HO paccyxkjath U 6esomubouyro. Utak, 6ylem BHHMATeNb-
HBl H OCTODOKHBI.

Mur rosopuM o npuumnnoctH. Ho kakos dusnueckui
CMBICN CJIOB npuyuna U caedcrsue? PaccMoTpnM, mnoka
B PaMKax HBLIOTOHOBOM MeXaHHKH, CUCTeMY MHOIHX YacCTHIL
Kaxnas w3 HUX T'e-TO paclosoXena, KyAa-To NBUKETCSH —
mobas u3 cutyaunit pusHuecku Bo3Moxkua. Ha cBsisp Mexk-
Iy COCTOSIHMEM J[BMIKEHHS YaCTHIL H HX PAClIOJOKEeHHEM
orpaHMueHHR HeT, TaK Kak 0e3pa3/juyHO, ¢ KaKMMH YAaCTH-
bl ABUXKYTCs ckopoctamu. Ho B wacTHO!M Teopuu OTHOCH-
TeJbHOCTH YaCTHIlA, BHIXONsINAs, HanpuMep, u3 Touku 0
(puc. 5), He MOXeT NMOKHHYTb IIPENe]Bl CBETOBOTO KOHYyCa
(Ha puc. 5 cBeTOBO# KOHYC pPacloJiOXKeH BHe 3aIUTPUXOBAH-
Hoft o6nactu). OHa o6GsA3aHa ABHTaThCsl BHYTPH Hero. [Ips-
MOJHMHEHHO HJU KPHUBOJHUHEHHO, HO OHA MOXKET JABHIaThCs
TOJILKO B 9THX npefenax. Eciu 6Bl OHa BHIHLIA 32 Tpepesbl
CBETOBOTO KOHyca, TO mnpuobperana Ov CBEePXCBSTOBYIO
CKODOCTb.

YacTuubl €O CBEPXCBETOBOR CKOPOCTHIO HHOTAA BBOAST
B TEODHIO 3JeMEHTAPHBIX YACTHUIl, HM JaxKe JaJd CHeluasb-
HOoe HaspaHMe — TaxuoHH (cM. npuMeu. 40). Eme mo Toro,
KaK O HUX CTa/Ju MOBOPHTb HA 3anale, TAXHOHH! BCECTODOH-
He u3yuun npod. Tanaka (Yuueepcurer B Kuoro). 3anaua
3Ta UMeeT MHOTO BaXXHBIX aCIeKTOB, H IPH OOBLIYHOM IOJe-
BOM II0JXOJe B TEOPHH 3JEeMEHTApPHHIX TaCTHIl TAXHOH —
cnoXHbI 060beKT. Be3 3Hanusi KBaHTOBOR TeopHM TOJS TO-
BODUTb O HEM HEBO3MOKHO.

CymecTBOBaHNE TaXHOHOB, HECOMHEHHO, NPHBEJO Ohl
K TPYZHOCTM B TEOPHUH OTHOCUTEJNLHOCTH, COTJIACHO KOTO-
pofl yacTHLBl He JOJNKHH ABHraThcsi OblicTpee cBera. He
6yneM moxpo6HO 06GCyX)aaTh 3Ty npobaeMmy, HGO B melcT-
BUTEJBHOCTH TaXHOHOB HeT. I'oBOpusiu 06 s¢upe, rosopsr
0 TaxuoHe.

BepreMcs x name#t teMe. Mcrounnxom, npuunnoi uame-
HeHH# Moxer OHTb KaK wacTulla, TaK H TOJe, HO JJs Npo-
CTOTHL 3aMeHHM HMX MarepHadbHOH Toukolf. OObeKT,
BOCTIPHHUMAIOIIHKA eeBAUsIHUE (HA30BEM BIUSIHUE De3YJbTa-
TOM, HJIM CJeJCTBHEM), NMOMECTHM B TOUKYy P Hesawrtpu-
XoBaHHOW ofsactd Ha puc. 5 (270 BpeMenunono6Has o06-
nacth, cM. npumeu. 81). O mpuxome wactuiil B TOugy 0
(rauaso orcuera) GyneM IOBOPHTb KaK O NPHUYUHE, a O ee
npuxosie B Touky P — kak o cienctBui. [1ockosbKy yacTHil
CO CBEPXCBETOBOH CKOPOCTHIO HET, 3alUTPHXOBAHHBLIH yuya-
CTOK (ImpOCTpaHCTBEHHO-TIOA06HAas 06./acTb, cM. IpuMet. 81),
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HanpuMep TOuKy Q, u TOuky O HeJb3s CBA3aTh NPUUHHHO-
CTeJCTBEHHOH CBsI3blo. B 3TOM cMblc/le 3alITPUXOBAHHBIM
yuacToK ofHOBpeMeHeH Touke 0.

Ho uto T2K0e OQHOBpEeMEHHOCTH? B HBIOTOHOBOH Mexa-
HHKe OTBEeT SICeH — OJIHOBPEMEHHHBl TOYKHM Ha ocH afcicc,
a B TEODHH OTHOCHTEJBHOCTH 3Ta JIHHHUS BIPYT paciuHpsieT-
csi B Leayio obaacts. Ha mnepBbifi B3risg, MmOJyYHsaoch
4YTO-TO HE TO, HO B Ilef[CTBI/ITEJIbHOCTH BCe TIIPOCTO. ,HeJIO
B BEIGOpe ocelt ¥ u ¢f (cM. puc. 5). OTKnaAbIBasg BeJHYHHY
¢t MO OCH OpPIMHAT, Mbl CUNBHO HCKaXaeM IIPHBBIYHBI HaM

¢

Puc. 6

U3 IIOBCEJHEBHOH XH3HH OasaHC MeXKAY BPEMEHHBIM Mac-
mraboM u Macwrabom paccrosuuit. He Oynem Bsoputs cf
w nanuweM ¢ (puc. 6). Hanpumep, na ocu Bpemenu 3a eau-
HHIy BO3bMeM | c: KyAa 3a 3TO BpeMsI paclIpOCTPaHUTCS
ceer? Ilpn macmrabe 10 KM/cM cBeT, BHILEAINA H3 Haua-
Jla KOOPDAMHAT, NPAaKTHYECKH He OTKJIOHHTCS OT OCH X Ha
NPOTAXKEHUH HeCKOJbKHX coT MeTpoB. IIpu ucmospzoBanuu
0OLIYHBIX MaciliTaboB TPaeKTOPHUS CBeTa Eelle CHJbHEE
«IpHKMETCS» K OCH X. B meHCTBHTENbHOCTH CHTyaLus,
MOKa3aHHAsl Ha PHC. 5, MOUTH He HMEET OTHOIIEHHS K MakK-
pomupy. s moBceAHeBHOH peaJbHOCTH 3TO TycToe (aH-
TasepcTBo. Makpomup ckopee xapakrepusyercs puc. 6, Ha
KOTOpOM INpPOCTPaHCTBEHHO-NONOOHAasA 00/acTh, €CTECTBEH-
HO, TIPaKTHYECKH COBMAZAeT C OChbI0 X. DTO MOHATHO H He
HyXKJaeTcsi B JaJibHefilleM NOSCHEHHH; pa3yMeercs, XOpo-
110, YTO TaK MOJYYHJIOCH.

Opnako BepHeMcs K Hamleji runepTpodupoOBaHHOM Kap-
tune (cM. puc. 5). Ectb ciydam, xorna Takas KapTHHA —
He NpeyBeJHUYEHHEe: OHAa MOKeT 4YPe3BLIYAHHO VIPOCTHUTH
paccMOTpeHHe YacCTHil, Pa30THAHHBIX 10 CKOPOCTH, GJU3KOM
K ckopoctu cBera. CaM cBer Bcerja JBHIKETCH ¢ 3TOH CKO-
POCTbIO. DJIEKTPOHB NPUOOPETAIOT OKOJOCBETOBYIO CKOPOCTh
NPH SHEPTUH HECKOJIbKO MEras/JeKTPOHBOJBT, BOT IOYEMY
puc. 5 yroSeH mpu PacCMOTPEHHH MUKPOMHPA. 3AeCh 3aKOH
NPUYHHHOCTH AeHCTBUTEJIBHO IIOJAY4YaeT JOBOJIBHO CTDOTHE
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OrpaHHYeHusi, O KOTOPBIX MHEl NOrOBOPHM Ha CJeAyIolleH
JIEKILUH.

duzpueckuit MUp BKJIOYAET, ¢ OJHOH CTOPOHBI, MHKDO-
MHp, a ¢ JApyroi — Geckpafiiue npocTopbl BcejenHod, Tak
yTO Jaxe NPH BBIGOpEe B KAuUeCTBe €AUHULBI BpeMeHn 1 ¢
NPOCTPAHCTBEHHBIH MaciuTa® MOXKHO cAenaTh HeBOOOpasu-
Mo rpomajubM. Hanpumep, 3Be3na Momer OBITh yjAajieHa
OT HAC Ha paCCTOSIHHE COTHH THICSY CBETOBBIX JeT. MH BH-
JIUM, YTO HA HeH YTO-TO HPOUCXOAUT W AyMaeM, 4TO 3TO—
cefluac, a B NeHCTBUTEJbHOCTH COOBITHE NPOHUCXOAWIO TaM
COTHH ThicAY JeT HazaA. B Takux o6CToATENbCTBAX TEOPHS
OTHOCHTEJILHOCTH TOXKe HUrpaeT poJib, NIPaBla, HHYIO, 4eM
B Mukpomupe. Ilpn nepexome kK OrpoMHBIM Macuitabam
HYXXHO TOBODUTH He O 4acTHOH, a o6 ofuiefl TeOpHH OTHO-
CHTEJILHOCTH.

Ha crnenymoomedt nexkuuu MbB PacCMOTDUM TaKiKe 3anayy
0 TpaBHTalWH, IO CHX NIOp He pelleHHyI0. B HbloTOHOBON
MeXaHHKe TSrOTEHHe ONHCHLIBAIOT CKAJSPHBIM TOTEHLUHAJIOM
B TPEXMEPHOM INIPOCTPAHCTBE, MPOHU3BOAHBIE KOTOPOrO AAIOT
BEKTOp cHJbl Tsxectd (cM. mpumed. 41). Ho kakoBa mon-
JUHHA [OPHPOJA rpaBHUTAUUH? 3JAech OYeHb LEHeH MOAXO.
Ha OCHOBE TOHATHS I0Jd, MO3BOASIOIHA CYMTATL CHJIY To-
roTeHusi OJU3KOAEHCTBYIOWIEH, KaK M IPUHATO B IMpPeLJO-
XKeHHOH OMHIITEHHOM TEOPHH rpaBHTaUUU — 00Ilell TeOpHH
oTHOCHTENbHOCTH. VIHOrAa roBopsT, 4ro y DHHIITEHRHA rpa-
BUTaUuss ¥ OOCINAsT OTHOCHUTEJBLHOCTb-— JiBa IIPOSIBJEHUS
OJIHOH CYIHOCTH, HO 3TO He eJIHHCTBEHHO BO3MOXKHOE MHe-
HHE.

BospiinactBo (Gu3MKOB nagablie DiHIITEiHA He HIeT,
CUMTaf, YTO 33/a4a O NPOCTPAHCTBE-BPEMEHH PellleHa OKOH-
yareabHo. [Ipenen nosmanus ... Beab jnaxe 10, uTO MBI
mar sa lrarom yraybJasieMcs B CBOHCTBa MHKpOMUpa, He
ONmpaBAbIBaeT Hally GecleyHOCTh B BOIPOCE O CTPYKType
IPOCTPAHCTBA-BPEMEHU U He CHHUMAET 00ECIOKOEHHOCTH I10JI-
HBIM NpeKpallleHHeM cnopos Ha 3ty Temy. [IpoGnema samo-
poxena. Ho nasexko s MOXHO YHTH B H3YUYEHHH MHKPO-
Mupa, He JAyMasi O NPOCTPAHCTBe-BpeMeHH? 1o O60JbHIOH
BOTIPOC, O HEM MBI TOXKe NOTOBOPUM Ha CJEAYIOIeH JIeKIHH.
Bo Bcakom cayudae, siCHO, YTO BOIPOC O MPOCTPaHCTBE-BpE-
MEHH B YACTHOH W oOlIefl TeOpUsSX OTHOCHTENBHOCTH pella-
eTcsl TMO-pPa3HOMY, H HEKOTOPBle Ha)ke ToJaraioT, 4YTo 3TO
passiuyue HempeoaoJuMo. B uwacTHocTH, HccaenoBaTenu
3JIEMEHTAPHBIX YaCTHL HEe YUWTHIBAlOT rpaBurtanuio. Cuia
TAXKECTU JCHCTBUTEJIBHO OUeHb claba M ¢ TIparMaTH4eckol
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TOUKH 3pEHH NPH H3YYCHUH MHKDOMHDA ee MOXKHO He
NPHHHUMaTh BO BHUMaHHe.

Ho 4To ckasaTth 0 passid4u{ NOAXOAOB K NMPOCTPAHCTBY-
BpeMeHH B 4YacTHOfl M OOIleHl TeopHSAX OTHOCHTENBHOCTH?
YMa He npUJOKY, 3T0 DHHUITEHH, He YIOBJETBOPEHHBIH
YacTHOH TeopueH, NPUAyMaJj AAS CBOEro YCHOKOEHHUS O0-
UIyI0 TEODHIO OTHOCHTeNBHOCTH (fMex 8 3ase), a Halla
MBICJIb LeleHeeT TIpW BCTpede ¢ Takod mnpobaemoit. Ho
s J100/110 cBO6OAY MBICJAH, NMO3TOMY 3aBTpa MBl ellie pas
noroBopuM 06 3TOM.

JEKLHSA 3

B KoHlle Nmpomiiof JIEKUHH s OTMETHJ, UTO HEKOTOpBIE
yyeHble BUAAT I1y06oKul, BO3MOXKHO, HEYCTPaYUMBIHA pa3puin
MEXJAY YacTHOH W oOOueH# TeopHSIMH OTHOCHTEJILHOCTH.
[Mpo6Gaem oOwweli TeopuM OTHOCHTENHHOCTH MHL GyleM ce-
rofHA KacaThbCAd HEOJHOKPAaTHO, B CaMOH pasHO# CBA3H,
a cefiuac § X04y HayaTh ¢ KBAHTOBOH MeXaHHKH, OJHOH H3
OCHOB TE€ODHU 3JeMEeHTapHHX yactul. KBaHTOBYIO MeXxaHH-
Ky BBl H3yyaJu H, KOHeuHo, 3Haere. Mosker OHITb, naxe
Jyulile MeHsl (cmex @ 3asae).

KeaHToBas «TEOPHA» M KBAHTOBAA «MEXaHHKaA»

51 yxe roBOpH/I HEMHOro O KBAaHTOBOH TEOPHH, TOUHEe,
paHHeH KBAHTOBOM TEOPHH, KOTOPOH B OCHOBHOM M HHTe-
pecyercst IHPOKU#E Kpyr uurarededl. IlpaBxa, B mepuox ee
3apOXK/JEHUs] HHTEPeC K Hefl NPAKTHYECKH OTCYTCTBOBAJL
Kak sicHo u3 nHasBaHusi, B Hauasie 6blja HMEHHO KBAHTOBas
teopusa. CyllecTBYIOT por u e2aky (cmex e 3aae) *, HO por
oranuaercs ot eaxy. CoBa 3TH MMEIOT JOBOJBHO IMIHPOKOE
3HaYeHHe, B YACTHOCTH Da3HBII CMBICJ MOXKHO BKJaABIBATh
B ca0Bo pox (teopusi). Hampumep, oHo MoXker uMeTb OT-
TeHOK JMCKYCCHOHHOCTH, C TeOopHell HHOrjfla He BCe COIJa-

* 3mech HemepeBOAMMAsS HMIPa CNOB. B AMOHCKOM $I3LIKe CJOBO POH
uMeeT ABOsikoe mpuMeHenHe. C OXHOM CTOPOHH, OHO Kak CyhdHKC BXO-
AMT B HasBaHie TeOpHHl (HAaNpHMep, pEéCUPOH — KBAHTOBAf TEOPHS, CO-
TQILPOH —— TEODHS OTHOCHTENBLHOCTH), & C APYrofl — MOMKeT yHOTPeGasiThb-
Csl CaMOCTOATEJBHO B 3HAYCHMH POH — CIOpP, AHCKYCCHs, OGCYXAeHHS.
AnasornuHo COBO 20Ky MOKeT BHICTYNATh JHO0 Kak cydhdUKe B Ha3Ba-
HUSIX HAyK (HalpHMeD, puKu2aKy — MeXaHuka, pECUpuKuzaKy — KBauTO-
Basi MeXaHHMKa, (yeaKy — MaTeMaTHKa), Ju60 KakK CaMOCTOSTeJbHoe
CIOBO B 3HAUEHHH 2aKy — HaykKa, 3HaHHe, IOxaBa oGbIrpbiBaer TpyxLHO-
YJIOBHMYIO PasHHLY 3HaueHHs 3THX cybdukcos. — [Tpum. nep.
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araforcda. B oramume ot 3TOrO, CJAOBO 2aky (HayKa, B NaH
HOM KOHTEKCTe — MeXaHHKa) uMeeT GoJiee oOIpeje/eHHBIH
cMEBIC/I. PaMKu MeXaHHKH YeTKo OuepueHB, B YACTHOCTH,
gcHa 00JacTb ee NPUMEHUMOCTH, BHYTDH KOTODOH OHa XO-
POIIO COOTBETCTBYET AEHCTBHTENbHOCTH. MeXaHHKy MOXKHQ
u3jnarath B yueOHHKaX. [Ipenonaparessm ee Jerko nperno-
1aBaTb, a 00y4aloOIMMCS — H3Y4aTh.

Kaxkoi#i cMblc/l BKJIaJBIB2IOT B CJIOBO MEXAKLKQ, TOBOPS
0 KBaHTOBO# MexaHmke?r MexaHuka —BooOllle TroBOPH,
Hayka 0 cuiaax. Ho B ¢u3uke oHa, KpoMe TOro, crala
00pasyoM 3aBepUIeHHOCTH oOJacTy 3HaHus. FPeilas Bo-
IpoC O TOM, Ha3bIBaTh JH UYTO-JH60 MeXaHHKOH, B uacrT-
HOCTH, CMOTPSAT, HacKOJBKO YCTAHOBUJIHCH TaM TOHATHA.
O6pasuoM IpH 3TOM CJAYXKHT HBIOTOHOBA MeXaHHKa, B Te-
YeHHEe OBYX CTOJIETHH BHIIIsAeBLIAS aGCOMIOTHO NPaBUILHOH
H IIOJHOCTBIO 3aKOHYEHHOH.

Ho kBanTOBasi MexaHuKa, HaJ0 CKa3aThb, MEXaHHCTHYHA
110 CaMOH CBOeH CyTH B TOM CMBbIcie, 4T0 06pa3 MHILIEHUSA
B Heli 6sH30K K 0o0pasy MBILLJIEHUS B HBIOTOHOBOH Mexa-
HHKe. § HeOZHOKpPAaTHO OTMevasJ XapaKTepHYI0 0COOEHHOCTb
«MEeXaHH4YecKoro» obpasa MBIIJIEHUS, COIVIACHO KOTOPOMY
HEeyTo, HMelolllee MacCy, PaCCMATPHBAIOT KaK TBEPAOE TEJO
HJIM MaTepHaJIbHYIO TOUKY, NOApasymeBas IOJ S5THUM Ma-
JEHbKYI0  YacTHLY, PasMeph KOTOPOH He CYILeCTBEHHH,
a BaXHO TO, YTO OHA JBHKETCS M UTO Ha Hee HEHCTBYIOT
Cu/bl. 3ajlada HBIOTOHOBOH MEXaHHKH COCTOHT B OINpeje-
JIEHHY XapaKTEePUCTUK JBUKEHHS TAKOro oGbekTa.

B nocaenyomem Qu3nka pa3BuBasach m0J 3HAKOM 3THX
ujaefi. KoHeyHo, 3aKOHB! JBUMKEHHSI B KBAHTOBOH MEXaHHKE
OTJIHYAlOTCS OT TAaKOBHIX B MexaHuke Hbiotona. B kBan-
TOBOW MeXaHHKe paccmarpHBaloT ypasHenne lllpenunrepa
U refiseH0eproBcKue ypaBHeHHUs ABHKeHHsA. B 3T0, HEecOM-
HEHHO, 3HaeTe W3 YYeOHHKOB M Jekuu#. YpaBrenus Ilpe-
auHrepa u lefisen6epra, onucHBaiOlIHe BELIECTBO C ABYX
TOUeK 3DEeHHS, BIOJHE SKBHBAJIEHTHH APyr apyry. [eizen-
6eproBckoe ypaBHEHUE SBJASETCS YPaBHEHHEM [BHKEHHA
B IIHPOKOM CMBICJe c/10Ba, a ypasHenue Llpepnnrepa Ha-
3BIBAIOT BOJIHOBBIM YDaBHEHHEM.

Boanbl: oT supa k nodarw

B cBSI3H ¢ BOJHOBBIM YPaBHEHHEM OCTAaHOBUMCHA Ha IIO-
HATHH BOJIHOBOI'O JBHKEHH. Hano MOAYEPKHYTh, YTO ABHU-
KECHHE BelleCTBA U JABHKEHUE BOJIHB — IOHATUS DPasHbE.
B IpOUJIOM aBTODPHI KHUT 10 KJAACCHUECKOH MeXaHUKe BCer-
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da MHCAJH, 4TO TOJyyalouimecss HpH ApOOGJieHHH BellecTBa
aTOMBI HJIH HECKOJbKO OOJbIIHe Tena JABHUXKYTCH, He MeHSA
CBOEH NPHUPOAB!, OCTaBasiCh TOXKAECTBEHHBIMH caMuM cebe.
O xakpx-aub0 BOJHAX NIPH 3TOM peun He OBLIO, MMeJOCh
B BHJY NPOCTOE IepeMelleHye,

Ho uro BooGiie o3HauaeT noHsitue goana? B caMom min-
POKOM CMBICJIe OHO XapakTepusyer KoJgebaTejJbHoe JABH-
KeHue Gosploro uucsaa Tteda. Ilpu 3TOM, Hampumep, TOU-
ka A MOXeT JABHI'aThCS BBEPX W OJHOBPEMEHHO TOuka B—
Buu3. A 3arem, HaoGopoT, Touka A —BHH3, a TOuka B —
BBepxX. Ilpy BOJHOBOM [BHIKEHMH OTHOCHTEJbHBle MOJIO-
JKEHHs Tesd MOTYT CHHXPOHHO MEHSITbCS CaMBEIM PasHbIM 00-
pazoM. B GoJublIMX KOJMEKTHBAX YaCTHI HJIH CIJIOUIHOM
rese (SABJSIOILEMCH NpefeJbHbIM 006pa3oM GOJbILOIO KOJI-
JIEKTHBA) BOJIHBI COBEpLIEHHO Heu3bexHB. To Ke camoe
MOXHO CKa3aTb U 00 OTHETbHOM TeJe, eCJU MBICJEHHO pas-
6uth ero Ha yacTd. CHHXPOHHOE OTHOCHUTENBHOE IBHKEHHE
TAKHX YacTedl uAU OTAENbHBIX YaCTHL OOJBIIOrO KOJJIEKTH-
Ba MOXHO DacCMaTpHBaThb KakK BOJHY.

B xsaccuuecKoll MexaHHUKe HCXOLST H3 NBHUIKEHHS TeJI
(yacTHl, MaTepHaJbHBIX TOUYEK); KOTAa MX CTaHOBHTCH
MHOrO, BO3HHKAIOT BOJIHOBHle siBJeHHS. [IBHXKeHue BOJIHH,
BoOOIIe roBOPs, OTIMYAeTCs OT ABHKeHHs Tena. Hanpu-
mep, 6pocas B IPYA KaMeHb, MBI BHAHUM, KaK H3 OLHOH
TOYKM KPyraMu HAYMHAIOT PacXOAUThCs BOJHHEL. IIpoxoxk-
JleHHe BOJIHBI CONPOBOXKIAETCA M3MeHeHHeM (DOpMBI BOJLHOM
IIOBEPXHOCTH, a YAaCTHIH BOAB KOJAEOJIOTCS BBEPX-BHHU3 H
BJIEBO-BIIPABO, NPU 3TOM IIOTOK KUAKOCTH B HAINpAaBJEHHH
pacopocTpaHeHHsl BOJHBI, OYeBHAHO OTCYTCTBYeT. BoJsina —
3T0 sIBJeHHe. SICHO, YTO CMEIIHBATH SIBJIEHHE M BEIIECTBO
He caenyer. Ilpu paccMoTpeHnu BelllecTBa M SIBJIEHHH,
BO3HUKAIOWIUX IPH €ro ABHXKEHHH, B (DU3HKe Ha mepBoe Me-
CTO CTABAT BEIECTBO W CYHTAIOT, YTO IO OTHOUIEHHIO K Be-
IIeCTBY SIBJEHHE BTOPHYHO.

Ecou, B 9acTHOCTH, CUHTATb, UTO CBET — BOJIHOBOe IBH-
JKeHHe, TO B KauyecTBe BEIIECTBA, N0 KOTOPOMY GEXKHT 3Ta
BOJIHA, HAA0 paccmartpuBate 3dup. ddupy, mpasma, mpu-
NUCHIBANU HCUesalolle MaJjylo Maccy ¥ O4YeHb OOJbIIYIO
YIPyrocTs, HO B CYLIHOCTH O HEM JAYMaJH HMEHHO Kak
O BellleCTBE, OT/HEJbHble UaCTHUKH KOTOPOro, He H3MEHSACh
CO BpeMeHeM, BCerja OCTaloTCa caMHMH co6o#l (CM. mpuMe.
42). Takoe e caMOCOXpPaHeHNe BO BPEMEHH CBOHCTBEHHO
a3¢upy kak nejomy. Ceer — BoJiHa, Geryiast mo sToii cy6-
CTaHLHH.
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BcnomuHaw, Kak BO BpeMmsi yueObl B IIKOJe NOBHILIEH-
HOH CTyNMEeHH NPH H3yYeHUH (H3HKH MBI TOBOPHJIH O CBETE.
Y MeHs TOrza BO3HHKAJIO QUYEHb MHOrO BONDOCOB H, XOTHA
BpeMeHaMu cJydaanch npobiaecku, B o0UleM s He OYeHb
XOPOLIO MOHHMAaJ Haulero yyutesas. Cpein 3THX HESCHOCTEH
ful1 Bonpoc 06 adupe, N0 KOTOPOMY, KaK s Cabixalt, pac-
npocrpassiercs cBer. S mymaJd, 4TO 3TO H B CaMOM JeJfe
TaxK.

Ho pymana Tak s motomy, 4TO HEJOCTaTOUHO IOHMMAJ
TeopHuio oTHocHrenbHOCTH. [loHsATHE 3dupa B Heft He BBO-
JIUTCA, H MHE Ka3aaoch, UT0 OTCYTCTBHe sadupa HaL0 IOHH-
MaTh B TOM CMBICJe, YTO BOJHA MNPOXOJAHT UYepe3 MecTa,
B KOTODHIX BOOOIle HHUEro HeT. TaKoe 3abJayKeHHe ecTecT-
BEHHO, H HEXOTODHE B caMoOM fese Tak aymaior. CoMHeHHs
st He cayuaiiupl. Benp B XIX B. 6e3 KoHIa CHOPUIH
o ctpykrype adupa. Y nago xe — B cilelymoolleM Beke yueod-
HMKH CTaJH CTPOUTh Tak, 6yinro 06 shupe HUKTO HHKOrAA
¥ He JIyMaJj, a C CaMoro HauaJa BCe MBICJAHJIH KaTero-
PHSIMH TEOPHH OTHOCHTEJIBHOCTH. DTO oyeHb cTpanHo. Msy-
yaTh B IIKOJIE €BKJAXAOBY reomerpuio ecrectBeHHo. Ho Ha-
YHHATh AYMaTb O CBeTe CPA3y DPeNATHBHUCTCKH, I0-MOEMY,
3aTPYIHUTENbHO.

Mue xkaxercsi, y4eHHKa HAJ0 [OATOTOBHTb K PE3KOMY
H3MEHEHHIO B3IJsAa Ha MPUPOLY cBeTa. B ueM posxkew
COCTOSITh 3TOT MOBOPOT? B yueOHHKAX OOBIYHO NMUUIYT TOJb-
KO0, 4yTo 3dupa HeT. Ho B KakoM cMEICIe OH OTCYTCTByeT?
BMmecto yTBepXIeHHs, 4TO 3(GHpa HeT, Jyullle CKa3aTh,
UTO OTBOJAHMBLIASICS €My POJIb Teleph mepeunia K MNOHSTHIO
1OJISl, HTPaIolleMy POJb (PM3MUYECKOH METKHM NPOCTPaHCTBEH-
HO-BPEMEHHEIX TOYEK U TO3BOJSIOHIEMY IOBODHUTH O TOYKAX
KaK 0 coburusx. C moMouplo NoHATHS 00 adupe, IPOHU3HI-
BamlleM BCe 06/ACTH TPEXMEPHOTO NPOCTPAHCTBA, HEJb3d
OBIO BHIOpATbCA M3 KJAYOKa TPOTHBOPEUHH, JNErko CHH-
MaeMbIX TpPEACTABJEHHEM O HeTHIPEXMEePHOM II0Je, BBEje-
HHE KOTODOro paspelliaeT, B YAaCTHOCTH, 3aTPYAHEHHS, CBS-
3aHHble ¢ ombitoM Mailikenscona —Mopaun  (cM. 1pu-
meu. 43).

JIBa BLIBOJA COOTHOLIEHHS HeOl’lpelIeJleHHOCTeﬁ

Bepuemcs x ypasHenuio Illpenmnrepa. 1o BosHOBOE
ypaBHenue. EcTh ellle 3KBHBaJICHTHEIE eMy ypaBHeHusi ['ei-
3enbepra, 3anucbizaemMble B HHOH, yeM ypaBHeHue Illpenun-
repa, OpuUCHOCOOJEHHOH /51 ONUCAHHSl ABUMKEHHS YacCTHI
¢opme, KoTopass HalNOMHHaeT KAHOHMYECKHE YpPaBHEHHUS
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FamuanTona (cM. mpuMeu. 44). Pasymeercs, refisen6epros-
CKHE YDaBHEHHs BBIDAXKAaIOT APYyrue 3aKOHBl MPHPOMIH, HO,
CIyYya#HO HJIM HET, UX MOXKHO 3alHCaTh B TAKOM Xe BHJE,
KaK M KJIaCCHUECKHe ypaBHeHHd. B ksaccuueckol MexaHuke
BBOAAT cKoOKu Ilyaccona (cm. mpumeu. 45), mpencraBusiio-
e coboit auddepenunansuyo dopmy (0T MPOH3BOAHBIX
N0 p M ¢) ABYX OYHKUMHA KAHOHHYECKHX NEPEMEHHBIX P
u ¢. B reopun I'efizenbepra cko6xu Ilyaccona samensizorcs
KoMMyTaTopoM. Hanpumep,

(p, 9)—~>Ip, ql=aqp—pq

(3mecp Hy:HO OBIO OBl ellle MOMHOXHTb Ha M, HO 3TO
cBeieTcsl K NepeoB0o3HaUYeHHI0 KOHCTAHTHI).

Hana nonyyedusi ypasnenuii IefizenGepra Hy»KHO B Ka-
HOHUUECKHX YPaBHEHHUSX, 3alHCAHHBIX C HCICJIb30BAHHEM
ckoGok IlyaccoHa, 3aMeHHTh NOCJHEAHHE KOMMYTATOPAMH.
B xBaHTOBOI Teopuu BEJHUUHBL P H § — ONEPATOPEHI, HO3TO-
My Pa3HOCTb gp—pg He paBHA HYJIO.

Omneparop nelictByer Ha onepani. OnepaHjioM MOXKeT
ObiTh, HampuMmep, BoJHOBas ¢yHxuus Llpenunrepa ¢. Bce
3TO BaM, HaBepHO, W CJIyWIaTh Hanoesno. Bo Bcex kHurax
06 sroM nuuyT. BosHOBOH (yHKIHM NaHa BepOATHOCTHAS
uHTepnperanus (cM. npumed. 46).

$1 e cobupaioch BAABaTbCs B AETANH, HO O COOTHOILIE-
HUY HeONpeJeJeHHOCTeH, BaM, KOHSUHO, H3BECTHOM, BCE XKe
ckaxy, B yueOHukax mias ero oOBSICHEHUS IMPHBJAEKAIOT
ramMma-Mukpockon (cM. nmpumeu, 47).

OOBIYHO THIIYT

ApAg =Hh.

1 onmyctnn mMHOXKHTeab 1/2 B NpaBOi YacTH, HO CYTh 3A€Ch
B TOM, 4YTO TpaBas 4acTb JOJXKHA OBITh MeHbLIE JEBOM.

CyiiecTBYIOT 1Ba PA3HBIX BHIBOZA 3TOTO COOTHOIICHHS.
IMepeuiit mpeasnoxen [efizenbeproM, 570 MBICJACHHBIH 9KCIIE-
PHMEHT 110 ONpPENETEeHHIO NOJNOXKEHHS 3JEeKTPOHA ¢ TOMO-
mBl0 MuKpockona. IIpu yMeHbUIeHHM MJMHBI BOJHE H3JY-
YeHHH, OCBELaIoNIero 3JeKTPOH, BO3PAacTaeT TOUHOCTD ONpe-
nenenusi nosoxedus (Ag ymenbwaercs). Ho npu sToM
sBuay sthdexkra Komnronma (cM. npumeu. 48) HmIyJbC
3/JEKTPOHA H3MEHSIeTCA Ha HEH3BECTHYIO HaM BEJHYHHY
(Bospacraer Ap). B urore npomssenenne ApAg He MOXKeT
CTaTb MeHblle HeKOTOporo mpepena. Ha aToM myta MOKHO
CTPOTO J10Ka3aTh COOTHOIICHHe HeompeneneHHocTeHd. Takod
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BHIBOJL — OJlHA H3 €ro HHTeplnperauul, oOLIYHO NPUBOAA-
uiascs B yueOHHKAX.

[Ipu npyrom BBIBOJe HCXOAST W3 BOJHOBOH (GYHKIHH
Hlpenunrepa ¢. Ecam mpuHATH, YTO P HOCTATOUHO MaJja
npu GOJBIIMX 3HAYCHUSX KOODPJAHHAT, TO MaTeMaTHYeckKoe
oxujaHue (CpenHee 3HaueHHe) KOOPAMHATH Oyaer npubiu-
3UTEJIbHO PaBHO €e 3HAUEHHI0 B TOH 06JacTH HPOCTPAHCT-
Ba, rje 1\ 3aMeTHO oTJiuYHa or HyJad. Iloab3ysch cpeaHuM
3HAYEHHEM, MOXKHO, HCXO/S U3 BEPOATHOCTHOH HHTEpHpeTa-
[HKY BOJHOBOH (yHKIWH, ONpENeNHTh CPeJHHA KBajpar OfT-
KJIOHEeHHs KoopiauHaTel (Ag)?, KBalipaTHBHII KODeHb M3 KO-
TOPOTO JacT CPelHEee KBaJAparHyecKoe OTKJIOHeHHE KOOpJH-
HaTel. BHIIONHSA Takde XKe oOnepandu Haj HMIYJAbCOM,
onpejiesieMEM, KaK onepatop aud@epeHUHPOBAHUS IO KO-
opAuHAaTe, YMHOXEHHBII Ha —ifl, MOXKHO BBIBECTH COOTHO-
LIeHHS HeompeneseHHOCTeH (cM. mpuMed. 49).

$I He yBepeH, 4TO 3TH [Be HHTEPIPATAlMU COOTHOUIE-
HUsSl HEQIpPeJeJeHHOCTeH BIOJHe 3KBHBAJEHTHH IPYr ApYy-
ry. Cxopee, OHH HeckosabKo pasauuatrorcs. [Ipu BoiBoze
C TOMOHIBIO refizeHOEPrOBCKOIO MBICJIEHHOTO 3KCIEePHMEHTa
paccMaTpuBalOT OJUH 3JEKTPOH, HaXoAfUIMHCE B COCTOSA-
HUH, KOT/Ja TI0 HeMY «ynapsers cBer. [Ipu a1oM ¢pakTHIeCKH
MIOJIB3YIOTCS AyaJU3MOM CBETa KaK BOJIHBI H YaCTHILBL

[To cBoemy aror BHIBOJ 3aMeuareneH. OH yTBepxpaer,
4YTO  HEeONpeJeJEHHBEIH pe3y/abTaT TOJAyYaeTcs B KaxKAOM
oneite. [Ipu BHIBOJE K€ ¢ NMOMOLIbIO BOJHOBOH (YHKLIUH
Ipenunrepa uHTepnperanus GoJee NpuBbYHA., Benp P —
aMIUIATYya BeposATHOCTH (cM. mpumed. 50), a NMOHATHe Be-
POATHOCTH — cTaTuCcTHYecKoe, HyXHO B3ATh OYEeHb MHOIO
3JEeKTPOHOB, KaXKJIBH H3 KOTOPBHIX HAaXOAUTCA B COCTOS-
HUH P, H AejaaTh BHIOGOPKH u3 atoro aHcam6as. Hanpumep,
H3 CTa THICSY JEKTPOHOB HYXKHO BLIOPATH THICSUYY M H3Me-
PHTb WX KOOPAWHATHL. Pe3yJbTaThl, €CTeCTBEHHO, NMOJydarT-
csl pasHble, H MOXKHO ONPENENHTh HOTPEeIIHOCTh H3MEpeHHH,
KoTOpast M jgacT 3Hauenue Ag. Ilanee, u3 TOro e HMCXOA-
Horo amncambuas, comepxaiiero 100000 sjekTpOHOB, HAMO
B35ITh APYTYIO THICSYY H H3MEPHUTH TEllepb HMIYJLCH. BHOBb
nmoJiyuuM HeKuil paszbpoc 3HaueHuit. Bce aTu OTKIOHEHHA
ONpeNeIIOTCS BOJHOBOH (QyHKUMEH V; COOTBETCTBYIOLIHH
BBIBOJ, COOTHOLIEHHS HEONpeaeJeHHOCTedl AJs IpPOHU3BejIe-
HAg ApAg 0UeHB NPOCT, HE BLI3BIBACT HHKAKHX COMHEHMH,
HO SICHO, YTO JaHHas MHTEpIpeTauusi OTAHYAETCH OT HHTEp-
opeTalyd NpH MbicAeHHOM onbiTe [efisenbepra. Bompoc
0 TOM, KaKas U3 HUX OJMIKe K HCTHHE, OCTAETCH OTKDPHITHIM.
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Teopus no3nanus u QGH3MKa

C MareMaTHyeckod TOUKHM 3peHHSl HaM Iopasjo sicHee
CTAaTHCTHYECKAs MHTepHpeTalHusi, TaKk Kak B redsenbepros-
CKOM IIOAXOJe CKPBITH pasHble HeNpocTele Bompoch. Bo
BCSIKOM CJiyyae, MpH COMOCTABJEHHH MaTeMaTHUYecKHX abcCT-
pakuuii ¢ o6paszom JAEHCTBHH IKCICPUMEHTATOPOB MPH Ha-
OAI0JEHHAX U H3MEPEHHSIX ropasjo Jerie paccyxaarth, Npu-
LEepXKHBAsACh CTaTHCTHYECKOro o0paza muicau. Has mpume-
HUMOCTH CTATHCTHKH BHIOOPKa [0JI2KHA OBITb AOCTAaTOYHO
Goablioli. Ho K cuacThlo S/JEKTPOHBI AOCTYIIHBI, HX MOXKeT
OBITh CKOJBKO yroaHo. He coctaBiaser Tpyaa NPHIOTOBHTDb
COBEpLIEHHO OJHHAKOBBIE BBIOOPKH, cOJepKalliue XOTb CTO
THICSIY, XOTb MHJLTMOH 3JEKTPOHOB, IPHBECTH HX C TIOMOIIBLIO
COOTBETCTBYIOIIHX METOAOB B JAHHAKOBble COCTOIHHA H
BOCIIOJIH30BATLCH HMMH JJs AOKa3aTeabCTBa COOTHOLIEHHS
HeonpenenenHocrell. CTaTHCTHUECKYIO HHTEPNpPETALHIO BOJ-
HOBOM (DYHKIHM W, COIMIACHO KOTOPOH |P|2 ecTb MIOTHOCTH
BEPOSITHOCTH, npepnoxua bopw (cm. nmprmeu. 51), ucxo-
JNUBIIAA M3 aHalu3a CTOJKHOBEeHHH. DTa HHTepNperaunus
6/n3Ka LIPEAUHIePOBCKOMY XOAY MBICAH M He OYEHL MOI-
XOAUT 1Js51 refi3eHOEProBCKOTO MBICJEHHOTO SKCHEPHMEHTA.
Hanpumep, MOXHO ONpefeJHTb YIVIOBOe pPacipejeseHHe
3JEKTPOHOB, KOTOPble PaccesiHbl MHILICHBIO, 00JaydaeMoH
KaTOXHBIMH JydyaMH. Co CTATHCTHYECKOH TOUKU 3pEHUS 3TO
Oyaer pacnpejeseHue BepOSTHOCTH.

st anannsa reli3eH6eproBCKOro MLICJEHHOTO 3KCHEPH-
MeHTa HYXHBI 0oJjiee CJl0XKHBle NoHATHSA. B uwacrhocru, mo-
Tpebyercs OOPOBCKUH NPUHLIMI AOMOJHHTENbHOCTH. Ha mep-
BO# Jiekuuu s ynmomuHan o6 asrobuorpadum [efizenbepra,
HanucaHHo#i B ¢opMe auaJoroB. TaM MHOro rOBODHTCA
He TOJBKO 00 3TOM MBICJIE€HHOM 3KCICDUMEHTe, HO ¥ O APY-
rHX CBSI3aHHBIX C HMM Bompocax. [eifizeHOepr BHAHT 3J1ech
ra1y6OKyI0 TEOPETHKO-II03HaBaTeabHylo mnpobiaemy. 5 ymo-
TpeOUJI TEPMHUH Teopus NO3HAHUS, HO HaM HeT Heo6Xonu-
MOCTH BJaBaThCsl B TaKHe CJOXKHOCTU. JIIOAH MO3HAIOT MHD,
pasfupasich, Kak oH ycrpoeH. C TO3HIMHA HBIOTOHOBOH Me-
XaHMKH MHD YCTPOeH MpocTo. 3ajaya 3TOH MexaHHKM — He
B ITIO3HAaHWM MHPA, a B TOM, UYTOOBl BOCIPOU3BECTH €rO
CpelCTBAMH MAaTEeMATHKH, YTO OHA M JeJaeT BechMa yclell-
HO. B uacTtHOCTH, B Heli BO3HHKAIOT KeIJIEDPOBH OPOHUTHI,
C HOMOIIBIO KOTOPLIX BOCIPOHM3BOAUTCS COJTHEUHAs CHCTEMA.
[Ipn ¢GopMyaHpPOBKEe HBIOTOHOBOH MEXaHHKM HPUXOTHTCA
CHJIBHO a0CTParupoBaTbesl OT AEHCTBHUTENBHOCTH, HAlPUMED,
COBCEM HE YYHTHIBATb 3a3MBICJIOB M NIOCTYHKOB Jioxed. Jlio-
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JISIM JIE3YT B TOJIOBY pasHbie MOCTOPOHHHME MBICHH, OHH KJIO-
10T HOCOM Ha Jexkuusix (cmex 8 3aie), 3aHUMAIOTCA Hayka-
MH H Yero emie TOJbKO He Aenaior. Bce 370 He BXOAMT
B HBIOTOHOBY KapTHHY Mupa. TeopHu moszHaHus B HeH HeT.
[TosHanue cBomuTcd 3/A€Ch JHIIL K BOCIPOHM3BEAEHHIO CO-
crosiiuii. CKopee, 3TO He IO3HaHHe, a omucanue. I[ToaHo-
CTHIO BOCIIPOM3BOAHUTCA TOJBKO OAHA CTOPOHA MHpa NPHUPO-
JBI, COOTBETCTBYIOIIAsi KJaccHueckoili MexaHuke. B aToM
OTHOIIEHHH BeCh PeajbHBI!l MUDP, C TOYHOCTBIO J0 AeTajeH,
MOJIHOCTBIO COOTBETCTBYET pPelIeHHAM HbIOTOHOBHIX ypaBHe-
HUH ABHXKEHHS B ONpeJeNeHHBIX yCJA0BHAX. Belllb 3TO IpO-
cTasi, ¥ TpPUBJIEKaTh CI0Ja TEOPHUI MO3HaHHS HeT HeobXo-
JHMMOCTH.

B xauecTBe HHCTPYMEHTAa NO3HAHMS BHEIIHEro MHPA
npexae BCEro MOJAb3YIOTCS cBeroM. B 3Toft C¢BS3H OueHb
HHTepeceH BOMPOC: yTo taxoe cBer? Ho Ha mepBuIx mopax
Jaydure He aymMate o0 3ToM. MEl Beab, N10BOJMBHO Gecco3Ha-
TeJbHO, IPOCTO BHAHM fpeAMeThl. Ec/u Ke HAYaTb NOHCKH-
BaTbCsl, yeM obecneynBaeTcd Halla CIOCOOHOCTb BHAETh,
TO NPHAETCA CTPOHTH AOBOJLHO CJOMKHBIE TEODHU — reoMe-
TPUYECKYI0 H BOJIHOBYIO ONTHKY, Ha CO3RaHHe KOTOPHIX
B (u3uKe yILJIO JOBOJBHO MHOI'O BPeMeHH.

Bo3MoXkHO, BaM He HDABHTCSI TreOMeTpHuYecKas OITHKA
(cm. npumeu. 52). Korga s cayman JeKHux B yHHBEPCHTE-
Te, MHE OHA TOXKe Ka3ajachb CaMBbIM CYXUM W HEHHTEPECHHIM
n3 mpeameroB. Ho HenHTepecna ona e cama mo cebe, a us-
3a HeyJayHoro CTuJs NpenopaBaHud. Des kKoHLa KoMOu-
HUPYIOT BCAKHE JIMH3Bl ¥ OTPAHUYUBAIOTCS MaTEpHAJIOM,
3HAKOMBIM yXKe M0 WKOJbHHEIM yuebHuKaM. B gmelicTBHTENB-
HOCTH ¥e TeOMeTPHYecKas ONTHKA 00DbACHAET MHOTHE KH3-
HeHHO BaXHble Belld. Mbl BHAHM IPEAMETHl TOJNbKO 6aaro-
Hapsi pacCesHHOMY CBETYy M IIOTOMY, 4TO HX MOBEPXHOCTH
He caumikoM miaockue. Teno ¢ npeanbHO MJIOCKOH 3epKajb-
HOH TOBEPXHOCTBIO, HJAEaJBbHO OTPaKalolllee CBET, HEBHIHU-
Mo. Tena BuAHBI Gaarogaps HEPOBHOCTSAM, MacliTa® KOTO-
PBIX MOXKeT OBITb Pa3HBIM; IIPH COOTBETCTBYIOLIEM MAacCIITa-
Oe NMOBEPXHOCThL Hejaercss lepoxoBaroil. Tesmo craHer He-
BHIMMBIM, €CJIM €ro MOBEPXHOCTb HJAEaJbHO TJIOCKas Ha
KBa3UMHKPOCKOIHUECKUX MaciuTabax.

Crex/1o BOH TOrO OKHa BHIMBITO He OYeHb Xopouio (cmex
6 3ase). Ha Hem nbuib, cozpaioniass HepOBHOCTH, M3-3a KO-
TOPHIX ero ¥ BUAHO. Ho mbliu He CIMIIKOM MHOTO, H CKBO3b
CTEeKJIO IPOCBeuuBalOT 31aHuA. Eciu OBl cTeka0 OblIO OUeHb
MJIaAKAM H 3€PKaJbHO OTPaKajo CBET HJH COBEPUIEHHO
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[pO3pavyHbiM, MBl OBl €ro He BHAENH ... 3TO BaM, KOHEUHO,
NoHATHO O6e3 Bcakol ¢usauku. OZHaKO HpU THIATEJbHOM
O0LyMBIBAHUH 3[€Ch BO3HHKAECT MHOro cja0XKHOcTeH., ['eome-
Tpu4eckass 4 BOJHOBAS ONTHKA MOTYT ONHCHIBATH OLHH H4
te XKe (QaKTH, HO IPH OCMBICAHBAHHH HX ¢ HO3HLHE BOJHO-
BOH ONTHKHM BO3HHKaeT MHOI'O TOHKUX npo0Jjem, AyMas o KO-
TOPHIX HayHHaellb INOHHMAaTh BCIO Tpyb6OCTb paccykKAeHUH
¢ AuQPysHEIM OTpaKeHHEeM U JHH3aMH.

5l BHOBb OTKJIOHHJICS B CTOPOHY OT TeMH Jiekuuu. Ilepe-
XOZUTL K KBAHTOBOH MeXaHHKE BCerfa TPYAHO, H f Kak OHl
orrarusan Bpemda., IlpaBpa, roBopua s 0 CBOEM JIHYHOM
ONBbITE H HAJCIOCh, YTO CKa3aHHOE HMEJNO CMBIC/.

PacnJjbiBanne ajieKTpoHa

['oBopsi 06 sdupe, 5 KOCHyJCH CBOMX LWIKOJbHHIX BIle-
yaTJeHHH. A B YHHBEPCHTETE MHE 3aXOTeJIOCh H3YYHTb KBaH-
TOBYX0 H BOJHOBYI0 MEXaHHKY, B Te BpeMeHa yueOHUKOB
N0 3THM OpeIMeTaM, padyMeercs, de OBLJIO, HO BBLIXOAHJIO
MHOTO CTraTed, CPein KOTODHIX OCOOEHHO TPYAHBIMH I
noHuMaHusl OblIM cratbu [eiizenGepra. Yxke mocie MOEro
nocTymaeHus B yHuBepcHTer, B 1926 r., BopH, o606muB1Ink
9TH CTaTbH, H34ad KHUry «lIpoGjeMbl KBaHTOBOH MEXaHH-
Ku» (BCKOpe MepeBefleHHYI0 Ha SIIOHCKHMH $3BIK), KOTOpAs
noMoryia HeMHOro pasobpaTbcss B mnpeaMere. [lpourTan
ee, ybeau/cs, 4TO KHMra OyeHb Xopomas, B He# usaara-
Jacb refsenOeprosckasi TPakTOBKAa KBAHTOBOH MEXaHHKH.
Kuura BopHa BhillIa B KaHyH NOsIBJEHHsI BOJHOBOH Mexa-
uuku Ulpenusrepa. BopH mucai, yro ¢usuyeckuit Mup npo-
HH3aH CKaykaMu (pasphiBaMu HempepeiBHOCTH). I TOXE
craad Tak xymatb. M 1yT nossunach cratbs Llpenunrepa,
NOCBALIEHHAA BOJHOBOH MexaHuKe, Ee TOXe HYXHO H3Y-
YHTH — Pellua .

A1y crareio lllpenunrepa B, CKOpee BCEro, HE UHTAJH,
OHa He OTHOCHTCA K paHHeHdl KBAaHTOBOH TEOPHHM, a 3HaMe-
HyeT Hayajo HacToslleH, cepbe3HOll KBAHTOBOH MEXaHHKH.
Ho Hano s yuTath 3Ty, MyCcTb HCTOPHYECKYI M OCHOBO-
I10/1aTaI0IYI0, CTAThIO, €CJH eCTh TaKHe HPEeKpacHHe ydel-
HHKH? ... DBlo BpeMsd, Koriza OQHOH U3 JYYIIHX CYHTAJIH
kuury Jlupaka, a Temeph, roBopsAT, NOABHJHCh Aaxke GoJjee
yaauynble yyeOHUKH. 1 He 3Ha10, KaKOH U3 HUX Jydlle, MO-
Ker OniTh, Uludda?. BupoueM, MHe Ju OLUEHHBATL COBpe-
MeHHble y4eOHHMKH, B HHX Belb IHIIYT B OCHOBHOM © IPO-
OmeMax, KOTOpHe MHe yKe He mo 3y6aMm (cmex 6 3axe).
34ech, KOHEYHO, TOXKe HYyXXHa TpeHuposka, Ho MHe xaxker-
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csl, 4TO Pelasich NPeANPHHSATh TAKKUHA TPYA H3YyUEHHS 3TUX
TOJICTEHHBIX KHHT, BaXKHO €llle W elle pa3 06AyMartb, Kak
GpaTtbes 3a jeno. [TosToMy s u rosopio o cBoeM cOGCTBEH-
HOM OTBITEé H3YYeHHS KBAaHTOBOH MeXaHMKH.

Hlpexnnrep nymaJg, 4TO €ro YypaBHEHHe BO3BpaulaeT
npupoje HemnpepbBHOCTb. VHBIMH csOBaMu, OH IpHIAEDPKH-
Bajicd BOJIHOBOTO MoOHH3Ma (cM. mpuMedu. 53) M BoBce He
AMeJ B BHAY HMHTEPIPETHPOBATH BOJHOBYIO (YHKIHIO KakK
aMILINTYLy BEPOSITHOCTH. B TNPaBHJIBLHOCTH OTKPHITOTO UM
BOJIHOBOTO yDaBHEHHMS OH yGenusacd, o6HapyXKHB, YTO OHO
XOpOIIO OMHCEIBaeT atroM Bogopoxa. CHavasna OH CUHTAJ,
4TO ero BOJIHBEI CYIIECTBYIOT peajibHO. XOTeJ TaK AYyMarTb.
Beap cymecTByeT e peasbHO, Hampumep, cBer. KoHeuHo,
Tako#d cyvOCTAHLUUH, KaK 3QupP, CHMBOJH3UPYIOWHH OODbEK-
THBHYIO PEaJbHOCTh B CTapoM cMbicie caosa, Her u Hlpe-
IWHTEp XOTeJ IepefaTh PoJb cyOCTaHUHU BeJHdYHHe ¢, HHA-
ue roBOPS, OH AyMaJ, 4To (YHKIHS P M eCTb SJEKTPOH.
Ddup BBEeCTH He yAaeTcs, HO HEAb3s XKe OTKA3aThCs OT
snexrpoHal A ecau P — 3MEKTPOH, TO COTVIACHO BOJHOBOMY
VPaBHEHHIO OH JOJIKEH HMETh NPOTsXKeHHe (CM. TPUMeY.
54), B mporuBopeunu ¢ oOmenpuusaTofi Toukoi spenus. Kak
TYT OBITH?

CHagana Ulpenunrep paccMOTpesn TapMOHHYECKHH OC
HUAATOp. Pesysibrar MONyuHICsS NPUAHYHBIN, TPOTSKEH-
HOCTb OCLHUJAJNSATOPA — He OYeHb GOJNBUIOH; HO BOJHA 3J€K-
TPOHa C caMmoro Hayasa Obllla uYepecuyyp HNPOTHKEHHOM.
[TpaBna, kapTHHA JMEKTPOHHOrO 06saKa B aTOMe He CJHII-
koM maoxa. C Toukm 3peHus YyAaJeHHOro HabionaTesns
3JIEKTPOH TPYNIHPYETCs B LOBOJLHO MaNeHbKOM IIPOCTpaH-
crBe. OHAKO BHe aTOMa 3JEKTPOHHAS BOJHA PaCIpocTpa-
HsileTcsl Ha Bclo BceeseHHylo, uTO IBHO He rogutcd. Vmenno
nosromy BopH u npensmoxua BepoOATHOCTHYIO MHTEpIpeTa-
nu0. 31ech MBI YCTAaHABAHBAEM CBSI3b C HAUIUMU TPEKHH-
MU DaCCYXKIEHHSIMH O BEPOSTHOCTH.

U Bce-raxu ypaBuenue Ulpenunrepa, HecoMHEHHO, mpa-
usnbioe. OHO ompenesnsier BOJIHY, KOTOpas He SBJSETCS
cyOcTaHIHeH, a HMeeT BepOSITHOCTHHIH cMBIc/. BosnHa Bepo-
SITHOCTH CTPEMHTC K PACIVIBIBAHWIO, HO IPH H3MEPEHHH
MOJIOXKEHHST 3JEKTPOHA KaXKABI Pa3 OKAa3bIBAeTCH, UTO OH
JIOKAJN30BaH B KAKOM-TO KOHKPETHOM MecTe, n spderr
pacmJLIBaHUS He TNPOSABAseTcd. BO3MOXKHO, MJIOXH HaNH
cnocobbl H3MEPEHHS, HO 3JEeKTPOH Bcerna OOHAPYXKHBAIOT
B Kako#-To TOuke. ['OBOPAT, UTO B MOMEHT H3MEPEHHs pac-
NALIBINASICH BOJHA BEPOATHOCTH CHJIBHO cxuMaercd. OO
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3TOM C3KaTHH BOJHOBOrO IaKeTa MUIIYT BO BCeX yueOHHKaX.
Hab6uaoneHne 9JeKTpOHA NPHBOJUT K MIHOBEHHOMY CKATHIO
pacnuniBuIeficss BoqHH. [laxe eciu mosyuawmmuiics npu us-
MepeHHH BOJHOBOH MaKeT MMeeT KaKOe-To MpPOTSXKEHHE, TO
OHO OYeHb MaJo. B To ke BpeMms pellenne BOJIHOBOro ypas-
HeHHs] ITIOKAa3blBAa€T, 4TO IIPEJOCTaBJEHHBIH camoMy cebe
BOJIHOBOH TaKeT OBICTPO W HEOrPAHHUEHHO pPaCUIHpPSeTcs,
a IpH HOBOM HaObJIOJeHHH MTHOBEHHO BO3BpalllaeTcs B CKa-
TOE COCTOSIHHE.

Paspe He yauBHTeJNBHO TaKOe MIHOBEHHOe CxKaTue?
Mrue kaxercs, oyeHb. Dta CJ0XKHAsg mpobaeMa CBOAHTCS
B 'KOHIIE KOHIOB K TOMY, YTO HU3MEDEHHsI BHOCAT CHJIbHBIE
CKauK00OpasHble H3MEHEHHs B COCTOSHME cHCTeMbl. Iloay-
yaercs, 4To ypaBHeHHe Illpenunrepa kak Onl cTtpazaer He-
3aBepIIEHHOCTBIO M He TIO3BOJISIET HHTEPIPETHPOBATh PEaJlb-
HOCTb B paMKaX HENPepPHIBHBIX mpolueccoB. Hab6amoaenue
BHOCHT Pa3pHIBHl B HEeNPEPLIBHOE TeYeHHEe NPHPOJHHIX sIBJE-
HHH, BHI3BIBAs OBICTPble H3MEHEHHs B YIAJEHHBIX MecTax.
MoxHo JiM cKa3aTh, 4TO TaKUM 06pasoOM Mbl HO3HAeM INPH-
pony? Eciu nma, To 3T0 mno3HaHHe UYepes YyBCTBEHHOE
BOCIPHSTHE, MOCPEACTBOM OllylleHuH. Jlaxke eciu CUUTATh,
YTO MBI €e II03HaeM, Haj0 OTMETHTb OTCYTCTBHE aJeKBaT-
HOTO ONHCAHHS ¢ IIOMOIIBIO MaTeMaTHUeCKHX (popMya aToro
YYBCTBEHHOTO BOCHPHATHS NPHPOAB. B KOHIE KOHIOB,
31eChb MBI CTaJKuBaeMcs ¢ NPoOGaeMOH H3MepeHHil.

OTXoa, OT KJacCHYECKOH NPHYMHHOCTH

Mp1 BHOBDL mojomin K npobsaeme mpuuuHHOCTH. M3Bect-
HO TPH OmpeJeNeHHs] NMPUYUHHOCTU — o Heiorony u Jlam-
Jlacy, B TEODHH OTHOCHTEIBHOCTU M B KBAHTOBOH MEXaHHKE.
3aKoH MpPHUUMHHOCTH B KBAHTOBOH MeXaHHKe CBOXHTCH
K YTBEPXK/IEHHIO, UTO BOJIHOBAs (YHKUMS P HIMEHseTrcs
cornacHo ypassenuto Illpenunrepa. MubiMu cioBamu, mpu-
YUHHOCTh 3AEChb NPOSBJSETCS B 3aBHCHMOCTH BOJHOBOM
byHkuuM P OT BpeMeHH. Takoe TOJKOBaHHE O3HAUAET, YTO
MBI OTKa3bIBaeMCsl OT CTaPHIX NPeACTaBAEHHH H IPHXOAUM
K BEepOSITHOCTHOH, CTATHUCTHYECKOH HHTEPNPETAUHH MPUUYMH-
HOCTH, IPH KOTOPOH M3 Hee yCTpaHseTcs AeTepMHHHPOBaH-
HocTb. Byaymiee Tenepn me mpenomnpenenexo, U ecau, nHa-
npuMep, Ipu HaOMIOACHUY 3JEKTPOHA MBI TOBOPHM, YTO HaM
4TO-TO CTAJO HU3BE&CTHO, TO 3HAHHE 3TO, KAK SICHO H3 COOG-
PaxKeHU# O CKATHH BOJNHOBOI'O NaKeTa, MMeeT SMIHPHYe-
CKHH XapakTep, 3TO «3HaHHE HAIIHX oOLIylleHuf». I xe-to
4TO-TO TMPOHU3OULIO0, H MBI 3TO BOCIpHHSIU. KBaHTOBOMEXa-
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HHYEeCKHH NPUHIUI NPHYHHHOCTH He yCTaHABJHBAET MEXAY
THMH COOBITHSIMH TPUYHHHO-CJAEACTBEHHOH CBS3H.

MHorum busnkam Takas CHTyalusi OYeHb He HPABUTCH.
IIpuunnnocts B opmynuposke Hpworona u Jlanmnaca scer-
Ja OCHOBBEIBaJach Ha (U3MYECKHX 3aKOHAX, II03TOMY OT-
CYTCTBYUE JI€TePMHHHPOBAHHOCTH BBLI3BIBAET BOMPOC: a HE
OTCYTCTBYIOT JIH Y Hac (pH3UUeCcKHe 3aKOHBI? Beab CKOMBKO
HH HaOJIOfal HeNeTepMUHHPOBAHHbIA 0OBEKT, BCETa MOXK-
HO AyMarTb, YTO B IVIyOHHE €ro CKPHITO ellle YTO-HUOYAb He-
u3BecTHoe, TakHe COMHeHHs ObIIM, B 4aCTHOCTH, y OiH-
wrefina. O Ulpenunrepe s cefiuac He roBoplo, y Hero Gnlia
cBosi mo3unusl, a JiHuTelH, [Tononbckuit u Posen onybiau-
KOBa/JH CTaThl0, NMOCBAILEHHYIO 3THM mnpobaemam. Huckyc-
cusi Bopa ¢ DiHmITEeHAHOM BOKPYr AHAJOTHYHBIX BOIPOCOB
JIJKIachk MHOro Jet (cM. npumed. 12), Ho Bopy He ynanoch
yOenuTh DHHIUTEHHA B NPaBHJIBHOCTH cBoero ofpasa Meic-
au. OH mucaJ, 4To 3TO BHI3bIBaJO y Hero rayfokoe coxaJe-
HHe.

Tesucet Bopa B 23Tofi AMCKyccHH, pasyMeercsi, TOUHO
COOTBETCTBOBAJH KBAaHTOBOH Mexaduke. B ee mpepenax o
roBOpPUJ BepHble, coBeplueHHo O6e3omubo4ynble Bewu. Bo
BCEM, UTO Kacaercsl MONOJHHUTEeNbHOCTH, HHIAETeDPMUHHH3MA,
npoGaeMbl H3MepeHuH, Touka 3peHus Bopa BepHa u 06es-
omuboyHa.

Ho DJiiHwrtefiny 3TOT HHAETEDMHHH3M, HeONpelesieH-
HOCTb OYAYIHero kasaJucbh GoJbIIHM 3aTpyAHeHueMm. Heon-
peneseHHOCTb 6yAyllero HalOMHHaJNa eMy Hrpy Gora B Ko-
CTH, M OH CTapajici HaHTH KaKylo-HHOYAb NpHYUHY, 3ampe-
mwammyo 3to. Kak 310 60r MoXeT 4ero-To He 3HaTh? Bora
CI0fa IIpUBJieKaTb, KOHEYHO, He 00f3aTeIbHO, HO CMBICJ
TOTO, YTO XOTeJ cKa3aTh JHHIITeHH, AOCTATOYHO SICEH.

MnueHne o TOM, YTO TOYHBIE HayKH HEBO3MOXKHBI 0e3
KJacCUYeCKUX NPHYMHHBIX CBs3el, T. e. 6€3 QeTepMHHH3MA,
cymecrsyer naBHo. He Bce pasgendior takoe MHeHHe, H
JHUCKYCCHH Ha 3Ty TeMy HaM He 0e3pasauuHbl, JHHIUTEHH
OBl 4YeJIOBEKOM HOMEp OAuH B HayKe, H OH YTBepKiaJ,
4TO KBAHTOBasd MeXaHHKa ellle He NOJHA. I JAHUHO, yuH-
ThIBasg ee HHAETEPMHHHCTCKHMH CTATHCTHYECKHH Xapaxrep,
He CYMTAl0 KBAHTOBYI0 MeXaHMKY HellosiHOH Teopueit. Ho Bce
e B 3TOM BOIPOCE OCTAETCS KAaKasi-TO HEACHOCTb, ¥ MeHs
TOXKe He NOKMJaeT OLUIYILEeHHE, YTO I'Je-TO Ha HOBOH CTaAMHU
TIOSIBUTCSl 3aBeplICHHAsh ¥ MOJIHAasi, BO BCAKOM cJjyuae, He-
CKOJIbKO HMHasi TeopHs. JIMCKycCHH O CKDPBITBIX lapaMeTpax
TEODUH BO3HHKAIOT BpPeMsi OT BpeMeHH u ceituac. Ho mo-
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CKOJIbKY, HanpuMep, pabors boma (cM. mpumeu. 55) Ha
COBPEMEHHOH CTafMH DPa3BHTHA KBAHTOBOH MeXaHHKH He
NpUBeIH K KaKHM-IHOO0 Pe3y/abTaTaM, 3TOT BONPOC Jyylle
cefiyac He NOAHHMATh.

IloHATHe HHAETEPMHHH3Ma siCHEE BCEro WJJIIOCTPHPYET-
cd NPUMEpPOM DPaJHOAKTHBHOTO pacnana. JTo oueHb Hele-
TepMUHHPOBAaHHOE sIBJeHHe HaO0J0Aalu Yyxe B KOHIE
XIX B. Ilycrb, HampHMep, MHOXKECTBO aTOMOB Paliusi Haxo-
IATCcad B OLMHAKOBHIX cocTosHHAX. OfHMH aToM pacnagerca
paHblile, APYrod MPOKHUBET ROJbINE, HO B UEJIOM pPagno-
AKTHBHOCTb Oy/A€T YMEHBHIATbCS CTATUCTHUECKH {10 3KCIO-
HEHIHAJbHOMY 3aKOHY. DTO eCTecTBeHHO; HO KaKOH H3 aTo-
MOB pachajaercsi paHblle, a Kakoli NO3Ke, MH He 3HaeM.
‘Ha mpaxTuke noJb3ylOTCS YHC/A0M DAaCHaBIUHXCS aTOMOB H
CTpPOAT rucrorpamMmy (croabuoBbi rpaduk) pacmaga. by-
IYYH CTATHCTHUECKHM, 3TO sIBJIEHHE MOJHOCTbIO HHAETEPMH-
uupoBano. IlpaBma, B TO e BpeMs OHO H OUeHb O0DBEK-
THBHO.

WpéausrepoBckuit KOT

Ionstae 06BEXKTHBHOrO HHAETEDAMHHH3IMA Pa3bACHHET-
csi ¢ nomoupio mpuaymantoro HlpeanHrepom MBICIEHHOTO
omblTa ¢ KOTOM, KOTOPHIHf BaM, HaBepHOE, XOPOIIO M3BECTEH.

7 |
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Puc. 7:

] — pajMOAKTHBHOE BELLECTBO: 2 — CYETYMK; 3 — YCHIHTeaAb; 4 — MOJOTOK; & —
aMny’da ¢ CHHHJABHON KHCIOTOH; 6 — CMOTPOBOE OKHO

[lycts B amnyne (puc. 7) HaXOZUTCS HEMHOTO PajiiHOaK-
THBHOTO BellecTBa, KOJHYECTBO KOTOPOro TNOA0OpaHO Tak,
yTOGE BEPOATHOCTb OAHOTO pachaja B Yac paBHsjaach 1/2.
PsiioM ¢ paiHOakTHBHBIM BellleCTBOM DAacllOJIOXKEH CUETUHUK.
Pacnaj pagnoakTHBHOrO atoMa BHI3BIBAET Paspsii CYETYH-
Ka, pa3psai ycuauBaeTcd, cpabaThbiBaeT pejie H ONYCKaeTcs
MOJI0TOK. TTox MOJIOTKOM HaXOZUTCS aMiyJja ¢ CHHHJIBHOH
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kuciaoroit. Mrax, cpafaTeiBaeT cuerTyYdK, NPOTEKAeT TOK,
MOJIOTOK Hajaer u pazbuBaer ammyay. Ecau B Alluke CH-
JeJ KOT, TO BCKOpe TMOoCJe HCIyCKaHUS PaiHOaKTHBHOTO
H3JYyUeHHs pacrnafalolluMcs aTOMOM KOT MoruGaer.

VHpgerepMuHH3M B JAHHOM CJydyae TIPOSIBJSETCS Uepes
MoCpencTBO KoTa. EC/HM 3aKJIIOUHTH NMapH, BHIXKHBET JIH KOT
B TeueHHe OJuKalilero uyaca, TO BBIUTPHILI ONpEAeSHTCH
9HCTOH BEPOSITHOCTBIO, COOTBETCTBYIOUIEH BbIMAEHHIO OpJia
Y pellKd Npu OpPOoCaHMH MOHETH. B IpuHLuIe, KOHEUHO,
MOXKHO ObI7I0 OBl TaK HCKYyCHO 6pocaTb MOHETY, 4TOOBI BEI-
najand OAHH OPJBl (MU OXHHM peiliku). Torza MBI HMEJH
Obl JeTepMHHMPOBaHHBIA mpouecc. OxHAKO B AEHCTBHTENb-
HOCTH TaKasi WjeasbHasi JOBKOCTh HEBO3MOXKHAa, H O0CYXK-
jpaeMble cjyyad (OpocaHHe MOHET U ONBIT ¢ KOTOM) HAaio
paccMaTpHBaTh OAMHAKOBO, T. e KaK HHAETePMHHUPOBAH-
HBIH MpOIlecc, IMOCKOJBKY Pe3yabTaT B ONBITE C KOTOM
onpenenseTcs COOBITUSMYU Ha MHKPOCKONHYECKOM YPOBHE,

IIpaBaa, coOHITHSIME Ha MUKPOYPOBHE OIpejessercs He
BCe: ecTb M MakKpoypoBeHb. HanpuMep, mapum MOKHO 3a-
Kaouarh Tak. Kora BMecTe co Bcefi YCTaHOBKOH moMelnaeM
B JKeJe3HBI SIHK W 10 TPOILECTBHM Yaca OTKPHIBAEM
KPHIIKY. Eciau KOT XKUB, TO BHIUIPBIBAIO 5, €CJAH HET — BHL
Crocob 3TOT, KOHEUHO, HeyNOoOeH: BeAb BBIXKHBaHHE KOTA—
ABJEHHEe MaKpocKonuuyeckoe. B Hallle BpeMs cxesarth 3a-
KJIOYeHHe O CMePTH BOBCe HeNpocTo (cmex 8 3a.e); BIOpO-
YeM, M BOIPOC O COXPAHHOCTH aMIyJbl TOXe pellaercs Ha
maxpoypoBHe.OnpeneJnTb, XHB Jd KOT, TPYAHO, HO, Kak
BHJHO, BHIACHATL 3TO M He HYyxkHO. Eciu Xe npocaenuTtsb
HeNnouyKy COOBITHI BCHATH, TO MBI YBHIHM, YTO HAYHHAETCH
OHA C MHKDOSIBJCHHS.

B cBoe Bpems Mopnan (coaBrop Bopra B H3BecTHO# pa-
6ore bopua u HMopaana, cm. npumeu. 56), sanumasich KBaH-
TOBOH MeXaHMKOH, MOHSJI, KaKylo GOJBIIYIO POJb OHA MO-
et urpath B 6uosorun. MM mamucano muoro xuur. B wact-
nocry, B 1930 r. Moprau BBICTYnHA ¢ YTBEpIKACHHEM, 4TO
JKHBOTHBIM CBOIICTBEGH ME€XaHHM3M THTAHTCKOrO YCHJAEHHS.
B rakoMm-to cMBicie 3TO, MOXKeT ObiThb M BepHO. B camoMm
Jeje, NONYyCTHM, KOIUKAa 3aMeTHJa IAe-TO BAAJEKe MBIIIb.
Ecan 310 He coBpeMmenHasi, a NpeXHss KomWKa, TO OHA
B MIHOBEHHME OKa METHETCS — M MBbIIHM KOHew (cMex 8 3a-
2e). Pusuyeckoe BO3AeHCTBHE CO CTOPOHBI MBIIIH HA KOIIKY
OuYeHb ¢nafo — rue-To AaJeKo OHa eJie MeJbKHYJa — H B TOT
XKe MHTr Morydyufi 6pocok. CospaBaeMble JIOAbMH MaLIHHBI
B LEJIOM HAMHOTO MeHee 4yBCTBHTEJBHBI, XOTSI B HEKOTOPHIX
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OTHOLIEHHAX HX WYYBCTBHTEJIBHOCTb MOXKET OBITH TOpa3io
BHILIE, YeM Yy XKHBOTHHIX. JKuBbie cyliecTBa AEHCTBHTENLHO
06/1aKAI0T MEXaHH3MOM THT@HTCKONO YCHJIEHHS; OrpaHuIHM-
Cf 3JeCb TOJBKO 3THM 3aMedyaHHEM.

Bonpocos 6uosiorun Kacajuch ¥ Apyrue Gusauku. bBop

o6CyK/Ia/M TPUMeHeHHe PUHIANA JONOJHUTEIbHOCTH B OHO-
- noruu. A lllpenunrep oOpaTusi BHMMaHHe Ha TNIOPA3UTe/b-
HYIO A€TepDMHHHDPOBAHHOCTb XKH3HEHHEBIX NPOLEccOoB (B yacT-
HOCTH, CWJbHO JETEPMHHHUDOBAHO siBJE€HHE HAacJeACTBEHHO-
cru). Mspenxa, npaBaa, cayyalorcs MYTallMH, HO TIOCTE HUX
BHOBb YCTaHaBJHBaeTcs AeTepMuHupoBaunoctb, Ulpenun-
rep mHcaJ, 4YTO AETCPMHHUPOBAHHOCTb HAaCJEICTBEHHOCTH,
IO-BUAHMOMY, obecneynBaeTcss OuUeHb OOJBUIHMH H CJIOXK-
HBIMH MOJIeKyJaMu. DTH HAEeM TpPOou3Besn GoJblloe BIeYaT-
JIeHHe Ha Xopoulo BceM Ham u3BecTHoro Kpuka. M sor
Kpuxk un ¥Yorcon cosnann moxens JHK (cMm. mpumeu. 57).
IToucrune, szameuanusi Illpenunrepa o XusHu OKasajau
GoJiblIoe BJAMSIHHE HAa HayKYy.

Illpenunrepy He UMIOOHUPOBAJU HHAETEPMHHH3M B KBaH-
TOBOI MeXaHHKe H OTCyTCTBHe B Helt HempepnBHocTH. OH
TPHUAEPKUBAJICA BOJHOBOI'O MOHH3Ma, KOTODHII B KBAaHTO-
po#i teopuu He mnpoxoaur. M sor Ulpenunrep oGpamiaer
BHUMAaHHe Ha JETEPMHHH3M KH3HEHHBIX SBJEHHUH: 371eCh ero
JeTepMUHUCTHYECKHE HAeH (TmpaBAia, 3TO He NMOJHEBIA gerep-
MHHH3M, MOCKOJbKY HCIOJb30BaHEI KBAHTOBOMEXAaHHUECKHE
coo0paxKeHus) OJepKUBAIOT BepxX Haja HMHAETEPMHHH3IMOM
cTOpOHHUKOB Bopa, n6o neTepMHHHPOBAHHOCTb JKH3HEHHBIX
SIBJICHHH OYE€Hb BBICOKA.

Hrak, B KBAHTOBO{l TEOPHH HENPEPBIBHOCTb, HETepMH-
HH3M NOTepieJH nopaxeHue. KBaHTOBasi MEXaHHKA — HH/e-
TepMUHHCTHYECKas TeopHsi. Dop momblTascs NIpUMEHHTb HIeH
HHAETepMHHH3MA K sIBJeHHSM XusHH. Ho ycmexa aoGuics
IIpenunrep, BHICTYNABUIHEA C MPOTHBONOJOXKHbBIX, AETEPMH-
HUCTHYECKUX MO3ULHUH, U IIpeycles OH B 00JacTy, rje He
OblJI CNENHaNUCTOM: OKa3aJCsl OYEHb CHJBHBIM TPOPOKOM.
ITpoBan mpespaTuiacst B TPHyM(, Bellly NEPEILIH B CBOIO
IIPOTHBONOJOKHOCTb, TaKHX MapaJlOKCOB MOXKHO yKasaTh
MHOro. Mel BuauM 3xecb GopbOy NpPOTHBOMOJOKHOCTEH. 1
KaK-TO HEYASHHO 3aTPOHYJ 3TH BONPOCHl U BHOBb CHJBHO
OTK/JOHHJICS OT TeMbI JIEKI[HH.



3aBepmeHne KBAaHTOBOH MEXaHHMKH — KBaHTOBast
TEOpUA NoJs

BoasspatuMcss K MOHUM CTyZeHYeCKHMM TIOAaM, Koraa
B 1927—1928 rr. 1 u3yuyas KBaHTOBYIO MexaHHKy. Torga
BBIXOAMJIO MHOTO CTaTeH, H MHe HUUero He 0CTaBaJjoCh, KaK
HX 4YdTaTh, OYE€Hb MHOTO yuTalb. Teopus llpenunrepa ume-
Jla NOHSITHYYO HHTEPIPeTalHio H N03BOJs/IA JIErKO [IPOH3BO-
JIUTb Pa3Hbie pacyeTH, NOSTOMY CO3laHHag UM BOJIHOBas
MexaHHKa (HBIHELIHsisi KBAHTOBasi MeXaHHKa) cTaja OyeHb
monyaspHoft. Tpynnas crates I'efisenGepra, KoHeuHO, Obla1a
NpaBHJIbHA, HO ee TNOHHMAaJAU OYEHb HeMHorue. Urto 6Bl HH
rOBOPHJIX TeNepb Ha Pa3HBIX HAaYUHBIX 3aCefaHHsIX, HO JIO-
e, TIOHUMABIUHX 3TY CTAThbiO, TOr'AA MOYTH He Obl10. BBHU-
Iy TOHATHOCTH ypaBHeHusi lllpeaunrepa mce Kak-To cpasy
MNOKOPHJIUCh €My, H OHO TOJYYHJIO caMoe HWIHPOKOe NMpH3Ha-
Hyue. 3TO, KOHEUHO, TOXe NapaloKCasibHO,

Cpasy e NONBITaNHCh PACCMOTPETh CO IIPEeJUHIEPOB-
CKOH TOYKH 3peHHus mpobJjeMy MHOTHX TeJ, Hampumep, He-
CKOJIbKHX 2JIEKTPOHOB. Bo/iHOBas QyHKIHS OXHOI'O 3JEKTPO-
Ha 3aBHCHUT OT TEePEMeHHHIX X, y, 2. Korga 3/1eKTpoHOB MHO-
ro, BOJIHOBAasi QYHKUHS 3aBHCHT OT KOOPAHHAT BCEX YACTHLL
Hanpumep, npu AByX 3JeKTPOHAX 3TO BOJHA B LIECTHMEp-
HOM TIPOCTPAHCTBE, NIPH TPEX — B JNEBSATUMEPHOM (CM. TpH-
Meu. 58). KoHeuHo, Teopusi He craHoBuTCa Gosee dyHaa-
MEHTaJbHOH OTTOr0, YTO BOJIHA PacCMaTPUBAETCSI B MHOIO-
MepHOM 1npocrtpaHcTBe. Hano 6BlIO TakXKe yCTaHOBHTD
CBfiI3b KBAHTOBOH MEXaHHKH H TEOPHH OTHOCHTEJNBHOCTH.
MHorounc/IeHHble TONBITKH B OTOM HANpPAaBJEHHM IPeAlpH-
HSJIE cpasy Iocae OTKpbITHS ypaBHeHusi IllpenwHrepa, HO
yCIIeXOM OHM He yBeHYasuch. B ueMm ke Oblio j1€/0?

SI Toxe olyuias HEHOPMAaJbHOCTb IIGJAOXKEHHS W Ibl-
Tajgcs pasobpartbcad. Ho MHe Kak CTyZeHTY OpHXOAHJIOCH
3aHHMATbCH  yueOOH, M CBETJble MBICJAH ITOCelladd MeHs
He vacto. B To Bpems a crapaics mnepedopMyanpoBaTh
npo6jieMy MHOTHX TeJ, He BBIXOAS 3a PaMKH TPEXMEPHOro
npocrpancTBa. IToka s Hajg 3THM TPyAMJCSH, MNOSBHJAACH
6osplias ocHoBomoJaralomas craths Hopmana u Kiefina
(cM. nmpumeu. 59), B KOTOPOH OHHM MOBEIH A0 YCIEUIHOTO
3aBepUICHHS METOJ, NpeinoxeHHbH paHee Pokom., Crarbs
0KasaJjach O4eHb NOHSITHOH. B Hell Obl1 pasBUT METOJ BTO-
PHYHOrO KBaHTOBaHHS (cM. npumed. 60), NO3BOJSIOUIH
CBECTH MHOTOMEPHYI0 3aJauy MHOTHX TeJ K TPeXMepHOi
3ajaye 3a CYET TOrO, YTO BOJIHOBAsS (VHKIUS CTAHOBUTCS
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onepatopoM. MHbIME ciaoBaMu, oHa KBaHTtyerca. S cran
06 yMbIBaTh, KaK COBEPUIHTb 31€ch ellle OJHH WIar, HO TYT
Iupax ony6aukoBasn paboTy, B KOTOPOH OH NPOKBAHTOBAJ
U3JYYEHHE, T. €. ITEKTPOMArHuTHoe mose. PakTHYECKH €ro
pabora mosropsaaa cratbio Mopunana u Kaefira, dtum me-
TOJAOM MOXKHO GBLJIO TIPOKBAHTOBAaTh Jboe modse. ['oga ue-
pes xBa BHUlIa u3BecTHas cratbs [layau u Tefisenbepra
0 KBAHTOBO#H 3JEKTpoiHHAMUKe (cM. npumeu. 61); x Tomy
BpeMEeHH KBAaHTOBas MexaHuka Oblja B OCHOBHOM 3dBeplle-
Ha. Bce 3T0 BaM, HaBepHOe, HM3BECTHO, HO MHe KaxKercd,
4TO NPYU HAJWYHH BPEMEHM HeIJOoX0 ObLIO Obl BEPHYTHCA
K 3THM BONpPOCaM H TOTOBOPHTb O HHX NOjJpobHee.

Bce BOJIHOBEIE NOJIST CYMIECTBYIOT KaK IOJSI B YeThlpex-
MepHOM wpoctpaHcTBe. IlostomMy s paccMarpuBaw ele
OfHO (BTOPHYHOE) KBAHTOBAaHHe IOJS KaK CIocol6 BhIpa-
3UThb HJEI0, YTO NOJIE M HaCTHUA — OJUH M TOT Ke OOBEKT.
Pasymeercs, OTOHaM H 3JEKTPOHAM CONOCTABJSIOT INPH
3TOM KBaHTOBaHHble HoJsi, npuueM bose- u Pepmu-craru-
cTHKa (cM. npuMed. 62) BXOEAT aBTOMATHYECKH Uepe3 IIO-
CPEACTBO NepecTaHOBOUYHBIX COOTHOIUGHHI MexXAy ¢y H Be-
JHUYUHOH, ed KaHOHHUYECKU-COMNPSIKEHHOH; 3TH COOTHOUIe-
HUS BHIPa’KalOT CTAaTUCTHYECKHE CBOHCTBA HOJIS.

Hanee, Bo3HHKaeT BONPOC O CBfA3M CIIHHA CO CTATHCTU-
Ko#i. B KOHuIe KOHHOB ee BEIpa3usau B aOCTPAKTHOH ¢opwme
xak CPT-reopemy (cMm. mpuMmey. 63), HO HPOU3OULIO 3TO
MHOrO BPEMEHH CIIyCTsl, @ Ha PaHHeH cTaiuM CBA3b CHHHA
CO CTAaTHCTHKOH 00CYXKAaMH C YUCTO (PU3NYECKON TOUKH 3pe-
Husi. MaTtepuas 3TOT, NO-MOEMy, OUeHb BaXKEH AJs TeX,
KTO cofupaercs caMocTOsiTeNbHO pasBuBath ¢usuky. Ciy-
LIaTh JIGKUHH M 32HUMATbCA, KOHEWHO, HAX0, HO f AyMal,
4TO NEePEeYHTATh elle pa3 3TH CTapble CTaTbd OBLIO OH
Kpafine IOJIe3HO.

Boo6uie-to, 06513aTeMbHBIX KYPCOB JEKHHH AOJMKHO OBIThH
noMenbllle (cmex 8 3ase). B coBpeMeHHBIX yHHBEpPCHTETaX
HX CJIMIIKOM MHOIO — CTYAEHTOB BOAAT 3a PYKY, KaK B JeT-
cKoM cally. Xopouo Obl TIPHHYIHTEAbHOE C/yIAaHHE JeKIHH
3aMeHUThb CcaMoCTOsATeJ bHOK paboroit. Odwine o6sa3arenb-
HBIX KYPCOB Sl pacCMaTpHBAIO KaK Pe3yJabTaT IIPHBEPIKEH-
HOCTH K TeopPHH 00 H3HAYAJBHON HCIOPYEHHOCTH 4esoBe-
qecKoll HaTypul (cmex g 3a4¢e). Dyaro OBI, eciH UYE€JOBEKY
JaTh cBOOOJHOE BPEMs, TO OH CTaHer [AeJdaTb He TO, 4TO
HYKHO (cmex). Y syumie yK 3ameperh ero B ayAHTOPHIL
B Mmoe Bpemsi mexaroruka HCXOAHJAA H3 NPOTHBOIOJOKHOK
JOKTPHHBI, CcUHTAs, YTO 4YesJOBeyeckas NMPHPOAA H3HAYaJb-



go no6pa (cmex), NOMAWIHMUX 3ajaHuH BooOWle He OBLIO.
ITpu nepexone B IIKOJAY MNOBHINEHHOH CTyNeHH s yXKe Ha-
yaJ OWylaTe JAeHCTBHe TEOPHH 00 H3HAYaJbHOM 3,
a B cpeaHedl mwKoJe GBIIO elle oueHb XOpolo. Mur caymain
yuuTesell, a NpuAd JoMoH, CbljiH IPedOCTaBJjeHB CaMHM
cebe. Jlymalo, ecii yesoBeKa He NPHHYXKIaTh K 3aHATHAM,
TO IOMa OH caM HayHeT 3aHuMaThcs (cmex 8 3a4e), a ecdu
yepecuyp AABHTh C NIPeNojaBaHueM, TO HE3aBUCHMO OT TOTO,
KaKoil TeopHH HNPHAEPKHBATBCA — O 3Je uad HLobpe — Bce
paBHO B pesyJbrTare INPHBbeTCs OTBpalleHne K yuebe
(cmex). B moGoM cayuae Jydlle 3aHHMAaThbCs CAMOMY H He
YHTATH NPH 3TOM CJAHIIKOM MHOro KHur. Bl cmpocure, mo-
yemy? Ecsin BuAuWb, YTO B KHUIE HM3JO0XKEH pe3y/bTar, N0-
OBbITh KOTOPHIA CAMOCTOSITENBHO MOXKHO JIHUIbL C GOJbUIHM
TPYMOM, TO He BO3HMKAeT OXOTHl MYYHTbCS PAaJH HEro CaMo-
My, 4TO ILTOXO.

Ho Bepuemcs x Hame# teme. IloHsTHe KBaHTOBaHHOTO
NI0JIsSl HCIIOAL30BAaJW NPH CO3JLAHUM KBAHTOBOHM 3JIEKTPOIH-
HaMuky, [ToToM NOABUIMCH ¥ ApPYrHe TEOPHH, HO BCe OHH—
BapHaHTHl KBaHTOBO# Teopuu noas. [losywaercs, yto eid
MBI JOJIKHEI OBITH OUeHb GJaropapHbul (cmex 8 sanre). Kax-
Jasi BHOBb OTKpBHITasg YacTHUA MAOJXKHa eXeAHEeBHO KJa-
HATbCS KBAHTOBOH Teopuu noast (cmex). O6HapyKeHHe HO-
BbIX 3JIEMEHTAPHBIX YaCTHI YBeJMYHBAET WUCJIO TOJNEH.
OsHnauaer Jix 5T0, YTO PasBHTHE 3auLI0 B TyNuk? Ecau Tak,
TO MBI C BAMH NPUCYTCTBYEM TPH <«KOHuUMHE» busuku. Ho
S BCe Ke IyMalo, 4To 3j1eCh HalAercs, YTo AenaTb. B 3710
CBSI3M HaM HYXHO elle pa3 06CyAMTH NOHATHE OIS,

KBanroBas Mexanuka W 4YacTHas TE€OPUsA OTHOCHUTEJbHOCTH

[Tone — nourexHHas, yBaxkaemasi ueThipexMepHas KBAHTO-
BaHHas (u3Hueckas BeJIHYHHA — aJEKBATHO MNpeJCcTaBJiser
KOPIYCKYJSIDHBIE W BOJIHOBble CBOHCTBA M CXKA4TO BHIpaXKa-
€T CBSI3b CMHHA co cratucTukoil. [ToHATHe 3TO OYeHB conep-
KaTeNbHO, HO C POCTOM YMCJa 3JeMEHTapHEIX 4acTHL, BO3-
pacTaeT W YHMCJIO MOJIEH, YTO HeyaoBJjeTBopurenbHo. KoHeu-
HO, HE O MaXOBCKON SKOHOMHH MBILIJIEHHSI s1 rOBOPIO, HO
BCE YK€ YHCJO0 noJsieff XoTesoch Obl ymMenbunTb, KpoMe Ttoro,
HE3aBHCHMO OT MX UYuCJa, TEOPHS NOJA HaJjaraer Ha I0Jd
CBOW, AOBOJABHO CYpOBBHIE OrpaHHueHus. EcTh, KOHEUHO, JIo-
IIH, KOTOpbIM OTpaHHueHHus1 HpaBsTcs. Hanpumep, BH, MoO-
JIOJIeKDb, JI00UTe HOCHTh BCE TeCHOe U Y3Koe (cmex & 3aae).

Onro BecbMa KeCTKOe OrpaHudeHHe -— KOBAPHAHTHOCTh
npu npeobpazosadun JlopeHia — HaJjgaraercss 4acTHOH Teo-
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pueil oTHocHTeJlbHOCTH. KBaHTOBast MexaHuka Tpebyer €O~
XpaHEHHs BEPOSTHOCTH (YHHTapHOCTb), Oe3 Yero HeBO3-
MOXKHa BEDOSITHOCTHAsl HHTepIperauus. Bce Teopum, AOMy-
CKawlllye TaKyl HHTEPOpPETalHuio, AOJXKHBE OBTh YHHTap-
HeimMu. [Jdasee uieT NpUYHHHOCTD, GOpMyJHpPyeMas C YUETOM
YaCTHOH TeOopuH OTHOocuTeNbHOCTH. OdYeHn ynauHoH Oblia
MBbICJ/Ib HOCMOTPETh, KaKHe NOJsI yAOBJETBOPSIOT BCeM 3THM
orpaHudeHusiM. Ee mosiB/eHHe 3HAMEHYeT KOHEl, «TeOpHH»
3JIeMEHTApHBIX YaCTHI M HayaJo HX <«MeXaHHKH» (cmex
8 3aae). Ho moka mexaHuka 3JeMEHTAapHBIX YacTHI elle
He co3JlaHa, U BBl He CJAMLIKOM ONO3JAajJu POAUTbCA (cmex).

He Gosicb nmokasaTtscsi 0nHOOOpA3HbIM, . HE YCTaw IO-
BTOPATb, YTO TIOJIe — YeThlpeXMepHbIf OO0DBEKT, U IOTOMY
nmoJst He npousBoabHBL. Ha ¢eHOMeHOJOrH4eCcKOM YypPOBHE
Ha HUX HaJaraloTcsl OrDAaHUYeHUs] ABYX BHAOB — JUKTYEMBIE
KBAaHTOBOH MEXaHHKOH U CBSI3aHHble ¢ TEOPHUEH OTHOCH-
TeJILHOCTH (JIOPEHI-HHBaPHAHTHOCTb). JIOpeHU-HHBapHaHT-
HOCTb, HJIH CUMMeTpus ... (cM. npumed. 66) ... cummeTpus
5Ta OueHb Kpacusa. Hekoropble Pu3uku naxe CIuTaoT, 4TO
3JleMeHTapHble QAaCTHIB 110 CBOeHd NPUPOAE AOJIKHB HMETh
mpejflesIbHO BHICOKYI0 CHMMetrpHIo. I'efizeH6epr — BeTUKHH
4eJIOBEK, HO B 3TOM OTHOLIEHKH OH, II0-MOEMYy, mepecrapas-
cs. 91 He cran Obl CAMLIKOM IMOLYEPKHBATH HMEHHO TaKOTO
THIIA CHMMETDPHIO, XOTd Obl H3-3a CYLIECTBOBAaHHS OOLLEH
TEOPHH OTHOCHTEJNBHOCTH, CHJbHO OTJHMYAKOLLEHCd OT Teo-
pHii, 0 KOTOPHIX MBI Cefiyac rOBOPHUJIH.

«OnMHOKasi» ¥ «BO3BbIlIEHHasi» Teopus (06 o6wed
TEOPHH OTHOCHTEJBHOCTH H 0O0Iiel KOBAPHAHTHOCTH)

O6mas Teopust OTHOCHTENBLHOCTH, 0GPa3HO rOBOPS, IO-
KOUTCd Ha JABYX croamax. $I He OyAy =2idech BHaBaThCs
B NoApoGHOCTH (BeIb OGIIYIO TEOPHIO OTHOCUTEJILHOCTH BHI
yKe H3yyaau), a nonpobyio Julllb IIOKa3aTh, UYTO OHA — TeO-
pHUsi caMOro BBICOKOIO KJacca, W NOJYEePKHYTh ee OCOOeH-
HOCTH, NOATBEpPXKIAOIiHe Takylo oueHKy. KocHych Takxe
BO3MOXHBIX CBA3eH 0O6IIeH TEOPHH OTHOCHUTEJLHOCTH C TEO-
pHell 3JeMeHTapHBIX YacTuil.

OpnHo#t U3 OCHOB OOLIEH TEOPHH OTHOCHTEJIbHOCTH SIBJIS-
ercsd unes o6 obuiell KoBapuaHTHOCTH. Berpeuarorcss dusu-
KH, BHJAsILHE B He#l Julllb (OPMaJbHOE, HE OUEHb CYILIECT-
BeHHOe ycJoBHe. I'0BOpAT Aaxe, 4ro TpeboBaHue OOIIeH
KOBAapHAHTHOCTH (usuueckn GeccomepxkarenabHo. IDTH yde-
Hble, KOHEUHO, He mpaBbl. [lpyras ocHoBa oOLie# Teopuu
OTHOCHTE/bHOCTH — reoMerTpusi. Pusuka ¥ reoMeTpHs BCer-
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na OBIJIM TECHO CBSI3aHBl, HO 06llas TeOpuUs OTHOCHUTE/b-
HOCTH YCT2HOBMJIA /151 3TOH CBSI3H HOBYIO ¢opmy. Takoshl
Te ABa cTos6a, Ha KOTOPHIX NOKOHTCH 06Ias TeOpHst OTHO-
CHTEJLHOCTH.

O6was KoBapHaHTHOCTb 03HAYAET, YTO CHCTEMY KOOpPJIH-
HAT MOXHO H3MEHsiThb Kak yrojaxo. OrpaHuueHus Ha Impe-
o6pasoBaHusl KOODAMHAT, KOHEUHO, eCTh, OAHAKO JONycKa-
I0TCS HE TOJIbKO JIMHEHHBIE JODEeALEBB, HO H JOBOJIBHO
IIPOM3BOJIbHBIE HEJHHEHHBIE UeThipeXMepHBle npeobpasoBa-
HUSL B Tpebyercd, 4ToOH (H3MUeCKHMe 3aKOHBl IPH 3ITHX
npeobpa3oBaHusX He M3MeHANH cBoero Buna. O BeanuuHax,
CBA3aHHBIX JAPYT ¢ ApyroM (OpMyJHpPOBKOH 3aKOHA TIPUPO-
Ibl, TOBOPST TOTAd, 4TO OHH 006MaJalOT CBOACTBOM oOIled
KoBapuaHTHOCTH. [IpuMepHl TakuX BeJUYMH — BEKTOPHl H
ckansapul. Co cnuHOopamu (cM. mpuMmed. 67) nxeno CJoxKHee,
HO BBUAY XeJ/aTeJbHOCTH OOILIEKOBAPHAHTHOro 060O6IIeHnd
CHHHA DHHIUTEAH BBeJ BEJIMYUHY, HANOMHHAIOUIYIO CIHHOP
o ¢BOMM cBodicrBaM, He 3Halo, HackonbKo Takoe obofbiie-
HHE CIIHHOpA I0JIe3HO, HO KAKOH-TO CMBICJ B HEM, BHIHMO,
ecTb. B (u3nke n3pecTHO HECKOJbKO OCHOBHBIX YHHUBEPCAJb-
HBIX 32KOHOB, HMEIOIIHUX OOBEKTHUBHBIH CMBICJA; B OOLIEKO-
BapHAaHTHOH (OPMYJHPOBKE OHHM BBIMISAASAT OJUHAKOBO
B IIPOH3BOJBLHOH cucTeMe KOOpPAMHAT. JTO HOC/IeJ0BaTelb-
HOE, MCUEepPNEIBAOLIee BbIpAaXKeHHe MCTHHHOH cyTH HauboJee
myéoxnx (byHIaMEHTaJbHBIX 33KOHOB TPHPO/HL.

Ho o6biuHo 06 3TOM He AyMaloT, He NPUAAIOT 3HAUYEHHS
TOMY, 4TO DHHIUTEHH CO31a/J HMEHHO OOLIYIO TEOPHIO OTHO-
CHTEJNbHOCTH, a He TOJbKO TEODPHIO TPABHTALHOHHOrO MOV,
Muenne o ToM, O6yato ofas TeOpUS OTHOCHTENIbHOCTH-—
BCEro JIHIIb BapHAHT TEOPHM IPaBUTAUUM, sl HE Pa3eNAI0.
BosmoxHO, oHa Ovl1a OBl GecconepikaTesbHa, eciau OHI,
B YacTHOCTH, He jaBaja Teopuio rpaeButauun. Cam IDitH-
mTeH npuAaras O0oJbllOe 2MAUEHHE INPUHUMIY SKBUBA-
JeHTHOCTH (cM. mpumed. 68), KOTOpHIH MO3BOJSIET NOAOHTH
K npo6jaeMe ¢ eIMHOH TOYKM 3peHusl. DUHIITeHH, KOHEYHO,
OYeHb He NOXOXK HA OOBIYHBIX (PU3UKOB: OH He HCIBITAJ M0J-
HOTO YJOBJIETBOPEHHS OT YACTHOH TEOPHH OTHOCHTEJbHOCTH
1 OB €0 HacTONbKO HENOBOJEH, UTO ABHHYJCH Jajblile.
YyeHblll, He CO3AaBIIKHA NO-HACTOALIEMY HOBOTO, BPSAA JHH
6yneT Tak HELOBOJIEH CBOMM TPyAOM (cmex s 3axe), a cie-
JIaHHOe IPYrUMH BOOOILE He OLEHHT. ¥ Hero Bce Ha0GODOT:
cBOf COOCTBEHHBI TOAXON K ANy LEeHHT BbICOKO, 4 KAKUM
nyTeM HAYT APYyrHe, eMy He BaxHO — OBLI OBl pe3yabTar,
a Kak oH JOOBIT — BCEro JulIb $akT uyKo# Guorpaduu
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(cmex 8 3ase). 3HAHHS COBPeMEHHOTO (PH3WKa CPABHHMBEI
co 3HaHuaMH HpioTona, HO BeAb HreloToH, Kak ¥ D#AHUITENHH,
«JOBBIIM® UX caMy, OTPOMHBIM TPYAOM, H Ha 3TO UM MOTpe-
0oBaJjiach UyTb JIU He BCS JKU3Hb.

Hamo ocosnaTh, uTO MPHHUUI 3KBHBAJEHTHOCTH — OJHA
43 OCHOB O00Llel Teopuu oTHOcHTedbHOcTH. MHorma poab
9TOro0 MNPHHUMIA INPEyMeHbINAIOT, CcYHTas, 4ro Oe3 Hero
MOXKHO Obl10 OB 0OO#THCH, TakOi TOYKH 3peHHs HpHUIAep-
xuBaJjcs, Hanpumep, Pox. S ¢ HuM pelIHTeNbHO He coraa-
ced. B oTiuuMe OT NPHHUWOA 3KBUBAJEHTHOCTH CBOHCTBO
KOBAapHAHTHOCTH HANIOMHHACT YTBeP:KACHHE O CHMMETDHH,
kak 6yATo OBl peub HAET O PA3HOBHAHOCTH CUYEHb JKECTKOH
cummerpuu! IlpaBna, B mpuMeHeHuH K OOUIeH KOBapHaHT-
HOCTH TEPMHHOM «CUMMETPUSY He TOJB3YIOTCH, eMy NpHAa-
IOT HEeCKOJbKO WHOH cMblci. Cpeid JAPYrux (QHUIMUECKHX
TeopuHl 06l1asg TeOpPHsl OTHOCHTENBbHOCTH CTOUT OCOOHSIKOM.
B HavaJse npouniof JieKuuu s pasfaesusl yYeHbIX Ha OJHHO-
4eK, HOJEMHCTOB H T. A. ECJAH NIPHMEHUTh 3Ty KJaaccudu-
KalMI0 K 3aKOHYEHHBIM (H3HUCCKHM TeOpHUsAM, TO OOILLYIO
TEOPHIO OTHOCHTEJBHOCTH MOXKHO OBLIO Obl HasBaTb <«TEO-
puel-oguHoukoi». Hano ckazaTh, u HPABUTCA-TO OHA IJ/1aB-
HEIM 00pa3oM YUYeHLIM-OAMHOUKaM (cMex 8 3aie) B CHIY
cBoell usonupoBaHHOCTH. Ho B Helt 3aJ0XKeHb NOTEHIHH
ryOOKOM CBSI3M C APYTHMH 06/aCcTSAMH 3HAHUS, H, g AyMalo,
el cyxXKJaeHa JOJras »KU3Hb.

OToXmecTBieHHE (i)HSH‘{eCKHX H FeOMEeTPHYECKHX BEJIHYHH

Mkul roBopuau yiKe, UTO OfHA H3 OCHOB 0OMIell TEODUH
OTHOCHTEJNBHOCTH — reoMeTpus. I'paBuTanus snech — 60Jb-
e, yeM NPOCTO NOJe CHJBl TsiKecTH, Bxoagmuii B Teopuio
TeH30p &, ,— pusnueckas BesNuHUHHA, ONpefesiollas, BOOO-
lie T'OBOPS, METPHUKY HPOCTPAHCTBa-BpEeMEHH; HO B oflieill
TEOPHH OTHOCHTEJBbHOCTH AOKA3BIBACTCHA, YTO ORHOBPEMEHHO
g,, CBA3aH C CHJIOH TAXKeCTH (rPABHTALHOHHBIM IOJEM).
DTy JABOSIKYIO POJIb g, HYXKHO OCOGEHHO MOAUEPKHYTD. He
3HAl0, eCTb JH B HCTOpHU (PU3UKH JAPYroll, aHAJOTHYHBII,
npuMep CBSI3M ¢ reoMerpuell (B JaHHOM cjydae ¢ PHMaHO-
BOI reomerpuell — cum. npumed. 69). BapuaHTos puMaHOBOH
reoOMeTPUH MOXKeT ObITb MHOTO, W OBIJIO HEH3BeCTHO, COOT-
BEeTCTBYIOT JIM OHH JeHCTBHTEJNBHOCTH. Besukas 3aciyra
DfHWTelHA COCTOUT B BEIBOJE O TOM, YTO Cpeld PHMaHO-
BBIX FeOMETpHil ecTh OJHA, COrJIACyIOLlasics cO CTPYKTYPOH
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peasnbHOrO MPOCTPAHCTBA-BPEMEHH, T. €. ¢ Hab/M0xaeMoH
CHJIOH TSAKECTH.

SI mymalo, uTo TBOpUecKasi aKTHBHOCTb YesIOBeKa IPOSIB-
JseTcs B CIOCOOHOCTH YBHAETh TOXKAECTBO NOHATHH TaM,
rle ero HUKTO He BHAMT, H OHa TeM BHIE, YeM TIJaylixKe
yCTaHaBauBaeMas MeXAY NOHATHSMH cBfA3b. IIpumepos BHI-
COKO# TBOpUYeCKOH NOTEeHLHHU, NPOABHBIIEHCH B yCTaHOBJE-
HHH rAyOOKHX CBsi3el, MOXKHO IIPUBECTH MHOTO; § XO04y
ocTaHoBHThCA Ha Qopmyae Boasnvana S=kIn W, B koro-
poit S —osurponus (cM. npumed. 70); k—mocTosiHHas
Doabumana; W—umcjao MEKPOCOCTOSIHHE, COOTBETCTBYIOIIUX
ONpeieseHHOMY MaKpOCOCTOSIHHIO, T. €. CTaTHCTHYECKHH BeC.
Mensa sta ¢dopmyna Bcerja Bocxuulana. JHTPONUA — Ma-
KPOCKONINYECKas BeJHUMHA, €e NPHpaUleHHe olpelessercs
KaK JeJIeHHOe Ha abCoJIOTHYIO TeMIlepaTypy INpHpalleHHe
KOJIHYEeCTBa TeIla, COOTBETCTBYIOLIEe 32 JaHHOMY U3MEHEHHIO
sHepruu cuctemel. ¥ Bonbuman cymen BHIpAa3uTbh ee uepes
MHKPOXapaKTEPUCTHKH CHCTEMBl. JT0 IHopasutenasHo, Cra-
THCTHYECKHH BEC CBSI3aH C BEPOSATHOCTBIO M C NOSIBHUBIIHMCH
nos3xHee mnoHsATHeM HHPopmaunuu. Popmysna DBoabumaHna
YTBEPKIA€T, YTO [IBE POJACTBEHHbIe BEJHYUHB! TOXKAECTBEH-
HB Apyr JApyry. Mbi BOCHDHHHMMAaeM HX KakK DOACTBEHHBIE
Tenepb, nocjae Toro, Kak boapuman ykasasa na sro. Camomy
e DosbiMaHy ¥ ero COBpeMeHHHKaM OHH Ka3aJHCh COBEP-
UIEHHO pa3/JHYHBIMH, He HMEOLIUMH MeXKAy coboift Huuero
00611ero.

IIpn co3navuu obluefi TeOpUH OTHOCHTENBHOCTH CHTya-
uus Obia OTHIOAb He sicHee. BequuumHel g, MMEIOT Treomes

TPHYECKYyl0 NPUPOAY, W He ObLIO HHKAKMX YKa3aHHH, uTC
OHU DOLCTBEHHBI cmJjie TSAXeCTu. TeM He MeHee 3TO POACT-
BO OblI0 ycTaHOBJeHO. IIponsBectu Takoe OTOXKAeCTBJAEHHE
oueHb TPyAHO. KoHewHO, Temephb,KOTIa AeJ0 CAETAHO, MOXK-
HO cKasath, YTO CyTh 3Jechb B IpuHuune Maxa, ajas Bupa-
JKeHHS KOTOPOTrO JOCTaTOYHO NEPEHECTH JEeBYI0 YacTb ypaB-
HeHuii ABukeHus Hbroorona HampaBo. Ho rosopurts Tax
JIeKO, KOrjla BONPOC MOJHOCTBIO BHISICHEH, a cleJaTh BCe
BIIepBBEIE CAMOMY — COBCEM IPYroe AeJo.

«BmecTHanime» (npocTpaHCTBO-BpeMs )
H «COepXKUMOe» (BELIECTBO)

MEl roBopusiu o reomerpun u Gu3NKe, HO BEAb MOXKHO
BCTaTh ¥ HA TAKYIO TOYKY 3DEHHS, UTO KPOMe HHX CYIIecT-
ByeT ellle NPOCTPaHCTBO — YETHIPEXMEepHOe MHOroofpasue
(IpoCTpPaHCTBO-BpeMS), <«HANQJHEHHOE» pDa3HBIMH (HU3HUE-
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CKHMH OOBEKTaMH, CPeAH KOTOPHIX MOTYT OBITb, HanpuMep,
MaTepuasibHble TOYKH. Her sm apyrux Qmsuqecxnx TeopuH
(kpoMe OOILEH TEOPDHH OTHOCHTEJIBLHOCTH), OIHCHIBAIIINX
B3aHMOCBSI3H B TAKOM YeTbIpeXMEpPHOM MHpe?

KoneuHo, ectb. [IpocTpaHCTBO-BpeMs B TaKUX TEODPHAX
MBICJTMTCSL B BHJE KeCTKHX Hepa3OHBaeMBIX paMOK, UIpa-
IOIHX POJb BMECTHJIMIIZ JAJIST 3SHEPTHH, T. €. BellecTBa.
Tam, roe ectb 3Heprus, ecTh M 3JEMEHTapHblE YaCTHIH,
KOTOpbIe B KBAHTOBOH TEOPHH IIOAS (TEOPMH OYEHb BLICO-
KOrO YPOBHSI) NPEICTaBJSIOTCS KBAHTOBAaHHBIMU MOJISIMH.

Bmecranuue 310 (mpocTpaHCTBO-BpeMsi MHHKOBCKOTO)
HePa3pLIBHO CBSI3aHO C YAaCTHOH TeOpHEH OTHOCHTENbLHOCTH.
Ha uamenenne ero NmpHpOAB HAJOXKEHO caMoe HacTosliee
taby. M neficTBHTeNbHO, W3MEHUTb 3/€Ch YTO-HHOYAb He-
BEPOATHO TPyAHO. S 3TO XOpoIllio 3Haw, NOTOMY YTO CaM
He pa3 npo6osan (cmex 8 3ase). Ho Bexb [oJMXKHA XKe
KaK-TO 3Ta 3ajaya pelIHTbcs? M MHOXKHTCS YHC/IO NOMBI-
TOK (pasyMmeeTcsi, HeyLayHBIX) 4YTO-TO clesarth (cmex).

[Tonxon B o6lueHl TeOpHH OTHOEHTEJBHOCTH COBCEM JIPY-
rod. CTpyKTypa NIpOCTPaHCTBAa-BPeMEHH 3Jech Olpejenser-
CA BENHYHHOH g,  (METPHYECKHM TEH30DOM, CM. NpH-

mey. 71). Touno usnararte aeranu s He GYAy, HO, rpyGo
roBOPsl, B Pa3HBIX TOYKAX NPOCTPAHCTBA-BPEMEHU HAaXOJHUT-
Csl BellleCTBO, IVIOTHOCTb 3HEPTHH M HMIYJbCAa KOTOPOro
BhIpaxkKaercss CHMMETPHUYHBIM TEH30POM, H 3TOT TEH30p NpH-
paBHHBaeTCAd TEH30Py KPHUBH3HBI mHpocTpaHcTBa. (CKaszaHo
9TO He COBCEM TOYHO, HO CYTb B TOM, UTO POJIb BMECTHJIH-
a OTBOJHTCHA TEH30DY KPUBU3HBI, NMOCTPOEHHOMY H3 IIPO-
M3BOIHBIX METPHYECKOTO TeH30pa g, @ POJb COJEPKH-
MOro — TEH30pDy 3HePrHH-UMIyJbCa BellecTBa. [IpaBna,
BMECTHJIHIIE 3TO HETPHBHAJbHOE, MO0 TNPHCYTCTBHE Belle-
CTBa HM3MEHAeT CTPYKTYPY NpPOCTPAHCTBA-BPEMEHH.

CrpyKkTypa TakKoro IpOCTPaHCTBa-BPEMEHH OIpejessier-
csl TeM, 4TO Macca ABHMKETCS IO reoJe3nyeckoll (kpartyai-
IeMy IyTH, cM. IpuMey. 72). B HCKPUBJIEHHOM NpPOCTPAHCT-
Be-BPeMEeHH HCKPHBJEHBl TaKxKe H reozesuueckue. Hampu-
mep, Ha cdepe KpaTyaligi NyTh — He NpsiMasg JHHHS, a
Ayra OKPYyXKHOCTH OOJBIIOrO Kpyra. TeH3op KpHBH3HBI —
TIOHATHE YUCTO [eOMETPUYECKOE.

Ho uro Takoe reomerpusi? Ha mepsniii B3rJsif, K reo-
METPHYECKUM CBOHCTBAM HAaA0 OTHOCHTb Te, KOTOpHE He
3aBUCAT OT BbIGOpa CHCTeMBl KoopauHaT. OZHAKO JOJNKEH
NpH3HATLCA, YTO g HE OYEHb XOPOUIO TIOHMUMAIO CBSI3b GH-
3UKH ¢ reoMeTpHed. MHe He siceH TpyAHeHAWH{ cO BpeMeH
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HeloToHa BOmpoc O BpallleHHH Tesaa, NPOHCXOASALIEro, ec-
TECTBEHHO, B HEKOTOPOH cHCTeMe OTcYeTa. ¥XkKe B 3ajaue o
BpallleHHH Bejpa C BOAOH BO3HHKAaJH pasHbe CJOMXKHBIE
Bonpocel. Hacropoxe HyxHO GBHITL fa)e ¢ caMofl Bpauiao-
e cucremod. HdonycTum, npeofpa3oBaHueM KOOPAHHAT
MBI IepeurH BO Bpallaolryiocs cucremMy orcuera. Kasa-
J0Ch OB, r€OMeTPHYECKHEe CBOHCTBA IPH 3TOM HE JAOJKHBI
u3MeHuThCsl. Ho, moxoxke, 3To He COBceM Tak.

[Tycte, Hampumep, nuck Bpaulaercsi ¢ GOJBLIIOK CKO-
pocteio (puc. 8). [Ipu 3TOM HpPOM3BOJbHAS €r0 TOUKA ABH-
KeTcqd B HaNpaBJeHHH IO KacaTeJbHOH K OKPYXKHOCTH; cJe-
J0BaTeJbHO, B HaNpaBJeHUHM KacaTeJbHOH IPOHCXOAHT JIO-
PEHUEBO coKpalleHHe. B paguanbHOM »Ke HalpaBJeHHH JIO-
peHueBa COKpalleHHWsl HeT. DTO 3HAYMT, YTO OTHOILEHHe

Puc. 8:

TOYka A JBHKeTCS B HanpaBJeHHH CTPeJKH @, TouKa B — B HanpaBjJeHHH cTpen-

KM b, M B 3THX HaupaB/eHMUSAX NPOHCXOAHT JOPEHIEeBO coKpaiieHHe. CJeHoBaTeNb-

HO, €CJIH, OTNpaBJAsICh H3 TOUKH A, COBEpIIHTb OAHH 060POT, TO, XOTA HaNnpas-
JleHHe H H3MeHHMTCcs Ha 360°, miHHa AYru He GyAeT paBHa 2Mr

JJIMHB AYTH K PajHyCy M3MEeHsieTcs IO CPaBHEHHIO CO CJy-
qaeM, KOrja [IHCK HOKOHTCSI, U CTaHOBHTCS HeCHpaBelJiu-
BOH €BKJHAOBA TeOMETPUS, UHBIMH CJAOBAaMM, TeOMETPHS
uaMeHsiercsi. Bpome Obl Bce Tak, HO BO3HHKaeT BONPOC —
4TO K€ TaKoe INEepexoJ] BO BPalllawlIyIOCsi CHCTEMY OTcCye-
Ta? Beap ecan 310 mpocroe npeoOpasoBaHHe KOOPAHHAT,
TO reOMeTpHUsl U3MeHHTCs He NoJxHa? Hanmo ckasarts, MHe
3TO He OUeHb IIOHATHO. B camMoM jese, ¢ OZHOH CTOPOHHI,
npocroe npeo6pazoBaHHe KOOPAMHAT, a C APYrod — HeJb-
34 HafiTH TejJa (HaNOMHHAIOIIErO Bpallalolieecs TEJIO H3
HbIOTOHOBOI MEXaHHKH), KOTOPOE 3TOMY Npeo6Gpa3oBaHHUIO
KOOpJIHHAT BIOJHE COOTBETCTBOBAaJO Obl. § 3aryisaabiBad B
caMble pa3Hble KHHTH, HO HMI/JE He HauleJ SICHOTO OTBeTa
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Ha cBoH Bomnpoc *. IlpaBna, ¢ nanpHeHIIHM H3JOXKEHHEM
3TOT BOIIPOC HHKaK HE CBA3aH.

BepHo JH, 4TO 00mlas TeOPUs OTHOCHTEJbHOCTH
He MMeeT OTHOILEHHSI K MHKPOMMPY?

Hrax, MOKHO NOCTaBUTH BONPOC: CYLIECTBYeT JH CBA3b
MEMXJAY BMECTHJHINEM (IpOCTPpaHCTBOM-BDPEMEHeM) H €ro
CONEPKHMBIM (BELIECTBOM M 3HEeprueil) B MHKpOMHpe, TAe
NPOCTPAHCTBO-BPEMsT 3aNOJHEHO 3JIEMCHTAapHBIMH YacTHIa-
MH HJH HX «COCTAaBJAKIIUMH» — yp6apuoHaMH (CM.
npuMed. 73) u KBapkamu (cM. npumed. 74)? Moxer GHTb,
B MHKpOMHpEe 3TOH cBfid3n Her? [IpuunHON ee OTCYTCTBHSA
MmorJja Obl ObITh KpaHHssl c2a00CTh TPaBHTALLHOHHOIO MPH-
TAXKEHHS 2JIeMEHTapHLX yacTull. Ho neACTBHTEJBHO JH OT-
CYTCTByeT Takas cBfi3b? JI cKaszaj, uTo ee MOXKHO OblIO
OBl cuHTaTh HCue3awlle MaJjgoH BCJAeACTBHe cJaboCTH Tpa-
BHTALIMOHHOIO B3aHMOACHCTBHS.

Ho xpome cnabocTi mocjaeHero Hy»XHO YYHTHIBATDH ellle
caepymomee. I'paBuTaunoHHOe MMOJe ONHCHLIBAeTCs ypaBHe-
HueM D#HLITeHHa (cM. mpuMmed. 75), B npaBofi yacTu KOTO-
poro CTOSIT BEeJHYHHBI, CBA3aHHbIE ¢ BeuwlecTBOM. Ha MHuKpo-
YpOBHe BeLeCTBO NPEACTAB/JIEHO KBAHTOBAHHBIM IOJEM, M
BO3HHKaeT BOINPOC, KAKOH CMBICJI HMeeT 3Jech I'PaBHTALUA?
Ecau nonycTuTh, uTo MJes O IPaBHTAallHM Ha MHKDOYPOBHE
pasyMmHa, TO B OpPaBYyl0 YacTb ypaBHeHHs DilHIITeHHA HYX-
HO MOJCTaBHUTb TEH30PHVIO HJOTHOCTb 3HEPTrUH-UMIYJbCa
6OJIbIIOTO YHCJAA 3JEMEHTApDHEIX YaCTHI -— KBAHTOBAHHYIO
BeJMYHHY, BhIpaxaemyioo onepatopoM. CienoBaTeNbHO, H
JieBasl uacTh YPaBHeHHs NOJKHa OblTh KBaHTOBaHHO#. Ko-
HeyHo, crnoco® KBaHTOBaHMS €e He npocT. MHaue rosopd,
TEH30p g,, HJH ero NPOH3BOJHbIE, BXOAALIHE B JEBYIO

YyacTh, HYXXHO BBIPA3HTh KBAHTOBHIM ONEPATopoM (CM.
npumeu. 76). [IpoKBaHTOBATh TPABHTALHIO MBITAJAHCh MHO-
rie. Kak cnenath 3T0 paKkTHUECKH — JAPYro# BOHPoOC, HO
CYTh COCTOHT B KBAHTORAIil!l IPDAaBHTAUHNOHHOTIO IIOJIS. Ec-

* Boaudkilee HeJlOyMeHHe MOKHO CHSITb, VTOYHHB HCIOJb3yeMbie
noHaTHd. [eoMeTpHyecKHe CBOHCTBA UETHIPEXMEDPHOrO IPOCTPAHCTBA-
BpeMeHli TpH MpeoOpasoBaHUAX UeThipeX KOODAMHAT (NMPOCTPAHCTBEHHHX
H BpeMeHHOI) coXpaHsioTes (IIMENHO Tak OGCTOHT deJo NpPH nepexoje
BO Bpallamomyioocs cHcrtemy orcuera). OfHAKO aBTOD MEPEXOAHT K 06-
CYHKJIEHNIO TPeXMEPHOTG IIPOCTPAHCTBA, NpelCTaBJsoLero coboil ceue-
HHe YeTLIPEeXMCPHOro MPOCTPAHCTBA-BPEMeHH, KOTOPOe 3aBHCHT OT BHGo-
pa cucTembl orcycra. CBONCTBA TAKOrO NPOCTPAHCTBA H3MEHSIOTCS NpE
npeoGpa3oBaHHH UeThIpeX KoopAauuar.— [lpus. nep.
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JIU COBCEM YNPOCTHTh NpobJieMy, TO AeJo cBeleTcd K OI-
peaesieHHI0 NpPOLEAYPH KBAHTOBAHHS g, =~ @ 3T0 YXKe

COBCEM Jpyroe neJo: B pPe3yJ/JbTaTe KBaHTOBAHHSA BO3HHK-
HYT OTJINUHA OT MAKPOCKOIIHYECKOIro OITHCAaHHA.

B passoxennd Pypbe BeJMUHHBI g, Ui HAC Teilepb Cy-

LIECTBEHHBl WJEHH C OUEHb MaJbIMH [AJHHAMH BOJH MHJIH,
9TO TO e, ¢ OOJIbUINMH BOJIHOBBIMH uuciaaMH. [Ipn kBaH-
TOBAHUH HCIO/b3YIOT MOHSTHE rPaBUTOHA (CM, HpuMed.77).
He 3Ha10, HyKHO JIM BBOJAHTH /ISl HEro CHeUHAJbHHH CHM-
BOJI, YpaBHEHHsI IDaBHUTALMOHHOTO IOJIsSI CHUJBHO HEJHHEH-
Hbl, HO BBHJIY CJa0OCTH IIOJISI HaZO TOJIb30BATHCA JHHEH-
HbIM TnpubsauxeHHeM. [paBUTOHY NpPUCYHIH KOPHIYCKYJSD-
HBle, NHCKPETHbIe CBOHCTBA, NPONB/ISIOIIMECS TeM CHJbHEE,
yeM MeHbllle AJHHA BOJHB, DTHM OH OTJHYAETCS OT Npex-
Hefl KJIACCHYECKOM HelpephiBHOM BenuunHb. TeHsop g,

He siBAsieTc Oojblle OOLIYHOH HENpephiBHOH (yHKUHeH
OPOCTPAHCTBEHHO-BPEMEHHOH TOYKH, Tenepb 3TO CJAOXKHBIH
06beKT, 06Jafaliui KBAHTOBBIMU OHEPATOPHBIMH CBOHCT-
BaMH. A Kax OGCTOHT [eJ/0 ¢ caMHM IIPOCTPaHCTBOM-BpeMe-
Hem? O6byHas ¢dopmyna [Js HHTepBajta MeXAy JIBYyMs
TOYKaMH

dst =g, dx"dx’

OYeHb XOPOILO ApHMEHHMa B MakpoMupe, Mupe O0J/BLIHX,
KOCMHYECKHUX, MacuiTa6oB. Eo MoJab3yIOTCS NPH NMOJNYYEHHH
pewenus HIpapumuabna (cM. npuMed. 78), ¢ ee HOMOILBLIO
OpeAcKa3aHbl TaKHe YIAUBUTEJNbHEE OOBEKTH, KaK YepHBIEe
aeipel. Kopoue, oHa xXopomia Ajast Makpomupa.
CooTBeTCTBYOLAast TEOPHS OTJIHYAeTCH OT YacTHOH Teo-
PHH OTHOCHTEJNLHOCTH XOTS OBl THIOM CHMMETDHH, KOTOpas,
BOOOLIE TOBOpPS, HE. CBOOUTCA K JIOPEHL-MHBAaPHAHTHOCTH,
T. €. K CHMMETPHUH OTHOCHTEJbHO CMelleHMH H yeThlpexmep-
HBIX MOBOPOTOB. THI CHUMMETPHH Teleph 3apaHee HeH3Be-
cTeH. BoaMOXKHBl pa3HBle BAapUaHTB. B 3aBHCHMOCTH OT
CBOEro COJAEPKHMOrO0 BMECTHJ/IHLIE MOMXeT NPHHHMaTh Ca-
MBIl NPUYYAJUBEI BUI, B €ro CHMMeTpHs, BooOlie roBOp4,
He NpOCTa; He SICHO Jaxe, B KAKOH Mepe MOXKHO TOBOPHTD
3J1eChb O CHMMETPHH, CKOp€e, peub JAOJXKHA HATH O HEKOH
OueHb OOLIENl YHHBEPCAJbHOCTH. DTO OXHA CTOPOHA JaeJa.
Jpyras cBfsaHa C TeM, 4TO IIPH Hepexofe Ko Bce GoJjee
MEJKHM pa3OueHHsIM TPOCTPAHCTBA-BPEMEHH IOA CHMBO-

JoMm d B BeqHUYMHAX ds U dx" Mbl JOJXKHBI IOAPa3yMeBaTh
OECKOHEUHO MaJible NMPHPAIleHHsi, HO B JeHCTBUTEJbHOCTH
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npupalleHus] 5TH He OecKOHeuHo MaJabl. Kakne Tam 6ecko-
HEYHO MaJible, peub uiaetr o6 yxkacHO GOJABLIMX, OFPOMHBIX
npupaliennsx. Hampumep, B YNOMHHAaBIIHXCH KOCMOJIOIH-
YeCKHX 3ajavyax, HECOMHEHHO, MOMXKHO NPHHATb, 4TO ds
HMeeT NOPAAOK paguyca 3eMad. M Bo3BpalllaeMcsi, TaKHUM
06pazoM, K «ueJIOBeUeCKHM» Macmrabam, a Ham Halo Opo-
JOJXKUTh pa3buenne eme panvlle, Ho 910 mosyuutess mpH
nepexofe K MHKPOMHPY?

OTBeT Ha 3TOT BOIPOC COBEpIIeHHO He sceH. Kasagaoch

6bl, ox dx", dx’ Temepb HyXKHO IMOHHMaTb WMeHHO Iubde-
peHUHMalbl, a TEH30p g, W BMeCTe C HHM ds®, Kak yxe ro-

BOPHJIOCH, IOJIXKHBI HMETh ONEpPAaTOpHble cBoMcTBa, Toraa
OYeHb MaJble, MHKPOCKONHYECKHE YYaCTKH TPOCTPAHCTBA-
BpeMeHH OYyIyT OTIAHYATHCS KaK OT OOBIYHOTO HPOCTPAHCT-
Ba MHHKOBCKOro, TaKk ¥ OT puUMaHOBa IpocTpaHcTBa. Ka-
3ajgochk OB, AyMaTh TaK e€CcTeCTBEHHO, HO uTo Oyxer Ha ca-
MOM JeJie, HEeSCHO: TO, 4TO s cKaszaJ — OXHa M3 BO3MOXK-
HbIX 3KcTpamosasuui. Jlo cHX Mop 3TOT BONPOC He BBI3hi-
BaJ GOJIbIIOTO MHTEpeca, # 3TOMY €CTh CBOH NpuyuHH, Cuu-
TalOT, YTO O I'PAaBUTALMOHHOM I0JIe MOXKHO TOBODHTH TOJb-
KO Ha MakpOypOBHe, a K MHKPOMHPY 5TO TOHATHE He
HMEeT OTHOIIEHHs H3-3a KpaHHed MaJoCTH IOCTOSHHOH
rpPaBHTallHOHHOI'O B3aHMOJAEHCTBHA.

B nwo6om cayuae BO3HHKaeT BONPOC, HE CTAHET JH He-
NPHEMJIEMBIM CaMO IpeACTaBAEHHE O YETHIPEXMEPHOM MHO-
roo6pasui IpOCTPAaHCTBA-BpeMeHH? Ecau OHO HeNpUrogHo,
TO HaYHHAsl C KaKOro-TO MOMEHTa TepsieT CMBICJ BeJHYHHA
8- B kocmuyeckux Macurabax 3TO NOHATHe NPHMEHHMO

o4yeHb xopowo. Tak, Korfa IpH MOCTENEeHHOM YMEHbIICHHH
MacmTaba, Tensop &, YTPauuBaer cmmbica? W eciu Besu-
YHHOH g, TOJIb30BaThCsl HEMb3sl, TO KAKYI0 BBECTH [JIsl Hee

dameny? Iloka QusuKy c reoMerpuell ymamoch CBSI3aTh
JHUWb Ha MakpoypoBHe. CHTyauus, KOria sTa cBA3b Tepsi-
ercs, He paccMorpena. OTBeT Ha BONPOC, YeM MOKHO 3a-
MEHHTb TIOHATHE HENPEPbIBHOIO YeTHIPEXMEPHOID MHOrO-
06pa3sus, MO-BHAHMOMY, KaK-TO CBSI3dH C KBAHTOBAHUEM.
B pesysibraTe jsosxHa HCuesHyTh HempepniBHOCTB, To, 4TO
371eChb MOXKeT GBITh MOCTPOEHO, BEPOSITHO, HEJMb3sl AayKe Ha-
3Bath reomeTpueil. Ecan Bce e roBopuTs 0 reomerpum, To,
MO2KeT ObITh, B (DopMe CTATHCTHYECKOTO aHcaMm6Jst puMa-
HOBBIX NPOCTPAHCTB C PA3JHUYHBEIMHU gw?

B konue KOHIIOB, BC€ 3TH BONDPOCH CBOASITCH K OAHOMY.
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IToupocty rosops, mpobjemMa INPOCTPAHCTBA-BPEMEHH CO-
CTOHUT B TOM, HeJIb3 JIH KaK-TO BBeCTH HOHCKPETHOCTb, MpPH-
yeM B ()opMme, NPHTOAHOH TOJNBKO B YCJIOBHSIX MHKpPOMMpa?
IyMalw, uTo B TaKOH OCTOPOKHOH (QopMyaHpoBKe npobie-
My [efiCTBHTENHHO MOXKHO NoCTaBHTh. Ha sToM @ 3akoHYy
o6CyXKeHHe BOIpOca O CBS3W OOHIeH TEOPHH OTHOCHTENb-
HOCTH ¢ MMKPOMHDOM,

Teoplm 3JIEMEHTAPHDbIX YAaCTHI| — JOKaJbHbl€
M HEJIOKAJbHbIC NOJIsk

HakoHeu-To MBI NMOXOIIJIH K TEOPHH 3JeMeHTApHBIX ua-
cTull. He Hy»XHO AymaTth, UTO OHA TOXKAECTBEHHa KBAHTO-
BOH TeopuH moJs. TeopHs 2jeMEHTAPHBHIX YacTHIL Pa3BH-
BaeTcs C yYeTOM OFPaHHUEHMH, BLITEKAIOIIHX M3 YacTHOH
TEOPHH OTHOCHTEJBHOCTH H KBAHTOBOH MeXaHHMKH. B Takue
paMKH Ionajaer, KOHEYHO, H KBAHTOBasl TeOPHA MOJisi, HO
00BIYHO, TOBOPA O HeH, MOAPa3yMeBalOT JIOKaJbHYIO Teo-
puto (cM. npumed. 80), B KOTOpO¥ ompejesieH KBAHTOBaH-
HBI omepatrop b= (X, ¥, 2, {) ¥ Bce ¢H3HYECKUE BeJH-
YHHB B KaXKJOHl IPOCTPaHCTBEHHO-BPEMEHHOH TOYKe BHIpa-
XKEeHHl yepes .

Benuuuna 1 npeacraBJseTcss uepe3 ONepaToOpH pOxK-
JIEHUS] U YHHUTOXKEHHS KAKHX-JU0O 2JIeMEHTapHBIX YacTHIL
Mexny P H COOTBETCTBYIOLIEH el CONpsIXKeHHOH BeJHUH-
HOH ONpeJessioT NMepecTaHOBOUHLle COOTHOIIeHHs. Bcee 210
JIOKaJ/IbHble MOHSTHS.

$I y:Ke roBOpuJ, YTO MBIl NOJB3YeMCH NPOCTPAHCTBOM
MunkoBCcKOro, 3afgaiuM IMoje B HEKOTOPOH TOoYKe H pac-
CMOTPHM MHOKECTBO TOUEK, CMEIeHHBIX OTHOCHTEJbHO Iep-
BO#l B NMPOCTPAHCTBEHHOM HamnpaBJeHHH (IPOCTPAHCTBEH-
HO-MOROOHHX eff — cM. npumey. 81). Dtu TOYKH, 06pA3HO
roBOpS, HAXOASTCS OTHOCHTENbHO HepBOH TOYKH «B HACTO-
slleM BpeMeHH» ( B CMBIC/JE YaCTHOH TEOPHH OTHOCHTEJb-
HOCTH), HJH el «OZHOBpeMeHHbI», DH3HUeCKHe BeJHYHHBI
B JZIBYX NPOCTPAHCTBEHHO-NOZOOHBIX TOYKAX KOMMYTHPYIOT.
DTO 3HAYMT, UTO MX MOXKHO BHIOMPATH HE3aBHCHMO APYT OT
apyra.

J1s1 BpeMeHHIONOOHBIX TOUEK TocJeaHee, BOOOIe rOBO-
ps, He HMeeT MecTa. PaszyMHee CUHTaTh, YTO BpPEMEHHIIO-
no6GHBle TOUKH NPHYMHHO CBSI3aHBE APYT C JApyroM. B kean-
TOBOH TEOPHH [OJsl HaJHuyHe TIPHYHHHOH cBA3H (TO
06CTOATENBCTBO, 4UTO ORHY BEJHUYHMHY HeJb3sl BHGpaTh
HE3aBHCHMO OT Jpyrofl) NoABJsSeTcs B OTCYTCTBHH KOM-
MyraTtuBHocTH. Takasi (popMa HOPHYMHHOCTH COrJacyercs
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C OTpaHMYEHHUSIMH, BBITEKAIOIUHMH H3 YacCTHOH TEOpHH OT-
HOCHTE@JNBLHOCTH, O KOTODHIX MBI TOBOPHJIH HA HPOULION
JEKIHH,

Bce 570 He BHIXOAMT 32 PAMKH COBPEMEHHOH TEOPHH OT-
HOCHTEJLHOCTH ¥ KBaHTOBOH Teopud. [e ke Haxopures
TO, Yero Mol He 3HaeMm? EcTb MHeHHe (pasjesnsieMoe He Bce-
MH), COIVIaCHO KOTOPOMY BCe HEH3BECTHOe, HAM HOBOE 3a-
KJIIOYEHO B NpexesbHO MHKDOCKONHYECKHX, KpaliHe MaJbix
o6bveMax. Takass TOYKa 3peHHS] HANOMHHAeT MHEeHHe O 0e3-
IPAHUYHOH JAEJHMOCTH Belile-
CTBa M MPOCTPAHCTBA (0 KO-
poM s TOBODHJ Ha IMepBO#

A Z

<l JIeKIMH), BbIpaKeHHOE B CO-
/ BpeMEHHOH, HECKOJbKO MOA-
Z ‘/ HOBAeHHOH d¢opMme, H oOdHu-
& UHaJbHO OHA CEeTOAHS Ipei-
0 £ CTaBjeHa IOHATHEM JOKaJb-
/ HOrO moJs (cmex 8 3aae).
BsaumonefictBue ToxXe JIO-
KajabHOoe. Mbl BHAHM 31eCh
THIUYHBIH [pUMEpP TeOpHH
6nnskopericreusi. Cpenu Jo-
Puc. 9. Tlpuumnnocts B uactnoii ~ KAJIDHBIX TEOpHH HauGosiblie-
TEOPHH OTHOCHTEJBLHOCTH ro ycmexa jo6ujach KBaH-
TOBas 3JIeKTPOAHHAMHKA.
Teopust Me30HOB TOXe B Ka-
KOH-TO Mepe yIauHa, HO B HeH OCTaJHCb elle HEKOTO-
pble HedACHOCTH. Bo BcskOM ciydyae ¥ OHa —JOKa/JbHas Te-

OpHsl.

B 1950 r. uau HECKOJBKO paHblle s NBITAJCS pac-
CMOTpeTh HeJOoKagabHoe moJie, [LJisi BBeeHUs HeMOKaAbHOCTH
TOYKY HYXHO 3aMEHHTb NPOTSXKeHHON o6jacthio. Kak omn-
caTh 3Ty o6jactb? [Hasi NPOCTOTHL 51 cCHAua/la PaccMOTpes
KPYXOK B HpPOCTPaHCTBe-BpeMeHH. DYHKIHM TOUKH B He-
JOKaJNbHOH TEODHU NepexoAsT B (YHKUHMH MHOMECTBa TO-
gek, a 006JIaCTH MOXKHO BBLIOHPATH NO-Pa3HOMY.

[Ipn HesoKa/BHOM NOAXOAE Cpa3y BO3HHKAET 3aTPVi-
HeHHe C HNPHUYUHHOCTBIO. PeNsiTHBHCTCKOE TOHATHE OpPH-
YHHHOCTH NOsICHEHO Ha puc. 9. Hauasno orcuera 0 moxer
BJHSATH HA TOYKYM HE3alITPHXOBAHHOH 006/aCTH, a TOUKH,
pPacHoJIoKeHHble B 3alITPUXOBAHHBIX yUacTKaX, HeJIb3sl CBS-
3aTh IDPHYHHHO-CJACACTBEHHOH cBA3bi0 ¢ Toukoil 0. B uacr-
HOCTH, Hauaso oTcueTa 0 MOXKET OKa3aTh BJHSHHE Ha TOU-
Ky A. BkialouuMm B paccMOTDEHHe ellle OJHY TOUYKY, HANpPH-
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sMep TOuKy B, B3auMHO HesaBucuMmyio ¢ Toukoil 0. Tpoilky
touek A, B 1 0 paccMarTpuBaTh BMecTe HeyJO0OHO H3-3&
TOro, YTO OHHM HEPAaBHONPAaBHH: ToukKa (0 MOXeT INOBJHATH
Ha TOUKY A M He MOXKeT Bo3jeHcTBOBaTh Ha Touky B. Ecaw
1IpOCTPaHCTBEHHO-BpeMeHHas ofJjacTh (3aMeHsomiasg Tod-
KV IOPH HEJOKaJbHOM IOAXOJe) — TPEYroJbHHK, TO BHIOH-
patb B KauecTBe 3ToH o6nactu ¢urypy AOB HeyaoOHO, u
3TOT BBHIOOp IJIOX B JI00OH cHCTeMe OTcYeTa, TaK Kak
CBOICTBO map ToueK ObITh BpeMeHH- HJH NPOCTPAHCTBEHHO-
HOJOOHBIMH HHBADHAHTHO OTHOCHTENbHO INpeoOpa30oBaAHHA
Jloperua. Ecau TBepao NpHIepPKHBATHCH PENSTHBHCTCKOH
NPHYUHHOCTH, TO BO3HHKAET MHOTO HEeNPHATHOCTEH.

O KoHeYHBIX Pa3HOCTAX

$I uyBcTBORAN cebs Toraa Tak, OYATO BepHyJCA K TeM
J1ajJeKMM BpeMeHaM, KOorja elile He pasjnyaji NPHUHHY W
cJA€ACTBHE. Y MEHS BBIXOAMJIO, YTO DeJSATHBHCTCKOE pac-
CMOTPEHHE TPOTHAXKEHHHX 00JacTell HEBO3MOXKHO, €CJIH He
YCJOBHUTBCSH, YTO BCE TOYKH BHYTPH HHX B KaKOM-TO CMBIC-
Jie OJHOBDEMEHHHBl: BeAb OJHOBPEMEHHBIMH MBI CUHTaeM Te€
00BEKTH, KOTOpPBIE paccMaTpHBaeM COBMeCTHO, UTOOBl u3-
6exxaThb HENPUATHOCTEH, MHE HYXKHO OBIJIO HAYUYHTbCA Tpak-
TOBAaThb KaK OJHOBPEMEHHBIE NTaphl TOYEK B MOHX HPOTSKEH-
HBIX 00J1acTfX, pa3fejeHHble YaAbTPaMHKPOCKONMHYECKHMH
BPEMEHHNONOOHEIMH NPOMEXYTKaMU. Peup mia o TOM, YTO-
Obl HajeJHTh BPEMEHHNONOOHBlE MHTEPBAJHEl CBOHCTBAMH.
NPOCTPaHCTBEHHO-NOA00HBX. [loHATHSA BpeMeHHNOA06HOTO
H NPOCTPAHCTBEHHO-NOJOOHOrO HHTEpBaJa BCerAa ObLIH
B3aUMOHCKJIIOYAIOIKUMH, HO KaK ObITb, €CJH He OTHOCHTbCS
K 3THM KpaHHe MaJbiM BPeMeHHIOJOOHBIM NPOMeXyTKaM
KaK IpPOCTpaHCTBeHHO-MoAo6HbIM?  IIpocTpaHCTBEHHO-Bpe-
veHHad 06JaCcTb B TEOPHHM OTHOCHTEJNBHOCTH HE MOXKET
OBITb YHCTO TPOCTPaHCTBeHHO-noLoOHO#. OHa aBTOMaTHue-
CKH BKJIOYaeT BpeMeHUNION0OHble HHTepBaJbl . Ho ecaun MbL
aymaem o6 3ToH 06/MacTH KakK O €AUHOM IIeJOM, TO MbIC-
JUM  ee OJHOBPEMEHHO cymiecTBywolle#l. CrnpamiuBaercs,
MOXKHO JIH TAKyl HAEK BBIPA3UTh HE TOJBKO CJOBECHO,.
HO M MareMmaTHdyeckn? OKasbiBaeTcs, 3TO BO3MOXKHO.

[TonoGHbIMH npobjeMaMu MHOI'O 3aHHUMaJCHd COBETCKHH
dbusuk M. A. Mapxkos. IlpocTo yAUBHUTENBHO, HACKOJIBKO
NOXOXKHUMH OKasza/Juch €ro ¥ MoH NOAXOAH, Pasymeercs, B
netansx ObLIM PasiuuyHsl, HO MeXKJy HaUIUMH TOAXOIaMH.
MOMKHO NPOCJAeIHTh IMyGOKyio cBsidb. M. A. MapkoB craJ
3aHMMAaTbCsi 5THMH BONpOCaMK paHblle, a B SIMOHMH Han
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Humu paGoran npod. Kono (Yrusepcurer B Hoxorama).
WUpen sTux HccaepoBaTenell HEMHOrO pasjHyaloTcs, HO £
nonpo0yo, nperebperas PasJHYHAMH, HU3JO0KUTh HX CJely-
omuM ob6pasom.

[TocTporM Hekoe JioKaJjbHOE MMOJE, CHJIBHO OTJIHYaloUle-
ecsi OT OOBIYHALIX JOKAJbHBIX NMOJIEH, TaK CKa3aTb, HeLobpo-
KadecTBeHHoe moJe. Ilycre paccTossHHe MeXAy HauajJaoM
orcuera 0 u Toukofi A (puc. 10) pasHO a. [Ilorpebyewm,

yro6bel mosie B TOYKe A’ KOM-

MYTHPOBAJO ¢ IOJEM B TOY-

\ / ¢ ke 0. D10 3HAYAT, YTO IpO-
\ Y4 CTpaHCTBEHHO-MOAOGHass  06-
e e/ JacTh 3aHHMaeT He TOJBKO

a4 / YacTh, 3AMTPUXOBAHHYIO Ha

//////,;1.,-.' pHc. 10 KOCHIMH JIHHUSIMH, HO
_.‘"/////// H TOPH30HTAJNLHO 3aUITPHXC-
BaHHBIH y4YacToK, T. €. Ipo-

—_— /¢ HHKaeT BHYTPb CBETOBOIO KO-
L Hyca (cM. mpuMeu. 82), uto
NG TOJIeBble BeJHYHHL! B HEKO-
TOPBIX TOYKaX CBETOBOI'O KO-

Hyca Telepb KOMMYTHPYIOT
(1160  aHTHKOMMYTHPYIOT):

BeJlb MBI NOTPe6OBaJH, UTOOb!
KoMMyTarop (HJH AHTHKOM-
MyTaTop, cM. npuMed. 83) paBHsijca Hymo. M. A. Mapkos
TOBOPHJI HEMHOTO J(pyroe, HO, B 001leM, BBEEM TaKoe IOJe.

Yro y nac moayuniaoch? Tenepp B HEKOTOPHIX Napax
BPEMEHHUNIOAOOHHX TOYEK NOJISI B3aHMHO He3aBHCHMBL [Jo-
JieBble BEJHYHHEI B TOYKax 06/MacTH, 3alUTPHXOBAHHOH Ha
puc. 11, HezaBucHMBI oT nosg B Touke 0. HesaBucumnl Tak-
XKe NoJs B Toukax P # S, HO 3TOro Heabs cKasaTh O NOJSIX
B Toykax R 1 S. A B Toukax R u S’ noJsi ToXe He3aBHCH-
Mbl. '€ HaxXoZUTCS reOMETPHYECKOEe MEeCTO TOYeK, HoJs
B KOTODHIX B3aHMHO He3aBUCHMH? OTBeT mnpocTOH: mo-
CKOJIbKY TIpaHHna ob6JacTH, 3HaueHHS IOJs B KOTOPOil He
3aBHCAT OT moJisi B Touke 0, naercss rumepOoJIOH, HY:KHO,
OTHPaBJsAsACh OT TOYKH 0, MOCTPOHTH CEMEHCTBO rumepsod,
orubarliue KOTOPOro OrpaHuyaT BPEMEeHUNOLOGHYIO MOJ0-
¢y WHpHHHL a (puc. 12).

C oOGLIYHOH TOYKH 3peHHs MoJis B 3TOH 06J1aCTH He He-
3aBHCHMBL. B OpTOJOKCa/NbHOH KBAaHTOBOH TEOPHH TNOJA
paccMaTpPHBAOT THOEPIJOCKOCTh (ee TOJIIHHA @ paBHA
HYJI0, CM. npHMed. 84), Ha KOTOpOfi B MOMEHT fy 3aRalOT
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HayaJbHBIE YCJOBHS, a CHTYAlHI0 B NOCJAEAYIOIIHE MOMEH-
TH OHpenensiioT u3 ypasHeHus llIpénmHrepa uJjm ypasHe-
uus Tomonara—IllBunrepa (cM. mpumeu. 85).

Ho ceifiuac s rosopio coBcem o apyroM. ITo MapkoBy u
Kouno, B moJsoce I (3amrpuxoBaHHass Ha puc. 13 moJoca,
3aKJOUeHHasi MexXay npaMeiMu L; u Ls) noJeBHe BesH-
9UHBl KOMMYTHPYIOT APYT C APYIOM H HX MOXHO BHIOHMpaTh
B3aHMHO He3zaBHcHMoO. [IpuHHMAasi HX 3a HavaJbHBIE YCJO-

N //
_ _

i s/

//// ° /A

Pnuc. 11
\ / ct=a
cz‘ +a/2
a
cz‘ -a/2

ct=-a

7 /7§<\\

Puc. 12:

©CJTH, OTIPABASACh 43 TOUYKM O M JBHTasiCh BAOJbL OCH X, CTPOHThL Mapsl runep6od, To

ornbaloMe MOJTYYEeHHOro ceMeficTBa THIep6OJ NpPeACTABATCS Napoit NpAMBIX cf=ta.

CMecTHM Tenepb HCXOAHYIO TOUKY BHH3 C JHHHH ¢f=0. EclH ee CMECTHTb B NOJO-

xeHue cf= —a, x=0, T0 oruGaouas ceMeHicTBa TrHmepGoa 3afiMer NOJOXKeHHE

ct=a/2. HaoGopor, cMelllas HCXOAHYI0 TOYKY BBEpX, B MOJNOXeHHe cf=a[2, x=0,

TONIyYMM, 9TO HHXKHAA oru6awoouias ce;MEfviCT;s?a runepGoJ CMECTHTCSI B NOJIOXeHHe
ct= —aq,
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BHUSI, MOXHO, NO-BHIHMOMY, ONpeJeNHTh 3HAUEHHS INOAA B
nosoce I/ (Ha puc. 13 oHa 3akJalOUeHa MEXAY NPAMBIME
Ly n L;). Cpa3p MexJy sHaueBHsaMH mHoas B objactax [
n 1/ nanomunaer ypaBHenue lllpénunrepa. ToBopsit, uto
Takas OporpaMma OoCymlecTBHUMa. §I He M3ydYasa Kak cjejlyer
STOT BONPOC H He 3HAI0, HET JIU 37ech NPOTHROPEYHH C Teo-
pueit oTHocuTenbHOCTH. [loka, mo-moewmy, mnpoTHBOpeuud
He 00HapyXeHo.

Puc. 13

BosHnkamwlee ypaBHeHHE SBJAETCS ypaBHEHMEM B KO-
HEYHBIX PasHoCTAX (CM. npuMed. 86) mo BpeMeHHOH mepe-
MeHHOH. MoH MOAXOX HEMHOTO OT/IHYaJCs — § paccMaTpu-
BaJl 3JEMEHTapHble JA0MeHB. [13-3a HEXBaTKH BpPeMEHH He
6yny oOGBACHATh, YTO OHH coOofl nmpepacTaBiasioT. IIpu aTom
TOXE OKa3blBaeTcsd, 4TO (DU3MUECKHH 3aKOH, HANOMHHAIO-
mui ypaBHenue HIpénunrepa, sanuceiBaeTcd B BHIE ypaB-
HEHMST B KOHEYHLIX pasdHocTaXx. [loapobHee 06 3TOM MOXKHO
NPOYUTATb B CTaThe, ONYOJHKOBAHHON HECKOJBKO JeT Ha3aj
B xypHase Progr. Theor. Phys., Supplement (cm. npu-
Mey. 87). SlcHBIX BHIBOJIOB B HeH He clnelaHO, HO BONpPOC
5TOT 3aTpoHyT. OOBIYHO CYHTAFOT, YTO B OTJAHUHE OT 00-
el TeOpHH OTHOCUTENBHOCTH YACTHAS TEOPHSI OTHOCHTEN b~
HOCTH NPUMEHHMa Ha CKOJb YFOZHO MaJjbiX DPaCCTOSTHUSX.
3pech Ke NoJayuyaercsl, YTO IPH PACCMOTPEHHMH KpaiiHe Ma-
JBIX obJacTefl NOABJAETCH NHCKPETHOCTb, YBEJHUHBAOUlast
YHCJAO cTeneHell cBOoGOJALI; WMEHHO, BO3HMKAeT elle OJH2
cTerneHb CBOOOAEI BO BPEMEHHNIOIOGHOM HaTNpaBAEHHH.,

Xopomo n3BecTHBIH BaMm pafoTamlHi 3xech, B Sdmon-
CKOM TOCYLAaPCTBEHHOM YHUBepcuTeTe, noxTop Haka pac-
CMOTpeJI BPEMEHHNONOOHYI0O «CTPYHY» (cM. mpumey. 88).
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Ero paGora uMeeT IpsMoe OTHOIIEHHe K 06CyXKAaeMBM BO-
npocam. Mrak, OycTb HeUTO, HANOMHHAIIlee CTPyHY, Ha-
TAHYTO BO BpeMeHHIIONOOHOM HamnpasJeHHH. Koe-kKakue
OrpaHUYeHHs Ha JABHXKEHHE 3TOH CTPYHBl, KOHEYHO, HMEIOT-
cd, HO B OOLIeM OHA MOXKeT [ABHIaTbCs LOBOJBHO CBOOOJ-
Ho. PasofreM ee mblcieHHO Ha Kycku (puc. 14). Koneba-
uusa Kycka A, onpegesasiiores KodebaHuAMH  Kycka Aj.
OxasbiBaeTcsl, YTO ypaBHeHHe NBHXKEHHS 3TOH CTPYHH —

Aq /\Uf \\//\\/[\\'
Pac. 14 | ’ Puc. 15

TOXE ypaBHEeHHe B KOHeuHhIX pasHocTsix. JlokTop Haka mc-
CJeJ0BaJ] 3TOT BONPOC, YAAYHO BOCNO/Ib30BaBUIKCH IIOHS-
THeM AyaJabHocTH (cM. npumed., 89). 3aech NPOHCXOAHT
KBAHTOBaHHEe, HAaNOMHHAWIlee KBAHTOBAHHE KJIAaCCHYECKHX
gacTul. Ecau npousBecTH elle BTOPUYHOE KBAaHTOBaHHe,
TO BO3HMKHET CHTYyallHsl, 0 KOTOPOH MBI [OBODHJIH,

HanomHio, 4T0 MBI HHTEPECOBAJHCH BONPOCOM, HeJb3s
JIM ciesJaTh Tak, YTOOBl BeJHYHMHA, NMOXOXKasd Ha JOKajJbHOe
noJse, 6blJla KOMMYTaTHBHA HE TOJbKO BHe, HO W Koe-rje
BHYTPH cBeTOBOro KoHyca. OkasaJjoch, 4TO OTBET Ha 3TOT
BONPOC NPHBOJAUT K YIUBUTEJbHBIM pesysjbratraM. Hampu-
Mep, paccMaTpHBasl Halle IMOJEe KaK COBOKYHHOCTb TOJIeH
C pa3HBIMH MacCaMH, Mbl NPHAEM K paclpeleseHHI0 Mmacc
B (hopme BOJIHBI, IOKA3aHHOA Ha pHC. 15, MIHOCH U MHUHYCHE
KOTOPOH HMMEIOT CMBICJ 3HAaKOB METPHKH T'HAbOepToBa NPO-
cTpancrBa (cM., npumed. 90): MeTpHKa oTpHIlaTeJbHA TaM,
rHe oTpuuartejbHa macca. K coxaleHHIO, NOJydaeTcs, 4TO
Macca H3MeHsieTcsl HenpepbiBHO, PH3HUECKHH CMBICA 3THX
Pe3yJabTaToOB IOKa He BBISICHEH.
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B cayyae cTpyHB BTOPHYHOE KBAaHTOBAaHME JAaeT APYyrue
pesy/abraThl. Ecian paccMoTpeTh Bo30yXKAeHHE HOPMAJbHBIX
KOJIeOaHHuA CTPYHBl C Y4€TOM MeTPHKH T'Hin0epToBa INpo-
CTpaHCTBAa, TO OKaXKeTcsd, YyTo IPH Nepexoje OT OJHOH HOp-
MaJibHOH MOJAB K APYrod MeTPHKA IIONEPEMEHHO MEeHseT
3HaK, TaK YTO IIPH yYeTe BCEBO3MOMKHBIX HOPMaJbHBIX KO-
JebaHul, Mo-BUANMOMY, YAAETCSA A0Ka3aTbh CXOAUMOCTb Teo-
puu (cM. npuMey. 91). DTa HeoOBIUHAsT CHTyallus TOKa
ellle He MOHATA.

Ilonyuaercsi, 4To 3aTpoHyTass HaMH TeMa TECHO CBsi3a-
Ha ¢ npobiaemolt HHAeDUHHTHOH METPHKH (CM. npumed. 92),
MunednHUTHOCTS, 03HauaeT, YTO METPHKA THIbOEpTOBa
OPOCTPAHCTBA MOXKET OBITh KakK [IOJIOXKHTENbHOH, Tak H
OTPHUATEJDbHOH; MNOCJefHEEe 3aTPYAHAET BEPOSATHOCTHYIO
uHTepnperauuo (cM. npumed. 93). Taxum o6pasoM, BO3-
MOKHO, 4TO B yJbTPAMHKDPOCKONHMYECKHX 00JacTsIX He uMe-
€T MECTa YHHTapHOCTD.

B Teopuu mnosass OCHOBHYW poJab urpaer S-marpuua.
(Moxer okasaTbCs, YTO KpoMe S-MaTpHIBE B OYyAyIIYIO
TEOPHIO HeOOXOAHMO BBECTH M JpYyrue CTOJb Ke ¢yHIa-
MeHTaJ/bHble NOHATHS. B uyacTHOCTH, 3TO MOXKeT HnoTpedo-
BaTbCA B TEOPDHH C HEJOKaJbHOCTbIO,) B nocienHee BpeMst

Oxy6o (CIUA, Pouecrepckuii yHHBepCHTeT) B CBSI3H C TEO-
puedl S-MaTpHUB! NPeNJNOMKHJI HeTBIpeXMEpHOe KBaHTOBA-
HHE, ueM s TOXe JaBHO MHTepecoBaJicsi. B sroM Hampasie-
Huu pabotator npod. Karaama u npod. Toxkyoka (Tokmit-
CKHH YyHHMBEDCHTET), a IepBhie pabOTH INpHHAAJAEKAT
Kecrepy (®PTI'), pesynbraThl KOTOPOro, K COXKaJEHHIO, He
BBIXOASIT 32 PaMKH TEODHH S-MaTpHHIB OGBIYHOIO JIOKAJb-
Horo noss. Boo6iie roBopsi, HEsICHO, 3aueM BCe 3TO jeJa-
eTcd. MHe Kaxxercd, 31eChb HET YeTKOrO NOHHMAHHS LEJH.

Ho Hapno HagmesTbcs, UTO Kakasi-TO II0Jib3a OT 3THX paldor
Oyner.

[IpeanpuHAManuch NONBITKH o606wuTe moaxon Kecre-
pa, B 4acTHOCTH, aTuMm 3auuMascsi Takaxacu (Kaunaza).
HesTepHOCT 3TOr0 poja B pasHHX paGoTax Ha3bBAIOT
N0-pa3HOMY, M HesICHO, HACKOJIbKO pas3J/iMuhsl B Ha3BaHHAX
0TpaxaioT pasHHUy copepxKanus. Hanpumep, Oky6o mnoJa-
raer, 4YTo OH 3aHAT CymepKBaHTOBaHHeM, Kectep roBopHT
o runepxkBaHToBaHuu, a Ham8y (CHIA, Yukarckuit yHusep-
CHTET) — O TpeTbeM KBaHTOBaHuH. Komeuno, noka mnpex-
MET HUCCJAe0BaHUH He YCTAaHOBUJCS, PA3JHYMUS B HA3BAHHSX
HeusbexHel. Oxy60 xapakTepH3yeT CHTYalUHI0 CJIOBaMH:
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«B 3TOM IIDOCTPAHCTBE €CTh KaK yMNOPsiLOYEHHBbIE, TaK H He-
YIOPSAOUEHHBIE TOYKH>.

Paccmarpupaembli MMM KJace IPOCTPAHCTB COAEPIKHT
B ce6e mpocTpaHcTBO MHHKOBCKOTO (HO He HCUEPILIBAETCS
um). [Taper ToyeK B TakHX IPOCTPAHCTBAX MOIYT OBITh Kak
yHOpSiOUeHbl, TaK H HeyNopsitouyeHs. B 0GBIYHOM HBIOTO-
HOBOM MHpe Bce Naphl TOYEK, OTHOCHINUXCS K PasHBIM
MOMEHTaM BPEMeHH, yIOPSJOUYEHbl BO BPEMEHH AJs JIOOGBIX

\\ // A
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Puc. 16:

! — ronmuHa o6NAacTH HacTosLlero; 2 -— Hacrtosulee (ToqulHHa o6aacTH pasna

Hydo). CeMeHcTEO TOYEK, ONHOBPEMEHHBIX AaHHOM, B OGBIYHOM HPOCTpaHCTBe MHEH-

KOBCKOTO [PEACTABJSETCS NJIOCKOCTbIO, HEe WUMelollell ToNmHHb (MpaBhiff PHCYHOK).

B HaileM cjiyyae 5T0 MHOXECTBO TOYEK NpeACTaBiseTcs YeThipexMepHoO# saliTpa-
XOBaHHOM 06/JaCTbI0 KOHEYHOH TOJNUIHHBI

BPEMEHHBLIX MHTepBaJ/oB. B npocTpaHcTBe MHHKOBCKOro Ina-
pHl BpEMEHHNOAOOHBIX TOYEK YNOPSAOYEHHl, a JIs HpoCT-
PaHCTBEHHO-NIONOOHEIX TOYEK BpeMEeHHOe YIOpsSAOoYeHHe He
umeeT mecta. OkyGo 3aHAT HpoGaeMoil onpepeneHus S-
MaTpHUbl B IPOCTPAHCTBAaX C TAaKHMH CBOHCTBAMH YNOps-
JOYeHHS.

He BpaBasick B MOAPOOHOCTH, OTMeYy JIHIIb, YTO IO
CBONCTBAM YHNOPSAOYEHHs YyKa3aHHbIE NPOCTPAHCTBA Cy-
LIeCTBEHHO OTJIHYAlOTCS OT HPOCTpaHCTBA MUHKOBCKOIO.
[Ipn mepexoje OT HHX K HIPOCTPAHCTBY MHHKOBCKOrO BO3-
HHKAIOT JONOJIHUTE/NbHblEe OTPAHUYEHHS] Ha NapHl OJHOBpeE-
MEHHBIX B3aHMHO HEYNMOPSAOYEHHBIX TOUEK.

31ech BBOAUTCS, MpPaBJa He B TOM, B KAKOM sl ['OBODHJI,
cMBlcsie, 06/acTh KOHEUHOH IIHPHHBl, B KOTOPOH TOUKH OJI-
HOBPEMEHHBI IPYT APYry, T. €. HaXOASATCS APYT OTHOCHTEJb-
HO Jpyra «B HacrosiieMm BpeMeHH» (cM. puc. 16). Kax on-
penesuTh TPUYHHHOCTH B 00JACTAX 3TOr0 <HACTOSILEro»,
HMeUlero KOHeYHYIo WHPHHY ofHOBpeMeHHOCTH? He Hyx-
HO /M 3[eCh NOMEHSTh MECTAMH IIOHSITHSI BPEMEHHIIOLOG-
HOT'O0 ¥ NPOCTPAHCTBEHHO-NIOJOBHOI0?
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O HenpepbIBHOCTH H CKAYKOOOPA3HOCTH
IpH MO3HAHHH BHEIIHEro MHpa

B 3akaoueHue MHe xoueTcst eule pa3 obpaTuUTh Balle
BHHMaHHe Ha YAHBHUTEJBHOCTb TOTO MHpPa, O KOTODOM MH
roBopuau. OH MNo-HACTOsILleMy 3arajoyeH; IIpaBja, ecau
XOpOLIeHbKO NOJAyMaTth, B 3TOM OTHOLIEHHH €My He YCTY-
1aeT M Hall NOBCEJHEBHBIH MHp, B KOTOPOM MBI C BaMH 3KH-
BeM.

BuemHuii MHp MBI no3HaeM TJIaBHBIM 06pasom uepez
apenue. [Ipyrue yyBCcTBa JMajieKO YCTYNAKOT 3PEHHIO B TOU-
HOCTH BOCHDHSITHS, TO3TOMY 3HAaHHE HACTOSILErO MBI, B
KOHEUHOM cueTe, IOJydYaeM, HOJB3YSACh 3peHHeM. Bhl, Kak
H s, B KaXJAbBH MOMEHT BpEMEHH BOCIPHHUMAEeTE COBPEMEH-
HBI BaM MHp, HacTosllee, CTPOSt €ro ¢ TOMOIIbIO OLLyIe-
HH#, B OCHOBHOM 3peHHH.

Ho uro takoe mHacrosmee? [Icuxosoru, Hadbawonas 3a
B3MVIIAOM Y€J0BeKa, OCMAaTPUBAIOIIEro IpenMeT, aHaJH3H-
poBaju ABHXKeHHe ria3, Oka3anochb, YTO 3pHTEJbHBIA 06-
pas Hacrosimiero ¢dopmupyercs B TeueHue He To 1/50, He
0 1/30 ¢ (TouHOe 3HaueHHe 51 3a0bL1), KOTA Jyd 3PEHHS
aBuxercsa. CrenoBaTesNbHO, CYLUIECTBYET HHTepBaJ BpeMme-
HH, B TeueHHe KOTOPOI'0 CXBATHIBAETCS» H300parkeHHe K
¢dopmupyeTcs 3puTeabHbH 06pa3. Pasymeercs, npouecc ra-
KOTO CXBaThIBAHUSI MHOIOKPATHO IIOBTOpPSIETCH.

YKa3aHHBIH pe3yJapTaT MOATBEPKIAETCS (HEHOMEHOM
KHHO, MBI ¢ yBJICUEHHEM CMOTDHM HHTEpEeCcHHH (QUJIbM H He
3aMeuaeM, 4TO KaAphl BBICKAKHBAIOT OJMH 3a JPYIHM.
B crapuix ¢unpMax ¢ HH3KOH YacTOTOH CJel0BaHUs KaapoB
BpeMsl 9KCHO3HHHM OblI0 60/blle BPeMeHH (OpMHDPOBAHURA
H300paXKeHust B MO3Ty YeJOBeKa, IOSTOMY, HalpHMep, BO
MHOTHX YaIVIMHCKHMX (uAbMax Kajaphl «Iperawotrs. Koneu-
HO, cTapbie (OHJIBMB HMEIOT CBOIO NIPEJecTh, HO TEXHHYe-
CKO€ COBEPIIEHCTBO COBPEMEHHOro KuHeMartorpada oOmbsic-
HSI€TCS, B YaCTHOCTH, YU€TOM TOTO, 4TO H300DpaiKeHHe BHEMI-
Hero Mupa GopMupyercs y Hac 3a Bpemst okoso 1/50 uan
1/30 c. PerviiMpoBKO#i 4acTOTH KajipOB yAaJ0Ch JHUKBHIH-
poBaTh OlIyIlleHHE Pa3pPHIBHOCTH, CKAYKOOODPA3HOCTH (HHJb-
Ma, HMEHHO B 3TOM IIPHYMHA IJIABHOCTH JBHIKEHHH Bcex
TeJl B COBPeMEHHON KHHOKapthHHe., IDTO 0GUIEH3BECTHO.
M naoGopoT, ecaH Tesi0 IBHKETCS uYepecuyp ' GHICTPO, TO
OHO CTaHOBHTCS HEBHAHMEIM st yesoBekKa. Korma 4ro-to
NPOCKAaKUBAET B ONHMH MHMTI, BOOOIIe HE OCTAeTCs 3PHTeNb-
Horo ofpasa. B yacTHoCTH, HalUK YYBCTBA CJAHIIKOM Ipy6H,
4TOOBI 3aMeyaTh COOLITHS B MHDE 3/1eMeHTAapHBIX YacTHIL
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Mpl cHOKOHHO NIPOBOAMM BpeMs, He BHJASA, Kak MHOro pas-
HBIX OBICTPHIX COGBITHH NPOHCXOAUT BOKDPYr. $1 BHOBb OT-
BJIEKCS, HO 3TO — ONPaBIaHHOE OTKJIOHEHHE.

Wuorpa cienslM OT POXKJAeHUS BO3BPAllalOT 3peHHe ole-
pauuell. BuesanHo noJyudB cnocoOHOCTb BHAEThb, OHH He
MOTYT B Ha4YaJbHbIH NepHOJA SACHO OTBETHTb, YTO HMEHHO
oHu BHaAT. CJe10BaTeNbHO, CIHOCOOHOCTh y3HaBaTb o0pa-
36 BO3HMKAET HE Cpasy IIGCJe BO3BPALICHHS 3DeHHd, a
pasBUBaeTcsg NocTeneHHo. YTOOBI H3YyYHTb 3TOT MPOUECC,
NCHXOJOTH Tpeiarajd MM paccMaTpHBaTb IIPOCTeHIHe
¢burypbl, HanpuMep TPEYFrOJbHHUK, U CJAeIUNH 32 ABHKEHHEM
Jydya 3penusi. OH MHOTOKpaTHO oberasn rpaHHlly TPeyroJb-
Huka. C TeyeHMeM BpeMeHH ABHKEHHA 3aMEAJAJIHUCh, Jy4
3peuust o6XOAMJ NEPHMETD TPEYroJbHHKA IJAaBHO H 3a
OYeHb KOPOTKOe BpeMms, TpeyrosbHHK CTAHOBMJCS y3HAaBa-
€MBIM.

A kax o8CTOUT meso y Hac, OOBIYHBIX B3POCJHBIX JIOLCH?
AHaJjoruyHble ONBITBI NOKAa3aJ/d, YTO HaUl Jy4 3DeHHs He
COBepHIaeT TNOCJAeJOBaTeAbHBX 00X0A0B TPEYTOJbHHKA,
[IpocieauTs 3a ero QBHXKEHHEM B AeTaj]siX He yraercs, HO
B o0lleM AJasl y3HaBaHUA TPEyroJbHHKA HaM [J0CTaTOYHO
«TONpHIraTh» TIJia3aMH C BEPLIMHBl Ha BepHIHHY (cmex 8
3ase). Mbl, MyADO TOJb3YsICh ONBTOM, CpPa3y VXBaTbiBa-
€M CaMyio CYTh, Haxe He IBITasACh MOCJAeLOBATENbHN OF-
XOAuTh rpaHunbl. [locie HEKOTOPOH TPEHUPOBKH H JIOJAH
C BO3BPallleHHLIM 3PeHHeM, O KOTOPHIX $ TOBOPHJI, HAUHHA-
10T NefCTBOBATh TAKHM Ke 00PazoM.

D10 oueHb HHTepecHo. [les0 3mech B TOM, YTO Ha ceT-
gaTKe IJia3a HMeeTcsl OueHb YYBCTBUTEJNbHOE MeCcTO (LLeHT-
panbHOE ISATHO), M IJa3 ABHUXKETCS, KOTJAa Mbl «CMOTDHM
9THM MecToM». Ho ceTryaTkKa AOBO/bLHO BeNMKAa, H €€ ydacT-
KM, yIaJleHHble OT LEHTPaJLHOI'0 NSITHA, TOXe MOryT yua-
CTBOBATHb B CO3JaHHU 3PHTEJNBHOrO 06paza. DTO OYEHb BaxK-
Ho. HMwMmeHHo Onmaronapsi «mepudepUHYecKOMY 3PEHHIO» MBI
BCKPUKHBaeM, Korja cO0OKy K HaM HEOXHIAaHHO TpubJH-
}KaeTcsl NOJO3PHTENbHBIH CYOBeKT (cmex 8 3aie), a NpHU
y3HABaHUHM TPEYroJbHHKAa COOCOOHBI Cpa3y CXBaThiBaTh
nesoe 6e3 nocsegoBaTtenbHoro ob6xona ¢urypel. Xors cka-
3aHHOC H He IO03BOJSET YETKO PAa3/JHUNThL MOHSITHS Helpe-
PHBHOTO H pPa3pbIBHOTO, HO, IO-MOEMY, MHMeeT I0BOJbHO
TECHYIO0 CBf3b ¢ 3TOH npobyaeMoil.

Y uejioBeKa roJsioBa ropas3fo COBepllieHHee, YeM Yy APY-
THX JKHUBBIX cyllecTB. KOHeYHO, €e AOCTOMHCTBA He ucyep-
NBIBAIOTCS OpraHusalfell 3peHUsl, HO BCE XKe 3PHTE/bHBlE
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LeHTPH -— HauOoJiee BLICOKOPa3BMTHIH opradH 00paboTku
HHQOPMALHH, ¥ HECOMHEHHO, UTO HX pafoTa UrpaeT HCKJIO-
YHTEJIbHO BAXKHYIO POJb NPH (YHKIHOHHPOBAHMHM MO3ra.
CrnocoGHOCTh YeJOBEYECKOro Iyiasa CMYTHO BHJAETh B OK-
pecTHOCTH Jyya 3peHHsl O4YeHb Ba)KHa. Hasauune B ueHTpe
CeTYATKH KpaHHe YyBCTBUTEILHOro NfATHA U CIOCOOHOCTH
K nepudepHyeckoMy 3peHHI0O — o6e 3TH OCOGEHHOCTH de-
JIOBEUECKOIO I'J1a3a HMelOT BaxHOe 3HayeHue.

Bo3MOXKHBl caMble pasHble CTHJAH H YPOBHH JYXOBHOK
H 103HaBaTeJbHOH AKTHBHOCTH, 00pasa XXKH3HH, 3aHATHH
Haykod. Ho MCTHHHO MyIpPHIM MOXKHO Has3BaTh JHIIbL YeJso-
BeKd, OPTaHWYECKH COBMELIAIOIero CcHocOGHOCTb K Ipe-
JeJbHOH KOHUEHTPAUMH BHUMAaHHA C IIHPOTOH BCECTOPOH-
HEro oXBaTa AEHCTBHTENBHOCTH~. TOro, KTO BJjajeer JHUIb
OLHHM H3 3THX KayecTB, NOAJHHHO MYIPHIM He Ha3OBellb,
Yepecuyp cOcpelOTOYEHHBIH W TOYHBIH UYeJOBEK, He 3aMe-
YAKOUUA «OTJOroro CKJAOHA TOAOIIBH TOPHI», MaJo 4eM
OTJIMYAeTCs OT TOTO, KTO CMYTHO BHAHT BCE, HO He CHOCO-
06eH COCPeIOTOUHTHCS HM Ha 4YeM KOHKpeTHo. §1 ybexnew,
4TO Bbl NMPAaBHJbHO MEHSl MmoiMere. DTUM 3aMeyaHUeM pas-
peuIiTe MHE 3aKOHYUTH JIEKLHUH.

BOMPOCHI H OTBETDbI

IpencenareapcrByiomuii: Ectb a1 Bompoch? Iloxa-
JyHcra.

A: §I xoreln cOpocHTb O WIPEAMHrepOBCKOM KoTre. Pe-
3yJbTaT JPeJlieCTBYIOWIEr0 HaOJIOAEHHS ...

Okasa: Ila, 1a.

A: Tak BoT, Bbl CKa3aJjii, €0 HeJb3s ONPEIEJUTh H3
ypaBuenus: lllpénunrepa...

IOkaBa: [la, kKoHeuHo, W3 ypaBHenus llpéamurepa om-
pPeleNUuTh HeIb3s.

A: PasBe 3T0 caMOOYeBUAHO?

OkaBa: Koneuno. [eno Bor B ueM. Elle 10 pelueHdst
ypasHenus IllpénuHrepa Hajgo 3anaTh HayaJbHOE COCTOS-
Hue. Ilyctb, HampuMmep, HMeeTCs OJMH 3JEKTPOH, U €ro
BOJIHOBAsl (DYHKLHS B HEKOTOPHI MOMEHT COCpPeLOTOYEHA
B Kaxkoi-To Touke. Kak oHa 6yler MeHAThCA C TEUEHHEM
Bpemenu? M3 pelieHus BOJIHOBOTG ypaBHEHHS BM/JIHO, 4TO
BoJIHOBasi (YHKUMA HeOTpaHHYEHHO pacmaniBaercsa. Ho ec-
JH TIPOM3BECTH HaOJI0JeHHe, OHa pe3Ko coxMercs. Takoi
pe3yJbTaT, K COXKAJEHHIO, Helb3s IOJAYYHTh KaK HEeIpephiB-
HO€ pelleHHe ypaBHeHus. Ho MpeANmoJIOKHM, HMEETCs elle
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4TO-TO, KaKOe-TO APYroe Tejo, ¢ KOTOPBbIM Hall 3JeKTPOH
B3auMojelcTByeT. YureM H 3TOT caydad. Ilpeanosoxum,
C 3JIEKTPOHOM CBfi3aHa KaKasl-TO yCTaHOBKAa. MoxeT ObITh,
npu ee yueTe (akTOp pa3pbiBHOCTH Hcue3HeT? OKasbiBaeT-
cd, Her, HauboJsee sicCHO 3TO MOXKHO HPOCJIEAHTb Kak pas
Ha NpUMepe ¢ KOTOM.

BxJ/iouuMm B cHCTEMY, CBA3aHHYIO C KOTOM, BCe, OT pajgHoO-
AKTUBHOIO 3JeMeHTa A0 aMOyJbl ¢ CHHHJbHOH KHCJOTOH.
BzaumopeficTBHS B 3TOH cHCTeMe IIPOHCXOAST HE3aBHCHMO
OT TOro, IOCMOTpeJH MBl Ha KOTa HJAH HeT. UTo ¢ HHUM cTa-
JIO, Mbl MOKEeM y3HaTb, IPHOTKPHIB KDHILUKY. MoKHO, KO-
HEYHO, U He OTKPHIBaTh KPHIIKY, €CAH CYHTATb, UTO BCe
3aKJIOYEHO B CTEKJISHHBIH cocyl. B KakKoH-TO MOMEHT KOT
norn6aer. Ero rubenp ykaspiBaeT Ha BHE3alHOE cxXKaTHe
BOJIHOBOrO IakeTa. $I3bIK, KOHEYHO, TSXKeJoBaT, HO CyTh B
TOM, YTO IPOHM3OLLIO HEUYTO, COOTBETCTBYIOILEE CIXKATHIO
BOJIHOBOrO Iaketa. TyT yx HHUero He mojenaeiib. Kak 6wt
MBI HM YBeJHYHMBAJH pasMep 00bEKTa, BCe PABHO B sIBJe-
HUM CXKAaTHd BOJHOBOIO Iakera Hac OyleT IpeciaeloBaTb
HHIeTepMUHH3M, VHpeTepMuHH3M 3TOT OOBEKTHBEH. Ero
Jyyille BBIPA3UTh, CUHTAsl, YTO BOJHOBOH NakKeT BHE3alHO
CKHMaeTcs.

HecorsiacHble ¢ 3THM CYMTAIOT, 9TO HaJO paccMaTpHBaTh
CKOJIb YTOAHO GOJbllIHE CHCTEMBI, MOCJAEJ0BATEJbHO BKJIO-
yasi BCe HOBble M HOBble B3amMmojelcTBus. Ho cxkarue ma-
KeTa Hpou3oHaer jpa)ke ecJH BKJIIOUHTH Bce. KcratH, Kor-
Jla TOBOPSIT O BKJIOUEHHUH BCEro, HaJ0 BKJIOYATb TaKXKe H
JyMaromero cy6bekra.

A: Ilpodeccop cunuTaer, 4To KOTa TOKE MOIKHO ONHCATb
BOJIHOBHIM ypaBHeHHEM?

IOkaga: Taxue cloXKHbIe CHCTEMBI ONMCHIBAIOTCS He BOJI-
HOBBIM ypaBHEHHEM, a NOAXOxAUIefi  CTATHCTHUECKOH
cmecblo. Ho Kakylo OBl CTaTHCTHYECKYIO CMeCb HH B3fiTh,
yCTpaHHTh HHAETEDMHHH3M HeBO3MOxKHO. [lpaBaa, ecan
KTO-1160 IPEeJIOKHUT JAPYyrylo, 6ojee yAauHYIO BEPCHIO He-
COMHEHHOH rubesn KOTa B ONpeJeseHHbIH MOMEHT BpeMe-
HH, TOTA Apyroe Aeso (cmex 8 3ase).

OpaHaxko aJast Apyrofl BepcHH HeT oCHOBaHMH. B koHue
KOHIOB JeJo CBOJAUTCA K MHUKPOIPOLeEcCY, a BHeM HHJe-
TEPMHHU3M ocTraeTcs. PaaHoakTHBHBIH pacnaj — cl0XK-
HOe sIBJeHHe, HauboJsiee NPOCTHIE €ro BAapPHAHTH ONHCHIBA-
10TCS Me30HHO# Teopuell. IIpoxuBeT JH paJANOaKTHBHBIH
atoMm 0Oe3 pacnana 10 nHeit nau pacnagercst 3a 10 MuUH —
BONIPOC BEPOSITHOCTH, H y HAc HET IPYyrol, He CTAaTHCTHYe-
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cKOH Teopuu. [lymalo, u B 6yAylieM Takas TEOPHS HE CMO-
KET NOSIBUTHCA.

A: Huxak He noiimy. Hanpumep, B HalleMm cjiydae KOT
3anepr B simuke. Jlo Toro, KaK MBl OTKPBUIH FIMHK H IIO-
CMOTpeJH, NOJXKeH KOT ONHCHLIBATBHCS CYNePHO3HIHeH BOJ-
HOBHIX (VHKIHH HJIH HeT?

lOxkaBa: CMoTpeTh HJAH HE CMOTPeTb — 3TO BCe DaBHO.
B pannom ciayuyae GespasauuyHO, CMOTPHUTE JH BHl Ha KOTa,
WM Ha 3Be3ibl. Ho Korma BEI cMOTpHTe Ha He0O, BH MO-
»KeTe NpeicKasaTh CoHeyHOe H JYHHOE 3aTMeHHe, a CMOT-
ps Ha KOTa, HUYEro TpeicKasaTh He Moxere, Pasnaudue
MeXAy 5THMH cJyd4afgMu OGYyCJOBJGHO 3aKOHAMH MHKDO-
mMupa. FMIMeHHO K 3TOMY CBOAMTCSl DasroBOP O XH3HH HJH
cMepTH Kota. Ecu BaM He HpPaBHTCS KOT, MOXKHO 3aMeHHTH
ero yeMm-To eme (cmex 8 3a.ne), OrPAaHMUUTLCS CUYETUHKOM
WM IIOCTaBHUTb BMECTO KOTa KaKOH-1HOO H3MepHTeNbHHIH
npubop, npasna, Toraa OyleT He CTOJb BHeuaTJsIOLIe.

A: Torma KoTa Jyyule 3aMEeHHTb YeJOBEKOM. A TaK Kak
qesqoBeKa yOuBaThb He Oy/eM, MOXHO NpHAeaaTh JdaM-
IOUKY ...

KOkaga: 1 Tax paJee, 310 X0po1o.

A: Hrak, B sIHKe CHIUT 4YeJOBeK, IVIAAS Ha JIaMIou-
Ky, OH 3HaeT, TOPUT oHa HJAH HeT. Ho MOXKHO /1H omucaTth
COCTOSIHHe JIIOAeH BHE SIIMKA CYNepHO3HLHEH aMIIATYA
OXKMJAHHS TOTO, YTO YCJNOBEK B SIIHKE BUJAHT CBET HJH He
BHJHT €ro?

IOxkaBa: Teneppr agpyroe pgeno. Ho Tak xax B sluiuke
€CTb OKHO, CHAPYXKH JIIOJAH BHAAT BCe OJHOBPEMEHHO C TeM,
KTO BHYTpH. XOpOIIO, KOHEYHO, BMECTO KOTa TOCTaBUTb
JaMIOYKy, HO CMOTPHT OJHH, ABa HJH CKOJBKO YTOAHO JIO-
Jel, GeapasauuHo. [Ipousomesn sneMeHTapHLIE HPHUPOAHBIH
npouecc. [ToBTOps0, 3TO MHKDOSIBJIEHHE.

A: B KOHIle KOHIIOB, 3Ta TOYKA 3DEHHS.

IOkaBa: He B Touke 3peHHMs cyTh. DTOT BOHPOC He pe-
ilIaeTcsl U3MEHeHIieM TOUKH 3peHHs, Kak pellarTcss MHOrHe
napajoKchl, CBSI3aHHBIe C MyTaHHUEH M OMMOOYHHIMM MHE-
HUSIMH O MHKDOMHpE, BO3HUKAIOUIMMH H3-32 €ro OTJIHYUS
OT TPHBBIYHOrO, MOBCEIHEBHOTO mMupa. Ha TtakeM nyTH B
HalleM cJaydYae HHYEro He cjejaemib. Brnpouem, ecau yrop-
HO, MOXKHO DacCMOTPETh AeJO MO-APYroMy, HO B KOHIEe KOH-
OB MBIl IPHJEM K TE€M Ke 3aKJIOYEeHHSIM.

Moxno, Hanpumep, HHaue paccka3aTb O JHCCKYCCHH
Bopa ¢ DfinmTeliHOM, 0 KOTOPOH MBI CErOfH TOBOPHJH,
HO BeIb Pe3yJ/bTaT Clopa OT 3TOr0 HE JOJXKEH H3MEHHTBCS.
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Yro 3T0 6BlJIA OB 32 HCTHHA, COJEPKAaHHE KOTOPOH U3MEHs-
Joch 6Bl B 3aBMCHMOCTH OT TOUKM 3peHus? (cmex 8 3aze.y
B stom cytb npoGaeMbl. Bo3aMOXHO, KOHEYHO, 4TO HaHAyT
APyroe HCTOJKOBaHHe aeficTBuTeNbHOCTH. Hanpumep, HBom
npejJaraj TEODHIO CO CKPHITHIMH napaMerpamu. [Ipu omn-
peneseHHONH KOMOHHalUMH 3THX IapaMeTPOB KOT YMpPET B
TeueHHe daca, a eCJH 3a 3TO BpPeMs OH He NOTH0, 3HAUHT,
rie-To ecTh HeuTo, TMpefolpefenuBiiee APYrod XOx cOOLI-
tuii. KoHeuHo, xopomio 6bl padpaboraTh NMOALOOHYIO Teo-
pHI0, HO KaK c/esaTh MpaKTHYeCKH, yToOn OHa Oblsia yaau-
HOH M Xopolo paborana?

A: Tax uro xe, HoJydaeTcs 9TO BOJHOBYIO (QYHKIHMIO:
HeJab3sl NPHMEHATh K MaKPOCKOIHYECKMM CHCTEMAaM?

IOxaBsa: Korga Mbl rOBOpHM O BOJIHOBOH (QYHKIHH KO-
Ta, HaM 0Ge3pa3/HyHbBl JeTajH €ro IOJHOIO COCTOSHHSA.
Benh MBI HHTEpecyeMcsl TOJNBKO T€M, XKHB OH HJIH  HET,
TOJBKO 3TOH CTENEHbI0 CBOGOJHI.

A: Jla, KOHEYHO.

HOkaBa: [pyrux crenesHefi cBOOOAb OYeHb MHOTO, HO
OHM He OTHOCATCH K obcyxKaaeMoMy Bompocy. B kakyio
CTOPOHY NOBEPHYJCS KOT IepeA KOHUMHOH, Hac He HHTepe-
cyer (cmex e 3ase). HyxHO paccMaTpHBaTh TOJABKO T€ CTe~
neHH CcBOOOIBI, KOTOPble MMEIOT OTHOLIeHHe K Jeldy, B Ha-
IIeM cJayyae CBSI3aHHBIE C PaclafoM paiMoOaKTHBHOIO aTo-
Ma U BOINPOCOM O JXH3HH M CMEPTH KOTa (MJIH O TOM,.
3axKrjach Ju JgaMmnouka). Macca coOblTHi, KOTOPHIE MOIYT
NPOU3OHTH B NPOMEXKYTKE MEXKAY 3THMH JABYMd, ¥ OCTaJb-
HBle CTeleHH CBOOOMBI KOTa K Jesy He oTHocsiTcsl. Ilostomy
HeCYLIeCTBEHHO, METaJNJHYeCKHH JH SIMUK, HIH CTeKJsH-
HBIf, HJIH OH CAeJaH H3 Yero-HUbyIb ellie.

Hopnan cxkazan 6B, 4To B cayyae ¢ KoToM paboraer
MeXaHH3M THraHTCKOTO YCHJIEHHS, HO 3TO y3Ke NPeIMeT clie-
HHAJBHOTO paccMOTpeHus. B ofmeM, npu H3MepeHHH MHK-
POCKOIHIYECKHX BEJIMUHH Mbl JOJKHBl KaK-TO CBSI3aTh MHK-
POABJEHHS ¢ MakpooObeKTamMH. DTO O7HA U3 Pa3HOBHIHO-
cTeff THTAHTCKOrO YCHJEHHS.

ToyKy 3peHHsI, KOHEUHO, MEHATh XOpOIIO, HO B OOLIU-
HOH KBaHTOBOH MeXaHHKe Ha TakoM NYTH He TOJYUYHIIb
0cOOBIX pe3y/abTaToB. BOT HaA HECKOJbKO 6oJee MPOABUHY-
TOH CTaJMH, B TEOPHUH 3JeMEHTAPHBIX UACTHUI, I'Je HHKTO He
3HaeT HCTHHY, NpejJjarath Jmbble, caMble HEOOLIYHEIE TOU-
KH 3peHMd NIOXBa/JbHO. MEHATh Ke TOUKY 3peHHUS Ha YpOB-
He KBAHTOBOM MEXaHHKH — 3aHATHE OecHJOfHOe, XOT,
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KOHEUHO, INBITAThCA AyMaTb BCerAa NOJEe3HO, Belb 3TO —
TPEHHPOBKa AJIsi yMa (cmex 8 3are).

INpencenareiscTBYOMHUA: EcTb JH y KOro-HuGy b elle
BONPOCH?

B: O yacTHOH TeOpHH OTHOCHUTENbHOCTH DHHIUTEHHA MBI
CABIXaNyu B LIKOJE, a ee GopMyJibl HaM OOGBSICHSIN Ha JeK-
nusx no obuied ¢usnke. McTopruecku sta Hayka BO3HHK-
Ja u3 onslta Maiikeabcona — Mopan?

IOkaBa: DT0 oueHb CJOXKHBIH BOHPOC. BHISCHHTL HCTO-
PHYECKYI0 MCTHHY, NPOTHB OXKHIAHMS, HOBOJLHO TPYJHO.
HocraTouno ckasaTh, YTO caM DHUHUITEHH He 3HaJ ONbITa
Maiikenbcona—Mopiu.

B: Tak uro ke, DHHIWTEHH HCXOAHJ TOJBKO H3 CTpeM-
JIEHHSI COIJIacoBATh 3aKOHBI MPHUPOMBI?

IOkaBa: [la, 1 Kak OH caM roBODHJ, CKOpee H3 CTPEeM-
JIEHHA YCTaHOBHTb HHBADHAHTHOCTb 33KOHOB INPHUPOAHl OT-
HOCHTeJIbHO INpeo6pasoBaHHs JlopeHLa, KoTopoe TOTAA
Obl0 H3BecTHO — JIopeHI ero yxe BBIBeJ. ITO, BHIHMO,
Oblyio raBHBIM cTMyJoM. [IpaBpa, kpome oneita Mai-
KenbcoHa—Mopau OblJIM ¥ ApPYrHe ONBITH, O KOTOPHIX MBI
C BaMH XOTSl H CJABIILIAJH, HO HEeJOCTATOYHO XOPOWIO HX
3HaeM. DHHHITeHHY OHH OBIJIM M3BECTHH, a BOT IIPEBOCXOA-
Horo onbita MafikeascoHa—MopJK OH, MNO-BHAMMOMY, He
3HaJ. B cBoeii nepBo# craThe OH €ro He YIOMHHAaeT, H
No3Xke TOBOPHJ, UTO He 3HAJ 3TOro onsita. Bce 3to oyenb
CTPaHHO.

A: Y MeHsd ellle OJHH NpOCTOd Bompoc. Bepro su s mo-
HsJI, 4TO, 1O BamieMy MHEHHIO, y (H3HKH KOrjga-HuOYyAb
HacTyOHUT KOHel?

lOkaBa: Bepro.

A: Kax xe 3T0 MOXKeT IIPOH3OHTH?

IOkaBa: Belu, He uMMelOlIHe KOHHA, IIPENCTABJSIOTCS
MHe OueHb CTPaHHHIMH (cMex 8 3aase). Bce, uTo gnexsalor
J10a4, 06s3aTeNbHO MMeeT KoHel (cmex), GECKOHEUHOCTh
37ech OTCyTcTByeT. Jlymath 0 GECKOHEYHOCTH HeeCTecTBEH-
HO, NIOHATHE 5TO BBEAEHO MAaTeMAaTHKaMH, a B YeJOBEUECKHX
Aenax GeCKOHEYHOCTH HeT. Jla WM ¢ 3JeMeHTapHbIMH 4YacTH-
HaMH Korna-HuOyAb INOJHOCTBIO pasbepyTcs, TOJIBKO He
B30pBaJaH Obl paHplie storo 3emaio (cuex). Bymem Hane-
AATbCS, YTO TAKOro He Ipousoiiger. Ho eule paHplie MOXKeT
CJIYYHTBCS, YTO JIOJASIM NMPOCTO HAJZOECT TPYIAUThCS, a 3a-
HHMaTbCd HAyYKOH cTaHeT IPOTUBHO (83pwvi8 cmexa). BB ca-
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MOM ZeJe, HacTymuT BceoGias amnatusi. Hy, a ecan ne Ha-
70ecCT, TO pasBuTHe GyAeT HEOrpaHHyeHHDLIM,
IlpencenareascTByromuit: Ha  3ToM 3aKaHUKMBaeM

JIEKIHH.
(ITpodosscuresvroie anao0UCHEHTSL.)

SAKJHYEHHUE

3Ta KHHra COMEPKUT TOJHBIH KOHCIEKT JeKUMH, npo-
yuranubix npod. IOkasa 1820 wmapra 1974 r. Jlexuun
HasbiBajduck «OcHOBHBIE TIPOGJeMB (H3HKU» H OBLIM Op-
raHuzoBaHbl SIMOHCKHM TOCYLApPCTBEHHBIM YHHBEPCHTETOM.
Bxosa 6vla ¢BOGOAHBIM, W JIEKIWK MPOCAYIIAJJO HECKOJbKO
COT CTY/JICHTOB M3 MHOTHX Hay4HO-TE€XHHUECKHX BY30B TOKMO.

Bocnosbp3oBaRHINCh CaAydaeM, CKaxy HEMHOTO O TOM,
noueMy s 3aHumascs stoft kuuroit. Korga § Toabko uTo
OKOHYMJI YHHBEDCUTET M INPHCTYHHJI K CaMOCTOATEJLHBIM
HCCJAENOBAHUSIM, MHE OYeHb NOHPABHJIACh NpPeNJokKeHHas
npod. IOkaBa TeMa No HeJOKa/JbHOH KBAHTOBOH TEOPHH TIO-
as. BrnocnencrBuu s, Tak ke, kak u npod. IOkasa, zanu-
MaJjacsg pa3paboTKOH BOIpPOCa O €IHHOM ONHCAHHH 3JIECMEH-
TapHLIX YAaCTHII Ha OCHOBE NPeICTaBJEHHS O NPOCTPaHCT-
BEHHO-BPeMeHHOH pa3maske. B Xxone aTo# paloTH 4 1O He-
CKOJIKY DPa3 B rojJ yyacTBOBaJ B CO3BIBaeMHIX Ipodecco-
pOM CEMHHAapax Ha 3Ty TeMY ¥ HMeJ cyacTbe CAYIIATh €ro
riayGokue, TPOHHIATENbHLIE CYXIAEHHS O CYTH NpoO/JIeMbl.
YuuteiBasi Moft 6au3kuit kKoHTakr ¢ npod. IOxapa, mana-
TeabcTBO «KopaHcsi» o6paTHaIoch KO MHE ¢ J1100€3HBIM
Ipe/JioKeHHeM H31aTh 3a1HCH ero JeKUHUH.

[Tepen BHUMaTesbHONH M GaarogapHOH  ayAHTOpHeld -—
CTyZeHTaMH Tokuiickux By30B — [OkaBa o6pHcOBas BO3-
BLIIEHHBIH 06pa3 (GU3UKH, CO3AaHHBIII UM 1Ji5 cefsl caMoTo.
Koneuno, camu no cebe npobaembl, O KOTOPHIX TOBODPHJI
IOkaBa, yacTo He HOBHI, 1 O BUX MOXKHO IIPOYECTb B APY-
FHX TeYaTHBIX M3AaHusX. Ho upesBbluaiiHast OT3LIBUHBOCTH
ayJAHTOPHH, a TaK¥Ke pa3/JHYHBIE OTCTYIJIEHHS, OXKUBIAIC-
[HEe JIEKIHIO W BOCIPOU3BEACHHBIE C BO3MOMKHON TOJHOTOH
B JaHHOH KHHUre, NPHUAAIOT el HENOBTOPHMOE ouapoBauwue,
Ocofenno s xoTea Obl MOJUEPKHYTL, YTO B 3TOH KHHTE (H-
3MKa He TNPeACTaeT KaKk «3aKOHUEHHAs Hayka», a pacKpbl-
BaeTcs B Tpolecce ee CTAHOBJeHHS. MBI BUAUM siDKHe 00-
paspl TBOpUOB (u3uku. PH3MKa ONMHCAHA KaK aKTHBHAS
JesITebHOCTh O0ypeBaeMbIX UYBCTBAMH JIOJAeH, BLISBJASIET-
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Csl ecTecTBeHHAas M TayboKasi CBs3b (DH3WKH C ee co3jaTte-
asgmu. Takoe xuBoe H306paxkeHHe MOXKET AaTh TOJBLKO ue-
JOBEK, TBOPUECKH YYACTBOBABINHH B CO3MaHUM (PU3HKH.
IOxaBa — KakK pa3 Takol uejoBeK, yTO B NOJHOH Mepe
NpOSBHJIOCH B NaHHOH KHure. Kuura »sTa — He yuYeOHUK,
OHa — $iBJIeHHE B HCTODHH HAyKH; AyMalo, 4TO €€ OLEHAT
BCE JIIOOH, JIOOAIINE HE TONbKO (PU3HKY, HO M HayKy Bo-
obIe.

SIpkoe BeceHHee COJIHIIE OCBEl(aeT MNPOCTOPHBIH JeKIH-
OHHBHIH 3aJ, B KOTOPOM co0pasach MOJNOAEXb — CTYAEHTH
CTOJIMYHBEIX BYy30B. [lepel HHNMH B HeNPUHYKAEHHOH MaHepe
npodeccop YHTaeT JEKUHID., DTO He «JIEKUHS» B OOLIeNpH-
HATOM CMBIC/IE CJOBA, a, cKkopee, 6ecena, KOTOPYIO YUHTEJb
BeJIeT ¢ YUeHHKAaMH Ha paBHEIX, B ApYy¥XKecKoii aTmocdepe.
CieIuTh 3a peubl0 YUHTENS H BOCHPDHHHMATb €€ NOMOraer
ero MNPHATHEIH TOKUHCKHI JAHa/leKT, HeOoObUalHHO OXKHBJS-
lomu# nosectBoBaHMe, Crienuduueckuii HeHaBA3UMBHIH
IOMOp H cBoeoOpasHbH a3blK HOKaBH He TNOTepPSAJH CBOEH
npesecTH Laxe B DYKONMCH. 3a TPU [AHS YYHTENb OXBATHJ
BCIO (PH3HMKY, MBI OILYTHJU €€ KaK IeJoe H NO3HAKOMHJIHCh
¢ o6pa3aMH HEKOTODBIX M3 ee 3aMeuaTeJbHBIX CO3JaTelel.
OTcTynneHuss U MHTEpeCcHblE 3MH30[bI, PacCKa3aHHbBIE YUH-
TeseM, OBIM Lesecoo6pa3Hbl H 0Ka3bIBaJH KejJdaeMoe nei-
CTBHE. .

B 3Tofi kHHure 3anmucaHa moasuHHas pedb IOKaBH, T, €.
KHHMra He SIBJSIETCS PYKONMCHBIM IIpoM3BejeHueM., Ecrect-
BEHHO, YTO NPH TONBITKE IPEJCTaBHTh 3alHCAHHHIH Ha
MAarHHTHYI0 JIEHTy MarepuaJ JieKUMH B BHIE KHHUTH
MBI CTOJIKHYJHCh C T€M, YTO HHOrZa (akTH H3JOKEHHl He
TaK, KakK cJefoBaJo Obl B «PYKOINHCHOM TIPOH3BEIEHHHY.
Hymaro, 310 OOBACHSIETCS TEM, UYTO JEKTOP YTOMHJCS.
YUTto6GEl MCOPaBUTbL 3TH HEJOCTATKH, NPH MOATOTOBKE Mare-
pHuaja K IeyaTH NPHINJIOCh BHECTH aBTOPCKYIO IIPaBKY, yCT-
PaHUTh HEKOTOPbIe IIOBTOPHI U HETOYHOCTH., [enaTh 370 MH
CTapajuch TaK, 4TOOH He HAPYUIHTh OOIILEro BIeYATJACHHS
or sexnuit. Ho mockonbky peur KOkaBwl faseka or cTHas
OOBIUHBIX 3apaHee HANUCAHHBIX JeKuui H B  KaKOM-TO
cMbICcae npeacTaBisieT co6ofi cBobopHyw Geceny, NpH MOA-
rOTOBKE K MNeYaTH Mbl 110 BO3MOXKHOCTH CTPEMHJHICH TOYHO
BOCNPOH3BECTH TO, YTO OH T'OBODHJI, MO3TOMY NpaBKa Halua,
€CTeCTBEHHO, Obllia OTPaHHYCHHOH,

B cBsI3H CO CKa3aHHBIM BpPeMeHaMM MOXKET II0Ka3athCd,
uTO MarTepHas chipoBaT. Kpome Toro, y Hac BO3HHKJIH TPYI-
HOCTH IIPH COOTHECEHHH DHCYHKOB H (OPMYJ C TEKCTOM,
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Bce prcyHKH ¥ GOpMyJH, €CTECTBEHHO, GHIIH CKONMPOBAHH
C JIOCKH, HO OCTaJIOCh HEH3BECTHBHIM, B KaKOH HMEHHO MO-
MeHT pHcoBast ux IOkaBa. 3a 3TH HeNOCTAaTKH MEl IPHHO-
CHM YHTATeJSM CBOH H3BHHEHHS, HO HaJeeMcd, 4TO CMBIC]
ckazaHHoro KOkaBofi MBI BCE K€ JOHECJH BCIOAY $CHO.

Kuura paccuutaHa Ha wHTaTes]si, 3HaKOMOro ¢ (PU3NKOH
B IesoM. Y JIHI, He MMeIOIHX HayyHO-TeXHHYEeCKOH IIOAro-
TOBKH, TEPMHHOJOTHSI U Da3Hble HEJOMOJBKH MOTYT BHI3-
BaTh HEKOTOPBHIE 3aTPYJHEHHS, NO3TOMY B KOHIE KHHUTH B
BHIE NpHMeYaHWil JaH [QOBOJbHO NOAPOOHBII KOMMeEHTa-
puti. OfHaKO AyMalo, YTO NMPH YTEHHH HET HeoOXOAHMOCTH
MNOCTOSIHHO 3arvisiAbiBaTh B NPHMeYaHHSA.

B xoje MOArOTOBKH KHHIHM K NEYaTH GOJBIIVIO IOMOIIL
IPH PEJaKTHPOBAHMM TEKCTAa M COCTABJEHHH IpPHUMeuaHui
0KasaJu JeKTOp JIMOHCKOro roCyAapcTBEHHOTO YHHBEpCHU-
tera Hakamypa u mpodeccop Toro xe yHupepcurera ['oro.
Ilpu nepesoxeHHH TEKCTa C MAaTHUTHOH JEHTH Ha Oywmary
HaM oueHb noMmor Mparacu (MucTuTyT Teoperuueckoid u-
3uku IpH Bapmasckom yrusepcutere). [losiBreHuio  aToft
KHHTH, OT [IepPBOHAYaJbHOrO 3aMmbicia 10 OQOpMJIEHHS me-
YaTHOTO TEKCTa, MHOTO CHJ OTAaJ COTPYAHUK H31ATelb-
ctBa «Kopancsa caitntuduxy» Tacupo. Becem 3THM jgunam
sl IPHHOLIY CepAEYHYI0 6/1arofapHOCTb.

20 susaps 1975 e.
0. Xapa



NMPUMEYAHHUSI

JEKILHA 1

1. Berpeunbie myukd, B oOBIUHBIX YCKODHTeNSX yacTHLA, Pas3orHas-
Has RO BHICOKOH 3Heprus, yAapsiercs ¢ INOKOSWIYKCS MHLIeHb. Ecau
wacTHie Macchl m coobuieHa 3Heprus E, To B cucreMe LeHTpa Mace
SHEPrHSl COYIAPeHHH YacTHLBI M MHLUIEHH He NpPEeBbILIAET V'amE. Oz-
HAKO eCJH PA30rHATh M YACTHLY M MHIUIEHb H OCYHIECTBHUTb HX J000BOe
CTOJIKHOBEHHE, TO B CHCTeMe IEeHTpa MacC MOXKHO HCIOJAE30BaTh IOJ-

HEPHOBCKHH NPOTOH-NPOTOHHBIN YCKOPHTEJNb HAa BCTPEUHBIX NYYKAa
(OKenepa, IIBefinapus)
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