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OBO3HAYEHUSA U COKPAIIEHUA

Qrons — KOHBEKTHBHAS COCTaBJISAIOIIAs Temia, MBT;
Qpax — paAvallMOHHAs COCTaBIsAIOmas Terna, MBT;

H, - paauainoHHas IOBEPXHOCTh HArpeBa KOTJIa, M’;
Hi — KOHBEKTHBHAsI IOBEPXHOCTh HArpeBa KOTJa, M*;
Hom — MOJIHAS IOBEPXHOCTH HArpeBa KOTIIA, M’

H. - BBICOTBI TOIIKH, M;

d., — IMaMeTp SKpaHHBIX TPYOO, MM;

Si- IOTIEPEYHBIH 1Iar Tpyo, MM;

S> - MPOJOJBHBIH 1Iar Tpyo, MM;

01 = S1/d OTHOCUTENbHBIN OTIEPEYHBIH 1Iar Tpyo;

02 = S»/d OTHOCUTENBHBIN TPOIOJIBHBIN TIar TPYO;

T - TemMneparypa;

{ — TUIpaBIMYECKOE COITPOTUBIICHHUE;

0. — KO3 (HUIIMEHT TEMI00TIaUH.

Re — kpurepnii Pelinonbaca;

Pr — kpurepunt [Ipanarns;

Nu — kpurepnii Hyccenbra;

St — yncio CtaHnToHA;

P.i= (j°/1)*° — nmokasaTesnp KaHaja, XapaKTEPU3YHOLIUH
TEILIO - TUApaBINYECKHM 3P DEKT;

P,— temo - runpaBaudeckuit 3¢ exT;

QP — TeII0TBOPHAs CIIOCOOHOCTH YTIIS;

AP — 30J1bHOCTDH Ha pabouy0 Maccy yris;

WP — BIa)kHOCTH Ha pabouylo Maccy yris;

SP + SPop — cepa KouelaHHas U OpraHnyeckas Ha padouyro Maccy yruis;
CP — yraepon Ha pabouyro Maccy yris;

NP — a3zot Ha pabouyro mMaccy yris;

KCBp — koTen BOIOrpelHbI YIOJIbHBIA C 3a9KPaHHBIM Ia30X00M
C KOJIOCHUKOBOM PEIIETKOM;

KCBp (I') — koTen BogorpeiHbli KOMOMHUPOBAHHBINW YTOIb-Ta3;
KCTI'H — koTen cTanbHOM BOAOTPEMHBIN Tra30BbIif;

TYT — TOHHA YCJIOBHOT'O TOILJIMBA.



BBEJIEHUE

AKTYyaJbHOCTb.CHCTEMBI TETUIOCHAOXKEHUST (OTOIJICHUE, BEHTWISIIUSA U
ropsuee  BOJOCHAOXKEHWE)  MPOMBIIUJIEHHBIX  MPEINPUATHN, KUJIBIX U
OOLIECTBEHHBIX 3/1aHUW MOTPEONSIOT 3HAYUTENBHOE KOJIMYECTBO TOIUIMBA. Tak B
2021 romy B Pecnybnmuke Kazaxcran Ha HyXAbl TEIMJIOCHAOXKEHHS OBLIO
u3pacxogoBano Oosiee 45 muH. TYyT (40 % cocTaBisIeT ACHEHTPATU30BAHHOE
teriocHadxkenue U 60 % 1ueHTpanuzoBaHHOE TemiocHaOxkeHue ot TOIl u
KOTENbHBIX) [1] mpu cymMMapHOM MOTpeOJEHUH TMEPBUYHBIX HHEPrOpecypcoB
nopsaaka 130 muiH. TYT B roj. 3HaUUTENbHOE MOTpeOJIeHnEe TOIJIMBAa B CHUCTEMax
TEIJIOCHAOKEHNS BO MHOTOM OIpeAenseTcs reorpaduyecKuM IOJI0KEHUEM
Kazaxcrana [2, 3, 4].

Jlo Hactosimiero BpeMeHM B KaszaxcTraHe akTyaJleH BOMNPOC 3aMEHBI
BOJIOTPEHHBIX KOTJIOB Majoi TEIUIOBOM Mpou3BoauTenbHocTH 10 3,15 MBT, B TOM
YyuCJ€ Ha TBEPJIOM TOIUIMBE (OKOJIO 25 % TEemIoBOM »HEPruu BhIpaOATHIBACTCS
MaJIBIMU KOTEJIBbHBIMHU, KOTOpbIEe xapakrepusyrorcs KII/ na ypoBHe 60 %, uto
MPUBOJIUT K Tiepepacxoay Oosiee 645 ThIC. TOHH YCIOBHOTO TOIUIMBA B roj, a
TaKXke K JOTOJHUTEIbHBIM BBIOpOCAM B OKPYXKAIOUIYIO Cpely) Ha HOBBIC
Bostorpeiinbie KOTibl ¢ KII/] Ha ypoBHE 84-88% 1 ¢ pe:KMMOM CoKUTaHUSI TBEPIOTO
TOIUIMBA C CYLIECTBEHHO CHMKEHHBIMU BbIOpocamu CO», SO, 1 Jpyrux BpeIHbIX U
TOKCUYHBIX BBIOpocOB [5]. B [5-7] oTmedaeTcs HE0OXOAMMOCTh 3aMEHBI
yCTapeBIIUX BOJOTPEHMHBIX KOTJIOB HAa HOBbIE SHEProd@(eKTuBHbIE C
CYIIECTBEHHO 00Jie€ HHU3KUMHU BBIOpDOCAMH BpEIHBIX BEIIECTB. Y UHUTHIBAS
COBpeMEHHbIE TpeHIbI B Mupe u Kazaxcrane 1o [ekapOOHHM3AIMU, POCT
AKOJIOTMYECKOTO JIaBJICHUS HAa OKPY’KAIOUIYI0 Cpeay, POCT LIEH Ha MEepBUYHBIC
YHEPTOPECYPCHI, TPEOYETCS] CPOUYHO OCYIIECCTBIISATH BHEPCHUE HOBBIX TEXHOJIOTHI
CXKUTaHUs TOIUIMBA, B TOM 4YHUCJE HA MajblX KOTEJbHBIX, CO CHUXEHUEM
3HAQUUTENIbHBIX PACXOJIOB TOIUIUBHBIX PECYpPCOB, C PE3KUM COKpAILEHHEM
BBIOPOCOB MapPHUKOBBIX T'a30B U TOKCHUYHBIX BelleCTB B aTMochepy [4, 8-14].

B KOHCTpYKIUSAX TBEPAOTOIUIMBHBIX BOJIOTPEHHBIX KOTIOB MAJIOW MOIIHOCTH
IIeJTbHOCBApHbIE MEMOpaHHBbIE TPYyOHBIE TaAHEIHW HIMPOKO HE HCIOJIL3YIOTCS B
KayecTBE TOMOYHBIX SKpaHOB. OHAKO peanu3aliys B BOJOIpEeHHbIX KoThax 10 3,15
MBT (3,0 T'kan/yac) Mayioi TEIJIOBOM MOIIHOCTH IIEIbHOCBAPHBIX TPYOHBIX
HKPAaHOB C TMONEPEYHbIM OOTEKAaHHMEM Tra3aMH MOTYT JaTh CYUIECTBEHHBIC
NPEUMYIIECTBA MO0 YACTH TETUIOBOM M SKOJOTUYECKON IP(HEKTUBHOCTH B OTIMYUE
OT 3KCIUTyaTUPYEMbIX B HACTOAIIEE Bpems KOTioB [3, 15-17].

MakcuMallbHOE HCIIOJIb30BAHUE TMOBEPXHOCTH IEIHHOCBAPHBIX TPYOHBIX
naHeseil B TeI1000MeHe KaKk BHYTPU TOIKH, TaK M BHE, a TAK)KE B KOHBEKTHBHOM
4acTM C TNPUMEHEHHEM KaHaJOB 3a’3KpPaHHOIO Tra30xoJa ¢ IONEPEYHbIM
oOTeKaHHEeM TNaHenell W TpyO0 HOBOW KOH(PUIYypauud MOXKET MOJOKUTEIbHO
(KaueCTBEHHO W KOJIMYECTBEHHO) TMOBJIUATh HA adpOJAMHAMUKY U TEIUIOOOMEH B
kotenbHOM arperate [4, 18]. Ilpu »TomM mnosyyeHue OOOCHOBAHHBIX U Ooiiee
TOYHBIX (POpMYI I pacyera THMAPOJAUHAMHUKHU (a3pOJAMHAMHUKK) U TEIJI000MEHa
Ipyu TMPUMEHEHUU HOBBIX JJEMEHTOB KOHBEKTHUBHBIX TMOBEPXHOCTEH B (opme
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3a3KpAaHHOI0 ra30XxoJa MOrYT JONOJHHUTh U YyTOYHUTh HOPMATHBHBIE PACUETHBIE
dopmynbl. [lomydeHHble, B pe3yJbTaTe SKCIEPUMEHTAJIbHBIX MCCIIEI0BAaHUM,
pacyeTbl MCKJIIOYaT BO3MOXKHBIE 3aMETHBIE MOTPEIIHOCTA BBIYHMCICHUN I10
HOPMATHUBHBIM (hOpMyJiaM JJi1 HOBBIX THUIIOB KaHAJIOB M MOBEPXHOCTEH Harpesa.
[loaToMy B pabore pemanach 3ajadya YTOYHEHHsI pPAaCUETHBIX (opMyl 10
omnpenesieHno KodppuireHTa ConpoTUBICHUS U KOd(DPUIIUEHTa TETUIOOTAAYH 0
(Nu) ¢ HOBbIMU U 3(()EKTUBHBIMU 3IEMEHTAMU KOHBEKTHUBHBIX MOBEPXHOCTEH
HarpeBa B (OpMe 3a’KpaHHOTO Ta30XoAa C TEIUIOBBIM H3JIydyaTelieM Ha
nercTByronieM BogorpeinoMm kotie KCBp-0,43.

He meHee cylecTBEHHBIM BOIIPOCOM OCTA€TCA JI MabIX TBEPIOTOIIMBHBIX
BOJOTPENHBIX KOTJIOB, C HOBBIMHM KOHBEKTHBHBIMU IIOBEPXHOCTSMH Harpesa,
OpraHu3alys ONTHUMAJIbHOTO TEMIIEpaTypHOTO pEeXHMa, BbIOOP ONTHUMAaJIbHOM
CKOPOCTH JIBW)KEHUS TEIUIOHOCHUTENS, KOTOpble Obl MO3BOJIMIM 3HAYUTEIHHO
YBEJIUYHUTh 3KOHOMHUYHOCTh YTOJIbHBIX BOJOIPEUHBIX KOTJIOB U YIYUIIUTh YCIOBUS
AKCIUTyaTalH, C BO3MOKHOCTBIO MEPUOANYECKON OYMCTKA KOHBEKTHBHOW YacCTH.
OT0 MOBBICUT 3(PPEKTUBHOCTb, SKOHOMUYHOCTh, HAJEKHOCTh U 3KOJOTMYECKHE
MIPEUMYILECTBA YTOJIbHBIX KOTJIOB B PEAJIbHBIX YCIOBHIX SKCILTyaTallUu.

3HauUTENbHOE BHUMAaHHWE B paboTe yAeNdeTcs OpraHu3aluu OTpabOTKU
TEXHOJIOTU MPHU MPOU3BOJICTBE HOBBIX KOTJIOB, BOPOCAM JIOBEJICHUS 10 Cllayu B
AKCIUTyaTalMI0 YrOJbHBIX BOJOTPEHHBIX KOTJIOB C O(OpPMIIEHHMEM CTaHIApTOB U
TEXHUYECKUX yciaoBui. CTaHIapThl MNPEONPUATHS U TEXHUYECKHE YCIOBUS
(UKCUPYIOT COOTBETCTBHE JAHHON KOHCTPYKIIMU KOTJIA C 3a3KPaHHBIM Ia30X0J0M
TpeboBanusiM aeicTBytommux ['OCToB © [NEHCTBYIOMIUM TIPaBWJIAM TEXHHUKHU
0€3011acHOCTH, METOJUKaM U HOpMaTHBaM.

B Pecny6mnuke Kazaxcran aeiictByror I'OCT 20548-93 u TOCT 30735-2001
[19,20], cTanmapThl NpEaNpUATHI, OXBATHIBAIOIINE BOJIOIPEHHBIE KOTIbI MaJIOn
TEIUIOBOM MOIIHOCTHIO 110 3,15 MBT, koTOpBIe Havanu Beimyckatbes ¢ 01.01.2018
T.

BrlinosniHeHHbIH 0030p paboT MO MeToAaM MHTEHCU(HUKALUU TEeII00OOMEHa C
KOHBEKTUBHBIMU TOBEPXHOCTSAMM HarpeBa M aHaJIM3 COBPEMEHHOTO COCTOSIHHS
BOJIOTPEUHBIX KOTJIOB MaJoM TEIJIOBOM MOIIHOCTH Ha yrie B PecmyOnuke
Kazaxcran  BbIIBUII ~ psifi  mpoOJieM,  KOTOpble  HEOOXOJuMO  peuiaTh
Oe3oTaraTesbHo.

Oco0OeHHO aKTyaJdbHOM SBJSETCS 3ajladya 3aMEHbl MOPAJIBHO YCTApPEBIIUX
KOHCTPYKLIMM BOJOTPEMHBIX KOTJIOB Ha TBEPAOM TOIUIMBE MAaJIOM TEIJIOBOM
MomHocTH oT 0,25 mo 3,15 MBT ¢ KIIJ] ne 6omee 60-65% Ha 3KOHOMHYHBIC,
HAJIC)KHBIE M CO CHIDKEHHBIMM BbIOpOCaMU MAPHUKOBBIX U TOKCUYHBIX Ta30B.
AKTyaJIbHbIM SIBJISIETCS TaK)XK€ CUCTEMAaTH3alls HOBBIX IPABWII M COCTaBJICHUE
MHCTPYKIMM 1O HOBOW TEXHOJIOTMHU CKWUTAHUS YIJIEM B TOHKOM TOPSIIEM CIIO€ Ha
PYYHOH KOJIOCHUKOBOM PELIETKE MPH SKCIUIyaTalluu MaJIbIX KOTJIOB MU OCOOEHHO
JUTSL IPEANPUATHIA (KOTENBbHBIX) M0 MPUMEPY SKCILTyaTalluu BOJIOIPENHBIX KOTJIOB
cepuu KCBp ¢ c:kuranvem yriisi B TOHKOM CJIO€ € IUIABHO PETYJIUPYEMOU Ioaade
BO3/lyXa MOJl CIOM C MHUHHUMAJIbHBIMU BBIOPOCAMHU TOKCHUYHBIX U MAapHUKOBBIX
ra3os.



Pexum paboThl MajibIX KOTEJIbHBIX Ha yIJie B TEUYEHHE CYTOK U B MEXCE30HbE
HEPaBHOMEPHBIH W TpeOyeT MOOMIBHOTO YIPAaBJIEHHUS TEIUIOBOM MOIIHOCTHIO
KOTEJIbHOM B 1enoM. PaccMarpuBaeMas B HacTosIIed paboTe HOBAasl TEXHOJOTHS
C)KMT'aHUs TBEPAOrO TOIUIMBA PELIAET 3TU MPOOJIEMbl YCTAHOBKOW OINPEIEICHHOTO
Harpy3koil uuciia paboTaroluX BOJOTPEeHHBIX KOTIOB. Ilpu HEoOXOoAMMOCTH
CHW)KEHMSI HAarpy3KH BCeH KOTEIbHOM YacTh KOTJIOB pabOTAET B PEKUME FOPEHUs
KOKCa B TOHKOM CJIO€ C TUIABHBIM CHUKEHHUEM M MoAaueld AyThbeBOro BO3/yXa IMOA
KOJIOCHUKOBYIO pelIeTKy. B 3ToMm ciyuae, mpu MOCTOSHHOM pacxojieé BOJIbI B
CUCTEME IUIaBHO U JOCTATOYHO JUIMTEIBHOE BPEMS CHUYKAETCSl TEMIIEpaTypa BOJIBI,
COOTBETCTBEHHO 3TOMY IUIABHO CHMIKAETCSl HArpy3ka U OCOOEHHO, YTO SIBJISIETCS
CYLLIECTBEHHBIM, JIONOJHUTENBHO CHUXaOTCS BbIOpockl CO, U APYyTrUX BpPEIHBIX
BellecTB B atMocdepy, npu BeiOpocax CO He MNpeBbIAIONINX YCTaHOBJICHHBIE
HOpMBbI. C yBEJIIMYEHUEM CYTOYHOW WM CE30HHOW HArpy3Kd 4acToTa 3arpy3Kd
CBEXEro TOIUIMBA Ha OJIHOM WJIM HECKOJIBKHMX KOTJIAX IJIABHO YBEJIHMYUBAETCS C
OJIHOBPEMEHHBIM YBEJIIMYEHUEM IOAAYN TYyThEBOIO BO3AyXa IOJ KOJOCHUKOBYIO
pemietky. /lanee koTenbHas BBIXOAUT HAa HEOOXOAUMYIO Harpy3ky. HoBble KOTIIbI
paboraroT 0e3 aBapuil.

esabio IuccepTALMOHHOI PadOThI ABJISAETCH:

[loBbiienne 3(QpexTuBHOCTH PpabOThl BOJOIPEUHOr0 KOTIa 3a CYET
ONTUMM3AIMN KOHCTPYKIMHU 3a3KPAHHOTO ra30Xx0j/ia ¢ YCTAaHOBKOMW IMJIACTUHYATHIX
HaNpaBJISAIOLMX ABIMOBBIX Ta30B, OOECIEUMBAIOIIMX CHUKEHHE TEMIEPATyphl
yXOAAIMX Ta30B JO0 TpeOyeMOro ypoBHS, U TIOBBIIIAIOMIUX IOJHOTY
npeoOpa3oBaHuUs SHEPIUU TOIIMBA B YHEPIHIO HATPETOM BOJIBI.

3agaun ucciaegoBaHus. B COOTBETCTBMM C TIIOCTABIEHHOM LEIBIO U
YUUTBHIBAST I[IMPOKUNM CIEKTP HAMNPABICHUM [JI1 HMCCIENOBAHUSI TOCTAaBJICHbI
CIEIYIOIINE 3a1aYu:

- IlpoBectn 0030p, aHaau3 JUTEpaTypbl W TMATEHTOB 1O TEMeE
UHTEHCU(UKAIIMU  TEIiooOMeHa B KaHajdaxX  3a’KpaHHOro  Tra3oxoja
MIPUMEHHUTENBHO K PA3JIMYHBIM KOHCTPYKLHSIM MalbIX BOJOIPENHBIX KOTJIOB Ha
TBEPJAOM TOIUIUBE.

- PazpaboraTte W BHEOPWTh KOHBEKTUBHBIA KaHAJI 3adKPaHHOTO Ta30Xoja,
00pa30BaHHOTO  IIETLHOCBAPHBIMH TPYOHBIMH TMAHEISIMH C  TIOTEPEYHBIM
o0TekaHueM TpyO C HaNpaBISIONMMU TUIACTUHAMHM MPUMEHUTENIBHO K YTOJIbHBIM
BOJIOTPENHBIM KOTJIaM MajlOil MOITHOCTH.

-IIpoBecTn TemnoTexHUYECKnue UcnbITaHua BojorpeiiHoro kotmia KCBp-0,43
C 3a3KpaHHBIM Ta30X0JIOM C TMONEpPEYHbIM OOTEKAaHHEM TpPYyO MpPHU CHKUTAHUU
[y6apKynbCKOro yriisi B TOHKOM ciioe. CpaBHUTH pe3yJIbTaThl TEIIOTEXHUYECKUX
UCIBITAHUM KOTJIA TO COMPOTUBICHUIO U TEIUIOOOMEHY B KaHalle 3a3KpPaHHOIO
ra3zoxoja c JIpyruMu paboTaMu.

- [lonyunTh sKCHepUMEHTANIbHBIE (DOPMYJIBI JIS HHXKEHEPHBIX PaCcyeTOB
koaddumrenTa conpotusieHus & u kodddunnenta remwtoornaydu o (Nu) B kaHaie
3a9KpaHHOTO Ta30Xoja C TMONEPEYHbIM OOTEeKaHWeM TPYOHBIX TMaHemen
npuMeHuTeNbHO K KoTiiamMm KCBp co cokuranvem yrisi Ha CJIO€BOMl pEIIeTKE C
3a9KpaHHBIM Ta30X0/I0OM C MONEPEYHBIM 00TEKaHUEM TPYO.
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-IIpennoxuTe TEXHONOTHIO CKUTraHus yried Kazaxcrana B TOHKOM CJIO€ Ha
KOJIOCHUKOBOM PELIETKE C PETyJIMPOBAHUEM IMOJAYM BO3AYyXa MOJ TOHKHHU CJIOH C
MUHHUMAaJIbHBIMU BBIOPOCAMU TOKCUYHBIX U TAPHUKOBBIX Ta30B U ¢ BicokuM KIT/I.

-Pazpaborath TEXHHYECKYIO JOKYMEHTALMIO (YEpTekH) JUIs Hayaia
ITPOU3BOJICTBA HOBBIX YTOJBHBIX BOJOTPEHWHBIX KOTJIOB IS 3aMEHBI YCTAapEBIINX
KOHCTPYKIUH C 1IeJIbIO COKPAILEHUS BIOPOCOB.

MeTtonb!l uccienoBanus. B nuccepranmm MCHOIB30BAIMCH TEOPETUUYECKUE U
HKCIIEPUMEHTAJIbHBIE METOJbl HCCIEAOBaHUS. TeopeTHUYecKue HCCIeT0BAHMS
MpeAnojarajd HUCHOJb30BAHUE COBPEMEHHBIX METOJIOB MOJEIUPOBAHUSA IPU
nomomn ANSYS Fluent. DkcriepuMeHTanbHbIE UCCIIEI0BaHUS MTPOBOIUINCH IS
UCCJEIOBAHMUS TEIIOOOMEHa W TUAPOJMHAMUKH. B 3KCrepuMeHTalbHBIX
MCCJIEI0BAHUSIX MCIOJB30BAJIMCh COBPEMEHHOE M3MEPUTENbHOE 000pyAOBaHUE, B
TOM 4YHCJI€ Ta30aHaIU3aToOp, TEIUIOBU30p, MUPOMETPHI, MU3MEPUTENbh CaXKEBOTO
YHCJia U yIIbTPA3BYKOBBIE PACXOJOMEPHI.

HayuHnasi HoBU3HA pa0doOThbI:

1 DKcriepuMEeHTaNbHO MOJIYyYeHbl 000CHOBAHUE M KOPPEKTUPOBKU PACUETHOMN
(bopMyIIBI IO OTpeesieHr0 KodhOUIIMEHTa THIPABINYECKOTO COMPOTUBIIEHUS & U
kodpounuenta Ttemioornaun o (Nu) B KaHajme 3a’KpaHHOTO Tra3oxoia ¢
MOTIEPEYHBIM O0TEKaHNEM IIEIIbHOCBAPHBIX TPYOHBIX TTAHEJIEH U MOMEPEYHBIX TPYO
C TEIUJIOBBIMHU H3JIy4yaTeIsIMU MPU MUHUMAJIBHOW KOHIEHTPALMU YaCTHUI] 30J1bl B
MTOTOKE;

2 OmpezenieHa pacyeTHBIM IyTEM ONTUMAalbHAas F€OMETPUSI U TONEPEUHOE
CEUYEHME KaHaJla 3a3KpaHHOro ra3oxoja Juisi CKOPOCTH ra30BOro MoToka ot 2,5 M/c
10 8 M/C M COOTBETCTBYIOIIUX 4Kcesl PeliHonbaca mpu monepeyHoM OOTEKaHHUH
st koo cepun KCBp ot 200 kBt no 3,15 MBT ¢ niaBHbIM peryJjimpoBaHHEM
10JIayy BO3yXa MPU TOPEHHUH YIJISI B TOHKOM CJIO€;

3 Ilpu HarypHBIX HCOBITaHUsIX BojorperHoro koraa KCBp-0,43 co
cxuranuem LllyGapkonbckoro yriist B TOHKOM ciioe (10 70 MM) Ha MUHUMAJIbHBIX
Harpy3Kkax TMOJy4eHbl YTOUYHEHHbIE 3HaUCHUS KOI(P(GUIIMEHTA CONPOTUBICHHS &y
U TEIUIOOTHAYU O (NU), KOTOpbIE COBHNAIM C 3HaYeHUsSAMH Kod(dduimeHra
CONPOTUBNCHUSA Epaew M TEIUIOOTAAYU  Opacy (NU), TIOJYYEHHBIMU paHee
AKCIIEPUMEHTAJIbHO B KaHaje 3a’3KpaHHOro ra3oxoja ¢ OOJbIIMM JUana30HOM
CKOPOCTHU MOTOKA;

4 Pa3paboTaHbl pEXUMHBIE PEKOMEHAALMH 1O TEXHOJOTUU CHKUTAHUS
PANOBBIX M CESHHBIX YIJIEM B TOHKOM CJIO€ C IUIABHO PEryJMpPyeMOM IMOJader
BO3/lyXa TOJl KOJOCHUKM M CHUXEHUEM BBIOPOCOB MAapHUKOBBIX razoB CO, u
TOKCUYHBIX BBIOpOCcOB B atmocdepy (ot 20 mo 30 %) mna llybapkonbckoro u
Kaparanaunckoro yriei;

[Tonmy4yeHHble pe3ynbTaThl JUCCEPTALMOHHONW pPAaOOThl UMEIOT HAYYHYIO U
NPaKTUYECKYIO LIEHHOCTh, MPEICTABICHHYIO CIEIYIOIIUMH MyHKTAMH:

- Pa3paboTanbl HOBbIE KOHCTPYKIIMH MaJibIX BOAOrpeiHbIX KOTIOB KCBp C
KOJIOCHUKOBOM PEIIETKON U KaHAJIOM 3a9KPaHHOTO Ta30X0/1a C MOATBEPKIACHHBIMU
AKCIEPUMEHTAIILHO TEOMETPUUECKUMU pa3MepaMH.



- OO0o0O0mIeH OmBIT MCCIENOBAHUNA W YTOYHEHBI pacueTHble (POpPMYIIbI
termiooOMeHa Nu H CONpOTHBICHUS & B KaHaJIE€ 3a’dKPaHHOTO Ta30xo/a C
HAaNpaBISAIOIIMMHM  IUIACTHHAMH.  Pacuersl  MOATBEPKAECHbI  HATYPHBIMH
AKCIEPUMEHTAMU U YIOBJIECTBOPUTEIHHBIM COBIAICHUEM T10 O U &,

- Pa3paboTaH KOMIUIEKT TEXHMYECKOW JOKYMEHTAMU ISl JIMHEHKH
KOHCTPYKIIMM BOAOTPENHBIX KOTIOB cepur KCBp TemnoBoit momHocThIO OT 0,2
MBt 10 1,0 MBT co CJIO€BBIM CKXHIaHUEM YIJ€d C PYYHOU KOJIOCHUKOBOM
pemetkoi, 3amuiieHHbx [larentamu PecniyOnuku Kazaxcran u EBpazuiickumu
[TarenTamu.

- Pazpaboranbl pexomeHganuu ais paboTel BogorpeiHsix komioB KCBp:
pacTolKa; 3arpy3ka CBEXEW IOpUMM YIVII Ha TOPSAILIMM CIIOW; paclpenciiecHue
TOHKOTO cJiosi 10 70 MM 10 perieTke ¢ kKoddduimenToM u30bITKa Bo3ayxa o >1,4;
MOCJ€ AaKTUBHOIO BbIropaHus Jetyunx (25-30 MHH) CO CHUKEHHEM
koapdummenTa n3opiTKa Bo3myxa ¢ o >1,4 go a < 1,1-1,2 ¢ menpio CHWKEHUS
BBIOPOCOB MapHUKOBBIX Ta30B MU TOKCHUYHBIX BEIIECTB C TBEPJbIMU YaCTUIIAMHU
307161 B aTMOC(heEpYy.

IIpakTHYeckasi HEHHOCTh M peaju3alus pe3yJbTaToB padoThl.

HoBass kOHCTpyKIMa MamnbIX BOJOTPEMHBIX cioeBbix KoTiIOB KCBp ¢ 3a
AKPaHHBIM Ta30X0JIOM - ONTHUMHU3UPOBAHA U PACCUUTHIBANIACH MO OOOOIICHHBIM,
YTOYHEHHBIM AKCIIEPUMEHTAIIBHO, TEOPETUYECKUM 3aBUCUMOCTSIM
TUAPOJMHAMUYECKUX U TEIUIOBBIX XAPAaKTEPUCTUK, MOATBEPKICHHBIX HATYPHBIMU
AKCIIEPUMEHTAMHU PU TOTIEPEYHOM OOTEKaHUU MPOAYKTOB CTOPAHUS 3a3KPaHHOTO
ra3oxojia BBIMOJHEHHOTO U3 TPYOHBIX MaHENeH, MOMEePEeYHbIX TPyO M TEIJIOBOTO
M3JIy4aTests Mo TEIIOU30JSIIUEN KOXKyXa.

B Mertomumky TEminoBOro pacuera MallblX BOJOTPEMHBIX CIIOEBBIX KOTJIOB
KCBp ¢ kaHanaMu ¢ 3a3KpaHHbIM Ta30XO0JIOM C TEIUIOBBIMU H3JIy4YaTeIs MU
BHECCHBI TMOMpPaBKH K GopMynaMm pacuera Kod(PuIMeHTa COMpPOTUBICHUS & TI0
razaMm u koddpduimenta Ttemnoornaun o (Nu) ¢ menpto 0ojiee TOYHOTO
ONPEACIECHUS] TEIJIOTEXHUYECKUX XapaKTEPUCTUK TAaKOro TuUma KOTIOB. [lns
TUJPABIMUYECKOTO pacyeTa CXEM JBHXKEHUS TEIJIOHOCUTENS IO KOHTYpPY
BOJOTPEUHOro cioeBoro koraa cepun KCBp ¢ HOBBIMU KaHajaMU C 3a9KpaHHBIM
ra3oxoloM C YYETOM TEeMIEepaTypHbIX PEKHUMOB B 3JIEMEHTax KOTJia pa3paboTaHa
HOBasi THJIpaBIMYECKass CXeMa, CIOCOOCTBYIONIAs JIUTEIBHOM M HaJIEKHOU
AKCIUTyaTalu KOTJIOB.

Pa3zpaboTanbl pabodass JOKYMEHTAIMsI W MPOEKTHI CTaHAApTa MPEIIPHUSATHS
JUIS BOJOTPEUHBIX KOTJIOB HA YIJIE C HOBBIMM LIEJIbHOCBAPHBIMU ITAHEIISIMU, C KOH-
BEKTUBHOW YaCThIO C KAHAJIIOM 3a3KPaHHOTO T'a30X0Ja U HAYaTO UX MEPBOE MPOU3-
BOJICTBO.

JloCcTOBEPHOCTH M 000CHOBAHHOCTb.

ITonTBepxkaaeTcsa NpUEMIEMON U JOCTATOYHOW TOYHOCTBIO CUCTEMBI H3MEpe-
HUW a3pOJIMHAMUYECKUX U TEIJIOBBIX MapaMeTPOB B J1JAOOPATOPHBIX YCIOBUAX U B
YCIOBUSX AKCIUTyaTallMK TOJIOBHBIX 00Pa3lioB BOJIOTPEHHBIX KOTJIOB.

Pe3ynbTarhl pacyeTHBIX METOJIUK M DSKCIEPUMEHTAIbHBIX HM3MEPEHUU B
HAaTYpPHBIX ONBITaX M MX KOPPEKTHOCTH MOJTBEPKIAAETCS COMOCTABICHUAMHU U
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CXOJIUMOCTBIO C OCHOBHBIMHU PE3yJbTaTaMH HW3BECTHBIX ABTOPOB, MPEIABLIYLIUX
MCCIIEIOBAHUM 1 HOPMATUBHOT'O METO/IA.

JlocroBepHOCTH ~ pabOTBl  NOJATBEPKACHA  TEXHUKO-DKOHOMHYECKUMU
MOKa3aTeIMU peabHO PadOTAIOIIKUX BOJOIPEUHBIX KOTJIOB, MOATBEPKAAFOIIMX
pacyeTHbIE TEIUIOBBIE M TEXHUYECKUE XapaKTEPUCTUKH, KOTOPHIE COBMAIA C
aHAJIOTUYHBIMU TIapamMeTpaMu U 3a)UKCUPOBAHBI B TEXHUYECKON IOKYMEHTAIIUU U
napameTpax KOHCTPYKIUI KOTJIOB.

YcnenHo skcrutyaTupyercs B AJIMATUHCKOM U AKMOJIMHCKOM 00nacTsX Tpu
MEePBLIX CTaJIbHBIX BoOJOrpeiiHbIX KoTia Ha Illybapkombckom yrie KCBp-0,43,
KCBp-0,63 u KCBp-1,0 ¢ KOHBEKTHMBHBIMU KaHaJlaMH 3a3KPaHHOTO TIa30XoJa.
Kanan 3a3kpaHHOro razaxozia, 1 HOBas THIPABIMYECKAsl CXeMa LIUPKYJISIIIUU BOJbI
[0 KOHTYpPY KOTJIa peaju3oBaHa B BojorpeiHsix kotinax mist TOO «BocrouHoe
pynoymnpasnenue» (. Yapken), TOO mBeitHas ¢pabprka « ATMaTHHKa» T. AJIMaThl
COOTBETCTBEHHO U ISl CTPOSILErocs IEMEHTHOTO 3aBojJa B AKMOJIMHCKOMN
o0nacTu.

B pamkax ¢unancupoBanus no rpantry MOH PK B 2018 — 2020 rr.
BBITIOJTHEHBI U pa3pabOTaHbl KOMIUIEKTbl TEXHUYECKOW JOKYMEHTAIMHU JIJisi
M3TOTOBJICHUS JIMHEHUKU HOBBIX CTAJIbHBIX BOJAOTPEHHBIX KOTIOB 11l 9 (HEKTUBHOM
pabotsl Ha Kazaxcranckux yrisix KCBp TemoBoit momiHocThio oT 0,20 MBT 1o
1,0 MBt. COopka yka3aHHBIX HOBBIX BOJIOTPEMHBIX KOTJIOB C 3a’KpaHHBIM
ra3oxojloM MPOU3BOAUTCS C COOJIIOJICHHEM BHOBB pa3paOOTaHHOW TEXHOJOTUHU IO
nuHoBannoHHEIM [laTentam PK.

Pa3paboTanbsl HOBbIE PEKOMEHIALMUA JUIsl OIKCIUTyaTalldd BOJOTPEHHBIX
kotioB KCBp ¢ MHHUManbHO BO3MOXKHOI TOJIIIMHOW C)KUTAHHS YT B CJIOE C
IIEJbI0 CYIECTBEHHOTO CHWKEHHUS BBIOPOCA TMAPHUKOBBIX Ta30B U TOKCHYHBIX
BemecTB B atMocdepy 1o 20 -25% W UCToap30BaHUS TEMJia MpoBaja U IUIaKa B
3TOM pEXHUME.

JIJ11 HOBBIX pa3paboTaHHBIX BOAOTpeHbIX KOTIOB cepun KCBp ¢ cxxuranmem
y6apkonsckoro (KaparanamHckoro) yrigs B TOHKOM cioe 10 70 MM
MPEJICTABIICHbl HOBBIE IKCIIEPUMEHTAIbHBIE JJAHHBIC MO0 YCPEIHEHHBIM BbhIOpOCaM
CO,, CO, SO, NOy, B armochepy. IlpuBeneHHbie yCpeIHEHHBIE CHH)KCHHBIC
BBIOPOCHI TIPU CJIOEBOM CXKUTAHUU YTJIEH MOTYT OBITh PEKOMEHIIOBaHbBI IS
COTJIACOBAHMS U JAIBHEHIIErO TUpAXXUpOoBaHUsi B MuHucTepcTBO 3Kosoruu PK. A
TaK)Ke JJI1 BHECEHHUs TOMPaBOK B 3aKoHoAaTenbcTBO Pecnybnmuku Kazaxcran c
nenblo pacrpoctpanenus paspaboranHoii B HAO «AYDC umenu ['ymapOeka
JlaykeeBay TEXHOJOTHUU CHKUTAHUS yTJIAd Ha BCE ACHCTBYIOIINE MEJIKUE KOTEIbHbIE
KOMMYHQJIBHOTO XO35IMCTBA, a TAKXKE JAPYrMX MHUHUCTEPCTB U BeaoMcTtB PK| ¢
KOTJIAaMH C KOJIOCHUKOBBIMU MEXaHUYECKUMU U PYYHBIMU PEIIETKAMMU.

B pe3yabTare BBINOJHEHHOH PadoTbl  MOJMY4YEeHbI  CjeAylolIHe
pe3yJIbTaThl:

-3KCIIEPUMEHTAJIbHBIE dhopmyibl, UL~ pacyeToB kod(ppunuenta
conpotuBieHus: § u kodpdunrenta remwiootaaun o (Nu) B kaHaje 3a3KpaHHOTO
ra3zoxoja c nornepeyHbIM 00TeKaHUEM ra3aMu TPYO C TEIUIOBBIMU U3ITy4YaTeIsIMU;
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- ONTUMAJBHBIA pa3Mep M IIAr pasMelleHdus TpyO B CBapHBIX TPYOHBIX
MaHeNAX C TOMEpPeYHbIMH TpyOaMu, M CXeMa LUPKYJIALUHWUd BOABI B KOTJIE B
3aBUCUMOCTH OT TEIUIOBOM MPOU3BOAUTEIBHOCTH TBEPAOTOIIMBHOTO KOTIIA;

-KOHCTPYKTHBHBIE CXEMbI CTaJIbHBIX BOJOIPEUHBIX KOTJIOB MAaJIONH MOIIHOCTH
Ha yIJe C 3a3KpaHHbIM Ta30XO0J0OM C IMONEPEYHbIM OOTEKaHHUEM LEIbHOCBAPHBIX
TpyOHBIX MaHeled U TPyO TOMOYHBIMU Tra3aMH C HEOOJBIIMMHU CKOPOCTAMH B
ra3zoxoe;

-ONTUMU3UPOBAHHBIE TUJPABIMYECKUE CXEMbl LHUPKYJISUUU BOJBI IS
TBEPJOTOIUIMBHBIX KOTJI0B Masiol MomHocTu KCBp;

-pe3yabTaThl MPOMBIIUICHHBIX  TEIUIOTEXHUYECKUX MCHBITAHUM  HOBBIX
oOpasuoB Bojaorpeirnbix kKomioB KCBp na [ly6GapkoabCKoM yriie MpH CKUTAHUH
TOIIMBA B TOHKOM cJioe 10 70 MM;

-KOHCTpYKTOpCKas, TexHuueckass u HopMatuBHas (CTII mpoekT cranmapta
NPEANPUATHS) JOKYMEHTAlUs K HOBBIM yTOJIbHBIM BoAorpeinsiM koTiiam KCBp ¢
BBICOKUMHU TEXHUKO-3KOHOMHUYECKMMHU nokazarensiMu 1no KIIJl m cHukeHHbIMU
BbIOpocamu CO; U IpyTUX BPEAHBIX I'a30B.

Mo pe3ysibTaTaM BbINOJIHEHHbIX pa60T U npoBeneHHbIX
MCCﬂeAOBaHHﬁ, Ha 3alumTy BbIHOCATCHA cneaywouwiume
noyio>xeHusd:

- OKCIIEpUMEHTAJIbHAsE U TeOopeThyecKas pa3paboTka ONTUMHU3UPOBAHHOM
reOMETPUH KaHaJIa 3a3KPAHHOI0 ra3zaxoja OrpaHMYE€HHOIO C OJIHON CTOPOHBI LIEJTb-
HOCBapHOW TpyOHOH MaHENbIO U C MPOTUBOMNOJI0KHONW CTOPOHBI TEIJION30JIMPOBAH -
HbIM TEIUIOBBIM H3JIy4yaTelleM MEXIy KOTOPbIMH pPacloJliaratoTcs MOMNEepeyYHbIe
TpyObl CMEIICHHbIE OTHOCHUTEIBHO TPYO ILIEIbHOCBAPHON MaHENIW Ha IOJIOBUHY
1iara ¢ rnonepevyHbIM O0TEKaHUEM TPYO rOpsiMUM BO3IYXOM WM MPOJYKTAMU CIO-
paHusi C MUHUMAJIbHBIMU 3HAYEHUSIMU CKOPOCTHU MOTOKA;

- YTOUHEHHbIE (OPMYJIbI /JII HHXKEHEPHBIX pacyeToB IpU OMNpeeTICHUU
kod(duinerTa conpoTuBiaeHus & u ko3¢ dumnuenta Teriootaadn o (Nu) B KaHase
3a3KpaHHOTO ra3oXxoja C MONEPEeYHbIM OOTEKAHUEM LI€JIbHOCBAPHBIX TPYOHBIX Ia-
HeJel ¢ MonepeyHbIMU TPyOaMH U TEIJIOBBIMU M3JIy4aTeIsIMU NPHU BBITOJHEHUU
TEIJIOBBIX PACYETOB YTOJIBHBIX KOTJIOB C C)KUTAHHEM B TOHKOM CJIOE;

- CPaBHMUTEJIbHAsA OLICHKA 3KCIIEPUMEHTAIbHBIX PE3YyJbTaTOB IO THUIPOJH-
HaMUKE M TEIJIOOOMEHY B KaHajle 3a3KpaHHOI'0 ra30Xxoja C JIPYTMMU HU3BECTHBIMU
paboTaMu JJI1 IPUMEHEHUS MOJTYYEHHBIX pacyeTHBIX (opMys Mo Ko3(PUIHMEHTY
conpoTuByieHus & U 1o koddduuuenty temnooraaund o (Nu) B BOJIOIpEHHBIX KOT-
JIax MaJIOM MOIIHOCTH;

- MOAEPHU3HPOBAHHASA KOHCTPYKUHs BogorperHoro koriaa KCBp ¢ kananom
3a9KpaHHOI0 ra3axojia 00pa30BaHHOIO LEIbHOCBAPHBIMU TPYOHBIMH IMAHEISIMU C
NONepeyHbIMU TPYyOaMu, ONTUMHU3UPOBAHHAS JJI YTOJBHBIX BOJIOTPEHHBIX KOTJIOB
MaJIOd TEIJIOBOM MOITHOCTH CO CJIIOEBBIMU TOIKAMU;

- pe3yabTaThl TEINIOTEXHUYECKUX UCTIBITaHUM BogorpeitHoro kotiia KCBp-0,4
C 3a’KpaHHBIM T'a30X0JI0OM C IONEPEYHBIM OOTEKaHHEM TPYOHBIX MaHenel u Tpyo
npu cxuranuu ly0apKoibCcKoro yrisi B TOHKOM CIIOE;
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- TEXHOJIOTUsl Cokuranusi KazaxcTaHCKHX yrjied B TOHKOM CJIO€ Ha KOJOCHH-
KOBOI1 pemieTke BoporpeitHoro kotia KCBp ¢ pydHbIM 00cTy’>KHUBaHUEM M CHUXKE-
HueM BbIOpocoB CO,, NOy mo 20-30 %. OtpaboTka u 00001IeHNE IKCIIEPUMECH-
TaJbHBIX JIOHHBIX MO CHUXEHHUIO BBIOPOCOB IMAPHUKOBBIX Ta30B M BpPEIHBIX Be-
1iecTB B atMocdepy npu cxkuranuu Ly6apkosbcKoro yrist B TOHKOM CIIO€.

OcHoBHBIE MaTepPHAJIbI PA00THI 00CYKACHbI U [10JI0KECHbI:

Pe3ynbratsl HAy4YHO-UCCIIEI0BATENBCKON NEeSATENbHOCTH ObLIH
onmyONHMKOBaHbl B 26 Hay4dHbIX TpyAaX, B TOM uwucie: 10 HayyHBIX CTaThix B
OTEUYECTBEHHBIX W3JaHMUAX M3 cnucka pekomeHaoBaHHbIXx KKCOH; 6 HaydyHBIX
JIOKJIAJIOB B COOpHUKAaX B MEXIyHApOIHBIX HAYYHO-TEXHUUYECKHX KOH(EepeHIHUsX,
B TOM YHCJI€ C OYHBIM BBICTYIUIEHHEM B HAyYHOU KOH(EpeHIUHU; 2 Hay4YHBIX
cTaTtel, MHIEKCUPYEeMbIX B 0a3e Scopus, B TOM uucie | opUrMHaibHas CTaThs
(Article) B xxypHae Smart Energy Journal Quartile: Q1 mo pasmeny «OOmas
JHEpreTuka». B KadecTBe coaBTOpa pe3yJbTaThl HAyYHO-HCCIIEI0BATEIbCKON
nestenbHOCTH ObUTM 3adukcupoBanbl B 7 Ilarentax PK nHa u3obperenue mo
TEMAaTUKE KOHCTPYKUIMM BomorperHbix komioB u | Ilatenre PK nHa mosesnyro
MOJIEJIb.

JINYHBIMM JOCTHKEHUSIMUA ABTOPA NPU PEIICHUH MPOOJIEM, MOCTABIEHHBIX
B JIUCCEPTALIMHU SIBIISIFOTCA:

- y4acTHMe B OJKCIEPUMEHTAJIbHBIX HCCJIEJIOBAHUSIX HA YCTAaHOBKE IO
UCCJIEIOBAHUIO A3POIMHAMMKY U TEIUIOOOMEHA B KaHallaX 3adKPaHHOTO Ta30X0/1a C
MOMepEeYHbIM O0TEKaHUEeM TPYOHBIX MaHeNel u Tpyo;

- yyacTH€ Ha BCE€X JTamax »3KCIIEPUMEHTOB Ha MOJEISIX U y4acTHE B
TEIJIOTEXHUYECKUX UCTBITAHUIX 1O cxuranuio LllybGapkonbckoro yrisi B TOHKOM
cioe Ha kotiiax KCBp-0,43;

- y4actue B cOOpKe MepBbIX 00pa3lioB BOAOTPEHHBIX KOTJIOB Ha yTIJie CEpuu
KCBp, ananusze u 00001IeHUN pe3yJabTaToB paboThl, B pa3paboOTKE HOBBIX
TUIPABIMYECKUX CXEM JIBUYKEHHUS BOJBI B KOTIIE;

-y4aCTHE€ B COCTABJIICHMM pa3/IeJIOB MHCTPYKLMH IO SKCILTyaTallMd HOBBIX
BOJOTPENHBIX KOTJIOB MPU pabOTE HA YIJI€ C TOHKUM CJIOEM.

HuccepranimonHass paboTa BBIOJIHEHA AaBTOPOM B  COOTBETCTBUU C
JNEUCTBYIOUIUMHU TPeOOBaHUAMH 1O O(POPMIIEHUIO, CTPYKTYpE U COJEPKAHMIO.
PaboTta cocToMT M3 5 OCHOBHBIX pa3/eNioB, CIUCKa YCJIOBHBIX OOO3HAYEHUH,
BBEJICHUS, 3aKJIFOUCHHS], CIUCKA UCIIOJIb30BAHHOM JINTEPATYPhI U MPUITOKEHU.

B nepBom pasgene mnpexacraBieH 0030p BONPOCOB IO HHTEHCHU(PUKAIMU
TeriooOMeHa B KaHajaX 3a’3KpaHHOrO ra3oxoja MPUMEHHUTEIbHO K BOJOTPEUHBIM
KOTJIaM MaJIoil MOIIHOCTH Ha yrie. [lan 0030p auTepaTyphl MO CYIIECTBYIOIIUM
TEXHOJIOTUSIM W onucaHue. IIpeacTaBieHO TEOpEeTUYECKOE IOATBEPKICHUE
TEIIoBOM 3(()EKTUBHOCTH KaHAJIOB MpPH BBIHYXJACHHOM JBIKEHUU Ta3oB, U
OLICHKA NMPUMEHEHUs1 KaHajla 3a HKPAaHHOIO ra3oxoja B KaueCTBE MOBEPXHOCTEU
Harpesa.

Bropoii pa3gen moOCBSIIEH ONUCAaHUIO CHEUUATU3UPOBAHHOTO CTEHIA I
UCCJEIOBAHMUS TEIUIOOOMEHa W TUAPOAMHAMUKA Ha HKCIEPUMEHTATbLHOM
BojiorpeitHoM kotiie KCBp-0,43 co cii0eBOil pelieTkol U KaHaloM 3a3KPaHHOTO
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razoxoga. OnucaHue OSKCHEPUMEHTAIBHOIO CTEHJIA Uil HCCIEAOBAHMM
TeMI000MeHa U THAPOIMHAMUKY B KaHaJe 3a SKpaHHOTO razoxoja. [IpeacraBieHs
OCHOBHBIE IMYHKThl METOJMKHU MPOBEJICHUS UCIBITAHUM, MOJYyYCHUSI pe3yJIbTaTOB,
OLICHKE MX JOCTOBEPHOCTH U MOCIEAYIOIIETO aHAINA3A.

Tpetuit pasaen CONEPKUAT aHAINA3 PE3YIbTATOB  AKCHEPUMEHTAIBHOIO
MCCJIEeI0BAHMS THAPOJAMHAMUKY M TEIJIO0OMEHA B KaHaJIe 33 3KPAHHOIO Ta30X0a.
[TokazaHbl pe3yabTaThl 3KCIEPUMEHTANBHBIX HCCIAEAOBAHUN MO KOA(POUIMEHTY
TUAPABIMYECKOIO CONPOTHUBIIEHUS HAa SKCIEPUMEHTAIBbHOW ycTaHOBKe. OlleHKa
TEIJI0BOM (P PEKTUBHOCTH KaHAJIa 32 SKPAHHOI'O Tra30Xo0/ia C MIACTUHAMH.

UYeTBepThlil  pa3gen  NPEACTaBISIET  pe3yJIbTaTbl  TEIJIOTEXHUYECKUX
ucnbeiTaHuid BoporpeitHoro kotria KCBp-0,43 ¢ kaHamoM 3a3KpaHHOIrO ra3oxoja
npu cxxuranuu [ly6apKynbCKOTo yIiisi ¢ TOHKUM CIIOEM.

[IaThIi pa3aen MOCBALIECH ONMCAHUIO KOHCTPYKIIMUN YTOJBHBIX BOJIOTPENHBIX
kotiioB KCBp ¢ KaHajmoMm 3a3KpaHHOIO ra3oxoja M KOJIOCHUKOBOW PEIIETKOM.
OnucaHue KOHCTPYKUMWA KOJIOCHUKOBBIX PELIETOK JJISl CKUTAHUS B TOHKOM CJIO€
CO CHWKE€HHbIMU BbiOpocamu CO; U Ipyrux TOKCUYHBIX KOMIIOHEHTOB.

3akiroueHue 00001IaeT NOJyYeHHbIE PE3yIbTaThl HCCIIEJOBAHUS U OCHOBHBIE
BBIBO/IbI IO IUCCEPTALMOHHON padoTe.
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1. COCTOSHME BOIIPOCA o NHTEHCUHOUKAINU
TEINIOOBMEHA B KAHAJIAX 3A3KPAHHOI'O T'A30XOJA
NPUMEHUTEJIBHO K BOJOIPEMHBIM KOTJAM MAJIOH
MOIIHOCTH HA YIIE

1.1 O630p paboT Mo WMHTEHCHU(UKAIMUA TEII000MEHAa U CONPOTHUBJICHUS B
KaHaJlax 3a SKPaHHOrO ra3oxojia C MONEpPEeYHbIM OOTEKaHHEM TPyO M BO3MOKHOE
MIPUMEHEHHUE.

AHanu3 U3BECTHBIX IKCIIEPUMEHTAIBHBIX U TEOPETUUECKUX HCCIIEJOBAaHUHN TI0
TEIUIOOOMEHY B Pa3JIMYHBIX TEIUIOOOMEHHBIX ycTpoiictBax [12, 21-25] wu
KOHBEKTHBHBIX YaCTSIX KOTEJIbHBIX YCTaHOBOK MajiOoll TEIJIOBOM MOIIHOCTH
MO3BOJISIET CJIeJaTh BBIBOJ O MPEUMYIIECTBE MHTCHCU(UKAIMKU TEIJI000MEHa MpHU
MOTIEPEYHOM OO0TEKaHUM TPYO M TPYOHBIX IETHHOCBAPHBIX MAaHENICH B TAKOTO TUIIA
ycTporictBax. Hampumep, B pabore [21] mnpeamosaranoch MOCTHYL YpPOBHS
TEIJIOOTAA4H MCTIONB3YS PAa3IMYHbIE BCTaBKU 0€3 yBEIMYCHHUS 3aTpaT dHEPTUU HA
NpOJBWKEHUE TemioHocuTend. llpu 3ToM B pabore HE mNpeaycMaTpuBaIUCh
KOHKPETHBIE PEKOMEHJAlMK TI0 BBIOOPY GOPMBI M pa3MepOB ONTUMAIBHOM
TEMJI000MEHHOI MOBEPXHOCTH.

Bonee moapoOHbIe KOJIMYECTBEHHBIE 3aKOHOMEPHOCTU JIBMKEHHUS TOTOKAa B
30HaxX MOTPAaHUYHOIO CJIOS €IIe HE JIOCTATOYHO HccienoBaHbl. M3 kiaccuueckux
paboT M3BECTHO, YTO HMMEHHO 3TH O00JIaCTU MU B OCHOBHOM BSI3KUU TOJCION C
JIMHEHHBIM 3aKOHOM M3MEHEHUSI CKOPOCTH MOTOKA CO3/]al0T OCHOBHOE TEPMHUUECKOE
COMpOTHUBJICHUE TepeAade Temia. [lo npuOMMKEHHONW OLIEHKE HW3BECTHBIX
uccienoBareneil B 9TOM 00JiacTU TpH TEYCHUM BO3JAyXa U BOABI B Tpyde
TEPMHUYECKOE CONPOTHUBJIEHHE BA3KOIO MOJCION IpH uuciax Peitnonsaca Re = 10
COCTAaBJIIET COOTBETCTBEHHO 32 % u 74 % OT MOJIHOrO CONPOTHUBIICHUS NEpenaye
TeIIa.

OueHka TepMHUYECKOTO COMPOTUBIIEHUS BSI3KOTO MOACIOS JUIsl TOTOKA BO3lyXa
y Jpyrux aBTOpOB cocTaBiiger 25 %, a B NOTOKE TPaHCPOPMATOPHOrO Macia
KoJiebeTcst B nuama3one ot 55 % o 90 % [26, 27].

IIpy BO3meWcTBMM €aMOro NOTOKA HAa  IOIPAHUYHBIA  CJIOM WA
BCEBO3MOKHBIMU TUTIAMH TYpOYJIM3aTOPOB TEIUIOOTAa4ya PE3KO yBEIUYUBACTCS B
MecTax MPUCOEIMHEHUS TTOTOKA K CTEHKE IMOCJI€ €ro OTPhIBA, KaK 3TO HAOII0JaeTCs
IpU TMONEPEeYHOM OOTEeKaHWM TPyO WJIM Ha HOBOM HAuUaJbHOM YYacTKE M JTame
dbopMHUpOBaHUS TOTPAHUYHOTO CJI0S (PUCYHOK 1).

B pabGore [22] omucanbl mopsaka 200 paGoT ¢ HOBBIMHU TOBEPXHOCTSMU
HarpeBa IJie MOKa3aHo, YTO MPU AKCILUIyaTallM TaKUX MOBEPXHOCTEW OCOOEHHO B
3albUICHHOM TIOTOKE B KAaueCTBE KOHBEKTHUBHBIX IIOBEPXHOCTEHM Harpena
MPUMEHUTENIBHO K BOJOTPEHMHBIM KOTJIaM OKa3zaluch HEAIDPEKTUBHBIMU U
OecroJe3HbIMU.
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Pucynok 1 - BiussHue oTpbIBa MOrpaHUYHOTO CJI0Sl HAa KO3 (HUIIMEHT
TEIUIOOTAAYX 10 U ITOCIIE MPSAMOYTOIBHOIO YCTyIla Ha CTEHKE.

AHanu3 COBPEMEHHBIX HANpaBIICHUW Ppa3BUTUS KOTEIbHON TEXHHMKU MaJou
MOIIIHOCTH, COBPEMEHHBIX  CIIOCOOOB  WHTEHCHU(UKAIMK  TemiooOMEeHa B
BOJIOTPEHUHBIX KOTJIAX Majol MOITHOCTH, aHAJU3 TMOCIEIHUX MyOJIuKaIuid M
uH(OpMAIIMU TIPO BOJOTPEMHBIX KOTJIOB MaJIOl MOIIHOCTH TO3BOJIUI CHENaTh
BBIBOJI, YTO COBPEMEHHAasl KOTEJIbHAs TEXHUKA MaJlOM M CPEOHEHW TEeIIOBOMN
MOITHOCTH Pa3BUBACTCS B CIEAYIOIINX HANPABICHUSX:

- TOBBITIICHUE YHEPreTHUECKOr d(HPEKTUBHOCTH MyTEM CHIDKCHHS TETLTOBBIX
MOTEPh W HauboJee TMOJHOTO HCMOJb30BAaHUS JHEPreTUUECKOTO MOTEHINaNa
TOIJIUBA;

- YMEHbIIIEHHE TabapuTOB KOTEIBHOTO arperara 3a CYeT WHTEHCH(HUKAIUU
MpoIlecca CKUTAHUS TOIUINBA;

- UHTeHcU(UKaIMsA TErI000MEeHa B TOIMOYHOW KaMmMepe M Ha MOBEPXHOCTSIX
HarpeBa;

- CHW)KEHHE 3arps3HsIomux arMocdepy razoodpasnbsix Beiopocos (CO, NO,
SOy);

- TIOBBITIICHUE HA/IC)KHOCTU pabOTHI KOTJIA.

WNurencudukanuioo TemwiooOMeHa B 3JEMEHTaX KOTJIa MOXHO TPOBOAUTH
JBYMS MyTSMU: YCTAHOBJIEHWEM HHTCHCHU(UKATOPOB TEIIOOOMEHA B TOIKE WJIU B
KOHBEKTUBHOM razoxone [12, 22, 23, 26]. Kak ormedeHo B pabote [28], mepBsiii
croco0 OLIyTUMO BIUSAET KaK Ha TEMJIOTEXHUYECKHE, TaK M Ha SKOJOTHMYECKHE
pesyabtathl (KIIJ[ Bo3pactaet, BeiOpockl CO, NOX ymMeHbIIaoTCs).

CnocoObl  MHTEHCH(UKAIMK TeII00OMEHAa B KOHBEKTHMBHBIX JJEMEHTaX
BOJIOTPEUHBIX KOTJIOB OTJIHWYAIOTCS OOJBIIMM MHOTrooOpa3sueM: IPUMEHEHHE
nepOpupPOBaHHBIX MOBEPXHOCTEH, MHOTOCJIIOWHBIX KOHBEKTHUBHBIX MOBEPXHOCTEMH,
opeOpeHus, a TaKXKe BCTAaBOK pa3inuyHON KoHpurypauuu [28-32].

B Tomky, kak mpaBWiiO, YCTaHABJIMBAIOT BTOPUYHBIE H3Iy4aTeld, KOTOpHIE
CIIOCOOCTBYIOT JIydllleMy TeIJI0O0OMEHYy B TOINKE, a OTClIoAa — YJIydllleHue
DKOJIOTHYECKUX  TOKazaTelel. YBenuueHue IPGEKTUBHOCTH  TEIJIOOTAAYU
MPOIYKTOB CTOpPaHUS K TOBEPXHOCTH HArpeBa MNPUBOAUT K HHTEHCU(PUKAIIUN
mporieccoB  TemtooomMena B kommax  [33-35]. Ilpm  BeIOOpe  cmocoba
MHTCHCU(UKAIMA TEIUIOOTAQUM CJIEAyeT YYUThIBaTh TO, YTO B OOJBIIMHCTBE
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CllydaeB OHa CBsi3aHa C POCTOM 3aTpaT »dSHEPrMM Ha MPEOJI0JICHUE
a’pOIMHAMUYECKUX COMPOTHBIICHUH.

NuTencudukaiys KOHBEKTUBHON COCTAaBISIONMICH TEIUIOOOMEHa MPOUCXOIUT,
B OCHOBHOM, B CBSI3M C a’pOJAMHAMUYECKUM BO3JCWCTBHEM Ha Ta3OBbIi MOTOK, B
X0JIe¢ KOTOPOTO HMCKYCCTBEHHasl TypOynu3amusi MOTPAaHUYHOTO CJIOS BIHUSET HA
YMEHBIIIEHWE €Tr0 TOJIIUHBI WK paspymieHrne. OCyIecTBIeHUE NTaHHBIX METOIOB
Ha TMPaKTUKE CBSA3aHO C MPUMEHEHHUEM pa3IUYHBIX (OPM YCTPOWCTB, a UMEHHO
CO3/IaIONINX BHHTOBBIC, 3aKPYUCHHBIC WU MyJIbCAllMOHHBIC TeueHus. Ha mpakTuke
BBISIBJICHO, YTO MEPEUYUCICHHbIE METOJbI BEIyT K U3MEHEHUIO KOHCTPYKIIMU KOTJIA,
KOTOpbIE BIIEKYT 3a COOOW YBEJIMYEHHE Aa’dpPOJAMHAMHYECKOTO COMPOTUBICHUS
arperara

B KOHBEKTHBHBIX MOBEPXHOCTSAX MaJIbIX BOAOTPYOHBIX KOTJIOB B KauecTBE
IPOMEXYTOUHBIX H3JTydaTesned Haubojiee paldOHAIBHO HCIOIb30BaTh TOHKHE
CTaJIbHBIX IJIACTUHBI WIH NEep(HOPUPOBAHHBIE JIUCTHI, CBOOOTHO pa3MEIICHHBIEC B
MEXTpYOHOM mpocTpaHcTBe [28, 32, 35].

OcHOBHBIM TOKa3aresnieM 3(P¢GeKTUBHOCTH paboThl KoTia sBasercs ero KII/,
KOTOPBI 3aBUCUT OT MHOTHX (akTopoB. HemoctaTkoM MHOTHUX HAXOSIIUXCS B
OKCIUTyaTalli BOAOTPEHHBIX M TAPOBBIX KOTIIOB SIBISETCA Manod(peKTuBHAs
TEIUIOOT/Ia4a B TONKE M OOYCIOBJICHHBIE STUM BBICOKAs TEMIIEPATypa yXOMSIINX
razoB (10 200 -250°C) u wuzkuit KIIJ. [Ins pemenus 3Toil mpoodieMbl MIUPOKOE
pa3BUTHE MOTYT MOJYYUTh METOAbl MHTEHCU(PUKAIMHU TOIMOYHOTO TEII00OMEHa
nyTéM M3MEHEHHS] T€OMETPUHM TOMOYHOTO MPOCTPAHCTBA C YYETOM IMPOIECCOB
a’pOJIMHAMUKH, PpaCIpe/ielIeHUs] TEMIEpaTypHbIX TI'PaJUEHTOB, CKOpPOCTEH U
MOJTHOTHI MPOTEKaHUs XUMHUYECKHX peakuud. OAHMM U3 MyTe MOBBIIICHUS
3¢ (HEKTUBHOCTH UCTOIb30BaHUS TOIUIMBA B KOTJIaX, U COOTBETCTBEHHO MOBBIIICHUS
ux KIIJ[ n ymenbmenus ra3zoBeix BeIOpocoB B atMocdepy (Bkmtodas CO,, NOy, u
ap.), SIBJSIETCSI MHTCHCU(PHUKAIUS TEIUI0O0OMEHa M COOTBETCTBEHHO TEILJIOOTAAYH B
tornouHou kamepe [10, 13, 33, 35, 36].

JIo HacTOSIIEro BpPEMEHU CYMIECTBYET YCTOWYMBOE MHEHHE JIOCTATOYHO
OONBIIOTO KOJMUYECTBAa HCCIEJOBATENe, YTO B CaMON MPUPOAEC KOMIMAKTHBIX
TEIUI00OOMEHHBIX MOBEPXHOCTEH 3aJI0)KEHBI CBOMCTBA, 00ECIIEUNBAIOIINE BHICOKYIO
2 (HEeKTUBHOCTh TEIJIOOTAAaYd, HE CMOTpS Ha YBEJIMYCHHE 3aTpaT DHEPruH Ha
MPOJIBIKEHHUE TOTOKA TEIJIOHOCUTENSI 32 CYET YMEHBIIEHHUS THUAPABINYECKOrO
nuameTpa. OO0OCHOBBIBAETCS TeM, 4TO KOA(POUIIMEHT TEIJIO0TIAaYH YBEIUNYUBACTCA
IPONOPLUUOHAILHO YMEHBILIEHUIO SKBUBAJIEHTHOIO JHAMETpa KaHajla KOMIIAKTHOTO
TEMJI000MEHHUKA. B KOMITAKTHBIX TEIJIO0OOMEHHUKAaX C TUIABHUKOBBIMHU TpyOaMu
UCIOJIB3YIOTCSL Pa3Hble METOJUKU MO MHTEHCHU(UKALUU TEIIOOOMEHa TaKHe Kak:
JICHTOYHBIE pedpa MOAO00HBIC XKamro3u, NepPopUpoBaHHBIE U TO(OPUPOBAHHBIC
pebpa [28, 29]. B ucciaenoBaHUM aBTOpaMU YTBEP)KIAE€TCS, YTO KOIPPUIMECHT
TEIUIOOTIaYM MOXKET YBEIMYMBATHCS B Pa3bl MO CPABHEHHIO C TJIAAKUMU MPSIMBIMH
TpyOamMu, TIpH OSTOM CYIIECTBEHHO YBEIMYHMBACTCA U  THIPABIMYECKOE
COIIPOTHBIICHUE.
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bonpmoe KoAMYECTBO WCCIENOBAHMA IO TEIJIOOTAA4Ye MPOBOAUIOCH C
BUTHIMHU, TOQPUPOBAHHBIMU, CIUPAIBHBIMUA TPyOaMu U TpyOamu CO CIUPATHHBIM
pudnaeHueM (pUCyHOK 2).
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PucyHnox 2 - TpyObI ¢ pa3inyHble BCTABKaMHM, BHICTYIIaMH, TUIIAMH KOH(Y30p-

muddy3op u npoyue.
rae TII1, TII2 — ¢ BUTO# JEHTOYHOM U CIUPATIbHON MPOBOJIOYHOW BCTaBKaMU

Bricokoe TexHWYECKOe KAa4eCTBO WHTEHCHU(DHUIIMPOBAHHOTO TETMIOOOMEHHOIO
o0OpyZIOBaHUSl  yJydlllaeT oOOIMe XapaKTePUCTUKH DHEPrOTEXHOJIOTUYECKUX
ycTaHOBOK. (O030p METOJIOB MHTEHCH(HUKAIIMK TEIIOOOMEHA IOKa3all, 4TO Ha
CETOHS CYIIECTBYET Macca CIOCOOOB yBEIMYCHUS KOIPPHUIIMEHTA TEIIOOTAAYN.
Jlensrcst Bce 3T crmocoObl Ha aKTUBHBIE U TTACCUBHBIE.

[Tonq aKTHBHBIMM METOJAMU WHTCHCHU(HUKANNK TMOHUMACTCS BO3JICHCTBUC
HEIMOCPEICTBEHHO Ha TOTOK pabouel cpeapl (3aBUXpEHUE, MYJbCAIUHA JABJICHUS;
BJIlyB WJIH OTCOC paboyel cpelbl uepe3 MOPUCTYI0 MOBEPXHOCTh U T.m.) [35, 37].
[TaccuBHBIE METOIBI HAOOOPOT XapaKTEPU3YIOT BO3JCHCTBHE Ha CaMy IMOBEPXHOCTh
termaoooMeHa. OCHOBHBIM CITOCOOOM IMTAaCCHMBHOTO METOJa CUUTACTCS TPUMCHCHHE
UHTCHCH(PHUKATOPOB. AHANM3 KOHCTPYKIMWA OTOMHUTENBHBIX KOTJIOB Majou
MOIIHOCTH W CYIIECTBYIOMIMX CIMOCOOOB MHTEHCHU(HUKAIMU TEIUIOOOMEHA B HUX
MOKa3aJl, YTO BO3MOXKHOCTH COBEPIICHCTBOBAHHUS ATHUX KOTJIOB HE HCUYEPIaHbI
[38-41]. TloBbimenue 3hPEeKTUBHOCTH pabOTHI KOTIOB MOXKET OBITh JOCTHTHYTO
KaKk 3a CuYeT KOHBEKTHBHOM, TaK W 3a CYET JyYHUCTOM COCTABJISIFOIIETO
PE3YNBTUPYIONIETO Terionepenoca. MaTeHcupukanuio ternaoodMeHa B dJeMeHTaxX
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KOTJa MOXHO  TPOBOJUTH TYTEM: YCTAaHOBJICHHEM  HMHTEHCHU(PUKATOPOB
TEIMJI000MeHa B TOTIKE MJIH B )KapoTpyOHOM 3nemente [9, 37, 42-44].

A Takke K aKTUBHBIM METOJAM HWHTEHCU(PUKAIMU TEII000MEeHa NpH
BBIHYKJECHHOM TEYEHUU OTHOCUTCS 1IeJIbIH KOMIUIEKC pa3JIM4HOrO  BHJAA
BO3JICHCTBUIA HA CaM TEIJIOHOCUTENb U HEMOCPEICTBEHHO HA MOBEPXHOCTh HarpeBa,
OT MEXaHUYECKOTr0 BO3/ICUCTBUS B BUJE BUOpanuu camoii moBepxHoctu (10 200 %),
3BYKOBOTO WU YyibTpaduoseroBoro BozaeiictBus 10 30-40 % wu npyrue.
CrnenuanbHble METOJbI HAJOXKEHUS DJEKTPUUECKUX TIOJIeH U CreluaibHbIX
MOKPBITUA ~ HEMOCPEACTBEHHO  MOBEPXHOCTEM  HarpeBa,  yBEIMYMBAIOLIUX
KO3(PULIMEHT TEII00TIauH.

B paborax [37, 38, 42, 45-47, 51] npoananu3upoBaHbl HEKOTOPbIC HanboJee
IIMPOKO  HW3BECTHBIE M3  KOMOWHUPOBAHHBIX  METOJOB  HMHTEHCU(PUKAIUU
TEIJI000MEHa, KOTOPbIE MOTYT CYIIECTBEHHO YBEIMYUTH TEIUIOOOMEH TMpHU
MPOMBIILIEHHOM HCTOJIb30BAHUH.

CnenyeT NOMYEPKHYTb, YTO HEOOXOJIMMBIC ISl BBIIIE MEPEYUCICHHBIX
METOJIOB MPHUCIIOCOOJICHUSI U YCTAHOBKU HE BCEr/la COBMECTUMBI C OOJIBITMHCTBOM
BOJIOTPEUHBIX KOTJIOB C XOJOJHBIMU CTEHKaMH MPU padOTe Ha TBEPJAOM TOILIUBE C
oTioxeHusmu [48-50].

Orta mnpobnema OCOOCHHO aKkTyaJdbHa B HACTOsIIEe BpeMs, Korja
MCIIOJIb30BaHNE HOBOW MOBEPXHOCTH HArpeBa HE JaeT MPEUMYIIECTB 10 CTOUMOCTH
M 10 TermoBod APGEKTUBHOCTH TPU CPaBHEHMH C  KIACCUYECKUMU
TEMJIO00OMEHHBIMU TOBEPXHOCTAMH MPUMEHUTEIBLHO K YTOJBHBIM BOJOTPEHHBIM
KOTJIaM | 3albUICHHBIMU TTOTOKAMH.

HauGornee mmpoko nmpuMeHsieMble B TEIUIODHEPTETUKE METOJbI MOMEPEYHOrO
oOTekaHusi TPYOHBIX TMOBEPXHOCTEH HarpeBa, TaKUX KaK KOHBEKTUBHBIC IMaKEThI
TpyO C IIaXMaTHBIM pAaCIOJOKEHUEM B KOHCTPYKIMSIX MaporneperpeBaTeiei,
BOJSHBIX DKOHOMAM3epOB M TPyOUATHIX BO3IYyXOIMOAOTPEBATENICH TOCTATOYHO
() PEKTUBHBI C TOUKHU 3PEHUSI BLICOKUX 3HAUYCHUI KO3 PUIIMEeHTA TeTIO0TAauH.

N3BecTHO, 4TO THUApOAMHAMHUYECKAs KAapTUHA IMOMEPEYHOTO OOTEeKaHUS
KpYIJIOTO IWJIMHApPA CJIOXKHAsE U MEHSIETCSI Ha €€ MOBEPXHOCTH HU3-3a Pa3IUYHBIX
pexuMoB o0TekaHus. Kak 0ObIYHO B MOTPAaHUYHOM CJIOE€ JIOOOBOM YacTH IUIMHApPA
TEUEHUE JIAMUHAPHOE, TMEPEXO/IAllee MPU OINPECICHHBIX BHEIIHUX YCJIOBUAX B
TypOynenTHoe. B  1000Boi o6Omact TpyOBl TEIJIOOTHAaYa OMpPEAeNIsIeTCs
MPUOIMKEHHBIMU U TOYHBIMH aHATUTHYECKUMU MeTojiaMH [29, 52-54]. Pe3ynbTaTh
pElICHHs] TOKAa3bIBAIOT, YTO MPU TMOCTOSHHOM IIOTOKE TEIUIOOTAada MPOTEKaeT
0oJiee MHTEHCUBHO.

[Ipu HEOOMBITUX 3HAYEHUSX CKOPOCTH M YUCIa Re OTphIB MOTpaHUYHOTO CIIOS
MIPOUCXOIUT 00JIee «TO03AHO» B THUTLHOM CTOPOHE mpH yraax o = 125° + 150°.

IIpn OonblIX CKOpPOCTSAX 0OTekaHus TpyObl (OompmMx Re) B ThUIBHOM
CTOpOHE TPYObI 00pa3yeTcs «paHHEE» BUXPEBOE OTPHIBHOE TEUEHUE MPU yIIIaX o =
82° + 90° Takoii xapakTep oOTeKkaHUs HaOJIOAACTCA [JI0 HACTYIUICHUS
KPUTUYECKOTO pexkuma npu Re = 2x10*. McciaemnoBanus MOKA3bIBAKOT, YTO JaXKe
HeOoJIbIIas CTeTeHb TYPOYJIEHTHOCTU BBI3BIBAET B OTJEIBHBIX 30HaX U B OCHOBHOM
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B JIOOOBOM YacTu TPyOs! (IMJIMH/IpA) YBETUYCHHE TEII00TAaun Oosee yeM Ha 30 —
50 % [21].

VBeJMueHne CKOPOCTH MOTOKa Tpu Re = 5x10° mpUBOAMT K YBETMYECHHIO
TEIJIOOTAAYd B KOPMOBOW TBHUIBHOM dYacTH TPYyObl W MOXKET 3HAYUTEIHHO
MpEBBIIIATh TEIUIOOTAa4y B JI0OOBOM ee wyacth. Ha mpakTuke B pas3iMyHBIX
TEIUIOOOMEHHBIX ammapaTax TpyObl yCTaHaBIMBAIOTCA B TIOTOK, OTPAaHUYEHHBIN
CTEHKaMH KaHAJIOB. DTO MPUBOAMUT K 3arPOMOXKACHUIO KaHAJIOB, CTEIIEHb KOTOPOTO
BBIPA)KAETCS OTHOILIEHUEM JIMaMeTpa TpyObl K BBICOTE KaHaa.

3arpoMoXeHIe KaHajga U3MEHSAET pacipe/esieHue AaBJeHHs, pacipeiesieHre
CKOPOCTHU 3HAYUTEIHHO U3MEHSIET XapaKTep paclpeieIeHUs MECTHOU TEIUIO0TAaun
¥ MaKCUMYM CMEIIAaeTCs U3 J000BOM TOUKU TPYObI B CTOPOHY TOYKH OTPBIBA JI0 O =
50°. DTO OOBSCHSETCS BIUSHUEM CHJIBHOTO T'PaJIMCHTa JABICHUS U YCKOPEHUS
MOTOKAa, KOTOPHIE MPHUBOAST K YMEHBIIEHHIO TOJIIWHBI TMOTPAHUYHOTO CJIOS U
YBEIIMUYEHHUIO Teriootaauu [54, 55].

HccnenoBanus mokaszaiu, YTO YBEIHWYECHHE MPOAOJIBHOIO Imara G, = S)/d B
IaXMaTHBIX ~ Iydkax (makerax) TpyO  yBEIMYMBAET  a3pOJAUHAMHYECKOE
CONPOTUBJIEHUE U OOBICHSAETCA TEM, YTO YBEJIMYMBAETCA MEXTPYyOHOE
MPOCTPAHCTBO M COOTBETCTBEHHO OOJACTh C KPYMHBIMH BHXPSAMH, Ha KOTOPBIC H
3aTpayMBaAETCS YaCTh YHEPTUU MOTOKA.

[Ipu 6ob1IOM MTONIEPEYHOM I11are ¢; = s;/d > 2 TeyeHue B MIaXMaTHBIX MMaKeTax
Oyner Onmmxe K OOTEKaHMIO KOPUIIOPHBIX IMy4YKOB TpyO. B TeCcHBIX MIaxmaTHBIX
nakerax Tpyo ¢ o1 < 1,7 3HauMTENBHO COKpalaeTcss 30Ha IMepexoja K
aBTOMOJICTTLHOMY XapakTepy COMPOTUBICHUS. DKCIEPUMEHTAJIbHBIE JaHHbBIE IS
TECHBIX IIIAXMAaTHBIX MAKEeTOB TPyO 0000IIaIuCh 1Mo Haberaromein CKOpoCTH MOTOKa
[54] m Takoe o000OIIEHHE TOYHEE OTpakajo CYIIECTBO Mpoliecca, Korma C
YMEHBIIIEHUEM TIOTEpEeYHOro mara o; gucio Jimepa Eu (adpommnammyeckoe
compoTuBieHne)  yBenmmuuBamoch  [53].  Ilo  pe3ympraram  000OmIeHUH
DKCIIEPUMEHTATBHBIX JaHHBIX, TOJYYCHHBIX B TEPEUHUCICHHBIX paboTax s
MOTOKOB Pa3HBIX JKUIKOCTEH, OBUTM COCTaBJICHBI HOMOTPAMMBI ISl IIaXMaTHBIX
MAaKeTOB W MPUHUMAJIOCH pa3MElleHHe TpyO IO BepLIMHAM PaBHOCTOPOHHETO
TpeyroyibHUKa. {7151 makeToB TpyO ¢ HEOOJBUIMM YKUCIOM PSAIOB TPYyO 00s13aTENBHO
YUYHUTHIBAJIOCh U3MEHEHHE TIepernaia IaBJIeHUs 1JIs HECKOJIbKHUX MEPBbIX PsIIOB TPyO
B pacueTe Ha OJIMH Ps/I.

[Ipu HeGonpIIMX 3HAUEHHSX uyuciaa Re Temmoornaya TpyObl B MEPBOM STy
MakeTa TMPaKTHUYECKH COBMAAAaeT C TEIJIOOTJAa4e OJWHOYHOTO UWJIMHApA U
TeIJI00TAauel TpyObl B TIIyOMHHOM psiy. YBenuueHue uucia Re yBemnumBaercs
TypOyJICHTHOCTh TIOTOKa B MEXKTPYOHOM TMPOCTPAHCTBE H YBEIWYUBACTCSA
TeIJI00TAa4a TPYObl B TIIyOMHHOM DSy TIO CPABHEHHIO C TEIUIOOT/IAa4yeii B TIEPBOM
psanay. T.e. mepBbie psibl TPyO BBIMOMHSIOT (PYHKIIUU TypOyJIH3aTOPOB IMOTOKA B
maxMaTHbIX nakerax. [locie TpeTsero psaa TpyO TemooTaada cTabMIn3upyercs, a
MIPU YMEHBIIIEHUU MPOAOJBHOIO I1ara ¢, = s,/d TeriooTaaya TpyO B MOCIEAYIONTUX
psAaax yBEIUYMBAETCS, 3TOT (PAKT COIJIACYEeTCS C M3BECTHBIMU HCCIEIOBAHUSAMMU
TEIJIOOTAA4YU OJMHOYHOTO LWJIMHAPA, MOMEIIEHHOIO0 Ha Pa3HbIX PACCTOSHUSAX OT
peuetku [54, 56].
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WNHTepecHbl SKCIEPUMEHTANBHBIE PAa0OTHl MO KCCIEIOBAHUIO TEIJIOOTIAYH
[IaXMAaTHBIX TAKETOB TpyO pa3nmuuHoi KoHpurypamuu. B paborax [53, 57]
MOKa3aHO, YTO II0Ka3aTeslb CTENEHU MpHU 4Yuciie Re BbIpakaeT NpUPONY CBS3U
MEXIY YCIOBUSAMH OOTEKaHUS M TEIUIOOTAAuel, MOJPOOHO PACCMOTPEHHAs B
HacTosie pabore W KOTopas JJid BCEX IIaXMAaTHBIX [aKeToB TpyO B
paccMOTpeHHOM UHTepBae paBHa 0,6.

AHanu3 TpOBENEHHBIM B HAcTOALIEH pabdoTe MOKAa3bIBAET, YTO H3MEHEHUS
noctossHHOM mepenq uucioM Re (C) MOXHO yYUTBIBAaTH T'€OMETPUYECKUM
napamerpoM B crenienu 0,2 mpu a/b < 2, a npu a/b > 2 nocrosunas C = 0,4. B
[IaXMAaTHBIX TaKeTax TpyO C TakoWl TreoMeTpHeil pacroioKeHWs, HauMEHbIee
MIPOXOJHOE CEUECHHE HAaxXOAUTCS MO HAIMpaBICHUIO [MArOHAaJd M IO3TOMY
u3MeHeHus noctostHHoi nepen unciaoMm Re (C) cBsi3aHO ¢ U3MEHEHUSAMH YCIOBUN
obrekanus [51, 56]. OO6oOmeHHBIE (QOPMYIBI 10 TEIUIOOTAAYE TIOMEPEUHO
oOTekaemMoil TpyObl B TIyOMHHBIX psfaxX pPa3IMYHBIX IMIAXMATHBIX MAKETOB TPYO
PEKOMEHJIyeTCSl pacCUUTHIBAThH MO (opMyliaM 3aMMCTBOBAHHBIM U3 paboT [51, 55,
56, 58].

[IponomxurensHoe Bpems Ha kapeape TOY B HAO «AYIC umenu ['ymap0Oe-
ka /laykeeBa» mpOBOJMINCH TEOPETHUECKHE M SKCIEPUMEHTAIbHBIE HCCIIETOBAaHUS
Ha BOAOTPYOHBIX M razoTpyOHbIX KoTiax [59, 60-62], paborarommx Ha rase u
TBEPJIOM TOIUIMBE, KOTOpbIE€ TIO3BOJIMJIM pa3paboTaTh HOBBIE KOHCTPYKIIMH
BOJIOTPEUHBIX KOTJIOB [63-69], B ToM umnciie cepunt KCBp, paGoTaroiiieit Ha TBepAOM
TormBe. YacTh UCClen0BaHUN MPOBOAMIIACH B JIEMCTBYIOIIUX KOTEIbHBIX AJMa-
TUHCKOW U AKMOJIMHCKOM oOmacteit [62, 70, 71]. Pe3dynbrarbl pazpaboTok 00Cyxk-
JAIUCh W JIOKJIAJBIBAINCh HA MEXIYHAPOJIHBIX KOH(PEPEHIMSIX B BEIyIIUX
npoduibabix wHCTHTYTaX BTU (T. Mocksa), LIIKTU (r. Cankrt-IlerepOypr) u
YP®Y umenu nepsoro npesugeHta PO b.H. Enpnmna (r. Exatepunbypr) Poc-
curickou denepanuu.

BHenpenue NOJNYYEHHBIX PE3YyJbTaTOB HAy4YHOrO HMCCIEJOBaHUS OBLIO
IIPOBEICHO IMPU BBINOJHEHUH HAYYHO-UCCIEAOBATEIbCKUX padoOT C ydacTueM
aBTOpa B COCTaBe Hay4yHOU KomaHzAbl 1o mnpoekty ['d mo teme NeAP05133388:
«HccnenoBanue u pazpaboTka IMIMPOKOW JIMHEHKH MEPCHIEKTUBHBIX BOJOTPEHHBIX
KOTJIOB T€IIOBOM MOIHOCTHIO OT 0,63 MBT u g0 145 MBT Ha npupoaHOM rase,
KHUJAKOM U TBEPAOM TOIUIMBE JIJIsi COOCTBEHHOTO MPOMBIILIEHHOTO MPOU3BOJICTBA B
Kazaxcrane» no Jloroopy Ne247 ot 27.03.2018r. ¢ Komurerom nHayku MOH PK.
PesynbraTtel pabOT oOTpa)keHbl aKTaMH BHEAPEHHUS B  MPOU3BOIACTBEHHBIX
npeanpusituax TOO «TEMIP KPAH», TOO «Ka3skorinocepsuc» u TOO
«AzusOueprollpoekTMoHTaxx» ropony  AnMmarel. BHenpeHue — pe3yJsbTaToB
JMCCEPTAIMOHHON PaOOThI BBHIMOIHIOCH B TIOPSIKE B3aUMHOMN MIEPCKON MTOMOIIN
u Ha npeanpusatun TOO «BocTouHoe pyAoyIIpaBiIeHUE.

1.2 CymectByroniue BONPOChl CPAaBHEHUS TEIIIOBOM 3(P(EKTUBHOCTH KaHATIOB

IIPpHU BBIHYKACHHOM ABWMI)KCHHUHN I'a30B W OLCHKA IIPUMCHCHHA KaHalla 3a3KPaHHOI'O
razoxoaa B Ka4C€CTBEC KOHBEKTHUBHOM IMMOBEPXHOCTH
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Ouenka >()(EKTUBHOCTH MCIIOIL30BAHUS KaHAIa 3adKPAaHHOIO Ta30Xxoaa C
HOIEPEYHBIM OOTEKAHMEM LENLHOCBAPHBIX SKPAHOB M IMOIEPEYHBIX TPyO B
YCIOBUSX — TEIJIOOOMEHA IIPU  BBIHYXKICHHOM KOHBEKIUMHM IPOU3BOAUIACH
CPaBHEHHEM C TEXHMYECKHM TIaJKMMHU TPyOaMu IO METOAUKE, Pa3spaOOTaHHOU B
paborax [57, 58].

HccnenoBannas MoOJENb KaHajla 3a’KpaHHONO TIa30Xoja B HATypalbHYIO
BEIMYMHY CpPAaBHUBANACh M0 IIOKA3aTeNI0 TEIUIOBOM W TUAPABIMYECKON
s} dexTuBHOCTH, KOTOPHIA onpeaensgercs mo Gopmyie P, = (5°/1)°°. B stom ciyuae
GyHkUs oTKiuKa P, = P.i/P,, onpenensercs mo 3KCIEPUMEHTAILHO TOIYYEHHBIM
3aBMCHMOCTSM Ul TEIUIOOOMEHA MCCIEAyEMOr0 HOBOIO 1 - TOrO KaHala IIo
M3BECTHOM 3aBUCUMOCTH ((paKTOP TETIOOTAUH ):

joi = StxPr?? = C,xRe™.

W 3atem cpaBHUBaeTCs C HM3BECTHOW 3aBHCHUMOCTBIO JJIs TeIIoOOOMEHa B
Kpyrioit TpyOe mo ypaBHenumsM [luttyca-bontepa u  mns  koaddunmenrta
TUJIPABIMYECKOTO COPOTUBIIEHUS O 3aBUCUMOCTH biazuyca.

[ToaToMy 1o wu3BeCTHBIM (opMyjaM TEIJI000OMEHAa U TUAPABIMYECKOrO
CONMPOTHUBJIEHUS I MCCIEJOBAHHOIO KaHajla 3a3KpaHHOrO ras3oxoja U
COOTBETCTBYIOIIUM (popMysiaM JJis NMPSAMOM KpyIJIod TpyObl mojydaercs QyHKIus
oTkiuka P, B 3aBucuMocTu ot uucia PeliHonbaca.

Bnauvane onpenensercs ¢yuknus otkiuka P, = P,/P,, (oTHOocHTENbHBIM
abdexT MHTeHCH(UKAMK TEII000MEHa B HMCCJIEAyEeMOM KaHajie OTHOCUTEIHHO
psAMOU TpyObl) NIl pa3HBIX PEKUMAaX TEUCHHs B KaHaJe 3a9KPaHHOTO Ia30Xxo0ja U
JUIS  HEro0  yCTaHAaBJIMBAETCS  3aBUCUMOCTh  IOKazaTesdst  d(PQPeKTUBHOCTH
TeIIooOMeHa OT peXxuma TedeHHs] U OT (OpPMbI MONEPEYHOro CEUYEHHUs KaHajia U
OTHOCUTENBHBIX pasmepoB. Ime P, = (/f )* - mnoxkasarens 5>¢ddekra
WHTEHCU(UKAIIMK TEIIoOOMEHa KaHalla WM TEIUIOOOMEHHOW TMOBEPXHOCTH,
XapaKTEPU3YIOIUH TEIIO TUAPOAUHAMUYECKYIO d(P(PeKTUBHOCTD; j = StxPr’= C,
xRe" - ¢aktop temmoormaun. I'me St = Nu/RexPr - kpurepmit CraHTOHA.
HMccnenoBannas MOZENb KaHAIA HA PEANLHOM KOTIIE 1Mo mokaszaremro P, = (J*/f )%
CpPaBHUBAeTCi C MpsAMOM INIaAKoW TpyOOHM N0 TEmIo THAPOJAUHAMHYECKOMY
nokasareio Tpyosl P, = (J°/f )*° ¢ paBHBIM SKBUBAJIEHTHBIM AUAMETPOM. 3HAYEHHE
nokasarens 3@¢exkruBHocTH P, 118 HMCCIEAOBAHHOTO KaHaja 3a3KpaHHOIO
razoxojia B padore [29] ¢ pa3nu4HONW reoMeTpuei, BHIYMCICHHBIE IO U3BECTHBIM
TEIJIOBBIM U TUAPOJUHAMUYECKUM XapaKTEPUCTUKAM MPUBENECHBI U COTIACYIOTCS C
pabotamu [57, 58] B 3aBHUCUMOCTH OT unciia PeitHonbca.

B ykazanubpix paGoTax Juisi CpaBHEHMs TNPEICTaBICHBbI HKCIIEPUMEHTAIbHBIC
JaHHBIE JUIsl  TMOMEPEYHOro OO0TeKaHWsd IaxmaTHoro my4yka Tpyo [54].
OkcnepuMeHTanbHbie JanHble P, or Re (uucna PeliHonbjaca) mpenacTaBieHBl B
norapudmuyeckux koopauHaTtax. [lomydennslie B padote [29] skcrepuMeHTaIbHbIC
pEe3yIbTaThl MOKA3bIBAIOT, YTO JJI KAHAJIOB 3a3KPAHHOIO Ia30X0/ia C MPOAOJIbHBIMU
pebpamu o momersim Nel, No2 i No3 adh(heKTHBHOCTH TETUI00OMEHA MEHBIIIE, YEM B
npsiMOi Kpyriioi Tpyoe. s Mojeneil kaHanoB ¢ IpoAoabHBIMU pedpamu Ne 4, 5, 6
u 7 mokazarenb d(pdexktuBHocTU P, Oosbllie, yeM B MPsAMONM Kpyrjioi TpyoOe.
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CpaBHeHUE TpeACTaBICHO Ha Tpaduke, rae 3a oCh abCIHUCC MPUHUMACTCS YHCIIO
Re, 3a ock opauHAT puHATA 3(PPEKTUBHOCTH TEINIOOOMEHA B BUC 3aBUCUMOCTH P,
= (FP/H)*°. Ilpuuem 3a mokaszarenb >PpHEKTUBHOCTU TEIIOOOMEHA B NPAMOii TpyOe
IPHHATE 0003HaYeHus B Bujae Gopmyinl P,, = (J*/f)*. TeomeTpus Kiaccuueckoro
IaXMATHOTO MydykKa TPYO C OTHOCHUTENIbHBIMM MONEPEYHBIMU U MPOJOJIbHBIMU
miaraMM MpUHUMANACh cleAyolas: 6, = o, = 1,50 u B maxmaTHOM Iy4Kke ¢
OTHOCHUTEJIbHBIMU IIaramMu 1 = G, = 2,0 [54].

CpaBHEHHE MPOLECCOB TEIIOOOMEHA U THAPOJUHAMUKHU [0 OTHOCUTEIBHOMY
nokazarento P, B yCIoOBUSX TpeX TpPaJAMIIMOHHBIX 3aJlad TMOKa3bIBa€T, 4YTO
TEII0OOMEH B KaHajgaxX 3a SKpaHHOro razoxona 3¢dexkTuBHEee, 4yeM B TpyoOe
KpYTJIOTO CEUYEeHMsI BO BCEHl McclieoBaHHOM o0nactu uncen Re.

N3 pabor [29, 58, 72, 73] BumHO, 4uto ¢ yBenuueHuem uucia Re mo 31600
tersioBoit 3ddexr P, ymenbmaercs mo 0,006 u 0,007. C yBenuueHueM uucia
Pelinonbaca Re > 10* apdexr naTeHcupUKALINE TEMIOOOMEHA YMEHBIIAETCS, TaK
KaK yBEJIMYUBAIOTCS OTPHIBHBIE 30HHI.

WNnes opraHu3anuy OTPHIBHBIX TEUCHUH IIJIABHO OYEPUYCHHBIMHU BBICTYIIAMH
HEOOJIBIION BBICOTHI OIpaBaia ce0s B MPOJA0ILHOM KaHaje 3a9KPaHHOTO Ta30X0/a.
OnTtumarnbHasi BEJIMYMHA OTHOCUTEIIBHOTO PAaCCTOSHUS MEXIy BbicTynmamu t/hy =
12,5 maer P, = 1,8 yBenmuenwe kod(pduimeHTa TEMIOOTIAYU MO CPABHEHUIO C
psMOU TpyOOl M COBMAJaeT ¢ onTUMyMoM 1o padore [29]. Takoit ke pe3ynabTar
noJiydeH B pabore [72] mpu WCCIAEAOBAHWM TEIIOOTAAYH W THAPABINYECKOTO
COTPOTHUBJICHUS B KOJBIIEBBIX KaHajJaX C MPSMOYTOJBbHBIMA M TPEYTOJbHBIMU
BbICTynmamu. HauOonbinass HHTEHCU(pUKALMS TEmIooOMEHa B TaKUX KaHajgax
nocturanach npu otHomeHusx t/hy = 13,3 u t/d, = 3,3, rme t — mar BBICTYINOB
BBICOTOM hy ¥ HE 3aBUCUT OT ()OPMBI.

B kawectBe ympaBinsemoro (¢akTopa B HOBBIX KaHajdaxX BBICTYIIAET
OKBUBAJICHTHBIA JuamMeTp dyw. [lpu ompenenenun 3aBucuMoctd P, = f(dow)
ucrojb30Baack ¢popmyia uz padot [29,57,58]. Ilpu paBHBIX yCIOBUSX CpPaBHEHHS
C TIpSAMOM KpyrJion TpyOOM, 3HAaYEHUs TEIUIO THAPOJMHAMUYECKOTO ToKa3arens P,
JUISE PAaCCMOTPEHHBIX KaHAJIOB OOpaTHO MPOMOPIIMOHANBHBI JKBUBAJIEHTHOMY
nuametpy B crenenn 0,22 + 0,37 wm P, & doww @37, Py & dy 21D,

W3meHeHne 3KBUMBAJIIEHTHOTO JHMAaMETpa Ul KaHaja 3a’KpaHHOro ra3oxoja ¢
NpOAOJAbLHBIMU TPyOHBIMM TaHenssMu oT 0,015 mo 0,035 MM, npuBOAUT K
yMmenblieHuto P, ot 0,68 mo 0,49; mpu 3TOM Oo0Jiee CYIIECTBEHHO H3MEHSIETCS
OOBEMHBIN MOKa3aTelb TEIIO0OOMEHHUKA, BBIMOJIHEHHOTO M3 KaHajla TaKoro THUIIa
[57,58]:

P =0.56%d," (1)

Haubonee npenmodyrurenbHo U OOOCHOBAHHO MPUMEHEHHUE OOBEKTUBHOIO
CpPaBHEHHUSl TEIIOOOMEHHBIX TIMOBEPXHOCTEH IO IUIOWIAAM TerUIonepeaoen
nmoBepxHoCcTH (3amaya 1), tak kak npu Q = idem, N = idem, d, = d, 3TO
pPaBHO3HAYHO CpaBHEHUIO MO Kodhduimenty rtemtoornadn o (Nu), KOTOPBIA B
SBHOM BHJI€ TIOKa3biBaeT dJ(PGEeKT HHTEeHCU(PUKAUUKW TeriooOMeHa  Juis
UCCIIeyeMOro KaHaia.
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3aBUCUMOCTH OTHOIIEHWH uncina Hyccenbra K OTHOIMEHHIO KO3 (GUIIMEHTOB
COTIPOTHUBJICHUS TIPEACTABISIET COOOM MPOCTOE OTHOIIEHWE, KOTJa B YHUCIHUTEIE
noJnie3Hbiil 3pPext Nui/Nu,, KOTOpblii HEOOXOAMMO yBEIMYUBATH; B 3HaMEHATEIEe
3atpatbl & /o, KOTOpBIE HAJ0 yMeEHbIaTh. TakoW mMokazaTelb MOXET MpU
HE3HAUMTEIHLHOM TMPUPOCTE TEIUIOOOMEHAa M 3aTrpaTax JaTh OECKOHEYHO OOJBIION
addexr. Hmxke mnpuBeneHO cpaBHEHHE MOJCICH II0 METOJIHUKE OTpaXkKarolleH
(GU3UYECKYI0 CYIIHOCTh TMPOIECCa M Pearupyrolieid Ha W3MEHEHHE YIPaBIISIEMBIX
mapameTpoB IS pa3HbIX (HOPM KaHAJIOB.

B pabote [58] mpoBeaeHO cpaBHEHHE pa3IMYHBIX METOJOB MHTEHCU(UKAIIUU
TeriooOMeHa B TpyOax M KaHaiax. B kauectBe mnapamerpa 3(]QexkTuBHOCTH
XapaKTEePU3YIOIIEro MOBEPXHOCTh HArpeBa, YUUTHIBAIOIIETO TEIJIOCHEM U MOTEPU
Hamopa Ha TMPEOJOJIEHUE COINPOTUBICHUS B [58] mnpuHuMaiics napamerp M,

OTIPEICIIIEMBIN MO CIEAYIONEMY BBIPAKEHUIO:
Nu.

1

Nu

[

H=—7.
(éj (2)
5()

N3 dopmynsl cienyeTr, 4uTo aHaimorus Mo uuchny PeliHonbica HE MOXET
IPAaBWIBHO C TOYKH 3pEHUS TEIUIOBOM 3((PEKTUBHOCTH YUCIEHHO XapaKTEepU30BaTh
MIOBEPXHOCTh Harpesa.

Hanpumep, ycnoBue Nui/Nu, > Ei/E, s m1epoxoBaThIX TPyO MoTydaeTcs mpu
Nu; /Nu, = 1,3, 4 = 1,4. 3nauenus nmapamerpa 4 > 1,4 + 1,5 nonyyarorcs npu Takux
OTHOCHUTENBHBIX BeIMuMHaX BeICTYyNOB h/d,, korma Nui/Nu, < &/E,. UmeHHO Takue
3Hauenus h/d, npumensoTcs B TpyOax Ha npaktuke [34, 35].

VBenuuenue kpurepus Nu; oTHocutenbHO Nu, nmpu Re = 5000 cocrtaBuio
Nui/Nu, = 2,77, npu Re = 20000 Nu/Nu, =1,9. I'me B manHom ciydae Nu; -
o0oOuienre nmo Qopmysne 2 I8 MOJENM KaHajla 3adKpaHHOro Tra3oxoja ¢
NOMEPEUYHbIMU TPyOaMH M IulacTUHAMU nox yriom 45°, rae Nu, - Temioorjaya B
KpyTJI0# mpsMou Tpyoe.

[lo pe3ynpTaTam SKCIIEPUMEHTAIBHBIX JAHHBIX MO TEIUIOOOMEHY B MOJEIH
KaHajla  3adKpaHHoOro rasoxoxa [29] ObuM  ONpPENENCHBI  MOKA3aTesn
spexruBHOCTH P, B cooTBETCTBMM € MeTOMMKOW paboTel [57,58]. Ilokasarens
sbdextuBHOCTH P,, Tarkke Kak TemiooTAadya M KOG UIMEHT TUAPaBIAYECKOTO
CONPOTHUBJIEHUS, SBIACTCA I MCCIEIyEMOro KaHajla 3a’KpaHHOIO Tra30oxoja
(byHkuuen kpurepus PeliHonbca.

Hauyunas co ckopoctu mnortoka 2,5 m/c U 10 8 M/C COOTBETCTBYIOILLEH
kputeputo Peinosbaca Re < 11500 B kaHane 3a3KpaHHOTO ra30xo/ia ¢ IIIaCTHHAMA
HAKJIOHEHHBIMHU TI0J1 yriioM 45° B pabote [29] monydeH ompeneneHHbld pocT P,
TEIIO-TUAPABINYECKOrO 3 dexra. YBeIMUeHHe CKOPOCTH MOTOKa Oosiee 8 m/c u
kputepus Re 6onee, yem 15000 3nauenue P, (kpyTu3Ha najeHus1) CHUKEHUE TEILIO
TUIPABINYECKOTO 3P deKTa 3aMeTHEE, YEM JJIsl KJITACCUYECKOTO IIaXMaTHOTO My4yKa
TpyO ¢ maramu c; = &, = 1,26.
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YBenuueHnue ckopoctu notoka 6onee Re = 11500 aist uccnenoBaHHOro KaHaia
3a3KpaHHOTO Ta3zoxona nmaet yMmeHelienne P, mw mpu Re = 20000 Bce
HKCIIEpUMEHTAaJIbHBIE TOUKU P, mpubnmxkaroTcs K mokaszarento P, 1is mpo1oibpHOTo
MOTOKAa. DTO OOBSCHIETCS TEM, UYTO yBEIMYECHHE CKOPOCTH MOTOKa Oosiee 8 wm/c
(Re=15000) TpeOyeT 3HAYHUTENBHBIX JHEPTETHUYECCKUX 3aTpaT MPU IOMEPECIHOM
oOTekaHuu TPyO M THAPOIUHAMUYECKOE COMPOTHBICHUEC HAYNHACT MPEBATUPOBATH
W WUrpaTh CYLIECTBEHHYIO poib 4eM Ttemioornada. [lostomy addext
MHTeHCU(UKAIMU TEIIO0OMEHa B MCCJIEOBAaHHOM KaHajle ra30Xxojila MEHbIIE, IO
CPaBHEHUIO C TEIJIOOOMEHOM B IIIAXMATHOM IyYKE M OMpeaessseTcs mo Ghopmysiam
pabort [57,58].

CpaBHeHHE TPOLIECCOB TEIUIOOOMEHA W TUAPOJMHAMUKH 10 P, B ycroBusix
TpeX TPAJAWIMOHHBIX TEINIOTEXHWYECKUX 3a7ad IMOKA3bIBAET, YTO TEIUIOOOMEH B
MCCIIEIOBAHHOM KaHaJle 3a9KpaHHOTO ra3oxoja Mpu Malibix ckopocTsax (Re) 6iau3ok
K TEIUIOOOMEHY B IIaXMaTHOM ITy4Ke TPyO C OJWHAKOBBIMH OTHOCHTCIBHBIMU
maraMi. B CpaBHMBaeMBIX YCIIOBHUSX TEUCHHE B HCCICIOBAaHHOM KaHAJe
3a3KpaHHOT'O Ta30X0Ja C IONEPEYHbIM OOTEKAaHWEM OJHOTO IPOJIOJIBHOrO psijia
TpyO OTIMYaeTcss OT TE€YEHHUS B KJIACCHMUYECKHMX IIaXMAaTHBIX IMydKax C OOJIbIIUM
KOJIMYECTBOM TPYO B psiiaX U MPOUCXOAUT MPHU PA3HbIX YCIOBUSIX.

ConpskeHHbie yucia PeitHonbaca onpenensitores coriacHo padotam [57,58].
s 3amaun Nel TermooOMEHHBIE MOBEPXHOCTH CPAaBHUBAIOTCS IO MOBEPXHOCTU
Harpesa F, npu ¢puxcupoBansasix Q u N, a onpenensitores no [29,57,58,74]:

1

— n,—n+2

C C. d_z ni=n;+2 ”77’

Re[ ZK now oo 12 XRCII;' n;+2 . (3)
Cr Ci du

3anaya 2. Koraa TemnooOMeHHbIE TOBEPXHOCTH CPABHUBAIOTCS MO KOJIUYECTBY
nepenanHoro tera Q, npu QukcupoBaHHOW Mmomamu F u momuoct N 1o
[57,58]:

1

2 E 3+n,
Re, = ((Cj‘” X Z’z ] xRe™ . (4)

3anaua 3. Korjga TemiooOMeHHbIE OBEPXHOCTH CPaBHMBAIOTCA IO 3aTpaTaM
MOIIHOCTU N Ha MPOKAYKy TEIIOHOCUTENIA 110 KaHAJIaM U Iy4YKaM TpyO pa3iaudyHOro
npoduiis, npu pukcupoBaHHoU uionaau F u rema Q o padoram [29,57,58]:

—_— n,+1
Re, = Gl e (5)

t n

B ¢opmynax kpurepum Peiinonbiaca Re; m Ren, koapdunuenter C,, Cn u
MOKa3aTejld CTENEHU MN,, Ny OTHOCATCS K 0a30BOW IMOBEPXHOCTU CPABHEHUS K
psIMOM TpyO€e WM KJIACCUYECKOMY IIaXMaTHOMY Iy4Ky TpYO.
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CpaBHEHUE TEIUIOBBIX M THUAPOJMHAMUYECKUX XAPAKTEPUCTUK ISl PA3HBIX
KaHAJIOB, KJIACCUYECKUX IMIAXMATHBIX W MEMOpPAHHBIX IMAKETOB TPYO OTHOCHUTEIHHO
OpsIMON TEXHUUYECKU TJIaJKON TpyOBl MOKa3asio, 4TO Hanbosee BHICOKOE 3HAYCHHE
nokaszarenss P, umeeT kaHall 3a’KpaHHOTO Tra30Xoj/ia C HAKJIOHHBIMH IJIACTUHAMH
nepea Kaxaou cienyromein Tpyooil. 3nauenune P, O6musko k mokaszarento P, mis
IaXMaTHOTO Iydka TpyO, MPU PaBHBIX OTHOCUTENBHBIX IIarax TpyO B IIyyKe.
Ilokasatens P, 11 MeMOPAHHOTO IIAXMATHOTO MydYKa HIDKE M HAXOMHUTCS Ha
YPOBHE KaHAJIOB C BHYTPEHHUMH BBICTyIIaMU. ITO OOBSICHSAETCA TEM, YTO TECUCHHUE B
MeMOpaHHBIX MIAXMATHBIX MTyYKaX CJIEIyeT paccMaTpUBaTh KaK TEUYECHUE B TUIOCKHX
KPUBOJMHENHBIX KaHanaxX. [Ipy cpaBHeHMHM MOBEPXHOCTEH HarpeBa HEOOXOJIMMO
MMETh BBHILY, YTO IIOJIYYCHHBIC 3HAYCHHUS TOKa3aTeIel P, Ope/IeeHbl 0 aHHBIM
AKCIEPUMEHTAIIbHBIX MCCIEAOBAaHUN Pa3HBIX aBTOPOB W OMPEACISUIUCH 0€3 ydera
JQHHBIX M0 MOTPEIIHOCTSIM TEIJIOBBIX U THIPOIMHAMUYECKUX XaPaAKTEPUCTHK.

W3 kpaTKoro 0630pa JUTEPATYPhI CIEAYET BBIBOJL O TOM, YTO OTHOCHTEILHbIN
s ekt mHTeHCHUKAIUMU TermioooMeHa P, B HcClieIOBaHHBIX HOBBIX KaHajlax
OTHOCHUTEJIbHO aHAJIM3UPOBAHHBIX M3BECTHBIX paHEE KaHAJIOB, C YBEIMYCHUEM
Kputepusi PeliHOIbIca CTPEMUTCS K €IUHUIIE, a TTPU OOJIBIIUX 3HAYCHUSX KPUTEPUS
PeitHosb/ica CTAHOBUTCS PaBHBIM €IMHUIIE.

DT0 00BSICHSIETCS TEM, UTO B KOMIUIEKCE KpUTepHeB 1o [57, 58]

P =056xd"". (6)

CWIbl BSI3KOTO TYpOYJIEHTHOIO TPEHUSI U MECTHOTO THIAPABIMYECKOrO
COIPOTUBIICHUS KaXXJIOTO 3JIEMEHTa, IpHU OOJbIIMX 3HAUYeHHUs 4ucia PeitHonbiaca,
MIPEBBILIAIOT HAJ MOJE3HBIM TEIUIOBOCIPUATAEM WIM Teruiootaade. Ousznueckuit
CMBICJI KOMIUIEKCA KpUTEpUEB (6) 3aKI0YAETCA B TOM, YTO 3aTPaThl KHHETUYECKON
SHEPruH MOTOKA B UCCIEAOBAHHBIX KaHaJaX PacXxoAyloTcsl OOJbIle Ha IPEOI0ICHHE
T'HJIPABIMYECKOTO CONPOTHUBIICHHS, YEM Ha IOJIE3HYIO Mepeady TeIula K CTeHKaM
KAaHAJIOB.

OTHOCHUTENBHO 3(PPEKTUBHOCTH OCTAJIbHBIX MPOAHATIM3UPOBAHHBIX B JaHHOU
paboTe WUCCleNOBaHUW, JOBOJBHO Pa3HOOOpA3HBIX BapuaHTOB U (opM
TEMJI0O0OMEHHBIX TMOBEPXHOCTEM MOXXHO OTMETUTh clienytomee. MHorooopasue
TUIIOB TEIMJIOOOMEHHBIX TOBEPXHOCTEW pACCMOTPEHHBIX B 0030pe HacTosuen
paboThl HE SBISAIOTCS  peaju3alueld NPUHIMIHAIBHO HOBBIX  CIOCOOOB
MHTEHCU(UKAIIMM KOHBEKTUBHOTO TeIjiooOMeHa. B  paccMOTpeHHBIX KaHajgax
IPOUCXOAUT OTPHIB IIOTOKA, OOpa30BaHHWE BUXPEW, 3aKpyTKa, MEPUOJIUUYECKOE
oTKJIOHeHHe u T. JA. Kak mnpaBwio, OCYIIECTBISAIOTCS BCE U3BECTHBIE B
TUAPOJAVMHAMUKE BO3JICHCTBUS HA TOTPAHUYHBIN CIIOW Y CTEHKHM KaHaja, pe3yJIbTaThbl
KOTOPBIX B U3BECTHBIX pabOoTax MoApOOHO pacCMOTPEHBI.

AHanu3 1mokasai, 4YTO HU OJIHA W3 MPEJCTaBICHHBIX B 0030pe MOBEPXHOCTEMN
HarpeBa B KOMILUIEKCE HE ABIIIETCS 00Jiee MPEANOYTUTENBHON, YEM PACCMOTPEHHbIE
MOBEPXHOCTU B Hacrosuleil padore. Mmeromuecs B 0030pe Hacrosimieil padoThl,
OCHOBHBIE€ BapUaHThl (JOPM KAHAJIOB TEMJIOOOMEHHBIX MOBEPXHOCTEH, MO3BOJISIIOT
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MPUOIMKEHHO OMNpPEACIUTh 00JIaCTU BO3MOXKHOM WHTEHCHU(UKAIIMU TIpoliecca
TEMJI000MEHA TP BBIHYKJICHHOM TEUYCHHHM Ta30B. 3a HCKIIIOYEHHEM CII0COO0B
MHTCHCU(UKAIMA TEIUIOOOMEHAa TyTeM TMOKpPHITUS TOBEPXHOCTEH Harpena
MarepuajiaMi C BBICOKOM TEIJIOMPOBOJHOCTHI0 WM JAPYTUMU aKTUBHBIMHU
METOJIJaMU BO3JCHCTBUS HA MOBEPXHOCTh HarpeBa WiM U3MEHEHUEM (PU3NYECKUX U
XUMUYECKUX XapaKTEPUCTUK TMOTOKA TEIUIOHOCUTENS, KOTOphIE JIOCTAaTOYHO
JIOpOTHeE JJIsl pacCMaTPUBAEMOT0 HAIIIEro ciryyasi.

B nepexonHoi u namuHapHOM oOiacTsax npu uuciie PeriHonbpaca ot 100 g0
10000 (ob6nacte II) wambGompmmii mokaszarens P = 11. Jlydmumu sBisiroTcs
maxmaTHble My4ku TpyO. DTa obnacte Haubojee OnaronpusiTHa JJisi paOOThI
KOHBEKTHBHBIX  TOBEPXHOCTEM  HarpeBa  OOJBIIMHCTBA  BOAOTPEHHBIX U
AHEPreTUYEeCKUX KOTJI0B. OCHOBHAS 4acTh OOJIBIIMHCTBA MPOAHAIM3UPOBAHHBIX U
PACCMOTPEHHBIX B pabOTe IKCIEPUMEHTOB IMPOBEJIEHA MMEHHO B ATOH 00JIacTH
CKopocTel u yucen Re.

OpgHako [y paccMaTpuBaeMoOl  3aJayd, NPUMEHUTEIbHO K MallbIM
BOJIOTPEUHBIM YTOJIbHBIM KOTJaM I[pPU CKUTAaHUM B TOHKOM CJIO€ C IIJIABHO
peryiupyeMoi mnojadyeil AyThbEBOrO BO3AyXa MOJ KOJOCHUKM W C MalbIMH
CKOPOCTSIMH Ta30B TOJOMPAIUCh CKOPOCTH TMOTOKA Ta30B W 3HAYCHUS YHCIIA
Peitnonnaca ot 5000 mo 11500. Tennorexuuueckue uctnbiTanus KoTiaoB KCBp-0,43
C 3a3KpaHHBIM T'a30X0JI0M IMOKA3aJH, YTO 3Ta 00JIaCTh CKOPOCTEH ra3oB MO3BOJISET
MUHUMU3UPOBATH HE TOJIBKO BBIOpOCHl CO», HO 1 00eCIeunBaTh MPU ATUX PEKUMAX
MUHUMAJIbHBIA BBIHOC TBEPJbIX YACTHUI[ 30Jbl M IUIaka. [lpomomxuTenbHas
skcruryaranus KotiaoB KCBp-0,43 moka3ana He TOJIBKO CYIIECTBEHHYIO 3KOHOMMUIO
yIJisi, HO W MHUHUMAJbHBIA 3aHOC KOHBEKTHUBHBIX CTEHOK TpyO, B MecTax
pacuIMpeHus U YIJIOBBIX 30HAX Ia30X0/1a U JILIMOBBIX TPYO.

Jns mamuHapHOTO pekuma npu uucie PeliHonbsaca menbie 100 (o6macts 1)
3G ()EKTUBHBIMU  TOBEPXHOCTSAMM  HarpeBa  SIBISIIOTCA  KaHajbl, KOTOpPbIE
MPEACTABIIAIOT COOOM TUIOCKWE IEeNd WM KaHajdbl ONu3Kue K HUM 1o (opme
MOTIEPEYHOTO CEYEHMsI, OSTOT (aKT TMOATBEPKIACTCS IIMPOKO HM3BECTHBHIMU
AHAJTUTUYECKUMU PEIICHUSIMUA TEIUIOBOM 3adaud Uil TAaKUX KaHaJOB MpH
JaMHUHAPHOM pexXuMe TeueHus [74].

1.3 BeiBoabI 110 IEpBOMY pa3jesy

B nepBoit riaBe mo pesynbTaTaM aHaiu3a pabOT BLIOpaHbl QPOPMYJIIBI IS
MPEJCTaBUTENIbHOIO CpaBHEHUsT C paboTaMu M pacyera TemiooOMeHa U
TUAPOJMHAMUKHA B MCCIEOBAHHBIX KaHalaX 3a’KpaHHOTO Ta30Xojla B JUAINa3oHe
MaJIbIX cKopocTel u uucen Re = (5,0+11,6)x10°.

OmnpeneneHn MOpsOK pacdyeTra TEIUIOBBIX U THUAPABIMYECKHX XapaKTEPUCTHUK
MPH TIOTIEPEYHOM OOTEKAaHWU TPYOHOU MaHENH U MOMEPEUYHbIX TPYO ¢ HAKJIOHHBIMU
IacTHHAMHU TOoJ yrioM 45° B KaHaje 3a’KpaHHOro Trazoxonaa. HawmGombmas
BeMYMHA TeIIooOMEHa B YKa3aHHOM Juana3oHe Re wMeer wmecto mpH

HauOoJbIIEM TOKa3aTene P,, Kak 3TO XapakTepHO AJid IIaXMaTHOro Mydyka Tpyo,
IIPU PABHBIX OTHOCUTENBHBIX IIIarax Tpyo B IMyUKe.
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OKCHEpUMEHTAIbHO TO0Ka3aHO, YTO [UI IIaXMAaTHBIX IIy4KOB TPyO ¢
HEOOJBIITUM YHCIIOM TPyO B TOMEPEYHOM pPATYy, JYUIIUMHU TEIUIOTEXHUYECKUMU
napaMeTpaMy XapaKTEPU3YIOTCS MONEPEUHbIEC MIACTUHBI HAKJIOHEHHBIE MO/ YTJIOM
45° K OCHOBHOMY NOTOKY, 10 CPaBHEHHIO C UCCIEAOBAHHBIMH pPaHee MoIyTpyOaMu
W I' - 0Opa3HbBIMU HAKJIOHEHHBIMU O] YIJIOM 45° yroyikamu. MakcumanbHas
TEIUIOOT/Ia4a UMEET MECTO MPH IIUPHUHE TUIACTUHBI paBHOM OT 30 0 37 MM U
pacnoyioxkeHHoU 1ot yriioM 45° k moToky. [lomydensl 06001eHHbBIE HOPMYIIBI IS
WHXCHEPHBIX PAcUeTOB TEIUIOOOMEHA B 3JIEMEHTaX ITaXMAaTHBIX IMyYKOB TPYO, C
HEOOJIBIIIMM YHCIIOM TPYO B IMOMEPEYHOM PAY U OTHOCUTEIBHBIMU IIaTaMH G| =
1,26, u 6, = 1,5, B paboueM nuamnazone mno yuciy Peitnonbaca B penenax Re = (5 +
28)x10°.

Koaddunment termnoornaun B maxmaTHOM mnakere Tpyo B 2,8 pasza OoJibliie
yeM KOd(PIUIMEHT TEIIO0Ta4H B MIPSMON TPyOe MpU MPOYUX PABHBIX YCIOBUSX.

B pabote pacyeTHBIM U IKCIIEPUMEHTATBLHBIM METOJaMU BBIOPAH U MPEJI0KEH
Ul pealv3aldyd B KAuyeCTBE KOHBEKTHMBHOM TIOBEPXHOCTH [UJIl CTalbHBIX
BOJOTPEMHBIX KOTJIOB, PabOTaIOIIMX Ha TBEPJOM TOIUIMBE KaHAJ 3a3KPaHHOIO
ra3oxo/ia ¢ MONepeYHbIMU MJIACTUHAMY YCTAHOBJIEHHBIMU MO YTI0M 45° K ITOTOKY.

['eoMmeTpuyeckue mapaMmeTpbl KaHajda 3a’KpaHHOTO Ta3oxojia 00OOIIEeHbI |
MIPUBSI3aHBI K OCHOBHBIM JIHAMETPaM KOTEIbHBIX TPYO, a CaMU KOHCTPYKITUU KOTJIOB
samuieHsl [larearom Pecyommku Kazaxcran [75].

2 CTEHA [4Jsd MUCCIEJOBAHUSA TEIINIOOBMEHA H
T'NJIPOJUHAMUKU HA SKCHEPUMEHTAJIBHOM BOJOI'PEMHOM
KOTJIE KCBp-0,43 CO CJIOEBOM PEHIETKOM UM KAHAJIOM
3A9KPAHHOTI'O I'A30XOJA

2.1 Onucanue 3KCNEPUMEHTAIBLHOTO CTEH/IA JJISI UCCIIEIOBAHUI TETIOOOMEHa
Y TUAPOJMHAMUKHU B KaHAJIaX 3a3KPaHHOTO ra30Xxo0/1a.

Onmnoit w3 mepBbIX B pabore [29] Obula wuccinegoBaHa  MOJEb
AKCHEPUMEHTAJIBHOIO Y4YacTKa KaHaja 3a’KpaHHOIO ra3oxofa ¢ MpOAOJbHBIMU
[EIbHOCBAPHBIMUA TPYOHBIMU TMAHENISIMH CO CMENICHHBIMH MeMOpaHamu 0e3
MOTIEPEYHBIX TypOyJIU3aTOPOB U C MOMEPEYHBIMU CTATBHBIMH MPYTKAMHU.

Bo3gyx wu3 kommpeccopa mocTynail B JJIEKTPUYECKUH HarpeBarellb H
HarpeBaics 10 temneparypel 200 — 250 °C. HarpeB npou3BOIUIICA UYETHIPHMSI
napajuiesIbHO BKJIIOYEHHBIMH MPOBOJIOYHBIMU CIUpAIsIMU U3 HUXpoMa. B mepBom
BApUAHTE  HArpeBaTeNsIMU  CIYXKWIA  TEPMUUYECKUE  CONPOTHUBJICHUS U3
Hepxkaseromed cranu Mapku X18HI9T mmamerpom 12x1 mm, uepe3 KoTopsie
nponyckancs Tok Hampsbkenunem 30 B, ¢ cunoit toka I = 300 -1000 ammep.
Temneparypa Bo3ayxa peryaupoBajlacb HM3MEHEHMEM MHTEHCHUBHOCTH HarpeBa
cnupasied (M3MEHsulach CcuUjla TOKa C ToMolIplo TpaHchopmatopa). Ilocne
HarpeBartesis HArpeThlii BO3AYX 10 TpyOe nauamerpoM 89x4 MM MpOXOIUII
CTaOMIM3HUPYIOIIMHA  y4yacTOK M AuadparMy U jJajiee  MocTynail B
AKCIIEPUMEHTAIIBHBIN YUACTOK.

OKCNEpPUMEHTAIBHBIA yY4acTOK TMPEACTABISsUT COOOM KaHall 3a’3KpaHHOTO
razoxoga OOpa3OBaHHBIA JBYMS TMPOAOJIBHBIMHU IEILHOCBAPHBIMU TPYyOHBIMU
MaHeIsIMU 10 dYeThipe TpyObl amamerpom 40x3 MM B omHOM maHenu. B
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LEJIbHOCBAPHON TMaHeIu TpyObl CBAapUBAIMCh MEXIy COOOM IUTaBHUKaMH CO
CMEILEHHEM OT AMaMETPaIbHOM IUIOCKOCTH BCE B OJHY CTOpOHY. [IoTOK BO3ayxa
IIPOXOJMJI B MPOJOJIBHOM HAIPaBICHUU MEXAY ABYMS TPYOHBIMHM ITaHEISIMH, C
LEIbI0 HHTEHCU(HKAMU TEIIOOOMEHa TMOIMEpeK IO0TOKAa MEXAY MaHeIsIMu
YCTaHABJIMBAJIUCH CTAJIBHBIE KPYTJIbIE CTEPKHU JUAMETPOM 10 12 MM ¢ marom ot
200 mo 250 mm. ITogorperast Bona no 25 — 27 °C nonaBanack B 6a40K MOCTOSIHHOTO
ypoBHs Ha BbicOTe 2500 MM OT OCH 3KCIEPUMEHTAIBHOTO YYacTKa M IIOCIHE
MPOXOXKJIEHUS O BCEM BOCbMH TpyOaM CIMBaeTCsd B PACXOJHbIA MEpHBIA Oax.
Temneparypa BOIbI Ha BXOAE M BBIXOJAE M3 DKCIEPUMEHTAIBHOIO Yy4YacTKa
u3MepsIach JabopaTopHBIMU TepMoMeTpamu ¢ 1ieHoi aenenus 0,1°C.

Pacxon Bo3agyxa onpenensics I0 Iepenaay JaBJIEHHs Ha CyKAIOLIEM
ycrpoiictBe (nuagparme). TemmepaTypa Bo3ayXa Ha BXOJE€ M Ha BBIXOJE U3
HKCIIEPUMEHTAJIBHOIO YYacTKa H3MEPSUIach XPOMEJb-KONEIEBbIMU TEPMONAPAMH.
Hns  ompenenenust — KodduIMEHTa  THAPABIMYECKOTO CONPOTHUBJIEHUS
HKCIIEPUMEHTAJIBHOIO y4yacTKa (MO BO3AyXy) ONpeNessuics Mepernaj]; CTaTHYeCKOro
JABJICHUSI HA BXOJI€ U BBIXOJE U3 y4acTKaA.

[IpenBapurenbHble MPOAYBKM B KAaHAJIE 3a3KPAHHOIO Ta30Xx0Ja IO3BOJIMIIA
MOJIyYUTh SKCIEPUMEHTAIBHBIE JAHHBIE IO CONPOTUBIICHUIO KaHala 3a3KPaHHOTO
razoxoga W ObulM mpeacTaBieHsl B Bujae 3aBucuMoctu Igl00E = f(IgRe) B
CpPaBHEHUHU C MPSAMON KpYrJIoW TpyOoil. DKCHEepUMEHTAIbHBIA Y4YacTOK KaHaja
3a9KpaHHOTO Ta30X0Jla C IONEPEYHbIM OOTEKAHMEM IIEJIbBHOCBAPHBIX TPYOHBIX
naHeled M MOMNEpPEYHbIX TpyO ObLI BBINOJHEH [0 AHAJIOTMM C MOJEIBIO
HKCIIEPUMEHTAJILHOM YCTaHOBKH, MPECTaBICHHOMN B padote [29] (pucyHok 3).

- 00000T00-1

12 13 ’fﬁ

1 — xomnekrop, 2 — CTaOMIM3UPYIOLIMI y4acToOK, 3 — miaiida u3MepeHus: pacxoja
BO3/yxa, 4 — CMECUTENbHBIN 0ak, 5 — 3JIeKTpOHAarpeBarellb, 6 — MEPEXOHUK, 7 —
cMecuTelbHas Kamepa, 8§ — CTaOUIM3UPYIOUIUMH y4acToOK, 9 — CMEHHasl MaHeb C
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MOOYEPETHO CMEIeHHbIMU MeMOpanamu, 10 — monepeunoe oOTekanue mydka, 11 —

BBIXOJTHOM y4acTok, 12 — Tpancdopmaropsl, 13 — MepHEbIi Oak,

Pucynok 3 - Cxema 3KCHepUMEHTAIbHOTO yYacTKa KaHala 3a3KpaHHOT0 ra30Xxoa ¢
MOMNEPEYHbIM OOTEKAHHEM 10 padoTe.

Onucanue SKCIIepUMEHTAIbHON YCTAaHOBKH JIJIsl UCCIIEI0BAHMSI TETNIO0OOMEHA U
COMPOTHUBJICHUS B KaHAJIE 3a9KPAHHOTO ra30X0/Ia C TOMEePEYHBIMUA TPyOaMH.

Ha pucynke 4 mnoka3zaHa Mojelib 3KCIEPUMEHTAIBHOTO Yy4acTKa KaHayia
3a9KpaHHOTO Ta30Xofa C TMONEPEeYHbIM OOTEKaHHEM IEeIbHOCBAPHON TPYyOHOI
MaHeld U MOMNEPEYHbIX TPYO, BHIMOJHEHHOrO B macmTade 1 : 1 K KOHBEKTUBHOM
MOBEPXHOCTU HAarpeBa TBEPAOTOIUIMBHOIO CTaJlbHOTO BOAOIPEMHOro KOTJIA
TEIIOBOM MPOU3BOAUTENBHOCTHIO OT 0,2 MBT no 1,0 MBT. B nonepeunom ceuenun
HKCIIEPUMEHTAJIbHBIM  YYacTOK MpPEACTaBIsieT Cco00M KaHal MPsSMOYTOJIBHOTO
ceyenus. [lupuna kanana I = 200 mM 1 400 MM, YTO COOTBETCTBYET OTHOILLIEHHUIO
IUpPHUHBI KaHaia K ero Beicote LlI/h = 5,25 u [1I/h = 10,5, rae HapyXHbIH TUaMeTp
skpaHHbIX TPyO koTiia KCBp-0,43 d., = 38 mm.

0 Bxox Bomsl
£
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Bremxon

Brixo Boaer R

5 |— _—

Pucynok 4 - Cxema Mmozenn KaHana 3a3KpaHHOr0 ra30Xxo/a ¢ MOMepeYHbIM
oOTekaHuem Tpyo

1 — cTabUIM3UPYIOMUK yY4acTOK, 2 — CME@HHAs MaHelb C TETUIOBBIMU U3TydaTessiMHu,
3— KaHaJ C MonepeYHbIM 00TeKaHUEM ITy4Ka, 4 — CMEeHHas MeMOpaHHas aHeNb, S5 —
MEpHBIIA 0aK,

[locnenoBarenbHO MO JJIMHE YYacTKa COAEPKUTCS AeciaTh TpyO n = 10 no xoxy
razoB. OJTO o0OecrneuyrBaeT YCTPAaHCHUE BIMSHUS OOKOBBIX CTEHOK Ha
TUAPOJMHAMUKY TEUCHHS B KaHajJ€ W BIMSHUE HAYaJIbHOTO Y4acTKa U OOKOBBIX
CTEHOK. B HIKHEH yacTu KaHalla YCTaHaBIWMBAJIaCh CTEHKA M3 IEJIbHOCBapHOM
MeMOpaHHOU TpyOHOU maHenu. DaHIbl, TUIABHUKH, OOKOBBIE CTEHKU U ChEMHAas
BEPXHSSl CTEHKA C TUIACTUHYATHIMU TEIUIOBBIMU M3Ty4YaTeNIsIMU U3TOTABIMBAIKNCH U3
muctoBoit  ctanu  Mapku  Cr.3. COOpHBIA 3KCHEPUMEHTAIBHBIA  y4acTOK
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yHU(UIIUPOBAH, a CaMU Y3JIbI TO3BOJISIOT, HE mpuberas K 3HAYUTEIBHBIM
KOHCTPYKTHUBHBIM HW3MEHEHHUSIM COOMpPATh M MOJEITUPOBATH IKCIICPUMEHTATHHBIC
YYaCTKH KaHAJIOB C Pa3HbIMH KOMOWHAILIMSIMU BEPXHEU CTCHKHU.

VYcraHoBka TpyO B OOKOBBIX TOpLEBBIX CTEHKaxX MPOMU3BOAMIACH IIO
pPacCCUMTAHHOMY IIA0JIOHY OTHOCHUTEIBHO HWXHEH LEIbHOCBAPHOW MaHENH, TeM
caMbIM 00€CreurnBalIoCh TOYHOE MOJIOKEHUE TPYyO B KaHaje 3a3KpaHHOr0 razoxoja
C OTIEPEYHBIM OOTEKaHUEM TPYO U C TETUIOBBIM M3ydaTesieM C Hapy>KHOW BepXHEH
CTOPOHBI. DKCIIEPUMEHTAIBHBIN Y4aCTOK ¢ OOKOBBIX CTOPOH, CO CTOPOHBI HUYKHEH U
BEPXHEW CTOPOHBI KaHaja IJIOTHO 3aKPhIBAJIMCH TETUIOU30JISILIMOHHBIM MaTEPUAJIOM.
JInsi CHUXKEHHsI MOTeph TEIUIa W MOBBIIIEHHUS TOYHOCTH TEIUJIOBBIX HM3MEpPEHHUI
BXOJHOM u BBIXOJIHOM CTaOMJIM3UPYIONIME  YYaCTKM  3aKPBIBAIKCH
TEIUIOU30JSLIMOHHBIM MaTepUaIoM, BMECTE C COCAMHUTEIbHBIMU BXOJIHBIMH U
BBIXOJTHBIMH MATPyOKaMHU.

DKCIIEpUMEHTAIbHBIN yY4acTOK KaHajla 3a3KpPaHHOTO ra3oxoja C MOMepPEeYHbIM
oOTeKaHWEeM IETHbHOCBAPHBIX TPYOHBIX TMAHEJIEH U MOMEPEUHBIX TPYO C TETUIOBHIM
U3JTy4aTesieM C BXOJHOM CTOPOHBI ydacTKa MOJEIN COEOUHSETCA C Ta30X0J0M
Bojorperinoro kotiia KBa-100 na 6aze TOO «Ka3zkoTiaocepBuc» mpeicTaBieH Ha
PUCYHKE 5.

U

1 — koren KBa-100, 2 — crabunu3upyromnui y4acTok, 3 — maiba usMepeHus
pacxojia Bo3ayxa, 4 — CMecuTeNnbHbIN 0ak, 5 — cMecuTenbHas kamepa, 6 —
CTaOMIIM3UPYIONIUN y4acTOK, 7 — CMEHHAs MaHelb C TEIIOBBIMU U3TydaTessiMu, 8 —
MorepeyHoe 00TEeKaHue Mmydka, 9 — BEIXOAHOM y4acTok, 10 — mepHbIii 6ak
Pucynok 5 - Cxema 3KCIepUMEHTAIBHOTO yYacTKa KaHajla 3a3KPaHHOI0 ra30Xxo/a C
MOTEPEYHBIM OOTECKAHUEM.
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DKCIEpUMEHTAIbHBIC UCCIIEIOBAHUS MPOBOAMIKNCH TUISt BBIOOpA
ONITHUMAJIBHOTO CEUYEHUsS KaHalla 3a3KPaHHOTO razoxoja. 1peboBajioch MOTYyYUTH
AKCHEPUMEHTAJbHbIE  PEe3yJbTaThl MO  KOADPUIUEHTY  TEIUIOOTAAud |
KOd(phULIMEHTY  a’pOAMHAMHYECKOTO  (THUAPABIMYECKOT0)  CONMPOTUBIICHUS
AKCIEPUMEHTAILHOIO yYacTKa KaHajda 3a’KpaHHOro0 Tra3oxoja. JIEMEHTHI
KOHBEKTHBHOI'O KaHaja 3a3KpaHHOTO ra30Xx0j/ia YroJIbHOTO KOTJa UCCIEAOBAINCH B
HATypaIbHYIO BEJIMYMHY 110 JUaMETpy TPyO C OTHOCUTEJIbHBIMHM IIaraMu M
COOTBETCTBOBAJIM PEAIbHBIM pazMepaM 3a3KpaHHOI0 ra30Xx0/ia BOAOTPEHHOro KoTia
KCBp-0,43. TemnnoBoe HamnpsyKeHUE IMOBEPXHOCTH HAarpeBa IO IMPOBEICHHBIM
TEIUIOBBIM pacyeTaM MCCJIEAOBAHHOIO LEJIbHOCBAPHOIO KaHaja 3a’3KpaHHOTO
ra3oxo/ia COOTBETCTBOBAJIM PEAIbHBIM TEIUIOBBIM HAMNPSHKEHUSM B KOHBEKTHUBHOM
yactu xkotsia KCBp u usmensnacek ot 10 Br/m” 1o 28 B1/M? 0T Harpysxy.

2.2 OnucaHue  HSKCHEPUMEHTAIbHOW  YCTAHOBKM B  KOTEIBHOM  C
TBEPAOTOIUIMBHBIM BOnOrperHbIM KOTIOM KCBp-0,43 ¢ KOHBEKTUBHBIM KaHAaJOM
3a9KPaHHOI0 ra30Xxo/a U CJI0E€BOM PELIECTKOU

HauaBmmiicss BBIIYCK yTrOJbHBIX BOAOTperHBbIX KOTIOB KCBp co cimoeBbiMu
KOJIOCHUKOBBIMU ~ pELIETKAMU B ONPEACIICHHOW CTENEHUW OCHOBBIBAJICS HA
pa3paboTKax u Mo pe3yjbTaTaM HacTosleld padoThl. [Ipu 3TOM 3KCIITyaTallMOHHOE
3HaueHue KIIJ[ BomorpeitHbix koTiioB KCBp ¢ 3a3KpaHHBIM ra30X0/I0M JTOCTUTAJIH
82 %. B ortnuuue oT pacupOCTPaHEHHBIX BOAOTPEHHBIX KOTIOB LUIMHIAPUYECKON
dopmbl ¢ xapoBbiMu TpyOamm KIIJ| xoTopeix He mnpebiman 55 — 60 %,
BOJOTPYOHBIE KOTJIBl UMEIOT MUHUMAIBHBIN 00BeM BOjbI. M3BecTHO, 4TO 00BEM
BOJbI B IHWJIMHAPUYSCKUX BOJAOTPEHHBIX KOTiax Oomiemie B 7 — 10 pa3, yem B
BOJIOTPYOHBIX KOTJIaX TaKOH k€ MOIIHOCTH. [Ipu aBapuifHBIX CHUTyalusiX C 4acTo
BOZHHUKAIOIIMMU TME€pe0OsIMM B CHAa0XEHUU DIIEKTPOIHEPIUEd M BHE3AIHOM
MPEKPAICHUH TUPKYJISIIAA BOABI B TAKUX KOTJIAX C MPOJOIKEHUEM T'OPEHUS YT B
CIO€ YK€ MNPHUBOAWIA K KPYIHOM aBapUM C YEJIOBEYECKHUMHM KEPTBAMH B
Kazaxcrane (1. [llaxan, Kaparanaunckas 0651acTth).

Ha pucynke 6 npencraBieHa cxema 3JIEMEHTOB U3MEPUTENBHON CUCTEMBI NS
yrosibHOTO KOTiIa KCBp-0,43 ¢ KOHBEKTUBHBIM KaHAJIOM 3a3KPAaHHOTO ra3oxoja ¢
KOJIOCHUKOBOM PELIETKOM.

Ha Bxoze u Bbixoze BObI U3 (PPOHTOBOM BEPXHEHM YACTH KOTJIa YCTAHOBIICHBI
natuuku Baner IIPI[ m wa kaxmom TpyOOmpoBOAE YCTAHOBIEH MaHOMETP U
TEPMOMETP I ONPEAEIEHUS] TUAPABIMYECKOrO COMPOTUBIIEHUS KOTJIA IO BOJE U
Iepenajg TEeMIEeparypbl IO BOASHOM crTopoHe. Ha mponosnbsHOM paspese kotia
KCBp-0,43 npencraBieH  AyTbeBOW  BEHTWJIATOP MOJA4YM  BO3AyXa O]
KOJIOCHUKOBYIO PEHIETKY C YCTAaHOBJEHHBIM 30HIOM ¢ TepmomeTpom T, B
3arpy304HyI0 ABEPKY C (DPPOHTOBOW CTOPOHBI KOTJIA BCTABJSUICS 30H] M3MEPSABILHMA
temrepatypy Ti, ra3oBblil coctaB 'y u pa3psukeHue razoB Haj cinoeM yriig dP. 3ou7
nepeaBuraics Haja cioeM Ha BeicoTe OT 200 10 270 MM OT (pOHTOBOM CTEHKH /10
TBUIbHOM CTEHKHM TONKHM KakK IoKa3aHO Ha puc. 6. llocne momagaHusi ra3oB B
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BEpPXHEH YacTU BHYTPEHHErO LIEIbHOCBAPHOrO 3KpaHa mo Bcemy II — oOpazHomy
NEPUMETPY KOTJIA ra3bl OMYCKAKOTCS BHU3 IO KAaHAIY 3a3KPaHHOIO ra3oxoja J0
HUKHETO ra3oxojia Mo KOTOPOMY COOMPAIOTCS B THUIBHOM HWKHEH YacTH KOTJia B
ra3ocOOpHO Kamepe TI/I€ pa3MellaeTcs 30HA JUIl HM3MEpPEHUs TeMIEpaTyphbl
yxonamux ra3oB T; u cocraBa ra3oB [». Ilociie razocOopHOi KaMepbl Tra3zoXxoj
KOTJIa BBIIIOJIHEH TOJIBKO MO BOCXOJSIIEH JIMHUU A0 ABIMOCOCA U IOCJIE HEro 10
IBIMOBOM TpYyOBI C YCTAaHOBKOM Oaifaca BOKPYT JAbIMOCOCA.

Takas cxema razooro Tpakra ot komia KCBp-0,43 u no aeimococa mpu
pa3orpeToi AbIMOBOW TpyOe, OCOOEHHO B MEXCE30HbE, 0OecIeunBasia JOCTaATOUHO
0O0NbIIIOE Pa3psKEHUE MO Ta30BOMY TPAKTy U COOTBETCTBEHHO BBICOKYIO TATY B
TOMKE. DTOT BaXHBIH (PAaKT cieayeT OCOOEHHO AaKLEHTUPOBATh Uil PEXKHMOB
paboOThl MalIbIX BOJOTPEHHBIX KOTJIOB CO CIIOEBBIMM TONKAMH U C MAaJeHbKOU
TONIMUHON cnost yrisi. Crleayer OTMETUTh, YTO B IOKA3aHHOW U3MEPUTENbHOM
CUCTEME U CXEME Pa3MEIIECHHS] U3MEPUTENBHBIX 3JIEMEHTOB 110 PHUC.6 IPOJOJIBHBIN
paspes KOTja OKa3aH yCIOBHO.

Oeimoean Tpyba

I-I O
AaTHHUHKK * TEMNAOHOCHUTENE
Baner NP ® k ..............
®

@—r : 3KpaHbl KOTNa

Oeimococ

Obimoxon,

razoc6opHan Kamepa

CNoW yrns

\\

KONOCHWKOBAA PelleTHa
30Hf

noABof BO3AyXa

(I, O — mpsmas u obpatHas TpyObl MBWKEHUS TeruioHocwutens; Pm, Tm —
IITaTHIE MAaHOMETPbI U TEPMOMETpHI, YCTAaHOBJIECHHBbICE Ha MPAMON M 0OpaTHOMU
JuHUAX TemoHocurens, dP — u3aMepenue 30HA0M TpyOku [Iuto paspspkeHust B
TonKe, I’y — u3MepeHuss 30HI0M razoaHanau3aropa ra3oBoro cocraBa B Tonke, T —
u3MepeHust tepmonapoi TpyOoku Iluto Ttemmeparypsl B Tomke, T> — mM3MepeHHs
TEPMOIIAPON TEMIIEpaTypbl BO3JyXa B IOJOBOM YaCTU IIOJ pemeTKou, T3 —
U3MEpPEHUsT TEepMOMapod TeMIepaTypbl YXOASIIMX Ta30B B ra3ocOOpHON YacTu
(razoxone), ['>» — usMepeHus 30H10M razoaHajan3aTopa ra30BOro COCTaBa yXOASAIIMX
ra3oB B ra30cO0pHOM Kamepe (ra3oxo/e).

Pucynok 6 — Cxema 371eMEHTOB U3MEPUTEIBHON CUCTEMBI JJISl YTOJIBHOTO
kotia KCBp-0,43
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HenocpeacTBeHHO BHABI KOTJa B MPOJOJILHOM paspe3e U BHUA C (PpoHTa
IOKa3aHbl HA PUCYHKE 7.

Hanee Oosee mogpoOHO ONMKMCAaHA KOHCTPYKTHBHAS CXeMa BOAOTPEMHOro KOTJIa
KCBp-0,63 co ci10eBOi1 KOJIOCHUKOBOW PEIIETKONW U C 3a3KPAHHBIM Ta30XO0A0M.

Pa3paboTanHas HOBasi KOHCTPYKLHS YTOJBbHBIX BOJOTPEHHBIX BOAOTPYOHBIX
KOTJIOB C 3a9KpaHHbIM razoxojom cepun KCBp nMeer MUHUMAaIbHBIN 00beM BOAbBI
B TpyOax KOTJa M MaKCUMaJbHOE HCIIOJIb30BAaHUE MOBEPXHOCTH TpyO a0 96 % B
aKTUBHOM TerjiooOMeHe. Bo Bcex OOBIUHBIX KJIACCHMYECKHX BOJOTPEHHBIX
BOJOTPYOHBIX KOTJIaX B aKTMBHOM TEIUIOOOMEHE HCIOJIb3yeTCsl TOJIbKO 110 84 %
MMOBEPXHOCTH TPYO.
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Pucynoxk 7 — Bun kotia ¢ pponTa (cieBa) u npoJoJibHbIN pa3pe3 KoTia
(cipaBa)

[Ipu co3manuy HOBOTO BOJAOTPEWHOTO KOTJa IO PUCYHKY 7 pelianach 3aj1ada
no oOeCIeYeHUI0 HaJACKHONW paboThl MPH JABJICHHUSIX BOJbBI, COOTBETCTBYIOIIMX
paboTe BOJOTPEMHBIX KOTJIIOB MO 3aKPHITOM CXEME TEIUIOCHAOXKEHHs, Korja
JaBJICHUE BOJBI B CHUCTEME JEPKAJOCh MOCTOSHHBIM, a Tropsuee BOJOCHAOKECHUE
00eCIeunBaIoCh C TOMOIIBI0 TMOJIKIIOUCHUS TEIUIOOOMEHHHUKOB TIO OTICIHHOU
CXEME.

[Topsimox coeauHEHUsI SKpPAaHOB B HOBOM KOTJE, MO3BOJISET 3(P()EKTUBHO
paboTaTh B YCJIOBUSX IKCIUTyaTallMU KaK B ONTUMAJIbHOM PEXKUME C HOMUHAIbHBIM
pacxoloM BOJABL, TAK U CHUXKATh TEIUIOBYHO Harpy3ky a0 20% co CHuXeHueMm
JaBJIEHUs] BOABI B KOTJIE€ M HAACKHOW ycToWuuBoil paboroit. Pacmmpenue
auana3zoHa paboThl ¢ BApbHUPOBAHUEM U U3MEHEHHUEM Pacxojia He TOJIbKO IyThEBOTO
BO31yXa, HO M J[JaBJIIEHUA BOAbl B TPAJUIMOHHBIX BOJOIPEMHBIX KOTJIAX C
KJIACCUYECKOM CXEMOM KOMIIOHOBKHM WJIM B LHWJIMHAPUYECKUX KOTJIAX C YKAPOBBIMHU
TpyOaMu peaiu30BaTh HE MPEACTABISICTCS BO3MOXXHBIM. B KOHCTPYKITMU HOBBIX
BOJIOTPEWHBIX KOTJIIOB YHUCIIO TPYO B XOJI€ U CKOPOCTh BOJBI B HUX PACCUUTHIBAIOTCS
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B COOTBETCTBUU C TEIUIOBBIM HAIPSLDKEHUEM IOCIEAOBATENIBHO IO KAXKIOW 30HE
TOpPEHUsI B TONKE IO BBICOTE M OTHAEIBHO B 3a9KPAHHOM Ta30XOJE, YEro HENb3s
CHENAaTh B TPAAULIMOHHBIX CXEMaxX KOTJIOB.

Konctpykuust BogorpeitHoro kotmia KCBp no3BosisieT BappupOBaTh JJIMHHOM,
BBICOTOW WM IIMPUHON TONKH JIJISI BRIOPAHHBIX COOTHOIICHUN MEXTY paararliOHHON
M KOHBEKTMBHOM IOBEPXHOCThIO HarpeBa. JlJII KOHKPETHOTO BHJA TBEPAOTO
TOIUIMBA TOAOUpAETCs W ONTUMU3HUPYETCS IUIOAAb KOJIOCHUKOBOM PELIETKH U
FEOMETPUYECKAE IMApaMeTpbl KOTJAa 1O PUCYHKY 7. OTO  JIOCTaTOYHO
npoOiaeMaTUYHO Il  IIMPOKO  PACHpOCTPAaHEHHBIX  KJIACCHMYECKHX  CXEM
CYyLIECTBYIOIIUX BOJOIPEMHBIX KOTJIOB MPU3MAaTHYECKOM H LWIMHAPUYECKOU
(GbOpMBI C TOCTATOYHO KECTKUMH MPUBA3KAMH K TaOApUTHBIM MMapaMeTpam KOTJia U
MOIIHOCTHU B 3aBUCUMOCTH OT THUIIA YIJIS.

B HOBOW KOHCTPYKIIMM KOTJa OTAEIBHO COOHMpaeTrcs BHYTPECHHHM
nenpbHocBapHO U — 00pasHbIi 3KpaH € TOPU3OHTAIBHBIM PACIOIOKEHUEM
napaienbHbix U — 00pa3HBIX DJKpaHHBIX TpPyO, 3a KOTOPHIM pa3MeIIaeTcs
HapYKHBIN SKpaH, COOpaHHBIA U3 TapAJICIHHBIX HE CBAPEHHBIX MEX Iy coboit U —
oOpa3HbIX Tpy0. @POHT M MOTOJOYHBIM dKpaH KOTJIa 3aKpbiBaeTcs [T — oOpasHbIM
(POHTOBBIM U MOTOJOYHBIM IEILHOCBAPHBIM 3KpaHOM 00pa3ys Tonky. HapyxHas
TbUIbHasE W JIB€ OOKOBBIE CTOPOHBI  KOTJIa  3aKpbIBAIOTCS  CHEMHBIMHU
TEIUION30JMPOBAHHBIMU JIEKOPATUBHBIMU IAHEIIMH, 4 U3HYTPU METAJUIMYECKUMU
TEIUIOBBIMH U3JTy9aTEIISIMU C IIACTHHAMM.

TN
"

T

Pucynok 8 — O6uuit Bua kotriia KCBP-0,43 (cneBa — BUA ¢ THUIBHOM CTOPOHBI,
crpaBa — BUJ ¢ GpOHTA)
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CpeMHBIE  TEIUIOM30JIMPOBAHHBIE IIAHEIW MO3BOJIAIOT ONEpPaTUBHO 0e€3
OCTaHOBKM pPa0OThl BOJOTPEHHOr0 KOTJIa MO BOASHOM CTOPOHE NPOU3BOJIUTH
OCMOTp U 00CITyKHBaHHE BCEH KOHBEKTUBHOM M 00paTHOM CTOPOHBI PaJHAllMOHHON
nmoBepxHOCTH Harpesa. [IpenmmymectBa Bomorpennsix kotmiioB KCBp Ha tBepaom
TOIUIMBE IOATBEPKAAIOTCA MHOTOYHCICHHBIMU TOJIOKUTEIBHBIMUA  OT3BIBAMH
3aKa34HKOB.

JlniurenvHas skcrutyatanusi 6osee 20 — BOJOTPEUMHBIX KOTJIIOB Ha TBEPIOM
tornuBe 1o Kaszaxcrany u  Keipreisckoit PecnyOnuke (3KCHOPTHPOBAaHO B
Keiprenckyro Pecnybnuky Gosee 120 xotioB meppoit cepun KCBp) ¢ kananom
3a3KpaHHOTO ra3oxoja C MPOAOJIbHBIM OOTEKaHHWEM TpyO IoOKa3aia MX BBICOKYIO
HAJEeKHOCTb M OKOHOMHUYHOCTb, HOBasg KOHCTPYKLMs JO0Kas3ajga IpaBO Ha
CyLIECTBOBAHME M II0Ka3ajga HEKOTOPOE IIPEBOCXOACTBO OTHOCHUTENIBHO JAPYIUX
CXEM KOTJIOB.

bbun mpoBeneHbI TEIVIOTEXHUYECKUE HCIBITaHUs CIEeNHUaTucTaMu Kadeapbl
TOVY, npu ydactuu aBTOpa, NEPBBIX TPEX YCTaHOBIEHHBIX KOTI0B KCBp-0,43.
HcnblTaHus MPOBOAWINCH B TEYEHUE YETHIPEX OTOINHUTENBHBIX ce30HOB 2017-2021
rr. B kotenbHeIXx TOO «BoctouHoe pynoymnpaBiieHue» noceinok YiabkeH (1 mrT.),
TOO «llIBeiinas ¢dabpuka «AnMaTHHKA» TPUTOPOaA AJMaThl M Ha IUIOIIAJKE
CTPOUTENBCTBA LIEMEHTHOTO 3aBojia B CoueBckoM pailoHe AKMOJIMHCKON 00s1acTu
[lenuHorpaackoro paidiona (1 mT.) mpu pabore Ha pSIOBOM U CESTHOM
[Iy6apKoIbCKOM yrie ¢ KOJOCHHUKOBOW PELIETKON W Py4YHBIM OOCIIy)KMBaHHEM B
YCJIOBHSIX HU3KUX TEMIIEPATYD.

2.3 TexHuveckue CpeAcTBa U3MEPEHUS], METOJIMKA SKCIEPUMEHTAIbHBIX HC-
CIENOBAHUM U TEIUIOTEXHUYECKUX UCIIBITAHUN KOTJIA Ha yTJIE.

B pasnene 2.3 nmpuBeaeHBI CpeACTBa U METOAMKA M3MEPEHUN U 00pabOTKU
DKCIEPUMEHTOB B MOJEIM KaHaJla 3a’3KpPaHHOTO Ta30Xxoja C IONEPEYHBIM
OOTE€KaHWEM IIeJIbHOCBAPHOIO 3KpaHa, a TakXkKe IMpU TEIUIOTEXHUYECKHUX
ucnbITaHusXx BojporpeitHoro korna KCBp-0,43 ¢  KOHBEKTHMBHBIM — KaHaJIOM
3a3KpPaHHOI0 ra30xo/ja.

B mepByro ouepenp aHaIM3HPOBAINCH DKCIEPUMEHTHI HAa MOJENM KaHAJA
3a9KpPaHHOTO Ta30X0/ia C IONEPEYHbIM OOTEKaHWEM Tra3amMHu LEeJIbHOCBAPHOU
TpyOHOH mNaHenu W TpyO B HATYpaJbHYIO BEJIMYMHY C TEIUIOBBIM M3JIydaTeleM
BBITIOJTHEHHBIE paHee B IIMPOKOM Jauana3zoHe uucenn PeliHonbaca. B pasmene 2.3
IIPUBEIEHBl TEXHUYECKUE CPEICTBA MU3MEPEHUI M METOJUKA SKCIEPUMEHTAIBHBIX
UCCIIEIOBAaHUM TUPOAMHAMUKH (a3POJMHAMUKY) U KOHBEKTUBHOTO TEIUIOOOMEHA B
KaHAJIE 3a’KpaHHOrO0 Ta30X0/Ja C MONEpPeYHbIM OOTEKaHWEM IEIbHOCBAPHBIX
TpyOHBIX MaHeNeld W MONEpeuHbIX TPyO € TemIoBbIM H3iyyaTenem. llpuBeneHa
METOJIMKA TEIIOTeXHUYeCcKux wucnbitannii kortia KCBp-0,43 ¢ onpeneneHuem
TUAPABIMYECKUAX U TETUIOBBIX XapaKTEPUCTHK B LEJIOM, a TAK)KE OTIEIBbHO KaHaja B
KOHBEKTUBHOM YaCTH.
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[TpuBeneHHbI KO3(PUIMEHT TEIUIOOTIAYM OT HArpeToro rasza 3a KOTJIOM
KCBp-0,43 ¢ TemioBbIM H3JIy4aTelleM K CTEHKaM IIONEpeYHbIX Tpydo U

MeMOpaHHOW MaHeNH onpeaensics no popmyie [76]:
1

“1T Fs  F
k i FA i a,F,
raie k - xoaddunuent temnonepemaun, B1/(MxK); on - xoadduimeHt
TEIUIOOTAA4M OT CTEHKH K Boje, ompenenseMslii no [29], Br/(m*xK); F, F, F, -
MMOBEPXHOCTh KaHaJIa 3a SKPaHHOT'0 T'a30X0/ia 10 Ta30BOM CTOPOHE, CTCHKU TPYyO, Ha
IpaHMIE BOJAA - I'a3 M BHYTPEHHSS IOBEPXHOCTH TPYD, M, O - TOJIIMHA CTEHKU
TpyO, M; A - K03hHUITUEHT TerIonpoBogHOCTH cTanu, BT/(MxK).

KoadhdummenT o, SBIASETCS MPUBEIESHHBIM KO (PHUIIMEHTOM TETUIOOTIa4H B
KaHaJle 3adKpaHHOTO Ta30Xoja C IIONMEPEYHBIM OOTEKaHUEM IICIIbHOCBAPHOMN
naHeau W TPyO ¢ TEIUIOBBIM HM3JydaTejeM OTHECEHHBIM KO BCEH IMOBEPXHOCTH
3a3KpPaHHOI0 ra30x0/1a Mo ra30BOM CTOpPOHE.

B kaxgom ombiTe CBOAWICS TEIUIOBOM OajaHC MEXIy MOIIHOCTBIO
OTJaBa€MOM HAarpeTbiM Ta30M KU CYMMOM MOIIHOCTEW, BOCIPHUHSATOW BOJIOW M
MoTepell Hapy>KHOW H3OJIAIMH SKCIIEPUMEHTAIBHOTO Y4YacTKa B OKPYIKAIOIIYIO
cpeny. Kak mnpaBuio, peXMM TEIUIOBOM CTaOMIM3allMM SKCIIEPUMEHTAIBHOTO
y4acTKa ¥ YCTAaHOBKH B OIIBITAX HACTYIAET 3a J[Ba Jaca.

TerutoBass MOIIHOCTH TiepeAaBacMasi HArPEThIM Ta30M TOCIIE BOIOTPEHHOTO
KOTJa:

(7)

N =V(C, T =T, (8)

rae V - 00beMHBIN pacxoi ra3os 3a KotiaoMm, M>/c; C,- yaenbHas oObeMHas
TEIUIOEMKOCTh Ta30B (IPOAYKTOB CrOPaHMs) ¢ y4eToM BiaxuocTH, JIx/(mM xK).
TerutoBass MOIIHOCTH B BHJIC TEIUIOBBIX IMOTEPh B OKPYKAMOIIYIO Cpeay dYepes
TEIJIOBYIO MU3OJISIIIUIO:
No=a, |1, -1, |F, +(1,~T,,|F,| 9)
T€ Oy - KOIDPUIMEHT TEeIIooTaaud Uil €CTECTBEHHOM KOHBEKIIUH,
B1/(M*<K);
Ty, Tow, Tp - TEMIEPATYPBI BOJABI, OKpPY>KatOIIel cpeabl U pedpa B TpyOHOI
nmanenu, K;
F. - HapyXHas MOBEpXHOCTh TPyO SKCIEPUMEHTAJIBLHOTO YYacTKa M BCeX
Hapy>XHBIX pebep M.
Kosdbdumument Ttemmootnaun B OKPYXXKAOMIYIO Cpelay B yCIOBHSX
€CTECTBEHHOM KOHBEKIIMM pacCUUTHIBAIICS 110 hopmydie [29, 77]:
a,, =11,3+0,08(T, —T,,)

OKp

: (10)
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Cpennsis  TemrepaTypa OOKOBBIX pebep, TpPHUBAPEHHBIX K  HIDKHEH
[EeTFHOCBAPHON TPYOHOW MaHENN SKCIEPUMEHTAIHHOTO y4acTKa ONpeIessiach Mo

bopmyre:

T,=T-ET,-T,), (11)
rne E - a¢ddexTuBHOCTh 1t OOKOBBIX pebep u MeMOpaH MEXIy TpyOamu
1EeTFHOCBAPHON TPYOHOU MaHENN, OMBIBAEMBIX HATPETHIM Ta30M C OJHOU CTOPOHBI.
OKCIIEpUMEHTAIBHBIM Y4aCTOK MOJENM KaHaja 3a’KpaHHOIO ra3oxoja M
YCTaHOBKAa B LIEJIOM HE OTJIMYAIOTCS OT MOJIETM KaHaja 3a3KpaHHOTO ra30Xxoja Io
PUCYHKY 5, TONBKO B pabore [29] mo pucyHky 4 HarpeBajcs BO3AyX M Tepen
YYaCTKOM HCHOJB30BAJICS ANEKTPUUECKUI HarpeBaresb TEIIOBOW MOIIHOCTHIO /10
70 kBt. B Hacroseit ke padore mocie BogorpeiiHoro koria KBa-100 peanbHbie
MPOAYKTBl CTOPAHUSl HEMOCPEACTBEHHO HANPABISUINCh B OSKCIEPUMEHTAJIbHbBIN
Y4acTOK W HarpeBaju BOJy Yepe3 TaKWe K€ CTEHKU TPYO 1eTbHOCBAPHON HUKHEH
MaHeI U MONEPEYHO OO0TEeKaeMbIX TPyO B HATypalbHYIO BEJIUYHMHY C TEIUIOBHIM
U3ITy4aTesIeM.

Takum 00pa3oM, MOJTHOCTHIO MOJEIHPOBANICA AJIEMEHT KaHajla 3a3KpaHHOTO
ra3oxoja ¢ MONEPEYHbIM IIOTOKOM ra30B I10CJIE TONKU KOTJIA C ONPEAECICHHBIMUA U
M3BECTHBIMH TEIJTIOBBIMHU M PACXOIHBIMHU XapaKTEPUCTUKAMH U COCTAaBOM T'a30B.

O¢ddexTuBHOCTH MEMOpaH B MaHeIU U OOKOBBIX pedep AIKCIEPUMEHTATIBLHOIO
y4yacTKa KaHaja 3a’3KpaHHOIO TIa30XxoAa TOpSYMM  Ta30BbIM  IOTOKOM

paccuuThIBangack 1no Gopmyiie:

£ th|mh) ’ (12)

mh

rje m - napamerp 60KoBoro pedpa.

Jlist MmemMOpaH B HWKHEH NaHeIu U OOKOBBIX pedep, OMBIBAEMBIX TOPSIYUM
MOTOKOM ra3a ¢ OJHOW CTOpPOHBI MapaMeTp m pacCUUTHIBAICA MO (Gopmyne [76,
78]:

| 2a
m= 1 (]3)

cm

Temmneparypa BOJBI Ha BXOJI€ B DJKCICPUMEHTAIBHBIM Yy4YacTOK KaHaya
3a3KpaHHOTO  Ta30Xo0j/la  yCTaHaBJIMBajdach  TakKoOW, 4YTOOBI  HMCKJIIOYaIach
KOHJICHCAIIUsl HA BHYTPEHHUX CTEHKaX KaHalla MyTeM MOJMEIIMBAHUS K XOJIOIHON
BOJIE TOPSTYEH BOJIBI.

Temmneparypa BoIbl Ha BXOJE€ M BBIXOJAE W3 JKCIEPUMEHTAIBHOIO y4acTKa
U3Mepsiach J1abopatopHbIMU TepMomeTrpamu ¢ 1eHou aenenus 0,1 °C c ydyerom
MACMOPTHBIX MOMPABOK KaXKJIOro TepMomeTpa. Pacxos BoIbl 3aMepsijicss BECOBBIM
METOJIOM C TIIOMOIIBID TAapUpPOBAaHHOTO MepHoro Oaka. Bpemss 3amepa
(UKCHUPOBAJIOCh CEKyHJIOMEpOoM. Temmeparypa TOpsyero raza Ha BXOJ€ U
OXJIQXKJEHHOIO ra3a Ha BBIXOJE U3 JKCIEPUMEHTAIBHOIO Y4YacTKa U3MEPSIIUCH C
MIOMOIIBIO XPOMEJb - KONEIEBBIX TEPMOIIAP.
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BricTynaronue cnau tTepMornap, Ha BXOJI€ U BBIXOJE U3 SKCIEPUMEHTAIBHOTO
y4acTKa, yCTaHaBIMBAIUCh B ¢aphopoBbie TPyOKHM TakuMm 0Opa3oM, dYTOOBI
DKPAHUPOBATh CIAW OT XOJIOJHBIX TOBEPXHOCTEH CTEHOK TPyO MO KOTOPHIM
MPOITyCKaJIach HarpeBaemas Boja.

Pacuer cpenHeil TemnepaTypbl B MOTOKE TOPSYEro rasa MPOU3BOJUIICS IO
HOpMaTUBHOMY MeTony [76]. KonuuecTBeHHBIE 3HAUYCHHS TEMIOPU3UIECKUX
XapaKTePUCTUK MOTOKA ra3a ONpeAessuIuCh M0 CPeAHEN Temneparype MmoToka rasa.
["a30BbIi cOCTAB U3MEPSIICS B OIBITAX.

OKcrnepUMEHTalIbHAsE YCTAaHOBKA M KOMIUIEKC H3MEPHUTENbHBIX MNpHUOOpPOB
MO3BOJISIIA CBOAUTH TEIUIOBOM Oanmanc a0 7+9 %, mpu mose3Hoi Harpyske g0 17
kBT 1 10 3+5%, nipu nosne3Hoil Harpy3ke KCIEePUMEHTANIBHOrO ydacTka Ooiee 55
KBT.

KoaddunmenT Temnonepenaun paccuyuThiBajcs o popmysne [76]:

B N+ N, + N

gECEaN 9

rae AT - TemmepaTypHbI Hamop MeEXIy TIOpsYMMHU ra3aMd M BOJOW Ha

DKCIEPUMEHTAJIBHOM Y4aCTKE MOJIEIN KaHala 3a9KpaHHOr0 Ira30Xxo0/1a.

Jlorapupmuueckuii  temneparypHblid  Hamop AT, ompenensics 1O
HOpPMAaTUBHOMY MeTofy [76]. TemneparypHblil pakTop Npy OXJIAKIEHUU ra30B U3-
3a MQJIOCTH BEJIMYMH HE YUUTHIBAJICS Kak U B padbote [39].

OKBHUBAJIEHTHBI JHAMETP KaHajla 3a3KPaHHOTO Ta30X0Jla C Y4YE€TOM €ro
MOTEPEYHOT0 CeUeHUs Mpu 00pabOTKE IKCIEPUMEHTAIBHBIX JaHHBIX OMpPeaesics
10 OOIIETIPUHATON MeToIuKe [76]:

T (15)

rae F - miomaap nonepeyHoro ceueHus A Ipoxo/ia MOTOKa ra30oB B KaHale
32 3KPAHHOIO ra30xojla, ¢ Y4eTOM CPEJHMX IOIMEPEUYHbIX TPYO pPacloiIOKEHHBIX
MEXIy HUKHEN 1eTbHOCBAPHOMN MAaHEIbI0 U BEPXHUM TEIJIOBBIM M3JTydaTeseMm;

P, - oMbIBaeMmblii TEIIONEpENAOLIMNA MEPUMETP KaHAIA 3a JKPAHHOTO
razoxoja.

BricoTa u mmpuHa KaHajga 3KCIEPUMEHTAIbHOTO y4acTKa MU3MEpsUINCh B 12
TOYKaXx IO JJIMHE U [IUPUHE C MOCIETYIOIUM YCPEIHEHUEM.

Koadhdumment ruapaBIudeckoro COMPOTHUBICHUS I HM30TEPMUUYECKOTO
MOTOKa ra3oB (Bo3ayxa) nepej onbsitamu ¢ padotaromum Ha [llyGapkonbckom yrie
BojorperinbiM koTiioM KCBp-0,43 onpenensics no popmyne [76]:

_ 2APd

f= (16)
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rie AP - mepemaj CTaTUYECKOrOo  JABJIGHHS] Ha  TUJIPABIWYECKHU
CTaOMJIM3UPOBAHHOM JKCIEPUMEHTAIbHOM ydacTke Kanana, [la; / - nnuHa
HKCIIEPUMEHTAJILHOTO Y4aCcTKa Ha KOTOPOM HU3MEPSIICA Mepenas TaBICHHUS.

I[Ipy  HEM30TEpMHUYECKHMX  OMbITaX  JIONOJIHUTEIBHO  YYUTHIBAJIOCh
CONPOTUBIICHUE YCKOPEHUS MOTOKA 110 [76]:

AP, =12l e, (17)
T

N3-3a He3HAYUTENBHBIX 3HAYEHUU TEeMIEpaTyp B YCTAaHOBKE U PEATbHOM
BogorpeitHoMm kotie KCBp-0,43 ¢opmyna (17) He maBana OGONBIIUX OTIWYUN OT
U30TEPMUYECKUX 3HadeHW kodpdummenta & w B paboTre HAMU HE
HCIIOJIb30BaNACh.

UccnenoBanue monei MOJMHOTO M CTAaTUYECKOrO JABJICHUSI MPOBOJUIIOCH
CHEUAIbHBIMU W3MEPUTEIBHBIMUA 30HJAMU, BBIMOJHEHHBIMU W3 HUHBEKIIMOHHBIX
urn auametpom 0,2; 0,5 u 1 MM B cooTBeTcTBUH C [29].

30HIBI U1 M3MEPEHHS CTAaTHYECKOTO JIAaBJICHUS HWMEIU 3aryIylIeHHBIH C
HOCOBOM 4YacTH B (opMe MOJMPOBAHHOW MoOJychepbl HOCHK C HUMITYJILCHBIMU
OTBEPCTHUSMH C OOKOBOM "acTH corjacHo [29].

CKOpOCTh TMOTOKa B SKCHEPUMEHTATILHONW MOJENN yCTaHaBIMBalIach I10
M3BECTHBIM PACYETHBIM 3HAYEHUSIM CKOPOCTH Ta30B B PEAIbHOM KOHBEKTHUBHOM
gactu kotiia KCBp-0,43 Toapko Ha pacxoaHOM 1mIaiibe mo pacuyeTHOMY TIepenamy.

OKCIIEpUMEHTAJIbHBIE JIaHHBIE [0 THAPABIMYECKOMY COMNPOTUBICHUIO U
TeII000MeHy 00pabaThlBAINCh TIO CHEIUAIBHOM TPOrpaMMe, a OCHOBHBIC
3HAQUYEHUS] TMPOBEPSUIUCh PYUYHBIMH pacueTaMH MJig ONpPEACJICHUS MPaBUIbHOCTH
peajbHOro JaMamna3oHa BBIOPAHHBIX CKOPOCTEM TMOTOKA Ta30B B 3a’dKpPaHHOM
ra3zoxoe.

Ha »skcnepumentanibHom komiie KCBp-0,43 u 000pyn0BaHHOM CTEHJE
(pMCYHOK 5) yCTaHOBJICHBl B KaueCTBE IITAaTHBIX — PETUCTPUPYIOIIUE CPECTBA
U3MepeHus ¢ MUGPPOBLIM BBIBOJAOM. JlOMOTHUTENbHBIE (DUKCUPYIOIIHUE OCHOBHBIC
napameTpbl paboThl KOTJa U3MEPUTEIbHbIE MPUOOPHI UCIIOTHEHBI MOPTATUBHBIMU
CpellCTBAMHU U3MEpEHUH. Bce CpelcTBa U3MEpEeHUs SBIISFOTCS
cepruduiupoanabiMu B 'CU PK 1 Ha MOMEHT MCTIBITAHUN UMETH KAITMOPOBKU U
OBLITM TIOBEPEHBI.

KomIieke «1TaTHOW» U3MEPUTENBHON CUCTEMBI BKIIFOYAET:

a) CUCTEMY U3MEPEHHUsI TeMIEPATyphl ra30BOT0 MOTOKA B KOTJIE U YXOJAIIUX
ra3oB B JILIMOXO/IE;

0) cucTeMy H3MEpPEHHUs TEeMIEepaTyphbl BOJbl (TETUIOHOCUTENS) HA BXOJE U
BBIX0/JI€ U3 KOTJIA;

B) CUCTEMY PErUCTpalliy pacxo/ia BoJbl (MEXaHUYECKUH CYETUUK BOJISTHOMN);

') CUCTEMY yueTa pacxo/ia TOIJIMBA (BECHI JIs )KUKOTO TOIINBA;

1) TpeOyemble MpaBUIaMU JKCIUTyaTalldd W TEXHUYECKUMH periiaMeHTaMH
JUTSL KOTEJIbHBIX YCTAHOBOK MaHOMETPHI U TEPMOMETPHI.

OCHOBHOW TMEpEYEHb IUTATHBIX PETUCTPUPYIOLIUX CPEACTB H3MEPEHUS
TEeMIIepaTyphl ¥ pacxojia mpeacTaBiieH B Tadnuie 2.1.
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Tabnuna 2.1 - [lltatHBIe cpeacTBa M3MEPEHHS] U KOHTPOJIA MPU TPOBEICHUN

ncnbiTanui KoTia0B KCBp

Tumn npubopa
CUHMTBIBATEIIS

XapakTepucTuka

Mecto uzmepenus

N3mepurens-
perynsitop OBEH
2TPM1

Hatuuk 50M (ot -50 no
+200 rp.C)

T1 — remnieparypa BoAbl B HOJAIOLIEM
TpyOompoBoe (Ha BBIXOIE M3 KOTIIA)

N3mepurens-
perynsitop OBEH
2TPM1

Hatuuk 50M (ot -50 o
+200 rp.C)

T2 — Temmeparypa BoJbl B 0OpaTHOM
TpyOomnpoBo/ie (Ha BX0JI€ B KOTJIE)

N3mepurens-
perynsitop OBEH
2TPM1

Hatuuk 50M (ot -50 mo
+200 rp.C)

T3 — Temneparypa BoJbl B IByCBETHOM
JKpaHe

N3mepurens-
perymsitop OBEH
2TPM1

Hatuuk PT 100 (ot -50 1o

+500 rp.C)

T4 — Temneparypa yXosIux ra3oB

N3amepurenb-
perynsitop OBEH
2TPM1

Hatunk XA-68 (ot 0 10
+1300 rp.C)

TS — remnepaTypa razoB B MOBOPOTHOM
KaMmepe cropanus (mepes KOHBEKTHBHBIM
MTyYKOM)

H3mepurens-
perymsitop OBEH
2TPM1

Hatunk XA-68 (ot 0 10
+1300 rp.C)

Tr — Temneparypa ra3oB BHyTpU KamMepbl
TOpPEHHUsI IBYCBETHOTO dKpaHa

N3mepurenb naBneHus
MHOTOIIPECIbHBIN (2
€IMHHULIBI)

AJIP - 0,25.2 (1) (+/- 0,25

klla)

P — u3mepeHnue nasieHus B kamepe
CrOpaHHus

PacxonomepHsIit
CUETUYHK BOISHOM

CUeTyrK MEXaHNYECKUIT

V — pacxon BOJIbI (TETJIOHOCUTETIS )

Bce

HITaTHbIE
IBYXKaHAJIbHBIM  OJIOKOM

cpencTBa
U3MEpEHUS

U3MEpPEHUs
THIIA

CBsA3aHBI C
OBEH 2TPMI,

YHUBEpCAIbHBINA BX0/ U IU(PpoBOE TabI0 BHIBOJIA JAHHBIX.

PETUCTPUPYIOIIUM
S0

Pacxombl BOIbI 4epe3 KOTEN (UKCHPYIOTCS MEXaHHYECKHMM CUCTUYHKOM
XOJIOJHOM BOJIbI, YCTAHOBJICHHBIM Ha BOCXOJIIIEM Y4acTKe TPyObl M3 KOTJA IS
CHIDKEHUSI TIOTPEUTHOCTEH TOoKa3aTells 3a CYeT HETOJIHOIO 3allOJIHCHHUS CCUSHUS
TPYOBI.

Pacxonpl yris mo cxemMe Ha pHUCYHKax 6 IS TNPOBEACHUS HCIBITAHUNA
ONPEJICISUTMCh C TOMOIIBI0O TApUPOBAHHBIX BECOB M EMKOCTH - HOCHIIOK,
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YCTaHOBJICHHBIX Ha BECaxX CO IIKAJIOW U MUHUMAJIbHBIM JIEJIEHUEM B rpamMMax. Y4er
pacxo/a TOIUIMBA MPOBOAMICSA C JOCTATOYHOW TOYHOCTHIO COTJIACHO TPEeOOBAHUSIM
METOJIMKH UCIIBITAHUH BOJIOTPEHHBIX KOTJIOB MPH paboTe Ha TBepAOM Toruuse [77].

Bce ompenensemple mapaMmeTpbl B paMKax TpeOOBaHMA  METOJIMK
ONpEeEICHNs] HOMMHAIBHOM TEIUIOBOW ITPOU3BOINUTEIBHOCTA BOJOTPEUHBIX KOTJIOB
[77-79] B X011€ SKCTIEPUMEHTAIBHBIX UCCIICIOBAHUI OB CBEJCHBI MAKCUMAILHO K
HOPMATHUBHBIM 3HAYEHUSIM, JTUOO MOJATBEPXKIATUCH TOTOJHUTEILHBIMU U3MEPEHUs
C LEJBI0 YTBEPKIEHUS KOPPEKTUPOBOYHBIX KOIPPUIMEHTOB OTKIOHEHUS OT
HOPMATUBHBIX  3HAQUEHUW  JJI  HUBEJIHMPOBAHMS  OIIMOOK  M3MEpPEHUs
BTOPOCTETIEHHBIMU NapameTpamMu. Ha Becax oTenbHO NpOBEPSUTUCH U3BECTHBIE IO
BECY TMPH, HOCWJIKH B3BEIIHBAJINCH.

OgHUM U3 OTHENBHO MPEIACTABICHHBIX, JOINOJHHUTEIBHBIX H3MEPEHMUIA,
KOTOpPBIE B MCCJIEIOBAHUAX BBIIOJHEHBI ISl IMOATBEPKIEHUS BO3MOXXHOCTHU
UCIIOJIb30BAaHUSl HOPMATHUBHBIX 3HAYEHMH — TepMorpapuueckue o0cieq0BaHus
kopnyca korina, KCBp-0,43 BbemmosHEHHblE 1O TpeOOBaHUAM  METOJMK
Hepaspyaroiiero kouTpods [76, 78]. Kopryc koTia 0bu1 00cae0BaH C MOMOIIBIO
TertoBu3opa testo 880-3 mo MeToay HMCIONB30BAHUSA KOHTAKTHOIO TEPMOMETpPA
[77-79] nnst onipeiesieHns C HAUMEHBIIEH MOTPEIIHOCTIO 3HaUeHUs KoadpuiienTa
U3IIy4eHHUs] € TIOBEPXHOCTEH Kopmyca Komia. B kadectBe AyOnupyroiero
KOHTaKTHOro mnpubopa wucnosb3oBaH tepMmomerp Fluke-52 1II. OtnenpHo ObLd
IPOBEJEH TEPMOTpapUUeCKUil KOHTPOJb TEIUIOU30JIALUN TOPLEBBIX U (PPOHTOBBIX
gacTel KopIryca KoTJia Ipy paboTe B OCHOBHOM pekume (pUCYHKHU 8a u 80).
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]

Mo

a0

a0

MapameTpkl n3ocBpaxkeHunA:

KoadppyuymenTt manyvennn: 0,88 Wamepenne:
Orpam. Temn. [°C]: 60,0 MpoexT:

BoigeneHne wiobpameHWia:

Hzmeprembie 0BLEKTLI Temn. [°C] | MHManyy. |Otpam. remn. [°C] | Mpumedvannn
Touka wameperna 1 1461 0,89 60,0 -

To4ka namepeHun 2 484 0,89 60,0

Touka uamepeHns 3 10,8 0,89 80,0

Touka uamepeHua 4 394 0,89 60,0

Touka uamepeHua 5 69,0 0,89 60,0

Caman xonoaHaa Touka 1 6,3 0,89 60,0

Caman Tennan Touka 1 170,3 0,89 60,0

Pucynok 8a — @parmeHT oTueTa TepMorpaduueckoro KOHTPOJIsk KOpIyca KoTja
(¢ponT) npu ucneiTanuu Bogorperinoro kotiaa KCBp-0,43

- 250

ilal

100

50

MapameTpkl M306paXeHHA:

KoaddmumeHt nanyvennwn: 0,89 Wamepenne:
Otpax. Temn. [*C]: 60,0 MpoekT:

Brigenesne nzobpameHWia:

Hzmeprembie 06beKThI Temn. [°C] | WManyd. |OTpaw. Temn. [°C]|MNpumevanuns
Tovka uamepeHna 1 28,6 0,89 60,0 -

Touka uamepeHna 2 47.8 0,89 60,0

Caman xonofHan To4ka 1 2,0 0,89 60,0

Camasn Tennas Todka 1 50.6 0,89 60,0
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Pucynok 86 — ®parmeHT otueTa TepMOrpapuuecKoro KOHTPOJI KOpIyca
KOTJa (ThUIbHASI CTOPOHA) MPHU UCIbITaHUU BojorpeiiHoro kotia KCBp-0,43

[lonTBepkaeHHBIE ~ TEPMOrpPaQUUECKUM  KOHTPOJIEM  OTCYTCTBYIOIIHUE
HEHOPMHPYEMBIE TEIJIOBBIE MOTEPHU C HAUOO0JIEE TEIJIOHANPS)KEHHBIX MOBEPXHOCTEN
KOTJa U (P)POHTOBOM JIBEPKH, CYMMHPOBAJIUCH C OCHOBHBIMU U3MEPEHUSIMU IO BCEM
MMOBEPXHOCTSAM KOTJIA M B pacyeTax NPUHUMAIUCh MO0 HOPMUPYEMBIM 3HAYEHUSIM
[77-79]. B HaumOoisiee TEIUIOHAMPSIKEHHBIX YacCTAX Kopllyca KoTja (B TONKE H
BEPXHE MOBOPOTHOM 30HE B Tra30COOPHOM HHIXKHEM BBIXOJHOM 3a JSKpPaHHOM
ra3oxo/ie) YCTaHaBJIMBAJIUCh TEPMOIAPbI JJIsI KOHTPOJIA TEeMIEpaTypbl CTEHOK
MeTajula KOTja U TEMIIEPATypbl Fa30BOr0 NOTOKA HA BBIXOJIE U3 KOTJIA.

KocBeHHbIE 3amMepbl TEMIIEpaTypbl BO3/lyXa OKPYXaroLIed Cpeibl, a TaKXKe
TEMIIEPATypa MOCTYIAOIIEr0 BO3AyXa MOJ KOJIOCHUKOBYIO PELIETKY JJIsI TOPEHMS
U3MEpEHBI MITaTHBIMU MPUOOPAMHU C YUETOM ropsiuero nposaina (tadmumna 2.1).

JIns mpoBeneHHMs OCHOBHBIX 3aMEpPOB KOHLEHTPALUHM JABIMOBBIX Ta30B B
ra3oxo/ie¢ Ha BBIXOJE U3 KOTJIA, JJIsI U3MEPEHUS TEMIIEPATYPBI U CKOPOCTH T'a30BOT0
MOTOKa, a TaKke Ui JOyOJupyloIIMX 3aMepoB pacxoja TEIUIOHOCHUTENs
UCIIOJIb30BaHbl TMOPTAaTUBHBIE H3MEPUTENbHBIE MPUOOPHI, MPEACTABICHHBIE B
tabmurie 2.2
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Ta6mmma 2.2 CrnenuaabHOe OPTATUBHOE M3MEPUTEILHOE 000pyTOBaHUE

Tun npubopa XapakTepucTuka Mecto usmepeHus
Tasoanamsartop Testo-350 (610unbIi, cencopsl: 0-25% 06.1. O, Konuenrpauun
HpOMBbIILTeHHb Testo- 0-10000 M CO, 0-5000 M SO», 0-4000 M | yXOIAITUX Ta30B B
350 NO, 0-500 M NO,, 0-4 06.% CHy, ¢ COE€UHUTEILHOM
0TOOPHBIM 30HAOM T\ax = +1000°C) ra3oxoje

MHOTro(pyHKIIMOHAIBHBI
i ipubop — 610K
aHanuzatop Testo-454 ¢
30HJIOM

Testo-454 — MHOTODYHKITMOHATBHBINA TPUOOP -
YIPaBJISIONIUI MOTYJIb C BO3MOKHOCTBIO
MOJIKITFOUEHUS K OJIOKY ra30aHan3aropa,

Pa3IUYHBIX 30H]IOB.
3onx «TpyOka [1uTo» - 30HI U3MEPUTETHHBIH,
uiHa — 1500MM, quamerp — MM,
HEpIKaBEIOINas CTajlb, paboyasi TeMreparypa ot
-40 mo +1000°C.

TT, v - u3Mepenue
TEMIIEPATYPHI U
CKOpPOCTH IOTOKA
B TOIIKE KOTJa, B
razoxoze

Tennosuzop Testo 880-
3

Tennosuzop Testo 880-3 — TernoBu3op
npodeCcCHOHAIBHBIHN, ONTUYECKOE TT0JIe 3PSHUS
32°x24°, BcTpoeHHas 11BeTOBas (hoToKamepa C
paspemenuem 640x480 1., 1uana3oxn
u3Mepsiemoin remnepatrypsl -20°C - +350°C

Tros — MIBMEPEHUE
TEMIIEPATYPHI
MOBEPXHOCTHU

KOopIyca KoTJia

[Tupometp Testo 835-
T2 ¢ KOHTaKTHBIM
30H10M T/11 THIIa K

Testo-835-T2 — undpakpacHblii TEpMOMETP C
ontukoit 50:1, ¢ 4-X TOUEUHBIM JIa3E€PHBIM LIETT
yKazaTeJeM, Juana3oH usmepenui -30 - +
1500°C, Bxrouast 3 peKTHBHBIHI
BOJIOHETIPOHHUIIAEMBII TOBEPXHOCTHBIN 30H] C
MaJIbIM U3MEPUTEIbHBIM HAKOHEUHUKOM IS
U3MEPEHU Ha IIIOCKUX MOBEPXHOCTSX, T/TI
tuna K, nuanazon uzmepenus -60 - +1000°C

Thos — UI3MEPEHUE
TEMIIepaTypbl
IIOBEPXHOCTH

KOpIIyca KOTia

Baner-IIPL] — pacxoxoMep-cueTyuK, s
M3MEPEHUsI CPETHErO pacxoia 00bEMHOTO

Pacxonomep-cuetuuk | pacxopaa npu ckopocty notoka ot 0,1 no 20 m/c. N3mepenune
yJIbTPa3ByKOBOM Temnepatypa uzmepsiemont xuakoctu ot -30 °C pacxona
B3JIET ITPL] 1o +150°C. IIpeobpazoBarenu TEIJIOHOCUTEIS
aNeKTpoakycTuueckune Hakiaaaabie [19A H-222,
[1DA H-212
TepMoMeTp KOHTaKTHBIN ¢ 2-Ms TepMOnapaMu Hy6HHPOBaIiHe
- MU3MEpPEHUNN
tuna K, xpoMmenb-antomens, cnail B Buze
Tepmometp Fluke 52 11 TEeMIIepaTyp
mapuka. JluamnasoH u3MepsieMbIX TEMIIEpaTyp OBEDXHOCTCH
oT -40°C o 260°C. ITorpemnocts £1,1°C P
KopITyca KoTjia
Cexynnomep Kiacc Tounoctu — 2 N3mepenne
CHACnp-1 (0,01 cexyHpI). MIPOJIOJKUTEIEHO

I'OCT 5072

CTH UCIILITAHUN

Bce TennorexHuueckue MCHBITAHUSI MPOBOJUIUCH MO TUIOBBIM METOAUKAM
ONPEAECIEHNUS] HOMUHAIBHOW BBIXOJHOW TETJIOBOM MOIIHOCTH BOJOTPEMHOIO KOTJa
KCBp-0,43 u onpenenenuss kodpduiieHTa TMOJE3HOTO JEUCTBUS KOTJIa IO
npsMOMY U 110 oOpaTHOMY Oanancy [77-79].
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Jlns  ompeneneHuss TMOJIE3HOTO KOJIMYECTBAa TeEIla, BbIpadaThIBAEMOIO
BojorperinbiM  koTiioM KCBp-0,43, ¢ HauMEHbIIMM BIIHMSIHUEM MOTPEIIHOCTEH
M3MEPEHUS MAKCUMAaJIbHO BBIICP>KUBAINCH BCE YCIOBUS MPOBEICHUS UCTIBITAaHUN. B
MEepPBYIO  OoyepedAb  TOYHOCTb  M3MEpPEHUM  oOecreuuBaliach  3aMKHYTOM
HUPKYJSIMOHHOW CHUCTEMOM TMOJayu TEeIUIOHOCUTENsT (BOJbI), KOTOpas TMOCIe
crabunuzanuu nopsiaka 1,5 — 2,0 gaca, obecrieunBajia BBIBOJI Ha CTaOUJIbHBIC
3HAQUYCHUS TEMIepaTyp B TOAAIOIIEM U OOpaTHOM BOJOINPOBOAAX. ITOT
CTAaOMIM3UPOBAHHBIM TEMIIEPATypHBIM PEXUM B TEUYCHHUE BCETO BPEMEHHU
HKCIIEPUMEHTOB 10 YCIOBUSM oOeclieuuBaj TEIIoBoe paBHOBecue [77] ¢
nuarna3soHoM paszbpoca 3HaueHuit He Oonee +0,5 °C/gac. Ilpum 3TOM ypoBeHB
MOBBIIIEHUS  TEMIIEPATypbl MpPH  ONPEACIICHMHM  HOMUHAIBHOW  TEIJIOBOM
MIPOU3BOAUTEILHOCTH COOTBETCTBOBAN TpeboBanusiM dopmyisl (18) [77]:

*";*R— t, =500

(18)

rie:

ty — TeMIIepaTypa BBITEKAIOIIETro MOToKa, °C;

tr — TEMIIepaTypa obpaTHOro notoka, °C;

t, — OKpy»Xarolas remreparypa, °C.

[lepen mpoBeaeHHEM OCHOBHBIX M3MEPEHHUH M 3alHMCH HapaMeTpoB PadOThHI
KOTJIa COTJIACHO THUIIOBBIM MeTOoAukaMm [77-79] ObuiM IpOBENEHBI CTAHIAPTHBIC
HajaJ04YHble pabOThl, B TOM YHCII€ MPOBEPKA CUCTEM H3MEPEHHUA M yCTAHOBJIEH
TpeOyeMbIil pexxuM pabOoThl KOTJIa ¢ TOPSALIUM yrieM B cioe. Jlo Hayana pukcanuu
KQKJOr0 CHEAYIOIIEro pexuma padoThl MPOBOAMUIACH OYUCTKA KOJOCHUKOBOU
pELIeTKH KOTJIa, U BBIXOJ HA HOBBIA peKUMa pabOThl C BBIACPKKOW BPEMEHU IO
CTaOMJIM3allMM OCHOBHBIX (PUKCUPYEMBIX MApaMETPOB IO FOPEHHUIO YIS B CIO€ U
HITAaTHBIX CPEJICTB U3MEPEHHUS.

OcHoBHBIE 3HaUY€HUS KOA(PPUIIMEHTA MOJIE3HOTO JACUCTBUS Ika MO METOJAM
psIMOrO U 00paTHOTO 0aTaHCOB ONPEEISUTUCH C YUETOM TUIIOBBIX OOIIEIPUHSATHIX

dbopmyn (19-20) [77,79]:

en
gy = —
Ika = "op (19)
Oy =1—qa—qu— s (20)

rJae:

Oy — HOMUHAaJIbHAs BBIXOJHAS TEIJIOBAsI MOITHOCTh, MBT;

Qs — noABeIeHHAA TEIJI0Basi MOITHOCTh, MBT;

g4 — TIOTEPH, CBA3AHHBIE C TEIIJIOCOJACPKAHUEM MPOTYKTOB CTOPAHUS;

qu — TIOTEPH, CBSI3aHHBIE C HETIOJIHBIM CTOPAHUEM TOILINBA;

gs - TIOTEPU YEpe3 H3IyYCHUE, KOHBEKIMIO M TEIUIONMPOBOJHOCTH KOpPITyca
KOTJIA.
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Bo Bcex cepusx TEIJIOBBIX HMCIBITAHWN OBLIM HCIIOJIB30BaHBI CTaHIAPTHBIC
OOIICTIPUHSATBIE METOIUKH OIPEACICHUS HOMHUHAJIBHONW BBIXOJHON TEIUIOBOM
MOTMIHOCTH (Jy UCTIHITYEMOTO BOJIOTPEHHOTO KOoTia o popmyne (21) [77]:

Qn = Wi -cy1 - (ty — tg) 21)

rjae:

W — MaccoBBIl NOTOK XOJOJHOM BOJEBI, KI/C;

C wi — YJA€INIbHAsl TEIUIOEMKOCTh BOJABI MpU cpefaHel temmeparype, JLx/(kr -°
O);

tr — TeMIiepaTypa Bojibl Ha Bxoje, ° C;

ty — TeMIiepaTypa Bobl Ha BbIxoje, ° C.

TermmoTeXHu4eCcKre UCTbITaHUs BOAOTpeHOro yroisHoro kotia KCBp-0,43
MPOBEJICHBI B COOTBETCTBUHU C THUIIOBBIMM METOJUKaMU [77-79] ¢ UCIOIb30BaHUEM
MITATHBIX W TOPTAaTUBHBIX CPEACTB M3MEpPEHUN, KOTOphle oObOecrneurnBain
OTHOCHUTENBHYIO MOTPENTHOCTh U3MepeHuid He 6osee 2%, pacCUUTaHHYIO TI0 OO
METO/IMKE OLICHKH MOTPEIIHOCTH U3MEPEHHM.

JlanHbie, UKCHpPyEeMBbIC MO IMITATHBIM CPEACTBAM W3MEPEHHS U IO JaHHBIM
NOPTAaTUBHBIX ~ NpHOOPOB  (razoaHanu3aTop,  TEPMOMETPBI,  IMHPOMETPHI),
YUUTHIBAJIMCh C IIAroM BpeMEHU 3amucu B 1-5 cek (B 3aBUCUMOCTH OT THIIA
npubopa). [lanHble ¢ razoaHaiuzaTopa (UKCHPOBAIUCH €KECEKYHIHO HAMPSMYIO
yepe3 TMOJKIIOYEHHWE K TEPCOHAJIBHOMY KOMIIBIOTEPY C  HCIOJIb30BAaHUEM
creuaiu3upoBaHHoOM nporpammel Testo easy emission, a pacueTbl KOHIIEHTpaLUn
IBIMOBBIX Ta30B IMPOBOJUIUCH C YYETOM THIOBBIX METOJAMK KaK OTE€YECTBEHHBIX
[77-79], Tak u 3apyOeKHBIX (OT KOMITAHUHM TIPOU3BOUTENST 000PYA0BaAHUA).

Mertoauka NpOBENEHUS] WCIBITAHWN Mpearnoiaraja MpoBEeACHUE KOMIUIEKCa
UCTIBITAHUM, C Y4YeTOM HEOOXOJUMOCTH MHOTOKPATHOCTH U TOBTOPSIEMOCTH
WCTIBITAaHUN C OOIIMM BBITIOJTHEHUEM CJICAYIOIIEro alropuTMa aerucTBuid [77-79]:

1 IToarotroBka K NMpOBEACHUIO UCTIBITAHUMA:

1.1 BusyanpHbII OCMOTpP KOTEIBHOTO arperara, NpoBepKa KOMILUIEKTHOCTH

1.2 ITpenBaputenpHas HaCTPOMKa CENUATBHBIX U3MEPUTEIBHBIX TPUOOPOB

1.3 IIpenBaputenbHblil cOOp U yTouHEeHHE HH(POpManuu 00 000py10BaHUU

1.4 CocraBneHue miaHa UCIBITAHUN

1.5 CocraBnenue 1 yToUHEHHE IPOTOKOJIA YUETA JAHHBIX

2 TlpoBepka 0060py10BaHUs MEepe]] HA4aIOM UCTIbITAHUN

2.1 TlpoBepka pacxOIHBIX €MKOCTEH, CHUCTEM ydeTa pacxoja TOIJIMBA H

TEMJIOHOCUTES

2.2 IIpoBepka CUCTEMBI YIPABJIEHUS KOTJIOM

2.3 IIposepka cuctembl KUII koTna

3 Hauasno ucnbiTanuii

3.1 3anoniHeHUE CUCTEMBI

3.2 BxiroueHne BCIIOMOTraTeNbHOTO 000PY/I0BaHHUS

3.3 IIyck koTna
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3.4 @uxcanus mnapamMeTpoB MO KOHTPOJIbHO-U3MEPUTENBHBIM IMPUOOpaM
(KHII)

4 Boixon Ha mnepBbld pexuM — 75 % OT HOMHUHAJIBHOM Harpy3Ku KOTJIA
KCBp-0.4

5 Beixon Ha BrOpoii pexxum — 100% HOMUHANBHON HArpy3KH

6 Boixon Ha Tpetuii pexum — 115% Oosnbllie HOMUHATBHOM HArPy3KU

7 OCTaHOB KOTIIA.

2.4 BbiBOABI K pa3aeny 2

OKCIIEpUMEHTaJIbHAs 4YacTh HACTOSIIIETO HWCCIEAOBAHUS BBINOJHEHA Ha
skcnepumeHTaibHoM cteHae TOO «Ka3koTinocepBUC» U ACUCTBYIOMIMX KOTIaX
korenbHOM TOO «lIlIBeiinas (abpuka «ATMaTUHKA», TUIOMIAJKE CTPOUTEITHCTBA
neMeHTHoro 3aBojga B CodueBckoM  pailoHe  AKMOJIWMHCKOW  oOyiactu
[enuHorpaackoro paiioHa (TBepaoTominBHbid koten KCBp-0,43).

VYcTaHOBKA € y4YacTKOM KaHajla 3a’KpaHHOrO Tra3oxojila ¢ IONEepEeYHbIM
o0TeKaHWEM I[ICJIbHOCBAPHON TMaHEIM ¢ TMOMEPEeYHbIX TPyOd C TEIJIOBBIM
W3JIy4aTeJIeM CMOHTHUPOBAHBI 3a JACHCTBYIOIIMM BOJOTPEHHBIM Ta30-KUIKOCTHBIM
kotiiom KBa-100, sistromericst cooctBeHHOCThI0O HAO «AYDC umenu 'ymapoeka
JlaykeeBa». OKCHEpUMEHTAJbHBIA KaHall 3a’3KpPaHHOIO Ta30X0Jla BBIMOJIHEH
AJIEMEHTOM KaHajda B HATypalibHYI0 BEJIMYMHY, OCHAllleH U 000pynoBaH
HEO0OXOMMBIMU CPEACTBAMU U3MEPEHHUS U KOHTPOJIS.

Ucnerratenshast  yronbHast — kotenbHass TOO  «llIBeitHass  dabpuka
«AIIMaTUHKA» TOJHOCTHI0O 000pyI0BaHA HEOOXOJUMBIM MHUHMUMYMOM KOMIUIEKCA
OCHOBHOTO U BCIIOMOTAaTEJIBHOTO OOOPY/IOBaHUSA, CpPEJICTBAMH W3MEPECHHS U
OpPraHW3allMOHHOTO TMPOCTpaHCTBA. McmbiTaHus KOTia OBUIM OpPraHWU30BaHBI B
KOTEJIbHOW €  MOJTOTOBJICHHBIM  TBEPAbIM  TOIUIMBOM  KakK  PsIOBBIM
[Ily6apkonbCckoM, Tak ¥ MPEeABAPUTEIBHO CESIHBIM ¢ MUHUMAJIbHBIM KyCKOM OT 10
MM.

Jlns mpoBeneHUsI UCHBITAHUM OBUIM HMCIOJIB30BaHbl CEPTUPUIIUPOBAHHBIC
CpeACTBa M3MEpPEHMs] B COOTBETCTBUM C I. 2.3 pazzena 2, obecreyuBaroIiue
MUHHUMAaJIBHYIO MMOTPEIIHOCTh U3MEPECHUI IIPU MOJyYCHUN PE3YIbTATOB.

B skcneprMeHTaIbHOM YacTH HMCHOJIb30BAHBI OCHOBHBIE THUIIOBBIE METOJIUKH
MPOBEICHUSI TETNIOTEXHUUECKUX HUCTIBITAHUN KOTEIBHBIX arperaToB Ipu paboTe Ha
TBEPJIOM, KHUJKOM U Ta3000pa3zHom Toruse [77-79].

beimn mpoBelneHbl TPU CEpUM TEIUIOTEXHUYECKUX UCIBITAHUM Ha ABYX
Bojorperinbix kotriax KCBp-0,43 B Anmatrel u Hyp-Cynrane mnpu CKUTraHUH
COPTUPOBAHHOTO CESHHOTO yrisi u psgoBod menoun lllyGapkombckoro yrist ¢
TOHKHUM CJIOEM.

47



3 PE3VJIBTATBI JKCIIEPUMEHTAJIBHOI'O HUCCJIEJIOBAHUA
I'MAPOANHAMUKHU U TEIIVIOOBMEHA B KAHAJIE 3A3KPAHHOT' O
I'A30XOJIA

3.1 Pe3ynbTarbl 53KCHNEPUMEHTAIBHBIX WCCICAOBAHUN TUAPOJUHAMUKA U
Ter1ooOMeHa B KaHaJle 3a9KpPaHHOTO ra30X0/1a

B Tpetbem pazzernie npoaHanu3upoBaHbl OOIINE PE3yJIbTAThl KaK COOCTBEHHBIX
WCCJIEIOBAHUM THAPOJAMHAMHUKMA M TEIJIOOOMEHAa B TMOTOKE Ta30B 3a Tra30BbIM
koTiioMm KBa-100 na 6aze TOO «Ka3zkotiocepBuc» u Bojorpeinoro kotia KCBp-
0,43 B xotenbHOU «IlIBeitHas pabpuka «AIMaTUHKA» C MOMEPEUYHBIM 00TEKaHUEM
[ETFHOCBAPHBIX TPYOHBIX MAHEJIEH U MOMEPEYHBIX TPYO B YCIOBUSAX IKCIUTyaTaIlUH,
TaK ¥ NPEXKHUX HCCIENOBAHUN C TEYEHUEM HArpeToro BO3AyXa B MOJIENM KaHAJIOB
3a9KPAaHHOTO Ta30X0/Ja C MPOJOJbHBIMA TPYOHBIMH TAHEISIMH C TOMEPEYHBIMU
CTepkHSIMU U 0e3 Hux. OTaenbHO  MOPOBOJUIUCH  HUCCIEIOBAHUS  C
AKCIIEPUMEHTAIIBHOMN YCTaHOBKOW, BBITIOJIHEHHOU co CBEMHBIM
AKCIEPUMEHTAIBbHBIM YYaCTKOM, KOTOPBIM cOOMpayicsi U3 TMOIMEpeyYHbIX TPyO C
Pa3HBIMM JIEMEHTAMU Ha Chb€MHOM KPBIIIKE KaHaa.

Ha skcniepuMeHTaIbHOM YCTAaHOBKE C TIPOJIOIBHBIMU TPYOHBIMH TTAHETSIMU 0€3
MONEPEYHBIX CTAIBHBIX CTEPKHEW CKOPOCTh BO3AyXa BapbupoBajach oT § a0 24
M/C, 4TO COOTBETCTBOBaJIO oOjacTu mo yuciy Pelinonbaca ot 21000 go 55000.
Takne CKOpOCTM Ta30BOr0 3albUICHHOTO TMOTOKA C MPOAOJIbHBIM TEYEHUEM
MPEIOIarajJoch JOCTUTATh HA BOJOTPEMHBIX KOTJIAX TEIIOBOW MOIIHOCTBHIO OT 24
MBT 1o 180 MBT c 3a’KkpaHHBIM Ta30XO0JIOM M JUIsi PabOThl KOHBEKTHBHOM
MOBEPXHOCTHU B PEKUME CAMOCTOATEIHLHOM 001yBKU. Takne CKOPOCTH 3albUICHHOTO
MMOTOKAa C BBICOKOM KOHIIEHTpAllUeW YacTUIl 30JIbl MPAKTUYECKU OOEeCIeurnBaIN
MOJIHYK0 OYHUCTKY KOHBEKTMBHOM MOBEPXHOCTH KOTJIA M MOJJIEPKUBAIN BBICOKYIO
3 PeKTUBHOCTh 2KpPaHOB KOTJIa ¢ 0OpatHOM cTopoHbl. Kak mokaszana oOpaboTka
AKCIIEPUMEHTANIBHBIX TaHHBIX [29], nmociie 3HaueHus uynciaa Peitnonbaca Re = 60000
HAOJTFOAeTCsl aBTOMOJICIIBHBIN PEXUM TEUEHHUS M30TEPMHUUECKOTO MOTOKA BO3IyXa.
[Ipn Takux OOJBIIUX 3HAYCHHUSIX CKOPOCTH KOAIPPUIIMEHT COMPOTUBIICHUS
MPAKTUYECKA HE 3aBUCUT OT CKOPOCTH M OCTA€TCAd Ha OJHOM U TOM K€ YpPOBHE
nopsiaka 1g100E = 0,68 + 0,69. IlomydyeHHBIE SKCIEPUMEHTATBHBIE PE3YJIbTAThI
MOKa3bIBAIOT yBennueHue koddduimenta comportuBieHuss npu Re = 20000 B
KaHaje 3a’KpaHHOTO Tra3oxojJa C MPOJOJAbHBIMU  TPYOHBIMM  MaAHEISMHU
OTHOCHUTEJILHO KO3 (PHUITMEHTa COTPOTUBIICHUS JIJIsI IPSIMOU TPYOBI PaBHOC Crpn/ Eo =
1,76 u mpu Re = 60000 yBenuueHune coOCTaBUT Expr/ & = 2,12.

O6paboTka FKCIEPUMEHTANIbHBIX JaHHBIX JJI KaHajla 3a9KPaHHOI0 ra30Xxoja ¢
MPOJOJIBLHBIMUA TPYOHBIMHU TIAHEJSIMM TIOKa3aja, 4TO 3aBUCHUMOCTh Kod(dduiineHta

COINPOTHUBJICHUS OIMCHIBACTCS CIACAYIOIICH 3aBHCUMOCTBIO B mpejaeniax oT IgRe =
4,28 no IgRe = 4,52:
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Epn = 0,318/ Re", (22)

[Tonyuennas AKCIIEPUMEHTAJIbHAS 3aBUCHUMOCTD koadpurrenTa
COIIPOTUBIICHUS OMHUCHIBACT JMANa30H MO CKOPOCTH MOTOKa OT 8 M/c u a0 12 m/c,
YTO SIBISETCS MPUEMJIEMBIM ISl KaHala 3a3KpPaHHOTO Ta30X0ja C MPOJOIbHBIMU
TpyOHBIMU TaHenssMu. [[ns KaHama 3a’KpaHHOTO Ta30XoAa C TONEPEYHBIM
OOTeKaHWEM M TONEPEYHBIMU psAaMU TPYO ISl BOJOTPEHHBIX KOTJIOB Majou
TEIUIOBOM MOIIHOCTH TP pabOTe ¢ TOHKUM TOPAIIUM CJIOE€M YTJIsl TaKue 3HAYCHUS
CKOPOCTH TIOTOKa SIBJITIFOTCSI JOCTATOYHO BBICOKMMHU H3-3a pocTa Kodddummenrta
COMPOTHUBJICHUSI.

Omnpenensoniei XapakTepUCTUKON MPU pacyeTax TeII000MEHHUKOB SIBIISIETCSA
THJIPABIMYECKOE COMPOTUBIICHHUE. [ 'MapaBiIMuecKoe COMPOTUBJICHUE B KaHAJIaX C
MOTIEPEYHBIM 00TEKaHUEM TPYO ONpezessieTcsl NepenajgoM CTaTUYECKOro JaBJIECHUs
Ha U3MEPSEMOM YYacTKe M 3aBUCUT OT KaueCTBEHHOM KapTHUHBI TEUEHUS ra30BOrO
MOTOKA 3a MONEpeyHOW TPyOOil M 3IEeMEHTaMH, COCTABJISIONIMMH CTEHKH KaHala
ra3zoxoja.

[lepuonnyueckoe YCKOpEHHME M 3aMENJIEHWE TMOTOKa, XapakTepHOe IS
MONEPEYHOro OOTEKaHUsl dYepenyroumxcs TpyO, OO0pa3yroT BHUXPEBBIE CIEIbl U
30HBI, BEAyIIME K TMOTEpEe KWHETHYECKOW DSHEPTUW MBIDKYIIErocs moroka. s
KaHaJOB C MaJbIM YHCJIOM IIONEepeYyHO oO0TekaeMbIXx TpyOd Ha oOiee
THJIPABIMYECKOE COMPOTUBJICHUE BIHUSCT JOMOJHUTENbHAS MOTEPs KMHETUYECKOU
HHEPrUU B MIEPBOM DSy U MIOTEPU HAIOpa Ha BBIXOJIE U3 yUacTKa C MaJbIM YHCIIOM
Tpy0. Cneayer OTMETHTb, YTO B KaHajle 3a’KpaHHOTO ra3oxojia ¢ MOMepEeYyHBbIM
oOTekaHreM TpyO OJlHA CTEHKAa C MOMEPEYHBIMH TIJIACTUHAMHU B3aUMOJCHCTBYET C
BUXPEBBIM MOTOKOM TOJBKO C TOYKH 3pEHHS TUAPOAMHAMMKHU O€3 TeriooOMeHa.
AKTHUBHBIN TEIJIOOOMEH B TaKOM KaHaje IMPOUCXOJIUT TOJBKO C MOBEPXHOCTHIO
MOTIEPEeYHBIX TPYyO U TpyO B TPyOHOU IETHHOCBAPHOHN MaHeTu. ITUM (PaKTOpoM U
OOBsICHSIETCST OoJiee TIHIATEIbHBIA MOAOOP M BHIOOP HE TOJBKO T'€OMETPUHU KaHalla
3a3KpaHHOIO  razoxoja, HO H  (CKOPOCTHBIX) THUAPOAMHAMUYECKUX U
TEIUIOOOMEHHBIX XapaKTEPUCTUK M PEKUMOB TeueHUs. KOMIUIeKCHBINM TOIX07 B
OMpEACTCHNN  ONTHUMAIbHBIX  TUAPOAMHAMHYECKHX  H  TEIUIOOOMEHHBIX
XapaKTePUCTUK MOXKET TIOJOKUTEIBHO PEIIUTh KOHCTPYKTHUBHBIC IapamMeTphl
BOJOTpENHOro Kotia, 3p(HEeKTUBHO pabOTAIONIEr0 Ha TBEPIOM TOIIMBE.

Ha »skcnepuMeHTanbHOM yuyacTKe BTOPOM MOJENM KaHalla 3a’KpaHHOTO
ra3oxojia Mo pUCyHKY 5 U3MEpEHHUs MOJIsl CTATUYECKOro JIABJIEHUS MPOU3BOANIOCH
10 JUIMHE B TOYKAaX MPOTHUBOIOJOKHBIX IONEPEUHbIM TpyOaM, pa3MEelIeHHbIM IO
cCepelMHe KaHalla, TaK KaK MEXIy CpeIHUMH TpyOaMu Ha BEpXHEM
TEIUIOU30JIMPOBAHHOM JIMCTE TEIJIOBOIO M3JIydaTessl Pa3MEIlaJuch MONEpPEUHbIe
IUTACTUHBI TOJ YIJIOM 45° K MOTOKY M NEPUOAMYECKH HANpaBsUIM TOJOBUHY
MOTOKAa Ha KaXKAYI0 TMOCIEAYyIOIIylo TpyOy. MexIy MonepeuHbIMH IUIaCTHHAMHU
pa3Menanuch HMMITYJIbCHBIE OTBEpCTUs auamerpoM a0 0,5 MM s u3MepeHwus
CTaTUYECKOTO JaBJICHUS BIOJb BCEU ITMHBI SKCIIEPUMEHTAILHOTO y4acTKa MOJIENN
KaHaja B HATypaJdbHYI0 BEIWYMHY M TOAPOOHO MPEICTaBICHHYIO BO BTOPOM
paznene pabotel. Ha pucynke 11 mnpeacTaBieHO H3MEHEHHE CTaTHYECKOrO
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JABJICHUS BAOJIb JJIMHBI SKCIIEPUMEHTAILHOTO y4yacTKa yepe3 Kaxapie 140 mm s
pazubix yncena Re 14000, 15500, 17000 u 21500.

800 +

[ @]

600

400

200

100 200 300 400 500 600 700 800

Ocb abcuucc — JIuHa KaHaia, MM; OCh OpJIMHAT — CTaTU4ecKoe AaBieHue, [1a;
I —gncimo Re =21500, 2 —gucino Re = 17000, 3 — uncio Re = 15500, 4 — yucno Re
= 14000, 5 — mOrpenIHOCTh SKCIEPUMEHTA.
Pucynox 11 — Pacnipenenenue cTaTU4eCKOro JAABJICHUS MO JUIMHE aXMaTHOTO
my4Ka Tpyo:

Ha BbIXOJlE W3 SKCIEPUMEHTANIBHOTO YyYacTKa ISl YKa3aHHBIX YEThIPEX
3HaueHWW Ymucia Re craTudeckoe MaBiieHWE 3aMETHO OOJIbIlle, YeM Ha KOHIIe
HKCIIEPUMEHTAJILHOTO ydYacTKa. JTO OOBSACHSAETCS TEeM, YTO IUIONIA[b CIIOKHOTO
MOTIEPEYHOTO CEYCHHS IKCIEPUMEHTAIBHOTO Y4YacTKa C IOIMEPEYHBIMU TpyOaMu
MOCJI€ BBIXOJIa U3 HErO YBEIMYMBACTCS, TAK KaK CEUCHHUE CUMTAETCS MO HAPYKHOMY
KOHTYpy 0€3 TpyO M MO3TOMY CKOpPOCTh MOTOKa CHMKaeTcs. [Ipu 3Tom U3 pucyHka
11 BUAHO IO COOTBETCTBYIOIIUM JUHUSIM 1, 2, 3 1 4, 4TO ¢ YBETUYEHUEM CKOPOCTHU
noToka (uucna Re) kpyTu3Ha JTMHUA U 00IIMIA TIepena CTaTUHYeCKOro JaBiIeHUs Ha
Ha4yaJIbHOM M KOHEUHOM DKCIIEPUMEHTAIbHOM YYaCTKE YBEIUYMBACTCS.

Ha pucynke 11 npeacraBiieHO, 4TO BO BTOpPOM, YETBEPTOM M IIECTOM TOYKAX
otbopa OT BX0/1a B AKCIIEPUMEHTAJIbHBIN y4acToK, T.e. yepe3 140 mm, 560 MM u 840
MM, JJI1 BCEX YEThIPEX PEKUMOB TeueHus npu uyuciax Re paBubix 14000, 15500,
17000 u 21500 HaGmrogaeTcsi CHUYKEHHE CTAaTHUECKOTO JIaBIICHUS. DTO OOBSICHICTCS
PaCIIONOKEHUEM UMITYJIbCHBIX OTBEpCTHl Ne2, Ne4 u Ne6 Ha BepxHEW KpBILIKE
HEIMOCPEJACTBEHHO 3a MOMEPEUHbIMU MJIACTUHAMM, YCTAHOBJIEHHBIMU I10]] HAKJIOHOM
Ha 45° K OCHOBHOMY MOTOKY U COOTBETCTBYIOT MUHUMAJIBHOMY MONEPEYHOMY
CEUCHUI0 KaHaja. B yKa3aHHBIX TOYKaX CKOPOCTh MOTOKa MaKCHUMajibHas Ha
YYacTKe, YeM 3a MOCHEAYIOIIMM IMONEPEUHBIM PSAJIOM TpPyO, Ille€ CKOPOCTh MOTOKA
MEHbIIIE, & CTATUYECKOE JaBlieHHuEe OOJIbIlIe YEM B COOTBETCTBYIOIIMX Toukax Nel,
Ne3, Ne5 n Ne7 xak Ha pucynke 11.
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[lo npencraBneHHot Ha  pucyHke 11  3aBUCHMOCTH  BBIOMpaCS
CTaOMJIM3UPOBAHHBIN YYaCTOK C JTUHEHHBIM W3MEHEHHEM CTATUYECKOTO JIaBIICHUS,
Mo Tepenaay pacueTHBIM IyTeM omnpeaensuics 1o dopmyie KoIPHUITUEHT
TUAPABIMYECKOTO  COMPOTUBIICHUSI HAa  DKCIEPUMEHTAJIBHOM  y4acTKe C
PAaBHOMEPHBIM MEPENaJIOM CTATUUYECKOTO JIABJICHUS

Uccnenosanne kordduienta ruipaBInyeckoro CONpPOTUBIICHUS JJIsl KaHaia
3a3KpaHHOTO  Tra3oxojJa ¢  TMOMepeYHbIM  OOTeKaHWeM,  OOpPa30BaHHOIO
1IEJTbHOCBAPHBIMU MEMOpPaHHBIMH TPYOHBIMU TIAHEJISIMHM C TIOTIEPEUYHBIMU TPYOaMHu
MPOBOAWIOCH BHA4aJle TMpU HU30TEPMHUUYECKUX  ycloBUsX. MccienoBaHue
TersI000MeHa U onpeneneHne Kodh UIMeHTa Terio0TAaud Ha HEM30TEPMUUYECKOM
y4acTKE TO3BOJISUIO OMNPENEHUTh M KOIP(GUIIMEHT CONMPOTUBICHUS B YCIOBHSIX
OXJIQXJEHUA MOTOKA.

Teroduznveckne xapakTEpPUCTUKU MOTOKA HATPETOTO BO3yXa WM TMOTOKA
ropsuero raza ONpeAesisUINCh MO CPEIHEN TeMmeparype Ha SKCIEPUMEHTAIbHOM
y4acTKe, pacyeTHasi CKOPOCTh B XapaKTEPHOM HAWMEHBIIEM MPOXOJHOM CEUCHHH
MONEPEYHOro psifa TpyO M HAKIIOHHBIX TUIACTHH. 32 XapaKTEPHBIA OMpeesSIOnInii
pasMep NpUHUMAJCS JUaMeTp TPyO Ha IKCIEPUMEHTAIBLHOM y4acTKe, KOTOPBIA He
3HAQUUTEJIPHO OTJIMYAJCA OT DSKBHUBAJIEHTHOIO JMaMeTpa pPacCYUTAHHOTO IO
u3BecTHOU popmyre dow = 4P/F, rae dow — SKBUBAJICHTHBIA AHAMETP MOMEPEYHOTO
ceueHus1 KaHaja, P — CMOYEHHBIH TEepuUMETp KaHajla IS THAPOJUHAMHUKUA U
oraenbHOo P,  — CMOYEHHBIM TlepUMETp KaHajla  3aJCHCTBOBAHHBIA B
HEIMOCPE/ICTBEHHOM TETNTIO0OMEHE MEXK]Ty Ta30BhIM ITOTOKOM M BOJIOHM B TpyOax, F —
XapakTepHas IJI0IIA/lb MONEPEYHOTO CEUCHHSI B HAMMEHBIIEM IPOXOAHOM CEYECHUH
AKCHEPUMEHTAJIBHOIO KaHaja.

HccnenoBaHHbli quana3oH HU3KUX CKOPOCTEH MTOTOKA ¢ MaJIbIMU BEJIUYMHAMU
grcen Re, COOTBETCTBOBaN HamOoJee 4YacTO NPUMEHSIEMBIMH B TIPAKTHKE
AKCIUTyaTallMi COKMIaHWs YIJIEW ¢ TOHKHM clioeM B BojorpeiHbix kotiax KCBp
MpU MOHMXKEHHBIX Harpyskax. [losTomy mpu paboTe KOTJIOB Ha MajlbIX M CPEIHHUX
Harpy3kax 3HAUEHHMS CKOPOCTH Ta30B HEBEJIMKHA B 3a3KpPaHHOM Ta30Xojie.
JlonmosHUTENbHO HAa pUCyHKE 11 BHUIIHO, YTO C yBEIWYEHHUEM CKOPOCTH MOTOKA U
yucia Re B paccMOTpeHHON MOJienu KaHajla 3a3KpaHHOTO ra30xoja HalIo1aeTcs
YEeTKOE Yepe/IOBAaHUE 3HAYEHUM CTAaTUYECKOrO JaBJEHUS, XapaKTepHU3YIOIee
MIEPEMEHHOE IBUKEHUE MOTOKA, YEPEAYIOLIEECS TO C YBEIIMUEHHEM CKOPOCTH, TO CO
CHI)KEHHUEM CKOPOCTH 3a KaXKJIOW TIOINEepeYHOM CepellMHHON TpyOoW B KaHale.
AHaJOTUYHBINA pe3yJbTaT YEPEAYIOMUXCSI N3MEHEHU CTATUYECKOTO JaBJICHUS ObLI
noyiydeH B pabore [29] u B padote bamadekosa O.C. [80]. ITo pucynky 11 BugHO,
YTO YepeAyIOIUiCcA Mepenaj CTaTuueckoro AasiaeHus s uncen Re ot 6000 u no
17000 nna wucclienoBaHHOTO KaHajda 3a3KpPaHHOTO Tra3oxofa C HAaKJIOHHBIMU
MJIACTUHAMMU MPEBBIIIAT PACYETHYIO MOTPEUTHOCTH MPU ONMPEICTEHUN CTaTUYECKOTO
JABJICHUSI U TIOATOMY MOJIYYEHHBIN MEePEeMEHHBIN pa30poc CTaTUYECKOro JaBICHUS
BIIOJIHE PEaIbHbIN U 00BSICHUMBIH.

B macrosmel pabore B amamasoHe uucen Peiinonbaca ot 6x10° go 17x10°
KOd(pULIIMEHT THUAPABINYECKOrO COMPOTUBJIEHUS JUIsl KaHajda 3a’KpaHHOIO
ra3oxojia ¢ IlaCTUHAMM MO YIJIoM 45° K MOTOKY HE OTJIMYaJICs MEXAYy COOOi U B
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pabore BeIMOMHEHHOW paHee [29]. Poct kosddummenta ruaApaBIAYECKOTO
CONPOTUBJICHUSI C HAKJIOHHOW IUIACTUHOM ¢ yBenuueHueM ckopoctu (Re)
OOBSICHAETCS TEM, YTO TUTACTMHA HAOpachIBaeT IMOJOBUHY TOTOKA Ha OOKOBYIO
4acTh Mo YriaoM 45° K CTeHKEe KaXkI0U MoIepeyHoi TpyObl 10 BCel ee JITMHE, a 3TO
MPUBOJUT K YBEIMYECHUIO, KaK M Yy JIOOOBOTO COMPOTHUBJICHUS. JlOMOJHUTEIBHO
MPOCTPAHCTBO 32 HAKJIIOHHOM IJIACTUHOM 3aIOJIHAETCS 3HAUUTEIIbHBIMU BUXPEBBIMU
30HaMH TI0 BCEH JUIMHE K0 TpyOe UM KOTOphIe TPEOYIOT OMPEACIICHHBIX 3aTpat
KUHETUYECKOU SHEPTHUHU.

B HekoTopbix paboTax 3TOT (akT ¢ BUXPEBBIMH 30HAMHU MOKa3aH BU3YaJIbHO
peaNbHBIMU KapTUHKaMHU C 4Y€TKO c(opMupoBaHHBIMH BHUXpsSMU. M3BeCTHO, 4TO
MPOCTPAHCTBA COU3MEPHUMBIE C XapaKTEPHbIM pa3MEPOM KaHajla 3alOJIHCHHBIC
YaCTHIMU BHXPEBBIMU 30HAMHU TPEOYIOT HECKOJbKO WHBIX 3aTpaT KUHETUYECKOU
SHEPIUH MOTOKA.

3.2 AnHamu3  pe3yiabTaTOB  DKCIECPUMEHTAIBHBIX  HCCIEHOBAHUM IO
KOd(PPULIMEHTY THUAPABIUYECKOTO COMPOTUBICHUS HA SKCIEPUMEHTAIBHOU
YCTaHOBKE

B nacrosiieM ucciaeaoBaHUU NPEICTABISUTN MIPAKTUUYECKUA MHTEPEC 3HAUCHUS
Koa(duIeHTa CONMpPOTUBJIEHUS MPU CKOPOCTH MOTOKa MeHee 8 wm/c. Takue
HE3HAUUTEIbHBIE CKOPOCTU OOYCIaBIUBAJIUCH JUIMTEIbHONH paboOTONl YroJbHOIO
BogorperHoro koriaa KCBp-0,43 ¢ KOHBEKTUBHBIM KAaHAJIIOM 3a3KPAHHOTO ra3zoxojaa
C HEOOJIBIIION TONIIUHON TOPSIIETO CJIO0sI U HEOOIBIIMMU JABICHUSIMU U PACXOJA0M
OyTHEBOI'O BO3AyXa IOJ KOJOCHUKOBYHO pemietky. Ha pucyHke 12 npuBeneHo
cpaBHeHHE KOA(P(HUIMEHTA THAPABINYECKOTO COMPOTUBIICHUS KaHalla 3a9KPaHHOTO
ra3zoxoja C MONEPEYHOM HAKJIOHHOM IUIACTUHOW C KIIACCUYECKMM HOPMATHUBHBIM
IaXMATHBIM ITy4YKOM TpYO.
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Pucynox 12 — CpaBuenue kodhdumnrerTa ruypaBindeckoro COmpoTUBICHUS
KaHaJjia 3a9KpaHHOI0 ra30Xxo/ia ¢ NONEPEYHON HAKIIOHHOW TUIACTUHOU C
KJIACCUYE€CKUM HOPMATUBHBIM IIAXMATHBIM ITyYKOM TpYyO
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Ocs ab6cmuce — norapudm yncia PeitHonbaca; ock opauHAT JorapudM ducia

(1000¢)
1 — my4ok TpyO, 2 — 3a9KpaHHbIi ra30X0/1 ¢ IUIACTUHAMH, 3 — TOYHOCTD
00001IeHHS
N3 pucynka 12 BugHO, YTO 3HaYeHUS KOA(D(HIIMEHTa THUAPABIHYSCKOTO
CONPOTHUBJICHUS C OTHOCUTECIBHBIM IONEPEYHBIM G; — IaroM Tpyd0 u
OTHOCHTEIBHBIM TPOJOJIBHBIM G©, — IIaroM TpyO B KJIACCHYSCKOM ITaKETe C

OOJBIIMM YHUCJIOM THONEPEYHBIX pPsOB TpyO0 © HATYpHOM MOJENIH KaHaa
3a9KpPaHHOIO Ta30X0/Ja C PABHBIMHM OTHOCHUTEJIbHBIMU IIAaraMd JOCTATOYHO
OTJIMYAIOTCSL Mexay coOoi. [IpuueM 3HaueHue koAI(DPUIMEHTA THAPABIMYECKOTO
CONMPOTHUBJIEHUS  KIACCMYECKOr0 IIAXMaTHOro Mmy4yka TpyO Oosblie yem
KO3 (PUIIMEHT TUAPABINYECKOTO COMPOTUBIICHUS KaHalla 3a3KPaHHOrO ra3oxoja ¢
nonepeyHbiMu  TpyOamu. OpHako cieayeT OTMETUTb, YTO HAKJIOH JIMHUU
U3MEHEHUsT KO3(PQUIIMEHTAa TUJPABIMYECKOTO COIMPOTHUBICHUS KIIACCUYECKOTO
Mydyka M KaHaja 3a’KpaHHOTO ra3oxojia He MapajulelibHbl B HCCIEIOBAHHOM
auanasoHe no uuciay PeliHonmpaca. OObsACHsAETCSs 3TO TEM, UYTO TEYEHHE B
KJIACCMYECKOM IIaXMaTHOM Iy4YKe TPYO OTIMYaeTcsi OOJNBIIUM YHUCIOM MONEPEUHbIX
psA70B TpyO B 0OOMX HAIMpPaBIEHUSX B OTIWYHE OT TEUCHHUS B KaHAJIE 3a9KPAHHOTO
ra3oxoja, B KOTOPOM HIDKHSSI CTEHKA BBITIOJHEHA KaK IICIbHOCBAapHas TpyOHas
NaHEJIb C MEHBIIMMH BUXPEBBIMHU 30HAMU. BepxHsis TEITOM30IMPOBaHHAs CTEHKA C
NPUBAPEHHBIMM HAKJIOHHBIMU IUIACTHHAMHM C BHUXPEBBIMU 30HAMH TOJIBKO JI0
KPBIILIKM U TO3TOMY KaHAJl 3a’KPAaHHOI'O ra3oxoJla MOYKHO paccMaTpUBaTh Kak
KaHaJl ¢ MEPUOIUYECKUM OOTEKaHWEM OAMHOYHOU MomnepedHou TpyObl. [[is Takoro
KaHajla 3a’KpPaHHOTO Ta30X0Ja CIEAyeT OXKMIATh MEHBIIMX 3aTpaT JHEPruu Ha
BUXPEBBIE 30HBI, YEM JJIsl KJIACCUYECKOIO MIAXMAaTHOrO IMakeTa TpyO C Takou ke
reoOMeTpuel pachoyiOKeHUs] TpyO W pPAaBHBIX OTHOCHUTENbHBIX MNPOAOJBHBIX WU
MOTIEPEYHBIX IaroB.

Kak npencraBieno Ha pucyHke 13, HaumHasg ¢ uucna Re 11000, B ctopony
YBEJIUYEHHSI BCE HKCIIEPUMEHTAIbHBIE TOUKH IO PACIPEIECICHUID CTaTHUYECKOIO
JaBJICHUS I HEOOJNBITNX 3HAYEHUM CKOPOCTEHM IMOTOKAa C Pa3sHBIMU BCTaBKaAMU
BMECTO HAKJIOHHBIX IUTACTHH B BHUJAC MOIYTPYO H JPYrUX BCTAaBOK IOYTH
COBIIAJIAI0T, 3TO MOKa3aHo U B padote [29]. CpenHekBaipaTUUHOE OTKJIOHEHHE £8,6
% MOXXHO CUMTaTh NPHEMIIEMBIM Ul MH)KEHEPHBIX pacuyeToB U B padore [29]
npeajiaraeTcsi aHajJuTUYecKas 3aBUCHUMOCTh 1l pacyera Kod(duimeHTa
rUIpaBIndeckoro conpotusienus & (Eu) B TakoM KaHalle 3a3KpaHHOTO T'a30X0/a ¢
HAaKJIOHHBIMM  IJIACTUHAMH. 3aBUCHMOCTh MOXET ObITh IpUMEHEeHa s
TBEPJOTOIUIMBHBIX BOJOIPEUHBIX KOTJIOB TEIUIOBOM MourHOCcThi0 oT 200 kBt gm0
1,16 MBT ¢ py4HbIMH U MEXaHMYECKHUMH TOMKAMH OOJbIIEH MOIIHOCTA C TOHKUM
CJIOEM.

JInsi M30TEpMHUYECKOTO TEUEHHMsI BO3/lyXa B KaHaJle 3a9KPaHHOrO Ta30Xxoja ¢
HAKJIOHHBIMH IO/ YTJI0M 45° MJIacTUHAMU Ha BEPXHEU KPBIIIKE U B COOTBETCTBUU C
pucyHkoM 13, Ko3((ULIHMEHT THIPaBIMYECKOTO COMPOTHUBIICHUS PEKOMEHIYETCs
paccumThIBaTh 10 opmyde (23) mo ananoruu ¢ padoroi [29]:
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§ =299 X Re 017 (23)

Koaddutnment nepen uncnom PeliHonbaca U mokaszaTenb CTENeHH 4ucia Re
OTIPEICISUTACH 10 SKCIIEPUMEHTAIBHBIM TOYKAM METOJIOM HAMMEHBIINX KBaJpPaTOB
s Oomee dem 25 ToueK ISl KaHala 3a’KpPaHHOTO Ta30Xxo/a C IMONEpEeYHBIMU
TpyOamu.
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Pucynox 13 - O60011eH1E SKCIIEPUMEHTAIBHBIX JAHHBIX 10 KaHAJIaM C
AJIEMEHTaMU IIaXMaTHOTO My4YKa TpyO MpU U30TEPMUUYECKOM TEUECHUU
Ocp abcmucce — gorapudm yrcia PeitHonbaca; ock opauHat Jorapudm gucia
(1000&) 1-touHOCTH 0OOOIIICHUS

IIpoBeneHHBIE HCCIENOBAaHUSA THUAPOJMHAMUKM B KaHaje 3a’KpaHHOIO
ra3oxojla C TIOINEPEYHbIM OOTEKaHHWEM 4YEepPEeaYyIOIIUXCS OJMHOYHBIX TpyO cC
HAKJIOHHBIMM 1107 YIVIOM 45° K HOTOKY NONEPEYHBIMM IUIACTUHAMHU B JUANa30HE
MaJbIX CKOPOCTEM NMOTOKA MOKAa3aJd, YTO KapTHUHA TEYEHHs B TAKUX KaHAJaX TaKkKe
HE MpoCTasg W KaXJbId pEXUM TEUEHHs MOTOKa BIHUsAET Ha (POpPMBI M pazMepsl
BUXpel 3a TpyOaMHu U 3a TUIACTUHAMM.

HccnenoBannblii 1rana3oH TEYEHHs] NOTOKA IO CKOPOCTH M IO 4yuciay Re B
npeaenax or 5000 m mo 30000 coBmamaer ¢ KBagpaTU4YHOW 3aBHUCUMOCTHIO,
MPUBEICHHOW B W3BeCTHOM pabore [81] s Tex ke auama3zoHOB Mo 4uciay Re.
AKIIEHT Ha HCCIIEJOBAHHOM Juamna3oHe mo uuciay Re oOycnaBnmBaics TeM, 4TO
Majasi CKOpOCTb Ta30BOro TOTOKa B KaHajaX 3a’KpaHHOTO ra3oxoja B
TBEPAOTOIJIMBHBIX BOJOIPEHHBIX KOTJIaX HEOONBIION MOLIHOCTHM HaXOIWINCh B
pealbHOM JAMarna3oHe UX padoThl ¢ TOHKUM cioeM. [Ipu 3ToM MpoaosKUTEIbHBIN
IPOMEXYTOK BPEMEHU U OCHOBHOW pEXUM pabOThl MO TEIJIOBOM Harpy3ke KoTJa
KCBp-0,43 cooTBeTcTBOBasl pexuMy pPabOThl C MHUHUMAIBHOM TOJIIUHOW CIIOS
YIJIl 1 MUHAMAJIBHOM TI0J1a4€il JyThEBOIO BO3/yXa MO KOJOCHUKOBYIO pemeTky. B
HACTOSIIIEH paboTe MPOAOIBHEIN IIar TpyO G, = S»/d B TpyOHOI IETbHOCBAPHOM
NaHeau, W IIMpUHA MeMOpaHbl MexAy TpyOamMu BblOMpanach C Y4EeTOM
MaKCUMAaJIbHOTO TEIJIOBOTO BOCHPHUATHS M HANPSIKEHUS SKPAHOB TONKU APYrou
CTOPOHOM U PacCIOiI0KEHHON HAJ TEIIOHANPSKEHHBIM ci1oeM. [IponoabpHbIi mar 6,
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MOTIEPEYHBIX TPYO B CpPEeIHEM psAy BBIOUpAICS PaBHBIM MPOAOIBLHOMY IIAry Ga
TpyO B  TpyOHOM TmaHenu. AHAJIOTMYHO  BBIOMPAJIOCH  PACTIOJIOKECHUE
OTHOCUTEIHHOTO TIOTIEPEYHOTO psifia TPyO, CABMHYTHIX HA TOJOBUHY IIIara G»/2
OTHOCHUTEJILHO TPYO B LIEIbHOCBAPHON TPYOHOI MaHENH.

3.3 AHanu3 pe3yJbTaTOB SKCIEPUMEHTAIBHBIX UCCICAOBAHUN TEIsI000MEHa B
KaHaJle 3a3KPaHHOI0 ra30Xxo/la ¢ MONepeyHbIM 00TEeKaHueM TpyO

B panee BbImoiHEeHHON pabore [29] Mo MccieqoBaHMIO KaHajla 3a3KPAHHOTO
ra3oxojla € pa3jMYHbIM paCIOJIO)KEHHEM TpyO, Kak TMpOJOJIbHBIX, TaK H
MOMEPEYHbIX C IIAJKUMU CTEHKaMU C MOJIyTpyOaMu, pa3MEIIeHHbIMH C OJHOU
TOMOYHOM CTOPOHBI OBLIM MOJYYEHbI 3MIUPUYECKHE (HOPMYIIBI A UHKEHEPHbIX
pacdeToB Kod(puimeHTa TerooTaauu o Wik Nu.

Ha pucynke 14 npexncraBnensl 3aBucumoctd IgNu u IgRe mist paznmuusbix
MOJENEN KAaHAJIOB 3a’3KpPaHHOIO TIa30Xxonda, TIAe Uil CPAaBHEHHsS IPUBEICHA
3aBUCUMOCTb JJIs1 KJIACCUYECKOT0 IaXMAaTHOIO IMAKeTa TPYyoO.
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PucyHok 14 - O6Go01IeH e SKCIEPUMEHTAIBHBIX JAHHBIX TI0 TEIMIO0OMEHY
Ocp abcuuce — norapudm uncia PeiiHonsaca; ock opauHar — gorapudm yucna Nu
1-maxmarHblii mydok Tpyo Nu=0,35 xRe®® [29, 81], 2 — skcniepuMeHTaIbHAs
3aBMCHMOCTD JUIS Pa3IMYHbIX BUIOB TypOyau3aTopoB Nu=0,72 xRe*?xPr®* [29], 3-
TOYHOCTH 0000IICHUS

3aBUCUMOCTb, MOKa3aHHas JuHUEH | Ha pucyHKe 14 omuchIBaeT TEI000MEH
KJIACCUYECKOI0 IIaXMaTHOTO makeTa TpyO ¢ monepedyHsiM marom 6;=s;/d = 1,8 u ¢
MPOJOJIBHBIM IAaroM o, = s;/d = 1,8. Huxe pacnonokeHa 3KCHepUMEHTaIbHAs
3aBUCHUMOCTH 2 TMOJy4deHHas B padore [29]. U3 pucyHka BUAHO, YTO 10 3HAYCHUS
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gyucia Re = 11585 xoaddunuent rermmooraaun o wind Nu,: 6Juxe K Kod3PPUuImeHTy
TEIUIOOTJaYM KJIACCUYECKOTO IIaXMaTHOro makera TpyO Nuy,. OTOT AMamna3oH Mo
ckopocTH Taza oT 1,5 m/c mu mo 4+6 m/c B KaHaje 3a’3KpaHHOTO Ta30Xxoja
COOTBETCTBYET 0a30BOMY pEXUMY paOOThl TBEPAOTOIUIMBHOIO BOAOIPEMHOIO KOTIa
temnoBoil MomHOCTH OT 200 kBT 10 1,16 MBT ¢ TOHKMM Ccl10€M ropsiiero yris Ha
KOJIOCHHUKOBOWM pemieTke. Bo Bpemsi TEIIOTEXHMYECKUX HUCHBITAHUM yKa3aHHbIE
BEJIMYMHBI CKOPOCTH Ta30BOTO IMOTOKa B 3a3KpaHHOM razoxonae koria KCBp-0,43
¢dbukcupoBanuch MHOTrokpatHo. [Ipu 3ToM HageKHOCTh pPabOThl KOHBEKTUBHOMU
MMOBEPXHOCTH 3a’KPAaHHOI'O Ta30X0Ja HE BBI3bIBAJIA COMHEHUW, TaK Kak IIpH
C)KUTaHUU YTJIsl B TOHKOM CJIO€ C MUHUMAJbHOW MOAAYEN ITyThEBOrO BO3JyXa W3
CJIOSl TPAKTUYECKW HE BBIHOCWUIIMCH TBEPHbIE (PAKIUU 30JIbI B TOMOYHOE
IIPOCTPAHCTBO U COOTBETCTBEHHO B KAHAJI 3a3KPAHHOI0 ra30X0/1a.
Jloka3zaTeabCTBOM 3TOTO MOCTYyJaTa SBISETCS JOCTATOYHO JUIUTENIbHAs paboTa
BogorpeitHoro kotia KCBp-0,43 ¢ coOmrofeHneM yKa3aHHOTO PEeXUMa paboThI ¢
TOHKUM cinoeMm. Ha pucynke 15 mpencraBieHa 3aBUCHMOCTb OTHOLIECHMS YMCIIA
Nu,/Nuy, ot norapudma uucina Re B quamazone Perinonbaca ot 5000 u g0 12500.
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Pucynok 15 — CpaBHeHue TermiooOMeHa B KaHajle 3a3KpaHHOI0 Ira30Xo/a C
KJIACCHUECKHUM IIaXMaTHBIX ITyYKOM
Ocb abcuucc — norapudm yucia PeliHobaca; OCh OpIMHAT — OTHOIIICHUE
Nu,/Nuy,

bnuskue 3HaueHust otHomeHus: yrcia Nu,/Nu, K03 duinenTa TerniooTIauu
or yucina IgRe B mmamazone ot 3,8 mo 4,1 B KaHaje 3adKpaHHOTO Ta30Xoja
OOBSICHAETCS TEM, YTO JJISI MAJIBIX CKOPOCTEN MOTOKA Ka)1asi HAKJIIOHHAs TJIACTHHA
MEPUOINYECKU HAIMPABISET MOJOBUHY MOTOKAa Ha OOKOBYIO CTEHKY MOJ yriaom 45°
K701 nocneayromiei Tpyosl. [1o nccnenoBanusiMm apyrux aBTOPOB 3TO MECTO, /1€
kod(dumueHT TermtooTnaun o WM Nu Oosiee yeM B JBa pa3a MEHBIIE, YeM B
n060Boi 30He (0° k MOTOKY) TpyObl. Hampapiienue nojgoBUHBI NOTOKA HA OOKOBYIO
CTEHKY KaXXJI0U TPYObl NPUBOJAUT K YMEHBIICHUIO TOIIINHBI TOIPAHUYHOTO CJIOS B
ATOW 30HE MO BCEH AnuHE Kaxaou TpyObl. IlosTomMy B 3aJaHHOM JuamnazoHe
CKOPOCTH Ta3oB KO3 (UIMEHT TEIUIOOTAaun HauuHasg ¢ yria 45° u go yraa 120°
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BJIOJIb TIOTOKA CO CTOPOHBI HAKJIOHHBIX TUTACTHH OYJIET YBEIMUMUBATHCSI U CyMMapHO
Oynet Omke K TEIUIOOT/Aaue B IMAKETE MAXMATHBIX TPYO MPH TAaKHUX K€ 3HAYCHUSIX
ckopoctd. COOTBETCTBEHHO 3TOMY CyMMapHasi TeIUIO0T/a4ya B KaHaJe 32 SKPaHHOTO
razoxoja OyaeT mpuOImKeHa K TEIJIO0TAade B KIACCMYECKOM MIaXMaTHOM TaKeTe,
Py STOM THUAPABIMYECKOE COMPOTHBJICHUE Y IIAXMATHOTO ITy4dKa OOJbINEe B
yKa3aHHOM JMana3oHe CKOpocTH rasza. Kak panee ykaswpiBajioch B pabore [29]
THIPABIMYCCKOE  COMPOTUBJICHUE KaHAJla 3a JOKPAaHHOTO Tra3oxoja  JuIs
PacCCMOTPEHHOTO BCETO Juamna3oHa 10 4YHCIy PelHonbaca HIDKE, YeM JUIs
KJIACCUYECKOT0 IIaXMaTHOTO Takera TpyO0 ¢ TakUMH € OTHOCUTEIbHBIMU
nonepeyHsiMu o7 = s;/d = 1,8 u npomgonbHBIMH G, = Sp/d = 1,8 maramm Tpyo.
[ToaToMy 00001IEHME W HMHTETpalibHAsl OIEHKA MPEUMYIIECTBA OT MPUMEHEHUS
KaHaJla 3a9KPaHHOI0 ra30xojia Mo TeIIOBOMY M ruapasindeckoMmy sddexty P, mo
aHajoruu ¢ pabortoit [57,58] mokas3wpiBaeT, 4TO OOINas TEIIO THIpPaBIAYECKas
3 PEKTUBHOCT, TPHUOIIIKACTCS K JIMHUM BEPXHEH T'PaHUIIBI KJIACCHYCCKOTO
raxMaTHoro mnakera Tpy0. MccrnenoBaHHbIN nuana3oH TEMIoBOH 3(GEKTUBHOCTH
no yncny Pennonsaca cocrasisiet ot 5000 o 11500. [Ipu cpaBHEHMHM TeTUIOBOM
apdexTuBHOCTH 1O P, WCMONB30BATUCh JKCHEPUMEHTANBHO  IMOJYYCHHBIC
3aBUCUMOCTH THAPABINYECKOTO COMPOTHBJICHUS H TEIUIOOTAAYd OT YHCIIa
PeliHonbaca oTmeabHO JUISI KaHAla 3a JKPAaHHOTO Ta30Xoja W OTIASIBHO IS
KJIACCHYECKOTO  IIaXMaTHOro  makera TpyO. CHIKCHHE  TEIJIOBOTO U
rUpaBIndeckoro »hdexra ¢ yBeInYEeHUEM CKOPOCTH MOTOKa mocie uucia Re =
11500 s kaHajma 3a  DKPAaHHOTO Tras3oxoJa OOBSCHSETCS  YCTOWYHMBBIM
oOpa3oBaHHMEM KpYIIHBIX BHXpEH 3a HAKJIOHHBIMHM IUIacTUHAMU. Buxpu 3a
MJIACTUHAMHU COM3MEPUMBI C TIOJIOBUHOM HKBHBAJICHTHOTO JHMaMeTpa KaHalla U
oOyCJIOBNIEHbI ~ OONBIIMMH  3aTpaTaMH KHHETHYECKOM DHEPruu TIOTOKA U
COOTBETCTBYIOIIUM POCTOM CONPOTUBICHHWS B TAaKOM KaHAle B OTJIMYKAE OT
[IIaXMaTHOTO TMakeTa Tpyo.

Koaddunment temnoormaun o (Nu) OTHeCEH K TMOJHOW TOBEPXHOCTH
TEMJI000MEHA CO CTOPOHBI Ta30B, KOTOpas BKJIIOYACT B ceOS MOBEPXHOCTH TPYO,
MOBEPXHOCTh MEMOpaH M TOPIEBBIX pedep. OTIeIbHO yUNTHIBAIACh MOBEPXHOCTH
BEPXHEW TEIUIOU30JIMPOBAHHOW M3JIYyYAIOIIEN TEIUIOBOM MAHENIU C IPUBAPECHHBIMH K
Hell HaKJIOHHBIMH (45°) muacTiHaMu. 3a XapakTEPHBIA pa3Mep MPUHAT JTHAMETP
MOoNepeyHo o0TeKaeMbIX TpyO U Tpyd B TpyOHOW HivkHed mnaHenu. CKopocThb
MOTOKa TMpHU OINpeaeeHnn Kputepus PeliHonbaca paccuuThiBanach i Hauboliee
Y3KOr0 TPOXOJIHOTO CEYEHHUs KaHajla 3a’KpaHHOro Tra3oxoia, a dopmyrna s
ornpeneneHus KodppuimenTa TeIIo0Taul B KaHalle 3a9KPaHHOTO Ta30X0/1a UMEeT
CJICIYIOIINM BUL;

0,25
Prx )
Pr{]‘"

Nu =0,98 X Re%5? x Pr%3® x (
. (24)

JI71s1 uccaeqoBaHHOIO KaHaja 3a’3KpaHHOTO ra3axojia MPUMEHSIEMOTO B MaJIbIX
BOJIOTPEMHBIX KOTJIAX C MaJIbIMH CKOPOCTAMH peKoMeHayetcst Gopmyna (24) ms
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pacuera Temootdaud o (Nu) u 1 pacyera kod(duIMEHTa THIPABINYECKOTO
compoTuBiIeHUS § pekomermyetcst hopmyna (23) B mpenenax norpemrHoctd = 10 %.
N3 pabotel [56] mpencTtaBieHo M3MEHEHUE KO3(PQPHUIIMEHTa TEIIOO0TIAaYH I10
OKPYXKHOCTH TpyObl mociie BToporo psaa. IIlyHkTupoM Ha ToMm ke puUcCyHke 16
MOKa3aHbl PACYETHBIE TOYKM KaHajga 3a’KpaHHOrO0 ra3oxoja C IJIaCTUHYATHIMU
HaIpPaBJISIOLMMU C YTIIOM HAKJIOHA 45° B OJIIPHBIX KOOPJIMHATAX.

180°

Pucynok 16 — smenenue ko3¢ duimeHTa TerIooTaauu M0 OKPY>KHOCTH TPYOBI
1I0CJIE BTOPOIO psiJia C INIACTUHYATHIMU HAPABIIAIOIIMMU C YIJIOM HaKJIOHA 0.=45°.
[Tonspnas cucrema koopausar. [lomsapusiit paguyc — yucne Nu, TOJISIpHBINA yIroJl B

rpamycax ¢ OTCYETOM IO YaCOBOW CTPEJIKE.
I —Re—-11100,2 —-Re =17600, 3 —Re =32600, 4 — Re = 52300

[lonsipublit panuyc mpencraBieH B Macmtabe juist uuciaa Hyccenbra Nu,
HEIMOCPEJICTBEHHO TMOJSPHBIA yrojd OTCUMTHIBAETCA OT J000BOMl Touku (0°)
HaIpaBJIEHUs [TOTOKA Ha MONEPEUHyIo TpyOy M Aajee mo yacoBou crpenke. Ilepoe
3HayeHue npopuias yucia Nu BOKpYr TpyObl COOTBETCTBYET 3HAUEHHUIO YHUCIIA
Peitnonpaca 11500.

Bropoe 3nauenue uncina Re = 17600 cooTBercTBYyeT Kputeputo Hyccenpra Nu
= 125 B nmo6GoBOM TOYKe B Jauama3zoHe 1Mo yriay +£120° B KOpMOBOW 4YacTH TPYOBI
3HaueHne Nu = 150 ¢ n1Byx cropon no yray B £100°. 3nauenue kpurepus Nu = 30
pacrmosaraeTcs ¢ IByX OOKOBBIX CUMMETPUYHBIX CTOPOH HA TOBEPXHOCTHU TPYOBI 1O
yriry £70° K HIOTOKY COOTBETCTBEHHO C JBYX CUMMETPHUYHBIX CTOPOH.

[IpumMeHeHre HAaKJIOHHBIX IUIACTUH MEPUOJAMYECKH HANPABIISIIOUIUX MOJOBUHY
MOTOKa Ha OOKOBYIO IMOBEPXHOCTh KAXKIOM TpyObl yBEIUYMBAET KOIPPUIMEHT
terwtootaaun 10 Nu = 50 B 30He yrnma 100° u k 3TOM BeJMUYUHE J00aBIsSETCS
TersioBoe uziayudeHue (1o 7 - 8%) OT CTaJIbHOIO HArpeToro Hapy»KHOTO JHUCTa
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BEpXHEH CTEHKHU KaHaja 3a’3KpaHHOro razoxoja. [loaromy npusenenHoe B popmyiie
(24) ompenenenne kKodh(dUIMEHTa TETUIOOTAAYM  YUYUTHIBACT  YBEIIMUYCHUE
TeruiooOMeHa 3a CYeT YKa3aHHBIX JBYX 3(QEeKTOB B HCCIEJOBAHHOM KaHaJe.
[IpuBenennas ¢opmyna (24) mo ompeneseHUuI0 CPEAHEW TEIJIOOTAa4Yd B KaHalle
3a3KpaHHOI0 Ta30xo0/a B pabdore Obula MPOBEPEHA r€OMETPUUECKUM MOCTPOECHUEM
npoduieid kputepuss Nu B BbelOpaHHOM MacmTabe. CleayroumM 3TarnoM
onpezensiach (MHTErpaibHasi) cyMMapHasi IUIONIa/lb MOBEPXHOCTU OTPaHUYEHHOU
ACUMMETPUYHBIM  OTHOCUTEIBHO OCH TMOTOKa mnpoduneM kputepus Nu
cooTBeTcTBYIOMIEro unciay Re = 11500.

[Ipu »TOM (Qu3Myeckue mapaMeTphl TIOTOKAa MPOIYKTOB CrOpaHus C
TeMIepaTypoi to, = 200 °C, p = 0,748 xr/m°, ¢, = 1,097 kJIx/(krx°C), A = 4,01x10?
B1/(Mx°C), v = 32,8 M*/c, Pr, = 0,67, 1 COOTBETCTBEHHO IIPH TOU XK€ TEMIIEPATYPe
rops4€ero Bo3ayxa ¢ GU3MIeCKUMU mapaMeTpamu: t,, = 200 °C, p = 0,746 kr/Mm’, ¢, =
1,026 xJIx/(xkrx°C), A = 3,93x10* B1/(Mx°C), v = 34,85 m*/c u Pr,. = 0,68.

[locne ompeneneHuss cymMMapHOHM IUIOMIAAM TMOBEpXHOCTH mpodmis Nu 1o
dopmyne (24) npu Re = 11500 paccuutsiBaercst Ko3(QPUIMEHT TEIUVIOOTAAUU O =
(AxNu)/d, oOTHECeHHBI TOJBKO K TEIJIOOOMEHHOW TMOBEPXHOCTU KaXKIOU
nonepeyHo oOTekaemoit TpyObl. B pesynbTaTe OT cpenHero koddduimenta
TEIUIOOTAAauM, MojdydyeHHoro no ¢opmyne (24) mpu Re = 11500 BblumTaercs
CyMMapHbIi KOA(G(UIMEHT TEIJIO0TAauM MONEPEeYHO OOTEKAeMbIX TPYyO M JECSATH
TpyO pa3MelIEHHBIX B HUYKHEN 1eTbHOCBAPHOM MaHEeIN ¢ MeMOpaHaMHU.

DKCHepUMEHTAIIbHBIE PE3YNIBTATHI 10 cpeaHeMy KOA(DOUIIMEHTY TEIJI00TIauH,
OTHECEHHOT'0 KO BCEH TEMJI00OMEHHOM MOBEPXHOCTH U C MaJIbIMM CKOPOCTSMHU B
npegenax uucia Re = 5000 go Re = 11500 no3BoiamiIM NoiyyuTh MpPUEMIIEMBIE
3HaueHus Kputepus Nu Mo TIpeniokeHHON B pabore dopmyne (24). [Ipu stom
CPEIHEKBaIPATUYHOE OTKJIOHEHHS M Ppa30poc 3KCHEPUMEHTAIBHO MOJyYEHHBIX
3HaueHU umciaa Nu oT 3aBUcUMOCTH TI0 (24) cocrtaBmsier 10 £ 7 %, a
MAaKCUMAJIBHOE OTKJIOHEHHE cocTaBisieT 10 14 %. B Ilpunoxkennn A npuBencHsl
NpUMEPBl  pacyeTa  OTHOCUTENbHBIX  MOTPEHIHOCTEd  MpU  pacyerax
HKCIIEPUMEHTAJIbHBIX 3HauYeHU Ko3pduuueHtoB Ttemiootaaun o (Nu) u
TUIPABINYECKOTO COMPOTUBIICHUS &.

3. 40uenka TemioBoM 3(PQGEKTUBHOCTH KaHalla 3a’dKpaHHOIO Ta30XxoAa ¢
MJIaCTUHAMMU.

Ha pucynke 17 mpexncraBieHa wu3BecTHas 00JacTh WHTEHCUDUKAIIIH
TEIJI000MEHa B TPSIMBIX TPyOax M KaHajaxX, MIaXMaTHBIX My4ykax TpyO u mipu
MOTIEPEYHOM OOTEKaHWHM OJWHOYHOTO IWiauHApa. Jljis cpaBHeHHMs Ha Trpaduk
HAHECEHBl WCCIICIOBAaHUS KaHalla 3a’KpaHHOTO Ta30xoja oO0paboTaHHBIE C
HCITOJIb30BAaHUEM SKCTICPUMEHTAITBHBIX (OPMYIT TI0 KOAPGUIIUESHTY COTPOTUBIICHUS
(23) u o ypaBHeHuto Terootnaun (24). Ilo ocu abcuucc OTIOKEHBI 3HAUYCHUS
yuciia PefiHonbpica, mo ocu opAuHAT OTIIOkKEeHa d(PPEKTUBHOCTD TeruoooMmeHa P, =
(F*/£)* uccnemoBanHoOro Kanana.
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N3 pucynka 17 crnenyer, 4ro g HMCCIEJOBAHHOIO KaHala 3a3KpPAHHOIO
ra3oxoja C IJIACTUHAMHU I0J YIJIOM 45° K MOTOKY B JHAala30He ¢ MUHUMAaJIbHBIMU
CKOPOCTAMHM MOTOKA ra30B MOKa3aTenb P, MPHHMMAET MAKCHMAIbHOE 3HAYCHHE B
npenenax 2,7 + 3,8, OTHOCUTENILHO CpaBHUBAEMOMW 0a30BOI MPSIMO KPYTIION TPyOBbI
mpu Re = 5000. DTu 3HaueHHs TmoKasaTens TemioBoil sddexrusHOCTH P,

CorIacyeTca € paHCC BBIIIOJHCHHBIMU AHAJIOTHUYHBIMU HCCIICOOBAHUSAMU aBTOPOB
[29,57,58].

10°
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Ocp abcuucc — uncio PeiiHonbaca; ock opauHar — 3GPEKTHBHOCTh TEMIO00MEHA
P, = (F/f)"°, Gespasmepnas Benuumna. OGosHadenus: 1 — 3PpQeKTHBHOCTE

TEIJIOO0OMEHA TIPU TONEPEYHOM OOTEKaHWHU OJMHOYHOTO IWIMHApA; 2 —
3¢ (HEKTUBHOCTH TEIIIOO0OMEHA B MPSAMOM TEXHUYECKH TIaJIKON TpyoOe; 3 — mieneBon
KaHa; 4 — MaxMaTHBIA My4okK TpyOd o = o2 = 2; 5 — Tpyba C KOJIBLIEBBIMU
BHYTPEHHUMH BBICTYIaMM; 6 — KaHaJ 3a3KpaHHOTO ra3oxojia ¢ IJIaCTUHAMU 0]
yriioM o = 45° (ycraHoBieHsl Ha Kotiax cepun KCBp); 7 — kaHasl 3a3KpaHHOIO
ra3oxojia C IPOJOJIbHBIMU TpyOaMu U pedpamu (YCTAaHOBJICHBI Ha KOTJAX CEpUU
KCT-1); 8 — kaHam 3a’KpaHHOTO Ta30Xx0/Ja C MEMOpaHHBIMU TMaHeNIIMH 0e3
MPOJIOJIBHBIX pebep (ycTaHoBieHbl Ha KoTinax cepun KCT).

Pucynox 17. U3BecTHast 006J1aCcTh MHTEHCU(DUKAIIMN TEIUIOOOMEHA B IPSIMBIX

TpyOax M KaHalax, NIaXMAaTHBIX Iy4YKax TPyO U MPHU NONEPEeYHOM OOTEKaHUU
OJIMHOYHOT'O LIWJIMH/IPA

VYBenuyeHue TeriooOMeHa B KaHalle C TIOCKUMU TUIACTHHAMU TOJT yTiioM 45°
K TIOTOKY B 30HE€ C MajblMH CKOPOCTSMH, OTHOCUTEIHHO HKBUBAJICHTHOTO
[IaXMATHOTO ITy4YKa, OOBSCHSETCS JIOMOJHUTEIbHBIM HAMPABICHUEM TOJOBUHBI
MOTOKAa B KaHAJE 3a3KPAaHHOIO ra30X0Ja Ha KXY MOCIEAYIOIIYIO MOMNEPEUYHYIO
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TpyOy M JIy4HCTOW COCTaBJISIONMIEH OT OOKOBOW TEIJIO M3IyYaroleil TOBEPXHOCTH.
bokoBas Terion3onMpoBaHHasi MOBEPXHOCTh C HATPETHIMU IJIOCKUMHU IIACTUHAMU
HAKJIOHHBIX K MOTOKY 45°, cTeneHb YEPHOThl KOTOPOW MOXET JOCTUTaTh 3HAYCHUS

0,9, 3T0 MOXXET yBEJIMYUTh TEIUIOOOMEH C Jy4HuCTOW coctamistomeit B 1,1 + 1,15
pasa [29, 57, 58].

[ToaTOMy B KOHBEKTMBHOM KaHajie 3a’KpaHHOrO0 ra3oxoja C HaKJIOHHBIMH
IUIaCTUHAMH, C TIONEPEeYHbIM OOTeKaHWeM TpyO C MallbIMU CKOPOCTSIMU U
temmeparypoit moroka a0 830 °C MOXHO OXHJAaTh YBEJIWYECHHUS TEIUIOOTIauu
OJIM3KOM K KJIACCHUYECKOMY IIaXMAaTHOMY IMaKeTy TpyO, MPU MEHBIIIUX 3aTpaTax Ha
MIPOJIBUKEHUE.

Ha pucynke 16 npezacrasisier unrepec 3GPEeKTUBHOCTh KaHajla 3a3KpPaHHOIO
razoxoja B auana3zone uucia Peiinonpiaca ot 5000 u no 11000 mo cpaBHEHUIO C
TEMJI000MEHOM B MIAXMAaTHBIX MaKeTax TPyO TaKOro ke JuaMeTpa M C TaKUMH Ke
OTHOCHUTEJIbHBIMU MTONEPEYHBIMU U MPOJOJIBHBIMU IIaraMu 61 =G> = 1,5 U 6, =0, =
2,0. DKcriepuMEeHTaJIbHbIE TOYKHU JJISI KaHajda 3a’KPaHHOrO ra3oxoja MOJy4YeHHbBIE
Ha pealbHOM KOTJIE 0000manvuch W OBUIM MPEACTABICHBI IO SMIIUPUUYECKON
dbopmyre (24) TOYKH KOTOPOU PaCIoiaraloTCs HEMHOTO BBINIEC B 30HE HEOOIBIIHIX
yucen Pennonpaca ot Re = 5000 u no or 11000, OTHOCHTENBHO AMIUPUYECKON
dopmynbl, mpeacTaBieHHOW B paborte [29]. Haumnas c¢ 3HaueHwil uwMcna
Peitnonbrica Re = 11700 u BbImie TenmaiooOMEH B KaHajle 3a’9KPaHHOrO Ta30xojia
MEHBIIIE YeM TEIUIOOOMEH B IIIaXMAaTHOM MakeTe TpyO TOro ke JauaMerpa, 4To
TaKke oTrMmedaercss B pabore [29]. HeoOGxoaumo OoTMETHUTh, YTO Ha pUCYHKE 16
OJTHOBPEMEHHO YYHUTHIBACTCS U TUJIPABIMYECKOE COIMPOTHUBICHHE CPABHUBAEMBIX
MOBEPXHOCTEN HarpeBa U KaHaJOB Pa3HOTO CEUEHHUS, T.€. C YBEIMUYEHUEM CKOPOCTU
MoTOKa M pocTtoM umciia PeitHonbaca 6omee 11000 ko3 dUIMEHT TETUIOOTAAYH B
KaHaJlle 3a3KPaHHOTO Ta30X0/1a pacTeT ObICTpee U OOBICHSIETCS 3TO 0Opa3oBaHUEM
00X 10 00BEMY BUXPEBBIX 30H PACTIOIOKEHHBIX 3a HAKJIIOHHBIMU IJITACTHHAMMU.
CkopocTh ra3oBOro MmoToKa JjIsi BOJAOrperiHoro tBepaororimBHoro koria KCBp-
0,43 ¢ TOHKMM CJIOE€M B 3a’KpaHHOM Ta30XoJle C TOMEePEYHBIM OOTEKaHWEM TPYO
auamerpoM 0,038 mm (wnm 0,057 mm) cocraBasier 6onee 8 — 10 m/c. Takue
3HAQUYEHUS! CKOPOCTH TIOTOKAa COOTBETCTBYET HAuyallbHOMY JTaly aKTHUBHOIO
BBIJICJICHUS JIETYYUX U UX aKTUBHOTO FOPEHUS cpasy mociie 3arpy3ku yris. [lepuon
aKTUBHOTO TOpEeHHs W (HOPCUPOBAHHOW IMOJA4YM BO3IyXa IMOJ KOJOCHUKOBYIO
pElIeTKY MO MPOJOJDKUTEIBHOCTH COCTaBIsIeT nopsnka 12 — 15 munHyT (B psizne
ciydaeB 70 30 munyT). OcTangbHOE BpeMsi MEJICHHOT'O TOPEHUs KOKCOBOTO OCTAaTKa
B TOHKOM CJIO€ COCTaBJIAET 10 2 — 3 4.

Pexxum UIMTENBHOTO TOPEHUsSI KOKCAa B TOHKOM CJIO€ YIJISI TPOMCXOJUT IpHU
CKOPOCTH TMMOTOKA B KOHBEKTUBHOM KaHaje 3a9KpaHHOTO razoxoja or w = 4,3 m/c
1o 5 M/c B aumana3zoHe uucna PeitHonmbiaca mopsiaka Re = 5000. CormacHo
muarpamme 13 HopmartuBHoro meroma [39] xoaddunment termmoornaun o, (Nu)
Ipy  TOMEPEYHOM OOTEKaHWM Ta3aMHu IMIaXMaTHBIX TJAJKOTPYOHBIX ITy4YKOB,
HanpuMep, Ipu cKopocTH 9,5 M/c paBeH o, = 74,5 xxan/(Mm*xux°C) umu 86,6
B1/(M*x°C). KoshGuiMeHT TEMI00TAaYM IPH HOINEPEYHOM OOTEKaHHU IOTOKOM
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ra3oB IIaXMaTHBIX MTyYKOB MpU CKOpOcTH 4,3 M/c mo nquarpamme 13 pasen o, = 46,5
kkan/(m*>xux°C) umu 54,1 Br/(M*x°C).

[Ipu cHIKEHHUU CKOPOCTHU MOTOKA ra3oB ¢ W = 9,5 M/c 10 CKOPOCTH MOTOKA W
= 4,3 M/c kK03pDUITMEHT TEIIOOTIAYN CHUXAETCS Ha 28 kkan/(M*xux°C) unm Ha
32,5 Bt/(M*x°C), COOTBETCTBEHHO JTOMY YMEHBHIAETCS M THAPABIMYECKOE
CONPOTHUBJICHHE.

Pacuer kosdduimenTa TernooTAaun s KaHalla 3a3KpPaHHOro ra3oxoja Io
sKcTiepuMeHTalbHOU (hopMmyrie (24) npu cKopocTH razoB wi = 4,3 M/C MoKa3bIBaeT
gro Nu; = 0,71(0,98)x83,84%0,865%0,65 = 33,47 (46,2), Torna xo>hduimeHt
TEIUIOOTAA4Yu MpPU CKOPOCTH Ta3oB B KaHaie w; = 4,3 M/C COCTaBUT o =
((46,2)33,47x0,038)/0,041 = 31,02 (42,82) Br/(M**x°C).

YmenbuieHue kputepuss Nu; B MEHBIIYIO CTOPOHY OT KpuTepusi Nugp
KJIACCHYECKOTO IMaXMaTHOTO IMy4Ka cocTaBmiio 42,3% wmu B 1,26 (54,1/42,82=1,26)
pa3a MEHbIIIE YeM B IIyUKe TPYO.

[Ipu ckopocTu razoBoro moroka w, = 9,5 M/c B 3a’KpaHHOM Ta30Xx0je
kputepuit Nu, = 0,71(0,98)x126,33%0,865%0,65 = 50,43(69,6). I'ne xordunpent
TEIUIOOTAA4YM MPU CKOPOCTH razoB w; = 4,3 M/C B KaHaJIe 3a3KpaHHOI'O Ia30Xxoja
cocraBui o = (50,43(69,6)%0,038)/0,041 = 46,74 (64,51) B1/(Mm*x°C).

Otnuuue xputepus Nu, B MEHBIIYIO CTOPOHY OT Kputepus Nup
KJIACCUYECKOT0 IIIaXMaTHOTO Iy4yka cocTaBuiio 46 % wiu B 1,34 (86,6/64,51= 1,34)
pa3a MeHbIIIe YeM B KJIACCUYECKOM IIAXMAaTHOM ITy4Ke TPYyoO.

CpaBHeHne KO3()PUITMEHTOB TEIUIOOTIA4YM JIJIsl KaHajia 3adKPaHHOTO ra30xoj1a
C TIOTMEepPEeYHBIM OOTEKAHHEM OJIHOPSIAHBIX TOMEPEYHBIX TPYO C MONEPEUHBIM
OoOTEeKaHWEeM KJIACCHYECKOr0 IMaxMaTHOTO IMyd4yka TpyO0 ¢ TakuMH Ke
OTHOCUTEIBHBIMH IIaraMu TpyO TIOKa3bIBa€T, YTO SBHBIE TMPEUMYIIECTBA
MOJIYYArOTCS IS KJIACCHYECKOTO IMIAXMATHOTO IMyYKa TPYO C OOJBIIMM YHCIOM
pAA0B TpyO B MONEPEYHOM M MPOJOJIBHOM HampasiieHnd. Hambosee Onmskue
BEJIMYUHBl KO3(D(PUUMEHTOB TEIUIOOTAAYM KaHajla 3a’KpaHHOro Tra3oxoja IO
CPaBHEHMIO C IIAXMATHBIM MakeTOM TPYO MJis HEOOJbIIMX 3HAYECHUM CKOpocTei
nopsigka S5 M/C, OOBSCHAETCS OINpeNeIEHHBIMU MPEUMYIIECTBAMU TTPUMEHECHUS
TAaKUX KaHAJIOB B BOJOTPEMHBIX KOTIIAX MAJIOM TEIIJIOBOU MOIIIHOCTH.

B Hacroseit pabore oTMeuaeTcs, YTo TaKOW Juara3oH 1Mo CKOPOCTH U YUCITY
Peiinonbaca (5000) monyuuiics 1Mo 3KCHEpUMEHTaM M MOATBEPIUIICS B PEabHBIX
yCIOBUSIX PAOOThI YrOJBHOTO BOJOTPEHHOr0 KOTIAa C KaHAJlaMH 3a3KPaHHOTO
razoxoga Ha IllyOapkoiabCkOM yrie C TOHKUM TOPSIIMM CJIOEM KOKCa Ha
KOJIOCHUKOBOM PELIETKE.

B Hacrosmeit paboTe moiydeHa dKCIepuMeHTaibHast (opMmysa, ModydeHHas
M0 W3BECTHOW METOAWKE OO0paboTKM isg  ompeaesneHus Kod(pUIMeHTa
conpoTuBieHus & u koadduimenTa remwtoorauu o u kpurepus Hyccenbra Nu.

[TapameTp, yuuThIBaIOIIMiI mIar TPYO B 1EILHOCBAPHBIX MAHEISAX U3MEHSIICS B
npenenax 1,3 <S,/d < 1,6, rne o1 = Si/d mo pabdote [29].

Jlns KaHajma 3a’KpaHHOTO Ta30xoja OOpa30BAaHHOTO C OJHOW CTOPOHBI
LEIbHOCBAPHOM TpPYOHOW MaHENIpl0, C JAPYrod CTOPOHBI TEIIOM30JIUPOBAHHOM
MaHEeJbIo, a M0 LIEHTPY OJIHUM IMPOJOJIBHBIM PSIZIOM U3 JIECATH TPYO C MOMEPEUHbIM
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OOTEeKaHWEM DKCHEPUMEHTAIBHO TOJYYCHBl JaHHBIE T1I0 THUIPABIHYESCKOMY
COTPOTHUBJICHUIO M pacu€THas Qopmyna mas KodhPuimeHta TUAPABINIECKOTO
COTIPOTHUBJICHHUS:

& =0,24xRe ™" (25)

BnusiHue TopleBbIX OOKOBBIX CTEHOK KaHaljla 3a3KPaHHOI'O ra3oxoja y4TEHO
npu pacuerax Kosp@uuueHTa TeriooTaayu o. Jas HeM30TepMHUYECKHX YCIIOBHH,
npu Temriepatypaom dakrope 3 = Ti/Te = 0,66 + 0,73 korddurmenT ruapaBmude-
CKOT'O COIIPOTHBIICHHs IS BCEX MCCIEHOBAaHHBIX MOJEJEH KaHAJIOB ONPEIEIAETCS
1o popmyse (25), npuHuMas TEIIOPU3NIECKUE CBOWCTBA [0 CPEAHEN TeMIepaType
IIOTOKa B KOHBEKTUBHOM KaHaJIe 3a3KpaHHOIoO rasoxona. M3 ruapoanHaMuyeckon
aHaJIOTUH, KOTopasi coOtoaeTcs sl UCCIIEIOBaHHBIX KaHAJIOB 110 U3BECTHOMY CO-
OTHOILIEHUIO CBS3bIBAIOUIEMY TEIIOOTAAYY M KO3(PQPHUIIMEHT CONPOTUBICHUS MpU
Re > 10* nonyuena ¢popmyna (26) mis pacuéra kodpdumenta remooraayun o (Nu)
B KaHajax 3a3KpaHHOI0 Ia30Xx0/a, 00pa30BaHHbIX U3 IEJIbHOCBAPHBIX TPYOHBIX Ma-
HEJEH U MOoNepevHbIX TPYO ¢ U3JIydaTessiMU PEACTaBICHHbI Ha pUcyHke 17:

Nu = 0,035x Re®® Pr®* . (26)

PacxoxaeHne Mexay pacd€éTHbIMH M SKCIEPUMEHTAIBHBIMU JTAHHBIMU
npuBeAeHHOro kospduurenra ternoornayn + 14%, oObsicHAETCA MOrPEIIHOCTHIO
AKCIIEPUMEHTAIbHBIX W3MepeHuit u pacuértoB. [llupuna memOpanbl B TpyOHOI
NaHEIM KaHajla pPacCUMUTHIBAJIACh [0 MAaKCUMAaJIbHOMY TEIJIOBOMY IIOTOKY CO
CTOPOHBI TOMKHK HaJl TOPSAIIMM cioeM. MeMOpaHbl pa3Meliainch B JUaMeTpabHON
IUIOCKOCTH TPYO M ONpeAessiiii OTHOCUTEIbHBIN pa3Mep MPOJ0JILHOTO 11ara Tpyo B
naHenu (9Kpane). ['WapoaMHaMuMKa TOTOKA TMPU  TONEPEYHOM OOTEKaHUU
LEJIbHOCBAPHBIX TPYOHBIX TMaHENe M TMONEpPeYHbIX Tpyd ¢ TEIIOBBIMU
U3ITy4aTeasiMA KaueCTBEHHO HAIIOMUHAET MEPUOJIUYECKOE OOTEKaHUE IIaXMATHOIO
nydyka TpyO ¢ HEOONBIIMM KOJIMYECTBOM TpyO B momepeyHoMm psay. [lpu stom
MEPUOINIECKUA O00Pa3yIONIUECs] BUXPHU 32 KaXIOW MOCIEAYIONIEH TpyOoil B OJHOM
MOTIEPEYHOM PsiJie C BEPXHUM TEIUIOBBIM M3Ty4YaTeleM YBEJIIMYUBAIOT TEILUIOOTIadYy.

[IpoBeneno comnocraBienne MO SHPEKTUBHOCTU TEIIIOOOMEHA TEXHUUYECKH
TJIaKON TPyOBI, MIAXMATHBIX TIAKOTPYOHBIX IMAKETOB TPYO M KaHaIa 3a9KPaHHOTO
ra3oxojila C TMOINEPEYHbIM OOTEKAHUEM LEIbHOCBAPHBIX TPYOHBIX NaHeled u
MONEPEYHBIX TPYO C BEPXHUMH TEILUIOBBIMU M3nydaTensimu. [lonepeunoe odTexkanue
INIaJKOTPYOHBIX IAXMAaTHBIX MAKETOB TPYO M momepeyHoe OOTEKaHHWE B KaHaje 3a
HKPAHHOT'O ra30Xxoja C LEIbHOCBAPHBIMU TPYOHBIMU MAHENAMH W IONEPEYHBIMU
TpyOaMu C TEIJIOBBIMH U3ITy4aTEIsIMUA MEXIY cO00M MO TermiIoBoi 3p(HEeKTUBHOCTH
CpPaBHUBAJIMCH 110 METOAY NMpUBEAEHHOMY B padote [57,58].

OnTumuzanuss ¥ BBIOOp TEOMETPUM KaHajla 3a SKPAaHHOIo Tra3oxoja C
MOTIEPEYHBIM O00TEKaHHEM LIEIbHOCBAPHBIX TPYOHBIX MaHEJEH U MOMepeuHbIX TpyO
C TEIUIOBBIMU HW3JIy4yaTeliIMH Ui BHOBb  pa3pabOTaHHBIX KOHCTPYKUHUU
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KOHBEKTHBHBIX YacTell BOJOrpeiHbIX KoTiioB cepur KCBp Ha TBepoM ToriuBe
MO3BOJWJI YTOYHUTH pacyeTHble (OpMyJbl JUisl NpUBEAEHHOrO Kod(hduimeHTa
TEIUIOOTaYM ¥ KO3((ULKMEHTAa CONPOTHUBIIEHUS MCIIOIB3YEMOIO B TEIUIOBOM
pacyere JUIsl BCeU JIMHEWKN BOJOTPEUHBIX KOTIIOB.

3.5 Pe3ynapTaThl MOJEIMPOBAHUS KaHalla 3a’3KpaHHOrO razoxoja ¢
riacTUHYaThIMU oTpaxkaTensiMu B ANSY'S Fluent

Jlnst onMcaHus JBWKEHHS SKMJIKOCTH M Ta3a HCIONb3YIOTCA CHUCTEMA
TpexMepHbiX nuddepenimanpubix ypaBHenuir (YY) Haswe-Crokca, xotopas B
Clly4ae CpeJibl C IEPEMEHHOM TUIOTHOCThIO UMEET BU/L:
ﬂp d du 2

il

(&u du du du )
p

E-I_HE-I_EE-I_WE) Pfl BX i a——gudl'ﬂ'p)+

+8 (au+aU)]+a (au_l_&xv)
ﬁy[u dy dx Bz[u 9z Ox ]’

(ﬁv Bv+ Bv+ dv d 9 ov 2 giov) +
P\ar T ¥ ”E ﬁz) pl2 =55 ﬁy( Moy — 3 w)

[u( a,},)] ax[“( g?)] (@7

(ﬁw+ ﬁw_l_ 6‘W+ BW)_ dp 8(2 ow 2 di V)+
PG "Yax " "ay " Vaz) T oz 3

+6[ (aw+au.)]+a[ (Bw_l_av)]
axM\ax Taz/l ey 1M \Gy Taz/) ]

_
rae £ — miotHocth cpensl, t — Bpems, ¥ = (4 V,W) _ pekrop ckopocTH,

=
F =(f1,f2, f3) — Bextop maccoBbix cni, P — naBienue B cpene, M — kod(puimenT
JTUHAMUYECKOUN BSI3KOCTU CPEJIBI.

Cucrema ypaBHeHu# (27) He3aMKHyTa (UHMCIIO YPaBHEHUU HE PaBHO YHUCIY
HEU3BECTHBIX). i1 TOro 4ToObl MONy4YWJIach IIOJHAs CHCTEMa YPaBHEHHIA,
HeoOxomuMo K ypaBHeHussM  HaBbe-CTokca  NpHCOEIUHUTH  yYpaBHEHHUE
HEPA3PbIBHOCTU JBUKECHHUS

1
“+divV =0, (28)
Jo)
ypaBHCHI/Ie COCTOHHI/IH, CBA3BIBAKOIIICC HJIOTHOCTB, JABJIICHHUC U TeMnepaTypy T
p=f(pT) (29)

n Ui Cjiydasa HCU30TCPMHUYUCCKOI'O TCUCHUA — TAKIKC YPAaBHCHHC OanaHca OHCPIUHU:
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d [ e +Ic T
P—=I\5 T1iC
p;f[j + div|p gradV? — u? X rotV — p?— gul_fz divV + IAgr

rne | — mexannuecknii sksuBanent Termna (I = 427 krm/kan), 4 — xoapduument

TEIUIONPOBOJAHOCTH CpeAbl, Cv — TEIIOEMKOCTb IPU OCTOSIHHOM 00BbEME.

Cucrema  ypaBHenumii (27) B  ucxomHo  Qopme  OKaszbIBaeTCs
Majo3(pPEeKTUBHONU ISl ONMHMCAHMS CIIOXKHBIX TYpOYJEHTHBIX T€UEHUH, MOCKOJBKY
COJIEPKUT (DAKTUUECKUE 3HAYEHHUS] CKOPOCTH W JaBiieHud. OAMH U3 BO3MOMXHBIX
METO/IOB ONUCaHUsl TypOYJIEHTHBIX TEUEHUM 3aKII0YaeTcsl B IPEICTaBICHUU
MTHOBEHHBIX 3HAY€HUN BCEX THUAPOAMHAMUYECKUX BEJIUYMH B BHUJE CYMMBbI
OCpPEHEHHBIX (110 BPEMEHHM WM aHCaMOJI0) M MYJIbCAIIMOHHBIX COCTaBIISIOMIMX.
Hanpumep, peructpupys Bo BpeMeHH (PaKTUYECKUE MTHOBEHHBIE CKOPOCTH MOTOKA
B JJAHHOM TOYKE IMPOCTPAHCTBA, MOYXHO MPUHSITH:

U=U4+U,v=T+V,W=W+W, (31)

rne W, U, W — ocpemHeHHBIC 1O BpeMEHH cKopocTtH, a W, V,W — mynpcaiimoHHbIC
CKOPOCTH.

B pesynprare Takoro ocpemHEHHUs TMONyYaroTcsl JHOO0 MOCTOSHHBIE BO
BpeMEHU (ISl CTAIlMOHAPHBIX TIPOIECCOB), JHOO IIABHO MEHSommecs (s
HECTAIlMOHAPHBIX ~ TIPOIIECCOB)  BEIWYMHBI, B  KOTOPBIX  IYJIbCHUPYIOIIAS
cocrapJstonias uckimodeHa. [IpeodpazoBannbsie TakuM 00pa3oM ypaBHeHHs HaBbe-
Crokca ® DHEpPruM, Ha3bIBaCMbIC YpaBHEHUsSMH PeiiHombaca, MOryT OBITh
npeacTaBiieHbl B BUe (32) u (33) COOTBETCTBEHHO:

oL w0 (g ow 20m
P\at  Ox, + dx; M\ ox, & dx; _Eﬁ‘xj O )+ (32)
o(ohe) 9 opih) _
ot or  ox o B )
iI(;H_At}E +i[ﬁ 1 e 4 _Eu% - — pu
ax; ox;| x| ox; ox;)] 3 ox; ¥
_fLi=] i
3mecs {U; i#] — cumBon Kpouekepa, L Bl —
sutanems, 1= Gl CTaTWYEeCKas DHTANbNMSA, CP— TEMIOEMKOCTH IIpH

o t
IIOCTOSIHHOM JAaBJICHHUU, A KOC—)CI)CPI/II_[I/ICHT MOJICKYJIIPHOU TCIIJIOIIPOBOAHOCTH U A

— KO3 puiueHT TypOyJIEeHTHON TEIIONPOBOIHOCTH, a Ry _ CUMMETPHUYHBIA TEH30D
TypOyseHTHbIX (PeHOIBACOBBIX) HANPSXKEHUN, KOTOPBII UMEET BUJ:

_pulz _pl;f.lv. _pu.lwl
Ry == p0at, = | —pirv —po?  —pow 64

—pu'w’  —pv'w’ —,mﬁ
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B ypaBuenusix Peitnonbca (32-33) comeprkarcs TypOyIeHTHbIC HAPSKCHUS

U TypOyJICHTHas TEIUIONPOBOJHOCTh, MPHUPOJIa U CBOWCTBA KOTOPHIX IEITUKOM
OMPENEINAIOTCA XapaKTepUCTUKAMH MyJIbCAlUOHHOTO TeueHus. B cBsi3u ¢ 3TuUM
BO3HUKAET HEOOXOJAUMOCTh MOJACIUPOBAHUS TYpOYJIEHTHBIX HANPSKEHUN U
TypOYJE€HTHON TEIIONMPOBOJHOCTA MYTEM BBIPAKEHHUS OSTUX BEJIUYUH uepes
napameTpbl OCPEIHEHHOro TMOTOKa. bBoNbIIMHCTBO Mozeneld TypOyJIeHTHOCTU
UCIIOJIB3YIOT TUNoTe3y byccuHecka M HOCSAT Ha3BaHUE «MOJENU TypOyJIeHTHOU
BSI3KOCTH». TypOyJI€HTHBIE HANpsDKEHUS B TaKUX MOJCIISIX BBIpAXalTCs uepes
KOMITOHEHTBI BEKTOpa CKOPOCTH B BUJIE

Tme e du; du; 2 du;

P =W \Gx, " ax,)  3ox,
npu 3TOM TypOyJIeHTHas BSI3KOCTb 1 Taxke UCIIONb3YETCS. I BBIPAKECHUS
TypOYJE€HTHON TEIIONPOBOIHOCTH:

A= (36)

(35)

rae Pre— TypOysnenTHoe uncio [Ipanarius.

[Ipumenenue «Moenei TypOyJIeHTHON BA3KOCTU» MUMEIOT PAJl TOCTOMHCTB B
BUJly HUX THPOCTOTHI, 3KOHOMUYHOCTH, BBIYUCIHUTEIBHON YCTOWYHMBOCTH W
HaIJISIAHOCTU IIPU NPOBEICHUM aHAIW3a Pe3ysbTaToB pacuera. MIMeHHO mosTtomy
TAKW€ MOJENU MPUMEHSAIOTCS MPU PEIICHUU MHUPOKOTO KPyra MHXKEHEPHBIX 3a]1a4.
OpHako crenyeT OCO3HaBaTh, UYTO TMIOTE3a byccMHecka KOPpEKTHAa HE Ui BCEX
TypOyJICHTHBIX T€UEHUH, MOCKOJbKY HE OINUCHIBAET aHU30TPOIHUIO TYpOYIEHTHBIX
HaIMPsKECHUH.

K Mozaenu TypOyJneHTHOUN BSI3KOCTH OTHOCUTCSL MOJI€Nb TYPOYJIEHTHOCTH k-
Sheat Stress Transport (k- SST), pazpabotannas MentepoM. OCOOCHHOCTh ATOM
MOJEIM B TOM, YTO OHa coueTraeT B cebe mpeuMyllecTBa k-& MOJeu
TypOyJICHTHOCTH TIPH pacueTe TeYeHUsI B CBOOOHOM MOTOKE U MoJienu k- SST — B
o0yacTu BOJIM3M CTEHOK, a Ha TPaHUIE PEIICHUs CIIMBAIOTCS C WCIIOJIb30BAHUEM
CHEIUATBHOM CTHIKOBOYHOU (PyHKIMU. TypOyneHTHasi BSI3KOCTh 3/I€Ch BBIpaKEHA
yepe3 KHUHETUYECKYI0 SHEPrui0 kK M OTHOCHUTENIbBHYIO CKOpPOCTb JIMUCCHITALIMH
yAETbHOU TypOYJICHTHON KHHETHUECKON SHEPTUU :

k
t= - . 37
W =a’p— (37)
3necs® —  gemndupyomumii  Ko3(QQUIMEHT, KOTOpBII B  cilydae

UCITOJIb30BAHUS MOJEIH TypOYJEHTHOCTH C HH3KAMHM YHCIIaMH PeiHob/ca

OMPEIENAETCS KaK:

ap + Re: /R,
r

1+ Re,/R,

&

@ = O

(38)

rjae ne, Ry =06 3, £:i=0.072. 14 BBICOKOPEWHOJIBICOBOM BapHalMU
Momern k- SST & = tn =1,
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[TapameTphl k£ 1 @ B CBOIO odYepe/ib MOTYT OBITH OINPECICHBI M3 yPaBHCHHM
KOHBEKTUBHO-TH (P y3noHHOTO iepenoca (39 — 40):

d(pk) 0(pkw;) o ut\ ok — d;
+ = +—)—|—pu =L — pBk 39
at 0x; 0x; oy ] 0x; A dx; Qe (39)
d(pw) O(pwil})) 0 p\ dw @ du;
+ = +_ — + preen) .- ..-__ 2 i 40
ot o, o\ Vo ax ) e i, T PP 0)

3nech Ok, 0w, B”, B — cBOGOIHBIC rapaMmeTpbl MOJIEIH.

UucneHHOE WHTETPUPOBAHUE OIMCAHHBIX BbhIlIE cucTeM J[Y B 4YacTHBIX
npous3BoAHbIX ocymecTBisieTcss B ANSYS Fluent MeTogoM KOHTpOIBHBIX 0OBEMOB.
IIpy  uUCHONB30BaHMM  3TOrO  METOJA MNPOCTPAHCTBEHHAS  JUCKPETU3ALUS
OCYILIECTBIISIETCS MYyTeM pa3OUEeHUs pacyeTHOM 00JacTH Ha KOHEYHOE YHUCIIO
KOHTPOJIBHBIX 00BEMOB, COBMAJAIONIUX B JAHHOM cllydae ¢ sueKaMu pacdyeTHOM
CETKH, JIJIsI KQKJI0T0 U3 KOTOPOTO 3alUChIBAETCs 0alaHCOBOE COOTHOIICHUE:!

d
Equp dV+¥pqu_f"-dﬁ= %Fq, gmdqp-d:_’-l)+f5¢ dv , 41)
v A A v _
rae % — HeKoTopas mepeMeHHas, V — [pOM3BONBHBIN KOHTPOIBHEI 00beM, A4 —
BEKTOp TUIOMIAJM TOBEPXHOCTH KOHTPOIHHOTO 00BEMa, Iy Kodh punmeHT
S

b dy3un, °# — MICTOUHUKOBBIN YJIEH.
ITepBblii uneH B JIeBOM yacTH ypaBHEHMs (42) ONUCBHIBAET H3MEHEHUE

nepeMeHHo ¥ BO BpPEMEHM, BTOPOW WIEH NPEACTaBIsSET COOOM KOHBEKTHUBHBIM
MOTOK ATOW TEPEMEHHOW uepe3 MOBEPXHOCTh KOHTPOJbHOTO o0bema. llepBoe
cllaraéMoe B TIPaBOM YacTU ypaBHEHHs orpeaenser aud@y3uoHHBIH TOTOK, a
BTOPOE CJIAraeéMo€ OIUCHIBACT «IIPOU3BOJICTBO» WU «YHUUYTOXKEHUE)» NEPEMEHHOU

© BHYTpHM KOHTPOJBHOTO 00BEMa. Kak TONBKO 3HaYeHUs IMEPEMEHHBIX OyIyT
BBIYKCIICHBI B IICHTPAaX KOHTPOJIbHBIX OOBEMOB, CTAHOBHUTCS BO3MOXHBIM
anmpOKCUMHUPOBATh 3HAYCHUS MMOBEPXHOCTHBIX MHTETPAJIOB, MOCIE Yer0 HMHTETPO-
muddepeHuaibHble YpaBHEHUS TMPEBpaIIaloTcs B anreOpandeckue. JlampHelmas
MpoILIeTypa PEIICHNUS 3THX YPaBHECHUI HOCUT UTEPAITMOHHBINA XapaKTep.

JluckpeTrusanusi OCyImIEeCTBIISICTCS TEM TOYHEE, YEM MEJIbue pacueTHasl CeTKa.
B wmmeane morpemHoOCTs JaHHOTO MeToa (pa3HUIla MEXAY PEIICHHEM HCXOIHOU
cuctemsbl JIY ¥ CUCTEMBI TUCKPEIUTUPOBAHHBIX YPAaBHECHUM) TOJDKHA CTPEMUTHCS K
HYJIIO, KOT/Ia XapaKTepHBIH pa3Mep SYCHKH CETKM W BPEMEHHOW IIar Takke
cTpeMsTcs K Hymro. [Ipyn 3TOM Kak Ha JIOKaJbHOM, TaK W Ha TJIOOAIBHOM YpPOBHE
JOJKHBI COOJTIOIATHCS 3aKOHBI COXPaHEHHUS.

[ToMrMO TpOYETO METON PEIICHUS OJDKEH OBITh YCTOWYHBBIM, TO €CTh C
KOKIOW WTepaluel TUCKPETHOE pelleHHe Bce Oobllie MpUOIMKAeTCS K
HEKOTOPOMY KOHEYHOMY pelIieHuio. B kadecTBe KpUTEpHs CXOJIMMOCTH PEIICHUS

WCTIONIB3YETCsl MOHATHE HEBA3ku. Hampumep, ecnm g Y L(¢)=10 HalaeHO

fa

npuGIImKeHHoe perenre P, To HEBA3KON OyIeT SBIATHCS BETHUMHA R= L(‘f’)
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Yem Ommke HEBsA3Ka K HYJIIO, TeM TO4YHee OyJaeT IOoJydeHHoe penieHue. B
YaCTHOCTH, IPOLIECC PELICHUs CUMUTAETCS COLIEAIINMCS, €CJIM 3HAYEHMS] HEBS30K
MPAKTUYECKU HE U3MEHSIOTCA OT UTEPALIMU K UTEPALIUU.

OmuOKu MOJETUPOBAHUS 3aBUCAT OT KOPPEKTHOCTH MPUHATHIX AOIMYIICHUH,
MIOCTAHOBKM TPAaHUYHBIX YCJIOBHM, BbIOOpa (pU3MYECKUX MoOJeNeH, OT CTENEHU
paspelieHusl CEeTKM W €€ KadecTBa. B J0MoNHeHHEe K MEePEeYUCICHHOMY MOTYT
N00aBIATHCS BBIYUCITUTENbHBIE OMIMOKM (OLIMOKM JIUCKPETHU3alMd U OIIHUOKU
UTEPAIIMOHHOTO IpoIiecca).

Ha pucynke 18 mnpencraBieHo pacnpeesieHue CKOPOCTM B KaHale

3a3KPaHHOI'0 ra3oxoJa ¢ OTpaXaTciisIMHU U 0e3.
Velocity @ v
19.0 7

12.0

e

76
4.8 BN
3.0 |
1.9

1.2

0.8

Pucynok 18- Pacnipenenenne cKkOpoCTH Ha y4acTKe ra3oxoza

AHanu3  pe3yJIbTaTOB  MOJEIMPOBAaHMUS  MOKa3aJl, YTO  yCTaHOBKa
HaIpaBJISIOMMX IUIACTUH TNPUBOIUT K: TMOJKATHUIO IOTOKAa B KaHajie MEXIy
BHEIIHUMHU CTEHKOM KOTJIa U pAJIOM TPpYOOK; MepepacipeIeI€HUIO oSl CKOPOCTHU C
nepeHanpaBiIeHueM OOJbIIEH YacTH pacxoja B KaHall MEXIy psaaMu TpyOoK;
YBEJIMYEHUIO CKOPOCTH Ta30B B 00JaCTH pPSAOB  TPyOOK;  YBEIMYECHHIO
T'UJIPaBIMYECKOTO COMPOTUBIICHUS y4yacTKa ra3zoxoja MpakTUYeCKH B IIECTh pa3 (C
13,9 no 82,0 [Ta/m).

Ha pucynke 19 mnpeacraBieHo pacnpelneieHUe TeMIeparyp B KaHaie
3a3KpaHHOI0 ra30Xx0/ia ¢ OTpa)xkaTessIMU U 0€3.
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Pucynoxk 19- Pacnipenenenue remneparypbl Ha y4acTKe ra3oxojia

CpaBHeHHE pacnpeiesieHUs TeMIlepaTypbl Ha y4acTKe ra3oxoja s ABYX
BAPUAHTOB IIOKA3bIBACT, YTO: YCTAHOBKA HAIpPABISIONIMX IUIACTHH TMPUBOJUT K
MHTEHCU(UKAIIMK TEIJIOOOMEHa MEXIy Tra3oM © TpyOKamH; JIOKaJIbHOMY
CHI)KEHUIO TeMIIepaTyphbl B KaHale MEK/y BHEITHUM SKPaHOM U BHEIIHEH CTEHKOMN
KOTJIa 3a CYET M3MEHEHUs TEUCHMS HaIpaBISIOIIMMH IUIACTHHAMU. Pe3ynbTaThl
pacuera npejicTaBieHB B Tabnuie 3.1.

Tabnuma 3.1 Pe3ynprarhl pacyeTa MOJICTH YYacTKa 3a9KPaHHOTO ra30Xx0/1a

Habaer 3HayeHNe

p p C mracTMHaAMU be3 miactun
Tlepenan Temneparyp Ha ydactke, °C 69,7 41.9
TeruioBoii nozTOK Ha TpyOKax BHEILIHETO 23664 16129
9KpaHa, B/m
TertoBoii nozTOK Ha TpyOKax BHYTPEHHETO 27536 14878
sKpaHa, Br/m
V IenbHBIN Mepenaj AaBIeH s Ha YYacTKe, 81.7 13,8
ITa/m

Takum 00pa3om, ycTaHOBKAa HANpaBISIIOUIMX IUIACTUH B paccMaTpUBAEMOM
ra3o0XoJHOM KaHaJle I03BOJIMJIa UHTEHCU(ULIIUPOBATh OTBOJ TEIUIOTHI OT Ta3a B 1,7
pasa, Mpu ATOM 3HAYUTENIbHO BO3POCIM MOTEPU AaBICHUS MPH MPOTEKAHUM Ta3a
yepe3 KaHall.

3.6 BoiBoanbl o pasuaeny 3
[IpoBeneHbl TOAPOOHBIC aHAIW3Bl 10 HCCISAOBAHUIO THAPABIMYECCKOTO
CONPOTHUBIICHUS W TEIJIOOOMEHA B KOHBEKTMBHOM KaHaJle 3a IKPAaHHOTO ra3oxoja

YTOJIBHOTO KOTJIa MPU HEOOJIBIINX CKOPOCTSIX Ta30BOTO MOTOKA OT 2,5 mM/c 10 8 M/c
n 3HadyeHusx kpurepus Pennonpaca or 5000 mo 11500. IlpoananmsupoBaHHBIE
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3HAQYEHUS CKOPOCTM MOTOKAa B KaHaJE 3a SKPAHHOTO Tra30X0Ja COOTBETCTBYIOT
MajbIM ¥ CPEIHUM Harpy3Kam IO TEIUIOBOW MOITHOCTH BOJOTPEHHOTO KOTJIA MpHU
C)KUTAaHUU YIJIsI B TOHKOM CJIO€ paHEee HE MPOBOJUMBIC B YKa3aHHOM HHTEpBaJe
CKOPOCTH.

[lo pe3ynbraram aHaiM3a TEOPETUYECKHUX M  SKCHEPUMEHTAIbHBIX
MCCJIEeI0BAHUI TMIPOJMHAMUKHN U TEIUIOOOMEHa B KaHAJIaX 3a3KPAHHOIO ra3oxoja
NpeabIAYIIUX aBTOPOB B PACCMOTPEHHBIX pabOTax yKa3aHHbIE AMAMA30HBI IO
CKOPOCTH ra30BOro MOTOKA B Mpejenax ot 2,5 M/c 10 8 M/C MOIy4YeHbl U YTOUHEHbI
AKCIIEpUMEHTaIbHbIe (DOpMyJbI Il pacyeTa Kod(D@PUIMEHTa TUIAPABINYECKOrO
conpotuBieHuss § = f(Re) u temmoodmena Nu = f(Re, Pr) xoTopsie coBmamu c
W3BECTHBIMH pabOTaMH.

st pacuera kodddurnmenta termootnaun Nu = f(Re, Pr) B kanaine
3a9KpaHHOTO Ta30X0jla C MOMEPEYHbIM OOTEKaHWEM KOHBEKTHBHBIX IMONEPEUHBIX
TpyO MpU MallbIX 3HAYEHUSX CKOPOCTH TAa30BOTO IMOTOKA HAWEHBI W BHECCHBI
yTOUYHEHHBIE TIOTPABKU K pacu€THOW ¢opmyie mis ompeneiacHus koddduimenta
tertooTaauu o (Nu) 1 mo3BOISIONINE TPOU3BECTH 00JI€e TOUHBIA TEMIOBOU pacuér
KOHBEKTUBHOM YaCTH C KaHAJIOM 3a3KPaHHOI'0 ra30Xx0/ia BOJAOIPEUHOI0 KOTJIa CEpUH
KCBp.

[lo pesynbTatam HCCAEAOBAHMM THUAPOAMHAMUKMA M TEIJIOOOMEHA KaHaia
3a9KpaHHOI0 ra30Xxo0jia MPEIOKEHbI T€OMETPUYECKUE MapaMeTpbl KOHBEKTUBHOM
gacTu BojorpeitHsix KoTioB cepun KCBp ot 100 kBT 1o 1,16 MBT as paboTsl Ha
TBEpPJIOM TOIUIMBE C HOBHIMM KOHBEKTHMBHBIMHM KaHaJlaMU 3a3KpPaHHOTO Ta30xoja.
[Ipu »TOM OmpeAeNnsoNMMU TTapaMeTpaMH JJIi KOHBEKTUBHOW YacTH C KaHAJIOM
3a9KpaHHOTO Ta30X0j/ia ONTHMU3UPOBAHHBIC MO AKCIIEPUMEHTAILHBIM JaHHBIM Ha
HATYpHBIX KaHajaxX SBJSUINCh OTHOCHUTENIbHBIE TOTMepeuHble o©; = si/d u
OTHOCHUTEBHBIC MPOJIOIBHBIC G, = S/d 1mIaru TpyO ¢ menbHOCBapHOU maHenbto I1 -
o0pa3HOro Tomo4yHoro skpana u I — oOpasHbIX Mo ¢opMe B IIIaHE MONEPEUHBIX
TpyO B CpelHEeM psiAy MEXAY SKPaHOM U HAPYKHBIMU TETUIOU30JIMPOBAHHBIMHU
nanensmMu no Bcemy Il — oOpa3HOMy mnepuMeTpy JBYX OOKOBBIX U TBHUIBHOM
CTOpPOHBI TONKH KoTi1a cepun KCBp.

[Io pe3ynbraram  HKCIEPUMEHTOB  MPEUIOKEHBI  ypaBHEHHUS  JUIs
Koa(dpuIeHTa ruApaBINnYECcKOro COMPOTUBICHUS U KOA(DPUIIMEHTa TEII00TIauH
o (Nu) B kaHajmax 3a’dKpaHHOTrO Trazoxoja. PacxokieHue Mexay pacu€THBIMU U
AKCIIEPUMEHTAJIBLHBIMU  JAHHBIMH TMPUBEAEHHOTO KOd(PPUIMEeHTa TEerI00TIauu
+ 14%, 00BsCHAETCS MOTPEITHOCTHIO IKCTIEPUMEHTATBLHBIX U3MEPEHU U PACYETOB.

Pesynbratel MopenupoBanusi B nporpamme ANSYS Fluent moxasamu, 4to
YCTaHOBKA HAMPABISIONINX TUIACTUH B PAacCMaTPUBA€MOM Ta30XOJIHOM KaHaje
MO3BOJIMIJIA HHTCHCU(PUITUPOBATH OTBOJ TETUIOTHI OT Ta3a K TPYOHBIM MOBEPXHOCTSIM
B 1,7 pa3a, mpu 3TOM 3HAUUTEIBHO BO3POCIU MOTEPU JABICHUS MPU MPOTEKAHUU
ra3a yepes KaHal.

4 PE3YJIBTATDBI TEHNVIOTEXHUYECKHUX UCHBITAHUN
BOJOTPEMHOI'O KOTJIA KCBp-0,43 C KAHAJIOM 3A2KPAHHOI'O
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I'A30XOJA PN C/KUTI'AHUU MIYBAPKOJIBCKOI'O YIJUIA C
TOHKHUM CJIOEM

4.1 TlogroroBka xotiia KCBp-0,43 k cxuranuto LllyGapkonbckoro yrisi Ha
KOJIOCHUKOBOM PEMIETKE C TOHKUM CJIOEM W PETYJIMPYEMOW MOJadeld BO3ayXa MOA
TOHKUHU CIIOU

MupoBbIM TPEHJIOM B HACTOSAIIEE BpEeMs SIBISETCS YKECTOUCHUE TpeOOBaHUI
M0 HKOJIOTHH, KOTOpbIE TPEOYIOT aKTUBU3UPOBATh PaOOTHI MO JeKapOOHU3AIUHU B
HHEPreTUYECKON OTpaciu, YTO OO0S3bIBA€T HAC YCKOPUTH COBEPIICHCTBOBAHUE
(b ()EKTUBHOTO CKUTAHUS YIS, MAKCUMAJIbHO CHUXaTh BBIOPOCHI MAPHUKOBBIX
ra3oB M BpeaHBIX BemiecTB B arMmocdepy. I[loatomy nHa xadenape TOY, HAO
«AYDC wumenun [I'ymapbeka JlaykeeBa» aKTUBHO TIPOJOJDKAIOTCS HAyYHO-
MCCIIEIOBATEILCKHIE PadOTHI MO pa3pabOTKE HOBBIX KOHCTPYKIIUH BOJAOTPEHHBIX U
MapoOBbIX KOTJOB, MEXAHUYECKUX TOMOYHBIX W TOPEJOYHBIX YCTPOUCTB CO
CHUKEHHBIMH yJICJIbHBIMHU PACcX0JilaMH TOIUIMBA M BHICOKMMU JKCILTyaTallMOHHBIMU
KIIJI [82-85].

OnuuM U3 crioco60B 3PGHEKTUBHOTO CHKUTAHUS YTIIs SBISIETCS €r0 COKUTaHUE
B TOHKOM cjoe. [loaTBepKIeHHEM 3TOMY SBISETCS TO, YTO WHTEHCHUBHOCTH
TOPEHHUs] Ha TIOBEPXHOCTH YTOJBHBIX YacTHYEK B (akeJIbHOM IIpoIiecce
npUOIMKAETCS K cBoeMy mpeneny dusndecku. s cnoeBoro mnpoiecca CKUraHus
OLICHKM TIOKA3bIBAIOT MPUMEPHO TMATHAECITH KpaTHOE MPEUMYIECTBO WM
MATUJECATH KPATHBIM 3amac MO0 BO3MOXHOCTH HWHTEHCHU(UIIMPOBATH TOPEHUE
TBEPJIOrO TOIJIMBA B CJO€ MO CPAaBHEHUIO C MPEACIbHBIMU 3HAUYCHHUSIMU IpU
(bhakeIbHOM CKUTAHUH YTOJIBHOW MBUIA U COOTBETCTBEHHO KPATHOE MPEUMYIIIECTBO
M0 COKPAIIEHUIO BBHIOPOCOB TAPHHUKOBBIX Ta30B — JACKAPOOHU3AIMH U BPETHBIX
BEILECTB.

B nepByro ouepeap CIIOEBOE CKUTAHUE YIS MO3BOJIIET MaKCHMAaJIbHO
YACPKUBAaTh WM YJaBIMBaTh TBEPJbIC KPYMHbIE W MEJIKUE (Ppakuuu IUIaka U
30JIbHBIX YACTHI] B MIpeesiaX KOTja Ha peniéTke Npy HOMUHAIBHBIX pexuMax 0e3
(bopcupoBaHus MPOLIECCOB TOPEHUS, KpOME NEPUOI0B 3a0p0oca WU MOJaYH CBEXKE
MOPIMU TBEPJOTO TOIJIMBA HAa TOPSIIMN CJIOM W WHTEHCHUBHOE BBIJCJICHUE U
aKTUBHOE ropeHue Jieryunx. [lociie BblieNieHrs U BBITOPaHUS JIETYYHX HaJ CIOEeM
MIPOUCXOIUT JTOCTATOYHO MPOJIOJDKUTEIFHOE TOPEHUE HA KOJIOCHUKOBOM pEelIETKE
KOKCOBOI'O OCTaTKa B CJIO€ C COZIepKaHMEM yTiiepoJia B TBEPI0it dase.

N3 n1auTenbHOTO OMbITa CKUTaHMs TBEPAOTO TOIUIMBA B CIIOE M3BECTHO, UTO
Ja)k€ B TOHKOM cCJIo€ TOJIuHONW mopsiaka 30 -35 MM Haja cioeM IMpPaKTHYECKU
OTCYTCTBYET KHUCJIOPOJ [86], KOTOPHI BECh PacXOyeTCsi HA TOPEHUE YTriepojia B
CJIO€ YKa3aHHON HeOOJIbIION TONIIMHBL. B pe3ynprare Haa TOHKUM CIIOEM
tonmuHou 30 - 35 MM mosy4aeTcsl BBICOKOE coziep:kanue okucu yriepoaa CO T.e.
BOCCTAaHOBHUTENIbHAS cpefa, KOTOopas BMECT€ C HEOOJIbIION TeMIepaTypoi
CIOCOOCTBYET HU3KHM BBIOPOCAM.

Onnako mupoko pacnpoctpaneHHubie B PK yronasHbie Bojorpelinbie (mapoBbie)
KOTJIbI MPU3MATUUECKON U MUIUHIPUIECKON (OPMBI C KapOBBIMH TPyOAMU UMEIOT
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KIIJ me Boime 55 — 65 %. O6beM BOABI B IUIMHIPHICCKOM BOJOTPEHHOM KOTJIE
6onpmie B 7 — 10 pa3 Gonplne, yemM B BOAOTPYOHOM KOTJIE TaKOM K€ MOIIHOCTH.
OTOT (hakT TpW aBapUNHBIX CHUTYaIUAX C MepeO0osiMU B CHAOKCHWHM DHEPrUEH U
MPEKPAICHUN [UPKYISIUA BOJbI C HECAHKIMOHUPOBAHHBIM TOPEHHEM YTJS B
TONKE YK€ MNPUBOJIMI K MapooOpa3oBaHUI0 B KOTJIE M K KPYHHOW aBapuH C
YeJIOBEYECKUMU KEPTBAMH.

[TosTomy pa3paboTaHHass HOBasi Cepusl TBEPJOTOIUIMBHBIX BOJOTPEHHBIX
BOJIOTPYOHBIX KOTJIOB C MHUHUMAJIbHO BO3MOXKHBIM OOBEMOM BOJIBI B KOTJIE U C
MaKCHUMaJIbHBIM MCIOJIb30BAaHUEM MMOBEPXHOCTU TPYyO B aKTUBHOM TEINIOOOMEHE /10
96 % ot ob6mieit nmosepxHocTu ¢ 6osee BoicokuM KIIJ BocTpeboBana. Ilockombky
OOBIYHBIE TPAJAUIMOHHBIE BOJOTPEUHBIE BOAOTPYOHBIE KOTJIBI KIACCHYECKOTO
npouiis B aKTUBHOM TEIJIOOOMEHE MCIOJIb30BAIHM TOJIBKO 710 84 % MOBEPXHOCTHU
TpyO.

[Ipu pa3zpaboTtke HOBOTO BOmorperHoro kotia mo [larenty PK [63, 64] B
pabote pemanach 3ajada MO OOECIEUECHHIO TMaJekKHOH paboThl C HHU3KUM
JaBJIEHUEM BOJIbI OJIM3KUM K TEMIEPATYpe 3aKUIIaHUs U COOTBETCTBYIOLIEH padoTe
BOJOTPEMHOr0 KOTJIA IO OTKPBITON cxeme ropsiuero BogocHaoxkenus (I'BC).

[lopsimok coeAMHEHHs] SKpPaHOB B HOBOM KOTJE, MO3BOJSET 3(P(HEKTUBHO
paboTaTh B YCJIOBUSX IKCIUTyaTallMy Kak B ONTUMAJIbHOM PEXUME C HOMUHAIbHBIM
Pacxo/ioM BOJbI, TAK U CHUXKATh TEIJIOBYIO Harpy3ky menee 20 % ¢ MUHUMAJIbHBIM
NABJICHUEM BOJbl U COXPAHEHHEM YCTOMYMBOM LUPKyJIsuuu BoAbl. [lnpoxwii
auana3oH paboThl C BapbUpPOBAaHMEM MOIIHOCTH W HM3MEHEHHEM pacxoja u
JIaBJICHUSI BOAbI B TPAJAUIMOHHBIX BOJAOTPEMHBIX KOTJIAX C KJIACCUUYECKOW CXEMOM
KOMITOHOBKH WJIH B IWJIMHIPUYECKUX KOTJIAX C JKApOBBIMHU TpyOaMu peaanu30BaTh
HE MPEJCTABIIAECTCS BO3MOKHBIM.

Konctpykiust BonorpeitHoro kotia KCBp mo3BosisieT BappUpoBaTh JAJIMHHOM,
BBICOTOM M IIMPUHOM TOIKH JJISl BHIOPAHHBIX COOTHOIIEHUN MEXAY paaHallMOHHON
M KOHBEKTMBHOW IIOBEPXHOCTBIO HarpeBa. JIns KOHKPETHOro BHJA TBEPAOTO
TOIUIMBA TOJAOUPACTCS U ONTUMM3UPYETCS IUIONIaAb KOJOCHUKOBOM PEHIETKU U
r€OMETPUYECKUE TMapaMeTpbl KOTJIA. ODTO HEBO3MOXHO JMJii IMIMPOKOTO Kpyra
KJIACCUYECKUX CXEM CYHIECTBYIOIIMX BOJOTPEHHBIX KOTJIOB M IHMJIUHAPUYECKOU
dhopMBbI K3-3a KECTKOM MPUBSI3KU K radapuUTHBIM pa3MepaM KOTJIa U MOIIHOCTU B
3aBUCHUMOCTH OT THIIA U COPTA CKUTAEMOI'0 Ha KOJIOCHUKOBOM PELIETKE YIJISL.

B HOBOW KOHCTPYKIIMM KOTJa OTAEJIBbHO COOMpAaeTcs BHYTPEHHHI
nenbHocBapHo U — o0O0pasHbIl 2KpaH € TOPU3OHTAIBHBIM PACIOIOKEHUEM
napaenbHbix U — 00pa3HbIX 5JKpaHHBIX TpyO, 3a KOTOPBIM pa3MeIiaeTcs
HapY>KHBII 9KpaH, COOpaHHBINA U3 MapAJJICIBHBIX HE CBAPEHHBIX Mk Iy coboit U —
oOpa3HbIX TpyO C omopamu 0Opa3yroMMX 3a 3KpaHHBIA Ta3oxoa. OpoHT KOTia U
MOTOJIOYHBIN TIETPHOCBAPHBIE YKPaHBI KOTJIA BEITIOIHSAIOTCS B (hopme I' — oOpaszHoro
o0l1llero ’KpaHa M HaKpbIBaeT (POHTOBYIO U MOTOJOUYHYIO YacTh 00pa3ys o0beM
tonku. HapyxHas TbhUIbHasT W JBe OOKOBBIE CTOPOHBI KOTJIA 3aKpbIBAIOTCS
ChEMHBIMU  TETUIOU30JIUPOBAHHBIMU  JICKOPATUBHBIMU  MaHEISIMU, a BHYTpPHU
YCTaHABJIMBAETCS TEIJIOBOM U3IIydaTellb.

72



CpéMHBIE TaHENW TMO3BOJISAIOT MEPCOHATy OBICTPO 0€3 OCTAaHOBKU PadOTHI
BOJIOTPEMHOrO0 KOTJIA MO BOJSHOW CTOPOHE MPOM3BOJIWUTH TEXHUYECKHU OCMOTD,
PEMOHT M OOCITyKMBaHHUE BCEl KOHBEKTHUBHOU M OOPATHON CTOPOHBI paualliOHHON
TONOYHOM MOBEPXHOCTU HarpeBa koTia. [IpenmymiectBa 3pQpexkTuBHOU padOTHI
BojorperHblx KomioB KCBp Ha TBEpAOM TOIUIMBE C TOHKUM  CJIOEM
MTOATBEPKAAKOTCS MHOT'OYHCIICHHBIM TUPAXKUPOBAHUEM KOTJIOB 151
ITOJIOKUTEIIBHBIMH OT3bIBAMH.

JlnurensHas skcrutyatauus Oonee 110 — BomorpelHbIX KOTJIOB Ha TBEPIOM
tormuBe 1o Kazaxcrany u Keipreizckoi Peciy6nuke (B Keipreizckyro PecnyOnuky
sKcnopTupoBaHo 140 KOTIOB) HOBasi KOHCTPYKLHUS BOJOTPEHHOrO KOTJIA 3aHsIIA
CBOIO HMIIIY M JIOKa3aja IIpaBO Ha CYLIECTBOBAHUE C JOKA3aHHBIM IIPEBOCXOJCTBOM
OTHOCHUTEJIBHO JIPYTUX CXEM KOTJIOB.

[IpoBenénHbple  TECTOBbIE W IOJIHOMACIITAOHBbIE  AKCIUTyaTal[MOHHBIE
TEIUIOTEXHUYECKUE HUCIBITaHusA crneunanucramu  kKageapsr TOY  deThipéx
BogorpeiHsix KoTioB KCBp-0,43 mpoBoauiauchk B TEUEHHE JIBYX OTONUTEIBHBIX
ce3oHOB 2018-2021 rr. B korensHbix TOO «BoctouHoe pynoynpaBieHUE»
noceniok YibkeH, TOO «llIBeitnas gabpuka «AJIMaTHHKA» TPUTropo] AJIMaThl U
Ha TUIOIIaJIKE IIeMEHTHOro 3aBojaa B CopueBCcKOM pailoHe AKMOJMHCKOW 00J1acTh
npu padote Ha psgoBoM L1lyOapKynbCKOM yriie ¢ TOHKHM CIIOEM TOPSIIEro yris Ha
KOJIOCHUKOBOM PpEIIETKE M PYYHBIM OOCITY>KMBAHHEM IOKA3aJd CYHIECTBEHHYIO
HDKOHOMMUIO YIJIA 32 OTOIMUTENIBHBIN MIEPUOJI, a TAKKE CHUKEHUE ITAPHUKOBBIX T'a30B
U BPEJIHBIX BEIOPOCOB B aTMOC(heEpy.

Ilepen mpoBeleHMEM TETJIOTEXHUYECKHUX HWCIIBITAHUM BOJOTPEMHOrO0 KOTJa
KCBp-0,43 ¢ K0I0CHMKOBO# peméTkoi miomansio 0,98 M> 1 00bEMOM TONKU V., =
1,66 M’ B ra30xojie HENOCPEINCTBEHHO 32 KOTJIIOM OBbLIM IIOATOTOBJIEHBI OTBEPCTUS
JJI 30HIOB ra3oaHaju3aTopa W TepMOMaphl. 3a KOTJIOM B ra3oxoje nepena Tpyooi
YCTaHABJIMBAJICS ABIMOCOC M IapajluIeIbHO MOHTHpOBAJCS Oallac K OCHOBHOMY
ra3oxoay, 4yToObl B BOJOIPEHHOM KOTJE€ OOecHeuynBallach €CTECTBEHHAs TsAra c
pazpsoxkenueM g0 150 Ila oT mnpenBapuTeNbHO NPOrPETOM JIBIMOBOM TpPYOBI
auaMeTpoM 325 MM U BBICOTOM 12 M.

Ha pucynke 6 mnpencraBiieHa cxemMa H3MEPUTEIBHONW CHCTEMBI ISl KOTJa
KCBp-0,43 B xoTenpHOM miBelHOW (Qadbpuku «AJIMaTUHKA» CIEHHAIBHO
IIOATOTOBJIEHHAass K  TEIUIOTEXHUYECKUM  HCIBITAaHUSAM  C  CKUTAaHUEM
[Iy6apKOJIbCKOrO CESIHHOIO U PSAJOBOrO YIVIA HAa KOJIOCHUKOBOW pELIETKE C
PYUYHBIM OOCIIy)KMBaHUEM. Y IaJ€HUE MPOAYKTOB CTOPaHHUs 32 KOTJIOM BBINOJIHEHO
C IIOCTOSIHHBIM BOCXOZSAIIUM JBWKCHHUEM TIa30B IO INOABEMHOMY Ta30X0ay K
A6IMOBOM TpyOe. ['a30Xx0/1 BBIMIOJIHEH TakKUM OOpa30M, YTO Tasbl Mociie cOOPHOTOo
ra3oxojila KOTjia NMOCTOSHHO IMOJHHMMAJHNCh O BXOJa B JBIMOBYIO TpyOy, Takas
BOCXOJs1asi KOHCTPYKIHSI Fa30BOT0 KOpoOa M3-3a AKTUBHOT'O JIBMXKEHHS TOPALIUX
ra3oB ObICTpEE MpOrpeBaeTcss BMECT€ C JAbIMOBOM TpyOoOil M  cO3Haér
CYLIECTBEHHYIO TATY B KOTJIe. B HarperoM BOCXOZSIIEM Tra3oxole U TpyoOe
co37aéTC €CTeCTBEHHasl Tsra ¢ pazpexenueMm Oosiee 150 Ila. Takas BenuuunHa
pa3psKEHUsl CTAHOBUTCS JIOCTATOYHOM ISl OOECIEYeHHs TSI B TOPSIIEM TOHKOM
cioe yrig Aaxe 0e3 BKJIOYEHHUsS JbiMococa. IIpu 3ToM mpoBai, MporpeTbid 110
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OTIPENIEIEHHON TOCTATOYHO BBICOKOU TemrepaTypbl 6oiee 100 °C u pa3smeméHHbIit
M0/T KOJIOCHUKOBOM PEMIETKOM, CrienuaibHo (opMupyercs TakuMm 00pa3oM, 9To0bl
3aTSTUBAEMbIA XOJOAHBIM BO3MyX W3 MPUOTKPHITOM ABEPKH 30JbHHUKA YACTUYHO
noporpeBasica. Ilpu Takoil kOHCTpykTHBHOW cxeme padoTel koriaa KCBp-0,43
MPAKTUYECKU MOJTHOCTHIO UCIIONB3YETCs (PU3NUECKOE TEIUIO LUIAKA U MPOBaia, 4To
taxokxe nosbimaeT KIIJI koTaa.

4.2 Pesynbrathl cxuranus LLlyGapkoibckoro yriisi Ha KOJOCHUKOBOW pelIETKe
C TOHKHM CJIOEM U PETYJIUPYEMOM MOoJAaYen BO3AyXa MO TOHKHUM CIIOU

Ha pucynke 6 moka3aHbl TOYKM pa3MEIUCHUS] M3MEPUTEIbHBIX AATYMKOB U
TEPMOMETPOB Uit cOopa HauboJee MOJHBIX JaHHBIX B MPOIECCE SKCIIEPUMEHTOB.
B Havane skCnepuMEHTOB 3arpy’KaeTcs Ha TOPALIMN CIO0M CBEXasl MOPLHUsS YIJsi U
PAaBHOMEPHO pacHpeAessieTCsl MO0 MOBEPXHOCTH BCEM KOJIOCHUKOBOM pemETKH. B
HAYaJIbHBIN MEPHUOJI TOPEHUS CBEXKEU MOPIMU TOIUIMBA KaK MOKA3aHO HA PHUCYHKE
20 neBoO YacTH PUCYHKA MPOUCXOJUT PE3KUM pOCT BhIOpOCA AMOKCUJIA YIJIepoja
CO, u ee BennumnHa B niepsbie 15 MunyT nocruraer 7,3 % Ha BBICOTE HaJ TOPALLIAM
cnoem nopsizka 240 — 300 mm.
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t, MUH
Pucynok 20 — J{annsie 3amepoB CO n CO2 B akTUBHOM CTauU TOPEHUS

B aT0T ke nmepuoa BpeMeHHU pe3Koe CHIKEHHE HabIt01aeTcs OKUCH yTiaepoa
CO u KO BpeMeHH 15 MUHYT MPAaKTUYECKHU JOCTUTAET HYJEBOro 3HaueHus. Pe3koe
CHIDKEHUE KOHLIEHTPALlUM KHUCJIOpOAa HaJ CJIOEM HaOJI0OJaeTcsi B JTOT Ke
IIPOMEKYTOK BpPEMEHHM MPOJOJDKUTEIBHOCTBIO TOpsAAKka 15 MHUHYT ® 3TO
OOBSICHSIETCSI aKTHUBHBIM TOpPEHHEM JIETYYMX, Ha KOTOpO€ U 3aTpayuBacTCs
OCHOBHOE KOJIMYECTBO IOABAEMOr0 O KOJIOCHUKH Bo3ayxa (kuciaopoaa). [locne
MPOJIOJKEHUS U3MEPEHU KOHUEHTPALMS OKUCH YTIEpOa YBEIHMUNBAETCS U TIOCIIE
30 MMHYT ropeHus B TOHKOM CJIO€ W TPEBBIMIAECT 3HA4YeHHE B 5 %, K ITOMY
MOMEHTY BpeMeHu yriekuciaora CO, cHuxaercs Huxe 4 %. Ilpu cpaBHeHUH
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AKCIIEPUMEHTAIBHBIX JaHHBIX MO Cxxuranuio [1ly0apkoiabCKOro yrisi mo pucyHkKy
21 (cneBa) C MHTEHCHUBHBIM TOPEHUEM JOHEIIKOIO ra30BOT0 KaMEHHOTO YIS B
TOHKOM CJIO€ W WHTCHCHBHOW Tonadedl Bozmyxa ¢ QopcupoBkoit 875 u 2430
M’/M*X4, 4TO COOTBETCTBYET CPEAHEN CKOPOCTH IIOTOKa Bozmyxa wi = 0,23 M/c n
10 w, = 0,68 M/c mpu TermiuoBoil cpeaHedl (HOPCUPOBKU CIOEBOM TOMKU (r =
0,76x10° kkan/M>X4 1 @ = 2,2%10° xkan/m>xu [50].

Kak BuIHO U3 BCEX OMBITOB IO BBITOPAHUIO CJIOS HA KOJIOCHUKOBOM PEIIETKE,
HanOoJsiee XapaKTePHBIM SIBJISETCS TO, YTO B CaMOM aKTUBHOW YaCTH WHTCHCUBHO
TOpSIEro ClIosi UAET TiyOokas rasuduKkaius yris ¢ Bblgadyeid B 0ObEM TOIKHU
MpaKkTUYEeCKH  «moiyraza». Cienyer OTMETUTh, 4YTO YyKa3aHHas  cepus
HKCIIEPUMEHTOB C TOHKMM CJIOE€M II03BOJIMJIa BIEPBBIE OOpPATUTh BHUMAaHUE Ha
MOCTOSIHHBIA M HEW30€KHBIM HEJ0CTaTOK BO3ayXa (KUCIOPOJa) B aKTUBHOM 30HE
CJIOEBOTO TOPEHUS, HECMOTPS Ha €r0 Malyl0 TOJIIMHY. JTO CIEAyeT OOBSICHHUTH
TEM, YTO KaK MPU WHTEHCUBHOM TOPEHHH OOJBIIOTO 00BhEMA JETYyYUX, TaK U MPH
aKTUBHOM TOPEHHUM KOKCOBOTO OCTaTKa HaJIWYUue W30BITOYHBIX TOPIOYUX
KOMIIOHEHT B IIEPBOM CJIy4Yae U HaJu4Ke OOJIBIIOro KOJIUYECTBA YUCTOrO yriepoaa
(B TOHKOM CJIO€) BO BTOPOM CJIy4yae pacxXxoAyeTcs MPaKTHYECKH BECh KHUCIOPO/I.
T.e. B mpenenax BBICOKOTEMIIEPATYPHOIrO TOHKOIO CJOSI B TOMOYHYIO KaMepy
BBIAAETCS «IOJIyra3» ¢ OoJbIIMM cojepkanueM okucu yriepoaa CO, kak
noka3aHo Ha pucyHke 21 (cnpaBa). [Ipu cpenneit u BbIcOKOH (POPCUPOBKU CI0EBOI
TOINKM BBITOPAHHE OCHOBHOM MaccChl TOIJIMBA MOKET MpOUCcXoauTh 3a 10, 15 nnn
20 MUHYT KaK 3TO MpeJCTaBlIeHO Ha pucyHke 21 (cnesa) [86].
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Pucynoxk 21 - CoctaB ra3oB HaJl TOHKHAM CJIOEM YTJIS HA PELIETKE:
¢ ¢hopcupoBKOH 1O BO3YyXY (C€Ba) U MPU €CTECTBEHHOM TsAre (CrpaBa)

Pe3ynbTaThl MCTIBITAaHUH, BBITIOJIHEHHBIX B 00jiee paHHUX paboTax ¢ MajabIMU
Harpy3kaMu aHaJOTMYHBIX KOTJIOB Ha KaparaHAMHCKOM YIJIE IpPU CIIOEBOM
C)KUTaHUU TIOKa3aJll HU3KUN ypOBEHb BBIOPOCOB yriaekucinorsl CO,, mpu 3TOM
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HaOJIr0aNIach XapakTepHas HEPaBHOMEPHOCTH 10 BhIOpocaM yriiekucinotsl CO, mo
BPEMEHH OT Hayaja 3arpy3kd M Jajee B Ipouecce ropeHus. B Tor mepuon
UCIIBITAHUI BOIMPOCHI 1O BhIOpocaM yrieKucioTel CO, HE aKIEHTHPOBAINCH, HO
TaKue W3MEPEHHS MPOBOJWIMCH TIOCTOSIHHO, W OHH ONPENEIsIA  KadyeCTBO
cxxuranus yris. OHako B cepur onbITOB npu cxuranuu [1lybapkonbckoro yris B
TOHKOM CJI0€ Ha KoJocHMKOBOM pemétke koTia KCBp-0,43 Beiopockr CO, ObutH
TIIATEJILHO H3MEPEHbI 10 BPEMEHHM U IO CEYEHUsIM B TOIKE KOTJIa
HEMOCPEJICTBEHHO HaJ cioeM. /[l co3gaHusi MajeXHbIX YCIOBHM paboThI
M3MEpPUTETBHBIX NMPUOOPOB U NATYUKOB MPU MU3MEPEHUH B TOIKE HAJA TOPSIIUM
CJIOEM TPUXOAWIOCH CHUXAaTh (POPCHUPOBAHHUE IyThsl JO YPOBHEH TeMIeparyp
MO3BOJISIBIINX MPOBOJUTh H3MEpeHUsi. OTOT (aKT TO3BOIMI MPOJOIKHUTH
UCIBITAHUS 110 JOXKUT'aHUI0 KOKCOBOTO OCTaTka C YMEHBIIEHHOW mMojavyen
QyTHEBOI'O BO3/AYyXa MOJ KOJOCHUKOBYIO PEHIETKY, a B JIaJbHEUIIIEM UCMOJIb30BaTh
€CTECTBEHHYIO TATY pa3orpeTod IhIMOBOM TpyObl M Ta3oxoaa 3a KOTJIOM.
IIponomxeHne NOKHUTaHHUST KOKCOBOTO OCTATKa B TOHKOM CJIO€ C YMEHBIICHUEM
IIOJa4M BO3J1yXa MO3BOJWIO YETKO Pa3rPaHUUYUTh IPOJOKUTENBHOCTD AKTUBHOM
(da3pl TOpEHUs B HAUAJIbHBINA MEPHUO]T BBITOPAHUS JIETYYUX U MPOJAOJKUTh TIABHBIN
IIEPEXO]T B PEXKUM JUIUTEIBHOIO TOPEHUsI KOKCOBOTO OCTaTka B TOHKOM cioe. 1o
JUTUTEIBHOCTH 3TOT MPOILIECC B OMNBITAX PacCTATMBAJICS MO pUCYHKY 21 1o 450
MUHYT uiu 10 7 — 7,5 wacos. [Ipu sToMm conepxkanue okucu yriepoaa CO BbIPOCIO
10 27x10° — 28x10° mr/amM’® U COXpaHAIOCH HA BCEM IPOMEXYTKE BPEMEHHU Kak
MOKa3aHo Ha pUCyHKe 21.

[IpoBenéHHble B HAcTOANIEH pabOTe TEIUIOTEXHUYECKUE WCIIBITAaHUS TI0
cokuranuto  [llyGapkonbckoro  yriass B ClIO€  MOATBEPAWIA  BaXKHBIM
AKCTIEPUMEHTAIBHBIN (hakT. UTO mocie meproa akTUBHOTO BBIJICTICHUSI U TOPEHUS
JETYyYUX M TNEepexojJa CIIOEBOTO IMpolecca Ha BBICOKOTEMIIEPATYPHBIM PEKUM
TOPEHHUsI KOKCa Ja)ke TAKOW TOHKUHU CJIOM MeHee 55 - 60 MM IO BBICOTE MOJIHOCTHIO
MCIIOJIB3YET 3aI1ac KACIOPOIa B MPOXOIAIIEM Yepe3 TOHKUM CI0M MOTOKE BO3AYXaA.
B wu3BecTHBIX J1a0OPATOPHBIX MCCIEIOBAaHUSAX C CKUTAHUEM B TOHKOM CJIO€ B
npejenax PEeKOMEHIYEMBIX PEXHUMOB, KOTOpPbIE OOBIYHO MPUMEHSIOTCS Ha
MpakTUKe ObUIM MOJYYEHBbl TAaKHE K€ PE3yJbTaTbl MO IMOJIHOMY PACXOJOBAHUIO
KHCJIOPOJA B IMPEJEaax Majoil BBICOTHI CJOs. JTO IO CYyLIECTBY MOKA3bIBAET, UYTO
XUMHAYECKUE PEAKIUH B BBICOKOTEMIEPATYpHOW 30HE€ TOPEHHS KOKCa U caM
mpoliecc UAET B pa3bl ObICTpee, YeM JIOCTaBKa KHCIOPOJa B TOPSIIANA CIOW.
MOXHO ¢ yBEPEHHOCTBbIO KOHCTAaTUPOBATh, YTO B 30HE T'OPEHUSI KOKCA B TOHKOM
CJIO€ TPOLECC TPOUCXOANT B AUPPY3MOHHOM 001aCTU U ONPENENSIETCS CKOPOCTHIO
JOCTaBKM KuCIopoja B ciol. llomyyeHHble 3KCIIEpUMEHTANIbHBIE PE3yJIbTATh
MOKA3bIBAIOT M TIOJATBEPXKAAIOT TOT (AaKT, YTO TPH pa3BUBAEMBIX B CIIOE
temneparypax peakuuu BocctaHoBieHus CO, um H,O Ha packaiieHHOM
MMOBEPXHOCTH TOPSIIIEr0 KOKCAa HAYMHAIOT MEPETOHSATh W BBITECHATH PEAKIUIO
OKHCJIEHHS 3TOT0 yriiepojia. IToT (akT NOATBEPKIAAET U TO, YTO B aKTUBHOMW 30HE
CJIOEBOTO TOpEHUsl Ta3u(uKalus TOIUIMBA JOCTUTAaeT OCOOEHHO 3HAYUTEIHHOMU
rJIyOMHBI, HE CMOTpPS Ha JOCTATOYHO OBICTPOE BBITOPAHME M 3HAYUTEIbHOE
YMEHBILIEHUE TOJIIUHBI CIO0SI B TOW 30HE TOPEHHUSI.
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Ha pucynke 22 (cneBa, cmpaBa) MpeACTaBICHbI allPOKCUMUPOBAHHBIE
JaHHbIE HenpepbiBHbIX 3amepoB coaepxkanuss CO u CO, B 3aBUCUMOCTU OT
MPOJOKUTEILHOCTA TOPEHHSI KOKCa B TOHKOM CJIO€ C pEeryJIupyeMoun
MHHUMAJIBHOM MTOJa4Yel BO3/TyXa MO CIOM.
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PucyHok 22 - AnnmpokcHMUpPOBaHHBIE JaHHBIE 3aMepoB coaepxkanusa CO n
CO,

N3 pucynke 22(cieBa) ¢ JIeBOM CTOPOHBI BHUJIHO, YTO AKTUBHOE TOpEHHUE
nutesd 10 30 MUHYT ¢ MUHUMAJIBHBIM 3HaYeHueM okucu yriepoaa CO mgo 1700 —
2000 mr/m°, mpu sToM coxepxkanue yriaekuciaorel CO, Mo IpaBoMy PHCYHKY
COCTaBJISIET 10 CpEeIHEN BeaM4YUHbl 7 % mpu MakcUMalbHOM 3HaueHuu B 9 %. Ha
pucynke 22 (cneBa) BUIHO, 4To mocie 30 munyT u A0 500 munyT Benuuuna CO
cocrasisieT 10 28 000 mr/M’, copepkanne CO, MOCTENEHHO CHMXKAETCs oT 4 Y% u
no 1,7 — 1,8 % mpu © = 500 MUHYT 1Ipy JOTOPAHUM KOKCA C €CTECTBEHHOMW TATOM U
¢ pa3pspkeHuem B tonke 10 120 Ila.

Ha pucynke 21 mnpencraBieHsl aaHHble 3aMepoB okucu yriepoaa CO u
yriekucaorel CO, B aKTMBHOM CTaguy TOPEHUS MPOAOJLKUTENBHOCTBIO A0 18
MUHYT TIOCJe 3arpy3ku cBexker mopiuu [lly6apkosbckoro yriisi paBHOMEPHO IO
BceMy TOHKOMY ciow. Kpusie CO u CO, MNOKa3bIBalOT KAaYE€CTBEHHYIO U
KOJIMYECTBEHHYIO KapTHHY aKTUBHOW 30HBI B HayaJbHbIA MEPUOJ TOPEHUS YTJIS.
HavanpHast cTtagus ropeHus CBEKEW MOPLMM YIJid KaueCTBEHHO IOKAa3bIBa€T Ha
MyJIbCUPYIONIEE HAYaJI0 aKTUBHOTO TOPEHHUS JIETYYMX M ATOT (PaKkT OTpaxk€H Ha
pUCYHKE 22 B OTpE3KE BpPEMEHU IMEPBBIX JECITH MHUHYT HayuMHAsg CO BTOPOU
MHUHYTHI U 10 6 — 7 MUHYT FOpEHUS C Hayaja 3arpy3KH.

Cnemyer OTMETUTh, UYTO METOJMKAa U3MEpEHUN Oblla  OCHOBaHa,
ampoOMpoBaHa ¥ 3aMMCTBOBAaHA HAa METOJUKE TMPOBEJACHUS TMOJO0OHBIX U
MPOJIOTIKUTEIBHBIX UCTIBITAHUH.

CpenctBa u3MeEpeHUs W KOHTPOJS: CUYETUMK MEXaHUYECKHUM, WU3MEpPUTEh
NABJICHUs, Ta3zoaHanu3arop npombinuieHHbId — Testo-350, ra3zoanammsaTop
npombinuieHHbld  TESTO-454, wusmepurens caxeBoro uwucina  Testo-308,
m3meputens temneparypel 2TPMI, pacxomomep BOIObI U CEKYHIOMEp, paHee
HEOJHOKPATHO UCIIOIb30BAINCH U IPEABAPUTENBHO MPOLLIU NOBEPKY [77-79].
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Texnuueckne XapakTepucTUKH mpeactaBieHHord maptun Illybapkonbsckoro
KaMEHHOI'O YIJIsl, HUCIIOJb30BAHHOTO IMpPU TEIUIOTEXHUYECKUX MCIBITAHUSX B
AeMCTBYIOMIEH KOTeTbHOU (habpUKN « ATMaTHUHKA:

C, = (49,56 + 51,81) %; W, = (19,4 + 19,7) %; A, = (13,6 + 14,19) %; V. =44 %;
Q," = (18,43 + 23,11)M]JIx/xr, (4409,8 + 5530)kkan/kr; N = (0,45 + 0,51) %; Sox =
0,42 %.

XapaKTEepUCTUKHU KaparaHJIUHCKOTO KaMEHHOTO YTJIsi, UCTIOJIb30BAHHOIO MIPHU
TemoTeXHnYeckux ucnbeitanusx kotiia KCBp-0,43: C,=54,7 %; W,=8 %; A,=27,6
%; V=28 %; Q," =21,27 MIx/xr (5090 kkan/kr); N=0,8 %; So+=0,8%.

B Ttabnuune 4.1 B mepBoil CTpOKE NPHUBOJATCA pPE3YyJIbTaThl H3MEPEHUUN
ra3oBOro COCTaBa MpPH JUIMTEIbHOM TOPEHHH KOKCOBOTO OCTaTKa psAJI0BOTO
[y6apxonbckoro u Kaparanauuckoro yriast Ha Beicote 10 200 MM Haj clloeM yriis
TOoJIIIMHON 10 60 MM.

Tabmuma 4.1 Pe3ynbrarsl U3MEpPEHHI Ta30BOr0 COCTaBa MPU JUIUTEIHHOM
TOPEHUU KOKCOBOTO OCTATKa

[yGapkonsekuii | O,,% | CO, mr/M® | Kaparanauuckuit | O,, % | CO, mr/M® | Ty, °C
PsanoBoii 16,67 29172 PsioBoii 16,7 28781 53,8
CestHbIN 16,8 6833,8  |CesHbIit 16,6 7432 127,2
CestHbIi 16,89 8386,3  |CesHbrit 16,3 8985 180,4
CesHbIN 16,62 8702,0 |CesHpli 16,4 9301 2087
Cpennee 16,7 7974,0  |Cpennee 16,5 8572,6 172,1
I'azoxon 12,45 7261 I'azoxon 12,6 8058 139,1

[y6apkonbckuii 1 Kaparanauuckuii cesiupie yrau cxuranuch 20.02.2020 ¢
bpakuusmMu B BuJe KyckoBoro marepuaia oT 10 mm u go 50 mm. PsgoBoi
[y6apkonbeckuit u KaparangAMHCKUNA yIau CKUATAIHCh 0€3 COPTUPOBKH C
coAepkaHUEeM MeJiour MeHee 3-5 MM 10 55 — 60 %.

B Tabmumne 4.2 npuBemeHO H3MEHEHHE cojepkaHus yriekuciaoTel CO,
(Mr/M’), (aKTUYECKH uepe3 KakIble JBE MUHYTHl HPH CKUTAHHU CESHHOIO
[[Ty6apkoabCcKOTO YTIIsl TPU TOPSHUH KOKCA U MPU €CTECTBEHHOW TATE C TOJIIUHOMN
ciost 10 60 MM Ha KOJIOCHUKOBOM PELIETKE C PyYHBIM 00CTYKUBAaHUEM.

Ta6nuua 4.2 Usmenenue copepkanus yriekucaotsl CO, (mr/m’)

Bpewms 14:19 14:21 14:23 14:25 14:27 14:29 14:31 14:33
CO,, Mr/m’ 8,4 52 5,0 4,9 4,7 4,1 3,7 3,2
CO, mr/m’ 895 1606 2538 2834 4907 8050 10865 12849
02, % 12,36 15,22 16,26 16,59 15,21 16,16 16,54 16,86

BrinonHeHHbIN aHAIU3 TIO COCTaBY ra30B, B UCCIEAOBAHHOM PEXKUME PabOThI
Ha IllyGapkoibckOM yrjie B TE€UEHHE HECKOJIBKUX OTOIMUTENIBHBIX CE30HOB IIO
pasHeiM peruoHaM PK u pa3auyHbiM  yriisiM 1okKaszaj, YTO HIPeACTaBiseTCS
BO3MOXXHBIM BBIOMpPATh ONTHUMAJIbHBIA PEXUM pabOThl BOJAOTPEHHBIX KOTJIOB
MO3BOJISIONIMN CYIIECTBEHHO CHHU3UTH BBHIOPOCHI MApHUKOBOTO Ta3a yTIEKUCIOTHI
CO; u ipyrux BemiecTB B aTMochepy.
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Brenpenue Takux KOTJIOB M ONBIT HAPaOOTKH MPHU CKUTAHUU Pa3HBIX YIJIEH
JaeT BO3MOXXHOCTh B JalbHEHIIEM OTpaboTaTh aJeKBATHBIE PEXKHUMBI PaOOTHI C
MHHUMH3ALUENA BO3JCHCTBUS Ha OKpYXarollyr cpeny. llokazana BO3MOXKHOCTh
JUIUTETIBHON U yCTOWYMBOM pabOThI TAKUX KOTJIOB 0€3 (POPCHPOBAHHOIO CIKUTAHUS
KAMEHHOTO YIJII B TOHKOM CJIO€ Ha KOJIOCHUKOBOM pEIIETKe, KOTopas YkKe
MO3BOJISIET CYIIECTBEHHO COKpPATUTh BBIOpOCHl yriiekucnotel CO, u  apyrux
BEILECTB.

[lepen nepBbiM 3amyckoM BoporpeiHoro kotia KCBp Bcs TpyOHas cucrema
MIPOMBIBAETCS YACTOW BOJIOM, ITOCJIE OTMIOPOKHEHUS BCSI CHCTEMA BHOBb 3aIIOIHACTCS
BOJIOH, a B TEIUIOBYIO CUCTEMY U EMKOCTh KOTJIa 3ackinaercs 2 — 3 kr «Kosrona»
JUISE TIPOMBIBKM BCEH TEIJIOBOM CETH C aJMHHHUCTPATUBHBIMU M CIIYKEOHBIMU
HOMEINEHUAMU  00IIel Iiomanpio  Oonee 2500 M> ¢ KpaTKOBPEMEHHBLIM
BKJIFOYEHHEM CETEBOr'0 HACOCA.

[lepBble HM3MEpEHUs] HAUMHAIKNChH TOCJE TMOJHOIO BBIJICJICHUS W BBITOpPaHUs
JeTy4ux psaoBoro He cesHHoro llybGapkonbckoro yris B teueHue A0 10-15 Munyt
U IpU JAlbHEHIIEM YCTaHOBUBIIEMCS BBICOKOTEMIIEPATYPHOM TOPEHUHU KOKCOBOIO
cnosi yris. TemmoBass NMpOU3BOAUTENBHOCTH BojorperHoro korina KCBp-0,43
coctaBuiia o ¢akty N = 136,7 kBt (0,118 I'kan/gac). Temneparypa BoJbl Ha BX0OJI€
B KoTen coctaBwia t; = 39 °C, BeIXOQHAsA TEMIIEpaTypa BOJbI U3 KOTJa COCTaBUIIA B
nepBom ombiTe t, = 54 °C u nepenaja teMnepaTypsl 1o Bojae cocraBui At = 15 °C,
CEKYHJIHBIH pacxo]1 BOJIbI uepe3 koren coctaBuil G = 2,176 kr/c.

[IpoBeneHHbBIE TETUIOTEXHUYECKUE UCTIBITAHUS B IEPBOM PEXUME HA PSIOBOM
yIJie ¥ BO BTOPOM pexume Ha cesHHOM yriie LllybGapkoiabckoro MecTtopoxieHus Ha
koTie KCBp-0,43 ¢ pyuHoii ciioeBoOi peméTkoi, MO3BOIMIN OLIEHUTh BEIOPOCHI 110
O,, okucu yriuepoga CO, yriuekuciore CO,, B peagbHBIX AIKCIUTyaTallMOHHBIX
ycnoBusix. B Tabmuie 4.3 B mepBOil CTpOKE MPHUBEACHBI PE3yJIbTAThl H3MEPEHUN
Py JOKUTAaHWM KOKCOBOI'O OCTaTKa B HU3KOTEMIEPATYPHOM TOHKOM CJO€
psaaosoro Illybapkonsckoro yris mo Bpemenu 30.01.2020 r. ¢ 10:32 o 12:30 Ha
BbicoTe 200-210 MM HaJ TOHKUM CJIOEM YIJisi HAa KOJOCHUKOBOW PEHIETKE M
OTJIEJIBHO B Ia30X0/I€ 3a KOTJIOM.

TernoTexHUYeCKUe UCTBITaHUSI MPOBOAWINCH ¢ cessHHbIM LllyGapkonbckum
yIJieM ¢ MUHUMaJbHBIMU QpakuusaMu yrisg oT 10 - 15 mm o 45 — 55 mm. [locne
aKTUBHOIO BBIJIEJICHUSI U BbiropaHus jeTyuux [ly0apKoabCKoro yris B TOpsiiem
ClI0€ W JIOCTHKEHUU CTaOMJIM3UPOBAHHOIO BBICOKOTEMIIEPATYPHOTO TOPEHHUS
KOKCOBOT'O OCTarka yrisi, nmpu TeruioBod MmomrHoctu N = 136,7 kBt (0,118
['kain/yac), MpOBOAMIINCH TPU CEPUH 3aMEPOB ra30BOr0 aHAJIU3a U TEMIEPATYPhI O
1eHTpy Ha BbicoTe 200-220 MM HaJ CJI0EM BAOJIb BCEH JNJIMHBI TOMKH.

Tabnuia 4.3 Pe3ynbTaThl ra30BOr0 aHaIu3a

0, o S0, Co, NO, CH | ..
% mr/m’? mr/m’ mr/m’ mr/m’ mr/m’? "
PanoBoii 16,67 29172,1 0,0 42 88,14 1497,26 53,88
Cesgublii 16,80 6833,88 14,45 4,01 340,51 642,51 127,24
Cesgubli 16,89 8386,32 41,60 3,9 392,60 557,92 180,46
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Cesnblit 16,62 8702,06 74,84 4,15 403,26 539,89 208,69

Cpennue 16,77 7974,09 43,63 4,02 378,79 580,10 172,13

I"azoxon 12,45 7261,46 | 135,84 8,14 268,13 613,54 139,09

B Tabmune 4.4 B nmepBoil CTpOKe MPHUBEACHBI JaHHBIC TA30BOr0 aHAIW3a JIsl
psinoBoro He cessHHOTO [IIy06apKOIBCKOTO yIisi C MEJOYbI0 TOCTIE MaKCUMAaTbLHOTO
BBIXOJJda M BBITOpaHUS JETy4YuX, Kak 3TO (PUKCHUpOBajJoch MO QoTrorpadusim
KOKCOBOT'O OCTaTKa B cji0€. XapaKTepPHbIM MPU ITUX 3aMepax SBISETCS TOCTATOYHO
HU3KOE COJIep KaHue TOKCUYHBIX BEIOpOCOB. MuHuMasnbHbie 3HaueHus: NOx = 88,14
MI/M’ 0OBICHIETCS BOCCTAHOBUTEILHON CPENON ¢ OOIBIIMM COMEPKAHUEM OKUCU
yrmepoga CO = 29172,1 wr/m’. Conepxanue xuciaopoga O, YacTHYHO
OOBSCHSIETCA TPUCOCAMH Yepe3 3arpy304dHyr0 JBEPKY TaK KakK €€ IMPUXOJIUIIOCH
MIPUOTKPHIBATh BO BPEMs BBITIOJHEHHUSI 3aME€pPOB HEMOCPEACTBEHHO HAJl TOPSIIUM
CJIOEM YTJISL.

Tabmuma 4.4 JlaHHBIE TA30BOIO aHajlW3a JJIs PSIJAOBOTO HE CESTHHOTO
[ITy6apKoabCKOro yris

0 CO [ NO [ CO. [ NO, | CH | .o
% mr/m® | v/ | /M | v | m/w? o
OPOHT TONKHU 19,52 (31200,4 | 45,48 1,29 83,61 2035.,5 34,34
CepeaniHa TOIKH 19,60 (327394 | 72,12 1,22 121,93 | 26,32 60,33
Tr1 TOKU 19,59 |[31691,2 | 79,69 1,24 31,59 781,36 91,78
IToTos0K TONTKH 18,77 |[31015,9 | 58,30 1,95 101,26 | 17484 | 74,72
CpenHee 1o TOMKE 19,37 |[31661,7 | 63,90 1,42 109,60 | 11479 65,29
Cpennee 1o razoxoay 16,67 |[29172,1 | 57,59 3,81 88,14 1497.2 | 53,89

XapaktepHbiM U3 Tabmuibl 4.4 cleayer OTMETUTh 3aBUCHMOCTh U
yBenuuenne BenuuuH CO,, CO u T, mo Mepe ynanenus ot ¢pponrta Tonku Ha 300
MM, Ha 600 MM 1 Ha 1200 MM K TBIJIBHOM CTeHKE TONKH Ha BbicoTe 200 — 220 MM
HaJl CJIOEM JOroparoiero KokcoBoro octatka. Tosnbko 3HaueHus CO, u O
0CTaéTCs MOCTOSHHBIM 110 MEpe yalieHus OT (PpOHTA TONKH K THILHOMY SKpaHy.

4.3 Cuawmwxenue BbiOpocoB CO, mnpH CKHUTaHUM B TOHKOM  CJIO€
[Iy6apKkoabCKOTO YIS B peKUME C PETYIUPYEMON Mo1aueil BO3/1yXa MOl CIOEBYIO
PELIETKY.

Kak mnokazaHo Ha pucyHke 21 mocie akTUBHOTO BBIJICJICHUS W TOpPEHUs
JETYYuX TOCe MEPBBIX TPUALIATH MHUHYT IOCJIE PaBHOMEPHOM 3arpy3Ku CBEXen
MOPLUMU YT 1O KOJIOCHUKOBOM pEMIETKE C TOHKHUM CIIOEM U IUIaBHBIM
pPEryJIMPOBAaHMEM MOJA4YM BO3AYyXa IIOJ PEWETKY MOXKHO pPacTSHYTh MPOLECC
akTuBHOrO ropenust ot 30 MUHYT U Oojiee, a TOpEeHHE KOKCa YBETUYHUTH J0 550
MuHyT. OmgHako B pabore [86] Ha mabopaTOpHOM yCTaHOBKE NpPU CHKUTAHUU
HEMELIKOTO W PSAOBOTO Ta30BOr0 yIJed Ha PEETKE C TOHKHM CJIOEM BpeMs
aKTUBHOTO TOPEHUS PEeryaupoBaioch oT 10 MUHYT ¢ (GOPCUPOBKON TOMKH OT (r, =
2,2x10° Kkan/M*X4 U CKOPOCTBIO IIOTOKA BO3ayxa 10 w2 = 0,68 m/c. o 20 MunHyT ¢
dopcupoBKoit Tonku gy = 0,76 10° KKkan/M*X4 U CKOPOCTBIO IIOTOKA BO3yXa 10 W)
= (0,23 m/c. YTOOBI COKpPATUTh 30HY U MPOAOHKUTEIBHOCTh aKTUBHOI'O TOPEHUS /10
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10 MUHYT ¥ OJJHOBPEMEHHO YBEITUYHUTH BHIOPOCH! yraekucioTsl CO, mo 18 % [45]
MPUXOJUTCS YBEIIMYUTH TETUIOBYIO (hOPCUPOBKY TOMKHU B 2,89 pasa, a hopcUpOBKY
ciost B 2,77 paza v mpHU 3TOM YBEIUYUTH CKOPOCTh IOTOKA BO3JyXa IMOJ TOHKHI
cioi yrid B 2,95 pa3a.

Kak mokazanu TennoTexHHYECKHe HCIbITaHus BoporpeiHoro koriaa KCBp-
0,43 yBenuueHue NPOJOILKUTEIBLHOCTH ropeHus kokca Illybapkonbckoro yris
MOKET CYIIECTBEHHO YMEHBIIUTh BHIOpOCH yraekuciaoTsl CO, no 1,7 - 1,8 %, npu
TOM TMPOJOKUTENILHOCTh TOPEHHS KOKCa MpH IUIABHOM PEryJIHpOBaHUU U
CHIKEHHHM T[IOJa4d BO3JyXa IOJ TOHKHM CJIOM MOMKET COCTaBUTh YAaCHL.
CyuiecTBeHHas TEIJIOBAsi MHEPLUS CUCTEMbI OTOIUICHHUS, KaK MTOKA3aJy UCIbITaHUS
YPOBEHb TEMIIEPATYPHI B CUCTEME MOXKHO IOIEPKUBATD ITPOIOJKUTEIBHOE BPEMSL.

OpnHako BBICOKHI ypOBEHb BhIOpOCA OKHMCH yriepoja cocTaBuUT mopsiaka 27000 —
28000 mr/m’.

4.4 BeiBoasbl o pasaeuay 4

BnepBble mnosiydeHa TEXHOJIOTHSI CKUTaHUs yris (KOKCOBOTO OCTaTKa) B
HU3KOTEMIIEPATYPHOM TOHKOM CJIO€ CO CHI>KEHHBIMU BhiOpocamu CO,. M3mepenus
MIPOBOAWIMCH HaJ TOHKUM CJIO€M TOPSIIEro KoKca mo JyiMHe B 00bEME TONKH U 3a
KOTJIOM, TIpU CXXUTAaHUU psAjgoBoro u cesHHoro IllyGapkonbckoro yrias B
BojorpeiinoM komiie KCBp-0,43 ¢ KOJOCHUKOBOW PEHIETKOH UM PYYHBIM
00CITy>KUBaHHEM

Pexxum paboThl TBEPAOTOIUIMBHOIO KOTJIAa C MHHHUMAJIBHBIM H30BITKOM
BO3/lyXa B TOHKOM CcCJIo€ pa0oTaeT TakkKe Kak B pEeXUMe rasudukanud ¢
BbIZIeJIeEHNEM Oouibinx 3HaueHu CO.

CHmxeHue mojauyv AYThEBOTO BO3AyXa 10 MHUHHMYyMa MOJI KOJIOCHUKOBYIO
pPEIETKY C TOHKHM CJOE€M I[Py JIOTOPAHUM KOKCa YIUISI TOKa3ajdu pe3Koe
cokpanieHue BbriIOpocoB CQO,, HO mnpu 3TOM moiaydeHo yBenuuenne CO mns
[y6apkonbckoro u KaparanuHCKOro yrieu.

Bonbioe conepxkanue neryuux n0 V. = 44% y lllybapkonbckoro u V. = 28%
y KaparanguHckoro yried TOJIOKUTENIbHO CKa3bIBa€TCsl Ha TEPBOM dTare
aKTUBHOW TEPMHUYECKOW TOATOTOBKU TOPSIIEro CJosi, WHTEHCHUBHAs I0jaya
OYyTbEBOTO BO3/yXa IMOJ KOJIOCHUKOBYIO PEHIETKY YBEIHYMUBAET POCT BHIOPOCOB
CO:..

Jns ontummzaniuu  BIOpocoB CO, m NOyx B CJIOEBBIX TOINKax CJIAEAYET
YBEJIMYUTh IUIONIaJb 3€pKajla TOPEHUS KOJOCHUKOBON PEMIETKH U YMEHBIIUTh
TOJNIIMHY TOPAIIETO CJIOS, HPH 3TOM BpeMs TOPEHHsSI KOKCOBOIO OCTaTKa Ha
pEIETKE MAaKCUMAaIbHO MPOJIJIUTh.

5 KOHCTPYKTUBHASI CXEMA BOJOIPEMHBIX KOTJIOB CEPUU
KCBp C HOBBIMHA KOJIOCHUKOBBIMHN PEHIETKAMUW C TOHKHUM
CJIOEM U KAHAJIOM 3A3KPAHHOI'O I'A30XOIA
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5.1. Konctpykiusa yroasHoro BojorpeiiHoro kotia KCBp ¢ kanamom
3a9KPaHHOTO ra30Xx0/1a U KOJOCHUKOBOW PEHIETKOU

MaccoBblil 3aB03 B KOHLIE AEBSHOCTBIX M Hauyaje JABYXTBHICSYHBIX T'OJIOB B
KazaxcTran mmpoKoi JIMHEWKH U KOHCTPYKLMM 3apyOeKHbIX BOJAOTPEUHBIX KOTJIOB
Majoil MOIIHOCTH Ha yrJjie, >KUJIKOM TOIUIMBE U Ta3e CHSJIO HaNpsbKeHHE B
KOMMYHaJIbHO-KWJIMIIHOM cekTope. OJIHaKo B TMOCTaBISEMBIX 3apyOeKHBIX
VTOJABHBIX MAaJIbIX KOTJIaX MPUHIUIBI COKUTaHug TBEPAOrOo TOIUIMBA B CJOE
octaroTca Ha ypoBHE 80-90-x ronoB.

B cBs3u co CHOXKMBIIMMUCA OOBEKTHUBHBIMU OOCTOSITEILCTBAMU BO3HMKIIA
HEOOXOIMMOCTh B pPa3pab0TKe HOBBIX 3(P(HEKTHUBHBIX YTOJIBHBIX BOJOTPEHHBIX
KoTJI0B. TpeboBanach pa3paboTKa MPOEKTOB I HOBBIX CTAHJIAPTOB HE TOJBKO IS
HOBBIX BOJIOTPEHHBIX KOTIIOB, HO U d()PEKTUBHBIX CIIOCOOOB CKUTAHUS TBEPIOTO
TOIIMBA C CYIIECTBEHHBIM CHMXKEHHEM BBIOPOCOB MApHUKOBBIX Ta30B U BPEIHBIX
BbIOpOCOB B atMocepy. M ecnu npobiaeme moBbIieHUs 3PPEKTUBHOCTH MOLTHBIX
BOJIOTPEUHBIX KOTJIOB MOCBSIIEHO IOCTATOYHO MHOTO padoT u pazpadbotok [87-90],
TO paboT 1O TNOBBILEHUIO 3S(PPEKTUBHOCTH MalbIX BOJOTPEHHBIX KOTJIOB,
0COOEHHO paloTaroIKX Ha TBEPJIOM TOIUIMBE HeaocTaTouHOo [88, 93-95]. IloaTomy
MOCTABJICHHOW TMpoOjeMe NpeAliecTBOBal aHalIW3 COCTOSHUS BCEro Iapka
TBEPJOTOIUIMBHBIX BOJOIPEMHBIX KOTJIOB Mayioil MouiHocth B Kasaxcrane.
Pa3paboTka HOBBIX KOHCTPYKLMH TBEpAOTOIUIMBHBIX BOJOTPEMHBIX KOTJIOB
OCHOBBIBJIUCh HA HAYYHO-UCCIIEOBATENIbCKUX M  OIBITHO-KOHCTPYKTOPCKUX
paboTax, MPOBOJUMBIX Ha Ta30BbIX M TBEPAOTOIUIMBHBIX BOJOTPEUHBIX KOTJaX,
HaOJMIOJICHUHM 3a WX DJKCIUTyaTaled crnenuanucramu Ha kadenpe TOY HAO
«AY3C umenn ['ymapOeka JlaykeeBa» [59, 91,92].

B Hacrosimiem paszenie MPUBEAEHO ONUCAHUE KOHCTPYKLMHU JIEUCTBYIOILETO
TBEPAOTOIUIMBHOTO BOAOrpeHOro kotia Manoi momHoctu cepun KCBp ot 150
kBT no 3,15 MBT co cioeBoil py4yHO M MEXaHMYECKOW TONKOW AJig paboThl Ha
yrie. KOHBEKTHMBHAs NOBEPXHOCTh HarpeBa KOTJIa OOpa3oBaHa KaHAJIOM 3a
HKPAHHOTO T'a30X0/1a C MONEPEYHbIM 00TEKaHUEM C OJTHON CTOPOHBI EIbHOCBAPHOM
TpyOHOU MaHeNd U OJHOPAIHBIX MONEPEUHBbIX TPYO, a C HAPYX HOU CTOPOHBI C
TEIUJIOBBIM M3NydaresneM. OnTuManbHas reOMEeTpHs KaHajla 3a KpaHHOIo ra3oxoja
C IMONEpEeYHbIM OOTEKAaHHMEM OJHOPSIHBIX IONEpPEeYHbIX Tpy0 M NaHeIu
ontuMuizupoBaHa.  PacyerHple  (QopMyJBl  OCHOBaHbI ~ Ha  pe3yJbTaTax
HKCIEPUMEHTAIbHBIX pPabOT M TEOPETHMUECKHUX pacyeToB, BBIIIOJHEHHBIX W
NPUBEICHHBIX B IPEIBITYIIMX IT1aBaX HACTOALIEH paOOTHI.

I'opuzontanpHoe pacnonoxenue [I — oOpasHeix TpyOd C MemMOpaHamw,
o0pa3yomux co00l BEpTUKAIBHBIE €AMHBIC IEJIHbHOCBAPHBIE JBa OOKOBBIX U
TBUIBHBIM JKpaHbl C momnepeyHsiMu Tpydamu u Il — oOpasHblil HapyXHBIN
M3JIyYarOIUK 3KpaH TEIIOW30JIMPOBAHHBIN C HAPYKHOM CTOPOHBI. [IpenmymiecTsa
MOMEPEYHOro OOTEKAHUs OTHOCUTENBHO IMPOJOJIBHOTO OOTEKaHUs TPYOHBIX
HKPAHOB IIUPOKO OTMEYAINCh B MCCIENOBaHUAX. B HacTosmiei paboTe OCHOBHBIE
MPEeUMYILECTBA TOMEPEYHOr0 OOTEKaHUs Tra3aMH LEeJIbHOCBAPHBIX TPYOHBIX
naHesjaeil M TomepeyHbIX TpyO pacliMpeHbl U PEaM30BaHbl KOMIUIEKCHO C
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TEIJIOBBIM M3JydaTeraeM. Pe3ynbTaThl TPENCTaBIEHbl PAacUYeTHBIMU (POpMYIaMH
MIPUMEHUTENIBHO I TEIUIOBBIX PACYETOB B HOBBIX KOHCTPYKLHSIX BOJOTPEMHBIX
KOTJIOB C KaHAJIaMH 3a SKPaHHOT'O ra30Xxo0/a.

KoHBeKkTHBHAs MOBEPXHOCTH B (OpME KaHaIa 32 3KPAaHHOI'O ra30Xx0/1a B HOBOM
KOHCTPYKIIMM YTOJIBHOTO KOTJIa MajJO¥ MOIIHOCTH pa3MELIeHa Cpa3y 3a TONOYHBIM
BEPTUKAIIbHBIM IIEJIbHOCBAPHBIM 3KpaHOM 110 1 — 00pa3HoMy nepumMeTpy TOIKH.

Cxema yroiapHOTO CJIOEBOr0 BOAOTPENHOIO KOTJIa MAJIOM TEINIOBOM MOIIHOCTH
10 1,0 MBT ¢ KOHBEKTHBHOM 4aCThIO B BUJIE 3@ SKPAHHOT'O T'a30X0/1a C MONEPEYHbIM
oOTeKaHHeM LIeTbHOCBAPHOU TPyOHOU MaHENIW W MOIMEPEUYHbIX TPYO C TEIUIOBBIMU
M3IJIy4YaTeIsIMU MO3BOJISIET BBIAEIUTH OCHOBHBIE TPEUMYLIECTBA KOHCTPYKIIUH KOTJIA
OTHOCUTEJIBHO  IIMPOKO H3BECTHBIX M  PACHPOCTPAHECHHBIX  KOHCTPYKLIMHI
BojorpeiHbix KOoTiIoB B Kazaxcrane u CHI'. Pa3paboTke koTia mpeaiiecTBoBaia
cieayroIias padbora.

1.Peanu3zamnust pe3ynbTaToB SKCIEPUMEHTAIBHO - PAacUue€THOro 0OOOLICHHS IO
CONPOTHUBIIEHUIO U MO TEIJIOOTAAYe C MOJTYYECHHBIMU WHKEHEPHBIMU PACYETHBIMU
dopMmynamMu ISl KaHAJIOB 3a 3KPAHHOIO Ta30X0/Ja C IMONEPEYHbIM OOTEKaHUEM
LEIbHOCBAPHBIX MaHEeJIeH, MONEPEYHbIX TPYO C TEIIOBBIMU U3TyYaTEIMU.

2.Pa3paboTka 1 ONITUMH3ALUS PEXKUMOB COKUTaHUS PAOBBIX U CESHBIX YIJIEH B
TOHKOM CJIO€ B BOJIOTPEHHBIX KOTJIaX C MaJIbIMU CKOPOCTSIMU OOTEKaHHs ra3oB B
KaHaJle 32 SKPAaHHOI'O ra3oxoja C IMOIMEpeYHbIM O0TEKaHUEM TPYOHBIX MaHeNeu ¢
TEIUIOBBIMU U3JIy4YaTeIIMU B PEATIBHBIX YCIOBUAX IKCIUTYaTallNH;

3.YBenuuenue  TerioBoM  3(PGEKTUBHOCTH  HOBOIO  KOTJIA, KOTOpas
obOecrieurBaeTCsl BKJIIOUYCHHEM B TEIUIOOOMEH OOpaTHOW CTOPOHBI TOBEPXHOCTH
LEJbHOCBAPHOM TpyOHOM TmaHeNu 3a OSKPaHHOIO Ta30Xxojla C JOBEJCHHEM
MOBEPXHOCTU TpyO paboTarolux B aKTUBHOM TEIUIOOOMEHE MO JaBJICHHUEM M0
90% (B otmuuue oT 84 % B CEepUMHBIX KOTJIAX) JJIsi HOBBIX KOHCTPYKIUUN
BOoJIOorperHbIX Ko1ioB 0T 0,15 MBT 1 10 3,15 MBT.

4.CHmxeHue BbIOPOCOB NApPHUKOBBIX Ta30B W BPEIHBIX BHIOPOCOB B
atMocdepy NpH CXKUTAHUU YTIIS B TOHKOM ciioe ¢ yBennuenueMm KIIJ[ u cHmkeHus
pacxoa TOIIMBA.

5.Bb16op 1 onTuMU3aIus rUApaBInYecKoil cxembl HUpKysinuu kotiaa KCBp ¢
YBEIIMYEHUEM CKOPOCTH BOABI BOKPYI siI[pa TOpPEHHsS HaJ CIOEM B 30HE
MaKCHUMAaJIbHOTO TETUIOBBIICTICHUSI U CHUXKEHHE CKOPOCTH BOJIBI B TpyOax Mo xomy
IBIMOBBIX Ta30B B KaHaJ€ 3a JKPAHHOIO ra3oxoda sl BOAOTPEMHBIX KOTJIOB
MONTHOCTBIO 10 3,15 MBT.

6.BO3MOXXHOCTp IIMPOKOTO PacHpOCTPaHEHUs TBEPAOTOIUIMBHBIX CTaJbHBIX
BOJIOTPEMHBIX KOTJIOB MajiOM MOITHOCTH IO CEBEpHBIM obOyactaMm PecmyOnmku
KazaxctaH cO CHUKEHHBIMH BBIOpOCAMHM MMAPHUKOBBIX Ta30B U JUIMTEIbHOU
MPAKTHKOM 3 (PEeKTUBHON HKCILTyaTaI[UH.

B kxoHCTpyKnmsax HOBBIX BOHOrpevHbBIX KOTJIOB KCBp pemeHsl BOIPOCH MO
BAPBUPOBAHUIO COOTHOIIEHUH MEXKIy IUIOIIAAbI0 KOJOCHUKOBOW PEHIETKH C
TOHKMM CJIOEM, a TaKX€ COOTHOLICHUNW paJualiOHHOM U KOHBEKTUBHOM
MTOBEPXHOCTEN HArpeBa, B 3aBUCUMOCTH OT CHKMUTAEMOIO THUIIA YTJs M TEIUIOBOM
MOIIIHOCTH KOTJIa C PYYHOH CIIOEBOW PEIIETKOM.
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CoOTHOLIEHUSI COOTBETCTBYIOT YCPEAHEHHBIM IO BCEW MOBEPXHOCTH HAarpeBa
KOTJIa C TEIUIOBBIM HANpPSKEHUSAM SKpaHoB oT 22 kBr/M” m 1o 35 xBr/M* nns
BoAorpeiHsix kotioB cepun KCBp temnoBoit momHocthto ot 0,15 MBt go 3,15
MBT.

Pa3pabotka HOBBIX BOJOTPEUHBIX KOTJIOB OCHOBBIBAJIOCH Ha
HKCIIEPUMEHTAJIbHBIX HMCCJIEOBAHMIX B KaHajle 3a’KpaHHOro razoxonaa. Bwidop
r€OMETPUU 1IeJIbHOCBAPHBIX TPYOHBIX TMaHeNed M IIar TIONepevyHbIX Tpyo
o0pa3ylolux 3a SKpaHHBIA Ta30X0J YTOUHSAJCS pPACUETHBIMU (OpMyIaMHu IO
KO3 (PUIIMEHTY CONMPOTHUBJICHUS U MO KOA(DPUIMEHTY TemtooTnayu. PacueTHbie
dbopMysbl TONYyYEeHbl B BHUJE OOOOIICHHBIX 3aBUCUMOCTEH JUIsi KOHBEKTHUBHOMN
NOBEpXHOCTUH HarpeBa B (opme 3a dKkpaHHoro rasoxona. Ilo3xe pmaHHbIE
NOATBEPAWINCH TPHU MPOBEACHUM TEINIOTEXHUYECKUX HCIBITAHUN TOJIOBHBIX
oOpas1oB BojorpeitHsix kotiaoB KCBp-0,4.

B HOBOI KOHCTPYKIMHU KOTJIa PEAIM30BAHO JBUKEHUE ITOTOKA BOJbI BHAYAJIE B
TOTIOYHBIX SKPAaHHBIX TPyOax (poHTa M MOTOJKA U Jajee M0 KOHBEKTUBHOM 4acTH
32 SKPAaHHOI'O TIa30XoJa C LEJIbI0 COXPAaHEHUS IMOCTOSIHHOTO HapacTaroIEro
TEMIIEpaTypHOI'0 HaIlopa Mo BCEMY TPakTy KoTia. ['mapaBinyeckas cxema HOBOIO
KOTJIa ATOM cepuu paboTaeT CleayomuM 00pa3oM.

Boga B xoTen noctymnaer B ()pOHTOBOM MpaBblid BEpXHUI OOKOBOM KOJIJIEKTOP
¢ (hpOHTOBOM CTOPOHBI U MO MIPABOMY BEpXHEMY OOKOBOMY KOJUIEKTOPY MOAAETCS B
MIPaBYI0 YacTb BEPXHETO THUIBHOIO KOJUIEKTOpAa IO CpPEOHEW MEpEropoaku H
MOMaaaeT B MPaByIO MOJIOBUHY TPYyO MOTOJIOYHOrO 3KpaHa. [lo mpaBoii moioBuHE
TpyO LEIbHOCBAPHOIO MOTOJIOYHOTO 3KpaHa MOTOK BOJbI OIYCKAaeTCs B IPaBYIO
MOJIOBUHY TPYO LIEIbHOCBAPHOTO (PPOHTOBOTO 3KpaHa M IO MPaBOM KOJIEKTOPHOU
CTOMKE (PPOHTOBOU JBEPKU OITYCKAETCS IO MPaBOil CTOPOHBI HIXKHETO (hPOHTOBOTO
KoJuiekTopa. Jlanee mNOTOK BOJBI MEpelmyCcKaeTcss MO HIKHEMY (POHTOBOMY
KOJUIEKTOPY M MOAAETCS BO BTOPYIO JIEBYHO IOJIOBUHY TpYyO LEIBHOCBAPHOIO
(¢poHTOBOrO 3KpaHa. llomHMMasCh MO JEBOM KOJJIEKTOPHOW CTOIKE (DPOHTOBOM
JBEPKU U JIEBOW MOJOBUHE TPYO LIETBHOCBAPHOrO ()POHTOBOIO M JAaliee MO JIEBOU
MOJIOBUHE TpPyO ULEIBHOCBAPHOIO MOTOJOYHOTO 3KpaHa TONajaer B JIEBYIO
MOJIOBUHY BEPXHEro THUIBHOIO KoJulekTopa. M3 KOTOporo mo J€eBoMy BEPXHEMY
OOKOBOMY KOJUIEKTOPY IOTOK BOJbI MOAAETCA B BEPXHIOI YacTh (DPOHTOBOIO
JIEBOTO  BEPTUKAJIBHOIO  BHYTPEHHErO0  KOJUIEKTOpa A0  TOPU30HTAIbHOMN
neperopoaku. [lanee motok Bojsl o cemu I - 06pa3HbIM rOpU30HTAIILHBIM TpyOam
[IEJTbHOCBAPHON MaHEM O0XOJIUT IO JIEBOM OOKOBOM, THUIBHOM M MPaBOi OOKOBOMA
YacTW IMONaZaeT B BEPXHIOK YacTb (PPOHTOBOIO MPAaBOIO BEPTUKAIBHOIO
BHYTPEHHETO KOJUIEKTOpA 10 FOPU30HTAIBHOM meperopoAxu. OnyCTHBIINCH BHU3
HIKE ceMU TPyO MOTOK BOJBI Momnaaaer B mATh I — 0Opa3HbIX TpyO MO KOTOPHIM
O0OXOIUT TO TPaBOi OOKOBOW, THIILHOW W JIeBOW OOKOBOW YacTH TIOMAnaeT B
HUKHIOIO 4acTh (DPOHTOBOrO JIEBOTO BEPTHKAIBHOTO BHYTPEHHErO KOJUIEKTOPA H
OIyCKasiCh HWXE MATU TPYyO, yke Mo TpEM HWKHUM TpyOaM OOXOAUT MO JIEBOU
OOKOBOHM, THUIBHONW M TIpaBOM OOKOBOM 4YacTW MoMaJacT B HIDKHIO YacTh
(pPOHTOBOrO MPABOro BEPTUKAIBHOIO BHYTPEHHEro Koyuiekropa. M3 BHyTpeHHEro
(GpOHTOBOrO MpPaBOTr0 KOJUIEKTOpa MOTOK BOJbI Iepenyckaercss B (POHTOBOMU
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MpaBblil BEPTUKATBHBIA BHEIIHWNA KOJUIeKTOp. Jlamee w3 BHeIHEro (hpOHTOBOTO
MPaBOTO BEPTUKAIBHOTO KOJIJIEKTOPA MO JAEBATH TpyOaM MOTOK BOJBI OOXOJHT TIO
paBoil OOKOBOM, THUTBHOMW U JIEBOM OOKOBOM dacTu TpyO BHemrHero I1 — oGpa3Horo
JKpaHa U MOMNAJAET B JIEBBbIM (DPOHTOBOWM HApPyKHBIM BEPTHKAIbHBIA KOJJIEKTOP, B
KOTOpPOM TMOJHUMAETCS W MO 1ecTu TpyOam HapyxkHoro Il — oOGpa3zHoro skpana
00XOIUT MO JiIeBOM OOKOBOHM, THUIBHOM M TNpaBoid OOKOBOM HApy>KHOW YacTu
MOMNaJaeT B BEPXHIOK YacTh MPAaBOrO (POHTOBOTO HAPY>KHOTO BEPTUKAIBLHOIO
KoJuiekTopa. M3 BepXHeW 4acTu mpaBoro ()pOHTOBOr0 HAPYKHOTO BEPTHUKAIBHOTO
KOJIJIEKTOPA BOZbI BEIBOJAUTCS U3 KOTJIA B CETb.

B pesynbrate cOanaHCUpOBaHHAs TUAPABIMYECKAs CXE€Ma BOJOTPEHHOTrO
KOTJIa BBIOMpANach TAaKOW, YTO CKOPOCTh BOJBI HA KaXKJIOM YYacTKE 3JIEMEHTa
MOBEPXHOCTU HAarpeBa B TONKE BHIOMpAaCh B 3aBUCUMOCTH OT TEIUIOBOTO
HaMpPsHKEHUST 30HBI. BOKpYT TeIUTOHANpPsKEHHOW 30HBI SAPKOTO (hakesia TOPSIIETro
CJIOSI YTJISI CKOPOCTh BOJIBI ObLJIa MAKCUMAJILHOW M COOTBETCTBOBAIA BOCIIPUHITOMY
TEIUIOBOMY TMOTOKYy. Jlamee mno Mepe CHHXKEHHS TEIUIOBOTO HAIPSKEHUS B
KOHBEKTUBHOM YaCTH 332 3KPAHHOTO ra30Xx0/ia CKOPOCTh BOABI 32 CUET yBEIMYCHUS
yuciia TpyO B KKJIOM XOJI€ CHHXKAJIACh U Jajiee BHIBOAWIACH B CETh.

OCHOBHBIM NPEUMYILIECTBOM KOHCTPYKTHBHOM CXE€Mbl HOBOI'O BOJIOIPEHHOIO
KOTJIa SIBJIIETCSI BO3MOXKHOCTh CBOOO/IHOTO TEIJIOBOT'O PACHIUPEHHUS BBEPX IEIBHO-
CBAPHBIX KPAHOB TOMKHU M KOHBEKTUBHOTO 32 SKPAHHOT'0 Ta30X0/ia B IpeAenax KoT-
na. llenpHOCBapHBIe TPyOHBIE TAHENH U MOIMEPEUYHbIE TPYObl BTOPOTO psiJia, HAMPH-
Mep - MO MATh, CEMb WJIH JIEBITHh TPYyO HE ObUIM CBS3aHBI KECTKO Mexay coboi. Ho-
Basg KOHCTpyKIus BojorpeitHoro komia KCBp HeBocnpuumumBa k paborte B me-
PEMEHHOM TEMIIEPATYPHOM PEXKUME SKCIUIyaTallMd — OCTAHOBBI M IIyCKU WJIA Ya-
CThIC U3MEHEHUS HArPY3KH KOTJIa HE BIUAIOT HAa YCTAIOCTh MeTauia TpyoO.

Jlna  BOOOTpEHMHBIX  TBEPAOTOIUIMBHBIX  KOTJIOB  Majiod  TEIIOBOM
MPOU3BOJUTEIIBHOCTA TIPU  MAKCHMaJIbHOM HCIOJIb30BAHUU  LEIbHOCBAPHBIX
TPYyOHBIX MaHeNel B TONKE U B 3a DKPAHHOM ra30Xo0Ji€ C MONEPEYHBIM OOTEKAHHUEM,
MONEPEYHbIMU TpyOaMH U C TEIJIOBBIM U3JIydyaTeJeM HCCICAOBAHHOIO THIIA B
HACTOsAIIEH paboTe TEMIOBBIE PaCUEThl HE BBITIOIHSIIUCK.

C neiicTBHEM HOBBIX CTaHAapTOB Mo kotiaaMm B Kazaxcranme B 2018 - 2020
rojax ObLIM pa3paboOTaHbl TPOEKTHI TEXHUYECKUX YCIOBUUA Ha YroJIbHBIC
BOJIOIPENHBIC KOTJIBI MaJIOi TEIIOBOM npousBoautenbHoct oT 0,2 MBT u 1o 3,15
MBT.

B Hacrosiiee Bpemsi K cTaHAapTaM M TEXHUYECKUM YCIOBHUSM JUIsl paOOThI Ha
TBEPJIOM TOIUIMBE TOTOBSITCS TOIMPABKH, OOSA3BIBAIONINE YMEHBIIICHHUE TOJIIUHBI
TOPSIIETO CJIOSI KAaK I PSIAOBBIX, TaK W JUISL CESHHBIX YTJIEW JJISI BOJOTPEMHBIX
KOTJIOB TEIUIOBOM mpousBoauTenbHOCThIO oT 0,2 MBT 1o 3,15 MBT 1o
pe3yiabTaraM  TeIioTexHu4Yeckux  ucnbiTanuii  Ha  lllyGapkonbckoM — u
KaparangnHCKOM CESIHHOM W pSIOBOM YIJI€ C TOHKHMM CJIO€M Ha KOJOCHUKOBOM
pemérke. Takoe MJONMOJHEHHE K IPOEKTY TEXHUYECKUX YCIOBUW M IIPOEKTA
JIOTIOJIHEHMS K CTaHAapTaM, 0OYCIIOBJIEHO CEpUEH JUTUTEIbHBIX KCILTyaTaAllMOHHBIX
TeIUIOTeXHUYECKUX ucnbiTaHuil Ha [lly0apkoabCkoM CESHHOM W PSIIOBOM YIJIE C
BojorperbiMi  KoTiiamu KCBp-0,43 ¢ TOHKMM cJ0€M, KOTOPOE ITO3BOJIMJIO
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CYIIECTBEHHO CHU3HUTHh BBIOpOCH yriIeKUciHoTel CO, u BpeaHble TOKCHUYHBIC
BBEIOPOCHI B aTMOchepy. ATy TatGopMy U TEXHOJIOTUIO CKUTAHUS YTIIEH B TOHKOM
CJI0O€ MOKHO B OYyJIyIIEM paclpOCTpaHsITh U Ha TBEPAOTOILUIUBHBIE BOJOTPEHHBIC
KOTJIBI CO CJIOEBOM MEXAHUYECKOW TONKHU C HEMHOW PEETKOW MOITHOCTBIO 10 11,6
MBT, 23,2 MBt u 35 MBT xotnoB cepun KB-TC.

3a OCHOBY JOMOJIHEHHUS WJIM TOIMPABOK K HAIMOHAIBHBIM CTaHAAPTaM MO
YTOJIbHBIM BOAOTPEHHBIM KOTJIaM MIPUHUMAIIUCH HOBBIE HAITMOHAIbHBIE TATEHTHl HA
BOJIOTPENHBIC KOTJIbI, pa3pad0TKa KOTOPHIX OCHOBBIBAJIACH HA IKCIIEPUMEHTATBHBIX
JAHHBIX IO CKUTAHUIO PA3JIMYHBIX YIJIEH B CIOEBBIX TONKAX C TOHKUM CIIOEM. 3a
MOCJIETHUE TOJIbl CYIIECTBEHHO OOHOBUJICS MapK MaJlbIX KOTJOB Ha TBEPIOM,
KHUJKOM U ra3o000pa3HOM TOIUIMBE B pecmyOnrke KazaxcTan mosiBUioch OOJbIOE
KOJINYECTBO MaJIbIX BOJOTPEUHBIX KOTJIOB Ha TBEPAOM TorumBe ¢ Hu3kum KII/I.
IIpoueHT n3HOCa BOJOTPENHBIX KOTIOB CPEAHEN MOIIHOCTH CYLIECTBEHHO BBIPOC U
npakTuaecku coctaBuia 65 — 70 %. B HacTosmee Bpems B Kazaxcrane moTpeOHOCTD
B BBICOKO?(D(hEKTHBHBIX TBEPAOTOIUIMBHBIX BOJIOTPEHHBIX KOTIaX MajoOi TEIJIOBOU
IIPOU3BOIUTENBHOCTH 110 3,16 MBT 3HaunTENBHO BBIPOC.

Pe3ynbTaThl Hay4yHO-UCCIIEAOBATENBCKUX U OMBITHO-KOHCTPYKTOPCKUX PadoT
B IIOJIHOM MEpe HCIOIb30BAJIUCH NMPH Pa3padOTKe KOHCTPYKTOPCKO-TEXHUYECKON
JOKYMEHTAIlMM Ha TOJIOBHOM oO0pasel] yrojibHOrO BOJOIPEHMHOr0 KOTjaa C 3a
AKPaHHBIM T'a30X0JI0M C KOJIOCHUKOBOM PEHIETKON U PYyYHBIM 00CITy>KHBaHUEM MPU
CXKUTaHUU yIVISI B TOHKOM CJIO€ C YJIYYIIEHHBIMH JOKOHOMHYECKUMH U
AKOJIOTUYECKUMH MOKA3aATEIISIMU.

[IpoBoaunacey ceprs KOMIJIEKCHBIX TEIUIOTEXHUYECKUX UCIBITAHUN FOJIOBHBIX
00pa31oB yrojibHbIX BogorperHbsix kKomioB cepuun KCBp-0,4 na Illy6apkonbckom
yrie. IIporpaMMa WCHOBITAHUKA YTOJIBHOIO BOJOIPEMHOrO KOTJIA BKJIKOYala IO
JUIUTEIbHOCTH 8 — 4aCOBOE HEMPEPHIBHOE CKUTAHUE B CIO€ OTAECIBHO PSAIOBOIO U
otnenbHO cessHHoTo IIly0apKombCcKOTO yIisi C aBTOMAaTUYECKUM HEMPEPHIBHBIM
U3MEPEHHUEM BCEX YKa3aHHBIX B TaOJIMIIE 3 COCTABOM ra3oB.

ITocne cepTUPUKAIIMOHHBIX MCHBITAHUN TOJIOBHBIX OOpPa3lOB YrOJbHBIX
BOJOTPEMHBIX KOTJIOB C 3a3KpPaHHBIM Ta30X0J0M pa3paldaThIBajics MPOEKT
CTaHJapTa Ha CEpUI0, KOTOPBIM BKIIOYAJI JIMHEWKY II0 TEIUIOBOM MOIIHOCTH
BOJIOTPEHUHBIX KOTJIOB.

[Ipoext crangapta coBmectHO ¢ TOO «CanTternomamrpudop» (T, Kaparanma)
MpOXOAWJ  CHEHHAIbHYK)  OKCIEpPTU3y B  OpraHax CTaHAapTH3alud |
CHEUUAIM3UPOBAHHBIX  OpraHM3alusAx, I[OCJI€  3TOr0  MEpPEeBOJAMJICA  HA
rOCYJJapCTBEHHBIM SI3bIK COBMECTHO C KATAJIOXHBIM JIMCTOM U TOJIBKO TIOCIE
COTJJaCOBaHMS HA  TUTYJIBHOM  JIMCT€ cTaHgapra ¢  opraHamu MUC
(I"'ocroprexHaa3op, KOTIOHA30p, MoXKapHas 0€301MaCHOCTh, CAHAMUACTAHIIUS U JIP.)
peructpupoBaics B ['occrannapre.

OnHOBPEMEHHO C HAa4YaJIOM MPOU3BOJICTBA MPEANPUATHE COOCTBEHHUK HOBOTO
CTaHJapTa TaKXKe CepTUPUUUPYETCS U TMOJydaeT MEKIAYHAPOIHBIN cepTudUKaAT
NCO umm ceprudukar TamoxeHnHoro coro3a. HoBelil cTanmapT pazpadaTbiBaeTcs
JUISL KOHKPETHOTO TMPEANPHUATHS, HMMEIOIIEr0 JIMIICH3UIO IS TMPOU3BOJCTBA
BoJorpeiHsix komioB B PecnybOnuke Kazaxcran. Ilpouenypa cranpaptuzanuu
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MPEANPUATHS BKIIOUAET KOMIUIEKC padOT, KOTOpPhIE HE BXOMAT B KOMIICTECHIIUIO
JTAHHOM pabOoTHI.

[IpencraBienHas B HaCTOSIIECH AUCCEpPTALMU SKCIIEPUMEHTANIbHAS U Hay4yHas
4acTh padOT SABISIACH OJJHUM M3 3TANoOB OOJBIION TporpaMMbl, KOTOpasi BKJIroUasna
pa3pabOTKy HOBBIX BOJOTPEUHBIX KOTJIOB MaJIOM W CpeHEN TEIJIOBOW MOIIHOCTU
Ha TBEPJIOM TOIUIMBE C TEIJIOOOMEHHBIMU arapaTaMH.

ANTOpUTM pa3pabOTKU HOBBIX KOHCTPYKIIMI BOJIOIPEMHBIX KOTJIOB BKJIIOYAT
OCHOBHYIO MCCJI€IOBATEIbCKYIO YacTh 00bEMa paboT Mo 3KCIEPUMEHTaM B KaHalle
3a9KpPaHHOTO Ta30XxoJla C IMONEPEYHbIM OOTEKaHUEM IEIbHOCBAPHBIX TPYOHBIX
NaHesel W MomepevHbIX TPyO € TEIUIOBBIMU U3IydaTeIsIMA B JUANA30HE MajbIX
CKOpoOCTel ra3oB oT 4 m/c 10 7-9 m/c.

OO0ycnaBnuBaics TaKoW CKOPOCTHOM pexuM paboTOl BOJOTPEHHOTO KOTIa C
TOHKUM CJIOEM C MHUHUMAJIbHBIM BBIHOCOM MEJKHX YaCTHUI[ U COOTBETCTBEHHO
MUHUMAJIHBIMU 3aHOCAMH TIOBEPXHOCTEH TMOMEPEYHBIX TPyO 3a SKPAHHOTO
ra3oxofa. OKCIEPUMEHTAIBHBIA BBHIOOpP TOIMEPEYHOrO0 CEYCHHUsS KaHajaa 3a
AKPAHHOTO ra30xo/a U MojiyuyeHue pacueTHbiX dhopmyin 1ist & u o (Nu) mo3Boiamiu
YCHEIHIHO peain30BaTh padOTAONIYI0 KOHCTPYKIIMIO BOJOIPEHHOTO KOTJa C TaKOu
MMOBEPXHOCTHIO.

OTnuyue HOBBIX KOHCTPYKIIMH CTallbHBIX BOJOTPEMHBIX KOTJIOB C 3a
AKpaHHBIM Ta30X0JIOM 3aKJIFOYaeTCs B TOM, YTO OHU MMEIOT MPU3MATHYECKYIO B
IJIaHe TONKY. J[JIg yroiabHBIX KOTJIOB CO CIOEBBIMU TOIKAMH IPOIYKTHI CTOpPaHUs
MONAJA0T B BEPXHIOK YacTh TONKH WU IMOAHUMAIOTCA HAJ TOPSLIUM CJIOEM H
MOMAIal0T B 32 9KPAHHBINA ra30X0]l CBEPXY B JiBa OOKOBBIX U OJUH THUIbHBIN SKpaH.
DKpaHaMH TOTIKH SIBJISIIOTCS IIEIbHOCBApHbIE TPYOHBIE MMaHeH, CBApEHHBIE U3 TPYO
u memOpan B Il — oOpasnoit ¢gopme. B BepxHell dYacTu TONKH BHYTPEHHETO
neiapHOoCcBapHoro I — 006pa3Horo skpaHa Be TpyOBl HE TPOBAPEHBI MEXKIY CO00H U
00pa3yroT (ecToH Ui BXOJa ra3oB CBEpXY B 3a IKPAHHBIN ra30Xxoj Mo MEPUMETPY
kpome (ponTta. Ilocne decrona tonounsie rasel nomanaroT B I1 — oOpa3Hblid 3a
HKPAHHBIN ra30Xxo0] C MONEPEUYHbIM OOTEKAaHWEM LIETbHOCBAPHOW MAHEIU U BTOPOU
nonepeyHslil pan Tpyo 11 — oOpa3Hoit (opmbl ¢ ynopamu, a ¢ Hapy>KHOH CTOPOHBI
3aKPBITHIA  TEMJIOM30JIMPOBAHHBIM TEIUIOBBIM H3JIy4yaTenaeM. TakuM oOpazom
oOpa3oBaHHass KOHBEKTHMBHAs YacTh KOTJA, SBJSETCS SJEMEHTOM IaXMaTHOIO
nakera TpyO B KOTOpOi BTOpo# psin nonepeyHbix I1 — oOpa3HbIX TpyO BBHINOITHEHBI
CO CMEIEHWEM Ha TIOJIOBMHY Illara MO CPaBHEHUIO C pa3MelleHueM TpyOo
BHYTpEeHHEro ueiabHocBapHoro Il — obpasznoro skpana. Tpyost I' — obGpasnoro
(GPOHTOBOTO U MOTOJIOYHOTO IETHHOCBAPHBIX IKPAHOB BMECTE C TOPU3OHTAIBHBIM
neabHocBapHbIM [1 — 00pasHbpIM dKpaHOM 00pa3yroT Tomky kotria. [lpu 3Tom
BOKpyT Il — 0OpasHoro mepumerpa BTOPOTo psiga TpyO ¢ ymopamu Ha TaKOM JKE
PacCTOSIHUHM YCTAHABIIUBACTCS TEIUIOM30JMPOBAHHBIA TE€PMETHUYHBIN TEIJIOBOU
n3nydarenb. KOHCTPYKTHBHAsE CX€Ma BCE€M  JIMHEWKHM  TBEPAOTOILUIMBHBIX
Bojorperinbix kotTiioB KCBp ot 0,2 no 3,14 MBT npenycmarpuBaer cBOOOAHOE
TEIJIOBOE paCHIMpPEHUE LEeTbHOCBAPHBIX TPYOHBIX MaHEJIeH BCEX AJIEMEHTOB TPyO
BBEPX.
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5.2 Onucanue KOHCTPYKIMHU KOJIOCHUKOBBIX PEIIETOK ISl CKUTAHUSI B TOHKOM
CJIO€ CO CHIDKEHHBIMU BbIOpocamu CO; U IpyruX TOKCUYHBIX 3JIEMEHTOB

CymiecTBeHHOE CHUXEHUE BBHIOPOCOB yriaekuciaoTsl CO, U BpeaHBIX BEILECTB
npu cxuranuu lybapkonabsckoro u KaparauanHckoro yried yaanoch pa3padoTKou
HOBOM TEXHOJIOTUM CHKUTAHHUSI C TOHKUM ciioeM a0 60 MM Ha KOJIOCHHUKOBOM
pelieTke ¢ pydHbIM oOciykuBaHueMm. Ilpu »TOM TMJIaBHO CHIDKaemas W
peryiaupyeMas mojiada BO3JyXa MOJI PEHIeTKY C TOHKHUM CJIOEM YIJiA IMO3BOJISAET
yBENIUYUTh 3P(HEKTUBHOCTh MPHU TUTEIBHOM BBITOPAHUM KOKCOBOTO OCTaTKa
yIsg 3a CYET YBEJIWYEHHUS NPOJNOKUTEIBHOCTH TOPEHHUS KOKca IIpHU
ectecTBeHHOU Tsre. [Ipu 3ToM MeHsieTcst crnienu@uka TEI1000MeHa B TOMOYHOM
KamMepe U CKOPOCTHOM pexXHM OOTeKaHUs B KOHBEKTMBHOM 3a HKPaHHOM
razoxoje. CHH)KEHHE XUMUYECKOI0 (3 U MEXAHUYECKOr0 (4 HEIOXKOra, a TaKkKe
UCIIOJIb30BaHue (PU3UYECKOro TEeIia [ulaka M MpoBajia JJisl MOJ0rpeBa BO3ayXxa
M0JT KOJIOCHUKOBOU pemieTkol yBenuuuBaeT KIIJ[ 6pyTTo BomorpeitHoro kot:ia.
VaydimieHne -HKOJIOTUUECKMX ToKa3zaTeael o00ecrneunBaeTcs CyUeCTBEHHBIM
CHU)KEHUEM BBIOPOCOB YTIIIEKHCIOTHI M OKUCH YTiiepojia B aTrmocdepy u3-3a
YBEJIMUCHUSI BPEMEHU TOPEHUS KOKca B ciioe. DPPekT mosyueH npu padboTe Ha
psanoBoM u cesHHoM llyGapkonbckom u KaparaHIuHCKOM yrisix MpH CKUTAHUU
B TOHKOM CJIO€ Ha KOJJOCHUKOBOM peIleTKe.

B kxoHcTpykumnu HOBOW KoJIOCHMKOBOW pemeTku [30] Bo3ayX momaeTcs
cryneHuyaro. CHayama, ¢ MOMEHTa MOJAYUW CBEXEW MMOPLUH TOIJIMBA
BKJIFOYAETCS 110Jlaya BTOPUYHOTO MMOJIOTPETOr0 BO3yXa 1o BpeMenu nocie 10 — 15
MUHYT CUMTas OT Hayaja 3arpy3Kd CBEKEW MOpLUHUM TBEPAOrO TOIUIMBA HA CJOM.
Jlasiee mocie BBITOpaHHsS OCHOBHOM 4YacTH JIETYYMX M HA4ajJOM TOPEHHsS KOKca
OTBEPCTHS IMOJaYd BTOPUYHOTO BO3[yXa MOCTENEHHO YIIyOJsieTcsi B CIOM BCeX
OTBEPCTHI BMecTe C MarpyOKaMu Mojayu. YTIyOJeHHe OTBEPCTUH BTOPUUYHOTO
BO3/lyXa MPOMCXOAWIO J0 YPOBHA BEPXHUX KpPAaeB KOHYCHBIX MOJBIX OTJIMBOB
KOJIOCHUKOBOM PEIIETKU JJIsI CTYNEHYaTOro Cxuranus yris. OQHOBPEMEHHO IO
Mepe BBITOPaHUsI KOKCOBOTO OCTaTKa CHIKAJICA PAacXoJ BTOPUYHOTO MOAOTPETOrO
Bozayxa 10 5 — 10 % ot oOmiero pacxojna 10 IepuoAa IMOJHOTO JOTOPaHUS
KOKCOBOI'0 OCTaTKa Ha KOJOCHHMKOBOW pemierke. [logaya ocHOBHOTO BO3ayXa MOJ
KOJIOCHUKOBYIO PEIIETKY U BTOPHUYHOIO MOJOTPETOr0 BO3AYyXa HEMOCPEACTBEHHO B
30HY MOJl MOBEPXHOCTh BEPXHETO CJIOSI TOPAIIErO0 TOIUIMBA IUIABHO YMEHbIIAIACH.
OTO MPOUCXOJIUIIO0 B 3aBUCUMOCTH OT MOMEHTa 3a0poca CBeXed MOpIHH YISl U B
JAJIBHEWIIIEM Ha MPOTSHKEHUU BCEro neproaa ropeHus kokca. IIpm 3Tom MoOKHO
ObUIO W3MEHATHh COOTHOILIEHWE TMOJAaYM KOJMYECTBAa OCHOBHOIO BO3JyXa IMOJ
KOJIOCHHKOBYIO PELIETKY U BTOPUYHOIO MOAOIPETOr0 BO3/lyXa HEIOCPEICTBEHHO B
30Hy IO TOBEPXHOCThb. I[IpM 3TOM coXpaHsIach BO3MOYKHOCTH PEryJUpPOBATH
rIIyOMHY MOAAYd BTOPUYHOIO MOAOTPETOr0 BO3AyXa MOJ BEPXHIO TPAHUILY
ropsiniero ciog yris. [logada npeaBapUTebHO MOJIOTPETOr0 BTOPUYHOTO BO3yXa
B BEPXHIOIO 30HY C MHTEHCHUBHBIM IpoueccoM rasu¢ukamuu B 10 — 30 mm ot
BEPXHEHN TpaHUILbl TOPSIIEro Cios yris, obecrieunBasia 3(PPEKTUBHOE TOPEHUE C
KaueCTBEHHBIM U KOJIMYECTBEHHBIM BBIXOJIOM T'a30B HEMOCPEACTBEHHO HAJl CJIOEM.
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[Tomaya BTOPUYHOTO OYTHEBOTO BO3JyXa MPOU3BOAUTCS U3 T€PMETHUYHOTO
MPU3MATUYECKOTO Ta30BOT0 KOpobOa. ['epMeTndHbIi KOpOO COMEPKUT (PPOHTOBYIO U
TBUIBHYIO TOJIbI€ OaJKKU C TOPIIEBBIMU 3ariylIKaMH COCIUHEHHBIE C MPOJAOJIbHBIMU
noJibIMM  OankamMu ¢ naTpyOKaMu BTOPUYHOTO OCTPOTO JAyThs. YyryHHBIE
KOJIOCHUKHU CHA0KEHBI MPOJIOJATOBATHIMU OBAILHBIMU OTBEPCTUSIMU JJIsI OCHOBHOTO
OyThsi W ]I BTOPUYHOTO JyThsl BBICTYNAIOT BBEPX KOHYCHBIE MOJIbIE OTJIUBBI C
OTBEPCTHUSIMH.

[InaBaromuii JIMCT yCTAHOBJEH Ha MPYXUHAX M COCAUHSACTCS HECYIIUMHU
mTokamu ¢ 6ankamu. @poHTOBON BXOJHOM MaTpyOOK MOJAaYM BTOPUYHOTO BO3TyXa
COEJIMHEH C TOJILIMU OankaMu mocienoBarenbHo. [laTpyOku BTOpHUYHOTO BO3AyXxa
MMEIOT OTBEPCTUS JUAMETPOM OT 2,5 0 5 MM MO HNEPUMETPY B KOJIMUYECTBE OT 6 110
12 mtyk. OTBepcTHs BBINOJHEHBI Ha BBICOTE O 8 MM OT BEPXHEW 3ariyIIKd
naTpyOKOB U BBICTYIAJIA HAJl BEPXHUM CPE30M KOHYCHBIX OTJIMBOB Ha BBICOTY OT 11
1o 45 MM BBepx. CoOcTBEHHAsi BBICOTa YYTYHHBIX KOJIOCHHKOB OT 65 70 75 MM.
['epMeTnuHBI KOPOO TMOJ KOJOCHHKAMH MOXET OMYCKAThCS WIW TMOJHUMATHCS
BMECTE C maTpyOKaMu MoJayu BTOPUYHOrO BO3Jayxa. BeicoTa moabema 3aBUCUT OT
Beca MpoBaja W 30Jibl Ha IUiaBawomeMm Jjucre. llogaya OCHOBHOro BO3ayXa
oOecreuynBaeTcs MO BXOAHOMY KOpOOy, pa3MEIIEHHOMY MO LEHTPYy (PpOHTOBOM
yactu razoxoga. CnmeBa OT IeHTpa KopoOa pa3MelleHa JBepkKa 30JbHUKA. Bces
BEpXHSAS 4YacTh BHYTPEHHHX OOKOBBIX CTEHOK KopoOa IO BCEMYy NEpUMETPY
SBJIIETCS OMOPAMH HIKHUX KOJUIEKTOPOB KOTIIA.

KonocuukoBas perierka cooupaercss U3 3JIEeMEHTOB MOJa4l BTOPUYHOTO JTYThs
0/, BEPXHIOK TpaHully 55-70 MUJUTMMETPOBOM TOJIUHBI YTOJIBHOTO CIIOSI.

ITon xomocHukoBoi pemietkoi [30] TpyOBI COCIMHEHBI B OJIHY CHUCTEMY C
MPSMOYTOJIbHBIMU TPpyOaMu, Ha KOTOPBIX Pa3MEIarOTCs MaTpPyOKHU MOJOTPETOro
BO3/lyXa BTOPUYHOTO IyThs. [lmaBaronuii JUCT pa3MemiaeTcs B MOJIOCTHA OOIIEro
KopoOa razoxojia mo pucyHky 23.
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Pucynok 23 - O61muii BUJ1 B aKCOHOMETPUHU COOPaHHOTO YCTPOMCTBA MO1aun
BTOPUYHOT'O BO3/IyXa C MPSIMOYTOJIbHBIMU TpyOaMu, 6€3 KOJTOCHUKOB U 0aJoK
1-pponTOBOI MaTpyOOK MOAa4YM BTOPUUHOTO BO3/AyXa; 2-(ppoHTOBAs
npsIMOYTOJibHasA TpyOa; 3-MpoA0IbHbIE MPSIMOYTOIbHBIE TPYOBI; 4-MaTpyOoK
BTOPUYHOT'O BO3AYyXa U3 )KAPOCTOUKOM CTANIN; S-OTBEPCTUSI BTOPUYHOIO AYThS MO
MOBEPXHOCTh BEPXHETO clios; 1 1-ThllbHASI MpAMOYTOIbHAsS TpyOa; 12-TopiieBas
3ariaymka GpOHTOBOM M THUTHHOU MPSIMOYTOJIBHBIX TPYO; 15-001m1mii Kopoo
razoxopa; 18-3armymika narpyOka BTOpUIHOTO NyThs; 30-HIKHUN TIIaBAIOIINAN
JUCT BHYTpU KOpoOa razoxoza; 3 1-Hecymuil MTOK HUKHETO IJIaBAIOLIETO JIMCTA B
KopoOe razoxoja; 32-npy»uHa MoJi HUKHUM IUIaBAIOIIUM JIUCTOM; 33-CKOb3s1Ias
My(Ta ¢ BHyTpeHHEH nuadparmoil.

Kopo6 razoxona coaepxut GppoHTOBOM NaTpyOOK 1MOja4u OCHOBHOI'O BO3/yXa,
(pOHTOBYIO JBEPKY 30JIbHUKA, MOMEPEYHbIE YYTYHHBIE KOJOCHUKOBBIE OalKu M3
*xapocToiikoro yyryHa. Ha 6ankax cBOOOIHO yCTaHOBIIEHBI YYyT'YHHbIE KOJJOCHUKH C
KOHYCHBIMH TIOJIBIMA OTJIMBAMHU CO CKBO3HBIMU OTBEPCTHUSIMU B KOJOCHUKaX MJIf
II0JIa4 OCHOBHOTO JyTHEBOTO BO3JYyXa B IIPOLIEHTHOM OTHOIIEHHH CYMMAapHOI'O
’KUBOTO CEUYCHMsI OTBEPCTUHN K OOIIEH MIONIad KOJOCHUKOBOUW penieTku ot 8 % u
10 20 % B 3aBUCUMOCTH OT MECTOPOKJIEHUS CKUTAEMOr0 TBEPIOTO TOIUIHBA.

CyMMapHO€ JKHMBOE CEYEHHE OTBEPCTUH UYYIYHHBIX KOJIOCHUKOB BMECTE C
MOTNIEPEYHBIM CEYEHHEM BCEX KOJBLEBBIX 3a30POB MEXAY OTBEPCTUSMU KOHYCHBIX
MOJIBIX OTJIMBOB M BHEIIHUM JUAMETPOM MAaTPyOKOB BTOPUYHOTO AYThSI U 3a30Pbl
MEXIY KOJOCHUKaMH JUIsi KyCKOBOro Topda WM aHaJOTMYHBIX TOIUIMB MOTYT
coctaBiATh OT 25 10 30 % ot oOwmeil miomaau KOJIOCHUKOBOW pemerku. J[ns
KAMEHHBIX U OyphIX YyIjed, a TakKe aHTPAlUTOB OTHOILIEHUE YXUBOTO CEYEHUS
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Kojiebnercss B mpeaenax ot 8 o 20 %, depe3 KOTOpOe MPOITyCKAeTCs IOJ CJIOM
TBEPJOTO TOIUIMBAa OCHOBHOE KOJMYECTBO BO3Ayxa. Bo Bce maTpyOku momaercs
MOJIOIPETHI BTOPUYHBIA BO3IyX HENOCPEACTBEHHO IOJ MOBEPXHOCTH ciosg oT 10
10 20% co ckopocThl0 OT 5 10 15 M/C M3 OCHOBHOrO KOJMYECTBA BO3/yXa,
HEO0OXOJAMMOro /IS MOJHOTO CropaHusi KOHKPETHOIO TBEPAOIO TOIUIMBA B CIIOE, B
KaxJ0e oTBepcTue Ha rimyoune ot 10 10 30 MM OT BepXHEW rpaHUIIbI CIOA.

Crnengyer OTMETUTh, YTO YKAa3aHHOE MPOLIEHTHOE COOTHOIIEHHE OTBEPCTUH BO
BCceX 0€3 MCKIIIOUEHUS CIIy4aeB CKUTAHMS yTIed B CJI0€e, KaK MOKa3bIBAET MPAKTHKA
COKUTaHUs, IPUBOAUT K ACPUIIUTY KUCIOPOa HAJ BCEM CIOEM TOPSIIETO yrisl.

KoHCTpyKTUBHO OTBEepCcTUS MATPyOKOB BTOPUYHOTO AYThbS MOTYT HaXOIATCS
Ha riyoune ot 10 MM 10 30 MM moji BepXHEW IrpaHHICH MOBEPXHOCTH CIIOS YTJIsl.
[Togaya BTOpUYHOTO MOJOTPETOro Bo3ayxa B 3Ty 30HY oT 10 10 20% OT 0OCHOBHOIO
BO3JyXa MOXXET OOeCHeuWTh MOoJauy IOJ KOJIOCHUKOBYIO PEIIETKY B OTBEPCTHUSA
naTpyOKOB BTOPUYHOIO BO3AyXa CO CKOPOCTBIO OT 5 M/c 110 15 M/c TOpU30HTaNBHO
o PUCYHKY 24.
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PucyHok 24 - miockuii KOJJOCHUK C KOHYCHBIMU TIOJIBIMHM OTJIUBaMU, peOpaMu
YKECTKOCTH M TUIOCKUMH OTBEPCTUSIMU
6-KOHYCHBIH MOJIBIA OTJIMB KOJIOCHUKOBOM PEIIETKH; 7-CKBO3HOE OTBEPCTHUE B
KOHYCHOM I10JIOM OTJIMBE; 8-UyT'yHHBIN KOJIOCHUK U3 kapocToiikoro XXXY-17; 9-
IIeJIeBbIE OTBEPCTHSI B UyTYHHOM KOJIOCHUKE JIJIsi OCHOBHOTO JIyThsi; 10-pedpa
KECTKOCTH YyTYHHBIX KOJIOCHUKOB;

OntuManbHOE KOJIMYECTBO BO31yXa, IMOJABAEMOE TOPU30HTAJIbHO MO BCEU
MOBEPXHOCTH TI0J] IOBEPXHOCTH Ci10s obecreunBaeT 3P(HEKTUBHOE CIKUTAHUE YTIIA,
npy MuHuMH3auuu BbeIOpocoB CO,. C noropaHueM KOKca TONIIWHA CJOA
YMEHBIIAETCS ¥ KOJIMYECTBO BTOPUYHOTO BO3yxa yMeHbmaercs 10 10%. Cxkopocth
BTOPUYHOTO JAYThsl CHWXaeTcsa 10 S5 w/c. I'myObuHa oTBepcTHil naTpyOKOB
BTOPUYHOTO AYThSl MOJI BEPXHUU CJIOM yIVIsl B MPOLIECCE OIMYyCKaHUS HUKHETO
TMJIABAIOIIETO JINCTA ¢ HECYIIUMHU IITOKaMH TOXe CHIDKaeTcs. CKMMaHue TPY>KUHBI
C OJTHOBPEMEHHBIM CY>XKEHHEM CKOJIb3silell My(pThl Ha (QPOHTOBOM mMaTpyoOke
Mojiadya BTOPUYHOTO BO3/lyXa yMeHbIaeTcs. JluanazoH peryupoBaHUs MOIIHOCTH
BOJIOIPENHOI0 KOTJa B 3kcniepuMenTax usmensuicst ot 100 kBt 1o 200 kBr.
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HoBass KOHCTpyKLMSI KOJOCHHUKOBOW pemetrku [67, 69] mus  cxuranus
TBEPJIOTO TOIUIMBA C PYYHBIM OOCTY>KHBAHHEM MPUMEHSETCS B BOJOTPEHHBIX
KOTJaX TEII0BOM MomHOCThIO OT 40 kBT 1 1o 1,16 MBT.

OCHOBHOI pexuM padbOThl TBEPAOTOIUIMBHOIO BojorpeiHoro kotiaa KCBp-
0,43 c pacxonom Illybapkosibckoro psjioBoro yris nopsiaka 60 — 75 kr/gac, cBexas
MOPLHUS YIJIS PABHOMEPHO PACIPENEISAETCS HA KOJOCHUKOBYIO PEHIETKY TIOMIAbIO
0,98 Mm°.

OuepeniHas OYMCTKA MPOBaja U IUIAKA C HYDXKHErO IJIABAIOIIETO JINCTA Yepe3
(GpOHTOBYIO JBEpPKY 30JIbHUKA MPUBOIUT K PaA3KUMAHHUIO MPYKUHBI, KOTOpas
MOAHUMAET HWKHUW TUIABAIOIIMA JUCT C HECYIIMMHU IITOKAMHU CO CKOJIB3AIICH
mydtoil. Ilonmepeunoe ceueHue QGPOHTOBOTO MATPyOKa TMOJAYM BTOPUYHOTO
MOAOTPETOTO BO3AyXa YBEIMYMBAETCS M PACTET PACXOJ BTOPUYHOTO BO3AyXa B
OTBEPCTHUS TOHATHIX BBIIIE MaTPyOKOB BTOPUYHOTO BO3/ayXa Ha Tiryouse g0 10 mm
OT BEpXHEW rpaHuipl ropsmero cios. Ilocne mogaum cBexen MOpUMM YIS U
PaBHOMEPHOT'O PACHPEAEIEHUS] MO TOHKOMY CIIOK0 TOPEHHS HaJ BCEU PELICTKON
PAaBHOMEPHO HAUYMHAETCS MHTEHCHUBHBIM MPOTPEB BBIACICHUE U aKTUBHOE TOPEHUE
neTyuynx. TOHKMH CJIOM KOKCa IPOJOJKAET MHTEHCHUBHOE T'OPEHHE, MOCPEICTBOM
HEMPEPHIBHON TOJa4YM OCHOBHOTO BO37yXa MOJ KOJOCHUKH M OJHOBPEMEHHOMU
TOPU30HTAILHON TOoAa4Yell BTOPUYHOrO BO3/yxa B KoauuecTBe 10 20 % B 30HY C
ocTpbiM AedunuToM kuciaopoga. CyIIECTBEHHO YCKOPSIETCS peakius TOpeHUs
JETy4YnX U MPOTPEeB KOKCA C JAJIbHEWIINM YCKOPEHHBIM €r0 TOPEHUEM, YTO HE
HaOMOAaeTCslT B TPAAUIMOHHBIX  KOHCTPYKIMSIX  KOJOCHHUKOBBIX — PEIIETOK.
3asBisiemass TiIyOMHA TMOTPYKEHUS TOPU3OHTAIBHBIX OTBEPCTHIl maTpyOKa
BTOPUYHOTO BO3/lyXa MOJHOCTHIO UCKIFOUAET MBUICHUE U BBIHOC MENKUX (pakiui
YTJIs U3 ¢10s1 B 00bEM TOTIOYHOTO TIPOCTPAHCTBA U JIajiee U3 KOTa.

[TogarMasiCh MO BBICOTE TOMIOYHOTO 00BhEMa, MPOTYKThI CTOPAHUS MOTAIA0T
B MPOCTPAHCTBO MEXIY IE€IbHOCBAPHbIM# TOMOYHBIMU [1 — 00pa3HBIM 3KpaHOM U
MONEPEYHBIMU PAJIaMU TPYO KOHBEKTUBHOI'O SKPaHA MEXK]y TEIIOW30JIUPOBAHHBIM
KoprycoMm. Ormyckasicb BHU3 1O 32 SKpPaHHOMY T'a30X0Jy Ta3bl C OOIIUM pacXo0oM
or 1000 u go 1700 m’/gac co ckopocTbl0 OT 3,5 M/c U 10 7 M/C OOTEKArOT
MONEPEYHBIM HUCXOASIINM IMOTOKOM KOHBEKTHBHBIE TOBEPXHOCTH HarpeBa M jJajiee
C IByX CTOPOH MO BBIXOJHOMY KOPOOY Ia30X0/a yAISIIOTCS U3 KOTJIA.

B okcmmyatanuu, KOJIOCHHKOBAs pelIeTKa C  yCTPOWCTBOM — IOAAYH
BTOPUYHOTO BO3/yXa MOXET paboTaTh C U3BMEHEHHEM PEKUMA MOJa4l OCHOBHOIO
BO3/1yXa MOJ KOJIOCHHUKOBYIO PEUIETKY U BTOPUYHOTO BO3/1yXa HEIOCPEACTBEHHO B
30HY IMOJ] OBEPXHOCTh BEPXHEIO CJIOS TOPAIIETr0 TOIUIMBA. B 3aBHCUMOCTH OT
MOMEHTA 3a0poca CBEXKEW MOPIUU YT U B JAIbHEHIIIEM BCETO MEpPHOJia TOPEHUs
MOXHO HU3MEHSATh COOTHOLIEHHWE MOJIauyd KOJIMYECTBA OCHOBHOIO BO3JyXa MOJ
KOJIOCHUKOBYIO PEHIETKY U KOJHUYECTBO BTOPUYHOIO MOJOTPETOr0 BO3ayXa
HEMOCPEACTBEHHO B 30HY MOJI MOBEPXHOCTh Tropsmiero cios. IIpm 3ToM MOKHO
peryJiMpoBath TNIyOMHY MOJAa4M BTOPUYHOTO MOJOTPETOr0 BO3AYyXa MOJI BEPXHIOO
IpaHUIly CcJos Topsuero yrias u ypoBeHb BbiOpocoB CO, m CO u npyrux
TOKCUYHBIX Ta30B.
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[Ipennaraemplii crnoco® moxa4yu BTOPUYHOTO MOYThsS TOPU3OHTAIBHO C
IIPEIBAPUTEIBHBIM IOJOIPETHIM BO3JAYXOM B BEPXHIOKO 30HY C WHTEHCHUBHBIM
nporeccoM razuduxanuu B 10 — 30 MM OT BepxXHEI TpaHUIBI TOPALIETO CIOS YA,
obecnieurBaeT A(PPEKTUBHOE TOPEHUE C CYLIECTBEHHBIM KA4YE€CTBEHHBIM W
KOJIMYECTBEHHBIM BBIXOJIOM I'a30B HEMOCPEJACTBEHHO HaJl CJI0EM B 00BEME TOIIKHU.

[Ipu u3MeHeHnu TEMI0BOW HArpy3KH KOTJIa U UBMEHEHHH PpacXoja yrisl HOBas
KOHCTPYKIUSI KOJIOCHUKOBOM pEIIETKH C YCTPOMCTBOM MOJAaYM BTOPUYHOIO
Bo3ayxa obecrneuut 3 (HEKTUBHOE CKUTAHUE PA3TUUYHBIX YIJIeH 3a cUeT U3MEHEHUS
COOTHOIIEHHSI PacXoAOB OCHOBHOIO BO3[yXa MOJ KOJOCHUKOBYHO PEIIETKY H
BTOPUYHOTO BO3[yXa MOJ BEPXHIOK TpaHULly cios ropswmero yris. [lpu stom
obecrnieunBaercs Oosee MIyOOKOE PeryjJupOoBaHUE IO TEMJIOBONW MOIIHOCTU KOTJIA
WU TEIUIOBOro reHepatopa B mpenenax oT 15% wu mo 120% oT HOMUHANbHOU
MOIIIHOCTH.

Ilogaya BTOPUYHOrO BO3]yXa HEMNOCPEACTBEHHO 10/ MOBEPXHOCTh CJIOS
ropsiiero yris obecneunBaercs ¢ pacxogom ot 10 go 20 % ot obmiero pacxoxaa
MO/ KOJIOCHUKOBYIO pELIETKYy. PerynupoBaHue paBHOMEpPHOW MoAadud OOIIEro
KOJIMYECTBA BO3/lyXa MOJ KOJIOCHUKU 00YCJIOBIIEHO OTCYTCTBHEM KHUCIOpPOAA B 30HE
HaJ TOPSIIMM CIIOEM IpH JII0O0H TonmuHe cios. [lo3ToMy B HOBOW KOHCTPYKUUU
KOJIOCHUKOBOM pEUIETKH BapbUPOBAHUE TIyOMHBI MOTPYKEHHUS] MATPyOKOB O]
MOBEPXHOCTH ¢jost 0T 10 MM U kak MakcuMyM 70 30 MM, 0OecreUrBaEeT BBHICOKOE
KAaueCcTBO JOKUTaHUSl JIETyYMX U TOBBIMIAET 3()PEKTUBHOCTH CHKUTAHUS KOKCa
MPAKTUYECKN BCEX THUIIOB yTJIEH, KAK KAMEHHBIX C MAJIBIM BBIXOJOM JIETY4YHX, TaK U
YBJIQKHEHHBIX OypbIX yIJei.

KoHCTpyKIMsl KOJIOCHUKOBOW PELIETKHM C YCTPOMCTBOM NOAAYM BTOPUYHOTO
AyThs, oOecrieunBaeT 3(pPEeKTUBHOCTD CKUTAHUSI PAOBBIX yIJeH MpU CTyeHYaTOM
CO)KUTaHUM TBEPJAOTO TOIUIMBA B TopsimieM cioe. [Ipu pabore Ha KAMEHHBIX YIIISIX C
O0O0JBIIMM BBIXOJOM JeTydux 10 44% Ha MuUHMMalbHOW Harpy3ke B 120 kBt u
HOMHHAJIPHOM TemaoBOol MoIHOCTH KoTia 430 xBTt, oOecreumBaeTcs ITOJHBIM
BBITOPAHMEM KOKCAa B TOHKOM CJIO€ Ha IUIoIany 3epkana ropenus 0,98 m>. Ilogaua
BTOPUYHOTO JyThsi M COOTBETCTBEHHO KOJIMYECTBO BTOPUYHOTO BO3]yXa
CHU)KAeTCsl, CKOPOCTh B OTBEPCTUAX MAJAeT A0 5 M/C MOJ MOBEPXHOCTHIO CIIOS Ha
riyoune ot 10 mm u Gosnee. [Ipu 3TOM MpakTHYECKH MOJHOCTHIO 0OECIIEYNBAETCS
BO3JIyXOM BEpPXHSASI BOCCTAHOBUTENbHAS 30HA cios. [Ipomomkaer nmogaepxuBaThCs
BBICOKMH YpPOBEHb TEMIEpaTyp, OOECHEUMBAIONUNA YCKOPEHHE XHUMHYECKUX
pPEaKUHil B 3TOM YaCTU BEPXHEU 30HBI HA IIOBEPXHOCTH CIIOSL.

[IpenyiokeHHass cxema JBYXCTYIIEHUAaTOIO COKMIaHWsS TBEPAOrO TOILIMBA IIO
riyOvHe CJIosi TOPeHMs, OCHOBaHAa Ha pacyeTax IO TOPEHHUIO yrieil B clloe U Ha
HKCIIEPUMEHTAJIbHBIX MCCIIEJOBAHUSAX aBTOPOB. 3asBISEMbI IUANa30H MO MECTY
YCTAaHOBKHM MaTpyOKOB BTOPUYHOTO IYThsl MOAOIPETOT0 BO3AyXa IO BEPXHIOO
I'PaHUIly TOBEPXHOCTHU CJIOA 00ECIEUYUBAET ONTUMAJIBHBIE PACXOABI BO3/lyXa Uepe3
orBepctud. IIpu 3TOM COXpaHAIOTCS NMpUEMJIEMbIE TEMIIEpaTypbl CTEHOK TpyO U
BBICOKMX TEMIIEpaTyp BTOPUUYHOIO BO3ayXa B npezenax aerctByromux ['[OCToB Ha
MaTtepHuabl TpyO ¥ KOJIOCHUKOB U3 3KapoCcTOMKoro uyryna KX4Y-17.
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Jlnama3oH paboThl KOJOCHHUKOBOM pELIETKH C H3MEHEHHWEM COOTHOILICHUS
pacxojia OCHOBHOTO M BTOPHUYHOI'O BO3AyXa IOJ BEPXHIOK IPaHUIy MOBEPXHOCTH
CJI0s1, T/I€ HETOCTATOYHO OKHUCIIUTENS, IO3BOJISIET OPraHU30BaTh ABYXCTYNIEHYATOE U
3¢ (exTUBHOE CXKHraHhe B CJIO€ UelAbld psag  pasHblx yriied. Oriauudne
TPaJAMLIMOHHBIX KJIACCUYECKHX CXEM KOJOCHUKOBBIX PEIIETOK C BOJOIPEHHBIMHU U
NapoBbIMH KOTJIAMH, TZI€ BECh BO3JyX MOJAETCS MOJ KOJOCHUKOBYIO PELIETKY
COCTOUT B TOM, YTO 3aBE€JJOMO B TAKUX TOMKAaX HaJ CJIOE€M IMPOUCXOJUT MOCTOSHHAS
HexBaTKa Kuciopoaa. llosromy peanuszoBarh 3(G(EKTUBHOE CHKUTAHHE LEION
raMmbl yriaed 0e3 QOpCHUpPOBKM AyThbS HE TPENCTABISAETCS BO3MOXHBIM. IJTO
JOCTUTAETCS TOJIBKO TMPU CHKUTAHUM YIJISI MO MpeasiaraeMoMy crocody u B
[peJIaraéMo KOHCTPYKIMUA KOJIOCHUKOBOM pelIeTKH. B HOBOW KOHCTpyKIUU
KOJIOCHUKOBOM PEIIETKM C YCTPOMCTBOM MOJAYM BTOPUYHOIO AYThsS O]
MOBEPXHOCTh  CJIOSA, IPEAyCMaTpUBaeTCs COBMELIEHUE  JABYXCTYIEHYATOIO
C)KUTaHHs C MOAAYel MOAOrPETOr0 BTOPUYHOI'O BO3/yXa MOJ BEPXHIOIO I'PAHUILY
MOBEPXHOCTH CJI0SI C U3MEHEHUEM U pacxojia U TiyOHHbI mofgaun Bo3ayxa. [Ipuuem
1o/1a4ya BTOPUYHOTO BO3[yXa 3aBUCUT OT (Da3 TOpeHHs YIJisl OT Havajla 3arpy3Kd U
10 JUIMTENIIBHOTO BBIFTOPAaHUA KOKCAa Yris Ha KOJOCHUKOBOM peleTke ¢
pPEryJIupOBaHHUEM.

[Ipy >TOM MNpaKTHUYECKH YCTpaHSETCA TMOSBIEHUE HE HOPMHPOBAHHBIX
BbIOpocoB 110 CO u CO; nipu paboTe BOAOTPEHHBIX KOTJIOB HA Pa3IUYHBIX YTJISAX.
[losiBiisieTCsT BO3MOXHOCTh BapbUpPOBAHUS KOJWYECTBEHHBIMM  OTHOIIECHUSIMHU
MO/Ia4l OCHOBHOTO M MPEIBAPUTENHHO MOJOTPETOT0 B MATPyOKaX BTOPUYHOIO
BO3/lyXa IOJ KOJIOCHMKOBYIO PELIETKY M IOA CJIOW ropsmero torumsa. Ilomaua
4acTH BO3JyXa Yepe3 CUCTEMY BTOPUYHOIO IIOAOTPETOrO  BO3AyXa B
TrOPU30HTAIBHOM HAMPABIECHNUHU B 30HY IO/l BEPXHIOK IPaHULy IOBEPXHOCTH CJIOSL.

[IpumeHeHre cUCTeMBbl C IUIABAIOIIMM JTHUIIEM BHYTpHU Kopoba razoxona, ¢
cucteMol Tpy0 W ¢ mnarpyOKamMu BTOPUYHOIO BO3AYyXa, OXJIAXIAEMbIMU C
Hapy>KHON CTOPOHBI OCHOBHBIM BO3yXOM M3-110]I KOJIOCHUKOB, JA€T BO3MOKHOCTb
MEPCOHANTYy CHUHXPOHHO TOPEHUIO YIJIA B CJIOE€ M3MEHSATHh ONTHUMAJIbHYI BBICOTY
M0/1a4¥ BTOPUYHOT'O BO3/lyXa MO BEPXHIOK I'PAHUILY TOBEPXHOCTH CIIOSI.

PaGorocriocoOHOCTh  yCTpoWcTBAa 0OECIEYMBAEeTCSI W OCHOBBIBACTCS Ha
TEIJIOBBIX pacyeTax, MOATBEPKIECHHBIX TEIUIOTEXHUYECKUMU HCHBITAHUSIMU C
(G ()EKTUBHBIM TOPEHHEM KaMEHHBIX YIJIe Ha HOBOW KOJIOCHHUKOBOW pemierke. U
OJIHOBPEMEHHOI BBICOKOM CTENEHbIO YJIaBIMBAHUS MEJKUX TBEPIbIX (Qpakiuit
YIJIs, 30JIbl U LIUIAKA.

PacueTtamy moka3aHo, YTO YBEJIMYEHHE CKOPOCTH MOJOTPETOr0 BTOPUYHOIO
BO3/lyXa 4epe3 TOPU30HTAJIbHBIE OTBEPCTUS B MaTpyOKax BTOPUYHOTO OYThS U B
KOaKCUaJbHBIE 3a30pbl MEXIy MaTpyOKaMH M OTBEPCTHEM B KOHYCHBIX IOJIBIX
OTIWBax OT 5 M/c 10 15 M/c mox BEpXHIOI TPaHUILy CIIOS TO3BOJISIET M30EXKATh
MBUICHUSI ¥ BBIHOCA MEJIKUX (hpakiivil U3 ciosl.

B peasibHBIX yCIIOBUSAX 3KCIUTyaTallid KOJOCHUKOBBIX PEIIETOK C IJIABAIOIIUM
JUCTOM M TMEpeMElIeHUeM MaTpyOKOB BTOPUYHOTO MAYThbS B KOTEIbHBIX HE
MPUBOJIUT K YCIOKHEHHIO B AKCILTyaTallMd U YBEIMYEHUIO TPYA03aTpaT Ha PEMOHT
U JIONIOJIHUTENILHOTO pacxoa 3JEKTPOIHEPTUU Ha COOCTBEHHbIE HYK/IbI.
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[IpeumyiiectBa  3asBIISIEMOM  KOJOCHHUKOBOM  PEIIETKA  OTHOCHUTEIIBHO
CYLIECTBYIOIIMX  KOHCTPYKUMH €  CHCTEMOM  MOJAYM  TOPU30HTAIBHO
MOAOTpEBAEMOro BTOpu4HOro Bo3ayxa ot 10 mo 20% ot oOiero pacxoaa Bo3ayxa
M0J1 BEPXHIOK KPOMKY TOPSIIEro CJ0s MO3BOJIIET OPraHU30BaTh ABYXCTYIIEHYATOE
CKUranuve yris B cioe. IIpu 3Tom yiydinaercs CKUTaHWE Pa3HbIX COPTOB YIJIEH,
CHW)KAIOTCA BpPEIHbIE BBIOPOCHI B arMmoc(epy, MOBBINIAETCS HAACKHOCTh H
3¢ (PEeKTUBHOCTH KOTIA.

KonocHukoBas pemierka paboTaer cieAayommum 00pa3om.

B ocHoBHOM pexkume paboThl, Hampumep c pacxogom [llyGapkosbckoro
KaMEHHOT0 psA0BOro yris 160 Kr/4ac asst TBEpAOTOIUTMBHOTO BOJAOTPEMHOIO KOTIa
KCBp-0,5 MBT (0,43 T'kan/gac), cBexasi mopuust yriisi paBHOMEPHO paccerBaeTCs
Ha BCIO KOJIOCHMKOBYIO PeIIeTKy Iuromansio 0,98 M? rnybunoi mopsaka ot 45 10
65 MM M NIPOUCXOJIUT AaKTUBHBIM HArpeB C BBIXOJAOM JIETyYHX Ta30B, KOTOpPbIE
BOCIUIAMEHSIOTCS U SIPKO TOPAT 32 CYET MOCTYIUIEHHS BO3/lyXa MOJAABAEMOr0 Yepe3
KOpoO MoJayd OCHOBHOI'O BO3AyXa IO YYIYHHbIE KOJOCHUKH C KOHYCHBIMU
MOJIBIMU OTJIMBAMH, CKBO3b KOTOpBIE MPOXOJAT NATPyOKH BTOPUYHOTO AYThs C
OTBEPCTUSAMM IO BCEMY NEPUMETPY HAJ BEPXHHUMH KPOMKAMU KOHYCHBIX MOJIBIX
OTIMBOB U Ha riyouHe 10 — 20 MM HUXe rpaHUIbl MOBEPXHOCTU MO CJIOEM YTJIs
rae noxaercsa 10 — 20 % moaorperoro BTOPUYHOTO BO3AyXa TOPU30HTAIBHO. B
BEPXHEM CJIO€ BO3JyXa YK€ HEJIOCTaTOYHO, OJHOBPEMEHHO C JTUM pPE3KO
YBEIIMUMBAETCSI CKOPOCTh TOPEHHUS C YBEIMYEHUEM TEMIIepaTypsl Haj cioeMm. [Ipu
ATOM JIy4llle MPOTrPEBAETCS CBEXasl MOPIUS TOIIMBA U OBICTpPEE CroparoT JIETyuue.
Jlanee B mpouecce BBITOpAaHHUS KOKCAa W HaKalUIUBaHUs IIpoBaja HAa HUYKHEM
IUIABAIOIIEM JIUCTE-KOpOOe, COEIMHEHHOTO0 HECYUIMMH IITOKaMU ¢ MaTrpyOkamu
BTOPUYHOT'O IyThsl U C OTBEPCTUAMHU. JIMCT OMyCKAEeTCsl BHU3 U CKUMAET MPYKUHBI
BMECTE CO CKOJB3SIIEH My(pTOH, KOTOpas CKMMAasChb YMEHBUIAET IONEPEYHOE
CeueHHe B MarpyOKe MoJa4yd BTOPUYHOIO BO31yXa. KoauM4ecTBO BTOPHUYHOIO
BO3JlyXa IOJ MOBEPXHOCTh CJIOS YMEHbBIAETCA OJHOBPEMEHHO C YyTriyOjeHueM
OTBEPCTU ¢ MaTpyOKaMHu BTOPUYHOIO AyThs. [locie ouepenHoil OUMCTKU IpoBaja
Y [IUTaKa C 30JI0M C HMJKHETO TUIaBaoOUIEero JUCTa-Kopoda yepe3 PpOHTOBYIO IBEPKY
30JIbHUKA, MPYXKUHBl Pa3KUMAIOTCS W MOJHUMAIOT HUKHUM IUIABAIOMIMA JHUCT C
HECYIIMMH IITOKAaMH CO CKoJib3sied wmydroi. [lpu »ToM yBenuuuBaercs
MOTNIEpPEYHOEe CeueHHe (PPOHTOBOro mnarpyoka MOJayd BTOPUYHOTO BO3JyXa H
YBEJIMYMBAETCS €T0 PACXOJ B OTBEPCTHUSAX MOHSATHIX BBIIIE MATPYOKOB BTOPHUYHOTO
BO3/lyXa J0 ri1yOuHbI mopsiika 10 MM OT BepxHe#l rpaHuiibl ropsiero ciuos. [lpu
3TOM OJHOBPEMEHHO MOJAETCS HOBAas CBEXas MOPLMS yIIsd M PAaBHOMEPHO
pacnpenensieTcss IO BCEMY 3€pKaldy TIOpEHHs HaJ KOJIOCHUKOBOW PpEETKON
paBHOMEpHO. HyXHUI TOpAIIKM CJI0M KOKCAa NPU MOJAYe OCHOBHOTO BO3]1yXa IO
KOJIOCHHKM  TPOJOJDKAET HMHTEHCUMBHOE ropeHue. (OIHOBPEMEHHO Iojada
BTOPUYHOTO BO3Ayxa B konuuectBe 10 20 % B 30HY C OCTpbIM JA€PUIUTOM
KHCJIOpOJa TI0JT BEPXHUI CIION CYIIECTBEHHO YCKOPSIET TOPEHHE JIETYUHX U MIPOrPeB
Kokca. Jtoro »3ddexra He HaOMOAAeTCd B TPAAUIMOHHBIX KOHCTPYKIHMSIX
KOJIOCHHKOBBIX PEIIETOK, B TOM YKCII€ U TOMOK C OCTPbIM BTOPUYHBIM AYThEM HaJ]
cioeM. 3asiBisieMas B HacTosimiedl padoTe riyOMHa TOTPY>KEHUs C HaTpyoKaMu
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MOAOTPETOT0 BTOPUYHOIO AYThsl C TOPU30HTAIbHBIMU OTBepcTHsiMU Ha 10 -20 MM
OT BEpXHEH IPAHUIIBI CIIOSI UCKITIOYACT MBUICHNUE W BBIHOC MENKUX (QPaKIIUN YIS U3
CJIOA.

Jlanee mo ra3oBOM CTOPOHE HOBAas KOJOCHUKOBAs PEMIETKA BOJOTPEUHOTO
KOTJia paboTaeT cieAyronmM obOpa3oM. B pesynabTare akTUBHOTO MporpeBa
YBIIQXXEHHOT'O YTJIS M BBIXOJA BJIATU M JIETy4YMX MPOUCXOIUT AKTUBHOE TOPEHUE
JETy4YMX HaJl CII0EM U Jajee Ha MPOTSHKEHUU BCEM BBICOTHI TOMOYHOTO 0ObeMa 1o
PUCYHKY 25, MPOAYKTHI CTOPAaHMS MMOJHUMAIOTCS U JIOTOPAIOT BBEPXY U OMYCKACTCS
BHM3 C OOLIMM PacxoaoM razos nopsaka 1600 — 1700 m*/gac co ckopocThio OT 3,5
M/c 10 7 -8 M/C U OOTEKarOT MONEPEYHBIM HHUCXOMISIIUM TMOTOKOM IMOBEPXHOCTHU
HarpeBa KaHaja 3a 9KpaHHOI'0 ra30Xxojia MoCTymnas K BEIXOJHOMY KOpoOy rasoxoa
U Jajnee K JbIMOCOoCY.

24 t
20
T ] | NPOAYKTLI CropaHus
‘_‘-\_\-‘_"‘"-—-.._\_
26
19
23 N‘CJ‘IOBHaﬂ rpaHuLa NOBEPXHOCTH CMNOS \
ZBM\\\&?_}’&J’& %Eelﬁ-}ﬁ o7
AyTLE Noa NOBEpPXHOCTL CNos ki;’ | \ L | % 29
- 35% % o
1 = o>
33 =7 1
o=
AyTbe nopg crnoi \\11
65 - 85%
o ‘L R ;; 31

LU |
3231 2 3 4 15?&@101‘032

Pucynok 25 - ITpoionsHOE ce4eHne KOJIOCHUKOBOM PEIIETKU C CUCTEMOMW MOJaYu
BTOPMYHOI'O M OCHOBHOI'O BO3/1yXa IO/ KOJIOCHUKH U Fa30BBIM TPAKTOM B
BOJOIPEHOM KOTIIE.

[uppamu Ha pucynke 25 o0003HAUYEHbI CIEAYIOIIHE KOHCTPYKTHBHBIC
AeMeHTHI: 1-GpOHTOBON MATpPyOOK MOAAYM BTOPUYHOIO BO3AyXa; 2-(ppOHTOBAs
NpSMOYTOJIbHAsE TpyOa; 3-MPOJOJIbHBIC MPSMOYTOJIbHBIE TPYyObl; 4-matpyOoK
BTOPUYHOTO BO3/1yXa U3 KAPOCTOUKOM CTaIM; S-OTBEPCTHUSI BTOPUYHOIO yThs MOJ
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MOBEPXHOCTh BEPXHETO CJIOS; 6-KOHYCHBIN MOJIBIA OTIMB KOJIOCHUKOBOM PEIIETKU;
7-CKBO3HOE OTBEPCTHE B KOHYCHOM IIOJIOM OTJIMBE; 8-UyTyHHBIM KOJOCHHK W3
*kapoctorkoro JXXY-17; 9-meneBple OTBEPCTHST B UYYI'YHHOM KOJIOCHHUKE IS
OCHOBHOTO nyThs; 10-peOpa >KECTKOCTM UYTyHHBIX KOJOCHUKOB; |l-ThbUibHas
npsMoyrojibHas TpyOa; 12-topueBas 3ariaymika (QpPOHTOBOM M ThUIBHOU
NpsAMOYTOJIbHBIX TpyO; 13-GpoHTOBOM KOpOO MOJgauM OCHOBHOTO BO3ayxa; 14-
dbpoHTOBass JABEpKAa 30JbHUKA; 15-00mmii kKopoO razoxona; 16-momepeuHas
yyryHHas KojJocHUKoBas Oanka u3 XXUY-17; 17-ycrnoBHas BepxHssS TpaHHUIlA
MOBEPXHOCTU CJIOS TOIUIMBA; 18-3ariymika naTpyOka BTOPUYHOTO AyThs: 19-
dbpoHTOBas 3arpy3ouHas aBepka; 20-TONMOYHOE MPOCTPAHCTBO; 21-3a3KpaHHBIN
ra3oxoj] KoTia; 22- BEIXOJHOUW KOpoO razoxona; 23-hpoHTOBON HMKHUN KOJIJIEKTOP
(GbpOHTOBOTO dKpaHa TOMKH; 24-GPOHTOBOM IKpaH TOMKUA KOTIA; 25-MOTOJIOYHBIN
SKpaH TONKH KOTJA; 26-ThUIbHBIM SKpaH TOMKU KOTJA; 27- THUIbHBIM HUKHHUM
KOJUIEKTOP THUIBHOTO PKpaHa KOTia; 28-BXOJHOW (pOHTOBOW HATpyOOK MO BOJE;
29-BBIXOIHOM BEpXHUI THUIBHBIN MATPyOOK 1O Boje; 30-HMKHUM MIIaBAIOLIUI JIUCT
BHYTpH KOpoOa raszoxona; 31-Hecynuil IITOK HHYKHErO IUIABAOIIErO JIUCTA B
KopoOe razoxoja; 32-npy>KUHa MOJ| HIXKHUM TUIABAIOIINM JIUCTOM; 33-CKOJIb3AI11Iast
My(Ta ¢ BHyTpeHHEN nuadparmoil.

B peanpHBIX yCIOBHUAX KCIUTyaTalluy KOJOCHUKOBBIX PEHIETOK C IJIABAKOLIUM
JTHUIIEM KOpoOOM M IMepeMelIeHUEM MaTpyOKOB BTOPUUYHOTO OYThsl B KOTEIbHBIX
HE MPUBOJUT K YCJIOKHEHHUIO B DKCIUIyaTallUM W YBEJIWYEHUIO TPYJ03aTpaT Ha
PEMOHT U TOTIOTHUTEIHHOTO PACX0/la AIEKTPOIHEPTUN Ha COOCTBEHHBIE HYK/IbI.

5.3 BeiBoabI Mo pasjaeny 5

1.BTopruHblii NOJOTPETHI BO3AyX MOJAETCS C MOMEHTA Haydaja 3arpy3ku
CBEYKEr0 TOIUIMBA HEMOCPEICTBEHHO NOJA MOBEPXHOCTH Cinosg ¢ 10 — 15 MuHyTHI.
Jlaniee ¢ mocTeneHHbIM yriyOJIeHUEM BCEX OTBEPCTUI BTOPUYHOIO BO3/1yXa BMECTE
¢ marpyOKamMu MoJayv O YPOBHS BEPXHUX KpPAaeB KOHYCHBIX MOJBIX OTJIMBOB
KOJIOCHUKOB C TIOCTENEHHBIM CHWKEHHEM pacxoJa BTOPUYHOTO IOJOIPETOrO
BO3/yxa 10 5 % B mepHOJ MOJHOTO JOTOpaHus KOKCa Ha KOJIOCHUKOBOM PEIIETKE.

2.C MoMeHTa 3a0poca CBeXei MOpLUHU YIJIsl U B IIpoliecce MpoAO0KAIOLIIErocs
TOPEHUSI U3MEHSETCA COOTHOIICHUE MOJAYM KOJIMYECTBA OCHOBHOTO BO3JyXa MOJ
KOJIOCHUKOBYIO PEHIETKY M KOJMYECTBO BTOPUYHOI'O BO3AYyXa IOJ MOBEPXHOCTH
ciost. ['myOuHa mojgaun BTOPUYHOTO BO3/AyXa MOJT BEPXHUM CIION YTJIsl CHIXKAETCS.

3.Ilogaya mOmOrpeTOro BTOPUYHOTIO BO3AyXa IIOJ IOBEPXHOCTh CJIOSA
npousBoautrcss B 10 — 30 MM OT BepXHEW TpaHUIbl TOPSAILIETO CJIOSI YIJIA
MPOU3BOJIUTCSI TOPU3OHTAIIBHO MO OKPY>KXKHOCTH B 360 ° paBHOMEPHO.

4.YCTpOWCTBO MOJAa4YM BTOPUYHOTO BO3AyXa pPa3MEIIEHO B TIe€PMETHYHOM
MPU3MAaTUYECKOM Ta30BOM KOpoO€ ¢ TIepMETHYHBIMU (PPOHTOBOM M THUIBHOM
MOJILIMU TpyOaMH /Ui MOJa4d BTOPUYHOTO BO3JyXa NAaTpyOKH M3 >KapOCTOMKOU
ctanyu. B BepxHeW 4YacTH KOTOPBIX IO IMEPUMETPY BBINOJHEHBI TOPU30HTAIBHO
OTBEpPCTHUSl AUAMETPOM OT 2,5 MM U O 5 MM B KOJIMYECTBE OT 6 10 12 mTyK Ha
BbICOTE OT 6 110 8 MM OT BEpXHEro Topla MnarpyOKoB, pa3MEIIEHHbIX U
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NEPEMEIIAIOIINXCS] BBEPX-BHU3 BHYTPH KOHYCHBIX OTJIMBOB YYyT'YHHBIX KOJIOCHUKOB
BEHIIIIE BEPXHErO0 cpe3a Ha BBICOTY OT 11 mo 45 MM mpu COOCTBEHHOH BBHICOTE
KOHYCHBIX OTJIMBOB OT INIOCKOCTH KOJIOCHUKOB OT 65 110 75 MM.

5.B HmxHel yactu 0011ero Kopoda ra3zoxoja pasMelleH MIaBalIIHA JUCT CO
IITOKaMU Ha NpPyXKUHAX B IHULIE T€PMETUYHOrO OOIIEro ra30Boro Kopoda KoTia.
6.0OTHOLIEHNE CYMMAapHOI'O XMBOI'O CEYEHUS OTBEPCTHM AJii OCHOBHOTO BO3yXa
BMECTE€ C CyMMapHbIM IONEpPEYHBIM CEYEHHEM BCEX KOJIBLIEBBIX 3a30POB MEXKIY
OTBEPCTUSAMHM KOHYCHBIX TOJBIX OTJIMBOB M BHEIIHUM JHAMETPOM MaTpyOKOB
MOJIOTPETOr0 BTOPUYHOI'O BO3JyXa BMECTE€ C 3a30paMU MEXIY KOJOCHUKAMH K
oOmielt oA 3epKaina ropeHusl KOJIOCHUKOBOM PEIIETKH /Il KyCKOBOro Topda
Kosebsercs B npeaenax 25 — 30 %, g KaMeHHBIX U OYpBIX yriied U aHTPalUTOB
KMBOE CEUYEHHE MOXET COCTaBJIATh OT OOIIe MOBEPXHOCTU KOJIOCHUKOBOU
penieTKu u KosedaTbes B mpeaenax oT 8 10 20 %.
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3AKJIIOYEHUE

B mepBoii riaBe mo pesyinbraraM aHanu3a paboT BbIOpaHBl (HOPMYINBI 7S
MPEJCTAaBUTEIBHOIO CpaBHEHUsT C paboTaMu M pacyera TemiooOMeHa U
TUIPOIMHAMUKY B HCCIEAOBAHHBIX KaHAJIAaX 3a 3KPAHHOIO T'a30X0/a B JIMAMA30HE
ManbIX ckopoctell u umcen Re = (5,0+11,6)x10°. Omnpenenen nopsgox pacyera
TEIUIOBBIX M THUJIPABIMYECKUX XapaKTEPUCTUK B 3aBUCHUMOCTU IIPU MONEPEYHOM
oOTeKaHuU TPYOHOU MaHeNH U MOMEePEUYHbIX TPYO ¢ HAKIOHHBIMU TJIACTUHAMH TO]T
yriom 45° B kaHase 3a 3KpaHHOro razoxoja. HanOonbias BeauurHa TEIIO0OMEHa
B YKa3aHHOM Juarna3oHe Re umeer mecto npu HaubosblieM nokaszarene P,, kak 3To
XapaKTepHO MJisl IIaXMaTHOTO Iy4yka TpyO, MPU pPaBHBIX OTHOCUTENIbHBIX IArax
TpyO B IMyuKe.

OKCNEpUMEHTAIbHO T[O0Ka3aHO, YTO [UIs IIaXMAaTHBIX IIy4kKoB TpyO ¢
HEOOJIBIIMM YMCIIOM TPYO B MONEPEYHOM pSAY, JIYUIIUMH TEIJIOTEXHUYECKUMHU
napameTpaMM XapaKTepU3YIOTCS MONEPEYHbIE TUIACTUHBI, HAKIIOHEHHBIE IO YTJIOM
45° KX OCHOBHOMY IOTOKY, IO CPAaBHEHUIO C UCCJIEAOBAHHBIMU paHEE MOTyTpyOaMu
wii I - oOpa3HbBIMU HAKJIOHEHHBIMHU IOJ yriaoMm 45° yronakamu. MakcumasnbHas
TEIIOOT/a4a MMEET MECTO IPU LIMPUHE IUIACTHHBI paBHOi (2)°/2 wu
pacnoyioxkeHHoU 1ot yriioM 45° k moTtoky. Ilomydensl 0600ueHHbIe (HOPMYITBI IS
MH)XCHEPHBIX PAacueTOB TEIIOOOMEHa B 3JEMEHTax HIaXMaTHBIX ITyYKOB TpYyO, ¢
HEOOJIBIINM YUCIOM TPYO B MOIMEPEUHOM DSy U OTHOCUTEIBHBIMHU LIaraMu G| =
1,26, u o, = 1,5, B pabouem auanazoHe no yuciay PeitHoibaca B mpejaenax
(5 +28)x10°.

KoaddummenT temmoornaun B maxmaTHOM makeTe TpyO B 2,8 pasza Oosnbiie
yeM KO3 (ULHUEHT TEIJI00TAa4YH B MPAMON TpyOe NpH MPOYUX PABHBIX YCIOBHUSAX.

B pabote pacyeTHbIM U 3KCHEPUMEHTAIBHBIM METOJIOM BBIOpAH M MPEIIOKEH
Ul peaJiu3allid B KAauyeCTBE KOHBEKTMBHOW TOBEPXHOCTH JUIsl CTaJbHBIX
BOJOTPEMHBIX KOTJIOB, PabOTaIOIIMX Ha TBEPJIOM TOIUIMBE KaHAJ 3a3KPAHHOIO
razoxoja C NOMNEPEYHbIMU IUIACTUHAMHU, YCTAHOBJIEHHBIMU TMOJ yriiom 45° k
noToKy. ['eomeTpruueckre mapameTphbl KaHajla 3a 3KpaHHOTO ra30xoja 0000IIeHbI U
MPUBSI3aHBI K OCHOBHBIM JIMAMETPaM KOTENbHBIX TPYO, a CaMU KOHCTPYKIIUU KOTJIOB
samumieHsl [latentamu PecniyOnmumku Kaszaxcran u EBpasuiickumu IlaTtenTamm.
DKCHEpUMEHTAIBHBIE MOJENIbHBIE MCCIIEIOBAaHUS MOKA3ald, YTO IPU CKOPOCTSIX B
auana3oHe ot 2,5 mM/c 10 8 M/c Koah(PUITMEHT TEII00TIauM B KaHalle 3a9KPaHHOTO
razoxoja ¢ NONepeYHbIMU TUIACTUHAMM, YCTAHOBJIEHHBIMH O] YTJI0M 45° K TOTOKY
O6mu30K K KO3 (HULIKMEHTY TEIUIOOTIa4yH [IaXMAaTHOTO ITy4Ka TpyoO.

OKCHepUMEHTAJIbHAsE 4YacThb HACTOSIIIEr0 MCCIEJOBaHUS BBINOJIHEHA Ha
skcnepuMeHTaabHoM creHae TOO «KaskoTimocepBruc» U NEUCTBYIOMIEW KOTEJIBHOU
TOO «lIlIBelinas padbpuka « AamaTuHka» Ha TBepaoTomMBHOM Kotie KCBp-0,43.

VYcTaHOBKAa € y4YyacTKOM KaHajla 3a JSKPAHHOIO Ta30X0/Ja € IOMNEePEeYHBIM
oOTEeKaHWEeM I1IeJIbHOCBAPHOM TMaHeIM U TOMNEepPEeYHBIX TpyOd C TEIUIOBBIM
M3JIy4aTeJIeM CMOHTHPOBAHBI 32 ACHCTBYIOIIMM BOJOTPEWHBIM Ta30-’KUJIKOCTHBIM
koTiioMm KBa-100, sBastomerics cooctBeHHOCTRI0O HAO «AYIC umenu ['ymap6eka
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JlaykeeBa». OKCHEpUMEHTAIIbHBIM KaHall 3a’KPAaHHOTO Ta30X0Jla BBIMOJHEH
AJIEMEHTOM KaHalla B HATypaJbHYIO BEIMYMHY, OCHAIleH U 000pyIOBaH
HEOOXOJMMBIMU CPECTBAMHU U3MEPEHUS U KOHTPOJISL.

WcnpiTatenbHass ~ yroibHass ~ KOTEJNbHAash  MOJIHOCTBIO  00OpyAOBaHa
HEOOXOJMMBIM MHUHHMYMOM KOMIUIEKCA OCHOBHOTO M  BCIOMOIaTe€IbHOIO
000OpyI0BaHUs, CpPEICTBAMM M3MEPEHUS W OPraHMU3allMOHHOIO IPOCTPAHCTBA.
WcnpiTanus Kotia ObUIM OPraHU30BaHbl B KOTEJIBHOM C MOJATOTOBIEHHBIM TBEPABIM
TOTUIMBOM Kak psAaoBbiM [Ily0apKoabCKUM, Tak M TPEIBAPUTEIBHO CESIHBIM C
MHUHHUMAaJIbHBIM KyCKOM OT 10 MM.

Jlisi mpoBeNeHUsT MCTBITAHUKW OBbUIM HCIOJIb30BaHbl CEPTUMUIIMPOBAHHBIC
CpelCTBa HM3MEpPEHHUsi B COOTBETCTBMM C M. 2.3 paszena 2, oOecreuMBaronIue
MUHHAMAJIBHYIO TOTPEIIHOCTh HM3MEPEHUH IIpU MOJIYyYEHUH pe3yibTatoB. B
DKCIIEPUMEHTAJIBHOM YacTU HCIOJb30BAaHbl OCHOBHBIE THUIIOBBIE METOIAUKU
MIPOBE/ICHUSI TETUIOTEXHUYECKUX HUCIIBITAHUN KOTEIBHBIX arperaToB Ipu paboTe Ha
TBEPIOM, )KUJKOM U Ta3000pa3HOM TOILIUBE.

bbuim mpoBeneHbl TpU CEPUM  TEIUIOTEXHUYECKUX MCHBITAHUNW Ha JBYX
BogorperHblx kotina KCBp-0,43 B Anmarel m Hyp-Cynrane npu cxuranuu
COPTUPOBAHHOTO CESIHHOTO U PsiioBoM Mesnoun IlyOapKoabCKOro yriisi ¢ TOHKUM
CJIOEM.

[IpoBeneHsl MOAPOOHBIE aHAMU3bl IO MCCIEIOBAHUIO THUIPABIMYECKOTO
COMPOTHUBJICHUS U TEIUIOOOMEHa B KOHBEKTMBHOM KaHaJle 32 SKPAaHHOIO Ia30xoja
YTOJIBHOTO KOTJIa MPU HEOOJNBIINX CKOPOCTSIX Ta30BOr0 MOTOKA OT 2,5 mM/c 10 8 M/c
u 3HadyeHusix kpurepust PeliHonpaca ot 5000 go 11500. IIpoananusupoBaHHBIE
3HAYEHUs CKOPOCTH IIOTOKAa B KaHAJ€ 3a JKPAHHOIO Ta30Xxo0Jla COOTBETCTBYIOT
MajblM M CPEIHHM Harpy3kam IO TEIUIOBOW MOLIHOCTH BOJOIPEMHOIO KOTJIA MpHU
C)KUTaHWM YIJII B TOHKOM CJIO€ paHEe HE IPOBOJUMBIE B yKa3aHHOM HHTEpBaJe
CKOPOCTH.

[lo pe3ynbraram aHaiaM3a TEOPETHUYECKUX U AKCHEPUMEHTAIBHBIX
UCCJIEI0BAHUI THAPOAMHAMUKY U TEINIOOOMEHA B KaHajax 3a 3KpPaHHOIO ra3oxoja
NpeabIAYIIMX aBTOPOB B PAaCCMOTPEHHBIX pabOTax yKa3aHHbIE AMAMA30HBI IO
CKOPOCTH ra30BOro MOTOKA B MpeJenax ot 2,5 M/c 10 8 M/C MOIy4YeHbl U YTOUHEHBI
AKCIIEpUMEHTaIbHbIe (OpMyJbl JUIsi pacyeTa Kod(D@PUIMEHTa TUIAPABIUNYECKOrO
conpotusieHuss § = f(Re) u temmoodmena Nu = f(Re, Pr) xoTopsie coBmamu c
U3BECTHBIMHU pabOTaMH.

Hns pacuera kodduinmenta Ttermiooraaun Nu = f(Re, Pr) B kanane
3a3KpaHHOTO Ta30X0j/la C MOMEpPEYHbIM OOTEKAaHHMEM KOHBEKTHBHBIX IMONEPEUYHbIX
TpyO IpH MallbIX 3HAUEHHUSAX CKOPOCTH Ta30BOr0 IMOTOKA HaiieHbl M BHECEHBI
YTOYHEHHBIE TIOMPABKU K pacyeTHOU Qopmyie s ompenencHus kodhdummenTa
terooTAaun o (Nu) mo3BOJISIONIME MPOU3BECTH OOJIee TOYHBIA TETUIOBON pacder
KOHBEKTUBHOM YaCTH C KAaHAJIOM 3a3KPaHHOI'0 ra30Xx0/ia BOJAOIPEUHOI0 KOTJIa CEPUH
KCBp.

[lo pesynbTaTam uHCCIEAOBAHMM THAPOJAMHAMUKHA M TEIJIOOOMEHa KaHaa
3a9KPAaHHOI0 ra30Xxo0jia MPEJIOKEHbI T€OMETPUYECKUE MapaMeTpbl KOHBEKTUBHOM
yacTtu BogorpeiHsix kotiaoB cepur KCBp ot 100 kBT 10 1,16 MBT st paboThl Ha
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TBEPJIOM TOIUIMBE C HOBBIMM KOHBEKTHBHBIMU KaHajJaMH 3a3KpPaHHOTO Tra3oxoja.
[Ipu 3TOM oOmnpenensomuMu MapaMeTpamMu Jjisi KOHBEKTUBHOM 4YacTH C KaHAJIOM
3a3KpaHHOI0 ra30xo0/la ONTHMHU3UPOBAHHBIE O IKCIIEPUMEHTAJIbHBIM JaHHBIM Ha
HaTYypHBIX KaHajaxX SBJSUINCh OTHOCHUTENIbHBIE TIOomepeyHble o; = si/d u
OTHOCUTENBbHBIE MPOJIOJIbHBIE G, = S/d 1maru TpyO ¢ HeabHOCBapHOU maHenbto 11 -
o0Opa3Horo TomoyHoro 3kpaHa u Il — oOpa3HbIx Mo ¢opme B IJIaHE MOMEPEUHBIX
TpyO B CpelHEM psay MEXIy SKPAaHOM U HAPY>KHBIMU TEIIOU30JMPOBAHHBIMU
naHenasiMu no Bcemy Il — oOpasHomy mnepumeTpy JBYX OOKOBBIX M ThUIbHOU
CTOpOHBI TONKH KoTaa cepunt KCBp.

BnepBbele nosiydeHa TEXHOJIOTHSI CHKUTaHUsl yriig (KOKCOBOTO OCTaTKa) B
TOHKOM clioe ¢ peryiaupyeMbiMu BoiOpocamu CO,. M3mepeHus mpoBOAMIUCH HaJ
TOHKUM CJIOEM TOPSILEro KOKca MO JUIMHE B O0ObEME TONKH W 3a KOTJIOM, NpHU
COKUTaHUM PsioBoro U cessHHoro IllyGapkonbckoro yrist B BOAOIPEHHOM KOTIIE
KCBp-0,43 ¢ KOJOCHMKOBOW pEHIETKOW M PYy4HBIM 00chykuBaHueM. CHIKEHUE
M0/IaYM BO3AyXa JI0 MUHUMYMa I0JT KOJIOCHUKOBYIO PEIIETKY C TOHKAM CJIOEM MpHU
JOTOPaHUU KOKCa YIJIs MOKa3aiu pe3koe cokpauieHue BbiopocoB CO,, HO MPU 3TOM
nonyueHo yBenuuenue CO s Hly6apKoabCKoro yris.

Jns ontumuzanuu BbeIOpocoB CO, m NOy B CJHOEBBIX TONKaxX CIEIyeT
YBEJIMYHUTH IUIOIIAb 3€pKajla TOPEHUs KOJOCHUKOBOM PEHIETKM U YMEHbBIIUTH
TOJILIMHY TOPSAILIEro CJOs, MpPU 3TOM BpeMsi TOpPEHHs KOKCOBOTO OCTaTKa Ha
penIeTKe MaKCUMaIbHO IIPOJIJIUTb.

[IpennoxkeHo it TOBBIMIEHUS H(PGEKTUBHOCTH TOPEHHUS OpPraHU30BaTh
[oJayy BTOPUYHOIO MOAOTPETOro BO3AyXa. BTOpPWUYHBIA MNOJOTPETHIM BO3AYX
IIOJIA€TCS C MOMEHTA Hayaja 3arpy3Kd CBEXEro TOIUIMBA HEIOCPEACTBEHHO IOJ
MOBEPXHOCTh ¢Jiost ¢ 10 — 15 munyThl. Jlamee ¢ mocTeneHHbIM yrioyOjJeHHeM Bcex
OTBEPCTUI BTOPUYHOTO BO3yXa BMECTE C NATPyOKaMH MMOJA4H 10 YPOBHS BEPXHHUX
KpaeB KOHYCHBIX MOJBIX OTJIMBOB KOJIOCHUKOB C IIOCTENIEHHBIM CHHUYKEHHEM
pacxoa BTOPUYHOTO MOAOTPETOTO BO3AyXa A0 5 % B MEpUOJ MOJHOIO JOTOPAHUS
KOKCa Ha KOJIOCHUKOBOM pEILIETKE.

C momeHTa 3a0poca CBeXeil MOPLMH YISl U B MPOLECcCe MPOAOIKAIOLIIErOCs
TOPEHUs] U3MEHSIETCS] COOTHOILIEHHE MOJaYu KOJIMYECTBA OCHOBHOTO BO3AyXa O]
KOJIOCHUKOBYIO PEILIETKY M KOJMYECTBO BTOPUYHOTO BO3[yXa IO/ IMOBEPXHOCTH
cinost. ['myOuHa nmojgaur BTOPUYHOTO BO3/AyXa MOJI BEPXHUM CIION YISl CHI)KAETCS.

[lojaya moODOrpeToro BTOPUYHOIO BO3AyXa TMOJ TOBEPXHOCTb  CJOA
npousBoaurcss B 10 — 30 MM OT BEpXHEW TIpaHUIBl TOPAILIETO CJIOS YIJIS
MIPOU3BOJIUTCSI TOPU3OHTAIIBHO MO OKPY>KHOCTH B 360 ° paBHOMEPHO.

VYCTpolcTBO MoOAaYd BTOPUYHOIO BO3AyXa pa3sMEIIEHO B TIE€PMETUYHOM
NpU3MAaTHYECKOM Ta30BOM KOpoOe C TrepMEeTUYHBIMU (POHTOBOM U THUIBHOM
MOJIBIMU TpyOaMu I MOJa4¥ BTOPUYHOTO BO3/AyXa MATPyOKH M3 >KapOCTOWKOU
cTayid. B BepxHEl 4acTu KOTOPBIX IO MEPUMETPY BBIINOIHEHBI TOPU3OHTAIBHO
OTBEpPCTHUSL AUAMETPOM OT 2,5 MM U JO0 5 MM B KOJIM4YECTBE OT 6 10 12 mTyk Ha
BBICOTE OT 6 110 & MM OT BEpXHEro Topla MNarpyOKoOB, pa3MELIEHHbIX U
NepeMeNIatoINXcsl BBEpPX-BHU3 BHYTPU KOHYCHBIX OTJIMBOB YYT'YHHBIX KOJIOCHUKOB
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BBHIIIIE BEPXHEr0 cpe3a Ha BBICOTY OT 11 mo 45 MM mpu COOCTBEHHOH BBHICOTE
KOHYCHBIX OTJIMBOB OT INIOCKOCTH KOJIOCHHUKOB OT 65 710 75 MM.

B HmxHelt yactu o0miero kopoba ra3zoxoja pa3MelleH IJIaBalOUUi JUCT CO
IITOKaMU Ha NpPYyXKUHAX B THULIE T€PMETUYHOr0 OOIIEro ra30Boro Kopoda KoTia.

OTHoOILIEHHE CYMMapHOrO0 »HBOTO CEYEHHsS] OTBEPCTUH JJii OCHOBHOIO

BO3J/lyXa BMECTE€ C CyMMAapHbIM MOINEPEYHbIM CEYEHUEM BCEX KOJBIEBBIX 3a30pOB
MEXJy OTBEPCTUSIMH KOHYCHBIX IIOJBIX OTJMBOB U BHEIIHUM JIUAMETPOM
naTpyOKOB MOJOrPETOro BTOPUYHOIO BO3JyXa BMECT€ C 3a30paMU  MEXKIY
KOJIOCHUKaMHU K OOIIeH IUIOIIaan 3epKajla TOPEHUsS KOJOCHUKOBOW pPEIIETKH st
KyckoBoro topda konebnercsa B mpenenax 25 — 30 %, njs kaMEeHHBIX U OYyphIX
yIieil U aHTPAUTOB KUBOE CEUYEHUE MOXKET COCTaBIATh OT OOIIEH MOBEPXHOCTH
KOJIOCHUKOBOM peIIeTK! U Konebarbes B mpefenax oT 8 10 20 %.
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RESUME
OTYNCHIEVA MARZHAN

Research and organization of manufacturing of water-heating boiler of
new generation

The hydraulic circulation circuit is executed under patents (Kazpatent) of
Republic of Kazakhstan excluding steam formation of water in pipes and providing
maximum cool taking into account heat flow spreadability depending on falling
heat flows in boiler furnace, at any change of loading.

Experimental and settlement researches on hydrodynamics and heat exchange
in new designs of convective heating surfaces of water-heating boilers are executed
and received criterion dependencies of Nu = f(Re, Pr) type for turndown of key
parameters used on practice.

The following heat-transfer calculation formulas may be written on the basis
of the test data presented:

for staggered banks of tubes with

0.25
Nu =0,98 x Re"*3x Plj),(,o‘?’G X { I;r"” j .
r.

Designs of maneuverable and reliable water-heating boilers with surfaces of
heating are developed taking into account a ratio of brought and removed heat by
circulating water for each element of the boiler.

Prototype model of water-heating boilers of new generation with the minimal
specific metal consumption have passed acceptance, interdepartmental and
certified tests. Specifications are developed and registered in the state bodies, and
on the basic standard sizes of boilers, certificates of conformity are received.

The basic types of water-heating boilers of smal and average capacity are
serially made in the Republic of Kazakhstan. The description (documentary
support of the organization of boiler manufacture) of development order,
certification and registration in the state establishments of normative and
engineering specifications on batch manufacturing of water-heating boilers are
made.

In fact economical effect from substitution of antiguated construction boilers
on boilers KSGn-1,16, and KSWr-0,43 more than 15 pieces only in the system
(ATKD) Almaty and Almaty region (Ksnwsutopma, Hypcynran u VYibkeH)
beggining since 2018-2019 till this time have composed more than 1 bill. tenge.
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TYWUIHJIEME
OTBIHUNEBA MAPXAH TYPEITAILIOBHA

blcThik cy eHaipeTiH Ka3aHABIKTapAbIH jKaHa YJITUIEPIH 3€pTTEY, *Kacay >KOHE
CepHsl €TiM LIbIFapy.

¥Ynrreik [latent BenoMctBochinaa (KasnatenT) KazakcTan pecrmyOimnkachbiia
oHepTaObICThl «bICTHIK Cy OHIIpeTIH Ka3aHIbIKTap» €HOETIH MaijaliaHyFa €Ki
JIUIIEH3US ajly YIIiH mapT xkacaiabl, o1 14.08.2018-2020 sxplgapsl TipKei.

blcteik ¢y eHAIpeTiH Ka3aHIBIKTApIbIH KbI3ABIPY OCTTEpiHIH kKaHa
TYpJAEpIHACTI TUAPOJUHAMUKA MEH KBUTy aJIMacyJbl TOKIpUOETIK Typle >KoHE
€cenTey apKbUIbl 3epTTey. FhUIBIMU JKYMBIC HOTHXKEJEpl HET13T1 MmapaMeTpiiepiiy
MpaKTUKaaa KUl KoJJaHbUIaThiH e3repy miektepinge Nu = f(Re, Pr) typingeri
KPUTEPHAIBIK OailIaHBICTIEH KOPBITHIHIBIIIAHFAH.

[c xy3iHae *&ui KOJMAAHBUIATHIH KbUTYy aiaMacybl KO3((UIEHTI TIXIpUOETiK
YKOJIMEH aHBIKTAJIBII, €CENTENIN TOMEH IeT1 (popMya TYpPIH/I€ YChHIHBUIFaH:

0.25
Niz = 0,98 x Re"5*x Plf),(,O’SG « [ I;r,m j _
r,

KyObipiapabpiy Kbuty OeTTepiHEH OEpieTiH JKOHE CyFa OEpUICTIH KbUTYIbIH
©3apa KAaThIHACKl CAMKECTCHMIPUITEH, COJ apKbUIbl KyaT €3TrepuIiMJIiri >KOHE a3
KYaTThl BICTBIK CYy OHAIPETIH Ka3aHIbIKTapAbIH KYPBUIBIMIAPHI JKacalFaH.

Mertann wmeuiepl Kem JKYMCAJIMaWTBIH YHEMJI BICTBIK CY OHIIPETIH
Ka3aHJIBIKTapJIbIH KaHa YJTLIepl »Kacajbll, cajla apajblK XoHE cepThudHuKarTay
OpTaJlbIKTapbIHAH TEKCepyJiepAeH oTKi3inreH. KazaHIbIKTapabl kacayFa KaKeT
TeXHUKAJIBIK IIApTTap JalbIHAANBIN, OJlap MEMIICKETTIK OpBIHAApJa TIpKEIIi.
Heri3ri bICTBIK Cy ©HIIPETIH Ka3aHIBIKTAPFa COUKECTIK CEPTHU(PUKATTAPHI ATIBIH/IBI.

Kimr >xoHe oprama KyaTThl BICTBIK Cy OHIIpeTiH KazaHnbikrap Kaszakcrtan
pecnyOnuKaceiHAa IIBIFapbuTyga. Jluccepramusga  BICTBIK Cy  OHIIPETIH
Ka3aHABIKTap/Ibl CEePHUSUIBIK ETII JKaIlaid IIbIFapyFa KaKeT HOPMATHUBTIK JKOHE
TEXHUKAJBIK KYKaTTap 931pJieH/i, COHBIMEH KaTap cepTU(HKaTTay >KOHE OJIapibl
MEMJIEKETTIK OpbIHAApJa TipKey Tacuiaepl (Ka3aHABIKTapbl IIbIFApYyFa KEpek
KY>KaT JailbIH/ay ) JKacallFaH.

Kimi sxoHe opTaria KyaTThl BICTBIK Cy OHIIPETIH JKaHa Ka3aHIbIKTap (4 naHa)
Anmateina (Anmatsl o6mbickinga), Keieui-Opaana, Hyp-Cynrtan sxoHe YIikeH
enmai MekeHiHae opHatbutraH, 2018-2019 >xeimpmapman OGactam 1 MIIH. TEHTe
KapaxaT YHeMJICIII].
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IMPUJIOXKEHHUE A
IHaTeHTHI

= 52 5

REPUBLIC OF KAZAKHSTAN

NMATEHT
PATENT

Ne 34982
OHEPTABBICKA / HA N30BPETEHME / FOR INVENTION
(1) 2020/0032.1
(22) 21.01.2020

(45) 02.04.2021

(54) Canpuiayisl ra3-Ma3yTThl KbI3IBIPFBIII
IllesneBas razomasyTHas Topelka
Slit-type gas and oil burner

(73) Opymbaes Paxumskan Kabuesuu (KZ); Kubapun Annpeit Auaronseuu (KZ); Kopobkor Makcum

Cepreesud (KZ)
Orumbayev Rakhimzhan Kabiyevich (KZ); Kibarin Andrey Anatolyevich (KZ); Korobkov Maksim

Sergeyevich (KZ)

OpymbaeB Paxumxan Kabuesnu (KZ) Orumbayev Rakhimzhan Kabiyevich (KZ)
Kubapun Annpeit Anatonseny (KZ) Kibarin Andrey Anatolyevich (KZ)
Kopo6xo Maxcum Cepreesud (KZ) Korobkov Maksim Sergeyevich (KZ)
Baxtuap bamxkan Tepenamkerzet (KZ) Bakhtiyar Balzhan Torepashkyzy (KZ)
OrpiauneBa Mapxan Typenamosra (KZ) Otynchiyeva Marzhan Turepashovna (KZ)
XonanoBa Taresara Bukroposna (KZ) Khodanova Tatyana Viktorovna (KZ)
Kymaprazuna Manuna bakermkanosna (KZ) Kumargazina Madina Bakytzhanovna (KZ)
I'anues Pammib Aiitbaeny (KZ) Galiyev Ramil Aitbayevich (KZ)

OLIK Ko KOHbUIIbI E. OcnianoB
Tlommucano DIIIT E. OcmanoB
Signed with EDS Y. Ospanov

«YNITTBIK 3HATKEPIiK MeHIIiK HHCTHTYTED PMK nupexropst
Jupexrop PI'TI «HansioHaIbHBIH HHCTHTYT HHTEIUIEKTYaIbHOI COOCTBEHHOCTH
Director of the «National Institute of Intellectual Property» RSE
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REPUBLIC OF KAZAKHSTAN

MATEHT

Ne 35056

OHEPTABBICKA / HA U3OBPETEHUE / FOR INVENTION

(21) 2020/0173.1
(22) 13.03.2020

(45) 11.06.2021

(54) Cy KbI3IbIpYIIBI Ka3aH
Bogporpeiinsiit kotex
Water-heating boiler

(73) «AuMathl SHEPICTHKA JKOHE OailIaHbIC YHHBEPCHTETI» KOMMEPLIAIBIK EMEC aKIIMOHEPIiK KoraMbl (KZ)
HexomMepaeckoe akIFIoHepHOE 0OIIECTBO «AJMAaTHHCKUH YHHBEPCHTET SHEPTeTHKH U cBsi3m» (KZ)
«Almaty University of Power Engineering and Telecommunication» Non-Commercial Joint-Stock Company (KZ)

(72) OpymbaeB Paxumrkan Kabuesunu (KZ) Orumbayev Rakhimzhan Kabiyevich (KZ)
Kubapun Annpeit Anaronsesuy (KZ) Kibarin Andrey Anatolyevich (KZ)
Kacumos Apman Canemosnd (KZ) Kassimov Arman Salemovich (KZ)
Baxtuap bamkan Tepenammkeissl (KZ) Bakhtiyar Balzhan Torepashkyzy (KZ)
OrtpinuneBa Mapixan TypenamosHa (KZ) Otynchiyeva Marzhan Turepashovna (KZ)
Kymaprasuna Majuna baksiTkanoBHa (KZ) Kumargazina Madina Bakytzhanovna (KZ)
Topraes A6mm Ammnosud (KZ) Torgayev Abish Alipovich (KZ)

Hckakos Jimmar O3aryist (KZ) Iskakov Dilshat Ozatuly (KZ)
Kexenos Ennoc Jlecoexyinr (KZ) Zhekenov Yeldos Lesbekuly (KZ)

OIIK K07 KOHBLIIBI E. Ocnianon
Toxmucano 11T E. OcnianoB
Signed with EDS Y. Ospanov

«¥ITTHIK 3UATKEPIIK MEHIIIK HHCTHTYTh PMK nmupexropbr
Jupexrop PI'TI «HanmoHanbHbI HHCTUTYT HHTEIUICKTYaIbHOH COOCTBEHHOCTI
Director of the «National Institute of Intellectual Property» RSE
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Ne 34827

OHEPTABBICKA / HA H30LPETEHHE / FOR INVENTION

(21)  2019/0738.1

(22)  08.10.2019

(45)  08.01.2021

Cy KBI3/BIPYILILT Ka3aH
BoorpeiiHeii koTen
Hot water boiler

«FymapOex JlaykeeB aTBIHIAFB ATMATH SHePTeTIKA JKaHe 0afinaHsIc VHIIBEPCHTET) KOMMEPIIIATLE eMec aKIOHePIiK

Korambi (KZ)

HexoMMepuecKkoe aKIMIOHEPHOE 00MECTBO «ATMATHHCKIT VHIIBEPCHTET YHEPTETHK IT CBA3N mMeHn ['ymapOexa Jayxeerar» (KZ)
«Almaty University of Power Engineering and Telecommunications named after Gumarbek Daukeyev» Non-Commercial Joint-

Stock Company (KZ)

Opymbaes Paxinxan Kaomnera (KZ) Orumbayev Rakhimzhan Kabiyevich (KZ)
Kubapia Arnpeii AHaTonseBnd (KZ) Kibarin Andrey Anatolyevich (KZ)
Opymbaesa Illonnan PaxinskanoBHa (KZ) Orumbayeva Sholpan Rakhimzhanovna (KZ)
KacimoB Apmad Canemoid (KZ) Kassimov Arman Salemovich (KZ)
Kopobkos Maxkci Cepreesmrd (KZ) Korobkov Maxim Sergeyevich (KZ)
Baxtiap bamkaH Tepenamksns (KZ) Bakhtiyar Balzhan Torepashkyzy (KZ)
Xonaropa TaresHa BrkropoeHa (KZ) Khodanova Tatyana Viktorovna (KZ)
CefinamieBa Affranem ByTaTkenRE (KZ) Seidaliyeva Aiganym Bulatkyzy (KZ)
Otpm4neea Mapaan TypenamorHa (KZ) Otynchiyeva Marzhan Turepashovna (KZ)

S1TK K0T KOHBLIIH E. Ocnanor
Iloamicano DIIIT E. Ocnianos
Signed with EDS Y. Ospanov

«¥ITTHIK 3MATKePIIK MEHIMIK HHCTHTYTE PMK mipexkTops
Jlupextop PI'TI «HannoHaTbHBIT HHCTATYT HHTEIEKTYaIbHOI COOCTBEHHOCT M
Director of the «National Institute of Intellectual Property» RSE
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REPUBLIC OF KAZAKHSTAN

MATEHT
PATENT

Ne 34490

OHEPTABBICKA / HA H30BPETEHHE / FOR INVENTION

(21)  2019/0404.1
(22) 03.06.2019

@45) 30.07.2020

Cy KBUIBITATBIH Ka3aH
BojorpefiHHil koTen
Hot water boiler

KopooxoB Maxkcnm Cepreesma (KZ); Opymbaer Paxmpkan Kabmneemu (KZ); OteHuneBa Mapikan
Typenamorna (K7); Kubapun Arapeii Aratonsernd (KZ)

Korobkov Maksim Sergeyevich (KZ); Orumbayev Rakhimzhan Kabiyevich (KZ); Otynchiyeva Marzhan
Turepashovna (KZ); Kibarin Andrey Anatolyevich (KZ)

Opymbaer Paxinoxan Kaduernu (KZ) Orumbayev Rakhimzhan Kabiyevich (KZ)
OtrHuneBa Mapxan Typenamorsa (KZ) Otynchiyeva Marzhan Turepashovna (KZ)
Kubapus Annpeii Anatomsernd (K7) Kibarin Andrey Anatolyevich (KZ)
Kopobxor Maxkcum Cepreernd (K7) Korobkov Maksim Sergeyevich (KZ)
KacmvoB Apman Canemosnd (KZ) Kassimov Arman Salemovich (KZ)
Opymbaera [lonman PaxumxanoeHa (K7) Orumbayeva Sholpan Rakhimzhanovna (KZ)
Baxrusp bamkan Tepenamksizsl (K7) Bakhtiyar Balzhan Torepashkyzy (KZ)
Celiganuera AliraneiM bynarkensl (KZ7) Seidaliyeva Aiganym Bulatkyzy (KZ)

BLK Kol KOBUIIBI E. KyaHTHIpOB
TTopmucano 3111 E. KyasTBIpOB
Signed with EDS Y. Kuantyrov

«¥IITTHIK 3UATKEPTIK MEHIIIK MHCTHTYTED PMK mIpeKTopsr
Jupektop PITI «HammoHaIbHBIT HHCTHTYT HHTEINIEKTYaIbHOI cOOCTBEHHOCTI
Director of the «National Institute of Intellectual Property» RSE
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Ne 35284
OHEPTABBICKA / HA H30BPETEHHE / FOR INVENTION

E" EE (21)  2020/0466.1
=+
|

(22) 10.07.2020

Eﬂr - @5) 17.09.2021

(54) Cy XBUIBITATBIH Ka3aH
BomorpeiiHsii KoTen
Hot water boiler

(73) «Fymapbex JloyKeeB aTHIHOArBl AJMATHI OJHEpPreTHKA jkoHe OailTaHBIC YHIIBEPCHTETI» KOMMEDIIISIBIK eMec
AKIIOHEPIIK KoraMe! (KZ)
HexomMmepHaeckoe aKIIOHEpHOE OOIIECTBO «ANMATHHCKIII YHHBEDCHTET 3HEPTeTHKH I CB3H IMeHn ['ymapbeka

Haykeepa» (KZ)
«Almaty University of Power Engineering and Telecommunications named after Gumarbek Daukeyev» Non-profit
Joint-Stock Company (KZ)

(72) Opymbaes Paxmvokan Kabnesmma (KZ) Orumbayev Rakhimzhan Kabiyevich (KZ)
Kubapuu Anppeit Anaronsesnd (KZ) Kibarin Andrey Anatolyevich (KZ)
Xonaxosa Tategaa BuktoporHa (KZ) Khodanova Tatyana Viktorovna (KZ)
Ceiiganmnesa Aiiraasiv bymarkprssr (KZ) Seidaliyeva Aiganym Bulatkyzy (KZ)
Orriaunea Mapxan Typenamogsa (KZ) Otynchiyeva Marzhan Turepashovna (KZ)
Kymapraziaa Majinsa Bakermxasossaa (KZ) Kumargazina Madina Bakytzhanovna (KZ)
Hckaxos Jlimmar Ozarynst (KZ) Tskakov Dilshat Ozatuly (KZ)

Kexrernor Emroc Jlechexymsr (KZ) Zhekenov Yeldos Lesbekuly (KZ)

=K A
P TUK MESS

5

Lo

os
o=
23 o
_Eira'l", DK Ko KOHBLIIBI E. OcniaHoB
: 9‘/' TTonmicano 3L E. Ocnanos
Signed with EDS Y. Ospanov

«¥ITTHIK 3UATKEPIIK MEHNIK HHCTHTYTE PMK mpexTopsr
Iupextop PI'TI «HammoHambHBIT HECTHTYT HHTELTEKTYaIbLHOI cOOCTBEHHOCTIDY
Director of the «National Institute of Intellectual Property» RSE
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REPUBLIC OF KAZAKHSTAN

NMATEHT
PATENT

Ne 4211

MAWJAJIBI MOJIEJBIE / HA TIOJIE3HYIO MOJIEJIb / FOR UTILITY MODEL

(21) 2019/0269.2

(22) 25.03.2019

Kazaxcran Pecriybmmkacht aitians: MOJIeJIbIeP MEMJIEKETTIK Ti3UTIMiEIe
Tipkey KyHi / [lata perucrpauuu B [ocynapeTBeHHOM peecTpe MoJe3HbIX
Mozteneif Pecnybnuku Kasaxcran / Date of the registration in the State
Register of Utility Models of the Republic of Kazakhstan: 26.07.2019
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HNPUJIOKEHUE I
PesyiibTaThl MOACTHPOBAHNSA KaHAJIA 329KPAHHOI0 ra30Xo0/a ¢

miaactuHaMi B ANSYS Fluent

O0BLeKT uccjief0BaHusA
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Pucynok I'1-YuacTok kaHana 3a3KpaHHOIO ra30Xxo0/1a BOJOTPEHMHOTO KOTjIa
KCBp-0,43 ¢ HanpaBAsOmMKUMU TUIaCTUHAMHA
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Pucynoxk ['2-YuacTok kaHana 3a3KpaHHOIO ra3oxo/1a BOJOTPEMHOTO KOTIa
KCBp-0,43 6e3 HampaBsONIMX MJIACTUH

125



Hcxoanble JaHHBIE AJ15 MOJCJIUPOBAHUA TCUCHUSA

KomMmnoneHT Homs, %
0} 16,04
CO 0,20
CO; 5,00
SO, 0,02
NO 0,03
NOy 0,02
CH 0,06
H,O 8,14
N2 70,49
Pucynoxk I'3- CocrtaB ra3oBoii cMecu
[Tapametp 3HayeHue
CKOpOCTh MOTOKA T'a30B, M/C 8,00
TelximepaTypjl ra3oB Ha BXOJIE€ B ra30X0/] 669.95
HbIN KaHai, °C
Temrneparypa co CTOpOHBI TONKH, °C 850,00
Temneparypa Bojbl B TpyOax, °C 42,50
CkopocTh BOJIbI B TpyOax, M/c 0,70

Pucynok 1'4- [1lapameTtpbl noToka
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Temperature
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Pacnpenenenue temnepaTypbl Ha y4acTKe razoxojaa
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Pucynok I'6- Pactipeienenue CKOpoCTH Ha y4acTKe razoxoaa
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	Целью диссертационной работы является:
	- Разработаны новые конструкции малых водогрейных котлов КСВр с колосниковой решеткой и каналом заэкранного газохода с подтвержденными экспериментально геометрическими размерами.
	- Обобщен опыт исследований и уточнены расчетные формулы теплообмена Nu и сопротивления ξ в канале заэкранного газохода с направляющими пластинами. Расчеты подтверждены натурными экспериментами и удовлетворительным совпадением по α и ξ.
	- Разработан комплект технической документации для линейки конструкций водогрейных котлов серии КСВр тепловой мощностью от 0,2 МВт до 1,0 МВт со слоевым сжиганием углей с ручной колосниковой решеткой, защищенных Патентами Республики Казахстан и Евразийскими Патентами.
	Достоверность и обоснованность.
	В результате выполненной работы получены следующие результаты:
	Рисунок 3 - Схема экспериментального участка канала заэкранного газохода с поперечным обтеканием по работе.
	Рисунок 4 - Схема модели канала заэкранного газохода с поперечным обтеканием труб
	2.4 Выводы к разделу 2
	
	Ось абсцисс – число Рейнольдса; ось ординат – эффективность теплообмена Рэi = (J3/f)0,5, безразмерная величина. Обозначения: 1 – эффективность теплообмена при поперечном обтекании одиночного цилиндра; 2 – эффективность теплообмена в прямой технически гладкой трубе; 3 – щелевой канал; 4 – шахматный пучок труб s1 = s2 = 2; 5 – труба с кольцевыми внутренними выступами; 6 – канал заэкранного газохода с пластинами под углом α = 45° (установлены на котлах серии КСВр); 7 – канал заэкранного газохода с продольными трубами и ребрами (установлены на котлах серии КСТ–1); 8 – канал заэкранного газохода с мембранными панелями без продольных ребер (установлены на котлах серии КСТ).
	Влияние торцевых боковых стенок канала заэкранного газохода учтено при расчетах коэффициента теплоотдачи α. Для неизотермических условий, при температурном факторе J = Тi/Тст = 0,66 ¸ 0,73 коэффициент гидравлического сопротивления для всех исследованных моделей каналов определяется по формуле (25), принимая теплофизические свойства по средней температуре потока в конвективном канале заэкранного газохода. Из гидродинамической аналогии, которая соблюдается для исследованных каналов по известному соотношению связывающему теплоотдачу и коэффициент сопротивления при Re > 104 получена формула (26) для расчёта коэффициента теплоотдачи α (Nu) в каналах заэкранного газохода, образованных из цельносварных трубных панелей и поперечных труб с излучателями представленный на рисунке 17:

	Проведено сопоставление по эффективности теплообмена технически гладкой трубы, шахматных гладкотрубных пакетов труб и канала заэкранного газохода с поперечным обтеканием цельносварных трубных панелей и поперечных труб с верхними тепловыми излучателями. Поперечное обтекание гладкотрубных шахматных пакетов труб и поперечное обтекание в канале за экранного газохода с цельносварными трубными панелями и поперечными трубами с тепловыми излучателями между собой по тепловой эффективности сравнивались по методу приведённому в работе [57,58].


	RESUME
	ОТYNСНIEVA MARZHAN
	Research and organization of manufacturing of water-heating boiler of new generation
	The hydraulic circulation circuit is executed under patents (Kazpatent) of Republic of Kazakhstan excluding steam formation of water in pipes and providing maximum cool taking into account heat flow spreadability depending on falling heat flows in boiler furnace, at any change of loading.
	Experimental and settlement researches on hydrodynamics and heat exchange in new designs of convective heating surfaces of water-heating boilers are executed and received criterion dependencies of Nu = f(Re, Pr) type for turndown of key parameters used on practice.
	The following heat-transfer calculation formulas may be written on the basis of the test data presented:
	for staggered banks of tubes with
	
	Designs of maneuverable and reliable water-heating boilers with surfaces of heating are developed taking into account a ratio of brought and removed heat by circulating water for each element of the boiler.
	Prototype model of water-heating boilers of new generation with the minimal specific metal consumption have passed acceptance, interdepartmental and certified tests. Specifications are developed and registered in the state bodies, and on the basic standard sizes of boilers, certificates of conformity are received.
	The basic types of water-heating boilers of smal and average capacity are serially made in the Republic of Kazakhstan. The description (documentary support of the organization of boiler manufacture) of development order, certification and registration in the state establishments of normative and engineering specifications on batch manufacturing of water-heating boilers are made.
	In fact economical effect from substitution of antiguated construction boilers on boilers КSGn-1,16, and КSWr-0,43 more than 15 pieces only in the system (АТКЭ) Almaty and Almaty region (Кызылорда, Нурсултан и Улькен) beggining since 2018-2019 till this time have composed more than 1 bill. tenge.

	ТҮЙІНДЕМЕ
	ОТЫНЧИЕВА МАРЖАН ТУРЕПАШОВНА
	Ыстық су өндiретiн қазандықтардың жаңа үлгілерін зерттеу, жасау және серия етіп шығару.
	Ұлттық Патент ведомствосында (Қазпатент) Қазақстан республикасында өнертабысты «Ыстық су өндiретiн қазандықтар» еңбегін пайдалануға екi лицензия алу үшін шарт жасалды, ол 14.08.2018-2020 жылдары тiркелдi.
	Ыстық су өндiретiн қазандықтардың қыздыру беттерiнiң жаңа түрлерiндегі гидродинамика мен жылу алмасуды тәжiрибелiк түрде және есептеу арқылы зерттеу. Ғылыми жұмыс нәтижелерi негiзгi параметрлердiң практикада жиi қолданылатын өзгеру шектерiнде Nu = f(Re, Pr) түрiндегi критериалдық байланыспен қорытындыланған.
	Іс жүзінде жиi қолданылатын жылу алмасуы коэффицентi тәжiрибелік жолмен анықталып, есептеліп төмендегі формула түрінде ұсынылған:
	
	Құбырлардың жылу беттерiнен берілетін және суға берiлетiн жылудың өзара қатынасы сайкестендiрiлген, сол арқылы қуат өзгерiлiмдiгi және аз қуатты ыстық су өндiретiн қазандықтардың құрылымдары жасалған.
	Металл мөлшері көп жұмсалмайтын үнемді ыстық су өндiретiн қазандықтардың жаңа үлгiлерi жасалып, сала аралық және сертификаттау орталықтарынан тексерулерден өткiзiлген. Қазандықтарды жасауға қажет техникалық шарттар дайындалып, олар мемлекеттiк орындарда тiркелді. Негiзгi ыстық су өндiретiн қазандықтарға сәйкестiк сертификаттары алынды.
	Кiшi және орташа қуатты ыстық су өндiретiн қазандықтар Қазақстан республикасында шығарылуда. Диссертацияда ыстық су өндiретiн қазандықтарды сериялық етіп жаппай шығаруға қажет нормативтiк және техникалық құжаттар әзірленді, сонымен қатар сертификаттау және оларды мемлекеттiк орындарда тiркеу тәсілдері (қазандықтарды шығаруға керек құжат дайындау) жасалған.

