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PHYSICS AND MATHEMATICS

PEIIEHUE 3AJAY KOMMUBOSI)KEPA METOJIOM POSI
YACTHI]

Tacanner H. H.

A3zepoanoxcan , baky, Azepoaiioncanckuii I'ocyoapcmeennoii Yuueepcumem Hepmu u
Hpomvrunennocmu, Kagheopa «Komnvromepnasn unsicenepusy

Annomauyusa. [lpobnema xommusosidcepa cocmoum us npooasya u psaoa 2opooos. Ilpooasey
00/ICEH NOCeMUMb KadCOblll U3 20P0008, HAYUHAIOWUXCS C ONPEOeNeHHO20 U 8036DAUAIOUUXCI 8
mom dfce camvlil 20poo. Ilpobnema cocmoum 6 mom, UMO KOMMUBOAICED XOYEM MUHUMUSUPOBAMD
HOJHYIO RPOOOJINCUMENLHOCTNb NOE30KU U HAUMU Ccamblll 8bl200HOU nymbs.B xo0e dauwvlil pabomol
ObLIU UCCTIE00BAHBL MYPABLUHBLUL U MEMOO POSL HACTIUY.

Keywords: Travelling salesman problem(TSP), particle swarm optimization method(PSO) ,
ant colony method(ACO)

prI[HOCTI/I CBsI3aHHBIC C UCITIOJIB30BAHUEM MATEMATUYCCKUX 3a/1a4 OIITUMU3AILIUN HpI/I HpI/IMCHCHI/II/I
K PEIICHUI0 KPYITHO MacmTaOHBIX MPOOJIeM MHKCHEPUH, BHECITH CBOW BKJIaJ B Pa3BHTHE BOIFOIMOHHBIX
BBIYUCITUTENIBHBIX ~ aJITOPUTMOB. DBOJIOIMOHHBIC AITOPUTMBI, KOTOPHIE HMMHTHPYIOT €CTECTBEHHYFO
OHOJIOTMYECKYTO SBOJIOIMIO M COLMATBHOE TTOBEICHHE CTOXAaCTHYECKUX METOIOB Morcka. [1,2,3]

PaccMoTpuM OAMH W3 METOJOB YACTHYHOH 3aJa4yd ONTUMH3AlMU OCHOBAaHHBIC Ha
OMOJIOrMYECKUX METOJax Ha mpumepe 3amadu kommuBospkepa, (Travelling Salesman Problem (TSP)).
JlaBaliTe MOCMOTPUM IIpoOJIEMy Tak HasbiBaeMoM kiaccuueckod ontummsammu. G=(N,E)  N-
KOJIMYECTBO FOPOJIOB, E- MHOXECTBO cOoeMHEHUH Bcex ropoaoB .Kaxaas 1opora UMeeT KOOPIHHATHI
(i,j) E . Paccrosinue mexay ropomamu (1)

dj; = \/(xi — %)%+ i — yj)*? (1)

B ommume or amropurma posi dactur, (PSO), KOTOpbI ONMCHIBAacTCS Kak AIrOpPUTM JJis
HaXOX/ICHUS SKCTPEMYMOB HENpPEpbIBHbIX (PyHKIMiA, MypaBbuHblid anroput™ (ACO) B Kiaccuueckoit
(OpMyIIMpOBKE pelacT KOMOWHATOPHBIE 33/1a4H, HApuMep 3ajady KOMMHBOsDKeEpa.[4,5]

AreHt mo mpopaxam kotopblit sxuBer B ropojae A(5.5,0) myremectBys no mynkros B(1,8),
C(3.4,5) u D(9,6.25) nomxen BepHyThcs B myHKT A (Tabm.1. ). CBa3b MEKIy TOpoJaMH HMEET
BECOBO KOX(D(MUIIMEHT 1 OH MEHSIETCS B 3aBHCUMOCTH OT BRIOPaHHOTO BHJIAa TPAHCIIOPTA, PACCTOSHHE
MEXy TOpPO/IaMH, BpeMsl JUII OKOHYaHUE Typa U T.J. 371eCh areHT 10 MPOoiaYkaM COXPaHssi CTOMMOCTh
M caMblil KOPOTKHMH IyTh ONpeAessieT ONTUMAlbHBIA MyTh. Takum oOpa3zom, olliee paccTosiHUE OO
MYHKTa Ha3HAUYEHUsI 3aBUCUT OT HA4aIbHOW TOUYKH. B 3TOM cityuae nydiiee penieHrne HailieHo, 0JHAKO
HEOOXOUMO YUUTHIBATH CTOMMOCTb U CaAMOE KOPOTKOE PACCTOSIHUE 0 MOE3/KH, CIEI0BATENbHO 3TO
He ontumanbHoe pemeHue . Mcnons3ys naker MATLAB pemaem 3agauy Metogom PSO  momyuaem
ontuManbHbId yTh 24.5314 (Puc.1.). CpaBauBas metoapl ACO u PSO momyuaem uto PSO Gonee
ONTUMAJILHBII METOI.

Tabnuna 1. Paccrosiare Mex Ity ropoaMu

Hauanshas Touka
A (5.5,0) B (1,8) C(3,4.5) D (9,6.25)
= A (5.5,0) 0 9.18 5.15 7.16
B g B (1,8) 9.18 0 4.03 8.19
% E C (3,4.5) 5.15 4.03 0 6.25
= D (9,6.25) 7.16 8.19 6.25 0
WORLD SCIENCE Ne 1(17), Vol.1,January 2017
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L PN
1s
16 —
17
18 —
19
20—
21
22
23—

function model=CreateModel ()
x=[5.5 13 9 1;
y=[0 8 4.5 6.25 1;

plot(x,vy,"'c")
N=numel (x) ;

D=zeros (N,N) ;

24

GlobalBest =

0.2925 6.0056 7.1623]

Puc. 1. Pewenus 3a0auu kommusosxcepa memooom PSO 6 nakeme MATLAB

BriBo.

B oT0#i cTarthe OBUTM MPENCTaBICHBI JBE SBOJIOIMOHHBIX METOJIUKH TOWCKA, MYypaBbHHBIH
(ACO) u meron post wacturr (PSO). DTH anropuT™bl ObUTH pa3pabOTaHbI, YTOOBI MPHUOBITH B MMOYTH
ONITUMAJIbHBIE PEIICHNs] KPYITHOMACIITA0HBIX IPOOJIeM ONTHMHU3AIH, JJIS1 KOTOPBIX MOTYT MOTEPIETh
HeyAady TpaJAulUOHHbIE MaTeMaTtnieckue metoasl. CpaBHuBas Metonpl ACO u PSO momyuaem uto
PSO Gonee onTuManbHBIA METOI.
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YBEJIMYEHUE JOBbIYA )KUJAKUX YIVIEBOAOPOAOB
IIYTEM OIITUMU3BAIIUU CUCTEM PAZPABOTKH

K. m. H., Ooyenm Acaoosa X. b.
Y36exucman, Tawxkenm, Tawmxenmckuii I'ocyoapcmeennwiii Texnuueckuii Ynueepcumem

Abstract. In article the basic task of finding complex best techno-economic solutions for oil at
Nothern. Also, are the methods for preventing complications in the analysis of the current state of
development, identified the problems, solutions, tested various design options for the further
development and technical-economic analysis of design solutions. Recommendations for increasing
the rate of oil recovery by gas injection area.

OCHOBHBIMH METOJAaMH TOJACPKAHUS TIACTOBOTO JABJICHUS SIBJISIFOTCS, HarHETaHHE BOBI
Wi ra3a. Harneranue Boabl B IPOIYKTUBHBIN TUIACT C MAJIOMOIIHOW HETSIHOM OTOPOUYKOH BIIEUET 3a
co0oi yrpo3y OBICTPOro OOBOJHEHHWS! CKBRXMHBI M HE pemacT MpobjieMy MOTeph HEePTH 3a CUET
MUTpAllMd €€ B Ta30BYI0 4YacTh 3ajexu. lloanepkaHue IIaCTOBOTO JaBJICHHS HarHETAaHWEM ras3a
3a4acTyl0 MPHUMEHIETCS HMMEHHO Ul MNPEAYNpPeXICHHS MHUIpalud HePTH B Ta30BYIO IHNAINKY.
YBenuuenue M0OBMM JKHIKHAX YTIEBOIOPOIOB MOXKET OBITh OOYCJIOBIEHO BBITECHEHHEM He(hTH
HarHeTaeMbIM Ta3oM, 3(QQeKToM HcIapeHus, a HHOTAA M YCTPAaHEHHWEM IMOTEephb YIJIEBOIOPOOB,
KOTOpbIE BO3MOKHBI 0€3 pealn3alyy Ipolecca NOAAEpKaHus [U1acTOBOro nasineHus. Harneranuem
rasa B IPOXYKTHBHBIE OTJIOKEHHS 4aCTO MOXHO 3HAYUTENBHO MPOAIHUTH CPOK Pa3pabOTKU 3aleXH C
NOJ/IepPKaHUEM HPOECKTHOW HOPMBI JOOBIYM HE(PTH, YTO COKPATUT BpeMsl pPa3pabOTKM IJiacta U
COOTBETCTBEHHO YMEHBILIUT HKCIUTyaTallUOHHBIE 3aTPaThI.

Mectopoxaenue CeepHbiii paspabareiBaetes ¢ 2005 roma. Jlo 2006 roga MecTOpoKIeHHE
pa3pabaTeIBaIOCh Ha ECTECTBEHHOM pEXHME C OIepexaromeid pa3paboTkoi HEePTSHOW dYacTu
HedTerazokoHaeHcaTHOH 3anexku. B 2006 romy Obiia cocraBieHa «TexHoJorMueckas cxema
pa3paboTkn  MecTtopokaeHus: CeBepHBIi», COTJIACHO  YTBEPXKJCHHOMY BapHaHTy KOTOPOH
HeTera3oKoHJIeHCaTHas 3aJiekb JO0JDKHAa ObLia pa3pabaThiBaThCcsl MPH OE3BOJHBIX JIeOUTax C
perynupyemMbsiM 0TOOpOM CBOOOIHOTO rasa.

Ho daxtrueckn pa3paboTka MECTOPOXKICHUS SIBISIETCS COBMECTHOW C OMepekaromei
BBIPa0OTKOI ra30KOHAEHCATHON YacTH. B cBs3u ¢ ueMm, HAaOMIOAAeTCsl PE3KOe CHUKEHUE MIIaCTOBOTO
JaBJIeHUs B pailoHe AEHCTBYIOIIMX CKBaKUH. [lanmbHelas pa3paboTKa NpH CIOXKHUBILEHCS cucTeMe
ypeBaTa yBEJIMYEHHUEM IOTEPb HE(TH, 32 CUET MUTPALUH €€ B Ta30BYIO IIAIKY, a TaKXKe Ia30BOr0
KOHJIeHCaTa, BBINAAAoUIero B riacte. s MpenoTBpalIeHUs] BO3HUKAIOIIMX OCIOKHEHHH Oblia
BBINIOJIHEHA JaHHas pabdoTa, B KOTOPOHM NPUBOIATCA aHAIM3 TEKYIIErO COCTOSIHUSI pa3padoTKH,
BBISIBJICHHBIH UM MPOOJIEMBI, METOIbI PELICHHs], TPOBEPEHHbIEC Pa3JINUHBIMU PACUETHBIMHA BapUaHTaMHU
JanpHeHmeld pa3paboTKM M TEeXHHKO-PKOHOMHYECKHHM aHaM3 MPOEKTHBIX pemlieHuil. B mporecce
MPOESKTHPOBAHUS Pa3pabOTKH MECTOPOXKICHHSI ObUTH pa3pabOTaHbI YETHIPE OCHOBHBIX BapUAHTA.

Hambonee mnpeamodYTuTenbHBIM BapHaHTOM JajbHEWIIEH pa3paOOTKH MECTOPOKICHHS
BoirsiiuT BapuanT Il.  C Toukm 3peHus panuoOHATBFHOTO pacxoja IJIaCTOBOW JSHEpruM 6e3
MOIep KaHusl TUIACTOBOTO JIABJICHWS JaHHBIA BapwadT Ommke K uaeanry. OmHAKo OH TpeOYyroT
CBOEBPEMEHHOTO TIepexojia Ha pPeXHUM ONTUMAaJbHOTO pacxolia CBOOOJHOTO Tasza, a TaKKe
npernoiaraeT ycTaHOBKY MHOTO(]a3HBIX pacXoJJOMEPOB U HAJIMUUE OTIKEHHON CUCTEMbI KOHTPOJIS U
perynupoBaHusl pa3paboTKU. Takke OCHOBHBIMH MEPONPHUSATHSIMHU TI0 YCTPAHCHUIO HETaTHBHBIX
MOCJIE/ICTBAH TIPOPHIBOB Ta3a B JOOBIBAIOIIUE CKBAKWHBI SIBISIFOTCS OOOCHOBAaHHBIA BBIOOD
MOJIOKEHUSI MHTEpBaia nepdopanud M YCTaHOBJIEHHWE ONTHMAIBHOTO TEXHOJOTHMYECKOTO peXnMma
paboTbl ckBakuH. sl BBIABIEHHS PEKOMEHIYEMOro BapHaHTa, AJs JalbHeWield pa3paboTKu
MECTOPOKACHUS ObUIN MPOBENEHBl TEXHUKO-dKOHOMHUYECKHE aHanu3bl. [ cpaBHUTENBEHON OLIEHKH
BapUAHTOB pPa3pabOTKM MECTOPOXKIEHHs HCIIONb30BajJCsl OCHOBHOW IOKa3aTeldb 3(PQPEKTHUBHOCTH
KallUTaJIbHBIX BIOKCHUN — IEHEKHBIN MIOTOK HATMYHOCTH.

PazpaboTka MecTOpOXXIeHHUSI 10 BTOPOMY BapHaHTy OOECHEUWT 3a BECh PAcUETHBIA MEPUON
(16 net) peanu3anuio IPUPOAHOro rasa B oobeme 408,01-10° m®, konnencara — 28,78:10° t, Heru —
289,73-10% t. BHyTpeHHss HOpMa PEHTAOENbHOCTH MPOEKTa COCTABMT B pasmepe 14,34 %. Cpox
OKYIIa€MOCTH IPOEKTa COCTABUT 5 JeT.

WORLD SCIENCE Me 1(I7), Vol.1,January 2017 7
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PekoMenayeTcst IPUMEHSTh CUCTEMY MOJICPIKaHuUs TUIACTOBOTO IaBJICHYSI, TyTEM HarHETaHWUsI
Bcero o0bemMa JoOBIBAEMOTO raza 0OpaTHO B IUIACT WJIM MPHUACPKUBATHCSA ONTUMAIBHOTO YCIEHOTO
pacxojia raza Ha MOIbEM XHUAKOCTH. OTpUIATEILHBIM MOMEHTOM TIPU COBMECTHOW pa3paboTke
SIBJIICTCS. CJIOKHOCTh yd4eTa JOOBIBAEMOM NPOAYKIIMHM, a TaKKe OCYIICCTBICHUE KOHTPOJIS Haj
BEIPa0OTKOI 3amacoB 10 00bETMHEHHBIM 00BEKTaM.

st o6ocHOBaHMS KOHEYHOTO Kodddurmenta HedrenssiacueHns, odbeMa 100N HEDTH U
razoBoro ¢aktopa mpu pa3paboTKe HEPTIHOH 3aJEKU C PESKUMOM Ta30BOM IIANKH HCTIOIB30BAJICS
pacdeT WCTOIIEHHUS IUIACTa MPH PEKWME Ta30BOM IIAKH METOIOM KOHEYHBIX pPa3sHOCTEeH (MeTon
[Iupcona), mpuBeneHHsIH B [2]. [laHHBIN pacdeT HCIONB3YeT YpaBHEHNE MaTepUAIbHOTO OaaHca Ipu
ra30HAIOPHOM PEXHUME C onpeesieHneM K03 uirenTa moIHOTH BRITECHEHUS U BEPTHUKAIBHOTO U
TOPU30HTAIHHOTO NIEpPEMEIICHNS Ta30-HePTSIHOTO KOHTaKTa.

Pacuersl mpoBOIMIMCH IS CpemHEH  CKBaXWHBI MecTopokmeHms ~CeBepHBIH C
WCTIONB30BAaHHEM aHAIMTUYECKUX METONOB pacdera, a TakKe YHCIEHHOTO MOJENMPOBaHUSA Ha
MaTEeMaTHYECKUX TUAPOJAUHAMHUYCCKUX Moneisax. [lomydeHHBbIe pe3ysibTaThl 3KCTPANOIUPYIOTCS Ha
BCE MECTOPOXKJICHHE.

[Iporuo3 noObuu HEMTH PACCUUTHIBAIICS MO SKCIIOHCHITUAILHOM 3aBUCUMOCTH:

Q(t):qA'e @

aa t
T (1)

rae q(t) — Texyumii 1eOUT HeTH HA MOMEHT BpeMeHH t, t/d; qa — Ha4abHBIN (AMIUTATYAHBIN)
neout HedTH, t/d; € — ocCHOBaHUE HATypalIbHOTO Jiorapudma; Qq — ApeHUpyeMbIe 3amackl HeTH, t.

U3 Beipakenust (1) BuAHO, YTO HaKOIUICHHAsh A0ObYa HE(TH MPH IKCILTyaTalldd CKBAKUH
HEOTPaHMYCHHOE BpEMs, CTPEMHUTCS K BEJIMYMHE JIpPEeHUpyeMbIx 3amacoB Hedrtu. IIporno3 moObrum
CBOOOJHOTO Ta3a pAacCUUTHIBAICS [0 CTATUCTUYECKUM 3aBUCHUMOCTSM (PAKTH4YeCKOH paboThI
JNOOBIBAIOIIMX  CKBWKUH  MecTopokiaeHuss CeBepHbIi C  HMCHOJb30BAaHHMEM  BBISBICHHBIX
3aKOHOMEPHOCTEH paboThl He(Tera3o0100bIBAIOIINX CKBRXXUH HA MecTOpokaeHnH HOxHbIi Y3un [3].
HauanbHble 1eOnThl He()TH NPOEKTHBIX CKBAKUH PACCUUTHIBAIIMCH 110 MATEMaTHYECKON 3aBUCHMOCTH
C Y4eTOM 1€OMTOB COCEHUX JOOBIBAIOIINX CKBAXKHH.

B 3aBucuMocTH oT TemmoB oTOOpa OblIa olpeneNeHa IWHAMUKA IIACTOBOTO JABJICHUS B
HE(QTSHOM YacTW  MeCTOpOKAeHHUs. PesympraTel aHamm3a W 00OpabOTKM  MaTepualioB
THIPOAMHAMHYECKHX HCCIEIOBAaHUN CKB&KWH, OSKCIUIyaTHPYIOIIMX HE(PTAHYIO 3alie)Xb Majoi
TOJIIIMHBI, TOKa3bIBAIOT, YTO ONTHUMAaJIbHAs COBMECTHas a00bMa He()TH W rasa JOCTUTAeTCS NpU
nenpeccun 10 kge/cm?, Torma kak haxTHUeckas aempeccus Ha miact cocrapisier 20 kge/cm?,

Kak Obuto BBICKa3aHo, Uil peanu3aliu pa3paboTKd ObUT NPUHAT BTOPOH BapuaHT, O
KOTOpPOMY TpelyCMaTpUBAIIOCh OCYIIECTBICHUE pPa3pabOTKH OOBEKTa HAa PEXHME HCTOLICHHS C
perynupyeMbiM OTOOpPOM Trasza u3 rasoBoi manku. Oanako ¢ 2006 r. HedTsHAas u razoBas 4yacTu
pa3pabaThIBalOTCI COBMECTHO, TIPH 3TOM OTOOp rasza He KOHTponupoBajics. Takas cucrema
pa3paboOTKH MOXKET IMOBJIeYb 3HAYUTENLHBIC MTOTEPU B T0OBIUE M3BJIEKAEMbIX 3aacoB He(TH, a TaKxKe
pe3Koe CHIDKEHHE 3amaca eCTECTBEHHOM HEPTUH TUIacTa, YTO B CBOIO OUYEPEh MPUBEACT K CHIKEHHIO
NOTEHIMAIBHOTO COJIEPXKaHUsl Ta30BOro KoHAeHcarta. [[ns mpenoTBpaleHus MOTeph M PE3KOTO
CHIDKEHHS IJIACTOBOTO SHEPrMH HEOOXOAWMO OCYLIECTBIATH MOAJCP)KAaHHE IUIACTOBOIO JIABJICHUS
(IIT1X) mim orpaHu4uTh OTOOP CBOOOAHOTO Ta3a A0 ONTUMAIBHOTO PacX0/ia Ha MOABEM KHUJIKOCTH.

B Hacrosimee Bpemsi Ha paspalaTbiBaeMbIX MecTOpokAeHusix PecmyOmmku mpouecc I
OCYIIECTBIIsIETCsL JIMOO HAarHeTaHWeM BOAbI, JuOO rasa. JIMmb B eAMHUYHOM ciydae ABa STHX
MpoLecca OCYIIECTBISINCE OJHOBPEMEHHO.

[IporpamMmMa noaaep:kaHusl MIACTOBOTO JABJICHUS HAarHETAHWEM ra3a 3a4acTyio MPUMEHSEeTCs
MMEHHO JUISI IPEAYNPEKACHUSI MUTPAali He()TH B Ta30BYIO MIANKY (TaK Ha3bIBaEMbIE MOTEPH 3a CUET
«yCaJKW» Ta30BOW INANKH) B MPOAYKTHBHBIX OTJIOKEHHSX, TJe HaONI0JaeTcsi MPOIBHKCHHE
€CTECTBEHHOH IIACTOBOM BOJBI UM BOJIbI, HATHETAEMOM B IOHM)KEHHBIE YACTH CTPYKTYPbI C JTHEBHOM
NOBEpXHOCTH [2].YBenudyeHue JOOBIYM JKHJKHX YTIEBOJOPOJOB MOXKET OBITh OOYCIIOBIICHO
BBITECHCHUEM HE()TH HATHETAEMBIM Ta30oM, d((GEKTOM HCIapeHusl, a HHOTJa ¥ yCTpaHEHHEM T0Teph
YIJIEBOOPO/IOB, KOTOPhIE BOSMOKHBI 0€3 peanu3aliuy mpolecca MoAIep KkaHus IIaCTOBOrO AAaBJICHHUS.

IIpu HarHeTaHuu rasa Ha Bcel IUIOIIAAM MECTOPOKAEHUS, YAaCTO Ha3bIBAEMOM IUIOIIAJHBIM
HarHeTaHUeM ra3a, OObIYHO IIPUMEHSETCS CHUCTEMa pACCTaHOBKM HAarHETaTEJIbHBIX CKBaXMUH,
oOecrieunBaroiasi paBHOMEPHOE paciipeielieHle HarHeTaeMoro rasa 1o Bceil He()TsIHOM yacTu miacra.
B npoMbIcnioBO MpakTHKE MOPSAOK pPAacCTaHOBKM HATHETATENBHBIX M AKCILTYyaTALMOHHBIX CKBA)KUH
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WU3MEHSETCS OT OOBIYHBIX NMPABWIBHBIX CHUCTEM (TSITUTOYCYHAS, CEMUTOYCUHAsS, JACBATHTOYCYHAS U
T.J1.) IO CIlyYalHBIX CUCTEM C OTHOCHTEJILHO HEPAaBHOMEPHBIM pa3MEICHHEM CKBayKUH MO TUIOIIA/IH.

VYcTaHOBNIEHO, YTO METOJ IUIOIIAJHOTO HAarHETaHWs Tra3a MPUMEHHM Uil OTJIOKEHHH,
UMEIONINX HU3KUH CTPYKTYPHBIH pelbed) W B OTHOCUTEIBHO OJHOPOIHBIX IUIACTaX C HHU3KOH
NPOHHULAEMOCTbI0. BBUIy TUIOTHOrO pa3MelieHUs] HArHETAaTENbHBIX CKBAXHH IUIOLIaTHAS 3aKadKa
raza obecrieunBacT OBICTPHIM 3(PGEKT B BOCCTAHOBJICHHWH NABJICHUS W B WHTCHCH(DHKAITUU JTOOBIYH
He()TH, B pe3ylbTaTe Yero COKPAIAIOTCS CPOKM pa3paboTKu 1miacta. Tak Kak CTPYKTYPHBIH penbed
MECTOPOXICHHUS HH30K, a KOJJIEKTOpa TMPOAYKTHUBHBIX TOPH30HTOB  OOJNIAfar0T  Malloi
MIPOHMUIIAEMOCTEI0, TO I MecTopokneHuss CeBepHBIM  HamOojee Ienecoo0pa3HO IUTOIIATHOE
HarHetanue rasza. [lo BO3MOXXHOCTH, B TNENAX HArHeTaHWs, HEOOXOIMMO HWCIIOJIb30BaTh YiKe
uMmerommiics (GoHa ckBaknH. HarHeraHnwe rasa Jydiie TPOW3BOAWTH dYepe3 KOJIOHHY HAaCOCHO-
kommpeccopHoid Tpyobl (HKT) mamoro amamerpa (60 mm—89 mm) c¢ makepoM OJIM3 KpPOBIH
AKCIUTYaTallMOHHOTO 00BEKTa. DTO YMEHBIIAET BEPOSITHOCTh yTeueK pabodero areHra u JAaeT JIyYIIyro
COXpaHHOCTb 00CagHBIX TpyO, OCOOCHHO B CTaphlX CKBaXMHAX KOHCEPBAI[MOHHOTO U
JIUKBUIAIIMOHHOTO (DOHJIOB.

B 3akmrouenuu OTMCTUM, UYTO MJIA YBCINYCHUA Z[O6I:I‘II/I JKUIKUX YIJI€BOJOPOAOB HCO6XOI{I/IMO:

1. OnTumu3anus cCuCTEM pa3paboTKH;

2. IlocTosHHBIN ONEpaTUBHBIM KOHTPOJIb 3a 3KCIUTyaTallel, CBOEBPEMEHHBIE JTIOCTOBEPHBIE
WHQOPMAIUH MOJTy4aeMbIe B IIPOIecce IKCILTyaTaluH.
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TEXHOJIOI'USI TA3OBOI'O BO3JEVCTBUS HA IIJIACT
JJIA JOCTU/KEHUA MAKCUMAJIBHOI'O
KO2OPUIUMEHTA U3BJIEYHEHUSA YIVIEBOJIOPOI0OB

cm. npen. Xoamamosa H. I
Y3oexucman, Tawxenm, Tawmxenmckuii I'ocyoapcmeennniii Texnuueckuii Ynueepcumem

Abstract. The article discusses the basic requirements for the development of oil and gas
condensate fields, methods, specific approach to the development of gas condensate fields and a
comparative analysis of the conditions for the maximum condensate recovery from the reservoir.
Presents problems and solutions about the appropriateness of the technology of gas stimulation fields
in order to achieve the maximum rate of extraction of hydrocarbons.

Bompocam  moBbIIIEHHS KOMIIOHEHTOOTAAYW  IUIACTA  IOCBSIIEHBI MHOTOYHCIICHHBIE
WCCIICJIOBAHUSI OTEYECTBEHHBIX W 3apyOeX HBIX aBTOPOB, B KOTOPHIX MPEAJArajvch pPa3InIHBIC
METOJIbI BO3JICHCTBHUS M TEXHOJOTHUHU Pa3pabOTKU He(Tera3oKOHACHCATHBIX MECTOpOXKIeHUH. Kpome
TOTO, TMpeajiaraeMble METOJIBI BO3JEHCTBUS Ha He(TEra3oKOHACHCATHBIE MECTOPOXKICHUS U
TEXHOJIOTHH UX Pa3pa0O0TKU TPeOOBaM OOJNBININX KAMUTAIBHBIX 3aTPAT U, B TOXKE BPEMs, YUUTHIBAS
crierQuIecKkue 0COOCHHOCTH 3TUX MECTOPOXKICHHH, HE TapaHTUPOBAIH JOCTH)KEHUE TPEOYyEeMBIX
3HAQUEHUH KOMIIOHEHTOOTAuM IUIacTa.

B ycioBuAx TOBBIIIEHHOTO CIIpoca Ha CBETJIBbIE HEPTEHPOMYKTHI TaK)Ke BBICOKOW
00ecrevYeHHOCTH pecypcaMy Tas3a, CIOXKHICS OCOOBIH TOAXOA K pPa3padOTKe Ta30KOHAEHCATHBIX
MECTOPOXKICHUH.
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B 2008 r. nonst mpoAyKIMH Ta30KOHACHCATHBIX MECTOPOXKICHHH B 0OLIepecyOInKaHCKON
noOblye raza YsOekucrana coctaBwia 99,4%. PacTBopeHHblE B TNPUPOAHOM Tasze >KUAKHE
YIIIEBOAOPOIBI, SIBIAIONINECS EHHEHIIINM ChIpbeM He()TEXUMHUYECKOH POMBILICHHOCTH, CUUTAIOTCS
HE MEHEE Ba)KHBIM LEJIEBBIM MPOAYKTOM, 4eM caM ra3. VIMeHHO 3TO AMKTYyeT HEeOOXOAMMOCTh
cnenn(puIecKoro Noaxoaa K pa3paboTKe ra30KOHIEHCATHBIX MECTOPOKICHHH.

B o5TOM mnaHe MHTEpECHO NpOaHAIM3UPOBaTh (HOPMUPOBAHHE YKA3aHHOTO IOAXOAA B
razonpomeiciioBoii  Tipaktuke Poccmm, CIIIA wu Kanamel, Ha TEpPUTOPHHM KOTOPHIX HAXOIUTCS
NOZABJISIFOLIEE  OOJIBIIMHCTBO TA30KOHICHCATHBIX MECTOPOXICHHMH  Mupa. llepBoHa4anbHO TeMIIbI
IpUpOocTa pa3BEAAaHHBIX 3allacoB ra3a B JITUX CTpaHax 3HAYMTENBHO OIEpeXald TEMIbl pocTa
noTpeOJIeHNs ra3a, NpUYeM, TaKoe IOJOKEHHUE SIBWIOCH CIICICTBHEM DPa3BEJOYHBIX padoOT Ha HE(Th, B
XOZIe KOTOPBIX OBUTM OTKPBITHI KPYIHBIE MECTOPOXKAEHHS MpHpomHoro rasza. 1940-1950rr., meHsl Ha
JKUIIKUE yraeBomopoabl B 6-10 pa3 mpeBblmany IeHbl Ha TPHPOAHBINA Ta3 [2-4]. BememctBme storo,
OCHOBHBIM TpeOOBaHMEM K pPa3pabOTKe Ta30KOHIECHCATHBIX MECTOPOXKICHHH SIBUJIOCH MaKCHMAaJbHOE
M3BJICYCHHE KOH/EHcaTa M3 Iuiacta. B pesyibrare obOeclieYeHHOCTh NOOBIMM Ta3a ero pa3BeJaHHBIMU
pecypcamu ObicTpo ymana — ¢ 32 jer B 1946 1. o 16 yier B 1967T., a COOTHOIIICHHE 1ICH HA XKUIKHC U
ra3000pa3Hble  YIIIEBOMOPOIBI CHU3MWIOCH 10 3 — 5. TloaToMy mpuMeHeHHe criocoba oOpaTHON 3aKavyku
CYXOro ra3a B YKa3aHHBIN MEPHO/I, KaK TPABUIIO, OTPAHUUMBAIOCH OOBEKTAMU C COJIEpKaHNeM KOH/IeH aTa
B raze He MeHee 250-300r/m” (Hoke — bpomaiin, Konxyan, Xummm, lNonnen Cratik u ap. B CILIA).

K COBEpIICHCTBOBaHHMIO CHCTEM pa3pabOTKH Ta30BBIX M HEPTEra30KOHICHCATHBIX
MECTOPOKACHUI B YACTHOCTH, 3aKaYKH ra3a BBICOKOTO JABJICHHUS B IUIACT MOCBSIICHO OOJBINOE
KOJINYECTBO HCCIENOBaHUN. lcciemoBaHMAMHU IO TpOKayke Yepe3 He(TEHACHIIIEHHBIC ILIAaCThI
WHEPTHBHIX (a30T) M HEYTJIEBOAOPOIHBIX Ta30B IMOCBSIICHHI paboTel , A6xymuaa @.C , JIpicenko B.JI,
Mupzamkanzage A.X. Hypmumbsa A.l'., KoBanes A.I'., AnmaxsepameBa T.A. HccrenoBanusmu
peTporpasiHold KOHAGHCALMH B IUIACTE TSDKENBIX (PAaKIMH BBICOKOKMILIIMX —YIJIEBOJOPOAOB
He()TEraOKOH/ICHCATHBIX MeCTOpOXkaeHui Y30ekucrana 3anumanuck C.H. Hazapos, ¥Y.C. Hazapos,
9.K. Upmaros, A.X.Ar3amos., lllesiio B.M., [lleBiioB A.B, /I.B.JItouaii, m MHOTHE ApyTHE YUEHBIE U
CHELUAINCTbI 3aHUMAIOIIUXCS IPOEKTUPOBAHUEM U pa3pabOTKOM Ia30BbIX U HE()TETra30KOHACHCATHBIX
MECTOPOXKICHUM.

B Hacrosimiee Bpemsi B pe3yibTaTe HENPEPHIBHOTO POCTa MOTPEOHOCTH Y30eKHcTaHa B
KUJIKUX YTIEBOJOPOJAaX M ra3e, a TakKe CBI3aHHBIMA C HEHl COKpalleHHeM KX PeCcypcoB,
YBEITMUEHHEM 3aTpaT Ha MOUCKOBO-pPa3BellOYHbE pabOThl W TIOBBIIICHUEM II€H Ha 3TH TPOIYKTHL,
MOJXO/bl K pa3paboTKe Ta30KOHICHCATHBIX MECTOPOXKICHWH B Hamiell pecrnyOiinke oOyCIOBICHEI
HANpaBJICHHOCTBI0 HA MAaKCHUMalbHOE H3BJICUCHHE >KHUIKHX YIJIEBOAOPOJOB U3 Iuiacta. [1-3]
Koadduinmenrom 00beMHON KOMITIOHEHTOOTAaYM Ha3bIBACTCS OTHOIICHHE 00BheMa M3BICUCHHOTO M3
acTa KommoHeHTa Q, K ero reosioruueckuMm 3anacam Q,. PasznnuarorT KoHeuHbIH (B KOHIIE Meproa
JKCIUTyaTallud) W TeKymud (B HEKOTOPBIH  MOMEHT OJKCIUTyaTanmud) KO3 QHUIHEHTHI
KOMITIOHEHTOOTAauu. YacTo 3TH KO3 PHUINEHTH BEIPAKAIOTCS B IPOLIEHTAX.

K

=&100=[1—&j100, 1)

2 3i
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Aa
> Q..

=X, = = 4 100; )
: ,Qsi
=1
Q
K, = 255+ j00.
Q3C5+ (3)

10 M 1(17), Vol.1,January 2017 WORLD SCIENCE



ISSN 2413-1032

[IpakTuka pa3pabOTKM MECTOPOKACHUH TOKa3bIBaeT, YTO KOA(PQHUUIMEHT Tra300TAaud BO
MHOTHX CIIy4asx JocTturaetr 85—95%, B To BpeMs kak Ko3(pPHUIMEHT KOHICHCATOOTAAYH NU3MEHSIETCS
ot 30 1o 75 %.

OcHOBHBIMH ~ (U3UUECKUMH  (PAKTOpaMH, BIHUSIOIUMH Ha KOIQGUIHMEHT Ta300TAauu
SBIISIFOTCSL:

1) peskuM KCIUTyaTali MECTOPOXKICHHS;

2) cpemHeB3BEIIeHHOE TT0 00BeMY TIOPOBOTO IPOCTPAHCTBA IIACTa KOHEYHOE JABIICHNE B 3AJIEHKH.

B 3Tux ycinoBHAX CcerogHs CTUMYIHUPYIOTCS MOWCKH I(PQPEKTUBHBIX CPEICTB IOBBIIICHUS
YTIEBOIOPOIOOTAAYH TUTACTOB, K YMUCITY KOTOPBIX OTHOCHUTCSI OOpaTHAs 3aKadka B 3aJIeXb TOOBITOTO U
OCYIIEHHOTO OT J>XHIKHAX YTJIEBOIOPOJOB Ta3a MpH pa3paboTKe Kak Ta30KOHICHCATHBIX, TaK H
He()TEera30KOH/ICHCATHBIX MECTOPOXKICHUN HaIllprMep Kak MecTopokneHus Kokmymanaxk.

B cBs13u ¢ 3TEIM TpuMeHeHne crocoba 0OpaTHOH 3aKauyKy CyXOTro raza ObLIO OMPaBIaHO JIUIIIb
Ha 00BEKTAX C BechbMa 3HaunTelbHbIM (Gonee 300 /M%) comepkaHueM KOHICHCATA B Ta3e, HAIPHUMED,
Ha He()Tera30KOHAECHCATHOM MECTOPOXKICHUU AJb]a.

Uro kacaeTcsi ra3oKOHAEHCATHBIX MECTOPOXKACHUH, K KOTOPBIM NPHYPOYEHBI OCHOBHBIC
pecypchbl raza Y3oekucrana (berra, 'amma, O3epa), To Bce OHM XapaKTEPU3YIOTCS OTHOCHUTEIBHO
HeBbIcOKnM (MeHee 100 /M%) comepkanreM KOHICHCATa B ITACTOBOM Ta3e, 4To 00yC/IaBIHBaeT Gomnee
BBICOKHIA KOA((DUITMCHT U3BJICUCHUS KOHJICHCATa IPU Pa3padOTKe 3aJIeKU Ha UCTOoLIeHHE [7].

[lo orToii mpuuMHE BOMpPOC O MPUMEHEHHWH crocoba OoOpaTHOW 3aKayKu CyXOro rasa Ha
OTCYCCTBCHHBIX O6’BCKT3X HpI/IO6p€J'I AKTYAJIbHOCTH JIMIIb CPAaBHUTCIIBHO HEAABHO B CBIA3U C
HEOOXOIMMOCTHIO OCBOSHHSI TA30KOHICHCATHOTO MECTOpOXAeHusT Tam u HedTera3oKOHICHCATHBIX
Mectopoxaennii FOxubit Y3uu , Ozepa u ap. [7].

C uenpro TOCTIXKEHHSI MaKCHMalIbHOTO KO3 QUIMeHTa u3BIeueHNs HepTH U KOHJeH caTa Ha
MECTOPOXJICHUN IeJeco00pa3sHO TPUMEHEHHE TEXHOJOTHH Ta30BOTO BO3JEHCTBUS Ha ILIACT
(caiixmmHT-TIpOoTiecc). Harmeranme cyxoro ra3a B IDIACT CHIDKAeT  OOpaTHYI (peTpOTpagHyro)
KOHJICHCAITMIO JKUIKUX YTIIEBOAOPOAOB B muacte. Ilpu 3Tom m3 1umacta otOupaercs MaKCHMAallbHOE
KOJIMYECTBO KOH/IEHCATa, Ta3 KOHCEPBUPYETCS JI0 3aBEPIIEHIS Ta30BOT0 BO3JCHCTBUS HA IIJIACT.

B YCIOBHAX MNOBBIIICHHOI'O CIIPpOCa Ha CBETIIBIC He(I)TerOI[yKTI)I N C LCJIbIO JOCTUKCHHA
MaKCUMAaJIbHOTO KOA(GUIMEHTa W3BICYCHUS, CONACTOBICHO W aHAIM3UPOBAHO Pa3MYHBIC
TEXHOJIOTMU U CUCTEMBI pa3pa60TKH Ta30KOHJACHCAaTHbLIX U He(i)TeFa3OKOHI[eHCElTHLIX MeCTOpO)K,Z[eHI/Iﬁ
MOKAa3bIBACT CIIEAYIOIIEE:

1. IlpuMeHeHMs TEXHOJIOTHU Ta30BOTO BO3JCHCTBHUS Ha IIIACT 1IeIeco00pa3Ho;

2. Harneranuss rasa BBICOKOTO JaBJICHUA JJId YBCIIMYCHHA KOMIIOHCHTOOTAAYMU 3aJICKU
HE00XO0IMMO;

3. BHenpeHus oOpaTHO 3aKaukd B IUIACT rasa, OCYIIEHHOTO OT XHJIKHX YTIIEBOJIOPOIOB B
He()TEera30MpoOMBICIOBOH MpaKkTUKe Y30eKHcTaHa OJaronpHusITHO;

4. Jlns HedTera30KOHJEHCATHBIX 3ajekel oOpaTHas 3akadka OCYIIEHHOTO Ta3a B ILIAcT
HEOOXOMMa He CTOJBKO ISl YBEIWYSHHS KOHICHCATOOTIA4H, CKOJBKO ISl YBEIHYEHHS] KOHEUHOM
He()TEOTAaYN OTOPOUKH.

JIUTEPATYPA

1. A6xynun @.C. «lloBwImeHre MPOU3BOAUTEILHOCTH CKBXUH», M., «Heapay, 2001r.

2. baramua O.1O., bpycunosckuit A.M., 3axapoB M.IO. ®a3oBbie paBHOBECHS B cHCTEMax
MIPUPOJIHBIX yTiieBonopoaoB. — M.: Hexapa, 1992. — 272 c.

3. bysunos C.H., Ilemxun M.A. HekoTopslie sKCriepuMEHTaIbHBIE JaHHBIE O BHITECHEHUU
HedTH TazoM u3 nopucroit cpenst // 3. AH CCCP, MXKT'. — M., 1974. —Ne4. — C. 22 — 26.

4. I'punienko, A.M. 3.C. Ammes, O.M. EpmunoB. PykoBoACTBO 1O MCCIICTOBAHNUIO CKBAYKHH.
Mocksa, Hempa, 1995.

5. I'mmarynuaoB LK. Okcrutyaranust ¥ TeXHOJOTHS pa3pabOTKH HE(TSHBIX M Ta30BBIX
MecTtopoxaeHnit — M. «Henpa»,2000 r.

6. CripaBOYHMK 110 KCIUTyaTannu He(TSIHBIX MECTOPOXAeHH, ToM 2, Henpa, 1965 1.

7. YTOYHEHHBIA TPOEKT pa3pabOTKu He(Tera3oKOHIECHCATHOIO MeCTOpOXIAeHHS FHOXHBIN
V3un. Oran 2. Otuer 0 HUP/OAO «O’ZLITINEFTGAZ»; PykoBomurens  Llaxnazapos ['.A. -
Tamxkent, 2008 T.

WORLD SCIENCE Me 1(I7), Vol.1,January 2017 11



ISSN 2413-1032

CHOCOBbI NOBBINEHUA YOOPEKTUBHOCTHU PABOTbBI
TEINIJIOOBMEHHHUKOB

cmap. npen. Xoamamoea H. I.
Y36exucman, Tawmxkenm, Tawmxenmckuii I'ocyoapcmeennstii Texnuueckuii Ynueepcumem

Abstract. The article describes and shows the heat exchanger to determine the efficiency of
heat exchange equipment in which one stream is heated by the use of other heat produced in the
process and be cooled. In this study, we calculated the shell and tube heat exchanger.

As well as the basic methods of increasing the efficiency of heat exchange equipment in the gas fields.

3a mocjeqHue Tobl XMMUYECKash TEXHOJIOTHS KaK HayKa IOJIy4niIa 3HAYUTeNIbHOE pa3BUTHE.
Ee BaxHBIA pa3fen — OCHOBHBIE NPOLIECCHI M aNIaparbl UMEET B HACTOAIIEE BPEMs JAOCTaTOYHO
MpOYHBIH Teoperwueckmii (pyHmameHnt. OgHAKO HABISACH HAYKOW MPHKIATHOTO XapakTepa,
XUMHYECKas TEXHOJOTHs M ceidac INUPOKO HCIONb3yeT OOBEIMHEHHBIH METOX HCCIENOBAHUS —
TEOPETUYECKUN U dKCIIEPHUMEHTANIBHBII.

IlepepaboTrka HedTH W Ta3a IPEABABIIET OCOObIE TpPeOOBAaHUS K TEPMHUYECKOH W
THIPABIMYECKON KOHCTPYKIHM TEIUIOOOMEHHHKOB, CTOMMOCTH XHU3HEHHOTO LUKJIA, YCTaHOBOYHOMN
wiomaan u macce. Takoe 00opylnoBaHME NOJDKHO HE TOJBKO BBIIEPKHUBATH KOPPO3UHHYIO Cpeny,
IBYX(a3Hble CMECH, IKCTpEMaIIbHBIE TABICHUS U TEMIIEpaTyphl, @ TAKXKe ObITh KpaiiHe KOMIAKTHBIM.

B arrmaparax, rac¢c UACT HarpeB WU OXJIAXKICHUE, MPOUCXOAUT TCHHOO6MCH MCXKAY ABYMs
IIOTOKaMH, IIPM 3TOM OJMH W3 HUX HarpeBacercs, Apyrou oxnaxnpaercs. Iloaromy uX Ha3bIBarOT
TCHJIOO6MCHHI)IMI/I anmnaparaMyd BHE 3aBUCHUMOCTU OT TOro, 4TO ABJIACTCA ILCJICBbIM HAa3HAYCHHUCM
afnmapara — Harpe€B WM OXJIAXKICHUE, KAKHMC ITIOTOKU O6MCHI/IBaIOTC$1 TCIUIOM, IMMPOUCXOAUT JIN IIPHU 3TOM
TOJIBKO HAarpeB U OXJIAXKJCHUE WIIH JK€ TEIJIO0OOMEH COMPOBOXKAAETCS NCIapeHHEM MM KOHJICHCAIIUCH.
[MpumenurensHo K  HedTenepepabaThIBaloNell  MPOMBIIUICHHOCTH, TEIUIOOOMEHHBIE — amapaThl
KJIacCU(UIMPYIOTCS 110 TAKUM OCHOBHBIM IIPHU3HAKaM, KaK CIIoco0 mepeaadn TeIia i Ha3HadeHHe.

1. B 3aBUCHMOCTH OT crioco0a nepeaayn Teria armnaparsl JesITcs Ha CIeAYIOINE TPYIIIbL:

- TIOBEPXHOCTHBIE TEIUIOOOMEHHBIC amapartbl, B KOTOPbIX IIepejada Telia MEKIy
TEII000MEHHBAIOIIMMUCS CPEIAMH OCYILIECTBILSIETCS Yepe3 TOBEPXHOCTh, PA3IEIISIOLIYIO 3TH CPEABL;

- anmaparbl CMEIICHHUsS, B KOTOPBIX Iepelada Temja MEXAY Tem1000MEeHUBAIOIIMMUCS
cpeJaMy IPOUCXOUT IyTEM UX CONPHUKOCHOBEHHUS.

2. B 3aBuCHMOCTH OT Ha3HAUEHUsI AlIapaThl ACATCA Ha CIEAYIOIINE TPYIIIbL:

- TEII00OMEHHHKH, B KOTOPBIX OJMH TMOTOK HAarpeBaeTcsl 3a CYET HCIIONb30BaHUS TeIUia
JPYroro, MOJIy4aeMoro B MPOIIecce U MOJIEKAIIET0 OXJIaX/ACHUI0. B Takux TermmooOMeHHIKax HarpeB
OJTHOTO M OXJIAXJEHHE APYroro MOTOKAa MO3BOJSET COKPATHTh PacxXo] IMOABOAMMOIO M3BHE TeIlIa
(cCoKpaTUTh pacxoj TOIUIMBA, I'PEIOLIET0 BOASHOTO Mapa W T. A.) W OoxJaxjatomiero arenra. [lpu
KOHCTPYHUPOBAHNU TEINIOOOMEHHBIX afrapaTroB CJIIEAYET CTPEMHTLCHA O6eCHe‘II/ITB MHWHHUMAJIBHYIO
pa3HOCTh TeMIIepaTyp Ha TEeIUIOM KOHIE TEeII0O0OMEHHHKA. JTa Pa3HOCTh TEMIIEPATyp MPEICTaBIISIET
c000i1 HEeMCTIOIB30BAHHBIHN XOJIO/T M OMPEENAET BENNYNHY SJHEPTeTHUYECKHX 3aTPaT B YCTaHOBKeE. [4]

JpyriuM HCTOYHHUKOM SHEPreTUYECKUX 3aTparT SBJSIFOTCS MOTEPU AAaBJICHUS B TEIIOOOMEHHBIX
amnmaparax, KOTOpble HEHW30€XHBI TNPH JBWKEHUH TOTOKOB. JI1000H TEemnooOMEHHHK IOJDKEH
o0ecrieynBaTh MHHUMAJBHYIO Pa3sHOCTh TEMIIEPAaTyp Ha TEIUIOM €ro KOHIE M MUHHMAaJbHYIO
BEJIMYMHY MOTEPh AaBieHus. [loTepu naBieHus: ¢ yMEHbIIEHHEM CKOPOCTH IMOTOKOB YMEHBLIAIOTCS, B
pe3yibTaTe 4Yero yxXyAllaeTcsl TeIionepeaada M MPOIMYCKHas CIIOCOOHOCTh CHIDKaercsa. YToObl
COXPaHHUTh HU3KHE MOTEPH AABJICHUS, HAI0 YBEIMYUTh radapuThl TermiooOMeHHuKa. CienoBaTensHo,
YMEHBIINTh Pa3HOCTb TEMIEpaTyp Ha TEIUIOM KOHLE TeIJIOOOMEHHMKa CIelyeT J0 ONpeAeCHHOrO
mpefiena, KOTOPBIM  JODKEH  COOTBETCTBOBATh  3KOHOMHYECKH  OOOCHOBAHHOW  BEIMYMHE
SHEPTeTHYECKUX 3aTpart.

[Ipaktika skcrmmyararun yctanoBok HTC ma I'TI3 mokassiBaer, 4TO BeIMYMHA Pa3HOCTH
TEMIIEpaTyp Ha TEIIOM KOHIIE TEIIO0OMEHHHKA KosiebeTcs U B cperem cocrasisie 10°C.

[Ipu IpoeKTUPOBaHUN TAaKMX YCTAHOBOK HEOOXOIUMO 0c000€ BHUMaHUE 00paIiaTh He TOIBKO
Ha KOHCTPYKTHBHBIE ()OPMBI, HO M Ha BO3MOXKHOCTH YBEIMYEHHS KOd(QHUIMEeHTa Teronepenadn u
yBEJIMUEHHs TEeIJIONepeAatolIel IOBEPXHOCTH B €IUHUIIE 00BEMa anmapara;
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Q=1f(F,k At (1)

YBenuueHne IUIOMAad TEIIo00MeHa, a ClaeAoBaTelbHO, dP(HEKTHBHOCTH TEIUIOOOMEHHHKA
JOCTUTAeTCS:

1) yMeHbIIIEHHEM TUaMETPOB TEMI0O0OMEHHBIX TPYOOK;

2) opeOpeHueM TpyOoK.

Haunbonee »>ddekTuBHBIM METOAOM HWHTEHCHU(PHKALUN TEemIoo0OMEeHa B MEXTpyOHOM
MPOCTPAaHCTBE SIBJIsIETCS] BTOpol croco0. Hambomnee panuoHanbHBIM OpeOpeHHEM SIBIISAETCS HakaTKa
CHHpallbHBIX pedep, MO3BOJSIONIasl MOMYyYUTh pebpa, TNpeAcTaBisomMe co0OW OAHO LEeNoe co
cTeHKaMu TpyOku. OpeOpeHue yBETMYUBAECT HE TOJNBKO TEIUIOOOMEHHYIO IOBEPXHOCTh, HO U
K03(QPULIMEHT TemIooTAaYr OT OpeOPEHHOH IMOBEPXHOCTH K TEIUIOHOCHTENIO BCIIEICTBUE
TypOyieHnnn TmoToKa pebpamu. OpeOpenue Hambomee 3G(GEKTHBHO, €CIM 00eCTeunBaeTCs
ornomenne KiF; = KyF,. [2-3]

O¢ddexTuBHOCTL pedpa, KOTOPYIO MOKHO XapaKTepru30BaTh KO3 PHUIIMEHTOM TeIUIonepeaayn,
3aBUCHT OT ero (OopMbI U MaTepuaia; eciu TpeOyeTcss HeBBICOKHA K03 PHImeHT Teronepenayu,
HEOOXOANUMYI0 J(PQPEKTUBHOCTE MOTYT OOECII€YUTh CTalbHBIE pebpa, MpH HEOOXOAMMOCTH
JMOCTKEHHUS OONbIMX Kod((UIMEHTOB Ienecoo0pa3sHo MPUMEHEHWE MEIHBIX MM aJIOMHUHHEBBIX
pebep. DPPexTHBHOCT pedpa pe3Ko CHIKACTCS, €M OHO He M3TOTOBJICHO KaK OJTHO IeJI0e ¢ TPYOOoH,
HE MPUBAPEHO WIH HE MPUMAsTHO K HEll.

3a py0OekoM maTeHTOBaHHBI TEMIOOOMEHHUKH, B KOTOPBIX TeIUIONepeady HHTEHCU(DUITPYIOT
MyTeM 3allOJHEHUS] KaHAIOB MEJKO3EPHUCTHIM MarepuaioM. KonbleBOH W LEHTpalbHBIA KaHaJbl
TEINIOOOMEHHHMKA  3aloNIHSAIOT  MEJKO3CPHHCTBIM  MarepuaioM,  OONaJaroldM  BBICOKOH
TEIIOEMKOCTBI0 M TEIUIONPOBOJHOCTHIO0. Torna BMECTO KOHBEKTHBHOTO TEIJIOOOMEHA IMONy4aeTcs
KOHIYKTUBHBIH TEIUIOOOMEH. OTH YCTPOHCTBAa TIPEACTABISAIOT cO0OW  pas3iMyHOrO  poja
TypOyIU3UpyIOIIMe BCTaBKH (COHMpalv, IuaparMel, IOUCKH) W Hacaikd (KOJbla, IIAPUKH),
IoMeInaeMble  BHYTPH TpyObl. EcTecTBeHHO, 4YTO MpH 3TOM BO3pacTaeT T'MAPABIMYECKOE
COTPOTHBIICHNE KaHama TpyOHOro mpoctpaHcTBa. ms  ompeneneHus 3((EeKTUBHOCTH pPaOOTHI
TETI000MEHHOT0 000pyTOBaHHSA (TETUTIOOOMEHHUK KOXKYXOTpyOYaTHEIN) IPUBEIEM pacyerT:

CkopocTh KHCIOTBI B TpyOax i obOecrieueHHs TYpOYJIEHTHOTO TEeUeHHs JIOJDKHA OBITh
0O0JbIIIe MUHIMAITBHOW CKOPOCTH ABMKEHUS KUCIOTHI. [ 1]

MuHHMaIbHAs CKOPOCTh JIBMXKEHUS KMCIIOTHI:

V,'=(10000- p12)/(d,: p2)=(10000-1,3-107%)/(0,05-1040)=0,25 m/c.

Umcno mapamuienbHo padoTaroImuX Tpyo:

N =V, /(0,785-d,% W)= 0,008/(0,785-0,05%-0,25)=16,3

[MpuHMMaeM KOJIMYECTBO MapajljiesibHO paboTaromux Tpyo 57%3,5 n=16.

CKOpOCTb IBUKCHUST KUCIIOTHI:

V,=V,/(0,785-d,*n)= 0,0008/(0,785-0,05% 16)=0,255 m/c

Kputepuii PeitHonbica 17151 KHCIIOTHI:

Re;=W,- s, pa/11=0,225+ 0,05-1040/(1,3-10)=10200

Kpurepwuii [Ipanatins nist KUCIOTHI:

Pr,=C,: 12/A,=2095-1,3-10°/0,18=15,13

Kpurepuii Hyccenbra aj1st KucioTsl PacCHUTBIBAEM COIACHO:

Nu;=0,021-g-Re®®-Pr*- (Pr/Pr,,)"?

(ornomenue (Pr/Pr.)"® u xoadpuumenT & mpuHIMaeM paBHbIMHE 1)

Nu,=0,021-Re”®-Pr®*=0,021-10200°%-15,13°%=108,75

Koadduument Termnooraaun a1t KUCIOTHI:

02=Nu-A, /d,=108,75-0,18/0,05=391,5 Br/m*K

Kosddumment  Teroormaum  ams  BogsHOro  mapa:  oy=1,28- € -AJ(d - At)°®=
1,28-0,65-7483/(0,05-5)=8896 Br/M*K, rae A=7483 - 3HaucHue DYHKLMH IS BOASHOTO Iapa IpH
TeMIieparype KOH/ICHCAIINH Mapa;

At=5 - npuHATOE 3HAYEHHUE CpeIHel PA3HOCTH TeMIepaTyp.

TepMudeckoe CONPOTUBIIEHUE CTCHKH U 3arpsS3HEHUIA:

1/Zr =l s 1+ U s 2+ 0er /A, =1/5800+1/5800+0,002/46,5=2578,9 M- K/Br.

Koaddumment rermmonepenaan:

1/(1/ ag+ Zre+1/ 02)=1/(1/8896+1/2578,9+1/391,5)=327,3 Br/m* K.

IToBepxHOCTHAS IUNIOTHOCTH TEILUIOBOI'O MIOTOKA!

=K-At,=327,3-115,5=37803,15 Br/M®.
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PacuerHas ruromans MOBEpPXHOCTH TEILUIONEPEIAYH:

F,=Q/q=1047081/37803, 15=27, 7 M

C yuerom 3anaca 10%:

Fo=30, 47 M°

[Inomanp NOBEpXHOCTH TEMII000MEHA OJJHOTO dJIeMeHTa ATHHON L=4M:

F,=1II-d,, L= 3, 14-0, 0535-4=0,672 M

Hucno 351eMEHTOB B KAKI0U U3 IBYX CEKLU:

n=F,/n-F=30, 47/2-0, 672=20,6=21

OO1iee 9nCIIo 3JEMEHTOB:

N=2-21=42 mT.

Pe3ynbraThl pacdeToB MOKa3bIBAIOT, YTO KOXYXOTPYyOUaThIi  TEIIIOOOMEHHMK OO0JaiaeT
PSIOM MPENMYIIECTB Iepen TeriooOMeHHUKOM THma "Tpyba B TpyOe": mmeer Bbie KOd(pPummeHt
TeTIoNepeaayy, MEHBIIYIO TUIOMAAb TOBEPXHOCTH, MEHBIIYI0 MAcCy, MEHBIIYI0 METATIOEMKOCTh H
HIDKE T10 CTOUMOCTH.

Ha ocHoBanum BceX 3THUX ITOKa3zaTejiell MOKHO CACIaTh BBIBOA O TOM, YTO palHOHAJIbHEE
BBIOpaTh KOXKYXOTpyOUaThIi TEMJIOOOMEHHUK il oOecledyeHus] JIOJDKHOTO —TeriooOMeHa |
JOCTHIXCHU A 6OHCC BBICOKHUX TCIJIOBBIX HArpy30K Ha CUHHIY MACCHI alrapara.
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SPECIAL FEATURES OF THE WORK OF OIL COOLERS IN
THE SYSTEMS OF THE OIL SUPPLY

c. g-m. s. Khalismatov 1. Kh.,
c. t. s. Agzamov Sh. K.,
Agzamov Zh. Sh.,

FaizovR. R.,

Zhonkuvatov N. O.

Uzbekistan, Tashkent, Tashkent state technical university named after Abu Raykhan Beruniy

Abstract. With the operation of the systems of circulating water supply the definite difficulties,
connected with the need for additional supply with the fresh water, caused by evaporation into the
atmosphere of the circulating water, appear. Therefore water is saturated by oxygen, which leads to
the increased corrosion of heat exchange equipment. With the prolonged operation in the cooling
water different rigid sediments are accumulated. However, the most common deposits include salt,
generatrix as a result of disruption of carbonic acid equilibrium in the systems. The deposits, which
are for-med on the transfer surfaces, lead to sharp worsening in the heat transfer.

In the plain-tube oil coolers with the partitions of the type “disk - the ring " or with segmental
the washing of the banks of tubes by the flow of oil varies from transverse to longitudinal. In the
majority of the last works, dedicated to a study to heat emission with the transverse flow around the
banks of tubes of different liquids insufficiently was considered the influence of technological
clearances in the oil cavities of the refrigerators of oil.

Keywords: cooler, supply, disk - the ring, plain-tube, turbo installations

By basic working medium in the control systems, lubricant and cooling of the bearings of the
majority of stationary steam turbines and given by them electric generators, pumps blowers,
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compressors and so on. special turbine oil appears. The oil sys-tem of the turbine (subsequently it is
accepted term “system of oil supply”) supplies with oil the above-indicated technological outlines of
turbo installations. In Fig. 1. is given the schematic diagram of the system of the oil supply of the
turbogenerator with a power 300 of MW with the turbine K -300-240-1 LMZ. System is intended for
the guarantee with oil of the stamp 22 of the lubrication systems of the bearings of turbine, generator,
agent 5, of feed pump 10 and its turbine drive 11, of electronourishing pumps and packings of the
shaft of generator.

The diagram of cooling is one-circuit. In the diagram Fig. 1. the pressure lines of oil are shown
by thin lines, drain- thick.

=~

Fig.1. Schematic diagram of the system of the oil supply of turbine K -300-240-1 LMZ [1].
1,2,3 - the cylinders of high, average and low pressure; 4 - generator; 5 — agent; 6 — fan; the 7-
electric drive of feed pump; 8 — reducer; 9 — nourishing electric pump; 10 — nourishing turbine pump;
11 — turbine drive; 12 — oil coolers; 13 — oil electric pumps with the alternating-current motors; 14 —
the same, with the direct-current motors; 15 — oil tank; 16 — drain valve; A, B — supply and the outlet
of oil to the unit of the oil supply of nourishing turbine pump; C — the oil supply to the aggregate of oil
purification; D — exhaust into the atmosphere.

An improvement in the technical and economic indices of different cryogenic installlations is in
many respects determined by the possibilities of improving the turboexpander aggregates. Effective turbo-
expanders with the reliable shakeproof stabilization system in practice widely adapt of rotor due to the
application of the hydrostatic bearings [ | ] . Hydrostatic bearings are cooled by transformer or turbine oil
entering (they are cooled) with the pressure to 3,0 MPa. Heated oil is cooled in the oil coolers.

The application of a significant quantity of oil for the hydrostatic bearings brought to an
increase in the mass, overall sizes and metal content of oil coolers.

At present as the oil coolers in the the turboexpander aggregates adapt pipe-casing apparatuses
from the smooth pipes for smalls of productivity (to 10 kW) and heat ex-changers from the pipes with
the intensifiers for the productivity to 200 kW.

In connection with the growth of the needs for turboexpander and other technological
installations, very sharply arises a question about the improvement of the constructions of oil coolers.
By effective means of reduction in the weight-dimension characteristics of the heat exchangers in
different branches of industry the intensification of heat exchange appears.

The need for the intensification appears frequently when an increase in the speed of flow
within the limits of the permissible in practice hydraulic losses of pressure, does not ensure obtaining
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the necessary overall dimensions of heat exchangers or assigned temperature of walls. Therefore the
methods of the intensification of the heat emissions, which will ensure the decrease of overall
dimensions with the constant summary losses of pressure on the circulation of the heat-transfer agents
through the heat exchanger, are necessary.

SPECIAL FEATURES OF WORK AND CONSTRUCTION OF OIL COOLERS.

A sharp difference in the physical properties of oil and water is the chief characteristic of oil
coolers, moreover first of all viscosity.

As a result of the high viscosity of oil for the majority of apparatuses the stream-line
conditions of flow with comparatively low values of heat-transfer coefficient is established in the oil
cavity (channels). Simultaneously in the water channels the high values of heat-transfer coefficients,
on the contrary, can be obtained.

With the creation of highly effective oil coolers appears the task of the intensification of heat
exchange in the oil cavity. Its sensitivity to the pollution is one of the basic factors of those
determining a selection of the type of oil cooler. As a rule, oil coolers are used for the cooling
flowing and recirculating water.

In enterprises, connected with the system of recirculating water the special water treatment,
which includes filtration from the mechanical impurities, acidification or decarbonization from the salt
deposits, the chlorinations, from the biological overgrowths, is provided for.

All these difficulties determine the need for the search for the new diagrams of coo-ling.
Work on the creation of apparatuses with the air cooling in recent years is conducted. Replacement of
water cooling gives the possibility not only to reduce the consumption of water of circulating and
straight water supply, but to also decrease operational expenditures.

PLAIN-TUBE SHELL-AND-TUBE OIL COOLER

Plain-tube shell-and-tube oil cooler (fig.2a) has the following overall sizes: the diameter of
the housing D = 140mm, length L = 700 mm: apparatus contains 86 the copper smooth pipes
@=8x1mm, each with the length 590 of mm. Run of pipes the chess, transverse and profile steps of
beam are equal to each other S; = S, =10,5 mm. Tubes on the ends are rolled and soldered to the tube
plates. Heat exchanger on the tube space of two-way the number of pipes in one course N= 43 pcs.

In the intertube space for creating the transverse flow around pipes of liquid are established
segmental partitions, distance between them 30 mm, the total quantity -15 pcs Geometric
characteristics are represented in the table 1.

Calculation of the thermal and hydraulic characteristics of pipe-casing oil coolers with the
smooth pipes.

\ Water

{ Water
IT

[T 2
I L
'0‘! !Watu

1T
PERREXINBIIERIL

liT_U_LLUHlS

c)

mL

Fig. 2. Schematic diagrams of experimental refrigerators
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Accordingly [3] entered into the heat exchanger, oil is divided into three flows: Gy - the main
flow through the tube bank of apparatus; Gy, - the flow through radial clearance; Gys - the flow
through the clearances between the surfaces of pipes and the openings in the intermediate partitions of
bundle.

f AP
Gpy = N+ )60y @)
f 24P
GM:= ‘1]6:10: X (2)
f AP
Grta=" ~CaPur | @3)

Table 1. Geometric characteristics of plain-tube pipe-casing refrigerator

Inside Length | Diameter | Step Number | Distance | Chord length | Sectional Sectional

diameter, | of of tube, | of of pipes | between | of the | area inside | area of

mm pipes, | mm beam, | in one | partitions, | partition, mm | the pipes, | intertube
mm mm | course | mm m? space, m’

Dg L d t N h a Sw Swuir

125 590 8x1 105 |43 30 100 0,00122 0,00063

where: fi and fz - average sectional areas for the passage of oil in the beam and in radial
clearance; 8, and 0: -accordingly; fa - the average summary sectional area of clearances; i -
the number of runs of pipes, intersected by the flow of oil in one course: Srp Sr Sra - the

coefficients of the hydraulic resistance of one run of pipes, clearances 8, and Os.
Thus for the beams of pipes with the partitions, the type « disk is — ring»:

Wu

+ I = F
fqu{nI' +1) J? ghj{nx"‘l &

Wiy, = (4)

For the beams with the segmental partitions:

Wy
14— L . 2

R + f
flJ{ﬂ:' +1) Jgﬁ ' n; + 1
Wi, = ¢ (5)

Values ¢1. €2. &a - they are determined on the basis of the values of sectional areas fi ,

f: and fa,
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[ ]

¢ ¢
$2 = 0565 u J; =0.2

For calculating the heat emission:

S 1
Repy®Pr--"% (d_z) =6 C_H{)Gz
Nu = 0.354 H : (6)

CT
On the hydraulic resistance of oil circuit for:

07 ds <55 \ith 27 Rey <200

with 200 Rem = 1170

EH,M
7 -3, ERe1 MP(—0.33) (upxit,cT] P—0.14) (dwid,2) Pos

With REME 1170

EHM
7 - 1,7+ ERel MP(—0.25) (upxiit,cT] Pi-0.14) (d nid,2) P0.5

where @ 2H _ the outer diameter of pipes in the beam; d3 — the equivalent diameter of

pipes for the average calculated cross-section of bundle; Sz - the longitudinal pitch of pipes in the
(n; +1)

beam; Z — the number of runs of pipes; Z - {Zi + 1}; Z:‘ — the number of motions of oil in the

tube bank of this oil cooler. Value of the coefficient Cz it is determined by the standards for the
chess beams depending on the number of runs of pipes in one course of oil and step S;.
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TECHNOLOGY OF FERMENTED MILK DRINK
PRODUCTION WITH USE OF DRIED SKIM MILK

Hamitova B. M.,
Tassybayeva S. B.,
Zhusipbekova M. B.,
Mamitova A. D.

Kazakhstan, Shymkent, M.Auezov South Kazakhstan state university

Fermented milk drinks, or milk fermented by various kinds of lactic bacteria, are widely used
by millions of people of various countries of the world.

Fermented milk drinks possess pleasant, slightly freshening and sharp taste, stimulate appetite
and by that improve the general condition of organism. The fermented milk drinks produced at the
ethanolic fermentation, enriched by insignificant quantity of alcohol and carbonic acid, improve the
work of respiratory and vasomotor centers, slightly activate the central nervous system. As a result of
these processes the oxygen supply of lungs raises, oxidation-reduction processes in organism actives.

The world tendency of decrease of milk drinking has caused the working out of new
generation of the dairy products having the raised demand of customers. It first of all concerns to the
dietary fermented milk products which value in nutrition is generally recognized.

Caloric value of the majority of fermented milk products is higher than milk, at the expense of
concentration of proteins and fats at manufacturing, and adding of various additives - protein, fatty,
and carbohydrate.

Recently the volume of manufacturing of dairy and milk-containing products with use of dried
skim milk (DSM) increases that is caused by seasonal production of milk-raw materials in agriculture,
reduction of volumes of its manufacture and decrease of quality of natural milk in a number of regions
of RK. Enrichment by probiotic culture of dairy and milk-containing products produced on the basis of
dried skim milk will allow expanding the assortment of products of the functional purpose directed on
strengthening of immune activity of human organism and reducing risk of influence of environment
harmful factors.

At manufacturing of liquid fermented milk and acidified products produced with use of dried
skim milk, for improvement of their consistence it is expedient to use the DSM with the high content
of nondenatured whey proteins. It will allow producing the structure of the fermented milk gel
characterized by raised ability to regeneration and great stability to mechanical influence, to prevent
layer separation of a product during the storage. It is developed the technology of enriched fermented
milk and acidified drinks on the basis of the dried skim milk with the high content of nondenatured
whey proteins that provide enrichment of products by probiotic microflora, in particular, by propionic
bacteria and lactobacillus.

On the basis of studying of laws of joint development of propionic bacteria and lactic bacteria,
influence of starter population on structurally-mechanical properties of acid clots it is determined the
specific structure of the multicomponent starter culture containing propionic bacteria, lactic bacteria,
acidophilic bacteria and thermophilic lactic streptococci, and their optimum parity in starter culture:
5:1:0,5:0,5, accordingly. Optimum conditions of fermentation of skim milk (temperature - (30+2) °C,
a ferment dose - 5 %, duration of fermentation-7-8 hours) are established. In these conditions enough
high content of viable cells of propionic bacteria (8,6+0,2 lg CFU/cm®), acidophilic bacteria
(8,2£0,2 Iy CFU/cm?®), lactic bacteria (8,8+0,2 lg CFU/cm®) and thermophilic lactic streptococci
(7,6£0,2 Ig CFU/cm®) in a clot, and also rather fast increase of acidity of medium at fermentation of
skim milk, production of a product with good organoleptic and structurally-mechanical properties is
provided.

For establishment of optimum structure of drinks the influence of a mass fraction of dry fat-
free substances in a dairy basis (for fermented milk drinks), mass fraction of dry fat-free substances
and vegetative fat in milk containing basis (for souring drinks) on organoleptic and structurally-
mechanical properties of products, activity of development of starter cultures in process of
fermentation is studied. For fermentation the dry fat-free substances with index WPNI equal to 6,2
mg/g were used, as vegetative fat for soured drinks the substitute of dairy fat, characterized by the
high content of polyunsaturated fatty acids and recommended for this group of products was chosen.
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After carrying out of all researches with studied experiment systems of dairy drinks it is
possible to make the conclusions that having considered many variants and having studied their
organoleptic characteristics we have come to a single variant.

Organoleptic estimation of a dairy drink with use of dry fat-free substances is presented in table 1.

Table 1. Organoleptic indicators of a dairy drink

The indicator name Characteristic

Appearance Opaque liquid

Taste and smell Sweetish smack and expressed smack of boiling

Consistence Liquid, homogeneous, inductile, slightly viscous. Without flakes of protein and
lumps of fat

Colour White, uniform in all mass; with slightly bluish shade

It is established that the increase of mass fraction of dry fat-free substances promotes increase
of viscosity and stability of structure, improvement of thixotropic properties, moisture-holding ability
of acid gel. On picture 1 the change of effective viscosity and moisture-holding properties of the acid
clot depending on mass fraction of dry fat-free substances in a dairy basis is shown.

0.6 0

25

20

15 S

10

Effective viscosity Pass

6 9 12 518 9% 12% 15%

Mass fraction of dry fat-free substances in nulk base, % Mass fraction of dry fat-free substances, %

Fig. 1. Influence of mass fraction of dry fat-free substances in a dairy basis on effective viscosity (a)
and synergetic properties of a clot (b)

The analysis of organoleptic indicators and structurally mechanical properties has revealed the
expediency of use of the reproduced dairy basis with mass fraction of dry fat-free substances 12 %
providing production of the acid clot with pure sour-milk taste and smell and a good consistence.
Results of the spent researches have shown that adding in compounding structure of fermented drink
the substitute of milk fat in quantity of 1,5-2,5 % from mass of a dairy basis does not cause
deterioration of its organoleptic and structurally-mechanical properties.

On structurally-mechanical properties of products the considerable influence has the
temperature of pasteurization and acidity of a clot. Increasing of temperature of pasteurization and
duration of endurance leads to increase the degree of whey protein denaturation in the reproduced
skim milk that is connected with irreversible coagulation of the majority of whey proteins fractions.

It is established that with increase of acidity of the clot its viscosity and moisture-holding
ability raises. Results of researches have shown that at manufacture of sour milk and fermented drinks
with use as a dairy basis of the reproduced skim milk received from the dry fat-free substances with
the high content of nondenatured whey proteins, it is preferable to use pasteurization at temperature
(94i2)°(03 during (6+2) minutes, souring is spent before formation of strong enough clot with acidity
(80-85) "T.
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On the basis of the spent researches the technological scheme is developed and the basic
technological modes of production of sour-milk and fermented drinks enriched with probiotic
microflora, with application of tank method of production (table 2) are established.

Table 2. Technological scheme of fermented milk drink production

Technological operation Technological parameters
Acceptance and estimation of quality of raw | Dry fat-free substances, index WPNI > 4,8 mg/g;
materials substitute of milk fat by TC; starter culture; potable
water by GOST R 51232-98.
Reproduction of dry fat-free substances T=(45+5)"C, mixing during 15 minutes
Preparing of substitute of milk fat emulsion and | T = (52+2) °C, dispersion during 15 minutes
reproduction of milks containing basis
Cooling and keeping not less than 4 hours, T=(4+2) °C
Heating, centrifugal clearing T=(45+5) °C
Homogenization T = (75+5)°C,
P =(12,5+2.5) MPa
Pasteurization T=(94+2) °C, =(6+2) min.
Cooling T=(32+1) °C
Souring T=(32x1) °C, Ds=5%
Fermentation T=(32+1) °C,
1=(8+0,5) h., acidity of clot (80-85)°T
Cooling, adding of fruit- berry filling agents T=(20+2)°C
Packaging, wrapping, marking
Cooling , storage At T=(4+2)0C, maximum 5 days

Thus, the offered technology allows to increase the biological value of a product, to prolong
the duration of product storage, to expand assortment of fermented milk products of a functional
purpose by selection of compounding mixtures, and also by additional enrichment of dairy drinks with
use of dry fat-free substances, developed on the basis of the reproduced skim milk.
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STUDYING OF MATERIAL STRUCTURE AND
DEVELOPMENT OF TECHNOLOGY CONVERSION OF
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REPUBLIC OF UZBEKISTAN
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Development of technology of conversion of ores of fields is urgent.

The material structure of tests of ore was studied spectral, chemical, assay and the rational
analysis on gold and silver.

Are determined by results of the spectral analysis of average test, in %: Si> 1; Al> 1;Mg> 1;
Ca> 1; Fe>1; Mn — 0.05; Ni — 0.002;Ti -0.4; Cr-0,02; M0<0,001; Zr-0,03; Cu-0,13; Pb-1,0; Zn-0,06;
Sb-0;Na>1;Sr-0,02; B-0,02;Co0-0,004; VV-0,02;As>1; Sn-0,001 >1; Ga<0,001; Be<0,001;
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Chemical are determined by the analysis in average test in %: SiO, — 62,0; FeO-5,85; FeO-
1,48; TiO,-0,7; MnO-0,05; Al,0;-13,1; Ca0-3,22; MgO-1,1; Na,0-1,22; K;0-3; Sia-3,39; S..9-3,35;
S05-0,1; P,05-0,14; CO, — 3,08; H,0-0,6; others-5,32; Au-16,48.

Ag -4,2. Cu-0,13; As-4,16.

According to data rational analyses to test of cyanidation gold of-4,6% silver of 35,7%

Cyanidation is absent after alkaline handling of gold of-1,8%, silver - connected with oxides
of iron and manganese of gold of-4,4% of silver of - 38,0% - 83,7% connected sulfides of gold and
silver of - 21,5% and also with rock-forming minerals of gold of - 5,5% of silver - 4,8 for the basis
studying of material structure of tests of ore the main valuable components is gold and silver.

The main ore minerals and concentrators of gold and silver are pyrites and arsenopyrite. From
nonmetallic quartz is widespread, sernitsit, a carbonate, feldspar. Test generally consists of unoxidized
breeds. Aim developments of technology of conversion of ore gravitational, floatation methods of
enrichment are tested. In tab.1 it is provided result of gravitational enrichment of tests of ore.

Table 1. Results of gravitational enrichment of tests of ore

Enrichment products Exit % Contents, Extraction, % Fineness of
' Au Ag Au Ag amendment, mm
Gravitation concentrate 14,25 70,43 15,21 61,42 50,4
Industrial product 21,17 10,11 2,96 13,1 14,55
Gravitation tailings 49,32 1,72 0,98 5,18 1,20 -1+0
Slimes 15,26 21,74 6,72 20,3 23,85
Ore 100,0 16,34 4,3 100 100
Gravitation concentrate 18,35 68,73 13,63 76,76 55,60
Industrial product 22,06 6,22 2,63 8,35 12,9
Gravitation tailings 38,0 1,93 1,34 4,46 11,3
Slimes 21,59 7,94 4,21 10,43 20,2 -0,5+0
Ore 100,0 16,43 4,5 100 100
Gravitation concentrate 16,44 57,49 11,54 57,7 45,16
Industrial product 20,64 9,82 3,35 12,37 16,46
Gravitation tailings 35,57 3,13 1,3 6,79 11,0
Slimes 27,35 13,86 4,2 23,14 27,38 -0,25+0
Ore 100,0 16,38 4,2 100 100
Ore-3+0 nma
Screening
+ | .
'( :) Crushing to
various fineness v
Jigging

Y

A\ J
Concentration table
' ,

Concentration table
' I | I
Gravitation Industrial product Gravitation tailings
concentrate M

Fig. 1. Scheme of Gravitational Enrichment of Tests of Ore

Apparently from the provided these tab.l1 optimum fineness in case of gravitational
enrichment of gold-bearing ore of - 0,5 + 0 mm at the same time the maximum extraction of gold and
silver in gravitation concentrate constituted 76,76 and 55,6% respectively.

In case of floatation enrichment was the classical scheme of flotation of gold-bearing ores,
grinding ores, the main, control and two transactions of flotation is accepted [1]. In experiences
modify size grinding from 75 to 95% class - 0,074 mm, expenses of the soda calcinated sulphurous
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sodium, a copper vitriol. The special attention was removed to application of the collector — BXP
(butyl xanthogenate of potassium) and T-92 foaming agent.

Experiments of flotation in case of various expenses of BKK and T-92 are made. As a result of
the made experiments the optimum mode of flotation of the studied ore the % of C following fineness
of crushing — 0,074 mm + 0 mm a consumption of reagents gr/t in crushing; soda of calcinations —
1000 in the main flotation of CuSO, — 100; BKK-120 T-92 - 120 in control flotation:

BKK-60 recleaning without reagents

Time of the main flotation of - 12 min.

Control flotation is - 10 min.

1 recleaning - 7 min.

In the developed mode experiments in the opened and closed cycles which results are given in
tab. 2 are made.

In an open cycle of a given middle results three same of experiences.

Table 2. Results ore flotation the opened and closed cycles

Enrichment products Exit, % % Contents, Extraction, %
Au | Ag Au | Ag
Open circuit
Concentrate 19,43 74,2 18,36 88,34 79,28
Prom product-1 5,21 11,4 53 3,64 6,12
Prom product-2 6,86 5,6 2,6 2,35 3,94
Flotation tailings 68,5 1,35 0,7 5,67 10,66
Ore 100 16,32 4,5 100 100
By the principle continuous process
Concentrate 24,8 62,1 14,5 93,48 85,62
Flotation tailings 75,2 1,43 0,8 6,52 14,38
Ore 100 16,48 4,2 100 100
Ore

NaxCO3-1000 g/t

() Milling

Classification Draining 80% class-0074
f mm
v r
ar.3> | CuSOs-100 o't
ar. 2° BKK-120 g/t
h J
ar. 1° 4+ T-92-120 g/t

Main flotation-12 minutes

ar. 2" BKK-60 g/t
ar. 1’ T-92-60 g/t

Control flotation -10 min

v

l Tailings

<

Cleaning-7 min

industrial product -

Fig. 2. Scheme of Floatation Enrichment of Tests of Ore in the closed cycle.
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COGNITIVE COMPUTER MODELING FOR BAKERY
PRODUCTION’S TECHNOLOGICAL PROCESSES MODE OF
BEHAVIOR
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Abstract. An application of cognitive computer modeling for bakery production’s
technological processes methodology on obtaining a scenario forecast of their mode of behavior in
uncertainty is considered in the article. Cognitive modeling method allows to provide impact factors
analyze when bread cooking, to assess the strength of interoperating, to create provisional weighted
graph of factors, to solve semi structured issues that arise, when managing such a complex
organizational and technical system as a technological complex of bakery production. Using computer
cognitive modeling, a support decision making is defined as the task of developing a strategy for
transition from a current situation state to a target state based on subjective situation model as a
cognitive map, which creates prerequisites to develop effective systems for bakery production process
control scenario.

Keywords: computer cognitive modeling, impact factors, provisional weighted graph, forecast.

Modern technological systems, organizational and technical (technological) systems, which
include bakery production’ processing facility are characterized by complex processes of intense
dynamic interaction, energy, matter and information exchange. In such complex, nonlinear,
multidimensional and multiply systems a phenomenon of intermittency occurs as an alternation of
regular and chaotic behavior, which greatly complicates the decision-making process. To raise up
control efficiency in such systems a modern control theory uses synergy and deterministic chaos
methods, based on the idea of self-organization and dissipative spatial-temporal structures that allow
taking adequate decisions in specific changing conditions. In synergistic control system constructing,
it is necessary to predict and assess how the decision will affect the development of complex system.
So, today scientists are on the lookout for a methodology that can evaluate a semi structured behavior
control system adequately, based on objective laws of natural self-organization and personnel
subjective understanding, representation in accordance with its experience and intuition about control
system options and connections among them. It is proposed to use one of the most promising and
suitable direction in the theory of managerial decision making as computer cognitive modeling.

Cognitive modeling is one of scientific method in cognitive science. Knowledge engineering
(cognitive science) [lat. cognitio — gnosis, gr. logos - learning] - an interdisciplinary research area that
integrates the theory of knowledge, cognitive psychology, neurophysiology, cognitive linguistics and
artificial intelligence theory [1]. The science object of cognitive science [2] stands a hierarchically
organized space of knowledge that contains the ordered subspaces, so that these insights are focused,
allowing to use them relatively quickly while controlling. Cognitive modeling, in its turn, is seen by
the authors, as a formalization of knowledge, decision making on the basis of visual knowledge,
controlling at the intuitive knowledge level [3].

The basic idea of cognitive modeling for bakery production is to develop and refine a
hypothesis on researched object functioning, which is regarded as semi structured system that consists
of separate internal and external elements, subsystems that interact with each other, based on block
diagram of causal relationships.

An analysis of bakery enterprise production situations within the scenario approach is
conducted. The trends of bakery production biotechnological processes development by computer
cognitive modeling are observed. During bakery production controlling it is necessary to provide
decision-making process in situations where parameters, laws and patterns of development are
described qualitative. Those are unique semi structured dynamic situations, where settings changing
are accompanied by hard predictable changes in structure.

Computer modeling of biotechnological systems, which include bakery production, is based
on the technology, methodology and algorithmic presentation on computer models developing
regarding the computer’ simulation model organization indicators; informational uncertainty and
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results presentation; intellectual modeling development, including systems’ and causal relationships’
at micro and macro levels computer analysis evolution and forecast diagnosis; technological systems’
main operation elements dynamic tracking that help to receive the optimal solutions in the mode of
operational processes control.

Cognitive maps reflect only the fact of connections between factors. However, they do not
reflect the power of connections and connection dynamics change of impact depending on situation
change, when bread making. The issues can be solved by constructing cluster situation models. These
models should include the following parameters:

- size and nature of connections between micro environmental factors, determined by experts;

- macro environmental factors on micro environmental factors connection degree, determined
by experts;

- micro environmental factor impact size on corresponding situation cluster at every bread
processing stage.

In summary, a typical clusters situations cognitive model for bakery process may be presented
as a system of equations (1):

n n
+ Z s;Wrmg = & Z tg
if.g—2 i,j—1
sy Wy *my £ X0 o _as;Wemy = 2T tie @
+ Z S;Wrm, = & Z t;e
if.g—1 i,j—1

where, w;, f =1 ... n - micro environmental factor;

g, J = 1 ... n - macro environmental factor;

s;, 1 =1 ... n —connections size between factors;

t, i =1 ... n - macro environmental factors on micro environmental factors connection degree;
mg, g =1 ... n - micro environmental factor impact size on situation.

Defined noises F, related to experts subjectivity and unreliability of their estimates, affect on

cognitive modeling results reliability. To minimize these noises, (min — F) while expert estimations,
the requirements for qualifying experts features are taken into account:

- experience > 3 years;

- higher education - bakery production managers and technology experts;

- individual expert assessment of work situations;

- interviews with experts during a shift and on shift basis;

- consideration the other related branches bakery production’ employees views.

Constructed combined equation gives enough information to formulate scenarios for further
development of typical control situations at the bakery production.

To describe the situation in structural terms a structural and functional decomposition is used:
situation components are pointed out as a “Part-Whole” hierarchy, <D, ®>, where D = {d;} — a set of
situation elements - a whole and its component parts, ® - “Part-Whole” relation on aset D,i=1 ... n.
To describe the situation in functional aspect main characteristics (hereinafter - signs) of all elements
of the situation Fi={f;}, j = 1 ... m are determined.

According to cognitive analysis of complex situations methods after collection and
systematization the existing statistical and qualitative information it is needed to move on highlighting
the main characteristic features of studied process and relationships, as well as factors determination,
where situation subjects can affect practical. This allows constructing an issued cognitive (graph)
model situation. So, it is needed to divide the process on such situational important areas: flour
reception; dough process; dough processing; baking a product. To do this, it is needed to divide the
process of beer production at situational critical zones, where main factors that describe an issue are
highlightened. Then, determine the factors that affect situational target zones. While flour reception:
flour grade, flour strength.

WORLD SCIENCE M 1(I7), Vol.1,January 2017 25



ISSN 2413-1032

While dough process: process kneading time, dough viscosity, dough amount, dough
temperature, water quantity, fermentation duration.

While dough processing: dough piece weight, form ability, proofing time, proofing moisture
in the closet.

When baking: baking temperature, humidity in the oven area of moisture, baking term, crust
color, sintering, finished product form.

Next step is to determine the direct connections among factors within the situational zones.
Below, there are the examples of such connections.

1. Flour quality affects flour strength (the highest grade - the greater flour strength), with flour
power increasing, the temperature of the dough during kneading increases; the duration of mixing
reduces; the duration of dough proofing during processing increases; form ability while dough
processing increases; dough amount increases; amount of water to be added into the dough during
kneading increases.

2. Duration of mixing Connections form ability (the more time - form ability worse). With
increasing the fermentation duration, the amount of dough increases. With dough temperature
increasing: the fermentation duration accelerates (reduces); dough viscosity increases; proofing
duration during dough processing reduces.

A software tool “Canva” was used to provide cognitive modeling. While factor naming a set
of current, maximum, minimum and intermediate values were identified (fig. 1).
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Fig. 1. Factors table windows and their values

If there is only one connection factor — a direct assessment applies on another factor. That is,
the force of impact is indicated, how depending on this factor another factor changes. After
constructing a weighted graph the power of factors connection on each other have to be mentioned. If
there are several factor impacts, then pairwise assessment applies, it indicates not only the factor
power connection, but which one is stronger than the other variable specified factor (fig. 2).

As a result of cognitive process computer modeling of bread making such results were obtained:

1. Automatically oriented weighted graph on connections between impacts is constructed;

2. A possibility of scenarios comparability depending on input factors values change at certain
stages of bread making.

3. Constructing factors’ change diagrams depending on the chosen scenario.
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Fig. 2. Connection factors window on their relations

Based on data obtained while cognitive situation modeling and knowing what will happen
under certain conditions, the expert has the ability to make the right decision about the impact on the
process to receive a higher quality baking products. Cognitive modeling system can be used as part of
a decision support system for the direct bakery control, or while predicting the course for bakery
production technological processes.
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OINEPATUBHBIN KOHTPOJIb COJIEPKAHUS KEJIE3A B
HOPOLIKOBBIX ITPOBAX C UCITIOJb30BAHUEM
I'AMMA-U3JYUYEHUA

0. m. H., npogheccop Azapan A. A.
K. m. H., ooyenm Tpauyk A. A.

Yxpauna, 2. Kpueoii Poz, 'BY3 «Kpueoposicckuil HayuoHanbHolii yHUuGepcunemy

Abstract. The article considers the factors influencing the accuracy of determining the benefit
component when the Express method. Described what terms is the error of change, and cited influencing
factors and theoretical justification of these variables. Describes the results of laboratory studies to
determine the instrumental error and the accuracy impact of calibration factors to convert the measured
values of the integral flux of gamma radiation in mineral content. The optimal number of measurements
for the rapid analysis of samples, which ensures the required measurement accuracy for the
technological process of extraction and preparation of ores. The results of the study classified all
existing types of errors in the use of gamma radiation for rapid quality control of mineral raw materials.

Keywords: Express analysis, the content of iron, gamma radiation, measurement errors,
powder samples, the accuracy of the measurement, the intensity of the gamma radiation.
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B Hacrosimee Bpemsi OMyOMMKOBaH OOJbIION 00BEM HAayYHO-TEXHHMYECKOTO MarepHala,
OTKCBIBAIOMIETO CMOCOOBI HCIOJIB30BaHMS TPOLICAIIET0 W PACCEIHHOrO TraMMa-H3JIydeHHs s
OTIEePaTUBHOTO KOHTPOJSI M YIPaBJICHUSI KaueCTBOM MHHEPAJIbHOTO Chipbs [2..8]. Bmecte ¢ TeMm, He
BCETJa JaeTcs YeTKas KIacCU(PUKALUs MOTPEUTHOCTeH U PEKOMEHIANNH 110 UX YUYEeTy MPH DKCIpecc-
aHanu3e Mpod MUHEPATLHOTO CHIPHSI.

B nmanHO# pabore mpuBEAEHBI pe3yNbTaThl MCCIEAOBAHUS TOTPEIIHOCTH W3MEPEHHS U ee
COCTaBIISIONINX, OIEHEHBI MOTPEITHOCTH HM3MEPEHUsS COAEp)KaHWs jKeje3a B IMOPOMIKOBHIX Mpobax
KJ1acca KpyImHOCTH -1 MM.

IlocranoBka 3agaum. s TMOBBIMIEHUS TOYHOCTH  OINEPATHBHOTO KOHTPOJIA KadecTBa
MUHEpPAJBHOTO CHIPbS C TpUMEHeHHeM pyAHUYHbIX paguomeTpoB Ttuma [IAKC wHeoOxommm
KOMIUIEKCHBII y4eT OCHOBHBIX H JOMONHUTENBHBIX (DAKTOPOB,  BIHAIOMIUX HA PE3YIbTATHI
M3MEpeHHs, a TaKKe KiIaccu(UKamus BOZHUKAIONINX B TIPOIecce M3MEPEHUS TOTPEITHOCTEH.

Marepuanbl  ucciaenoBanus. J[ng  onpeneneHus BEpOATHOM, cpeaHed u
CPeIHEKBaJPATHYHON MOTPEIIHOCTH HEOOXOIUMO 3HATh TOYHOCTh KOHKPETHOTO METOJNA, YTO JaeT
BO3MOXKHOCTH OLICHUTH HaJIe)KHOCTh M3MepeHHi. IcXoast U3 3TOro, BO3HUKAET 3aj]jada - ONPEACIHTh
Mepy TOYHOCTH MO pe3yJibTaTaM udmepeHui. [Ipu 3ToM nomyckaem, 4To Bce UBMEPEHUS TPOU3BEAECHBI
C OHHHaKOBOﬁ TIIATCJIBHOCTHIO, T. €. ABJIAIOTCA PABHOTOYHBIMHU, U UYTO cnyqaf/'lee OIHI/I6KI/I
pacmpeneneusl 1o 3akony [aycca [1]. Ilycth pesynbpraramu H3MEpPEHWUN HMHTETPATIBHOTO IOTOKA
paccessHHOTO ramMMa-u3nydenust N siisrorest uucna (1):

X1, X2, X3....... Xn. (1)

PaCCMOTpI/IM MMPEAIIOJIOKCHHUE, YTO MH3MEpsA€Masa BEJIWYMHA paBHa X, a MEpa TOYHOCTHU
MPOU3BE/ICHHBIX U3MEPEHUH paBHa h.

HpI/I CAC/IAaHHBIX AOONYHICHUAX O 3HAYCHUAX X H h BCPOATHOCTDb IOJYUCHHA PE3YJIbLTATOB
u3MepeHuii onpeaensercs (2):

P(X=X)P(X = X,)..0(x — X, )de" @)

[Tonb3ysicek BeIpakeHUEM IS INIOTHOCTA HOPMAaIIbHOTO pactpeaenenus [ 1], momyqnm (3):

h" 02 [(x=x0)? + (X %5 )2 ot (X=%,)2 ] 4
1 2 n d
n/2 € &
T

@)

Tak kak O WCIBITAaHUH BCe 3HAYeHUS X M N cleayerT cuYuTaTth PaBHOBEPOSTHBIMU, TO
BCIIeACTBUE TeopeMbl belieca BEpOsITHOCTh CaMOii TMIIOTE3bI NPONOpLUHOHaIbHA (3), T. €. paBHa

N A—h2[(x=%)2+(X=% )2 +.. +(x=X,)?]
Gh'"e (4)

rac G - IOCTOSHHEIA MHOXHTENh MpoNnoOpHIHUOHAJIBHOCTHU, KyJda BKIIOYCHBI TaKKE HE

3aBUCAIIME OT h M OT X MHOXKHUTENH u de".

n/2
"

[Ipu mr060ii rUnoTe3e OTHOCUTENBHO h BenunHa (4) Oyaer HauOobIeH, ec/i X BRIOpaH Tak,
9TO cCyMMa MUHUMAambHa (5):

(X=%) +(X=%X,)* +..+ (X=X, )" = Zn:(x—xl)2 — min

©

Takum 00pa3om, MCXOAS W3 TOTO, YTO OMIMOKH paclpenesieHbl Mo 3aKoHy laycca, MOKHO
cIenaTh BBIBOJ, YTO HaWBEPOATHEHIINM 3HAYEHHEM, KOTOPOE MOXHO TIOIYYHTh U3 psAa U3MEpPEHHHA
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OJIMHAKOBOM TOYHOCTH, SIBISIETCS TAaKOE€ 3HAYEHHE, IJIs1 KOTOPOro CyMMa KBaJpaTOB pa3HOCTEN 3TOro
3Ha4YeHMS U Pe3yIbTaTOB U3MEPEHUII SIBIIETCS HAUMEHBIIEH.[1]

[lonp3ysice 3TUM NPUHIMIIOM, HaiJleM HaUBEpOSTHEWIIEe 3HAUYEHUE BEIUYUHBI X.
[TpupaBHUBas HYJIO MPOU3BOIHYIO MO X OT CYMMBI KBapaTos (6):

©®)

MOy YUM i= @)

Otkyna n (8)

IIpu X = X [elCTBUTEIBHO UMEET MECTO MUHUMYM.

Taxkum oOpa3om, ecinu cilydaiiHble OIIMOKU paclpeseseHsl Mo 3akoHy ['aycca, To Hambosee
BCPOATHBIM 3HAYCHUCM X I/I3MepHeMOI‘/'I BCJIMYMUHBI ABJIACTCA CPCAHCC apI/I(bMeTI/I‘ICCKOC N3MEPCHHBIX
3HAYEHUI.

ITpu HaxoxaeHMHM HaWOOJiee BEPOSITHOrO 3HAYCHHS TOYHOCTH N /10 OOCTOMT CIlIOXKHEE.

3amenuB x Ha X B (4) ¥ OCYLIECTBHB MOUCK MaKCUMaJbHOU TouHoCcTH h, momyunm (9)[1]:

— 2 n _ 2
Ge (nh™* —2h™> " (x—x) ) =0
= )

OTtkyna (10)

Onnako, 3HayeHue h He siBisieTcs HauOosiee BEPOSTHBIM (XOTS M OJIM3KO K HEMY), TaK Kak

BEPOSITHOCTH TMIOTE3bI N BEIYKCIIEHA ML PH Oj1HOU runotese X =X . TIpu 3TOM pa3HOCTH r =
, HE SIBISIOTCA MCTUHHBIMU OIIMOKaMH, KOTOpBIE Ha CaMOM Jeie paBHBI A - X, rae A - TOYHOE
3HAUEHUE U3MEPSAEMON BEJTMUNHBI.

BbiumiciauMm Tereph BEPOSITHOCTh 3HaueHHs N, mosaras, 4To X MOXET MPUHUMATh JIFOObIC
3HaueHMs. B cuiry Teopemsbl CII0KeHHs BEPOSTHOCTEN MBI JOJDKHBI MPOCYMMHPOBATH BRIpaXeHUS (4)
0 BCEM 3HAYEHHSAM X OT -00 JI0 00, 4TO CBEAETCA K BbIuncieHnuto naterpana (11) [1]:

2 fhzi(xfxi)z
i=1 dx.

o . (11)
Jlns Haxoxaenns uaTerpana (11) BBegeM HOBYIO MepeMeHHyIo i, monoxkuX =X TU rpe X
ompezaeneHo dhopmyioii (8).
U3 s1oit popmyisl cnenyet paBeHcTBO (12):
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ni—ixi :Zn:(;(—xi)zo.

(12)
[IponsBozs ykazaHHyr0 3aMeHy iepeMeHHbIX B nHTerpaie (11), momyanm
© —hzzn:(%ru—xi)z
P =Gh" f e = du.
= (13)
Bo3Bogs ckoOky B TIOKa3aTene CTeneH: B KBaApaT U ucoib3ys (12), momyaum
- —hzlzzn:&—xi )2+2uzn:(;—xi)+nu2} hzzn:(;—x-)z o
P=Gh"fe " =Gh"e 7 [e™2du.
—o0 —0 (14)

t
B nocneaHeM nHTErpasie mojoKuM hu\/ﬁ =—.
J2
o) o0 tz
2,2 - 1 Jr
Torma |[e™ ' du= |e 2 dt = ,
£ £ hWnv2 ~ hvn

TaK 4TO

o_ Gheihzg(ﬂ)z Jr ~ Gh"*Jr efhzg(m)z
hvn Jn : (15)

PaBenctBo (14) maeT BepoSATHOCTH TOTO, YTO NPH JAHHBIX pe3yjbTaTax HM3MEpPEeHH Mepa
toyHoctH paBHa h. HauGonee BeposTHbIM 3HaueHueM h OyzaeT Takoe, pH KOTOPOM BbipaxkeHue (14)
OyleT MaKCHMAaJIbHBIM.

JInst Toro 4To0bl HAWTH MHTEPECYIOIIH Hac MakcuMyM AP, pUpaBHseM HYJIIO TPOM3BOIHYIO

dP
— (16):
dh()

-hzzn:;-xi)z noo_
G\/‘/_n;e {(n—l)h"z—Zh”;(x—xi)z}:O (16)

Ortcrona creyer, uTo HanboJiee BEPOATHBIM 3HAUEHHEM MePHI TOYHOCTH h, KOTOpoe 00BIYHO
MPUHUMAIOT 32 HCTHHHOE 3HaueHwue N, sBiseTcs

(17

[Ipu nocraTtouno 6oxbmoMm 11, BeipaskeHus (17) u (10) mpakTudeckn COBIagaioT.
3Has BEMWYMHY MEpPhI TOYHOCTH MOXXHO OIPEACITUTh BEIWYWMHBI BEPOSITHOW, CpeaHed u
cpenHel KBaapaTHUHOM OmuO0K. B yacTHOCTH, IS cpeiHel KBaJpaTUYHOM OIIMOKK Hai1eM

(18)
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HpI/I HAJIMYUK OOJBIIOTO YKCIIa H3MCpeHI/II>'I yI[06HO HE BBIYUCJIATH CPEAHEC apI/I(l)MeTI/I‘IeCKOC

X HemocpeICTBEHHO, a TOCTyNaTh WHaue. BBIOpaB B KAuecTBE «yCIIOBHOTO HYJIsSH» MPOW3BOJILHOE
3HAYEHUE Xg, PACCMOTPUM BMECTO PE3YJIbTATOB U3MEPEHUH X1, X2, ... X, UX OTKIOHEHHS OT Xo, PABHbBIE
AX1=X1-Xg, AX5=X-Xp,..., AX=X,-Xo. Haliisg cpeqnee apudmernueckoe 3TUX OTKIoHeHuH (19)

n n

— 1 1
A== (6 =% )= 2% =%, (19)

NS =

JIETKO HaiifeM u cpennee apudmernueckoe X (20):

— 1 n -
x—ﬁéxi = Xo +AX (20)

Takum o00pa3oM, Ans BBIYHCICHUS CPEAHEr0 apu(METHYECKOTO HM3MEPEHHBIX 3HAuYCHHN
JOCTAaTOYHO K TPOW3BOJIBHO BHIOPAHHOMY 3HA4YEHUIO Xo MNPUOABUTH cpefHee apudmMeTHueckoe
OTKJIOHEHHH Xo OT U3MEPEHHBIX 3HaueHu# [1].

W3BecTHO, 4YTO TpH OMNpENEICHUH COACPKaHMS TOJIE3HOTO KOMIIOHEHTa TaMMa-TaMma
METO/IOM, O0IIasi MOTPEHIHOCTh COCTOMT M3 CIEAYIOMIMX ClIaraeMbIX: amnapaTypHO MOTPEeNIHOCTH;
TIOTPEIIHOCTH, OOYCIIOBIICHHOW HEPaBHOMEPHOCTBIO pAaCIpe/eieHus] MOJIE3HOT0 KOMIIOHEHTa B
po0e; MOTPENTHOCTH, 00YCIOBICHHONH HEMOCTOSHCTBOM T€OMETPHH OOJIyUeHUS MPO0; MOTPEITHOCTH,
00yCJIOBIEHHON HEMTOCTOSHCTBOM IPaHyJIOMETPHUECKOTO COCTaBa Mpoo.

Cpennee  3HaueHHWe  aOCONMIOTHOW  TIOTPENIHOCTH  W3MEPEHHH,  OOYCIOBIEHHBIX
annpokcumanuen, cocrasisier +0.36 % abc.

OnHO U3 ciaraeMbIX anmnapaTypHON MOTPEHIHOCTH - CTaTHYECKas MOTPEIIHOCTD O H3MEPEHUS
CKOpPOCTH cyeTa UMITYJI5COB N, 00ycI0BIeHHas BEPOSATHOCTHBIM XapaKTepOM paciiaja UCIOIb3yeMOro
B Ka4€CTBE UCTOYHHKA U3IYUCHUS PaIUOHYKIHIa. TeopeTHaecku oHa onpeaensercs kak (21):

100
=Nt ? (21)

rae T - BpeMst 9KCIIO3UIIUH PalioMeTpa, ¢.; N - CKOPOCTh CUeTa UMITYJIBCOB PETUCTPHPYEMOTO
U3JIy4YECHUs, umm-c’

Kak Bugno u3 Bepaxenus (21), O saBnsercs ¢yHkuuei aByx mepemeHHelx — N u T, a
IIOCKOJIBKY, B CBOIO oOuepenb, N sBisieTcss (QyHKIMEH — COlepKaHWs »Kejle3a M MeHsSeTcs B
OIIpeCICHHBIX Tpeaenax, TO U BeJIMYMHA CTATHMYEeCKOW MorpemHocTH (naxe mpu T=const) Oyner
HaXOJIUTHCS B ONPEICIICHHBIX Mpeerax.

AnmaparypHyI0 MOTPEIIHOCTh ONPENENsUId 10 pe3yibTaTaM CTa 3aMepOB CKOPOCTH cueTa
UMITYJIbCOB PACCESHHOTO HM3Iy4eHHsT OT Npod ¢ MakcuManbHbIM (64%) W MUHUManbHBIM (24%)
3HAYCHUSIMU COJICPKAHUS ( JKee3a.

KputepreM mOTpeniHOCTH TIPUHSTHI  BEIHYMHBI  CPEJHEKBAJPATHYHONH IMOTPEUTHOCTH
OTJICNIFHO M3MEPEHHsI YMClia UMITYIILCOB AS, ¥ CpeIHEKBaIpaTUIHAS [TOTPEIIHOCTh PE3yNIbTaTa Cepun
u3Mepenuii AS,, rie

AS, = : (22)

i=1

EGET 23)

rae n - Yucio u3Mepenuid, AN; - BelHurHA OTKJIOHEHHS CKOPOCTH CYeTa MMITYJIbCOB i

U3MEPEHUS OT CPEIHETO 3HAYCHUS N g CepUH 3aMEPOB.
AHanu3 MOKa3bIBAET, YTO CKOPOCTH cueTa OJH3Ka K 3aKOHY HOPMAJIBHOTO pacipeaeeHusl.
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Hist mpo6sl ¢ q=24% AS,, =26.0 umn = 0.263%, AS,; = 2.6 umn = 0.0263%.

Just mpo6sl ¢ g= 64% AS, = 21.9 umn = 0.378%, A S, = 2.2 umn = 0.0378%.

Kak BumHO U3 cpaBHEHMS 3HaUCHUM AS, 1 AS, IOIPEIIHOCTH B OIPEACIICHUH CKOPOCTEH cueTa
CYIIECTBEHHO PAa3HATCS, YTO OOBSACHSAETCS pa3jIMYHBIM BKIAJIOM B CYMMAapHYH TOTPEIIHOCTH,
00yCJIOBIEHHON BEpPOATHOCTHBIM XapakTepOM pacraja paIdoHyKIUaa.

[lo 3HaYCHMSAM MPHUBEACHHBIX TOTPEIIHOCTEH OICHUM aIlapaTypHYH MMOTPEITHOCTh U3MEPECHUI
BeJIMYMHBI N CKOPOCTH CUETa UMITYJILCOB, XapaKTEPU3YIOIIYI0 HHTCHCUBHOCTh N3TYUCHUSI.

Hns sroro 3amaguM 3HaueHue HanaexkHocTH o=0.999 mms 3amanHOl morpemHoctd, n = 100,
koo duiment CteroneHTa t, =3.39, 1 HasHaYeHHeM t, 1 AS, onpenessem norpenHocTh AN u3meperus N

AN = ASa' tOL (24)

Takum oOpa3om, ammapaTrypHas OTPENTHOCTh PY YKa3aHHBIX PeKUMaxX padOTHI paaroMeTpa

U CPEJIHUX CKOPOCTAX cueTa N =9914 umm-c? u N,=5791 umn/c cocraBisier coorercTBeHHO AN; =
8.8 umn, AN, = 7.5 umn/c, a pe3ynbTaT M3MEpPEHUS] MHTEHCHMBHOCTH MOXXHO 3amlHcaTh Kak N =
991448.8 umm-¢', N, =5791+7.5. OTHOCHTEIbHAS ATNAPATypHAs IOTPEIIHOCTb:

AN

TN (25)

cooTBeTCTBeHHO paBHsieTcs €1 = 0.089% u g, = 0.13%.

Jlo cux mop oneHHBajJach BEIWYHMHA MOTPEIIHOCTH HM3MEPEHHsS WHTEHCHBHOCTH U3IY4EHHS,
BbIpaykaeMOH B UHCIIE 3apETUCTPHUPOBAHHBIX UMITYJIHCOB.

OrneHnM CpeHIO BETUUMHY annapaTypHOH MOTPEUTHOCTH B IMIPOLIEHTaX COACpXKaHMSI Kenesa.
Jist aTOTO HaliIeM 3HaUeHUE BBIPAKEHHUST KOHTPACTHOCTH (20) [2]

2N, — N,|-100 <4
(Nl + N2) (qz - ql) % (26)

KOTOpas IIOKa3bIBa€T, Ha CKOJIbBKO ITPOLCHTOB B Cp€aAHEM H3MCHACTCA HWHTCHCHUBHOCTDH
U3JTyYEHUs IPU U3MEHEHHH COZIepKaHus kese3a Ha 1%. B namem ciyuae K =1.31.

PaSILeJ'II/IB TMOJIYUYCHHBIC CPEAHUC 3HAYCHUA BCIIMYUHDBI ¢ Ha K HaxoJuM CpCIHUC 3HAYCHUA
anmnapaTypHOH TIOTPEITHOCTH U3MEPEHHUS coteprkanus skene3a. s cepuu m3 100 m3MepeHnii oHa COCTaBUT

[100

0.084%, st cepun 13 3" u3mepennii - 4.47% ( 3a cuer Bospacranus t, ¢ 3.37 1031.6 uAS, B ¥V 3 pa3).

N3mepennst mpoBOIMIIMCH Ha BO3AYIIHO-CYXHX Mpolax Kiacca - 1 MM ¢ cofiepKaHHeM Kene3a
24.4%, 38.4% u 64%. bputo uccnenoBaHo TpY BapHaHTa MOATOTOBKU M oOmydeHus mpod. Bapuant
NEePBHINA - MPoOy HACBHIIIOM MOMELIAH B KIOBETY J0 €€ 3alOJHEHUs, Cpe3aly M3JIMIICK MaTepHuania, a
oOyueHne ee NPOBOAWIM 4Yepe3 AHO KioBeThl. B BapmaHTe BTOpOM NpoOy MOATOTaBIMBAIN K
00JIy4eHHIO TakK e, KaK ¥ B BapHaHTe MEpBOM, HO 00JIydanu HEMOCPeICTBEHHO MaTepuan npoosl. B
BapuUaHTE TPEThEM IIOCTE CPE3aHUsl M3JIMIIKAa MOBEPXHOCTh MPOOBI YIUIOTHSUIACH CIIEUAIBHBIM
MyaHCOHOM, BJIaBIIMBAEMbIM B KIOBETY 0 3a/IaHHOM IIyOUHBI TOTPY>KEHUSL.

KonTpacTHOCTE Tak ke pa3nuyHa U HaxoauTes B npenenax 0.69...1.32.

[lo cpaBHeHMIO CcO cpenHel ammapaTypHOW morpemHocTeio m3MepeHus N paBHod 0.11%
MOTPENTHOCT B PEATBHBIX H3MEPEHISIX BO3pOCia OT 2.6 10 5 pas.

Bepﬂ 3a KpI/ITepI/Iﬁ OILICHKHU BCIIMYMHBI MOTPCHIHOCTHU € U KOHTPACTHOCTHU K , CJICAYCT CUUTATh,
qTO TpeTI/Iﬁ BApHUAHT HUMCECT MHHUMAJIBHYIO IIOTPCHIHOCTH H3MCPCHUA W  MAKCUMAJIbHYIO
KOHTPACTHOCTh H ABJIACTCA MPCANOYTHUTCIBHBIM IIPpU  OINPCACICHUU COACPIKAHUA IKEJIC3a B
IMOPOMIKOBBIX np06ax.

B HUTOr'C, U3 CPaBHCHUS PCIYJILTATOB TPCX BAPUAHTOB U3MCPCHUS CIICAYCT, YTO B TPCTHCM BAPUAHTC

HAMMEHBIITHI pa3bpoc nokasanuii (¢ = 0.28) u HanGoMbIIMiA Kod(duimenT KonTpacTHocTH K =1.32.
[lockonmbky 11 OLEHKM NPUMEHUMOCTH TOTO WJIM MHOTO BapuaHTa HEO00XO0ANMO

paccMaTprBaTh JiBa MOKa3aTeCJIsa (8 n K ), TO OJIsA BLI60pa OINITUMAJIBHOI'O BapuaHTa npeajiaracM BBECTU
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Kputepuid Q, XapakTepu3yIOUINH BETUIHHY OTHOILICHHUS 2 T.e. Q= 2
& &
BapUaHTa CUUTATh TOT, Y KOTOPOTO 3TOT KO3(PPHUIIMEHT MaKCUMalIeH.
Jnst mepBoro u3 paccMarpuBaeMbix BapuantoB Q =0.42, Broporo - Q=2.28, tpetbero - Q = 4.7.
Takum o0pa3oM, MOATOTOBKA MPOO W OOJIydeHUs WX 1O TPEeTheMy BapuaHTy (T.e. mpoda
VIJIOTHEHa MW O0JlyyaeTcsi Marepuan mpoObl HEMOCPEACTBEHHO) O0ECNeunBalOT HaWIydlIne
Pe3yIbTaThl IO CXOAMMOCTH KOHTPACTHOCTH H, B pe3yJIbTaTe, HAMMEHBIIUE MOTPEIIHOCTH H3MEPEHU.

Pacuersr A Benuch o hopmyie:

1 B KQYCCTBC OIITHUMAJIbBHOT'O

A= n 'ta (a’n) max - min (27)

roe t, (Ot,n) - kodh¢dunment CTprofeHTa a1 3aJaBaeMON HAIEKHOCTH O M YHCIa n

usmepenuii B cepud; ., — Uy, - TPAaHUUYHBIE 3HAYEHHS COJEPKAHMSA HKENE3a; N

max Nmin -
CKOPOCTH CY€Ta UMITYJIbCOB, COOTBETCTBYIOIINE TPAHUYHBIM COAEPKAHUSM I0JIE3HOTO KOMIIOHEHTA.

[lorpemHnocts ompeneneHus COACPXKAHUS B 3HAUMTEIBHON CTENEHM 3aBUCUT OT 4YHCa N
obMepa mpob u TpedyeMoil HaJe)KHOCTH.

BriBoanl

- AnmaparypHass TOTPEIIHOCTh CKOPOCTHM CYeTa B OCHOBHOM OIpEZEseTcs BeTHYHMHON
CTATUYECKOW TIOTPEIIHOCTH, 0OYCIIOBICHHON BEPOSATHOCTHBIM XapaKTepoM pacnaja paaroHykimaa. OHa
3aBUCHUT OT JUTUTEIBHOCTH IMKJIa U3MepeHuit. MUHUMabHOE 3HaYeHue 3Tol norperHocty =~ 0.032 %.

- TorpemrHocTty, 00yCIOBICHHBIE TIOATOTOBKON MPOO M METOJMKOW MX 00CYeTa B JIBA-4ETHIPE
paza MpEBbILIAOT AMIapaTypHYO IOrPEIIHOCTS;

- MuHuMaIbHass  MOTPEIHOCTh M MakCHMajlbHas  KOHTPAaCTHOCTh — 00ECTIEUMBAIOTCS
NpeBapUTENbHBIM BBIPABHUBAaHMEM IIOBEPXHOCTH MPOOBI YIUIOTHEHHEM U HalpaBieHHEM ITydka
M3ITy9deHHs Ha HOBEpXHOCTH NpoObl.  lorpemHocts u3mepenuit Mmoxxer pocrurats 0.2% adc.;

- Ilpu o6myueHnu npoObl yepe3 MaTeprall KIOBETHI (JJHO) KOHTPACTHOCTh =~ B 1.8 pa3 Hibke, ueM
npy OOJy4eHWH HETOCPEICTBEHHO MaTepuaia NpoObl, YTO MPUBOAUT K BO3PACTAHHUIO IMOTPEIIHOCTH
ompenenenust a0 0.4...0.5 % aoc..
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TEPMOJUHAMUNYECKOE OBOCHOBAHMUE OBXKHUI'A
HUHKOBOI'O KOHIHEHTPATA II1PU TOBABKE B HIUXTY
CﬂCOg

bepouapoe b. T,
Xyooapos C. P.,
Mamxapumos C. T.,
Axmaorconoes A.,
Anumos Y.

Y36exucman, Tawkenm, Tawikenmckuii 2ocyoapcmeenHulii mexHuuecKuil ynueepcumemn

3a TOABI HE3aBUCHMOCTH Da3BUTHE TOPHO-METAUTYPIHUECKOH OTpaciu peciryOinKu
oIpesensieTcsl B COOTBETCTBUU C MPHOPUTETOM, IJIABHBIM CTpPATETHUECKUM HalpaBiIeHHEM KOTOpPOTo
ABJISIETCSl pa3pabOTKa HAYKOEMKUX TEXHOJIOTHI W COBEPIICHCTBOBAHHE TEXHOJIIOTHUECKUX MPOLIECCOB
METaJUTypTUYEeCKUX MTPOU3BOJICTB C IIETBI0 PAIIMOHATIBHON W KOMIUIEKCHOW NepepaboTKH MUHEPaIbHO-
CBIPBEBBIX pecypcoB PecrryOmmkm [1].

[Ipu 06xure MUHKOBBIX KOHLEHTPATOB Ha METAUIyPrHYECKUX 3aBOAax 00paszyercsi 0OBIYHO
0onpLIOE KOJIMYECTBO (PEPPUTOB M CUIIMKATOB IIMHKA, KOTOpPHIE OOYCIOBIMBAIOT HEIOCTATOYHOE
W3BJICUCHWE LMHKA IIPH BBIIIEJAYNBAHUM OOOMXOKEHHOIO KOHIEHTpaTa CEpHOW KHCIOTOM Ha
THUAPOMETAILTYPTHYECKUX 3aBO/Iax [2].

[lorepn nuHKa B OTBaJbHBIX KEKaX I'MIPOMETAUTYPIHYECKHX 3aBOJOB AOCTUTAIOT 25 %, a B
HEKOTOPBIX CIIydasiX U BBILLIE.

Hcxons u3 BhIIECKa3aHHOTO pelleHre MpoOiaeMbl MpeoTBpalleHus: o0pa3oBaHus GpeppuToB
W CHJIHMKATOB IIMHKAa BecbMa akTyanbHa. [l pelieHus NaHHOH mpoOieMbl, aBTopamMH OBLIN
MPOBENICHBl HCCIIEIOBAHNE MO OOKUTY B BBEJCHHE B IIMXTY OOKMTa B KA4eCTBE JOTIOIHUTECIHLHOTO
xommonenta CaCOs.

OKCIEepUMEHTHI OBLIM IMPOBEJCHBI Ha J1a0OpaTOPHOM YCTAHOBKE MOJEIMPYIOIIUN MPOIECC
obxkwura. Temmeparypa obxkura cocrasiusuia 1233 K (960°C),sBisiforieiicss ONTHMaIbHON —TIpH
OKHCITUTEIIFHOM 00XKUTe IIMHKOBOTO KOHIIEHTpaTa B Tieuax “KC”.

[Ipu noGaske B muxty obxura CaCOj; copepkanue GeppUTOB LIMHKA CHU3MWIOCH ¢ 12,6 10
2,0%, a cuukaToB nuHKa ¢ 9,7 % 1o 1,5 %.

Jist TepMoarHAMHYECKOro 000cHOBaHMSA 3G PEeKTUBHOCTH BBeleHHs B IMXTY o0xkura CaCOs,
ObUIM TIPOBEAEHBI pacueThl HM3MEHEHHs cBOOOAHOW sHepruu ['mOOca peakuuid, MPOTEKAOLIMX B
nporiecce ooxura mpu temreparype 1233 K. PesynbraTsl pacdyera nmpuBeeHs! B Tabnwume 1.

Tabmuna 1. Usmenenune cBoOoHOM »Heprun [ m66ca peakmu mpu temmeparype 1233 K

No Peakuun Pacuernas hopmyna « I[)ﬁ/(fd,onb

1 CaCO; =Ca0 + CO, AG = 165,954 — 0,148 TxJIx/MOIb -16,675

2 2CuS=Cu,S+% S, AG = 94,275 - 0,115 TxJ[/MOIb -47,640

3 FeS,=FeS+ %S, AG = 143,227 — 0,148 T xJI>x/MOIIb -39,091

4 1 S, + CO, + %0, = SO, + CO AG=-79,787-0,013 T k/I/Moib -96,105

5 ZnFe,0, + CO = Zn0O + 2FeO + CO, AG=11,155-0,024 T xJ]x/Moib -18,709

6 | Zn,Si0, +2CO + 0, =2Zn0 + Si0, + 2CO, | AG =-522,091 + 0,162 T x/Ix/mMons | -321,932

7 Zn,Si0, + CaO =CaSiO; + 2Zn0O AG =-56,851 — 0,002 T xI»/M0Ib -59,582

8 ZnFe,0, + CaO =CaFe,0, + ZnO AG =-67,171 + 0,013 T xJ[x/M07b -50,599

9 CaO + SiO, =CaSiO, AG =-98,815 + 0,008 T xJIx/M0Ib -88,434

10 CaO + Fe,0;=CaFe,0, AG =-82,321+ 0,003 T xJIx/MO0Ib -78,629
CorylacHO TOJIYYCHHBIM pPE3yJIbTaTaM HaMH ObLI TPEIJIOKEH CISAYIOIUNA BO3MOMKHBIHA

MEXaHU3M 00KHTa ITMHKOBOTO KOHIICHTpaTa pu qo6aBke B mmxTy o0okura CaCOs.

B mpomecce o0xura cynb(GUIHONO LMHKOBOTO KOHIIGHTpAaTa TIPH TEMIEpaTypax

OKCHUJIMPOBAHUS, MPOUCXOJUT PA3NIOKEHUE CIOKHBIX cynbdumos (CuS, FeS, u ap.) ¢ BeIgeneHnemM
3JIEMEHTHOM cephl 1Mo peakuusm (2) u (3).
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Oo6pazoaBimiicst o peakiuu (1) muokcun yriepona (CO2), B3auMOAEHCTBYET C AIIEMEHTHOU
cepoii oOpasyrorerics mo peakiusm (2) u (3) ¢ oopaszoBanreM MoHOOKcH A yraepoaa (CO) peakiws (4).

OO0pazoBaBiIMiics MOHOOKCH]I YIJIepoJa BOCCTAaHABIUBACT (PEPPUTHI M CHIIMKATHI LIUHKA JIO
OKCHJIOB KeJie3a M KpeMHUs 1o peakuusM (5) u (6).

OOpasyromuecss npu mnpoTekaHun peaknuud (5) u (6) OKCHIBI JKelne3a W KPEeMHUS
B3aMMOJICWICTBYIOT C OKCHIOM KaJbIlis, OOpa3oBaBIIMMCS TpW mNpoTekannu peakuuu (1), c
obpaszoBaHreM GepPUTOB M CHIINKATOB Kanbuus peakmmu (7-10).

OCHOBBIBasICh Ha PE3yJbTaThl MPOBEACHHBIX HCCICIOBAHUA W TOIYYCHHBIX pPE3ylbTaToB
MOKHO TIPEJJIOKUTH, UTO MPOIecC O0KUTA IIMHKOBOIO KOHIIEHTpATa ¢ JOOABKOM B MIMXTY O0XUTa B
KadecTBe jJomoimHUTEeNnsHOro KommoHeHTa CaCOs;,IO3BOMUT, HE H3MEHSS JeHCTBYIOIIETO
TEMIIEPaTypHOTO PEXHMa W amnmaparypHoro o(opMiieHUs] JOOUThCS CYIMECTBEHHOTO CHIKCHUE
obpazoBanue (peppUTOB U CHITHKATOB ITMHKA.
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AJITOPUTM PO3B’SI3YBAHHS 3AJIAUI OIITUMIBALII
OOPMU I'HYUKUX 'O®PPOBAHUX MEMBPAH

Caghponosa I. A.
Ykpaina, m. /Ininpo, /[ninpoecovkuii nayionanvuuii ynieepcumem im. Oneca I'onuapa

Abstract. lterative algorithm to determine of the configuration of the middle surface of
corrugated membranes with greatest sensitivity as shells of revolution with large displacements was
offered. This approach is based on the using of L. S. Pontryagin’s principle maximum and this is an
effective means of solving the problem of the optimal design forms of median surface shells with
predetermined properties.

Keywords: rotation shell, large displacement, optimization of shapes, corrugated membrane,
numerical algorithm.

Beryn. ['Hy4ki 000JIOHKOBI eeMeHTH, 30KpeMa, ropoBaHi MeMOpaHH, CHIb(OHH Ta iH., 4aCTO
BUKOPUCTOBYIOTHCSI y PI3HUX BHUMIPIOBAIBHUX MPWIAJAX sIK YyTIMBI MPYXKHI eneMeHTH. UyTiHBicTh
npwiasy, M0 MICTUTh TaKHH MPYXHHK eneMeHT [1], BU3HaYaeThCs KyTOM HaXWiy XapaKTepHCTHYHOI
KpUBOI, IO BUpPaKa€ 3aJIKHICTh MDK MPOTMHOM W y TEHTPl i HaBaHTaXEHHSM (. [Ipu mpoMy Taka
Npy)KHA XapaKTEpUCTHKA Yy 3HAYHIM Mipi 3aJIeXuTh Bill mpodimo, To0To GOpMH CepearHHOI MOBEpXHi
00OJIOHKH, IO CTBOPIOE MeMOpaHy. 30Kpema, 30UIbIleHHs] TMOWHU rodpu Uit KpyroBoi rodpoBaHol
MEeMOpaHH CHUHYCOifanpHOro mnpodimo (o BiAnoBigae OUIbIIIA JOBXKWHI CEpeIUHHOI TIOBEPXHi
O0OJIOHKH, fKa CTBOPIOE MeMOpaHy) HO03BOJISiE 30UIBIIMTH AOBKHHY JIiHIAHOI AUIIHKK 11 mpy>kHOI
XapakTepUCTUKH [5, 6], a HalOIIbIIy YyTIMBICTD 3 KJacy KpYIJMX MeMOpaH Mae MpyXHAa THydYKa
IIACTHHKA. Y TOH K€ 4Yac CYTTEBMM HEIOJIIKOM TaKoi IJIACTHUHKH, SIK YyTJHMBOTO E€JIEMEHTY, € 3Ha4yHa
HEJiHIHHICTB ii IPYKHOT XapakTepucTUKH. Lle mpru3BoANTH 10 TOTO, IO Jiana30H BUMIPIOBAHMX THCKIB 3a
HIKAJIOK0 3 PIBHOMIPHOIO LIJIOI0 TOMUIKM 3MEHIIYETHCS, @ CTBOPEHHS CIIELIAIbHOI MIKANM 31 3MIHHOIO
LIIHOFO MOIJIKK HETATUBHO BiJJOMBAETHCS HA TOYHOCTI BIAMOBIHUX BUMIPIOBaHb.

TakuMm 4YHMHOM, CTBOPEHHS OOOJIOHKOBUX €JIEMEHTIB MPHJIAJ(iB BHCOKOI YyTIMBOCTI Ta 3
HIMPOKUM J[iara30HOM BUMIPIOBAaHMX TUCKIB € JOCHTH Ba)IIMBOIO TPUKIIAIHOIO 3aj1auero. BupineHHs
Takoi 3ama4i Moxe OyTH 3a0e3reueHo JUIIe NUISIXOM BHOOPY ONTUMAIILHOTO 3aKOHY 3MiHH (popmu
CEepEeAMHHOI TTOBEPXHI BiIITOBITHOTO 00OJIOHKOBOTO eJleMeHTy [ 1, 3, 8].

OcHoBHi cniBBigHOmEeHHs1. OCKIIBKY KpyTroBa roppoBana MeMOpaHa, sIK IyTIUBHI CIEMEHT,
MOXK€ MAaTH BEJIMKI MEPEeMIIIeHHs, TO BHKOPHCTOBYBAINCH PIBHSHHS CTaHy OOOJIOHOK OOepTaHHS
JIOBLIBLHOTO TIPO(D1ITIO, 110 BPaXOBYIOTH HENiHINHI CKIIAZ0B1 APYTOT0 MOPSAKY MAIOCTI KyTa TIOBOPOTY
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HOpMaJii CEepeAMHHOI MOBEPXHI Ta iX BIUIMB Ha PELITY KOMIIOHEHTIB HAaNpy>KeHO-Ie(OpMOBAHOTO
cTaHy y Burisiai [2, 9]

d—u:—ﬁcos(6+9r)u—z9rsin9+icosz(9+l9r)(N,r)+
ds r Kr
1 . F(s) .
+Wsm(0+l9r)cos(6’+19r)7+cos(¢9+9r)—cose+l9rS|n<9,
1)
dg 1 I TN . (
s Dr(M r)-3 : cos @ + r( sin(6+9,)+sind+9,cosb),

K (1- 22
d(Nrr): ( a )u+ﬁcos(9+3r)(N,r) ’usm(0+l9)F(s)—q
ds r r r 2r
D(1-u°
d(M,r) =9 ( - - )cos(9+19r)cos<9+sin(9+9r)(Nrr)+%cos(¢9+19r)(M,r)—

r,

r

ds '
D(1-4°
—cos(6?+l9r)F2(S) ( - - )cos(0+9r)(sin(9+Sr)—siné?—Srcos@),
VA
dw 1
P Esin(6+9)u+9 cose+msm(2(6’+19r))(Nrr)+

+isin2(0+,9r)®+sin(6?+ $.)-sind -3 cosb,
Kr 2

S
ne S, < S <S — JI0BXKMHA MepuiaHy; I(S) — pajiyc mapanensHoro kpyry; I (S) = J cos (9(5))d5 npu
0

s=0 r(s)=ry, 6(s), 6" (S)ZH(S)+19r(S) — KyT MDK BiCCHO OOEpTaHHS Ta HOPMALIIO 0

HegeopmoBaHoi Ta JgepopMoBaHO! MOBEpXHi, BiAMOBigHO;

— KyT MOBOPOTY HOpMaNi 0
CepeIMHHOI TOBEPXHI B mpoleci aedopmaiii; U, W — paziaabHe Ta OCboBe mepemimieHHs; Ny —

posmipre 3ycwuis; M, — srunatounii MmomenT; F(S), 0r(S) — cymapHa ochoBa Ta pajianbHa CKIaIOBi
30BHILIHBOTO  PO3MOILIEHOr0 HaBaHTaxeHHs; K = Eh/ (l— ,uz), D= Ehs/ (12 (1— 1 )) -

JKOPCTKICTh Ha PO3TAT Ta MWIIHAPUYHA JKOPCTKICTh, BIMMOBIMHO, E, £ — MOMAYJNb MPYXHOCTI 1
koeimient [Tyaccona; h(S) — 3MiHHA y3/J0BXK MepH/IiaHy TOBIHHA CTIHKH 000JIOHKH.

Crin 3BepHYTH yBary Ha Te, mo cuctema (1) orpumana (quB. [2]) BiIHOCHO NepeMillIeHb i
3yCcHJIb B TTI00aJIbHINM CUCTEMi KOOPAWHAT, KOJIU CHIIH 1 IepEeMillICHHS TPOEKTYIOThCS HE Ha JIOTHYHY 1
HOpMaJIb JI0 MEpHUJIiaHy, a Ha HOPMaJib JI0 OCi CUMETPIi 000IOHKH 1 camy BiCh, III0 HAJIA€ MOXJIUBOCTI
JUISL pO3paxyHKy 00OJOHOK 00epTaHHs 3 JOBIUIHHOIO (1)0pM0}0 MepuaiaHy 0e3 BUKOPHCTAHHS MaTpPHILp
nepexony B TOYKax 3’ €IHAHHSA q)parMeHTlB 000JIOHOK Pi3HOT reOMeTpu Ta, KpiM TOro, € JOCHTH
3pYyYHMM JAJIS1 ONUCY BUXIAHOI T€OMETpii cepeArHHOI MOBEpXHI 0OONOHKH OyIb-iKOi KOH(piryparii
MepuIiaHy 3a JI0moMoror QyHKIIiH I (S), €(S).

Cucrema piBHsHB (1) TOTIOBHIOETHCS BIAMOBIAHOIO KIJIBKICTIO KPalOBUX YMOB

f (Y_(SP))zo i=15, )

AK1 BiANOBINAIOTH PI3HUM BapiaHTaM 3akKpiIlUICHHS TOPLIB OOOJOHKM (3aTUCHEHHS, IIApHipHE
oOnupaHHs, BIAbHUM Kpal) y HMOYaTKOBiM S,=Sp 1 KIHLEBIH S, =S| TOYKaX MepuaiaHy OOOJIOHKH.
Bekrop 3MiHHMX CTaHy MPUHMAETHCS Y BUTIISAL

Y'(s)={u,$,N, r,M rw}.

a 104l HaNpYyKeHHA O, O, 1 T;, MOXKYTb OyTH BUpPa)KE€Hi, 4epe3 KOMIIOHEHTH (a30BUX 3MIHHHX Y
BHUIUISIL:
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cos 6 sing F(s)
o,= M,r ;
Yorh (N ) ( ") rh 2z
E Ezcoséd cos 6 12 uz sin@ F(s
oy ==+ 9+ E (N + =255 (Myr) + £ FO), ®)
r r rh 2z
3 4z2 sin @ cos 6 F(s
n = 1235 ][ 208 (r)- S22 HE) .
2h h r 2r
OOMexeHHSIMH MIIHOCTI CITy’KaTb YMOBH
maxo, <[o], re o©; =\,[0'12 ~0,0,+0. +31%; 4)

Y mnomampmioMy TpPUAMAETBCA, IO HAWOIMBINI HANpy>XeHHS BHUHUKAIOTH HAa TIOBEPXHI
obononku 2=+ h/2.

Hami posrnsgaerbess 3agada ONTHMi3amii Ui BHIIAAKY KOPCTKO 3aTHCHYTOI 3a 30BHIIIHIM
KOHTypoM ro(poBaHOi MeMOpaHHU, 3 >KOPCTKHUM ILIEHTPOM, HANpyKEHO-IeQOPMOBAHUN CTaH SKOI
BU3HAYAETHCSI CHCTEMOIO TU(epeHIianbHuX PiBHAHB (1) 3 KpallOBUMHU yMOBaMH

U(r)=0; $(ro)=0; u(r)=0; & .(r)=0; w(r), =0, (5)

Ie Iy, Fo— 30BHILIHINA pagiyc MeMOpaHH i >KOPCTKOTO LIEHTPY, BiIMOBITHO.

V 3B'a3Ky 3 HeBU3HaueHICTIO QyHKiA I(S), @ (S) (y 38°3Ky 3 Tum, mo & (S) € BapilioBaHO0
(GyHKIII€10), TOUIBLHO TepeiiTh 10 iHTerpyBanHs cucteMu (1) 3a 3minHoO I'. [Ipu oMy dr = COSES.

3amada mpoekTyBaHHS ropoBaHOi MeMOpaHW HaMOUIBIIOT YYTIHMBOCTI (OPMYIIOETHCS SIK
3a7a4a Teopii onTUManbHUX npouecis [10] i momsrae y BirykanHi ONTUMAIBHOTO KEpYBaHHS, 3a SKe
obupaetbess KyT € (r) Mik BicClO OOOJOHKM 1 HOPMaIO JO 1l CepeMHHOI TOBEpXHI Yy
HeleOpMOBAaHOMY CTaHi, i3 YMOBH MaKCHMyMy IMpPOTHHY Y HeHTpi. Skuii Moxke OyTH MoJaHUM i3
OCTaHHBOTO piBHsHHS cucTemH (1) 3 ypaxyBanHsM ymoBu W(r;) = 0 y BUTIIsIII

W(ro):—jl(—gsin(6?+l9r)u+l9r cos¢9+ﬁsin(2(9+l9r))(Nrr)+

(6)

+irsin (6+9) 2(8) +sin(6+9)-sind-9 cosHJcos@dr.
T

Takox oOMeXeHHs HaKIaJaroTbCs HAa MaKCHMalbHi HalpyXeHHs B MmemOpani (4) i Ha
JOBXHUHY IyrH panianbHoro nepepisy. HasBHicTh 1poro oOMexeHHs OOYMOBJIEHa HaMaraHHSIM
MeMOpaHu y Mpoleci ONTUMi3alii BUPOAUTHCH y TJIAJKy IJIACTUHKY, KA JIMCHO Mae HalOiIbIIy
YYTJIUBICTb, aJie 1 Ipy>KHA XapaKTEepPUCTHKA Mae€, sIK 3a3Ha4aioCh BUILE, 3HAUHY HENliHIHICTb.

dopma cepeMHHOT TTOBEPXHI 00OJIOHKH 33/1a€THCS Y BUIIISAI HenepepBHOT GyHKii Y = y(r) 3
00MEXKEHHIMU

—y*<y(r)<y*. @

IIpu upomy tgo = dy/ dr, mo nosBonsie nerko obuucnuTu SiN@ i Cos@ y piusauuAx (1), a
JIOBXKMHA MepHJliaHy MeMOpaHHu MOXe OyTH MoJjaHa y BUTIISIII

L= [+ y?Zdr = 1+tg’0dr. (8)

r0 A
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Ockinbku po3B’si3yBaHHS HeENiHIHHOI KpaioBoi 3amaui (1) 3 rpaHuuHuMH ymoBamu (2)
YCKIIAHAETHCS TUM, o Koedinientu (1) € cyrreBo HenmiHiiHMME Bix 3MiHHOI 3 (r), IPOBOAMTHCS
JiHeapu3alis cucteMHu piBHAHb (1), (2) y Burmsaai

dy - - -
—=A(Y (r))xY +B(Y (r)), 9)
= AT (1)xY +B(7 (1))
Jle YaCTHHA HENMHIMHUX CKIAIOBHX BITHOCHTHCS IO MATPHUIl KOCQIIIEHTIB CHCTEMHU A(V(r)) (s1x
aHAJIOTy METOJly 3MIHHUX TapaMeTpiB MPYKHOCTi), & YaCTHHA — JO CTOBMIIS BIIBHUX CKJIAIOBUX

B(Y (r)) (}IK aHaJIOTy MCTOAY MAO0HJaTKOBHUX HaBaHTa)KeHI)) 3 NOoJaJIbIIUM 3aCTOCYBAHHAM METOOY

MpOroHKH 3 oprorouHaiizaiiero 3a C. K. 'omyHOBUM U1t iHTeTpyBaHHS JMiHIHHIX KpaoBuX 3aaa4 (9),
(2) Ha OKpeMHX KpOKax ITOCIiJOBHUX HAONMKEeHb [4, 9]

Po3p’si3yBaHHS 3a7madi 3M1HCHIOETHCS 3 BUKOPHCTAHHSIM HEOOXiTHUX YMOB ONTHMAIBHOCTI Y
¢dopmi npuaIMY Makcumymy [lorTpsrina [10]. ['aminsToHIaH 3312491 Ma€ BUTIIS

" 1
H :—(—?sm(6+19r)u+l9r cos¢9+msm(2(9+l9r))('\|rr)+

+isin2(9+,9r)is)+sin(¢9+,9r)—sin6?—19rcosejcoséu (10)
Kr 2r

du dg d(N,r d(M,r
+21E+/12 drf+/13 (dr )+/14 (dr )+v\/1+tgze,

ne dyskmii Ai(r) (i :1,4) BIZIIIYKYIOThCS MUISIXOM PO3B’SI3yBaHHsI CIIPsDKEHOI KpaoBoi 3ajadi Jyist

CHCTEMH 3BHYAHUX Au(epeHiabHIX PiBHSIHb

%:—ZY—H_ (i=14), (11)

3 KpaiOBUMH YMOBaMH TPAHCBEPCAIBHOCTI, K1 3 ypaxyBaHHSM (5) MatOTh BUIJIST

A()=0; 4,(n)=0; 4(r)=0; 4(r)=0; (12)

Tyt v — MHoxkHUK Jlarpamka, o BuU3HAYaeTbesl 3 yMOB BukoHaHHs (8), a B (10) 3amicTh
du/dr,dd /dr,d(N,r)/dr,d(M,r)/dr nosusni 6yru Bunncani npasi sactunm pisusms (1).

OmrrumanbHe KepyBaHHs O(r) BiIIyKyeThest 3 yMOBH MakcHMyMy raminbroniana (10) SUPH
o(r)
174 Beix Iy < <[ ; a TOBIIMHA CTIHKM MEMOpPaHU BU3HAYAEThCS 3 BUKOHAHHS YMOB MIITHOCTI (4).

Po3B’si3yBanHs 3amaui onrumizanii Gopmu Kpyroroi rodpoBaHoi MeMOpaHW HaHOLIBIION
YYTJIMBOCTI 3JIIHCHIOETHCS 32 JIOTIOMOTOIO 3allPOTIOHOBAHOTO B [7] alropuTMy METOJy MOCIiJTIOBHHX
HaOJMKEHb:

1) 3amaerhcs esiKe [OYATKOBE HAOIIKEHHs 1yst BapiiioBaroi yHkiii 0°(r), 1m0 3a10BONBHSE
YMOBi 3a7aHoi JOBXMHM Mepupaiany MemOpanu (6). Jocutb 3pydHMMH [UIsi LBOTO BHSBUINCH
MOYaTKOBI HAOMIKEHHS U1 MEMOpaHH CHHYCOINAJIBHOTO MPOGiIi0 3 NEBHOIO KUJIBKICTIO TOQpiB, 110
3aJI0BOJILHSIE YMOBI (6);

2) po3B’sI3y€ThCsl KpalioBa 3ajmaya Uil OCHOBHOI CHCTeMH HeliHiiHUX piBHAHB (1), (5) i1

BIIIIYKYETHCS YO = {uo (r) ,z9r0(r) ,(MI’)0 ,(Nr)O ,WO}T ;
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3) micis migcranoskn Y © B cucremy (11), (12) oGunciroorses A%(r) (i = 1,_4) ;

4) ontumansue kepysauus 0%(r) {k =k + 1} HAacTYmHOro KpoKy HAGIIKEHb BiIIIyKyeThCS
JUTST KOXKHOI 13 BY3NoBHX TO4OK iHTerpyBanHs (1), (5) ta (11), (12) omHuM i3 BiIOMHX METO/IB
OIHOBHUMIpPHOI onTuMizamii. ¥ HaWNmpOCTIIIOMY BUIAAKY JJISi BH3HAUEHHS 0%(r) mst Beix BY3JIOBHX

TO4OK Iy < <1 3 ypaxyBaHHAM (7) ZOCHTH HaJIHHUM BHUSABHUBCA METOJ CKAHYBAHHSA 31 3MIHHMM

KPOKOM, a JUIs 004KCIIeHHs] MHOXHHMKA Jlarpamska v i3 yMOB BUKOHaHHSI (8) — MeTO[I penakcarii;

5) npu Bigxumenni gynkuii 0°(r) Big 0%(r) Wit ABOX MOCTIIOBHAX KPOKIB GiNmble 3a1aHOl
MOXUOKH, 3MIHCHIOETHCS MEePeXiJ] Ha BUKOHAHHS I1.2.

Ha upoMy erami IOUiIBHMM BHSBWIIOCH 3aCTOCYBAaHHA METOJIB MPHCKOPEHHsS 301KHOCTI
iTepaniifHoro mpouecy, po3podiaeHux B [9], MO IPYHTYETbCA Ha CIIIBHOMY 3aCTOCYBaHHS METOAY
penakcarii Ta anroputmy Elitkena — Creddencena [11], a Takok MOCTyOBOT0 301IBIICHHS] TOYHOCTI
PO3paxyHKiB 3 TTUOWHOIO iTepauiiHOro IpoLecy.

BucnoBku. TakuM 49uHOM, y TOAaHiii poOOTI PO3pOOIEHO MOCUTH 3arajbHUA alTOPUTM
BU3HAa4YeHHsI KOHQIryparii cepelMHHOI MOBEPXHI roPpoBaHUX MeMOpaH HaMOUIBIIOI YyTIMBOCTI, 11O
IPYHTYETHCS Ha 3aCTOCYBAaHHS METO/IIB T€OPii ONTHMAIBHUX MPOIIECIB.

OtpumaHi pe3yibTaTd YHCIOBHX pPO3PaxXyHKIB JIO3BOJIIIOTH 3pOOMTH BHCHOBOK IIPO
e(DeKTHBHICTh CHPOEKTOBAHMX MeMOpaH 3 ONTHMANBHOIO KilbKICTIO Ta TImOMHOI rodpiB. Ix
BUKOPHUCTaHHS (IUB. [5]) J03BOJISIE MIABUIIATH YyTINBICTS BUMIPIOBATEHUX MPUIAIIB 1 TOKPAIIUATH 1X
SKICTh, PO3IIMPHBIIY /ialla30H BUMIPIOBAaHUX THCKIB y MeXaX JIHIHHOI XapaKTepUCTHUKH TyTIUBOTO
eneMeHTy. Takum dYWHOM, OOTOBOpPIOBAaHMU MiAXiA, IO TPYHTYETbCA HA BUKOPUCTAHHI amapary
npuHimiy makcumymy JI. C. IonTpsrina [10], Moxe OyTH epeKTHBHHUM 3aCO00M pO3B'SI3yBaHHIM
IIMPOKOr0 KOJIa 3a/ad ONTUMAJIBHOIO MPOCKTYBaHHS ()OPMHU CEPEIUMHHOI TMOBEPXHI OOOJOHOK 3
Harepe]l 3aIaHUMH BIIaCTHBOCTSMHU.
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PA3BPABOTKA D®®EKTUBHON TEXHOJIOI' U
CHMXEHMUA ITOTEPU ME/IN CO HLINTAKAMU METO/IOM
ABTOMATHU3AIUU ITPOINECCA PA3J/INBA
KOHBEPTEPHbBIX HIJTAKOB ITPU CJIMBE

accucmenm Kapumoea T. I1.

K. m. H., oouyenm Camaooe A. Y.

cm. npenooasamenv Cauoosa M. C.

0. m. H., npogpeccop FOcynxooxncaes A. A.
mazucmpanm Xoxcues I11. T.

Pecnyonuxa Y3oexucman, 20poo Tawmkenm, Tamkenmcxuii I'ocyoapcmeennwiit Texnuueckuil
Yuueepcumem umenu A. P. bepynuii, kagpeopa «Memannypzusa»

Abstract. The article consists of metallurgical problem about development of technologies
decreasing of copper loss with slag and its methods which help to improve this index with automation of
process of casting of converter slag. It has been shown what main factors which negatively impacting to
casting process of slag.

The objective of this work is to develop an effective processing of copper converting process of
copper mattes melting that would establish a control, regulation, distribution of copper and other valuable
components between melting products. As results of this scientific research it has been installed what
electro-conductivity of slag bonds to concentration of copper into its and it is agree that control this
process can decrease of copper loss with converter slags. According to taken results implementing this
research on an industrial scale, it will increase the quality and the coefficient of productivity of the copper.

Keywords: copper, matte, slag, converting, automation of casting process.

BBenenne. AJIMaIBIKCKUI TOPHO-METALTYPrHYECKU KOMOHMHAT, Kak M OOJBIIMHCTBO 3aBOZOB
MHpa, TPUMEHSAET KJIACCHYECKYI0 MAPOMETALTYPIUYECKYIO CXeMY IPOHM3BOJICTBA YEPHOBOM Mea, KOTopast
BKJIIOYAET B ceOst:

- IUIABKY [IMXTHI HA IITEIH B OTPAXKATEIILHOU TIEUH;

- IUIABKY IIUXTHI HA IITEHH B [eYX KUCIIOPOTHO-(aKeIbHOM IUIaBKy;

- KOHBEPTUPOBAHUE LITEIHOB.

Ilpy Takoi TEXHOJOTMYECKOW CXEME OJHUM M3 TMOOOYHBIX IMPOJIYKTOB IMPOU3BOZICTBA SIBJISFOTCS
TEXHOT€HHbIE OTXO/IBI:

- IIUTAKH OTPaXKaTeIbHOM IUTaBKY;

- IUTAKW KUCJIOPOJHO-(haKeTbHOM IUIaBKY;

- KOHBEPTEPHBIE IUTAKH.

[Inaku memHoro mpomsBoncTBa coaepxar ot 0,45 mo 3,5 % Cu u He SBISIOTCS OTBATHLHBIMU.
nakn K®II n orpaxkaTeNbHON MIABKKM YaCTHYHO TepepabarhiBaroTes (roTanuei, a Oonblias X 4acTh
CKJIaAUPYeTCs 0 CO3AAHUS SKOHOMUYECKH BBITOAHOM TEXHOJIOTUH HX HepepaOboTKi. KoHBepTepHBIi 1K,
cozepxkarmii 10 3,5 % Menu, siBisieTcss 000POTHBIM NPOAYKTOM U, B OoMbLiIeil yacTH, epepadaThiBacTcs B
oTpakartenbHOW Tmeun. OAHAKO TPH 3TOM TMPAKTUYECKM BCE TEXHHKO-IKOHOMHYECKHE TIOKa3aTenn
OTpa)KaTeNTbHON TUIABKM CYIIIECTBEHHO yXymmarorcsi. Kpome Toro, mpu Takod TEXHOIOTMYECKOH cxeme
3HAYUTENHHOE KOJIMYECTBO ME/IN HAXOJUTCS B HE3aBEPIICHHOM TIPOU3BOJICTBE B BHJIE OATIIACTHOTO 000pOTa
MEXTy KOHBEPTEPOM H OTpaXkaTebHOI redsio [1].

O0beKTHI 1 METOIBI UCCIIE0BAHUA. AHAITN3 OCHOBHBIX ()aKTOPOB BIUSIIOIINX HA ITOTEPU MEIN CO
[IJJaKaM{ TIPH KOHBEPTUPOBAHMH METHBIX INTEHHOB MOKA3aJI0 YTO, MPHU MUPOMETAILTYPTHYECKOM CIoco0e
TIOTyYeHUsT MeId 00pa3yeTcsi OOJBIIIOE KOJMYECTBO IINIAKOB, MPEBBIIIAIONIMX M0 00bEMY BO MHOTO pa3
TIOJTyYeHUI LIEHHbI KOMIIOHEHT. XOTs COJepKaHNe MEIN B LIJIAKE OTHOCHTENILHO HEBEJMKO, OOIIUE TTOTEPU
COCTABJISIFOT BHYILHMTENBHYIO UDPY.

3a mocneaHue Topl B 3TOM 00IacTH JOCTUTHYT CYILLECTBEHHBIN Mporpecc. 310 0ObACHIETCS TeM,
4TO NMpodIeMa n3ydeHus: GU3HKO-XHUMHUYECKUX CBOWCTB M PUPO/IBI IIUIAKOBBIX PacIlIaBOB IPHBIIEKIIA K cebe
NPUCTAJIbHOE BHHMAHHE IIMPOKOTO Kpyra CHEHUaIHMCTOB PpasiMYHOrO MNpoGWist: (U3NKO-XUMHKOB,
METaJUTyproB, 000TaTeTHIICH, XUMUKOB [2].

KapayHanbHOM pellleHHEM CHIDKEHME IIOTEpH MEAW KOHBEPTOPHBIX IIIAKOB  SIBIIFOTCA
BOCTIOJIb30BAHHE IEKTPOIPOBOIMMOCTH [IUIAKOB TAK KaK B HEM HAXOIUTCSI 3HAYUTENBHOE KOIMYECTBO METU
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C KOTOPBIM MOKHO PETyJIMPOBaTh MpOLEcca pa3ivBa IIlaka U3 KOHBEpTopa MpH KoTopoM u3mensiercst D/1C
(DrexTpo mBIDKYIICHCS CHla) B JATYMKE U B KOTOPBI CUTHATT OCTAHOBKH JIBUTaTElle IIOBOPOTa KOHBEPTOPA.

Jns vccnenoBaHus MPOLIECCOB, TPOTEKAIONIMX B CIIOE IIMXTOBBIX MATEPUAOB IMPH €ro Harpese,
OTpEICISI  M3MEHEHHE DJICKTPHYECKOTO COMPOTHBICHUST 00pasla, MPUTOTOBIEHHOTO W3 HMCXOAHBIX
KOMITOHEHTOB. DJIEKTPOCOIPOTUBIICHHE 3aMEPSUTM C MOMOIIBIO CXEMBbl BOJBTMETP-aMIIEpPMETp, JAIOIIU
BO3MOKHOCTb 3aMEpsITh CONPOTUBJICHHE LIENM HEMPEPBIBHO U ¢ OONBIION TOYHOCTBIO. CXeMa yCTaHOBKU
npuBeeHa Ha puc. 1. IlutaHue cxeMbl OCYHIECTB/SUIM OT CETU INEPEMEHHOrO TOKAa 4Yepe3 IeHepaTop
curHanioB ['3-7A. ['enepatop mosBomsieT perynupoBarh BeixomHoe Hampspkenue or 100 mxe g0 30 B, a
yactoty B nipefenax ot 20 ' mo 10 mI .

BeixonHoe HampsbkeHuE IeHepaTtopa KOHTPOJIMPOBAIM JIAMIIOBBIM MHJIIMBONBTMETpoM B3-5.
Jnamazon mMepsieMbIX Hamnpspkernit mamensiercs ot 10 MkB o 1 B. Ilpr HeoOXoquMocTH yCTaHOBJICHHS B
CXeME HampspKeHus Bblle | B, MIIIMBOIBTMETP OTKIIIOYAIM M BBIXOJHOE HANPSDKCHHWE YCTAHOBIUIM IO
MUJUIMBOJIBTMETPY, BMOHTHPOBaHHOMY B T€HEPATOP.

Tok B menu U3MepsuIv ¢ TIOMOIIBIO MIEKTpoHHOro MuutHammepmerpa @-58. [pu neodbxoaumocTn
m3MepeHnst Ooree MajlbIX JIEWCTBYIOUIMX 3HAYCHW TOKa, ObUT MCIHONB30BaH MuuMamiepmerp D-58,
TIO3BOJISAIOIINI ITpor3BOAUTE 3amepsl ¢ 0,001 MA.

Jns m3MepeHus] SIEeKTPUYIECKOr0 COMPOTHBICHUS 3JIEKTPOIbl BBOAWIM BHYTph oOpasiia. Beox
ANIEKTPOIOB PA3ZCIIBHO B SAPO U B 000JIOUKY MO3BOJISUT KOHTPOIMPOBATH MPOLIECCHI BO Bec 00beMe oOpasia.
Snpo u o0omoyky oOpa3iia, ¢ IENbI0 W3y4YEHHs IPOIIECCOB MX B3aMMOJCHCTBUS TPU HArpeBe W
PAacCILIaBJICHUH, W3TOTOBSUIA M3 Pa3IMUHBIX HMCXOIHBIX MaTepuayioB. BBoJ 000MX 3JIEKTPONOB B SAPO
o0pasia 1aéT BO3MOXKHOCTH NOIy4YaTh MHGOPMALMIO O MapaMeTpax XUMHUYECKOTO B3aUMOACHCTBUS U
paciulaBieHus] B LIEHTPE HCCICAYEMbIX MAaTepHalioB B YCJIOBMSX MX 3alMIIEHHOCTH OT BO3ICHUCTBHS
BHEIIIHeH cpensl [3].

Oco6oe BHIMaHUE OBIIO y/EIeHO BEIOOpY MaTepraia Ut IeKTponoB. K Hemy ObLUTH Tpe/TbsSBICHBI
CIIeTyIOIIHe TPeOOBAHMS:

a) HU3Kas BeJIMYUHA COOCTBEHHOTO IIEKTPOCOTIPOTUBIICHUS,

0) cmaboe BIMSIHUE HA XapaKTePUCTHKH MaTepraiia TeMIIepaTypbl 1 COCTaBa ra30Boi (hasbr;

B) HU3Kasl PEaKIOHHAS CIIOCOOHOCTH 0 OTHOIICHUIO K MaTeprasiaM, COCTABIISFOIIUM IITUXTY.
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Puc. 1. Yemanoska 013 onpedenenus 31eKmpoconpomueienis Mamepualos u cxema 6600d
NEKMPO00s 6 obpaszey.

Bonpme Bcero 3TuM TpeOOBaHUSAM yIOBJIETBOPAET IUIATHHA. [[MaTWHOBBIE AJIEKTPOJIBI
BBOJIMJTU B 00pa3ell B KBAPIIEBBIX UeXJIaX U JIUIIb KOHI[BI JJIEKTPOJIOB OBLIN HE 3allUIIEHBI.

Lenpro mpeIaraeMoro MmpoeKTa SBISETC COKpAICHUE TOTEPh MEIN C KOHBEPTEPHBIMHU IILTAKAMH.

OnHolt W3 craTedl MoTeph MeIAW C KOHBEPTEPHBIMH IIDIAKaMH, SIBIISFOTCS MOTEPU IIPHU CIIMBE
KOHBEPTEPHOT'O IIIIaKa, TAK KaK Ha CErOMHSIIHUN JIEHbh HET Pa3pad0TaHHOTO METOJ[a KOHTPOIHPYIOIIETO
TIPOLIECC 3aBEPIICHMUS CIIMBA JTaKa 1 Havyajia CJIMBa OSJIOro MaTTa WTH YSPHOBOW MEJIH.

VY 3TO#l cXeMbl OJHHM H3 YA3BUMBIX MECT SIBIISICTCS CIIMB KOHBEPTEPHOTO IIIaKa IO
OKOHYaHUIO MEPBOTO MEPHoJia mporecca.

PesyabTaThl MW uX ob0cy:xaeHue. OmnpeneneHuss MOMEHTa OKOHYAHUS CIIUBA IIIaKa
TIPOU3BOJIMTCS BU3YAILHO 110 HE3HAYUTEIILHOMY U3MEHEHHIO [IBETA pacIuiaBa. JTa METOJIMKa KpaliHe
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HEHAJICXKHA, B 3HAUUTEIILHOW Mepe CYObEKTHBHA U B OCHOBHOM, 3aBHCUT OT KBATU(UKAIIUU paboyero.
Pabotra B HOYHBIC CMEHBI, YCTAJIOCTh U JAPYrue (PakTOpbl, MPU TAaKOH IMOCTAHOBKE Jeja, UTIParoT
3HAUUTEIBHYIO POJIb B MOTEPE MEIU C KOHBEPTEPHBIMH IIUIaKaMU. TPYJHOCTh ONPECICHUS] MOMEHTA
OKOHYAHMSI CJIMBA [IUIAKA U Havyaja CJIMBa LITCHHA MPUBOAUT K TOMY, UTO COJACpPNKAHUE MEIU B IIIaKa
nmocturaer 2,5 — 3,5 %, XOTs HaYalbHBIM MOMEHT ciuBa e€ coaepikanus He npesbimaet 1,0 — 1,5% .
ABTOMaTH3aKA MPOIECca MOKET 3HAUUTENBHO CHU3UTh U YMEHBIIUT Oajanc 000poT MeTaa.

Hamu pazpaborana cuctemMa aBTOMATHYECKOTO OIPEAETCHHMS MOMEHTAa OKOHYAHHS CIIMBa
IIKajia | IpeIOTBPAIEHUS CIMBa OOTaTOM MacChl B IUTaK. B 0CHOBE pa3paboTaHHONW CHCTEMBI JICKHUT
MIPUHLIMI PE3KOTO CKadKa 3JEKTPOMPOBOIHOCTH pacIliaBa MpH MEpPexo/ie OT MUIAKOBOW K IITEHHOBOH
(MeTaTIecKoit) MpOBOIUMOCTH.

K HmxHE# yacTy TOPIOBHHBI KOHBEPTOPA KPEMATCS 10 IBE TIPOYIIHHBI C K&KIOH CTOPOHBL.

B 5Ty mpoymmHBI BCTaBISIOTCS JBa DJIEKTPOAa TaKMM 0Opa3oM, YTOOBI HpPW CIHMBE IUTaKa OHHU
OKa3bIBAIMCH OMBIBAEMBIM HIDKHEH HYacThIO CTPYyH. MEXIy SJIeKTPOJaMU OCTaeTCsl MPOMEXKYTOK,
BEITMYMHA KOTOPOTO OMPEACTISATCS IPU PACUETe SIEMEHTOB IEKTPUUESCKON LISTIH.

[MpuHnun paboTHI AIEKTPUYECKON CXEeMBbI cleAylomuid. Ha aiexTpomHblil cUTHAIH3aTop
nojaercsi mnepeMeHHoe Hampsbkenne 220 B. B curnammzaTope MPOUCXOAWT €ro MOHHMKEHHE
MOCPeCTBOM TpaHcopmaTopa A0 12 B u 3T0 HanpsbkeHre MoAaeTcs Ha 3JIEKTPOHHYIO mapy.

~ aso ~ 220 — 220

S A

Puc. 2. IIpunyun pabomei 31exmpuyecKoii cxemol

B anexTpuueckyro Lenb BKIIOYEHO pejie, KOTOpOE OTPEryJMpPOBaHO TAaKUM 00pa3oM, 4TO
cpabaThIBaeT TOJBKO NPU MOBBIIEHUH MPOBOAMMOCTH CBEPX YCTaHOBJIEHHOro 3HaudeHus. llpu stom
KOHTAaKT OT PeJie aBTOMAaTHYECKH BKIIIOYAET B ICHCTBHE KOHTAKTOP MAarHUTHOTO IIyCKaTeJsl IPUBOAOM
KoHBepTepa. [IoBOpOTOM KOHBEpTEpPa MOXKHO PErylIHpOBaTh CKOPOCTh CTPYH, a TAKXkKe MOITHOCTHIO
MPEeKPaTUTh CIUB Ijlaka. YyBCTBUTENBHOCTH pelieé TPaAUPYIOTCAd MO H3BECTHBIM 3HAu€HHEM
3JIEKTPONPOBOIUMOCTH IIJITaKa B 3aBUCUMOCTH OT COJIEP>KaHUS B HEM MEJIH.

B cxemy ynpasneqma LE

- HoneBepTtop
IA2RTRpOOHEIM CHMTHaAHM=a =]

Puc. 3. Cxema nooauu cucuana

[To okoHuUaHUU CMBA MITAKa AJIEKTPOAbl BBIHUMAIOTCSA U3 MPOYIIMH U MPOU3BOAUTCA 3aIlyCK
KOHBEpTepa B padoTy.

[IpakTHueckoe UCIOIB30BaHNE Pa3padOTAHHOW CUCTEMBI 3HAYUTEIBHO COKPATUT COACPIKaHNE
MeAW B KOHBEPTEPHOM IIIJIAKE, YMEHBIIWUT Oa/NIaCTHBIA OOOpPOT MeTajula B IHKJIE TUIaBKa —
KOHBECPTUPOBAHUC - OTpaAXKaTCJIbHasA I€Yb, MIOBBICUT KOMIIJIEKCHOC UCIIOJIB30BAHUE CBIPbA, YMCHBIIUT
ce0eCTONMOCTH MPOYKIIHH.

BriBoabI:

1. Ilpy KOHBEPTHUPOBAHHMS MEAHBIX INTEHHOB 00Pa3yeTCS OTPOMHBIA KOJMYECTBO ILIAKOB,
KOTOPBIN COAEPKUT 3HAYUTEIBHBIA KOJIIMYECTBO IIEHHBIX KOMIIOHEHTOB.

2. YCTaHOBJEHO, YTO TOTEPH MEIW C KOHBEPTEPHBIMH IUIAKaMH TPU pasziUBe IUIaKa U3
KOHBEpTepa.
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3. yCTaHOBHCHO, YTO DJICKTPOHNPOBOANMMOCTD IIJIAKa 3aBUCUT OT KOHUCHTpAaIuW MEAN B HEM U
COIJIaCHO KOHTPOJIMPOBAHUA 3TOr'0 ABJICHUS BO3MOXHO CHHU3UT MOTCPU MCIU C KOHBCPTCPHLIMU
[IaKkaMiu B IPOU3BOACTBE MCC.
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HOBBIHIEHUE DOOPEKTUBHOCTU IIEPEPABOTKH
CYJb®UJIHDBIX MEJHbIX KOHIIEHTPATOB B
HJIABUWIBHBIX ITEYAX

Xyoosapos C. P.,
HOcynxoo0scaes A. A.,
Mamxapumos C. T.,

Axmaoxnconos A.,
Anumos Y. b.

Y36exucman, Tamkenm, Tawikenmckuii 2ocyoapcmeennulii mexnuuecKuil ynueepcumemn

Abstract. B cmamve cOenan anauz co8pemMeHHO20 COCMOAHUSL MEXHOIOSUU NOJYYEHUS.
MeOH020 KYNOpPOCa U BO3MOMCHOCMU €€ YCOBEPUIeHCBOBAHUS C UCNONb308AHUCM PA3IUYHBIX
mexHozennvlx obpazoeanuu. I[lokazano, umo npu noayueHuu MeOH020 KYnopoca 6mecmo
00pPO2OCMOAWUX MEOHBIX 2PAHYIL MOXCEM OblMb UCNONb30BAHA NbLIL INEKMPOPUILIMPOE KOMNIEKCA
KUCTIOPOOHO-GhaKebHOl NIABKU.

Db dhexTHBHOCTD TIepepadOTKH CYyIb(PHUIHOTO KOHIIEHTPATA B TUIABIIIBHBIX TI€4aX B 3HAYUTEIHHON
CTETICHW 3aBUCHUT OT TIOJHOTHI W KOMIUIEKCHOCTH WCIONB30BAHUS TIONYMPOMYKTOB W OTXOJIOB
npor3BojicTBa. OJHUM M3 TakuX OOOPOTHBIX MAaTepHajoOB SBISETCS THUTh IUIABHJIBHOW Teun. B aThx
MIBUISIX COACPIKUTCS 3HAUYUTENEHOE KOIMYECTBO MeJIH, CBUHIA, [IMHKA U IPYTHX [EHHBIX COCTABIISIOMINX.

[To mpuHATOMY TEXHOJOTHYECKOMY PErjaMeHTy, 3Ta MbUIb Ul epepadOTKU 3arpykaercs B
KHCIIOPOHO-(haKeIbHYI0 Tedb. YacTh NMBUIM BHOBH BBIHOCHUTCS W3 TI€YH BO3AYIIHBIM ITIOTOKOM H
NPUBOJIUT K OalacTHOMy 000poTy MaTepuaioB. [Ibiib, Oyaydd XOJOJHOH, HapylIaeT TEIUIOBOMN
pekuM I1aBkd. KpoMe Toro, mblib SKPaHUPYET PEAKIUOHHYIO MOBEPXHOCTh CYJIb(MHUIOB U CHIKACT
MPOTEKaHUE HK30TEPMUYECKHX peakiuil. Bc€ 3To CBHAETENBCTBYET O TOM, YTO TOPa3o
1ejecoodpasHee MbUTb MepepadbaTeiBaTh B OTHSIHHOM ITHKIE. Ha Hamm B3risam 3To 1enecooOpasHo
cAenaTh TPU TPOU3BOJACTBE MEIHOTO Kymopoca. OTO [JacT BO3MOXKHOCTh  YBEIWYHUTH
npom3BoAUTENHHOCTE ey KDII Ha 10-15%, MOBBICUT aBTOT€HHOCTH MpOIEcca U KOHEYHOM CUETe
CHU3UTH 0€3BO3BpaTHBIC MTOTEPH MEIHU C OTXOJaMH H TMOIYIIPOIyKTaMu Mponu3BoaAcTBa [1].

[Ipou3BoACTBO MENHOrO KYIOpOCa SBIAETCA COCTABHOM U HEOTHEMIIEMOH 4YacThiO
TEXHOJIOTMYECKON CXEMBI 3JIeKTpoiu3a. Mcmonb3ys 3IEKTpONMUT, OHO TMO3BOJSET OCYIIECTBIATH
HEO0XOMMOE PEryIHPOBAHKIE COCTAaBa IEKTPOIIUTA B KATOJHOM YYaCTKe, KaK IO COACPKAHUIO B HEM
MEIW, TaK W TO COJIEPKAHUIO BpPEIHBIX MpPUMeEceld, oOecreunBas TeM CaMbIM BBIITYCK
BBICOKOKAYECTBEHHBIX KAaTO/OB.

[Ipu mnepepaboTKe SIEKTPOIUTAa HA MEIHBIA KYMOPOC OJHOBPEMEHHO YTHIM3UPYIOTCS
3arps3HEHHBIE MATOYHBIE PACTBOPBI TPEThEH KpUCTANIM3AMKU KyIopoca, B PE3yNbTaTe KOTOPBIX
MOJTy4alOTCS HEKOHIUIIMOHHBIE MPOAYKTHI: 3JIEKTPOJIMTHAS MEb, BOJHBIE MEIHO-HUKEIEBHIE COJIH.
HexonaummonHas 3JIEKTPOIUTHAS MEIb HAIpaBIsSIeTCS Ha MEPeIuIaBKy B aHOMHBIN ydacTok MII3, a
CONM KAk TOJYIPOAYKTHl TIPOW3BOJICTBA CKIAAMPYIOTCA, WM, TpPU HAIMYAK TOTpedHuTesne
OTTPY’KalOTCA HA HUKEJIEBBIE 3aBOJIBI.
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B mponecce mpousBoacTBa METHOIO KyNmopoca B KadeCTBE HMCXOJHBIX TEXHOJIOTMUYECKUX
MaTepHajOB UCIIOJIB3YIOTCS: AJIEKTPOJIUT KaTOAHOTO y4acTKa, PacTBOPHI OT 00E3MEXHBAaHUS IIJIaMa,
MIPOMBIBHBIE BOJBI KYIIOPOCHOTO MPOM3BOJICTBA, KOHAECHCAT U MENIHbIE TpaHyibl. MeaHble TpaHyIIbl
pacxoayroTcsl N1 HEWTpamu3allil CEpHOM KHUCIIOTHI, CoOJepKallelics B IOCTYyMaroleM Ha
nepepadoTKy AIIEKTPOIUTE.

[IpumenseMble TpaHyJBl JOJDKHBI conepkaTh He wMeHee 99,6% wemu, T.e. JOIDKEH
WCTIOJI30BaThCSI BRBICOKOKAUYEeCTBEHHBIE METaIJI. BRICOKasi CTOMMOCTh JTaHHOTO MeTajula YBEINIHBACT
ce0eCTONMOCTh TOTOBOW MPOAYKIIMK M CHUKAET €€ KOHKYPEHTOCIIOCOOHOCTh HAa MUPOBOM pHIHKE [2].

Hamu Opina cpenmaHa TOIBITKA HAWTH 3aMEHHWTENh MEIHBIX T'paHysl Ha OoJiee JOCTYITHBIM,
neméBplii  Matepuan. JKematempHO, dWro OBl 3TO OBUI OXHWM W3 TEXHOTEHHBIX OTXOJOB
METaJULypri4ecKoro nmpous3Boactsa. [Ipon3BeaEHHBIN aHATN3 BCEl TEXHONOTMYECKON LIETIH aIllapaToB
MeETIaBUIIBHOTO 3aBOJIa MTO3BOJIMI YCTAaHOBHUTH, UTO B KaUeCTBE TAKOTO MaTepraia Moria Obl ObITh
ITBUTB AJICKTPO(IIETPOB KOMILIEKCA KUCIOPOIHO-(hakeIpHOM MIaBKH [3].

JlaHHas TBUTH UMEET CICAYIOINN XuMuueckuit coctas, %: Cu 19,7; Pb 1,63; Zn 1,04; Susu
12,4; Ssoq 11,7; SiO; 3,6; Al,03 2,1; Fe 21,1.

KonuyectBo 3arpyxkaemoil meimu gocturaetT no 10% ot Beca muXTH. DTa MbUIb CHOBA
BBIHOCHTCS U3 TI€UH, YIABIUBACTCS B 3JICKTPOMUIBTPE M BO3BPALIACTCS B TOJIOBY MPOLIECCY.

B nabGopaTopHbIX yCIIOBHAX HaMu ObUIa W3y4eHa BO3MOXHOCTH THIIPOMETAJLTYPrHUECKON
nepepaboTKU MbUICH. YUUTBIBAs CI0KHOCTh (Da30BOTO COCTaBa MbUICH W HAIW4YKE B HEM OOJIBIIOTO
KOJINYECTBA CyIb(paTHOHW Cephbl, MBI HCCIECAOBAIN BO3MOXKHOCTh BBIIIEIAYMBAHUSI MEIAHN Pa3TUIHBIMU
PaCTBOPHUTEISIMHU.

OneIT TpOBOAWIA B CTEKITHHOM cTakaHe (EMKOCTh 250 MII) ¢ MarHMTHOW MEIIaKOM.
TeMmmnepaTypa myiabIbl MEHAJIACH OT 20° 10 90°, Bpems BoitenaunBanus 40-100 mun, T:OK = 1:3-5.

B mepBoif cepuu 3KCIIEPUMEHTOB MBI HCCIIEIOBAIM BO3MOXKHOCTH BBIIECNIAYMBAHUS MEIH
00b19HOM Boso#t. beuto ycTanoBierno, uto meih KOIL, ynaBneHHas 3MeKTpOGMIBTPaMH, JOCTATOYHO
JIETKO BBIIIENIAYMBACTCS BOAOW C HM3BJICUYEHHEM B PacTBOpP MeAu. Tak, B ONTHMAJIbHBIX YCIOBHIX
BBIIIEJIAYMBAHUS: TEMIEpaTypa 80°C, Bpems 70 muH, T:)K = 1:5 n3Bneuenue menu cocrasiusier 75%, a
skene3o Ha 80% ocTanoch B Keke.

[lomyuaemple B mpoliecce BOJHOTO BBIIIEIAYMBAHUA MEIBCOJEPKAIINE PACTBOPHI 10
COJICP)KaHUIO OCHOBHOTO MeTajlla MPUTOJIHBI JUIS 3JCKTPOBBIICICHUST MEIU, WM K€ MOTYT OBITh
HaIpaBJIeHb! Ha MTOJIyY€HHUE METHOTO Kylopoca.

BriBoanr:

1. IlpoBen€H aHaiIM3 COBPEMEHHOTO COCTPSIHHS TEXHOJOTHM TOJIYYEeHHS MEIHOro Kyropoca
Ha  AJManbIKCKOM  MEJEIUIaBUJIBHOM  3aBOJE€ M BO3MOXKHOCTEH  yBENWYeHus  eé
KOHKYPEHTOCIICOOHOCTH.

2. W3yueHa BO3MOXXHOCTh TepepabOTKU TBUIEH IMeYH KUCIOPOAHO-(PaKeTbHON IUIaBKU H
BO3MOKHOCTH €€ Mepepa0dOoTKH B OTACIEHOM ITUKJIE.

3. UccnenoBana TexHomorus nepepaboTku mbiiei anekTpodmibTpoB KOII meTogoM BogHOTO
BEIIIIETIAYNBaHUSI.

4. Tlokazano, uro mbutk KO®II Moxer OBITHh mepepaboTaHa THIPOMETAILTYPTHYESCKHM
CHOCOOOM C BBIJICJIEHMEM MEIH B TOTOBBIA MPOAYKT MJIM MCIOJNB30BAaHUEM PacTBOpa JUIS MOTYUYEHUS
MEIHOTO KyIopoca.
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HOBBIHIEHUE KOMINVIEKCHOCTHU UCITOJIB3OBAHUA
CBbIPHA ITPU ITEPEPABOTKE CYJIb®UHBIX ME/THBIX
KOHIIEHTPATOB

00KmMOp mexnuueckux Hayk, npogeccop KOcynxooxcaes A. A.,
accucmenm Mup3zasconosa C. b.,
mazucmpanm Xodxcuee III. T.

Pecnyonuxa Yzoexucman, 20po0 Tawmkenm, Tawmkenmckuii I'ocyoapcmeennuiii
Texnuueckuit Ynusepcumem umenu A.P. bepynu, kagpeopa «Memannypzua»

Abstract. The main problems of increasing complex-using from raw materials during
processing of copper sulfide concentrates have been shown in this article. In implementing this
process on an industrial scale, it is recommended for decreasing amount of copper in slag with
method of working with different reducing-sulfiding materials. As these components it has been
installed what addition different secondary technogenic products of local industrial enterprises which
consist of copper and other valuable components for changing physical and chemical properties of
slags and lower general losing of copper.

Involving this materials to processing helps to metal producing plants for extending base of
raw materials. The main purpose of this research is increasing of complex-using from metallurgical
raw materials and to develop of resource saving technology in non-ferrous metallurgy. According to
taken results implementing this research on an industrial scale, it will increase the quality and the
coefficient of productivity of the copper.

Keywords: technology, complex-using from raw-materials, copper sulfide concentrate, slags,
reducing agent, sulfiding agent, industrial wastes.

OTIMYUTeIbHOH OCOOCHHOCTBIO COBPEMEHHONH METa/UTypruM Y30€KHCTaHa  SBISCTCS
MOBBINICHUE KOMIUIEKCHOCTH HCIIOJIb30BAHUS CHIPHS, YTHIIM3AIMS BCEX IIEHHBIX KOMIIOHEHTOB H
OXpaHa OKpYKaIleH cpenbl. DTO MPEKJE BCErO0 BhI3BAHO TEM OOCTOSTEIILCTBOM, 4YTO 3arachl
MIEPBUYHBIX M JIETKO IepepadaThiBAeMbIX PyJ HEYKJIOHHO CHIDKaroTcs. Kpome Toro, coaeprkaHue
[EHHBIX KOMITOHEHTOB B HUX CHIDKAETCS W JO0OBIBATH Pyl MPOXOAWTCS MPOBOTUT W3 OOJIBIINX
rIyOuH. JTO YBEIMYMBAET PACXOJbl Ha TPAHCIIOPTUPOBKE CHIphe J0 IepepadaThIBarOIINX
MPEPUATAN W CHIKAET UX KOHKYPEHTCIOCOOHOCTh. OCOOCHHO 3TO 3aMETHO B YCIIOBHUSX MHUPOBOTO
(hMHAHCOBO-3KOHOMHUYECKOT'0 KPU3HCa, KOT/1a MUPOBBIC IIEHBI HA METAJIJT CHIKAFOTCS.

[lo cymecTBytomel TEXHOJIOTHHA B TOPHO-METAILTYPIHUYECKOH OTpacim oOpa3yercss OOoJbIoe
KOJIMYECTBO OTXOZOB KOHKPETHOTO IMPOU3BOJICTBA, KOTOPBIX MOXKHO OOBEUHHUT B TPYIIY BTOPHYHBIX
TEXHOTEHHBIX 00pa3zoBaHnio. K HMM B TepBYIHO odepenb OTHOCSTCS BCKPBIIIHBIE MOPOIBI TOPHOTO
MIPOM3BOICTBA, XBOCTHI (DJIOTAIIMK METHBIX W CBUHIIOBO-IIMHKOBBIX PY/I, IUIAKA MEJTHOTO MTPOU3BO/ICTBA,
KJIMHKEP OT BEJIbIIEBAHUS ITMHKOBBIX KEKOB M MHOTHE JIpyrHe. DT MaTepHANIbl COAEpXKAT IBETHHIC,
OJ1aropoiHbie MaTepHasbl U (PAKTUUECKH HAXOMATCS BHE NPOM3BOACTBEHHOIO IIMKIIA. BoB/leueHHe UX B
nepepadOoTKy MO3BOJUT 3HAYUTEIBHO PACIIMPHUTL CHIPHEBYIO 0a3y MPOMBIIUICHHBIX MPEAIpUITUR 0e3
YBEIMUCHSI KAIMUTAIBHBIX 3aTpaT Ha Te0JIOTUIECKIE U TOPHEIE PabOTHI.

Tak, B HacTosimee BpeMsI B XBOCTOXPAHWIHINAX AJMAIBIKCKOTO TOPHO-METALTYPTHIECKOTO
KOMOMHATa HAaKOIUICHO CBBIIIE 1 MIIPA. T XBOCTOB O0OraTUTEIbHBIX (aOpUK C COICPKAHHEM MEIH
0,07 — 0,112 %. B nux naxomutcs cebime 800 Toic. T Meau, 10 Thic. T MonubaeHa, 182 T penus, 500
THIC. T IIMHKA U MHOTO JAPYTUX EHHBIX KOMIIOHEHTOB.

B orxogax NmuUpoMETaLTypruyeckoro IMpOM3BOACTBA MENM YK€ HAKOIUIEHO cBblue 10 MuH. T
OTBJIBHBIX IDIAKOB OTPAKATENHHOTO TIepenesia U KUCIOpoaHO-(hakenpHON TUiaBKku. Jlake Tpu cpeHeM
cozepkanust Mmean B HuX okoino 0,60 %, MOXHO TOZICYMTaTh, YTO B HAPOIHO-XO3AHCTBEHHBIH 000POT HE
BOBJIEUEHO CBbIie 70 ThIC. T Memu. FxkeTHEeBHO TaKKX IILUTAKOB JOTIOMHUTENEHO 00pasyercs cBbiire 1000 T.

B crnenmanbHBIX XpaHWIHIIAX HAKOTUICHBI JIECATKH THICSY TOHH TBEPJIBIX KOHBEPTEPHBIX ILJIAKOB,
B KOTOPBIX COfepXKaHue Memu coctaBisieT 2,5 — 3,5 %. OcoOeHHO clienyeT OTMETUTh, YTO €XKETr0THO
TaKUX MUIAKOB JAOTIOHUATENEHO 00pazyetcst okoio 24000 ToHH. 3HAYMMOCTh ATHUX MU(p HATISIHO BEPHO,
€CJIM CPAaBHUT UX C COCPKaHUEM MEH B UCXOHOM pyie, kotopoe coctanirier 0,37 — 0,42%.

KimHKEp MUHKOBOTO TPOW3BOACTBA COACPKUT cBBImE 2,2 % memn, 2,4 % mmaka, 0,01 %
kaamus, S — 8 /T 3010t1a, 250 — 500 r/T cepebpa M MHOTO IPYIrHX HEHHBIX KOMIOHEHTOB. Okomo 300
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TBHIC.T TAKOTO KJIMHKEPA y’Ke HAKOIJICHO B OTBaJlax, MPpUYeM, NPH MOJTHOH 3arpy3Ke HUHKOBOTO 3aBOJA,
B TOJ1 00pa3yeTcs TOMOIHUTEIBHO 0KO0JI0 70 THIC.T TaKOTO IIEHHOT'0 MaTepuana [1].

XBOCTOXpaHWIIMIIA U, OCOOCHHO, IUIAKOBBIE OTBAJIbl HACTYHNAlOT Ha MPUTOPOIHYIO
TEPPUTOPHUIO, 3aHUMAIOT THICAYM TEKTAPOB CENbXO3yTrOAWH, 3arps3HSIOT BO3MYIIHBIN OacceiiH u
yponytor nanmmadt. OneHka ymepOa OT 3arpsS3HEHUs OKpYy)Kaloled cpelsl NPUBOAUT K
3HAYUTENFHOMY PACIIUPEHUIO TPAHUI] SKOHOMUYECKOHN IeI1eCO00Pa3HOCTH CO3/IaHUS U MPUMEHEHUS
6e30Tx01HOM TeXHONIOTHH. C YIeTOM 3TOT0 00CTOSTENHCTBA, 0€3yCIIOBHO, BO3PACTAET SKOHOMUYECKAs
3¢ PeKTHBHOCTF KOMOMHHUPOBAHMSI TTPOU3BOICTBA U BOSHUKAIOT HOBBIC KPUTEPUHU 1T POPMUPOBAHIS
MPOM3BOACTBEHHBIX CTPYKTYP B TPOMBIIIUIEHHOCTH, CBSI3aHHBIX C OXPAaHOI OKpYXaromien cpensr [2].

Ha AnmanbIKCKOM TOPHO-METaTyprHYecKOM KOMOWHATe MeIHbIe IIIakd IepepabaTeiBaeT
MetogoM ¢uiotarmu. IIpouemM mpHMEHSETCS TEXHOJNOTHA, OmmKe K OOOTalIeHHI0 TepBUYHBIX
Meabcoaepkammx pya. dioramus IIIaKoB MMeEeT AN CYHMIECTBEHHBIX HeHOoCTaTkoB. Cpemn HUX
HEOOXOMMO OTMETHTD CIIETYIOIIHE:

- [llnaxu siBsiroTCSst 60IIEe TBEPABIMH, YEM PYIbI, BCIEACTBHE Yero BOSHUKAIOT TPYAHOCTH IIPU
IpoOjeHnn U w3MesnbueHHU. lIpu M3MenpueHHE MUIAKOB, MO CPaBHEHHUIO C PYJIOH, pacxomyercs
HECKOJIBKO OoIbllle 3IeKTpodHepruu. Kpome Toro, mpu H3MenbueHHs LUIAKOB BO3PACTaeT HM3HOC
(GyTEpOBKH MENBHHMII, YTO MPHUBOAUT K YaCTOMY OCTaHOBY OOOPYAOBaHMS HA KalHUTalIbHBIX PEMOHT.
Heo0xoauMo Takke OTMETHUTh, YTO MEAb B IUIAKE HAXOAMTCA B CYJIb(MUIHOH, OKCHUIHON H
MeTayueckux ¢opmax. [Ipu Quoranuu BeiIenseTcs, B OCHOBHOM, CYJb(HIHAS COCTaBISIFOTCS H
TOJIBKO Ta €€ YacTh, KOTOpas COOTBETCTBYeT (PIOTAIIMOHHOW KpPYMHOCTU. Bce 3TO mpUBOAMT K
JIOCTaTOYHO HEOOIBITUMH 3HAYSHISIMI U3BIICYCHUS MEIH U3 MINIAKOB TPH (IIOTAIHN.

W3BectHO, WTO TmIakM MOXHO 3((eKTHBHO TepepadaThiBaTh B KHUIKOM COCTOSHHE U B
MOMEHT WX oOpa3oBaHusa. VIMEHHO S5TO HAaNpaBJIIEHHWE WCCIEIOBAHWN HaMU BBHIOPAaHO C MENBIO
pa3paboTKH TEXHOJIOTHH MAaKCHMAIIEHO BO3MOYKHO BBIZICIIEHUS] METU U3 IILTAKOB.

CymecTBeHHOE 00€3MeKNBaHUE JOCTUTAETCS TIPU aKTHBHOM W3MEHEHUH COCTaBa, CTPYKTYPHI
M CBOICTB NIIaKoB. B TutaHe pemieHWst JaHHON CIIOKHOM TpoOiembpl, Hamu Obuia pa3paboTaHBI
OCHOBHBIC KOHIICTIIIMW, OTpeAeNsieMble HEOOXOIWMBIMH TpeOOBaHMSAMHU K pa3pabaThiBaeMOii
TCXHOJIOTHH, 4 UMCHHO!

- TEXHOJIOTHS JOJDKHA OBITH pecypcocOeperaronii u MCIoib30BaTh B KauecTBE MCXOHBIX
MaTc€puaioB TOJHBKO MECCTHEBIC HeI[e(I)I/IHI/ITHBIe KOMIIOHCHTHI,

- TEXHOJOTHSA JOJDKHAa O0ECleYnTh OTCYTCTBHE 3arpsi3HEHHS OKPYXAloIeH cpeabl
MMPOAYKTaMH IIJIABKH 3a IpeAcIaMu JOIYCTUMBIX HOPM;

- TCXHOJIOTHA JOJI’KHA UMCTh IIEPCIICKTUBLI }IaHBHeﬁmeFO nepexona K MaIIOOTXO,HHOﬁ;

- peayiM3anys TEXHOJIOTUH JTOJDKHA OCYLIECTBIISATHCS HA JEHCTBYIOIIEM 00OPYAOBAaHWUHU NPHU
MUHUMAIILHOM W3MEHEHUS TEXHOJIOTHYECKOTO PETJIaMeHTa U PEKOHCTPYKIIUU COOPYKEHUH.

VYcnemHoe BBIMOJIHEHUE 3THX peKoMeHAanuil no3BonuT AmnMansikckomy [I'MK  crath
NpeNNpUiATHEM C 3aKOHYEHHBIM METAUTYPTUYECKHUM  IIMKJIOM, OSKOJOTMYECKH YHCTBIM  II0
METAITyPTUYECKOMY TepeNely, JOCTHUTHYTh BBICOKHX TEXHHUKO-DKOHOMHUYECKHX IoKa3aTened u
MEPEUTH K OCBOCHHIO O€30TXOTHOM TEXHOIIOTHH.

TeopeTrnueckoe uccieoBaHUE MO TepepadOoTKe MEAHBIX IIIJIAKOB W aHAIHM3 MPaKTHYECKOU
palboThl MeAEIUIaBUIIBHBIX 3aBOJOB MO3BOJIMI YCTAHOBUTH, YTO YCIEX O0O0€THHUTEIBLHOTO MpoIecca BO
MHOTOM OTIPEAEIISETCS PEIICHUEM CIEAYIOMINX MPOOIeM:

- BOCCTAHOBJIGHHE MarHeTura nuiaka jio FeO;

- KOpPpEeKTHpPOBKa COCTaBa IMUIaka M paboTa Ha ONTUMAIBHOM COAEP)KaHWU TaKHX
KoMIoHeHToB Kak Si0,, Ca0, FesO4 u apyrue;

- cyNb()UIUPOBAHUE OKHUCIICHHBIX COSAMHECHUS MEIU U TIEPEBOJI UX B IITEHHOBYIO (a3y;

- ObapboTHpoBaHUE paciiaBa C IENBI0 CO3IaHUS YCIOBUS IS KOAINCIEHIINH MEJKUX Kamelb
IITCHHA,

- IEpEeBOJT METIKUX Karellb MTelHa B IOHHYIO (a3y nepeMeninBaHueM ¢ u3Bliekarolnei §asoii;

- CBA3BIBAHME CEpPbl B KOHJIECHCUPOBAHHYIO a3y, U4TO MO3BOJSIET OJHOBPEMEHHO CHU3UTH JI0
JOITyCTUMOTO TIpeJieNia IecyIbypU3alHIO U IIEPEBECTH €€ B LITEHH.

B mnaBuibHOM MeurM BOCCTAaHOBJIIGHHME MAarHeTHTa BO3MOXKHO B pe3ysbTaTe IMPOTEKaHMS
cleAyoIuX peakuui [3]:

3Fe;0,4 + FeS + 5Si0, = S(ZFGO : SlOz) + SO, (1)
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Fe;0, + Fe = 4FeO @)

KOTOpBIe MHTEHCU(UITUPYIOTCS B MPUCYTCTBUH KBapIIEBOTO (rroca:

2Fe0 + SiO, = Fe,SiO, 3)

Jnst permienns mpo6ieMbl 00eTHEHNST MEJHBIX IIUTAKOB B PEATbHBIX YCIOBHAX AJIMAIIBIKCKOTO
KOMOMHATa, MOT'YT OBITh HCIOJIB30BAaHBI CIEIYIOIINE MaTCpHAaIbI:

- TBEpJIbIE YTIEPOIOCOACPKAIINE BOCCTAHOBUTENHN (KOKCUK, YTOJb, KIMHKEP AJIMAIBIKCKOTO
IIUHKOBOTO 3aBOJIA);

- Ta3000pa3HOE U JKUAKOE TOILJIMBO;

- BOCCTAaHOBHUTEJH, COACPKAIINE LBETHHIE METAJUIBI C BBICOKUM CPOACTBOM K KHCIOPOAY
(arOMUHHEBBIC OTXO/IBI);

- THUIIC OT HCfITpaJ'IH?;aHHH CTOKOB MCACIIIaBUJIbHBIX 3aBOJO0B,

- hocdorunc — oTxoapI AJIMATBIKCKOTO XUMHUYECKOTO 3aBOJIA.

Ha xagenpe “Metammyprus’” TalkeHTCKOTO rOCyJapCTBEHHOTO TEXHUUECKOTO YHUBEPCUTETA
ObUTH TPOBEJCHUE HCCIEIOBaHUS 10 OOEJIHCHHWIO MEIHBIX M[UIAKOB B CEPUAX, BKIIFOYAIOIINX
pa3IMYHbIE TEXHOTCHHBIE 00pa30BaHM M MOIYIIPOAYKTHl MECTHBIX IPOMBIIUICHHBIX TPEATPUSITHI.

[Togbop »THX MaTepuaioB MPOM3BOAWIM C YYETOM pellaeMbIX HaMH 337a4 10
BOCCTAQHOBJICHHIO MarHeTUTa, CYJIb(QUINPOBAHNS OKHCICHHBIX COCTMHEHHH MeaH, 6apOOTHPOBAHHIO
KUIKOH BaHHBI, IOJyYCHHWE MIJaKa ONTUMAJIBHOIO COCTaBa M CBOWCTB. V3 MHOTOYMCICHHBIX
HCTOYHUKOB CBIPBSl TPEIIIOYTEHHE OTAABAIM TeM MAaTephajoM, B COCTaBe KOTOPHIX OBLIM Melp,
OJaropoHbIe METAUIBI M APYTHE 3JIEMEHTHL. DTO JaeT BO3MOXKHOCTh HE TOJBKO PEIIUTH OCHOBHYIO
3aavy U3BJICUCHHUA MCIU M3 LIJIaKa, HO U JOIIOJHUTCIIBHO MOJTYYUTh HCHHLIC METAJLJIbI.

OCHOBHBIM OOBEKTOM I/ICCJ'ICI[OBaHI/Iﬁ 6I)IJ'II/I ouIakKu  MCEACIUIAaBUIIBHOTO IMPOMU3BOACTBA
AJMaJBIKCKOTO TOPHO-METAJLTYyPrHuecKoro koMmoOuHaTa. [Ipy oTOOpBI MpoOBI it HMCCIeAOBaHHN
XUMHAYECKOMY aHAIN3y TMOJBEprajd Kak Jie)Kallble HAaKOIUIEHHBIC, TaKk M CBEXHE 00pa3yrolmecs
nutaku. OOpaiaer Ha ce0s BHUMaHHe OOJIBIION Pa30poC COCTABOB IILIaKa, 0COOCHHO I10 COICPKAHUIO
MeIu B HUX. B mmmakax KuciopoaHo-(pakelbHOW TUIaBKU cojiepaHue Menu konebiercs ot 0,73 go
1,33 %, xouBepTepHbIX nutakax — 1,60 — 3,56 %, otpaxarensHoro npenena — 0,29 — 0,72 %. Cronb
OospIIOl  pa3dpoC COCTAaBOB IITaka OOBACHSIETCS KOHKPETHBIMH  YCJIOBHSMH  IIPOBEICHHUS
METAJUTYPTUYeCKHX IUIaBOK U XapaKTepOM MOCTYMAIOIIETo ChIpbs. [IpencTaBieHHbie UGPHI IBIAIOTCS
CpPeHMMH M3 HECKOJNbKHX MapajUleNIbHBIX aHAIM30B M, II03TOMY, SIBJISIOTCS JOCTATOYHO
JIOBEpUTENIBEHBIMH. B 1epBoii cepun SKCIIepUMEHTOB MBI BHIOpAJIM KOHBEPTEPHBIC NIJIAKH C Hanboiee
YaCcTO BCTPEYAIOIIMUMUCS COACPKaHUSIMH MEJIM B HUX B mpeaenax 2,3 — 3,3 %.

B kayecTBe OCHOBHOTO BOCCTAHOBHTEISI MBI BBIOPAIHM KIMHKEP IIMHKOBOTO IPOM3BOJICTBA
AJIMaITBIKCKOM TOPHO-METALTYPrHIecKOro KOMOMHaTa. DTOT BEIOOP 00YCIIOBIICH KaK COACPKAHUEM B
HEM LEHHBIX KOMIIOHEHTOB, TaK M €ro OOJBIIONW XWMHYECKOW aKTHBHOCTBHIO. CocTaB KIIMHKEpa
npezcTaBieH B Tadbmuie 1.

Tabmmma 1. Xumudeckuit cocraB kimakepa AIMK

Knacc Conepxanue, %
kiaunkepa | Cu | Zn | Pb Fe Cd In SiO, | As Au Ag C
1. KJI-2 2,24 1235053006 | 001 | 0,001 15 0,3 | 5-8r/r | 300-500r/t | 12,0
2. KJI-3 2,211269|06)] 340 | 0,01 | 0,009 18 0,3 2-5 250-300r/r | 125

[Ipu mpoBegeHNH HCCIEAOBAHUI OBLIM WCIOJIH30BAHBI OOJBIIMHCTBO W3BECTHBIX, HIMPOKO
pacpoOCTPaHEHHBIX, TOCTYITHBIX METOJIWK U yCTaHOBOK. HekoTophlie MeToauku pa3paboTaHbl B XO/e
BBITIOJTHEHUS HACTOSIIINX UCCIIeIOBaHM [4].

Ha mepBom »3tame paboThl MBI HCCIENOBAIM BIWSHUE pacxoja KIWHKEpa Ha CTEICHb
BBIACJICHUA MCOU U3 IIJIaKa. HpO6HBIe OKCIICPUMCEHTHI IMOKa3aJjiu, 4YTO pacXxod KIIMHKEpPAa B KOJINMYECCTBE
10 — 30 % ot Beca nuUIaKa CHIDKAET cojaep)kaHue Meau B HeM oT 2,95 — 3,50 mo 0,50 — 0,10 %. Ilpu
9TOM COJIEp’KaHWs MarHeTuTa B muiake cHmxkaeTcs or 20,00 go 3,00 — 5,00 %. s ompeneneHus
ONTHUMAJBHOTO U 3(PQPEKTUBHOIO Pacxojla BOCCTAHOBHTEIS B pPeajbHBIX YCIOBHUSIX HCCIICIOBAHHIMA
pacxoJ KIMHKepa U3MEHSIICS B Tpefenax oT 5 10 25 % K Becy UCXOTHOTO IIIaKa.

Pe3ynbTaTsl 1aO0OpaTOPHBIX UCCIICIOBAHNN TIPEACTABIICHBI B TAOTHIIE 2.
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Tabmnwuna 2. Pe3ynbTarhl Mo 00eTHEHHIO KOHBEPTEPHBIX IITaKOB KinHKepoM AlLL3 (HaBecka
npraka — 100 1) T — 1300° C, t — 2 vaca, Cu B nuake — 2,3 %

EE °:; Coneprxanue B mreitae, % o\ci Coneprxanue B IIIaxa, % c\c:
o 8 g :E % E
o
=1 23] ¢ : E
= a2 g S 2
D Cu [ Fe [ S [zn|™ [CuFe [SiO,[Ca0O] S [ 2n
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 5 17 663 | 71 172 |04 | 879 | 12 |465 186 [265 |26 | 03 | 512
2 5 |167 70,7 | 48 18,1 - 872 | 10 |475 201 | 24 - - 52,3
3 5 16 | 71,2 | 53 18,9 - 833 | 1,13 | 49 |186 | 3,2 - - 50,9
4 |10 | 15 | 716 | 45 18,2 - 845 | 1,13 [482 |194 |37 |19 |041 | 583
5110 |143 728 | 57 173 | 06 | 81,2 | 12 [425[201 | 31 | 27 - 49,7
6 | 10 |154 721 | 44 193 | 05 | 838 | 156 [401 | - - - - 51,8
7110 |11 | 685 | 73 18,5 - 884 | 0,8 [416 |181 | 41 - - 56,2
8 | 10 | 09 [648 | 54 20,1 - 83,3 | 0,97 |47,2 |188 | 3,7 - - 57,5
9 |15 | 07 |585|101 | 212 |08 | 812 | 078 [486 216 | 42 | 23 |0,14 | 552
10| 15 | 05 | 631 | 98 19,1 - 83,3 | 1,01 |46,1 |185 | 4,7 - 10,21 | 54,7
11|15 | 05 [612 | 117 21 - 825 | 09 [478 187 |51 - - 54,2
121 20 |089 |615 | 11,3 | 188 |09 | 666 | 1,1 |421 210|268 | - |0,08 | 587
13| 20 | 04 |582 | 126 | 183 [1,06 | 835 | 08 |476 186 | 34 | 31 - 56,2
14120 | 0,7 | 579 | 104 | 177 - 814 | 09 [448 |195 | 37 - - 56,4
15| 25 |0,61 | 56,6 | 13,7 | 19,7 - 80,1 | 1,1 485|209 |42 |26 |05 | 671
16| 25 | 0,8 | 56,5 14 165 |10 | 820 | 08 [463 218 |36 |21 |03 | 593
171 25 |0,73 | 548 | 145 | 185 - 81,3 | 1,06 | 46,4 |195 | 48 | 2,33 - -
18| 25 |0,70 | 55,2 | 139 | 174 |08 | 817 | 096 468 20,1 )| 33 | 20 |0,26 | 659

IMpumeuanune. Boixon Metayummueckoii asbl konednercs ot 5 10 17 %, B Hem
Conepxurcs Fe-70 — 75 %, Cu-7 — 15 %, S-5 -8 %.

AHanu3 JaHHBIX B Tabnuue 2 TOKa3bIBaeT, YTO B peE3yJibTare IUIaBKE IMOJIy4YaroTcs JBa
NPOAYKTA: CYIb(PUIHO-METAIUIMYECKUI CIIJIaB MeAX U nulak. l[Ipuuem cruiaB momydaercs TATYYHM, C
OOJBIIION BSI3KOCTHIO | MIPENICTABIISIET COO0M MaTepual, TPYIHbIA Ui NanbHelel nepepadorku. [Ipu
3TOM HU3BJICYEHHE MEAU B INTEHH cOCTaBJIIeT Bcero 51 — 66 %, 4To SABJISETCS JOCTATOUYHO HU3KHMHU.
OcraroyHoe cojepkaHHe Meau B M[ulake JoctatoyHo Bbeicokoe (0,9 — 1,2 %), uto Tpebyer
JIOTIOJTHUTENBHBIN MepepaboTKu.

Ha ocHOBaHMU TPOBENIEHHBIX HCCIIEJIOBAHUNA MOXHO CAENaTh BBIBOJ O TOM, 4TO 00paboTKa
IIJJAKOB TOJBKO KIMHKEPOM IIMHKOBOTO TIPOM3BOJCTBA HEJAOCTATOYHO s 3(h(HEeKTUBHOTO
00e3MeXUBaHMs IIUIAKOB U TpeOyeTcsl NOMOJIHUTEIbHBIE HCCIEe0BAaHMUS C MCIOJIb30BAHHEM APYTUX
KOMIIOHEHTOB U yCJIOBHI MTPOBEACHUS MPOIECCaXx.
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RESEARCH OF NONLINEAR ELECTRIC CHAINS WITH
TWO AND MORE NONLINEAR ELEMENTS IN SYSTEMS
POWER SUPPLY

Burkhankhodzhayev A. M.,
Karimov R. Ch.

Uzbekistan, Tashkent, Tashkent state technical university

Abstract. Work it is devoted to research of autoparametrical fluctuations at a frequency of the
third subharmonica in nonlinear electric chains by two nonlinear elements. Conditions and a zone of
steady excitement of a subharmonica of the third order, and also critical parameters the
subharmonicas of the third providing steady excitement an order are defined.

Keywords: nonlinear electric chains, nonlinear induktivnost, ferrorezonansny contour,
ferromagnetic element, subharmonica.

In the presents time development and introductions of effective and energy saving secondary
power supplies for systems of automatic equipment, a sheaf is an actual task excitement and support of
subharmonic fluctuations in nonlinear electric chains take a special place in the theory of nonlinear
fluctuations and represent great theoretical and practical interest. In the analysis of the mixed
nonlinear electric chain consisting from two consistently connected parallel the ferrorezonansnykh of
contours and eating from a source of tension (fig.1), as two connected fluctuations it is possible to take
changes of streams wy;(t) and y,(t) of two identical ferromagnetic elements.

At certain values of the Cy, C, and g, parameters, g, automodulation fluctuations at a frequency

close to the frequency of a required subharmonica can be excited in each oscillatory contour [2].
In the course of automodulation fluctuations nonlinear inductance can "transform" energy of high
frequency to energy of frequency of self-modulation. Counter inclusion of secondary windings of
nonlinear induktivnost excludes penetrating the main harmonica in a secondary chain where only the
subharmonica has to "be transformed". Introduction to the scheme of the additional selective contours
which are adjusted on subharmonica frequency it is possible to improve the mode of division of
frequency. The same purpose is carried out by the capacity of C; which with nonlinear inductance of
an output contour forms; the resonant contour which is adjusted on the frequency of a required
subharmonica.

2 U #

2

L

g Hi;

1
-4 X
Fig.1. Equivalent circuit converter

e
~

For definition of a zone of steady initiation of subharmonic fluctuations in the studied chain
we will work out the equations of electric balance:

i|_1 + ic1 + igl = iL2 + icz + igz = io(t)’}
U, (t) +U, (1) =U, (1)

@)
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If to accept approximation of communication between current I and a stream vy in a look

H 3
I =a¥+6¥ , instead of the first equation of system (1) it is possible to write down:

d*¥y, d¥,

d?wy dw
G ot a¥, +6¥’ =C, 2 2

C, R +a¥, +6¥} =i, (t)

dt )

where, y; and wy, - respectively instant values of flux linkage of nonlinear ferromagnetic
elements;

g; and g, - active conductivity of contours, the considering losses in loadings and nonlinear
coils (transformers);

C, and C, - capacities of condensers the ferrorezonansnykh of contours.

Considering that in the mode of initiation of autoparametrical fluctuations by the most
considerable on amplitudes the main harmonica and the chosen subharmonic component of streams w;
and s, are, the solution of the differential equation of a chain can be set in a look:

P, =W, sin(at +y,) + ¥, sin(at/n+0), }

Y, =¥, sin(aet +y,)+ ¥, sin(ot/n+6). 3)

where, y1; and y,; - amplitudes of streams of the main harmonica in cores of ferromagnetic
elements of the corresponding contours;

WYy - order n-go subharmonica stream amplitude.

We will consider the mode of initiation of autoparametrical fluctuations at a frequency of the
third subharmonica (n=3).

Substituting the estimated decision (3) in (2), after the simple transformations executed by
method of harmonious balance for the main harmonica and a subharmonica of the third order we will
receive:

1 1
(_ B+ LI1121 + 2\1112/3 )LPll - 5\{’13;3 COS(SQ - 7/1) = (ﬂz + II1221 + 2\}112}3 Tt 5‘{]13}3 003(39 - 71)(4)

1 ) 1 .
o7 ST _5\1113;3 Sm(‘?’@_ 7’1) =,V _§1P13;3 S'n(39_ 72) ©)

(_ 131 + \Plz/s - 2‘11121 )\Pl/3 - \Pll\P12/3 Cos(yl - 3‘9) = (_ ﬂz + lI112/3 - 2\P221)LP1/3 - II12111112/3 C05(7/2 - 36’) (6)

ai\}’m + W, W5 Sin(7/1 - 39) = alzlplls + W3 Sin(72 - 30)

)
Here,
2 2
g5 dcotva)  p dColva) | _de, | den,
36 ; 36 , 36 - 36

.4 .4 [ Co® . daxy 4

= — .| — +a = | — +a _ 1 Y C(g
A 33( 9 j & 36( 9 : “= 96 %= 962
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The equations (4-7) are the equations of communication of a stream of the main harmonica
and subharmonica of the third order and represent quite difficult dependence. For simplification of the
analysis we will be limited to research of symmetric chains, i.e. we will accept:

p=p=p Q=0=0. ﬂlZﬂZZﬁ

then we have:

. .oy =a,=a
’ ] .

2[_ B+ + Wi+ lI1221] = ¥}y, cOS(y, —30) + Wy, COS (7, _30)]’}

200 =¥, 5|, 8in(y, —36) + ¥, sin(y, _30)]' 8)

Determination of tension of separate contours, the general current and other regime indicators
of a chain at the set parameters of a source represents great theoretical and practical interest.
Considering that:

Wy, cOs(at + y,) =¥, cos(at + ;) =¥, cos(ak + 7,)

9)
Here,
\POm = Uﬂ
0]

where, Uom - amplitude value of tension of the power supply.
Having done simple transformations, we will receive:

\Pozl = \P121 + lPZZl +2'¥,,',, cos(y; — 7/2)’}

\11022 = \Plzl—i_lPZZI_z\Pll‘PZlCOS(]/l —75)- (10)

It is easy to show also that taking into account (10) equation (8) it is possible to copy in a look:

Z}+Z5+4Z+22,2,+42,Z2+32,Z-4B(Z,+Z,)-8BZ+4a’+B*)=0 11)

Here,
2 2 2
Z, =II101; Z, =lI"02; Z =‘"P1/3.
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The equation (11) represents the equation of a two-way hyperboloid which invariants are
equal:

A=—(B?+a®)<0. S=6. T=20. 0=025

In space the part of a surface of a two-way hyperboloid describes a possible zone of steady
existence of subharmonic fluctuations of the third order (fig. 2). More detailed data contain in [1,3].
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TRANSPORT

AHAJII3 ICHYIOUMX MIIXOAIB H[OJ0 OLHIHKA BTPAT
BLI ATII

cmapwuii suxknaoay Cemenuenxo O. B.
Ykpaina, Kuie, Hayionanwnuii mpancnopmnuil ynieepcumem

Abstract. The questions affecting rapid motorization, which directly affects the ever increasing
problem of high accident rate on the roads, especially in the last decade. One important reason for
this problem is the inconsistency of the transport infrastructure needs of society and the state in
ensuring road safety.

Keywords: social and economic costs, economic assessment, increase road safety, level of
motorization, system of road safety, forecasting the number of deaths in road accidents by changing
the level of motorization.

[ToctanoBka npobiaemu.

Hlopiune 3pocTaHHsT aBTOMOOITBLHOTO MapKy, MiABUIIECHHS iHTEHCUBHOCTI JOPOKHBOTO PYXY,
3pOCTaHHS aBTOMOOUTHHHUX TIEPEBE3eHh BAHTAXKIB 1 MACAKUPIB 32 YMOBH HOTipIICHHS JOPOXKHIX YMOB
— BCl 1 QakTopu MmpU3BOIATH A0 30imbmieHHs KimbkocTi JTII Ta iHmMX HEraTWBHUX HACTIAKIB
aBapiifHOCTI Ha JOpOrax, TaKWX 5K 3pocTaHHs mocTpaxnanux ta 3arudmmx y ATII. Pusuk otpumatn
MOLIKOKEHHS TPAHCIIOPTHOTO 3ac00y a00 BUMHMTH LIKOIY XKHUTTIO Ta 3J0POB’I0 HA A0porax YKpaiHu
3HaYHO BUIIE, HK B iHImMX KpaiHaxX. J[TII € rojgoBHOIO 3arpo3or0 y eKoHOMIUHIN Oesmerii B cdepi
JOPOXKHBOTO PYXy, ILIO MNPU3BOAUTH [0 COLIaJbHO-EKOHOMIYHMX BTpaT cycmiibcTBa. Tak, 3a
OpUOMU3HUMH  OLIHKAMHM, COLQJIbHO-€KOHOMIYHI BTpPaTH CTaHOBJATH Onu3bko 3% BaJoOBOro
BHYTPIilIHBOTO NMpoAyKTy (BBII) Ykpainu KOXXHOTO POKY.

CBiTOBa MpaKTHKa CBIAYUTH IPO Pi3HI MIJAXOAM JO BU3HAYCHHS COLIAIbHO-CKOHOMIUHMX BTpAT
Bin JTIL. V rakux kpainax sk CIIA, Anxrmis, ®pannis, Himeuunmna, Hinepnmanmu, YropiiuHa,
TypeudnHa, BpaXOBYIOTHCS TaKi YAHHUKH: BTPaTH MPOAYKTUBHOTO Yacy 4epe3 BijBOJiKaHHS 31 chepu
BUpOOHMITBA 3arnOnux abo tpaBMoBanux y [TII nroneit; BuTpatn Ha HaJaHHsS MEpHIOl MeTUYHOT
JIOTIOMOTH Ta JIIKYBaHHsT; 30UTKH BiJI MOIIKO/XKCHHS 200 3HUIICHHS TPAHCIIOPTHOTO 3ac00y; 30MTKU BiJ
TIOIIKO/IPKEHHSI BAHTAXKIB 1 JIOPOXKHIX CIIOPY/I; BUTPATH HA KOMIIEHCAIIiI0 30MTKIB, HAHECEHHUX 37I0POB’I0
Ta MaifHy TPOMaJIsiH; CTPaxOBi BUILIATH, & TAKOX 30MTKH, 3aII0/IisHiI BIIACHOCTI TpoMaisH [1].

B VropmuHi 30MTKM BH3HA4alOTHCS 3 YpaxyBaHHSAM BIKY HOCTpaXJaluX, MICII Ta 4acy
ckoenns [ TII. Taka meToauka Oyna po3poOieHa [HCTUTYyTOM TpaHCTIOPTHUX JociimkeHs (Bymanenr)
[2]. B Higepnanmax npu pospaxyHkax Brpar Big JITII BUXOISTH 3 yCEepeAHEHHX MaHUX IO BCIM
nocTpaxganmuM y Bimi Big 16 mo 65 pokis. Ilpu Bu3HA4YeHHI 30MTKIB TOJAaTKOBO BPaxOBYIOTHCS:
CTpaxoBa KOMIICHCAllis; BUTPATH, ITOB’sI3aHi 3 AISUIbHICTIO CTPAXOBUX KOMIIaHiM Ta MPaBOOXOPOHHHUX
OpraHiB; BUTPATH MMOKEKHUX MiAPO3AiNiB 3 sikBigamii Hacmiakis I TII Tomro.

B AHTHi1 101aTKOBO BPaXOBYIOThCSI: MOPaNBHI Ta (Di3H4HI 30UTKH, 3aMOIisTHI TTOCTPaKIATIOMY
B JITTI, #ioro poamuam i npy3sMm. beperbcst no yBarum micne ckoennst HTII (kareropist moporm),
KaTeropisi y4yaCHHUKIB pyxy, yac q00H. Big3HadaeTncs, 1110 B JaHU 4ac PO3IJIAAAETHCS MOXKJIUBICTH
IHIIOTO miaxoay m0 omiHku 30uTKiB Bij ATII. CyTHICTh HBOTO MiAXOAY MOJIATa€ Y BU3HAUCHHI CYyMH,
SIKY JIFOM TOTOBI 3aIUIaTHTH JUTs 3HWKeHHs pusuky JTTI [3].

Y CHIA 7107aTKOBO BpaxoOBYIOTh BHUTpPATH Ha YTPUMaHHS CY/iB, a TaKOX BHUTpPATH Ha
MPOBEJICHHS PI3HUX YPSAIOBUX MPOrpaM 3 Oe3MeKu JOPOKHBOTO pyxy [4].

VY HiMeuunHi 0aTKOBO JI0 MEPENiYeHUX BPAaXOBYIOTH BapTICTh COIANLHOI (TIpodeciiHol)
peadbimitauii. Y po3paxyHOK IpuAMaeThCs Mpane3aaTHHi Bik 10 65 pokiB [5].

Y ®pannii gogatkoBo OepyTh A0 yBarm BHTPaTH, OB S3aHI 3 MOXOPOHAMHM 3arduOJuX;
BPaxOBYIOTh TAKOX MOPAJIbHY IIKO/Y, 10 HAHOCUTHCS poJiuyaM 1 apy3saM nocrpaxganux B JTII [6].

AHati3 mokasye, 1o 3a KOpAoHOM y ckiafi Brpat Bif ckoeHns HATII BpaxoBytoTs MOpasbHi
30UTKH (32 Pi3HUMH OLIHKAaMH BOHH MOXYTh CTaHOBUTH 110 40%). BkiltoueHHsI MOpanbHUX 30UTKIB SIK
O3HAKH JOPOKHBO-TPAHCIIOPTHOI LIKOAM €, 3 TPaBOBOI MO3MMLIi, OOTPYHTOBAaHMM 1 BHMAarae
CTaTUCTUYHOTO ypaxyBaHHA rpu gociimkeHHi Brpar Big ATII. CycninecTBo Hece peanbHi CoLialbHO-
€KOHOMIYHI BTpaTH, SKi MOXXYTh MAaTH Pi3HI 30BHIIIHI TPOSBH, 3MiHH B 3JaTHOCTI IO TPYAOBOI
JUSIBHOCTI, peaOimiTaliiHui mepio1, BATPATH HA BiAHOBJICHHS 3/I0POB s TOIIO.
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OcHOBHa YacTHHa.

Exonomiuna ominka moBHHX BTpaT cycminbeTBa Big JTII, B kpaiHax 3 BHCOKMM piBHEM
aBTOMOOLII3alL], BKIIOYAE 7 CTaTeH:

1) HemooTpumana mpoaykiisi — BapTiCTh HEJOOTPHUMAHOI MPOAYKLIi MPOTSITOM aKTUBHOTO
Nepioy KHUTTS WIeHa CyCIiNbCTBA, sIKa Moria 0 OyTH BUpoOIIeHa, alle IIbOTO HE CTAIOCS Yepe3 CMEPTh
abo BTpaTy WOTO Mparme3naTHOCTI, a TAaKOX, BAPTICTh HEIOOTPUMAHOI MPOAYKIIi MPOTATOM TEpiory
THMYacOBOi HEmpare3JaTHOCTI depe3 JIKyBaHHS Ta peadimiTallito Micisa TpaBMyBaHHA. Y paxyBaHHS
BTpAT 3a ITi€I0 CTAaTTEI0 B YKpaiHi HerepeadaducHe.

2) Butpatnm Ha NiKyBaHHS Ta coliajdbHe 3a0e3MeueHHs — CTamioHapHe Ta amOylaTopHe,
TPAHCTIOPTYBaHHS TPAaBMOBAHUX, COIliaJIbHA JIOTIOMOTA IO iHBAIIIHOCTI. YpaxyBaHHS BTpAT 3a IIi€I0
craTTero B YKpaiHi repeabadcHe.

3) AnMiHiCTpaTHBHI BUTPATH — BUTPATH, TIOB’s13aHi 3 po3ciiayBanHsM I TTI, OIiHKOO 30UTKIB ist
BUILIAT CTPAXOBKH, POOOTOIO CyAiB. Y paxyBaHHS BUTPAT 3 III€I0 CTATTEIO B YKPaiHi TaKoX HepeadadeHe.

4) TlomkomxeHHS MaiiHa — BTpaTH 1 NCYBaHHS BaHTaXiB, BUTPAaTH Ha PEMOHT i 3aMiHY
TPaHCHOPTHHUX 3aCO0IB Ta €NEMEHTIB JOPOKHBOTO O0NAIITYBaHHS, MOMIKOIKEHUX B pe3ynbTari JTIL
YpaxyBaHHS BUTpPAT 32 I[I€0 CTATTEI0 B YKpaiHi TakoXkK nepeadadcHe.

5) Burpatu Ha peaOiniTamiro — caHaTopHa peaOuTiTaIlis, OONAaTHAHHS JJIS I1HBANIJIB,
nepeoOIaIHaHHS J)KUTIA. YpaxyBaHHS BUTPAT 3a II€I0 CTaTTelo B YKpaiHi He nepeadadcHe.

6) YTpara Ojaromnony4usi — BTpaTH, OB’ s13aHi 3 00JEeM 1 CTpaKAaHHAMHU MOTEPIUINX Ta iXHIX
0JIN3BKUX, a TaKOX, yTpaTa Ojaromonydus i JyIIeBHOI pIBHOBard B IIUPOKOMY CEHCi (cTpec,
TICUXOJIOTIYHI TpaBMH, JAEMpecii, CTpax, MOB’s3aHI 3 PI3KOI0 3MIHOK 3BHYHOTO CHOCOOY JKHUTTH).
YpaxyBaHHS BTparT 3a Ii€I0 CTATTEI0 B YKpaiHi He mependadeHe.

7) lami BTpatm — BTpaTH, SKi BKIIOYAOTh BTPAaTH Yacy IHIINX YYacCHHKIB PyXy Uepes
MOPYIIEHHS TUIABHOCTI PyXy TPaHCHOPTHOTO TOTOKY 1 3aTpuMoK pyxy uepe3 ckoenHs JITIL
YpaxyBaHHS BTparT 3a Ii€I0 CTATTEI0 B YKpaiHi He mependadeHe.

Po3paxyHkoBa BenWYMHA BapTOCTI JKHUTTS JIIOJUHA B EKOHOMIYHO PO3BHHEHHX KpaiHax
npejcTasieHa Ha puc. 1 [7-11].
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Puc. 1. Po3paxynkosa eenuuuna apmocmi scummsi 100UuHU

Amnaii3 naHux puc.l. JOBOJUTH, 10 HOPMAaTHUBHA BEJIMYMHA OJHOTO CMEPTEILHOTO BUMIAJIKY B
VYxpaini Big ATII y 10,95 paziB Huxue po3mipy, npuiHITOr0 B €BponeiicbkkoMy corosi, B 18 pasis
HIwKk4e, Hik B Kanani, a Takox y 35,8 pasiB — Hixk y CLIHA. BennunHa HOpMaTHBHOT BEJIMUUHU BTpAT
Big JATII B YkpaiHi HaBiTH HE PO3PAXOBYETHCS, & OTXKE, 11€ MUTAHHS BUXOAMTH 3a PAMKH 30POBOTO
[IIy3/y MOPIBHSIHO 3 PO3BHHEHUMH KpaiHaMU CBITY.

BucHoBxku.

HamionaneHa momitTmka B YKpaiHi MOBMHHA OyTWM HAIJICHA Ha TWIJBHUIICHHS OE3MeKu
JIOPOKHBOTO PYyXY, NPH I[bOMY HEOOXIZHO MpUiiMaTH OiJbII NMOBHUHM MEpeliK craTedl BHUTpAT, Y
pe3yabTaTi BEJIMYMHA BTPAT CYCHIIBCTBA 3MCHIIUTHCS, IO O3HAYAE€ IMIABHUIICHHS €()EKTHBHOCTI
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3aXO/iB 13 3HW)KEHHS aBapiiHOCTI Ha aBTOMOOUTBFHUX TOPOTax 1 BYJNUISX HACENECHUX ITYHKTIB.
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YBEJUYEHUE NPONNYCKHOM CIIOCOBHOCTH
OJHOITYTHOI'O YYHACTKA U COBEPIIEHCTBOBAHUE
TEXHOJOI'MU PABOTbBI CTAHIIUU

'kanoudam mexnuueckux nayx Monzaxcoapos Amanzensowt
A60ourapum Bamuipxan Cadenynsi
2H6paee bexapnan Mypamynoi

Pecnybnuxka Kazaxcman 2. Anmamot, Kazaxckaa Akademus mpancnopma u KOMMyHUKAYUU
1 Y .
3asedyrouuii kagheopoii Opzanuzauusn nepeeo3oK, 08UNCEHUS U IKCHIIYAMAYUSL MPAHCROPMA
2
‘Macucmpanm cneyuanvrocmos 6M090100 Opzanuzauus nepeso3oK, 0BUICEHUA U IKCHTYAMAUUA MPAHCROPMA

Pa3Butne morparnyHOM cTaHimu J{OCTHIK U MOrpaHNepexoaa AJITBIHKOIb — XOProc , a TaKkxke
MpUMeHsieMasi TapuQHasi TOJUTHKA Ha MEPEeBO3KH T'Py30B TPAH3UTOM IO TeppUTOpHH PecmyOnmku
Kazaxcran, HampaBlIeHHOH Ha TIPUBJICUEHHUE [IOTIOJIHUTENBHBIX OOBEMOB TPAH3UTHBIX TPY30B,
(hopMUpPOBaHUE KOHKYPEHTOCTIOCOOHBIX TapU(HBIX YCIOBUH B YCIOBHSIX OCTPOW KOHKYPEHIIUU C
aTBTEPHATUBHBIMY MapIIPyTaMd W BHJIAMHU TPAHCIIOPTA U MPHUBIEYCHUE JOMOIHUTEIHLHBIX 00BEMOB
TPaH3UTHBIX TPY30B JaeT  TOJIOXKUTEIbHBIC PE3yJbTaThl, MO3BOJIET (OPMUPOBAHUS EIUHOTO
HHTETPUPOBAHHOI'O TPAHCIIOPTHO-JIOTUCTHYECKOTO cepBHrca U 3¢ (HEKTUBHOTO OCBOCHHS IPY30IOTOKOB
B TPAaHCKOHTHHEHTAILHOM HaIPaBJICHHUH.

B Hacrosmiee BpeMsi KEJIE3HOLOPOKHAA CTAaHIMS AIMaThl-1 MPaKTHYECKH HMCYEpPIIaia CBOU
TEXHOJIOTHYECKHUE U TEXHUYECKHUE BO3MOKHOCTH. MOIIHOCTh CTAHIIMOHHBLIX 00BEKTOB ITIOCTPOEHHLIE B
1930 rogax HE COOTBETCTBYIOT COBPEMEHHLIM O00BEMaM I'DY30BEIX M MACCAKUPCKUX MEPEBO30OK. M3-3a
OTCYTCTBHS B ITOJIOCE OTBOJIA JKEJIE3HOJOPOXKHBIX IMyTeH 3E€MENTbHBIX YJaCTKOB U YaCTHOTO CTPOCHUS,
HET BO3MOYKHOCTH Pa3BUBATh CT. AlMatbl-1.

Ha xenesnogopoxxuoM yuactke AnMatbei-1 — Iy B paMKax HOBOI SKOHOMHUYECKOMH MOJUTUKH
“Hypst o — [1yTe B OyayIiee” BeIeTCsl CTPOUTENLCTBO BTOPBIX ITYTEH.

CylIeCTBYIOIINE OJHONYTHBIC IIEPErOHBI C JABYXIYTHBIMH BCTaBKAMH MEXAY CTaHLIMSMH
Iy u Anmatel-1 OrpaHHYUBAIOT MPOITYCKHYIO CITOCOOHOCTH yuacTkoB l1ly-Otap u Orap-Anmarsr-1.

B cBoto ouepear yuactok Illy— Anmatei-1, wucnonb3yercs Npu NEPEBO3KE TPaH3UTHBIX
rpy3oB Kwuraii — 3anagnag EBpona u ctpansl LlenTpansHoit A3un. IIpoeKT cTpouTenscTBa BTOPBIX
nyTed Ha ydactke Anmatbel-1- Illy HampaBieH Ha yiydilleHHE TPaHCIOPTHON WHQPACTPYKTYphI H
MIPOITYCKHOMN CIIOCOOHOCTH HampaBieHus AnMatel-1 - Actana.
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Peanuzanus mnpoekra KpaiiHe HeoOXomuMma Jjsl OCBOCHHUSI MEPCHEKTHBHBIX 00BEMOB
MEPEBO30K TIPYy30B M TACCAXUPOB, B TOM 4YHCIE IOCPEACTBOM CKOPOCTHBIX IIO€3J10B,
c(hopMHPOBaHHBIX U3 BaroHoB « Tynmap-Tanbro», 4uciio KOTOPBIX €KEr0THO PaCTeT.

CrpoutenbcTBo BTOpBIX mHyTed oT AnMatel-1 go Iy mo3BOSMT yBETHMUYHUTH NPOIMYCKHYIO
CHOCOOHOCTh ydacTKa . Bpemss IBW)XKEHUs TOE€370B COKpaTuTcs Ooiiee ueMm B aBa pasa. [IpoekT 3a
CYET MOBBIIICHUS NTPOILYCKHON CIIOCOOHOCTH U CHIKEHHS CPOKOB JOCTaBKH I'PY30B M TPAHCIOPTHBIX
PacxoJ0B MO3BOJIMT MOBBICUTH KOHKYPEHTHO CIIOCOOHOCTh U TpaH3UTHBIN noTeHuman Kazaxcrana , a
TaKXe ONTHUMHU3UPOBATh BHYTPEHHHUE IIEPEBO3KH.

[IporHo3upyemblii ypoBEeHb I'Py30I0TOKA 110 MapmpyTy Anmartsl -1 — Iy npu skcrutyaranuu
JIBYXITYTHOM JIMHUN YBENIMYUT HArpy3Ky Ha AJMaTHHCKHHA >KeJIe3HOJOPOKHBINA y3en. TpaH3uTHBIH
BarOHONOTOK IPH 3TOM  YBEJIMYMTCS , UYTO OTPHULATEIBHO CKAXKETCH Ha IPOMYCKHYI U
nepepabaThIBAIOIIYIO CIIOCOOHOCTh CTaHIMH AMaThI-1.

K AnMaTtuHCKOMY Y371y NpHUMBIKatOT 3 meperona — Mexaey-Anmatel-1, Anmarei-2-AnMatsi-1
u bopannail-Anmatei-1, yepe3 y3en MpoITycKaroTCsl MAacCaXUPCKHUE M TPY30BbIE MOE3/1a CO CMEHOU
JIOKOMOTHBOB M IOKOMOTHBHBIX OpHTa.

Cranius Anmatbl-1 NPOM3BOAUT TEXHUYECKOE OOCIY)KMBaHWE U IepepadaThiBaeT U
MPOIMYCKaeT TPAaH3UTHBIE MOE3/1a, UMEET TOPKY MaJo MOITHOCTH, (JOpPMHUPYET M pacOpMUPOBBIBAET
YUacTKOBbIe M cOOpHBIE Toe3na. Ha meppoHHBIX MyTsSX BOK3alla CTAaHUUH ANMaTthbi-1 TpOM3BOAMTCS
MocaZika M BBICAJKa IMAaCCAKUPOB, OOOPOTHBIE MACCAXKHPCKUE IMOE3/1a C CEBEPHBIX M 3alaJHBIX
pernoHoB KazaxcTaHa HaxoJsATCS Ha MYTSAX OTCTOS B HEUETHOM IapKe.

C yknankoil Bropeix nyteil Ha y4yactke Lly-Anmatel-1 Ha 37% o1 o01meil npoTsSHKEHHOCTH
NPOIYyCKHAasE CIIOCOOHOCTh ydacTKa yBenuuuBaercs Ha 55%. UtoObl mepepaboraTh Takoil oO0bem
M0€30II0TOKA M BAarOHOIIOTOKAa HEOOXOAMMO NMPOU3BECTH PEKOHCTPYKLHUIO U COBEPIICHCTBOBAHHUE
TEXHOJIOTHH CT.ANMaTel-1 ¥ BCero ene3HoAopoxHoro y3ia Ammatei-1. B 2014 r. mo cpaBHEHHUIO
OPEIbIAYIIIM TOA0M IIOE3I0M0TOK MO IpUEeMy U crade 1o cT.Anmatel-1 yBennumicsa Ha 8 %, 3TOT
MIOKa3aTeNnb Ha OJMMIKAIOIIYIO MEPCIIEKTHBY MO MIPOTHO3HBIM JaHHBIM yBenuuurcs Oonee Ha 30%. Ilo
cT.AnMaThI-1, IPOMYCK TPaH3UTHBIX TIOE3MI0B C mepepaboTkoil coctapmi 13.17 gac., 6e3 mepepadoTKu
2.24 gaca. C y4eTroM NpPUBEIEHHBIX TEXHHYECKHX U TEXHOJOTHMYECKHX MapameTpoB ydactka Lly-
Anmarsl-1 norpedyerca Ha CT.AlMaThl-1 yBETHYHUTH KOJWYECTBO IPHEMOOTIIPABOYHBIX U
COPTHUPOBOYHBIX MyTel. be3 mprMeHeHus: TEeXHWYECKOro OCHAIEHHsS BCero AJIMATHHCKOTO y3ja He
MIPEICTABIISIETCS OCBOWUTH PACTYIIMH TPaH3UTHBIM TPYy30MOTOK B HANpaBlICHWN 3amamubiii Kuraif -
3anagHasa EBporma.

OpHMM U3 MEPCIEeKTUBHBIX MPOEKTOB, MNIAHUPYEMbIX Ha AnMatuHckoMm otnenenuu [T AO
«HK«Kazaxcran Temup XKosb» sBISETCS CTPOUTEIHCTBO OOBOJHOTO IKENE3HOJOPOKHOTO ITyTH
Kazri0ex bek — XKetbiren, B 00xoz cT. AnmMaThi-1, ¢ TPOTSHKEHHOCTBIO 75 KM.

JlaHHBIN TIPOEKT MO3BOJIUT YBEIUYUTH MPOIYCKHYIO CIIOCOOHOCTH YYacTKOB AJIMATHHCKOI'O
OTJENICHUs JIOPOTH B LIEJIOM, a TaKkKE€ OCBOEHMS JaJbHEHIINX MEPCIEKTUBHBIX OOBEMOB IEPEBO30K
rpy30B, Uil MpPOIYCKa TPaH3UTHBIX II0€3/I0B MMHYS CTaHIMIO AJnmartel-l ¥ B JanbHeWmien
NEePCHEKTHUBE, BBIHOCA BCEH COPTUPOBOUYHON pabOTHI C YKa3aHHOW CTAaHIHUH.

Peanuzanus nmpoekTa >kKee3HOJOPOKHON JIMHUU B 00XO0J KeJIE3HOAOPOXKHOTO y3Jla CTaHILUH
Anmatel cooTBeTcTBYyeT «KoHIENuMyM pa3BUTHA MEXIYHAPOJIHBIX TPAHCIOPTHBIX KOPHIOPOB
PecrryOnmku Kazaxcran». BiiroueHne MMHAM B COCTaB MEXAYHAPOIHBIX TPAHCHIOPTHBIX KOPHIOPOB
00ecnevnT JONTOBpEMEHHBIE JKEIe3HOJOPOXKHBIE CBsi3M MexTy Kuraem m pecmybnmukamu Cpenneit
Asumn, mexnay Poccueit m Keipremcranom, TamKHUKUCTAaHOM, a TaKKe BBIXOJOM Ka3aXCTaHCKHX
9KCIIOPTHBIX TOBAPOB Yepe3 CTaHINI0 ANTHIHKONE B KuTaii u manee B [pyrue cTpaHbl MUpA.

IIpoexT Mo3BoasieT AOCTHYDL CIAeAYIOMMX Pe3yJbTaTOB:

-COKpAaIlleHUE PacCTOSIHUS TPAHCTIOPTUPOBKH rpy30B Ha 20 km;

-CHIKEHHE Harpy3Ky Ha COPTUPOBOYHYIO CTAaHINIO AnMaTsl 1;

-yBEJIMYEHHUE MTPOIYCKHON CIIOCOOHOCTH I10 MyTSAM COOOIIEHH AIIMATHHCKOTO y37a.

IIpsiMble 3KOHOMHYeCKHE BBITOABI OT Peaju3aliu MPOeKTAa:

-C03/1aHU€E HOBBIX Pa0OYMX MECT, KaK B TIEPHOJ CTPOUTEIILCTBA, TAK U B IIEPHO IKCILTyaTallluu
JKEJNEe3HOA0POKHOH JINHUY;

-yBEJINUEHUE HAJOTOBBIX IMOCTYIUIEHWI B OIOPKETHI BCEX YPOBHEH; SKOHOMHS BPEMEHH 3a
CYET COKpALICHHS PacCTOSHMS;

-BO3MOYKHOCTb OTKPBITHSI HOBBIX JKEJIE3HOJJOPOKHBIX MapIIPyTOB, BKIIIOYas IPUTOPOTHBIE TTOE3/1a.

KocBeHHbIe BBITOABI OT peajin3anuy MPoeKTa:

-BO3MO’KHOCTb YBEJIMUEHUS JOXO/I0B 3a CUET YJIyUIIEHUs] KOHKYPEHTOCIIOCOOHOCTH;
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-pa3BUTHE MPWICTAIIUX PAaHOHOB, BKIIOYAs CTPOUTEIBCTBO KWJIHIIHBIX KOMILJICKCOB U BCEH
COITYTCTBYIOIICH UHKCHEPHOU U COIUAILHOM MHPPACTPYKTYPHI;

-yBeJIMUEHUE 001IeH MOOWILHOCTH B TIPUJICTAIOIINX padOHAX;

-aKTHBH3AIHsI SKOHOMHYECKOTO Pa3BUTHS;

-MYJIBTUTUTMKATHBHBIA 3P QEKT OT peanu3aluyl JaHHOTO MPOEKTa, KOTOPBIM 3aKIFYacTCs B
Pa3BUTHUH MMPOYUX CEKTOPOB SKOHOMHUKH, B TOM YHCJIE MajOro U CpeIHEro OM3Heca;

-YBEJIMYEHUE COBOKYITHOTO CIIpOCa 3a CYET POCTAa JIOXOJOB HACENICHHS, YTO IOBICYET
pasBUTHE BCIIOMOTATENBHBIX OTPACIedl 10 TPOU3BOJICTBY MOTPEOUTENBCKON MPOAYKIIUH, TOBAPOB
JUTHTEIBHOTO TTOJIE30BaHMS.

CTpOHTEIBCTBO JKEIC3HOAOPOKHOM JIMHUKM OKAKET ITOJI0JKUTESIIBHOE BIMSHHE HA Pa3BUTHE PErHOHA
B IIEJIOM, OyZIeT CIiocOOCTBOBATh CHIDKEHHIO 0€3pabOTHIIbI, TTOBBIIICHHIO 3aHSTOCTH MECTHOTO HACeJIeHIS,
TOBBICUT 3(EKTUBHOCTh SKCIIOPTHO-UMIIOPTHBIX W TPAH3UTHBIX TEPEBO30K, YCKOPHT WHTETPAIIHIO
JKENIE3HOJIOPOXKHBIX ceTel KazaxcrtaHa B MHpPOBYIO TPaHCIIOPTHYIO CHCTEMY, a Takke cienaeT Oonee
JIOCTYITHBIM  OTPOMHBIM PBIHOK CTpaH A3HMaTCKO-TMXOOKEAHCKOrO pETHOHA  JUIS  Ka3aXCTaHCKUX
MPOU3BOAUTENCH. JKeNe3HOOPOKHBIA TPAHCIIOPT OKAKET  BAXKHOE IOJIOKUTEIILHOE BO3JICHCTBHE Ha
JeMorpauuecKyro cutyaruio. CTPOUTEIILCTBO JKEJIE3HOAOPOKHOTO YUaCTKa , €€ IKCIUTyaTallls U Pa3BUTHE
peruona OyeT crocoOCTBOBATh MPUTOKY KBATM(HIIMPOBAHHBIX PA0OUHX M CITYKAIIIUX.

OKCIUTyaTalysi HOBOH JKeJIe3HOA0POKHOMN JIMHUU B 00X0]T AJIMATHHCKOTO JKEJIE3HOAOPOKHOTO
y371a 00ECIEUUT BBICOKHMI YPOBEHb OOCIY)KUBaHUS I'PY30B U MacCaXUpoB. TakuM 00pa3oM, MOKHO
cacjiaTb BBIBOJ, YTO peanmauml JAaHHOT'O UTHBCCTUILIMOHHOI'O HpOCKTa BbBII'OJJHA KaK I‘OCYI[apCTBy, TakK
1 OOIIECTBY B IEJIOM.
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