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YepHbie IbIPbI B TEOPUU TATOTEHUS HbrOTOHA

: MCKPUBJIEHHOE
Teopust OTHOCHUTEIIBHOCTH: CIIeIUAIbHAS > 00IIasI—>
IIPOCTPAHCTBO-BPEMsSI

YUepHbie IbIPbI
['OpH30HT COOBITHII
Kak HaO1r01a10T Y€pHBIC ABIPHI?

YUeEpHbie IbIPHI U KBAHTOBAS MEXAHUKA

Kakue 3aragku J11si TEOPETUKOB TAsT B C€0€ YEPHBIE JIBIPHI

Teopus ctpyH

[IpocTpaHCTBO-BpEMS B TEOPUU CTPYH



«Beskni mpeaMeT, MoAOPOIICHHBIN BBEPX, YIAAET HA 36MITIO»

Tousibko ecim ckopocTs MeHblie, yem v, = 11 km/c !

[Touemy?

["'paBUTaAlIMOHHBIE CHJIBI YOBIBAIOT C paccTosiarem. Ecin
CKOPOCTh JOCTATOYHO BEJIMKA —> MOKHO MPEOA0ICTh
HPUTSKEHUE, 3aI1yCKaTh KOCMAYECKNE KOPAOJIX 1 T. 1.

V MEHbIIE V, v 0oJb1Ie V,



Ye€pHbIe APl B TECOPHUHU I'paBUTAIIMK HBIOTOHA

A eciin ObI BTOpasi KOCMUYECKas CKOPOCTh PABHSIACH CKOPOCTH CBETA?
V2 =2GM
R

Ecim v, Gonblie ¢, Tejo Oy AeT BBINIAAECTS YEPHBIM, CBET HE CMOMKET
IPEOA0JIETh TArOTCHUE Teiia. 1Tak MOKET HPOM30UTH, KOr1a O0IbIIasi Macca

COCPEIOTOYCHA B MaJIOM 00BEME.
HazoBem «painycoM YEPHOMN ABIPHD ISl MPOU3BOJIBLHOIO TEJIA BEINYNHY
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Pazmepsbl, IPpU KOTOPHIX HEKOTOPHIE TeJda cTaJu Obl YEPHBIMU AbIPAMMU:

I{h, CosHie 3 Kkm
I{h, Jevuist 1 cm
Rh, JeJOBeK < MUHUMAJBHOI' O PaACCTOAHUNA, U3SMECPCHHOI'O B OKCIICPUMCHTC

Ho ckopocThk cBeTa HEe 00bIYHASI CKOPOCTH! ! !



CrenyajibHasi Teopus
OTHOCHTEJAbHOCTH

CKOpOCTh CBETa — MaKCHUMaJIbHasl CKOPOCTh
nepeaadn HHHOPMAITUH.

Du3rKa ABJICHUN HE 3aBUCUT OT CKOPOCTH ABVKECHUS
HaOmrogarenss. B yacTHOCTH, AT BCEX HAOMIOAaTene
CKOPOCTH CBETA OJIMHAKOBA.

Bpewms Te4€T no-pazHomy [1Jisi HAOIr0JaTelieH,
JABVKYIIUXCS OTHOCUTEIBHO APYT APYTa.

[IpocTpaHCcTBO 1 BpeMsl B3AaNMOCBS3aHBI.
Bocnpusitre BpeMeH! 3aBUCHAT OT CKOPOCTH JABVKCHUS.



«ITapamokcy» OIU3HELOB

CTapuK LIS (0I00E

peOEHOK pebEHOK



J{71s1 OOBIYHBIX CKOPOCTEM, BCTPEYAIOIIUXCS B IIOBCEHEBHOM KU3HU,
MbI HE 3aME€YAEM, UTO BPEMS TEUET MO-PAZHOMY.

YToOBI 3aMETUTH Pa3HUILY, HECOOXOIUMBI:
1) o4eHBb BBICOKHE CKOPOCTH
WA

2) OY€Hb TOYHBIC YACHI

Ecth apyrou croco0 moBIUSTh HA XOJI BDEMEHH. . ..



I paBuTanmmsi

Apuctorelib: «HeM TsKeIee Teno, TeM OBICTPEE OHO TagacTy.

["ayimiiev:  «B oTCyTCTBHE CONMPOTUBICHUS BO3MyXa BCE TENa
MAAAI0T OAUHAKOBOY.

M-dfﬁar&{aw #*J’w-; it molivt

[ IpyHIIMIT SKBUBAJICHTHOCTH:

4 I[BI/I)KCHI/IG TCJia B I'PABUTAITHOHHOM I10JIC HE 3dBUCHUT OT €I'0
MAaCCHBlI.


http://physicsweb.org/article/world/16/2/2

Ob01ast Teopusi OTHOCHTEIHLHOCTH

Ouninrend 1915 r.
Teopus HeroToHa HE COMJIACYETCS € 3aKOHAMM CHEAAILHON
TEOPUN OTHOCUTEINbHOCTH.

OWHIITECHH: FPaBATAIMS 00YCIOBIEHA KPUBHU3HOMN
IPOCTPAHCTBA-BPEMEHHA

Bouibliiasg Macca UCKPUBISET MPOCTPAHCTBO-BPEMS

CBET pacipoCTPaAHACTCS MO KKPATYAUIIEH) TPACKTOPHUH B
[IPOCTPAHCTBE-BPEMEHU

—



FpaBI/ITaHI/IH BJIMACT HA X0/ BPCMCHH

JI71g AByX HaOMrOAATEICH B FPABUTALMOHHOM I10JIC BPEeMs

Bepxuun
ITAX

[lepBbin
ITaX
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MOYKET T€Yb IMO-PAZHOMY

<+— BpeMms TeUET MEJICHHEN

Ha 1/101
(0J1HA KBaAPHUJIJIUOHHAS).



KpacHoe cmenieHne

JI1st HabaroAaTeliss, HaxoAAIIerocs BAAJIN OT TSHKEIOro Teia,
BpEMsI TEUET OBICTPEE, YEM BOJIM3H.

(X0J1 BpEMEHM B JAHHOW TOYKE)
KpacHoe cvelenne =

(X0 BpEMEHM BAAJIN)

IIpumepsl BeJJHYNHBI KPACHOIO0 CMEIeHMS :

Ha mosepxaoct Comama: 1 —2 10°
Ha noeepxroctu 3emumm: 1 — 8 10710
Ha moBepxHocTH HEUTPOHHOU 3BE3/bI: (.7






[IBapummibg 1916 1.

MoxHO HANTU FeOMETPHUIO MPOCTPAHCTBA-BPEMEHN BHE
MACCHBHOIO TeJia.

I"'eomeTpus onpeneasier X0 BpeMEHN:

KpacHoe cMmelienne =

Kpacnoe
CMEIIEHUE

|
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Paanyc 4épHoOn AbIPbI



Yepupie AbIPhI WIN “X0J0AHbIC 3BE3AbI”

Mo:xeT Ju pa3Mep Tejia ObITh MEHbIIE PAANYCA YEPHOU AbIPbI?

[TepBoHagambHO CUMTAIOCH, YTO 3TO HEPHUZNIHO U CTOIH MATBIX TEI
HE CYIIIECTBYET.

Ilo3aHee yaaaoch NOHATH, YTO:

1) HexoTopsie 3BE3/1bl MOTYT KOJIANICUPOBATH B YEPHBIE ABIPHI.

2) HaGmrogaresns, Nagariiui Ha YEPHYIO AbIPY, HE YyBCTBYET
HAYETO OCOOEHHOT O, MEPECEKAST TOPUBOHT COOBITUN

3) HexoTopskle Teia B KOCMOCE BO3MOKHO SBISIOTCS YEPHBIMU
TBIPAMH.



=4+ ['opu3oHT cOOBITHI

CUHTYJISIPHOCTD



I'opu30HT 1 32 ero npeaeaamMmm

[ToBEepXHOCTH, Ha KOTOPOX BPEMS [IJisi BHEITHETO HAOJIFOIATES
OCTAHaBJIMBACTCS, HA3bIBACTCS FTOPHUBOHTOM COOBITHH.
[lepecekas TOpU30HT, BbI HAYErO HE YYBCTBYETE, HO BEPHYTHCS
00pPaTHO HE CMOYKETE.

[Ipeo10JieB TOPUZOHT, BbI IIPOA0JLKACTE AAaTh U PAa30MBACTEChH
0 «CHHTYJISIPHOCTHY. ODTO 00JaCTh OYE€Hb OOJIBIION KPUBU3HbI

HIPOCTPAHCTBA-BPEMEHM, KOTOPAST PA30PBET BAC HA YACTH. -
€HpPOY3

CUHI'YJISAPHOCTDb /

romeET\



IIpocTpaHCTBO-BpeMs H peKa
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TOPU30HT

CUHI'YJSPHOCTH

PBIOBI MOTYT ILIBITH C MAKCUMAIbHOU CKOPOCThIO €. Eciin ppida
[IOMagacT B 00JIaCTh, IIe CKOPOCTh PEKN OOJIbIIIE ¢, OHA YHAAET
B BOJIOIA]I.

[Tepecekasi y4acToK PEeKH, TAe CKOPOCTh BOABI OOJIBIIE €, PHIOKI
HAYEro 0COOCHHOIO HE MOYYBCTBYIOT.



['paBuTtanus = o0mast TeOpUs OTHOCUTEIILHOCTH —> YEpPHBIC IBIPHI

Kak ux maomromaror?



PeaabHbIe YEPHBIE AbIPHI

YEpHbIE ABIPHI MOTYT 00PAa30BBIBATHCS B ACTPODUZNICCKUX
IpoLeccax.

Takue 4€pHbIC ABIPHI MOTYT OBITh CICAYIOMIAX THIIOB:

YEpHbIe ABIPHI, 00pa3yIOIIUECs B pe3yibTaTe KoJuiamnca

3BE3/I C MACCON B HECKOJBLKO COJMHEUHBIX
(r, ~10 km)

YepHbie AbIPHI B HEHTPAX FAJIAKTUK C MAcCaMU HOPS KA

MUIIAap0oB Mace CostHia.
(r, ~310°km ~ pazmep CoTHEe4YHOI CCTEMBI )



Kak nx maojgogaor?

WX MOKHO, B IPUHIIAIIC, OOHAPYKUTH, HAOIIOAas 32
OTKJIOHEHHBIM UMM CBETOM.

B HEKOTOPBIX CIIydasix YEPHBIE ABIPHI OKPYKEHBI TA30M,
KOTOPBIY MPH MaACHUNA HA HAX HArPeBACTCI OCOOBIM
00pa3oM. ACTPOHOMbBI MOTYT HAOJIIOAATH U3ILyYCHUE
HCITYCKAaEMOE OTUM ra3om
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http://imagine.gsfc.nasa.gov/Images/advanced/bh diagram.gif




N3o0paxkeHue B
ONTUYECKOM U B pPaJ0- IUana3oHe

N300paskeHne MbUTH U Ta30BOTO JTUCKA,
MOJIy4Y€HHOE C Tejieckomna Xao0

90000 CBETOBBIX JIET 400 cBEeTOBEIX JIET

CuuraeTcs, 4TO y BCEX TAIAKTHK, ITOXO0KUX HA HAIILY,
B LICHTPE €CTh YEpHas AbIpa.




JII00OONBITHBIE CBOMCTBA YEPHBIX AbIP

YHUBEPCAIBHOCTD:

OxoHuarenbHas GopMa YEPHOMN ABIPHI [1Jisi BHEIITHETO
HAOJIIOAATEeIsl HE 3aBUCUT OT UCTOPUHU €€ MPOUCXOKICHUS (C
TOYHOCTHIO JI0 MACChl, MOMEHTA UMITYJIbCA U 3apsijia).

3aKO0OH IJIOHIAdCH

[TomHas numomans ropu30HTa BCeraa Bo3pacraet. [lomHas macca y€pHOU
IBIPEL HE 00513aHa BO3PACTATh.

A>A, +A,



PeagTuBucTCckasg KBaHTOBAY
MeXaHUKa

* HacTuibl MOTYT POXKAATHCA U YHUUYTOXKATHCS

N

E=m c?



Bakyym

— BosBnKHOBCHME TTap YaCTHIL

AHTHYIAaACTHUIIA JacTruia

B mi10CKOM pOCTPaHCTBE AEHCTBYET 3aKOH COXPAHECHUS YHEPIUH, B
KOHEYHOM UTOT€ HOBBIC YAaCTHUIIbl HE BO3HHUKAIOT.

[Ipn HAIMYUKM TOPHU30HTA COOBITHNA:

AHTHYAaAcTHuIIa
qacrumaa

Bo3HHKarOT HOBBIC qaCTHUIbI



Besble YeépHbIe ALIPhI!

M3 3aKOHOB KBAHTOBOW MEXAHUKH CIEHAYET, YTO YEPHBIE ABIPHI
VCILYCKAOT TEIIOBOE MU3JIYYCHUE.
Yem MeHbIIEe YEPHAS AbIPA, TEM BBIIIE €€ TEMIIEPATYPA.

= 3.6 107K pasMep: 3 KM
= 0.1 K pazmep: | ecm

Ty 10'® o = 7000 K (BBIISLINT OCOM)  pa3Mep: MUKPOCKOTMYCCKIN

KT



/AKM3Hb 1 CMEPTH YEPHOU AbIPhI

Yépras apipa u3aydacT —> TepsAeT SHEPTHUI0 —> NMECST KOHCUHOE
BpEMsI KM3HM (IIPH YCIOBHUM, YTO HA HEE HE MAAACT MaTEPHs)

Bpevs JKU3HH HEKOTOPBIX YEPHBIX AbIP:
Macca ConHila = MHOTO 0O0JIbIIE BPEMEHH KU3HN BeeneHHoM
Yenopex (100 kr) = ogHa MAUIMCEKYHAA.
10'? xr (ropa) => BO3pacT BceneHHOM.

E¢€ MokHO ObLIO ObI HAOJIIOAATh, €CIM Obl OHA 00Pa30BaIach BO
BpeMs bolibiioro B3peiBa.



3arajikn Y€pHbIX ALIP

B TemioBbIX CBOMCTBAX YEPHBIX JbIP O0bCANHCHBI KBAHTOBAS
MEXaHnKe u rpaButamys. O0beAUHNTH OTH ABE TCOPHUH CIHOMKHO.

3araaku:
OHTPOIMS YEPHBIX IBIP.

[Torepst nHGOpMALIAH.



Temiora u 3HTPONMUA

Tennora = ABMWKEHNE MUKPOCKONMAYCCKAX COCTABISIOMINX CUCTEMEL.

Yuciio MUKPOCKOMMYECKUAX CTEIEHEN CBOOOIbI MBMEPSETCS DHTPOIMEH
CHACTEMBI

IlepBoe HAYAI0 TEPMOAMHAMHKHA = CBSI3b MEKAY TEMJI0EMKOCTHIO H SHTPOIMENA.
00JIbIIIe SHEPIUH 3aTPAYNBAETCS AJ1s1 MOBBIIIEHUsI TEMIIEPATYPHI —> 00JIbIIIe
BECJINYMHA SHTPOINN

Otky1a OEpETCs TEMIOBAs SHEPTUsl YEPHOU JbIphl? Kakoe
CABHVKCHUEY 00YCIOBIUBACT OTY SHTPONHNIO? BbhIYuMcJauM 3HTPONMIO

U3 IEPBOTO0 HAYAJIA: bekeHmTeiH, X OKUHT

R0 aob 2opu3oHma na0Waob 2opu3oHma
S —"—"“ ¥ g — DoTETD AP erTe

4G\ 7 (107 cm)?




YepHble AbIPHI U CTPYKTYPA
IPOCTPAHCTBA-BPEMEHH

CocTosiHrE YEPHBIX ABIP HE 3aBUCHUT OT HNpeabicTopun. x
TEIUIOBBIE CBOMCTBA NMOAYNHAIOTCS TONBKO 3aKOHAM I'PABUTAINA
M KBAHTOBOM MEXAHUKH. VM 3T0 MOKHO HAUTHA CBOE 00BACHEHHE B

paMKax KBAHTOBOM TEOPUU IPABUTALIVM.

[ py00 roBOpsi, SHTPOIIHS YEPHON ABIPHI O0YCIOBIIEHA ABUKCHUEM
«KBAaHTOB MPOCTPAHCTBA-BPEMECHNY, SIICMECHTAPHBIX KBAHTOB
(MM aTOMOB. . . ), U3 KOTOPBIX COCTOUT MPOCTPAHCTBO-BPEMS.

Herkoe moHMMaHNE TEIIOBBIX CBOUCTB YEPHBIX ABIP MO3BOJIUAT
y3HATh 00JIBIIE O KBAHTOBOU CTPYKTYpPE NPOCTPAHCTBA-BPEMEHH.



XokuHr 1970 r.

IloTepst vHpOpMaAITAN

YEpHyIo APy MOKHO CO3/1aTh MHOTMMH CIIOCOOAMM, HO MCTIAPSIETCS
OHA BCEra OJINHAKORBO.

=
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Ecnu 661 nHpOpMaIys Tepsutach = MPUIILIOCH Obl H3MEHUTH
KBAaHTOBYIO MEXaHUKYy =2 777

KBanToBasg Mmexannka —> TouHOe onrcaHne YEPHBIX IBIP.

TS0 05 OHENA FitOPYHE SO RAB TR B Ak BRI ABYIO MSHAHIEY 1

rpaBuTaIuo > Teopus CTpyH

Nudbopmanys 107KHa ObITh 3aKOANPOBAHA B TOHKUX CBOMCTBAX
KOPPEISINAN B UCILYCKAEMOM H3JIyYCHUM.



['paBuTanus = 4E€pHBIC IBIPHI

YéEpubIe ObIpHI + KBAHTOBAS MEXAaHHUKA =2 IIPOOJICMEI
ODHTPOIUA
MHbopmMaIimoHHBIN TTapagoKC
CUHTYJIAPHOCTH ?

YToO0BI pa3pemuTs Mpo0JieMbl, HEOOXOAUMA TEOPH,
00BCAMHSAIONIAS KBAHTOBYIO MEXaHUKY U I'PaBUTAIIUIO

Kangungar: Teopus CTpyH

KBaHTOBas rpaBUTAaIIAsl HEOOXOAMMA TAKKE JJIs1 IOHUMAHUS
Ha4dajna boisbioro B3peiBa (BO3HHMKHOBEHUS BCelleHHOM)



Teopust cTpyH

KBaHTOBas T€OpUs rpaBUTAIIAN

FpaBI/ITOHBI — KBAHTBI ITCOMCTPHHU IIPOCTPAHCTBA-
BPCMCHH - MaJIeHbKHUE METIN

Jlpyrue 00bekThl =2 D-Opankl

To4yHbIC MAaTEMAaTHYECKUE 3aKOHBI OIPEACIISIIOT UX
MMOBEJICHUE



J10 cHX IOp HET PKCIIEPUMEHTAJILHON IPOBEPKHU
Teopust HaxOAUTCA B CTaIMA Pa3pabOTKH

OO0BeaUHSIET BCE B3aUMOJICHCTBUA > PA3IMIHbBIC
BO30Y KICHUS CTPYHbI COOTBETCTBYIOT PA3JIMYHBIM
yacTullam

TecHas cBA3b C TEOPUAMU, UCIIOJIB3YEMBIMHU B
HacTosAIICe BpeMs B PU3HKe YacTUIl (=2 YaCTHIIBI
BHYTPHY IIPOTOHOB M HEUTPOHOB CBSI3aHbI CTPYHAMHU,
00pa30BaHHBIMM U3 «TJITFOOHOB)))

OueHb aKTUBHO Pa3BHBAIONIASCS 001aCTh
UCCIIEIOBAHUU



Yépuble AbIPLI B TEOPUH CTPYH

* HaMm noHATHO MOBEAECHUE HEKOTOPHIX NPOCTHIX

YEPHBIX Bl
P b Ctpomunmxep, Bada

> (\:/\

HabGop D-0Opan u cTpyH.

DHTPONHS: YHUCIIO CIIOCOOOB pa3MelleHus CTpyH U D-0OpaH.




I'ostorpadgus n YepHbIe ABIPHI

OnTponus = [lnomags 74 O0BEM
OO0bIYHASI ONITHYECKASA T0JI0OrPAMMA: JIBYMEpPHAs [IOBEPXHOCTh

COACPIKUT BCIO MH(MOOPMALHIO O (POPME TPEXMEPHOTO 00HEKTA

‘T XodT, CaccKuHA

['onorpadust B KBAaHTOBOW I'PaBUTAIIHMU:

Yucno creneHed cBOOOBI, HEOOXOUMBIX IS OIIMCAaHUA 00JIaCTH,
PacTET NPOIMOPLMOHAILHO IIJIOIIAAN dTOM 00JIaCTH.



['omorpadus B TCOpUM CTPYH

X. Mannacena 1997 r.

MBI MOKEM OTUCATh BHYTPEHHIOK YaCTh HEKOTOPOT'O
IIPOCTPAHCTBA BPEMEHU C IMOMOILBIO TEOPUU HA €TI0 TPAHUIIE.

Teopus Ha TpaHUIIE ABIISAETCA OTHOCUTEIBHO IPOCTON TEOPUEHU
YaCTHLI.

3a4yeM 3TO HYKHO?

[Tomy4nTh ONMMCaHKE YEPHBIX JIBIP
JIy4yuie moHATh KBAHTOBYIO TEOPHIO TPABUTALIUU
OOBbeIMHUTH TIIFOOHHBIE CTPYHBI CO CTPYHAMH KBAHTOBOW I'PaBUTAIIUA



IIpocTpaHCTBO OTPUIIATEIEHON KPUBU3HBI

N [ 'panuiia




[ ‘paBuTanvist BHYyTpH



YEpHbIM AbIpaM COOTBETCTBYET
OOJIBIIIOE YHCJIO YaCTHI] HA
rpaHuLIEe



BBIBOABI

YEpHbI€ ABIPEI — 3TO YAUBUTEIbHBI 00BEKTHI, B OBEACHUN KOTOPHIX
CYIIECTBEHHYIO POJib UTParOT dP(MEKTHl KPUBU3HBI IPOCTPAHCTBA-
BPEMEHM.

CoenHeHne YEPHBIX AbIP U KBAHTOBOM MEXAHUKH HPEACTABISIET COOOM
HEOOBIYANHO MHTEPECHYIO MPOOJIEMY B HalllEM MOHMMAHUH MPOCTPAHCTBRA
BPEMEHN.

Teopust cTpyH — MHTEPECHBIM NPETECHACHT HA ONMNCAHNE KBAHTOBOM
TEOPUHU I'PABUTALNY U O0BEANHCHNE BCEX B3aUMO/ICCTBUN

Teopust ctpyH B COCTOSTHUM O0BEANHUATH KJIACCUYECKHE N KBAHTOBBIE
CBOMCTBA YEPHBIX JABIP U HE NPUBOAUT K IIOTEPE MHPOPMALAN

B Teopum ctpyH reoMeTprsl NpOCTPAHCTBA-BPEMEHN — 3TO
3 HEKTUBHOE MOHITHE, BO3SHUKAIOIIEE KaK PEe3yabTaT B3aUMOACHCTBHS
00Jice DIEMEHTAPHBIX YACTHIL,






J{71s1 OOBIYHBIX CKOPOCTEM, BCTPEYAIOIIUXCS B IIOBCEITHEBHOM
KU3HU, Mbl HE 3aM€YaeM, UTO BpEMS TEUYET MO-PaA3HOMY.

YToOBI 3aMETUTH pa3HUILY, HYKHBI:
1) o4eHBb BBICOKME CKOPOCTH
7M1

2) OY€Hb TOYHBIC YACHI



IIpocTpancTBO-BpeMsi: r@
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*  BIIPaBO

IIérp: [lomyrai Briepeau B 5 pyrax

Anuca: [ldopyauisel4hyyassrappaamin
B3 (hyreax BIpEERD




IIpocTpancTBO-BpemMs
OTPHULIATEIbHON KPUBU3HBI

Tpaektopus 4acTUIIBI

Bpewms

Tpaekropus ceera

YacTumpl, HaXOAAIIUECS BHYTPU =2 IPUTITHBAIOTCS K IICHTPY
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