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Annomayusn. Tlajaromuyii CKa4oK YIUIOTHEHHMS OKAa3bIBAET CYLIECTBEHHOE BIMUSHHE HA
CTPYKTYpY HOTOKa OJIU3M BBIAYBA€MOW CTPyW rasa, 4TO HNPUBOAUT K 3PPEKTHBHOMY
nepeMeIInBaHuI0 MOTOKOB. B nanHO#l paboTe npoBeAeHbl UCCIIEIOBAHUA IO TOCTUKEHUIO
CETOYHON CXOJMMOCTM 3aJaud M BIUSHUS pa3Mepa yCTylna Ha YAapHO-BOJHOBYIO
CTPYKTYpy BOJM3M BbIAyBaemou cTpyu rasza. I[lpencrtaBieHHble pe3yJibTaTbl B CTaTbe
IIOKA3bIBAIOT, YTO pa3MeEP yCTYIIa OKa3bIBAET 3HAYUTEIIBHOE BIUSHUE HA CTPYKTYpPY IIOTOKA.
Koraga pa3smepsl ycTynma CTaHOBATCS JIOCTATOYHO BEJIMKH, ITPOUCXOAMT CMEILECHUE
MaJaoIIero CKauka YIJIOTHEHUS! OJKe KO BXOJy B KaHaj, U3MeHseTcs (opma obiactu
NOHM>KEHHOI'O JaBJ€HUs 3a BblIyBaeMol crpyeil. [Ipu 3TOM yBennuuBaeTcst BO3MYyIIEHUE

TCUCHUS IEPEA U ITOCIIC BBIHYBaeMOﬁ CTpyH rasa. Bannz[aum{ PE3YJIbTATOB, IMOJYYCHHBIX



YUCIICHHBIM METOJOM, II0Ka3aja XOpOLIEE COBIAJCHUE C JaHHBIMHU, MOJIYYCHHBIMU
AKCIIEPUMEHTAIBHBIM ITyTEM.
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Abstract. Efficient interaction of blown gas jets with supersonic flow is one of the topical
issues, to which a large number of researches and developments are devoted. Blowing jets
into supersonic flow, is a common method of increasing the efficiency of gas mixing and
influencing the shock-wave structure of the flow. Studies show that transverse gas jet
blowing is one of the traditional and reliable methods providing fast gas mixing and high

penetration of the jet into the supersonic transverse flow [1-3].



The object of study is a channel with dimensions / = 180mm, # = 30mm and w = 80mm,
where at a distance b = 80mm from the inlet there is a gas jet blowout point. At a distance n
= b /2 there is a ramp of length m = Smm and 10mm, and angle of inclination f = 30°. The
impinging supersonic flow is given by M., = 4.2, static pressure P» = 1200 Pa, and static
temperature 7., = 227 K. The Mach number of the blown jet is M; = 1, the total temperature
Tj =293 K, and the ratio of jet pressure to static pressure Pj/P. = 0.16 [4]. The jet blowing
condition was fixing throughout the calculation. The sticking and adiabatic wall condition
are imposed on the lower and upper walls of the channel.

The model was solved using the Reynolds-averaged Navier-Stokes equations, which
were closed by the SST k- turbulence model equation. [5] The mesh topology was
constructed to resolve near-wall flows and turbulent structures in areas of large gradients of
gasdynamic parameters. In near-wall regions, the dimensionless layer height y+ < 1. The
total number of finite element mesh cells is 1.6x106 elements. Half of the channel was
modeled and the symmetry condition was imposed on the interface plane.

As a result of this research, a picture of shock-wave structures was obtained and a
numerical study of the interaction between a falling compaction jump and a transversely
blown gas jet was carried out. The size of the ledge was varied in order to investigate its
effect on the supersonic flow in the channel. As a result, it is obtained that increasing the
size of the ledge has a great effect on the flow structure in the channel. In this case, the
falling compaction jump formed in front of the blown gas jet is shifted closer to the channel
entrance. Considering this tendency, it can be assumed that at a sufficiently large pj/poo ratio,
the falling compaction jump can be displaced to the channel entrance, since the increase of

the ledge leads to greater compression of the supersonic flow in the channel. Further increase



in the size of the ledge can lead to "locking" of the channel, which in turn is an unfavorable
condition for mixing of the blown jet gas and the surging flow. Also, the shock-wave
structure near the blown jet changes, the zones of wall layer detachment increase with
increasing intensity of the compaction jump formed by the ledge.

Keywords: blown gas jet, supersonic flow, mesh adaptation, shock wave

For citation: Snazin A.A., Sevchenko V.I. Numerical simulation of interaction directional
shock wave and transverse gas get blown into supersonic flow. Trudy MAI 2024, no. 135.

URL: https://trudymai.ru/eng/published.php?ID=179692

Beenenue

O¢ddexTBHOE B3aMMOJEUCTBUE BBIAYBAEMBIX CTPYyH Ta3a CO CBEPX3BYKOBBIM
IOTOKOM SBIIIETCS OJHUM W3 aKTyalbHBIX BOIPOCOB, KOTOPOMY IIOCBSAIICHO OOJBIIOE
KOJIMYECTBO MCCIEI0BAHUN U pa3paboTOK. BbiayB cTpyil B CBEpX3BYKOBOM MOTOK SIBISIETCS
pacupoCTpaHEHHBIM METOJOM MOBbIIIEHUS 3(P(HEKTUBHOCTH CMEIIMBAaHUS Ta30B U
BO3JICHCTBUS HAa YIapHO-BOJIHOBYIO CTPYKTYpy IOTOKa. MccienoBanus 1OKa3bIBalOT, 4TO
IIONIEPEYHBIN BBIYB CTPYH r'a3a sBIAETCS OJHUM U3 TPAIULMOHHBIX U HAJCKHBIX METOOB,
o0ecneunBaIUX OBICTPOE CMEIIMBAaHUE Ta30B U BBICOKOE NMPOHUKHOBEHUE CTPYU B
CBEPX3BYKOBOM ITOTOK.

[Tonepeunas KOHPUTypalus BbIyBa CTPYH raza npocTa B peaju3aluu, HO IIPH 3TOM
BO3HUKAIOT CJIOKHBIE CTPYKTYphl MOTOKA. BbiayBaemasi cTpysi ObICTpO pacuiupsieTcs: u
IIEPEKPBIBAECT CBEPX3BYKOBOM IIONEPEYHBIN IIOTOK, BBI3bIBAsA TPEXMEPHYIO YIApHO-

BOJIHOBYIO CTPYKTYPY ME€peJ1 COIOM. DTH CTPYKTYPbI 00BIYHO TOIPA3IEISIOTCS Ha YEThIpe



tuna [1,2]. [IepBrIMU OCHOBHBIMU BUXPEBBIMU CTPYKTYPaMU SIBJISIFOTCSI BUXPU CABUTOBOIO
CJI05, KOTOPbIE Pa3BUBAIOT KPYIHOMACHITAOHbIE BUXPEBBIE CTPYKTYpPHI BI0JIb Nepudepun
CTPYHHO-CIBUTOBOT'O CJIOSl. DTH BUXPEBBIE CTPYKTYPbI YCUIIMBAIOT CMEIICHHE B OJIMKHEM
moJie, yBJeKas Ta3 CBOOOJIHOTO MOTOKa B CJOW CIBHUIa CTPYHd W YBEIWYMBAs IUIOIIAIb
Mex(da3zHoro B3auMojecTBusl. BTopeie - mapa BUXpeil, Bpalalomuxcs NpoTUB MOTOKA,
BHOCAT CBOM BKJIaJl B YCHIICHHE NE€PEMEUIMBAHUS, BbI3bIBAsl 3aXBaT OKPYKAIOILIEro rasa
A1poM cTpyu. Tperbs BUXpeBas CUCTEMAa — 3TO MOJKOBOOOpa3HbIA BUXPb, KOTOPBIN
oru0aeT BBIIYBAEMYIO CTPYIO M HANpAaBIAETCS BHHU3 [0 TEYEHUIO BJIOJb CTEHKH.
[locnenHuMu  SIBASIOTCA  BUXPU, HWIACHTU(ULUHUPOBAHHBIE B XOJ€ OJKCIIEPUMEHTa C
HEC)KMMAaEMbIM BO3JYyXOM, BO3HUKAIOT B NPHUCTEHOYHOM cioe. B paborax [2-11]
Ipe/cTaBlieHa MOAPOOHAas CXeMma yAapHO-BOJHOBON CTPYKTYphl, BO3HHUKAIOIIEH MpuU
BBIJlyBE CTpyH Ta3a B CBEPX3BYKOBOM NONEPEUYHbIA NOTOK. [Ipm 3TOM CyliecTByrOT
3HAYUTEJbHBIE TPYIHOCTH M3MEPEHHS CJIOXKHBIX HECTAllMOHAPHBIX IOTOKOB B
a’POAMHAMUYECKUX TPyOax, 4TO MOBBIIIAET NMPUBJIEKATEIBHOCTh IPUMEHEHHUS YACIEHHBIX
METOAOB IS TNOJYy4YEHUs JONOJIHHUTENBHBIX 3aKOHOMEPHOCTEH, XapaKTEPUCTHUK

B3aUMOJEHCTBUS CBEPX3BYKOBOI'O MOTOKA U BBIYBAEMBIX CTPYH.

ITocTanoBka 3agaun
OOBEKT WuCCIEeNOBaHUS TPEACTABISET COOOH TPEXMEPHBIM KaHal pa3MepaMu
[=180 mm, 4 = 30 u w=280, rne Ha paccrosuuu b = 80MM OT BXOJla HAXOJUTCSI MECTO
BbIJIyBa cTpyH rasa (pucyHok 1). Ha pacctostnuu n = b/2 pacnonokeH ycTyn JJIMHHON m = 5
MM, 10 MM 1 20 MM, 1 yriioMm HakiioHa £ = 30°. [lapameTpsl HaberarIIero CBEpX3ByKOBOTO

MOTOKA 3aJIaHbl CICIYIOMMUM 00pa3oM: My = 4,2, craTuueckoe JaBjieHuE p» = 1200 Ila, u



cratnyeckas remneparypa 1. = 227 K. Uucno Maxa BeigyBaemou ctpyu paBHo M; = 1,
nonHas temneparypa T; = 293 K, a xoadduiuMeHT NpPOHUKHOBEHHUS CTPyH Tras3a B
HaOeraromumii notok J = 8.45 [5,6]. YcioBue BbiAyBa CTpyH (PUKCHPOBAHO HA IPOTSXKEHUN
Bcero pacuera. Ha HWKHIOIO, BEpXHIOIO U OOKOBbIE CTEHKM KaHajla HaJIO’KEHBl YCIIOBUS
OpUIUIaHUS U auabaTHYeCKON CTEHKH.

Mogenp pemanach Ha OCHOBE OCpPEIHEHHBIX O PeiHonbacy ypaBHeHuit Hasbe-
Croxca, KOTOpbI€ 3aMbIKAIHCh ypaBHeHHEM Moaenu TypOyaeHTHocTH SST k-w. Tononorus
CEeTKHM TIOCTpOEHa TakuM o00pa3oM, YTOObI pa3pemuTh MPUCTCHOYHBIE TEUCHUS U
TypOyJIEHTHbIE CTPYKTYpPhI B 30HaX OOJIbIIMX MEPENaioB ra30JuHaAMUYECKUX MTapaMeTPOB.
B nprcteHouHbIX 001acTsIX Oe3pazmepHas BbicoTa ciiosi y' < 1. OOIiee Ynuciio S4eeK CeTKH

KOHEUHBIX 71eMeHTOB cocTaniser 0,3%10° anemeHTOB.
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Pucynok 1. — I'eomerpust kaHana ¢ BbIlyBa€MOM CTpyeil rasa.



Jns obecrieueHusi CTaOMIIBHOTO U TOYHOTO PEIICHHS MOCTaBICHHOW 3aJauu ObLIU
IPOBEJIEHBl UCCIIEN0BAHUS 10 JOCTHKEHHUIO CETOYHOM CXOAMMOCTH 3afadu. B mponecce
pelIeHus] MOCTaBJIECHHOM 3a7aud MPOBOJMIACH JIOKAJbHAs afanTalusi CETKM KOHEYHBIX
3JIEMEHTOB B 00JIaCTAX OOJBIIMX ra30AMHAMUYECKUX I'PAJUEHTOB: B OJIN3U paMbl U MeCTa
BBIJlyBa CTPYH ra3a B CBEPX3BYKOBOM NOTOK [7, 13, 14-17].
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Pucynok 2. — Pacnipeienenue gaBjieHus BA0OJb OCH KaHaia
1 — menkas ceTka, 2 — cpeAHsisi ceTka, 3 — rpy0as ceTka, 4 IKCIEPUMEHT

Ha pucynke 2 moka3aHbl pe3yjbTaTbhl CpaBHEHHUS JAaHHBIX, TOJYYEHHBIX B XOJI€
JOKAJIbHOW aJanTallid CETKH, C JaHHBIMH, TOJYyYEHHBIMH B XOJE€ IPOBEICHUS
HKCIIEPUMEHTA Ha adpoauHamMudeckoi Tpyoe (M =4,2). U3 pucyHka BUJHO, YTO pHU IpyOoi
cpenneit cerke (0,367x10% m 0,931x10° smeMeHTOB) mEpen BBIAYBAEMOW CTpyei Trasa
JaBJICHUE HAYMHAET MOBBIIIATHCS MMO3KE U OTU y4acTKH rpadukoB 3 u 2 pUCyHKA 2 UMEIOT
Ooree pe3kuii moabeM. B 30He TTOHMKEHHOTO JaBJICHUS 32 BBIYBa€MOU CTpyeH raza 3TH
rpaduKy TakKe MOKa3bIBAIOT 00JIee PE3KUIA MTOAHEM JIaBIICHHUS.

IIpu Gonee moapoOnoi cetke (1,619%10° sneMeHTOB), A1 KOTOPOM JOCTHIHYTA
CeTOYHAas CXOIMMOCTh, BHJHO, YTO TEpe] BBIIYBaeMOW CTpyed Tra3a mmeercs Ooiee

IUIaBHBIM ITOABEM JABJIEHHUs, TAK XK€, KaKk U 3a HeW. [Ipm 3TOM, cpaBHMBas pe3yJbTaThl



YUCJICHHOTO MOACIIMPOBAHUA HaA aI[aHTHpOBaHHOﬁ CCTKC C pC3yJibTaTaMU IMPOBCACHHOI'O
OKCIICpUMEHTA, BHWIAHO, YTO PE3YJbTAaTbl IMPAKTHYCCKH COBIAAAarOT. I[aJ'IBHCI\/'IHII/IC

HCCIICAOBAHMA IIPOBOANIMUCH HA MOCJICAHEM BAPUAHTC CCTKH.

Pe3yabTaThl MOAEJIMPOBAHUSA

Ha pucynke 3 npeacrtaBieHbl pe3yibTaTbl YMUCICHHBIX  MCCIEIOBaHUN
B3aMMOJICHCTBHS HAIMIPaBJICHHOIO CKAayKa YIUIOTHEHUS U MEPIECHIUKYJSPHO BbITyBaeMOU
CTpYH rasa.

[Ipu BbIAYBE CTpyH ra3a B CBEPX3BYKOBOM MOTOK BOJU3U MecTa BbIIyBa 00pa3yeTcs
CJI0KHAs YJapHO-BOJIHOBAs CTPYKTYpPa, COMPOBOKAAOIIASICSA 30HAMU PEUUPKYJIISLIUH BbILIE
Y HIDKE MO TEYEHUIO OT BBIAYBAEMOM CTpyu rasza. Ha moBepxHOCTH mepen crpyel rasa
oOpa3zyeTcst 00J1acTh BBICOKOI'O JAaBJICHUS, & CTPYIO ra3a OKPYKaeT CKa4yOK YIUIOTHEHHs. B
oOnactu BBICOKOTO JABJICHUS dbopmupyetcs MOIKOBOOOPa3HbII BUXPb,
pacrpoCTpaHsIOIIMICS BOIU3M MOBEPXHOCTH BHU3 MO TeueHuro [S5, 12, 14, 18-20]. Ilpu
ATOM BEJIMYMHA MOKATHSI 30HBI IOHUKEHHOTO JIABJICHHUS 3a CTpyel 0e3 yCTyIa COCTaBIISIeT
a/w = 0.21, a ee mupuHa Ha BBIXOJIC U3 KaHaIa paBHa y/w = 0.65.

B nepBoMm ciydae ¢ yctymoMm, mpu t = 2.5 MM, majalonmid ¢ ycTymna CKadyokK
YIUTOTHEHUS BO3JICHCTBYET HAa BEPXHIOIO YacTh CKayKa YIJIOTHEHHUS, 00pa30BaHHOIO HaJ
ctpyeit (pucynok 3, 0). IIpu 3ToM BUAHO NoaKaTue 00JACTU MOHMKEHHOTO JaBJICHUS 32
CTpYeH B HU3 10 MOTOKY (PUCYHOK 4, a, 0). BennunHa noapkaTus o CpaBHEHUIO C pacueToM
6e3 ycryna cocrasiger o/w = 0.18. Ho B pesynbrare mojmkaTus yBEIHYMUIACH IIMPUHA

00J1acTh MOHMKEHHOTO JaBJICHUs Ha BBIXO/IE U3 KaHalla Ha BennuuHy y/w = 0.80.
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Pucynok 3. — Pacnipenenenue yuciaa Maxa no ajiMHe KaHaja.
a) 6e3 ycryna; 6) t=2,5Mm; B) t=5 MM, 1) t = 7,5 MMm.

[Ipu yBenmuueHun paszMmepa ycTyna 0 3HAYeHUA t = 5 MM MaJaroldi CKa4oK
YILUIOTHEHUS BO3JCUCTBYET HA OCHOBAHUE CKAUKa YIUIIOTHEHHMS, OKPYKAIOIIErO CTPYIO Tras3a.
B pe3ynprare cTpyro raza npuKMMaeT KO AHY KaHaja, 4TO SIBJISIETCS CIEACTBUEM CKATUS
MOTOKAa MEXJy YCTYHOM M BbIAyBaeMoOM cTpyeil raza. C yBeJMYEHHEM pa3Mepa ycTyla
WHTEHCUBHOCTh  IMAJAIOLIECTO CKayKa YIUIOTHEHUs yBenuuuBaercs. Ilpu  sTom
YBEJIMYMBACTCS BO3MYIIEHUE TEUCHHS NIEPE] U MOCIE BbIyBaeMoil cTpyu rasza. [lomxarue
00J1aCTH MOHMKEHHOT0 JaBJICHUS 3a CTpyel raza ypenuuupaercs Ha o/w = (.14, a BenuunHa

HIMPUHBI 00JIACTH MMOHUKEHHOTO JIaBJICHUS HA BBIXOJIE U3 KaHasa cTaja paBHoOu y/w = 0.54.
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Pucynok 4. — Pacnipenenenue qaBiieHus: BOJIU3M JIHA KaHaa.
a) 6e3 yctyna; 6) t=2,5Mm; B)t=5 MM, 1) t = 7,5 MMm.

B nocnegneM BapuaHTe pacueTa ¢ pazMepamu yctyna t = 7,5 MM (pUCYHOK 3, 1)
BHJIHO, YTO IMaJIAfOIIMA CKAYOK YIUIOTHCHHS BO3JICHCTBYET Ha IMOTOK HAa HEOOJBIIIOM
PAcCTOSIHMM TE€pe]] BbIIyBa€MOM CTpyeil raza M OKa3blBAaeT 3HAYMTEIBHOE BJIUSHUE Ha
CTPYKTYpPY MOTOKa BOJIM3U BbIyBaeMOM cTpyH Taza. [Ipu 3ToM IpouCXOoIUT CxKATUE CTPYHU
raza B pe3yJbTaTe 3HAYUTEIBHOTO TEPEKPBITUS TPOXOJHOTO CEUEHHUS YCTYIIOM.
CymecTBoBaBIIas panee oOMUpHAs 00JacTh MOHMKEHHOTO JaBICHUS 3a CTPYyed, Kak Ha
pucyHke 4.a, mpeTepriesia 3HauYnTeIbHbIe n3MeHeHuss. O0acTh MOHMKEHHOTO JaBICHUS
cpasy ke 3a CTpyel ra3za NpakTUUYEeCKU MOJTHOCTHIO CXJIONMHYJACh (pUCYHOK 4, 7). OCHOBHAas

€€ 4acThb HAYMHAETCSA HA 3HAYUTEIBbHOM PACCTOSIHUU OT CTpyHu. B pesynbrarte nmpoekius



00J1aCTH TMOHMKEHHOTO NIaBJICHUS HAa JTHO KaHaja MPUOOpETaeT SJUIMNTHYECKYIO (hopmy.
3HAYUTENBHO yBEIUYMIACh 00JIACTh MOBBIIIEHHOTO JaBJIEHHUS, OTHOAr0IIas BbIyBaEMYIO
CTpylo Tra3a. BennunHa mupuHbl 00J1aCTH MOHMKEHHOTO JaBJIEHUS HA BBIXOJE M3 KaHaja
ctana paBHou y/w = 0.58. DTO M3MEHEHHE B pacCHpeesICeHUH aBJICHUS MOIYECPKUBAET
CJI0’)KHOE€ B3aUMOJEHCTBHE MEXKIY pa3MepamMu yCTylla U JUHAMHMKOM IMAJAarolIero CKaudka
YIUIOTHEHUS, BIUSIONIEE HA CKATHE Ta30BOM CTPYH U MOCIIEAYIOIINE U3MEHEHHUS J1aBICHUS
BJIOJIb KaHAJIA.

B pesynpraTe mpOBENCHHBIX WCCIENOBAHWN ObUIa TMOMy4YeHA KapTHHA YAapHO-
BOJTHOBBIX CTPYKTYpP, BO3HHUKAIOIIUX IPU BBIAYBE CTPYU rasa U HaJuYUU YCTyla Ha
IPOTUBOIIOJIOKHOM CTEHKE KaHaja. BUAHO, 4TO Magaromuil ¢ yCTyna CKauoK YIUIOTHEHUS
oJPKMMaeT 00J1acTh 00pa3oBaHUs MOJKOBOOOPA3HOTO BUXPS MEpE]] BbIIyBaeMOW CTpyei
(pucyHok 2). IIpu »ToM 00JIaCTH PACHPOCTPAHEHHUS IMOJKOBOOOPA3HOTO BHUXPS
yBEJIMYMUBACTCS 110 MIMPUHE KaHaa (pUCyHOK 3). YBennuuBaercs 00JacTh epeMenTnBaHus
ra3oB B HM3 IO MOTOKY 3a CTpyei. 3a CTpyeil BbIyBa€MOI0 ra3a yBEJIWYUBAETCS 00JaCTh
MIOHWKEHHOTO JTABJICHHUS.

BbiBOABI

B nacrosimiieit pabote npoBeIeHO YUCIECHHOE UCCIIEA0BAHNE B3aUMOICHUCTBUS MEXKTY
MAIAIONMM CKAaYKOM YIUIOTHEHHS Y IIONEPEYHO BbIYBA€MOM CTpyeu rasa. BappupoBaiics
pa3mep ycTyIa ¢ UeJIbI0 UCCIEA0BaHUS €r0 BIUSIHUS HAa CBEPX3BYKOBOM MOTOK B KaHale. B
pe3yibTaTe MOJIYYCHO, YTO YBEIMUCHHUE pa3Mepa yCTyIa OKa3bIBAET OOJIBIIOE BIUSHUAC HA
CTPYKTYpY NOTOKa B KaHase. [Ipu 3ToM najgaromuii ckayok yIIoTHeHUS, POPMUPYIOIIHIICS
nepe;] BbIyBaeMOM CTpyeil ra3a, cMmemaercst OJMKe KO BXOly B KaHal. Y UUThIBAs JaHHYIO

TCHACHIOWIO, MOXHO IIPCAIIOJIO0XKUTb, 4YTO IIpU AOCTATOYHO OOJIBIIOM OTHOIIICHUU



Pji/p MaJAIONINi CKa4OK YIJIOTHEHUS MOXET OBITh BBHITECHEH KO BXOJy KaHasa, TaK Kak
YBEJIMYEHHUE YCTyIa MPUBOJUT K OOJIbIIEMY CHKATUIO CBEPX3BYKOBOI'O MOTOKAa B KaHAaJeE.
JlanbHeiiliee yBeJnyeHue pa3Mepa yCTyna MOKET MPUBECTH K «3alMPAHUIO» KaHala, uTo,
B CBOIO O4Ye€pelb, SABISETCS HEOJAroNmpUATHBIM YCIOBUEM [UJIsi TMEpEeMEIIMBaHUs ra3a
BBIIyBa€MOM CTPYH U Haberaromniero noToka. Takyke MEeHsIeTCs y1apHO-BOJIHOBAsI CTPYKTYypa
BOJIU3M BBIYBa€MOM CTPyH, 30HBI OTPbIBa MPUCTEHOYHOT'O CJIOS YBEIMYUBAIOTCA C

YBCIIMYCHUCM MHTCHCUBHOCTU CKa4Ka YIINIOTHCHHA O6p330BaHHBIM YCTYIIOM.
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