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«...doue laturbolenza dellacqua sigenera

doue la turbolenza dellacqa simantiene plugho
doue laturbolenza dellacqua siposa...»

«...20e mypbyrneHmHocmb 800bI 8030yx0aemcs
20e mypbyrneHmMHocmb 800kl coxpaHsemcs Hadosi2o
20e mypbyreHmHocmb 800kl 3amyxaem...»
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TEPMUH «TYPOYNEHTHOCTbY B KPYr Hay4HOW
TEPMMHOSIOrNK, No-BMANMOMY, BBEN OPUTAHCKUI
PU3NK Ynnbsam TOMCOH (nop,u, KeJ'IbBI/IH)

'I' i 0- ) ] “-‘]H‘-‘.i'--
5‘ T ¥ ANy | A | n
i Wfen ]nﬁf' 1o ST ARpA jmn ﬁ‘ll‘ﬁ

‘* {f'I"" ﬁ”’?“ﬁﬁbrd
ul [ B, -r':{r'q,.‘-fya-, e 1= Fj‘ Arrari]

Feore
L.



Reynolds’ experiment, described in his paper

published in 1883

Reynolds O. 1883. An
experimental investigation of the
circumstances which determine
whether the motion of water in
parallel channels shall be direct
or sinuous and of the law of

resistance in parallel channels.
Philos. Trans. R. Soc. 174:935—
82

eynolds (Copyright, The University of Manchester

Osborne Reynolds
(1842 — 1912)




Sir George Stokes’
review of Reynolds’
1883 paper

REPORT ON PROF, O, REYNOLDS'S PAPKRR,

1 CONSIDER FROFESSOR REYNOLDS'S FPAPER A VALUABLE ONE, WHICH
I RECOMMEND SHOULD BE PRINTED IN THE PHIL. TRANS, HE SHows
FOR THE FIRST TIME THAT THE DISTINCTION BETWEFN RECULAR AND
EDDYING MOTION DEPENDS OM A RELATION BETWEEN THE DIMENSIONS
OF SPACE AND VELOCITY, OR WHAT COMES TOo THE SAME OF SPACF AND

zelat
TIME , INVOLVED 1M THE ¥XPERIMENTS! A MION POINTED ouUT

BY THE KMNOWN EQUATIONS OF MOTION OF A VISCouS FLUID, HE SHows

ALSDO THAT THE ONE CHASsSs OF MOTIONS FASSES INTO THE OTHER WITH
AN UNEXFECTED SUDDENNESS, :
(Lotetde 0D hote puirhnfos ionlimolid)

IM OME PART THE LANGUAGE SEEMS TO IMFLY THAT HE HAD DI1SCoO-
VERED NEW DIMENSIONAL FROFERTIES OF FLUIDS, AND MIGHT EVEN
LEAD TO THE SUFFOSITION THAT HE SUPPOSED THAT HE HAD SHOWN 72‘\-?&
ANOTHER COMNSTANTY BEYOND THOSE RECOGNISED WAS NECES#;RY IN ORDER
TO DEFIME A FLUID MECHANICALLY, THIS CERTAINLY 18 NOT THE

\
CASE; THE DIMENSIONAL FROPERTIES ARE ILRRIDYAINVOINéﬁ; IN THE

EQUATIONS OF MOTION; AND THERE 1S ABSn!..u‘r!-:L!' NOTHING TOo FROVE

THAT HE HAS DISCOVERED THE NECESSITY OF AN ADDITIONAL CONSTANT

/f Aforid- /555

TO DEFINE A FLUID,



REPORT ON PROF, 0, REYNOLDS'S PAPKR,

1 CONSIDER FROFESSOR REYNOLDS'S PAPER A VALUABLE ONE, WHICH
I RECOMMEND SHOULD BE PRINTED IN THE PHIL. TRANS, HE SHOwWS
FOR THE FIRST TIME THAT THE DISTINCTION BETWEFN REOULAR AND
EDDYING MOTION DEPENDS OM A RELATION BETWEEN THF DIMENS10ONS

OF SPACE AND VELOCITY, OR WHAT COMES TO THFE SAME OF SPACF AND

zelat
TIME , INVOLVED 1IN THE FXPERIMENTS; A P-I-m-uefmu FPOINTED OuUT

BY THE KNOWN EQUATIONS OF MOTION OF A VISCOUS FLUID, HE SHOwWS

ALSO THAT THE ONE CHASS OF MOTIONS FASSES INTO THF OTHER WITH

AN UNEXFECTED SUDDENNESS,

L] ¥
(M arey M’M H..Z';...._M
I OMNME PART THE LANOUAGE SEEMS T0 IMPLY THAT HE HAD DISCO-

A

VERED NEW DIMENSIONAL FROPERTIES OF FLUIDS, AND MIGHT EVEN

LEAD TO THE SUPPOSITION THAT HE SUPPOSED THAT HE HAD SHOWN 72&2‘.’“



Reynolds’ experiment, described in his paper
published in 1883

Figure 1

Osborne Reynolds tank today, The University of Manchester.
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“When the velocities were sufficiently low, the streak of colour extended
in a beautiful straight line through the tube.”

N
——— SRR
——

“As the velocity was increased by small stages, at some point in the tube,
always at a considerable distance from . . . the intake, the colour band
would all at once mix up with the surrounding water, and fill the tube
with a mass of coloured water.”

—— AAR8IGE
“On viewing the tube by light of an electric spark, the mass of colour
resolved itself into a mass of more or less distinct curls, showing eddies.”
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Ud B DKCIICPUMEHTAX
Re = OcGopra Re =1.3-10°

vV Peitnonbaca

Cospemennsbie ganubie (Thorpe, 2007):

10° <Re_<4.5-10"

/

Bpicokuu MuHUMaJIbHBIN
YPOBCHbD YPOBEHbB
(hOHOBBIX (hOHOBBIX

\BOBMYIHGHI/II/I/ \ BO3MYIICHNUUA /




(ot J1aT. turbulentus
— 0eCcopsAA0YHbIN) HEYIIOPSII0YEHHOE BO
BpeMEHM U NIPOCTPAHCTBE NMOBEACHUE
AUCCUIIATUBHOM cpeabl (MM MoJIs), AeTAJIH

KOTOPOI0 He MOI'YT ObITH BOCIIPOU3BEAEHbI HA
00JIbIIUX MHTEPBAJIAX BPEMEHHU NPU CKOJIb
YIO{HO TOYHOM 3aJaHUU HAYAJIbHBIX U
IPAHUYHBIX YCJIOBUU.

Takast HEBOCIIPOU3BOAUMOCTD €CTh CJICJACTBHE
CJIOKHOU TUHAMUKMU CPebl, OnpeaeisieMoun
HEYCTOMYMBOCTHI0O HHAUBUAYAJbHBIX JIBUKECHUU, U HE
CBSI3aHA C HEIOJHOTON ONMUCAHUSA, PJIYKTYALUIMU

I NJIN HeﬁCTBHeM BHCIIHUX IIIYMOB I




TCUHCHUA

JJAMHHAPHbIE

CIIOKOMHBIE U IIJIAaBHbIE
TEYEHHUA, MEHS 0L EeCS
JIMIIb B CBA3HU C
U3MEHEeHUAMHU
AEMCTBYIOIIUX CHJI MJIH
BHECITHUX YCJIOBHUM



B nomoJiHeHME K onpeaeJIeHUI0 THAPOANHAMUAYCCKOU
TYPOYJIEHTHOCTH (MPU3HAKHU TYPOYJIEHTHOCTH):

1. I'maBHBIN NpU3HAK — Xa0THYHOCTh. Ho He 000e XaoTuuHoOE
TedeHuE OyaeT TypOyneHTHbIM. Hanmpumep, B mpupoaHbIX
yCIOBUAX (B OKe€aHe U aTMOoc(hepe) CynepIIo3UIIns
AKYCTUYECKUX, IOBEPXHOCTHBIX U BHYTPEHHUX BOJIH MOKET
IPUBOJUTH K JIBUXKECHUIM, KOTOPBIE XapaKTEPU3YIOTCSA BEChbMA
3HAYUTEIbHON HEPETYIAPHOCTHIO;

2. Bropoii npu3HaK — HAJIHYME BUXPeEH, T.€. TypOyJIeHTHOE
TEUCHUE 00A3aTEIBHO SIBIISIETCS BUXPEBBIM;

3. Pa3mep BUXPS He CBSI3aH C IIEPHOA0M ero BpamueHus. J{s
BUXPEU HE CYIIECTBYET CBA3U THUIA JUCIIEPCUOHHOTO
cooTHoueHus ®(k), KoTopas mpucyIa BOJTHOBBIM IIPOIECCAM;

4. TypOyJIeHTHOE IBHXKECHUE XaPaAKTEPU3YETCS CIJIOIIHBIM
CIIEKTPOM.









23. CaMMeTpruHoe oOTekaHne NMPoPu/Is ILIOCKHM Mo~
TokoM. [Ipopume NACA 64A015 nomerlien B ruapo-
JHHAMHYECKYIO TpyOy npu HyJeBoM yriie aTaku. Yuc-
no PeiiHonbaca, paccuuTaHHOE MO JUIHHE XOPIbI,
pagHo 7000. JIuHMM TOKA BH3YAJIM3MPOBAIIHCH C MO-

MOIIBH TTOJAKPAILIEHHON XHIKOCTH, BBOAWMOH BbILIE
no noToky. TeveHue, O4MEBMIHO, JAMMHAPHO M, M0-
BUAMMOMY, De30TpBIBHO, XOTA BOJIH3M 3a/HEH KpOM-
KH MOKHO OBLIO OBl OKHAATH NOABICHHS HeDOIBIIOH
obnmactu otpeiBa. ®oro ONERA. [Werle, 1974]




TypOyJIeHTHBIM IOTOKAM CBOMCTBEHHO
SIBJICHUE YepeIOBaHUS JIAMUHAPHON U
TypOyJICHTHOM (hOPM ABMIKEHHSI, KOTOPOE
UMEHYETCS nepemeHcaemocmoio
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Onpenesienue Teistopa-Kapmana
(1937 r): TypOyJIEHTHOCTB — 3TO
HEYHOPSAAOYCHHOE JIBUKEHUE, KOTOPOE B
OOIIIEM ClTy4yae BO3HUKACT B KUJKOCTSIX,
ra3o000pa3HbIX WM KaIlCJIbHbBIX, KOTAa
OHHU OOTEKAIOT HEMPOHUIIAECMEIC
ITIOBEPXHOCTH WJIM K€ KOTJIa COCEIHUE
APYT C IPYTOM HOTOKH OJTHOM M TOM XK€
KUJKOCTH CIICAYIOT PAIOM WA
[IPOHUKAIOT OJIUH B APYTOU



Onpenesienue Teistopa-Kapmana
(1937 r): TypOyJIEHTHOCTB — 3TO
HEYIIOPSI0YEHHOE IBHKEHHUE, KOTOPOE B
OOIIIEM ClTy4yae BO3HUKACT B KUJKOCTSIX,
ra3o000pa3HbIX WM KaIlCJIbHbBIX, KOTAa
OHHU OOTEKAIOT HEMPOHUIIAECMEIC
ITIOBCPXHOCTH WJIM K€ KOIJa COCCIHHUE
APYT C IPYTOM HOTOKH OJTHOM M TOM XK€
KUJKOCTHU CIEAYIOT PSAJIOM WA
[IPOHUKAIOT OJIUH B APYTOU



Onpenenenue Xunue (1939 r.):
TypOyaeHTHOE IBUKEHUE KUJIKOCTHU
OpeAII0aaracT HaIu4ue
HEYIOPSIOYCHHOI'O0 TCUCHHSI, B KOTOPOM
pa3JIMUHbIC BEJIMYUHBI IPETEPIICBAIOT
Xa0TUYECKOE U3MEHEHHE 110 BPEMEHU U
IPOCTPAHCTBEHHLIM KOOpAUHATAM M MPU
3TOM MOT'YT OBITh BbIJCIICHEI
CTAaTUCTUYECKHM TOYHBIC UX OCPEIHECHHEIC
3HAYCHUS



Onpeaenenune Xunue (1959 r.):
TypOynenTHOE ABMXKEHUE KUIKOCTHU
OpeAII0aaracT HaIu4ue
HEYIIOPSIOUCHHOIO0 TEUCHHSI, B KOTOPOM
pa3JIMUHbIC BEJIMYUHBI IPETEPIICBAIOT
Xa0TUYECKOE U3MEHECHHUE M0 BPEMEHHU U
IIPOCTPAHCTBEHHBIM KOOPAUHATAM U IIPU
3TOM MOTYT OBITh BBIJCIICHEI
CTaTUCTHUYECKU TOYHBIC UX OCPEIHCHHBIC
3HAYCHUS



Onpenenenue bpexmoy (1971 r):
TypOyJIEHTHOCTB — 3TO TPEXMEPHOE
HECTALIMOHAPHOE IBUKEHHUE, B KOTOPOM
BCJICICTBUE PACTIKECHUI BUXPEU CO3MACTCA
HEPEPHIBHOE paACIIPEACICHUE ITYIbCaIlUN
CKOPOCTH B MHTEPBAJIE IJIMH BOJIH OT
MHUHHUMAJIbHBIX, OIPEICIIAEMBIX BA3KUMHU
CUJIAaMU, 10 MAKCUMAJIbHBIX, ONIPEICIIAEMBIX
IPAHUYHBIMU YCIOBUIMU TeueHUA. OHa
SIBJISIETCSI OOBIYHBIM COCTOSIHUEM JBYLKYILICUCS
KUIKOCTHU, 3a UCKIIFOUCHUEM TEUECHHUM IIPU
MaJIbIX ynciax PenHoabaca



Onpenenenue bpexmoy (1971 r):
TypOyJIEHTHOCTB — 3TO TPEXMEPHOE
HECTALMOHAPHOE JIBUKEHHE, B KOTOPOM
BCJICACTBUE PACTKECHUA BUXPEN CO3AETCS
HENPEPBIBHOE PACIIPEACTICHUE ITYIbCALUN
CKOPOCTH B MHTEPBAJIE JIJIMH BOJIH OT
MHUHUMAJIBHBIX, OTIPEACIIEMBIX BAZKUMU
CUJIaMH, 10 MAKCUMAJIbHBIX, OIPEACTIIEMBbIX
IPAHUYHBIMU YCIOBUIMU TeueHUA. OHa
SIBJISIETCSI OOBIYHBIM COCTOSIHUEM JBYLKYILICUCS
KUJIKOCTH, 32 UCKIIFOUEHUEM TCUYECHUHU IIPH
MaJIbIX ynciax PenHoabaca



Onpenenenne Mouuna-O3muaona (1978 r): TypOyseHTHOCTBIO
Ha3bIBACTCS SIBJICHUE, HAOIIOIAOMIECECS B O4YEHh MHOTHUX 3aBUXPEHHBIX
TEUCHUSX KUJIKOCTEN U ra30B B MPUPOJE U B TEXHUUECKUX
YCTPOMCTBAX M 3aKIIOYAIOIIEECs] B TOM, UTO TEPMOJIMHAMUYECKUE U
TUAPOANHAMUYECKHUE XaPAKTEPUCTUKU TaKUX TCUCHUU (BEKTOP
CKOpPOCTH, TEMIIEPATYpPa, JaBJICHUE, KOHIICHTPAIlUX TPUMECEN,
MJIOTHOCTH CPEJIbl, CKOPOCTh 3BYKa, AJIEKTPOIPOBOIHOCTD, MOKA3aTEIb
PEJIOMJICHUS, U T. I1.) HCOBITHIBAIOT XaOTUYECKHE (DIIIOKTYAIHH,
CO3/1aBAEMBIC HATMYUEM B 3TUX TCUCHUSIX MHOTOUYMUCIICHHBIX BUXPEU
Pa3IMYHBIX PA3MEPOB, U BCIEACTBUE ATOI0 U3MEHSFOTCS B
NPOCTPAHCTBE U C TCUCHUEM BPEMEHH BEChbMa HEPETYIISIPHO, PUYEM Y
MPOCTPAHCTBEHHBIX PACHPEICICHUN ITUX XAPAKTEPUCTUK
KoMIIoHEHTaM Dypbe ¢ PUKCUPOBAHHBIMU BOJTHOBBIMU BEKTOPAMU
COOTBETCTBYIOT IIUPOKUE UHTEPBAIBI YACTOT (T.€. OJJHO3HAYHBIC
JTUCHIEPCUOHHBIE COOTHOIIEHUSI OTCYTCTBYIOT), a CABUTH MO (paze
MEXK1Y KOJICOAHUSIMU PA3IUUHBIX XapaKTEPUCTUK B (PUKCUPOBAHHBIX
TOYKAaX MPOCTPAHCTBA XAOTUYECKU U3MEHSIOTCS C YaCTOTOM TaKUX
KOJICOaHU M



Onpenenenne Mouuna-O3muaona (1978 r): TypOyseHTHOCTBIO
HAa3bIBACTCS SABJICHUE, HAOIIOAAIOIIEECS B OUEHb MHOTHX 3aBUXPEHHBIX
TEUCHUSX KUJIKOCTEH U ra30B B MPUPOJEC U B TEXHUUECKUX
YCTPOMCTBAX M 3aKII0YAIOIISECs B TOM, UTO TEPMOJIMHAMUYECCKUE U
TUJPOJNHAMUYECKUE XapAKTEPUCTUKH TaKUX TEYEHHH (BEKTOP
CKOPOCTH, TEMIIEpaTypa, JIaBJICHUE, KOHIICHTPAIlUU IIPUMECEH,
IIJIOTHOCTB CPEbI, CKOPOCTh 3BYKa, JJIEKTPOINPOBOJHOCTh, IIOKA3aTEIb
IPEJIOMJICHHUS, U T. 11.) UCHBITBIBAIOT Xa0TUYECKUE (DJIFOKTYaIINH,
CO3/I1aBa€MbI€ HAIMYUEM B 3TUX TEYEHUSIX MHOTOUHCIICHHBIX BUXPEN
Pa3IMYHBIX pa3MEPOB, U BCIEJACTBUE ITOTO U3MEHSAIOTCS B
IPOCTPAHCTBE U C TCUCHHWEM BPEMEHHU BEChbMa HEPETYJISIPHO, IPUYEM Y
MPOCTPAHCTBEHHBIX PACHPEICICHUN ITUX XAPAKTEPUCTUK
KoMIoHeHTaM Dyphbe ¢ PUKCUPOBAaHHBIMU BOJTHOBBIMH BEKTOPAMU
COOTBETCTBYIOT HIUPOKHE MHTEPBAJIbI YACTOT (T.€. OJITHO3HAYHBIC
JMCIIEPCUOHHBIE COOTHOIIIEHHUSI OTCYTCTBYIOT), @ CABUTHY 110 (paze
MEXKTy KOJICOaHUSIMH Pa3IMIHbBIX XapaKTEPHUCTHK B (PUKCHPOBAHHBIX
TOYKaX MPOCTPAHCTBA XaOTUUECKHU U3MEHSIOTCSI C YaCTOTOM TaKUX
KOJIEOQHUM



Onpenenenune Uanmena-Tobdaka (1985):
TypOyJIEHTHOCTB — 3TO JIFO00E XAaOTHYECKOE
pEIICHNE TPEXMEPHBIX YpaBHEHUN HaBbe-
CTOKCa, YyBCTBUTEIBHOE K HAYAJIBHBIM
YCIOBUAM M IOSABJIAIOMIEECS KaK PE3yJIbTat
IIOCJIEI0BATEIBLHOIO PAZla HEYCTOUYHUBOCTEN
JJAMUHAPHOI'0 MOTOKA, BOZHUKAKOMIUX ITPHU
ITOCTEIIEHHOM YBEJIUYEHUM 3HAUYCHUA
napameTpa oOndypKamuu



Onpenenenune Uanmena-Tobdaka (1985):
TypOyJIEHTHOCTB — 3TO JIFO00E XA0TUYECKOE
pelnIeHrue TpEXMEPHBIX ypaBHeHUN HaBbe-
CToOKCa, YyBCTBUTEIbHOE K HAUAJIbHBIM
YCIIOBUSAM U TOSABIIAIOILIEECS KAaK PE3YJILTAT
[IOCJIEI0OBATEIILHOIO PAdA HEYCTOMNYMBOCTEN
JJAMHUHAPHOI'O ITOTOKA, BOZHUKAIOIIUX IIPU
IIOCTENEHHOM YBEJIMYCHUU 3HAUCHUS
napameTpa oOndypKamuu
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YEH M TYPDYIeHTH
NJI TUHAMUKH aTMOC(bepLI U OKeaHa
00yCJI0BJICHA €e onmpeae/aIe PoJabo B
[poueccax 00MeHa UMIYJIbCOM, TEILJIOM H

BCIICCTBOM

moroaa u RjiimMaT

[HePBUYHAA NPOAYKTUBHOCThH

TPAHCHOPT NpuMeceu (B T.4Y. 3arpsA3HEHM )

ee . MHOI'MC NHBIC 3a1AYN
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CoastWatch

AVHRR Temperature

Filename: E9716211.ND7

IMGMAP Image

NOAA 12 Orbit: 31555
6/11/97 1D 162 11:27 GMT

Pixel Size: 4.17 km

Lat Range: 29.94N to 45.82N

Lon Range: 79.08W to 58.81W

Horiz. Offset: -1994 2

Vert. Offset: 4681 0

SST - Split Window

Surface Temperature
(Degrees Centigrade)
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TKM: Gulf 5
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Isobaric floats a
(a) 7

t at 700-m depth

45°N
40°N
35°N
25'N 3
80°W 70°W 60°W 50°W 40°W

[Veneziani et al., 2004 ]







































| BuxpeBasi nopo:xka Kapmana, chpopmupoBanHasn
NP1 00TeKAHUU BO3AYIIHBIM NIOTOKOM 0-Ba
AJekcanapa Ceaxkupka (ror. Tuxoro oxeana)
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Hopoxka Kapmana,

| chopMUpoOBaHHAS IPH
00TeKaHUM BO3AYUIHBIM |

| Ba ['Bagenyna
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Saturn Kelvin-Helmholtz






















Iloyemy TeUeHHEe CTAHOBUTCH
TYPOYJEeHTHbIM?

CaoBurosas HeyctonumBocTb (KenbBuHa-lenbMmronbua,
shear instability)

KoHBekTMBHaA HeycTtonumBocTb (Panesa-beHapa)

HeyctonuuBoctb Panea-Teunnopa (Rayleigh—Taylor
instability)

Heyctonunsoctb Puxrmamepa-MewkoBa (Richtmyer-
Meshkov instability)

HeyctonuuBocTtb lNnarta-Panes (Plateau-Rayleigh
instability)
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CaBuroBast HEyCTOMYMBOCTD
















“Sunset at Rock Mountain Beach”
Kelvin-Helmholtz waves. Taken Jan 11, 2002 at 5:38pm from Coherent Technologies, Inc., Lafayette, CO










Pduznyeckas NPUYNHA CABUTOBOH
HEYCTOMYUBOCTH




Pduznyeckas NPUYNHA CABUTOBOH
HEYCTOMYUBOCTH
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B kakol yacTu TpyObI JaBJICHUE BBIIIC?




Ilapagokc ruapoMexaHuKH

— 4+ — = const ypaBHeHnne bepnyaim



CaBuroBasi HEyCTOMYMBOCTD




CaBUroBasi HeyCTOM4YMBOCTD
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CaBUroBasi HeyCTOM4YMBOCTD
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KoHBekTUBHaA HeyCTOUYUBOCTb
(Panesa-beHapa)

Siegma=10 b=2.66667 r=30




KoHBekTUBHaA HeyCTOUYUBOCTb
(Panesa-beHapa)







KoHBeKTUBHbIe As4eukn beHapa ¢
BOCXOAOSILLMM MOTOKOM B LIEeHTpe







KouBekTuBHOHu (Paj1ess-benapa)
HEYCTOMYHMBOCTHI0 HA3BIBACTCH
HCYCTOMYMBOCTH B I'a30BOH WJIH
KUAKOH cpee, HAXOAAIIEeHCHd B I10JIe
CHJIBI THKECTH, KOTOpAast
IIPOHU3BIBACTCHA IIOTOKOM TeILIa B
HAIIPABJCHUM MPOTUBOIOJI0KHOM
BEKTOpPY g

m.e. )KUOKoCmb UJiu 2a3 noooz2pesaromcs
CHU3V



p - MNOTHOCTb; V - BA3KOCTb; Y -
TeMnepaTyponpoBOAHOCTb;



p - MNOTHOCTb; V - BA3KOCTb; Y -
TeMnepaTyponpoBOAHOCTb;



FApX o mg — FCTOKca

FApx_mg:gVAp Ngr3Ap FApX
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HeycronuuBocts Paes-Teniopa

yCKopeHue













HeycronunBocts Puxtmanepa-MenikoBa

[ToBepXHOCTH paszjiena MoABEPracTCa UMIYJIbCHOMY
YCKOPEHHIO, HAIPUMEP, MPHU MPOXO0KICHUN YIAPHOKU BOJIHEI
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