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TypOyJ/IH3alusl 1orpaHuyHoro cjos. OHa HauWHAeTCs ¢ 3ajHeH UYacTH
NOTPAaHHYHOTO CJIOS1, IPHMbIKalOLIeH K JIHHHH OTpbIBA, H IIOCTENEHHO
pacrpocTpansieTcsi Ha nepeJHIo 4acTb ¢/10d. TakuM o6pasom, B nepej-
Heil YacTd MorpaHHYHbIH C/IOH JlaMMHApPHBIH, 3aTeM OH MepeXOoIHuT B Typ-
Oy/IeHTHBIH, a 3a JHHHeH oTphlBa obGpasyercs caen. s wapa TypGy-
JH3alUsl TOTPAHHYHOTO C€JIOSl HayMHaercs INpH udciax PeftHosbaca
~ 3-10°. CnenctBieM TypOy/M3alMu TOIPAHHYHOTO CJIOS SABJSAETCA
CMEIlleHHe JIHHHH OTPLIBA K 3aJHell YacTH Teja M CBA3AHHOE C HHM Cy-
xetue ciefa. B pesyabrare kosdduuHeHT J1060BOr0O COIMPOTHBJEHHS
C, ¥ naxe caMo 1060Boe conporusienue F, yMenblawTces. 210 siBeHUe
Ha3bIBACTCA KpU3UCOM conpomugierus. KpHU3nC COMpPOTUB/IEHHS MOMKET
H He HACTYIHTb, €C/IH C YBEIHYEHHEM CKOPOCTH TeUeHHsi JIUHHs OTphIBA
He cMelaercsi. Torna kosduuuent conporusiaenus C, CTAaHOBHTCH He
3aBHCAIMM OT uHcna PerHonbica. Tak Gyaer, Hanpumep, npu o6Texka-
HHH TUIACTHHKH C Pe3KHMH KpasfiMH, I1OCTaBJEeHHOH MepITeHAHKY.ISIPHO
K NOTOKY. 3/lechb JIHHHA OTPLIBA ONPEAETAETCS YHCTO TeOMETPHUECKHMH
Coo0paxKeHHAMH H COBIajaeT C KpasMH IJIACTHHKH.

§ 104. MonvemMnasa cHia Kpblia caMojieTa

1. C sBJeHHEM OTpHIBA CBSI3aHO U BO3HUKHOBEHHE TOIBEMOH CHJILI.
Hac 6yner unTepecoBaTs ri1aBHbIM 06pa3oM NOAbEMHAS CHIA, AEHCTBYyIO-
masi Ha KPLUIO CaMoJIeTa, XOTs MeXaHHM3M BO3HHKHOBEHHS IOALEMHOMN
CUJIBl B CJlyyae Tesl APYroi (opMbl COXPaHsieTCst TeM ke cambiM. [Ipu
1oJIeTe caMoJjieTa ¢ IOCTOSIHHOH CKODOCTBIO €r0 OpHEeHTAalHsi B MPOCT-
paHCTBe OCTaeTCsl HeM3MEHHOH. DT0 yKasblBaeT Ha TO, YTO IIPH TaKOM

Y

Puc. 275.

T10JIeT€ MOMEHTH BCeX BHEIUHHX CHJI, JefCTBYIOIMX HA CaMoJjeT, ypas-
HOBELIHBAIOTCS, 4 €r0 MOMEHT KOJIHYeCTBa ABHKEHHS OCTaeTCsl HEU3MEH-
HbM. Jlast ynpolueHus 6yieM paccMaTpHBATh OT/€/MbHOE KPbIIO, PABHO-
MepHO JBHKYIIEeCsi B BO3JyX€ M OPHEHTHPOBAHHOE NepIeHJHKYJISPHO
K IVIOCKOCTH pHMCyHKa (puc. 275). JlauHy Kpblia GyjeM cuuTarhb Gec-
KoHeuno 6oabliof. Takoe KpblWO Ha3LIBAETCS KpPblAOM u6ecxouetmoeo
pasmaxa. YJ0OHO TepefiTH K CHCTeMe OTCUeTa, CBA3AHHOH C KPHIIOM,
TIOMECTHB HAua/J0 KOOPJWHAT B OAHY H3 TOYEK KpblIa, HApPHMEpP B €ro
uentp mMacc C. ITonsitHo, uto sra cucrema orcyera Gyjer HHEpLUHANbHOU.
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Taxkum o6pasom, Mbl IpennosaraeM, 4YTO KpbLIO HENOABHIKHO,
a TedeHHe BO3AyXa IIocKoe. HeBo3MyllleHHBIH NOTOK, KOHEYHO,
Oyner paBHoMepHbIM. Bo H30emxaHue HezopasymMeHHH BCe MOMEHTHI
KOJIMYECTBA JBUKEHHS, O KOTOPHIX TOBOPHTCS HHXKe, GyieM 6paTh OTHO-
cutesbHO TodkH C. MOMEHT KosIM4ecTBa ABHKEHHsI CAMOT'O Kpbljia paBeH
HyJI0, 1 O HeM B JanbHeflllleM MOXKHO He TOBOPHTB.

2, 115 BO3HHMKHOBEHHS IMOJbEMHON CHJIBl HEOGXOAUMO, YTOOB! KPBIJIO
OBbIIIO HECUMMEMPULHO UITH HECUMMEMPUUHO PACNOAONCEHO OTHOCHTEALHO
TOPH3OHTA/BHOH NJIOCKOCTH, B KOTOPOH OHO JBMKeTcA. [lpu ABHKeHHU
KPYTJIOro HeBpallalolmierocs LHIHHIpA, HallpHMep, HHKAKOH Mo beMHOH
CHJIbl BOBHHKHYTbH He MoxkeT: [TosTomy Mbl mpesnnomaraem, 4ro yKasaH-
HOH cummerpuu Her. HamomMHuM Temepp, YTO B NHOrpaHHYHOM CJIO€
CKOPOCTH YacTHl, BO3[yXa BO3DACTalOT NPH yJajJeHHH OT NMOBEpXHOCTH
Kpbia. Baarojaps 3ToMy [BHKeHHe B [OTPAHHYHOM CJIO€ BHXPEBOE,
a MOTOMY COfep»KHUT BpailleHHe. CBepXy Kpblia BpallleHHe COBeplLIaeTcst
10, 4 CHH3y — IIPOTHB YacOBOH CTPEJKH (eC/U MOTOK XKHAKOCTH HaTe-
KaeT c¢jeBa HanpaBo). JlOMyCTHM, YTO B pe3yJbTaTe OTPbIBA KaKafi-To
Macca BO3JyXa, paHee HAXOAMBILAACH B MNOTPAHUYHOM CJIOE CHH3Y OT
KpblTa, yHeceHa NOTOKOM B BHJE OfHOTO HJIH HECKOJbKHX BHXpel.
O6nafasi BpallleHHeM, 3T Macca YHeceT U CBA3aHHBIH ¢ HeH MOMEHT
KoJiH4yecTBa JBHKeHHA. Ho oOIHUA MOMEHT KOH4ecTBa ABHKEHUS BO3-
JIyXa He MOXeT H3MeHHTbCA. EC/aHM OTPBIB NOrpaHHYHOTO CJOS CBEPXY
OT KpblJa He IpOH30LIeN, TO /I COXPAHEHHS MOMEHTa KOJIHYeCTBa
JBHXKEHHs] BO3AYX BO BHEIIHEM IIOTOKe JOJKEH HauaTh BpaLlaThCs
BOKPYT KpbLia 10 4acoBOH cTpesnke. MHbIMH cloBaMH, BO BHeELIHEM IO-
TOKE BOKPYT KpPblJa AOTKHA BOSHHKHYTb IHPKY/SILHSA CKOPOCTH BO3/lyXa
1O YacoBO# CTpesKe, HaK/IaAblBaIOLAsACs Ha OCHOBHOH noToK. CKOpoCTh
HIOTOKA MMOJL KPHUIOM yMEHBIIUTCS, a Haj HUM — yBeauuutcs. K BHer-
HeMy [OTOKY NpHMeHHMO ypaBHeHHe Bepuynanau. K3 Hero cienyer, 4to
B pe3yJbTarTe LUPKYJAAUHMH JaBJeHHe INIOJ KpPbUIOM BO3pacTeT, a Haj
HHM — yMeHbUIUTCA. BO3HHMKIIAA pa3HOCTb JaBJeHHH IIPOABISAETCA
B NOXbEMHOH cuJjie, HanpaBJjeHHOH BBepx. HaobBopor, eciin yHeceHHble
BHXpHU 0GpasoBaMiCh M3 YACTHL, NOTPAaHHYHOrO CJAOS CBEPXY Kpblia,
TO BO3HHKHET HHUPKYJSLHA NPOTHB YacCOBOH CTpPe/IKH, a «IIOJbEeMHas»
cuna GyneT HanpaBJieHa BHUS3.

3. [lad ysicHeHUA SIBJIeHH S IOJI€3HO PAacCMOTPeTh TOHKYIO IJIACTHHKY,
TNOCTaBJEHHYIO HA MYTH MOTOKA HJAeaJbHOM XKujakocTH. Ec/in nnactiHka
OpHEHTHPOBaHa BJOJb IOTOK3a, TO KpPHTHYECKHE TOYKH, B KOTOPHIX
CKOPOCTb XHJAKOCTH oOpalliaercsi B HyJb, HaxoxsTcAd Ha Kpafx A u B
(puc. 276, a). Ecou niacTHHKA nocTab/ieHa nepleHAHKYJsPHO K [TIOTOKY,
To 0fe KpUTHUeCKHe TOYKH CMELLaloTCA K LEHTPY IVIaCTHHKH, a CKOPOCTh
TeYeHHs AOCTUraeT MAKCHMyMa Ha Kpasx miactunku A u B (puc. 276, 6).
Ecau ke naacTHHKA MOCTAaBJIeHA HAKJAOHHO K MOTOKY (puc. 276, 6), TO
KPUTHUECKHe TOUKH K; H K, 3aHUMAIOT MPOMEXKYTOUHbHIE MOJIOXKEHHUS
MeXJly LEHTPOM IJTaCTHHKH U ee Kpasmu. CKOPOCTb TEUEHHs TIO-TIPEXK-
HEMY MaKCHMaJ/ibHa Ha KpasfX IVIAaCTHHKH. B OKPeCTHOCTH KPHTHYECKOH
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TOYKH K, OHa Oosbllie CHH3Yy, 4eM CBepXy, TaK KaK HUXHHI IOTOK
pacmosioxKeH 3HAYHTEJbHO OJHKe K Kparw B INJIaCTHHKH, ueM BepXHHU{
K Kpaw A. Takas ke KapTHHA TeUeH s 06pasyercs B HAYa/bHblA MOMEHT
¥ NpH TeYeHHH BA3KOH »KUJKOCTH.

=

Puc. 276.

4. Tak ¥ B clyyae Kpblla caMoseTa NOTOK BO3AyXa MOA KPBUIOM
B Hayajle JBH)XKEHHS oOrubaer 3ajHIOI0 KPOMKY KpblIa H BCTpeuaercs
Boab JHHHHM KD ¢ noTokoM, oruGaioliuM Kphlio cBepxXy. 3jaech obpa-

q) 4)
Puc. 277.

3yeTcsi IOBEPXHOCTD pasjiesa, CBEPTHIBAIOILASACA B Ja/bHel1eM B BAXPb,
npuueM BpallieHHe NMPOMCXOAMT NPOTUB HacoBOH CTpenku (puc. 277, a
1 6). Bee ato Buano Ha puc. 279, 280, 281 (dpororpaduy), npuuem nepsele
IBa pPUCYHKa H300pakaloT TedeHue
B CHCTEM€ OTcyYera, B KOTOpPOH He-
TNOABHKHO KpbLIO, a TNOCJELHUA —
B CHCTeMe OTcueTa, B KOTOpOH HeMno-
IBMKHA HEBO3MYyILEHHAs >XHIKOCTb.
BuXpH yHOCAT MOMEHT KOJHYECTBA
IBMKEHHSA, a BOKDPYI Kpbwia obpa-
3yercss [LHPKYyJsALHA 10 YacoBOH
crpeske. Bospacranue CKopocTH Teye-
HHS HaJ KpBUIOM M yMeHblieHHe ee
IO/l KPBIIOM IPHBOAAT K CMELIEHHIO JIMHHH OTPHIBa, NIOKA OHA He JOCTHT -
HET HHXKHe KPOMKH Kpblia (puc. 278). Ecnu 6rl He OblIO CHJT BA3KOCTH,
TO AanbHefiliee ofpa3oBanHe BUXpef, a C HUM H UUPKYJSLHH BOKPYT
Kpblla TnpeKpatuinch GObl. CHibl BS3KOCTH MeHSIOT felo. Baaroaaps

/

Pre. 278.
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UM OUPKYAAIHUA BOKDPYT Kpblia NOCTENEHHO 3aTyXaeT. Jluausa OTpHIBa
cMelnaercss oT KPOMKH Kpblla BBeEpX, T. €. BHOBb NOABJIAIOTCA YCJIOBHA

Puc. 279. Puc. 280.

1151 BOSHUKHOBeHHst Buxpefl. [losBasiomuecs BUXpH BHOBb YCHJIHBAIOT
UHPKYJISLHIO H BO3BpallalOT JHHHIO OTPhIBA K KPOMKe Kpblia. Ilpu
NOCTOSIHHOH CKOPOCTH ABHXKEHHA ca-
MOJIeTa ONHCAHHBLIH TpOHecc HOCHT
peryJafapHBEI Xapakrep — BHXpH Ie-
PHOJHYECKH OTpPHIBAIOTCS OT 3anHell
KPOMKH Kpbl1a H TMOAJepXKHBAIOT
NPaKTHYECKH NOCTOSIHHYIO BEJIHUHHY
HUPKY/IALHH.

5. 3aBUCHMOCTb Be/IHYHHBI MOIB-
€MHOH CHJIBl OT LHPKY/ISLUHH CKO-
pocTu 6blJ1a YCTAHOBJIEHA HE3aBHCHMO
apyr or apyra H. E. JKykosckum
u Kyrra. X gopmyna oTHOCHTCS K
Kpbl1y OeCKOHeyHoro pasmaxa H
JaeT BeJHYHHY NOJbeMHOH CHJIBI, OT-
HECEHHYIO K eJUHHIEe IJUHBl TaKOro :
kpeiia. PopMysa mpeanoaaraer, yTo KpbLIO JBHKeTCs PaBHOMEDHO B
HJeanbHOfl JKHAKOCTH, M BOKPYr HEro YCTAaHOBWJACh LUPKY/JIALUS
CKOPOCTH TOCTOSIHHOH BeqHudHbl. TakuM o6pasom, B CHcTeMe OT-
cyeta, B KOTOPOH KpblJIO HENOABHXKHO, ABHXKEHHE XHAKOCTH IOTEHIH-
aabHO, HO C LHpKynsudedl. B npeaqbHOH XKHUIKOCTH BEIHYHHA LHPKY-
JISIIIHH TTPAKTHYeCKH MOXKeT ObITh /060!, HUKAK He CBSISAHHOH €O CKO-
pOCTHIO TIOTOKAa, YIJIOM aTaki M NpOYHMH napamerpamu. OjHako
BSI3KOCTB, XOTS Obl U MpefeNbHO MaJjasi, PUBOAHT K ONHO3HAYHOH 3a-
BHCHMOCTH BeJHMUHHBl LHPKYJAANHH OT 3THX mnapamerpoB. Ilpu 3sToM
caMa UMpPKYAALMS OT BS3KOCTH NPaKTHYECKH He 3aBHcHT. [lostomy
dopmysa JKykosckoro — Kyrra paer xopolee npubiHKeHue s
HOJBEMHOH CHJBI KphlJIa TaKXkKe H B BO3AyXe, 06/1aflaiollleM BA3KOCThIO.

6. IlpuBenem npocteifiuinil BuiBoJ Gopmyror Kykosckoeo — Kymma,
U3 KOTOPOTO C 0COBOH OTYETJIUBOCTLIO BBIACHUTCH, IIOYeMY /s BO3HHK-
HOBEHHS IIOJBEMHOH CHJBI CyUlecTBeHHa HHPKyJasLUA. JonycTHM, 4TO

Pnuc. 281.
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MIOTOK KHIKOCTH MTPOCTHPAeTCs BO BCe CTOPOHB! Jo GeckoneuHocTH. Kak
M panbliie, Gy/1eM Mpearnoaaratb, YTo HeBO3MYIUEHHbIH MOTOK TOPH30H-
TajleH; och X HampaBJeHa BJ0Jb ITOTOKA, @ 0Cb Y — BepPTHKA/IbHO BBEPX
nepreHHKyIspHO K HeMy. [TycTb xpoiio K noMelneHo B Hayase KOOP/H-
HaT (puc. 282). ITomecTHM Ha/l KPLIJIOM H TIOJL HHM G€CKOHEUHOe MHOMXe-
CTBO B TOYHOCTH TAKHX K€ KPbLIbeB, HAXOAAIHXCA HA PABHBIX PaCCTO-
SHUAX Apyr oT japyra. Ilycts BOKpyr Kaxaoro Kpoiia BosOyXjeHa
TaKas Xe HUPKYJIAIMS, Kak 4 BOKpyr Kpbila K. Torja ycranopublieecs
TeyeHue KHAKOCTH GyZeT cTporo mepHoiHuHo no y. Ecin paccrosnue
MeX1y COCEJHHMH KDBUIbSIMH OUYeHb BeJHKO [0 CPABHEHHIO ¢ morepey-
HBIMH pa3MepaMH Kpblla, TO BBeleHHe J00aBOYHBIX KPBIILEB MOXKET
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Puc. 282,

HCKa3UTb TeueHHe B HeNOCpPeCTBEHHOR GaH30CTH Kpblia K TOJNBKO Tipe-
HeGpexumo Majno. CylllecTBeHHbIE H3MeHeHHs NPOH30HAYT JHlb BAAIH
ot kpoiia K. TlpoBeaeM npsmoyronsHblii KOHTYp ABCD, ropusoHTab-
Hble CTOPOHBI KOTOPOTO NPOXOISAT NocepenHe MeXK1y COCEAHUMH KPBUID-
smu. Tlyers gnuHa ero AD GecKOHEYHO BelHKa MO CPABHEHHIO C BBICO-
To#. Ha 6okoBbIx cTopoHax AB u CD cKopocTb @ ci1araercsi U3 rOpH30H-
TaJbHOA CKOPOCTH ¥o HEBO3MYILIEHHOTO NOTOKA M BePTHKAJbHOH CKO-
pocTH @', 06yC/IOBIEHHOH LUMpPKYJAsHeH. 3a MONOXKHTENTbHYIO UHPKY-
JSLHIO IpHMEM IUPKYJALMIO N0 YacoBol crpenke. Ilpu Takoit unpky-
Asud Ha ctopoHe AB ckopocTs ¥' OyleT HampaBieHa BBepX (MOJo-
KutenbHa), a Ha CD — BHU3 (OTpHuaTesnbHA). PaccMOTpHM KHAKOCTD
B IIpsIMOYTOJIbHOM NapaJsulesenunese ¢ ocHobaineM ABCD u eiuHuUYHOH
BBICOTOH, NepreHAHKYJsAPHOH K IJIOCKOCTH pUcyHKa. Uepes Bpems df
JKUJKOCTb, HAXOAMBLIAACA B NapaJliefenuiele, nepeMecTuTes: B oGbeM
A'B’'C’'D’. PaccuntaeM npHpalleHHe KOJHYeCTBa JBHIKeHHA ee df.
ITpu cranuonapHoM TeYEHHH 3TO NpHpalleHHe OyAeT PaBHO Pa3HOCTH
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B OJIHH U TOT K€ MOMEHT BpPEMEHH MeXY KOJHYEeCTBOM ABHXKEHHUS XKHIKO-
CTH B HOBBIX YacTAX IIPOCTPAHCTBA, KOTOPHIE OHA 3aHANa 3a BpeMs di,
H KOJIMUECTBOM JIBHKEHHS B TeX YaCTAX MPOCTPAHCTBA, 3 KOTOPHIX OHa
ylja 3a 1o ke BpeMsa. Ho BBHIY MOJHOH MEPHOAHYHOCTH KAPTHHEI JBH-
JKEHHs1 B HAaNpaBJEHHH OCH Y KOJHYECTBA JIBHKeHHs B o0bemax AA'M
H BB’N B ToyHOCTH OfHHAKOBBlL. OIMHAKOBBEl H KOJHYECTBA ABHXKEHHS
B o6beMax MDD’ u NCC’. TlosToMy HCKOMOe IIpHpallleHHe KOJIHYecTBa
nBuxKenusi df wafijercs, ecJM M3 KOJHYECTBa JBHXKEHHS B ofbeMe
CC’'D’'D BbluecTb KOJHYECTBO ABH:KEHHA B oObeme AA'B’B. Kaxiwi
M3 3THX 0GbEMOB paBeH [U., df, rae [ — pnuHa croposl AB = CD;
TOPU3OHTa/bHBIE CKOPOCTH U, OJHHAKOBE B O0OHX 00beMax, a BepTH-
KaJibHble CKOPOCTH ¢’ OT/IMuaioTcs 3HakamH. [losToMy npupaineHue no-
Jy4aeT TOJbKO BepTHKa/JbHAs COCTAB/ISIONIAS KOJHYECTBA IBHXKEHUS,
U 3TO NpUpalleHHe PaBHO

dl, = —2lv.pv’ dt.

Ho 2iv" = T' ecrb unpkyasimus ckopoctd @' no xourypy ABCD, Tak
Kak cTopoHsl AD u BC Hukakoro BK/Jaja B LUUPKYJALMIO He JaiOT.
CkopocTb @’ Ha 3THX CTOPOHAX OJHA H Ta XKe, H NMPH 06X0Je 0 KOHTYpY
ABCD onu npoxoiaTcs B IPOTHBONO/OXKHBIX HanpaB/ieHuax. Beanuuna
I' ectb B TO Ke Bpems wupKyasuus no Koutypy ABCD nomnHo# ckopocTu
U = U -+ ¥', TaK KaK OYEBHJHO, YTO NOCTOSHHBIA 4/EH ¥, HHKAKOTO
BKJaJa B LHPKYJSLHIO BHECTH He MOXeT. TakuMm o6pasoM,

dl,=—Tpuvs dt.

Ilpupaienne KoMHueCcTBa ABUKEHHS KHUAKOCTH PaBHO HMIYJbLCY BHeIl-
HUX CHJI, NEHCTBYIOIHX Ha Hee. M]3 HUX CHJBI JaBJIeHHA, NeHCTBYIOLINE
Ha paccMaTpHUBaeMylo MacCy MHAKOCTH 10 noBepxHocTH ABCD, moxHO
He NMPHHUMAaTbh BO BHHMAaHHE, TaK KaK paBHOAEHCTBYIOILAA BCEX TaKHX
CHJ1 JaBJieHHs paBHa HyJo. Ocraercs eJHHCTBEHHAs CHJA, C KOTOPOH
KPBLJIO AefcTBYeT Ha XKUAKOCTh. OHA paBHA H MPOTHBOMNOAOXKHA 110 3HAKY
noxbeMHoH cuje F,. IlpuMenss TeopeMy 06 HMIYJbCE CUJBI, TIOJydYaeM

F,=Tpve. (104.1)

W3 BbiBOAA AicHO, uto nox I' ciienyer noHHMaTh LHPKYAALMIO O KOHTYPY
ABCD. Ho 115 NOTeHUHANbHOTO TEUEHHST KOHTYD IHPKYAALHE Y MOXKHO
IIPOBECTH MPOH3BOJIBHO. BaxHO TOIbKO, YTOGE! OH OXBaThBald Kphlio K
H He 0XBaThIBaJ APYyrHe Kpbiibs. B3aB B KadecTBe y MNPOH3BOIbHBIH KOH-
Typ, 6yJeM yaanfaTb B 66CKOHEYHOCTb BCE OCTAJbHbIE KPblIbs, HE TPOTras
IIpH 5TOM caM KOHTYp Y. Torna B npenese Mbl IPHAEM K CIYYar0 eIHHCT-
BEHHOro Kphblia, obTeKaemMoro IIOTOKOM KHakoctd. B srtom mpe-
JenbHOM Ccilyyae pesyabtar (104.1) coxpauser cuay. @opmyna (104.1)
u ectp opmysa )Kykosckoro — Kyrra.



