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[TpoTneBopeunss n nsabsaHbl CTO, obHapyXeHHbIE aBTOPOM

= 2.[llpun BbiBOAE []]
ONHLWTENHOM BbIfo
OTOpPOLLEHO OTpULIATENBLHOE
3HadeHne pyHKumn ¢(v),
YTO CKPbISI0 NCTUHHBIN
CMbICn npeobpasoBaHms
OLHOro CBA3HOIO
MHOXecTBa (cdepbl t =
const, onpegensaemMmomn
ypaBHeHunem (1)), B opyroe
CBA3HOE MHOXECTBO
(BbITAHYTbIN MO ocn X
annuncoug, KoTopbin B
nonyyaemom
0edopMnpoBaHHON
cucteme S’ otobpaxkaetcs
ypaBHeHunem (2)).
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Puc. 1. I"p_ad;mecxoe u306paxKeHue B CHCTEME K’ MHOXeCTEa COOEITHH
M (% y, z t=const) n KopHET pelle HUA IKEUBANEHTHEIX YpaBHe Hui (1, 2):

t'=tkt+k(vic)x, 7' =tkr + kfx,
x' = tk(x —ve), x' =i (x=6r)
Y=ty yi=ky,
zi=ikz, Z'=%z




MpoTrBopeuns n nabsaHoel CTO, obHapyXeHHble

aBTOPOM

= 4. VlpeanbHble Yacbl QNHLITENHA-
JlaHxxeBeHa, cocTosLwmne 13 napsl
napannenbHbIX 3epkar, 3akpensieHHbIX
Ha XXECTKOM CTEpPXXHe, B CUIly NpuHUMNa _
OTHOCUTENBHOCTU N Pa3HbIX 3TafIOHOB /
NpoTsHKeHHOCTU B S’ ByayT npu _df

o

f
|
N3MEHEHUN NX OPUEHTaLIMKN NMOKa3bIiBaTb }\\ A\

pa3Hoe BpeMs. Kpome aToro,
COBMECTHOE peLleHne ypaBHEHNN

ézk t+—x' |u t=kt§ﬁaeT X

= JTO OBHA4@ET, YTO NOKa3aHMA YacoB
BEPHbI TONIbKO NPWU NOJOXXEeHUN 3epkarn B
MJTOCKOCTU

x'=0
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MpoTtnBopeuns n n3bsaHbl CTO, oOHapyXeHHbIE aBTOPOM

= 5. Popmynbl npeobpasoBaHus ckopocten B CTO npu nepexone ot
O4HOW UHepLManbHOW CUCTEMBI K ApYron onpenenatT He KOMMNOHEHTbI
CKOPOCTU NMPOn3BOSIbHOU MaTtepuanbHON TOYKU, @ KOMIMOHEHTbLI CKOPOCTU
TOYKN CBETOBOIo PpoHTa, T.K. NnpeobpasoBaHua JlopeHLa CBA3bIBAOT HE
nobble koopauHatel U Bpemsa asyx NCO, a koopanHaTbl U BpeMS
nepemMeLLeHNsa CBETOBOIoO curHana. Ecnvn onpeaenartb OTHOCUTESNbHYHO
CKOPOCTb MaTepmarnibHOW TOYKN KaK OTHOLLEeHMe ee nyTu 3a Bpema At' K
nyTU, NPONOEHHOMY CBETOBbLIM CUrHANOM B TOM XK€ HarnpasneHun 3a ToT
Xe NPOMEXYTOK BpEMEHU, TO NONy4uMM oOpMyrbl, CyLLECTBEHHO
otnuyaromeca ot dpopmyn CTO:

' wx_ﬂ ro_ Vl_Bz W r_ VI_BZ W
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X

"Hayka n byaoyuiee: ngeu, kotopble
17 masa 2005 roga N3MEeHAT Mup"



CoObITHA ABHKEHHS TTPOH3BOJIbHOMH MaTepHATLHOH TOUKH P'H

TouKH M ' hpPOHTA CBETOROIT BOSTHBI Yepe3 PaBHbI HHTEpPBAT BP€MEHH
B CHCTeMe KOOPAHHAT, OTBeqalonleii npeobpasopaHisiM JIopeHiia.
Touka Oy smisieTcsl (POKATLHON TOYKOH JUIsi BCEX CRBETORBIX BOJTH,
(pOHTLI KOTOPLIX OTOGPaKeHb! AUHIICAMH. Koop/HHATLI TOUKH M’
H CBETOBOE BPEMS B CHCTEME KOOPJIHHAT (X, ¥,, Z, ) ONpPEA&ISIOTCS
npeo6pasopaHHsIMH JIopeHa:

X =Rk(X~B%), ¥, =Y, Z;=Z, t;=Kkz-pX)
KoopaHHaThl MPOH3BOMLHOH MaTepHATLHOH TOYKH  OMNpPEAeIoOTCs
Hgepes KOOPAHHATEI (X, ¥, Z) H pacCTOsHHE I; = Bkt MEXKIY TOYKAMH
O'u O

: =k(x-Pv), y,=y, 2,=2




Ot npeobpasoBaHnn Nanunes u JlopeHua K HOBbIM Npeobpa3oBaHNAM

= [lo cytn, u npeobpasoBaHus JlopeHua, n npeobpasoBaHus anunesa MoXxHo
paccmaTtpuBaTtb Kak ogHoTuUnHble CK, obpasoBaHHbIE MyTEM NEepeHoca Havana
KOOPAWHAT B ABWXYLLYHOCA OTHOCUTENBHO MCXOOHOW CUCTEMbI TOUKY.

= B npeobpasoBaHusax Manunes onpeneneHne HoBbIX KOOPAUHAT NMPON3BOAUTCSA TEM XKe
3TanoHOM AJIMHbI, @ BPEMS NMPUHUMAETCSA PpaBHbIM BPEMEHU UCXOQHOW CUCTEMBI. B
pes3ynksTaTte 3Toro NyTb 3TaNOHHOIO ABMXKEHUS B Pa3nNYHbIX HanpaBneHusX OBUMXKYLLENCcs
CK, npu paBeHCTBE Noka3aHU YacoB, OKa3bIBAETCHA HE OANHAKOBbLIM U, CIeA0BaTENbHO,
CKOPOCTb 3TaNIOHHOIO ABMKEHNSA B HEN HE ABNSAETCS KOHCTAHTOWN.

= OTnnumne KoopgmHaTHOW cucTeMbl NpeobpasoBaHum JlopeHua B ToM, 4To ncxogHaa CK
nedopmMmupyeTcs 1 B Hel paccmatpuBaetcs asmxkywasacsa CK. Hosble koopanHatbl 1
BpeMsi B npeobpaszoBaHusix JlopeHua yBA3bIBAOTCA C NyTEM 3TaNIOHHOIO ABUMXEHUS TaK,
YTO CKOPOCTb 3TAaNIOHHOIO ABWMXKEHUSI B HUX SIBMSIETCA KOHCTAHTOW. OTO NPUBOAUT, Kak
NoKasaHo BblLle, K NPpOTUBOPEeYnamM 1 owmnbkam. OgHako, BBeAst 3KBMBANIEHTHOCTb
ypaBHeHUn (1) u (2), A. SNHWTENH B crnieymaribHOM TeOPUM OTHOCUTESTBHOCTU 3anOXNIT
Naer N3MepeHna BpEMEHU OQHUM OBUXEHMEM Unu, ApyrmMn crioBaMmun, BBesm 0gHO
aTanoHHoOEe ABWXEHNE AN n3MepeHusi BpemeHu B pasHbix CK.

= [lpn co3gaHnmn HOBLIX, CBOOOAHBLIX OT rnpoTusopednit CK n npeobpasoBaHnmn angd
ornpeneneHns nx KoopanHat HeobXxoaANMMO UCXOANTb U3 aen SUHLLITENHA, COXPaHSIS
NPUHUMN oOQHOBPEMEHHOCTU cobbITnin B padHbix CK. Npu aTom, ogHako, He cneayeT
3abbiBaTb O BbicKa3biBaHuU A. [lyaHkape:

= «Hukakas reomeTpus He MOXeT ObITb Donee NCTUHHA, YeM Apyrasi; Ta Unn nHas
reoMeTpust MOXeT ObITb TONbLKO 6osiee yOobHOU.
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OT npeobpasoBaHumn anunes u JlopeHua K HOBbIM Npeodbpa3oBaHNAM
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m nsa npouecca aABmxeHna poHTa CBETOBOW BOMHLI B AedopmnpoBaHHon CK cuctembl S’ Havano 5
OKaJIbHOro pagnyc-BekTopa Qrpenensercd NoroxXeHnem (go ca annuncouaa I/I3Q)((POHHOI/I CBeT§}30I/I
OBEPXHOCTU, KOT ep IM B NIOOOM MOMEHT BPEMEHM COBIAgaET C Ha4yanom ABMXKYLLENCA CUCTEMDI
CIN YCTPaHUTL [ cBo MUPOBAHWE, T.€. BBECTU €ONHbIN 3Tan0Hg OTF|>KeHHQ?_T , TOo B nony4deHHoy CK
OKarlbHbIM pagnyc-BEKTOP NPEBPATUTCA B paanyc-BeKTop npeobpasoBaHun [ anunes, cesi3aHHbIN C

MOZIyINeM pafnyc-BeKTopa N3OXPOHHON CBETOBON NMOBEPXHOCTU BbIPaXXEHUAMM:

(R'=AR,
= \/l—(Bsin ®')> —Bcos® = /1-2Bcos O+ 7,
sin® = A -sin®’.
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OKCLeHTpMYecKkas cuctema KoopamHaT

¥ 44
R r
L
134
7] ' Z’z '

= Habntogarento, ceaszaHHomy ¢ agaHHon ICO cemenctBo
9KCLEHTPUYECKNX N3OXPOHHBLIX MOBEPXHOCTEN, crieayeT
NPUHATb B Ka4ecTBe PM3nYeckn 060CHOBaHHbLIX KOOPAMHATHbIX
NMOBEPXHOCTEN, B MPOM3BOSIbHYH TOUKY KOTOPbIX
CUHXPOHU3UPYIOLLMIA CUrHAT, NOCNaHHbIA N3 Ha4Yana koopanHat
NpUXoauT Yepes NHTepBar BPEMEHM .

:Ri/c

AHanoramm KOHUYECKNX NOBEPXHOCTEN C BEPLUMHOWN B
Hayane koopauHat OyayT CnyXUTb NOBEPXHOCTM,
obpas3oBaHHble BpaLLleHMEM BOKPYr ocu Z NUHUN L,
KOTOpble MCXOOAT U3 Havyana KoOOpAWHAT U B KaXXdon
CBOEWN ToYKe nepneHanKynsapHbl nepecekaemMbiM
chepmyeckMM NOBEPXHOCTAM, a KacaTeribHble K HAM B
KOHEYHbIX TOYKax HanpasneHbl nog yrinom ©. 3tu
KpMBbIE MOIyT paccMaTpuBaTbCA Kak KPUBOSNMMHENHbIE
aHanoru pagnyc-BeKTopoB NOy4YEHHOW KPUBOSIMHENHOMN
CK, koTopyto Oyaem HasblBaTb SKCLLEHTPUYECKOMN.

TpeTbM ceEMENCTBOM MOBEPXHOCTEN, KaK 1 B OObIYHON
chepunyeckon CK, byayT cnyxmtb nnockoctn ®=const,
npoxogsime Yepes ocb Z. Bcem koopanHaTam u
BpemeHun aton CK Byaem npunucebiBate MHAEKC «3»,
4YTOObI OTNIMYATL UX OT KOOPAUHAT U BPpEMEHU 0ObIYHON
cthepudeckon CK. 3ameyaTenbHO TO, YTO KOOpAMHAThI U
BpeMSs NPON3BOSIbHON TOYKM CBETOBOIO CMrHana B 9Tom
ABvXKyLLencs akcueHTpuyeckon CK paBHbI kKoopanHaTam
N BPEMEHWN UCXOQHOM, «nokosiwencay CK:

3TO obecnevmBaEeT Kak aKBUBANEHTHOCTb ypaBHeHMVI

eHl/I cppo a CBETQBOU J'IHbI 2)
I;IOCT 3ako O=§}o xe
BpeMFI Ans onpegeneHuns SKCLl,eHTpVIHeCKMX KoopAaunHat

HabntogaTento, Haxogsawemycs B aswxyLencsa CK,
npuaeTcsa BblMUCNATb UX Yepe3 00blYHblEe KOOPANHATDI
conyTcTBytoLen cgepuyeckon CK:

R =R'/A, O, = Arcsin(A-sin®’),

!/ !/
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- MATPHIIE K03 GUITHEHT 0B TpenfpasoEanma KOOpMHAT:
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lcnonb3oBaHne SKCLI,eHTpI/I‘-IeCKOI7I CNCTEMDBI KOOPANHAaT

[MpoAYKTUBHOCTb NCMONb30BaHNS
akcueHTpuyeckon CK nokaxem Ha criegyroLlem
npumepe. lNpeagcraBum NPOCTPAHCTBO B

KadecTBe MaTepuarnbHOW cpefbl, B KOTOPOU

ABWXYTCS MaTepuarbHble Tena, oTnnyarowmecs

OT MNPOCTPAHCTBa CBOEU BHYTPEHHEN CTPYKTYPOW. K P(R,, 0,. D)
BBenem B npocTpaHCTBE €BKNNAOBY METPUKY C 4

€NHbLIM 3TaSIOHOM MPOTAXKEHHOCTU N NPUMEM /

CKOPOCTb Nepefayy B3aumMonencTaus - ‘

NOCTOSAHHOW U PaBHOW NO BEMNYNHE CKOPOCTU ‘

cBeTa. B pesynbraTte nonyynm ctaymoHapHoe -~ﬁ )
NCKPUBIIEHHOE MOoJie LeHTparbHbIX CUI, X 3\7 A

coBnagatee ¢ ICK, rge okpy>KHOCTU OTBeYatoT ) 24"0) Z 7
NIMHMAM NOCTOSIHHOrO nMoTeHumnana, a / '
nepneHanKynapHble UM ANHUK L IMHNAM TOKa,

KacaTernbHble K KOTOPbIM SIBAAIOTCA JIMHUSIMU '(‘ ’

CUN, AEUCTBYIOLLMX B TOYKaX KacaHusl.
OKCLEHTpPMYECKNE KOOPAUHATLI NPWU 3TOM Criy»KaT

0006LWeHHbIMM KOOpAMHATaMKN YpaBHEHNS '
JNarpanxa. Pewas ero ans crnyyas npuTsXXeHns
MaTepuarnbHOM TOYKW, OBUXKYLLENCS C

COXpPaHEHMEM MOSTHOW SHEPTrn, NOSTYHNM
dopmyny opbuThbl, KOTOpasi B CONYTCTBYIOLLEN
cpepuyeckon CK nmeet sua;

Y
1+e(p+Acos®')
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BbiBOAbI MO pe3ynsrtatam pacyeta opouUT B UICKPUBNEHHOM Mose
LieHTPanbHbIX CUT

= Hawnbonee yctonumebiMun, C NO3NLMN 3aKOHOB CUMMETPUN, SBAAKOTCS ANNIMNTUYECKME
OpbUTbI C SKCLUEHTPUCUTETOM € = -[3, OTHOLLEHNE Pa3MEPOB MarbiX MOSTYyOCEN KOTOPbIX K
BonbLWKMM MNOSTYOCAM COOTBETCTBYET KaXyLLleMycs cokpawleHuto pasmepoB B CTO Baosb
nuHUK asmxeHnsi. OgHako 34ecb, ecnn MatepuanbHbIMU TOYKaMM SBASKOTCA SNEKTPOHbI,
BpaLlaroLLmecs BOKpyr saep, byaeTt, BO-NepBbiX, MPOUCXOANTb HE KaXyLleecs, a
peanbHOe N3MEHEHNEe pa3MepPOoB Temna, BO-BTOPbIX, pa3Mep Tena B HarnpasneHun
OBWXEHUA OCTaeTcAa HEM3MEHHbLIM, a YBENTIMYMBAKOTCS B K pa3s nonepedHbie pasmepsl
Tena. [pu aTom anga Habnogartens, Haxogsiwerocs BHyTpu agaHHon CK, nsmepsiemasa mm
CpeaHss1 CKOPOCTb CBETOBOIrO CUrHasra Ha nyTu Tyga u obpaTHO B onbiTax, NogobHbIX
onblTaMm MawnkenbscoHa n Mopnu, byaeT BeNMMYMHOW, He 3aBUCSLLIEN OT HanpaBrieHns,
O,EI,HaKO ee YyncrieHHoe 3Haqu|/|e MO CpaBHEHMIO CO CKOPOCTbIO CBETA B NPOCTPAHCTBE B

k? pa3 meHbLue. K ome o npeobpasys ypaBHEHUS OBMKEHUS (PPOHTaA CBETOBOW
BOJTHbI Bblaene n KBag M nyymm Capble Op asBaHus
BOMHLL BEAGNEHHEY ) KBRANRTar MBI MM Fe e Capbig 1pppGipasg

2,12 2 2 2
ct=x"+y"+Z2

= KOTOpble NPMUBOAAT ypaBHEHME OBMKEHUSA PPOHTaA CBETOBOW BOSMHbI B ABmXyLencs CK k
Buay, NnogobHOMY NCXOQHOMY : Bennunny t’ B
npeobpasoBaHusx JlopeHua cregyet cumTtaTb BCEro JLb NPMBEAEHHBIM BPEMEHEM
nepemMeLlleHnsi CBETOBOro curHana B asmxkylencs CK, roe ypaBHeHUe aBmKeHUs OpoHTa
CBETOBOM BOJSTHbI UMEET reoMeTpuyeckn nogobHein Bna. Micnons3oBaHme aToro nogobmsd
Onsa onpeneneHns 4acToTbl afek aI'HI/ITHOI'O m3 HEHWS, NCMYCKaemOoro ABMXKYLUMMCA

17 % ‘-IHI/IKOM N OAET U3BECTHY ad)%ﬂ ° Mo KOTOPOW paccynTbIBaOT 16
5 ,D,onnepa B Pa3NnYHbIX HanpaBneHmsq Ero npOBepKa B 9KCNepuMeHTax,

A PN N\



O nokasaHusix 4YacoB N BPEMEHM

PaccmoTpum Yyackl OnHwiTenHa-JlaHxeBeHa B asmxywenca CK npn pacctogaHum
mexay 3epkanamu [ = 0,5:

Bpema aoBmxkeHUs nyya cBeTa OT 3epkana n obpaTtHO BOOSb HarnpaBrieHus
OBWXEHUA 0,5 N 0,5 _ 1

c—Vv c+v c(l—Bz)

Bpemsa aBmxeHUs nyya cBeTa OT 3epkana n obpaTtHO nonepek HanpaBneHus

ONBUXeHnsd
Oy 20,5/\/1—;32 +0,5/ 1-p* _ 1
SN PN R (R
OTKyOa BMOHO, YTO Yacbkl QMHLWTENHa-J1aHXeBeHa Npu U3MEHEHUN UX
opueHTauum ByayT nokasblBaTb OAMHAKOBOE BPEMS, HO B k? pa3 MeHbLLe, YeM
Takue xe Yacbl B nokosiwenca CK. OgHako U3 3Toro He crieyer, YTo Bce

npoueccsl B apmxyLlenca CK byayT npotekaTb 3aMeasIeHHO, T.K. BpeMS B 00eunx
CK nsmepsietTcs ogHUM U TEM Xe OBMKEeHUEM.

At, = At +At,, =

"Hayka n byaoyuiee: ngeu, kotopble
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m B uenom MoXHO caenatb BbiBOA, YTO pa3Butme naev A.QnHwtenHa o6 namepeHmn BpeMeH OQHUM OBUXXEHNEM B
pa3Hbix CK no3Bonuno cos3gartb HOBble, CBOBOAHbIE OT NPOTUBOPEUNI NpeobpasoBaHns. B HUX coxpaHaeTcd
NPUHLMN OQHOBPEMEHHOCTUN COBLITMI, NPOMUCXOAALLNX B Pa3HbIX CUCTEMAX OTCYETA, U MIHBAPUAHTHOCTb, KaK 3aKOHOB
3NEKTPOANHAMUKM, TaK N NMOBbLIX OPYrMX 3aKOHOB, CBA3aHHbLIX C KoopauHaTamu n BpeMeHeM. Npumep nonyyeHns
dopMyrnbl OpObUT MaTepmanbHOM TOYKN B UCKPUBIIEHHOM LIEHTPAanibHOM Mofe cun nokasan NnpoayKTMBHOCTb HOBbIX
npeobpa3oBaHui, T.K. B U3BBECTHbLIX KOOPAUHATHbLIX CUCTEMAX peLleHne ypaBHeHUs JlarpaHxa npMBoanT K
ANNUNTUYECKNM UHTErpanam.

= [lo npeobpasoBaHuam JlopeHua MOXHO caenaTb BbIBOA, YTO OHM AatoT hopmMarnibHO BEPHbIE pe3ynbraTthl, Kak no
nccnenoBaHU U3MEHEHMS YacTOoThbl, UCMYyCKaeMon ABMXKYLMMUCS aTOMaMn, Tak 1 No APYrMM 3KCnepuMeHTanbHbIM
nogTeepxaeHnam CTO, HO nx cdmsndeckasa n gunocodckas MHTepnpeTaums, NoXxanym, HyXkagaeTca B NnepecMoTpe.
Kpome 3T1oro, MOXXHO NpeanosioXunTb, YTO HOBbIE Npeobpa3oBaHust, B KOTOPbIX MCNONb3yeTcs cneumansHas CK,
Ha3BaHHasi AKCLUEHTPUYECKON, MOTYT ObITb MNOAOTBOPHBLIMK NPU UCCNEOOBaHUM NMPOLECCOB, CBA3aHHbIX C Nepeaayen
B3aMMOLENCTBUSA Yepe3 NPOCTPaHCTBO.

] [lononHuTernbHbIM noarBepxgeHnem AaHHOM TEOPUMN, KOTOpOVI B 6y,1:|,yu.|,eM MO>XHO O0aTb Ha3BaHUE SKCLleHTpVIHeCKOVI
TEeopUn B3aMMOOENCTBUIN, MOXET CIYy>XUTb I'IOJ'Iy‘-IeHHbI17I MHOI HECKOSIbKO NET Ha3ag 00 beaVNHEHHbIN
nmcbct)epeHumaanblﬁ 3aKOH B3anMOOeWUCTBUSA TeN C NPOCTPaHCTBOM U APYr C APYrom, BblBEEHHbLIA HA OCHOBE
I;IDOCTOVI MOOESTN TaKXe Ncxoas 13 rnocrtyriarta o NoCToAHCTBE CKOPOCTU rnepeadu B3aMMOOENCTBUA B NPOCTPaHCTBE.

3 3TOINO0 3aKOHa.

ABYKPaTHbIM UHTErpupoBaHMEM MOryYyaeTca BTOPON 3aKOH HbloTOHa , C XapakTepom
3aBMCMMOCTU KO3IhumLmneHTa kB 6nuskum no popme Kk opmyne SNHLWITENHA N HAYMHAOLUM OTNNYaTLCS MO
BenuyuHe npu 3 > 0,4;

YeTbIpexkpaTHbIM MHTErPUPOBaHNEM BbIBOAUTCH 3aKOH BCEMUPHOIO TAroTeHus. [pn 3TOM OTKNOHEeHne oT
dopMyrbl HblOTOHa NpY OTHOLLEHUM pa3mepa Ten K pacCTOSAHUIO Mexay Humn R/l <E,@OQ5 HE ppeBbILLaeT
0,00003 % v BospacTtaeT go 21% npu R/ =0,5.

TN pe3ysibraTtbl crieayeT cHnuTaTb npeaBapuTesribHbiIMA, T.K. BbIBO4 3aKOHOB HbtloTOHa npon3Boaunricd bes3 y4yeTa
MCKPUBJTIEHHOCTW MNOJIA.

"Hayka n byaoyuiee: ngeu, kotopble
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