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Echn paccmaTtpmBaTb NONyAAUMIO  Kak AVUHAMMUYECKYIO CUCTEMY,
BO3HMKaET BOMPOC, CyLWecTByeT /M paBHOBECME [AaHHOM CUCTEMDI,
CTPEMMUTCA N OHA K TOMeocTasy?

Mpn HaANYNM 3aMETHbIX AeMOorpadUUYecKnxX BOJIH B CTPYKTYPE HACeNeHuUA
NPOUCXOAUT WN3MEHEHWE €ero YWUCAEHHOCTU NPU  HEU3MEHHbIX
KO3pPUUMEHTAX CMEPTHOCTU U POXKAAEMOCTMU,

Mponcxognt M n3mMeHeHne 3TuX KoapPUUMEHTOB B CNy4Yae U3MEHEHUS
CTPYKTYpPbl HacesneHmna?

N3meHeHne YNCNEHHOCTN — PEO0JIOTMYECKMUM NPOLLECC, KaKoe BIMAHMNE OH
MOXET OKa3aTb Ha paBHOBECME PacCMaTPUBAEMOMN CUCTEMbI?

fomeoctas (ap. rpey. OPOLOOTACLC OT OUOLOC — OAMHAKOBbIN, NOAOBHbIN U OTAOL, — CTOAHUE, HEMOABUMKHOCTb) —
camoperynauma, CcrnocobHOCTb OTKPbITOM CUCTEMbI COXPaHATb MOCTOAHCTBO CBOEr0 BHYTPEHHEro COCTOAHWUA
NocCpeacTBOM CKOOPAWMHMPOBAHHbLIX PeakuMi, HanpaBAeHHbIX Ha MoAdepraHuMe AWMHAMUMYECKOro paBHOBeCKUA.
CTpemneHne cucTembl BOCMpPOM3BOAUTL cebs, BOCCTaHaBAMBaATb YTpPayeHHOe paBHOBecue, MpeoaoseBaTb
CONpPOTUB/IEHNE BHELLHEN cpeabl. [omeocTas nonynauMm — cnocobHOCTb NONyAAUUM NOAAEPHKUBATL ONpenenEHHYIO
YMC/IEHHOCTb CBOMX 0coben anntenbHoe BpemMs.



https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BC%D0%BE%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
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Ternsi0Kapmeol cMepmHocmu u poxcoaemocmu
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Lemozepaguyeckue npednonoxceHusa npoeHo3a Poccmama 0s1s PO
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Lemoepagpuyeckue npednonoxceHUA npoeHoza Poccmama

HeTtto-murpauusa s PO

daKkTnyecKana n NnporHosmpyemas
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Lemoepaguueckuli npo2HO3 8 nNpednosnoreHuUU HU3Kol muzpayuu

Yucno pogusLunXca U ymepLumx YucneHHOCTb HaceneHuA

Yucno poduswiuxca u ymepuwux Ha 1000 yes. 6 PO YucneHHocmb HaceneHus P® (ma. yen.)
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U3meHeHue ypoeHsi cMepmHocmu (%)

MporHo3 yncneHHoctu HaceneHusa P® (MmnH. yen.) B 2050 rogy
B 3aBMcuMocTun oT uameHeHnsi CKP u ypoBHA cMepTHOCTU
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loaorpad NPOrHo3npyemMbIX NPOLLEHTHbIX MU3BMEHEHMI CTaHAAPTM30BaHHbIX KO3GOULMEHTOB CMEPTHOCTU poxKaaemocTtu (ckp. 1.8, e0 71)
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BoaHOBaA AMHaAMMKaA BO3pPACTHOro CTaGMﬂMBaLI,Mﬂ YNCNEHHOCTU HaceneHnsA

npojpuna
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BonHOBaA AMHaMMKa BO3pPaCTHOro CT36I411M33LI,MFI YNCNEHHOCTU HaceneHunsA

npodpuna

o YucneHHocMs HaceneHua (Max. ven.)
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llpumepsbl pocma

YncneHHoOCTb HaceneHua 3emnu N3meHeHUe TemnepaTypbl 3eMHOM
NOBEPXHOCTU
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lMpedensi pocma
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dP DY %
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X
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% =—a*X({t)-b*Y(t)+ F(1);
mogenb JlaHyectepa
% =—C*X(t)—-d*Y (t)+ F,(t).




EcTecTBeHHble OrpaHU4YeHUusa pocTa: anuaemmm

rog, YNCNO YMEPLUNX 601e3Hb CTpaHa
1625 35000 yyma BennkobputaHus
1656 60 000 yyma Utanua
1665 100 000 yyma JIOHAOHCKas Yyma
1672 400 000 yyma Utanua
1771 yyma Mocksa
1792 800 000 yyma Ernner
1793 5000 KenTaa Anxopagka CLLUA
1812 CbinHOM TMD* Poccus
1855 12 000 000 yyma Kutan, Nuauns
1896 3 000 000 yyma NHana
1910 1 000 000 yyma NHana
1916 noANOMenuT CLLIA
1918 75 000 000 McnaHka** Espona
1921 1 000 000 yyma NHauna
1957 2 000 000 a3naTCKui rpmnn
1968 33 800 FTOHKOHTCKWUI rpmnn CWIA
1980-2006 25 000 000 cnng

*Bo epemsa noxooa HanoseoHa 8 Poccuro 8 1812 2. hpaHuy3cKas apmusa nomepana om coinHo20 muga 1/3 ceoux
condam, a apmusa Kymy3zosa nosnosuHy solicka

**UcnaHka 6bina seposmHeli 8ce2o, camoli maccoeoli 30 8Co Ucmopuro Yesiogeyecmed. B1918—1919 2o00ax(18
MecAayes) 80 8cem mMupe om UCMAHKU ymepsao npubausumensHo 50-100 maH yenosek unu 2,7-5,3 % HaceneHus
3emnu. Bbino 3apaxceHo okono 550 maH yenosek, unu 29,5% HaceneHus naaHemol. 3nudemus HA4YaaAcCb 8
nocnedHue mecaysl lMepsoli muposoli 8oliHbl U bbIcCMpPo 3amMMuAa smo KpynHeliwee Kposornposaumue rno macumaby

Hepms. B mae 1918 200a 8 McnaHuu 66110 3apaxeHo 8MaH adeli unu 39% eé HaceneHus




EcTecTBeHHble OrpaHMUYEHUA POCTa: KaTtacTpodbl

CBepxu3Bep:KeHne By/nKaHa Tambopa Ha ocTpoBe CymbaBa B MHAooHe3uu B 1815 rogy nmeno paspylinTesibHble NocaeacTBus.
Torpa B pesynbraTe 3TOro cTUXMiMHOro 6eacTemns nornbao cebiwe 70 TbicAY YenoBeK (camoe HonbLIOE YMCNO KePTB BY/IKAHA 3a
BCIO MCTOPUIO LUMBMAN30BAHHOIO 4YenoBeyecTBa, XOTA HEeNnocpeACcTBEHHO B3pPbIB YHUUTOXMA TONbKO 12 TbiCAY 4YenoBek,
OCTa/ibHble NOrMBaM OT LlyHaMM, AA0BUTLIX FA30B M OT NafAtOLLMX KAMHEW), HECKOIbKO OCTPOBOB apxunenara Cctaan NoAHOCTbIO
HerogHbIMW ANA NPOXMBAHMUA.

Kpome TOro, 3TO wu3Bep)KeHMe nopoauno rnobasnbHble KAMMATUYECKME QAHOMANWUKM, BKAOYAA TakonM ¢GeHOMeH, KakK
"BynKaHMyecKasa 3Mma'. Tak, 1816 rog ctan m3BecTeH KaK "rog 6e3 neta" u3-3a 4pesBblYaliHO HU3KUX TEMMePATYpP, KOTopble
ycTaHoBMAUCb B EBpone 1 CeBepHol AmepuKe. ITOT HEOObIYHbIN X004 NPUBEN K KaTacTPOPUUECKOMY HEYPOXKato, M3-3a Yero
BecHOM 1817 ueHbl HAa 3epHO BbIPOC/N B AECATb Pa3, a CpeaM HAceNeHMA paspasuaca ronos. B pesynbrate MHOMKeCTBO
€BPONENLEB IMUTPUPOBANN B AMEPUKY

OfHaKo garke 3Ta KaTacTpoda MEPKHET nepes Tem, YTO YCTpouAa noaam BynaKaH Toba ¢ nHaoHe3ncKoro octposa Cymatpa 74
TbICAYM NeT TOMy Ha3ag. Toraa nNpu CBEPXU3BEPKEHUU M3 3eMHbIX Heap Oblno BblbpoweHo 6osblie TbicAYM KyOuyecKkux
KWNOMETPOB Marmbl (414 CPaBHEHUA — 3TOrO KOJIMYECTBA BMOJHE AOCTAaTOMHO ANA TOro, YTobbl MOKPbITb TEPPUTOPUIO BCEW
Poccun BOCbMMCAHTUMETPOBbLIM C/l0em naBbl). MNocie B3pbiBa M3-NoA 3eM/IM CO CBEPX3BYKOBOM CKOPOCTbIO BbipBasicsA cToNb
pacKaNneHHOoro rasa u nenna, KoTopblM NOYTU MFHOBEHHO AOCTUT Kpas cTpaTocdepbl — OoTMeTKM B 50 KWAoMeTpoB. 3a Tpoe CyTOK
Ha NOBEPXHOCTb U3nunock 6onee 2800 KYGOKMNOMETPOB Marmbl: KOe-rae TO/LLA 3acTbIBLIEN /1aBbl AOCTUIA/1a AECATKOB METPOB.



Ot Manbtyca

B 1798 roay ManbTyc onybnmkoBan cBok KHUry Essay on the Principle of Population («Q4yepk o
3aKOHE HapoAOoHaCeNEHUAR).
Tpw ocHOBHbIX Te3nca «OyepKax:
MN3-3a 6BUONOrMYecKoM CNOCOBHOCTM YenoBeKa K MNPoAo/KEHWUIO poaa, ero ¢usmnmyeckme cnocobHocTH
MCNONb3YOTCA ANA YBENNYEHNA CBOUX NPOAOBObCTBEHHbIX PECYPCOB.
HapoaoHaceneHue cTporo orpaHUYeHo cpeacTBaMm CyLLECTBOBAHUA.
PocT HapogoHaceneHua MOXKeT OblTb OCTAaHOBNAEH /Wb BCTPEYHbIMM MPUYMHAMM, KOTOpble CBOAATCA K
HPABCTBEHHOMY BO34EpPrKaHUIO, AECTPYKTUBHOMY AEWCTBUIO MOPOKOB WMAM HecyacTbAM (BOMHbI, 3NMaemuu,
ronoj,).
Takke ManbTyC NPUXOAUT K BbIBOAY, YTO HapoAOHAceneHne pPacTéT B FeOMETPUYECKOW MPorpeccmmn, a cpeacrTsa
CyLLecTBOBaHMA — B apUOMeETUYECKON.

B 1850-m 200y ®paHuy3ckas Akademus cocmasuna rnpo2Ho3 pazsumus 2opooda lNMapuxca Ha 100 nem - k 1950-my
200y. 3mom npo2Ho3 cbblacs 80 MHO20M 30 O0OHUM UCKAOYEeHUEM: (pPaHUy3CKUe aKadeMuKu c4umasnu, Ymo
271a8HbIMU npobaemamu 014 lNapuxa 6y0ym mpaHCcriopmHselie, MOMOMY Ymo ye8eau4umcs HacesneHue, U,
cnedosamesibHO, 2aAa8HOU mpaHcrnopmHol npobaemoli 6ydem ybopKa KOHCKO20 HAB03A - OHU He NpedcmasnAsnu,
umo 6ydym Opyaue 8udbl mpaHcrnopma.


https://ru.wikipedia.org/wiki/1798_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%8B%D1%82_%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D0%B0_%D0%BE_%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BE%D0%BD%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%80%D0%BE%D0%B4%D0%BE%D0%BD%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D0%BF%D0%B8%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B8%D1%84%D0%BC%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D1%8F

A0 Pnmckoro kKnyba

Bo Bcel uctopmn yenoseyectsa He 6bin10 Nnepuoaa, NogobHoro XX BeKy: YNC/IEHHOCTb HAaCeNEHUA BbIPOC/A B YeTbIpe
pasa, rnobanbHbii BBM — B 24 pa3a, a noTpebaeHne Bcex maTepmasioB yBENMUYMIOCh B BoceMb pas. pu aTom notpebneHne
6rMomacchbl Bbipoc/o B 3,6 pasa, MeTa/IMYeckux pya — B 27, a CTPOUTENbHbIX MaTepmanoB — B 37 pas. Poct noTpebneHun
maTepuranos coctasnan ot 1 4o 4% s roa.

B Hauwane 70-x rogos no npeanoxeHuto Knyba ket Poppectep npumeHun pa3paboTaHHY0 MM METOANKY MOAENNPOBAHUSA
Ha 3BM K mupoBoi npobnemaTuke. Pesynbtatbl nccnenoBaHuns 6oiam onybamMkoBaHbl B KHUre « Munposas anHamumka» (1971),
B Hell roBOpPMNOCb, YTO Aa/ibHelllee Pa3sBUTME Ye/I0BeYeCcTBa Ha GU3MYECKM OrpaHMYEHHOW NaaHeTe 3emna npuBeaeT K
3Kosiormyeckon Katactpode B 20-x rogax c/iefyroLero CToneTus.

CerogHA NOABUAUCL BO3MOXKHOCTM pPe3KO MOBbICUTb 3PGEKTUBHOCTb WCNOAb30BaHMA MaTepuanos OHnarogapa ux
apmupoBaHuto SWCNT (o0HocmeHHbIX yz2nepodHeix HaHompybok) . [obasnernne 0,2% SWCNT Ha eAnHWUUY MacCbl altOMWUHUA
No3BONAET MOBbLICUTb NMpeaen NPOYHOCTU NPKU pacTAKeHUn Ha 150% nan cokpatUTb NOTPEOHOCTb B a/IIOMUHUM B ABA C NOJIOBUHOWM
pa3a. Mpu nernposaHum B nponopumnm 0,1% npeaen NPoOYHOCTU NpU pacTAXKeHUn nosbiwaetca Ha 100%. Ona mean pobasneHue
0,1% SWCNT Ha eguHULy maccbl meau MO3BOAAET MOBLICUTL Npeaesn MPOYHOCTM MNpu pacTaxeHun Ha 100%, uam cokpatuTb
noTtpebHocTb B Meam Bagoe. [na 6etoHa gobasneHne scero amwb 0,001% SWCNT no3sonaeT NOBbICUTb YIPOYHEHWE Ha CXKaTUe Ha
70%, 4TO AONKHO NPUBECTU K CHUXKEHUIO ero notpebnenuna B 1,7 pasa Ha eaMHULY nones3Hon GyHKUMKU. AHANOTUYHbIE pe3ynbTaThbl
[OCTUralTca M Npu nermpoBaHun apyrux matepuanos SWCNT. To ectb pobaskm SWCNT K 6asoBomy maTtepuany BeayT K
COKpALWEeHMNO NOTPEBHOCTM B HEM 3a CYET MOBbIWEHUA €ro MNOTPebUTENbCKMX CBOMCTB (MPOYHOCTM, YMPYyroctTm w Ap.) WU,
CNefoBaTesbHO, K CHUXKEHUIO aHepronoTpebaeHmna u, COOTBETCTBEHHO, BbIBPOCOB NAaPHUKOBbLIX ra308.

B pesynbrate KymynaTMBHOE CHMXeHue Bblbpocos 3a 2015-2100 roabl coctasut 331 mapa ToHH CO,, YTO KpaTHO LiecTu
obbemam Bcex aHTpoMoreHHbIx Bblbpocos 3a 2014 rog M BOCbMWU rogoBbiM obbemam Bblbpocos NI OT cKuraHMsa Tonavea M OT
NPOMbILINEHHbIX NpoLeccoB. a8 3Toro HeobXxoaMMO YBENUYUTL NPOM3BOACTBO U Mcnonb3oBaHMe SWCNT go 167 Tbic. TOHH B 2035
roay, 40 289 Tbic. TOHH B 2050-m 1 80 429 TbIC. TOHH B 2100-Mm.


https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D1%80%D0%B5%D1%81%D1%82%D0%B5%D1%80,_%D0%94%D0%B6%D0%B5%D0%B9

B3anmocBAsb mexay ,EI,EMOI'pa(I)M‘-IECKMMM npeanonoxXeHnamm

CymmapHbIit Ko3pPUuumMeHT poxkaaemocTm

YunTbiBas, YTO AONA HACENEHUA B TPYAOCNOCOOHOM
BO3pacTe CU/IIbHO HE U3MEHSETCA BO BPEMEHWU U

2,6

e /\ coCTaBnAeT MPUMEPHO MOMIOBUMHY OT o0bulel

24 / \ YUC/IEHHOCTMU HaceneHus, A0oNyCTUM

23 A\ Cyl,ecTBoBaHue CBA3N  MeXAay YPOBHEM
/ \ \ pOXKAaemocT U gemorpaduruyeckom HarpysKon.

MocTpoum aemorpaduyeckmnini NpPorHo3

y |\ /

) / / - B KOTOpOM CYMMapHbIN KoapdnumeHT
/ /\ / poxkgaemoctn CKP(t) 3aBMCMT OT M3MeHeHus
i: //__\ / \v/ ,u,emorpac?)mquKoﬁ Harpy3skm DR(t) cneagyowmm
* \ / obpasom:
1,7 vV
DR(t — At)

16

CKP(t)_1=CKP(t)*

2014

2019 |
2029
2034 7
2039
2044 7
2049 7
2054 7
2059
2064
2069 |
2074
2079 7
2084 7
2089 7
2094
2099 7

DR(t —1)




Pe3ynbTaTbl YUCAEHHOIO MOAENNPOBAHMA C y4eTOM N 6e3 yyeTa obpaTHON CBA3MU
MeXKAY YPOBHEM POXKAAEMOCTM U AeMOrpaPmUUecKon Harpy3Kom

YucneHHOCTb HaceneHuA

AemorpaduuecKkan HarpysKa
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Pe3ynbTaTbl MOAE/IMPOBAHUA MEHCUOHHOW CUCTEMbI, AemorpaduyecKkasn

KOMMOHEHTA.
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PocT uncneHHocCTH NneHCMOHeEPOB, COKpaweHNne YNCNEHHOCTHU pa6OTHMKOB

2006 2007 2008 2009 2010 2011 2012 2013 2014

H1CneHHOCTb NEHCMOHEPOB Ha
KoHel, roga, (Tbic. Yyen.) 38325 | 38467 38 598 39090 | 39706 | 40162 | 40573 | 41019 | 41456

ABCOMOTHLIN POCT
MUCNEHHOCTM NEHCUOHEPOB 3a
rog (Tbic. Yen.) 12 142 131 492 616 456 411 446 437

OTHOCUTENbHbIA POCT
YMCINEHHOCTM NEHCMOHEPOB 3a

rog (%) 0,0% 0,4% 0,3% 1,3% 1,6% 1,1% 1,0% 1,1% 1,1%
YucneHHoCTb NneHcnoHepoB (PoccrarT) NMporHo3 YncneHHOoCTU NeHCMOHepoB
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MopagenupoBaHue NEeHCMOHHOMU CUCTEMDI -BblBOA4bl

*pocm OemoepaguyecKol Haepy3Ku 8 1.5 paza 8 meyeHue bauxcaliwux 30-mu nem
* 08YyXKpaMHoe ripesbiuieHue neHCUoHHOoU Haz2py3Ku Hao demozpaguyeckoll
* 8bICOKAA 0018 meHeB8bix 00Xx0008

Demorpadunueckan Harpyska u NneHCMOHHaAA | JlonycTumMble CTaBKU 3aMeLleHUA NPU CTaBKe
Harpyska CTPaxoBbiX B3HOCOB 22%
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Bo3MOXKHble BapuaHTbl CHUXKEHUA AeMorpadmnyecKkomn Harpysku

Aemorpaduuyeckan Harpyska, U3ameHeHMe NeHCUMOHHOro BO3PacTa

Lemozpaguyeckas Hazpy3ka
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KpaTkue BbiBOAbI

PUCKM, CBsi3aHHble C MOrpewHocTbio  Agemorpadpuyeckoro  nNporHosa
CYLLLECTBEHHO HUXE CUCTEMHbIX PUCKOB CAMOI MEHCUMOHHOM CUCTEMDI.

CnoxuBlieeca 2- X KpaTHOe npeBbllleHNE MNEeHCMOHHOW HaArpyskn Haa
Aemorpapumyeckom n CunbHbIM POCT B bamkanwee Bpema. K 2020 roay uncno

NeHCMOHEePOB CPABHUTCA C HNCZIOM HAaEMHDbIX pa6OTHMKOB

[JVCKPETHbIN  XapaKTep pPas3sBUTMS MEHCUMOHHOM CUCTEMbI — NpPUMEP
BasnOpU3aLuAa.

[leHCMOHHaA cuctema He bHanaHcumpyetca 6e3  TpaHcdepTa, BONPOC
dMHAHCOBOM YCTOMYMBOCTU — BONPOC pPa3mepa TpaHchepTa.

OTCVTCTBVIE peakunn Ha AO0/IroCpoYHbIe MPOrHO3bl.

NHepunoHHbIN 3ddeKT aemorpadumyeckoro nepexoaa — 3a gemorpadpnuyeckmm
nepexoAom nocseayeT pe3kmim pocT NoTpebneHna n Harpy3kmM Ha SKOCUCTEMY.
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