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EHEPIrETUKA TEM/IOTEXHOJIOI I TA EHEPIO3BEPEXEHHS

YJIK 66.045.1+661.634.2
Tosaxusuackuit JI.J1., Kammycrenko I1.A., Xasusr I'.JI., Permmenko .M., Apcennera O.I1.

MOJAEPHUM3ALINA TEIINIOOBMEHHOI'O OBOPYJOBAHUSA ITPU PEKOHCTPYKIIUN
3ABOJIOB IO IMMTPOU3BOJICTBY ®OCPOPHOU KUCJIOTHI

B Hacrosmee Bpems mmpobiemMa peKOHCTPYKIMH CYIIECTBYIOMIETO 000PyI0BaHHS YCTAHOBOK IO TIPOU3BOCT-
By (oc(hOpHOI KHUCIIOTHI, PACHOJIOKEHHBIX MO BCEMY MHpPY BCTajla OCOOCHHO OCTpo. Takoe IOJIoXKEeHHEe Je
MOJKHO OOBSICHUTP CIEIYIONMMHE (haKTopaMu TiIo0asHOro Xapakrepa [1,2]:

» TIpOM30ILIEI PE3KHH POCT 1eH Ha (ocdarHyto pyay (ocodenno B 2008 r.) u, kak ciencrsue, Ha Gocdop-
HYIO KHCIOTY H GocdarHbie ynooperus (87 % Bcex Mpou3BoAUMBIX (ochaToB);

» POCT IIeH Ha 3epHOBBIE KYJIBTYPHI CIPOBOLIMPOBAJ POCT LIEH Ha (GOCHOPHYIO KUCIOTY U yI00pEeHuS;

» 0003Ha4YMIIacCh MUPOBas TCHICHINS CHIDKCHHUS KadecTBa hochaTHOH pyAbl, YTO NPHBEIO K YBEIHICHHIO
BBIITYCKA HU3KOCOPTHBIX KOHLIEHTPATOB (hOCHOPHON KUCIOTHI;

» POCT IIeH Ha SHEPrOHOCUTENH, YTO TpeOyeT BHEPEHHSI YHEProcOeperaloinX TEXHOJIOTUI U TOBBIIICHUS
3¢ hexTHBHOCTH 000pyIOBAHNS;

» BBOJI HOBBIX MOIIHOCTEH 110 MPOHU3BOACTBY (pocOpHOI KHUCIOTHI HEMOCPEICTBEHHO HA MECTaX JA0OBIYH
(hocdartHOM pyBL;

» TOSBJIECHUE HOBBIX 3KCHOPTEpoB (ochopHOW KHCIOTH M ynoOpenuit (Kuraif) cpaBHUTENBHO HU3KOU
CTOMMOCTH.

OCHOBHAsi TPYIHOCTb 3aKJIIOYAaETCS B TOM, YTO HEOOXOIUMO MOJEPHH3UPOBATH TEXHOJOTHIO MPU HU3KUX
WHBECTHIMOHHBIX 3aTpaTax M IPaKTHYECKH Oe3 OCTAaHOBOK NMPOW3BOJCTBEHHOTO Ipolecca, obecreunBas MpH
3TOM MOBBIIICHUE TPOU3BOAUTEILHOCTH M COXPAaHEHUE IKOJIOTMYECKUX HOpM. MHUPOBOW pocT NOTpeOIeH s MU-
HepalbHBIX yA0OpEeHUH TpeOyeT yBEIMIEHHs BBITYCKA CHIPhS UL MX IPOU3BOJCTBA U, B IIEPBYIO ouepep, (hoc-
(opHoii kucnoThl. OCHOBHBIM CBIPHEM IPOMBIIIJIEHHOCTH MUHEPAIbHBIX YI0OpEHHUH SBIISAETCS SKCTPAKIIMOHHAS
tdocdopras xucnora (OPK) u rmaBHEIM CIIOCOO0M €€ MOTYIeHU — CEPHOKHCIIOE pa3iokeHue Gocdaros.

Hawnbounee pacnipocTpaHEHHBIM U3 SKCTPAKIIMOHHBIX CEPHOKHUCIBIX CIIOCOOO0B MOJTyYeHUs! POCHOpHOH KHCIIO-
TBI SIBJISICTCSl IUTUAPATHBIN croco0. [IpuMensieTcst Takke TMOyTHIPAaTHEIH U KOMOMHHPOBAaHHBIE CIIOCOOBI, Ta-
KHE KakK JUTHAPATHO-TONYTHIPATHBIA M MOJNYTHAPATHO-AUTHApaTHeIA. OHM pa3jnyaroTcs, MpexJe BCEero, Io
nporeccaM KpUCTaUIN3alny cyb(ara KaabLus.

W3y4enue crannapTHoOi cxemsl noiydeHus DDK nokaspiBaeT, 4To IJIaBHBIN MYTh YBEIWYEHHS BBIITYCKA KHU-
CJIOTBI, COBEPIICHCTBOBAHMS M MHTCHCU(HKALMK Ipoliecca IMPOU3BOJCTBA COCTOUT B ONTHMHU3ALNHU YCIOBUH
pasnokeHus pochaToB U KPUCTAIUIU3ALUH CYJib(haTa KaabI[Hsl B PEAKIIMOHHOM 00beMe. DTo TpeOyeT CoBepIleH-
CTBOBAHUS TEXHOJOTUYECKOTO IPOIecca U YIydIIeHHs allapaTypHOro o(h)OpMIICHHSI OCHOBHOTO 00OPYIOBAaHMUSL.
OnHako TOBBIIEHHE TPeOOBaHMI K MPOW3BOJCTBY 3aCTaBISIFOT OOpaTHTh BHUMaHUE W Ha BCIIOMOTATENbHOE
00opyioBaHMe, TaKOE KaK TEIIOOOMEHHBIE anmnaparhl, HCIOIb3YIOIHECs B TEXHOJIOTHYECKOH IeTTouKe B Kade-
CTBE IOJIOTPEBaTeNIeH U OXJIaUTeNel MPOTyKTOBBIX U BCIIOMOTaTENIbHBIX MTOTOKOB [3,4].

B Hacrosimee BpeMs Ha OOJNBIIMHCTBE XUMHYECKUX ITPOU3BOACTB CYIIECTBYET YCTONUMBAS TCHICHIMS 3aMe-
HBI KOJKYXOTPYOHOTO TEIJIOOOMEHHOT0 00O0py/IOBaHHs Ha IUlacTUHYaroe. Takas 3aMeHa NMPUBOAMT K CYLIECT-
BEHHOW 3KOHOMHH CPEJCTB B Ipolecce HKCIUIyaTalliH, a Takke 00ecleunBaeT MPOCTOTY B OOCITYKHUBaHUH H
nepenanazike [5]. Kpome Toro, KOMInakTHOCTh IIACTHHYATBIX TEIUIOOOMEHHUKOB ITO3BOJISIET IIPU MX YCTAHOBKE
CYIIECTBEHHO SKOHOMUTbH NPOU3BOJICTBEHHbIE TUIOMIAAN M 00JIer4aeT JOCTYl K OCHOBHOMY 000pPY/IOBaHHIO.

AHann3 oOmeld mpUHIMNHAIBHON cxeMbl ponsBoacTBa DPK [6,7] mokasbIBaeT, 4TO I CXEMBI BIaKHOW
9KCTPAKINH IUTACTHHYATHIE TEIUIOOOMEHHBIE anmaparbl MOT'YT ObITh YCTaHOBIICHBI Ha CIIEAYIOIINX MMO3HIUIX:

> OXJIaXJIeHHE pacTBOpa HarpeToi cepHoit kuciotsl (78-98 % H,SO, ) — mnacTuHuaTHIH TENI000MEHHYK;

» OXJaXJeHue cIabOKOHLEHTPUPOBaHHOHN GocopHo KucioTsl (3%) mocie MpoMBIBKH ocaaka Ha (QUIIbT-
pe — IUIaCTUHYATHIN TEII00OMEHHHUK;

» wnarpes 30 % dochopHON KACIOTH TIEpel CEPHOKHUCIBIM OCAXKICHHEM — CIIUPATBHBII HITH IIaCTUHYATHINA
TEII00OMEHHHUK;

» oxnaxjeHne (HpochopHOH KHUCIOTHI (KOHEYHOTO MpOJyKTa) ¢ KoHmeHTpauued 40-42 % wim 50-54 %
P,O5; nocie BblnmapuBaHus — IIACTUHYATBIA WIM CIIUPAIbHBIN TEII00OMEHHUK;

> oxyaxJeHue ckpyooepHoi kucnotsl (8-11 % H,SiF;);

» BbinapuBanue GpocHopHOit KHCIOTHI;

» OXJIaXJCHHE BOJIBI, OPOIIAOICH OapoMETpUUECKUE KOHACHCATOPEI CMEIICHUS B TEXHOJOTHYECKON CXe-
M€ BBIITAPHOMN CTaHIUU.

IIpu ycTaHOBKE IUIACTHHYATBHIX TEINIOOOMEHHHKOB HEOOXOIUM KOPPEKTHBIA BHIOOP MaTepHaia IUIACTHH C
YYETOM KOHIIEHTpAIMU KHCIIOTBI, €€ TeMIEepaTyphbl, KojaudecTBa M cocraBa npumeceit. IIpucyrcteue Cl, F,
H,SO4 yMeHbIIAIOT COMPOTHUBICHUE METalia [UTACTHH KOppo3uu, Hanuuue Fe u Al Ha000pOT yCHIMBAIOT CO-

IHmeeaposaHi mexHoroeii ma eHepao3bepexeHHs1 1’2015 3



EHEPIrETUKA TEIM/IOTEXHOJIOI I TA EHEPIO3BEPEXEHHS

npotuBiieHre. B mo0oM cirydae 1u1st BeIOOpa MIaCTHMHYATOTO WM CIHMPAIBHOTO amnapaTa OYeHb Ba)KHO 3HATh
coJiepkaHue Turca B Kuciore. Ha ocHOBe MMeEOLIErocsi OnbITa dKCILTyaTallid MOXKHO PEKOMEHIOBAaTh BHIOOD
MaTepuana TeronepeaoIei nopepxHocTu: uist kucaotsl ¢ 50 % P,Og5 npu TemmnepaType < 85 °C, npu Hanu-

unn npumecedt 1% HF, Fe,0;, Al,O; 4% H,SO,,600 ppm HCI mosxHo ncnonssosats 254 SMO. Jlns KMCIOTHI

¢ 50 % P,Og npu temnepatype > 85 °C, npu Hanu4Me BbILIE NPUBEAESHHBIX IPUMECE], )KeIaTeIbHO NPUMEHATh

marepuan G30 wim rpadut. B kauectBe Matepuana npokinangok — EPDM.

IIpu pabote ammapaToB Ha HarpeBe-OXJaxXAeHUH (HocPOpHON KHUCIOTH UMEET MECTO MHTEHCH(HKanus 3a-
TpsA3HEHUS TeIUIonepenaroneil nopepxuoct. [loaToMy pacder TeII00OMEHHUKOB 0053aTEIBHO MPOU3BOIUTCS C
3amacoM 1o ko3¢ duuuenrty remonepenaun e mexee 10 % (margin 10 %) u npu 3TOM KOHTPOIHPYETCS BENHU-
YMHA KacaTeNbHOTO HANpsDKCHMS Ha CTEHKE IUIACTHHBI 1Mo cTOpoHe (ochopHOH kucinotel 7>50 Ila. Takxke

CJIEyeT 3aMETHUTh, YTO BHIOOP OOJIBIIOTO 3amaca MOXKET NMPHUBECTH K CHIDKCHUIO CKOPOCTH TETIOHOCHTENCH B
KaHajlax amnmapara, ¥ MPUBECTH K YCUIICHHIO CKOPOCTH IOSIBICHUSI OTIOKEHUH HA IIOBEPXHOCTH IUIACTHH.

[Ipomeccel, mpoTeKaronye B TEMIOOOMEHHBIX alnaparax HMpH MPOU3BoACTBE (GocdopHON KHCIOTHI, COMpPO-
BOJK/IAIOTCSl BRICOKMM PHCKOM BBINa/ICHHS Ha TEIJIoNepe/aroniel NOBepXHOCTH rurnca u ¢propunos. [Ipu 3Hauu-
TENIBHOM COZIEPKaHWH THIICa PEKOMEHIYETCSl yCTaHABIMBATh JTMOO MNPOKOKAHAIBHBINA IIIACTHHYATHIN ammapaT
C MIUPOKUM KaHaioM o cropone kucnotsl (Wide Gap), 1o ciupanbHbIH TEMI0O0OMEHHHUK.

[IInpokokaHaNBHBIN anmapar 00sA3aTENbHO PACCUUTHIBACTCS MHOTOXOJOBBIM I OOECTICUEeHHs PalOHATb-
HOH CKOPOCTH TEIJIOHOCUTENICH B KaHalax, 4TO CBA3aHO C HEOOXOIUMOCTHIO MAaKCUMAJIBHO YUUTBIBATH BEPOAT-
HOCTbH BBICOKOH MHTEHCHUBHOCTH 3arpsA3HEHHs. {11 3TOTO pacueTr TemIo00MEHHHUKA 0053aTENbHO MIPOU3BOIUTE C
3amacoM 1o ko3 uiuenty remionepenaun ve mesee 10 % (margin 10 %) u KOHTPONIHUPOBATH BEMHUYHHY Kaca-
TENILHOTO HAIPSDKEHUS Ha CTEHKE IUIACTUH 1o cTopoHe (ochopHoii KuciaoTsl He MeHee 7>50 Ila.

IIpu BEIOOpE ciMpalFHOTO alapaTa B KauecTBE MaTepHalia TeIUIoIepealoliel MOBEPXHOCTH UCTIONB3YIOT:
AISI 316L, 904L, 254 SMO, Sanicro 28, C-276, G30 (8 nopsiaxe Bo3pactanus); npokiaakn — MS2000 (kmun-
repcui) win PTFE. MUHUMasBHBIN 3a30p MEXIy CIUpasIMH 10 00enM cTtopoHaMm — 10 MM; dakTop 3arpssHe-
U — 0,001. 3a30p paBHBI M0 00€UM CTOPOHAM JaeT BO3MOXKHOCTH NEPEKIIOUEHHS CTOPOH KUCIIOTHI W BOJBI
JUIA IPOMBIBKH. B0/10# MOXKHO YHCTUTH CTOPOHY KHCIIOTHI, a KHUCIOTOH pacTBOPSTH HAJET Ha MOBEPXHOCTH ILIa-
CTHH TIO0 CTOpPOHE BOABL. B mporecce MpoeKTHpOBaHMS CIUPAIBHOTO ammapara HeoOX0AUMO KOHTPOJIMPOBATH
TEeMIIepaTypy CTEHKH 10 CTOPOHE KHCIIOTHI, HE JIOMyCKasl yBEIHMUYCHHUS CKOPOCTH KOPPO3HHU YIS TOPSYEro KOHIIA
anmapaTa. CKOpocTbh MO CTOPOHE KHCIIOTHI 0JDKHA OBITh Bbime 1 M/c (BO M30exkaHne OTIIOKEHNH Ha CTEHKE) U
Hioke 1,5 M/c, Tak Kak npu OoJiee BEICOKOI CKOPOCTH BEJIMUMHA KOPPO3HUU OUEHb PE3KO BO3PACTALT.

OnuuM n3 Hanboliee CYIMIECTBEHHBIX PE3EPBOB IMPH MOJICPHHU3ALMH Pa0OTAIONIEr0 3aBOJA SBIAETCS COKpa-
IIEHUS] BPEMEHH MPOCTOS] YCTAHOBKHM, HEOOXOAUMOTO Ui OYHCTKHA OapOMETPHUUECKUX KOHIEHCATOPOB, CHIDKE-
HUS POJIOJDKUTENIFHOCTH IIMKIIOB PaboThl (GMIIbTPa M TOBBILIEHHS Ha/I&KHOCTH pabOTHI BCero 000pYIOBaHUS.
CokpalieHre BpeMeH! He00X0IUMOro I YUCTKH 0apOMETPHUECKUX KOHIACHCATOPOB MO3BOJISET CAMBIM CYIIlE-
CTBEHHBIM 00pa3oM YBEIHYHTH MTPOM3BOANUTEIBHOCTH IIPOM3BOJACTBA. Tak, PEKOHCTPYKLHS (HOCHOPHOKHUCIOT-
HOM YCTaHOBKH, NMpOBeAeHHast Opasmibckoit kommanueii Ultrfert [1,2], Gnarogapsi COKpamieHn0 BpeMEHH Mpo-
CTOs yBeIH4mIIa Ipon3BoanTenbHOCTE ¢ 300 mo 6omee yem 400 1/cyT.

Takum 00pa3oM, COKpallleHHEe BPEMEHHM YHCTKH 0apoOMEeTpHYecKOro KOHIEHCATOpa IMO3BOJSET YBEIWYHUTH
MPOU3BOIUTENEHOCTh OCHOBHOTO NPOM3BOACTBA (pochopHOI KuCHOThL. JIiist 3TOT0 IpeyiaraeTcsl ycTaHaBInBaTh
HapauieNIbHO JIOTIOJHUTENbHBIA TJIACTUHYATBIA O0apOMETpUUECKHI KOHAEHCATOP, KOTOPBIH (YHKIHOHUPYET BO
BpeMsI YHCTKM OCHOBHOTO, M TEM CaMbIM oOecreynBai 0€30CTaHOBOYHYIO paboTy MpOHM3BOACTBA. MOIIHOCTD
JIOTIOTHUTEIBHOTO 0apOMETPHUECKOT0 KOHIEHCATOpa IpeAiaraeTcs BEIONPATh TaKylo JKe, Kak ¥ Y OCHOBHOTO. B
KadyecTBEe alnapaTHON peanu3aldd IpeularaeTcsl UCIONb30BaTh IIACTHHUYATHI KOHIEHCATOP, 3aHUMAIOIIMI
MUHUMAJIBHYIO PabodyIo TUIOMIAalhb U 00ECTIeUYnBAIOIINN BBICOKYIO 3(()EKTHBHOCTh KOHICHCAIIUHU IO BaKyy-
MoM. TexHuueckoe oOecnedyeHne NPeUIOKEHHON HIeH U pacueT IIACTHHYATOro 0apoMeTpHUUecKoro KOHAEHCa-
TOpa M COCTABIISIOT TJIABHOM [1€JTh HACTOSIIEH CTAThH.

B xauectBe 6apoMeTpHUUECKHX KOHAEHCATOPOB COBPEMEHHAs NMPAKTHKA BCE Yallle IpeyuiaraeT UCIoIb30BaTh
MOBEPXHOCTHBIE KOHAECHCATOPHI BMECTO KOHJEHCATOPOB CMEIIEHHA. DTO CBS3aHO, NMPEXKIE BCETO, C ITON0XKH-
TEJIbHBIMU CTOPOHAMU TaKOH 3aMEHBbI, K KOTOPBIM MOYKHO OTHECTH:

» yCTaHOBKa IIACTHHYATOrO KOHJEHcaTopa obecreynBaeT ObICTPOE pearnpoBaHie HAa U3MEHEHHUS B CUCTe-
Me 0apoMEeTpHYECKOr0 KOHAEHCATOPA;

» DKOHOMHMS CBEXEN BOJIBI;

» KOMIIaKTHOCTh YCTaHOBKH, ITPOCTOTA OOCITY>KMBAHHS 1 SKCILTyaTAIUH.

K HenmocraTkam OOBIYHO OTHOCST 3arpsi3HEHHE MOBEPXHOCTH IUTACTHH B MPOILIECCe IKCITyaTalllu, OTBOJ He-
KOHJICHCHPYIOIINXCS Ta30B U HEOOXOANMOCTh 00€CTIeueHHsT MaJIbIX TOTEPh JAaBIICHUS B ammapare, paboTaromem
1o BakyymMoM. PaccMoTpuM pacuer GapoMETpHYecKOro KOHJAEHCaTopa Ul YCJIOBHH, HPENCTAaBICHHBIX B
Tabm. 1.
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B kadecTBe KOHIEHCATOpa MO BaKyyMoM paccuntaem ammnapar Mapku AlfaCond cepuitHO BBITyCKaeMBbI KOM-
nanueit «Anbsga JlaBaney, puc. 1. Cucremsr AlfaCond creruanbHo pa3paboTaHbl A PaOOTHI MOJ BaKy yMOM.
BBoj mapa nMmeeT MHUPOKUH KaHal, a BBIBOJbBI KOHIeHcara (2 BhIBOA) — y3Kue KaHambl. [IopThl Ui MOABOA OX-
JaXJaroueil BOJbl pacloNoKeHbl B IEHTPAIBHOW YaCTH KOHJCHCATOPa M MMEIOT KaHaJIbl CPEHEH BEJI MUMHBI.

Pucynok 1 — ITnactuHuatsenit kongeHcatop AlfaCond

[Maker mnactun ycraHoBku AlfaCond coctonT U3 map ruiacTuH, CBApEHHBIX BMECTE B KacceThl. Takas KOHCT-
PYKLHS MO3BOJISIET PEaNn30BaTh J1Ba Pa3IMUHBIX THIIA KAHAJIOB: KaHAJbl BHYTPH CBAapEHHOM KacCETHI, UCIIOJb-
3yIOIIUECs I KOHJCHCANY N1apa, ¥ KaHAJIbl MEKAY NMPOKJIAAKaMH KacCeT ISl JBIDKCHUS OXJIaX TAfOIIeH BOIBI.
CneunanbHasi roppupoBKa IUIACTHH MO3BOJISIET 04eHb 3P()EeKTHBHO NMPOBOIUTH KOHAeHcalmo. [Ipu sToM ABYyX-
CTOPOHHSISI TOQPUPOBKA IIIACTHHBI MMEET aCCUMETPHUYHYIO KOH(PHUTypalyio: ¢ IUPOKUMH KaHaJaMH Ui Mapo-
BOW (pa3bl M y3KMMHU KaHAJaMM JUIsl OXJaxJaaromei Boabl. [1ogo0Has KOHCTPYKIMS IJIACTHHBI TaeT BO3MOX-
HOCTb PEaIN30BaTh MAJIBIH TIepenasl JaBICHUH M0 apoBOH CTOPOHE MPH COXPAHEHHH BBICOKOH CKOPOCTHU H TYyp-
OyJICHTHOCTH IO CTOPOHE OXJIaXKJIAIOLIeH BOJBL. JTO, B CBOIO OYEPEb, IPHUBOIUT K BHICOKOH 3((EeKTHBHOCTH
TEIIONEpeady U CHIKACT BOSMOKHOCTD 3arps3HEHHS TEIUIONEPEAAIOIIeH TOBEPXHOCTH IUIACTHH.

I'maBHBIME npenMyiecTBaMy anmnaparoB Tina AlfaCond sBisitoTecst cneayronye pakTopbl:

» CHWDKCHHE 3aTpaT 3a CYeT MaJloil MaTepHalOeMKOCTH ¥ SKOHOMUSI IPOU3BOACTBEHHBIX TUIOIIAICH;

» TOHM)XCHHAsl CKIIOHHOCTB K 3arpsA3HEHHSM 33 CUET BBHICOKOW TYpOYJICHTHOCTD MOTOKA OXJIAXKAAIOLIEH BO-
JIbl, CO37IaBaeMasi ClielnalibHOI TopPUPOBKOM IJIACTHHBL, YTO B 3HAYMUTEIBHOM CTEIIEHH YMEHBIIAIOT 00pa3oBa-
HUE 3arps3HEHUN U OTIOKEHUH.

» JIETKOCTh OOCJIY)XMBaHHUS, B TOM YHCJIE€ BO3MOXXHOCTb MEHSATh MPOU3BOJUTEIBHOCTh ITyTeM W3MEHEHHs
YICIa KacceT;

» TPOTHBOTOYHAs CXEMa CO37aeT BO3MOXKHOCTh OXJI&XK/CHUS! HEKOHJCHCHPYEMBIX Ta30B JIydlle, YeM IpH
MPUMEHEHNH KOXKyXOTpyOHBIX aInaparoB, 4TO MTO3BOJSET YMEHBIIUTD 3arpy3Ky Ha BaKyyMHBIH Hacoc.

B kauecTBe Marepuaina riactubl npuMem ciuias Hastelloy G-30, tommmua nmactussl pasaa 0,6 MM, pe3u-
HOBBIE TIpokianku Mapku EPDM. Mcxonuble naHHbIE A7l IPOSKTUPOBAHUS MTOBEPXHOCTHOTO (IIACTUHYATOTO)
6apoMeTpHUIecKOTo KOHAEHCATOPA MpeACTaBIeHk! B Ta0I. 1.

Ta6J’II/II_[a 1- HCXOI[HBIe JAaHHBIC U1 TPOCKTUPOBAHNSA ITOBEPXHOCTHOT'O (HHaCTI/IH‘IaTOFO) 6apOMCTpI/I‘ICCKO-
'O KOHACHCAaTOpa

ITapameTpsl
Cpena t.o °C tmonr °C Pacxon, [IpenensHbIC TOTEPH 3amnac,
(nap) (koHeHCAT) Kr/4 nasnenus, klla %
IMap 47 38,7 5000 2,0 50
OxJaxgaromas BoJa 18 30 241500 30,0 50

B pesynbprare mpoBeAeHHBIX PACUETOB K YCTAHOBKE MOXET OBITh MPHHAT CIENHANbHBIN IMIACTHHYATHIA K OH-
nencarop AlfaCond 600, ¢ mactuHo#t ToaumHoi 0,6 MM, u3rotosneHHol u3 crutasa Hastelloy G-30. VceraHoska
9TOro KOHAEHCATOpa OOBSICHIETCS, B IIEPBYIO OUepe/Ib, OONBIINM PAcX0J0M napa yepes npucoenunenuns. Crienu-
anpHBI KoHAEeHCaTOp AlfaCond 600 mmeeT xojutekTop mo mapy amamerpoMm 600 MM ¥ MO3BOJSET MPOMYCTHTH
pacxo/ nmapa ¢ mpuemieMoit ckopoctsio. PesynbraTsl pacuera ammapara AlfaCond 600 mpeacrasieHs! B Tadi. 2.

Tabnnna 2 — JlaHHBIE PACCYUTAHHOTO TUTACTHHYATOTO 0apOMETPHIECKOTO KOHICHCATOPa

Mapxka ITnomans [Totepu naBnenus, klla
TEII000MEHHUKA KommnonoBka TEemI000MeHa, [opstuas XononHas
M CTOpOHA CTOpOHA

Alfa Cond 600 1x43SW/ 1x42NG 60,2 19 24,6

IIpencTaBicHHOS MOACIMPOBAHKE y3/1a 0aPOMETPHUUECKOTO KOHACHCATOPa C KACCETHBIM IIACTHHYATHIM TEII-
noobmennnkom mapku AlfaCond 600, ¢ miacTuHOM, usroroBnenHoi u3 ciuiaBa Hastelloy G-30, mokasbiBaet
BO3MOJKHOCTH ITPHMEHCHHS [TOBEPXHOCTHBIX KOHACHCATOPOB HE TOJBKO BMECTO KOHICHCATOPOB CMEIICHHS, HO U
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B KaueCTBE JOMOIHHUTEIBHOTO (PEe3epBHOIO) OapoMeTpHdecKoro KoHaeHcaTopa. [IpeanoxkeHHOe TEXHHIECKOE
pelIeHre NPUMEHUMO JUIsl PEKOHCTPYKIMH 3aBOAA IO IPOU3BOACTBY IKCTPAKIUOHHOHW (OCHOPHOH KUCIOTHI U
JIPYTHX MPEANPHUATHH, IMEIOIINX B COCTaBE TEXHOJIOTHYECKOT0 000pyAOBaHMSA 0apOMETPUIECKIH KOHAECHCATOP.
PaGoTa BeImosHeHa mpu GuHAHCOBOW moamepkke EBpormeiickoro coobiiectBa B pamkax mpoekra “Efficient
Energy Integrated Solutions for Manufacturing Industries” — EFENIS, Grant Agreement No.
ENER/FP7/296003/EFENIS.
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VK 66.045.1+661.634.2
Tosaxustacskuit JIJL., Kanycrenko I1.0., Xagiu I'.JI., Pumenko .M., Apcennera O.I1.

MOJIEPHI3AIIA TEINIOOBMIHHOI'O OBJAJHAHHSA ITPH PEKOHCTPYKIIII 3ABO/IIB
IO BUPOBHUIITBY ®OC®OPHOI KUCJIOTH

PosrasiHyTo npobiemy minsuiieHHs eekTHBHOCTI BUpOOHHITBA POoCcOpPHOi KUCIOTH 32 paxyHOK MOJIEpHi-
3amii BCTAaHOBJICHOTO TEMI000MiHHOTO oOnagHaHHA. J{sl 3MEHIIEHHsS MPOCTOiB BUPOOHHUIITBA MPH 3YMUHIN HA
YHUIIEHHsT 0apOMETPUYHOTO KOHJIEHCATOpa 3aIllPOIIOHOBAHO BCTAHOBJIIOBATH IIapajieibHO IUIACTUHYACTHH KOH-
JIeHCcaTop, IO TMpaIoe mia BakyyMoMm. HamaHo BuOip 1 po3paxyHOK IJIaCTHHYACTOTO KAaCETHOTO KOHJIEHCATOpa
AlfaCond BupoOHuunTBa «Asbda JlaBaaby.

Tovazhnyanskyy L.L., Kapustenko P.O., Khavin G.L., Ryschenko .M., Arsenyeva O.P.

MODERNIZATION OF HEAT TRANSFER EQUIPMENT FOR PHOSPHORIC ACID FACTORY
RECONSTRUCTION

The problem of increasing the efficiency of phosphoric acid production by modernizing the set of installed
heat exchange equipment is considered. To reduce the downtime of production process when stopping for baro-
metric condenser cleaning, the installation of plate condenser, which works under vacuum, is proposed. A selec-
tion and calculation of the cassette plate condenser AlfaCond produced by "Alfa Laval" are under consideration.
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VK 622.691.4
Cxpunpauk K. 1O., Myxammen ["ane6 Hacep Anp-1llammap, Kpumos A.I1.

AHAJII3 TEXHOJIOT'TH JIJTISA MIJIBUIIEHHSA EGEKTUBHOCTI POBOTH
CUCTEMMU 360PY I'A3Y

3HadHa KiJIbKICTh Ta30KOHICHCATHUX POIOBHI YKpaiHM 3HAXOJUTHCS Ha 3aBEpIIaNbHIN CTafii po3poOKu, 1o
XapaKTEepU3YEThCs TIEBHUMH YCKJIaJHEHHSIMU B POOOTI SIK IMiI3EMHOI YaCTHHH POIOBHINA, TaK i 00’€KTIB HOro Ha-
3emHoi yactuHu. KiHnesuit eran 3aBepmanbHoi cranii po3poOku ['KP Ha pexrMi BHCHa)KEHHS B yMOBaxX THUCKY
HIDKYOT0, HIXK THCK MAaKCHMaJIbHOT KOHJICHCAIl CYMIIII TU1acTa XapaKTepU3yeThCs PI3KUM HOTIpIISHHM HOro eHe-
PreTUYHHX MOXKIMBOCTEH. B mtacToBuX ymMoBax MpUPOIHUIA Ia3 KOHTAKTYE 31 3B’S13aHOI0 BOOKO 1 TIOBHICTIO HACH-
yeHu# 1i mapamu. B nporneci po3poOku poioBuIla, B pe3ybTaTi 3MiHH TEPMOJHMHAMIYHHX Ta IIBUIAKICHUX YMOB IO
IUIAXY pyXy rasy 3 IUlacTa O CIIOKMBada, YacTHHA BOJHM KOHIEHCYETHCS. TakuM YHMHOM, BIJOKPEMHMO IEpIIY
npoOiieMy B eKCIUTyaTallil Ha3eMHHX 00’ €KTIiB POIOBHINA — 3a0pyAHEHHS NUICH]IB CBEPATIOBHH Ta MPOMHUCIOBUX
Ta30IpPOBO/IIB PiAWHOIO.

Jami o Tpaci 10 croxuBaya ra3 1onajiae Ha yCTaHOBKY HOTO IMonepeaHboi ab0 KOMIUIEKCHOT MiZIrOTOBKH, 1€
Horo mapaMeTpu JOBOIATHCS 0 BUMOT SIKOCTI, sIKi O€3M0CepeIHbO 3aekarth Bix e)eKTHBHOCTI poOOTH cemapa-
TOPIB, W0 MPOEKTYBAINCS HA THCK MAaKCMMaJIbHOI KOHJCHCAIlIl Ta MEBHUI KOMIIOHCHTHHH CKJIaJ ra3y Ha Ioda-
TOK PO3pOOKH pOJOBHUILA. 3MiHA Fa30KOHCHCATHOI CUCTEMH IIiJ] 4ac PO3pOOKM POIOBHINA Y PEXKHUMI Ha BUCHA-
JKSHHSI Ta 3MiHa THCKY MaKCHMaJIbHOT KOHAEHCALIT MPU3BOAATH 110 TOro, o obnagnanus YKIII npamtoe B ymo-
BaX TUCKY Ta TeMIEPATypH, sIKi BIPI3HSIIOTHCS BiJl ONTHMAIIBHUX JUIS BiIOMBaHHS pianHHOI (a3u. 3MiHA THCKY
Ta TeMIepaTypH IiJl Yac TPaHCIOPTYBAHHS ra3y CHCTEMOIO I'a30IPOBO/IB-BIIBOIB Ta MariCTpalbHUX I'a30Mpo-
BOJIIB MPHU3BOJINTH JI0 KOHAEHCALT Ta OCAJPKEHHS PiUHHU Ha iX AiIsHKaX. OTxe, IpyruM BaXKJIMBUM MMUTAHHIM B
eKCIUTyaTallii Ha3eMHOI YaCTHHHU POJIOBHIIA € 3a0pyTHCHHS BOMOK Ta KOHJCHCATOM Ta30MpPOBOIIB-BiABOIIB Ta
CHCTEMH MariCTpaJbHUX Ia30IpPOBOIB, IO TPAHCIIOPTYIOTH I'a3 BIACHOTO BUIOOYTKY [1].

3a yMOBH HasBHOCTI B IPOJYKIIii CBEP/UIOBHHH IIaCTOBOI MiHEpaTi30BaHOI BOAW BUHHUKAIOTh yCKJIaIHCHHS,
TMIOB’sI3aHi 3 YTBOPEHHSM Ta BiAKJIaJCHHSIM HEOPTaHIYHHX coyeil y cToBOypax BUAOOYBHUX CBEpPAJIOBUH, TPyOO-
MPOBO/IaX Ta MPOMHUCIOBOMY oOuiasHaHHi. LI BinknaneHHs, 3a3BUUaif, € TBEPAUMH, MAIOTh 100pe 34EIUICHHA 3
MOBEPXHEI0 METANTy Ta BaXKO IiJAI0THCS BUJAJICHHIO. B COMbOBHUX BiAKIIaJEHHSAX MPHUCYTHI TAKOXX KOMITOHEH-
TH 1 IPOAYKTH KOPO3ii MeTaJIOKOHCTPYKIii. Kopo3ito razonpoMucioBoro odsiajHaHHSI MOXE CIPHYMHATH HasiB-
HICTh B IUIACTOBOMY ra3i arpeCMBHUX KOMIIOHEHTIB: CIpKOBOJHIO, TIOKCHJLy BYTJICLIO, KUCIOT YKHUPHOTO PsILy
(MypamuHoi, nMpornioHoBOi, MacisiHOT). ATpeCMBHI KOMIIOHEHTH B MPHUCYTHOCTI BOAM (IIIIOLIOBHOI, KpaioBoOfi,
IUIACTOBOT) BCTYIAIOTh 3 METAJaMH B XIMIUHY peaKililo, pyiHHYIOUH BHYTPIIIHIO OBEPXHIO CBEPAJIOBUHHOTO Ta
HazeMHoro obOsanHanHs. [Ticis TpUBAjIoOro TepMiHy eKcIUlyaraiii CBep/UIOBHHH, TPYOOIIpOBOAM 1 00JiaJHAHHS
ra30KOH/ICHCATHUX POIOBHII 3a3HAIOTH JI0JIATKOBO 30BHIIIHBKOT KOPO3ii Mil Ai€t0 atMocdepH, MIaCTOBHX 1 IPYH-
TOBHX BOJI, 30BHIIIHIX JPKEpeJI CTpyMy Ta Oiykarouux cTpyMiB. OTxe, TpeTs 32 paXyHKOM cepio3Ha mpobiema —
1e Kopo3is o0agHaHHSA 00’ €KTiB HA3eMHOT YaCTHHU POJIOBHIL.

OxpiM KOpO3iHHOTO pyHHYBaHHS BiIOYBAETHCA 1 €pO3iHHII 3HOC BHYTPIIIHBOI IMOBEPXHI TPYOOIIPOBOMIIB Ta
o0JiasiHaHHS YCTAHOBOK 32 PaXyHOK BHHECEHHS TBEPIMX BiAKIAJCHb 13 CTOBOypa CBEP/JIOBHHH: MEXaHIYHOTO
MY, TIMHUCTHX BKJIIOYEHb TOmO. OCKiIbKH poOOUYMi THCK B IPOMHCIOBHX TPYOONpPOBOJax 3a3BHYail HU3b-
KHH, TO CKJIaIOBa BTPAT THCKY Ha TEPTS 1 BIAMOBIIHA MIBUAKICHA CKJIAJJ0Ba IiIBHIYIOTHCS, 2 BUCOKI IIBHIKOCTI,
SK B1JIOMO, CIIPHSIOTH OiNIBII iHTEHCHBHOMY CTHPAHHIO CTiHOK TpyOompoBoaiB Ta obnagHaHHA. OTXe, HACTYTI-
HUM TpOOJIEMHUM MTUTAHHAM € KOpO3iliHe pyHHYBaHHS CTiHOK TPyOONpOBOAIB Ta 0OMagHAHHA MOOIYHUMH MPO-
JIyKTaMH BUIOOYTKY Tasy [2].

I ocranHe: HU3BKHUI pOOOUYMIT THCK B KOHTPOJIBHUX TOYKAX HA3eMHOI YaCTHHU POAOBHIIA IIE HE € MPHIMHOIO
HEXTYBaHHS MOXKJIMBICTIO YTBOPEHHS Ti/IpaTiB, a/ie NPOLEC YTBOPEHHS 1X € PEeaKIli€r0 Ha CYKYITHHUI BIUTUB TUCKY
Ta TEMIEpaTypH HABKOJHMIIHLOTO cepenoBuina. Came TOMy 1 podsiemMa st pOJJOBHIIL Ha 3aBEpLIAILHOMY €Tarll €
aKTyaJIbHOIO OlJIbIIIE B 3MMOBHH IepioJl eKCIUTyaTarii.

OueBHHO, 10 YHUKHEHHS YCKJIaJHEHb, BUKJIMKAHUX CYKYIHHM a00 MOOAMHOKMM BIUIMBOM IIapaMeTpiB,
NpUTaMaHHUX UM MpodieMaM, MOXKIMBO 33 paXyHOK OIIEPaTHBHOTO BIPOBA/KEHHS 3aXO0/iB 11010 IiIBUIIIEHHS
e(heKTHBHOCTI eKCILTyaTanii 00’ €KTiB HA3eMHOT YaCTHHU POJIOBHIL.

OOrpyHTYBaHHIO METO/IIB ITi/IBUIIIEHHS BYIJIEBOIHEBI11aul HaTOra30KOHACHCATHHX IUIACTIB Ha 3aBEpIIAJIBHIH CTa-
i po3pooxu nprcsiaero nipari C.1. 3akupoa [3], I'.A. 3otosa [4] Ta iH. JlocmimKeHHIMI KOPO3IHHOTO CTaHy 00 €KTIB
Ta30BHI00YBHHUX ITiAMPHUEMCTB 3aiMaics yKpaiHchKi mocimimankd Membank AT, Cenwmmn fLI [S] Ta iami. TIporecu
TPAHCIIOPTYBAHHS Ta3y CHCTEMOIO MPOMHCIIOBHX Ta MAariCTPaIbHHUX Ta30MPOBOJIB, IO TPAHCIIOPTYIOTh I'a3 BIACHOTO
BUJIOOYTKY JIETAITLHO JMOCIIKyBaMCh (axiBismu YkpH/Irasy: KammosuMm LI, Canpukianm C.O. [6], Bypanxom B.C.
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[7]. Anani3 TeXHIKH Ta TEXHOJOTII, 110 BIIPOBA/KYETHCS HA «CTAPUX» HEPIBHOMPOXITHUX Ta30IPOBO/IAaX, BUKOHAHO JI0C-
migaukamu bpataxom M.1. Ta @omenko O.B. [8].

B miii po6oTi My mpoaHaizyeMo mpobieMy eKCILTyaTallii ra30IpoBOIiB U POAOBHUI Ha 3aBEpIIAIbHIN cTa-
Iii po3pOOKH B 4acTHHI €(peKTHBHOCTI BIIPOBAIKEHHS HU3KH 3aXOIB 100 CKOPOYCHHS BTPAT THUCKY, BUKIIMKA-
HUX HasBHICTIO piiMHU. AIDKe came s poOieMa B eKCIUTyaTallii ra30IpoBOMIiB BioOpakaeTbesl Ha eheKTHBHO-
cti pobortn Beporo kommiekcy: YKIIT, IKC, cBepanoBuH Tomo. I3 mepemideHuX Im'sSTH MpoOJIeM TpU TiCHO
TOB’s13aHi 13 BIPOBA/KCHHAM 3aXO/iB 1 3aC00iB OYMCTKY BHYTPILIIHHOI TIOPOKHUHU.

IMoxgmBuMock Ha 3a0pymHEHHS, MPOOY SKOTO BiNiOpaHO i3 ra3030ipHOTO KOJEKTOpa, MI00 MaTH YSABY, YOMY
BJIaCHE IPH CJIOBI OYMCTKA ra3olpoBOAY MU MAeMO CHpaBy i3 pimuHoro (puc. 1). JlaHi pHCYHKY SICKpaBO CBiJ-
YaTth PO Te, 110 OCHOBHUM 3a0pyIHIOBaYEeM MOPOXKHMHU Ta30MpoOBOIB € piguHu. CamMe aHalli3y METOJIB iX BiJl-
BEJICHHS 1 MPUCBSYEHY 1LII0 POoOOTY.

JISTKUH
KOHJICHCaT

Macia, MacTHIbHI
KOMTTORUTTIT

3KOHACHCOBaHa
BOJIOra

TBEp/i MEXaHIuHI
IOMIIIKA

Pucynok 1 —IIpo6a rasy, siky BiniOpaHo i3 mpucTporo 11 BinseaeHHs piguan Mk YKIIT — 23 Ta kp. 28

Poboty noOyryeMo HaCTYITHUM YHHOM:

— kiacuikaiis BCixX iCHYIOUHX METO/IB, CITOco0IB i 3ac00iB ISl BIABEICHHS PIAWHU 3 MMOPOKHIHH Ta301IIpo-
BOJIIB;

— IX CHCTEMHHIA aHaJIi3 3 BUAUICHHSIM IIepeBar Ta HeIOJIKiB;

— aHaJti3 epeKTUBHOCTI BIIPOBA/KEHHsI HA 00’ €KTaX ra30TPaHCIIOPTHOT CHCTEMHU.

OuHUCTKY NOPOKHUHU JFOYOTO Ia30IpOBOLY 3 METO 3MEHIICHHs BTPAT TUCKY IPH TPAHCHOPTYBaHHI IpHU-
POJIHOTO Ta3y MOXKHA 3AIMCHUTH OJTHHM i3 HACTYIIHUX CIIOCOOIB:

— BUKOPUCTOBYIOUH IIPUCTPOIT JUIs BiIBEACHHS PiJJHH 3 ra30IPOBOJY CTAI[IOHAPHOT 200 Mepiou4HOi Aii;

— MepeBOASYH JIHIWHI AUUISIHKYA ra30IpOBOy B PEXXUM CaAMOOYHIIECHHS (CTBOPEHHSI BUCOKOIIBU/IKICHOTO T10-
TOKY razy);

— BUKOPHUCTOBYIOYH TEXHIYHI 3aCO0M 1010 BBEACHHS PEarcHTIB IS 3aM00IraHHs TiIpaTOy TBOPECHHS.

3acTocyBaHHsI CTalllOHApHUX MPHCTPOIB nepeadadae ix cTarioHapHy YCTAaHOBKY Ha TpYOi JiI04OTO Ta3oIpoBOIY
Ta TepioIMYHE 00CITyrOBYBaHHS, ITOB 3aHe 3 BiZIBEICHHSAM PIAMHN 3 IPHIMaviB 3a0pyTHEHB, SIKI BXOAATD JI0 TXHBOTO
CKJIafy, a00 MPOYBKH B IPUAMAIBEHY EMHICTB.

CrauioHapHi MPUCTPOT I BiABEACHHS PIIMHHU 3 TOPOKHUHH TA30MIPOBOAY MOXKYTh OYTH BOX BHJIIB!

— BIOBIIOBaul 3a0pynHeHb (IpUIM), WO XapaKTepU3YIOThCS BIABEJCHHSIM pIAMHM B MpuiiMau dyepe3
3‘€IHyBaJIbHI MAaTPYOKM Ha HWXKHIN TBIpHIH TpyOONIPOBOY;

— IpeHaXxcHi TpYOKH (ip’si), SIKi BiJBO/ISATD PIAMHY Yepe3 BEPXHIO TBIPHY JiF0YOr0 ra30poBO/IY.

Buainenns (BinOuBaHHs) piakoi (pakiii 3 ra30BOro MOTOKY B MPHUCTPOSX MOCTIHHOT Aii 6a3yeThesi HA KOHC-
TPYKIUISX KOHAEHCATO30IpPHHUKIB (APHIIIB), IO CIPHUSIIOTH 300py PIAKHH, siKa Tede, 3MiHI HAIIPSIMKY MOTOKY ra3sy,
3HM)KEHHIO HOT0 LIBUAKOCTI Ta TEMIIEPATypH.

Koncrpyxkuii BoBitoBauis 3a0pyqHeHb KiIacu(piKylOTh HACTYITHUM YHHOM (puc. 2).

[HIIMM BHIIOM CTalliOHAPHUX MPUCTPOIB JUIA BiABEJACHHS PiIMHHU 3 ra30IPOBOY € APEHAXHI TPYOKH.

3a paxyHOK CBOE€T JIETKOCTI B OOCIyroByBaHHI, HU3bKOI BapTOCTi Ta HPOCTOTH KOHCTPYKIIi Taki MpUcCTpoi
3HAMIIUIM IIMPOKE 3aCTOCYBAHHS Ha Ta30IPOBOJAX CUCTEMH 300py Ta BUIOOYTKY ra3y, MiXIIPOMHCIIOBHX ra30Il-
POBOJIaX 1 MOYATKOBUX JIUISTHKAX MaricTpaibHHUX ra3onpoBoiis, micis JJKC, I'C, TIT'PC.
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a) 3aryIyIIeHa Ha KiHIIX Ta 3’€IHaHa IaTpyOKOM 3 Ta30IpOBOIOM Tpy0a; 0) po3IIMpIOBaIbHA KaMepa; B) TyTOIOi0HHI JpHIT
Pucynok 2 — [IpuHIAIIOB] CXeMH BIOBJIIOBAaYiB 3a0pyIHEHD Pi3HHUX THIIIB

JpenaxHy TpyOKy Bpi3ar0Th B IIOHIKEHUX MICIIX TPAcH Ta30MpoBOAY (OaKu, MOHMH HEBEIHKHX PidoK, 3200-
Jo4eHi MicreBocTi). [i KOHCTPYKINis Bi3yallbHO CXO’kKa HA TEpO, 3pi3aHril Kpai SKOTO OMYCKA€ThCA B TIOPOKHUHY
ra30npoBOIY J0 HIKHBOI HOTro TBipHOT (pHcC. 3).

[TpocroTa KOHCTPYKLIT ApeHaKHOT TPYOKH 0OYMOBITIOE MOXIIUBICT 11 MOA€pHI3allil 32 paX yHOK:

— aBTOMAaTH3alli] poLecy, o 3a0e3reuye MOXKIUBICTh NEPIOMIHOTO CKUY PiIMHU B PUIIMaIbHy €MHICTB;

— BUKOPHCTaHHS 3’€MHOT (MOOLIBHOT) KOHCTPYKIIT APEHaXKHOT TPYOKH 3 MPUCTPOEM ISl BIABEJCHHS PiJUHA
y MepecyBHI €EMHOCTI B 3a3Ha4CHI Mepiou 00cayroByBaHHs [9].
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Pucynok 3 — [IpuHIMIOBa cxeMa BiIBSICHHS PIIHHU 3 Fa30MPOBO/IY 3 JOIIOMOTOKO APEHAXHHX TPYOOK

[lepiognyne BigBeICHHS PIIWHU 3 Ta30MPOBOAY 3IIHCHIOIOTH 3ac000M MPOMYCKAaHHS MMOPIIHIB, BUKOPUCTO-
BYIOYH TIPH [JbOMY €HEprilo ra3oBOro notoky. T oOpaHoro Juisi OYMCTKH MOPLIHS 3aJeKUTh BiJl IPU3HAYCHHS
ra3ornpoBOJy 1 KOHCTPYKLIT 3amipHoi apMaTypu. BBeleHHs! NOpLIHS B MOPOXKHUHY T'a30IPOBOJY B OCHOBHOMY
3IIHCHIOETBCSI Yepe3 CTalioHapHi a00 MOOLIBHI KaMepH 3aIlyCKy Ta NPUIOMY OUYHUCHHUX TTOPIIHIB.

Kitacuhikyemo HopiiiHi, 110 BUKOPUCTOBYIOTBCS, 32 CYKYITHICTIO BHUIIICHABEACHUX O3HAK:

1. [opurHi, 110 BUKOPUCTOBYIOTHCS [UIsl MariCTpaJIbHUX ra3olpoBOAIB Ta HOBUX MIKIIPOMHCIIOBHX Ta3ompo-
BOJIIB, 00JIa/IHAHNX KaMepaMH 3alyCKy Ta MPUHOMY OYMCHHMX MPUCTPOIB i PIBHONPOXITHOIO 3aIipHOI apMary-
poto:

— CYIIJIbHOMETAJIEB] MOPIIHI-PO3/ILIIOBAY, ICKPAaBUM IPUKIII0M SKUX € ropiieHs tiiry OITPM, BurotoBnenuii 3
aBialiifHUX MOKpHUIIOK. Ha noposkHncTOMY MeTaieBoMy KOpITYCi MOPIIHS BUTLHO PO3MIILEH] aBialliifHi TTOKPHIIKH 3
PO3MIPHAMH BTYJIKaMH MDK HUMH. B mepeaHii 4acTHHI KOpPITyCy BCTaHOBJIIOIOTH T€PMETHYHY MEPETOPOIKY Ta JIHC-
KOBHH yIOp /ISl IOKPHIIIOK, a JI0 3aJ1HbOI KPIIUIATh HATUCKYBAJIBHUHN (JIaHEelpb, 110 3a0e3euye OCbOBE IMiITHCKaHHS
TIOKPHIIIOK;

— HopIIHi-HopIi (CKpeOKH) JUIsl BUAAIICHHS OKAIMHH, MEXaHIYHUX PEUYOBHH, a TaKOXK BUTICHEHHS PiIMHH 3a J0-
TIOMOTOIO JIPOCETBHOTO KiJTBIIS;

— Ta30/IMHAMIYHI YCTAHOBKH, €(PEKTHBHICTh OYMCTKN BHYTPIIIIHBOI TIOBEPXHI MPY BUKOPHUCTAHHI SIKUX 3a0e3MedyeThest 3a
PaxyHOK BUKOPHCTAHHSI B OYHCHOMY IPHCTPOI ra30/IMHAMIYHOIO COILIa;

— TypOOOUHIITyBayi, 0 BUKOPHCTOBYIOTh OYMCHY YCTAHOBKY 3 TYpOOIPHUBOIOM TS 3a0e3MeueHH s He0OXiqHOT KiTbKOCTI
OYHCTKY BHYTPIIITHKOI MTOBEPXHI TPAHCKOHTUHEHTATIGHUX TPYOOTPOBO/TIB.

2. TlopuiHi, 10 BUKOPUCTOBYIOTBCS 11 OYMCTKH Ta30IPOBOIB, 00JIaJHAHUX KaMepaMH 3allyCKy Ta NMpHHoMY
OYHCHHX TIPUCTPOIB 3 HEPIBHOIIPOXIHOIO apMaTypolo, 3 HasIBHICTIO BCTABOK 3 TPYO Pi3HMX JlaMeTpiB 1 3HAUHOIO Ki-
JBKICTIO TIEPEXO/IiB:

— eJIaCTUYHI THYYKI MOPIIHI 3 CaMOYIIUIbHIOBAILBHIMH MamXeTaMu (TIOpIIHI — KaimiOpH, CKiIaJieHi 3 HEOIPEHOBHX
MaHXeT 1 KaJliOpyIOUHX IUIACTHH 3 HAIUIABIIIOBAHHSM TBEPANM CILIABOM);

— HopILHi-cepy, sIKi SBISIOTH COO0I0 MOPOXKHI chepH 3 CHHTETUYHOTO ab0 MPUPOIHOrO KaydyKy 3 TOBLIMHOIO
CTIHOK Bix 25-50 MM 3aJIe’)KHO Bijl Ta30MPOBO/Y, 0 OUYMITYEThCA. Il TpUaaHHS TePMETUYHOCTI ITij] Yac MpoXo-
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EHEPIrETUKA TEIM/IOTEXHOJIOI I TA EHEPIO3BEPEXEHHS

JOKCHHS Yepe3 MOPOKHUHY Ia30IpOBOAY C(hepH HAIIOBHIOIOTH Yepe3 CHELiasibHi KIalaHu BOJIOI0, aHTU(]pH3oM abo
TJILEPUHOM.

3. INopruHi, m0 BUKOPUCTOBYIOTHCS TSI OYUCTKH ILTEH(DIB CBEPIUIOBHH 1 AUTTHOK MIKIPOMHUCIIOBUX T'a30IIPOBO-
IiB, 001aTHAHMX HEPIBHOIPOXIiHOIO 3aIPHOI0 apMaTypPOIO:

— TeNeBi Ta MiHHI MOPIIHI, 0 0a3yIOTHCS HA BBEACHHI B TIOPOKHIHY Ta30IIPOBO/IY ITOBEPXHEBO-aKTHBHHUX PEUO-
BuH (ITAP) 3a3naueHO0i KpaTHOCTI i BUKOPUCTaHHI iX B SIKOCTI CBOEPITHOTO TOPIIHS, 1[0 BXOAUTH B KOHTAKT 3 PiIx-
HOIO Ta y BHTJIAI CYMIIIT BUIITOBXYE ii 3 TOPOKHWHH Ta30TPOBO/Y i3 3a3HAYEHOIO ITBHIKICTIO.

SIKIIo HEZOJIKOM MEPIUX TBOX TPYII MOPIIHIB € 3HOIIEHHS OCHOBHUX IPHUCTPOIB Ta BUCOKA IMOBIPHICTD 3aCTps-
TaHHS B TIOPO’KHMHI Ta30MPOBOJLY, TO 3aCTOCYBAaHHS OCTAHHBOI IPYIH MiHHUX HOPIIHIB 0OMEXYETHCS MOXKIIUBICTIO
T ITPUMAHHSI IIIBUIKOCTI CTaOLTBHOCTI MiHU B MEKax Bij 2 110 4 M/c.

OnHak 1 Ti, 1 1HIII OTPUMAJIM MIMPOKE PO3MOBCIOKEHHSI B HA(TOra3oBil MPOMHUCIOBOCTI 32 PaxyHOK IPOCTOTH
NPUHIMITY Ail: 3anacyBaHHs (BBEEHH) NPUCTPOIO B CIEHiaIbHO 00JaiHaHy KaMepy 3aIlycKy i IPOIITOBXYBaHHS €HEep-
TI€I0 Ta30BOTO TIOTOKY 3 MEBHOIO IIBUJIKICTIO Yepe3 MOPOKHUHY ra30IpOBOAY J0 KaMepy MPUHOMY OYHCHOTO MOPIIHS,
e BinOyBaeThes 30ip 3a0pyIHEHD Y BIAKPUTI Y1 3aKPHTI EMHOCTI.

CnocoOu nepeBeicHHS Ta30IPOBOY B PEKIM CaMOOYHIIECHHS Iepe10ayaroTh CTBOPEHHS! YMOB PEKHUMY CaMOOUH-
IIICHHS TIPY CE30HHMX 3MiHAX Ia30IOCTadaHHs, ITiJ] Jac MPOITyCKaHHs MOTOKY Ta3y 4epe3 JFOKep UM OCHOBHY HHUTKY Ile-
PEX0/Ty Ta30MPOBOLLY, a TAKOXK IPH 3MiHI pekuMy poOOTH HarHiTa4iB KommpecopiB Ha JIKC. OxHak, 1711 OAHOHUTKOBO-
TO Ta30IIPOBOTY OpraHi3allisi BUCOKOMIBHIKICHOTO MIOTOKY I'a3y MOJKIIMBA JIMIIIE 38 PaXyHOK 301IBIICHHS IPOYKTHBHOC-
Ti JUTTHKY, IO BUKITFOYA€ MOJKIIMBICTB 3aCTOCYBaHHS CIIOCOOY TSI Ta30TIPOBO/IIB, SIKi TIOAIOTH Ta3 CIIOKHUBAYaM B SIKOC-
Ti KIHLIEBOT'O ITyHKTY TPaHCIIOPTYBaHHsI, 0OMEKEHOTO PiBHEM Ia30CIIOKUBAHHSI.

[Tpu oumcTLi ra30MpoBOAY 3 HASBHICTIO KOMIIPECOPHHUX CTAHIIN YTBOPEHHSI B ra30MpPOBO/I IMITYJIbCHOTO PEXUMY
po0oYOro MOTOKY razy 3a paxyHOK Ieperajiy THCKY JOCSTaloTh NEpioIMYHIM HEePEKPUTTAM MOPOKHUHH Ia30IPOBO-
Jly 3aripHUMH JTiHIHHAMEA KpaHamu. CrociO MpUAATHHMA 1 U1 OYMCTKH OJJHOHUTKOBUX Ta30IPOBO/IIB, HA SKUX MOXKHA
3MIHUTH Ha KOPOTKHH Yac PexUM eKCIUTyaTallii ra30IpoBoy, a 3a0e3MeUeHHs CIIOKUBAYIB Ia30M IPH LBOMY TIPOBO-
JIITh 32 PaXyHOK CIIPAIFOBAHHSI aKyMYJIIOIOUOT 371aTHOCTI Ta30IIPOBO/TY.

OpnHak, X049a I1e#f croci0 MIMPOKO BUKOPUCTOBYETHCS Ha JTIHIMHUX JUTITHKAX Ta30IPOBOIIB, BiH HE BPAXOBYE KiHe-
MAaTHUKY PiIIHU I10 TPAci ra30MpoBOY 1 BIUTMB penbedy MiCIEBOCTI MPOKIIaaHHS AULTHOK Ta30IpoBOY, He mependa-
Yae MOXKJIUBICTh BH3HAYCHHS KUTBKOCTI PiAMHM, 1[0 BUHOCUTHCS IO OOJIaTHAHHS 00 ‘€KTIB Ta30BUI00YBHOI CHCTEMH.
ToMmy, ToCTaTHBO YacTO BUKOPHUCTAHHS TAaKOTO CIOCO0Y NMPU3BOJMTH 0 MPOCTOTO PO3MOJUTY Mac PiAMHM IO 3aCTii-
HUX 30HaX JUISTHOK Ta30MpOBOIY a00 X JO0 3aIMOBUX BUKHUIIB pimuHu Ha obnaxHanHs YKIIL, IKC, I'C, IIT'PC Ta
HOTO BiZIMOB 3 MOJAIBIINM 3a0pyAHEHHSIM HABKOJIMIITHHOTO CEPEIOBHIIIA.

ToMy, TONOBHUM 3aB/IaHHSIM TIPU BUKOPUCTAHHI CIIOCOOY OYMCTKH ra30MpOBOY BHUCOKOIIBUIIKICHUM ITOTOKOM a3y
€ BU3HAYCHHS ONTHMAJIbHUX BEJIMYMH NapaMeTpiB, 10 XapaKTepH3yIOTh TaKWii MOTIK, 1 BEJIMYMHK 00°€My 3a0py/IHEHb,
SIKI BUHOCSITBCSI 3 TIOPOYKHUHH Ta30IIPOBO/TY.

BHacnijok HassBHOCTI B Ta30KOH/ICHCATHIM CyMillll BOJSHOT Iapy B 1uIeiiax CBEpUIOBHMH BUHUKAIOTh YMOBH LIS
YTBOPEHHSI KPUCTAJIOTIAPATIB, SIKI 30BHI HAraIyt0Th CHIr a00 Jij 1 € Pi3UKO-XIMIYHUMH CTIOITyKaMU BOJIH 3 BYTJIEBO/I-
HAMU. 32 CBOEIO CTPYKTYPOIO TA30Bi TiIpaTh — IIe CIIONYKH BKIIFOYCHHS (TBEPIi PO3YHMHH), SIKI YTBOPIOOTHCS IILITXOM
MPOHMUKHEHHSI MOJIEKYJI Ta3y B MOPOXHUHH KPUCTAIIYHAX CTPYKTYP 3 MOJICKYJI BOAM. Y3arajabHeHa (opMyra ra3oBux
rigpariB M x nH,0, me 3Ha4eHHS n 3MIHIOETBCSA B Mekax 5,75—17,0, B 3aJIeXKHOCTI BiJ] CKJIaqy Ta3y Ta yMOB BUHHUK-
HCHHS T1/IpaTiB.

Ha npomucioBux ra3onpoBoiax MO>KyTh BUKOPHCTOBYBAaTHCh HACTYIIHI CIIOCOOM ITOTIEpEe/KEHHS YTBOPEHHS
rigparis:

— MATPAMKA TEMIIEPaTypH ra3y BHIIOIO 32 TEMIIEPATypy YTBOPEHHSI TiApaTiB (TIOTIepeIHE i IirpiBaHHs Ta3y);

— 3HIDKSHHSI THCKY T'a3y B Ta30IPOBO/II JI0 PiBHS, III0 HIDKYE 32 THCK PIBHOBATH YTBOPEHHSI T1APaTiB;

— BBE/ICHHS B ra30IPOBIiJI CHEIiabHIX PEIOBHH — IHT101TOPIB, SIKi MEPEIIKOHKAIOTh TiIpaTOyTBOPEHHIO,

— OCYIIIKa Ta3y Tepe/] MoIauero Horo B Ta30TPOBiL.

B sixocTi iHT16iTOPIB MOXKYTH BUKOPHCTOBYBATHCH METHIIOBHH CITUPT (METAHOI), PO3UMH AieTuieHrikomo (JIED),
tpuetmneHrTikoio (TEI) 1 po3una xmopucToro kameiiito. [HridiTopw, mo BBeAeHI B HOTIK MPHUPOAHOTO r'a3y, YaCTKO-
BO IOTJIMHAIOTH BOZSHY Mapy 1 MEpEeBOIATS ii B PO3UMH, 1110 HE YTBOPIOE TiIpaTiB 200 yTBOPIOE iX MpH OiIbII HU3BKUX
TeMIIeparypax.

3p03yMiJIo, 110 KOYKEH 13 TiepeliiyeHnX METOIIB Il TOKPAIeHHs €pEeKTHBHOCTI POOOTH 00 €KTIB Ta 00JIaIHaHHS Ha-
3eMHOI YAaCTHHU Ma€ CBOi OOMEXEHHs MO 3aCTOCYBAaHHIO, 10 BU3HAYAIOTHCS MPHHIMIIOM [ii, MOXIIMBICTIO BIPOBa-
JOKCHHS Ta €(DEeKTHUBHICTIO POOOTH.

IIpoanamnizyeMo e(eKTUBHICT, POOOTH HAHOUTIBI YacTO BXKMBAHMX 3aXOiB Ta 3aco0iB /IS MOKPAIIEHHS POOOTH
00’€KTIB ra3oBHI00yBHOI cucteMu TpoTsrom 1987-2010 pp. Bci aani B3TO 31 3BITiB PO HAYKOBO-AOCTIIHI pOOOTH,
BUKOHAHI BiIIIUIOM TpaHCTIOpTyBaHHs razy YkpH/lIrazy.

AHaJTi3 HaBeIeHNX B Ta0JI. | JaHUX Ja€ 3MOTY KOHCTaTyBaTH HACTYITHE.
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[No-nepiue, BipoBaKeHHs 3aX0/1iB BUMarae MiHIMyMy KaIliTAJIOBKJIa/IeHb, OCKIIBKH 3aX0/IH 1I0/I0 OYMCTKH BXOIIThH
JIO CKJIaJly eKCIUTyaTalliiHUX BUTpAT, a €PEKTUBHICTb iX y YaCTHUHI CKOPOUECHHS BTPAT THCKY IiJ| Yac TPAHCIIOPTYBaHHS
JIOCTAaTHBO BHCOKa. TOMy, I pOZIOBHILI, IO MPAIOIOTH Y PEXKUMI Ha BUCHAKCHHS JIONUIHHO TTEPE/ BBEICHHSAM B €KC-
yataniro JJKC ckopoTUTH BTpaTH THCKY SIK B Ta30MPOBOJIaX CUCTEMH 300py 1 BUIOOYTKY ra3y (uuierdax), Tak i razos-
OipHMX KOJIEKTOpaX (TMPOMHCIIOBHX Ia30MpOBO/Iax).

Tabmmms 1 — CrucremaTH3amist BIPOBAKEHHS 3aXO0/IiB 0 3BUTFHEHHIO TIOPOXHUHH Ta30TIPOBO/IIB 1 It (iB CBe-
PIUIOBHH BiJl HAKOITMYEHOI PiIMHY Ta TiJpaTiB

IposiBu epexTUBHOCTI
Pik 3poctaHHs Koe- | 30UIbIIEHHS IPOIyK-
. 3MEHIlEHHS . . .
Hasga 3axony BIIPOBa- Micue BIpoBa/KEHHS BTDAT THCK (inieHTy TiIpaB-| TUBHOCTI (3pOCTAaHHS
TDKSHHS o 2 Y> | niumoi edexrus- BHIOOYTKY),
KIrc/cM . 3
HOCTI, % THC.M /100a
Bpi3aHHs MOIEpHI30BaHOTO MiXXNIpOMHUCIIOBHH ra3onpo-
YJIOBITFOBaya 3a0pyIHECHb 1987 |Bin HoBoTpoinbk-binbchk- -1,3 +20,03 HEMa€ TAaHUX
Conoxa
Bpizanns npenaxxHoi TpyO- 2008 Kinbuesuii razonposin Lle- 165 19,6 S —
K{ 6emmucekoro 'KP
BpizanHs MOOIIEHHX KOHC- MI" IIJK Ha aiisHIi MK T.I1
TPYKUi# JPEHAKHUX TPY- 2009 |Edpemiscskoro I'KP Ta miHii- -0,6 +23,2 +287,2
00K HHM KpaHoM Ha 120 kM
Bpizanns1 MOOLTEHIIX KOHC- T"a3ompoBin-Bingin YepsoHomi-
- + +
TPYKLH IPEHOKHIX TPYOOK 2010 Henpka JJIKC —MI" HIJIK 0,43 47,6 29,5
OHMCTKA BHCOKOMBHAKIC- 2003 |MI" OIOK -2,3 +9,5 HEMae JaHuX
HHM TIOTOKOM
TIpormycKkaHHsT O4HCHOTO 2007— .
- - + +
Hopums Tty OTTPM 2009 M Ille6ennuka — XapkiB 1,6 42 450
IpormyckaHHs 0O4HCHOTO . .
TIOPIIHS 31 3MiHHUMH MaH- 2005 MI" HIIK na ninsmnd kp.Ne2 -2,2 +10,2 HEMAE JaHuX
b — Xpecrumencska JJIKC
KETaMU
. ~ + — -
[IpomyckaHHs TIHHOTO 2010 Hlneiipu LlebennHcbKOTO 10 -1,95 70 +48.6 10 JUls BUCOKOIE
TIOPIIHS I'KP OITHUX
[pomyckaHHs TIHHOTO MUDKIpOMICIIOBHI Ta30TIPOBIJT
TMOPIIHS 2010 |Kpemeniceka YKITHI — Ilepe- -1,6 +4,77 +134
mermacbka YKIIT
Beenenns iHribitopy riz- JlistHKA Ta30MPOBOTY-KO-
partoytBopeHHs uepe3 cBiuy| 2006 |mexropy mix YKIII-23 ta 'PC -8,9 0 HEMae JaHuX
lle6emmucekoro I'KP
Benenns iHriditopy rinpa- Bl
TOYTBOPEHHS! i3 OMEPETHIM | ) vq lnetidu KOniiBcpkoro Ta -32 Bin S —
PO3paxyHKOM MEPIOIiB aK- [Mepemenuucoproro HI'TI JI0 -6,2
THBALI] 32 TIPOTPaMOI0 -16,0

[o-mpyre, st Ta30NPOBOAIB, 10 TPAHCIIOPTYIOTH a3 BIACHOTO BHUIOOYTKY, BKIIFOYAOUYH JISTHKK MariCTpaabHUX
Ta30MpPOBOIIB, ajie 0O JHAHNX HEPIBHOMPOXITHOIO apMaTypolo, JOMUITLHO MPOBECTH 3aXO/H 100 BPi3aHHS MPOCTHX
KOHCTPYKIIIH JAPEHAKHUX TPYOOK B MIOHIKEHHUX MICIISIX TPACH, IO BUSBHIIMCS 3HAYHO e(DEKTUBHIIIMMH 3a TX TIOTYKHi
QHAJIOTY THITY YJIOBJIIOBAdiB 3a0pY/IHEHb Y KOPOTKOTEPMIHOBOMY eKBiBasieHTi. O4eBH/IHO, 110 IS ra301pOBOIiB, 00Ia-
JTHAHUX CTAI[IOHAPHUMHU KaMepaMH 3aIlyCKy Ta TMPUHAOMY OYHCHUX MPHUCTPOIB Ta PIBHOMPOXITHOIO 3aIlipHOI0 apMary-
POXO, CIIijl 3aCTOCYBaTH OaraTopasoBHi MPOITYCK OYHUCHUX MPHUCTPOIB, PO IO SICKPABO CBITYUTH 3POCTAHHSI PO yKTHB-
HocTi rasonposoy LlleGenmuka-XapkiB B yMOBaX HU3BKOTO THCKY.

[To-Tpere, 3acTocyBaHHS KOMIUIEKCY 3aXO/iB MO OYMCTIII IA30IPOBO/IB MIHHMUMH TOPLIHAMH € e()eKTHBHUM IS
nuieldiB CBEpATIOBHH MaJIOTO JliaMeTpy, X04a BUTPATHE 3 TOUYKU 30py BTpar razy. s MiK-IIPOMHUCIOBHX Ta30mpo-
BOJIIB BEJIMKOTO AiaMeTpy el crociO BUSBUBCS BeJIbMH Hee(hEKTHBHUM, OCKIIEKM HEMOXKIINBO IIATPUMATH CTaOUIb-
HYy ONTUMAJIbHY IIBUJIKICTH PYXY MIHHOTO ITOPLIHSL.

[IBuIKICHWMIA TIOTIK, TIOTIPH CBOIO €(heKTUBHICTD 1 HAMHIDKTY Cepell YCiX MepeliueHrX CIoco0iB BAPTICTh, M€ TIEBHI
OOMEKEHHS 110 3aCTOCYBAHHIO, SIKi BU3HAYAIOTHCS HEOOXIZHICTIO CTBOPEHHSI BEJIMKOTO IEpernajy TUCKY Ha 3alipHOMY
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oprai Ta IIBUJKICTIO IIMKJTY HOTO BiIKPUTTSA-3aKpUTTsL. Byab-siKe BIIXMICHHS BiJI ITiIIOPaHUX pO3paxyHKOBUX HapameT-
PiB BIINOBIIHO BiJOOpakaeThesl Ha 3HWKEHHI €(DeKTHBHOCTI BITPOBA/DKEHHSL.

Crix TakoXK 3BEpHYTH yBary, IO BBEICHHS iHTIOITOPY TiIpaTOyTBOPEHHS Pi3KO 3HIDKYE HAasBHI BTPATH THCKY Ha
npoOIeMHIN AUISHII, ane B MiICYMKY 3HWKYE epeKTHBHICTb ii poOoTH. [10sSICHIOETBCS 1ie THM, 10 METaHOJ B yMOBax
HM3BbKUX LIBUIKOCTEH Ta3y, PUTAMaHHUX HU3bKO/EOITHIM CBEPAIOBHHAM 1 Ta30MpOBOJIaM, L0 MOJIAI0Th ra3 Oesnoce-
PEIHBO CIIOJKHBAUY, OCi/Ia€ Pa3oM i3 BOZIOO Ta KOHACHCATOM B IOHIDKEHNX MICIIX TPAcH i MPU3BOIWTE 10 YTBOPEHHS
TiIpaBIivHOT IPOOKH.

Pe3ynbraTi BOpOBaJDKEHHS 3aXO0/1iB II0JJ0 OYUCTKU Ta30MPOBOIB CBIUaTh MPO Te, IO JOLIIBHICTh BUKOPHC-
TaHHS TOTO YH IHIIIOTO METOY 3aJIeXKHUTh Bill OKPEMOi JTAaHKH Ta30IMPOBOIIB. Tak, IIs ra30mpoBOAiB CHCTEMH 300Dy i
BUIOOYTKY Ta3y (UUIeH]iB CBEpIIOBHH) — IIe OYHCTKA ITIHHIMH TOPIIHAMH i, 0€3 CYMHIBY, IPOIyBKa IutehdiB . [y
CHCTEMH MDKIIPOMHMCIIOBUX 1 MariCTpajbHHUX ra30NpOBOAIB 3 HEPIBHOMPOXIIHOIO apMaTyporO — Bpi3Ka APEHaXKHHUX TPY-
OOK 1 TaKOXX CTBOPEHHSI BUCOKOIIBU/IKICHOTO TIOTOKY Ta3y. I CHCTeMH MariCTpajbHIX Ta30IpOBO/IB 3 PIBHOIPOXi/I-
HOIO apMAaTypPOI0 —OYNCTKA LIUIIXOM IPOITyCKAHHS OYMCHHX HOPIIHIB.

Aute, OCKUIbKH BCl MeTOIH, X04a 0O 3a OTHUM IIPOSIBOM ITOKa3ylOTh CBOKO e(DeKTHBHICTh, TO iX BIIPOBAa/KEHHS Ha
00’€eKTax ra30BHI00YBHOT ray3i € OJJHO3HAYHO BHT'1THUM. [ OJIOBHIM ke MPOSIBOM €(heKTUBHOCTI JIs Ta30BHI00YBHOTO
HiAIPUEMCTBA B YaCTHHI TPAHCIIOPTYBAHHS ra3y € 3MCEHILEHHs BTPAT TUCKY IO BCIX JIAHKAX CHUCTEMH (CBEpIJIOBHHA —
uwterid — YKIII™ — ra3o30ipHuii konexrop — npomuciosri razonposij - JIKC (II'PC) — marictpanbHuii ra3omnposin —
ra30MpOBI/-Bi/IBI] — HU3bKOHAIIPHA Mepeka — CIIOXKNBay), OCKUIBKM UMM HIDKYI 1[I BTPaTH, THM MEHIIMM 3HAYCHHs
THCKY OyJie Ha TUPJIi CBEPJIOBUH, THM OLTBIHI BHIOOYTOK ra3y Oyze JOCATHYTO.
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YK 622.691.4
Cxpsutbauk K 1O., Myxammen "ane6 Hacep Anp-1llammap, Kpeimos ALIL

AHAJIN3 TEXHOJIOTI'M# JIJIS1 HOBBIIEHUSI 3®®EKTUBHOCTU PABOThI CUCTEMbI
CBOPATA3A

B crarbe npezicTaBieH aHAU3 YKCIIEPUMEHTAIBHBIX JaHHBIX M3MEHEHUs Y3 (PEKTHUBHOCTH pabOThl y4acTKOB
JICHCTBYIOIIMX Ta30IIPOBOJIOB CUCTEMBI cOOpa M JOOBIYM ra3a, MPOMBICIOBBIX Ta30MPOBOIOB M CUCTEMBI MAarkCT-
paJbHBIX Ta30IIPOBOAOB, TPAHCIIOPTUPYIOIINX T'a3 MECTOPOXIeHN YKpauHbl. JJuHamuky sddexrtuBHoCcTH pa-
60TBHI y4acCTKOB Ta30MpOBOJOB MPOAHATIM3MPOBAHO, MCXOAS M3 JAaHHBIX OTYETOB HAYYHO-HCCIEAOBATEIBCKUX
paboT 0 BHEAPEHUH CPEACTB U NMPOBEIACHUN MEPOIPUATHII 10 OYMCTKE YYAaCTKOB I'a30IIPOBOJIOB U MPEmyIpe K-
JICHNI0 00pa30BaHus IHIPATOB.

Skrylnyk K.Y., Mohamed Ghalib Naser Al-Shammar, Krymov A.P.
ANALYSIS OF TECHNOLOGIES TO INCREASE EFFICIENCY GAS GATHERING SYSTEM
Analysis of experimental data on changes in the gas pipelines efficiency is presented. Parts of acting gas
gathering pipelines, field gas pipelines and main gas pipelines which transport gas of the Ukrainian deposits are
considered. The dynamics of the pipeline sections efficiency analyzed based on the data of scientific research

reports about the means and efforts introduction to clean up the pipeline sections and the prevention of the hydrates
formation.
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YK 669.183.213
Komensnix O.B., Xasin €.B, I[Iasmosa B.I'.

MOJEJIOBAHHS POBOTHU TEIINTIOOBMIHHUX AITAPATIB CUCTEM EHEPI'O-
TA TEINIOMOCTAYAHHS BUCOKOTEMIIEPATYPHUX TEXHOJIOTTYHUX YCTAHOBOK

Beryn. ITomitika nmigBuieHHs eHeproe()eKTUBHOCTI Ha BCiX eTamax BHPOOHHIITBA i CIIOKMBAHHS €HEPTeTH-
YHUX PECYPCIB € BOKIMBUM YHHHUKOM HOAAJIBIIOT0 PO3BUTKY €KOHOMIKH Ta CTBOPEHHS YMOB /ISl €HEPreTH4HOT
Oesnexu nepxaBu. [IpoMHCIIOBI KOMIUIEKCH, B SIKUX pPEalli3ylOThCSI BUCOKOTEMIIEPATYPHI TEIIOTEXHOJIOT1YHI
npouecH, (GOpMyIOTh TeXHIUHY 0a3y TaKMX EHEproeMHUX rajy3eil BUpOOHHUIITBA, K YOpPHA Ta KOJbOPOBa MeTa-
Jypris, XiMiyHa Ta Oy/iBeJbHA ITPOMHUCIIOBICTh. BinoMo, 1mo Ha GinbIIOCTI MiANPUEMCTB YKpaiHU BHUIYCK IPO-
JOYKUIT B UX Taiy3sx 3JIHCHIOETHCS 3 MIIBUILIEHUMH MUTOMUMH BUTpartamu eHepropecypcis [1]. ITinBumenHs
e(eKTHBHOCTI BUKOPHCTAHHS TMAJIMBA Y BUCOKOTEMIIEPATYPHUX TEXHOJOTiYHNX ycTaHoBKaxX (BTVY) moxe Oytu
JOCSITHYTO PIi3HHMH CIIOCOOaMH, Y TOMY YHCII M NIISIXOM 3MEHIICHHS TEIUIOBHX BiJIXOJIB, PEreHEpaTHBHOTO
BUKOpHCTaHHs TeruoBux BEP, 30BHINIHBOTr0 BUKOPUCTaHHS BIAXOMAIB B TEXHOJIOTIYHNAX Ta CHEPTETHYHHUX MiJIAX.
Ha namm norysia, 0co0nMmBO akTyalbHUM € APYTUi HAlPSMOK, SIKUH MOB'I3aHUN 3 pereHepaTHBHUM BHKOPUCTAH-
HSIM TEIJIOBOTO MOTEHIialy MPOIYKTIB 3TOPSHHS, TEMIIEPATYPHUH PiBEHb SKUX 32 pOOOUYOI0 30HOI0 MOJXKE Tepe-
sumryBatu 500 °C, a B psai arperariB cranoBuTh Oinpmie 1000 °C. B [2] y 3aranmsHOMY BHAI IPOaHATi30BaHi Te-
wioBi cxemu BTY 3 manuBHUM JuKepesoM eHeprii, y TOMY YMCIIl 3 pereHepaTHBHIM TEIUIOBUKOPUCTAHHSIM.

Bupinennsi HeBupimeHoi YacTUHY 3arajbHOi mpodyeMu. [ WaXTHUX Neyel JOMEHHOTO BUPOOHHLTBA
XapakTepHUM € HEBUCOKHUI pIBEHb TeMIeparyp JAUMOBHUX Ta3iB, IO BIIXOIATh, TOMY Ii€ HE J03BOJISE HArpITH
HOBITPs (rapsiue OyTTs), LIO MOJAETHCS B MiY, 10 BUCOKOI Temmeparypu. Kpim Toro, pobora meueii cynpoBoKy-
€TBCSl YTBOPECHHSIM BEJMKOI KiJIBKOCTI HU3bKOKAJIOPIHHOTO JOMEHHOTO Ta3y, 0 MoXe OyTH BHKOPHCTAHUWH B
AKOCTI TanuBa. TOMy TyT B CHCTEMI NTOBITPOIIOCTAUYaHHS 3aCTOCOBYIOTHCSI aBTOHOMHI pereHepaTHUBHI MOBITPOHA-
rpiBadi. Y Cy4acHHX JOMEHHHUX IIeXaX OIHY Ii4 OOCIyTOBYIOTh TPH-YOTHPH IMOBiTpoHarpiBada. ChOTOAHI Ha
Cy4YacHHX METAIYpPTillHUX MiANPHEMCTBAaX Temreparypa OyTTs ctaHoBuTh 1200-1350 °C. PiBeHp HarpiBy AyTTS
BU3HAYA€ MTUTOMY BHTpaTa KOKCY i MPOIYyKTUBHICTh JOMEHHUX I€UeH, TOMY MiJIBUIEHHS TEMIIEpaTypH Iy TTs €
e(eKTUBHUM 3aCO00M 3MEHILICHHSI €HEpProBUTPAT B JOMEHHOMY BHPOOHHMITBI. /I0KIa/HO KOHCTPYKIis Ta MPHH-
U i1 TeIUIOOOMIHHUX amapaTiB JaHOTO THITY HaBeJCHO B po0OoTi [3].

st po3paxyHKy pereHepaTHBHUX TEIJIOOOMIHHHMKIB JIOMEHHUX Ieuei 3aCTOCOBYBAIMCS HAOJIMKEHI METO-
JIUKH, SIKi 3BOJMIIMCS 10 BU3HAYEHHS 3arajbHOrO 00’€My HACAIKH Ta PO3MIpIB KaMepu TEIUIOOOMiHHHMKA 03
ypaxyBaHHS TEXHOJIOTIUHHX 3B'SI3KIB 1 peasibHUX yMOB poboTu nedi [4, 5]. Haifuacriue e npuBOANIO O HEBiJI-
MOBIZHOCTI 00’€My HacaJKU pereHeparopa i rnapamerpiB IMMOBHX rasiB. Haciigkom 1poro 0yiu HelocTaTHbO
ruboKa yTHITI3allis TeIJIOTH AUMOBHX T'a3iB abo IepeBUTpaTa BOTHETPHUBKUX MaTepialiB i 301IbIIEHHS BapTOCTI
TEIJIOOOMIHHMKA Y BUIIAJKy 3aHA/ITO BEJIMKOTo 00 €My Hacaaku. ToMy akTyalbHHM ITUTAHHSM ChOTOJHI € PO3-
poOka MaTreMaTHYHOT MOJIEI, 10 JO3BOJISIE MOJICJIIOBATH pOoOOUi NPOLECH B TETIIOOOMIHHUKY Ul BU3HAYCHHS
HOT0 ONTUMAJBHUX PSKUMHUX Ta KOHCTPYKTUBHHX HapaMeTpiB.

BuxsaneHHsi 0CHOBHOTO MaTepiaiay gocaimxennsi. OnHiM i3 3aco0iB BUPIIICHHS 1aHOTO 3aBJIaHHSA € 3a-
CTOCYBaHHSI Cy4aCHMX METOIB MaTEeMaTHYHOTO MOJENIOBaHHsA. [linBUIICHHS €QEeKTUBHOCTI MaTeMaTHYHOTO
MO/ICTFOBaHHSI TIOB'SI3aHO 3 PO3POOKOI0 YHIBEpCAIbHUX MaTEeMaTHYHUX MOJIENIEH, 10 BPaXOBYIOTh BEJIHKY Kilb-
KicTh (haKTOPiB, SIKi BIUIMBAIOTH HA MPOTiKaHHS poOOYUX MPOIIECiB B 00'€KTi. Y IIbOMY BHIAAKY O1JIbIIe TOYHUM
€ po3paxyHok pereHepatuBHuX TO 13 3aCTOCYBaHHSAM UYHCEIHHUX METOJIB, OTPUMAHUX MUIIXOM CIIJIBHOTO Pi-
HIeHHs AUdepeHIifHIX PIBHAHD MEPEHOCY B IMOTOKAX TEIUIOHOCIIB 1 TEIUIONPOBITHOCTI HACAIKH i3 TPAHUIHUMH
YMOBaMH TpeThoro poxy. Crucrema nudepeHIifHuX piBHAHB, IO ONMUCYE MPOIleC TeIUIOOOMIHY B HAcalll pere-
HEPaTHBHOTO TEIUIOOOMIHHMKA MICTHTh y c0Oi: PiBHAHHS TEIJIONPOBIAHOCTI HACAIKU B Ta30BUH 1 MOBITPSHUHA
Nepioan; YMOBH TEIUI0OOMiHY Ha 30BHIIIHIM MOBEpXHI HACaKH; PIBHSIHHS TEIUIOOOMIHY HA I'DaHMII 3iTKHEHHS
MIOTOKY TEIUIOHOCIS M Haca/lKu; PIBHSIHHS PyXy CEpeJOBHIIa B ra30BUI 1 MOBITPSIHUI Nepioay; piBHIHHS 1epio-
JMYHOCTI, IO XapaKTepH3yIOTh poOOTY pereHepaTopa. Takox MOBHWHHI OyTH 3ajaHi YMOBH, IIO XapaKTepU3y-
I0Th NTapaMeTpH TETUIOHOCITB Ha BXO1 B HacaJKy [6].

PinreHHs Takoi cHCTEMU PiBHSAHB € JOCHUTH CKJIAJHAM MaTEeMaTHYHUM 3aBJaHHIM, TOMY Ha IIPAKTHII TIPH PO-
3paxyHKaX BUKOPHCTOBYETHCS ST CIIPOIeHb. PO30MBKA HACAIKH 3 MaIMM KPOKOM 110 BHCOTi Ah mo3Bossie oze-
pKaTH JOCUTH TOYHI 3HAYEHHS 3MiHU TEMIIEpaTypH IO BUCOTI, 03 ypaxyBaHHS B MOJIEJI TEIJIOBOTO TMOTOKY Y
HanpsMKy oci z. HepiBHOMIpHICTh TeMITepaTypH MO TOBIIMHI HACaIKA BPAXOBYETHCS BBEICHHIM BiAIMOBITHOTO
koedinieHTy. B 11boMy BUTIAAKY TOCUTH 3pYIHUMHU 3 MOTISAY MPAKTHIHOTO BUKOPUCTAHHS € KiHIICBO-Pi3HUIIECBI
METOJIH, 32 JIOTIOMOTOI0 SIKUX TPH BEJIHKiH KUTBKOCTI KPOKIB MOYKHA OJIEp)KaTH JOCUTh BUCOKY TOYHICTH po3pa-
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XYHKIB. JI0 TaKuX METOMIB BiTHOCUTBCS W METOJ CICMEHTApHUX TEIUIOBUX OanmaHciB. Cuctema audepeHIianb-
HUX PIBHSHB, 1[0 XapaKTEepU3ye MPOLECH TEIUIOOOMIHY B Haca Ll pereHeparopa, y bOMY BUIIaJIKy 3aMiHSAE€ThCS
CHCTEMOIO anredpaiuHuX piBHSIHB.

Pimenns 3acHOBaHO Ha BUKOPUCTAaHHI (yHIAMEHTAJIBHOTO 3aKOHY 30€peXeHHS CHeprii, BIAMOBIIHO 10 KO-
TO KiJBKICTh TEIUIOTH, 0 HANIHIIIIO B €JIeMEHTapHUIH 00CAT, JOPIBHIOE 3MiHI BHYTPIIIHBOI €HEepril peYOBHHH.
3B'S30K MiXK PO3MOIIIOM TEIUIOTH B MPOCTOPI ¥ BEIMIHMHAMH TEIIOBOTO IMOTOKY MOKHA BU3HAYUTH, BUKOPUCTO-
Byrouu 3akoHH H’rorona-Pixmana i @yp'e.

KinpkicTh TeIIa, o HAAXOAUTH Y PO3PAXyHKOBUH €JIEMEHT CKIIa/lae

QZ = QlTem +Q6q +Q2Term . (1)

TemmepaTypy KOXKHOTO PO3IJSIHYTOTO €IEMEHTa B PO3PaXyHKOBUIT MOMEHT 4acy (j+1) MOKHa 3HAHTH, BUPi-
IIYIOYH PiBHAHHS TEIUIOBOTO OajaHCy, K

& i =L[VHi cip" — o jHGqAT:|+;X
Y Vet pt ’ Vet p @)
><|:a2i jHGqATlgl'rj _ﬂ“iHTermAT‘Qi—l,j 4 'HTermAT‘gIH,j ,
: ' Ah Ah

e Oyjj — CyMapHHil KoedillieHT TermI000MiHy B Ta30BUI Mepiofl, BU3HAUAETHCS K CyMa KoedillieHTiB TPOMEHH-
CTOTO Oy, T2 KOHBEKTHBHOTO 0, TEIUIOOOMIHY, a B MOBITPSHMIA IEPiO Olyj j IPUHMAETECS PIBHUM O

VY piBHsHHI (2) BU3HAUEHHs TeIUIO(I3NYHUX BIACTHBOCTEI BOIHETPHBIB 1 TEIJIOHOCITB BUPOOIISIETHCS 3 ypa-
XYBaHHSIM iX 3aJIC)KHOCTI BiJl TeMIIepaTypH.

AHanorivHuM 00pa3oM 3HaXOAUMO TEMIIEPaTypy €JIEMEeHTa B MOBITPSHHIA 1epio poOOTH TEII000MiHHHKA.
YMOBH TEIIoOOMiHY ISl IEPIIOTO ¥ OCTAaHHBOTO €JIEMEHTIB OYAyTh BiPI3HATHCS BiJl IHIIMX, IO BPaXOBaHO y
BIAMOBITHUX DPiBHSAHHAX. /Il BU3HAUSHHS TEMIIEPAaTYpU TEIUIOHOCIS B pO3paXyHKOBOMY €JIEMEHTI HacaJKH BU-
KOPHCTAIOTHCS OallaHCOBI CIIBBIIHOIICHHS P HATPiBaHHI i OXOJIOKCHHI HACAIKHU, 3BIIKM 3HAXOMISATH 3HAUCH-
Hsl TEMIIEpaTypH TEIUIOHOCIS AJIS HACTYIHOI pO3paXxyHKOBOi AUTSHKH. Tak, po3paxyHKOBa 3aleXHICTh JUI U~
MOBHX Ta3iB y NepioJ HarpiBaHHs HACAJIKU Ma€ BHIJIS]

VEG P (& -8
T LA T ®
' ' M'C'At

CriouaTKy 3a1af0ThCsl PO3MOALIOM TEMIIEPATypH IO BUCOTI HACAJKH, 1[0 OOMPAETHCS MO MOKIMBOCTI Haii-
OiabII ONMU3BKUM 10 cTanoro crany. Hacamgka po3GuBaeThes Ha N eeMeHTiB 3 kpokoM Ah. [lis 3aGe3nedenust
TOYHOCTI PO3PaXyHKOBHX JIaHMX HEOOXIJHO MPaBUIILHO BUOpATH KPOK 3a yacoM At. HepiBHOMIpHICTh TeMmiepa-
TYPHOTO IIOJISL 110 TOBIIMHI HACAIKH BpaxoBaHa BBEJCHHAM KoedilmieHTa MacuBHOCTI. OTpUMaHUN PO3MOIiN Ha-
NPHKIHI KOXKHOTO Mepioay MPpUIMA€eThCs B SKOCTI TI0YaTKOBOIO JUIs HACTYIHOTO Iepioay. Po3paxyHOK BUKOHY-
€TBCS JJOTH, TIOKU PO3MOJILUIHA TEMIIEPATyp Y IBOX CYCIIHIX IUKIIAX MPAKTHIHO HEe OYyIyTh BiAPI3HATHUCS IPYT BiX
Jpyra i3 3a/1aHOI0 TOYHICTIO. YMOBa MEpeBipKH BUXOJly pereHeparopa Ha KBa3iCTalliOHApPHUH PEXHUM BH3Haua-
€TbcA 10 BupaxkeHHI0 AQ, < AQ,., , /i BeJIuuuHa NOXUOKY BU3HAYaacs 3a 3HAUCHHSIMU TeMIlepaTypH B Haca-

Iy IBOX ITUKJIaX SIK
AQ ek =ViCin|H('9|,j+l _'9|,j)- 4

IIpu HeBuKOHaHHI YMOBH (4) po3paxyHOK TpHBae A0 30iry 3agaHoi i oTpruMaHoi HOXMOKHM. Bimpm gokimaHO
MaTeMaTHYHa MOJEJb TEIUIOOOMIHY B pereHepaTUBHHUX TEIIO0OMIHHIKAX 3 HEPYXOMOIO HACAIKOIO0 BHKJIA/ICHA B
pobori [7].

B Mopenni, o HaBeeHa BHIIIE, IPUAHSITO MPUITYIICHHS, 110 TEMIIEpaTypa 1o BCii TOBIIMHI €JIEMEHTY € T10c-
TiliHOI0. OTpUMaHHS €KCIIEPUMEHTAILHUX JaHUX 00 PO3TOIUTY TEMIEpATyp B MOMEPEIHOMY Mepepisi Haca-
KM TIOB’A3aHO 3 TPYAHOIIAMH BHUMIipPIOBAaHHS TEMIIEpPAaTypHOTO MOJIS B Mepepi3i Tisa, 0 Ma€ HEBEIUKY TOBIIUHY
(HamiBTOBIIMHA eNeMeHTy Hacaaku ckianae 20 mm). ToMy Uit OTpUMaHHS JaHUX MIOA0 TEMIEpaTypHHUX IOJIB
Haca/Iku OyJI BUKOHAHO PO3paxyHKH 3a JtornoMoroto nporpamMu ANSYS.

T'eomeTpuuHi 0COOIMUBOCTI PO3MIIAHYTOrO 00'€KTAa MO3BOJISIOTH 3BECTH 3aBIAHHS JIO IUIOCKOI (JIBOBUMIPHOT)
MOCTaHOBKU. B 11bOMy BUIIa Ky pillIeHHS! HEJHIHHOTO HECTalliOHApPHOTO 3aBAaHHS TEIUIONPOBITHOCTI MOXKe Oy-
TH 3BEJICHE JI0 TMOIIYKY MiHIMyMY HacTYITHOTO (yHKIiOHaJIa:
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2 2

|:jj 4 [ﬂj N +pC£T dS+1fa[T—2Tw]TdL, (5)
$ | 2|\ ox ay ot 2/

ne T, — TemIepaTypa 30BHIIIHEOTO CEPEeIOBHINA Ha rpaHulli L, MpH KOHBEKTUBHOMY TEIJIOOOMiHi.

B sxocti 0a30BOTO KiHIIEBOTO elleMEHTa BHKOPHCTAHO i30MapaMEeTpUYHUNA YOTHPHOXBY3IOBHH IIIOCKUH
eNIEMEHT i3 OLTIHIMHOIO arPOKCHUMAIIIEI0 TeMIIepaTypH ycepeanHi enemenra (puc. 1). V miciesiit cucremi Koop-
JIMHAT KiHIEBHUH €JIeMEHT Ma€ BUIJISA OJUHUYHOTO KBaJIpaTa, HEHTP SIKOTO CIIOJIYYEHHH 3 IOYaTKOM KOOP/AWHAT.
3aKOH PO3MOALTY TEMIIEPAaTypH | yCepeIuHi KIHICBOIO CIIEMCHTAa B MPHUUHATHX OOMEXKCHHSX MA€ BHUIIIS

T (77, g) =) +con+¢38 +¢4n¢. Y 1IbOMY BUIIAJKY TEMIIEpaTypy B MexkKax KiHIIEBOTO eJIeMEHTa MOXHA IpeJcTa-

BUTH Y BUTIIAIL

T(r72)=iﬂ¢.(mé), (6)

i=1

Je T;— 3Ha4YeHHs BY3JIOBHX TeMIieparyp, @i(1, ) — koopauHaTHi (HYHKIIT KIHIIEBOTO €IEMEHTA.

Pucynok 1 — Po3paxyHKOBHIA €IEMEHT HACaIKH JOMEHHOTO MTOBITpOHArpiBayda

BysznoBi Temmeparypu BU3HAYalOTh Oe3lepepBHI NEepeMillleHHs W TeMIlepaTypy Mo BCii 00JacTi KiHIIEBOTO
eJeMeHTa. Y3I0BXK TPaHUIb KiHIIEBHX CIIEMEHTIB TEeMIIEpaTypa 3MIHIOETHCS 3a JIHIHHAM 3aKOHOM 1 TIOBHICTIO
BU3HAYAETHCS 3HAUCHHSMH BY3JIOBUX KOMIIOHEHTIB, 110 HaJIEXaTh UM rpansaM. [Ipu 1ipoMy moxiaHa Bix Temrie-
parypu 1o HopMaJli JI0 IpaHHUIi eJIeMeHTa € BEIMYUHOIO MOCTIHHOI0, 1110 3a0e3Neuye BUKOHAHHS YMOB 1/1€allbHO-
'O TEIJIOBOI'O KOHTAKTY MIXK €JIEeMEHTaMH.

3acTOCOBYIOUM TpaIULIHHY /I METONY KIiHIEBUX €JIEMEHTIB MMPOLEAYPY BapilOBaHHS M0 HE3aICKHHX LIy-
KaHHX TapaMeTpax, 0JIepKUMO CUCTEMY alreOpaluHiX PiBHSHb BIJIHOCHO BY3JIOBUX TEMIIEpATyp y CTaHIapTHO-
my Buji [AJ{T} = {T,}. s cucrema BUpIIIyEThCS HA KOXKHOMY 4aCOBOMY Kpoili. PilieHHs B 9aci 3MiiCHIOEThCS
3a JIOIIOMOTI'0X0 HACTYIIHOI HEABHOI CXEMH:

%(t+At):[T(t+At)—T(t)]§—%(t)- ()

Jns ypaxyBaHHS 3aJIS)KHOCT] BJIACTUBOCTEH BOTHETPHUBY Ta TEIUIOHOCIIB BiJl TEMIlEpaTypu 3aCTOCOBYETHCS
CTaH/apTHAa CXeMa, KOJIM 3HAYeHHS Ha KO)KHOMY HACTYITHOMY KpOIli 3aJIe)KHTh BiJ TeMHepaTypu MOTOYHOTO.
Sxmo mipidpaTy JOCHUTH IPiOHMI KPOK 33 4acoM, TO ypaxyBaHHS 3aJIe)KHOCTI BJIACTHBOCTEH MaTepiaiy Bix TeM-
nepaTypy He BUMarae JI0IaTKOBHX iTepamiif. Pe3ynpTaTi po3paxyHKiB XapakTepy 3MiHH TEMIIEpaTyp eIeMEeHTY B
HOT0 By3JIOBHX TOYKAaX HABEJCHO HA PHUC. 2.

HaiiGinbIna pisHUL B 3HAYEHHAX TEMIIEPATYPH €JIEMEHTIB B TOUKAX e Ta a, b, ¢, d cmocrepiraerscs B moyar-
KOBHII mepios gacy. MakcuMaibpHe po3xomKkeHHs 3adikcoBaHo B piama3zoni 100-200 c, mami s pi3HUIS 3MEH-
IIYETHCS Ta MPAKTHUYHO 3HUKAE yepe3 600 ¢ micis modaTKy HarpiBaHHS €JIEMEHTY Hacagkd. TakuM YHHOM, BH-
KOPHCTAHHS TOTPaBKOBOTO KOE(IIlieHTy B OXHOMIPHIM MO, KUl BpaXOBye HEPIBHOMIPHICTH PO3IOALTY Te-
MIIepaTyp 10 TOBLIMHI €JIEMEHTY B IIOYATKOBHI Iepio]] ioro HarpiBaHHs ad0 OXOJIOJDKEHHS, Oy/ie 10CTaTHIM Ta
HE MPU3BEJIE 10 3HAYHOTO 3MEHIIEHHS TOYHOCTI PO3paxyHKiB.

Ha 6a3i npencrasienoi Mozeni O0yso po3pobieHo nporpaMy Juis po3paxyHKIiB TEIUIOBHX IPOLECIB B JIOMEH-
HUX noBiTpoHarpiBayax [8]. B tabn. 1 HaBeneHo pe3ynbTaTH po3paxyHKiB pOOOTH JOMEHHOTO MOBITpOHATpiBaya
JUISL HACTYITHMX YMOB: TeMIlepaTypa HOBITpsl Ha BXOJi B pereneparop — 65 °C, TeMneparypa AUMOBHUX T'a3iB ITiJ
kynosoM — 1325 °C; tpuBanicts nepiony Harpiy — 1,83 rox., oxonomkenns — 1,0 roa.; BUTpaTa cyMili najauba
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(momennuii raz — 90 %, xokcosuii — 10 %) — 33802,82 v¥rox., moBiTps ropinus — 40685,07 m¥/rom.

t°C
1350

1260

1200 U e
1 200 400 a00 800 1000

PucyHok 2 — 3anexxHicTh 3MiHH TEMIIEPATyPH B BY3JIOBUX TOUKAX €JIEMEHTY HACAJKH B Yaci

Tabmuus 1 — Po3noin mo BUCOTI TeMmepaTypy TUMOBHX I'a3iB Ta HacaJKH HAIPHKIHII Nepioy HArpiBy

Bucota, M . Temneparypa, °C
JMMOBI Ta31 Hacajka
0 1325 1325
3,2 1309 1316
6,4 1245 1261
9,6 1161 1180
12,8 1060 1089
16 941 972
19,2 819 854
22,4 708 737
25,6 593 631
28,8 459 505
32 369 401

Cepenns Temneparypa rasie ckiana 251 °C, a cepeans Temmneparypa rapsiaoro ayrrsi — 1268 °C. Takox Mo-
JKJIIMBO OTPUMATH JIaHHI LI0/I0 3MIHM MapaMeTpiB rapsvoro Ta XOJOJHOTO TEIUIOHOCIIB y 4Yaci B OyAb-SKOMY
€JIEMEHTI HaCcaJKu.

BucnoBku. Takum 4nHOM, OyJI0 po3po0JICHO MaTeMaTHYHy MOJIENb TEIUI00OMiHY B HAcaAll pereHepaTopa
Ha OCHOBI METOJly €JIEMEHTAapHUX TEIJIOBUX OajlaHCIB 3 ypaxyBaHHSIM 3MIHM IHTEHCHUBHOCTI TEIIOOOMiHY, Tell-
n0(I3MYHUX XapaKTEPUCTHK IMMOBHUX Tra3iB, MOBITPs ¥ HAcaaku Bin Temmeparypu. Pearizamist el Moaeni B
CTBOPEHOMY OOUYHMCIIIOBAJIBHOMY KOMIIJIEKCY 3 BUKOPHCTAHHSIM MOJYJIBHOTO KOMIIOHYBaHHS JJO3BOJISI€ BUKOHY-
BaTH TEIUIOTEXHIYHI PO3pPaxXyHKU PETreHEPATUBHUX TEINIOOOMIHHUKIB 3 HEPYXOMOIO HACA/IKOIO, SIKi € CKJIQJIOBOIO
YaCTHHOIO BUCOKOTEMIIEPAaTypHHUX YCTAaHOBOK PI3HMX Tajly3ei mpommucioBocTi. OTpuMaHi JaHHI MOXYTh BHKO-
PHUCTOBYBaTHUCS JJIsi BUOOPY KOHCTPYKTHUBHHX 1 PEeKMMHHUX IapaMeTpPiB PEreHEpaTopiB SK HMPU PEKOHCTPYKIIii
JIIOYMX, TaK 1 IIPU MIPOEKTYyBaHHI HOBUX BHCOKOTEMIIEPATYPHUX TEIUIOTEXHOJIOTIYHUX arperariB KOMIUIEKCIB, a
TaKOX MPH MPOBEJICHHI ONTUMI3alliiHUX PO3PAaXYHKIB TEIIOTEXHIYHOTO YCTATKyBaHHS.

Hosnaukn: H ., Hg, — Topresa Ta O6idHa MOBEpXHi TEMNOOOMIHY; Q) ors Qs reny — KITBKICTB TeTNa, Tre-
pellaHa TEIUIONPOBIAHICTIO Bijl MONEPEJHBOrO Ta [0 HACTYIHOI'O €lIeMEHTIB uepe3 HmoBepXxH0 H.... , Qs —
KUTBKICTB TEIIOTH, IO MIPOXOJNUTh depes nosepxHio H, ; &, T — Temmnepatypu; V — 00’eM enemeHty; M — ma-

COBa BUTpaTa TEIUIOHOCIS; AT — TPUBAIICTh MEPioNy; 0, A — KOe(IllieHT TEIII000MiHY Ta TEIUIONPOBITHOCTI; C,
£ — MacoBa TCIUIOEMHICTh Ta TYCTHHA; i, ] — KPOKHM II0 BHCOTI HACAJKW Ta B 4acCi; H — Hacaika, I — ras;
1, 2 — ingexcu.
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MOJAEJIUPOBAHUE PABOTHI TEIINIOOBMEHHBIX AIIITAPATOB CUCTEM SHEPTO- 1
TEINVIOCHABKXEHUS BBICOKOTEMIIEPATYPHBIX TEXHOJIOI'MYECKHUX YCTAHOBOK

[IpencraBnena MaTeMaTHdecKast MOJIENb TEIJIOBBIX IPOIECCOB B PEr€HEPATUBHBIX TEIIIOOOMEHHBIX armapa-
TaxX C HEMOJBIKHOW OTHEYNMOPHON HACAaJKOM, HCIONB3YEMBIX Il IOAOTPEBA BO3yXa TOPEHHsI B BBICOKOTEMIIE-
paTypHBIX TEIUIOTEXHOJOIHYecKuX arperarax. Ha e€ ocHoBe cosfaHa mporpamma, MoJeIHpyomas padboTy Bo3-
JlyXOHarpeparenei JOMEHHBIX Me4el ¢ y4eTOM TEXHOJIOTHYECKUX M 3KCILTyaTallMOHHBIX OrpaHWYeHuil. ITo mo-
3BOJISIET HOJIYYUTh 3HAYCHHUS TEMIIEPATYpP TEINIOHOCUTEJICH N HAaca/ku BO BPEMEHH M IO BBICOTE TEINIOOOMEHHU-
Ka. [lomryueHHbIe JaHHBIE MOTYT OBITH MCIOJB30BAHBI ISl BEIOOPAa KOHCTPYKTHBHBIX M PEXMMHBIX ITapaMeTpoB
pereHepaTopoB Kak IPH PEKOHCTPYKIMH AEHCTBYIOIINX, TaK ¥ IPU MPOCKTHPOBAHMH HOBBIX BBICOKOTEMIIEpa-
TYPHBIX TETIOTEXHOJIOTHIECKUX arperaToB KOMIUICKCOB.

Koshelnik O.V., Khavin E.V., Pavlova V.G.

SIMULATION OF HEAT EXCHANGE UNITS OPERATION OF POWER- AND HEAT SUPPLY
SYSTEMS IN HIGH-TEMPERATURE ENGINEERING INSTALLATIONS

The mathematical model of the heating processes in the regenerative heat exchangers with stationary refrac-
tory checker-work used for the combustion air pre-heat in the high-temperature heat engineering installations is
presented. On this base the procedure simulating the hot—air stoves operation with allowance for technological
and operational limitations is created. This makes possible to determine the heat transfer agents and checker-
work temperatures in time intervals and in heat exchanger height. The data obtained can be applied for selection
of the regenerators’ structural and processing properties during the reconstruction of the operating units as long
as in designing of the modern high-temperature heat engineering equipment.
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YJIK 681.547
Bobyx A.A., Kosanes I.A., /I3eBouko A.M., ITogyctoB M.A., Kocterko FO.B.
MOMEXOYCTOMNYUBBIN AJITOPUTM AJJAIITUBHOI'O YIIPABJIEHUSI

BBeaenue

TexHOJIOTHYECKHE TPOIIECCH OOJBITMHCTBA CIOKHBIX XUMHYECKUX MPOU3BOJICTB OTHOCSATCS K KJIAcCy 00B-
€KTOB, B KOTOPBIX MPOIECCHI MEePepabOTKH ChIPhsl, HAXOSICh B HEMPEPHIBHOM KOHTAKTE C anmapaTaMH Pa3ind-
HOTO TEXHOJOTMYECKOTO HAa3HAUYCHHMS, NU3MCHSIOT CBOM XMMHUYECKHE COCTABBI. JTa mepepadoTKa JTOCTUTACTCS B
pe3yabTaTe Peakiuii XUMUYCCKIX MPEBPAICHIH, MeX(pa3HOro MaccooOMeHa, CMEIICHUS U pa3/ieicHHUs, Harpe-
Ba W OXJIAXKJICHUS M XapaKTECPHU3YeTCsS KaK HEMPEPBIBHBIA, HEIMHCHHBII MHOTOMEPHBIN 00BEKT C SKCTpEMallb-
HBIMH HECTAIIUOHAPHBIMU XapaKTEPUCTUKAMHU, SIBISIFOIIMICS MPEAMETOM PacCMOTPEHUS TEOPUH alallTAallHOHHON
onrummsanuu [1—4]. MHTEpec nmpencTaBisieT pa3padoTKa aaropuTMa agalTHBHOTO YIPaBICHUS TAKUMHU O0BEK-
TaMH B YCIIOBHAX MTOMEX.

Henb padoTbl
Pa3paboTka MOMEXOYCTOHYMBOTO anropuTMa aJalTHBHOTO YIPABIICHHS, KOTOPHIH IO3BOJSIET C BBICOKOH
TOYHOCTBIO U OBICTPOJEHCTBHEM OCYIIECTBIIATH YIPABICHNE HECTAIIMOHAPHBIMHA O0OBEKTAMHU B YCIOBHSX ITOMEX.

OcHOBHasI YacTh

Jlyis ynpaBiieHHsT HECTAllMOHAPHBIM OOBEKTOM IIEJICCOO0Pa3HO MPUMEHSATh aJalTHBHYIO MOJEIh OOBEKTa,
MoJIeTHpylolnyto ero auHamuueckue cBorictea (AMOMJIC). Ilpu aToM Ha BXoasl o0bekTa ynpasienus (OY) u
AMOM/IC nogatotcst N — MepHbIe yrpassstomue Bozaeicteus X (1), Xo(t), ... , X,(t). OY mpeobpasyer 311 Bo3-
JeWcTBHs B BbIXxoAHOM curHan Y(t), kotopsiii momaercs Taxke Ha Bxoasl AMOMJIC, a oHa peanu3yeT ONTH-
MAaJbHBIA aJaTHBHBIA aNTOPUTM HIeHTH(OUKAIIH [5]:

L YO-2KOx )
k(0 =ki(0) + = [—— X (B)dt, (1)

o R
i=1

rae i=1,n; k;(0) — HavanbHOe 3HaYeHHE KOI(POHUIMEHTOB MOJEIHN, H BBIYUCIAET 3HaUYeHHS KOA(Q(PHUIHEHTOB
k; (t) , koTopBIe ciyKaT HCXOAHOMN HH(pOpPMALUE IS BBIYUCICHHS YIIPABILIFOIINX BO3ACHCTBHUIA.

Anroput™ unentuduxanyn (1) Hanbonee MPOCTO MOKHO peasi30BaTh IPH MOMOIIN COBPEMEHHBIX MHOTO-
KaHaJIbHBIX, BBICOKOIIPOM3BOANTEIBHBIX, OBICTPOJEHCTBYIONINX, BHICOKOHAIEKHBIX U MHOTO(YHKIIMOHAIBHBIX
MUKponponeccopHbx koHTpoiutepoB (MIIK) co cnenmansapiMu mporpammamu (CIT). MIIK B peamsHOM Mac-
mrabe Bpemenu 1o CII BeimonHsIeT cTaHAapTHRIE (QYHKIMH CYMMHpPOBAHUS, AEIECHUs, HHTETPUPOBAHHS, YMHO-
JKCHUsI, BBIYUTAHMS, BO3BEJCHUS B KBaAparT U AU GEepeHINPOBaHHs, & TaKKe BBIYNCICHUS 3HAUCHHs CHTHAJIA
paccornacoBanus &(f) Mexay TpedyembIM (3a1aHHBIM) BbIxonoM OV y*(t) u ero pakrudeckum BoixogoM Y(t), To

ecth, &(t)= y*(t) - y(t).
3HaueHue CUTHaja paccoriacoBanus ucnonb3yercs st onpeneneauss MIIK mo CIT mpoMeXyTOYHBIX 3HaUe-
*(t) -yt
HUIl CUTHANOB, B YaCTHOCTHU: Mki (t). DOtu curnaner HeoOxomumbl st Beraucierus MITK no CIT

z": k’ (1)
=

CKOPPECKTUPOBAHHBIX 3HAYCHHI YIpaBJIAOIINUX BOSHCﬁCTBHﬁZ

t
% =x(0)+= [ LOYO et @
0 >k
i=1

rae X;(0) cooTBEeTCTBYeT HAYAIBHBIM 3HAUCHHUSM YHPABIIOMINX BO3ACHCTBUIA.
Anroput™M yripaBieHus (2) SBISETCS aalTUBHBIM TPAAUECHTHBIM ONITHMAIBHBIM TI0 OBICTPOJAEHCTBUIO AJIT0-
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PUTMOM, MHUHMMHU3UPYIONIUM PacCOrIacOBaHHE MEXIy TpeOyeMbIM (3aJaHHBIM) 3HaueHHeM Bbixoga Y*(t) u
(haxTryeckum ero 3HaueHueM Y(t) HectannonapHoro MHoromepaoro OY.

JIeliCTBUTENBHO, €CIT B Ka4eCTBE KPUTEPHUsI ONTUMH3ALMK BhIOpaH KBAJPATUYHBIA (QYHKIIMOHAT OT Pacco-
TTIACOBAHUS MEKIY TpeOyeMbIM (3alaHHBIM) 3HAUCHHEM BBIXoaa Y*(t) u daxruueckum ero 3uHadenuem Y(t), To
rPaIMCHTHBIA AITOPUTM MUHHUMHU3AIMHK 3TOr0 (PYHKIIMOHANIA UMEET BH/I:

Xi(®) = 7Ly * (1) = 2k (0% Ok @©), ©)

i=1

rae y >0 - HekoTOpHIit mapamerp. PaccMoTpuM BenmuuuHy:

#(t) = D[, ) —xi * ()%, 4)

i=1

IPEJICTABISIONIYIO COO0M CYyMMy KBAJIPaTOB OTKIOHEHWH YIPABISIOIMX BO3ACHCTBH X; (f) OT MX omTuMans-
_*
HBIX BO3CHUCTBHI X; (f).

Hcnons3oBanue anroputMa (3) MpUBOAUT K TOMY, 4T BeinunHa ¢(t) (4) mpeobpasyercs K BULY:

B(t) = 2% (1) - % *(O1D (1) - xi * )] (®)

i=1

IToacraBnsas B (5) 3Ha4eHHE X_,(t) m3 (3) m yumrteiBag, 4Tto TpeOyeMoe (3aJaHHOE) 3HAUYCHHUE BHIXO/A

y*(t) cBsi3aH0 ¢ TpeOyeMbIM 3HAYCHHMEM BEKTOPOB YNPABIAIOIMX Bo3jeiicTBuil X; *(f) cooTHOIIEHHEM:

y*(t) = iki t)- xi*(t) , TIOJTY4atoT:

i=1

() = 2716 (1) = x * Ok ©) =27 D[ () - % * )% (1) >
i=1 i=1 (6)

=275 ) =% *OF D k2 () — 27D % (0) — % * ©I% ().
i=1 i=1 i=1

*
U3 (6) MOXKHO BHIETB, YTO CKOPOCTh yMeHbIueHust ommOku (x; (f) —x; (f)) 3aBuCHT OT 3HAYCHHI MApameT-

poB obbekTa K; (t) .

n
Bei6op y =1/ (Z kiz (t)J MIPUBOJUT K CYLIECTBEHHO MEHbIIIEH 3aBUCUMOCTH WIU (B Cilyyae, HarnpuMmep, cra-
i=1

n
Ommmzanun, korna x; (£) = 0) HezaBucuMocTH ckopocTr u3MeHeHust P(t) o z kiz (t) . Ecam sxe TpeOyemas cKo-
i=1

POCTh U3MEHEHUs yIPABJISAIONINX BO3ACHCTBUN X; (/) He3HAYMTENbHA, TO TAKOM BBIOOp mapamerpa y obecredu-

n
BAET JKCIOHEHIMAIbHBIN 3aK0H m3MeHeHus ¢@(t) > ¢, e, rue & = Z[)ci (0) —x; *(0)]° — HauanbHOE pacco-
i=1
r7IaCOBaHMe, CIIEMOBATEHFHO, U MAKCUMAIILHOE OBICTPOICHCTBIE AITOPUTMa TP MOHOTOHHOM XapakTepe Tepe-
XOJTHOTO TIpOIIecca.

BoiBoa

B pesynbTate uiccnenoBanus pa3padboTaH MOMEXOYCTOWYMBBIA allTOPUTM aIalITUBHOTO YIIPABICHUS JIJIS TEX-
HOJIOTUYECKUX IMPOLIECCOB CIOXKHBIX XMMUUECKUX MPOU3BOACTB. VCIob30BaHNE aJaTUBHON MOJENU U MOMe-
XOYCTOWYMBOIO alrOpUTMa AJAaNTUBHOTO YIPABICHHS MO3BOJHUT C BHICOKOW TOYHOCTBIO U OBICTPOACHCTBHEM
OCYILIECTBIIATh YIPABICHUEC HECTAIIMOHAPHBIMEI O0BCKTAMH YIIPABICHHS B YCIOBUAX MTOMEX.
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VK 681.547
Bbobyx A.O., Koanbos /1.0., JIzeBouko O.M. IToxyctoB M.A., Kocterko 10.B.
HEPEI[[KOI[OCTII?H(PIFI AJITOPUTM AJAIITUBHOT'O KEPYBAHHSA

B crarTi po3pobiieHo NepenKkoA0CTiHKUA alropiuT™ aJanTHBHOTO KePYBaHHS Ul TEXHOJOTTYHUX IPOLECIB
CKJIaTHUX XIMIYHUX BUPOOHUITB. BUKOpHCTaHHS aganTHBHOI MOJIEINI i MEPEIIKOAOCTIHKOTO aNrOPUTMY aJalTH-
BHOI'O KC€pYBaHH: JO3BOJIUTH 3 BUCOKOIO TOYHICTIO 1 H.[BI/IZ[KO,I[i€IO SﬂiﬁCHIOBaTH KEpYyBaHHS HeCTaL[iOHapHI/IMI/I
00'eKTaMH KepyBaHHS B yMOBaX MEPEIIKO.

Bobukh A.A., Kovalyov D.A., Dzevochko A.M., Podustov M.A., Kostenko J.V.
ANTIJAMMING ALGORITHM OF ADAPTIVE CONTROL

In the article the antijamming algorithm of adaptive control is worked out for the technological processes of

difficult chemical productions. The use of adaptive model and antijamming algorithm of adaptive control will

allow with high exactness and fast-acting to carry out a control the non-stationary objects of control in the condi-
tions of hindrances.
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VK 622.691.4
Bparax M.1., 3aix Xain [6paxim, ['pedentok C. .

BIVIUB I'IPABJITYHOI'O CTAHY CUCTEMHA TIPOMUCJIOBUX I'A3O0OITPOBO/AIB
HA PE)KMMH POBOTH OB‘€EKTIB 'A30BUJOBYBHOI'O KOMILJIEKCY

OCHOBHHUM 00'€KTOM JIOCII/PKEHb BiJJIUTy TPaHCIIOPTYBaHHS Ta3y € TPyOONpOBOIY CUCTEMH 300py Ta TpaHC-
MOPTYBaHHS, SIKi 32 IPU3HAYCHHSIM KI1acU]iKyIOTh SIK:

— nuteidu;

— IIPOMHUCIIOBI Ta MKITPOMHUCIIOBI T'a30TIPOBO/IH;

— MaricTpaJibHi ra30InpoBOIH;

— Ta30IpPOBOIM UL CYMICHOTO 300py Ta TpaHCIOPTYBaHHSA HadTH, ra3zy, KOHIEHCATy i Boau (200 mupokoi
BYTJICBOJHEBOI (DpaKIIi).

[IpemmeraMu HOCIHIIKEHB € TiApaBIiYHAN, TEXHIIHUH CTaH TPyOOIPOBOIB, TEPMOIUHAMIYHI peKUMHU POOO-
TH, IOTOKOYTBOPEHHSI, SIKi OLIIHIOIOTh BUKOHYIOUH 3 OCHOBHHUX PO3PaXyHKH:

— MiOHICHUHA (BU3HAYCHHS TOBIIWHH CTiHKH, CTIHKOCTi i OTIOPY ITO3MOBXKHIM Ta IOTEPEYHUM IEPEMIIICH-
HSM);

— TemoBuii (OI[IHKA TEMIIEPaTypHOTO PEXUMY POOOTH);

— TipaBIiYHUIA.

B npoekTHHX poboTax rinpaBiivyHuil po3paxyHOK 3BOJUTHCS 10 BU3HAYECHHS HEOOXIAHOTO AiaMeTpy TpyOorl-
POBOJIY 3aJI€XKHO BiJi poOOYOro THCKY, IPOTHO3HOTO 3aBaHTAXKEHHS Ta SIKICHOTO CKJIaly MPOIYKTY, IO HepeKa-
4yBaTUMEThCH.

ITig yac excrutyatarlii ra3onpoBOAIB TiIPaBIiuHKUI PO3pPaXyHOK MOJISIrae y BH3HAYEHHI MPOIYCKHOI 34aTHOCTI
TPYOOIPOBOY — MaKCUMAJIEHO MOJKIIMBOIO 3aBAHTaXKCHHS TPYOOIIPOBOY IIPH MEBHOMY pOOOYOMY THCKY Ta OLUHII
rinpaBivyHOi e()eKTUBHOCTI Ta30MPOBOAY (T BUIOOYBHOTO MiANPHUEMCTBA — OIIHII 3arajbHUX BTPAT THCKY ITiJT 9ac
300py abo TpaHCHOpPTYyBaHHS HpoAyKmil (puc. 1) Ta iX HaAMIpHOI YACTHHM, IO BUKIIMKaHA 3a0pyIHCHHSIMH, BU3HA-
YCHHS MiCITb HAKOITIYECHHS IMX 3a0pYAHEHB Ta iX OPIEHTOBHOTO 00'eMy).

Bmpamu mucky nid yac pyxy 2azobozo nomoky

® 4 e 4 B 4 oosing = 0

Pywiina cuna Inepuiini Ompamy zpabimayiini 8mpamu
(=0 npu cmauionapuony (=0 dna pibuunnux
pexuni pyxy nomoxy) zasonpobodis)

8mpamu wa
mepma
mepma o mepma 6 mepma Bnacaidox

\Cminku_mpydu  micuebux onopax, Nanbwocmi 3adpyduens
Vv —

Hesmenwybanwi mi, wud Bnaub
noxnubo swibeanbamu

Pucynok 1 — Brparu THCKY i 9ac TpaHCIOPTYBAaHHS ra3zy

OCKIUTBKY TiIpaBIiYHUN CTaH TPYOONPOBOAY HE € BEIUYMHOIO CTAJIOI0, TO WOTO 3MiHU CJiI TOCTIHHO KOHT-
poiroBaTH, TOOTO 3IHCHIOBATH MOHITOPHHT TiIPABIIYHOTO CTaHY, SIKUH CKIATA€ETHCS 3 IBOX €TAIliB:

— {HCTpyMEHTaIbHE BUMIPIOBAaHHS OCHOBHHX IapaMETPiB ra30BOI0 IOTOKY B KOHTPOJIBHUX TOYKaX TPYyOOI-
poBojy (THCKY, TEMIIepaTypH, BUTPATH) B MOJbOBHX YMOBAX;

— BUKOHAHHSI T1APABIIIYHUX PO3PAXYHKIB 3a TOTIOMOTOI0 BIACHOTO IIPOTPaMHOTO 3a0€3MeUeHHS.

Ha naHuii MOMEHT €JHUM HOPMATUBHHUM JOKYMEHTOM, III0 PETJIAMEHTYE MOPSIIOK BUKOHAHHSI T1IPaBIiuyHO-
ro po3paxyHky, € BCH 51.1-85 [1], mosoxeHHs sIKOro Ta BiacHi po3poOKu (axiBIiB BiAITY TPaHCIIOPTYBAaHHS
ra3y nokiyazieHo B ctBopeHHs [IPK «KoHTposb 3aimoBux BHKWAIB PIAMHH 3 TMOPOKHHHHU TI'a30IPOBOIY», IO
CKJIQJIA€THCS 13 TPHOX B3aEMOIIOB'SI3aHUX IPOTpaM: TifpaBiiyHa eeKTUBHICTh, 00'eM 3a0py/HEHb Ta TiApaToyT-
BOPEHHSI, BiKHA SIKHX 300pa)kK€HO Ha PUCYHKY 2.
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Pucynok 2 — IIporpaMHO-po3paxyHKOBHH KOMITIEKC « KOHTPOIIb 3aIMOBUX BUKHIIB. ..»

HexTyBaHHS NHTaHHAM MOHITOPUHTY TipaBIiYHOIO CTaHy TPYOOIPOBOIIB MOXE MPU3BECTH 5K 10 3HAYHHX
MOXHMOOK i Yac MPOTHO3YBAaHHS BapiaHTIB MOJANBIIOT PO3POOKH poaoBHI (B 0071aCTi OMIHKA pOOOYOTO THCKY
Ha THpIi cBepUIoBUH abo Tucky Ha BXxoxi B JIKC), Tak i 10 MOTEHIiHHO HEOE3MEeYHNX CUTYAITii.

HaitHeOe3neuHImMUMHI MposiBAME HEXTYBAaHHS MOHITOPHHTOM TiIPaBIiYHOTO CTaHy TPYOOIPOBOIIB, IO B IIi-
JICYMKY TIPH3BOJSITE IO aBapiifHUX CUTYaLil, €:

— JIOBrOTPHBAJIL 332 YacOM IpoliecH (GOpMyBaHHs PIAMHHUX BIIKJIAJCHb i3 MOJAIBIINM IX HEPEPO3NOILIIOM Y
BUIJISIII 3aJIITiB IO TEXHOJIOTIYHOI0 00JIaJHaHHSI;

— KOPOTKOTPHBAII potieck (hopMyBaHHS PIIMHHUX BiJK/IAICHD 13 CTPIMKAM BUHECSHHSIM PIIHHHOI IPOOKHU 1 MOYKITHBI-
CTIO pyHHYBaHHS TEXHOJIOTTYHOIO O0JIaTHAHHS — T1IPaBIIiyHI yIapH;

— MPOIIECH, [0 HAHOIIBII YaCTO CIOCTEPIratoThCs B YMOBAaX EKCIUTyaTallii TpyOOmpoBiIHOT CHCTEMH — Tijipa-
TOYTBOPEHHSI.

Mertoro mi€l cTaTTi € mpe3eHTaris po3po0OK BiIAITy TPAaHCIOPTYBaHHA Ta3y, SKi HANPaBJICHHI HA 3HIDKCHHS
HEraTHBHOTO BIUIMBY BHIICHEPEPaXOBaHUX IPOSIBIB.

JosrotpuBanuii npouec GOpMyBaHH i TOJAJBIIOT0 NEPEPO3IMOIITY PIIMHH B Yaci, SKHH XapaKTepU3YeThCs
MiHIMaJbHUM HaJIXO/DKCHHSM PIiMHHU B MOPOXHHUHY TPYOOIPOBOAY, MOCTYIIOBOrO 1l HAKOMHUYEHHS 10 EBHOTO
KPUTHYHOTO PiBHS 1 MOJAJBIIOrO CTPIMKOTO MEPepo3NOALTY, HA3UBAKOTh «3aJIIIOBUMY BUKUIOM PIIWHHU JO TeX-
HOJIOT1YHOTO 00JIaJHAHHS 00 ‘€KTiB HA3eMHOT YaCTHHHU POJIOBHII] i FA30TPAHCIIOPTHOT MEPEXKi.

3a ocTaHHI POKH MPOLECH 3aJMOBUX BUKUAIB pinunu 3adikcoBani Ha MI' JIKKP 2005 p., [Taciuna — Tucme-
uuis 2006, MI™ lebenunka — Xapkis 2009, PT" FOmniiska — Ct. Mepuuk 2011, MI' IBanuku — [Tykenuui 2013 p.
[TeBHUM KaTayizaTOpPOM IpOLECY € Te, IO MEepPioH MPOXO/HKEHHS 3aJMOBUX BHUKWJIB PIIIMHU NPUNAJIAIOTh Ha
JMCTONA-TPYJIeHb, a caMe IEepioJy 3pOCTaHHs CIIOKUBAHHS rasy, siKi XapaKTepU3yIOThCS 3MIHOI pO0OOYOro
TUCKY (IIEPEBaXKHO 3POCTAHHS HOTO BEIMYMHH) Ta 3017IbLICHHSM IPOYKTHBHOCTI ra301pOBO/IIB.

[Ipn mocsTHEHHI KPUTHYHOI BEMUYMHU 3a0pYAHEHb B KOJNiHI TpyOOIPOBOIY MOMIOHO CTPHUOKY IMajiae KiHIICBHI
THCK 200 MiJIBUILIYETHCS TIOYaTKOBHH 1 BENIMKA Maca PiAMHH IEPEMILyeThCS B HACTYITHY 38 XOJ0M NPHUPOAHY MACTKY,
BUINTOBXYIOUH ITEBHUIT 00°€M PiWHU i3 Hei 1 Tak Jaiii 10 KiHIIEBOTO IMyHKTY NMPU3HAYEHHs, B Hamomy Bumaaky [ PC,
JIc PLAMHHNKA TOTIK TIOTPAIUISIE Y «BY3bKi» TEXHOJOTIYHI TpyOOIIPOBOIH, MIEPETIOBHIOE 30ipHIK 3a0pyTHEHb Ceraparo-
pa, MPU3BOITYH IO aBapiiHOT BiIMOBH 00JIaIHAHHS Ta MPUITMHEHHS M0/1avi ra3y.

60

49,9 49,7 50

50

40

0344

30

20

10

rpyAeHs 2013 p.
—C=3MiHa 0BCATIB CNOMUBAHHA ra3y, THC. KyD. m/noba = =3mina poBovora Tucky Ha exofi s MPC, at

3MIHa TEMNEpPaTypy Ha xopl 8 PC, 0C

Pucynok 3 — 3mina po6odoro Tucky Ta o6csry nmogaui razy Ha ' PC CrunaBa YMI «JIbBiBTpaHcras
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SIKio Ha BXiJ| ra30NpoBOAY HaJii/ie BEJMKUIT 00°€M PiJIMHY 32 KOPOTKHH Yac 1 3 BHCOKMM pOOOYHM THCKOM I1e-
PEepO3IoALT Mac PiIMHU MOXeE BiIOYTHCSI B KOPOTKHIT TEPMiH 1 BENUKOI MOTY>KHOCTI 13 3pOCTaHHSM IIBHIKOCTI ra3y
BUIIE IIBHIKOCTI 3BYKY Ha KOPOTKUX AULTHKAX (OCOOJIMBO HEBEIHMKOTO JiaMEeTPy Ta i3 HAsBHICTIO BENUKOI KUTBKOCTI
MicrieBrX oropiB). Takuii MBUAKMI TEPEPO3MOILUT MAC PiAMHH, IO XapaKTEPH3Y€ETHCA HATXOHKESHHSAM BEJIMKOI MacH
PIIFHE Ha BXiZ TPYOOIIPOBOILY HOCHTH Ha3BY TiAPABIIYHOTO YIapy 1 MOKE MPHU3BECTH A0 PYHHYBaHHS TEXHOJOTTIHO-
ro 003 HAHHSL.

Haii6inpim gacTo excIuTyaTariifHail mepcoHal 3iMTOBXYETHCS 13 MPOOIEMOI0 YTBOPEHHS TiApaTiB B IMOPOXK-
HUHI TpyOOIIPOBOY, SKi MIBHUAKO 3pOCTAIOTh B YMOBAaX BUCOKOTO POOOYOTO THCKY i HU3BKHUX TEMIepaTyp 1 Haii-
YacTille 3aKyMnoplooTh «BY3bKi» AUISHKU TPYOONPOBOIIB (KOJIiHA, 3aCYBH, KpaHH, TPIHHUKH, IITYIEpa TOLIO).
[ompu Te, mo (GakTUYHO Lie € HAWMIBUALIMK NPOSB, SKUH MOXKE PanTOBO MPUIMHUTH NOAa4Yy abo BUIOOYTOK
rasy, NONepeHKYIOTh HOT0 NIJISIXOM BUACHOTO BBEJICHHS 1HI1OITOPY I'ilpaTOyTBOPEHHS.

[NonepemkeHHs BHIIENIEpEPaXxOBaHUX MOTEHIIHHO-HEO0E3MeYHNX NPOsIBIB BUKOHYETHCS 3aB/ISIKH pO3poOL 1 Tosia-
JIBIIOMY BIIPOB/KEHHIO 3aXO[iB I10/I0 3BUIbHEHHS TIOPO’KHUHU Ta30IPOBOJY BiJ] HAKOIMYECHHX 3a0pyIHEHB, SKE
BUKOHYETBCS 33 HACTYITHIM aJITOPHTMOM:

— OLiHKa HAJUTMIIKOBHX BTPAT THCKY B MOPOXKHHHI I'a30IpOBONY 1 iX BIUIMBY Ha pexumu podoru YKIIL,
ceepanoBus, IKC tomo;

— OIIiHKa OPIEHTOBHOTO 00'eMy 3a0pyIHEHb, KPUTUIHOTO 3HAYCHHS Ta IMOBIPHOCTI MPOXOKEHHS 3aJIIOBOTO
BUKUAY PiIUHM;

— OLIIHKA IMOBIPHOCTI YyTBOPEHHS TiApaTiB;

— BU3HAYEHHs MiCLb JIOKaMi3alil piinHu (IPUPOIHKUX MACTOK PiIUHN);

— BHOIp OJHOTO i3 CIOCO0IB 3BIJIbHEHHS MIOPOXKHUH TPYOOIPOBOIY BiJ PiMHU: Bpi3aHHS IPEHAKHHUX IpPH-
CTPOIB, IPOITYCKaHHS OYKCHOTO MOPIIHS 200 MepeBeICHHS TUISTHKY B PEXKUM CAMOOYHIIICHHSI.

Sk anroputMm, Tak i BCl BHLIENIEpEpaxoBaHi ClIOCOOH € BIACHUMH PO3pOOKaMU TPAHCIOPTHOTO HANpPSMKY i
3axHMIIEH] JeKIapaliiiHUMU MaTeHTaMu Y KpaiHHu.

OrliHKa TiZPaBIiYHOTO CTaHy TPYOOIPOBOIIB Ta BIPOBAKEHHS 3aXO[IB 1010 YCYHCHHS BIUIMBY HaJ[JIHIII-
KOBHX BTpaT THCKY Ha PO3IOJiJI poOOYOro TUCKY MO OCHOBHHMX O0'€KTax ra30BHAO0YBHOI CHCTEMH IOCTIHHO BH-
KOHYETBCS BIJIUIOM TPAHCIIOPTYBaHH ra3y i cTaHoM Ha 2014 p. 0XOIuTioe 00'eKTH K Ta3030ipHOT CHCTEMH Ta30-
MIPOMICIIOBUX YIIPABIiHb, TAK I MariCTpaIbHI Ta30TPOBOIH.

30KkpeMa, OCKITBKH B TEpIIy 4Yepry 3a0pyTHEHHS (OPMYIOTh TOJATKOBHU TiAPaBIiYHUNA OMip Ta HaaMIpHI
BTpaTH TUCKY B IUIeH(axX Ta MPOMHUCIOBHUX T'a30MpoBoaax, mounHaodn 3 2007 p. mpoBOAXUBCS MOCTIHHUN MOHITO-
puHT poboTu IllebenrHCHKOTO TA3030ipHOTO KOJIeKTOpa, a 3 2009 poKy MpOBOJUBCS MOHITOPHHT PEXKUMIB poOO-
TH CHCTeMH 300Dy Ta3y 1o Bcix pomosuiax JIsBiscskoro Bigaiieaus BHITK T'TIY «I1T'By.

Tax y 2007-2008 pp. Brpatu THCKY M BX0zioM B UepoHozorelbKy JIKC Ta ripiiom ceepyioBuH csram 44,5 atM, oc-
HOBHHMH CKJIAJIOBUMH SIKUX OYJIY (B TIOPSIKY 30UTBIICHHS BIUTHBY):

— BTpaTH THUCKY B 00B's1311i BXxoay B YepBoHooHeusky JKC;

— BTpaTH THCKY B ra3onpoojax-BinBonax Bia 24 YKIII' 1o kinbueBux razo30ipHUX KOJIEKTOPIB (B OCHOBHO-
MY B KpaHOBHX BY3JIax);

— BTpaTH TUCKY B IIel(ax cBepUIOBHH (YMOBHO HE 3MEHIITYBAHi);

— BTPaTH THCKY B OCHOBHOMY Ta3030ipHOMY KOJICKTOPI Ta KUTHIIEBHX Ta3030ipHIX KOJIEKTOpaX.

[IpoTsarom 6 pokiB 3a peKOMEHIAIISIMY BiLILTY TPAHCIIOPTYBAHHS ra3y BiIHOBICHO pOOOTY 7 JpEHaXHHUX TPY-
00k B Oankax, yepes sIKi MPOKJIaJIEHO KOJIEKTOPH, 0aTKOBO MTPOBEJICHO Bpi3aHHs 4 JpeHaXHUX TPYOOK, IpoBe-
JICHO PEBI3il0 CIPaBHOCTI CTapux NpoOKoBuX KpaHiB Ha Buxoni 3 YKIII' (0XOpoHHHMX) KpaHIB, BIPOBA/KEHO
TEXHOJIOT{I0 TEePEeBEICHHS AUISHOK B PEXXMMH CAMOOYHIICHHS (BUCOKOIIBHIKICHI MIOTOKM), B AEIKUX BHIIAJKaX
3aMiHEHO OOB'SI3KY TEXHOJIOTIYHUX JIiHIH, IO JO3BOJIMIO HA TETEPINIHIi 9ac CKOPOTUTH BTPATH THUCKY A0 2,2—
2,55 at™. Ilpu npomy BunoOyTOK ra3y mo lllebenmacekomy I'KP mpoTsirom octaHHIX pokiB OyB cTabiIbHAM.

PesynbraTi BU3HAUEHHS MICIh JIOKAJI3aIil piAnHu Ta iX 00‘eMy HiATBEpHKYBANINCH 3aTy4YCHUMH 10 CIiIb-
HOTO BUKOHAHHSA POOIT (axiBIAMU CTOPOHHIX OpraHizamiil. 30kpemMa 3 METOI0 MPUUHATTS PIlIEHHS OO0 Bpi-
3aHHA IpeHaxHoTo mpuctporo B paroni YKIII' — 19 [He6emuncekoro I'KP daxismsamu XIPE minreepmkeHo 3a
JIOTIOMOT010 TEIIOBI30pa HASBHICT PIAHHHOIO HAKONMYEHHS B Gammi B 06cs3i 4,1 m° [2].

JlpyruM HeraTMBHMM BILIMBOM HasiBHOCTI 3a0py/THEHb Ta BiANIOBIJHUX HAJUIMIIKOBHUX BTPAT TUCKY € MaJiHHI
BEJIMUMHK poboyoro Tucky Ha Bxofi B JIKC, 1o mpu cranomy 3aBaHTa)KeHHI Ta HEOOXiTHOCTI MiATPUMAHHS BU-
COKOI BEJIMUMHM BHXIJTHOTO THCKY IPH3BOIMTH 10 3pOCTAHHS BUTPATH HAJIUBHOTO rasy, 30UIbIICHHS] BUTpPAT Ha
0XO0JI0JUKEHHS. J[0BOJIi 4acTo 1ie mpuTaMaHHo Juis pojosuil, Ha sskux JJKC po3Miliena Ha eHTpaJIbHOMY ra3o3-
OipHOMY TIYHKTI, Ha SKHH IOJAETHCA Ta3 SIK i3 BUCOKOHAMIPHMUX, TaK 1 HU3HKOHAMIPHUX CBEPIJIOBHH, a OTXKE
CTBEP/UKYBATH, 110 YCYHEHHS 3a0pyIHEHb JO3BOJHUTH AOCATTH SKOTOCH JOAATKOBOTO PE3EPBY y POOOUOMY THC-
Ky CBEpPAJIOBUH HEMOKIJINBO.

SckpaBum mpukiagaoM € razosdipaa cuctema Komapuiscskoro IIBHI'K, ocranuboro nepen JIKC minsakoIO
sikoi PyaKiBCbKHi ra3030ipHHIA KOJIEKTOP, CIIOPYKEHUH Ta BBEJACHUH B eKCILTyaTalito B 1957 p.

24 IHmeaposaHi mexHornoeil ma eHepao3bepexeHHs 1’2015



MOAEITFOBAHHS MPOLIECIB NMPOMUCIIOBOIO OBJIAQHAHHA

3a paxyHOK BiZIBEICHHS PIMHU 3 TOHWKEHOT TUISHKH Mix KpaHamu Ne 72 ta 73 B 00cs3i 44,1 M JIOCSITHYTO
30uIbmeHHs BXinHoro THCKy Ha JIKC 3 2,7 no 3,05 atwm.

LWebenuHcbke FKP
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Pucynok 4 — 3mina BugoOyTKy rasy Ha lllebemuacpkomy I'KP

IMoreprarouuck 110 rpadika BunoOyTKy rasy 3 IlledemHcskoro I'KP i cTabimizalii BUIoOyTKy 3ayBasKHMO, IO OfIHI-
€10 3 MPUYMH 3MEHIIEHHsI BUOOYTKY Oys1a HEMOXJIMBICTh I10/a4l ra3y B MOBHOMY 00‘eMy BHAOOYTKY B cuctemy MI
HIJTIK, ocKijbKH HPOITYCKHY 3AaTHICTh OCTAHHBOI'O 3MEHIIYBaJIM HaJMIpHI BTpaTH TUCKY, BUKIMKaHI HAsBHICTIO 3a0py-
JIHEHb B TPbOX Oankax, 30kpema B paiioni YKIII-11 Ile6emuuckkoro ['KP, B pationi nouatky MI™ IIIJIK Ta B 6anmi mo-
omm3y c. OnekciiBka [leppomaiicekoro paiiony. OOcsT X BTpaT OyB OIIHEHHH 32 pO3POOJICHIM aITOPUTMOM, TIpOaHa-
J30BaHO MOYKJIMBICT 30UTHIICHHS MPOITYCKHOI 3aTHOCTI TPYOOIPOBOMY Ta MPHHHATO PIllICHHS MO0 OYMCTKH IHX
JIITHOK 32 JIOTIOMOTOI0 3'€éMHHUX JAPEHAKHUX MPHUCTPOIB O3 MPHUIMHEHHS NepeKadyBaHHs ra3y. /10 MOMCHTY BBE/ICHHSI B
eKCIUTyaTaIlifo Apyroi CTymeHi KoMnprMyBaHHs razy Ha Y/IKC BHUBIIEHEHHS i3 MOPOXKHUHU TPyOOIpoBoay moHaz S0
KyOOMETpIB TEXHIYHOI PiJMHH, JO3BOJIIIO JEMIO0 3MEHIIMTH BIUIMB CE30HHOI HEPIBHOMIPHOCTI CIIOXKMBAHHS ra3y Ha
00‘emu iioro BunoOyTKy 3 Ille6emacekoro I'KP.
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Tpadix BnaoByTky razy Ha LlleBenuHcokom poaoBMLLe 53 2005p. Ipadik umobyTRy rasy Ha LebennHcokom pogosmuse 3a 2010p.

Pucynok 5 — I'padix 3miam BunoOyTky ra3y mo llebemmceromy I'KP npotsirom 20092010 pp.

Kpim Toro, ycyHeHHSI HaAMIpHHUX BTpAT B MaricTpaibHOMY Tazonporoi micist AKC, gae 3Mory 3HU3UTH Be-
TYuHY pododoro THcKy Ha Buxoxi 3 IKC.

Tako KpiM po3poOKH Ta BIPOBAHKEHHS 3aX0/1iB 1010 3MEHIIEHHSI HA/UIMIIIKOBUX BTPAT THCKY PE3yJIbTaTH
MOHITOPHHTY T1JIpaBIiYHOTO CTaHY JAJIA 3MOTY 32 OCTaHHI POKHU IMPOBECTH TaKi BUAM POOIT:

— OLIIHMTH BIUIMB 3MiHN KOH]irypauii ra3o36ipaux xosnekropis llledbennucekoro 'KP Ha posnozin Bennaunu
pobouoro tTucky Ha Buxozi 3 YKIII™ (B pe3ynbTaTi NpUiHHATO pilIeHHS MI0A0 JOLUILHOCTI BUOOPY MicLisl BCTaHO-
BJIeHHA | cT. KOMIpuMyBaHHS ra3y Ha 6a3i koauiHboi [ nazyniseskoi JJKC)

— CIPOTHO3YBaTH PO3IOJII TUCKY ra3y Ta IOTOKH ra3y, 10 HaAXOAUTHMYTh Ha XpectuineHcbky JKC cuc-
temoro MI" HIJIK, HITIK, €/IK micins 11 peKOHCTPYKIIIT;
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— OIIHUTH MOTOKH Ta3y o MI" B paiioni nepezaudi razy 3 Komapaiscbkoi JIKC Ta Hanatu pekoMeHmaltii mo;o J01i-
JIGHOCTI BBE/ICHHS B EKCILTyaTallilo Jpyroi CTyIeHi KOMIIPHMYBaHHS ra3y;

— OOTpYHTYBaTH IOLUIBHICTh peKOHCTpYKIiil razonpoBoay CremoBa YKIII' — BoroayxiB — CyxXiHH IUISIXOM
CHOPYKEHHS JYIIHTIB IS MpUiIMaHHS BICOKO HamipHOro a3y 3 FOmiiBcekoro HI'KP B miTHIH nepion;

— 3MEHIIUTH BIUTUB CE30HHOI HepiBHOMIpHOCTI ams [llebennHchKoro pogosuina, pogosuil [lepemennHcbko-
ro mpoMHuCTy Ta JIbBIBCHKOTO BiAIiNeHHS.

Sk BHIHO i3 BHIIEHABEICHOTO, TiNPABIIYHUHA CTAaH Ta30IPOBOIY € UM HE HAMBAKIMBIOINM YHHHHUKOM, IO
BIUIMBAE Ha PO3MOIIN BEIHYNH poOOYOr0 TUCKY Ha 00°€KTax Tra30TPaHCIIOPTHOI CUCTEMH 1 CYTTEBO MO3HAYAETH-
cs Ha 00°‘eMax BUAOOYTKY rasy.

OTxe, HOro MOHITOPUHT CIIiJi IPOBOAUTH HIopiyHO 1o ycix I'TIY i3 onepaTtuBHOIO mepeayero JaHUX JOCHTi-
JUKEHB BIITIOBIHUM CITyk0aMm.

s onepaTUBHOrO BUpIIIEHHS MpoOJieM, NOB S3aHUX 13 BU3HAYECHHSIM TiJPaBJIiYHOTO CTaHy Ta30NpPOBO/IIB,
OLIIHKOIO BIIMBY HaJMIPHHMX BTpaT THCKY B CHCTEMIi ra3omnpoBojiB Ha pexumu podoru YKIII i cBepanoBuH, B
ramy3i BiIICyTHS HaJe)KHa HOpMaTuBHa 0aza. 30kpema, (haxiBIi KepyHOThCS HOpMaTHBHHM JokymMentom (HJI),
II0 PerJIaMEHTY€E TIOPSIOK MPOCSKTYBAHH 1 CIIOPYKEHHS TPYOOIPOBO/IB, sIKi epekauyloTb oxHO(a30Be cepe-
nmopumie. OTxe, B HAHOMIDKYiH nepcrekTHBi (axiBISIMA BiIAITy TPAHCIIOPTYBaHHS 3aIPOIIOHOBAHO CTBOPEHHS
Ta BBEACHHS B Jit0 Takoro HJI.
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VK 622.691.4

Bparax M.U., 3aun Xamun Uopaxum, ['pedenrok C./1.

BJIMAHUE T'NAPABJINYECKOI'O COCTOAHUA CUCTEMbBI IPOMBIIINJTEHHBIX
T'A30ITPOBO/IOB HA PEXKMMBbI PABOTHI OFBEKTOB I'A30/IOBBIBAIOIIEN KOMILJIEKCA

B cratee MPEACTABIICHBI PE3YJIbTAThI I/ICCHe}]OBaHHﬁ TUAPABINYCCKOTO COCTOSHUA Ta30IIPOBOAOB CHUCTEMBI

cOopa u TpaHcnopThUpoBaHus raza. O60CHOBaHa HEOOXOIUMOCTh TIPOBECHMSI ONIEPATHBHOIO MOHUTOPHHTA TH]I-
PaBIMYECKOTO COCTOSIHHUS Ta30IIPOBOJIOB.

Bratakh M.1., Zaid Khaleel Ibrahim, Grebenyuk S.D.

INFLUENCE OF THE FIELD GAS PIPELINES SYSTEM HYDRAULIC STATE ON OBJECTS
OPERATING MODES OF THE GAS PRODUCTION COMPLEX

The paper presents results of the hydraulic state evaluation for gas pipeline system. The necessity of the

operational monitoring of pipelines hydraulic state are explained and justified for gas production company
specialists.
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VK 669.184.288: 669.5.004.82
Vnesanos B.II., Bynasun B.1., Kpamapenko A.B., Ynesnosa 1.B.

ABTOMATH3UPOBAHHBII KOHTPOJIb TEXHOJIOTMTYECKOT' O ITPOIIECCA
BOCCTAHOBUTEJIbHON TEPMOOBPABOTKM KEJE30COJAEPKAIINUX NBIIEN 1
HIJTAMOB OCHOBHBIX METAJIJTYPITHYECKHUX IEPEJEJIOB C IIOJTYYEHUEM
METAJIJIN30BAHHBIX OKATBIIIENR

BBenenne. ABTopamu TaHHOH CTaThU pa3paboTaHa U UCIIBITaHA B ONBITHO-TIPOMBIIUIEHHBIX YCIoBIIX OAO
«HJIMK» HOBas 3¢ ¢deKkTHBHAS TEXHOJIOTHI TEPMIUECKOW BOCCTAHOBUTEIBHOM MepepadOTKA HEKOHAUIITHOHHBIX
xenezocoaepxkamux npuieil 1 nuiamoB (OKIILI) OCHOBHBIX METaTyprHYecKHX IEpelesioB C MOJY4YEHHEM TO-
BapHOT0 MeTaJUIN30BaHHOTO npoaykTa [1]. C yuerom onbiTa npuMeHeHus pa3padoTanHoil TexHoiaoruu Ha OAO
«HJIMK» (Poccust) u MK um. Wnbuga (YkpanHa) HaMu BbIOpaH oNTUMAaNbHBIH BapuaHT yruiausauuu JKIIII va
OAO «MMK» (Poccust) — nepepaboTka UX B METAUIM30BaHBId NPOJYKT C MCIOJIb30BAaHUEM BbINICYKa3aHHOM
texnosoruu [2]. TexHomorudeckas cxema (puc. 1), obecrneunBarornas nepepaborky JXKIIII, omucana Hamu B
pabore [3].

N3n0:xeHHe OCHOBHOTO MaTepuaia. 3ajaya KOHTPOJIS TEXHOJIOIHYSCKHX mporeccoB moarorosku JKITII u
UX TEPMHUUYECKOIl 06pabOTKM Mo pa3paboTaHHO HaMu TexHonoruu [1] 3akimodaeTcsi B IPENOCTABICHUH JKC-
IUTyaTallAOHHOMY TIepCOHATY HH(OPMAIMK O XOJI¢ TEXHOJOTHUYSCKUX MPOIIECCOB U MOAICPKAHUN PAOOUHMX TEX-
HOJIOTUYCCKUX MapaMETpOB B 3aJJaHHBIX IMPCaACiaX; B CBOCBPEMEHHOM 06Hapy>1<eH1/H/1 OTKJIOHEHHH OT YCTaHOB-
JICHHOTO TEXHOJIOTUYECKOTO PEXKHMMa, YTO MO3BOJISIET OBICTPO YCTPAHSITh MX U NMPEAOTBPAIIATh HAPYIICHUS TIPO-
ecca nepepabdoTKH Ha BCEX CTAIISX TEXHOIOTUIECKOH CXEMBI.

PexomeHryeMbple HaMH METOIBI KOHTPOJIS TOAPA3IeIIIOTCS Ha JabopaTopHbele W aBTOMaTmdeckue. K mabo-
PaTOPHBIM METOJaM KOHTPOJISI OTHOCHTCS MPOBEACHNE XMMHUYCCKUX aHAIN30B. B Hadame oTOuparoT mpoOsI wc-
xoxabrx JKIIII, BcmoMoraTeabHOTO CHIPBS, MPOAYKTOB IEPepabOTKH CHIPEEBOM MACCHI, 3aTEM IPOHM3BOIAT HX
XUMHYECKYI0 00pabOTKy (XMMHUYECKUI aHAN3) W MPOU3BOJAT II0 METOAMKAM COOTBETCTBYIOIINE BBIYMCIICHHUS.
Kak mpaBuito, pe3yapTaTel XUMHUYECKOTO aHAIIN3a MOMYYaroT B TedeHne oT 0,5 10 HECKOJIBKUX YacOB C MOMEHTA
oTOopa mpo6. B To ke BpeMs IJIs1 HEMPEPBHIBHOTO Ipoliecca nepepadoTKi HEOOX0IUMO CBOEBPEMEHHOE O0HAp Y-
JK€HHE OTKJIOHEHUH nmapaMeTpoB TEXHOJOIMYECKOro peKrumMa OT YCTAaHOBJICHHBIX HOPM TEXHOJOTHYCCKOTO per-
JJaME€HTa. HOSTOMy BCA TCXHOJIOTMYECKas JIMHUA YCTaHOBKH Hepepa6OTKI/I JOJIDKHa 6I)ITI) OCHalIcHa U3MEpu-
TCJIIbHBIMU HpI/I60paMI/I ABTOMATUYCCKOI0 KOHTPOJIA. Takue HpI/I60pLI HE TOJIbKO YKasbIBalOT, HO U CUTHAJIU3U-
PYIOT 00 OTKIIOHEHHWH HM3MEPSIEMOTO MapaMeTpa OT 3aJaHHOTO 3Ha4YeHHs. OHHU SIBISIOTCS TAKXKe DJIEMEHTAMHU
CHUCTEMbBI aBTOMATUYCCKOI'0 PETYJIUPOBAHUA. PeI‘I/ICTpaL[I/IH MOKa3aHUH MMPOU3BOAUTCA Ha 3HAYUTCIIHLHOM pac-
CTOSIHUM OT MeCTa 3aMepa — JUCTAHIIHOHHO. JTO IT03BOJISIET MPU YCTAaHOBKE IMPHOOPOB BO3JIE pabOUUX MECT CO-
CPEeIOTOUYNTH PETHCTPALINIO BCEX OCHOBHBIX ITOKA3aTelNeii B OTHOM MECTE — ITyHKTE YIIPABIICHHS.

ABTOMAaTH3aIMsI TEXHOJIIOTHYECKUX IPOIECCOB TOATOTOBKM M TEPMHUYECCKOH OOpabOTKH obOecIiedunBaeTCs
MPUMEHEHHEM DPETyISTOPOB M PETYIMPYEMBIX CHCTeM. [IpudeM mpexycMOTpeHa JIOKaJTbHAs aBTOMATH3AIU
TEXHOJIOTHYECKUX y3JIOB YCTAHOBKH, CBS3aHHBIX SIMHBIM TEXHOJIOTUIECKUAM IIPOLIECCOM.

JIJIsT KOMIUIEKCHOTO YIIPaBIICHUS YCTAaHOBKOW HaMH MPEIyCMOTPEHHI cienyrontine Meponpusatus mo KUII u
ABTOMATHKE [TPOU3BOICTBCHHBIX POIIECCOB:

— aBTOMAaTHU4YEeCKasl BECOBast U OG'I)CMHS.S[ JO3UPOBKAa KOMIIOHCHTOB HIUXTHI;

— KOHTPOJIb YPOBHEH B paCXOJHBIX OYHKEepaX KOMIIOHEHTOB IIUXTHI U 3arpy3KH BpAIIAIOMIEHCS TIeun, CUTHA-
JU3aIMs BEPXHETO U HIDKHETO YPOBHEH B KaXI0M OyHKepe;

— aBTOMATHYECKOE U JUCTAHIMOHHOE YIIPaBIIEHNE DIIEKTPOIIPUBOJAMH y3J1a CMEIIEHHUS, TPAHCIIOPTUPYFOIIUX
YCTPOMCTB, TEILIOBBIX arperaToB M TATOAYTHEBOTO YCTPOUCTBA;

— KOHTPOJIb TEMIIEPATyPHOTO M a3POJIUHAMUICCKOTO PEKUMOB IO TPAKTy BPAIIAFOIICHCS W IIMKIOHHOM Ie-
Ye, JOKUTAOIIET0 YCTPOUCTBA, KOTIA-YTHIN3aTOpa U Fa3009HCTKY;

— KOHTPOJIb PacXOI0B U JIaBJICHUN MaTEePUATBHBIX TIOTOKOB (TOIUTUBO, BEHTHISITOPHBIA BO3AYX, IIUTATEIbHAS
BOJIa ¥ Map KOTJa-yTHIN3aTOpa);

— aBTOMATHKa U OJIOKUPOBKA OE30MACHOCTH, CBETOBAs M 3BYKOBAs CHTHAIU3AIMS IPH HAPYIICHUN HOPMaJlb-
HOW paboTHI arperatoB yCTaHOBKH;

— aBTOMATHYECKOE PEryIMpoBaHue (CTaOMIN3aIHsI) Pa3peKEHIS B 3arpy304HON KaMepe BPAIIAOIICHCs eun
BO3/ICMCTBHEM Ha HAIPABJISIONIIMM armapar J5IMOCOCa;

— CTa0MIM3aIMs TeMIepaTyphl IBIMOBBIX Ta30B Tepe KOTJIIOM-YTHIN3aTOPOM BO3JICHCTBHEM Ha pacxo]] BTO-
PUYHOTO BO3/YXa;

— crabunm3anus kKodpUITMeHTa pacxoa Bo3ayXa B IUKJIOHHOW IMEYH BO3JCHCTBHEM Ha OTOOp BO3IyXa U3
IIAXTHOTO XOJOAMIbHUKA KOHEYHOrO (METAILTM30BaHHOTO) MPOIYKTA.
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B npouecce komruiekcHoi nepepadotku JKIIII oCHOBHBIMU KOHTPOJIMPYEMBIMHU M PETYIMPYEMBIMHU BEJIHY U~
Hamu sBistoTcs pacxozs! JKIIII, neun u3BecTkOBOM, OEHTOHUTA, MACIOOTXO0B, JYTHEBOIO BO3AyXa U TOILUIH-
Ba, MUTATEILHOM BOABI HA KOTEN-YTHIM3AaTOP; YPOBHA OCHOBHOTO M BCIIOMOTATEJILHOTO CHIPhSI B OyHKEpax cMe-
CUTETIBHBIX arperaToB U B COOpPHUKE MAaclIOOTXOJO0B; TeMIlepaTypa B LIMKJIOHHOW M Bpallalolleics medax, Tel-
JIOHOCHUTEIS, HA BBIXO/E U3 LIMKIIOHHOU Me4H, B JOKUTAIOLIEM YCTpOIiCTBe, TeMIepaTrypa OTXOIAIUX I'a30B Ha
BXOJZI¢ B KOTEJI-yTHIM3AaTOp W Napa KOTJIA-yTHIN3aTOPa; JABICHUE — Pa3pEeKEHUE B CUCTEME TEPMOOOPaOOTKH
CBIPBIX OKATHIIIEN U KOTIIE-yTHIN3aTOPE.

Jns mamepenust remneparyp (150+300 °C) ucrnonp30BaHbl TepMOIapbl, CBOOOIHBIE KOHIIBI KOTOPBIX MpPH-
COGAMHSIOTCS. K KJIEMMaM TalbBaHOMETpa. TepMomapsl BIOXKEHBI B TEPMOKaOeslb, KOTOPBIH codueTaeT B cebe
TEPMOIEKTPOIHBIC U U30IALHUOHHBIE MaTepHanbl. TepMokabens npencTaBisieT co6oil rTuOKuii 30HA, B KOTOPOM
BHYTPH METAJUIMYECKON 000JI0YKH pa3MelleHa TEPMOIIEKTPOIHAS TPOBOJIOKA (KOJMYECTBO MPOBOJIOK 2,4,6). B
KaueCcTBE TEPMOAIICKTPOIHBIX MaTEPHAIIOB MCIIOJIB30BaHa MpoBoiioka Ha ocHose map: NiCr - Ni, Fe - Constantan,
NiCr - Constantan. TepMO3JIeKTpOIbI H30JIUPOBAHEI OIUH OT JPYTOTO M OT 0OOJIOYKH KepaMHYESCKHM MaTepua-
JIOM, 3AIIUINAIONINM UX OT MEXaHUYECKUX MOBPEXKACHUI U KOPPO3UH, M SKPAHUPYIOUTUM OT 3JIEKTPOMAarHUTHBIX
noneil. [t perynupoBaHus TeMIepaTypbl MPEAYCMOTPEH PErHCTPUPYIOIIUI CaMONMUIIYIIUi mpubop ¢ BO3-
MO>KHOCTbBIO O AEpKaHUs BXOAHON BennyuHbI 1o nporpamme JJUCK-2501I1.

[Tpu aBTOMaTH3anM¥ PabOTHI diieMeHTOB ycTaHoBKH nepepabotku JKIILI ocobeHHbIe TpeOoBaHUS NpENbIB-
JISIFOTCS K KOHTPOJIIO U PETYIMPOBAHUIO OCTATOYHOTO JABJIEHUS (pa3pexeHus) B IUKJIOHHOW M Bpallaromeics
neyax, B KOTJIe-yTUIH3aTOPE.

Jl1sl IMCTaHIIMOHHOTO KOHTPOJISL IaBJICHUSA-Pa3peKEHNs MCIIONb30BaHbl TATOHAIIOPOMETPHI (CTaHIApTHBIE) C
NIEKTPUYECKON M NMHEeBMaTH4YeCKOl mepenadel nokasanuil. KOHTposb naBiIeHUA-pa3peKeHUss BEAYT C UCIOJNb-
30BaHUEM AIICKTPHICCKIX MaHOMETPOB-BaKyyMMETpoB ¢ npeodpazoBarenem CAIIOUP-22/1/1-Bu mis aBTOMa-
THYECKOTO KOHTPOJIS, PETYINPOBAHUS U YIPABJICHHUS TEXHOJIOTHIECKHM mporeccoM. IIpeobpasoBaTens obecrme-
YHMBaeT HEMpephIBHOE NMpeo0pa3oBaHKUe AaBJICHUS-Pa3PEKEHUS] B YHU(DUIIMPOBAHHBIA TOKOBBIM BBIXOJHOW CHT-
HaJl JUCTaHIMOHHOW mepenayn. J[aBieHne Maciio0TX00B B TPYOOIIPOBOIax HEOOXOAMMO PEryJMpOBaTh ITHEB-
MaTHYECKHUMH PETYJATOPAMH U PETYISATOpPaMU IMPSIMOTro AEHCTBHA. B KauecTBe pErncTpHpYOHIEH CHCTEMBI
NPUMEHWIHN TPeXKaHAIbHbIA CaMONUIIYIINi mpudop A-543.

OOBbEMBI TEMJIOHOCHUTEIISI M OTXOSIIIMX Ta30B U3MEPSUIN NP IIOMOIIH TruadparMbl — METaJUTHYECKOTO JTUCKA
¢ OTBepCcTHEM HocpenuHe. nadparma 3akperusiercss MeXay AByMs ¢uiaHnamu Tpyoonposona. s usmMepeHus
JIaBJICHUS U pa3pekeHus Oblila BMOHTHPOBaHA quadparMa ¢ MaHOMETPOM.

PerynupoBanue pacxosa MaciIOOTX0/0B U MUTATEIHHON BOJABI BENIH C MCIOJIB30BAaHUEM PETYIATOPOB (CTaH-
JApTHBIE), B KOTOPBIX PEryJUpyEeMbIH Jpoccenb COBMEIIEH ¢ MEMOPaHHBIM PEIyKTOPOM Iepernaja JaBICHHS.
Penykrop aBTOMaTH4ecKH MU3MEHSAET BEIMYUHY BILyCKHOTO OTBEPCTHS, APOCCENUPYs MOTOK HA BXOJE U TEM ca-
MBIM, TTOAJEPKUBAs MOCTOSHHBIN Tepemnaj JaBleHUs Ha Jpoccelie. YKa3aHHBIC CPelICTBA U3MEPEHUS pacXooB
obecreunBany IuiaBHOe OeccrymeHdaroe m3mMeHeHue momadu ot 0,0025 mo 3,5 Mg JKUAKOCTU TPU HAIope
100+4000 MM Bon. cT. B kauecTBe mpeoOpa3oBaTenss pasHOCTH HABICHUNA B M3MEPHUTENBHBIA TOKOBBIA CHTHAT
ucnonb3oBanu npudbop «Candup-22J1/1-Bu2410» ¢ kaccom tounoctu 0,5, a B KAUeCTBE PETUCTPUPYIOIIECH CHC-
TEMBI — CAMOTTUITY I IPpUO0p, padoTtaromuii mo nporpamme JAMCK-250I1.

J11s1 KOHTPOJISL ¥ CUTHAJTM3AlMY YPOBHSI OCHOBHOT'O M BCIIOMOTATEJILHOTO CHIPbsI B HAKOIIUTENBHBIX OyHKepax
HCIIONB30BAJICS MPUOOP KOHTAKTHOTO THIMA (CTaHAAPTHBIN), B KOTOPOM BMOHTHPOBAaH KOHTAKTHBIM HEPEKIIOYa-
TeNb ¥ MEXaHMYECKUH IpeoOpa3oBaTeslb TOPMO3HOTO MOMEHTA, COOOIIAeMOro CHIITydYUM MaTepHaOM BpaIlaro-
meMycs B anmnapare pabodemy oprany (poTop, KpbUIbuaTka, jonarka). Ha crenke (BepxHel mim O0KOBOM) mpu-
60pa ycTaHaBIMBAJICSI KOHTAKTHBIH CHTHAIM3ATOP (AATYMK BEPXHETO M HIDKHETO YpOBHEH MaTepuaia) Haludus
B OyHKepe CHIIy4ero MaTepuaa.

Jl1st KOHTpOJIS M PeryjlupoBaHUsl YPOBHS MAaciOOTXOJOB M ITUTATEIbHOH BOJBI B COOPHMKAX HMPUMEHSIIN
MeMOpaHHBIE IATYUKH JaBJICHNS! KOMIIEHCAIMOHHOTO TUIa (cTaHxapTHbIE). PaboTa 3THX TaTYMKOB OCHOBaHA Ha
W3MEPEHUH JaBICHHS THAPOCTATUYECKOTO CTON0A XMIKOCTH M NPEoOpa3OBaHHWU €ro B NPOMOPIIMOHAIBHBIN
ITHEBMAaTUYECKHH BBIXOAHOW CUrHaN. J[aTuuK faBieHUs UMeeT MeMOpaHHbIH N3MEpUTENbHBII y3€l U THeBMaTH-
Yyeckuil npeoOpazoBaresb JMHEHHOTO NepeMenieHrss MeMOpaHHOro OJI0Ka, BBIIOJHEHHBIH 110 METOMY KOMIICH-
calyy yCUJIuH.

[yl aBTOMaTHYeCKOTro OIpeAeIeH s COoJIep KaHus MUK (3allbIIGHHOCTh) B OTXOSIIMX ra3ax HCIOJIb30Ba-
JMCh (POTOKOJIOPUMETPHI, IPUHINI ASHCTBUS KOTOPHIX OCHOBAH HAa M3MEHEHUH IPO3PayHOCTH I'a30B B 3aBHCH-
MOCTH OT HX 3aIIbLIEHHOCTH.

[Ipon3BoanTEISIMU OMICAHHBIX BBIIE U3MEPHUTENICH U PEryJIITOPOB ABISIIOTCS Burebckoe Mpon3BOACTBEH-
Hoe o0benuHenne «JIEKTPOU3MEPUTEJIby u 'oMmenbckuii 3aBo n3MepuTensHbIX npudopos (p. benapycs).
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Bce onucaHHbIe BBIIIE CPEACTBA KOHTPOJIS M aBTOMATUKHU SIBIISIOTCS MPELU3UOHHBIMU NPUOOPAMU U HaIEK-
HBI B 3KCILTyaTallHuH.

JIs ocyIecTBIIeHUs] KOMIUIEKCHOM aBTOMATH3alluK M TOCTPOEHHs aBTOMATU3UPOBAHHON CHCTEMBI yIIpaBIIe-
Hus (ACY) ycranoBkoii nepepadotku JXKIIIII B HacTosimee Bpems, 1ierecoodpa3no npuMenats DBM. [Ipu stom
obecrieynBaeTcs AUCTAaHIMOHHBIN KOHTPOJIb IIapaMeTpoB Mpoliecca MepepadoTKH U CUTHAIN3AIMU UX OTKJIOHE-
HUH TIPH COXpaHEHUH BBICOKOH TOYHOCTH W3MEPEHHH, a TakxKe IporpaMMHas 00paboTka moctynatomnieit nHpop-
Maluy 1 BbI1a4a €€ Ha MOHUTOP KOMITBIOTEPa B yAIOOHOM JUISl CYMTHIBAHHS BUJIE.

CormnpsbkeHne pEeKOMEHIOBAaHHBIX BBIIIE aHAJIOTOBBIX CPEICTB M3MepeHHs ¢ undpoBoit 9BM ocymecTsiser-
cs1 OOBIYHO C MCHOJIB30BAHUEM MHKPOKOHTPOJUIEPHBIX CHCTEM cOopa JaHHBIX. B cirydae oTCyTCTBHSI MOAXOMS-
IIeil MPOMBIIUICHHO BBITYCKAEMOM CHCTEMBI, OHa MOXET OBITh PEaM30BaHA MO 3aKa3, K MPUMEpPY, Ha CBEPX-
6oubioii nHTerpansHoi cxeme (CBUC) yHuBepcaIbHOTO IeperporpaMMUPYEMOro MUKPOKOHTPOJLIEpA.

Ha puc. 1 npuBeneHa NpuHIKNIHAIBHAS CXEMA YCTPOWCTBA CHCTEMBI aBTOMAaTHYECKOTO PETYIUPOBAHUS MIPO-
necca mepepadotku JKIIII. B cxemy BXOAsT clieaylommue 3JIeMEHTHI: TpeidepHbii kpaH — |; HaKONHUTENbHAS
€MKOCTb JKeJIe30COJIep KAINX MbUIeH — 2; HAKOMUTEIbHAs eMKOCTh JKEJIe30COACPIKAIMX [IUIAMOB — 3; HAaKOIIH-
TeJNbHAs eMKOCTh IIIJJAMOB NPOKATHOTI'O NMPOU3BOJCTBA — 4; HAKONUTEIbHASA €MKOCTh OCHTOHUTOBOH IIMHBI — 5
3arpy3oudHasi BOpOHKa OyHKepa — 6; 3arpy304Hasi BOpOHKa OyHKepa — 7; 3arpy304Has BOpOHKa OyHKepa — 8; 3a-
rpy30uHas BOpoHKa OyHkepa — 9; 3arpy3o4Hasi BOpoHKa OyHkepa — 10; pacxoHblil OyHKep Kene30coIepKaIinx
nbuteit — 11; pacxoaHbIil OyHKep jKele30coepiKalluX IulaMoB — 12; pacXoJHbIH OyHKEp IIIaMOB IPOKAaTHOTO
MPOM3BOACTBA — 13; ocaamTeNb N3BecThCOAEpIKaIIeh meuTH — 14; pacxonusli Oyakep orxomgoB KXII — 15; mo3u-
pymolee yctpoiictBo — 16; cmecurens — 17; cmecurens — 18; cmecurens — 19; okomkoBaTens — 20; sneBatop
KOBIIIEBOM — 21; KOHBelep JIeHTOUHBIH — 22; TpyO4aTas Bpamaromascs neus — 23; [UKIOHHAs Heub — 24; XoJo-
IUIBHUK — 25; OyHKep-HAKOIHTENb IUTaka — 26; BO3AyXoIyBKa — 27; KOHBeiep BUHTOBOM — 28; a1meBaTop KOB-
meBoit — 29; OyHKep-HAKOMUTEIh METAJUIM30BAHHOTO MpoaykTa — 30; nukioH — 31; koHBelep BUHTOBOH — 32;
BO3JIyXOyBKa — 33; nuIaMOBBIM Hacoc — 34; COOPHUK KXUAKUX MACIOOTXOA0B — 35; MOKUTAIOIIEee YCTPOMCTBO
UKIOHHOTO THNA — 36; KOTeNn-yTuau3aTop — 37; MukioH — 38; pykaBHEIH GmisTp — 39; aeimMococ — 40; 3arpy-
304Hasi BOPOHKA — 41; HAKOMHUTEINb MBUTH — 42; CMECUTEIIh-MIKPOOKOMKOBATENb — 43; KOHBeWep BUHTOBOI — 44,
MUTaTeNlb TUCKOBBIA — 45; pacxogoMmepsl — 46; perynupytoniuii mexanusm HJI (Hacoc-mo3atop) — 47; maTyuk
YPOBHSI MacliooTxoJoB — 48; perymupyembiii kimanan PK ¢ maeBmompuBomom — 49; maTduk ¢ XpoMesb-
KomeneBol TepMomapoit — 50; ycmmutenb-ipeodpa3osarens currana [1-201- 51; perucrpupyrontuii npudop
noreHmmomerpa D11/ — 52; cTyneH4YaThIil MMITYJIBCHBIIN NpephIBaTeNlb — 53; peBEepCUBHBIN MarHUTHBIA MycKa-
Tedb — 54; UCTIOMTHUTENBHBIA MEXaHU3M — 55; JaTUYMK CO CTYMEHYAThIM KOHTAKTHBIM TEPMOMETPOM JIJIsl 3amMepa
TeMIleparypbl napa — 56; naTyuk JaBieHUs napa — 57; peryisrop pacxoja Bo3ayxa — 58; perynarop pacxoaa
MPUPOHOTO Taza — 59; perynsTop po3uposanus — 60.

CxeMoil aBTOMaTH3aIMH TaKKe MPEAyCMOTPEHBI: aBTOMATUIECKOE BKJIFOUCHHE PE3ePBHBIX HACOCOB; CHTHA-
JM3anus pabovero cocTosHUS 000PYI0BaHUS U aBAPUIHBIX TEXHOJIOTHUECKHX [TapaMeTpPOB.

BeiBoasl. Pa3zpaborana cuctema aBTOMaTH3MPOBAHHOTO KOHTPOIST TEXHOJIOTHMIECKOTO MpoIlecca BOCCTAHO-
ButeabHONH TepMooOpadoTku JKIIIII OCHOBHBIX METAIITYPTHUYECKUX TMEPENETOB C MOTYYEeHHEM MEeTaTU30BaH-
HBIX OKATBIIIEH; ONMuUcaHa TMPUHIUIHAIBHAS CXeMa YCTPONCTBA CHCTEMbl aBTOMAaTHUYECKOT'O PEryIUpOBAHUS
nporiecca nepepadorku JKIIII.
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VapsuaoB B.I1., Bynagin B.1., Kpamapernko A.B., YipsaoBa [.B.

ABTOMATU3O0BAHU KOHTPO.JIb TEXHOJIOTTYHOI'O ITPOLIECY BIZTHOBJIIOBAJIbLHOI
TEPMOOBPOBKH ®EPYMBMICHHX ITAJIIB TA IIIJIAMIB OCHOBHUX METAJIYPITHHUX
IEPEALJIIB 3 OAEP)KAHHAM METAJII3OBAHUX OKATHUIIIB

VY crarTi 3anpoNOHOBAHO CHCTEMY aBTOMATH30BAHOTO KOHTPOJIO TEXHOJIOTIYHOrO MpoLecy BiTHOBHOI Iepe-
poOKH (QepyMBMICHUX MIUIIB 1 IDIaMIB METAIypPTiHHUX MEPEAUTiB 3 OTPHUMAaHHSIM METANi30BaHMX OKATHUIIIB i
OIMCaHa MPUHIMIOBA CXeMa aBTOMAaTHYHOTO PETYIIIOBaHHS HPOLIECY.

Ulyanov V.P., Bulavin V.I., Kramarenko A.V., Ulyanov L.V.

AN AUTOMATED CONTROL OF PROCESS OF THERMAL REDUCTION OF IRON-CONTAINED
DUSTS AND SLUDGES OF MAIN METALLURGICAL CONVERSIONS WITH OBTAINING OF
METALLIZED PELLETS

The paper proposes a system of automated control of the technological processes of thermal reduction of

iron-contained dusts and sludges of main metallurgical conversions to obtain metallized pellets. A schematic
diagram of the automatic control of the process is described.
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Y]JIK 658.264
AnexcaxuH A.A., Ena C.B., l'opauenko E.I1.

OIIEHKA U3SMEHEHUS TAPAMETPOB MUKPOPAMOHHOM TEIVIOBOM CETH ITPU
MEPEXO/JIE OT YETBIPEXTPYBHOM CUCTEMBI TEIINIOCHABXEHHUA K JIBYXTPYBHOM

OCOOEHHOCTBIO CIOXKMBIIUXCSI CHUCTEM LEHTPATM30BAHHOTO TEIUIOCHAOKEHHUS MHKPOPAOHOB SBISIETCS
GonplIast MPOTSHKEHHOCTh TEIUIOBBIX CETEH, 4TO CBA3aHO C MPUHATON 3aKPHITON CXEMOH NMPUTOTOBIECHUS Topsi-
4yell BOJBI JJISl XO3SIMCTBEHHO-OBITOBBIX HyXJ. Hannume oOiieil BojononorpeBaTesibHOM YCTaHOBKH B MUKpO-
paiioHHOI crcTeMe 00YyCIIOBIMBACT YETHIPEXTPYOHYIO pPaclpeleUTeIbHYI0 CETh U CYILECTBEHHbIC TOTEPH TeTl-
JIOTBI IIPU TPAHCHOPTHPOBKE. YMEHBIICHUS OO JUIMHBI MUKPOPAHOHHBIX TEIIOBBIX CeTell MOXKHO JOCTHUB,
HarpuMmep, Iepexoa0M Ha JIByXTPYOHBIE CETH C YCTPOMCTBOM Ha MHIMBHIYAJIbHBIX TEIJIOBBIX MYHKTaX 37aHHNA
BOJIONIOTPEBATEIILHOM YCTaHOBKH IrOpsidero BOJOCHA0KeHM. D(P(HEeKTHBHOCTS TAKNX MEPOIIPUSITHI HEOOXOIHUMO
OLICHUBATh AJS KaXXJ0T0 KOHKPETHOTO MHKpOpailoHa OTAENbHO. I 5TOr0 MOXHO HCIOJIb30BaTh W3BECTHBIE
METOJMKH HaXOX/IEHHS IUIOLIaJ MMOBEPXHOCTH TEIUIOOOMEHHUKOB [1] M BBIYMCIIEHHA MOTEpPh TEIUIOTH [2] n
JaBneHus [3] B ceTH IPU M3BECTHBIX XapaKTEPUCTHKAX MPOKIAAKH TPyOOIPOBOIOB 1 TEIUIOBOH M30ISINHU. YKa-
3aHHBIC METOJIUKH TPEOYIOT 3HAYMTEIFHOTO 00BEMa HCXOIHBIX JaHHBIX, YTO 3aTPYIHSIET UX UCIIOIb30BAHHE TIPH
OLICHKAX Ha MPEIBAPUTENIBHBIX ATANAaX MPOSKTUPOBAHMUS. B 3THX cirydasix MOTYT OBITh ITOJIE3HBIMHU YIPOIIECHHBIC
METOAMKH BBIUUCIICHHS ITOKa3aTeei.

Llenbro paboOTHI €CTh U3y4YE€HUE 3aKOHOMEPHOCTEH M3MEHEHUs TEIUIOBBIX M T'MJPABIMYECKHX IOKa3aTelel
TEIJIOBBIX CETEil MUKpOpaioHa MpH Iepexoe K IBYXTPYOHOH cXeMe OpraHu3aluy TeII0CHa0KEHHSI.

CpaBHEHHE BapHAHTOB IEpexoja NPOBEICHO Ha IMpUMepe TpeX HAeaTU3UPOBAHHBIX JKUIBIX TPYIII CO Cpea-
HEel 3Ta)KHOCTHIO KUIBIX 3MaHui 5, 9 u 16. Bece 3manns kaxxaoi U3 TPyNm UMEIOT OJJMHAKOBOE YUCIIO TaxkeH.
OTtonuTtenbHbIe HATPY3KU MUKPOPAlOHOB M YHCIIO XUTENEH MPUMEpPHO OJMHAKOBBbIE. Pacxo TEIIOThI Ha rops-
yee BOJOCHAOKEHUE ONpPEENCH A OTACIBbHBIX 3/IaHUH ¢ y4eTOM KOd(QHIMEHTa YaCOBOH HEPaBHOMEPHOCTH
MOTpPeOIEHNUS BOBI B 3aBUCHMOCTH OT NPHUHSTOTO YKcIa )xuTesel. TermoBast ceTh MUKpOpalioHa coCTaBlIeHa 3
OJIHOM TJIaBHOU BeTBU. UHCIO OTBETBIEHMI OT INIaBHOI BETBH PAaBHO YHUCIY 3/1aHUM, PACCTOSHUS MEXY TOUKa-
MU IPUCOEANHEHUs COCEIHUX OTBETBICHUI OAMHAKOBBI. TeIIONpOBOIBI MIPOJIOKEHB! B HEIPOXOAHBIX KaHalaX.
OCHOBHBIE XapaKTEPUCTHKH PACCMOTPEHHBIX TPYII 34aHIH IPUBEICHBI B Ta0. 1.

OO1mas uiMHa TeII0NPOBOI0OB MUKpopaiioHHoit cetu (L) Haiinena o hopmyre

L/ Qo max =10°/(0,47E +0,6), €h)

rae Qu max — OTONMTENbHAS HATpy3Ka MUKpopaiiona, MBT; E — cpenHss 9TaXHOCTb.

Pacnipenenenne amiH TpyOOIPOBOJIOB TTIABHOM BETBU U OTBETBICHHN OPHEHTHPOBOYHO NpUHATO Kak 0,4/0,6.
Juametp ( D ) TemmonpoBo10B BEIYUCIICH U3 (POPMYITBI

R(X)=0,134.10"G?(X)/D(X)***, )

rie G — pacxon ceTeBoi BOJbl; R — ynenbHbIE MOTEpH AaBIEHHUS Ha NMPEOJOJICHUE CHII TPEHUS TIPH JIBIKCHUN
BOJIBI B TpyOOIIpOBOIE.

Tabmmna 1 — XapakTepuCTUKN MUKPOPaioHOB

INoxasarens Bapuant

1 2 3
ITaKHOCTH JKHWIBIX 3JJaHUH 5 9 16
JnHa TpyOOonpoBoaoB, M: — 00mIas 5320 3271 1938
— I'JJaBHOM BETBU 2120 1308 775
— OTBETBIICHHUI 3200 1963 1163
Yucio xuTeei 10010 10080 10050
MakcumanbHbIi pacxos TerioTsl, MBT
— OTOILJICHUE 15,69 15,80 15,74
T'opstuee BOIOCHAOKEHHE 8,67 8,67 8,67
KommuecTBOo KUJIBIX TOMOB 36 20 22
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N3menenue pacxoga BOABI 1O AJTMHE rJIaBHOM BETBU B MPEANOJJI0KCHUU MOHOTOHHOT'O XapaKTepa UBMCHCHUA
AnaMEeTpa MOKHO ONIPpEACTIUTD 10 qupMyne

G(X) =G =Gy (%) ®)

rac Gmaxl Gn — pacxo BOJAbI COOTBCTCTBCHHO Ha BXOJIC B BETBb U YCPE3 BCC OTBCTBJICHUSA HA Heﬁ; L - o61ua$1

JUIMHA TIaBHOHM BETBH; X — TEKyIas KOOpAWHATA HA BETBU.

[okazartens creneHn N B ypaBHEHUU (3) 3aBUCHUT OT KOHPUIYPALIMU CETH, KOOPIMHATHI IIPUCOEIMHEHHUS OT-
BETBJICHUH K TJIABHOH BETBH M pacxoja BOJBI Yepe3 OTBETBICHUS. st MpuHATOH B paboTe KOHPUTYpauu ceTn
Nn=1 u ypaBHeHue (3) B 6e3pa3zMepHOM BU/I€ IPHHUMAET BU

Go(Xo)=1-G0(Xo), (4)

rae GO(XO)ZG(X)/GmaX ; GnO :Gn/Gmax ; Xo = X/L'

Juametpbl TpyOONPOBOMOB OTOMUTENBHON CETH M TOAAIOIIEH JIMHUMA CHCTEMBI TOPSYEro BOAOCHAOKEHHUS
OTpe/IeTIeHbl M0 MAKCHMAIBHBIM TEIUIOBBIM HATPY3KaM M MPHHATON BEIMYUHE YACIbHBIX MOTEPh JaBICHUS
R=50 TIla/m. J[luameTp UHMPKYJISAMHOHHOTO TPYOOIPOBOJA TOPSYETO BOJOCHAOKEHHS TPHHAT PABHBIM
Du =0,77D, (D, — mmamerp momaromero Tpy0ompoBoaa). Y AenbHbIC IOTEPH JABICHUS B IUPKYISIHOHHOM
TPyOOIPOBOIC BEIYHUCICHBI IO Gopmyiie (2), pacXxoa ropsiueii BOIbI B PEKUME IUPKYJISIMA HANHACH MO BEIUYH-
He TEIUIOBBIX HOTePb TpyOonpoBoaaMu nopatoueii nuauu (AQ, )

G, =AQ,/(C-Atyy,)., ()

rae C - yAaeiabHasA TCINIOCMKOCTb BOABI; At/_wH — A0MYCTUMOC OXJIAXXACHUC BOAblI B CUCTECMC B PCIKUME LUPKY-

asuuu (B pacuerax npuaaro 8,5 °C).

Temmomorepu TpyOOIPOBOAAMH MHUKPOPAHOHOB PacCUYUTAHBI OTACIHHO JJISI OTOIHUTEIFHOTO W JIETHETO IEePHO-
JIOB, 110 YMPOIIEHHOW METOAMKE [4], MoTepHr JaBieHUs — MO YIPOIeHHONW MeToauke [5]. cxoaHble JaHHbIe s
pacueToB MPUBEACHBI B Ta0JI. 2.

Tabnuna 2 — VicxonHble TaHHBIE IS CPABHEHUS BAPHAHTOB

ITokazaTensb O06o3Ha4. 3HaueHHe

Temmneparypa HapyKHOTO BO3/yXa (CpeIHss 3a OTONUTENbHbIH nepuo), °C t, -2,1
TeMmrnepaTypa ceTeBOM BOABI: Mo aaomas auaus, “C T, 85
ob6parnast iunus, °C t 49

0
Temmneparypa ropsiueil BojbL: nojaromas jauuus, °C t, 60
UUPKyIsuuoHHas auaus, °C t 45

n
Temmeparypa rpyHTa Ha TITyOWHE 3aJI0’KSHHUS CETH. ty 5,0/8,5
(oTOnHTENBHBIN NIEpHOJ / IETHHUH IEpHO.N)
JnurensHOCTB nieprojia (OTONMHUTENBHBIH / JIETHUI) CYTOK T /Tﬂ 190/160
Koaddrmnent yuera moteps TEIIOTH B KOHCTPYKTUBHBIX JIEMEHTAX TEIUIO- K 1,15

BOH CETH

Koadunuent ydyera notepb JaBlIeHUS] B MECTHBIX COMPOTUBIICHUAX K, 0,3
Koapununenr nosnezHoro neiicTBrs HACOCOB n, 0,6

VYCIOBHBIN pacxo]l 37EKTPOIHEPTHU AJISl TPAHCHIOPTUPOBAHUS TEIUIOHOCUTENSI U ropsiueil BOJbI IO MHUKpPO-
pafOHHOI CeTH BBIYUCIICH IO (hopMyIie

N, oz =(H +HBB)GgT1T2/(lOOO M) (6)

rae H,, — nortepu naBneHus Ha rnaBHOM BeTBu; H,, — TpeOyemsblii Hamop Ha BBojax 3maHus; G — pacxon
BOJIbI; § — YCKOpEHHE CBOOOIHOIO MajgeHus; I; — IAJIMTENbHOCTh padOThl, CYyTOK; T, — IPOJIOJKUTENHLHOCTD

pa6OTLI CHUCTEMBI 3a CYTKH, Hac.
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HpI/I BBIYUCJICHUAX 3HAYCHUC T2 JJIA CUCTECMBI OTOIJICHHA U ITOJAarOIICTO pr60np030;[a CUCTEMBI TOpsAYCTO

BOJIOCHAOKEHHSI PUHATO paBHBIM 24 dYaca, s MUPKYIAIHOHHOTO TPYOOIPOBOAA TOPSIETO BOJOCHAOKECHUS —
22 4aca. Pe3ynpTaThl onpeeNieHnss OCHOBHBIX ITOKa3aTeliell paboThl CHCTEMBI TEIUIOCHA0KEHNSI MUKPOPAOHOB
NPUBEJICHBI B Ta0JI. 3.

[epexon k IBYXTpyOHOU CHCTEME TEINIOCHAOKEHNSI MUKPOpAHOHa MOYKET OCYILECTBIATHCS Pa3iIuiHbIM 00-
pasoM. B naHHOI paboTe pacCMOTpeHBI CIeAyIONIHe CXeMbl Nepexoja: UCIOIb30BaHUE CYIIECTBYIOLIEH CeTH
TpyOOIIPOBOIOB OTOIJICHUS AJISl TPAHCIIOPTUPOBAHUS BO3POCIINX PACXOJ0B CETEBOW BOIBI, TIOKPHIBAIOIINX T10-
TPeOHOCTH B TEIUIOTE JUISl OTOIUICHUS! U TOPSIYEro BOAOCHAOKEHUS; PEKOHCTPYKINS CETH C LETbI0 YBEINYCHUS
JIMaMeTpOB TEIUIONPOBOIOB ISl TPaHCIIOPTHPOBaHUS OOJbIIEro pacxoia TeroHocutens. Ilepas cxema co-

HpsDKEHa C POCTOM MOTEPH JaBICHUS.

Tabnmma 3 — Pe3ynbTaThl pacueToB YeTHIPEXTPYOHOI CXEMBI TeIUIOCHA0KEHUSI MUKPOPaiioHOB

Iloka3arens Bapuant
1 2 3

DTaXXHOCTH KUJIBIX 3JaHUI 5 9 16

CpenHuit MaMeTp OTOMUTENBLHON CETH, M 0,175/0,104 0,179/0,114 0,178/0,112
(raBHAst BETBB/CETH B LIEJIOM)

Cpennuit quamerp tpybonposoaos ['B — 0,164/0,105 0,167/0,114 0,167/0,114
MOJIafoNIKi (TJIaBH. BETBB/CETH B I[EJIOM) 0,126/0,081 0,129/0,092 0,129/0,092
[UPKYJISIIUOHHBIH (TJTaBH. BETBB/CETh B IIEJIOM)

MartepuabHas XapaKTepUCTHKA, M 2095 1420 825

Temnonorepu Tpydonposonamu, I'JIx/rox:

CHCTEMA OTOTICHHUS 9371 6039 3542
cucrema ropsiuero BogocHadxenus (I'B) 11831 7648 4490

CETh B LIEJIOM 21202 13687 8032

VYcnoBHBIHM pacxon
anekrposnepruu, KBt wac/rox:
cHCTeMa OTOILICHHUS 75887 80264 105281
cucreMa ropsiaero BogocHadxkeHus (I'B) 18740 28330 44889
CETh B LIEJTIOM 94629 108594 150170

Tabmuna 4 — [TapameTps! IBYXTpYOHOH CHCTEMBI TEIIOCHAOXKEHUS NP TEpexo/ie Mo IepBoii cxeme (ycio-

BHC NIepexoaa — HEU3MCHHOCTbL THaMETPOB CGTI/I)

ITokazarens BapuaHT rcnioflHeHHUs MUKpopaiioHa
1 2 3
DTa)XKHOCTB KWIbIX 3[aHUM 5 9 16

Cpenuuii quaMeTp OTONUTEILHON CeTH, M (TJ1aB- 0,175/0,104 0,179/0,114 0,178/0,112
Hasi BETBH/CETH B LIEJIOM)

Ortnourenue auamerpos D, /D, (rnaBHas 1.0/1,0 1,0/1,0 1,0/1,0
BETBB/CETh B LIEJIOM)

MarepuanbHas xapakTepuctuka M, , M 1107 746 434

Otnomrenne M, /M, * 0,53 0,525 0,526

Teruonorepu cetsro AQ, , I'Ilx/rox 15869 10225 5998

OtHowenne AQ,/AQ, 0.75 0.747 0.747

VernosHbIi pacxon aekrposneprun N,, KBt 219760 186869 228714
4ac/Toxn

Ornomenne N, /N, 2.32 1.70 1.52

YBenuueHue yCcaoBHONU MOIIHOCTH HACOCOB JJIS 2,49 2,08 1,71
MOAYH TEIUIOHOCHTEJISI

YBenuyeHue TpedyeMoro Hanopa 1,73 14 1,1

* — [IpuMedaHue: HHOCKC «2» OTHOCHTCS K ITOKA3aTeNsIM ABYXTPYOHOH CHCTEMBI, MHICKC «4» — YeThIPEXTPYOHOM.
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Bropast cxema cBsi3aHa ¢ JOTOJHUTEIBHBIMH KalMTaJbHBIMU BJIOKEHHSMH Ha NPOBEACHHE JIEMOHTaKHBIX
paboT CyIIeCTBYIOLIEH U MPOKIaAKY HOBOH ceTH. BrIOOp BapnaHTa 3aBUCHT OT CPOKa AKCILIyaTalliyd U COCTOSI-
HHS TEIUIOBBIX CeTeil (M3HOLIEHHOCTH TPYOOIIPOBOIOB, TEIUIOBOH M30JIAIIMH), HATIOPA CETEBOM BOABI HA BBOJE B
MHKpOpaiioH, Hanuuue (pUHAHCOBBIX PECYpPCOB I NMPOBEACHHS PadOT 10 PEKOHCTPYKIMHU U IIEJI0ro psiga Ipy-
THX (aKTOPOB.

Jis mByXTpyOHOM CXEMBI pacueThl BEHITIONHEHB B CIEAYIOUICH MOCIeoBaTeNbHOCTH. [lo coBMecTHOW Ha-
Ipy3Ke OTOIUICHHS U TOPSYEro BOZOCHAOKECHUS 30aHUH HaleH pacXo/] TEINIOHOCHUTEIS, IIPHYEM IIPH HaXOXKae-
HHMU JHaMETPOB HCIOJIb30BaHAa MaKCUMaJIbHAsi HArpy3Ka TIOpsYero BOJOCHAO)KCHHUS 3aHMH, IPH BEIYUCICHUH
YCIIOBHOTO pacxoja 3JIEKTPOIHEPIHHU JJIsl MOJayy BOJBI IO MUKPOPAWOHHOH CEeTH — CpelHEeCyTOYHas, pacCuH-
TaHHas ¢ y4eToM Kod(duIreHTa 4acoBOl HEPaBHOMEPHOCTHU MOTPEOIICHUS BOBL.

3areM, npu HEOOXOIUMOCTH, 1O (opMmyse (2) BHIUNCICHBI HOBbIE 3HAYCHUS JUaMETPOB I'JIABHOW BETBU U C
YYETOM OTBETBJICHHH K 3/IaHMSIM — CPETHHI AMaMeTp TpyOOIPOBOJOB MUKPOPAOHHOMN CETH, KOTOPBIH UCIIOJb-
30BaH MPU pacydeTe TEIUIOBBIX ITOTEPh TPYOOIpoBOAaMH. 3HaYEHHE CPEIHEr0 IuaMeTpa IIaBHON BETBU UCIIOJb-
30BaHO TPH ONPEIeTICHIN THAPABINYECKUX XapaKTePUCTHK. Pe3ybTaThl pacyeToB MmokasaTeseii paboThl CHCTEM
TEIUTOCHAOKEHUS TS YKa3aHHBIX BAPUAHTOB IBYXTPYOHOW CETH pUBEACHH B Ta0I. 4,5.

Tabmuma 5 — [TapameTpsl AByXTpyOHOH CHCTEMBI TEIUIOCHAOXEHUsI MUKPOpPailoHOB (yclIoBHE Iepexona —
PaBEHCTBO yIENbHBIX ITOTEPh AABICHHS)

Iloxazarens BapuaHT ncnosiHeHus: MUKpopaiioHa
1 2 3
DTaKHOCTH KWIBIX 30aHUN 5 9 16
CpenHuit qMaMeTp OTOMUTENBLHON CETH, M 0,202/0,121 0,206/0,133 | 0,214/0,135
(TIaBHAsI BETBB/CETH B LICJIOM)
OTHOIICHUE JIUaMETPOB (DZ/D4) * 1,154/1,16 1,15/1,17 1,2/1210
(TIaBHAsI BETBB/CETH B LICJIOM)
MarepuanbHast xapaktepuctaka M., , M 1287 870 523
OTHoILIEHHUE (MZ/M4) * 0,614 0,613 0,63
Temnonorepu cetslo AQ,, I'JIx/rox 17140 11090 6630
Otnowenne AQ,/AQ, 0.808 0.81 0.825
VenoBHBI pacxon anektposneprun N, , KBt uac/rox 121171 135728 217362
OtHomenne N, /N, 1,28 1.25 1,45
YBenuueHre ycIoBHONW MOITHOCTA HACOCOB JJISl TIOJIauH 1,44 1,45 1,62
TEIUIOHOCUTEIS
YBenudeHnue TpeOyeMoro Harmopa 1,0 1,0 1,

* — [Ipumeyanue: MHIEKC «2» OTHOCUTCS K MOKa3aTelsM ABYXTPYOHOH CHCTEMBI, HHIEKC «4» — 4eThIpex-
TpYOHOI

BobIiBoabI. AHANM3 NMOYYEHHBIX JaHHBIX ITOKA3bIBAET, UYTO MPH MEPEXoJie K JIByXTPYOHOU cHCTeMe IO Iep-
BOM cXeMe cleqyeT OKUAaTh TOJ0BOE CHIDKEHHE MOTEPh TEILUIOTHI TEIIONPOBOJaMH MUKPOPAOHHOM ceTu IpHu-
MepHO Ha 25 %. B pacderax He 3a)MKCHPOBAHO BIMSHHE XapAKTEPUCTHK 3aCTPOMKH (3TaKHOCTD, JJTMHA CETeH).
Ipu niepexojie Ha ABYXTPYOHYIO CHCTEMY IO BTOPOH CXeMe CHHIKEHHE TEIUIONOTEPh 3aMeTHO Hivke (18—19 %).
OpHako M3-3a POCTa pacxofa TEIUIOHOCHTENS W TMOTeph AaBieHMs (yBenndeHune Tpebyemoro Hamopa Ha 10—
30 %) nepexox mo MepBoil cxeMe TpedyeT MPUMEPHO JABYKPATHOTO YBEJIMYEHHUs YCIOBHOTO pacxoja 3JIeKTpo-
SHEPTUH I TPAHCIIOPTUPOBKH 10 ceTH. Bo BTOpOM cirydae, MOCKONBbKY TpeOyeMbIid Hallop OCTaeTcs HEN3MEH-
HBIM, POCT pacxo/ia 3JIeKTPOIHEPTHH IpUMepHO B 1,5 pa3a 00ycIOBIeH yBETHIEHHEM PAcX0a TETNIOHOCHTEIIS.

Jluteparypa

1. IMnactuHyarele TemI00OMEHHUKH B IpombinnieHHocTn [Teker]: yue6. ITocobue / JI.JI. ToBaxkHSAHCKHH,
I1.A. Kanycrenko, I'.JI. Xapur u ap.: nog obur. pexa. JI.JI. ToBaXHSIHCKOT0; HAIIMOHATHHBIN TEXHUYCCKUH YHU-
BepCcUTET «XapbKOBCKUH MOIUTEXHUYECKUH HHCTUTYT». — XapbkoB: HTY «XII», 2004. — 232 c.

2. Temmnosas m3omstuwms [Teker)/mox pen. I'.®. Kysuenosa. — M.: Crpoituzaat, 1995. —421 c.

3. CripaBOYHHK MPOEKTUPOBINKKA. [IpoekTHpoBaHue TEILIOBEIX ceteit [Tekcr] / mox pen. A.A. Hukomaesa. —
M.: Crporinznart, 1965. — 359 c.

IHmeepoeaHi mexHonoail ma eHepaodbepexxeHHs 12015 35



MOZEIOBAHHA MMPOLECIB MPOMUCIJIOBOIO OBJIAOHAHHA

4. Anexcaxin O.0. O0umcIeHHs BTpaT TEIUIOTH Y MiKpopaioHHUX TernoBux mepexax [Teker] / O.0. Anek-
caxit // KomyHanbHe rocrogapcTBo Mict: Hayk.-TexH. 30.— K. «TexHika»,2014.— Bum. 114, c. 82-84.

5. Anexkcaxin O.0. Brpatu THcKy y MikpopaiioHHHX TetoBux mepexax [Tekct]/ O.0. Anekcaxin, O.B. bo-
6moBcrkwmii // KoMyHanmpHE TocoqapcTBo MicT: Hayk.-TexH. 30.— K. «Texnikay, 2014.— Bur. 114, c. 85-87.

Bibliography (transliterated)

1. Plastinchatyie teploobmenniki v promyishlennosti [Tekst]: ucheb. Posobie. L.L. Tovazhnyanskyy, P.A.
Kapustenko, G.L. Havin i dr.: pod obsch. red. L.L. Tovazhnyanskogo; natsionalnyiy tehnicheskiy universitet
«Harkovskiy politehnicheskiy institut». — Kharkov: NTU «HPI», 2004. — 232 p.

2. Teplovaya izolyatsiya [Tekst]. pod red. G.F. Kuznetsova. — M.: Stroyizdat, 1995. — 421 p.

3. Spravochnik proektirovschika. Proektirovanie teplovyih setey [Tekst]. pod red. A.A. Nikolaeva. — M.:
Stroyizdat, 1965. — 359 p.

4. Aleksahin O.0. Obchislennya vtrat teploti u mikrorayonnih teplovih merezhah [Tekst]. O.O. Aleksahin.
Komunalne gospodarstvo mist: nauk.-tehn. zb.— K. «Tehnika», 2014.— Vip. 114, p. 82-84.

5. Aleksahin O.0. Vtrati tisku u mlkrorayonnih teplovih merezhah [Tekst]. O.0O. Aleksahin, O.V.Boblovskiy.
Komunalne gospodarstvo mist: nauk.-tehn. zb.— K. «Tehnika», 2014.— Vip. 114, p. 85-87.

VK 658.264
Anekcaxin O.0., €xa C.B., I'opaienko O.I1.

OILIIHKA 3MIHHU TAPAMETPIB MIKPOPAMOHHOI TEIJIOBOI MEPEXKI ITPY IIEPEXO/II BI]I
YOTUPHOXTPYBHOI CUCTEMMU TEIVIOIIOCTAYAHHS 10 ABYXTPYBHOI

Ha npukiazai rpyn OyniBeib 3 OJHAKOBUMH TCIUIOBUMH HABAHTAXXCHHSAMH, alie PI3HUMH XapaKTePHUCTHKAMHU
3a0yJI0BH NIPOAHAIII30BAHO 3MiHY TEILIOBHX BTpPAT TPYOOIPOBOJAMH BOJSHOI MEPEXi TEIUIONOCTAYaHHs | BUTPAT
SNIEKTPOEHEePTil U1l TPaHCIIOPTYBAHHS BOJH TEPUTOPIEI0 MIKpOpPalOHY NMPH MEPEeXOoi BiJl YOTHPUTPYOHOT CXeMH
opraHisarii TerIonocTa4aHHs 10 MBOTPYOHOI. OTpuMaHi pe3ylbTaTH MOXKYTh OYTH KOPHCHUMH IIPH PO3pOoOIi
cTpaterii peopMyBaHHs MiKpOPaOHHOT CHCTEMH TEILIONOCTaYaHHS.

Aleksakhin 0.0., Yena S.V., Hordiienko O.P.

EVALUATION OF PARAMETERS CHANGES FOR A DISTRICT HEATING SYSTEM WHILE
CONVERSING OF A FOUR-PIPE INTO A TWO-PIPE HEATING SYSTEM

Changes of heat losses in the pipes heating system have been analyzed on the example of groups of buildings
with identical thermal loads, but different characteristics of building. The costs of electricity for water transporta-
tion through the territory of the district under the conversing from a four-pipe into a two-pipe heating system
have been considered. The results that were obtained during the analysis, may be useful for the working up of
reform strategy of districts heat supply systems.
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YK 661.152.32
Hynxa C.B., ITogyctoB M.O., [I3eBouko O.M., Pumenxko [.M., Kymunacekwuii C.1.

PO3POEKA MATEMATHYHOI MOJIEJI I TIPOTPAMHOT'O 3ABE3NIEYEHHS ITPOIECA
I'PAHYJOYTBOPEHHSA MIHEPAJIBHUX TOBPUB

Beryn. B octanHi pokn npoBeneHi KOMIDIEKCHI JociikeHHs [1, 2] mo po3pobui TeXHOIOoTii OTpuMaHHs HO-
BOro aszotHo-(ocdopHoro mobpusa NPS 10:40:5, sike mokaszano BHCOKY arpoximiuHy egekTtuBHicTh. Ha kanb
MIMPOKOMAcITaOHOTO BUITYCKY TaKOTO JOOpHBA MEPEIIKOKAIOTh HU3bKA €HEpProe()eKTUBHICTh Ta HEBUCOKHUIA
piBEHb €KOJIOTIYHOI OE3MEeKH JaHOTO BUPOOHHITBA. 3'sIBUIAcs HEOOXIMHICTh y KOPUTYBaHHI TEXHOJIOTIYHUX Ia-
paMeTpiB MMpoIecy METO0M MaTeMaTHIHOTO MOJICIIIOBaHHSI.

Meta podoTu. Po3poOuTH MaTeMaTHYHY MOJIENb Ta IPOrpaMHe 3a0e3IeUeHHS NPOLeCy IPaHyI0yTBOPEHHS
MiHepanbHUX TOOPHB i Ha TX OCHOBI pO3paxyBaTH TEXHOJIOTIUHI MapaMeTpH TAHOTO MPOLECY IPaHyJI0yTBOPCHHS
IpY HEOOX1THOMY TPaHyIIOMETPHIHOMY CKIIAIi.

BuxisiazeHHsI 0CHOBHOI0 MaTepiaiay. MareMaTHdHa MOZAENb NMPOLECY po3po0sIacs 3 BUKOPUCTaHHIM ama-
pary Teopii HewiTkuX MHOXUH [3, 4]. Lleit MeTon € oqHUM 3 HAWOUIBII Cy9acHUX ITiIXOMIB, IO HAJAa€ MOXKIIH-
BICTb NMPUHAMATH PIlIEHHS B yMOBaxX HEYiTKOI Ta HemoBHOI iH(popMalil Ipo mapamerpu 00'€KTa JOCITIHKEHHS.
CTOCOBHO JI0 TIpOLECy I'PaHyJIOYTBOPEHHS MiHEpaIbHUX JOOPUB CTAaBUIIOCS 3aBJIaHHS PO3PaxyBaTH TEXHOJIOTIY-
Hi mapamMeTpu Npolecy NpH 3alaHOMy IPpaHyJIOMETpUUECKOM ckiaji. Po3poOka MateMaTHYHOT MOJIENi TIPOBOJIU-
Jlacsi Ha OCHOBI OTPUMAaHUX eKclepuMeHTal bHuX AaHux Ha BAT "Cymuximnpom". OCHOBHHMH MapameTpam,
110 BIUIMBAIOTh Ha rpaHyJIoOMeTpuuHuil ckiaf € [5]: cmiBBigHomenus P,0s/SOs, cniBignomenns CaO/SO3, Bo-
soricte mynenu (W, %), Temreparypa Ha Buxoi 3 6bapadbannoro rpanyistopa-cymiapku (BI'C) (T,,y, K), po3pi-
nxenns B BI'C, (P, xIla), tiameTp kpamnens po3mumoeMol myabnH, (d,, MM). 3B'I30K JaHUX MapaMeTpiB 3a rpa-
HYJIOMETPUYHHUM CKJIaJIOM MOKHA OTpHMAaTH uepe3 Koe(illieHT TpaHyI0yTBOPEHHS, PO3PAXYHOK SIKOTO MOXKHA
MOJATH y HACTYITHOMY BHTJISIL:

d K-G
— =€Xp . ’ (1)
d, 3:(G, +G, - (1-K))

R

ne d; — exBiBaneHTHUi niameTp rpamyn, Mm; d, — miamerp petypa, Mm; G, — BuTpara myneny, kr; G, — BH-

Tpata perypa, mo nojnaerbes B BI'C, kr; K — koedilieHT rpanyioyTBOpeHHSI.
ExBiBanenTHuil niameTp rpanyn Ha Buxoji BI'C npezacraBiisiBest y BUTIISLI 3aJI€5KHOCTI:

g =1 @

e nm
25

i=1 i

ze N —uucno dpakiiit; m; — smict i-it gppaxuii, %; d;,— cepenniit curoBuit posmip i-i dpaxiii, M.

B pamkax mociipkeHHs Koe(illieHTa rpaHyJIOyTBOPEHHS KOXeH (GpakTop Horo (opMyBaHHS MIPEACTABISABCS Y
BUTJISII BIOPSIIKOBAHOT Mapu: caMoro (akTopa, Uil SKOTO 3aJaHWid Jliama30H MOXIIMBHX 3HA4€Hb, 1 QYHKIIT
3aJIe)KHOCTI KoedilieHTa rpaHyIOyTBOPEHHS Bijl BiAMOBiIHOTO (pakTopa. 3a/ar0uu cucTeMy BCiX IIECTH rapame-
TpPiB T'PaHyJOYTBOPEHHS y BUIJISJI HEWITKO 3a/laHUX BEJIWYMH, NPOIOHYETHCS MaTeMaTH4HO (opmanmizyBaTu
IIyKaHy 3aJIeXKHICT:

K(P,) & <P, <biK(d,)[a, <0, <by:

Ca0 CaO
A=| K(T <T, . S<by;Kl — <—<b,; |, 3
( fmx)laS 8ux 3 [Sole 7 803 4 ( )

[%§5]|&5< POs <y kw)|ag <W <b,
3 3
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ne aj, by, i = 1+6 — miHiManbpHe Ta MaKcHMaJbHE 3Ha4YeHHs (akTopiB hopMyBaHHs KoedillieHTa TPaHyI0yTBO-
PEHHsI, SIKi BU3HAYAIOTh TPAHWYHI 3HaYeHHs (YHKIIT BiIIOBITHOTO BHIY.

BuxopucranHas Teopii HEUITKHX MHOKHH [T opMalizalii 3amexHocTi KoedilieHTa TpaHyJI0yTBOPEHHS BiJl
(hopMmyrounx Horo GaxTopiB Ja€ MOKIUBICTH OTPUMATH HACTYIIHI IIEpEeBaru:

— OIlepyBaTH 3 HEYITKO 3aJJaHUMH BXiIHUMH (aKTOpaMHu (IaHi mapaMeTpH MOKHA YSBUTH y BUTJISAAL Jiara-
30HY MOIJINBUX 3HAYeHB 200 TaKH 1[0 ITOCTIHHO 3MIHIOIOTHCS Y Yaci);

— BUKOPHCTOBYBATH IIPH MPOBEACHHI MaTeMaTW4HOI (popMamizamii NIyKaHOi 3aJIeKHOCTI HEWiTKO 3aaHHX
KPHUTEPiiB OI[IHKH BiIMOBITHOCTI Mi>K OCHOBHUMH (pakTOpamu i KoediieHTOM TPaHyJIOyTBOPEHHS;

— IPOBOJIUTH OLIHKY PI3HOMAHITHUX MOXIIUBUX 3HAYCHb BXiTHUX JaHUX y JOIyCTUMOMY Jiala30Hi X 3MiH i
MPOCTEKUTU YYTIUBICTh KOE(ili€HTa IPaHyIOYTBOPEHHS B 3aJIEKHOCTI BiJI IIMX Bapiarlii;

— MOJEJIOBaTH OCHOBHI 3aKOHOMIPHOCTI 1 B3a€MO3B’SI3KM JTOCTaTHBO CKJIaJHHUX TUHAMIYHHX CHUCTEM IILIS-
XOM iX QopMmaizaiii Ha OCHOBI BUKOPUCTaHHSI HEYITKO 3aJlaHUX BEJIHWYMH, [0 € HEMOXKJIMBUM 3a JIOTIOMOTOI0
TOYHUX 3HAYECHb BXITHUX (aKTOPIB;

— OTPUMATH PO3IOJILT MOKIMBIX 3HaYCHb KOS(iIlieHTa TPAHYIOYTBOPCHHS B 3AJIC)KHOCTI BiJI iala3oHY MO-
KIIMBUX 3HaYeHb KOXKHOTO 3 (paKkTOpiB ()OPMYBAaHHS NAHOT'O PE3yJBTATHBHOTO ITOKA3HHKA, a TAKOX MPOBECTH
SKICHY OLIIHKY SIK TOYaTKOBHUX JaHUX, TaK 1 OTPUMaHHX Pe3yJIbTaTiB MOACIIOBAHHS JAHOTO TIPOLIECY.

B pamkax marematwdHOI (popMmaiizaliii CIiBBiIHONIICHh NPH BU3HAUCHHI Koe(illi€HTa TpaHyJIOyTBOPCHHS
CIIiJ 3a3HAYUTH, M0 HEOOXITHOI YMOBOIO OTPHMAHHS PIBHSAHB, IO ONMHCYIOTH iCHYIOUI B3a€MO3B'S3KH, BUCTY-
NAlOTh CTATHUCTHYHI AaHi. Lle moB's13aHO 3 TUM, II0 caMe eKCIIePUMEHTAJIbHI pe3yNbTaTH Jal0Th MOXIIHUBICTh T'O-
BOPHTH PO HASBHICTH CIIBBIIHOIIEHb MK ITapaMeTpaMy i SMiHHUMH MOZETI.

PosrisHemo 35 crmoctepexeHsb, siKi OMUCYIOTh NIEBHUM Jiana30H 3MIiHH MOCIIJOBHO OJHI€T 3 BUXiMHUX 3MiH-
HUX (HEYITKO 3aJjaHa BeJIMYHMHA) 32 OHOYACHOI (ikcallil Ha 0IHOMY PiBHI peLITH 3MIHHUX.

Ha ocHOBI OTpUMaHKX eMITIPUYHUX AaHUX y BUIJISI HEYITKO 33JaHMX BEIUYUH MIPOBEIEMO TIOCIII0OBHO PO-
3paxyHOK €KBiBaJIeHTHOTo aiamerpy rpanyin NPS noOpus Ha Buxoai 3 anapary BI'C B po3pisi 3-x ¢pakuiii, a
TaKOXK Koe(dillieHTa IPaHyJI0yTBOPEHHS.

PesynbraTu po3paxyHKy npencraBieHi y taou. 1.

OOpOOKOI0 EKCTIEPUMEHTAIFHUX JaHUX OYJIH OTPUMaHI PIBHSHHS 3aJIE)KHOCTI IIEBHOTO MTapamMeTpa i 3Ha4eH-
Hsl KoedillieHTa IpaHyJIOYTBOPEHHS, 110 Ha HOro BIUIMBA€E, OJHOYACHO BKa3aHi Jialla30HU 3HAa4YeHb, B MEXKax
SIKUX OTPUMaHI PiBHSHHS 3aJIUIIAIOTHCS CHIPABEINBUMHU.

Pospigxenns, P,

y, =—-16.5K; +16.835 K, €[0.99;1.01]y, €[0.17;0.5]
¥, =K, K, €[0.99]y, €[0.5;0.67]

Y5 =—33,696K; +33.34 K; €[0.98;0.99]y; €[0.67;1.0]
y, =-0,711K,+1 K, €[0.98;1.04] v, €[1.0]

Y5 =27.7Ks +27.8 K; €[1.01,1.04]y; €[0.17;1.0]

Hiametp kparmens, d,

ys =1.2Kz —0.8 Kz €[0.98;1.04] y; €[0.37;0.44]

y; =K, K, €[0.98]y, €[0.37;0.44]

ys =14,9K; —14.26 Ky €[0.98;1.01] y; <[0.44;0.89]
Yo =5.5Kq—4.7 Kg €[1.01;1.03] y, €[0.89;1.0]

Yo = 56K, +58.68 Ky €[1.03,1.04]y;, €[0.44;1.0]

Temneparypa cymmibHOTO arenrta Ha Buxoai bI'C, T,

v =—0.3K;; +1.23 Ky, €[0.99;1.02] y;, €[0.89;0.9]
Vi, =—1,93K;, +2.88 K, €[0.98;0.99] y;, €[0.9;0.92]
Vi3 =3K;3—-2.02 K;3 €[0.98;1.0]y,5 €[0.92;0.98]

Via =Ky —0.02 Ky, €[1.0;1.02]y,, €[0.98;1.0]

Vs =—4K5 +5.08 K5 €[1.02;1.04] y;5 €[0.92;1.0]

Vig =1.5K; —0.64 Ky €[1.02;1.04] v, €[0.89;0.92]
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Tabmuus 1 — CratuctuuHa iHpoOpMallis y po3pizi OCHOBHHX XapaKTEPUCTHK MPOLECY IPaHOIIOYTBOPEHHS

Ne K P, dy Toux Ca0O/SO; | P,0s/SO3 w de
1 1,01 0,01 0,12 97,00 1,24 8,60 48,00 3,10
2 1,01 0,02 0,12 97,00 1,24 8,60 48,00 3,03
3 0,99 0,03 0,12 97,00 1,24 8,60 48,00 2,82
4 0,99 0,04 0,12 97,00 1,24 8,60 48,00 2,73
5 0,99 0,05 0,12 97,00 1,24 8,60 48,00 2,71
6 0,98 0,06 0,12 97,00 1,24 8,60 48,00 2,66
7 0,98 0,06 0,10 97,00 1,24 8,60 48,00 2,63
8 0,99 0,06 0,12 97,00 1,24 8,60 48,00 2,71
9 0,99 0,06 0,15 97,00 1,24 8,60 48,00 2,77
10 0,99 0,06 0,18 97,00 1,24 8,60 48,00 2,80
11 1,00 0,06 0,21 97,00 1,24 8,60 48,00 2,90
12 1,01 0,06 0,24 97,00 1,24 8,60 48,00 3,03
13 1,03 0,06 0,27 97,00 1,24 8,60 48,00 3,40
14 1,02 0,06 0,12 93,00 1,24 8,60 48,00 3,18
15 0,99 0,06 0,12 95,00 1,24 8,60 48,00 2,71
16 0,99 0,06 0,12 97,00 1,24 8,60 48,00 2,77
17 0,99 0,06 0,12 99,00 1,24 8,60 48,00 2,80
18 1,00 0,06 0,12 101,00 1,24 8,60 48,00 2,90
19 1,00 0,06 0,12 103,00 1,24 8,60 48,00 2,90
20 1,02 0,06 0,12 105,00 1,24 8,60 48,00 3,18
21 1,02 0,06 0,12 97,00 1,52 8,60 48,00 3,23
22 1,01 0,06 0,12 97,00 1,61 8,60 48,00 3,03
23 0,99 0,06 0,12 97,00 1,72 8,60 48,00 2,78
24 0,99 0,06 0,12 97,00 1,80 8,60 48,00 2,71
25 0,98 0,06 0,12 97,00 191 8,60 48,00 2,61
26 1,02 0,06 0,12 97,00 1,24 7,30 48,00 3,23
27 1,01 0,06 0,12 97,00 1,24 7,50 48,00 3,03
28 0,99 0,06 0,12 97,00 1,24 7,80 48,00 2,78
29 0,99 0,06 0,12 97,00 1,24 8,00 48,00 2,71
30 0,98 0,06 0,12 97,00 1,24 8,60 48,00 2,61
31 1,04 0,06 0,12 97,00 1,24 8,60 43,00 3,51
32 1,02 0,06 0,12 97,00 1,24 8,60 46,00 3,13
33 1,00 0,06 0,12 97,00 1,24 8,60 49,00 2,90
34 0,99 0,06 0,12 97,00 1,24 8,60 52,00 2,80
35 0,99 0,06 0,12 97,00 1,24 8,60 55,00 2,71
Cuissignomenus CaO / SO;

y;; =0,947 Ky, €[0.98,1.04]y;, [0.65]

Vis = Kig  Kyg €[0.98] vy €[0.67;1.0]

Yoo = —4,979K;g +5.9 Ko €[0.98,1.02]y;4 €[0.8;1.0]

Yoo =—7.5K50 +8.45 K, €[1.02;1.04] y,, €[0.65;0.8]

Cnissignomenns P,0s / SOz

Vo1 = 2K, +2.89 Ky, €[0.99;1.02]y,, €[0.85;0.91]

Yoo =—9K,, +9.82 K,, €[0.98;0.99]y,, €[0.91;,1.0]

Y3 =1 Ky3€[0.981.04]y,; €[1]
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Bomnoricts, W

Yos =—1.581K,5 +2.34  Kos €[0.98,1.04]y,s [0.78,0.87]
Yog =12.873Kp —11.87 Ky €[0.98;0.99] y,, <[0.87;1.0]
Yo7 =—3.25K,; +4.2 Ky, €[0.99;1.03]y,; €[0.87;1.0]
Yo =—9K,g +10.14  Kog €[1.03;1.04] y,5 <[0.78;0.87]

CucrtemMa HaBeICHUX PIBHSHB 13 3a3HAYCHHSIM BiJIOBITHUX MEX HEYITKO 3aJaHUX BEIMYUH 1 € MaTEMaTHU-
HOIO MOJICJUTIO IPOLIECY TPaHYJIOYTBOPEHHSI.

OcTaHHIM €TanoM € NPOBEACHHs JOCIIIKEHb METOJJOM MaTeMaTHYHOT0 MojieroBanHs. I 1iel MmeTH HeoO-
XITHO CTBOPHUTH IMpPOTpPaMHE 3a0E3MEUYCHHs U1 aBTOMAaTH3allii MPOBEACHHS OIIHKK Koe(illieHTa rpaHyI0yTBO-
PCHHSI B 3aJI€)KHOCTI BiJl YMCENbHUX 3HAYCHD (DAKTOPHUX O3HAK 3 BUKOPHCTAHHIM KOMIT'IOTepHOT TexHiku. [Toc-
JTOBHICTH BUPIMICHHS OCTABIICHOI 3a7a4i MPEICTaBIICHA Y BUTIAI HACTYITHOTO alroputMy (puc. 1).

3aBaaHHS OYiKYBaHOTO
(dpakuiitHOTO CKIaIy

\ 4

Po3paxyHOK exBiBaJCeHTHOTO
IiameTpy

v

Po3paxyHOK KoedimieHTy
TPaHyJIOyTBOPEHHS

Hopwmaizarist 3MiHHHX

A 4

[Neperipka miana3oHiB BiAMOBIAHOCTI Hi

He 3MIHUTH BUXIiIHI
koeirlieHTa rpanyI0yTBOPEHHS

naHi

\ 4 Ta-

Po3paxyHOK TEXHOJOTIYHHIX MapaMeTpiB

|

[TepeBia HOpMaITi30BaHUX 3HAYCHD
MEpEMIHHUX B CTAHJIAPTHI

A

Busiz pesynbraris

PucyHok 1 — AJropuT™ po3B'si3aHHs 3a/1a4ui BU3HAYCHHS 3aJISKHOCTI KoedillieHTa rpaHyI0yTBOPEHHS
Bi popMyrounx Horo (GakTopiB y BUMIIAAI HEHITKO 3aJaHUX BEIUUUH

Ha migcTaBi BUKOHAHOTO aNropuTMy OyJa po3pobiieHa mporpaMa po3paxyHky B Microsoft Excel.

PesynbraT JOCHiIKEHb MOKa3aiy, 10 MPU 3aBAaHHI IPaHYJIOMETPHUYHOIO CKJIaxy B po3pisi 3-x Qpaxuiid:
0,5-1,5 mm =1 %, 1,54 mm =97 %, 4—6 MM = 2 % HEOOXiHO MiITPUMYBATH OCHOBHI TEXHOJIOTiIYHI TapaMeTpu
B HAacTymHUX Jianaszonax: P,0s/SO; = 8,3-8,6; CaO/SO; = 1,81-1,91; W = 43,1-43,9 %, Temneparypa Ha BUXO-
ni BI'C Teux, = 370,9-374,1 K, po3pimkenns 8 BI'C Pp = 0,011-0,018 «Ila, giamerp kpamenb po3muisseMoi
nynbnu dx = 0,102-0,115 mm.
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Bynu npoBeneHi JOCIiAHO-NPOMUCIIOBI BUIIPOOYBaHHS Ha MpoMucioBiil ycranoBui BAT «CymuximMmpom»,
SKi TIITBEPANIIN pe3yNIbTaTH MaTeMaTHYHOTO MOJEIOBaHHA npouecy. [loxnOka pesynbraTis ckinana 2,5 %.

Pesynbratn BHnIpoOyBaHB MOKA3aid, IO NMPH OTPUMaHHI OCHOBHOI TpaHYJIOMETpHYHOI (hpakimii Ha piBHI
97 % € MOXXJIHMBICTH BUKITIOYHTH 3 TEXHOJIOTIYHOI CXeMH CHCTEeMH KiacuQikarlii, moapiOHeHHS, THIO0YHIICHHS,
TPaHCHOPTYBaHHS 30BHINIHHOTO peTypy. lle 3Ha4uHO miABHINYyEe eHEproeeKTHBHICTh IPOIECY Ta piBeHb HOTO
€KOJIOTiYHOI Oe3meKn.

BucHoBku. Po3pobiieHa MaTeMaTH4Ha MOJENb Ta HPOrpaMHe 3a0e3NeUYCHHs MPOLECY TPaHyJOyTBOPCHHS
MiHepaJIbHUX J00pUB. AHaIi3 pe3yiabTaTiB MOKa3aB, [0 MaTeMaTHYHa MOJIENb aJeKBATHO OIKMCYE AaHUH Npo-
1ec. BusHaueHo onTUManbHI TEXHOJIOTIYHI apaMeTpy NpoLecy, MATPUMAHHS SIKUX J03BOJISIE OTPUMATH TOBap-
HY NPOAYKIIIF0 HEOOX1THOTO (hPaKLIHHOTO CKIamy.
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YK 661.152.32
Hynka C.B., [logyctoB M.A., [I3eBouko A.M., Pumenko .M., Kymuncekuii C.H.

PA3PABOTKA MATEMATHYECKOW MOJIEJIA U TIPOTPAMMHOI'O OBECIIEYEHU A
MPOIIECCA TPAHYJIOOBPA3OBAHUS MUHEPAJIBHBIX YIOBPEHUI

B craTtpe MpUBCACHBI JaHHBIC T10 pa3pa60T1<e MaTeMaTH4IeCKOi MOJ€CJHN U MPOTrpaMMHOT0 obecrneueHus npo-
necca FpaHyJ'IOO6pa30BaHI/I$I MHHEPAJIbHBIX yHO6p€HHﬁ. OHpe,HeJ'ICHBI ONITUMAJIbHBIEC TEXHOJIOTMYECKHC I1apa-
METPbI JaHHOTO Iponecca AJid NOJTyUCHNA TOBapHOﬁ MNpOoAYKIIUN H€06XOIH/IMOFO KadycCTBa.

Dudka, S.V., Podustov M.A., Dzevoshko A.M., Rushenko 1.M., Kushinsky S.1.

DEVELOPMENT OF MATHEMATICAL MODELS AND SOFTWARE PROCESS GRANULOMETRY
MINERAL FERTILIZERS

The article presents data on the development of mathematical models and software process granulometry
mineral fertilizers. Defined optimal technological parameters of the process for obtaining commercial products
of the required quality.
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YK 621.225
UYepkamenko M.B., Iomymxwma K.A.
CHUHTE3 IHEBMOAI'PEI'ATA ®OPMOBOYHOI'O [IOJIYABTOMATA

Beaenue. ®opMOBOYHBIC aBTOMATHI HCHIONIB3YIOT, KaK IIPABUIIO, B COCTABE aBTOMATHYCCKHUX JIMHHH, KOM-
MTOHOBKA KOTOPBIX OTIPEACISACTCS BRIOPaHHBIM TEXHOJIOTHIECKAM TIporieccoM (0e301mognas, ornoyHas GopMoBKa),
TUIOM (POPMOBOYHOTO aBTOMAaTa, BPEMEHEM OXJAXICHHS OTIMBKHM B (opMme, THUIIOM JIMTEHHOro KOHBeiiepa.
CxemMa KOMIIOHOBKHM 3aBHCHUT TaKXe€ OT PacIojoXeHHs (POPMOBOUYHBIX aBTOMATOB OTHOCHUTEIBHO JUTEHHOTO
koHBeliepa. [Ipu pacnonoxeHHH aBTOMAaToOB BHE KOHBeiepa obieryaercs nogaya K HUIM MOJENBHBIX IUIUT U UX
obcmyxuBaHue. Bmecrte ¢ TeM Takoe pacroyioKeHHne NPUBOAUT K YBEIMUYCHHUIO TUIOLIAM, 3aHUMaeMON JIMHUEH,
YIUIMHSIET KOHBEHEp W YCIIOXKHSET ero npusoJ. Ha GoipmiMHCTBE JIMHUH ()OPMOBOUYHBIE aBTOMATHI pacrojiara-
I0TCS BHYTpH KOoHBeliepa [1].

Lenpto HacTosmieil paboTHl SBISETCS ONHCAHHE METOAA CHHTE3a HMHEBMATHYCCKOH CHCTEMBI YIIPaBICHUS
(OPMOBOYHBIM MOTyaBTOMATOM Ul aBTOMATHYCSCKUX JIMHHH.

Hcxonnble AaHHbIe K MPOEKTHPOBAHHIO NMHEBMATHYECKOW CHCTeMbl yNpasijieHHS (OPMOBOYHBIM
noayaBTomMatroM. VcnomaurtenbHeIMU yeTpoiictBamu (YY) momyaBTomara [2] ciry’kaT IHEBMATHYCCKHUE
uaHaps! 1 — I, KOTOPBIM COOTBETCTBYIOT BBIXOIbI Z1 — Zs, BUOpaTophl B u B; (BeIX0mBI Z5 U Z7), a TaKkKe
comto aist oonyBa Qopmbl Cg (Beixox Zg). Llumuuap L; mopgHuUMaeT M OMycKaeT OMNOKY, NMPHYEM HUKHEe
(Mcxo/mHOE) TOJOXKEHUE KOHTpPOJIMpYyeTcsi KoHeuHbIM BhIkIouatenem (BK) X7, a Bepxnmee — BK Xs.
ITonnpeccoBky mpousBoauT unuHap L, ncxoaHoe mojoxeHne kotoporo koHTponupyercs BK Xs, a koHeuHOe
— pene Bpemenu 7(Z,), Ubs HACTPOIKA OMpENEISIeT MPOMOKUTEIBHOCTh ToanpeccoBkd. Lumuump 1 cayxur
JUid  BbIMONHEHUs mnpoTsokku. uwmmaap I, oTomBuraer mmbep, YTO MPHUBOAUT K 3alOJHEHHIO OIOKU
(hOpMOBOYHON CMECHIO, IPUIEM HCXOIHOE IMoJoXKeHHe mubepa koHTponupyercs BK Xg, a koreanoe — BK Xgo.
Humuaap L craBuT TpaBepcy B pabodee nonoxeHnue, KoHTpoimpyemoe BK Xy;.

[uxur paGoThl HAYMHAETCS ¢ HA)KaTHs HA ITyCKOBYIO KHONKY X; = 1, B pe3ysbTaTe 4ero onoka nepeMemiaeTcs
BBepX (Z; = 1) m ocraHaBIMBaeTCs B BEPXHEM IIOJIOKEHMH. 3aTE€M IO CHUTHAIly Xg = 1 BKItouaeTcst BUOpaTop
(Z7 = 1) u BeiaBuraercs mubep (Z4 = 1). Ilpu 3ToM GopMOBOUHAS CMECH 3ATIOJIHSIET OMOKY, MOCIE Yero Mo CUT-

Hally Xio = | mubep Bo3BpalaeTcs B ucxoaHoe nonoxkenue ( Z, = 1). Ilo curnaiy Xg = 1 mpoucxXoauT OTKIOUYE-

Hue Bubpatopa ( Z, = 1) u omyckaercs onoka ( Z, = 1). Jlanee mo curHamy X; = 1 TpaBepca BbICTABISICTCS B pa-
7 1

6ouee nonoxenue (Zs = 1). Ilo curHany X3 = 1 nognumaetcs omnoka (Z; = 1) ¥ MPOMCXOIUT MOAMPECCOBKA
(Z; = 1). IIpoaomKKUTEIBHOCTD HOCIIEIHEW KOHTPOIUPYETCS Pejie BpEMEHH, 1o curHainy 7(Z;) oT KOToporo omyc-

Kaercs onoka ( Z; = 1), 3akaHuuBaeTcs noanpeccoka ( Z, = 1), BBLIBUraeTCsS LMUIMHAP NPOTXKKU (Z3 = 1) U
BKJIFOYaeTcst BUOpaTop onoku (Zg = 1). Tlo curnany Xs = 1 TpaBepca BO3BpamaeTcss B MCXOIHOE TOJIOKEHHUE
(Z5 = 1), a mo curnanmy X; = 1 Beikmtouaercss BuOparop omnoku (Zg = 1). ITocie 3Toro omeparop Bpy4HYIO

BKJIIOUaeT (X4 = 1) 061ayB hopmbl (Zg = 1) 1 OTKITIOUAET TPOTHKKY ( Z_3 = 1). Luki1 3aKaHYMBAETCSI.

ABapuiiHBI OCTaHOB MOJyaBTOMAaTa IPOU3BOAUTCS 10 CUTHANY X, = 1 MyTeM MpeKpalleHus: HoJauu CXKaToro
Bo3ayxa K Y ¢ momonipio kiianaHa 6€30macHOCTH.

Ha3znauenue HMCIOTHUTENBHBIX YCTPOMUCTB, a TaKKE MX B3aMMOJIEUCTBHE C BXOJHBIMU YCTPOWCTBAMH IOKa-
3aHbl B a0, 1.

Tabnnna 1 — BsanmoneiicTBre BXOJHBIX CUTHAJIOB M HCIIOJTHUTEIBHBIX YCTPOHCTB

Boixoonvle cuenanvl Bxoowuvie cuenanvi
Obosnauenue Haumenosanue onepayuu Hcxoonoe nonocenue Koneunoe nonooscerue
Z, ITepemerenue Omoku X7 Xg
Z, IMoxamnpeccoBka Xs 7(Z,)
Z3 IIpoTsixkka — —
Z ITepemenienue mubepa X9 X10
Zs ITepemenienne TpaBepCw — X11
Zg BceTpsxuBanue omoku — —
Z; BerpsixuBanue OyHkepa — —
Zg O6xyB hopmbl - -
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®opmanau3anus ONUCAHUS PadOTHI ITHEBMATHYECKOH CHCTEMBI YIPaBJICHHUS! TEXHOJOIHYECKUM OOBEKTOM
M03BOJISIET MIEPEUTH OT CIIOBECHOTO OIMCAaHHs PadOTHI CHCTEMBI K MaTeMaTHYeCKOMY, KOTOpOe TpedyeTcs s
OCYILIECTBIICHUSI CTPYKTYPHOTO CHHTE3a JIOTHYECKOH cXeMbl cucteMbl ympasieHus (CY). dopmanuzoBaHHOE
OITHCaHNE CHCTEMBI YIIPABICHHUS TIPEICTaBIsIETCs B Bujie rpada omepanuii (puc. 1) [3, 4].

X5 X7 Xg > &

X > Zy meHZ7Z4m X0 > Z, K\Xg)—)z721
2 3
\2/ N & °

X; > Zg

2(Z,) > Z,2,2,Z X > Z,Z
2 14243 6/7\ 11 142 6
\/
Pucynoxk 1 — I'pad onepanuit

MuHuMHu3anMs cHCTeMbI ynipaBjieHust. Clieyfonyii 3Tamn JIOTHYECKOTO TPOSKTUPOBAHUS TI0CIIE COCTaBIIe-
HHS (POPMANTM30BaHHOTO OIMCAHUS — CTPYKTYPHBIU cuHTE3 [4, 5]. BeIiGop MeTona CTPYKTYpHOro CHHTE3a Olpe-
JeTSIeTCSl MHOTUMHE (DaKTOPaMH: CIIOKHOCTBIO CTPYKTYPBI, OBICTPOAECHCTBHEM U T.1I.

BHauane ciegyeT MpoBecTH aHAIW3 BXOAHOW ITOCIIEOBATEIBHOCTH CHUTHAJIOB Ha COJCPIKaHWE OANHAKOBBIX
BXOZIHBIX HA00POB. BXoHas MOCIe10BaTENEHOCTD BBIMTISIUT CIEAYOIIM 00pasoM: {Xs X7 Xe™ ¥ , X1 X5 X7 X9 § ; X5

Xg Xo** ¥, X5 Xg X10 y Vs X5 Xg Xa™™ Y, X5 X7 Xg™ ¥, X5 X7 Xg X11*** Y, 7(Z2) Xg X9 X11Y ¥, X5 X7 Xo X11*** ¥ , X4 Xs X7 X9y },
/I OJIMHAKOBBIC BXO/HBIC HAOOPBI OTMEUYEHBI *, **, *** (Omna pa3OuBaercs Ha qBa O0moka: 7= {{XsXgXo** Y, X5 X7
Xo* Y, X5 X7 X9 X11*** Y, 7(Z2) Xg Xo X11Y ¥ }, {Xs X7 X Xt1™** ¥, Xa Xs X7 X9 § , Xs X7 Xo™ ¥ , X1 X5 X7 X9 ¥ , X5 Xg Xo** ¥ , Xs
Xg X10y Y} }- 31€Ch OJIMHAKOBBIM YHCIIOM 3BE3J0YEK TMOMEYEHB! OIMHAKOBBIE BXOJIHBIE HAOOPHI. 3HAYMT, B JIaH-

HOM cITy9dae HeOOXOMMO HCIOIb30BaTh ONUH dmeMeHT naMatu (DI1) ¢ AByMs BRIXOJaMU — MPSIMBIM W HHBEPC-
HBM (Y, ¥ ), @2 ODMHAKOBBIC HAOOPHI YITMHUTE CUTHAJIAMH ¢ BBIX0J0B DIy Y .

Tenepbp MOXXHO NEPEUTH K MUHUMHU3AIMHU JIOTUYECKUX YPAaBHEHHM HAa OCHOBAaHUU MaTpPHIbI COOTBETCTBUMN
(MC) ¢ monHbIMH BXOIHBIMH HaGopamu [5, 6]. It oMMHAKOBBIX HAOOPOB B CTOJOLAX MPOBOAUTCS MEPBOHA-
YJaJbHOE YAJMHEHNE COOTBETCTBYIOIINME curHaigaMu ¢ BeixonoB OlI (Y, ¥ ). MC umeer Bua

x| XsXey | X0 | XeXoy | Xy | XY | WZ2) | X5y | Xry | X
X5 X7 X* Y 0 0 0 0 0 0 0 1 1 0 )
X1 X5 X7 X9 § 1 0 0 0 0 0 0 1 1 0 Z
X5 Xg Xo™* ¥ 0 1 0 0 0 0 0 1 0 | o 2.2,
X5 Xg X107 Y 0 o 1 0 0 0 0 1 0 0 Z,
S
X5 Xg Xg**y 0 0 0 1 0 0 0 0 0 0 2_72_1
X5 X7 Xg* Y 0 0 0 1 1 0 0 0 0 0 Zs
X5 X7 Xg X1 ***y | O 0 0 ©) 1 1 0 0 0 0 Z1Z,
1(Z) XgXo XYy | O () 0 1 0 (1) 1 0 0 0 7,7,7:Zs
R
X5 X7 Xe X1 ***y | O 0 0 0 0 0 0 1 1 |o Z,
X5 X X X1 ***y | O 0 0 0 0 0 0 1 1 |0 7,
X4 X5X7 X9 0 0 0 0 0 0 0 1 1 1 Zs 2—3

CronOupl OTBEYAIOT CUTHAJAM, BBI3BIBAIONINM Iepexosl CVY, a CTPOKH — BXOAHBIM Ha0OpaM C y4€TOM CHT-
HayoB ¢ BeIxonoB OII. Ha nepeceueHnn ctpoku i u cronbua j snement MC rjj = 1, eciu Bce BXOHBIC CUTHATIBI
CV, orBeyaromue cTonOLy j, BXOAAT BO BX0aHOH Habop CV, KoTopslii oTBedaeT cTpoke i; rij = 0 — B Apyrux
ciry4asix. «KUpHBIMUY €AMHULIAMH OTMEYEHBI repexo/isl. [IpoTHBOpeUrBbIC €ANHHIIBI HAXOIUM 10 MOCJIEI0Ba-
TEJILHOCTH NMPOTHBOPEUYMBBIX BHIXOHBIX CUTHAJIIOB U 00BOJIUM KPY)KKaMHU.

B cron6ue x; umeer mecto muib oHa «kupHas» enunuua. Ilonpobuee paccmoTpum crosben Xg y , B KOTO-

POM €IMHUIIA, CTOSAINAsT Ha TIEPECEUCHUH CO CTPOKOM 7(Z,) Xg Xg X11 Y Y , BBI3BIBACT MOSIBICHUE BBIXOJHBIX CHTHA-
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nos YA Z,Z, . Dta eMHuIA SBISETCS NPOTUBOPEUMBOI U BBIIENAETCS KPYKKOM. [l yCTpaHeHHs He0MmyCTH-
MOW eIMHUIIBI B TIEPEXOE C «KUPHOH eqUHHIEI» 1 HAaOOPOM X5 Xg Xo** ¥ HY)KHO HalTH MHHHMAJIEHOE KOJIMIe-
CTBO CHTHAJIOB, OTCYTCTBYIOIIMX B Habope 7(Zy) Xg Xg X11 Y ¥ . KOHBIOHKITHEH BHIOpAHHBIX CHTHAIOB (HAIIPUMED,
X5) YIUIMHAETCS Xg § M IPOTHBOPEYHE yCTPAHAETCA.

AHaIOTHYHO, YMHOKCHHEM Ha Xg YIITHHSAETCS BBIPAXKCHHE B CTOJIOLE Xg Y, T/Ie MPOTHBOPEYUBAS €IUHMIIA,
KOTOpPast CTOUT Ha IIEPECEUCHUH CO CTPOKOH X5 X7 Xg X11*** Y, BBI3BIBACT MOSBIICHIE BEIXOJHOTO CHTHaNa Y A Z_l.

Cursamsl yAIUHEHHST Ha0OpOB (CBEPXY B CTOJIONAX) B pe3yiabTaTe YCTPAHCHHS HEJOIYCTUMBIX €IMHHUII BBI-
JICTICHBI KUPHBIM WPUPTOM. EIMHALBI, CTOSIME HA IEPECEICHUN CTPOKH X5 Xg X10 § Y U CTONIONA X5 Xg § , CTPOKH
7(Z,) Xg X9 X11 Y'Y ¥ cTojbua Xy; Y, yCTpaHeHHs He TPeOYIOT, MOCKOIbKY OHH «HCUYE3aI0T» MPHU MEPEKI0UCHUH
oIl

Jlormueckue ypaBHeHus Bkimtodenns UMY u DIl momydarorcs B cOOpKax JIOTHIECKHUX BBIPAKCHUH, 3alHCaH-
HbIX cBepXy MC 1151 cooTBETCTBYIOLIETO «OKUpHOI» equnuuie MC Brixona. CucTeMa ypaBHEHUI UMEET BUIL:

S=X10; R=1(Z2); Zy= Xy + Xu1Y; Zy = XeXoY + ©(Z2); Zo = Xu1Y; Zy = 1(Zo); Zs = 1(Z2);
Zy =X Zs=XsXa Y3 Ly =10, Zs = XY Zs = X5 Zo=1(Z2); Zg =X1§ 1 Z1=XsXe ¥ ;
Z, =XgXoY; Zg = Xq.

BBCHGM MPOMCIKYTOYHBIC MEPEMCHHBIC, KOTOPBIC MPCACTABIIAIOT coboit HauboIee TOBTOPAOMINCCA O6H.[I/Ie
YacCTHU YpaBHCHUA:

W1 = Xq1Y; Wa = Xgy; W3 = Wy Xg; Wy = X5y ; Ws = Wy Xg.
OKOHYATENBHO NMEEM:

S =X10; R=1(Z2); Zy= Xy + Wy; Zy = Ws +2(Z); Zo = Wi Z, = 2(Z2); Z3 = o(Zo);
Zy = X4 Z4=Ws; Z, =10} Zs = XgY; Zs =Wa; Z5 = 1(Z); Zg = X717 5 Z7 = Ws;

Z_7 = W3, Zg = Xa.
HOHy‘IeHHLIC YpaBHCHHUA PCATU3YIOTCA HEITOCPEICTBCHHO [7] (pI/IC 2)

BuiBoabl. [IpennoxeHHBIN anropuT™M CHHTE3a IMHEBMoarperara (GOpMOBOYHOIO IOJIyaBTOMaTa MOXET OBITh
UCIIOJIb30BaH NPHU MPOCKTUPOBAHMU JIUTEHHBIX MAIIUH C OOJIBIIUM TEXHHKO-IKOHOMHYECKHM 3((PEeKTOM, Tak
KaK J]aeT BO3MOXXHOCTb CHHTE3UPOBAaTh MUHIMAJIBHBIE 110 YUCITy alllapaToB CXEMBI.
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Pucynok 2 — Cxema ynpaBieHus: pOpMOBOUHBIM [10JTyaBTOMATOM
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YK 621.225
Yepxamenko M.B., [Tonymkin K.O.
CUHTE3 THEBMOAI'PEI'ATA ®OPMYBAJIbHOI'O HAIIIBABTOMATA

HaBenena 3aranpHa XxapakTepucTUKa (OpMyBalbHHX aBTOMATiB i HalliBaBTOMATIB, IO BUKOPHUCTOBYIOTHCS
JUIsL BUTOTOBJICHHS JIMBapHUX (HOPM, SIK MIPABHJIO, Y CKJIadi aBTOMAaTHYHHX JIiHIH, KOMIIOHYBaHHs SIKMX BH3Ha4a-
€ThCS O0OpaHUM TEXHOJIOTIYHUM IporiecoM (0e30IT0KOBe, ONOKOBE (popMyBaHH:), THIIOM (HOPMYBaIBHOTO aBTO-
Mara, 4acoM OXOJIOJDKYBAaHHs BiJUTMBKA y (hOpMi, THIIOM JIMBAPHOTO KOHBEEPA, & TAKOXK PO3TAIlyBaHHAM (op-
MYBQJIbHMX aBTOMATIB BiTHOCHO JINBAPHOTO KOHBeeEpa. [IpONOHYEThCS THEBMAaTHYHA CXeMa yIpaBiiHHs Gopmy-
BaJbHUM HaIliBABTOMATOM, CHHTE30BaHa METOIOM MiHiMi3aIlii.

Cherkashenko M.V., Polushkin K.A.
SYNTHESIS OF PNEUMOAGGREGATE OF MOLDING SEMI-AUTOMATIC DEVICE

The general description of molding automats and semi-automatic devices is presented. These devices utillize
for casting forms making in a composition of automatic transfer lines, arrangement of which is determined by
the chosen technological process (snap-flask molding, flask molding), type of molding automat, time of cooling
of founding in the form, type of casting conveyer and also disposition of molding automats relative to the casting
conveyer. The pneumatic control scheme of a molding semi-automatic device, synthesized by the method of
minimization, is offered.
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YK 548.5
[Tanopes B.II., Hlectonanos A.B., [Iurak 1.B.

K BOITPOCY OB OPTAHU3AIIMU ITIOTOYHOI'O ITPOU3BOJACTBA HUTEBUJHBIX
KPUCTAJLJIOB TYT'OILTABKMX HEOPTAHUYECKHUX COEJJMHEHU METO/I0M
KPUCTAJIVIM3AIINN U3 PACTBOP-PACIIVTABOB HA OCHOBE I'AJIONJ10B IIEJIOYHBIX
METAJLJIOB

BBenenne. HureBumHbIC KPUCTAIUTBI TYTOILIABKUX COCTUHEHUN — OJMH U3 HANOOJIee IMEePCIIEKTUBHBIX BHIIOB
ApPMUPYIOMINX HATIONHUTEICH I CO3aHUs CBEPXIPOYHBIX M )KapOMPOYHBIX KOMITO3UIIMOHHBIX MaTEepPHaIoB Ha
MeTaJUIN4eCcKOl, MoIMMepHON U KepaMmudeckoil ocHoBe. Kpome Toro, ykazaHHbIe HUTEBUAHBIE KPUCTAJUIBI U
KOMIIO3UIIMM Ha UX OCHOBE MOTYT HIMPOKO UCIONb30BaThCs KaK TEIIOU30SALIUOHHBIE U OTHE3aIUTHBIE CPEACT-
Ba, a TAKXKE KaK MaTepHabl JJIs 3allUThl OT HHPPAKPACHOTO | Ja3zepHoro unyueHus [1-4]. OcHOBHAs MpUYHHA
3TOT0 — YHHUKAJBbHO BBICOKAs IPOYHOCTh, CBOMCTBEHHAs BCEM HUTEBUAHBIM KPHUCTAJIJIaM, CBSI3aHHAS C BBICOKHM
COBEpILIEHCTBOM UX CTPYKTYPHI U MOBEPXHOCTH. BhICOKast sHEprus MexaToOMHOH CBSI3U, XapakTepHas IJIs Tyro-
TUTaBKUX COCNWHCHHH, 00yClaBIHBaeT OONBIIMHCTBO OCTANBHBIX HaMOOIee MEHHBIX CBOMCTB KPHCTAIIOB ITHUX
COCIMHEHUH TPU HCIIOIH30BAHUN WX B KaUECTBE apMHUPYIOIIECro HANOMHHUTENA. K BhIIIE OTMEYCHHBIM ITEpCIIeK-
TUBHBIM TYTOIUTABKAM COCITUHEHHSM OTHOCSTCS] TEKCATUTHI KaJHs, OKCUIBI THTaHA, MAaTHUs, aTFOMUHIS, KapOu-
JII KPEMHUS | psifia IPYTHX coenuHeHni. [l co3maHus CrenanbHBIX MaTEPHUAIOB IIEPCIICKTHBHBIMHA SIBIISTFOTCS
TUTAHATHl Oapws, KalbIUsd, CTPOHIIHS, a TaKXKE BBICOKOTEMIICPATypHBIC CBEPXIPOBOJHUKHA Ha OCHOBE HTTPH,
BUCMYyTa [5, 6]. [TorckoBBIe PaOOTHI MO MMPOU3BOJICTBY HUTCBUIHBIX KPHUCTAJUIOB M CO3AaHUI0 KOMITO3UITHOHHBIX
MaTepHajoB Ha UX OCHOBE ObLTM Hadathl eme B 1960—-1961 rr. OTo HampaBieHne akTyalbHO U UHTEHCUBHO pa3-
BUBaeTcd B IaHHBIN nepuox [7, 8]. HecmoTps Ha 3T0, ycriexu B apMUPOBaHUM HUTEBUAHBIMU KpPHCTAJIAMH yKa-
3aHHBIX COEAMHEHHH 3HAYMTEIBHO CKPOMHEE, 0OCOOEHHO B OTHOIIEHHM CO3JAaHUS KOMIIO3UIMHA Ha MeTayulnde-
CKOH M Kepamuueckoii ocHoBe. [1o MHeHHUIO aBTOPOB [1-8] 3TO 00BSICHSIETCS HEAOCTATOUHBIM YPOBHEM OTPabOT-
KA METOJIOB M TEXHOJIOTMH BBIPALIMBAHMS HUTEBUIHBIX KPUCTAIJIOB K MalbiM OoObeMaM UX NMPOM3BOJCTBA. B
GOJNBIIMHCTBE TEXHOJIOTHI, TPUMEHSIOIUXCSA AT IPOM3BOJICTBA KaYECTBEHHBIX HUTEBUIHBIX KPHCTAIIOB yKa-
3aHHBIX COE€IMHEHUH, NCIOIB3YETCsl METOJ KPUCTAIIM3ALUU U3 pacTBop-paciiaBoB [9—11]. OcHOBHBIM HenOC-
TATKOM HU3BECTHOTO METOJIa SIBIIACTCS KpaliHe HU3Kast MPOU3BOAUTEIFHOCTD U IMONyYeHHE KPUCTAILIOB C IPOYHO-
cTbio Meree 100 kr/mm?,

Cyns mo UMerNIMMces JaHHBIM, IS BceX Hamboliee pa3paOO0TaHHBIX MPOIECCOB MPOU3BOAUTEIEHOCTD MPHU-
MEpHO OJIMHAKOBAa U cocTaBisieT okoio 0,05-0,1 r/gac Ha quaMeTp KyOmdeckuil o0beMa padodero mpoCTpaHCTBA
MeYH C Y4ETOM TOJIKO BpEMEHH ee paboThl B pexuMe pocra. [Ipaktiuuecku 310 o3Havaetr 150—200 kr kpucran-
JIOB B TOAY C TIeYd MPUMEPHBIM 00beMOM ~ 1-2 M>. B cBSI3H ¢ 3THM YCWJINS, HallpaBJICHHbIE HA TO, YTOOBI BCEMH
BO3MOYKHBIMH ITyTSIMH IOJHATH MIPOU3BOIUTEIHHOCTH IPOLIECCOB BBIPAIMBAHUS, SBISIOTCS aKTYaJIbHBIM U IIEp-
CIEKTUBHBIM HaIPaBICHUEM.

AHaJIN3 JUTEPaTYPHBIX JaHHBIX. Pe3ylIbTaThl SKCIIEPUMEHTANIBHBIX U TEOPETHIECKUX HCCIICTOBAHUN TPO-
[IECCOB TI0 BBIPAIIMBAHUIO HUTEBUIHBIX KPHUCTAIUIOB M3 PAacTBOP-PACIUIABOB JIOCTATOYHO ITOJHO OCBEIIEHHI B
pabotax [9-16]. CormacHO yka3aHHBIX pa0dOT B Ka4eCTBE PACTBOPHTEINICH MPEAIIOUYTHTEIFHO HCIOIB3YIOTCS pac-
miasel: KCI-KF, KCI, K,;SO,4, K,S0,-KF, K,;M00,, KCI-NaCl, BaCuO,-CuQO. B kadecTBe pacTBOPHMBIX Be-
IIECTB B paciuiaBe pactBopurels ucnonb3yrores: KoTigOqs, TiO,, MgClynH,O (n=1+6); cmech TiCl,, TiCls, B
koropoi noist TiCl; ~ 35 %; YBa,CuzOy; Bi,(Sr, Ca)sCuOg+Y u ap.

IIpu 3TOM HONS PaCTBOPUMOTO BEIIECTBA, BBOJMUMAS B PACTBOP, B 3aBUCHMOCTH OT THIIA BEIIECTBA, HE Tpe-
BoiaeT 3—10 %,,.. [Ipu OONBIINX KOHIEHTPALUAX PACTBOPHUMOTO BEIIECTBA POUCXOJUT XUMHUYECKOE B3aHMO-
JISWCTBHE MEX]ly PaCTBOPUTEIIEM U PACTBOPEHHBIM BEIIECTBOM, KaK, HaIpUMep, 3TO NokazaHo Juisi cucreM KCl-
TiCls, TiCl; B pabore [11]. Bsuto ycranoBmieHo, uto npu koHuentpauusx X TiCly, TiCl; 6onee 10 %,,,..ipu po-
JyBKE BO3JlyXa HaJ CJIOEM pacTBOp-pacIulaBa 00pa3yloTcs NMPEUMYIIECTBEHHO B IPOIEcCe KPHUCTAILIH3ALUH
uronpyaTeie kpuctamuisl K, TiCl, u K3TiClg ¢ okpackoit 0T rycTo-3eneHOro 10 KelnToBaTo-CalaTHOTO 1IBETa C
nokaszaresem mpenomiienus 1,5+1,78.

CornacHo [9-16] TeXHOIOrMUYECKHH MPOLECC MONY4YEHUs] HUTEBUIHBIX KPUCTAJUIOB BKIOYAET CIEAYIOIIHE
oTepanuu:

e [loAroToBKa pacTBOPUTENS (CMEIIEHHE HEOOXOUMBIX KOMIIOHEHTOB, aKTHBAIIMOHHBIA TIOMOJI TPEUMYyIIIe-
CTBEHHO B BUOPOYIAPHBIX arperatax M/Wid FOMOTE€HH3aLUs M aKTUBALUS CMECH NPH OONBIINX CABUTOBBIX YCHU-
JMAX — ABYXIITHEKOBBIC peaKTOpbI-cMecuTeny). Takas 0OpaboTka pacTBOPHUTENS MO3BOJSIET CHU3UTh TEMIIEpPATy-
py ero mnasienus Ha 50-80 °C;

e [Tonroroska mmxtel. [Tox mmxroii moapasymeBaeTcs pacTBOPHMOE BEIIECTBO WIIM CMECh KOMIIOHEHTOB, W3
KOTOPBIX IIPU TEMIEpaType pacTBOPHUTEINS MOXKET 0Opa3oBaThCsl pacTBOPUMOE BemecTBO. [10AroToBka MM XTHI
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aHaJIOTMYHAa METOJly NOATOTOBKU PAcTBOPHTEIS, YTO MHTEHCU(HUIUPYET MPOIecC paCTBOPHUTEIS IIUXTHI B pac-
IUIaBe;

e [lonmyveHne peakIMOHHOW cMecH (CMEIICHNE PAacTBOPHUTEINS M IIUXTHI B HEOOXOIMUMBIX COOTHOIICHHAX M
TOMOTEHH3aLUsI CMECH, 3arPy3Ka TOTOBOM CMECH B PEaKTOD);

e [IpoBe/icHNE TEXHOIOIHIECKOTO MPOIIECCa BHIPAMNBAHMS KPHCTAJUIOB B peakTope (HarpeB rOTOBOI cMecH
1o Temnepatypbl 800+1200 °C); BbimepikKa paciuiaBa OpH YKa3aHHBIX TEMIIEPATYPaX C LEIbI0 FOMOI€HU3AINK
paciiaBa M 00pa3oBaHUs CyOIMKPOKPUCTAINTMUECKUX 00pa3oBaHUN («BKIIOUCHHI»), KOTOPBIE O HACTYIUICHUS
BUJIMMOI KPHCTAJUIN3AIMU HAXOUTCSl B KHHETUUECKOM PaBHOBECHH C PACTBOPOM (HECTaOMILHOE COCTOSTHHE);

e [IpoBeaeHue mporecca kpucranausanuu. Co3gaHue B peakTope Mo BBEICOTE pacTBOP-pAcILIaB 3a CUeT pery-
JIMPOBKHU TEMIIEPaTyp W/HIK OIHOBPEMEHHOTO OOJyBaHHUS IIOBEPXHOCTH pacijiaBa JIAMUHAPHBIM MOTOKOM ra3a
nepenaja remueparyp 20200 °C. B 3aBucuMOCTH OT THIIA HIMXThl B KAYECTBE ra3a UCIOIb3yETCs BO3/AYyX, BO-
JITHOH map, KUCIOPOJ, ra3, CoAep Kallui KUCIOpoa (BO3AyX), U KOMIOHEHT, U3 KOTOPOTo B pe3ysbTaTe XUMUYe-
CKOT'0 B3aUMOJICHCTBUSI 00pa3yeTcsl OKCUJI, BOCCTAHOBUTEIBHBIN MM MHEPTHBIN ra3. [locne co3nanus nepemnazna
TEeMIIepaTyp NMPH UCKIIOYCHNUH BBIHYKICHHON M MOJABJICHUN CBOOOIHOHN (TPaBUTAMOHHON) KOHBEKIH B CJIOE
paciuiaBa B TedeHue 1-1,8 waca ocymiecTBISIETCSl MPOLECC POCTa HUTEBHIHBIX KPHCTAJIOB, OCHOBHAs Macca
KOTOPBIX HAKAIUIMBAETCSI B MPUIIOBEPXHOCTHOM OoJiee XOJIOTHOM 00bEMEe paciiiaBa B BUAE CJIOSI TONIIMHON 110
25-30 mMm. B yka3zanHOM cioe HakarmmuBaercs 10 95 %, 3aKpUCTATU3UPOBAHHOTO BemlecTBa. [locme 3aBep-
IIEHWs TIpoliecca CIOW 00pa30BaBIIMXCS HUTEBUAHBIX KPUCTANIOB CHUMAETCS C MOBEPXHOCTH pacIlIaBa HIH
IIPY MEAJICHHOM OXJIQXKJCHUH 3aKPHCTAJUTN30BBIBACTCS BCSI Macca B PacTBOPE.

¢ BrijienieHNe 11€71€BOr0 NPOAYKTa (HUTEBUIHBIX KPUCTAJUIOB M3 3aTBEP/CBILETO paciasa (ColeBOd MaTpu-
1p1). I'ybuaras Macca HUTEBHIHBIX KPUCTAJIOB, CHATAs C MOBEPXHOCTH pacIliaBa, HACHIIIEHA 3aTBEpAEBIICH
COJICBOM MaTpuilel. BrijeneHre KPUCTaIOB OCYIIECTBIIETCS 00paboTKoW ry0uaToii Macchl B TeueHuu 10 70
94acoB ropsiucii AMCTHILIMPOBAHHON Wi obeccosieHHON Bomoit mpu T/XK=1/(50+-100) B npUCYTCTBHH OCTPOTO
mapa /10 TOJIHOM OTMBIBKH OT MOHOB PacTBOpHTENsl. BiaskHble BoslokHa cymaTca B TedeHuu 10-25 vacoB mpu
temmeparype 150 °C o ocratounoii Bnaxksoctu 0,1-0,2 %, kIaccU)UIMPYIOTCS C BBIAEIECHAEM HEOOXOIUMBIX
pa3MepoB 10 JJIMHE W COOTHOIICHHMS JIMHBI K UX JUaMeTpy. BbIXo mpoXyKnnoHHOH (pakiuy, KaK MpaBuiIo, He
npesbimaet 40—45 %,,,. OT MOIy4eHHBIX KPUCTAIUIOB. B ciyuae kpucraum3anmn Bce Macchl paciuiaBa B peak-
TOpE Macca M3BJIEKaeTcsl, IpoOnTes M nanee oOpadaTeIBacTCsl, Kak yKazaHo BbIIe. [Ipu 3TOM BEIXOA MPOAYKIH-
OHHOH (ppakumu ymeHbmaercst 10 30 % 3a cueT mpomecca ApoOIeHNs 3aKPUCTAIUIN30BAHHOW MACCHI.

e TexHOIOTHYECKHUH MTPOIECC MPeyCMaTpPUBAET JIONOJIHNTEIIbHBIE ONEPAIH: YTHIN3AIHNIO U OYNUCTKY Ta30-
BBIX BBHIOPOCOB; YTHJIM3ALMIO CTOKOB IIOCJIE OTEPAIlMH BBIJEJICHUS] KPUCTAIZIOB METOJIOM BBIIIAPUBAHUS C BO3-
BPaTOM TBEPJIOH COJIEBOIT MAaTPHUIIBI Ha MTOJTOTOBKY PACTBOPUTEINS; YTUIM3ALNIO0 HEKOHANIIMOHHOT O IPOIYKTA.

OCHOBHBIE OTEpalyy M0 MPOBEICHUIO TEXHOJIOTHYECKOTO IMpOoIlecca BhIPAIIMBAHIS HUTEBUAHBIX KPUCTAJ-
JIOB OCYIIECTBIISIETCS B peakTope-nieur. Hanbosee mmpoko pacnpoCcTpaHeHb! PEakTOPhl MEPHOANIECKOTO AEHCT-
BUSI, IPUHIIUITHATILHBIC CXEeMBI KOTOPBIX MPUBEICHBI Ha puc. 1, 2 [9—-16].

Tepmoauddysus no Beico- [lnatuHOBBIN THTENH

te taris AT =5-20 K d =280 mm

H=310 Mmm
1 — kiaaka ne4u; 2 — KpbIlIKa MMe4YH; 3 — CTAILHOW CTaKaH co
CIMBOM; 4 — 3IIEKTPOCIHPANb; 5 — INITATUHOBBIA THTEIIB;
6 — TepMormapsl; 7 — Iojiaua rasa 1 CIMB pacIuiaBa
Tepmogud dysust L=280 cm
1473K 2 4 AT =300K h=310 cm
[——N = ——]—F
o 4‘——7%‘ b=20 cm
_ k=3+10 cm

173K

Pucynoxk 1, 2 — [IpuHIMNmanbsHeIe CXEMBI PEaKTOPOB ITEPHOANIECKOTO ASHCTBHS JUIS BEIPAIIMBAHUS KPUCTAIIOB
(OTIBITHO-IIPOMBIIIIIEHHBIE 00Pa3IIbI)
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MMeroTcst cBeieHUsI O BO3MOXKHOCTH OpPTraHU3aIMM MpoLecca B PEaKTOpax MOJIyHNepUOJUUECKOro U Helpe-
PBIBHOTO AeicTBuUs [9-16], mpUHIMITHATIBHBIE CXEMBI JJAOOPATOPHBIX PEAaKTOPOB NPUBEICHBI Ha pUCYHKE 3, 4.

Tepmomuddyzus d=15,26 Mmm
AT =300K h=25mm
6=20c™m
I=3cm
Il =5cMm
Iz =10cm
R=75cm

1 — OyHkep muxThl; 2 — BUOponuUTarens; 3 — peakrop (rpadur, miaTu-
Ha); 4 — yCTPOMCTBO A cheMa KPUCTAIUIOB (TTATHHA)

PucyHox 3 — IIpuHIMNHanbHas cXxeMa peakTopa MOJIYIIepHOIHIEeCKOro JeHCTBUS A1 BBIPAIMBAHUS KPUCTAIIOB

Tepmoaud py3ust dp =50 cm
AT = 300K Hp =250 cm

1 — nuTaTeNh MUXTHL; 2 — KOPITYC MEYH; 3 — OTIOPHBIC POJIUKHY;
4 — ipuBox; 5 — peakuMOHHas Kamepa (KOpyH/, alyH/, IUIaTHHA, OKUCh
LOUPKOHMS); 6 — TIOIBIKHAS JICHTOYHAS CETKa

PI/ICyHOK 4— HpI/IHIII/Il'II/Ia.]'ILHaSI CX€Ma p€aKTopa HENPEPLIBHOT'O ﬂeﬁCTBHH JUIA BbIpalllUBaHUS KPUCTAJIJIOB

AHanu3 NpuBeJCHHbIX KOHCTPYKLUUNA PEAKTOPOB U YCIOBUM MpOTEKaHUs Ipolecca B HUX [9—16] mo3BossoT
cAenaTh BBIBOJ O TOM, YTO HamOojiee NMEPCHEKTHBHOM KOHCTPYKIIMEH IS OpTaHU3alMK IMOTOYHOrO Ipolecca
BBIPAIMBAHMS HUTEBUAHBIX KPHUCTAIOB M3 PACTBOP-paciyiaBa Mo 3aMKHYTOMY LHKITY SIBJISIETCS peakTop, Ipea-
CTaBJICHHBII Ha PUCYHKe 3. DTOT BBIBOJ MOKHO 00OCHOBATH, UCXO/sI U3 TPEOOBAHUN CO3JIaHUS PETYIUPYEMOTO
TEMIIepaTypHOTro IMepernasa 1Mo BRICOTE CIIOS PacTBOP-paciuiaBa NMPH OJHOBPEMEHHOM HCKITIOUEHHH BBIHYKICH-
HOW KOHBEKITMH U MEPEHOCa KPHCTAIIM3YEMOI0 BEMIECTBA B 30HY KPUCTAJUTH3AINH, B OCHOBHOM 3a CYET TEPMO-

T dy3un.

IMocranoBka 3amaun. HecMoTpst Ha 1OCTaTOYHO OOJNBIION 00BEM IMyOIMKAIMH, OCBEIIAIOMINX TEXHOJIOTH-
YyecKue NMpUeMbl U anmapaTypHoe oopMIIeHHE Ipoliecca BhIpAlMBaHMs HUTEBHIHBIX KPUCTAIUIOB U3 PAaCTBOP-
pacmiaaBoB, JaHHBIE O MEXaHU3ME U KUHETHUKE IEpeHOca PaCTBOPEHHOIO BEIIECTBA B 30HY KPHUCTAIIM3ALMH, O
METOJIaX pacyeTa W yNpaBieHUs dTHMH IIPOLEeccaMy OTCYTCTBYIOT. OTCyTCTBHE 3TOI MHPOPMAIMU U MOZAEb-
HBIX MIPEACTaBICHUI 0 nporeccax TepMoanddy3un B pacCMaTpHBAaEMbIX CHCTEMaX HE T03BOJISIET CO3aTh peak-
TOp HETIPEPBIBHOTO ACUCTBUS W, COOTBETCTBEHHO, TOTOYHYIO TEXHOJIOTHYECKYIO CXeMy IpoIiecca.

B nanHO# myOmuKanmy, UCTIONB3YS U3BECTHBIE JTUTEPATypHBIE JaHHBIE, TAKXKE Pe3yIbTaThl COOCTBEHHBIX HC-
crnenoanuii [11-16, 17-20] npezncraBieHbl HOBbIH TEXHOJOTMYECKHU MPOLIECC, KOHCTPYKIHS PEAKTOPA, a TAKKE
MOJIETIbHBIE TIPECTaBJICHHUS O TIPOLECCE, MPOTEKAIOMIEM B PEAKTOPE.

OcHoBHBIE pe3yabTaThl. Llenb, KoTopas cTaBUiIach NPH BHIOJIHEHUN HCCIIE0BaHuU B paborax [11-16, 17—
20], moxeT ObITh CHOpMYTHPOBAHA CICAYIOIIMM 00pa3oM: yIPOLICHHE MPOLECCa BBIPAIIUBAHHUS U BBIICICHUS
HUTEBUHBIX KPUCTAIJIOB B CPAaBHEHUH C W3BECTHBIMH CIIOCOOaMHM; CO3[aHUe OTOYHOIO MPOLecca U MOBbIIIe-
HHUE MPOU3BOAUTENILHOCTH PEaKTOPHOI YCTaHOBKY; YBEIMUYEHHUE BBIXOJA OJAHOPOIHBIX KPUCTAIUIOB 110 T€OMET-
PHUECKUM pa3MepaM U CHUXKEHUE KOJMYECTBA HEKOHAMLIMOHHOTO MPOIYKTa; MOBBIIIECHHE IPOYHOCTH KPUCTa-
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JIOB; YMEHbIIIeHHE 00beMa cTouHbIX BoA. Cornacho [11-16, 17-20] nocraBieHHas 1eib JOCTUTHYTA B Pe3yJIbTa-
TE TOTO, YTO MPOLECC OCYIIECTBISIOT B PEAKTOPE, MMEIOIIEM YEThIPE peaKIMOHHO-TEMIIEPAaTyPHBIX 30HBL B
IEepBYIO 30HY B paciulaB COJICBOW MAaTPHIBI, MMEIOMEH TeMiepaTypy mo BbeicoTe 30HBI (1100+1200) mo
(1000+1100) °C (AT~160 °C), no3upyercs rpaHyJMpOBaHHas IIMXTAa. B KauecTBe INMXTHI, B 3aBUCHMOCTH OT
THIIA TIOJyYaeMBIX KPHCTAILIOB, MOTYT ObITh Hcmonb3oBaHbl: K,TigO13; TiOy; YBa,CuzOy; Biy(Sr, Ca)Cu20sg,y,
BaTiOs, To ecTh BemiecTBa, KOTOPHIE HOJKHBI OBITH TTOBEPTHYTHI TIEPEKPUCTAIUTU3AINH. JIO3UPOBKA OCYIIIECTB-
JsieTcsl TakKuM 00pa3oM, 4ToObI B KOHIIE | 30HBI 00pa3oBacs ciaalblif pacTBOp KOMIIOHEHTA B COJICBON MaTpHIlEe
(<3 %). B kauectBe mmxThl MOTYT OBITH Hcmons30BaHbl: cmech TiClu TiClg (mons TiClz ot ETiCly, TiCly —
30 %); MgC,nH,0; cmecs K,CO3-TiO,, To €cTh KOMIIOHEHTHI HIMXThI, M3 KOTOPBIX 0OPa3yrOTCS B pacIuiaBe
coJsieBoii Matpuisl coequnerus Ti0,, MgO, K,TigO13 #, COOTBETCTBEHHO, B KOHIIE | 30HBI paCTBOPHI ITUX KOM-
MOHEHTOB B Marpuue. /i MHTeHCH(HUKAIWU MPOLIECCOB PAaCTBOPEHHUS, a TaKKe NPOBEAECHHE XUMHUYECKOTO
B3aUMOJICHCTBUSI MEXXAY KOMIIOHEHTaMH LIMXTHI B CPEJHIOI0 4acTh | 30HBI MOJAeTCsl B BUJE CTPYH peakIHOH-
HbII ra3. Ecin KOMIIOHEHTHI MIMXTHI COJEPKAT yKa3aHHbIE XJIopuabl Ti 1 Mg, To nojaercst BO3AyX MM YHCTHIH
KHCIJIOPOZA B KOJIMYECTBE, 0OCCIICUMBAIONIEM NPOTEKAHNE XUMHIECKOTO B3aMMOJCHCTBHS 1O CTEXHOMETPHH H
COOTBETCTBEHHO OTAYBKH ra3000pa3HBIX NMPOAYKTOB peakuuu. OTXoasmue ra3sl u3 | 30HB HOAaI0TCS HA OYHCT-
Ky B abcop6ep. ITo BeicoTe I 30HBI YCTAHOBIEHBI ABIPYATHIE EPETOPOAKU MO YritoM 30° K TOPU30HTANH, KOTO-
pbIe HE JOXOIST 10 IPOTHBOIOIOKHOI CTEHKH cocy/a | 30HBI HACTOIBKO, YTOOBI MIPOIYCKAaTh IPAHYJIBI IIUXTHI,
3aMeUIATh UX CKOPOCTh JBIDKCHHUS M IPENOTBpaIaTh 0Opa3oBaHue BOJIH Ipu nepexoze K II 30He, a Takxe cetT-
Ka, IIePEKPHIBAIOIIAs BCE CEYECHHUE 30HBI.

YxazaHHbIE TEXHUYECKUE ITPUEMBI TI0/IaBICHHS BEIHYK/ICHHOH KOHBEKLIMH B paciulaBe ¥ BOJIHOOOpa30BaHUU
He MPOTHUBOPEYAT M3BECTHBIM premMam [21-23].

11 30Ha — TpyOomnpoBoaHas, coequnstomas [ u 111 30861 B 3T0# 30HE OT BX0/a B Hee 0 Bhixoaa (Bxoxa B 111
30Hy) TeMneparypa usmensercs ot (1000+-1100) xo (975+1000) °C, u 110 AJKMHE 30HBI YCTAHOBJICHBI CETYATHIE
MEepEeropoiKy, KOTOPhIEe HCKIIOYAI0T BUXPEoOpa3oBaHKe U MOSBICHHE BOJIH.

111 30Ha, KaK YCTAaHOBJIEHO dKcHepuMeHTanbHO [11-16, 17-20], mo momnepeyHoMy CEUEHHIO A0JIKHA OBITh KaK
MHHUMYM B 2 pasa Oomblre momepedHoro cedeHus | 3oHbl. Hambonee pamuoHanbHBIM SIBISICTCS 3HAYCHHE
Fi/Fy = 3, rne F cootBeTcTBeHHO monepevnbie ceueHus 30H. B 111 30He mocpeacTBOM CEKIIMOHHBIX 3JIEKTPOHA-
rpeBaresieil 1 00/lyBOM HOBEPXHOCTH PacIjiaBa JAMUHAPHBIM IIOTOKOM ra3a IOIIep>KHBAETCsS pa3HOCTh TEMITe-
paTyp mo BbIcOTe pacmiasa oT Bxoza B III 30Hy 10 noBepxHocTH pacmiasa ot (975+1000) mo (900+950) °C.
Hawubonee peanbHbIM cooTHOIIEHHEM pa3Mepos 11 30HBI TpH MPOMBIIIIIEHHOM IIPOU3BOICTBE SIBIISIETCS: BHICOTA
H~80-200 cm, mmunHa L = (0,8+2,5) M, mmpura B~(0,6+0,8) M. DT pa3Mepbl 3KCIIEPUMEHTAIHHO YCTaHOBJICHBI
[1-20], ucxomst u3 yCIOBHi BO3MOXKHO TOYHOI PETYIHPOBKHU TeMIepaTyp U ux nepenanos (AT), a Takke MUHH-
MaJIbHOM WHEPLMHU CUCTEMbI IPH U3MEHEHHUH €€ napaMeTpoB. J[isi noaaBieHus pacpocTpaHeHus: BUXpeid, o0pa-
30BaHUE KOTOPBIX HEU30EKHO HAOIIONAETCS y CTEHOK BHYTPH 30HBI, BOJM3M CTEHOK YCTAaHOBJICHBI CHTYAThIE
9KPaHbI HA PACCTOSIHUHU S, KOTOPBIe coriacHo [17-20] onpeaensercs mo 3MIUpruIecKoit popmyie:

Sept =0,03[H/ ATY?], (1)

rae AT, — cpenHss pa3sHOCTb TeMIepaTyp MexTy creHkoi I 30HbI U cpenHel TemmnepaTypoil B LIEHTpE 30HBI;
0,03 — smnupuyeckuii Ko3pPUUMEHT; Sy — PacCTOsHKE, HA KOTOPOM LENECO00PA3HO YCTAHABIMBATH SKPAHbI.

Bo Bcex cayuasix [11-16, 17-20] HuTeBHJHBIE KPUCTAIUIBI B IIPOLECCE POCTA HAKATUIMBAIOTCS B IIPHUIIOBEPX-
HOCTHOM Oostee xosoauom cioe 111 30ub1. B 3aBucumoct or AT 1o BeicoTe H u KOHIIGHTpauu pacTBopa Bpe-
MsI HaKOTUICHHS KPUCTAJLIOB JUIUTCS OT 15 10 120 MUHYT, a TOJIIKMHA CIIOSI TIaBa, CONEPIKAIIETO KPUCTAIIIBI, HE
mpeBbImaeT 2,5+5 cM.

YuuTeIBasg BHIIIEOTMEUEHHBIE KOH(MUTYpAIH, KOHCTPYKTUBHBIE pa3Mmeps! 111 30HBI U ommcaHHBIE TeMmepa-
TypHbIE pexxuMbl B Heil, MoxHO B 11l 30He paccMaTpuBaTh npoliecc HEPaBHOBECHON KpUCTAILTU3aLUU [Iepeoxiia-
JKJIEHHOTO PacTBOP-paciulaBa B TOHKOM MEX(a3HOM cJIoe MEXIy TBepAol M >kuakoi ¢aszamu. Kak m3BecTHO
[24-25], maTemaTHueCcKH TaKOM MPOIECC MOXKET OMKUCHIBATHCS THIEPOOTHYECKUM YPABHEHUEM TETLIOMPOBOJIHO-
CTH:

%0 0%

B(e)g-’-'frg—y‘f' R(O), (2)

rae 6, Y, T, T, — 6e3pa3MepHas TeMIepaTypa, KOOpJUHATA, BpeMs U IEPUOJ PENIaKCalluU COOTBETCTBEHHO.

BespasmepHast CKOpPOCTh TEIUIOBBIICICHIS TPH KpucTautizaiu R(0) ommceiBaetcst hopmyInoii:
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0 ke-orenl g ) ®

npu (R > 0)

I'pannunble ycnoBus:

r=0;9=9H;?=VH(9H <1V, <0)
T

4)
©>0; 0y = 05; 0,4 =0.

[TogBoa KpHCTATMYECKOTO KOMIIOHEHTa (PacTBOPEHHOTO BEINECTBA) K YKa3aHHOMY MEK(pa3HOMY CIIO0
OCYIIECTBIIIETCS 3a CUET TepMOoauddy3un, TO eCTh HEOOXOIUMO paccMaTpHUBaTh 3aJady O IEPEHOCE TEIUIOTHI U
BelIecTBa MpH TepMoaAn((Hy3Ur B OTpaHUICHHOM IpocTpaHcTBe [26]. B aToM cinydae nuddy3noHHBIN MOISp-
HBI MOTOK KPUCTAJJIM3YEMOIO BELLIECTBA OMUCHIBAECTCS YpaBHEHUEM [27]:

J = —ch(grad Xy +k?TgradTJ, ®)

rae D — koaddunuent nuddysun; C — MossipHas KOHLEHTpALUs; X, — MOJIIPHas 1071 KPUCTAJUIN3aLHOHHOIO
BEIECTBA; | — TepMOAMHAMUYecKas TeMrepatypa; Ky — koadduuueHT nepeHoca.
Ilocnennuit onpenensieTcs U3 COOTHOIIEHUs [27]:

Ml_MZ

K =X, - Xy —m———<%
T 17 X2
M;X; +M,X,

(2-m), (6)

rae Xq,X, — MOJIAPHBIE JIOJM KPUCTAJUIM3YyEMOrO BellecTBa B 00beme mpu y=0 M Ha TMOBEPXHOCTHU PacTBOP-
paciuiaBa mpu

y=H, , -6,

p-p
rae § — TONIIMHA 3aKPHUCTAIUTM30BAaHHOTO cosi, M~0,6+1.

Ecnu npuHsITh AOMYIIEHUS O TOM, YTO PACTBOP-PACILIAB €CTh CILUIOLIHOW CPEN0i, OJTHOPOIHOM 1 HECHKHMAae-
MOH, a TaKkke MpeHeOpeyb BIUSHUEM TEIUIONPOBOJHOCTH CTEHOK peakTopa 11 30HbI U NPUHSTH, YTO B HpOIecce
OXJIXKCHHUS HE3aKPUCTAIIM30BABIIETOCS BEIIECTBA B JKUJIKOCTH OTCYTCTBYET CBOOOJHAs (TPaBUTAI[OHHASN)

KOHBEKIMA, TO U3 YCJIOBHA BO3HHUKHOBCHUSA U YCTOI\/‘I‘II/IBOFO CyHI€CTBOBaHUA BO3MOXHO OIIPEACIIUTD MAKCH-
MaJIbHYIO BCJIMIUHY o 1o cnez[yfon_[eﬁ 3aBUCUMOCTH:

Y]

gl

rae R, — xpurepuit Pemes (R, :Cr-Pr:a—ﬁAT), IIPU KOTOPOM BO3HMKAEeT CBOOOJHAS KOHBEKIIHS
\%

Ry =1700 [26]; v — kuHemaTHdecKas BAKOCTh PACTBOP-PACIUIABA; @ — KODQQUIMEHT TEMIIEPATYPOIIPOBOIHO-
cti; B — TeMmneparypHblii k03¢ GuLneHT 00beMHOro pacumpenus; AT — nepenaja Temneparyp.

Pacuer Benuuunsl §,,,, 10 ypaBHeHuUIo (7), Kak oka3aHo B [17-20], npu NpUHATHIX Iepenanax TeMIepaTyp
0 BBICOTE ClIosl pacTBop-paciiaBa (H), Haxogutes B mpenenax 2,0...3,0 cM. B Habr0omaeMpIx dKCriepuMeHTax

oT
[17-20] Tommuna ci10si, KaK OTMEYEHO BBIIIE, COCTABIISET 2,5....5 CM, MI0O3TOMY IIPH pacyere @ HE00X0TUMO

YUUTHIBATh BIMSHUE CBOOOHON KOHBEKIIMH ITyTEM BBEACHHS SKBUBAJICHTHOTO KOA(QHUIMEHTa TEMIONPOBOIHO-
ctu A, =A-g., rae g =T(Ra) — xoapuuuenr konseknuu. Benuunna €, U1 paccMaTpUBaeMOro CIydas

K

npuMepHo paBHa ~ 1,1+1,2 [26].
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Taxum oOpa3zom, 1uddy3HOHHBINH MOISPHBIH TOTOK MEK(pa3HOH MOBEPXHOCTH, TO €CTh K 30HEe KPUCTAJIIH3a-
IIMM MOXXHO OIIPEJNIeNIUTD, 3Hasl paclpeieeHue TeMIepaTyp, Kak Mo BBICOTE CIIOS, TAK M IO IMOIMEPEYHBIM I10-
BEPXHOCTSM (Cpe3aM II0 BBICOTE). YKa3aHHOE paclpeielcHue TeMIepaTyp, Kak cieayeT u3 (5), ompenenser u
MHTEHCHBHOCTH (CKOPOCTB) EPEHOCAa KPUCTAIUI3YEMOT'0 BEILECTBA.

OmnucaHHBIE POIECCH TEINIOMACCOIIEPEHOCA HOCAT SIBHO BBIP2)KCHHBII MHOTOMEpHBIH XapakTep, B CBA3H C
9THM JUIS HCCIIEAOBaHMS MPOLECcCOB TerutoMacconepeHoca B 111 3oue Heo6xoaumo perenue 3agaun Credana B
IBYX — M TPEXMEPHOH IIOCTAHOBKE C IPAHUYHBIMHU YCIIOBHSMH TPETHEro poza, 3aBHUCLIMMH OT KOODAMHAT M
BpemeHH. [{nddepennnansHoe ypaBHEHHE TEILIONPOBOAHOCTH B IEKAPTOBBIX KOOPAMHATAX IUIS UCCIIEILYyEeMOTO
Cily4ast 3alIMCBIBACTCS B CIIEAYIOIIEM BUJIE:

5 0 oT oT
Zoax, | ox, (Me(MZ,
NN (8)
(T ) & T oT
2| * 27 =C(T)e(T)—
==t ot
KpaeBLIe YyCJoBuUA 3aa4u:
1=0,T=T,; T; =Ty
aT
>0, X, =L, ay [T(Lk,r)—Tp(r)]z—k(T)aT; )
k
r>0;xk=0;£=0,
OX

rae A — ko3hGUIUEHT TenaonpoBogHOCTH; C — TETI0EMKOCTb; p — MIOTHOCTh PACTBOP-PACIIIABA; [ — TEMIIe-
parypa BHEITHEH Cpebl.

PaccmarpuBaemast 001acTh peICTaBISIET COO0 YacTh 0ObeMa KOHTEHHEpa, OTPAHUICHHYIO €r0 CTCHKaMH U
IJIOCKOCTSAIMU CUMMETpUH X, =0, cCOBIaJarouMU ¢ KOOPAUHATHBIMU IIOCKOCTSMH.

Temnodusznyeckre mapamMeTpbl OXJIAXKIAEMOr0 MaTepHaja CUYMTAIOTCS SBHO HEIMHEHHO 3aBUCSIIUMH OT
temneparypbl. OCHOBHAs HEIMHEHHOCTh B U3MEHEHHAX A M C MMeeT MeCTO Ha ydacTke (ha30BOTO Mepexoia
[24-25] MoryT yIOBIETBOPUTEIBHO AMMPOKCUMUPOBATHCS COOTHOIICHHUSIMHE:

Zrarctg[D(T-Ty)]
Cp(T)=B, 2 +B,arctg[ D(T-T,)]+Bs[D(T-T,)]+By: (10)

[D(T_Tm ):|2

Mry =Aretg[ D(T—Ty, ) [+ A, [D(T Ty ) [+ A [ D(T =T ) |+ A, (11)

[IpuBeneHHBIE COOTHOLICHUS ONMUCHIBAIOT n3MeHeHne Cp M A B yKa3aHHOM JHaIrla30HE TEMIEpaTyp BHE 3a-
BHUCHMOCTH OT (ha30BOr0 COCTOSTHHMS BelecTBa. 3aBucuMocTh Cp(T) BKIIIOYAeT B ceOsl BEJIMUMHY CKPBITOTO Tell-
na ¢$a3oBOTO TMepexoja U yIOBIETBOpsieT TpeboBaHusM, chopmynupoBanHbM [28]. B (10, 11): A4, Big, D —
K03 uUIHMEHTBI annmpokcuManuy; T, — MaKkcUMalbHas TEMIEPATypa TENIOBbIIEICHHS.

BBuny venmueliHocTH ypaBHeHuit (8—10) pemenne 3agadu HAXOAWUTCS MO METOJY KOHEYHBIX pa3HOCTEH Ha
PaBHOMEPHBIX MPSIMOYTOJILHBIX CETKaX, KOTOPBIH pa3padoraH [25].

CyTb yKa3aHHOW CXEMBI 3aKIII04aeTCsl B TOM, YTO Ha MOCJE0BATENBHBIX BPEMEHHBIX IIarax pacdyeT BEAeTCs
MOTIEPEMEHHO, TO IO SIBHOH, TO IO HEIBHOM (OpMynaM, IpHUYeM I COCETHUX Y3JIOB CETKH pacyeT BEAETCS IO
pa3nuaHbIM (opmynaM. MI3BECTHO, UTO AaHHAS CXeMa SIBJISIETCS aOCOFOTHO YCTOWYHMBOIM M MMEeT MOPSA0K al-

2
npokcumanuu E = D(r,hz). [MockonbKy cxema KIacCHKH alNPOKCHMHPYET YCIOBHE ——- = 0, xoTOpo€e BHI-
ot

ahy
Mr)

ITOJIHSETCS TU00 Ipu MaJIbIX BDECMCHHBIX IIarax, 1160 IIpyu MaJIbIX 3HAYCHUAX YHCJIa BlS = , HCO6XOI[I/IMO
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MHNOBBICUTH TOYHOCTH paCCManHBaeMOﬁ CXEMBbI pacyeTra. Tak kak NOTrpCIIHOCTL B 0a30BOI CXEME «KJIACCHKI»
BO3HHUKACT Ha 3Tamnax sIBHOTO pacydeTa, TO I 3TOr0 3Tala MCIOJIb3YEeM COOTHOIICHUA yCTOI‘/II‘H/IBOI‘/II CXCMBI ,HIO-

. At
¢dopra-®Opankena [29], mis KOTOpoH HEOOXOAMMO BBHINOJHEHUE YCIOBUS ——— WM, YTO TOXE CaMoe,
min — 0
hmin
AT >0

C yd4eToM BEIIIECKAa3aHHOTO, OCHOBHBIC PACUETHBIEC 3aBICHMOCTH KOHEYHO-Pa3HOCTHOTO pacdeTa ypaBHEHUI
(8-9) (mpuHMMas BO BHUMAaHHE COOTHOIICHUS PA3HOCTHON CXEMBI) HMEET CJIe YOI BUI.
Jns sBHOTO 3Tamna pacyera:

2

) (1_51)ka—kn)(TQ— ir,]k)+(51—52)Tir.]k+1 +

%i-k CpdT & dk(Tir,]k

AT & dT (Ti,k

Tik
3 MTR)| T =0.5(TH =T ¢ n T4 T
z ( I,k) ik+l ( ik ) (Sl+32)+ 200, T,? + (12)
k=1 hk hk k(Tir,]k) 2

0,5(T + T ) - Thee
(1-8)+(2-8,-S,) (T R ) T

hi,k
711 HeABHOTO 3Tana pacuera:
_r|1_ n+l 2
j‘k CPAT 3 dk(T ) (1 Sl) OLEH (Tn+l Tn+1) (Sl _Sz)TlnI:rJ}l Tir,]l:r—ll
o Atia dT A(T%) 2h,
Ti
3 7\‘ Tn+1 -I—n+1 Tn+l n
Z ( ik ) ik+l ~ (Sl+82)+ Zakni_ll (T,§‘+1—T”+l) (13)
k=1 hy hi k(Tiyk )

-I—n+1 -I—_n+1
(1—51)—(2—51—52)(h—|'k+1)-
ik

3meck S;,S, — K0 OHUIHEHTH MECTOMONOXKEHHUS Y3l1a CETKH, PaBHBIE

_ |1 — BO BHYTPCHHHUX y3/1aX CCTKH
5= {O — Ha BHEIIHeH rpaHuIle,
s - I — Ha rpanune

2" {0 — BO BHYTPEHHHUX y3J1axX CETKU

h, — mar.

Ipu pacuere mo ypasHernusm (12), (13) uckomas temmeparypa Tir,]k+ ! onpenensieTcs: Kak KOpeHb HENUHEHHO-
ro ypaBHeHus. Onpezneneane KopHeit ypasHernit (12), (13) mpousBoaum MeTomoM ckopeiiniero ciycka. [Ipuse-
JICHHBIM METOJ] pacueTa Mpoluecca OXJIaKICHUS OTIMYAETC OT U3BECTHBIX METO/I0B CIEYIOIUM BaKHBIM CBOI-
CTBOM: IOJIOKEHHE TPAHMLBI (a3oBOro nepexona, OnpeaensemMoe no ycnosuam T, =T, , HAXOAUTCS MO yKe

paccuynTaHHOMY TOJIO TEMIIepaTyp M MO3BOJsIeT BBIOpaTh BenmuuHbl H, L, B ms 3amanHOrO o0bemMa peakropa
(Tpebyemoii mpou3BomUTEIBHOCTH). Peanu3anus nporpamm pacuera s cucteM —KF-TiO,-K,CO3;, KCI-NaCl-
MsCly+Bo3ayx, KCI-NaCl-XTiCl,, TiClz — Bo3ayx mO3BONMIN MOCTPOUTH JUTS KAKIAOW CUCTEMBI JHATPAMMBI,
OTpaXkarolue 3aBUCUMOCTh 3P (HeKTHBHON 00BeMHOM TerioeMKocTH (Cp) U TETUIONPOBOAHOCTH (A) OT TeMriepa-
TYpBI Ipoliecca.

CrietyeT OTMETHTb, UTO PE3yJIBTAThI, IPUBEACHHBIC Ha quarpammax [17-20], He mpoTHBOpEYAaT SKCIIEPHUMEH-
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TaJbHBIM JAHHBIM, IpuBeAeHkl Takxke U [17-20]. Takue mapamerpsl, Kak Tm, Tr, Tw, Scus, Henp., Ppy MpaKTHUE-
CKM HE OTJIMYAIOTCS OT YCTaHOBJICHHBIX J3KCIEPHUMEHTAIbHO, a0COJIOTHBIC PACXOXKICHUs pacueTra ¢ 3KCHepH-
MeHTOM He npeBsimaoT 10 %.

Hawnbonee cyniecTBEHHBIM SBISIETCS TO, YTO €CIH CPABHUTh CKOPOCTH M3MEHEHUSI TEMIIEPATYPHI IO BBICOTE
CJI0S, TIOJY4aeMyIo B pe3yJbTaTe pacueTa 1o TEIUIOBOM MOJEIH, ¢ JaHHBIMH KMHETHYecKoi MozaenH (5) u 3Kc-
nepumerTa [17-20], To pe3ymbTaThl TakKe OYeHb OJM3KH MEXIy co0oi. B ToM uucne TemmoBas MoJens mpea-
CKa3bIBACT U LIEJIECOO0PA3HOCTh CTYNIEHYATOr0 OXJIAKACHHS B CIIydae, €CIIH HE MPEAYCMOTPEH CheM KPHCTAILIOB
C TIOBEPXHOCTH pacIuIaBa, a MPeayCMOTpEHa KPUCTAIUIN3AINS BCEH COJIEBOM MaTPHIIBI.

CpaBHuBas BenMuuHbl H ) 1 MMes B BUy MOCTaHOBKY 33aJaull O pa3pabOTKe YHUBEPCAIBLHOIO PEaKTopa s
MPOBEICHUST PacCMaTPUBAEMBIX IPOIIECCOB, OBLJIO MPHUHATO PELICHHE NPU CO3JaHUHM KOHCTPYKLHMH PEeakTopa
UCIIOIB30BaTh 3HAYCHUSA H(ymax) B Hymin-

Takum 00pa3oM, Ha OCHOBE NPEACTABICHHBIX BBIIIE MaTEMaTHYECKUX 3aBUCHMOCTel (2—13) MOKHO IIPOBO-
JIUTh aHAJIM3 OCHOBHBIX IPOLIECCOB, MPOTEKAONKX B riaBHOM 11 30He M MPOBOMUTE pacyeTsl, B Pe3ysIbTaTe KO-
TOPBIX JUIS 331aHHOH MPONU3BOAUTEIEHOCTH MOXKHO OIIPEAETHTh OCHOBHBIE pa3mepsl! 111 30HbI.

Hcxons M3 TEXHOIOTHYECKOTo mpotecca onpeneneHo [17-20], uTo i ocyIecTBICHUs IOTOYHOTO MPOLIEC-
ca, MOBBIIICHHUS Ka4eCcTBa KPUCTAIUIOB, YBEIMUCHNUS BHIX0/1a KOHANIIMOHHOTO MPOIYKTa ¥ YMEHBIICHHUS KOIHIe-
CTBa CTOYHBIX BOJ NPH BBIACICHUN KPHCTAJUIOB, HanOoJee Lelecoo0pa3sHoO MPOM3BOIUTH ChEM KPHCTAJUIOB C
MOBEPXHOCTH pacTBOp-paciuiaBa. CHATbIE KPHCTAJUIBI ¢ HEKOTOPOH [10JIeii COEeBON MaTpHIBl HOAAIOTCS B HYTU-
¢unbTp («KOp3MHOUHAS LEHTPU]YTa»), KOTOPHIH IOCIE ChbeMa KPUCTAIIIOB M COJICBOM MaTPHIBI TePMETU3UPY-
I0TCS M CHAITasl Macca Io/iBepraeTcs BakyyMHoO# o0paboTke. CHsiTasi Macca MMeeT, Kak IIpaBuio, TEMIIEpaTypy,
cootBercTByIoNyro 0,8-0,9 Temmeparyphl Ha MOBEPXHOCTH pacTBop-paciuiasa 111 30HsI, TO ecth ~ 750-800 °C.
Hasnenune B punbTpe moanepxkuBaercs Ha yposHe (0,001-0,08) MITa. IIpu BakyymHO#H 00pabOTKe ¢ MOBEPXHO-
CTH KPHUCTAJUIOB U BCEH MacChl MIPOMCXOJUT BO3TOHKA KOMIIOHEHTOB coJjieBoM MaTpuIisl. Kak ycraHoBieHo [17—
20], ckopocTh BO3TOHKH OMPEACISACTCS 3aBHCHMOCTHIO:

U=nD InE_—E" , (14)

H

rae D — xoadduuuent nuddysun xomnoHeHToB cosiei Matpuupl; P — pabGouee nasnenue B ¢uinbrpe; P, —
HapIyanbHOE AaBICHHE PACTBOPHUTENS HAJl KPUCTAIIOM; P, — JaBleHHe HACBHIEHHBIX TAPOB PACTBOPHUTENS IPU

TeMneparype auccouuanuy. Benmnuuna P, paccuutsiBaeTcs 1o dopmye:

2Mo

P =P,|1+———
I’RTZ[(X

; (15)

rae P, — AaBiieHMe NapoB PacTBOPHMTENS NPU Ty HaJl IUIOCKOH MOBEPXHOCTBHIO TOHKOIO CIIOSI PAaCTBOPHTEIIS

MOJICKYJIAPHBIM BECOM M ¥ IIOTHOCTRIO O ) PH — TOXEC Hal IUICHKOH 3TOr0 BCIICCTBa TOJIH.[I/IHOﬁ r; R - YHU-

BEpCaJIbHAs ra3oBasd MOCTOSIHHAA; 6— IIOBEPXHOCTHOC HATAXKCHUC.

IIpu umccnenosanusax [17-20] ycraHoBneHo, 9To I ~10™+107° cm, M~ 7-10°r , Tonctiii cioit 3-4 cm
_ 3
d=1448r/om°, Ogr00c

170 MuHYT NO3BOJISET YNAIUTD 10 92 %,,,. conelt MaTpuiipl. OcTaToK MOJIEKYI pacTBOpUTeNs 3()(EKTUBHO ya-
JSIeTCsI TI0CIie BAKYYMHOM TOHKH ITOTOKOM PEaKIMOHHOTO Ta3a, OObEeMHBIN Pacxo]l KOTOPOIO COOTBETCTBYET CO-
OTHOLICHUIO:

~85,7-10°H/m, D, = 0,536-10%cm? / c. O0paboTka moj BakyymoM B Teuenue 100—

Vp =V, -(3+5), (16)

rae Vi — o0beMHBIH pacxof rasza; V, — o0beM Macchl KpUCTAILIOB B GuibTpe; (3+5) — sMnmprdeckuit koad-

(uIHeHT.

JmurensHOCTh 00paboTKU MOTOKOM Tasa ~ 200 munyT. Ycranosieno [17-20], 9ro B pe3yibTate Takoi 006-
pabOTKH CHATHIX C HMOBEPXHOCTH PACIUIaBa HUTEBHUAHBIX KPUCTAIJIOB, MPOUCXOAUT «JICYCHHE» Ne(PEKTOB KpH-
CTaJJIOB KaK Ha MOBEPXHOCTH, Tak U B oObeme. [lokazaHo, 4TO MCUE3aI0T Ae(HEKThl JUCIOKAIMU U YITaKOBKH,
MCYE3aeT MICPOXOBATOCTh OBEPXHOCTH KPUCTAIIIIOB.

Bce BhIlie 0TMEUEHHOE MPUBOIMUT K TOMY, YTO PE3KO YMCHBIIACTCS CBOMIIAYMBAHUE KPUCTALIOB M MIPH KJIac-
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cuuUKaMy yBeIHMYMBACTCS BBIXOJ KOHAMIMOHHOTO TpoaykTa ~20 %. [locie «ieueHHs» neeKTOB KPUCTAILIBI
npuoOpeTatoT GoJiee BHICOKYIO MPOYHOCTh Ha Pa3phIB, KOTOpPAsi BO3PacTaeT MO CPABHEHHIO C W3BECTHBIMH TEX-
HOJIOTHSIMH TIPOM3BOACTBA B 1,5-2 pa3za. Tak, Hanpumep, mokazaso [17-20], 4To MpOYHOCTh HUTEBUAHBIX KPH-
cramto MgO 1/d=500, d=1+2 mkm BospacTaer oT 3Hadenns 45+50 kr/mm? (6e3 06padotkn) 10 100—130 kr/mMm?
(mocite 00paboOTKM). AHAJIOTHYHOE YBEIHYCHHUE MPOYHOCTH KPUCTAUIOB HAOIIOHATIOCH M UL APYTHX BEIIECTB.
OcobeHHO Takasi 00pab0TKa CHATHIX C MOBEPXHOCTH PacIlaBa HUTEBUAHBIX KPUCTAJUIOB BayKHA JUISA MOIYICHHS
KPHCTAIIIOB CBEPXIPOBOAHUKOB. [Ipy 3TOM B KadecTBE PEaKIMOHHOTO ra3a MCIONIb3YEeTCsl YUCTHIH Kucnopo. B
paborax [17-20] OpuTO MOKa3aHO, YTO MPU peaTU3aIlH IPOIecca BHIPAIIUBAHUS HUTEBUIHBIX KPHCTAJIIOB
Bi,Sr, CazCu;0s.y, ¢ HCIIONB30BaHHEM YETHIPEX TEMIICPATYPHBIX 30H, ObLIH NOIy4eHbl HUTEBUIHBIE KPHCTAILIbI
IUIACTUHYATOrO TUMa co cpexHuMu pazmepamu 1= 2000 mxm, h = 20 Mxm, d = 20 MKM, UMeOLIHE TTIAKYO TIO-
BEPXHOCTB, 63 ro(pupoBkr. [IPOYHOCTH KPUCTAILIOB HA Pa3phiB cocTaBisuia 90+105 Kr/MM2, CBEpXIPOBOIH-
MOCTh HaOJIOaeTcss TpH KpuTHueckod Temmeparype 98 K, mepexox ocymiecTBisuics B HHTEpBaje
AT =(2+4)K.

Peanm3zanns TEXHOJIOTMYECKOTO MpoIiecca BBHIPAIMBAHNS HUTEBHIHBIX KPHUCTAIIOB U3 PacTBOP-PacIljiaBa C
WCIIOJIb30BaHUEM YEThIpEX TeMIIepaTypHBIX 30H MOXKET OBITh pealin30BaHa B PEaKTOpe, MPHUHIUIUAIbHAS KOH-
CTPYKLIMsI KOTOPOTO TpHBEZeHa Ha pUCyHKe 5, 6, 7. [logpoOHOe ommcaHue TEXHOJIOTHYECKOTo Ipoliecca ¢ Uc-
MOJI30BAHUEM YETHIPEX 30H C/AENaHO BbINIE. 34€Ch OTMETHUM CIIEAYIOLIEe: ONBITHO-IIPOMBIIUICHHBIH PEaKTOp
umen B III 3ome Hy., = 120 cm, L = 95 cm, B = 75 cm, Fy(mmomans nonepeunoro ceuenus) = 7125 cM?, |-30Ha
Npe/ICTaBIsIa COO0H HMIMHAPUYECKYIO EMKOCTD B IONEPEYHOM ceueHnu 2850 cm? (D) = 62 cm), BBICOTA EMKO-
ctu H; = 180 cm, BeicoTa xopiryca III 30ub1 — 180 cM.

T\, oo

| |
| |
| |
| |
| |
| Hillca |
| |
| |
| |
| |
| |
| |

Pucynok 5 — YcTpoiicTBo [Uis BEIpaIlinBaHus HUTEBUAHBIX KPUCTAIUIOB M3 PacTBOP-pacIljiaBa
| — 30Ha Moy4eHns! HecTaOMIBHOTO pacTBOpPa KPHCTAIM3YyEMOT0 BEIIIECTBa B pacIijiaBe cojeBoi MaTpuisl; 11 — tpybompo-
BOJAHas 30Ha, coeaunstomas 301! | u I1I; 111 — pocToBas 30Ha; IV — 30Ha BbIIeNeHNS KPUCTAIJIOB M OTJEJICHUE COJIEBOU
MAaTpHIIBI ¥ «JIedeHHe 1e(EeKTOBY; 5 — CeKIMOHHbIE IEKTPOHArPeBaTe M, 00eCIeYNBaIOIIHE PETrYINpyeMoe U3MEHEHHE TEM-
TepaTyphl O CEeKIUAM; 6 — TEIUION30IAINS; / — INIATHHOBBIE CUTYATHIE TIEPErOPOAKH, ¢ TIeiiKoi 2 — 3 MM; 8 — HaKJIOHHBIE
niep(GopHupOBaHHbIE IEPETOPOJIKH, YCTAHOBICHHBIE K TOPU30HTY TToA yriiom 30°%; 9 — BUOpomo3upyroLIee YCTPOHCTBO KOMIIO-
HEHTOB IIMXTHI (TPaHyJ) B PEaKkTOp, 3alOJIHEHHBIN paciuiaBOM CoJeBOi Marpuibr; 10 — no3upyromuii 3atBop; 11 — mrynep
JUISL BBOJIA PacIliaBa COJIEBOIM MaTpPHIIHI IIPH 3aIlyCKe pacTBOpa; 12 — mTynepa BBOJa M BEIBOJIA PEAaKIIMOHHBIX TA30B;

13 — cuTuaThle MIATHHOBBIC KpaHbl B 30He pocTa I11; 14 — TpybonpoBo/ mogaun peakiMOHHOro rasa; 15 — ycTpoicTBO s
CheMa HUTEBUIHBIX KPUCTAIIOB; 16 — mubep A1t mpueMa KpUCTaIoB B 30HY IV u ee repmernzanuu; 17 — KOp3NHOUHBIH
¢bunbTp; 18 — mTynep i mojauyM peakMOHHOTO ra3a ¥ Co3AaHus Bakyyma; 19 — mTynep uis 0TBoJa peakMOHHOTO Ta3a;
20 — wTynep A OTBOAA IUIaBa COJNEBOM MAaTPHUIIBI B eMKOCTH JUTs cOopa

Kopmyca I, II, III 30HbI B 006J1aCTH KOHTaKTa ¢ PAaCTBOP-PACIIIIABOM BBIITOJIHEHBI 3 BHICOKOOTHEYIIOPHOTO KO-
pyHIa B BUze Tydeneid, KOTOpbIe yCTaHABINBAIOTCS B CBAPHON KapKac, COCTOSIINM N3 BHYTPEHHETO U Hapy>KHO-
ro kapkaca. @yTepoBka (TEIUIOM30JISILMS) KOPIyca BBIIIOJIHEHA B J[Ba CJIOS: BHYTPEHHUH JIETKOBEC BBHICOKOTJIH-
HO3EMUCTBIHN, HAPY>KHBINA — yIBTPAIErKOBEC.

HarpeBatenu — cUIMTOBBIE CTEPIKHU, PACIOIOKEHHBIE TOPU30HTAIBHBIMU PAJAMU MO JUIMHE KOPIIYCOB pe-
aKTopa. B KakJoM KopIyce peakropa B IIEPBOM CJIO€ M30JSIIMH PACIONOXKEHBl HarpeBaTeiH, pa3ouTbie Ha 3
30HBI ¥ B K&JKAOH 30HE COEIMHEHBI ITapalIeIbHO. 30HA OT 30HBI OTJEIICHA EPETOPOAKAMH U3 IIAMOTa BBICOKO-

IHmeepoeaHi mexHornoail ma eHepeo3bepexeHHs 12015 55



IHTErPOBAHI TEXHOJ1Or I MTPOMUCIJIOBOCTI

TIIMHO3eMucToro. TeMreparypa Kakaoil 30HbI HarpeBaTeaeld KOHTPOJIUPYEeTCs OTJAEeIbHOH TepMomapoil. Bokpyr
Hapy»XHOTO KapKaca KOPITyCOB pacIoiokKeH (HalbII-KOKYX.

Pucynok 6 — YeTpoHCTBO 1 cCheMa HUTEBHUAHBI KPUCTALIOB

1 — kopmyc peakropa 111 30HBI; 2 — MOCTOBAs TENEXKa; 3 — PeIbChl; 4 — MITHHAPHIECKINA KOPITYC ITHEKAa3aKPBITHIHA MO TOP-
11aM; 5 — MHOT03aXxO0/IHbIH IITHEK, TPUBOANMBINA BO BpalleHHe MOTOP-PEAYKTOPOoM M; 6 — 0TOOpTOBaHHBIH 00edaiiku Kopiyca
LIHEKa 10 TOYKH T, BBITOJHEHHBIN U3 KPYIHOSYEUCTON TONCTON IJIATHHOBOM CETKY; 7 — Ball IIHEKa; 8 — yeplakoBas yJIUTKa

,_‘“_'_ e v e S8

4t

Pucynok 7 — OcHoBHble ceuenust 30H 11 u 11l peaktopa

Uactu xopnycoB 301 | u III, He conpukacaromuecs: ¢ paciiaBoM, BBIIIOJHEHBI U3 XKapOIPOYHON JIETUPOBaH-
HOW CTany, U3 3TOW CTaJld M3TOTOBJICHO TAaK)KE YCTPOHCTBO IJISI ChbeMa KPHCTAIIOB C MOBEPXHOCTH PacIUIaBa.
KonTpons Temneparyp HEMOCpeICTBEHHO B paciiiaBe 1o 30HaMm kopirycos I, IT u III ocymiecTBisiercst miaTuHO-
POIMEBBIMH TEPMOTIAPAMHU, KOTOPBIE CTAI[IOHAPHO YCTAHOBJICHBI 110 BBHICOTE WM JUIMHE YKa3aHHBIX 30H, a TAKXKe
no mupuHe 30HsbI [11. PerynupoBka TeMneparyp HarpeBareeil OCyNIeCTBISIETCS CHIIOBBIMU OJIOKaMU PEryJisiTo-
poB PHTO-190-b3 u neynsimMu Tpancdopmaropamu.

Ha pucynke 6 npeactaBieHO yCcTpOICTBO Ui cheMa HUTEBUAHBIX KpUCTAUIOB. I1o KpasMm MpsSMOYyTroIBHOTO
Metaundeckoro kopmyca 30Hsb! 111 (1) npukperiens! penbes (3), Ha KOTOPBIX YCTAaHOBJIEHA MOCTOBAsI TEJIEXKKa
(2). K tenexke mojpenieH MexaHn3M cOopa M BBIIPY3KH HAKOIICHHBIX HUTEBUIHBIX KPUCTALIOB. MeXaHU3M
NPE/ICTaBIsIET OO0 MOMYLMIMHAPHYECKUI Kopiyc (4), 3aKphITHIN 110 TOpLAM, BHYTPH KOTOPOTO PacrojioXeH
MHOT03aXOHBIN IIHEK (5), MPUBOJMMBIN BO BpalieHne Motop-peaykropom (M). [Ipu nBrmkeHHn TeIexKH crpa-
Ba HaJIeBO OTOOPTOBAaHHBIN Kpail oOeuaiiku kopryca (6) (BBIOJIHEHHBIH U3 KPYITHOSTYEHCTOH TOJICTOH IUIATHHO-
BOW CETKH) 3aXBaThIBACT NMPOAYKT C MOBEPXHOCTH paciljlaBa M IMOJAAIOT K mHeKy. [lIHek TpaHcropTHpyeT MaTe-
puan x gepnakoBoii yiutke (8). Ilpu xaxmom obopoTe Bana (7) yiIuTKa HOJAaeT MOPIMIO CHATOW Maccel B IV
30HY, MPOXOASITYI0 BIoJb kopryca III 30HbI. Bo Bpems ABHKEHUS TENEKKH B OOPAaTHOM HaNpaBlIEHUH ITHEK
BBIKIJTIOYAeTCsl. MeXaHn3M MPHUBO/IA O3BOJIIET PErYIMPOBATH CKOPOCTH X0a TEJIEKKHU, YACTOTY BpAIEHUS IITHE-
Ka ¥ IIyOWHY HOTPY>KEHHS B PaCTBOP-PaCILIaB.

OKcITyaTanusl BBIICONTMCAHHOTO YCTPOICTBAa HA OJHOM M3 XMMHUYECKHX KOMOMHATOB YKpaWHBI IOKa3aia
[17-20], uro mpu mepexpucrammusarmu B cucremax KCI1-NaCl-K;TigOy3, KCI-NaCl-KTiOPO, Bbxox HUTEBH/I-
HBIX KpuctaimioB ¢ 1/d>500 (d=1mkm) cocraBun 6omnee 69 %, pu OOLIEM BBIXOJIE HUTEBUAHBIX KPHCTAIUIOB
90+91 %. Inst KTiOPO, 3tu nanubie coorBeTcTBeHHO ObLTH 38 % 1 90 %, uro B 1,5+1,8 pasa Bbllie, 4eM B W3-
BECTHBIX nporotunax. Ilpuuem mpu sKCILIyatanuu ycTpoWCTBa Oblla JOCTHI'HYTa HNPOU3BOAUTEIBHOCTH 60—
80 r/,uMapacn/qac, 4yTO0 B 3—4 pasa BhIIIE, YeM B MPOTOTHIAX. DKCIUTyaTanus ycrpoiicta [17-20] npu ucnonb3o-
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Bauuu cucrem KCI-NaCl-XTiCl,, TiCl;, KCI-NaCl-MgClj,H,O mo3Bonuna g1ocTH4dh OpOU3BOIUTENEHOCTH JI0
12-20 r/;[Mspacn/qac, TO €CTbh B 2—3 pa3a BbIIIIE, YeM B U3BECTHBIX MPOTOTHIIAX.

IIpu sToM, Kak mokaszaso B [17—20], pacxoq BOIB Ha OTMBIBKY HUTEBUAHBIX KPHCTAIIOB OT COJICBOM MaTpH-
I[bI PAKTUYECKH UCKITIOYALTCS, a IOTepsi KOMIIOHEHTOB pacTBOpUTEs cHrxkaeTes B 10 pas.

BeiBoabl. B manHO# myOnmKauy IpeacTaBiIeH HOBBIH TEXHOIOTHUECKUI MPOIecC MOMYUYeHNST HUTSBHUIHBIX
KPHCTAJUIOB TYTOIUIaBKUX HEOPTAHWYECKUX COCAMHEHHMH IMyTeM KPHUCTAJUIM3ALNN U3 PAacTBOP-PACIUIaBOB TaJIOH-
JIOB IIEJIOYHBIX METAJUIOB, a TAK)KE KOHCTPYKIHNS PEAKTOPHOW YCTAaHOBKH IS peai3aliy mporecca. TexHomo-
TUYECKHH TMpoliecc MpeayCcMaTpUBaeT HAIMUUE YEThIPEX MOCIIEI0BATEILHO COCIMHEHHBIX TEMIIEPATYPHBIX 30H,
B KOTOPBIX MOJAJIEP>KUBAETCS 3aIaHHBINA TeMIIepaTypHbIN TpagueHT. i 30H, B KOTOPBIX MPOUCXOIUT HEMOCPEI-
CTBEHHO POCT KPUCTAJIOB M UX BbIAEICHHUE, MPEACTABICHB MaTEMaTHUECKHE MOJIENIN MPOLIECCOB, MPECTaBICHA
KOHCTPYKLIMS peakTopa Ui peanu3anuu npoiecca. [lokazaHo, 4To MPeAsioKEHHBIN TEXHOIOTHYECKUNA Tpoliecc
U ero KOHCTPYKTHBHOEC O(OPMIICHHE MO3BOJIIET OOCCICYUTh HEIPEPHIBHYIO MOJIA4y U BBITPY3KY PEarcHTOB, a
TaKXKe YBEJINYUTH MPOU3BOJAUTEILHOCTE 110 CPABHEHHUIO C H3BECTHBIMU MPOTOTHIIAMH B 3—4 pasa.
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YK 548.5
Manopes B.I1., lllecronanos O.B., [Tutak 1.B.

IOA0 NUTAHHA ITPO OPTAHI3AIIIO IOTOKOBOI'O BUPOBHUIITBA HUTKOIIOAIBHUX
KPUCTAJIIB TYTOILIABKUX HEOPTAHIYHUX CIIOJIYK METOJIOM KPUCTAJII3AIIII 3
PO3YUH-PO3ILJIABIB HA OCHOBI I'AJIOIIIB JIYKHUX METAJIIB

Y crarTi npencTaBieHUA HOBUH TEXHOIOTIYHUNA MPOIIEC OTPUMAHHI HUTKOMOAIOHUX KPUCTAJIIB TYTOTUIaBKIX
HEOPraHIYHUX CIOJYK IUIIXOM KpHCTami3amii 3 pO3YMH-PO3IUIAaBiB TAJIOIiB JIYKHUX METAJIB, a TAKOXK KOHCTPY-
KIIisl pEaKTOPHOI YCTaHOBKH JJIs pearizalii mporecy. TexHomoriuHni nporec nepeadadae HassBHICTh YOTUPHOX
MOCTTITOBHO 3'€THAHUX TEMIEPATYPHUX 30H, B AKHX MIATPUMYETHCS 3aJaHUH TeMIepaTypHHAN TPalieHT.

Shaporev V.P., Shestopalov A.V., Pitak 1.V.

THE ORGANIZATION OF ASSEMBLY-LINE PRODUCTION OF WHISKERS REFRACTORY
INORGANIC COMPOUNDS BY CRYSTALLIZATION FROM SOLUTION-MELTS BASED ON
ALKALI METAL HALIDES.

This paper presents a new process for producing whiskers refractory inorganic compounds by crystallization

from a molten solution of alkali metal halides, as well as the design of the reactor facility to the process. The
technological process provides for four series-connected temperature zones that support a given temperature
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gradient.
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VK 622.691.4
®ux .M., Xakap Maxmoon b.M., Tonopos B.T'.

CUCTEMHUM AHAJI3 TUHAMIKH Ob’€MIB BUJOBYTKY I'A3Y 3 POJOBUII HA
3ABEPIIAJIBHIN CTAAII IX PO3POBKH

Ha mouatok 21 cropiuus YkpaiHa onmmHMIAacS B €HEPreTHUHIM 3aJI€KHOCTI SK BiJ BHYTPINIHIX YNHHHKIB,
OCKIJIBKHM OCTaHHIM 4acoM B €Hepro3oepiratodi TeXHOJIOTIT rpollli He BKJIAJIAINCh, TaK 1 BiJl 30BHILIHIX YMHHUKIB,
OCKIUJIBKM BIJICYTHICTh AMBEpCU(IKOBAaHMX LUISXiB INOCTa4aHHS ra3y B KpaiHy Jaja MOJMJIMBICTH KpaiHi-
MOHOIIOJICTY JUKTYBATH 3arpo3JIMBY LIHOBY MOJITHKY. 3BICHO, IO JJIsl KpaiHU, B €HEPreTUYHOMY OajlaHci Kol
YacTKa EHeprii, Ky OTPUMYIOTh 32 paXyHOK BHKOPHMCTaHHS IPUPOAHOTO rasy, nepesuinye 50 %, Taka 3anex-
HICTB CITPUSIE PO3BUTKY KPU30BUX CHTYAIlIi B €EKOHOMILII.

Sk muIAX BUpIMICHHS, MH MOTIH O 30UTBIIMTH BUKOPHUCTAHHS BYTLLIS, ajie 1e OO0JIICHO BAAPHUTH IO EKOJOTIT
PETiOHIB i BUKIIIYE 00ypeHHI €Bponeichkoi ekooriyHoi komicii. Came ToMy, pa3oM i3 HOCTYIIOBUM BBEICHHIM
€Hepro30epiraloynx TEXHOJOTIH B JKUTTEBUH UK SK MOOYTOBUX, TaK i IMPOMHUCIOBUX CIIOKHBAdiB, NepiKaBa
CTaBUTh KOHKPETHY 3a/auy 301IbIICHHS BUAOOYBHUX MOXIMBOCTEH KOMIIaHIH-po3poOHuKiB. Hacammepen me:

— po3pobka menbdy B akBaTopii YopHOTO i A30BCEKOTO MODIB;

— po3BinKa i po3poOKa CIaHIIEBUX POAOBUII KpaiHu;

— IOIIYK 1 po3po0Ka HOBUX ra30BUX 1 ra30KOHJCHCATHUX POJIOBUII B JE€PIKaBi;

— BHXI1Jl HA MDKHapOJHHH PUHOK YKPaiHCbKHX KOMITaHil-pO3pOOHHUKIB.

Pa3om i3 TuM, ockinbku YKpaiHa, B HepIly 4Yepry, € TPaH3UTHOIO JIepKaBolo, Mepejl KOMIaHI€, 0 TpaHCc-
MOPTY€ EKCIIOPTHHIA Ta3, CTaBISATHCS HAralbHI 3a1aui:

— CKOPOTHTH po30ajiaHc rasy Iij 4ac TPaHCIIOPTYBAHHS a3y ra30TpaHCHOPTHOIO CHCTEMOIO YKpaiHH 3a paxy-
HOK 3MEHIIIEHHSI BUTOKIB ra3y 4epe3 HerepMeTH4HICTh 00J1aTHaHHS;

— MOJIEPHI3yBaTH ICHYIOUY Ta30TPAHCIIOPTHY CHUCTEMY Y KpaiHH;

— nuBepcu(iKyBaTH IUIIXU HOCTYIJICHHS ra3y A0 KpaiHM IIIIXOM CIIOPYKESHHS TepMiHAJIBHUX CTAHIIHN I
NpUIMaHHS 3piPKEHOTO Tazy;

— 3a0e3MeYnTH sAKicHe (PYHKITIOHYBaHHS ITiJ3EMHUX CXOBHII] Ta3y;

— MIJBUILIUTH SIKICTh IPHUPOJHOTO Ta3y BIACHOTO BUIOOYTKY, IO MOAETHCS HA EKCIIOPT.

Jlo peaizariii BCix mepeniueHnx 3axX0diB JOIy4eHO (paxiBIliB MpoiIbHAX HAYKOBHUX IHCTUTYIIIH, 30KpeMa YKpai-
HCHKHMH HayKOBO-IOCHIIHMH IHCTUTYT NMPUPOJIHMX Ta3iB, IHCTUTYT TPAHCIOPTY ra3y, Hadru, mociiaHi naboparopii
TOII0. AJie BIPOBA/HKEHHS 3aXO0/IiB, 10 MAIOTh 32 METY 3MCHIIIMTU CHEPTeTUYHY 3aJICXKHICTh HAIIIOI JACPKABH, TIOTPe-
Oye, mo-mepiie, yacy, no-apyre, 3HaYHKUX iHBecTHIlH. Hi TOro, Hi iHIIOTO B TOCTATHIHN KIIBKOCTI HEMAE, i caMe TOMY
3[IHCHEHHS TAKMX MIPOEKTIB € JIOBIFOTPHBAJIMM, X04a Y MaOyTHROMY, OJJHO3HAYHO, €(DEKTUBHIM.

BiracHe, kepyrouuch BullleckazaHuM, MmpoBinHi ¢axiBui YkpH/lIrasy pexomenayBanu ¢axiBisiM ra3oBui0-
OyBHMX MIANPUEMCTB 3BEPHYTH yBary Ha BUKOPHCTAHHS NMOTEHIIAIILHOT €Heprii IuracTa Aifounx poJoBHI] YKpa-
HH, ajKe BIIPOBAPKCHHS CYYaCHHX IHHOBAaIWHMX TEXHOJOTIH JUIA iX MOAAJBIIO] pO3POOKH € 3HAYHO JICIIEeB-
MM, HDXK pealti3allis JOBrOTPUBAINX MPOCKTIB, a JOAATKOBHUI MPUPICT y BUNOOYTKY BYTJIEBOIHIB IOCSTAETHCS B
HAWOIIKYi POKH, 1 HABITH MICSII.

Mu 1poroHyeMO BaM O3HAHOMHUTHCH i3 pe3ysIbTaTH HAIIMX po3po0OK, BHKIIAAEHUX B mpamsx [1-6], Ha nmpukiazi
HalOUIBII MOTY)KHOTO pojioBUIa YKpaiHu — 1leOenMHCEKOro ra30KOHIEHCATHOTO POJIOBHINA, POSIIITHYBIIH CIIOYaTKY
(hi3uKy TIacTa poIOBHINA 1 YB S3aBIIH B MOJAIBIIOMY PEXIM HOTO PO3pOOKH 3 MOJIEpHI3AIliEr0 00 HAHHS Ha3eMHOL
YaCTHHHU POJOBHIIIA.

[e6emacrke I'KP 6yr0 Bigkputo y 1950 p. i BBEIEHO B IPOMHUCIIOBY po3poOKy y 1956 p. 3 momadero ra3y Ha Haii-
OuTBIIINI pOMHUCTIOBHI peTioH CxiaHol Ykpainu — M. Xapkis (puc. 1).

PonoBuiiie mpruypodeHo 10 KPYyITHOT OpaxiaHTHKITIHATIGHOT CKIIaKK 3aBBHIIKH 1,16 KM, € MAaCHBHO-TIIACTOBUM TTOK-
JIa70M i3 YHMCETFHUMH TEKTOHIYHHUMH TOPYIICHHSIMH, €MHAM MOYaTKOBHM Ta30BOSTHIM KOHTAKTOM Ha aOCOJFOTHIM
no3Hauri -2270 M, i3 IUIOIIEI0 T'a30HOCHOCTI 232 KMZ, [MOYATKOBMMH 1 MOTOYHHMMH IDIACTOBUMHU THCKamu 23,8 i
2,36 MI1a BiamoBigHo.

XapakTepHOIO IreoJI0ro-npoMucioBoro ocobnusictio Hlebenmacskoro 'KP € mmpokuii nianazon 3MiH Koie-
KTOPCHKUX BJIACTUBOCTEH ra30HACHUEHMX MOPiJ MO IUiomi nepepisy (nponukHicts Big 0,1 mo 100 M), mo 3y-
MOBWJIO HEpPIBHOMIPHICTh BiINpAIfOBaHHS IMOKJIALy SIK 32 IIACTOBUM THCKOM, Tak i 3a 1e0iTOM CBEpAJIOBHH B
mpocTopi 1 gaci.

BpaxoByroun BHCOTY MOKJIAIY, JTITOJIOTIHHO-CTpaTUTpadidHy pO3wWICHOBAHICTh, 3HAYHE ITEPEBUIIICHHS TI0Ya-
TKOBOTO TUTACTOBOTO THUCKY HaJ TiapocTaTHYHUM (y TOKpIiBII Mokiany), Bumgiiero I excruryaTariitHi 00’ ekTr
HAT (P;"), CMII (P1), ACK (C5?).
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Pucynok 1 — Po3mimenns Ile6ennncekoro I'KP Ha ¢iznuniit Mani Ykpainu

[Ticns 3aKkiHYCHHS CKCILTyaTaI[lifHOTO po30yproBaHHs pojoBuiia (80-Ti pOKH MUHYJIOIO CTOPiYYs) 3 METOIO
MiATpAIMaHHA BHAOOYTKY Tra3y B 0araThOX CBEpAJIOBHHAX 3MIMCHIIIN JOCTPLIN BHIIE3AIATAIOYNX TOPHU30HTIB i
MPOJOBXKHIN EKCIUTYaTaIlilo BXKE JBOX-TPHOX 00’€KTIB. 3a CBOEIO CYTTIO, ChOTO/IHI IIEHTpabHy dacTuHy llleOe-
JIMHCHKOTO POAOBHIIA CJIT PO3TIIAATH SIK €AMHUN eKCIUTyaTalliiHINA 00 €KT.

[MMomo mouarkoBux 3amacis ra3y llle6enmuacpkoro I'KP, To ciin 3ayBaxwuru, o iX BeTHYWHA MOCTIHHO 301-
nplryBajacs, Tak B 1959 3atsepmxeno 3anacu 400 mupz. M>, B 1963 — 466 MJIpI. M°, a BiKe B MaTtepiamax 1987 p.
¢irypyBana BCTaHOBJICHA BEJINYMHA IOYATKOBUX 3aIacCiB Y KOHANIIMHUX 1 HEKOHAMIIITHUX KOJIEKTOpax B MEXax
705,1-744 mapg. M>, siKa GIM3bKA 10 CHOTONHILIHBOT, miATBEpIKeHA po3poOKkoro i mpuitHara YkpH/[Irazom
(715,45 Mupa. M%) U1 IPOTHO3Y MOKA3HUKIB I0AANBIIOT PO3POOKH POLOBHUILA.

[t BU3HA4YEHHSI TIEPCHEKTHB MOJaIbIIOr0 BUIOOYTKY ra3y 3 POAOBHINA, OLIHKH HaIiHHOCTI 3aJIMIIKOBUX
3amaciB, iX KOHIEHTpauii B TOK/Ia/iaX 1 MPOrHO3Y MOKa3HUKIB PO3POOKH HEOOXITHO PO3IIISIHYTH JAESKi IPOLECH,
NOB’si3aHi 3 (DI3UKOIO IUIacTa ra30KOHAEHCATHOTO MOKJIAAy B YMOBax IMaJiHHA IUIACTOBOTO THCKY, JIO SIKMX BiJ-
HeceMo:

— 00BOTHEHHSI TA30HOCHUX KOJIEKTOPIB INTACTOBHMH BOJaMU (30BHIITHINA Ta BHYTPIIIHIN BOJOHAIIPHI PEXKH-
MH);

— BIUIMB TIaJIiHHS TUIACTOBOTO THCKY Ha (Di3MYHI BIACTUBOCTI ITOPIJ 1 IITACTOBHX (IIFOIMIB;

— BIUIMB MIOYATKOBUX TPAJIE€HTIB IUIACTOBOTO THCKY Ha BEJIMYHMHY 3alaciB i mpolec po3poOKu pooBHUINA.

KonTtpomns 3a 00BogHeHHIM npoxykTuBHUX ropu3oHTiB lllebenmuucekoro ['KP 3aificHioroTh 13 1971 p., pery-
JSIPHO 33 JaHUMHU MPOMHUCIIOBHUX Te0(i3HIHMX JOCIIKEHb, IPOMHUCIOBUMHU JIAHUMH Ta JAHUMH MOJIEIIOBAHHS
3aJIMIIKOBOI ra30HACHYEHOCTI B 30HaX 00BOJHEHHS IacTiB. Ha pucyHKy 2 moka3zaHo po3MillleHHS] 0OBOJAHEHHX
30H [le6ennHChKOTO POOBHIIA.

Slkmio cymapHuii 006’eM 00BoHEHHX TOpH30HTIB y 1989 p. cranoBus 40,6 MiH m® Bozm, TO BKe 3a moman 20
pokiB — 80 MiTH M [1], To6To y moknmamu yei#nuto Bchoro 40 MitH m® 11ig yac moHMKeHHs pobodoro Tucky Big 12
1o 2,5 MIla.

Amnani3 o6BoHeHH LllebenmHCEKOro po1oBHINA 1TOKa3aB, 1I10:

— 3araJIbHOTO IAHATTS Ta30BOSIHOIO KOHTAKTy Ha POJIOBHIII HE CIIOCTEPIraeThesl, 0OBOAHEHHS TUIACTOBUMH
BOJIaMU HOCUTH BUOIPKOBUIT Xapakrep;

— NIPY>KHOBOJIOHAMTIPHUH PEKUM IPOSIBISETHCS B OKPEMHX TOPH30HTAaX i3 XOPOLIMMH KOJIEKTOPHUMHM Bjac-
THUBOCTSIMH Ta 00MEKEHNMH BOJIOHAIIIPHUMH CHCTEMaMH.

PrcyHok 2 — Cxema 00BOIHEHHS IIPOYKTUBHUX ropr3oHTiB IllebemHcpkoro poosua
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[Ipu upoMy moxmOKa mipaxyHKy 3araciB 3a MaJiHHIM IJIACTOBOTO THUCKY 32 PaXyHOK 30BHIIIHBOTO BTOPT-
HEHHs IU1acToBUX BoA He nepesuinye 0,5 %, a 00’eM rasy, 3aiiemMieHoro B 00BOJHEHNX 30Hax ckiaaae 10 2 %
BiJI TOYAaTKOBHX 3aI1acib.

HacTymHuM 9uHHHMKOM, IO BIUTMBAE Ha pOo3poOKYy POJOBHINA, € 00’€éMHA MPY)KHICTh 3aIMITKOBOI BOAH i IT0O-
pomu-konekropa. Tak, 3a ominkoro [1], mix yac maginas miactoBoro THCKy Ha 20 MIla 06’eM 3aMImIKOBOi BOIHN
36inpmmBes Ha 11 mote M2, JIo TOTO K, OCKITBKM TepUTOPis MoBepXHi mo miomi IIeGeqHHCHKOro poIoBHIIa
npocina B cepenaboMy Ha 0,5 M, TO HIJIKOM 3p0O3yMiJIO, IO [Iel MpOoIIeC ITOB’ S3aHO 13 PO3POOKOI0 Ta30BUX ITOK-
JaniB i MOHWKEHHSM IUIACTOBOTO THCKY. SIKIIO IUTOIA pOIOBHUINA CTAHOBHUTH 232x10° M2, TO 00’€M TIOp Ta30HA-
CHUEHHX KOJIEKTOpiB 3MeHmmBest Ha 116x10° M® 3a paxyHOK mpysKHOrO 3MEHIICHHS TIOPOBOTO IPOCTOPY KOMEK-
TOPIB, 110 cKknaaae 4 % Bi TOYATKOBOI'O ra30HACHYEHOT0 00’ €My KOJIEKTOpa (2,904)(109 Ms).

VY minomy i3 BpaxyBaHHSM OOBOJHEHHS, BHYTPIIIHBOTO MPY>KHOBOJJOHAIIPHOTO PEXHUMY, 00’ €MHOT NIPYKHO-
CTi 3aIMIIKOBOT BOJM Ta FiPCHKHX MOPiJ Fra30HACHUCHHIT TOPOBHI 06’ €M KOJNEKTOPIB 3MEHIIHBCS Ha 207 MIH M.
TakuMm YMHOM, BUXOJISTYH 3 TOTO, 1[0 MIOYATKOBHI 00’€M MOp ra30HACHUYCHHUX KOJICKTOPIB CKIIajae 2,904){109 Ms,
CyMapHe 3MEHIIEHHS Ta30HaCHYCHOTO ITOPOBOTO 00 €My KOJICKTOPIB Ta HEKOJEKTOPIB BiJ IOYaTKOBOTO CTAaHO-
BUTH 7,1 %, 110 CyTTE€BOTO BILIMBY Ha PO3POOKY POJOBHIIA HE MaE.

Ha pucynky 3 HaBeneHo rpadik 3a1eXHOCTI CEpeIHbOTO PUBEACHOTO IIACTOBOTO THUCKY BiJ 00’€My BHUAO-
Oytoro raszy. BizyampHa ekcrparmoisiis KpuBoi BUnoOyTKky P/Z (Q) Bkasye Ha MOXIUBICTh HAasBHOCTI 3amaciB
ra3y B 00’emax 712-760 mupz. M,
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Pucynok 3 — I'padik 3aeHOCTI IPUBEIEHOTO TIACTOBOTO THCKY BiZl 00’€My BHIOOYTOro rasy

O06csrr (hakTHYHOTO BUIOOYTKY a3y 3a OCTaHHI POKH €KCIUTyaTallii POIOBHINA IePEeBUIIYBAJH IPOCKTHI, a
JIO/IATKOBHIT BII0GYTOK rasy 3a mepiox 2003-2009 cranosus 5,7 mup. m°. Ha pucyHKyY 4 IpeicTaBieHo AHHAMIKY
piYHMX BigOOPiB ra3y Ta IJIaCTOBOTO THCKY 3a mepio 1980—2009 pp., Ha siKili ICKpaBO MPOCTEXYIOThCS 3 XapakTe-
PHI TIepion po3pOOKH POTOBHIIA:

—1980-1991 pp. — nepiox akTHBHOT PO3POOKH 3 PI3KUM MATIHHIM, SIK IJIACTOBOTO THCKY, TaK i 0OCSTiB BH-
OOYTKY rasy;

—1992-2003 pp. — nepio1 BMEHIIICHHS TEMITY [a/liHHS BUIOOYTKY ra3y i IJIacTOBOTO THCKY;

—2003-2009 pp. — nepion migBUIIEHHS BHIOOYTKY ra3y i Woro craOimizamii miJ yac HE3HAYHOTO MaiHHS
TUIACTOBOTO THCKY.

Amnani3 npoueciB BUI00YBaHHS a3y i IMIACTOBUX THCKIB ITOKa3ye, MO HAHOLIbII e(heKTUBHUM 3 TOUYKH 30PY
BUKOPHCTAHHSI IUTACTOBOI €Heprii OyB Ipyruii «cTabuizaliifHui» mepio] Koy cepeaHiii 06’eM BUI00YTOTO Tazy
Ha | atmMocdepy HaiHHS IUIACTOBOTO THCKY CTAHOBHUB OJM3bKO 12 Mupa. M, aB niepioz 3 1999 mo 2001 p. po-
JIOBHIIE B3araii BUAIUIO HA CTaGinbHUIT BUAOOYTOK rasy B 06’eMi GIH3BKO 2 MIPA. MY/PiK i3 MpaKTHYHO cTabi-
JLHUM TIACTOBUM THCKOM Ha piBHi 3,3 MIla.

ITicns 3HMKEHHEST podoumx TUCKIB 13 1,75 1o 1,3 MIla mnactoBuii Tick 10 2009 p. 3am3uBcs Ha 0,5 MI1a, pu 9o-
My cepe/Hiit 06’eM BII0oOYTOro rasy Ha | armMocgepy MajiHHs IUIACTOBOTO THCKY CTAHOBHB ONM3BKO 3 MIPH. M°.
O4eBHIHO, 110 TIepio] AKTUBHOT pO3pOOKH POIOBHIIA HA BUCHAXKEHHSI 10 1992 p. CTBOPUB IepeyMOBH JIJIsl aKTHBI-
3aIlii TOYaTKOBUX TPAMIIiEHTIB TUIACTOBOTO THUCKY Ta 3aJTydeHHS B pO3pOOKY HU3BKOIIPOHUKHUX (TaK 3BAHUX HEKOHJIH-
IIMHIX) KOJICKTOPIB, 10 3a0€3MeYmIO0 SIK 3pOCTaHHS MOYATKOBHX 3aIlaciB ra3y, TaK i CTaOLIi3allio BUIOOYTKY BIPO-
JIOB)K HACTYITHUX POKIB.
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Pucynok 4 — Jluramika piuHHX BIIOOpIB rasy Ta INIaCTOBOTO THCKY B mepion 1980-2009 pp.

Takum 4nHOM, i3 aHaMi3y po3poOKH, (Hi3MKHU IUIACTa, KIACHYHOIO MiIPaXxyHKy 3amaciB 3a MaJiHHSAM IUIacTo-
BOT'O THCKY Ta MaTEMaTH4YHOT'O MOJEIIOBAHHS IEPCIIEKTHB PO3POOKHU, aBTOpU pOOIISTh BUCHOBOK, 110 1lleGennn-
CbKE POJIOBHIIE BCTYIHIO B 3aBEepIIANbHY CTaJil0 PO3POOKH, IO XapaKTEPU3yBATHMETHCS JOBrOCTPOKOBOIO
cTabinizaii€ero BUAOOYTKY rasy.

Aute s craOimizanii BUIoOyTKyY Ta3y B HAHOIDKYI pOKH, CITijl 3a0€3MeYUTH YMOBH ITOCTYIIOBOTO 3HIKECHHS TITa-
CTOBOrO THCKY Imopidao B Mexax 0,05-0,1 MIla. 3Bincu BUIUIMBAE JIOTIYHE 3aBAAHHS TIOIIYKY PE3CpPBY 3HIKCHHS
poO0YOro THCKY CBEpAJIOBHH pozoBuina. YnM Oiiblne Oyzae miamasoH 3MEHIIEHHS poO0YOro THCKY poAoBHINA (pe-
3epB), TUM BiIOBITHO a00 JOTATHETHCS MOBIIUIA ITepio] cTabimi3arii, 800 MPUPOCTHTHCS MIOPITHHI 00CAT BUIOOYTKY
rasy.

[Momyk HUISXiB 3HUKEHHS! BEJIMYMHH POOOYOTO THUCKY CBEP/JIOBUH BIICTEKEMO 3a Bi3yalbHHM IPEACTaB-
JICHHSIM 00’ €KTIB Ha3eMHOT YaCTUHHU POJOBHUIIA (PUCYHOK 5).
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PucyHok 5 — TexHosoriuHa cxemMa 00’ €KTiB Ha3eMHOT YaCTUHU POJOBHINA

Ha nepmmii morssiz cxema 300py 1 TpaHCIIOPTYBAHHS TONPHU BEJMKY KUIBKICTh 00 €KTIB € JIOBOJI TIPOCTOIO: Ta3 KOXK-
HOT OKpEMOT TPy CBEPUIOBHH i3 3arajibHOTO MapkKy y 500 oMHUIIL 30MpaEThCst HA YCTAHOBKAX ITi/ITOTOBKH a3y, 3BiJ-
KU HICIIs1 KOMILIEKCHOT MiITOTOBKH MOCTYTIA€ B CUCTEMY KUIBLIEBOTO Ta3030ipHOTO KOJIEKTOPA 1 Jiajli OCHOBHUM Ia30Ipo-
BozioM JIN700 Ha kommpumyBanus Ha JIKC. Ane ciin 3ramaty, o poJOBHUILE SKCILTyaTyeThest 3 1956 p., a KOIITiB Ha
MOJIEPHI3aLiIO0 32 YaCH HE3aJIXKHOCTI YKpaiHH BUILIIIOCH 00Mallb, a OTXKE:

— ra3o30ipHa crcTeMa 3aJIMIIIIack 00J1aJHAHOIO HEPIBHONIPOXIIHOIO apMaTypolo;
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— B [TIOPO’KHUHI Ta3030ipHUX KOJEKTOPIB JOKaNli3yBajach piinHa;

— 00JagHaHHs CTapoi 3aIlipHOi apMaTypH HOBCSIKYAC BUXOIATH 3 JIA/Y;

1 TOJIOBHE:

— OCHOBHH ra3030ipHUIA IIyHKT, OyJI0 OOJIaJHAHO CTapHMH Ta30MOTOKOMIIPECOPHHMH MAIllMHAMH, IO HE
JIO3BOJISUTO Oe3 3MEHIICHHS 00CATiB IepeKauyBaHHI 3MEHIINTH BXigHMH TrCK 3a 0,8 Mlla;

— BTpaTH THCKY B MICIIEBHX OIIOpaX i 3a paxyHOK HasBHOCTI pimuau csramm 0,35-0,4 MITa.

Came y CKOpOUeHHI BTpaT THCKY Ha TPAHCIIOPTYBAHHS i 3MEHIIIeHH] BXiqHOro Trcky Ha JIKC iexaB momiyk pesepBy
3MEHIIIEHHsI poOOYOro THCKY CBEPIUIOBHH, IO MIepei0adasio HAaCTYIIHE:

1 MopaepHizallis JOTHCKYBaIbHOI KOMIPECOPHOI CTaHII].

2 TlepennanyBaHHS ra30BUX MOTOKIB B ra3030ipHii cUCTEMI.

3 CkopoYeHHsI BTpaT THUCKY rasy IIiJ 4ac TPaHCIOPTYBaHHS.

Ternep okpeMo 10 KOXKHOMY 3aXO[y.

1 Tlepen npuitHATTSM pillieHHs MO0 MozepHizamii icHyro4oi JIKC mnpoBeneHo MacIiTabHE TOCIIDKCHHS Ta MaTe-
MaTHYHE MOJICITFOBAHHS TIOBEIIHKH cucTeMu «rupio ceepaioBuan — YKIIT — IKCy» B ymMoBax 3HIDKEHHS poOOUYOro
THCKY, PE3YJIbTAaTH SIKOTO JISTIIM B PO3PAaXYHOK €KOHOMIYHOTO e()eKTy BiJ BIPOBA/LKEHHS TOTO UM 1HIIOTO BapiaHTY IO-
JIABINOI po3poOKH ponosuma[S]. Bimomo, mo BTpaTy THCKY Bif rupia cBepmroBuaM 10 Bxoay B JIKC ckinamarotees 3
HI3KH JIAHOK, JI0 SIKAX BITHOCATB BTPATH B iek(i cBepmioBrHH, B 00B i1l YKIII, crcTemi ra3ompoBoiB Ta BXiTHOMY
obmamaanHi JIKC. OTxe Ha mepiiii TorE, YuM OIKIe pO3MICTHTH KOMIIPECOpHE O0JaIHAHHS Bill THpIa CBEPIUIO-
BUHH, TFM MeHIe Oyzie TOKa3HHUK BTPAT, BiIIOBITHO OUTHIIMIT pe3epB poOOYOro THCKY CBEpIUIOBHH, a OTXKE i 3HAYHO
OUTHIIIHNIA 3arayibHII 00csT BHA0OYyTOrO razy. Ha pasi MaTeMaTHuHE MOJICITIOBAHHS, PE3Y/IBTATH SIKOTO CTATH BUXITHUMHI
JI@HUMH JI0 PO3paxyHKY OKYITHOCTI IIPOEKTY, BUCBITINIIO TaKi pe3ynbrard (Tabmmis 1).

Tabmuus 1 — IlopiBHsIIbHA XapaKTEPUCTHKA PE3YJIbTATIB BIPOBAKEHHSI OKPEMUX BapiaHTIB MOJAJbLIOT PO-
3pO0OKH POIOBHIIA

Bapianr [ — 6a3oBuit BapianT Il — npuitasituit Bap ia III - sMope»oBaHMH
Poxku// (63 3min) (vonepuizaris JIKC) (po3mimenns mamux JIKC skomora
[oxa3Huku po3- OJIKYe 10 CBPAI.)
pobku O06csr Buno- |Pobounii tuek | O6car Buno- |Pobounii Tuck | O6car Bumo- PoGounit Tuck cBpI.,
OYyTKY, MJIH M cBpA., MIla |OyTKy, MIIH M cBpa., MIla |OyTKy, MIIH M Mlla
2010 2384,0 1,06 2384,0 1,06 2384,0 1,06
2011 2372,8 0,99 2372,8 0,99 4756,8 0,99
2012 2125,5 1,08 2295,0 0,95 7051,8 0,95
2013 2038,2 1,07 2318,7 0,83 9253,1 0,93
2014 1958,3 1,05 2337,7 0,70 11366,7 0,90
2015 1877,5 1,04 2301,0 0,61 13389,2 0,88
2016 1799,3 1,04 2200,4 0,61 15423,3 0,79
2017 1709,5 1,03 2094,9 0,61 17422,2 0,73
2018 1637,9 1,03 2004,3 0,60 19417,5 0,64
2019 1563,3 1,03 1922,8 0,60 21393,5 0,57
2020 14917 1,02 18474 0,59 233384 0,51
2021 14277 1,02 1763,0 0,59 25207,3 0,49
2022 1362,5 1,02 1698,0 0,57 26994,0 0,49
2023 1300,0 1,02 1633,7 0,56 28705,8 0,49
2024 1234,5 1,01 1573,7 0,55 30349,1 0,49
2025 1192,6 1,01 1505,1 0,55 31922,1 0,48
2026 1137,2 1,01 14478 0,55 33428,8 0,48
2027 1086,6 1,01 1390,0 0,55 34877,0 0,48
2028 1046,9 1,01 1342,5 0,54 36269,2 0,48
2029 998,8 1,01 1286,6 0,54 37603,5 0,48
2030 953,8 1,00 1234,5 0,54 38884,0 0,48
Obesr piaobyTiy 32698,6 389539 38884,0
razy, MilH M
OpienTOBHHIT 00-
CAT BKJIAZIEHb, MITH 37,2 128,15 152,06
$
OKYIHICTh, POKH 1 3 3

YuM ke MOSICHIOETBCS, 110 PO3MIILICHHS IepeKadyBaJIbHOTO 00JIalHAHHS Ha TPYIIOBOMY ITYHKTI 300py rasy 3a0e3-
neuye Ha nepcrektuBy 10 2030 p. OinbLmMii HaKONMYEHUH 00CsT BUIOOYTKY ra3y IpU TEPMiH OKYITHOCTI IIPOEKTY
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OJIHAKOBOI TPUBAJIOCTI. 3BICHO TO-TIEPILIE 1€ Yac BBEACHHS B EKCIUTyaTallilo, a/pKe II100a1bHO PEKOHCTPYIOBATH OJJMH
00’exT HabaraTo cCKopillle, aHDK BBOAWTH BENUKY KUIbKiCTh ManorabaputHux JIKC no pomouumry, mo apyre — ne
BIIPOBA/DKEHHS HU3KH 3aXOMIB IT0 CKOPOYEHHIO Pi3HHIN MiXK BXigHMM THCKOM Ha JIKC Ta THCKOM Ha THpPII KOXKHOL
KOHKPETHOI CBEP/IOBHHH, CaMe IIPO LIe ITiJIe MOBa HIDKYE.

2. PimieHHS TPHOX OCHOBHHX PIBHSHB T'a30BO1 AWHAMIKH: PyXY, HEPO3PUBHOCTI i CTaHy, TOBOPHTH IIPO Te, II0: XO-
Yell CKOPOTHTH BTPATH TUCKY MK JBOMa TOYKAMH CHCTEMH, TO a0 MigBHII poOOUMii THCK, a00 CKOPOTH HaBaHTa-
JKeHHsI, a00 3MEHIII BTPATH B MICIIEBUX OTIOPAX.

[TixBUOIMTH THCK 3BICHO 3MOTH HE Mae, aJpKe MOBa #e Ipo MOIIYK pe3epBy IO poOOYOMY THCKY CBEPIJIO-
BUH, OT)KE CIPOOYEMO CIIOYATKY CKOPOTHTH HaBaHTAXKECHHSL.

OckinbKH yBech BUIIOOYTHH Ta3 poJOBHIIa POXOUB riepes komnpumyBanHsaM Ha JIKC ocraHHro jaHKy ra3o30ip-
HOT CHCTEMH: OCHOBHHMI ra3030ipHHUI KOJIEKTOP HEBEIIMKOTO JiaMeTpy, TO caMe TYT CIocTepiraiucs HalOuIbIi BTpaTn
THCKY, 1 HAHBHII IBUJIKOCTI r'a3y, pe3yJbTaT MOJCIIIOBAHHS 3MIHH SKHX B Yaci CBIIUMB MO JOCSITHEHHS! KPUTHYHUX
BesmurH Bke y 2014 p. Came Ha BUpIlIEHHS [UX MpOo0JeM HalpaBJIeHHI HaCTyNHUH 3axia. BenvkuM rmrocom Ykpainu
€ pO3ray)XeHa ra30TPaHCIIOPTHA CUCTEMA, sIKa 3aTHA MPHIHITH TOCUTH BEJIHKI OOCATH rasy BIACHOTO BUIOOYTKY. 3a
IyHKT nepeaadi razy oopano Kuiscbky [1I'PC, BcTaHOBHBIIM Ta BBIBILM B €KCILTyaTaLliF0 KOMIIPECOPHE 00JIalHAHHS Ha
SKiH, PO3POOHNKH BUPIIIIN OJPa3y [Bi MPOOIEMH:

— CKOPOTHJIN BTPaTH THCKY B OCHOBHOMY ra3030ipHOMY KOJIEKTOPi Ha HaOiIbII 3aBaHTa)kKeHil HOTO NiISTH-
10i;

— 3MCHIIIIN BEIMYUHY JIHIITHOT IIBUIKOCTI Ta3y B yMOBaX HHU3BKOTO poOOUYOro THCKY (MOTJITHEMO Ha Tal-
JUITO 2).

Tabmuus 2 — [NopiBHsUIbHA XapaKTEpUCTUKA TOKa3HUKIB pOOOTH pOIOBHILA

IToxa3uuk Bennunna mokasHuka 10 Bennuuna moka3HHKa MiCIIs
BITPOBALKECHHSI 3aX0AY BITPOBALKEHHS 3aX00Y

3arasibHe 3aBaHTKEHHs KiHIIEBOI JIAHKH OCHOBHOT'O ra3030i-
PHOTO KoJIeKTOpa (3MozeNboBaHe cTaHoM Ha 2014 p.), 6405 5550
THC.M /1063

3aranbHi BTpaTH THCKY Ta3y B KiHIIEBii JaHIli OCHOBHOT'O

ra3030ipHOTO KOJIeKTOpa (3MOIeNhoBaHi cTanoM Ha 2014 0,159 0,104
p.), MIla

Pesepr y BemmumHi pob0OYOT0 THCKY CBEPATIOBUH (yCepeHe- B 005
Huii cradom Ha 2014 p.), MITa '
Jl01aTKOBHIT 06CAT BUAOBYTKY rasy, MIH M/pik - 155,3
BenmunHa JiHiHOT IIBHAKOCTI ra3y Ha BXO/i B o0Jya{HaH- 24,983 19,69
us JIKC, m/c

CJ1iJ1 3ayBaXKUTH, 1[0 OKYITHICTh TAKOT'O MPOEKTY 3aBJISKU IPUCKOPEHHIO TPOLIECY BBEACHHS B €KCILTyaTallito
HOBOTO 00’€KTa CKJana juiie 3 poku [5].

3. Haii6inbiu ckinagHuM abo ckopilie 00’€MHUM 3aBIaHHIM Hepe Po3pOOHHUKAMH MOCTAB aHAJI3 Ta CKOPOYEHHS
BTpAT TUCKY Ha TPaHCIIOPTYBaHHs ra3y BiJl TUpiia cBepuioBUHH 10 Bxony B JIKC, amke sk BxKe 3rayBajioch, ra3 Ie-
peKadyeThCst 10 TPyOONpoBoAax (MPOMUCIOBHUX Ta TEXHOJIOTIYHMX), IO EKCILIYaTYIOTh BXKE MOHaJ| MiBcTopiuus. 3
METOIO OLIIHKH BEJIMYNHN CKOPOYEHHS BTPAT THCKY Ta3y Ha TPaHCIOPTYBAHHS BBEJEHO MOHATTS KOe(ili€eHTy TpoITy-
CKHOI 3[JATHOCTI CHCTeMH, sIK (pyHKIIT BIATyKY Ha CyMapHHUI1 TiipaBIiqHHH OITip 00 €KTIB CUCTEMU:

K=f(4)

OCKITbKH MU NIPUHMAEMO, 10 CHUCTEMa MPalIOl0Th B KBa3iCTAI[lOHAPHOMY PEXHMMi, TO IapaMmeTpH, 1o BiJ-
MOBIJAIOTh TEXHIYHIM XapaKTEpPHUCTHI, KOMIIOHEHTHOMY CKJIaJy I'a30BOi CyMIlli Ta TEeMIIEpaTypHOMY PEXHUMY
NPUIMAEMO YMOBHO MOCTIHHUMH 1 criponryeMo (opMyITy 10 TaKOTO BHTIISY:

2 2 _ 2

Pnau _PK()H _Kq )

Jie § — MPOITYCKHA 3aTHICTh ra30MPOBOLY TPH CTAHAAPTHHX YMOBAX,MIH.M/106Y; Pyoss Pyin — THCK BiIIOBITHO
Ha TI0YaTKy Ta B KiHIII Ta3onpoBoay, Mlla.

HopwmansHiii po6oTi cuctemu Maio 0 BiMMOBIAaTH SKECh MEBHE TEOPETHYHE 3HAUEHHS Koe(]ilieHTy mpoIryc-

kHO{ 30aTHOCTI Kieop, @ BC1 IiHiCHI OKa3HUKH, OTPUMaHI il 4ac eKCEPUMEHTAIBHHUX NOCHTiIKEHb, IO NEPEBU-
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IIYIOTh 1€ 3HAYCHHS MAlOTh BiANOBIiJaTH MPOOJIEMHHM XapaKTEPHCTHKAaM CHCTEMH, Ta NependavyaTH BXKHUTTS
3aXO0/1iB IO HIBEJIIOBAaHHIO HETATUBHOTO IPOSIBY.

Jist GBI SICKPABOTO 1 YITKOTO MPOCTEKEHHS cepr BTpyUaHHS U aHANI3Y MPOOJIEMHUX AiNITHOK Ta3030i-
PHOI CHCTEMH BHUKOHA€EMO MOOYIOBY TpadidHOrO PO3MOAITY HIMCHUX KOEQiIieHTiB MPOMYCKHOI 3[aTHOCTI B
OKOJTi TEOPETUYHOTO 3HAYEHHS, 1110 TIPUIHATOTO 32 HOpMOBe (pHcC. 6).
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PucyHok 6 — 3HaueHHs Koe(iLli€HTIB NPOITYCKHOT 31aTHOCTI B OKOJIi CePEIHBOT0 3HAYCHHS

SIK BHIOHO 3 PHCYHKY 6 OLMbIIiCTh 3HAYEHB JUIA CHCTEM OOJIalHAHHMX «CTapHM» OOJIaJHAaHHAM, SIKe XapaKTe-
pU3ye HAasABHICTH HEPIBHOIPOXiTHOI apMaTypH, CIIPalbOBaHICTh 00aHAHHS CEemapaTopiB, HASBHICTh TIHHACTHX
BiJIKJIa/1iB, 3HAXOJMUTHCS B 30HI, IO 3HAYHO MEPEBHUILYE OKA3HUKU e(eKTUBHOI eKkcIutyaTalii. [lepexoHaemMocsk B
CIPaBENTUBOCTI TBEPKCHHS PO3TJIAHYBIIH JiiICHI 3HAUYEHHS BTpPAT Ta 3MOJCIbOBaHI TEOPETHYHI, IO BiIMOBI-
JIAl0Th ONTUMAaJIbHIN POOOTI CHCTEMH, PO3TIISTHYBILH, TAOIHIIIO 3.

Tabmums 3 — CuctemMaTu3allis JaHUX 110 PeXKUMaM poOOTH OKPEMHX 30H POIOBHIIA

30Ha 00CcITyroByBaHHS OCHOBHHIA 31IHCHIOBaHU Benmauna Bemmauna Brpar | BenwduHa BTpaT THCKY, Ha SIKY,
mpo1iec BUMIPSHHX | THCKY, IO Bi/IOBI- | MOKHA 3HU3UTH POOOYHIA THCK HA
BTpAaT THCKY, | Ja€ e(eKTHBHI | THpII «CepeaHbOl CBEPIIOBUHI
Kre/em? po0boTi 30HH, POJIOBHIIIA», KIc/cM?
Kre/em?
3oHa I - utetid TpancriopTyBaHHs rasy Bif
THpJIa CBEPAJIOBUHH 10 OJIOKY 0,525 0,525* 0
BXITHUX HATOK
30Hg Il — ycranoBka | Ilonmepenus TiAroTOBKA rasy, 0,165 0,167 0
ITiITOTOBKY ra3zy TeXHOJIOTIYHHIT 3aMip
3oHa .lll — Ta3onpoBig TpchnngyBaHHﬂ rasy 1o 0,095 0,075 0,02
i AKJTIOYSHHSI ra3030ipHOrO KOJIeKTOpa
3ona IV —ra3o36ipua | TpaHCrOpTyBaHHS ra3y cuc-
CHCTEMA TEMOIO Ta3030ipPHHAX KOJIEKTO- 1,57 1,138 0,432
piB
3ona V — ycranoBka | KommekcHa migroroska rasy,
KOMIIJIEKCHOI ITiITOTOB- | KOMIPHMYBAHHS, KOMEPIIil- 4
ku razy (YKIIT, JIKC, HHH 3aMip 06 2,75410 0,5997
TII'PC)
3oHa VI —ra3zonpoBin- | TpaHcnopTyBaHHs ra3y Biz
BiZIBIT MYHKTY Tepenadi 10 CHCTEMH O 0 0
MI’
3aranbHi TOKa3HUKU 2,955 1,9053 1,0517

* BHaciIoKk NOCTIHHOTO Iepepo3noIily Mac PilMHH B UleH(ax CBEpATIOBHH BEJIMUNHA € HEIOCTiiHOIO 1 ii BIMB He noc-
JIKYBaBCS
** — IS pOJIOBUINA, IO PO3TIIIIAETECS, BTPATH THCKY B Ta30MIPOBO/I-BiIBOI HE YHHATH BIUIMB HAa pOOOTY CHCTEMH
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Tabmuus 4 — [NopiBHsUIbHA XapaKTEepUCTHKA TOKa3HUKIB pOOOTH pOIOBHILA

IToxaszHuk BennunHa moka3HMKa 10 BIIpoBa- | BennunHa moka3HMKa Micist
JOKEHHS 3aX011y BIIPOBAUKECHHS 3aX0AY
3aranpHi BTpaTH TUCKY Ta3y B CUCTEeMI (3MOJEJ]IbO-
pa y rasy (3mon 0,301 0,194
BaHi cTraHoM Ha 2014 p.), MIla
Pe3epB mo po6oyoMy THCKY CBEpIIOBUH (ycepe-
o - 0,107
HeHui ctaHoM Ha 2014 p.), MIla
3aranpHuil 1oAaTKOBUH BUIOOYTOK ras3y, MJIH M — 1504
OuikyBaHHH piYHHMI 10IaTKOBUI BHAOOYTOK ra3s
Y p Aol . A00Y ¥ — Bmauzeko 150
MJIH M°/piK

OTxe, BOPOBAIUBIIK JTOBOJI MPOCTI 3aXOAH 10 MepeoOIa HAHHIO BiIIOBITHUX MPOOJICMHUX 30H CUCTCMH
«ycTs cBepuioBUHU ponaoBuina — JIKCy», Mu mocsirueMo ckopoueHHs BTpaT Tucky Ha 0,107 Mlla. Yumane cko-
pOYEHHS B yMOBaxX TOTO, L0 TUCK HAa TUPJI CBepAJIOBUH jenb csarae 1,0 MIla. [Tornsuemo Ha nani Tabmumi 4
1010 OOCATIB T0JaTKOBOT'O BHIOOYTKY ra3y, 3MO/IeIbOBAHOTO Ha HaitOmrmk4i 10 pokis.

BucHoBku

B mpencraBneniit poOoTi aBTOPH 03HAWMOMMIIM 3allikaBICHUX ()aXiBIiB i3 CTAHOM PO3POOKH HaHOIIBIIOrO
pomoBHIIa YKpaiHH, XapaKTepHOTO THUM, IO BOHO € KIACHYHHUM IPHKIaJOM POAOBHINA, IO 3HAXOAWTHCSA Ha
3aBepLIATBHIN cTazii ekcIuryaTanii, a 1oro poOOTy BU3HAYAIOTh HU3bKI BEIMYMHNA POOOYOTO TUCKY CBEPJIOBUH
Ta MaJiHHS MJIaCTOBOTO THCKY. B yMOBax Toro, 110 CBITOBI POJIOBHINA PAaHO UM Mi3HO HAOIM3ATHCS IO aHAJIOTid-
HUX €TalliB B eKCIUTyaTallii, a IX po3pOOHUKH 3IMTOBXHYTHCA 3 aHAIOTIYHUMH MpoOIeMaMH, [Iei Marepial ciry-
JKMUTUME TM TapHUM IIPUKIaZ0M CTBOPEHHS LIISAXIB IO BUPIILEHHS MailOyTHIX MPOOJEMHUX MHUTaHb.

3 inmoro 6oky nepen daxisigimu YkpH/[Irasy Ta po3poOHUKaMu pPOIOBHII] CTOITh III¢ BEJIMKA KUTBKICTh MHU-
TaHb, IO CJIiJ BUPILIMTH, aJ)Ke MiJ 4aC eKCIEePUMEHTAIBHHUX ITOJIbOBUX JOCIIKEHb aBTOPH CIIOCTEpiraiy, o B
yMOBax 3HIKEHHs BXigHoro THcKy Ha JIKC, THCK Ha THpii CBEpIUIOBHH IaJja€ HE CHHXPOHHO IO BCIM CBEPIUIO-
BUHaM BHH3, Ha II0 MOXKE€ BIUIMBATH rigpaniika nuieiidy. Omke crenianicTy 3aisHi Ha JOCHIHKEHHI 1 HiBeto-
BaHHIO BIUIMBY HAKOIMYEHb B MOPOXXKHUHI 1uieidiB. Takox CiiJi BUSHAYMTHUCH 13 HEOOXITHICTIO BiJHOBJICHHS
eKCILUTyaTallifHuX CBEpIJIOBWH, iHTCHCH(IKAIii B YMOBaX HH3BKOTO po0OOYOro THCKY, 3aMiHH HAaCOCHO-
KOMIIPECOPHUX TPYO, poOOTH B 3aTpyOHOMY IPOCTOpi. A Y BUNIAIKY HEOOXITHOCTI IepeOyproBaHHS eKCILTyaTa-
HifHOro (OHIY CBEPUIOBHH, BPaXOBYIOUH IEPCIEKTHBY MOAANBIIOTO HAPOIIYBaHHS 3AJIMIIKOBHUX 3aIaciB rasy
POIOBHIIA, CIIiJi pO3pOOUTH Ta MiAiOpaTH HAsBHI CIIOCOOH 1 TEXHOJIOTIT Ta MIPOBECTH JOCTiHE OYpiHHS CBEpAIIO-
BUH B YMOBaxX HAJHU3bKUX IUIACTOBHMX THCKIB, YTOYHHUTH 30HM Ta 00’€MH OOBOJHEHHS, & TAKOXX 00’€MH rasy,
3aIIeMJICHOTO B TaKMX 30HAX, OL[IHUTH MO>JIUBICTB NEPETiKaHb 3 TIMOMHHUX TOPU30HTIB B 30HY PO3POOKH po-
JIOBHIIA TOIO. Bci 1i mepesniveHi 3aX0/11 HEMOKIIHBI 0€3 OTPUMAaHHS K BITYU3HIHOTO, TaK 1 3aKOPJOHHOTO J10-
CBIJly Cy4aCHUX METO/IiB Ta TEXHOJIOTIH pPO3POOKH POITOBHIIL.
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VI]IK 622.691.4
@ik U.M., Xakap Maxmoon b.M., Tonopos B.I".

CUCTEMHBIN AHAJIU3 TUHAMUKA OBFBEMOB JIOBbIUM I'A3A
M3 MECTOPOXJIEHWI HA 3ABEPIIAIOIIEN CTA/IAA UX PASPABOTKH

Ha ocHoBe mpoBeneHHOTO aHanm3a pa3padoTku llleOennHCKOTO MECTOPOXKICHHUS, KIACCHIECKOTO MMOIcYeTa
3aIacoB 110 MAJCHUIO TIACTOBOTO JABJICHUS M MAaTEMaTHYECKOTO MOJCIUPOBAHUS TIEPCIIEKTHB pa3pabOTKH, aB-
TOPBI JIETAIOT BBIBOJI, YTO MECTOPOKICHHE BCTYITIIIO B 3aBEPIIAIONIYIO CTAIUIO Pa3pabOTKH, U KOTOPOii OymeT
XapakTepHa JOJNTOCPOYHAs cTabmim3anus oObH ra3a. PaccMoTpeHa cymecTByromas cucreMa coopa, KoMmIpe-
MHUPOBAHUSA U TPAHCIIOPTUPOBAHUS T'a3a, OTMEUEHHI €€ HeJjocTaTku. [1oka3zaHo, 4TO C IEeNbI0 COKpAIleHUs TOTEePh
JIaBJIeHMsI B cucTeMe cOopa raza cienyeT yCTpaHUTh MPOOJIEMHBbIE 30HBI Ha MYTH Ta3a OT YCThS CKBAXKHUH JIO
JKC.

Fyk I.M., Hakar Mahmood B.M., Toporov V. G.

SYSTEM ANALYSIS OF THE GAS PRODUCTION DYNAMICS
FROM THE FIELDS IN THE FINAL STAGES OF THEIR DEVELOPMENT

Based on the analysis of development Shebelynskyi field, of the classical reserves to fall reservoir pressure
calculation and mathematical modeling of prospects for the development, the authors conclude that the field has
entered on the final stage of development, which will be characterized by long-term stabilization of gas
production. Existing gas gathering, transportation and compression systems are considered, marked their
shortcomings. It is shown that in order to reduce pressure losses in the gas gathering system should eliminate the
problem areas in the gas path from the wellheads to the booster compressor station.
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YK 621.311.014
Bempuk 10.H., Hebepa O.A.

PACUYETHBIE CXEMBI JIEKTPUYECKHUX CUCTEM B MTEPEXOJHBIX TPOLECCAX
N NX DKBUBAJIEHTHBIE ITPEOBPA30BAHUSA

Beenenue. [l pemeHus nenoro psja 3amad MpOSKTHPOBAHUS, KCIUTyaTallH, YIPaBICHUS (DyHKIIMOHHUPO-
BaHUEM DJICKTPUYECKHX CHCTEM HEOOXOJMMBI JETaNbHbIE UCCIEIOBaHUS PEXUMOB HX PaOOTHl — CTalHOHAPHBIX
CUMMETPHUHBIX ¥ HECUMMETPUUHBIX, MEPEXOJHBIX 3JIEKTPOMAHUTHBIX M AIEKTPOMEXaHHUECKHUX, KPAaTKOBp e-
MEHHBIX U JJIMTENbHBIX, aBAPUHHBIX U KCIUTyaTallMOHHBIX. IIpHueM ¢ pa3sBUTHEM 3NEKTPUUECKUX CUCTEM U M3-
MEHEHHEM YCIIOBUI MX IKCIITyaTaluH (M3MEHEHUE CTPYKTYPHI, MOSBICHUE HOBBIX 3JIEMEHTOB U yCTPOMCTB, CTa-
peHune o0OpyIOBaHMUS, COBEPLUICHCTBOBAHHUE CPEJCTB YNMpPAaBJICHMS, PAa3BUTHE PHIHOYHBIX OTHOILIEHWIT), TpeOoBa-
HHA K TOYHOCTH, a/IeKBAaTHOCTH, BOSMOXKHOCTAM MOJIETIeH BO3pAacTaoT. B CTallMOHApHBIX peKMMax HeoOXoauma
TOYHOCTb, TTO3BOJISIONIAs IPOBEPATh MX Ha COOTBETCTBHE IAPaMETPOB peXnMa TPEeOOBaHMAM K KadeCTBY IJIEK-
TPOSHEPTHH, B IEPEXOAHBIX PEXNUMAX Ul 00ECTIeUeHHs a[EeKBATHOTO MOJICITNPOBAHHSA HEOOXOIMMO BOCIIPOU3B O-
JUTh KaK 3JICKTPOMArHUTHBIC, TaK M IEKTPOMEXAHMYECKHE COCTABIIAIOIINE MIEPEXOAHBIX MPOLECCOB, C yUETOM
HECHMMETPUH KaK UCXOJHOTO PEXXUMa, TaK 1 HECHMMETPHYHBIX KOMMYTAallMi B X0/I€ IEPEXOIHBIX HPOIECCOB.

Ananm3 nyoaukanmii. Pa3Burie cpecTB MaTeMaTH4eCKOr0 MOJIEIIMPOBAHUS PEKUMOB pabOThI dJIEKTpUYe-
CKUX CHCTEM JUIsl OBBILICHHSI MX TOYHOCTU U PACIIMPEHUS Kpyra pelaeMbIX 3a1a4 IMPUHIMITHAIBHO BO3MOXKHO
Ha OCHOBE Iepexo/ia K MaTeMaTHYeCKUM MOJENSM, HCHOJIb3YIOIUM YpaBHEeHHs B (pa3HbIX KoopauHaTax. Moje-
a4 B a3HBIX KOOpAMHATAX KaK OTJEJbHBIX JIIEMEHTOB, TaK M CHCTEM Pa3JIMuHON CTENEHH CIIOKHOCTH, UMEIOT
HE TOJIbKO OOJNBIIYI0 YHHBEPCAIBLHOCTh, HO U 0oJiee HIMPOKUE BO3MOXHOCTH pa3BuTHs. [lepexon k Mopensm,
OCHOBaHHBIM Ha YpaBHEHU:X B (ha3HBIX KOOpJHHATaX, MO3BOJISIET CO3/aTh Ooliee MOJHBIE U Ooee o0iue Moe-
JIM, OPUEHTHPOBAHHBIC HE HA KOHKPETHBIC PacUCTHBIC CXEMBbI, a Ha IIHUPOKUH KJIacc 3a/ad U YHEPreTHUECKUX
00BEKTOB.

OnHako Hepexo K MOJICITUPOBAHHIO MIEPEXOJHBIX IPOLECCOB HAa OCHOBE YpaBHEHHH B (ha3HbIX KOOpAWHATAX
C/IEPXKMBACTCS LENBIM PSIIOM (DaKTOpPOB: NPH HAMMYMK WHAYKTHBHBIX M €MKOCTHBIX 3JIEMEHTOB YpaBHEHHS
MEPEXOHBIX IPOLECCOB SBISIOTCS MHTErPO-1u(depeHIaIbHBIMU, TOPSIIOK CHCTEM PELIaeMbIX YPaBHEHHUH 110
CPaBHEHHUIO C YpaBHEHMSAMHU Al OAHO(A3HBIX HKBUBAJICHTOB MOBBIIIACTCS, YCIOXKHIETCS aIrOpPUTMH3AIMS
MPOIEIyp WX COCTaBIeHHS M pemieHus. [loaToMmy anekTpuueckas ceTh B psje paboT IpeacTaBiseTcs
VIPOIIEHHO — JHMOO SKBUBAJICHTHBIMH, JIMOO THIIOBBIMHU pAacYEeTHBIMU CXE€MaMH, JUIS KOTOPBIX CHCTEMa
muddepeHIMaTbHBIX YpaBHEHUH npennosnaraercs 3aganHoi [1,2]. Tak, B [2] ceTh mpeacTaBieHa YIPOIICHHOMN
pacyeTHOil cxeMoW — BbIJICNICHBI JIBE€ TPYIIbI eMKOCTei (a3 cucTeMbl OTHOCHTENIFHO 3E€MIIM: €MKOCTh BCEX
MPUCOEIMHEHUII B KOHIE 3alWIIaeMOil JIMHHM, BKIIOYas €MKOCTh CaMOM JIMHMH, M €MKOCTh BCeX
MpUCOeANHEHNH K IMHaM 6—35 kB y3m1a Harpys3ku.

Maremarnueckass MOJETb CHCTEMbI COJEpXUT OuddepeHnmansHple ypaBHEHHs OajaHca HaNpsDKCHUH B
JNEKTPUUECKUX KOHTYpax CXEMBbl CETH M ypaBHEHHMs OajlaHCa TOKOB B y3llaX IOAKIIOUCHHS EMKOCTEH.
Hcnonp3oBaHne CMEIIAHHOTO KOOPAWHATHOTO Oa3uca (BKIIOYEHHE B MOJIENb Y3JIOBBIX M KOHTYPHBIX
YpaBHEHHI) YCIOXKHSET €€ ITOPUTMHU3ALMI0O W NPOTPaMMHYIO PEIN3alMI0 M, KPOME TOTO, BOIPOC O TOM,
HACKOJILKO JIONyCTUMa TIPH MOJEINPOBAHMY NEPEXOHBIX ITPOIECCOB 3aMEHA PealbHOM CXEMBI AJIEKTPHYECKOH
CETH MPUHSITON yNPOIIEHHOM, TPeOyeT UCCIIeIOBAHMS.

PI/ICyHOK 1 — DkBHUBaJIeHTHAs cXeMa 3aMCIICHUSA CECTH
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OcHoBHas1 YacThb. B cranMoHapHBIX pexkxuMax Npoueaypa mepexoja oT UCXOJHON CXEMbI U COOTBETCTBYIO-
1ieit elf CHCTeMBI ypaBHEHUH K DKBUBAJIEHTHOW MEHBILIETO MOPs/IKa UMEET CTPOroe 00OCHOBaHKME U OCHOBAaHA Ha
TOM, YTO BBINOJNHACTCS HCKIIOYCHHE TE€X IEPEMEHHBIX, KOTOPBIE HE MPEICTABISIOT MHTEpEca I perraeMoi
3aJa4H.

B aToM ciyuae B cxeme JIEKTPHUYECKOH CETH IPH pacueTax, HampuMep, TOKOB K3 MOKHO BBIIEIHUTH IBE
MOACXEMBI:

— pacdeTHYyI0, COAEPKALIYI0 BCE pacueTHbIe TOUKH K3 U 3JIEMEHTHI, B KOTOPBIX JOJDKHBI OBITH ONPEIEIICHBI
TOKH ¥ HaIIPSDKCHUS;

— BHEIIHIOK, COJIEPKAllyI0 BCE OCTAJIbHBIC 3JIEMEHTHI CETH.

OKBUBAJICHTUPOBAaHNE BHELIHEH AJICKTPUUECKOI CETH MOXKET OBITh pealli30BaHO Ha OCHOBE Y3JIOBBIX ypaB-
HeHuil cienyromuM oopazom. CocTaBUTh Y3JIOBBIE YPaBHEHUS JUIS AJIeKTpudeckol cetd (1), mpuyem Hymepa-
IIMIO Y3JIOB CETH BBITIOJIHUTH TakK, YTOOBI CHayasa ObIIM MPOHYMEPOBaHBI, HAIIPUMED, BCE Y3JIbI IEPBOH MOJCXe-
MBI, @ 3aT€M — BCE y3JIbI BTOPOH MOJCXEMBI.

(Vi Yz o Yu | Yu Y Ym |[ur] [11]
Yoo Y2 -+ Y| Y2 Yom VYon || U2 I2
Yo Ye2 o Y| Y Yim Yk f| Uk [ =] 1k |- 1)
Yo Yz oo Yk | Yo Yim Y || W I
yml ym2 ymk yml ymm ymn Um I'm
_ynl ynZ ynk ynl ynm ynn__UnJ _Iﬂ_

YToOb! MOTYYNTh SKBUBAJICHTHBIC IIAPAMETPBI PACUETHON YaCTH CXEMBI, Hy>KHO HCKIIIOYHUTH BCE Y3JIbI BTOPOI
nojcxeMbl. Pa3ouB matpuny Y u Bekropsl [U], [I] Ha 610KH, COOTBETCTBYIOLINE BBIICICHHBIM HOACXEMaM, CHC-
Temy (1) MOXXHO 3amucaTh B BHJE:

Yiu Y2 |Ur| | I
Yor Y22 U2 12

WY, B PA3BEPHYTOM BUJIE:

YuUi+YU2=11

-l ©)
YoaUi+Y2oU2=1>

BripazuB u3 BTOpPOro ypaBHEHHUs HAIPSDKEHUS BCEX BHEIIHUX Y3JIOB |J, 4€pe3 HAIPSDKEHUS y3J10B NEPBOU
MOJICXEMBIL:

_y-l -1
U2=Yl2-Y Y 1U1
¥, TIO/ICTABHB KX B [IPBOE YPaBHCHHUE, MOy qHM:
_ -1 . -1
(Y11 Y 12Y Y 21)U1— 11=Y12Y 25l 2, mim

Y e oxeU srske. = | sroxe. 3)

YpaBaeHUsM (3) COOTBETCTBYET SKBHUBAJIICHTHAS CXEMa 3JIEKTPHUECKON CETH, KOTOpask COACPKUT TOJBKO y3-
JIBI TIEPBOM MTOJICXEMBI, IKBUBAJIIEHTHBIE COOCTBEHHBIE M B3aMHBIE TIPOBOIUMOCTH BHEIIHEH CETH OTHOCHUTEIHHO
Y3JI0B IPUMBIKAHUS:

Y ke, = (Yn—Y 12Y 25Y 21) ,

1 OKBUBAJICHTHBIC 3aJal0INUEC TOKU B y3J1aX IPUMBIKaAHUA:
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— -1
IBH.BKB. - |1_Y12Y22| 2

3Has HKBUBAJCHTHBIC IapaMeTpbl PacyeTHON MOJCXEMBI, MOXKHO ompenenuts Toku K3 B y3max pacderHoit
CXEMBI C Y4eTOM BIHMSHUS BHELIHEH CETH.

Pe3ynbTathl, Nody4eHHbIE IPU 3TOM JJI SKBUBAJICHTHONW CXEMBI, COBIAJAIOT C PE3yJIbTaTaMU pPEIleHUs Uc-
XOJHOW cucteMbl ypaBHeHHUH (1), a MoJOKUTENbHBIA 3()(QEKT, MoTydyaeMblii IPU TAKOW I1OCIIEI0BATEIBHOCTH
pacdeToB, 3aKIIOYAETCSI B TOM, YTO 33jada PEIIacTCs 0 YacTAM U MOPSIOK CHCTEM YPaBHEHHH, pEIIacMBIX Ha
Ka)KJIOM II1are, MEHbIIIE CyMMapHOTO MOPSIIKA CXEMBI B LIEJIOM.

MogenupoBaHne NEpexoJHBIX MPOIECCOB TPEOYET COCTABICHUS M PEIHICHHS CHCTEM AN (EepeHIINATBHBIX
ypaBHEHUN. [y TMHEHHONW CHUCTEMBI PELIEHHE B COOTBETCTBUU C KIIACCUUECKUM METOIOM NPEACTABISAET CYMMY
NPUHYKACHHBIX W CBOOOJHBIX COCTaBIAIOMMX. [IpHHYXIOCHHBIE COCTABIAIOIINE SBIAIOTCS PEIICHUEM
COOTBETCTBYIOIINX YPaBHEHHH yCTAaHOBHMBIIEIOCS PEXKMMa W K HUM NPHMEHHMMA ONMCAHHAs BBIIIE IPOIETypa
OKBUBAJICHTUPOBAHUA.

Yrto xe KacaeTcs CBO6OILHBIX COCTaBJIAIOMINX, TO OHU MABJIAKOTCA PEIICHUEM CHUCTEMbBI OAHOPOIHBIX
muddepeHInanbHbIX YpaBHEHUH

S1x]= Al @

rZe X — BEKTOp, COACPIKAIIUIA TOKH MHAYKTUBHBIX M HAIPSOKCHUS EMKOCTHBIX JIEMEHTOB, 4 — MaTpHLa mapa-
METPOB MHAYKTUBHBIX U EMKOCTHBIX JIEMEHTOB.
Ecmu 4, 4,,..., 4,, — KOPHU XapaKTEpUCTUYECKOTO ypaBHEHHUs

D(l):aoln +a1ﬂvn_l+a21n_2 +..-+an—1ﬂ’+an =0 (5)

COOTBETCTBYIOIIETO ypaBHEHUAM (4), TO, CUUTas, YTO MEPBHIE M KOPHEH SBIAIOTCS BEUIECTBEHHBIMH, a OCTaNlb-
HBbIe KOMIUIEKCHBIMH, 00IIee penieHne ypaBHEeHUs (4) MOXKHO IIPEACTaBUTH B BUIE:

X; (t):Zn:Ciejit :iciemt* Zn: cie® sin(at+4), ©)
i=1 i=1

i=m+1

rae t —Bpems, C; M ¢4 — HEKOTOPBIE KOHCTAaHThI. B 1epBoii CyMMe «j — BELIECTBEHHbIE KOPHU XapPaKTEpUCTUYE-

-t o
CKOTO ypaBHEHHSI, a ciiaraeMble Cje™ — aneproMuecKue COCTaBIIONME pelleHns. Bo BTopoil cymme of U @,

— BEIECTBEHHbIE U MHUMBbIE COCTABIIOLINE KOMILUIEKCHBIX KOpHEH 4 =i + jo, XapakTepucTH4ecKoro ypas-

HCHU, a CJlaracMbIC Cieo’it sin (a},t + ¢ ) — KoJIeOaTeNbHBIE COCTABIIAIONINE PELICHNS CHCTEMBI.

Ecmu cucrema nuddepeHuansHpIX ypaBHEeHUH (4) cocTaBieHa U SKBUBAJICHTHON CXEMBI, TOMTyYCHHON Ha
OCHOBAHMHW yPaBHEHHUI cTaroHapHOTo peskuma (1), To 0JTHO3HAYHO MOXKHO YTBEpPXKIaTh, YTO NPUHYKICHHBIE
COCTaBISAIONINE (YCTAaHOBHBIIMECS 3HAYCHHS) pEIIeHUs] OYIyT COOTBETCTBOBATH NEHCTBHTENHFHOCTH. UTO Ke
KacaeTcss CBOOOJHBIX COCTaBJIAIONIMX PELICHHs, TO MPHU Mepexojie K HKBUBAJICHTHOW CXeMe M3MEHSFOTCS Kak
cocTtaB (KOJMYECTBO) CBOOOTHBIX COCTABISIOMINX, TaK M MOCTOSHHBIE BPEMEHH (KOPHH XapaKTEPHCTUYECKOTO
ypaBHEHHS), CJI€JJOBATEIbHO, H3MEHSIETCSl M XapaKkTep MepexoHoro mnpoiecca. [1o03ToMy cieyeT OTMETUTb, YTO
IpU 3aMEHE pPEAJIbHOW pPA3BETBICHHOM CETH YIPOIIEHHOM CXEMOW, BKIIOYAIOIIEH CyMMapHbIE €MKOCTH H
SKBHBAJCHTHBIC HMHIYKTUBHOCTH, 3aJada yIPOMIAeTCsi, HO BOIPOC O TOM, HACKOIBKO PE3yJIbTaThI
MOJICIMPOBAHMS TEPEXOIHBIX IPOIECCOB, MONYYCHHBIC 1O 3KBUBAJICHTHOW CXeMe, OYAYyT COOTBETCTBOBATH
pe3yabTaTaM MOJCIHPOBAHUS T10 IMOJTHOW CXEME, OCTACTCS OTKPHITHIM.

Jist TOro, 94TOOBI MOMYYUTh OTBET HA 3TOT BOMPOC BBITOJHEHBI BEIYHUCIUTEIBHBIC SKCIICPUMEHTEI, KOTOPEIC
COCTOSUTH B TOM, YTO IOJIYYEHBI PE3yJIbTAThl PACUYETOB 3JICKTPOMATHUTHBIX MEPEXOMIHBIX MPOIECCOB B ICKTPH-
YEeCKHX CeTAX 6 KB ¢ n30MpoBaHHOI HEWTPAJIBbIO IS MOJTHBIX U SKBUBAJCHTHBIX CXeM (pHC. 2) C IeIbI0 UX COo-
MOCTABJICHUSL.

PacueThl BBIIOJIHEHBI ¢ IPUMEHEHHEM MaTEMAaTHYECKUX Mojeiaed u nporpaMMubix cpeacts ANFAZ2 [3],
MO3BOJIIIOIIMNX MOJEITHUPOBATh JIIEKTPOMATHUTHBIE TIEPEXOTHBIC TIPOIECCHl € YYETOM pPEajbHON CXEMBI
AJIEKTPUIECKONW CETH Ha OCHOBE Y3JIOBBIX YpaBHEHHH B (Da3HBIX KoopAWHATaX. [IporpaMMHBIME cpeacTBamHu [3]
obecrieunBaeTcs:

IHmeepoeaHi mexHonoail ma eHepaodbepexxeHHs 12015 71



IHTErPOBAHI TEXHOJIOr I MTPOMWCIIOBOCTI

— ¢opmupoBanue nuddepeHIHaNbHBIX YPaBHEHUH 3JIEKTPOMArHUTHBIX MEPEXOHBIX MPOLECCOB B (Pa3sHBIX
KOOpJHMHATaX B CXEME€ NMPOM3BOJILHON KOH(MUTYypaluuu C JIOOBIM PEXUMOM HEUTpasiu (M30JIMPOBAHHOM, TITyXO
3a3eMJICHHOM WM PE30HAHCHO 3a3eMJICHHOM),

— pelIeHne NOoMyYeHHON CHUCcTeMbI TuddepeHnnanbHbIX ypaBHEHUH NPHU 33JaHHBIX KOMMYTALUsIX HEABHBIMHU
METOJIaMH,

— TPEICTAaBICHUE PE3yJNbTATOB MOJEIMPOBAHMSA B BHIC NU(POTrpaMM TOKOB M HANpPsDKCHWH B 3aJaHHBIX
3JIEMEHTAX NNEKTPUIECKOH CETH.

21

\25) TAH-16000/110/6 21
e 20 TOH-16000/110/6

TM-320/6 = 0
| 20,

@ 4 17 18 —

Zy| | &
= 19 1 2 3 1213[ 14 15] 18] .
9 10] 11]
< 15
® 7] 8

5 1 e

a) 0)

Pucynok 2 — PacuéTHble cXeMBI 3JIEKTPHYECKOM CeTH: a) pealibHasi, 0) yrpoIrieHHas

ATIeKBaTHOCTh MOJIENTH MTOJITBEPIKACHA CPABHEHUEM PE3YJIbTaTOB PACUYETOB C JAHHBIMH KCIEPUMEHTOB [3],
KOTOPOE MOKAa3aJI0 XOPOIIIee COBIAACHNE PACUETHBIX M IKCIIEPUMEHTAJIBHBIX JaHHBIX.

Jis  wumocTpalMy  pe3yJbTaThl  MOICTHPOBAHMS DJIEKTPOMATHUTHBIX MEPEXOAHBIX IPOILECCOB IPH
3aMbIKaHUHM (a3bl Ha 3eMITI0 B KabesibHOit ceTn 6 KB ¢ u3011poBaHHON HEHTpalbio (CyMMapHas POTSHKEHHOCTh
KabenbHBIX ceTeil — 21,5 kM) npeacraBieHsl Ha puc. 3, 4.

W3 mpezncraBieHHBIX pPe3yabTaTOB BUAHO, YTO IM(POTpaMMBbl, OTHOCSIIHMECS K YIPOIIEHHOW cXeMme,
Ka4eCTBEHHO M KOJIMYECTBEHHO OTIIMYAIOTCS OT IHU(POrpaMM MEpeXOaHBIX ITPOIECCOB B MOIHOM cxeme. [Ipuuem
9TO pa3iuyue, KaK MOKa3alld pacueThbl, BHITOIHEHHBIE JUIA psAla CXEM, TEM 3HAuYMTENbHEH, 4eM MpOTsHKEHHEe
cetb. [loaToMy Oosiee aJeKBaTHBIMH CIEAYET NMPHU3HATH MOJEIH SJICKTPOMArHUTHBIX IEPEXOIHBIX MPOLECCOB,
OCHOBAHHBIE Ha COCTABJICHUH W peIICHUH AU(QepeHIINATbHBIX YpaBHEHHH B (ha3HbIX KOOpAMHATAX, C yYETOM
peanbHON KOHPUIYPAIUH CETH.

[Hanpssenus das A B,C yznal

“Taza A EMEkoCTHEIE TOKM dias yana

—®asa b
daza

— daza A
—daza b
Paza C

PI/ICyHOK 3- Pe3yJILTaTbI MOACIUPOBAHUA IEPEXOAHOIO ITPOLECCa B peaanoﬁ CXEMC 3HeKTpI/I‘IeCKOﬁ CCTHU
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PI/ICyHOK 4 — Pe3yJ'IBTaTI;I MOACIUPOBAHUA IEPEXOAHOIO ITPOLECCa B prOH.IeHHOﬁ CXEMEC SHCKTpI/I‘{eCKOﬁ CCeTH

BriBoabl. [Tpn npuMeHeHNH Y37I0BBIX YpPaBHEHHH B (pa3HBIX KOOPAWHATAX W HESIBHBIX METOJIOB YHCIEHHOTO
MHTETPUPOBAHUS IJIs1 MATEMAaTHIECKOTO MOJICIMPOBAHNUS MEPEXOJHBIX MIPOLECCOB 00ECIICUNBACTCS allTOPUTM H-
3anusl MPOLEAYp Kak pelieHus, Tak U (HopMHpoBaHUs AUPPEpPEHIHATIBHBIX YPaBHEHUH C y4eTOM peasbHOI
KOH(UTypaluy CXeM JIEKTPUUECKHX CETeH.

Jist uccneoBaHMs NMEPEXOIHBIX MPOLECCOB B 3JIEKTPUYECKUX CETSIX HEOOXOAMMO HUCIOJIb30BaTh MOAEINH,
OTpaXkalollIne peasibHyl0 KOHOUTypaluio CXeM 3JIEKTPUUYECKUX CeTell Ha OCHOBE YpaBHECHHUI B (ha3HBIX KOOPIH-
HaTax, TaKk KaK MOJENH MEePEeXOAHBIX IPOIECCOB, UCTIONB3YIOMINE IKBUBAICHTHBIE CXEMBI IEKTPUUYECKHX CHC-
TeM, TOJIy4eHHBIC MO YCJIOBHSIM CTAI[HOHAPHBIX PEXXHMOB, HE OTPAKaloT NCHCTBUTENBHYIO KapTHHY Hepexo-
HBIX TIPOLIECCOB.
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YK 621.311.014
Benpux 10.H., He6epa O.A.

PO3PAXYHKOBI CXEMH EJIEKTPUYHUX CUCTEM B IIEPEXITHUX ITPOLIECAX
TA IX EKBIBAJIEHTHI IEPETBOPEHHSA

Y cTaTTi pO3rIANaroThCA PO3PAXyHKOBI CXEMH €IEKTPHIHHX Mepek. Ha 0CHOBI po3paxyHKiB 3pOOJIEHO BH-
CHOBOK, IO JUISI TOCJIKEHHS TIEPEXiTHUX TMPOIIECIB B CICKTPUUHUX MEpPEkKax HEeOOXiTHO BHUKOPHUCTOBYBATH
TIOBHI MO/IeJIi Ha OCHOBI PiBHSHB B (Da3HUX KOOPAHMHATAX.

Veprik Ju.N., Nebera O.A.

CALCULATION SCHEMES OF ELECTRICAL SYSTEMS IN TRANSIENTS
AND THEIR EQUIVALENT TRANSFORMATIONS

The article deals with calculation scheme of electric networks. On the basis of the calculations was concluded

that for the study of transients in electrical networks is necessary to use complete models based on the equations
in the phase variables.
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YK 664.36
MartseeBa T. B.

HOBMUI HOI'JISI HA KYITAJKOBAHI OJIIi

Beryn. XapuyBaHHS Bilirpa€ OCHOBHY POJIb Y JKUTTI JIFOJMHHM, @ TOMY HOTO SIKICTh BIUIMBAE Ha 310pOB's. Pi-
3Hi MMOKUBHI PEUYOBHHH, IO HAAXOIATH 3 DKEI0 B OpraHi3M JIIOAWHU, 3a0€3MedyIoTh HOoro (OpraHi3M) IIacTHY-
HUM MatepiaioM i eHeprieto [1]. CporomHi OUIBIIICTh HaceNeHHs YKpaiHU BidyBae HecTady B BiTaMiHax, MiHe-
pajIbHUX PEYOBHHAX, HE3aMIHHUX )KUPHUX KUCIIOTaX, SKe 00YMOBJIEHO iX HEIOCTaTHIM CIOXXHMBaHHSAM ab0 Hepa-
LIOHAJILHUM IX CITIBBIJHOIIEHHSM Y IIOJICHHOMY XapuyoBOMYy pauioHi. Hectaua 1ux KOMIIOHEHTIB B TXi 1 mpuBo-
JIMTH JI0 PO3BUTKY psiay 3axBoproBaHb. B 2013 poui 3a ominkoro arenrcrea Bloomberg Rankings 3a cranowm 3m0-
POB’st HacesieHHs1, YKpaiHa 3aiimaina 99 micue 31 145 nepxas.

3riIHO NPHUHIMIIIB HYTPHULIOIOTIT — HAYKH NPO XapuyBaHHs — Tpeba 3MIHUTHU MiAXiA 10 CKIary, BIAaCTHBOC-
Tell Ta, OT)KE TEXHOJIOTIH Xap4yOBHX MPOAYKTIB, AKi MOBHHHI HE TUTBKH 3aJJOBOJILHATH MOTPEOM OpraHi3My JIfo-
JVHU B OCHOBHMX Xap4OBHX PEUOBMHAX 1 €HEprii, ajie TakoX 3a0e3nevyBaTH HOTo BCIM HEOOXiTHUM CIIEKTPOM
MIKPOIHTPENI€HTIB, CIPUAIOYH MPODITAKTHLI aliMEHTaPHO-3AIC)KHIAX 3aXBOPIOBaHb. Y TOM K€ 9ac 1’a MOBUHHA
OyTH pi3HOMaHITHOI, CMaYHOIO, OC3MEYHOIO Ta BiIMOBIATH HAIINM HALliOHAJHHAM TpagulisM. Jo HOBoro mo-
KOJIIHHS XapYOBHX MPOIYKTIB MOXKHA BiTHECTH 1 (PYHKITIOHANBHI Xap4oBi IPOIYKTH, IKi MIPU3HAYCHI I CHCTE-
MaTUYHOTO BUKOPHCTAHHS y CKJIaJli XapuOBHX PaliOHIB Pi3HMX BIKOBHX TPy HACENICHHS, IO MOXXE 3HU3UTH
PH3HK PO3BUTKY 3aXBOPIOBAHb.

OuriiiHa NpOJYKIist MOXKE CTaTH OJHUM 3 TOJIOBHMX CEIMEHTIB PHHKY (YHKIIOHAJTBHUX MPOJIYKTIB — IPiOpH-
TETHOT'O HANPSAMKY Xap4oBOi NpoMHciIoBocTi. ONil € He TIJIBKH JHKEepeJIoM eHeprii Ta MIIacTHYHOTO Marepiaiy,
ale 1 BAaKJIMBUM MOCTAYaJIbHUKOM (YHKI[IOHAJBHUX IHTPEIIEHTIB — MOJIHEHACHUCHHUX JKHUPHHUX KHCIIOT
(ITHXK), >kupopo3unHHUX BiTaMiHiB, (ocomimiaiB Ta iHIKX 0i0JOTTYHO aKTUBHUX pedoBuH. KpiM Toro ol
BIZITHOCHO HEJOPOTMU TPaAMLIHHUI NPOAYKT XapuyyBaHHsi. OCHOBHI OJIil, 110 BUKOPUCTOBYIOTHCSl HACEICHHIM
YkpalHu U1 IPUTOTYBAaHHS CallaTiB Ta 1Ki, € COHAIIHUKOBA Ta KyKypyA3sHa omii. Aje i oJii MiCTATH JIHIIIe
JKUPHI KUCJIOTH ®-6. JKUPHI KUCTIOTH ®-3 MICTITh TaKi, K JUISHA, PiaKoBa Ta COEBA OJIii, 1[0 MPAKTHYHO BHITY-
YeHi i3 paIlioHy XapuyBaHHsS, TOMY IO JesAKi CITO’KMUBadi MiJICBIJOMO BBAXKAIOTh CMaK JaHUX OJIH «HENPaBUIb-
HUM) 1 JIUIIIE COHSAIIHUKOBOI OJii — «IpaBUIbHUM [2].

OpHak, A TOro o0 MiABHIIATH 0i10JIOTiYHY Ta (Di3i0JOTIYHY HIHHICTH OJIiH 3a paXyHOK KOPEKIIii BMiCTy
IMHXK, moxHa ix (omii) 3MinryBaTi — KynaxyBaTH. [ ogepikaHHs KyTaxiB OJiif TOBHHHA BUKOPHCTOBYBATH-
cst omHa abo JBi OCHOBHI OJii, [0 (POPMYIOTh OCHOBY 30aJTaHCOBAHOTO KUPHOKHUCIIOTHOTO CKiIany. Taki Kymaxki
MOXYTb BUKOPHUCTOBYBATHCS 1 SIK JIIKYBaJIbHO-IIPOQIIaKTHYHI 3ac00u. B ocTaHHI poku Ha pUHKY 301IbIINIACH
KIJIBKICTh PI3HUX BHJIIB CyMillleil ol (COHSIIHMKOBA-KYKYpY/A3siHa, COHSLIHMKOBA-OJIMBKOBA), ajie Ie
TMIOB’5I3aHO 3/1€01bII 3 €eKOHOMIYHUMH MipKYBaHHSMH (p030aBieHHsI OiIbLI JIOPOTHX O remeBuMu abo mpar-
HEHHSIM BUPOOHMKA pO3LIMPHUTH CBiit acoptumenT) [3]. 3 migsumenHs Bmicty [THXKK moxiuBe 3MeHIIeHHS
CTIMKOCTI OJIii 10 OKMCHEeHHs. TakuM YMHOM JIOCHI/PKEHHS, 1110 HAIpaBJIeHHI Ha OOIPYHTOBaHE CTBOPEHHS OJIii
13 30aaHCOBaHUM JKHPHOKUCIIOTHUM CKJIaJIOM 3 METOI0 3MeHIIeHHs Aedimuty B ®-3 [THXKK i go Toro x criii-
KHX JI0 OKHCHEHHSI, € aKTyaJIbHUM.

Cy4acHuii cran npodaemu. KoHIennist KynakxyBaHHs OJIill po3po0JieHa pOCiiCbKIMU BYUCHUMU HATIPUKIHIT
XX cromirrs [4, 5]. Bizomumu € po6otu pociiicbkux Buennx A.I'. bapumiesa, O.M. Ckoprokina, A.I1. Heuaesa,
0.B. TabakaeBoi Ta ykpaincekux — [.I.Pam3ueBcbkoi, A.I1. Benincekoi. s po3poOku onili-cyMimeid HUIMA pe-
KOMEH/IOBaHO BUKOPHCTOBYBATH JJOCTYIIHI OJIii, TaKi sIK COHALIHUKOBY, KYKYPY/A3SHY, OJJMBKOBY, PIIIaKOBY, JUISI-
HY Ta CO€BYy [6].

B Pocii icHye HopMaTHBHA AOKYMEHTAIisl Ha KyNIa)KOBaHY OJIiF0 «37paBHOE» HA OCHOBI COHSIIHHKOBOI Ta
pwxieBoi omiit (TY 9141-012-340448159-03) Ta «KasmTBa» Ha OCHOBI COHSIIHMKOBOI, JUITHOI Ta MapoCTKiB
nmenuui (TY 9141-003-51303328-00) [7].

[onibHi po3poOku icHyIOTH 1 B pecnybuini binopycs. Crnenianicramu HaykoBo-nipaktuuHoro ueHrpy Hario-
HaJlbHOI akazeMil Hayk binopyci 3 mponoBoibcTBa po3pobiieHi 30anaHcoBaHi 3a JKUPHOKUCIOTHHM CKJIAI0M
peLenTypH OMiif: «30JIOTHCTOS» Ha OCHOBI pimakoBoi Ta coHAIHUKOBOI oiii (70 : 30), «JITHOK», 0 CKIIaTa€eTh-
Cs1 3 COHSILIHMKOBOI Ta JUITHOT oJiii y cniBBigHOImeHHI 90 : 10 Ta «benopycckoe» — cyminIi COHANIHUKOBOT, pirna-
koBoT1 Ta JunstHOT o (68 : 30 : 2), a Takox TexHIuHI yMOBH «Ouil Xap4oBi KyHa)KOBaHi», SKi J03BOJISIIOTH BUPO-
ONTHHS JaHWX BHIIB OJIiif [7].

B namiit kpaini gipmoro BAT «Jlenda» po3pobiieHa cepis canaTHUX ol (yHKIIOHAIBHOTO TPHU3HAYSHHS
«boratupcekay, «IlikaatHey, «L{imone» 10 CKIIaay SKUX BXOMSATH TaKi OJIi SK JUITHA, PYDKIEBA, COHSAIIHUKOBA,
ripunune, KyKypynssse [7]. YKpalHCbKUM HayKOBO-AOCIIAHMM iHCTHTYTOM oJjiit Ta sxupis HAAH mus IIpAT 3
II «JIHimponeTpoBChKUI OJIIHHOSKCTPAKIIIHHUN 3aBOJ» PO3POOJICHO TEXHOJOTIYHY IHCTPYKIIiF0 HA BUPOOHHUIITBO
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CyMillIei OJIiif COHSIIHUKOBA — KYKYpYy/A3sHa Ta COHSIIHMKOBA — OJMBKOBa». Ha choroaHilmHii aeHs B Ykpaini
icaye JICTY 4536:2006 «Omii kymaxoBaHi. TeXHIYHI YMOBHY, SKHH periIaMeHTYe CKJIaj 1 MOKAa3HHKH SKOCTI
3MilIaHuX oMk (Kymaxis). IlepeBaroro JaHOTO CTaHAAPTY € TO, IO B HHOMY MPHUBEICHI PEIENTYPH CYMilIeH
OJTIH 3 PO3MOBCIOKCHUX Ha PUHKY BHIIB OJIiK 1 TAKMM YMHOM 3aKJIaJeHI METOJIMYHI OCHOBH ISl GOpMyBaHHS
ACOPTUMEHTY OJIiH-cyMillel pi3HOMaHITHHX BapiaHTiB. OJHAK JaHWA HOPMATUBHUHN JTOKYMEHT HaBOJIUTH pelle-
OTYPH KyHaXKiB ONiH, SKi 34€01IBII CKIIAAI0THCS 3 BEIMKOI YaCTKH COHSITHUKOBOI OJIii, IO € TUTBKH JKEpeIoM
JKUPHUX KUACIOT ®-0, 2 TOMY Bi/IMTOBITHO KUPHOKHUCIOTHHIA CKJIa[ IIMX CYMIIIeH He MOXke OyTH Ha3BaHUU 30aia-
HCOBaHUM.

Merta i ocHOBHI 3a1a4i po6oTn. MeToto naHoi poOOTH € 0/iepKaHHs CTIHKMX 10 OKMCHEHHS KYIaXiB OJii,
SKi ZI03BOJISIFOTH 3a/I0BOJIBHATH moTpebu opranismy monuuu B [THXXK npu cnoxuBanHi iX 1060BOi HOpMH.
O06’exTaMu TOCIIIPKEHHS € JesKi Kynaxi padiHOBaHUX OJIiii: COHANTHUKOBOI, pimakoBoi Ta coeBoi. s mocsr-
HEHHS METH Tpeba BUPIIINTH HACTYIIHI 3aadi:

— OJlepKaTH MO KyIaKOBaHUX OJIiH, Ki MAIOTh (i310JI0TIUHY IIHHICTH;

— BCTAaHOBHUTH )KUPHOKHCIOTHHI CKIIAJ OJICPIKAHUX KYHaXKiB;

— BU3HAYUTH CTilKiCTh 10 OKUCHEHHS JaHHUX KyIaxiB;

— BCTAHOBUTHU OpFaHOHeHTI/I‘IHi IIOKAa3HUKHU JaHUX KyHa)KiB.

Pe3yabTaTu po6orn. Po3paxyHoK penentyp KynaxoBaHHX padiHOBaHMX JI€30J0POBAHMX Ol 3TiTHO pPeKo-
MeHalii aieronoris (-6 : -3 =3—10: 1) npoBeaecHO 3a TOMOMOIOK PO3pOOJICHOT METOAUKHA HA OCHOBI JIi-
HilfHOTO TIporpaMyBaHHA B makeTi nporpaM MatCad [8] 3 BUKOPHCTaHHAM XUPHOKHCIOTHOTO CKIIay BUXiTHUX
oriii padiHOBaHHUX JE30IOPOBAHUX, IO OJCpPXKAHO NpHU iX imeHTH(DiKyBaHHI [9]. AHamiTHuHA 0OpOOKa MaHWX
JKUPHOKHCIOTHOTO CKJIaIy BUXITHUX OJIiH 32 JOMIOMOTOIO 3alpOIIOHOBAHOI CHCTEMH PiBHSIHB J03BOJISIE MimiOpa-
TH X ONTHUMANbHE CIiBBIIHOMICHHS Y CKIIaJli KyMaxy, mo HaseaeHo B [10].

ABTOpPOM ofiep’kaHO MOJIeJNi KyIaKiB Ha OCHOBI BITYM3HSAHUX OIiil — coHstmmHuKoBiH (IT), pimakogiit (P) Ta
coeiit (C) mpu cmiBBigHomenHi ®6: ®3=5:1 (me BimHomenus I1:P:C signosizno 20:75:5 (O6p. 1),
18:72:10 (O6p. 2), 15:70:15 (O6p. 3), 13:67:20 (O06p. 4), 11:64:25 (O6p. 5), 9:61:30 (O6p. 6)) Ta BUXOAAYH 3
BMICTY JKUPHHX KHCJOT B 0OpaHMX oisx Ta 4acTku (%, 00.) oJiif B Kyna)kax; BCTaHOBJIEHO PO3PaxyHKOBUM
MeTosoM (p) JKMPHOKHCIOTHUI CKIaJy JaHuX B3IpLIB KyNaxoBaHMX padiHoBaHux omiid. s kynaky
I[M:P:C=15:70:15 na ra3opimuaHOMy xpomarorpadi «Shimadzu» GC-14B (SInoHist) »KMPHOKHCIOTHUIMA
CKJIaJI MITBEP/IXKEHO eKCIIepUMeHTalIbHO (e). OfepikaHi pe3ylibTaTH NpuBeIeHo y Tabi. 1 Huxkue.

Tabmuus 1 — XKXuprokucnornwuii cknaa (JKK) oniii kynaxoBanux paginoBanux mpu -6 : ®-3=5:1

KK Oumist KynaskoBaHa padiHoBaHa
20:75:5 18:72:10 15:70:15 (p/e) 13:67:20 11:64:25 9:61:30
Cis0 6,09 6,34 6,59/5,45 6,84 7,1 7,32
Ciso 2,32 2,33 2,43/2,25 2,52 2,62 2,71
Ciga 54,77 52,62 50,47/51,59 48,32 46,12 43,87
Cigo 29,76 30,46 31,16/30,81 31,86 32,61 33,06
Cigs 6,041 6,19 6,33/7,16 6,47 6,61 6,75
Cao0 0,0175 0,035 0,05 0,07 0,0875 0,105
Coo1 0,017 0,034 0,051 0,068 0,085 0,102
Caoz
Cao 0,136 0,12036 0,10472/0,64 0,089 0,07412 0,056
MHXK
KK 1,56 1,49 1,42/1,35 1,36 1,3 1,23

QakTHYHAN CKIIQA KyHaXiB, 0 BU3HAYEHO XpoMmarorpadigHo, HE3HAYHO BifPi3HAETHCS Bill PO3PaXyHKOBO-
IO, @ CHIBBIAHOIIECHHS ©-6 | ®-3 , M0 0Jiep)KaHO TEOPETHYHO 1 (hJaKTUYHO 3a pe3yJIbTaTaMH XpoMaTorpadiuHoro
aHai3y 3pa3KiB BiIpi3HsIIMCH He OLIbII HixX Ha 2 — 4 %.

TIpoBeeHO AOCIIHKEHHS OLIHKK MPOIECiB OKUCHEHHS AeIKHX KynaxiB (-6 : ®-3 =5 : 1) ouniii Ha npuani
OXITEST (xommawnist Velp Scientifica, Itamist) mpu temmeparypi 100 °C Ta po3paxoBaHo rpadiqdHUM METOIOM
nepion iHayKIii. PesynbraTn HagaHo B TaOmwmIi 2.

PesynbraTu Tabm. 2 cBimyaTh 1Mpo Te, MO0 IHAYKLIIHHMAN Iepiox Mojaenel KyNa)KOBaHMX OJIi 31 3HMKEHHSIM
00’€MHOT YacTKH PillaKoBOi OJIii Ta IiJBUIIEHHSIM YacTKH COEBOI OJIiT — 3HIKYETHCS. L{e MOXKHA MOSICHUTH JIUIIE
3HMD)KEHHSIM YacTKU IPUPOJHUX aHTHOKCUAAHTIB, SIKI IPUCYTHI y BUXiJHIN pinakoBii oxii (Tokodepois Ta cre-
pouiB). Ileit BUCHOBOK MiATBEPIUKYIOTH 1 pe3yabTaT podit [2, 11] 3 akux 3’sicoBaHoO, 0 Nepioa IHAYKIIT OKuc-
HEHHSI CO€BOT 0JIi1 MEHIIIe HiX PINaKkoBoi, a IHAYKLIIHUI Nepio/i OKUCHEHHS COHSIIHUKOBOT MEHILIUH, HIX Y CO€-
Biif a00 piMaKoBii OisX.
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Tabmuus 2 — [aaykuiiiauit nepion (IP) omii

Kynmax I1:P:C IPs , xB 1Po*, xB
13:67:20 345
11:64:25 333
9:61:30 301
15:70:15 489

IPg , [Py — iHmyKuiiiHKI mepioa KynaxiB ofii gepe3 6 Ta 9 MicAIiB, BIATIOBIIHO

Kpim noka3HuKa CTIKOCTi 10 OKMCHEHHS Ta >KUPHOKHCIOTHOTO CKJajy, (i3i0oJOTi4HO IiHHI KyHa)KOBaHi
OJIi1 OLIIHEHO 1 OpraHOJNIENTHYHE, a PE3YJIbTaTH ISl 3pYYHOCTI CHPUHHATTS HaAaH1 y BUMIIAAl npodiasrpamu Ha
pHUCYHKY 1.

—— Cmak Bamax

IIpo3sopicts Komip

------- dizioJsioriyHa WiHHICTE —— CTilKUCTh 10 OKMCHEHHS

Pucynok 1 — IIpodinerpama opraHoJENTHYHUX Ta ACIKUX (i3UKO-XIMIYHUX TTOKA3HUKIB KYMaXKiB

Ipodinerpama mokasye, mo Bci Kynaxi oiiii MaroTe BUCOKY (hizionoriuHy miHHicTh. OpraHOJIeNTHYHI MOKa3-
HHKH, TaKi K 3amax, Ipo30picTh Ta KOJIp, OJii Kyna)XoBaHHX pa(iHOBaHMX J1€30JI0pPOBaHMX BiINOBIAIOTH Ha -
BUIIOMY Oaiy, a cMak 3 IMiJABUILEHHSIM 00’ €MHOT 4acTKH CO€BOI ouii y cymimax ouiit — noripuryerbes. CTiiiKicTh
JI0 OKHCHEHHSI 31 3HIXKEHHSM 00’ €MHOT 4aCTKHU pilakoBoi oJIii Ta MiBUIIEHHSM YacTKH COEBOT OJIIT — 3HMIKYEThCH.

3a ofiep)KaHUMHU pe3yJIbTaTaMU BiIacTHBOCTEH ((pi3iosoriuHa IIHHICTD 32 PaxXyHOK KOPEryBaHHS XHPHOKHC-
JIOTHOTO CKJIaJy, CTIHKICTh 10 OKUCHEHHS, CMaK, 3amax, KoJip) Kymaxi onii o0p. 2 ta o0p. 3, MOXKHA PEeKOMEH-
JIyBaTH SIK JUIs O€3II0CEPEHbOr0 BXXMBAaHHS B DKy TakK 1 JUisl OJiep)KaHHS TaKUX €MYJIbCIHHUX MPOMYKTIB, SIK Ma-
HOHe3 Ta KOCMETUYHHMI KpeM Uil CyXoi IIKIpH.

BucHoBku. B pesysbrari po6oTH 32 po3po0IeHOI0 B MONepeHiX pod0Tax MaTeMaTHYHOK METOIUKOK PO3-
PaxoBaHO 1 EKCIEPIMEHTAIBFHO OJCP>KaHO MOJEINi KyIaxKiB, IO BiAIIOBINAIOTH CIiBBIAHOIICHHSIM 30aaHCOBa-
HHX 32 )KUPHOKHCIIOTHHM CKJIaZ0M OJliid. Po3paxoBaHO Ta eKCIiepUMEHTAIbHO Ha ra30piiMHHOMY XpoMmarorpadi
«Shimadzu» GC-14B (SlnoHis) BCTAaHOBICHO >KUPHOKUCIOTHUH CKIIQJ OTPUMAaHUX KYyMa)kKOBaHWX ONiid. BuzHa-
YeHI OpraHoJIeNITHYHI TOKa3HUKH, CTIMKICTh 10 OKMCHEHHsI J]a€ 3MOT'y PEKOMEH/1yBaTH MO/Jielli KynaxiB o0p. 2 Ta
00p. 3 sk i Oe3nocepeJHbOr0 BXXUBAHHS B Ky TaK 1 JJsl OJiep)KaHHS eMYJIbCIHHUX NPOIYKTIB (yHKIIOHAIb-
HOTO NPHU3HAYEHHS.
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V]IK 664.36
MartseeBa T.B.

HOBBIH B3I'JI51]T HA KYITA’KHPOBAHHBIE MACJIA

Io dopmyrne cOanaHCHPOBAHHOTO MUTAHUS CyTOYHAS HOTPEOHOCTH OPraHU3Ma B3POCIIOro YEJIOBEKa B Macle
coctasiser npuMepHo 20-30 r, mpryeM Ha J0JII0 NOIMHEHACHIEHHBIX XKUPHBIX KucnoT (ITHXKK) momkxo npu-
xoautbest 12—-30 % OoT Bcex KUPHBIX KUCIOT. B TaHHOM CTaThe pacCYMTaHbl M MPHUBEACHBI PELENTYPhl KyNaXH-
POBaHHBIX MaceJl Ha OCHOBE OTEYECTBEHHOTO ChIphs. OCYIIECTBICHA OLIEHKA CTA0OMIBHOCTH K OKHUCIICHUIO HEKO-
TOPBIX Kylaxeu.

Matveeva T.V.

NEW VISION ON BLENDED OIL

The number and ratio of polyunsaturated (PUFA) — linoleic (o -6) and linolenic (® -3) — fatty acids are most
important factors of biological value of vegetable oils. According to the balanced daily diet formula needs of an
adult person in oil is approximately 20-30 g that should contain 12-30 % of polyunsaturated fatty acids (PU-
FAs). Found that among the possible methods of producing oils with a balanced composition as polyunsaturated
fatty acids (PUFA) ®- 6 and ®- 3 and mononenasyschennyh fatty acids (MUFA), the most economical, com-
pared with selection, genetic engineering, chemical or enzymatic interesterification can being oil blends. Formu-
lations of blended oils on the base of domestic oils presented in this article. Estimation of stability against oxida-
tion of some blended oils have been conducted.
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VK 664.3
Ho6pynos JI.E., ITusens E.H., [lepesanos JL.U.

9KCTPAKT M3 BE3J1Y3I'OBOI'O SI/IPA IIOACOJTHEYHUKA - AHTUOKCUJAHT JJIsA
KOHJAUTEPCKOI'O )KUPA

[IpomOmKUTENEHOCTD XPAaHEHHS MHOTHX XKHPOCOAEPKAIINX MTPOAYKTOB 3aBUCHT, IIPEXK/IE BCETO, OT KA4ECTBA
JKHpa, BXOASIIETO B UX COCTaB. B KOHTaKkTe ¢ BO3AYXOM KHMPBI PACTBOPSAIOT €r0 KOMIIOHEHTHI, B TOM YHUCJIE KU-
ciopoi. B pesynbrare Takoro OKHCIEHHS B JKUpE IOSBIISIOTCS HOBBIE BEIIECTBA, M OH NMPHOOpETaeT HOBBIC
CBOMCTBA, KAYECTBO U CTENEHb BHIPAKEHHOCTH KOTOPBIX 3aBHCHUT OT psijia MPUYHMH MU ACHCTBYIOMINX (haKTOPOB.
Ecnu riryOuHa OKHCIIEHHs HEBENMKA, TO 3aMETHO MEHSIOTCS, TIIaBHBIM 00pa3oM, €ero OpraHoJIENTHYECKHe CBOM-
CTBa — BKyC U 3amax. MI3MeHeHHe BKyca U 3amaxa XHUpOoB IPUBOAUT K TOMY, YTO OHHU CTAHOBATCSI HEMPUTOIHBIMU
K yInoTpeOieHHIo B uiy. [l TOro, 4To0bl 3aMEAINTh MPOIECC OKUCIICHNS KHUPOB K HUM J00aBISIOT BELIECT-
Ba, KOTOPbIe MHTHOUPYIOT 3TOT mpouecc. IIposBiIeHne UX IEHCTBHUS BBIpa)KacTCsl B YBEJIWUEHHN MEPHOJA MH-
IYKIUH ¥ CHIDKCHUH CKOPOCTH OKHCIICHUSL.

WHrudutops! (Mau aHTHOKCHAAHTHI) B TIOCIIEAHEE BPEMs IPHOOpETaroT Oosbioe 3HaueHne. VX nmpuMmeHeHne
MO3BOJISIET MTOBBICUTH CTAOMIIBHOCTD JKUPOB K OKHCIMTEIBHON IOpUe, a TAKXKE Pa3HbIX MHUIIEBLIX MPOIYKTOB Ha
UX OCHOBE.

Ceifyac 0COOCHHO aKTyalbHBIMU SIBISIOTCS Pa3pabOTKH MO MOAOOPY M BHEAPEHUIO AaHTHOKCHAAHTOB INpHU-
POTHOTO MPOMCXOXKJICHHSI, KOTOPBIE COACPIKAT CIOKHBIM KOMIUIEKC BEIIECTB B COOTHOIIEHHSIX AO3UPOBAHHBIX
MIPUPOAOH, MOITOMY 1O CBOEH OMOXMMMYECKON NPUpPOJE Takue J00aBKM ACHCTBYIOT Ha OpPTaHM3M Msrde, 4yem
WHTPEANEHTHl CHHTETUYEeCKOTo npoucxoxaenus [ 1,2,3,4].

C y4eToM BBINIECKa3aHHOTO, LIENbI0 Hallel paboThl ObLIa pa3paboTKa criocoba cTabuIIM3anui KOHIUTEPCKO-
IO J)KUpa IyTeM J100aBIICHHUS SKCTPAKTOB, N3BJICUEHHBIX M3 0€3IIy3roBOro siJpa MoJCOJIHEYHUKA C UCIIOJIb30BaHH-
€M KaBUTAI[MOHHOW YCTAaHOBKH, a 3a/aueil — M3y4YeHHE aHTHOKCHIAHTHON aKTMBHOCTH 3THUX 3KCTPAKTOB IIPH
UCIIOJIb30BAaHUHU B COCTaBE KOHAUTEPCKOTO JKHUpa.

Mertouka omnpeneneHus MOJIIPHONH KOHIEHTPAalWM aHTHOKCHJIAHTOB B JKMpax (Maciax) mpuBeneHa B [5].
Hagecky xwupa (Macia) Maccoi 2 T B3BEIIUBAIOT B peakTope ¢ TouHOCTHI0 0,001 r. [TnmeTkoii BMECTUMOCTHIO
5 M oTOuparoT 3 cM® 0-KCHIIona u NEepPeHocAT B peakrop. Tyzaa ske NuneTkod BMecTUMocTbio 1,0 cm® romerna-
o1 0,3 em® 0,1 mous/mv® pacTBopa nrnmaropa (AMBH) B o-kemitone.

YcTaHOBKa 1T M3MEPEHHUs TOTJIOUICHUs KUciopoja npuBeneHa B [5]. CKOpPOCTh MPOABIDKEHHS MEHHCKa
JKUJIKOCTH B MU3MEPUTENIFHON OIOpEeTKE MPOIOPIOHATbFHA CKOPOCTH MOTJIOIMIEHUS KUCIOPOAA KUPOM (MacIom).
Vi3Mepsist BpeMsi B MHH. ¥ 00BEM TOMIOMCHHOTO KHCIOPOa B CM°, CTPOSIT 3aBHCHMOCTD KOJIMYECTBA MIONNIOMIEH-
HOro Kuciopoaa ot Bpemenu (AHg, ot t) — puc. 1, mo KoTopoii rpadUUeCKu OMPEASISIOT IePUO] HHIYKIUH T.
OH omnpezaenseTcsd TOYKOW MEpeceueHHs IBYX NPSMBIX, OJHA U3 KOTOPHIX SBISETCSA MPOJODKEHHEM YydacTKa
KPHMBOW OKHCIICHHMS KHMpa (Macyia) Ipy OTCYTCTBUH MHTHOMTOpA N0 MEPEeceyeHust ¢ 0chblo abcuuce B TOUKe A 1
o0pazyeT ¢ ochbio abcIyce Yroi o, BTopast npsiMasi — KacaTelbHast K KpUBOM OKHCIIEHHS B TOYKE, JUII KOTOPOH
CKOPOCTb OKHCIICHHUS B 2 pa3a MEHbIIE CKOPOCTH OKHUCIIEHUS IIPU OTCYTCTBUU HHIMOUTOPOB.

DTy TOUKY ONpEAEISIOT ciexytomuM oopazom. IlpoBousaT auHuio AA; depe3 TOUKy A M CepeHy KaTera,
MPOTUBOMNOI0KHOTO YIiy O, 3aTeM MPOBOJAT KacaTelbHyt0 BB; Kk kpuBO#l OkUCIeHHs, TapaJIeIbHyI0 NPSMON
AA;. UckoMbIM TOYKa JEKUT Ha nepecedeHuu npsambix AC u BB;. OnyckaroT nepneHauKkymsp U3 3TOH TOUKH
Ha och abcruce. Touka Ha mepecedeHun ¢ 0chio abenuce (D) 1 OyIeT COOTBETCTBOBATD TIEPHOTY HHIYKIIHH.

Konnenrparmto antuokcuaantos / InH / B MOJIB/IM° PACCUHTHIBAIOT IO (hopMyIie:

Ix[AUBH]x 1 —e P7)

[InH] = ;

= 0,48x[AHMBH]x (1-0,9999°), 1)

rue [AMBH)] — HavanpHasi KOHICHTpPAIMS HHULHATOPA, MOJB/TT; K, — KOHCTaHTa CKOPOCTH pacihaja HHUIHATOPA,
npu t = 80 °C, paBnas 6 10° C'l; 1/f = 0,48 — BBIXOJ PAUKAJIOB [IPU PACIAJIE OJHOW MOJICKYJIbI HHUIIMATOPA);
f — ko3 urMeHT HHrMOUPOBAHMS, PABHBIN YHCITY [ETEi, KOTOPBIC OOPBIBAIOTCS OJIHOW MOJIEKYJIOH aHTHOKCH-
JIAHTA); T — SKCIIEPUMEHTAIIBHO OIPEJIEIICHHBIN EPUO]] HHIYKIINH, C.

[Ipu pacueTe KOHIEHTPALMM aHTHOKCHIAAHTOB B (popmyny (1) IMOACTABIAIOT HCIOJIB30BAHHYIO B DKCIIEPH-
MEHTE M PAaCCUYMTAHHYIO MOJIIPHYIO KOHIICHTPALUIO MHULMATOPA U SKCIIEPUMEHTAIBHO OIMpPEICTICHHBIN MepHoT
WHAYKIIAH T B CEKyHIaX, yMeHbIIeHHBIH Ha 600 ¢ (MPOJOIKUTENHHOCTE MPOTPeBa PEaKIIMOHHOTO COCYy/Ia ¢ aHa-
JU3UPYEMOI CMEChIO), B TCUCHUE KOTOPOTO B MPHUHATHIX YCIOBUAX IKCIICPUMEHTA PEAKIUs OKUCIICHUS TPAKTHU-

78 IHmeeposaHi mexHoroeii ma eHepeo3bepexeHHs 1’2015



IHTErPOBAHI TEXHOJIOr I MTPOMUCIIOBOCTI

YCCKH HC UACT. 3a BCJIMYMHY T NPUHUMAIOT CPCIAHEC apI/I(i)MeTI/I‘IeCKOG 3HAYCHUC NE€pUOJa MHAYKIUU, KOTOPOC
OIPCACIIACTCA 110 pE3yJibTaTaM 3 SKCIICPUMCHTOB.

H, mm

120

100 4
—4— JKup (macio)

80

60

40

20

35

t, MmuH.

PI/ICyHOK — 3aBUCHMOCTH KOJIMYECTBA TIOTJIOIIEHHOTO KMUCJIOPOda OT BpPEMCHHU

Ilepen mpoBeCHUM OCHOBHHUX HCCIICAOBAHHI 00pa3Ilbl CEMsH MOICOJHCUHUKA ObLITH 00pabOTaHBI KUIKUM
azoroM npu Temneparype -30 °C, nocie yero cpasy ke ObUIM 0OpYILIEHbI HA HEHTPOOESIKHON CEMEHOPYILKE.

Ha cnenyromem stamne paboTsl MOTYYEHHOE O€31Ty3roBO€ SIIPO OTIPECCOBATIM HA IUTIONIHIFHOM Ipecce ¢ Mo-
crnemyromieil 00paboTKOI JenecTka B KaBUTAMOHHON MamuHe. [locie 3TOro monydnnu CycreH3uio, KOTOPYIO
cpasy ke OTGUIBTPOBAIN Ha BOPOHKE broxHepa, 3aTeM BBICYIIMIIHN LIPOT U MOJYYHIN CIEAYIOIINE TPOTYKTHI:
0enTKOBBIN MPOYKT, MOACOTHEYHOE MaciIo M MHUCIeuTy. Jlajgee pacTBOPHUTENb W3 MHUCLEIUIBI OTOTHAIN U TIOTY-
YHJIM CyXHe BEIECTBA IKCTPAKTOB 00PA3I0B MOACOIHEYHOr0 KMbixa. OOpa3ibl OTIMYAINCH CIIETYIOMUM 00pa-
30M:

obpazer; Nel — cyxue BeliecTBa SKCTPAKTOB MOJICOJHEYHOT'O KMBIXa, IMOJYYEHHOTO MOCJIE OTTOHKH PacTBO-
pHTEIISt — STHIIOBOTO CITUPTA;

obpazer; Ne2 — cyxue BelecTBa SKCTPAKTOB IMOACOIHEYHOTO JKMbIXA, MMOJIYYEHHOTO I10CIIe OTTOHKH CMECH
pacTBOpHTEIIEH — STWIIOBBIN CIIUPT : TeKcaH B cooTHommeHun 9:1;

oOpazerr Ne3 — cyxme BemecTBa 3KCTPAKTOB ITOJICOTHEYHOTO JKMBIXa, MOJYYSHHOTO TOCIE OTTOHKH CMECH
pacTBOpHUTENEH — STHIIOBBIH CIIUPT : TeKCaH B COOTHOIIEeHUH 1:1;

obpazerr Ne4 — cyxue BemiecTBa 3KCTPAKTOB IOICOTHEYHOT'O KMbIXa, MOIYYSHHOTO MOCIEe OTTOHKH PACTBO-
pHTeINs — rekcaHa.

HpOBepKa AHTHOKCHJAHTHBIX CBOWCTB CYyXHUX BEHICCTB J3KCTPAKTOB 06pa3u013 MNOJCOJTHCYHOI'O XKMbIXa Ha
OCYIIECTBIISAIACH HA KOHAUTEPCKOM JKHPE.

BnmsiHue cyXux BeHIECTB HKCTPAKTOB IOACOTHEYHOIO KMbIXa 00pasnos: 1, 2, 3, 4 Ha cCKOPOCTh OKUCIICHUS
KOHJIUTEPCKOTO JKMpa MPOBEPSIH, j00aBisist 2,5 % 3KCTPaKTOB B OKHUCIISIEMbBIH KOHIUTEPCKUH JKUp. DKCIepu-
MEHTBI TIPOBOJIMIIM HAa MaHOMETPUYECKOW yCTaHOBKe. J[aHHBIE O CKOPOCTH OKHCICHHSI KOHAWTEPCKOTO JKHpa B
NPUCYTCTBUH PA3IMYHBIX SKCTPAKTOB MIPUBEICHBI B TA0JI. 1.

Kak BuHO M3 pe3ynbTaToB TabIMIBI 1 CKOPOCTh OKHMCIEHHS KOHJANTEPCKOTO JKUpa B MPUCYTCTBUH BCEX HC-
CJIelyeMBIX 00pa3IOB MEHbBIIE CKOPOCTH OKHCIICHHS YHUCTOTO KOHAWTEPCKOTO XHUpPA, TO €CTh 3TH IKCTPAKTHI
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TOPMO3SIT OKUCIICHHE KOHIUTCPCKOTO JKUpPA M TAaKUM 00pa3oM SIBIISIOTCS MHTMOUTOPAMH IICTHBIX CBOOOIHO-
pauKaJIbHBIX PEAKIIUiL.

Tabmmma 1 — CKOpocTh OKUCTICHHS KOHAUTEPCKOTO KHpa ¢ JOOaBKOH IKCTpaKkTa u 6e3 Hero

CKOpOCTb OKHCIICHUS, CoorHolreHne

HanmenoBaHnue 3kcTpakTa 116 N

W, -10°, Mmosb/i1 ¢ cKopocreit
Be3s skcTpakra 4.3 1,00
Oopaser Nel 2,0 2,15
Ob6paszer Ne2 1,1 3,90
Ob6pa3zerr Ne3 3,5 1,30
Oopaszer; Ned 2,3 1,80

Ha puc. 2 MNpCACTABJICHBI TUIIMYHBIC KPUBBIC 3aBUCUMOCTH HNOITIOIICHHOI'0 KHUCIOPOAa 06pasuaMI/1 JKupa oT
BPEMCHH, IO KOTOPBIM ONPCACIAIN NEPHUOJ MHAYKIIMNA U CKOPOCTb OKUCJICHUSA.

H, Mmm
178 I I
—@—3pasox No3
176 —
=f—3pasox Nol -
174 ——

—t—73pazox Nod

172 ——

=—dr=—3pa3ok No2 j f
170 7 bes skcTpakrty / , #
3 / /y
o
164

162 /
Fz.ﬁ ol "/‘*(

160

158
0 10 20 30 40 50 60 70 80

t, xB
PucyHok 2 — KuHeTHueckue KpuBble MOTJIOMICHHUsI KHCIOPO/1a KOHAUTEPCKUM JKHUpoM ripu 75 °C B IPUCYTCTBUM HHUIIMATOPA

AUBH n unruéuropa «obpaser Nel—-Nedy

Kak BunHO 13 pucyHKa, meproabl HHAYKIUU 00pasnoB Nel — Ne4 Gombine meproa HHAYKIMH KOHIUTEPCKO-
0 Jxupa 6e3 J0OaBIEHUs CYXHUX BEIIECTB AKCTPAKTOB MOICOIHEYHOTO )KMBIXa.

BLIBO}ILI. Takum o6pa30M, MOXHO CICJaTb BBIBOJ, YTO BCC HCCIICAYCMbIC 06pa311},1 CYXHUX BCHICCTB JKC-

TPAKTOB MOACOJHCHYHOI'O JXMbIXa TOPMO3AT OKUCJICHUEC KOHAUTCPCKOI'O KUpa U ABJIAIOTCA I/IHI‘I/I6I/ITOpaMI/I CII-
HBIX CBOGOZ[HO'paL[I/IKaHLHLIX peaKHHﬁ.
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YK 664.3

Ho6pynos [1.€., [Tisens O.M., [Tepeaiios JI.I.

EKCTPAKT 3 BE3J1Y3I'OBOI'O AAPA COHAIIHUKA - AHTUOKCUJAHT JAJIA
KOHAUTEPCBKOT O KUPY

V cTarTi 3anponoHOBaHO Croci® cTadinizalii KOHIUTEPCHKOTO KUPY MUIIXOM J0JaBaHHS €KCTPAKTIB, BUITY-
YEeHUX 3 OE3MYLIINMMHHOTO S/Ipa COHSIIHUKY 3 BUKOPHCTAHHAM KaBiTaliiHoi ycTaHOBKH. IlepeBipka aHTHOKCHIA-
HTHHUX BJIACTUBOCTEH CyXMX PEYOBHH €KCTPAKTIB 3pa3KiB COHSIIHUKOBOI MaKyXH 3/iHCHIOBaIacs MaHOMETPUY-
HUM METOIOM.

Dobrunov D., Piven O., Perevalov L.

EXTRACT FROM SUNFLOWER KERNELS WITHOUT HUSK - ANTIOXIDANTS FOR
CONFECTIONERY FAT

This article proposes a method for stabilizing confectionery fat by the addition of extracts, extracted from

sunflower kernels without husk using cavitation installation. Checking the antioxidant properties of solids
extracts samples of sunflower meal on exercise manometric method.
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YK 658.012
Comanesa U.JI., I'pumko E.K., Benemosa JI.O., Xmenesckas 11.0., Jlykoserko A.A., brusaiok A.B.

IMPUMEHEHMUME NPEITIPET'A ITPU U3I'OTOBJIEHNU KOMILVIEKTYIOIIAX
JIJISI TIPOTE3HO-OPTONEINYECKHAX W3EJTANA

3a mocieaHue IECSATUIICTHS B IPOTE30CTPOCHHUH, B TOM YHCIIE B OTEYECTBCHHON OTPACIM, 3HAYUTEIHHO pac-
HIMPUIICS. aCCOPTHMEHT M3JAEIHMH U3 mpernpera. DTo oOBSICHSIETCS BO3MOXKHOCTBIO CO3JaHusl Ha 0Oase mperpera
MPOCTBIX KOHCTPYKIMH C ONTHMAJIBHBIM KOMIUIEKCOM JKCIUTyaTallMOHHBIX CBOWMCTB, OCOOCHHO BaKHBIX JUIS
npote3Ho-oproneauueckux nzaenui (II0N), a uMeHHO: MasTBIM BECOM M 00bEMOM, BEICOKMMH JiehopMaimoHHO-
MPOYHOCTHBIMH CBOHCTBaMH, TU(Q(epeHIMPOBAaHHBIMH, B CIIy4ae HEOOXOIUMOCTH, 110 TOBEPXHOCTH U3/IEIIHSL.

B 2005-2006 romax B YkpHWUnporesuposanust 661 pa3padboTaH NOJIMIPUPHBINA TPEper, B COCTaB apMHu-
pYyIOIIei cHcTEMbI KOTOPOTO BXOJMJIA YIJICTKaHb HA OCHOBE IPa()UTH3MPOBAHHBIX BUCKO3HBIX BOJOKOH IPOM3-
BojcTBa benopycu.

Heo6xoaumocTs pa3paboTku mpemnpera Juis 0T€YEeCTBEHHOTO NMPOTE3NPOBAHMUS OOBICHIACH OTCYTCTBHEM Ha
YKparHCKOM pPBIHKE MaTepHana Ha OCHOBE KOMIIOHEHTOB, HMEIOIINX pa3pemienne MuH3IpaBa, C OXHOH CTOPOHbI
M BBICOKOH CTOMMOCTBIO M OCOOBIMH YCIOBHSMHU TPAHCIOPTHPOBKH IPENPEroB, pa3pabOTaHHBIX VI MPOTE30-
CTPOEHHMSI HHOCTPAaHHBIMU (prpMamH, ¢ APYTOH CTOPOHBI.

B kadecTBe CBS3YIOIIEro mpernpera UCIob30Baiu 0e3cTuposibHyo cMoiy ITH-609-2M, HamonHeHy0 a3po-
CUJIOM, comojuMepoM A-15, OKHCBhIO MarHus W TEPEKUCHhIO OeH30WMIa B KauecTBe OTBepauTelis. [loapoOHoe
OIMCaHUe PELENTYPhI CBA3YIOLIEro ObUIO MPUBEACHO B MPEAbLAYLINX MyouKkanusix [1].

B kauecTBe apmupylolero KoMIoHeHTa Obla pa3paboTaHa rMOpHAHAs cUCTeMa JAMUHATHOTO THUIIA, CO-
cTosIIIast U3 3 CJIOEB YrJIETKaHU Ha OCHOBE rpaUTU3NPOBAHHBIX BUCKO3HBIX BOJIOKOH Mapku Ypan T-2-22 (CTh
995-2011, benapycs) u creknotkanu mapku T-13 TOCT 19170-2001 [2].

Pa3paboTaHHbIe B MOCIEAHUE TOJBI KOHCTPYKIIMK OPTE30B MOBBIIICHHON (YHKIMOHAIBHOCTH, JUII U3TOTOB-
JICHUsI KOTOPBIX TPeOyeTcs MpEeIper ¢ OYeHb BBHICOKMMH MPOYHOCTHBIMHM XapaKTEepHCTHKaMH, a TakKe HecTa-
OMIIBHOCTH PBIHKA OTEUECTBEHHBIX MaTepHaiOB, MPUBEIH K HEOOXOANMOCTH YIyUIIeHUs] KauecTBa pa3paboTaH-
HOTO paHee 1 ONHMCaHHOTO BHIIIE MaTepHaa.

Kak n3BecTHO [3, 4] ocHOBHBIM (hakTOpOM NpH (POPMHUPOBAHUH XapaKTEPUCTHK KOMITO3UIIMOHHBIX MaTepra-
JIOB, M B YaCTHOCTH IIPEMpeTa, SBIIETCS 10400p apMHUPYIOIIET0 KOMIIOHEHTa. BbI0OOp cBA3yrOmIEero 11 oTeyecT-
BEHHBIX IPENperoB, NpUMEHsoumxcss npu usrotosnennn I[IOW Hamboiee pacmpocTpaHEHHBIM METOIOM
«MasnbMe» OrpaHHYeH B CHITy TEXHOJIIOTHYECKOH CrieU(HKN 3TOr0 METOA.

Marepuassl 1 Metoipl. C 1esbl0 YIIy4lleHHs] MPOYHOCTHBIX XapaKTEPUCTHK MOJIMA(UPHOTO Hpernpera Obuin
M3y4eHBI YIJIETKAHU Pa3HOW MOBEPXHOCTHOM MJIOTHOCTH Ha OCHOBE I'paMTH3UPOBAHHBIX ITOJHAKPHIOHUTPUIb-
HBIX BOJIOKOH NPOM3BO/ICTBA MHOCTPAHHBIX, HanOoee JOCTYIHBIE ISl OTEUECTBEHHOTO ITPOU3BOIUTENS, B Kaue-
CTBE COCTABIISIOIIET0 KOMIIOHEHTA B JJAMUHATHOH apMHUPYIOLIEH cucTeMe MOIMI(QHUPHOTO IpeTpera.

Kak BapuaHT cpaBHEHHNS HCIIOJIB30BAIH Pa3paOOTaHHBIN paHee Npenper, ONMUCAHHbIH BBIIIE.

[Ipenper nony4anyu METOOM ITOCIOHHON MPONUTKN apMHUPYIOIIEH CHCTEMBI JIAMUHATHOTO THMA (3 ciost yr-
JIETKAHU ¥ 2 CJI0sS CTEKJIOTKAHM), KOTOPHIi BeiaepkuBany 1pu (20 + 2) °C, B TedeHue 3—4 CyTOK Ul BbI3peBa-
HUSL.

CooTHoLIEHHUE CBS3YIOLIEE | apMUPYIOMINIT KOMITOHEHT cocTanisiio 40 : 60.

B apmupyromie#t cucteme BapbHpOBAIM YTONBHBIH KOMIOHEHT OTBEPIKICHHE MTPETIpera OCyIIeCTBISUIN METO-
70M OPMOBAHHS C HACTHIHON MemOparoit mpu 150 °C, nasnennn (—0,6) — (—0,8) kr/cm’ B Teuenue 60 mun. C
IIPEIBAPUTEIBLHOM BBIIEP/KKOM MO JEHCTBUEM BaKyyMa IIpU KOMHATHOW TeMIIEpaType s yIaIeHUs MEKCION-
HOW Biaru B Tederne 30 MuH.

OO0pa3ipl CTaHAaPTHOW BETUYHMHBI BBIPE3alId U3 OTBEPKISHHOTO MaTepHalia ¢ MMOMOIIbI0 BUOpOHOKA. DPU3H-
KO-MEXaHNYeCKHe CBOHCTBA ONPENENsUIN IT0 CTAaHJAPTHBIM METOIMKaM TpHu cKopocTr 10 MM/MuH.

PesynbraThl 1 UX 00CyXIeHHE

JanHble uccnenoBanuii pU3NKO-MeXaHNIECKHX CBOWCTB IPUBEJICHBI B Ta0muIe 1.

Kak cBueTenbCTBYIOT TaOIMYHbIE JaHHBIE TKAHW Ha OCHOBE MCKYCCTBEHHBIX BOJIOKOH Pa3JIMUHBIX MPOU3BO-
JuTeleit 001anaiy JIyduMy apMUPYIOIIUME CBOWCTBaMH, 4eM OeJIopyccKasl TKaHb, OCHOBY KOTOPOW COCTaBIIs-
JIM BUCKO3HBIE BOJOKHA. DTOT BBIBOJ| MOJTBEPXKIAETCS OOee BEICOKMMH (PU3UKO-MEXaHUUECKHMHU CBOWCTBAMHU
MIPEIPEroB, B COCTaB apMHUPYIOIIEH CUCTEMBI KOTOPHIX BXOIWMIIN HEMEIKHE U aMEPHUKAaHCKUE YIIIETKaHH, 4TO HE
MPOTUBOPEUYUT JAHHBIM JAPYTUX HCCIeaoBaTeNei [S].

Haubonpmmmu npoynoctsio npu nsrode (¢ = 370,0 MIla) u moaynem ynpyrocru (E = 13900 MIla) o6xna-
Jlall TIPETper, B COCTaB apMHUPYIOIIEH CHCTEMBbI KOTOPOTO BXOIMJIA YIIETKaHb HEMEKoH (upMel Saertex c¢ mo-
BEPXHOCTHOI TIOTHOCTEIO 300 I/M° TOJOTHSHOTO IUICTEHHMs. Ta TKAHb MOYET OBITH PEKOMEH/IOBAHA IS TIPe-
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MPEroB, IPUMEHSIONIMXCS Ul HECYIIHUX JeTalleil n3aenuid, rae TpeOyloTcst BEICOKHE NPOYHOCTh M KECTKOCTb.
VYMeHblIeHne NOBEPXHOCTHOM IUIOTHOCTU MPUBOAMIO K CHIDKEHHUIO IPOYHOCTHBIX M YIPYTUX CBOIICTB, B TOM
YHciIe K yMEHBUICHUIO MPpornba mpy paspynieHuH. IMEHHO 3TOT MoKa3aTelb BaXKEH JUIS MPENpEToB, KOTOPHIE
UCTIONB3YIOTCS TPH M3TOTOBJICHHU CTOITHOM YacTH MPOTE3HO-OPTONEIMUECKUX M3ACINH U HIDKHUX KOHEYHO-
creil. CHIKeHne nporuba Npu pa3pyIIeHHN CBUAETEIBCTBYET 00 yXYAIIEHNH HKCIUTyaTallHOHHBIX CBOMCTB M3-
JETTHH.

Tabmuma 1 — 3aBucUMOCTh (PU3NKO-MEXAaHUUECKUX CBONCTB IPENPETOB OT HCIOIB3YEMOTO YrOIBHOTO KOM-
MOHEHTa apMUPYIOIIEH CUCTEMBI

YToabHBIA KOMIIOHEHT DU3UKO-MEXaHUUECKHUE CBOMCTBA
Crpana npo- IToBepx- Komnu- Xapak- | Paspymato- Monynb VY napHas [Iporu6 npu
W3BOJIUTEIIb HOCTHas YeCTBO Tep iee Harpsi- yopyro- BSI3KOCTb, | pa3pylleHUH,
IJIOT- ¢buna- TieTe- JKEHUE MpHU CTH TIpH KI[)K/M2 MM
HOCTb, MEHTOB HHS n3ruoe, n3ruoe,
/im® MIla MIla
Benapycs (Ba- 300 2 ITomnot- 169,2 6500 47,0 2,9
pUAHT cpaBHE- HIHOC
HUS)
T'epmanns 300 3 ITomnot- 370,0 13900 62,0 2,6
(pupma HSHOE
Saertex)
T'epmanns 200 3 ITomnot- 260,4 10900 58,0 2,3
(pupma HSHOE
Saertex)
I'epmanus 350 3 OnHo- 210,0 5800 50,0 4,0
(pupma Harpas-
Saertex) JIEHHOE
I'epmanus 200 3 ITonor- 235,3 7863 55,0 2,0
(dupma Otto HSHOE
Bokk)
CIIA (pupma 200 3 [TomoTt- 330,0 13800 60,0 2,0
Zoltek group) HSHOE

IMpumeuanune. B Tabnuie npuBeaeHB! CpeJHUE 3HAUSHUS ITOKa3aTeNeil. YBennueHne KoindecTsa (GHUIaMeHTOB U TOBEPX-
HOCTHOM IUIOTHOCTH YTOJHPHOTO KOMITOHEHTA YCIIOKHAT TEXHOJIOTHIECKHA Tporiecc urotosieHus [10M.

Jlis mpenperoB, B COCTaB apMHPYIOUIEH CHCTEMBI KOTOPBIX BXOJIWJIA aMEPHKAHCKas yIJIeTKaHb (DUPMBI
Zoltex group, mioTHOCTBIO 200 Kr/M° Takke HAGMIONANOCH CHIKEHHE MPOrHOa, HO MPH 3TOM MPOYHOCTE TIPH
n3rnde U MOAYJb YIPYTrOCTH YMEHBIIANNCh OYEHb HE3HAYMTENBHO. DTy TKAaHb TAKXKE€ MOXXHO PEKOMEH/I0BATh
JUI IPUMEHEHUS B Mpenperax, UCIOJb3yOIUXCS A1 U3TOTOBIECHUS HECYIINX KOHCTPYKIHH.

Haubonbmmm npornbom xapakTepu3oBajcs Ipenper, B KaueCTBE apMHUPYIOIIETO YrOJbHOTO KOMIIOHEHTa
KOTOPOTO HCIIOJIb30BAIH OHOHATPABICHHYIO YIIETKAHb C IOBEPXHOCTHOM MIIOTHOCTBIO 350 Kr/M? IPOU3BOCT-
Ba HeMelkoi ¢upmbl Saertex. OfHAaKO, y 3TOTO Ipenpera ObUTM caMble HU3KUE M3 BCEX MCIBITAHHBIX MaTepHha-
JIOB yHpyro-npo4HocTHbIe cBoiictBa (¢ = 210,0 MIla; E = 5800 MIIa), HO Bce e HE HIDKE, 4YeM Yy BapHaHTa
cpaBHeHwUsI. brarogapst cBoeil THOKOCTH Tpernper ¢ apMUPYIOIIEH CHCTEMOH, coepkaleilt 0JHOHAMIPABIEHHYIO
YTIETKaHb, MOYKET MCITOJI30BATHCS JIJIsl CTOITHOW YaCTH OPTONEAMYECKIX H3IEITHH.

BroiBoabI

Takum oOpa3oM, 3aMeHa YrOJIBHOTO KOMITOHEHTAa Ha OCHOBE BUCKO3HBIX BOJIOKOH B apMUPYIOIIEH JaMHHAT-
HOW cHcTeMe MOoIMI(PHUPHOTO Mpemnpera Ha YIieTKaHb Ha OCHOBE MOJIMAKPUIIOHUTPHUIILHBIX BOJIOKOH MPOW3BO/I-
CTBa HEMEIKUX M aMEPHKAHCKHUX (DUPM, NMPEACTABICHHBIX Ha YKPAHMHCKOM pBIHKE, 3HAYUTEIHHO YBEIUYHUBACT
ero (hM3MKO-MEXaHUYECKUE CBOWMCTBA 4, TEM CaMbIM, U JOJTOBEYHOCTh OPTONEIIMYSCKUX u3enuil. [IpumeHeH e
B KayeCTBE apMHPYIOIIETO yroJIbHOTO KOMIIOHEHTA YTriIeTKaHe MOJOTHSHOTO IUIETEHHS MO3BOJIAET MOIYUYUTh
OoJiee IPOYHBIN M KECTKUN MaTepUal, a YIICTKaHEH OJHOHANIPABICHHBIX — 00JIce THOKUI.

Hcnonp30BaHue TaKUX MPEIPETOB MO3BOIUT U3TOTABIMBATH KOM(POPTHBIC U PYHKIIMOHAIBHBIC KOHCTPYKIIHU
3a cueT MU PepeHIIMPOBAHUS IOBSPXHOCTHBIX CBONCTB.
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3ACTOCYBAHHJ INPENPETY ITPX BUT'OTOBJIEHHI KOMIIVIEKTYIOUNX
JJISI TPOTE3HO-OPTONNEJNMYHUX BUPOBIB

Y poGoTi HaBeneHi pe3yIBTaTH JOCIIKESHHS (Pi3HKO-MEXaHIYHHX BIACTUBOCTEH OTBEPIHKEHOTO HOMieipHOTO mperpe-
Ty, IO 3aCTOCOBYETHCS Yy TPOTE3HO-OPTONEMYHIN Taily3i, B 3AIEKHOCTI BiJ apMylOdOl CHCTEMH JIaMIHATHOTO THITY, JI0
CKJIaJTy SIKOi BXOJISITH BYIJICTKAHIMHH HA OCHOBI BICKO3HHX 200 MOMIaKPUIIOHITPIIIEHIX BOJIOKOH Pi3HUX (hipM BHPOOHHKIB,
110 € Ha PUHKY YKpaiHu. BcraHoBieHO, M0 onTrMAalbHI (Di3HKO-MEXaHi9HI BIACTUBOCTI TIpeTIpery 3ade3nedye ByITeTKa-
HHHA TIOJIOTHSTHOTO IDICTIHHS HA OCHOBI BOJIOKOH BUpOOHMITTBA HiMeTurHw ipmu Saertex.

Solnceva I.L., Gryshko E.K., Belevcova L.O., Hmelevska 1.0., Lukovenko O.0O., Blyznyuk O.O.

THE APPLICATION OF THE PREPREG IN THE MANUFACTURE
OF COMPONENTS FOR PROSTHETIC AND ORTHOPEDIC PRODUCTS

In the article the results of research of physical-mechanical properties of hardened polyester prepreg used in prosthetic
and orthotic branch, depending on reinforcing system of laminate type, composition of which is made of carbon fabrics on
the basis of viscose or polyacrilnitrile fibers of different producers present in the market of Ukraine. It was established, that
weaving carbon fabrics ensure optimal physical-mechanical properties to prepreg on the basis of polyacrilnitrile fibers of
production of German Saertex Company. Decreasing the surface density resulted in a decrease in strength and elastic
properties, including a decrease of deflection at break. This indicator is important for prepregs, which are used in
the manufacture of the iambic prosthetic and orthopedic products for lower extremities. Reduced deflection at
failure indicates a deterioration in performance of the article.The use of coal fiber as a reinforcing component of
plain weave carbon fabric provides a more durable and rigid material, and the carbon fabric unidirectional —
more flexible. The use of such prepregs will allow to make a comfortable and functional design for the differen-
tiation of the surface properties.
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OCOBJHUBOCTI TEXHOJIOT'Ti BE3AJIKOI'OJIbHUX HATIOIB
3 BUKOPUCTAHHAM JUKOPOCJIOIL SATIJTHOI CHPOBUHU

OpmHAM 3 HAIpPSMIB IIBUIIEHHS SKOCTI HAIOIB, iX KOHKYPEHTHOI CIIPOMOXXHOCTI Ha BITUM3HSIHOMY PHHKY
HaroiB € ONTUMI3allisl TEXHOJIOTI] 0€3aIKOTOJIbHUX HAIMOIB HIJISIXOM BUKOPHCTAHHS TaK 3BAHUX «OCHOB» — 0a3o-
BUX HalliBIPOJYKTIiB, BIOCKOHAJICHHS CKJIaay HAIlO0, HaJaHHSI HOMY NMpoQiIaKTHYHO-030POBYMX BIIACTUBOC-
Tel.

OcHOBH JyIs1 HaINoiB 3apyOi’>KHOTO BUPOOHUIITBA FOTYIOTh, B OCHOBHOMY 3 BUKOPUCTaHHSM KOHIIEHTPOBaHUX
IUTPYCOBHUX COKIB. 3aCTOCOBYIOTh 3a3BHYaii IECTUKPATHO KOHLIEHTPOBAHMH CIK 3 BMICTOM CYXHX PEYOBHH JIO
65 %, mynenu He Oimbmie 5 %. ITpn HEOOXigHOCTI 10 HBOTO AOAAIOTH OApBHUKH, KUCIOTY 1 KOHCepBaHTH. KoH-
LEHTPATH Ul 0€3aJKOTOJbHHUX HAMOIB BITYM3HSIHOTO BHPOOHHITBA, SIK MPABHIIO, CKIAJAIOTHCS 3 2-X YaCTHH:
apOMaTHYHOI 1 €KCTPaKTHBHOI. EKCTpakTHBHY 4YacTHHA TOTYIOTh 3MIIIyBaHHSIM BOZHO-CITHPTOBHX EKCTPAaKTiB
PI3HOMaHITHUX TpaB, KOJEpa Ta JIMMOHHOI KUCIOTH. Po3po0OKka TEXHOJIOTIH 3 3aCTOCYBaHHIM «OCHOB)» € aKTya-
JBHOIO, 00 TX BUKOPUCTAHHS y BUPOOHHIITBI HANOIB € €EKOHOMIYHNAM, TOMY IO CIIPOILIYETHCS TEXHOJIOTIS Ta CKO-
POUYIOTECS BTPAaTH CHPOBHHHU.

3aBIaHHIM JOCIHKEHb OYJI0 pO3pOOJICHHS HAMOIO 3 «OCHOBAMID JIJIsl BATOTOBIICHHS 0€3aJIKOTOJIbHUX HAIO-
iB 3 BHKOpDHCTaHHSIM JUKOPOCIOi POCIMHHOI CHPOBHHH Ta 3€PHOBHX EKCTPAKTIB, BIINOBIAHO BigiOpaHHX 3a
CKJIQJIOM I[IHHUX KOMIIOHEHTiB. Hapasi Hilra BUpOOHMIITBA HAMOIB HAa MPSHO-apOMATUYHIN CUPOBHHI CreLiab-
HOTO NPU3HAYCHH, 30KpeMa (DYHKI[IOHAILHOTO MPH3HAYEHHS 3aJIMIIA€TCS BIIBHOKW. Y paMKax Cy4yacHUX TEH-
JICHITIA PO3BUTKY 0€3aJIKOTr0JIbHOT MPOMHUCIOBOCTI OCOOJIMBY aKTyaJbHICTh MPEACTABIISIE PO3BUTOK BUPOOHHUIITBA
PI3HMX KOHLIEHTPOBAHUX OCHOB JUIsl 0€3aJIKOTOJIBHUX HAIOIB.

BupinieHHs 1ux 3aBJaHb MOXKE 31IHCHIOBATHCS 33 ABOMA HAIIPSAMaMH:

* CTBOpEHHS €(PEKTUBHHUX TEXHOJIOTIH 3 MepepoOKH POCIMHHOI CHPOBHHH, IO 3a0€31e4yI0Th MaKCUMAaJIbHE
30arayeHHs! O€PXKYBaHUX HACTOIB i €KCTPAKTIB MPUPOAHUMH E€KCTPAKTUBHUMH pedoBHHaMH. CTBOpPEHHS KOH-
[EHTPATIB Ha OCHOBI €KCTPAKTIB Ma€ 3a0e3MeTyBaTHCS Pi3HUMH (OpMaMu: piJKUMH, BUCOKOKOHIICHTPOBAaHUMH,
MacTOMOAIOHIMH, TIOPOIIKONOAIOHUMH, Y BUTIISIL TPaHyII T iH.;

* 30araueHHs! KOHIIEHTPOBAaHUX OCHOB HE3aMiHHUMH HYTpPIEHTaMH Ta iX IpeMiKkcaMu.

OcraHHIl HampsiIM Mae MPaKTUYHE 3aCTOCYBAaHHs NPHU PO3poOIll Oe3aIKOroJIbHUX HaroiB pi3HOI (yHKIIOHA-
JIBHOT CIIPSIMOBAHOCTI (B KOpeKii XxapuyBaHHs Pi3HUX TPYI HACEJEHHs: JITH, BariTHI Ta )KiHKH, CIIOPTCMEHH,
POOITHUKH TIPOMHCIIOBUX MiJIIPHEMCTB, TOLIO).

TakuM 4MHOM, TEHJAEHIiS PO3BUTKY PHHKY O€3aJKOrOJIbHUX HaloiB B YKpaiHi MOBMHHA OyTH Opi€HTOBaHa
Ha MPOIYKTH 370pOBOTr0 XapuyBaHHS [1].

CTBOpeHHS 1 BIOCKOHAJICHHS TEXHOJIOTiH KOHIIEHTPOBAHWX OCHOB Ha HATypalbHIH OCHOBI € HEOOXiTHOIO
YMOBOIO JUISl CTaOiJIbHOTO PO3BHUTKY BITUYM3HSIHOTO BHUPOOHMIITBA BHCOKOSIKICHHX O€3aJKOTOJLHHUX HaroiB
[1,2,3].

Oco0ma1Ba yBara NpHIUISETHCS 0BOYE-OAIITAHHIM, IIPSIHO-CMaKOBUM, 3€pHOBUM, KOPMOBHM, TEXHIYHUM Ta
TUIOJIOBO-SITITHAM KYJIbTYpaM. Y TO€IHAHHI 3 BUIEBKa3aHOI0 CHPOBHHOIO BUKOPHCTOBYIOTH XapyoBi Ta JiKap-
CBKI POCIIMHH, K AMKOPOCII, TaK 1 KyJIbTHBOBaHI.

Posrisiaroun neperneKkTHBY PO3LUIMPEHHS] CUPOBUHHOT 0a3u, CIiji 3BEPHYTH yBary Ha mpoojemMy KOMILIEKC-
HOTO BHKOPHCTaHHS ClTBCHKOTOCIIONAPCHKOI CHPOBHHHU. Tak, HAPUKIAM, € eKCTIEPIMEHTAIBHUN 1 BUPOOHWIHIA
JIOCBiJ] OTPUMaHHSA €KCTPAKTiB i KOHIIEHTPATIB 3 OaqiuId MOPKBH, OypsKa, XpOHY, HETPYIIKH, KPOITy, CelepH,
JIUCTA KyKYPYZI3H, TUIOK 1 JIMCTS OOJIIMUXHU, YOPHOI 1 4epBOHOI CMOPOIWMHH, BHIITHI, TPYIII, arpycy Ta iH.

HasBHi niTepaTypHi JaHi CBiT49aTh, [0 BET€TATHBHI YACTUHH POCIHH MICTATH 010JIOTIYHO aKTHBHUX PEYOBUH
HE MEHIIIEe, a 1HOA1 1 O1IbIIe, HiXK IUTOAH, SITO/AX 1 OBOYI, a iX BUKOPUCTAHHS J03BOJISE€ OTPHIMYBATH KOHIICHTPATH
Ta HAMOi 3 HUX 3 M'SKHMH, [MIKAHTHIMH, TApMOHIHHO-1HANBITyaJbHIMH CMaKOBHMH 1 apOMAaTUYHUMH BiJTiHKa-
mu. Ha >xaib, mpo0iema KOMIIJIEKCHOTO 3aCTOCYBAaHHS 3a3Ha4eHOI CHPOBMHHM NPAaKTUYHO He BUpilIyeThes [2,3].

TakuM 4MHOM, TEHAEHILIS PO3BUTKY PHHKY O€3aJIKOTOJIbHMX HAIOIB B YKpaiHi NOBHHHA OyTH Opi€HTOBaHA
Ha MPOJYKTH 3JI0POBOTO Xap4yBaHHS.

Opi€eHTYI0YHCH Ha JiTEpaTypHi JuKepena Ta OaraTuii BMIiCT IHHUX KOMIIOHEHTIB, OyJIO TOCIHIIKEHO JICTS Ta
ctebra TUKOPOCIo KaIWHU, YOPHHUIII Ta MAJMHHA HA IPEAMET BUKOPUCTAHHS J00aBKH /IO KOHIIGHTPATy 0e3aIko-
TOJIbHHX HAMOiB.

Yopuuus (Vaccinium myrtillus L.). Miciesi Ha3Bu — 4OpHi Aroiu, YOpHUYHUK. HEBUCOKHMI KYIIMK POIMHI
opycununnx (15-30 cM 3aBBHUIIKHK) 3 TOBTUM MOB3ydnM KopeHeBuiieM. Cte01a BUCXiaHI a00 MpsIMOCTOS i, PO3-
TaIyXEHi, i3 3eJICHyBaTO-KOPUIHEBOIO KOPO0. MOJOIi TIJI0YKH 3eJeHi, rocTpopedpucti. JIMCTKH ueprori, Ha
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JIy’K€ KOPOTKUX 4epelKax, siuernonioni (8—20 mm 3aBnoBxkkH, 5—16 MM 3aBimpiiku) YopHHUIIO BUKOPUCTOBY-
I0Th B Xap4OBill MPOMHMCIOBOCTI (I BUPOOHHUIITBA CHUPOIIIB, COKIB, MOPCIB, BapCHHsI, JPKEMIB, HAIIOBHIOBAYIiB,
Xap4oBUX OapBHUKIB). 3 STiJ YOPHUII BUTOTOBISIOTH BUHO, SIKE Ma€ MPEKPAacHI CMaKOBI SKOCTi, BUCOKI JiKyBa-
JHHO-TIETHYHI BIACTUBOCTI Ta TApPHUHA KOJIp.

YopHUIIA BITHOCHUTHCS IO MEIOHOCIB, 10 Iae Oarato HekTapy. YopHUUHUI Me] TyKe apOMaTHUH, IPUEMHO-
TO CMaKy, YepBOHYBAaTOTO KOJIEOPY.

Ximiyanii ckaan. [Tnoan gopHULI 3BUYAHHOT MICTATh BYTJIEBOAN (TIFOKO3Y, caXxapo3y, GpyKTo3y, HIEKTHHN),
OpraHivyHi KHCIOTH (JINMOHHY, MOJIOYHY, SIOXy4Hy, SHTapHY, IIaBeneBy), Bitaminu (A, B, C, PP), ¢naBonoimn
(rinepuH, KBEpIETHH, acTparajliH), aHTOLiaHu (JeNb(iHiqMH, MaJbBiIUH, 11aTH, MIpTUIIiH), (EHOIHU, MiHEpaJIbHI
PCUOBMHM MAaKpO- Ta MIKPOCIECMEHTH (3a1i30, MaHTaH, CEJeH, KOOaIbT, Millb, 30JI0TO, CcpiOio, muHK). [lmomu
YOPHHII MICTSTH O0araTo 1yOMIBHUX PEYOBHH, PYTHHY.

JlucTst 4opHMII 3BMYAaHHOI MalOTh MPOTUAIA0ETHYHI BIACTHBOCTI 3aBISIKM HAsBHOCTI B HbOMY TJIIKO3HIB
(MIpTHIIIH Ta HEOMIPTHIIIH).

CrijpHI aMepUKaHO-KUTAWCHKI JOCIIIKESHHS BUSBIWIN PEYOBHHY, 3HAWICHY B JINCTI YOPHHIII BUCOKOPOCIIOL
(JoxmHi), sIKa MOXKe TPOTOBKUTH TEPMiH 30epiraHHs IIOAiB GPYKTIB i ATiA, a TAKOXK 3JaTHA MiABHIINTH B HIX
piBeHb aHTHOKCUAAHTIB [3].

Manuna eBponeiicbka. MannHa 3Bn4aiiHa abo npocto ManmHa (Rubus idaeus, micueBi Ha3BH: ManuHA Yep-
BOHA, MAIMHHHK, BEAMEXXa SAr0o/1a) — Kyl poauHN po3oBux (Rosaceae) 1—2 M 3aBBUIIKHM 3 pIYHUMHU BETETYIOUH-
MU TTarOHAMH 1 37AepeB'THITUME JBOPIYHUMHE CTeOIaMU, sIKi YTBOPIOIOTh KBITKOHOCHI TOHH.

Y MajyuHI MICTSTBCS IEKTHHHU, SIKi JIOTIOMAaraloTh BUBOJUTH 3 OpPraHi3My 4epe3 KUIIKOBHK Pi3HI LIKiUINBI pe-
YOBUHH, XOJIECTCPUH Y TOMY YHCII, I paJiOaKTHBHI €JICMEHTH, TOMY MAJHHY PEKOMEHIYIOTh JIFOJSM, IO Ipa-
IIOIOTh Y IIKIWIMBUX yMoBax. KymapuHu, 1110 MICTSTBCS B MaJIMHi, IIOKPAIlyIOTh 3TOPTaHHS KPOBI, 1 3HWKYIOTh
piBeHb npotpomOiny. Kymapunu 3ocepe/pkeHi B JIMCTI 1 B TUIKaxX. AHTOLIaHN 3MIIHIOIOTH KallJIsipy, 1 3MEHIIy-
I0Th CXWIBHICTh 10 CKJepo3y. DITOCTEpHHN 3MEHIIYIOTh BipOTIAHICTh PO3BUTKY aTepockKiepo3y. MicTHTHCS B
CKJIa/Ii MAJIMHU KaJlill CIIpHsIE TOJIMNIICHHIO CTaHy JIIOIEH 3 XBOPHM CepIieM, MPH LbOMY Kallii Ji€ sIK CeYOTiHHE.
Y manuHi € Hox, sSsKuil 01ar0TBOPHO BIUTMBAE MPH OPOHXITI, BUKIMKAIOYH BiIXapKyBaHHS.

Kaguna. (Viburnum opulus) — rimtsctuii kyir abo HeBenuke (2—4 M 3aBBHUILKH) JAEPEBO POIUHU HKUMOJIOC-
TEBHX.

Kanuna 3Buuaitna € 6oTaniyHIM cuMBoJIoM Ykpainu. Kannna Oins xaTé — Haiinepina i Haii3HaYHIA 03HAKa
oceni ykpaiHis. B neskux perioHax YkpaiHu iCHye rapHUIT 3BUYai: OIS IMIOWHO 3BEICHOI OCelli Ha MPUMITHOMY
Micli B NepIly Yepry BUCAIKYIOTh KaJIHHY.

B xopi kanunu inentudikoBano 10 9 cnoiyk ipunoinuoi crpykrypu. Lli cnonyku BinHOCsAThes 10 C10 ipuno-
iniB i OTpUManK Ha3BY OMYJYCIPHIOINH.

XiMiyHu#d cKIa. Briepiie naHi 111010 BUBYCHHS XIMIYHOTO CKJIaay KaluHU Oyiu omyOuikoBaHi y 1844 p. H.
Kremer, skuii OBIIOMUB PO BHUJUJICHHS! HUM 13 KOPH KaJMHH CJIMBOJIMCTOI ripkoi peuoBuHH BiOYypHiHY. [1i3Hi-
me H. van Allen y 1880 p. i T. Shenmann y 1897 p. Tako MOBiJOMHJIH IIPO BUIIEHHS 13 KOPH KaJIMHH CIMBO-
JMCTOI aHAJIOTIYHOTO TIIIKO3UY, SKWH MaB OJHOYACHO aHTHCIIACTUYHY I MATKOBY KPOBO3YNUHHY Aifo. Ili3Himne
noniOouuit rmiko3uy Oy BumiteHuit E. Cowmann Donijov y 1902 p. i3 mmerkiB Viburnum tinus ta kopu
Viburnum rufidulum Raf., Viburnum alnifolium Marsh. i Viburnum trilobum L. ¥ 1976 p. I'. Buropos crisibHO
31 CIiBaBTOpaMH TOBIJOMWIJIM TPO HASBHICTH BiIOypHIHY y miogax Viburnum opulus L. IIpu npomy rimiko3upg
BiOypHiH OyJIO BUJIEHO Y BHIVISAI )KOBTO-IIOMapaHYeBOr0 aMOP(HOro MOpOIIKY, 110 MaB TeMIlepaTypy IUIaB-
nenHs Big 65 no 72 °C. Kpim nporo naHuii Tiiko3ua OyB TipKUM Ha CMak 1 MaB crieluQigHuil 3amax, Mo Haramay-
BaB 3amax BajepiaHoBoi KucioTH. [IpH Timpomi3i BUAIEHOTO TIIKO3WIY OTPUMYBAIH TIIOKO3Y Ta MaHHO3Y, a
TaKOXX MypallliHy, OIITOBY, BaJIepPiaHOBY Ta i30BaJ€piaHOBY KHCIOTH. ATIIKOH, BUIIE BKa3aHOTO TIIKO3HUTY, OY-
JI0 OJIEPKAHO Y BUTIIAI KOPHUHYBATOI KHUPHOI PiTUHH.

3a JI0TTIOMOT0I0 CHEKTOPO(GOTOMETPUIHOTO METOAY BCTAHOBIICHO, IO KiNBbKICHHN BMICT BiTaminy K B Kopi
KaJMHU CTaHOBHUTH 28—31 MKI/T.

Kpim BiTaminy K mioan xanunu € pxepenom ackopOiHoBoi kuciaoTH, abo Bitaminy C Ta KapOTHHOIIIB.

Yaii 3 KaIMHOIO, MAIMHOIO a00 3 iX JMCTOYKAaMH, 3aBapeHi Pa3oM 3 3aBapPKOIO 3aCIIOKOIOE 001l B ILTYHKY i B
KHIIKOBHKY TIPU TacTpUTi. MallnHa MiCTUTB OaraTo Miji, a Miilb BXOJHTH J0 CKJIAy 0araTb0X aHTHJCIIPECAHTIB,
TOMY MaJIMHY MOTPIOHO ICTH THM JIOJSIM, y SIKMX poOOTa MOB'3aHa 3 BEJIMKHM HEPBOBHM HAIIPYKEHHSAM. 3a
paxyHOK TOTO, 1110 MaJjIMHa MiCTHTb BitaMinu A, E, PP, C — miBUIIy€eTbCS TOHYC 1 TOKPANTYETHCS CAMOIIOUYTTSL.

XiMIYHHAN CKJIA]] JINCTOYKIB MaJIMHU, KaJHHU (KOPH) 1 YOPHHUII OaraTWii Ha: aHTOLIAHIIIHU 1 aHTOIIaHU — BO-
JIOPO3UMHHI (JIaBOHOIAM (MOTYXXHI aHTHOKCUIAHTH), (iTocTepuHH (Kemrdepom), TyOmIsbHI pedoBuHH, edipHi
Macia, OOpHeoII, aHTOIIaH!: KajuTicTediH, Xpi3aHTeMiH, JIETKI CIIOyKHA: BEpOCHOH, ITUTPOHEIIOIN, MipTEHOJI, €B-
TEHOJI, BaHUIIH, OPTaHiuyHi KHUCIOTH (JINMOHHA, S0JIy9HA, KOPUYHA, TiApOKCHOSH30iHa, TajloBa, XJIOPOTeHOBA,
caminuioBa) Ta iX edipy, a TaKoX earoBy KHCIIOTY, SKa € PUPOIHUM (HEHOILHUM aHTHOKCHIAHTOM. ACKOpOi-
HOBA KUCJIOTA, a00 BiTaMiH C, CHUIbHHI aHTHOKCHIAHT 1 XeIaTyIOYuil areHT.
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B pesynbrati JliTepaTypHOro OTJISITYy 1 3BaKal04M HA 3HAYMMICTh BUKOPHCTAHHS POCIMHHHUX €KCTPAKTIB, aB-
TOPH MPHUUILIN 10 BUCHOBKY, III0 BUKOPUCTAHHS KAJIWHH, MAIMHU 1 YOPHUII], a caMe eKCTPaKTy JIMCTOYKIB 1 T'i-
JIOYOK, OaraTux Ha (DEHOJBHHI KOMITOHEHTH 1 KyMapwWHH Ta BiTamiHu (Bitamin C, pyTuH) Oyzae MOpEYHUM IpH
BUT'OTOBIICHHI Ge3aJIKOT0JIbHIX HaMoiB (puc. 1,2,3).
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BMiCT KOMNOHEHTIB YOPHUL,i 3aNeXHO
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BMicT KOMNOHEHTIB CUPOBUHM, MT Ha 100

Pucynok 3 — 3anexxHicTh BMiCTy KOMIIOHEHTIB YOPHHUIII

Jist noniepeHbO1 OIIHKM SIKICHOTO CKJIaly BOJHOI YK CIIMPTOBOI BUTSHKKHM YOPHUIIl, MAJIMHU 1 KaJIMHK (JIUC-
TOYKH 1 MariHili) MPOBOAMIM 3arallbHOIPUHUHATI SIKICHI peakiii 3 HaCTyITHUM BH3HAYE€HHSIM (PEHOJIBHUX KOMIIO-
HEHTIB CNEKTPO(POTOMETPUYHUM METOAOM. BH3HaueHHs cyMu NoieHONiB MPOBOAMIM CHEKTPOGOTOMETPHY-
HUM METOJIOM IIUISIXOM BHMIPIOBAaHHS IMOKa3HHUKA aObCOPOIil JOCIIKYBAHOI MPOOU MiC/s JT0JaBaHHS PEaKTHBY
®omia-Yoxkanetey 1 20 %-HOro po3dnHy HaTpito kapOoHaTy. ONTHYHY TYCTHHY BHMIPIOBAIIM Y KIOBETI 3 TOBIIH-
HOrO 10 MM Ha criekTpodoromerpi CD-46 3a BinmoBigHOT NOBXKUHK XBWIi. [lepepaXyHOK BiZICOTKOBOTO BMICTYy
CYMH T10J1i(heHOJIIB TIPOBOJIMIIN HA XJIOPOTEHOBY KHCIOTY. [4,5]. BMmicT ()eHONBHUX CHONYK, Y TOMY YHCIi PYTH-
HY Y IIOpOLIKaxX, OTPUMAHUX 3 MAJIMHH 1 MOJYHUII TIPE/ICTaBICHUH y Tabmumi 1.

Tabmus 1 — BMicT peHONBHUX CIIONTYK

[Moporok yopHwuIli, Mr/aM° [Topomiok kanunu,
3pa MF/}IMS
31())1<_ Bapiant 00po6xu Cyma ¢eHoIB- Pyrur | Cyma oe- Pytun
HUX CIIOJIYK HOJIBHUX
CHOJIYK
" P " = 0
1 EKCTpaKTVBOJlHI/II/I, migirpituit 1o 100°C, Bu- 234 102 150 30
TpuManui 10 xB.
2 EKCTpaIfT BOAHMIL, 10BEICHHH /10 KUITIHHS | 58 134 167 46
MPOKHIT’ TYEHUH NpoTAroM 3-4-X XBWINH
0 _ a2
3 BHTPHMYB&HHS[ BAIly §5 % BOJHO-CIIUPTOBII 263 184 180 64
CyMillli POTSroM 2-x 11i6
0 _ a2
4 BHTPHMYB&HHS[ BAIly 70 % BOJHO-CIIUPTOBII 240 180 167 58
CyMillli POTSroM 2-x 11i6
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3paszok No2, 110 HaJEeXKHUTh EKCTPAKTY BOJAHOMY MOPOIIKY 3 MOP(]OJIOTIYHUX YaCTHHOK KaJIWHH 1 TOJYHUI,
OyB ZOBEICHHUH 10 KUIIHHS 1 MPOKUIT STYEHUH NMPOTATOM 3—5 XBHJIMH 332 BMICTOM ()EHOJIbHUX KOMIIOHEHTIB 1 3a
apoMaToM MiAiHIIOB IS IMOJATBIINX JOCTIKEHb OCKITBKH CIIHPTOBI €KCTPAKTH € Marepiano3arpatHumHa. [dami
Oynu mpoBeneHi TOCTIHKSHHS 9acy eKCTPaKIii KA ATIHHAM, PO IO CBiAYaTh JaHi Tabmmi 2.

3a maHUMH IPOBEICHOT OPTaHOJEITUYHOI OMIHKH TOCIIKYBaHNX 3Pa3KiB €KCTPAKTy MOPOIIKY MATUHH, SKi
HaBeNleHO y Ta0u. 2, OyIo BU3HAYECHO, IO EKCTPAKT, SIKHI TOTYETHCS IIIIXOM KHUIT'ATIHHS MOJAPiOHEHNX JTUCTOY-
KiB Ta TiOYOK Yy BOJi MPOTATOM 3-X XB., Ma€ HAHKpaIli OpPraHOJENTHYHI BIACTUBOCTI y MOPIBHIHHI 3 iHITUMHI
3pa3KaMH, OTXKe LIei PEKUM IPUTOTYBAaHHS eKCTPAKTY MAJIMHU € ONTHMaJIbHUM.

Tabmuus 2 — OpraHonenTH4Hi ITIOKa3HUKU €KCTPAKTY MaJIWHH

Tpusaiicts Kouip Apomar Cmax
KHUI'ITIHHS,
XB.
1 CBITIIHiA,COMOM'STHO-)KOBTHIA, c1abKHiA, 3 BIATIHKAMU CIie- | CIAOKWi, HEeHACHYCHHH,
c1abo HacHYCHHH, 6e3 CTOPOH- it TpaB’ THUCTUH
HiX IOMYTHiHb
3 CBITJINIH, COJIOM'STHO->KOBTHH, cepenHbOl IHTCHCUBHOCTI, MIPUEMHUH, CEPETHBO
cepeqHbol IHTEHCUBHOCTI, 03 MIPUCYTHI BIATIHKA CIeHil HACHYCHI BiITIHKH JTyTO-
CTOPOHHIX IIOMYTHIHb Ta CBIXKOTO CiHa, BHX TPaB
5 HAaCHYECHUM, COJIOM'THO-KOBTHI, IHTCHCUBHUH, SICKPaBO BH- HAaCHYEHHUH, 3 JIETKOIO
3 3eNICHyBaTHM BiITiHKOM, Oe3 pakeHi BIITIHKY MPSHOMIIB | TIPKYBaTiCTIO, 3 SICKPABO
CTOPOHHIX IIOMYTHiHb Ta CBIKOTO CiHa BHPAKEHOIO TEPIKICTIO
8 HAaCHYCHHH, COJIOM'STHO-)KOBTHH, | IHTCHCHBHUH, MPUCYTHI BiA- | HACHYCHUH, 3 HEIPUEM-
3 3eJIeHYBaTHUM BiJTiHKOM, 0e3 TIHKH TOPLIOTO HOIO TipKOTOIO 1 TepIIKic-
CTOPOHHIX IIOMYTHiHb TIO

[MoganpmiuM eTanoM AOCHiKeHb OyJ0 MPUroTYyBaHHS COKIB Ta MopciB. Jliist ojepkaHHs COKYy OyJio B3SITO
500 r srix manuau. Cik ofepKyBaly MUIIXOM BIDKMMY BpY4YHY uyepe3 Mapiro. [licis oJepikaHHsI COKY IPOBO-
JIJIach BOJHA EKCTPAaKIlis BUYKUMOK SITiJ] CHPOBHHH (MPHUroTyBaHHs Mopcy). CyTh NMPOBEIEHOr0 JOCIIIKEHHS
MOJIATAE Y BU3HAYCHH] ONTUMAJIBHOIO PEKUMY 1 CIIOCOOY MPHUIOTYBaHHS €KCTPAKTy BHIKMMOK STijI, TIPH 3aCTO-
CYBaHHI SKMX IPUTOTOBJIEHUH MOPC MaTuMe HalKpallli OpraHOJIENTHYHI MOKa3HUKU. BoHa eKCTpakiis mpoBo-
JMJIach 3a ABOMA Pi3HUMH CrIoco0aMHM: eKCTPAKIIEI0 BIKMMOK Tapsaoio Bogoro npu temreparypi 100 °C Ta ek-
CTPAKII€I0 BIDKUMOK T'aps90i0 BOJOIO 3 OJATBIINM I0IaBaHHIM YaOpelo abo M’ SITH HAIIPUKIHI[ KUIT ATiHHS.

Ji1st IpuroTyBaHHS APYroro JOCTIHKYBAaHOTO 3pa3Ky MOPCY 3 MAIHMHH, KaJIWHH 1 YOPHUI BH)KUMKH 3aJIMBa-
T KHIT'STY0I0 JTUCTHIIFOBAHOK BOJOKO Y KUTBKOCTI 1 ,I[MS, KHIT SITHJIA TIPOTSATOM 2 XB., 1 HAPUKIHIN KUIT SITIHHS
noxanu mo 2,0 r yabpento abo M’STH, CKOPHHKU JIMMOHY, Kopuui. /lajni mpoBOAMIIM OPraHOJIENITUYHY OLIHKY
JIOCTKYBaHUX 3pas3kiB Mopcy (Tabm. 4). BiamoBimHO 10 pe3yjbTaTiB MPOBEACHUX OPraHOJCNTHYHUX OCITi-
JUKEHb OYJIO IPUHHATE PIILIEHHS B ITOJAIBIIOMY JUISl IPUTOTYBAHHS MaJMHOBOTO HAIOK BUKOPHCTOBYBATH MOPC
MaJIMHU 0€3 M0JaBaHHIM M’SITH, OCKUIBKH BiH 1 TaK Ma€ BUPAKCHUN, TAPMOHIHHMI apoMar i CMaK MaJMHU; I10-
JI0 pe3yNbTaTiB MPOBEJCHUX OPTaHOJENTHYHUX JOCIIIKEHb 3 MOPCOM YOPHHUI, OyJI0 MPUHHATE PillICHHS B TO-
JIANbIIOMY JIJIsl TIPUTOTYBAHHS HAIOIO0 3 YOPHHI BUKOPUCTOBYBATH MOPC 3 JIO/IaBaHHSIM JIMMOHHOI CKOPHHKH,
OCKIJIbKH BiH Ma€ OiJIbII BUpaXXESHUH, TapMOHIHNI apoMaT i cMak. [ NpuroTyBaHHs HaIoI0 3 MOPCOM KaJIMHH
OyJ10 IpUIHATE PILIEHHS B ITOAAIBIIOMY JUISl IPUTOTYBAaHHS HAIOIO 3 KaJIMHH BUKOPHCTOBYBATH MOpC 3 J10ja-
BAHHSIM JINMOHHOI 1IeJIpH 1 KOPHILi, OCKUIbKH BiH Ma€ OUIbII BUpaXKEHUH, rapMOHIHHUI apoMaT i cCMak.

3a pe3ynbTaTaMu JOCHIIIB BCTAHOBJIEHO, 10 KiibkocTi: 0,75 1 ta 1,0 r B 100 cM® BoJHOTO €KCTPAaKTy JIUCTO-
YKiB JIOCHI/PKYyBaHOI CHPOBMHHM HalKpalle BiNOBifae rmocrapieHii 3anaui. [y 3pydHOCTI IPUTOTYBaHHS PO3-
apmiB GyB BixiGpanuii 3pasok 1,0 r B 100 cM® (1 %-Buit BoxuuMit po3unH). EKCTPAKT MOPOIIKY YOPHHII 3 eKCITe-
pUMEHTY OyB BHKIIIOUCHHH depe3 IHTCHCUBHUM TpaB’sIHUH BIATIHOK B apoMarTi Ta TaKOTro X MpHcMaKy. 3i 30111b-
IIEHHSM KiJTBKOCTI €KCTPAKTy TPAaBH KOJIp cTae OB iHTEHCUBHHM, IIPO30PICTh HE 3MIHIOETHCS, apOMaT MOCH-
JIFOETBCS, CMAaK TakoXX. 3pa3ok Ne3 HaibinmbpIml po3KpUTHH y ceHcopHOMY TutaHi. Haiikpamii 3paskw: ocHOBa
(TICE) 3 r +3,0 cM® 1%-r0 posunny mamuan ta octoBa (IICE) 4 r +3,5 cM® 1%-ro posunny kamusu. 3i 36i1b-
IICHHSM KOHIICHTpAIlill PO3YMHIB TPaBU KOJIpP CTA€ iIHTCHCHUBHIIINM, IIPO30PICTh HE 3MIHIOETHCS, apOMAT MOCH-
JIFOETBCS, CMaK crae OublI iHTeHCMBHUM. COJIOAKICTH 3pOCTae, MPOTE 3arajibHa CEHCOPHA OLiHKa Majae, TOMY
HeoOXiIHO 3/1iHCHIOBAaTH Min0ip mifcosopKyBada. SIK mifcosiopKyBauy OyB 0OpaHUil IIOK030-(pyKTO3HUI CH-
pon (I'®C) Ilig yac npuroTyBaHHs KyNaKHOTO CHPOITy KOMIIOHEHTH KyINa)Ky BHOCHJIM IPH HOCTIHHOMY Iepe-
MIIlyBaHHI B HACTYITHIH MMOCIIIOBHOCTI: I[yKPOBHI CHUPOII, EKCTPAKT, MOpc Ta cik. [1oTiM KynakHU# cupon Ha-

88 IHmezpoeaHi mexHornoeii ma eHepao3bepexeHHs 1’2015



IHTErPOBAHI TEXHOJOr1 MTPOMUCIIOBOCTI

CTOIOBAJIM MPOTATOM AEKIJIBKOX TOMUH AJsl (hopMyBaHHS Ta B3aeMoii cknanoBux. I[licins HacTolOBaHHS BU3HA-
YaJM OpPraHoJIENTHYHI MOKa3HUKH KyIa)XXHOTO cupomny (Tabu. 3) Ta BMICT y HBOMY CyXHX pedOBHUH (Tab. 4).

Tabmus 3 — Butpatn KOMITIOHEHTIB HA MPUTOTYBaHHSA OCHOBH JJIS KymaxKy Ha lmam rotoBoro Hamoro «Jli-
To» (3 mabopom kinmbkocTi ['@C)

No KoMmnoHeHT Ta HOro KilbKiCTh
3paska ICE, r ExcTpakT nopomky IMTaroka (Tir0K030- ApOoMarm3aTop, cM°
KaUTHHA (BOJHHIA PO3unH), cM° | (PyKTO3HHIA cHpor), T
1 200,0 3,0 100,0 1,0
2 300,0 3,5 100,0 2,0
3 300,0 3,0 200,0 2,0
4 300,0 3,5 250,0 2,0
5 300,0 3,5 300,0 2,5

[Tix yac npuroTyBaHHs KyHa)KHOTO CUPOITy KOMIOHEHTH KyIa)Ky BHOCHJIH IPH MTOCTIHHOMY TIepeMilllyBaHHi
B HacTymHiit nmociigoBHocti: ['OC, mosicononoBuil eKCTPaKT, EKCTPAKT MOPOIIKY KanuHu (Manuau). [lotim ky-
NaXHUH CHUPOIT HACTOIOBAJIM MPOTATOM JEKIIBKOX FOJMH Juisi popMyBaHHS Ta B3aeMogii ckianoBux. Ilicist Ha-
CTOIOBaHHS BH3HAYAJIM OPTraHOJICIITHYHI MOKA3HUKY HAIO0 MiCIsl PO3BEICHHS KYIIAXKHOTO cupoIty (Tadu. 4).

Tabmuns 4 — OpraHoNeNTHYHI MOKa3HUKU KYIaXHOTO CHPOILY

JKOBTHM, 3aMyTHEHUM

Ne 3paszka Komip 3anax Cmak
1 ConoM’siHUH, 3 JIETKOIO CepeHbOI IHTEHCUBHOCTI, 100- HEIOCTaTHHO BUPAKEHUH, HE
3aMyTHEHICTIO P€ BiIIyBaE€TbCSA apOMAT SUMiH- COJIOJIKHI
HOTO E€KCTPAKTY
2 CBITJIO-)KOBTHH 3 JIETKOIO | CEpeIHBOI IHTCHCUBHOCTI 3 Bij- OLIBII 3/1ar0JDKEHUM, HE HAATO
3aMyTHEHICTIO YyTHUMH XJIIOHUMHU TOHAMU Ta COJIOJIKHH, 3 TOHAMH LIUTPYCY,
Meny 200 JTICOBHX SITi/I(3aJIEIKHO BiJT
apoMH) B MiCISICMaKy, 3 ICKPaBo
BUPQXKEHOIO COJIOJIKICTIO
3 CepeaHbpo HaCUYCHU I IHTCHCUBHHI apoMar Meny, 3 COJTOJIKHIA, 3 JIETKOI0 KUCITHHKOIO,
JKOBTHM, 3aMyTHEHUM Jo0pe BUpaKEHUMHU TOHAMU rapMOHIHHHIA
TUTPYyCy
4 CepenHbo HacCMUEHUH IHTCHCUBHHI XJTIOHUH, 3 100pe HACUYCHUM, HAJITO COJIOJKHI, 3
JKOBTHH, 3aMyTHCHHI BUPAXCHUMHU TOHAMU IIUTPYCY TOHAMU [UTPYCY, COJIOJOBHIA
5 CepenHpo HACHYICHUH IHTCHCUBHUI apoMat COJI0JJOBO-

r'0 eKCTPakKTy, 3 100pe BUpaKe-
HUMHU TOHAMU LUATPYCY

HACUYCHHM, HAATO COJIOJKHUI, 3
TOHAMH LIUTPYCY

Tabmnms 5 — @i3uKo-XiMiuHI MOKa3HUKU TOTOBOTO HAIOI0 Ha OCHOBI ekcTpakty kanuad, I[ICE ta '®C

Ne 3pazka Kucnotricts, cM® 1H pozunay NaOH Bwict CP, %
1 1,8 6,87
2 1,62 7,53
3 1,61 8,18
4 1,57 8,15
5 1,59 7,99

3a pesynbTaTaMu JOCHIKeHb MiTi0pana pernentypa Hanorw «JIiToy:

Cyxi pe4oBUHH Hamor 01u3bko 8 %, kucinoTHicTh 1,6 [6,7].

J1st po31IMpeHHs aCOPTUMEHTY 0€3aJIKOT0JIbHUX HAIOIB aBTOpaMy 3allpONOHOBAaHO BUKOPHUCTOBYBATH JAMKO-
pocity SITiIHy CHPOBHHY TaKky sSK KaJWHA, YOPHUIL, MaluHa. EKCTpakTH mojapiOHEHMX JIMCTOYKIB (IIOPOLIKY)
KaJIMHY, YOPHHULI 1 MaJIMHU — JDKEPEJIo 0100CTYITHUX aKTUBHHX CIOIYK (()EHOJIBHUX KOMIIOHEHTIB, KyMapuHiB,
ACKOPOIHOBOT KHCIIOTH) sIKI Y€pe3 CBOIO POCIHMHHY IPHPOIY M’SKO JIIOTh Ha OpPraHi3M Ta He BH3MBAIOTh 1100iY-
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HOI i1 10 TOro *, EKCTPAKT JINCTOYKIB Ta T'JIOUOK KAJIMHHU, MAIIMHU — HETPAIUIlIifHA CHPOBHHA, IO IUX Mip Y
BUPOOHUIITBI HATIOIB HE BUKOPHCTOBYBABCSI.

Tabmums 6 — Penenitypa Hamoro Ha 100 man

Bwicr cyxux pe- BwMmicT cyxux pedoBHH 3a
Ha3sBa cupoBuaun OBII[/II/;EHHX YOBHH Y CHPOBH- E;ph;: HOpMaMH BHTpAT,
Py Hi, % Mac. p % Mac
anKoso-cE)CplzsoTr(I);xHa aToKa - 65.0 38,00 24,70
IMomicononoBuii eKCTpaKkT KT 75,0 65,18 56,39
Mopc KamuHu e 8,8 10,0 6,8
Kucnora numMoHHa KT 90,97 1,08 0,98
Hacriit KaJ‘II/IH;/; )(FIJ'IOK Ta JIMC- - 0,30
Apomatmzarop "Iciami" KT 0,20
KIJ'IBI.(ICTL KHCJIOTH, BHECEHOI 3 - 0,05 75.18 0,04
TIOJTICOIOIOBUM €KCTPAaKTOM
Bona ,I[M3 1o 1000,00
Jiokcnn ByTIemo KT 4,15
Bcporo cyxux pe4oBUH y Hamoi KT 82,07

Takox po3pobieHo HOBUHA Hamiif: «JliTo». B aKOCTI HeTpagumiiHOI CHPOBUHH, SIKa BUKOPUCTOBYETHCS IS
MPUTOTYBaHHS HAIIOIO KCTPAKT 3 TLIOYOK 1 JIMCTS MAJIMHU, SIKHHA BiIPi3HAETHCS MiIBUIICHUM BMIiCTOM 0ioyoriv-
HO aKTHUBHHX PEYOBHH TaKOX B SKOCTI HETPAaJHLIHHOI CHPOBHHH, SIKa BHUKOPHCTOBYETHCS IUIS NPHIOTYBAHHSI
Haroio «JIiTo» 00paHO MOJICOIOI0BUI €KCTPAKT I EKCTPAKT JIMCTS KaJuHH, MOPC(CiK). ABTOpamMu po3podsicHa
TEXHOJIOTIs] IPUTOTYBAHHSI OCHOB JJIsl HANOTB 3a MiJiOpaHuMH perenTypaMu. BU3HaueHo onTUMaibHy 7103y BHE-
CEHHSI eKCTPAKTY TOPOLIKY JTHCTOYKIB MAMHK y KyNaxHUA cupon cTanoButs 3,0 cm® 1%-ro posunny Tpasu Ta
excrpakTy noxyrui — 3,50 em® 1 %-ro posunny r Ha 100 M HAIOO.

ABTOpamH 3alpONOHOBAHO MPUTOTYBAHHS KYNa)KHOTO CHUPOITY XOJOAHUM CIIOCOOOM, TOMY IO TPH JaHOMY
croco0i 30epiraroTbesl HATYpaJIbHUHM CMAK 1 apOMaT CUPOBHHH, SIKa BUKOPUCTOBYETHCS /ISl TPUTOTYBaHHS 00pa-
HOTO aCOPTUMEHTY FOTOBOI IPOIYKIIi.
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YK 663
Pomanoga 3.H., Kocoronosa JI.O., Apytionsia T.B.
OCOBEHHOCTHU TEXHOJIOI'MH BE3AJIKOT'OJIBHBIX HAITMTKOB

C UCITIOJIB30BAHUEM IUKOPACTYIHIEI'O AT'OJHOI'O CbhIPbA

B pa60Te pPacCMOTPCHBI HAIPAaBJICHUA IMOBLIIICHUA Ka4Y€CTBa 0€3aJIKOr0IbHBIX HAITUTKOB, UX KOHKYPCHTO-
CIIOCOOHOCTH Ha OTCYSCTBECHHOM PBIHKE NIYTEM ONTHUMHU3AIIUN TCXHOJIOTUU C UCIIOJIb30BAHUEM IOJJIYIIPOAYKTOB
Ha OCHOBC JUKOPACTYLICTO ATOAHOIO ChIPbA.

Romanova Z., Kosogolova L., Arutyanyan T.
FEATURES OF TECHNOLOGY SOFT DRINKS WITH THE USE OF WILD BERRIES

The paper considers directions of increase the quality of soft drinks, their competitiveness in the domestic
market by optimizing technology using intermediates based on wild berries.
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YK 629.0.001
IMa6muii I'.®., Aunnko O.B.

OBECHEYEHHUE 3KOJOTMUYECKOMN BE3OHACHOCTH OT HOTEHIIMAJIBHO OITACHBIX
CyJOB C HICIIOJIb30BAHUEM CUCTEMbBI MOHUTOPHUHT' A CYJOXOJACTBA

TeppuropuanbsHele BOAB! YKpauHbl OTHOCSATCA kK UepHOMOpCcKkoMy OacceifHy. UepHoe Mope XapaKkTepHu3yeTrcs
CpCIHEH CONCHOCTHIO BOABI B IIOBEPXHOCTHBIX CIOsiX 18 0\00 M yHHKAIbHBIM XHMHYECKAM COCTaBOM BOJBI. B
TOXE BpeMsI CeBEpHAs 4acTb YepHOro Mopsi 1 A30BCKOE MOpE SIBISIFOTCSI 30HAMH MHOTOJIETHETO M IEPHOIUYe-
ckoro 3arpsisHeHuil. He cMoTpst Ha TO, 4TO KpaTKO M JOJITOCPOYHOE BO3AECUCTBHE MHOTHMX BPEIHBIX BEIIECTB,
HETIOCPEJICTBEHHO COPAchIBaEMbIX B MOpE, I IONAJAIOIINX B HETO KOCBEHHBIM ITyTEM €€ HEAOCTATOYHO
M3YYEHO, NaJbHEUIINHN POCT 3arpsi3HEHUH MOPCKOM MPUPOIHON CPebl HEAOMYCTHM.

OnHOM M3 yrpo3 IKOHOMHYECKO# Oe3omacHocTn UepHOMOPCKOro OacceliHa SIBISIOTCS MOTEHIMAIBHO OTac-
HbIE CyJia: TAHKEPBI IJIs1 TPAHCIIOPTUPOBKU HEPTH, XUMUKAIIUHA U COKMIKEHHBIX ra30B.

C menbio obecriedeHus] OE30IIaCHOCTH MOpEIIaBaHUA B YKpaWHE CO3/aHa €IWHAs CHCTEMa MOHHTOPHHIA
HaJ[BOJHOW 0OCTAHOBKM C aBTOMaTH3MPOBAaHHOW MJCHTH(UKAIIMOHHOW cucTeMoi Ha UepHOM M A30BCKOM MO-
PSX B 30HE OTBETCTBEHHOCTH YKpauHsl [1].

[To HaBUranMOHHO-TEOrpaGUIECKUM YCIOBHAM ICABEHT TAHKEPOB, HAYIINX B HOPTH UepHOrO MOpsSl HE MO-
KeT mpeBbImath 150 TeIc. T, W3-3a TIyOMH B mpoimBe Japmanemrsl. [pyroit 0COOCHHOCTBIO COBPEMEHHBIX
TPAHCHOPTHBIX MOPCKUX TEXHOJOTHUH ABISETCA TO, UTO B HacTosmiee Bpems cyaa 10 50 % sKcIuTyaTalluOHHOTO
BPEMEHHU BBIHYKICHBI IPOBOANTH B mopTax [3]. Takum oOpa3oM, Ha MOPTHI MPUXOJUTCS CYIIECTBEHHAsI YacTh
00111eT0 BpEMEHN TPAHCTIOPTHPOBKH I'PY30B M, COOTBETCTBEHHO, 3HAUYUTEIIbHAS IO TPAHCIIOPTHBIX PACXOI0B.

B aT0ii cBs3M 3aauy obecnieueHus] SJKOHOMHYECKOH 0€30MacHOCTH OT MOTEHLUAIBHO OMACHBIX CY/IOB Iieje-
co00pa3HO paccMaTpUBaTh KaK JABE, IS YCIOBUIL:

— CTOSIHKH B TIOPTY,

— Ha JMHUH.

311ech yMECTHO 0C000 MOAYEPKHYTH ellle OJHY 3ahady, XapaKTepHYIO I TAHKEPOB-Ta30BO30B, 4 UMEHHO —
TEIJIOBOE BO3/eiicTBHE Ha rpy3. CoknykeHHbIE ra3bl (B OCHOBHOM OYyTaH M NPOIIaH) IIEPEBO3SITCS B H30JMPOBAH-
HBIX ITUCTepHax mpu Temnepatype ~231 K, a mpuponHsiii raz (MeTaH) mpu emie Oojiee HH3KOW TeMIlepaType
111 K. Kaxnast Takast nucTepHa H30JMpOBaHa OT KOPITyca CYAHA CJIOEM TEeTTIOBOH M30JIALUH TOIIIMHA KOTOPOTO
nocturaer 1 M. Tem He MeHee, NOIHOCTBIO M30€KaTh TEINIOBOTO BO3ACHCTBUS HE YIACTCsl, B PE3yIbTATE YETO B
cpenHeM 3a cyTku ucnapsercs oT 0,2 10 0,25 % maccel rpy3a. Ha Tankepax — ra3oBo3ax 3TOT UCTAPUBIIHICS
MIPUPOAHBINA r'a3 HCHOIB3YIOT KaK TOIUIMBO SHEPreTHYECKUX YCTaHOBOK.

Y4uTeIBas TO, YTO MPAKTHYECKH BCS akBaTOpHs UepHOro Mopsi HaAXOIWTCS B CyOTPOIMYECKOW 30HE, TIe
MaKCHUMaJIbHBIE JTHEBHBIE TEMIIEPATyphl BO3IyXa B JETHUH meproa focTuraior 42 °C u MOTYT yAEp>KUBaThCS OT
HECKOJBKUX JHEH 10 HECKOJIBKUX HEeAENb, 3aJa4l TEIJIOBOTO BO3JEHCTBUS HA JIEMEHTHI KOHCTPYKIIMU TPY30-
BBIX IIUCTEPH U I'PY3 NMPEACTaBIACTCS HEMAJIOBaXKHBIM.

IIpu »TOM r1aBHOM 3amadeil Bce-TakM ABISAETCA BBOJ CyIHA B TOPT B 3aBUCHMOCTH OT HaBHTAIIMOHHOHN 00-
CTaHOBKH M MOTOJHBIX yCIOBUH.

B YepHoM Mope cylecTByeT cucTeMa MOHUTOPUHIA CYA0XOACTBA, KOTOpasi B TEPPUTOPHUANBHBIX BOAAX Y K-
panHBI oOeclieunBaeT MPOBOJAKY CYAOB HaXOISNIMXCA HA JMHUM W 3ax0i B HoOpThl. Ilpu 3TOM mopT ocraercs
Ham0OoJIee OMAaCHBIM yUacTKOM cynoxoacTa. CiemyeT 0co00 MOTYepKHYTh, 9TO BaykHel e nopTel SAnra u Ce-
BaCTONOJb UMEIOT Y3KOCTU NPH BXOJE MO PeKOMEHJOBaHHBIM MapurpyTaM mupuHoi 50 u 100 m. Kpome Toro,
PsIl KPYIHBIX UCTOPHYECKHU CJIOKMBIIMXCS MOPCKHMX IOPTOB JIeKHT B yaanenun 50—100 kM u Oonee oT Mopsi, B
YCTBAX OONBIIMX peK. Takoe pacrojioKeHNe Ha MPOTSHKEHUH CTOJIETHH pacCMaTPHUBAJIOCh KaK pelIaromee mpe-
MMYIIECTBA MTOPTOB, ITOCKOJIBKY 00ECIIEUNBAIO WHTETPAIIMI0 BHYTPEHHEH BOJHOM CETH U MOPCKOTO CYIOXOACT-
Ba. [TosToMy 3a1aua oOecrieyeHuns 3axo/1a B MOPTHI paclpoCTPaHsIETCsl U Ha BHYTPEHHUE BOJIBL, @ UIMEHHO [lHer-
po-byrckuit numan nopt Hukounaes, rae ocymecTsiseTcs 06paboTka 0OBIYHBIX U OMTACHBIX I'PY30B, a B MIEPCIIEK-
THUBE U COKMIKEHHBIN Ia3.

Jly1s1 BO3MOXKHOTO HCIIOJIb30BaHHUS CHCTEMBl MOHUTOPMHIA CYZOXOJCTBA JUIsl OOECIeUYeHHs 3KOJIOTHYECKOM
0€30MacHOCTH OT Yrpo3 MOTSHIIMAIHHO OMACHBIX CYJ0B HEOOXOIUMO Pa3padoTaTh CUCTeMy HH()OPMAITHOHHOTO
obecrieueHns1 pabOTHl BAXTEHHOM CITyKOBI CHCTEMBI MOHUTOPHHTA, KOTOpast MOANEP)KUBACT C CyIHOM, HaXOms-
IMIUMCS B KPUTUUECKUX YCIOBUSIX MM KOTOPOE MOXET OKa3aThCs B MOTEHIUAIBHO ONAcHOH cutyanuu. B coot-
BETCTBHM CO CKJIA/IBIBAIOIICIHCS HAaBUI'ALIMOHHOM OOCTAHOBKOW M IOTOJHBIMH YCIIOBHMSIMM BaxXTEHHas CIIy»X0a
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npejaraeT KanuTaHy CyJHa HEOOXOAMMYIO U JIOTIOJHHUTENbHYI0 HH(OPMAIMIO U BO3MOXKHBIE BapHaHTHI Tpe-
JIOTBPAIIEHUS OTTAaCHOCTH.

st ocymiecTBiIeHUs TakuX (PYHKIUH CHCTEMa MOHUTOPHHTIA CyI0XOACTBA HEOOXOANMO JOTIOIHHTH:

1. IMuTanoHHOHW MOZENBI0 NapaMeTPOB BETpa U MOPCKOTO BOJHEHHMS JJISl COOTBETCTBYIOLIMX 30H M MOP-
TOB,

2. Mozenpio BIMAHUS THAPOMETEOPOIOTHIECKUX YCIOBHH (MX MapaMeTpoB) Ha IOKa3aTeNd M XapaKTepH-
CTHKH TIPOIYJIECHBHBIX YCTaHOBOK CYZIOB;

3. Meroaukoii pacyera NpoIyJIbCUBHBIX MOKa3aTeslel Cy/Ha 10 aHAJIOTUYHBIM TUIIOBBIM JaHHBIM CYyJIOB I1O-
IOOHOTO KJ1acca.

CrpyKTypHas cxema TaKOH IOACHUCTEMbI CHCTEMbl MOHUTOPHHTA CYZI0XO0/ICTBA TIPEICTAaBIEHa Ha pHC. 1.

Ha ocHOBe COBOKYNHOCTM MoOfeNned W METOAMKH MPEJCTAaBIACTCS BO3MOXKHBIM ONPEIEIUTh KPUTHUECKHE
THIPOMETEOPOTIOTHYECKIE MapaMeTPhl U MOKA3aTeNn MpPOMyIbCUBHON YCTaHOBKM AJSI BBIPAOOTKH PEKOMEHIa-
U 110 TPEAOTBPAILICHUIO MOPCKHX MIPOHCIIECTBUI U KatacTpod.

HepBaﬂ 13 MCPCUUCICHHBIX MOI[CJ'ICﬁ OCHOBBIBACTCA HAa HMMHTAUN He6HaFOHpHHTHOFO BETpa U MOPCKOI'0
BOJIHEHHSI U OLIEHKM U3MEHEHHMsl XOJIOBBIX KauyecTB cyaHa [3]. MHpopmaionHyto 6a3y €€ COCTaBJIAIOT CTaTH-
CTHYECKHE CBEICHHS O CKOPOCTSAX M HANPAaBJICHHSAX BETPa, BBICOTE BOJIH TPEXMPOIEHTHOW OOECIICUCHHOCTH,
MOJIyYeHHBIE B pe3yibTaTe 0000IeHNsT HAOMIOACHUH, TIPOBOIUMBIX THAPOMETEOPOIIOTHYECKUMH CTaHIUSIMHU H
MOCTaMHM, a TaKKe IITYPMAHCKUM COCTaBOM CYJOB AJIS HY)KI MOpEIUIaBaHHA. DTH XapaKTEPUCTUKU YCIOBHH
IUTaBaHUS HOCAT CYTy0O0 BEPOSITHOCTHBIN XapakTep, B OONBIINHCTBE CIy4acB IIPEJOCTABICHBI B BUJIC YaCTOTHBIX
TaONHI IO YeTBEPTHBHIM pyMOaM. TeMm He MeHee, 3TH JaHHbBIE TO3BOJISIOT ONPEACINTD IPEACTABUTENBHbIE YCI0-
BUSI — HaHOOJIee «KECTKHE» M «MATKHE» JJIsl JAHHOTO palioHa.

Hasuranuon- | <: IToroaueie
Hasi 00CTaHOBKa i yIH yCIOBUS
/77

CBA3b

Baxra cuc-
TEMBI MOHH-
TOpHUHTa
CyZIOXO/ICTBA

CraTuCTHYECKUE JaH-
HBIE TIApAMETPOB BeTpa
U MOPCKOTO BOJTHEHUSI

'

HNmMurtanroHHast MOCITH
MOPCKO# cpesibl

CHIZ»ST>w

>

Mogens COY [«

Pucynok 1 — CTpykTypHas cxema HOJCHCTEMbl MOHUTOPHHIA CYI0XOACTBA

JlomoTHUTETEHOE BETPOBOE COTPOTHBIICHUE JBIKEHUIO CyJHA CTAHOBUTCS 3aMETHBIM IIPH CKOPOCTH BeTpa 6
... 10 M/c n mposBnseTca B HaHMOOJBIICH CTENEHN NPH €€ MPAKTHYECKUX MaKCHMAaJIbHBIX 3HadeHHsAX 18 ... 22
M/c [2, 3]. DTH CBOEro poja MPaKkTUIECKHE 3aHSATHS MPEJCTABISIIOT COO0M MHTEpPEC MPU HCCIECIOBAHUSIX, CBSI-
3aHHBIX C OTIPeIeIeHUEeM BIIHSIHUS BETPa HA XOJIOBBIE KAUeCTBA CY/IOB.

Mopckoe BomHeHHE OoJiee CYIIECTBEHHO BIHUAET Ha CYTHO.

CraTtucTnyeckre CBEJCHUSI MOTYT OBITh IIPEJCTABIICHBI B BHJIE yPaBHEHUH 0OpaTHBIX MHTETPAILHBIX (QyHK-
LUHA BUIA

N @)
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rre f=12.,F; m=12, .. M; P;— dpusudeckas (craTUCTHYECKas, IMITUPUYIECKAsT) BEPOSTHOCTh BEIUUH-

Hbl &, .
[Noy4yenHble TakuM 00pa3oM ypaBHEHHS HCIIOJB3YIOT [UIS ONPEACNICHUS CIy4aifHBIX COYCTaHWH Halpasie-
Huii BeTpa ((, ) ¥ ero ckopoct V, M BBICOTHI BOJIH TPEXMPOLECHTHOH obecnedeHHOCTH N3y, Ompenenenue coye-

TaHui (,, V, U Ny oCylecTBIsICTCS A5 y4ACTKOB PEifCOBBIX IMHUH M U YCIOBHIl IIOPTOB.

Oco60 moguepKHeM, YTO TPH 3afdaHuu hzy, HEOOXOMUMO YUYHTBIBATH TO, YTO PEATH3ALUS ITOM BETHUHHBI
YIOBJIETBOPHUTENILHA, €CJM OHA MEHBINE BBICOTHI PA3BUTHIX BOJNH Npy. mpu maHHO# ckopoctu Betpa [3]. Ilo
AMEIOIUMCS peKOMeHIANSIM [7] Npay MOKHO OTIPEIENHTD TI0 BEIPAKCHHUIO

hoax = 0,2V4%2, )

rae V, — cKopocTb BeTpa, M/c.

YnoMsiHyTass METOAWKA pacdeTa MPOMyJIhCHBHBIX MOKa3aTelel CyqHa 10 aHaJOTHYHBIM THIIOBBIM JaHHBIM
CYJIOB MOJ0OHOTO Kj1acca MPEACTABIACT MPAKTUICCKUN HHTEPEC ClIé U MOTOMY, YTO OCHOBHBIC pa3MEPEHUS Cy-
JIOB OJTHOTO KJIacca MOTYT OTIMYATHCA. DTO 3aadya MOXKET OBITh pelieHa Ha OCHOBE (PYHKIMOHAIBHBIX ITOAXO-
JTOB, U3JIO’KEHHBIX B [6], WK OKPYKHOTO MoAXo/a [4], 3aKITI0YArOIIETrocs B IPUMEHEHUN TTIOA00HS.

B 3akimoueHr OTMETUM, UTO B pe3yNbTaTe PEIICHHUs MEePEUUCICHHOT0 KOMILIEKca 3aau BaXTeHHasl ciryx0a
CHUCTEMBI MOHHUTOPHHTA CYIOXOACTBA OyIeT UMETh HOTOJTHHUTEIFHYI0 MHPOPMALIMIO TT0 HABUTAITHOHHON 00cTa-
HOBKE, CKOPOCTH BETPa W BOJIHEHHS, YTO MOCTYXKUT HH(POPMAIMOHHBIM 00ecrieueHIeM I BRIpaOOTKH BapHaH-
TOB BO3MOJKHBIX PEIICHUI KaUTAHOM CyIHA U, TAKAM 00pa3oM HE JOMYCTUT MOPCKUX MPOHUCIICCTBUIN U KaTa-

cTpod.
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[Ta6mii I'.®., Aninko O.b.

3ABE3NEYEHHS EKOJIOTTYHOI BE3NEKH BIJ IOTEHIIMHO HEBE3IEYHUX CYJIEH
3 BUKOPUCTAHHAM CUCTEMHU MOHITOPUHI'Y CYJJTHOIIVIABCTBA

HaBeneHno cTpykTypy MiICHCTEMH, KA, BPAXOBYIOYH HaBiramiiHy 0OCTAHOBKY Ta TPUPOJIHI YMOBH, 03BO-
JIsiE pO3POOIISTH BapiaHTU PillieHb JJIs KaMiTaHIB MOTCHINIHHO HEOS3MEUHUX CYCH, IO CIIOCTEPIratoThCs CUCTE-
MO0 MOHITOPHHIY CYyIHOIUIABCTBA. 3alMpPOMOHOBAHO MiJXiJ MIOAO0 OOPOOKM CTATHCTHYHMX AAHUX LIBHIKOCTI
MOBITPS Ta BUCOTH XBHJIb JJISI BU3HAUCHHS 1X KPUTUYHUX 3HAYCHb.

Shabliy G.F., Anipko O.B.
ENVIRONMENTAL SAFETY OF POTENTIALLY HAZARDOUS SHIPS MONITORING SYSTEM
The structure of the subsystem, which, given navigational and environmental conditions allows the
development of options for making potentially dangerous captains of ships observed monitoring system

navigation. An approach for handling statistics air speed and height of the waves to determine their critical
values.
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VJIK 664:665.1/7:539:542/543
JIynenxo M.B., Kanmnna B.C., Cemsamkin O.10., Mensank M.M.
CYYACHI €BPOIEMACBHKI BUMOI'H 10 SIKOCTI COHSILIHUKOBOI TA KOPIAHJIPOBOI OJIIi

Hocuth TpuBanmii 4ac YKpaiHa € oHI€I0 3 HAWOUTBIINX KpaiH MOCTaYaJbHHUKIB COHAITHUKOBOI OJIii B yCHOMY
CBITi. 3a OcTaHHI JeKiJbKa pOoKiB YKpaiHa HE TINbKH 3HAYHO 30LIbIIIIA 00CSTH BUPOOHUIITBA Ta EKCIIOPTY POC-
JIMHHUX OJIiH, 8 TAKOXK PO3IIHpuIia reorpadito MocTaBok [2].

Y nepiox 3 2008 mo 2013 pp. BUPOOHULITBO COHSIIHUKOBOI OJii 301IbIIYBAIOCS 3 KOKHUM POKOM B cepe/l-
HbOMY Maike Ha 10 %. Y 2013 p. BUpOOHHITBO COHSIIHUKOBOI OJii B CTPYKTYpi 3arajibHOr0 BUPOOHHIITBA BCiX
BHU[IIB POCIMHHUX 0Iiit 3aiimae 96,3 %, BUpOGHUITBO coeBoi omii — 2,7 %, pimakosoi — 1 % [2].

B YkpaiHi BUpOOHUITBO COHSIITHUKOBOI OJIiI € HalBaXXJIMBILIOIO 3 rajly3eil arponpoMHUCIOBOTO KOMIUIEKCY.
VY cTpykTypi 00CSTy BUPOOHHMIITBA BCIX OMIMHUX KYJBTYP COHSIIHUK 3aiiMae Oimbme 90 %, a B CTPyKTypi BCix
nociBHUX ron] — 61u3bk0 10 %. COHSIMIHUK BUPOLTYETHCS Maibke Y BCiX 00IacTsX, 1 HaiOlbme B [liBeHHHX i
Henrpanpaux obmactsax. OcTaHHIM 9acOM CIIOCTEPITa€ThCS 3HIKEHHS BPOXKAWHOCTI COHSIIHUKY, B CEPEIHBOMY
mopiuHo Ha 7 %. Lle moB'sI3aHO 3 BUCHa)XEHHSAM 3€MeJIb 1 HOPYIICHHAM arpoTexHoiorii. He nusnsunce Ha 1e,
VYkpaiHa TpoIoBKye 3aiiMaTd MPOBiTHI MO3UIII cepel] KpaiH BUPOOHHKIB i €KCIOPTEPIB COHSAIIHMUKOBOI OJii.
Cezon 2013-2014 pokiB mokaszaB 4iTKy TEHJACHIIIO 3pPOCTaHHSA MPOMYKTHBHOCTI BHPOOHHIITBA ONiH, i CKJIaB
npubnu3Ho 16 MitH. TOHH. BapTo 3a3HauuTH, 110 BeJIMYE3HA YaCTKa BUPOOHHUIITBA HEpadiHOBAHOI COHSIITHUKO-
Boi ouiii B CBITI mpumnanae Ha Ykpainy. Takoxk ekcnepTu Bin3HayawooTh, mo B 2013-2014 pokax 3araibHe BUPOO-
HHILITBO OJIHHUX KyJIBTYp B YKpaiHi CTAHOBUTH MPHUOJIU3HO 15 MITH. TOHH.

Pocnuuny oniro B YkpaiHi BUKOpHCTOBYIOTh 97-98 % cimeii, abcomtoTHa Oinbiricts axkux (90 %) BinmaroTh
nepeBary COHSILIHUKOBIN 0J1ii, BAKOPUCTOBYIOUH 11 SIK ISl CMaKSHHSI, TaK 1 JUIsl 3alpaBKH CaJiaTiB i MPUTOTYBaH-
Hs JOMAIIIHIX MaioHe3iB a00 KOHCEepBiB. AJie BCE YACTIIIEe CIIOCTEPIra€ThCsl BUKOPUCTAHHS HETPATUIIHHUX IS
YkpalHu pOCIUHHUX OJIiii: OJMBKOBOI, MATEMOBOI, CO€BOi Ta iH. Cepex HUX CIiJ BIIMITHTH XHUPHY KOPiaHAPOBY
omito (2KKO) 3 Hacinas Coriandrum sativum, sika € IEpCIIEKTHBHAM HAaTypaJIbHUM 1HTPEIIEHTOM Xap4OBUX IIPO-
IykTiB [3].

BinmosigHO 10 TOTO, 10 YKpaiHa — OJMH 3 HAHOUTBIINX BUPOOHHKIB 1 €KCIIOPTEPiB POCIMHHNX OJIil, KpaiHU
IMIIOPTEPH BHCYBAIOTh Pi3HI BUMOTH MIOAO SKOCTiI BHpoOieHOI mponykmii. Tak, HampuKiaj, TOJIOBHOI BHMO-
TOI0, Ky BHCYBAaIOTh KpaiHH €BpOCO03y, € HACYBOPIMIMH KOHTPOJIb BMICTY MiHepallbHUX onuB. KnTail, Hanpu-
KJIaJl, BCE YacTillle BUCYBA€ BUMOTH 3 IPUBOJLY JAOCIIKEHHS POCIMHHUX OJIi Ha BMICT TEXHIYHUX PO3YMHHHKIB,
I'MO, ta in. [2].

3acTocyBaHHSl THX YM IHIIMX METOJIB i CTaHAApTIB Oe3Mocepe/iHbO 3aJIeKUTh BiJl BAMOT KOHTPAKTY, SIKHA
OyB YKJIaJICHUI1 MiX KpaTHOIO-IIOCTaYaJIbHUKOM 1 CIIO)KMBayeM. Y Halll 4ac BCE YacTillle BEJIHKiI BUPOOHUKH poc-
JIMHHUX OJIi1 BUKOPUCTOBYIOTh KOHTpakTH FOSFA.

FOSFA — 1ie mpodeciitHa Mi>xkHapoIHA OpraHi3alis 3 TOPTIiBII OJiSMH, HACIHHAM ONIHHUX KYJIbTYp 1 KUpa-
MU, TIPH SIKiH JTie apOiTpaXHUI OpraH, IO eKCKIIFO3MBHO PO3TIIAIAE BIAMOBIIHI MUTAHHS 1 Mae 0a3y WieHiB Oi-
neire 970 B 79 kpaiHax cBity [6].

Abpesiatypa ISO Ha eTukeTIIi BXKe ITaBHO CTaja aCOLIIOBATHCS Yy IMOKYIIIS 3 TAPAaHTOM BHUCOKOI SIKOCTI IpO-
nykry. ISO (International Organization for Standardization) — MixkHapojHa oprasizauis 31 crangapruzanii. Lisg
oprasizailisi po3po0Jisie cTaHJapTH, TOTPUMAaHHS SIKMX TapaHTye, IO MPOIYKTH Ta MOCIYTH € Oe3MeYHNMH, SIKic-
HUMH 1 HaAIHHUMH, a BUPOOHUUI MPOIeCH O0YI0BaHI Ha BUKOPUCTAHHI TPAaHUYHO €(PEeKTHUBHUX PECypCiB 3 Mi-
HiMaJbHUM BIUTMBOM Ha HABKOJIMIITHE cepeioBuie. binmbmicte crangaptiB ISO mpuiiHaTi B 6araThox KpaiHax
CBiTYy, B TOMY 4HCII 1 B YKpaiHi. YKpaiHChKka HalioHajdbHa Bepcis ctanaapTiB HazuBaeThess JICTY ISO. Hasg-
HicTh cepTudikary ISO BUKIHKAE y CIOKMBaYa BIIEBHEHICTh y Oe3merni npuadaHoi mpoaykiii [5].

Hamnpukian, ofHAM 3 OCTaHHIX HOBOBBEJICHDb B CTaHIApTH3aIlil SKOCTI COHSIIHUKOBOI oii € ctanmapt JJCTY
ISO 14024, sxuii Bce yacTimie BUKOPUCTOBYETHCS BETUKUMH ITiIIpHEMCTBaMH Iipu BUpoOHuTBi [1]. Leit cran-
JIapT BCTAHOBIIIOE MPHHIIMITY 1 METOJIM, 1110 3aCTOCOBYIOTHCS ISl PO3POOKH ITPOrpaM eKOJIOTIHHOTO MapKyBaHHS
Tay 1, BKIIO4ao4n BUOIp KaTeropiil mpoayKiii, eKOJIOTIYHUX KpUTEpiiB NpoayKuii Ta 11 QyHKIIOHATIBHUX Xa-
PaKTEpUCTHK, a TAKOX JUISl OL[IHKM Ta JeMOHCTpauii BiamoigHocTi. Lleit crangapT TakoX BCTAHOBIIOE MPOLIEAY-
pu cepTrdiKaii A IPUCBOEHHS HOTO MAPKYBaHHSI.

V Ham yac Bce OunbIne i Oinblne JIIOAel 3BepTaloTh yBary Ha HaTypalbHICTh BUPOOJIeHOT MpoayKuii Ta Ha 11
ekosoriunicTh. 11[00 3a70BOJBPHUTH BHMOTH CIIOKHMBaya BEJNIWKI BUPOOHWKH COHSITHHUKOBOI OJii Bce YacTimie
BUKOpHUCTOBYIOTH cTanmapt JICTY ISO 14024 y BupoOuunTBi. 1 cepTudikarisi Bxxe BU3HaHa OUTBIT HiX B 60
KpaiHaX CBiTy, B TOMY YHCIIi B kKpainax €Bporneiicskoro Coro3y ta CIIIA.

3acTocyBaHHS IaHOTO CTaHAAPTY Y BUPOOHMIITBI Ja€ MPaBO HA BUKOPUCTaHHS MapKyBaHHSA FOTOBOI NPOIYK-
1ii. MapkyBaHHS CBiIYATH MPO €KOJOTIYHICTh MPOAYKTY, a caMe Mpo BigcyTHicTh MO, HasgIBHOCTI JHIIE Xap-
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YOBHX J00aBOK HATYPAJIbHOTO NOXOJUKEHHS, & TAKOX BUKOPHUCTAHHS BHCOKHMX CTaHJIApPTIB 1 BUMOT SIKOCTI OO
MarepiaiB yIaKoBKH.

BpaxoByroun Toii ¢akT, mo YKpaiHa € CBITOBHM JIiIepOM 3 BHPOOHHIITBA COHSIITHUKOBOI OJii — I€ MPOCTO
3000B's13y€ {1 cTapaHHO CTEXUTH 1 TOCTIHO BIOCKOHANIOBATH SKICTh CBOET MPOAYKIIil, IO MOCTAYAETHCS HA CBi-
TOBHH 1 JIOKAJIEHUHA PHHOK.

Jana TeHmeHIIis 3a0e31meyeThes OUTBIIICTIO YKPaiHChKUX BUPOOHHKIB, SIKi 0a)Kaf0Th BUBECTH CBOIO MPOIYK-
I[i10 Ha CBITOBHI PUHOK i IParHyTh BiIIOBiOaTH NPUHHIATAM 3000B'sI3aHHIM TIepes] 3apyO0i>KHUMH MapTHEpaMH.

Lpomy minTBepIkKeHHS — iHCIIEKITiIiHA TIepeBipKa, sfKa 37iiicHeHa €Bporeiicbkoro komiciero (€K) micns Bu-
SIBJICHHS B COHSIIITHUKOBIN OJIii, 110 eKcrnopTyBanacs 3 Ykpainu 10 kpain €C, MiHepaIbHUX OJHB. 3a pe3yibTa-
TaMM KoMicii OyJI0 CKIIaJeHo 3BiT Mo 3anodiranHs 3a0pyJHEHHS MiHEpaJIbHUMH OJIMBaMH COHSIIHUKOBOI OJIii,
npu3HadeHoi Ha excropT a0 kpain €C. BukoHyroun pekoMmeHnauii nporo 3Bity, MiHICTEPCTBO OXOpPOHH 3]10-
poB’st Ykpainu po3pobuiio Ta nmoroamio 3 MiHicTepcTBOM arpapHoi nojiituku Ykpainu [1nan 3axoziB moao Bu-
KOHaHHs pekoMeHnanii €K, sxuii OyB HanpaBieHUH eBponeichKiit croponi. MO3 YkpaiHu 3riiHO IHOTO IIaHy
PEKOMEHy€e BIPOBA/DKEHHSI MDKHApOAHOI cucTeMu 3abe3nedeHHA Oesmeku xapdoBux mnpoxykris HACCP
(Hazard analysis and critical control point — Anani3 pu3uKiB Ta KPUTHYHI TOYKH KOHTPOJIO) Ha IMiIPHUEMCTBAX
OJIITHO-)KHUPOBOi MpoMuciIoBOCTi. HasBHICTE y mimnpueMcTB xapuoBoi mpomucioBocti cucteM HACCP crae
000B’SI3KOBOI0 BUMOTOIO NPH BUXO Ha €BpoIeiicbkuili puHOK. Ll BuMora mpoaukToBaHa JMpeKTHBOIO paan
€C 93/43/EEC Bin 14.07.1993 p. «lpo ririeny xap4oBux npoxykTiBy. Crarreto 20 3axkony Yipainu «IIpo
AKICTh Ta OE3MEeKy Xap4YOBUX MPOIYKTIB i IPOIOBOIBYOI CHPOBHHID TEX MEpea0adeHo, Mo «Cy0’ eKTH MiImpue-
MHHIBKOI AisIIBHOCTI — (i3UUHI Ta I0pUANYHI 0co0H BCiX (POPM BIACHOCTI, SIKi 3aiiMatoOThCsl pO3poOKOI0, BUPOO-
HHLITBOM, TPAHCIIOPTYBaHHAM, 30€piraHHsM, BBE3CHHSM, a TAKOX peai3alli€lo, BUKOPUCTAHHIM, YTHIII3aIiE0
a00 3HHUIICHHSAM XapYOBUX MPOJYKTIB 1 MPOJIOBOJIBUOI CHPOBHHH, 3000B’3aHi 3M1HCHIOBATH 3aX0/H MO0 TTOE-
TaITHOTO BIPOBAKEHHS Ha MIANPUEMCTBAX XapuoBOl POMHCIOBOCTI MIXKHAPOIHOT CUCTEMU 3a0e3MedeHHs 0e3-
neku xapuoBux npoaykriB HACCP» [4]. Tomy akTyanbHHM € po3poOka TexHosorii orpumanHs xap4oBoi XKKO,
sxa BpaxoBye cuctemy HACCP [15].

OCHOBHUM TapaHTYBaHHAM OC3MEKHU OJIEKUPOBUX MPOIYKTIB, BUPOOICHUX B YKpaiHi € KOHTPOIb OJNIHHOTO
HaciHHS Ta MPOJYKTIB HOTo MepepoOKH 32 OCHOBHIMH ITOKa3HUKAMH SIKOCTI: )KUPHOKHCIOTHUI CKIIaf, TPYHOBUH
ckian (ocdommiaiB, BMICT )XKAPOPO3YMHHUX BITaMiHIB, BMICT CTE€POJIB, BMICT BOCKOIOAIOHUX CHONYK, HasB-
HICTh TPAHCI30MEPIB YKUPHHUX KHUCIOT, 3AJUIIKOBA KiTBKICTh €KOTOKCHKAHTIB (XJIOPOPTaHIYHUX TOXiTHUX), a
caMme TEeCTUIHIIB, BMICT MONIOUKIIYHUX apOMATHYHIX BYTJICBOIHIB (OeH3(a)lepeHy), MoMiXiIopoBaHuX OideHi-
JiB Ta iH. [7].

3HayHa yBara MPUIUISETHCS KOHTPOJIO POCIHHHUX OJIi Ha BMICT OPraHiYHMX €KOTOKCHKAHTIB — MECTHIIH-
niB, nostixjoposanux Oidenini (ITXB), siki BIiTHOCATHCS 10 KJIACY XJIOPOPraHIYHUX CIOJIYK Ta MAlOTh s Clie-
diYHUX BIIACTUBOCTEH, a came OIOKyMYyJIsLis 32 paxyHOK Toro, 1o [1XB mMarwoTh BUCOKOT pO3UMHHOCTI B K H-
pax Tak caMo SIK XJIOPOPTaHiYHi MeCTHUUANA. TOMY IiJIBUIIYETHCS PU3UK HAIXO/KEHHS TOKCUYHHX PEUOBHH Y
NPOJYKTH XapuyBaHHS Ta NPOJOBOJbYY CHPOBUHY, YCKIIAIHIOETHCSI OTIEPATUBHE YIPABIIiHHS €KOJOTIYHOIO CH-
TYyami€ro B HiJIOMY

I'mo6anbHe 3a0pyIHEHHS] HABKOJIHMIIIHHOTO CEPEIOBUINA Ta HECTIPUATIIMBA €KOJIOTIYHA CUTYaIlisl B IIPOMHCIIO-
BUX palfoHaX 00yMOBIIIOIOTH HEOOXITHICTh MOCTIHHOTO ekoJoroaHaniTayHoro kouTpoo (EAK) 3a 3a0pynHeH-
HSIM TOBITPSI, SIKICTIO BOJM Ta HAKOITMUYCHHSIM HEOE3NeUHHX CIIONYK y IPYHTI Ta JOHHUX ocaziax. Y BIANOBiTHOC-
Ti 3 PI3HUMH MDKHapOJIHUMH yrojgaMu 01u3bko 60 XiMIYHUX PEe4OBHH (TIPiOpUTETHI 3a0pyJHIOBAYI) YBIHIILIIN /10
CIHCKIB, IO MependavaroTb OOMEXEHHs iX po3noBciopkeHHS. B manuit wac UNEP (United Nations
Environmental Project) oco6mmBo Bumisisie Tpyiy 3 12 CONyK, Ha sKi CIijJl 3BEPTATH MEPIIOYEPTOBY yBary mpu
€KOJIOTTYHUX JOCHiKeHHsIX. L5 Tak 3BaHa «OpyaHA JI0KMHA» BKIIOYAE B ceOe HACTYIHI pEYOBHHU: MOJIXJIOPO-
BaHi Oidenimu (IIXB), momixmoposani mubdenso-n-miokcus (IIX/I), momixmoposani midbenzodypanu (IIXAD),
anapuH, Oienapus, auxiop-nudenin-tpuxioperad (AAT), ennpun, xiaopaan, rekcaxiaopbenson (I'XB), mipekc,
TokcadeH i renraxiop [8].

3a pe3ynpTaTaMu aHAJi3y HOPMAaTHUBHOI JOKYMEHTAIlil Ta MOHITOPHHTY €KOTOKCHKAHTIB MOXHA 3pOOUTH BH-
CHOBOK, 1110 YMHHAa HOPMAaTHBHA JIOKYMEHTallisl, sIKa PErJIaMEeHTYE BUMOTH I110/10 KOHTPOJIIO TIOKa3HUKIB Oe3meKn
CHPOBHHH 1 TOTOBOI IPOYKIIIT OJIiEKMPOBUX MiIPUEMCTB, TTIOTpedye neperisny [4].

Binomo, mo B geskux 3paskax oiiii, BUpoOseHoi B YKpaiHi MiCTHThCS HeOe3ledyHa pPEeYOBMHA ITijl Ha3BOIO
Oen3(a)nipeH — XiMi4Ha CIOJIyKa, MTPEACTaBHUK POAMHH TOJIIMUKIIYHIX apoMaTHuHuX ByriaeBoaHiB (ITAB), pe-
YOBHMHA TIEPIIOro Kiiacy HeOe3MeKH, sIka IPOBOKYE OHKOJIOTIYHI 3aXBOPIOBAHHS.

Bueni i BUCHOBKY, IO IIISAXIB HAAXOMKEHHS OeH3(a)mipeHy B HACIHHS COHSIIHHMKA Oe3mid: 1e i 3a-
CMIYeHi HUM CUTBTOCIIYTi/s, 37TUTe aBTOMOOUTbHE MACTHIIO UM TTiAMaJeHUH CMITHUK Ha y30iudi Oijst moms, Tpa-
HCTIOPTYBAHHS HACiHHS Y BaHTaXIBIli 3 BUXJIOIHOIO TPyOOIO Bropi, CyIika JUMOBHMH T'a3aMH, SIKi MICTSATh MPO-
JOyKTH HETIOBHOTO 3TOpPaHHS IaJINBa, BUPOIIYBAHHS COHSIIHMKA B3I0OBXK JOPIr Ta HaBiTh ac()albTOBE MOKPHUTTS
TJISTHKY, Ha SKii 30epiraeTbes mapTist ypoxaro.
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Ha tenepininiii yac B kpainax €C npuaiiseTses: 6arato yBaru KOHTPOJIIO O€3MEKU OJi€XKUPOBMICHHUX MPOAY-
KTiB, B TOMY 4YHCIIi BMicTy OeH3(a)mipeHy B pociuHHUX onisix. Jupekrusa Kowmicii €C 208/2005/€€C xopcTko
periIaMeHTye BMICT TMONIOUKIMYHUX apOMaTHYHUX BYTJIEBOJHIB B XapyoBHX MPOAYKTaX. 30KpeMa, BMiCT
Oen3(a)mipeny B xupi He MOBHHHO nepeBumryBaT 0,002 mr/kr (1ppb B mpoaykTax xapuyBanHs) [12].

[IpucyTHICT BOCKOTIOAIOHHUX CIIONYK B POCIMHHHUX OJisIX OOYMOBIIOE CTYIIiHB iXHBOI mpo3opocti. Yepes
ONMM3BKY 3 AUMITITIIEPUHAME T'yCTHHY BOCKH JOBI'HH 9ac 3HAXOAATHCS Y CTaHI CyCIeH3il, [0 Ha/ae Ol Kaiamy-
THOCTI Ta TOTIpIIy€e OPTaHOJENTHYHI MTOKa3HUKH TOTOBOI MpoayKiii. BockomomiOHNM criosykaM B OJIii mpHTa-
MaHHa MeBHA CTIiHKICTh, IO CTBOPIOE TPYTHOIII i yac ix BumaneHHs. CTaHAapTH30BaHI METOIU BH3HAYCHHS
HCOMUWITIOBAJIbHUX PEUYOBHUH, JIO SKUX HAJICKATh i BOCKH, SIKi JIFOTh HA Iei Yac B YKpaiHi Ta IHIIUX KpalHax, Bij-
PI3HSIOTHCSI MK COOOFO 3aCTOCOBaHUMH PO3YMHHUKAMHM, YMOBaMH IIPOMHUBAHHS €KCTPAKTY Ta iH.

HaykoBisMu po3po0ieHO Cy4acHy METOAMKY SIKICHOTO 1 KUTbKICHOT'O BU3HAUCHHS BOCKIB B OJIiSIX METOJIOM
BUCOKOTEMIIEpaTypHOI razopiguaHoi xpomarorpadii (I'PX), sika BkitoueHa 10 1epKaBHOTO CTaHAAPTY YKpaiHH
«Omnii. MeTou BU3HAYCHHS BOCKOMOAIOHUX peUOBUHY [9].

KonTtpons Ta MapkyBaHHs BMicTy TpaHcizomepiB xupHEX KucioT (TXKK) y xapdoBux npoaykrax y 6araTbox
KpaiHax € 000B's3K0BHM. 30KpeMa, B €Bporri MakcuMainbHo gonmyctumuii BMicT TXKK y xupax, 1o BHKOPHUCTO-
BYIOTh Y IIPOMHCIIOBOCTI, He Oinbiie 5 %, a B THX, IO MPOAAIOTHCS crIokuBadaM — 10 2 %. [IpocTexyeTbes TeH-
JICHIIS TTOJIANIBIIOTO JKOpcTKinioro oomexxeHHs Bmicty TOKK. J{ns kupiB, 10 BUKOPHCTOBYIOTECS B XapuOBHX
MPOIYKTaX, MaKCUMaIbHUH 1X BMICT — 2 %, a 1711 )KHUPIB 3 MMO3HAYKOIO "BiJbHI BiJ TPAaHCKHUPHUX KHCIOT" — HE
6inpme 1 %. YHUKHYTH HagMipHO] KinmbKocTi TpaHcizoMepis JXKK MoxHa katamiTuaHOIO iepeeTepudikarieto. 1o
IHHOBAIIi}, 10 PO3pax0OBaHi HA MOJAJIBINY MMEPCIICKTURY, CIIiJ BiTHECTH HU3BKOTEMIICPATYPHE CEJICKTHBHE T'ijI-
PYBaHHS B PO3YMHHHKAX, Y TOMY YMCII y BYTJIEKUCIIOTI; TiJpyBaHHs HA CTAL[IOHAPHHUX Ta CYCIECHAOBAHUX KaTa-
Ji3aropax 3 0JaropoJHUX MeTajiB (IUIaTHHA, Najaiil Ta iHII), TiApyBaHHS CyMilllaMH BOJHIO 3 JISSIKUMU 1HEPT-
HUMU (Y LIbOMY TIPOLECi) ra3aMu TOIIO. YCi Lii IHHOBAIiHI TeXHOJIOTIT 3a0e3MeuyloTh MOBHE NPUTHIYEHHS abo
piske 3HMkeHHs: HakonuueHHss TOKK y rigpoBaHux ofisix Ta *upax i nependadaroTs nepeerepudikaiiro Ta/adbo
(pakiioHyBaHHS JKUPIB.

Jis1 BUpOOHUKIB 1 CITOKMBAdiB POCIHHHUX OJiH, PiTo-0mii Ta MOAM(IKOBAaHUX KUPIB aKTyaTbHOIO € MPO-
Omema TiIBUIICHHS SKOCTI MPOAYKIIi 1 BAOCKOHAJICHHS METOMIB ii KOHTpOt0. Ba)XMBHUil acrekT ympaBimiHHSI
nporecaMu Mogudikarii — HeoOXiTHICTh (HPOPMYITIOBAHHS y3aralbHEHOTO MMOKa3HUKA, [0 OJJHO3HAYHO XapaKTe-
pu3ye sKicTh MOAW(IKOBAaHHUX OJIHM Ta KHPIB. Ix sxicts BimmosimHo 1O JIEpKABHUX CTAHIAPTIB BU3HAYAETHCS
KIJTbKOMa TIOKa3HUKaMH. 3 HUX JUIS YIPaBIIiHHS MPOIECOM BHKOPHUCTOBYIOTh B OCHOBHOMY TEMIIEpaTypy IljIaB-
JICHHS 1 TBEPIICTb. AJIe IIi, 5K 1 IHIII PeTJIAMEHTYIOUi IOKa3HUKH, HEIOCTATHRO XapaKTepU3yIOTh Xap4yoBY i Oio-
JIOTIYHY I[IHHICTh MPOAYKTIB Moaudikamii. [y omieXupoBOi CUPOBUHM i TOTOBOT MPOAYKILT BITYU3HSIHOTO BU-
poOHHMIITBA HEOOXIiIHA HOCTOBIpPHA 1H(OpPMAILS PO KUPHOKUCIOTHUI CKJIa]] 3TIHO 3 BUMOTaMH MIKHApPOIHUX
cranzapris cepii [SO 9000. Tomy aist ouiHKM SKOCTI MOAN(DIKOBaHHX JKHPIB HEOOXiHI cyuacHi MmeToau Bi3uKo-
XIMIYHOTO aHamizy (xpomarorpadiuHi, ciektpomMeTpuuHi Ta inmi) [10].

Inrencudikanis npouecy BUIOOYBaHHS POCIMHHHX OJIif Ta BCIX HOro CKIJIAJIOBUX TEXHOJOTIYHUX CTafil €
0a3010 TEXHIYHOTO PO3BUTKY OJi€-)KAPOBOI IPOMHUCIIOBOCTI Ta OIHUM i3 KPUTEPIiB, IO BIUTUBAE HA SKiCTh TOTO-
BOTO IPOJYKTY. 3Ha4HA yBara B HAyKOBHMX JOCIIKEHHSAX MPUAIISETHCS MiJrOTOBII Marepialy 10 eKCTPakKIlii,
MPOIIeCy BHIYYCHHS OJIiT Ta MeToAaM iHTeHCUdikaril mporecy. OIHUM 3 aKTyaJlbHUX HAIPSMKiB iIHTEHCU(IKAIIi1
oIifi BHOOOYBHOTO BHPOOHHUIITBA € OOIPYHTYBaHHS 1 BHOIp HOBUX THITIB PO3YHMHHHUKIB, OCKUTBKH TPaTUIliiHi
BYIJICBOJHEBI HA OCHOBI Ha()TONPOMYKTIB BUPOOJISIOTECS 3 HEBITHOBIIOBAHUX JKEpell i € BUOyXoHeOe3neuHu-
MH.

PO34YMHHUKH POCIMHHUX OJIiH, 110 MAOTh MMPOMMCIIOBE 3aCTOCYBaHHS, € PEUOBHHAMH HU3bKOB’SI3KUMH, HH-
3bKOKUIUISYMMH, HU3bKOTOJSPHUAMH i CEPEHBO MOJIAPHUMM. IX TaKOK MOLNAIOTH HA JIBA TUIMA: TEXHIYHO YHCTi
PO3UYMHHMKH Ta CyMilli TEXHIYHO YHCTHX PO3YMHHMKIB OJWH 3 OAHMM Ta 3 BOZO0. HailGinpm mommpeHuM €
MEePIINHA THIT PO3UYNHHMKIB, SIKUH MPEICTaBICHO HACTYITHUMH TPYIIAMH XiMIYHUX CIIONYK: alipaTH4HI BYTJICBO-
Hi, XJIOpIOXifHi anmiaTHdHi ByTJIeBOIHI, apOMAaTH4HI BYTJICBOIHI Ta aiaTH4dHi KeTOHH. BuUKoprcTaHHS HOBHX
BUIB PO3YMHHHUKIB (CIIHPTIB, 3piKEHNUX Ta3iB, CYNMEPKPUTHIHUX PiTUH) € OCHOBOIO 3HM)KEHHS €HEPTrOE€MHOCTI
BUPOOHMIITBA, OCKIJIBKM BOHH, SIK TPABUIIO, BUPOOJISIOTECS 3 BIAXOAIB IHIIMX raiyseil mpomuciosocti. Hayko-
BO-TIPaKTHYHHUI IHTEPEC 10 €TaHOIY B OCTAHHE JIECATHPIUYS OHOBUBCS 3aBJSKHU JEKUIbKOM NpuduHaM. Lle, mepru
3a BCe, CYTTEBHMH 3DICT LiH Ha BYIJIEBOJHEBI PO3ZYMHHHMKN HA()TOBOTO MOXOJDKEHHS, a TaKOX BEJIMKHUI 3amac B
VYkpaiHi BUPOOHUYMX IMOTYXHOCTEH IIOZ0 €TAaHOJY, SIKMH IO TOTO € Xap4OBHM ITPOIYKTOM, IO POOUTH HOro
3acTocyBaHHs Oe3mevnuM [11].

Ha 3anut European Food Safety Authority (EFSA — €Bpomneiicbka pana 3 6€31eKn XapuoBHX MPOAYKTIB) Oy-
10 poBenieHo nociimkeHHs JKKO B SKOCTI «HOBOTO Xap4oBOTO iHTPEIi€HTAY.

IeTpo3eniHoBa KUCIOTa — MOHOHEHACHYEHA JKUpHA KMCIIOTa, € 0CHOBHOO B JKKO (60-65 %) i npencrasisie
c06010 i30mep oseiHoBo1 KuCcIOTH. JKKO TakoX MiCTUTh HEBEIUKY KUIBKICTh 1HIMUX XUPHUX KHUCJIOT, TAKHX SK
munonesa (12-19 %), oneinosa (8—15 %), nansmituHoBa (2-5 %) i creapunosa (<1,5 %). Bmict TpaHc-)XupHHX
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kucnot cranoButh 0,04-0,27 %. HasBHicte Tokodepona B XKKO Hmxve nonmyctumux pisHiB — 2 mr/100 r. 1o
CTOCYETbCS BaKKUX METaliB, JHOKCHHIB, MOJIMUKINYHUX apOMaTHYHUX BYIJIEBOJIOPOAIB (30Kkpema OcH-
30(a)mupeHy) i 3aNUIIKIB MECTHIUIIB — Pe3yIbTaTH OYyJIH HIDKYE MaKCHMAIBHOTO PiBHS, BCTAHOBIECHOTO €BpO-
neticrkoro Kowmiciero (EC) Ne 1881/20067 [13].

Kopiargposa odisi, Ik HOBHIl XapuoBHIA 1HTPEIIEHT B SKOCTi XapyoBOi JOOABKM PEKOMEHIOBAHO IS 310D O-
BUX JOPOCIHUX JIfoJei BxuBaTH MakcuMyM 600 mr B feHb. Lle T03BOMUTH CIOXHMBATH METPO3EIIHOBOI KICIOTH
OlIbIIIEe, HIK 3a3HaY€HO BUMOTAMH.

OcHoBHi xapaktepuctuku JKKO:

— KOJIip — CBITJIO-)KOBTHIA;

— 3amax 1 cMaK — M’SIKUi;

— noka3Huk 3anomiieHHs (pu 20 °C) 1,466 no 1,474;

— KucIoTHe uucyio — makcumym 0,6 mr KOH/T;

— IIEPEKUCHE YUCII0 — MAKCUMYM 5 MTI-OKB/KT;

— WonHe uncio — Big 88 mo 102 oguHULE;

— quciio oMwieHHs — Big 186 mo 198 mr KOH/;

— HEOMUJIIEMUX PEYOBHH — MAaKCUMaIbHO 15 T/KT.

3BakarouM Ha 3a3Ha4YCHI MPOOJEMH SKOCTI YKpaiHCHKOI ONEKHUPOBOI MPOAYKINI B PO3pi3i €BPOMEHCHKUX
HOpM O€3MEKH Xap4YOBHX IIPOAYKTIB, aKTyaIbHIM 3aBJIaHHSAM € YIOCKOHAJIECHHS CXEM TEXHOXIMIYHOTO KOHTpPO-
JIF0 BUPOOHHIITBA POCIMHHUX OJIiif; BUABJICHHSA OCOONHMBOCTEH 1 TPYAHOIIIB 3alpOBaKEHHS Mi>KHAPOTHOI CHC-
TeMH 3a0e3nedeHHs: Oe3MeKH XapuoBHX MPOAYKTIB B OJIEXKHUPOBIH rany3i Ykpainu; 3a0e3nedeHHs] KOHTPOJIIO Ha
BCIX eTamax Xxap4oBOro JaHIfora, B Oyab-sAKill TOUIli IPOIeCy BUPOOHHUIITRA.

Jlitepatypa

1. ICTY 4492:2005 "Omnis consitHukoBa. TexHiuHI yMOBH'".

2. Tumorenko JI.M. Po3BUTOK CBITOBOTO pUHKY POCIMHHHUX OJIiH Ta MEPCIEKTHBH y4acTi Ha HbOMY YKpaiHU
/ J.LM. Tumorenko, O.B. ITupor, A.I1. Kyxapenko // Ekonomiunwuii mpoctip.— 2008.— Ne 13.— 2008.— C. 26-37.

3. Romadon M.F., Morsel J.T. Oil composition of coriander (Coriandrum sativum L.) fruit-seeds // European
Food Research and Technology. — 2002. — Vol. 215. — Ne 3. — P. 204-209.

4. JleBuyk [.B., Ocetiko M.1., Tumuernko B.K. Ananiz ¢akropiB HeOe3mekn MPOAYKINi B TEXHOXIMKOHTPOJL
OJEXXUPOBUX BUPOOHUITB // TeXHOMOTHYESCKII ayJUT U pe3epBrl mpomsoacTsa — Ne 5/2(19), 2014. — C. 21-25.

5. Kogexc Anmmmentapuyc. JKupsl, Maciia u npou3BoaHbIe nponyktel / [ep. ¢ anrn. — M.: M3garenscTBo
«Becs Mupy, 2007. — 68 c.

6. Federation of Qils, Seeds and Fats Associations (FOSFA International). International List of Acceptable
Previous Cargoes (giving synonyms and alternative chemical names).

7. Oceiiko M.1. TexHosorist pocnuHHMX odiii: [miapyunuk] / Oceliko M. 1. — K.: Bapra, 2006. — 280 c.

8. Jlepuyk 1.B. Busnauenns nounixiaopoanux Oidenini (ITXB) B omisix Ta xupax // [HTerpoBaHi TeXHOJIOTIi
Ta eHepro3oepexenns. — Xapkis, 2014, Ne 1 — C. 113-119.

9. Kimenko B.A. Bu3HaueHHsS BOCKY 1 BOCKOIOIOHUX CITOJYK METOJOM BHCOKOTEMIIEPATYPHOI XpOMAaTOT-
padii // [arerpoBaHi TexHOJOTII Ta eHepro30epexeHHs. — Xapkis, 2014. Ne 1 — C. 106-112.

10. Omii Ta xupu: CKIam, METOAX onepkanHs, Akicts / M. Ocefiko, A. Ykpainenp, C. Ycatwok [1a iH.] // Xa-
puoBa i nepepoOHa npomucioBicts. — 2004, — Ne5. — C. 17-19.

11. Merik I1.®. BukopucranHs albTepHATHBHUX PO3UMHHHUKIB /IS €KCTPaKIii pOCIMHHUX oM // [HTerpoBa-
Hi TeXHOJIOTIT Ta eHepro3oepexeHHs. — Xapkis, 2014. Ne 2 — C. 77-86.

12. http://www.fediol.be/data/133181029308COD131FINAL%20COP%20Sampling%20and%20Analysis%
200n%20imported%20sunflower%200il%20from%20Ukraine.pdf.

13. Agostoni C., Berni Canani R., Fairweather-Tait S., Heinonen M., Korhonen H., La Vieille S., Marchelli
R., Martin A., Naska A., Neuhauser-Berthold M., Nowicka G., Sanz Y., Siani A., Sjodin A., Stern M., Strain S.,
Tetens I., Tome D., Turck D., Verhagen H.. Scientific Opinion on the safety of “coriander seed o0il” as a Novel
Food ingredient. — EFSA Journal. — 2013. — Vol. 11, Ne10. — article Ne 3422. DOI: 10.2903/j.efsa.2013.3422.

14. TTar. Ykpaina Ne 9213, MIIK (2014.01) C11B 3/00. Cnioci6 padinariii »xupHoi kopianapooi omii / B.C.
Kamuna, @.®. I'mankuit, M.B. Jlynenko, B.O. lnsmankos. brom. Nel5. 3assneno 30.12.2013; Omy6:n. 11.08.14.

Bibliography (transliterated)
1. DSTU 4492:2005 "Oliya sonyashnikova. Tehnichni umovi".

2. Timoshenko L.M. Rozvitok svitovogo rinku roslinnih oliy ta perspektivi uchasti na nomu Ukrayini / L.M.
Timoshenko, O.V. Pirog, A.P. Kuharenko. Ekonomichniy prostir.— 2008.— # 13.— 2008.— P. 26-37.

IHmeepoeaHi mexHonoail ma eHepaodbepexxeHHs 12015 99


http://www.fediol.be/data/133181029308COD131FINAL%20COP%20Sampling%20and%20Analysis%25%0b20on%20imported%20sunflower%20oil%20from%20Ukraine.pdf
http://www.fediol.be/data/133181029308COD131FINAL%20COP%20Sampling%20and%20Analysis%25%0b20on%20imported%20sunflower%20oil%20from%20Ukraine.pdf

CUCTEMM YIPABJIIHHSI TA OGPOBKN IHOOPMALIT

3. Romadon M.F., Morsel J.T. Oil composition of coriander (Coriandrum sativum L.) fruit-seeds. European
Food Research and Technology. — 2002. — Vol. 215. — # 3. — P. 204-209.

4. Levchuk L.V., Oseyko M.I., Timchenko V.K. Analiz faktoriv nebezpeki produktsiyi v tehnohimkontroli
oliezhirovih virobnitstv. Tehnologicheskiy audit i rezervyi proizvodstva — # 5/2(19), 2014. — P. 21-25.

5. Kodeks Alimentarius. Zhiryi, masla i proizvodnyie produktyi. Per. s angl. — M.: lzdatelstvo «Ves Mir»,
2007. - 68 p.

6. Federation of Qils, Seeds and Fats Associations (FOSFA International). International List of Acceptable
Previous Cargoes (giving synonyms and alternative chemical names).

7. Oseyko M.I. Tehnologiya roslinnih oliy: [pidruchnik]. Oseyko M. I. — K.: Varta, 2006. — 280 p.

8. Levchuk 1.V. Viznachennya polihlorovanih bifeniliv (PHB) v oliyah ta zhirah. Integrovani tehnologiyi ta
energozberezhennya. — Harkiv, 2014. #1 — P. 113-119.

9. Kischenko V.A. Viznachennya vosku i voskopodibnih spoluk metodom visokotemperaturnoyi hromatog-
rafiyi. Integrovani tehnologiyi ta energozberezhennya. — Harkiv, 2014. # 1 — P. 106-112.

10. Oliyi ta zhiri: sklad, metodi oderzhannya, yakist. M. Oseyko, A. Ukrayinets, S. Usatyuk [ta in.]. Ha-
rchova i pererobna promislovist. — 2004, — #5. — P. 17-19.

11. Petik P.F. Vikoristannya alternativnih rozchinnikiv dlya ekstraktsiyi roslinnih oily. Integrovani tehnolo-
giyi ta energozberezhennya. — Harkyv, 2014. # 2 — P. 77-86.

12. http://lwww.fediol.be/data/133181029308COD131FINAL COP Sampling and Analysis%20on imported
sunflower oil from Ukraine.pdf.

13. Agostoni C., Berni Canani R., Fairweather-Tait S., Heinonen M., Korhonen H., La Vieille S., Marchelli
R., Martin A., Naska A., Neuhauser-Berthold M., Nowicka G., Sanz Y., Siani A., Sjodin A., Stern M., Strain S.,
Tetens 1., Tome D., Turck D., Verhagen H.. Scientific Opinion on the safety of “coriander seed oil” as a Novel
Food ingredient. — EFSA Journal. — 2013. — Vol. 11, #10. — article # 3422. DOI: 10.2903/j.efsa.2013.3422.

14. Pat. UkraYina # 9213, MPK (2014.01) S11V 3/00. Sposlb raflnatslYi zhirnoYi korlandrovoYi ollYi /
V.S. Kalina, F.F. Gladkiy, M.V. Lutsenko, V.O. Shlyapnikov. Byul. #15. Zayavleno 30.12.2013; Opubl.
11.08.14.

V]IK 664:665.1/7:539:542/543

Jlyuenko M.B., Kanuna B.C., Cemsimikun A.1O., Menbaux M.M.

COBPEMEHHBIE EBPONIEMCKHUE TPEBOBAHUS K KAYECTBY IMOJACOJHEYHOI'O U
KOPUAHJAPOBOI'O MACJIA

basupysce Ha pe3ynbraTax aHainu3a HHGOPMAIMKM 00 OCHOBHBIX HOPMax KauecTBa MaciOXXHUPOBBIX MPOIYK-
TOB, KOTOpBIE YTBEp)KAEHBI B EBpore B cTaThe pacCMOTPEHBI IMOKa3aTeNId 0€30MaCHOCTH OTEYECTBEHHBIX PacTH-
TENIBHBIX Macel, UX COOTBETCTBHE €BPOIEHCKUM TPeOOBAHMSAM M IPEIUIOKEHBI METOIbl YCOBEPIIEHCTBOBAHUS
CYIIECTBYIOIMX CTAaHJAPTOB YKpanHbI B JAHHOH OTpaciy.

Lytsenko M.V., Kalyna V.S., Semyashkin O.Y., Mel'nyk M.M.
MODERN EUROPEAN QUALITY REQUIREMENTS SUNFLOWER AND CORIANDER OIL
Being based on results of the analysis of information on the main standards of quality of oil and fat products
which are approved in Europe in article indicators of safety of domestic vegetable oils, their compliance to the

European requirements are considered and methods of improvement of the existing standards of Ukraine in this
branch are offered.
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VK 621.31
Kymux M. 1.

AHAJIN3 QHEPTETUYECKHUX PECYPCOB YKPAUHBI

BBenenune. YpoBeHb pa3BUTHS SHEPreTUKU MMEET pelIaiollee BIMSHHE Ha COCTOSHHE SKOHOMUKH B TOCY-
JlapCcTBe, pelieHue MpodieM COLMaIBLHOM cephl U ypOBEHb XKHU3HH uyesioBeka. [103ToMy, sHEpropecypcsl BHICTY-
MafT IPEeMETOM aKTHBHOTO HHTEPECa CO CTOPOHBI NPABUTEIBCTBA, CYOBEKTOB IPEANPUHUMATEIBCTBA U 001Ie-
CTBA B L1eJIOM. B cocTaB TOIUIMBHOM MPOMBIIIJIEHHOCTH Y KPauHbl BXOJAT CIEAYIOLINE CEKTOpa YroJIbHBIM, ra3o-
BBIH, He(TsIHOH, HedTemepepadbaThIBatoOIIHii, TOpdsiHO# 1 aroMubIi [1-3]. [ToTpebenne SHepreTHIECKNX MaTe-
pHaJoB ¥ MPOAYKTOB TepepadoTku HedTr B YKpanue B 2013 roxy coctaBmio 165,7 MIH. T YCIOBHOTO TOILTHBA,
YTO OTHOCHUT HALLy CTPaHy K KPYITHEHIINM MHPOBBIM [TOTPEOUTEISIM TOILTMBHO-YHEPTETHIECKUX pecypcos [4,5].

[Ipobnemsl B cTabMIIBHOM 3HEProodecneyeHu: Y KpauHbl ONPENesIioT aKTyallbHOCTh AaHHOH paboTsl. Lle-
JBI0 JAHHOHM CTaTbU SIBIIICTCS ONPEAEICHUE U OIEHKA CTPYKTYPHI M IOTEHIHANA TPAJUIMOHHBIX U BO30OHOB-
JIAEMbBIX SHEPIreTUUCCKUX PECYPCOB. 3HepFCTH‘IeCKHﬁ IIOTCHIHAJI praI/IHI:-I COCTOUT U3 NPUPOAHBIX MOJIE3HBIX
HCKOIIa€MbIX, BOAHBIX PECYPCOB, BO300HOBIIIEMBIX U HETPpAAUITUOHHBIX UCTOUYHUKOB SHCPTHU.

Hckonaemble 3HepreTuyeckue pecypcbl. YKpanHa HMEET JOBOJILHO 3HAYMTENbHBIC pa3BelaHHbIE U TPO-
THO3HBIE YHEPIreTHYECKUE PECYPChl, 0COOCHHO 3amachl yriis. JloObIBaronIas 0Tpaciib TOIUIMBHO-9HEPTETHIECKOTO
komruiekca (TOK) YkpauHs! nmpencTaBiieHa YronbHOH 1 HeTerazoBoi oTpacisamu. akTudeckas oObda SHEP-
reTuueckux pecypcos B Ykpaune 3a 2011, 2012 u 2013 roaa npuseaeHa B Tabmuie 1 [6].

Tabmmna 1 — Ilunamuka GakTHaeckoil JOOBIYH TOIUTHBA B Y KpanuHe

IToka3zareau 2010 . 2011 r. 2012r. | 2013 .
/ToOpI9a yrIIs, (THIC. TOHH) 75231 81991,4 | 85946,0 83697,5
/ToObIya HETH C Ta30BBIM KOHICHCATOM, (THIC. TOHH) 3545,6 3325,1 3290,1 3050,9
[MTocraBka Hed T Ha HII3 YkpauHs! (ThIC. TOHH) — 84534 4013,4 3270,6
[Tpou3BoJICTBO Ma3yTa, (ThIC. TOHH) — 2030,0 715,3 600,1
/ToObIua rasa, (MJIH. M3) 20054,7 | 20139,2 | 20185,0 | 20998,2

AHanmsupys Tabmumy 1, MOXXKHO CKa3aThk, 4TO 3a IPUBEACHHBIC TOAA YIJIeT0OBIBAIONIMMHY MPEIIPUATHIMU
YKpauHbI KOJIMYECTBO TOOBITOTO YISl YBEIMYMBAETCS, XOTA U HE 3HAYNUTENbHBIMHU TeMmnamiu (B 1,11 pa3za B 2013
rogy no cpasHeHuro ¢ 2010 romom). JloOsrua raza B 2013 roay, Takxke yBelIWYHJIach HE 3HAUMTENbHO, B 1,05
pasa o cpaBHeHuto ¢ 2010 rogom. OObeMBbI J0OBIYM HEPTH C Ta30BBIM KOHJIEHCATOM yMeHblnaercsi. Ha Hedre-
nepepabarbiBatonue 3aBoasl (HII3) mocTyminenus HedTH 3HAYUTENTLHO YMEHBIITHIOCH, CIEOBATEILHO YMEHb-
IIWJIOCH ¥ IPOMU3BOJICTBO OCH3WHOB, TU3EIHHOTO TOTUIMBA 1 Ma3yTa.

VYronbHas 0Tpacib 10 00beMy T0OBIYM TOIUINBA B HATYPaIbHOM BBIPaKCHNH SIBIISIETCS TIEPBOM Cpean oTpac-
neit TOK YkpanHbl. YKpanHa NpHHAUICKUT K CAMBIM KPYITHBIM IIPOM3BOJUTENSM YIJIs, B CTPaHE COCPENOTOUE-
HO 0KoJ10 4 % Bcex MHUPOBBIX 3aI1acoB YIIIsl, IPH 3TOM J00bI4a cocrasisieT 1,1 % MupoBoro 3amaca, Mo JaHHBIM
MesXyHapOIHOTO HEPreTHYECKOro areHTcTBa. J[oObua yriis 3HAYHUTENHLHO cokpamanack B 1990-1996 rr, u
crabuimmsupoBanack ¢ koHna 2000-x ronos. B 2011 roxy Ykpauna 3ansia 10-e Mecto B MHUpe 110 10OBIYE YIS
(82 MmH. T) 1 BocbMoOe 110 JI0ka3aHHbIM 3amacaM (34153 muH. T). [Ipu coxXpaHeHHH CYIIECTBYIONUX TEMIIOB J10-
Obrun, yrast Ykpaumne xBatut Ha 400 sret [1, 7]. ITo o6beMaM HCHONB30BaHUS MEPBUYHBIX HEPTOHOCHTEIEH
YTOJIb 3aHUMAET BTOPOE MECTO IOCTIe MPHPOTHOTO Ta3a U UCHOIB3YETCS B TAKUX 0A30BBIX CEKTOpPaxX IKOHOMHKH,
KaK TPOM3BOCTBO AJIEKTPOIHEPTHUH U METAJUTyprHdecKasi IPOMBIIIIEHHOCTE: 75 % — kak TormuBo, 25 % — xak
TEXHOJIOTHYECKOE CHIPhE U YEPHOM METaUTyprun, XMMHUIECKOH U Apyrux otpacieil. Takum oOpa3om, yIHUTHI-
Basi, YTO 3aIacOB YIJIsl B CTpaHe OOJIbIIE BCETO, TO TJIaBHAs POJIb B 0OecIiedeHNH MoTpeOHOCTe HapOJHOTO XO-
3s1iiCTBa B TOIUTHBE IOJDKHA OTBOJMTHCS HMEHHO emy [8, 9].

CpaBHUBAsI C YrOJbHOW NMPOMBIIIIEHHOCTHIO TJIABHBIX YTJI€JOOBIBAIOIINX CTPaH MHpa MPUPOIHBIE yCIOBHS
J00bIuM yriis B YKpanHe, B 00111eM, JOJDKHBI OBITh MPU3HAHBI JOCTATOYHO CIOKHBIMU. [10CKOJIBKY Upe3BbIUaiHO
CJIOJKHBIE TOPHO-TEOJOTHYECKUE YCIIOBUS JIESTENbHOCTH yriieaoOpBatommx npeanpusituid. Ha 73 oreuectBen-
HBIX YTOJIbHBIX IaXTax IIyOWHa BEJEHUS TOPHBIX paboT mocturaer 750 M, a Ha 36 miaxtax OHA NPEBBIIIAET
1000-1300 m, TemmepaTypa TOPHBIX IMOPOJ Ha OCBOCHHBIX TNIyOMHAX B cpemHeM cocrtaBiser 42—45 °C, yrob-
HBIC IUIACTHI, KOTOPBIE 0TPA0ATHIBAIOTCS YKPANHCKUMH FOPHSIKaMH, MAJIOMOIIHbIE, B cpeaHeM — | metp. [Ipuuem
80 % olmiero xoMYECTBa IAXTO IIACTOB COCTABIIAIOT KPYThIE M TOHKHE IUIACTHI, KOTOPbIE HAHOO0JIee CIIOMKHBI
IUISL yTIIe100BI4H M B MEPE OHU BOOOIIE CUMTAIOTCSI HeKOHAUIMOHHBIM U [IOYTH HUTAE HEe BeIHUMaroTcs [9].
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OcCHOBHBIE 3amackl KAMEHHOTO yriisi B YKpauHe cocpenorodeHsl B Jlonenkod u JlyraHckoi obOnactsx, B
MEeHbIIeM KoaudecTBe B J{HenponeTpoBckoii 1 JIbBoBckoii obOnactsax. Bypeie yrnum 3anerator B ocHoBHOM B Ku-
poBorpajackoi o6nacTu. 3amacs! Ae(GUIUTHOTO KOKCYIOMIEroCs YTl 3HAUUTEIbHO yMEeHbIIMINCh. Ho B mocnen-
HHUE TOJbI YBEIMYMBACTCS KOJIMYECTBO YTBEPXKICHHBIX (ampoOmpoBaHHBIX) ['ocymapcTBeHHON Komucchedl Yk-
PamHBI IO 3amacaM IIOJIE3HBIX MCKOMAaeMbIX 0aJaHCOBBIX 3amacoB yrisg, B TedeHue 2009 r. — 56274 trIC. T,
2010 1. — 140 086 ThIC. T, 2011 1. — 264 921 THIC. T [10].

B sxoHOMEKE YKpawHBI, Kak BUIHO U3 Ta0I. 1, Taxke MCIONB3YIOTCA M HOObIBaeTcs He(TH U ra3. YKpanHa
OTHOCHTCS K cTapeimyiM He(Te100bIBaONMX CTpaH Mupa. HadanpHble TOTEHIMANBHBIE PECYPCHI YTIIEBOAOPO-
JIOB YKpauHBI B IIEpPEcUeTe Ha YCIOBHOE TOIUIMBO OLIEHUBAIOTCS B 9322,7 MIH. T, B T.4. HE(TH C Ta30KOHIEHCA-
Tom 1643,4 mmm. T (17,6 %) u cBoGoaHOTO Tasa — 7254,3 mun. M° (77,8 %). 3HauHTENbHAS YACTh PECYPCOB YI-
neBonopoaoB (27 %) cocpenoToueHa Ha riayOuHax 5—7 KM, 4TO JieaeT UX OCBOEHHUE MPU COBPEMEHHOM Pa3BU-
TUM TEXHUKM W TEXHOJOTUH JOOBIMM MaJOBEPOSTHBIM M HelenecooOpasHbM. Cieayer OTMETHTh, 4YTO
7043,5 MuIH. T HaYaJIbHBIX NMOTEHIUAIBHBIX PECYPCOB YIIEBOIOPOAOB, Wi 75,5 % OT uX o0lIero KoJmMuecTsa,
HaxoAsTCs Ha cymie, a 2279,2 muH. T (24,5 %) — Ha menbde Ueproro u AzoBckoro mopeii [8].

Pacnionoxenue HeTEra30HOCHBIX MECTOPOXKICHUH Ha TEPPUTOPHH YKPaMHBI U UX KpaTKas XapaKTepUCTHKA
crenyromias [10]:

— 3aIaIHBIA HePTETa30HOCHBIM PETHOH CTapEeHIINii B YKpanHe U caMblil MaJCHBKHN 0 MMOTCHIIHAIHHBIM pe-
cypcam u 3amacam. 103 mecTopoxaeHus B T.4. 57 pa3pabarsiBaembix (ra3 — 13, razokonnaencar — 4, nedgts — 40).
OcHoBHbIE MecTOpoXkIeHUs: JleTHsIHCbKe, 3anykaHcbKoe, bunbue-Bonuukoe — razoseie; Jlonuuckoe, CTpyTHUH-
ckuii, butkos-babunnckoe, CTuHaBckoe — He(TSIHBIE.

— BOCTOYHBII HE()TEra30HOCHBIX PErMOHAX SIBJISETCS KPYNMHEWNIMH B YKpauHe 3a MOTECHIUAIBHBIMU PECyp-
camu u 3amacamu. 205 mectopoxkieHuil B T.4. 121 pa3pabarbiBaembIx (ra3 — 64, razokonneHcatr — 72, HeTh —
53). CreneHp peanu3aliy HavalbHBIX MOTCHIMAIBHBIX pecypcoB — 57 %. OcHoBHbIe MecTopoxacHus Illede-
nuHCKoe, 3amaaHo-KpectumeHckoe, EppemoBckoe — razokonneHcatHbie; S101yHOBCKOE, AHacTacCUBChKe, I TuH-
cko-Po30bIeBckoe — HedTerazokoHIeHCaTHbIE; byrpyBaToBckoe, MasoanBuubke — HeTSHbIE.

— IOKHBIM He(pTera3oHOCHBIN pernoH HamMeHee ocBoeH. CTENeHb peann3annuy HadalbHBIX pecypcoB — 5%.
Kpynreiimme mectoposkaeHust oTKpeiTo Ha wmenbde: lItopmosoe, LlImuarneeskoro, [MunuHCbke ra30KOHICH-
cataeie, Cyo6oTrHCKOEe HedTsHOE (UepHOe Mope) CeBepHoe n BocrouHoe -KaszanTunckoe razossie (A30BcKoe
Mope). Pa3BegaHHBIe 3amackl MECTOPOXKICHHH Ha menbdpe — 64 Mip/. M.

CobOctBeHHas n00bda HeTH ¢ Ta30BBIM KoHIeHcaToM B 2013 1. cocraBmia 3050,9 Thic. T, UTO yHOBIETBOPSI-
eT notTpebHOCTH cTpaHbl B HedTH yunb okoio 10 %. Huskue nokazarenu HeTIHONW MPOMBIIIICHHOCTH YKpau-
HBbI IPUBOJIAT K 3aBUCUMOCTH OT TMOCTAaBOK He()TH M HE(PTENPOIYKTOB M3 JPYrHX CTpaH (B HEPBYIO Ouepesb M3
Poccun) [6, 7, 11].

HedrerazorpancrnopTHas cucteMa YKpauHbl OJlHa U3 KPYIHEHIINX B MUPE, IPOTSKEHHOCTh BCEX HEPTENpo-
BOJIOB B €AMHUYHOM HCUMCIICHHH COCTaBIsAET Oosee 4,5 ThIC. KM, MIPOMYCKHasi CHOCOOHOCTh KOTOPHIX HA BXOJIE
114 mnH. T., Ha BEIXoAe — 70 MJH. T. B ToA. BMecTHMOCTh pe3epByapHOro mapka cocraBiseT okojo 1,1 muH. M.
Ha naHHBIIT MOMEHT MOIIHOCTH MaruCTPaJIbHBIX HE(PTENPOBOAOB HCIIOJIB3yeTcs HEAOCTaTOYHO (HA BXOZE Ha
49,7 %, ua Beixoae — 47,4 %) [9].

CymmapHas nong HedTH M ra3a B o0meM OajlaHce HCIIOJIb30BAHMS MEPBUYHBIX SHEPTOPECYpPCOB Y KpauHBI
cocrasiser 6onee 50 %. Kak yxxe ormeuanocs, 10711 B SHepro0aance IPUPOJHOTO ras3a sIBISICTCS] HanOOoIIbIIeH
3a mocnegHue rojpl oHa coctapiseT (38—42) %. Ilo nanusiM BP Statistical Review of World Energy B 2009 r.
VYkpauHa 3aauMaina 14 Mecto B Mupe 1o o6beMam noTpedIeH s IPUPOTHOTO rasa.

CobGctBeHHas 100b4a npupoaHoro raza B 2013 r. cocraBmia okono 21 mupa. Ky0. M., yIOBJIETBOPSIET IO-
TpeGHOCTH cTpaHbl Ha 34 %. [ocyaapcTBO UMITOPTUPYET MPUPOHBIN ra3 u3 Poccuiickoit ®eneparmu. [1, 6, 11].

TazoTpancnoptHas cucrema Ykpautsl (I'TC) Ha ceroans obecrneunBaeT BHyTPEHHUIN PHIHOK COOCTBEHHBIM U
UMIOPTUPOBAHHEIM Ta3oM. OOmast IPOTSIKEHHOCTh MaruCTPaIbHBIX Ta30IPOBOIOB COCTABIAET 37,6 THIC. KM.
Nx mpomyckHasi CHOCOOHOCTH Ha BX0Je — o4t 290 Mip/I. M3, Ha BbIXoje — 6onee 175 mup. M, Jlns cTabuib-
HOTrO o0ecIieueHHIo MoTpeOuTeNeil ra3oM B MEPHOA CE30HHBIX KOJIOAHUH CIpoca MCIONB3YIOTCS MOA3EMHEIC
XpaHWIHIIA, OOIMHA 06BEM KOTOPEIX COCTABISET MOYTH 32 MIPA. M°. MOIHOCTb ra30mpoOBOIOB Ha BXOJE HC-
noJsi3yercst Ha 65-66 %, a Ha BbIxozae — 76—78 % [9].

Takum 00pazoM, B CTpyKType HOTpeOIeHHs BelyIiast posib MPHHAUIC)KUT IPUPOJHOMY Tasy, a B CTPYKType
MPOU3BOJICTBA COOCTBEHHBIX IHEPIETHUECKHX PECypcoB npeolnanaer yronb. [103ToMy, Uil HOBBIIIEHHS HEP-
TOHE3aBUCHMOCTH YKpanHbI, HEOOXOAMMO YBEIMYMBATH MPOU3BOICTBO AJICKTPO- U TEIUIOSHEPTUH 33 CUET HC-
MOJIF30BAHUS TBEPIOTO TOIUIMBA (YIJI), UTO TpeOyeT CTPOUTENBCTBA M PACIIMPEHUS CETH AIEKTPOCTAHIINH 1
peann3aIyio MEPOIIPUSITHI TI0 OXpaHEe OKPY’Karomel cpeabl. Taxke BaXKHBIM HAIPABICHUEM Pa3BUTHUS 3JIEKTPO-
SHEPTETHKH SIBISIETCA BO3PACTAHUE PO ATOMHOM SHEPTETHUKH.

B VYkpaune nons ypaHa B o0mieM OajlaHCe HCIIOJIb30BaHMS MEPBUYHBIX dHEPTOpecypcoB cocrasiseT 17,9 %
(3a 2010 1.), okomo 50 % »IIEKTPO’HEPTHUH MPOU3BOAMUTCS ATOMHBIMH CTaHIUAMH, HO TOIbKOo 30 % pecypcoB
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TOIJIMBA NPOU3BOAUTCS B YKpauHe. 3alexH ypaHOBOI pynsl, 3amachl KoTopod mocturaroT 40 TeIC.T, MOTYT
00ecIevnTh MPOU3BOICTBO SACPHOrO TOILTHBA Ha ypoBHE 40—150 net [2, 9].

B Vkpanne HEeT 3aMKHYTOTO IIMKJIa IMPOW3BOJCTBA SIIEPHOTO TOIUIMBA, PELICHHE BOIIPOCA C HAJIA)KUBAHUEM
COOCTBEHHOTO TPOU3BOJICTBA 3JIEMEHTOB, BhIesttonnx Temio (TB3JIoB), Mmoxker obecnednTs HE3aBUCHUMOCTH
YKpauHbI OT BHENTHNX (hPaKTOPOB B MPOU3BOACTBE, KAK MUHUMYM, ITOJIOBHHBI TOI0BOTO 00BEMa 3IEKTPOIHEPTUH
3a cuet ADC [8].

Cpenu ctpan CHI' mo 3amacam Topda YKpanHa 3aHHNMaeT TpeThe MecTo. bamaHcoBBIE 3amackl BO3TYITHO-
cyxoro Topda cocpenoTodeHs! npeumyinecTBeHHO B PoBenckoit (18 %), Bonpmackoii (18 %) n UepHurosckoi
obnactsix (13 %), cocrasinstor 2,7 miapa. T. (CpenHsist TemIOTBOpHast criocoOHocTs Topda — 2300 kkan / kr). [o-
Obua TormuBHOro Topda HectabuibHa [2, 12]. Ilorpebnenne Topda HearJoOMepUpOBAHHOTO TOIUIMBHOTO B
2010 roay cocraBuiio 398,4, a B 2013 roay 452,2 ThIC. T YCIOBHOM BIaXXHOCTH COOTBETCTBEHHO [4].

B HexoTopbIX paiioHaX YKpauHbI Kak TOILIMBO UCMOJB3YIOT ApoBa. O0beM MoTpedaeHus APOB [yl OTOILIe-
st cocraun B 2010 1 2013 rogax 2528,4 u 2892,5 ThIC. M° INIOTHBIX COOTBETCTBEHHO [4].

OO01mrie 3amacel TOPIOYXX CIAaHIEB B YKpanHe pocturarot 3,7 mupa.T [2]. Ho TexHu4ecknii MOTEHIUAT U WH-
(pacTpyKTypa Uil CTPOUTEIHCTBA CKBAKMH HA CIIAHIIEBBIN ra3 B YKpaHE OTCYTCTBYIOT. PaGOTHI 10 IPOMBIII-
JICHHOW TOOBIYM CIIaHIIEBOTO r'a3a TOJbKO HavaThl [10].

YkpauHa 3aHEMaeT 9 MecTo B MUpE I10 3aracaM METaHa yroJIbHBIX MECTOPOXKICHNH 00IIHe pecypchl MeTaHa
YTOJIBHBIX MECTOPOXKACHUH YKpanHbI (Yroib + IMeCYaHUKH) COCTABIIOT 12—13 TpiH M yuteHHble ['ocynapcr-
BeHHBIM OanaHcoM Ykpawmasl Ha 01.01.2010 r. 3amacer Metana mo 186 maxrax ¥ ydacTKaX, B TOM 9HUCIe 1Mo 95
JIEHCTBYIOIIKX ImaxTax — 314 mupn M3; pacuUeTHBII MOTEHIIMAN A00bIUM MeTaHa B Tox — 8—12 mips. M/ roJI;
1,4 mapa. M° rasa Beygenunocs B 2009 r. mpu 10Gbide 72,2 MIH. T yruis, yTaamsuposano 70 . m° (5 %) [10].

Bo3o0HoBIsIeMble U HeTPaAHIIHOHHBIE IHEPreTHYeCKHe pecypcehl.

HecMotpst Ha HU3KHMH ypOBEHb Pa3BUTHS BO30OHOBIISIEMOI SHEPTETUKU CETOMHS, YKpanHa UMEET XOPOIIHE
MPEANOCHUIKH AJISI Pa3BUTHS 3TOTO HarpaBieHUs B OyxymieM. COriacHO ariacy 3HEpreTHYECKOTO MOTCHIHAa
BO300HOBIISIEMBIX MCTOYHHKOB SHEPTUN YKpaWHBI, co3gaHHOM B MHCTHTYTE BO300HOBIsIeMOH »HepreTuky Ha-
[IMOHATILHOM aKaJIeMUU HAyK YKpauHbl, OOIIMIA TOIOBOM TEXHUUECKHU JOCTHKUMBINA YHEPTreTHUECKUN MOTEHIIUAT
BO300HOBJISIEMBIX MCTOUYHHUKOB YKpawWHbI B IIEpecyeTe Ha yCIOBHOE TOIIMBO COCTABISAET OKOJO 93 MIIH. T y.T.
(Tabs. 2), mpuMeHeHHE KOTOporo MoxkeT Ha 40 % COKpaTUTh MCMOIB30BaHUE TPATIUIIMOHHBIX YHEPTOHOCUTENEH
VYxpausnsi [13-15]. A Ha opunmansHoM caiite ['ocyapcTBEHHOTO areHTCTBa M0 SHEProdPPEKTUBHOCTH U IHEP-
rocbepekeHnI0 YKpauHbl yKa3aH MoTeHnyan B pasmepe 98,0 muH. T y. T. Ha rof [16]. Haubomsmryro gomo npu
3TOM MMEIOT GroMacca u reotepmansHas sueprus — 6omnee 30 % [17-20].

YKpauHa XapakTepHU3yeTcsl JOCTaTOYHO BHICOKMMH IHEPreTHYECKHMH MOTEHIMAJaMH BETPOBOTO IOTOKA B
Kapnarax, B8 AP KpbeiM, Ha mobOepexbse UepHOTO B A30BCKOTO MOpEH, Iie CpeIHEro0BEIe CKOPOCTH BETpa Ha
BbIcOTe 10 M cocTaBISIOT 5 U Ooyiee METPOB B ceKyHAy. [loTeHIMan BeTpOBO# SHEPTHU, KOTOPBI MOXKET OBITh
ucnoibp30BaH oneHuBaercst 15,0 muH T y. T. wiu 41,7 mapa. kBt yac. B Ykpaune skcrutyaTupyeTcst OJJMHHA-
JIIaTh TPOMBIIIJICHHBIX BETPO3JIeKTpuueckux craniui. Ha xonen 2013 roga ycraHOBJICHHAS! MOIIHOCTD BETPO-
SHEPreTUIeCKUX cTaHmid coctaBmia 334 MBT. B ykpanHckoit DHepreTHuecKor CTpaTeruy INIAaHUPYETCs, 9TO K
2030 r. B Ykpaure 1o 6a30BoMy CIieHapHuIo OyaeT OCBOEHO HCIOJIb30BaHue dHeprun BeTpa 0,7 MIIH T y.T. / TOJ,
[13-17, 20].

Ta6nnua 2 - HOTCHHI/I&J’I HETPAAUIIUOHHBIX 1 BO300HOBJIIEMBIX HCTOYHUKOB OHEPruu B praI/IHG

Hanpasnenue ocoennst HBID I"o0BOM PHEPreTUUECKUI NOTEHIUAI
TeopeTnieckn-BO3MOKHbIN TexXHUYEeCKU-TOCTUKUMBIH
Mipa. kKBt gac MIHTY. T. Mapa. KB gac MIHTY. T.
Betposneprernka 270,0 97,2 41,7 15,0
CostHeUHas SHEPreTHKA 720000,0 88400,0 28,8 6,0
I'eoTepmainbHas YHEPreTHKA 876000,0 100000,0 105,1 12,0
I'mnposnepreTuka 37,5 13,5 27,7 10,0
BuosHepreTrka 407,0 50,0 162,8 20,0
DHepreTuKa OKPYIKArOIIEH CPEJIbI 203,5 25,0 154,7 18,0
Bcero BUD 1596918,0 188585,7 520,8 81,0
BnebanancoBble HCTOYHUKH YHEPTUH 41,7 15,0 33,4 12,0
Bcero 1596959,7 188600,7 554,2 93,0

praI/IHa HUMCCT OIIBIT NPOCKTUPOBAHUSA, IMPOU3BOJACTBA, CTPOUTCILCTBA, JDKCITyaTallUu U 06C.]'Iy)KI/IBaHI/IH
BCTPOOHEPTCTUUCCKUX YCTAHOBOK, U BECTPOOHCPIrECTUUCCKUX CTaHIUH. OL[HaKO IPOU3BOAUTECIILHOCTh MIPOU3BO-
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JIMOTO B CTpaHe 00OpYAOBaHMUS 3HAUYUTEIBHO HMXKE, YEM B 3aIaJHOCBPONECHCKUX NMPOM3BOAUTEINCH U HE SBIS-
eTcsi KOHKYPEHTOCIIOCOOHOH. B OONBIIMHCTBE BETPORJIEKTPOCTAHLIMH KOMIUIEKTYIOTCS BETPOYCTaHOBKAMHM
MOIIHOCTBIO 600 KBT ¢ BHICOKUMHU TEXHUKO-3KOHOMUYECKHMH MoKaszaressmu [20, 21].

ComHedHasi SHEpPrus — NPONOIDKHUTENFHOCTh CBETOBOrO IHSA B Kueme c ampens mo OKTSIOpPh COCTaBIISET
130-300 u/mecsm, a 3TO He MeHBbIIIe, YeM B roponax Llenrpansaoit EBponsl. CpegHeronoBoe KOIUIECTBO CYyM-
MapHOM COJIHEYHOHM paauanuy, NocTynawoomeid Ha 1 M Ha TEPPUTOPUN YKpauHbl HAXOAMUTCA B Ipelenax: OT
1070 kBt x u/m? B ceBepHOH gactu Ykpaunsl 10 1400 kBt x a/m? 1 BbIIIE B AP Kpeim. [ToreHnuan conHeyHoi
SHEpPrud B YKpawuHe SABISIETCS JOCTATOYHO BBEICOKHM ISl IMMPOKOTO BHEAPEHUS KaK TETIOPHEPTeTHIECKOTO, TaK
1 (QOTOIHEPreTHUECKOT0 000pyIOBaHUS TPAKTHYECKH BO Bcex obOmacTsax. Cpok 3(PeKTHBHON SKCILTyaTaIriun
TEeJIMOIHEPTETHYECKOTO0 000PY/I0OBaHUS B IOXKHBIX 00JIacTAX YKpauHbl — 7 MecsueB (C ampens 1o OKTs0pb), B
CeBEpHBIX 00acTsax 5 mecsues (¢ Mas 1o ceHTsI0pb). POoTO’HEpreTHYecKoe 000PyIOBaHIE MOXKET JOCTATOUYHO
3(h(}HEeKTUBHO 3KCILTyaTUPOBAThCSA B TeUeHHE Bcero roza [15, 19, 20, 22]. Ha konen 2013 rona ycraHOBICHHAS
MOIITHOCTh T'eINOYCTaHOBOK mpeBbiciwia 748 MBT [16]. Tlo nanasiM MHCTHTYTA BO30OHOBISIEMOM SHEPTETUKU
TEXHUYECKUI MMOTCHIMA COTHEUHOU dHeprun cocTapisieT 28,8 kBT/4ac. B ykpauHCcKkoi DHepreTuueckoit crpa-
Teruu mianupyercs, uro Kk 2030 r. B YkpanHe no 0a30BoMy clieHapHio OyJeT OCBOCHO MCIOJIb30BaHUE COJTHEY-
HOU 3HepreTHkH 1,1 MIH. T y.T./Ton. YKpanHa nMeeT cOOCTBEHHOE MMPOU3BOACTBO CONIHEUHBIX KOJUIEKTOPOB [15,
17, 20].

B nHacrosmee BpeMs THAPOIHEPTHUS SBIACTCS SAWHCTBECHHBIM BO30OHOBIIEMBIM SHEPTOPECYPCOM, HCIIOIb-
3yeMBIM B OTHOCHUTEIIFHO OONBIINX 00beMax B YKpanHe. B sHepreTHueckoM KOMILIEKCE CTPaHBI THIPOIIEKTPO-
crarnuy (I'DC) 3aHIMAIOT TPEThE MECTO TMOCIE TETUIOBEIX M aTOMHBIX. CyMMapHasi yCTaHOBJICHHAs! MOIIHOCTh
I'DC Vkpaunsl ceituac cocraBisieT 8 % 0T 00IIei MOITHOCTH 00BeTHHECHHOW YHEPTETHIECKON CUCTEMBI CTPaHBI.
O6mwem anexTpudeckoil sueprun B 2012, npogannoit 'DC B oNTOBEIM PEIHOK JIEKTPUIECKON IHEPTUU COCTaBIII
10357,1 muH kBt/4, 9to 3ansmo 5,74 % ot oOmiero. OCHOBHOW HCIOJB3yEMbIi MOTSHIMAT COCPEAOTOUYCH Ha
I'SC InenpoBckoro kackana (MomHocts — 3,8 I'BT, Bepabotka — 9,9 I'BT ). Kpome I'DC u 'ADC (runpoax-
KyMYJIUpYIOIINe), B YKpanHe dKCIUTyaTUPYIOTCs, TaK Ha3biBaeMble, Manble ['JC ¢ o01eil ycTaHOBJICHHOW MOTII-
HocTh Ha KoHer 2013 roga 6omee 75 MBT. Ho OOJBIIMHCTBO M3 HUX MMEIOT HEJIOCTATKU: OBICTPBINA M3HOC 000-
PYIOBaHU, TOBPEXKICHHE COOPYXEHUI HarmopHOro (hOHTaHA, 3aWJICHHE BOJOXPAHMIIHUINI, HEIOCTATOYHOE HC-
M0JIb30BaHUE CPEICTB aBTOMAaTUKU U KOHTpouiA [6, 12, 15, 16, 20, 23].

T'onoBeie o6mue moTeHnUaNbEHBIE pecypchl 202 0OCHOBHBIX pek YkpauHbl gocturarot 4880 MBT, a cpenaux u
MaJbIX pek (0koJo 63 Teicstd ) — okono 2600 MBT (28 % ot oOmero runponoreHnuara Ykpanasl). OnieHKa Ma-
JBIX U CPEHUX PEK YKpaWHBI CBHICTEIBCTBYET O BO3MOXKHOCTH IOCTpPOeHHsI Ha HHX Oonee 2300 Maibix u
CpEIHUX FUAPO3JIEKTPOCTaHIMI. bonbIIMHCTBO pek HaxoauTes B 3anaaHol Ykpausne [12, 19, 20, 22, 14].

YKpanHa UMeeT 3HauYHUTeNIbHbIE MOTEHIIHABHBIE PECYPCHl Te0TepMaIbHOMN sHeprud. OHHU MPECTABISAIOT CO-
60l mpexae Bcero TepMallbHBIE BOJBI U TEIJIO HATPETHIX CYXUX TOPHBIX mopoi. Kpome 3Toro, k mepcrexkTHB-
HBIM JUISI UCTIOJIb30BaHUS B MPOMBIIIJIEHHBIX MaciTabax MOXKHO OTHECTH PECYPCHl HATPETHIX MOA3EMHBIX BOJI,
KOTOpBIE BBIBOJSITCS C HEPTHIO U ra3oM JACHCTBYIOIIMMHU CKBRKUHAMH He(Tera30BbIX MecTopoxaeHui. Hanbo-
Jiee OJIaronpHsTHBIC YCJIOBHUS JUISl UCIIOJIb30BAaHHS TeOTEPMalIbHBIX BOJ CYLIECTBYIOT B 3akapnarse U B Kpbimy,
HO JlaXkKe B 3THUX paliOHaX MCTONb3yeTcst He OoJiee 2 % moTeHnuana. TeXHHUECKU MOTEHIIUAN MCIIOIb30BAHHUS
TeOTepMaNbHBIX 3allacOB ropsiueil BOABI OlleHuBaeTcs npuMepHo B 105 mupa. kB1/dac. ['opHBIE TOPOIEL C TEM-
nepatypoit 150 °C B mpenenax YkpauHsI 3apuKcrpoBansl Ha riryonHax 3—10 kM (B Joubacce — 4—6 xm). [TnoT-
HOCTBh PECYPCOB Ha TEXHOJIOTHYECCKH JIOCTYITHBIX TITyOMHAaX 4—5 KM COCTaBIseT OKOJIO 7 MIIH T y.T./KM. B ykpa-
MHCKOM DHepreTHyeckoil crpateruu mianupyercs, yto k 2030 r. B YkpauHe 1o 6a30BoMy ClieHapHro OyJer oc-
BOCHO HCIOJIh30BaHUE reoTepManbHoi suepruu 0,7 miH T y.T. / Tox [15, 17, 19, 20, 22].

YkpanHa 0651a1aeT OOJIBIINM MOTEHIINAIOM OMOMACCHI, JOCTYIHOM I IPOW3BOACTBA YHEPTUU. OCHOBHBI-
MH COCTABIITIONIIMH 3TOTO TIOTEHIIHANIA SBIISIOTCS OTXOABI CENbCKOTO X03IHCTBA, OTXO/IbI APEBECHHEI, a B IIEP-
CHEKTHBE — JHEPreTHYecKre KyIbTYpbI, BBIpAIIMBAaHHE KOTOPHIX HAdalo aKTHBHO PA3BHUBATHCS B ITOCIIEIHUE
ToJbl. DTH Pecypchl MOXKHO HCIOJIB30BaTh KakK IyTEM IPSIMOTO COKUTAHUS, TaK M JUIS TPOM3BOJCTBA OHMOrasa,
Ouoau3ens, OModTaHONIa, TBEPABIX TOIUTMBHBIX OPHUKETOB U Jp. BenmnumHa 3HEPreTHYecKoro MoTeHIrana Ouo-
Macchl MEHSETCS 10 TOAaM M 3aBHCHT, IJIABHBIM 00pa3oM, OT YPOKaifHOCTH OCHOBHBIX CEIBCKOXO3IHCTBEHHBIX
KyJbTYp (MIICHUIa, KYKypy3a, MOJICOTHYX U Ap.). 3a mocienaue 10 jget koeOaHuss 3IKOHOMHIECKOTO TIOTCHIIA-
Jla cocTaBwIM OT 25 110 38 MITH. T y.T. / TOI.

ITo manHBIM 3HEpreTHUECKOTO OanaHnca YkpauHsl 3a 2010 rof, I MOTYYEHUS YJHEPTUU B CTPaHE UCIIONB3Y-
eTcst Bcero okoJo 1,3 MuH. T y.T. / rog 6uomaccsl, coctaBisieT 0,7 % o0IIero mocraBku NEpBUYHON IHEPTUU B
VYkpanne. Ha konerr 2013 roma yctaHOBJICHHAs MOUIHOCTh YCTAHOBOK JUISL TIOJIYYCHUS] SHEPTUU M3 OHOMACCHI
cocrasisger 17,2 MBT. B ocHOBHOM, UCIOJNIb3yeTCs 1IEJTyXa CEMEUEK IOJICOJIHYXa, OTXObI JIPEBECHHBI, IPOBA
JUTS HaceJIeHUs ¥ TOP(, OTAENbHBIE COCTABIIIONINE IPHUBEACHHI B Ta0I. 3. BHOsHEeprus NCnoiap3yloTcs B JICTCH-
TPaJIN30BaHHOM PEXHMME ISl POM3BOJICTBA TETlIa M/WIIH Topsdeid Boawl. [15, 16, 18, 20].
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[To nannbM 2011 1. S5KOHOMHYECKH OOOCHOBAHHBIN IHEPreTUUECKUH MOTEHIMAT CYLIECTBYIOIINX OTXOJOB
O1roMacchl COCTaBIISIET OKOJIO 25 MJIH T Y.T., @ SHEPreTHYECKUI MOTEHIMaI OMOMAacChl, KOTOPYIO MOXKHO BbIpac-
THTb Ha HEHCIIOJIb30BAaHHBIX CEIbCKOXO3IHCTBEHHBIX 3eMJLIX IUIONIAb0 Oojiee 4 MIIH. Ta — OKOJIO 13 MIIH T y.T.
(tabm. 4). 3a c4eT 3TOro MOTEHIMANA MOXKHO HOKPHITE 10 18 % obmero o0bema noTpedaeHns IEPBUIHBIX SHEP-
roHocuteneit B Ykpause [18, 25].

Tabmmna 3 — [TorpebireHre GroMacchl U IPOW3BOACTBA YHEPTUH B YKpanue (2010 1.)

Bug 6momaccsr O6beM noTpeOICHNUS B IO % ot o01ero
HATypaJIbHbIC eIUHHIIBI TBIC. T V.T.
Comnoma 50 TBIC. T 24 1,9
OTX0/bI APEBECUHBI 957 TBIC. T 261 20,2
Jposa (HaceneHue) 1972 ThIC. M° IIOTHBIX 377 29,2
Jly3ru mojconHeuHUKA 884 THIC. T 452 35,0
Topd 339 ThIC. T 156 12,1
Buoras (HaBo3) 4516 tIC. M° 3 0,2
Buoras u3 noseronos TEO 26192 Thic. M° 18 1,4
Bcero 1291 100

Tabnuua 4 — DHepreTuuecKuii NoTeHIMan 6uoMacchl B Ykpanse (2011 r.)

Bug 6momMaccsl Bcero % OT DKOHOMHUYECKHIT
obpazyeTcs, obero MOTEHILIUA,
MJIH. T KOJIMYECTBA MJIH. T Y.T.
Conoma 3epHOBBIX KYJIbTYP 32 20 3,17
Costoma parica 29 70 0,96
OTX0/11 TPOU3BOJICTBA KYKYPY/A3bI 34 52 8,59
Ha 3epHO
OTX0/11 MPOU3BOJICTBA MOICOJHY- 17 67 5,55
Xa
BropuuHbie 0TXOAHI ¢/X (ITy3ra, 9,7 77 0,99
JKOM)
HpesecHas bumomacca 3,9 89 1,87
Bruonusens — — 0,35
Burostanon — — 2,36
Buoras n3 HaBo3a — — 0,35
Buoras u3 noneronos THO — — 0,26
Buroras crounbIx BOI — — 0,09
DHepreTuveckrue KyIbTyphl — — 13,3
Topd — — 0,4
Bcero — - 38,24

Hcnonp3oBanre MUKPOOMOIOTHUECKUX TEXHOJOTMH NepepabOTKH OTXOJIOB KPYITHBIX >KMBOTHOBOJYECKHX
KOMIUIEKCOB MO3BOJISIET MOJTYYUTh 00beM OHorasa, 3HepreTHIecKuid 3KBHBajIeHT koToporo 350 Teic.T y.1. Konu-
YECTBO PACTUTENBHBIX OTXOA0B €XKEr0HO cOCTaBIsAeT 0koso 20 MAH.T y.T. B YkpauHe B HacTosiliee BpeMs €CTh
JIMIIH HECKOJIBKO YCTAaHOBOK IO MPOM3BOJACTBY Omorasa. OWH U3 COBPEMEHHBIX 3aBOJIOB PACIIONOXKeH B JHen-
poreTpoBcke. OTXOBI IPH 3aTOTOBKU JIPEBECHHBI, a TAKXKe AEPEBOOOPAOOTKH SIBIISETCS CEPhE3HON IKOJIOTHIE-
CKOM Mpo6seMoii U MOTYT OBITH YCIEIIHO HCIHOJB30BAaHBI UIS DHEPTeTHYECKOH YTHIIM3AIWUU C MOTEHIAJIOM
1,87 mmH. T y.T. 3a mepBoe monyroaue 2014 roma mpomsBemeHO TBepaorodbuoTorumBa 417 ThIC. T. WK
258 Teic. Ty.T. [15, 16, 18, 20, 22, 25].

OCHOBHBIMH HCTOYHHKAaMH HU3KO MOTEHIMAJIBHOI COPOCHOW TEIUIOTHI TEXHOT€HHOTO IPOMCXOXKICHHS SIB-
JISIFOTCSI BEHTUIISILIMOHHBIE BHIOPOCHI M OXJIAXK/AOMIAsl BOAA TEXHOJIOTHYECKOTO U SHEPTEeTHIECKOro 000pynoBa-
HUS TIPEIIPHUSTUH, IPOMBIIUICHHBIE 1 KOMMYHaJIbHO-OBITOBBIC CTOKH. B YKpanHe KaHAIM3alMOHHBIE CHCTEMBI
LEHTPAIM30BaHHOTO OTBOAAa KOMMYHAaJIbHO-OBITOBBIX CTOKOB (DYHKIMOHMpPYIOT B 427 ropoxax, 515 mocenkax
ropojackoro THmna, 856 cemax. OOmuii rogoBoll 00beM KOMMYHAJIBHO-OBITOBBIX CTOKOB COCTAaBIISIET OKOJIO
3740 miH. M>. Temneparypa ctokoB coctabiisieT 12-20 °C B 3aBUCUMOCTH OT ce30Ha. TeXHUYeCKUil MOoTeHLnal
HU3KOIOTCHIMAILHOW TEIUIOBOM SHEPTHH CTOYHBIX BOJ cocTaBisieT 33939 thic. MBT x u/roa. DKOHOMUYECKH
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1esecooOpasHble 00BEMBI UCTIONb30BAHHUSI HU3KOIOTEHIIMAIBHON TEINIOBOW SHEPIUU CTOYHBIX BOJI COCTAaBIISIOT
12726 teic. MBT u/Top [20, 22].

TennoBas sHepTUst HOYBHI M TPYHTOBBIX BOJ MOXET HCIIONB30BaThCA Ul 000rpeBa M BEHTHIISILIMY HOMEIe-
HUH. B ycmoBusax YkpawHBI 3TO MOTYT OBITH ycaneOHBIE moMa ropomoB U cen. OTOOp TEIUIOBOW SHEPTHH OT
TPYHTa MOXET OCYIIECTBISITECS C MOMOIIBIO MOA3EMHBIX TEIIOOOMEHHHMKOB PA3IMYHBIX THHOB. B VYkpanHe
SKcIuTyatupyeTcs 9,3 MIH. ycaaeOHBIX JTOMOB ¢ o0mieil romanpo 515,8 miH. M. Jns ux TeniaocHaOKeHUs
MOXHO yCTPaWBaTh MOJ3EMHbIE TEIUIOOOMEHHUKH C TEXHUYECKH JOCTYIHBIM O0BEMOM HCIIOJIb30BaHHS TEILIO-
BOM PHEPTUM 3eMJIM H ITOA3EMHBIX Boa B 00veme 112520 Tteic. MBT 4. 3a nmepBoe momyromue 2014 roga terio-
BBIMH HacocaMH NpousBeneHo 2,5 Tbic. ['kaa TeIuioBoi sJHEpryy, ¢ TPUALATH TPEX OOBEKTOB C YCTAHOBJICHHOU
MomnrHocThio 3,4 MBT [16, 20, 22].

ITo cocrosauio Ha 1 stHBaps 2014 rona B Ykpaune HacuuThiBaeTcsi 581 00BEKT, MPOU3BOASAIINI TETJIOBYIO
9HEPTUI0 C BO30OHOBIISIEMBIX MCTOYHHMKOB, 00IIEl ycTaHOBiIEeHHOH MomHocThio 1072 MBT. A ycraHoBneHHas
MOIIHOCTh OOBEKTOB BO30OHOBISIEMOM JHEPreTHKH, pabOTAaIOUIMX 3a «3eJICHHBIM» Tapu(oM cocTaBuiIa
1181,553 MBrT [16].

BriBoabI

YKpanuHa UMeeT AOCTATOUHBIM MOTEHIINAJI YHEPTETHIECKUX PECYPCOB, COCTOSIIINN N3 MPUPOIHBIX MOJE3HBIX
HCKOIIAEMbIX, BOAHBIX PECYPCOB, BO3OOHOBIAEMBIX M HETPAJUIMOHHBIX MCTOYHUKOB 3HEPTHH. YTOJIBHAs OT-
pacip Mo 00beMy JOOBIYM TOIUIMBA B HATYPAJIFHOM BBIP)KEHHUH SIBIISICTCS IepBoi cpenu otpacieit TOK Ykpan-
Hbl. KonmuecTBO m0OBITOr0 yris yBEIWYMBAETCS HE 3HAUMUTENBHBIMH Temmamu, Tak B 2013 romy noOsITo
83,7 muH. ToHH, 4To B 1,11 pa3sa Goxbpuie yem B 2010 r. Ho npupozaHbie ycioBusi HOOBIYH YIiIsi OTHOCSTCS K
CJIO’KHBIM, YTO OTPaHUYMBAET UX AOOBIUY U TpeOyeT BHEJApPEHHE HOBBIX TeXHOJOTHH. ClieayeT OTMETHUTh, YTO B
MOCJIE/THUE TO/Ibl YBEINYNBACTCS KOJIMUECTBO YTBEPKICHHBIX 0AJaHCOBBIX 3aI1aCOB YIJIAL.

HauanbHble MOTEHIIMAIBHBIE PECYPCHI YITIEBOOPOIOB YKpAUHbI B IIepecueTe Ha YCIOBHOE TOIIMBO OIEHHU-
BaroTcs B 9322,7 MJIH. T, B T. 4. He(pTH ¢ razokoHmeHcatoM 16434 MiH. T 1 cBOOOAHOTO ra3za — 7254,3 MIH. M.
OnHako B MOCIEAHUE TOABI 00BEMBI JOObYM HE(PTH ¢ Ta30BBIM KOHAEHCATOM yMeHbIIarorcs, B 2013 roxy mo-
6brua cocrasmia 3050,9 ThIC. T, UTO yZOBIETBOPSIET MOTPEOHOCTH CTPaHbl B HeTH Jumb okono 10 %. Cober-
BeHHas 10o0bI4a npupoaHoro rasa B 2013 r. cocraBuia okoso 21 mMipa. kyO. M., YTO CBHIETENBCTBYET O HE3HA-
YUTEJIFHOM YBEJIUYCHHH, OJTHAKO MOTPEOHOCTH CTPaHBI yJOBJIETBOPSAIOTCS Toibko Ha 34 %. CymmapHas mois
HedTH 1 rasa B o01eM OanaHce UCIIOIb30BaHMS IEPBUYHBIX YHEPrOpecypcoB Y KpanHbl cocrapisieT oonee 50 %.

B Ykpaune nons ypana B obmieM OanaHce MCIIONb30BaHMS NTEPBUYHBIX 3HEpropecypcoB cocrasisier 17,9 %
(32 2010 r.). 3amack! 3anexeil ypaHoBO# pyabl 10cTUTalOT 40 THIC.T, MOTYT 00€CTIEYUTh POU3BOACTBO SIEPHOTO
ToruiiBa Ha ypoBHe 40—150 net, HO B YKpanHe HET 3aMKHYTOTO IMKJIa MPOU3BOCTBA SIIEPHOTO TOITUIMBA, H T10-
sTOMy TOJIBKO 30 % pecypcoB sAepHOr0 TOIUIMBA IPOU3BOAUTCS B YKpauHe.

banancoBble 3anacel BO3AYIIHO-CYXOro Topda COCTaBIsIOT 2,7 MIPJ. T, HO A00bIYa TOILTMBHOTO TOpda He-
crabuibHa, a norpednenue B 2013 roxy 452,2 Thic. T HEarJOMEPHUPOBAHHOTO TOILUTMBHOTO YCJIOBHOW BIQXKHOCTH.

OO1mue 3amacsl TOPIOYNX CIIAHIEB B YKpaWHe AOCTUTAIOT 3,7 MIIPJ.T, HO pabOTHI IO MTPOMBIIUICHHON 1OObI-
YH CJIAHIIEBOTO Ta3a TOJILKO HadaThl. Takke B YKpanHe UMEIOTCS PeCypchl METaHa YTOJIbHBIX MECTOPOKACHHH C
PACUETHBIM [OTEHIHAIOM J00bI4M MeTaHa 8—12 Mipi. M° / TOJI, HO YTHIIM3HPYETCS METaHa Maloe KOIHYECTBO.

YKpanuHa UMeeT XOpOIIKe MPEAIIOCEUIKH ISl Pa3BUTHSI BO30OHOBIISICMOM YHEPIeTHKH, TaK TEXHUYECKH JI0C-
THKMMBIH IOTEHLIMA €€ MOXKET COCTaBIATh A0 98,0 MIH. T y.T.

[ToreHman BeTpoOBOI SHEPTUH, KOTOPBIH MOXKET OBITH MCIIONIB30BaH oneHnBaercs 15,0 muH T y. T. Ha KoHen
2013 roma ycTaHOBJICHHAsI MOIIIHOCTH BETPOIHEPIeTHUCCKUX CTaHIMi coctaBmia 334 MBT. B mociennue Bpems
MIPOCIIKUBACTCS TEHIACHIINS K YBEIMUEHHUIO YCTAHOBIEHHOH MOIIIHOCTH.

[ToTenman comHeYHON 3HEPTUH B YKpaWHE SBIISIETCS JOCTATOYHO BBICOKHM JJISI ITMPOKOTO BHEIAPEHHS Kak
TEIUIOIHEPTETUIECKOT0, TaK U (POTOIHEPreTHIeCKOro 000pyI0BaHMS MPAKTUIECKH BO Beex obmacTsax. Ha koHen
2013 rosa ycTaHOBJIEHHAS! MOIITHOCTb TeJIMOYCTAHOBOK MpeBbicuia 748 MBT.

T'onoBeie o0mme noteHnHaNbHBIE pecypchl 202 0CHOBHBIX peK YKpauHsl gocturaot 4880 MBT. CymmapHas
ycraHoBiieHHas: MomHocTh [ DC Ykpaunsl ceifuac cocrasiseT 8 % oT o0uieil MOITHOCTH 00BbeTMHEHHOH 3HEp-
TeTUYECKOM CUCTEMBI CTPaHbl, 0011ast ycTaHoBJIeHHast MoniHOCTh Manblx [ DC cocrasisier 6osnee 75 MBT.

Mo manaeiM 2011 >KOHOMHYECKH OOOCHOBaHHBIM SHEPTeTHYECKUH MOTEHIMAT CYIIECTBYIOIIMX OTXOZOB
OuoMacchl COCTaBJIsIeT OKOJO 25 MIH. T y.T., a oOmuMil 3HepreTHYecKWi NMOTEHIMad Ouomaccel B YKpanHe
(2011 r.) cocraBusier okouso 38,24 muH. T y.T. IMeHHO OMO3HEpreTHka 3aHUMaeT HanOOJIBIIYIO /100 B 00IIeM
MOTEHIIHAaIe BO30OHOBISIEMbIX HCTOUHUKOB SHEPTHH.

B VYkpamne mnpociexuBacTCs TEHACHIUS K YBEJINYEHHWIO HCIIOIb30BAaHMS AIBTCPHATUBHBIX HCTOYHHUKOB
SHEPTHM KaK TETIIOBOW TAK M IEKTPUYECKOH, YTO COTTACYETCS C MUPOBBIMU TEHACHIMAME. JTO SIBISIETCSA BaXK-
HBIM, TTOCKOJIbKY BHEAPEHUE M HCIOIB30BAHUE AJbTEPHATHBHBIX HCTOYHUKOB SHEPTUH BEICT K yMCHBIICHHIO
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BJIMAHUA Ha OKPYXKAOUIYIO CPEAy, pPaBHOMEPHOMY PACIIPEACICHUIO DHCPICTUICCKUX PECYPCOB, ACHCHTPpAJIU3a-
U IPOU3BOJACTBA SHECPTHUU U YBCIIMUCHUIO 3HepreTI/1qec1<0171 HE3aBUCUMOCTHU I'OCy1apCTBa.
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VK 621.31
Kymux M.L
AHAJII3 EHEPTETUYHUX PECYPCIB YKPATHU
[IpoBenenuit KinbKicHUI aHaii3 3a0e3neueHHss YKpaiHu eHepreTHYHNUMHU pecypcamMy, ik BAKOTHUMH TaK Bi-
JHOBJIFOBAJIbHUMM. HOCJ’Ii}DKeHO )II/IHaMiKy BI/I}l06yTKy Ta CIIOXKUBAHHA OCHOBHUX MAJITUBHO-CHEPICTUYHUX PECY-
pciB. [Toka3aHo cydacHHUI CTaH BUKOPUCTAHHS BiTHOBIIOBAIFHIX JDKEPEN €HEPTii.
Kulyk M.1.
ANALYSIS OF ENERGY RESOURCES OF UKRAINE
Qualitative analysis of energy resources (fossil and renewable) for Ukraine energy market is performed. Dy-

namics of extraction and consumption of fossil fuels is demonstrated. Modern state of the use of renewable ener-
gy use is shown
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VK 669.054.8
Vabsnos B.I1., bynasun B.1., Kpamapenko A.B., YassHoBa 1.B.

VYIJIETEPMAYECKOE BOCCTAHOBJIEHUE OKCUJIOB KEJE3A NBIJIEA U IIIJTAMOB
OCHOBHBIX METAJLTYPTUYECKHUX IIEPEJAEJIOB C IOJTYYEHUEM METAJIJIN30BAHHBIX
OKATBIIIEN

Beenenne. Ha Metammyprudyeckux NpeInpUATHSIX B BOJOTa300YHCTHBIX CUCTEMax arjioMepallioOHHOTO, J0-
MEHHOTO, CTaJICINIaBUJIBHOTO U MMPOKATHOTO MPOU3BOJCTB €XKETOTHO (TEKYILUI BBIXO) 00pa3yeTcss COTHH ThICAY
U HAKOIUIEHO (B I'MIPO30JI0NOPOI00TBANIAX U IIJIAMOXPAHUIMIIAX) MUJUTMOHBI TOHH KeJIe30COAepKaIluX MblIei
u nutamoB (OKTIIII).

Onenka yxa3anHbIx JKIIII kax BTOPHUHOTO JKEI€30COAEPIKAIIETO ChIPbs IMOKa3ana, YTO MaccoBas IOJS XkKe-
ne3a B HUX cocTaBisieT oT 40 1o 72 %, 9TO CBHAECTENBCTBYET 00 MX BBHICOKOH IEHHOCTH KaK METAJLTyPTrHIECKOTO
coIpbs. C Lenbio CHIKEHUS 3aTpaT Ha CKIQANPOBAHUE, YAOBICTBOPCHNUS TPEOOBAHUI IO 3aIUTE OKPYKAIOIIEH
Cpenbl, a TAaK)Ke 3aMEHBI Ne(UIUTHBIX U JOPOTOCTOSIIHNX JKEIe30pYJHOTO CHIPhS M METaJUI0IoMa Iiesecoodpas-
Ho BoBiedeHue JKIIII B mosHOM oOBbeMe (TEKyIIue M HaKOIUICHHBIE) B chepy pecypconoTpedaeHns mpeamnpu-
SATHSL.

AHanu3 CymecTBYIOMIETO MOJI0XKEHUS TO mepepadoTke n yrmwm3anud HekouannuoHHBIX JKITII mokazan [1],
4TO M3 pa3pabdOTaHHBIX K HACTOSIIEMY BPEMEHU CIOCO00B NepepaboTku (TpaBUTALMOHHBIE, THAPOMETAILTYPI U-
YeCKHUe, XJIOPUPYIOUIEro 00XHra, MMPOMETaJUTypruiecKie) HauOobllee pacipoCTpaHeHHEe B MPAKTUKE MeTall-
JyPTUYECKUX NPEINPUATHI MOIyYId THPOMETAILTYyprHUECKUe CIIOCO0bI, coueTaronue B cebe Mpolecch BOC-
CTaHOBJICHUSI OKCHJIOB JKeJe3a, [IMHKA, CBUHIIA C BO3TOHKONH BOCCTAHOBJIEHHOTO IIMHKA U JIPYTHX BPEIHBIX JUIA
METaJUTyPru4ecKOro MPOU3BOJICTBA IPUMECEH, pealii3alusl KOTOPhIX, B OOJIBIINHCTBE CBOEM, OCYIIECTBISETCS
BO Bpalfaroouieiicss Tpyo4aTrold ne4yu, a TEXHOJOTMYECKUE CXEMBI NepepabOTKH aHaJIOTMYHbI NPUMEHSEMON B
I[BETHOM MEeTAJLTyprun — «BenpI-poreccy».

Hamu paszpaborana [2] HOBast 3 exTHBHAS TEXHOJIOTHS NEPEePadOTKH Pa3IMUHBIX BUIOB HEKOHIUIIMOHHBIX
JKEJIE30COAePKAINX OTXOA0B BOJIOTa300YMCTOK METAJUTyPTHUECKHX MpPEANpUATHH. TexXHOJIOTHs OCHOBaHA Ha
ONTUMAJIbHOM TEXHOJOTMYECKOM DPEXHUME, HCHBITaHHOM [2, 3] B ONBITHO-NPOMBIIUIEHHBIX YycioBusix OAO
«HJIMK» ¢ ucnonszoBanueM npo6 JKIIII weckonmpkux Metamuryprideckux npenmpuaruii (OAO «MakeeBckuid
MeTaJUTyprudecKuii KoMOuHAT» U Mapuynonbckuit MK nm. Unenda, EnakueBckuii n JloHEIKMA MeTaJLTypride-
ckue 3aBojiel — YkpauHa; OAO «HJIMK») u OAO «MMK» — Poccuiickas @enepaiius. Beibpanasie 06pasiisl mo
KaueCTBEHHOMY M KOJMYECTBEHHOMY COCTaBaM M (PM3MKO-XMMHYECKHM CBOWMCTBAaM SIBJSUIMCH IMPEACTaBHUTEINb-
HbIMH HeKOHAUIMOHHBIMU JKIIII 17151 Becex mpeanpusTHii YepHON MeTaLTypTrHH.

B 0CHOBY TE€XHOJIOTHH TIOJIOKEH NMPHUHIHUI: MOJyYeHHE CHIPbEBOM CMECH C BBHICOKOI CTETIEHBIO OJJHOPOIHO-
CTH, €¢ OKOMKOBAaHHE U TepMO0OpaboTKa BO Bpaiawmuieiics neun. OcHoBHbie KoMmoneHThI — JKITII, Bcriomora-
TEJIbHBIE — MBIJIEBUAHBIE OTXO/IBI O0KHUTa JIOJOMHTA, OTXO/bI IPOU3BOJICTBA U3BECTH, MAcIOOTXO (b IPOKATHOTO
MPOM3BOJICTBA, OOINE3aBOACKHE OTPAOOTaHHBIE HE(TENPOAYKTHI, OTXOAbl KOKCOXHMHYECKOTO INPOHM3BOACTBA.
HedrenponykTsl, BXOAIINE B COCTAB MacjIOOKaJIMHOCOAEPIKAIINX OTXOJOB M OOIIe3aBOJCKHE OTPabOTaHHbIC
HeTenpoayKThl 00ecreYrBalOT BO3MOXKHOCTh 3aMEHBI TPAAMIIMOHHOIO TBEPAOTO BOCCTAHOBHTEINS (KOKC,
YTOJIb).

Tepmuueckast nepepaboTKka OKOMKOBAaHHOW CHIPhEBOM CMECH BO BpalIAIOIIEHCS Me4H (TeXHOJIOTHYeCcKas
cxeMma, o0ecreqrBaronIasi TEXHOJIOTHIO TepepaboTKH, OMicaHa HaMH B [4]) C IeTbI0 MOTyYeHHUS METaJIN30BaH-
HOTO TIPOJyKTa TpeOyeT COOTBETCTBYIOIIMX yCIOBHI 00pabOTKM — BOCCTAHOBUTEIbHAS CpPEeAa, ONpeAeTICHHAs
TeMIIepaTypa U JaBIeHHE B BOCCTAHOBUTEIIFHON 30HE, Ha BXOJE U BBIXO/E U3 TIEUH.

H3n03keHNe 0CHOBHOTO MaTepualia. B naHHOI pabote, ¢ LENbI0 ONPEesIeHNs] ONTUMAIBHOIO PEKUMA T10
nepepabOTKe CHIPEBOM CMECH, MPOBEJCHBI ONBITHBIE HCCICAOBAHMUS MPOLECCOB BOCCTAHOBIICHUS I[UHKA, BO3-
TOHKH W OTTOHKH M3 PEaKIIMOHHON 30HbI, XKeJe3a U3 ero OKCHJIOB IPU Pa3JIMUHBIX COOTHOIICHHUSX KOMIIOHEHTOB.

[ pacyeToB KOJMYECTBEHHOTO COCTaBa LIMXTHI OBUIM HCIIOJIB30BaHBI CIIEIYIOMINE ONTUMAIbHBIE COOTHO-
menus (Maccosble) ocHOBHEIX (OKIII) u BCcomoraTenbHBIX (KajdblIMi- WIM MarHUHCOJEpIKalie HPOIYKTHI)
KOMITOHEHTOB:

IIJIaM TPOKATHBIN: cMech ocTanbHbix Bumos JKITII — (0,04-1,0):1;

TIBLTH W3BECTKOBAS (MITH TBUTH JOJIOMHTOCOIepKaImast):cmech Beex Bumos JKITII — (0,06-0,0095):1.

YKkazaHHBIE COOTHOIICHHS MOJTyYESHBI C IIOMOIIBIO SHTPOIIMHHOTO METOAA [5], TO3BOJISTIONIETO PACCUNTHIBATE
PaBHOBECHBIE KOHIICHTPAITMH KOMIIOHEHTOB XUMHUIECKUX PEaKIIUi, MPOTEKAIOMUX MPH TepMooopadoTke (oT 950
10 1450 °C) muXThl ¥ OIIEHUTH HAYaIbHBIE KOHIICHTPAITUH KOMITOHEHTOB IITMXTHI.

Ha ocHOBaHmHM aHanm3a CyIIECTBYIOIIETO OMBITa MO JO3WPOBKE MAaTEPHAJOB, aHAJIOTHYHBIX HCCIICTYeMON
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HIMXTE, BEIOPAaH CIOCO0 TO03MPOBKHU, KOTOPBIH 3aKmouaercs B caeayromiem: JKIIIII, Ca- nin Mg - conepixainue
MPOJYKTHI, TOPOIIOK OEHTOHUTOBO TIIMHBI JO3UPYIOTCS M3 PACXOJHBIX OYHKEPOB B CMECUTENHN DIICKTPOHHBIMU
IPOXOJHBIMH BECOBBIMH J103aTOpaMH; TOMOTCHU3UPOBAHHAS [INXTa U3 CMECUTEJIS IT0JaeTcsl Ha OKOMKOBATEIb C
moMoIIeio Tapenpdaroro murarens JT-240 ¢ aBromarudeckoi cTabmim3anueil Harpy3KH, CMOHTHPOBAHHOTO
COBMECTHO C OKOMKOBATEJIEM.

CymecTBeHHBIM (DaKTOPOM, BIHSIOMMM Ha (POpPMHpOBaHHE CTPYKTYPHl KOHEYHOTO (METAJUTM30BAHHOTO)
NPOAYKTA, SBJISAETCS TOMOTCHHOCTh CHIPbEBOI cMecH. B paboTe ycTaHOBICHO, YTO CTEIEHb T'OMOTCHH3AIUH
CMEIIMBACMBIX UCXOIHBIX MaTEPHAIOB B 3HAUYUTENBHOH Mepe 3aBUCHUT OT MOPSJIKAa UX CMELIMBAHUI M OT THUIIA
CMECHUTEJILHOTO arapara.

OnTUMaJbHBIM TIOPSAKOM CMEIIMBAHUS SIBISETCS: CMELIMBAaHHME JKEJIE30COJepiKallluX MblIeH M LUIaMOB
(kpoMe 1UTaMa MPOKATHOTO), 3aTeM CMELIMBAaHHE MOJYYEHHOW MAacchl M INIaMa MPOKATHOTO B CTEP)KHEBBIX
MmenbHUNAx; cMemmnBanue cmecu JKIII 1 n3BecTs (MM JOJOMHT) COAEpIKaIlel MbUIHA B ABYXBAJILHOM CMECHTE-
Je.

C 1enblo MONyYeHUS] OKYCKOBAaHHOTO METaJUTM30BAHHOIO MPOIYKTAa TOMOTCHH3UPOBAHHYIO IIHXTY HEpen
TepMUYECKOH 00pabOTKOI OKOMKOBBIBarOT. Ha OCHOBaHMHM aHann3a, CYIIECTBYIOIIETO OIMBITA 0 OKOMKOBAHHIO
IIUXT, AHATOTMYHBIX IHXTE YKA3aHHOTO BBIIIE COCTaBa, BEIOpaH cocod OKOMKOBaHHMS B IHCKOBOM (Tapenbya-
TOM) OKOMKOBaTeJe ¢ OOaBKOM, B KauecTBe KHUAKOH (a3bl, HEOOXOAMMOTO KOIMYECTBA KUAKAX MACIOOTXOJ0B
WM OTPabOTAHHBIX Macell, paclbUIIeMBIX Hall ABMXKYLIei Maccoil popcyHKoit. [Ipy 3TOM HOMy4eHBI OKaTHIIIH,
omu3kue mo hopMme K chepudeckoit (comepkanne B mpoaykre ¢paxmuii 10 mm cocraBmser 1-2 %, 20-16 MM —
98-99 %) ¢ npounocThio 4,41 MIla 1 BIaKHOCTRIO HE BhIlIe 8 %. YIENbHBINA PacXol MacIOOTXOJA0B HA OKOM-
koBanue coctaBysieT 0,0045-0,005 1/t muxThl. ONTUMANBHBIC TApaMeTPhl OKOMKOBaHus: mpu d = 3,0 M Tapenku
yros Hakiiona — 45°, ckopocts Bpamienus — 15-20 06/mun i npumepa, B Tabnuie 1 nmpuBeacH XUMUYECKUN
COCTaB CHIPBIX OKaThIIeH, monydeHHbIX u3 XK «MMK» (PD).

Tabmuua 1 — XumMuyecknii coctaB OKOMKOBaHHBIX (CBHIPBIX) OKaTHIILECH
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OnpITH TOKA3aJH, YTO TOBBIMICHHE MpoYHOCTH Oonee 4,41 Mlla, HampuMep, CYIIKOH, HerelecooOpasHo,
BBUY CHUIXCHUSA, N3-3a MOABJICHUA 3HAYUTCIIbHBIX ]II/I(b(bySI/IOHHLIX COHpOTHBHeHHﬁ, CTCIICHU BO3I'OHKH ITMHKA
IIPY BOCCTAHOBUTENIHOW 00paboTKe okaThImel. B TO ke BpeMs yka3aHHas MPOYHOCTH BIIOJIHE YAOBJIETBOPH-
TeJIbHA [T IEPEMEIIICHHUS ChIPhIX OKATHIIIEH K MECTY UX MepepaboTKu.

Tepmudeckas nepepaboTKa ChIPhEBOM CMECH BO BpAILAIOIIEHCS NEYH C LEIbIO MOJYYEeHHUs MEeTaNIN30BaHHO-
ro NpoJyKTa TpeOyeT COOTBETCTBYIOIIMX YCIOBHI 00pabOTKH — BOCCTaHOBUTEJbHAs CpeAa, OINpe/eeHHbIE
TeEMIIEpATypa U 1aBJICHUC B BOCCTaHOBHUTEJILHOM 30HC, HA BXOAC U BBIXOJC ITCYUH. PexxuM 00€3BOKUBAHUS CMECH
Y BOCCTaHOBJICHUS] METAJJIOB M3 UX COETUHEHHH 00eCrednBaeTcs myTeM 00pabOTKH CHIPbEBON CMECH NPOAYK-
TaMH COKUTAHUS KHUIKAX MaclIOOTXOJOB B IUKJIOHHOM TEUYH, IPHU COOTBETCTBYIOIIUX KOA(DGUIIUCHTE pacxoia
Bo3ayxa (o < 1) u TeMmepaType CXKUTaHUs, W MPOAYKTAMH MHPOJIH3a HEPTEIPOIYKTOB, CONEPIKAIIUXCS B CHIPh-
eBoii cMecH. B mpomecce ucnbitannii ObIJI0 yCTAHOBIICHO, YTO MPH PA3IMYHBIX KOI(PPHUIMEHTaX pacxo/a BO3ay-
Xa M TeMIIepaTypax OpraHuuecKre COSANHEHNSI MaciIO0TX0/I0B, BCIEICTBHE UX CIIOKHOTO COCTaBa MpeTepreBa-
10T pasiuyHble npeBparieHus. [Ipu koagdunuente pacxona Bo3ayxa 1,0—1,2 u Temreparype CKUTaHUS HE HIDKE
1000 °C Bce opraHU4ecKre COSAMHEHHS MPAKTHUYCSCKHU MOJTHOCTBIO OKHUCIISIOTCS C MAJIbIM XHMUYECKAM HEI0MKO-
roMm (copepxkanne B otxosamumx razax CO — g0 0,2 % (06.)), a mpu xo3ddurmenrte pacxoaa < 0,9 u Temmepary-
pe 6onee 1150 °C (ontumanbhas Temeparypa 1200—1250 °C) u3 pachblICHHBIX Kallelb, 32 BpeMsI KX BUTAHHS B
TOIIKE, JIETKUE YTIJIEBOAOPOIbl UCTIAPSIOTCS M OKUCILIFOTCS ¢ 00pa3oBaHMEM OKcuia yriepona (coiepikaHue B
otxomsanux razax CO — 5-12 % (00.)), a TsxeIble apoOMaTHIECKUE YTIIEBOAOPOIBI TIIYOOKO pasnararorcs (Mu-
poim3yroTcs) ¢ 00pa3oBaHUEM YTIIEPOICOEPIKaIIMX BOCCTAHOBUTEIEH (OKCH]L yrilepojia, METaH, caxxa) U BOJO-
pona c obmum coxepkanuem 10—15 % (06.). B Takoii BOCCTaHOBHUTENBHOM CpeJie OKCHIBI METAJUIOB, BXOIAIIHE
B COCTaB MacilI00TXO0JI0B, IPAKTHYECKH TIOJIHOCTBIO BOCCTAHABJIMBAIOTCS 10 CBOOOJHOrO MeTalia ¢ 00pa3oBaHu-
€M KEeJIE3HOTO TTOPOLIKa.

B nporecce nuposnu3a Macen 1uiamMma MpoKaTHOTO MPOTEKAIOT CIOKHBIE XUMUYECKUE PEaKLUH, XapaKkTep Ko-
TOPBIX OIPENEIISETCS] COCTABOM LIIaMa M YCJIOBUSAMH Tporecca. CyIIHOCTh XMMHUUECKHX MPEBPAIeHUH Xapak-
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Tepu3yeTcs ABYMsI IpYyINIaMu peakuuii — HEpBUYHBIX peakuuii pacnana (IecTpyKInm), BEIyIUX K 00pa3oBaHUIO
0O0JIBIIOrO KOJINYECTBa CBOOOIHBIX PaMKalIOB M BTOPUYHBIX PEaKIMi — CHHTE3a HOBBIX YIJIEBOJOPOJIOB, 00pa-
3YIOIIUXCS B PE3yNIbTaTe PEaKIUi aCCOLHUALNN MPOIYKTOB, TEPMHUUECKOTO pachaja.

Jlns mccnenoBaHus TEPMUYECKHX MTPe00pa30BaHMiA IITaMa MPOKAaTHOTO POU3BOACTBA OBIII MPUMEHEH METOA
1 depeHnInanTsHO-TEPMIYECKOTO aHAIN3a, MTO3BOJISIOIETO M3Y4NTh TEIUIOBBIE M3MEHEHHS B IpoIieccax Ipe-
BpaIlleHHs [IJIaMa IPH HarPEBAHUHM ITyTEM M3MEPEHHS Pa3HOCTH TEMIIEpaTyp o0pa3ia U MHEPTHOTO BEIECTBA, a
TaKKe W3yYUTh XapaKTep M3MEHEHUs] MACChl KOMIIOHEHTOB B MPOLIECCE HATPEBaHMS, TAK KaK PEAKIHH JIECTPYK-
IIMY TIPOTEKAIOT C yJAJICHUEM JIETYYNX M3 PEaKIIHOHHOH 30HEI.

HUccnenoBanus nposesens! Ha nepusarorpade «llaynuk, [Taynuk u Dpmait» (BeHrpus) B ciaeayromem pexu-
Me: ckopocTh HarpeBa 10 °C/MuH, KoHeuHas TemmepaTypa mnpoiecca — 900 °C; momaua Bo3Iyxa OTCYTCTBOBAIA.

Ha pucynke 1 mpezicrasnena aepuBatorpamMma nuiama mnpokarHoro OAO «MMK»y», nmerommas crenyroniye
KpHBBIE: KpHBYIO TepMmuueckux agdekro ([ TA), kpuyto norepu maccsl (TT') n auddepeHnranbHy0 KpUBYO
M3MeHeHHs1 ckopoctH notepu Maccel (JITT).

Ha tepmorpamMMe MMErOTCSI XapaKTepHBIC NTHUKH, CBSI3aHHBIC C IPOTEKAHUEM TEX WJIM MHBIX IPOLECCOB TEP-
MOJIECTPYKINHU. DHAOTepMIUECcKuil 3pdexT, HabmomaeMblit mpu Temreparypax 100—180 °C cs3aH ¢ 3aTpaToit
TeIlIa Ha UcHapeHue Biark. [ myOnHa 3Toro mika U comepskaHue BOJBI HAXOISTCS B PSIMOH 3aBUCUMOCTH. Kpu-
Bas MOTEPH MAcChl, XapaKTep € M3MEHEHHs B 3TOM TEMIICpaTypHOM HHTEpPBAJIC YKa3bIBAIOT Ha COJEpIKAHHE
BJaru okoxo 36 % (Mac.). [ToMmumo Braru 371ech BBIOCISIOTCS JISTKUE YTIIEBOIOPOBI (0Koi0 5 % (Mac.)), mepe-
XOAAIINE B TApOTra3oByIo a3y MpH 3TUX TEMIIEPATypax.

[Tpu Temneparype 280-300 °C nHabxiroaercst Ha4yajio BTOPOTO SHIOTEPMHYECKOTO 3 QeKTa, CBI3aHHOTO C
HayalioM TepMOJECTPYKLIMOHHBIX mpoiieccoB. CpaBHUBAs XapakTep TEPMOrPaMMBI B 3TOM TEMIIEpaTypHOM HH-
TepBaJie ¢ TUHAMHUKOMN MTOTEPU MACChl, MOKHO 3aMETHTh, YTO «BTOPAasi CTYIEHb» MOTEPH MacChl — Ia30BbIAEIEe-
HHE OCHOBHOHM MAacChl JIETyYUX IPOTYKTOB TEPMOJECTPYKIIUH, — HAUMHAETCs Ipu Temmepartype 240 °C.

6BOC

TeumnepaTypa, 2C
100 =200 200 4070 j=leie) [<lelel Kgele) a0n

Pucynok 1 — JlepuBaTorpamMma IpoKaTHOTO IIIama

HecoBnanenne Hagana s3ag0TepMHUYIECKOTO 3(pPeKTa 1 Hagana BEIACICHNS JETYIHUX BEIIECTB CBUIETEIBCTRY-
€T O TOM, YTO Ta30BBIJCICHHUIO MPEANIECTBYET CKPBITHIH MEPHOA TEPMOACCTPYKIUH HEPTEMPOAYKTOB ILIaMa.
OTOT pa3pslB B HEKOTOPOH CTENEHH OOBSICHAETCS TPYIHOCTHIO 3BaKyallMH Tra3000pa3HBIX BEIIECTB M3 MAaCCHI
o0pasma, BCIEeICTBIE Yero ra3oBBIACTICHNE HECKOJIBKO 3aJIepKUBACTCS. DTOT SHAOTEPMHUUECKIHA YPPEKT 3aKkaH-
uyuBaercs npu temneparype 420 °C. Ilorepst Macchl B 3TOM HHTEpBaie cocTaBuser 25 %.

[Ipn temmnepatype 480 °C Habmromaercs emie oauH 3HA03(PGEKT, CBA3AHHBIM ¢ TepMOJECTpyKIHei Ooiee
TEPMOCTOMKHX CTPYKTYP HETENPOIYKTOB, 10 KOTOPBIX, CYJISl TI0 KPUBBIM IIOTEPH MaccChl, HEBEJINKA.

TepMoaecTpyKIIMOHHBIE TPOLECCH 3aKaHYMBaOTCs TUKOM 1pH 480 °C, KOTOpBIi SBJSIETCS CIAEACTBUEM Ha-
Yaja 9K30TepMHUUEcKoro addekra, CBI3aHHOTO C COCTOSIHUEM BBICOKOW aKTHBHOCTH OCTATKOB JECTPYKIIUU BBHU-
Iy o0pa3oBaHHs CBOOOMHBIX PaJMKATIOB M HAYAIOM peakiuil moJimkoHaeHcanud. OOBIMHO peaKIUy TOJMKOH-
JICHCAIINH COIMIPOBOKAAIOTCS TTOJIOKUTEIBHBIM TETIOBEIM 3 dexTom. Cyas mo XapakTepy NpUBEICHHON TepMo-
TpaMMBbl, SK30TepMHUUecKuil 3pPeKT nMeeT MecTo Tpu TemmepaTtypax BIuioTs 10 600 °C. Ilpu nanpHeHmeM mo-
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BhILIeHNH TeMnepatypsl (10 700 °C) Habnronaercs 9k303ddexT, 00bICHIEMBIN TeM, YTO B 3TOI 001acTH TeMIe-
paTyp HNPOMCXOAMUT YBEIHMUYCHHE MEKCETOUHOM yMOPANOYEHHOCTH M POCT KOHAECHCHUPOBAHHBIX YIJIEPOAMCTBIX
CETOK C OTHOBPEMEHHBIM OTCYTCTBHEM BOIOPOIA.

Taxum 006pa3oM, MUPONIU3 IITaMa MPOKATHOTO U MOIyYCHHE U3 HErO Ta3000pa3HOro M TBEPAOTO YIIIEPOJCO-
JIEpPrKaIeT0 BOCCTAHOBUTENS CKIIAABIBACTCS U3 CIEAYIOIINX CTAANI:

100-180 °C — cramus cymkH, yoaJeHHs BIary,

240-480 °C — mpoTekaHHe MPOLECCOB TEPMOACCTPYKIINH, 00pa3oBaHNe CBOOOTHBIX PaIHKalIOB, BBIICICHHIE
MapOra30BBIX MPOIAYKTOB (YTJIEBOJOPOAOB, KUIIALINX B 3TOM TEMIIEPaTypHOM HHTEPBAJIE);

480-600 °C — pa3BuTHE IPOLECCOB MOJINKOHACHCAINH; Hadao 00pa3oBaHKs TBEPJOTr0 OCTaTKa (caxa);

600-900 °C — pocT KOHJIECHCUPOBAaHHBIX YIJIEPOJUCTBIX CETOK, JalbHeiIIee (OPMUPOBAHHE CTPYKTYPHI
TBEPJIOTO OCTATKa.

B ycioBusx TepM0o0o0OpaboTKH BO Bpalarouieicst neyn TepMoIeCTPYKIIMOHHBIE TIPOLIECCHl B CHIPLEBOM CMeECH
MpPaKTHYECKU COBMEIIEHBI BO BpeMeHH. Kak noka3a aHann3 napora3oBbiX Mpo0, ylaJieHHe BJIary IIPOUCXOANT B
Havane me4yu (mpuMmepHo no 1/5 ee mmmHbI), 00pa3oBaHHE BBICOKOPEAKIMOHHBIX (DOPM BOCCTAHOBUTEICH -
IpUMeEpPHO OT 2/5 mo 4/5 nnawHEI eun (peakoHHas BOCCTAHOBUTEIbHAS 30Ha). [IpryueM, B peakIMOHHOM 30HE,
B CHJIy MOIIIHOTO Pa3BUTHSI BOCCTAHOBHUTEIBHBIX MPOIECCOB, IPOLECCH MOIUKOHICHCAINH PAKTHYECKH MT0JaB-
JICHBI, a 00pa3yIoImuiics akTUBHBIHN yriiepos ra3uduipyeTcs ¢ 00pa3oBaHUEM OKCHJIA YIIIepoa.

C menbio ompenesieHnsl ONTUMAIIBHOTO PEKUMa 110 NiepepaboTKe CHIPhEBOH cMecH OBIIM IPOBEIEHBI UCCie-
JIOBaHMS MPOLIECCOB BOCCTAHOBJICHHS IIMHKA, €O BO3TOHKH M OTTOHKH M3 PEAaKIMOHHOM 30HBI, XKEJIe3a U3 €To
OKCHUJIOB IIPU Pa3IMYHBIX COOTHOIICHHAX B Hell KoMnoHeHTOB. KoadduuueHt pacxona Bo3miyxa Ha OKHCICHHE
TOIIIMBA B [IUKJIOHHOW neun u3MmeHsu ot 0,45 no 0,95; remnepatypy Temnonocutens — ot 900 no 1500 °C mpu
pa3peXeHuH BO Bpamaroleiics medu oT 14 10 165 [1a u TemnepaType OTXOISIIUX MPOAYKTOB 00pabOTKU B Ipe-
nenax 400-750 °C.

YraerepMuyeckoe BOCCTAHOBJICHHE OKCHAOB METAJUIOB OTHOCHUTCS K YHCIY CIIOKHEHMIINX TI'eTepPOreHHBIX
MPOIIECCOB U MOXKET paccMaTpUBaThCs KaK KOMIUIEKC MOCTeI0BATENbHBIX U MapaUledbHbIX 3TanoB. MMy sBis-
I0TCS XUMHUYECKHE TIPEBPALICHUS, TPOUCXOISIINE Ha PEAKIIMOHHBIX IOBEPXHOCTSAX YaCTHI] KOMIOHEHTOB CMECH,
MPOLIECCHI TT0/IBOJIa BOCCTAHOBUTENSI M3BHE M OTBOJA ra3000pa3HBIX NMPOAYKTOB BOCCTAHOBIICHUS U3 PEAKIIHOH-
HOU 30HBI MocpencTBoM auddysun.

Poinb kaX70T0 M3 XUMHYECKNX NPEBPALIEHUH U 3TAIIOB IIEPEHOCa MAacC B CYMMAapHOM IIPOIIECCEe TePMOJECT-
PYKIIMH M BOCCTAHOBJICHHUS 3aBUCHT OT TEMIIEPATyphl U JIaBJICHUSI B CHCTEME, IPUPOJIBI YTIEPOANCTOTO BOCCTa-
HOBUTEJNS M OKCHJIOB METAJUIOB, CTEIIEH! KOHTAaKTHPOBAHMS (a3 U CTEIIEHH BOCCTAHOBIIEHUSL.

YuuTeIBasg AOCTATOYHO COBEPUICHHBIM KOHTAKT KOMIIOHEHTOB IIMXTHI C BOCCTAHOBHUTEIEM (OpPTaHHMUYECKHE
COE/IMHEeHUs] HeTENPOYKTOB) U MHOTOKPATHBIH M30BITOK BBICOKOPEAKIIMOHHOTO BOCCTAHOBHTENS,, MOXKHO YT-
BEPKAATh, YTO JOMUHHUPYIOUTYIO POJIb B MPOIECCE BOCCTAHOBJIECHUS METAJIOB UTPAIOT MPOYHOCTH Psiia XUMHUYE-
CKUX COEJIMHEHUH UHKA ((heppuThl, cyab(aThl, CHIMKATBI, CYIb(HIbI), CKOPOCTh AMCCOLHALMH OKCHUIOB Me-
TaJuIoB U 1UQdy3ust (OTrOHKA) JETYYHX METAIIOB (LIMHK, CBUHEIL).

Kak mokasamu TepMoIuHaAMHUYECKHEe pacueThl B cpene ra3oodpasHeix Boccranourenei (Hy, CHy, CO) u yr-
JIepo/ia, BOCCTAHOBIICHHE JKeJIe3a U3 €0 OKCHJIOB IIPOTEKAET 110 TaKOH CXeMe:

— BOCCTaHOBJICHHE OKCHJIa XeJle3a 10 MarHeTuTa 3aBepiuaercs rnpu remueparype go 700 °C;

— BOCCTaHOBJICHHE MarHETHUTa J0 3aKUCH XkeJe3a - B uaTepsaie 700-900 °C

— BOCCTAHOBJICHHE 3aKHCH XeJle3a 0 CBOOOHOro MeTallia 3aBepiuaercs mpu remneparype 1150-1200 °C

IIponecc BoccTaHOBIEHUSI METAILNINUECKOTO KENe3a MOXKHO MPEJCTABUTD B BUJIE CIEAYIOUINX OKUCIUTENBHO-
BOCCTAHOBHTEIJIFHBIX PEAKIIHNA:

C+C0O, — 2CO; (D)

C + H,0 — CO + Hy; @)
CH;+ 0O, - CO + H, + H,0O; (3)
3Fe,053 + CO — 2Fe30, + COy; (4)
Fes0, + CO — 3Fe0 + CO: )
Fes0, + C — 3Fe0 + CO: ©)
Fes0, + 4C — 3Fe + 4CO:; )
FeO + CO — Fe + CO; ®)
FeO + H, — Fe + H,0. ©)

Pe3ynbraThl KCIEpHIMEHTANBHBIX HCCIICOBAHUI 10 BOCCTAHOBICHHUIO JKEJIe3a M3 €r0 OKCHIIOB, B KOTOPHIX
CTETIeHb METAJUTM3AIMH ONPENEIBIIN 10 pe3yabTaTaM XUMHUYECKOTO aHaji3a 00pa3lioB KOHEYHOTO METaJUIN30-
BaHHOTO MPOAYKTA, IPEACTaBICHH Ha puc. 2. VI3 3TOr0 prCyHKa BHIHO, YTO TeMIlepaTypa 0OpabOTKM MOJI0XKH-
TEJNBHO BIUSET HAa BOCCTAHOBIICHHE OKCHJIOB JKele3a MPH BCEX MCCIENOBaHHBIX Ko3(dduimentax pacxonga Bo3-
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nyxa. HanGonee MHTEHCHBHO MPOIECC METaUIM3alUH IPOTEKaeT B epBble 5S—15 MuH. 00paboTku. Makcumanb-
Has CTENEeHb MeTajutn3anuu (okoso 99 %) nocturHyra npu KodpQUIMEHTe pacxoja Bo3ayxa (a) Ha CKUI'aHUE
tormBa 0,5-0,9 u remnepaType oopadotku ot 1150 mo 1450 °C. B atmocdepe, comeprkaiieii KHCIOPOI U yTie-
kucinoty (a=0,95-1,2) HabmromaeTcss BTOPHYHOE OKHCJIEHHE BOCCTAHOBICHHOTO Jkene3a. [IoBrImeHne TeMmepa-
TypsI (>1250 °C) HECKONBKO 3aMeIsIeT BTOPHYHOE OKUCIIEHHE, YTO CBA3aHO, II0-BUANMOMY, C Pa3BUTHEM MPO-
IIECCOB OIUIABJICHHS METAJUINIECKOTO JKeJIe3a, KOTOPHIC BBI3BIBAIOT M YMEHBIICHNE PEAKI[OHHON IIOBEPXHOCTH.
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Pucynok 2 — 3aBucumocts crenern Metaumsaid (Rre) OT KoadduireHTa pacxona Bo3ayxa (o) Ha CKUTaHHE TOTUTHBA,
Temneparypsl Teronocutels (t, °C) u BpemeHH (T) 00pabOTKH CHIPbEBON CMECH:
a)o=0,5+09;6)a=0,95+1,00;8) aa=1,0 + 1,2. B tnamazone Temneparyp:
—A— §5115041 1450 ' N

—®— §510004i 1150 'N
—®— 15900 4i 1000 'N

CoriacHO JaHHBIM, TPUBEJICHHBIM B [0,7], 3aBUCUMOCTH JAAaBJICHHUS HACHIIIEHHOTO Napa MuHKa (Pz,) B HHTEp-
Bajie OT TemmepaTypsl ero miasiaeHus (420 °C) no temnepatypsl kunenus nuaka (907 °C) omuceiBaeTcs ypas-
HEHHEM:

lgPzy = — 882,59T* — 0,1661gT + 1,645.

U3 ypaBHeHus cienyer, uto mpu temneparype 907 °C naBneHne mapoB IIMHKA paBHO atMochepHoMy. Jlanb-
HEHUIUI aHaIU3 3TOro YpaBHEHUS MOKa3bIBAET, YTO MOBBIIIEHHE TEMIIEPATypsl MPUBOIAUT K PE3KOMY BO3pacTa-
HUIO JIaBJIEHUS HACBIMIEHHOTO napa, kotopoe npu 950 °C cocraBnger 152,6 klla, a nmpu 1200 °C — 967,9 Ila.
Takum 06pa3oM, MpH BBICOKUX TeMIIEpaTypax B BOCCTAHOBUTEIBHOH aTMoc(epe IIMHK UMEET BBICOKHE MapIiH-
aNbHBIC TaBJICHHUS HACKHIIEHHOTO TIapa U MOXeT OBITh yIaJIeH U3 CHIPHIX JKenezocoaepkanmx okatsimen (JKO).

C 11enp10 U3yYeHUs YCIOBHH, BIUSIONINX HA BOCCTAHOBUMOCTH ITUHKA M3 €r0 COeAMHEHUH, Tuddy3uto (Bo3-
TOHKY) €r0 MapoB U yAaJCHHE U3 PEaKIMOHHOM 30HEI, MccieaoBaHus mo obecruakoannio JKO Obln mposese-
HBI B JIBa 3Talma: Ha MIEPBOM JTare uccienoBamuch oopasiel KO 0e3 m100aBKM KambIUii- WM MarHUAKCOIepKa-
MIUX MPOJYKTOB, HA BTOPOM — C JJOOABKaMH.

Peakiun BoccTaHOBJIEHUS IMHKA U3 €r0 COeMHEHHH 10 000ouM sTanaM obecnmukoBanus KO MoxHO mpes-
CTaBUTh B BUJIE CIEAYIOIIUX YPAaBHEHHUIA:

ZnO + C — Zn(ras) + CO; (10)
ZnO + CO — Zn(ra3) + COy; (11)
ZnO + FesC — Zn(ra3) + CO +3Fe; (12)
ZnO + H, — Zn(ra3s) + H,0; (13)
ZnO + Fe,03 — ZnFe,0y; (14)
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ZnFe,0, + 2C — Zn(raz) + 2Fe0 + 2CO; (15)
ZnFe,0, + 2CO — Zn(ras) + 2Fe0 + 2CO,; (16)
2Zn0 + Si0, — Zn,Si0y; (17)

27ZnS + C — 2Zn(ra3) + CS,; (18)

ZnS + CO — Zn(ras) + COS; (19)

ZnS +H, — Zn(ras) + H,S; (20)
Zn,Si0, + 2C — 2Zn(ra3) + 2CO + SiOy; (21)
Zn,Si0, + 2CO — 2Zn(ra3z) + 2CO, + SiOy; (22)
Zn,Si04 + 2Ca0 — 2Zn0 + Ca,SiOy; (23)
ZnS + Ca0 + 20,— ZnO + CaSOy; (24)
ZnFe,0, + CaO — ZnO + 2CaFe,0y; (25)
CaFe,0, + C — 2FeO + Ca0 + CO; (26)
ZnSO, + CaO — ZnO + 2CaSOy; (27)
ZnSiO; + Ca0 + CO — 2Zn(ras) + 2CaSiO; + CO,. (28)

Pe3ynpTaThl HCCNeOBaHUIA MPENCTaBICHBI B BHIC IpadUuecKuX 3aBHCUMOCTEIl: 110 EPBOMY JTaIly — Ha pH-
CYHKax 3—5, 110 BTOpOMY 3Tary — Ha pucyHKe 6. 13 puc. 3 BUAHO, YTO UMEIOTCS JBE OCHOBHBIC 00JacTH Nporec-
ca OTTOHKW, Jiexanie B uHTepBasie Temmepatyp 950-1080 °C u 1080-1200°C. 310 00BSICHAETCA TEM, UTO IO
Mepe NPOJBMKCHUSI IMXTHl B BOCCTAHOBHUTEIBHYIO 30HY IPOUCXOUT BHITECCHEHNE 30HBI PEaKIMH BOCCTaHOBIIC-
HUS U3 00beMa CII0S IIUXTHI Ha €€ MMOBEPXHOCTh C COOTBETCTBYIOIINM PE3KHM YBEINYEHHEM CKOPOCTH BO3TOHKH
napoB IMHKa (nepexos Ha U (y3HOHHBINH PEKUM OTIOHKH).

0,6 7
Igv — 87 ded
05 4 = =
g 61
0 4 <3 —
] - x5 4
0,3 4 N M 4 4
3 =
02 g 2
- E=1 -
= 22
011 5 51
1T 10° KL 2 e 2 Noai &1 ii 1 041 &€, % &
00 +—V——————T— 1T 1% 0 LS : - ; 0 T T T T )

6,6 687072747678 8082 10 20 30 40 50 20 40 60 80

Pucynok 3 — 3aBHCHMOCTB CKOpO-

¢t (V) OTTOHKH Zn OT 00paTHOM

temreparypsl (1/T) mpu onuHaKo-
BOI CKOPOCTH BpallleHHUs NIeYH,
BpEMEHH 00pabOTKH CHIPHEBOH

PucyHok 4 — I3MeHeHHe CKOPOCTH
OTTOHKU Zn BO BPEMEHH (T) IpU
1150 °C, ckopocTH BpalieHus neun
2 06/MuH U K03hdHIHEHTe pacxoaa
Bo3myxa 0,7

Pucynok 5 — 3aBHCHMOCTb CKOPOCTH
OTrOHKU ZN OT CTENEHH €€ MOIHOTHI,
npu 1150 °C, ckopoctu BpaleHus
neyd 2 006/MUH U KO3 PHUIIUEHTE pac-
xoma Bo3ayxa 0,7.

cMecH # ko3 durmeHTe pacxona
BO3JlyXa Ha C)KUTAHHE TOTLTUBA

B cBsi3u ¢ 3TUM BO3pacTaeT posb CKOPOCTH OOHOBIIEHHS [TOBEPXHOCTH, T.€. CKOPOCTH NEepPEeMEIINBAHUS IUX-
TeI. Ho mpexie uem mepeitu K 00CYX IEHHIO 3TOTO BOIIPOCA, CIEAYeT PACCMOTPEThH BIMSHNE PA3IWIHON MpoU-
HOCTH psifia COETUHEHUH IMHKA, pa3jlaraeMbIX ¢ 00pa30BaHHEM JIETy4ero MeTayla, Ha CKOPOCTh OTTOHOYHOTO
nponecca. Ha puc. 4 u 5 npuBeieHbl H30TEPMBI CKOPOCTH OTTOHKHU IMHKA, Toay4deHHsle mpu 1150 °C, Ha xoto-
PBIX SIBHO BBIPXEHBI [[BA M3JIOMa: IEPBBIA COOTBETCTBYET OTroHKE M0 20 % Zn M TPEXMHHYTHOH BBIAEPIKKE
HIMXTHI B TIe4H, BTOpoii — oTroHke 5—80 % Zn u 20-MHHYTHO#! BbIIEpKKe. MexXy U3IIOMaMH CKOPOCTh OTTOHKH
ocTaeTcs MOCTOSTHHOM. [10CKONIBKY OTBITHI IPOBOIMIINCH NP M30BITKE BOCCTAHOBHUTEIS B IIUXTE, T.€. B YCIOBH-
AX, 00ECIeYNBAIOIINX BIMSHHE Ha CKOPOCTH IpoIlecca OTTOHKH TOJIBKO COAEPKaHWsS IMHKA, CIeIyeT IPeo-
JIOXKUTh, YTO IMHK Haxomutcs B JKO B opme pas3nnyHbIX cOETMHEHHH U 00YCIIOBIMBACT HOJyYESHHBIE U3JIOMBI
Ha KPUBBIX CKOPOCTH Tporecca. JlefcTBUTeNIbHO, peHreHOCTpYKTYpHBIH aHanu3 JKO moxaszain, 4yTo MpUMEpHO
2 % oO1ero copepkaHus IUHKA B MIMXTE HAXOAMTCS B METAJUIMYECKOM COCTOSIHUH, IpuMepHO 14 % — B Buge
okcuza, npumepHo 69 % — B Buae cuimkara U geppura u ocraBiuuecs 15 % — B pasnuuHbIX Apyrux ¢opmax
(cymbdar, cynshun u ap.). Mcxons n3 9Toro, MO>KHO ClIEAYIOIIMM 00pa3oM paciigpoBarh MOJy4YeHHYIO 3aBHU-
CHUMOCTb CKOPOCTH OTTOHKH LIMHKA!

— Y4acTOK a — O BBIpaXKaeT 3aBUCHMOCTb CKOPOCTH OTTOHKHU WHKA, coaepxamierocs B XKO B Buie Merania;

— Yy4acTOK O — B COOTBETCTBYET 3aBUCHMOCTH CKOPOCTH MPOLIECCa IPH BOCCTAHOBICHNHN OKCHA IIHKA;

— y4acTOK B — T — U3MEHEHUE CKOPOCTH ITPH HE3HAYHUTENBHOM CTENIEHH BOCCTAHOBIICHHS IMHKA U3 CHIIMKATa,
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(dheppuTa ¥ MPOUKUX COCTUHCHUI.

Kak 6bu10 mokasano Beimie, mpu 1150 °C nporiecc OTrOHKH MpoTekaeT B nudGy3HoHHON 00IacTh, mpuyeM
KAHETHYeCKast N30TepMa UMeeT JBa m3yioma. [1o-BUANMOMY, ClIeyeT OCTAHOBUTHCS HAa 3TOM BOIIPOCE C TOUKH
3peHHs TUMUTHPYOMEro TudQGy3noOHHOTO dTana. B camoMm zaene, eciii MpUINHON BO3ZHUKHOBEHHUS M3JIOMOB Ha
KAHETHYECKOH KPHUBOH SBISETCS XUMUYECKUH (AKTOp, T.€. pa3iIudHas MPOYHOCTh BOCCTAHABIMBAEMBIX COCIIH-
HEHHH, TO CIIEAyeT BBLSICHHUTH KakK ATOT (pakTop oTpakaercs Ha Gu3mueckoM mporecce audy3un, KOTOPEIA B
00oux cirydasx sIBISICTCS IMMUTHPYIOIIEH craaneii nporecca. OueBHIHO, B 00bEMe MeUr MPOUCXOIAT CIEAYIO-
mwe sBIeHus: TudQy3us mapoB MUHKA U IPOIYKTOB CKUTAHUS TOIUIMBA, MOCTYIAIOMNX M3 IIUKIOHHO Ie4H, B
Macce NIMXTHI; B3aUMOJCHUCTBUE MPOAYKTOB CXKHIaHHS C COCAUHCHHUSIMH IIMHKA B MECTE WX BCTPEYH — (PpOHTE
peakimid BoccTaHOBNICHUs; nuddy3us ra3000pa3HbIX MPOJAYKTOB BOCCTAHOBJICHUS B MacCe IMUXTHI U yAaJCHUE
UX U MapoB I[MHKA U3 00beMa Meuu.

OnbITHl MOKA3aJIH, YTO U3MECHCHHS CKOPOCTH BpaIllcHHs Meud (MHTCHCUBHOCTD MEPEMCITUBAHUS IIIUXTHI) HE
BJIMSIIOT Ha CTCTICHb OTTOHKH IIMHKA, BOCCTAHOBJICHHOTO U3 CBOOOJHOTO €ro OKCHJa M HAUYMHAIOT 3aMETHO CKa-
3BIBATHCA JIUIIH BO BPeMsI OTTOHKH ITMHKA, BOCCTAHOBJICHHOTO M3 TPYIHOBOCCTAHOBHMBIX €ro coequmHeHuit. Kax
MOKa3alil TepMoANHAMITdecKue pacueTsl, mpu 1150 °C muddy3us napoB NUHKA, TOITYICHHBIX BOCCTAHOBICHHEM
€ro CBOOOIHOTO OKCHAA, JOJDKHA MPOTEKATh B YCIOBHAX OOINBIIOTO TPagieHTa NABJICHUS, YCKOPSIOUIETO MPO-
[[ecC OTTOHKH. DTOT TPAIUCHT CHIDKACTCS, B CPEAHEM, B 7,5 pa3a mpH mepexojie K OTTOHKE TapoB IWHKA, TOTY-
YEHHBIX W3 CBS3aHHBIX ()OPM OKCHIA, YTO, OUCBHIHO, BHI3BIBACT PE3KOC M3MEHEHHE COOTHOIICHHS CKOPOCTEH
UG Py3un MapoB NUHKA U MPOAYKTOB CKUTAHUS TOIUIMBA, M B CBOIO OUEpelh, CHIKAET CTEIICHb 00CCIIMHKOBA-
Hust JKO (cTeneHb 00eCIIMHKOBAHUS COCTABIIACT MPUMEPHO 16 %).

JIyist MHTeHCUbHUKAIMK TTPOIecca OTTOHKU MapOB IIMHKA TPEOYIOTCS MEPONPHSTHS, KOTOPhIE OBl CIOCOOCTBO-
BaJil COBMEIICHUIO TPOIECCOB PA3JI0KEHUS TPYAHOBOCCTAHOBUMBIX COCAMHEHHI IIMHKA U €r0 BOCCTAHOBIICHHS
C TPOIIECCOM BOCCTAHOBJICHHUS M3 CBOOOIHOIO €ro OKcHaa. Takoe COBMEIICHHE BO3MOXKHO Tpu 0bpadoTke JKO ¢
Jo0aBKaM¥ KaJbIIMii- WK MarHUHCcOaepKauX IpoAyKToB. [Ipu 5ToM, Kak U B cilydae BOCCTAaHOBIIEHUS Kele3a,
MaKCUMalbHas cTeneHb ynaneHus muHka u3 KO (99,99 % ) mocturnyra npu ko3dduineHTe pacxoaa Bo3ayxa
0=0,5-0,9 u Temmepatype obpabotku ot 1150 mo 1450 °C (puc. 6), a CKOPOCTH BOCCTAHOBIICHUS WHKA W OT-
TOHKH €Tr0 BO3TOHOB (CpeAHUE M0 MAacce), COOTBETCTBEHHO, paBHbIe 3,9—4,3 u 4,3-4,6 % mac./MUH., WACHTUYHBI
JTAaHHBIM, TIPUBEJCHHBIM Ha puC. 4 U 5 1 okcuaa MuHKa (y4acTok 0—B). YKa3aHHBIE JOOABKH CIIOCOOCTBYIOT
pa3okeHuIo (PeppUTOB, CHIIMKATOB, CYIb(aTOB, CYIb(PHUIOB IIMHKA C 00pa30BaHMEM OKCHIA ITMHKA U COOTBET-
CTBYIOIINX (DEeppUTOB, CYyIb(PATOB U CHIINKATOB KAJIBIHUSI WIA MarHWs, 9YTO CBA3aHO C Ooyiee BEICOKUM TEPMOJIH-
HAMHYECKIM CPOJICTBOM OKCHIOB JKeJie3a M KpeMHHS K OKCHAaM KaJbIHs WJIH MarHUs, 9eM K OKCHIY ITMHKA.
Kpome Toro, ykazanHble J00aBKH CIIOCOOCTBYIOT YBEITHUEHHUIO TYTOIUIABKOCTH HIMXTHI M TEMIIEPATYPHOTO WH-
TepBaJia CIEKAeMOCTH METAJUIM30BAHHOTO MPOAYKTa, B Pe3yJbTaTe YEro B 30HE BOCCTAHOBIICHUS MeTalla HE
obpa3yeTcs OIUIaBJIIEHHOTO MaTepuaia, 4To 00ecreunBaeT yBEeJIHMUEHHE CKOPOCTH BOCCTAHOBJICHUS U BO3TOHKH
[MHKA U3 IIUXTHI [TOYTH BABOE M CTENEHH 00eCUMHKOBaHU 10 99,99 %.

OnBITH TOKa3aJIM, YTO OTTOHKY MapoB IMHKA W3 BOCCTAHOBHUTEIHHOW 30HBI MOXHO WHTEHCHU(UIIUPOBATH
YMEHBIIICHUEM TOJIIUHBI CJI0S MApOB, MPIIIETAIONIETO K MOBEPXHOCTH IINXTHI, 32 CUET CO3/IaHUS Pa3peKEHUS B
30HE BOoccTaHOBJIEHHUs He Bhimie 160 [la mpu mepeMemMBaHUH IUXTHL, 9TO BO3MOXHO TOJIBKO B YCIOBHUIX Bpa-
LIAIOIIEHCS EYH.

ITocne 3aBeprIeHUs MPOIECCOB OTTOHKU MWHKA M METAIUIM3AlWMU IUXTHl MPUMEPHO Ha 1/5 ITMHBI IeYu OT
BBIXOJIa IPOMCXOIUT OKOHYATENIFHOE (POPMUPOBAHHE CTPYKTYPHl METAIM30BAHHOTO IIPOIYKTA: Pe3Kas ycaka,
OIUIABJICHUE MOBEPXHOCTU M YIUIOTHEHHE CTPYKTYpPhl KYCKOB IPU OJHOBPEMEHHOM POCTE CONPOTHUBICHUS UX
pasaBiIvBaHUIO (B XOJOTHOM COCTOSIHWH). MeTalM30BaHHBIA MPOJYKT Ha BO3AYyXE CKIOHEH K BTOPHYHOMY
OKHCJICHHIO W JIJa)Ke CaMOBO3TOPaHUIO, KOTOPOE HAYMHAETCS BCJICJACTBHUE WHTEHCHUBHOTO MPOTEKAHUS DK30Tep-
MUYECKUX PEAKITUI OKHCICHHS CBEKEBOCCTAHOBIEHHOTO XKeJjle3a KUCIOPOAOM BO3yXa U IapaMu BOJIBI.

AHanu3 pe3yabTaToB MCCIIETOBAHUH 10 CAaMOBO3TOPaHUIO0 KOHEYHOTO MPOAYKTa TMOKa3ajl, YTO OTUIaBICHHAS
MOBEPXHOCTHAS TUICHKA MOPHUCTOTO MPOAYKTa MPEIOTBPAMIAET OKHCICHHE BOCCTAHOBIEHHOTO JKeJie3a U Pa3BH-
THE KPUCTAUIOXUMUYECKUX TPEBPAIICHHUH, CIIOCOOCTBYIOIHUX CaMOBO3TOPAHUIO TPOAYKTA. Y CTAHOBIIEHO TaK-
JKE, YTO OCHOBHBIMH YCJIOBHUSAMH, 00CCICUNBAIOIIAMYU MOJYYCHUE METAJUIM30BAHHOTO MPOIYKTa, YCTOWYHBOTO
MPOTHB CaMOBO3TOPAHUS SIBIIIIOTCS: BBICOKAS CTEIEHb METALTU3AIMHA U OJHOPOJHOCTh MPOIYKTa MO TPaHyIIO-
METPUYECKOMY COCTaBY; PABHOMEPHOE OXJIAXKIICHHE MPOAYKTA JI0 TeMIepaTypsl Hibke 50 °C; XpaHeHHE TOTOBO-
TO MPOAYKTa B YCIOBHAX, HCKIFOYAIONINX WHTCHCHBHBIN OOMEH BO3/yXa, HAPUMEP, B TEPMETUYHBIX KOHTCIHHE-
pax mapku CK-2-5.

IIpu u3ydeHnn (U3NKO-MEXaHUYECKUX W METaJUTyPTrHYeCKHMX CBOHCTB MOJYY4aeMOTO METAIITN30BAHHOTO
MPOAYKTa YCTAaHOBJICHO CIIEIyIOIee:

[To MeTamMM30BaHHBIM OKATHIMIAM: CPETHUA XMMHUYECKAN COCTaB MpoaykTa ciemyrommid (%, mac.): Feqgy —
90,18; Fe, . — 87,88 (crenenp Merammsanun 97,45 %); FeO-2,96; Ca0-3,66; MgO-0,61; SiO,-2,46; Al,O3 —
0,82; C — 1,60; S — e 6omee 0,003; Zn — ne 6omee 0,01 (cremens obecunukoBanus 99,99 %), cBuHel, XJjop,
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(ocop, oKcUIBI HATPHUS U KU OTCYTCTBYIOT; cTeneHs ocHoBHOcTH (CaO + MgO / SiO2 + Al203) =1,3.

I'panynomerpudeckuii coctas: conepkanue B npoaykre dpaxuuit 25-10 mm — 98 %, 10-5 mm — 1,98 %, 0,5-
0 MM — 0,02 %.

Du3nKo-MeXaHMYECKIE 1 METaUTyprUiecKue CBOHCTBA METaJUIM30BaHHBIX OKATHILICH ClIeIyoIue:

— IPOYHOCTH Ha C)KaTHe — He MeHee 216 Kr/oKaThIm;

— obmas mopucTocTs (€, %): 20,27 s dhpaxmuu 25-10 mm; 17,25 mns dpakmum 10-5 mm;

— Ta30MPOHMIIAEMOCTH (TIeperna JaBIeHUs] BOCCTAHOBIEHHOTO Tra3a B cioe — AP, I1a) 10,0 mnst ¢ppakunm 25—
10 mm; 20,25 mns ¢ppaxauu 10-5 M.

— IIPOYHOCTH Ha pazjaBiuBanue, kH/okareimm — 2,16-2,18.

[ocne ucnbiTanuii B 6apadane Boixoy ¢ppaxunu 0,5-0 Mmm cocrasuin 0,01-0,03 %; conepxanue ppaxumii 10—
5; 10; 25-10 MM (npeumytiecTBeHHO) coctaniser 97,8-99,7 %.
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PucyHok 6 — 3aBHCHMOCTD CTENEeHH yaaneHus (1zy) IUHKA OT K03 durmenrta pacxoaa Bo3ayxa (o),
Temnepatypsl TeruioHocutens (t, °C) u BpemeHu (T) 00pabOTKH CHIPhEBOIT CMECH:
a)a=0,5+0,9;6)a=0,95+1,00; B) o = 1,0 + 1,2. B qamana3one tremmepatyp:

A §011504f 1450 N

$01000 41 1150 N
® 1590047 1000 N

BbiBoabl. Pe3ynpTaTs! nccieoBaHUS MPOIIECCOB BOCCTAHOBIICHHS JKelle3a M IIMHKA U3 UX COSIHMHEHHH MMoKa-
3aJIM, 4TO TPOBEACHHUE MOJIHOTO IMKIa popmupoBanus u3 ceipbeBoil cmecu JKIIII n BcmoMoraTebHBIX MaTe-
pHaIOB TEPMHUYECKH YCTOMYMBOM M MEXaHMUYECKH MPOYHONM OKYCKOBAaHHOH MacChl C IONHBIM pa3iIOKEHUEM
TPYAHOBOCCTAHOBUMBIX COEIMHEHUN I[MHKA, €r0 BOCCTAHOBIEHHEM, BO3TOHKON U yJalleHHEM B BHUJE MapoB U
BBICOKOM CTEIEHBIO BOCCTAHOBIICHHSI OKCUIOB Kele3a BO3MOXKHO MPU OCYIIECTBICHUH CIIEIYIOMIET0 ONTHMAb-
HOTO peXxHMa Ipolecca TepMHYecKor rnepepadoTkn HeKoHMIMOoHHbIX JKIII: koaddunuent pacxona Bozayxa
Ha oxuranue tomimsa 0,7-0,9; Temneparypa npoaykroB cxuranms tomiamsa 1200-1250 °C; paspexenue Bo
Bpammatomeecs neun 140—-160 I1a; Temneparypa oTXOASMIINX MBUIETa30BBIX MPOAYKTOB 00padoTku 450-500 °C.
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YK 669.054.8
ViwsinoB B.I1., Bynagin B.1., Kpamapenko A.B., Yibsnosa .B.

YIJIETEPMIYHE BIJTHOBJIEHHS OKCHUAIB ®EPYMY IMTUJIIB I IIVIAMIB OCHOBHHUX
METAJIYPTTAHUX NEPEJLIIB 3 OJEP)KAHHSAM METAJII30BAHUX OKATUIIIB

VY cratTi 3anponoHOBaHUH CIOCIO BiTHOBHOT epepoOKH PepyMBMICHUX IMIJIB 1 IITaMiB METAITypTiHHUX I1e-
peniTiB 3 OTPUMAaHHIM METaIi30BaHMX OKAaTUIIIB. [IpoBeIeHO eKcIIepUMEHTaIbHI TOCIIIKEHHS MPOIIECiB BiTHO-
BiIeHHA PepyMy 3 HOro OKCHJIIB NP Pi3HUX CIIiBBIHOIIEHHSIX KOMIIOHEHTIB, BiHOBIeHHA L{HKY, cyOnimanii i
BiJITOHY HOTO 3 pEaKIliifHOT 30HU (3HCIIUHKYBAHHS ).

Ulyanov V.P., Bulavin V.I., Kramarenko A.V., Ulyanov L.V,

CARBOTHERMIC REDUCTION OF IRON OXIDES FROM DUSTS AND SLUDGES OF MAIN
METALLURGICAL CONVERSIONS WITH OBTAINING OF METALLIZED PELLETS

The article provides a method of reduction of iron oxides from dusts and sludges of metallurgical processes
to obtain metallized pellets. The experimental studies of the processes of recovery of iron from its oxides with
different ratios of components, zinc recovery, distillation and stripping it from the reaction zone (dezincification)
have been carried out.
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VK 355.40; 534.79; 623.44; 629.1.03
Buproxos U.10., Cupenko C.H.

UHTETPAIIMSA TONOJHUTEJIBHON ONITUKO-AKYCTHYECKOM CUCTEMBI PA3BEJIKHA
B CUCTEMY YIIPABJIEHHS OTHEM TAHKA

O¢ddexruBHOCTE ynpaBieHus oobekToM OpoHeTaHkoBoi TexHukH (BTT) ompenmensercs moIHOTOW MOTOKa
nH(opManuy, MocTynammed K dSKUIaxy (ornepaTopy) H, B IEPBYIO Oo4epelb, — KOMaHIUPY OOEBON MalllHHEI
(BM). losroe BpeMsi OCHOBHBIMHU KaHallaMH IOCTYIIIEHUsI HHpOpManK ObUT U OCTAeTCs IO HACTOSILETO Bpe-
MEHH BU3yalbHBIN. TeXHUUECKUE CpeCTBA ITOr0 KaHaja HEIPEPHIBHO COBEPLIEHCTBYIOTCS U NMPOLLIU MyTh OT
CMOTPOBBIX MpHuOopoB B koprryce BTT 10 onTuueckux maHKpaTH4ecKUX MpHOOPOB, MPHOOPOB HOYHOTO BHIIE-
HHS1, TETUIOBU30POB U paanocTaHuuii [ 1-3].

[Iupokoe BHeApeHNE HH(POPMALMOHHBIX TEXHOIOTHH C OJHOHW CTOPOHBI, M M3MEHEHUE B3ITISI0B Ha (POPMBI
¥ METOJIBI BEJCHUS BOOPYKEHHON OOpBOBI ¢ Apyroii, mpuBear K (JOPMHPOBAHUIO HOBBIX KOHLETIUH IMPUMEHe-
HUS CHJI CICLIMAIbHOTO HA3HAYEHMS, B OCHOBE KOTOPBIX JIEKHUT HEPAPXUIECCKU MTOCTPOECHHAsT HH(POPMAaINOHHO-
ynpasisitolas cucrema [4].

HeobOxonnMo moYepKHYTh, 4TO padOTH 1O pa3paboTke OoeBoit cucremsr Oymymero (Future Combat
Systems (FCS)) 6butn Hauatel B CLIA emme B 2000 roxy.

OnnHako oTedecTBeHHbIE 00pa3nbl BT T Ha cOBpeMEHHOM dTare CoAep Kat JUIb OTAeTbHbIE KOMIIOHEHTHI, HO
elle He MHTErpUpOBaHbl B 00€BYI0 MH(OPMALMOHHO-YNPABISIONYIO0 cUcTeMy. [10-BUIMMOMY 3TO CBSI3aHO C
OTCYTCTBUEM KOHIIENITYaJIbHOTO BHJICHUS TakoW cucteMbl. HeT B oTedecTBeHHBIX BM 1 60pTOBOrO nUarHocTu-
4eCKOro MH(pOPMAIIIOHHOTO KOMIUIEKCa, MTO3BOJISIONIEr0 B MOJHOM Mepe HCII0JIb30BaTh TEXHUYECKUE BO3MOXK-
HOCTH, 3aJI0)KEHHBIE TIPU PAa3JIMYHbIX YCIOBUSX €€ (YHKIIMOHUPOBAHHSI.

COOTBETCTBEHHO M COBPEMEHHBIC CHCTEMBI pa3Belku 00bekTOB BTT HMMEIOT HeZOCTaTOUHYI0 BHIMUMOCTH
ONTHYECKNX, ONTHKO-JICKTPOHHBIX M  BJICKTPOHHO-ONTHYECKUX INPHOOPOB, JAa3E€pPHBIX JaJbHOMEPOB,
OTCYTCTBYIOT BO3MOXXHOCTH OIIEPATHBHOTO OOHApY)KEHMsI, PAaCIIO3HAHHS M WACHTH(HKAIMA HA3EMHBIX LEJeil.
[l oBBIIEHNS TTOKa3aTeNell 0OHapyKEeHUsI TUIIOBBIX [eJIel He0OOX0MMO PEIINTh 3aJady pa3BeJKH Ha3eMHOH
uenu (puc. 1).
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Pucynok 1 — 3aga4a pa3Benku Ha3eMHBIX IeNeH

a — JJId TOoro, 4TOOBI YBUIACTH 00BEKT MOKHO BOCIIOJIb30BAaThCS TaK HAa3HLIBAEMBIMHU KpUTEpUAMHA I[)KOHCOH&,

paSpa60TaHHI)IMI/I JUIA UCITIOJIB30BaHUS B BOCHHBIX LICIIAX; b — 4To6BI OIIPEACINTb HAJINYHUC 00BEKTA B II0JIE 3pCeHUA

MHHHMAIIBHOE U3 €r0 U3MEPEHHMI JOJDKHO OBITh IIPEICTaBICHO Ha OIIEPaTOPCKOM HKpaHe MOIyTopa WK 0oJiee THKCEIISIM;
C — pacno3HaTh 00BEKT — 3HAYUT KIACCH(HUIUPOBATE €r0 M0 THILY, IPH 3TOM OIEepaTop JODKEH MTHOBEHHO ONPEJEIUTh MO
n300paxeHuto, nmomai Jiu B kaap o0sekT BTT (cunraercs 1ocTaTouHBIM, YTOOBI KPUTHUECKHN pa3Mep 00bEKTa COCTaBIII 6 U
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Gonee nukceneit); d — uAeHTH(OUKALKS LETH 3aKIF0YaeTCs B ONPEICTICHAN IPUHAICKHT JIH 00BEKT MPOTHBHHUKY MK "HaMm",
MIPU 3TOM €T0 KPUTUUECKUH pa3Mep AOJDKEH OBITh MpeacTaBieH 12-10 u 6osee MUKCcensIMu

Otu kputepun obecniednBatoT 50 % BEpOSTHOCTH TOTO, YTO OINEPATOp MPUMET BEPHOE PELICHHE UCXOJS M3
KapTUHKHU Ha 3KpaHe. Tak TemI0BU3MOHHBIE CUCTEMBI, UMEIOIUE JOCTATOUHOE pa3pelleHne, BUAST yaaleHHBIN
Ha 1 kM 00BekT BricoTOM 0,75 Merpa 6 nukcemsimu. Ecim m3o0paxeHne o0bekTa B JOCTaTOYHOW CTENIEHH KOH-
TpacTupyer ¢ (POHOM, TO CUCTEMa UMEET BBICOKYIO BEPOSTHOCTH PacIio3HaBaHHUsS OOBEKTOB Ha PACCTOSHHUAX JI0
1 xm [5, 6].

Boeras napopmannonno-ynpasisromas cuctema (BUYC) npennaznadena amst nHOOPMAIIIOHHOTO obecIie-
YeHWs NPUHATHS pelieHuil komaraupom BM B peanpHOM Macimitabe BPEMEHH C MOMOIIBIO JTOTIONHUTEIBHOM
ONITUKO-aKyCTUIECKOH cucTeMbl pa3Benkn HazeMmHbIX neneil (JOACP) u npoBeneHNs onepaTHBHOTO IIeJeyKa-
3anns. Haznauenne BUYC mo3BossieT onpenenuTs U ee GyHKIMA, KOTOPBIE IPUBEICHHI B [4].

ITo ¢dopme mpencraBieHus 3TO BU3yalH3UPOBAaHHAs HMH(OpManus, ¢ MPUMEHEHHEM TeOMH()OPMALMOHHON
cucremsl (I'MIC) Ha nnaHIieTe ¢ BBIOOPOYHBIM T'OJIOCOBBIM J1yOJIMPOBaHUEM.

Ha ocHoBe mepeunciieHHBIX AaHHBIX GOpMHUpYETCs IepedeHb Mokaszaresne, 6a3 1 OaHKOB JaHHBIX, obecme-
yuBatomux padory bBUYC. [ToaToMy oueBHIHO, YTO B COOTBETCTBHHU C pa3paboTaHHbIM nepedHeM o00bekTsl BTT
HEo0X0IMMO 000pyJ0BaTh KOMIUIEKCOM JaTYMKOB, CEHCOPHBIX YCTPOICTB, AOTOJHUTENbHBIX TIOACUCTEM:

— ONTHKO-DJIEKTPOHHBIX, ONTUKO-aKyCTHYECKUX, TEIUIOBU3HOHHBIX JUJIS aBTOMATHYECKOr0 0OHapYKeHHs, CO-
MPOBOXKACHHS, PAaCIIO3HAHUS U WACHTH(UKAINY HA3eMHBIX LeJIeH;

— BHEIIHUX YCJIOBHH, a IMEHHO XMMHUYECKOTO M PAJHAIIOHHOTO 30HIOB, KOHTPOJIS KINMAaTHYECKUX YCIIO-
BUH, IPETYNPEXXICHUS O Ja3epHOU IOICBETKE, PAKETHOH aTake;

— BHYTPEHHET'O COCTOSIHUS — TEXHHIECKOTO COCTOSIHUS BM 1 BoopyXeHus, GH3MIECKOE COCTOSHNE IKUIIaXKa.

Opnoit u3 ¢pyskuuit BUYC, onpenenstomiei ee CTpyKTypy, IpeanoiaracTcs Haruare OOpTOBOTO MOIYIIS C
IT'YIC u naBuranmonHoi#t cuctemoit. [Ipu s3Tom 'MC obecriednt BBICOKYIO TOYHOCTH ONpeEAeiCHUs Teorpadude-
CKUX W MPSMOYTOJBHBIX KOOPAWHAT TOYEYHBIX U pa3MepoB JIMHEHHBIX 00bekToB BTT. Bricokas To4HOCTH CHS-
THUsI KOOPAMHAT JOCTUTAETCS 32 CUET NMPUBSA3KU JICBBIX BEPXHUX YIJIOB JINCTOB ToHOrpaduueckux kapt (pactpo-
BbIX (hailyioB) u reorpaduueckux (MpsSMOYroIbHBIX) KOOPAUHAT HA 3eMHOM IIape.

Tax, [t TOro, YT0ObI YCTAHOBUTH CHCTEMY OTHOIICHUH MeXTy BHYTPCHHUMH IMUKCEIbHBIMHI KOOPIUHATAMHU
M300paKEHNS M PeabHBIMU T'eorpadMueCKUMH WK MTPSIMOYTOJIbHBIMU KOOPIUHATaMU B ArcView UCIONb3yeTcs
crenuanbHbIi (aiin npuss3ku. Daiir co3aaeTes B MPOIECcCce PErUCTPaud H300paxeHus1 Tormorpaduueckoit kap-
TBI, YACTO COMPOBOXKIAETCS ee TpaHchopMalen 13 0IHON CUCTEMbl KOOPAMHAT B pyryto. Hammure nogoOHoro
(haiina MpUBOJUT CIIOCOOHOCTH MTPOTPaMMBI COBMEIIATh pacTpOBBIH (aiis ¢ rpadyeckuMu MaTepHanamMu, KOTo-
pBI€ YK€ HaXOAATCs B ONPEJEIeHHOM cucteMe KoopAauHar [7].

Buemmnnii daiin npuBs3ku uMeeT OOJIBIINI IPUOPHUTET, TAKUM 00pa3oM, €CIIM PACTP KapThl UMEET elle U BHe-
JIpEHHYIO TIPHUBS3KY W BHemHUH daiin, To B ArcView GIS oH Oyzer opueHTHpOBAaThCS B reorpaguyeckoM Ip o-
CTPAHCTBE B COOTBETCTBHH C KOOPAWHATAMH BHEIIHEro (haiina, BHyTPEHHSS NMPUBsI3Ka Oy/1eT HTHOPHUPOBAT bCSL.

@aiin NPUBSI3KK COJECPIKUT IOJHOE ONMCAHHE OTHOIIEHHH IHMKCENbHBIX KOOPJMHAT reorpaduueckuM H
BKJIIOYAET CJIEIYIOIINE apaMeTphL:

* A — MaciuTab pactpa 1o ocu X; pazmep nukcesst mo ocu X (Harpumep, B 1 enuHuib pactpa — 20 METpoB);

* B — macmurab pactpa o ocu Y; OTpUIIATENIbHBIA pa3Mep MUKCENs 10 ocu Y

* C, D — napameTpsl moBopoTa (0OBIYHO PaBHBI HYJIIO);

* E, F — napamerpsl nosoxxeHus; X, Y KOOpIAUHATHI IEHTPA BEPXHETO JIEBOI'O ITUKCEJISL.

OtpunaTenbHOE 3HAUEHHE pa3Mepa MUKCeIs o ocu Y 00yciaBiIMBaeTCsl pa3sHUIEH MEXAy HadajaMu KOop-
JMHAT M300pakeHUs U reorpaMyeckoil cucTeMsl KoopAuHAT. B m3o0pakeHnn (pactpe JucTa KapThl) Hadyaio
HaxOIMTCSI B JIECBOM BEPXHEM YTIIy, B TeorpaiuecKoi cucTeMe KOOPANHAT JICTa KapThl — B JIEBOM HHXKHEM.

Wms daitna npuBsA3KK AOHKHO COBNAAaTh C Ha3BaHHEM PAcTPOBOTrO (aiina, JUIs KOTOPOro co3zmaercst Gaii
npuBs3KU. Pacmmpenue cocTout u3 Tpex OyKB: mepBasi COOTBETCTBYET IIEPBOM OyKBE pacIIMpeHHs COOTBETCT-
BYIOLIET0 pacTpoBoro (aiisia, BTopas — TpeTheil OyKBe paclupeHus, TpeThs — OykBa w (world).

PesynbraTom mcnonb30BaHus (aiina IPUBA3KH SBIIETCS COOTBETCTBUE CHATBHIX MPSIMOYTOIBHBIX KOOPIMHAT
noJjioxeHus: ToueqHoro oowsexta BTT Ha kxapTe (puc. 2) ¢ KOOpIMHATAMH MOJIOXKECHUS MapKepa B IPaBOM BepX-
HEM YTIIy KapThl.

Ecnu paccmatpuBath pasindHbIE THIBI OOBEKTOB M HEMIOCPEICTBEHHO TAHK B BHJE TOYKH, TO €TO MPOCTPaH-
CTBEHHBIMH XapaKTEpUCTHKaMH OyIyT SBIATHCS KoopauHata X W KoopawHata Y, I 00BEeKTa B BUAE JTUHHU
(KOJIOHHA TAHKOB) - €€ IPOCTPAHCTBEHHBIMH XapaKTepUCTUKaMHU OyIeT JJIMHA, a JUIs TAHKOB B paifoHe 000pOHHI,
€ro MPOCTPAaHCTBEHHBIMH XapaKTEPUCTUKAMHU OyJIeT AJMHA (EPUMETP), TIOIIA/b, HEHTpP (LIEHTPOU.N).

[IpocTpaHCTBEHHBIE XapaKTEPUCTUKH O0BEKTOB, O KOTOPBIX UAET Peub, SBISAIOTCS HEOTHEMIJIEMOI YacThIO X
reomerpun. B ArcView GIS nomnyuuts reomeTprio 00beKTa MOXKHO 4epe3 CleluaibHoe 1moJie B Taduuie Shape.

IIpu npoBeneHUH pacueTOB MPOCTPAHCTBEHHBIX XapaKTEPUCTUK BaXKHO MOMHUTb, UTO €IUHULBI U3MEPEHNU,
M0 YMOJTYaHUI0, OyyT OTBEYaTh UCXOAHBIM €AMHHUIIAM U3MEPEHHUSI MMCIOIIMXCS TaHHbIX.
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Ecnu nanHbie HaxomsTcs B reor‘pa(bnqecxofzi CUCTEME KOOpAMHAT, TO HE3aBUCUMO OT TOI'0, CIPOCKTUPOBAaH-
HEIN BUI WIX HCT, IOJIy4a€MbIC 3HAYCHUS, 110 YMOJTYaHHUIO, 6y£[yT BBIYHMCJICHBI B JE€CATUYHBIX I'pagycax (pI/IC. 3)

-

Pucynok 2 — Pe3ynbTaT Uconb30BaHus (aiiyia NPUBS3KH JUIS CHATHS MIPSIMOYTOJIBHBIX KOOPANHAT MOJIOKEHUS] TOYEYHOTO
00BeKTa Ha KapTe

the
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Pucynok 3 — JninHa mo3uIUK TaHKOB Buja Viewl

Cospemennsle 'IC BoeHHOTO Ha3HAUEHHS NPE/ICTABISIOT HOBBIN THUIT MHTETPUPOBAaHHBIX HHPOPMAMOHHBIX
CHCTEM, KOTOPBIC TMO3BOJIAIOT 3PQPEKTUBHO peliaTh 3amadynd cOOpa, HAKOIUICHHS, 00paOOTKH M BHU3yaJIM3allUH
TEONPOCTPAHCTBCHHOW MH(POPMALIMU IS aHAIH3a, MOJCIMPOBAHUS JACUCTBHI BOWCK OT OTICILHOIO OOBEKTa
BTT no rpynnuposku BTT B nenom.

Takum oOpazom, dyHkimonupoBanne bUYC npennonaraer Hanuuue NpsiMoil M 0OpaTHOW CBSI3U, MPHYEM
Kak 110 BEPTHKAaJH, TaK ¥ 10 TOPU30HTAIIM, YTO MOXKET OBITh OCYILECTBICHO Ha OCHOBE MHTepdeiica co creru-
ANBHBIM TIPOTPAaMMHBIM 00ECTIEYCHUEM H CTPYKTYPHOH CXeMOM, TipeicTaBIeHHON Ha puc. 4 [4].

Crenyer 0co00 ITOMYEPKHYTH Ba)KHOCTh OLIEHKH HEOOXO0IMMOI TOYHOCTH JATYNKOB, IOCKOJIBKY 3TO, C OHOU
CTOPOHBI, OIpEJEIIsieT J0CTOBEPHOCTh NH(OpMaLnK, a ¢ Ipyrod CTOPOHBI, CTOMMOCTh CUCTEMBI. B 3T0it cBs3n
BeChbMa MIPUBJIEKATEIbHBIM MIPEJICTABISACTCA NPUMEHEHUE IPOCTHIX HHAUKATOPOB, TJIE€ 3TO BO3MOXKHO.

B nenom cozgaHue TOUHON CUCTEMBI IPEATIONATraeT HE TOIbKO PallIOHAIBHOE UCIOIb30BAHUE BOOPYKEHHUS,
HO Y M3MEHEHHE MOAX0Ja K 3aliieHHocTH. KpoMe 3Toro, He mocieaHsst pojib B TAaKOH CHUCTEME J0JIKHA OTBO-
JTUTBCS AaBTOMAaTHYECKUM ¥ POOOTH3MPOBAHHBIM KOMIUIEKcaM. IIpM 3TOM TJaBHOE NPEUMYIIECTBO
TeOMH(POPMALIMOHHBIX CHUCTEM IIepel] APYTMMH WH(GOPMAIOHHBIMHE TEXHOJOTHSIMH 3aKIodaeTcss B Habope
CPEICTB CO3JaHMA M OOBEIMHEHUS 0a3 JaHHBIX C BOZMOXKHOCTAMH WX TPaQHUUeCcKOro aHaiIu3a M HarJIATHON BH-
3yaln3aluy B BUIE KapT, rpaduKoB, TuarpaMM, IpsSMOr IPUBSA3KH BCEX aTPUOYTUBHBIX U TpadHUeCKUX JaHHBIX
Jutst oonapyxenust BTT npornBHuKa.

[TosToMy 0c000 akTyaJlbHOM Ha COBPEMEHHOM STare IpejcTaBiisieTcsi nmpobiema pa3paboTku 00eBoi MH-
(hopMaITOHHO-YTIPABIISAIOIEH CHCTEMBI ITOIPa3AeIeHIH TaKTHIECKOTO 3BeHa, Kak 0a30BOr0 3JIEMEHTa C IpHUMe-
HEHUEM JIOIIOJIHUTEIEHON ONTHKO-aKyCTHUECKOH cucteMbl pa3Benku HazeMHbIX neinei (JJOACP) u MoxeT ObITh
COCTaBJIeHa cucTeMa 0oJiee BBICOKOTO ypoBHs (pHc. 5).

B 3axmoueHne HEOOXOMMO OTMETUTb, YTO 3ajaya MHTEIPALMM BCEX KOMIIOHEHTOB ATOH CHUCTEMBI, B TOM
ygucne u bTT, B Takyto cucreMy ¢ eIMHBIM HH(OPMAIOHHBIM POCTPAHCTBOM IPUBOIUT K TOMY, YTO OOBEKT
BTT, xak cucrema, yrnpasisieMas 4eJIOBEKOM, €IIe OOJIbIIe YCIOKHIETCS BBUAY TOTO, UYTO MEXIY ONEpaTopoM U
BM nosiBiseTcs enie ogHa HH(GOPMAIMOHHO-YIIPABIAIOMIAs CUCTEMA, IPHYEM NPOHHU3BIBAONIAs BCE YPOBHU OT
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TAKTUYECKOTO JI0 OTePaTUBHO-CTpaTerundeckoro [2]. B atom cMeicne o0bekT BT T npencrapnsieTcs Kak HHTETPU-
PYEMBI 3JIEMEHT TaKO# CHCTEMBI, JJIsl OCYIIECCTBICHHUS KOTOPOH BCE 3JEMEHTHI JOJKHBI OBITH YBSI3aHBI HH(OP-
MAaIMOHHO, & TAK)Ke JJISI OCYIIECTBICHUSI MHTErpallii HEOOX0AUMO pa3paboTarh TPEOOBaHHS K aKyCTHUECKOMY
u ontrdeckomy kanaitam JJOACP [8].
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Pucynok 5 — UaTerpanust JOACP B CYO Tanka
Jlutepatypa

1. AuronoB A.C., Murunosuu E.J., ApramonoB b.A. non penakuumeit Kopo6kosa b.M. Tank. — Mocksa,
Boennoe uznarenscrBo.— 1947.— 387 c.

122 IHmezpoeaHi mexHornoeii ma eHepao3bepexeHHs 1’2015



CUCTEMM YTPABJIIHHSI TA OGPOBKN IHOOPMALIT

2. Auunxo O.B., bopuciok M./1., Bycsk F0.M. KoHnenryansHoe NpoeKTHpOBaHNEe OPOHETAaHKOBON TEXHUKHU.
XappkoB, HTY «XIT».— 2008.— 196 c.

3. I'mymenko A.P., Topauenko B.U., Bypak A.B., leancerko A.FO. TaHkOBBIE HOYHBIE CUCTEMBI U IPHOOPEI
Habmronenus. Yepkaccel, Yabonenko FO.A.— 2007.— 442 c.

4. Arnnko O.b., Cupenxo C.H. OcHoBHBIE QYHKIIUHM U CTPYKTypa MH()OPMAMOHHO-YIIPABIISAIONIECH CHCTEMBI
TaKTHIeCKoTo 3BeHa. // ITuTerpoBani TexHoorii Ta eneproszdepexenns. X.: HTY , XITN”.— 2014.— Ne 3.— C. 9-11.

5. Anmnnko O.b., buprokos N.10., Bycsx F0.M. KommuiekcHas mpoGiiema moncka u 0OHapy>KeHUST Ha3eMHBIX
Hened Uil MOpaXXCHHsT BOOPY)KCHHEM, YCTaHOBICHHBIM Ha oObekTax OpoHerexHHWKH. // COIpHHK HAayKOBHX
npanb. X.: Akag. BB MBC Vkpaian. 2011.— Ne 2(18). C. 43-47.

6. buproxos [.10. Pacuer cpennnx ommoOOK, onpenesnsieMbIX JONOJTHUTEIBHOW aKyCTHUECKOH CHCTeMO pas-
BeJIKM HaszeMHUX wneneit. // IurerpoBani TexHOJOTIi Ta eHepro3bepexenns. X.: HTY , XIIN”.— 2014.— Ne 3.—
C. 12-18.

7. biprokoB LIO. I'eoindopmauiiine 3a0e3nedeHHs CiIy>k00BO-001OBOT AiSIIBHOCTI MiAPO3LIIB BHYTPIIIHIX
Bilicbk, wactuna . TlomanHs Ta anamiz mpocrtopoBux manux [Tekct]: HaBu. moci6./ B.I. BopoGwes, B.B.
O6psnin.— X.: Akag. BB MBC Ykpaian, 2010.— 160 c.

8. Armnxo O.b., buprokoB [.}O. KoMrutekcHeIli MeTo 0OHApYKEHHS M PACIIO3HAHMS HA3eMHBIX IeNieii Ha
OCHOBE aHanM3a LU(POBBIX H300pAKCHUA WM pPErucTpaldyl aKyCTHYeCKMX Bo3MmymieHud. // IHrerpoani
TexHoorii Ta eHepro3oepexxens. X.: HTY , XITN”.— 2014.—Ne4 — C. 51-57.

Bibliography (transliterated)

1. Antonov A.S., Migidovich E.I., Artamonov B.A. pod redaktsiey Korobkova B.M. Tank. — Moskva,
Voennoe izdatelstvo.— 1947.— 387 p.

2. Anipko O.B., Borisyuk M.D., Busyak Yu.M. Kontseptualnoe proektirovanie bronetankovoy tehniki.
Harkov, NTU «HPI».— 2008.— 196 p.

3. Gluschenko A.R., Gordienko V.I., Burak A.V., Denisenko A.Yu. Tankovyie nochnyie sistemyi i priboryi
nablyudeniya. Cherkassyi, Chabonenko Yu.A.— 2007.— 442 p.

4. Anipko O.B., Sirenko S.N. Osnhovnyie funktsii i struktura informatsionno-upravlyayuschey sistemyi
takticheskogo zvena. Integrovani tehnologiyi ta energozberezhennya. H.: NTU ,,HPI”.— 2014.— # 3.— P. 9-11.

5. Anipko O.B., Biryukov 1.Yu., Busyak Yu.M. Kompleksnaya problema poiska i obnaruzheniya nazemnyih
tseley dlya porazheniya vooruzheniem, ustanovlennyim na ob'ektah bronetehniki. Shirnik naukovih prats. H.:
Akad. VV MVS Ukrayini. 2011.— # 2(18). P. 43-47.

6. Biryukov 1.Yu. Raschet srednih oshibok, opredelyaemyih dopolnitelnoy akusticheskoy sistemoy razvedki
nazemnih tseley. Integrovani tehnologiyi ta energozberezhennya. H.: NTU ,,HPI”.— 2014.— # 3.— P. 12-18.

7. Biryukov 1.Yu. Geoinformatsiyne zabezpechennya sluzhbovo-boyovoyi diyalnosti pidrozdiliv vnutrishnih
viysk, chastina |. Podannya ta analiz prostorovih danih [Tekst]: navch. posib./ V.I. Vorobev, V.V. Obryadin.—
H.: Akad. VV MVS Ukrayini, 2010.— 160 p.

8. Anipko O.B., Biryukov I.Yu. Kompleksnyiy metod obnaruzheniya i raspoznaniya nazemnyih tseley na
osnove analiza tsifrovyih izobrazheniy i registratsii akusticheskih vozmuscheniy. Integrovani tehnologiyi ta
energozberezhennya. H.: NTU , HPI”.— 2014.— #4.— P. 51-57.

V]IK 355.40; 534.79; 623.44; 629.1.03
Biprokos [.1O, Cipenko C.M.
THTETPAIIIA TOJJIATKOBOI ONTHKO-AKYCTUYHOI CHCTEMM PO3BIIKA
B CUCTEMY YIIPABJIIHHSI BOTHEM TAHKA
Ha ocHoBi aHanizy icHyrouMx aBTOMaTH30BaHUX cucteM ynpasiiHas Juist BTT B po6oTi posrispaerses iHTe-
rpais 101aTKOBOi ONTHKO-aKyCTHYHOT CHCTEMH PO3BiIKH B CUCTEMY YIPaBJIiHHS BOTHEM TaHKa

Birukov I.Yu., Sirenko S.N.

INTEGRATION OF ADDITIONAL OPTICAL-ACOUSTIC SYSTEMS INTELLIGENCE
IN THE TANK FIRE CONTROL SYSTEM
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Based on the analysis of existing automated control systems for BBT to work the integration of additional
opto-acoustic intelligence system in fire control tank.
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