamewm mecte 51 Obl perui,
4TO MPOH3OUIIO TOJILKO OAHO COOBITHE, CJI€0BATE/NbHO, B NyCc-
TBIHE TOILKO OJIHH JIEB, H  TOTOB 3aCTPEJIHTh er0 CBOHM €THHCT-
BeHHLIM naTtpoHoM. He mnckatoueno, npaspa, omacende, uto
B MYCTEIHE €CTb Elle H MOJYABLIHE JbBBI HJH YTO, BO3MOXIIO,
IBa JIbBa DLIYAJH B YHHCOH.

Ho nouemy Bbl NOJIKHBI yIOBIETBODUTLCA pe3yJibTaTaM
coBemlanusa Tpex npabuionarteseil, TOrAa Kak IPOCTPAHCTBO-
Bpems uyeThipexMepHo? B 3ToM ecTh HeGo/iblIAs TOHKOCTB,
JIbBLI, XKHBYLIHE B [IYCTbIHE, 06PA3YIOT HJIH MOTJIH Gbl o0pa3so-
BaTh TPEXMEpHBIH KOHTHHYYM *. BoT eciu Gbl /BB JeTadi,
TOorAa A 3akJiouenHsi norpeboBajgoch Obl yeTwipe Habuio-
Jares.

Sl roto Ges KOHLA MOBTOPSTH, YTO peanbHblil J-Mip
HACTOMLKO CJIOZEH, YTO BBICKA3LIBATH O HEM YETKHE YTBepiK-
AEHHS MOXKHO JIHIIb C ONACKOH, M TAKHM IIYTeM f XOTeJ OBl

* KonTHHYyM — HenpephiBHASL NOC/AEOBATENbHOCTE; TPEXMCPHBIl —
TAK KAdK OYCTHIHIO MOKHNO CYHTATh [WIOCKOCTBIO.
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OTAENaTbCS OT OTEETa HA DON[OC, HeThipexaieperr J-Mup Bl HeT.
JTOT BGNPOC ¢Kopee oTHocHTesd K JmoGouy M-mupy, KoTopbiH
LBl KOHCTPyHpyVes Kak aofeab [-wmipa. M Heioton, n 2imH-
iTeHH OB COTJacibl € TEM, YTO HETRIDENLEPHOCTD MOHKHO
¢BCTPOHTE» B MX mojeqan J-mmupa. Ynrateab MOKET BRIPasliTh
ECIOVMEHIle, HO §1 BCE Ji€ NQJI&Tal0, YTO H3J0KeHii0 3TOrO
EOIIPOCA HOKHO NOCBATHTDL CUIE OIHY TJIABV.
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Lopoacea w 2sapoeiicicitii
KANUM A1

opoab IlceniocunpBanul Gbli KEHAT HA KEHLIHIE 3HAYH-

TCJLHO MOJIOXE €O, I, KaK 4acTo GbiBaeT B TAKHX C/yyasx,
OH NOLC3PeBas, UTO KOPOJIEBA HeBepHa eMy, a MPEAMETOM ee
mio0BH ABJSETCH 0HBIH M KpacHBBIE TIBapielcKHil Kanmurtam.
Myupnmplil COMHCHUSMI B CIPABEJTHBOCTH CBOMX NOIO03PeHI,
KOpo/ib Bhi3Baa npesinienta Koposesckoii Akajemun nayk
H o0parnica K HEMY 34 COBETOM.

— UTo ,— CKazaa Npe3sHieHT akajeMun [ocjJe HeKoTo-
poro pasiyabs,— RHYETO ILIOXOTO HE CJAYUNTCS, eCai HX
MHDOBbIE JiHIIHIL HE BCTPETHATCA.

— Muposeie auniz? — QbLIPKHYI Koposb.— HHEKOra o Hux
He canxad. O0BfAicHHTe-Ka, 4TO ITO TaKoe.

Ilpesizent nmompocua rpuensnyio nocky. Koraa cayru
NPHHECIH ee H YAQJIHJAHCh, TIPe3HJIeHT HAapHCOBa/J HAa JOCKE
yeThIPE MAaJIEHBKHX KpPeCcTHKa.

— 270,— CKasal OH,— 4YeTblpe COOLITHSI B JKH3HI ee
BeJ1HYeCTBa KOPOJICBLI.

— UYenyxa! — BOCKIHKHYJI KOpPOJdb.— ¥ Hee elie He OLlio
Jereli! M, — nofapui o1 naTeTHUeCKI,— $1 B 3TOM HE BIIHOBAT!

— Baiue BesnuecTBo! — BO3pa3mil npesmient.— S Gualk,
4 He aKkyuep, H TaxkHe BelllH COoBCeM He o Moeil uactu. J1u
KDECTHKII O3HAUaloT COOBLITHSA B CaMOM OOBIKHOBEHHOM XCHTEk-
CKOM CMbIC/IE 3TOTO ¢/10Ba. BOT 3TOT KpecTHK MoKeT, Hanpuvep,
o003HayaTh, UTO €€ BEJIHYECTBO 3aBTPAKAI CEerojus YTpOM.

— Ho nouemy y Bac ueTeipe KpecTHKa? — CIPOCHT KO-
pob.

— B nannom cayyae uHC/IO KPECTHKOB COBEPLIGHHO TNpO-
H3BOJIbHO,— OTBETHJ TNpesHjieHT.— MOKHO TocTaBuTh H ABA
KpECTHKE, H ABajuaTh. YHCA0 coObTHH B KH3HH €€ BeJnyecTBa
OT €e DPOMIESHHA [0 CMEPTH (Ia MPOJJIHT IOCHOAbL ee Toibl!)
MOX{HO CYHTATh Oeckonedno GoabunM. TaKk YTO ecsll NMO3BOJHT
BALLUC D&HYCITEO, 51 NONDABAID CBOH uepTe,
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Beaex sa Tem, nogeliam x gocke, NpesnieHT CTep yeThipe
KPECTHEa 1 BMECTO HHX IPCBeT JHHHIO OT HH3a 10 Bepxa
JOCKH.

— JT0,— CKa3aJ NpPEe3uJeHT ¢ HEKOTOPLIM CAMOJOBOJBLCT-
BOM,— MIPOBasi JHHHs ee BesinuecTsa. B camom nusy Gyk-
BOH P s ormera pomienne xopoaessl. Ha camom pepxy Gyk-
BOil C — HO €O 3HAKOM BONPOCA — 51 OTMETHJ] ee CMepTh. Kak
51 YHE CKasad, s [e MEINK, HO A JyMalo, YTO JeKapcTBa H Tex-
HHKa NEpecalkn OpPraioB COBEPUICHCTBYIOTCS CTOMb GHICTPO,
YTQ €€ BeMIYECTBO CMOMKET XKHTb BCUHO.

Kopoanb cBilpeno nocMmMoTpes Ha Hero.

— Ecan s obnapysy ee naMeny,— npopbiyan oH,— s Gkl
Ha €€ MECTe HEe PACCYNTBIBA] Ha JOJTYIO HH3Hb!

— Ilpoaosmxkum,— ckasan npesnnert.— Bor s HapucoBad
HA MIPOBOIl IMHHH CTPEJKY, HANPaBJIEHHYIO BEEpX. 3Ta JHHHS
€CTb MHPOBAas JHHHS €€ BeJNYecTBa, a CTPeiKa I0Ka3LiBaeT
HanpaB/eHHe BpPeMEHH — OT €e NpOLLIOro K ee OVIyumemy.

— B crpeake mer HHKAaKoOll HYAIbI,— 3afBHJI KOPOJL.—
Passe koponesa Morsia Obl yMepeTb N0 CBOEro POSHCHHA?
Ax na, koneuno, oHa Morsia Obl ymepeTh ellie B yrpole cBoeil
marepi. Ho ona ne ymepaa. Ecun 6 ee ne 6b710 na cpete, 51 bl
TYT He ClJe]T H He TJfje] Ha BCIO 3Ty yenyxy!

— Baue pennuecTBo npasuabHo o6patiii CEOe BHHMAHIHE
Ha JHIWAHI 318K Ha YepTe:ke,— MOJBHJ Mpe3HAeHT.— JIHm-
Hsis HH(GOpMAlHs Xcpoula, KOrja OHa MOATBEPIKAAeT TO, YTO
u Ge3s Hee CUMTAeTCA HCTHHHBIM, HO €CJH OHA MPOTHBOPEYHT
5TOMY, OH4 BHOCHT JHWbL nytanuny. Kopouab, GesycioBHo,
CO3HAeT, YTC CaMoOe MYApPOE B 3TOM Jeje — 3TO ILNHOHHTB
3a IIMIOHAMH €0 BeJHYeCTBa.

— Ilxe! — Bckpnuan xopoab.— §1 we nauxaio CBOMX PyK
wnHonazxem! 10 3a6oTa MuHHCTPA HHGOPMALMH HJIH J€3HH-
(opmaii, s HHOTJA4 30BY €ro TaK, 4TOOBl MOPasBJIeybCs.
Ho npogonxaiite. [Toka 4To Bl He faJH HHKAKOTO PasyMHOTO
OGBSICHEHNST, TIOYeMY Bbl HAapHCOBANH MHPOBYIO JIHHHIO KOPO-
JIeBEL TakuM ofpasoM. A rie ke TYT KanuTam? :

IlpeanzenT napucoBam ma HEKOTOPOM PAaCCTOSIHHH OT
nepBoil BTOPYIO JIHHHIO H OKOJO OfHOH H3 HHX H300pasui
KOpOHY, a OKOJO0 JpYroii — wmnary, uroGsi Nokasatb, KoMy
KaKasi JHHHS TPUHANJICHKIT.

— Oranuno! — BOCKAIKHYA KOpPO/Ib, PajoOCTHO NOTHPAs
pysH.— Bbl HAULH, YTO OHA LEBHNOBHA, HE NPAaBia Ju?
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Korza MiupoBbie anmiu HaXo4sTCs TaK JaJeko APYT OT JApyra,
KaK 31eCh, HHYEro NJOXOro Kak GyATO He MOMKET CAYUHThCS?
A uto onn gymaior 06 atom? MoskeTe JaH BHI J0Ka3aTh, YTO OHI
JYMAIOT TaK e, KaK BbI?

IlpesujeHT KamJIAHYa B JIEFKOM 3aMelIaTe/bCTBe.

— He roponuTecs, Bauie BeANYECTBO,— MEIJIEHHO CKa3a.l
OH,— 3TOT UYepTeK He Hal0 pacCMaTpHBaTh Kak JH0Kasa-
TeJIbCTBO KaKOTO-TO (PaKTa, OH HAPHCOBAH TOJBKO 34aTeM, YTOORI
00JIeTYHTh Balle MOHHMaHHe, 3TO JHWb OXHH H3 BO3MOMKHBIX
cnocoGoB NPEACTABJIEHHSI TOFO, YTO NPOHCXOIHT B JAeliCTBII-
TeAbHOCTH. BOT cMOTpuTe,— mpoxo/sKan npesugent; o cTep
NPEXKHIOI MHPOBYIO JIHHHIO KAaNHTaHa H NPOBEJ HOBYIO Tak,
UTO OHA CONMDHKOCHYMNAChk C MHPOBOH JHHHEH KOpOJeBb.—
Min emwe Tak,— j06aBH IPe3NIEHT H MPONOKHJ JIHHHIO
KaNHTaHa, TaK 4YTO Ha NPOTSAKEHHH HECKOJbKHX CAHTHMETDOB
cCe JHHMH CJHJHCD.

— O uenocroitnasn! — Bekpryan xopoab.— Ouna H3meRia
mue! Mx ixmerT camas cTpawmsas Kasub!

CxBaTHB TPANKY, KOpOJb MOICKOUIJ K JOCKE H CTep JEBe
JHHHH, HAXOAMBUIHECS B ONACHOM COCEICTBE. 3aTeM OH IIIOX-
HYJCA B KPECJio, OXBATHB TOJOBY PYKAMH, H 3aCTOHAl B OT-
uannie, Mex TeM KaK NPesHIenT MoJa4a cTosaa psitom. Hakoner
KOpOJb NONHSICA € Kpecja, MeNTeHHO NOAome] K J0CKe
H coenall Ha YepTesKe HeCKOJNLKO OCTOPOMKHLIX HCOpPAaBJeH.
On cTep MHPOBYIO IHHMIO KanuTaHa, uToObl OHA He CONplKaca-
Jlach C JIHHHEH KOpOJIeBBl, H 3aTeM OYeHb aKKypaTHO BOCCTa-
HOBHJI JIHHHMIO KOpDOJIEBBl B €€ MepBOHAYAJBLHOM BIHje.

— Tak-to 6yner Jydine,— ckasan oH ¢ yJabGKoi.— Kak
BHANTE, 51 JHKBHAHPOBaJ KanurtaHa. k nuuero we cayunsiocs.
KoposeBa neBnnoBHa, u Bee B nopsiake. Ho,— no6asia ox,—
arie xe TyT 82 M BH? H Ilie BCe OCTaJbHBIE?

CxBaTHB Mes1, KOpOab Hayas GLLIO PHCOBATh HOBHIE MHPO-
Bble JTHHHH, HO TNPE3HAEHT OCTAHOBHJ €ro.

— Ilonoxenne H TaK JOCTATOYHO CJAOXKHOE, KaK BILHTE,—
CKasas oH.— Ecin Bbl monmeiTaeTech H300pasHTL BCE, YTO
IIPOHCXOJHT, HA 3TOM YepTe:Ke, TO OH CTAHET OECIOJIe3HbIM.
Ho, ecan yronmo Bamemy BesnyecTBy, BbI MOMKeETe IpHpHCO-
BaTbh M ceOs. BBl ne Moxere H3MeHHTb (aKThl, CTHpas Ha-
pucoBanHce Ha jgocke. M OoJsee Toro, BEl HE JOMIKHE Ha-
KasblBaTh Y€/IOBEKa 33 NpECTYIJIEHHe, KOTOPOrO OH HE Co-
BepLiad.
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— Ho on aeno xouwer cosepumrts ero! — BeKpuuan Ko-
poib.— Y Hero B roJiose el rpemssie asican. Hy xopowo,
IOKAMHTE MHE, [JE TYT MEICIH Ha BALIEM YepTexe.

— Iloxa mul ne Gyzes Coasiue 3uath o ToM, Kak paGoraer
MO3T,— OTBEUAJ NPE3NACHT,— OUeHb TPVIHO JaMe MBITaTbhCH
M300PA3HTE MBICJH WM NCDEHHBAHHI HA TAKOM UCPTCIKE.
I moiaraio, uTo BO BCEX OTHOWEHHAX OyAeT pasyuuee He
caikey 3a00THTLCsA, 0 4eM AvManT maoir. OHH MJI0X0 Ho-
HIMAIOT Aame camux cefs. OzHako,— ckasan o, IpoCHAB,—
coBced JPyroe 1eso ccolMmenus 1 CHIHAMLL.

Moxoitast K 1ocxe, npesiient yerpamua Kanutauckyio
CMEDTh, BOCCTAHOBIIZ B MEPBOH2YAJILHOL BIIE €r0 MIDOBYIO
JUHHIO, He COMPHKACABIIYIOCH € MHPOBROIT Jmiiell KoposcBbl.
3atent oH MPOBEJ NPAMYIO, COLANHUBILYIO 0@ MIPOBLIC JHHIII,
H NOKasaJl CTPCJKOIl, UTO OHA Lanpan/ieHa OT KOPOJEBL! K Ka-
AHTAnY.

— BoT 5T0,— nOACHHT OH,— KOPOJEBA O WeM-TO H3BILILCT
Karitana.

— Y710 3710 32 cooluienne? — GecnoKoliHo CIIPOCH.T KOPQJIb,

— He nmeio mouatus,— oreerna npezugent.— ta cH-
Tvaula yicto rinorerideckas. CooGuienne wmorsao Obl HATH
apyrit nyres.— o n3obpasit npsuyio, HIVILYIO IO JHaro-
Haq BBEPX OT MUPOBCH JIHHNIN KaNluTaHna K JIENH KOPO.IeBhl,

— Ilovemy Bul picyere 5T HHHH  HANPABJICHHLIMH
BEepx? — CHPOCHA Kopoab.— Paspe oHE He MOTYT HATH
FOPU3OHTANBHG?

— llotosmy uTo mpaBuibHee nsolparxath HX TaK,— OT-
BeTHI  NPe3WJeHT, nayupas ofHapyKHBAaTh  HEKOTOpOe
yrpsiverso.— Ipegerapote cele, 4To NpoHCXOIUT o0yeH G-
CAHUSAMH. ..

— 3auem BBl MydacTe MeHs? — BOCKIUKHYJ KOPOIb.

— Ilpercrasbre cele, uTO NPOHCXONHT OOMEH [oCja-
HHAMI,— HEVMOMIIMO NCBTODILT npe3uaent.— Kannrtau nocwl-
J28T 13BeCTHE KOPOUICBE I 1IO/IVHAeT OT IIGE OTLETHCE Cool-
LigHHe. ..

— OTo eile He caMoe IVIOX0e, YTO MOIVIO Obl CAYHHTHCSH,—
CuAryuaca Koposis.— Ona Mora B CBoEM OTEETC OTBEPIHYTD
Cro Har.iele npuTasaHid. §l mazeioch, ona Tak H MOCTyNuja,

— He B aroym aerio,— cxazad npesutent.— Hanutan no-
C127 H3BeCTHE KOPQJCBE, a ¢Ia MOoCIald eMY OTBeTHoe cood-
eHIe. .,
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— Bw yie o6 3TOM TOBOpHJH,— IPOECPYAT KOPOIb.

— §1 BLIHVIKAEH MPOCHTH Ballle BeJHYeCTBO ke nepeluBaTts
vensi. Kanmitan nockwiaeT Hu3BecTHe KOPOJERe, H Kopodera
nockiaer emy coolumienue B oTeeT. §I Aymalo, YTO ona 70
IenaeT HeMeAJdeHHO.

— Ha, oHa OuYeHb HMAVJbCHBHAA JKEHLIIHA,— BCTaBIL]
KOPOJb.

— Ecan nozpoqiiTe MHe 3aMeTHTh, Balle BeIINECTEO,—
NpONO/IKal TPE3NACHT,— TO f CKaxKy, YTO KallitaHy Ipii-
zercs nodomcdamy OTBETA.

— Hy Koueuno, exy npHiercs nojoxiare. 1 xotea Our,
4100 OH KAaJ 3TOTO OTBeTa HEJMYI0 BEYHOCTL! — BOCHJIHKIIVI
Kopoab.— KoneuHO, NOCLILHOMY HYZKHO Bpems, urolni cGe-
ratb Tyla u oOpario. Bam ne3aueMm roBopHTb MHE 00 370!

— Ecan pawe BegnuecTso ¢o0JaroBOIHT B3MASHYTH 1ia
uepTem, TO 3To GVAET MNOJe3HO,— CKasaJ TEePNeaHBO [IRC3li-
IEiIT.

He tporas ofelx LUIpOBLIX JUIHHII, CH CTEP JAHArOHAILII
HpsMEe, C TOMOMLIO KOTOPBIX GOO3HAYa liCh COOOUICIIS.
3ateM OT MHpPOBOIl JIHHIH KalHTaHa OH LPOBEJ HPAMVIL,
HaNpaBJEHHYIO BHH3 K JHHHH KODOJieBLl, a OT JIHHHH KODOJIEEb
K JIHHH KanmuTana — Takzke NPAMYIo, HAYHY BhE3. O
NPOUEPTHS HOKHPHCE HalpaBJeHHble BBepX Ha OOCHX MIpO-
BLIX JHHHSIX CTPEJKH BpeMeHH, a 3aTeM IIOCTaBUJI CTPEIOYHII
HA TPSIMBIX B HANPaBJIGHHAX OT KamuTana K KopoJaese n o0-
paTHO OT HCe K KamuTaHy.

— Tenepn, Balie BeANYECTEO,— CKA3aJ 38TCM TPC3HIONT, —
sl HApHCORaJs JHHITH cocCluennil Halpas/JenHbvE Biffs, & e
psepx. I cmotpuTe, uTo noayumsioch. Chaerys 3a CTREJaRaNH
Ha STHX MPSAMBIX, Bbl BHAHTC, 4TO KallilTall IOJYYaeT OTEeT
paHbille, Yes Can [0¢Ia’ THCbMO KOopodiese.

— Ho 3710 e abceypil — BOCKIHKHYA KOPOdb.

— KoHeuHo,— OTBETHJI  NPE3UASHT,— LMEnlo Mno 3Toll
NpHUNHE 5 CHauaJga U HapHCOBaJa JNHIH coolmenHil nanpan-
JCHHBIMH BBepX, a He BHM3, H NOKasaJd 5TH HaNpPaBJcHia
CTpeIKaMH.

— §I Bce NOHAJ,— BEIMOJBI Kopoab.— OjHako Bpens
BJET, 4 Mbl BCE ellg He NPOJABUHYIHCE HM HA WAr B TOM, YTOObI
y3HaTh, BHHOBHa KOpoJeBa HJH HET.

— §1 cayra Baplero BesHueCTBa,— CKasald INPE3HJEHT,
CTECCHB EH3KII NOKJOH,— HO A XoteJ Obl J00aBHTL OIHO




60 TJIABA 6

3aMe4aHue K TOMY, 4TO 51 FOBOPHJI O 3aJiepKKe, KOTOpasi Jo/KHa
[METL MECTO MEXZY MOCHIJIKOH H3BeCTHS H IOJy4YeHHEeM OT-
pera Ha Hero. Booflle roBopsi, HENpPaBHJABHO NOJATaTh, YTO
TaKasi 3ajepxka foJukua ObiTh Beerpa. Ecou, nanpumep, ee
BeJIIYECTBO H KaNHTaH IepeiaBajd 3TH COOCLIEHHS H3 PYK
B DYKH, TO 3allepiKa Morja OblTb paBHa HYJIO.

— Ocranopntecs! 3amosguTe! — 3acToHAN KOPOJIb, 3a:KAaB
VIH PyKami.

Korza o cnoBa Barasiny.1 Ha ZOCKY, NPE3MAEHT YiKE HAYa.
PHCOBATL HA HEH MJAaH ONpeleneHusi BHHOBHOCTH HJIH HEBH-
HOBHOCTH KODOJIEBbI.

— Bawe pesnuectso moram Gbl BOCNOAB3OBATLCA YC/Iy-
TaMH JIBYX CBILLHKOB, OTHH H3 KOTODBIX CJEIHT 332 KOPOJIeBOIi,
a Jpyroit — 3a kanutaHoM. Hasosem stux cwbimuxos A u B.
3anaueil netektHa A OyNeT NpPOK/IALLIBATb CBOIO MHPOBYIO
JHHHIO KaK MOXHO OJIHXKe K MHPOBOI JIMHHH ee BeJHYecTna,
a CHILHK B NO/IKeH CTPeMHTbCS K TOMY, YTOOBI €ro MipoBas
JHHUA COBMAjaja C MHPOBOH JHHHeH KamutaHa. Mupobnie
JIIHHH KOPOJIEBbl H KallHTaHa COiLyTcs TOTAAa H TOJBKO TOTia,
KOTZld BCTPETATCS MHPOBLIE THHUH ChILHKOB A u B. Bul MoxkeTe
nociaTh eille Mapy pesepBHLIX ZeTeKTHBOB C H D, koTopsie
OyayT Bpemsi oT Bpemenn caeiuts 3a A u B. Torna yepes HuxX
Bbl CMOZKETEe TMONYYaTh OT ChUUHKOB A M B H3BeCTHs, COeNHHH-
JIHCh JIH HX MHPOBBIE JIHHHH. DTOT MeTOJ HA3LIBAETCH METOLOM
COBNaJMeHHH, H OH OUeHL 3(eKTHEEH.

Koposib ¢ nacmemxoit nocMoTpes Ha MpesHIeHTa aKaneMHH.

— Heywxenn Bol gymaere,— COpOCHA OH,— YTO ecJH ee
BEJIHYECTBO H KaNHTaH YelIHHATCH, TO ChlUHKH A u B (usan
C un D) noixunl caenatb TO xe camoe?

[Tpesunent noxpacued.

— Bawe pennyectBo musBoanT WyTHTE. Mue aymaercs,
BIOJHE JOCTATOYHO, €C/H ChILHKH 3aryIsIHYyT B 3aMOYHYIO
CKBaKHHY.

— JIByM CHILIMKAM HYMKHLI JBE€ 3aMOYHBIC CKBAMKHIBI,—
YCMEXHYJICA KOpOAb.— Moxer OblTh, BCe K€ [OCTATOYHO
OJIHOTO CBILIKA?

— Hy, Kkoneuno, n0CTaTOYHO,— BLIMOJIBH/ 3aCTHTHYTHI
Bpacni1ox mnpesujent.— CoGCTBeHHO, 3aueéM HAM ABOE  Chl-
uiKoB? XBATHT H OJHOrO, 4TOOLI OH CJEIHJ 3a KOPOJeBOil.

— $1 HaumHaO TepsTh JioBepHe K J0BOZAM MpPe3HICHTA
soeii Kopoaesckoft Akajemun mayk,— cKasal KOpPOJb C ro-
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peubto.— IlOCTOHHCTBO ee KOPOJeBCKOrO Be/4ecTBa HeCcoB-
MECTIIMO, KaK Bkl CAMH TTOHIIMAaeTe, co cJexkKoll 3a neto. Ecn xxe
Bbl MPHKpENHuTe ChILHKA K KaliTaHy, TO €ro OueHL CKOpPOo
NPOTKHET KanuTaHckasa wnara. Ectb y Bac elie kakie-uudyib
coolpaykeHus’?

[Ipe3nunenT HexoTOpoe BpeMf AyMal, a 3aTeM NPelToAILT
Kopoqio apyroil niaaH. B aToM nmane (UIypHPOBaNH yiKe He
OANH HJIM JBA CHILNKA, d YETBIPE CHelHadbHbIX areHTd, BOOpY-
AMEHHBIX yacamH M OGnoKHoTamu. Yackl, Kak NOSCHHA npesli-
JienT, He 00s513aTeNbHO JOXKHEL ObITh 30JI0TEHIMH — JOCTATOMHO
JHIIB, 4TOOBl OHH LI/JIH, NpHYeM BCErZa B OJHOM HanpaBieHHH.
Koposb pazpazmiics CMEXOM TIpPH MBICAH O ¥acaxX, KOTOphie
MOTYT HATH Has3al, ¥ 5TO NPHBENO €ro B OTTHYHOE pacrofoie-
HHe Aayxa.

DTH ueThipe areHTa, pasbsCHH NPe3HAEHT, NOJIKHBI MOIY-
UAThH CHIHAMH OT KOPOJIEBL H KalHTaHa H OTMeYaTh MOMEHTL
BpeMeHl, B KOTOpble NPHXOAAT 3TH CHTHAJIbI.

— Ho nmoueamy,— ¢NpoCcH KOpoJb,— Bhi AYMAeTC, YTO OHH
CTAHYT NOCBWIATL CHIHAJBL KOMY-TO, KpOMe, MOMET ObITh, IpYT
Ipyra? A ecad OHM BHHOBHBI H OOMEHHBAIOTCS CHTHAJAMH, TO
KaKk MBI 00 3TOM y3HaeM?

— Ee BennuectBo jqoBosBHO GOJITAHBa,— Hauaja Tpesii-
IeHT, HO 3aTeM IIONpPaBHJICSH,— €€ BeJHYECTBO JIIOOHT MOroBO-
PHTBh, H 3BYKOBBIE BOJIHBI OT €e T0/10ca MOTYT ObITh BOCIPHHSTEL
Ha 3HAUYHTEJBLHOM PACCTOAHHH UYBCTBHTEJLHBIM 3BYKOYJABIII-
BatomuM npubopom. Kanurtan npu xonb0e 3BeHHT LIOpawmii,
Il 3TO TOXE MOKET caY:KHTb cHrHasom. Ho paxe ecou ouu
06a YMORKHYT, TO BCE PABHO OHH JOJIMKHbI H3JY4YaTb TelJOBLIE
BOJIHEI, KOTOpPLI® MOXKHO 3apericTpHpoBaTh. Eciu paule Ee-
JIHYECTBO IOTOBE! O1NYCTHThL HeGOJbLIVIO CYMMY Ha ocHAUIenie
3THX YeThlpeX areHToB, KPOME 4acoB H OJ0KHOTOB, Heo(GXo.i-
MOH anmapaTypoil, TO 3TOT IJIaH JIeTKO BBIOJHHM.

— Kakoil nJaan? — cnpocna KOpoab, CJAeTKa 3eBHYB.—
Bee, yTo f1 OT Bac yeabiuana 10 CHX IIOp,— HHKaKOH He IJiaH,
a nHabop Kakoif-To YenyXH O 3BYKOBLIX H TelJIOBBIX BOJHAX.
ITouemy Obl BaM K 3TOMY He IPHNJIECTH ellle CBETOBBIE BOJIHEL
H paauo?

— 3T0 MOXKHO,— OTEeTILJ1 Npe3HIeHT 3aiyMuuBo.— Tpyn-
HOCTb TOJIBKO B TOM, YTOObl CHTHAJbl NPOXOAHJH CKBO3b Be-
mectBo. EciiH ee BeqNuUecTBO i KAaNMHTaH NPOrYJIHBAIHCh Obl
13 KOPOJIEBCKOM NTapKe, TO YeThipe CrellHa/bHbIX arenTa Mor/ii 6Ll
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BILGCTD HX BOOUIHO, I TOTZA He Oblio Obl NYALl B CHeLHaaLHOH
arnaparype. Ho conn sTa napa ykpoerca B Kakom-inGo
IIOMCLICHUN, OHA CTAHET NCIOCTYMHOI B3TisfAy H areHThl He
o wm; AOKJAAEIBATL JO TEX Iop, MoKa napa CHOBA He To-
BHTCH, €CJiH TOJLKO, KOHCUHO, Bbl HE COTVIACHTECh NOTPATHTLCA
Ha t;;[scrbmenbmn CeHCMOMET DI H...\OI cu, Mbl MOrH Obl
{aloT MOYTH Yepes

cuie Henos
Bce.

Ha, na, na! — saxpuuan xopoab nerepmeanso.— Bcee
3T0 TaK, 1O BCE 3TO TeXHHYECKHNE BOMPOCH, M $ OCTABAAI0 HX
Ha Baleil cOBecTH, TOILKO He NYCTHTE MO MHDY KOPOJICBCKOrO
kasnaues! e »ke paw naan? Yro GyayT geqaTh Bau cre-
LUAMBHBIE ATEHTHI, KOr4a OHII BCCHPIMYT CHIHAJILD

— Uro0wl \‘(JC-IIITL)CSI B IpPaBIJIBIOCTH  CHITHAJ0B,— NO-
SICHIVT TIPE3NJIEHT,— Ha CAMOM LeJe HYIKHO e YeThlpe, a Bo-
cCMb CilelUaJLHBIX areHToR, pafoTaloliix B jBe caeHbl. Luie
ayuule, koneuno, Obio €bl HMCTh IBEHAALATb areHTOB, C TeM
wioOul 4erBepo pemn HaGuiozenis, uwersepo obpaGarbiBagn
pesyabTaTel H AN BERIBO/IB, & elle YCTEeDO B 3TO BpeMsd
OTILIXAIL

— Hy, 310 nevanu,— npocopyana  kopovb.— Baasiite
Ja.1pie!

Ipesutent npozomxadi:

— llocae Toro Kak uerbipe arciTa BEpPHYTCA CO CBOHX
nocros, B OJOKHOTE KaKAOTO U3 HUX OYAET KOJOHKa uuced,
BO3DACTAIOIHX 0 Mepe NPHOMIKEeHHA K KOHIY CTPaHilibl.
Oun neperaiyT 5TH OJOKHOTHI APYIHM YeTLIPEM areHTaM,
roropule OyayT HX obpalbaruiRarh.

— «O0pabareiBaTb»! — 3T0  aMEPHK2HCKOE  CJI0BEYKO,—
BCTABH KOPOJb,—- fl HilKOTJd e MOT MOHSTh, YTO OHO, colCT-
LeHIO, O3Hadaer.

— Bawe pesnuecTso canIKoM A00pPE,— CKa3aJd CKPOMHO
npesnjent.— $ nonyetua dpefinicrekyio odyonBry. § Mawdg-
HalbHO HCMOJb30BAT HCNCAXOARIEE CJI0BO, YTOOB CKpPHITh
0110 OOCTOATENBLCTBO: $1 caM HE DIIOJHE HOHHMAJ, YTO Ke
1a10 JeiaTb Aajkle. Bl AOUZKHLL IPOCTHTD MEHS 33 TO, YTO
s1 Bsea Bac B neCosrwce saCayaienne. B G/10KHOTaX yersipex
AreHToB JOJKHBL OblTh 1€ OZHII TOMABLKO YHCAA., B HUX J0/KHDI
GLITh CILC TOMETKI, KOTOPLC IM03LOJAAT VCTAHOBNTh, Kakie
uyenno colutha npoucxoylil. Jvo ouenb paxmo. HaGmo-
HEeMble YETLIPLISl AreHTaMu CcoOLTIs AOKHLL CLITh QUM
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H TeMII JKe, H 3alHCaHBl OHI TOXKE JOJIKHBI OBITh KaK OJHHAKO-
Bhic. [losTOMY BO3/e yHcen AOJUKHBI OblTh KpaTKHE NOoMeTki,
ckaxem: «Kopoaema zaprparaer» uan «Kanurau Opeetca».
IMocne 3Toro yrounesis s Mor Obl NPOJOJIKATL, € BALICTO
paspelenHts.

— TlponoazcaiiTe,— MIJOCTHBO CKasajd KOpOJb.

— Beposatno,— ckasan1 npesuieHTt,— Jyuile Oyier H300-
pasuTe 370 Ha Jocke.— Ou HauncTo BHITep JNocKy.— Teneps
Mbl OVieM HMeTb HeJ10 C TeMI YETHIPbMS areHTai, K KOTOPLIM
TIOCTYIAI0T CBRACHHS OT areHtoB-habsioiatedseli. agalite paz-
JeIHM JOCKY Ha UeTBIPe KOJOHKH 1 BBEPXY Kamioli H3 HHX
IOCTABHM HMSl COOTBETCIBVIOUIero arenrta-uabisiopartedis.

— §I TaK noHss,— 3aMeTHJ KOpQJb,— YTO 3ITH UEThipe
aredta, KOTOpPLIE HMEIOT JIe0 € pesyabTartaMi HaldaiieHii,
He Ta YeTBepka, 4To Besa HabaioTeHisa?

— Cosepuienno Eeprno, saile BeJHYECTBO,— CKa3aT Tpe-
stjient.— Ho 1o3BosbTe MHE 34METHThL, UTO 3TO HEeCVHIeoT-
BenHble noipoduocti. I Hadmosarh, n obpalatelate HadBo-
ACHIA MOTYT OLHH H T€ K€ JIOIH, TOJALKO 5 JYMaio, o
cron10o Oel HMCTB Clie HeThpeX areHToB-naduioiaTesneif, utol
5TH MOTJIH OTARIXaTh. HeT npuyun, no KOTOPBIM OHH  He
morain Oul ofpabarekizaTh Te Jannkie, KOTODLIE OHIl cailil
u codpaan. Koneuno, ayume, ecian Obl HA HIX HE JIOXKIIAChH
cauiixoM GoJsiblllas HaTPy3Ka, 3TO NO3BOJHJI0 Ol 1M cuabixath
CEOH KpatKkiie TMOMCTKH O COOHITHSIX HE CTONb Vi CYXHMI
KOMMEHTAapUSMH, OHH MODIN Onl Aaxe J1s NaMati jIegath
MaJeHbKHEe 3apPHCOBKIH, NOCKOJbLKY, PasyMEercs, caxoe Badi-
Hoe, uTo0sl MO0 GblI0 ono3nasarTh colbithda. Miaue sest 31a
paGoTa oxamercs Gecrnose3noii. A Tenepb cieiure 3a X040
MOHX Mblcsiell H BooOpasHure, UTO f OAHH IpPEICTaBIsio BCeX
yeThipex Halilofartedeii, KOTOpHE BOLLIH B 3TOT 3aJd I BCTadil
nepei JOCKoH TaM, Tie # CTOIO cefiyac. ITO MOHATHO?

— Bnoane,— ckasal ¢ yJwOKol KopoJib,— 3TO HANOMIi-
HaeT MHe CTapyio HCTophio o cyne. Moil otel Jsiro0ua ee paccka-
3bIBaTh, H A cefyac nor Obl IOBTOPHTDL €e JJIs Bac.

— B apyroii paz, ecid Baule BejsHuecTBo OyjeTe Tak Jlo-
Ge3Hwl,— OLICTPO cKa3an npesuaedT.— Tenepb Mbl ¢ BaMu
3afiMeMCH TeMH 4eThIpbMS HaOJI0AaTeasIMH, KOTOPBIX 51 TVT
NpeacTapaslio Nepel BaMH, W A Oepeiily K TOMy, 4TO Ha-
nicaHo v HHX B GaoxknoTtax. $l BhiGepy H3 HMX 6JIOKHOTOB
TOJBKO HEKOTOpLe 3amucH, ckamem «KoposeBa 3aBTpakaer»




64 [JIABA 6

n «Karntan 6peerca», # MOCMOTPIO, YTO MPOTHB 3THX MOMETOK
CIOUT BO BCeX OJIOKHOTaX. 3anuchiBae:

Cobuirite Huna nabawozatens u ero 3anucs

Coum EBoS Buan  Mwmum

Kopoaesa zamTpakaer . . . . . . .. 23 736 73 1134
Kanuranw Gpeerest . . . . . . . . . . 435 196 32 225

B ofuiem Kazx1oMy MOHMEHOBAHHOMY COGLITHIO COOTBETCTBYIOT
yeTblpe 4YHCJA, KOTOPHIE MOMKHO OOO3HAUHTB Xy, Xa, Xj, X

— Huxorna mwe aymas, uTO H3MEHY JKEHIIHHBI MOHCHO
3anucaTh Ha A3BIKC aAre0pbl,— 3aJyMYHBO 3aMETH KOpOJlb.

— A noxeT OblTb, H He H3MEHY,— MSTKO BO3DPasHI npe-
sujentT.— B sofoM cayuae, KoHeYHO, 5TO elle He anrebpa.
STHMH CHMBOJaMi NPOCTO 0003HAYeHb! HAIHCAHHBIE HA NOCKE
YHCa,

Kopoab nmpucraibHo nocMoTpen Ha JOCKY.

— Ckaure Mie,— CIPOCHJ OH,— YTO IPOH3OLIIO PaHbLLE:
3aBTPaK KOpPOJieBhl HJIH OpHTbE KanHTaHa?

[Ipesngent BHITIALEN GOECKYpParKeHHBIM:

— f... f...— cKa3al om, 3anHHAasiCh,— fl HE HMEI0 IO-
HATHA. $1 BHIOpa 3TH BOCeMb YHCEJ COBEPLUICHHO TPOH3BOJBHO,
npocTo 4ToObl NMOKA3aTh BaAM X0 MBICJH, a4 CaMH 3TH YMCJa
HE HMEIOT HIKAKOoro cMmbicia. B camom jpene, eciim Bel B3rJif-
nete pa sanuci Csma, To yBuauTte, uTO GOJbBIUEE YHCAO COOT-
BETCTBYET OpHTHIO KanuTaHa, I 370 o3uauaer, 4To CaM nosyuui
CHFHAJ O Oputhe (OH YBHIET COJHEUHLIH 3afYHK OT JIe3BHf)
Ioc/1€e TOro, KaK K HeMy IDHIIS CHTHAJ O 3aBTpake KOpoJeBhl
(STHM CHIHAJIOM MOT OHITb XPYCT NPH Pasrpbi3aHHH TPEHKa).
A Bor BoGa sTH cHrHaJBl JOCTHIVIH B 0OpaTHON nocienoBa-
TeNLHOCTH, H B TaKkoM K€ MOpsiKe HX 3aperHCTPHPOBAIH
Buan u xum. Eciu yrogso BaumeMmy BeiHYecTBY, s Mory
3arJMsiHYTh B 3TO JeJio Noryiy0ae, H 1 B caMoM feJe Obl1 Ol
pax caenats 3710, HO noTpeGoBasoch Obl MOTPATHTH MHOIO Bpe-
MEHH Ha OOBACHEHHS, TaK YTO OTJOKHM IIOK4d 3TO JeJ0 Ha
Oosiee mosanuil CPOK. A noka YTO § BEPHYCh K OCHOBHOII Teue;
B Hefl He BO3HHKAeT BOMPOCA, KOTOPHIH BEI TaK JioGe3Ho rmo-
CTABHJI.

Kopoab KHHYJI HA [pe3HgeHTa HCHENEeSIOmNI BT,

— Ecuin ot BB o0ecneunsu Bammx HaGofaresedi mpuny-
HLIMIT YaCaMH,— CKa3aJ OH,— 3TOT BONPOC BOOOILIE He BCTas Gul.
Torna sce yersepo areHToB 3aPerHCTPUPOBANH GbI OLHO H TO Ke
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BPpEMsl 3aBTpaKa KOpOJEBbl (CKaxkeM, 23) u ofHHAKOBOE
Bpemst GpuTbsl KanuTana (sampumep, 436) H MBI ¢ Bamm
TOYHO 3HAMH OBl, UTO KamuTax GPHACA NMOCJE TOTO, KaK Kopo-
7neBa 3aeTpakana. Ho 51, xoTb yGeil, me BuxKy, kak 3To Bce
MOMET OTBETHTb HaM, BHHOBHA HJH HEBHHOBHA KOpOJ/eBa!

TIpesunent HajiMeHHO B3MISAHYJ HA KOPOJSL.

— Bamwe Bennuectso,— cKkasan om Xom0XHO,— BEI 34wy
cinuikom fanekol He cymecTsyer npuauuneiy uwacos, raxix
yacoB, KOTOphle Obl MOKA3bIBAIH alCOIOTHOE Bpemsa ¢ aGco-
JIOTHOI TouHOCTBIO. Henpaeuabio yIoTpebaaTh CJI0BO abco-
MOMMbLL, @ He CI0BO HadeicHsii!

— A 51 U He TOBOPHJ «aGCOMOTHBINY, A cKAzam «IPHJINY-
HbIlt?,— MPOGOPMOTA KOPOMb, YANBJICHHBI H AarKe HECKONBKO
HCMYTauHBIH BLINAJOM IIPE3HIEHTA AKajeMHH.

— DBae BeqHYeCTBO BJIOMHAM B CBOH C10BA HMEHHO 3TOT
CMBIC/T,— BCHBIIH/ NPE3HIEHT, Tepsis TepneHne.— Koraa Bol
CKasa/i «MPHJAHYHLIH®, BbI HMEJH B BHIY «alCO/IOTHEIIT, a 3T
A CUHTAI0 COBEDIICHHO HEeJONYCTHMBIM! He XoTuTe JiH BHI
NOBEPHYTE BpeMs BCNATb (HPOCTHTE MHE, €CJH S BBIPAKAIOCH
HE10CTAaTOYHO 4YE€TKO, HO A YPe3BhMAMHO B3BOJHOBAH), He
XOTHTE JIH BBl BEPHYTb HAC BO BPEMEHa BALIErO CHATEIbHOrO
Zeaa (mup mpaxy erol) u BBEPTHYTb Hac B 3alaymxKoeHus
BEKA, KOTOPBIA BBITVISJHT BAPBAPCKHM MO CPABHEHHIO C BALIIM
TIPOCBEIICHHEIM napcTBoBanuem? Her, Bawe Bemmyectso, ato
AR Mewst yxe depecuyp! § mpenmouen Gbr B Takom cayuae
OTKa3aTkCs OT BBICOKOTO ITOCTA, KOTOPLIH A 3aHHMAIO.

M ¢ stumm cloBamm mpesmzeHT axazemmu paspriaJics,

— Hy, 1y, He nago! — BOCK/IHKHYJI KOpOJIb, OTOpPOMNER
IpH BHIE TaKOTO B3pEIBA 3MOUMI.— $I He AyMad, uto Bul
NpiMeTe Bee 3TO Tak GaAH3KO K cepauy. Hapepuo, B camou
ACME MOCTE BCero 3TOTO MPOIE NMPHCTABHTL JIETEKTHBA K KO-
poJieBe!

Ilpesnnent B3an cebs B pykm.

— Her,— ckasan on, ycnokamsasicn,— me wazo nojasep-
raTh KOPOJIEBY TAKOMY YHHIKEHHIO. YK JIYUIUe HMETh YeThIpex
naGmonareneii. Ecnn y Bac XBaTHT Teprenis BBICJYIIATD MEHS
A0 KOHUA, TO 71 mepeiday K o0paGoTKe MOJYYEeHHBIX AAHHLIX.

— «OBpaGorkas! — ckazan KOpoJib ¢ yJaeIOKOH, —
Baasiire!

M npesuzent navan pacckasniaTh, Kak 3TH ZaHHbIE MOMKHO
HCNOMb30BaTh L1 MOCTPOEHHSI TPaHKOB HA ABYX JIHCTAX

3 Ox. Cune
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MHJAIHMeTpoBOIT OyMard., Ha oaun JHCT Hy:MHO HaHectH JaH-
Hete Cawa u BoGa, ma apyroii — pamueic Buana u ILixuMa.
Ipesigenr nosicuun, yro pasbusarh nadaiogateseil Ha mapsl
MOXKIIO He TONBKO Takiu nyrteM. B mapy Csary nmoxno Gulio Gol
TMOCTABHTEL, Hanpumep, buaaa, a body — knma. Pesyiib-
TaThl, KOTOPLiC MBI HIIEM, CKa3aj IPe3HJeHT, AOMKHE OnlTh
HHBApHaHTHBEL OTHOCHTEAbHO 3TOr0 npeolpa3lcsaxid. Ha sroT
pas Kopoib MPONYCTHJ HEMOHATHOE MHMO VIeld: oH yike
Haua] HeMHOTO YCTaBath.

— Cuayana,— cKa3ad LPe3lIeHT,— Mbl HAUEPTIM Tpa-
¢uxn Koposent. OOpaTnTe BHEMaHNE, YTO S HCHOJIB3VIO
MHOKECTBeHHOe yHeao. Ecan Gkl Hale o0bMHOE MPOCTPAHCTEO
HMEJIO He TpH, a ueThipe ii3MepeHHA, To OBLI0 OB A0CTATOUHO
oauero rpadnka — 3to Oplia Obl yeThlpexmepHas kpupas. IHo,
YBH, Hallle NPOCTPAHCTEO TpPEeXMEepHO, H HaM IPHXOLUTCS
ypcso 4 pasbuth ando Ha 3+ 1 aubo Ha 2+2. B nepeoM cayuae
Mbl MOTJIH Obl H300pasHTh TpPeXMepHYI0 KPHBYIO C MOMOLILIO
KycKa H30THYTOH npoBodoki. Ho Bropoili BapuauT mpolue,
NOCKOJbKY TYT HaM HYIKHEI JIHIIb ABA JIHCTA MEJAHMETPORKH —
KaxIbi H3 HEX HMeeT ABa H3MepenHs. Tenepb colbiTHe,
HMEIOlee 4eThIpe KOOPAHMHATEL (X;, X, X3, X3}, HpenCcTae-
JSIeTCH ABYMA TOUKaMi — ofHOH Ha qucTe OyMarH c KooOp-
JsnataMi  (x;, X), APYrodl — Ha JHCTe ¢ KOOpAMHAaTaMH
(x5, x4).

— Toraza,— nepefua  ero KopoJb,— 3aBTPAK KOPOJIEBHI
Oyner uso0pakaThesl ABYMS TOYKAMH, IO ONHOH HA KaXKIOM
JucTe, ¥ OpHTbe KanmHTaHa — TOXKE JABYMs TOYKaMH, XOTS
uHcaa, KOTOpLle Bbl HAMHCAAH Ha JOCKE, NMOKA3LIBAIOT, UTO 3TO
EoBce He Tak. M a Obl oueHb X0OTeJ VCJbIIATE Balle 3aKII0Ueine
B TOM CJjydae, ecqn JBe TOUKH, HzoOpaxkaiomine OpHTRE KamnH-
TaHAd, TOUHO COJBIOTCA € ABYMSA TOUKaMil, H300paaloiiuMH
3aBTpaK KOpOJieBLI.

— §l mor Obl 3aKJIOUHTB,— OTBEYAJ HPESHAEHT,— YTO
Kanutag OpHJCA OPSMO 3a CTOJOM KOPOJEBE BO Bpeus ee
3aBTpaka WJH e YTO ee BEJHYECTBO 3aBTpakaiH B BaHHOM
koMHuate Kanutana. Oguaxo, Ballie BeJqHYeCTBO, TYT 5 HCMHOIO
nepefopUIHI: 3TO BCE MOTJIO NPOH30ATH H B HOMEPE FOCTHHIISI.
Taxaa HHTHMHOCTB, XOTSl OHA MOIJIA OBl ITOCESITH CKAHAAILHbLIE
CIYXH, BCe KC He fBJSeTCHd, HACKOJbKO f TOHHMAMW, A0CTa-
TOYHO CHJBHLIM CBIJIETENLCTBOM €€ BHHBI, UuTOGhH OMpaBaTh
WeCTOKOoe HaKa3aHle ee BEJHUYeCTBa.
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— $1 nonpocun 6u1 Bac,— QuiprHyT KOpOJib, — JepikaTh
Bawe mueine npi cefe! I mbitaioch ypasyMmerbh Bam maai.
TIpaBu/bHO M A MOHHMAIO H3 BAWIX CJOB, YTO Tenepb y Hac
OvayT yae dse KpHBBIC, KOTOPLIE BMECTC MPEACTABAT HCTOPHIO
MUPOBOH JIHHHH KODOJIEBH], H TakKHe e Jge KPHBLIC 475l Ka-
nntana? Toraa Guiio Gul ayuuie wapucopats KDHBbIE KOPOJ/IeBLI
NYPOYPHBIM, & KallHTaHa — aJblM [[EETOM.

ITpesitieHT OTBECHJ MOK/IOH.

— Bawe BeqnyecTso cXBATHIH MOIO MLICAD ¢ opazuTeb-
noit GeictpoTofi. Mue Heuero k 3toMy A06aBHTD.

— Ho y Meus ectb emwe neckoabko BOIIPOCOB,— CKa3aJ
KOpo.1b.— Koraa c/HMmKOM MHOTO CJIOB, MOMKHO 3amyTaThes.
Koneyno, mMsl Moxem B3Th xBa qmera MHJLTHMETPOBKH H Ha-
PHCOBATD Ha HAX Te KPHBBIE, O KOTOPEIX Mbl roBopHaIH. Oxnako
3amiCLIBaTh YTO-MHGO BCeraa omacHo: Belb KTO-HUGYAB Mo-
CMOTPHUT HA TpaHKH I MOAYMAaeT, YTO Ha HHX H300paeHo
HEUTO TaKoe, 4TO MPOH3OLLIO HA CaMoM JeJe, Torga Kak Ha
HIX 1300paKeno JHiIb HEUTO BOOGPaKaeMoe, 4To MOIJIO OLITH,
a Morao u He OblTbh B JefiCTBHTENBHOCTII. ITosTomy, Kak s no-
HiMal0, BLI C [OMOWILIO 3THX MYPHYPHBIX H aJblX KPHBLIX
H300pasuii TOTbKO MulcAenmyo curyaumio. Ho ais Toro
uTOGEI OMHCaTh BOOGParKaeMoe, Ml JOJIKHBL YMETh JOCTATOYHO
ICHO BbIPAXKAThCH.

— $1 MOTy TO/NbKO NPHCOCIMHHTBCS K BAUIHM CJI0BaM,
Baie BeJNYECTBO,— COIVIACHO KHBHYB, MOJBHJ NPe3HACHT,—
STO COBEpPIIENHO NPaBHIbHO. Mul He NO/KHLI MyTaTh AeficT-
BUTGIbIIOE C BOOGpANKAEMBIM, HO, ¢ IPYTOif CTOPOHLI, MBI HH-
KOria pe moiive: TOro, 4WTO MPOHCXOIHT B ACHCTBHTEIBHOCTI,
Ges urpsl BooGpamenns.

— Jlaxso,— nponoakan kopoab.— Jlaaiite HammmeM Ha
oanoxM Jrcre Gymaru «Cov — BoGy, a na apyrom — «bBuan —
e, Tlocte Toro kak Ha 5TH JHCTHI OyayT HaxeceHbl Bce
AaHHbIC, OTJAeAbHEIE TOYKH, KAK f [MOHHMAI0, COIBLIOTCS] B [IJAE-
nsie kpieete. Torza na mncre Cava — BoGa Gyayr nypnypxas
H a7ast KpHBble H TO e Oyrer Ha Jucre Bmana — Jkuma.,
Honycrin Teneps, 4To Kaknaa nmypmypuas KPHBAsT MPOXOIHT
B CTOPOHE OT aJIoi, T. e. He mepecekaercs ¢ Heil murae. Yto
OTCIOJA MOZKHO 3aKJIOUHTH?

— S npuXokKy TOrza K 3aK/IIOYEHHIO,— OTBeuas npesu-
ACHT,— O [OJHOI HEBHHOBHOCTH ee BEJHYECTBA, N0 KpaiiHeil
MEpE B TOM, 4TO KacaeTca Kamutaua. OfHAKoO... sl He pemach

3—1!
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CKa3arb... 3T0 HEMEepeceuerle JHHHH He ABISETCS a0COMOTHBIM
JI0Ka3aTeJIbCTBOM HEBHHOBHOCTH KOPOJIEBBI, NMOCKOJBKY MOTYT
CyLleCTEOBATb M JApYTHe MHpPOBLIe JNHHHH, He H300paKeHHbIe
31CCh.

— Tloropure,— mpopean KOpOJb,— MeHSl  HHTepecyeT
TONLKO Kanurtan. Chneaylomuil BONpPoC: eclH KpHBLIe Nepece-
KAiOTCAl H4 OJHOM JIHCTe, a Ha APYroM HeT, Torja Kak?

— OnsATh 2Ke HEeBHHOBHOCTb,— OTBEYaJ Ipe3HJIeHT.

— A ecu,— nponosKas KOpoJib,— KPHBBIE nepecexainrcs
Ha o0OMX JHCTaX, TO TOTAa — BHHOBHOCTB?

— TpyaHo cxasate, Balle BeJHYECTBO,— OTBedas Ipes-
JeHT,— OHH MOIVIH NpOCTO MpPOHTHCE pAjoM no yauue. Ecau
eCTh MHOTO NepeceyeHHil KpHBBIX, TO 9TO MOMKET HaBeCTH Ha
nojo3penHe, HO O BHHOBHOCTH MOXKHO FOBOPHTH JIHILbL TOTAA,
Korja mypilypHasi ¥ afas KpPHBBE COJBIOTCA HA HEKOTOPOM
oTpeske Ha 00OHX JHCTaX.

— Dbuaaropapio Bac 3a TpyIbl,— CKasaJ KOpOJb, OTIYCKas
npesnjienTa aKajleMHH.

Tlocae 3TOr0 KOpOJb, NEPEONEBUIHCh [0 HEY3HABAEMOCTH,
OTNPABHJICA B JETEKTHBHCE 4T€HTCTBO H CAMOJHYHO HAHAM TaM
IIECTh CHELHaibHbIX areHTOB. [[fecmt CHIIHKOB OH HaHsJI H3
CKYTOCTH, OCTOPOMCHOCTH U 3anyTaBLINCh B JOBOJAX Npesl-
Jenta cpoeil axanewmuu. Ilpesuzent ynomuual o deexadyamu
areHTax, 3aTeM CIHYCTHJCH JIO éoceslil, N HAKOHEL HAalles, 4To
JlocTaTouHO H 4ernpipex. Kopoab pelnda 3ansnThes o0paboTKOIH
HAOMI0aTeNbHBIX ZAHHEIX COOCTBEHHOPYUHO N0 coo0pasKeHnsaM
CEGKPETHOCTH H 3KOHOMHH H YCTP@HHTh ArEHTOB, KaK TO/JABKO
OHH 3amoaHaT cBoH GA0KHOTHL. OTnpaBaasch B areHTCTBO, CH
cHayasja PelwHs HAHATH YETLIpeX areHroB, HO MO Jopore ero
OXBATHJIH COMHENHS, B CAMOM JH AeJe Mpe3HAeHT 3HaJ TO, O UeM
rosopHJI. MoKeT GbiTh, YThIPeX areHTOB BCE JKE HEAOCTATOUHO?
[IsTh, KOHEYHO, Jyyllie, HO KIK MATePO DAasJeNAT Mex1y
coboll 1Ba JIMCTa MMJJIHMETPOBKH? B KOHUE KOHUOB OH OCTa-
HOBWJICSI HA wecHiy W HAILeJ TPOCTOH BBIXOA H3 TOJOMKEHHS:
HCNOMBL30BaTh TPH JHcTa OVMAarH BMECTO ABYX.

Ho emwe 10 Toro, Kak KOpPOJb NOJAYUHJ NepBbie coobiienns
OT CBOMX CBHIIHKOB, HacTHble JETeKTHBE npeanaenta Koposes-
cKoit AxagenMuH HayK JIOHEeCIH NPEesIIeHtTy, UTo KOPOJdb HaHAI
JHECTh CNIeNHANBHLIX arenToB.

— Illects?! — Bekpuuaa  npesifeHT. — CoBepLIEHHO He-
nouatHuli eefop! Ecil Kopo/ib XOYET HCIOJb30BaTh HX B ABE
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CMEHBI, MO TPH yesoBeKa B KamKaoH, TO 3TO HeNpaBHJLHO,
NOCKOJbKY TpeX KOOPAHHAT IJ5 OMHCAHHA COGBITHH HepocTa-
TOUHO. DTOTO UMCAA XBaTHAO OBl, TOABKO ecaH Obl KOpoJesa
i KamlTag BCe BpeMs ocTaBaJHCh Ha ypoBHe 3eMmad. Ho ecan
OHH MOAHHMYTCsi XoT#A Obl Ha BTOPOIl 3TayK BMECTe HJH OO~
HOUKe, TO BCA 3Ta paGora OyIeT mycToii Tpatoil BpeMeHH.

— Onnako,— npoGopmoTan on cebe NOJ HOC,— €CIH KO-
POJIL HCHOb3YeT BCEX LIECTEPEIX AreHTOB B ONHY CMEHY, TO
uHdopmauHa Oyrer H3OLITOMHOH, ITOCKOJABKY BIOJIHE J0CTa-
TOYHO H UYeThipeX. DBhpodeM, ecsH Koposib XoueT BEIGPOCHTH
JeHbIH Ha Berep, TO 3TO €ro JeJio.

H Bce »ke npes3ufeHT GBI YS3BIEH TEM, YTO KOPOJb HE TO-
CTYIIANCA €70 COBeTa, H OH pelinJl GoJblle HH B UeM He IOMO-
rath Kopoaio. 17 ¢BOero yCrnoKOCHHSA NPe3HIEHT OTIPABHICH
NPHHATH BAHHY, HO TOJbKO OH IOTPY3HJICH B HEE H HAMBIIHJICSH
NO YLH, KaK TYT K€ BCKOUNJ OT HEOXHJIAHION MBICJIII.

— Kakoil e s HecycBeTHBIHI Iypak! — BOCKAHKHYJ Gif
H B COCTOSIHHH BeJHYafiero Bo30yiKieHHUS moxHysacs o0-
partHo B BOLY, CMbLI MBLIO, BLICKOYH/ H3 BAHHBLI H MPOLOJHCAI
pasroBapuBaTh caMm ¢ cofolo, pacTHpasCk NOJOTEHLEM TNepex
CosbliuM 3epKasioM B Baxuofi. Hago ckasaTh, uTO npesmieHt
aKajeMii Obl JOBOJBHO TUIECJABHBLIM UGJIOBEKOM.

— Tocnoxgu! — Bexpuuan on.— Kakas Gaecrsimiast Bo3-
MOXKHOCTB noJyyuTh [lceBronoGeneBckyio npemuio! ITouemy
1 no/KeH ObITh palou Tpaguuui, cayroil DiunwTefina u Mi-
koBckoro? IToueny mpOCTPaHCTBO-BPEMA AQUIKHO HMEThH TOJLKO
uerhipe HsMepeHusi? B cawmom jene, nouemy?!

Fliikorja B cBoel USHH NPe3HIeHT AKaleyMHH HaYK HHYETO
HE MPOBEPAN — TeNepb MNOABHJCA YyJecHhiil NOROL CHeath
570. OH peurna HCIPOCHTE CON3BOJEHHA KOPOJs ydyacTBOBaTh
B 00pa0oTKe NAHHBIX, MOJAYYEHHBIX OT LICCTH CIEUHANbHBIX
areHToB. Flertnna cama go/mikHa ObIa OTKPLITHCST TPEHHPOBaH-
HOMY YMY, HCTHHA © pAasMEPHOCTH IIpOCTpPaHCTBa-BpeMeHI,
a He O Taxoll TPUBHAJIbHOI Yermyxe, KaK BepHOCTb HJIH HEBep-
HOCTh KOpPOJIEBEI CBCEMY Cynpyry!

BriTepermiich n oneBIINCh, NPE3HIEHT HANPABHICA B CBOH
KaOHHeT, BLIHYJ H3 CTOJA TPH JIHCTA MHJJHMETPOBKH, JOCTAJ
NYPNYDHBIE M ajelll Kapanjau, [NoJ0MKHJA BCe 3TO mepel
cof0oH Ha CTOJ, YCEJICs H 3aCTh B rayBouaniueil 3ayMUHBOCTH.

On npencraBui ceGe, UTO Hepei HUM CTOSIT B PSiJl LIECTH
CleuHabHbIX areHToB ¢ OsiokHoTamu B pykax. Ou orGupaer



70 TJABL 6

v nux GIoKHOTH, NoveyaeT ux uudpamu 1, 2, 3, 4, 5, 6 na
cOackKe o 3aTeM oTnyckaer areHToB. OTKpPHIB GJOKHOTHI, OH
OTBICKHBAET B HHX TIOMETKH O coObTHsX, cKaweM, «Kopoaesa
saprpakaer» uan «Kannran Opeercsa». IlpoTHB Kazjoll Taxoil
TOMETKH OH HaXOAMT WIeCTh UHCesd, MO OJHOMY B KamJoM H3
OJOKHOTOB, W TEpenHcHBaeT HX I0 MOPSAIKY.

OuHYBIIHCH OT CBOHX Ipe3, NPE3WIESHT He YBUJeJ HH areH-
T0B, HH GJOKHGTOB, HH 4Hcesl. Torga oH cam Hamucad:

X1, Xo, X3, X3, X5, Xg-

B3ap oy 13 JHCTOR MIVITHMCTPOBKH, OH HAapilccBas Ha HeM
JBE OCH KOoOopAinat H o003HauIa HX X; H X.. To ke cavoe oH
cjiesiall Ha JBYX OCTAJMbHLIX JIHCTaX H NOCTaBIJI HAa BTOPOM
oGo3Hauenus oceil X3 H Xy, 8 HA TPETLEM X5 H X.

— Tenepb,— cKasza1 TNpe3njeHT caMoMy cele,— Kaxioe
cofeiTHe n300paxkaercs TOYKOH Ha KamIOM JIICTe, BCEro
Tpems Toukamu. Korja s mamecy ma JHCTH BCe COOHITHA, 3TH
TOYKH MOKHO OyJeT CBf3aTh NJABHBIMH KPHBLIMH, H TOria
Ha KaxJIoM JHcTe OVJeT 1o JBe JHHHH: 0JHa — JJI51 KOPOJIEBH,
Apyras — mias1 Kanutasa. Mpl pelHJH pHCOBaTh KDHBLIE
KOpOJIeBLl HYPNYPHBIM, @ KanHTaHa — aJiblM 1BeTOM: 3TO
NpeLIc/AKILT Kopoabk, a & cordackica., XosseB olHxath He
cnenver. Ho 311 11geTa — BCero b aTpHOYTH KOPOJEBCKOTO
putyaia. Ecan napeHb BCTPETHT AEBYILKY, TO H JEBYIIKA
BCTPETHT Napus, U IBeTa HX MHPOBLIX JHHHE TYT BOBCE HH
npH yem. Kpusnie aubo nepecexkyres, JHOO He NepecekyTed,
BOT W Bech pa3roeop. §1 Oyly pHCOBaThb BCe KPHBHIE YEPHLIM
KapaH1auIon, 3To IPOolie BCEero H MeHblle OTBJeKaeT BHHMaHle.
M eme s sapesepBipyio ofo3HaueHHs

Xy, Xa, Xz, X1, X5, X
3a COGLITH:’JMH, B KOTOPBIX YUYacCTBYET KOpoJeBa, H
ylv U:y yﬂv .I)'-‘Ir y-'n .I}'G

3a cOOHITHAMH, NPOHCXOIALIMMH C KanuTaHoM. Pasymeetcs,
A MOTY NOCTPOMTL TrpadHK (4, Y=) Ha TOM ¥e JHCTe, UTO
H (X, X4), ¥ MOTY CIel1aTh TO XK€ CaMoe C GCTaJibHLIMH [&paMH
rpadHKoB.

[Tpesuuent napicoBal Kak 11onano KpHBEE Ha Tpex JiIcTax,
IO ABe Ha KamjaoM, I ycTaBuaca nHa HuX. [loayuniocs, uTo ABe



KOPOJIEBA W TBAPAEMCKHNIT KATTHTAH 71

KpH3Lie MEpecexiChb Ha NMepBOM H BTOPOM JIHCTAX H He nepe-
CeKTHCh HA TPETbeM JHcTe (ur. 6.1).

— BosnmoxHO s Takoe? — cnpocua on cam ceGi.— Kax
NOHATB, KTO TpaB? IiinmTeiina — B MyCOpHYIO KOp3LHY,
a sensa — B IlcennonoGenenckue naypeatsr? M 310 B canow
Aene TaK mpocto?]

Zz1i2 T4

z T,

[

D ur. 6.1. Pacxowtenue ¢ Situmteiino.

o

-y

[/
-

©

ITpesiinent Toponanso nayaa nmcaTsb MDOCTbie (POPMY.IBI:
QTIEP@CE‘IEHHE Ha HCpBO.\.I JHCTE 031a4aeT, 4TO B TOUKE nepe-
ceyeHIra

' X1=Y1, Xi=Y,
ﬂGPECEL{EHHE Ha B'I'OPOM JIUCTe O3HauaeT, 4YTO B TO4ke IIEPECE'
YEHHA
x3:_{j3, JC;:Q';.
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2TH LBa nepeceyeHns, B3ATbIe BMECTE, NPEACTABAAIOT COﬁbITHe,
nponcmenumee H ¢ KOIJGJIEBOE‘, H C KallHTaAHOM, H IJ5s 23TOrO
coObITHS MBI HMeEeM

X1=l1, Xo=Y, X3=ls, Xa=l4.

Tax nonyuaerca u mo DiiHIUTeliHY, HOCKOJBKY OH YTBEpXKAAET,
uTO JIsl (PHKCALHN COOBITHA HYKHBI HeThlpe KoopAHHATH. Ho
YTO JlelaTh ¢ KPHBBHIMH HA TpPeThEeM JIHCTE — Belb OHH He
nepecexalorca! Onnako oHH Bpofe 0wl JO/MKHBL Hepeceybcs)
Ecnu Ol MBI MCHOJIB30BasM NMEPBEIH H TpeTHH JIMCTEI BMECTO
NepBOTO H BTOPOTO, TO HaM He ylanoch OBl HAaHTH COOBITHY,
ofliero H IS KOPOJEBE, H AJs KanHTaHa,— KpHBLIE Obl He
BCTPETH/HCh. BBHIXOANT, B NPOTHBOPEYHH C 3aKOHAMH 3JEMeH-
TapHeHAIeH JIOTHKH OHH H BCTDETHJHCb, H He BCTPETHJIHCB!»

Ilpe3nenT noTep pyKH OT YJIOBOJBLCTBHS IPH MEICIH, Y4TO
OH OTnpaBug JHHIUTeHHA B MYCOPHYIO KOP3HHY H YTO €r0 ¥KAET
Be/lHKaf ¢J1aBa, KakK TOJAbKO GyIeT oOBABICHO O €ro OTKPHITHI,
Onnako ero 3HTy3HasM HECKOJAbKO MOyGaBHJCH, KOTAA eMy
NpPHILI0 B TOJOBY, YTO 3TO JHIUB MLICAGHHBI] SKCIEPHMEHT:
BeJlb KpPIBble, KOTOphle OH HApHCOBaj,— COBEPLIEHHO MNpPOH3-
BOJIbHLIC KapaKyJH, a BOBCE He SKCIepPHMEHTAJbHLIE JaHIILIE,

— XM,— 5oflymMaJ OH,— HO IO Kpaiineil Mepe A Tenepb
3Hal0, YTO HCKAaTh.

Bbi3BaB cayry, Npe3lAeHT Eedel eMy NMPUTOTOBHTb CaMbiil
JYYLIHH KOCTIOM H NO3BOHHTh BO JABOpel, YTOOL KOpOJb Ha-
3HAUUA eMy ayAHEeHUHIO KaK MOMKHO CKOpee.

Korna o siBmics BO ABGpEll, KOPO.ib BCTPETHJ €ro Jo-
BOJIBHO HEJ4CKOBO, CJeFKa CMYLUIEHHEIH TeM, UTO OH HaHs.1
IIECTh CTEIHAJbILIX areHTOB BMECTO YeThIpeX, KaK COBETOBaI
eMy INpe3HJIEeHT.

— Mory s nomorate Bamemy BeanuecTny olpalaThiBath
JaHuble? — CNPOCH NPE3HIEeHT.

KopoJab mopymMan, 4To ecH OH HONLIT2eTCs PacluHppOBaThH
HX B OJMHOYKY, OH MOKET HANYTaTb H HAJeJaTh TaKUX omuboK,
KOTOpBIE Pa3pyllaT BeCh 3aMLiCes.

— Xopolo,— cKazaa oH nocie HeKQToporo xojebanus,—
Bala nmomoib Gpi1a Onl BechMma moviesnofl. Maemre B Koposes-
CKVIO GHOMHOTEKY H B3IVISIHEM HA TOJBKO UTO JOCTABJEHHLIE
TyAa GJOKHOTE! CHellalbHbIX areHTOB.

Oun ornpaBunch B GHOIHOTCKY H OCHAPYIKILIIT TAM 1UECThb
GNOKHOTOB, CJOMEHHLIX B TPH CTOMKH.
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— Mue kaxercs, 3zech ne YeTblpe, a wecTh OMOKHOTOB,—
CKazas Npe3ULeHT, cJerka yJanfaschk.

— 4 nowmmio, 4To BH coBeroBanM Mue YEThipe,— cKasaJ
KOpOJb,— HO 51 NOAYMAJ, 4TO HENJIOXO Obl NMepecTpaxoBaThes,
JluwHne cBeleHusi, Kak BB KOAa-TO 3aMeTHVIH, He TPHHEeCYT
BPEId, €CIH TOJIBKO OHH HE HAXOMSATCH B JIOTHYECKOM NPOTHBO-
PCUHH C YIKe HMEIOMIHMHCS.

Ilpesnaent He oTKpHIT KoOpoaio, uTO €ro HayYHLIE HHTEpECH
YE NePEMECTHIIHCh OT HHTHMHON JKH3HH KOPOJIEBBI K pa3Mep-
HOCTH npocrpancTBa-BpeMedd. OH  ycescs Bossie Kopoas,
NoJ0MHI nepes cofoli TpH JIHCTAa MHINMMETPOBKH H KapaH-
JamWin — NYPOYpPHBIH H adbii.

Ho s ue Gyny pacckasmisate Bam, yTo HMenHO OHH OGia-
PYXHIH. DTa MCTOPHA NPHHALJNEHHT ¢onbknopy Ilcesao-
CHJIbBAHHH — 3TO He NHCAHHAS, a YCTHAsl HCTOPHSA, HE HMElo-
wasi KoHua. HuUKTO He MOMKeT BCMOMHHTB, YTO TaM OblIO
Aanblle: caelpl 3TOH HCTOPHH COBEpUIEHHO TepsoTcs. S, no
Kpalineil Mepe, IOHATHS HE HMel0, H3MeHIJIa KODOJEeBa KOOI
1/ e ner. Ho mMue kaxercs, yro, Koraa Kopods u NPe3HAEHT
HauepTHJIH CBOH IypNYypHBIE H ajble KPHBHIE, OHH BCE e
HE OKasalHCh B NOJOXKEHHH, H3oOpaxcemHoM na ¢ur. 6.1,
KOTOpPOE BBI3BAJIO Y NPE3HACHTA CTOID NPEXKIEBPEMEHHbIE MEUThI
0 caage. I nosaraio, 4TO ecaH He cAeNAHO OWHOKH, TO nepe-
CCUCHHA KPHBBIX HA NMEPBOM H BTOPOM JIHCTAX MHJTHMETPOBKI
AOJZKHEl HEH30€KHO BLI3BATH HX TepecedeHHe H Ha TPETbeM
aucte. B npoTuHOM ciyuae MOrso Gbl 0KasaThbest, UTO npocr-
PaHCTBO-BPEMs HE YETHIPEXMEPIO, a 1O MeHbiueil Mepe NsATH-
MepHO. Ho a10T hakT nMmen 6b1 Taxoe nepBocTenennoe sHaueHne
A5 PH3HKH, Y4TO Kak-HHOYRb YK NPOHHK 6Ll yepe3 IpaHHIb!
IlcerocunbBannn H norpsac Gul ocTanbHoil Hay4yHLIl MuHp.
Bosmoxkno, ognaxo, eme panbluie, Yem npesnsent Koponesckoit
AxazeMHH HayK NOATOTOBH. CBOit MaHYCKPHOT JJs1 OnyOJiH-
KOBaHHS1, KOPOJIb 3al0J03[ 1T €r0 B TOM, YTO OH 3aTaJ onac-
HBIE DEBOJIOUHOHHEIE HAEH, H NO 3TOH MPHYNHE VBOJHJ €ro.
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‘_i(l»C'}imeblj JEUPOBBLE  TUHUN
U cmpers epesierls

B H-supe yacTuna — 970 4TO-TO CUeHb MaNeHbKOe: NLUIMHEA,

NECUNHKA, a TO I HEYTO BOBCE HEBHIHMOE HEBOODYH(EHHEIM
T1a30M I Aaxe HeoCHapyKIMOe B CaMblil CHABHEIT MHKPOCKOI.
B 370M onpenenemii 4acTHUB! TIABHOE CIOBO — MAACHOKAS.
Ecan e nmonbitathea onpenesnTh NOHsITIE wacmuya B Qisu-
yeckoM M-MHDe, To JTyuLie BCero aToMy OnpeiedeHHIo yI0BieT-
BOPHT TOYKa H3 €BK/JHJOBOH TIEOMETPHH — YacTHUA I eCTh
ABHIKYIIASICA TOUKA.

llpencrasienne o wacTHue Kak o aBmKyweiica Touke
He YYXKI0 H AMHAMHKE B KJaaccuueckoil ¢usuxe. B Teuenne
HOJITOTO BpeMeHH Obli0 MPHHATO NEIHTH ANHAMHKY HA AHHA-
MHKY MaTepHaJIbHOH TOYKH, IHHAMHKY TBEPJAOro Teaa H AHuA-
MHKY CIIOWIHBIX cpel (TaKux, Kak IIKOCTH I ynpyrue Teaa).
Hntepecno, onnako, 4To npeicTaBacHHe O TOUGUHON YACTHLE
NPHHALIEKHT He camoxy Holotony, a Bowkosiuy *, 1 B cnoe
BpEMS OHO BEI3BAIO HEMAJO CHOPOB H BO3DANKEHHH, NOKa,
HAKOHEL, He 3aHs/10 MIOYETHOE MECTO B HBIOTOHOBCKOM M, -Mupe.

[epexoas B My-MHD TEODHH OTHOCHTE.TBHOCTH, MBI BO3bAEM
¢ coGoi 3TO NpeJCTaB/IeHHE O TOYEHHOH UACTHLE, HO BATISIEM
Ha HEro MojJ HECKOMbKO HHbIM YIvioM. OCHOBHIBAsICH HA Mpe-
CTaBJICHITH O YeTLIPEXMEPHOM NDOCTPAHCTBE-BpeMeHH COOBITHI,
MEL OyJeM Onmo3kasaTh HACTHIY MO MOCJAEIOCATETLHOCTH npo-
HCXOLAMHX C Hel0 COOBITHI, MO HCTOPHH YACTHLR, KOTOPAst
uzcOpaziaeTcss Muposoli auruer.

Kce-uto u3 toro, o uem 1 Gyay pacckaswizaTh B 5T0f rJabe,
yxe GBLIO OmMcano B Npeibayiieil, NpaBia B JOBOILHO ¢an-
TacTHueckoil ¢opme. Tam s coofuuma BaM, Kak MHPOBYIO

¥ oBOABNO MIMPOKO DACTPOCTPAHEHO MHSHHE, UTO npe’icTaBieHHe
O MarepuragAbHOH TOUKe BBed B mHayxy P. Bomwkosuw (1711—1787) (cu.,
wanpuvep, L. L. Whyte, Roger Joseph Boscowich, Allen and Unwin,
Lotidon, 1961), oanaxo Tpiocaenn (C. A. Truesdell, Essays in the History
of Mechanies, Springer-Verlag, New York, Inc., 1968, pp. 107, 282) npu-
mucwisaer ero JI. iepy (1707—1783).
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JHHHIO MOMKHO H300pa:kaTh B BHAC Napbl IPapHKOB, HapHCO-
BAHHBIX KX B HAa CBOeM JICTe MHIJHMETPOBKH. 3TO COBep-
LiIEHHO IPaBHJbHEI, HO HevIoCHHIT crocol. Mol moxeMm
IICNOMAB30BATh 3HAUHTE1bHO Oovice INpocroe H3odpameHue,
yto0K!, TAK CKasaTh, coolpamarh ObicTpee. Jlapaiite mosToMy
elle pas B3MVISiHEM HA HAWY 3ajauy.

Koneuno, ocnoBHasa TpyaHOCTL H300paxkeHHs COOLITHI
COCTOHT B TOM, 4YTO JIPOCTPAHCTBO-BPeMSl  YETBIPEXMEpHO,
1 Opiio Obl TJIVIO HEJOOLEHHBaTh 3TY TPYAHOCTB. Ho Tpex-
MEepHOCTb IIPOCTpPaHCTBa — TOXKE Heserkas IUTYKa, a YeloBex
HayuyuJcs mOpeofodeBath ee. Muikenepa HAH apXHTEKTOpa
NPOCTPAHCTBO-BPEMSl HE BOJIHYET, OHH JQJIXKHEI AYMaTb O TOM,
KaK BO3BOJHTB NMOCTPOIKH B Tpex H3amepenusax. IIpu atom oui
ofblMHO AeaaloT yepTexH Ha Oymare (miaHbl H BepTHKAIbHEIE
pa3pesbl) H peKe H3roTaB IBaIOT TPeXMEPHEIE MAKETLI OY1YVIUIIIX
nocrpoek. Ilnansl 0 paspeswl cyTh NPOSKUHH HA TOPH3OHTA b-
HEIC I BepTHKAJbHBEC NMJIOCKOCTH I BIOJINE anaJorHumbl Tpa-
(nKaM, 0 KOTOpPBIX paccKasblBadoch B Ipelbiayuieli riase,
TOJbKO pa3Be yTo Gotee rpoMo3akH. ECaH BH XOTHTE IQJAYYHTD
ofiiee MpelcTaBAEHHE O TOM, KaK BHITIAIHT JOM, ClIPOEKTH-
pOBaHHLI LJs Bac apXHTEKTOPOM, TO Jyyilie BCETO NMONPOCHTh
€70 cleqaaTh 3CKH3, NBYMEPHYIO KapTHHKY TPeXMepHOro Mpe/i-
MeTa. PakTHYeCKH 3CKH3 H ecTb IIpOeKUHsl KaKoro-auso
npejiMera Ha NPOH3BOJbHO BHIOPAHHYIO MJIOCKOCTH.

JTO HemJjoxasl MBICAb, Koraa Mbl ofpamiaeMcs K IpOCT-
paHCTBY-BpeMeHH,— ClesaTh NPOSKIHI0 HA MPOU3BOJIBHO BhI-
6pannyio nJjockocts. CoOblTHe Torza OyjaeT BLITASAETh Kak
Touka Ha OyMare, a MHpPOBas JHHHA YacTHLLl — KaK HeKas
KpHBas JHHHA. TaKOH npocmpancieeHHo-8peMERHON HEPMEdic
GyAeT OKa3HIBaTk HaM GOJBIIVIO NOMOULb, TOJBKO HYMHO OT-
HOCHTBbCA K HEMY € HEKOTOPBIMH MpeJoCTOpoXKHOCTAMHE. B yacr-
HOCTH, CJIEAYEeT NOMHHTb, 4YTO TOYKa Ha OyMmare NpeicTaBaseT
HE OAHO-gIHHCTBEHHOe Cco0BITiHE, & UeIYI0 COBOKYMHOCTH
cOOBITHH, MPHYEM BCe OHII MPOEKTHPVIOTCS B 3TY CAMYIO TOYLKY,
Tax 4ro, xoTsl ABe MMpPOBBIE JIHHIN H MOTYT KasaThCfl Iepe-
CeKalOMHMHCsA, Ha CaMOM Jefle HHKAKOro HX MepecedyeHnd
MOeT H He ObiThb. OTMNYHTL 3TH IBe BO3MOKHOCTH, OZHAKO,
MOJKHO, CTaBsi Ha rpadiike KHPHVIO TOYKY, €CJH MHpOBbIE
JHHHH JeHCTBHTEABHO Nepeceraiores, H o09Xxoaschk Ges Hee,
ecTH 3ITO [epeceyeHHe Jililb Kawyunleecd, Kak I0Ka3aHo
Ha ¢ur. 7.1,
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Tenepp syuure Bcero B3fiTb B PYKH JIHCT GyMard, Hapuco-
BATh H4 HEM DasHbIe JIHHHH H 33JaTbCA BONPOCOM, MPEICTAB-
JISIIOT BalIM YePTEXKH HEYTO BO3MOXKHOE HJIH HeuTo abcypiaHoe.
Paccmorpum, nanpumep, ¢ur. 7.2. Ha neil usoGpaykesa M-
poBasi JIHHHSI, KOTOpas Ilepecexaercsi cama ¢ cofoil. 3710
03HAYaeT, 4YTo B HCTOPHH YACTHURI, NMpPEACTaBJAAEMOH HapHCo-
BaHHOH KPHBOH, ABayKAbl NPOH3OULIO 00HO U MO e COOBITHE.
Boswmomuo a1 Takoe?

Ha sToT Bonpoc He/serko OTBEeTHTDL JaiKe NMOC/E NMPOLOJKH-
TeAbHOTO paziymbsi. My:K MOKET BLIPA¥KaThb HEIOBOJILCTBO
TEM, YTO XEHa KOPMHT €ro OJHHAKOBBIM 00enoM ceMb AHeH
B HENeII0, HO OH NPEKPAacHO IIOHHMAET, YTO, XOTS Bce 0Geln
NOXOXH OJHH Ha APYTOH, 3TO BCe 3Ke He oduH u mom ae 00ed,
CheIEHHBIH CeMb pa3 moApsaxa. $ CKJIOHeH paccMaTpHBaTh
nzobpaxkenue Ha ¢ur. 7.2 Kak (H3HYECKH HEBO3MOMKHOE,
OJIHAKO TOJIBKO MO MPHYHHAM, CBA3AHHBIM C TeMH IOHATHSIMH,
0 KOTOPHIX JI0 CHX Nop emie He ObLIO peun. 3ta KpHBas, pasy-
MeeTCsl, He IPOTHBOPEYUHT NPEACTABIECHHIO O TOM, UTO B YeTHIpex-
MEPHOM IPOCTPAHCTER-BPeMeHH BO3MOMKHDI 3aMKHYTBIE KPHBLIE.
B camowm zesie, He Bce e KPHBBIE HAJZ0 MOHUMATH KAK BO3MOXK-
Hble MHpOBBIE JIHHHH YaCTHI!

Ilepefizen Teneph K cTpesie BpeMeHH, O KOTOPOH Mbl yiKe
TOBOPHJH B [pelbldylieil TriaBe. 2TO NO CYLECTBY BOIPOC
O TIPOUIIOM H OyAyWeM, H A JyMalo, 4TO JydIlle HauaTh ¢ pac-
MOTPEHHS 3TOTO Bolpoca B [l-Mipe, a 3aTeM «BRIKATLY H3
peasbHOTO ONBITA HAllell KH3HH Takoe NpeicTaB/eHHe, KOTo-
poe noaoiiner aasg M,-MHpa TeOpHH OTHOCHTEIBHOCTH.

Mrorne JioaHM BenyT JHEBHHKH, B KOTOPBIE 3allHCHIBAIOT
npoHcxoslie coObITHs. JIONyCTiiM /15l IPOCTOTHI, YTO B [HEB-
HHKEe KaxJoMy JHIO OTBQJNTCS OTAedbHAd cTpanuua. § 3a-
mHcall Ha CerOJHMAIIHeH CTpaHule AaTy: 3 Hoabpsa 1969 roaa,
5TO (HEBAXKHO, MO KaKHM IPHYHHAM) MOH NpPa3AHHYHLI NEHb.
Bce npenuecTBylomye sTOMY JIHIO JaThl HAXOLATCH B NMPOLLIGCM,
H HA OTBEAEHHLIX JJIS HHX CTpPaHHLUAX HANHCAHB COOOUIEHNS
0 CODBITHAX, KOTOpLIE 51 YME I[IePEMHJ — HelOCPeNCTBEHHO
caM HaH KOocBeHHO. Bcee mocaenyromgie natol Haxonatces B Oy-
JUYLIeM, H OTBEIEHHbIE AJISI HHX CTPAaHHIb! ele uncThl. JHeBHIK
5TOT €CTh B CBOEM poje MOAeb Moelt MHDOBOIT JIMHITH, NpPHYEM
cTpesa BPEMEHH HallpaBJeHa OT 3alOJHEHHBIX K NMYCTBIM CTpa-
IHLAM — OT mpouwioro k Oyaymemy. Mexny mums pacmosia-
raerca Hacrosiee — 3 HoaCGpst 1969 rona.



®ur. 7.1. Ilepeceuenne (A) n Henepece-
uetine (B).

@ ur, 7.2, Decoubloanga wid Her?
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$I aory crenartsb nasbiefiniee yToudexue. ITo MouM gacau
cefivac 14 uacos 27 MHHYT, H 5l MOTY OTHECTH HCTEKIUYIO 44CTb
CErosAWIEro Jus K MPOLLIOMY, a HOCJAeIYIomyo — K 6yay-
mweny. TeM caMbln f CBes HACTOMIIEE OT OZHOTO AHH K OZHOII
runyTe. Ewe Gosee Tounein s1 6yny, ect B3MJIAHY HA CeKYHA-
HYIO CTPeJIKY CBOHX 4acoB, H B KOHIIE KOHIOB Ha HACTOHAILEE
OCTAHETCH TOJMbKO OJHO MTHOBEHIE, HE HMEIOUIee HHKaKoil
[1POI0KIITeAbHOCTH!

Kax tosbko 1 gpouwea1 A0 3TOr0 NYHKTa pacCy:KASHHI,
st warnya us JI-vmpa B M-mup. JI-MHpPY HeH3BECTHBI MTHOBC-
HIA, HE HMCIOUIHE JJHTCJIbHOCTH, PAaBHO KaK H EeBKJIAOBLI
TOYRH,— OH 3HAET TOJMBKO MSATHA H UePTOUKH HA JIHCTE OYMAaril.
Tak Kax Moil MO3T o0HTaeT B Te/ie BeCbMa BHYIINTENBHBIX Pas-
MEpOB, TO MHE 0bli10 Obl TPYAHO OMPEIeNHTb, HANPHMEP, KYAa
MeHf YKOJOJH HTOJAKOH paHblie — B JIEBYIO HOTY HWJH B Ipa-
BYIO PYKY. §l momken Obin Obl NpHOETHYTH K KOHCYJ/bTAaLlHH
Quaitosiora, 4To0kl y3HaTh, KAKOBA CKOPOCTh PACHPOCTPAHEHH ST
CHTHAaNA mo HepBaM. Ho Bce 3To JHINB YC/IOXKHHIO OLI upes-
BhYaiiiHo (yHAAMEHTAJbHBIE CYUIHOCTH. ECJAH MbI 3HAEM, uTO
CKOPOCHL €CTh PACCmoAHue, Je1CHHOE Ha épers, TO B COCTOM-
HHH J1 3TO 3Hauie npudiusiTh HAc K MOHUMAHHIO CYI{HOCTH
Bpemern?

Hxest o ToM, 4TO COBEITHSA B HCTOPHH HHANBHAYYMA MOMCHO
YNopALoUHTL BO BpeMeHH (pacrnosioKHTb B NOPSAKE NpOLi-
J0e — Hacrosiee — Oyayiice), pasymeercsi, QHIYPHPYET e
TOJBKO B TeODHH OTHOCHTeNbHOCTH. OMaKko, KaKk s B CBGCe
BpeMs TODIKeCTBEHHO INIpeaympexian Bac, He CAeIyeT 3axo-
JUTH CAHLIKOM NaJeKO Il 3aABJATh, UTO MOMKHO YIOPANOYHTh
BO BpeyenH #00vie A3a coluris. Takoe 3asBleHHe HEMELIEHHO
npuBeler pac peaeq 3a HreloTonoa K nonsaTHO aGeoiOTHOTO
Bpeveri. Bosee Tourno €1e10Bano Gul BLIPA3HTBCA, YTO Bpe-
MCHHAA YNOPSNOYCHHOCTD CYIIEGCTBYCT 34BEI0MO JHLIb /1
coOBITHIL B OAHOIL M Toi ke unducudyaistoi uemopuu. B Il-mipe
npejcTaBieHHe 00 yNOPANGYSHHOCTH 1O BPEMEHH JOBOJBHO
pacnaniByaToe (Kak, CKazxes, B CAydae YKOJOB HrOJKOIl),
OIHAKO HaUI JKHTEICKHH ONBIT B 3TOM MIpe MOXET OKa3aTb
HaM MOMOLIb B BbIPaGOTKE MpercTan/icHHA, NPHIOAHOIO B M,-
MHDPE TEOPHH OTHOCHTEJIbHOCTH.

Boofipasute cebe MHPOBYIO aHHMIO YacThupl. OHA OXBa-
TBIBAET BCC COCHITHS B HCTOPIH YACTHIBI, I TTOKA Mbl HE 3HAEM
HUKAKHX ApYyrux colpithil, kpose stux. [lonatHe o0 yrops-
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JoueHHOCIIL 60 épesent TIO3BONSCT BLISICHHTb, KAKOe W3 JIBYX
coGriTii A u B Ha MHPCBOIi JHHHH NPOH3OWIIO PAHbUE HIH
nosjxce Apyroro; ecan A Owbwio panstue B, TO MOXKHO CKasaTh
(Hemoab3ys Apyroe cI0Bo), uTo B mponscuiio nosxe A. Jliodoe
cobmitne E Ha MHDPOBOGI JHHEN JeJnT ee

Ha JIB&€ YaCTH — Oydyies, COCTORILCE H3

Becex colmTHii mozme [, 1 npowiioe,

00pasoBaHnoe BeeMH COOBLITHSIMH papbiie

E. Hacmosuee cBOIHTCS K canMoMy COGHI-

THIO E. Cmipeaa epesteru, KaK noxasano .

Ha Qur. 7.3, nanpaRiena U3 NPOLLIOro B bydyuee
Gvayuee.

Bcem BullecKazanHBIM  yTBepsxaeTcs
(BripoueM, J0BOJLHO (OPMAILHO) TO, uTH
GOMBIUMHCTBO JMIofell BOCHpHHHMAOT Ge3
0COOLIX pasMbluLieHHl. BamHo OTMETHTS,
UTO Mbl HHUETC He CKasalli O Topsake
BO BpeMeH! IBYX COBEPLIEHHO IPOH3BO.Ib-
HbIX coluiThi. Ho econ mbl mpumennin Gut
K HHM TOHATHS parblie U No3sce, TO OHH
Jo.nkabl Oblid 661 00a «CHIeTh» HAa ONHOI
H TOH »Xe MHPOBOH JHHHH YacTHubl. He-
CKOJBKO 103:Ke fl cAeNaio 3TH JBa CJ0Ba
HeMHOro  0oJiee  «PacTSMHMBIME®, HO
ceflyac I7s 3TOTO BpeMsl elle He HACTY-
NHJO.

Crpena BpemeHH CBs3aua ¢ ABYMA JpY-
THMH IOHATHSIMH — BO3PaCTaHHEM 3HTPO-
MHH H NDPHYHHHOCTBIO. [lepBoe H3 HHX
CBA3aHO ¢ TeM (aKToM, uTO NpHpOAa,
NO-BHAHMOMY, IPEINOYHTALT Xaoc Nopaaky P ur. 7.3. Crpena
(nerye pasbHTL wYAlIKy, YeM COCTaBHTb  BPeMeHH na e ol
LeNylo YallKky H3 OCKOJKOB) *; crTpena —on m”ﬂ;{ tacTi
BpemeHH OObMHO (HO He Bcerja) OKashl-

BaeTcs Hanpae/1eHHOil B CTOPOHY Bo3pacTanus Xaoca. Hecnmorps
Ha BaKHOCTb 5TOTO BOMpOCA, sl HE BHKY OCHOBaHMil yrayG-

HPUUIJ}'GE

* DNTPONHA BO Beeil BHINMON HAMH 4acTi BeeseHHON B ueioM Bo-
spacTaeT o BpemeneM. Bitecte ¢ TeM B oTICALELIX MamuX ofacTaX MEHpa
MOKET HMETDL MeCTO H YMEHBUICHHE 3HTPOMHI, UYTO CBA34HO C NOBLIUCHHEM
Op2aru3ayui MATePHIL, B YaCTHOCTH € PASBHTHCM KHU3HH H UHBHAM3ALNH, —
Iipum. nepes,
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JSIThCA B HEro 34ech, NOCKOABKY OH He 3aTparHBaeT Cy-
lecTBa TEOPHH OTHOCHTEJNLHOCTH. §l mepelily K NPHYHHHO-
CTH — CJIOBY, KHTEHCKHH CMBIC/J KOTOpPOTO OOLIeH3BeCTeH H H3
KOTOPOTO MOMKHO ¢BbIKATBb» HYKHbIE NPEJNCTABJIEHHS IJA Ha-
uero M,-mipa.

Brl 10/12KHB! I3BHHHTD MeHA 3a NpehkKH 13 JI-Mupa B M-mup
H 00paTHO — 3TO NYTh, KOTOPLIM cJeayeT (hH3HYecKoe Mbliie-
nie. Tolbko 4TO §1 pacCMaTpHBAJ YACTHHY KaK ABHIKYLLYIOCH
TOUKY, a Tenepb, HaMpOTHB, XOUy NepeTamHTL ee obpaTHO
B -mup. B ¢usiixe ectp MHOTO TakiX 3agad, B KOTOPBIX
pasiMepnl Tella He HIPalT CKOALKO-HHOYABL CYLIECTBEHHOH
ponu. HMayuas neiskenusi maamer, oOBYHO CYUHTAIOT HX He
HMEIOUIHMHE pa3MepoB, CJIOBHO OHH fABJSIOTCA MaTepHaJbHBIMH
ToukaMH. Koria npoksaanpiBaloT Kypc Kopalnisi HJAH caMoseTa
uepe3 oKeaH, pAasMepsl HX TaKiKe HeCYLIeCTBeHHHl (pa3Mepol
HAUHHAIOT HIrpaTth podb JHIIB IPH LIBAPTOBKe Kopabas HJIH
nocajKe camoJieTa, HO 3TO yie jgpyroe neno). Ham xopoiuo
H3BECTHO, 4TO H Kopalsab H caMoJeT COCTOAT M3 MHOXKECTBa
JeraJfeil, H TO, UTO Mbl CUHTAeM MaTepHAaJIbHOI TOYKOH, B JAeficT-
BHTEJBHOCTH HMEET CJIOMKHOE BHYTPEHHEE CTPOeHHE — IIPOCTO
B JIAHHOH CBSI3H 3TO COBepLIEHHO He cyuecTBenno. Onua vac-
THIA-KOpPaOJab MOMKET NocJaTh CHCHAA APYrod YacTHIle-KO-
pabmio, U B pe3yJbTaTe NOCAEAHAN H3MEHHT cBoil Kypc. Hame-
HEHHE KYPCa BLI3BAHO CHTHaJoM. [Tputusori n3MeHeHHUS Kypca
AIBHJICS MPHKa3 4eJoBeKa, KOTOPHIH Iocsaan CHIrHaJg.

Mer «3aMopaziBaeM» KapTHHY COOBITHE B ueThIpeXMepHOM
MHpE, HO 3TO He 3HAYHT, YTO MLl HCKIIOUMJIH HX IPHYHHBL.
MozkHO ¢ TONTHBIM OCHOBaHHEM CYHTATh, UTO YacTHLIA B M,-Mupe
TIOCBLTAGT CHTHAJBI, KOTOpEIe NPHHUMAIOTCA APYToH dacTHIEH,
4 3Ta NOCJASIHAA MOXEeT MOCBLIATh OTBETHBIE CHTHAJBI. MOXKHO
laxke BOYCTHTb B HAIUH DPacCyXKJeHHUSI TOJHKY aHTPOIOMOp-
dusma H npejacTaBuTh cefe KHBYIO YaCTHIY. TOrAa YacTHHA
CTAHOBHTCSl KaK Obl KPOWEYHRIM Hadarodamenes, HO TAKHM
(3TO OueHb BaiKHO), KOTOPHI HAGIIOKAET COOBITHSI TOABKO HA
cBoeil coOcTBeHHON MHPOBOH Juunn. ECAH HONPOCHTB 3TOTO
Ha0molaTensl cKasarh YTO-HHOYAbL O ApYroil 4acTHie, TO OH
IJ1s 3TOTO JOJIKeH Oyner nufo CTOAKHYTbCA C Heil, Jauo
nocaaTk et cHruad.

CHrHa/bl HIpaiOT B TGOPHH OTHOCHTEJNLHOCTH CTOJb 3HAYH-
TEJIBHYIO POJIb, UTO 3TY TEOPHIO MOXKHO OBLTO OBl Zaxke HA3BATh
«TEOpHEeH CHIHA/IM3alHH» — 3TO BHeC10 OBl MEeHbLIIe NYTAHHUILH,
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yem OOWENPHHATOE e HaszBauue. Hanbosee pacHbIMH fIB-
JAIOTCH CBETOBBIE CHPHAMBL HAH (B ofuieM caydae) 3aeKTpo-
MATHHTHEIE CHTHAMBI, H A COCPeNOTOUY CBOE BHHMAHHE Ha HHX.
Toanbko, noxanyiicrTa, He 3ajaBaiiTe MHe ceiiuac Bonpoca,
KaK GLICTPO pacHpOCTPAHSIOTCS CHIHaJbl. Echu Bul IocTabure
TaKoil BOIIPOC, 5 OTBEYY BaM BCTPEYHBLIM BOIPOCOM: YTO 3HAUIIT
Geiempo (Han sedaenno)? Fl Bam Torma mpujercs, MoKeT OblTh
(XoTA A H HANEIOCHh HA JIyyillee), BLITALIHTL Ha CBET BeCh apce-
HAJ HBIOTOHOBCKHX IIPEACTABJICHHH O pacCinosnuil W apeseris.
B raxoM cayuae MHe Heyero OyIeT cKkasaTb BaM — MEI I1OTe-
pAeM KOHTAaKT JPYT C Apyros: Bel Bce eme Oynere npelLBath
B M;-MHpe KnaccHuecKoH (QH3HKH, TOTJA KaK 5l YiKe HaXOXKYyCh
B M,-MHpe TeOpHH OTHOCHTEAbHOCTH H NO3TOMY CYHTAIO BaulH
caioBa (o KpaiiHe# Mepe B JaHHOM KOHTeKCTe) 6eCCMbICIeHHBIMII.

CBeToBBIE CHTHAMB! HMEIOT CJAOXKHYIO CTPYKTYpPY, KoTopas
onuckiBaercs AudepeHnnanbHIME YpaBHeHuaMH Makcpeana,
HO cefiyac JJIf HaILEro YIpPOWEHHOTO M.-MHDa MOXKHO CYUHTATD,
YTO CBETOBLIE CHTHANBI HepeHocATcss 0COOBIM  HOCHTEJeM,
Ha3bIBaeMBIM (homoroM. DTOT HOCHTEb HMEET CBOIO MHPOBYIO
JIHHIO, T HA Hell TAKXKe MOXKHO HADHCOBAaThb CTPEJy BPEMeHH,
HATIPABJIEHHYIO OT €ro HCIYCKAaHHA K €ro IOIVIOMIEHHIO.

Ha ¢ur. 7.4 noxaszansl MHPOBEIE THHHH ABYX HacThy (C u D).
B Touke P yactnua € mocel1aeT CHTHAJ, KOTOPBIH JOCTHTaeT
yactiuel D B Touke (); CHTHAJ HEMeIJEHHO BO3BpawWaercs
obparuo, gocturas C B Touke R. PaccmoTpum 3TOT rpaduk
¢ TOYKH 3peHHs NpuYnHHOCTH. O0MeH cHTHaMaMH HayHHaeTcs
B Touke (cobmitui) P. Habnwnarens C mor Obl, KOHEUYHO,
BooOIIe He [OCKLIATE CHrHaJMa. Ho oH ero mocsad, u cobeitie P
NOPONIJIO CHIHAM, KoTophifl OyaerT BocnpuuaT B Q. Hadaio-
natens D Toke MoOr OBl PEILHTh He IMOCHEUIATh OTBETHOTO CHI-
Hasa. Ho oH Bce ke mocsas ero H TeM CaMbIM BHI3BaJ COOLI-
tHe R. Taxmm o6pa3om, BBIXOAHT, YTO codbiTHe P sIBHJIOCH
npHunnoil cobuitis K. W rpaduk B IOJHOM COOTBETCTBHI €O
3APAaBLIM CMBICJOM MOKa3biBaeT, YTO NPHYHHA Obl1a paHbLIe
CJIENCTBHA.

$1 uYHO MpPHBLIK PHCOBATh CTPETY BPeMeHH HalpaBJeHHOIT
BBEpX,— HO 3TO JIHIUL MOSI MPHBLIYKA, H Ha 3TOT CYET HET
HHKakux o6s3aTenbHbiX ykazaunii. Kak ymxke ckasano, Tpa-
¢uK Ha ¢ur. 7.4 apasercs oTIHYHON HJMIOCTpalHell 3JpaBoro
cybicnia. C 3THM TOTYAC Ke COTVIACHJHCH Obl KamHTaHBI JBYX
MOPCKHX CYJOB, KaK TOJbKO y3HaJu Obl, A Yero 3ToT rpadux
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npeanazHaver. Ho uyto npomsoiizer, ecan Ml nepesepreM
OIHY HJIH JBE CTPeJKH?

TlonpoGyem nepesepuyTs crpenky sa annuu QR. Tenepsb
Mbl BEAHM, uTO Halmomateabr C mocaas gBa curuata uauio-
Aaremo D, npuyen ofa sti chrmata npuuau B touxy Q. Io

c 7

©ur. 7.4, O0men curaajzaMs.

NPAYHHAM, KOTODHIE CTAHYT fICHEE HHIKE, CO CBETOBBIMH CHT-
HAJaMH B NYCTOTE€ 3TOTO CAeJaTbh Helb3d, HO 5T0 OBLIO Gbl
BO3MOZKHO, ec/nil Obl, HanpHMep, OIMH CHTHAA OBLT CBETOBBIM,
aipyroii — 3ByKoBeIM. Tax 4ToO HHYero AelicTBHTENbHO abcypa-
HOTO B 3TOM H3MEHEHHOM HEpTeike HeT.

A Temepb lapaiiTe nepesepHeM CTpeJkH H Ha QR, 1 Ha P Q.
Tenepp C nocuinaer cirnal B Touke R, OH DPHUXOXHT K D
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B Touke () I 3aTemM BO3BpaulzeTcss odpatho, jocruras C
B Touxe P. [lockonbKy cTpensy Ha Muposoll juuuan C MBI He
nepeBOpaviiBadil, BO3HHKJIA HeoxcHAanhaa curtyauus. 0o
Tenepb colbiTHe R aABAseTcs npHunHoll coluitua P, T. e, npi-
4y FeiicTBOBANA 1i0cAe¢ CBORTO CJCICTBHA. 1aKOro HHKOr1a
Guirh He MOseT. Haw rpadix B
9TOM CIvyae cielyer 0e3orosopou-
HO OTRenrHyTh. [IpaBuiIo 1415 1po-
BepKH 3TCTO I MOJOOHBIX  eMy
rpadixo3  MOMKHO  C(pOPMYJIHpO-
BaTh TaK: npu ciedosanuu  60oao
HANPasgagnull, YRASAHHLIX CIpei-
Kastil, sot He JOANCHDL BbINLCHIBONTS
aamxHymers nemeas. Mol 10KHBL
CYHTATh HEBO3MOMKHBIMH IpadiKi
na dur. 7.5, 1 no Toi ke npu-
YHHE ¢JIeIVeT OTBepPruyth rpadilk
Ha ur. 7.2.

Mor sau Heioton nosymatscs
R0 Bcero sToro? Bo-nmepBmiX, oH
He MOT Okl BO3Pa3uTh MPOTHB YETLI-
PeXMepHOro MpoCTPaHCTBa-BpeMe-
HH, XOTS npeanouen Obl BHIETh
ero ¢paspesaHHbIM» Ha Tpexmep-
HOE TIPOCTPAaHCTBO H OJHOMEpHOE
epems. Bo-Bropeix, HeloTon He aor
Ol OTBePTHYTh MHDOBLIC JIHHHI ABYX YaCTHL, [IOKa3aHHLIE
Ha ¢ur. 7.4. B-TperbHX, o corJjacivicsa OLl C TeM, YTO Ha-
61l01atesib HHKAKHM MYTeM He MOKET Y3H4aTh O COOBITHAX,
MPOHCXOAAUNX BHE €ro MIPOBOil JHHHH, KpoMe Kak uepes
MOCPEACTBO CHTHAJOB. B-uernepTsix, HbioToH BroJme mor
Obl BocripHHATL (Ur. 7.4 B kavecrse usoGpaxkenus oOmena
CEeTOBBIMHI curuanaii. OJHako, COIVIACHBIUHCL CO BCEM STIHM,
o Mor Obl CKasaTb, YTO IVIYIIO HCIIONb30BATH JJ1s1 HALIHX
neJeli CBETOBbIE CHTHAMBL. JIyvue Gbiio Gbl MOTPSICTH THKELIN
KYJ1aKOM, 3TO Bbi3Ba/l0 Obl HeMENJIEHHEBII TIPaBHTALHOHHbIH
a(pexT (3aTpsaces Ovl rae-To APYToil TsKe bl KyAaK), H cHrHadl
OT HETO MTHOB@HHO Bo3ppaTtHics Obl. [IpH TakoM MrHOBEHHOM
curgane rpaguk na ¢ur. 7.4 npespatuiaca Oul B Ipaduy
Ha Qur. 7.6, Ha KOoTopoM P U R COOTEETCTBYIOT TENEPDh OAHOMY-
€IHHCTEEHHOMY COOBITHIO.

®ur. 7.5, [Hesozmoxubie
rpaduki.
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Ecan Gul HeloToH BrICKa3an Bee 5T0, TO JNOCTOLNHBIM 1 npa-
BIIbHBIM OTBETOM eMy Obiin Obl CJ10Ba, YTO €0 TOYKA 3PEHs
COBEPIIEHHO BEpHa, NOKa peub HIeT o ero M;-MHpe, B KOTOpOM
TeueT a0COJIOTHOE BpeMs, HJH, HHLIMH CJOBaMH, CYIIECTBYIOT

!

q
R |
i i
c
D
® ur. 7.6. HoloToHOBCKHIT MPHOBCHHHIL

CHrHaa.

MrHOBeHHBIC cHTnadpl. OpHako M,-MHp TEODHH OTHOCHTEJD-
HOCTH OTBepraer NpPeiCTABJEHIEC O BO3SMOMKHOCTH MTHOBEHHOL
CHTHANH3AUHH H HaCTaWBaeT HA TOM, YTO HAHJAYYIIHII BlI
ClTHala — 3TO CBETOBOH cHrHa/Jl B mycroTe. HeT HMKaknx
JIPHYIH CIOPHTE 113-32 3TOT0; B KOHIE KOHIIOB Kay/bli Bipase
YCTaHABJHBATL CBON 3aKOHL B cpoeM M-mipe,



YACTHOBI, MHPOBBIE JIMHHH M CTPEJIA BPEMEHH 85

Oznako, Korjga met cpaBHHBaeM M-mipel ¢ [I-MupoM ¢ le-
JIbIO BRISICHHTB, XOPOLIO JIH OHH COIVIACYIOTCS APYT C IPYTOM,
pasnaercss ckpun. OCHOBLIBAACHE HA BHYIIHTEJBHOM OIILITE
OfLIeHIA C OKPYIKAIOUHM MHDOM — Mo 0oabliell YacTi onbite
KOCBEHHOM,— MOXHO yTBep:Jafb, YTO UEJOBEK HE 3HAaET
TAKOTO CHTHAJMa, KOTOpHIH AeHcTBoBan Obl KaK MTCHOBCHHGIH
HbIOTOHOBCKHIT cHrHaJs Ha ¢ur. 7.6, H yto JeHCTBHTE/bHO HET
cHTHAJA Jydile cBeroBoro. Ecaum OBl TaKoil HBIOTOHOBCKHID
curfa’ Obln o0Hapy»eH B NPHPOLE, TO CHEIHAJTHCTAM IO Teo-
pHH OTHOCHTEJLHOCTH MpHIWIOCh OBl 310POBO IMOBOPOYATH
Mo3ramH, 4tolsl npucmocobnTe Ma-mup K -MHpY.

Bul MoxkeTe TpyOo cKa3aTb, YTO HH OJHH CHTHAJ HE MO-
KeT pacnpocTpaHsTbhesa ObicTpee cBeta. Takoe yTBep:kieHie
NpocTo JenaeT JerKoe TPyAHbIM. Ecau yroawo, y Hac peub
HIET O KPYTrOCBeTHOM IYTeLIeCTBHH, 4 HE O MOoe3jKax Tyia H
o0paTHO NOPO3Hb, H AJf Bac Obl10o ObI JYUIIE OTJ0XKHTL NOKa
ECAKHE MBICJH 0 OBICTPOTE@ HJAH O CKOPOCTH, MOCKOJBKY 3TH
NOHATHS SABJSIIOTCA BeCbMa TPYIHBIMH IS IOHIMAHIA.

Tenepr HacTaJo BpeMsa BLIUEDPKHYTH €lIe OJAHO CJAOBO H3
BAILEro JIEKCHKOHA — CJI0BO 00HOgpesenHocne — Jau0o, eclu
Bbl XOTHTE, ero MOXKHO COXPaHHTb, HO B KpailHe BLIXOJIOUIEH-
HoM Bjle. Ha k/accnueckolf HbIOTOHOBCKOI KapTHHKE ((ur. 7.6)
cobpitiisl P M Q OZHOBDEMEHHBI, H 3TO CJAOBO YPe3BBIYAIiHO
yAauHo (H JaxKe HMeeT (yHIAMEHTAJbHOE 3HAUCHHE) B KJacCH-
ueckoM cMbicie. Ho, pasramanesas ¢ur. 7.4, Guliio Obl omnGKoil
rOBOPHTh, YTO TaM €CThb Kakaa-/11160 OQHOBPEMEHHOCTE CafaITHiT.
Ho coobpax<eHnsaM NPUYHHHOCTH MBI IOMKHBI TOBOPHTD, uTO R
nponzouo nocie @, a @ — nocse P. Kasasaoch OHl, na Mi-
poBoii JuHHH C rie-To MexAy P H R IO/MMKHO HMETb Mecio
co0nITHE, O KOTOPOM MOXKHO ObITO GBI TOYHO CKA34Th, YTO OHO O/1-
HoBpemenno ¢ (. MoxkHO, KOHEUHO, COCTPSANATh TaKoe onpese-
JeHue (HampuMep, HCIONb3Ys NpeicraBieHie o6 OTHOCHTEND-
HOM BPEMEHH, C KOTOPBIM MBI MO3NIaKOMHMeA B riase 9), no ero
Hesb3sl OyAeT NPHHHMATbL CJAHLIKOM cepbe3no. Tak uto, no-
®anyiicTa, 3abyabTe eile H CJ0BO «OIHOBPEMEHHbI», eCaH bl
HE BK/JAbLIBAETE B HEro JHUIb TPHBHAMBHBIL CMEBIC, YTO JBA
COOBITHST OHOBPEMEHHBI, €C/IH OHH COBNAjalOT APYT C JAPYIOM.

Tenepe, nocae Toro Kak Mbl OTOPOCHAM MOHATHE ONHO-
BPEMEHHOCTH B Jio0oM abcoaioTHOM cMbIche (KpoMe TPHBHAJ b-
HOTO), Mbl, HAKOHEI, OCTAHOBHJMCh HA pacmyThe: MO ONHOII
Aopore nowes HelotoH, no apyroit — dfiuwTeiin.
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cMopu-Zocetines w <« Heneaonas

Ba Kopalas — «Mopu-JIkelim» u  «[lemesnonas — Byecre
ﬂ NOKHHYJIH MOPT A3aM M manpasuiics B Besas. Hayr oxu
T0po3tb, HO JepKaT APYT € APYTOM CBs3b NO pajlio.

Oanaxast yrpom xanutan «Mapu-Ixeiins, ces 3aBTpaKarh,
NOHHTEPecoBaNCH, UTO B 3TO Bpemsa jgenaerT kanutan «[leme-
vonk». OH BHI3BAJI CBOETO PajiicTa, BeJdes eMy [OCAaTh CHIHA
I B VYTHBOH (OpMEe OCBEIOMHTBCS, Cel JIH yiKe 3aBTpakaTb
xannran «llenegonsy. [anbeiiee nponsounio B MrHOBeiie
OKa, I papmorpamma yuwnia ¢ «Mspu-Ixeiin» B TOT cansii
MOMEHT, KOT/d €e KaIlHTaH B3iJ B DYKH HOXK, uToOb pa3buth
siino.

Paguer na «Ilenesnione» Toxke ne tepan Bpemenn. On pol-
CKOUHI M3 paauopyOKH, MoMuafncs B KaioTy, Iie KamnHTam
HIMeT OOLIKHOBEHHE 3aBTPaKath, YBIRT, YTO €r0 TaM Elle HeT,
noMyasIcs 00paTHO K CBOeMY NepefaTyHKy 1 nocaan na «MspHu-
Lxeitny coobienne, uto xkanntan «leHeqoney ele He cajuacs
3a 3aBTpaK.

3Ta HOBOCTb JOCTABHJA YAOBOJBLCTBHE Kanutrany «Mspn-
Jhxelin.

— $1 nosasTpakaio pawmblue, yeM 3ToT JenTail! — ckasan
OH, aJpecyfAch K mnoprpery IiiHwTeliHa Ha CTeHe KaloThHL
NIOPTPET, Ka3asoch, COTJIACHO KHBHYJ TOJOBOII.

Ha caenyiomee yrpo sra mcropus nosropuaacs, no yike
C APYTHM Pe3yJbTaTOM — OTBeTHas Tejerpamya ¢ «[lerenomnny
raacuaa: «Kanntam yxe Hayan 3apTpakaTh M HANOJOBIHY
chea aitnos,

— Uepr noGepn! — Bock/MKHYA KanuTan «Mapu-Keliny. —
JToT GeziedbHHK Cerofns oGCKakaa eisn!

Ho, B3raanys na noprper diiuwreitna, KanuTan yBuiea, 4To
TOT yike He KHBaZeT eMy TOJIO0BOH, a KaK GyATo VXMBLASeTCs.
«B yem ke omn0ka? — noiyman Kanutam.— Belb $iCHO, uTO
kannra «[Tenesionul> Havas cBoil 3aBTpak pamblue, YeM Gbiia
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OTpaBnena paguorpamma ¢ «Mspu-/Taxeiimy. U TYT Kanutaua
«Mspu-JIxelin» ocenmno:

— Curnany muymuo Bpems, uyToGor NYyTeINeCTROBATh, —
Ckasan o camomy ceSe,— H, BO3MOXKHO, IMEHHO s Hayana
SdBTDAKATh NEPBLIM. Sl cel 3a CTOJ B TOT cambril MOMEHT,
Korja Obl1 NOCIAH CHTHAJM, 4 5T0 6LuIo HaBepuaKa paublue,
den on mpuwen na «llewesonys. Ho tor JEHTAH Toxe
Haladl 3aBTPaKaTh  paHblie, yem Opuuen  3ToT  cHrias!
M-na, Takuum nytem s me YSHAI0, KTO M3 Hac cen 3a 3aBTpak
HEPELIM,

H xannrtan «Mspn-Iikelin» oTueTsingso IOHAJ, 4YTO nepeq
HHM  CTOMT mpo0/ieMa OfHOBPEeMeHHOCTH, Hukxorza panbue
IIPH HCNOMHEHHH KaMHTAHCKHX 00f3aHHOCTEl eMy He mpuxo-
AHJOCh 3ANYMBIBATLCA HAA TAKHMH BemaMu. OJHAKO OF He
coOHpaJICca CAABaTBCA H NBITAJCH To TaK, TO 3T4K peITh 3Ty
34j1ady, BOPOYAaACh HOYM HANpoJeT Ge3 cHa Ha CBOGH Kolike.
Bonpoc, uto uvenno genan kamnrax «[lenenronsn B TOT MoMenT,
KOria cam OH cajHJcs 3aBTpaxarh Ha «Mspu-xeitny, npiosd-
pea AnA Hallero Kamurana NEPBOCTENEHHYIO BamHOCTh. (i
TIOHHNMAJT, YTO HHKAKOH mpobsieMsl He BO3HNKJIO Obt, Oyab onn
00a Ha OIHOM H TOM ke KopaGiie, cHIst GOK 0 GOK 3a OmHIM
H TeM ke cTonoM. TpyaHocts nosiBusack Ha-aa TOTO, uTO
curuany rtpeGoBasioch Bpems Ha pacmpocrpanenne. Kanwurau
«Mapu-xeiim» IIEPEPLLT BCIO CYIOBYIO GnGaHoTeRy, uToOLI
BLIICHHTD, €CTb JIH CHTHAJIBI J1ydiue PalHOCHTHAJOB, HO BCe
KHHTH COITACHO OTBEYANH, YTO JYHIIHX CHIHAIOB HeT. Cserc-
BBIE CHTHAJLI JOJIKHLL OBIIH PacnpocTpanaTLes ¢ Toit ke
CKOPOCTRIO, UTO H PAJHOCHIHAMLI, 4 3BYKOBhIC — MEJJICHHEE.
Tax uto u kuury He nomoran KanHTauy.

Torna on pemmna NpuGETHYTL K noMmomy Kamutana «llese-
0N H TOCAan eMy IJHHHYIO panHorpammy, ofbsacHSs,
B uem coctont npoGaema. Kanutan «[Texenonpn noAyMals, 4To
€T0 KO/NIEra PexHyJcs, HO PELINA OTHECTHCh K STOMY C IOMG-
pou. OH npexioxu, utodu <[lenenonas nocsada psy CHrHz-
J0B Ha «Mapn-IIkeiins, NPHYEM KaMABI CHTCHAM JNOMKEH Gbil
HMETL Koaupyiomuii womep (1, 2, 3, --)y TaK YTOGBl MOIKHO
OBIIO YCTAHOBHTH MOMEHTBI OTNPA&BJIEHHS CHTHAJN0B ¢ «llenc-
JIOOBIY M MOMEHTHl HX NpHeMa Ha «Mspu-xeitn». Torzaa
MOMEHTLI MOCBTKH CHTHAJIOB BHICTPOMJHCE Gbl BoO BPEMEeHHOM

nopsake 1, 2, 3, ... u anasornyno MOMEHTBI HX NIPHEMa paciio-
JIOKHJIHCh OBl B TOM Ke nopsiake,
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Ho Tax a1 310 na camonm zete? UToGwr VOEIUThCS B 3TOM,
¢ «llenenonby noenansu cursan 1, a 3a uuM cursan 2, o OHH
Ol npuusATH Ha «Mapu-keiin» B ToM ke nopsiake. Buina 6o
RefICTBHTE/ILHO CTpailHas nepasGepuXa, ecaH Gl CHLHAMbI
Beq ceGsl, KaK 3asil M yeperaxa B H3BECTHOM COCTA3aHHII,
HO, K CYaCTbio, 3ITOT0 He cayuusiock. CHIHaJ, NOCAAHHLIR
BTODBIM, HHKOrAd He NPHXOAHI NEepBLIM.

Kak Toibko 370 BHIACHH.IOCH, KamWTaHbl MPHHSAANCH 33
sKcneplyedt. [locKosbKy, oiHaKo, pacckasbiBath © He
AOBOIHO CJIOXKHO, A NPHOETHY K NPOCTPaHCTBEHHO-BpeMeHHO
Anarpamue (¢pur. 8.1), ¢ momowsio Kotopoii BaMm Oyzer Jerue
CIEANTh 3a MOMMM paccy:aennamu. IToBTopsio, dto 3to —
TIPOCTPAHCTBEHHO-BPEMEHHOI YepTeK, a He MOpCcKas KapTa.
Jlge xpuewle, casmiBaiowne Toukn A u B, ABASIOTC uciio-
puaru aByx KopaOseii (HX MHPOBEIMH JHHHAMH). Touxka A
o0o3Hauaer GakT HX OTIVILITHA M3 A3ama, Touka B — T pHxoia
B besam. Caruan, nocaanunii ¢ «[Tenesonsy ua «Mapu-Ixeiiny,
BRIMIANNT KaK NpsMas, HanpapieHHas BJeBo (nanpumep, FC),
4 CHTH&J, HAYIHA B 00paTHOM HanpaBJeHHH,— Kak npsaMas,
HanpapJeHHas Bnpaso (Hanpumep, CE).

HanGosbumii  nurepec npencrasiaseT cobmitine C — 3T0
kanuran «Mspu-Ixeiin» cagutes saptpakath. C «[Tenesomni»
HOCBIIAETCA COBOKYMHOCTh CHTHAJIOB, H OIHOMY H3 HHX TO-
CYaCTJAHBHJIOCH MPHOBITL TOYHO K COBhITHIO C; TNOCHIKA 5TOrO
curgana  Owiia  coGuitiiem F. OT € CHTHAT HEMELJIEHHO
nocpliaercs o0patho ua «[leHesiony» M IOCTHTaeT ee B
Touke E.

3atem ofa KanuTaHa A0TOBOPHJNCH O TOM, UTO OHH HHYEro
He OYAYT Jie/1aTh TaiiKOM IpYT OT Jpyra: oHH 6yayT canutbes
KaxIblii 32 CBOH 3aBTPaK OIHOBPEMEHHO, B OJHH H TOT Ke
MOMEHT, HJIH KaK TaM BaM ellle YroJHO BeIpasnThes. Kpowme
TOro, OHH pPEWMJIN, 4YTo KanuTtan «Mspu-IIxefin» nposiBHT
HHHIHATHBY H YCSAETCH 34 CTOJ, KOTAA NOXKeJaaeT, a KanuTau
«[lenesionnly cAjeT 3a 3aBTPaK ¢ TAKHM PacyeToM, uToSul Gbiia
colJioleHa OfHOBPeMeHHOCTb. I Meskny KopaGasMH Hauaiu
KypCHpoBaTh coolLienls, HO NOKa MUPOBast JHHHESA «Ilenesons»
He nomsa Jo Touku E, ee KanuTaH He MM NpaBa VTOJNHTh
csoii rosoa. On MOT NpHCTYNaTh K 3aBTPAaKy TOJBKO B TOT
MOMeHT, Korza ¢ «Mspu-IIxeiin» npuaer usBecTie, uTto ee
Kanntan nayas ectb. Ho B TakoM cayuvae, oueBHaHO, coObiTHe £
HACTYNaTO C/UILUKOM 0310,
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Toraa kamuTaubl CTanu HCKaTh APYrofi MJaH H peLIH,
4TO MYCTh Kanutad «Mapu-JIxkeliH» cajuTCcs 3aBTpaKarh, Korna
€My YTOLHO, a 4J/eHH KoManibl «[lexenonwy Oyayr OwbicTpo
CbelaTb CBOH 3aBTpak OAWH 3a JAPYrHM. Toraa — sTo

B

E__ Coobuene npusgmo

Ha ,, fenenone™

Hanuman ,, Mshu- g orcein™

i RS cadumen 3abmparams. locagun
cocluenue of smom y SA@URCY-
poSar Homep noAyyerozo

coodulenun

F
~——~Coobuerue nepedano ¢, Nenencos™

— Mupeban nunun |, My -Noeean™

—— lupabaa muru , Newenons ™

A

@ ur. 8.1. Mytewecreue «Mapu-akeiins n «[Teneqonts.

Ka3a/10Ch CYEBUAHLIM — XOTh KOMY-HHOVb H3 KoMmaHabl «]lene-
JONE, €CAH He CaMOMy KanuTaHy, YAAcTCsl 1103aBTpaKaThb
onHoBpeMenHHO ¢ KanutamoM «Mspu-Likeiin», I TYT Ke 34-
KJIOUIH naph. Ho 1 sToT nuiau notepren Kpywenne, NoCKOAbi Y
€AHHCTBEHHEIH BLIBOI, KOTOPBLIT MOMHO OBMIO cHeTaTb 1:3
STOTO «3KCNEPHMEHTa», 3aKJ/IICUaJCs B TOM, 4TO JIOOOH MODsK
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¢ «[lenenonen, kotopmii 3aBTpaxajd g0 HaCTYMJAeHHA COSH-
THA F, THTAACA CAUILIKOM pano, a mobol H3 HuX, KOTOPBI e/
nocse cobutna E,— canwmxon nozaHo. HTo Kacaercs Tex
MOD#KOB, KOTOphle 3aBTpakamu mexny F u E, To TYT HHKTO
He MOT ObiThb Ha3BaH MOGEAUTENeM, 1 NP3 NPHLILIOCh Pa3aeanTh
MEAKILY 1l nopesHy. OXHH H3 MOPSIKOB 3aNpoTecToRa Gblo
I rioTpeGoBaa cefe NPH3 UEIHKOM Ha TOM OCHOBaHIIH, YTO OH
no3asTpaxas akeSsl TOYHO Ha moanyTH o F k E. Ho NGCKOIBKY
OH HC CMOT OOBACHNTB, UTO OH NOHHMAGT MON <OJOBHHOMN
TTyTie, Cro JIMWHAN L0 B NPH3E H JaKe 3aKOBAJI B KAaH1a.1bi
3d HENOBHHORCHHE.

Koraa oGo Beem 3103 nonosmiia kanutany «Mspi-ITxeitss,
OIf Y1UeJ B CBOIO KaIOTY Il MPEKJOHHI KOJIeHH Mepe HOPTpeToM
Siirwrelina.

[lo npuGuitin B Besam o0a kannTana co0o0pasuan, 4To oHl
3a0bL1H O BEJIKOENHBIX KOpaGeabHbix XPOHOMETpax, HMeB-
LHXCA na GOpTy, H CTalH AYMaTh O TOM, Hedb3f JH HCMO/b-
S0BaTh NIX L751 pellenns sagaud o6 ogHoBpemennocrn. Uto
¥ HHX NOAYHITOCH, BBl CMOXKCTE MPOUNTATHL adee, Ha cTp. 98.
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TdJADA

Bpena

Uyis 6o ceMb — palOTHHLE BETaBaH,
ChyMuasM JIOAAM — B JeCATh HAYHHATD,
ApHCTOKpaThl Ke, HCHIBLIH YallKy dYalo,
YKaaapBajlich CHOBA TIOUHBATD.

peMsA B KJacchueckoil (usike — Bceolilee, YHHBEpCaIDb-

nce. Bpewsi B TeopHH OTHOCHTEILHOCTH — TaK CKasaTb,
JAHYHOE, HHAHBHAYVaJabHOe. Moe BpeMsi — 9T0 He Ballle BpeMs,
a Bawe Bpems — He Moe. [lo kpafnell Mepe eCIH MLl C BaMH
He HAXOAHMCH B TeCHOIl KOMIAHHH IJH He PellilIl npencdpedb
JIOCTATOUHO MaJoll pasHHLEH BO BpeMeHH.

§1 pewHs MCMOJL30BATh JJIST 1HasBauuA 3TOH IJaBLl O1HO
c0BO «Bpems». §1 mor Obl 03argaBuTh ee «ColCTBEHHOE BpeMa»,
HO BCe ke EO3jep:Kalcs OT S3TOTO MO P#iy CYUIECTECHHBIX
npuuiig, OJHA H3 HHX COCTOHT B TOM, 4TO CJIOBO ¢COBCTEEHHBIITY
HMeeT elle M JAPYTOH CMBICJ, TaK YTO TOTAd 3aro/JIOBOK MOIKHO
6b10 GBI HCTOMKOBATb KaK BpeMs, Haxoasileecs B Ybel-To
co6CTBEHHOCTH. BTOpas NpHYHHA COCTOHT B TOM, YTO eCaH Obl
3ar010B0K Obl1 «CoOcTBEnHOE Bpemsy, TO BBl Moran Gbl ¢ 10J1-
HEIM OCHOBAHMEM CIPOCHTB, a UTO JKe, COOCTBEHHO, 03Ha4YaeT
NPOCTO «BPeMs» — OIHO cyulecTBHTEbHOE Ge3 NosiCHAIOUINX
ero mpuiarateibnbix. Jeqo B TOM, 4TO «COOCTBEHHOE BpeMf»
H ecTb épema B caMOM TyGOKOM cMbicie. Tak 4TO ecau BBl
nozKeJaaere HCNOJb30BAThb CJOBO «BpeMsi» B JADYTOM, MCHEE
dyHaaMeHTalbHOM CMEICIE, TOIJa BaM Jydyile CHaGauTk ero
NOAXOASUIAM IOACHAIOLINM cJaoroy. Hamnpumep, BBl MOMKETE
NPHMEHHTL CJAO0BO ¢BPEMA» K OJHOH H3 UYeThIpeX KOOPAHHET
NpOCTpaHCTBa-BpeMenlt; Torja Jayuiie Opl10o Obf CKasaTb Roop-
Qunamroe epess, NOCKOABKY 3TO JiHIUb ETOPOCTENEHHOE 3HA-
yeHHe CJI0Ba ¢Bpenay *

* ¥ nac mpHEATO LG3MBITH 9Ty BELiuiMY BpeMenHOGI KoopAnHaToll.—
Hpus. nepes.
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Ho s TyT TOaKYI0 0 cacsax, Toraa Kak peub JONKHA HATH
O noMAmuL, NOHATHH Bperenn. B cBoe BpeMs 51 TOBOPHJ O Bpe-
MeHHOM nopsaKke coGBLITIII, O TOM, YTO OJHO COGLITHE B HCTODIIH
YACTHULI TIPOHCXOQANT paHbliue (WJIH No3Ke) gApyroro. Bee ato
NPaBH/IbHO, HO MOHATHE HANOJHAETCH (DHIHUECKHM CMLICJIOM,
TONBKO KOrAa CKasaHo, YTO H Kak TYT MOMKHO H3MEDHTb,
I HHKaKOil nopadox 6o 6pesteHi He eCTh camo épems. Bes no-
HATHS BPeMeHH HAM HHKaK Heab3s Jafdblie o00fTHCh, MO3ITOMY
HauHeM 0ecel10BaTh O HeM, MPer/ie BCEro B PAMKAX TMPUBBIUHbLIX
Hasl [peicTaBaeHul.

Jliond B 0ObIYHOH OGCTAHOBKE CJEIAT 3a BpPEMeHeM T0
HacamM, XOI KOTOPHIX BpeMs OT BDEMEeHH TNpOBEpSHIOT [0 CHI-
HaJjaM, TPaHCJAHPYEMBIM IO pajHO HJH TeJeBHAEHHIO. ITH
CHTHA/IBl BPEMEHIH MNepelaloTes H3 acTpOHOMHUYECKHX ofcepBa-
TOPHIl H OTCYHTBIBAIOTCA TaM MO KaMKyLIeMYCsi BpalleHHIO
HefoCcBOMa, KOTOPOE SIBISIETCS CJEICTBHEM JeHCTBHTEIBHOIO
Bpauenis 3eMaH. BRIXOIHT, 4TO H3MepeHHEe BpeMeHH CBA3aHO
¢ HeGeCHOH MeXaHHKOH, H NPaBH/JBHO TOBOPHTb, 4TO BpeMs
B 00LIYHOM ero NOHHMAaHHH €CTh HE3aBHCHMas NepevenHas f,
BXOIALlAs B HBIOTOHOBCKHE YDaBHEHHS JBHXKEHHS, KOTOpbie
YNpaBJsioT HeOecHOH MeXaHHKOM, H UTO H3MepeHHe BpeMeHH
CBAI3AHO C pPelIeHHeM 3THX YpasHeHuil. B kauecTse mpocreiiiieii
HAJIOCTPALIH  3TOH  IAeH  PacCMOTPHM Tel0, JBHMKYIIEecsd
B OTCyTcTBHE cui. Torza Bpemss NPOMOPIHOHAJABHO NYTH,
OpOIJIeHHOMY TesloM. B HbIOTOHOBCKOI MeXaHHMKe, TaKHM
o0pasoM, épema H3MepsACTCS uepe3 paccmoanue. VY uveHHO
paccTosiie sBJISETCS OCHOBHBIM MOHSTHEM B HBIOTOHOBCKOM
MHpPE — BbLI H3MEpPSETE ero ¢ MOMOIIbI0 alCcOqIOTHO KECTKOTO
H3MEDHTEIBHOTO CTEePIKHS.

[TocyotpuTe Ha Hayal1o mpelsiyuiero ab3aua H obpaTHTe
BHIIMAHIE Ha TO, 4ro fA Hayad ero c Jl-mupa — ¢ Joaei,
NOMVISALIBAIONUIX HA Yachl, CBEPSIOMIHX HX C CHIHAJKAMH
Bpemenn, ¢ HalOJjIoJeHHA 3a BpaweHueMm He(GecHoTo CcBojA.
A 3akonuHa s 3TOT af3all, MOrpyauBIIHCh B M;-Mup HeloTona
C YpaBHEHHFMH [BIIKEHHA, C He3aBHCHMOH NepeMedHOH /f,
C DacCTONHHAMH, H3MepseMblMH a0COJIOTHO JKECTKHM CTepk-
neM. /loBoibHO TPYAHO YAEp:Karb 3TH JBA MiIpa I00ZANb
IpYT OT Ipyra, 1O MOl IO/ZKHBI 3TO JeqaaTh, NOCKOABKY M;-Mup
Horotona sumuer k noras jio0oro Kenaioulero nepeMaxuyThb
B M,-MHD TEOpHH OTHOCHTEIBHOCTH.

[TosTomy BeITpes HOTH H BepHemcsl B HAl YIOTHBI JI-MHp,
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B KOTOPOM BCE NDOMCXOANT HA CAMOM JeJe H H3 KOTOpOro
u3ruana, no Kpalineil Mepe noka, sTa cymacOpoAHas HIpa Noj
HazBaHIeM «MaTeMaTukay, Hy ne cTpaHHO /i, 4TO HAM IOYEMY-TO
Heo0XOOHMO HMETh JEI0 C KaXKYIIHMCH JBHKEHHEM 3Be3l A1
Toro, uToObl BBeCTH Takoe (yHAaMeHTalbHOE MOHATHE, Kak
nousiTie Bpemenn? Passe Heib3fn 06OHTICH OOBIKHOBEHHDIMU
MEXaHHUECKHMH YacaMH, TOJBKO XOpOID cielaHHbMH? Beib
BCE, YTO HYZKHO, Kasanoch Obl,— 3T0 4TOOBl HX MeXaHH3M
KaAblii pas MoKasblBasl OJHO 1 TO KE NPH OAHHX M TeX e
yCa0BHAX. J{0CTATOUHO NMPHBECTH B MpIIMEP NeCOYHbIE H BOIA-
nble yackl. Ho 9T0 caHWKOM TpyQble yackl. JIyylle B3saTh 4aco-
POIl MeXaHH3M ¢ OaJlaHCHPHBIM KOJIECHKOM H PeryJisiTopoM Xojaa.
Ho MBI, Kamercs, CHOBa TepsieM H3 BHIY MPOCTOe NpeacTas-
JeHHe, 3aCJOHSA ero CJ0MKHOCTBIO YacOBOTO MeXaHH3Ma.

Jast pa3snooOpasHa MOKHO TIPIBJIEUDb K ey elle H aTOMHbIE
yacel. JIOBOJBHO CJOYKHO OMHCATB, KaK Ha caMoM Jeae palo-
TaeT HX «MEXaHH3M», HO JJs HAc celiyac 5TO HeCYWeCTBEHHO.
B ofwHX CJI0BAX MOKHO CKa3aTh, UTO aTOM MOKHO BO30YINTb
Ha HEKOTOpBIll YpOBeHb 3HEpPrHH, Tepebupasick ¢ KOTOPOra
na Gomee HM3KHI YpOBeHb, OH OyNET HCMYCKaThb H3JYYeHHe
C yacToTOH (4HcjaoM KojeGaHHi 34 Ofny CeKyHIY), Ompenensc-
MOl THHOM aToMa H IBYMsi BHIODAHHEIMH YPOBHAMH 3HEpLHI.
MBI MOXKeM TOBODHTB, YTO 4TOMHBIE Yackl THKAKT CO CTPOrO
onpejeneH ol YacToTOH — HAYT — H NOKA3bIBaeMOe HMH Bpe: i
C MOPAa3HTeNbHOH TOYHOCTBIO COMJIACYeTCsl C OOBIYHBIM AaCTPOHO-
MHuecKHM BpeMeHeM. CTaHOBHTCA MOJHLIM ONpeRedaTh eAlRILY
EpeMeHH IO MOKAa3aHHAM aTOMHBIX YaCOB, & acTPOHOMIIMECKOe
BpeMsl CYHTATh BTOPHYHBIM *.

XoTa GusHKaM JJs NOCTPOEGHHA TEOPHH ATOMHBIX 4acoB
NPHXOAUTCS TOTPY»arbcs B MaTemaTHueckuil M-mup, canu
5TH Yachl, NOZOOHO BallMM HAPYYHBEIM uacaM, NpeGHBaIOT
B I-mupe. Kak ofbHO, uTOCH COCTaBHThL NpeACTaBJeHIie
0 yeM-1160, 3TO 4TO-TO HYKHO H3BJeub M3 JI-MHpa, OUHCTHTh
H IepenaaBuTh e€ro B (opMy, OTBedalomyio aanxHomy M-mupy.
Hnst Ma-MHpa TeOPHH OTHOCHTEJbHOCTH B KaUecTBe HAMEPHTETA
BpemeHH Mbl BhiGepeM aToMuble uachl H OyJeM CUHTatb, 410

* D10 yKe nepectano GHITH MOIOI, a €TAJ0 3a8KOHOM. ATOMHBIC HaChl
©0,18]1210T 3HAUNTENbHO Godce BHICOKOH PaBHOMEPHOCTLIO XOAd, UeM Bpalle-
nize 3eman pokpyr Comuua. [Mo 5710{t NpEuLNE CETOAHS STATIOHOM €1HHIILLE
BPCMCHH — CeKYHIbl — CTaJH ¢MOKa34H1iA» aTOMHBIX YacoB, d HE 3BE3JHOI0
neGa.— [Tpus. nepes.
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TAKIIMIL 4acaMil MOXKHO cHal1uTs Kax1ylo uacTuiy. [lockoabky
B HameM Mj-MHPE CYMIECTBYET TOMbKO 3Ta pPA3HOBHIHOCTD
Hacos, 1 Jajee CHHMY IOSICHAIOMIEE CJI0BO «aToMHLIey. Hekoro-
LI aBTODEI JIKOGAT TOBOPHTL, UTO 3TH «3TAJOHHLIC YaChly H3-
MEpAIOT ¢COOCTBEHNOE BpeMs», 51 ke OyZy TOUHO B TOM e
B CMEIC/IC HCTIONB30BATh GOJiee NpoCThIe

C/I0BA: «Yachl H3MEPAIOT BpeMms».
O Bpeneni 3a MHOTHe TIpoLIEIIHE
BeKa HArOBOPEHO CTOJNBKO BCETO, YTO

51 Oy1y upe3BbMaiiHO paj, ec/aH MHe

f Ha 3THX CTPaHHIAX yIacTCA NPOGHTh-

f Cf K BaM C MOHM TNOHHMAaHHEM Bpe-
- MenH. § cxasam «voe», HO 3TO He

{ H3 TUIECIEBHS, a, HANPOTHB, H3
,l CKpoMmuoctd. $I He yBepeH, uTo
f Siiwreiin o1o6pua Gbl Bee, uTO A

TOBODHJ, H CeHYac, BO3MOXKHO, 31pas-
CTBYIOT HEKOTOPLIE CHEUHAJICTEL Mo

F TEOPHH  OTHOCHTEJTBHOCTH, KOTOpBIE

. TOKE CMOTPSAT Ha BpeMA MO-HHOMY.

Onnako B wetom, s aymaio, Moe

E NOHHMAHHE BPeMeHH COBMajdeT ¢

7~ OPTONOKCAJLHEIM IPEICTaBJACHHEM O
HeM. EJBa /M CTOHT BLICKAa3LIBATD

HAMEDEHHO  epeTHYEcKHe  B3TVIAMNL
3( TOJIbKO H3 KeJalns ObITh OPHTHHAb-
X‘ R HeiM. [ToBTOpfIO, uTo 51 3Mech Hasa-
rai0 CBOE€ MOHHMAHHE BpPEMEeHH B

M,-Mipe TeopHH OTHOCHTEJILHOCTH,

R HO eC/ll Y KOoro-anfo i3 MoHX 4HTa-
Teaell HMeercs Apyroe, TO OH MOMKET
A nperaoxurs mue ero. Ilofimy s cro
D ur. 9.1, Pucynok namo-  HJH HET, 3TO yike HHOII Bonpoc.
CTPHPYET NOHATHE BPeMCHH UTolLl NOAKpPEnuTh Haum J0BO-

u paafma‘fizgoﬁ_)«napmouc ALl, MOHAACGHTCS NPOCTPAHCTBEHHO-

e BpencHHan auarpasma. Catoll teabio
51 Hapicosas ur. 9.1. IT0T UepTex CAYHHT elie OIHOI LeTH: Ol
TIPH3BAH 0Ka3aTh ORCCMBICACHHOCTD TOTO, YTO HA3LIBAETCS «Ha-
PaloKCOM uacoBy. [Is1 MTIOCTPALHI IOHSTHS BPEMCHH HaM
Obl10 Gbl OCTATOYHO OJHOI MHPOBOI JIHHIL. O6parurte Buu-
MaHHE Ha MHpPOBYIO JIHHHIO caeBa. Oua . POCTHpaercs ot
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cofmtua A 10 coluiTua B W HeceT na cefe CTpesqy BpeMeHH,
VKa3bIBAIOWLYIO IIOCJEN0BATEIbHOCTL COOBITHH BO BpeMEHH.
UepTOUKH HA MHPOBOIl JIHHHH CYTh OTMETKH HEKOTOPLIX COObI-
THH — THKaHbs 4acoB, HAYUIHX HA uacthue. JLi1s mpocTOTHE
a1 A, u B Tome cCunTalo «THK-TakaMu» H (onsTh e no cecobpa-
JKeHHAM yao0cTBa) pasMecTna Mexay A u B 25 mpomexyTod-
HBIX ¢THK-TAKOBS.

[Tpun mepexoje B HanmpaBJeHnH, YKa3aHIOM CTpeakoil, oT
OIHOTO «THK-TAKa» K CAEAYIOUEeMY 32 HHM BpeMs BO3pacTaer
ua oxmy exnwnuny. Hynab oTcyera BpemeHH MOMKHO BLIOPaTh
B mo0oM mecTe MHpPOBOI Juuuu. BruiGepem ero B Touke A.
Torza Bpessa B Touke B no yacas, NyTEWECTBOBABLIMAM BMECTe
¢ yacTnuelf no JepBoil MHPOBOH JIHHHI, COCTaBUT 26 eLHHILL.
Ananornuyuo ppema coduitia E cocrasur 10 equnui. Bot 1 Bee,
YTO f XOTeJ CKas3aTh O NMOHATHI BPEMEHI B CBA3M C JeBOi
MHpPOBOIT JHHIEH.

A Teneps o0paTHAMCS K MpaBoil MIPOBOIT JHHHE, Ha KOTOPOH
a cienan 21 mpoMEMyTOYHYIO OTMETKYy BpeMeHu. Ecan no-
NpeIeMy 32 HYJb OTCUETa BpeiieH BLidpatb A, TO BpeuMd
co0biTHsl B o uacaM, NYTellecTEOBaBIUHN 10 NPaBol MHDPORBOI
JUHHH, CcOCTABHT 22 eIHHHIEL.

I'ne-to gomymena omuGra? J{o/uKeH M 5 clenars Ha ofeilx
MHPOBLIX JIHHHSX OJHHAKOBOE WYHCJIO OTMETOK BpemeHu?
Koneuno e, ner. B camon Jlene, s MOT Obl HHTEpBaJ BpeMeHil
Mexay coObiTHaMH A M B chenaTh He3aBHCHMBIM OT HCTOPHI
yacoB, KOTOpHIE 3aperHCTPHpOBAaJI JABa HHTEpBana, H 3TOTO
Ham Obl10 Obl BIIOJHE JOCTATOUHO, YTOOB BOHTH B Ham M-aip.
OzxHako BpeMsi B TEOPHH OTHOCHT&NBHOCTH HHIMBHAYaJdbHCE,
a ne obuee. M ecan MBI BITaeMcA cielaTh HHTePBaJI BpeMeHi
HE3aBHCHMEIM OT HCTOPHH YaCOB, TO MbL II0 CYILECTBY NMPHXOMIIM
K alCcoJIoTHOMY BpeMeHH H oKasblBaeMcs cuoBa B My-mupe
Heiotona, a He B M,-MHpe TeopuH oTHOCHTeIbHOCTH. Bor
nmoueMy, KOTAa MBI PHCYEM MpOCTPaHCTEEHHO-BpPEeMeHHOl uep-
TeK, nonobuell dur. 9.1, ME JjoskHLL B ofuleM ciaydae, genasd
OTMETKH BpeMeHH, CIeJaTh HX pasHOoe YHCJ0 Ha JBYX MHPOBbLIX
minnax. (J manncan caopa «B oluieM cayyaer IDOTOMY, UTO
B YACTHOM CJyuae MOTYT BCTpPETHTBCA TaKlie CHMMETpPHUHLIC
YCAOBHA, 4TO 3TH ABa UNCJI4 OKa:KYTCA OZHHAKOBLIMH.)

HexoTtopble HCMBITEHBAIOT ONPE1CJIeHHOS OTBPALleHE e K MBICJIH
(Al K TOMY TpEICTaBJAeHNI0, KOTOpoe CBOICTBEHHO Teopi!
OTHOCHTENBHOCTH) O TOM, YTO B&THUHHA BpeMeHHOro HHTepBaJjia
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ZABICHT OT HCTODPHH 4YacoB, HA KOTOPHIX OH OTCYHTAH, H 3TH
JUOAH HA3BAMM TAKOE [OJOKEHHE MapaloKcoM yacoB. Pasy-
MeeTCsl, HHKAaKOro napajokca 3jech HeT, eCThb NpocTo (yHia-
MEHTAJNbHO® YTBEpIKIEHIE TEOPHH OTHOCHTEJIBLHOCTH *.

Kpome aByx MupoBbIX quHHA, 51 H306pasua Ha dur. 9.1
elte o4Ho codbiTHe F, He JeyKaliee HH HA OFHOH H3 3THX JHHHH.
KakoBo Bpems coGrrtis F? I nocrasua 3TOT HaHBHBIA BOMPOC
CNEeNHANBHO 3aTeM, UTOObI NOAYePKHYTh €ro HeJenocTh. Bpems
HHINBHAYAMBHO, a HE Bceolwe, a F He HMeeT HHAHMBHAYAlb-
HOCTH B TOM CMBICJE, YTO 31eCh He COHEPIKHTCH HHKAKOrO
VKa3aHHs Ha 4Yackl, HCTOPHS KOTOPBIX MOMKHA Obla Obl BRJIO-
yaTh H cobertie F. Moxer GbITb, MOMKHO HAITH TaKHe YAacCHI,
KOTOpBIE BKIIQYAT B CBOIO HCTOPHIO coObITHA H A, U F, a Moxer
ObiTh, H HEMb3S (CYLIECTBYET BAaHOE OFPAHHYEHHE, KOTODOE
Mbl paccMOTpHM mno3xe). Ecan Obl Takue yackl HALLIHCh, TO
Bpemst coObitus F (mpu Hyse Bpemenu B A) 3aBHcesno Obl OT.
MiIpOBOH suuHH, cesspiBalomefi A u F. Tlostomy ma Bompoc
B TOM BHJE, B KAKOM OH [OCTaBJeH B Hauane ab3ala, HeJb3s
JaTh HHKAaKOrO ONpPENEeJeHHOrO OTBETa.

SI roBopus 0 yactTHuAX, ciaGXKEHHbIX YACAMH, TOTOMY YTO
MOKET TOKAa3aTbCsl HeJeMbIM TNPeJACTaBJEHHE O JABHMKYLIEHCSH
Touke (6e3 pasmepoB), Hecylell Ha ceGe MeXalH3M sl perHer-
paunn BpemenH. OfHaKO f1 JYMaio, UTO IPH TMOMNBITKE CMELIATh
M,-mup u JI-MHp MOXKeT BO3HHKHYTb €llle¢ H HEe TaKas HeJe-
noctb. C Touxy 3penns My-Mupa MBI HMeeM MUDOBbIE JIHHHH,
H/H KPHBBIE B UeThIPEXMEDHOM IMpocTpaHcTBe-BpeMeHH, ¢ OT-
MeTKaMH BPEMEHH Ha HHX, U B 3TOM HET HMYETO HEJeoro —
3TO COBEpPLUEHHO MPaBHJAbHOE MaTeMaTHYECKOE MpelcTaB/eHHe.
C Touxn spemns l-MHpa Mbl BHIHM, Hanpemep, JBa Kopal.as
B okeaHe (pasmepbl KopalOsell no/KHBI GBRITh OUEHb MaJeHb-

* BooGue rosops, Cuiir «oT6HACsA» 0T 3Toro sonpoca. Ilapajzoke 4acos,
KOHeuHo, cyuiecTyet. [1o cBoRMY CMBICTY «MApaioKe» — 370 MHEHHE, Pe3Ko
pacxoasuieecst ¢ OOWCHPHHATLIM, NMPOTHBOPEYALlEE NO BHIHMOCTH HJIH
NCiCTBUTRABLHO 3APABOMY CMBICAY. JIerko BMIETH, UTO B AAHHOM CIydae Bce
KOMMOHEHTBI 3TOTO Onpe/iesenns Haiuno. To, 4To MoKa3aHHs UACOB 33BHCAT
OT HX HCTOPHH, HHBIMH CJIOBAMH, HTO BPeMs B JaHHOIT CHCTEME OTCUETA MOKET
WIATH GBICTPEE HAH MeTeHHee B 3aBHCHMOCTH OT ee JIBHAKCHUS, MHOTHME eule
H cerofHst oco3Haercs ¢ Tpylom. HuTepecyiommecst 3THM BOTIPOCOM MOLYT
o0patuThed, HanpuMep, K kulire JI. Bpuamosua «Hoswtil B3rasy na teopuio
OTHOCHTEJbHOCTHy, H31-Bo «Mup», 1972, rac napajoxc 4acoB paccMOTpeH
OUeHb MPOCTO H H3sAwHO.— [Ipum. nepes.
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\HMH 10 CPAaBHEHHIO C PACCTOSTHHEM MEKIY HHMH), CHAGKEHHble
JUEHD TOUHBIMH XPOHOMETDAMH, H 3[IeCh HET HHYETO HeJeNnoro.
Bwmecte ¢ TeM, ckaxeM, 15 neneii ACTPOHOMHH «4ACTHLEH» MO-
KET CAYKHTb 3eMilsl, a YacaMH — XPOHOMETp B aCTPOHOMH-
leckoif oBGcepBaTOPHH.

Ho ecan Her nukaxkoit 6eceMbicaiuusl, korna TOBOPAT O yac-
THLE, HeCYLIel YaChl, TO 3TOTO HEMb3A YIKE CKA3ATh O HecyueMm
Ha cele yacnl GoTOHE (HAH CBETOBOM curuaze). M sce ke s Gyny
npuleraTb K TaKOMY MpPEACTABIECHHIO, XOTS H TNOHHMAIO, YTO
’TO HELOCTHAKHMBIH IIpefet aaxe B M,-mupe. Bepositho, Jydne
Obl10 OBl MONOXKAATE, [TOKA Mbl He MOJOHAEM K MaTeMaTHYeCKoil
“TPYKTYp€ TEODHH OTHOCHT@JIBHOCTH, HO €CThb PAJl 3aMeUaTeh-
HBIX (DAKTOB (/yuIlE BCEro HX GbLIO Gbl paccMaTpHBAThL Kak
MATEMAaTHYECKIE CJENCTBHA CTPYKTYDbl TEOPHH), CTOJb HHTe-
PECHEIX, 4YTO H3BHHHTENBHO NONMTATLCA NO3HAKOMITb Bac
¢ HUMH YxKe ceifuac.

Urobbl cocTaBuTh 0 HHX npejcraBienne, BooGpasHM, 4To
8 [I-mipe ectb Mownas Gomba. Sta Gomba B3phIBaercs, HabJio-
AaTeab BUIHT BCOBIWLKY, & 3aTeM OH VXHTpsieTcd coGparth
ocKOJIKH CGomObl Ge3 Bpena mnst cebsi. Takim obpasoM, oH
YI4ACTBYET B TNOC/ICLOBATENBLHOCTH COGLITHIT — HAGMIOACHHH
BCOBIIKH H cGOpe OCKOJIKOB, MpHYEM CHauana oH HaGJoLaeT
BCIBILIKY .

Tenepb uneanusupyem sty kapruny. Hapucyem muposyio
MHHHIO HalJlofaTens, Kak nokasano ua ¢ur. 9.2, ua KOTopoi
Al yiKe ne JeJ1alo OTMETOK BpeMellH No ero yacam. HMsoGpasum
3aTeM COObITHE (B3phIB) £ H MHDOBBIE JHHHH OCKOJKOB GOMBSI
H cBeTOBOIl BenplukH. [Toka Bee 3To ouens GAHRKO K JelicTBH-
TETbHOCTH, HO BOT TeMEpb sl MpPEANOoJOXKY, YTO Ha KamIoM
OCKOJIKE JIETAT €ro COOCTBeHHbIE Yachl, YCTAHORJIEHHBIE HA
Hy/ab B TouKe E' i THKalomue B nosete. Kpome Toro (uto yix
H BOBCe (aHTacTHYHO), 51 BO3bMY GoMOy cTO/Ib GOMIBIIOI MowI-
HOCTH, HTO HEKOTOpLIE H3 €e OCKOJIKOB JOCTHTHYT HaGMoNaTe s
Cpasy e Ioc/ae BCTBIIKH, «CPA3y JKe MOC/Ie», pasyMeeTcs,
OTHOCHTCSL K M3MEpeHHIO BpeMeHH mo yacay Hab.ogaTesis.
(Msl Moraid GBI CKa3aTh, YTO OCKOJKH JETST IOYTH CO CKO-
POCTBIO CBeTay.)

Tenepn Mbr Gyzem Hvers xedo ¢ COBOKYITHOCTBIO NTOKa3aHMH!
HaCoB, YCTAHOBJ/IGHHLIX HA OCKOJKaX, MPHJETEBIIHX K HAG/II0-
AATEMO Cpasy Ke BCael 3a Benbimkod ciBera. (OKasblBaeTcst
(B My-MHDE), UTO NOKA3aHHS BCEX 5THX YAacoB TaK OJIH3KH

4 Hu. Cukr
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K HYJI0, CJOBHO 4ackl H He mwid. BoBce He Obi1o OB cayuyaii-
HOCTBIO, ec/1if Okl OHH BOOGILE CTOSJIH B IIOJIETE OT MECTA B3pLIBA
GoMGLl 10 Habaopatens. M 3T1or akrT Mbl MOXKEM BHIPasHTh
B 3aKOHHO yNpolleHHOH (opMe: OTOXAecTBAAA (HOTOH C 3THMH

OLICTPBIMH YACTHLAMH, MBI TOBODHM, YTO HA (DOMOHE Hach
ecobuie He udym.

Hatnrodamens

Npurem ocxonia, duzabwezoca
»NOYmU Co cropocmera clema ™

fpusem pomong

@ ur. 9.2. Yace Ha ¢oToHEe He HAYT.

Urolel 3aKORYHTE PasroBop o6 3TEM, BepHeMcsa K «Mspn-
Ikefiny u «[lexenone», cOBEpLIAIOMIUM YK€ APYroe IyTelect-
BHe u3 Asama B Bezam. Kak pa3 B 5T0 BpeMsl KalUTaHkl PELIHJH
3aKPHITh pafHOPYGKH H LJI5 BBISICHEHHSA TOTO, OMHOBPEMEHHO JIH
OHH 3aBTPAKAalOT, HCIIOJb30BATh CBOH OTJHYHEIE XPOHOMETPEL.
Korna kopaGau crossin GopT o GopT B A3aMe, XPOHOMETpHI
GbIH TILATENBHO CBepeHHl H ObLIO YCTAHOBJIEHO, YTO oba oHH
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HIYT COBEpIUEHHO OJHHAKOBO. IlocKosibKy B 3TO Bpems Ko-
paGJii CTOSI/IN PANOM, HAIOGHOCTH B MOCHLIKE CHIHAJIOB He GbLIO.

3ateM KopaluH BLIWIH B MOpe, H 06a KalHTaHA KamKioe
YTPO CaiuJHCh 3aBTPAKaTh B 8 YaCOB — B YCJOBJEHHOE BpeMs.
O6a kopaGas npuObviH B Besam HOUBIO H OTHIBAPTOBAMNCD
Gopt o Gopr y crenk# npuuana. ONHAKO, KOTAA KamHTaH
«Mspu-Ilaeiin», cazach CJeyIOWHM YTPOM 3a 3aBTpakK, Bars-
HY1 B HJAMIOMHIIATOD, OH YBHJesa, uTo kanutau «[lenesonso
yXe pacnpasmicsa ¢ siuom. «OOMammk!» — BCKpHYAT oOH
H KHHYJCA MO CXOAHSIM Ha TpHuas, rotozpifi yOHTbL cBoero
xoanery. Ou oxuuan yBuaerb ua Xponoverpe «Ilexenomnii
POBHO 8 4acoB, OAHAKO, K €ro H3YMVICHHIO, XPOHOMETD MOKa-
seiBas 8 wacoB 10 mMumyT.

«BBIKHHDb STOT MPOKMATHIH XPOHOMETP 3a GOpT!» — KPUKHYI
o kanutany «[lenenoner. Ho ToT mpoxoims creumambmbiit
KypC HABHTAUHOHHOH TEODHH OTHOCHTEJLHOCTH H 3HAJ, uToO
npornsowsio. O6a Kopalnst BMECTe BBILMIN B [1aBaHIE, BMECTE
MPHIIIIE H K TOMY K€ CJIe0oBajH OZHHAKOBEIM Kypcoy. Ho
B T0 Bpens Kak «[lenenona» Bcio 10pory wuia meppoit, «Mspii-
Hoxeitn» TPHXOAMIOCH BpeMsi OT BPEMEHH OCTAHABIHBATHCHA
H3-332 HENOJAZOK B MAIIHHHOM OTCEKe, a 3aTeM HATOHATH
elenenony». Koneurno, «Mspu-Ilkeitn» — 310 He (oTOH, HO
ona Besia cefsl B HECKONBKO «(OTOHHOI» Mamepe, Iepemerast
OCTaHOBKH H OBICTpHIH XOoX. B pesysibrate sTHX MaHeBpoB
XpoHomerp na «Mspu-IIkeiin» wen MefneHnee, ueM ga «[lene-
nomne». ’

Bpaa an a nomxen go6aeasth, yto Besam HAXOAUTCA OUelb
Za/eko oT Asawa.

* *
£

Ha ¢ur. 9.3 nokasana muposas qmuns maGmonarteas. Ox
NOCLIIAET CBETOBOH CHTHAaJ B MOMEHT [y IO CBOHM yacay.
Touka E oGo3nauaer coGbiTHe HA MHPOBOI JIHHHI 3TOTO CHI-
Hana. CHTHaJM OTpakaercs B 5Toil TOYKe H BO3Bpallaercs
K Ha0/IOaTeN0 B MOMEHT f, ONATb Ke 10 €ro yacam.

Takum o6pasoM, HMEIOTCA TOJIBKO 1Ba yucaa, fy H i,
O, 3Haf HX, HAOMIONATeNb MONET 0 KEJAHHIO OMpeleHTh
paccTosnue 10 coGeitHsl E H BpeMms ero actymiennsi. OnHako
NOCKOJIBKY MHpOBas JIHHHS HaGMIONATeNsi TECHO CBf3aHa
C camuM QakToM HAGMIONEHHH, TO JKeJaTelbHO MONUEPKHYTH

4%
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3TV CBfi3b, BBeIA CJOBO <!OTIIOCII’I'(3J]beIﬁ>), 1 B COOTBETCTBHII
C 3THM Mbl 3aIHIIEM:

1
Ornocurenbroe paccroanie =D = = (t,—1)),
1
OtHocntesabhoe Bpenmsa =71 = 5 (ta+ ).

Bpsin JH MO#HO NpHAIyMath 4To-HHOYIbL npome. OTHOCH-
TeJbHOE PacCTOfHNe eCcTh TOJOBHHA HHTEpBaja BpeMeHH
MENIY OTHPABKOH H BO3BpAallleHlieM CHIHaJa, a OTHOCHTeNbHoe
BpeMs eCcThb NOJYCYMMa ITHX ABYX OTMCTOK BPEMEHH.

Curyauns, nsobpaxenHasa Ha ¢ur. 9.3, ni B Koell mepe
ne apasercs dantacTHyeckoil. OHa HMeeT MeCTo, KOTAa Ebl
Gpeereck Nepe/ 3epKaJjoM; MpH 3TOM MHPOBAsA JTHHHA OTHOCHTCSA
K BameMmy ryasy, a £ — k coObITHIO B HCTODHH 3epKaJja.
OrHocHTebHCE pPAacCTasiHHE MeXAYy BaMH H 3epKaJoM paBHO
NOJOBHHE BpeMeHi, HYKHOTO CBeTy JJd TyTeLIecTBHA OT
rjaasa K sepkany i ofparHo. Mbl 10B0/ibHO HeNOBOpOT/IMBLIC
co3anusl (Bbl H MOPTHYTb He YCleeTe, a CHTHAaJ YiKe BepHYyacs
B Ball TJias), M no 3ToH npuuHHe HaM yLo0HO HCIO0Jib30BaTb
pasuble eIHHHIE [Js1 PACCTOSSHHA H BpPEMeHH.

Mur nuinem:

1
D=c(t,—t),

rje ¢ — oueHb OOJBILOE YHCJIQ, eCJH Mbl peluijiH H3MmepsaTh D
B CAHTHMETpax, a Bpems B ceKyHJax, a HMeHHo c=3-10.
$l namepeHHO He COOOMIAID BaM, YTO 3TO UHCJO ¢ €cTbh CKOPOCThb
CBET4, TOCKOJABKY 3TO MOMKET TOJbKO EbI3BATh NYTaHHILY.
S mpexnouutalo OoJee mpocToli NOAXOM, a IMEHHO ONpelenaTh
PacCTOsIHIe HEMOCPeICTBeHHO B €IHHHIAX BPEMEHH, HYXHOILO
CBETY JANs NyTellecTBHA Tyiaa 1 obparno. f nmosropsio: myda
u obpammo, a He TONbKO myda HJIH TOJbKO cOpamHo, TOTOMY
YTO MBI HE pacrnoJiaraeM HHKaKHMH BO3MOXKHOCTAMH H3MEpATb
IIHTEpBaNLl BpeMeHH JAJ8 TOJOBHHBI Takoro myTH. B camom
Jieqie, MOCKONBKY, KaK YiKe CKa3aHo, «Jyachl Ha HOoToHE He HAYT»,
MBI MOKEM OKAa3aThCsi B 3aHSITHOM MOJOXEHHH, TOBOpHA, UYTO
HCXOOANIHA OT HAC CHTHAJ, PaBHO K4K M BO3BpallalcliHiics
K HaM, He 3aTpauylBaeT Ha CBOE IBIKEHIE HHKAKOrO BpEMEHH,
TOTA4 KakK Ha caMoM jefTe IOJHOe MyTellecTBHe CHrHaJja Tpe-
Gyer onpelesieHHOro BpemeHi, a HMenuo f,—I;. Ho ecau Bam
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3TO KaxeTcsl NEHCTBHTENLHO TPOTHBOpPEYHEM, TO, 3HAUHT, H3
BalleHd TOJIOBEL BCE €l He MOJHOCThIO BbIBETPHJANCE KJACCH-
YeCKHE IpeJCTaBJIEHH.

Bosbpawarowuica
cueHan

Mocaankbil cuzHan

Mupobas aunus Habnrodamens

@ ur. 9.3. OrHocHTeNbHOE paccTOfHHE H
OTHOCHTEJIbHOE BpEMsi.

B kaaccuyeckoil (u3NKe NOHATHSA PACCTOSHHS H BpPEMEHH
ABAAIOTCS ocHOBonoJarawuiyy. Korga npusepienen kaac-
CHYECKOH (DH3HKH DPasMBILLISET O MOCHIIKE CHrHazna Ha Jlyuy
1l BO3BPALIGHHH 3TOTO CUTHAaJa, OH HAYUHaen C NpeiCcTaBaeHHs
O TOM, YTO B HEKOTOPLIH MOMEHT BpeMeHH JIyHAa HAXOLHTCS
HA NEKOTOPOM paccmosxuy OT Hero, n JioGoe naGuioneHue,
KOTOpOE OH MPOBOZHUT, NMPEAHA3HAYEHO JAA H3MEPEHUS LMEHHO
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amux eeaunuy. C TOUKH 3peHHs Ke TeOPHH OTHOCHTEJNBHOCTH
VIOMAHYTHIX BeJHNYHH TONPOCTY He cyllecTByeT. B Teopuu
OTHOCHTEJIBHOCTH OTCYTCTBYET TaKkoe NOHATHE, KaK paccros-
nne or 3emau jo Jlyusl. OHO NMOAJEXHT oONpeleseHHio depes
ppemsi. M Mul onpedeases paccTosnne IpocTeHIIHM crnocofoM, -
sanuceBag D=1712({,—{;). B paBHOil Mepe B TeOpHH OTHOCH-
TENbHOCTH HE CYILIeCTBYET TIOHATHA O MOMEHTE BpeMeHH
(B wiKaJe BpeMeHH Habaioartess), B KOTOPHIH CHIHAJ JOCTHTaeT
noEepXHOCTH JIYHBI, H MBI €70 TOXKe Onpedeasest COOTHOLIe-
nniem T=Y (f,+1,). B stux onpenenenusnx D u T HeT HHYero
TAKOTO «CBSIIEHHOTO». BEI MoXKeTe jaTh HHble onpeleseHH .
JtH ke aumb Haubosee mpocThie, H IoToMy i OyAy npuaep-
JKHBaTbCA HX B JajbHeHuIeM.
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FJIABA

DICMEHIN O30 b0
U RPUBUING NOBEPIHOCIN

O T NPEICTaBICHIN KIACCHUSCKON (H3HKH OYeHb TPYAHO
oToliTH. Kophu nx YXOIAT B MOBCEHEBHYIO 3XHU3Hb H 0 CiiX
NOp B 3HAUHTENLHOH Mepe MHTAIOTCS HayYHbIM o0pascBamie:t.
Ecau st wor Gl 3aranyTs B cBoit coBerBennbIii MO3T, TO YyDe-
peH, 4TO yBugen Obl B HEeM SBHBII MepeBec KJAACCHUECK!ix
Hiell Hal NOHATHAMH TEOpHM OTHOCHTENbHOCTIL. I s gosken
CO3HATBCH, YTO B LEIOM IPEANOYHTAI0 NPOBIeMDl KJIaCCHYECKOl
(DH3HKM DeAATHBHCTCKHM 3aauaw, pelaeMsiy B TEOpHH Of-
HOCHTeTbHOCTH. OTYacTH 3TO CBA3aHO € TeM, YTO MaTeMaTika
KJaCCIIeCKNX 3a1ay Gosee npocra (a 3naqnt, Goablle wancos
HAHTH HHTEDECHOE pEelleHNe), a OTYaCTH — o TEM, UYTO TO.ICT
HHTYHUMH Mexay Mi-mupos n -mipom Gonee ceobozel,
HeM 2ex1y JI-MHPOM H M,-MHDOM TEOPHH OTHOCHTEBHOCTH.
Ecan kro-unGyap 3axcuer NOACTPEJIHTL MEHf, TO 1, KOHEeuHOo,
NPCAIpHAMY HHTYHTHBHBIE OCOPOHHTEbHBIE ACHCTBHS, H B TOIl
MEDE, B KaKOH 3a 3THMH AEHCTBHSIMH CTOHT HeKas TeOpHs,
OHd HABEPHSKA OKaXKeTC HBIOTOHOBCKOI Teopuell. D10 nocer
CMYTHTDb MOIO COBECTB, MTOCKOJIBKY 51 CUHTAIO, UTO TEOPHS OTHOCI-
TRIBbHOCTH ABAAETCA GOJee yAOBJIETBOPHTEIbHBIM npudamxe-
HHEM K JeHCTBHTeNbHOCTH, OIHAKO B NoAcOHOH HEeOMHIAAHHOI
CHTYaUnl y MeHsl ne OyHeT BpeMmeHH I/I5 CJOMKHBIX pacueros
CBOMX JieHCTBHIT 10 3TOH Teopun. Ja u B T0GOM cayyae npr-
MEHCHHE TEODHH OTHOCHTEJNBHOCTH JIHIIbL HEe3HAUHTENLHO H3-
MCHHT OMHCAHHE MOBEAEGHHS MOETO NPOTHBHHKA MO KJACCH-
9ecKoil (i3nKe, 33 HCKJIIOUEHHEM TOro MaJIOBEPOATHOIO CJY-
das, KOIla OH JBIMKETCH MO OTHOIISHHIO KO MHE MOUYTH CO
CBeTOBOIl CKOPOCTBIO H B KauecTse my.Jhb HCITONIB3YeT KOCMH-
YECKHe JIYYH. :
[Tpusnaemca oTkpoenno, yro Pa3MBbIIEHHsT MO HOBOAY
TCOPHN OTHOCHTEILHOCTH COMPSIXKEHB! CO 3HAUHTENBHBIM YMCT-
BEHHLIM HANpszKenHeM. BHAHMO, HEKOTOpHIE HBIOTOHOBCKHE
H1eH 0e3 Tpyaa NPOHHKAIOT H3 MOACO3HAHHS H HaBOJAT MOpYYy
Ha HEMorpemMble (B CMbICJe TEOPHH OTHOCHTEJIHOCTH) pac-
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cysaenus. f AMYNO TOMBKO NPH JIBYX YCJIOBHAX MOTY MPOTHBO-
CTOATDL 3TOMY I'DEXY: BO-NEPBLIX, €C1I 1 HAPHCYIO ¢MATHYECKY10%
NPOCTPAHCTBEHHO-BPEMCHHYIO JHarpaMMmy (B KJaccHYecKoi
(usiike ee He ymorpelsIoT 3a HeHaAo0HOCTHIO) H, BO-BTOPLIX,
€CJH f OTPYKYCh B MaTemaTHyeckie hopMynnl I oGo3HaueHs,
€CTECTEEHHO CBA3aHHLIC 1151 MeHA ¢ TeopHell OTHOCHTEIbHOCTH.
B oxpymeHHH OLHHX JIHIIb CJAOB $I CONPOTHBJSIOCH STOMY
rpexy HeyBepeHHO H €ClH He JAeJal0 TepOoNYCCKHX YCHAHH, TO
JeTKO cocKanb3blRald Ha o0pas MBIILIEHHS KJI4CCHYeCKoH
¢uanku. OnacrHocTb HanGoJsee EeNnKa, Koraa s Guyxualo
B MHpe, CO3MaHHOM MOHM BooOpamcHHeM.

$I roeopnn 3To Bce, 4ToOb! NOJArOTOBHTH BAC K BechbMa
NPHSATHOMY H3BECTHIO: B 3TOH rJlaBe BHl CMOMKETe OTAOXHYThH,
HOo ee Temoll GyneT OOBIKHOBEHHAf TeOMETPHsI, O KOTOPOI
MBI ViK€ KCe-yTO TOBOPHJH. 3iechk He Oyler Aaxke HeoGXOnli-
MOCTH INIPOBOANTL 4YeTKOe pasiHuexie Mexay Jl-recnmerpueil
(MaKeTaMH IOBEPXHOCTel, H3rOTOBJEHHBIMH H3 KOXH HJI
THICA, H3MEPCHHAMH HA TAKHX MOBEPXHOCTAX, IPOBOAHMEIX
C MOMOILBIO HATAHYTHIX HHTeH, H T. 1.) H M-reomerpueit (au-
IHSMH H TNOBEPXHOCTSAMH, He HMEIOWHMH TOJILHHEL, BeeMH (e3
HCKJIIQUEHHA CTPOrO JOTHYUECKHMH pacCyXIeHHAMH H T. I.).
Kax s yxe ckasan, Bul CMOXKETe B 3TOIH IJiaBe OTHOXHYTb —
OHa HanHcaHa ¢ eIHHCTBEHHOH LieNbI0 JaTh OCHOBY AJISI aHa-
JIOTHHI B TeOpPHH OTHOCHT@JLHOCTH.

HUrak, npencrasbre cefe, uTo CKyJabnrop ofTecan Kycok
Mpamopa H H3Bas/ H3 HEro CTaTyio — IPeIMeT ¢ KpHBOJHHEN-
HOIl ToBepXHOCTHIO. KaK MOXKHO TOYHO ONMHCATH NOJYYUBIIYIOCS
JICECPXHOCTL?

Hanfoaee nocacnoBaTenbHbiH criocof caenaTe 3TO COCTOINT
B TOM, YTOOBI YCTaHOBHTBL CHCTEMY oceH KOOpAMHAT X, ¥, 2
H OIIHCaTh MOBEPXHOCTh HEKOTOPBIM YpaBHeHHeM f(x, y, 2)=0.
Ecan, nanpuyep, 3Ta noBepXHOCTb TIpencrasiser cofoill cdepy
e/IHIYHOTO paguyca, TO yPaBHEHHE BHINIALHT Tak:

x4 2t—1=0;

ecaH JKe 5Ta NOBEPXHOCTh NPHHALIEKHT 3NJHICOUAY € MONY-
OCAMH IJTHHOH 3, 3 H 2 eIHHHIL!, TO ee YpaBHEHHE HMeeT Bl

4x*--4y*+49z2—36=0.

HOBGDX}IOCTII CT:’JT}"}"i OIMHCBIEAIOTCH HE CTOJIb ITPOCTBIMH ypaB-
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HEHHFMH, 33 HCKJIOYeHHEM, OLITb MOXKET, MOJEPHHCTCKHX
CKYJBNTYP, HO BPAJ JIH MOXKHO COMHEBAThCA B TOM, YTO TAKHE
ypaBHeHHs BooOIIe CYIIECTBYIOT.

OnnchbiBas NMOBEPXHOCTE TaKHM CMOCOGOM, MBI PAaCCMaTpH-
BaeM ee KakK Obl NOrpy:KeHHOH B TpeXMEpHOe NPOCTPAHCTBO
(nCmosb3yeM MpH ee OMHCAHHH BCE TPH NPOCTPAHCTEEHHbIE
koopuHatel). OIHAKO Ha NYTH K TEOPHH OTHOCHTEJIBHOCTH
caeaver rnoHcKate Gogee mpHeMmaIeMblll cnocol onucanua. das
HAWHX neneil (akTHyeckH HeoGXOAHMO paccMaTpHBaTh Iio-
BEPXHOCTH KakK GOkl camu. no cefe, BHE HX CBA3eil C TPEXMEPHbIM
NPOCTPAHCTBOM. ITY MBICAL Jydllle BCero IPOHJLTIOCTPHPO-
BaTh, MOXkKanyH, Takol HctopHeH. Heknii Gorau pemmnn mocra-
BUTb CTATYIO JKEHBl HA JyxKaHKe mepel cBouM JBoproM. OH
MPHTIaCH/l 3HAMEHHTOrO CKYJBNTOpa H € TOH MOpbl HE MOT
Gosblie HH O YeM AyMaTh, KaK O TOM JAHE, KOIJa OH BepHeTCs
AoMoli, a cratys yxe OyleT CTOATh Ha NbeJecTase Mocpeiu
Jyxaifkn. Hakonen sToT leHb HacTa/s: Ha IOCTAMEHTE CTOsJA
OTIMYHAS CTaTys, HO COBepIIeHHO Haras! DTo IOKHpPOBaJo
nawero 6oraya, H OH NPEAJIOKHI HAKHHYTh Ha CTATYIO XOTS Obl
xanat. OfHaKO €ro }KeHa H CKYJBINTOP PEUINTEeJIbHO BOCHPOTH-
BUJIHCDH 3TOMY. B Konlle KOHIOB GBLT JOCTHTHYT KOMIPOMHCC:
cTatysl MOKpLIBaeTca obreramlell oneKnol, Kotopas IelHKoM
33aKpLIBAET TeJ0, HO TOYHO CJelyeT BceMm ero ¢opmam. Ilpu-
ITACH/IH HA KOHCYJBTAUMIO “ONBITHOTO M YYEHOrO IIOPTHOIO.
On 3asBHJI, YTO 3TO BOBCE HE TaK [IPOCTO CANaTh, KaK MOIJIO Obl
NOKa3aTbCst, YT «347a4y O MOPTHOM» LayKe MaTeMATHKH HaLLIH
TPYAHOH 1J15 peiieHns. J71a 3a1auad, NOACHUJ IOPTHOI, COCTOHT
B TOM, YTOObl NJIOTHO NOKPHITH HCKPHBJAEHHYIO NMOBEPXHOCTD
NPAMBIMH  KYCKaMH TKaHH, H3TOTOBJAEHHOH H3 abcodioTHo
HepacTsKHMBIX  BosIokoH. Ho npu atom Tkanb HeusBexno
Jonmxua Gblia Mopuuthesi. UToGBl MuaThe XOpoIIO CHAENO,
ce10Banio Obl, HaoGOPOT, HCMOJAb30BAThH MaTepHal, CBOOOAIO
pacTArHBAOIIHICA [0 BCEM HaNpaBJeHHAM, HO HAIl IIOPTHOII
He ymesa pafoTaTb ¢ TaKHM MaTepHasoM.

W oH npen10:Kua MpocTo 3aMasath cTatyio Kpackoii. Ho ator
TNJIaH He NPOoLUe, H 3ajaya lornaja B pyKH TeoMeTpy, KOTOphIil
3afBUJI, UTO BCE JEJI0 B TOM, YTOOH! ONPEIeNHTh 3/J1EMEHT IJHHLI
JeHIHHbL. [eoMeTp ckasas, YTO OH HE HAMepeH KOHCTPYHpo-
BaTh of.seraiouiee ofesnde, OH IIPOCTO XOUET PAasbICHHTD,

O YeM HJET pedb. A peub ILiTa O BHYTPEHHEH IEOMETPHH IIO-
BepxHocTeil.
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Mre He XxoTenoch Obl, 01HAKO, CBSI3LIBATE €€ HCKJIIOYH-
T&IbHO C ONPHKPBIBAHHEM TOJLIX CTaTyii. JlocTaTouno sanou-
HHTL O NOKPLITBIX TKAHbIO TEHHHCHEIX MA4YaX HJIH KOXKaHBIX
ofoouKax (yT6OMbHBIX MAueH. 31ech Toxe MarepHaJs fpH-
XOONTCA KPOUTH TaK, YTOOH! OH MJIOTHO 06/erat KpHBOAHHE! -
HYIO NOBEPXHOCTD.

[lpn ofcymuenun BuyTpeHHeit FEOMETPHH MOBepPXHOCTel
BAWIH MBICJAH TNOIYYaT MPABH/JABHOR HANPABJEHHE, ECAH Bb
NDEACTABHTE CaMOTo cels B BHIE ABYMEPHOIO OGBEKTa, KOTO-
pelif IPHBA3AH K HEKOTOPOH NOBEPXHOCTH, HO MOMKET nepexe-
WaTbCsl N0 HeH. B sTOM, omHAKO, ecThb HeKas TPYAHOCTD:
NUIIEBAPHTELHEIH KaHal BI0Jb BCErO Teda pPasie]uT Bac
Ha 1BE PA3NHYHBIC YACTH, KOTOpLIE pACHAiyTCsl, eCld He TpIi-
HATE CHEUHANbHLIX Mep. Jlydine, noxanyii, moiTi Ha KoMm po-
MHCC: TIpeicTaBbTe ceff B BHAE KPOLIGYHOTO TPeXMEePHOro
KYKa, NOJ3AIOWEro M0 MOBEPXHOCTI.

Bo BcAiKoM ciyuae, MBI MOXKeM paccMaTpHBaTth celsi TaAKHM
obpa3soM, KOrja HMeeM JeJo ¢ reorpadueii. M B camonm pene,
T0, UTO MBI Ha3biBaeM reorpadueil 3eMHOro Iapa, ecTh B CyMI-
HOCTH OIHH H3 WYaCTHLIX C1yYyaeB BHYTPEHHEHl TeoMeTpHil.
Crenosano Obl JINIUL 3aMETHTB, YTO BHYTPEHHAA TeOMETpPHs
3eMHOI TIOBEPXHOCTH CJIHUIKOM YK NpocTa, TOCKONMBKY 3emils
HMeeT O/H3KYI0 K cdepuueckoil hopary.

Wrak, npeacraBum cefa xykamu Ha HeKoTopoil moBepx-
HOCTH € MCPHBLIMH JIEHTaMH A5 H3MEpeHus PACCTOSHHA Ha Hell.
FlcHO, YTO A/ MpOBeAEHHA TAKHX H3MEPEHHI JIEHTHl CJepyeT
BLIK/IAALIBATE 10 NOBEPXHOCTH. UTOGH rOBOPHTH O reoMeTpii
TIOBEPXHOCTH, MBI JOJIXKHBI BBECTH KOODIHHATH HA Hefl, CKa-
JKeM (xy, Xx.), HanonoGie INHPOTBI H OOJTOTHI HA 3€MHOH TMo-
BEPXHOCTH. Bano, onnako, 3aMeTuTh, uTo mHpoTa H A0.-
roTa — 5T0 B BBICIIE!l CTENEHH NPHBUJIETHPOBAHHBIE KOOPI-
HATBl (MBI BCE MOJL3YEMCS HMH 110 3TOil NpHYHHE), TOTAA KaK
B o0lleM C/Iyuae Takie NpocTble KOOPAHHATH HA [IOBEPXHOCTH
MOTYT OKa3aThCfl HENpHMeHHMbIMH. Torma, Kak 4acTo GriBaeT
NpH MOZ0GHEIX 00CTOATENLETBAX, MBI BPOCHMCS B ApYyTryio Kpaii-
HOCTb H IIPHMEM, UTO KOOPAHHATHI HA NOBEPXHOCTH MOXKHO
BLIGHPATh COBGPIIEHHO MPOH3BOJNBHBIM OGpA3OM; HanpHMe],
MBI /I0IKHBI OBITH TOTOBEI NEPEHTH OT napel KOOPAHHAT (xgy x2)
K nape ke (y;, Y.), NpuYeM HTPeKH CYTb yuxa
HKCOL Il ONMPEASSIIOT Ty K€ TOYKY Ha MOBEPXHOCTH, 4TO I
HECHL.
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Mosker mokasaTbes, 4TO 00 H3MEpPEHHAX Ha MOBEPXHOCTH
HEB3#1 CKa3aThb HHYETr0 HHTEPECHOTO H BpasyMHTEJILHOTO,
e He OTOBOPHTh NpeIBapHTeNbHO, O KAKOH IIMEHHO IIOBEpX-
HoctH nAet pedb. OAHAKO 5TO HE TaK, Mbl MOMEM BIOJHE VIOB-
JeTBOPHThCA OJAHHMH ofLIHMH noJjoxenusai. HanGonee ¢yn-
AaMEHTAJNbHOE M3 3THX MOJOXKEHHH COCTOHT B CJEIVIOILEM.

[lyete P u Q — coceaune TOYKH Ha NMOBEPXHOCTH, H NYCTh
(¥1, X) — koopaunater P, a (x;+dx;, x,3-dx,) — Koopau-
HaTel (Q, TZe dx; H dx,— GeckoHeuHo MaJjble BeHYHHLI. Toraa
paccTosinne ds mMexay Toukamin P H Q — Toxe GecKoHeuHo
Manoe, H (3TO H ecTb Camoe HHTEpPEecHOe) KBaApaT ero fBNSeTCs
KeadpamuuHbiM BLIDAXKEHHEM OTHOCHTENbHO dx; u dx.:

ds?= A, dxt+2A,,dx,dx,+ A,.dx3, (10.1)

rie koa¢uunentsl Ay, Age 0 Alp SBASIOTCA GYHKIHAMI KO-
OPAHHAT Xy H X,. 3Ta BeqNUYHHA dS® HA3BLIBAETCHA AuUMElHbLA
JAEMEHMOM HIAHM  9A€MEHMOM OAUMbL NaHHOH I1OBEPXHOCTH *.
To, 4To 371€MeHT AMHHBI MOMKHO NPEICTaBHTL B TakoH dopue,
BHITEKAET H3 TOrO, YTO Hallla MOBEPXHOCTb HAXOXHTCS B Tpex-
MEPHOM EBKJIHZOBOM IIDOCTDAHCTBe, 3JIEMEHT JJIHHBI IS KO-
TOPOTO MOMKHO BBIpa3sHTh ueped dx®+-dy*-+dz?. Oauaxo xa-
BaiiTe TYT e Bhifepemcsi 06pPaTHO H3 TPEXMEPHOTO €BKJIHI0BA
NPOCTPAHCTBA HA HAIy TOBEPXHOCTb, BO3bMEM Ha 3aMETKY
HaNHCaHHOE BHINIE BbIpa:KeHHe H JBHHEMCS C HHM Janblue,

I MAMOCTpAlHH 3JIEMEHTa AMHHBL PACCMOTDHM CHayala
Cyyai, KOrja NCBepXHOCTb NpeicTaBJseT coGoft HIealbHyio
niockocThb. B sToM cayuae Mbl MoeM BbIGpaTh TAKHE Clelnadb-
Hble KOOPJAWHATBl, YTO B HHX

ds* =dx? 4 dx?,

HHaye roBOp4,
A11=I, A12=0,A22=1.

B kayecrBe BTOpOro mpHMepa BO3bMEM Chepy H TIpHMeEM Xy
3a WHPOTY, a X.— 3a joarory. Toraa

ds® = rdx} + r®cos®x,dx?,
e r — pajuyc cepni; B 3TOM caydae
An=r? A:1.=0, Ayn=rcos’x;.

* Tounee ropops, ds® ecTb kéadpem saemenTa AJHHB ds.—I1pun.
nepea.
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HuddepenunanbHas reoMeTpus npeacrasageT cofoil ua-
pyIOLHI pasje] MaTeMaTHKH, OIHAKO Yy HAC HET BpPEMEHH
ray6oko BHHKaTh B Hee. Ham mouaxoGsaTest ewe JIHIIBb HEKo-
TOpble ee MOHATHS, NMpPerke YeM Mbl 6yAeM I'OTOBBI K BOCHPIisi-
THIO HX noAo0H#l B TEOPHH OTHOCHTEJNBHGCTH.

IlaBaiiTe HeMHOTO MOLCOKPATHM JOBOJBHO IJHHHOE Bbipa-
JKeHHe A/ 3JaeMedTa LJaHHb [cootHomenue (10.1)]. Ato Moxuo
clenath no MeHblIeH mepe AByMA criocoGamu. CornacHo GIHOMY
H3 HHX, 1 BBOXY KO3((HLIeHT Ay, paBHbll Ai., H, X017
y MeHsi B cooTHowenun (10.1) mpHCYTCTBYIOT BCEro JIHLIbL TPH
(bYHKIHH KOOPIHHAT, 5 NPEICTABJIAIO HX B eie 6oJee KOMIAKT-
HOIl, TaK HasbiBaeMoi MaTpHuHOH, dopme:

Aﬂ<ﬁ“ Aw), (10.2)

21 22

rae Oyksa A Tenepb 0603HAuaeT COBOKYIHOCTb BCEX UYETHIpeX
(paxTHYECKH TONIbKO Tpex) KoadxpuimentoB. ITO cummempuy-
Has mampuya 2X2; 1aa ynoGCTBa JajbHEHIIHX CCBLIOK ee
MOXKHO Ha3blBaTh Mempuueckold sampuyet, NMOCKOJbXY C ee
NOMOLIBIO H3MEPSIOTCA pACCTOAHMA; OTAEJNbHLIE COCTABJISIO-
Lie 3TOI MaTpHLbl MOXKHO HAa3bIBaTbh KOMNOHEHMOMU Mempi-
weckoeo mensopa (00 TOM cM. moipoGHee rviaBy 12).

Onnaxo A He Xouy Meperpyarb Hawy Gecely crneuHaib-
HBIMIL TEPMHHAMH, HYMKHBIMH JHIMb, €clH Obl A coSHpancs
BIaBATBCA B NOAPOGHOCTH. $I BBeT METPHUECKYI0 MaTpHILY
JIHIIL 3aTeM, YTOObI 3aMHCaTh BbIPAMKEH!IIE JIJIsT 3JeMEeHTA AAHHBL
B BHIE

ds*=dx-A-dx, (10.3)

HO 51 He COOHpalOCh PasbLACHATb CTPYKTYPY 3TOH (OpMY.JibI,
MCMOJIb3Ysl MOHATHE NpPOH3BedeHHA Martpuu. JlocraTouHo cKa-
sath, uto (10.3) — 310 yHoOHasm cokpallleHHas 3alHCh COOT-
HoweHHa (10.1), ona comep:KUT Ty e HHGOPMALIHIO, HO 3ani-
caHHylo Oosiee KOPOTKO, 4 3TO B KOHEYHOM CUETE SIBJASGTCS
IJIaBHOH  Ueablo JI0GOro  XOpolero o0O3HAYEHHsI B Mate-
MaTHKe.

Ecan s o6o3nadeHHA Napel KOOpAUHAT (X1, X.) HCIIOJb-
30BaThb OAHY OYKBY X, TO 3aBHCHMOCTb KO3(hHIMeHTOB Ay,
Ar: 1 Asy 0T (i, X2) MOXKHO 3anHcaThb HPOCTO Kak Ax (cpas-
HHTE C TeM, Kak Mbl 3TO iesanH B Iiase 4), I Mbl MOKEM Jaxe
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H306pa3uTh Ha ¢ur. 10.1 QyHKUHOHANBLHBIA SIHK, KOTOPLI
HAaNOMHHT HaM 00 3TOM.

Ecnn BeiGpaTh TpH QYHKUHH A X NPOH3BOJBHO, TO MBI MOXKEM
OpuHTH K a0CypIHLIM pe3dyabTaTaM. [las npHMepa JOCTATOYHO

ds = (dz-A-dz) %2

Mobepxnocms

Ax

—

Mempuveckui
AlguK —

®ur. 10.1. 2aement AnuMHBL M METPHYECKHIT
(PYHKLUHOHAMBHELE SIIIHK.

NPHBECTH YPE3BLIYAHHO NPOCcTOH Ha BHI BbLlop:

10
A=
0 —i /2
I(OTOpri'i A4CT HAM IJ51 2JIeMEeHTa AJIIHBL
ds? = dx? —di2.

Tenepb ds*=0, ecan dxy;=dx., u, Yo euwe Xymxe, ds* craio-
BHTCA OTPHUATENBHBIM (2 dS — MHHMEBIM), eclH dx.>>dxy,.
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Ho sto aGeypaso, uto paccrosnmue mexay JOBYMA Pa3THUYHBIMH
TOYKaMH MOMeT CbITh PaBHBIM HYJII0, H eme Gonee abcypiwo,
UTO OHO MOMKET CTaTh MHHMbIM. [TosTOoMy MBI JOMKHBI ymops-
J0YHTL CBOH BeIGOD QyHKuHH AXx Tak, uToObl Ccaeqath dst
BCerja moJoKUTEIbHBIM. Ha siznike mMaremaTikd 570 3By4HT
TaK: Keadpamuuras opra dx-A-dx doacna Gbims nosoxcu-
meabro onpedesernoti. ITO CTOML OUEBHAHO, YTO, Ka33/710Ch Obl,
He Tpelyer creuHa’abHOrO ynomusauust. ONHAKO OYeHb Cy-
WECTECHII0, YTO B TEOPHH OTHOCHTEIBHOCTH 3TO KK pa3 BOBCE
He TaKk.

UtoSbl NpOBeCTH Ha NJIOCKOCTH NPAMYIO JHHHIO, Ml TOMKHbL
IJIOTHO HATAHYTH BEPEBKY MEXKIY IBYMA TodxaMiu. Ha semuoii
TNOBEPXHOCTH NPAMBIX JHHHH HeT. EcTb snb Goabluue Kpyru,
KOTOpPBI® MOZKIO IIPOBECTH HA TVIOOyce, HATAHYB HHTKY MEXILy
JII0GEIMII €ro TOUKaMi. 3T0 MOXKHO ceaarth Bcobuie Ha JitoJoil
IIOBEPXHOCTH, H NOAOOHSIE JIHHHH HA3LIBAIOTCH 2200e31I4eCKILMLL.
Teonlesuyeckue JMHMH TPHHALIEKAT HMEHHO BHYyTpeHHeil
FEOMETPHH TOBEPXHOCTH; 3T0 00YCJAOBICHO TE€M, YTO CHOco0 HX
NpoBe/eHHA (HATATHBaHHE BEDEBKH MJH HHTKH) e Tpebyer,
yToObl Mbl BBLIXOAHJIM H3 3TOil MOBEPXHOCTH.

JhicGast IHUA Ha IIOBEPXHOCTH HMEET JIJINHY, H Mul 0003Ha-
unM ee [ds. Jro MaTemaTHyeckoe 0Go3HAuEHHe TOBOPHT O TOM,
4TO Mbl CK/ISABIBAEM AJTHHBl BeeX GECKOHEUHO MaJblX KYCOUKOB
JUIHHH, HA KOTODLIG €e MOXKHO paspes3aTh. [eonesuyeckue Ji-
HIH TOrJa OMHCHIBAOTCA (hopMyJIoil

8§ ds=0, (10.4)

KOTOpasl BCero JIHMb O3HA4YaeT, YTO ecaH Bbl OyAeTe pacKauH-
BaTh TEOJE3HYECKYIO JIHHHIO KaK BepeBKY, TO H3MeHeHHe ee
VMR (HAH eapuayus ANuHel, o0o3HayeHHad CHMBOJIOM 6)
OyieT MHOrO MEHbINE, YeM aMIIuTyAa packauku. delicisu-
Teabno, opmyna (10.4) roBopuT o TOM, YTO AJHHA TeOAE3H-
4yecKkoH HMeeT NocmosHHoe, XOTA U He 006A3aTe/qbHO MHHHMAMb-
noe sHauexue. [losToMy uesecoofpasno nepedopMy/JTHPORAThL
Halle onpefesieHHe reoje3nueckKol JHHHH M Ha3BaThk ee Jil-
Hueil nocrosunof AAHHLL. CMBICA TAaKOTO NEPEONpPEIe/ieHils
CTAHOBHTCSl OYEBHAHBIM, KOTJa Mbl paccMmarpusaem cdepy,
Jio0bIe JBe TOUKH Ha KOTOPOIl CBSI3aHBI 08YMSL T€OAe31YeCKIILIH
TEHHIMI, H3 KOTOPBIX TOJIbKO OAHA HMEET MHHIMAJbHYIO
LJIHHY,
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B ananorHyHONl CHTyauHH B TEOPHH OTHOCHTeJbHOCTH
CEOHCTBO MHHHMAJLHOCTH TIeOfle3HYeCKHX JIHHHH HCYe3aer,
HO 3aTO CBOfiCTBO INOCTOSIHCTBA (CTALHOHAPHOCTH) HX MJIHH
ocTaercs.

* *
*

Onnaxcap! IBa JKVKa, NoJ3as MO NOBEPXHOCTH Msya, paso-
IWJIIICL BO MHEHHSIX O TOM, TNpeRHa3HaueH JH 3TOT MAY 117
GyrGona wan ans peréu. Bnpouem, Muenus 0GOHX XYKOB
pacxoiuaich noutd mo gbomy nosoay. OnuH H3 HHX mHpexn-
' TIOYHTAJ OJIHY CHCTEMY KOOpJAHHAT, Apyroi — apyryio. H B pe-
3yJbTate, XoTA OHM 00a OblIH COFJACHEL B TOM, CKOJbKO
C2ZHTHMETPOB COCTABJISIET PACCTOAHHE MEXIY HeKoTopoil napoii
COCEJHHX TOYEK Ha MfYe, METPHUECKHE MATPHIbI Y HUX BHILIA-
JleJIH COBEPILeHHO pasHbiMH. JKYKH COINaluaich TAKKE C TeM,
UTO HEKOTOpbie JIHHHH Y HHX SIBJASIOTCH TeOIe3sHYeCKHMH, HO
ONsiTb ¥KE YpPaBHEHHA ITHX JHHHI y 000HX KYKOB BHITJIALENH
coBepuieHHO HecxoxHMH. Torza OHH pelHAH oOPaTHTbCS
K uHeapuakmar, a HMEHHO K TAKHM XapaKTepPHCTHKaM, BHJ,
KOTODHIX He 3aBHCHT OT BmiOOpa KOOpAHHAT.

OHH HapHCOBaIH TPeyroJbHHK, CTOPOHBl KOTOpOro Oblnil
reofe3sHYeCKHMH JIHHMAMH, M H3MEDHJH YTJLl MEXLY HHMI,
OKa3aBlIHecsl B CaMOM JeJsie HHBapHaHTamu. JKyku obnapy-
JKHJH, YTO CyMMa BCeX YIJIOB TpeyrosbHHKa Gojblue, uyem
JABa NpPAMBIX YIJla, M OCTAHOBHJH CBOE BHHMaHie Ha 3TOM
uadstmee, KOTOPBHIH Takie Obll HHBAapHAHTOM. 3areM OHH
YCTEHOBHJH, YTO UHBAPHAHTOM SIBJSETCH H nA401adb TPeyroih-
HHKA, TAK 4TO HenJaoxo ObWo Obl MOACYHTATE OTHOLUEHHE H3-
OwiTka K nuowand. Ilo noBoay 5TOro OTHOMIEHHS BHICHHJACD
OHA COBEPIIEHHO YAHBHTEJNbHAS Belllb.

B nexoTopoM MecTe NOBEPXHOCTH XKYKH HapHCOBaJH JeCATh
MaJeHbKHX TpeyroJibHHKOB, BCe OJHHAKOBOH MJIOMIaAH, HO
pa3nuyHOH (hOPMEI, M TPOMEPHJAH Ha HHX HeCATb H3OBITKOB;
BCE OHH OKasa/JHCh OINHHMH M TeMH xe. M jelicTBuTenbHO,
OTHOWIEHHE H30BITKAa K MJOWAAH JJs MaJeHbKHX Tpe-
VIOJbHHKOB TOXe€ eCcTb HHBapHaHT, KOTOpLI He 3aBh-
€AT HH OT Bbifopa CHCTeMBI KOOPAHHAT, HH OT (JOPMBHI Tpe-
YroJILHHKA.

JKyKH peliusas Ha3BaTh 3TO HHBADHAHTHOE OTHOLUEHHE
KpueusHotl nosepXHOCTH H ofo3naunan ero 6yksoit B. Teneps
KaKIRI H3 JKYKOB TBEPIO CKasas camoMmy cefe, 4To e20 3Je-
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MEHT JJIHIBI JOJIKEH CORepiaTh B cefe BCIO TeOMETPHIO TOBEpX-
HOCTH H YTO JOJIXKHA CYIIECTBOBATH BO3MOXKHOCTb BLIYHC/IHTE B
uepes NocpeAcTBo e20 Ax. BmecTe ¢ TeM Kamablil KYK 3HAJ, UTO
ero cofpaT npenouYHTaeT Apyroe Ax, MOCKOJBKY JIIOGHT HC-
110/1b30BATL ZPYTVIO CHCTeMY KoopnuHaT. M nmostoMy Kasamnochk

Rugux BAx
KpuBuampr

AT\ Apaz| Azt

Mempuyeckud Zy

AUk zp

@ ur, 10.2. Merpuyeckuil SUHK H
ALK KPHBH3HBL

HEBEPOATHBEIM, YTO, MCXOAfA H3 CTOJb DPAa3JIHYHBIX OTIIPABHBIX
TOYEK, MOXKHO JABYMSI NYTAMH IDUHTH K 0OHOMY W oMy oice
3HaueHuo B.

Onnako 370 yaajoch Ha camom fgese. CymiectByer ompene-
JlenHas TPEANHCaHHas NOC/Ief0BaTeNbHOCTh onepauilf, Koro-
pbie caefyeT COBEpIUHTh HAJ MeTpHuecKoH MaTpHuedl Ax,
H ec/iH BBIIOJMHITbL 3TO MPeilHCcaHHe, TO Pe3yJbTaT OKaxKeTcs
Ee 3aBICAUIIM OT HCMCAb3yeMoil CHCTeMBl KoOpOHHAT. TaKum
o0pasoM, BLIXOANT, YTO CYLIECTBYeT Takoit onepaniop (0e3
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GOfI3HH 3amyTaThbcst €ro MOMKHO 0GO3HAYHTL TOMKE yepes B),
uto BAX ecth nEBapHanTHas KpuBu3Ha. HaMm mer Hymawl
PacKprLIBaTh CMbICA B MOAPOOHO, AOCTATOYHO CKA34Th, YTO OH
Tpebyer Ot Hac ABaxIbl mpoaH(pepeHnHpoBaTh Ax no KOOpJaH-
HATaM X, & 3aTe€M COCTABHTB HEKOTOPYI0 KOMOHMHAINIO H3 A
H TEpBBIX CO BTODBIMH NpPOH3BOAHBIX oT Ax. CymecrseH-
RO yKasatb, 4TO 3TOT onepatop B monyyeH ofuH pas Ha-
BECraa Jisi 6cex BO3MOMKHBIX TOBEPXHOCTEH, M ero OTKpBITHE
(Tayccom) mmesto ypesBbYaitHyI0 BaXKHOCTD, B 4aCTHOCTH H A5
Hac ceiluac, JaBas HAM B PYKH LEHHYIO aHAJIOTHIO ISl TyTe-
IIECTBHA B TEODHIO OTHOCHTEJIbHOCTH.

Ha ¢ur. 10.2 (xoTopyio MoxHO cpaBHHTB c dur. 4.4)
CKA3aHHOE BbLIE BBIPAXKEHO € MOMOLIBKY (GYHKLUHOHAABHLIX,
HIH ONEPATOPHBIX, AMHKOB. Korma omud M3 »yKoB Gpomut
0 MOBEPXHOCTH, rAe oba OHH OBHTAIOT, OH MEHSEeT 3HAUEHHS
CBOHX KOOPAHHAT, T. €. O CYWECTBY MaHHMYJIHDPYET CTep-
HAMH, OGO3HAYEHHBIMH X; H X,. DTH CTEP:KHH B CBOIO ouepeinb
NPHBOISIT B ABHXKEGHHE B METPHUECKOM SIIHKE TPH CTepPHCHS
Ay, Ay 1 A, npuuem paGoTa Mexamusma BHYTPH 3TOTO
AHKA ONPENesseTcs: XapakTepoM NOBEPXHOCTH, Ha KOTOpOIl
XMUBYT XKyKH. Hakoneu, cTepun A uepes smK KpHBHSILI
DPHBOJAT B JBHXKEHHE CTepIKeHb, o0o3HaueHHBIH BAx. B or-
JHYHE OT MEXaHH3Ma, 3aK/IOYEHHOTO B METPHYECKOM SIIHKE,
MEXaHM3M B sAWMKe KpHBH3HLI Osiaromaps renuioo Taycca
paGotaer Beeraa oanHaKkosbiM obpasom. OGa 5TH snuiKa CYTh
OmepaTOpHBIE SIUHKH, HO ABYX PA3JHYHBEIX THIIOB.

Heckonbko cnios mo moBoxy Tepmuma «kprnanas. Jlom
HHOT1A HCOBITBLIBAIOT 3aTPYAHEHHS, HCIOAB3YS CJOBA, KOTOpPLIE
He C HeM HEeNmOCpCICTBEHHO CpaBHHBAaTb. B HanHoM ciydae
CPaBHEHHE MOMHO NLITATBCS [IPOBECTH, NPEICTaBHE cele 3Ty
NMOBEPXHOCTE MOTPYMEHHOIl B TpeXMepHOe eBKJHIOBO Ipo-
€TpancTBO. TOra MBI MOMEM PacCMATPHBATL KPHBH3HY OTHOCH-
TeNbHO KacaTeNbHOH MJIOCKOCTH. Ho KaK TOJABKO Mbl €ocegaens
Ha MOBEPXHOCTH (& 3TO HAM M NPHAETCS Le1aTh B TEOPIHI OTHO-
CHTE/ILHOCTH), HHKAaKOTO TPEXMEPHOro MPOCTPAHCTBA A npo-
BEACHHSA CPABHEHHMS Y HAC Y Ke HET, H BCE, UTO HAM OCTAETCSH,—
310 CUHTaTh, YTO TEPMHH <KDPHBH3Ha» INpPOCTO OMHCLIBAET
CBOHCTBA NMOBEPXHOCTH, KOTOpHIE MOYYAITCS M3 H3MepeHHuit,
BBINO/THEHHBIX HA CaMoli 3TOH MOBepPXHOCTH.

Baio oT™etuTs, 4To ecsn KpHBH3HA HA Beeil MOBEPXHOCTH
ofpamiaercsi B HyJb, TO MOXKHO HaiTH TAaKyl» CHCTEeMY
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KOODAWHAT, B KOTOPOf 3JeMeHT JJIHHB IIpHMET ocolenHO
npOCTOH BHJ:

ds? =dx? -+ dx2.

HOCKOJIBK}' 3TO €CThb VIEMEHT AJHHB! 0J/15 IIJIOCKOCTH, Mbl MOXKEM
CKa3aThk, YTO B JaHHOM CJydae NOBEPXHOCTb NAOCKAA. B TpeEX-
MEDHOM 3Ke NIpOCTPAHCTEE 2Ta NMOBEPXHOCTb OTHIOADL HE obsi3ana
BHITVIAETh IVIOCKOH: €10 MoXKeT OBITh H MCBEPXHOCTD LHJIHHBADA.
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TIABA

Jaexenm 0aunve u wpususia
RPOCINPGHCMEA~BDEINEH U

a Ta I71aBa Ha3BaHa OOMHAKOBO C Npenslayniell, 3a OZHIM

ICKJIIOYCHIIEM: CJIOBO «IIOBEPXHOCTH» 3JeCh SAMEHEHO Ha
¢NDOCTPAHCTRO-BpeMs». Tak ono M Ao/mKHO ObiTh, HOO MLl
coupaemesl MPOBECTH AHAJOTHIO, CBA3LIBAIOILYIO HEYTO CpaB-
HHTE/BHO NPOCTOE M 3HAKOMOE CO CJIOXKHBIM H HETIPHBBIUHbIM.
Hostoumy nenecoobpasno Gu10 B Toll Mepe, B KaKoil 3To BO3-
MOZHO, I TaM II 31eCh HCHOJAB30BATE ONHH H TE K& CJIOBA.
Ho npu s1oM npouscwna saGasnas pems. B [EepBOM BapHaHTe
Ha3BaHuii o0eHX 3THX IVIaB  HAMNHCAJI CJOBO «I10BEPXHOCTb»
(a surface) ¢ neonpenenennen aprikie «a», a «IPOCTPAHCTBC-
Bpexma» (space-time) — Ges onoro, a 3aTe YAHBHJACH, 3aue:
5T0 1 TaK czeqan *. OB 5TOM CTOHT MopasMblcinTh. B mocser-
HEM BAPHAHTE 3ar0JIOBKA ITOH IVIABHI 1 BCE KE STOT aPTHK/Ib
BeraBil. [loyeny s Tax mocrymua?

PaccyarpuBasi reomerpuio NIOBEPXHOCTEI1, 51 He HMeN B BHAY
KaKylo-To ONpEACJICHHYIO NOBEPXHOCTb — (yTGOMABHBLI  Mad
WIH MAY 27151 perGu, Kypuxoe siillo HJIH YTHHOE, PHMCKHIT Hoc
HI HOC TypenkHil. $I roropus oGo Beex moBepxHoCTSIX poodue,
H CJOBO «NOBEpXHOCTB» (a surface) BLIpaMaeT HMEHHO STOT
ofmuit empiesa. Ho korma s mammean ¢IPOCTPAHCTEO-BPEMsi»
0e3 HeonmpeNeIeHHOTO apTHKJS, 5 NONaJ B TY CaMmylo JIOBYLIKY,
0 KOTODOIl CTO/IBKO pa3 Mpemympexian Bac: s cnytan H-mip
¢ My-MupoM  (cumapom Hurmannonal). CymectByer oano-
CAIHCTECHHOE TDOCTPAHCTBO-BPEMSI, B KOTOPOM MBI JKIBeLM,
f IMEHHO €TO CJeAYeT HasblBaThb «IPOCTPAHCTBO-BDEMs» Ge3
HEOTIPEICIEHHOTO apTHKJS «a», TOYHO TAK e Kak Mbl 06Xo-
Auncs Ge3 3TOTO apTHKJS, Has3eiBast HMsi kow DepauHang
Anonsnit Caur. Oauako, xorma peub mzer o M,-miipe, T. e.

* B auraufickoM u3faHUH 3TON KHECH nepel CI0BOM «IPOCTPAHCTBO-
Bpels» CTOHT HeOMPEIGJIEHHBIT apTHKAL <as, O3HAYAIOWKIT, 4TO (MoAeIb-
HLIX!} MPOCTpaHCTB-BpeMen MOWKeT GHITh He OJHO, a MHOTO H 4TO peyb Hier
He 00 OIHOM-CIHHCTBEHHOM (peanbriom!), a JaHWL 06 OZHOM W3 MHOLHMX
BO3MOXHBIX B TeOpuH.— [Tpum, nepes,
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70 CYLIECTBY O CO3/aHHl MaTeMaThueckuX Mogedeit [I-mupa,
TO cleayer nepecTpanBath BooGpaxKenHe TaK, YTOOBl PasMblii-
7T O MOJIEJISIX, KOTOpbIe CYIeCTBEHHO OTIHYaloTes oT [l-Mupa.
Pasymeercs, MOXKHO TOBOPITb, YTO Mbl HIKOTZ2 He TOIMEM
yero-uGo, ec/lil He 33,13,113Csl BOMPOCOM, a 4To Gulio Obl, ecH
€ul MBI 3TO UTO-TO HEMHOMKKO H3Mennvd. B camom aene, npoct-
PAHCTBO-BPEMS, C KOTOPBIM Mbl Oy/leM HMETD Jlesi0 B 3TOlt rake,
MOKET BechbMa CHJAbHO OTJIHYAThCs OT PeasbHOro NpOCTpancTaa-
ppevenn. Ilpapaa, 3TO BOBCe He TaKkas yiK NPOM3BOMIbHAA
)O0eJDb, H HH2KE ML BRITHLIEM Te OrpaHKUeHIIs, KOTODhIe HaKa-
ELIBAIOTCS HA NPON3BOJ. BOT mouemy, Jake PHCKYA NPOCALITh
NelanToOM, §1 BCTABHJ HEONpeleleHHLI apTIKJAb B Ha3BanHue
s7oil Tmabl, Ho cenap Takoe moscueiie, fi B JajbHEHLICM
6yiy JAeiicTBOBATBL MO CBOEMY YCMOTPEHHIO. :

§1 ceiiyac mpeiCcTaBIAI0 HA Balle paccMOTpeHHe 1sa na-
pasienbHbIX CMHCKA, NONpPOMY Bac BHHMATEJBHO H3yquTb HX
H OTMETHTb CXOJCTBO H Pa3JiHuisl MeX1y HHMIL. JleBblii cronbel
{0310 TIOHSTH HA OCHOBE TeX CBeJeHHI, KOTopbie BBl MOJYIHAN
NpH UTEHHH TpeiblAyLieil I/aBbl.

Haum Gyzer MHOTO Jlerue TOBOPHTh O NIPOCTPAHCTEE-BpPEMEHH,
eci Bbl IpejcTaBuTe cefe, 4TO 3TO €CThb HE YTO HHOE, Kak
NOBEPXHOCTb, Pa3MEPHOCTh KOTOPOH «pasiyTar ¢ ABYX /O
yeTeipex. Ho ByecTe ¢ Tem MeX1y HIMI €CTh U GoJibliilie pas-
JUY1s], YTO BHALO H3 MYHKTOB O H 6 Hallero CMHCKa. B oGbnoil
TeoMeTpHH Bbl i€ BCTPETHTE HEONPE/eIeHHbIX SJIEMEHTOB JATHHLL,
W 10 3TOMY [MOBOLY HAM CJelyeT MOTOJKOBaThb.

Ho npexkae yem oOparHTbCS K 3THM NYHKTaM, Japaiite
p3riAHeM Ha npemuectsyiouiiie Hy. IlepBele TpH INyHKTa
JOMKHBL ObITh SICHBIMH TOCJIE [POUTEHHS NPeAbIYIUHX [/1aB;
KOe-uTo HOBOe NpeicTaBjser co0oi JIHIUb uyerBepThIH NYHKT
B npapom cToa6ue. UToObi MOHATL €r0, MNPEANGIOKHM, HTO
paspaforaH Hekuil cmocol NpPHIHCEIBANHS YETLPEX KOOPAHHAT X
KaKjA0My COOBITHIO B IIPOCTPAHCTBE-BPEMEHH. JonycTus, uTo
JETHT CAMOJIET M B HeM CHIAT naGmiofaTtes, Kamblil H3 KOTO-
peiX cHabKeH uacamu, MPHYEM BCE YacChl CHHXPOHHSUPOBAHLL.
B HeKOTOPHII MOMEHT CaMOJIET B3PBIBAETCS H HabuofaTenu
Aa3.I€TaloTesl BO BCE CTOPOHBL.

310 H300PACHO HA NPOCTPAHCTBEHHO-BPEMEHHOM YepTeike
¢ur. 11.1, Ha KOTOPOM MOKHO MPOCJEANTD 32 HCTOpHEH CaMo-
JleTa /1o B3PbIBA 1i 3@ HEKOTOPBIMI 113 NOCIeNYIOMUX HCTopitit
JeteBux B meM HaGiojareseil. Fla ueprexe TOKasaHbl
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[Toeepxnocimes

Ipa namepenns.
B o6uteM cayuae HeT crneunasn-
HbIX NPHBHJIETHPOBAHHBIX KO-
OPJAHHAT.

ds  ofo3Hauaer

Mexny COCeIHHMH
Puq.

PaccToalke
TOYKaMH

ds® ecTb KBaapaTHUHBI 3je-
MEHT  AJHHB, dx-A.dx, rie
A —CHMMETpPHUHAs MeTpHuec-
Kasi ~ MaTpHUA pa3MepHOCTH
2x2.

ds® NOMOKHTENLHO ONPeseeHo.
3anas moGylo Touxy P, MOXKHO
BLIOPATL KOOPAMHATH X TaK,
uTo0sl B TOUKE P BLINOJHALOCD
COOTHOLIGHHE

2 2
ds?=dxj +dx;.

Cyuecteyer onepatop B (o1Hn
H TOT e AN BCeX Loaepx-
Hocredl), Takoil, uro BAx ecTs
KpHpH3ua (o1Ha QYHKUHS).

Ecau BAx=0_ge3ie, To Mow-
HO BBIGpaTh TaKHE KOODIHHATH!
X, UTO 3JIeMEHT JJIHHLI BCeria
Gyaer HMeThb MPOCTOI BHA, TIPH-
BeleHueli B 1. 6 (nJockast mo-
BCPXHOCTB).

leoxesnueckue Jminuu yioBie-
TBOPAIOT yea0BHIO § S ds=0.

Hurb, nnotso waranyras ma
[I0BEP XHOCTD, JICAIHT BJ0.Ib I'e0-
Ac3nyecKoit.

[=>0 7]

ITpecmparcmao-apess

Uetbipe usmepenus.

B ofwewn cayuae wer crmeup-
A/bHBIX  NPHBHJTEI HPOBaHHBIX
KOOp/AHHAT.

df ofosHavaeT HuTepsas Bpe-
MeHH MEXHY COCeIHHMH COCki-
THAMH P H ( B ucTOpHH yac-
THIBI,

di* ecT KBagpaTHUHBIT 3uie-
MeHT JAHHB, dx-A.dx, rze
A —cuMMeTpHuHan MeTpHuec-
Kasd MaTpPHIA DPa3MepHOCTH
434,

di* we onpezenecHo.

3anas moGoe cobritiie P, Mo-
MHO BHIGPATL KOOPAMHATHI X
TaK, ytobsl B Toyke P Bbi-
NOJHAJIOCh COOTHOIIEH e

aft = —dxj —dxi—
—dx5 - dxl.

Cyuectayer onepatop B (oznu
H TOT iKe JJsi BeeX npoct-
DaHCTB-BpeMeN), Takoii, uro
B Ak ects KpHzuana (coBoxyu-
noctb 20 hyukuuii),

Ecan BAx=0 eesze, 1o Moix-
HO BbIGPATL TaKHe KoopauHa-
Tel X, UTO 3JEMEHT IJIHHBL
Beeraa OyaeT mMeTh npoctoit
BHI, npHBeleHHLIT B 1. 6
(nnockoe NPOCTPAHCTBO-B ] e-
M),

FQOJGSII‘IQCI{IIC JHHHH  yIo03-

JCTBOPSIOT YCJIOBHIO & Sd(:o.

CylecTByoT Hy/iestie reoje-
SHYECKHE JIHHHH, I KOTo-
peIX di =0.

Mupopast auuua  csoGoanoii
YaCTHULl CCTh IEOJe3HYecKas.

Muposasa nunus doroua s ny-
CTOTE eCTh HyJeBas reojezn-
yecKagd.
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HCTOPHH TOJBKO uYeThipeX Halbalofarened, XOTdA HX MOIVIO
ObiTh H MHOTO GOJIBLIIE.

Koopaunatel B3puiBa o003HayeHBl depes x (pasymeeTcsd,
X TPEACTaB/IsET CO0OIl UeThlpe UHCHa Xy, X, X3, Xy), H X+4dx
ofo3nayaeT Hekoe coObiTHE B mocjenyiouiel HCTOPHH OXHOTO

Mupobbie nuvuy Hadarwdamened
nocne Gapuba
A

Mupobaa nunuq
camonema

@ nar. 11.1. Kak skcneprMenTanbHO onpede-
JHTb 3/€MeHT JAJHHBL FPOCTPAHCTBA-BpPeMeHH.

u3 Habmopnatenedi. Tloka oH JeTuT OT COBHITHS X JO COOBITHA
x-+dx, ero yachl PerucTpHPYIOT HeKHHl BpeMeHHOH HHTepBaus,
ckaxeMm di.

Jlanee, BeNHUHHA X SIBJSIETCS TepeMeHHOH (YeThIpex3Hay-
HOI1), TIOCKO/MBbKY B3pHIB MOr Obl NIPOH30HTH B JIOGOH TOUKe
MHPOBOI MHHMH camosera. Bennuuna dx Takxke (deTbipex-
3HauHaf) NepeMeHHas, NOCKOAbKY B CaMmoJere JieTesl He OJHH
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HabmiofateNb, a MHOMKECTRO HX. B pesynwrate df (wnH, ecau
YTOlHO, dI*) ecTb GYHKUHS BOCHMM nepemMeHHbIX (x, dx).
Kakoro pona sra bysxuHa? Sror BONpOC HMEET ypesBLualino
BAXHOE 3HAYCHHE B TEODHH OTHOCHTE/bHOCTH.

B Tom dantactnueckon SKCIEpHMeHnTe, KOTOPLIA f1 omiican,
MOKHO NpencTaBHTL cefe, uYTO MHOTHe M3 pasJieTeBIuHX Cs
Habmogateneil satem co0pantch BMECTE H COMOCTABHIT 3aMHCcH
B CBOMX O/okHOTax. JIHIub Hocse 3Toro OHH CMOIJIH PEIlHTD,
4T0 370 2a ynKkuusA, o KoTopoii s rosopu. B nefictBuTeNs-
HOCTII Taxkue BeIUH He cayyaiores, Iponcxonur nakomaenue
HAell, NIPOCThIe BAEH NPHBOAAT K Gosee C/IOXHEIM, 3aTeM HacTy-
Ia€T BpEMA NOTAI0K H THIOTE3, a onu TIOTOM TPOBEPSIOTCS
PasJHYHEBIMM, yalile Bcero KOCEECHHBIMH, crocofamH. B pamren
GIyYae Takoil BIOXHOBEHHBII cKauok MBICH  3athHKCHpOBaH
B HETBEDPTOM NYHKTE: di* ecTh Bhlpaz{eHne, KaaapaTHyHoe
OTHOCHTENbHO dx, Kospduumentsl B KOTOPOM CyTb (hyHKIH
ot x. Iloanoe Beiparkenne nosonbHO AJHHHO BLITHCBIBATH, OHO
HMEET nNpHMEepHO Takoii Bup *:

di*= A, dx? 2Adxyde, 4+ ... A,

rae xosgduuientol 4 cyrs QYHKUHE Xy, X, x,, X4 D10 A1 Mory
HAIIHCATL B KOMNAKTHOM Bije:

d*=dx-A-dx,

rie tenepn A ofo3uauaer CHMMETDHYHYIO MaTpHIY pasmep-
HOCTH 4X4. Cymectsyer u Apyroft Cxathii cnocod sammucn
STOrO BLIDAMEHHA, HO 5 cefiyac pe Oyay ero npusogith (car
rn. 12).

Ecnu Bul nepecunraere KOs@uuHeHTol A, To Bhl obHapy-
KHTE, UTO, XOTA B MaTpHIUe WX 16, no cooGpakenns CHMMeET-
PHI HX ocTaeTcst Tonbko 10 *. Mue oyenp HaJb, YTO HX Takg
MHOTO, HO Bceenengas CO3llana HMEHHO TaKoil, M Ham c 3TIIM
NPHARTCS TIPHMHPHTBCS,

Ho cux nop mui BCTPETHIIHCE ¢ ABYMSA HHTPHIVIOUINMH 32-
rajkamu. ONHAa M3 HHX COCTOMT B TOM, 4TO Bpems HHIHBHLY-
d41bHO, a ne BceoCute. Bropas — g TOM, YTO 3JIEMEHT IJNHHLI

* To, wt0 s 06o3nauns A, ofnino npuaTo o003HauaTs Gyksoii g
(7 aymaio, mo Toit MPHUHHE, 4TO g — mepBas Gyksa ciopa gravitation —
CTATOTEHHE®), HO ciMmBoa A GoJIbllle MOAXOAMT A Moux uesieit, nosromy
1 HADYWHA TPaauiymio,

** Hmeerca s BHAY, YTO A[j‘——AJ',', rre i, j=I, 2, 3, 4.— Hpuw.
nepza,
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(KoTOpHIM W M3MepsieTcs 3TO HHAHBLAYaAJbHOE BpeMs) npei-
ctaBasier coGoH KBaiapaTuuHylo Qopmy AH(pdepeHHaJIoB OT
koopauuat. llpuHAB aTH 1ABa MOJOMEHHS, Mbl COBePIUEHHO
PALHKAJbIO OTMexeBbBaen M,-MHpP TeOpHH OTHOCHTEJIbHOCTH
ot M,-MHpa KkaaccHuyeckoil U3HKH B TOM, YTO K4C4€TCH OCHOB-
HBIX nousTHH. Jaab, KoHeuHo, 4To AAs oO/neryeHHs NOHHMA-
HHS Haym npuxoautcs npuberaTb K aHTaCTHYCCKHM MbICJEH-
nbiM 3KcnepnventaM. HaGmonatenn BO B3PLIBAIOLIEMCST CAMO-
JieTe NoJyYaT He TaK YK MHOTO MoJe3Hod HHGOPMaLHH, Cels
34 CBOHMH YacaMmH, CCJIH NpH B3PBEIBE OHH NOJETHAT CO CKO-
pOCTSIMI, BHAYHTEJBHO MEHBIIIMH CKOPOCTH cBera. Moxkno
npuaymMate Goslee peanHCTHYeCKHIl MEBICJICHHLI 3KCIEPHMENT,
npejicTaBHB cefe B3aHMOAEHCTBHE 3JEMEHTAPHLIX YACTHL Bbl-
COKOIl 9HepTHH,— TMPHHIUII OCTAHETCH TEM 3Ke CaMbIM.
Bepuemcsi K HEONpeNeJeHHOCTH 3JeMeHTa AJHHEL (TYHKT 9).
Yrofpl NMOHATH, 4TO OHA O3HAYaeT, PACCMOTPHM BbIpa)<eHie

di* = dd —dx?,

nogobnoe ToMy, YTo GblIO yiKe npiBeilexo Ha crp. 109. 210
Tome HeonpedeacHHaa KBajpaTHuHas Qopma, Tle CJI0BO «He-
orpeleleHHas» O3HAYaeT, YTO Halle BbIPAJKEHHE MOMKET NpH-
HIMaTh KaK NMOJOMKUTe bHbIe, TAK H OTPHIATEIbHLIE 3HAYEHHH.
Takas ¢opMa coBeplIeHIIO He BCTpeyaercss B TFEOMETPHH NO-
BEPXHOCTeH, HO MOMKeT CYLIeCTBOBAaTb B TEOPHH OTHOCHTEb-
nocrn. OgHako ecsu, B3IVIAHYB Ha KBajpaTHuHylo (opmy,
NPIBEICHHYIO B NyHKTe 6, MBI YOelHMCA B TOM, YTO OHA OTpPH-
1aTe/NbHa, TOTAA CPa3y »Ke BO3HHKHET BOMPOC: €CJH CMEILEeHIe
dx B10Ab MHPOBOIl JIMHHH YacCTHIEI TaKoBo, 4To di* oTpuua-
TeqbHO (A 3HAuHT, df MHHMOE), TO KaK JOJIKHLI HATH Yachl,
VCTAaHOBJCHHLIE HA YacTHIe? Kax MOMKHO 3aperHcTpHpOBaTh
MHHMBIA HHTepBaJ] BpemeHH? OTBeT OueHb N1POCT: HHKAK HEJb35.
He moxer Tak BecTH cefs wactuua. M B camom jene, MupoBbie
JIHHH YACTHIL BOBCE HE NPOH3BOJbHbLIE KPHBbIE B [1POCTAHCTBE-
BpeMeHH — BCe OHH TakHe, uTo df* noaoxcumenvro *.
Ckaszannoe TpebyeT NMOACHEHHUA UEDTEIKOM, H MBI JIAeM ero
B Bljie OUeHb NPHMEYATEJbHOH NPOCTPAHCTBEHHO-BPEMEHHOMH
anarpasaet Ha dur. 11.2. XoTs 3TOT yepTexX HHKaAK He CBs3aH

* Orpuuateasnuil HATepBaL dif MeKAy COOBITHAMH NPOCTO 03HAUACT,
UTO OHH OPIHAAACHKAT MHPOBLIM JHHHSAM DasHBIX YACTHIL, T. €. MEKAY 3THMH
ABYMS COCLITHAMH HeT npuuinuoil ceasi. — I[lpum. nepes.
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CO B3DLIBAIOMHMCS CaMOJIETOM, 3TOT OpHMED YAOOHO HCHO.b-
30BaTh NPH HCTOJIKOBAHHH yepTe:xka. OTMETHM Npexae Bcero
CoGbITHE (B3PBIB) X, @ TaKKe MHPOBYIO JHHHIO OHON H3 wacTiiiy
(nan ozmoro u3 HaGmiogatesieii), BEIXOAALLYIO H3 X H Hampag-
JenHyio B Oynyiuee. Dra MHPOBAs JHHHA — JHLIb OAHA 1i3
MHOXECTBA BO3MOMHBIX; MHOKECTBO 3TO OFPAHHYEHO B CHJY
TOro 0GCTOATEbCTREA, YTO di? JOKHO GBITh MOJOMHTEBIILIM

nleped‘uuﬁ nynefod kowye

Mupoban Mupobaa
JUHUR YGEmUYb) \ ALHUA @Omong
Hacmoruee = Sanpewennan

mupofaq aunus
Czodawanca mupobay,
SUHUA

3adnuu wyneboit konye

® nr. 11.2. Hyvaesse konycsl,

H BC@ 5TH MHDOBLIE JIHHHH J0/IKHBI OBITh NOITOMY HANPABJIEHE]
B Oyaywee. OHH 3amOAHAIOT BepXHHil KOHYC, IOBEPXHOCTh
KOTOPOTO OMHCEIBAETCA ypaBHeHHeM d{*=0; HA MOBepPXHOCTII
KOHyCa pacro/araioTcs MHpPOBble JHHHH (GOTOHOB (CBETOBOIT
BCNIBIUKH B3phiBa). ITOT KOHYC €CTh Hy.Ae60L KOHYC, HaH, osce
TOYHO, nepednuri HYyJMeBOH Komyc, NOCKOJIBKY ~ ypaBHEH!a
dt*=0 onpeneaser ewe H 3adnur HYJEBOH KOHYyC *, Tal:xe
nokasaHHelli Ha ¢ur. 11.92.

Ecan wexas wacruma cOmmxanace ¢ camoserom i yaapH-
J14Ch O HETro B MOMEHT B3DbIBA, TO €€ MHPOBYIO JHHHIO CIeTyer

* B pycckoil JHTCpaType NPHHATO HA3LBATbL 5TH KOHYChl COOTBETCT-
BelNO (26coMioTro) Gy yWHM | {a0commi0THO) TPOLIALIM CBETOBEIMH Kony-
cavit.— [flpus. nepea.
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H300paxatb BHYTDH 3aJHET0 HY/JEBOTO KOHYCAa (OHA HA3HI-
BaeTCA  (CXOAAILeHCsl  MHpOBOH  JiHHHeH»). Jlobasd Jinus
B IPOCTPAHCTEE-BPEMEHH, NPOBEAeHHAS H3 TOUKH X B HANpaBJie-
HHAX, HE MOMaJAIoWiHX B NApy 3THX KOHYCOB, HE MOMKET OMil-
CLIBATb HCTOPHIO KAKOH Obl TO HM OBIIO YacTHUB HAH (HOTOHA.
Xorql 4 crapaioch u30erath c/108a «GLICTPHILY, HO TYT A MOTY
CKa3aTh, YTO NMojo0HAA MUDPOBAA JIMHUS JOMKHA Oblia Obl
OfIICHIBATD JBHKEHHs «ObICTpee cpeTay.

Caexyer, onsako, npejocTepedb OT OOMaHUHMBOTO Breuyat-
JeHis, KOTOpoe MOXKeT Buiasath (ur. 11.2. MsoBpasenusie
Ha Helft KOHYCbl NOXOKH Ha OOLIYHLIE KOHHYECKHE JBYMEpHbie
NOBEPXHOCTH B TpPEXMEpPHOM mpocTpaHcTbe. DakTHYCCKH iKe
Hy1eBofi KOHYC — 5TO TpeXMepHasi MOBEPXHOCTh B UETHIPEX-
MCPHOM IIPOCTPaHCTBe-Bpemend. Ho, nmoxanyil, ayywe Taxoro
YepTEe:Ka Mbl HHYErO NPEIJIOH(HTL HE MOMKEM.

/lBa HyJeBbIX KOHyca KOe-uTO TOBOPST O MNPHYHHHOCTH.
Cofeite x B oOuleli Bepmumie o0OHX KOHYCOB MOMET CTaTh
IpHUIHOil COOLITHII B MepeiHeM HyseBOM KOHyce H Gosblue
HiTZe BO BCEM NpPOCTPAHCTBe-BpeMEHH. B cBolo ouepens ecii
caMo COOBITHE B X FBJSAETCA HEKHM CJCACTBHEM, TO BO3MOMK-
Has ero IpHYHHA Ao/IXHA OBITh 3aK/II0UEHA B 34/HEM HYJIEBOM
Koryce. Hu 01HO cOOBITHE BHE 5THX KOHYCOB II@ MOJKET CTATh
HH NPHYHHOH, HH CJIeICTBHEM COORITHS x. B 3ToM IBoliHoM
KOHYCe 3aKJ/IOYCHO BC€ CBSI34HHCE C COOBITIEM X, CpPaHHILI
€ro — 3T0 TPaHHLBl TPHYHHHOCTH.

Bce 3T0 MOXKHO BHIPA3HTL H MO-APYroMy, HCHOJB3YS
C/10BA ¢PaHBIIE» M (MO3KE» B HECKOAbKO (oJee IHPOKOM
CMbIC/IE, HEMENH Mbl 3TO aenans npexne. Cosepuienso npa-
BH/IBHO TOBOPHTb, 4TO J00oe coOLITHE, 3aK/TIOUEHHOE B nepes-
HEM HYJIEBOM KOHYCE, NPOHCXOAHT IOcae COOBITHA X, Jea-
wero B ero BepuHHe. HMOo ecan ucropusi fo6oit wacTHUBI
BKJIIOYAeT B cebs 3TO COObITHE M COGHITHE X, TO B JIHUHOM
ONBITE> YACTHIBI OHO NMPOH3OHALT [OCTE X — B 3TOM H COCTOHT
CMBIC/T TIOKA3aHHI HHAMBHAYAJbHLIX YAaCOB, YCTaHOBJEHHLIX
Ha 3Toi yacTHue. Tak 4TO MOXKHO TOBOPHTh, YTO X MPOH3OLIIO
PaHbIIE TAKOrO COGBITHA.

AHAJIOrHYHO MOXHO CKa3aTh, YTO Bce COGBLITHS, 3aKJIO-
YEHHBIE B 33/HEM HYJIEBOM KOHYCE, COBEpPLIHJIHCH DaHbLIE,
yeM colbITHE X.

YTo, o1HAKO, MOMHO CKa3aThb O COOMITHSIX, HAXONSMIMXCS
BHe 00OHX 3THX KoHYcOB? HH 0flHa yacTHma He MOKET BKJIO-
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YaTh B CBOIO HCTOPHIO H 3TH coOHITHSA, H cOOnTHe X. 3HayHT,
He CYIIECTBYeT TaKoH YacTHLLI, JJs1 KOTOPOH MO:KHO ObLIO OB
HaliTH MeCTO COORITHA X B €e HCTOPHH, H B 3TOM CJyYae yTpa-
ygBaeTcs cama Hies of YropszoueHHOCTH Bo EpemenH. Co-
ObITHA BHE HYJIEBBIX KOHYCOB He MPHHANJIEXAT HH OYAYIIEMY,
wil npouwtomy. IlprMensTe cioBa «Oyayuiee» H «IpoLIICe»
MOMKHO JHIIB K 000HM HYJEBLIM KOHYCaM, HO HE K OCTalb-
HOMY npocTpaHcTsy-Bpemenu. Ha dur. 11.2 a ncnoawnsosaa
TAKKE CJOBO «HACTOALIee», HO C HEKOTOPEIM omacenHem. Mo-
JKETE€ JIH Bbl CKa3aTbh, YTO B «HA&CTOSIICE BPEMS» Bbl VYaCT-
ByeTe B KaKoM-JHGO NpasjHectBe, €CJIH Bbl HE HMeeTe BO3-
MOXKHOCTH NOCJaTh KOMYy-HHOVAB cooflieHHe ¢ NMO3apaRJeHHeM
HJIH NMoJay4YHTh nopofuoe coobuienne oT Koro-nub6o? Kowneuno,
BBl MOIVIH IIOC/JaTh TaKO€ NMo3jpaBileHHe paHblle, KOTZa Bawa
MHPOBasl JIHHHA elle He MOKHHYJA NPOIIIOro, a NoJYYHTb
OTBETHOE I103jpaB/JeHHe MOTOM, KOTJa Ballla MHpPOBasl JHHHA
yike nepemsa B Oyaymiee, HO B MPOMEKYTKE MEMKAY IOCHLIKOI
H NpHEMOM TO3ApaBJeHHil ¢ NpasIHHKOM Bbl «HEKOMMYHI-
kabenbHbl». BoT nouemy BMecTo c/10Ba «nacTosinee» na gur. 11.2
ayyiie Obo Gbl HCNOJAB30BATH TEPMHH «¢HeKOMMYHHKaGeab-
HOCTE?.

INoxonuuB Ha sTOM ¢ nmyskTamMu 4 u b ma crp. 117, ofpa-
THMCS1 K NyHKTY 6. B nepom ctonGue roBopuTes, 4TO, 3a3j1aB
A00y10 TOYKYy P Ha NOBEPXHOCTH, MBI MOXeM HailTH Takue
KOOpAMHATEI, YTO B Touke P

ds® = dx} - dxd.

DT0 OTHOCHTCA JHIIB K TOYKe P, NOCKOAbKY ecau Obl 37O
PABEHCTBO BBIMOJHAJNOCL Be3je, TO IOBEPXHOCTh Oblia Obi
naockofi. CkasaHHOe MOMKHO BLIPa3HTh H T4K: OYeHb MaJjekb-
KHil 5MeMeHT MOBEPXHOCTH MOXHO CUHTATh NJOCKHM. Mubivu
CIOBAMH, KOTZa BH pasfnBaeTe KJAYMOy, BaM HeT HVKIbI
VYHTHIBAT KPHBH3HY 3€MHOH NOBEpXHOCTH. A Korja e BO3-
HHKaeT Takasi Hy»1ar? 3TO 3aBHCHT OT IJIOLIAAH Ballero cajia
H TOYHOCTH, ¢ KoTopoil Bbl paGoraere. Ecau Bbl maTosorHyecKH
aKKypaTHb, TO BAC MOXKET BHIBECTH H3 ce0s HEBO3MOXHOCTh
pasbuth KAyMOy B BHZAe KBajpaTta cO CTOPOHAMH B KHJIOMETp
IMHHOH, IIOCKOJBbKY, CTPOro TOBOpS, H306pasuThb KBaipaT
Ha TIOBEPXHOCTH cdephl Heab3sl. Temepb siCHO, UTO NVHKT 6
TpeyeT HEKOTOPOil OCMOTPHTENBHOCTH. MHOTAA YTBEpXAaloT
ciepyioniee: Ha OCCKOHEYHO MaJBIX YYacTKax TOBEPXHOCTb
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naockad. Ho sto Cecembicsinua, NOCKOIBKY BHE 33BHCHMOCTH
OT TOro, KaKk OyAYT BLIOpaHBEI KOOPJAHHATH, KPHBH3HA IOBEpX-
HOCTH HHKYJa HE HCUe3HEeT — OHa Belb HHBApHAaHT.

Iyuxr 6 na crp. 117 u ceBa, 1 cnpaBa chopMy/THPOBAH TeX-
HHYECKH NPaBHJIbHO, HO YTO KacaeTcs (PH3HUecKoll HHTepnpe-
TAlUHH, TO TYT cjaelnyeT OuiTb OCTOPOXKHBIMH. OGBIYHO TPHHH-
MaeTcsl, 4TO 3JIEMEHT [1POCTPAHCTBA-BPEMEHH HABJAETCH IIJIOo-
CKHM, HO 3TO YTBepIKAeHHe 5 [MOCOBeToBas Obl BAM IPHHHMATb
C OCTODOX(HOCTbIO, HHA4ye MOMKeT NpPOH30HTH NYyTaHHUA, ecaH
Bbl B3/lymMaeTe pa30uBaTh CBCH UETHIPEXMEPHBI calq B MpPOCT-
panctBe-speMenH. M jnaBafiTe Ha ITOM NOKOHYHM C IIECTBHIM
nyukToM. Boofile roeops, on BakeH, HO 1 He JyMaio, 470
MHE NpHAETCA BO3BpallaTbCsd K HEMY CHOBA.

[Myukr 7 HMeeT mesio ¢ KPHBH3HOM, M f YiKe NOCTATOYHO
noapo6uo pasofpan 3TOT Bonpoc B mpersinyuied raase. §1 na-
TOMHIO, YTO KDHBH3HA eCTb YHCJ/O, XapaKTepHsylollee KaxK-
AYI0 TOYKY Ha MoBepxHocTH. Ecan XykH, nonsamolnue Imo
NOBEPXHOCTH, 3HAIOT €e KPHBH3HY, TO OHH CMOFLYT IIPaBHJBHO
CITAHHPOBATh CBOIO KH3Hb Ha Hell. [lonoOnO muIOTaM ABYX
CaMOJIETOB, CTAPTYIOWHX ofHoBpeMenHo Ha CeBepHOM MoJIioce
H HanpasJ/IsIOULIXCS HA 10T ¢ OAHHAKOBOI CKOPOCTbIO, KOTOpLIE
3HAKOT, YTO OHH BCTperaTcs Ha HOMKHOM modioce, JiBa KyKa
H4 MOBEPXHOCTH TaK ke crNocoCHBl OUEHHBATh paCXOXIeHHE
HJIH CXO{JeHue reofesnueckux JauHuil. Bcee, 4To OHH NOJMIKHLI
3HaTh,— 3T0 KpHBH3HY BAx B Kamkaoll TOYKE X MOBEPXHOCTH,
rie B — onepatop KPHBH3HEI.

Puman o6Hapy:un, 4To 3TH coo0paKeHHs MOXKHO IpH-
MEHHTb K POCTPAHCTBY C JIIOGLIM YHCJIOM H3MepeHHil; npasna,
ec/ Boliiere B noJpodHOCTH, BCE 3TO 3HAYHTENBHO YCJONK-
untca. To, d4ro cpenan PumaH, NPHAOKHMO H K UeThIpex-
MEDHOMY MpPOCTPAaHCTBY-BpeMeHH. 3xeck omepaTtop B, Oynydn
npHMeHeH K MeTpuke Ax, HaeT COBOKYMHOCTb JBajuaTH
(byHKUHi OT ¥, KOTOpbIE B HCNOJb3YeMbIX MHOIO 0003HaUYeHHAX
poraagar kak BAx. CoBoxkynuocTs 3THX 20 BeJHYHH Hasbi-
BAETCA MICHZOPOM KPUBLBHHL HJIH Ke PHMAHOBCKHM TEH30DOM
(o Temsopax Cecena nofizer B cuaenyloweidl rnase). s Hac
(KyKOB B NpOCTPaHCTBE-BpeMeHH) 3Ta KpPHBH3HA MOXKeT HC-
TOJIKOBLIBATLCA C NOMONIBIO OTKJOHEHHI TIeofe3HdecKHX JiH-
HHH, OPEICTaBIsIOWHX HCTOPHH cBOOOAHLIX 4acTHL, H GOTOHOB
(cm. myuxTsl 9 1 10 ua crp. 117). Ilockonbky nefecuast Mexa-
HHKAa CBA3aHa C H3yyeHUeM CBOOOIHBIX UacTHI, (TJaHeT)
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H TIOJb3YeTCs I/ HX HaOMIOAEHMS OTPaMEHHBIM HMH CBETOM,
NOCTOJIBKY KPHBH3HA IPOCTPAHCTBA-BPEMEHH OKasblBaercs
BIIOJIHE PEa/bHOH CYLWIHOCTBbIO B (DH3HYECKOM MHDE.

1 ne coOHpaloch BHITHMCHIBATH (OPMYJY A5 TeH3Opa KpH-
BH3HBl — OHA CJIOXHA. BaXHO OTMETHTH JIHILb, YTO TOT CAMBIIl
onepatop B, KOTOpHIH IepeBOAHT MeTpHKY AX B KpHBH3HY
BAx, comep:HT BIIOJHE OnpeieseHHB Habop HHCTPYKLMIT:
ABaXKABL NpoiH(IpepeHUEpoBaTh AX H COCTABHTB HEKOTOPYIO
anrebpanyeckylo KoMGHHaALUHIO H3 AX, NEPBLIX H BTOPBIX Npo-
H3BOAHBIX OT Hee. Ecim yroiHo, BEI MOXKET€ NpENCTAB/STD
cefe (YHKUHOHANbHEE fIMKH Hanogo0He Tex, uTO Oblii
usobpaxennt Ha ¢ur. 10.2, TOABKO Tenepb M3 HHX OyAyT
BLICOBEIBATLCS UETHIPE X-CTEPIKHA, AecaTh Ax-CTep:KHeH H ABa-
Juatbh BAx-crepknei.

Hro Takoe TArotreHHe? DTO M €CTb TEH30p KPHBH3HEI.
B s70oM 1 cocTouT OTBer, K0JIb CKOPO MBI OKa3aJjHch B M,-Mipe
Oiinwreiina. Ecan (eMm. nyskr 8 Ha crp. 117) Ten3op KpHBH3HbLI
ofpawiaercss B HYJb, TO NPOCTPAHCTBO-BPEMS OKa3hlBaeTCs
nnocknM. Mmenno xpuBH3Ha onpenedsier cofoio moae  To-
TOTEHHA.

OCmwasn TeopHs OTHOCHTEJNbHOCTH HMeeT AeJ0 € MNpocCT-
PaHCTBOM-BpPEMEHEM, KDHBH3HA KOTOPOrO HE paBHa HYJIO,
CriellHaNbHasl TEOPHA OTHOCHTENBHOCTH — C MJIOCKHM IIPOCT-
pancrBoM-BpemereM. Ilo 3Tolf mpuunHe ofwas TeopHsi OTHOCH-
TEILHOCTH HMEET JeJo C TATOTeHHeM, a ChelHaJbHas —
¢ (DU3HYECKHMH SIBJEHHAMH, B KOTODbIX TAIOTEHHE HIpacT
CTOJIb HECYIUECTBEHHYIO pOJb, YTO Mbl MOMKEM CIIOKOHHO 32-
6uiTe 0 HeM. Co crnenManbHO Teoprell OTHOCHTENBHOCTH 3Ha-
KOMO KyZa Gosplue Jmoned, yem ¢ ofuieH: Ieo B TOM, UTO
MaTeMaTHUYECKHH anmapar NmepBOfl H3 HHX 3HAYMTENBHO Ipolle
H B pe3yJsbTaTe MoxeT OhITb pellueHo ropasio GoJblie 3ajad,
yeM B oOuiefi TeOpHH OTHOCHTeJbHOCTH. 1 BhIGpan B cBoei
Oecene TaKenblli NyThb, pacckaswbiBas cHayasa o0 obulell Teo-
PHH, HO f y3€ rOBODMJ O NPHYHHAX, OMPENeNHBIINX MOl
BeIGOp: ecaiH HauaTh ¢ ofuiell TeopuH, TO Jerye oTOPOCHTh
npeicraBaeHus Kaaccuyeckod ¢msuxu. Ho 3a 3to Hano pac-
nnayuBartbesi. $l He HaMepeH 3aBOINTBL Bac B 3allyTaHHbIE
AeOpH GOpMyYJI 1 TOMY NO0GHBIX Beliel, TOCKONbKY S CAHIIKOM
XOpOLIO CO3HAI0, YTO 34CeJI0 BalUH TOJIOBBL TpH3paKami,
XapaKTepHblC YepThl KOTOPBIX BHLIPAXKAIOTCH JIHWL B CTPOrO
uncaeHHoii  ¢opme. Tensop KpHBH3HBI HMEET JBa/JUATh
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KOMIIOHEHT, HO 3Ta HH(OPMAlHs eIBa JIH [O3BOJHT BaM OMNO-
3H4Th €rO IPH BeTpeye. Mexay TeM Bbl HMeeTe ¢ HHM Iea0 Kawk-
Hblif IeHb CBOGH MH3HH, €C/IH TOJIBKO He OTKPBUIH KaKofi-miGo-
TalHbll Cr1ocOG BBIATH H3-NOJ BJACTH TATOTEHHA.

YTAyGHBUIHCH CTOMb AafeKo B OOUIYIO TEOPHIO OTHOCH-
TeAbHOCTH, f BBIHYMKIEH TOTPY3HTLCS B Hee eme rayoke.
[losromy s mpeaniaraio BaieMy BHHMAHHIO eule JBe [JaBbl,
OlHa H3 KOTOPBIX OYyAeT MocBsieHa TeH30paM, a Apyras —
YpaBHEHUAM To/st DifHwTe HA.



12

rITABA

Lensopv

B 5TOIl KHHTe s CTapajcs MO BO3MOMKIOCTH H3Geratsh op-

MyJ, HO, KOTJa JeJ0 JOWVIO A0 TeH30pPOB, 51 BHIHYIKIEH
H3MEHHTb CBoeMy npaBHay. Bce, o uem 3necs Gyaer ckasano,
MO(HO NepeBeCTH H Ha OOBMHbLIA FI3BIK CJOB, HO TOTAA MOJaYy-
YHTCSl UYAOBHMIHO JyiMHHO. OJHAKO f Bce Ke IIOCTapaloch
CBECTH MaTeMarHyecKuH (opMann3M A0 MUHHMYMA.

HonycTHM, y Bac HMeeTcs COBOKYIHOCTb IUECTHANUATH Be-
JHYHH, KOTOPYIO Bhl XOTHTE KA4K-TO NpPEICTaBHTh. BHI MoxkeTe
PacnoJIOMHTD 3TH BEJIHYHHLL B (POPME MaTpHILLI

,/Xn Xie ’\;’13 Xy
(Xn Xzz 1\,23 Xa;
\Xu Xaz ’\33 X:M ’
Xu X-n X-m Xu

HO €e C/HIIKOM JOJATO BLIMHCHLIBaTb. Bclo 3Ty COBOKYMHOCTB
BeJIHYHH MOXHO OG03HAYHTL OAHHM CHMBOJIOM X JUIS HAIIHX
ueseft Jayyqule nHcatb X;;, MOHHMAs IIOJ 3THM, 4TO f H j o3Ha-
yaloT Bee yncaa ot 1 no 4.

fl HMCnoJb3ylo yKasaHHbIH HHTEpPBAl 4ICes] II0TOMY, YTO
OH (GHIYDHDYET B TEOPHH OTHOCHTEJbHOCTH, IJSi KOTOpOil
YHCJIO «YETHIpE» sIBJsIETCH, TaK cKasaTb, Maruyeckum. Ho
GOJILIUHHCTBO H3 TOrO, O 4eM s GyAy TOBOPHTb, B paBHOIi
Mepe NPHMEHHMO H K ofnactH uuces ot 1 mo n. [Nockoabxy
Al BCE XKEe HCMOab3yio 061acTk T 1 1o 4, To HeT HeoGXONHMOCT i
B JasibHEHIIEM CHOBa MOBTOPATh CKasaHHOe: CHMBon X
6yZeT OTHOCHTHCH TOJIbKO K YKasaHHOH o6aacTH.

Ilpumen Tenepsb, uto X;; CyTh (DYHKIHH KOOPAHHAT NpOCT-
PaHCTBa-BPEMEHH X;; 3TO Mbl o0oskauHM Kak X;;(x). Ilycre
Y;— Apyrasg CHCTeMa IIPOCTDAaHCTBEHHO-BPEMEHHEIX KOODPIH-
HaT. 3TO 03HAYAeT, YTO HKCHl CYTh QYHKLUHMH HTPEKOB H Haobo-
POT, H MBI MOKEM BBECTH YacCTHBEIE IPOH3BOJHbIE dX;/dy ; (Bcero
IIeCTHAANATb) H dYy;/0x; (TaK:e IIeCTHAALATD).
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BozbMmem mwectnaiuats GyHxuui X;j{(x) H moscrasuM A
HKCOB HX BBIDAJKEHIIsI yepe3 HrpekH. DTO AacT HaM IIeCTHal-
yaTh QYHKUHE HTPEKOB, KOTOpLle Mbl 0G03HauM depes Y (y).

B ofweMm cayuae He CYUIECTBYET HHTEDECYIOUIETO Hac
NPOCTOrO CooTHOWIeHHS Mexay ¢yukuuamua X¢; u Yij; HO
MOMKET OKAa3aThCfl, UTO COOTHOLIEHHE HMEET CJeNYIOUHH BHA:

Xif) = B um () 22, (12.1)
rae 3HaK Y, O3HAUAeT, YTO MBI AO/IXKHBI 3aCTaBHTb HHIEKCEI
k u m npobexars auauenus 1, 2, 3, 4, a 3aTeM CJI0KUTH BMECTE
Bce MOJAYYHBIUHECS 4jeHbl. Ec/iH Takoe COOTHOLIEHHE HMEeT
MECTO, TO Mbl TOBOPHM, UTO BesHYHHBI X;; 06pasyioT meHsop,
a cama ¢opmyaa (12.1) sipaserca meusoprsii  npeodpaso-
BaHUeA.

B dopmyse (12.1) ¢ynakosaHo» ouenb muoroe. OHa mpei-
cTapiaser coloii COKPAIeHHYIO0 3aMHCh HH MHOTO HH MaJjo
LICCTHAAATH ypaBHeHUIl, KarxJoe H3 KOTOPBIX COAEPHKHT
B cBoeil TpaBoil YacTH WeCTHAINATh Y/leHoB. M Bce OHH BbI-
paikensl ofHO-e}HuCTBeHHOI popmynoil (12.1). Jro Hacros-
unpit Tpruymd Mmatemartaueckoit senoctn! Oxnako DiiuTeild
oxasaJjcs ene Gosee «iennBbiv». O obpaTHs BHHMaHKE HA TO,
YTO KOJb CKOpO B Takof ¢opmy/e Tpedyercs cyMMHpOBaHHE
no nugexcy lk u m B (12.1)], To 3TOT HHAEKC BCeraa moBTO-
psietcs Osaxcdor. Tlo 3Tofi mpHYHHE 3HAK CYMMHPOBAHHS )
Ha caMoM JieJie He HYZKeH, ero MOXHO 3a4epKHYThL * H NHCATh
3aKOH TEH30PHOro npeodpasoBaHusd MPOCTO TaK:

ayy, Oy
Xy =Y @) 5255 (12.2)
CKa3aHHOEe HA3LIBAETCS NPABUJIOM CYMMHDOBAaHMS: K020 uH-
Jekc noemopsemcs. 8 NPoussedeHul, CYMMUpPYL no Hemy 6 uH-
mepeaae wucer 1, 2, 3, 4. Ypasnenue (12.2) roBopur TO e
camoe, uto U ypasHenne (12.1), Ho uyTh Gonee cxaTo.
TenzopHoe npeofpasoBaHHe HMeeT BA BaXKHbIX CBOIHCTBA,
1 9Ti CBOICTBA EJNAIOT TeH30phl CTOJb YAOOHLIM (M AedCTBH-
TEJBIO BazKHbLIM) HHCTPYMEHUTOM B TEOPHH OTHOCHTENbHOCTIL.

* OfpiHo ero He 3auepkuBaloT. MHaexcsl, 00 KOTOPBIM BEJCTCS CYM-
MIPOBAHHE, He BEICTYMAIOT B JCBLLX UACTAX BBIpaMenui, noacbunix (12.1),
H NOTOMY HABBIBAIOTCH CJCHBIMHY (<HCBHARMBEIMIN).— [Tpudt. nepes.
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TlepBoe cBoiictBo coctonr B TOM, uTO ec/H TeH30p ofpa-
WAETCs B HYJIb B OJHOH CHCTEMe KOOPJHHAT, TO OH paBex HyJi0
BO BCeY CHCTeMaxX KOODAHHAT. DTO OUEBHIHO: Pas paBHbLI HYJIIO
Bce X,;;, TO paBHBl HYMIO H Bee Y.

Bropoe cBoiictso 3akaiouaercs B TOM, YTO CyMMa JBYX
TeH30pOB Toike ecTh Tensop. UroSel yGenutses B 5TOM, Hamu-
WeM ypaBHeHHe, cXogHoe ¢ (12.2):

. dy,.
Al‘f (x) == Bn’.‘m (.I)'} -0_'# T":‘ H

H c10xuM ero ¢ (12.2), yro gact uam

Xij (0 + A0 = [¥ g (9) + By (9)] L %o
i i
310 B CBOIO Ouepenb Toxke ABMIsETCA TEH30pHEIM npeofpa3zoBa-
HHEM, TaK u4To cymma X, ;(x)4A,;(x) xeficTBuTenpHO ecTh
TEH30p.

S1 yxe e pas nomuepkusan, uto B o0wWweM cygae B mpocTe
PaHCTBE-BPEMEHH HeT KaKHX-THGO CHelHaIbHLLX IDHBHJIET H-
POBAHHLIX KOODAHHAT. ITO 03HAYAET, YTO eCJAH Mb] BEIOpau
kakue-nGo KOODIHHATEI (CKaxkeM, x), To He HCKJIIOUEHO, YTO
HAM MOTYT MOHANOOHTbI M KaKue-THGO Apyrue KOOpAHHATHI
(ckamem, x'), TNIPHYEM, DpasymeeTcs, c/IefoBaslo Obl 3HATh,
4T0 MPOH30HAET ¢ HAWHMH GOPMyJIamH NpH Takom npeolpa-
3oBanuu Koopauuar. Io cymectsy aro Oyxrantepckas 3anaua,
B HSBECTHOH Mepe MOJOCHAsT TOH, C Kakoi CTANKHBAIOTCS
CTPaHBl aHTJIHIICKOTO A3LIKA NPH BBELEHHI B HHX MeTPHYCCKOIi
CHCTeMbI Mep. Oco0eHHOCTb TeOpHH OTHOCHTENBHOCTH B TOM,
1TO OHA OMEPHPYET TEH30pPaMH, a A5 HHX Mbl HMeeM TEH30pHOe
npeobpasosanne (12.2). Ono BuIrayuT HECKOJIbKO yCTpa-
liarome, HO 3TO CBOGNO pOAA ¢IJata 3a CTpax» IPH HCIONb-
30BaHHH yI0OHOIT cHCTeMBI 0003HauemnHi.

[ne e nano wauate BBOAUTL TEH30PEl B TEOPHIO OTHOCKH-
TeNBHOCTH? [la Ml yike JaBHO 9T0 Hauadn enars! Benoamnire,
KaK B MpEABIAYIIEH IJaBe MBI COBODHJN 06 3JeMenTe JJIHHB
POCTPAHCTBA-BPEMEHII, H 51 3aMHCAT €r0 B KPaTKoi thopume:

di*=dx- 4 . dx,

rie A Gbl1o MeTpHuecKoil MaTpuueil. M Moxem sty MaTpHILy
0003HAYHTb A;; M 3aMHCATb 3JEMEHT IUIHHBLI B BHIE

dirt=A4 i jd.,\:;_d.\:j

5 Ik Cumr
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(BcnoMHHTE mpaBmJo cymmuposanusil). Hamee, df ecTe Bpeud,
113Mepelnoe NocpecTBOM 4acoB, YCTAHOBJEHHHIX HA YacTHUE,
IpHYeM 3TOT I[HTepBal OTMeuaercsl, KOTJa YacTHLbl «HAYT®
oT cobbITHA ¥; J0 CGOLITHA X;-+dx;. 3TOT BpemeHHON HHTepBaJ
AO/DKEH 0CTABAThCSl OAHHM M TeM JKe NpH H3MEHEHHH CHCTEMBEI
KOOPANHEAT, H TOTAa MLl HMeeM

di: = A:.jd:-;:‘dx}: A»jdx,dxf. (123)

rie Xx;— HOBble KOOPAHHATH, Aj; — MeTpuueckas MaTpHLA
s wux. Ho [ u j— «cnensie» HHAeKcel (IO HHM BELETCS CyM-
uMHpORBanne); ofo3naulM HX B nocaenHem unexe (12.3) uepes
£ u m, n torga (12.3) nmpumer BUA

Ajdxdx; = Ay,dx,dx,

Tenepo ; 5
» OX P OX
d\’k—d“’i {" ’ —d\ m,
-k[ ]

i toraa (12.3) mepexoaur B
» . . a\,]" at,., ] ‘:
Af','dxidxj = AJJ”: W d.f 1 ax
; Y 0xf
locKonbKy dx;— NpOH3BOJLHOE NepeMeleHHe B IPOCTPaHCTBE-
Bpenedn, To guddepeHnnannl TOKISCTBEHHO PABHBI I ypaBHe-
rie (12.3) nmpunumaer BHA (Tak KaK METpHYeCKas MaTpHIa
cimMerpuyna, Toe. A,,=A

k™ “tmk

PRy (12.4)
6.\,- (1\]
J10 — TeH3opHOe mpeo0pasoBaHie, H I[O3TOMY Mbl MOMKEM
naseiBath A;; sempuueckust mexsopos. Jacto ero HasmBaior
naKKe (QyHOaMeHMAAbHOLM MEeH30POM, UTOOEl TIOAUEPKHYTL €ero
GCHOBOMOJIaralomee 3uauende npH oOpasoBaHHH H3 HEro JApy-
T:iX TEH30POB.

BenemunM BBegeHHbIH Bhiue onepatop B, taxoil, uto BAx
CiiCBIBAI0 KPHBH3HY NPOCTPAHCTBa-BpeMeHl. PaKTHUeCKH 3T0
10/K€ TEH30p, HO Oosee CJ0MHOIO BHAA, OH HMEET ueThipe
IHIeKCa BMECTO NBYX il 3amucbhiaeTcl Kak Bjyjm. On ofpa-
ayeTcs H3 256 KOMIOHEHT, OJHAKO [OUTH BCE OHH CBSI3aHBI
APYT ¢ APYTOM, H YHCJ0 HE3aBHCHMLIX KOMIIOHEHT COCTaBJseT
Jguwb 20,
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Kak yxe ykasmBasock, a1s Beex TEH30POB CIPaBeNJIHBY
TO, 4TO €C/H OHH OBpawaKTcs B HYJb B KAaKOH-JHG0 OLHOII
CHCTEME KOODAMHAT, TO OHH PaBHHl HYJIO BO BCEX NpoyYHx
CHCTEMAaX KOOpAMHAT. MEl TaKiKe OTMEewasal, uTo ecau BAx=0,
TO IPOCTPAHCTBO-BPeMs OKA3bIBAETCS MJAOCKIIM. BbLIO Ghl I1yIno
YTBEepIKNAaTh 5TO, HE HMes Jena c Tensopami, HG0 TOTJHA Mbl
MOMH OBl 0KHAATh, YTO MJAOCKOCTHOCTB €CTh CBOHCTBO, He

saBlicsilee oT HCnoMb3yeMolt cHeTembl KoopamuaT. Ha camowm
Je1e 3TO He Tak.

5%
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TJdABA

Ypasnenua noas

Kalc yIKe He pas TOBOpPHJIOCh, i pEMIMJ B 3TOH KHHIE OT
ofuiero nepexoinTb K uacTHoMmy. Hamomurio BEparie:
f HayaJ ¢ YeTbIPeXMEepHOTO HPOCTpaHCTBa-BpeMeHH COOLITHH,
B KOTOPOM MHPOBBIE JIHHHH MNPEJICTaBJAAIOT HCTOPHIO YaCTHIL,
TaK YTo AJA COOBITHI, HaXOAAUIMXCA HA OXHOH MHPOBOH JH-
HHH, CYILECTBYET YNOpPSALOYEHHOCTb BO BpeMEHH (paHblie —
niosxe). Bo Bcem 3TOM He GBLIO HHYEro Yy:kAOTO MpeACTaBJe-
HUAM Kaaccuueckol ¢uauxu. Takolt nogxonx, npaeia, HeoObl-
4eH C TOYKH 3PeHHA crapoil (H3HKH, HO BOBCE He IIPOTHBO-
peuuT eft — ero Mor Owl H30paTh 4yAaK, OTKa3aBlIHica ynorpes-
JIATb TaKue oObIUHBIe CJI0BA, KaK «CKOPOCThY HJIH «PacCTOSHHEY,
HO BO BCeX MPOUHX OTHOIUIEHHSIX BHOJHE 3ApPaBOMBIC/SIIHN
yejloBeK.

Bce mvo xak no Macay, H CKPHI NMOCABILAJNCS JIHILL B TOT
MOMEHT, KOTJAd s MpeICcTaBHJ BpeMfA KaK HeyTo HHIUBHYalb-
HOB, UYTO CJEIYeT H3MepsTh C I[IOMOLIBIO ATOMHLIX Yacos,
HAXONALIHXCA B pyKax y naGmoparteneii. Ilocsie Taxkoro pas-
BeHUAHHA aOCO/IIOTHOTO BpeMeHH HBIOTOHOBCKOH (GUM3HKH SIBHO
JOMKHO OBUIO HAYaTbCsl yTO-TO HOBoe. Ho ocraBanoch eie
MHOTO TIOAPOGHOCTe(, KOTOpLIe C/eL0Bal0 H3JIOMKHTh, I Haull-
Has C 3TOrO MOMEHTa Te NMPOCThle KaYecTBEHHbIE CoodpamKeHnd,
KOTOpBIE 5T BAM BBIKJIaLbIBAM, DOMMHEL OBLIH OBl YCTYIHTL MECTO
mateMatiyecKnM dopmyaasm. HanGosbiuefl TpyAHOCTbIO, CTOAB-
weil nepejo Mpoi, ObLIO BLIOPaTh HEKOTOPBIl CpeiHHil MyThb.
Coscenm 0e3 Gopmys oCOHTHCh HENb3Ssl, HO €CJIH NPHBOIAHTh HX
BO BCeX JETaJs1X, TO BLI 3a JAepeBLSAMH MOIJIH Ol He YBHJIETh
neca, He Oynyull npocdeccionalaMu B 9THX Bompocax. 1o kpail-
neii Mepe Tak KasaJoch MHE, H S IOIbITaJCd MHOrOEe Pacrod-
KOBaTh HA NaJjblax.

OnHako A COBEPIICHHO YECTHO OMHCA MeTpHYeCKHil TeH30p
KaK COBOKYIHOCTL AeCsiTH (PYHKUHI OT KOODIHHAT, BXOASILIHX
B BBHIDAXKEHHE A1 3JeMeHTa JAHHBI dif, rae di — maJdbli
H3MEepEeHHbIIi 10 yacaM HHTepBaJ BpeMeHH. [I306pasHB Hy/eBke
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xonycet Ha dur. 11.2, q oTKasasuca oT GOpMyJ U UHCTO TEOMET-
pHYECKH DPACTOJIKOBAJ YTBep:KAeHHe, 4TO HHKakKasd 4YacTHia
HE MOYKET ABMIaThes OLICTpee CBETa; NPH 3TOM sl HHIJE HE
CKa3aJj, Ut TOHHMAeTCs I10i CJOBOM «GBICTP €es.

S1 uxo ofouresl BCe CJIOMHOCTH, CB32HHLIE C TEH30POM
KPHBH3HBEI B. B OTHOWEHHH Hero GbL10 CKA3aHO JHLIb, 9TO OH
nmpeicTaBisieT co0oil  COBOKYNMHOCTb ABaAUATH (YHKLHIA OT
KOOPJMHAT, YTO €ro 3a7da4ya COCTOHT B OTJIHYEHHH HCKPHBJIEH-
HOTO MPOCTPAHCTBA-BPEMEHH OT IIJIOCKOTO — BO MHOTOM aHa-
JOTHYHO TOMY, KAK rayccoBa KPHBH3HA CJYIKHT pasfHUIeHHIO
HEKOTOPOH TOBEPXHOCTH M TJIOCKOCTH.

Onnaxo MHe He BCerza ynaercsi CTOJMb JIOBKO OGXOAHTH
TPYAHbIe MecTa. 37ech 51 CJOBHO 3alBIBal0 HasBaHHe S3Toii
KHHTH H T[OCTaBJEHHYIO TIlepel co0of ueab — (eceloBaTh
€ BaMH, He BManad B CKYYHYIO AHAAKTHKY. H yiKe BHKy, Kak
Bbl 3eBaere. Bel ycragm or 3THX Ge3qHKHX TEH30pOB. Bbl
xotesn Obl nOSoJIbIIe YCIBILATE O PEAJbHOCTSX, a f BCE BOXKY
BaC IO MIDY TeMHLIX MaTeMaTHYeCKHX CHMBOJOB. [lpiuiuio
YKE BPeMs MPH3HATLCS B TOM, YTO H MEHS [OPasi CHEIPOM
[lurmasvona, o KOTOPOM 51 CTOJb BEICOKOMEPHO T[OBOpH.]
B raase 1. 1 npexynpexaan Bac o0 OmacHOCTH CMeIUEHHS
feiictBuTenbHOro JI-Mupa ¢ MofenbubiMH M-MHpaMH, MOCTpOeH-
HBIMH IJ1S1 JIYUIUETO noHuManusa Jl-mupa, H cam e MopuaJjcs
STOMY Henyry. MaremaTHkl HCOLITHLIBAIOT YIOBOJBCTBIE, pa-
Gorasi CO CJI0MHBIMI (DOPMYJIAMH,— 3TO H €CTb HX 3aHATHE.
Ho pasnaetcs 30B npupoisl, I B 3TOT OTBJAEYEHHLIT MHP BpbI-
paetcsl ¢musuxa. M Bor, moxa A CIKY TYT 338 CBOHM CTOJIOM
H BBIMY4YHBAI0 H3 ce0f 3TH NpH3HAHHA, A CHpawHBaio cedi,
4TO AB/IACTCH CAMBIMH DeaJIbHLIMII BEIlAMH BOT B 3TOH KOMHATE,
H KOTJ1a s TOBODIO «peasjbHOEy, 51 HOHHMAIO 10 3THM HEYTO
rryGoxoe u yunavenranbuoe. M s, nanpuvep, otseyaio cebe:
BOT CYINECTBYIOT 3TH KHHIH, 3Ta NHUIYINAS MALIHHKAZ, HO 3TO
B H3BECTHOM CuIbICAe TpHBHajbno. KakoBa ke, copamisaio
i celsi ONATh, peanbHasi CTPYKTYPa, 3aK/TIOUEHHAss B IaySHHe
BCex 3THX TpHBHAAbHocTeil? I oTBeuain: merpiuyeckHHd TeH-
30p!

Ho Bce aTH fecaTb ero KOMMOHEHT HAXOIATCH CJOBHO
B TymMane. OHH CTOMb ke peasibHbl H CTOJb K€ HJLIIO30PHHI,
KaK BOT STOT yA4p HO KJAaBHle MoeHd MMUyued MaliHHKH.
Onit, Ge3sycsIoBHO, CYLIECTBYIOT, HO HX BEIHUHHB! 3aBHCST OT
HCTIOMTB3YEMOH MHOIO CHCTeMBI KOOpAuHAT. Ho MHe HHKoTAa
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HE MNPHXOANJIO B TOJOBY YCTAHABJIHBATL KAaKyIO-TO CHCTEMY
KOODJIHIAT B IIPOCTPAHCTBE-BPEMEHH, COOTBETCTBYIOULYIO MOEMY
rabuHeTYy, TaK KaKk Bce CHCTeMbl TAKHX KOODAMHAT COBEp-
IUEHHO DAaBHOIPABHLI, H HE CYIIECTBYeT HHMKaKOro MpHBHJETH-
POBAHHOTO KJlacca KOOpPAMHAT.

Hy uto i, jaBaiiTe Toraa npusxaem cBoe Geccuiaue nepef
cuggpovmom IlnrmanmoHa M obweauuum J-mup ¢ M,-mupom
Teopuu OTHOcHTeJbHOCTH. [IpH 3TOM MeTpHueckHit TeHsop
CTAHOBHTCS CTOJb @ peasibHbIM, KaK HOC Ha BallueM Jile,
HO TOJIbKO HamuHoro GoJiee (yHAaMeHTATbHLIM. B npuHuune
€ro MOX(HO H3MEPHThb C MOMOLILIO YacoB. TorAa OKaxKercs
peanbHBIM TaKk:Ke eule 0ojee «HeYJOBHMBIA» TEH30p KPHBH3HBI
CO CBOHMM JIBaJUATBIO KOMIOHeHTaMH. Ero Takke MOXHO
B NpHHIHNE H3MEPHTh, HAOMIO4asi, KaK CXOAATCS HJM pac-
XOJATCH CJefbl ABYX JIETALIHX B OJHOM HAnpaB/JeHHH YacTHIL.
H ne oOBuHsAlTEe MeHA B TOM, 4TO 5 Hecy uenyxy! DTu TeH-
30pbl — BBICIIME pPEaJbHOCTH MPHPOALI, H €CJH OHH CTOJb
OUEBHIHO He YJIABJHBAIOTCH HAWMHMH 4YBCTBAMH, TO 3TO TOJABKO
IOTOMY, YTO HAllll YYBCTBA CJAHIIKOM Tpy0sl H GOJBLLIHHCTBO
HAUMX HAay4YyHLIX [OpHOOpOB TaKike CJAHMIKOM MAaJouyBCTBH-
tesabubl. Ho onn cranoesatca Bce GoJiee YyBCTBHTEILHBLIMH
H MOILHBIMH, II TO, UYTO OKYTAHO TaiHOH CerofHs, CTaHET
IeficTBHTEeNBHOCTEIO 3aBTpa. He Tak y:K MHOroO JieT Hasan
s ToBopitia, 4To obpaTHas cropoHa JIyubl — oaua H3 Tex
Bellieli, KOTOpLIe JIOAH HIKOrAa He yBHAAT. M Kaxum aypaxom
f 4YBCTBYIO ceds ceropms!

Tlpnmio Bpems NOAHATLCS HA CaMblil BePXHHIT 3TaX TEOPHH
oTHocHTeAbHOCTH. [lpH Barsgze ¢ 3TOro sTa)a BHAHO, Kak
METpIUCCKHII TeHsOp CBA3aH C paclpele/eHHeM BeLiecTBa BO
Beenennoit. ITockoanky cywecTByeT cBofoaa B Brifope Koop-
JUIHAT, 3Ta CBSI3b NOMXHA BBRIPAXKATHCS TCH3OPHLIM COOTHOLIE-
nueM. IlosToMy HAM a0 OTHICKATE ABA TEH30pa H MPHPAaBHATD
HX ApYyT Apyry. OIHH H3 3THX TEH30POB CAENYeT CKOHCTPYH-
popaThb H3 METpHUeCKoro TeH3opa (KoTopniii f ofoznaunn
Boie Ax, yToGBl MONUEPKIYTh, YTO Oil sBJAAercA (yuriuei
NpoCTpancTBeHHO-BPeMeHHBIX KOOpPAMHAT X). DBrTopoil Tensop
HaJ0 CKOHCTPYHPOBATh Tak, 4TOGHEl OH OTpaxkaJ/ pacnpeaeneHie
BemectBa (s ofo3Hady ero Mx).

MbI yie CTPONJIH TeH30p H3 AX, a UMEHHO TeH30p KPHBH2HE
BAx ¢ IRanuaThO KOMIOHEHTAMH, 10 MO PSAY NMPHUYHH HOBBIII
TeHzop Oyner xpyruM. OpHa H3 9THX NPHUYHH COCTOHT B TOM,



YPABHEHHS T[onad 135

4to B oTauude oT BAx Tensop marepud Mx* Hueer JHIIB
RECATh KOMIOHEHT, TAK YTO HX Y2Ke Helb3fl MPHPABHHBATD APYT
Apyry. JimmnTelH, ONHAKO, HaweJ 3HAYHTENBHO OoJee yaob-
HBlll TeHsop, TecHo cBsizamHbl ¢ BAXx, HO HMeommuil JHIUL
HecATh KommnoHent. JIyis ero o0o3HaueHHS NPHHATO HCIOJb-
soBatek Oyksy G (BHIMMO, Mo nepBoii Gykee ciora Gravita-
tion — «raroTenHer), U s He H3MEHIO 3TOil Tpaguuud. Benn-
Uiy G MOXKHO paccMaTpPHBATh KaK ONepaTop; ecsi mofgefict-
BOBaThb HM Ha JIOGOH MeTpuyeckuil TeH30p AX, TO MBI HOJYUIIN
Tensop GAx (tensop DiiHiuTeiina).
Torma moxuo Hanucath ypasHenus noas:

GAx=Mzx. (13.1)
B MNyCToTEe, rA¢ HEeT BellecTBa, 3TH ypaBHEHIIH TNIPHHHMAKT BHJ:
GAx=0. (13.2)

10 U ecTh ypaBHEHHs, KOTOPBIM MOAYHHSIOTCS [IOJISI TATOTE-
wisl. Ecan pacnucath HX, To mosydarcs Iecath mudxpepeH-
LHAJBHBIX YPABHEeHHIl B YacTHLIX NPOH3BOAHLIX OUEHDb CJOM-
HOTO BHJA, BO3MOXKHO, A4XKe caMble CJOMHLIE YPABHEHHS,
KOTOpLIE TOJNIbKO MOX(HO BCTDETHTb B (DH3HKe, H MO 3TOH MpH-
YHHE OHH BLI3BIBAIOT GOJILIIOH HHTepec y MaTeMaTHKOB, OnHaKo
NOJTYYEHO JHIIb OYeHb MAJIO NMPOCTLIX pelleHH, npeacTaBsiio-
wHX hrzuueckuii uutepec. Tak, HX ylanock Moiyduth B cay-
yae, KOrla BO BCeM MHPE CYUIECTBYET JIHIOb OHO, H IIPHTOM
obnanawoliee chepiyecKoli CHMMETpHEH, MaCCHBHOE Teso. 3To
pelIeHHe ¢ BeCbMa XOpoLell TOYHOCTBIO ONHCLIBAET HALLY COJ-
HEYHYIO CHCTeMY. ACTPOHOMBI, NpaBja, H Mo cell IeHb B GOJb-
LIHHCTBE CBONX BBIUHCJICHHI MONB3YIOTCA HLIOTOHOBCKON Mexa-
HHKOIT, 1100 o0llee MHeHHe TAKOBO, YTO ypaBHEHHS DfinwTelina
Gosiee TOUHBI, HO HX HEBEPOSITHO TPYAHO DEIIATh.

OtxpritHe onepatopa ( SIBUJIOCH BHICIIMM JOCTHIKEHIEM
SHHINTEITIOBCKOl TEOPHH OTHOCHTeBHOCTH. Bes sToro oTKpeI-
THA MOl He HMeIl Obl TeOPHH TATOTEHHs, CMEHHBIIE Teopuio
Helotona. §1 Bosmep:Kych 31ech OT TOTO, uTOOHI BEITHCHLIBATH
C02HYI0 hopayay A5 G, W 3amMedy JIHLIb, YTO 3TOT ONepaTop
COZEPIKUT ‘ONpejieJIeHHbIe YKa3aHHsl 10 NOBOAY TOTO, YTO HAAD
AeJaTb C METPHUECKHM TeusopoMm Ax (ABaxkael mpoauddepes-
LHPOBaTk €r0 H COCTABHTHL ONpEeeHHYI0 KoMOHHALHIO H3 Ax

* Tousoe ero uaspalile — TeH3Op IHePrHH-HMOYJAbca MaTepHH. Yro
TAKOE ¢3HEPTHsI-MMIYJLC», BHL MpouTere B riase 15.— [Tpus. nepes.
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il MepBoil H BTOPOIl NPOH3BOIHEIX). 3TO OYEHb CXOIHO C TeM,
4TO 51 FOBOPHJ OTHOCHTEIBLHO oflepaTopa B, XoTd peuent s
COCTABJIEHHA TaKod KoMOHHALHMH B cayyae omepaTopa G,
KOHEYHO, ApYroii.

Cienyer ckasaTb HECKONBKO CJOB O TeH3ope Matepui Mx.
On umeer fecATh KOMIOHEHT, KOTOPEIE IPH JKEIAHIH Ml MOKENM
obospaunte M;;. OgHa H3 3THX KOMIOHEHT NpeLCTaBJIsieT
NAOMHAOCIG, 1 9TO HECKOJIBKO HANIOMHHAET HaM TO, YTO B TEOPHH
Heiotona Qurypupyer macca tena (wam, urto 3KBHBAJIEHTHO,
€ro MJIOTHOCTB). JTa MACCa NPHCYTCTBYET B 3aKONe BCeMHPHOro
NPHTSZKEHNS, KOTOPLIH HMEeT XOpOIIO 3HAKOMBIT HaM BHJ
3aBHCHMOCTH OT oOpaTHoro kBajiparta paccrosuus. OmHaxo
IVIOTHOCTB — 3TO TOJBKO OAHA H3 KOMIOHeHT M;;. OcTaercs
BBIACHHTD CMBICJ ellle AeBATH. Ecan yaauno BhiGparth Koopju-
HaThl, TO YHC/JAO 5THX KOMIIOHEHT MOMKHO CBECTH K IUECTH JJIsl
JII000r0 3aJlaHHOTO COOLITHA. TH [IECTh KOMIOHEHT npejacTaB-
JAOT Hanpascenun (JABJEHHE, HATAMEHHE H HANpsKeHHe
CABHI@) B Tesle, H B 3TOM TeopHs DHuwTeiiHa OTIHYAETCS OT
Teopun HbloTOHa, He mnpeicKaspiBaomed HHKAKHX rpaBHTa-
UHOHHBIX 3(eKTOB, CBA3AHHBIX C BHYTPEHHHMH Hanpsxe-
HHSIMH B TeJie.

OnunM H3 Tex oGCTOATENBCTB, KOTOpbIe 3aTPYAHAIOT MO-
OBITKH CLENaTh TEOPHIO OTHOCHTEJbHOCTH GOJ/Iee «OULyTHMOMHY,
AIBJISETCA CPAaBHUTEJNbHAST MAA0CM6 HEKOTOPHIX BEJTHUHH B Hel.
Tax, ecnn BRIPa3HTh HX B CONOCTABHMBIX €XHHHIAX, TO Hanps-
’KEHHE OKa3bIBAeTCS 3HAYHTENbHO MEHBIIE IJIOTHOCTH, W HA
NepBLIA B3T/IAL MOXKET MOKa3aThCsl, UTO BooOlIe HeT nanol-
HOCTH yTOYHATL BCIO 3Ty KapTHHY, BBOAS Hanpsukenme. On-
HAKO €C/H Mbl 3TOTO He ClleslaeM, TO CKOPEe BCero OUyTHMCs
B JIO?KHOM MOJIOXKEHHH — T/Ie-TO Ha NOJA0pore mexay Heroro-
KoM M JitnmreiiHoM. TTostoMy, CKOb GBI MaJBl HH GbLIH 3TH
3(heKTBI, MBI BCE KE NOJKHBI NPHHHMATh BO BHHMaHle TOT
(aKT, YTO HANpPSMKEHHs BLI3LIBAIOT TArOTEHIe.

CyuiecTByeT TONBKO ORHH CrOcoG BOCIIPHHATL BCe CKas3aH-
HOE — a HMeHHO BOOGDA3HTb, UTO HALIH YYBCTBA H H3MEpH-
Te/lbHBEIC NMPHOODB CTali HAMHOTO YyBCTBHTENBHEE, ueM Ha
camoMm jene. A Temepb s NPHr/amald Bac B CBOH raliuer,
rie CoOHpaloch MOCTABHTH KOe-KAKHE OMBITHI C HEeMBIC/IHMO
BBICOKOH YYBCTBHTEJILHOCTHIO.

[Ipexnie Bcero st mompouly Bac HageThb KHCJIOPOAHbIE MaCKH
H BBIKA4alo BeCcb BO3JyX U3 KoMmuaTel. Ecnn He cpenats storo,
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To HaM Oyzer memwarb GoMGapAHPOBKA MOJEKY.JaMH BO31yxa.
3aTeM Mbl BLIHECEM H3 KOMHATHI BCIO MeGE/Ib, a ee MecTo 3aiiMyT
npuGOpEl € HJEaJbHO MPOCTHIM NPHHUHIOM AeHCTBHA: HAM
NoHafo0HTCA HECKOJNBKO YacTHII C YCTAHOBJIEHHLIMH HA HHX
YacaMH Il HEKOTOPBIM MEXaHH3MOM, KOTOPBIH MOr Obl HCIYCKATL
H NPHHHMATh CBETOBLIE BCIBIILKH.

3ajauefl Halero ONBITA fABJASETCA HCCAGIOBAHHE MO
TATOTEHHS B 3TOH KOMHAaTe, NPHYEM f COBEPLUEHHO YBepeH:
npesKie yeM i HauHy 3TOT OINBIT, BELI TOCHEIIHTE CKAa3aTh, YTo
ViKe BCE 3HaeTe 0 ero Hexoge. Brl cooluiHte MHe, 4To J1000i
npeaMeT B KOMHATE NPHTATHBaeTcs 3eMyell NPOonopuHOHAILHO
00paTHOMY KBaJpaTy pacCTOSIHHS 4O Hee (COTJIACHO 3aKOHY
HeioTona) i 4To KamAplil MpeaMer MpHTSTHBAET JI060H ApyToli
TOXKe COrJiacHO 3TOMY 3akoHy. Brl roopure Mue o cuaax,
YCKOPEHUAX, HO, UECTHO MPH3HATLCS, 51 HE 3HAIO, YTO B HMeeTe
B Bily. fl ouenb JaBHO OCTABHJ BCSIKHE MOMBITKH MPHAATh
3THM TIOHATHAM TaKOH CMEICJ, YTOOBI OHH CMOLJIH «ZKHTbY
H B TEOPHI OTHOCHTEIbHOCTH. M 51 oTiMuHO 3Hal, YTO, KOria
BBl HayHeTe OOBSCHATH MHE 3HAYCHHE 3THX TEPMHHOB, Bbl
notamiTe 3a coboif Apyrue cJoBa, KOTODbIE TOXKE HMEIOT
OTHOLICHHE TOJIbKO K NPEICTaBJEHHSIM KJACCHYECKOH (DH3HKH.
Bot nodemy Bam ne Hago genaTh BHJ, YTO BBl BCE 3HAETE O TH-
FOTeHHH,

[1IpepBaB 3Ty KOpOTKYIO JHCKYCCHIO, sl IPUCTYTAIO K 3KCIe-
puyventy. $ Knaxy ABe yacTHLLI Ha Kpal CTOMA M IIEJYKOM
NPHBOXKY HX B ABHeHHe. YacTHULI passeraiotes co croJa,
eMHrast» Apyr Apyry CBeTOBLIMH crrHasaMmd. HaGmomas 3a
NOKa3aHHSMH YacoB HA YacTHUAX, MBl MOXKEM IPOCJAEIHTD
32 TeM, KaK MeHsSeTCSl PaCcCTOSIHHE MEXKAY HIMIL. DTO MBI yike
ofcymnany Ha crp. 99 (cm. dur. 9.3). Ssasercs mu 3o pac-
CTOSIHHE MPONOPUHOHANLHEIM BPEMEHHOMY HHTEpPBady, Mpo-
wejmeMy OT MOMeHTa wenuka? Ecau oka)kercs, 4To 3To Tak,
H IPHTOM BO BCEX OMBITAX, KOTOPLIE 1 Be1y, TO S CKaXYy, 4TO
noje TATOTEHHS 31€Ch OTCYTCTBYET. DTO YTBEp:KAeHHe, BO3-
MOXHO, Obl1o Obl BepHLIM, €CJH Gbl MOH Kabuuer [NepEeHecTH
B COBepDUIEHHO CBOOOIHOE MPOCTPAHCTBO BIAJMH OT COJHEYHOIl
cuctembl. Ho a BoBce ne yBepen, uto Tak Gyaser ajech, Ha
3emne. Cropee, HaoGopor, i yGeKIeH B TOM, YTO pacCTOSIHUE
MEXIY YacTHUAMH He Oydent NMPONOPLHOHAAbHLIM N POIMIEAIEMY
BPEMEHH, H OTCYTCTBHE 3TOHl NPONOPUHONAJIBHOCTH KaK pa3s
H OyleT CBHAETEJbCTBOBATb O HAJHYHII NOJs TATOTenns. Qe

6 M. Cunr



138 TJIABA 13

TPaeKTOPHN yacTull OyAVT, ecal MOMKHO TaK BbIpas’HThed,
¢EBITHOATBCAS WA «BrHOATHCA® [0 OTHOLIEHHIO APYT K IPYTY,
1l CTefeHb 5TOre H3rnbaHus 1 SBHTCS Mepoll IpaBHTAINOHHOI
HANPSKEHHOCTH TIOJA.

Ecan Bo Tenepb CApOCHTE MEHf, YTO 2Ke Takoe MmoJje Ts-
FOTEHHSI, TO $ CMOTY TOJBKO INOETOPHTb Bam TO, UTQ Vikie
CKa3as paHblie: 3TO TeH30p KPIBH3HBI — BeINHUIHA, KOTOPYIO
f ofosnauna B. Ina nasmepenus Toil BeJHUHHEI B MOEM Ka-
OHHeTe Mbl ROJKHBI OblIH Obl TIPOBECTH 3KCIIEPHMEHTHl € 4ac-
THUAMH HanmojaofHe TOABKO YTO oOmicannoro. Kpose T0rO,
Hy:KHo ObI0 6B BEGPATh HEKOTOPYIO CHCTEMY KCOpJUIHAT,
NpHYeM BMOJHE ONpene]eHHYIo, NOCKOJIbKY 3naueHns ABai-
LATH KOMIOHEeHT B pecbMa YyBCTBHTEALHLI K H3MEHCHIIO
ciucTeMsl Koopanuar. Boofule J0BOJBHO TPYAHO XapaKTepH-
30BaTh NOJe TATOTEHIHS TEPMHHOM <«HANpXKeHHOCTb». B 0b-
HIHX C€JA0BaX MOJKHO CKas3aTb, YTO IIOJIe TEM CHJbHee, YEeM
GoJbluye 3HAYeHHs HMEIOT KommonenTthl B, um naoGopor. Ox-
BaKo Jaxe TNPH 3TOM CBs3b HE CTAHOBHTCH OTYET/IHBON, NO-
CKOJBLKY SHAYyeHHsi KOMMOHEHT B 3aBHCAT HE TOMBKO OT HC-
NOJMb3YEMEIX KOOpAMHAT, HO H OT BHIOPAHHBIX EANHHIL H3ME-
penus.

Hrak, obunil BLIBOJ COCTOHT B TOM, UTO TATOTEHHE — 2TO
KPHBI3HA [POCTPAHCTBA-BPEMEHH 1 3Ta KPHUBH3HA OMIChI-
BaeTca TexsopoM 5. Koreuno, »kanb, 4TO B TEOPHH OTHOCH-
TeJbHOCTH HEJb3sl JAeJaTh CTOJAb JKe TIPOCTble 3aKMOoueHHs,
KaKk B TeopHH HebloTona, HO Bce e — H3-38 HAlero npel-
pacnoJioxkeHnss K cHuiapoMmy IInTmMannoHa — s 3afiBJsIO, YTO
Jyulle JeJaTh NPaBHJIbHEIE BLIBOLBI, 1aKe €CJIH OHH BBHIMVISIAAT
Upe3BHYAfiHO CJA0MKHBIME, HEKeNH JeJaTh JOXHBIE YTBEPIH-
JI€HHS, DYKOBOACTBYSICh HCKJIIOYHTEILHO COOOD&MEHHAMH HX
NPOCTOTHL,

Bynem cuHTaTh NO3TOMY, YTO 37eck, B MoeM Kaluuere,
CYLIECTBYET HEKOTOPEL TeH30p KPHBH3HEI B, KOTOPHIH MOKHO
Gbiio Obl H3MEPHTb JOCTATOYHO TOYHBIMH npHOOpaMH. IJTOT
TEH30p ONpENeNsieTcsl ¢ NOMOUIbIO YPaBHEHHH MOJs TeH30pOM
matepui Mx, mo kpaiineil mepe Tak mam kKaxetcs. HauGouee
cymiecTBenHas yacTb Mx ofasana BKJany 3emaH, HO B HEro
BHOCAT CROI BKJIAJ TAKXKe MO Teso, MOH CTo, MOl eTysI H T. 1.
Taxny obpazos, ecan s cTaHy nepeisHraTh mefenb, moJe
TaroTennsa OyieT nauenartbesi. Ho pame ecan s ocTasiio
B nokoe nefeab, TO BCAEICTBIIE 3aBHCHMOCTI 1015 TATOTCHIIA
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OT HanpsimeHHi{ OHO H3MCHNUTCS I TOTJA, KOT1a § TOJbKO
HQRAORICCH WAl CTOMOM, TNOCKOJABLKY IPH 5TOM BOSHHKHYT
BHYTDPEHHHE HANPSAKEHHs B CTOJE H B Moeill pyKe.

To oGCTOATEIBCTBO, YTO YPAaBHEHHS MO/ UpPE3BhIYAIHO
TPYALEBL [J51 CBOETO PEUICHHS, BBI3LIBACT BIOJHC €CTECTBEHHAIE
TNIONBITKA He pewarhb, a KaKk-To oGoiTH 3TH ypaBuenns. ¥ Mare-
MATHKOB MPHOATO B YPaBHEHHSX PACHOJACaThb HEH3BECTHLIC
EeJHYHHBI B JIEBOIl, 4 H3BECTHLIE — B NPABOil YacTH ypasue-
Hii. CKIOHSIACL Haj CTOJOM, f MOAYadHBO NoApa3yMeBalo,
uto Mx 3a1aHO M Hago HalTH mose TaroTenms. HafitH ero
MOAKHO MO HANHCAHHOMY BBILIE YDaBHEHIIO, KOTOpoe OBLIO
3dMHCAHO C YYETOM TOJBKO 4YTO cKasaHuHoro. (OIHAKO HeT
HHKAKHX NPHYHH, O KOTOPBIM 3TO YPABHEHHE HeJb3f ObL10 Gbl
3anucaTb B BlJe

Mx=GAx. (13.3)

Ono, pasywmeercst, HiueM He OTJIHUAETCHA OT ypasrenusa (13.1),
OTHAKO MCHXOJOrHYECKasi yCTaHOBKA Y Hero Apyras.
YpaBueRHs TI0/IS, 3aMHCAHHBIE B 3TOM HOBOM BHAE, npezi-
NOJIaraioT, 4YTO Mol MOTVIH Obl 3aHATLCS B HEKOTOPOM pojie
¢«CTpoiTesibCTBOM» Bceesenwoil. Hauwrem, ckamewm, ¢ aioGoro
MCTPHUECKOTO TeH30pa AX, MOCTaBHB JIHIUL YCJOBHE, YTO
5TOT TEH30P JIOJIXKEH NaBaTb HEOMPEIEICHHLI 3JCMENT IAHHLI
NPaBH/IbHOTO BHJIA (YTO caMo Mo cele ABAACTCH BEChMa Caabbiy
OrpaHHYennes Ha BIJ TeH3opa). 3anucaB TOTAA AeCsiTh Qyii-
wiit A, moneitcTByeM ma Hux onepatoporM G n TOJTY9iIM
Aecsts dyukuuii GAx. 310 Bce BroaHE OOBYHBIE H JErKO
BLIMOTHHMElE onepauuu. Ho Teneps ypasmenue (13.3) noszo-
JAIET Borucaums Mx, 0 TeM caMbIM MBI HAXOZHM Mip, YAOBJET-
BOpAIOWLHIT  ypabuenuaM moas diinwreiinal TakuM myTem
MOXHO COCTABHTDB LEJBI «aTsacy BooGparkaeMblX BeesieHHbIX!
OaHaKo Ha 3TOM NMYTH MHOrO MOABOAHBIX Kammeil. Beeser-
Hibl€, KOTOPLI@ MBI CO3aeM TAKHM MPOCTEIM CNOCO0OM, MOXOue,
CTPAAAIOT OXHHM HEJOCTATKOM, B 3HAYHTEJbLHOI Mepe JIHIIAIo-
WHM HX PEaJHCTHYHOCTH: KO€-TAe B TAKHX BCeJAEGHHLIX IJIOT-
HOCTb OKa3LIBAETCS OTPHLATENbHOI. Ec/i Onl 3TO HE BRIXOIILIO
3a PaMKIl YHCTOH MATeMaTHKH, TO 3T0 eule ObLIO Obl mosdenst,
HO (H3UKAM TaKHe BellH SBHO HE HPAaBATCA. DBH Momere
CYNTATD MX Y3KOJIOOLIMH JOrMaTHKaMmH, HO OTPHLATEIbHBIC
TIOTIOCTH BCE iK€ HeIOMYCTHMbI, H IO 3TOH MpPHYHHE YIOM:-
HYTEll OPOCTONl MyTh «KOHCTPYHPOBAHHA® BCEJICHHBIX BOBCE

6%
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He Tak yx Xopow. M Tem ne menee, Xak ux 3a0aBHO 9TO BLITJIsI-
T, § BEpBLIE TIOHS, YTO O3HAYAIOT YPaBHeHHA MOJs B JeficT-
BHTENBHOCTH, JIHIIb HANHCAB STH ypaBHEeHHA B IepPeBepHYTOM
Bize (13.3), oTBevaromeM HeBepHoMmy obxoanomy nyTn! Ilpen-
JI0JKHJ MHE TaK 3alHCaTh 3TH YpaBHeHHs npogeccop ¥ . Makkpu,
H 5 oueHb NIPH3HATEJEH eMy 3a 3T0.

Mz

Ax

H

@ pr. 13.1. Ypushenns noas DfiHwreiina.

Kax wusBecTno aofoMmy CTYAEHTY, H3ydamllemMy Marema-
THKY, BCErJa MOJE3HO NPOBEPHTH IOJNYYEHHLIE PE3YJ/bTAThL.
Ecau BaM 3aiajii peuiTh Kakoe-jHOO ypaBHeHHE H Bl NOJY-
YHAH pelieHHe, TO HAJO0 NOICTABHMTH Ball OTBET B YpaBHEHIE
1 TIOCMOTpETh, YAOBJIETBOPsAETCs JH oHO. BO3MOKHO, BaM Tpe-
Gvercsi ne Gonee uem npuOIIKenHoe pelleHHe (ckaxem,
x=1,414 ynopjerBopsier ypaBHeHHIO x*=2), U TOrja, NOACTa-
BHB €ro B ypaBHEHHE, Bbl MOXKETe ONpeleJHTb IOrpelHoCTDb
Bamero pewienns. MmeHHo Ans 9TOH uesid H npelHasHadena
sanuch ypaenennii noas B gopme (13.3).
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[pennooziny, 4To Bbl nhiTaeTech ompereuTs MEeTPHYECKHIT
TCH30p AX B 00/MACTH, 3aHHMAGMON COIHEYHOI CliCTeMOlH, Bue
Connua n maamer. TIlocpencTsoM A0BOBHO TP YAOEMEKOTO
NPUGIHAKEHHOTO METOJA BbI NoTyyaeTe HEKOTOPHIH pesynbrar
ans Ax, HO He yBepeHb!, NpPaBIJEH OH HJH Her. Torza Bu
NPHNEHACTE K BalleMy pe3yabrary onepatop G u mosyuaere
TeH3op Ditnwreitna GAx. ITockoabky B MexKMIaHeTHOM npoct-
PAHCTBE LUAPHT NyCTOTa, TO B HEM JOJKHO ObiTh Mx=0, u eca
GAx ye paBHO HYJI0, TO BBl 33aKIIOYAETE, UTO Pe3yJbTaT ouin-
Gounblii. Ha xaprome crnemmanncros no TEOPHH OTHOCHTE/Ib-
HOCTH TaM, TAe AOJKeH ObITb BAKYYM, Y HAC TOJYYHJIACH
«rpsasby. Ilo ypaBuenuo (13.3) Bbl MoKeTe BBIMHC/INTD 3TV
€IpA3L> M BLIACHNHTh, NOCTATOMHO JH OHA MaJda, uTo0bl e
MOMKHO CbL10 npenedpeub. Yike MHOTO JIET 51 HMEIO JIeI0 C 5Toit
¢TpS3bIOP, ILITASICh H3TOHATH €€ H3 CBOMX peineHuii. 1 mostomy
NEPEI MOHM MBICJEHHBIM B30POM YPaBHEHHA NMOAA JHIITEHA
nosB/sIoTCA To B dhopre (13.1), To B dopare (13.3).

Mozer GbiTh, OKakeTcs NOJE3HBIM NPEACTaBaATh ypAaB-
HEHIA NOJST C NOMOULbIO ()Y HKIHOHABHBIX, HIH ONePaTOPHLIX,
ALUHKOB, KaK 3T0 clesaHo Ha ¢ur. 13.1. Crepaxennb, oGo3na-
YEHHbIH X, B NelICTBHTEIBHOCTH NPEJICTABAAET COBOIl YEeTBEPKY
CTEPKHEH — ueThIpe MPOCTPAHCTBEHHO-BPEMEHHEIE  KOOP.1H-
natel. C1€Ba OT 3TOTO CTepsKis pacno’araercs ALK, Mpecs-
pasylouuii ¥ B Ax — MeTpuuecKuii TEH30D; NOCJeLHHI H30-
OpazeH 31eChb B BHJE OIHOTO CTEPIKHS, OAHAKO B HeM CKpbI-
BAIOTCA UeBIX necaTh. Han stum swmxom pacnoaaraercs
MArHYeCKuil AWK Dfinwreiina — oneparop, npeodpasyiouiii
Ax B sfinmreiiHoBeknit Tensop GAx,— 3 KOTOPOro OMATE iKe
BLIABHTAIOTCS JECATh cTepruell. CrnpaBa crepmenb X BXOIUT
B sk M, npeoGpasyounii ero s TeH30p marepuu Mx; us
awnka M Takme Topuat necaTh cTeprmeil. Ipy6o rosops,
ypasuerua GAx=Myx o3nauaior, ut0 AjHHA cTepKueil cacpa
ChefaHa TAKOH ke, YTO M AJHHA CTeprKHell cnpasa. Komeuwo,
K HalleMYy HEPTEXKY He CJIC1yeT OTHOCHTHCS CJAHLIKOM CePhbesHo,
HO BCE 7K€ OH MOXKET NPOSCHHTb CBSI3H MEXKIy TCH30paMH
H YDaBHEHHAMH NOJSI.
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TIABA

Om odugelt ® cneyuaIvrol
IMEOPUU OMHOCUINCTLHOCINU

CTABIM B CTOpOHE, KaK He OTHOCAIINECs K Jeay, NonuiTKI
BLISICHITE OyKBAAbHBIH CMDBICI CJOE2 ¢OTHOCHTEJILHOCTL?
(7 AyMaI0, 4TO B STOM MeHs NOATEPIKHT moiasigiouice Goib-
WHHCTBO CNELIaNICTOB N0 TEOPHI CTHOCHTEILHOCTH). fI Xouy
NOBTOPHTb, YTO OOMWas TECpHs OTHOCHTEJLHOCTH ecTb 3ifi-
wreilHOBCKAan TeopHs TATOTEHHS, a4 B CHOELHAJILHCH Tecpiil
OTHOCHTE/ILHOCTH TATOTCHIE OTCYTCTBYeT. IDTC 03HayaeT, 4To,
ecJi BBl XOTHTE MPaBHABHO OMHCATb Kakoe-aufo se’enue,
CBSI3HHOE C TAFOTEHNHEM, BaM cJaeiyer o0paTnTbesl K ofuicii
TeOPHH OTHOCHTENBHOCTH, HO €CJAH TpaBHTallfd CKOJbKO-
HuOYb CYIECTBEHHO He BJIMAET HA H3YUaemoe BaMH SBJEHIC,
TO JIyylle MPHBJEYL CNELHAIbHYIO TEOPHIO OTHOCHTRIBHOCTI.
IMocneansas, Kak SBCTEVET 13 ee HasBanusl (HEPEeLKO ee Hne-
HYIOT «uacTHOil TeopHell OTHOCHTC/LLOCTI?), €CThb YACTHBI
cayuaii oCweii Teopnu. Ona HMECT Jej0 C INJIOCKHM NpOCT-
paHCTBOM-BpCMEHEM, TAK UTO HaMm Yxe HeT HYXIbl TOBCpIHTH
0 TeHsope Kpuen3Hbl B (oH ofpaumiaercss B HYJab) Han 60 siiii-
wreiinoBekoM Tensope G (oH Toxe oOpaulacTess B HYVb).
Uacrnaf TeopHs OTHOCHTEJBHOCTH IOITOMY Ipome obuiei,
ona OTKPLIBaeT HaM MHOIO HOBBIX jleTaJefi, HO BMECTe C TeM 3TH
JIeTaJi NPHBHOCAT H CBOH CJOXKHOCTH.
{1 Gosiee ne Gyny MOBTOPATH, YTO B MPOCTPAHCTBE-BpPEMCHH
He CYIIEeCTBYeT NPHBHJErHPOBAHHBIX KOOPANHAT. B creunalin-
HOH TEOPHH OTHOCHTE/NbLHOCTH TaKHe KOODAHHATBH KaK pas
CYIIECTBYIOT. DTO KOOpAHHAThl, B KOTOPBIX 3JIEMEHT IJIHibl
NpHHIMaeT 0co0eHHO NPOCTOii BHJ, ycTaroeJenublil MIHEOB-
CKHM *:
dt? = — dx? —dx3—dxj 4 dxi. (14.1)
* l'lpe,ﬁcwe.".emle o npOCTpEIICTBC-BFCMGIIH NCPBEIM  BBJIBIIHYA  he
SiinwTeilin, a MunkoBekuii.— [Ipus. asmopa.
. MuUHKOBCKUII — NMOJBCKHI MaTeMATHK, NeprulM npHAaBLil coe-

UHaTbHOI  TCOPHI  OTHOCHTGJBHOCTH COBPEMCHULUT  («YCTBIpeXMepHbilis)
sul.— [pux. nepes.
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Takie xoopaunatsl He 6ogee YHHKAAbHLI, YeM MPAMOYToAbHbIe
AEKapTOBBl KOOD/JHHATBI Ha IIOCKOCTI. B 3T0if mJocKocTu
MOZCHO Tepemelath Hayano KOOpAuHaT, MOXKHO IOBOPAYNBATDL
nx ocil. Taxue e npeofpasoBanus KOOPAHHAT MOZKHO TPOH3-
BEOAHTD H B TIIOCKOM INIPOCTPAHCTBE-BpeMenH (OHH Ha3BIBAIOTCS
npeobpazoBanusni Jlopenua). [Ipn stnx npeoGpaszosannsx
3JIeMEHT [JIMHBL OcTaercsl HeiussmenunsiM. Hanmucanpnas Boiie
npocras GopyMysaa AJAs HEr0 He MeHSeTCsT BO BeeX MNMofoGHBIX
cucteMax KoopiHuuatT. C MaTeMaTHYecKOil TOUKH 3DeHHs cre-
uuagbHasg TEOpHs OTHOCHTEJAbHOCTH €CThb B CYHIHOCTH TEOpHH
npeoSpasosannil Jlopenua. 1o BechbMa Goraras od1acTh MaTe-
MaTHKI CO MHOZKECTBOM JIETaJAbHBIX PE3Yy/LTATOB; ClelHaNbHasl
TCOPIA OTHOCHTEIbHOCTH — JHIIL OAHA ODIIpHAS waCTh ee.

Kak a1 yxke HeOJHOKDaTHO TOBOPHJ, s IPEANOUYE] paHbile
H3/10:0Th O0ULYIO TEOPHIO OTHOCHTENLHOCTH, NOCKOJBKY 3TO
NPeIOCTABAACT JAYUIIYIO BO3MOKHOCTD ¢PacTPACTH» YKOPEHHE-
miecs B HAC KJaccHuecKHe IpeJICTABJEN A, U 1 HaLeloCh, YTO
TAKOH MpHeM H3JI0KeHHS [O3BOJNJ Mie JOCTHYb YChexa.
[epexoaa K crneunasibhOMl TEOPHH OTHOCHTENbHOCTH, BaM He
NPUAETCA H MEHATH YCBOGHHLIX BaMH NMOHATHI o0uieli Teopui
OTHOCHTE&JILHOCTH, HH NpHOOPeTaTh HOBLIX. Mbl no-npemneMy
OyaeMm MMEThb @0 C AByMs «IyrajJaMH» — YeTbIPeXMEPHOCTLIO
Il HeOMPeJeaeHHEIM 3JEMEHTOM JJHHLI. [ eolesHuecKue JUHHH,
oxHAKO, OyIeT 3HAYHTEJbHO INpouie Boolpamarb cebe, Mo-
CKOJBKY B MJIOCKOM NPOCTPAHCTBE-BPEMEHH OHH CXOAHBI C Npsi-
MBIMH H4 IJIOCKOCTI, & HEe C KPHBBLIMI, [IPOLDEACHHBIMH HA
CJI0XIHON MOBEPXHOCTH,— JEBC T[eoJe3nyecKie HHKOTAA He
nepecexaiores 0oJiee 4eM B OLHOM COOBITHH.

Bepueyes K NpHBHAGTHPOBAHHLIM KOOPAHHATAM, B KOTOPLIX
371eMeHT AAHHL! HMeeT npoctoil Buj (14.1). Takue koopAHHATHL
OCTAIOTCSI A5 HAC JOBOJBHO TYMAHHLIMH, ITOKa Mbl HE PELIHM,
KaKk peajqn30BaTh HX B NpHpoie — Hau B M,-mupe crneuuasnn-
HOfl TEOpHH OTHOCHTENbHOCTH. Mbl Moskenm cede MO3BOJAUTH
3TO «HJH», @CJAH YYBCTByeM cels MOJTHOCTBIO H3JedHBIINMHCA
oT cunipoMa ITurmanuona. Flrak, kax Builfparbh mnomolHoie
KOOPIHHATHL?

(O0LiYHO Ha 3TOT BOMPOC OTBEYAIOT TaK: BO3bMiTE alCO/IIOTHO
HECTKOe Teq0; BulJepHTe B HEM TPH B3aHMHO NEpleHiUKYasp-
Hble OCH H 0003HA4bTe Yepe3 Xi, X,, X3 TPH TPOCTPAHCTBeN-
Hble KOOpAHHATHI KAKOro-ai0o coObITHS, OTCUHTAHHEIE [0
3THM OCfAM; cHalauTe TeNo CHCTeMOH CHHXPOHHU3IPOBaHHBIX
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4acoB, U NYCTb Xy OYAeT Bpems cOOBITHS, OTCUHTAHHOE 10 TEM
yacaM, KOTOpble HaXOIHJHCh Ha MecTe coObiTHf. Toraa sTH
yeTblpe HKca H OyI4YyT NPOCTPAHCTBEHHO-BPEMEHHBIMI KOOPMLII-
HaTasMH, B KOTOPLIX 371€MEHT JJIHHB MOXKHO OyIeT 3anHcaTh
B Buje (14.1) — npH VCQJIOBHH, YTO €IHHHLA IJiMHBI NOAXOIS-
wuM o6pasoM cBf3aHa ¢ ellHHIeH BpeMeHH, 4TO TeJIO He Bpa-
AETCHA H YTO OHO HAXOAHUTCA LOCTATOYHO Ja/eKO OT MacCHBHBIX
Tes1, YTOOL MOXHO OBIJIO HE YYHTHIBATH BJIHSHHA TSTOTEHHS.

Hexotopble noJpo0HOCTH STOTO pelenTa MHE COBEPIIEHHO
ne HpaBATCs, W A XoTesn Gbl €ro HECKOJbKO BHIOH3MEHHTb.

[lpexue Bcero, BecbMa ONACHO TOBOPHTH 00 «abCOJIOTHO
KECTKHX» Teaax Jjaxe B ClelMaJbHOH TeOpHH OTHOCHTENb-
HOCTH, TMOCKOJBKY, KaK MEI y»Ke BHJENH, IpeicTaBienHe c0
aGcoIoTHOI TBEPAOCTH HempHenJemo. Bmecto TOro utolbi
roBOpHTb O TAKHX Tenax, sl HauHy ¢ yacoB. BooGpasure, uTO
HMEeTCsl KOJ0CCa/bHOEe KOJHYeCTBO YacoB, BCE OHH MNepeme-
LWAIOTCS COBEpPIIEHHO CBOGOAHO (HAa HHX HE JefiCTBYIOT HHKaKHe
ciabl) H Bee ond uayT. Ho Ml HE MOXKEM NpPeLOCTaBHTE 3TH
yacsl camuMm ceGe: ABHrasch, 3T0 «00/MaKo» YACOB MOCTENENHO
pacceercs. HanomHHM, COCJIABUIHCH HA CTP. 100, uyto J1o0Lie
yack! H3 5TOCO HX MUOKECTBA MOIYT H3MepfATb OTHOCHTEJLHOE
paccTosHie OT HuX Jo JioGoro cobwtua. Taknm oGpasox,
yachl A MOTYT BecTH HenpepblBHYIO PerHCTPalHio PaccTosHHsA
OT HHX M0 APYTHX 4acoB, B, 1 eCJH He NPHHATE CHelHalbHLIX
mep, 3TO paccTosinHe Oyaer HEeNmpephlBHO YBEeJNHUYHBATBLCA.
OxHaKO H3 TOTO, UTO TEOMETPHA HAllero NpoCTPaHCTBa-BpeMenil
cefiuac NAiocKas, H H3 TOrQ, YTO Ka)Kable Yachl CJEAYIT 10
cBoeil Teone3ueckoil JHHHM, BhHITEKAaeT, YTO €CJAH COOOIHTb
yacaM MOAXOAALLNE HAauajibHble ABHMKEHIfA, TO BCE B3alMHbLIE
paccrosuna Mexay Humu (D ma crp. 100) GyayT ocraBatbes
HensvennbiMH. [Tono0paB Takue ABHIKEHHS, MBI CMOMKEM CKa-
3aTh, 4TO, 10 Kpalineii Mepe B OTHOLIEHHH B3aHMHBIX PaCCTOs-
jnit, «oGnaKo» yacos BeieT cefsi TaK, Kak Besio Obl abconioTho
JKECTKOE TesO: PAcCTOSIHHST MeXky yacaMH (TOUKaMM Tesia) He
H3MEHSIOTCA.

Cunosa cocaapmuck na crp. 100, ofpaTuM BHHMaHHe Ha TO,
uTO yackl A MOXKHO MCNOAb30BaTh AJsl HEMPEPBIBHOH pPerucr-
paALHH OTHOCHTEJBHLIX BpeMeH 7, MPH KOTOPBIX COBEPLIAIOTCS
coOBITHA 1O APYTHM uacas, B. YUuTbiBasA ONATE NJOCKYIO T'eo-
METPHIO NPOCTPAHCTBA-BpeMeHH M TO, YTO MHPOBBIE JHHNH
CYyTb reoje3HyecKie, HyJeBble OTCUETbl HAWHX YacOB MOXKHO
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VCTaHOBHTb TakK, YTeObl OTHOCHTENLHOE BpeMsi COGBLITHA I10
yacam B coBnaso ¢ BpemeneM mo yacam A, ecan Gl OHH Haxo-
AUJHCh HA MecTe COOHITHA. 3TO 03HAUaeT, YyTo JioGoMy CoGbI-
THI0, TAe Gbl M KOria Obl OHO HH MPOH3OLLIO, MOMKIO NPHCBONTE
BPEMEHHYIO KOOpAHMHATY X;. MHBIMH cjioBaMi, Mo Kakim Gol
4acaM Mbl HM OINpPEAeNHJH Bpema COOHITHSI — 1O TeM JH, 4To
HaXOIHJHCh B MecTe COOLITHA, HJII Ke 110 TEM, YTO HAXOAMJIHCh
B ylaJIeHHH OT HEero,— 3Hasl OTHOCHTEJbHOE BpeMs IO JIoObIM
H3 OTHX €acoB, MOXHO [OIOTHaTh NOKA3aHHA 4YacoB Tak,
uTOOBl OHH COBNIAJH.

HMrak, Tenepb B HalleM pacnopsi:KEHHH HMEeTCH KecTKoe
00/1aK0» 4acoB, CHHXPOHH3HPOBaHHBIX APYT C APYIOM, Kak
YKasano Bobie. Mbl NPHCBOHJH COOBITHIO BPEMEHHYIO KOOp-
AuHATy Xs. YTO MOXKHO CKasaTh 00 OCTaJLHLEIX TpeX KOOpPAH-
narax?

«OBnako» uacos obpasyer cucmeny omcdema. Tlo oTHoOLIe-
HIIO K Hel HaM yIa/loch OTAENHTb BpeMsi OT NPOCTPaHCTBA.
B «npocTpanctee yacoBs cyuiecTByer paccroanne D ey
JOCBIMH JIBYMSI YacaMi — TO CaMOe HEeH3MEHHOE DAaCCTOMHIE,
KOTOpOe Mbl HMeeM B OOBIYHON TpexMepHOH eBKJAHIOBOI Teo-
merpun. To, 4TO 3TO AEHCTBHTENBHO TPEXMEPHOE e8KAUD060
NPOCTPAHCTBO, CJEAYET H3 TOro, 4YT0 Y Hac 3J1ech ILIOCKDe
IPOCTPAHCTBO-BpeMs (a TaKkie H3 TOro, UTO «o0JaKo» Yacon
V HaC He pacceHB4eTCA H He crymaercs). Tak 4To MBI MOzeM
TCMEPb BBECTH TPAMOYIOJbHLIE JEeKapTOBbl KOOPAHHATH I
TeM CaMbIM IDHCBOHTb KOOPIHHATLI X;, X., X3 KaKIOMY CO-
OLITHIO.

Taxnm nytem coGbITHAM NMPHCBAHBAIOTCS BCE UETHIPE KOOD-
JUHATBl H 3JEMEHT JJHHbl 3anucuiBaerca B Buie (14.1). ITnu
NONYYEHHH 3TOTO pPe3yJbTaTa sl OMYCTHJ Bee MaTeMaTHYeckHe
BLIK/IAAKH, HO NPH XKeJaHHH HX MOMKHO JErkKo BOCCTAHOBHTD.
Sl yMBIUJIEHHO HE NPHBOXKY CTPOTHX MATeMAaTHYECKHX JOKa-
3aTeNbCTB, & CTapaiech JHMb TNOACHHTH MOJIOXKEHHBIE B HX
CCHOBY HJeH.

Ecan Mbl HenoabsyeMm Ipyryio cHCTeMy OTCYera (Ipyroe
«00J1dKO YacoB»), TO Mbl CHOBa pa3GHBaeM IPOCTPAHCTBO-Bpersl
Ha MPOCTPAHCTBO H HA BpeMs, OMHAKO APYTHM myTeM. Tenepo
3HAYEHHA YeThblpeX KOODAHHAT, NPINHCHIBAEMBIE JAHHOMY
cobwiTHIO, BYAYT Y2Ke APYTHMH, HO NIPH 5TOM 06e COBOKYIHOCTH
KoopAnnat OyAyT CBA3aHbl APYT C APYroM npeoGpasoBanien
Jlopenua.
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ST ABE CHCTEMBI OTCUETA MOXHO ofo3nauntk S u §'; Te me
[IBa CHMBOJIA MOKIIO IICIIOJb30BaTh U L7151 ofo3naverun #adao-
Game.aeli, CBA3AHHBIX C COOTBETCTBEHHBIMH CHCTEMaMH OTCUETa.
HaGaonatensamn MoryT OLITh MPOCTO [ABa areHTa, PerucTpH-
pylolie NoKasanus B ABYX «4acoBhIX ofiakax». B cucreme S
ojun us nabaiopatesell OyIeT NPHNHCHIBATEL JI00OMY CCOOBITHIO
ueThIpe KOOPAHHATHI X;, @ B ApYToit cicreme, S’, To e cobuiTHe
noNVUNT APVLHE YeThbipe KOOPAHHATHI, Xxj. 3ajaua COCTOHT
B TOM, KaK BBIPa3HTb OAHY HeTBepKy KOODAHHAT Yepe3 APYTYIO.
KaiouoM K ee pelleHHIO fBJASETCS HHBADHAHTHOCTD BEJIHYHHLI
d! — unTeppaia BpeMeHH MeKAY ABYMs COOBLITHAMH B HCTODPHIL
YacTHUbL!, 38PErHCTPHPOBAHHOTO MO €€ «COOCTBEeHHBIM» YacaM.
J1oft wacTHuell MOryT ObITb OJHH H3 4acOB B CHCTeMe S uau
B cucrexMe 8’, a MOryT ObITh H Yackl, He HAXOAALINECA HH B O1-
HOH M3 3THX ABYX cucteM. M3 muBapmaHTHOCTH uHTeppana dif
crenyeT ocHOBHAs (opmyJia

df* = — dxi—dx;—dx; -+ dxi =
= — dx}—dxt—dx® - dx?. (14.2)

Martemartuueckas sanuch npecOpazopauna Jlopenua cy-
LIECTBEHHO YNpPOLIAETCs, ecal cHeTeMbl 8 H 8’ COBMECTHTb.
Torna, wHe H3Meuas CIHCTEMLI OTCYUETA, MOXHO HEKOTOPBIM
npeoGpa3oBaHiieM H3MEHHThb Cnocol MpPHITHCLIBAHMS KOCPRHHAT
cobrTHAM. B camom jese, naGaionarenb S MOMKET POH3DECT!H
TPH MOATOHKH: 1) OH MOXKeT COBMECTHTL HYJEBRIE OTCHETHI
CEOIX CHHXPOHH3HPOBAHHLIX 4acOB; 2) OH MOMET COBMECTHTD
Hayaga OTCUETa TpeX NPOCTPAHCTEEHHBIX KOOpAM#HAT; 3) oI
MOMET MOBEPHYTb OCH 3THX MPOCTPAHCTBEHHBIX KOOpAHHAT
4O COBMENIeHHA. TOYHO Te e Oonepanui MOMKET IIPOH3BeCTH
1 HaGmogateab S’. JIerko BuAeTb, uTo el S B S’ 0CYHIeCTBAT
noaroHKH 1 M 2, TO OHH MOT'YT CAeaath Tak, 4ToBbl HEKOTGPOMY
priGparHOMy coObiTHIO B ofenx cucremax S u S” yianocs npr-
NHCATH HYJEBLIE 3HAYEHHS BCEX YETBIPEX KOODAHHAT, HHLIMI
c/IoBaMH, uTOBLI JJ5 HEKOTOPOro coObITHS OKas3aJoch

x;=0u x;=0. (14.3)

CoBxciienre TpeTbero poga — Cosiee TOHKasi INTYKa, H BaM
npHAeTCA NPHHATh HA BEPY CJeIyiollee YTBepX/Ienue: B CHCTe-
Max S u S’ mpocTpaHCTBEHHLIE OCH KOODAHHAT MOXHO IOBEp-
HYTb Tak, 4TOGLL OBIO X=X, H X;=Xx; 041 8cex coluunui.
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Tenepn ToxknectBo (14.2) MoHO Tepenicars Tak:
— dxi 1 dvi= —dx{*+ dx " (14.4)

Jlaa Toro utoGel NOHATH, YTO 3TO 03Ha4aer, vAoOHO BReCTH
UCTEIDE HOBBIC NCpeMeHHble, ONPEIeIHB HX CJAELVIOUUIM 00-
pasost:

(14.5)

Torza B ciicreve S MOMKHO BMECTO KOOPAMHAT (X1, X;) HCHOMD-
303aTh KOOPAMHATHI (Y, ) H aHAJMOTHYHO B S’ HCHOJIBIOBATL
(y', 2') Bmecto (¥, x}). B sTuX HOBBIX MEPEMEHHBIX TOKICCTRO
(14.4) mpunuvaer sug

dydz=dy'dz’, (14.6)
li TeNepb ero yKe Jerko paspeildThb. [1ogosKin

’

. 1
y=ay, z'=--z, (14.7)
lle @ — HeKOTOpas MOCTOSHHAA. IMo u ecino npeodpasceariue
Jloperya 6 e2o0 Haulboaee npocmoti MameMamudeckod Ghop.ue.

YUTo0Bl TOHATL €ro (IU3HYECKHil CMBICA, Mbl BepHeMcsa

K (14.5) u ormeruym, uTo u3 (14.7) BeITekaer
Foy ; s ]
ntx=a(x+4x), x—x= = (6 —x,),

OTKYZla 10CJe CJIOMKEHHs H BbMHTaHNHA OCGOMX DaBEHCTB cJle-
JYeT:

, 1 l I 1
X, =? (a-i-“?{)xl-f—? (a-—;) Xy

. 1 1 1 1
x4:—2~(a—3)x[+7(a+-a—) X,.

Pagencrea (14.8) npexcraensior coGoit apyryio (opmy npeot-
pasoBannisi Jlopeina, HeCKOJbKO Godee «DHIHUHYION, uen
(14.7). Urobul atoT uskyeckuit Ayx crasa ewe Gojee SBCTBEH-
HBIM, Mbl BBE1EM HOBLIC MOCTOSIHHEIE Y U U, ONPENEJHB HX TAK:

e 1] 1 e oA _!_)
1=7(etg) w=—g(a—1),

(14.8)
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H IPH 3TOM MOJYUHM CJELVIOUIee TOKIECTBO:
v:—yRt =1,
TaK 4To
y= ]
Vi—'
H BoT Tenmephr MBI HMeeM YiKe BriosHe QH3HUHYIO QOpMY Ipe-
obpasoBanua Jlopenua:
xXi=7(x;—ux,), x;=v(—uvx,+x) (14.10)
HaMOMHHM, YTO X,==X., Xz=LXs.
S waszBan sty dopmy «husHuHO», HO 3TO — YCTYIKa
K/accHueckol ¢H3HKe, LAs KOTOPOH OCHOBOMOJIAraloliHM fB-
JfeTCsl TIOHATHE ckopocmu. JlOMycTHM, 4TO Mel CJIeIHM 32

uactuuefi B S’-o6naxe. Ee koopamunata x; QUKCHpOBaHa, Tak
yto dx;=0. Torma us (14.10) caenyer:

0. (14.11)

(14.9)

dxy

dx,
Taxum 06[33301\‘[, MBI MOKEM CKaz3aTh, UTO NOCTOSAHHAA U eCTh
CKODOCTb CHCTEMBI S’ OTHOCHTEJBHO CHCTEMBI S.

YpaBuenns (14.10) nerko paspemwnTb H /51 HEWTPHXO-
BAaHHLIX HKCOB OTHOCHTENBHO IUTPHXOBAHEBIX:

=y Fox), x,=7v@Ex+x) (14.12)

5TH COOTHOIIEHHs ouyeHb noxoxH Ha (14.10), ¢ Toit pasnuuei,
YTO INTPHXOBAHHEIE H HEIITPHXOBaHHBIE KOODAMHATLI NOMEHSI-
JIICL MECTAMH, a8 —U 3aMeHHJIoch Ha v. Ecan Teneps ciequtb
3a HEMOJABHMKHOH yacTHueH B S-ofnake (tak urto dx;=0), TO
MBI ITOJTY4HM

B p (14.13)

dxg

H NIPH 3TOM CMOXKEM CKa3aTb, YTO CKOPOCTh JBHKEHHS CHCTEMBI
S oruocutenbro S’ paBHa —o.

Kak BHAHO H3 TpPHBEJEHHEIX PACCYXKAEHHIl, § OMHpAasCsH
Ha npoctyio Gopmyay (14.7) u Jenan 3aK/IIOUEHHS, HCXOAA
n3 pHee. Ho ecnu Takoll myTe MOKa)KeTCH BAM CKYUYHBIM, TO BbI
MOJKETE HellOCPEeACTBEHHO Nposepumb, 4YTO OKOHYATENbHbIE
Gopmyast (14.10) u (14.12) ¢ yuerom ompenenenus y B (14.9)
VAOBJIETBOPSIOT OCHOBHOMY TOxkKAecTBY (14.4).
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Ormverny, yro ecnn v=0, To M nonyuaem y=1, xXp=x,
H X;=X;, TaK uTO npeoGpasosauiie Jlopenua NpeBpalaercs
B Tox¢nectBo. Kpome Toro, samern, uTo peqmumma y Gyzer
JCHCTBUTEILHOH, €CJH TOJAbKO U [0 abcoIIOTHOMY  3HAYEHIID
nenbuie 1. B camom mene, paseticteo v=1 o3nauaer, uto oTHO-
CHTE/IbHAS CKOPOCTh OGEHX CHCTEM OTCYETA PAaBHA CKOPOCTH
CBeTa; B JAeHCTBHTENBHOCTH YK€ HOJMKHO GbiTh U< 1.

Tenepp npruIo Bpems 106ece10BaTh 0 KaxyIEMCs COKpa-
LIEHHH Pa3MepoB ABHXKYIIHXCA Tel H KamyLIeMcs 3aMelJeHiil
X01a JBHXKYUIHXCH YaCOB.

IlpucmoTpumMesi K aByM cocennuMm wacam B S’-cHCTeme
€ TOCTOSIHHLIMH KOOPAHHATAMH X; H x;+dx;. 3atem BriGepe:
doa colbunus B HCTOPHHM STHX JABYX U4COB, 8 HMEHHO COGLITHS,
OAHOBpeMeHHble NPH HAOMIONEHHH M3 CHCTEMbl S, TaK YTO Mpif
CpaBHEHHH 3THX coObiTHiT dx,=0. Torma no mepsomy M3 cooT-
Howennii (14.10) Mbl moayuaem

de; =dik
310 MO¥{HO 3anucartb H Tak:
dx I PR
X1

Beanynna B npapoit yactu (14.14) oueBHAHO MeHbIIe eAlHHILLI,
Tenepp dx, ecTb paccTosiHHe Memay OGOMMH uacami npi
HaGJIONeHHN HX H3 cHCTeMHl S, a dx;— To JKe paccTosiHie npir
yaOmofeHHd M3 «cBoeil» cHcrempl S. ITpu atom pesyabtar
naO/MIOJIEHHA H3  «Uy:KOil» CHCTeMbl OTCYETA OKa3bIBAeTCH
MCHBIU®, YeM H3 «CBoeH». ITO H eCTb KAMCHUIEECT COKPALEH e
ABHKYIIETOCA Teda (WM, KaK f TPeINouHTal0 TOBOPHTD,
IBHKYIIEroca «o0Jaka uacoss).
PacemoTpuM Tenepb 1Ba COGEITHSI B HCTOPHH OIHHX 44COB
B cicreme S'. Mbl BhiGepeM ot COOBITHS Tak, uTOOH di|=1)
(uachl B cHcTeMe S’ HEMOABMIKHLI), a BPeMeHHOIl HHTEPEA.1
Mexay HHMH Obl1 Obl pasen dy;. Ecam taxoii ke BpemeHnofl
unTepBas B clcteme S paseH dx,, TO MO BTOPOMY COOTHOLIEHIIO
(14.12) MBI Hyeem
dx, =ydx,
nan
dx, 1

— ===
dxy V1i—:

(14.15)
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Sra peqnupea fBHO Couabhie exuunipl. Kak noayueHHBT
pe3yJibrar Bhipasuth ciaoBamn? Hanommnu, uro ofa cobwiTid
OTHOCATCS K HCTOPHH cOHuUX-eQuUHCMBeH HbIX 4acoB B 8’ -cHcTeN e
I BMECTE C TeM OTHOCHATCH K HCTOPHH OgyX pas/HUHBIX Yacos
B S-cucreme *. Ho S-uacel cHEHXpoHH3UpOBaHBI, I B 3TOH
ciictene dx; ecTb Mepa OTHOCHTesbHOTO Bpemenu. Ecanm S'-
Uackl THKHYJH Obl MY COOBITHAMH TOJIBKO pas, To no (14.15)
S-uacel THKHYIH Gbl Goablue yeMm ozud paz. ITostomy u ecrect-
BEHIO TOBOPHTb O TOM, YTO C TOYKH 3penus Halmoaarens
B cucteMe S yacel B cucreMe S’ mayT MeLJIGHHEE, UeM ero
coO0CTBEHHBIE Hackl. DTO H ecTb 3asmedacHus xoda speseHil.

Korza Mbl mbiTaeMcsi 3TH pe3yJbTaThl TEOPHH OTHOCHTE/ih-
HOCTH «II@PEBAPHIL? C IIOMOUIBIO MOJYKJIACCHYECKOTO B3T/fia
12 BEmiH, Mbl DHCKYeM Bnacth B Goabwiyio nyranuuy. Ilogcosz-
HaTeJbHO B HaC CHIAT JBAa OMACHBIX mpejcrasienus. OIHO 3
HIX — 3TO NPEACTaBAEHHE O BO3MOMKHOCTH CYLICCTBOBAHIIS
a0coNOTHO JKeCTKOro Tena. Kak woxker nBmxyleecs Teno
COKpaulaThesl B CEOHX pasMepax, ecaH No onpeeneHHio aGco-
JIIOTHO 2KECTKOe TeJIo He H3MeHseT cBoeli gqauuni? OTBeT Co-
CTOHT B TOM, YTO aBCOMOMHO JLECMKUX 1MeA He CYecmeyent.
CymecTByIOT JMHIUL «06MaKa YacoBr, H H3MEpenHe paccTosHuil
EOBCC HE MpPON3BOANTCA «abCco/IoTHO KECTKoil» JanHelkcT,
a TnpeicTaBIsieT coboli CJI0MHEYIO OIepaulio, BKJIOUAIOULYID
IICI10L30BaHIe CBETOBLIX cirHaJjoB. HIpyTylo omacHoCTs mpesi-
CTaBJAET MLICAb O CYUIECTBOBaHHIH afCoJIOTHOTO BpeMeHI,
perucrpupyenyoro 6ynTo Gbl ¢ MOMOLIBIO CKOJIb YTOTHO TOYHLIX
yacoB. 37echb pasTajka Kay{VIIerocsi NpOTHBOPEYHS CCCTOHT
B TOM, UTO QOCOAOMHE20 Bpestert moxce He cyujecmayen. Flane-
pCHHE BpEMEHH Jy4lle BCero OCYIIECTBJAAETCA dacaMH B CO-
crape cof/laka», OpHYEM B Kax<aoM K3 TAKHX «001aKOB» uacel
PErHCTPHPYIOT CBOEG HHAHBHAYaJAbLHOE Bpend.

[TockoabKY Jyulie ofHH pa3 YBHAETH, UeM CTO a3 yC/Ihl-
wath, cron1o Obl H300pasuTh 3(deKTsl COKpauleHHsT AJIHLL
I 3amelJeHHA X0Ja BpemeHH B «o0iaaKaX Yacoe» C MOMOULLIO
NPOCTPAHCTBEHHO-BpeMeH ol JHarpaMMsl, HO 3TO He Tax Jerko.
Jlo cHX nop TakHe KAPTHHKH MBI HCIIOJB30BAJH TOJMBKO Ka-
YeCTBEHHO, CKOpee KaKk 3CKH3BI, a He (ororpadid, npeiHas-

# TlockoabKy 8’- H S-cHeTeMBl OTCUSTA He COBMANAIOT, TO ABA COOLITH
B HCTODHH OJHHX S'-4acoB He MOTYT MOMECTH HA OJHY MUPOBYIO JIHHIO
S-9acos, M NO3TOMY HYMKHO Kak MHHHMYM HMETb ABoe S-uacos.— [Ipuwit. |
nepea, 4
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navyeHneie, Kak Jio0ble yCJOBHBIE H TpyOBE PHCYHKH, JHIIL
NoMOTaTh XOAy paccyxkienuii. K mawmmnm pucynkam ne 6nLio
1a100HOCTH NOAXOANTE C JHHENKOI H Je1aTh HAa HHX IPOMEDDL.
Tenepn cnenosasio Obl H3TOTOBHTH KOJIHYECTBEHHBIE Yep-
TEXIl, HA KOTOPHIX OYAYT NMOKa3aHLl TOUHbE 3HAYEHHS COKpa-
ILeHNA JVIHH 1 3ameaqaenust Bpemeni. OgHaro, Kak s cefiyac
pasbACHIO, B H3rOTOBJEHHH TOYHBIX KOJIHUYECTBEHHBIX NPOCT-
PAHCTBEHIIO-BPEMEHHLIX depTesxell ecThb Hekad TPYAHOCTE.
Ecan Mbt 6yzeM HIHODHPOBAThL KOOPAHHATBI Xy H Xy, KaK
AeJanoch  padbiie, TO coCniTHe OyAeT XapakTepH30BaThCs
ABYMS KOODIHHATAMH, H Mbl CMOKeM H306pas3uth ero Ha Jucre
Oymarm, HapHCOBAaB JIBe B3aHMHO IMepPNeHAHKYJISPHLIC OCI
KoopAuHaT # 0003HAUNB cOOHITHA TouKamu. Ecam A u B —
ABa cOOBITHA B HCTOPHH YacoB, TO Mbl MOMEM HCIOJb30BAThH
Ansl MX ofo3nauenus JABe TOUKH. JLOMyCTHM, KOODAHHATE! THX
TOUEK CYTh (X1, X4) H (x;4+dx;, x;+dx;), roe snax d — ne
ofsi3aTenbHO 3HaK Audkpepeninana, oH MOXKET 03HauaTb H KO-
leyHoe mpupamenne. Temepsb CaMOe BAXKHOE, UTO MBI JOJAMKHLL
VKazarb 175 3THX coObITII,— 3TO BPEMEHHOH HHTepBAaI MEK1y
HHMH df, H3MepPEHHMBIT STHMI caMbIMH yacamu. [J1a ero ompe-
AeJeHHA Mbl umeeM (opMyay MHHKOBCKOrQ A4s1 3JeMeHta
JVIHHEL
dit = — dxi+dx;. (14.16)

Kasanock Gbl, BHAA IBe TOUKH Ha Gymare, oTBeuamomue cobui-
taM A H B, Mbl HosyYaeM oueBHAHOE MpeiACTaBJenHe H o df.
HuuyTe He GeiBano! Paccrosinne mesxny Touxamu AB, ecan Okl
Mbl HCNOJb30BAJH EBKIIIOBY TCOMETPHIO 11 uamepemiie B
NPOBOAHAN 10 JHHElIKe, Jano Obl HAM EBKJIJIOB 3JeMeHT
LJIHHEL

AB® =ds* =dx? - did (14.17)

no tecpeme Iludaropa. Ho sto coscem me Tto, yrto gaer cap-
mysa Mnuxosckoro (14.16), nockonbky B Heil dx? cTonT CoO
snaxkoM Munyc [o6e dopyyast (14.16) u (14.17) coBnanyT Toabko
npu dx,=0]. I'lo sToii npiyine Mbl fonyCTHM G0abLYIO OWNOKY,
eCIH OTOMAECTBHM paccTosuiie AB (13Mepennoe no JiHelke)
C BPEMEHHEIM HHTepBaJoM (cKazkeM, f,p), H3MEpPEHHBIM IO
yacaM, B HCTOPHIO KOTOPEIX Boumn codeitia A u B. Ecan mul
¢ BaMi Kuau Obl B MHpe, TIe UapcTBYeT reoMeTpus MHHKOB-
CKOTO, TO MEl MOTVIH Obl HHTEPNPETHPOBATL MPOCTPAHCTBEHHO-
BpeMeHHbIe YepTexil HHTYHTHBHO. Ho B Hamem oObIMHOM MIilpe
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napiT reoxerpist EBKANAA, H HaM 3HAUHTEILHO NPOLIE MLICTHTD
B paMKaX NOHATHH 3Tol IeoMETpHU.

Ftax, uTto0bl cocTaBuTh ceCe yeTKoe MpeiCTaBlieHle O Co-
KpalieHHH AJIHBl H 3aMelIJeHHH BPEMEHIl, Jydlie BCero, Kak
570 GbIIO CleaHO BhilUE, HCoJb30BaTh anredpy. Ona rosoput
BCe, YTO CJAeAYeT cKasaTb. K XoTsi OHa rOROPHT 3TO 3awH(pPo-
BaHHO, Ha A3BIKe aarefpanyecKHX CHMBOJIOB, HO OPH 3TOM HAC
e TNOJCTEPEraeT ONacHOCTh, CBA3aHHAs ¢ H300parkKeHHeM ¢ Io-
MOIIBIO [IPOCTPAHCTBEHHO-BPEMEHHBIX YepTemed. DTH YepTerKn
morsn Gbl qaBaTh DoJlee sicHoe NpeJCcTaBJIECHHE O BellaX, OlHAKO
npHILIOCh Obl CTPOHTD H UHTATh HX C HALJIEKALNMU NPEIoCcTo-
POMKHOCTSIMH.

Korja MBI TOBOpIHM O «4acOBbIX ofnakax» y nalmojateneil S
H 8, K HUM HalI0 OTHOCHTBCSA COBEPILEHHO PABHONPABHO, HE
oTj4Basi TPEANOYTEeHlis HH OJLHOMY M3 HHX. B COOTBercTBHH
C 3THM 1 MpeIIarald HCHoJAL30BaTh 08a MPOCTPAHCTBEHHO-
BPEMEHHBIX uepTexka, 10 OJHOMY AJfA Kamjoro nabmojare/s.
Hapucyesm Torna iBe napsl NpAMOYTOABHEIX KOOPAHHAT C OCAMIL
Ox,x; aaa S u O'xix; aaa S', Kak 370 caenado Ha ¢ur. 14.1.
Onno u To xe cobuiThe GyAeT Ha 3THX rpadHuKax orofpaxkarscs
dcaxcder: ofyH pa3 — Ha S-NJIOCKOCTH, ¢ KOOPAHHATAMH (¥, X,),
Apyroit pas — pa S'-miocKocTi, ¢ KOOpAHHATaMH (xf, X,).
Ode sTH mapbl KOODAHHAT B3alMHO CBA3aHBI, KaK Mbl yiKe BlU-
Zed, npeodpasoBanneM Jloperua

Xp=y(—ux), X;=7v(—uvx,+x) (14.18)
I/ 3KBHBAJIEHTHBIM eMy IpeoGpasoBaHHeM
b=y oK), x5 =vEx4x),  (14.19)
rie v — (NocTosiHHAs) CKOPOCTb CHCTeMbI S’ OTHOCHTEIBHO S, H
1
e 1 4. 20
V= (14.20)

Gopmyan (14.18) orobpaxkawoT S-niockocTe Ha S'-mioc-
kceTb., MHBIMH cJ0BaMH, KamAyl0 TOYKY S-NMJIOCKOCTH 3TH
¢:OpMYJIBI TIEPEBOAST B COOTBETCTBYIOMLYIO TOYKY S’-IJIOCKOCTH.
Ananornuno dopumyast (14.19) oroGpaxator S’-mockocTs Ha
S-naockoeTb. 310 oToGpaxKeHHe MPOH3BOAHTCS YPEe3BbYAilHO
npocto. ITocKoJBKY MBI MOCTABHJH Tnepel coGod weab moct-
POHTL KOJHUECTBenusle rpaduki, TO Jydlle BCEro BeIOpaTh
psil suadeHufl v M BHIYEPTHTh TFpaduKH B COOTBETCTBYIOLIEM
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Macwrate. [laa BeHYHHBI U MOMCHO B35ITb JI00LIE 3HAYEHIS
B 1Hanasone oT —I 10 -1, HO Mbl OrpaHHYNMCH TeMH H3 HHX,
IIpH KOTOPBIX YepTexK He BBIIAET 3a paMKH GyMarKHOTO JHCTa
(T. e. 3HAUEHHAMH U, HE CAMIIKOM GIH3KHMH K —] 1 -+1),
1 BMECTe ¢ TeM TaKHMH, YTOOLI rpadHK BCe e OTIHYAJACH OT
TIPECHOTO KJ1aCCHICCKOTO YepTeska (370 GyAeT, eCslH MLl BLIGepe
C/AHLIKOM MaJlble U OKPY:<aioulasi Hac NMPHPoAA CKYYHa C 1o-
3T TEODHH OTHOCHTRJIBHOCTH, TOCKOJIBKY B IOXABJSIOLIEM
OOILIUHHCTBE ABJEHHI CKOPOCTH OTHOCHTEBHOTO ABHIKEHHS
OYCHB MaJbl O CPABHEHHIO CO CKOPOCTBIO cBeTa). MoxHo B3aTh
3HaueHHe v=>Y2, TaK 4TO OTHOCHTE/JbHAHA CKOpPOCTb COCTABHT
[IOJIOBUHY CKOPOCTH CBeTa, H pe3yabTaT I[PH 3ITOM YAOGHO
PACIOIOKHTCA MEHAY ABYMS OTMEUEHHBIMH BBIIE KpaiiHOCTSI-
mu. Ilpn v=12 dopmyna (14.20) paer y=1,15, 1/y=0,87.

Ecim moctponts B S-maockoern NpPAMOYTOJBbHYIO CETKY,
MOKasaHHyio Ha ¢ur. 14.1, @, H TpHMEHNTD K nHeii npeodpaso-
panne (14.18), TO noayuum pombuyeckyio cetky B S'-
[II0CKOCTI, NOKasauuyio ua ¢ur. 14.1, 6. YKemnas BBISICHHTD,
A€ MpOH3OLNIO Kakoe-TH00 COOBITHe, Mbl JIOIKHBLI TPOCTO
YCTAaHOBHTD B3alMHOE COOTBETCTBHE OTHAEJAbHLIX TOYEK 3THX
cetox. Kasanoch 6bl, MOXKHO BOCHDONH3BECTH 3TO npeoGpazo-
BaHnE CETOK, MPOCTO NMEPEKOCHB PEIUETKY H3 CBS3AHHBIX JAPYVT
C APYTOM CTepXHeill, OJIHaKO 3TO He TaK. XOTs KaKablil KBaupar
IIpH NiepeKoce 1 MepexoiuT B Napasenorpamm, (eBKJHIOBbI)
AJITHBL CTOPOH €r0 NPH 3TOM €UIe H YBeJIHYHBAIOTCS.

[lpanble, HAKIOHEHHLIE K ocsiM KQODAHHAT 1101 yrJaoM 45°,
NMPEIACTABIAIOT MHPOBbIE ITHIH CBETOBBLIX CHTHAJOB. IIpH omi-
CAHHBIX BhilIe OTOOPaMEHUAX OHH HE MEHSIOT CBOErQ MoJIO-
MWEHHUA,

[TpeoGpazoBanie (14.19) HPpAMOYIoJbHOH ceTKH B S'-
NIOCKOCTH B POMOHYECKYIO CeTKY B S-IJIOCKOCTH MOKA3aHO
na ¢ur. 14.2,

A Tenepb NOCMOTPHM, Kak Ha 3THX UepTe:KaX BLILSIAAT
COKpallleHie LIHH H 3aMe/lIeHHe X0Aa BPEMEHH B IBHIKYLIEMCS
to0saKe 4yacos».

Iliist oTOGpaKeH s NepBOro 13 HHX Mbl NpOoCJAeHM 38 ABYMSI
S'-uacami. MX MHDOBBIE JHHHH MOKazaib Ha ¢ur. 14.2, 5
B BHIE ABYX MNPSMBIX, NapaaneabHbix ocH O'x;, ckameM mps-
mbix A'B” m C'D’. CoGeitna na stix NPSAMBIX NOKa3aHBl Ha
dur. 14.2, a B Buge waxiomuwix anmmi AB u CD. Cuctema
oTcyeTa S Tenepb CAYKHT HAM s H3MEpPEHHSI PaCCTOSIHIS
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MEIKIY STIMI JUHHSIMII B HeKOTOPDI MOMEHT Bpememil, 3a1an-
bl B 9TOIT cHCTeMe, T. €. TTPH 3a1aHHOM 3HaueHin x;. ITostonmy
HaM HYZKHO C1e1aTh cJaeVIOLEe: B3ATb JIIIHGE"I](}", pacnoJoXHTh
ee napaaseasno ocli Ox; H H3MEPHTb PACCTOSINIE MEXIY Jil-
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® nr. 14.1. Kpanpatnas S-cetka oto- @ nr. 14.2. Keaxpatnan S’-ceTka oro-
Gpamaeress B pomOnueckylo S'-ceTky. GpamaeTcsl B POMOHUYECKYIO S-CETKY.

misisin AB n CD. dto paccrosmie He paBio B'D’— ono
Menblue erc. B 3ToM m cocTont cokpamienne janubl. Ho na
cKOJIBKO? D70 Ml yike 3naem — Ha 1/y=0,87. Bul camu MoxeTe
BLIOJHITL 9TO H3Mepenne. Ecai mo uyepTe:y B KHHTE 3TO
GyIeT TPYIHO ClelaTh ¢ yKasauioi TOUHOCTDBIO 113-3a MavIOCTil
yepTe:ka, BO3bMITE 00O J1ICT MIVIIHMETPOBKH 1 nocrpoiite



OT OLIIEW K CHEUHAJBLHON TEOPHH OTHOCHTEJbLHOCTH 155

uepTexx B GosbuieM macmtate. H ecori ¥ BAC He MOJAVYHTCH
ornowexnus Aaun 0,87, snaunt, BL rie-To JOMYCTHJI OLWHOKY.
Adas oroGpakeHns samenteHis X0la 9acoB MBI JOJIKHLI
B3ATh [1Ba COOBLITHSI HA MHDOBOI JIHHHH S’-yacos, ckaskem P’
u Q" ua dur. 14.2, 6. Ha ¢dur. 14.2, a stum IBYM COOBITHSIM
otBevaioT Touknm P iy Q (ma S-muockoern). Habmozatens
S Toraa o/Ken U3MEPHTH BPeMEeHHOII HHTePBaJI MeKIy HIHMI,
HCOOJB3YA  CBOH CHHXPOHH3HUDOBAHHEIE yachl (oH jouken
TOJLSOBATLCA ABYMA 4YacaMH, NOCKOJBKY cOOBITHS P § Q
HE MOTYT MOMAcTh Ha OAHY MHDPOBYIO JIHHHIO KAKHX-THG0 OTHIX
ero S-uacos)., 310 O3HAYaeT, 4TO BAM HAA0 B3ATh JHHEHKY
H H3MEPHTb — HeT, He JHHY P Q, a npoekuiio sTofi JUTHHBI
Ha ock Oxy. MubiMu croBamm, namo HapHCOBATh NMPAMOYIOIL-
HBIi TPeyroNbHHK CO CTOPOHAMI, Napas/IeJLHEIMI OCAM KOOp-
AMHAT, TaK yTobh P Q oo ero THIIOTEHY30it, H 3aTeM Ompeje-
THTD IIHHY CTOPOHBI, napasienshoii Ox,. Bul obHapyxure,
4TO 3Ta AnHHA Conblue, ueM AaHna P’'Q’, B OTHOWEHHH y=1,15.
Ecan Bl e Bepure Mue, mosicere NOCTPOHTL YepTe:k B 0oabiiest
MacmraGe i yGeIHTLCS B 3TOM caMu. DTO H ecTh zauenaerie
Xoja BpeMeHH,

Mel nposenn nce MOCTpoeHHs na ¢ur. 14.2, ne obpamasnch
K ur. 14.1; 3To 61O cBA3aHO C TEM, UTO MBI OTOXKAECTBJSIH
ceda ¢ nabmonatesnem S, cnensimmm 3a «oGiakoM wacomy S,
Ecan 6bt Mu1 3aX0Tenn u3 cieremsr S nab/monars 3a «obaaxom
¥acoB» S, TO HAM NOHAZOGHJICT bl ueptexk ¢ur. 14.1, 1 mu
NOYYHIH Obl C €ro MOMOUIBIO TOYHO Te jKe pe3yALTATEL:

Coxpautenne pasmepos = % ={,87,
=1

3avennenue Bpemenn= y = 1,15.

PouGrueckne cetkn na oGonx YEepTeKaX, MEKAY Npouln,
OHHAKOBLI, 3d TEM HCK/IIOUGHHEM, UTO OHH [IOBEPHYTBI OTHOCK -
T&IBHO YT Apyra na npsivoli yrea. Bpsig an HY?K110 TOBOPHTL
O TOM, 4TO Ha TpauKAX NMOKA3aHLI JHIIB yYYaCTKH CeTOK, 3a-
HEMAIOWHX [&MTHKOM EBCIO IIJIOCKOCTb.

Coxkpamenne pasmepos (1acto nasbiBaeMce Taksie COKpa-
lenneM  DHTUIKEpabIa — Jlopenua*®) we npencrapaser

* B pycexoii smreparype ero TMPUISATO HA3BIBATL JIOPEHUCEHM COLpa -
Weskes.— [Tpus. nepes.
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cTolb yik OoJblioro ¢uanueckoro HHTepeca. Te sBjieHHS,
KOTOphIE NepBOoHayaJbHO ObIIH NpPEIJIOMeHkl AJAs ero olbsc-
HEHIS, B KOHLE KOHUOB Nony4uian GoJee ecTecTBeHHOE 00hsc-
HeHHE C MOMOLILBIO APYTHX npeAcTasaennii. Ho BoT samensenie
X0/d BpEMeHH MpeJCTaB/ACT OTPOMHEIH HHTepec AAs (H3HKH.
HexoTopsle snementapusie 4acTHUb 001a1aI0T CTATHCTHYECKHM
CpelHHM BpeMeHeM KH3HH, OTCUHTLIBAEMBIM IO «4acan»,
VCTAHOBJICHHBIM Ha 3TiX yacTHIax. C TOUKH 3peHHs 3KCHepH-
MEHTATOpa, 110 OTHOLICHHIO K KOTOPOMY OHHM MMEIOT CKOPOCTh ¥,
HX Bpemsl KH3HH YBEJIHYHBAETCs 10 CPAaBHEHHIO C BPEMEHeM
JKH3HH /18 «HeMOABIKHBIX» uacThil, B otnowenuu y : 1. Torza,
HAMPHMepP, eC/H HCTHHHOE BpeMsl XKH3HH paBHO | ceKkymle,
a CKOpOCTb YaCTHIILl COCTABASET NOJOBHHY CKOPOCTH CBETa
(v=72), TO ee Kaxylueecss BpeMs KH3HH COCTaBHT ywxe 1,15
cekyHIpl. EcaH ke CKOpPOCTb YacTHLEI [IOYTH PABHA CKOPOCTH
cpeTa, HabmofaeMoe BpeMsl ee MKH3HH OKamkercsi oueHb 0oJib-
WHM.

QOoTOH B OTHOWIEHHH CBOErQ BpEMEHH KH3HH 3aHHMaer
JIOBOJILHO cBoeoGpasznoe mogoxende. IlockonbKy wacel, ycra-
HOBJICHHbIE Ha (doToHe, BoolL1e He HAYT (cM. cTp. 98), To noay-
yaercsd, YTo ero cofCTBEHHOE BpemMs KH3HH (eCH OHO CYIUECT-
BYeT) A0JuKHO Oblio OB OBHITE paBubiM HYJw. Ho ¢ apyroi
CTOPOHEI, AJs (oToHa v=1 H y=oc0, TaK uTO Hal1IOQaEMOE
BpeMs JKH3HH ero J0JKHO OLITh OeCKOHEYHLIM. ITOT NOCJAEAHHIT
BLIBOA NpejcTapasercs ¢uanvecky npasiabHbiM. Poron, mo-
BHJMMOMY, YCTOliupBas 4dacTHua.
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TITABA

Cmo.aknosernus wacmuy

Ha ¢ur. 15.1 nano kavecrsennoe usoGpazkeHHe MJOCKOrO
NPOCTPAHCTBA-BPEMEHH. DJIEMEHT JJHHBI paBeH

di* = — dxd—dxi—dx: -+ dx?. (15.1)

Kpusasi C ecTh MipoBsast JHHHA YacTHIbL, H TouKa A usobpa-
xaer coObiTe B ee ncropun. Koopmimatsl 310l Touku X4,
KOOPIHHATEI cocenHeili ¢ Hell Touknu B na Toi ke MHPOBOH JIHHHH
¥i1-dx;, TaKk 410 dx; CYTh KOMIOHEHTH MAJOTO HemolLpexeer-
mopa (4-éexmopa), kacareasnoro K C. (Msl HasBaau 3Ty Be-
AMUIHY TaK, NaMmATysl, 4TO OHA HMEET YETBIPE KOMIOHEHTLI;
€CJTH MBI NOXKEIAEM HEMEHNTL CHCTEMY OTCUETa, TO SHAYEHHS
STHX KOMIMOHEHT H3MEHATCH B COOTBETCTBHH C NpeofpasoBa-
uneM Jlopenua.)

ITyers dt — Bpemennofi uuTepBad vexiny A u B, saduxc-
POBAHHBII MO yacaM, yCTAHOBJEHHBIM Ha yacThue. O CBS3aH
cootnowennen (15.1) ¢ manwim 4-sexTopom dx;. IMojenus dx;
Ha df, MBI MOJAYUHM YK€ KOHEWHBI 4-BexTop dx;/dt, KoTopwIik
HA30BeM 4ermbLpexcKopocisio (4-cropocmelo) YacTHIE B TouKe A .
Ee moxno obosnauntb V; uau xe oxumm cumsosom V. OTwe-
THM, 4To V Kacatesbho K C BTouke A. Ilpu sToM He Hago ce-
wHBaTe 4-cKopocTe V' co cKopocThlo v B ypaBuenuu (14.10).

Flcmonbsysi onpenenenne MHHKOBCKOrO I/t MOAYJsi Bek-
Topa V u jens (15.1) ua df®, naiinem

Vie—Vi—Vi—VilVi=],

HubimMu croBami, 4-CKOPOCTb YaCTHLBI OKA3BIBAETCS eQUH LUHbAM
eekmopost. IToCKOMBLKY YeTbIpe ee KOMMOHEHTBI CBSI3aHBl TaKHM
COOTHOLIEHHEM, TOJILKO TPH M3 HHX MOKHO BHIGPATh HE3aBHCHMO
IpYyr oT apyra.

Bektop V Hanmpaiien B Gyaymiee i JJOJKeH GBITh 3aKJiouen
BHYTPH HYJI€BOTO KOHYCa, KaK 3TO ToKaszaHo Ha ¢wur. 15.1
(HM OlHa YACTHLA HE MOMKET JBHTATLCS CO CKOPOCTbIO CBeTal).
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3jaucHils ueTLipeXx KoMnoueHT V; saprcat oT BhGopa crcTe-
Mbl oTCUeTa 1 TIPH H3MeHeHHH 3TOIl CHCTeMbl MeHsIIOTCS B COOT-
pereTBIN ¢ Tpeo0pasoBannem Jlopenua. JLast noCoil clCTeMbl OT-
cycTa CVIUECTBYIOT YETHIpE OCH KOOPAHHAT X;, H npeodpasosa-
nite Jloperila MOKHO PACCMaTpPHBATL KaK MOBOPOT 3THX oceil.
Tarxoe «ppallleHnes ocell KoOPHaT B HEKOTOPBIX OTHOLIEHUAX

4P (4-umniasc)
G

MupoBas nurug \

ygemuuel i V (4-cxof

Tib)

® yr. 15.1. 4-ckopocTb H 4-HMNYALC YACTHUEL

CXOMAHO ¢ OOBIMHBIMH [TOBOPOTaMH B TPEXMEPHOM CBKJIHIOBOM
NIPOCTPAHCTBE, HO COMPOBOKAAETCS BMECTe ¢ TeM Jepopma-
LLHSAMI, ONHCAHHBIMH B npejbaymeil raase. C noMOULBIO TaKkoro
TIOBOPOTA Mbl MOKEM COBMeCTHTb ocb Oxy C Hampab/eHHeM
4-ckopocTH V/, Ioc/ie 4ero nepebie TpH KoMmMouents V' obpa-
TATCH B HYJb H Mbl MOJYYHM

V,=V,=V,=0, V,=1. (15.2)

Taxiy 06pason, MBI ¢3aMOPasKIBAeM» YaCTHIY B COOBITHH A.
Ho, pasymeercs, 113 MPe1OCTOPOKHOCTH Mbl HHKOT HE JAOJIKHbI
FOBOPHTDL, YTO 3Td UACTHLA «HAXOAHTCS B TNOKOE», HE YKa3as
NpeiBapHTe]IbHO, KaKYl0 CHCTemy OTCUETa Mbl HCIHO/b3YyeM.
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Ho xBatnT 0 4-ckopoctH. 1o mousitie NPHHAIICHIT KitHe-
aamure. Utolsl nepeliTH K duuasure, na NOHAZOOHTCH HOBGE
nouaTHe — macca yacTHULl. OHO He CAHIIKOM CHABHO OTJ/il-
UACTCSI OT MPEACTABJICHHS O Macce B KJaccHueckoil (usixe.
Macca ectn nomomuTesnHOE uNCIIO, NpHOHCBIBaeNMoe 0G0
TACTHLE H OCTAIOLIEECA MOCTOAHULIM B TEYEHHE BCeil HCTOpHI
HACTIIEL, €CJI TOJBKO C Hefl He CaAydnTcs «KaracTpodnoi»,
HANpPIMEp CTONKHOBEHHA ¢ Apyroii wactuuefi. Ilpu Takox
CTOIKHOEEHHH MOKET NPOH3O0ITH NMpeBpalleHie OIHHX YacTIii
B ApYrue, ¢ MHbIMH MaccaMi, a Takie oOpasoBanue (OTOHOS
C Hy/nesoil Maccoi (cM. mike). §I Gyny oGosunauarh Maccy ™
yactHuel OYKBOI 1.

Ecan ymuoxuts 4-ckopocrs V na MacCy m, TO Mbl MOAYYII
HOBLIT 4-BEKTOP ¢ TeM »Ke HanpaBJeHueM B NPGCTpaHCTRe-
BpexeHn. OH HasbiBaercs wermoipexusnyascos (4-umnyavcos)
HacTHUBL H o0o3Hauaercs p; wan p. Takum oGpason,

p=mV. (15.3)

B dnanke saeventapueix acrin 4-unnyabce Gosee BarkeH, yei
4-CKOPOCTD, TAK KaK CYILLECTBYET 33aKOH COXpPaHeHHS 4-IMI1Y/IL-
Cd, O KOTOPOM MBI PacCKamkeM HEeCKOJbKO I103iKe.

A ceiluac HeCKOIbKO /0B 0 (oTonax. MOTOH HMeer MIpO-
Bylo nnnio, Ho Ha mell dt=0 («yackl Ha (oToHe cToat»). llo-
STOMY eCJIIHL MEL TIONLITAGMCSl CKOHCTPYHPOBaTh 4-CKOPOCTDL
(boTona Tem 3Ke nmyTeM, Kak 5TO MBl AeJadu Ads YACTHIIbI,
sanucas V;=dux;/dt, To npujieM K GeccMblcJaHILeE, NOCKOIbKY
ACTHTL HA HYJIL HeJb3S. B pesysbTaTe mo/ayyaercsi, uto (oToir
lie umeeT 4-ckopoctd. Ho Tem ne menee on oGnanaer 4-aMnyas-
COM f, KOTODLIH MOXKHO paccMaTpHBATb KaK mpefel BhIpa-
senus (15.3), xorga m crpemurcs K HYJI0, a8 KOMIIOHEHTEI
V — K G2CKOHEUHOCTH, TAK UTO HOMYYAETCH KOHEUHOE p. Teu
CAMBEIM Macca (JOTOHA OKasLIBaeTcst paBHOil nymo**, B pesysi-
TaTe TOrO e NPEACILIOr0 Mepexoia MONYYaeTcst, 4To 4-HMIyJIbe
doTona p nosuken GhITh HANPaBJEH BIOb obpasyioweii Hy.e-
BOTO KOHyCd, 4YTO COOTBETCTBYET NBHMKEHHIO €O CKOPOCTDLIO
cBeTa.

* Hacto roBopaT O colcmeeHkHol Macce, HAH Macce noKoA, YTOGLL OTIH-
WiTHL e 0T omuocumeassol Macerl. O nocienteii s, OAHAKO, HHYETO TOBOPHTL
He OY1y, TaK uTO MyTAHWUL! He BO3HHKHET.

** Papna myJuo n Macca SMCMEHTAPHOI YACTHLL, HA3WIBAEMOIl HefiTpu-
o, no # jansiie Gy/ly roBopHTb TOJbKO o (oTOHAX,
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A Tenepp oTBjeyencs ot Muposoil munun C ma ¢ur. 15.1
H COCPEJOTOUNM BHIMAaHHE Ha 4-HMYJbCaX, KOTOPbIE Mbl Oy1eM
pHCOBATb KAK BEKTOPbI B HYETHIPEXMEPHOM IPOCTPAaHCTBE
(npocmparcmee 4-umnyavca), Kak 3TO cuenaHo na ¢ur. 15.2,
Ha KoTopoll H30GpaMeHbl 4-HMIYJbChl p OCBIYHOH UYaCTHLBI
u dorona. Tlokasanuslii Ha yepTexke HyJaeBoll Komyc obpaso-
BaH 4-IMIyJbCAMH BCEX BO3MOMKHBIX (JOTOHOB.

p

—Ugcmuya
{m)

\'//évp:m

Dormgs

0

@ ur. 15.2. [pocrpancTBo 4-uMnyarca.

TTockonbKy 4-CKOPOCTL UacTHUR! V' eCThb eIl HHYHEIH BEKTOP,
TO OTCIONA CIeAyeT, 4To a0CoI0THAS BeJlliliHa p paBHa Macce fit.
BMecTe ¢ TeM, NOCKOJABKY BEKTOP g (JOTOHA JIEHKIT HA HYJ/EBOM
KoHyce, ero abconmoTHas BeanuliHa pasna Hyso. (31eck H aa-
nee 9TH 46GCOJIOTHHIE BeJHUHHLI ONpPEIessioTcsl FeoMeTpHEll
MuuxoBcKoro, a He reonmerpuell EBk/anAa, Korja MOXKHO Obl10
9TH BeJHUHHB H3MepATb Ha rpadukax H uepTexax Npamo
JnHeltko#. )

Taxnum obpasonM, MbBl HMEEM

ANS WACTHUL: — pi—pi—p3-+pi=m?, (15.4)
Aas Qotona: —pi—pi—pi+p;=0.
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B HbIOTOHOBCKOH MeXaHHKe KHHETHYECKasi 3Hepris Tera
pasra Yamv®, Tae m — Macca, a U — CKOPOCTh Tead, H 3Ta
KHHETHYECKAs 3HEPTHs — BIQJIHE peasbHasl Bellb. Ecan aBTo-
no0nnb naneraer Ha GoHapHBIl cTosG, To BechMa Tpy6HIl, 10
seKTHBHBIH C10CO0 OLEHHTb BO3MOMKHBIE TTOBPEXKACHHS aBTO-
MCONJISL — 3TO BBIMHCJIHTD €ro KHHETHUECKYIO 3HEPrHIo. DHep-
Tlisl B TEOPHH OTHOCHTENBHOCTH, KOTOPYIO MBI cefluac ompeie-
JIHM, CTOb KE DeajbHa B MHKDPOMHpE 3JIeMeHTAPHBIX 4acTiiL,
a B MAaKPOMHP OHA BXOIHT B OOJMHUbEe aTOMHOH 3JHEpPTrHI.

Inepeus E wvacTnubl WAH (OTOHA ecTb ueTBepTas KOMIO-
HEHTa p, MX 4-ummynbca:

E=p.. (15.5)

B nexoTopoMm cwmbicsie 3T0 — CTpanHOe onpeneseHue. 3auew
HaJ0 CIEelHAaNbHO BRIAENATh OIHY H3 YeThIpeX KOMIIOHEHT H ja-
BaTh eii creuna’bHoe HasBanne? Kpome Toro, smauenne p,
3aBHCHT H OT Buifopa cHcTeMel oTcueTa. OZHAKO ec/il MEL nepe-
nnwem meppoe H3 ypasuennii (15.4) B BHJIe

E*=m*- pt <+ pi+ pi, (15.6)

TO BLISIBHTCA HHTEpPecHoe o0cTosTeNbeTBO. Kamkablil H3 ueThipex
YJIEHOB B TNpaBOil YacTH 3TOTO COOTHOLUEHHS MNOAOMCUMEACH,
TaK 4TO 3HeprHs E Bceria nmpeBhlUIaeT Maccy m, 3a HCKJiOue-
HHEM cJyyas, KOrja cHCTeMa oTcdeTa BRIOpaHA Tak, uTo 4ac-
THUA B Heli moxkouTtea. B stoM cayuae py=p,=p,=0 u

E=nm. (15.7)

10 0HA H3 CaMBIX 3HAMEHHTBIX QopMyJa B (H3HKe — ¢op-
myna OJfiHwreiina. BooOule-To OHa BHIMAAIMT Kaxk E=mc?,
Ijle ¢ — CKOpoCTb cBeTa, HO (15.7) mmeer Gostee mpoctoii BUS,
NOCKOMBKY 51 HEe HCNOMb30BAJ PASHLIX €IHHHIL AJ5 H3MepeHH s
ATHHBEL H BPEMEHH: AJIs H3MepeHHs JJIHHH f HCIOJIb30BaJ OT-
CUETLI BDEMEHH, NO3TOMY CKOPOCTb CBeTa paBHa elHHNLe, ¢=].

Beuio Obl cOBEpPIIEHHO HENPABHALHBIM NPHMEHATbH (op-
uyay (15.7) k dortony, nonaraa B ued m=0 u 3akjwouas
OTCIOZa, UTO €ro 3Heprus paBHa Hyawo. [Ipu monyuyeHus Beipa-
skenHs (15.7) Mpr qosnbl OBLTH TIOBEPHYThL OCH HPOCTPAHCTBRA-
Bpemeny (myTem npeobpasoBanusa Jlopenuna) Tak, uToObl ueT-
EepTasl OCh KOOPAHHAT TNpHHAJA HanpaBs/eHHe 4-HMMyJbca
YaCTHLEL. DTOr0, OJHAKO, HEIb3f CcAedaTh Jia (OToHa, Io-
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CKOJBKY MBI HE MOZKEM COBMECTHTL OCh ¢ 00pasyiomieil Hy/1eB0ro
konyca. B peayabrate ana ¢foTOHA HaM OCTAaeTCA JiHIUb 3allii-
cath Ce3 jganbuefimero oGcy:kaeHus *

E=p,=(pi+p;

[MpoGaemMbl, CBA3aHHBIE CO CTOJIKHOBEHHSIMH YacTHI[, Ha-
X0asTC Ha TepegHeM Kpae coRpeMeHHoil (H3NKH, OIHAKO
st ne Oyay 34ech BAaBaTLC B NOAPOCHOCTH KaK B CHAY Moeil
HEJOCTATOUHOI KOMMETEHTHOCTH, TaK H MOTOMY, 4TO B 3Teil
KHHTE CHH heymecTHul. Bce, wero s Xouy,— 370 00pHCOBaThb
HeKOTOpEe HanGoJsiee CYLIECTBEHHbIE PE3YJbTATHI, IIPHYEM
B JOCTATOMHO MPOCTOM BHJAE, TIO3BOJMIONIEM Jy4lie MOHATD
NPHHUMOL TEOPHH OTHOCHTEeILHOCTIH.

Bechma sapsTHO, UTO HCTCYHHK ATOMHOI 3SHEPTHH 3aKJI0-
yen, eCJH MOXKHO TaK BBIPA3HTLCS, B ¢BBIBEDHYTOM HAH3HAHKY?
npaBHJAe CTOPOH TpeyroabHHKa. EBK/AHIOBA reoMerpHst y4ur,
uTo mioGasi CTOPOHA TPeYTONBLHHKA Merbuie CyMMbl IBYX IpY-
rEx cropoH. JIns HeKOTOPLIX TPeyToJdbHHKOB B MPOCTPAaHCTHE-
BpeMeHH (TeM H HHTEPEeCHBIX) 9TO HePABEHCTBO UHTAETCHA HA0D0-
pOT: CTOPOHA TPEYTroJbHHKA 00.bme CyMMbl IBYX JpYrix
CTOPOH.

CTGIKHOEEHHA YacTHI[ [NOIYHHAIOTCH OCIHOBHOMY 3aKOHY,
HMEHVCMOMY SakoHoM coxpareHus 4-usnyavca. TIpu sTOoM ne
CYLIECTBCHEOD, CKOJABKO HacTHI HAM (POTOHOB CTa/IKHBAeTCi,
npeTeprnesaoT OHH INPH STOM NpeBpauleHis HWIH OCTAlOTCH
HEH3MEHHEIMH. ZTOT 3aKOH IVIACHT:

Moanpiti 4-usnyase Apu CMOAKHOBGERNIL HE U3MEHACMCA.

[Mox «monuLing 4-HMITYJABCOM? MLl MOHHMAaeM CYMMY BeKTO-
poB 4-uMmy/bca (BeKTODHO® C/AOXKEHHE NPOH3BOIHUTCA MyTeM
CYyMMHPOBAHHSI KOMIIOHEHT BeKTOpoB). Bexrtophoe cuoenie
MOKHO TaKiKe BHIIOJHHTh Ipa(uuecKH, Mo MpaBiljay mapalie-
Jorpamma (Tak, HanpHMmep, CKJAaiblBaloTCA CHJbI).

PaccuoTpuM Tenepb caedyiomuil npoctoil cayuail. [se
YACTHLEI, KAXKAAT Maccoil /71, CTANKHBAIOTCA H CAHBAIOTCA TIPH
3TOM B OJHY yacTHuy maccoii M. UTo mpu 3TOM NPOMCXOAHT?

p%)’.":. (158)

* 3nech cnefopado OBl YNOMSHYTL JPYTYI0 3HAMEHHTYIO (opMy.ay:
E=hv, rie h — nocroannan [Liauka, a v — dactota (pOTOHE, KOTORLI
paccMaTpHBaeTCd Kax eKTPOMATHHTHAS BOMHA. 374 (POPMYJA HAXOAMTCH
s cornacuu ¢ (15.8), nockoasky npm mpeoGpasoBanui Jlopenua 4acrora
npeoGpasyeres Kap ueTBepTas KoMmnoHenta 4-exropa.
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Bvzexn nvenopats Hazeratomwyte yacruusl A i B, a oGpaso-
papuyiocs 13 uiux wactuuy — C. Ha dur. 15.3 Bunno, uro zex-
1opet OA u OB npexcrapasior 4-nMoyabscel uacTing A u B,
npHyeM Kamaptl 13 HHX N0 alCoIOTHOI BeanuliHe paBeH l.

Urolel HafTH NOMHBU 4-HMIyILS
¢ Mbl JOTKHBl  CAOZKNTL 3TH B3
A E@KTOpa, YTO MBI H CHEJaeM, no-
CTpONB mapaJjesorpaMs. [naro-
naab ero OC w npesicraBut -
nunyabe  vactuusl  C. Taknu
00pa3oM, Mal HMEeM

" m OA=m, O0B=m, 0C=M. (15.9)

\ Bocnospayesmcst He rpaduueckin,
a ajrefpaivecKiM CJOMKeHHneM H
0003HauuM  4-HMIVABCH  YaCTHIL

. A, B, C coorpercTBenno p, p'

\a 1 P.Torna ana KoMOOHEHT 4-1i:l-

7 NVILCOB 3aKOH COXPAHeHNA JaeT
ueTLIpe YpaBHEeHIsI:

p1:p1':‘f71v P:=P2+Pz,
Pa:p3+p3! Pd:pq'i“pr

RG CHX IIOp MBI HHEKaK HE
OHPE.IGJIH.HH CUCTEM}’ orcuera. Bri-

Gepem ee Tak, uTOOH! yacTiua C B
Hel moxomnJach. Torza

P,=P,=P,=0, P,=M, (15.11)

0 i H3 TOCJAeIHEero H3 YPaBHeHHH
(15.10) MBI HaXOLHM

(15.10)

® ur. 15.3. Tpocroe croJk- ’ =
HOBCHIE €O CHAHIEM UYaCTIIL. M=E+E", (15.12)

rae £ u E'— suepruu wactuu A
i B. Ho, cornacuo (15.6), Mel IMeeM
E>m, E'>m’,
TaK 4TO
M>=>m-+m’, (15.13)
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T. e. Macca gactiupl C fosblue cymynl macc yactuy, A u B *.

Ho 910 nepasenctBo (15.13) 1 ecThb «repeBepHyTOE» NPABHIIO
cropon Tpeyroibnukal B reomeTpus mpocTpaHCTBa-BpeMeHH
cropora OC ma dur. 15.3 Gonbue cymmbl cropon 0A u AC.

Yro MOXKHO cKasaTb IO 5TOMY NoBoAy? (akTHUECKH 3To
OIHO M3 OCHOBHBIX [OJIOXEHHH TEOPHH OTHOCHTEIbHOCTH,
H MBI 10J7KHBI NPHHATL ero. Hepasenctso (15.13) nmeer onpe-
pesennstii 3nak. Crankupasa yacTthuel A u B, obnagaloniie Bce
Gosibluedl speprued, Mbl MOIVIH Obl (MO KpaliHell mMepe B IIpHH-
uine) cos3faBath yactuuel € ¢ Maccoll BmioTh Ao GeckoHey-
HOCTH, HO BMECTE C TeM, Kak Obl MeIJIeHHO MLl HH CBOIHJH 5TH
yacTHIbl, Bce paBHO yactHia C OylZerT HMeThb MacCy, NpeBbi-
waotyo cymMmy macc dacrug A u B.

BaxmueflimuM npomeccoM, 6narofapst KOTOPOMY BO3HHKaeT
SHEPrHA B 3Be3JaX M KOTOPEIH HCMOJb3yeTcss B BOJAOPOAHOIT
GomOe, sBJsETCS NpeBpalleHHe BOLOPOJA B TeMuii — uerkbipe
BOJOPOAHEIE YaCTHIE! 00Pa3yIoT OHY TefHeBylo. DTOT Mmpolece
MOXKHO, UPe3MepHO yIpollas, CYHTaTh MPOHCXOASIIHM B OAHH
5Tan, ¥ aHaJOTHYHO DACCYKACHHAM, KOTODLIE Mbl MPHMEHAIN
B C1ydYae CTOJKHOBGHHS [BYX 4acTHL, Terepb MOXHO NpHIATH
K 3aKJIOYEHIIIO, YTO Macca reJllieBoll YacTHUBI JoJzKHA OoJee
yeAl B 4ETLIPE pasa NPeBoCXO0/IHTb Maccy BOJOPOAHOI YaCTHIIHL.
Ha camom gesie 270, ojHaxo, He Taxk. Kaxk u3BecTHo, macca
reqiesolf YacTHULL MeHouie YUeTBePeHHOI Macchl BOAOPOIHBIX
YacTHIL.

UroOel pazobpatbes, B YeM TYT AEN0, HAM NPHILIOCH Obl
¢3aJ1e3Tb» B 4TOMHOE fIpo. BumecTo Toro 4toful paccmarpHBaTh
STOT CJOXKHBIH I JOBOJBHO UAacTHEII caydail, a ofpa-
Lych K 3aJa4Ye O CTOJKHOBEHHH NpoToHA ¢ HeifitpoHoMm. Ilpu
TAKOM CTOJIKHOBEHHH 002 OHH MOTYT OGBeAHHHThCH U 00paso-
BATb HOBYIO YacTHLY — AeHTpoH. IlosokeHne Ipu 3TOM 0Ka3kI-
BaeTcsl aHaJOTHYHBIM TNpeiblayuiedl 3ajgade, MOCKOABKY H3-
BEeCTHO, YTO Macca IeHTpoHa TOMKe MeHbiie CYMMBI Macc Ipo-
TOHAa H HeHTpOHa.

Ha dur. 15.4 Bextopel OB 1 BC npeacTaBasior 4-HMIYAbCh
npoToHa H HeHTpona, a OC — noJuwil 4-umnyasc. Coraacho
«repeBepHYTOMY» NIPaBHJIY CTOPOH TpeyTrodbHuKa, OC Goastue,
yeM CYMMa Macc NpPOTOHA H HEHTPOHA, M eCJAH Mbl OTJIOMKHM

* 2101 haKT MOKHO rpy00 HCTOJIKOBATh € TMOMOUILIO NPEICTABJCHHI

Ka1accHueckoil ¢H3NKH, MpHUHMAs, uTO YacTHUBL A M B NpH CTOJKHOBEHHH
HArpeBaloTCsl M 3TO Tendao cooblaeT JOMOJHHTENbHYIO Maccy uactHue C.
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na OC aGcomnoTHYIO BeIHUHHY, DABHYIO CyMMe THX Macc, TO
cHa He JOTsHET 10 KoHua eektopa OC. Ilanee, Macca geiiTpona
AMeHblue, UM 3Ta CyMMa, H MBI MOXKEM OTPasHTh 3To 00CTOS-
TeJLCTBO, OTJNOKNE BA0oJb OC BexTop OD, paBublil 4-HMIYAbLCY

Ledmpon

Hacca
npomera
L o
®ur. 15.4. Tlporon n neiitpon @ ur. 15.5. Tlpotor n meiitpon
NpeBpallaoTcs B JCHTPOH U elle npeBpaulaoTest B JieiiTpou  H

4T0-TO. (hOTOH.

nefitpona. Toraa mosiHbll 4-HMOYJIBC MOXHO CJIOKHTD H3 4-
nwunyanea Aelirpona OD 1 «noBecka», paBHoro 4-uMnyascy DC.
OTOT «10BECOK» NPeACTaBsieT coBoll SHEPTHIO, BbIASAAIOMYIOCH
NpH CTOJKHOBEHHH TNPOTOHA H HeliTpoHa.

Onnaxo ¢ur. 15.4 ne orpakaer AeliCTBHTEILHOrO NOJIOKE-
HIS Beleld. DeMeHTapHble MacTHILI HMEIOT BIOJNHE ONpe/ec-
Hble MAcChl, H MaJOBepPOsTHO, YTOOH HALLIACh YACTHIIA € Mac-
coil, Toyno pasHoii DC. Mbl MOKeM NOCTPOHTE GoJIee NpaBH.IL-
HBIT YepTex, OTKJaiblBasi BEKTCP 4-MMIyJbca AefTpoHa noj
yriaom K Juund OC 1 3amMblkas Ha BEKTOPHOH JHArpame npo-
MeRYTOK Mexay KoHuamu 0D u OC «uyaeBeiM» BektopoM DC,
NpeAcTaBAAIOWHM  4-HMIY/IbC ¢(OTOHA, KAk 3TO NOKA3aHO
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na dur. 15.5. Taxiy oGpasom, IPOTOH I HeITPOH NpeEpanaiTcs
o 1efiTpoH H (oToH *, a sHeprus (POTOHA MOXKET ObITb HCIOJb-
30BaHA KaK AU NOJEe3HbIX, TAK H V5 paspyLIIHTeNbHEX Hedeil.
$l mpuBes, MO-BHAHMOMY, caMblil NPOCTOH MPHMED C LEJALIO
NPOIITIOCTPHPOBATh NPHHIMN MOIYUEHHS SIAepPHOH 3HeprHil.
W pelicTBUTeNbHO, «HCTOUHHKOM» 3TOH 3HEPTHHM SBJISIETCS
B CYLIHOCTH IepeBOpauyHBanHe OOBLMHOTO MPaBHJIA CTOPOH
TpeyroJdbHHKAa B MpocTpancTse Munkosckoro. Bepositho,
cjelyeT OTMETHTb, YTO NPOTOH eCTh (3apsizKeHHOE) AAPO BOIO-
pOAHOIO arToMa, a HeHTPOH — TO Ke $§JAPO, HO JIHILEHHGE
3apsja, JeilTpoH ke ofpasyercsl H3 NpOTOHA H HEHTPOHA.
$lapo remneBoro atomMa MOCTPOEHO H3 ABYX JIeHTPOHOB.

Ha stom, moxanyil, mopa mocTaBuHTb TOUKY. Decena mos
Obl1a JIOBOJMBHO AJHHHOH. Ecnu 6B oHa B camoM fgeiie Gbwia
AHAsOTOM M BBl 3aJlaBajJiH MHE BOIPOCHl HJIH BBICKA3LIBAJH
KOHCTPYKTHBHBIE NPCAJIOKEHH, a 51 0TBeyas Obl HA HHX B Mepy
CBOIX BO3MOXHOCTel, TO mogoGHas Gecena Morya Gbl JIHTLCS
o4eHb A04T0. Ho KHHra Bee ke 10/KHa HMETh KOHEIl, H A YYBCT-
BYI0, UTO Mojoilienl K Hemy. $I XoTen OOLACHHTbL BaM MOHATHSA
TEOPHII OTHOCHTENbHOCTH, HCMOAB3YH KaK MOXHO MeHbLIe
MaTeMaTHKH, H 0Ka3aJsCs, BePOATHO, [JIe-TO ITOCEPEIIHHE MEHLY
ycrexoMm H ueygadefi. Crenyiowiuil 1ar HaMHOTO TpyIHee.
Ecin  Bam  KaeTcs, 4TO BEl BOCNPHHHMAETE OCHOBHBIE
MOHATHSA JOCTATOYHO XOPOWO (HHKTO HE IOHHMaeT HX B co-
BepUICHCTBE), TOTJa BaM NPHAETCS TNPHHATBCA 3a MaTeMaTH-
yecKHil annapar TeoPHH OTHOCHTENBbHOCTH; KOe-Iie OH yAHBH-
TeJLHO JIeTOK, a Koe-TAe upe3BhMaliiHo TpyaeH. Eciu xke no
IpOYTEHHH 3TOH KHHTH BAM KaxeTcs BCE 3TO He MEHee 3arajou-
HBIM, 4YeM paHblle, TO BaM cJeayeT oOpaTHTbCH K IPYLHM
KHHTa: H3 BeJHKOTO MHOXeCTBa JHTepPaTyphl, NOCBALIEHHON
TEOPHH OTHOCHTEIbHOCTH; MOMKET ObITh, CHOCOG H3MONKEeHHs,
NpHHATHIE B HHUX, OKameTcs aas Bac Gosee yIOGHBIM.

[Tox sanaBec MHe xoTesoCh Obl TOKa3aTh BaM, KaK poxeHHe
H AHHITHAALHUA BeilleCTBa MOAMHHAIOTCA 3aKOHY COXpaHeHils
4-nmnyasca. Ha cur. 15.6 OA u OB cyTb 4-uMOyJbCH ABYX

* Dueprus, yHocnMas GOTOHOM TpH o6LeIHHCHHH NMPOTOHA H HeliTpoua
B JelTpoH, HaspiBaeTcA JHepzued C6A3NW JeHTPOHA (eClH CYHTATh BCe TPH
YacTHULI HeMOABH:KHBIMH). ODneprusi o0pa3oBanHs TIeJHEBOro fipa  u3
ABYX JeifiTponoB MoxkeT OLITb He TOJbKO yHeceHa (hOTOHAMH, HO MOXKET
NPEBPATHTLCA H B KHICTHYCCKYIO SHEPTHIO A1pa. 2TH NPEeBPaLCHHST SHEPIHH
U MPOMCXOJAST MPH TepMOsiAeploil peakuuH.— [Ipum. nepes.
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cTadkiBalemixes yacri. Iloansit 4-mmynsc ects Bextop OC,
onpejensieMslii no npapuiy napaideaorpamma. OGe uacTiis!
IC MOTYT NpOCTO NCYE3NYTEB, HE oCTaBHB cjena. [lockoabky
PACXO paBel MPUXOAY, JAOMKIO BOSHHKHYTL HEYTO, 00141410
uiee Tem ke 4-mynyancoMm OC. YCTaB 0T CBCEro pelecTsenHoro
CVINECTROBANHA,  YaCTHILLI I
moran 0wl Bpoie npeppa- R
THTBCSI B GAHH (JOTOH, O]-
HAKO  3aKOH  cOXpanenils
3allpelmaer 3To: 4-1IMIyabe
¢oTOHA ECTh HYJieBoii BeKTOp
(¢ pasuoii nyao afceMoTHON
BeJHYHHOIT), MEATY TeM Kak
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J. Bpuamosn
HOBBIA B3IJIAJ HA TEOPHIO
OTHOCHTEJIBHOCTH

(Heperoy ¢ amramiickoro, 4972, mema 45 KOIIL)

9Ta Kmwra sBaach mocacamedi paGoroit rkpynmoro Gpammyackoro
ysenoro Jleoua Bpmamooma. B weil om, memoxssys meronm
a@ainaa omepaumii, wecaexyer, yroumser m nepecMaTpaBaer
OCHOBHME HOXOCHWA cuenuaxbholi w ofmeii reopum ormoca-
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A

HOCTH CAEJYCT PACCMATDPWBATH TOABKO ﬁ;mmpe npuGan-

Wemme K jeiictBnreasnoctn m wre oma Tpebyer cepseanoro
Yrouneaus u mepecMorpa. On anaiu3upyeT pa; TCOpeTHYECKHX
H ORCOEPUMCHTAILHBIX NPoGaeM: KAK HaONOJATH rpaBHTANNON-
HHE BOINH, KAK HIMEPHTH WX YACTOTY N CKOPOCTH, KakHe HpH-
MEHEHNMA OHM MOraAm GM maiiT B nsuke, KaR ¢ momomsio
TPABHTAINOHAOrO AHAJNOrA JA3PA — (rpazepa» — yYeHbie MOriH

6L ycTaHOBHTH, PABHA JAM CKOPOCTH PACOPOCTPAHEHNA rpasn-
TAIHOHHLIX BOJH CROPOCTH €BeTa.
Kaura npepcrabaser Goasmoii nurepee u AAA CHEeNHAANCTOR,

B A4 WHPOROTO Kpyra unraredeii, WATEpecyoOUlNXes coBpe-
MEeHHARME npoiiemMaMn GusnEn.

KrEury Momnuo nproGpecrTn

B MArasMHax MECTHBX KHHIOTOPrOE,
a4 TAKKE B (UPMEHHOH CeKUMN MAATEABCTBA «Mmup»
B Mockosexom joMe KHErR
(121019, Mocksa, I'-19, mp. Kaamrnna, 26).
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