TennomacooOMiH npu KoHAeHcanil BOASHOI NMapH 3 NPOAYKTIB 3rOPaHHsA HAa IOBEePXHi
npogiiLoBaHUX OpedpeHnx Tpyo.

TemuioMmaccoo0MeH NpPH KOHAEHCAUMHM BOASIHOTO Napa M3 NPOAYKTOB CrOPaHUs Ha
MOBEPXHOCTH NPOPUINPOBAHHBIX OPeOPEHHBIX TPYO.

Heat and mass transfer during condensation of water steam from the products of
combustion on the surface of profilled finning tubes.
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3. CyTh po3po0KH, OCHOBHI pe3yJIbTATH.
(Ykp.)

[ToBHOMacmTaOHE OCBOEHHS B YKpaiHi BEJIMYE3HOTO MOTEHIIATY €HEPro30epekeHHs 3a
paxyHOK yTWii3amlii TEIIOTH BUKHAHUX Ta3iB MPOMUCIOBUX EHEPreTHYHUX 1 TEXHOJIOTIYHHX
YCTAaHOBOK, IO BHKOPHCTOBYIOTH BYIJICBOJHEBI TMalMBa, HEMOXJHMBE 0€3 TIMOOKOTro
OXOJIO/PKEHHS IIMX Ta3iB B KOHACHCALIMHUX TEIJIOYTUII3aTOpaXx.

CyTHICTh PO3pOOKHM TOJISITA€ Yy 3aCTOCYBaHHI B KOHACHCAIIMHMUX TEIUIOYTHJII3aTOpax B
AKOCTI TEMJIOOOMIHHHMX IOBEPXOHb OpeOpEeHl IMIOCKOOBAIbHI TPYOH, SIKI XapaKTepU3YIOThCS
ICTOTHO MEHIIIUM aepOJMHAMIYHUM OIOPOM Ta CKOPOUYEHHOIO KOPMOBOIO 30HOI0 HAKOIMYCHHS
IUTIBKA KOHJeHcaTy. Kpim Toro, HasgBHICTH cuUCTeMHU €(PEKTUBHUX NPSIMOKYTHHX pedep,
NPUBAPEHUX [0 IUIOCKOOBAJIBHOI TpPyOHW, MOPIBHSHO 31 3BUYAWHUMH KPYIJIMMH pedpamu,
MPU3BOAUTH /10 MiJBUIIEHHS e()EeKTUBHOCTI OpeOpeHHs Ta 30UIbIIYe IOy MOBEPXHI KOHTAKTY
¢a3 mpu oMuBaHHI ii MAPOTra30BOI0 CYMIMINIIO B YMOBaX TIHMOOKOT yTHIi3alii.

Jliis peOpucTuX MIOCKOOBATBHUX MOBEPXOHB, IO MPAIIOIOTh B YMOBaX KOHAEHCALlll mapu
3 Mapora3oBoi CyMilli, BIACYTHI PO3paxyHKOBI CITiBBIIHOIIEHHS, SIKi MOXYTh OyTH TOKJIaJCHI B
OCHOBY PO3pOOKM CYYaCHHX METOMIB TEeIJI0AePOJUHAMIYHUX PO3PAXyHKIB Ta ONTHMI3alii
KOHCTPYKIIi TOBEPXHEBUX KOHACHCAIIMHUX YTHJII3aTOPIB HAa OCHOBI BHCOKOPO3BHHEHHUX
MOBEPXOHb 3 HU3bKUM aepOIMHAMIYHUM OIIOPOM.

B Mmexax BUKOHAHOI HayKOBO-ZOCIIAHOI pOOOTH BUTOTOBJIEHI €KCIIEPUMEHTAIbHI MaKeTH
31 CTaJIeBUX IUIOCKOOBAIBHUX TPYO 3 HEMOBHUM IONEPEYHUM OpPEOPEHHSIM B Jiama30HaX TaKuX
FEOMETPUYHUX XApaKTEPUCTHK: MOMEPEYHUN Ta MO3JOBXKHIA PO3MIPH IJIOCKOOBAJILHOI TPYOH,
BiamoBigHo d; =15 mm ta d; = (30-42) MMm; po3mipu pebep: Bucota h = (20-25) mm, mosxkuna |
=(45-50) mmM, ToBimumHa 6 =(0,8-1,0) MM, Kkpok Mixk pedpamu t = (3,5-4,0) Mm.

JlocmipKeHHsT TemIoMacooOMiHY Ta aepoOAMHAMIYHOTO ONOPY MOBEPXOHb 3 OpeOpeHHX
IUIOCKOOBAJIBHUX TPYO B yMOBaX KOHJEHCAIlli BOJASHOI Mapu 3 MPOJYKTIB 3rOpaHHS MPOBEACHI
Opyd ITUPOKOMY BapifOBaHHI X TEOMETPUYHHUX XapaKTePUCTUK Ta IIBUAKOCTEH TIOTOKY.
BusHadyeHo BIIMB Ha TEMJIOMacoOOMiIH Ta OMip F€OMETPUYHUX XApaKTEPUCTHK MOBEPXOHb Ta
pexuMHHX (pakTOpiB. BUsHaueHni KUIbKICHUI 3B'SI30K Ta BIJIMB KOHIEHTpALlli BOJASHOI apy Ha
IHTEHCUBHICTh  TEIJIOOOMiHY, BCTAHOBJICHHMH ONTUMAIbHUUNA  Jiama3oH TEIUIOBUX Ta
aepoIMHAMIYHUX XapaKTEPUCTUK OpeOpPEeHNX TOBEPXOHB, IO MPAIIOIOTH B YMOBaX KpamneiabHO -
TUTIBKOBOT KOHZEHcallli BOASHOI Mapy Ha MOBEPXHI, PO3KPUTHN MeXaHi3M i1HTeHCH}iKarii
TEIJIOO0OMIHY Ta XapakTepy TiAPOJUHAMIKH MOTOKY Mapora3oBOi CyMiIlIl MpH B3aeMoii HOTro 3
BHCOKOPO3BMHEHOI0 OpeOpeHoro moBepxHero. Ha 6a3i mpoBeAeHHX KOMIUIEKCHUX JOCHTIKEHb
3alpONOHOBAaHI HOBI y3arajbHIOIOUl 3aJ€KHOCTI JUIsl PO3pPaxyHKy TEIJIOMacOOOMHUHY Ta
aepoJIMHAMIYHOTO OMOpPY OpeOpPEeHUX MOBEPXOHb 3 MJIOCKOOBAIBHUX TPYO, IO PO3LIMPIOE Kiac
3aja4, MPUCBAYEHUX KOHJEHCAIli BOJASHOI Hapu 3 MPOJYKTIB 3rOpaHHA Ha TEIIOOOMIHHIN
MOBEpPXHI, a IX pe3yabTaTd € OCHOBOIO Ui PO3BUTKY CYYaCHHX METOJIB PO3paxyHKiB
MOBEPXHEBUX KOHJEHCALIMHUX arnapaTiB.



3a pe3ynbTaTaMM eKCIIepUMEHTATBLHUX JOCIIKEHb BIEpIlIe OTpUMaH1 iH)KEHepHI MeTOAn
TEIJIOBOTO Ta aepOJAMHAMIYHOTO PO3PAXYHKIB MOBEPXOHb 3 OPEOPEHUX IIOCKOOBATHHUX TPYO,
SK1 JO3BOJIAIOTH PO3POOISATH HOBI TUIM KOHACHCAIIMHUX MOBEPXHEBUX TEIUIOYTHIII3ATOPIB Ha
HOBIH eJeMeHTHIN 0a3i B jJiama3oHl 3MiH IMBHJIKOCTI MOTOKY Bix 2 M/c g0 20 M/c, TemmepaTypu
moToKy maporazoBoi cymimi (60-130)°C, Temmeparypu mosepxmi Tpy6m (20-80) °C Ta
KOHIIEHTpaIllii BOAsSHUX mapiB B motomi TtemioHocis (7-200) r/kr. Po3poOseHi TexHiYHI,
KOHCTPYKTHMBHI Ta CXEMHI pIIIEHHS 31 CTBOPEHHS IIOBEPXHEBOTO KOHJCHCAIIHOTO
TETUIOYTHJTi3aTopa 31 3MEHIICHUMHU MaTepialibHUMHU Ta €KCIUTyaTalliiHUMH BUTPATAMH.

Pesynprat TemioaepoJMHAMIYHUX PO3PaxXyHKIB IOKa3ajid, L0 y KOHJCHCALIHHOTO
TEIJIOYTUJIi3aTopa, BHUKOHAHOTO 3 OpeOpPeHHX IUIOCKOOBAJIBHUX TpyO, MacorabapuTHi
xapakTepucTuky Ha (20-25%) MeHIi HiX y TemIoyTuiIi3aTopa 3 opeOpeHux OimeTaneBux Tpyod
KpyTJ101 GOpMH MPU OAHAKOBIN TEIJIOBIM MOTYKHOCTI araparis.

(poc.)

[TomHOMAacmTaOHOE OCBOCHUE B YKparHE OIPOMHOTO IMOTCHIIMANIA YHEPTOCOCPeIKEHHS 3a
CUeT YTWIM3AaUMU TEIUIOTHl YXOAAIIMX Ta30B IPOMBIIIICHHBIX JHEPreTHYECKHUX U
TEXHOJIOTUYECKUX YCTaHOBOK, KOTOPBIE HCIOJB3YIOT YIJIICBOIOPOIHBIC TOIUINBA, HEBO3MOXKHO
0e3 rryOOoKOro OXJIaKACHHUS ITUX Tra30B B KOHICHCAIIMOHHBIX TETIOYTHIII3aTOpaXx.

CymHocTh  pa3pabOTKU  3aKIFOYaeTcsi B NPUMEHCHMM B KOHICHCAIIMOHHBIX
TETUIOYTHJIN3aTOPaxX B Ka4eCTBE TEIUIOOOMEHHBIX IMOBEPXHOCTEH OpEOPEHHBIX IIOCKOOBAIBHBIX
TpyO, KOTOpbIE XapaKTePU3YIOTCS MajbiM  adpPOAMHAMUYECCKUM  CONPOTHBICHHEM |
COKpAILICHHOW KOPMOBOM 30HOM HAKOIUIEHUS IUIEHKM KOHJeHcara. Kpome Toro, Hamuuue
cucteMbl 3()(HEKTUBHBIX TPSIMOYTOJLHBIX pedep, MPUBAPEHHBIX K IJIOCKOOBAIBHON TpyOe 1O
CpPaBHEHHIO C OOBIYHBIMH KpPYTJIBIMH pPEOpaMd MNPUBOAUT K TMOBBIIICHUIO 3((EKTUBHOCTH
OpeOpeHHST M YBEJIMYHMBACT IUIOIIAJbh IIOBEPXHOCTH KOHTakTa (a3 mNpu OMBIBAaHHH €€
apora3oBOI0 CMECHIO B YCIOBHSIX TIIYOOKOH YTHIIU3AINH.

Jlnst peOpUCTBIX ITUIOCKOOBAJIILHUX MOBEPXHOCTEH, KOTOpbIE pabOTalOT B YCIOBHSX
KOHJICHCAIIUM Tapa U3 Mapora3oBOi CMECH, OTCYTCTBYIOT pacdeTHbIE COOTHOIICHUS, KOTOPBIC
MOTYT OBITh TIOJIOXKCHBI B OCHOBY pa3pabOTKH COBPEMEHHBIX METOJIOB TEII0AdPOIMHAMHYECKUX
pacyeToB W ONTUMU3AIMH KOHCTPYKIMKA MOBEPXHOCTHBIX KOHJECHCALMOHHBIX YTHIIN3aTOPOB Ha
OCHOBE BBICOKOPA3BHUTHIX MIOBEPXHOCTEH C HU3KUM a3POJIUHAMHYCCKUM COTIPOTHUBIICHHUEM.

B pamkax  BBIIOJIHEHHOM  Hay4HO-MCCIEAOBATENbCKOM  pabOThl  M3TOTOBJIEHBI
HKCIEPUMEHTAIbHbIE MAKEThl U3 CTAJIBHBIX IJIOCKOOBAIBHUX TPYO C HEMOJHBIM IONEPEUHBIM
OpeOpeHHSAM, T€OMETPUIECKIE XAPAKTEPUCTHKH KOTOPBIX JIEKAT B AMANA30HAX: ITONEPEYHBIA U
HPOJIOJIBHBIN pa3Mephl INIOCKOOBANBHOM TpyOBbI, cooTBeTcTBeHHO U1 =15 MM u dp = (30-42) mm;
pa3mepsl pedep: Boicota h = (20-25) mm, muna | =(45-50) MM, Tomuna & = (0,8-1,0) MM, mrar
Mexay peopamu t = (3,5-4,0) Mm.

HccnenoBanust  TeruiomMaccooOMeHa W adpPOJMHAMUYECKOTO  CONPOTHBIICHUS
MOBEPXHOCTEH 13 OPEOPEHHBIX MIIOCKOOBAJIBHBIX TPYO B YCIIOBHUIX KOHJ/IEHCALIMU BOJISIHOTO Mapa
U3 TPOAYKTOB CrOpPaHHS TPOBEICHBI NPU MIMPOKOM BapbUPOBAaHUH HMX TE€OMETPHUYECKHX
XapakTEepUCTUK U cKopocTed moToka. OrmpeneneHo BIMAHUWE Ha TEIUNIOMACOOOMEH H
COIIPOTHBIICHUE TEOMETPUYECKHX XaPAKTEPUCTUK TIOBEPXHOCTEH M PEKUMHBIX (PaKTOPOB.
OmnpezneneHa KOJNMYECTBEHHAss CBS3b W BIMSHME KOHIIEHTpPALMM BOJSHOIO Iapa Ha
WHTCHCUBHOCTh  TEIUIOOOMEHa, YCTAaHOBJCH ONTHUMAJbHBIA  JHMana3oH  TEIJIOBBIX U
a>pOIMHAMUYECKHX XapaKTEPUCTUK OpEeOpPEeHHBIX TIOBEPXHOCTEH, KOTOpbIe paboTaroT B
YCIOBHSAX KamlelbHO - TUICHOYHOH KOHICHCAI[MHM BOJISHOTO Iapa Ha TOBEPXHOCTH, PACKPHIT
MEXaHU3M WHTEHCHU(UKAIMK TerjaooOMeHa M XapakTep T'MIpOJAWHAMHMKH TOTOKa Mapora3oBoi
CMeCH TIpH B3aMMOJCWCTBHHM €ro C BBICOKOPA3BUTOH OpeOpeHOr0 MoBEepXHOCThI0. Ha 0aze
IPOBEIEHHBIX KOMIUIEKCHBIX HMCCIEIOBAHUN MPEATIOKEHbI HOBbIE 00O0OIIAIONINE 3aBUCUMOCTHU
JUI  pacueTa TeIIOMacCooOOMEHa ¥ a’pOJUHAMUYECKOTO  COMPOTHUBIICHUS opeOpeHnx
MOBEPXHOCTEH W3 IUIOCKOOBAJIBHBIX TPYyO, YTO pacIIMpsieT KiIacc 3a/ad, IOCBSIIEHHBIX
KOHJICHCAIINU BOJISTHOTO TTapa W3 MPOIYKTOB CrOpaHUsl Ha TEIJIOOOMEHHOH MOBEPXHOCTH, a MX



PE3YIbTAThI ABJIAKOTCSA OCHOBOH JJIS pPa3BUTHA COBPCMCHHBIX METOOO0B pacucToB
IMMOBEPXHOCTHLIX KOHACHCAIIMOHHBIX aIlliapaToB.

IIo pe3yiibTaTaM 3KCIICPUMCHTAJIbHBIX I/ICCJIGIIOBaHI/Iﬁ BIICPBBIC TOJTYYCHBI MHKCHCPHBIC
MCTOAbI TCIJIOBOI'O M a3pOJMHaAMHUYCCKOIo pacCd€TOB HOBCpXHOCTefI nu3 0pe6pCHHBIX
TIJIOCKOOBAJIBHBIX pr6, KOTOPLIC IMO3BOJIAKOT paBpa6aTBIBaTB HOBBIC THUIIBI KOHACHCAIIMOHHBIX
IMMOBEPXHOCTHBIX TCINIOYTHIIN3aTOPOB Ha HOBOM DJJIEMEHTHOU Oase B Auarra3oHe H3MEHEHHI
CKOPOCTH TOTOKa 0T 2 M/c 10 20 M/c, TeMmepaTypbl OTOKa maporazoBoi cmecu 60-130°C,
TEeMIIepaTypbl TOBEPXHOCTU TPYObI 20-80°C wu KOHIIGHTpAIlUM BOJISTHOTO I1apa B TOTOKE
teronocutens (7-200) r/kr. PazpaboTaHbl TeXHHYECKHUE, KOHCTPYKTHBHBIC i CXEMHBIC PELICHUS
10 CO3OaHHUIO0 IMOBEPXHOCTHOI'O KOHACHCAIIMOHHOI'O0 TCEINIOYTHIINM3aTOpa € YMCHBIICHHBIMHA
MaTCpHAJIbHBIMU U SKCIITyaTalUOHHBIMU pacxXoJaMu.

Pe3y.]'IBTaTI>I TECIIOACPOAMHAMHNYCCKHUX PACUCTOB IIOKa3ajid, 4TO Yy KOHACHCAIIMOHHOI'O
TEIUIOYTUIIN3aTOPa, BBIMOJTHEHHOTO U3 OPEOPEHHBIX TUIOCKOOBAIBHBIX TPYO, MacoorabapuTHBIC
xapaktepucTuku Ha (20-25%) MeHblIe, 4YeM Yy TEIUIOYTUIN3aTOpa, BBIIOJHEHHOTO U3
OpeOpeHHUX OMMETATMYECKUX TPYO Kpyriod (GOopMbl MpH OJUHAKOBOHN TEIIOBON MOIIHOCTH
aliraparos.

(anru.)

Full-scale development in Ukraine of a huge potential for energy saving due to the
utilization of the heat of exhaust gases of industrial power and technological units that use
hydrocarbon fuels is impossible without deep cooling of these gases in condensing heat
exchangers.

The essence of the development is the use of condensed heat exchangers as heat
exchange surfaces of finned flat-oval tubes, which are characterized by low aerodynamic drag
and a reduced feeding zone of accumulation of the condensate film. In addition, the presence of a
system of effective rectangular fins welded to a flat-oval tube in comparison with conventional
round fins leads to an increase of the efficiency of the fin and increases the contact surface area
of phases when it flowing of a vapor-gas mixture under conditions of deep utilization.

For finned flat-oval surfaces that work in the conditions of vapor condensation from a
gas-vapor mixture, there are no calculated ratios that can be used as the basis for the
development of modern methods for heat and aerodynamic calculations and optimization of
designs of surfacing condensation heat exchengers, which are based on highly developed
surfaces with low aerodynamic drag.

Within the framework of the research work, experimental models of steel flat-oval
tubes with incomplete transverse fins are manufactured whose geometric characteristics lie in the
following ranges: transverse and longitudinal dimensions of the flat-oval tube, respectively d; =
15 mm and d, = (30-42) mm; dimensions of the fins: height h = (20-25) mm, length | = (45-50)
mm, thickness & = (0.8-1.0) mm, pitch between fins t = (3.5-4.0 ) mm.

Studies of heat and mass transfer and aerodynamic drag of surfaces from finned flat-oval
tubes under conditions of condensation of water vapor from combustion products are carried out
with a wide variation of their geometric characteristics and flow velocity. The influence on heat
and mass exchange and drag of geometrical characteristics of surfaces and regime factors is
determined. The quantitative relationship and influence of the water vapor concentration on the
heat transfer intensity is determined, the optimum range of thermal and aerodynamic
characteristics of the finned surfaces is established, which operate under conditions of drop - film
condensation of water vapor on the surface, the mechanism of heat exchange intensification and
the hydrodynamic flow of the gas - vapor mixture flow interacting with the highly developed
finned surface. On the basis of complex studies, new generalizing dependencies for the
calculation of heat and mass transfer and aerodynamic drag of finned surfaces from flat-oval
tubes have been proposed, which expands the class of problems devoted to the condensation of
water vapor from combustion products on the heat exchange surface, and their results are the
basis for the development of modern methods for calculating surface condensation apparatus.



Based on the results of experimental studies, engineering methods for the heat and
aerodynamic calculations of surfaces from finned flat-oval tubes have been obtained for the first
time. These methods allowing the development of new types of condensation surface heat
recovery on a new element base in the range of flow velocity changes from 2 m/s to 20 m/s, the
flow temperature of the combined vapor-gas mixture (60-130)°C, the surface temperature of the
tube is (20-80)°C and the concentration of water vapor in the coolant flow (7-200) g/kg.
Technical, constructive and schematic solutions for creating a surface condensation heat
exchanger with reduced material and operating costs have been developed.

The results of the thermoaerodynamic calculations showed that the condensation heat
exchanger made from finned flat-oval pipes has a mass-dimensional characteristics of (20-25%)
less than that of the heat exchanger made of a traditional round-shaped finned bimetallic tubes
with the same heat power of the apparatus.
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5. IlopiBHSIHHA 3i CBITOBUMH aHAJIOTaMH.

[Tonepenniit aHami3 Ta CUCTEMATH3AIllsl CBITOBUX HAYKOBUX 1 TEXHOJOTIYHUX JTOCSTHEHB
MO0Ka3aB CYTTEBY HENOCTATHICTh (YyHIAMEHTABHUX JOCIHIPKEHb, 1010 PO3KPUTTS MEXaHI3MIB 1
SIBMILL, SIK1 BIUTUBAIOTh HA MPOLECH TEIJIOMACOOOMIHY Y TEINIOOOMIHHUX MOBEPXHSX 3 OpeOpeHuX
IUIOCKOOBAJIBHUX TPYO, 110 OMUBAIOTHCSI IOTOKOM CYMIII BOJSHUX IMapiB Ta HEKOHIECOBaAHUX
ra3iB. JlochipkeHHs BIUIMBY Ha TEIUIOACPOAMHAMIUHI XapaKTEPUCTUKH T'€OMETPUUYHHUX
napaMeTpiB MOBEPXHi 3 OpeOpeHux TpyO MIOCKOOBAIBHOIO NMPOdIII0 B MIKUPOKOMY Jliana3oHi iX
3MiH [IpU NONEPEYHOMY OOTIKaHHI MOTOKOM BIIXIAHMX JMMOBHUX ra3iB B YKpaiHi 1 CBITI 30BCIM
HE MPOBOAMIMCH. J[0 TENepilIHbOro yacy HEMae B3arajli po3paxyHKOBHX CIIBBIJHOLICHb IS
OOYMCIIEHHS 3HaueHb KOE(DILIEHTIB aepoJAMHAMIYHOIO OIOpYy 1 TEeIIoMacooOMIHY AJist
MOBEPXOHb 3 TAaKUX TPYyO, a Takox 0a3zu AAHUX JUId BUOOPY IX ONTUMAIBHUX I'€OMETPHUYHHUX
pO3MIpiB, IO CTPUMYE IX TOJAJbINE BIPOBAKEHHS B €HEPro30epirarodi TEXHOJOTii
TeIUIOeHEepreTUYHo1  ramy3i. [IpoBeaeHi oOkpemi JOCHI/KEHHS  TEMJIOMAcoBigaadi Ta
AepOIMHAMIYHOTO OTMOPY UIsl YMOB TITMOOKOTO OXOJIOPKEHHS AMMOBHUMH Ta3aMH MOBEPXOHB 3
MOOJMHOKUX opeOpeHux OimeranmiuHux TpyO Kpyrioi (GopMu Ta B OOMEXKEHOMY Jliama3oHi
F€OMETPUYHUX MTapaMeTpiB iX MaKeTiB.

6. ExoHoMiuHAa MpUBa0IMBiCcTH PO3POOKH /151 IPOCYBAHHS HA PUHOK.



[TopiBHSIHHS ~ TeMJIOAEPOAMHAMIYHUX XapaKTEPUCTUK EKOHOMAaH3epHHUX IOBEPXOHb
KOHJICHCAIlIMHUX TETUIOYTHIII3aTOPIB KOTIIOArPEraTiB 3 OpeOPEHUX KPYIIIMX Ta MII0CKOOBATBHUX
TpyO MOKa3ano BIACYTHICTh TEPMIYHOTO KOHTAKTHOTO OMOpPY Ta 30UIbIIeHHS KoedimieHTa
teroniepenaBandas B 1,2-1,3 pa3iB y mMoOBepxHAX 3 OpeOpEeHUX IUIOCKOOBAIBHUX TPYyO, IIO
NPU3BOJMTH JI0 ICTOTHOTO 3MEHILIECHHS 3arajibHOi TOBXHUHU TpyO Ta Macu noepxHi Ha 20-30%,
3MEHIIIeHHs THOIB TpyO Ta OTBOpPIB B KoyiekTopax. CyMapHi BTpaTH THUCKY 10 Ta30BOMY TPakKTYy,
BHACJIIZIOK 3MEHIICHHS 3arajibHOi JOBXHHM TPYO Ta 3MiHM mpodiso TpyO Ha MIOCKOOBATHHHNA
3HIKYIOThCS Y 1,3-1,6 pasis, 110 MPU3BOIUTE A0 3MEHIICHHS BUTPAT €HEPTii Ha MpOKavyyBaHHS
JMMOBHUX Ta3iB, a OTXKE BJIACHI MOTPeOH, MPU OJHOYACHOMY 30UIbIICHHI TEIUIOBOI MOTYKHOCTI
KoTjoarperary. BapTicte opebpeHoi TpyOu MmI0CKOOBAILHOTO MEpePi3y MOPIBHSIHO 3 OPeOPEHOI0
OiMeTaNligYHO0 KpyTiIow TpyOoro merme y 1,2-1,3 pasmu.

7. TloreHuiiimi kopuctyBaui (raaysi, MiHicTepcTBa, BiIOMCTBa, NiANPHEMCTBA,
oprasizaiii).

KopucryBauamu pe3ynbTaTiB poOOTH MOXKYTh OyTH MPOEKTHI OpraHizaiii i MpoOMHUCIIOBI
MIIMPUEMCTBA, 110 PO3POOJISIIOTH HOBI Ta YIOCKOHAIIOKOTH ICHYFOYl KOMITAKTHI TEIIOOOMIHHI
amaparty B SKUX B SIKOCTI TEIDIOOOIHHUX TIOBEPXOHb BUKOPHCTOBYBAIOTHCS pEOPUCTI TPYOH.

IMOBipHI 3aMOBHUKH Pe3yabTaTiB POOOTH:

- Tamysi: XiMiuHe, YHEpreTuyHe MaIrHOOY TyBaHHS, TEIJIOEHEPreTUKa,
HadTomepepoOKa;

- mignpuemctBa: TOB CIIKTB “EHEPTOMAIIIIPOEKT” (M. Kuig), I[TAT ,, ®aken”,
(M. @acriB), [TAT «Cymcbke HBO im. @pynze» (M. Cymu), TOB DEMO Ltd (M. KuiB).
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