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INVESTIGATION OF AERODYNAMICS AND HEAT
AND MASS TRANSFER IN THE COMBUSTION CHAMBERS
OF THE BOILERS PK-39 AND BKZ-160

Annotation. Scientific researches in the field of development of new and improvement of existing technologies
to improve the combustion of low grade fuels that reduce emissions of pollutants and at the same time improve the
main indicators of energy complexes represent considerable interest for thermal power industry in the Republic of
Kazakhstan. The development of such methods and improving coal combustion processes, along with alternative
ways of organizing its combustion process (plasma thermochemical preparation, with the use of technology overfire
air and the technology mechanism of selective and non-catalytic reduction of nitrogen oxide emissions) is currently
the most urgent for the entire energy complex.

Keywords: combustion, combustion chamber, plasma-fuel systems, numerical modeling.

Many experimental and analytical studies are carried out under simplified conditions, which differ
from the real heating conditions of the process flow. For example, many of them are carried out under the
conditions of combustion of large particles when they are incinerated in a medium with large excess of
air. Some researchers have assumed that the temperature of the medium does not change during
combustion, and combustion takes place in one of the limiting regimes: kinetic or diffuse. This
simplification of the combustion process distorts its essence and does not allow us to clarify the
aerodynamics and heat exchange occurring in a real combustion chamber [1].

When the solid fuel burns in a pulverized state, turbulent heat transfer processes, masses of reacting
components and their interaction products take place in the combustion chamber. Such processes are
described by equations based on the laws of conservation of mass and momentum. For reactive flows, in
which heat transfer processes and chemical reactions occur, it is necessary to further solve the energy
conservation equation and add the equation of conservation of the mixture components or the
conservation equation for the mixture fractions and their variations. Turbulence is described by transport
equations for turbulent characteristics [2-5].

This system of basic equations of the mathematical model used in the present work to describe the
processes of turbulent heat and mass transfer during the combustion of solid fuel in the pulverized state
(pulverized-coal torch), is as follows [2]:

The equation of continuity or the law of conservation of mass in a differential form is written in the
form:

op O
—+—(pu. )=0, (1)
o o (pu,)

where the first term describes the flow nonstationarity, the second term represents convective transfer.
Law of conservation of momentum:
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where f- mass force; 7;;- stress tensor.
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Plasma thermochemical preparation of coal for combustion consists in heating by a plasma torch with
an oxygen deficit of the flow of the pulverized coal mixture in a special chamber to the temperature higher
than the autoignition temperature of this coal. In this case, there is an almost complete release of volatile
substances and partial combustion and gasification of coal carbon. As a result, the obtained fuel mixture
or the highly reactive two-component fuel, consisting of combustible gas and coke residue, is ignited
when mixed with secondary air and steadily burns without the use of a reserve high-reaction fuel (fuel oil
or natural gas) to stabilize the pulverized-coal flare even in a cold furnace. The use of different types of
burners does not cause differences in the mechanism of plasma thermochemical preparation of coal for
combustion. The use of PTS makes it possible to exclude fuel oil from the fuel balance of CHP,
traditionally used to kindle boilers [6-8].

The process of plasma thermochemical preparation of fuel for combustion is carried out in PTS. The
plasma torch is installed on the lined channel of the air mixture of the burner, which is converted into PTS
and installed directly into the combustion chamber [7-8]. Figure 1 presents a general view of the furnace
chambers of the PK-39 boilers of the Aksuiskaya SDPP and BKZ-160 of Almaty CHP-3 equipped with
plasma-fuel systems.

a) PK-39 of the Aksuiskaya SDPP; b) BKZ-160 of Almaty CHP-3

Figure 1 - General view of furnace chambers of boilers equipped with plasmatrons

Figures 2 and 3 show the field of the full-velocity vector in the combustion chamber in the cross
section of the burners for each of the investigated cases, for the boilers PK-39 and BKZ-160.

Analysis of figure 2 shows that with increasing number of thermochemically activated flows (4, 6, 12
plasma torches), the core of the flame is shifted to the center of symmetry of the combustion chamber. At
the point of collision of opposing flows, the dynamic head is transformed into static pressure as a result of
braking. Under the action of the resulting pressure drop, the total flow spreads up and down with
increased velocities. When impact opposite torches and the turbulence of the streams, mass and heat
transfer is accelerated to a large extent, while the mixture-forming and heating amplification intensify the
combustion process.

— 28 ——
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Figure 2 - The field of the full-velocity vector in the section of burners of the combustion chamber
of the boiler PK-39 of Aksuyskaya SDPP

Figure 3 indicates a significant difference between the two investigated cases. In Fig. 3b, the
pulverized coal streams, flowing into the furnace through conventional burners and through plasma-fuel
systems, are clearly visible. Thus, in the furnace chamber, the flows of the two-component high-reaction
fuel gasified by plasma activation are propagated in accordance with the laws of aerodynamics and are the
thermal source for the air mixture delivered through burners not equipped with plasma ignition systems.
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b) 2 plasma-fuel systems

Figure 3 - Distribution of the full-velocity vector in the location of the burners
of the combustion chamber of the boiler BKZ-160 of Almaty CHP-3

It can be noted (Fig. 4) that, compared with the conventional pulverized coal flow, the average
temperature in the plane of the burner cross-section for the PK-39 boiler increases with the number of
thermochemically activated streams and amounts to: 1117 °C - without activation; 4 activated streams -
1185°C; 6 - 1211 °C; 12 - 1488 °C.
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Figure 4 - Temperature field in the plane of the burner section of the lower stage
of the furnace chamber of PK-39 boiler of Aksuiskaya SDPP
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Figure 5 - Temperature distribution in the area of the burner devices arrangement in the lower stage
of the furnace chamber of the BKZ-160 boiler of Almaty CHP -3




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Analysis of figure 5 shows that, in comparison with the use of conventional pulverized coal flow, the
average temperature in the plane of the section of burners with thermochemically activated flows
increases and amounts to: 1234 °C - without activation, and 1272 °C - for two activated flows in the lower
stage of the burners.

On the basis of the foregoing, it can be concluded that for all boilers under study the process of
plasma activation of the combustion of the air mixture leads to an increase in the temperature in the area
of installation of burners. At the same time, with an increase in the number of installed plasma-fuel
systems, the combustion front is shifted to the location of plasma activation systems of coal flows.

This can be explained, first of all, by the fact that during the plasma activation of the pulverized coal
stream, volatile substances are released before entering the combustion chamber, carbon is oxidized,
which leads to partial gasification of the fuel. The released volatile and gasification products begin to
react with the oxygen present in the primary air, in turn, further releasing heat and further heating the
reacting stream of pulverized coal particles, the products of combustion of volatile and gasification of the
coke residue (carbon).
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NCCIEAOBAHUE ADPOANHAMMKU U TEIINIOMACCOOBMEHA
B TOITOYHbBIX KAMEPAX KOTJIOB IIK-39 U BK3-160

Annoranusi. Hayynslie uccienoBanus B 001acTi pa3pabOTKH HOBBIX M COBEPLIEHCTBOBAHUS CYIIECTBYIOIINX
TEXHOJIOTUI 10 YJNYYIICHUIO TOPEHHsT HU3KOCOPTHBIX TOIUIMB, KOTOPBIE O0ECHEYMBAIOT CHHXKEHHE BBIOPOCOB B
aTMocepy 3arps3HSIOMMX BEIIECTB W OJHOBPEMEHHO YJIY4IIAlOT OCHOBHBIE ITOKA3aTeNId 3HEPreTHYECKUX KOM-
IUIEKCOB, TPEJCTABIAIOT 3HAYUTENBHBIA HMHTEpeC Ul TeIulodHepreTudeckoil orpacim PecryOmmkm Kaszaxcran.
Pa3paboTka Takux METOIOB M COBEPILCHCTBOBAHHE MPOLIECCOB TOPEHMS YTJISl HapsiAy C MCIOJIb30BaHUEM ajlbTepHa-
TUBHBIX CIIOCOOOB OpPTraHM3aIMHX MPOIECCa €ro CKUTaHMA (IUTa3MEHHasi TEPMOXMMHUYECKast IIOATOTOBKA, C IPHMEHE-
HUEM TEXHOJIOTMHM OCTPOIO AYTbs M TE€XHOJIOIMHM MCIIOJIb30BAaHMSA MEXaHU3MA CEJICKTUBHOI'O U HEKATAIUTUYECKOIO
CHIDKCHUS BBIOPOCOB OKCHJIOB a30Ta) SIBISIETCS] B HACTOSIIIIEE BpeMs HanboJsiee akTyaJIbHBIM JUIS BCETO YHEPreTHIec-
KOIr'0 KOMILJIEKCa.

KnaroueBble cioBa: I'opeHue, TomouHas Kamepa, IUIa3MEHHO-TOIUIMBHBIE CHCTEMBI, YHCIEHHOE MOAEIHPO-
BaHUE.

MHorue »3KCIepUMEHTalbHBIE M aHAJIUTUYECKHE MHCCIEJOBaHUA IPOBOAATCA B YIPOLIECHHBIX
YCIOBUSIX, KOTOpBIE OTIMYAIOTCS OT pealbHBIX TOIMOYHBIX YCIOBHH MpOTeKaHHs mporecca. Tak,
HaIpruMep, MHOTHE U3 HUX TPOBOJISATCS B YCIIOBHUSIX TOPEHHS KPYITHBIX YaCTHI] IPU WX CKUTAHWUU B Cpejie
¢ OonpmIMMU U30BITKAMU Bo3ayxa. HekoTopwle MccienoBaTeld NpUHUMAIH, YTO TeMIepaTypa cpelpl B
MpoIlecce TOPEeHUsT HEe W3MEHATCS, a TOpEHHE IPOTEeKaeT B OJHOM U3 TIPEIENbHBIX PEXHMOB:
kuHeTHYecKoM win auddysnom. Takoe ymporieHne mporecca TOPEHHs HCKaKaeT ero CyTh M He
MO3BOJISIET BBISICHUTH a3POAMHAMUKY U TEIUIO0OMEH, IPOUCXOISIINE B pealIbHOM TOOYHO Kamepe [1].

IIpn cropanuu TBEpAOro TOIUIMBA B NBUIEBUJHOM COCTOSHHUM B TONOYHOHW KaMepe IMPOUCXOISAT
TypOyJIeHTHBIE TIPOIIECCHl TIEpeHOca Terla, MacChl PEearupyroMIMX KOMIOHEHTOB M MPOAYKTOB HUX
B3aMMOJEHUCTBUSA. Takue Mpoleccsl OMUCHIBAIOTCS YPABHEHUSIMH, OCHOBAaHHBIMHU Ha 3aKOHAX COXPaHEHHUS
Maccsl U UMIyJbca. /s pearupyrommx MoTOKOB, B KOTOPBIX MPOUCXOIAT MPOILECCHl TEIIonepeadun u
XUMHYECKHE peakiuid HeoOXOIMMO JIOTIONHHUTENBHO pEIlaTh YPaBHEHHWE COXPAaHEHHS OJHEPIUU W
O0ABIATh YpaBHEHHWE COXPAHEHUS KOMIIOHEHTOB CMECH WM ypaBHEHHUS COXpaHEHUS ais (paxiiuii
cMecH W HX wu3MeHeHHH. TypOyJIeHTHOCTb OIMCBHIBAETCS TPAHCIOPTHBIMH ypaBHEHHSIMH IS
TypOYJCHTHBIX XapaKTePUCTHK [2-5].

YkazaHHas CUCTEMa OCHOBHBIX YPaBHEHUN MaTeMaTHYECKOW MOJENIH, UCIOJIb3yeMOW B HACTOAIEM
pabore Ui onMcaHWs TPOLECCOB TYpPOYJIEHTHOTO TEIUIOMACCONEPEHOCa MpPHU CKUTAaHWHA TBEPIOTO
TOILJIMBA B MBUIEBUAHOM COCTOSHUHM (TIBUICYTONBHBIN (hakel) BBIMIAIUT CIEAYIOINM obpa3oM [2]:

VYpaBHeHHE HEpa3phIBHOCTH WM 3aKOH COXpaHeHHs Macchl B auddepeHImansHOl  dopme
3aMMCHIBAETCS B BUAE:

op O

= _( _ ) =0, 1

or o, v
I7€ TEepBBI WIEH ONKCHIBAET HECTAlMOHAPHOCTh IIOTOKAa, BTOPOW HJIEH NpEeACTaBiseT coboit
KOHBEKTUBHBIN MIEPEHOC.
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3akoH COXpaHCHHA UMITYJIbCA:

o o
;(pui):_g(puiuj)-i__(ri,j)___'_ma (2

g j j j
e f- 00BbEMHBIE CHIIBI; 7;,~TEH30p HANPSKEHUI.

YpaBHEHUE 3HEPTUU:
0 0 oq oP  oP  du,
—(ph)=——(puh)-——+—+u —+7, —+8S, 3)
ot Ox, ox, ot ox, ' oOx,

[InazmeHHass TepMOXMMHYECKAs TIOATOTOBKA YIJIA K CKUTAaHUIO 3aKII0YAETCs B HArpEBE IUIa3MEHHBIM
dakenmoM mpu neduIUTE KHUCIOPOAA IOTOKA IBUICYTOJbHOH CMECH B CIELUMAIBHONW Kamepe 10
TEMIIEpaTyphl, MPEBBIIIAIONIEH TeMIepaTypy caMOBOCITIaMEHEeHHUs JaHHOTO yris. Ilpu aTom mponcxoaut
MPaKTUYECKH TONHBINA BBIXOJ JIETYYHX BEIIECTB M YACTUYHOE CropaHue U razuukanus yriepoaa yris. B
pe3ynbpTaTe MOJIy4eHHas TOIUIMBHAs CMECh HIJIM BBICOKOPEAKIMOHHOE JBYXKOMIIOHEHTHOE TOILIUBO,
COCTOsIIIIee M3 TOPIOYEro raza M KOKCOBOTO OCTaTKa, BOCIJIAMEHSAETCS NMPH CMEIMIEHWH C BTOPHUYHBIM
BO3AYXOM M YCTOHYMBO TOPUT O€3 MCIOJIBb30BaHMS AJsl CTa0MIM3aLUU MBUICYTONBHOTO (hakena Jaxke B
XOJOAHOM TONKE PE3EPBHOIO BHICOKOPEAKIMOHHOTO TOIUIMBA (Ma3yTa MM NPUPOAHOTO Tasa).
Hcnonp3oBaHne pasInYHBIX THUIIOB TOPENIOK HE BBI3BIBAET OTVIMYMM B MEXaHU3ME Mpoliecca IIa3MEHHON
TEPMOXMMHUYECKOW TOATOTOBKM yrig K cxuranuio. [Ipumenenue I[ITC mo3BoiseT HCKIIOUUTH U3
toruBHOTO Oananca TOC Ma3yT, TpaJUIIMOHHO HCITONIB3YEMBIH /ISl pACTOIKH KOTIIOB [6-8].

IIpomecc mmazMeHHON TEPMOXHMHYECKON IOATOTOBKH TOIIMBA K CHKUTAHHUIO OCYHIECTBISIETCS B
IITC. [Tna3mMoTpoH ycTaHaBIMBaeTCs HA (yTEPOBAHHBINA KaHAT a9POCMECH TOPENIKH, KOTOpasi TEM CaMbIM
npeobpasyercs B [ITC u ycranaBiuBaeTcsi HEIIOCPEACTBEHHO B TONOYHYIO Kamepy [7-8]. Ha pucynke 1
MpeJICTaBIIeH OOImMK BUA TOMOYHBIX KaMep kKoTiioB [1K-39 Akcyiickoit [POC u BK3-160 AnMatuHckoi
TBII-3, 000py10BaHHBIX IIaA3MEHHO-TOTUTUBHBIMUA CUCTEMaMHU.

a) [1K-39 Axcyiickoit 'POC;  6) BK3-160 Anmatunckoii TOLI-3

Pucynok 1 - O0muii BU TOOYHBIX KaMep KOTIIOB, 000PyJOBaHHBIX ITa3MOTPOHAMH

Ha pucynkax 2 — 3 mpencraBieHO MOJieé BEKTOpa MOJIHOM CKOPOCTH B KaMepe CrOpaHus B CEUYCHUHU
TOPEJIOK AJIsl KaXKIOT0 U3 UCCleayeMbIX cirydaeB, 17 KoTioB [1K-39 u BK3-160.
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Pucynoxk 2 — [1one BekTOpa MOTHOW CKOPOCTH B CEYEHUH TOPEIOK TOTIOYHON KaMepbl
xotna [1K-39 Axkcyiickoii 'POC

AHanu3 pUCyHKa 2 MOKa3blBaeT, YTO C YBEIHMUYEHUEM YHCJIAa TEPMOXUMHUECKU aKTUBUPOBAHHBIX
notokoB (4, 6, 12 mma3MeHHBIX TOPEJIOK) SAPO (akeda CMEMIAETCs] K LEHTPY CHUMMETPHM TOIOYHON
KaMepbl. B MecTe coynapeHusi BCTPEUHBIX IIOTOKOB B pPe3yJIbTaTe TOPMOKEHMS AMHAMHUYCCKHH Harop
TpaHchopMupyercst B cratudeckoe nasieHue. [lon nedictBueM o0pa3oBaBLIErocs mepemnana JaBICHU
O0IIMH MOTOK PacTeKaeTcsl BBEPX M BHHU3 C MOBBIMICHHBIMU CKOpOCTsAMH. [Ipu coynmapeHur BCTpEUYHBIX
¢bakenoB u TypOyiM3aLUM NOTOKOB B 3HAYMTENIBHON CTEIEHU YCKOPSIETCS Macco- M TEIIOOOMEH, a
YCUJINBAIOLIEECs IPU 3TOM CMeceoOpa30BaHUE U HarpeB HHTCHCU(DUIIUPYIOT MPOLECC TOPEHHUSL.
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6) 2 Ia3MEHHO-TOIUTHBHBIC CHCTEMBI

Pucynok 3 - Pacnpenenenue BeKTopa HOJIHONH CKOPOCTH
B 00JTaCTH PACIOIOKEHHUS TOPENIOK TOMOYHOM KaMepsl koTia bK3-160 Anmaruackoit TOLI-3

PucyHok 3 yka3bIBaeT Ha CYLIECTBEHHOE pPa3IMuMe MEXKIAY ABYMsI HCCleqyeMbIMH ciiydasmu. Ha
pucyHke 3, 6 OTYETIIMBO BUAHBI MIOTOKH IBUICYTOIFHOW CMECH, IIOCTYTAIONINE B TONKY depe3 OOBIYHbIC
TOPEJIKU U Yepe3 MIa3MeHHO-TOTUIMBHBIE CUCTEMBL. TakuM 00pa3oM, B 00beMe TOMOYHON KaMephl TOTOKU
JIByXKOMITOHCHTHOT'O BBICOKOPEAKIIMOHHOTO TOIUIMBA, Ta3H(PHUIIMPOBAHHBIC C TOMOIIBIO TUIA3MEHHOM
aKTHBAIlMH, PACIPOCTPAHSIOTCA B COOTBETCTBUU C 3aKOHAMH a’pOJAMHAMHUKU U SIBISIOTCS TEIIOBBIM
HMCTOYHUKOM JIJISI a3pOCMECH, TOJ[aBaeMOi uepe3 TOpEelKH, HE OCHAICHHBIC CHCTEMaMH IUIa3MEHHOTO
BOCILJIAMCHCHHSL.

MoxHO 3aMeTUTh (PUCYHOK 4), 4TO TI0 CPaBHEHHIO C HCIOJIB30BaHHEM OOBIYHOTO IBLICYTOJEHOTO
MOTOKa CpeJHee 3HaueHHe TeMIepaTypsl B IDIOCKOCTH cedeHus ropenok mns korra IIK-39 ¢
YBEIMYCHUEM YHCIa TEPMOXMMHUUYCCKH AKTHBUPOBAHHBIX IMOTOKOB YBEIWYMBACTCS U COCTaBIsIET: 0e3
aktuBaiuu — 1117 °C; yeTbipe akTuBUpOBaHHBIX oTOKA - 1185 °C; 6 — 1211 °C; 12 — 1488 °C.
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Pucynok 5 — Pacnpenesnenue Temmneparypbl B 00JaCTH PacoioKeH s TOPETIOYHBIX YCTPOUCTB
HIDKHETO sIpyca TONOYHOM Kamepsl koTina bK3-160 Anmarunckoit TOLI-3

AHanu3 puUCyHKa 5 TOKa3bIBAa€T, YTO 1O CPABHEHUIO C UCIOIH30BAHHEM OOBIYHOTO ITBLICYTOJIEHOTO
MOTOKA CpeaHee 3HAUYEHHE TeMIIepaTyphl B TUIOCKOCTH CEYCHHS TOPENIOK C TEPMOXUMUYECKH aKTHBHPO-
BaHHBIMU TIOTOKaMM YBEJIIMYMBACTCS M COCTaBIsieT: Oe3 akTuBarmu — 1234 °C, a mpu JBYX aKTHBHPO-
BaHHBIX MIOTOKAX B 00JIACTH HIKHETO sipyca ropenok - 1272 °C.

Ha ocHOBaHWM BEIIIECKa3aHHOTO, MOXHO CIEJIaTh BBIBOJ O TOM, YTO JUISI BCEX MCCIIEIyEeMBIX KOTIIOB
MPOIIECC TIA3MEHHOW aKTHBAIIUK FOPSHHSI a3POCMECH NIPUBOAMT K YBEIUUCHUIO TEMIIEPATyphl B 001aCTH
YCTAHOBKU TOPENOYHBIX yCTpoHCTB. [Ipu 5TOM ¢ yBeNWYEHHEM 4YHUCIA YCTAHOBJIEHHBIX ILIa3MEHHO-
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TOIUIMBHBIX CHCTEM HaONI0AaeTcsl cMelleHne (GpoHTa rOpeHHss K MECTY PACHOJIOKEHHUs CHCTEM ILIa3-
MEHHOM aKTHUBALUU YT OJIBHBIX IIOTOKOB.

3TO MOXHO OOBSCHHUTBH, NPEKAE BCETO, TEM, YTO MPH IUIA3MEHHOH aKTUBAIlMK MBUICYTOJIHHOTO
MOTOKA JI0 BBIX0/1a B TOMOYHOE MPOCTPAHCTBO BBIAEISAIOTCS JIETyUHE BEIIECTBA, OKUCIISIETCS YITIEPOA, YTO
Y NPUBOIUT K YaCTUYHOW razu¢uKaluy TOIJIMBA. BelienuBimecs jeTyyde M HPOLYKTHI Ta3uUKaLuu
HAuUMHAIOT PEarupoBaTh C NPHUCYTCTBYIOIIUM B IMEPBUYHOM BO3AYyXE KHUCIOPOIOM, B CBOIO OuY€penb,
JOTIOJTHUTENIEHO BBIJEISS TEIUIO U ellle OOJbllle HarpeBas pearupyromyid MOTOK MBUICYTONBHBIX YacTHIl,
MPOIYKTOB CTOPAaHUS JIETYUHX U Ta3u(UKaMyi KOKCOBOIO OCTaTKa (yriaepoaa).
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ITK-39 ’KOHE BbK3-160 KASAHIBIKTAPBIHBIH ’KAHY KAMEPAJIAPBIHBIH
ASPOINHAMMUKACBHI MEH KbIJIY MACCA AJIMACYBIH 3EPTTEY

AnHotanus. AtMmocdepara OeNiHETIH 3USHABI KAJIABIKTAPABIH MOJIIEPiH KEMITECTIH >KOHE JHEPTreTHKAIIBIK
KEIICH/IEpiH HEri3ri KepceTKimTepiH OipMesriije »XOoFrapblIaTaThlH TOMEHIT CYPBINTHI OTHIHAAPJBIH JKaHYBIH
JKAKCapTyFa KAThICThI KaHA TEXHOJIOTHSIIAP/IbI KAcay KOHE arbIMJIAFbl TYPJIEPIH KETUIIIPY OOIBICHIHIAFbI FHUTBIMU
3eprreyniep Kazakcran PecryOMMKAChIHBIH JKbUTYIHEPI€THKA CAJAChI YIIIH aHTAPIBbIKTA KbI3BIFYIIBLUIBIK TYIBIPHII
otelp. OchHAal onicTepai kobanay >KoHE KaHy IPOILeCciH YHRIMIACTHIPYIBIH O0ajama TYPJIEepiH KoimaHa OTBIPHII,
KOMIp/ii )Kary MPOLECiH XEeTUIIIpy (6TKIp ypJiey TEXHOJOTHICHI MEH a30T TOTHIKTAPBIHBIH KaJIbIKTAPbIH CEIEKTHUBTI
KaTaJIMTUKAIIBIK €MEC KeMITY MEXaHU3Mi TEXHOJIOTHSCHIH KOJIJJaHa OTBIPBII, [UIa3MaJIbIK TEPMOXUMHUSUIBIK, d3ipiey)
Ka3ipri yakpITTa Oapiiia SHepreTHKAJIbIK KeIIeH YIIiH 63€KTi OOJIbII OTHID.

Tipek co3nep: XKany, )xaHy Kamepachl, [1a3Ma-0ThIH XYHeJepi, CAHIIBIK MOJEIB/CY.
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