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1. K 6arapee ¢ D/IC & W HEH3BECTHBIM BHYTPEHHHM CONPOTUBJICHUEM IOKIIOUCHBI
II0CJIEZI0BATENBHO aMIIEPMETP U BOJIBTMETP C HEKOTOPHIMU HEU3BECTHBIMU BHYTPEHHUMU
COIpoTHBIEHUsIMH.  Eciau  nmapamienbHO — BOJABTMETPY — BKIIOUUTh — HEKOTOPOE
COIIPOTHUBIIEHUE, TO MOKa3aHMs aMIIepMETpa yBeIU4aTcs B 2 pas3a, BOJIbTMETpa B 2 pas3a
yMmeHnb1iarcs. HaliTi nokazaHust BOJIBTMETPA 10 BKJIIOUEHMS B LIEMb CONPOTUBIICHHUS.
Pemenne. Ilo 3akony Oma s 3aMKHYTOW Lend HMeeM (B ciydae [enud Oe3 JIOMOJHUTEIBHOTO
COIIPOTHUBJIEHUS) HAXO/AUM TOK B II€TH (KOTOPBIN paBEH TOKY Yepe3 aMIepMeTp)

|- ¢
r+r,+r,

rae I - BHYTPEHHEE COINPOTUBICHHE MCTOYHMKA, rA - COIIPOTHUBJICHUC aMIICPMETPA, I';/ - COIIPOTHUBJICHUEC

BoJbTMETpa. OTCI0a HAXOJUM HAIPSKEHUE Ha BOJIBTMETPE
el
U, =l =———=¢c—1(r+r,) (*)
r+r,+r,
AHaJIOrMYHO HAXOMM, YTO KOTJIa MapauIeIbHO BOJIBTMETPY HMOAKIIOYAIOT CONPOTUBICHUE R, HampspkeHue
Ha BOJIbTMETpPE OyeT paBHO
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Uy =e—1'(r+r,)
Ho mo ycmoBuro mokazanusi amrmepMmerpa yBenuuumBaioTcss BaBoe (1'=21), a BompTMeTpa BIBOE
ymenbmatores (U, =U,, /2). Orcrona
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KpuTtepun ouenku 3agaumn

1. ChopmynupoBaHa npaBuibHas Uies PELICHUS — HAaXO0XJIEHHE HAMPsDKEHHUsT HAa BOJIBTMETpPE depe3 TOK B
uernu — 0,5 Gaa,

2. [IpaBmiibHOE KOMOMHUPOBAHHE ATHX (POPMYIT B TIEPBOM U BTOpOoM ciydae — 0,5 6ama,

3. IlpaBuiibHO MONy4€HO ypaBHEHHUE, CB3bIBaIOIEro noka3anus BosibTMerpa u JJC — 0,5 Ganna,

4. TpasunbHbIe Beruucienus — 0,5 6ana,

Omnenka 3a 3a7adyy HaXxOJUTCS KaK CyMMa OLIEHOK IEepEeuMCIIEHHBIX MYHKTOB. MakcuMaibHas OIIEHKa 3a
3aady — 2 Oanna.

2. V3 34 onvMHAKOBBIX CTEpKHEW JIWHOM @ ¥ Maccod M —_
U3rOTOBJIEHBI MakeTbl JBYX uucen 238 u 328 (kaxmoe «3BEHO» | EI — ; EI 3 —
KOKIOH HUQPBI — OJAMH CTEPKEHb). MaKeThl YHhCell pacroioKUIN a 2\ a

Ha KOPOMBICJIE PAaBHOIUIEYMX BECOB MIMHOKW 20a Tak, Kak 3TO

NoKa3aHo Ha pucyHke. Kakoe u3 umcen mnepeBecuT M nodemy? Kakoil HONOJHUTENBHBIM TPy3 HYKHO
PacHoJIOKUTh Ha KOHIIE BTOPOTO KOPOMBICIIA BECOB, UTOOBI BOCCTAHOBUTH paBHOBECHE?

2. Koneuno, maccel MakeToB uncen 238 u 328 paBHBI, HO IIPU UX CPABHEHUU HA KOPOMBICEJIBHBIX Becax
CPaBHHMBAIOTCS] HE CUJIbI TSXKECTH, JEMCTBYIOLINE HA MAKEThl YHCEN, @ MOMEHTBI CHJI TSKECTH OTHOCUTEIIBHO
omnopsl. [TocunTaeM MOMEHTHI CHJI, IEMCTBYIONIUX Ha MPABOE U JIEBOE IJIEYO KOpoMbIcia. «J[Boiikay (cieBa)
U «BOCbMEpKa» (crmpaBa). Y «BOCbMEpPKH» €CTh JIBa JIMIIHUX CTEP’KHS, PACIOJIOKEHHBIX Ha PAaCCTOSIHUIIX
6a 1u 72 OTHOCHUTENIBHO ONOpPBI. 3HAYMT, Il U30BITOUHONO MOMEHTA, AEHCTBYIONIErO Ha MpPaBoe IUIEYO,




umeeM AM, =6amg +7amg =13amg . «Tpoiika» (cneBa) U «1BoO¥Ka» (crpasa). ¥ «IBOWKI» €CTh JUIIHUMA

CTEpP’)KEHb Ha PACCTOSHUM 5Sa OT ONOpbl, M HE XBaTaeT CTEPKHS Ha pPACCTOSHUM 4a OT OIOPHI.
CrnenoBaTenbHO, W30BITOYHBI MOMEHT, NICUCTBYIOIIMM Ha TPaBO€ IIJICYO KOPOMBICIA BECOB, €CTh
AM, , =13amg +5amg —4amg =14amg . «Bocemepka» (cieBa) M «Tpoiika» crpaBa. Y BOCBMEPKU €CThb 2

JUITHUX CTEP)KHS HAa PacCTOSHHM 2@ OT omopkbl. [loaTomMy aJis M30BITOYHOTO MOMEHTA, IEHCTBYIOIIETO HA
MpaBoe IJIEY0, UMEEM
AM, , =14amg —4amg =10amg

CnenoBatenbHo, ynciio 328 crpaBa OT Onopsl nepeBecut. [10CKoJIbKY BOCCTaHABIMBAIOIIMA pPaBHOBECHUE
BECOB I'Py3 HYXKHO IOJIO’KUTh Ha CaMblii KOHELl JIEBOI'O KoJieHa KopoMbicia (miedo 10a ) ams ero maccel m,

MMEEM
10am,g =10amg

OTKyna HaXOJIUM
m,=m
Kpurepun oneHku 3a1aqyu
1. ChopmynrpoBaHa NpaBUIbHAS HJES PEIICHUS — HAXOXJICHHE MOMEHTOB CHJI, JICHCTBYIOIIMX CIlieBa M
crpaBa ot onopsl — 0,5 Gamia,
2. [IpaBWIIbHO HalICH MOMEHT CHJI, JICUCTBYIOLIHMX cripaBa oT onopsl — 0,5 Gaiia,
3. [IpaBWIIbHO HaiIeCH MOMEHT CHWJI, ICHCTBYIONINX cJIeBa OT ormopkl — 0,5 6arra,
4. [TpaBUIbHO HaliIeHa Macca, KOTOPYIO HY)KHO PacIiOIOKUTh Ha OJTHOM W3 KOHIIOB pbluara, 4ToObl OH ObLIT B
pasuoBecun — 0,5 Gana,
OrneHka 3a 3aJa4y HaXOJIUTCS KaK CyMMa OILICHOK IePEYMCIICHHBIX MYyHKTOB. MakcHMajbHas OIIEHKa 3a
3amaqy — 2 Oara.
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3. Nmeercs mnpsMoyroiabHUK 1234 H3rOTOBJIICHHBIM W3 METALTUYCCKHIX
CTepXKHEl OJMHAKOBOIO MaTepualia M OJMHAKOBOTO CEUYEHHS, MpHYEeM
JUTHHBI CTOPOH TIPSIMOYTOJIBHUKA OTHOCATCS Kak 1-2:1-4=1:2. BepmuHsl 2 u
4 cBs3aHBl TaKUM ke (HO KPUBBIM) CTEPKHEM C JUIMHOM, BTpoe Ooublieit
JuiHbl crepxkHs 1-2. Temneparypel BepmvH 1 u 3 moaaepxuBaercs 1 4
nocrossHEbIMA U paBHbiMu U, =100°C, t,=0°C. Haiitu Temneparypsl

BeplnH 2 U 47 Yka3anue. TerioBod MOTOK MEXKIY TOUYKAMH, TEMIIEPATYpbl KOTOPBIX MOAAEPKUBAIOTCS
MOCTOSIHHBIMU, TPOMOPLMOHANIEH PAa3HOCTH TEeMIIepaTyp TOYEK, OOpaTHO MPOMOPLUOHATIEH PACCTOSHHUIO
MEXIYy HUMHU M KO3(QQUIMEHTY TEIUIONPOBOIHOCTH CpeAbl Mexay HuMH (3akoH Dypbe). Cuutarh, 4TO
OOKOBBIE TOBEPXHOCTH CTEPIKHEN TEIIION30JIMPOBAHBI.

Pemienne. O4yeBUIHO, YTO B paBHOBECHM (KOI/la BCE TEMIIEPAaTyphl HE MEHSIOTCS) TEIUIOBOW MOTOK IO
CTEepKHIO 1-2 paBeH CyMMe TETIJIOBBIX TOTOKOB 10 CTepkHAM 2-3 1 2-4. [TlosToMy n3 3akoHa Dypre nMeem

L-t :tz_t3 +t2_t4
| 2l 3l

rae | - mmna crepxns 1-2. Orciona
— *
6t +3t; =11t, - 2t, *)
AHaJIOTMYHO, TEIJIOBOM MOTOK MO CTEPKHIO 4-3 paBeH CyMMe TEIUIOBBIX IMOTOKOB IO CTEPXKHSM 2-4 u 1-4.
ITosTomy

-4 — L-4 +t2 —4

I 2l 3l
Otkyna
3t +6t, =-2t, +11t, (**)
Pemas cucremy ypaBHeHwmit (*)-(**), momydanm
T ABG 6o q, T g 5o
117 117

Kpurtepumn onenku 3agauu
1. ChopmynupoBaHa mnpaBuiibHasE UAES PEUIEHHS — MOTOK MOCTYIMAIOLIEro B KaX/AbI y3el Telia paBeH
MOTOKY TeIJIa YXOJSIIET0, a yKa3aHHbIC TOTOKHU CIIeTyeT UCKaTh 1o 3aKoHy Dypre — 0,5 Oamna,



2. IIpaBUIBbHO 3amMcaHO BBIPAXKEHHE Ul MOTOKOB TEIUIA BBIXOAALIETO M3 BEPIIMHBI | B BEpPIIMHY 2 U U3
BEPILUHBI 2 B BEPIIUHEI 3 U 4.

3. IlpaBWiIbHO 3amMCaHO BBIPAKEHHUE JJIsi MMOTOKOB TEIjla BXOMSAIIECTO B BEPIIMHY 3 W3 BepmmH 1 U 2 U
BBIXOJIs1Ier0 B BepiiuHy 4. [TonydyeHa npaBuibHas cucteMa ypaBHEHHUs Ui Temreparyp Bepuus 2 u 3 — 0,5
Oarna.

4. IIpaBunbpHOE pelieHue cucTeMsl ypasuenuit — 0,5 6amna,

OneHka 3a 3ajJadyy HaXOJUTCS KaK CyMMa OLIEHOK IepEYMCIICHHBIX IYHKTOB. MakcuMasbHas OLEHKa 3a
3amaqy — 2 Oaia.

4. MuHyTHas CTpeJKa 4acoB B 2 pa3a JUIMHHEE 4acOBOH. B HEKOTOPBIF MOMEHT BPEMEHHU CTPEJIKU COBIIAJIH.
Yepe3 kakoe BpeMs IIOCIE ATOrO KOHEI| 4YacOBOH CTpenku OylneT yAalnsaTbCs OT KOHIA MUHYTHOH C
MaKCUMaJIbHOW CKOPOCTHIO?

Pemenune. CkOpocTh yJaneHusi KOHLA YaCOBOM CTPEJKH OT KOHIIA YaCOBOM
CTPEJIKM OIPENEISIETCS TEM, KaK pacTeT pPAacCTOSHHUE MEXIYy KOHIIAMU
CTPEJIOK M IIOTOMY HE 3aBUCUT OT CHCTEMbl OTCYETAa, B KOTOPOU
paccMarpuBaercsa Ux ABUKeHHE. llepeiinem B cucremy orcyera, B KOTOPOU
MUHYTHasl CTpEJKa He Bpamaercs. B Hell dacoBas CTpenka BpalaeTrcs
IPOTHB YaCOBOM CTPEIKU C IOCTOSHHOW YIJIOBOM CKOPOCTBIO @, — O,

wac !

rie o, 1 @, - YIJIOBbIE CKOPOCTH MHMHYTHOM M 4YacOBOW CTPEIIOK, H,

CIIEIOBATEJIbHO, €€ KOHEILl JBW)KETCA C IIOCTOSHHOM 110 BEIWYHHE
ckopocThio. [loaTOMYy CKOpPOCTH yHnaleHHs KOHLA 4acOBOM CTPEIKH OT
KOHIIA MHHYTHOH OyJeT MaKCHUMaJbHOH TOT/a, KOTrJa BEKTOp CKOPOCTH
4acOBOM CTPEJIKM HAIpaBJIEH BJOJb IPAMOH, COCIMHSAIOIIEH KOHIIBI
cTpeniok (cM. pucyHok). [loaTomy B 3TOT MOMEHT mpsiMasi, IPOBEACHHAs
13 KOHIIAa MUHYTHOM CTPEJIKM K KOHIlY YaCOBOM SIBJISIETCS KACATEJIbHOM K OKPYKHOCTH, 110 KOTOPOH JIBHIKETCS
KOHEI| YaCOBOM CTpENKHU. A TNOCKOJBKY JJIMHA YaCOBOW CTPEJKU BJIBOE MEHbILE JJIMHBI MUHYTHOM, YIroJj
MEXJly CTpeJIKaMH cocTaBiigeT o =60°. A MOCKOJBKY 3TOT YToJI COCTABJISET LIECTYIO YacTh MOJIHOTO YIIa,
TO CTpeJsiKa MPONIET €ro 3a IIECTYI 4acTb BPEMEHHM, 32 KOTOPOE OHA COBEpIIAeT HOJIHBI 000pOT BOKPYT
MUHYTHOH CTPEJIKH, KOTOPOE B CBOIO OUEPE/Ib PABHO

T- 2r _ 60-12
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MUH qac

=65,5 MuH

[TosTOMY CKOpOCTH yJaJleHUs! KOHIIa YaCOBOM CTpENKU OT KOHIIa MUHYTHOU OyJeT MakcUMalbHOH yepe3 1/6
4acTb 3TOT0 BPEMEHH, T.€. Uyepe3
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Kputepun oneHku 3a1a4u

1. TlpaBunbHO TOHATO U OOOCHOBAaHO, KOT/Ia CKOPOCTh YAaJeHHUS KOHIIA YacOBOW CTPEIKHM OT KOHIIA
MUHYTHOM MakcuManbHa — 0,5 Ganna,

2. OcylIecTBIICH MEPEX0/l BO Bpallarollytocs cuctemy orcueta — 0,5 6amna,

3. TlpaBuibHO HAMHMCAHO ypaBHEHWE JUIS BPEMEHH, MPOIICIIIEr0 C TOTO MOMEHTAa, KOT/a TOJOKEHUS
CTPEJIOK COBIAJAIOT, 10 TOTO MOMEHTa, KOrJa CKOPOCTh YyJAJCHHUS KOHIIA YacOBOM CTpENKH OT KOHIIA
MUHYTHOM MakcumainbHa — 0,5 Gainia,

4. lpaBuibHOE pelieHe, MpaBUWIIbHBIE BeIuucieHus — 0,5 6anna,

Orenka 3a 3aJlady HAXOJWUTCA KaK CyMMa OIEHOK IePEUMCIICHHBIX MYHKTOB. MakcHMalibHas OIleHKa 3a
3amaqy — 2 Oama.

5. byil cocraBneH W3 JBYX OJMHAKOBBIX METAUIMYECKUX KOHYCOB C
BeicoToii h=1 ™ u yriom npu BepumHe (o =20°; cM. pucyHoK). Byii
IUIaBaeT B BOJE B BEPTUKAIBHOM IOJIOKEHHUH, TOTPY3UBIINUCH B BOAY 10
nojioBUHBL. YUepe3 mienu BHYTpb Oysl NMpOcauynmBaeTcsi BOJA, BBIXOIUT
BO31yX, U Oyl MemJieHHO morpyxkaercs B Boay. byaer nam MeHsThest . -
Pa3HOCTh ypPOBHEM BOABI BHYTPU U CHapyku Oys B IIpolecce €ro
norpyxeHnus B Bony? Haiitu pa3HOCTb ypOBHEH BOABI BHYTPH U CHAPYKU -




Oys, B TOT MOMEHT BpPEMEHH, KOTrJa OHa OyneT MUHUMaabHOH. TonmuHOW CTEHOK Oys TpeHeOpeub.
Vka3zanne. O6beM NPAMOro KpyroBoro KoHyca ompeneisercs cootHomenueMm V =(1/3)zR°h, roe R -

pannyc OCHOBaHHS KOHYca, N - ero BeIcoTa.

Pemenne. [lycte B Oyii mpocouniack BoJia, U OH MOTPY3WICS HAa HEKOTOPYIO
ryouny (cM. pucyHok). Paccmorpum ycioBwe paBHOBecuss Oys. B
PaBHOBECHH CHJIA TSDKECTH paBHa cuiie Apxumena. [loatomy

(M+m)g=pgV,,
rae M - macca Oys, M - macca BoAbl B Oye, p - IUIOTHOCTb BOAbl, V = -

o0beM morpyxeHHoil B Boxy uyactu Oys. C apyroil cToponsl, 00BeM
HOTPY’KEHHOM B BOJAY 4YacTH Oys CKJIaabIBaeTcs U3 (CTEHKH Oysd cuuTaeMm

TOHKMMH) 00bEMa €ro Norpy)kKeHHOHW 4acTu, 3alloJHEHHOW Bogod V .., H - -~
00BeMa ero norpyeHHoi yacrtu 6e3 soast V, .. [losromy
(M + m) g = pg (Vn.‘l.L’.K. +Vn.ll.6.6.)
Ho B npeHeOpexeHnH TOIIUHOM CTEHOK, oueBUIHO, M= pV . Ilo3ToMy ycnoBue paBHOBecHs Oys 1aeT
M = an.ltﬁ.e.

U3 stoit popmynbl craemyeT, 4YTO 0ObEeM €ro IMOABOJHON YacTH, HE 3alOJIHEHHBIH BOAOW, OMpelensercs
TOJIBKO Maccoil camoro Oysl, T.€. HE MEHSIETCS B IIPOLIECCE €r0 MOTPY>KEHUs B
BOJIy W3-32 HANOJHEHHUS BOAOW. A TMOCKOJIbKY IIMPHHA IIEHTPATbHON YacTH
6y9[ OoJbIle IIUPUHBI €TI0 KOHIOB, TO PACCTOAHUC MCKAY YPOBHEM BOJIbI
BHYTpU Oys M ypOBHEM BOJABI B BoJloeMe OYyIeT MaKCHUMaJbHBIM, KOTAa
MaKCHMaJbHa MIHUPUHA YacTU OYysl, pacIOI0KEHHOW MEXTy STHUMH YPOBHSIMH.
T.e. aT0 paccrosinue OyAeT MUHUMAIbHO, €CIIH PACCTOSHUS OT CEpeANHBI Oys
JI0 YPOBHS BOJIBI BHYTPHU Oysl M YPOBHSI BOABI B BOJ0€Me OyIyT OJMHAKOBBI
(cM. pHUCYHOK, OTH paccTosiHus o0o3HaueHbl Kak X ). Haitgem »3Tm
paccTosHusl.

W3 ycrnoBust paBHOBecus Oyst 6€3 BOJbI (YUUTHIBAs, YTO OH IOTPYXKAETCS B BOJY POBHO HAIOJIOBUHY)
uMeeM

M = pV

n.4.0.6.

1 1
= p=7R*h = p=rh*tg’a
3 3
rae R - pagmyc camoil mupokoit yactu Oys. Ecnm Oyt 3amonHeH Bomoil cimoem BbICOTOH h, To 00beM
HE3aIoJIHEHHON BOJIOM YacTu Oysl OT €ro cpeiHel YacTH JI0 YPOBHS BOJIbI BHYTpH Oys OyAeT paBeH
1
V==r(h®-h’)tg°x ™
37 =)

[Tockonbky B ciayyae MHMHHMMAJIBHOTO PACCTOSHUS MEXAY YPOBHSIMM BOJABI BHYTpU Oys M B BOAOEME
paccTosiHUsL OT cpenHeil yacTu Oys 10 ypoBHEH BOjAbl BHYTpU Oys M B BOJOEME OJIMHAKOBBI, 00bEM
HE3aIl0JIHEHHOM BOJIOM MOJBOAHON 4acTu Oysl paBeH YABOEHHOMY 00beMy (*) M paBeH 00beMY IOJIOBUHBI
Oys. [ToaTomy

2 3 3 2 1 3 2

—z(h’=h’ Jtg°a ==7h’ tg°«

57 (W =h)tg’e =2 7h"tg
OTcroza HaXOINM

: (123

=% @
A MHUHHUMAJIBHOC paCCTOSIHI/Ie Me>1<)1y ypOBHS[MI/I BOJbI BHYTpI/I 6y5{ 1 B BOOOECME paBHO
2h (%/E —1)
Ah . = 2(h—hl) =————>=0,41h=0,41m
32

= X=h-h =

Ot yrijia rmpu BEpIINHE 6y}I OTBCT HC 3aBHUCHUT. HO3TOMy BO BCCX BapHaHTaxX OTBCT TaKoMH XKe.

Kpurepun onenku 3agauun
1. ChopmynupoBana mpaBWIbHAs HAEs PEHIEHUsS — 00bEM HE3aMOJHEHHOW BOJIOM TOJBOTHOW 4YacThu Oyst
ocTaeTcs MOCTOSHHBIM NP 3anojHeHuu Oys Boaoit — 0,5 Gana,



2. ChopMyIHpOBaHO U I0KA3aHO YCIOBHE MUHMUMAIBHOCTH PAacCTOSIHUSI MEXKTy YPOBHEM BOJIBI B OacceiiHe
BHYTpH Oys - 0,5 Gayna.

3. IIpaBuiIbHBIE TEOMETPUYECKHIE YPABHEHHSI HAXOXKICHHUS 3TOr0 MUHUMAIBHOTO paccTosiHus — 0,5 Gamna

4. IIpaBuibHOE pelieHne, NpaBuibHble BbrancieHus — 0,5 6anna.

Omnenka 3a 3aJady HaXOIUTCS KaK CyMMa OIIEHOK IEPEYHMCICHHBIX ITYHKTOB. MakcHMaibHas OLECHKa 3a
3amaqy — 2 Oaia.

2 BapHMaHT (KpUTEpPHH OLEHKH 33124 TaKHe Ke, KaKk B BapuanTe 1)
3 1
1. Uv = Zs‘ 2. IICPEBECUT MpPaBOC IJICY0, M, = gm , 3. Ta )Ke 3aj1a4a, 4ToO U B Bapuante 1. 4. Ta e 3a1aya, 4T U

B BapuanTe 1; 5. OTBET Kak B BapuaHrte 1
3 BapuaHT (KpUTEPUM OLIEHKH 33/1a4 TAKHUe Ke, KaK B BapuaHnre 1)

4 6
1. U, = gg ; 2. IEPEBECUT MIPABOE ILIEYO, M, = gm ; 3. Ta ’Ke 3a/1a4a, 4YTO U B BapuaHTte 1; 4. Ta :Ke 3a1a4a, 4To U

B Bapuante 1; 5. OTBeT kaKk B BapuaHte 1

4 BapuaHT (KpUTepHH OILEHKH 33124 TaKHe Ke, KaKk B BapuanTte 1)
S) 6
1. U, = 68; 2. IEPEBECUT IIPABOE IUIEYO, M, = gm ; 3. Ta e 3aj7a4a, uTo U B BapuaHte 1; 4. Ta ke 3a/1a4a, 4To U

B Bapuante 1; 5. OTBeT KaKk B BapuaHte 1



