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Pedepar. PaccmarpuBaercss pannoHaabHOE C MO3MIMH CTPYKTYPHI M HApaMETPOB HOTOKOB ITO-
CTPOCHHUE TEIIO3HEPTeTHIECKOH crcTeMsl npoMmbinuieHHoro npeanpusatus (TAOCIIIT). Cosepren-
crBoBanue TOCIIII siBnsieTcss OMHUM U3 OCHOBHBIX IyTEH pealu3alyi SHEProcOeperaromero mo-
TeHIHana B 00beMax, KOTOpble OTBEYAIOT TPEOOBAHUSIM BPEMEHHU O CHIKEHHIO SHEPreTHUECKON
COCTaBIISIONIEH c€0ECTOMMOCTH MPOAYKIUH. DTO 0COOESHHO AKTYyalbHO JUIS MPEANPHUATHH JETKOi
npoMslieHHoCTH benapycu. st CHIKEHHS CIOXHOCTH 3a7a4qM MPHUBIEKAETCS HEPapXUIecKoe
noctpoerue TOCIIIL. B oTHOIIEHHM TEKCTHIBHBIX U TPUKOTAXKHBIX MPEANPUITUN JErKOU Mpo-
MBIIIUICHHOCTH TOKa3aHO HECOBEPIICHCTBO SHEProoOecnedeH s, ¢ OJHOH CTOPOHBI, U SHEProuc-
MOJTB30BaHMs — C Jipyroil. OTJenodHble MPOU3BOACTBA YKA3aHHBIX MPENPUITHIl 00eCcTIeunBaloT
UM CTaTyC TEIIOTEXHOJIOTHUecKnX. OOIIEH3BECTHO, YTO COBEPIICHHBIE B YHEPIETHUECKOM OTHO-
MIEHUH TEIUIOTEXHOJIOTUUECKUE MPEANPUSITUS HE AOIDKHBI MOTPEOIATh 3MEeKTPOIHEPTHUIO, MTPOU3-
BE/ICHHYIO Ha KOHJEHCAIIMOHHBIX TEIUIOBBIX 3JIEKTpocTaHIuAX. M crnexyer ncnonb3oBate TOL]
Jutst obecriedeHns MPOU3BOJICTB TEIIO- U JIEKTpodHeprueil. Bmecte ¢ Tem maporypounnsie TOL]
Majoif MOIHOCTH U, KaK CJIEJCTBHE, HU3KUX HAYAIBHEIX TaPaMETPOB HE MOTYT 00ECIIeUHTh Tpe-
OyeMoe COOTHOIIIEHHE TeHEepaI[uH IMOTOKOB JIEKTPUYECKOH M TEIUIOBOH SHEeprur. YKa3aHHOE 00-
CTOSITENBCTBO SBJSAETCS OJHON M3 HMPUYMH TOMUHHMPOBAHHS KOHJIEHCAIIMOHHBIX TEIUIOBBIX 3JIEK-
TPOCTAaHIMH B CTPYKTYpe EKTPOreHEPHUPYIOMINX MOIIHOCTEH, 00ecreunBaomux paboTy mpea-
MPUSITUH TerKoi TPOMBIIUIEHHOCTH. OTO U MPUBOAUT K HECOBEPIICHCTBY MX YHEProoOeCIedeHH .
[lepexon Ha rasoseie TOLI, xapakrepusyroniuecs TpeOyeMoOil CTPYKTypoH TeHepalu 3>HEepro-
MIOTOKOB, TIPEXJE BCEro CBSI3aH C CO3JaHHEM COOCTBEHHBIX I'€HEPHPYIONIMX HCTOYHUKOB. JTO,
B CBOIO Ouepe/Ib, CTABUT Psi/l 3a1a4 IT0 H3MCHEHHIO CXeM TEeIIOBOH 00pabOTKH TEXHOJIOTHIECKHX
MIOTOKOB. 3a/iada PemaeTcsi B KOMIIEKCE C COBEPIIEHCTBOBAaHHEM DHEPIONOTPEOTIEHHS OTASNOU-
HOTO TIPOM3BOJICTBA W IPENUPHATHA B IeNoM. [lokazaHa BO3MOXHOCTH NPUMEHEHHS HapsIy
C apOBBIM BOJSHOTO TETIIOHOCUTENS. DTO OTKPBIBAET MyTh K PEKYNEpaTUBHOMY HCIIOIb30BaHUIO
9HEPIHU HOOOYHBIX HHU3KOTEMIIEPATYPHBIX IMOTOKOB TPOU3BOACTBA, YTHIM3AIMU HX SHEPTUU
€ TOMOIIBIO a0COPOIMOHHBIX OPOMHICTO-IMTHEBBIX TEIUIOBBIX HAacocoB. [1o00HOE COBEpILIEHCTBOBA-
HU€ SHEProucIoIb30BaHusl C MO3UIMHI CUCTEMHOrO IOX0Aa B ycloBuAX benapycu sBisiercs 3anadeit
0oJ1ee BEICOKOTO IPHOPHTETA, YeM Iepexo]] K KOreHepalMoHHOMY SHEProo0ecIeueHHIO.
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On the Issue of Rational Organization of the Textile
and Knitwear Enterprises Heat and Power Supply System

V.N. Romaniukl), D. B. Muslina”
Belarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper considers organization of the industrial enterprise heat and power supply
system (HPSS), to be rational from the structure and flow parameter standpoint. Developing HPSS
is one of the main lines of implementing energy-saving potential in volumes complying with
dictates of the time on reducing the production cost energy component, which is especially vital
for the light industry enterprises of Belarus. To reduce the complexity of the task the authors em-
ploy the hierarchical structure of HPSS. With regard to textile and knitwear enterprises, they show
the irregularity of energy supply on the one hand, and of energy use on the other. The finishing
departments of the specified enterprises ensure their thermo-technological status. It is proverbial
that accomplished in terms of energy thermo-technological enterprises should not consume the
electric energy produced in condensation electric power plants. Instead, for their production needs,
they should use thermal energy and electricity generated in the CHP. At the same time, steam tur-
bine CHPs of low power, and consequently of low initial parameters, cannot provide the required
electrical and heat energy flow generation balance. The indicated circumstance among others
accounts for prevalence of condensation electric power plants in the scheme of electrogenerating
capacities that provide work for the light industry enterprises. And this leads to irregularity of their
energy supply. Transition to gas CHPs with required scheme of the energy flow generation is
associated primarily with creation of inherent generating sources, which in its turn poses a number
of challenges on modification of the thermal treatment schemes of technological flows. The prob-
lem is solved in package with developing energy consumption of the finishing department as well
as the entire enterprise. The study shows. the capability of utilizing low pressure hot water along-
side with steam, which paves the way to the recuperative use of the secondary low-temperature
heat flows — utilizing their energy by engaging lithium-bromide absorption heat pumps. The con-
gruous development of energy utilization from the position of systems approach in the context
of Belarus is the task of a higher priority than transition to cogeneration energy supply.

Keywords: thermodynamic analysis, modernization, resource recovery, cogeneration, lithium-
bromide absorption heat pumps, economic feasibility, risk factors

For citation: Romaniuk V. N., Muslina D. B. (2016) On the Issue of Rational Organization of the
Textile and Knitwear Enterprises Heat and Power Supply System. Energetika. Proc. CIS Higher
Educ. Inst. and Power Eng. Assoc. 59 (2), 151-167 (in Russian)

BBenenue

B cootBeTcTBUE C METOIOJIOTHEH MHTEHCHBHOTO SHEPTOCOEPEKEHHS TS pe-
ajM3a MaKCHMaJIbHOTO JHEProcOeperaroniero MoTeHIHana IMPOU3BOJCTBA
HEOOXO MM CHCTEMHBIN MOIX0/] K PEIIEHUIO 3aJa4d 1 MaKCUMaJIbHOE pacIInpe-
HUE TpaHuI] ’HeprocOeperaromieii 6a3pl. TpaguIiOHHAs METOIOJOTHS HEp-
rocOepexeHrss Npu AUCKPETHOM TMOAXOJE K JOCTIDKEHHIO LEIH B PaMKax
OTACNBHBIX arperaToB HE MOXET O0ECIEUNTb pPEHICHHE 33aJad IO CHIDKECHHIO
SHEPreTUYECKOM COocTapisomel mpousBoacTea [1-3]. JanbHeiliee mpoaBuxe-
HUE B paccMaTpuBacMOM NPOOJIEMHOM IMOJiE CBA3aHO C TOCTPOCHHEM Tell-
JIO3HEPTeTHIECKOM cucTeMbl mpoMbItiuieHHoro npeanpusatus (TICIIII) pamwo-
HaJIBHOM B IIEJIOM CTPYKTYPHI (puc. 1) — myTH, KOTOPHIH B OONBITHHCTBE CITyda-
€B HE HCITOJIb3YETCsI, HAIPUMED B XOJI€ TPAJAUIIMOHHBIX SHEPT0ayIUTOB.
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VpoBHH HepapXuH
PernonanbHble cuctemsl, ¢ koTopbivu cs3ana TOCIIIL: 00beaMHeHHAS EKTPOIHEPreTHYECKast
cucTeMa, CHCTEMa TOILTHBOCHA0KEHNS, BOXHEIE PECYPCHI, BO3YIIHEI GacceiH 1 mp.
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Puc. 1. lepapxuueckas CTpYKTypa TEILLIOIHEPreTUYECKON CHCTEMBbI
IIPOMBIIUICHHOT0 npeanpusrus [4]: I-V — uepapxuueckue ypoBHI

Fig. 2. Hierarchic structure of the industrial enterprise heat and power system [4]:
[-V — hierarchic levels

[Ipu pecTpyKTypH3alUu UMEIOIICHCS TEIUIOIHEPTeTUIECKON CHCTEMBI MPO-
MBILIEHHOTO TPEANPUATHS U €€ COBEPLICHCTBOBAaHUU yAOOHO HCIOJIB30BaTh
WHOE HepapXuyeckoe MOCTPOCHUE, OTpaKalollee B3aUMHYIO 3HAYUMOCTH H
(yHKIMOHANbHBIE HA3HAYCHUS TEIUIOTEXHOIOTHYECKUX U TETIOOHEPreTHYEeCKUX
yCTaHOBOK (puc. 2). B [5<7] paccMOTpeHBI BapHaHThI COBEPIIICHCTBOBAHUS OT-
JIENTBHBIX MTOJICUCTEM OTJICIIOYHOrO MPOU3BOJICTBA. B JaHHOM ciydae mpuBejie-
HBI PE3YJIbTAThI, MOIYYEHHBIC PY PaCIIUPEHUN dHEeprocoeperaromieii 6aspl, Jis
KOTOPO# CO371aeTCsl COOTBETCTBYIONIAS TEIUIOIHEPIeTHIECKas CUCTeMa Ha TMpU-
mepe OAO «bapaHOBHYCKOE MPOW3BOACTBEHHOE XIJIOMYATOOYMaXHOE OO0BEIH-
Herne» (OAO «BIIXO»).

CyiecTBylo1I€ee MoJIo:KeHne. JHePpreTU4ecKuii aHaIu3

OAO «bBITXO» HaxomuTcst B 30He TerutocHadxkenus bapanosmuckoit TOLI,
SHEPreTHYECKUE BO3MOXKHOCTA KOTOPOH CPaBHUTENBHO HEBEJIHMKH: yJEibHAS
BBIPa0OTKA 3JIeKTpO3Heprun cocrapiseT 114 kBt u/I'kai, snekTpuyeckuii adbco-
motHeid KI1J] mapoBoit TypOunbl Ha moToke mapa paseH 12 %. KIIJ] ucmons3o-
BaHms ToruuBa 80 %. DTUMU OTHOCHUTEHHO HU3KUMH TOKA3aTEISIMU OOBSICHS-
eTCsl JOCTAaTOYHO HEOXKHIAaHHAs CTPYKTypa HCTOYHHKOB JHEProO0eCIIeUeHHS
YICTO TETUIOTEXHOJOTHYECKOTO TPEANpPHUATHS, HAXOJAMIEToCs B 30HE OTBET-
ctBeHHOCTH TOI[ 1 HE MMEIOMIET0 KaKUX-THO0 COOCTBEHHBIX YHEPTOTeHEPUPY-
IOIUX WCTOYHHUKOB, JJII KOTOPOTO OOJNBINas 4acTh JJIEKTPOIHEPTHUH TeHEpH-
pyercsa KOC (puc. 3).
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Puc. 2. CtpykTypHas cxema TEIUIO3HEPreTUUECKOM CUCTEMBL C PA3HECCHUEM €€ MOJICHCTEM
10 UepapXUIecKuM ypoBHsM [3]

Fig. 2. Block schematic diagram of the heat and power system with its subsystems
hierarchic levels diversion [3]
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DIeKTPOIHEPTHI Termnosas
ot T3IT 6 % SHEPIHA

¢ mapoM 48 %

Termosas
sneprusi ¢ CB
8 %

SHeprus B
TEIIOBOI1
dopme 66 %o

DIeKTPO3HEPIHs TTpuponHslii ra3
ot KBC Ha TeXHOJIOTHIO
28 % 10 %

Puc. 3. Ctpykrypa npuxoHoii yactu sHeprodananca OAO «bIIXO»
Fig. 3. JSC ‘BPKhO’ energy-balance input scheme

W3 anammza cTpyKTyphl npuxomaHoi dacTu 3Heprodamanca OAO «bIIXO»
clenyer:

1) mpenmpusTHE TEMIOTEXHOJIOTMYECKOE, 3JCKTpHUYECKas COCTaBISIOIIAs
MEHbIIIE TEIJIOBOM B ABa pasa U paBHa 34 %, YTO COOTBETICTBYET CPEAHECTATHCTHU-
YeCKOH CTPYKType SHEepromnoTpedIeHrs MpOMBIILUIEHHOTo cekTopa benmapycu [8];

2) Gounpias yacTh 3ekTpodHepruu (10 80 %) Ans mpeanpusTus reHepupy-
etcs He Ha bapanosmuckoit TOL] Mo KOMOMHUPOBAHHON TEXHOJIOTHH, a Ha KOH-
ACHCAIIMOHHBIX MOIIHOCTAX OSHEProCUCTEMBI C TIOTEPSAMU B XOAC€ TpPAHC-
MOPTUPOBaHUS U TpaHchopmaiuu 3ekrpodHepruu ot KOC no morpedure-
ns. Jas Takoro TEIJIOTEXHOJOTMYECKOrO TPEONpHTHS, KaKUM SIBISIETCS
OAO «bIIXOp», oka3biBaeTcs, YTO B CTPYKTYpE reHepanruy Ha MOJO0HBIX Mapo-
TypOunHbIX TOL nMeeT MecTo AeQUINT 3IEKTPOIHEPTUH, TS TIOKPBITUSL KOTO-
poro HeoOxomumbl KOC. DToT BBIBOA BaxXeH A1 OOOCHOBAaHMSA pPELICHUI
0 HEO0OXOJIMMOCTH COBEPILICHCTBOBAHUS SHEPrO0OECIIEUeHUS IPEIPUSATHS, TIO-
CKOJIbKY «B YCTaHOBKE C COBEPIICHHBIM DHEPreTUYeCKUM OallaHCOM He JO0JDKHA
NOTPEOIIATHCS ANEKTPOIHEPTHSL U HE JOJDKCH KOHIACHCHUPOBATHCSA Map HaA XO-
JIOTHOW BOJOU WIJTH B XQJIOAHOM BO3ayxe» [9];

3) ocHOBHOE mOTpeOsieHue TemoThl (73 % 3Hepruu, noTpedIsIeMoil B Tel-
JI0BOH popMe) TUKTYETCsE TEXHOJIOTHEH M CBA3aHO C MAPOBBIM TETFIOHOCUTEIICM.
OtomnuTenbHas Harpy3ka u TOTpeOJIeHHe MPUPOJHOTO Ta3a Ha TEXHOJIOTHIO
VMMEIOT CYIIECTBEHHO MEHBIIIHNH BEC.

Jnst oueHKH 3(QQEKTUBHOCTH CYIIECTBYIOIIETO SHEPromnoTpeOiIeHus] npea-
HNpUATH 00paTUMCsT K aOCOJIOTHBIM UM OTHOCHTENBHBIM 3KCEPreTHYECKUM Xa-
pakteprctukam [10], KoTopble paccunTaHbl paHee B XOJ€ TEPMOIMHAMHYCCKO-
ro aHamu3a Ha 0a3ze SKCEpreTMYecKOro MeToja AJsl OTAEIbHBIX MOJCHCTEM
npeanpusatus [5]. s Bceir TOCIIIT OAO «bIIXO» pe3yabTaThl TEPMOJIU-
HaMHMYECKOI0 aHaju3a NpHUBENCHbI B TaOis. 1, MOACHEHHS K KOTOPOH IOKasa-
HEI Ha puc. 4.

ITonmy4eHHbIE pe3ynbTaThl HO3BOJIAIOT CAETIATh BBIBO, YTO SHEPromnoTpediie-
e OAO «bIIXO» B paccmarpmBaeMOM TNepHOJIE XapaKTepU3yeTcs KpaitHe
HU3KOH TepMoanHaMH4YecKOi 3((eKTUBHOCTBIO, a CHCTEMBI Heproodecneye-
HUS TpeOYIOT MPUHINITHAIIBHON mepecTpoiku. s ymydIIeHns: CUTyaliu cle-
IyeT OJOKMPOBATh MOTEPU IKCEPTUU — KaK BHyTpeHHHUE D;, Tak U BHewHue D, .
Pe3ynmbTaToM 3TOTO CTaHET yIydIlleHWe 3HAYCHWH MeNIeBBIX (DYHKITHI: CHIDKE-
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HUE abCOJIOTHOTO pacxoja SHEPTrUU 3a CYET COBEPIIECHCTBOBAHHUS JHEPTOIIO-
TpeOneHus] MpEeanpusITHEM W YMEHBIICHHWE DPAacXOJOB Ha JIHEproodecredeHue
MPOU3BOCTBA 33 CUET MOBBINICHUS 3(PPEKTUBHOCTH HCIOIH30BAHUS TICPBHUY-
HOTO JHepropecypca NpW TeHepaluil TEIUIOBOM M AIIEKTPUYECKON SHEPTHH.

Tabnuya 1
OcCHOBHBIE HEepreTHYECKUe M IKcepreTnyeckue xapakrepuctTuku padéorsl OAO «BIIXO»
B IITATHOM PesKHMe 32 pafoune CyTKH OTONHMTEIbHOTO MEPHOAa

JSC ‘BPKhO’ general energy and exergetic normal mode performance characteristics
during a working day in the heating season

3HaueHue (KOHTPOJIbHAS

Obo3Ha- MOBEPXHOCTH Ha TPAHHIIE)

HaumMeHnoBaHue mokazaresst
YeHHE

MPEANPUATUS™ | SHEPrOCHCTEMBI*

Ouepreruueckuii KI1/1,, % n, 0,004 0,002

CreneHb TEPMOIUHAMUYECKOTO COBEPIIEHCTBA

texuuueckoit cuctemsl (TC), % v 27,0 9,5

Tepmogunamuueckuit KI1., % M. 0,006 0,002

CrerneHb TEXHOJIOIMYECKOr0 COBEPIICHCTBA, Yo B 73 90,5

Crenens nonnoro cosepueHcrsa TC, % u 0,0047 0,0019

3arparsl JHEPTHH Ha TOHHY MaTepHuala ¢ y9eTOM

anexkrposnepru, I JHx/T q 90,7 181,5

3arpathl SKCeprum Ha TOHHY MaTepuana, I JHx/T e 55,7 172,4

[Totepu 3kcepruy MO OTHOIIEHMIO K €€ 3HAUCHUIO

Ha Bxoze, ['J[x/T, B TOM uncie D 56,0 172,6
BHEIIHUE D; 1,4 6,4
BHYTPEHHHE D, 54,6 166,2

"
[Tosicuenust Ha puc. 4.
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Puc. 4. CtpykrypHas cxema Kk pacdery 6anancoB sHeprun u 3xcepruu 1t OAO «BIIXO»
no pesynbratam 2013 r.: IITII — moGouHble TerioBble MOTOKK; TB — TexHnueckas Boja;
OCB - obparnas cereBas Bona; [ICB — npsimas ceTeBast BOJa;

II" — npuponuslii ra3; Q,. — HOTEPU B OTONUTEIBHOH CETU

Fig. 4. Block schematic diagram to calculation of JSC ‘BPKhO’ energy and exergy balances
on results of 2013: ITTII — secondary heat fluxes; TB — service water;
OCB - return heating-system water; IICB — heating water;
II" — natural gas; Q,. — losses in heating system




V. N. Romaniuk, D. B. Muslina
On the Issue of Rational Organization of the Textile and Knitwear Enterprises. .. 157

Ha neGnaromomyuyHoe mojioxxeHHe ¢ obecriedeHneM NpeoOpa3oBaHHBIX BH-
JIOB DHEPTrOPECYPCOB YKa3blBaeT 3HAYMTENHLHOE YXYANICHHE OTHOCHTEIBHBIX
XapaKTEepPUCTUK (B 2—3 pa3a) Mpu pacuIMpeHUU KOHTPOJILHOW MOBEPXHOCTH aHa-
JU3UPYEMON TEXHUYECKOW CHUCTEMBI, KOTJIa B €€ COCTaB BXOJSAT IOJCUCTEMBI
npeoOpa3oBaHus TOIUIMBA B TpeOyeMble JUIS TEXHOJIOTUU SHEPropecypChl: Tell-
JIOBast PHEPTHUS U DIIEKTpodHeprus (puc. 3, 4, tadm. 1).

PecTpykTypH3auus Teni03HepreTHYeCKoil CucTeMbl NpeInpPUsTUs

Jisg  panpioHaNmU3alMd  3HEPTONMOTPEONIeHHST B COCTaB  CYIICCTBYIOIICH
TOCIII 7onOTHUTENHFHO UHTETPUPOBAHBI TIOJICUCTEMbI PEKYIIEPAIliH, YTUIU3a-
MU TEIUIOTHl HU3KOTEMITEPATypHBIX IMOOOYHBIX IMMOTOKOB C MOMOIIBI0 abcopo-
IIHOHHBIX OPOMHUCTO-TUTHEBBIX TEIIOBBIX HACOCOB W a0COPOIMOHHBIX XOJIO-
JIUITBHBIX MAIIWH, TTAPOBBIC ¥ BOSHBIE TIJIOBBIC aKKyMYJISTOPHI (pHC. ).
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Puc. 5. Ctpykrypnas cxema TOCIIII OAO «bIIXO» B COOTBETCTBUU C HEPAPXUIECKUM
ypoBHeM coctasisomux noacuctem: ABXM — abcopOunoHHas X0IoMIbHAsT MAIlHHA,;
ABTH — abcopOrmonnsIii TemoBoit Hacoc; I13B, O3B — npsimast 1 o6paTHas 3aX0JI0kKEeHHas BoJia

Fig. 5. Block schematic diagram of JSC ‘BPKhO’ HPSS as consistent with the hierarchy level
of subcomponent systems: ABXM — absorption refrigerating machine;
ABTH — absorption heat pump; II13B, O3B — heating water and return cooled water

Jlnst yka3aHHO#M CHCTEMBI, TIOJABEPTHYTOW PECTPYKTYPH3AIMH, OTPEACICHBI
noKazarenu 3HepromnorpediieHus. J[Ba anbTepHATHBHBIX BapUaHTa MOJICPHH3a-
M1 — C TIEPEX0JI0M K COOCTBEHHOW KOTECHEpAITMOHHON BBHIpaOOTKE Ipeodpaso-
BaHHBIX YHEPTONOTOKOB U 0€3 HEee — IPHUBEICHBI B Ta0. 2.
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Tabauya 2

OcCHOBHBIC JHEPreTHYECKHUE U IKcepreTnyeckne xapakrepucTuku padorsl OAO «BIIXO»
nocje MOJAEPHU3AINH 32 pado4ne CyTKH OTONHMTEJbHOI0 Nepruoaa
(3HaYeHMs1 MPUBEEHBI IJIs cIy4asi, KOI/ia KOHTPO/IbHAsl NOBEPXHOCTh HAXOAMTCSI
HA TPaHHIE JHEPTOCUCTEMBI*)

JSC ‘BPKhO’ general energy and exergetic performance characteristics
after modernization during a working day in the heating season

(the values are given for the case when the test surface is at the boundary

of the energy system®*)

ITonoxenue
MOCJIe MOACPHH3ALHN
HaunmeHnoBanue nokasarens 35{)551:- Bapuanr | R 2
CYHMECTBY-| (6e3 coOcTBeH- | (C cOOCTBEH-
e foHIce HOM reHepauuy | HbIM KOreHepa-
JNIEKTPO- LIHOHHBIM
sHeprun*) KOMITIIEKCOM*)

Ouepreruueckuii KI1J1,, % 5 0,002 0,0021 0,003
CrerneHb TEPMOANHAMHYECKOTO COBEP-
menctBa TC, % 9,5 10,0 11,6
Tepmogunamuueckuit KI1., % Ne 0,002 0,002 0,003
CTeneHb TEXHOJIOTHYECKOTO COBEPILICH-
cTBa, % B 90,5 90,0 88,4
Crenens nonnoro cosepueHcrsa TC, % 0,0019 0,0020 0,0023
3arpatThl SHEPTUH Ha TOHHY MaTepuana
¢ y4eToM 3eKkTpodHeprun, ['J[x/T q 181,5 171,3 144,6
3arpaThl SKCEpIruy Ha TOHHY MaTepHa-
na, I'JIx/T e 172,4 162,8 137,4
IMoTepu 3xcepruu Mo OTHOIICHHIO K e¢
3HaueHuIo Ha BXxoze, [ Jx/T, B ToM uncine| D 172,6 162,9 137,6

BHEIITHUE Di 6,4 5,8 5,0

BHYTPCHHHUE De 166,2 157,1 132,6
l'omoBast 5KOHOMHS YCIOBHOT'O TOTLITH-
B4, THIC. T/TOJL AB - 1,9 6,3
IIpocroii cpok BO3BpaTa HHBECTULINH,
JIeT T - Jo 0,5 3,3
* MoscHenus Ha puc. 4, 5.

OyeBNIHO yNMy4IIeHHE TEPMOJANMHAMUYIECKHUX OIIEHOK SHEPTONOTpeOIeHus U,
KaK CIIeICTBHE, CHIDKEHHE OTPEOHOCTH B SHEpropecypcax M 3arpar Ha UX Mpu-
obperenue. s mydiiel WUTIOCTpallMd U3MEHEHUH CleqyeT OOpaTHThCS K CXe-
Me, Pa3bICHAIONIEH TocucTeMy dJHeproobecredeHnus (puc. 6), U CTPYKType
TeHepaly SHEProroTOKOB pa3iM4YHbIMH HcTOuHHKamu (puc. 7). CHUKeHue Mo-
TpeOHOCTH UMITOPTa MPUPOJHOTO Ta3a 3a CUET WCIIONB30BAHHUS BHICOKOI(P(EKTHB-
HOTO COOCTBEHHOT'O KOTEHEPAIFIOHHOTO KOMILUIEKCa COCTaBUT 4,4 TBIC. T y. T. B IO,
3a CYeT MOBBIIICHHS KayecTBa SHEPrOUCIONb30BaHuA — 6,3 THIC. T y. T. B TOJ.
B oTHOCHUTENBHBIX e€OMHUIAX KOTreHepamnus oOecTeYnBaeT YIy4YlIeHHE OCHOB-
HBIX Mokazateneit or 22 10 50 % 1Mo OTHOIIEHHIO K CYIECTBYIOLIEMY TMOJI0MKE-
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HUIO. YIelIbHOE TOTpeOIeHre SHepIruu cHrbkaeTcs Ha 36,9 MJx/t, win Ha 20 %,
T. €. CTPYKTypa 3Heproobecrneuenus ymydmaercs. OTKa3 OT MOJHOIO 3aMellie-
HUS TEHEPAIMK JICKTPOIHEPTUU CTOPOHHUMH HUCTOYHUKAMHU CBSI3aH C 0e3yCIIOB-
HBIMU OTPaHHYCHHUSMH Ha BBIJIa4y W30BITKOB MOIHOCTH BHEITHHM MOTpeOHTE-
JISIM 1 HETEIeCO00pa3HOCTRI0 pa0OThl COOCTBEHHON CHCTEMBI TeHEpaIliy dHEp-
TOITOTOKOB B OCTPOBHOM PEKHUME.

. | - C pacIHPEHHOI CTPYKTYpOii LIMOBBIC 12351
4 | OAO «BITXO» Qo
T L =S t
99 | IIpon3BoaCTBEHHBIH Komercar
. K3C -5 KOMILTEKC — |
| Y | o5 |
r ) | ITap TICB I
— BbapanoBuuckas I - J_ —_ |
............ > oI ap Korenepauuornpii ™
Cripas soxa | - KOMILTEKC T |>
r | Konpnencar A VL | JlbIMOBBIC|ra3pl |
........... T V. |
Cripas Bofa | < Konpgencar |

Puc. 6. CTpykTypa 3HEproloTOKOB paCUIMPEHHON CUCTEMBL SHEProobecTieueH s MPeAPUATHS
Ha npumepe OAO «BIIXO» nocie BBoJa KOreHEepalOHHOTO KOMILTeKea (0003HaueHust Ha puUc. 4)

Fig. 6. Energy flows scheme of the augmented energy supply system as exemplified
by JSC ‘BPKhO?’ after introduction of the cogenerating complex (for notations see Fig. 4)

Temnoeas SHeprus TTpupomHbIii ra3 ?a Temnosas SHeprisd
¢ CBor T3l 1 % TexHonormio 10 % ¢ mapom 8 %

Termmoras 3Heprus IpupomHeLi ras Temmoras 3HepTHA
¢ mapoM oT T3L] 7 Ha . ¢ CeTeBoil BOMOIl
319 KOTHEPALHOHHBII 12 %

KOMIITEKC
3H8K%&H;§;Im ot 44 % DIEKTPO3HEPTHA
24 %

Onextposreprua o1 KOC 11 %

Puc. 7. Ctpykrypa npuxoaHoii yactu sneprodaizanca OAO «BbITXO»
HOCJIe MOICPHU3ALMH TEIUIOAHEPTETHYECKOH CHCTEMBI IPETPUSTHS

Fig. 7. JSC ‘BPKhO’ energy-balance input scheme after modernization
of the enterprise heat and power system

JIs wnmrocTpari myTel JOCTHIKEHHWS TMOoJIydeHHoro dddekra Ha puc. 8
NpUBEACHA IPUHLIUIINATIBHAS TEIJIOBAsl CXeMa OTIEJIOYHOTO MPOU3BOJICTBA, SIB-
JISIIOIIETrOCsl OCHOBHOM TEIIOTEXHOJIOTHEH MPeIIpPUsITHS.

B utore ocymiecTBieHo M3MEHEHHE CXEMbI TEIUIOBOW MOATOTOBKH TEXHOJIO-
THYECKHX TOTOKOB C MEPEXOAO0M K UX ABYXCTYNEHUATOMY HarpeBy BOISHBIM
Y MMapOBBIM TEIUIOHOCUTEIISIMU, YTHIU3aIUU MOOOYHBIX MOTOKOB [11, 12], BHI-
MOJTHEHO paclIMpeHue dHeprocOeperarmei 0a3pl ¢ BBIXOJOM 3a PaMKH OT[ie-
JIOYHOTO MPOU3BOJICTBA JI0 TPaHHMIl IpeAnpuaTus B uenoM. [IpeaycmarpuBatorcs
B MIEPBYIO OYepelb HEMOCPEICTBEHHAs peKynepanus TernoTsl 1o 30,2 ['kan/cyT.
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U Tocieayonas yTuin3anus TemioTel ¢ nomoiisio ABTH Huszkoremneparyp-
HBIX TIOOOYHBIX TMOTOKOB B KoyimduecTBe 12,4 I'kan/cyT., ipu 3TOM OyIeT OTIy-
meno 30,2 ['kan/cyT. TEeIUIOTHl ¢ CETEeBOM BOAOH, U3 KOTOPBIX HA CUCTEMBI Tell-
nocHabxenuns u ['BC nmpuxonuntes 4,9 ['kan/cyt. B pesynbraTe mo6odHbIE TOTO-
KH OXJIaxmatorcs no temmeparypel 15 °C, obecrmeumBas 42,6 I['xan/cyr.
SKOHOMHHU TeIMJIOBOW dHepruu, winn 17 % TemmomoTrpeOneHuss mpennpus-
tus (1,9 Teic. Ty. 1. B Toxa). Ha mpuBon ABTH moTtpeOyercs BiakHbIH map qaB-
nernem 0,2—0,4 MIla B xomuuectse 17,8 ['kan/cyT.
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Puc. 8. Cxema TEIUIOIHEPTETUUECKON CHCTEMBI OTACIOYHOTO IPOU3BOICTBA
C YTHIH3aLUel YJHEPTHH TOOOYHBIX TEIUIOBBIX MOTOKOB IMyTeM MHTerpanun B Hee ABTH
JUTS BHEILITHETO 3HEPrOMCIIONb30BAaHMS U IBYXCTYIIEHUATOH peKymneparuei

Fig. 8. Diagram of the finishing production heat and power system
with utilizing the secondary heat flow energy by means of ABTH
integration for external use of energy and two-stage recovery

Crnenyer OTMETUTh HEKOPPEKTHOCTb CPAaBHEHMs IIOKas3aTesled »Heprouc-
[I0JIb30BAHUS Ha PACCMATPUBAEMBbIX MPEANPHUITUAX peciyonuku u B EBpocorose,
MOCKOJIbKY B €BPOINEHCKHUX MOKa3aTeNIX IHEPrOEMKOCTH NPOILYKIIMU HE YUUTHI-
BAIOTCS 3aTpaThl TOIUIMBA HA I'€HEPALMI0 BTOPUUYHBIX IHEPropecypcoB (Termso-
u anektposHeprun). B EC ncnons3yrotes cnemytomniue mokasartenu [13]:

o yaensHOe 3HepromnorpedneHrne SEC notpebneHHol SHEpTUU B TUTAIKOY-
JISIX Ha TOHHY IPOJYKIINY;
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e JHEepProeMkocTh mponykiuu El, oTpakaromass KOJIMIECTBO MOTPeOICHHON
SHEPTUU B MEraKOyJIAX Ha IPOU3BOJICTBO TOTOBOM MPOAYKLIUHU HA OAUH €BPO;

* HHTEHCUBHOCTDH BBIOpocoB anokcuza yriepoaa CEI B Tonnax Beiopocos CO,
Ha TOHHY NPOIYKIIHH.

It OAO «bIIXO» mokazatens sHeproemkoctd SEC B BapuaHTe cCylile-
cTBytomiero nojoxkenus paseH 90,7 I'Jx/T, B pe3yiabTare NpeIoKEeHHOH MO-
JepHHU3aLKKU ero 3HadeHue cHmxkaercs 10 83,7 I'JIx/T, 4To HaXonuTCs Ha YpOB-
HEe Jy4IIuX ToKa3zarteneil moJoOHbIX Hemeukux npeanpuaruil (80-90 I'Ix/T),
r7le UMEIOTCd OAMHAKOBOE TEXHOJOTWYecKoe o0OpyAoBaHHME M OoJiee HHU3KHE
3aTpaThl HA OTOIJICHUE B CBSI3U C MHBIMHU, MATKUMH, KIIMMAaTUYECKUMH yCIIOBU-
ssvu [13]. C yueToM CTOMMOCTH TIPOAYKIIMU TTOKa3aTenb dHeproemkoctr El mis
OTHENOYHBIX Tipom3BoAcTB I 'epmanmm paBeH 7—8 MJDx/EUR. [t OAO «bITXO»
B 2013 r. BenMuMHa COOTBETCTBYIOILIEro Moka3aTens sHeproeMkoctu El cocra-
Buta 15 MJx/EUR. Ilpu peanmzaumu paccmarpuaeMoit moaepHuzauun El
camkaercs a0 13,7 M/bx/EUR. OtmedeHHas pa3HHIIa CBsi3aHa C TE€M, 4YTO B
I'epmanuy nmeer mecto 6onee BBICOKAs CTOMMOCTD TOTOBOM MPOJYKIINH.

Ecnu obpaTtuthes K MOBCEMECTHO MCTIONB3yeMO# B EBpocoro3e Takoit xapak-
Tepuctuke 3(pYEeKTUBHOCTH SHEPrOMCIONB30BaHNUS, KaK KOJIMYECTBO BHIOPOCOB
JMOKCHUIA yIIIepoAa Ha TOHHY mpousBeaeHHon npoaykuuu (CEI), momyunm nis
TEKCTHJIBHBIX W TPUKOTAXHBIX mpennpusitaid ['epmanun 14—17 T CO,/T mpo-
aykuun. s OAO «BITIXO» B cnydae MoJepHU3ALMY IO BapHaHTy 0e3 KoreHe-
paruu CEI camsutcs ¢ 4,9 no 4,5 T CO, Ha TOHHY nponykiuu. CTonb cyiie-
CTBEHHasl pa3HHULa 0OyCJOBJIE€HA TE€M, YTO OCHOBHBIM TOIIMBOM B [ epmaHun
CIIY>KHUT YT OJIb.

OneHka 3KOHOMUYECKOil 11eJ1ec000Pa3HOCTH pealnu3aluyu Meponpus THii
KOHIeNIIIUM HHTEHCUBHOIO YHEProcoepekeHus1

Jis oneHkn >(PGEKTUBHOCTH MPEATOKESHHBIX BapHAHTOB MOJCPHU3AIUN
TEIUIOAPHEPTeTHYCCKOW CUCTEMBI MPEANIPUITHS PACCUMTAHBI OCHOBHEIC IMOKa3a-
TEJIN YKOHOMHYECKOH 3(PPEKTUBHOCTH B COOTBETCTBHH C JIEHCTBYIOIUMH METO-
TUICCKAMA PEKOMEHAAIVSIMI ¥ HOPMAaTHBHOM MOKyMeHTamuei [ 14, 15]:

e JIMHAMUYECKHI CPOK OKYITaEMOCTH TPOCKTa,

e YUCTHIA JUCKOHTUPOBaHHEIN noxoq NPV;

e HHNEKC peHTadensHocTH PI.

Pacyetbl OCHOBHBIX MOKa3zaTech 3(P(HEKTUBHOCTH KalIMTAIbHBIX BIIOKEHUI
OCHOBAHbBI Ha JIBUKCHUU YUCTHIX TIOTOKOB HATMYHOCTH, OA3UPYIOMIMXCS HA KO-
HOMHH JICHEKHBIX CPEJICTB 32 CUET CHWIKCHHUS IMPOU3BOJICTBEHHBIX M3/ICPIKEK Ha
MprOOpEeTEHNe YHEPropecypcoB co cTopoHbl. [lomydenHsie mokazaTenu 3dex-
THBHOCTH HWHBECTHUITMH TpeicTaBieHBl Ha puc. 9-13. [opu3oHT pacuera mpu
OTIpe/ICIICHUH TEXHUKO-3KOHOMHYSCKHX ITOKa3aTeei NpUHAT 15 neT.

Pesynbrarel pacyera mokasbIBaIOT, YTO MPEIUIOKCHHBIC BAPUAHTHI MOJICPHU-
3ammu TOCIIIT OAO «BITXO» oTBedaroT BceM TpeOyeMBbIM KPUTEPHSIM, MTPEIb-
SIBIIIEMBIM K MTPOEKTaM IpH 0TOOpe UX 17151 PHHAHCHPOBAHUS:

e IMHAMUYECKHUI CPOK OKYITaeMOCTH MEHBIIIC CPOKa CITy:KOBbI 000y IOBaHHS,

e YHUCTBINA JUCKOHTUPOBAHHBIN JOXOJ MIPEBBINIACT HYJICBOC 3HAUCHHE;

e MHJCKC PeHTA0ETLHOCTH HHBECTHIINMA OoJrbie 1.
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Puc. 9. luHaMyKa N3MEHEHNUS IEHEXHBIX IIOTOKOB 3a IIEPHOJI FKCILTyaTallui 000py10BaHUS
10 BapuUaHTy | mpu cTaBKe IUCKOHTHpOBaHUA 15 %
Fig. 9. Money flow time history for the period of the equipment operational life
for Variant 1 at discount rate 15 %
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Fig. 10. Money flow time history for the period of the equipment operational life
for Variant 2 at discount rate 15 %
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Puc. 11. 3aBUCUMOCTBL YHCTOTO Puc. 12. I3MeHeHne WHAEKCA JOXOTHOCTH
IICKOHTHpOBaHHOTO noxoxa (NPV) HMHBECTUIIMOHHBIX 3atpart (PI)
OT CTaBKU AUCKOHTHpOBaHMA (£) o BapuaH- OT CTaBKU JAUCKOHTUPOBaHUs (E)
TaM MOJICpHH3AIMN: —&— — YUCThI [0 BapHaHTaM MOJIepHU3AINH:
JIICKOHTHpOBaHHEIN noxox (NPV), Bapuanr 1; ~ —®— — HHICKC JOXOJAHOCTH HHBECTULIMOHHBIX
—4&—— TO )€, BAPHAHT 2 3arpar (PI), Bapuant 1; — &—— T0 ke, Bapuanr 2
Fig. 11. Net present value (NPV) response Fig. 12. Discounted profitability index
on discount rate (E) alteration (PI) on discount rate (£)
for the modernization variants: for the modernization variants:
—=— —net present value (NPV), Variant 1; —=— — discounted profitability index
—e——same for Variant 2 of investment expenditures (PI), Variant 1;

—«&——same for Variant 2
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Puc. 13. 3aBucUMOCTb AMHAMHYECKOTO cpoka okynaemocTu (DPP)
OT CTaBKH JUCKOHTHPOBaHU (£) 10 BapHaHTaM MOJICpHHA3AINI

Fig. 13. Period of recoupment of dynamic (DPP)
on discount rate (E) for the modernization variants

OneHka ycTOHYMBOCTH 3KOHOMHUYECKOH 1ej1eco00pa3HOCTH

PAH pamxupopana (HakTopbl pUCKa pealn3alii MPOSKTOB COBEPIICHCTBO-
BaHMs dHeproobecrneueHus [14, 15]. DTu pucku coXpaHAIOTCS W B Clydae Ipo-
€KTOB MOJICpHHU3AIMU HHEPronoTpeOIeHus] MPOMBILUICHHBIMUA MPEANPHITUIMH.
Js mpoBepkH YCTOWYHBOCTH TPEUIOKEHHBIX BapHAHTOB MOJIECPHHU3AINH
TOCIIII na mpumepe OAO «bIIXO» Kk M3MEeHEeHHAM HanOOJee CyIIeCTBEHHBIX
(akTOpoB pucKa OBLT MPOM3BENEH aHANINU3 HYyBCTBUTEIHLHOCTH. OCHOBHBIMH
(hakTOpaMu prCKa CHIKEHUS BO3BPAaTa MHBECTHUIINH SBIISTFOTCS:

e TIOBBIIIIEHHE CTOUMOCTH TOTLIINBA;

e YBEJIMYCHNE NHBECTUIIMOHHBIX 3aTPaT.

[IpoBeneHa oreHka BIUSHHUS OCHOBHBIX (DaKTOPOB Ha M3MEHEHHE TEXHH-
KO-DKOHOMHYECKUX TIOKa3aTeled MpH YBEIWYCHWH KalMTAIbHBIX BIIOXEHHH
Ha 20 % u croumMocTH mproOpeTeHus npupoaHoro raza Ha 20 %. Pesynprathl
pacdeToB MOKa3bIBalOT YCTOWYMBOCTh BAPHAHTOB MOJIEPHU3AINHN IO BCEM Tpe-
OyeMBIM KpuTepusM (Tadi. 3).

Tabruya 3
TexHHK0-3KOHOMUYeCKHe MOKA3aTe/ ! 10 BAPHAHTAM MOIePHU3AIHH
IPU OJTHOBPEMEHHOM YBeJIM4YeHHU HHBECTHIMOHHBIX 3aTpaTt Ha 20 %
¥ CTOMMOCTH NPUPOAHOro ra3a Ha 20 %
Technical and economic indexes for the modernization variants
at simultaneous investment expenditures increase by 20 %
and natural gas price increase by 20 %
HaumenoBanue nokasarens H];:ﬁg;:}lll;ﬂ Bapuanrt 1 Bapuant 2
['opoBas 6anancoBas mpuOBLIL MJIIH pYO0. 13981 58497
INoTpe6HOCTH B hHHAHCHPOBAHUH MJIH pYO. 8123 168397
Buytpennss Hopma noxoanoctu (IRR) % 169.,4 30,8
Cpoxk okynaemoctu npocroii (PP) net 0,59 3,20
IIpu craBke nuckonTupoBanus 10 %
YucTelii AuCKOHTHPOBaHHBIH 10x0a (NPV) MJIIH pYO0. 81646 238928
WHpexc 10X0MHOCTH HHBECTUIIMOHHBIX 3aTpat (PI) pyo./py6. 15,47 2,87
Cpok okynaemoctu auHammdeckuii (DPP) JeT 0,54 3,26
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Okonuanue mabn. 3

HaunmenoBanue nmoka3saress H];:ﬁg;;::jﬂ Bapuanr 1 Bapuanr 2

IIpu craBke quckoHTHpOBaHusA 15 %

YucTelii AUCKOHTHPOBaHHBIN 10x0a (NPV) MJIH py0. 61454 153873

Wnpexc 10X0MHOCTH HHBECTUIIMOHHBIX 3aTpat (PI) py0./py6. 11,89 2,20

Cpok okynaemoctu auHamudeckuit (DPP) JIeT 0,57 3,67
IIpu craBke quckonTHpOBaHus 20 %

Uwcrslit quckoHTUpOBaHHBIN 10X01 (NPV) MJIH pYO. 48001 97237

WHpexc 10X0MHOCTH HHBECTUIIMOHHBIX 3aTpat (PI) py0./py6. 9,51 1,76

Cpok okynaemoctu auHamudeckuit (DPP) JeT 0,59 4,19
IIpu craBke nuckonTHpOBaHud 25 %

YucTslit quckoHTUpOBaHHBIN 10X01 (NPV) MJIH pYO. 38632 57818

WHpexc 10X0AHOCTH HHBECTUIIMOHHBIX 3aTpat (PI) py0./py6. 7,85 1,45

Cpok okynaemoctu auHamudeckuit (DPP) JIeT 0,62 4,92

Onenka 3Hepr0c6eperalomer0 MOTEHIUAJIA TEKCTHIbHOM
n TpPlKOTa)l(HOﬁ 0Tpac.11el“4 JIerKoi MNPOMBIIIVICHHOCTH

[To omeHkaMm aBTOPOB, OMyOJUKOBAaHHBIM B [16, 17], moTeHIman coOCTBEH-
HOM DHEProTeXHOJOTHUECKOH KOMOMHHPOBAHHOW TE€HEpaIlid JHEPrOIIOTOKOB
B OTPACIH JETKON MPOMBIIUIEHHOCTH MOXeT pocturatb 60 MBT, yTo nmo3sonur
exerogHo skoHoMuTh nopsiaka 80—100 Teic. T y. T. Ilpu oleHke moTeHIMaNa
YTHIU3AIUN TOOOYHBIX TEIUIOBBIX IOTOKOB TEKCTHJIBHON M TPHUKOTAXHOH OT-
pacieil Jlerkod MpOMBIINUIEHHOCTH benmapycu mpoaHaln3UpOBaHbI JaHHBIE IO
cTokaM OoJiee 25 KPYNHBIX M CTOJIBKHX X€¢ MeNKuxX mnpeampustuid [18, 19].
CymmapHbIe 00BEMBI HU3KOMOTEHIIMAIBHBIX IMOOOYHBIX TEIIOBBIX ITOTOKOB
10 MPENPUATHAM COCTABISIOT HOpAAKa 7,2 MIH M/rof. HeTpyaHo omeHHTH
SHEProcOeperarIui MOTEHIIMAT UX YTHIM3ALWU: MPU OXJAXKICHUH TOTOKOB
¢ 45 no 20 °C (4To HE COCTABISIET MPOOJIEM TIPH HUCIIOIH30BAaHUN abCOPOIIMOH-
HBIX OPOMHCTO-JIMTHEBBIX TETJIOBBIX HACOCOB) MOJy4YaeM OE3TOMIMBHBIA TOAO0-
Bo#i motok rermnotel 0,75 muH ['J]x (180 teIc. ['kam), wium 28 THIC. T Y. T., KOTO-
pBIii HEOOXOAUMO YTHIM3UPOBATH MPEXKAE BCETO BHYTPH MHPEANPUATHH. DTOT
MOTEHLMAJ BO3MO>KHO pealn30BaTh HETOCPEACTBEHHO NMPH peKyleparuu Tel-
JIOTHI 71l IPOBEACHUS TEXHOJIIOTHYECKUX ONepaliii KpaleHus U MpH UCII0JIb30-
BaHUHW TETIOBBIX HACOCOB ISl YTHJIM3AIWW TETUIOBBIX ITOTOKOB C TEMIIEpary-
pamu, Huxe 45 °C.

Takum 00pa3oM, COBOKYITHBIH SHEProcOeperarmuii TOTeHIHAT TeKCTHIh-
HOU U TPUKOTAXXHOU OTpaciiei JIErKOi MPOMBIIUIEHHOCTH benapycu cocTaBisieT
nopsiaka 0,13 MaH T y. T. B TO/I.

BBIBO/IbI

1. IlpeanoxeHsl BapHaHTHl PAllMOHAIH3ALMU CXEM TEIJIOPHEPreTHYECKON
CHCTEMBI TIPEANPHUATHH JIETKOW IMPOMBIIIICHHOCTH [UIS PA3JIMYHBIX BHEITHHUX
yCJIOBUH SHEprooOecnevyeHusl, AJs 4ero:
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e pa3paboTaHsl 1 000CHOBAHBI CXEMBI ITPOBEICHUS TEIUIOBOM 00pabOTKH OT-
JeIOYHOTO MPOU3BOJCTBA C MCIIOJNB30BAaHUEM BOASHOTO TEIJIOHOCHUTENSI Hapsi-
Iy C MapOBBIM;

e pa3paboTaHbl 1 00OCHOBAHBI CXEMBI PEKYTIEPAINH 1 YTHIIH3AINN TETTOBON
SHEPTUH HU3KOMOTEHIIHAIBHBIX TTOOOYHBIX MOTOKOB B OT/IEJIOYHOM IIPOHU3BO/I-
CTBE M OIICHEHA X TePMOJMHAMHUYECKAs U IKOHOMIYECKast 3PPEKTUBHOCTS;

e pa3paboTaHbl CXEMbI dHEProo0ecIeYeHUs] NPEATIPUATHS OT COOCTBEHHOTO
TCHEPUPYIOIIET0 UCTOYHHUKA C BBHIPABHUBAHHEM TIpa(MKOB TEIIOBOTO MOTPEOD-
JICHUS OTAEJIOYHOTO MPOM3BOJICTBA, OIlEHEHA WX TEPMOAMHAMUYECKasl W OKOHO-
Mudeckast 3pPeKTHBHOCTS.

2. IlokazaHa TEXHUKO-IKOHOMHYECKasl CTa0MIFHOCTh MPOEKTOB MOAECPHU3A-
UM TETJIOPHEPTeTHYECKOH CUCTEMBI TPEANIPUATHSI C YUETOM OCHOBHBIX (paKkTo-
poB pucka. [IpemnoxkeHHbIE BapUaHTBl MOJCPHU3ALMU 3JHEProoOecTedeHus
B paMKaX peCcTpPyKTypH3aIlMl U COBEPIICHCTBOBAHUS TEIIOIHEPTETHIECKOMN CH-
CTEMBI IPOMBIIIIEHHOTO TIPEAIPHUATHS:

e UMCIOT BBICOKYIO 3((PEKTUBHOCTD;

e YCTOWYMBBI K N3MEHEHUIO OCHOBHBIX (DaKTOPOB PHCKA;

e 00€CTIEUNBAIOT 3HAYUTEIBHYIO SKOHOMHIO OpraHudeckoro torumsa (ot 1,9
n0 6,3 TeiC. T y. T.) U mOBbIIICHHE 3()(HEKTUBHOCTH HCIIOJIL30BAHHS TOILIHB-
HO-DHEPTeTUYECKUX PECYPCOB, YTO MPU3HAHO OJHUAM U3 MMPUOPHUTETHBIX HaIlpaBlie-
HUI pa3BUTHS SKOHOMHUKH PeciryOnmkn benapych Ha OMMKaNTITYIO TIEPCTICKTURY;

e YIyYIIAIOT KOJIOTUYECKYI0 OOCTaHOBKY B CTpaHE 3a CUET CHIDKCHHS BEJIH-
YMHBI BPEAHBIX BBIOPOCOB B aTMocdepy. Bennmunna camxenust BeiopocoB CO,
MIPY OCYIIECTBICHUN MOACPHU3ALMH [0 BapHaHTy | coctaBuT 3,5 THIC. T, @ 1O
BapuaHTy 2 — mopsiaka 11,5 TeIC. T B TOA.

3. JlaHa OIlEHKa COBOKYITHOTO JHEProcOEperaromero moTeHnnana s TeK-
CTHJIBHBIX M TPUKOTAXHBIX pennpuiatuil benapycu — 1o 0,13 MiH T y. T. B roz.
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