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YueHwuii cekperap cremiani3oBaHol BUCHOI pajy,
KaHIUIAT TeXHIYHUX HAYK, JOIEHT 1. M. Kosbacrok

1

3ATAJIBHA XAPAKTEPUCTUKA POBOTHU

AKTyaJibHiCT TeMH. KOHIIENIIIEI0 PO3BUTKY Ta30BHI00YBHOI ramy3i YKpaiHu Ha
2020 pik mepeabaueHo 36iMpIIeH s BUAOOYTKY ra3y A0 27 MIpA M’ i HAPOIIEHHS 3amaciB
10 33,8 mapa m”. Jlns usoro IMAT «YkprassunoOysanHsy Mae moOyaysaTa 657 HOBHX
cBEepUIOBMH 1 BUKoHaTH 1518 omepauiii B kamitalbHOMY PEMOHTI, a MPHUBATHI KOMIIaHII
MarloTh noOyayBatu 279 cBepanoBuH. BpaxoByrounm CyTTEBE BHUCHAKEHHS CTapUX
pomosuin (Ha 65 — 70 %), OCHOBHI MEPCHEKTHBH PO3BUTKY Taiy3l y HaHOMMK4l POKH
OyIyTb 3aJIe)KaTH BiJ TEMITIB OCBOEHHS MMEPCIEKTUBHUX ITOKIA/IB HA BEJTMKHUX NINOWHAX.

YenmimuicTh  peamizaiii  Takoro 3aBIaHHA Yy 3HAYHIA Mipi  TOB’s3aHa 13
3aCTOCYBaHHSIM Cy4YacCHHX MPOMHBAIBHUX CHCTEM, 3[1aTHHUX 3a0e3rmeuuTd e(eKTHBHICTH
OypiHHS CBEPIJIOBHH Ta BHCOKY SIKICTh PO3KPHUTTS MPOJAYKTHBHUX TOPH30HTIB. Takum
BHUMOT'aM BIMOBIIAIOTh OS3MIIMHUCTI Oi10mOIIMEPH] OYPOBI PO3UYKHHU, 5IKI, 3aBIASKA BUCOKIN
MCEeBIOIUTACTHYHOCTI, MUTTEBIH TUKCOTPOMIi, HU3bKOI (PUIBTPALIli, KACIOTOPO3UUHHOCTI
TBepAol (a3u Ta 3MaTHOCTI MOJIMEPHUX KOMIIOHEHTIB 1O OlOJOTIYHOI MECTPYKINi, He
MAlOTh aJbTEPHATHBU Cepel NPOMHUBAIBHUX CHCTEM Ha BOAHIN ocHoBl. Came 1l
BJIACTHBOCTI CTBOPIOIOTH TEPEAYMOBH ISl TPOXOJKEHHS O€3 YCKJIaIHEHb 1HTEPBAIB
3alraHHs HECTIMKMX TOpig (B TOMY 4YHCHl 1 MOXMJIO-CKEPOBAaHUMH CTOBOypaMu
cBepUToBUH), 30H TpimuHyBaTocti 1 AHIIT, a Takok 3MEHIIEHHS TEXHOTCHHOIO BILTHUBY
Ha KOJIEKTOPCHKI BJIACTMBOCTI MPOYKTHUBHUX IUIACTIB TA JOBKLILIA.

[Ipote BmpoBamKEeHHs OC3TIIMHUCTUX OYPOBHX PO3UYHHIB HA BEJIMKHX [JIMOMHAX
CTHKAETHCA 3 MPoOIeMaMH, OB’ I3aHUMH 3 MOPIBHAHO HEBHCOKOI TEPMIYHOIO CTIHKICTIO
iX ImoJIiMepHOI MmoJricaxapuIHOi OCHOBHU. B TepMoOapiyHUX YMOBaX TITHOOKHX CBEPUTOBHH
TEXHOJIOTIYHI BJIACTUBOCTI OE3TIMHHCTUX OYpOBHX PO3YHMHIB CYTTEBO 3MIHIOIOTHCS 1
KapIUHAJIBHO BIAPISHAIOTHCS BIJM TAaKWX, HIO BUMIPIOIOTHCS HA MNOBepxHi. Lli 3MiHK
3yMOBJICHI IPUPOJHOI0 CXHJIBHICTIO OlOMONIMEPHUX CHUCTEM [0 TEeMIEePaTypHOro
PO3pI/UKEHHS, SIKE TNPU3BOJUTH JIO PI3KOr0 3MEHIIEHHS PEOJOTIYHMX 1 3pPOCTaHHS
(inpTpamiiiHuX XapaKTEpPUCTHK. BHACTIIOK IIHOr0 MOXYTh BHHHKATH YCKIIAJHCHHS Ta
MOTIPIIYBATUCS AKICTh PO3KPUTTS MPOIYKTHBHUX TUIACTIB.

TakuM YHMHOM, MONANBINUI PO3BUTOK OYpiHHSA CBEPIIOBHH B YKpaiHi moTpedye
PO3IMIMpPEeHHsT 00JIaCTI BUKOPHUCTAHHs O10MOJIIMEPHUX CHUCTEM Ha BeNWKI TiauomHu. s
[[HOr0 HEOOXIJHO MPOBEACHHS CICIIaTbHUX TOCHIHKEHb, CHPSIMOBAHMX HA BHBUYCHHS
PEOJIOTIUHUX, CTPYKTYPHO-MEXaHIUHUX 1 (PIIBTPALIAHUX BIACTUBOCTEH B YMOBAX BUCOKUX
TUCKIB 1 TeMmmeparyp, Ta PO3pOOJCHHS 1 MPAKTUYHE BIAMPALFOBAHHA TEXHOJIOTI iX
CIPSIMOBAHOTO PEryJIFOBAHHS.

3B’s130K po0OTH 3 HAYKOBHMH MPOrpaMaMH, IJIAHAMH, TeMaMu. JluceprariifHa
poboTa BHKOHAaHA 3TIJHO TEMAaTHYHWX IUIAHIB HAYKOBHUX JOCHIDKEHb I[BaHO-
®paHKIBCHKOT'O HAIIOHAJIBFHOTO TEXHIYHOTO YHIBEPCHTETY HAa(TH 1 Ta3y Ta BiIIOBIIAE
JepkaBHIA ranys3eBiii nporpami «Eneprermuna crparerisi YkpaiHu Ha mepiog 0
2030 poky» (po3aum 116, . 1.1,6.1.216.2.2).

Mera i 3apa4i gocaigpkenHst. MeTOIO NOCIIUKEHHS € IMABUILEHHS e()eKTHBHOCTI
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Ta PO3IMIMPEHHS 00JIACTI BUKOPHUCTAHHS 010MOMIMEPHUX OE3TITMHUCTHX OypOBHX PO3UMHIB
Ut OypiHHA TTTHOOKUX CBEPUTOBHH B YMOBAX BHCOKHX IIACTOBHX TEMIIEPATYP.

JlocsirHeHHsT OCTaB/ICHOI METH TIOB’s3aHe 3 BUPIIICHHSIM TAaKMX OCHOBHHX 3a/1a4
JIOCITIJKEHD!

1. OGrpyHTYBaHHS peuentyp 0i10MOJIMEPHOro OE3rJIMHUCTOro OYypOBOrO PO3YMHY
Biokap 111 yMOB BHCOKHX IIACTOBHMX TEMIIEPATYP.

2. Po3poOka peareHTy s pEryJIOBaHHA TEXHOJIOTIYHUX  BJIACTHBOCTEH
GilomomiMepHOTo OE3MIMHICTOr0 OYPOBOTO PO3YMHY biokap B yMOBaX BHCOKHX IUTACTOBHX
TeMIeparyp.

3. JlocnmiyukeHHsST — PEOJIOTIYHHMX, CTPYKTYPHO-MEXaHIYHMX 1  (UIbTpauiitHuX
BJIACTHUBOCTEH O10MOIIMEPHOro OE3rIMHUCTOr0 OypoBOro po3unHy biokap B ymoBax
BUCOKHX TEMIIEpaTyp.

4. Po3poOka 1 IpOMHUCIIOBE BIIPOBAHKEHHS PeLEnTyp 010MOIIMEPHUX OE3TTMHUCTHX
OypoBux po3unHiB biokap Ha poaoBHIIax YKpaiHu.

006’ckmom  Oocniddcennsi AMCEpPTaiiHOl poOOTH € CUCTeMH OlOTOIIMEPHHUX
Oe3TTTMHUCTUX OYPOBHUX PO3UMHIB T OYPIHHA TITMOOKUX CBEPIJIOBHH.

[Ipeomem oocniodicensi — TEXHOJOTIUHI BJIACTUBOCTI CHUCTEM O10MOMIMEPHHUX
0e3riMHICTUX OYPOBUX PO3UMHIB.

Meroau pociimkeHHst. TexHOJOrIYHI BJIACTMBOCTI OlomoniMepHUX OypoBUX
PO3UYMHIB BHUBYAIM 3a CTAHJAPTHUMH METOJAaMH KOHTpOJIO. Peosioriyi BIACTHUBOCTI 13
ypaxyBaHHAM TEMIIEPAaTYPHUX YMOB JOCTIDKYBAJIM HAa POTAIIfHUX BICKO3UMETPAX
moaenei 800, 900 1 1100 BupoduunTea komnanii OFI Testing Equipment, Inc. O6po0ky
JAHAX POTAIHOI BICKO3MMETPIi BUKOHAHO 3 JOIMIOMOIOI0 Mmakery mporpam «Rheometry»
y KJIaci peosioriuHo cramioHapHux Mmojeneil Herotona, [lIBenosa—binrama, OcrBanbia,
I'epuens—bankni, Hlynemana—Keccona 1 061B’s3kux piauH. DuibTpawiiiHi BIacTHBOCTI
OypoBHX pO3uHMHIB y BHOIMHHMX yMmMoBax Bu3Hauanu Ha mpwiaai Dynamic HPHT Filter
Press OFI B cratnuHOMY 1 TUHAMIYHOMY PEKUMAX Yepe3 MarnepoBuil PuUIbTP Ta KepaMivHi
JIUCKH PI3HOT MPOHUKHOCTI.

Jnsa moOynoBu Mojerneil TMOKa3HUKIB PEOJIOTIYHUX, CTPYKTYPHO-MEXAHIYHHAX 1
(dinpTpaniitHuX BIACTUBOCTEH BiJ KOHIIEHTpAIHl peareHTiB 1 TeMIepaTypy BHKOPUCTAHO
METOIM IJIaHYBaHHs excriepuMeHTiB. OOpoOKYy pe3yJsibTaTiB AOCHIKEHh BUKOHAHO Ha
OCHOBI pPerpeciifHoro aHamizy, CTaTUCTUYHHMX HPOLEIYD OLIHIOBAHHS Ta MEpPeBIPKU
rinores.

Bruine OypoBHX pO3UMHIB HA SIKICTh PO3KPHUTTS MPOAYKTUBHHUX IUIACTIB OLIHEHO HA
KepHOBOMY MaTepiai 3a pe3yjabTaramu BunpoOysanb Ha Y JIITK Ta ii aHamorax.

HaykxoBa HOBH3HA 01ep:KaHHX Pe3yJIbTATIiB

1. 3a pesyapraTaMud JOCHIKEHb PEOJIOTIYHUX 1 (DIIBTpPAidHUX BIACTHBOCTEMN
GiomosiMepHUX OE3MIMHUCTUX OypOBUX pO3YMHIB B YMOBaX BHCOKHX TEMIIEparyp
(mo 150 °C) oOrpyHTOBAaHO BHKOPHUCTAHHS Temrepatypu Ty, IUIaBIEHHS yNOPSAAKOBAHOI
CTPYKTYPH HOJIMEPY SIK KPUTEPIIO TEPMIYHOI CTIHKOCTI.
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2. Bmepme BUABICHO MO3WTHUBHHN BIUIMB OUIKOBHX PEYOBHH HAa TEXHOJIOTIUHI
BJIACTHBOCTI O10MOJIIMEPHUX CHCTEM JUII YMOB BHUCOKHX TeMIlepaTyp. BcTaHoBiIeHO ix
YIIUIBHIOKOYY Al Ha (UIBTpALiiiHy KIPKY Ta yINOBIJIBHEHHS MPOLECIB TEMIIEPaTypHOTO
PO3PIKEHHSL.

3. BusiBjIeHO cHHEpreTHYHe MiJACHICHHs 1Hr10YI0UOi il XJI0pUAy KA MpuU HOro
CYMIIIEHHI 3 XJ0puIoM Hatpiro. [Toka3zaHo, 1o 1Hrioyro4a ais MoJiBaJIeHTHUX COJel MpU
KOHIEHTpamisx moHax 25 — 30 % mepeBuirye eheKT BiA 3aCTOCYBAHHA XJIOPHIY KaJIiIo.

4. OpepaHO perpeciiiHi MoJeNi i TMOKa3HWKIB PEOJIOTIYHUX, CTPYKTYpPHO-
MEXaHIYHMX 1 PUIBTPALIHHUX BJIIACTHBOCTEH OiomosiiMepHoi cucteMu biokap 3aexHO Bij
KOHIEHTpALI# XJIOpUIy HATPIIO 1 peareHTy AJIEBPOH pH Temmeparypax go 150 °C.

IIpakTHyHe 3HaYeHHsI 0JePKAHUX Pe3yJILTATIB IOJSIrae y PO3IIUPEHHI 0061acTi
BUKOPUCTaHHS O10IOJIIMEPHUX OE3MIMHUCTUX OYPOBHMX PO3UHMHIB Ta PO3POOLI TEXHOJOrI]
perymoBaHHsa iX (UIBTPAIHHAX 1 PEOJOTIYHUX BIACTHMBOCTEH B YMOBAaX BHCOKHX
temmeparyp (zo 150 °C).

Ocobuctuii BHecok 3100yBauya. OCHOBHI pe3yjbTaTH JHUcepTalii OJepKaHO
3no0yBadeM camocTiitao [10, 11].

ABTOpPOM  3ampONOHOBAHO  BUKOPUCTAHHS  SIK  KPHUTEPIIO  TEPMOCTIHKOCTI
GiomosiMepHUX ~ OE3TNIMHUCTUX OypOBHX PO3YMHIB Temreparypu Ty, IUIaBJICHHS
VIOPSIKOBAHOI ~ CTPYKTYpH MOJIMEpY, BHUSBICHA 3JATHICTh OUIKOBHUX PEUOBUH
VIOUTBHIOBATH  (PIIbTpaUiiHy KIPKY 1 3MCHIIYBAaTH TEMIIEPATyPHE PO3PIHKECHHS
010MONIIMEPHIX CHCTEM, BCTAHOBJICHA HASBHICTH CHHEPIrEeTUYHOI B3a€MO/IIi MIXK COJIIMH Ta
OITKOBUMHM PEYOBHHAMH, SKa TMOKIAJeHAa B OCHOBY VAOCKOHAJICHOI pelenTypu
6e3riuarcTOro OypoBoro posuwHy biokap-MT mis OypiHHS THOOKHX CBEPIUIOBHH.
Po3pobsieH0 Ta BOPOBAMKEHO y BHPOOHHUIITBO HOBHM OpraHO-MiHEpPaJbHHUN pPEarcHT
AJIeBpOH [UIsi PEryJIFOBAHHS PEOJIOTIYHUX 1 (DUIBTPAIIHUX BIIACTUBOCTEH y BHOIMHUX
yMOBaXx.

OcobucTrii BHECOK y Tpalsix, omyoOmikoBaHux y cmiBaBTopctBl 3 O.A. Binekoro,
B.B. borocnasuem, A.I'. boiikom, B.B. Jlymsuuem, H.P. XKono6owm, JI.I. Kneban, B.®.
Koeanenko, JI.M. Kpymsom, 1. Kymukom, S.B. Kynmskom, A.T. JleBuenkom, FO.B.
Jly6anom, C.O. JIsmenkom, M. A. Mucmrokom, C.I'. Muxaiineakom, O.1. TTomityanm, A.T.
Poszenradrom, B.I'. Cementokom, T.I. Cobakap, 1.I. Cymmucekum, €.51. Tpodimosum,
L1O. Xapisum 1 P.C. SIpemiiiuykom, Takuii.

Po3pobiieno peuentypy OiomosiMepHOro OE3rIIMHHUCTOrO OypOBOrO  PO3YKHY
Biokap, TexHOJIOT1r0 HOro MPUrOTYBAaHHS Ta PEryJIFOBAHHS BIacTUBOCTE [1, 12].

Ha ocHOBI mpoBeneHUX JOCIIHKEHB 1 3aMPOIMOHOBAHOTO KPUTEPIIO TEPMOCTIHKOCTI
BH3HAYCHO TpaHWYHI BHOIWHI TeMIepaTypd 3acTOCYBAaHHS CHCTEM OlOMOJIMEPHUX
OypoBHX PO3UMHIB 3AJICIKHO BiJ] KOHIIEHTpAIll BOJOPO3UYNHHMX COJield B iX ckiami [6, 14].

Hocmimkeno 1HriOyroUl BIACTHBOCTI IHAMBIMYaJIbHUX COJCH Ta IX KOMITO3HIIIMA.
BceranosneHo migcuiieHHst 1HriOyro4oi [ii KOMIO3HMINN COJiel HAa T[JIMHUCTI MOPOAU Y
MOPIBHAHHI 3 JI€I0 IHAUBIAyabHUX coueii [4, 14].
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HocmimkeHO B yMOBaX BHCOKHX TEMIEparyp BIUIMB MOJMIMEPHUX PEarceHTIB 1
MaTepiaiB Ha TEXHOJIOTIYHI BJIACTHBOCTI OlomoyiMepHuX cucteMm [2, 3, 5, 13].

Po3pobneno Ta BOPOBA/UKEHO Yy BHPOOHHMLTBO YAOCKOHAIIGHY PELENTypY
GiononiMepHoro Oe3ruMHUCTOr0 OypoBoro po3umty biokap-MT. Busueno BmmB
KOHLEHTpALIH XJOPUAY HATPII0 1 peareHTy AJIeBpOH Ha PEOJIOTiuHI, CTPYKTYPHO-
MexaHiuHl 1 ¢inprpamiiini BiactuBocTi OiomonimepHOi cuctemu  biokap-MT mpu
temmeparypax a0 150 °C [7, 8, 9].

Amnpobamisi  po6orn. OCHOBHI TOJIOKEHHS JMCEPTaIlii  JOMOBIAAIUCH Ta
obrosoproBanich Ha XIV MikHapoaHii HayKOBO-TIpaKTHYHIN KoHbepeHmii «dupsr
LEJUTIONIO3bl M Kpaxmaja, Apyrue XMMHYECKHe peareHThl U marepuansl B d(dexTuBHbIX
TEXHOJIOTMYECKUX JKUJAKOCTSX JUIsl CTPOUTEIbCTBA, OKCIUIyaTallMd W KalHUTaJIbHOTO
peMoHTa HedTsAHBIX M Tra3oBbIx ckBaxkub» (r. Cyspmamb, 2010 r.); mHa MixHapoaHii
HayKOBO-TexHIUHIN KoH(pepeHii «HadTorasoBa ocBiTa Ta Hayka: CTaH Ta MEPCIEKTHBI
mpucssueHiit 70-piugro razonadronpomMucioBoro (akymsrety (M. IBaHO-DpaHKIBCEHK,
10 — 12 rpymas 2014 p.); Ha HayKoBO-TexHIuHIA KoH(epeHii «IloBbIIeHne
3¢ dexTHBHOCTH OYpPEeHUS W IKCIUTyaTallll CKBAXXWH B CIIOKHBIX TOPHO-TEOJIOTHIECKUX
ycnoBusix  CeMHpPEHKOBCKOro ¥ MadyXCKOro ra30KOHAEHCATHBIX MECTOPOXKACHHI»
(r. IMonraBa, 15 nexabps 2014 r.); va [V MixHapoHii HayKOBO-TeXHIYHIN KOHDepeHLl
«Hadrorazosa eneprermka 2015» (M. IBano-O®pankiBebk, 21 — 24 xsitHa 2015 p.);
X Miedzynarodowa Konferencja Geopetrol 2016 nt.: «Wspolpraca nauki i przemystu w
rozwoju poszukiwan 1 eksploatacji zt6z weglowodorow» (Zakopane-Koscielisko,
19-22.09.20161.).

YV noBHOMY 00¢s131 pob0Ta IOTOBIAajIach HA HAYKOBHUX CeMiHapax kadeapu OypiHHA
HadroBux 1 razoux csepmiosud IOHTVYHI (tpaBens, nucromnan 2016 p.).

Iy6aikauii. 3a marepianamu qucepTanii onyOikoBaHo 14 HayKOBHX Mpailb, 3 SKAX
8 y (axoBux HayKOBHX JKypHajax (B T. 4. 3 y 3apyODKHMX BHJAHHsX), 5 y 30lpHHKax
npaib HayKOBO-NMPAaKTHYHUX KOHQepeHwii, | maTteHT YkpaiHu Ha BUHAXI],

CTpykTypa i o6csir podorn. /ucepramiitna po6oTa CKiIaAaeThes i3 BCTYMY, I ATH
PO3IIiB, OCHOBHHX BHCHOBKIB, CIIHCKY BHUKOPHCTAHOI jiTeparypu 1 momaTtkiB. OO6csr
mucepTariii ctaHoBUTh 185 cTopiHOK, y ToMy umcm 39 tabmune 1a 61 pucyHok. Crimcok
BUKOPDHUCTaHHX JpKepen Hamuye 145 naiimenyBanb. OOcAr [OAaTKiB  CTaHOBHUTH
31 cTopiHKy.

OCHOBHMWI1 3MICT POBOTU
Y Berymi 0OrpyHTOBAHO aKkTyalbHICTH OOpaHOI TeMH AWCEpTaliiHOI pOOOTH,
chopMySTBOBAaHO METY 1 3aJadi JOCHIHKEHHS, BIIOOpaKeHO HAyKOBE Ta MpPaKTHYHE
3HAYEHHS OTPHMAaHHX PE3YIIbTaTIB.
VY nepmomy po3aiji mokaszaHo, mo OionosiMepHi 0e3rIMHUCTI OypOBI PO3UMHHU 3
THUKCOTPOITHMUMH BJIACTHBOCTSIMU — L€ Cy4YacHI MPOMHUBAIbHI CHCTEMH, SIKI Ha JaHHii yac y
3HAYHIA MIpl BHM3HAYAIOTh TEXHIYHUI mporpec TexHousorii OypiHHS HAdTOra3oBHX
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CBEP/UIOBUH. IX CTBOPEHHS CTajl0 PE3yJbTAaTOM JOBrOro IIAXY PO3BUTKY —XiMii
NMPOMHBANBGHUX PIIUH, CHOPAMOBAHOTO HA OTPHMAaHHA ONTUMAIBHHUX UL OYpOBOTO
MPOILECY PEOJIOTIYHUX, CTPYKTYPHO-MEXaHIYHUX Ta (UIBTPAIIfHUX BIACTHBOCTEH
OypOBHUX PO3YHHIB.

Baromuit BHECOK y mociiukeHHS (yHIaMEHTAIbHUX (DI3UKO-XIMIYHUX IIPOLECIB,
10 MPOTIKAIOTh Y CBEP/UTOBHHI Ta B 30HI HABKOJIO HEl, CTOCOBHO MUTaHb CTIAKOCTI CTIHOK
cTOBOYpa, TiAPOAWHAMIKA TPOMHUBAHHA 1 OYHWIIECHHA BHUOOI, SKICHOTO PO3KPUTTSA
MPOAYKTUBHUX FOPU30HTIB, 3po0mn B.A. AmisH, A.M. Ananwes, O K. Anrenonyio, B.C.
Bapanos, A.l. Bynatos, A.O. Bacmipuenko, B.I'. Bitpuk, B.C. Boiirenko, B.J. ['opoaHOB,
Jlx.P. I'peit, O.M. JlaBunerko, K.®@. Xurau, C.1O. XKyxosuupkuii, E.I". Kicrep, A.O.
Koxesuukos, B.I. Kpunos, M.M. Kpyrmuupkuii, 51.B. Kynusk, €.I". Jleonos, M.1. Jlinkec,
A X. Mupsamxanzage, M.A. Mucimiok, JLK. Myxin, @./I. Osuapenko, K.®. ITayc, [T.A.
Pebinaep, B.I. Psbuenko, A.I'. Pozenradr, ¥Y.JI. Ckanbcbka, H.X. Titapenko, [.FO. Xapis
Ta iHINI JOCHTIAHUKA. [X POGOTH CTamy MiAIPYHTAM Ui 3MEHIIEHHS BMICTY, a 3TOJOM, I
MTOBHOTO BUKJIIOYCHHS TIIMHUCTOI KOMITOHEHTH 31 CKJIaay OYpPOBUX PO3UMHIB, IO MTPHU3BEIIO0
JI0 ONTUMI3alli peXWMIB TPOMHUBAHHS CBEPIUIOBWH, MOJIMIIEHHS SKOCTI PO3KPHTTS
NPOIYKTUBHUX FOPU30HTIB Ta MMiABUIIEHHS IBHIKOCTI OyPIHHSL.

AJNbTEpHATHBOIO TIIMHUCTHM MaTepianam cTaju OIOomoJiMepHI peareHTH Ha OCHOBI
KCAaHTAHOBOI KaMeJi, BOJHI PO3YMHM SKHX XapaKTEPU3YIOTHCS HAJBUCOKUM pIBHEM
MCEBIOIUTACTHYHOCTI Ta MUTTEBOIO THKCOTPOIIE0. Y OUIBLIOCTI perentyp Oe3rIMHIUCTHX
OypoBUX PO3YMHIB MOKJIAJEHO B3aEMOIIIO MIXK MOJIEKYJaMH KCaHTAaHOBOTO Ol0TOMIMepY
Ta erepudikoBaHUX (OPM KpOXMaTO ab0 IENOJ03H, HACTIAKOM SKOI € YTBOPEHHS
MIPOCTOPOBOT TUKCOTPOITHOI CTPYKTYPH, 3a0e3MeueHHs] HU3bKOi (PUIbTpallii Ta HaJaHHS
CHCTeMaM YHIKAJIbHUX PEOJIOTIYHHUX XapakTepucTuk. biomosiiMepHi Ge3rnuHUCTI OypoBi
PO3YMHM MAlOTh OJHAKOBHI 332 MPU3HAUCHHSAM IOJIICAXapPUIHUNA KOMIIOHCHTHHIA CKIIaJ,
JIy’KE€ CXOKI TEXHOJIOTIYHI BJIACTHBOCTI Ta BHKOPUCTOBYIOTH MOAIOHI METOAM iX
perymoBanHsA. [IeBHI BIAMIHHOCTI, IO HasBHI B pPELENTypaxX pI3HUX BHUPOOHUKIB €
TaKUMH, 1[0 CYTTE€BO HE BIUIMBAIOTH HA X OCHOBHI TEXHOJIOTIYHI TOKA3HUKH.

OTxe € MiJICTaBM BBaKaTH, IO Pe3yJbTaTH JOCTIIKEHb 1 3aKOHOMIPHOCTI, SIKI
BCTAHOBJICHI ISl OMHIET 13 OE3TTTMHUCTUX CHUCTEM, OYIyTh CIPABEIJTUBUMH U 1HIIHX.
BianosigHo, 11€ D03BOJIsIE TPOBOAUTH JOC/IKSHHS HA OIHIM MOJel OypoBOro po3dmHY,
Harpukiaa OlonosimMepHiit cucremi biokap, 10 IIMPOKO 3aCTOCOBYEThCS B YKpaiHi, a
pe3ysIbTaTH NOMIMPIOBATH HA 1HIII MOI0HI CUCTEMHU.

BasmBumu nipu BuOOpI peuentyp 0e3MIMHUCTHX OypOBHUX PO3YMHIB I OYPIHHSA
TTHOOKHUX CBEPUIOBUH € BHMOTH JI0 PEOJIOTIYHMX 1 (DUIBTpAIiMHUX BIACTUBOCTEH Y
BubOiitHnx ymoBax (HPHT). BractuBocti OiomojiiMepHUX OE3TJIMHUCTAX OYpPOBHX
po3umHiB m0o0pe BHBUeHO mpu Temmeparypax mo 100 °C, ame 1mporo HEIOCTAaTHHO IS
3aCTOCYBaHHs TaKWX CHCTEM Ha NEIKWX poaoBuiiax JHIIpoBChKO-/[OHENBKOI 3ama uHu
(J113) 3 nnacroumu temmneparypamu 120 — 140 °C i Bue.

OOmeskeHHst mokasHuka Qiibrpaiii 0e3rMHUCTHX OYyPOBHMX PO3YMHIB Y MPOHUKHI



6

IUTACTH JOCSATAETHCS 3a PAXYHOK JAPIOHOIMCHIEPCHUX MapMypOBHX KOJBMATaHTIB, PO3MIp
YAaCTHHOK SKHX ITiIOMPAEThCA 3a CIEMiaIbHIMA MaTeMAaTHIHUMHU MOJETSAMH 1 TIoTpedye
ToyHoi 1H(OpMALIl MPO MOPOBY CTPYKTYpYy KOJNeKkTopa. B ymMoBax HEOJHOPIIHHX 1
LIapyBaTHX MOKJIAIB POJOBUI YKpaiHU Taka METOMKa HeeeKTHBHA.

AJIbTEPHATHUBOIO € BHMKOPHCTAHHS KOMIO3WUTHHUX KOJIbMATaHTIB, L0 JIOJAATKOBO
MICTSITh OpraHiYHi OPYKHI peyoBuHH. Takuii METOA BaroMo MIABHIIYE KOJIBMATYIOUY
37aTHICTh peareHTiB. [IpoTe #oro eQeKTUBHICTh 3HMKYETHCA TMPH TMOPYIIEHHI
CHIBBITHOIIEHHS MIXK MIHEPAJbHUMHM 1 OpPraHIYHUMH KOMITOHEHTaMH, OCOOJUBO TPH
BHCOKUX TEMIIepaTypax, ¢ MPOSBIAETECA €(PEeKT TePMIYHOTO PO3PIIKEHHS TOTIMEpIB.
Haii6inbm  rocrporo € mpobnema perymoanus HPHT  ¢urprpamii  o6BakHeHHX
0e3rmMHUCTHX OypOBUX PO3YMHIB, sKa MOTpedye po3poOKH peareHTa-HaloBHIOBAYa IS
yIIUIbHEHHsT (UIbTPALIiHOI KIPKH, YTBOPEHOI MEPEeBaXKHO OJHOPIIHUMHU Ta IMOPIBHSHO
BEJIMKMMH YacTHHKaMHU 00Ba)KHIOBAYa.

CTymiHb TEMIIEPaTYPHOTO PO3PIIHKEHHS KCAHTAHOBOI KaMeHl IOHMKYEThCA 31
30IbIIEHHAM  MIHEpaji3amii  po3umHy. MexaHi3M TepMmocTalimi3yrodol aii  coyeit
MOB’sI3aHWA 13 3MCHINEHHSAM CHJIM  €JIEKTPOCTATUYHOTO  BIJINITOBXYBAHHA  MIXK
MOJICKYJSIDHUMH JIAHIIOTAMH Ta TMIJICHICHHAM IPONEciB (OPMYBaHHS YIOPSAKOBAHOL
MOJTIMEPHOI CTPYKTYPHU B CHCTeMi. B pe3ynbraTi MiHepani30BaHUH PO3UYMH KCAHTAHOBOTO
GionosiMepy BUSIBISIETHCS OB YIITBHEHUM HA MOJIEKYJSIDHOMY PIBHI, 33 PaXyHOK 4Oro
1 BIZOYBAETHCS MPOTHIIS MTPOIIECAM TEMITIEPATYPHOTO PO3PIIKEHHS.

3 HpOro BUTIKAE BAKIMBHU MPAKTHUHHUIA BUCHOBOK — PETYJIFOBATH TEPMOCTIHKICTh
O10TOTIMEPHUX OE3TJIMHUCTUX CHCTEM MOJKHA 3MIHOKO KOHIIGHTpaIi cojei B iX CKiajl.
OpHowacHO  MIIBWIICHHS  MiHepamizamii NpU3BOAWTH JO  3POCTaHHSI  TYCTHHH
OiomosiMepHUX ~ O€3MNIMHUCTHX  PO3YMHIB, iX  IHMIOYIOUMX Ta  OaKTepHLIUIHHX
BJIACTHMBOCTEH, M0 MO)Ke OyTH BHKOPHCTaHE B pELENTypax CHCTeMH [yl OypiHHS
rTUOO0KUX CBEPJUIOBHH.

Jpyruii po3aiji npucBsueHUN OOIPYHTYBAHHIO PElEnTyp OIOMOMIMEPHOI CHCTEMH
Biokap a1 yMOB BHCOKHX TEMIIEPATyp Ta BUBYCHHIO X TEXHOJIOTIYHUX BIIACTABOCTEH.

3a pesynbraTtamu JJabOpaTOPHUX 1 MPOMHUCIOBUX JOCHIKEHb 0OTPYHTOBAHO 0a30Bi
perientypu 010MOIIMEPHUX OE3MIMHUCTHX OypoBHX po3drHiB. CrcteMa biokap TyCTHHOIO
1090 — 1180 kr/m’ mpusHauena s OypiHHS CBepIUTOBHMH rmmOHHOK 10 3000 M i
temneparypax no 110 — 120 °C, a wmiHepani3oBaHa cuctema biokap TIyCTHHOIO
1180 — 1490 kr/m® — s OypiHHs cBepmioBuH riaubunoro mo 4500 — 5500 M i
temnepatypax a0 130 — 140 °C. OpranHi3oBaHO BHPOOHHIITBO KOMIUIEKCHOTO PeareHTy
Biokap-koMmayH/1 — oJiiMepHOi OCHOBH crcTeM biokap.

BuBueHO TEXHOJIOTIUHI BJIACTUBOCTI O10MOMIMEPHOI cucTeMu biokap Npy BHCOKUX
Temreparypax. Jljs OIIHKK TEPMOCTIHKOCTI O10MOMIMEpHUX OE3TIIMHUCTHX CHCTEM Ha
OCHOBI PEOJIONTYHUX JOCIHIPKEHB 3 JOMOMOIOK POTALfHOI BICKO3UMETPII 3aIPOIOHOBAHO
temneparypy Ty, sika BIJMOBIJA€ IJIABJICHHIO YMOPSAKOBAHOI MOJNIMEPHOI CTPYKTYpH
PIIMHYU 1 BU3HAYA€THCS K TOUKA IMEPErMHY KPUBOI 3aJI€KHOCTI HAIPYKEHHs 3CYBY BiX
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temreparypu. [loka3aHo, MmO BeIWYMHA TeMmIepaTtypu T, € HE3MIHHOIO U1 KO)KHOI
KOHKPETHO1 O10IMOJIIMEPHOT CHUCTEMH 1 HE 3aJIeKHTh BiJ] 9acTOTH OOEpTaHHS poTopa
Bicko3umetpa (puc. 1). DakTuuHO BemuuuHa T, € TEMIEPATypOI IMOYATKy MPOIECY
TEpMIYHOI AECTPYKIT MOJIICAXaPUIHUX MOTIMEPIB.
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Pucynok 1 — 3anexHicTh HampyKeHHs 3CyBY OlomosiiMepHoi cuctemu biokap
(15 % NaCl) Bix Temneparypu Ut pi3HUX 9acTOT 00epTaHHA

[lepeBuiuenns Temneparypu T, He NMPU3BOJUTH 10 MHUTTEBOI 1 MOBHOI pyiHaLii
cucteMu. AJle MpH IUIACTOBUX TEMIepaTypax BHUINUX 3a BequuuHy Ty, OlomosimepHa
Oe3rNIMHUCTA CHCTEMa IIBUAKO MEPEeXOMUTh Y HECTAOUTPHHI CTaH, IO, B IEPIIY Yepry,
TPOSIBIIAETBCSA Yy TIOHIDKEHHI PEOJIOTIYHWX BJIACTHBOCTEH Ta 3pPOCTAHHI ITOKA3HHKA
BuOiiiHOI (impTparii. [, HaBmakW, y MekaX BH3HAUYCHOI TEpPMIUHOI CTaOIIIBHOCTI
GiomosiMepHI OE3rIMHKUCTI CUCTEMU Maiike He 3MIHIOIOTh CBOI IMapamMeTpH y 4aci Ta He
noTpeOyITh JOAATKOBUX 00POOOK.

I3 migBuiieHHssM MiHepaizanii OiomosimepHoi cuctemu biokap Temmeparypa Ty,
3pocTae, M0 BKa3y€e Ha PO3MIMPEHHS lama3oHy #Woro TepMmiuHoi crabimbHOCTI. J{ist
KepYBaHHA 11 TEPMOCTIHKICTIO 3aIIPOIIOHOBAHO BUKOPUCTOBYBATH JOOABKU OKPEMUX COJEi
Ta iX Kommosumid. BcTaHoBieHO, 1m0 HAWOLTBI €(EKTUBHOIO TEPMOCTAOITI3YIOUOI0
n00aBKOIO 710 cUCTeM OiomoJliMepHUX OypOBHX PO3YHMHIB € XJyiopun Hatpiro. [Ipu #oro
PAaHMYHOMY BMICTI HAa MEXKI PO3UMHHOCTI, mo ckmamae 25 — 27 %, TepMOCTIMKICTh
GlomosimepHoi cucremu gocarac 140 °C. Takum uMHOM, A BiATIOBiZHOCTI
TeMIlepaTypHUM yMOBaM nbOokux cBepaiosuH (rmonax 110 °C) GiomosimepHa cucrema
Ma€ BMIIIyBaTH MEBHY KIJIBKICTh Cojiel. MiHIMaIbHO HEOOXIIHOIO € KOHIIEHTpALlis COJei,
npH K Temreparypa IiaBieHHs Ty, 010MoIIMEpHOi CHCTEMH HEPEBHINYE TEMIIEPATYPY
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Ha BHOOi cBepmioBMHU. [loOymoBaHo Tpadik 3ajekXHOCTI Temmeparypu T, BIX
KOHIIEHTpAIli CoJji, IO JO3BOJSE OLIHIOBATH BIAMOBIIHICTG PIBHA MiHepasi3anii
6iomoiMepHOro OypoBOro po3YHHY TEPMOOAPUYHIM YMOBAM CBEPIOBUHU (pHUC. 2).

KoHueHTpauia xnopuay Hatpilo, %

109.51 + 20.981-Ig(Nacl)
R? = 0.9976
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Pucynok 2 — 3anexHicTh TeMOeparypu miaBieHHs Tp, 6ionomiMepHoi cuctemu biokap
BiJI KOHIICHTPAIIli XJIOPUIY HATPIFO

3acTocyBaHHs COJIel IHIOMX THUIIB 3 METOK MiJBUIICHHS TEPMOCTIHKOCTI
O10MOIIMEPHUX PIAMH € MeHIl e(QeKTUBHUM Ta Oiabll BHUTpaTHUM. [IpoTe Taka
TEXHOJIOT1YHA MOKJIMBICTh ICHY€, IO MOKE OYTH BHKOPHCTAHO JUTSA ITiJBUINCHHSA I'YCTHHHI
OiomoTiMEpHUX  OE3TITMHUCTHX OYpOBHX PO3YUHIB 1 CTIHKOCTI CTIHOK CBEPIJIOBHH.
30KpemMa, BUBUAIKCS PeuenTypu O6iomoiMepHoi cructemu biokap, 00BaKHEHOI XJIOPHIOM
Ta HITPATOM Kanbwifo. I paHMuHA IrycTHHA TAKKX cucTeM (BimmoBimro 1360 i 1480 xr/m’)
BHUIIA, HUK At xyiopuay Hatpitro. [Ipore temmeparypa riasjieHHs T, € MCHIIOK 1 HE
nepesuinye 130 °C.

JlocmipkeHO BIUIMB cojied Ta iX KOMIIO3MINK Ha 1HTIOYHOYl  BIIACTHBOCTI
OiomosriMmepHoi cucTeMu biokap. BcTaHOBIIEHO, IO IMOJIIBAJICHTHI COMI MPH HHU3BKUAX
KOHIEHTpAISIX TOCTYMAIOThCSA TPAIUIIHOMY 1HTIOITOPY XJIOPHAY Kajiio, MpoTe 13
3POCTAHHSAM KOHIEHTpALii ix 1HriOylo4YMid BIUJIMB HA TIPChKI [OPOAM BaromMo
IABUILYETHCSI Ta MPU BMICTI oHax 25 — 30 % nepesuiiye eheKTUBHICTD XJIOPUIY Kaio.
CniibHE 3aCTOCYBAHHS XJIOPMJIB Kajilo 1 HATPil0 NPU3BOAUTD 1O CHHEPreTUYHOIO
MiJCUICHHs 1HriOyrouoi Aii OIOMOMIMEPHHUX CHCTEM MO PIBHSA CTIMKOCTI MOPOIU, SIKHIA
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HEMOXITMBO JOCATHYTH MPH I1HIMBIAyaJbHOMY 3aCTOCYBAHHI KOKHOI 3 TakKHX Ccojeit
(puc. 3).
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Pucynok 3 — ITimBumienns cridikocti aprutity (Rolling Test) mpu cmimsHOMY
3aCTOCYBaHHI XJIOPH/IB KO 1 HATPIIO

36ibLIeHHs  MiHepasi3anii  OlonmosiMepHuX Oe3rMHUCTHX OypOBHX DPO3UYHMHIB
migBuIye iX (epMEeHTaTHBHY CTIiKICTh, L0 3a MEBHUX KOHLEHTpALii cojell Jae
MOJKJIMBICTh ~ BIIMOBUTHCS  BIA  3aCTOCYBaHHs  pearcHTiB-Oakrepurmmis. [
GiomostiMmepHOi cucTeMu biokap BH3HAueHa MiHIMAbHA KOHLEHTPALISA XJIOPUAY HATPIIO
15 %, nns sxoi o3HaKM (PEPMEHTATHBHOTO PO3KJIAJAHHA CHCTEMH BIJCYTHI IOHAJ TPH
MicCsi.

Takum urHOM, 301TBIIEHHS PIBHS MiHepami3alii 610moTIMepHIX OYpPOBUX PO3UMHIB,
sKe B MeEpIly 4Yepry BUKIMKaHE HEOOXIAHICTIO MiJABUIIEHHS TEPMOCTIHKOCTI, OJHOYACHO
30UTBIIYE 1X TYCTHHY, € MOTYXKHHM 3acO00M Uit 3a0€3[eUeHHsI CTIHKOCTI TIIMHHCTHX
HOPIiJ 1 HETOKCUYHOrO 1Hr10yBaHHS ()epMEHTATUBHUX Tpolecis. [Ipy npoMy miaBUINEHHS
TEMIEPAaTypH IUIABJICHHSA Ty, SKE XapakTepHE NPH BBEACHHI COJI B OIOMONIMEPHY
CHCTEMYy, HE CYNPOBOMKYETBCI 3POCTAHHAM 1l PEONOTIYHMX BJIACTHBOCTEH B
TEePMOOAPUYHMX YMOBaX CBEPMIOBUHHU, 1A YOrO HEOOXIJHE 3aCTOCYBAHHS IHIINX
CremiadbHIX METOIB.

Tperiit po3ain npucBsueHUil po3poOLl OPraHO-MIHEPAJIbHOIO PeareHTy AJIeBpPOH
JUISl KEPYBAHHS PEOJIOTTYHUMH 1 (PIbTpaLiiHUMK BIACTUBOCTAMK OE3IJIMHUCTUX OypOBUX
PO3YMHIB B YMOBAaX BUCOKHMX TEMIEPATYP.
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HPHT oinprpamis GionoigiMepHUX OE3rJIMHUCTHX OYpOBUX PO3YMHIB Ma€ HHU3KY
BIAMIHHOCTEH BiA QUIbTpalii TPAmUIIHHUX TIMHUCTAX PO3YMHIB, IO 3yMOBJICHO
CKJIa[IOM, THCIIEPCHICTIO 1 KOHIIEHTpamiero TBepmoi (pasu. Uepes manmii BMICT KOJIOITHOI
riHUCTOl (pasu y ckiaal GE3rTMHUCTUX CHCTEeM (sIKa MPUCYTHS JIMIIE 5K 3a0pyAHIOI0UYHI
KOMIIOHEHT) (OpMYyBaHHs KIpKM B mpoueci ¢iabrpawii BigOyBaeTbcs IEpPEeBAKHO
cy1adoriIpaToBaHMMH, MOPIBHAHO KPYHNHUMHM Ta OJNM3bKUMH 33 PO3MIpaMM YaCTHHKAMH
IHEPTHUX HAMOBHIOBAUIB — MapMypy abo Gaputy. Kipka, yTBOpeHa TAKUMU YaCTHHKAMH,
Maii)ke He YIIIJIBHIOETBCA B Yaci Ta Haraaye Kapkac abo CITKy, BUIBHHH TPOCTIp sKOI
3aIMOBHEHMH B SI3KUM TojliMepoM. ToOTO, Ha BIIMIHY BiJI IIMHACTHX PO3YUHIB, TIOTIMEPHI
KOMITOHEHTH OE3IJIMHUCTOI CHCTeMH Oe3Mocepe b0 He BIUTMBAIOTh HA CTAH YaCTHHOK
TBepaoi (asu mpu yTBOPEHHI KIpKU. Poib mogiMepiB 3BOAUTBCS [0 3MEHIICHHS
MPOHUKHOCTI PUXJIOl KIPKU MUIIXOM CTBOPEHHS HAABUCOKOrO (DIBTPALIIHOTO Omopy y
BY3bKHX 3330pPaX MI’K3€pPHOBOTO IIPOCTOPY

3a HOpPMAILHUX YMOB, KOJIM B’SI3KICTh OIOMOTIMEPHOI CHCTEMH 3HAXOIUTHCS Ha
BHCOKOMY PIBHI, NPOHUKHICTh KIPKH 1 TOKa3HUK (impTpamii € Hu3bKkuMu. I[lpu
BUMIPDIOBAHHAX B YMOBaX BHCOKHX TEMIIEPATyp, KOJM BHACIIJIOK TEMIEpPaTypPHOrO
PO3pIPKEHHsT B SI3KICTh PIAMHK CYTTEBO 3MEHINYEThCS, BIAOYBAEThCS PI3KE 3POCTAHHS
nokaszHuka (inpTpanii ax 10 MOBHOTrO BiAUIeHHs piakoi da3u. [TinTBepkeHHIM Takoro
ySIBJIGHHS € BCTAHOBJIEHA MpOINOpLiiiHa 3anexHicTs nokasHuka HPHT  dinerpanii
00Ba)KHEHHX OC3MIIMHUCTUX OYpPOBHX PO3YMHIB Bl KOHLEHTpALIi 6apuTy.

Takum umHOM, il 3a0e3medueHHs] HU3bKOro piBHA mokasHuka HPHT ¢impTpanii
OlomosTiMEpHAX OE3TJIMHUCTUX CHCTEM HEOOXIJTHO TMOHHM3WTH TMPOHUKHICTh KIPKH Ta
MIATPAMATH JTOCTATHI PEOJIOTIYHI BJIACTHBOCTI PITMHH B YMOBAaX BUCOKHX TEMIIEPATYpP.
Biamosigno, edexktuBHuMu peryssatopamu nokasanka HPHT dinprparii 6e3rmmHUCTHX
OypOBHX PO3UMHIB OYyIyTh IMOJIIMEPHI PEUOBHMHH, M0 3a0E3MEUyrOTh KOJIbMATAII0 Ta
VIIUTBHEHHST TOPUCTOrO CEPEIOBHINA KIPKH, a TAKOXK IMiIBUINCHHS [1IPABIIYHOIO OMOPY
PyXy PLIMHH B IOPOBOMY IPOCTOPI.

AHami3 JiTepaTypHUX JDKEpen IMoKa3aB, IO OIUIKOBI pPEYOBHMHHU, sKI MaroTh
00MeKeHy PO3UMHHICTD Y BOJII, 3[IaTHI YINIJHHIOBATH JTUCTIEPTOBaHI YaCTHHKH IPYHTY MPH
1OT0 TpecyBaHHI Ta HaJaBaTh OTPUMaHKUM 3pa3KaM JOJaTKOBOI MIITHOCTI. byo 3po6iieHe
MPUIYIICHHS, IO TakKli BJACTHBOCTI OLIKIB MOXKHA BHKOPHCTATH [UIA 3MEHINCHHS
MPOHUKHOCTI QIIbTPALIHHUX KIPOK Oe3riIMHUCTHX 010MOIIMEPHUX OYPOBUX PO3YMHIB MPU
BUCOKHX TEMIIepaTypax.

BuBuanu pocnunHI OUTKK 37maKoBUX Ta 0000BMX KyNbTyp (IILIEHULI, KYKYPYA3H,
AYMEHIO, COI, TOpPOXYy TOIIO) 1 TBApPWHHI OUIKH, sKi XIMIYHO TEPEBOAMIIUCT Y
ciabopo3uunny ¢dopmy. BeraHoBieHo, 1m0 100aBKH OUTKOBUX PEUOBUH MPHU3BOAATH 0
3arajibHOr0 TMOKPAIIAHHS TEXHOJOTIYHUX BJIACTUBOCTEH OE3rJIMHUCTHX CHUCTEM, SIKI
MAIA0THCS Al BUCOKUX TemrepaTyp. [Ipu 1boMy BIUTHB Pi3HUX OUIKIB XapaKTePHU3y€EThCs
BIJMIHHOCTSIMH, 3YMOBJICHUMH iX Oy/J0OBOIO Ta XIMIYHUM CKjIafgoM. Tak meBHI OLIku
kpaute 3menuryiote HPHT inmprpanito, iHmi — Ouibln eeKTHBHO BIUIMBAIOTH Ha
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peosoriuni BiactuBocti Ta CH3, a neski cnpsMoBaHO BUKOHYIOTh (DYHKIIIT KOJbMaTaHTa.

Ha migcraBi mpoBeneHWX AOCHLDKeHb I peanmizamii  (QyHKImiA peryisropa
peosoriyHuX 1 (GUIbTpAUiiHUX BIACTHBOCTEH O1OMONIMEPHUX OE3rITMHUCTUX OypOBUX
PO3YMHIB B YMOBaX BHCOKHMX TEMIIEPaTyp pO3pOOJIEHO OpraHo-MiHEpaJbHHH peareHt
ANEBpOH, OCHOBOIO SIKOTO € TOHKOJMCHEPCHA CyMILI POCIMHHHMX OLIKIB 3JIAKOBUX 1
06000BUX KyNbTyp Yy TMOEAHAHHI 3 MIHEPAJbHUM Ta OPraHIYHUMH HAMOBHIOBAYaMHU.
OpranizoBaHo BUPOOHUITBO peareHTy 3a TY VY 20.1-34962841-009:2014 Ta iioro
BIPOBA/KEHHS B raay3b.

BuBueHno BiacTMBOCTI peareHTY AJIEBPOH, OCOOJMBOCTI WOTO IUCIIEPTYBaHHS Ta
rigparamii mijg vac o0poOku OlomosiMepHHX Oe3rMHUCTUX OypoBHX pO3uMHIB. 3a
pe3ysbTaTaMu OCIIDKEHh BIUIMBY PEAareHTy Ha TEXHOJOTIYHI BJIACTHBOCTI CHCTEMH
Biokap Bu3HaueHo ioro pauioHanbHi koHueHrpauii 1 — 1,5 %.

BceranosieHo, mio i3 30UTBIICHHAM BMICTY peareHTy AJICBPOH PEOJIOTIUHI
BJIACTUBOCTI OlomomiMepHoi cucTeMu biokap 3pocTaroTh, a BenuunHa temmeparypu Tp, 3a
IHIIMX OJTHAKOBMX YMOB 3HAaXOJWTHCS HA OJHOMY PIBHI, TOOTO MOPIT TEPMOCTIHKOCTI HE
miaBuInyeTbes (puc. 4). TlokazaHO MOMIIMBICT BUKOPUCTAHHS peareHTy AJIEBPOH NPH
KOHUEHTpauisix 2 % 1 Ouiplie s MIATPUMYBAHHS PEOJIOTIYHUX —BJIACTHUBOCTEH
610MOTIMEPHHX CHCTEM ITPU TEMIIepaTypax 3a MeXer0 TePMOCTIHKOCTI.
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PucyHok 4 — KpuBi 3a7eKHOCTI Hanpy>KEeHHS 3CYBY Bl TeMIepaTypH 010MoIiMEpPHOT
cucremu biokap 13 pi3HHM BMICTOM peareHTy AJICBPOH

Buueno BmmB peareHTy AseBpoH Ha mokasHukn HPHT  ¢imerpamii
GionosimepHoi cuctemu biokap (tabmn. 1). BecTaHoBEeHO, MO 3alIe)KHO BiJl KOHIICHTpAIIii
peareHTy MmokasHuK (puUIbTpalii MOke OyTH MOCTIHHMM a00 3HMKYBATUCS 31 30LIbIICHHIM
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mepernagy TUCKY BHACHIJOK IUIACTHYHOTO  YINUIbHEHHsA  (DImbTpariitHoi  KipKH.
OcobnuBicTIO aii peareHTy AJIEBPOH € HU3bKa MPOHUKHICTH (PLIBTPAIHHUX KIPOK, BUCOKA
LIBUAKICTH iX yTBOPEHHsI Ta MinHIcTh. Kipka Maiike He miamaeTbesi epo3iitHOMY BILUTUBY
MOTOKY OypOBOTO PO3UHHY.

Tabmuus 1 — B peareHTy AJIEBpOH Ha MOKa3HUKK (PuIbTpaliii GlomosiMepHol
cuctemu biokap

OinpTparis, cM’/30 xB
— mpu T=20+5 °C HPHT uepes
5 Ckian _ yepes 4yepes MOJIENb MaepoBHiA
= CHCTEMH, IOCIIA | mamepoBuil (GinbTp | minanoro ¢inerpa | GUIBTP IpU
Ap = 0,1 MITa Ap = 0,7 MIla T=130°Ci
Ap =5 MIla
1 Biokap 4,0 12,1 17,0
2 1 micns 85 °C 4.5 12,0 -
3 2 micns 120 °C 3,0 - -
4 1+ 0,5 % AneBpon 4,0 10,5 16,5
5 4 micnsa 85 °C 4,0 8,0 -
6 5 micns 120 °C 4,0 9.0 —
7 1+ 1,0 % AneBpon 4,0 4,0 12,0
8 7 nicns 85 °C 4.0 2,0 -
9 8 micya 120 °C 4,0 0,0 -
10 1 +2,0 % AneBpoH 3,5 0,0 8,0
11 10 micns 85 °C 3.0 0,0 7.0
12 11 micas 120 °C 3.0 0,0 -

3aBASKM  YINIJIBHIOIOYIH  CHPOMOXKHOCTI  peareHTy AJIeBPOH  BIIKPHBAETHCS
MOXKJIMBICTh ~ BHpIIIEHHS  OpoOjgeMH  TepMiuHOi  cTalumizamii  Oe3rTMHUCTHX
rpy0OMCIIEpCHUX CYyCIIeH31H, 30KpeMa, O10MoIIMEePHUX OYyPOBHX PO3YMHIB, OOBAKHEHUX
6aputom abo mMapmypoMm. BcTaHOBIIGHO, IO HPH 3POCTaHHI BMICTY peareHTy AJIEBPOH
nokasHuk HPHT c¢urpTpanii Taknx 0OBaKHEHMX CHUCTEM Mae€ 3arajbHy TEHJCHIIIO 10
3MEHIIIEHHS.

[TokazaHo BHINY €(QEKTUBHICTH pearcHTy AJICBPOH Ul pPEryJIIOBaHHA MOKA3HUKA
HPHT dinbrpamii y mnOpIBHAHHI 3 NOJICAXapUIHUMU peareHTamu  (Kpoxmai,
OiomosiMepr, edipu TEMoJIo3u). bionojiMepHuit Oe3rIMHUCTHIA OypOBHWIA PO3UYMH,
0o0po0bnieHunii peareHTOM AJIEBPOH, XapaKTepPU3YeThCsl HaiimMeHmnMm mnokazHukom HPHT
¢dimpTpanii Ta MIHIMAJIBHHUM T[POHMKHEHHSIM PIIMHM 4Yepe3 MOJEb IOPHCTOro
CepeoBHIIA.

YerBepTHii po3aii npucBsiueHU po3poOii KoHueNnii peuentyp 010MoIiMEepHOro
6e3rmHKCTOr0  OypoBOoro po3uuHy biokap-MT Ta JOCHIIKEHHIO 1X PEOJIOTIYHHUX,
CTPYKTYPHO-MEXaHIYHUX 1 (UIBTPALIHHUX BIACTUBOCTEH B yMOBaX BHUCOKHX IUIACTOBUX
TeMIeparyp.

13

3a pe3yJsibTaTaMu JOCIIIKEHb BUSBIICHO JIBA MEXAHI3MH PEryJIIOBAaHHS PEOJIOTTIHUX
1 (impTpamiiiHux BIacTUBOCTEH OlOMOJMIMEpHOI CHCTEMH biokap B yMOBaX BHCOKHX
TeMIIepaTyp — BUKOPHCTAHHA OPraHO-MIHEPAJIbHOIO peareHTy AJIEBPOH Ta ITiJBMIIEHHS
MmiHepamzaiii cucremu. [lepinuii MexaHi3M NPHU3BOIUTH O IABUILEHHS PEOJOTIYHUX
BJIACTHBOCTEH, ajie He 301IbIIye MEXy TepMIYHOI AecTpyKii. J[pyruii MexaHi3m, HaBMaKy,
NPAKTUYHO HE BIUIMBAE HA PEOJIOTTYHI BJIACTUBOCTI, ajie 301IbLIyE MEKY TeMIIepaTypHOI
CTIMKOCTI (pHC. 5).

700
800 | | —— Biokap (Cs. 68
CemupeHkiBcbka)
[}
ll':—"tsao \ i : ;
= . —=— Biokap (Ce. 68
g. CemupeHKiacbra) +
[ 400 | \\\ 1% AnespoH
g ; Biokap (Cs. 68
3 300 | CemupeHkiscoka) +
& 10% NaCl
o
& 200 | Biokap (Ce. 68
{ | CemupeHkKiBcbka) +
| 10% NaCl + 1%
100 | : AnespoH
I I
20 30 40 50 60 70 80 9 100 110 120 130 140 150 160
Temnepartypa, °C

PucyHok 5 — BriuB xJiopuay HaTpito, OpraHo-MiHEpPAIbHOTO peareHTy AJICBPOH Ta iX
KOMITO3HIIIi Ha 3aJIe)KHICTh HANPY> KEHH: 3CYBY OiomojiMepHoi cucTeMu biokap Bix
TEMIIepaTypu

Tabmuus 2 — Bromme peareHTy AJIEBPOH, XJIOPWAY HATPIIO Ta iX KOMIIO3HMIII Ha
BeJMUUHY Temmepatypu Ty, 1 BuOIiiHY (impTpartiio OiomomiMepHoi cuctemu biokap-MT
(cBepanoBuna 68 Cemupenkiscbkoro ['KP)

Temmneparypa | ®insrpamis HPHT (cm’/30 xB
S @ Tm,p éy i npu Tp= 135°Ci A; =5 MHa)
Biokap 125 36
Biokap + 10 % NaCl 136 35
biokap + 1 % Anespon 125 17
Biokap + 1 % Anespon + 10 % NaCl 136 15

TToemHaHHs 1HMX MeXaHI3MIB MOKJIAJIEHO B OCHOBY PO3POOKH YIOCKOHAJIEHOT
peuenTypu  OlomojiMepHoro  OypoBoro posumHy biokap-MT  (MiHepasi3oBaHuUii,
TEPMOCTIMKHIA), 110 BIAMOBIAAE reOTEPMAIbHUM YMOBaM OYpIHHS IJIMOOKHX CBEpPJIOBHH
Ha POJOBHIIAX YKpaiHW. BIAMIHHOIO OCOOJMBICTIO Takoi peuentypu € 00OB’sI3KOBHI
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BMICT comi (HaifuacTilme XJIOpHAY HATPil0) y TOETHAHHI 3 PEareHTOM AJIEBPOH.
BcranoBiieHo, 110 CITiIbHE BUKOPUCTAHHS COJII Ta peareHTy AJIEBPOH CIPUSE 3POCTAHHIO
MEKI TEPMIYHOI CTIMKOCTI 1 PEOJIOTIYHMX BJIACTHBOCTEH Ta 3a0E3MEUCHHIO HU3BKUX
nokazHukiB HPHT dinbrpamii cucremn biokap-MT B ymMoBax BHCOKMX IUIACTOBUX
temmeparyp (puc. 5, taba. 2). [lpu upoMy KOHIEHTpAIii HHUX KOMIIOHEHTIB MOXYTb
3MIHIOBATHUCS 3JICKHO B TEPMOOAPHYHHUX YMOB B CBEP/JIOBUHI.

JIiist OWIHKKM BIUTMBY TEMIIEPATypH, KOHIEHTpALiil XJOpUAY HATPIIO 1 peareHty
AJIeBpOH Ha pEOJIOTiuHI, CTPYKTYPHO-MEXaHIuHI Ta (iabTpauiiiHi  BIACTHBOCTI
GiomosimMepHoi  cuctemu  biokap-MT  BukopucraHo wmeron — 6aratodakTopHOro
SKCIIEPUMEHTY 3a JIATUHCHKMM IUIAHOM JUId 3MIHHMX (DAaKTOpPIB HA ITSITH PIBHSIX!
Temneparypa B gianazoni 25 — 150 °C; xoHuenTpauis xjopuiy Hatpiro 5 — 25 %;
KoHIeHTpariis peareHty Anespon 0,25 — 1,5 %. JlocimkeHHs peosIOTIYHUX 1 CTPYKTYPHO-
MEXaHIYHUX BJIACTHBOCTEH MPOBOJWIM MPHU MOCTIHHOMY Tiepenami Tucky 1,5 MIla; npu
BUBUEHHI (UIBTPALIHUX BJIACTUBOCTEHl Mepemaj TUCKYy 3MIHIOBAIM B JIlara3oHi
3 — 7 MIla. Peonoriuni BnactuBocTi BUB4anu Ha portauiitnomy Bickozumerpi OFI TE 1100
npu 8 mBHAKOCTAX obepraHHs y mianmasoHi Big 3 g0 600 06/xB. OOpobka onep:kaHuX
pe3ysbTaTiB JOCIIIKCHh BHKOHAHA 3a JOMOMOror makery mporpam «Rheometryy.
CTpyKTypHO-MEXaHIYHI BJIACTUBOCTI BHU3HAYAIW MPU MIBUIKOCTI oOepTaHHia 3 00/XB
gyepe3 10 ¢, 1110 xB.

Bcranosnieno, mo OionosiMepHa cuctema biokap-MT y mocrmimpkeHoMy Tiama3oHi
TeMmreparyp HaulbOiIblI ajnekBaTHa peosoriuniii mogmem ['epuiens — bamkmi. B kmaci
MOJIHOMIAJIBHUX MOJIeNIel JIPYyroro MOpsiAKy OOIPYHTOBAHO 3a KPUTEPIEM MIHIMyMY
Jucnepcii aleKBaTHOCTI CeNeKTUBHUN BUOIP PIBHAHD CTaHy JUISl IIOKA3HUKIB PEOJIOTTYHUX,
CTPYKTYPHO-MEXAHIYHUX 1 (DIIbTpAliiHUX BIIACTUBOCTEH 3alle)KHO BIJ KOHIIEHTpAIlii
XJIOPUY HATPIIO Ta peareHTy AJIEBPOH 1 TeMIleparypH, 110 3a0e3Medye MOMKIHMBICTD IX
BUKOPUCTAHHSI B 3aJauax BHOOPY ONTHMABbHHUX peUentyp OiomojJiMepHOi CHCTEMH
Biokap-MT mj1st KOHKpETHHX YMOB OypIHHS CBEPTOBHH.

30KkpeMa, OI[HEHO BIUTUB TEMIIEPAaTypd HA TOKA3HUKH HAHOUIbII aJeKBaTHOI
peostoriunoi momenmi ta CH3 mis pi3HUX CHIBBIAHONICHH pearcHTiB. BcTaHOBIICHO, MIO
3araJIbHUMHM TEHICHLISAMHM BHACIIJOK TEMIIEPAaTypHOI aii € HesiHIfiHe 3MEeHILEeHH:
JUHAMIYHOTO Ta CTAaTHMYHOTO HAMPY’)KEHb 3CYBY, HEJIHIIHE 3pOCTaHHSA I[MOKA3HUKA
HEJHIHOCTI; OJM3bKe 10 JIHIHOTO 3MEHIICHH Mipu KOHCUCTeHIi. Ha xapakrep 3MiHu
PEOJIOTIYHUX Ta CTPYKTYPHO-MEXAHIUYHMX BJIACTUBOCTEW 30IJBIICHHSA KOHIICHTPALIH
KOMITOHEHTIB CHCTEMH MPAKTUIHO HE BIUIUBAE.

PesynmpTaté  HOCIIDKEHb CTPYKTYPHO-MEXaHIUHUX BJIACTHBOCTEH O10MOIIMEPHOI
cuctemu biokap-MT Bka3yloTh Ha BHCOKY IIBHIKICTh YTBOPEHHS THKCOTPOITHOI
CTPYKTYPH Ta MOPIBHAHO HEBEJMKI 3HAYECHHs MOKa3HMKIB ii MilHocTi. BeTanosnewo, mio
JUISL HU3BKUX KOHLEHTpALIN XJIOPUAY HATPIIO Ta peareHTy AJIEBPOH B yMOBaX BHCOKHX
TEMIIepaTyp CTPYKTYPHO-MEXaHI4YHI BJIACTUBOCTI CHCTEMM HAATO HU3bKI, IO MOXe
CTBOPIOBATH HeOE3NeKy BHHUKHCHHS yCKJIAJHEHb mpu OypiHHi. [ 3amoOiraHHs TakuMm
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mporecaM 3a KOHKPETHHX TeMIepaTyp BH3HaUeHa OOIAcTh KOHIEHTpAIIl XJIOpHIY
HaTpIlO 1 peareHTy AJIEBpPOH, J¢ 3a0e3lmeuyeThCsl MIiHIMAJIbHO JOMYCTHMA BEIMUWHA
nokazurka CH3 3a 10 c¢. Taki chiBBIJHOIICHHS KOHLEHTpALIW ICHYIOTh HAaBITh MpPHU
150 °C, mo Bka3sye Ha BIAMOBLAHICTE OypoBoro posumny biokap-MT temmeparypromy
JianasoHy JOCIIKEHb Ta MOXKIIMBICTh KEPYBaHHs HOTo BIACTUBOCTSAMHM 32 TAKMX YMOB.

BceraHoBiieHo HenmiHIAHMN XapaKTep 3pOCTAaHHS IOKa3HWKA (QUIbTpamii Bix
Temreparypu. Js BHCOKMX KOHIIGHTpAWiil XJIOpWUAY HATPIIO 1 peareHTy AJIeBpOH
CIIOCTEPIraeThCs 3MEHIICHHs BIUIMBY TEMIIEPATypH Ha MOKa3HUK ¢irpTparii. BusnaueHo
JIOIYCTHMI 00J1acTi KOHIEHTpPAIli#l XJIOPHUIy HATPIIO 1 peareHTy AJIEBPOH JJIs MOCTIHHUX
3HAUEHb TEMIICPATypu 1 Mepenamy THUCKY, IO JJO3BOJSIOTH 3a0e3MeUnTd HEOoOX1mHI
BEJIMUMHU TOKAa3HUKIB (inbTpanii B ymMoBax BHOOIO CBEpAJIOBMHH. BcTaHOBIIEHO
MOJKJIUBICTh €(DEKTHBHOTO pEryJIFOBaHHS MOKAa3HWKA (DLIbTpamii mpu Temmeparypax 1o
150 °C 1 mepenagax Trcky 10 7 Mlla 3a paxyHOK mia00py KOHIIEHTpALii XJTOPUIAY HATPIFO
1 peareHTy AJIEBPOH.

BuBueno BrumB OiomomiMepHOi cuctemu biokap-MT Ha SKICTh pPO3KPHUTTA
MPOAYKTUBHUX TOPU3OHTIB. 3a pe3yjbTaTaMu JOCTIDKEHh Ha 3pa3Kax IMIMaHWKa
(cB. 52, CximHo-PorinuiBcbke pojoBuiie) KoedilieHT BIAHOBJIEHHS MPOHMKHOCTI 3a
NOBITPsIM 3HaxouBest Ha piBHI 0,87 — 0,96, a mimanuka Szydlowiecki (komnanis PSPW,
M. Kpocho, TTonbiia) xoedilieHT BIAHOBJICHHS MPOHHUKHOCTI 33 ra30BUM KOHICHCATOM
cranoBuB 0,94 — 0,98. ['MnOuHa NPOHUKHEHHS TBEPAUX YACTHHOK O10MOIIMEPHOI CHCTEMU
Biokap-MT BcepeauHy mopoBoro mpocTopy kepHa ckiaaaana 0 — 0,5 mwm.

B m’stomy po3miyi HaBEOEHO pPE3YNBTATH IMPOMECIOBOTO  BIIPOBAIKCHHS
GiomosriMepHUX cucteM biokap mpu OypiHHI ITMOOKHX CBEPJIOBHH Ha pomosumax J1J13.

[TpoMucioBMMH BHOpPOBaKEHHAME OiomomiMepHoi cuctemu  biokap-MT, 1o
nposouiucst y 2014 — 2016 pokax mpu Oypinni 13 cBepmioBuH Ta 8 cBEpUIOBHH y
KaliTalbHOMY PEMOHTI, MIATBEPXKEHO ii BUCOKI IHTiOyIOUl Ta 130JIFOI0Yl BJIACTHUBOCTI B
YMOBax BUCOKHX THUCKIB I TEMIIEpaTyp.

Po3pobnena  TexHOJNOTiE ~ KEPyBaHHS  TEXHOJOTIYHMMH  BIACTUBOCTSIMU
GiomomimMepHoi cuctemn biokap-MT 3a0e3rnedye CTIHKICTh CTIHOK CBEpPUIOBHH IPH
3HAYHO MEHINUX 3HAYEHHSX TYCTHHH, HIK B aIbTEPHATUBHUX OYypOBHX PO3UMHAX Ta
PO3KPUTTS TMPOHUKHHMX IUIACTIB 0€3 TIOrJIMHAaHb B YyMOBaX HAJBHUCOKMX perpeciii
(o 54 MITa).

[TiaTBep/KeHO 3pOCTaHHSA IHTIOYIOUOro BIUIMBY Ha TIPChKI MOPOXM  IIPH
3aCTOCYBaHHI OlomojiiMepHoi cuctemMu biokap 3 mOicoabOBUM CKiamoM (iibTpary.
3okpemMa OOBaKHEHHsS ii XJIOPUAOM KajlbLilo 3a0e3neuye YMOBH Ui  YCIIIIHOTO
PO3KPHUTTSA HECTIKMX 30H AHOMAJIbHO BHCOKHX ITIOPOBHX THCKIB 13 TEKTOHIYHUMH
MOPYIICHHIMH.

BaxnuBum  (dakropom sl SIKICHOTO PO3KPHUTTS IMPOAYKTUBHUX IUIACTIB €
BIATMOBIJHICTE OI10MOJIMEPHOI CHCTEMH TEPMIYHMM yMOBaM CBEPJUIOBHHH, IO MOTpedye
HIATPUMYBaHHS HAJIEKHOTO PIBHSA iX MiHepaii3auii. BukoHaHnHus naHoi yMoBH 3a0e3neuye
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CTabIbHICT TEXHOJIOTIYHMX BJIACTHBOCTEH Ta 3MEHINYE TEXHOIeHHHH BIUTUB Ha
KOJIEKTOp. Y BHIAAKY TEPEBUIICHHS MEXKI TEMIEpaTypHOi CTIMKOCTI BIIACTHBOCTI
GiormoiMepHOI CHCTEMH MAlOTh TEHACHIIIO [0 TMOTIPIISHHS, IO MOXE HPH3BECTH 0
ycKiagHeHb. PoOOTH B TakMX yMOBaxX BMMAaraiOThb MIHIMQJbHUX CTPOKIB iX BHKOHAHHS,
PETEeNbHOr0 KOHTPOJIIO Ta ONEPATUBHOIO PETYJIOBAHHS TEXHOJIOTTYHHMX BIIACTUBOCTEH,
30UTBIIICHHS BUTPAT XIMIYHUAX PEAreHTIB.

Biomonmimepna cuctema biokap-MT 13 BHKOPHUCTaHHSAM peareHTy AJIeBPOH
3a0e3neuye BHUCOKY SKICTh PO3KPHUTTS TMPOAYKTUBHUX TOPHU3OHTIB 32 [UIACTOBUX
TeMIIEpaTyp, KPUTHYHUX JUTA TIOJNiCaxapuIHWX peareHTiB. Ha BCIX CBEpIUTOBUHH, €
BIPOBajKeHA po3pobiieHa peuentypa OiomosiMepHoi cuctemu biokap-MT, opepikaHo
MIPOMUCIIOBY MPOAYKIIIO.

3a  pe3yjbraraMd  IPOMHCIOBOTO  BIPOB3/DKEHHS  MOXKHA  KOHCTAaTyBaTh
MIATBEPUKCHHST HA TMPAKTUIl TEOPETHYHHUX TIIOJIOKEHb 1 OCHOBHHX PE3YJIbTATiB
JqucepTamiiinoi  poGotu.  PosmmpenHs:  o6nacTi  3aCTOCYBaHHS — OlOMOJIIMEPHUX
Oe3riuHICTHX OYyPOBUX PO3UMHIB HA BEJIMKI TIIMOWHM AOCATHYTO 33 PAXYHOK i IBHIICHHS
iX TepMIYHOi CTIMKOCTI, 30UTbIICHHsS MIiHEpai3amii 1 BUKOPHUCTAHHSM CIICIIaTbHOTO
pearenty AneBpoH. Po3poOiieHnii Ha OCHOBI Takoro miaxoay Oyposuii pozunH biokap-MT
BIJMOBIJa€ yMoBaM OypiHHS TIMOOKMX CBEP/UIOBMH INPH BHCOKUX TeMIeparypax 1 Ha
JIAHWI 4ac BUKOPUCTOBYETHCS HA POJIOBHUINAX Y KPAiHH.

BUCHOBKU

Jlucepramis € 3aKiHYEHOI HAyKOBO-IOCHITHOIO pPoOOTOI0, B sAKiif Ha OCHOBI
CUHEPTreTHIHOI B3aEMOJII cojel 1 OUTKOBHUX PEUOBHMH ITIJBUINEHO TEPMIYHY CTIHKICTD
cucteM OlononiMepHux Oe3rimHucTHX OypoBux posumHiB 10 150 °C Ta po3pobieHo
TEXHOJIOTTIO0 PEryJIIoBaHHs iX BIACTUBOCTEH B yMOBAaX BHCOKUX Temmeparyp. OpepixkaHo
TaKl OCHOBHI BUCHOBKHU.

1. 3anmpomoHOBaHO KPHUTEPIH TEPMIYHOI CTIAKOCTI OE3TJIMHHUCTHX O10MOJIMEPHUX
cucteM — Temmneparypy T, IUIaBieHHsT YHOOPSAAKOBAHOI MOMIMEPHOI CTPYKTypH abo
MOYATKY il TEPMIYHOI AECTPYKIILii, IKa BU3HAYAETHCSI TOUKOIO MEPErHHY KPUBOI 3aJI€KHOCTI
HamNpy»XeHHsI 3CYBY BIJ TeMIepaTypH 3a TOCTIHHOI YacTOTH oOepTaHHS POTAIIfHOTO
BICKO3UMETpA.

[Tokazano, mO 13 3pOCTaHHAM PpIBHSA MiHepamizalii OlononiMepHol CcHCTEMH
temneparypa T 30uIbmIyeTbcs 1 i1 xjopuay Harpito mpocsrae 140 °C, a mis
MOJIIBAJICHTHUX COJICH (XJIOPHIOY KaNbIIIO, HITPaTy Kalbliio) He mepeBuinye 130 °C.
[TigBumenHs: Temneparypu Ty, MpH BBEACHHI COJiel HE CYMPOBOUKYETHCS 3POCTAHHIM
PEOJIOTIYHUX BJIACTHBOCTEH O10MOJIMEPHUX CUCTEM y BUOIHHUX YMOBAX.

2. MinepamizoBaHi Oi1OMOJIMEPHI CHUCTEMH XapaKTEPHU3YIOThCS  ITiIBUIIICHUMHA
IHTIOYIOYMMH  BJIACTUBOCTSMH, (EPMEHTATUBHOIO CTIMKICTIO 1 ryctuHor. CriibHe
3aCTOCYBAaHHs XJIOPHIB KalilO0 1 HATPIIO CHUHEPreTHYHO MIJCHIIIOE IHTIOyrouy Jito
OlomoiMEPHUX CUCTEM, SKa JUIS [OJIBAJIEHTHUX COJIed IPH KOHLEHTPALIsX MOHA[
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25 — 30 % mepeBuinye edeKT B 3aCTOCYBaHHSA XJIOPUAY Kalito. Y cucteMi biokap 13
cryneHeM MiHepamizamii 15 % He BWSBICHO O3HAKiB (epPMEHTATHBHOI JECTPYKIIi
MPOTATOM TPHOX MICSILIB.

3. [Toka3zaHo, 110 MOHMKEHHS MoKa3HuKa GuIbTpawii OlononiMepHuX OE3TIMHUCTUX
OypOBUX pO3UMHIB BHMHHMKAE BHACNIJAOK 3MEHIIEHHS HPOHUKHOCTI KIPKH, CKIIAJEHO]
NepeBaXHO  IpyOOJMCIEPCHMMHM — YacTMHKAaMW  ciabo  TiJpaTroBaHMX  IHEPTHHUX
HanoBHIOBauiB. [lojiMepHI pPEYOBHMHHU, IO KOJBMATYIOTh 1 VINIJIBHIOIOTH TOPUCTE
CepeNIOBHINE KIpKA Ta MIABHMINYIOTh TIAPABIIYHHNA OIMIP B HHOMY, € e()EKTHBHUMH
peryJiaTopamMu MmokasHuka (iabTparii y BUOIHHAX YMOBaX.

4. BusBJICHO MO3UTUBHMII BIUIMB OLTKOBUX PEYOBHMH HA TEXHOJIOTIYHI BIACTUBOCTI
610MOTIMEPHUX CHCTEM 1 BCTAHOBIICHO IX YIIUIBHIOOUY JiI0 Ha (UIbTPALiiiHy KIPKY Ta
VIOBUIBHEHHSI TPOLECIB PO3PIMHKEHHs B YMOBAaX BHCOKHX Temriiepatyp. Po3pobieHo,
OpraHi3oBaHO BHUPOOHHMILTBO Ta BIPOBA/PKEHO VY Traly3l TEPMOCTIMKHNA OpraHo-
MIHEpAJIbHUIA peareHT AJIEBPOH JJIsl PEryJiOBaHHSA PEOJOTIYHHMX 1 (IIbTpaIiiifHuX
BJIACTHBOCTEW O10MOMIMEpHUX OE3MIMHUCTHX CHUCTeM (B TOMY 4YHCII OOBaKHEHHX) Yy
BHOIHUX YMOBaX.

5. Po3pobieno peuentypy Oi0MONIMEPHOrO OE3rJIMHACTOTO OYpPOBOTO PO3YHHY
biokap-MT mns OypiHHs CBEpIUIOBHH B YMOBAX BHCOKHX IUIACTOBHMX TEMIIEpaTyp, sKa
IPYHTYETbCA Ha CIUIBHOMY 3aCTOCYBaHHI coJieil 1 peareHTy AJIEBPOH Ta 3a PaxyHOK
CHUHEPreTHYHOro e(eKTy MIATPUMYE HEOOXIAHWI pIBEHb TEPMIUHOI  CTIMKOCTI.
TexHOMOrIYHI BIACTHUBOCTI cucTeMu biokap-MT perymoroTh 3MIHOKO KOHIIEHTpaIIii comeit
1 peareHTy AJICBpOH.

Ha ocHOBI mOCHIKEHb PEOJIOTIYHHX, CTPYKTYPHO-MEXaHIYHHX 1 (UIBTpAmiiHUX
BJacTHBOCTEH OlomoimepHoi cucremu biokap-MT mpu Ttemmeparypax go 150 °C
noOyoBaHO perpeciiiHi MOJENI, sIKi JO3BOJISAIOTH MPOTHO3YBATH X 3MIHY 3aJIe)KHO BiJl
KOHIIEHTpALIil peareHTiB 1 TeMIepaTyp Ta 0OrpyHTOBYBATH BUOIP ONTUMAJIbHUX PELENTYP
JUTS1 KOHKPETHUX YMOB OypPIHHS.

6. TlpoMucrnoBe BIPOBaKEHHS pelenTypu OiomomiMepHOi cuctemMu biokap-MT
nposeneHo mpu OypiHHi (13 cBepUTOBHH) Ta KamiTaJbHOMY PEMOHTI (8 CBEpAIOBHH) Y
CKJIQJIHAX TEOJIOTO-TeXHIYHMX yMmoBax pomosum JIJ[3. IliaTBEpMKEeHO BHCOKY
eeKTUBHICTh cHcTeMH biokap npu po30yproBaHHI HECYMICHHX IHTepBaIiB OypiHHS 13
Hectiiikumu BigkmagamMu 3 ABIIT Ta BHCHaKEHMMHU MPOAYKTHBHAMHU TOPH30HTAMH 3
AHIIT, 3pocranHHs IiHTiOyI0o4Oro BIUIMBY Ha TIPCbKI TMOPOAM MPU 3aCTOCYBAHHI
010MOJIIMEPHOI CHCTEMH 3 TOJIICOIBOBUM CKJIA0OM (DIIBTPATY, @ TAKOXK SKICHE PO3KPHUTTS
MPOJYKTHBHUX IUIACTIB B YMOBAX BUCOKUX TEMIEpaTyp.
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AHOTALISA

Jly6an C.B. IligBumieHHS e(hEKTHBHOCTI CHCTEM OIOMOMIMEPHUX OE3TIMHUCTHX
OypoBuX po3unHIB. — Ha mpaBax pykomucy.

Juceprauis Ha 3100yTTS HAayKOBOTO CTYNEHs KaHAWAATa TEXHIYHMX HayK 3a
cneuianpHicTio 05.15.10 — Bypinns cBepmioBuH. — [BaHOo-DpaHKiBChKHN HALOHATBHHUN
TEeXHIYHUI yHIBepcuTeT HAQTH 1 ra3y, IBano-dpankiseek, 2016.

JlucepTariist MPUCBSYCHA ITiIBUIIEHHIO TEPMIYHOI CTIHKOCTI CUCTEM O10TOMIMEPHUX
0e3rIMHUCTUX OYPOBUX PO3UMHIB Ta pO3POOIN TEXHOJIOTII PEryJIIOBAHHS iX BIACTHBOCTEH
B YMOBAX BUCOKHX TEMIIEpATyp.

Ha mizxcraBl TEOpeTHYHHUX Ta EKCIIEPUMEHTAIBHUX JOCHIKEHb BCTAHOBIJICHO, IO
3pOCTaHHS MEXKI TEPMIYHOI  CTIHKOCTI, 3a0€3MEUYEeHHS BHUCOKHX  PEOJIOTIYHUX
XapPAKTePUCTHK 1 HU3BKUX TOKA3HWKIB (iapTpamii OlOMOJIMEPHHUX CHCTEM B YMOBaX
BHUCOKHX IJTACTOBHX TEMIIEPATyp MOKIIUBE BHACIIJOK CHMHEPTeTUYHOI B3aEMOJIii comell i
OLTKOBUX pe4oBHH. P0o3po0iieHO 1 BIPOBAKEHO Y Taly3i pelenTypy MiHepasli30BaHOTO
GiomosyiiMepHOro  Oe3rIMHUCTOr0  OypoBoro po3unHy biokap-MT, 000B’s3KOBUM
KOMIIOHEHTOM SIKOTO € OpraHo-MiHepalibHUil peareHT AJIEBPOH, IO BHKOHYE (yHKIIT
TEPMOCTIMKOro perysisaropa QuibTpamii Ta pPEOJOriyHMX MOKAa3HUKIB Ha BHOOI
CBEPJUIOBUHH.

B nwmcepramiiiHiii poOOTI  3ampOMOHOBAHO KPHUTEPId TEPMIYHOI  CTIMKOCTI
GilomoiMepHUX OE3rTUHUCTUX CHCTEM, IOCIIKEHO IHTIOYIOUl, PEosIoriuHl, CTPYKTYPHO-
MeXaHI4HI 1 (iIbTpaIiifHi BIacCTUBOCTI OypoBoro po3unHy biokap-MT mpu Temmeparypax
1o 150 °C.

Kurouosi ciioBa: 6e3rimHucTrii OypoBuii po3unt, biokap, OlomoniMepHuil peareHT,
OpraHo-MiHepallbHUil peareHT AJIEBPOH, PEOJIOTIYHI BJIACTHBOCTI, CTPYKTYpPHO-MEXaHIuHI
BJIACTUBOCTI, TEPMIYHA CTIHKICTh, (PIIbTPALIIHI BJIACTUBOCTI.
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ABSTRACT

S.V. Luban. Increase in the efficiency of clayless biopolymer drilling muds. —
Manuscript.

Thesis for acquiring a candidate’s degree in engineering sciences on the specialty
05.15.10 — Well drilling. — Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, 2016.

The thesis is devoted to the topic of the increase of thermal stability of biopolymer
clayless drilling mud systems and the development of technology elaborated in order to
control their properties at high temperatures.

On the basis of theoretical and experimental studies it was established that the
increase of thermal stability limit, securing high rheological characteristics and low
filtration loss of biopolymer systems at high formation temperatures is possible due to
synergistic interaction of salts and protein substances. The recipe of mineralized
biopolymer clayless drilling mud Biocar-MT was developed and utilized in practice. Its
mandatory component is organic-mineral Alevron agent that serves both as the heat-
resistant regulator of filtration and rheological parameters at bottomhole.

Given thesis proposes the criterion of thermal stability for clayless biopolymer
systems, inhibiting, rheological, structural-mechanical and filtration properties of drilling
mud Biokar-MT at temperatures up to 150°C were investigated.

Keywords: Biocar, biopolymer agent, clayless biopolymer drilling mud, filtration
properties, organic-mineral Alevron agent, rheological properties, structural-mechanical
properties, thermal stability.

AHHOTANUA

Jly6an C.B. IloBsimenue 3p¢GeKTUBHOCTH CHCTEM OMOTIOJUMEPHBIX OS3TJTHHUCTHIX
OypoBHIX pacTBOpoB. — Ha mpasax pyxonwucu.

JuccepTanuss Ha COMCKaHUE Y4YEHOH CTENEHM KaHAWJaTa TeXHUUECKHX HayK IO
cneruanbHocTH 05.15.10 — Bypenue ckBaxuH. — MBaHo-DpaHKOBCKUI HALMOHATbHBIN
TeXHUUYECKUH YHUBEpCUTET He(TH | ra3a, iBano-Opankosck, 2016.

JuccepTamusd TOCBAIMIEHA TOBBIIICHHIO TEPMHUYECKOH YCTOWYMBOCTH CHCTEM
OWomoMMepHBIX OE3TMMHUCTEIX  OypOBEIX PAacTBOPOB M pa3paboTKe TEXHOJOTHH
PEryIMPOBAaHMA MX CBOICTB B YCIOBHAX BBICOKHX TEMIIEPATYP.

[Ipennoxen Kputepuit TEPMUYECKOMI YCTOMUMBOCTH OMONOIMMEPHBIX
OE3INIMHUCTBIX CHUCTEM, COOTBETCTBYIOIUI TeMmmepaTrype IUIaBJIEHHs YHOPSI0YEHHOH
MTOJIMMEPHOM CTPYKTYPBI JKHUAKOCTH W ONpeAesieMBli Kak TOYKa mepernda KPHUBOWM
3aBACHMOCTH HAINpPsDKEHUS CHBUTA (WJIM BA3KOCTH) OT TeMmmeparypsl. lloka3ana
3aBACHMOCTh TEPMHUYECKOW YCTOHUMBOCTH OT MHHEPAJIM3alUN W COJEBOTO COCTaBa
OypoBOTO pacTBOpA.

HccnenoBanel MHTHOMPYIONIHE CBOMCTBA OTAENBHBIX COJNEH (XJIOPHIABI Kajus,
HATPUS U KaJbIWsA, HUTPAT KAJIbLUA) U UX KOMIIO3UIUH. Y CTAaHOBIEHO CHHEPreTHYECKOe

21

YCWJICHHE MHTUOMPYIOIIETo BO3ACHCTBUA OMOMIOIMMEPHBIX CUCTEM Ha TIIMHUCTBIE TOPOJIBI
IPU COBMECTHOM NPHMEHEHHWHN XJIOPUAOB KaiusA M Harpus. VIHrHOMpoBaHME TIIMHHUCTHIX
MOPOJI TIOJIMBAJICHTHBIMH COJIIMH TIPH KOHIEHTpamusax cBeime 25 — 30 % mpeBbimaer
sdpdext or npuMeHeHus xjopuaa Kanua. [lokazaHo, YTO MHHEPAIN30BAHHBIE
OMONONMMEpHBIE  CHCTEMbl ~ XapaKTEPU3YIOTCS  NOBBILEHHONW  (epMEHTATHBHOM
ycroiunBocThio. B cucreme buokap mpu koHueHtpauusx cosneid or 15 % wu Bwime
CIeLualbHbIE PeareHThI-0aKTEPULIUIbI HE UCIONb3YIOTCA.

VYCTaHOBJIEHO, YTO CHW)KEHME IOKasaTess (uiIbTpanuy Oe3rJMHHUCTBIX OypOBBIX
pacTBOPOB ~ BO3HUKAe€T  BCIEJICTBME  YMEHBIIEHHWA  NPOHULIAEMOCTH  KOPKH,
chOpPMHUPOBAHHON  NPEMMYLIECTBEHHO  IpyOOJMCHEPCHBIMUA  YacTHLAMH  cj1abo
IHAPATUPOBAHHBIX MHEPTHBIX HaMoMHUTEeH. D((BEeKTUBHBIMU PEryIATOpaMK HIOKA3aTENs
(bunbTpanMu TakMX CHUCTEM B 3a00MHBIX YCJIOBHAX SBIISIIOTCS IOJMMEpPHbIE BELIECTBA,
CHOCOOHBIE KOJIbMATHPOBATh M YIUIOTHATH MOPUCTYIO CPedy KOPKHU, a TaKkke 3aMeIATh
TEeMIIepaTypHOe  pazkwkeHHe (HUIbTpPaTa W TOBBILIATh €€  T'HAPABIMYECKOe
compoTuBieHue. Takumu cBoiicTBaMu OONAfAIOT Pa3NWYHBIE THUIIBI PACTUTENBHBIX WU
JKUBOTHBIX OCIIKOB C OTPAHMYEHHOI PacTBOPHMOCTEIO.

CrHepreTmyeckoe B3aMMOJCIHCTBHE CONMCl MW OEIKOBHIX BEIIECTB IO3BOJIACT
obecneunTh BBHICOKME PEOJIOTMYECKHE CBOMCTBA M HU3KHME MOKazaTesiud (HUIbTPALUU
OMOMOMMMEPHBIX CHCTEM B YCIOBUAX BBICOKMX TEMIeEpaTryp MpHU OJHOBPEMEHHOM
yBEIMUEHUN IMpeJena HMX TepMudeckoil ycToitumBoctu. PaspaGorama u BHeapeHa B
OTpaciy peuenTypa MUHEpPAIU30BAHHOrO OMomoauMepHoro Oyposoro pactsopa buokap-
MT, Brmovaromas Oenokcoaepskanmii peareHT AJEeBpoH ¢ (PyHKIMAMH TEPMOCTOWKOTO
peryJaTopa (puIbTpaLiK U PEOTOTHUECKNX CBOWCTB B 3a00IHBIX yCIIOBHSAX.

Ha ocHoBe wmccrmemoBaHMii PEOJOTHYECKHX, CTPYKTYPHO-MEXAHWYECKHX W
(bunbTpaoHHBIX CBOMCTB OypoBoro pactsopa bruokap-MT mosnydeHsl perpeccHOHHbIE
MOJENH, KOTOpble MO3BOJIAIOT MPOTHO3UPOBATH MX H3MEHEHHS B 3aBUCHMOCTH OT
KOHILIeHTpauuii pearenToB u Ttemmeparyp (mo 150 °C), a takxke 00OCHOBaTh BBHIOOP
ONTUMAJIBHBIX PEUENTYP A KOHKPETHBIX YCIOBUNA OypeHHUs.

Teopernueckne  MONMOXKEHHWS  JIUCCEPTAIMOHHOW  pabdOTBI  MOATBEPXKICHBI
YCIEMHBIMI ITPOMBIIIEHHBIMH UCTBITAaHUAMU  pa3paboTaHHON penenTypel
O6roronmMMepHoOi Oe3rMHUCTON cucTeMbl brokap-MT B CI0KHBIX TOPHO-T€OJIOTHYECKIX
YCIIOBUAX Y KpPauHBL.

KrroueBrle cioBa: OesrmuHUCTEIE OypoBOW pacTBop, buokap, OmomomamMepHsIi
peareHT, OpraHO-MUHEpaJbHBIM  peareHT AJIeBPOH, PEOJIOTHUECKHE  CBOWCTBA,
CTPYKTYPHO-MEXaHWYECKHE CBOMCTBA, TEPMUUECKAs YCTOHYMBOCTh, (PMIIBTPALIIOHHBIC
CBOMCTBA.
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