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Huccepranusi  MOCBSIIIEHAa  MCCIENOBAHUIO  METOJIAMU  YHUCJIEHHOTO
MOJICIMPOBAHUSl TpOllecCa PacClHpOCTPAHEHUs IUIAMEHU B  YJIbTpa-OeqHbIX

BOJOPOJHO-BO3AYIIHBIX CMCCAX HaA OOJIBIIINX MacIITabax o0beMax.
AKTyaJII)HOCTI) TEMBI

Ha cerogusimHuii €Hb TEMBbI, CBSI3aHHBIE C OCOOCHHOCTSMHU pa3BUTHUSA
TOPEHUSI B BOAOPOAHO-BO3IAYIIHBIX CMECAX SBILIIOTCS AKTyaJIbHBIMH, C OJHOMU
CTOPOHBI, IO MPUYMHE BOCTPEOOBAHHOCTH BOJOPOAOCOAEPKANIMX Ia30BbIX CMECE
B Ka4yeCTBE MCTOYHUKA 3HEPIUU I PA3IMYHBIX OTPACIECH NMPOMBIIIJIEHHOCTH U
DHEPIeTUKH, & C IPYTrOM CTOPOHBI, B BUAY CBSI3aHHBIX C dKCIUIyaTalMel BOAOPOAA
BOIIPOCOB MOKapo- U B3pbIBOOE30MacHOCTU. COINIaCHO COBPEMEHHON KOHIENIIUU
pa3BUTHA  aNbTEPHATHBHOM  DHEPIre€THKH, OCHOBAHHOM HAa  IPU3HAHHOU
HEOOXOJIMMOCTH TEPEOLEHKH CYILIECTBYIOIEH 3aBUCHUMOCTH OT HCKOIAeMOIo
TOILIMBA, BOJIOPOJ SBJISIETCS OJHUM M3 HanOoJiee NEePCIEKTUBHBIX TOILUIUB B BUAY
CJICAYIOIIMX OCOOCHHOCTEH: BOJOPOJ CaMblil JIETKUI 3JIEMEHT ¢ CaMOW BBICOKOM
TEIUIOTBOPHOM CIIOCOOHOCTBHIO; BOJOPOJ SIBJISETCS YCTOWYMBBIM U HETOKCUYHBIM
TOIUIMBOM, U B OTJIMYUE OT HE(PTENPOIYyKTOB, NPUPOJHOTO raza WIH YIJis, OH
ABJISIETCA DKOJIOTUYECKH YHMCTBIM DHEPTOHOCUTENIEM, TAK KaK €IMHCTBEHHBIM
IIPOLYKTOM €T0 9K30TEPMUYECKON PEAKIUU C KUCIOPOJOM SIBIAETCA BOJA.

OnHako, Yy4YWTHIBasT BBICOKYK) XUMHYECKYI0 AaKTHBHOCTb BOJOPOJA,
MPOEKTUPOBAHUE U JKCIUTyaTalusi OOBEKTOB, Ha KOTOPBIX BO3MOXKHBI Clydyau
BbIOpOCA U aKKyMYJISILIMU BOJIOPO/A, TPEOYIOT TIIATEILHOTO aHaIN3a BO3MOKHBIX
CLIEHApPHEB PA3BUTHS aBaApUMHBIX CUTYyaIMi U pa3pabOTKu cpeAcTB 3P(HEKTUBHOTO

MOJaBJICHUS B3phIBA.
Hean u 3axa4u padoThl

OCHOBHOM 11JIbIO JUCCEPTALIUU SIBJISCTCS BBISBICHUE METOJAaMHU JE€TaTbHOIO
YUCJIEHHOTO MOJICJIMPOBAHUSI MEXaHU3MOB, ONPENEISAIOIIUX PacupoCcTpaHEeHUE
TOpeHuss B YJIbTPa-OCAHBIX BOJOPOJHO-BO3MYIIHBIX Ta30BBIX cMmecax. Jlms

JOCTHKCHUA I CIIN UCCIICIOBAaHH B pa60Te peIaJInCh CICAYONIUC 3a1a4u:



1. Beibop MaTemMaTHyeCKOM MOJEIM W BBIYUCIUTEIBHOTO aJrOpUTMa s
ONTUMAJILHOTO PEIIEHUS METOJIaMH YHCJICEHHOTO MOJICIMPOBAaHUS 3a7ad O
Pa3BUTHH TOPEHUSI B YILTPa-O0CTHBIX BOJOPOTHO-BO3IYIITHBIX CMECSX.

2. JIByXMepHOE JeTaJIbHOE MOJCIMPOBAHUE IIJIAMEH, PACHPOCTPAHSIOUIAXCS
MO/ JICWCTBUEM TPABUTAIMOHHOTO TOJISI B BOJOPOIHO-BO3AYIITHBIX CMECSX
00€THEHHOTO COCTaBa.

3. WUccnenoBanue BIUSHHUS KOHIIEHTpAIlUM BOJOpPOJa B  yJIbTpa-OeaHOM
BOJIOPOJITHO-BO3/IYIITHOM CMECH Ha YCTOMYMBOCTh IUIAMEHU B YCJIOBHSIX
3€MHOM I'paBUTAlIUM U MUKPOTPABUTAIIUH.

4. CormocraBlicHHE pPe3yJIbTaTOB YUCIICHHOTO MOICTUPOBAHUS c
DKCIIEPUMCHTAIBLHBIMU  JaHHBIMHA, TOJYYEHHBIMH B  jabopaTopuu
dbusznyeckoii razoport nuHamuku OVUBT PAH.

5. JIByxmMepHOE MOJCIMPOBAHWE BOCXOMSAIIETO JBWKCHHUS  XUMHUYECKH
HEAKTHBHBIX JIETKMX Ta30BBIX IY3BIPHKOB B 00JIEE TSHKEIIOM OKPYKAIOMEM
rae i JIONMOJHHUTEIBHON HWHTEpIIpETalluk POJM CHIbl Apxumena u

KOHBEKTHUBHBIX TCUCHUM B 3BOJIOIUN O4aroB FOPEHMUS.
HayuHast HoBU3HA pa0doThI

BnepBbie mpoBeneHO KpymHOMACIITAOHOE YHUCIEHHOE MOJICTUPOBAHHE
mpolecca pa3BUTHS oyara yJiabTpa-O€qIHOTO TOPEHHS B YCIOBUAX 3E€MHOMU
IpPaBUTALIMKM, YTO MO3BOJWJIO PACCMOTPETh pa3BUTHE (PU3MUYECKUX MPOLECCOB,
OTIPEIEIISIIONTNX YCTOMYMBOCTh TOPEHUsI YJIbTpa-OCMHBIX CMECel B OTCYTCTBUU
BJIMSHUS BHEIIHUX TPaHUI, W TakKuM o0Opa3oM BBIACIUTh POJb 0a30BBIX
bU3MYEeCKUX MEXaHU3MOB BJIMSIONIUX HA YCTOWYMBOCTH YJbTpa-O€IHOTO ouara
TOPEHUS.

BnepBbie copMynMpoBaH MeXaHHM3M pacnaja ouara yiabTpa-0egHoro
TOPEHUS 3a CUET Pa3BUTHUS KOHBEKTUBHOTO TEUEHHUS HA MaciTabax odara.

BriepBbie Ha OCHOBE pacyeTOB XUMUUYECKH HEAKTUBHBIX Ta30BBIX My3bIPHKOB
MoJTy4eHa KiacCu(HUKaIs pa3IMuHbIX PEKUMOB TOPEHUST BOIOPOIHO-BO3AYIITHBIX

cCMecel C COCTaBOM OJM3KMM K HIDKHEMY KOHIEHTPAallMOHHOMY Hpeaeny.



[TonmyyeHnnsle pe3ynbTaThl 00001IeHHI B (opMe AuarpaMMbl Ha IJIOCKOCTH
oe3pasmepHbix uucen Peiinonbaca m ®dpyna, Ha OCHOBE KOTOPOH BBIJIETIEHBI

obOmacTn YCTOfIqHBOFO 141 HGYCTOﬁ‘-IPIBOI‘O PCKHUMOB PACIIPOCTPAHCHUA INIAMCHH.

Teopernueckasi U NPaKTH4YeCKAsl 3HAYMMOCTH PaldOThI ONpEAENseTCs
HOBBIMU pPE3yJbTaTaMH B O0JIACTH TEOPUU TOPEHHUSI U B3PbIBA, KOTOPHIE MOTYT
OBITH MCIIOJIb30BAHBI ISl UCCJIEIOBAHUA 3a/1ad MOXKAapO- M B3PHIBOOE30MACHOCTH
TEXHUYECKUX CHUCTEM, HCIOJB3YIOUIMX B KA4eCTBE TOIUIMBA CMECH Ha OCHOBE
Bojopona. IlpennokeHHbIi  MOAXOA K  YUCIEHHOMY  HCCIIEIOBAHUIO
ra3oIMHAMUYECKUX TEUEHUU B MPHUOJIMIKEHUU MaJjol CXKUMAEMOCTH NPUMEHUM
JUISL PA3JIMUHBIX CMECEH, XapaKTEepU3yeMbIX HU30BITKOM WJIM HEIOCTATKOM TOIUINBA,
pa3BUTHE TOPEHHUS B KOTOPBIX COMPOBOKIAETCS ra30JUHAMHUYECKUMHU MPOIECCAMHU

MaJioll ”HTEHCUBHOCTHU.
HOJIO)KeHI/ISI, BBIHOCMMBIC HA 3aIIUTY

1. Pe3ynpTaThl YHUCJIEHHOIO MOJCIHUPOBAHUS TOPEHHUS  YIbTpa-OeqHBIX
BOJIOPOJHO-BO3IYIIHBIX CMECEN B MPUOIMKEHUN MaJION C)KUMAEMOCTH.

2. JletanpHOE OMNHUCAHHWE TMPOIIECCA PACIPOCTPAHEHUS TOPEHHS B YJIbTpa-
OeIHBIX COCTaBax BOJOPOAHO-BO3AYLIHBIX CMeced B  CBOOOJHOM
IIPOCTPAHCTBE, B YCIOBUAX 36MHOM I'PaBUTALIAH.

3. MexaHu3M pa3BUTHS HEYCTOWYMBOCTH OYAroB YIJIbTpa-OeTHOTO TOpEHUs
BOJIM3M HIKHErO KOHIIEHTPAIMOHHOTO TIpefesia, B YCJIOBUSAX 3€MHOU
rPaBUTALINH.

4. Pe3ynbpTaThl KOJMYECTBEHHOTO ONPEEICHNUS HIKHETO KOHIIEHTPAI[MOHHOTO
npenena  TOPEHHs — BOJOPOAHO-BO3AYLIHOW CMecM B CBOOOJIHOM

MPOCTPAHCTBE B YCIIOBUAX 3€MHOW I'PaBUTAINH.

5. Knaccudukaruss pexuMOB TOpeHUs, IOJTYyUYCHHasT Ha OCHOBE pacueToB
XUMHUYECKH HEAKTUBHBIX Ta30BbIX ITy3bIPHKOB, ITO3BOJISIIONIAS BBIACIUTH
00JaCTh YCTOWYHMBOTO TOPEHHS YJIbTpa-OCIHBIX BOJOPOIHO-BO3IYIITHBIX

cMmeceil B CBOOOJHOM MTPOCTPAHCTBE.



CTeneHb 10CTOBEPHOCTH U aNPo0aIusi pe3yJIbTaTOB

KauecTBeHHBIE W KOJINYECTBEHHBIC OICHKH, ITOJIYUYCHHBIC YHCJICHHO, ObLIN
COIIOCTABJICHBI C SKCIICPUMCHTAJIbHBIMU NTaHHBIMHU, ITOJIYYCHHBIMH B JIa60paTOpI/II/I
¢busnyeckoir razopoil guHamuku OVBT PAH, u gamum Xopoiee corjacue c
SKCIICPUMCHTAJIbHBIMA AAHHBIMHU 110 THHAMHKC Oo4dara y.l'IBTpa-6eI[HOFO IrOpCHHA Ha
KPYITHBIX MacITadax.

Pacuetsl ynpTpa-0€1HOrO ropeHus B yCIOBUSX MUKPOTPABUTALIMKM U OLIEHKA
HWJKHCI'O KOHIOCHTPALIMOHHOIO IIPCACIA HAXOIATCA B XOpOoIIEM COIJIaCHHU C
HN3BCCTHBIMH 3KCIICPUMCHTAJIBHBIMU U PACYCTHO-TCOPCTHUICCKUMHU JaHHBIMHU.

KommuecTBeHHas OICHKA HMXHCT'O KOHIOCHTPALMOHHOIO IIPCACiia TOPCHUS
BOOOPOJa B BO3AYXC HAXOJUTCA B XOopomicM COorjlaCuu C HM3BCCTHBIMU
9KCIICPUMCHTAJIbHBIMH JaHHBIMH.

OcHOBHBIE pe3yJbTaThl JUCCEPTAMOHHON pPabOThl JOKIAABIBAIUCHL Ha
CJIeIyIONMX HayYHBIX KOH(pepeHuusx: V MUuHCKUN MEXTyHapOIHBIA KOJJIOKBUYM
no (u3MKe yJapHbIX BOJIH, TopeHus u aeroHauuu (Mwunck, benopyccus, 2017),
XXI1I- International Conference on Equations of State for Matter (3166pyc, 2018),
8" International Symposium on Nonequilibrium Processes, Plasma, Combustion
and Atmospheric Phenomena NEPCAP 2018 (Couwn, 2018), XIX IlIkona Mo0abIx
yuensix MBPAD PAH (Mockgra, 2018), XXXIV International conference on
Interaction of Intense Energy Fluxes with Matter (Qms6pyc, 2019), 27"
International Colloguium on the Dynamics of Explosions and Reactive Systems
(ITexun, Kwuraii, 2019), XV Bcepoccuiickuii CUMIIO3UyM MO TOPEHUIO U B3PBIBY
(MockBa,2020).

JIMYHBIN BKJIAJ aBTOPA

ABTOpPOM JMcCepTalMy JIMYHO BBIMOJIHEHA pa3paboTKa HOBOW METOJIUKH
pacuera ropeHus yJibTpa-OeIHbIX COCTAaBOB B MPUOJMIKEHUH MasbIx yucena Maxa,
IMPOBCACHBI MAaTCMATHYCCKOC MOJACINPOBAHUC U 06pa60TKa PaCUCTHBIX AJAaHHBIX.
ABTOp IpUHUMAJ AKTUBHOE y4acTHUE B OOCYKJIEHUU TOTYUYEHHBIX PE3yIbTaTOB, UX

HHTCPIPCTAINN U HAITMCAHWH HAYYHbBIX cTaTteu mo TemMe HCCICOAOBaHUA.



Iyoaukanuu
OcHOBHBIE Pe3ybTaThl KBaTU(DUKAIIMOHHOW PaboOThl omyOsirKkoBaHsl B 11
NEYATHBIX M3/IaHuAX, 6 W3 KOTOPHIX B )KypHajax, pekomeHnoBaHHbIXx BAK, 5 - B

COOpHUKAX U TpyAaX KOH(PEPEHIIH.
COJAEPKXAHUE PABOTHI

Bo BBeneHnu 000CHOBaHA aKTyaJIbHOCTH TEMBI JIUCCEPTALIMH, OTIPEICIICHBI
IISJIM ¥ HaTPaBJICHUS MCCIICTOBAHU.

B nmepBoii riaBe 000CHOBaH BBIOOp MaTEMaTHYECKOH MOJEIH W
BBIYHCIUTEILHOTO QJITOPUTMA, HCIOJIB3YeMBIX I MOJCIMPOBAHUS IPOIIECCOB
TOPCHHsI B  yJIbTPa-OCTHBIX  BOJOPOJHO-BO3AYIIHBIX cMecsax. JlerambHoe
UCCIICIOBAaHWE  IPOIECCOB,  COMPOBOXKIAIOIIMX  TOPEHHE  YJIbTpa-OCITHBIX
BOJIOPOHO-BO3IYIIHBIX CMECEH B HEOTPAHHMYCHHOM MPOCTPAHCTBE, YKa3bIBAaCT Ha
OTHOCHTEIFHO MAaJyl0 HWHTEHCHUBHOCTH (DOPMHUPYIONUXCS B XOJE Pa3BUTHUS
npoliecca TeueHuil. B TakoMm ciydae 1ienecoo0pa3Ho pelaTth 3agavqy 0 JUHAMHUKE
Cpezibl B MPUOJIMIKEHUH MaJIol CKUMAeMOCTH (MaJlbIx uucesl Maxa).

Jlyiss BOCTIpOM3BEICHNST 0COOCHHOCTEH Pa3BUTHS TUHAMUYECKUX IMPOIIECCOB
B pearupyroliel cpeiec B CHCTEME HeCTAallMOHAPHBIX YPaBHEHUN ra3oquHaMuKH [|]
yuTeHbI BA3KOCTh [1,2], TemnonpoBoanocTts [1,2], MHOrOKOMIOHEHTHAS TU( Y 3HsT
[2] u BBIIENIEHME TeruTa 3a cUeT XMMUYECKUX peakiuii. B pabote ucmnosbp3oBanach
COBpEMEHHAsi KHHETHYECKash CXeMa TOpPEHHUS BOIOPOIHO-BO3IYIIHON CMECH,
BKUTIOHaromias 21 oO6paTuMyro 3JIEMEHTAPHYIO PEAKIMI0 MEXITY 8 KOMIIOHEHTaMU
H,, O, H,0, H, O, OH, HO,, H;0; [3]. Cucrema ypaBHEeHMII ra30AMHAMHUKH B
COBOKYITHOCTH C TaOJUYHBIMU YpPaBHEHUSMHU COCTOSIHHSI CpEIbl TO3BOJIMIIH
MOJIYYUTh PEIICHHS, cojacpkammue B cebe mHpopMamuio o000 Bcex mpolieccax,
COITyTCTBYIOIIMX SIBJICHUIO PACHpPOCTPAaHEHUS TOPCHHS B pearupyroliei ra3zoBoii
cmecu [VI].

B Maremarndeckyro MoJeib HE BKIIOYAINCh MOJCIH TMOJACCTOYHOU

TypOyJICHTHOCTH, TaK KaK pa3Mep pacyeTHOW SYEWKH TI03BOJISLI pa3periaTh



MeJNKOMacIUTaOHble BHUXpEBbIE TeueHUs. PelnieHne CcUCTEMBbl  ypaBHEHMH
BBITIOJTHSIOCH C TIOMOIIBIO aITOPHTMA, PEATIOKEHHOTO B padote [4].

Bropas ruiaBa mOCBAIIEHAa HCCIEAOBAHUIO OCOOEHHOCTEW JUHAMUKHU
TOpEeHHUsl yIbTpa-0€JHOro0 BOJOPOIHO-BO3AYIIHOTO IuIaMeHu. PaccmoTpen npouece
TOPEHHS BOAOPOHO-BO3YIIHON CMECH ¢ 0OBbEMHBIM cojJiepkaHueM Bojoponaa 6%
BHYTpPH JBYXMEpHOM pacueTtHol oOmactu 500 mmx300 MM C  KeCcTKOU
HENPOHUI[AEMON CTEHKON CHU3Y U OTKPBITBIMU IPAHUYHBIMU YCIOBUSMHU CBEPXY U
no OokaM, MOJETUPYIOUIMMH pa3BUTHE TMpolecca B  HEOTPAHUYCHHOM
IPOCTPAHCTBE, a TAK)XKE B 00JIaCTH, OTPAaHUYEHHOM KECTKUMH HEIPOHHUIAEMbIMU
creHkamu cHm3y u cieBa [l]. Pasmep pacueTHO# sueiiku JeKapTOBOH CETKH
cocraBisui 0.2 MM, 4Yero OKa3blBaeTCAd JOCTATOYHO I KOPPEKTHOrO
BOCIPOM3BEJCHUS]  XapaKTEpHbIX  MacIITabOB, Ha KOTOPbIX pa3BUBAETCA
XUMUYECKas peaklysi TOPEHHs! yIbTpa-0eIHON BOIOPOJHO-BO3AYLIIHOM CMECH.

Ha pucynke 1 mnpenacraBieHbl CTaauy 53BOJIIOLMM IIAPUKAa IUIAMEHU B
yibTpa-0eaHoi cmecu. Cpasy mociie BOCIUIaMEHEHUs, o0pasyercs chepruuecKuii
oyar TopeHus B o0jacTu BocIlaMeHeHusi. Ha »Toil paHHeW cTaguu mpoiiecc
omnpenensercs B Oonpluei creneHu Audy3ueit BOA0OPoaa U3 OKpYKarollel cpebl
B 00JIacTh peakluuu, TakKuM o0pa3oM, oyar TOpEeHMs] NPEJCTaBIseT COOOM
KJIACCUYECKUM IMIApUK IJIaMEHHU, HAOJI0JaeMblii B YCJIOBHUSX MHUKPOTpaBUTALUN
[5]. B cooTBeTCTBHU C TEOPETHYESCKUM aHATU30M IMOOOHBIX 33]a4, yCTOWYHBOCTD
IJIAMEHU Ha HAYalbHBIX CTaIUsAX T[JaBHBIM 00pa3oM MOAJIEPKMBAETCS 3a CUET
NOTEph TEIJJa Ha CTEHKW. B mpomecce TropeHuss odar pacmupsiercs Jo
KPUTHYECKUX Pa3MEpoOB, U OCHOBHYIO pOJIb HAUMHAET UTpaTh MOJbEMHAs CHUIA,
ompefenstonas BCIUIBITHE TOpSAYMX MPOAYKTOB TOpEeHHs B  aTMocdepe
HerpopearupoBasmed cmecn. C  3TOr0 MOMEHTa OCHOBHBIM MEXaHU3MOM,
BIIMSIONINM Ha JAIBHEUIIYIO AMHAMUKY O4yara TOpeHUs, SBIIIETCS KOHBEKTHBHOE

BCIUIBITHE OYara B TpaBUTAIlMOHHOM I10Jje (puc. 1a).
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Mc. IlBetoM T1OKazaHo TIOJIE

temmepartypsl [1].

Ha PUCYHKC 2 IpCaACTaBJICHA 3aBUCUMOCTDb paInyCa KPpHUBHU3HBI U CKOPOCTH
BCIUIBITUS OCHOBHOI'O oO4Yara TOpC€HHUsI C TCUCHHECM BpPCMCHU. Ananu3 »stoit
3aBUCUMOCTHU II0Ka3ajl, 4YTO Ha4daJlbHas CTaJAusd BCIUIBITUSA HIapUKa IIJIAMCHHU
XapaKTCPU3YCTCA IIOCTOAHHBIM 3HAYCHUCM YCKOPCHHA Benymeﬁ TOYKH oO4ara

TOpCHHU (HaI/IBBICIHaSI TOYKa Ha IIOBEPXHOCTHU OYare FOpeHI/IH).
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BcenenctBue Hanmwuus BUXPEBBIX TOTOKOB, TUTAMSI PACTATHBAETCS, YTO
OPUBOAUT K (OPMUPOBAHHMIO XAPAKTEPHOM MIANKooOpa3HOM (opmbl oyara
ropenus (puc. 16). [logoOHO BCIUIBIBAIOIIEMY ITy3bIPI0 C MaJIbIM 3HAY€HUEM
MMOBEPXHOCTHOTO HATSDKCHHS, IANKOOOpasHas CTPYKTypa odara He SBIISETCS

yCcTOMUNBOM. DBOKOBasi MOBEPXHOCTH Odara TOPEHUs MOABEPKEHA BO3IAECHCTBUIO



CABUTOBBIX TEUEHHM, YTO BEIAET K €€ JIOKAJIbHOMY PAaCTSIKEHUIO U pPa3pbIBY, B
pe3yJIbTaTeé 3TOr0 OT OCHOBHOIO OdYara OTpPBIBAIOTCS JIBa JIONOJIHUTEIbHBIX
BTOpUYHBIX ouara ropenus (puc. 1 0,8). [lo cpaBHeHMIO ¢ TMHAMUKOW Ta30BBIX
My3bIpEN B )KUAKOCTH, TJI€ ITy3bIpM HE MEHAIOTCA B pa3Mepax, AOMOJHUTEIbHbBIC
oyard TOpEHHs YJIbTpa-O€qHON BOJOPOAHO-BO3AYLIHOM CMECH MPEACTABISIOT
co0010 aKTHBHBIEC 30HBI TOPEHUS, CTAHOBSICH KPyMHEE MpPU MOTPEOJCHUH CBEXKEH
cmecu [l].

[Tocne oTpbIBa AOMOIHUTENBHBIX OUYaroB FOPEHUs, HAOIIOAAETCs CHIDKCHUE
TEMIIa YCKOPEHHUsSI OCHOBHOTO ouara ropenus (puc.2). Ctaaus TUHEHHOTO pocCTa,
KoTopasi HaOirofanach Ha paHHedl craguu nporecca u ao 400 mc, cMmeHsercs
HEJIMHEWHOW CTAaMEN, KOTOpasl XapaKTEPU3YETCA CIEAYIOIMMHU APYT 3a JAPYyrOM
OTPbIBAMHU BTOPUYHBIX OYaroB.

AHanu3 TpelCTaBIIEHHBIX pPE3YyJIbTATOB MOKAa3bIBAET, YTO IOCIE IEPBOTO
OTphIBAa OYara pajuyCc KPUBU3HBI CTAHOBHUTCS TOCTOSHHBIM [JIsi KOPOTKOTO
epUoaa BPEMEHHU, IPUBOIS K BPEMEHHOMY 3aMEJIEHUIO pOCTa CKOPOCTH (puc.2).
[locne oTpbiBa, oyar TOpPEHUs] NPEACTaBISICT COO0OM JMH3000pa3HBIN IIaApPUK
IJJAMEHH, KOTOPBIM Pa3BUBAETCS AHAJOTMYHO IMIAPUKY IUIAMEHUW HAa HAYaIbHOU
CTa/INH.

CornmacHO pHUCYHKY 2 BCKOpE IIOCJIE€ BTOPOTO OTpbIBa HaOMIOmaeTcs
CTarHalysi CKOPOCTH IUIAMEHH, CKOPOCTh BCIUIBITHSI O4ara TOPEHHs] IPH 3TOM
OOJIbIIE HE 3aBUCUT OT MOCIEAYIOIIMX OTPHIBOB OTAEJIEHHBIX TOPSIIMX OYaroB C
IIOBEPXHOCTH OCHOBHOI'O W OT B3aMMOJACHCTBUSA ¢ HUMH. K 3TOMYy BpeMeEHH,
OCHOBHOM oOuar TOpeHHMs NpUHUMAET JIMH3000pa3Hylo (opMy ¢ 1OUYTH
MOCTOSIHHBIM PaInyCOM KPUBU3HBI BOJIM3H OCU CUMMETPHUHU.

KauecTBeHHBIE M KOJIMYECTBEHHBIE OLIEHKH, MOJYyYEHHbIE YHCIEHHO, ObUIN
COIMOCTABJICHbI C AKCIIEPUMEHTAILHBIMU TaHHBIMU, TIOJIyYeHHBIMU B JJAOOpaTOpUU
¢usnueckoit razosoit auHamuku OWBT PAH. DkcnepuMeHTHl MO pa3BUTHIO
O4YaroB yJabTpa-0€IHOTO TOPEHHs B OOJBIINX 00beMax ObUIM MPOBEACHBI HAa JABYX
HKCIIEPUMEHTAJIbHBIX YCTAaHOBKaX: JaOOpPaTOPHOM CTEHJE M B LWJIMHAPUYECKON

cranbHOl kamepe BBK-2 [I1,111].



Ha pucynke 3 u 4 npencraBieHbl pe3yibTaTbl MU3MEPEHUS CKOPOCTH
BCIUIBITHSL M paauyca KpPHUBU3HBI oOyara ¢ TedeHueM BpemeHu. CpaBHeHHe
pEe3yJIbTaTOB  JKCIIEPUMEHTAa M  YHCIEHHOTO MOJCIUPOBAHUS  IIOKA3bIBAET
KauyeCTBEHHOE COBIA/ICHNUE XapaKTEPHBIX OCOOCHHOCTEN 3BOJIIOLUN OYara ropeHust
B yJIbTpa-O€AHONH BOJOPOAHO-BO3AYMIHOW cMecu. (OIHAKO, CyHIECTBYIOT
HEKOTOPBIE KOJWYECTBEHHBIE pA3JIUYUA B JAUHAMHUKE BOCXOAIIEIO IIapuKa
iamMeHu. PazHuMIIa MeXIy 3HAYEHUSIMU CKOPOCTH IOAbEMa, IIOJYYEHHBIMH B
DKCIIEPUMEHTE U pacyeTe, CBA3aHA C TEM, YTO MATEMAaTUYECKOE MOJIECIMPOBAHUE
IIPOBOJMIIOCH B IBYXMEPHOMU IIJIOCKOM MOCTaHOBKE.

Ilo npuymHE TOrO, YTO IUIOTHOCTH Tra3a IIPETEpPIEBAECT CKA4YOK Ha
MOBEPXHOCTU oOvara, IABWKEHUE IIApUKa IUIAMEHH MOXKET OBITh KayeCTBEHHO
OIMCAHO, C IIOMOIIBIO TEOPUH BCIUIBIBAIOIIETO Ia30BOr0 Iy3bIPsi B OTPAHUYEHHOM
IIPOCTPAHCTBE. TeopeTndeckuil aHanu3 IHUHAMUKHU 3aMKHYTBIX ITy3BIpEW ITOKa3ad,

4TO IMEepexXoJHass JHUHAMHWKA 3aMKHYTOI'O ITIY3bIPpbKa MOJKCT OBITh ONMCaHa qcpe3

COOTHOIIICHUE 11 CKOPOCTH ToabemMa my3bipbka U= Fry/gR tanh(5 9/ Rot), rae

Fr - yucno ®pyna, onpenensroiiee OTHOIMIEHUE CUJI MHEPITUU K CUJIE TshKeCTH, Ry —
HAaYaJIbHBIA pauyc My3bIps, O - Pa3MEPHOCTh CUCTEMbI (0=2 MJii JABYXMEPHBIX
ny3sipeii, 6=3 s TpexMmepHbIX my3bipei) [6]. Ilockonmbky cuiaa WHEpLHHH
MPONOPLMOHAJIBHA TUIOIIAAM [OBEPXHOCTU Iy3bIpbKa, a CHUJa IJIABY4YEeCTH

IPOTOPITMOHANIbHA 00beMy Iy3bIpbka, 4YHuciIo Dpyga MOXKHO OICHUTh W3
g o-1
TEOMETPUUYECKUX cooOpakeHni kKak Fr = — Takum 006pazom, 711 TPEXMEPHBIX

IIy3BIPBKOB C OJWHAKOBBIM pPaguyCOM KPUBHU3HBI KOHEUHAs! CKOPOCTH BCIUIBITHSA
6ombiie B Fr,/Fr,, =4/3 pas. Tlpu ropeHun yiabTpa-OemHON cMmecH
YCTaHOBUBIIUNCS PaJlnyC KPUBU3HBI O4ara ropeHus B IByXMEPHON U TPEXMEPHOMN
IIOCTAHOBKAaxX TAaK)K€ OKAa3blBAECTCA pa3M4HbIM. TakuM o0O0pa3oM, KOHEUYHas

CKOpPOCTb BCILJIBITHA B pCaJibHOM OKCIICPUMCHTC OoJIbIIIE B

FrsD\/Rt_w/( FI‘ZDE) ~1.5 paza.
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COOTBCTCTBYIOT 3dKOHY alllIPpOKCUMAIIMU 3aBUCHUMOCTHU CKOPOCTHU OT BPCMCHH,

IIPUMCHUMOMY K HCpCXOIIHOﬁ CTauHr IIoABEMA I'a30BOI'0 ITY3bIPA B JKUIAKOCTHU

[

BpemenHass 3aBUCUMOCTb pajuyca KPUBHU3HBI IIOBEPXHOCTH IUIAMEHU
BOJIM3M BBICIIEH TOYKM MpeJicTaBlieHa Ha pucyHke 4. HeMOHOTOHHOE MOBeEeHUE
panuyca KpUBH3HBI IJIJAMEHH CBSI3aHO C SIBJICHUSMH PA3pYILICHUS O4yara rOpeHMs,

KOTOPLIC IIPUBOJAT K BPCMCHHOMY 3aMCIJICHHUIO POCTA palnyCa KPUBHU3HEI.
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B Tperbeii riaBe TpEACTaBIICHBI PE3YNBTATHl HUCCIACAOBAHUS IPEACIIOB
TOPEeHUsI  yJIbTPa-OCIHOTO  BOJOPOAHO-BO3AyIIHOTO Iutamenu  [V]. s
KOJMYECTBEHHOTO OTIPEEICHUS MPEACIIOB CYIIICCTBOBAHUS TOPESHHS B BOJIOPOIHO-
BO3MIYIIHBIX CMECSX OBUIM TPOBENCHBI BBIUUCIUTEIBHBIC SKCIEPUMEHTHI IS
cMmecelt ¢ 00beMHBIM cofepkanueM Boaopoaa 3-10 %. B pamkax mpoBeneHHOTO
WCCJICIOBAHMS TTOKA3aHO, YTO YCTOHYMBOCTH OYara TOpPEHUs, pa3BUBAIOIIECTOCS B

yIbTpa-0CMHBIX BOJOPOIHO-BO3IYIIHBIX CMECSX, OMPEACNSICT IUPOKUN CIEKTP



¢uznueckux ¢pakropos. ['openue B popme cTaninoHapHOTO c(heprUuecKoro mapuka
IUIAMEHH, B YCJOBMSX MHUKPOTPABUTALMN, MOXET OBbITh YCTOWYMBBIM JaXe B
CMECSIX C MEHBIIUM COAEPKaHWEM BOJOPOJA, YEM HIKHHI KOHIIEHTPALMOHHBIM
npenen A CBOOOJHO pacnpocTpaHsomerocs miameHd. CorjaacHO MOTy4eHHbIM
pe3yibTaTaMm, yCTOWYMBOE YJbTpa-O€IHOE TOpPEHHE CMeced C COAEep)KaHUEM
Bojiopoza MeHee 9 % mo 00beMy, MOXKET ObITh MOJYyYEHO B YCIOBHSIX 3€MHOU
rpaBUTAllMM, I7I€ YCTOMYMBOCTH O4YaroB TOpPEHMs, IJIaBHBIM  00pa3oM,
ONpENENSIeTC KOHBEKTUBHBIM JIBH)KEHUEM, YCTAaHABIMBAIOIIMMCS YK€ Ha
HAYaJIbHOW cTaauM pa3BuUTHs npouecca. KOHBEKTHUBHbIE TOTOKU Ia30BOW CMECH B
(opMe BUXPEBBIX CTPYKTYpP B3aUMOJEHUCTBYIOT C OYaroM IOpPEHMsI U ONPEIEISIIOT
pacTsHKEHUE TMOBEPXHOCTH IUIAMEHU. IJTOT SPQPEKT CTaHOBUTCA MNPUUMHOU
JIOKQJIbHOTO pa3pbiBa MOBEPXHOCTH IJIAMEHM U JaJIbHEHIIEro ero noracaHusi. B
pe3yibTaTe, KOHIEHTPALIMOHHBIE MpEeJebl YCTOMYHMBOIO TOPEHUS B YCIOBHSX
Mukporpasuranuu - 3,45+0,05%, B ycioBusix 3eMHOM rpaButanuu 5,25+0,25 %,
4TO COTJIACYETCS C pe3yIbTaTaMU YKCIIEPUMEHTOB, IPUBEACHHBIMHE B [7-9].

B uyerBepToOil riIaBe TOCTpOoeHA KIAacCUPUKAKSg BO3MOXKHBIX IyTEH
pa3BUTUSL TOPEHUS YyIbTpa-OCIHBIX BOJOPOJHO-BO3AYINHBIX cmeceir [IV].
Pe3ynbraThl, mnpeactaBieHHble B paldoTe, MOKa3aiu, 4YTO Jake HeOOobIlIoe
u3MeHeHue (MeHee 1 %) KOHIIEHTpalMKM BOAOPOJAa B CMECH, HPHUBOJIUT K
CYLIECTBEHHOMY pPa3IMuuI0 B CTPYKTypax YJbTpa-OenHoro riamenu. Ilostomy,
JUTSl TOCTPOEHUS TUarpaMMbl PEKMMOB Pa3BUTHS OYaroB yJbTpa-0€IHOr0 rOpeHUs
ObL1a pellieHa BCoMoraresabHas 3ajaya JJii MHEPTHOM cpeibl O BCILIBITUH JIETKOTO
raza B armocdepe Tspkenoro. Ha ocHOBe pe3yibTaToB, MOJYYEHHBIX IS
XUMHUYECKHA HEAKTHBHBIX T'a30BBIX My3bIPEH, MOCTPOCHA JUarpaMMa Ha IUIOCKOCTH
oe3pazmepubix umcen PeiHonmpaca u ®dpyma, a Takke BblAeTIeHa 00JaCTh
YCTOMUYMBOIO PacpOCTpaHEHUs ropeHus. TpaeKTopuu pa3BUTHS OYaroB TOPEHUs
Ha mockocTH uncen PeitHonbaca u @pyna oTMeueHbl CTpelikaMu Ha PUCYHKE D, U
3TH TPACKTOPUHU HE SABISIOTCS JUHEHMHBIMU. AHAM3 JUarpamMMmbl MOKa3aj, YTO
TPaeKTOpUM IUIAMEHM CTpeMsTcs K JAByM npenenaM. IlepBeiii  mpexaen

COOTBETCTBYET HHM3KOMY 3HaueHuro uucia Opyna, Fr<l u BbICOKOMY 3HAUYEHUIO



yucina PeitHonbaca. Bropoii mpenen xapakTepu3yeTcsi BBICOKUM 3HAYEHHEM YHCIIa
®pyna Fr>1 v HU3kUM 3HaYeHUEeM yucia PeliHombaca.

Hwuskoe 3Hauenme umcma @pyna Fr<l xapakTepHO i1 yCTOMYMBBIX
pPEKMMOB pa3BUTHSl OYArOB IUIAMEHW, HEBOCIPUHUMYMBBIX K Pa3BUTHUIO
HeycTonuuBocTn Pones-Tennmopa B yClnoBUAX 3€MHOM TpaBUTALMU. bBUIO
ITIOKA3aHO, YTO MHOT00YaroBas CTpyKTypa IJIaMEHU BOAOPOAHO-BO3IyIITHON CMECH
C cojaepkaHueM Bojaopoja 5,5% U MAanKooOpa3HbI odar ¢ CoJaepKaHUEM
Bogopona 6,0% He moaBep>KEeHbI BIUSHUIO HeycTonunBoCcTH Panes-Telnopa. s
TaKkoro THUMA YJIbTpa-OeqHOro IuiaMeHu J¢¢deKTUBHAS IUIOMAb TOpPEHUs
YBEJIMUMBAETCS BMECTE€ CO CKOpPOCTBIO BCIUIBITHS, @ CKOPOCTh BCILIBITHUSA
YBEJIMUMBACTCSI MEJICHHEE UJIM C TEM K€ MpUpaIIeHUEM, YTO U KBaApaT IJIOMIAIx
NpoayKToB cropanusi. C Ipyroil CTOPOHBI, BTOPOM MpPEAEN, XapaKTEPU3YIOIIUICS
BBICOKUM Fr m Hu3kuMm Re, oTHOcuTCS K IuiameHaMm B Oosiee O€IHBIX COCTaBax,
XapaKTepU3yIOIUXCsl CTPYKTypamMu ¢ HeOoipimuMu odaramu (5,0% Hp-Boznyx u
45% Hy-Bo3nmyx ¢ Rp = 2 mM). B TakoM mjaMeHM KOHBEKTHUBHBIC ITOTOKHU
BBI3BIBAIOT CUJIbHBIM 3¢ dext ramenuss ropenus. [lpu »Tom HabmogaeTcs
yMeHbllleHue J(PGEeKTUBHOM IUIOMAAM ITUIAMEHM TOCIEe KaXJoro cliydas
pa3pylIieHus MOBEPXHOCTU ouara ropeHus. Takum oO0pa3oM, SKBUBAICHTHBIM
paauyc TIUIaMEHH OBICTpO yMeHbIIaeTcs, a uuciao ODpyaa yBETUUUMBAETCH.
HHTEpeCHO OTMETUTH, YTO MPOLIECC T'OPEHMSI B BOAOPOIHO-BO3IYIIHOW CMECH C
coAepkaHueM Bojopoaa 5,5% uMMeeT NeTio Ha TPACKTOPUM Ha IUIOCKOCTH YHCEI
Petinonbaca u ®pyna. Tpaekropusi BXOJUT B 00J1aCTh ¢ BO3MOXKHOCTBIO pa3phbiBa
IUIAaMEHU H3-3a HeycTonunBoCcTH Panes-Tenopa. Takoe moBeneHUE OTpa)KaeT
dbopMUpOBaHHE MHOTOOYAroBOM CTPYKTYphl HAa HAYAJIbHBIX JTamax pa3BUTHUS
IJIAaMEHU, BO BpeMsi KOTOPBHIX A((EKT KOHBEKTHBHOTO TalllEHUS MPOSBISETCS
HauOoJiee CUIIbHO, a 3P PeKTUBHAS TIOMAAb TOPEHUS CYIIECTBEHHO YMEHbIIAETCSI.
[locne mepBoro paspeiBa IOBEPXHOCTH O4Yara OH BOCCTAHABIMBACTCS U
MPOJIOIIKAET pacpocTpaHsaThes. CieayeT OTMETUTh, YTO CKOPOCTh MOAbEMA ovara
TOPEHUST OMPEACIISIETCS CTENEHBI0 PACIIMPEHUS TMPOAYKTOB TOPEHUs, KOTopas

MMPAKTHUYCCKHU IMOCTOAHHA B PACCMATPHUBACMOM JHAIIa30HC COACPIKaHHA BOJOPOIA.



Takum 00pa3oM, MMEHHO CKOPOCTb TOPEHHS U CHOCOOHOCTb MPOTHUBOCTOSTH
KOHBEKTHBHOMY OXJIKJICHUIO BO BpPEMsS pACTSDKEHUS M pa3pylICHHs odara
ONPEAETSAIOT pa3jInyue TPACKTOPUM B IUIOCKOCTH ymucesl Re u Fr mis pasHbix
cMeced. DTUM OOBSCHSETCS CMEIEHUE TMpejiesia BOCIUIAMEHEHHS C YBEJIMYEHUEM

Ha4yaJbHOIO PaJnyca 30HbI BOCITIAaMEHEHUS Ro p.
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Pucynok 27. Jlmarpamma B koopauHaTax Re-Fr. a) Jlunelinple cerMeHTbI
COOTBETCTBYIOT pacdyeTaM XUMHUYSCKA HEAKTHBHBIX Ta30BBIX ITy3BIPHKOB.
JluHeliHple aNMpPOKCUMAIIMKM O3TUX CETMEHTOB JIETSAT IUIOCKOCTh Ha TSITh
obustacteil. HauanbHbIl paguyc my3bIpst ONpeeseT HAKJIOH JMHEHHOTO yJacTKa,
koddduimeHT pacmmpenus 0, omnpenenser HaYalbHYH TOYKY W JUIMHY
auHeWHoro yvactka. CTpeNiKd YyKa3bplBalOT HampaBieHUE yBeaudeHus Op.
JInHelHbBIe CerMEeHTHI OTMEUEHBI IBETOM: Oenbiit 0,=1.5, xxentoii 0, =2.0, cuamit
Op =3.0, xpacueiii O, =4.0. 0) TpaekTopum pacmpocTpaHSCHHS IJIJAMCHH Ha
nuarpamme Re-Fr  myisi  BOJOpOIHO-BO3IYIIHBIX CMECed C  pas3IMuHbIM

cojiep)KaHreM Bojopoja: 3eneHas — 6%, Ro = 1 mMm, uepnas —5.5%, Ro = 1 mm,



opanxeBas — 4.5%, Ro = 2 mMm, cunsist — 5.0%, Ro= 1 mM. CTpyKTypbI ra30BbIX
My3bIPPKOB  Pa3NW4Hbl pagnycoB Rop =1-4 MM u300paxeHbl CHapyXu

nuarpammsl [1V].
B 3akJ/1l04eHHM IPUBEICHBI OCHOBHBIC PE3YJIbTAThI IUCCEPTALUH:

1. ITokazaHo, 4TO BeAYIIYIO pOjib B JUHAMUKE IUIAMEHHM B YJIbTpa-O€IHbIX
BOJOPOJHO-BO3YIIHBIX  CMECSIX  WIPAKOT  Ta30JMHAMHYECKHE  TEUYEHUS,
copMUpPOBaHHBIE NP BCIUIBITUM OYara rOPeHHsl B TpaBUTALMOHHOM Tofie. U3-3a
HaJIM4MsI BUXPEBBIX MOTOKOB, (PPOHT IUIAMEHU PACTATHMBACTCS W pa3pyllaeTcs Ha
Oonee menkue oyaru. [lepBUUYHBIN pa3pblB (PPOHTA IUIAMEHU B HAUBBICIIEH TOYKE
(GpoHTa, pacHOJIOKEHHON Ha OCH CHUMMETPUHM BCErja MPHUBOJIUT K TalICHHIO
rmaMeHu (B BOJOPOJHO-BO3YIIHBIX CMECSX C COJiepkaHueM Bojopona 5% wu
MeHee). B OoJiee akTHBHBIX CMECSIX C cojliepkaHueM Bojopoaa 5,5 % u Ooiee
NEPBUYHBIM OTPHIB OYAaroB TOPEHHUs OCYIIECTBISIETCS C OOKOBOW IMOBEPXHOCTU
mwiamMeHu. OTAeNUBIIMECS O4Yard 3/1€Ch SIBJSIIOTCA aKTUBHBIMU 30HAMH TOPEHUS,
N03TOMY HaOJIOJAeTCsl YCTOWYMBOE TOPEHHE B BHJE CJIOKHOM MHOIrOOYaroBOM
CTPYKTYpPBI IJIJAMEHHU. YCTOWYMBOE I'OPEHUE, XapaKTEpU3yEMOE OTPHIBOM OYaroB
ropeHusi ¢ OOKOBOM MOBEPXHOCTH IJIAMEHHU, HaOmoAaeTcs Ui yJIbTpa-OeqHbIX
cMmecei ¢ cosepxkanreM Bojgoposaa 5.5 — 9.0%.

2. [IpogemoHCTpHUpOBaH Crocod MmoIaBIeHUsT 00pa30BaHUsI BTOPHUHBIX 0YaroB
IUIAMEHU U CHIDKEHHMSI CKOPOCTH BCIUIBITHSI OuYara TOpPEHHs, C MOMOILBIO
TEIJIOOTBOJA K CTEHKAM.

3. [IpogeMOHCTpUPOBAHO XOpPOIIIEE COTJIacCHe TPOBEJACHHBIX pAcYeTOB C
HKCIIEPUMEHTAJIbHBIMA JaHHBIMA 10 JWHAMHKE BCIUIBITHS OYara TOPEHHUs, €ro
TOTIOJIOTHH.

4. OnpeneneHbl 3HA4YEHHs] KOHUEHTpalMil BOAOpPOAa B  YyJbTpa-OeaHBIX
BOJIOPOJHO-BO3YIIIHBIX CMECSX Ha OOJIBIINX MPOCTPAHCTBEHHBIX MaclTabax, mpu
KOTOpbIX HE HaOdojaeTcss 3aryxaHue ovaroB ropeHus. Ha  ocHoBe
MaTE€MaTUYeCKOro MOJEIMPOBAaHUS B YCIOBUSAX MHUKPOTrpaBUTALMU HUKHUN

KOHIICHTPAIIMOHHBIN mpenen oneHeH kak ~ 3,45+0,05 %, a B ycloBHUSIX 3€MHOU



rpaButanuu - 5,25+0,25%. ba3oBbIM MEXaHU3MOM, ONPEACIAIONIUM KPUTHUECKUE
YCJIOBUSI TOPEHUS, SBIISICTCS HEYCTOMUYUBOCTh OYaroB yjabTpa-0€HOT0 rOpEeHHs 1o
OTHOLICHUI0O K  (OPMUPYEMOMY BHUXPEBOMY TEUYEHHUIO, pa3pyllarolieMy
IIEJIOCTHOCTh OYara B HaWBBICIICH TOYKe (PpOHTA IUIaMEHHU, PACIIOIOKEHHOM Ha
ocu cuMmeTpuru. OpPOHT IUIAMEHH TOJ JCHUCTBUEM BHUXPEBOIO TEUCHUSA
pa3pylIaeTCa B CBOCH HAMBBICIIEH TOYKE HA MEJIKME OYaru, KOTOPBIE C TEUCHUEM
BPEMEHHU T'aCHYT.

5. I[IpoBenena knaccudukanusi peXKMMOB YCTOMYMBOTO W HEYCTONYMBOIO
TOPEHUS YIbTPa-OCIHBIX BOJOPOIHO-BO3AYIIHBIX CMECEH Ha OCHOBE AaHAJIOTHUU
«IUIaMS-ITy3bIPEK» W HAa OCHOBE COBMECTHOTO AaHAIM3a JUHAMHUKH Ta30BbIX
My3bIPbKOB B MPUOIMKEHUA HECMEIIMBAIOIIMXCS Ta30B M JUHAMHKHA OYaroB
yibTpa-0eTHOro ropeHus. BBISABICHO /1Ba OCHOBHBIX CIIEHApUS Pa3BUTHS TOPCHUS
B YJIbTPa-0€IHBIX BOJOPOTHO-BO3AYIIHBIX CMECSIX B 3aBUCUMOCTH OT COJEp KaHUs

BOJIOPOJIa B CMECH.
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