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JOCJIJIKEHHA I'IPOJJUHAMIKA TOTOKY MOBITPS B CTPYMEHEBO-HIIIEBINI
CUCTEMI CITAJIIOBAHHA ITAJIMBA

AHOTAILIA IIposedero docnioicenusi cmpyKmypu HOMoKy HOGIMPsi 6 HIUEGIl NOPOICHUHI mpaneyiesuonol hopmu i3 nio-
CKUM KO3UPKOM HA NepeOHill CMiHYyi 6 YMOBAX CMpyMeHego-Hiuegol cucmemu cmabinizayii i cnanto8anHs 2azono0ioHo20
nanuea. IIpedcmasieno memoouxKy npoeedents ma onuc eKCnepuMeHmanbHoi YCmanosKu Oist UKOHAHHS MEPMOAHEMOMEN-
PUYHUX 00CTi0dHCeHb. BUKOHAHO NOPIGHAHHSA eKCHepUMEHMANbHUX OAHUX NPoQinio mypOyienmuocmi O1si NPAMOKYMHOL ma
mpaneyiesuonoi Hiwi. Ilpoananizoeano cmpykmypy meuii 6 Hiwesitl NOpoXdCHUKI ma ii enaué Ha cmabinizayitini aKocmi
CmMpyMeHego-Hiule8oi cucmemu.

Knroueswvie cnosa: cmpymeneso-niwesa cucmema (CHC), myp6yienmuicmos, naibHUKOSULl npucmpiil, nyckogi xapakmepu-
CMUKU.

A. SIRYI, M. ABDULIN, A. BARANYUK

STUDYING THE HYDRODYNAMICS OF AIR FLOW IN THE FUEL COMBUSTION SYSTEM
OF A JET-RECESS TYPE

ABSTRACT The purpose of this scientific paper is to improve the startup characteristics of jet-recess system (JRS) by
changing its configuration after the analysis of the hydrodynamic structure of flow. A change in the configuration of recess
cavity covers a change of its rectangular shape for the trapezoidal shape with further establishment of the so-called 2flow
structurator2 represented by the flat apron above the recess in the front wall. The flow structure, in particular velocity pro-
files averaged in time and their pulsations were measured experimentally using the heat loss anemometer-based technology
in isothermal conditions in the air channel provided that the recess is available. The experimental data are given for the dis-
tributions of average velocities and their pulsations in the central part of recess cavity. The experiment was carried out in the
range of Reynolds numbers of 23-10° to 84-10%, An equivalent channel diameter of the burner was used as a defining dimen-
sion in the Reynolds number and the flow velocity in the central part of burner channel was used as a defining velocity. The
JRS startup analysis during the combustion showed a certain decrease in startup and stalling fuel consumptions in conditions
of a changed geometry of recess cavity. Thus, we can state that the use of 2flow structurator2 allows us on the whole to im-
prove JRS startup properties due to the flow structure transformation and somewhat decrease the turbulence intensity in the

recess. Such a transformation allows us to shift the fuel combustion mechanism towards a higher diffusibility of process.
Key words: jet-recess system (JRS), turbulence, burner and startup characteristics.

Beryn

[IpocTroTra BUKOPHUCTAHHS B IPOMHUCIIOBOCTI SIK
OCHOBHOTO TAJINBa IIPUPOIHOTO ra3y, HOro eKosoriu-
HICTh, BUCOKHUI piBEHb PO3BHUTKY iH(QPaACTPyKTypH, a
TaKOXX BHTiAHE TeorpadidHe MOJOXKEHHS YKpaiHu 3
TOYKH 30pY TPAHCHOPTYBaHHS Ta CIIOKUBAHHS TajH-
Ba, BU3HAYMIM LIMPOKE PO3MOBCIOKCHHS IPUPOIHO-
ro ra3y B IPOMHCIOBOCTI Ta €HepreTulli. B mopiBHs;H-
Hi 3 aJbTEPHATHBHUMHU TAJLHUMH ra3amu (TeHEparo-
PHHM, TOMEHHHM, IIAXTHUM, 0iOra3oM) MPUPOIHHUIM
ra3 Mae HaHTpPUBAOIUBINII XapaKTEPUCTUKU 1 B Haii-
OMVOKYMIA Yac WOTo MIBHIKA 3aMiHA HA aJbTepPHATHUBHI
MaruBa B XiMIYHIH, BaKKid MPOMHUCIOBOCTI Ta €HEp-
TeTUII HEMOXJMBA. TakuM UYMHOM, OCHOBHHM 3a-
BIAHHAM Ha HaHOMMKYMH Tepiox € BIPOBaKECHHS
EHEpProc()eKTHBHUAX TEXHOJIOTIH, sKi O 3aJT0BOIBHSITH
Cy4acHHM BUMOTaM IO eMICillHUM XapaKTepHCTHKaM,
a TaKoXX JO03BOJIIHN O B HAHKOPOTII TEPMIHU OKYIIH-
TH 3aTpaTH Ha MOJIEPHi3allil0 3acTapijoro oOyiagHaH-
HSL.

OpHi€l0 3 HAWTOJOBHINIMX MpoOJeM 3aiuIa-
€THCS TAKOXK 30epeKeHHS e(PEeKTUBHOCTI poOOTH BOT-
HerexHiuHOrO oOnanHanus (BO) Ha 3MIHHUX pexwu-
Max HOro eKcIuIyararii.

Chig 3a3sHauMTH, 110 3Ha4YHa dacTuHa BO
VYkpainu Buuepnana cBiif (ismyHMI Ta MoOpalbHUI
pecypc. OmHNM i3 IUIAXIB BUPIIIEHHA I1i€i pobieMu
€ TIPOBENICHHS MOT0 MOJEpHi3allil 3 BIPOBAKECHHAM
Cy4acHOTO ITaJIMBOBUKOPHCTOBYIOYOTO OOJIa HAHHS.
BusHavanpHUM HampsIMKOM B Iil CUTYaIlil € opieHTa-
IIis Ha BITYM3HSHI TEXHOJIOT{, SKi BUTIAHO BiApi3HSI-
IOTBCS BiJl IMIIOPTHHX aHAJOTIB 3a PaXxyHOK Kparmoi
aJanToBaHOCTI 10 BiTuusHsHOro BO, a Takox OUIBII
CIIPUSITINBOIO I[IHOBOIO TMOJIITUKOIO BITYU3HSHUX BH-
pobuukis [1].

OTKe, BUpILIEHHS TIOCTaBJICHOI 334l MOXKIIH-
B€ y BUIIQJKY BH3HAYCHHS IIAXOAY, SIKMH OM J03BO-
JUB 32  JONOMOrol  e(eKTHBHOI  TEXHOJOTii
PO3B’sI3aTH psjl aKTyallbHUX 331a4. B ToMmy unciri:

— IIpY MOJIEpHi3anii eHepreTHYHUX Ta BOJOT-
PIHHUX KOTIIB;

— 00’€KTiB KOMYHaJIFHOTO TOCTIO/IapCTBA,

— 00’€eKTiB XIMIi9HOT IPOMHUCIIOBOCTI;

— 00’exTiB OyniBEIHHOT IPOMHUCIOBOCTI.

OpHiero 3 HalOLIbII eEKTUBHUX MaJUBOCIIA-
JIIOIOYMX BITYM3HIHUX TEXHOJOTIH, SKa JO3BOJIIE Ha-
IiHO Ta e(DEeKTUBHO IPAIOBATH B IIHPOKOMY Jiama-
30HI pobounx HaBaHTakeHb BO € cTpyMeHeBo-HileBa
texnonoriss (CHT) [2]. Cproromni mpoBeneHo monep-
Hizamio 6ym3pko 1000 BO Vkpainu Ta 3apyOixoKs.
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Crnin 3a3HauuTH, MO TEpeBelieHl 3a paxyHOK Majo
3aTpaTHOI MOJIEpHi3allii MIChbKi TETUIOMEPEkKi MiCT:
JKutomup, Jlyrancek, AmrdeBchbk, IBaHO-DpaHKIBCHK
Ta 1HII.

MonepHi30oBaHO MapTCHIBCHKI Ie¥i Ta iHIIE
obnaznanHs 3amopixkctani. [IpoBeneHo 3aminy 3acta-
pinoro obmagHaHHS Ha BO HEKimbKOX AECATKIB JiKe-
PO-TOpLITYaHKX, IYKPOBUX Ta MOJIOUHHX 3aBOIB [3].

Ilopsin 3 mpoGiemamu, MOB’SI3aHUMHU 3 HEOO-
XITHICTIO MOUIYKY aJlbTePHATUBHHUX IMAIMB Ta EKOHO-
Mmil gedinutHux eHepropecypcis, 1o CHT Bucysa-
I0ThCSl BUMOTH CTOCOBHO PO3LIMPEHHSI MEX MOTY>KHO-
CTi MaJbHUKOBUX MPHUCTPOIB 3a PAaXyHOK: 3HIKCHHS
MyCKOBUX THUCKIB TalnBa, a TaKOX — 301IbIICHHS
OJIMHUYHOI MOTY>KHOCTI MAJIbHUKIB TP HOPMAaTUBHHUX
MOKA3HUKaX I0 EMICIfHUM XapaKTepuUCTHKaM, a Ta-
KOX €(peKTHBHOCTI BUTOPSHHS [TAJIMBA.

B poOoti ocHOBHa yBara NpWAIICHA OCIIi-
JUKEHHIO BIDIMBY KOH(QIrypariii HimeBoro cradimizaro-
Py Ha IpOIECcH TiAPOANHAMIKH OTOKY B CTPYMEHEBO-
mimesiit cuctemi (CHC) mokmameHol 10 OCHOBH O-
HOMMEHHHX ITPOMHUCIIOBUX HaJIbHHUKIB.

Liabs podoTn

MeTor0 IpeACTaBICHOTO SKCIICPUMEHTAIEHOTO
JOCTIJIKCHHST € BUBYCHHS CTPYKTYPH MOBITPSHHUX ITO-
TOKIB B CTPYMCHEBO-HINICBIH CHCTEMI IIISXOM BHMi-
pIOBaHHS OCEpEeIHEHHX B Yaci Ta MyJNbCYHOUYHX IX Tif-
POIMHAMIYHIX XapaKTEPUCTHK 3a TOTIOMOTO0 TePMO-
AHEMOMETPHYHOI TexHIKH. B skocti 00’ekTa moci-
JUKSHHSI BUBYAIHMCH T1IpOJUHAMIYHI TTapaMeTpH MOTO-
Ky, IO CIIOCTEPIraroThCsl B HIlIEBOMY cTabimizaTopi
nonym’ss CHC mnpu 3miHi  #oro koHdiryparii
(puc. 16-2).

Ha puc. la mpuBeneHa cxemMa caMOOXOJIO-
JUKEHHSI OCHOBHOT'O €JIEMEHTY MPOMHMCIIOBUX MaJIbHH-
kiB CHT — nmanuBHOTO KOJIEKTOPY MIJIOHY MOJyM s,
sIKa JO3BOJISIE OXOJIOJAWTH HAHOUTBII TEPMIYHO HABaH-
Ta)kKeHI eJIEMCHTH MAFHUKIB 332 PAXYHOK ITOTIEPEIHBO-
ro migirpiBy nanusa [4].

OdeBuAHO, IO 3MiHA (POPMH HIMIEBOI ITOPOK-
HUHH JT03BOJISI€ 3MCHIIIMTH MICIIEBI TipaBIivyHi BTpa-
TH 1O TPaKTy MajuBa B yMOBaxX IaJbHUKOBOTO IPH-
cTporo B cepeanbomy Ha 20 % (Tabir. 1), a Takox ede-
KTHUBHIIIIE OXOJIOJUTH HaXWJIeHI CTIHKH Hillli B TOPiB-
HSHHI 3 NPSMOKYTHOIO (hopMoOI0 HimeBoro cradimiza-
Topy. BrmuB 3miHM reomMetpii Himli Ha TiApaBIidHHN
omip B KaHaJi IpH OOTiKaHHI HiIlli TTOTOKOM IOBITPs
JIOCITiIKeHO B poboTi [5].

Tabmuma 1 — BigHomeHHS KoedimieHTIB Mic-
[IEBUX TigPaBIiYHUX BTpPAT HEMPSAMOKYTHOI HilIi 1O
BIAIMOBIAHOT MPSIMOKYTHOI MO TpakTy mamuBa (KyT
HaxuIly OOKOBUX CTiHOK cKiajae 45°)
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Puc. 1 — Cxema camooxono0oicennss cmpymeneso-
HIWEeB8020 NINOHY NOIYM’ 5, Npu 3MIHI KOHicypayii
HIWeBOI NOPOIUCHUHU: d — cXeMd; 6 — NPAMOKYMHA; 8
— 6 (hopmi mpaneyii; e — 6 popmi mpaneyii 3 Ko3up-
KOM Ha nepeoHitl cminyi

IcHye HeoOXimHICTH egeKTHBHOI cTabimizarii
(bakeny B cucTeMi 1 aBTOpH POOJIATH MPHUITYLICHHS, 1110
BUKOPHMCTAaHHS ILIOCKOI Hakimaaku (puc. 12) mokpa-
IIUTH HAIHHICTE MycKy oOnagHaHHs. B 3B’ 3Ky 3 UM
CTa€ aKTyaJIbHUM NUTAaHHS OOIPYHTYBAaTH 3 TiAPOIH-
HaMIiYHOI TOYKH 30pY JOLUIBHOCTI 3aCTOCYBaHHS Ta-
KOl IUIOCKOI HAKIAIKH, fKa B IIOJAJIBIIOMY TEKCTI
CTaTTi CKOPOYEHO HA3MBAETHCS «KO3MpKOM». B nmaHiit
poOoTi OCHOBHa yBara IpHIiICHA BHBYCHHIO TiJpo-
JIMHAMIYHOT KapTHUHW 30BHIITHBOTO OOTiKaHHS Hille-
BOI MOPOXKHUHHU, & TaKOX BCTAHOBJICHHS 3aKOHOMIp-
HOCTEH BIUTMBY IUIOCKOTO KO3HMPKa Ha XapaKTepPHUCTH-
KU TypOYJIEHTHUX ITyJIbCalliii Ta MpOoQiI0 MIBUAKOCTI
B CHCTEMI.

MeTtoauka n0caixKeHb

BuMiproBaHHA CTPYKTypH Tedii — mpodinis
YCEepeIHEHHUX B Yaci MIBUAKOCTEH 1 IX IyJbcallii mpo-
BOJIMJIOCS] EKCIIEPUMEHTAIIBHO 32 JOTIOMOTOI0 TEPMOa-
HEMOMETPUYHOI TeXHikM Ha airouomy 3pasky CHC
nanbHUKa. B SKOCTI TepMoaHeMOMETpUYHOro o0Jsaj-
HaHHS BHKOPUCTOBYBaJIUCh Tepmoanemomerp DISA-
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Eelectronics ([lanis) tuny 55M Ta aHemomerpa-
tepmomerp TESTO 425. B sikoCTi IEpBUHHOTO MEpeT-
BOpIOBa4a BUKOPUCTOBYETHCS OJHOHUTKOBHUII AAaTUYHK.
Pobounii enemenT gaTynka HOBXUHOIO 1,25 MM BHUTO-
TOBJICHU 3 BOJB(PPAMOBOT HUTKH IiaMETPOM 5 MKM.
Hutka natdmka TepMOaHEMOMETpa BMUKAETHCS B OJ-
HE 3 IUIeYed MOCTY, L0 BXOIHUTh B CKJIAJ OCHOBHHX
omokiB TepmoaHemMomerpuaHux cuctem DISA 55M ta
TESTO 425. JIns HanamTyBaHHS TEPMOAHEMOMETPH-
YHOT CHCTEMH 1 Bi3yaJIbHOTO CIIOCTEPEKEHHS 33 CHUT-
HaJIOM Iijl 4ac MPOBEJICHHS BHMIPIOBaHb 3aCTOCOBY-

BaBcst ocrtorpad C1-70. AeponuHamiuHUiA CTEHT 3
yCi€r0 HEOOXITHOIO amapaTyporo, a TaKoXk cxema (ik-
carrii JaT9uKa HaBEJCHI Ha pUC. 2.

ITin yac BUMIpIOBaHb NaTYUK TEPMOAHEMOMET-
py DISA 55M, posramoByBaBcsi B IICHTPaJIbHOMY IIc-
pepi3i MmanbHUKa 1 MepeMilyBaBCs Ha TIIHOWHY Bix
Horo MEHTPY KaHaIly MaJbHUKA J0 CTIHKHM Himi. HuTka
JaT4uKa PO3MilllyBanacs MepIeHANKYIIPHO Hadiraro-
4OMY IOTOKY 1 pearyBajia Ha CyMapHy 30Y/IXKEHICTb,
sIKa CTBOPIOETHCSI MPH Tedii B KaHaI MajJbHUKA.

Puc. 2 — Aepoounamiunuii cmeno 3 6UMIPIOBAILHOIO ANAPAMYPOIO

Bigomo, 110 Mpu BHUKOPUCTaHHI TEPMOAHEMO-
METpIB 3 HArpiTO HUTKOIO OE3MO0CEPEAHBO BHMIpIO-
BaHi EJNIEKTPUYHI CUTHAJIN IIEPEPaxoBYIOThCS B Tilpo-
JUHAMIYHI XapaKTEepUCTUKU TOTOKY. KoediuienTn
nepekiany (4yTIMBOCTI) BH3HAYAIOTHCS 3aKOHOMIp-
HOCTSIMH KOHBEKTHBHOTO TEIIOOOMiHY MiXK OTOKOM 1
HarpiTUM 4YyTJIUBHM E€JIEMECHTOM JAaTduka. Tomy Tod-
HICTh METOAMKN TEPMOAHEMOMETPHYHHUX BUMIPIOBAHb
B 3HAYHIN Mipi BU3HAYAETHCSA KOPEKTHICTIO TOOYIOBU
TapyBaJbHOI XapaKTePUCTHKH JaTYHKa.

s npoBenicHHsI TapyBaHHS JaT4YMKA B TOH XKe
nepepi3, A€ 3HaXOIUBCS JaTYMK BCTaHOBJIIOBABCS
«HOCHUK» TpyOKu [lito-Ilpanaris (puc. 2).

[NonepenHi BUMIpIOBaHHS 3a JOMOMOIOIO aHe-
Mometpa-tepmomerpa TESTO 425 migrBepawau pis-
HOMIPHICTh TMOJI1 IIBUIKOCTEH B MICI[ YCTaHOBKH
TpyOku Ilito-IlpaHATAS i HUTKU JaTIUKA TEPMOAHE-
mometpa DISA 55M. [IIBuaKicTh MOBITPSHOTO MOTOKY
BH3Havaymacs B poOodidl ningHmi TpyOkoro IliTo-
[IpannTins BcTaHOBIEHOI MOONM3Yy HUTKH JATYHKA.
TapyBanbHa XapakTepHCTHKa, SK 3a3BHYald, OymyBa-
Jacsi B JliHeapi30BaHUX KOOpAWHATAX.

IIpuknan TapyBalbHOI XapaKTEPUCTUKH Tep-
MOaHEMOMETpa MPUBEICHHIA Ha pHUC. 3.

3 TapyBaJIbHOI XapaKTEPUCTUKU BUHO, IO BO-
Ha JiHIfHA y BChOMY Jiama3oHi MIBUAKOCTEH
2...12 m/c (MakcuMalbHE BiIXWUJIEHHS HE MEPEBHIIYE
0,01 %). Ha migcraBi TapyBambHOI XapaKTEPHCTHKA
BU3HAYAIOTHCSI KOHCTAHTH T'PAyIOBaHHSI Eg i B, He-
00XiHI A7 po3paxyHKy MIBHIKOCTI i CEpeIHBOKBAI-
paTHYHOI MyJIbCaIlii.

Metomuka TEpMOAHEMOMETPHUYHUX BHMIpIO-
BaHb 0a3yeThCsl HA TEOPii KOHBEKTUBHOTO TEIIOOOMi-
HY Harpitoi HUTKH JIaTYUKa TepMoaHeMomeTpa. Po3r-
JISIIA0YH HUTKY SIK HATIHAP HECKIHYEHHOI TOBKHHH,
JUIsl OIIMCaHHS TEINIOOOMIHY 3aCTOCOBYIOTBCS PIBHSIH-
HS MOMIOHOCTI, 110 3400yTi B BHUIAIKY MOMEPEYHOIO
OOTIKaHHS LWIIHAPY, OCKUIBKM TPH BHMIipIOBaHHAX
MO30BXKHBOI KOMITOHEHTH MYJbCALliii HUTKA AaTYMKa
TEPMOAHEMOMETPY PO3TALIOBYETHCS MEPICHIUKYJIISP-
HO 00TiKar4YoMy ii IOTOKY.

B Teopii KOHBEeKTHBHOTO TEILIOOOMIHY PiBHSH-
HS TOMIOHOCTI IS OIIEPEYHO-00TIKAEMOTO TIOBITPSIM
UITIHAPY BU3HAYAIOTHCS B BUDJIAAAL JABOWICHHOI 3alie-
*HOCTi [6]

E2 = Eg + BU 0,45' (1)
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Puc. 3 - Tapysanvha xapakmepucmuxa 0amuuxa mepmoaHeMomempa

ne U — mBuakicts MOTOKY, M/c; E — Hampyra, 1o 3Hi-
MaeThes 3 AiaroHani mocty (niHiiHO moB’si3aHa 3 E,
aJie MOCHJICHA 32 PaXyHOK MOCTOBOI CXEMH 1 TOCHITIO-

Baya 3BOPOTHOTO 3B’53KY), B; Eg — KBajpar (ikTUB-

HOI Hanpyru, 3Ha4eHH SIKOTO BU3HAYAETHCS IPU TPO-
JOHranii TapyBaTbHOI XapakTepucTHKH 10 W =0, B,
B — xoHCTaHTa TapyBaHHs,; OKa3HUK ctyneHi N = 0,45
BUOpaHMH SK ONTHMANbHUI HAa OCHOBI EKCIIEPHMEH-
TanbHuX gaHux [6], BA(m/c)*®.

3 nomomororo piustHHEs (1) mpoBOAMTHECS pac-
mmppoBKa pe3ynbTaTiB BUMipIOBaHb. Sk 6e3mocepen-
HbO BHIUIMBA€ 3 ILOTO PIBHSHHS, CEpPEeAHsS B daci
MIBUAKICTH MOKE OyTH BU3HAYCHA, 5K

2,22
RE2 - Eg 0

A e

HudepennitoBanns piBHAHHA (2) MO 3MiHHUM
E Ta W 103BOJISIE BCTAHOBHTH B32€MO3B 30K MiX Cce-

PEAHBOKBAAPATUIHUMHA HyHLCﬁHiHMI/I MO3/I0BXHbOT
KOMIIOHCHTH H.IBI/II[KOCTi Ta HAIIpYTru

—2
L 0,2444E2 2
E? - EZ

, ©)

ne Vet? — CepeHbOKBaJpaTUIHA MyJIbCAIlisl HaIpy-
4, MB.

Crymniape TypOyJIEHTHOCTI TOTOKY BH3HA4YaBCs 3
CYMapHOIO BIIHOCHOIO ITOXHOKOIO

e, =2 +E%+e%, +E2+e2 | )

[Toxubxa BU3HAYEHHS OKPEMHX BEJIUYMH:

a) TOXMOKKM BUMIPIOBAHHS IMyJbCAIliil HATIPYTH
e, 1 Hampyru Mocta E omnineHi Binmosinxo B 0,5 i
+0,2 %;

0) omip JaT4rMKa BUMIPIOBABCS 3 a0COIOTHOO
noxubkoro 0,05 OM, Tak 1m0 MakcHMaJlbHa BiJHOCHA
noxubka €., (Wi JaT4uKa 3 HHUTKOK JiaMeTpoM

5 MM, €, =4 Om) ckinagana 0,8 %;

B) 3HAYCHHSI Eg BUXOJIUIIO TIOOYIOBOIO Tapy-

BaJbHOI XapaKTCPUCTHKH HACATKU 3 MOXHOKOI He
oibm +2 %:;

r) abCONMOTHA TOXHUOKA BHUMIPIOBAHHS IIBHU[I-
KOCTI HOTOKY 3a gonomororo Tpyoku Ilito-IIpanaris,
HEOOX1AHOIO JJis1 MOOYJOBH TapyBaJbHOI XapaKTepHc-
THKHM JaT4yuka, cknagaina 0,07 MM BOJSHOIO CTOBIIA,
10 TpH MiHIMaJbHii mBHAKOCTI moToKy (~1,5 MM
BOJITHOTO CTOBIIA) MPU3BOAUTE 10 MaKCUMAaJbHOI Bij-
HOocHOI moxuoku 2,4 %.

lopoauHamivHI XapaKTEPUCTHKH TOTOKY —
grcno PefiHonpaca 1 cTymiHb TypOYIICHTHOCTI BH3HA-
yanmcs 3 moxuokor 2,7 % 1 +3,3 % BignosigHO.

TakuMm 9YUHOM, BIMIpPIOBAaHHS CTYIIEHIO TypOy-
JICHTHOCTI TPOBOAMIIOCS ¢ moxuokor *3,3 %, a cepe-
IHBOT mBHAKOCTI +2,4 %.

OO0roBopeHHs pe3yJbTaTiB

Pe3ynbraTi eKCIIEPUMEHTIB NMPEICTABIISUINCH Y
BUTJISAA1 PO3MOAUIIB CepefHiX MBUAKOCTEH 1 1X Mynb-
caIiif B IIEHTpalbHIA YaCTHHI KaBepHU. ExciepuMeHT
MPOBOMUBCSA B [iama3oHi umcen PelHombaca Bix
23-10° 10 84-10°. B sikoCTi BH3HAYAIBHOTO PO3MIpY B
grcyi PeliHonmbIca BUOHpaBCs €KBIBAJICHTHUH JiaMeTp
KaHaJly aJbHUKA, a B IKOCTI BU3HAYAJIHHOI IIBHIKOC-
Ti — MIBHIKICTH MIOTOKY B IICHTP1 KaHATY TaJbHAUKA.

Jlis aHaANi3y BIUIMBY «KO3MPKa» Ha PO3IOJILI
cepeqHbOl IIBHAKOCTI MOTOKY Ha puc. 4 mpuBeneHi
nani 3anexxuocteit U = f(y) st kaBepHu 3 BcTaHOBIIE-
HUM «KO3MpPKOM» Ta 6e3 Hboro. [TopiBHSHHS MPOBO-
JIAIIOCH TIPHU OJHAKOBIH IIBHIKOCTI MOTOKY B MEpeTH-
Hi, 0 NPOXOAMTH Yepe3 LEHTP HileBOI MOPOKHUHU
pu l3J= 18 m/c, mo BiamoBimae umciy PeiiHombaca
84-10°.
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AHaiti3 po3noAiiB IpUBEICHUX Ha puUC. 5 cBi-
JUUTH, 0 y BUIAJKY BIICYTHOCTI «KO3HMpKa» y KaBe-
PHI pO3BUBAETHCS KIACHYHA BiAPHBHA TEUisl 3 MaKCH-
MaJbHOI MIBUIKICTIO 3BOPOTHOrO pPyXy 5 m/c, mo
cxiragae 36 % Bim IIBUAKOCTI OCHOBHOTO TOTOKY B
HEHTPaTbHOMY KaHalli majxpHuKa. [Ipu 4oMy HeoOXin-
HO KOHCTaTyBaTH, IO PO}y CepeaHiX MBHIKOCTEH
MOTOKY B LIEHTPI NMAJbHUKA € NPSMOKYTHHM, PO IO
cBiquuth 3anexuicts U = f(y) misa Bucot y Bim 30 mm
o 60 MM. 3rajaHe TBEpIKCHHS CIPABEIIMBE TAKOX
JUTSI KaBEPHH 3 KKO3HPKOM» 1 CBITYHUTH MPO TPaBOMIip-
HICTh NMPOBEJCHHS TAPYBaHHS JaT4MKa TEPMOMETpa B
LEHTPI NPSIMOKYTHOTO KaHay MajJbHHUKA.

AHami3 po3nojiy MBUIKOCTEH U KaBepHHU 3
BCTAHOBJICHHM «KO3UPKOM» CBITUHMTH IPO yTBOPECHHS
CKJIaJHOI B TIAPOIUHAMIYHOMY CEHCI KapTHHH Tedil B
KaBEepHI — HAsIBHICTh «KO3HMpPKa» J03BOJISIE PO3TIIUTH
CYLIJIEHY BUXPOBY 30HY (SKa CIIOCTEPIraeThcsi B KaBe-
pHi 0e3 «KO3HpKa») Ha CHCTEMY OKPEMHUX BHXDIB, IIO
B3aEMOJIIOTh MK c00010 (Ipo 110 CBiAUMTH Jaedop-
Maniss npo¢imo mBuakocti Ha Bucoti Big 0 g0
10 mm).

s nomoBHeHHA iH(popMamii mpuBeneHOI Ha
pHc. 4 BUKOPUCTOBYETBCSI PO3IMOJIII CepeHbOKBAIPa-
THYHUX MyJbCAIlil MBUIKOCTEH, IO BiJANOBiAAIOTH
cepeHiii MIBUAKOCTI MOTOKY B HEeHTpi kaHany 18 m/c i
MPUBEJICHI Ha pUC. 5.

AmHamiz puc. 5 CBiIYUTH, IO BCTAHOBJICHHS
«xo3upka» Ha 14 % 3HMKae cyMapHy TypOyJICHTHICTH
MOTOKY B KaBEpHI MOPIBHIHO 3 BUIIAJIKOM 0€3 «KO3Up-
ka». Tak, B IICHTpi KaBepHH TYpOYJICHTHICTh MOTOKY
ckiagae 18 %, Tomi sSK B KaBEpHI 3 BCTAHOBJICHUM
«ko3upkom» BoHa gocsrae 10 %. Ilpu gomy, HE0O-
XITHO KOHCTAaTyBaTH, L0 BCTAHOBJCHHS «KO3HpKa»
3MIHIOE XapakTep Npo¢uIo MmyJbcaliidl MIBHIKOCTI 3
napaboiyHoro (XapakTepHHil AJIsi KaBepHH 6e3 «KO-
3UpKa») Ha CIPSMIICHHH.

Jns TOpIBHSUIBHOTO aHaNi3y OTPUMAaHHUX pe-
3yNbTaTIiB BHKOPHCTOBYBAJIHMCh EKCIEPHMEHTANIBHI
naHi [7], oTpuMaHi aBTOPOM MPH JOCIIIKEHHI CTPYK-
TYpH MOTOKY B IUIOCKIH MPSAMOKYTHI KaBEpHi, THX K€
TEOMETPUYHUX PO3MIpiB, IO 1 JOCHTIKyBaIach B Ja-
Hiif poOori. Sk cBigYuTH pHC. 3 3aJEKHICTH

\/LT? /U = f(y) CepeHbOKBAIPATHYHHUX MYJIbCAIlii
MIBUJKOCTI B MPSAMOKYTHIH HIlli Mae TOW K€ Xapak-
Tep, MmO 1 A Himi 0e3 «ko3upka». MakcuManbHe
BIAXWJICHHS OTPHMAHHUX EKCHEPHMEHTAIBHUX IaHHUX
BiJl BIJOMHUX 3 JITepaTypu cIlocTepiraeTscs Oing aHa
Himn i cknanae 25 %. TlopiBHSUIBHHN aHaJ3 TakKoX
CBIIUUTH, 110 aBTOP [7] He 3MIr GiNTbIIl MOBHO OIIHUTH
CTPYKTYpPY HOTOKY B IPSAMOKYTHIH HiIlli, TOMY aBTOpH
JaHoi poOOTH MOXXYTh HPETeHIYBAaTH Ha IIPaBOMIp-
HICTh OTPHMAaHUX PE3yJIbTaTiB.

CTOCOBHO JOBXHHH CTPyKTypaTropa CIix 3a-
3HAYHTH HACTYIHE: 31 30UTBIICHHSAM HOTO JOBXHUHU
BiOYBA€THCS BIAIMOBIHE MEPEMIMICHHS ICHTPAIbHOT
BUXPOBOiI CTPYKTYPH 3 LEHTPY 1O 3a/JHBOI CTIHKH Hi-
mri. [lomampmie 30iMBIICHHS IOBXHHH IOTIPIIyE

Y, MM
50
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0 5 10 15 U, mlc
Puc. 4 — Po3nodin cepeonvoi ueudxocmi nomoxy:
1 - zanescnicme U = f(y) onn kasepnu be3 «xosupra»;
2 — zanedxcnicmo U = f(y) ons kasepnu 3 6cmanoesne-
HUM €KKOZUPKOM
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Puc. 5 — Po3nodin cepednvboxgadpamuunux nyibcayiil

WBUOKOCI NOMOKY 8 NePemuHi, Wo nPOXooums yepes
yenmp Hiwesoi nopooicnunu: 1, 2 — saneacnicmo

\/U? /U =f (y) 071 KagepHu be3 KKo3upka» i 3

6CMAHOBNICHUM KKOZUPKOMY» 8ION0BIOHO; 3 — pO3n00il
CcepeonbOK8aAOPAMUYHUX NYAbCAYIL WBUOKOCI 6
npamokymuiu niwi [7]

NN 5.0 10,00 15,10

craliii3amiifHi SKOCTI Te4ii Hacamrepel 3a PaxyHOK
3MEHIICHHS MPOXIMHOI IUIONIi FOPH30HTAJIBHOTO Ie-
peTHHY HiIIeBOi MOpOKHHWHH. TemneparypHuil crtaH
MeTally HaIKPHIIKa IMOMIPHUH 1 3aJIe)KUTh Bill IIBU-
KOCTi Ha0irarouoro MOTOKY MOBITpPs, @ TAKOXK BUTPAT-
HUX TIapaMeTpiB manuBomnojadi. Tak, Temreparypa
MeTany 3011bIIyeThCs MIPU TOPiHHI MAIKUBa, BiIMOBI-
HO, Ha OUIBIIMX IIBUAKOCTAX OKHCHHKA, aje IEI0
3MEHIIYETHCS MIPU HAOOPi MOTYKHOCTI B MEXaX OIHO-
r'0 HIBHJKICHOTO peXXHUMY Habirarwodoro mositps. Mak-
CHUMalIbHI piBHI TemIepaTyp Ha BUIBHOMY KiHIII CTPY-
KTypaTopa JOBXHHOIO 4 MM IIpH HIOIl PO3MipoM
L/H = 40/10 ue nepesunrysanu 315 °C.

BurkoHaHHS eKCHEepUMEHTAIBHUX JOCIIKEHb
Bi3yaumizamii Tewii 3a JOIOMOTOI CaXe KEpOCHHOBOI
CyMillli ITOKa3ajo, 10 BHKOPUCTaHHS KO3WMpPKa BHJIO-
3MIHIOE CTPYKTYPY BHXPOBOi CTPYKTYpH B KaBEpHI I,
TUM CaMHM, HiITBEPIDKYE OTPHMAaHi pe3yslbTaTh Tep-
MOaHEMOMETPIi.

Busoau

1 3a momomororw MeETOAIB TepMOaHEMOMETpil
BCTaHOBJICHO, IO 3MiHa KOH(QIryparii Himi 3 Ipsamo-
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KyTHOI popMH 10 TparerieBuaHOI Maiike He BILIMBAE
Ha XapakTep po3MOJily i MakcuMaibHe 3HAUYEHHS Ty-
pOYJICHTHOCTI IO IEHTPaJIbHOMY MEPETHHY KaHAIy.

2 BuzHaueHO, 10 BUKOPHCTaHHS MPUHIIIEBOTO
KO3HPKa» 3MIHIOE CTPYKTYPY BHXPOBOi Tedii, 3Mi-
IIYIOYH ii B CTOPOHY 3aIHBOI [0 MOTOKY CTiHKH HiIi, 1
TAM CaMHM, 3MCHIIYE MaKCHMajbHI PiBHI 3HAa4eHb
TypOyaenTHocTi moToky (3 23 %, sk anst kaBepHu Oe3
«xo3upka», a0 17 % njsi kaBepHU 3 BCTAHOBJICHUM
«KO3MPKOM») B TCOMETPHYHOMY IICHTPI HilIIi.

3 3acrocyBaHHs IUTOCKOI HAKIagKH («KO3UP-
Ka») B CTPYMEHEBO-HIIIEBI# CHCTEMI JO3BOJISE BUIO-
3MIHUTH BHXPOBY CTPYKTYPY B KaBepHi, TOMYy MOXHa
KOHCTaTyBaTH, IO JOCIiIKEHa B POOOTI HaKIajgKa
BUCTYHA€ B AEAKIH Mipi B SKOCTI peryinsTopa TypOy-
JICHTHOCTI 1 MOke OyTH oxapaKTepHU30BaHA sK acpo-
JTUHAMIYHANA CTPYKTYpPATOpP TEHii.

4 BUKOpHUCTaHHS aepOJMHAMIYHOTIO CTPYKTY-
paropa B IIJIOMY JTO3BOJISIE TIOKPAIIUTH ITyCKOBI SIKOC-
Ti CHC 3a paxyHOK [esSKOro 3HWKCHHS IHTEHCHBHOCTI
TypOyJEHTHOCTI MOTOKY B Hillli, 1[0 TO3BOJISIE MEPEMi-
CTUTH TpOLEC 3 MIKPOIUPY3IHHOTO PEeKHUMY CIIAIIO-
BaHHs B CTOPOHY O1bIn01 1u(y3iiHOCTI mpoIecy ro-
piHHS.

Cnucoxk Jirepatypu

1 Aonyauun, M. 3. IlpumeHeHne CTpyHHO-HHUIIEBOH TeX-
HOJIOTHH CXXWTaHHS TOIUIMBA B HEPTEeTHYECKHX YCTa-
noBkax [Tekcr] / M.3. A6ayaun // Bicuuxk HTY
«XIII». Cepis: EHepreTuyHi Ta TEIUIOTEXHIYHI MPOLIECH
i ycratkyBanHs. — XapkiB : HTY «XTIII», 2005. — Ne 6.
— C. 130-144. — Bi6mniorp. : 7 Ha3B. — ISSN 2078-774X.

2 A6ayamn, M. 3. OnTuMH3anys TONMOYHOTO Iporecca —
IIyTh K IIOBBINICHUIO 3()(HEKTUBHOCTH, 3KOIOTHIECKOIt
0e30MaCHOCTH U HaJeKHOCTH paboThl KoTiIoB [Teker] /
M. 3. A6ayaun, MW.II. OBcuenko, I'.P./IBopuus,
A. M. Kyuenxo, FO. A. Kyaemos // HoBoctu Terio-
cHabxenus. — 2008. — Ne 4. — C. 31-35.

3  A6ayamn, M. 3. T'openouHoe yCTpOICTBO Ha OCHOBE
CaMOPETyJIHPYIOIEHCs] CUCTEMBI CMeceoOpa3oBaHUs U
crabum3anun iamenu [Tekcr] / M. 3. Aoaynun,
T. P. IBopuun, W.B. TennsikoB, B.H. Ctpoxun //
Tpynst |V MexnyHapomgHOW HAyYHO-TEXHHUYECKOH KOH-
¢depenmun  «KoMIuiekcHass aBTOMATH3alUs IIPOMBIII-
nenroctm». — 1990. — C. 12-16.

4 ®uanxo, H. M. KoMnpoTepHOE MOICITUPOBAHUE IIPO-
LIECCOB MEPEHOCA B CHCTEMax OXJIAXKICHHUS TOPEIOYHBIX
yCTpO#cTB  crabuinmszaroproro  tuma  [Tekcr] /
H. M. ®uaiuko, B. I'. Ilpokonos,
1O. B. lllepeHKkoOBCKMIA, C. A. Ajleniko,
H. O. MepanoBa, M. 3. Agaynun, JI. C. ByroBckui,
A. H. Mupropoackuii // TIpom. temmorexuuka — 2012.
—T.34, Ne 1. - C. 64-71. — ISSN 0204-3602.

5 ®uanko, H M. AHanu3 BIUSHHA TeOMETPHYECKOM
(opMBI HUIIEBOW MOJNOCTH Ha adpOJUHAMUYECKOE CO-
npotusieHne kanana [Teker] / H. M. ®uainko,
B.TI. Ilpokonos, C. A. Ausemiko, H. II. ITono3enxo,
A. b. Tumomenko, M. 3. Aoaynun, O. E. Manenkas,
A. B. HouoBusiii // TIpom. temnorexauka — 2012, — T.
34, Ne 1. - C. 72-76. — ISSN 0204-3602.

Jpi0an, E. [1. TermmomaccooOMeH W THUAPOJMHAMHKA
TypOynu3upoBannbix motokoB [Tekcr] / E. II. Ibi0aH,
9. 51. Onuk. — Kues : HykoBa gymka, 1985. — 296 c.
Aonynun, M. 3. CrpyiiHo-HHIIEBasi CHCTEMa CTAOWIIH-
3anuu U Cxuranus Tomwmsa [Teker] : aroped. auc. ...
kaua. tex. Hayk : 05.04.01 «KoTmasl U Kamephl cropa-
Hus» [ Aopyaumn Muxaua 3arperaunoBuy ; HTYY
«KII». — Kues, 1986. — 18 c.

Bibliography (transliterated)

Abdulin, M. Z. (2005), 2Primenenie strujno-nishevoj
tehnologii  szhiganija topliva v jenergeticheskih
ustanovkah [The use of jet-niche technology of fuel
combustion in power plants]?, Bulletin of NTU "KhPI".
Series: Power and heat engineering processes and
equipment, no. 6, pp. 130-144, ISSN 2078-774X.
Abdulin, M. Z., Ovsienko, I.P., Dvortsin, G. R.,
Zhuchenko, A.M. and Kauleshov, Yu.A. (2008),
2Qptimizacija topochnogo processa — put' k povysheniju
jeffektivnosti,  jekologicheskoj bezopasnosti i
nadezhnosti raboty kotlov [Optimizing the combustion
process - a way to increase efficiency, environmental
safety and reliability of the boiler]2, Novosti
teplosnabzhenija [Heating news], no. 4, pp. 31-35.
Abdulin, M. Z., Dvortsin, G. R., Teplyakov, I. B. and
Strokin, V.N. (1990), 2Gorelochnoe ustrojstvo na
oshove samoregulirujushhejsja sistemy
smeseobrazovanija i stabilizacii plameni [Burner device
based on a self-regulating system of mixing and flame
stabilization]2, Trudy IV mezhdunarodnoj nauchno-
tehnicheskoj konferencii 2Kompleksnaja avtomatizacija
promyshlennosti2 [Proceedings of the IV International
scientific conference "Integrated industrial-
automation™.], pp. 12-16.

Fialko, N.M., Prokopov, V.G., Sherenkov-
skiy, Yu. V., Aleshko, S. A., Meranova, N. O., Ab-
dulin, M. Z., Butovskiy, L. S. and Mirgorodskiy A. N.
(2012), 2Komp'juternoe modelirovanie processov
perenosa Vv sistemah ohlazhdenija gorelochnyh ustrojstv
stabilizatornogo tipa [Computer modeling of the
transport processes in cooling systems of stabilization
burners]2, Prom. teplotehnika [Industrial heat engineer-
ing]?, vol. 34, no. 1, pp. 64-71, ISSN 0204-3602.
Fialko, N.M., Prokopov, V.G., Aleshko, S.A,
Polozenko, N.P., Timoschenko, A.B., Ab-
dulin, M. Z., Maletskaya, O.E. and Nochov-
nyiy, A. V. (2012), 2Analiz vlijanija geometricheskoj
formy nishevoj polosti na ajerodinamicheskoe
soprotivlenie kanala [Analysis of the influence of the
niche cavity geometric shape to the aerodynamic chan-
nel resistance]?, Prom. teplotehnika [Industrial heat en-
gineering]?, vol. 34, no. 1, pp. 72-76, ISSN 0204-3602.
Dyban, E.P. and Epik, E.Ya  (1985),
Teplomassoobmen i gidrodinamika turbulizirovannyh
potokov [Heat and mass transfer and hydrodynamics of
turbulize flows], Naukova dumka [Scientific thought],
Kiev, Ukraine.

Abdulin, M. Z. (1986), 2 Strujno-nishevaja sistema
stabilizacii i szhiganija topliva [Jet recess system of fuel
stabilization and combustion]2, Abstract of Ph.D. disser-
tation, Kotly i kamery sgoranija [Boilers and combus-
tion chambers], NTUU 2KPI2, Kiev, Ukraine.

Bicnux HTY «XIII». 2016. Ne 9(1181)

99



Enepeemuuni ma menniomexmniuni npoyecu it yCmamxy8anHs ISSN 2078-774X (print)

Caenenus 06 aBTopax (About authors)

Cipunii Onexcanap AHaTtogilioBu4 — crapmwuii Bukinagad Kadenpu TermoeHepreTHYHUX yCTAHOBOK TEIUIOBUX 1
aTOMHHX eNleKTpocTaHliil, HanionanpHMiA TexHIYHAN yHiBepcuTeT «KUIBCHKHI MONITEXHIYHAN 1HCTUTYT», M. KuiB-56, ByII.
IMositexniuHa, 6, kopmyc Ne 5, Vkpaina; e-mail: Seruy_Alex@i.ua.

Siryi Alexander — Senior Lecturer (S. L.), department of Heat-and-power engineering plants of thermoelectric and
nuclear power stations of NTUU 2KPI2, 6, Politechnicheskaya Str., Kiev-56, bldg. 5, Ukraine.

Aonysnin Muxaiiio 3arpeTInHOBMY — KaHIUIAT TEXHIYHUX HayK, moueHT Kadenpu TemnoeHepreTHYHHUX yCTaHO-
BOK TEIUIOBUX 1 aTOMHUX eleKTpocTanuiii, HarionansHuii TexHiunuit yniBepcnteT «KMiBChbKHI MONMITEXHIYHUH IHCTHTYT», M.
Kuis-56, By [lomitexuiuna, 6, kopmyc Ne5, Vkpaina; e-mail: MZAbdulin@gmail.com.

Michail Abdulin — Candidate of Technical Sciences (Ph. D.), Docent, Associate Professor, Department of Heat-and-
power engineering plants of thermoelectric and nuclear power stations of NTUU «KPI», 6, Politechnicheskaya Str., Kiev-56,
bldg. 5, Ukraine.

Bapaniok Ousiekcanap BosoauMupoBuy — KaHAUIAT TEXHIYHUX HAyK, CTApIIUH BUKIana4d kadeapu aTOMHHX €leK-
TPUYHUX CTaHLiH 1 imkeHepHOI Teruodizuky, HanionanbHuil TexHiuHMil yHiBepcuTeT «KUIBCBKMI MOMITEXHIYHUI 1HCTH-
TyT», M. KuiB-56, Byi. Iomitexnivna, 6, kopnyc Ne 5, Vkpaina; e-mail: AleksandrW@i.ua.

Baranyuk Alexander — Candidate of Technical Sciences (Ph. D.), Senior Lecturer (S. L.), Department of Nuclear
power stations and engineering thermal physics - of NTUU «KPI», 6, Politechnicheskaya Str., Kiev-56, bldg. 5, Ukraine.

Byow nacka, nocunaiimecs Ha Yo cmammio HACHYRHUM YUHOM:

Cipnii, O. A. JlocnimkeHHs TiqpOANHAMIKH MTOTOKY ITOBITPSI B CTPYMEHEBO-HIIIEBii CHCTEMI CIIATIOBAHHS TalliBa
[Texct] / O. A. Cipuii, M. 3. A6ayain, O. B. Bapauiok // Bicauk HTY «XIII». Cepisi: Eneprerudsi Ta TemIoTexHiuHi mpo-
Hec i ycratkyBanus. — Xapkis : HTY «XIII», 2016. — Ne 9(1181). — C. 94-100. — bi6miorp.: 7 na3s. — ISSN 2078-774X. —
doi: 10.20998/2078-774X.2016.09.14.

Please cite this article as:

Siryi, A., Abdulin, M. and Baranyuk, A. (2016), 2Studying the Hydrodynamics of Air Flow in the Fuel Combus-
tion System of a Jet-Recess Type2, Bulletin of NTU "KhPI". Series: Power and heat engineering processes and equipment,
no. 9(1181), pp. 94-100, ISSN 2078-774X, doi: 10.20998/2078-774X.2016.09.14.

Todcanyiicma, ccolnaiimecs Ha My CMamvlO Cle0YIOUUM 06paA30M:

Cepsiii, A. A. VccnenoBanue TUAPOJUHAMIKH ITIOTOKa BO3AyXa B CTPYHHO-HUILIEBOH CHCTEME CIKUTAHHS TOILTHBA
[Texct] / A. A. Cepsiii, M. 3. A6ayaun, A. B. Bapauniok // Bicauk HTY «XIII». Cepist: EHepretuusi Ta TeIUIOTEXHIYHI
nporiecu i ycrarkyBanHs. — Xapkis : HTY «XIII», 2016. — Ne 9(1181). — C. 94-100. — Bi6umiorp.: 7 nHa3s. — ISSN 2078-
774X. —doi: 10.20998/2078-774X.2016.09.14.

AHOTALIA [Iposedenvr uccredosanus cmpykmypbl NOMOKA 6030yXd 8 HUULeSOU NOIOCMU MPaneyuesuoHol Gopmvl ¢
NIOCKUM KO3bIPLKOM HA NepeoHell CMeHKe 8 YCI08USIX CIPYUHO-HUWLEBOU CUCIeMbl CAGUIU3AYUN U COHCUSAHUSL 2A3000PA3-
Ho2o monausa. Ilpusedena memoouxa nposedenus: U ONUCAHUE IKCNEPUMEHMATLHOU YCMAHOGKU OJis MePMOAHeMOMempuye-
CKUX UCCed08anull. Boeinonneno cpaghenie 3KCnepuUMeHmaibHblx OAHHbIX nPpOQUIis mypOyIeHmMHOCMU 05l NPAMOY20LbHOU U
mpaneyueguoHou Huwu. [Ipoananu3uposana cmpykmypa meyenus 6 HUUegol NOJ0CmU U ee GIusHUe Had CMAOUIU3AYUOHHbIE
Kavecmea cmpyuHO-HUUEeB0U CUCEMbI.

Knrouosi crosa:. Cmpyiino-nuwesas cucmema (CHC), mypbynenmnocmo, 2opeiounoe yempoucmeo, nyckogble Xapakmepu-
cmuKu.
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