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Kupum (JIoKkTOpJIHK auccepTalusici AHHOTALUSICH)

J{uccepranus MaB3yCHHUHI J0J3ap0JiUru Ba 3apypard. 3aMHUHUMU3HU
UCTUKOOJTM HEePTh Ba Tra3 3axupajapura OOWIUTH, TYIJIAHTaH WIMUN-TEXHHUK
MMKOHUATIAPD Ba KaTTa HILIA0 YUKapuIl Taxpubacu — OyJapHUHT Oapuacu
Oupranvkaa HedTh Ba ra3 CAaHOATUHUHI KeJlayKaKJlard Ce3WJapiid PUBOXKHU YUYH
Kylail IIapT-INApOWTIAPHM sApaTagn. «Y30ekHedTeras» MHIUIMH  XOJIMHT
KOMIaHuAcuaa cudar >KUXaTAaH SHrM OYIAraH CYHrHM aBJoOJl >KUXO3JapH,
Marepuajiap, 3aMOHOBHUI WHHOBALIMOH TEXHOJIOTHSUIAPHM HWIUIA0 YHMKapUINra
KOpHUM JTUII Ba KYJUIAll, 3CKAPraH TEXHUKAHW SHIWIAlI Ba AJIMAIITHPHUII
CypbaTUHHU Te3JAIITUPUII, €TaKYM YeT 3 KOMMaHUsUIapyu OuiaH XaMKOpJIUKIA
WUPUK MHBECTUIIMS JOWMXAJapUHU amaira OMIMpUII, Talép mMaxcyioTiap UIuiad
YUKAPUIIHA MaxXaJUTMHIAIITUPUIT Ba 3apyp axaMmusTra sra OViraH HXTUMOUUN
Macajanap KOMIUIEKCMHHM €YMII MYyXUM BasudanapiaH caHanagd. Maskyp
Bazu(aIapHUHT TYIHMK Y3TAIITUPUIUIIN MaMJIAKaTUMU3HUHT €HUJIFU-IHEPIreTHKa
COXaCHJIarn MYCTAaKWUINTMHH CE3WIapiu Aapaxaaa MycCTaxkKamulall UMKOHUHU
oepaau.

Jucceprauus MIIMHUHT 1013apOaurd, TaOMMIl ra3HW To3ajall Ba  KaiTa
UIUIAIl  KOpXOHajapuaa TaiépinaHaéTraH ra3 MaxCyJOTJIapUHUHT CH(pATUHU
AXIIWIAIIra Ba TYPUHHU SHaJa KyNAaWTUPUILITa XU3MaT KUIYBUM CaMapaaop yCKyHa
Ba KOHTAaKTJIOBYM MOCIAMaJapHU SpPAaTUII,  KUXO3JIAPHUHI TEXHOJOTHK Ba
MEXaHUK WIIOHWIWJIUTUHNA OLIMPHIIL, TEXHOJIOTUK >KapaéHiapHU TyOJaH
PEKOHCTPYKIMS KWJIWII Ba MOJEpPHU3ALMSIIALI, XaMJaa ymoy oObeKTiapaa
HKOJIOTHK XOJIATHU SIXIIWJIAIl Macajajapura AUKKAT OWjlaH axamusT OepHILIHU
Tanad 3TUIIN OWJIaH OOFJIMKIUTH OpKaiIu HdoaanaHaIu.

Pecnybniukamu3 rasHu Taiépiam Ba KalTa MILIAll KOpXOHalapuia SHTU
TEXHOJIOTUSJIADHUHT PUBOXIIAHUINIM OWJIaH, AYHENArM HKTUCOIUM Ba 3KOJIOTHK
KpU3uClap [ApOUTHAA, JKUXO3JapHUM Talépiaml y4yH MIUIATHIAJIUTaH
Marepuaiiap caphuHu KaMalTHPUII, XOM alll€ Ba SHEPIeTHK PecypcllapHU Tekad
capduam macanaiapy MyxuM OYViauO KoiaMmokaa. TapMOKHUHT 4YeT 3juiapiaH
UMIIOPT KWJIMHITAH AaCOCHM TEXHOJIOTMK MalllMHa Ba YCKYHAaJIapU V3 TEXHHK
3axypajapuHud  MNUIatu® OYaaM Ba yJIapHU aJIMalITUPUIN Tajad dSTHUIIAJIH.
V36ekucton Pecnyonukacu Ilpesunentununr 2011 #tun 29 uronparu I[1d-1590-
comnmn dapmoiinimu Ounan tacaukiaanrad 2011-2013 #wimapra MyipKaaiaHTaH
«Tauép MaxcysiaoTiaap umiao YHUKAPUIITHA MaxaJUTMAJIAII TUPULITHA
YyKypJIAIITHPHII»  JacTypura — acocan  “V3medrerasmamr”  aKIMSIOPINK
KOMIIAHUSICHHUHT MAalIMHACO3JIMK KOpXOHaJapW OJJura yTJeBOAOPOIJIapHU
Taiiépiaill Ba KailTa MILIAll YYyH KypuiaMmajiap Uiuiad YuKapuIIHU KeHTrauTHUPHIL
Bazudacu IOKJIATUITaH.

TagkukoT MyHanMUImK ymoy AacTypra MOC paBHIlNla TAOUHMI Ta3HU CYIOKJIUK
Ba  HOPAOH  KOMIIOHEHTIApAaH  KOMIUIEKC  TO3aJlalll  JKapaéHJapuHU
KaJaJUTAIITUPUILI YUYH «Ta3-CYIOKIMK» TU3UMIIAPU]IA UILIJIOBYM FOKOPH camapanop



yCKyHaJIap Ba KOHTAKT MOCIaMajapyHM SpaTUIl Ba MIUIA0 YUKApUIIra >KOpui
ATUINTa KAPATUWITaH 3apyp UIMUN-TEXHUK MyaMMOJIHP.

TaagKUKOTHUHI pecny0auKa (aH Ba TEXHOJOTMAJIAPH PHUBOKIAHWIIN-
HHMHI acOCHii YyCTyBOp HyHaJumuiapura Ooramkiauru. Jlucceprauus ¢dan Ba
TEXHOJIOTUSAJIAD PHUBOXIAHUIIMHUHT YCTYBOp WYHAIMILJIApUra MOC paBHILIA
oaxxapwiran: Ne3 — «2007-2011 #iunnapaa doigany KazwiMalapHU KUIAPHIII,
Ka3uO OJUII Ba MKKWIAMYM PECypClIapHU UYyKyp KalTa WUUIAIIHUHT KYI WIM
Tanad KWIaJuraH TEXHOJOTHSJIAPUHM SIPATHUILI Ba IOKOPHU camapaliu yCyJUIapuHU
UIUT1a0 YUKUIID.

JAuccepranus MaB3ycu 0YHHYA XaJIKAP0 WIMHMHA-TAAKUKOTIAP IIAPXH.

OATUHTYTYPTIIM Ta3idapHU aOCOPOIMOH To3ajalira OaruilljIaHTaH Ha3apuil Ba
amanuii Taakukotrinap «Sulzer»  (IIeemus), «Koch — Glitschy (Mrtamus),
«Chemieanlagenbau Chemnitz GmbH» (I'epmanus), «Norton Chemical Process
Products Corporation» (AKIL), IIKbH (Poccus), «Ileton» (Poccusi) Ba «Intalox
High-Performance Structured Packing» (ABcTpusi) kabu MaMakaTIapHUHT HUPHUK
dbupmanapy, KOMIAHUSAJIAPH, WIMHUNA MapKaszjiapu, yHUBEpPCUTETJIapuaa OJauo
OOpUIMOK/IA.

Hedr-ra3 canoatu mamnHa Ba )xuxo3napu Oyinda KeHUHTY HWIapia MyXum
WIMHUI HaTWXanap: MOJJa aJIMAIIMHUII Ba HAM Ta3JaH CYIOKJIMK TOMYWIAPUHU
QKpaTHIl >KapaCHIAPUHUHT IOKOPH YHYMJIOPIWKIA VTHIIWHU TabMHHIOBYH
Hacankanap osimHran (Sulzer, Intalox High-Performance Structured Packing);
CYIOKJIMKHMHI YM3UKJW, Ta3HUHT 3ca KecuM Oyinad KyHaajnaHr HyHanumiga
XapaKaTJIaHUIIYM TabMUHJIAHIOBYM KOHTAKTJIIOBYM MocjamMajap M0 YUKWITaH
(ITeton, Chemieanlagenbau Chemnitz GmbH); knananau, 53JaKCUMOH,
KOJMOKYAJIM, KacKaJiu MOoJjda ajiMalluHuI Tapenkanap spatwiradn (Koch —
Glitsch, Norton Chemical Process Products Corporation, LIKBH).

byryHru kyHzIa ycKkyHalap camaJOpJIMTMHU IOKOPH YHYMJIOpJIMKKA 3ra
OYnraH KOHTaKTJIIOBYM MoOCJIaMajiap HIIA0 YMUKHUII OPKAIM OUIMPHIL, TaOUUI
ra3Hd CyIOK Ba HOPJAOH KyIIMMYanapJaH To3ajall y4yyH SIHTH TEXHOJOTHs Ba
HUCOaTaH WX4YaM Ba caMapajid KypWIMaJapHU SpaTUIl Ba TaKOMWLIAIITHPHUII
Oyitrya ycTyBOp WIMHHN TaAKUKOT UIILIAPY aMmajira OIIupruiIMOKIA.

MyaMMOHMHI YpPraHwiranjJuk aapasxkacu. TaOumii ra3Hu Taii€pnam Ba
KaiiTa unuiam »xapa€uiapu Ba yckyHanapu coxacuaa Basile R. J., Heumann W.L.,
Jonson E., Li Jia, Norbert A., Rodery C. D., Sha Yong, C. A. Axmertos, A. lO.
Banpnoepr, B. I'. Cuctep, B. M. Pamm, O. C. Uexos, I'. K. 3ubept kabu yeT ik
oJIuMJIap UMUK UILIAp 0JIUO OOpUIITaH.

V36exucronna H.V. Pusaes, 3. C. Canmumos, H.P. KOcynb6exos, B. W. Jlepm,
C. I'. 3akupos, L. M. I'ynamos, X. C. Hypmyxamenos, C.A. AGaypaxumMoB Kabu
ofluMJap Ba OoOIIKadap TOMOHHUJAH CAHOATHUHI KUME Ba HE(Th-ra3HU KalTa
WIUIAIl TapMOKJIApU >Kapa€HJIapu Ba YCKYHaJapUHUHI Ha3apuil acocliapuHu
PUBOKJIAHTUPHUILITAa MNYHANTUPUITaH TAAKUKOTIAp YTKAa3WiIraH Ba aMaluerra
YKOPUN KWINHIaH.



Ymby wumpga acocudd  IbTHOOpP  «Ta3-CYIOKJIMK» TH3UMMIA amaira
OLIMPWJIAJIUTaH apaCHJIapHU >KaJaUIAIITUPUIIHUHT HMCTUKOOIUIM HYIIapuHU
TaxJIWI KWIMIL, ra3 To3aJall kapa€Hiaapu caMapaJopiMTMHUA Ba YCKYyHajlap Ba
KypWIMaJQpPHUHT HII YHYMJOPJIUTUHU OEITUIOBYM KOHTAKT MOCJIaMallapHu
UIUIa0 YUKUIITA KapaTUTraH.

Jucceprauusi MaB3yCHHHUHT JHCCEPTANUA 0a:KapUIAETraH oMl TABJIUM
Ba WJIMHUI-TAIKHKOT MYyacCacaJapUHUHI WIMMA-TAAKMKOT MILIapU OWJIaH
OoruMKIAMIH. VMUl TaIKUKOT UM, JaBIaT WaMUK-TexHuk nacrypu JUTH-13 -
«OHeprus Ba pecypcllapHu Texalll, KallTa TUKJIaHaJuraH Ba HOaHbaHABUN SHEPTHs
MaHOaanapuan porganaHuil, EHUIFU-IHEPTETUK PECYPCIAPUHU UIITA0 YUKAPUILT
Ba yJjapJlaH OKWIOHa (hONJaNIaHMIIHUHT IOKOPHU camapazop TEXHOJIOTHsIapu Ba
TEXHUK BOCUTaNapuHu wunwiad uukumy» (2007-2011 #id.) acocupa amanra
OLLIMPUJITaH.

TaagKMKOTHUHI MaKcaaW TaOUUN Tra3HU KOMIUIEKC To3ajall KypuiIMacu
y4yH IOKOpM caMmapajop YcKyHanmap (cemapaTtop, Jeraszarop, abcopbep Ba
necopOep) Ba MPUHIMIIKAT TEXHOJOTHK CXEMAaCHHU UIIa0 YMKUIIAaH HOopar.

Makcaara >puimuin y4yH Kyduaaru TaAKUKOT Basudajiapu KyHWIras:

TaOUUi Ta3HU KOMIUIEKC TO3ajall YCKyHallapyd WIIMHHU TaJKUK STHUITHUHT
METOO0JIOTUK aCOCIAPUHU MAKIJIAHTUPULIL;

KKK ¢azanu «ra3 (aucrepce ¢aza) - CyrKIuK (y3aykcu3 (asa)» Ba «CYIOK-
muk (mucniepc (aza) - ra3z (y3naykcus ¢asza)» TUSUMIIAPUHUHT THAPOIUHAMHK
XapaKTepUCTUKAIAPUHU TAAKUK THUILL;

ra3-CylokjiuK KaTJaMUHUHT SHEPreTHK XapaKTEepUCTHKalapu Ba ONTUMAal
KaTTaJUKIAPUHU YPraHuIIL;

ra3-CyroKjIuK OKUMUHUHT TUAPOJUHAMUKACUHU MAaTeMaTUK MOJAEIIAIITHPHUII
Ba 11y acocnaa (azanap xapakaTUHU, TYpOYJEHT XapakaT XOCHJ KUITyBYM KOHTAKT
AIIEMEHTJIap KOHCTPYKUMUSACH Ba YJIApHUHT T€OMETPUK HKOWJAIIYB XOJATUHU
aHUKJIAII;

raz3 Oyiinya KOJOHHA IOKJIAMAaCUHU OPTTUPHUIL EKU YHUHT JIHaMETpU
ce3uyIapiiv Japaxkajaa KuupauTUpwiIraHaa AacTia0Kyd Ul YHYMJIOPJIUTHHH cakiad
KOJMII Makcaauaa, MXaJaUlAlITUPWIITaH peXMMIa XaMmJa Ta3 Ba CYIOKIHK
cap(IapUHUHT KEHI OpaJIMFujia caMapajid WIUIAMJWraH KOHTAKT Mocjiamanap Ba
yCKyHaJIap KOHCTPYKIUSCUHU UIIA0 YUKHUIIL;

Tabuuil ra3Hu OupiiaMuu To3ajdall Ba KalTa HILara Taiépianl yayH uiuiad
YUKWITAH SIHTU YCKYHAJapHUHT ONTUMAal KOHCTPYKTUB, TUAPABIUK Ba TEXHOJOTHUK
KaTTaJUKIApUHU  XucoOyiam  ycnyOMHM — acocjall  Ba  ylapHU — HeTb-ra3
MalIMHACO3JIUTA KOpXOHAaJIapura Kysuiai 0yinya TEXHUK XyXdoKaTiap spaTHILL;

IOKOpY KaJaJIMKJa WIUIaiMrad cenaparop, jaerazarop, abcopOep Ba
aecopOepiiapHu  JIoMMXaiam xamjaa yiapHu HedTb-ra3 Ba Oomka caHoaT
TapMOKJIapuja HILIa0d YMKapuIlIra >KOpuil 3Tl Oopacuaa aHuK XyJocaiap Ba
KOHCTPYKTHB TaBCHUsJIAP UILIA0 YUKHIIL

SHTUJAH UI1a0 YMKWITaH YCKyHAJIapHU, peall TEXHOJIOTHK KaTTaluKIapyu Ba
HIAPOUTIIAPUHU FBTHOOPra OJIraH XoJa, UIIad YMKApUIITa >KOPHUMA STUII.



Taakukor o0bekTH: TaOMMIl ra3, CYIOKIMK TOMYHWCH, ra3 KOHJEHCATH,
KaTjaM CyBH, BOJIOPOJ Cyab(HaInU, aMUH S3pUTMACH, KapOOHAT aHTUIIPU Ta3H.

TagkukoT mnpeaMeTH: TEXHOJOTHUK jkKapa€Hiap, TaOUM Tra3HU KailTa
uaulamra Taé€piam Ba CyHOK Ba HOpPJOH KyIIMMYajlapAaH To3ajall Xam[a
TYAMHraH AaMHH OJPUTMACUHU  pEreHepanus KWIWII  KypuiMmajiapu Ba
KOMILUIEKCIAPUHUHT YCKYHaIapH.

Taakukor ycyunapu. Jluccepraumss wumuHA Oaxkapuin MoOaiiHHMIa
TaxxpuOaJapHU SKCTpeMall pekajalllTUPUIN yciayOnapu, TaxpuOa HaTHKaIapUHU
KaiiTa MIJTAIIHUHT CTaTHUCTHK YCIyOJIapu, TEXHOJOTHK Kapa€HilapHU (DU3UK Ba
MaTeMaTUK MOACIUIAIITUPUII Ba ONTUMAJUIAIITUPUIN YCIyOnapu, THIPOIUHAMHKA
Ba Macca aJIMAallWHUII KOHYHMSTIApUMHU VpraHum Oopacuja TaxpuOanap
YTKa3UIIHUHT CHHAJITaH Ba yMyMuil cudaruna kalOynl KWIMHTaH yciyoiapw,
METPOJIOTUK TEKIIMPYBAAaH YTKa3WiraH 3aMOHaBHH YI4OB-Ha30par acOobiapu
BOCUTacCHJa TEXHOJOTHK  KATTAIMKIAPHM aHUK  YyIyam  yciyOnapujaH
dbolnanaHuITaH.

TagKNKOTHUHT MIMHUIl SHTWIKMIM Kyduaarmiapaan uoopar:

y3apo TabCUPJIAHYBYM MYXUTIAp TYpOYJEHT Ta3-CYIOKIMK OKUMHUHHUHT
TUAPOJAMHAMUK PEXXKUMIIAPUHU TaBCU(DIOBYM MaTEMATUK MOJENb TaKiIu( 3TUITaH;

KOJOHHAJM YCKYHAJIApHUHI Tapejkajlapuaa Ba jaucrnepc ra3 (dazanu
TU3UMJIapAa XOCWI KWIMHAAWraH xaaan OapOorax pexumiapuna dazaBuid
syedKarap COHM Ba HKKM (a3anu OKMMHMHI Ta3 CHUFUMHU Opacuiaru y3apo
OOFNMKJIMK 04unO Oepuiras;

TOMYM KalTapuil MOCIaMaJapyuHu caMapaliy >KOUJIAIITUPUII BA Ta3-CYIOKINK
apaJlalliIMaCUHU aXpaTHUIl CaMapaJOpJIMTHUHHU CE3WIapiy OLIMPUII HMKOHHHU
OepyBUM, Typiu Ya4aMJiard CYIOKIMK TOMUYWJIAPUHUHT TAPKAJIUII KOHYHUSTIAPU
Ba cenapaTopHUHT (oiaanu OanaHJINIU aHUKJIAHTaH;

KaJaTAITUPWITaH peXuMIlapAa XaMmJa ra3 Ba CYIOKIUK capdiIapUHUHT
KEHI Opajufyja Vy3rapuiiyd IHapouTHAa camMapald MWUUIAHAUTaH KOHTAKT
MoOCJIamMaJlapy Ba YCKYHAJIAPHUHT STHT'U KOHCTPYKIUSTIAPH UIILIA0 YUKUIITaH;

9pkuH KecuM 1o3acu 20% OYiAraH HMKKA KOHTaKT 30HAJIM BJIaKCHUMOH
TapeJIKaHWHT TYPFYH Ba caMapajy MIUIAIl COXAaCU aHUKJIAHTaH;

ra3 CUFUMH, THJIPABIMK KApUIMWIUK, TOMYMHM YHUKUO KETUIIM Ba TUPKHUII
yuyH capd kosdduimenT kabu TUAPOAMHAMHUK KaTTAIMKIApPHHU cerapanus Ba
MOJJa aJIMAallMHUII YCKYHAJIAPUHUHT TEXHOJOTHK Ba F€OMETPUK KaTTaJUKIapHUra
OOFNIMK X0J1/1a 6axoaml y4yH SMIUPUK TEHIIamanap TaBCUs STUITaH;

ra3 CcernapaTropu Ba TYHUHTaH dpUTMaiap Y4yH IONKA CYIOKIMK OKMMHU XOCHII
KWIYBYA MOCJIaMajy JI€ra3aTOPHUHI KOHCTPYKTHB, THIIPABIMK Ba TEXHOJOTHK
KaTTaJUKIAPUHU XUCOOIAIIHUHT MYXaHUCIIHK yCIyOnapu sipaTuira.

TaagKNKOTHUHT aMaJInii HATHIKACH KyluaaruiapjaaH noopar:

Tabuuil ra3Hd OUpiIaMyM To3ajall YYyH CYIOKJIMK TUKMHUHM yIIad KOJIHII
Ba TOMYWJIAPHH CeNapauysiall peXKUMIIApHUA caMapaid WIIaiguraH ras-
cytokiuk cenapatopu (Ne IAR 03763, 2008 i1.); Tabuunii ra3Hu HaMJIMKIAH 9yKYp
TO3aJlalll YYyH MYJDKQJJIAHTaH, TOMYWIAPHUM HMHEPLUHMOH Ba MapKa3JlaH Kodyma
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Kywlap TabCHUpHUJA YYKTUPHUII acoCHJa HWIUIOBYM y4yTa (YyHKIMOHAT KUCMIAH
TaIIKWJI TOTITaH Ba MapKa3jaH KOuMa THUIIJIard YIOpMaJIOBUM OWJIaH TaAbMUHJIAHTaH
tokopu camapaiu cenaparop (Ne IDR 04591, 2001i1.) Ba TYiMHraH aMUH SpUTMACH
TapkuOWJaru »SpuMaraH TasJlapHU Jerazalusjianl 103acd KEHTauTUpWITraH
camapagop nerazatop (NelAR 04060, 2009 i1.) spatunau;

TaOWUii Ta3HU HOPJOH KOMIIOHEHTJIAp/AaH To3ajall KypuiMaaapu TapKkuOura
KUPYBUU KOJOHHAIM anmapatiap y4yH 3JJaKCUMOH TypAard UKKM KOHTAKT 30HaJIU
MOJ[a aJIMAIIMHUII Tapenkacu Takiaud dtuiarad OYnaub, ymlOy Tapeikaiap
abcopOumst KapaCHUHU O>KaJAJIAIITUPWIMINN XUcoOWra, amnmapaTHUHT U
YHYMJIOPJIUTHHU JIOMUXaBUM KypcaTkuura HucOaran 1,4 maporaba OpTTUpHII
UMKOHUHU Oepnu (MyOapak razuu Kaifta unuiam 3aBoauHuHr 2005 bun 25
MapTJard >KOpyui KWIHII 1aJI0JaTHOMACH );

TaOUUi Ta3HM TO3ajalll TU3UMHU YUYH SIHTHUIAH SpaTWIraH YCKyHaJlapHUHT
ONTUMaJ KaTTaJUKIApUHHU XUCOOall yciayOjaapu HILIa0 YMKWIIW Ba aManuérra
>Kopuil KuuHmn («Y30eKKMMEMAII 3aBOAMY» AKIMSIOPIHK skaMusiTiaa 2015 iun
6 maiima tacoukianran PM 371-12; PM 382-12 Ba PM 423-13 connu amanui
KYJ1aHMarnap).

TagkuKoT HATHXKAJAPHUHT UINOHWIWIMIHM Ha3apuil HaTWXaJlapHU
MyaJUIMPHUHT TAJIKUKOTIAp OpKajdud OJraH MablIyMOTJIapu, aaabuétiapaa
KEeJITUPUJITAH TaXpUOaBUN MabJIyMOTIap Ba ynapaad (oiinananu® Oaxapuiran
Hazapuil xucoOnanuiap OWiIaH y3apo MOCHUTUA Xamjaa YTKa3WiraH TaJKUKOTIIap
acocuia XMCOOJIaHraH Ba JIOWKMXAJIaHTaH alnapaTiapHUHT CaHOAT KOpXOHallapuaa
MyBa(HaKUATIN SKCIUTYaTals KWIMHAETIaHIUTH OWJIaH TacaUKJIaHIH.

TagKUKOT HATHKAJAPUHMHI WJIMMHA Ba amaauii axamusitu. OnuHra”
TQJKUKOT HATIKAJAPUHUHT WJIMHH  axaMUATH TaOWUWA Tra3HU  HOPJOH
KOMIIOHEHTJIapJlaH a0COpOIMOH To3ajlalll KypWIMACHHUHI HX4YaM, KaM MeTaJll
capbnaHrad, TaKOMWUIAIITUPWITAaH, Ba IOKOpU IKAJAUIMKAA  MIILIOBYU
yCKyHaJapuJaH TalIKuJ TONTraH TEXHOJOTUK CXEMacHHHM spaTHIlJlaH HOopar.
Jluccepranys UIIMHUHT WIMHN HaTWKalapuaH TaOUMU ra3Hu To3ajall Ba KakTa
unuiamra Tauépnam y4yH MYJDKaJUIaHTaH ceraparop, Jerasarop Ba MoJja
QIMAIIMHUI ~ YCKYHaJJApUHUHT  MYXAHJIUCIUK  XHCOOJapuHU  Oa)kapuin
yciyOonapuHu sipatuiiga honaanaHuiIIu.

Baxkapunran WIIHUHT aMalluid axaMUATH KyWujaarwiapjaH HOOpaTKH, yHIa
SHTUJaH UWNUad  YUKWITaH  KOHTAaKT  MocjaMajapd Ba  YCKYHaJIapHU
JOMUXAIAIIHUAT ~MYXAHIUCIUK yCIyOjJapu XamjJa YJIapHUHT TUIPaBIIUK,
KOHCTPYKTHB Ba TEXHOJIOTHK KaTTaJUKJIApPUHU XucoOnam OVyinuya TaBcHsUIap
unuiad  YMKWIAM; WKKKA  (da3aau  Ta3-CyIoKIMK TH3UMJIApUHU Hazapuil Ba
TaXpUOaBUM TaAKUK OTUII acocuja TaOWMi Ta3HU CYIOK Ba HOPJOH
KOMIIOHEHTJIapJIaH To3aJIalll KypwIMallapy TapKUOWTa KUPYBUYM YCKYHaJIApHUHT
STHTU UCTUKOOJUTA KOHCTPYKITUSITIAPU TaBCHUS STUIIIH.

TagkKuKOT HATH/KAJTAPUMHUHI KOPUHM KWIMHHIOM. partwiran ras
cenaparopiuapu (2001dungaru  IDR 04591 pakammu Ba 2008 iimn IAR 03763
pakaMmiad Y30ekucToH PecrmyOGiaMKacH MHTEICKTYal MYJIK —AareHTIMTHHUHT
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UXTHpOTa MaTEeHTIapu) Ba TyWuHraH ras nerazaropu (2009 iunnaru IAR 04060
pakammu  Y306eKMCTOH Pecrny6inmKacH HMHTEIUIGKTYal MYJIK —areHTIMTHHHUHT
UXTHpOra mnateHTH) «MyOopak rasHM KaiTa uIUiam 3aBoaun», «l'aznuHedtras
Ka3ub  uukapum», «MyOapakHedTerasy, «YcTiOpTras» yHUTap IIyb0a
KOpXOHAJapyu TEXHOJIOTMK KapaHiapuja KypwiManap cudatuaa KOopui
kunuHrad (2005 wun 25 maptoaru 3-connu, 2012 itun 19 utongaru 7-coHnu Ba
2012 ¥un 29 wuroHmarn 9-COHJIIM JajojlaTHOMAaJlIap); IOKOpHM caMmapalid Ba
UCTUKOOJIM  YCKYHaJapHM MIUIA0 YHMKApUIIra >KOpUM STUIMIIM HATHXKacuIa
Unuiad  4YMKapuIl  YHYMIOPJIMTMHHM  OIIMINM, Ta3 cH(aTH SIXIIWIAHUIIY,
KUX037apaa Metamn capu Ba MCTEbMOJ KWIMHAIUTAH JHEPrusi MHUKIOPUHU
KaMaluimmM XamJia BaJlloTa MaOJaFjapuHUHT Ba TPAHCIOPT XapakaTJIapUHUHT
KUCKapuluHu xucooura 700 MIIITHOH CymaaH OpPTUK co( HMKTHCOIUN camapa
OJIMHTaH («§’3Heq)Tera3Mam» aKIUAOPAUMK KomnanusicuHuHr 2015 #un 16
utoHaaru 641-coHam MabIyMOTHOMACH ).

TagKuKOT HATHKAJTAPUHUHT anpodauusicu. VIIHUHT acocuil Ma3MyHHU Ba
HaTwxamapu «MareMaTU4eCKue METOAbl B TEXHHUKE M TeXHonorusax - MMTT-
2000» (Cankt-Iletepbypr, 2000 i.) Ba «MMTT-2001» (Cmomnenck, 2001 ii.)
XalnKapo unMui koHpepenuusnapaa, «usmimsanus u rinobanuzanust 1yXOBHBIX
neHHocteir HapoaoB Cpenneit Asum u Kaszaxcrana» xaiakapo WIMHM-amaIuid
koudepenmmsicuaa  (Ilemvkent, 2007 i), «Y36exuctonza HedTHH KaiiTa
UIUIAIIHUHT 0J3ap0 MyaMMOJIapd Ba MOWJIOBYUM MaTepHalljap MILIA0 YHMKAPUII
uctukOomapu» Pecnybnuka wunmuii-trexHuk kKoHpepenuusicuga (TomikeHT,
2005i1.), «CoBpeMEeHHbIE MAIMHBI U aIMapaThl XUMUYECKUX MPOU3BOJACTBY [ -
Pecny6iinka unmuii-rexuuk koHpepenuusicuna (Paprona, 2006 ii.), «AKTyallbHbIE
npoOiemMbl CO3JaHUSI W HCHOJB30BAHMSI BBICOKMX TEXHOJOTHMM TMepepadOTKu
MUHEPaIbHO-CHIPbEBBIX pPeCcypcoB Y30ekucrtana» PecrnyOnuka WIMUN-TEXHUK
koH(pepenuuscuna (Tomkent, 2007 #.), «AKTyajabHble MPOOJIEMBbI NEpepadOTKU
HepTu M ra3za Y30ekucrtaHa» PecnyOnnka WIMUR-TEXHUK KOH(pepeHIuscuIa
(byxopo, 2009 ii.) MmyxokaMa KWIMHJIMA Ba MabKYJUIAH/IH.

TaaKuKOT HATHIKAJAPMHMHI IbJOH KWIMHUIIM. J[MccepTauys UIIMHUHT
acocuii Ma3MyHH Ba MoxusATH 31 Ta wWiIMUN unulapaa Y3 aKCUHUA TOIIH.
Hucceprauus Marepuaiapu Oyitmua 1 T1a MoHorpadus, XOpHXKHMA Ba €Takuu
pecnyOnuka Hampaapuaa 12 ta makona Ba 15 Ta Mabpy3anap TE€3UCH YOIl ATHIIN
xamza Y36ekucTon Pecry6anKkacHHUHT 3 Ta IATEHTH OMMH/IH.

JluccepTauMSHUHT XaKMHU Ba Ty3WJIMmM. J[ucceprauus vy Kupuil, 6 Ta
000, xynoca, dhoigananuiarad agabuétiap pyixaTu Ba wioBaiapjaan noopar. Mm
192 caxudana 6aén kuimHuO, 71 Ta pacM Ba 7 Ta XKaJBalHU ¥3 MYMra OJaju.
WnoBanapaa auccepranus HaTWKalapyuHU —amManuérra KYJUIaHWITaHJIUTUHU
TaCIUKIOBYH XYXOKATIAPHUHT HycXajJapu KeATUPUIIIH.
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J{uccepTauMsHUHT ACOCUIT Ma3MYHH

Kupum xucmuna nuccepranusi MaB3yCUHUHT J0J73apOJIMTH Ba 3apypHsTH
acocllaHraH, TaJKUKOT Makcaaud Ba Basudanapu, OOBEKTHM Ba MpeaMeTIapH
AHUKJIAHTAH, TAJKUKOTHHHT Y30eKkucToH PecryGnukacu daH Ba TEXHONOTHSIAP
TapaKKUETUHUHT YCTYBOp WYHAJIWIUIAPUTa MOCIHWIUA KYpCATHITaH, TaAKUKOTHUHT
WIMHUI SHTWINTH Ba aMaliui HaTH>Kanapu 0aéH STWIIraH, OJIMHTaH HAaTHXKaJTapHUHT
WIIOHWIMJIMTH ACOCJIaHTaH, yJIApHUHT Ha3apuil Ba aMalluid axaMusTiapu o4u0
Oepuiras, TaAKMKOT HATHKAJapUHU aMallu€Tra >KOpUd KUJIUI pyHXaTH, UITHUHT
anpoOanusici HaTWXKaJlapu, 5bJIOH KWIMHTaH HIUIap Ba JUCCEPTAI[USTHUHT
TY3WIHIIH OYiinya MablyMOTIap KEITHUPUIITaH.

HucceprauusHuar OupuHun 600U «I'a3apHU TO3aJalIHMHI 3aMOHABHIA
ycay0iaapu, cxemMajJlapd Ba MOCIAMAJAPHHHM TAXJIWJI KWIHII Ba YJApHHU
HUCTUK00/11a PHUBONJIAHTUPHIN HYHAJIMUIUIAPHHN AHMKJIAl»aa TaOuuid Ba
OOIIKA Ta3IapHu UKKU (ha3alid «ra3-CyIOKINK» TU3UMHIA KOMIUIEKC TO3aJIalIHUHT
3aMOHaBU{ YCYJUIapHU, CXEMAJIapU Ba KypWIMAIAPH TaXJIWIN KEITUPUITAH.

TaOumii razHu TO3aMall TEXHOJOTHK KapaCHIApUHU MILIA0 YUKMILIA Xajl
ATWIAIMTaH MyXMM MacajajapiaH Oupu MoJJa aJMallMHUII Ba cenapalusiail
YCKYHAJJApUHUHT ONTUMAaJl KOHCTPYKLIMSUIAPH Ba yI4YaMJIapUHU TaHJAIl SKaHJIUTU
Kailn stwirad. by ¥3 HaBOaTuaa sxapaéHIapHUHT TEKAMKOPJIUTUHU, KUX03JIApHU
dgcall  y4yH capdiaHagurad KanuTanl (KOHCTPYKUMOH Marepuaiap) Ba
sKcITyatanust (kapa€HHUHT SHeprus capdu, TabMUpIAIl HIUIAPU  XAXKMU)
XapaxaTiapd MUKJIOPUHUHT KaMaWTUpWIMIIMHU Oenrmna® Oepaau. Yoy
MAaCaJIaHUHT €YUMH, IOKOpPH CcaMapajii KOHTaKT MOCJIAMAJIApUHU  SPATHIIL,
TUAPOJVHAMUK KaTTATUKIAPUHU TAAKUK OTHII Ba «Ta3-CyIOKIHK» TU3UMHUJA
UIUIOBYM KUX03JIAPHU ONTUMAI JIOMUXATAIIHUHT UIIOHWIA XUCo0JIal ycnyonapu
Owian 6eBocuTa OOFJIaHTaH.

Anabuii ManOaanapia KENTUPWITaH MablIymMOTIap TaxXJIWIW IIyHHU
KypcaTaiuky, TaOWWU{ Ta3HU To3ajJall >Kapa€HIapUHU TYpPOYJIEHTIUK XOCHII
KWIYBYA KypuiaMajap - Mapka3gaH KouMa TypJard YHOpMaloB4Hd, OKOpPHU
caMapajiy MOJJa aJMallMHUII Tapeikajlapd, CYIOKIUK FONKA KATIAMUHU XOCHJI
KWJIYyBYM MocJiamMajiap Ba OomikaiapjaaH ¢oinananub xagaljaliTUPUII Ba 11y
acocna He(dTb-ra3 caHoaTH KOpPXOHallapu Y4YyH HucOaTaH KaM MeTasl
capbiaHaguran camapanu yCKyHamnap sIpaTUIL WyHaIMuIapuaa
doitnananuamMaral TEXHUK UMKOHUSTIIAP MaBXKY/.

Ymby xonatiap acocuna UIMUN TaAKUKOT Basudaaapy MaKIaHTUPUIITaH.

JuccepTauussHUHT UKKUHYM 000M «['aznapum To3ajamjga ukku ¢azann
ra3-CyloKJIUK OKHMJIADUHUHI THAPOAUHAMMK XapPaKTePUCTHKAJAPU» TaOUUI
ra3Hl KOMIUIEKC TO3ajall TEXHOJIOTHK apaéHjapura TETUILIH, CYIOKJIMK Ba ra3
aucnepc  (azanu  TU3MMIIApAA WMKKM  daszald  Ta3-CYIOKIMK  OKUMIIapu
TUAPOJAMHAMUKACUHUHT  WIMHH-Ha3apuil  acocliapyHu  uOuiad  YUKHINTa
OaruIlIaHTaH.

Jucniepc ra3-CyroKJIMK OKMMHUAA CYIOKIMK TOMYHMCH TalllyBUd ra3 MyXUTHIA
Myainak xojataa OVmanu. CylOKIMK 3appadyajapuHu ra3 TapkuOujga oyud
KeTUJIUII Japakacu, yJapHUHT Yyiyamiapd Ba OKUMHUHI TE3JUTHIAaH Kenuo
yuKuO, Typauda Oymanu. ['a3 okumuma XapakariaHa€TraH CYIOKIUK TOMYWIApU
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KaTTaJUKIApU - HUCOUM TE3NMUK, Ta3 MyxuTuaa O0ocub yTraH iyn, kapa€HHUHT
acocuil OMMJIM — cenapanusijall caMapalopiIuruHu Oenruaanim.

VKimu yiopMa XOCHI KMIMII MOCIAMAIH CENapaTOPHUHT SPKHH KECHM 03aCH
Oyiinad TOMYMHMHI XapakKaTJaHWUII TPAeKTOPUSICMHU XUCOOJall Y4YyH WUILIA0
YUKWITaH >KapaéHHUHT MaTEeMaTUK MOJEIM Ba XUCOOJall allfOPUTMHU TypJinya
yiyamiapaard TOMUYMJIApHU XapaKaTJIaHWI WYIM Ba yJIapHU anmnapariga Oyiuiin
BaKTHMHHU AaHUKJAIl WMMKOHMHM Oepamu. By sca ¥3 HaBOaTmma cemapaumsuiaiin
30HaJapuJilaH TOMYMHU YUKUO KETUIIWHU OJJMHU OJYBYM CU(AT KUXATIAH SHIU
KOHCTPYKTHB JJIEMEHTJIAPHU MAKCAJIU JIOUUXAJIAIl UMKOHUSAT sipaTay.

Oxopu napaxana TypOyau3alUsIaHraH «ra3 CYOKINKIa» TU3UMIIApU MoJda
aJIMalllMHUII YCKYHAJIAPUHUHT TapesKajlapyuaa XOCWI KWIMHUIIM Ky3aTwiras. I'as-
CYIOKJIMK THU3UMJIapu (a3aJlapuHUHT KOHTAaKT ro3ajapu (azaBuil sueiikanap
yiuamiapu Ba ra3 CUFMUMU OwiaH aHMKiIaHagu. bapOoTax KaTIaMUHUHT XaXMU
Kyiugaru udojiajaH aHuKJIaHAIU:

V. =HE, (1)

2
OyHna H — kaTiiam OaiaHiuru, M; F, — KaTJIaMHUHT KECUM F03acH, M”.

YCKyHaHMHT WHTEHCHUB HII PEXUMIIAPHIAa OKAMIArW MyajUlaKk TOMYHIIAp
MUKJIOpPH JKapaCHHUHT TEXHOJIOTMK KYpCAaTKHYJIapW — ra3 TE3JIMTH Ba CYHOKIHK
okuMH capdura 0oriuK OYnaau. YcKyHaaaru CyrOKIMKHUHT MUKIOPHU, arap y ras
Ba CYIOKJIMKHHHT Te3JIUKIapH ypracunaru Gapk xucodwra TymiiaHMaca, Kydiuaarua
udonaa 6yiinya TonuIaau:

Gx = VanprB’ (2)
Oynna V,, — yCKyHa Xaxmu, M3; pr — a3 3U4JINTH, KF/M3; B —CyloKJIMKHUHT HUCOMI

3
capdu, KI' CYIOKIUK/KT Ta3; Py - CYFOKJIUK 3UWINTH, KI/M .

Arap CYIOKINK OKUMHHHHT capdu L (M>/M°c) Gyiica, y X0la BakT OUpIHTH
Wyuja YCKyHa OpKaJd VYTraH CYIOKIUK MUKIOPH ¢, (Kr/c) Kyhumaruua
aHUKJIaHAIH:

Qe =L F - Py (3)

Myaiisn U, (M/c) Te3nMkaa Ta3 MUKIOPM ¢r (Kr/c) Kylimparuda
udoranananu:

qr :Uchcpr’ (4)

CyroKJIMKHUHT Oupiuk capPu Kyiinaaru ndoaa 6yiinya TOMUIAIITNT MyMKHUH:

L
p=9x _ “Px (5)
qr UCp pr
YCKYHaIIaFI/I CYIOKJIMKHUHT YMYMI/Iﬁ XaXKMHAU KYﬁHHaFHHH TAIKWJI KWJIadn:
G LF.H
Vi == oe (6)
p)l( UCp

12



K

Ug

P

Cuprnanui k03 OUITUEHTHHY | = BTHOOpTA OJICAK,

LF.H
Vie =— (7)
XK .

iUg,

Tenrnama (7) gan ¢Qoiigananund, CYHOKIMK Ta3 CUFUMHUHU >Kapa€HHUHT
TEXHOJIOTHK KaTTAJUKIAPH OpKaiu ndomaanaimMus:

VeV |V L

=1--2X=1-

V. V. iUg,

()

@

Arap ra3-CyloKJIUK KaTjlaMura KenuO TymaéTran CYIOKJIUKHUHT Oup KUCMU
OapOoTaxk xonaTuaa Oyica, y Xoiaa TU3UMAArd TOMUYWJIAp MUKIOPH 7y, YJIapHU
ra3 TapKuja YMKAO KETUIIMHUHT HUCOMU KYpCAaTKMYMHU e 3bTHOOpra osmo,
Kyiugaru udoa 6yitnua aHuKJ1aHAuU:

o LeF.H
“ T AU dy ©)

OyHIa A — TOMUYMHUHT IakI Ko3pPuuuenTu; dy — TOMUU JUaAMETPH, M.

Haszapuii  Tagkukomiap  HaTWXKacuaa  KOJOHHAIM  YCKYHAJIAPHUHT
TapeKagapua XOCHJI KMJIMHAAUIaH )KaJajlaliTUpUIrad 0apooTax pexxumiiapuia
Ba aucrepc ras (asanu tuzumiapaa ¢aszaBuil suelkagap COHM Ba MKKU (azann
KATJIAMHUHT T'a3 CUFUMH YpTacuaaru OOFIUKINTY aHUKJIaHTaH.

VYckyHaHUHT Ta3 OViinda Uil YHYMIOPJIUTHUHHU 06axoiail y4yH Te3NUKHUHT F-
OMWJIMJAH (poWganaHuIl TaBCUS ATWITaH. YOy KaTTaJuK KOJOHHAHUHT TYJIHK
KeCHM lo3acu OyiMuya Ta3HUHT XaKUKUW Te3nuruHu U (M/C) YHUHT XaKUKUN
SUWTHTHHUAT p (KI/M’) KBaApAaT HIU3 OCTHAATH KHAMATH KyNaiiTMACHTa TCHT:

F=U.p. (10)

[Ma3-CylokiauK apajalmMajiapuHd — aXpaTUIl KypwiMaliapu (cemapartop,
JlerazaTop) Ba KOJIOHHAJIM MOJIJa aJMalluHUII yCKyHanapu (abcopoep, necopoep)
HUHI KOHTakKT Mocjamajapyd WIIWHWUHT WHTCHCUBJIUTHUHU Oaxoyaml y4yH
Te3mMKHUHT  F - omwmimnan  doigananum  gabopaTopus — TaAKUKOTIIApH
HaTWKaJapuHU CaHoaT/a 0€BOCHUTA KYJUIAIl UMKOHUSTUHHM sIpaTaIy.

Nmauar yunHun 606u «Ta0uumii rasHu To3ajam Y4YyH ra3-CyHKJIUK
cenapamuscd MoOCJaMAJapUHU SIpaTUI» TaOUMM ra3HU Taléprain Ba To3ajall
KypuiMajgapyd y4yH Ta3-CYIOKJIUK CeMapanuscd YCKyHaJapuHU SpaTHINra
OaruIIJIaHTaH.

Cenaparusiiani ,Kux0o3J1apyu UITUHUHT caMapaJopiaury KV )KUXataaH Tabunit
ra3Hu OupjaMuu Tai€piail Ba YHH HOPJIOH KOMIIOHEHTJIAp/laH To3aJIall yCKyHacu
KUXO03J1apy WIIUHUHT WIIOHWIMTHHYU, Xamja YJIapHUHT OKCIUTyaTallMOH Ba
SHEPTeTHK XapakaTiapyu XaKMUHHU OeJITUIanIu.
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CyloKIuK  TOMYWJAPUHU  IUWJIMHIAPUK  03ara  YYKTUPHUII  >KapaéHH
caMapaJiopJIurura TabCup KypcaTyBYd OMUJUIAPHUHT Ha3apuil TaxXJWJIUra acocaH,
TallyBYd MYXUT Ba CYIOKJIUK TOMYWIAPUHUHT (U3MK KaTTaIMKIApU Y3rapMmac
OynraH xoJjaTiapjaa, TYKHAIIWII Ba axpanuil ko3 UIMEHTIapU TallyBYHM ra3
OKMMMHUHT TE€3JIUTUTa OOFIUK OVIIUIIYN aHUKJIAHIH.

Tomunnapau cenapanusianm xapa€Hu camMapaJopiurura THAPOJUHAMUK,
T€OMETPUK Ba IKCIUTYaTAIIMOH KATTAIMKIAPHUHT TAhCUPUHU aHUKJIAI MaKCaIn/a,
nabopartopusi IIApOUTHIA TAAKUKOTIAp YTKA3Wigu. DByHUHr ydyH mapamien
OKMMJIapjia XapakaTiaHUETraH ¢aszajapHU apajaliTUPYBUYM Kamepasjap Ba YKui
yIOpMaJIOBYM OWJIaH TabMHUHJIAHTAH WYKU CerapaTop/iaH uoopar KypujiMa HIniad
gyukwiayn. CemapaTopia TalIKW STUITaH TaxpuOaniap yOpMajJoBYdM Mocjama
OWIaH Ba YHUHT HIITUPOKUCU3 YTKAZHIIJIH.

Cenapatopgan 4uKa€TraH XaBO TapKHOWAArM TOMYMJIADHUHT KOJIJUK
MUKIOPUHM  aHUKJIAIl y4yH AaHaJUTUK Tapo3uja TOPTUII  yCIyOuIaH
dorinananunan. CyB TOMYMIIADUHM CEMAPATOPHUHT XKMH OyiWuYa TapKaaull
MaiJIOHWHH aHUKJIAIIIa Maxcyc ac000 uuuiaTwian. ACOOOHUHT UILTAI MOXUSITH
CyBIa JJIEKTp YTKAa3yBUAHJIMK MAaBXYJIUTH Ba YHH XaBO OVIUIMFUIIA MaBXY]
AMaciurura acocjianrad. Maskyp ac6o0 cemapaTopHUHT KECMM 103acu  Ba
OamanMru Oyinda xapakaTJIaHUII UMKOHUSTUTA 3Ta OYJraH JaTYUKKA YIaHIH.

CyIOKJIUKHUHT Ta3 CAFUMUHM aHUKJIAIl OYiinda TaaKuKOTIap CernapaTOpHUHT
KECUM o3acujia ra3 Te3luru 2-+3 m/c, ssbHU Te3nuk ommwim F=2,3+3,2 Gynranna,
cernapaTtop OalaHJIUTH OYiinya TypJid Kecumiiapa YTKa3ujau.

250
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< ——Tarprba
= —ll—Taxprba
& —ir— 0,5 mm
:|:

5] 1,0 nana
=
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j =2 —
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]
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Uabc, mr
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Conuwtupma oKum capdum L, kr/m3
Cenapatop pagnycum, R, mmm
2-pacm. Tomun YUKHO KeTHIIH a0COTIOT
1-pacm. CyloKJIMK TOMYWJIAPMHH  ra3 KYPCATKHYMHA  CYIOKJIHK OKMMHHHHL

CelapaTOPUHUHI KeCUM " Viina
patop ¢ ‘033“3% 0y a COTMIITUPMA cappura GOFJIMKIUTH
TakcuMJIaHumu, 0ynaa L=0,64 kr/m”, F=2,8

Cyokmik 6yiinya foxnama 0,24+1,04 kr/M° opanuFuma y3rapTHPUIIH.
["a3HUHT TOMYU CUFUMHMHM aHHUKJIAIl Oopacu/ia OJIMHTaH HaTW)XKajlap acocHjia ras-
CYIOKJIMK OKUMHUHHU CENapaTOpPHUHI MYailsiH KecuM ro3ajapu Oyinad TapKaauil
XapaKTepu Xakuja Xyjaoca KWW MyMKUH (1- pacm).

CenapaTOpHUHT 3pKUH F03acUa ra3-CyHOKJINK OKUMUHHMHI TE3JIMK OMHWJIMHU
F=2,8+3,2 d4erapamapujga opTumu OWlaH YHUHI Oapya KecuM lo3alapuja,
yropMmasioBuu Mociamanan 180+220 MM macodanapaa, ToMmumiiap MaBxya OViIuiig
Kyzatuinau. Cyrokiauk Oyilmda anmapar OKJIaMacMHMHT OPTHUINM OWJIaH Ta3HUHT
y3rapmac Te3NMKIapua TOMUUIAPHUHT aCOCUN KUCMMHM YYKTUPUII OajaHIJIUTU
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ytopManoBuu Mociamaan 60+30 mm O6ynran Mmacodarava kamasau. bynaan kenud
YUKAJUKHA, Ta3 TE3MUTMHUHT OPTUIIM OWJaH cenapaTtopAaH YUKUO KeTaJauraH
TOMYMJIAD MHUKAOPH OpTagu. YOy XOJaTHUHT OJJIMHM OJUII MaKcaauja
cenapanus 30HACHUHMHT OallaH/UIMTUHU OLIMpHUIN €KUM Maijga TOMYWJIAPHUHT
XapakaTlaHull MWyaura KymuMya TOMYHM KaWTaprUwiapHU YpHATUII —Tasiad
ATUIA/HN.

Nmuta® 4uMkuiaraH MareMaThK MOJEeN, TallyBUM Ta3HUHT cemnapaTropliaru
yIOpMaBUW OKMM MaiJloHuJa OeNrujaHraH yiayaMJard TOMYHM TPACKTOPUSICHHU -
TaJKUK OSTUWITaH TEOMETPUK VYiuamiap HucOaTiapu dYerapaiapujaa xucoOnail
MMKOHUHU Oepau. Mojenaa KenTHUpUiraH TeHIJlaMajap BOCHTAacHAa amaira
OLIMPWJITaH XucoOJam HaTWXalapu 1-pacmaa ¥3 udogacuHu TONTaH Ba yJIAPHUHT
TYFPUINIY TaXprOa MabIyMOTIapy OWiIaH TacAUKIAH/IH.

I'paduxnapnan kypunaguku, nuamerpu 0,5+3,0 MM Oynran Oapua TomMuuiIap
TPAEKTOPHsIIApH Ccemaparop AeBopiapuiaa skyHiaanaau. 0,5+0,3 MM ymdamaarn
TOMYMJIAp cenapaTop OalaHUIMTMHUHT IOKOpU OYIUIIMHM Tanad »Taau. YiyaMu
~0,3 MM Ba yHJIaH KMYMK TOMYMWJIAp cenapaTop JAeBopura erud OGopMaciukiapu
cababnu, YHUHT OallaHJUIMTU €Tapiid Japaxkaja OKopu Oyica xam, ra3 OKUMHU
TapKkuOuaa cenaparop/ian Yukub KeTau.

TaxpubaBuii  Ba  Hazapud  TaAKUKOTJIAp  HATWXKaJlapura  acocaH
cenapaTropiIapHUHT MIAKIM Ba KOHCTPYKUHUSJIAPUHU TaKOMWJUIAIITUPHIL, TOMYHU
KaTapuil MociaMajapuHu camapaiy KOWJIAIITUPUIL, ITYHUHTAEK TYKHAIIWII Ba
axkpatuil Ko3pULIUeHTIapy KuHMaTIapUHU OUIUPUIL UMKOHUSATH 103ara KeJau.

TaOumii razHu TOMYHMAAH ToO3ajlalll y4YyH Ta3japHU Ccenapanusainl Ba
CYIOKJIMK THKMHUHHU ynuiad KOJIMII pexuMiIapua caMmapaid HWIUIaiInura,
MIAPCUMOH IHAKJIJArd SHCM  OupJlaMyd  CemapaTop KOHCTPYKLMSICH UILIA0
YUKWIAM. TaBcusl ATWIITaH CenapaTOPHUHT ra3-CyB apaslalliMaCUHU KaOyJl KWJIMII
KaMepacH, KUPUTWIQJWraH CYIOKJIMKHU 3apOanapcu3 KalOyl KWIHII Ba TYKUO
OJIMII XamJa Ta3HUHI JUHAMUK XapakaTUHU TalIKWJ STHUII XUCOOWra Ta3HU
CYIOKJIMKJIaH caMapaiy aXKpaTWIMIIMHU TabMUHIaWnu. byHpaH tamikapu, sHTH
CenapaTopHUHr chepuK MAKIW Ty(}ailsii YHUHT J€BOP KAJMHJIUTH Ba Maccacw,
aHbaHaBUM IWIMHAPUK KOpITyciapra Hucbaran 2 maporadara KaMasiu.

Tabuwnii ra3uu yyKyp TO3ajall y4yH cernaparop spaTUIl MaKcaauaa JuaMeTpu
D= 500 mmM, Ganangmuru H.= 680 MM Ba MYKU HUJIUHJIPUK KUCTHUpMaIap OWUJIaH
KUXO3JIaHTaH cenapaTtopia TaAKUKoTiaap YTkazwiau. Taxpubanap QazamapHUHT
napajuiesl XapakaTujia, ra3 Te3nuru 2+3 m/c Ba cyBHHHT oupiuk capdu 0,24+1,04
KI/M> GYNraH IIapoWTiapAa TAUIKHI STWIAH. HaTikama yiopManoB4M yCTHra
UWIMHAPUK KUCTUPMAJAPHU KOMTAIITUPUILIHUHT ONTUMAJ T€OMETPUK Yadamiiapu
- IMaMeTpu Ba OaNaHIJTUTH aHUKJIAH]IH.

Hunuaapuk KuctupMmaiap OuWjlaH TabMHHJIAHTAH Ta3 CenapaTOPUHHUHT
ONTHUMAJI TEOMETPUK YIIUaMIAPUHUHT HUCOATIIApU YUYH, Te3NUKHUHT F— oMunmuu
TypAu KuWMaTiapuia TOMYMJIAPHU aOCONIOT YMKUO KETUIl KYpCaTKUYMHU
CYBHUHI  coJMIITUpMa capdura  OOFIUKIUTH  2-pacMjia  KEJITUPUITaH.
CenapaTopjian 4yMKa€TraH XaBOJark TOMYM YMKUIIMHU MaKcUMal KUWMAaTh W
KATTAIMKIAPHHUHT SHT IOKOPH KHMaTIapura Moc Kemaad, xamaa 40 mr/m’ 1aH
omMaiiau. Takkocnam yuyyH, KACTHUpMacu3 cemnapatopiapia Oy kypcatkuu 120
Mr/m° Oynasnu.
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CemnapaTOpHUHT KECHM l03acuja ra3 TE3JIMTM Ba CYIOKJIUK OUpIUK cappuHu
OpTUIIM OWJIaH YHMHI Kapmwiuruau ycaau. Makcuman tesnuknaa (U=2,85 m/c)
THJIPABIMK KapIIMJIUKHUHT JHT KaTTa KUWMAaTH KUCTHPMAcH3 CemapaTop Y4yH
AP= 610 Ila, kuctupmanu cenaparop yuyH - AP = 660 Ila ra Tenr 6ynau.

Kuctupmanu cenapatopiap ydyH TOMYWIApHU aOCONIOT YUKHO KETHUII
kypcatkudnHd  Uyge (MI/M) HII KATTAIHKIAPHTa OOFIHKIMICH, TOMYHIAPHH
cenmapanusuiaiml - 0opacuaa YTKazuiaradl TaxpuOanap HaTWXKATAPUHU TaXJIWIU
OpKaJ¥ OJIMHTaH KyWHJIaru SMIIMPHUK TeHIJIaMa OWIaH TaBcU(a MyMKUH:

Uwse = 7,61 U1’536L0,75(E)0,768, an

. 3

oyuna U - ra3 te3muru, M/c; L - cyBHUHr HuUCOM# capdu, Kr/m”; py, p; - MOC
3

paBHUIIIIa, TA3HUHT HOPMAJI Ba MIII XOJIAT/Iard 3UWINKIApU, KI/M".

Kuctupmanu cenapaToOpHUHT aXpaTUII UMKOHUSTH YerapajlapuHu YpraHuiin
y9yH CyB OKMMH capGUHHHT Knduk Kuiimatiapu (0,05+0,20 xr/m’) na
TaIKUKOTIAp YTKa3wiau. byHna ToOMYWIapHU YUKHO KETHII KYpCaTKMYUMHHUHT
a0CoOIOT KUIMaTUHU KUCTUPMAJIA CeNapaTopiard OKUM Te3JIUTrura OOFIUKIUTUHU
n(hoaanoBYu SMIUPUK TEHTIIaMa KyHHJaru KypUHHUIITa 3ra 0yiau:

Ua6c — 24,06U10’097L0’69(J'§)0’049. (12)
o

Taxxpuba MabIyMOTIApUHU TaxXJIWJI KUJIWLI HATUXKajJaph CernapaTOPHUHT
TaBCHUSl ATWITAaH KOHCTPYKUMSCH HII KATTAIUKIAPUHUHT KEHI OPAJIUFUIA IOKOpH
camapaJIopJIMK OWJIaH UIUIAIl KOOMIHSTHHYU KYpCcaTau.

Tabumii ra3Hu 4YyKyp TO3a]all cemapaTopjapyd Ba MOJJAa aJMAallUHUII
KOJOHHAJApUHT  WYKM  CEeNapaTOPUHUHI  KOHTAaKT  JJIEeMEHTH  cudaruna
KyJUIaHWIaJAUTaH YIOpMald MapKa3JaH Kouma TypAard cenapanuoH 3JIEMEHTHU
TaJKUK STUIIHUHT HaTWwxainapu kentupuwirad. KyBypuacununr auamerpu 100 M,
Kypak4daJIJapHUHT Kapulgara wyHantupum Oypuarm 70 -75° Ba ynmapHH ¥3apo
énum  Oypuarm 6-10° Oynran yHOPMaJIOBYMHUHT SHTM KOHCTPYKIUSCHIA
cenaparus xapa€Hu SHI caMmapaiu Keuuinu aHukianrad. Cemapatop atMmocdepa
6ocumu octuga razHuHr Tesnurd Ur=1,3+3,2 m/c, yHra MOC KEIyBYM TE3JIUK
ommwmn F = 6,6+17,2 Ba cytoxiuk O6yiinua rokinama Kuiimatu 0,4 /M rada oynran
yerapajapia camapanu unuiaiau. KartanukinapHUHT KypcaTWiIran KuiMariapuaa
cenapatop, yHIaH YUKa&TraH ra3 Tapkuouaa ToM4Ymwiap KOHUEHTpauscuuu 7+11
MI/M” opanuruja OYIUIIMHA TabMUHIANRIN.

CemapatopiaH 4MKASTraH TrasHUHr ToMud yumianm Ko(Mr/m) Kyitmarn
SMIUPUK hopmyia OYiinya aHUKIAHUIITN MYMKHUH:

K>=10,56 + exp[3,023 + 0,191 F + (-1,409) H,], (13)
oyuna H;=H/D.- cemapatopHUHr HHCOWI Oananmnuru, H - cemapaTrOpHUHT
yMYMHUM OanaHJIUTH, M.

a3 okumuaa 4MKuO KeTa€TraH TOMYWJIAPHUHT MEJIHWaH JHAMeTpu ds
(MKM), Kyiiuaaru sMnupuk Gopmyna 6yiinua aHUKIJIaHA U
dsp =1,36 + exp[1,626 + (- 0,013) F+ (- 0,127) H,] . (14)
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Typrunun 06006 «Tabdumii razHu To3ajall KYypWJIMACHAArd KOJOHHA
MIAKIMIATH YCKYHAJTAPUHUHT MOJIA AJMAIIMHHUII TapejaKaJapuHu TAAKHK
KWINII»Aa TaOWWii Ta3HU To3ajall KypHWIMAJTApUHUHT MOJIJa aTMaIlHnHUI
anmapatiapu — abcopOep Ba jgecopbep yuyH, SpkuH KecuM rozacu 20% Ba
TEHIMKJIAPH AUAMETPU do=9,4 MM OYIraH HMKKH KOHTAaKT 30HAIU AIaKCUMOH
TapeNKaHWHT THUAPOAWMHAMHK KATTAJIMKIAPUHU TAAKUK OTUII HaTOKalapu
KenTupuirad. TaBcus dTHIAETraH Macca ajJMalldHUII TapelKacu ra3 Ba CYHOKIHK
Oyiinva WINYM [OKJIamanap VY3TapuIIMHWHT KEHT dYerapajiapd, NacT THAPABIHK
KapIIMJINTH Ba MOJIa aJIMAIIMHUII XapaKTepucTUKanapu Oyiinda HucOaTtaH yCTYH
KypcaTkuwiapu OwiaH ¢apkiaHaau. YmoOy KYpUHUIIJArKd Tapeskajap Te3JIHK
omunuHUHT F=2+3 KuiimMaTiapuaa xam camapaid HIUIald MYMKWAH. XO3HpPrH
KyH/Ja Ta3HH KaiTa WILIAl KOopXoHajapuiaa Tapenkamap F < 1 kuilmarmapna
UIUIATHIAIINHA alOXUAa TaAbKUIa0 YTaMus.

KOHCTpYKTHB XKHXaTAaH Tapelika MapKa3ui KyWHIWII Mociaamacu OynraH
AIIAKCUMOH acocaup. Tapenkanu unmiamm MoOaHUAA aMUH 3PUTMACH FOKOPHIaH
nmacTra TOMOH XapakaTiaHaau. by maiTna ra3HUHT KHHETUK SHEPTUsCH TabCHPHU
OCTHJa Tapejka TeluKiIapuaa OapOoTaxk XoJjaTH ro3ara Kenaau. OpuTMma
KyBypUaJlaplaH OKHO TYIIWII MalTHAAa «CYIOKIHK MapAacw» XOCHI Oyianu Ba
CYIOKJIUKHM Ta3 OwWjaH KymmMya Tap3fa TYKHAIITHPUIN WMKOHHSTH TIaiIo
O6ynanu. Kylinnuin crakaHd waura YpHATHIITaH KYTTUK CYHANPTHY Ta3HU YUKAPHUII
Ba M1y TapHKa KyHHJIUII MOCIaMaJIApHHUHAT YTKA3UII KOOWIHSITHHA OMIUPHUII YIYH
XU3MAT KUJIAJIH.

Taxpubanap KaTTaTUKIAPHUHT KyHHIard derapajapujaa YTKa3WIIn:
KOJIOHHAHUHT SPKUH KeCUM to3acuja ra3 te3nuru 0,8+2,5 m/c, 6y F-ommi 1,0 + 2,9
opaliiKJaa Yy3rapuiliura Moc Kelajad; CyB OKUMUHMHT capdu 20+75 M/M°-coar
yerapajnapaa Oomkapuian, Oy 3ca KyHIIHII MOCIaMacH TEpUMETpHUra TYFpU
KeJTaJUraH IoKIaMann 5,1-19,1 M°/M -coat opauFiaa Y3rapyiura Moc TyIIaI.

TaakukoTiap moOaiiHuaa 6apboTaxxk KaTiaaM OalaHIIUTH OYilmya OKUMHUHT
ra3 CHFUMH, TOMYWIAPDHHWHT YUKAO KETHINHW, Ta3 Ba CYIOKIUK OYyinua W
IOKJIAMAJIApHUHT Y3Tapuill Yyerapajapua TapelKaHWHT THAPABIUK KapIIWIATH Ba
YHUHT TYPFYH HIUIAII COXACH aHUKJIAH/IH.

Mucon Tapukacuga 3-pacmiaa, TE3NUKHUHT  F-oMWiIMHHM — Typiauda
KAAMaTIapuaa OKMM Ta3 CHFUMUHUHT Yy3rapumu kentupuirad. |'paduknapnan
CyB OKMMH Cap(QUHUHT TIAaCT KUWMaTIapuaa YHUHT Ta3 CUFUMHHUHT YCHIITU
KYypuHUO TypuOau. ByHaa ra3HUHT KHHETUK SHEPTHUSICH CYIOKJIWKHHUHT TTOTEHITHAI
SHEPruscUial ycTyH 0ynub, yuunr kuimatu 0,7+0,8 atpoduna 6ynaau.

OkuM ra3 CUFMMUHU HWII KaTTajdukiapra OOFIHKIUTHHU HU(HOAATOBUH
Hatwkanap 20% SpKUH 103aJIM TapeJKaHUHT uill Koowtsitu F= 2,84 raya eTtumunu
Kypcaraau.

Xap 6up pexxumaa 6ocumiiap papku cyB Ounan Tynaupuiarad U-mmakiaugara
muddepeHnral MaHOMETpP BOCHUTacHAa Yia4aHAW. TapelKacHHUHT OHpIHK
103aCHJIaTH CYIOKJIUKHUHT X2XMHUH capdu OpTUIIN OWIIaH THAPABIMK KapPIIMIHKHA
Ce3WJIapiM Japaxana ycuimm 4-pacMia Ky3aTwiadu. ['a3 TE3MUruHu OPTUIIM dca
TaJAKUK dTHIAETIaH KATTATMKHUHT KECKUH YCHUIINTa OJTUO KeIIMACIUTH aHUKIaH IH.
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3-pacm. T'a3 CcHFUMHHM Ta3-CyIOKJIUK 4-pacMm. 'mapaBiauk Kapmmiauk AP Hu
KATJIAMHUHUHT OaJIaHI-JIUTUra Fa3HUHT Te3JUMK OMUWIH F HUHT Typ/u
3,2 .
oorsmkauru, L=30 m”/M"-coar KMHMAT/IapUJa CYIOKJIHNK capura
OOFJIMKJIMTH

«XaBo-CyB» TH3MMHJAa TOMYM YUKHO KETHIIMHU Taxpuba Wynu OusaH
aHUKJIAIl y4yH 2 JOHAa WMKKM KOHTaKT [03aji DJIAKCUMOH Tapelskanap OujiaH
TabMHUHJIaHTaH, pguamerpu 300 MM OynaraH KOJOHHaAaH  (oimalaHIIIIu.
TapenkanapHUHI aCOCHMl TEXHUK KypcaTKA4WIapu: SpKUH KECHM FO3aCUHUHT
y3rapum uerapacu F,=10-20%, kaiuamuru - 6 MM, Tapeinkajaru TELIUKIAp
nuameTpu — 9,4 MM Ba Tapenkanap opacuaara Mmacoda - 500 mm.

KojOHHaHMHT IOKOpM KUCMHUJAH YUKHO KeTa€TraH TOMYWIAPHU YIILIa0
KOJMII YYyH XaBOHUHI YMKHII WYIWra ypHATWITaH HUKIOHAaH (odganaHuiau.
ToMuunapau 4MKUO KETUIIH, Ta3 TapKUOKUAa OJUO KETUITaH CYIOKIMK MUKIOPUHU
yHra OepwiaéTraH yMyMHH CYIOKJIMK MUKIOpUra HucOatu (KIr/Kr) opKaiu
nudomananu.

CyloKIUK OKUMHU cap@UHUHT Typiau Kuiimatiapuaa kecuMm tozacu 20%
Oynran TapenkaJaH TOMYWIAPHM YUKHO KETUIIMHUHT HUCOMM KYpcaTKudyu
TE3MMKHUHT F omMuiinra GOFIMKIUTH S-pacMmia TacBUpJIaHraH. Tapeska ro3acuaaru
CYIOKJIMK KaTJaMUHU KYTapUJIUIIN Ba Tapeyika CyB OWUJiaH Te3/1a TUKUINO KOJUIIU
cababiu CYIOKJIUK OKUMHU Cap(OUHUHT OPTUINU OWJIaH TOMYU YUKUO KETHUITUHUHT
HUCOMII KWiMaTH Ba TA3HMHT UETApaBMil TE3NIMIM KaMasad. Y TKa3HITaH
Taxxpubanap/ia ra3HUHT YerapaBuil Te3nuru 2,4+2,6 M/c HU TalIKWI 3TIU.

Taxxpuba HaTWXKATApUHU TaXJIWIM HATUXKACUAA CYIOKJIMK TOMYMIAPUHU
YUKUO KETUIIMHUHT HUCOMM  KYpCaTKHUYMHU KapaCHHUHT  TEXHOJIOTUK
KAaTTaJUKIApU Ba TapelKaHUHI S3PKUH lo3acura OOFIMKIUTUHM UGOAAIOBYN
KyHuJaru SMIUPUK TEHIJIaMa OJUHAM:

(15)

e=0,75*10"U L F >,

Y6y tenrnama (15) H;=500+-600 mm, F;=10-20 %, L= 20 <75 M /M2 coat
Ba U=0,8-2,5 m/c 6ynrania XakuKAuiup.
a3 Ba cyrokiauk Oyiinya Typiudya IOKJIamayiapia KOJOHHAHHWHT CaMapaid
UIUTall UMKOHUSATHHU OaxoJjall y49yH OJaT[a YHHHI TYpFYH HWIIUTIAIl COXAaCHJIaH
doinananmiaan. Ym0y coxa yerapajapyd acoCcaH KOHTAKTJIIOBYM MOCITAMAaHHHT
TypHY Ba KOHCTPYKLMsICUTAa OOFTUK OYaau.
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KETHIIH €, HU Te3JIUK OMUJIUra F 0OFJIMKIUTH

Karra xaxkmparu Taxpuba HaTWKaJapUHU YMYMJIAIITUPUIN WY OuiaH
aHWKJIaHTaH, TAJKUK STWITaH TapeJIKaHUHT TYPFYH HIUIAIl coXacu 6- pacMmia
kypcatuwirad. I'padpuk «F-te3nmuk ommnu — L-CylOKIMK OKUMHUHUHT capduy»
KOOpAWHaTaIapuaa KypHuiraH.

Konmonnanaru ra3 te3nuru F- OMWJIMHUHT YerapaBuil MakcuMal KUMMaTh
(BC 4yn3uK) 4uKUO KeTa€TraH CYyIOKJIUK TOMYHIIApU MUKIOPH OpKaIu aHUKJIaHAIH.
AD uumurum 10% MuUKIOpAaru CYIOKIUKHH Tapelika TEIIMKIapuaaH TYKUINO
KeTHIIIM XOJIaTUTa MOC KEJIyBYM Ta3HUHT YerapaBUi MHHUMAJ TE3JIUTHUHU
Ooenmrunavigu. TypryH wummam coxacu VHT ToMoHjgaH CD  4u3uK OuiaH
yerapajianras; 0y 4u3uK Tapeska TEIIMKIapUHU CYIOKJIUK OWIaH TUKUIUO KOJIUIII
pexuMUHUHT 85% uWra Moc KelyBUM CYIOKJIUK OViWYa FOKJIAMaHUHT MaKCHUMal
yerapanapunu udonanaiau. AB 4u3uru Tapelikaga TYpFyH 0apOoTax KaTiamu
f03ara KEJIUIIUHU TAabMHUHJIOBYM IOKJIAMaHMHT CYIOKJIUK Oyinda MUHUMAI
KuiimMaTiaapuHu Oenruiaiau. Ym0y COXaHMHI WYMa >KOWJIAINraH xap KaHjal
HYKTaHUHT TETHIUIM KOOpAMHATajIapura MOC KeJIyBYM Ta3 Ba CYHOKIMK Oyinua
IOKJIaMa armapaTHUHT TYPFYH UIJIAITUHA TabMUHIANIH.

I'paduknan kypunanuku, 20% DSpKUH KeCHUM [o3acura iJra Oyirax
TapeIKaHUHT Ul KYpcaTKUUIapu KyHujaruya: ra3HUHT MUHUMAJ U Te31urd 1,2
M/c (Fmin=1,36); razuuar makcuman um te3nmuru 2,5 M/c (Fp.=2,84). [emak,
TapeIKaHUHT Ta3 Oyiinua uira JaéKaTauIuTu CakIaHuO KOJUIIMHN TaAhMUHIIOBUH
FOKJIAMaHUHT Varapum coxacu Fio./Fnin=2,1 Oymagu. Cyrokiauk Oyiinda
IOKJITAaMaHUHT I0OKOPU Yerapacura CYIOKIUK OKUMH capdu 75 M>/M*-coar oynranga
SpUIIIIIaAN;, Oy KYWWJIMII MOCIaMacu MEPUMETPU Y3YHIUTUra TYFpU KeJIyBUYH
19,2 M°/M -COaT IOKIaMaHH udonananu.

Mynai kb, TaAKUKOTIAp HATHXKACKA UXYaM TEXHOJOTHK yCKyHajaapia
KeJaJIuraH MoJiJia ajIMalluHUII - abcopOIus Ba aecopOIus xapaCHIapyuHu IOKOPU
KaJaUIMKIA aMalira OIIMPHUIN YYyH KYJUJIAaHWJIAIUraH TapesIKaHUHT ONTHUMAl
TUAPOJMHAMUK KYpPCAaTKUWIAPU Ba TYPFYH UIIUIAII COXACH aHUKJIAH/IH.
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6- pacm. DpkuH KecuM 103acu 20 % OyIraH KK KOHTAKT K03/ 3JIaKCUMOH
TapeJIKAHUHT TYPFYH HILJIALI COXACH

bemmaun 606 «Tabumii ra3Hu OJTHHTYTYPTAAH TO3aJall KypujiMajaapu
YYYH TYWHMHIaH aMUH JPUTMAJAPUHUHI Jera3aTOPMHHM TAAKUK KHJIMII Ba
SIpAaTHII»1a TYWHHTaH SPUTMAJapHU Jerasauusuiall >Kapa€HUHU TaAKWK ODTHII
HaTWKajJapu KEJNTUPWITaH Ba aMHH IPUTMACH JE€Ta3aTOPUHUHI THAPOJUHAMMK
TaBcuiapu 6epuira.

TyiuHran spuTMallapHu Jerasalysuiall XapaCHUHUHI Ha3apuy acociapura
OuHOaH ra3 mny¢akyaCHMHHM CYIOKJIMK l03acura jJamMuHap Ba TYpOYJEHT KaJKuO
YUKHIL TE€3JIMTUHYU aHUKJIAII Y9YH TEHIJaMaljlap TaBCHsl STUIITaH.

["a3 KOHJIEHCATHHU KalTa MILIalra Taiépiaii, Ta3Hu BOAOPO Cyabduanaan
To3ajaml Ba OOILIKA TYHMHTaH SpUTMaNapHU Tall€piaml caHoaT KypuiMaiapuia
WYKM KOHCTPYKTHUB dJEMEHTIap MaBxXyJ OyiMaraH jerasatopiap KyJUIaHHIIAIW.
bynpaii  yckyHanapaga — SpuTMaHM  JlerazauMsuiaimn - kapaéHu  (akaTruHa
CYIOKJINKHUHT 3pKHUH F03acHa Kedaad. AMMO «ra3-CYIOKIUK» TU3UMHUAArU CYIOK
apajalmMaiapHu Jera3anusiant caMapaJopJIUTUHU OLLIMPHII Y4YH
apaJlalITUPrUWIap, TUIACTUHANAP €KW TaKCMMJIAIl MOCJIaMallapyu KYpPUHUIIUIArU
TypJin4a KOHCTPYKTHUB MOCJIaMaJlap kKaxOH aManueéTuaa KeHI KyJJIaHUIaau.

TyiuHran spuTMaHu JAerazauusuiall >Kapa€HUHU camapaid YTKa3ull y4yH
TaKCUMJIOBYM MoOclamajap spaTull Makcajaujaa, jJabopaTopus IIapouTiapuia,
«XaBO-CYB» TH3UMUZA TaXpUOaBUH TaIKUKOTIAp YTKa3wiau. TaxpuOanap UKKU
pexuMIa YTKa3WiAu. bUpuHUM pexuMIa, KyWWINII CTaKaHWJIArd CyKOKIMKHUHT
KAl STUATaH caTXUAa, SbHU CYIOKJIUKHUHT OepuiiraH OOCHMMHAA, TUPKUIIIHUHT
YTKa3yBUaHIMK KOOWIMATH Ba KyWHJIMII MOCIAMAaCHHUHT OajaHaiuru Oyitnua
apajlalliIMaHu Ta3 CUFUMH aHUKIaHAM. VIKKMHUM pexumaa 3ca CYIOKIMK Oyinya
IOKJIaMa HyJIJaH Tapelika CYIOKJIMK OWJIaH TYIUO KOJMII PEeXUMU ro3ara KelryHdya
Y3rapTUpWIIN Ba THAPABIMK KAPIIUIMK MUKAOPIapH aHUKJIAH]IH.

TankukoTinap anmapaTHUHT SpKUH to3acujaru ra3 tesnuru 0,4+1,2 wm/c,
(F =0,5+1,4) Ba cyloknuk okuMu capdu 20-50 M>/M>-coat OYIran maponTiapaa
yrkazunau. TaxpuOanapia d3pkUH KecuM 1o3acu 6% OyiaraH 3JaKCUMOH
Tapenkanapaan goinananwinu. bynna nuamerpu 4 MM O0ynran 154 Ta temukaaru
razHuHr Te3nuru 720 M/c yerapanapuaa Oyinau.
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7 - pacm. TUpPKUNIIap KeHTJIMTHHUHT TYPJu4a KHIMAaT/Iapuaa CyIOKJIMK caTXH
O0ajaHATUIMHM capdura 00FIMK y3rapuiuu

DOnakCUMOH TapelikajaH (QoifanaHun FOsICK Tapenkara Oepuiaérran
CYIOKJIUKHM KYWHWIHII CTaKaHH OpKald OKHO TYIIMIIWHUA TabMUHJIOBYU
OapOOTaXXIM KaTjiaM SpaTUIl 3apypudATHAAH Kenub uukand. byHpa, oxu6
TymaéTral CYIOKJIWK TUICHKacHra ra3 THKUHH TabCUPWUHHU YpraHUII HUMKOHHATH
103ara kenajau. TaxpuOanapHUHT HATHXKaJlapy acOCHIa CYIOKJIMK MJIEHKAcH XOCUII
KWK MOCJIAMACHHHHI aCOCUM HIIYM KaTTaIUKIapH Ypracugaru OOFIMKIUK
aHUKJIAHTaH.

Tupkunum KyHWIHIIT CTaKAaHWHWHT YTKAa3WII KOOWIMATHHUHT TAIAKUK STHII
HATIDKaJapyd THUPKHUII KEHIJIMTM Ba CTaKaHJaru CYIOKIUK KAaTJaMUHHHT
OaylaHIUTU YpTacuard OOFIMKIMKHU aHUKJIAIl UMKOHUHU Oep/u.

I'paduknapnan (7-pacMm) KYypUHAAWKHA, CYIOKIUK caTXd OajaHJIUTHHUHT
y3rapmac KuiiMaTiapuaa THPKHUIN KEHTIMTHHUHT OPTHINU OWJIAaH YHHHT YTKA3HII
KoOmusITH XaM omud 6opaau. lyHUHrIeK, TUPKUII KEHIJIUTY 2-6 MM Oyirania
caTX OadaHANUTMHUHT Oapya KuiMaTiapuja YTKazuil KOOWIMSTHHUHT YCHUIIH,
TUPKUII KEHINUru 6-8§ MM Oynran xojarra HucOaTaH, CEKMHPOK OYiIuIIu
Ky3atuiaau. OJIMHraH MabIyMOTJIap ra3 00CUMH XaM TUPKULUIAPHUHT  YTKa3HII
KOOWIMSTHIa  TabCUp  KYpcaTHIIMHM  Tacauknaau.  CyloKIuK — caTxXu
OaNaHIUTUHUHT KWYUK KHAMaTIapuaa Ta3HUHT KyWWIHII CTakaHurada OyiraH Ba
YHIaH KeWuHru Oocumiiapu Vpracujgaru (apk (TapeiakaHUHT TUAPABIUK
KApUIWJINTUTa TEHT) OKUMTIa KapIIWIKMK KypcaTaau.

TexHoOruK KaTTaJMKIAp — ra3 Ba CYIOKJIHUK capdiapyuHH OpPTUIIM OWIIaH
THJIPABIMK KapIIWJIUKHUHT YCHUINM Ky3aTWiaau. by malTna CyrOKINK OKUMHU
cappuHM Y3rapuinyd THUAPABIWK KAPUIWIMKHUHT YCUIWTa, Tra3 Te3JIUrura
HUCOaTaH, KAMPOK TabCUP KYPCATUIITMHH KAl STUIII MyMKHUH.

Macanan, ra3 teznuru 0,4 Ba 0,6 m/c 6ynrannaa, coun6 6eprIaéTran CyroKInK
OKHUMH 3HWINTHHUHT Typjiuda KAWMaTiIapuia THUAPABIMK KapIIWIMK aMalui
KUXaTaaH aespiu napamien ycaau, 0,8 Ba 1,0 m/c Te3nukinapaa sca TUIpaBIMK
KApUIWIMKHUHT TETUIUIA KUMaTiapu ypracunaru ¢papk ce3uiapiu 0yiaau.

Taxxpubanap Bocutacuga OapOoTax KaTiaamMu OanaHaaura Oyinua ras-
CYIOKJIMK  OKMMHHUHI ra3 CUFMUMH  MUKIopjapu  Oenrwnanrad.  UWm
KATTAJUKJIAPUHUHT TaJAKUK OTWITAH Yerapajapujia CYIOKJIUK KaTJIAMUHHHT
Oanangnuru (ra3 Ounan TyhWuHuIn Kypcarkuun 0,86) 300 MuyiMMeTplaH mact
Oynumu aHukigaHrad. byHgaH kenu0O 4uWKHO, THUPKMII O3aCHJIATH  CYIOKJIHK
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caTXMHUHT Makcumain Oamanjpmuru 300 muimMerpra TeHr 1e0 KalOynl KUIUIIHU
taBcuss dTamMu3. CyIOKJIMK CAaTXMHUHT KYHWIMII CTaKaHUJard MUHHAMAI
Oanapanuru 50 MUUIMMETpIaH KaM OYJIMaciIuru Kepax.

MabiyMOT/IapHU — TaxJIMJl  HAaTWXKajJapy acocuJa THUPKHUIIHUHT  capd
KO3 PUIMEHTHHN XUCOOJIalll yuyH 3MIOUPHUK TeHrJamMajiap OJIUMHAM Ba TaJAKUKOT
HaTWKaJIApUHU TaKKOCIAII HYIu OWIIaH YIApHUHT MOCIIUTH TacAUKIAH/IH.

CyIlOKIMK TaKCUMJIArM4HUHI ONTHUMAaJl HII KAaTTaJUKIApPUHHU Ba CYIOKJIHK
IUICHKACUHUHT Ta3 OKUMHU OWIiaH ¥3apo TabCHUpJalllyB CXEMAaCHHU aHUKJIAII
Oyiinya YTKa3WiIraH TaJKUKOTIAp acoCHIa TYWHUHTaH SpUTMa YUyH MYJDKaJlJIaHTaH
JeTa3alysiian }03aci KEHIaWTUPUIITaH Jera3aTop UIuiad YMKWIIH.

Ontunuu 606 «Tabumii ra3HN KOMILIEKC TO3aJAall YYyH STHI'M SIpATWITaH
YCKYHAJIADMHHM CAaHOATAA CHHAII Ba HILIA0 YMKAPHINIra KOPUMl 3THII»IA
TaOMMI Ta3HU CYIOKJUK Ba HOPAOH KOMIIOHEHTJIapJaH camapaid To3ajialll
TEXHOJIOTUACUHM amajra OLIMPHUII YYyH BOJOPOJ CyIbPUANAAH TO3aIalll

YCKYHAaCUHHUHT TAKOMUJUJIAIITUPHUIITaH
5 TEXHOJIOTUK CXEMACH TaBCUS ITUJITAH.
PR, Tabuuii ra3HuM CyIOKJIMK Ba ras

KOMIIOHEHTJIApUJAH KOMIUIEKC  TO3ajaul
ydyH WIUIA0 UMKWITaH Ba Y30EKHCTOH
PecniyOnukacMHUHT  maTeHTJIapu  OwiiaH
XUMOSUIAHTaH KOHTAKT MOCJaMallapu Ba

Is

+a
=
L4

yCKyHaiap KOHCTPYKLUSAJIADUHUHT
KOHCTPYKTHB CXeMajlapu Ba TaBcudiIapu
= KEIITUPUIIIN.

£ Tabuuit razHu  TOMUHMIapAaH Ba
CYIOKJIUK THUKUHHJIAH TO3aJIall CerapaTtopu

‘ (8-pacM)  mIapcUMOH  IIAKJIAard  ras-
6 - CYIOKJIUK apajlalliMacuHu KaOysn KUJIUII
xamJia cemapauusiaimi / Ba HUFUII 2

I Kamepanapuiad ubopar OViaran Kopiiyc,
P KaMepallapHU y3apo TYTalITUPYBYH
narpyOka 3 Ba apajaliMaHd KaOyJl KUJIHUIIT
Kamepacura KHUPUTYBYH TaHTeHIINAI

1- KaOyJ1 KuiMI KamepacH; 2- HHFyBUn ypHaTHIrat KyBypHaaa 4 nbopar.
Kamepa; 3-ynam KyBypH; 4 — rasuunr  CeTapaiisial  KaMEpacuHUHT 1 foKopu
KMPHIIT IITYIEPH; 5 - TA3HUHT YMKMII ~ KUCMUJA CYIOKJIUKIAH aXpaTuO OJIMHTaH
WITYUEPH; 6 — CYIOKTHKHUHT TYKHIMII  1a3yy upKapub FOOOPUIN YUyH BEPTHKAT
IITYLEPH. o 4
naTpyoka 5 YKOMJIAIITaH. Nuruim
8-pacm. I'a3 cemaparopu .

KAMEPACUHUHT 2 Kyl KHCMUJA CYIOKIUKHU
JIPEHAX CUFUMMIra TYIupHuO 100opuil yuyH mTynep 6 Ba UMFUINO KOJITaH KATTUK

YYKUHAWIAPHU YMKApHO TaluIall yayH MITyUep 7 *oualraH.

Tabuuit razHM UyKyp ToO3ajlall Y4YyH MYJDKaJUIaHTaH  CcernapaTop
KOHCTpyKIMscu 9-pacmaa TtacBupnanrad. Cemaparop yuyTa WITYM KUCMJIApAaH
nbopat. Ham ra3 mryuep 4 opkajiu kupubd, Hukapuja >Kouinamrad HyHaITUpyBYU
TapHOB €EpJaMuja YCKYHAaHUHT SpUM Iap IIakiaujgard Tyou  OVitnad
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XapakaTiaHaau. YCKyHaHUHTI ymOy 30Hacuja KaTTUK 3appadajap Ba
CYIOKJINKHUHI WHPHUK TOMYMWJIApU TPAaBUTALMOH Ba MapKa3JaH KouMa Kydwiap
tabcupuaa yykaaun. CyHrpa, OupiamMuu TYpiau KOaryjisTop OpKajlu Ta3, ammapar
TYCUFUArH TYHHYK OpPKAIM MKKHHYM KUCMra yTamd. VUpHKIaliraH ToMumiap
WKKWHYA KUCMJA, WHEPIMOH-TPABUTAIlMOH MEXaHW3M Oyinda uyKTHpUIIAJIH.
Y4yuH4YM KucMa Ta3HM SpKUH HAMIIMKAAH SKYHHW TO3ajall amalra OIIMPUIIAJIN.
KoHcTpykiust KuxaTaaH YCKYHaHHHI YHIOY KHUCMHU YyiIOpMa XOCHJ KHJIYBYU
MOCJIaMalld UWJIUHAPUK KUCTHpMajap OuJlaH TabMUHJIAHTAH MapKa3JgaH KouMma
tungaru cenaparopaup. CyB TOMUMJIApUIAH aXpaTWIraH ra3 mwryuep b opKaiu
KaWTa WIJIAIra y3aTUiIau.

TYyHUHTaH aMUH 3PUTMACHHU Jera3aiysiall y9yH MYJDKQJUIAHTaH JIEra3aTop
(10-pacM) ropuzoHTaNn HMJIMHAPUK YCKyHa KYPUHMIIKIA MIUIAHTaH. OJUIMNTHK
KOMKOKJIap OWiaH TabMUHJIAHTAaH TOPU30HTAN KOOMK uWuura  Oankanapra
YpHATWITaH CYIOKJIHWK TaKCUMJArud >KOIalThupuiarad. Takcumiarud OJITUTa
IONKA KaTiaaMJd CYIOK «IapAa» XOCHJI KUJIagu Ba yjapAa CYIOKIMKHHHI Kaaall
ra3CH3JaHUIIN aMaJira OINPUIIA]IH.

AGcopOep BepTHKaJl KOJIOHHA Imakiauga OViaubd, moauduKanusiaHraH HUKKU
KOHTaKT 03I JJAKCUMOH Tapejkajlapra sra. YCKyHaJa CYIOKIMK Ba Ta3
MyXMTIApU IOTKa CYIOKJIMK Ba OapOoTa)k Karjamiapia skapaéHra KUPHUIIAIH.
AOGCOpOEpHUHT IOKOPM KUCMHUJA YIOPMAJIOBYM MOCJIAMalId MapKa3/laH KouMma
AJEMEHTIIapAaH TallKWJl TONTaH TOMYH KalTaprud YpHAaTHUJITaH.

Tabuuit razuu H,S Ba CO, KymmmyanapaH METWIIUATAHOJAMUH dPUTMACH
épramuia abcopuusiaml TE3MUIMHU aHUKJIall TaAKUKOTH MyOopak rasHu Kaita
UILIAI KOPXOHACU TYPTUHYM LIEXUHUHT 12-0510KH1a Oakapuian.

Canoar mapouTujard Taakukotiaap auametpu 2600 MM abGcopOepraa
yrkazunau.  Mojana — anMamMHMAII - Mociaamacu  cudatuaa 18 joHa
MOAU(UKALMSIIAHTAaH MKKH KOHTaKT 03ajii Tapeikaiap YpHaTwiau. Xap Oup
tapenkaga guamerpu 400 MM Oynran 5 Ta  KyWMIMImn - MocliaMacu
KOWIAIITUPUITAH; KYHUWIMII OCTOHACUHUHT OanauHuru S50 MM; KyWHJIHII
MOCIAMACHHHHT MaKCHMAJl HIII JOKIamMacu 63,1 M>/M-c KaGyJT KHTHHTaH.

MopepHuzanusiianrad  abcopOepHM cuUHamiga Te3nuk omuiau  F=1-2.4
yerapacuga Y3rapTupuigud. AHUKIAHAUKYA, CYIOKJIMKHUHT HUCOMM capdu
y3rapmac Oynranjaa, TE€3JIMK OMWJIMHUHT OPTHUILM BOJOPOA CYIb(PUAMHM TaHIIa0
ot KodhpuimeHTHHUHT Yeummmra onubd kenaau: F=1,0 6ynranga konauk H,S
To3amanran rasga 14 mr/m’; F=2,4 6ynranma 6y kypcatkumu 4,7 Mr/m Gyaaim.
Hazapumusna, ra3HUHT OKOpU TE3JIMKAA MYXUTJIIADHUHI TabCHPJIAHUILI I03aCH
BaKTH, Ba OYHUHT HaTH)KAacHJla 3ca TaH/Ia0 I0TUII caMapaiopiiurid OpTaau.

Taakuk sTunran adbcopdep MoAepHHU3ALMIAIITaYa IPKUH 103acu 5 % Oyiran
18 Ta smakcuMOH Tapesnka OujiaH )KUX03JIaHraH, XamJia jJoinxara kypa rasz Oyinya
47 MUHT M’/COAT YHYM/IOPJINKKA 3ra GYIraH.
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1 - xopmyc, 2 - TakcHMMJAIl MOcCIaMacy, 3 - Oasika; mrynepiap: A — aMUH SpPUTMaCHHU
KUpUTHUII yuyH, B - sxcnan3ep raznap yukumy, C - 3puTMaHu yuKapuil yuyH, D — npenax
yuyH, F, E — carx ymuaruu yuyH, G — MaHomeTp yuyH; H — TeXxHHK Xu3Mat KypcaTHIll JTFOKU

10-pacm. TyiiuHran 3puT™Ma aerazaTtopu

Moasa anMamMHUII TapeaKacUHU aJMalITUpUII OKuOaTthjaa abcopOEpHHUHT
ra3 oyiinya yHyMJIOpJIUTH 65 MUHT M°/coat eran. HaTmkana Ooup Hunga Kymumyaa
tap3na 144 MuwuinoH MeTp KyO ra3HM TOo3aJlallra SPUIIUIIN.

Spatwiiran OKOpU caMapagopiii KOHTakT MoOcCJIamaiapy Ba yCKyHaJapuHU
«My6opak razu kaiita unuiam 3aBogu» YIIK Ba «l'aznu HedT-razHu Kasub
yukapuin» YK napuna Ba 6omika KopxoHanapa Kyjuiail opKaiu TaOUuid ra3Hu
KaiiTa Talépiam Ba To3ajlall KypUJIMaJapUHUHT  OUpIMK MILIA0 YUKApUII
KYBBAaTHUHU OpPTHUIINTA, TEOMETPUK Vyiuamjapu Ba MeTaul cappuHu
KUCKApPTUPUIUIINTA SPULLTAIIIN.
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XyJaoca

TaOuwnii ra3HU CYIOKJIMK Ba HOPJIOH KOMIIOHEHTIap/iaH To3ajall Y4yH I0OKOpHU
caMapaJop YCKyHalap spaTHIl Makcaauaa YTKa3WIraH KOMIUIEKC WIMHUK-
TaJKUKOT MIUIAPUHUHT HaTWXKanapu Oyinya KyWuJaard acocuil XyliocalapHU
IAKJJTAHTUPULI MYMKHH:

1. Tabuuii ra3Hu TO3aNall YCKyHajapu TapKMOuAaru ycKyHajapjaa amaira
OLIMPUIIAETTaH TEXHOJIOTUK JKapa€Hiap IIApOUTHIA OKHMIIAD XapaKaTUHUHT
KOHYHUATJIAPU TaXJIUI STHIIIH.

2. Cyrok aucnepc ¢azanard CyrOKIMK TOMYWIAPUHU CEMapaTOPHUHT APKUH
KECHM 103acu Oyinad xapakaTJIaHUII TPACKTOPUACUHHM aHUKJIAI YYYH MAaTeMaTHK
MOJIeNl KypWJIIM Ba YHUHT XMCOOJIall alfTOPUTMUHU amara OLIUPHIL YUYYH JACTyp
UII1a0 YUKUIIIH.

3. KonoHHanu ycKyHajap Tapeikajapula XOCWI KWIMHAJAUTAaH Kajaajl
OapOoTaxk pexumiapu Ba Jucnepc ra3 ¢aszaad TU3UMIAp Y4YyH (QazaBuil
syedKanap COHM Ba MKKHM (a3aid KaTJIaMHUHI ra3 CUFUMHU YpTacujaru y3apo
OOFNMKIMK O4yuO OepwiraH; KOHTaKT MoOCJIaMalapyd Ba YCKyHajap HIIMHUHT
KaJTATUTMHA OCNTHIIOBYM KypcaTkud cudartuia Te3nUKHUHT F-omminHu kaOyn
KWJINIL TaBCUS STUJIIN.

4. CyloKIUMK THUKMHUHU YyIUIall Ba TapKUOWJAH Ta3HU AXpaTHUII Y4yH
IAPCUMOH IAKJIJIard OWpliaMud ra3 CernapaTOPUHUHT palMoOHall KOHCTPYKIHICH
uuab yuKuiIan Ba Y36exncton Pecniy6mukacu natentn (Ne IAR 03763, 2008 it.)
OwilaH XuMoslaHAW. ['a3HU DHPKUH HaAMIIMKAAH TO3AJIAHMII CaMapagopiuru
IOKOPUJIMTUHM cakjiad KoJraH Xojja YOy YCKyHa KOHCTPYKUHUSACH, MaBXY[
HWIMHAPUK [MAKIJard TOpU30HTAll cenapaTopiapra Hucbaran metamn cappuau 2
MapoTaba KUCKapTUPUII UMKOHUHU Oep/u.

5. Papnan nMIMHAPUK KACTUPMAJIAP KYPUHMIIWAATA KYIINM4Ya KOHCTPYKTHUB
ANIeMEHTIIapy OYyJiraH Mapka3JaH KOuMa THUIJaru CenapaTOpHUHT palloHal
KOHCTPYKIUSICH MIILIA0 YUKUIIIU Ba V36exucTon Pecny6nukacu nmarentu (Ne IDR
04591, 2001i1.) GunaH XUMOSUTaHAH. YK Oyiia® yiopMaaoBuM Mociamara sra
Ma3Kyp cemapaTop TaOMM Ta3HM ToO3ajalll Ba KalWTa HIUIamra Taiéprar
KypuwiManapuaa, YHU CYIOK KOMIIOHEHTIApAaH caMapajid To3ajall y4yH
KYJUIAaHWJIIN.

6. Moasa anMalmMHMII KOJOHHAJApUHUHT WYKU Cenaparopiiapu Ba TaOMUI
ra3dHd yTa IOKOpHM Japakala TO3aJ0BYM CEraparopiiap Y4YyH YHOPMajJOBYU
MoOcJaMajid MapKa3gaH KouMma TypJard cenapauusiiall 3JIEMEHTUHUHT STHTU
KOHCTPYKIMSACH UIUIA0 YuKwian. Mapkasuil Ykra ypHaTUiIaaurad ymoy 3JIeMeHT
paauyc Oyiinua STWirad Wak/UIM nappakiapaad nbopart 0yiaub, yIapHUHT KUPUII
30Hacuaaru ynantupysuu Oypuaru 70-75° Ba mappakiapHUHT OUp-OMpUHU Y3apo
énumm Oypuaru 6-10° yerapanapuaa y3rapaiu.

7. Opkun kecuMm 1o3acu 20 % OYiAraH MKKM KOHTAKT 30HAIM AJIAKCUMOH
TapeJIKaHUHT Ta)KpUOaBUI Ba caHOAT/Iard CHHOBIIApW HATWXKaJlapura Kypa, ra3 Ba
CYIOKIUK (azanapu capdriapu Y3rapuIIMHUHT KEHT uerapajgapuaa 0apOoTax
KATJIAMUHUHT a3 CUFUMU, TUIPABIMK KapIIMJIWTH Ba TOMYWIAPHU ra3 TapkuOua
YUKUO KeTUIIM Oyinya SHCM MabIyMOTJap OJIMHIW; TaAKUK JTHIIFaH MOJJa
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aJIMAIIMHUII TapeJIKacu KOHCTPYKIMUSCUHUHT TYPFyH Ba camMapaliy WIUIAIl COXacu
AHUKJIAHAW, YHUHT TUAPOAMHAMUK KATTAIMKIAPUHUHT ONTHMAall KUWMaTIapuHU
XMCOOJIAIll YUyH SMIIMPUK TEHIJIamanap OJIMHAM Ba TaXKpUOaBUil Ba XMCOOJIAHTaH
KUMMAaTIapHu  TakKKoCHall — acocuaa MasKyp TEeHIVIAMaJlapHUHT  XaKUKUN
apa€Hiiapra MOCJIUTA aHUKJIaH !,

8. Slurm kypuHHUIIIaru Tapenkajgap OWIaH TabMHMHJIAHTaH MoAUUKAIUs-
JaHTaH a0COpOEpPHUHT UII YHYMIOPJIUTU, YHUHT JOWMXAaBUM KyBBaTUIra HHcCOAaTaH
1,4 maportabara OpTHIIM MYMKHUHJIUTH KYpCaTWJIIHM; Ma3Kyp camapa aicopOius
KapaCHUHM KaJlaJUTAITUPUIL Ba alfHU NalTAa To3alaHral TabMui ra3HUHT I0KOpU
cudar xypcarkuanapu (HoS mMuxzopn 7 Mr/M® 1aH KHYHK) CAKIaHHIIN XUCOOHra
SPUILLIAIIIN.

9. TyliuHran spuTManap y4yH IONKAa CYIOKJIUK KaTJIaMH XOCHJI KHIYBYHU
MOCJIaMJIN JIETa3aTOPHUHT V36ekucton Pecnnyonukacu matentu (NeIAR 04060,
2009 #.) OunaH XUMOSUIAHTaH KOHCTPYKIMSICU MIUIA0 YMKWIAU. TaBCUS STUITaH
yCKyHa KOHCTPYKLHMACHIA, MaBXKyJ YCKyHalap KOHCTpyKLHMsJIapura HucOaTaH,
Metain capunu 1,5 MapoTabara KUCKApUIIIM Ba Jera3anusuiail ro3acuuu 33 % ra
OPTUIIH TACIUKJIAH/IH.

10. Tabuwmii ra3Hu OMprIaMuM Ba YyKyp TO3ajall YUyH SHTUJIaH SpaTUIaiurad
cemaparopiap, yropMa X0CUJI KWINII MOCJIaMacH Ba 3pKUH kKecuM 1o3acu 20 % Hu
TalIKWJ 3TYBYM MKKM KOHTAKT 30HAJIM MOJJIa aJIMAallMHUII TapejKkajgapu OuiiaH
TabMUHJIAHYBUYM KOJIOHHAJM YCKyHaJap Ba TYWHHraH 3puUTMajiap Y4YyH IOKOpHU
camMapaJiopJiuKKa »dra OynraH jaera3aTopjiapHU, >KUXO3JAPHU SKCIUTyaTalluoOH
KaTTaJUKIapAaH Keaud YMKUO, TEXHOJOTUK KaTTAIUKIAPUHU aHUKJIAll UMKOHUHU
OepyBYM SMIUPHUK TEHIJIAMaJlap OJIMHJM Ba Ma3Kyp *KUXO3Jap Ba yjapja amalra
OLIMPWIAIUTaH  JKapa€HJIapHUHT  MYXAHAMCIMK  XUCOOJapuHM  Oaxkapuil
yCIIyonapu sipaTuiIIu.

11. Tapkubuaa HUCTUKOONIM KYpUHUIIZArM YCKyHajap MaBXyJd Ta3HU
BOZOPOJ CyIbPUANAAH TO3aJall KypPWIMACHHUHI TEXHOJIOIMK CXeMacu HILIa0
YUKWIAM Ba YHU TaOMMI Ta3HU camapalid To3ajall TEeXHOJOTHICUHU amaira
OLLIMPUII YUYH aMaJIu€Tra TaBCHs STHIIIN.

12. FOkopu camapanu Ba MCTUKOOJJIM YCKYHAJIApHU HIUIA0 YMKapHILITra
KOPUM STUIUIIM HATWXKACUJA MIIA0 YUKApUII YHYMJIOPJIWTHUHU OILIWIIN, ra3
cudatu SXIMUIAHUIIN, KUX03J7apja MeTaml capdu Ba UCTEHMOJ KHJIMHAIUTaH
HHEPrus MUKIOPUWHU KaMaWuIIM Xamjaa BajioTa MaOJarflapuHUHT Ba TPAHCIOPT
XapaxaTIApUHUHT KUCKApUIIUHU Xucobura 700 MUJUIMOH CYMZIaH OPTHUK cO(

MKTUCOAUU caMapa OJWH]IN.

26



HAYYHBIN COBET IO MMPUCYKJAEHUIO YUYEHOMN CTEIIEHA
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BBenenue (AHHOTAIUA JOKTOPCKOM IMCCEPTALNN)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTb TeMbl Auccepraumuu. [lepcriekTuBbl
He(TEra30HOCHOCTU HENp, HAKOIUICHHBIM HAyYHO - TEXHUYECKHH MOTEHIIHAI,
OoraTelii MPOM3BOJCTBEHHBIM OMNBIT — BCE OTO BKYNE CO3JaeT BIIOJHE
OJIaronpusATHbIE TPEANOCHUIKK I JajJbHEWUIIEro CYIIECTBEHHOTO pPa3BUTHS
orpacinu. Baxuelmumu 3agauamu HanuoHanbHOM XOJAMHTOBOM KOMITAHMU
«Y30ekHedreraz» SBISAIOTCS BHEAPEHHS M TNPUMEHEHHUS B IPOU3BOJICTBE
KaueCTBEHHO HOBOr0 OOOpYAOBaHUS TOCIEIHUX IOKOJEHUH, MaTepHUasoB,
COBPEMEHHBIX MHHOBALIMOHHBIX TEXHOJIOTHH, YCKOPEHUsI TEeMIOB OOHOBIIEHUS U
3aMeHbl YyCTapeBUIEH TEXHUKHW MO pealu3alii KpPYHOHBIX HMHBECTUIMOHHBIX
MIPOEKTOB C BEAYIIMMHU 3apyOeKHBIMU KOMIIAHUSAMHU, a TAKKE PEIICHU KOMIUIEKCa
3HAYMMBIX COLIMAJIbHBIX 3a/ad. OCBOEGHME ATHX 3aJay IMO3BOJUT HaUIeH CcTpaHe
3HAYUTEIBHO YKPENUTh TOTIMBHO-IHEPT€TUYECKYIO HE3aBUCUMOCTb.

AKTyalnbHOCTh  JUCCEPTALIMM  XapaKTEepPU3yeTcsl TEM, UYTO  BBINYCK
KaueCTBEHHBIX W HOBBIX BHJOB TOBAPOB U3 MPUPOJHOTO Trasza, CBSI3aHO C
TpeOyromuMu MPUCTAIBHOTO BHUMAaHMUSI 3aJlayaMu Co3aHus
BBICOKOO(D()EKTUBHBIX anmaparoB H KOHTAKTHBIX YCTPOMCTB, TOBBIIICHUS
TEXHOJIOTUYECKUX M MEXaHWYECKUX HaJIeKHOCTeH 000pynoBaHUN, KOPEHHOU
PEKOHCTPYKIIMM M MOJIEPHU3ALMHU TEXHOJOTMYECKUX YCTAaHOBOK, a TaKxe,
yIAYUIIEHUS YKOJIOTMYECKON OOCTAaHOBKM Ha OOBEKTaX OUMCTKH U MepepadoTKu
MIPUPOJTHOTO rasa.

C pa3BUTHEM HOBBIX TEXHOJOTUN KOMIUIEKCHOW MOJTOTOBKM M OYMCTKH Ta3a
Ha TMPEANpPUATHSX CTpaHbl B  YCJIOBHUSX MHPOBOIO 3IKOHOMHYECKOTO U
HKOJIOTMYECKOTO  KpPU3UCAa  CTAaHOBUTCS  aKTyaJIbHBIM  BONPOC  CHW)KCHUS
MaTepUAIIOEMKOCTH  00OpYIOBaHUS, SKOHOMHOI'O pAacXOJOBaHUS ChIpbs U
HEpreTudeckux pecypcoB. OCHOBHBIE TEXHOJOTWYECKHE alapaThl U MAIIUHbI
OTpaciy, UMIOPTHUPYEMble M3 3apyOeKHBIX CTpaH, OTpadOTalu CBOM pecypc u
TpeOytoT 3ameHbl. B coorBercTBUM c Ilporpammoit yriyOiieHHs JOKalIu3aluu
MPOU3BOJACTBA roTOBOM mpoaykuuu Ha 2011-2013 rr., yrBepxkaeHHoro 29 urons
2011 r., IToctanoBnenuem Ilpesuaenta Pecnyonuku Y3o6ekucran I111-1590, nepen
MalIMHOCTPOUTEIbHBIMU NpEeANpPUATUSIMU aKLIMOHEPHOU KOMITaHUH
«Y3Hedrerazmain MOCTaBICHbI 33a/1aybl PACIIMPEHUN BBIMYCKa 000PYI0BaHUIA O
MOJITOTOBKE U NIEpepabOTKe YriIeBOI0POIO0B.

B crnoxuBmIMXCS YCIOBHSIX CO3JaHHE BBICOKOA((EKTUBHBIX ammaparoB u
KOHTaKTHBIX YCTPOWCTB I HMHTEHCU(DUKAUMUK TEXHOJOTUYECKUX MPOILECCOB
KOMIUJIEKCHOM ~ OYUCTKM TPHUPOAHOrO Ta3a OT JKUJAKOCTHBIX U KHCIBIX
KOMIIOHEHTOB, MPOTEKAIOMIMX B Ta30KUIKOCTHBIX CHUCTEMax, MpPEICTaBIsSET
aKTyaJIbHYIO U BOCTPEOOBAHHYIO 3a7a4y.
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CooTBeTCTBHE HCCJIEJOBAHNUSI MPUOPUTETHHIM HANPABJIEHUSIM Pa3BUTHS
HAYKH W TEXHOJOTHil pecnmy0auKu. /[nccepraius BHIMOIHEHA B COOTBETCTBUU C
MPUOPUTETHBIMM HAIPABJICHUSAMHU Pa3BUTHS HAyKW M TEXHOJIOTHH PecrmyOnmku
V36ekuctan: Ne 3 — «Co3maHme HayKOEMKHX TEXHOJIIOTUH U pa3paboTka
BBICOKOO((EKTUBHBIX METOJOB TIOWCKA, JOOBIYM IIOJIC3HBIX MCKOMAEMBIX |
rTyOOKO# mepepadoTKu MUHEPAIbHOTO CHIPhS M BTOPHYHBIX pecypcoB Ha 2007-
2011 rr.».

0O0630p 3apy0e:KHBIX HAYYHBIX HCCJIEIOBAHNI 110 TeMe TUCCePTALMH.

Teopetnueckne W  TPAKTHUECKHE  HWCCICOBAHMS,  TOCBSIICHHBIC
a0COpPOIIMOHHON OYMCTKE CEPOBOJOPOACOIEPHKAIIECTO MPUPOJHOIO rasza, BeAeTCs
KpYIHBIMH (DUPMaMH, KOMIIAHUSMH, HAyYHBIMU IIEHTPAaMHU M YHUBEPCUTETAMU
3apyOeXKHBIX CTpaH, TakuMH Kak «Sulzer» (IIIBemus), «Koch — Glitsch» (Mranus),
«Chemieanlagenbau Chemnitz GmbH» (I'epmanus), «Norton Chemical Process
Products Corporation» (AKIL), IIKbH (Poccus), «Ileton» (Poccusi) Ba «Intalox
High-Performance Structured Packingy (ABcTpus).

B mocnenHeie TOIBI JTOCTHTHYTHI BECOMBIC PE3yNbTaThl MO MAaIlMHAM H|
anmapaToM HedTera3oBoi MIPOMBIIIIJICHHOCTH: MIOJTyYEHBI HACaJIKH,
oOecrieynBarollell MpoBEACHUE MPOIECCOB MAacCOOOMEHa W pa3/ielieHue Karelb
KHUJKOCTH OT BJIQXXHOTO ra3za ¢ BbICOKOM addektuBHOCThIO (Sulzer, Intalox High-
Performance Structured Packing); pa3paboTaHbl KOHTaKTHbIE YCTPOWCTBa ISt
OpTaHM3alUU TPSMOJIMHEHHOTO TEUEHUS JKUIAKOCTH W TIONEPEYHOTO  JBHKCHHS
razoBoro moroka mo ceudeHusM kosioHHbl (Ileton, Chemieanlagenbau Chemnitz
GmbH); co3maHpl  KjIanmaHHBIE, CHUTYAThIe, KOJIAYKOBBIE,  KaCKaJHBIC
MacCOOOMEHHBIE TapelK{ IMIUPOKO MPUMEHIEMBIX B MPOMBIIIJICHHOCTH C YYETOM
pealbHBIX TEXHOJIOTMYECKUX TMapaMeTpoB W ycnoBwid skcryatanuu (Koch —
Glitsch, Norton Chemical Process Products Corporation, [IKBH).

Ha ceromHamHuii [€HP OCYHISCTBISIOTCS TPUOPUTETHBICE HAYYHO-
UCCIIeIOBATEIbCKAE pPabOThl MO HAMpaBICHHUSIM MOBBIIICHUS AS((HEeKTHBHOCTH
ammapaToB 3a CYET CO3/JaHUS BBHICOKOIIPOU3BOIUTEIBHBIX KOHTAKTHBIX YCTPOMCTB,
pa3paboTKa TEXHOJOTMM H HOBOro Oosiee KOMIAKTHOTO © 3(()EeKTUBHOIO
0o0OpyIOBaHUS IS OYHCTKH MPHPOJHOTO Ta3a OT JKUAKOCTHBIX M KHCIBIX
IIPUMECEHN.

CreneHb H3YyYeHHOCTH mMpoOJemMbl. K pa3lIndHbIM TEOPETHUYECKHM H
NPUKIATHBIM BOMpPOCaM B OOJIACTH TMPOIIECCOB M aIllapaToB MOJATOTOBKUA U
nepepaboTKH MPHUPOTHOTO Ta3a MOCBAIICHBI PaOOTHl TAaKUX 3apPYOCKHBIX YUCHBIX,
kak Basile R.J., Cornelis A.P., Chien T.W., Gold M., Heumann W.L., Jonson E.,
Li Jia, Norbert A., Sha Yong, AxmetoB C., Banpnoepr A.1O., Cuctep B.I'., Pamm
B.M., Yexos O.C., 3ubept I'.K.

B V306ekucrane Ttakumu yueHbiMH, Kak Puzaes H.Y., Camumor 3.C.,
KOcyn6exos H.P., Jlesm B.U., 3akupos C.I'., I'ynmamos .M., Hypmyxamenon
X.C., AoOGnaypaxumoB C.A. U JPYrMMHM [POBOAWIMCH HCCIIEIOBaHUs,
HamnpaBlicHHbIC HAa Pa3BUTHE TEOPETUYCCKUX OCHOB IMPOIIECCOB M amlmaparoB
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XHUMHAYECKON W HedTerazomepepadaThiBaroOmeld OTpacieil MPOMBIIIJICHHOCTH U
BHEJIPCHBI B IIPAKTHKY.

B mHacrosmeir paboTe OCHOBHOE BHHMAaHHE COCPEIOTOYCHO Ha aHAIM3e
BO3MOJKHBIX MIEPCTIEKTHUBHBIX ITyTe HHTEHCU(UKAIINY TPOIIECCOB B CUCTEME «Ta3-
KHUIKOCTB» W pa3pabOTKy  KOHTAKTHBIX  DJIIEMEHTOB,  ONPEICISFOIINX
3¢ (HEKTUBHOCTH MPOIECCOB U MPOU3BOJUTENBHOCTh allapaToB W YCTAHOBOK TS
OYHUCTKH Ta30B B I[EJIOM.

CBsi3b TeMbI JUCCEPTANIMH ¢ IUIAHAMH HAYYHO-HCCJIEI0BATEIbCKHX
padoT BbICHIEr0 Y4YeOHOr0 3aBeeHUs] W HAYYHO-HCCJIEeI0BATEIbCKOI0
yupexkieHusi, TIJe BbINOJIHEHA Auccepramus. HaydHo-mccnenoBaTenbcKas
paboTa, BBIIIOJIHEHA Ha OCHOBE TOCY/IapCTBEHHOTO HAYYHO-TEXHUUYECKOTO MPOEKTa
[IIIN-13 - «Pa3pabotka BBHICOKOAI((PEKTUBHBIX TEXHOJOTMM M TEXHUYECKUX
CPEICTB DHEPro- M pecypcocOepekeHuUs, HCIONb30BaHHE BO300HOBISEMBIX |
HETPAIUIIMOHHBIX HWCTOYHUKOB OHEPrHH, PallMOHATBLHOTO TPOU3BOJCTBA U
noTpeOIeHHs TOTUIMBHO-3HEpreTuuecKux pecypcony (2007-2011rr.).

Leap ucciaenoBaHusi COCTOUT B CO3JJaHUH BBHICOKOI(DPEKTUBHBIX ammapaToB
(cemapaTtopa, jngerazatopa, abcopOepa u jgecopOepa) UM TPUHIUNUAIBHYIO
TEXHOJIOTHUECKYIO CXeMY JIJIsi KOMIUIEKCHON OYMCTKH MPUPOTHOTO Tra3a.

B COOTBETCTBMHM MOCTAaBICHHOW IENH pEIIAINCh CIEIyIOINUe 3aJa4uM
HccJieJ0OBaAHMA:

dbopMupoBaHue METOIOJTIOTUIECKUX OCHOB UCCIICJIOBaHU
(GYHKIIMOHUPOBAHHUS alapaToB KOMIUIEKCHONH OYMCTKHU MPUPOTHOTO ra3a;

WCCIICIOBAaHUE THIPOJUHAMHUYECKHX XapaKTEPUCTUK ABYX(PA3HBIX CHUCTEM
«ra3z (nucnepcHas ¢aza) — KUIAKOCTh (CIUIOIIHAS)» MU <«OKUIKOCTH (IUCIIepCHAs
¢daza) — ra3 (cruionrHas )»;

U3yYCHHUE DHEPreTUYECKUX XapaKTEPUCTUK M ONTUMAIBHBIX MapaMeTpoB
ra30’KUAKOCTHOTO CJIOS;

MaTeMaTHYeCKOe  MOJCIHPOBAHME  THAPOJWHAMHUYECKHMX  apaMeTpoOB
ra30’)KUAKOCTHOTO TEYCHHS W Ha 3TOM OCHOBE pallOHaJIbHas OpraHU3aIus
IBWKEHUs (a3 B 3aBUCUMOCTH OT KOHCTPYKIIMM M TEOMETPUU PACIIOJIOKCHUS
TypOYIU3UPYIONINX KOHTAKTHBIX 3JIEMEHTOB;

pa3paboTKa KOHTAKTHBIX YCTPOHCTB W ammaparoB, pa0oTalolmmXx B
WHTCHCHUBHOM PEXMME W B IIMPOKOM JHAaNa3oHe HArpy3Kd Ta3a M JKUIKOCTH, C
[ENbI0  yBENWYCHHs] HArpy3kd Ha KOJIOHHY IO Ta3y WIH COXpaHEeHUU
MPOU3BOAUTENFHOCTA arperaTa MpU CYIIECTBEHHOM YMEHBIICHHH TUaMeTpa
ammapara;

O00OCHOBaHME  METOAWK  pacyera  ONTHUMAIbHBIX  KOHCTPYKTHUBHBIX,
THIIPABINYECKUX M TEXHOJIOTUYECKUX MMApaMETPOB pa3pabOTaHHBIX alapaToB s
MEPBUYHON TOJTOTOBKH U OYMCTKH MPHUPOJHOTO Ta3a U MOATOTOBKA TEXHHYECKHUX
JOKYMEHTOB [0 WX TPUMEHEHHI0O B HepTe - u TazonepepadaThIBaONICH
MIPOMBIIIIICHHOCTH;

31



BbIPa0OTKAa KOHKPETHBIX BBIBOJIOB M KOHCTPYKTHBHBIX PEKOMEHAAIMH IO
MPOEKTUPOBAHUIO U BHEJPEHUIO BHICOKOMHTEHCUBHBIX U 3(()EKTUBHBIX aImapaToB
B He(pTera3oBoi U APYTrUX OTPACISX MPOMBIIIIIEHHOCTH;

BHEJpeHUE pa3paOOTaHHBIX almapaToB B MPOMBIIUIEHHOCTh C Y4Y€TOM
peanIbHbIX TEXHOJOTUUECKUX TapaMETPOB U YCIOBUM AKCILTYaTallUH.

O0beKTHI HCCHAEAOBAHMS: TPUPOIHBIA Ta3, KA UIKOCTH, Ta30BbIN
KOHJIEHCAT, IJIaCTOBAsi BOAA, CEPOBOIOPO/I, aMUHOBOM pacTBOp, YTIIEKUCIIBIN ras.

IIpeamer wuccaegOBaHMSA: TEXHOJOIMYECKUE IMPOLECCHI, MAIIWHBl U
anmapaThl yCTAaHOBOK M KOMILUIEKCOB JIJISl IOJATOTOBKH M OYMCTKHA MPHUPOJHOTO rasza
OT JKMJKOCTHBIX M KHUCJIBIX KOMIIOHEHTOB M PEreHEpaluy HAChIILIEHHOTO
aMHUHOBOI'O pacTBOpaA.

Metonbl ucciaenoBanuil. [lpyu BBIMONHEHUH AHCCEPTAMOHHOW  pabOTHI
WCIIOIb30BAHbl: METOABl 3KCTPEMAIBHOIO  IUIAHUPOBAHUS  OKCIIEPUMEHTOB;
CTaTHCTHUYECKHE METO/Abl O00pabOTKM HKCIEPUMEHTAIbHBIX JAHHBIX; METOIbI
¢busnyeckoro, MaTeMaTU4YECKOTO MOJETTMPOBaHUS u ONTUMHU3ALUN
TEXHOJIOTUYECKHUX MPOLIECCOB U MPOU3BOJCTB; anpoOUpPOBaHHBIE OOUICPUHSTHIC
METOJbI MPOBEICHUS ONBITOB MO MU3YYEHUIO 3aKOHOMEPHOCTEN THIPOJAUHAMUKHU U
MaccooOMEHa ¢ UCIOJIb30BaHUEM COBPEMEHHBIX METPOJIOTMYECKU aTTECTOBAHHBIX
KOHTPOJBHO — M3MEPUTENBHBIX MPUOOPOB U TOUYHBIX METOJIOB H3MEPEHUS
TEXHOJIOTUYECKUX MTAPAMETPOB.

Hay4ynasi HOBU3Ha MCCJIEIOBAHUS 3aKIIFOYAETCS B CIICIYIOLIEM:

MPEJIOKEHa MaTeMaTuyeckas MOJENb THAPOAUHAMHYECKUX PEKHMOB
TypOYJIEHTHOTO Ta305KMIKOCTHOT'O TEYEHUS B3aUMOIEUCTBYIOMUX (a3;

BCKpbITA  B3aUMOCBSI3b  MEXAY  KOJIMYECTBOM  (Pa30BbIX  sSUEEK U
ra3ocoJiep>kaHieM ABYX(a3zHOTO closi B UHTEHCUBHBIX OapOOTAXKHBIX PEKUMAX,
CO3JAIIIMXCS Ha TapelikaXx KOJOHHBIX AallaparoB M CHCTEM C Ta30BOH
nucriepcHol ($a3oi;

ONpEIENIEHbl 3aKOHOMEPHOCTH PacCIpeAEIICHUS Kalelb KUAKOCTH Pa3INYHOIO
pa3Mepa U TOJE€3Has BBICOTAa cemaparopa, Mo3BoJisiomue 3P(PEeKTUBHO
pPacnoyioKUTh OTOOMHBIE YCTPOMCTBA M 3HAYUTENBHO MOBBICUTH 3()PEKTUBHOCTH
ra30kKuJIKOCTHOM cenapaluu;

pa3paboTaHbl HOBbIE€ KOHTAKTHBIE YCTPOWCTBA M ammapartbl, padoTalouiue B
MHTEHCHUBHOM PEXUME U B IIMPOKOM JIUANA30HE HATPY30K I10 ra3y U KUIKOCTH;

orpeiesnieHa 001acTh yCTOMUMBOM U 3P PEeKTUBHON pabOThI CUTYATOM TapelKu
C IByMs 30HAMH KOHTaKTa co cBOOOAHBIM ceueHueM 20 %;

MPEVIOKEHBl ASMIUPUYECKNE YpPAaBHEHUSA JJISI OLEHKH Ta30COAEpIKaHMS,
TUIPABINYECKOT0 CONPOTUBIICHHUS, YHOCA Karellb U KO3 dUIIMEeHTa pacxo/ia Ieau
B 3aBUCUMOCTH OT TEXHOJOTMYECKUX M TEOMETPUYECKHX IapaMeTpOB
cenapaloOHHbIX U MacCOOOMEHHBIX ammaparos;

o0OCHOBaHa  HWHXKEHEpHass  METOJMKAa  pacuera  KOHCTPYKTHBHBIX,
TUIPABINYECKUX U TEXHOJOTUYECKUX MMapaMeTpoB cenaparopa mapoBoi Gopmsl u
JIera3zaTopa HaChIILIEHHBIX PACTBOPOB C MJIEHKOOOpA30BaTeNeM KUIAKOCTH.
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IIpakTnyeckue pe3yabTaThl UCCIECIOBAHUS 3aKII0YAIOTCS B CIETYIOIIEM:

pa3paboTaH Tra30’KHUJKOCTHON cemaparop MEepBUYHON OYMCTKU MPUPOIHOIO
ra3a, 3Qp¢peKkTuBHO paboTaloUMii B peKMMax 3aJIMOBOr0 BhIOpoca W cemnapaiuu
kanenbHoM xxugkoctu (Ne TAR 03763, 2008 r.), npeasioxkeH BhICOKOA(h(PeKTUBHON
cemaparop €  ILEHTPOOEXKHBIM  3aBUXPUTENEM, COCTOSAIIMH M3  Tpex
(YHKUMOHANBHBIX YacTel, HCHOJB3YIOIIUX WHEPIMOHHBIE W LIEHTPOOEKHBIE
3hdexTsl ocaxkIeHus Kamelb W TNpPeJHA3HAYEHHBIX Mg TJIyOOKOM OYMCTKHU
npupoaHoro raza oT cBoboxHod Biaru (Ne IDR 04591, 2001r.) u coznan
BBICOKOI(D()EKTUBHBIM  J1€eTa3aTop C pPa3BUTOM MOBEPXHOCTHIO Jiera3anuu
HEPaCTBOPEHHBIX ra30B HAChIIIEHHOTO pacTBopa aMmuHa (NelAR 04060, 2009 r.);

MPEAJIOKEHbl KOHCTPYKUMU MacCOOOMEHHBIX TapejoK CUTYATOro THUMa C
JIBYMsl 30HAMU KOHTAKTa Ta30’KMJKOCTHBIX (a3 Il KOJOHHBIX amnmapaTtoB B
YCTAHOBKAX OYMUCTKHU MPUPOJHOTO raza OT KHUCIbIX KOMIOHEHTOB, MO3BOJISIOLINE
YBEJIMUUTH MMPOU3BOAUTENILHOCTD amnmnapaTa B 1,4 paza OTHOCUTEIBHO MPOEKTHOTO
YpOBHS 3a c4YeT MHTEHCU(HUKAIUK TMpoiecca adcopOuun (AKT BHEIpPEHUS
Myb6apekckoro razonepepabdarsiBatoiero 3asojaa ot 25.03.2005 roga);

000CHOBaHa METOJIMKAa pacuera ONTUMalbHBIX MapamMeTpoOB pa3pabOTaHHBIX
anmnaparoB JUIsl CUCTEM OYHUCTKU NpupoaHoro rasza (IIpakruueckue pykoBOACTBA
noxg Ne PM 371-12; PM 382-12 u PM 423-13, ytBepxaenusie Ha AO «3aBoa
VY36exkxummartn» ot 06.05.2015 rona).

JlocToBepHOCTH pe3yJibTaTOB HcCcieI0BaHM MOJATBEPKIACTCS
COTJIaCOBaHHOCTHIO TEOPETUUECKUX pE3yNbTaTOB C COOCTBEHHBIMU
AKCIIEPUMEHTATHHBIMU JAHHBIMU U JAHHBIMU DKCIIEPUMEHTOB U TEOPETHUECKUMU
pacueTaMM U3 JIMTEPATYpPHBIX HCTOYHHMKOB; YCIEUIHOM MPOMBIIUICHHON
HKCIUTyaTallMeil amnmapaToB, pPAacCUYUTAHHBIX W CHOPOEKTHPOBAHHBIX Ha OCHOBE
MIPOBEJICHHBIX HCCIIEIOBAaHUH.

Teopernueckass W nNpakTHYecKas  3HAYUMOCTb  Pe3yJbTATOB
uccjieoBaHusa. TeopeTnyeckas 3HAUUMOCTb TMOJYYEHHBIX PE3YyIbTaTOB PabOThI
COCTOMT B CO3JaHUU MOJEPHU3UPOBAHHOM TEXHOJIOIMUYECKOM CXEMbI OUYHCTKH
MPUPOAHOTO Ta3a OT KUCIBIX KOMIIOHEHTOB, MO3BOJISIONIEH MTPOBOJIUTDH MPOLIECCHI
a0COpOIIMOHHON OYUCTKM IMPHUPOJHOIO ra3a B MaJIOrabapuTHBIX, HEMETAJIIOEMKUX
M BBICOKOMHTEHCHBHBIX anmaparax. HaydHble pe3ynbTaTbl JucCEepTaluu
UCIIOJIb30BaHbl B TMPOLIECCE CO3JaHUsl HWHKEHEPHOW METOAMKM pacyera
CemapalMoOHHbIX M  MacCOOOMEHHBIX  alMapaToB, NpPeIHA3HAYCHHBIX IS
MEePBUYHON MOATOTOBKU U OYUCTKHU MPUPOJTHOTO rasa.

[IpakTryeckass 3HAUMMOCTH BBIIOJTHEHHOW PabOThl 3aKJIIOYAETCsl B TOM, YTO
pa3paboTaHbl MHXXEHEPHbIE METOAMKA M PEKOMEHAAIMU M0 MPOEKTHUPOBAHUIO U
pacyery TUIpaBIMYECKUX, KOHCTPYKTHBHBIX M TEXHOJOTHYECKHX IapaMeTpoB
pa3pabOTaHHBIX KOHTAaKTHBIX YCTPOMCTB M ammapaToB; MPEIJIOKEHbl HOBbBIE
MEPCHEKTUBHbIE KOHCTPYKIMU anmnapaToB YCTAHOBKH OYUCTKHU MPUPOJHOIO rasza
OT KUAKOCTHBIX W  KHUCIBIX KOMIIOHEHTOB, CO3JaHHBIX Ha OCHOBE
HKCIIEPUMEHTANBHBIX W TEOPETUYECKHX  HUCCIEeJOBaHMM  BYX(a3HbIX
ra30’kMIKOCTHBIX CHCTEM.
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Bueapenue pe3yabTaToB ucciaenoBanusi. Co3gaHHBIE ra30BbIE cenapaToOpbl
(mateHThl Ha W300peTeHMH ATEHTCTBO IO HUHTEIUTYKTYyaJlbHOW COOCTBEHHOCTH
PecnyOnuku V36ekuctan mog Ne IDR 04591, 2001roma u Ne TAR 03763, 2008
rojia) U Jera3aTop HachlIEHHOTO pacTBOpa (MAaTEHT HAa M300peTeHHs] ATEHTCTBO
M0 MHTEJUTYKTyallbHOM coOcTBeHHOCTH PecmyOnuku VY36ekuctan moa NelAR
04060, 2009 roma) BHeApeHbI B KadyeCTBE OOOPYIOBAHUM TEXHOJOTHMUECKUX
MPOLIECCOB YHUTAPHBIX JOYEPHBIX MpeAnpUsTUn «Mybapekckoi
raszornepepadaTsiBaroInil 3aBoa», «['aznu HedTrazmodbryay, «MybapekHedTeras»
u «Yctioptras». (Axktel BHeApeHus: Ne3 ot 25 mapta 2005 roga, Ne7 ot 09 urons
2012 toma m Ne9 ot 29 wurons 2012 rona); QakTUYecKUil COBOKYIHBIN
HKOHOMHYECKUH 3()PEKT OT BHEAPEHHUS HOBBIX BHICOKOI(P(HEKTUBHBIX amnmapaTos,
32 CYET IMOBBIIMICHUS MPOU3BOAUTEILHOCTH amMapaTroB, YJIy4YlIEHUS KayecTBY
TOBapHOTO ra3a, YMEHbBIIEHUS METANIOEMKOCTH U SHEPTOEMKOCTHU 000pyI0BaHUS,
a TaKKe C Y4YeTOM SKOHOMHUHU BaJIOTHBIX CPEACTB M TPAHCHOPTHBIX 3aTpaT
coctaBun 6onee 700 mumummoHoB cyMoB (crpaBka AK «Y3nedTterazmamn» Ne641
ot 16 urons 2015 rona).

AnpoOauusa padorbl. OCHOBHBIE TMOJIOKEHUS U Pe3yibTaThl pPadOThHI
JOJIOKEHBI, OOCYXJIEHbl U  0J00pEHBI Ha: MeXIyHapOJHBIX Hay4HBIX
KoH(pepeHusax «MaTreMaTH4ecKue METOIbl B TEXHUKE U TeXHOJIOTUsIX» - « MMTT-
2000» (Cankrt-IletepOypr, 2000 r.) u «MMTT-2001» (Cmonenck, 2001r.),
MexayHapoHOM  Hay4yHO-NIpakThyeckod KoHbepeHn «l{uBunuzamus u
robanu3amus JTyXOBHBIX IIeHHOCTeW HaponoB Cpeanedt Asum u Kaszaxcranay»
(IIpimkenT, 2007 r.), HayuHO-TexHHMYeckux KoHPepenuusx HTK TamkeHTckoro
rocy/1apcTBeHHOro TexHuyeckoro yHuBepcutera (Tomkent, 2003-2005 rr.),
Pecny6nukanckoit HTK «Y36eKkucToHa HeTHM KailiTa WIUIAITHUHT J0J13ap0
MyaMMoOJIapd Ba MOMJIOBYM MaTepHajiap HIUIad YUKApUIl HCTHUKOOJIapH»
(Tamxkent, 2005 r.), I Pecnyomukanckoir HTK «CoBpemeHHbIE MalluHBI U
anmaparbl XUMUYECKUX IpousBoacTBy (Peprana, 2006 r), Pecnyonukanckux HTK
«AKTyanbHblE TPOOJEMBbl CO3/IaHUS W MCHOJIB30BAHMUSI BBICOKMX TEXHOJIOTHI
nepepaboTKM  MHUHEPaIbHO-CHIPbEeBBIX  pecypcoB»  (Tamkent, 2007 T1.),
«AKTyanbHble TpoOJeMbl nepepaboTku HepTH U ra3za Y3oOekucrana» (byxapa,
2009 r.).

Ony0JIMKOBAHHOCTH Pe3yJbTaTOB. OCHOBHOE COJIEP)KAHUE U TOJOKEHUS
auccepraluu  oTpaxkeHsl B 31 omyOJIMKOBaHHBIX — HaydyHbIX paborax. [lo
MaTtepuaiaMm JUCCepTallK U3/1aHa oJHa MoHorpadwus, omyonukoBaHo 12 craTeit B
OTEUYECTBEHHBIX U 3apyOeXHBIX JKypHanax, 15 Te3UCOB MOKIaJ0B U MOITY4YEHBI 3
nateHTa PecniyOnuku Y30ekucran Ha U300 peTeHHUs.

O0bem u cTpykTypa padorsl. J(uccepraius COCTOUT U3 BBeIEHUs, 6 rias,
3aKJIIOYEHUs], CIUCKa JIMTEpaTyphl U mpwiokeHud. OHa wu3noxkeHa Ha 192
CTpaHulax, uMmeer 71 pucynka m 7 tabnuu. B npuiokeHusX NpuBENEHbl KOIMUU
JOKYMEHTOB, TMOATBEPKAAIOIINX MPAKTUYECKOE HCIOIb30BAHUE PE3YIHTATOB
U CCEPTALUH.
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OcHoBHOE CoACpKaHHuEC NUCCEPTALINH

Bo BBemeHMm 00OCHOBaHa AaKTyaJbHOCTb U BOCTPEOOBAHHOCTH TEMBbI
auccepTalnuu, cpopMyIMpPOBaHbl LENb W 33Ja4d, BBIABICHBI OOBEKT U IMPEIMET
HCCIIEIOBAHUSI, ONIPEAECICHO COOTBETCTBUE  MCCIENOBAaHUS  IPUOPUTETHBIM
HalpaBJICHUsIM pa3BUTHS Hayku M TexHojorud PecnyOnuku VY30ekucraH,
W3JI0)KEHbl Hay4yHas HOBU3HA U MPAKTUYECKUE pe3yJIbTaTbl MCCIEI0BaHUs,
000CHOBaHa JJOCTOBEPHOCTh MOJYYEHHBIX PE3YJIbTaTOB, PACKPHITHI TEOPETUYECKAS
U TMPAKTHUYECKAS 3HAYUMOCTBH IIOJIYYEHHBIX PE3YJIbTAaTOB, IIPUBEICHBI IIEPEUYECHb
BHEJIPEHUII B MPAKTUKY pe3yJbTaTOB MCCIEIOBAaHUS, PE3YJIbTAaThl amnpooOalus
paboThl, CBeICHUS TI0 ONYOIMKOBAaHHBIM paboTaM U CTPYKTYpE TUCCEepTaIUu.

B nepBoii rmaBe «AHAJM3 COBPEMEHHBIX METOI0B, CXeM M YCTPOWCTB
OYMCTKHM ra3a M BbIfIBJIeHHE TeHJCHUHMH HX JajJbHEHINero pasBUTHA U
COBEPLUCHCTBOBAHMA» [IPUBEICHBl pPE3YyJbTaTbl aHAIU3a METOIOB, CXEM U
YCTPOMCTB KOMIUIEKCHOW OYMCTKM NPUPOAHOTO Taza M JPYIrUX Ta30B B
IBYX(a3HBIX CUCTEMAX «Ta3 — )KUJIKOCTbY.

OTmedeHo, 4YTO OJHOM M3 BaXXHBIX 3aJlady, pelIaeMbIX NpH pa3paboTKe
TEXHOJIOTUYECKOT0 Ipollecca OYUCTKA MPUPOAHOTO Trasa, SBISETCS BBIOOD
ONTHUMAJIBHBIX PAa3MEPOB U KOHCTPYKLIMHU MACCOOOMEHHOIO U CemapaliOHHOTO
amrapara, 4ro IIpeIoIpelesseT 3KOHOMMUYHOCTh IIpOLEecca, CHUKEHHUE Kak
KalUTaJbHBIX  3aTpaT  Ha  M3rOTOBJIEHHWE  O0OpyAOBaHHS  (PKOHOMUS
KOHCTPYKIIMOHHBIX MaTEpHUaNiOB), TaK U HKCIUTyaTallMOHHBIX 3aTpaT (CHUKEHUE
HPHEPrOeMKOCTH TMpoliecca, o0beMa PEMOHTHBIX paboT). Pemienue 3Tol 3amaum
HaMpsIMyIO0 CBSI3aHO C Pa3pa0OTKOW KOHTAKTHBIX YCTPOMCTB W HCCIEJOBAaHUEM
TUAPOAUHAMUYECKUX IIapaMETPOB YCTPOMCTB M HCIOJIb30BAHUEM HAJIEKHBIX
pacUETHBIX  METOAO0B  ONTUMAJIBHOIO  IPOSKTUPOBAHUSA  Ia30KUIKOCTHOIO
00opy1I0BaHMUS.

AHanu3 JIUTEPATYpPHBIX HCTOYHHUKOB IIOKA3bIBAET, YTO CYIIECTBYIOT
HEHUCI0JIb30BaHHbIE TEXHUYECKHE BO3MOKHOCTH JUIsl MHTEHCU(HUKALIMK TPOLECCOB
OYUCTKH MPHUPOJHOTO raza ¢ NPUMEHEHUEM TYpOYIM3UPYIOMIUX KOHTAKTHBIX
YCTPOMCTB — HEHTPOOEHKHBIX 3aBUXPUTEIIEH, BBICOKO?(()eKTUBHBIX
MacCOOOMEHHBIX TapeloK, IJIEHKOOOpa3oBaTeaeil u T.1., a Takke pa3pabOTKU Ha
TOW  OCHOBE MEHEe METAJUIOEMKUX  anmapatoB  Jjsi  HedTerazoBoi
IIPOMBILLJIEHHOCTH.

Hcxonas u3 atoro, chopMyIupoBaHbl 33/1a4i HAYYHOTO MCCIIEI0BAHUS.

Bropas rnaBa «I'mapoaguHaMH4YecKHe XapPaKTEPUCTHKH  JABYX(a3HbIX
ra3o’KUJIKOCTHBIX IIOTOKOB B IpoLeccax OYUCTKHM TIa30B» IOCBAIICHA
pa3paboTKe HAayYHO-TEOPETHUECKHMX OCHOB THUIPOJUHAMUKHU  JBYX(Da3HBIX
ra30’)KUIKOCTHBIX IIOTOKOB B CUCTEMax C JKUAKOCTHOM M Ia30BOW JUCIIEPCHBIX
¢da3, IpUMEHHUTENbHO K MIpollecCaM OYUCTKH MPHUPOAHOrO Ta3a OT pa3IuyHbIX
IIPUMECEHN.

B nucnepcHOM ra30KuMIKOCTHOM IIOTOKE Kallld JKUIAKOCTH B3BEIICHBI B
ra3oBoM cpeie W SABISIETCS HeCyllMM. B 3aBUCMMOCTM OT pa3Mepa Kaleilb U
CKOpPOCTH IIOTOKA CTEIEHb YBJICYEHMs YaCTUI[ pa3inuHa. [lapameTpsl nBUKEHUS
Kareiab JKUAKOCTH B IIOTOKE ras3a, K KOTOPBIM IMPHUHAJIEKAT OTHOCUTEIIbHAs
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CKOPOCTh HX, NyTh, MPOXOJMMBIH B Ta30BOM ITOTOKE, OIPEACISIOT OCHOBHOM
daxTop nporecca — 3HPEKTUBHOCTH CeMapalyi.

Pa3paboTanHas MateMarnueckass MOJCIb M aJITOPHTM pacueTa TPaeKTOPUHU
Karejdb B CBOOOJHOM CEYEHHH Cemaparopa TO3BOJSIOT ONPEACNsATh IYTh
MEPEABIKCHHUSI U BpeMsl NPEOBbIBaHUS Kallejdb Pa3IMYHOrO pa3Mepa, YTo JacT
BO3MOXHOCTh IICJICHANPABIICHHO IPOCKTUPOBATh KOHCTPYKTHUBHBIC JJICMCHTHI,
KauyeCTBCHHO MPEIOTBpAIIAroIINe YHOC Kaleb U3 CeMapaliOHHbIX 30H.

OTMeYeHO, UTO B TYpOYJIM3HPOBAHHBIX CHUCTEMax Ta3 B KUIKOCTH BBICOKOM
WHTCHCUBHOCTH  CO3JAIOTCS HAa  Tapelkax MacCOOOMEHHBIX  alaparoB.
[ToBepXHOCTH KOHTaKTa (ha3 ra30)KUAKOCTHOM CHCTEMBI ONPEACIIICTCS pa3MepaMu
}basoBbIX syeek W rasocomepikaHmeM. OObeM 0apGOTaxHOTO caost V,, M
OTIPEICIISICTCS BIPAKEHUEM

V.=HF, (1)
2
rae H — BeicoTa ciosi, M; F, — TUIOIIAb CEYEHUS CIIOS, M.

KomnuecTBO B3BEHICHHBIX B ITOTOKE Kaliejib, IIpH pa60Te ariapara B
HHTCHCUBHBIX PCKUMAX, ONPCACIICTCA TCXHOJOTMYCCKUMHU  I1OKA3aTCIIAMU
nponecca — CKOPOCTHIO Ira3a U INIOTHOCTBIO OPOUICHUA. KomuecTBo KUAKOCTH,
HaxoAameecsa B alIiapare, B TOM ClIydac, €CJIM HCT €€ HAKOIUUICHUA B allllapaTe 3a
CUCT Pa3HOCTH CKOpOCTCﬁ ra3a v JXUaAKOCTH, OIIPCACIIACTCA U3 BBIPAKCHUA:

Gx = VanprB’ (2)
o 3 3
rac Van_- 00BEM ariIiapartra, M ; pPr - INIOTHOCTH I'a3a, K[/ M ; B— YACIBHOC OPOIICHHC,
KT K./KT ra3; Py - IJIOTHOCTD KUAKOCTH, Kr/ M3.

KonnuecTBO XUAKOCTH, MPOXOJSINEe 4Yepe3 ammapaT B €IMHHILY BPEMEHH,
(x> K&/C TIPH TUIOTHOCTHU OpOIIeHUs L, m/c, onipefensieTcs: Kak

qJ/c:L'Fc'pmcﬁ (3)

KonuuecTBo raza qr, xe/c npu ckopoctu U,

o> M/C BBIPAKAETCS CIIEYIOIUM

obOpazom:
qr = UC’pFCpr' (4)
Y nenpHOE OPOIICHNE OTPEACIISAETCS BHIPAKCHUEM:

p=tx_ LPx 5)
qr UCppr

OO6muit 00beM KUAKOCTH B anmapaTe COCTaBISIET

G, LF.H
V,=—X=2¢"
p)l( UCp

(6)
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. Wy
C yuetom KOd(PUIIMEHTA CKOJIBXEHUS | = —X, TIOIy4HM,
U,
_LF.H
iU

cp

V}K

(7)

Ucnonb3yst  BelpaxkeHue  (10), BbeIpasuMm  rasocojepkaHue  4epes
TEXHOJIOTUYECKHE MMapaMeTphl Mpoliecca:

p=teVa Ve L (8)
v, V. iU,

B Tom ciIydac, CCJIM 4aCTb KUJAKOCTH, HOCTYHaIOHleI\/JI B TI'a30KUJIKOCTHBIM
CJIOﬁ, HaxXoguTCia B COCTOSAHUH 6ap60Ta>I<a, KOJIMYCCTBO KallCJlb B CHCTCMC
onpeacisieTCea € yd€TOM  IMOKA3aTClIsAd OTHOCHUTCIIBHOT'O 6pB13FOYHOCEl e
OIIPCACIIACTCA 110 BBIPAKCHHUTIO

 LeF.H
AiU d}’

)

ng

rae A — ko3gdunreHt Gopmbl Kanelb; dx — IMaMeTp Kareib KUJIKOCTH, M.

B pe3ynbTaTe TEOPETHYECKUX MCCIEAOBAHUN OIpEAEIEHAa B3aUMOCBS3b
MEXy KOJIMYECTBOM (Da30BBIX sSiU€EK M Ta30CcojAep)KaHHeM ABYX(a3HOro Cios B
WHTEHCUBHBIX 0apOOTaXXHBIX PEXKHUMAaxX, CO3JAIONIUXCS Ha TapeiakaxX KOJOHHBIX
ammapaToB U CUCTEM C Ta30BOM AucniepcHOM (a3oit.

Jlisi OLIEHKM CHOCOOHOCTH OOOpyAOBaHUSI ~ HECTH HAarpy3Ky IO rasy
MPEJIOKEHO HCIOb30BaTh F- (hakTop CKOPOCTH, SBJISIIOUTUKACS MPOU3BEICHUEM
(bakTHUECKOW CKOpPOCTH raza B pacyeTe Ha MojiHoe cedeHue koyioHHsl (U, m/c) Ha
KOPEHb KBA[PATHBIH U3 (DAKTHYECKOHl IUIOTHOCTH rasa (pr, KI/M’) B KOJTOHHOM
anmapare:

F=U+p,. (10)

Hcnonws3zoBanue F- ¢gakTopa cKOpocTH ISl OIICHKH WHTEHCHUBHOCTH PaOOTHI
KOHTAKTHBIX YCTPOHCTB Ta30KUAKOCTHBIX pa3lenuTeieil (cemaparopa U
Jerazaropa) ¥ MacCOOOMEHHBIX KOJOHHBIX ammapatoB (abcopbepa u gecopbOepa)
MO3BOJISIET  TPUMEHSATHh  Pe3yabTaThl  J1ab0paTOPHBIX UCCIICIOBAaHUA B
MPOMBIIIIICHHOCTH.

Tpetps rnaBa «Co3ganne yCTPOMCTB B Ia30:KUAKOCTHON cemapauuM Jis
OYHMCTKH MPHUPOTHOIO ra3a» IMOCBSIIECHA CO3TAHUIO YCTPONCTB Ta30KUIKOCTHOM
cermapaiui B yCTAaHOBKaX MOJATOTOBKH W OYMCTKU TIPUPOJTHOTO ra3a.

OddexTuBHOCTE pabOTHI  CeMapaliOHHOTO O00OPYAOBaHHS BO MHOTOM
ompenensieT HaA&KHOCTh pabOThl O00OpPYAOBaHWS YCTAaHOBOK IpEABAPUTEIBHOMN
MOJITOTOBKY MPUPOTHOTO Ta3a M OYUCTKH ra3a OT KUCIBIX KOMIIOHEHTOB, a TaKKe
00ycToBIMBaeT 00BEM MX IKCIUTYaTAI[HOHHBIX U SHEPTETUYCCKUX 3aTparT.

Ha ocHoBe Teopermdyeckoro aHaim3a (AaKTOpOB, BIUSIONIMX  HA
3¢ (HEeKTUBHOCTh TpOIecCa OCAXKICHUS Kamlelb >KUAKOCTH Ha IHIMHAPUICCKOU
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MOBEPXHOCTH, YCTAHOBJEHO, YTO MPH TOCTOSHHBIX (PU3NYECKUX NapameTpax
Hecylmed cpeabl M Kamedb JKUAKOCTH KO3(PQUUMEHThl CTOJKHOBEHHS U
pa3ziesieHus, B OCHOBHOM, 3aBUCUT OT CKOPOCTH HECYILIETO Ta30BOI0 MOTOKA.

C uenpro omnpenenceHus BIUSHUSA THAPOAWHAMHYECKHUX, T€OMETPUUYECKUX U
AKCIUTyaTallMOHHBIX ~ MapaMeTpoB Ha 3((PEKTUBHOCTH cemapaluu  Kareib
MIPOBEJICHBI UCCIIEAOBAHMS B JJAOOpAaTOPHBIX ycinoBusix. Pa3paboTaHa ycTaHOBKa,
cocrosijasi M3 KaMmepbl CMEIIEHHWS  C MPSIMOTOYHBIM JBUXKEHUEM (a3 u
BCTPOEHHBIN CEMapaTop € OCEBBIM 3aBUXPUTEIIEM CHEMHOIO TUMA. DTO MO3BOJIUIO
MIPOBOJIUTH UCCIIEIOBAHUS B CEMApaTOpPE C 3aBUXPUTETIEM U O€3 HEToO.

JIns ompeneneHuss OCTaTOYHOTO KaruiecOJepkKaHus BO3/lyXa HAa BBIXOJE W3
cernapaTopa MCHOJb30BaH BECOBOM METOJA MPHU MOMOLIM AHAJUTUYECKUX BECOB.
Jlist onpeneneHus mojisi pacnpeiesieHus KarelbHOM Bilard 1no oobemy cemnaparopa
MCIIOJIb30BaH CIELUUATbHbII MPUOOp, MPUHUUIT JEUCTBUS KOTOPOIO OCHOBAH Ha
HaJUYUU DJIEKTPONPOBOAHOCTH BOJABI M OTCYTCTBUH JIJIEKTPOIPOBOJHOCTH B
Bo3zayxe. [lpubop mnonKIIO4EH K JAAaT4MKy, CIIOCOOHOMY MEepeMEelaTbcs 10
CEUYEHMIO U BhICOTE cemnapaTopa. [lonoxxenne naruuka pukcupyercs 1o mkasie.

HccnenoBanusi MO ONPENETIEHUIO COIAEPKAHUS KUIAKOCTH IMPOBOAWIM IPU
CKOpOCTSIX B CBOOOJHOM CEUEHHMHM cemaparopa 2+3 m/c, T. €. npu Qakrope
ckopoctu F = 2,3 + 3,2, B pa3IuyHbIX CEYEHUSIX MO BCEU BBICOTE cemapaTropa.

Harpyskn 1o >KHAKOCTH BapbMpoBamnm B jauamasone 0,24+1,04 xr/m’. Ilo
MOJIYYEHHBIM pe3yJIbTaTaM KaIUIECOAEPKaHUS MOKHO CYIHTh O PacCIpeleiCHUN
ra30KUIKOCTHOIO CJIOS [0 CEYEHHUAM CenapaTopa.
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Pamnyc cenmaparopa, R, MM Y mensHOe opomrente L, kr/m?
Puc. 1. Pacnipeaenenue Kanejb ;KMIKOCTH 110 Puc. 2. 3aBHCHMOCTE 26COTI0OTHOIO
ceyeHHsAM cenapartopa npu F=2,8 u L=0,64 KaIlJIEyHOCA OT yeJ1bHOr0 OpOLICHUSA
KI/M

VYcraHoBIIEHO, YTO ¢ yBelWueHHEeM (akTopa CKOPOCTU Ta30KUIKOCTHOTO
MOTOKa B CBOOOJIHOM Ce€YeHUH cemnapartopa B npeaenax F =2,8 + 3,2 nabmogaercs
HaJINYUE Kamelb XUJIKOCTU Ha paccTosiHugX 180+220 MM OT 3aBUXPHUTEIISI BO BCEX
ceueHusx cemnapartopa. C yBeIWYEHUEM HArpy3KH IO KUIKOCTHU MPU MOCTOSTHHOU
CKOpPOCTH, BBICOTA OCAXKJICHUSI OCHOBHOM MAaccChl Kalejlb CHUXAETCSI U COCTaBJISIECT
6030 MM ot 3aBuxpurens. M3 3TOro cienyer, 4ro ¢ yBEIMYEHUEM CKOPOCTHU
Ha0JII0/1aeTCsl POCT yHOCA Karellb U3 cernaparopa v TpeOyeTcs YBEJIUUYUTh BBICOTY
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CenapalloOHHOTO MPOCTPAHCTBA WM YCTAHOBUTh HA IMYTH ABUKEHUS MEIKHUX
Karesb JOMOJIHUTENbHbIE OTOONHHBIE YCTPOMCTBA.

Pa3paboTtannas HaMu MaTeMaTuyeckas MOJENb MO3BOJISIET MPOBECTH pacyeT
TPaeKTOpPUM Kamedb 3aJlaHHOT0 pa3Mepa B TMOJE CKOPOCTEH 3aKpyuyeHHOTO
HECYyIlEro Tra30BOro IIOTOKa cemaparopa — B Mpeleiax HCCIeJOBaHHBIX
reOMETPUUYECKUX COOTHOIICHHI pa3MepoB. Pe3ynbTaThl pacueToB mo ¢dopmyiam
MOJICNId TpPEACTaBiI€Hbl Ha puC.] M TOATBEPKAAIOTCA SKCHEPUMEHTAIbHBIMU
JAHHBIMHU.

W3 rpaduka BUAHO, YTO TpaeKTOpuu BcexX yacTull auametpoM 0,5+3,0 mm
OKaHYMBAIOTCS Ha CTEeHKax cemaparopa. Kammm paszmepom 0,5+0,3 MM TpeOyroT
O0onbpIIMX BBICOT cenaparopa. Kammu pazmepom =0,3 MM U MeHEe€ BBIHOCSTCS U3
cenmaparopa, IOCKOJIbKY HE€ JOCTHUTalOT €ro CTEHOK Jaxe IMpU JIOCTATOYHO
OOJBIION BBICOTE.

Ha ocHoBaHuu pe3ynbTaToOB HSKCHEPUMEHTANBHBIX U  TEOPETUUYECKHUX
UCCJIeIOBAHUIM  TOSIBUJIACh  BO3MOXHOCTh  YCOBEpIIEHCTBOBATH (opMmMy U
KOHCTPYKIIMIO CemnapaTopoB, 3((PEeKTUBHO pacoyiokKUTh OTOOHHBIE YCTpOICTBA U
YBEJIMYUTH KOADPUIIUEHTHI CTOIKHOBEHUS U pa3eieHUs.

[IpennoxkeH  BHOBb  pa3pabOTaHHBIM  cemaparop  1ApoBod  (OpPMBI,
sbdexTuBHO padoTaroUMi B JBYX pEXUMax: PEXKHUME Cemapaldd U PexKUME
3allMThl OT 3aJIOBOTO BhIOpoca xuakocTu. Crnenuduyeckas ¢opma MPUEMHON
KaMmepbl o0ecrieunBaeT Oe3ylapHbI MpUeM U CIUB MOCTYMNAIOMIeH >KUJIKOCTU U
OTJEJeHUEe Ta3a 3a CYeT 0co0Oro AMHAMHUYECKOro ABuxkeHus. Kpome Toro,
Omaronapsi cdepuyeckoil ¢GopMe ToONIIMHA CTEHKM UM Macca cemaparopa
YMEHBIIAIOTCS B 2 pa3a MO CPAaBHEHUIO C IMIUHAPUYECKUM KOPITYCaM.

C nenbto pa3zpaboTku cenaparopa A TIyOOKOW OYMCTKUA MPUPOJIHOTO rasza
HaMU MPOBEAECHBI UCCIIEOBAaHUS B IPIMOTOYHOM cenaparope auamerpom D= 500
MM U BbIcOTOM H=680 MM C HWIMHIPUYECKUMU BCTABKAMH IPU CKOPOCTAX 2+3
M/c 1 yaeasHoM opotienun 0,24-+1,04 kr/M’. B MPOLIECCE UCCIIENOBAHUS HAXOAUIIH
ONTHUMAJIbHBIE TE€OMETPUUECKHE pa3Mepbl (IUaMeTp M BBICOTY) PACIOIOKEHUS
OTOOMHBIX YCTPOMCTB — HIMIMHIAPUUECKUX BCTABOK HaJ 3aBUXPUTEIIEM.

3aBUCUMOCTh a0CONIOTHOTO KalleyHOca OT YAEJIbHOTO OpOIIECHUS ISt
ONTUMAJIBHBIX ~ 3HAYEHUH COOTHOIIEHUM TeOMETPUYECKHX pa3MepoB IMpHU
pa3nuYHbIX 3HaUeHUsIX F-(akTopa ckopocTu B cemapaTope ¢ BCTaBKOM MpuBeaeHa
Ha puc.2. MakcumanbHOE 3HAYEHHUE KaIlJIeCOJepKaHUs OTXOJSALIEro BO3IyXa
COOTBETCTBYET MAKCUMAIbHBIM 3HaUCHUAM PabOYMX MapaMeTPOB U COCTABIISET HE
Gonee 40 Mr/m’. JIns CpaBHEHHS OTMETHM, YTO IS CermapaTopa 0e3 BCTABKH
Karuiecoaepxanue gocturaino 120 Mr/Mm>.

B pe3ynbTare ONBITOB BBISBICHA TEHJEHIUS pPOCTA COMPOTUBIEHUS C
YBEJIMYEHUEM CKOPOCTH B CBOOOJHOM CEYEHMM M YACJIBHOIO OpOUICHUS.
MakcumanibHble 3HAYEHUS! THIIPABINYECKOTO COMPOTHUBICHHS, COOTBETCTBYIOIINE
MakcumanbHoi ckopoctu (U=2,85 wm/c), coctaBmwiu: AJjig cemaparopa ¢ OCEBbIM
3aBuxpurenem AP = 610 Ila; nna cenaparopa co BctaBkamu - AP = 660 I1a.

3aBUCUMOCTh ~ a0COJNIIOTHOTO  KaluleyHoca OT paldo4yux MapameTpoB,
MOJIYYEHHBIX B pe3yJibTare 00paOOTKH OMBITHBIX JAHHBIX MO CeMapaluy Kareib,
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oJIA CCIIApaTOpPOB CO BCTABKAMH MOYKHO OIIMCATh SMIIMPHUYCCKHUM YPABHCHHCM B

CICAYIOIIEM BU/JIC:
Uwe = 7,61 U1’536L0,75(J%)0,768, a

. 3 3
rae Uy - aOCOMIOTHBINA KaruIeyHOC, MI/M”; L - yJelabHOE OpOIICHHE, KI/M’; py -
3
IJIOTHOCTh T'a3a B HOPMAJbHBIX YCJIOBUSX, KI/M’; p;- TUIOTHOCTh T'a3a B paboOuuXx
3
YCIIOBUSIX, KI/M”;

JIns w3ydeHHs] Ouara3zoHa CEMapUpyHoLIel BO3MOKHOCTH Cemaparopa co
BCTaBKaMU ObUIM MPOBEACHBI UCCICAOBAHUS C MAJbIMU IJIOTHOCTSIMU OPOIICHUSI.
OMIIMPUYECKUE YpPABHEHUS, ONHUCHIBAIOIIME 3aBUCUMOCTH KamuieyHOca OT
CKOPOCTH MOTOKa npu Maibix 3HadeHusx (0,05+0,20 KF/M3) YAEIBHOTO OPOLICHUS
B CEMapaTope CO BCTABKAMH UMEIOT CIICTYIOIIHI BU:

Ua6c — 24, 06U10,097L0,69( %)0,049. (12)

Pe3ynpTaThl 00pabOTKM HKCIIEPUMEHTAJIBHBIX JIaHHBIX MOKAa3bIBAIOT, YTO
MpEeaJIOKEHHAs] KOHCTPYKLHMSA —cemapaTtopa MoOXKeT paboTaTh C  BBICOKOM
3¢ ()EeKTUBHOCTHIO B IIMPOKOM JIMANa30HE pabounX MmapaMeTposB.

[IpuBeneHbl pe3ylnbTaThl HCCIACAOBAHUS ILIEHTPOOEKHOIO CenapalnuoHHOTO
AJIEMEHTAa C 3aBUXPUTENIEM, CIY)KAIIEr0 B KauyeCTBE KOHTAKTHOIO JIIEMEHTA
BCTPOCHHOI'O CeMaparopa MacCOOOMEHHBIX KOJIOHH U CernapaTopoB TOHKOM
OYUCTKH MPHUPOAHOTO rasza. YCTaHOBJIEHO, YTO IMpOLECcC cenapanuu Haubosee
3¢ ()EeKTUBHO MPOTEKAET B HOBOM KOHCTPYKIMHU LIEHTPOOEKHOTO CenapauoHHOTO
AJIIEMEHTa C 3aBUXpUTENEM ¢ auameTpoMm marpyOka 100 mm, Korma yroj araku
JonaTKyA Ha Bxone cocTtaBisgeT 70 -75°, a yrosl mEpEKphITHS JIONIATOK HAXOAUTCS B
npeaenax 6-10°. Cenapatop moxeT 3pdextuBHO padborats nipu F = 6,6+17,2, uto
npu aTMOochepHOM JaBJIECHUU COOTBETCTBYET CKopocTsM rasa, Ur = 1,3+3,2 m/c.
Harpy3ka 1o sxuakoctn coctapiser 10 0,4 1/m° rasa. [Ipy yka3aHHBIX MapaMeTpax
cenaparop oOecleyuBaeT KaruiecoJep:kaHue Ha BBIXOJIE M3 afmapara B Ipejaesiax
7+11 Mr/ v’

Karecofepkanue rasa Ha BbIXoJe U3 cemaparopa K, (Mr/M’) MOXHO
OTIPEIEIUTD 110 IMIUPHUUECKON popmyiie:

K>=10,56 + exp[3,023 + 0,191 F + (-1,409) H,], (13)

rne H;= H/D.- otTHOocuTenbHas BbICOTa cemaparopa; H - o0mas BbicOTa
cenaparopa, M; F- pakTop CKOpOCTH.

MenuanHelii AuaMeTp Kamenb ds), MKM YHOCHUMBIX Ta30BbIM ITOTOKOM,
OTIPEEIISIIOT TI0 AMIIUPUYECKOH hopmyte:

dsy =1,36 + exp[1,626 + (- 0,013) F+ (- 0,127) H,] . (14)
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B uerBeproii rnaBe «McciaenoBaHue ruJIpoaMHAMMKH MAacCOOOMEHHBIX
TAPEJIOK KOJOHHBIX ANMNAPATOB YCTAHOBOK /Il OYMCTKH MPHPOIHOIrO ra3a
NpUBEACHBl  PE3yJbTaThl HCCIEJOBAaHUN THAPOJAMHAMHYECKHX IapaMeTpoB
CUTYATOM TapesKu ¢ ABYMS 30HaMH KOHTakTa (a3 co cBoOOAHBIM ceueHuem 20 %
C OTBEPCTHSMHM Ha NOJOTHE Tapelku do= 9,4 MM IPUMEHHUTENBHO K
MaccooOMEHHBIM amnmnaparam — abcopoepy u necopOepy YCTaHOBKU CEPOOUYUCTKHU
npupoaHoro raza. Ilpennaraemasi MaccooOMeHHasi TapeaKa OTIMYAETCS OOJbIIUM
IUana3oHoOM padovMX HArpy3o0K MO rasy M >KUJIKOCTH, MajbiM THIPABIMYECKUM
CONMPOTHUBJICHHEM U 0oJjiee BBICOKMMH TMOKAa3aTeNsIMU IO MacCOOOMEHHBIM
XapaKTepucTUKaM. JTH TapelIku MOryT paboTaTh npu 3HaueHus X F- gakropa 2+3.
OTmeTuM, YTO OKCIUTyaTUpYIONIMECS Ha Tra3onepepadaThiBaONIMX —3aBOJIax
Tapesiku padoTaroT npu 3HaueHuu F < 1.

KoHCTpyKTHBHO Tapeika MpeacTaBiseT co0Oi cUTYaTOe TMOJOTHO C
LEHTPAJIbHBIM MEepPEeTUuBHBIM ycTpoicTBOM (puc. 3) . Ilpu paborte pacTBop amuHa
JBUKETCSI CBEPXY BHU3 M MPOUCXOTUT 0apOOTak B OTBEPCTHUSAX MO JACHCTBUEM
KMHETUYECKOU sHepruu rasa. lIpu mepenuBe pacTBOpa CO3JACTCS <CGKUIKOCTHOM
3aHABEC», YTO MO3BOJIAET JOMOJIHUTEIBHO KOHTaKTUPOBATh >KUJIKOCTU C Ta30M.
BHyTpu mnepenuBHOro cTakaHa YCTAaHOBJEH IEHOracUTeNlb, W3TOTOBJIECHHBIN W3
yroyikoB. [leHoracuTenb CIyKUT Al OTBOJA ra3a MU TeM CaMHUM CIOCOOCTBYET
YBEJIMYECHHIO TIPOMYCKHON CIIOCOOHOCTH MEPETUBHBIX YCTPOUCTB.

OnpIThl OBUIM MPOBENEHBI MPU CKOPOCTSIX Tra3a B CBOOOJHOM CEYEHUU
kosioHHbl oT 0,8 mo 2,5 m/c, uto cootBerctBYyeT F-(hakTopy 1,0+2,9. duanazon
TUIOTHOCTEH OpolIeHns MeHsUIH oT 20 0 75 M>/M 4, YTO COOTBETCTBYET HATPy3Ke
Ha JUTHHY nopora ot 5,1 10 19,1 m*/M-u.

[Ipu uccrnenoBaHusx onpeaeiaeHbl ra30HANOJIHEHUS 110 BBICOTE 0apOOTaKHOTO
ciosi, OpBI3TOYHOC M THAPABIMYECKOE COMPOTUBICHUE TapelioK B JIHAara3oHe
pabouyux Harpy30K Mo ra3zy ¥ >KMJIKOCTU U JUana3oH yCTOMYUBON paOOThl TapeIKH.
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ioTHocTu opomienusi L=30 M /MY
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Ha puc. 3, B KkadecTBe mnpuMepa WUIIOCTPUPYIOTCS 3aKOHOMEPHOCTH
W3MEHEHMsI Ta30HANOJHEHHS TpPHU pas3IuuyHbIiX 3HadyeHusix F- dakropa. Ilo
rpadukamM BUJIEH POCT Ta30HAIMOJIHEHUS MPU HHU3KUX 3HAYEHUSX TUIOTHOCTH
OpOIIIEHUs, KOT/Ia KHHETHUECKasi IHEPTUsl raza nmpeodiagaeT HaJl MOTCHITMATIbHON
SHEpPrueu KUIAKOCTH U Haxogutcss B npexaenax 0,7+0,8. IlomyueHHbie
3aBUCUMOCTH Ta30HAMOJHEHUS OT pabdo4yuX IMapaMeTpOB IOKAa3bIBAIOT, YTO
pabounii pexKuM Tapesku co cBoOOHBIM ceueHueM 20% nocturaet go F= 2,84,

Ha xaxgom pexume NpOBOIWIUCH M3MEpEHUsl mepemnana gaBieHus ¢ U-
oOpazHeiM nu(pdHepeHIINATBPHEIM MaHOMETPOM BOJSHOTO 3amnojiHeHus. U3 puc.4
BUJIHO, YTO C YyBEJIMYCHHEM OOBEMHOTO pacxoja MKUIKOCTH  Ha EIUHUILY
MacCOOOMEHHOW TapesikKh, T.€. IUIOTHOCTH OpPOIICHHS, HaOJI0aeTCs 3aMETHBIN
POCT THAPABIMYECKOTO compoTuBiieHus. [Ipu 3TOM  yCTaHOBJIEHO, YTO
YBEIIMYEHUE CKOPOCTH Ta3a HE MPUBOJUT K PE3KOMY POCTY HCCIETYEMOTO
napamMerpa.

JIns SKCIEpUMEHTAJbHOTO OMNpeNeNieHusl yHoca Tpu paboTe B CHCTEME
«BO31yX-BOJIa» ObLIa WCIOJb30BaHa KoJIOHHA aumamerpoMm 300 mM, cHaGXeHHas
JIByMsI CUTYaThbIMU TapejKkaMH C JIBYMsI 30HAaMH KOHTaKTa, CBOOOJIHOE CEuYeHHeE
KOTOpBIX M3MeHsun B Auana3zone F=10 +20 %. TonmmHa Tapenok cocTaBiisiia 6
MM, THAMETP OTBepCTUs — 9,4 MM, paccTosiHuEe Mexy TapeakaMu - 500 M.

Jlns ynaBlIMBaHUS Karellb, YHOCAIIUXCS 4Ye€pe3 BEPXHIOK YacTh KOJIOHHHI,
WCIIOIB30BAJIM IIUKJIOH, YCTAHOBJIEHHBIM Ha JIMHUU BBIXOJA BO3JyXa. YHOC
BBIpaKaJIM 4Yepe3 OTHOIIEHHWE KOJWYECTBA YHECEHHOM >KUJIKOCTH K KOJUYECTBY
M0aBa€MOM, T.€. OTHOCUTENBHBIN YHOC, B KI/KT.
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PakTOop cKopocTK, F
Puc.5. 3aBucuMocThb yAeJIbHOr0 YHOCA €, OT (pakTOpa ckopoctn Fy
NPH Pa3JMYHbIX 3HAYEHHUAX IVIOTHOCTH opoueHus (F..= 20 %)

Ha puc.5 npuBeneHa 3aBUCHMOCTb OTHOCUTENBHOTO YHOCA Kallellb C TapeNKU
co cBobomupiM cedeHueM 20 % ot F- dakropa cKopocTH MpH pazIudYHBIX
IUIOTHOCTSAX opoileHusd. C yBeJIMYEHHEM IUIOTHOCTH OPOLIECHUS OTHOCHTENbHBIN
YHOC M IIpeleibHblE CKOPOCTH Tra3a yMEHBINAIOTCS BCJIEICTBUE pOCTa ClOs
’KUJIKOCTH Ha Tapeske U Oosiee ObICTpOro 3axieObIBaHMs ammapara. B ycnoBusax
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MIPOBEJICHHBIX OIBITOB MpEJebHbIE CKOPOCTH Ta3a cocTtaBisui 2,4+2.6 wm/c
(F=2,7+2,9).

B pesynbrare 00pabOTKH HKCIIEPUMEHTAJBHBIX JIaHHBIX HaMU MOJydYeHa
3aBUCUMOCTb, IO3BOJISIONIASl OINPEACNATh OTHOCUTENBbHBIA YHOC MUAKOCTH B
3aBHCHMOCTH OT TE€XHOJIOIMYECKHUX MapaMeTpoB Ipolecca U CBOOOJAHOIO CEUEHUs
TapesIKu:

e=0,75%10° UL F25 (15)

cu

VYpasuenue (15) cnpasemymBo it H, = 500-600 mm, F,;=10+20 %, L= 20
+75 M /mPa, U=0,8+2.5 m/c.

J1J1st OLIeHKH BO3MOKHOCTU 3(h(PEKTUBHOTO (DYHKIIMOHUPOBAHUS KOJIOHHBI MPU
Pa3IMYHBIX HAarpy3kKax Mo ra3y U >KMJAKOCTH OOBIYHO HMCHOJIB3YIOT 00J1acThb ee
yCTOMYMBOM paboThl, KOTOpass 3aBHCUT TIJaBHbIM O0O0pa3oM OT TUNA W
KOHCTPYKIIMU KOHTAKTHOTO YCTPONCTBA.

Jlnana3zoH ycTOH4YuBO#l pabOThI TapEIOK OMPEESETCs COUETAaHUEM Harpy3o0K
no razy u okuakoctu. Ha puc. 6 mokazana o0jacTh yCTOMYHMBOW pabOTHI
MCCJIeIOBAHHON HAMU TapesKd, COOTBETCTBEHHO, MOJyYEHHas MyTeM 0000IIeHUs
3HAYUTEIBHOTO 00bEMa SKCHNEPUMEHTAIBHBIX JaHHbIX. ['padux moctpoeH B
koopauHatax «F-daxTop ckopoctu - L — IIIOTHOCTH OpOILIEHUS.

[ S R T :“}‘-" =

¥ £ X 2. P
AR SECE Ested FEAL» £, na® noa®es

Puc. 6. Ob6acTh ycToiiunBoii padoThl CUTYATON TapeJKH ¢ ABYMS 30HAMU
KOHTAaKTAa €0 cBO0OAHBIM ceueHueM 20 %

MakcumanbHo gomyctuMbiii F-¢akTop ckopoctu raza B kojnonHe (nuHusi BC)
ONpENEIAECTCS BEIMUYMHON YHOCA KUJIKOCTH. JInHusA AD onpeznenseT MUHUMaIbHO
JOMYCTHUMBIE CKOPOCTH Ta3a, coorBeTcTByronme 10 % mposany xkunkoctu. Cnpasa
00nacTh ycTOWYMBOM paboThl orpanmdeHa juHueil CD, koTopas COOTBETCTBYET
MAaKCUMAJIbHBIM Harpy3kaM IO >KHJKOCTH, COOTBETCTByrOImuM 85 % pexnma
3axneObiBanus. Jlunug AB ompezaenser MUHUMAaNIbHbIE HArpy3KH MO >KUIKOCTH,
Ipy KOTOPBIX Ha Tapeiake oOecreuyrBaeTCsi yCTOMUYUBBIM OapOOTa)KHBIN CIIOH.
Harpy3ku mo ra3y v >KUJIKOCTH, COOTBETCTBYIOLIUE KOOpJAMHATAM JIOOOW TOYKH
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BHYTpPH 00J1acTH, 00€CIEUNBAIOT YCTONYMBOE (PYHKIIMOHUPOBAHUE alllapaTa.

W3 rpaduka BuUAHO, yTO pabouyuil aMana3zoH TapeiKkd CO CBOOOJIHBIM
ceuenreM 20 % mo Harpyske: MUHUMaibHas pabouasi CKopocTh raza 1,2 m/c
(Fmin=1,36) - wMakcumanpHasi pabodas ckopocThb Taza 2,5 wm/c (Fp.—=2,84).
CnenoBaTenbHO, JUana3oH W3MEHEHUS Harpy3ku Mo Tra3y, Mpu KOTOPOM
COXpaHsieTcsi paboTOCIOCOOHOCTh Tapesku, paBeH Fi../ Fuin = 2,1. Harpyska no
JKUIKOCTH JIOCTHIAeT ILUIOTHOCTH OpOLICHHS 75 M>/M°d4, 9YTO COOTBETCTBYET
HArpy3Ke Ha JUIMHY mopora 19,2 m’/M-u.

Takum o6pa3zom, B pe3ysibTaTe MCCIEIOBAHUS ONPEEICHbl ONTUMAJIbHbBIE
TUAPOIMHAMUYECKUE TIOKa3aTelid M BbIsIBIEHa OOJAcTh YCTOMYMBOM pabOThHI
TapesKu JJisg MpOBeJACHHUs aOCOPOIMOHHBIX M JeCOPOLMOHHBIX MPOLECCOB C
BBICOKOM  HMHTEHCHUBHOCTBIO  TMPOTEKAaHHS MAacCOOOMEHHBIX IPOILIECCOB B
MaJjorabapUTHBIX TEXHOJIOTMYECKHUX arapaTax.

B nsaroii rnaBe «MccienoBanue u pa3padorka aerazatopa HacCbhIIEHHbIX
AMUHOBBIX PACTBOPOB /JIsl CEPOOYMCTHOW YCTAHOBKH NPHPOIHOIO Tra3a)
NpUBEACHBl pe3yJbTaThl MCCIENOBAaHUS TIpolecca Jlera3allid HACBIIEHHBIX
pacTBOpOB, JaHbl THAPOJAMHAMHYECKHE  XapaKTepUCTUKH  pa3pabOTaHHOIO
JlerazaTopa aMMHOBOTO PAacTBOPa M MPEJIOKEHbl YpaBHEHUS M ONpeleieHUs
CKOPOCTH JIaMUHApHOrO M TYpOYJEHTHOIO BCIUIBIBAHUSA MY3BIPHKOB Trasa
MOJIYYCHHbIE HAa OCHOBE TEOPETUYECKUX MPEANOChUIOK Ipoliecca Jera3anuu
HACBIIIEHHBIX PACTBOPOB.

B mpomblnuieHHBIX YCTAaHOBKax TIOJArOTOBKA Ta30BOr0 KOHJEHCaTa,
CEPOOUUCTKM U JPYTUX OOBEKTaX MOATOTOBKM HACHIIIEHHBIX PacTBOPOB
NPUMEHSIOTCA ~ Jiera3aTopbl 0€3 BHYTPEHHUX KOHCTPYKTHUBHBIX 3JEMEHTOB
(mycToTelnble), U Jera3aius pacTBopa MPOUCXOIUT JHIIb C TTOBEPXHOCTH 3€pKaja
xuakoctu. C Apyroil CTOpPOHBI, B MUPOBOW MpaKTUKE AJIs MOBbIIeHUs 3 dexTa
Jera3aluy  SKUJKOCTHOM CMeCH IIHPOKO MPUMEHSIOTCS  KOHCTPYKTHUBHBIE
AJIEMEHTHI B BUJIE 3aBUXPUTENEH, MIIACTUH WM paCIpPEeAeIUTEIbHBIX YCTPOICTB.

C uenblo co3faHMs paclpefeUTEeNbHbIX  YCTPOUCTB 1t 3(P(HEKTUBHOTO
MIPOBEJICHUS TIpoliecca JIera3ali MPOBEICHbl SKCIEPUMEHTANIbHBIE UCCIEA0OBAHUS
B CUCTEME «BO3JlyX — BOZa». DKCIEPUMEHTHI OCYLIECTBIEHBI B ABYX pekuMax. B
MEPBOM peXHUME, MPU GUKCUPOBAHHOM YPOBHE KHIKOCTH B MEPEIUBHOM CTaKaHE
— 3a/IaHHOM HAarope *UJIKOCTH, - ONPEIEISIN MPOIMYCKHYIO CIIOCOOHOCTh IENH U
ra3oHarnoJHEHNE CMECH 0 BBICOTE TIEPETMBHOIO yCcTpoiicTBa. Bo BTOpoM pexume
Harpy3KH 10 >KMJIKOCTH MEHSJIM OT HYJIS J0 HACTYIUICHHUS pEeXHUMa 3axJeObIBaHUS
U OTPEEISUIM TUAPABINYECKOE COMPOTUBIICHUE.

HccnenoBanusi MpOBOAMINCH MPU CKOPOCTSAX Taza B CBOOOJHOM CEUEHUU
anmnapara 0,4+1,2 m/c, coorBercTBytomero F—dakropy 0,5 +1,4, u npu mioTHOCTH
opomernss 2050 M /M*y. B OmBITaX HCIONB30BATH CHTYATHIC TAPEIKH CO
CBOOOJHBIM ceueHueM 6 %; Mpu 3TOM CKOPOCTb ra3a B OTBEPCTHUSX TAPEIKU C
auaMeTpoM O 4MM, HaxoAWIach B quarnas3one 7+20 m/c.

Hcnonb3oBaHue cUTYATON TapeiaKu 00YCIOBIEHO HEOOXOAUMOCTBIO CO3aHus
0apOOTaKHOTO TEPETUBHOTO CJIOS, CIHOCOOCTBYIONIErO OOECHEUYEHHIO IepenBa
KUJKOCTH 4Yepe3 MEepeMBHOM CTakaH, MoJiaBaeMOM Ha Tapesku ammapata. [lpu
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ATOM MOABISAETCA BO3MOKHOCTh M3y4aTh BIMSHUE MOANOPA ra3a Ha CTEKAIOUIYIO
KUJKOCTHYIO IUIEHKY. [1o pe3yibTaTaM ONBITOB YCTAHOBIIEHA B3aUMOCBS3b MEXKIY
OCHOBHBIMHU pa00O4YMMU TapaMeTpaMH IJIEHKOOOpa30BaTeNs KUAKOCTH.
HccnenoBanus NponycKHOM CIOCOOHOCTH MEPETUBHOTO CTaKaHa ¢ Pa3IM4yHON
IIMPUHON WIENW MO3BOJIMIIA ONPENEINUTh 3aBUCHMOCTh JAHHOIO Mapamerpa OT
BBICOTHI YPOBHS KUAKOCTHOTO CJI0sl B iepeiuBHOM cTakaHe. [1o rpadukam (puc. 7)
HE TPYIHO YBHUIETH, YTO C YBEIWYEHUEM IIMPUHBI IIEJIH NPU IOCTOSHHBIX
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Puc. 7. N3MeHeHHE BBICOTDI YPOBHA KHJIKOCTH B IIEPECJIMBHOM CTaAKaHE IMPHU
PA3JTUYHBIX SHAYCHUSAX HIHUPUHBI nieJieill B 3aBUCHMOCTH OT pacxoaa ;KUAKOCTH

3HAYEHUSX BBICOTBI YPOBHS JKHUJKOCTH TIPOMYCKHAs CHOCOOHOCTh eI
yBenuuuBaercs. [Ipudem, npu mupusHe mend 2-6 MM pOCT IPHU BCEX YPOBHAX
MEIJIEHHEee, 4YeM TMpu ImupuHe 1menu 6-8 wmM. I[lomydeHHble J1aHHBIC
CBUJICTEIICTBYIOT TAKXKe O BIMSHUM TOJIINOPa ra3a Ha MPOIMYCKHYIO CIIOCOOHOCTh
mieneit. [Ipu mManpix 3HAYEHUAX BBICOTHI YPOBHS >KUIAKOCTH Pa3HOCThH JIaBJICHUS
raza 10 W TIOCl€ TIEPEeIMBHOIO CTakaHa (paBHash THUAPABIUYECKOMY
COTNPOTHUBIICHUIO TApEIKU) MPENITCTBYET TeueHut0. Yem OoJibliie BHICOTA YPOBHS
KUJIKOCTH, TEM MHTEHCUBHEE UCTECUCHUE KUIKOCTU Yepe3 Iieib. JlanHoe siBjeHue
BIIUAET Ha KOYPOUIMEHT pacxoja >KUIAKOCTH, KOTOPBIM OMPEACISUIN 10
pe3yibTaTaM MCCIeI0BaHUM.

C yBenuueHHEM TEXHOJOTHMYECKUX TapaMeTpOB — HArpy3Kd IO Ta3y H
KUJIKOCTU - HAOJIOJAETCs POCT THAPABIMYECKOTO compoTuBieHus. [Ipu sTom
MOXHO OTMETHTh, UYTO HW3MEHEHHUE IUIOTHOCTH OpOIICHUS BIMSIET HA POCT
TUAPABINYECKOTO COMPOTUBICHHUS MEHEE AaKTUBHO, HEXKEIH CKOPOCTH Tasa.
Hanpumep, npu ckopoctu raza 0,4 u 0,6 mM/c Tpu pa3audHBIX 3HAYCHUSAX
IJIOTHOCTH OPOIIEHUS THUJPABIMYECKOE COMPOTHBICHUE pACTET NPAKTUUYECKH
napasuiesibHo, pu ckopoctax 0,8 u 1,0 M/c pa3HOCTh 3HAYEHUN THIPABIUYECKOTO
COTPOTHUBIICHUS CYIIIECTBEHHA.

OnbITaMyd yCTAHOBJIEHBI 3HAUYECHHS  TAa30HAINONHEHUS  Ta30KUIKOCTHOTO
MOTOKa IO BBICOTE O0apOOTaKHOTO CJOsl. BBISBICHO, YTO B HCCJIEIOBAHHBIX
nuarna3oHax — paboyux  mapaMeTpoB  BBICOTA  KUAKOCTHOTO  CJIOS C
razonanojgHeHueM g0 0,86, maxomurcs Hmke 300 mm. HMcxoas w3 3TOTO,
MaKCHUMAJIbHYIO BBICOTY YPOBHS JKHAKOCTH HaJl IIEJIbI0 PEKOMEHIyeM MPUHUMATh
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300 mM. MuHuManbHasi BHICOTA KUAKOCTH B MEPEIUBHOM CTaKaHE JOJKHA OBITh
He MeHee 50 MMm.

[lo pe3ynapTaTam 00pabOTKH MONTYUYEHHBIX JAHHBIX BBIBEJEHBI IMIIUPUUECKUE
ypaBHEHMs g pacueta Kod@uiueHTa pacxofa IIeJU M NYyTeM CpaBHEHUS
PE3YIABTATOB HCCIIEIOBAHUI NOATBEPKACHA UX aJ€KBATHOCTb.

Ha ocHOBaHMM TIPUBEICHHOTO  UCCJIEIOBaHUS [0  ONPEAEIICHUIO
ONTUMAJIBHBIX PabOYMX TapaMeTpoB paCHpEeAeNUTeNsT >KUIKOCTH M CXEMBbI
B3aMMOJICUCTBUS TUICHKU >KHJIKOCTU C Ta30BbIM IOTOKOM pa3paboTaH jera3aTop
HACBIIIEHHOTO PACTBOpA € Pa3BUTON MOBEPXHOCTHIO JE€ra3aliu.

B mecroin r1naBe «lIIpoMbIILICEHHBIE MCOBITAHUA M BHEJApPEeHHE B
NPOM3BOJACTBO HOBBIX ANNapPaTOB ISl KOMIUIEKCHON OYHCTKH NPHPOJAHOIO
rasay IpejioKeHa MOJECPHU3UPOBAHHAs TEXHOJIOTMYECKAass CXeMa CEPOOYUCTHOM
YCTAaHOBKM JJis peanu3aiud 3(PQPEeKTUBHOW OUYMCTKH MPUPOJHOTO Tas3a oT
AKUJKOCTHBIX M KACIIBIX KOMIIOHEHTOB.

[IpuBeeHbl KOHCTPYKTUBHBIE CXEMbl M JIAHO OINHCAHHME pa3pabOTaHHBIX U
3alMIIEHHBIX MaTeHTamMu PecnyOnuku Y30eKkucTaH KOHCTPYKIMM KOHTaKTHBIX
YCTPOWCTB M amnmapaToB ISl KOMIUIEKCHOM OYMCTKM NIPUPOJHOIO rasa oT
AKUJKOCTHBIX U Ta30BbIX KOMIIOHEHTOB.

Cenapatop MIEPBUYHOMN OYHCTKH
” MPUPOJHOIO raza OT Kalellb U 3aJIIOBOrO
BBIOpOCAa KUAKOCTH (pUC. 8) COCTOHUT WH3

PR : KOpIlyca, COCTOSIIETO W3 JABYX Kamep -
'1 [ ) = IIPUEMHOM 1, CeIapanMoOHHOU

g mapooOpa3Hoit (GOpMbl U HAKOMUTEIBHOU 2,
COCIMHEHHBIX MEXIy co0oi maTpyOkoMm 3,

naTpyOka, TaHIME€HIUAIbHO YCTAaHOBJIEHHOTO

B LITylHepe 4 W ciayXamero s BBOAA B

2 MIPUEMHYIO Kamepy Ta30’KUAKOCTHOM CMECH.
B BepxHeil yacTu cenapaliMOHHOW Kamepsl 1
pPacmoioKeH BEPTUKAJIbHBIN MAaTPpyOOK 5 1y1st

_ OTBOJIa OTCEMAapPUPOBAHHOTO ra3a. B HUxKHeH
{ : 4acTH HaKOIIUTEJIIbHON Kamephbl 2
" pacroyiokeH mrynep 6 mis cOpachiBaHUs
| R KUJKOCTU B JIPEHAKHYIO €MKOCTb, & TaKkKe
| mTynep 7 18 yAaldeHus HaKOMMBIIUXCS

-4

6

TBEPABIX OCAIKOB.
Konctpyxkius pa3paboTaHHOTO
cemaparopa i TIJIyOOKOW  OYUCTKHU
I- npuemnas kamepa; 2- xamepa
MPUPOAHOTO rasza MpeJcTaBiIe€Ha Ha puc.9.
HaKOTHUTEIbHAS; 3-matpy0Ook C
COeMHEeHUS; 4 - TyIep BXoja rasza; S- CHiapaTop COCTOUT . 13 . Tpex
LITyLep BBIXO/A rasa; 6 -IUTyLep ciIuBa (GYHKIIMOHAIBHBIX 4YacTed. Braxubii ra3
KHIKOCTH. BXOAUT yepe3 mrTynep (A) U mpu MoMoIu
Puc. 8. Cenaparop raza PAacIIONIOKEHHOIO BHYTPH HAIPABJISIOIIETO

JIOTKAa ABHWIKCTCA 110 IOJIYIIApOBOMY HTHHUITY
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annapara. OTneneHue TBepAbIX YaCTHUIl U KPYTHBIX Karelb KUJIKOCTU B ATOU 30HE
MIPOUCXOIUT 3a CUET I'PABUTAIMOHHOIO U LIEHTPOOEKHOTO 3P (DHEeKTOB. 3aTeM depes
OKHO B TMEPEropojKe ammapara ra3 IHOCTYMaeT BO BTOPYIO CEKIUIO, MpOMas
MpeIBapUTEIbHO  CETYaThli  KOAryJsiTOp  4YacTHll. YKpPYIHEHHbIE  Karliu
OCaXXJAI0TCS BO BTOPOM 30HE MO MHEPIMOHHO-TPABUTAIIMOHHOMY MeXaHu3my. B
TpeTheil 30HE MPOUCXOAUT OKOHYATENbHAsl OYKMCTKA ra3a OT CBOOOJHOW BJAaru.
KoHCTpyKTMBHO 3Ta dYacTh anmapara MpeAcTaBiseT co0Ol LEHTPOOEKHbBIN
cenaparop C OCEBbIM 3aBUXPUTEIEM M BHYTPEHHUMH LUIMHAPUYECKUMU
BcTaBkaMu. OCBOOOXKICHHBIM OT KamenbHOM Biarm ra3 dyepe3 mtynep (b)
MOCTYyMAaeT Ha JaTbHEHITYI0 00paboTKYy.

Herazatop (puc. 10), npenHa3HaueHHBIM 7S J€ra3alld HACHIIIEHHOTO
aMUHOBOTO pacTBOpa, MPEJACTaBIseT COO0OM TOPU3OHTAIBHBIA ammapar c
YCTAHOBJIEHHBIM BHYTPHU IUICHOYHBIM PAacHpeleNuTeNeM KUAKOCTH. DKCHaH3ep
COCTOMT u3 Kopmyca (mo3.1), mpeacTaBisonero co0oil TOpU30HTAIBHBIM
UWIMHAPUYECKUNA COCY/L C DIUTUNITUYECKUMU JHUIIAMH U PACTIOI0KEHHBIM BHYTPU
pacrpefenuTeneM KUAKOCTH (1103.2), YCTaHOBJIEHHBIM Ha Oankax (mo3.3).
Pacnipepgenurens MKUAKOCTH CO3JAET IIECTh IUICHOYHBIX 30HTOB, M3 KOTOPBIX
MPOUCXOIUT MHTEHCUBHAS JIeTa3alus KUIKOCTH.

AGcopOep mpencTaBiIsieT CcOO0OM BEpPTUKATIBHBIN TapeabyaThlii KOJOHHBIN
anmapaT ¢ MOJIU(PUIMPOBAHHBIMU CHUTUYATBIMU TapeikaMH C JBYMs 30HAMU
KoHTakTa. B abcopbepe copOuus OCYIIECTBISETCS IyTeM KOHTaKTa rasa cC
KUJKOCThIO B IJIGHKE M B OapboTaxkHOM cioe. B BepxHelt uwactu abcopbepa
YCTAHABIMBACTCS  KAIUICOTAENUTENb,  COCTOSIIMM M3  HUIMHAPUYECKUX
LEHTPOOEKHBIX JIEMEHTOB C 3aBUXPUTEIIEM.

UccnenoBanue ckopoctu abcopbimu H,S 1 CO, u3 mpupoIHOTO ra3a BOJHBIM
pactBopoM MetungudTaHonamuua (MJIDA) mpoBomunu Ha 12-cepooducTHOM
0s10ke yeTBepTOoro 1exa Mybapekckoro I'TI3.

OKCHepUMEHTbl MPOU3BOAWINA B NMPOMBIILIEHHBIX YCIOBHSIX Ha abcopOepe
auamerpoM 2600 MMm. B kadectBe MaccOOOMEHHOro YCTpoOMCTBa MpHUHSTA
KOHCTPYKIUS MOAU(PUIIMPOBAHHON CUTYATOMN TapesKu ¢ ABYMS 30HAaMU KOHTaKTa B
konuuectBe 18 mT. Ha kaxmol Tapenke yCTaHOBJIEHO S5 MEpPEIUMBHBIX YCTPOMCTB
auamerpoM 400 mMwm; BbicoTa mopora mnepenuBa npuHata 50 mMm. OOmas anuHa
noporoB nepenuBa [/ =6,28 M. MakcumalibHas pacueTHas Harpys3ka Ha IMepeuB
q=63,IM’/M-4. B  mepenmBax  yCTAHOBICHBI  IMEHOTACAIIME  YCTPOICTBA,
BEJIMYMBAIOILIME MTPOIMYCKHYIO CIIOCOOHOCTD TApPEJIKU IPU BCIIEHUBAHUU KHUIKOCTH.
[Ippu  ucnbITaHUM  MOJEPHU3HPOBAHHOTO  abcopbepa  (akTop  CKOPOCTHU
BappupoBasid B Auana3zone F =1+2.4. YcraHoBneHo, 4yTo ¢ NOBBIIEHHEM (hakTopa
ckopoctd F mpu NOCTOSHHOM 3HAYEHUU YJEIBHOTO OpOILIeHUS KOo3(hPUIUEHT
CEJICKTUBHOCTH M3BIIeueHus: cepoBojopona K¢ pacrer, npu F =0,7 conepxkanue
H,S B oumiienHoM rase cocrtaBuser 14 mr/m°, npu F =24 comepxanne H,S
cocraBmiio 4,7 Mr/M> ra3a. 10 SBICHHE, HA HAII B3[JIS, OOBSICHIETCS TEM, YTO
IIPU BBICOKUX CKOPOCTSX YBEIMYMBAETCS MOBEPXHOCTh U BpeMsi KOHTakTa (a3 wu,
KaK pe3yJbTaT NOBbIIeHUE 3()PEKTUBHOCTU CEIEKTUBHON OUMCTKH.
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I-kopmyc aerazaropa, 2- paclpeneiauTelbHOe YCTPONUCTBO, 3-0alIKU. ITYLIEPOB: A —
BXOJ1 aMHHOBOI'O pacTBopa, B - BbIX0J dKcnaH3epHbIX ra3oB, C- BeIX0J pacTtBopa, D — mis
npenaxa, F, E —yst ypoBHeMepa, G — st MaHomerpa; H - miok 1t o6cnyKuBaHust
Puc. 10. [IerazaTrop HacbIlIEHHOT0 PacTBOpa

Ucnbitanupiii  abcopbep A0 MoOACpHH3alMM ObUT CHAOXKEH CHUTYATHIMU
TapesikaMu co CBOOOAHBIM ceueHueM 5% B KonuuecTBe 18 MIT. U 1O MPOEKTY UME
MPOM3BOAMTENBHOCTh 10 Tasy 47 Thic. M/ B pesynbTate 3aMeHbl
MacCOOOMEHHON TapesKu, MPOU3BOAUTENLHOCTh abcopOepa Mo rasy 10CTUraer 65
THIC. M/d, M TO TMO3BOJMIA JONMOJTHUTEIHHO MepepaboTaTh CepoCcoaepKaImii
IPUPOHBIL ra3 B 00beme 144000 Thic. M’/rof.
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B pesynbrare HCmoONb30BaHMS — Pa3pabOOTAHHBIX  BBICOKOMHTEHCHBHBIX
KOHTAaKTHBIX JJIEMEHTOB M ammnaparoB B NPOMBIIUIEHHBIX YyciaoBusax B Y/III
«Myb6apexckuii ['TI3» , YII IN'aznunedrerazgo0bida» U B APYrUX NPEaNPUATUAX
JOCTUTHYTO YBEJIMYEHUE €IUHUYHOM MOIIHOCTH, YMEHbIIEHHE TabapUTHBIX
pa3MepoB U METAIOEMKOCTH OOOpYIOBaHHS YCTAaHOBOK MOJATOTOBKH M OYUCTKHU
MIPUPOJTHOTO rasa.

3akiroueHue

IIo pe3yiibTaTtaM IMPOBCACHUA KOMIUICKCHBIX HAYYHO-HCCICOOBATCIBCKUX U
OIIBITHO-KOHCTPYKTOPCKHUX pa60T C OCJbKO CO3aaHUA BI:;ICOKOG)(l)(l)eKTI/IBHBIX
arIaparoB  AjA  OYMCTKH IIPUPOAHOTO Ta3a OT JKHUIAKOCTHBIX MW KHCJIBIX
KOMITIOHCHTOB, MOXXHO C(I)OpMy.III/IpOBaTB CICOYHOIINC OCHOBHBIC BBIBOJIbI:

1. Ilpoananu3upoBaHbl  3aKOHOMEPHOCTH  JBWKEHHSI  Ta30KUIKOCTHBIX
IIOTOKOB  NPUMEHUTEIBHO K  YCJIOBHUAM  TEXHOJOTHMYECKHX  IPOILECCOB,
MIPOTEKAIOIINX B aNllapaTax yCTAHOBOK OYMCTKH MPHUPOIHOTO rasa.

2. Pa3paborana wmartemaTuueckass MOJAEIb W MNPOrPaMMHO peanr30BaH
BBIYMCIIUTENBHBIN AJITOPUTM pacyera JJs ONpPEACIICHUS TPACKTOPUN JBHKECHUS
Karesb )KUIKOCTU MO CBOOOJHOMY CEUEHHUIO Cenaparopa B CUCTEME C >KMJIKOCTHOU
aucnepcHoi (ha3oi.

3. BckpbiTa B3aUMOCBSI3b  MEXAY KOJIMYECTBOM  (Pa3oBBIX SYEeK U
ra3ocoJiep>kaHleM JIBYX(a3HOro CJios B MHTEHCUBHBIX 0ApOOTAXKHBIX PpPEKUMAX,
CO3/[1aBAEMBIX Ha TapEIKaX KOJIOHHBIX aIlllapaToOB U CUCTEM C Ia30BOM THCHEPCHOMN
¢dazoii; npemioxkeHo NpuHUMaTh F-pakTop cKOpocTH B KayecTBE IMOKa3aTels
MHTEHCUBHOCTHU PaOOTHI anmapaToB U KOHTAKTHBIX YCTPONCTB.

4. Pa3pabotan u 3amumén nareHToM PecnyOnuku Y30ekuctan cenapaTtop
ra3a nepBUYHOM ourcTKU npupoaHoro raza (Ne IAR 03763, 2008 r.), paboTarouuii
B pEeXUME cemapaldd M 3alOBbIX BBIOPOCOB KHUAKOCTH. MeTamnoéMKOCTh
anmnapara 1mapoBoil (OpMbI 110 CPABHEHUIO C CYIIECTBYIOIIMMH TOPU30HTATBHBIMU
cenmaparopamMu UWIMHAPUYECKOM (opMbl B 2 pa3a MeEHbUIE W TPU STOM
coxpansieTcsi Bbicokasi 3 (PEeKTUBHOCTh OUMCTKH ra3a OT CBOOOHOM BiIary.

5.Pa3paborana u 3amunieHa natreHToM PY3 panuoHanbHas KOHCTPYKIIMS
LHEHTPOOEKHOro cernapaTopa C paguaibHO PACHOIOKEHHBIMU JIOMOJIHUTEIbHBIMU
KOHCTPYKTHUBHBIMU 3JIEMEHTAMH B BUJE HuiauHApuyeckux BctaBok (Ne IDR 04591,
2001r.). PazpaGoTanHbIii cenmapaTop ¢ OCEBBIM 3aBUXPUTENIEM IpeaHA3HAYCH IS
rJ1yOOKOW OYMCTKU MPUPOJTHOTO ra3a OT KUJKOCTHBIX KOMIIOHEHTOB B YCTaHOBKaX
MOATOTOBKHU ¥ OYUCTKHU MPUPOJTHOTO Tasa.

6. Pa3paborana HOBas KOHCTPYKLHMS ILEHTPOOEKHOIO CEmapaliOHHOTO
AJIIEMEHTa C 3aBUXPUTENEM  JUIsl BCTPOEHHBIX CENapaTropoB MacCOOOMEHHBIX
KOJJIOHH W CEnapaTopoB TOHKON OYMCTKH NPUPOJHOTO Trasza, COCTOSAIIMX W3
NpoQUIMPOBAHHBIX JIOMATOK, H30THYTBHIX IO pauyCcy M YCTAHOBJEHHBIX Ha
LEHTPAJIbHOM CEpPJCYHUKE; MPU 3TOM YIOJI aTaKU JIOMATKH Ha BXOJE COCTABJISET
70-75°, a yron nepekpbITHs JONATOK HAXOAUTCA B niepenenax 6-10.°

49



7. Illo  pe3ynpTaTaM  3KCHEPUMEHTAIbHBIX U TMPOMBIIIICHHBIX
UCCJIeIOBAHUIA CUTYATOW TapesiKd C JIByMs 30HAMH KOHTaKTa CO CBOOOJIHBIM
ceuenreM 20 % moaydeHbl HOBBIE JAHHBIE MO Ta30HAINOJHEHHIO OapOaTaXHOTO
CJI0sl, TUAPABINYECKOMY CONPOTUBIIECHUIO M KAIUIEYHOCY B IIMPOKOM JIHAINa30He
M3MEHEHHUs] Harpy3oK IO raszy M >KUJIKOCTH; ompejerneHa o0iacTb YCTOMUHUBOWU U
3¢ exTuBHON pabOTHl UCCIIEIOBAHHON KOHCTPYKIIMM MacCOOOMEHHOM TapelskH,
MOJIyYeHbl ~ HAMIIMPUYECKUE  ypaBHEHHMs I pacuera  ONTHUMAaJbHBIX
TUAPOIMHAMUYECKUX TaPAMETPOB U BBIIIOJHEHO CpPaBHEHUE DKCIEPUMEHTAIBHBIX
M pacyeTHBbIX JaHHBIX, CBHUJETEIbCTBYIOIIME AaJIEKBATHOCTH MOJYYEHHBIX
YPaBHEHUM.

8. Ilokazano, 4To MoaupULIMPOBAHHON abcopOep ¢ TapeiKkaMu HOBOTO THUIa
MO3BOJISIET YBEJIMYUTh NMPOU3BOJUTENBLHOCTh amnmnapara B 1,4 paza OTHOCHTENbHO
MIPOEKTHOTO YpPOBHS; 3(PeKT aocTturaercss 3a c4eT MHTEHCU(UKAIUMU Ipolecca
aGCOpOIMHI TIPH COXPAHEHHH BBICOKHX MOKasaTeseil kadecTsa (He Gomee 7 MI/M
H,S B ouunnieHHOM rase) OUMCTKH IPUPOIHOTO rasa.

9. Pazpaboran um 3ammiieH naTteHToM PY3 gerazatop HachIIEHHBIX
pacTBOpoB ¢ IuIeHKooOpazoBareneM xkuakoctu (NelAR 04060, 2009 r.). Ilo
CPaBHEHHUIO C CYIIECTBYIOIIMMH KOHCTPYKIHMSMHU B IMpesiaraéMoM anmnapare
METaNIOEMKOCTh CHIKaeTcs B 1,5 pa3a u mpu 3TOM NOBEPXHOCTH Jera3aluu
yBenuuuBaercst Ha 33%, UTO ABISETCS MOKa3aTeJeM BBICOKOW 3((PEeKTUBHOCTH
MPEJIOKEHHOTO arapaTa JJis Jera3aliy HaChIIIIEHHOT0 aMMHOBOT'O PacTBOpA.

10. IlomyyeHsl SMIUpUYECKUE YypaBHEHUS U OOOCHOBAHBI WHKEHEPHbBIE
METO/Ibl MPOIIECCHO-TEXHOJOTUYECKOI0 pacyuera, MO3BOJSIONINE MPOESKTHUPOBATH
BHOBb pa3pabaThiBaeéMble CEMapaTropbl MEPBUYHOM U TIyOOKOH OYMCTKH,
KOJIOHHBIE armnapaThl ¢ MacCOOOMEHHBIMU TapejKaMH C JBYMsSI 30HAMHU KOHTaKTa
co cB0OOHBIM ceueHueM 20% U BCTPOCHHBIM 3aBUXPUTEIIEM, a TaKKe Jera3aTopbl
HACBIILIEHHBIX PACTBOPOB ¢ MAaKCUMaIbHOU 3()(PEKTUBHOCTHIO - B 3aBUCUMOCTH OT
TEXHOJOTUYECKHUX MapaMeTPOB IKCILTyaTal[1H.

11. Pa3pabotana u mnpemsiokeHa TEXHOJIOTMYECKas CXemMa CEepOOYHMCTHOU
YCTAHOBKH C MEPCIEKTUBHBIMU TUIIAMU allapaToB JUIsl peanu3anuu 3¢ HeKTUuBHON
TE€XHOJIOTUU OYMCTKHU IPUPOJIHOIO rasa.

12. ®akTUyeckuil COBOKYIHBIN 3KOHOMHYECKUH 3 (DEKT OT BHEAPEHUS HOBBIX
BBICOKO(D()EKTHBHBIX alllapaToB, 3a CYET IMOBBIIICHUS TPOU3BOAUTEILHOCTH
anmnaparoB, YJIyUlIEHUs KaYeCTBY TOBAPHOTO ra3a, yMEHBIICHHUS METAIJIOEMKOCTH
U DHEProeMKOCTH OOOpYAOBaHMs, a TaKKe€ C YYE€TOM 3KOHOMHUM BaJlIOTHBIX
CPEIICTB U TPAHCIOPTHBIX 3aTpat cocTaBmi Oosee 700 MUIIITMOHOB CYMOB.
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Introduction (Annotation of doctoral dissertation)

Topicality and demand of the subject of dissertation. Prospective oil-and-
gas content of subsoil, the scientific technical potential, huge know-how, all
combined create quite favorable prerequisites for further essential development of
the oil and gas industry. «Uzbekneftegazy» National Holding Company developed
and still successfully carries out large-scale activities at intensive development of
oil and gas complex of the Republic of Uzbekistan by implementing and
introducing in production of novel equipment, materials, modern innovative
technologies, speeding up renovation and replacement of old equipment, and by
implementing big investment projects jointly with leading foreign companies. In
parallel a plethora of significant social tasks are solved. Development of this
program will allow to significantly strengthen fuel and energy independence of our
country.

The relevance of the thesis is characterized by the fact that the issue of quality
and new products from natural gas, due to the demanding attention tasks of
creating a high-performance devices and contact devices, enhancing technological
and mechanical reliability of the equipment, major reconstruction and
modernization of processing units, as well as improving the environmental
situation at the facilities purification and processing of natural gas.

With the development of new technologies for complex preparation and
purification of natural gas enterprises of the country in the global economic and
environmental crisis, the question becomes relevant reduction of material
equipment raskhodivaniya economical raw materials and energy. Main
technological machines and equipment industry, imported from foreign countries,
have fulfilled their service life and require replacement. In accordance with the
program of deepening of localization of production of finished products in 2011-
2013, approved 29 july 2011year, the Resolution of the President of the Republic
of Uzbekistan RP-1590 machinery enterprises to joint-stock company
"Uzneftegazmash" task will expand the production of equipment for the
preparation and processing of hydrocarbons.

Under these circumstances, the creation of high-performance devices and
contact devices for intensification of technological processes of complex cleaning
of natural gas from the liquid and acid components occurring in gas-liquid
systems, is relevant and useful task.

Conformity of research on priority directions on development of science
and technologies of the Republic of Uzbekistan. This work is performed in
accordance with the priority directions for the development of science and
technology in the Republic of Uzbekistan: Ne3-«Creation of high-tech products and
development of highly effective methods of exploration, extraction of mineral
resources and advanced processing of mineral raw materials and secondary
resources for the year 2007-2011».
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Review of international scientific research devoted the theme of
dissertation. Theoretical and practical research on the purification of hydrogen
sulfide absorption of natural gas being large firms, companies, research centers and
universities in foreign countries, such as the «Sulzer» (Sweden), «Koch - Glitsch»
(Italy), «Chemieanlagenbau Chemnitz GmbH» (Germany ), «Norton Chemical
Process Products Corporation» (USA) CKBN (Russia), "PETON" (Russia) wa
«Intalox High-Performance Structured Packing» (Austria).

Machine and apparats oil and gas industry in recent years has achieved
significant results: obtained nozzle ensures the implementation processes of mass
transfer and separation of liquid droplets from the wet gas with high efficiency
(Sulzer, Intalox High-Performance Structured Packing); contact devices designed
to organize the straight liquid flow and the transverse motion of the gas flow on the
section of the column (PETON, Chemieanlagenbau Chemnitz GmbH); designed
valve, sieve, bubble cap, cascading mass transfer plates are widely used in the
industry, taking into account the actual technological parameters and operating
conditions (Koch - Glitsch, Norton Chemical Process Products Corporation,
CKBN).

Today, implementation of priority research projects in areas of increase of
efficiency of devices by creating a high-contact devices, the development of new
technologies and a more compact and efficient equipment for the purification of
natural gas from the liquid and acid impurities.

Degree of study of problem. Such foreign scientists as Basile R.J., Cornelis
A.P., Chien T.W., Gold M., Heumann W.L., Jonson E., Li Jia, Norbert A., Pastor
T. P., Rodery C.D., Sha Yong, Akhmetov S., Valdberg A.Yu., Sisters V.G.,
Ramm V. M., Chekhov O. S., Zibert G. K. have studies various theoretical and
applied aspects of the natural gas treatment and processing units.

In Uzbekistan such prominent scientists, as, Rizayev N. U., Salimov Z.S.,
Yusupbekov N.R, Levsh V. I., Zakirov S.G., Gulyamov Sh. M., Nurmukhamedov
H., Abdurakhimov S.A.,Li R., etc. conducted the research aimed at the
development of theoretical bases of processes and devices of chemical and oil and
gas processing industries and put into practice.

In the present thesis the main attention is drawn to the analysis of possible
perspective ways of an intensification of processes in the «gas-liquid» system and
development of the contact elements defining efficiency of processes and
productivity of devices and installations for purification of gases in general.

Connection of dissertation research with the plans of scientific-research
works is a reflected in following projects: the state scientific and technical project
PPI-13 - «Development of highly effective technologies and technical means
power - and resource-saving, use of renewable and nonconventional power
sources, rational production and consumption of fuel and energy resources» (2007-
2011).

Purpose of research consists increation of highly effective devices
(separator, degasser, absorber and desorber) and principal process diagram for
integrated purification of natural gas.
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In order to achieve this objective it was necessary to solve the following tasks
of research:

formation of methodological bases of researches of functioning of devices of
complex purification of natural gas;

research of hydrodynamic characteristics of two-phase systems «gas (a
disperse phase) — liquid (continuous)» and «liquid (a disperse phase) — gas
(continuous)»;

research of power characteristics and optimum parameters of a gas-liquid
layer;

mathematical modeling of hydrodynamic parameters of a gas-liquid
current and on this basis the rational organization of the movement of phases
depending on a design and geometry of an arrangement the turbulent contact
elements;

development of the contact devices and devices working in the intensive mode
and in the wide range of loading of gas and liquid for the purpose of increase in
load of a column on gas or preservation of productivity of the unit at essential
reduction of diameter of the device;

justification of method of calculation of optimum design, hydraulic and
technological data of the developed devices for primary preparation and
purification of natural gas and synthesis of recommendations of their application in
petro - and the gas-processing industry;

development of concrete conclusions and constructive recommendations
about design and introduction of high-intensity and effective devices in oil and gas
and other industries;

introduction of the developed devices in the industry taking into account real
technological parameters and service conditions.

Object of research: natural gas, liquid drops, gas condensate, reservoir water,
hydrogen sulfide, amine solution, carbon dioxide.

Subject of research: technological processes, cars and devices of
installations and complexes of preparing and purification of natural gas and
regeneration of saturated amine solution.

Methods of research. In the course of performing dissertation work the
following were used: methods of extreme planning of experiments; statistical
methods of processing of experimental data; methods of physical, mathematical
modeling and optimization of technological processes and productions; the
approved standard methods of carrying out experiments on studying of regularities
of hydrodynamics and to a mass exchange with use modern metrological certified
control — measuring devices and exact methods of measurement of technological
parameters.

Scientific novelty of dissertation research consists in the following:

the mathematical model of the hydrodynamic modes of a turbulent gas-liquid
flow is offered;

interrelation between quantity of phase cells and gas content of a two-phase
layer in the intensive bubbling modes which are created on plates of columned
devices and systems with a gas disperse phase is opened;
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regularities of distribution of drops of liquid of various size and the useful
height of a separator allowing to arrange effectively release devices are defined
and considerably to increase efficiency of gas-liquid separation;

new contact devices and devices working in the intensive mode and in the
wide range of loadings on gas and liquid are developed;

area of steady and effective work mesh plates with two zones of contact with
the free section of 20% is defined;

empirical equations for an assessment of gas content, hydraulic resistance,
ablation of drops and coefficient of an expense of a crack depending on
technological and geometrical parameters of separation and mass-exchange
devices are offered;

engineering technique of calculation of design, hydraulic and technological
data of a separator of a spherical form and a degasser of saturated solutions with
filming agent of liquid is proved.

Practical results of research consist in the following:

- the gas-liquid separator of primary purification of natural gas which is
effectively working in the modes of volley emission and separation of drop liquid
was developed (Ne TAR 03763, 2008), separator with a centrifugal vortex
consisting of three functional parts, the using ratchet and centrifugal effects of
sedimentation of drops and intended for deep purification of natural gas of free
moisture is offered highly effective (Ne IDR 04591, 2001), highly effective
degasser with the developed surface of decontamination of not dissolved gases of
saturated solution of amine is created (Ne [AR 04060, 2009);

designs of mass-exchanged plates of mesh type with two zones of contact of
gas-liquid phases for columned devices in installations of purification of natural
gas, from sour components allowing to increase device productivity by 1,4 times of
rather design level at the expense of an absorption process intensification are
offered(Report of implementation of the Mubarek Gas Processing Plant on
25.03.2005);

the method of calculation of optimum parameters of the developed offices of
systems of purification of natural gas is proved (Practical guide reports under Ne
PM 371-12; PM 382-12 and PM 423-13, approved by JSC «Zavod
Uzbekhimmashy).

Reliability of obtained results is confirmed by coherence of theoretical
results with own experimental data and data of experiments and theoretical
calculations from references; successful commercial operation of the devices
calculated and designed on the basis of the conducted researches.

The oretical and practical value of research results. The theoretical
importance of results of dissertation work consists in creation of the upgraded
technological scheme of the purification of natural gas of sour components
allowing to carry out processes of absorbing purification of natural gas in small-
sized, not metal-consuming and high-intensity devices. Scientific results of the
thesis are used in the course of creation of an engineering method of calculation of
the separation and mass-exchanged devices intended for primary preparation and
purification of natural gas.
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The practical importance of the performed work is that engineering
techniques and recommendations about design and calculation of hydraulic, design
and technological data of the developed contact devices and devices are developed;
new perspective designs of devices of installation of purification of natural gas of
the liquid and sour components created on the basis of pilot and theoretical studies
of two-phase gas-liquid systems are offered.

Realization of results. By gas separator (patent agency on intellectual
property of the Republic of Uzbekistan for Ne IDR 04,591, and the number 2001
03 763 IAR, 2008.) And a saturated solution of the degasser (patent agency on
intellectual property of the Republic of Uzbekistan under NelAR 04060, 2009)
embedded in equipment quality processes unitary subsidiaries «Mubarek Gas
Processing Planty, «Gazlineftgazdobycha», «Mubarakneftegaz», «Ustyurtgazy»
(certificates Ne3 from 25.03.2005g., No7 from 19.06.2012, and is being Ne9 from
29.06. 2012); the actual cumulative economic effect of the introduction of new
high-performance and advanced manufacturing devices, by increasing
productivity, improving the quality of gas, reduce energy intensity of metal and
equipment, as well as the saving of foreign currency and transport costs amounted
to 700 million soms (certificate Ne641 from 06.05.2015, joint-stock company
«Uzneftegazmashy).

Approbation of work. Basic provisions and results of work are reported,
discussed and approved on: International scientific conferences «Mathematical
Methods in Equipment and Technologies» - «MMTT-2000» (St. Petersburg, 2000)
and <MMTT-200» (Smolensk, 2001), International scientific and practical
conference «Civilization and Globalization of Cultural Wealth of the People of
Central Asia and Kazakhstan» (Shymkent, 2007), NTK scientific and technical
conferences of the Tashkent state technical university (Toshkent, 2003-2005),
Republican NTC «O’zbekistonda neftni gayta ishlashning dolzarb muammolari va
moylovchi materiallar ishlab chigarish istigbollari» (Tashkent, 2005), I-of
Republican NTC «Modern Cars and Devices of Chemical Productions» (Fergana,
2006), Republican NTC «Actual Problems of Creation and Use of High
Technologies of Processing of Mineral Raw Material Resources of Uzbekistan»
(Tashkent, 2007), «Actual problems of oil refining and gas of Uzbekistany»
(Bukhara, 2009).

Publication of results. The main contents and provisions of the thesis are
reflected in 31 published scientific works. On materials of the thesis one
monograph is published, 12 articles, are published in the leading peer-reviewed
domestic and foreign magazines, 15 theses of reports and are taken out 3 patents of
the Republic of Uzbekistan for inventions.

Structure and volume of dissertation. The thesis consists of introduction, 6
heads, the conclusion, the list of the quoted literature and appendices. It is stated
on 192 pages, has 71 drawings and 7 tables. Copies of the documents confirming
practical use of results of the thesis are given in appendices.
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Main contents of dissertation

In the introduction the urgency and relevance of the dissertation topic, stated
purpose and objectives, identifiedthe object and subject of research, identify
relevant research priority areas ofscience and technology of the Republic of
Uzbekistan, presented scientific noverlty and practical results of the study proved
the reliability of the resultsobtained revealed theoretical and practical significance
the results obtained are given a list of implementing the findings of research,
testing operation, data from published work and structure of the dissertation.

In the first chapter «Analysis of modern methods, schemes and devices of
gas purification and identification of trends of their further development and
improvement» of the thesis results of the analysis of modern methods, schemes
and devices of complex purification of natural gas and other gases are given in
two-phase systems «gas — liquidy.

It is noted that one of the important tasks solved when developing
technological process of purification of natural gas is the choice of the optimum
sizes and a design of the mass-exchange and separation devices that predetermines
profitability of process, decrease as capital expenditure for production of the
equipment (economy of constructional materials), and operational expenses
(decrease in power consumption of process, volume of repair work). The solution
of this task is directly connected with development of contact devices and research
of hydrodynamic parameters of devices and use of reliable calculation methods of
optimum design of the gas-liquid equipment.

The analysis of references shows that there are unused technical capabilities
for an intensification of processes of purification of natural gas with application the
turbulent flow of contact devices — centrifugal vortex, highly effective mass-
exchanged plates, filming agents, etc., and also development on this basis of less
metal-consuming devices for the oil and gas industry.

Proceeding from it, problems of scientific research are formulated.

The second chapter of the thesis «Hydrodynamic characteristics of gas-
liquid two-phase flows in the gas cleaning process» is devoted to development
of scientific-theoretical fundamentals of hydrodynamics of two-phase gas-liquid
streams in systems from liquid and gas disperse phases.

In disperse gas-liquid stream, droplets are weighed in the gas environment
and are bearing. Depending on the size of drops and speed of a stream degree of
hobby of particles is various. Parameters of the movement of drops of liquid in a
gas stream to which belong their relative speed, the way passed in a gas stream
define a major factor of process — efficiency of separation.

The developed mathematical model and algorithm of calculation of a
trajectory of drops in the free section of a separator with an axial vortex allow to
figure out the way of movement and time of stay of drops of various size that gives
the chance purposefully to project the constructive elements which are
qualitatively preventing ablation of drops from separation zones.
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It is noted that in the turbulent flow systems gas in liquid of high intensity are
created on plates of mass-exchanged devices. The surface of contact of phases of
gas-liquid system is defined by the sizes of phase cells and gas content. The
volume of a bubbling layer ¥,, m’ is defined by expression:

Ve =HE, (1)
where H — height of a layer in m; area of section of a layer, m’.

The quantity of the drops weighed in a stream, during the operation of the
device in the intensive modes, is defined by technological indicators of process —
the speed of gas and density of an irrigation. The amount of liquid which is in the
device in case there is no its accumulation in the device at the expense of a
difference of speeds of gas and liquid is defined by expression:

Gx :VanprB’ (2)
where Vg, - volume of the tank in m’; p, — gas density, kg/ m’ and B— specific
irrigation, kg liquid/kg gas.

The amount of liquid passing through the device in unit of time ¢, kg/s at the
density of irrigation of L, m/s is defined as:

q,=L-F, - p, (3)
The amount of q; gas, kg/s at a speed is expressed as follows:
qr = Uav}?spr’ (4)

The specific irrigation is defined by expression:

=1 LP (5)
ql" Uavpr

The total amount of liquid in the device:

G, LFH

v =X 6
KT (6)
Taking into account sliding coefficient, i = Z/—Kwe will receive,
LFH
V,=—2* 7
- ™

av
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Using expression (10), we will express gas content through technological
parameters of process:

=l-—=1-— (8)

In case the part of the liquid coming to a gas-liquid layer is in a condition of
bubbling, the quantity of drops in system is defined with an indicator of a relative
splashes ablation e and is determined by expression

_ LeF.H )
AiU, d;

ng

where A — the form coefficient and dx — diameter of droplets, m.

As a result of theoretical researches, the interrelation between quantity of
phase cells and gas content of a two-phase layer in the intensive bubbling modes
which are created on plates of columned devices and systems with a gas disperse
phase is defined.

For an assessment of ability of the equipment to bear loading on gas it is
offered to use, F- speed factor which is work of the actual speed of gas per the full
section of a column (U, m/s) on a root square from the actual density of gas
(p, kg/m’) in the columned device:

F=U/p. (10)

The use of F- factor of speed for the assessment of intensity of operation of
contact devices of gas-liquid dividers (a separator and a degasser) and mass-
exchange column units (an absorber and desorber) allows to apply results of
laboratory researches in the industry.

The chapter three of works «Creating a gas-liquid separation device for
the purification of natural gas» is devoted to creation of devices of gas-liquid
separation in installations of preparation and purification of natural gas.

Overall performance of the separation equipment in many respects defines
reliability of work of the equipment of installations of preliminary preparation of
natural gas, purification of gas of sour components, and also causes the volume of
its operational and power expenses.

On the basis of the theoretical analysis of factors of the liquid drops
influencing efficiency of process of sedimentation on a cylindrical surface it is
established that at constant physical parameters of the bearing environment and a
thaw of liquid coefficients, collision and divisions generally depends on the speed
of the bearing gas stream.

For the purpose of definition to influence of hydrodynamic, geometrical and

operational parameters on efficiency of separation of drops researches in vitro are
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conducted. The installation consisting of the mixture camera with the direct-flow
movement of phases and the built-in separator with an axial vortex of removable
type is developed. It allowed to conduct research in separator equipped with vortex
and without it.

For definition of a residual thaw ablation of air at the exit from a separator the
weight method is used. For definition of a field of distribution of drop moisture on
the volume of a separator the special device which principle of action is based on
existence of conductivity of water and lack of conductivity in air is used. The
device is connected to the sensor capable to move on the section and height of a
separator. Position of the sensor is fixed on a scale.

Research on definition of the content of liquid were conducted at speeds in
the free section of a separator 2,3 m/s, i.e. at F speed factor = 2,3 + 3,2, in various
sections on all height of a separator.

Loadings on liquid varied in the range of 0,24,1,04 kg/m3. By the received
results of a thaw contents it is possible to judge distribution of a gas-liquid layer on
separator sections.

= —4— Experimental
= ~#—Experimental £ 45 m 2,0(exp)
i ; —=1,0mm _;g 35 = 2.83(exp)
3 i T T m 2,0(set])
= ~8—2,0mm 2 & 25 4 (set)
g 0,3mm S 420 m2,5(se
) = £ - m 2,83 (setl)
= 2 5 L lgy

s ‘e |

' 4§ & 0 - L L

< 0,24 0,44 0,64 0,84 1,04

: Specific irrigation L, kg/m?
Separator radius, R, mm P © P e

Fig.2. Dependence of the absolute

entrainment of liquid droplets on the
specific irrigation

Fig.1. Distribution of drops of liquid on
separator sections at F=2,8 and L=0,64
kg/m’

It 1s established that with increase in a factor of speed of a gas-liquid stream
in the free section of a separator within F =2,8 + 3,2 existence of drops of liquid at
distances 180+220 of mm from a vortex in all sections of a separator is observed.
With increase in loading on liquid at a constant speed, height of sedimentation of
bulk of drops decreases and accounts 60-30 mm from a vortex. It follows from this
that with increase in speed growth of ablation of drops from a separator is observed
and it is required to increase height separation space or to install additional release
devices on the way of the movement of small drops.

The mathematical model developed by us allows to carry out calculation of a
trajectory of drops of a given size in the field of speeds of the twirled bearing gas
stream of a separator — within the studied geometrical ratios of the sizes. Results of
calculations for model formulas are presented in fig. 1 and are confirmed by
experimental data.
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From graphs it is visible that trajectories of all particles with a diameter of
0,5+3,0 mm terminate on separator walls. Drops of 0,5+0,3 mm in size demand big
heights of a separator. Drops = 0,3 mm are also less taken out by the size from a
separator as don't reach it walls even with rather big height.

On the basis of results of pilot and theoretical studies an opportunity appeared
to improve a form and a design of separators, effectively to arrange impact devices
and to increase coefficients of collision and division.

Previously developed separator of a spherical form was suggested which
effectively operates in two modes: mode of separation and mode of protection
against volley emission of liquid. The separator serves for primary purification of
natural gas. The specific form of the reception camera provides unaccented
reception and plums of the arriving liquid and office of gas due to the special
dynamic movement. Besides, thanks to a spherical form thickness of a wall and
mass of a separator decrease twice on comparison with cylindrical cases.

For the purpose of development of a separator for deep purification of natural
gas we conducted researches in a direct-flow separator by diameter of Dy = 500
mm and height of H=680 of mm with cylindrical inserts at speeds of 2,3 m/s and a
specific irrigation of 0,24+1,04 kg/m’. In the course of research found the optimum
geometrical sizes (diameter and height) of an arrangement of inserts over a vortex.

Dependence of an absolute release on a specific irrigation for optimum values
of ratios of the geometrical sizes at various F-values of a factor of speed in a
separator with an insert is given in Fig. 2. The maximum value of thaw contents of
the departing air corresponds to the maximum values of working parameters and
makes no more than 40 mg/m’. For comparison we will note that for a separator
without insert a thaw contents reached 120 mg/m’.

As a result of experiences the tendency of growth of resistance with increase
in speed in free section and a specific irrigation is revealed. The maximum values
of hydraulic resistance corresponding to the maximum speed (U=2,85 m/s)
accounted for: a separator with an axial vortex AP = 610 Pa; for a separator with
inserts - AP = 660 Pa.

Dependence of an absolute thaw ablation on working parameters for

separators with inserts can be described the empirical equation in the following
look:

Uaps = 7,61U117536L0775‘: % )0,768 -

where Uy, - absolute thaw ablation , mg/m’; L - specific irrigation, kg/m’, py— gas
density in normal conditions, kg/m’; p;- gas density in operating conditions, kg/m;

For studying of range of the separating possibility of a separator with inserts
researches with small density of an irrigation were conducted. The empirical
equations describing dependences of a thaw ablation on stream speed at small
values (0,05+0,20 kg/m’) of a specific irrigation in a separator with inserts have the
following appearance:
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Uabs — 24)06U10,097L0,69( % )0,049 (12)
o

Results of processing of experimental data show that the offered design of a
separator can work with high efficiency in the wide range of working parameters.

The result of research of the centrifugal separation element with a vortex
serving a contact element of the built-in separator of mass-exchanged columns and
separators of thin purification of natural gas are given. It is established that
separation process most effectively proceeds in a new design of a centrifugal
separation element with a vortex with a diameter of branch pipe of 100 mm when
the shovel angle of attack on an entrance makes 70 - 75 °, and the corner of
overlapping of shovels is in limits 6-10 °. The separator can effectively work at F =
6,6+17,2 which at atmospheric pressure corresponds to speeds of gas Ug=
1,3+3,2m/s. Loading on liquid makes to 0,4 I/m3 of gas. At the specified
parameters the separator provides a thaw contents at the exit from the device
within 7+11 mg/m’.

Thaw contents of gas at the exit from a separator (mg/m’) can determine by
an empirical formula:

K>=10,56 + exp[3,023 + 0,191 F + (-1,409) H,], (13)

where H;=H/D. - relative height of a separator; H - the general height of a
separator in m, F- speed factor.

Median diameter of the drops (micron) which are carried away by a gas
stream is determined by an empirical formula:

dsp =1,36 +exp[1,626 + (- 0,013) F+ (- 0,127) H,] , (14)

In the fourth chapter «Investigation of hydrodynamics mass transfer
devices column apparatus for gas treatment plants» results of research of
hydrodynamic parameters of a mesh plate are given with two zones of contact of
phases with free section 20% and openings on a plate cloth of d¢g, = 9,4 mm in
relation to mass-exchanged devices — to an absorber and a desorber of installation
of purification of natural gas. The offered mass-exchange plate differs in the big
range of working loadings on gas and liquid, the small hydraulic resistance and
higher rates according to mass-exchanged characteristics. These plates can work at
F-values of a factor 2+3. We will note that the plates which are operated at gas-
processing plants work at F-value of a factor of F < 1.

Structurally the plate represents a mesh cloth with the central overflow device
(Fig. 3). During the work solution of amine moves from top to down and there is a
bubbling in openings under the influence of kinetic energy of gas. At a modulation
of solution the curtain is created «liquid» that allows to contact in addition liquids
to gas. In an overflow glass the defoaming agent made of corners is installed. The
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defoaming agent serves for removal of gas and subjects promotes increase in
capacity of overflow devices.

Experiments were made in the following range of parameters: gas speed in the
free section of a column from 0,8 to 2,5 m/s that corresponds to a F-factor in the
range of 1,0+ 2,9. Range of density of an irrigation was changed from 20 to
75 m’/m’h that corresponds to load ofthe length of threshold from 5,1 to 19,1
m’/mh.

At researches gas-fillings are determined by height of a bubbling layer,
splashes ablation and the hydraulic resistance of plates in the range of working
loadings on gas and liquid and the range of steady work of a plate.
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Fig. 3. Dependence of gas filling on gas-
liquid layer height at density irrigation
L=30 m*/m’h

Fig. 4. Dependence of hydraulic resistance on
factor of gas speed

In fig. 3, as an example regularities of change of gas-filling at various F-
values of a factor are illustrated. According to schedules growth of gas-filling at
low values of density of an irrigation when kinetic energy of gas prevails over
potential energy of liquid is visible andis in limits 0,7+0,8. The received
dependences of gas-filling on working parameters show that the operating mode of
a plate with the free section of 20% reaches to F = 2,84.

On each mode measurements of pressure difference withthe U-
shaped differential manometer of water filling were taken. From Fig.4 it is visible
that with increase in a volume consumption of liquid at unit of a mass-exchanged
plate, i.e. irrigation density, the noticeable growth of hydraulic resistance is
observed. Thus it is established that increase in speed of gas doesn't lead to the
sharp growth of the studied parameter.

For experimental definition of ablation during the work in air-water system
the column with a diameter of 300 mm supplied with two mesh plates with two
zones of contact which free section was changed in the % F;s3=10+20 range was
used. Thickness of plates made 6 mm, diameter of an opening — 9,4 mm, distance
between plates - 500 mm.
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For catching of the drops which are carrying away through the top part of a
column used the cyclone established on the line of an air outlet. Ablation was
expressed through the attitude of amount of the carried-away liquid towards
quantity given, i.e. relative ablation, in kg/kg.
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Fig.5. Dependence of specific carry-over drops of liquid e, from F; speed factor at
various values of density of an irrigation (F =20 %).

Dependence of relative ablation of drops from a plate with the free section of
20%, from F factors of speed is given in Fig. 5 at various density of an irrigation.
With increase in density of an irrigation relative ablation and speed limits of gas
decrease owing to growth of a layer of liquid on a plate and faster stopping of the
device. In the conditions of the made experiments speed limits of gas made 2,4+2,6
of m/s (F =2,7 +2,9).

As a result of processing of experimental data we received the following
dependence, the relative ablation of liquid allowing to define depending on
technological parameters of process and free section of a plate:

e=0,75*10"UYL " F >, (15)

The equation is fair for H=500-600 of mm, F,=10+20%, L =20
+75m’/m’h, U=0,8-2,5 mvs.

For an assessment of possibility of effective functioning of a column at
various loadings on gas and liquid usually use area of its steady work which
depends mainly on type and a design of the contact device.

Range of steady work of plates is determined by a combination of loadings by
gas and liquid. In Fig.6 described the area of steady work of the plate investigated
by us, respectively, received by generalization of considerable volume of
experimental data. The schedule is constructed in coordinates »a speed F-factor -
L — irrigation density». The most admissible F-a gas speed factor in a column (VS
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line) is defined by liquid ablation size. The AD line determines minimum
admissible speeds of gas, the corresponding 10% to a liquid failure. On the right
the area of steady work is limited to the CD line which corresponds to the
maximum loadings on liquid, the corresponding 85% of the mode of a stopping.
The AB line define the minimum loadings on liquids at which on a plate the steady
bubbling layer is provided. Loadings on gas and the liquids corresponding to
coordinates of any point in area provide steady functioning of the device.

F, m/s (kg/m*)%>

2.8 B
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L& ]
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Fig.6. Area of steady work of a mesh plate with two zones of contact with the free
section of 20 %.

From the schedule it is visible that the working range of a plate with the free
section of 20% on loading: the minimum working speed of gas is 1,2 m/s
(Fmin=1,36) - the maximum working speed of gas is 2,5 m/s (Fpn.—=2,84).
Therefore, the range of change of loading on gas at which operability of a plate
remains, is equal to F./Fnn = 2,1. Loading on liquid reaches density of an
irrigation of 75 m’/m’h that corresponds to load of length of threshold of 19,2
m’/m h.

Thus, as a result of research, the optimum hydrodynamic indicators are
defined and the area of steady work of a plate for carrying out absorbing and
stripping processes with high intensity in courses of mass-exchanged processes
small-sized technological devices is revealed.

The fifth chartes «Research and development degasser saturated amine
solution for the installation of natural gas desulphurization» results of research
of process of decontamination of saturated solutions and hydrodynamic
characteristics of the developed degasser of amine solution are given.

It is offered formulas for determination of speed of laminar and turbulent
emerging the decontaminations of saturated solutions received on the basis of
theoretical prerequisites of process of decontamination of saturated solutions.
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In units of preparation of gas condensate, desulphurization and other objects
of preparation of saturated solutions it is applied degassers without internal
constructive elements (hollow), and decontamination of solution happens only
from a liquid mirror surface. On the other hand, in world practice of designing
various constructive elements are widely applied to increase of effect of
decontamination of liquid mix in system «gas — liquid» in the form of vortex,
plates or distributing devices.

For the purpose of creation of distributing devices for effective carrying out
process of decontamination of saturated solution in vitro conducted experimental
research in system «air — water». Experiments were made in two modes. In the first
mode, at the fixed liquid level in an overflow glass — the set liquid pressure,
determined the capacity of a crack and gas-filling of mix by height of the overflow
device. In the second mode of loading on liquid changed from zero before the
mode of a stopping and determined hydraulic resistance.

Research was conducted at gas speeds in the free section of the device 0,4
+1,2 of the m/s corresponding to F — to a factor 0,5 +1,4, and at the density of
irrigation of 20+ 50 m’/m’h. In experiences used mesh plates with the free section
of 6%; thus gas speed in plate openings with a diameter of & 4 mm (in number of
154 pieces), was in the range of 720 m/s.

Use of a mesh plate is caused by need of creation of the bubbling overflow
layer promoting providing a modulation through an overflow glass, the liquid
given on plates. Thus there is an opportunity to study influence a gas deposits on
the flowing-down liquid film. By results of experiences the interrelation between
the key working parameters of filming agent of liquid is established.

Researches of capacity of an overflow glass with various width of a crack
allowed to define dependence of this parameter on height of level of a liquid layer
in an overflow glass. According to schedules (Fig.7) it isn't difficult to see
that with increase in width of a crack at constant values of height of level of liquid
the capacity of a crack increases. And, with a width of crack of 2-6 mm growth at
all levels more slowly, than with a width of crack of 6-8 mm.
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Fig. 7. Change of height of level of liquid in an overflow glass at various values of width of
cracks depending on a liquid consumption

67



The obtained data testify, also about influence a gas deposit on the capacity of
cracks. At small values of height of level of liquid the gas pressure difference
before and after an overflow glass (equal to the hydraulic resistance of a plate)
interferes with a current. The more the liquid level height, the more intensively the
expiration of liquid through a crack. This phenomenon influences liquid
consumption coefficient which was determined by results of researches.

With increase in technological parameters — loadings on gas and liquid -
growth of the hydraulic resistance is observed. Thus it is possible to note that
change of density of an irrigation influences growth of hydraulic resistance less
actively, than gas speed. For example, at a speed of gas of 0,4 and 0,6 m/s at
various values of density of an irrigation hydraulic resistance grows practically in
parallel, at speeds of 0,8 and 1,0 m/s the difference of values of hydraulic
resistance is essential.

Experiences established values of gas-filling of a gas-liquid stream on height
of a bubbling layer. It is revealed that in the studied ranges of working parameters
height of a liquid layer with gas-filling to 0,86, is lower than 300 mm. Proceeding
from it, the maximum height of level of liquid over a crack we recommend to
accept 300 mm. The minimum height of liquid in an overflow glass has to be not
less than 50 mm.

By results of processing of the obtained data, the empirical equations for
calculation of coefficient of an expense of a crack are removed and by comparison
of results of researches their adequacy is confirmed.

On the basis of the given research on determination of optimum working
parameters of the distributor of liquid and the scheme interaction of a film of liquid
with a gas stream the degasser of saturated solution with the developed
decontamination surface is developed.

In chapter six «Industrial testing and introduction of new devices for
complex clearing of natural gas» the upgraded technological scheme of sulfur
clear installation for realization of effective purification of natural gas of liquid
and sour components is offered.

Constructive schemes are provided and the description of the contact devices
and devices developed and protected by patents of the Republic of Uzbekistan of a
design for complex purification of natural gas of liquid and gas components is
given.

The separator of primary purification of natural gas of drops and volley
emission of liquid (Fig. 8) consists of the case consisting of two cameras - a
reception 1, a separation spherical form and accumulative 2, connected among
themselves by a branch pipe 3, the branch pipe tangential established in 4 and the
employee for input in the reception camera of gas-liquid mix. In the top part of a
separation chamber 1 the vertical branch pipe 5 for removal of the separated gas is
located. In the lower part of an accumulative chamber 2 the union 6 for dropping
liquid in a drain tank, and also the union 7 for removal of the collected firm rainfall
is located.
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The separator design for deep purification of natural gas is presented in Fig.
9. The separator consists of three functional parts. Damp gas enters via the union
(A) and by means of the directing tray located in moves on the semi-spherical
bottom of the device. The office of firm particles and large drops of liquid in this
zone occurs due to gravitational and centrifugal effects. Then through a window in
a device partition gas comes to the second section, having passed previously mesh
coagulator of particles. The integrated drops are besieged in the second zone on
inertial gravitational mechanism. In the third zone there is a final purification of
gas of free moisture. Structurally this part of
the device represents a centrifugal separator
with an axial vortex and internal cylindrical
b X inserts. The gas exempted from drop

T B moisture via the union (B) is pumped for
d| further processing.
The degasser (Fig. 10) intended for
decontamination of saturated amine solution
X " 3 represents the horizontal device with the
film distributor of liquid installed inside.
Expander consists of the case (pos.l)
representing a horizontal cylindrical vessel
: with the elliptic bottoms and the liquid
S _ distributor located inside (pos.2) installed on
beams (pos.3). The distributor of liquid
creates six film umbrellas from which there
, is an intensive decontamination of liquid.

— The absorber column is a  vertical

| apparatus with perforated plates modified
1- reseption chamber; 2- collecting with two areas of contact. In the absorber is
chamber; 3-connecting piping; 4 — gas  performed by sorption gas-liquid contact and
inlet piping; 5- gas outlet piping; 6 —  the bubbling film layer. At the top of the

liquid drop piping. . _ .
Fig. 8. Separator of gas absorber 1r.1$tal.led drop ellmlngtor cons.lstmg
of the cylindrical elements with centrifugal

swirler.

Research of absorption rate of H,S and CO, from natural gas with aqueous
solution of methyl-di-ethanolamine was performed on 12 — desulphurization unit
of the Fourth Unit of the Mubarek Gas processing Plant.

The experiments were carried out in operational medium on the absorber with
diameter 2600 mm. As the mass transfer device accepted the modified design of
plates with two contact zones in the amount of 18 pieces. On each installed 5 plate
the overflow device is set to 400 mm diameter; Height overflow threshold adopted
by 50mm. Max rated load for overflow q =63,1m’/m-h. In overflow defoaming
devices are installed that boost the bandwidth of plates when liquid foams.

N
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A — the gas input union; B — the gas discharge union; V,G, D — hatches; E — a drainage, X — the
union for a condensate conclusion; I} 734 — unions for the index of level; K — the union for the
safety valve; L — the union for sampling; M, » — liquid plums
Fig 9. Separator of natural gas
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1-cases of a degasser, 2-distributing device, 3 - beam union: A — an input of amine solution, B -
an exit the expander of gases, C - solution exit, D —for a drainage, F, E — for the level gage, G —
for the manometer; H - the hatch for service
Fig.10. Degasser of saturated solution

When testing the modernized absorber speed factor ranged F=1+2.4. It is
found that with increasing speed factor at a constant value specific of irrigation of
hydrogen sulfide extraction selectivity factor Kc increases, when F=0,7 content
H.S in cleaned gas is 14 mg/m’, at F=2.4 contents H,S was 4.7 mg/m’. This
phenomenon is, in our opinion, due to the fact that at high speeds increases the
surface and the contact time of the phases and as a result increasing the efficiency
of selective clearing.

The absorber under study before revamp was equipped by mesh plates with free
section 5% - 18 pcs. and under the project had gas capacity 47 thousand m’/h. In
the result of replacement plates, productivity absorber on gas reaches 65,000 m’/h,
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and it will allow in additionally in cleaned natural gas in the volume of 144 million

3
m’/year.

The use of highly developed contact elements and apparatus in industrial
environments  in USS “Mubarek Gas Processing Plant”, USS

“Gazlineftgazdobycha” and other companies one could achieve the increase in unit
capacity of natural gas, decrease of dimensions and the need for metal bulk of the
equipment for facility of natural gas preparation and treatment.

Conclusion

The results of carrying out complex research works for the purpose of
creation of highly effective devices for purification of natural gas of liquid and
sour components make it possible to formulate the following main conclusions:

1.Regularities of the movement of streams in relation to conditions of the
technological processes proceeding in devices of installations of purification of
natural gas are analyzed.

2. Mathematical model was developed and the computing algorithm of
calculation for definition of trajectories of the movement of drops of liquid on the
free section of a separator in system with a liquid disperse phase is
programmatically realized.

3.The interrelation between quantity of phase cells and gas content of a two-
phase layer in the intensive bubbling modes created on plates of columned devices
and systems with a gas disperse phase is opened; it is offered to accept a speed F-
factor as an indicator of intensity of operation of devices and contact devices.

4. Tthe separator of gas of primary purification of natural gas was developed
protected by the patent (Ne TAR 03763, 2008) of the Republic of Uzbekistan
working in the mode of separation and volley emissions of liquid. Metal
consumption of the device of a spherical form in comparison with the existing
horizontal separators of a cylindrical form twice less and thus remains high
efficiency of purification of gas of free moisture.

5. A rational design of a centrifugal separator with radially located additional
constructive elements in the form of cylindrical inserts (Ne IDR 04591, 2001) was
developed and protected by the patent of the Republic of Uzbekistan. The
developed separator with an axial vortex is intended for deep purification of
natural gas of liquid components in installations of preparation and purification of
natural gas.

6.The new design of a centrifugal separation element with a vortex is
developed for the built-in separators of the mass-exchanged columns and
separators of thin purification of natural gas consisting of the profiled shovels bent
on radius and established on the central core; thus the shovel angle of attack on an
entr%nce makes 70-75°, and the corner of overlapping of shovels is in repartitions
6-10".

7.By results of pilot and industrial studies of a mesh plate with two zones of
contact with the free section of 20 % new data on gas-filling of a bubbling layer,
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hydraulic resistance and a thaw ablation in the wide range of change of loadings
on gas and liquid are obtained; the area of steady and effective work of the studied
design of a mass-exchanged plate is defined, the empirical equations for
calculation of optimum hydrodynamic parameters are received and the comparison
of experimental and settlement data testifying adequacy of the received equations
is executed.

8.1t 1s shown that modified an absorber with plates of new type allows to
increase device productivity by 1,4 times of the relative design; the effect is
reached at the expense of an intensification of process of absorption at preservation
of high rates of quality (no more than 7 mg/m’ of H,Sin the cleared gas)
purification of natural gas.

9. Degasser of saturated solutions was developed and protected by the patent
(Ne TAR 04060, 2009) of the Republic of Uzbekistan with filming agent of liquid.
In comparison with the existing designs in the offered device metal consumption
decreases by 1,5 times and thus the surface of decontamination increases by
33%that is an indicator of high efficiency of the offered device for
decontamination of saturated amine solution.

10. Empirical equations are received and the engineering methods of
process and technological calculation allowing to project again developed
separators of primary and deep cleaning, columned devices with mass-exchanged
plates with two zones of contact with the free section of 20% and the built-in
vortex, and also the degassers sated solutions with maximum efficiency -
depending on technological parameters of operation are proved.

11. Process diagram of sulfur clear installation with perspective types of
devices for realization of effective technology of purification of natural gas is
developed and offered.

12. Actual cumulative economic effect of the introduction of new high-
performance and advanced manufacturing devices, by increasing productivity,
improving the quali.y of gas, reduce energy intensity of metal and equipment, as
well as the saving of foreign currency and transport costs amounted to 700 million
soms.
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