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Hemuyk FO. A. birymun, moaudikoBaHi cMoJIaMH, OJep:KAHUMH 3
(denonbHOI ¢pakmii kKam’sAHOBYTriJIbHOI cmouau. — Kpagdidikamiiina HaykoBa
npamns Ha NpaBax PyKoOIuUcy.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTyIeHsS JokTopa ¢imocodii 3a
criemiaybHIcTIO 161 — XiMIYHI TeXHOJIOTIT Ta 1HX)eHepis. HarioHansHu yHIBEpCUTET
«JIpBiBCHbKa MOMITEXHIKa», MiHICTEPCTBO OCBITH 1 Hayku Ykpainu, JIpBiB, 2020.

B nucepratiiiHoMy AOCHIDKEHHI BUPIIMIEHO Ba)JIMBE HAYKOBO-IPAKTUYHE
3aBJaHHS — OJICP’KAHHSA BHCOKOSIKICHUX JIOPOKHIX OITyMiB, 10 MOAU]IKOBaHI
CMOJIaMH, SIK1 OTPUMYIOThCA 3 PeHOJIbHOI (ppakiii kam’ sHOBYTLIbHOI cMoiH (KBC).

[IpoanainizoBaHo A0CBii YKpaiHU 1 CBITY B 3aCTOCYBaHHI y TPOMUCIOBUX
MacmTabax Ta po3po0JEHHI HOBUX PI3HOMAHITHUX MOJIU(]IKATOPIB JAOPOXKHIX
O0iTymiB. Ha OCHOBI Orjsify HayKOBOI Ta MATEHTHOI JITEpaTypu 3alpOIOHOBAHO
HANpPSIMOK [TPOBENIEHHS JOCHIIKEHb.

OnpanboBaHO CTaHJAPTHI Ta CY4YacHI METOJMKH JOCTIKEHb OITyMiB, iX
Moau(IKaTOPiB, MPOIYKTIB 3aCTOCYBaHHS OITyMiB, MOJM(DIKOBAHUX TMOJIMEpaMU
(BMII), — Oirymuux emynbciii (BE), nuTux emynbCciiiHO-MiHEpaIbHUX CyMIillIen
(JIEMC), acdanpToOeTOHHUX cyMimed. Bu3HaueHO OCHOBHI XapaKTEPUCTUKH Ta
CKJIaJ] CUPOBHMHHU: 3AIMINKOBOTO (IuCTUisIIAHOTO) HadToBoro Oitymy BJ[ 60/90;
okucHeHoro HadroBoro 6itymy BHJ[ 60/90; mmpokoi penonbHoi ppakuii (LLIDD);
By3bkuX ¢paxiiiid, BusydeHux 3 IO (m.k.—185 ta 185—k.k. °C). OmparpoBaHo Ta
BJIOCKOHQJICHO METOJUKH OJIep)KaHHS (peHOI-Kpe30a-hopMaIbIeriIHUX CMOJ 3
DD, By3pkux (Ppakuiii 1 BUIYYEHHX 3 HUX KOHUEHTpATiB (eHOoIy Ta/du Horo
noxinHux («cupi» genonn), BMII, BE, JIEMC.

Metoaom nosikoHaeHcarii gopmanpaeriay 3 DD, dp. m.k.—185 1 185—k.k.
°C 1 «cupux» (peHoiB Oyau ojiepKaHi HOBOJIa4YH1 (EHOI0-KPe3010-PopMabaeriIHi
cmoiu  (DIKC-®). BceraHoBieHo, 10 BUKOPUCTaHHS B TPOIECI CHHTE3Y
KOHIICHTpOBaHUX (PeHOoMB («CUpUX» (PEHOIIIB) T03BOJISIE 30UIBIIUTH BUX1J CMOJIHU SIK
Ha 3aBaHTA)XCHHS PEaKTOpa, TaK 1 HA BUXIAHY (PPaKIiio, TOMY JOLULUIFHO MPOBOIUTH

cunte3 OiKC-® 3 «cupux» ¢enoniB, a He 3 Bukopuctanus LIDOD yu By3bKHX
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dbpakumiii. HepomineHo nuutu DD Ha nBi Byxui ppaxiii (m.k.—185 1 185—k.kx. °C)

Ta/9l BUKOPUCTOBYBATH Yy SIKOCTI CHPOBHUHU BHIIYUEHI 3 HUX «CHUP1» (peHoIH.

Bcranosneno, mo ansa oaepxkanusa @1KC-®, sika Hanamni Oye 3acTOCOBYBaTUCS
y AaKocTi MoaudikaTopa 0iTyMy, AOILIbHIIIE BUKOPUCTOBYBATH K kaTtaiizarop HCI,
OCKiTbKH 0iTyM MonudikoBanuii HoBoJadyHO D1KC-®D, y mopiBHSAHHI 13 pe30JIbHOIO
OiKC-®, Bonozie OUIBIIOK TEMIIEPATYPOIO PO3M SIKIIIEHOCTI, aJIFe31€10 3 TTIOBEPXHEI0
CKJIa Ta BIJIMOBIIa€ BUMOTaM MO OJHOPITHOCTI.

Busueno BILJIMB YUHHUKIB (MacoBe CIT1BBITHOIIICHHS «CHUpI»
dbenonu/popmarniy; BMICT KaTamizaTopa (KOHIIEHTPOBAHOI XJIOPUIHOI KHCJIOTH);
TeMmreparypa; TpuUBaliCTh) Ha npouec oAepxkanHsi DiIKC-O. Metogom
MaTEMaTUYHOTO MOJIEITIOBAHHS BU3HAYEHO ONTHUMalIbHI yMoBU onepxkaHHs DiKC-D,
Kl Jal0Th 3MOTY JIOCATTA MAaKCHMAaJIbHOTO BHMXOJy CMOJIA Ta HEOOXITHOI 1l
TeMIepaTypyu pPo3M SIKIIEHOCTI. TakoX TOCHIIHPKEHO KIHETHUYHI 3aKOHOMIPHOCTI
nporecy onepxkanasg DiIKC-® i1 mokazano, mo mpu 60-100 °C Ta TpuBaIOCTI
nporiecy 20—60 XB. cepeiHe 3HaUSHHsI eHeprii akTuBailii cTaHOBUTH 21 k/[/Mob.

byno mnposeneno mopiBHsHHA edekTtuBHOCTI DiIKC-O® 1 npomucioBux
Moau(iKaTOpiB NOPOXKHIX OiTymiB. BuszHaueHo, 1o BBeIEHHSA B CKJIaJ OITyMy SIK
npomuciioBoro noximepy tuny CbC (Calprene 501M), tak 1 ®iKC-® npuBoauTs 10
30UTBIIICHHST TEMIIEPATypy PO3M AKIICHOCTI Ta aare3ii 01TyM-MoIIMEepHOI KOMIO3HUITIT
710 TIOBEpPXH1 CKJIa; BEJACHHS B CKJaJ OITYyMy SIK MPOMMCIIOBOI aAre3iitHoi n1o0aBKu
(Wetfix BE), tak 1 onepxanoi ®iKC-® n03BoJiss€e 3HAYHO IMOKPAIIUTH 3YCTIICHHS
01TyMy 3 MOBEPXHSAMHU CKJIa Ta IEOCHIO.

Bcranosneno, mo ogepxkana cmojia ®iKC-® npospiisie Xopoln 34eritoBaibH1
BJIACTUBOCTI 3 MIHEpAJIbHUMHU Martepiajamu (IeOCHEeM/CKIIOM), CYTTEBO IMOKpaIye
aAre3iiiHi BIACTUBOCTI JOpOXkHIX OiTymiB, a BMII, y cknani sikoro € 1 % mac. ®iKC-
®, BiamoBigae BUMoram 0 ToBapHoro 0irymy mapku BHJIA 60/90.

Takox moBeneHo, 10 BBEECHHS B CKiaa 0iTymy komruiekcy mo6aBok (DiKC-
®, CbC Ta ryapoH) A03BOJIAE€ AOCATTA 3HAYEHHS TEMIEpaTypu pO3M AKIIEHOCTI,
NeHeTpamli Ta eNacTUYHOCTI OJepKaHoi OITyM-TIOJIMEPHOI KOMIO3HMIIL, SKi

BIJIMOBIIaI0Th BAMOTAM HOPMAaTHBHUX TOKyMEHTIB 10 Mapku BMKA 60/90-55.
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3 BUKOpUCTaHHSAM BuxigHoro ta MoaudikoBaHoro ®iKC-® 6itymiB Oynu

BUTOTOBJICHI MOHOGa3Hi OiTymHI emynbcii, BiamoBigHo, BE 1 ta BE 2, BE 2a.
Otpumani BE sik Ha OCHOBiI BHXIJIHOTO, TaK 1 Ha OCHOBI MOAM(IKOBAHOTO OITyMiB
BIJINOBIJIAI0Th YUHHUM HOPMATUBHUM JOKyMeHTaMm, 30kpeMa, BE 1 BigHOCHTBCS 10
mapku EKII-60 (kaTioHHa moBUIbHOpO3MaaHa emyibcis), a BE 2 ta BE 2a no EKIIM-
60 (katioHHa MOoAM(IKOBAaHA MOBLILHOPO3MAIHA EMYIIBCIA).

Bbyno BHUBUEHO MOXIMBICTH oaepkaHHsA Ta 3actocyBaHHs JIEMC Ha ocHOBI
BUIIIEBKA3aHUX OITYMHHX eMYyJIbCiii. BcTaHOBIIEHO NONUTBHICTE 3acTocyBaHHsa JIEMC
Ha OCHOBI B’sikydoro, moaudikoBanoro DiKC-®. Edextunicts takux JIEMC
MiITBEPKYETHCS TTOKAa3HUKOM BTpPATH MaTepially IpH BOJIOTOMY abpa3WBHOMY 3HOCI,
AKui € Habarato HwkuuM, aHik y JIEMC Ha ocHOBI BuXigHOTO (HeMO 1M (iKOBaHOTO)
oitymy BHJI 60/90. Takoxx BE Ha OoCHOBI MOAU(IKOBAHOTO B’SIKYHOTO JI03BOJISIE
orpumatu JIEMC, ski BOJOAIIOTH BIAMIHHMMH aATr€31MHUMU BIIACTUBOCTSIMHU ILIAPY
3HOCY 1, BIIMOBIHO, XOPOIIIOIO JIOBTOBIUHICTIO MIOKPHTh.

BuB4YeHO MOXIIMBICTH OJEPKaHHS Ta 3aCTOCYBaHHSA ac(hanbTOOETOHHUX
cymimieir Ha ocHOB1 OiTyMiB, MmoaudikoBanux ®iKC-®. BcraHoBneHo, 1110 BBESHHS
B KUTBKOCTI 1 % Mac. cMomu 10 61TyMy 3HIIKYE TTOKA3HUK BOJOHACUYEHHS B JIBA pa3u
Ta 301IbIIyE KOS(ILIEHT JOBrOTPUBAIOl BOJOCTIHKOCTI acanbToOeToHy micis 15 Ta
30 nmi6. Acdanproberonam 3 gobaBkoro DiIKC-® mnpuTamMaHHi BHINI MOKa3HUKU
I'PaHuULIl MIITHOCTI NP CTUCKY 3a Temneparypu 20 °C ta 50 °C.

JlocipKeHO MOKITMBUM TTOTEHINIMHUEN BIUIMB O01TyMiB, MoaudikoBanux OiKC-
®, axi OyAayTh 3aCTOCOBYBAaTUCS y JIOPOXHBOMY TMOKpPHUTTI, Ha TOBEPXHEBI BOIU
HABKOJIMIIHBOI MICHEBOCTI. BcTaHOBIEHO, 1IO0 3ampoONOHOBaHI CMOJKM MOXYTh
BUKOPUCTOBYBATHUCS ISl BUPOOHUIITBA JJOPOXKHIX MOKPUTH K KOMIOHEHTH B’ SDKYIHX
CIIOJIYK 1 HE CIPUYHUHIOBATH TIPH IIbOMY TTOHATHOPMOBOTO 3a0pyIHEHHS JTOBKIJIJIS.

Ha ocHOBI pe3ynbTaTiB JOCHIIKEHb OyJia 3amporoHOBaHa MPUHIIMIIOBA
TEXHOJIOTIYHAa cxeMa ojepkanHs wmoaudikoBanux DiKC-® OitymiB 1 mokazaHa
JOLUIBHICTh 3aCTOCYBAHHS OCTAHHIX y IOPOXKHBOMY BUPOOHUIITBI.

KurouoBi cioBa: 6itym, MoaudikoBaHi 6iTymu, afaresiiiHa n1o6aBka, peHoapHa

bpaxiis, peroso-kpe3010-GpopManbaeTiIHa CMOIA.



SUMMARY

Demchuk Yu. Ya. Bitumen modified by resins obtained from phenolic
fraction of coal tar. — Qualifying scientific work on the rights of the manuscript.

The dissertation for the Doctor of Philosophy (PhD) degree on specialty 161 —
chemical technology and engineering. Lviv Polytechnic National University,
Ministry of Education and Science of Ukraine, Lviv, 2020.

The dissertation research solved an important scientific and practical problem —
the production of high-quality road bitumen modified with resins obtained from the
phenolic fraction of coal-tar pitch (CTP).

The experience of Ukraine and the world experience in the application on an
industrial scale and the development of new various modifiers of road bitumen are
analyzed. Based on a review of scientific and patent literature, the direction of
research has been proposed.

The standard and modern research methods for bitumen, its modifiers, bitumen
based products, polymer modified bitumen (PMB), bituminous emulsions (BE),
slurry surfacing mixes (SSM) and pavement have been examined. The main
characteristics and composition of raw materials were determined: distilled petroleum
bitumen BD 60/90; oxidized petroleum bitumen BND 60/90; wide phenolic fraction
(WPhF); narrow fractions distilled from WPhF (initial boiling point-185 °C and 185
°C—final boiling point). The methods of obtaining phenol-cresol-formaldehyde resins
from WPhF, narrow fractions and distilled from them concentrates of phenol and/or
its derivatives ("raw" phenols), PMB, BE, SSM were examined and improved.

Novolac phenol-cresol-formaldehyde resins (PhCR-F) were obtained via
polycondensation of formaldehyde with WPhF, initial boiling point-185 °C and 185
°C—final boiling point fractions, as well as "raw" phenols. When using concentrated
phenols ("raw™ phenols) in the synthesis, the resin yield relative to the reactor load
and the initial fraction was found to be increased, so it is advisable to synthesize
PhCR-F using "raw" phenols rather than using WPhF or narrow fractions. It is
impractical to divide WPhF into two narrower fractions (initial boiling point-185 °C
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and 185 °C-—final boiling point) and/or to use as raw materials the "raw" phenols

produced from them.

In order to obtain PhCR-F, which will be further used as a bitumen modifier, it
IS more appropriate to use a HCI catalyst, because the bitumen modified with novolac
PhCR-F, in comparison with resol PhCR-F, has a higher softening temperature,
adhesion and homogeneity.

The influence of factors (“raw" phenols/formalin weight ratio, catalyst
(concentrated hydrochloric acid) content, temperature and duration) on the process of
PhCR-F obtaining has been studied. The method of mathematical modelling was used
to determine the optimal conditions for obtaining PhCR-F, that allow to achieve the
maximum resin yield and required softening temperature. The Kinetic regularities of
obtaining PhCR-F were investigated and the average value of the activation energy
was found to be 21 kJ/mol at 60—100 °C for 20—-60 minutes.

The efficiency of PhCR-F was compared with industrial modifiers of road
bitumen. It was determined that the introduction in the bitumen composition of both
SBS industrial polymer (Calprene 501M) and PhCR-F leads to an increase in the
softening temperature and adhesion to the glass surface; the introduction of an
industrial adhesive additive (Wetfix BE) and the resulting PhCR-F can significantly
improve the adhesion of bitumen to the glass surface and gravel.

It was found that PhCR-F exhibits good adhesion properties to mineral
materials (gravel/glass) and significantly improves the adhesive properties of road
bitumen. Moreover, PMB with 1 wt.% of PhCR-F meets the requirements for
commercial bitumen BNDA 60/90.

It was also proved that the introduction of a complex additive (PhCR-F, SBS
and tar) into bitumen allows to achieve the values of softening temperature,
penetration and elasticity for the resulting bitumen-polymer composition, which meet
the requirements of regulations to the brand BMKA 60/90-55.

Using the original and PhCR-F modified bitumen, the monophase bitumen
emulsions were created: BE 1 and BE 2, BE 2a, respectively. The resulting BE

comply with current regulations, in particular, BE 1 belongs to the brand EKP-60
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(cationic slow-dissolving emulsion); BE 2 and BE 2a — to EKPM-60 (cationic

modified slow-dissolving emulsion).

The possibility of obtaining and using SSM based on the above bitumen
emulsions has been studied. The efficiency of SSM based on PhCR-F modified
bitumen was studied. It was found that the material loss during wet abrasive wear is
much lower than those for SSM based on the original (unmodified) bitumen BND
60/90. Moreover, SSM based on PhCR-F modified bitumen have excellent adhesive
properties and, accordingly, good durability of thin-layer coatings.

The possibility of obtaining and using asphalt concrete mixtures based on
PhCR-F modified bitumen has been studied. It was established that the introduction
of 1 wt.% of resin to bitumen reduces the water saturation index twice and increases
the coefficient of long-term water resistance after 15 and 30 days. Asphalt concrete
with PhCR-F, there are typically higher indexes of compression tensile strength at 20
°C and 50 °C.

The possible effect of PhCR-F modified bitumen, which will be used for
pavement, on the surface water of the surrounding area has been investigated. It was
found that the proposed resins can be used for the production of pavements as the
binder components which do not cause excessive pollution.

Based on the results of research, a basic technological scheme for obtaining
PhCR-F modified bitumen was proposed and the feasibility of its using in road
production was shown.

Keywords: bitumen, modified bitumen, adhesion promoter, phenolic fraction,

phenol-cresol-formaldehyde resin.



CIMMACOK OIMYBJIKOBAHMX MPALL 3A TEMOIO JIMCEPTALIT

Cammi y HayKogux nepiooutHux 6uOAHHAX IHO3EMHUX 0EPHCA8 MA Y 6UOAHHAX

Ykpainu, wio inoexcoeani ¢ mixcnapoOnux HayKkomempuuHux 6a3ax OaHux
(Scopus ma Web of Science)

The selection of raw materials for the production of road bitumen modified by

phenol-cresol-formaldehyde resins / Gunka V., Demchuk Y., Pyshyev S,

Starovoit A., Lypko Y. /I Petroleum and Coal. — 2018. — Vol. 60, Ne 6. — P.

1199-1206. (Scopus). Ocobucmuii emecox 3006ysaua nonseac y NpoGedeHHi
eKCNepUMEHMANIbHUX 00CTIONCeHb, 00POONIEeHH] Ma Y3a2ailbHeHHT pe3yibmamia 00Ci0NCeHb.

Effect of phenol-cresol-formaldehyde resin on adhesive and physicomechanical
properties of road bitumen / Demchuk Y., Sidun I., Gunka V., Pyshyev S.,
Solodkyy S /I Chemistry & Chemical Technology. — 2018 — Vol. 12, Ne 4. — P.

456-461. (Scopus ma Web of Science). Ocobucmuii smecox 3006ysaua norseac y

NPOBeOeHHl eKCNepUMEHMANbHUX O0CHIONHCeHb, 00pOONIeHHI ma Y3a2albHeHHI pe3yibmamis

docniovncens.

Development of mathematical model and Identification of optimal conditions to
obtain phenol-cresol-formaldehyde resin / Pyshyev S., Demchuk Y., Gunka V.,
Sidun lu., Shved M., Bilushchak H., Obshta A. // Chemistry & Chemical
Technology. — 2019. — Vol. 13, Ne 2. — P. 212-217. (Scopus ma Web of Science).

Ocobucmuii 6necox 3000y8aua noisieac y BUKOHAHHI eKCNEPUMEHMAIbHUX O0CTIOHCEHD,
00pOOIEeHHI Ma IX MAMeMAMU4YHOMY ONPAYIOBAHHL.

Slurry surfacing mixes on the basis of bitumen modified with phenol-cresol-
formaldehyde resin / Demchuk Y., Gunka V., Pyshyev S., Sidun I., Hrynchuk
Y., Kucinska-Lipka J., Bratychak M. // Chemistry & Chemical Technology. —
2020. — Vol. 14, Ne 2. — P. 251-256. (Scopus ma Web of Science). Ocobucmuii enecox

3000y6aua NOAAAE Y NPOBEOEHHI eKCNePUMEHMANbHUX O0CNIONCeHb, 00pobIeHHI ma
nio2omosyi mamepianie 0o nyonikayii.

Application of phenol-cresol-formaldehyde resin as an adhesion promoter for
bitumen and asphalt concrete / Gunka V., Demchuk Y., Sidun Ilu.,

Miroshnichenko D., Nyakuma B., Pyshyev S. // Road Materials and Pavement
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Design. — 2020. (Scopus). Ocobucmuii enecox 3006ysaua nonseac y npoéeoeHHi

eKCNepuUMeHmantbHUx 00Ci0JCeHb, 00pobIeHHI ma nioeomosyi mamepiaiieé 00 nyoiKayii.

Cmammi y naykoeux paxoeux eudanuax Ykpainu
OpepxanHga MoaudikaTopiB  JOpOXKHIX OiTyMmMiB 3 (eHonpHOT  dpakxiii
kam’ sHOBYTUTbHOT cMomu / demuyk FO. Sl., ['yapka B. M., [Tunr’es C. B.,
bpatnuak M. M. // Vraexumuueckuit xkypuan. — 2017. — Ne 5. — C. 23-28.

Ocobucmuii 6Hecok 3000y8aya NONA2AE V BUKOHAHHI eKCNePUMEHMAIbHUX O00CI0NCEHD,

00poONIeHHl ma iX MamemMamudHOMy ONPAYIOBAHHI.

BmivB KIIBKOCTI Kartajizaropa Ha TMpoLec OAepKaHHA MOAU(IKaTOpiB
JOPOkHIX 01TyMiB 3 (heHoIbHOT (Ppakiiii kam’ssHOBYTUIbHOI cMonu / [Tunr’es C.
B., demuyk lO. S1., I'yapka B. M., bannikoB JI. Il. // Yrnexumudeckuii
xypHain. — 2019. — Ne 4. — C. 27-33. Ocobucmuii enecox 3006yséaua noiseac y

NPOBEOEHHI eKCNepUMEHMAIbHUX O00CNI0NHCeHb, 00pObIeHHI ma Ni02omosyi mamepianie 00

nyonikayii.

Te3u oonoegideii ma mamepianu KoHgepenyii
Bitumen modified by phenol-cresol-formaldehyde resins obtained from coking
by-products. / Demchuk Y., Gunka V., Pyshyev S., Bratychak M., Lypko Y. //
Litteris et Artibus : 7" International Youth Science Forum, 23-25 November

2017 : materials of forum. — Lviv, 2017. — P. 66-67. Oco6ucmuii snecox 3006ysaua
nons2a€ y NPOBEOEHHI eKCNEePUMEHMANbHUX OO0CHI0ONCeHb, 00poONeHHI ma Nnio2omosyi
mamepianie 0o nyonikayii.

bitymu, MoaudikoBaHi  (eHON0-Kpe30J0-(popMaIbAETIIHUMUA  CMOJIaMH,
OJIep>)KaHUMHU 3 TMOOIYHMX TPOAYKTIB nepepodku Byruws / Hemuyk FO. 5.,
I'yapka B. M., Tlunr’es C. B., Jlunko [O. B. // 1 MixHap. 3a0uHa HayK.-TE€XH.
KOH(. 3 CydyacHHUX TEXHOJOT1d MepepoOKH MNallbHUX KomanuH, 19-20 kBiTHS

2018 p. : marepianu koHd. — XapkiB, 2018 — C. 9. Ocobucmuii enecox 3006yeaua

NONA2AE V NPOBEOEHHI eKCNePUMEHMANbHUX OO0CNIONCeHb, 00poOaeHHI ma ni02omosyi

mamepianie 0o nyouaikayii.
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MopaudikyBaHHs JOpOXHIX HapTOBUX OITYMIB CMOJaMH, OTPUMaHUMH 3

benonpHOI (pakuii kam’ssHOBYTUIbHOI cMoiH / ['yapka B. M., demuyk FO. 5.,
Jlunko FO. B., Cinyn 0. B, I[Tumr’es C. B. // [loctyn B HadTorazonepepoOHiii
Ta HadTOXIMIUHIM mpomuciaoBocTi : [X MixHap. Hayk.-TexH. KoH(., 14-18

TpaBHs 2018 p. : marepianu koH(d. — JIeBiB, 2018. — C. 129-132. Ocobucmuii
8HeCOK 3000y6a4a NOAA2AEY V NPOBEOCHHI eKCNEePUMEHMANbHUX O0CTIONCEeHb, 00pOOaeHH] ma
nio2omosyi mamepianié 00 nyoaikayii.

Effect of phenol-cresol-formaldehyde resin on adhesive properties of road
bitumen / Demchuk Y., Gunka V., Sidun lu., Pyshyev S., Lypko Y. // Litteris et
Artibus : 8" International Joint Youth Science Forum, 22-24 November 2018 :
materials. — Lviv, 2018. — P. 222-223. Ocobucmuii enecox 3006ysaua nonseae y

NPOBEOEHHI eKCNEPUMEHMANIbHUX O0CNI0NCeHb, 00pOOIeHHI Mma Y3a2allbHeHHI pe3yibmamis

00Ci0JHCEHD.

3acTocyBaHHs (DeHOJ0-Kpe30Ji0-hopMaIbIAETiAHOI CMOJU B SIKOCTI aAre3iiHoi
no6asku 10 achansroderoHiB / demuyk O. 5., I'yapka B. M., [Tumr’e C. B.,
Cinyn 1O. B. // CyyacHi TexHos0T1i IepepoOku nansHux konaiuH : [ MixHap.
HayK.-TexH. KoH}., 18-19 kBitHs 2019 p. : matepianu koHd. — Xapkis, 2019. —

C. 73—T74. Ocobucmuii enecox 3000yeaua nonazac y npoéedenHi eKCnepuMeHmanrbHux
0ocniddicerb, 00pobIeHHI Ma Y3a2allbHeHHI pe3yIbmamie 00Cai0NHCeHD.

Development of mathematical model and Identification of optimal conditions to
obtain phenol-cresol-formaldehyde resin / Demchuk Y., Pyshyev S., Shved M.,
Gunka V., Bratash S., Sidun lu., Pyryk R. // Litteris et Artibus : 9" International
Youth Science Forum, 21-23 November 2019 : materials. — Lviv, 2019. — P.
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BCTYII

OOrpyHTyBaHHsI BHOOpPY TeMHu JocjiqkeHHsi. CBITOBE CIIOXKMBaHHS OITyMy
ctaHOBUTh mpubian3Ho 102 muH. ToHH Ha pik. Jo 85 % HadToBHX OITyMIB
BUKOPUCTOBYIOTHCA K B’SDKyd€ B PI3HUX BUAAX YKJIAJaHHS JOPOKHBOTO MOKPUTTS:
TPOTYyapiB, aBTOMOOUIBHUX JIOPIT, 3T THO-TIOCAJIKOBUX CMYT a€pOPOMIB TOILIO.

[Ipu 3acTocyBaHH1 TOPOKHIX OITYMIB Ta €KCILTyaTallli MOKPUTTIB Ha X OCHOBI
BUHUKA€ HHU3Ka MpoOjeM, HAMOUIBII TOCTPUMHU 3 SKHX € HEIOCTaTHbO BHCOKI
TEIUIOCTIAKICTh Ta aJre31iH1 BIaCTUBOCTI O1TyMiB (HaBITh, SKIIO BOHU BIAMOBIIAIOThH
BUMOTaM HOPMAaTHUBHUX JJOKYMEHTIB).

OnHuM 3 HaWMEepPCNEeKTUBHIIIMX HAIPSIMKIB MIJBUILEHHS SKOCTI B’ SDKYYUX IS
OJIep>KaHHS JTOPOKHIX MOKPUTH € X MOAU(IKYBaHHS MOJIMEPHUMHU MaTepiaiamH.

Jist  mMonudikyBaHHA  JOPOXKHIX  OITyMIB  HaWIIUpIIE€  3aCTOCOBYIOTH
TepMoeacTomiacTu (mepuodyeproBo, Osok-konogimepu ctupeny tumy CBC), 1o
3YMOBJICHO X 3/IaTHICTIO HE TUIbKHU MIBUIITYBATH MIIIHICTh MOKPUTTS, aJI€ 1 HaJlaBaTH
MOJIIMEPHO-0ITYMHIM KOMMIO3ULIi €JaCTUYHOCTI, 30UIbIIYBaTH 3YEIUIEHHS OITyMy 3
MiHEpaJIbHUM MatepiaioM. BMicT Takux mojiMepiB B MOAM(IKOBAHUX OITyMaX MOXKE
nocsirata 3—10 % wmac.

['00BHUM HENONIKOM, LI0 CTPUMY€E TEMNM 30UIbLIEHHS BUIYCKY OITYMIB,
MOM(DIKOBAaHMX TEPMOECIIACTOIIaCTaMH, € iX BHCOKa BapTicth (y 1,5-2,5 paszm
OulbllIa 3a BapTICTh HEMOAM(PIKOBAHMX OITyMiB). TOMYy BaXKJIMBUM € TIOLIYK
HEJIOPOTUX PEUOBHUH, SIKI O TOKpAIlyBaju €KCILTyaTalliiiHl XapaKTepUCTUKH OITyMiB,
MePIIOYEeProBO, aare31HHi.

Jlpyra mpobiyiema mojiira€e B TOMY, III0 B OUIBIIOCTI JOPOXKHIX TEXHOJIOTIH
01TyM 3aCTOCOBYETHCS B rapsiiOMy BUIJISII, 1110, CBOEIO YEProt0, MPU3BOJUTH 10 HOTr0
OKHUCHEHHSI Ta 3HAYHHUX 3MIH OCHOBHHUX XapaKTEPUCTHK B’SHKY4YOro (CTapiHHs
0ITyMYy).

HaiinepcrneKTUBHIIMM TUISIXOM BHUPIMIEHHS I[HOTO MUTAHHS € BIPOBAHKCHHS
eMYJIbCIMHUX TEXHOJOTH (B’sKyde NepeMillyeThCsi 3 arperatom (medeHem) y

BUTJISI/II BOJTHUX €MYJIbCiH), Halle(heKTUBHIMUMU 3 SKuX € MoaudikoBani bE.
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Tomy pocnmiJKeHHs, SIKI TIOB’s3aHI 3 TMIONIYKOM SIK HEJAOPOTHX, TaK 1

e(peKTUBHUX MOAN(PIKATOPIB JOPOXKHIX HAPTOBUX OITYyMIB Ta OITYMHHX €MYJIbCIH, €
JOLUTBHUMU Ta aKTyaJIbHUMH Ha JAHUHU Yac.
3B'A30k po0OTM i3 HAYKOBMMH NpPOrpaMaMHu, IUIAHAMH, TeMaMHu,
rpanTamu. JlucepTamiiiHa poOoTa BIANOBIAa€ HAayKOBOMY HampsMmy kadeapu
XIMIYHOI TexHoJjorii mnepepoOkn HadTh Ta Ta3zy HallloHaIbHOTO YHIBEPCHUTETY
«JIpBiBChKa moONITEXHIKA», a came: «Po3poOneHHsS OCHOB MPOIECIB TEPEpOOKH
rOpPIOYMX KOIAJUH, OJEpXaHHS Ta 3aCTOCYBaHHS MOTOPHHUX IaJIUB, MAaCTHJIBHHX
MartepiaiaiB, MOHOMEpIB, TMOJIMEpIB, CMOJ, B’SDKyYMX 1 TOBEPXHEBO-aKTUBHUX
pPEUOBUH 3 BYTJIEBOJHEBOI CHUPOBHHH» 1 BUKOHYBAlacsi B MeEXax IEp>KOIOIKETHOI
HAyKOBO-IOCHIIHOI pobotu «JlopokHi OiTymMH Ta OITyMHI eMyJbcli, MoaudikoBaHi
MOJIIMEPAMHU 1 CMOJIaMH, OJIEPKAaHUMU 3 MOOIYHUX MPOAYKTIB MEPEepOOKH BYTULISN»
(Ne nmepxk. peectp. 0117U004451). PoGoTta Takox 3iilicHIOBanacs 3a (piHAHCOBOI
nigtpumkd  nporpamu  [IPOM  «MikHaponHuii — CTUIIEHIIaIbHUN  OOMIH
noktopantamu» [lonbebkoi HarionanbHoi areHiiii akajgemiunoro oominy (Ne peectp.
PP1/PRO/2019/1/00009/U001).
Merta i 3aBAaHHS JOCTITKECHHS.
Memoro oucepmauitninoi po6omu € po3poOJICHHSI HAYKOBUX OCHOB TEXHOJIOT1i
oniep>kaHHst HaQTOBUX OITYMiB, MOIU(]PIKOBAaHUX (HEHOIO0-KPE30J10-(POPMaIIBIET1THOIO
cmosoro, Ta BE, JIEMC, acdansToO0eTOHIB Ha iX OCHOBI.
3 mMemow O00CACHEHHA NOCMAG1eHOi Memu, po36°A3aH0 HU3KY 3A80aHb, A
came:
® BCTAaHOBJIEHO JOILJIBHICTh 3aCTOCYBAaHHSI K MOJU(DIKATOPIB JOPOKHIX
HadTtoBux OiTymMiB pedyoBuH (DiKC-D), sKi BUPOOISIIOTECI METOJIOM
MOJTIKOHJICHCAIIT PIIKUX MPOYKTIB KOKCYBaHHS BYTULIA 1 (hopmManbaeriny;

e 3jiiicHEHO BHOIp THUIy CHUPOBHHHM Ta KartajizaTopa JUisi OTPUMaHHS
MoaudikaTopa HAPTOBUX OITYMiB;

® BCTAHOBJCHO BIUIMB UYWHHUKIB (MacoBe CIHIBBIIHOIIEHHS  «CHPI»

dbenonu/popmaiiin; BMICT KartaidizaTopa (KOHIIEHTPOBAHOI XJIOPHUIHOI

KHCJIOTH); TeMmIepaTypa;, TPUBAIICTh) Ha oOJepkaHHA MoaudikaTopa
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(DPiKC-D), sikuit BojoAle IK HEOOX1THOK TEMIIEPATYPOIO PO3M SIKIIIEHOCTI,

TaK 1 BACOKUM BHUXOJIOM Ha CHPOBHHY;

® Ha OCHOBI JIOCHIJIHUX JTAHUX PO3POOJICHO EKCIIEPUMEHTATbHO-CTATUCTUYHY
MOJIE/Ib TIPOIIECY MOIKOHEH ALl «CUpUX» (PeHOMIB 3 (PopMabIeriIoM Ta
BCTaHOBJICHO ONTUMalIbHI yMOBH ojaepkanHsa DP1KC-d;

e BH3HauYCHO e(PEKTUBHY €HEPTiI0 akTHBallli nmporuecy oaepkanHsa DiKC-d;

e 3 BUKOPHCTAaHHSAM KOMILJIEKCY 100aBOK (penon0-Kpe3omn0-
dbopmainberiiHoi cMoiu, mpoMuciaoBoro nojiMepy tuiy ChC Ta ryapony)
OJIep>KaHo OITyM, MOJU(PIKOBAHUNA KOMILJIEKCOM JOOABOK, SIKUM MOBHICTIO
Bignosigae sumoram JICTY b B.2.7-135:2014,

e 13 3acrocyBaHHsIM DiKC-D onepxkaHo 061TyM, MOAU(DIKOBAHUHN aIr€31MHOIO
n00aBKOIO, SKHM MOBHICTIO Bimmosimae Bumoram COVY 45.2-00018112-
067:2011;

e onepxxaHo ToBapHy BE Ha OCHOBI OKHCHEHOro HadTOBOro OITymMy Ta
0iTyMy, MOIU(DIKOBAHOTO (PEHOJI0-KPe3010-(hOpMaNIbIETIAHOK CMOJIOO.
JloBeneHo  texHosioriyHi — mepeBarn  MmoaudikoBanoi BE  Hag
HEMOAM(PIKOBAHOIO;

® pO3pO0JICHO OCHOBHM TEXHOJOIIT OjepXaHHsA OITymiB, MOAM(IKOBAHUX
®iKC-®:  po3paxoBaHo  MaTepiasibHI  OajaHCH,  3alpPOINOHOBAHO
INPUHIMIIOBY CX€My BHPOOHHULTBA Ta pPO3pPaXOBAaHO OCHOBHI TEXHIKO-
€KOHOMIYHI MOKa3HUKH.

06'ckm Oocnioxncennn — TPOLECH TIABUIICHHS SIKOCTI Ta YJOCKOHAJICHHS
CIocO01B 3aCTOCYBAaHHS OKMCHEHUX JOPOKHIX Ha(TOBHUX OITYMiB.

Ilpeomem oOocniorycenna — OJIEpXKaHHS OKHCHEHHMX JOPOXKHIX HA(PTOBUX
oitymiB, BE Ta Bupo06iB Ha iX OCHOBI, B CKJIaJi SKUX € CMOJIM, III0 BUTOTOBJIEHI 3
PILIKHUX TPOIYKTIB KOKCYBaHHS BYTUILJIS.

Metoau pgociaigxenb. OCHOBHI XapaKTepUCTHKH OITyMiB (Temmeparypa
PO3M SIKIIIEHOCTI, PO3TSDKHICTh  (IYKTUJIBHICTB), TI€HETpAllisl, 3YEIUTIOBAHICTh 3
MOBEPXHSMHM CKJIa Ta Ie0eHI0, JMHAMIYHA B’ SI3KICTh To110), BE (ogHOPIIHICTh, BMICT

01TyMy 3 eMyJIbraTOpOM, YMOBHA B'SI3KICTh, CTIHKICTh MPHU 30€piraHHi TOIIO), PIIAKAX
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MPOAYKTIB TEPMIUHOI mepepoOku BYriuisl (QpakiiiHuil cKiaa, MOJIEKYJIsIpHA Maca)

Ta XapaKTEPUCTUKHU BOJ, 1[0 MOXXYTh YTBOPIOBATUCS MPU BUPOOHUIITBI MOKPUTH 3
BMII, Bu3Hauanu 3a CTaHAAPTHUMHU METOJMKAMH. 3TiIHO METOAuKU MapkyccoHa
BUKOPUCTOBYBAIM €KCTPaKLIMHO-aJCOPOIINHUN METO PO3IIJICHHS JJisi BUSHAYCHHS
rpynoBoro ckinany 6itymiB Ta BMIIL. Komnonentnuii cknag IO ta cupux ¢denonis
BU3HAYaJd METOJIOM PIAMHHOI XpomaTorpadii 13 3acTOCyBaHHSIM Ta30-PIAMHHOTO
xpomarorpada "Crystal 2000M". Temsmo- Ta TEpPMOCTIMKICTH OiTyMiB BU3HAYAJH
TepMorpadiuHUMHU TOCHIKeHHIMHE Ha aepuBatorpadi Q-1500D cucremu F. Paulik,
J. Paulik, L. Erdey. IY-cniektpasibhuii anami3z 3paskiB OiTymiB Ta cMmonu PiKC-O
saificaroBayi Ha [Y-criekrpodotomerpi momeni Thermo Scientific™ NICOLET™
6700.

HaykoBa HoBH3Ha ojep:kaHUX pe3yJbTaTiB. CHCTEMHUMH TOCIIIKEHHIMU
npoueciB otpumanHs BMII 1 BE Ha ix ocHOBI Bhepiue ofep:kaHO HU3KY HayKOBHUX
pe3yibTaTiB:

® BCTaHOBJIECHO, 1110 JJIs oAepkaHHs 3 ¢peHonbHo1 Ppakiii KBC edpextuBHOTrO

Moaudikaropa JOpPOXHIX OITyMiB He0oOX1qHO BUALIATH 13 LIDD «cupi»
¢denonu ta 3acrocoByBatu HCl y sikocTi karamizaTopa;

® JIOCJI/PKEHO BIJIMB OCHOBHUX YHWHHHUKIB Ha MpPOIEC TMOJIKOHACHC Al

«cupux» (peHosiB 3 (GOpMATBIETIAOM 3 METOK OJEp>KaHHS (PEHOJIO-
Kpe3oJo-popManabAerimiHOl  CMOJH, $Ka  BOJOJITUME  HEOOX1THOIO
TEMIEPATYpOI0 PO3M’SIKIIEHOCTI Ta BHUCOKUM BHXOJOM Ha TOYaTKOBY
CHUPOBUHY;

® BCTAHOBJEHO, 110 B TemmepaTypHoMmy aiamasoni 60-100 °C Ta 3a

TpuBanocti npouecy 20-60 xB. cepenHs epeKkTHUBHA €HEPris aKTHUBAIl
peakiiil moJiKoHAEHcalli «CUpuX» (EHOIIB 1 POpMaNBIETiy CTAaHOBUTH
21 xJI>x/Momb, 110 BKa3y€ Ha MOXKIIMBICTh TIEPeOiry peaxifii 3a X yMOB Y
nudy3iiHii o6nacTi.

I[IpakTyHe 3HAYEHHS OJEP:KAHMX pe3yJabTaTiB. JlOBEIEHO MOIUIBHICTD
3acTOCyBaHHA (PeHOJI0-Kpe30sio-hopManpIeriqHoi cMoIu  SK e()EKTUBHOTO Ta

BIJIHOCHO Heaopororo Mopaudikaropa IOpoXHIX OiTyMiB. BukopucranHs Takoi
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CMOJIM JIO3BOJISIE 3OUIBIIUTH TEMIEPATypy PO3M’SIKIICHOCTI OITyM-TIOJIIMEpPHOT

KOMIO3UIIIT Ta aJre3iifHi BIaCTUBOCTI OKUCHEHUX HAa(pTOBUX OITYMIB.

Cnuparourch Ha OTpUMaHy €KCIIEpUMEHTalIbHy 0a3y, po3poO0JIEHO a/leKBaTHY
MaTeMaTUyHy MoOJieJb, Ha 0a31 4KOI 3HaWJEHO ONTUMAJIbHI YMOBHU IMPOIECY
onepxkanuss OiKC-O (cmiBBiAHOLIEHHS] KOMIOHEHTIB «cupi» ¢peHomu — 1,95; Bmict
KaTaii3zaropa (KOHIIEHTpOBaHA XJiopuaHa kucjota) — 2,40 mMac. Ha «cupi» (QpeHoNH;
TemMIiepatypa mpoiecy — 85 °C; TpuBalicTh MOMIKOHACHCAIIT — 42 XB.).

IIpu 3actocyBanHl (eHOT0-KPe300-hOpMaTBACTIIHOI CMOJM  OJIEPIKAHO
ToBapHi MonudikoBani HadToBl OiTymu mapku BMKA 60/90-55 1 BHIIA 60/90, a
Takok O0iTymMHYy eMynbcito Mapku EKIIM-60. Tlokazano, mo BUpoOU (TOHKOIIAPOBI
MOKPUTTS Ta acGaibTOOETOH) HA OCHOBI MOJU(DIKOBAHUX B SHKYUYUX MArOTh 3HAYHO
Kpalll eKCIulyaTaliiiHl BIAaCTUBOCTI, aHI’)K AHAJIOT14HI HOKPUTTS, SIKI OJEPKYIOThCA 13
3aCTOCYBaHHSAM HEMOAU(IKOBAaHUX OITyMiB.

Po3pobneno  ocHOBM ~ TeXHOJIOTi  BHUpPOOHUITBA  (PEHOIO-Kpe30Jio-
dbopMasbJIEriAHOI CMOJIM Ta MOJAU(DIKYBaHHSA HEKO OKUCHEHHMX OITyMIB 1 OITYMHHX
EMYJIBCIH.

OcolucTuii BHecOK 3100yBauya TMOJsTac B aHaJi3l JITEPATypHUX JDKEpET,
3arajibHiil MOCTAHOBIl 3aBJaHb Ta iX BHUPINIEHHS, IUJIAHYBaHHI Ta OCOOUCTOMY
BUKOHAHHI EKCIIEPUMCHTAIBHUX JIOCHIKeHb, OO0poOIl Ta y3araabHEHHI IX
pe3yabTariB; (OpMYJIIOBaHHI OCHOBHUX BHUCHOBKIB JAMCEpTalliiHOi poOOoTH. BHECOK
aBTOpAa y BUPIIICHHS 3aBJ/IaHb, K1 BUHOCSTHCS HA 3aXUCT, € OCHOBHUM.

BusHauenHss MeTH, 3aBAaHb Ta YEpProBOCTI MPOBEACHHS JIOCIHITKEHb,
IUIaHYBaHHSI €TamiB BUKOHAHHS pPOOOTH, OOrOBOPEHHS OTPUMAHUX pe3YJIbTaTiB,
HAIllMCaHHA cTaTed 1 Te3 JOMOoBield Ha KOH(MEPEHIAX 3AIHCHIOBAJIOCS pa3oM 3
HAyKOBUM KEpPIBHUKOM — JI.T.H., pod. [Tumr’esum C.B.

Amnpobauis pe3yabTaTtiB podoTu. Pe3ynbTaTi aucepTaniiftHoro J0CIiIKeHHS
JIOTIOB1TaNIMCs Ta OMyOJIIKOBaH1 B MaTepiaiax Mi>KHAPOIHUX 1 BITYUM3HSIHUX HAYKOBUX
1 HAyKOBO-NPAKTUYHHUX KOH(EpeHlisXx, a caMme: 7-Uuid MIDKHAPOJHUA MOJIOIIKHUN
HaykoBuii (opym «Litteris et artibus» (23-25 mmcromama 2017 poky, JIbBiB,

Vkpaina), | MikHapogHa 3a0yHa HayKOBO-TE€XHIYHAa KOH(QEpPEHLIs 3 CydacHUX
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TEeXHOJIOT1H TmepepoOku manbHux KomanuH (19-20 xBiTHa 2018 poky, Xapkis,

VYkpaina), IX MiknaponHa HaykoBo-TexHiuHa KoH(pepeHuis «lloctym B
HadTorazonepepoOHiii Ta HadToXiMiuHIA mpomucioBocT» (14—18 TpaBus 2018
poky, JIpBiB, YKpaiHa), 8-uil Mi>KHApPOIHUN MOJIOAIKHUN HayKoBHUM dopyM «Litteris
et artibus» (22—24 nuctonazga 2018 poky, JIbBiB, Ykpaina), Il Mixknapoana HayKoBo-
TexHiuHa KoHpepeHIlis «CydacHl TEXHOJOT1I nepepoOKH MmajabHuX KomaauH» (18—19
kBiTHI 2019 poky, XapkiB, Ykpaina), 9-uii MiKHApOIHUN MOJOADKHUN HAYKOBHN
dbopym «Litteris et artibus» (21-23 nucromana 2019 poky, JIsBiB, Ykpaina), Il
MixunapogHa HayKoOBO-TexHiIuHa KoHpepeHiis «CydacHi TEXHOJOTIl MepepoOKu
nanbHux konamue» (16—17 kBiTHa 2020 poky, XapkiB, Ykpaina), X MixHapoaHa
HayKOBO-TexHIYHAa  KoH(pepeHuis «lloctym B HadrTorazomepepoOHiii  Ta
HadToximMiyHii npomucioBocT» (18—23 TtpaBus 2020 poky, JIbBiB, Ykpaina), 2
MixHapogHa HaykoBa KOH(EpEeHLiss 3 aKTyaJbHUX MpoOsieM OyIiBHUITBA
«ExoKomdopt 2020» (16—18 Bepecus 2020 poky, JIbBiB, YKpaiHa).

IHyoaikanii. 3a Temoro aucepranii onyOaikoBaHO 16 ApyKOBaHMX HAyKOBUX
mpailb, 3 IKMX 5 cTaTeil BXOATh 0 (paxoBUX BUJAHb YKpainu (3 HUX 3 ommyOIiiKoBaH1
y BUJAHHSX, 1110 BKJIIOYEHI J0 HaykoMeTpuuHux 0a3 Scopus ta Web of Science); 2
CTaTTI HaJeXaThb 10 HaykoMmeTrpuuHux 0a3 (Scopus ta Web of Science) ta €
OIMyOJIIKOBAaHMMHU y HAYKOBHX MEPIOJMYHUX BHUIAHHIX 1HIIUX JEp)KaB. AmpoOarliro
HAyKOBUX pE3yJbTaTiB OyJ0 MPOBEACHO HAa 9 MIKHAPOJHUX HAYKOBO-TEXHIUHUX
KOH(DepeHIisx.

Crtpykrypa Ta 00cHAr aucepraniiHoi podoTu.

HucepraiiitHa pobdoTa CKIAJAETHCS 31 BCTYIY, 5 PO3/ALIiB, BACHOBKIB, CIIUCKY
BUKOPUCTAHUX JDKepen JitepaTypu Ta 4 ponmartkiB; MicTuth 68 Tabmumi ta 34
pucCyHKU. 3araibHuil oOcsar aucepraunii — 213 cTopiHOK; oOcAr, KM 3aliMaroTh
UTrocTpariii, TabiuWIl, CIHCOK JHKEpes BUKOPUCTAHOI JITEepaTypu Ta JIOJATKH,

CTaHOBUTH 96 CTOPIHOK.
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PO3/II 1

BJIACTUBOCTI, OJEP’)KAHHA TA BUKOPUCTAHHA
HA®TOBUX NOPOXHIX BITYMIB. OI'JIA/ JHTEPATYPU

1.1. Knacudikaris, KOMIIOHEHTHAN CKJIaJ, OCHOBHI BJIACTHUBOCTI, OJCp>KaHHS

Ta 3aCTOCYBaHHS HAPTOBUX OITyMiB

bitymu — ne cymiin piikux, HamBTBEPAUX a00 TBEPAMX CIOJIYK BYIJICIIO Ta
BOJHIO, TETEPOATOMHUX pe4yoBUH. EnemenTHuii cxmax OITyMiB MpUOIHU3HO
HacTynmHUi: Byriemo 80—85 % wmac., Boguao 8,0-11,5 % wmac., kucao 0,2-4,0 %
Mmac., cipku 0,5-7,0 % mac., azory 0,2-0,5 % mac. CepeaHss MoJIEKyJsIpHa Maca

oitymy ckiagae 700-800 [1].

1.1.1. Knacudikamis nadroBux OirymiB. B ocHoBHOMY, HadTOBI OiTymMHU
KJIACU(IKYIOTh 3a: TOXOKEHHSIM (CITIOCOOOM OJEpKaHHS ), METOJIOM 3aCTOCYBaHHS Ta
rayy33io (HanmpsiMoM) BUKOPUCTAHHS.

Y t1abn. 1.1 3rimno [1] nHaBeaeHa kmacudikaiis HapTOBUX OITYMIB 3a
MTOXO/PKCHHSIM YH CITOCOO0M OJIepKaHHS.

Ta6mms 1.1

Knacudikariist HahTOBUX O1TyMIB 32 MOXOKEHHIM

[ToxomxeHHs PizHoBUIM
Masytu
3auIIKoBi
Hamisryaponu
(muctumsivai )*
I'ynpoun

3aJIUIITIKA TEPMIYHOTO KPEKIHTY TUCTUIISATIB

3aMuIIKy TEPMIYHOTO KPEKIHTY Ma3yTiB

Kpekinrosi : .
3aJIUIIKK BICOPEKIHTY

3aJUIITKH MPOITi3y
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[Tponorxenus Tadmuii 1.1

Bunineni Acdanpta mporieciB aeachanpTU3aIil
CEJICKTUBHUMHU .
ExcTpakT ceneKTUBHOIO OYUIICHHS JUCTUIISATHUX 1
PO3YMHHUKAMHU
. 3aJIMIIKOBUX OJIUB
(ocamxeHi)
Kucuem nosiTps
OxkucHeHi Cipkoto, CeIleHOM YU TeIYypOM
[TapomoOBITPSIHOIO CYMIIIIITIO 13 3ACTOCYBAHHSM 1HIIIATOPIB
CyMii 3aJMIIKIB, BUAUIEHUX PI3HUMHU CEIEKTUBHUMU
PO3UMHHUKAMU
. CyMimIi 3aTMIIKOBUX O1TYMIB 3 OKUCHEHUMH O1TymMamMu
KomnaynnoBani : .
3anuIIKOBI 3 KPEKIHTOBUMU AUCTUIISITAMH
Cywminn okucHeHUX OITyMiB pi3HOI MTHOUHU
OKHCHEHHS

* 3a3Buyail B HAyKOBIH JIITEPATypi 3aCTOCOBYIOTh TEPMIH «3aJHIIKOBI», TO1 IK B HOPMAaTUBHUX

JIOKYMEHTaX JaHi OiTyMH MO3HAYAIOTHCS K «IUCTUIISIIAHI.

3a METOJIOM 3acTOCyBaHHS HA(PTOBI OITYMH MOJIISIOTH BUXOJSYU 3 TOTO, B
SKOMY BHTJISIZII 1X BUKOPUCTOBYIOTH (HAHOCATH HA MOBEPXHIO a00 MEpPEeMIIIyIOTh 3
MIHEpaJIbHUM MaTepiaioM):

e B’53K1 (3aCTOCOBYIOTH y PO3ILJIABJICHOMY BUTJISI);

® DpiaKi (3aCTOCOBYIOTH Y BUTJISI/II PO3YUHIB);

® BOJHO-€MYJIbCIHI cymimni (OITyMHI eMyJbCli, (akTUYHO, OKpEeMUU BHUJ

POIYKTY).

[Ipu BuKOpHCcTaHHI B’S3KMX HaPTOBHX OITYyMIB mepeadadaeThCcs iX HarpiBaHHS
JI0 TeMIIEpaTypHy PO3IUIABJICHOTO CTaHy, 110 3a0e3neuye epeKTUBHY 1 3pydHy poOoTy
3 HUMH |2, 3].

[Ipu BuKoOpuCcTaHHI piAKUX HAPTOBUX OITYMIB MependavdacTbCcs POIUMHEHHS

(po30aBiieHHs) B’SI3KMX OITYMIB piakumu HadTonpoaykramu [4].
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bitymui emynscii (BE) — 11e onHOpiaHI, TEPMOJUHAMIYHO HECTIHKI CUCTEMH 3

nBoma abo Ounpine (azamu, OJHA 3 IKUX € AUCIEPCIHHUM cepeoBHILIEM (TIOCTIHHO
piakoro ¢azor) 1 aucnepcHor (gazoro (MajgeHbKl Kparil po3mipoM Bia 1 g0 20 MKkM)
[5-11]. BukopucranHs OITYMHHMX €MYJIbCIH JO3BOJISE€ ITOKPAIIUTH  SKICTb,
TEXHOJOTIYHICTh 1 IIBHJAKICTH HPOBEIACHHS JOPOKHBO-OYMIBEIbHUX 1 PEMOHTHHUX
pOOIT.

3a HanpsIMKaMu 3aCTOCyBaHHS HaATOBI OITYMHU MOJALISIOTH HA YOTUPH OCHOBHI1
rpynu:

® JIOpPOXHI,

e OyJIiBEIbHI;

® TIOKpIBEJbHI;

®  130JIALINHI.

Takox icHye psin OITyMIB CHEIIaJbHOTO MpU3HA4YeHHS (Ui JakodapOoBux

IPOJYKTIB, PAAIOTEXHIYHOI IPOMUCIOBOCTI, aKyMYJIATOPHUX MACTHK TOILIO).

1.1.2. KomnoneHTtHuii ckian HapToBUX OITymiB. biTymu ckmagarotbest 3
HAJ3BUYAHO BEJMKOI KUIBKICTI XIMIYHUX CIOJIYK P13HOI IPUPOH, SIK1, 3BAXKAIOUU Ha
BKa3aHy BHWIIE PI3HOMAHITHICTb CHUPOBHMHHM Ta il BHCOKY MOJICKYJSIpHY Macy,
imeHTUdIKyBaTH 9acTo HeMOXJMBO [12-18]. ToMy NMpHHATO BH3HAYATH TPYIOBHMA
XIMIYHUH ckiaa O0iTymy. B 3amexHOCTI Bl PO3YMHHOI 31aTHOCTI CHOJYK B PI3HUX
PO3YMHHHUKAX TMPOBOJATH PO3AUICHHS OITyMy Ha OKpemi Tpynu. 3a MeTOAO0M
Mapkyccona A0 ckiagy OITyMiB  BXOASTh  OJUBH, CMOJH, achalibTeHH,
achaabTOTEHOBI KHCIOTH Ta iX aHrigpuad, kapbenm 1 kapboimgu. Yacro
BUKOPHCTOBYIOTh YMOBHUH MO OiTyMy Ha acalbTeHH 1 MaJIbTEHH (CyMiIll OJIUB Ta
cmon) [1]. BmactuBocTi HadTOBUX OITYMIB 3aj€XaTh Bijl iXHBOTO TPYIHOBOTO CKJIaAdY.
KoxHna 3 BkazaHuUX Tpyn KOMIIOHEHTIB BIUIMBA€ HA TIE€BHI BJIACTUBOCTI HA(PTOBHUX
oiTymiB. ToMy a1t ofiep>kaHHsI TOBAPHUX OITYMIB Pi3HUX MapoOK Ma€ OyTH JAOCATHYTO
ONTUMAaJbHE CHIBBIAHONICHHS ac(aibTeHIB, CMOJI Ta OJIUB 3 HEOOXITHUM BMICTOM
apoOMaTHUYHUX BYTJIEBOJHIB Ta BIICYTHOCTI 3HAYHOI KIJIBKOCTI TBEPAUX MapadiHOBUX

ByrjiaeBoHiB [19].
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OnuBHM — 11€ B’SI3K1 PIAMHU )KOBTOTO KOJIbOPY 13 CepeIHBOI0 rycTHHO 911-923

kr/M® 1 MousekymsipHoto macoro 240-800. Bonu HanmawoTh OiTyMy pyXJIHBOCTI,
TEKY4OCT1, 3017IbITYIOTh BUITAPOBYBAHICTh, 3HWKYIOTh TEMIIEPATYPY PO3M’ SIKIIIEHOCTI
Ta TBepaicTh OiTymiB [1, 20].

CMonu — 11e pe4OBHHH, SIKI BOJOIIOTh PI3HOI0 KOHCHCTEHIIIE€I0 — BiJl TATYYOi
JIMTIIKOT MacH A0 TBEPAUX aMOPPHUX KPUXKUX PEYOBHH TEMHO-OPYHATHOTO KOJIHOPY,
ryctuaoro  980-1060 xr/m® Ta wmonekymsapHor Macowo 300-2200. Cmomm €
pPO3UYMHHHMKAMH 1 cTalumizaTopamu acdanbTeHiB. BoHM € HOCIIMH TBEpOCTI
(4aCTKOBO), TUTACTHYHOCTI Ta PO3TsHKHOCTI OiTyMmiB [1, 20].

Acdanbrenn — 1e TBep/l, HEIUIABKI, KPUXKI PEUOBUHH YOPHOTO abo Oyporo
KoJbopy 3 ryctuHor 1010-1240 xr/m® Ta monexymsapHoro Macor 1200-200000.
AcdanbTeHH HEPO3UYMHHI Y HACUYEHUX BYTJIEBOAHIX HOPMAJIbHOI Oy/IOBH, CIUPTaXx 1
cnupTo-e(IpHUX CyMillax, MpPOTe 100pe pO3YMHHI B OEH3051 Ta HOro roMmosorax,
CIpKOBYTJIEI, XJOpoQopMi Ta HOTUPUXIOPUCTOMY ByTieli. Bmict acdanbTeHiB
BU3HAYA€ TEMIEPATYPHY CTIHKICTb, B’S3KICTh 1 TBEPHICTh (KPUXKICTb) OITYMIB.
ActanbTeHH 1 CMOJM € OCHOBHHUMH CTPYKTYpPOYTBOPIOIOUYMMH KOMIIOHEHTaMHU
oitymis [1, 20].

KapbGenn Tta kap0oigm — 1€ OPOAYKTHM BHCOKOTEMIIEPATYpHOI MepepoOKH
HadTU Ta 11 3IMIIKIB 3 MaKCUMaJIbHUM BMICTOM ByrJjeo. KapOeHu po3uuHHI Y
cipkoByreni i mipuauni. Kap6oinu Hepo3unHHi y 5K0JHOMY PO3YMHHHUKY. IX BMICT y
TOBapHUX OITyMax, sIK TNpaBwio, He mepeBuirye 1 % mac. 301IbIICHHS BMICTY
KapOeHiB 1 KapOOi/iB MiABHIIYE B I3KICTh 1 KpUXKIiCTh OiTymiB [1, 20].

AcdanbTOT€HOBl KHCJIOTH Ta IiX aHTIAPUIA — PEYOBHMHU OpPYyHATHO-CIpOTO
KOJIbOPY TYCTOT CMOJIMCTOI KOHCHCTEHIIT 3 rycTuHOI0 moHan 1000 kr/m3. Ixuiit BMicT
y HadToBuXx OiTymax € HeBequkuM (1o 1 % Mac.) 1 BuU3HA4Ya€ 1HTEHCHUBHICTH
OPWIWNAHHS OITyMy [0 MIHEpaJlbHUX MaTepiaiiB. Ac@albTOreHOBI KHCIOTH
PO3YMHHI B CIUPTI 4n XJI0podhopMi 1 BakKOpo3uuHHI B OeH3uHi [1, 20].

3a (I3UYHOI0 CYTHICTIO OITYMHU — II€ KOJIOiHI CTPYKTYPH, BIACTUBOCTI SIKUX
3ajlexaTh B KIUIBKOCTI B OiTymi OnuB, cMoil Ta achanbTeHiB. AcdanbTeHu

YTBOPIOIOTHCSA B 3aJICKHOCTI BiJl KITbKICHOTO BIIHOIICHHS 31 CMOJAMHU Ta OJINBAMHU
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ab0 KOPCTKUM Kapkac, a0 OKpemi MIleH, 0 aacopOyroTh 1 YTPUMYIOTh CMOJIH.

CMoOnM HamaroTh 3aTBEPKYIOUi, 3B’S3yI0Ul BJIACTUBOCTI OITYMy Ta €ITaCTHYHICTD.
OnuBU MOXHaA PO3TISAJATH SK PO3UYUHHHUK, B SIKOMY PO3YHMHSAIOTBCS CMOJM 1

HaOyxaroTh acdanbrenu [21].

1.1.3. OcHoBHi BiactuBocTi HadToBHX OiTyMiB. HadTOoB1 OGiTyMH BOJIOIIIOTH
HACTYITHUMU BJIACTUBOCTSIMU [22]:

e (DizuuHNMU;

e  (hI3UKO-XIMIYHUMH;

e XIMIYHUMU,

e  (I3UKO-MEXAHIYHUMH BJIACTUBOCTSAMH.

@D13U4YHI BJIACTHBOCTI XapaKTEPU3YIOTh CTaH MareplajiB, BU3HAYAIOTh MHOro
BIIHOIIEHHS 110 (i3uyHOl [1i HABKOJUIIHHOTO cepefoBuiia. Jlo (Gi3uuHMX
BJIACTUBOCTEHN BIJIHOCATH T'YCTHUHY, BOJOCTIMKICTbh, @ TAKOXK TEIUIO(}13UYHI, MAarHITHI,
OITHYHI 1 MOBEPXHEBI BJIACTHBOCTI [22].

Jlo bi3uKO-XIMIYHHUX BJIACTUBOCTEH BIHOCSTH MOBEPXHEBUW HATSAT, CTApPIHHS
Ta PEOJIOT1UHI BJIACTHBOCTI O1TYMiB [22].

[ToBepxueBuit HaTsar OiTymiB mpu temmeparypi 20-25 °C ckmamae 25-35
epr/cm’. Bix BMiCTy MOBEPXHEBO-aKTHBHHX IOISPHAX KOMIIOHGHTIB B OPraHi4HOMY
B SKY4YOMY 3aJIeKUTh KOTr0 3MOUYYBAaHHS 1 34YCIUIEHHS 3 KaM SHUM MarepiajoM
(TOpOIIKOTIOAIOHUMH HATIOBHIOBAYaMHU ).

CrapiHHg — mpouec MOBUIbHOI 3MIHM CKJIay 1 BJIACTUBOCTEH OITyMy, SIKHUiA
CYNPOBOJ/IKYETHCSI 30UIBIICHHSIM KPUXKOCTI 1 3HIDKEHHsIM TiapodoOHocTi. [Iporec
CTapiHHS TMPHUIIBUIIIYETHCS i JI€I0 COHSYHOTO MPOMIHHS 1 KHUCHIO TOBITPS, 3a
paxyHOK 3MEHIIIEHHs BMIiCTy cMoJI 1 omuB [1, 22].

Peonoriuni BnacTuBOCTI OITYMIB — JAHMCIEPCHICTb, B’ A3KICTh, MOIYJb
MPY>KHOCTI Ta MOAYJb edopMalili, skl 3aJeKaTh BIJ IPYMOBOTO CKIIAy 1 CTPYKTYpHU
OiTymiB. Bka3aHl BIacTMBOCTI HE MalOTh 3HAYHO 3MIHIOBATHCS MpPU HarpiBaHHI

OiTyMy Ta IpH yKJIaJiaHHi acharbTod0eToHHOI cymimi [1, 22].
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XiMIYH1 BJIACTUBOCTI XapaKTEepU3yHOTh CTIMKICTh OITyMIB 1 OITyMHUX

MaTepiaiB 10 Aii arpecMBHUX pedoBuH [22]. BiTyMHI MaTepianu CTilKi 0 Aii JIyTiB,
dbochopHoi, cynbharHOi, XJIOPUAHOI Ta OILTOBOI KUCJIOT. bBiTymMH po3uMHHI B
O1IBIIIOCT] OPraHIYHUX PO3ZYMHHUKIB, KPIM HU3BKOMOJICKYJISIPHUX CITUPTIB.

®di3uKo-MeXaHIYHI BIACTHUBOCTI OITYMIB XapaKTepu3ylOTh 3MiHY TBEpIOCTI,
IPY’KHOCTI Ta IJIACTHYHOCTI ITiJ] J1€10 HaBaHTaXeHb [22].

TemnepaTypa po3m’SKIIEHOCTI BUSHAYAETHCS 32 IOTIOMOTOIO MPUIIATy «KLIbLIE
1 KyJIsi», SIKMH 3HaXOJUTHCS B MOCYJIMHI 3 BOJIOIO, BOHA BIIOBIJIA€ Ti TeMmmepaTypi
BOJIM, TIPH SIKIM MeTajieBa KyJbKa ITiJ1 JI€I0 CBOET MacH MPOXOJAUTH Yepe3 KUIbIIE, SKe
3al0BHEHE OITYyMOM.

Temneparypa KpUXKOCT1 — 1€ TeMIlepaTypa MpH sKiil MaTepial pyHHYEThCS T
TI€0 KOPOTKOYACHOTO HaBaHTAXCHHS. TeMIiepaTypa KPUXKOCTI XapaKTEpH3Yye
NOBEAIHKY OITYMy B TOKPUTTI: YAM HHMKYa, TUM SIKICHIIIANA OITYM.

PO3TSDKHICTD (AYKTHIIBHICTB) XapaKTEPHU3YEThCs] a0CONIOTHUM BUIOBXKECHHIM
(cm) O1Tymy nipu Temnepatypi 25 °C.

Enactuunicth XapakTepusye 37aTHICTh OITYMHOTO B’SIKY4YOTO IOBEpPTATUCS B
BHX1JIHE ITOJIOKEHHS TTiCIIs ieopmartii.

Anresid 1 koresis. Lle Han3BUYailHO Ba)KJIMBI MOKa3HUKHU OITyMIB SIK B SIKYUYUX
MatepianiB. ANresist XapakTepU3ye 3UCIJICHHS OPraHIYHMX B’SKYYUX 3 KaM STHUMU
MarepiajiaMu, TOOTO 3/IaTHICTh OJHOTO MaTepiaay MPUIUMNATH A0 MOBEPXHI JIPYTroro
3a paxyHOK TOSIBU 1 PO3BUTKY MOJICKYJIIPHUX 3B’SI3KiB B 30HI iX KOHTaKTy. Koresis —
e Cuia, sika Ji€ MK MOJIeKyJlaMu BcepenauHi ¢dasu. BoHna xapaktepusye MIIHICTh
OpPraHiYHOTO B’SDKYYOr0 Ha PO3PUB TPH 3CYBI UM PO3TATY B yMOBaxX II€BHOI
IIBUJIKOCTI JedopmMaltii un HaBaHTaKESHHS.

Takox BapTO BIJ3HAYUTH, 110 MPUYUHOK HEJAOBTOBIYHOCTI Ta PYWHYBaHHS
MOKPUTh, Ha OCHOBI OITyMIB, MEPIIOYEPrOBO, JOPOXKHIX, € HEJOCTATHbO BHCOKI
eKCIUTyaTarliiiHi BJIACTUBOCTI Ta BUMOTH HOPMATHBHUX JIOKYMEHTIB JI0 TOBapHHX
OITYMIB.

biTymn, sKi BUIYyCKalOTbCS I JOPOKHBOTO OYIiBHHUITBA (OKHCHEHI,

3aJIMIITKOBI) HE CHPOMOXKHI 3a0€3MEeYUTH B YMOBAaX BaHTAXOHAMPYKEHOTO Ta
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IHTEHCUBHOTO PYXy HEOOXiTHUX (I3MKO-MEXaHIYHMX BJIACTUBOCTEH JIOPOXKHIX

MOKPHUTH Ta iX JOBroBiuHicTh [17]. TlepmioyeproBo Taki OITYyMH XapaKTepU3YIOTHCS
HU3BKOIO TEIJIOCTIHKICTIO Ta aAre3iiHUMHU BJIACTUBOCTSMH, IO TMPU3BOIUTH JO
HE3aJJ0BUIBHOT MIITHOCTI JIOPO’KHBOTO TIOJIOTHA. TOMY aKTyaJlbHUM € TIOIIyK
HEJIOPOTHX PEYOBMH, SKi O MOKpAallyBaJld BIACTHUBOCTI SIK OKHMCHEHHX, TaK 1
3QJIMIIKOBUX JIOPOXKHIX HaQTOBUX OITYMiB, — MEPIIOUEProBO, a/Ire3iiiH1 BJIaCTUBOCTI

[17, 20].

1.1.4. Onepxxanns HadToBHUX OiTyMIB. SIK 3aHa4asIOCs BUIIE, B 3aJIEKHOCTI Bij
TEXHOJIOT1i OJIep>KaHHs ToBapHi HapTOBlI OITYyMU MNOAUIAIOTH, B OCHOBHOMY, Ha
3aJIMIIKOBI, OKMCHEHI Ta KoMmmayHaoBaHi [23]. [HII GiTyMH CTOCOBHO OJIep>KaHHS,
K1 HaBesieH1 y Ta0J. 1.1, BUKOPUCTOBYIOTHCS 1OBOJI PiIKO.

3aMuIIKOBl  OITYyMHM, 1O SKUX 4YacTO BIJIHOCATh OCAKEHI, OJIEPXKYIOTh
BaKyyMHOIO TEPETrOHKOI Ha(TOBHX 3aJIMIIKIB 3 BHUCOKMUM BMICTOM ac(alibTeHiB.
CupoBuHOIO 1Ji1 arMOC(EpHOiI YM BaKyyMHOI TMEPEroHKH JUisi BUPOOHUIITBA
3QJIMIIKOBUX OITYMIB CJIYTylOTh Ma3yTH 1 TyApOHH 3 PI3HUX HadT, BaxKKi
acdanpTocmonucti HadTH, achanbTh AeacdanbTU3allli, €KCTPAKTH CEICKTUBHOTO
OYHIIICHHS 3aJIUIIKOBHX OJIUB Ta KPEKIHr-3aauIKiB [23, 24].

3anuikoBi OITYMU MEPEBAKHO € HAMOUIBII TEPMOCTAOITEHUMU, 110 BaXKJIUBO 3
MPAaKTUYHOI TOYKK 30py. TakoX BapTO BIJ3HAYUTH, W0 3aJUIIKOBI OITYMH
BOJIOJIIFOTh XOPOIIMMH aJAre3iiHIUMHU BJIACTHBOCTSAMH 10 MiHEpaIbHHUX 4YacTuH [25].
[TpoTte ix 3acToCyBaHHS € OOMEKEHHUM Y 3B’SI3KY 3 YK€ MaAJIOIO KUIbKICTIO CHPOBUHH,
3 SIKO1 1X MO’KHA OTPUMYBAaTH.

OxucHeni HaTOBI OITYMU OTPUMYIOTh, TMPOAYBAHHSM KHCHIO TOBITPS YH
IHIIMMU  OKMCHHKaMHU (MpOLEC OKHCHEHHS) Yepe3 TyApOHU Ta IHI HapTOBI
3amumikd. [lig 4ac mpoayBaHHS CHPOBUHU MOBITPSAM 30UIBIIYETHCS BMICT Y HI
TBEPAUX CMOJ 1 acaJbTeHIB BHACHIIIOK YOTO 3MEHIIYEThCA BMICT oymB. [lpm
KOHLIEHTpalii achanbTeHiB B okucHeHux Oitymax 35-40 % wmac., cocrepiraerbcs
YTBOpPEHHSI KapOeHiB 1 kap0OoiniB [1]. 31 301IbIIIEHHSM BMICTYy apOMAaTUKH B CHPOBHHI

TaKOX 30UTBITYETHCS KITBKICTh XIMIYHO 3B’SI3aHOTO KHCHIO B OKHMCHEHOMY OI1TyMi.
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s iHTeHcudikalii nporecy OKUCHEHHS BAKOPUCTOBYIOTh KOMOIHOBaHY CUPOBHUHY —

cyMminn Ha(TOBHX 3aJIHMIIKIB MPSIMOI MEPETOHKH 3 3aTEMHEHUM MPOIyKTOM [26],
acanbpToM IponaHoBoi aeachanpTuzarii [27] Tomo. HeponikoMm okMCHEHUX OITyMiB
y TOPIBHSHHI 3 3aJUIIKOBUMH € HWXYl aJre3iiiHi BJIIACTHMBOCTI JI0 MiHEpaJIbHUX
YaCTUH Ta HIDKYA TJIACTUYHICTD.

KomnaynaoBani OiTyMH OTPUMYIOTh MpH 3MIIIyBaHHI OITYMIB 3 PI3HUMH
BJIACTUBOCTSAMHU 1 mpuponaoio. [Ipu mpomy BigOyBalOTbCS 3MIHM IXHIX OCHOBHHX
Gb13uKO-XIMIYHMX XapakTepucTuk. Ilig dac 3minryBaHHS OITYMIB CIOCTEPITA€ThCS
aJUTUBHICTh TUIBKM TIO TEMIIEpaTypl PO3M’SIKIIEHOCTI. 3MIITyBaHHS KOMIIOHEHTIB
BEIyTh 32 IOIOMOTOI0 PO3YMHHUKIB, CIUIABIISTHHS, €EMYJIbI'yBaHHS TomIo [28]. 3rigHo
[29] HailimepcHEKTHBHIIIMM METOJOM OJICpXKAHHS KOMITAyHIOBAaHUX OITYMIB €
3MINTyBaHHS OKHUCHEHOTO OiTyMy 3 HeokucHeHHM [29]. SIk HEOKHCHEHY CHpPOBUHY
HaifgacTiie BUKOpUCTOBYIOTH TryapoH [30]. OpepxaHi mpu LBOMY OKHCHEHO-
3aJIMIIKOBI OITYMU XapaKTepU3YIOThCS IMIIBUIICHOIO TJIACTUYHICTIO Ta TOHMXKEHOIO
TEMIEPATypOI0  KPUXKOCTi. JI[pyrMM KOMIIOHEHTOM B TIPOIECi OJep>KaHHs
KOMITayHJOBaHUX OITyMiB BUKOPUCTOBYIOTh acdaibTH neachaibTusalli 1 eKCTpakTh
CEJICKTUBHOI'O OUYHINECHHS oNMBHUX (pakiiit [31, 32].

Bci onmcani Bulle OCHOBHI METOJM MPOMMCIOBOTO BHPOOHMIITBA HA()TOBUX
OITYyMIB HE 3aBXKIM Jal0Th MOXIIMUBICTH OTPUMYBAaTU OITYMH 3 TMOTPIOHUMHU
BJIACTUBOCTAMU. TpaauuiiiHi OITyMHI MaTepialid, sIKi BUPOOJISIFOTh ChOTOAHI, YacTO
HE 33JIOBUIBHSIOTH CY4acHI BUMOTH JI0 3B’SI3YIOUMX PEUOBUH, 110 3aCTOCOBYIOTHCS Y
JTOpOXKHBOMY OymiBHUIITBI. BapTo 3a3HaunTH, 1m0 He Oyab-sSKa CHPOBUHA MpHUaTHA
U1 ofiep KyBaHHs O1TyMmiB. OZHUM 3 HANPsIMKIB B IMiJABUIIEHHI SKOCT1 OITyMIB IS
OJIep KaHHS IOPOXKHIX MOKPUTH 3 XOPOITUMHU €KCILTyaTAlITHIMHU XapaKTePUCTHKAMU
€ TIOKpallleHHs CTPYKTYpU Ta BJIACTMBOCTEM OITYMIB BBEIEHHSM B iX CKJIal

PI3HOMAHITHUX MOJIMEPHUX MaTepiaiiB.

1.1.5. 3acrocyBanHsa HadTOBHX O1TymiB. HaliuacTime 61TyM BUKOPUCTOBYIOTh

SK B’SDKyde JJI1 TOPOKHBOTO MOKPUTTS. llepeBarkHa OLIbIIICTh JTOPOXKHIX MOKPHUTH
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CKJIaJIa€ThCsl 3 OITyMy Ta MiHEpaJIbHUX HAIMOBHIOBAYiB, 110 BUKOHYIOTH (DYHKIIIIO

MIITHOTO BOJOHETIPOHUKHOTO B’sikydoro [33-36].

[lepeBaroro AOPOXKHIX MOKPUTH B SKUX 3aCTOCOBYIOTHCS OITYMH € JIOCTaTHS
MIIHICTh Ta OE3MEYHICTh, a TaKOX y 2—2,5 pa3d HWKYa I[lHA y TIOPIBHSHHI 3
OETOHHUM JTOPOKHIM MOKpHUTTsM [16, 23].

Takox 61TyMH BUKOPUCTOBYIOTHCS SIK T1IpOi130JIALIMHUN MaTepiall.

bitTymMu BHUKOpPUCTOBYIOTH [IJI1 BHpPOOHHUIITBA PYJOHHHX TOKPIBEIBHUX
MaTtepiaiiB 1 BOAOBOMSALIMHUX KapToHIB [37-39]. OcHOBHUMH TiepeBaramMu M’sIKOi
MOKpiBJi Ha OITYMHIA OCHOBI HaJ IHIIMMHM THUIAMHU IOKPIBEJILHUX MaTepiajiB €
HEBHMCOKA BapTICTh, MILHICTh Ta MPOCTOTA HAHECEHHs Ha MoBepxHio. Came ToMy ii
Jy’K€ 4acTO 3aCTOCOBYIOTh Ha JjaXxax LMBUIBHUX OYJIMHKIB 1 IPOMHCIOBUX CHOPY.
JUTS 3aXUCTY Bij atMochepuux omnanis [40-42].

[Ipu OyniBHUUTBI IPOMHUCIOBUX 1 LUBUIBHUX OY[IBENb 1 CIIOPYA; OJEp:KaHHI
3aJJMBOYHUX aKyMYJSTOPHUX MAaCTHUK, €JIEKTPOI30JALINHUX CTPIUOK; MOKPUTH JJIst
BUPOOIB paJlONpPOMHUCIOBOCTI; BUKOPUCTAHHS SIK IJIACTU(IKATOPIB KOKCY, MAacCTHII
JUTSl IPOKATHUX CTaHKIB, CHEIllaTbHUX MOKPUTH 1 BUPOOIB, KOJIOITHUX PO3YUHIB, IO
BUKOPUCTOBYIOTHCS MPpHU OypiHHI HA()TOBUX 1 Ta30BHX CBEPIJIOBUH; ISl 3aXUCTY BiJl
paioaKTHBHUX BHIIPOMIHIOBAHb 1 BiJI A1l MikpoopraHi3mis Toro [43].

VY nopoxxHboMy OymiBHHUIITBI ICHYIOTH TaK 3BaHI piAKi OITyMU Ta «rapsdi»
(HeeMyJbCiiiHI) TEXHOJIOT1i TMPUTOTYBaHHS OITyM-MIHEpaldbHUX cyMmimen. Piaki
O01TyMH, Ha JaHUHN Yac, MPAKTUYHO HE BHPOOJIAIOTHCSA Yy 3B 53Ky 3 PSIIOM MPOOIieM,
NEPIIOYEProBO, EKOJIOTTYHOTO XapaKTepy.

Henonikom  3acTocyBaHHS  TpajMIIMHUX  «rapsuux» (HEeMyJbCIHHUX)
TEXHOJOT1M NPUTOTYBaHHS OITyM-MIHEpAJIbHUX CYMIIIEH TMONsIrae B TOMY, LIO
OITyMHI MaTepiajid 3a3HaIOTh JOJATKOBOI'O OKHCHEHHS, IO MPU3BOJIUTH 10 PI3KUX

3MiH y XapaKTEepPUCTUKAX B sHDKYUOTO IT1J1 YaC eKCIUTyaTallii JOPOKHbOIO MOKPUTTS.
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1.2. OnepxaHHs Ta 3aCTOCYBaHHs OITYMHUX €MYJIbCii

Sk 3a3HayaI0Cs BHIIE, OJHUM 31 CITIOCOOIB 3aCTOCYBaHHS OITYMIB € TTONEPEIHE
MIPUTOTYBaHHS 3 HBOT'O EMYJIBCIH.

birymui emynscii (BE) — 11e ogHOpiAHI, TEPMOAMHAMIYHO HECTIWKI CUCTEMH 3
nBoMa abo Ouiblie ¢gazamu, ojJHA 3 SIKUX € JTUCIEPCIHHUM cepeloBHIeM (ITOCTIHHO

piakoro ($azor0) i mucrepcHOO (a3or (MaeHbKi Kparuii po3Mipom Bif 1 10 20 MkMm).

1.2.1. Metoau onepkanHsa OITyMHHX emyJibciid. s mpurotyBanHsi BE Takox
BIJIOMI HACTyNHI METOJU: YJIbTPAa3BYKOBUU (3IIMCHIOETHCS 32 JOMOMOTOIO
reHeparopa yiapTpa3ByKy 3 yactororo 15-20 kl'm) [44, 45], mexaHiuHui croci0 (3a
JOTIOMOTOF0 MIMmanok) [46] ta rigpaBiiuamii [47-49]. 3rigHo [9, 10] BukopucTanHs
KOJIOITHOTO MJIMHA € HailleheKTUBHIIUM MeTojoM ojepxkaHHsi BE. ¥V konmoigHOMY
MJIMHI €HEpTris HAJa€ThCsl CHUCTEMI 3a PaXyHOK MPOMYCKaHHS CYMIIl Traps4yoro
OiTyMy 1 BOAM uepe3 OUCK, KOHYC, MAaXOBHUK 13 CTaTOpOM, sIKI OOEpTaloThCs 3
BEJIMKOIO IIBUJKICTIO. JIJIsi CTBOpEeHHS TYpOYJICHTHOTO TOTOKY POTOp abo cTaTop
MOXKYTh MaTH Ta3u a00 3yOUuKH.

biTyMHI eMyJbCli OTPUMYIOTh Ha MEPIOJUYHMX ab0 Oe3MmepepBHUX IFOUHMX
yctaHoBKax. [lepioguunuii mpoiiec oaepKaHHsS OITYMHHMX €MYJIbCiM BKJIIOYAE J1Ba
eTany BHUpPOOHMIITBA — MPUTOTYBaHHS BOAHOI (a3u 1 (haKTHYHE BUTOTOBJIEHHS
emyibciii. BogHa ¢aza roryerbcs y BUTpaTHIM €MHOCTI, B SIKy JIO3YIOTh Harpity
BOJY, EMYyJIbraTop Ta iHIII PEYOBHHHM. [[ami mpuroToBaHa BOAA MOJAETHCS JO30BAHO
pa3om 3 6iTymoM Ha nepeminryBanHs [50].

[Tim yac Ge3mepepBHOTO MPOIECY 3IWCHIOETHCS TMOCTIHHE HArpiBaHHA BOJHM 1
JI03yBaHHS BC1X MarepiaiiB 3a JOMOMOIOI0 OKPEMHX J03YHOUHMX HACOCIB JUIsl KOKHOTO
Marepiany.

Bapro Bim3HauMTH, 10 B MPOMHCIOBOCTI, B OCHOBHOMY, MOJU(DIKOBaHI
eMYJIbCli OTPUMYIOTH 32 TIEID K CXEMOI0, 10 1 HeMoAu(IKOBaHI, 3a BUUHSATKOM
omepailii Mo BBeACHHIO Moaudikaropa. MoaudikoBaHi emysbCii 32 TEXHOJOTIED

BUTOTOBJICHHS JUISITh HAa MOHO(Da3HI Ta ABO(a3Hi.
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MoaudikoBani MoHo(da3zHi OITYMHI €MyJIbCii BUTOTOBJISIIOTH Ha OCHOBI

Moau(iKoBaHOTO 0iTyMy. 3a paxyHOK BHCOKOI B’SI3KOCTI MOAM(IKOBaHUX OITyMiB,
JTUCNIEPTYBAaHHS OCTAHHIX TMPOBOJATH NPU BHIIKUX TEMIlepaTypax, HDK IpU
BUKOPHUCTaHHI HeMOIU(PiKOBaHUX eMyJIbCii. Sk HacigoK, TeMIiepaTtypa eMyJbeii Ha
BUXO/Il 13 KOJIOIAHOTO MIIMHA, SIK mpaBuiio, ctaHoBuTh Buiie 100 °C (mo 150 °C i1
oinpmie). Ile 3myirye 3MmiHIOBaTH TpajulliiiHe oOJagHaHHS, 100 3pOOMTH HOro
mpare3gaTHuM Tpu TUCKY 1,5—-2,0 6ap 1 BAKOPHCTOBYBATH CHCTEMY OXOJIOJKEHHS Ha
BHUXO/I1 13 3MiIIyBaya.

[Ipu opepxkanHi Moau(iKOBaHUX JBO(A3HUX eMyJlbCii, MoaudiKaTop
JOMAETBCA Yy BUIJIAAI €MYJbCIMHOI cucTeMu (Jiatekcy). BBeneHHst natekcy
3MIIUCHIOIOTh PI3HUMHU CIIOCOOAMU: AUCTIEPTYBAHHSAM Y BOJIHIN (ha3l; BOPUCKYBAHHSIM
0e3nocepeIHbO B AUCIeproBany (0ITyMHy) (a3y; NpSAMOIO 1H €KIEI0 B KOJOIIHUIMA
MJIMH YH JIOJIaBaHHSIM B TOTOBY OITYMHY €MYJIBCITO.

Tomy B NpPOMHUCIOBOCTI HAWOUIBII JOULIBHO OTPUMYBATH MOHO(QA3HI

MOAM(IKOBaHI OITYMHI €MYJIbCIi.

1.2.2. 3actrocyBanHsi OITyMHHX eMyJbCili. bBiTyMHI eMynbcii, 3a3BUYail
KAaTIOHHI, BUKOPHCTOBYIOTh Y HACTYIMHHUX BHJAX JOPOXKHIX POOIT: MPUTOTYBaHHA
XOJIOJIHUX €MYJIbCIMHO-MIHEPAIbHUX CYMIIIeH JUIsi MOKPUTh Ha aBTOMOOIIBHUX
noporax III-IV xareropiii; rpyHTOBKa HpH OYJIBHHITBI KOHCTPYKTHBHHX ILapiB
JIOPOKHIX OJATIB 3 ac(haabTOOCTOHHUX CYMIIIEH; XOJIOJHOTO PECANKIIIHTY; MTOKPUTTS
(ocHOBM) CHOCOOOM TPOCOYCHHS, BJIANITYBAaHHS IIOBEPXHEBOI OOpOOKM Ta
TOHKOIIIAPOBUX TTOKPHUTH.

XOoNOgHUN pPECAKIIHT — TEXHOJIOTisl 3MIIHEeHHs (cTalimizaiii) TpYyHTIB,
KaM'sTHUX MatepiajiiB 1 acpaibTOBOrO FPAHYIATY PI3HUMH B'SHKYUUMH, Y TOMY YHCIII
OITYMHOIO €MYJIbCI€I0, BHACIHIJIOK TONEPEAHbOr0 (pe3epyBaHHs (3pi3yBaHHA) 1
0e31mocepeTHHOT0 3MINTyBaHHS HA JOPOKHBOMY TMOKPUTTI. TEXHOJOTiSI XOJOHOTO
pecalkiliHry edeKTHBHA 1]l YaC PEMOHTY Ta PEKOHCTPYKI[i ICHYIOUUX JOPIT, KOJIH
CTape JOPOKHE TOKPUTTS (pe3epyeThcss YacTKOBO abo0 Ha BCIO TIMOWHY 3a

JIOTIOMOTOI0 pecaiikiiepa, 1 OTpUMaHUI MaTepiajl MOBTOPHO BHKOPHUCTOBYETHCS B
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SKOCTI OCHOBHM JIOPOTH IICJIsI 3MIITIyBaHHS 3 OITYMHUMH eMyJbCisIMU. Taka

texHosorist Ha 20 % nemeBma TpaguIiiHOT TexHoJorii pemonty, Ha 40-50 %
CKOpOUYy€ BHTpATH Yacy, a BUPOOHHUIITBO CTa€ MPAKTUYHO Oe3Biaxomnum [51, 52].
Jns  crabumizamii 3a  CIOCOOOM  XOJIOJHOTO PECAHKIIIHTY BHUKOPHCTOBYHOTHCS
cepeHbO- a00 MOBUTLHOPO3MAIHI eMYJIbCii 3 BMicTOM 0iTyMy 60—65 % Mmac. [53, 54].

[Ipu BmamTyBaHHI IIAPIB JOPOKHHOTO MOKPUTTS 32 CHOCOOOM MPOCOYCHHS
BUKOPHCTOBYIOTh CEPEIHBOPO3MAAHI eMyJbcli. BramTyBaHHS KOHCTPYKTHMBHHUX
miapiB  JTIOPOKHBOTO TMOKPUTTA 3a CIOCOOOM MPOCOYEHHS BapTO MPOBOJUTU 32
TeMriepaTypu noBiTps He Hk4de S5 °C. Ilpu npoMy 3a TemriepaTypu MOBITPS HUXKYE
10 °C emyibciro HeoOXiqHO MmigirpiBatu a0 Temmepatypu 40—50 °C [55].

[Ipu mnoBepxHeBiit 00pobOIi aBTomMoOUTEHUX jgopir II-IV  karteropiit
BUKOPUCTOBYIOTh IIBUJKOPO3MaAHI €EMYJIbCIi 3 KOHILIEHTpall€ew 0itymy 67—-69 % wmac.
Pons BE y mnoBepxHeBiii 00poOLi 3BOAUTHCA A0 MPUKICIOBAHHSA WHIEOEHIO [0
HOKPHUTTS 1, BIAMOBIAHO, HAaJaHHS BOJIOHEITPOHUKHOCTI JOPOKHBOMY TOKPHUTTIO [55].

BrnamryBanHss ToHkomapoBux 1okpuTh (TII) 3 nuTUX  emylbCiiiHO-
MminepainbHuXx cymimei (JIEMC) € ogHiero 3 HalOUTBIIT MPOTPECUBHUX E€MYJIbCIITHO-
MIHEpaJIbHUX TEXHOJIOTIHM, sIKa JO3BOJISIE BUPIIMIMTH MPOOJIEMHU 3aXHUCTy BEPXHIX
mapiB  KOHCTPYKLIM JOPOXKHIX MMOKPUTh 1 BIJHOBJIEHHS iX TPaHCHOPTHO-
eKCIUTyaTamiiaux BiacTuBocTel. OcHoBHOO MeToro BiamtyBaHHs TII 3 JIEMC e
MPOJOBXKEHHSI TEPMIHY CIYKOM ICHYIOUOTO MOKPHUTTS 3a paxyHOK TepMeTHh3alli
BOJIOCSIHUX TPIMIMH 1 HEBEJIMKUX BUOOTH, CYTTEBOTO IIiJIBUIIEHHS IIOPCTKOCTI Ta
3UIMMHUX  BJIACTMBOCTEHW,  TIOKPAIICHHS  PIBHOCTI  JIOPOKHBOTO  TIOKPUTTS,
MOTICPE/KEHHST  TPIIMHOYTBOPCHHS, 3aXUCTy BiJl BOJOHACHYCHHS, a TaKOX
BIJTHOBJICHHS 3HOIIIEHOTO BEPXHBOTO mmapy [56-58].

TII 3 JIEMC cknagaroThcsi 3 0JHOTO abo JBOX IIapiB Ta BIAIITOBYIOTHCS Ha
icHyrounXx ac(ajbTOOETOHHUX 1 LEMEHTOOCTOHHMX IMOKPUTTIX, a00 MIeOeHEeBUX
ocHOBax. Jl0 SIKOCTI eMyJbCiif, SIKi BUKOPUCTOBYIOTbCA A mpurotryBanHs JIEMC,
BUHOCSTHCA HaWOUIbII >kopcTki BuMoru. Haitwactime 3 BE, ski BiamopigaroTh

BUMOTaM HOPMAaTHMBHHUX JOKYMEHTIB JO iX SIKOCTI, HE BIA€ThCA OTPUMATH SKICHI
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JIEMC 1 TII nHa iX ocHOBI (3a3BHYaii 11€ CTOCYEThCS €MYJIbCIM HAa OCHOBI OKMCHEHHX

oitymiB) [59, 60].

1.3. MoaudikyBanHs HaQpTOBUX OITyMiB

JIiist 3a10BOJIEHHST TIOTPEO TOPOKHBOT 1HPPACTPYKTYPH B YMOBAX 3POCTAIOUUX
TPAHCTIOPTHUX MOTOKIB 1 3 ypaxyBaHHIM KJIIMaTHUYHUX OCOOIMBOCTEN HEOCTATHIM €
BUKOPHCTAHHS OKUCHCHHUX JOPOXKHIX OiTymiB [60-62].

Taki gopoxHi OITyMH, SK TPaBUIO, XapaKTEPU3YIOThCS IMOTAHUMHU
anre3iHUMHU, HU3bKOTEMIIEPATYPHUMU Ta IUIACTUYHUMH BJIACTUBOCTSIMH, IO, B
CBOIO Yepry, IpU3BOJUTH /10 HE3aJOBUIBHOI MIITHOCTI IOPOKHBOIO MOJ0THA. OJTHUM
13 3ac001B BUPIIIECHHS L€l MPOOJIEMH € BBEAECHS B CKJIAJl TOBAPHUX JOPOKHIX OITyMiB
pi3HOMaHITHUX Moju(pikaTopiB. MoaudikoBaHi OITyMU XapaKTEpUXYIOThCS KPAIOkO
aAre3i€r0, eJaCTUYHICTIO, JIOBIIMM TEPMIHOM CIY>KOM, a TaK0X OLIbII HHU3BKOIO
TEMIEPATYPOI0 KPUXKOCTI 1 OLIBII BHCOKOIO TEMIIEPATypOI0 PO3M’ SIKIIEHOCTI [63-
66].

VY pi3HHX KpaiHaxX CBITy BUKOPUCTaHHS MOJU(DIKOBAHUX OITYMIB y JOPOXKHIM
rajxysi OpOoKY 3pocTtae. Y kpaiHax €Bponu BOHa PO3MOiJeHa HEPIBHOMIPHO, aje, K
mpaBWJIO, I 4yacTka cTaHoBUTh moHan 10 %. Jlimepamm €: Pymynis — 75 %;

CnoBauunna — 29,1%, benbris — 26,5%; Yropmuna — 25%; Uexis — 21,5% [67].

1.3.1. Knacudikamis moaudikoBanux HapToBUX OITyMiB. B 3amexHOCTI Bin
Ty 100aBKU (J100aBOK), sika BBEJEHA B JIOPOXKHIM OiTyM, MOaU]iKOBaH1 JTOPOXKHI
O1TyMH MOHA TIOJIIJTUTH Ha:

e OiTyMHu J0poxHi, MoaudikoBaHi nommepamu (BMII);

e OiTyMH JOpOXkHi, Moau(dikoBaH1 aare3iinuMu qodaskamu (bA);

e 0iTyMH JOpOXkHi, MOaU(DiIKOBaH1 JoOaBKaMu Ha 0cHOBI BockiB (BMB);

e OiTymMu nOopoxHi, MoaudikoBaH1 KoMriekcamu 106aBok (bMK).
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bitymu nopoxni, momudikoBani mnomimepamu (BMII) — me Oitymu 3

MOKPAIIEHUMH  BIIACTUBOCTSIMHM, OTPUMaHI BHACIIJOK CyMIIIEHHS Ha(TOBUX
JOpPOXKHIX  OITyMIB 3  TOJiMepaMu:  TEpPMOEJIacTOIIacTaMH,  JIaTEeKCaMH,
TEpMOIIACTAMU Ta KOMITO3ULIMHUMH TMOJiMepamMu. 3a MOoTpeOu Mpu MPUTOTYBaHHI
BMII M0xyTh BUKOPHUCTOBYBATUCA TIACTUDIKATOPH.

B 3anexxHocTi Bij npu3Ha4YeHHs, TIMOMHA TPOHUKHOCTI TOJKM (TIeHeTpallii) 3a
temnepatrypu 25 °C Ta TeMiepaTypu po3M SKIIEHOCTI 3a KuibleM 1 Kyiero BMII
HOIISAIOTH Ha Mapku [68]:

e BMIIA 40/60-57, BMIIA 60/90-53, BMIIA 90/130-50, BMIIA 130/200-48

— JJI IPUTOTYBAHHA rapsiuux ac(haabTOOETOHHUX CYMIIIEH;

e BMII3 60/90-56, BMII3 90/130-53 — ansa BmamTyBaHHS IIapiB 3HOCY Ta

3aXMCHUX LIapIB;

e BMIIIT 60/90-64 — nnst OymiBHUIITBA Ta PEMOHTY JOPOXXHBOTO OJIATY Ha

Joporax (IUITHKax JAOPIr) 3 IHTEHCUBHICTIO pyXy Xo4a O Ha OJIHIN 13 CMyT
NOHAJ| 7 TUC. TPAHCIIOPTHUX OJUHUIIL/100Y;

e BMIIM 130/150-65 — nnst BnamTyBaHHS MEMOpPaHHUX IIAPiB.

bitymu pgopoxni, MoaudikoBani aaresiinumu godaskamu (bA) — e Oitymu
Ha(TOBI JOPOXKHI PI3HUX MApOK, JO CKJIaAy SIKUX BXOJATH aare3iHi mo6aBku. BA
XapaKTEPHU3YIOTHCS MIIHOIO 3YETUIIOBAHICTIO 3 MOBEPXHEIO0 MiHEpPAIbHUX MaTepialiB,
saka 3a0e3reuye BUCOKY BOJIOCTIMKICTh ac(aibTOOCTOHIB 1 TMIJBUIICHHS OMOPY
JIOPOKHBOTO MOKPUTTS JIYILIEHHIO, YTBOPEHHIO BUOOTH Ta BUKPYIIYBaHb.

B 3anexxHoCT! BiJ TTIMOMHU NPOHUKHOCTI TOJKU (NIEHEeTpallii) 3a TeMIepaTypu
25 °C, HIKHBOI MEXI TeMIEpaTypu pPO3M SIKIIEHOCTI (Mg OiTyMy JOPOKHBOTO,
MO/IM(PIKOBAHOTO TMOJIIMEPOM) Ta BUIY BUXITHOro 0iTymMy BA moninsioTe Ha Mapku
[69]:

e BJIA 40/60, BIA 60/90, BJJA 90/130, BIA 130/200 — Gitymu HadTOBI

JIOPOYKHI B'SI3K1 TUCTHIIALIIHI, MOAU(DIKOBaHI aire3iiHUMH JI00aBKaMH,
e BHJA 40/60, BHIA 60/90, BHIA 90/130, BHAA 130/200 — 6iTtymu

HadTOB1 JOpOXKH1, MOAN(DIKOBAHI aAre31iHUMH 100aBKAMH.
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bitymu noposxni, moaudikoBaHi jgo0aBkamMu Ha ocHOBI BockiB (BMB) — 1e

OITYyMH OKHCHEHI Ta IUCTHIIALINHI, IO BMINIYIOTh J00aBKM Ha OCHOBI BOCKIB.
JloOaBKM Ha OCHOBI BOCKIB — II€ PEYOBHMHHM, IO CKJIAJAIOTHCA 3 HACHYEHUX
BYIUICBO/HIB, MPOJYKTIB 1X OKMCHEHHS Ta B3a€MOJii 31 cmupTaMud. MoXyTb OyTH
IPUPOTHUMU 200 CHHTETUYHHUMHU.

B 3anexHoCT! Bl IMOMHU TPOHMKHOCTI TOJIKK (TIeHeTpallii) 3a TeMIepaTypu
25 °C BMB noninsrots Ha Mapku [70]:

e BMB-II 40/60, BMB-IT 60/90, BMB-II 90/130, BMB-II 130/200 — 6iTymu

Ha(dTOBI JOPOXKH1, MOM(DIKOBaH1 J0OABKOIO HA OCHOBI MPUPOJIHOTO BOCKY;

e BMB-C 40/60, BMB-C 60/90, BMB-C 90/130, BMB-C 130/200 — 6iTymu

HaTOB1 JOpOKHI, MOAM(IKOBaHI J00aBKOIO HA OCHOBI CHUHTETUYHOTO
BOCKY.
bitymu noposxHi, MmonudikoBani komiuiekcamu 106aBok (bBMK) — ne 6itymu 3
MOKPAIICHUMH BJIACTUBOCTSIMHU, OTPUMAaHI BHACIIAOK CyMIIIEHHsS O1TyMiB Ha)TOBUX
JIOPOKHIX B’A3KHX 3 KOMIUIeKcaMu a00aBok. Komriekc 1006aBOK — 1€ CYKYHHICTb
n00aBOK (pi3HUX BHUAIB TMOJIMEPIB 3 I1HIIMMHU TUMaMU J00aBOK (aAre3iiHUMH,
CUHTETUYHUMH BOCKaMH, IPUPOJHUMHU OITyMaMH TOIIO), 1HIN KOMOIHaIli1 100aBOK),
110 JOTIOBHIOIOTH OJIHA OJIHY B HAINPSIMKY MIJCHJICHHS Ta PO3LIMPEHHS CHEKTPY Aii, a
TaK0/a00 3HMKEHHS BAPTOCTI MOAU(IKOBAaHUX OITyMIB.
B 3anexHocTi Bij mpu3HAYCHHS, TIMOWHU MPOHUKHOCTI TOJIKU (TIEHeTpaIlii) 3a
temriepatypu 25 °C Ta Temmeparypu po3M’SIKILIEHOCTI 3a KiiblieM 1 Kyjero BMK
HOJUISAIOTH Ha Mapku [71]:
e BMKA 40/60-59, BMKA 60/90-55, BMKA 90/130-52, BMIIA 130/200-50
— JJI IPUTOTYBAHHSA PI3HUX TUIIB ac(palbTOOETOHHUX CYMIILIEH;

e BMKII 40/60-68, BMKII 60/90-65, BMKII 90/130-62, BMKII 130/200-59
— ]I TIPUTOTYBAaHHSA PI3HUX TUTIB achaabTOOCTOHHUX CyMilIel Ta
MOAM(IKOBAHUX OITYMHUX €MYJIbCIM JUIsl BJIAIITYBaHHS IIApiB 3HOCY Ta

MeMOpaHHUUX LIapiB.
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1.3.2. Knacudikamiss wmoaudikatopiB HapTOoBUX OITyMIiB Ta OITYMHHX

emyibciii. 3a cmocoboM aii  MomuikaTOpH  pO3AUTIOIOTH HA  aAre3iiiHi,
enacTUu(diKyroUl Ta KOMIUIEKCHI.

JI1s1 moKpalleHHs 34eTuieHHs O1TyMIB 3 KaM’ STHUMH MaTeplajiaMu, MiIBUIICHHS
iXHBOI BOJOCTIMKOCTI, Ta 3amo0IraHHA YTBOPEHHIO HA TOKPUTTSAX PI3HOMaHITHUX
MOIIKO/KEHb, OITYMHU MOIU(DIKYIOTh anre3iiHuMu jnoO6aBkaMu. BapTo Bia3HAYMTH,
110 aJre3iifHi J0OaBKU TaKOX CIOBUILHIOIOTH MPOIIECH CTapiHHA OiTyMmiB [72, 73].

Enactudikyroui nobGaBku HagawoTh MOAUGIKOBAHUM OiTymMaM HEOOXIIHY
KOHCHUCTEHIIII Ta eIacTUYHOCTI, 3aBISIKH SKiA OITyMH OUIbII BUTPUBATI J0O
nepopManiiHuX HAaBaHTAXECHb 1 TEMIIEPATypHUX mepenais [74].

[IIupokoro 3acrocyBaHHS HaOyJIM KOMIUIEKCH1 J00aBKH, SKi 37aTHI 3HAYHO
MOKpAILyBaTH PEOJIOTIYHI BIACTHUBOCTI MOAM(PIKOBAHMX OITYMIB 1 iX 3YEIJICHHS 3
TIOBEPXHEIO MiHEpaIbHUX MaTepiamis [74-77].

JUisi  TOKpallleHHS — eKCIUTyaTalliiHUX  XapaKTepUCTHUK  acdaibToOETOHY,
n00aBku BBOJATH B 01TyM Ta BE abo 6e3nmocepeinbo B ac(hanbTOOETOHHY CyMILL.

JloGaBku, siki BBOJATH Oe3mocepeqHbO B OITYM, PO3IIIIOIOTH Ha: MOJIMEpHI
CHOJIyKH, aare3iiiHi Ta crneuudivdi. [[oOaBku, siki BBOASATH y OITYMHI eMyJbCii
pPO3AUISIIOTh HA: BOJOPO3YMHHI JIATEKCHU Ta aAre3iitHi nodaBku. Huxye po3risiHyTO
Moau(iKaToOpu, $KI BBOAATH y OITYyMH, Ha OCHOBI SIKMX BXE€ BUTOTOBJISIOTH

moaudikosani BE abo acdanpToBl cymii.

1.3.2.1. Tlomimepui momudikaropu. HalmepcneKTUBHIMMM HAMPSIMKOM Y
MIJBUIICHH] SKOCTI B’SKY4YMX, 3 METOI0 OJIepKaHHS JIOPOKHBOTO TOKPUTTS 3
BUCOKMMH  CKCIUTyaTallliHUMH  XapakTEepPUCTHKaMU €  ix  MoaudikyBaHHS
PI3HOMaHITHUMH MOJIMEpamMHu.

B 3anexHocTi BiJl nmpupoau MOAu(DIKaTOPIB, 3 SIKOT BUILUIMBAE CIOCIO BILUIUBY
Ha BJIACTUBOCTI OITYMIB Ta METOJY iX BBEACHHA y OITyM, MOJIMEpPHI CHOJYKH
BIJTHOCSITH JIO OJIHIET 13 OTHPHOX rpym [65, 78-80]:

1)  emacromepu — HaTypallbHi i CHHTETHYHI Kay4yKd, TYMOBa KPHXTa,

2)  TepMOEIIACTOILIACTH — OJIOKKOMOJIiMepH OyTasieHy i ctupeny tuiry SBS;
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3)  peaktomact  (TEpPMOpPEAKTHBHI  IUIaCTMAcH) —  PI3HOMAHITHI

KOIOJTIMEPH 1 KOOJIroMepu (Hamalli — CMOJIN), SIK MPaBUJIO, 3 BEIMKOI KUIBKICTIO
GyHKIIIOHATBHUX TPyI: emnokcuaHi, ¢ypdyposo- Ta deHomo-hopMaIbaeriaHi,
KapOamiaHi, KpeMHiHopraHiuHi TOIIIO;

4)  TepMmoIUIacTH — TIOJIBIHIJAIIETAaT, TOJICTUPEH, TOdii300yTHIICH,
MOJICTUJICH,  TOJINPOIUICH, AaTaKTUYHUN  TOJINPOIUICH,  MHOJIBIHUIXJIOPHI,
tepmorutactd ~ Elvaloy-4170  (xomomimep  etuneHy 3  OyTWIaKpuwiatoM 1
rIIUIdIMeTakpuiaaTom),  Jarekcu — cepili  Butonal NS,  Viskoplast-S,
erwienBininamnerat (EVA), etmiienmerunakpunat, HadTOMOIIMEPHI CMOJIH.

3a o0’emaMu BUKOPUCTaHHS MOJIMEPHUX MOJU(DiIKaTOpiB, iX MOXKHA
PO3MICTUTH B HACTYITHOMY MOPAJKY: TepMoenacToruiactu tuiny SBS > tepmomiactu
TUIy eTwieH BiHutauerary (EVA), moniizo0yTusieH, HOJIMPOIIeH > PI3HOMAaHITHI
OJIOKKOTIOTIMEPH > MOJIIMEPHI JaTEKCH > TEepHOoJIMEPH TUITY
CTHJICHT I ANIaKpuIatis [66, 77, 80-82].

Enacmomepu. Jlo uporo tumy MoAU(PIKATOPIB BIJHOCATH HATypajbHI
CUHTETHUYHI KayuyyKd Ta KaydykomoaiOHi momimepu [66, 77, 83-90]. Brenenus y
CKJIaj OITyMy KaydyKiB 3HAQYHO TOKpAaIy€ HOTo PO3TSHKHICTH Ta €IaCTUYHICTH 3a
HU3BKUX TEMIIepaTyp, MiJIBUILYE TEIUIOCTIMKICTh, BOJAOCTIMKICTh Ta CTIHKICTH 0
CTapiHHS.

HaiiOinpm npuaaTHUMH 11 MOAU(IKYBaHHS OITYMIB € CMHTETHYHI KaydyyKu
3arajJbHOTO MPU3HAYCHHS (130MPEHOBUM, ETWICHIPOMIJICHOBUM, TUBIHIIOBUIA,
JTUBIHIICTUPEHOBHIA).

OCHOBHUM HEIIONIKOM, SIKMII OOMEXKYy€e IMPOKE BUKOPUCTAHHS €1aCTOMEPIB SIK
MoM(DIKaTOPIB AOPOXKHIX OITyMIB € T€, 110 BOHH MOTaHO AMCIEPTYIOTHCS B OITyMI,
TOMY HEOOX1JHO BXKMBATH J0JATKOBUX 3aCO01B 11 OTPUMAHHSI OJHOPITHUX OITYMIB.
(crutaBieHHS, BUKOPUCTAHHS CHEIlaJbHUX PO3UYMHHHUKIB TOIIO0). OKpIM IbOTO, Mij
yac 30epiraHHs, MOXKJIMBE BUHUKHEHHS PO3AUTYy (pa3 MK MoiiMepoM 1 OITyMOM y
BUMIISIAL piakoi (asu. s yHUKHEHHS LbOro, HEOOXITHI MPHUCTPOI, SKI 3MOXKYTh
OiATPUMYBAaTH BHUCOKI TeMmmepatypu 1 OesnepepBHe mnepemimyBanHs BMII no

3aCTOCYBaHHSI.
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BapTo BiI[SHa‘II/ITI/I, o JOCUTL IICPCICKTUBHHMM € 3aCTOCYBAHHS A

mMoaudikyBanHs OiTymiB TrymoBoi kpuxtu [88-91]. OcHOBHMMH IepeBaraMu
BUKOPHUCTAHHS Takoro MoaudikaTtopa € iX HU3bKa BapTICTh, BUPIIMICHHS MPOOJIEMHU 3
YTHITI3AII1€I0 aBTOMOOUIBHUX IIIMH Ta 1HIIUX I'yMOBUX BUPOOiB. [IpoTe, He TUBISTYNCH
Ha TepeBaru BUKOPUCTAHHS TYMOBOI KPHUXTH B JIOPOXHBOMY OY/IIBHHIITBI BOHO
OOMEXY€ETbCSI BHACHIJIOK TEXHOJIOTIYHUX TPYAHOINIB, SIKI BHHHKAIOTH IIIJ Yac
3MIITyBaHHS 3 OITyMamH.

Tepmoenacmonnacmu. J1o 11b0ro BUAY MOJIMEPIB BIAHOCITH OJIOKKOIMOJIIMEpHU
CTUPEHY, SIKI MOJAUIAIOTh HAa TPU BUIU: CTUpEH-OyTamieH-ctupeH (SBS), ctupen-
130MPEH-CTUPEH (SIS), CTUPEH-ETUJICH / CTUPEH-OYTUIICH (SEBS).
TepMoenacTomiacT MOEAHIOITh BIACTUBOCTI SIK TEPMOIUIACTIB, TOOTO BOJOIIIOTH
XOPOIIOI0 MIIHICTIO, TaK 1 €J1acCTOMEPiB, TOOTO BOJOJIIIOTH XOPOIIOK €JIaCTUYHICTIO.
BwmicT Takux mMoau(ikaTopiB y MOJIMEPHO-O0ITYMHIN KOMIO3ULIT MOXKe OcsATaTH 3—
10 % mac. [80-82, 84, 85, 92, 93].

TepmoenacTomyiacTd BUIYCKAIOThCS y BUIVISAL PI3HUX TOBAapHUX MAapoK:
Kraton D1101, Kraton D1184, Kraton D1186 (kommanis Kraton Polimers, CIIIA);
Finaprene 411 (kommanist Total, ®paniis); Europrene Sol T 161B (xomnanis Eni,
Itamist); Calprene 501M (kommanis Dynasol, Icmanis); JICT 30-01 i JICT 30P-01
(Bopownesbkuii 3aBon CK, Pocis).

[IpoTe BUKOPHUCTaHHSA TEPMOEIACTOIIACTIB OOMEKYETHCSI BUCOKOIO BapTICTIO,
mo poOuTh ix BHKOpUCTaHHS B 1,5-2,5 pa3u mOpoX4uMH, HIK HemoaudikoBaHi
oitymu [62].

Peaxmonnacmu. TepmopeakTuBHUMU  (peakToIjlacTaMH)  Ha3WBaIOTh
MoJIIMEepH, SKI TiJ Yac HarpiBaHHs ab0 BBEJCHHS 3aTBEpKyBada IMEPEXOIATh Y
TBepAUi cTaH. MoOJeKylIr peakTOIUIACTIB 0 3aTBEPAIHHS MaloTh JIIHIMHY OYyIIOBY,
TaKk SK 1 MOJIEKYJIM TEPMOIUIACTIB, aje PO3MIp MOJEKYJ PEaKTOIIACTIB 3HAYHO
MEHIIMHA, HIX Yy TepMOIUIacTiB. BMicT B MoOJeKylaX peakTOIUIaCTiB IMOABIHHUX
(HeHacMYeHMX) 3B’SI3KIB, a00 XIMIYHO aKTUBHHUX IPYIl, CIPUYUHSE, 32 IEBHUX YMOB
(mpu HarpiBaHHi, ONIPOMiHEHH1 a00 J0JaBaHHI PEYOBHH-3aTBEP/)KYBaUiB), YTBOPECHHS

CYLJIBHOI MPOCTOPOBOI CITKU. JI0 peaKkTOIIacTiB BiTHOCSATHCS €MOKCUAHI, (HheHO0-
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dbopmanpaeriaHi, kapoaMijHi, nmojiedipHi, KpeMHiIHOpraHiuHi U i1HII cMoJu [66, 77,

94-98].

OCHOBHUM HENOJIKOM, SKUH OOMEXy€ BHKOPUCTAHHS PEAKTOIUIACTIB SIK
MOU(DIKATOPIB JOPOXKHIX OITyMIiB, € Te, IO BOHHU, K IPAaBWJIO, BUMAararoTh
3aCTOCYBaHHS CIELIabHUX 3aTBEPIKyBadiB. Takok eQEeKTUBHICTh PEaKTOIIACTIB, B
OCHOBHOMY, TIPOSIBJIIETbCS TIPH 3HAYHUX KUIBKOCTSIX Yy TOJIMEPHO-OITYMHIM
xommo3umii — 6inbie 10 % mac., ane e 310poxkuye ixHe 3actocyBanHs [21].

Tepmonnacmu. JlonaBaHHS TEPMOILIACTIB Y MOJIMEPHO-OITYMHIN KOMITO3MITT
MPUBOJUTH JI0 TIOKpAIleHHS MIITHOCTI Ta AedOopMalliHuX BJIACTUBOCTEH OITYMIB 1
acanproberoHiB. Jl0o 1pOro BHUAY TNOJIMEPIB BIJHOCATH IMOJIBIHLIAIIECTAT,
MIOJTICTUPEH, MOJT11300yTHIICH, TTOJIIETUJICH, TIOJTITTPOITLJICH, aTaKTUYHUM
MOJTIIPOIILJIEH, MIOJTIIPOIILJIEH, MOJTIBIHUIXJIOPU/I, Viskoplast-S, EVA,
eTwIeHMeTImIakpmiat [66, 77, 80, 83, 85, 99-103]. IlpoTe BHUKOpPHUCTAHHS TaKHX
MOJIIMEPIB Ma€ HENOJNIKH, a came: OTPUMAaHHSA >OPCTKMX Ta KPUXKHUX OITyM-
NoJIIMEpHUX cucteM. Lle mpu3BoAUTH A0 TOTO, IO OJIepKaHl MOKPUTTS MOXKYTh OyTH
CXHJIBbHI JIO M1ABUIIIEHOTO TPIIIMHOYTBOPEHHS 32 HU3BKUX TEMIIEPaTyp.

[IIupokoro 3acTocyBaHHs 3HAWIUIM CHUHTETHYHI JlaTekcu cepii Butonal NS
(xommanii BASF, Himeuunna) [104-106] 1 Tepmononimepu cepii Elvaloy (kommanii
DuPont, CIIIA) [20, 99].

Takox 3 mojgiMepHUX MOIM(]IKATOPIB BapTO BIA3HAUUTH HAQPTOMOIIMEPHI
cvonu (HIIC) 3 dynkuionansaumu rpynamu [107-110]. Taki ciodyku MposIBIISIIOTH
BJIACTUBOCTI SIK TEPMOILIACTIB, TaK 1 pekroruiactiB. [IpucytHicts y ctpykrypi HIIC
(GYHKUIOHATIBHUX TPyN CIpUS€ 3HAYHOMY MiJBUILIECHHIO aAre31iHUX BIACTUBOCTEH
oitymiB. IIpote Bukopucranus HIIC obmexyeTbes ix 3HauHOIO BapTicTio. Kpim Toro,
niJ JI€0 BUCOKUX TeMIlepaTyp, Ha(TOMOJIMEPHI CMOJM MOXYTh 3IIMBATHCS Y
TPUBUMIPHI CTPYKTYpHU 3 HAPTOBUM OITYyMOM, IO MPU3BOAMUTH /10 3MEHILECHHS HOro
IUIACTUYHOCTI, BHACJIIIOK 4oro MOXK€E BiJI0yBaTUCH PO3TPICKyBaHHS

ac(aabT0O0ETOHHOTO MOKPUTTS.
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JI71st Kpaloro po34rMHEHHS MOJIIMEPY B O1TyM1 3aCTOCOBYIOTH IIJIaCTU(IKATOPH,

OpoTe iX BHUKOPUCTAHHS NPU3BOAUTH 10 3HIDKEHHS aJre3iifHMX BIIACTUBOCTEN

B’SDKYYOr0 y MOPIBHSAHHI 3 BUXITHUM O0iTyMOM [66].

1.3.2.2. Anresiiini  momudikaropu. Jlns MOKpamieHHs 34YEIUICHHS MK
B’SDKYYUM 1 MIHEpaJIbHOIO 4YAaCcTUHOI, B CKJIaJ OITyMIB BBOJSThH ajre3iiHi
MOIU(DIKaTOPH.

[Ipu BUKOpUCTaHHI MOBEPXHEBO-aKTUBHUX PEYOBUH PO3PI3HSIIOTH JBa BUIU
anresii: akTMBHY 1 macuBHy [111-112].

AKTHBHaA anre3is — OOBOJIKaHHA MaTepiany, (OpMyBaHHS Ta YTpPUMaHHS
MIIIHOTO XIMIYHOTO 3B’SI3Ky MIXK KaM’ STHUM MartepiajioM Ta OiTyMOM B MPUCYTHOCTI
BOAM Ta 3 €(EeKTOM BUTICHEHHs BOAW. JlJI1 MOCSATHEHHS aKTHMBHOI ajres3ii B CKJaj
0iTyMy BBOJSTH aAres3iHy no0aBky y kuibkocti 0,5—-1,2 % Bixm macu Oitymy [111-
112]. AKTUBHA aJre3is JOCATAETHCS 3a PaXYHOK Jii IOBEPXHEBO-aKTUBHOI are31iMHO1
n00aBKHM, sIKa 3MEHIIYE KOHTAKTHUN KyT Ha MOBEPXHI PO3JAUTY OITyM-KaMm’ sSHHM
Martepian 1 J03BoJis€ OITyMy 3aMilllaTd BOJY, TMM CaMUM OOTOPTAaTH TMOBEPXHIO
KaM’STHOTO MaTepialy.

[TacuBHa axaresis — mpoiec (GOpMyBaHHS Ta YTPUMAHHS MIIHOTO XIMIYHOTO
3B’SI3KY MK OITYyMOM Ta MTOBEPXHEIO CYXOro KaM STHOTO MaTepiaiy.

Jnst HamaHHA acambTOOETOHY BHCOKOI BOJOHEMPOHHMKHOCTI, SIK IPABUIIO,
aaresiiiHa g00aBKa BBOJUTHCS Y MOJIIMEPHO-OITYMHY KOMITO3HMIIIIO Yy KUTbKOCTI 0,2—
0,5 % Bin macu Oitymy [111-112].

Y nopoxHIM ramy3i g 30UTBIIEHHS aire3ii BSHKYYMX 3 MIHEPAJIbHOIO
YaCTUHOIO 3aCTOCOBYIOTH Pi3HI MOBEPXHEBO-aKTHBHI PEYOBMHHM — KAaTiOHHI, aHIOHHI
Ta HE1OHOTEHHI.

HaitedexkTuBHimmmMu aare3iiHUMu 100aBKaMH € KaTIOHOAKTUBHI TTOBEPXHEBO-
aKTUBHI PEYOBMHHU HA OCHOBI a30TOBMICHHX XIMIYHHMX CIOJYK — aMiHIB, JUAMIHIB,

iMiga301iHiB, amigoamiHis [113].
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1.3.2.3. Cneuudiuni moaudikaropu. OKpeMo BapTO BIAMITUTH HEIMOJIIMEpHI

tunu MoaudikaTopiB 6iTymiB. HallmepcneKTUBHIIIMME Cepel HUX BBAXKABIOTH CIPKY.
TexHiuHa Ccipka € HEJJOPOTOIO, SIK TIPABHIIO, MATIOTOHHAKHUM MTOOIYHUM TIPOAYKTOM B
npomuciaoBocTi. Ili yac BHUpOOHHUIITBA CIPKOOETOHY IMPOBOAATH 3aMiHY BiJHOCHO
nopororo OiTyMmy aemeBiion cipkoio (1o 50 % wmac.). CipkoacdanbTu BOJOIIIOTH
HACTYMTHUMHU YHIKQJIbHUMH BJIACTUBOCTSMHU: BHUCOKA ajresisi, XIMiYyHa CTIHKICTb,
MIIIHICTh HA CTHCK Ta BUTHH 1 HU3bKe BojgoHacuueHHSI. OCHOBHUM HEIOIIKOM, SKHUI
oOMe)Xye BUKOPHUCTAHHS OCTOHIB € iX HH3bKa TepMOCTiHKicTh. Kpim 1poro, mnpu
3aTBEP/IIHHI CIPKM CIOCTEPITa€eThbCsl 3HAYHA 3MiHAa O0’€My, sKa TOSICHIOETHCS

(ha30BUM IIEPEXOJIOM CIpKH 3 pijKoro ctany B TBepawmii [114-117].

1.4. MoaudikaTopu, oaepKaHi 3 piIKMX MPOAYKTIB NepepOOKH BYT1IUIS

Bapro BigzHauuTH, 110 aKTyaJdbHUM HANpPSIMKOM B OJIEp>KaHHI €(DEKTUBHHX 1
BIJIHOCHO HEIOPOrMX MOAM(IKATOPIB JOPOXKHIX OITYyMIB € CMOJM 3 MOOIYHHX
npoaykTiB mepepobku Byruwis [118-123]. OmHumu 3 Takux cnoiyk € (enomo-
dopmanprerigai cmonu  (ODC), sKi MOXKYTh 3aCTOCOBYBATHUCS SIK TOJIIMEPHI
MoaudikaTopu abo aare3iiHi J0OABKU 10 TOPOKHIX HaTOBHX OiTymiB [124-126].
Tomy BapTo OUIBII JETaTbHO TMPOBECTH OTJSA] JAHOTO HAMPSIMKY OTPUMAaHHS

MOAM(IKATOPIB Ta MOJATBIIOT0 MOAU(DIKYBaHHS OITYyMiB.

1.4.1. OpepxaHHd Ta BHUKOPUCTAaHHSA (PeHOTO-POopMaTbACTIMIHUX CMOJ IS

MoAM(IKyBaHHS OITYyMIB

1.4.2.1. 3aranpHi BioMocTi npo (eHoso-hopmanpaeriaai cMmoiau. deHoso-
dbopmanpaerigai cmonu (ODC) — 1me npoaykTu mMoJKOHACHcAIli QeHomB 3
dopmanpaerigom [127, 128]. B 3anexxHOCTI Big OyI0BH i MOJIBHOTO CITiBBiTHOIICHHS
BUXITHUX PEYOBHH, a TAKOXX yMOB IPOBEACHHS MPOIECY, B PE3yJbTaTi peaxilii
¢denomniB 3 popmanbaerifoMm OTPUMYIOTh ABa BUAU (HEHOJIO-(POPMANbIETiTHUX CMOT:

° HOBOJIAYHI CMOJIN;
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o PEe30JIbHI CMOJIH.

[Ipyn Hamnmumky QeHody 1 KHUCIOMY KarTaji3aTopl YTBOPIOETbCSA JIIHIMHUN
HOJIIMEP — HOB0/AK, JMAHIIIOT SIKOTO MICTUTh TpuOan3HO 10 (heHONBHUX 3aJUIIKIB,

3'€JHAHMX MIXK COO0I0 METHIICHOBUMH MiCTKaMu (auB. puc. 1.1).
OH OH OH

Hy H,
C C

Puc. 1.1. CtpykTypa HOBOJIaUHOI CMOJIN

HoBonaku — 11e TepMOIUIaCTUYHI MOJIMEPH, SIKI caMi IO co01 HE MEePEXOATh B
HEeIUIaBKUM 1 Hepo3unmHHUM craH. [lpum HarpiBanHi 3 J0OJAATKOBOIO KUIBKICTIO
dbopmanplierily Ta B JIy)KHOMY CEPEIOBHUII MOXYTh MEPEXOJUTH B TPUBUMIPHUN
nommMep. HoBonayHi CMOIM TakKOX Micias JOJAaBAaHHS TaKUX PEUYOBUH, SIK
napadopMainbaeria abo ypoTporiH, yTBOPIOIOTh MOII0HO 0 PE30JIy TEPMOPEAKTUBHY
ITACTMACY 1 MOXKYTh TICPEXOIUTH B CTaH pe3itTy [127, 128].

Temneparypa TIUIaBJI€HHS CMOJIM  3QJI€KHUTh, MEPIIOYEProBO, BiF il
MOJIEKYJIIpHOT Macu. UuMm Bullla Temmeparypa IUIaBJIEHHS, TUM JOBIIMM € Yac
KOHJIEHCalli 1 TerioBoi oOpoOKH, 1 BUILlA TeMIlepaTypa mpoliecy. Benrke 3HaueHHs
TaKOX Ma€ MOJIBHE CIIBBITHOIICHHS (PeHoy 10 popManbaeriay.

B’s3kicTh cMOJIH 3aJI€KUTH BiJl MOJICKYJIIPHOT Macu, 1 TOMy Ha Hei BIUIMBAIOTh
BC1 HaBEJICH1 BUIIE TTapaMeTpH.

[Ipu BUKOpHCTaHHI JY)KHUX KaTami3aTOpiB 1 HAWIUIIKY aJlbJETioy B
MOYaTKOBIM CTajail MOJIIKOHACHCAIlll BUXOJATH JIHIMHI JIAHIIOTH (pe30J1), K1 TpHU
JI0JIATKOBOMY HarpiBaHHI «GIIMBAIOTHCI» MK co00r0 3a paxyHok rpyn CH,OH, mo
3HAXOMATHCS B Napa-TIOJI0KEHHI ()EHOIBHOTO KUJIbIS, 3 YTBOPEHHSIM TPUBHMIPHOTO

nojimepy — pesuty [127, 128] (nuB. puc. 1.2).
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OH OH OH
H, Ho
C C
CH,
C C
H2 H2
OH OH OH

Puc. 1.2. Ctpykrypa pe301bHO1 CMOJIH

Bapro 3Bepnytu yBary [127] Ha 3HAYHO MEHINY HIBUIKICTh, MOPIBHSHO 3
HOBOJIAKOM, [I€PEXO0Yy CMOJIH B 3IUIUTUI CTaH.

YacTKoBO 3IIUTI Pe30JIbHI CMOJIM HAa3UBAIOTh pe3iToil. Pe3iTon, Ha BIAMIHY BiJl
pe30I1y, € HEPO3UMHHUH 1 HE TIIIAaBUTHCSA, ajie 3JJaTHUN Ha0yxaTu B PO3YMHHMKAX 1 MPU

HarpiBaHHi ctae M’sikuM [128].

1.4.2.2. Opnepxannst ¢deHono-GopManbIeriIHUX CcMOJ. SIK BKa3aHO BHIIE
HOBOJIaYH1 (peHO0JIO-POpMATIBJETIAHI CMOJIM MAalOTh BUILY TEMMEPATypy IUIABJICHHS,
HIK (eHoJI0-GOpMATBICTIIHI CMOJM PE30JIBHOTO THITy. TOMY 3ampOrOHOBaHO B
SAKOCTI CUPOBHHM JJIsi OJEp’KaHHS €(EeKTUBHOTO MoAuQiKaTopa AOPOXKHIX OITyMIB
BUKOPUCTOBYBATH (heHOI0-(hOpMaNbAETIIHY CMOJIY HOBOJIAYHOTO THUITY.

Mexanism KoHaeHcallii (¢eHony 3 (GopManbAeTiIoM 13 BUKOPHUCTAHHIM
KHUCJIOTHOTO KaTalli3aTopa HACTYITHUN:

- MPOTOHYBAHHA (POPMaBAETIY 3 YTBOPEHHSIM CHUIIBHIIIOTO €NeKTPOodiuTy:

H H
\6+ O— H" \ +

C——=0 » C—OH
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- esleKTpodiIbHe 3aMillieHHs B (heHOI:

OH OH

+
+ C—OH —>»

o—

- IPOTOHYBAHHS YTBOPEHOT'O CATIIIUIOBOTO CIUPTY:

OH

OH OH
c: e cH
.o 2
SoH - ok
— H —
-H,0

- eJIeKTpodiIbHE 3aMillieHHs B (DeHOI:

OH OH

OH OH
CH, 5 _H c
H,C=——0
=
¥ E T -H,0
OH OH
Ha
c CH,OH
@OH H,C==0
—_— —_— ee e —_— ec e
-H20 -Hzo

TpanuuiiiHOIO CHUPOBUHOIO [IJIi OTPUMaHHS HOBOJAYHMX CMOJI 3a3BUYAil

T
N

CIYTYIOTh (PEHOJI, KPe30J, KCHJICHOJIN Ta iX CyMil, a Takox ¢opmainid. B skocti
KaTaji3aTopa 3aCTOCOBYIOTh XJIOPHUAHY KUCIOTY.

OCHOBHMMH oOMepalisiMi MPU BUPOOHUIITBI HOBOJIAYHUX CMOJI €: MIArOTOBKA
CHUPOBHUHHU 1 KaTali3aTopa, MIPUTrOTYBAHHS PEaKLIMHOI CyMillli, KOHJEHCAIlisl, CYyLIiHHS
CMOJIH, 3JIUB, OXOJIOPKCHHS 1 TOAPIOHEHHS CMOJIH.

[linroToBKa CHpPOBMHU TOJIArae B IUIABJICHHI (eHOJy, a MiJAroTOBKa
Kartajiizatopa nossarae B orpuManHi 10 %-oro BomHoro po3unny HCI. Peaxuiiiny
CYMIIII JUIsl OTPUMAaHHSI HOBOJIAYHUX CMOJI TOTYIOTh B aJIOMIHIEBUX 3MillyBadax abo

0e3mocepeHbO B PEaKTOPI.
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Konpencartito i cymnriHHs 311HCHIOIOTh B OJJHOMY PEaKTOpP1, KU SBIISIE COOOIO

MWTIHAPUYHUN amapaT 3 CNNTHYHOI KPHUIIKOK 1 JHUINEM, SKUWH 00JIamTHaHuN
IPIFOYOI0 COPOYKOI aHKEPHOTO THITY, IO JO03BOJISE 3aCTOCOBYBATH TPIFOYMNA Tap
MIJBUIIEHOTO THCKY. [liABUIEHHS THCKY 1, BIANOBITHO, TeMIeEpaTypu TNapy
NPUIIBUIIYE Tpoliec cylriHHs. PeakTop oOmagHaHuil SKIpHO-PAMHOIO MIIIAJIKOIO 3

yacrtortoro 0,7-1,0 06/c.

1.4.2.3. 3acrocyBanHs  ¢eHono-popManbaeriqfHuX  cMmoi.  DeHolo-
dopManbAEriiHI  CMOJM 3aCTOCOBYIOTHCSL JJIi OTPUMAaHHS IUIACTUYHUX Mac
(3aTBEpALIl CMOJM HAa3WBAIOTh — PE3UTAMH, 3aTBEPAUIl B NMPUCYTHOCTI HAPTOBHX
Cynb()OKHCIOT — KapOoJiTaMH, MOJOYHOI KHUCIOTH — HEOJEHKOpUTaMHu),
CUHTETUYHUX KJIE€IB, JIaKiB, TE€PMETHKIB, BHUMMKAYiB, TaJbMIBHUX HaKJIAJOK,
MIITAITHAKIB, TAKOXK IIUPOKO BUKOPUCTOBYETHCS Y BUTOTOBJICHHI KYJIb I OUTBSIpTY
[129].

BUKOpPUCTOBYIOTBCSL Ml OTPUMAaHHA B SIKOCTI CIOJyYHOTO KOMIIOHEHTY Y
BUPOOHMIITBI HATTOBHEHUX MPEC-KOMIO3UIIIN 3 pI3HUMHU HAMOBHIOBaYaMu (11€J110J1034,
CKJIOBOJIOKHO, JI€peBHE OOpPOILIHO), JAEPEBHO-BOJOKHUCTHX 1 JEPEBHO-CTPYKKOBHUX
IUTUT, KJIEIB, MPOCOYYBAJIBHUX 1 3aJMBaJbHUX KOMMO3UINM (g daHepu, TKAHUX 1
HAITOBHEHUX BOJIOKHOM MatepiajiB).

3 1701 HU3KM BJIACTUBOCTEH IJIACTMAC HA OCHOBI (heHON0-(popMaIbAEriTHUX
CMOJI, BOHU 1 3apa3 3aIMIIAI0ThCS HEMIEPEBEPIICHUM MaTepiaioM.

Y pobGoti [124] omucaHo psAx JTOCHTIIXKEHb, MPHUCBIYCHUX OJICPKAHHIO Ta
BUKOpUCTaHHIO  (eHono-popmansaeriguux cmoin (PPC) sk monaudikaropa
HaTOBUX JOPOXKHIX OiTymiB. BcTaHoBineHo, mo BBeaeHHS B Oitym 2 % Mac.
dbeHono-popMaNbACTIIHOI  CMOJIM  TMPUBOJUTH JO 3OUIBIICHHS TeMIIepaTypu
posm’skmienocti  6itymy (KiK) 3 492 no 51 °C, To0to 30iiblIye HOrO
TEIUIOCTINKICTh, EII0 3MEHIYEThCs TIeHeTpanis 0iTyMmy 3a Temneparypu 25 °C 3 62
m0 60 wm-10™. Immexc meHerpamii BuXimHOro OiTymy cranoButh —0,902, a
monupikoBanoro —0,523. Ile MokHA MOSCHUTH THUM, MIO BBEACHHS (HEHOJIO-

(dbopMabAeriAHOT CMOJIK Y CKJIaa OITyMy 3HMKYE UYTJIMBICTh OITYMY 10 HAarpiBaHHS.
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Takox jo0/aBaHHsI CMOJIM 301IbIIIye KiHeMaTU4HY B’s3kocTh mpu 135 °C 3 0,35 no

0,44 Tla'c. YV pochimkeHHsX, omucaHux y poboti [125], BcTaHoBieHO, IO
ONTUMAJBLHUM BMICTOM OakemiTy (heHomo-hopMaIbIeriqHOI CMOJHM PE30JbHOTO
tunty) B BMII € 1,75 % wmac. Ilpu nomaBaHHi Takoi KUIBKOCTI OakemiTy
CIIOCTEpITAEThCS 30UThINIEHHST CcTal0lIpHOCTI 3a Mapmanom 3 20 mo 24,2 KH,
30UIBIICHHSAM TEMITEpaTypH po3M’sKIIeHOCT1 3 52 110 61 °C, TakoX CIOCTepIraeThes
3MEHIIICHHS TIeHeTparii 6iTyMy 3a Temmepatypu 25 °C 3 49 1o 39 m-10™. ¥V pobori
[126] BcTanoBieHo, 110 BBeACHHS B OiTyM 2 % Mac. OakemiTy HPHUBOIUTH 0
30UTBIIEHHST TemmiepaTypu po3m’skieHocti Oitymy (KiK) 3 58 mo 66 °C, t0o6TO
30UTbLIY€ HWOT0O TEIUIOCTIMKICTh, 3MEHUIYEThCA IMEHETpalls OITyMy 3a TeMIlepaTypu
25°C 362 no 20 m- 10'4, a TaKo’X 30LJIbIIIEHHS KiIHeMaTH4HOi B’s13KocTi ipu 135 °C 3
0,4 no 0,98 Ila'c, MmO IO3BOJNMTH EKCIUIyaTyBaTH aBTOJOPOTH B YMOBAaXxX KapKOro
KJIIMATY.

[Ipore mupoxe 3acTocyBaHHs (eHO0JI0-(HOPMANIBIETIAHIUX CMOJ, OJIEpKaHUX 3

CUHTETUYHOTO (PEeHOITY € OOMEKEHUM, MIEPIIOUEPTOBO, YEPE3 1X BUCOKY BAPTICTh.

1.5. BucHoBku 710 OTJIsALy JIiTEpaTypu

Ha ocHOBI mpoBeneHOro aHaildy JITEpaTypHUX JaHUX BCTAaHOBJICHO, IO
OCHOBHa cdepa 3acTocyBaHHA HAPTOBMX OITyMIB, SIK B’SDKY4YOro, € JOPOKHE
OyIIBHUIITBO, & OKUCHEH1 OITyMH € HalO1IbIII PO3MOBCIOIKEHUMH.

HenonikamMu OKHCHEHHX OITyMIB € YYTJIMBICTH JIO0 3MIH TeMIeEpaTypu
(acanbTOoOETOHHE OKPUTTS HA iX OCHOBI € HECTIMKUM 110 Aedopmallii TPU BUCOKUX
TEeMIIepaTypax 1 PO3TPICKYEThCS TMPU HUZBKUX TEMIIEpaTypax) Ta CXWIBHICTH 10
HMIBUAKOTO cTapinus. [IpuunHamu nux npoOieM € HeHaleKHa sIKICTh O1TyMiB (HaBITh,
KOJIM OITyMH TOBHICTIO 3a/IOBUIBHSIIOTh BUMOTH HOPMATHBHHUX JIOKYMEHTIB JI0 iX
SKOCT1) Ta iX BUKOPUCTAHHS 32 TaK 3BAHUMU «TapsiuUMU» TEXHOJIOTISIMHU.

OCHOBHUM KOHKYPEHTOM «TapsYuX» TEXHOJIOT1H MpHu OyIiBHUITBI Ta PEMOHTI
JIOPOKHIX HUISIXIB € BUKOPUCTaHHS OITYMHHUX €MYyJbCiid. 3aCTOCYBaHHS OITYMHHUX

eMyJIbCili /03BOJISIE 3HAYHO 3MEHIIMTH EHEpPro3arpartd, MIPOAOBXKUTH TEPMIHU
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PEeMOHTY 1 OyAIBHUIITBA JOPOXKHIX OASATIB, MPHU IILOMY HE MOCTYHNAIYKCh y SKOCTI 1

noBroBiyHocTi. [IpoTe mpu BHUKOpPHCTaHHI OITYMHUX €MYJbCiii OOMEXEHO depes
HETEXHOJIOTIYHICTh Ta BIJICYTHICTh JICIICBUX 1 IOCTYITHUX €MYJIbIaTOPIB.

OnHuM 3 HAWUNOMIMPEHIIMX HANpsAMKIB B IMIJABUINEHHI EKCILTyaTaIllHHUX
BJacTUBOCTEH HapTOBUX OITYMIB (TMepIodeproBo, okucHeHux) Ta bE Ha iX ocHOBI €
iX Moau(diKyBaHHS MOJTIMEPHUMHU MaTepialamu.

B Vxkpaini cnoxxuBaHHs MOAU(PIKOBAaHUX OITYMiB y AOPOKHBOMY OyAiBHHUIITBI
cknagae gume 1-5 %. OpgHak BHKOpUCTaHHS MOAU(IKATOPIB OOMEXKYETHCS
BHACIIJIOK 3HAYHOI 1X BapTOCTi. TOMY BaXKJIMBUM € MOUTYK €(PEKTUBHUX 1 HEOPOTHUX
MOAM(IKATOPIB AOPOKHIX OITYMIB.

EdextuBHuMu MoaudikaTopaMu JOpPOKHIX OITyMIB MOXYTh OyTH (eHOoJ0-
dbopmanpaerigai cMoau (ODC). Arne 1i cMOJH, SKI OJCPKYIOTh 3 UUCTOTO (HEHOIY,
HE 3HAWIUIM MUPOKOTO 3aCTOCYBaHHS JUIsi MOAU(IKYBaHHS JOPOXKHIX OITYMIB, IO
IIOB’SI3aHO, B IIEPIIY Yepry, 3 iX BUCOKOIO BAPTICTIO.

[lepcieKTUBHUM € HampsMOK BUPOOHUUTBA MOAMMPIKATOPIB 3 PIAKUX
(moO1yHUX) TPOAYKTIB TEPMIUHOI mepepoOku roprounx komaiuH. Cepen Takux
PIAKKX MPOAYKTIB MOKHA BUIIIUTH (PEHOJBHY (PpaKIil0 Kam’ STHOBYT1JIHHOI CMOJIH,
AKa OTPUMYETHCA Ha KOKCOXIMIYHUX MIJMPUEMCTBAX, 1 MOKE 3aCTOCOBYBATHUCS IS
oJepKaHHS (peHo0-(popMaNbIeTITHUX CMOJI. TOMy HEOOX1THO MPOBECTH JICTAJIbHE
BHUBUYEHHS MPoILecy MOAU(DIKYyBaHHS OITYMIB IIUMU PEUOBUHAMHU.

Buxonsun 3 BUILIEHaBEAECHOTO, ST JOCITHEHHS ITOCTaBJICHOI IIJII HEOOX1THO
BUPIIIUTH HACTYIIHI 3aBJaHHS:

®  TOpIBHATU €(EKTUBHICTh HANOUIBLI PO3MOBCIOIKEHUX MOAMPIKATOPIB,

benono-hopMalbIETIAHUX CMOJI, SIKI OJepXkaHl 3 YHMCTOro (eHoay Ta
dbenono-hopManbIeTiIHUX CMOJI, OJCPKAHUX 3 PIAKAX MPOJIYKTIB
TEPMIYHOI MEPEePOOKU TOPHOYUX KOMAIUH K J00ABOK JJIsS MOKPAIICHHS
BJIACTUBOCTEN TOPOKHIX HA()TOBUX OITYMIB;

e BHUBYMTH BIUIMB YWHHUKIB Ha TpoIec ojepkaHHS Momudikatopa 3

3aJlaHUMH ~ BJIACTHBOCTSIMH ~ KOMITAyHIyBaHHSIM MOro 3 OITyMHUM

B’SDKYYHM 1 3HAXOHKCHHS ONITUMAJIBHUX MEX IMX YNHHUKIB,;
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onepkatu ToBapHui (ToBapHi) BMII, skuii BignmoBizae BUMOTraM

HOPMAaTHUBHUX TIOKYMEHTIB;

Ha ocHoBl BMII mpuroryBatu ToBapHy BE Ta BCTaHOBUTH MOXIMBICTH ii
3aCTOCYBAHHSI Y HAWKOPCTKIIIUX YMOBax JOPOXKHBOIO OYyIIBHUITBA
(manpukinan, onepxxans JIEMC);

pPO3pOOUTH OCHOBHM TEXHOJIOTII OJep)kaHHA MOJAu(IKOBaHUX OITYMIB Ta

BE.
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PO3/I1I 2

OB’€KTU TA METOUVKU INPOBEJIEHHA EKCITEPUMEHTIB I
AHAJII3IB

2.1. XapakTepucTUKa BUXITHUX PEUOBUH

Jlis BHBUYEHHs Mpolecy MOAN(IKyBaHHS OITYMIB CMOJaMH OACPKAHUMH 3
MOOIYHUX TMPOAYKTIB KOKCYBAaHHS BYTULIS BHKOPUCTOBYBAIW JAUCTHIISAIIAHUMA
(3anumkoBuit) HagToBUI opoxkHIN O6iTymM Mapku BJl 60/90 1 okucHenuit HadTOBUM
nopoxHiit 6itym mapku bHJI 60/90 (BH/I 70/100).

Juctwsimiitnuit (3anuikoBuil) HadToBUM A0pokHik O6iTym Mapku BJ] 60/90
OyB BifiOpannii Ha DpaHKIBCbKOMY HUISIXO-PEMOHTHOMY yIpaBiiHHI (YKpaiHa, M.
JIbBiB), flOTO XapakTepuCTUKa HaBeAeHa y Tao. 2.1.

Tabmunsg 2.1

OCHOBHI XapaKTEPUCTUKH 3aJUIIKOBOr0 JJOPOKHBOI0 HA(PTOBOIO OITyMy

Bumoru 1o b/]
[Toxka3zuuk b1 60/90 | 60/90 BigmoBimHO | MeToauka
70 [3]

1 'MuOrHa TPOHUKHEHHS TOJIKU
(meneTpartisn) 3a remneparypu 25 °C, 80 61-90 [130]
M-10™ (0,1 Mm)

2 Temneparypa po3M’IKILIEHOCTI 32

43 44-52 [131]
KUIbIIeM 1 KyJieto, °C
3 PO3TSKHICTB (yKTUIIBHICTD), CM:
3.1 3a Temmepatypu 0 °C 1,2 >1,0 [132]
3.2 3a remniepatypu 25 °C > 100 >100

IN

4 TemnepaTypa KpuxkocTi, °C -11 -10 [133]
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[Tponorxenus Tadmuii 2.1

5 3MiHA BIACTUBOCTEMN ITiCIIS

POTPITTSA:
5.1 3mina macu, % 0,4 <0,5
5.2 3anumikoBa MeHeTparlis 3a 64 > 60 [134]
temneparypu 25 °C, %
5.3 3mina TemnepaTypu
po3M’sIKIeHocTi, °C 2 <5
6 Temneparypa cnajaxHeHHS y
. _ 236 >230 [135]
BLIKpUTOMY TUTJI, °C
7 34erToBaHICTh 13 MOBEPXHEIO CKJIA,
60 >20 [136]
%
8 PO3UMHHICTD B OPraHIuHOMY
99,0 >99,0 [137]
PO3YMHHUKY
9 Inaekc nmeHerpariii -2,0 Bix —1,9 mo +0,8 [138]

OxucHenuii HadToBHI OpoXkHiH OiTym mapku BHJ[ 60/90 OyB BiniOpanuit Ha

I[TIAT  «TpancHauioHanbHa  (DIHAHCOBO-TIPOMHMCIIOBA  Ha(TOBa

KOMIIAaHIsS

YxpratnadpTa» (Ykpaina, M. Kpemenuyk). Xapakrepuctuka BH]I 60/90 naBenena y

Tabmn. 2.2 Ta 2.3.

Tadomurs 2.2

OCHOBHI XapaKTEePUCTHUKN OKMCHEHOTO JOPOXKHBOTO HA(hTOBOTO OITyMy

Bumorn no bH/J

[Toka3Huk BHJI 60/90 | 60/90 Binmosigno | MeTtoauka
70 [2]
1 'MuOrHA TPOHUKHEHHS TOJIKU
(meneTparrisn) 3a remneparypu 25 °C, 70 61-90 [130]

M-10™ (0,1 Mm)
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[TponorxenHs Tadmuii 2.2

2 Temmeparypa po3m’SKIIEHOCTI 3a

' . 46 47-53 [131]
KUIbLIEM 1 KyJIeto, °C
3 PO3TsOKHICTD (IyKTHIIBHICTD) 32
63 > 55 [132]
temmneparypu 25 °C, cm
4 Temnepatypa KpuxkocTi, °C -18 <-12 [133]
5 3MiHa BIACTUBOCTEH MiCHs
MPOTPITTS:
5.1 3mina macu, % 0,5 <1,0
5.2 3anumikoBa neHeTparlis 3a 93 > 60
temneparypu 25 °C, % [134]
5.3 3miHa Temneparypu 2 <6
po3M’siKIIeHoCTI, °C
5.4 3uennenHs 31 cKIoM, % 43 He HOop™myeThCS
5.5 3uenyenHs 3 medbenem, 0at 3 He nopmyeTncs
6 Temneparypa cnanaxHeHHS y
. _ 239 > 230 [135]
BLAKpUTOMY TUTI, °C
7 34erToBaHICTh 13 MOBEPXHEIO CKJIA,
33 He nHopmyeThes [136]
%
8 3uerieHHs 3 MOBEPXHEIO MICOCHIO,
3 He HOpM™Mye€ThCS [137]
Oan
9 PO3uuHHICTH B OpraHiYHOMY
99,0 >99,0 [138]
PO3YMHHUKY
10 Ingexc neHeTparii -15 Big —2,0 no +1,0 [134]
11 TnrepBan mnactuunocti, °C 64 He nopmyeTtncs
12 IluHamivyHa B’SI3KICTh 3a
1,3 He HOpMye€eThCs [138]

temneparypu 135 °C, Ila-c
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3riIHO JaHUX HEBeAeHMX B Tabia. 2.1 Ta 2.2 MO)KHa 3pOOUTH BHUCHOBOK, IIIO

BUX1/THI OITyMH BiJIITOBIAaIOTH BAMOTaM HOPMAaTHBHHX JOKYMEHTIB [2, 3].

Taomurg 2.3
CTpyKTypHO-TPYIHOBHI aHAII3 OKUCHEHOTO JOPOKHBOTO HAPTOBOTO OITyMy
BHJI 60/90
['pynoBuit Ximiuawmii ckinan, % Mac. Bigaomenus CTpyKTypHHUii
Acdanbrenu Cmomnu Onusn A A THUT
(A) (C) (0) A+C C+O 3a 'XC
214 31,1 475 0,40 0,27 «30JIbL-TEJIbY»

3rigao [1, 140] BusHauanmu Tum cTpykTypu Oitymy mapku BHJI 60/90 (mus.
Tadm. 2.4).

Tabmnus 2.4
BuzHaueHHs TUITy CTPYKTypH OITyMIB
I'pymnioBuit XimiuHui ckiana, % mac. Bignomenus
CrpykTypHHUii
AcdanbTenu
THII *) Cmomu (C) | Omuu (M) | A/(A+C) | A/(O+C)
I T — «renp» > 25 <24 > 50 > 0,50 > 0,35
II Tum — «30516» <18 > 35 <47 <0,34 <0,22
III Tim — «30J1b-
21-23 30-34 45-49 0,39-0,49 | 0,25-0,30
reby

Takox s KoxkHOro 3 OITyMiB OyB BH3HAUCHHUU CTPYKTypHHUH THI 3a
JOTIOMOT0I0 TIEBHUX PO3PaxXyHKOBUX KputTepliB. HailmpocTimmm 3 HUX € 1HTepBal
miactuaHocTi 6iTymy (II1). Takuit kpuTepii € anredpaiuHOI0 PIZHUIICIO TEMIIEPATYP
po3M’sikimeHocTi Ta Kpuxkocti Oitymy (IIT = T, — Typ). ¥V BiAnoBigHOCTI 3 UM
MOKa3HUKOM O1TyMH 3 1HTepBasioM miacTUuHOCTI II1 > 75 °C MoxkyTh OyTH BiJIHECEHI
JI0 TUILY «Telb», 0i1TyMH 3 iHTepBasioM miaactuyHocTi 11 < 55 °C — o tumy «30571b».
[IpoMI>KHUIM CTPYKTYPHUN THIT «30Jb-T€Ib» Ma€ 1HTepBai ruiactudHocti II1 = 55—

75°C.
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VY 3axiIHO€BpPONENHCHKUX KpaiHax Il PO3MOJAUICHHS B’SI3KUX OITYyMIB Ha

CTPYKTYpHI THUIH IIKPOKO BUKOPUCTOBYIOTH 3arponoHoBanuii JK.@. IIpeiidepom Ta
I[I.M. JHopmanem ingekc mneHetrpari (IP), skwuii 0a3yerbcsi Ha BpaxyBaHHI
TEMIIepaTypHOI 3aJEKHOCTI MEHEeTpalli, gKka IyXe 4YyTJIMBa JI0 TPYMOBOTO CKIAITY
oiTymy.

BignoBinHo 1o craHmapTiB kpaiH €Bpomeiicbkkoro Coro3y iHIEKC IeHeTparli

BU3HAYAIOTH 32 (HOPMYJIOIO:

_ 20T, +500x Lgll,; ~1952 (2.1)
T, —50x LglT,, +120

ne Tyo,— TeMIepaTypa po3m’akmenocri, °C;

15 — menetparis npu 25 °C B 0,1 mMMm.

bitymu 3 [P MeHmuMm Minyc 1,0, yMOBHO MOXyTh OyTH BIJIHECEHI O THUITY
«30ib», 3 [P Oinbmmm 1toc 1,0 — 1o tuny «reiwsy», a 6itymu 3 IP Big minyc 1,0 mo
witoc 1,0 — 10 ThILY «30JIb-TeNbY.

CBo€10 ueproro, 3 METOI0 CIPOILECHHS JOCIII1B, HEOOXIAHUX AJIsI BU3HAYCHHS
CTpYKTypHOro Ty 0iTymy B. A. 300TappoBUM OYB 3alpOTIOHOBAHUN KOE(QIIIEHT,
SKUM pO3paxoByeTbCs 3a (OPMYJIOI0, IO BpPaxOBY€ CTAHJAPTHI MOKA3HUKU
BJIACTHBOCTEN OITyMy: Temreparypy posm’akmeHnocTi (T,), TemmnepaTypy KpHXKOCTI
(Typ) Ta myxTreHicTs ([1) mpu 25 °C [141]:

(T, -T_)xL (2.2)
Koy = A A
25x JT

ne L — nomxkwuna (3 cMm) mmiiku (Gopmu 3paska «BICIMKW» ISl BU3HAUCHHS

OYKTUIBHOCTI OITyMY;

25 — Temrnepatypa, pu sIKiid BiI0yBa€ThCsl BUBHAYEHHS TyKTUIBHOCTI,C.

3a knacudikamniero 3onorapsosa B.O. 6itymu 3 Keryg > 0,13 BigHOCATS 10 THITY
«renby, 0itymu 3 Kerg < 0,08 € cucremamu 3 CTPYyKTYpOIO THILYy «30JIb», a OITyMH 3
OPOMDKHUMHM 3HAYEHHSAMM LIbOTO IOKa3HUKA € CUCTEMaMH THIIY <«30JIb-TeIb).
Po3paxyHKOBI MOKa3HUKH BU3HAYEHHS CTPYKTYPHOTO TUILy OITyMy 3BE€A€H1 B TaOI

2.5.
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Taomung 2.5

Po3paxyHKoB1 MOKa3HUKW BU3HAYEHHS CTPYKTYPHOTO TUIY OITyMy

3HaueHHs PO3paXyHKOBUX KPUTEPIiB BUZHAYEHHS CTPYKTYPHOTO

TUITY OITYyMY
CrpykTypHuid InTepBan _
' . [Hexc nenerpanii Ilokazauk
THUII OITYyMY IUIACTUYHOCTI
(IP) B.A.3omnoraproBa (K.,)
(ITT), °C

| — «renpy >75°C ourpmmmit +1,0 > 0,13

Il — «3011B) <55°C meHimi —1,0 < 0,08
I — «30B-TETBY 55-75 °C Bix —1,0 mo +1,0 0,08-0,13

JIJisi MOpIBHSIHHA EKCIUTyaTalliiHUX BJIACTUBOCTEH MOAM(PIKOBAHUX OITYMIB

BUKOPUCTOBYBAJIM TaKi TPOMUCIIOBI JOOABKHU:

o IpOMHKCIIOBa ToJliMepHa go6aBka mapku Calprene 501 M BupoOGHuIITBa

xkommanii  "Dynasol

Elastomeros S.A.U."

kornosiMmep crupeny ta 6yranieny (CbC);

(Icmanist) — miHiHUN OJIOK-

o npomuciioBa aaresiiHa mob6aBka Mapku Wetfix BE BupoOHuITBa

komnanii "Nouryon Surface Chemistry AB" (IlIBerist) — mOBepXHEBO-aKTHBHA

pEUOBUHA,;

o IIPOMUCIIOBA

dbenono-popmanbaeriiHa

«YUCTOTO» CHHTETUYHOTO (heHoury (iaiTo).

Xapaktepuctuku MoauGiKaToOpiB HaBeneHl y Tabi. 2.6—2.8.

CMOJIa,

sKa oOJepkaHa 3

Tabmuis 2.6

di3uuni BracTUBOCTI MoTiMepHOi 100aBku Calprene 501 M

Ha3Ba nokazHuka

XapakTepucTuka

®dizuynHa dhopma

[Topo1ok 61J10r0 KOJIbOPY

B’si3kicTh B TonyeHi 5,23 %, cCt

B’s3kicth B Tomyeni 25 %, [la'c, mo

bpykdinsay
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[TponorxxenHs Tadmuii 2.6

Komip mo Xanrtepmady 2

CymapHuii BMICT CTHpeHY (B ToJiiMepi), 31
%

CrupenoBuit 61710k (B momimepi), % 29

Tsepaicts no Llopy A° 76

Tadomus 2.7

®di3uyHi BnactuBocTi aaresiitnoi nodoasku Wetfix BE

Hazpa noka3nuka

XapakTepucTuka

®di3uunHa dhopma

B’sa3ka piquHa KOPHYHEBOTO KOJIBOPY

3aranpHe aminae uncio, mr HCl/r 160-185
Kucnorue uncio, mr KOH/r <10
pH 11 (5 % B BOI)
I'yctuna mpu 20 °C, kr/m° 980
B’szkicts npu 20 °C, mllac 800
Po3uunHICTh B €TaHOM Po3unnHuMi
Po3uuHHICTS y BOAI Emynbryerscs
Touka cnanaxy, °C > 218
Touka naBaeHHs, °C <-20

Ta0muis 2.8

®i3U4H1 BIACTUBOCTI TPOMHUCIIOBOT (heHO0I0-hopMaTbaeriTHOT CMOTH (111TOJ)

Ha3Ba nmoka3zHunka

XapakTepucTuka

®dizuynHa dhopma

[Topo1iok K0BTOr0 KOJIBOPY

MacoBa yacTka HEPO3UUMHHHX JOMIIIOK,

%

0,2

MacoBa yactka BuIbHOTO (heHomy, %o
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[TponorxenHs Tadmuii 2.8

Temmnepatypa po3m’SKIIIEHOCTI 3a
_ ' 92
KUIbLIEM 1 KyJieto, °C
Po3uynuHICTE B €TaHOJI1 Po3unuaumii

Jlns  BUpOOHUIITBA OITYMHHMX €MYJIbCIi BHKOPHUCTOBYBAJIM IPOMHCIOBHUI
emyiabrarop Mapku Redicote E-11 BupoOnunrBa kommanii "Nouryon Surface
Chemistry AB" (IlIBeriisi) — moBepXHEBO-aKTUBHA PEUYOBMHA KATIOHHOTO THITY, SIKa
SIBJISIE c00010 N, N, N, N’ N,-HGHTaMeTI/IJI-N-HiTpI/IJI-l,3-

MPONEHAUAMOHIYMIUXI0pu . P13UYHI BIACTUBOCTI JAHOTO €MYJIbraTopa HaBENICHI y

Tadymi 2.9.
Tabmuus 2.9
®di3uyH1 BnacTuBOCTI emynbratopa Redicote E-11
Has3ga nokasnuka XapakTepucTuka
®dizuyna hopma PinvHa %0BTOTO KOJIBOPY
I'yctuna mpu 20 °C, kr/m’ 890
AKTUBHICTB (CyX0i pedoBUHU), % 48-53

Mexa Texydocri, °C -20
Touka cranaxy, °C 18
Temneparypa nomyTHiHHS, °C -10

Po3unnHICTE ¥ BOA1 Po3unnnuit

pH 6-9 (5 % B 50/50 2-ipomnanon/Boa)

B’sa3kicts npu 20 °C, cP (canTumnyas) 52
B’sa3kicts npu 10 °C, cP 113

st ogepkanHsa (heHona0-(popManbAETiTHUX CMOJ BUKOPUCTOBYBAJIM IIHPOKY
dbenonpay dpakmiro (LLDD) Bigiopany Ha [IpAT «3amopixkokc» (Ykpaina, M.
3anopixoks). Xapaktepuctuka (pakiii HaBeneHa y taour. 2.10. [l KoHIIeHTpyBaHHS
dbenony Ta kpe3oniB npooauian po3aiieHHs DD nHa 81 ¢pakmii: n.K. (MOYaTOK

kuninHasg — ~92 °C)-185 °C 1 185—«.k. (kineup kuminug ~211 °C) °C (temnepartypa
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kumiaHs Genony — 182 °C, kpeszomiB — 191-202 °C). XapakTepucTUKy CHPOBHUHU Ta

onepkaHux ¢pakiiii HaBeneHo y Ta6m. 2.10. MarepianbHuii OanaHC MEPETOHKH

HaBeqeHn y Tabm. 2.11.

Taomumg 2.10

XapakTepucTuku cupoBuHHU 11 oaepkanua O1KC-O

dpaxiis
ITokasuuk sikocti | Illmpoka | mk.—185°C | 185-k.k.°C Merozuka
¢denonbHa | ((heHoIBHA) (Kpe30JibHA)
Opakuitauit ckinan, °C:

Temneparypa

105 92 172
MOYATKy MePETrOHKHU
10 % Bigra"seTbCs

164 147 177
3a TeMIlepaTypu
20 % Biarauserbcs

172 156 179
3a TeMIlepaTypu
30 % Bigra"seTbes

174 161 181
3a TeMIlepaTypu

[142]

40 % BiOraHs€THCA

177 166 183
3a TeMIlepaTypu
50 % BigrassgeTrncs

179 169 184
3a TeMIlepaTypu
60 % BigraHgeTnCs

182 172 187
3a TeMIlepaTypu
70 % BiAraHg€eTHCS

185 174 190
3a TeMIlepaTypu
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[Tponorxenus tadmaui 2.10

80 % BiAraHAETHCS
197 181 200
3a TeMIIepaTypu
90 % BIAraHAETHCS
202 184 206
3a TeMIIepaTypu
95 9% BIAraHIETHCS
208 189 211
3a TeMIIepaTypu
MounekynspHa Maca 136,00 108,00 167,28 —

Tabmuuga 2.11

MartepianbHuii 0amaHc IEPErOHKU MIUPOKOi (PEHOTBHOT dpaKilii

Crartda Buxin 3a macoro, %
Op. m.x.—185 °C (koH1eHTpaT (heHoITy) 50,60
®p. 185—k.k. °C (KOHILIEHTpAT KPE30JIiB) 46,77
3aHIIoK 2,63
Bcrworo 100,00

JUisi BCTAHOBJIEHHSI KOMIIOHEHTHOI'O CKJIaJy IOIMPOKOi (PeHOJIbHOI (pakiii 1

BUJTYUCHUX 3 Hel «cupux» (EeHOJNIB MpoBeJAeHUN XpomaTorpadiyHuil aHami3,

pPE3yNbTATH SIKOTO HaBeeH1 B Ta0m. 2.12.

Taomung 2.12

Komnonentuuii cknag HIOD 1 «cupux» peHomnin

BwmicT B «cupux»

Komnonent Bwmict B HIDD, % Mac.
dbenonax, % Mmac.
deHon 23,954 33,551
0pmMo-Kpe30 4,840 14,913
Mema- Ta napa-Kpe3oiu 12,935 37,914
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[Tponorxenus Tadmuii 2.12

1HIaH 2,423 0,120
1HIEH 13,343 0,353
OeH3eH 3,212 6,719
TOJTyeH 1,894 0,701
HadTameH 24,866 2,323
HelJIeHTU(1KOBaH1 12,533 3,406
Pazom 100,000 100,000

Jlis cunTe3y (PeHOI0-Kpe3010-POopMalIbIET1THUX CMOJI BUKOPUCTOBYBAJIH:
o (dopmaltiH cTabiI130BaHU: MacoBa yacTka (popmanbaeriny 37 %, BMICT

KHCJIOT B IIepepaxyHKy Ha Mypamuny 0,1 %;

° KOHIICHTpOBaHa XjopuaHa kuciora: Bmict HCl — 37 % ta djo 1,19
(BUKOPUCTOBYBaJIM, SIK KaTali3aToOp MpPOLECY IMOJIKOHACHcalli (QeHOomB 3
dbopmanbaeriiom);

o T1IPOKCUJT HATPIIO: TPaHYJIbOBaHUI (BUKOPUCTOBYBAIIH, SIK KaTali3aToOp

npoliecy noJikoHAeHcalii GeHomiB 3 GopMaIbACTIIOM).
2.2. MeToiuKku MpoBeJIeHHS EKCTIEPUMEHTIB

[Tim yac mpoBeaeHHS EKCIIEpUMEHTAIBHUX JOCIIKEHb, I MOAU(DIKYBaHHS

Ha(TOBUX OITYMIB OJIep>KyBaliu (DEHOII0-KPe30J10-PopMaIbIACTiIHI CMOJIH.

2.2.1. Cunre3 ¢enono-kpezono-popmanpaeriznux cmoia. 3 MDD Ta
BilirHaHuX 3 Hel Ppakmiit m.k.—185 1 185—k.k. °C 3a gonomoroto 20 %-oro po3unHy
NaOH Bunywyanu (eHosu Ta MOro moxiiHi, Hajgamd — «cupi» (TexHiuHl) GeHoNMHu —
C®1, CD2 ta CD3. Bunyuenus ¢eHosiB 6a3yerbess Ha TOMY, 1m0 (HEHOIH Ta HOTO
NoXiaH1 npu B3aemoii 3 pozurHoM NaOH yTBOpIOIOTH BOJIOPO3YMHHI (DEHOJIATH, SIKi

NepeBOAWIN Y (PEHOJIM KOHIEHTPOBAHOK XJIOPUIAHOKO KHCIOTO. Buxim «cupux»
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dbenoniB 3 LIDD, dp. m.k.—185 1 ¢p. 185—k.kx. °C cranosuts 32,3; 32,01 35,1 % mac.,

BiJIITOBITHO.

MeTto0M MOMIKOHIGH ALl BUXITHUX (paKiliil Ta OACpKaHUX 3 HUX «CHPHUX
dbeHomniB 3 GopManperiioM oAepKyBaH (hEHOI0-KPEe3010-(popMalIbIETiIHI CMOJIH
(DiKC-®D). IlonikoHaeHCcaIliI0 «CUpux» (PEeHOIIB 3 (PopMaIbAETIIOM MPOBOAMINA 32
MeToAMKOI0, Tofanoto y [143]. JlaboparopHa ycTaHOBKa CUHTE3Y (HDEHOI0-Kpe30JI0-
dopMmanpaeriiHuX cMon 300paxeHa Ha puc. 2.1. Y TpuropioBuii peaxtop
BMIIIIYBaJ «CUpl» (EeHONM Ta Mpu mepeminryBaHHi HarpiBanu ao 100 °C vy
TEPMOCTATI, MICIs YOro JoAaBall HEOOXIMHY KUIbKICTh (hopmantiHy (MacoBUN BMICT
dbopmanpaeriny y popmainini cranoBuB 37 % mac.) 1 katamizaTtop (KOHIIEHTPOBaHY
XJIOPUJIHY KHUCJIOTY a00 TpaHyJbOBAaHMM TIAPOKCHI HATPit0), Jnaii ¢ikcyBaiu
MOYaTOK MPOIECY, AKUM 3a1icHIOBanU npotarom 60 xB. Ilicns 3akiHYeHHS Hpolecy
MOJIIKOHJICH ALl BIATaHsUIM BOJAY Ta HENPOPEAaroBaHl KOMIIOHEHTH IIiJi BaKyyMOM.
Opnepskany cmouy cymmi npotsirom 3 roa npu 100 °C y BakyymHii madi. Buxin
OJIep>KaHUX CMOJI BU3HAYAIIM 32 Pe3ybTaTaMy 3Ba)KyBaHHS CHPOBHHHU Ta OJCPKAHUX

denono-kpesono-popmanbaeriqaux cmon (GiKC-d).

Puc. 2.1. JlaboparopHa ycTaHOBKa CHHTE3Yy (PEHOI0-KPe3010-hopMaTbIeriTHIX
cmodt: 1 — mpueopnosuii peakmop, 2 — xono00unvHux, 3 — miwanka, 4 — mepmomemp,

5 — dinunvha niuka, 6 — mepmocmam

Opnep>xanHs (HeHOI0-Kpe30J0-PopMaIbAEeTiIHUX CMOJ MIPOBOJIAIIHN 32 CXEMOIO,

siKa 300pakeHa Ha puc. 2.2.
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BunyyeHHA «cmpux»

dopmanbaerinomy |g wodd deHonis
KMcaomy cepenosuLi
Y ___ L 2
: OiKC-03 ! I'IeperOHKa —’: 3anuwokK ! MonikoHAaeHcauia 3
1

A

®p. n.k.—185 °C

L

| ®p. 185-K.K. °C

L] [ \ | BIKCOL | -

MonikoHaeHcauia 3
dopmanbgaerigom y

opManbaerigom
1| dop Aeriaomy NY>KHOMY cepeaoBULLi

KMCNOMY CepeaoBuLL

| OIKC-®2 1
1

®iKC-1 !

MonikoHAaeHcauin 3 BuayyeHHA «CMpUX»

BuayyeHHA «cupunx»

dopmanbaerinom y deHonis deHonis
KUCNOMY CePeOBMLLI |
l 4 - _¢_ -
Co2 1 Cop3 !

MonikoHAaeHcauifa 3
dopmanbaerigom y
KUCIOMY cepefoBuLLi

MonikoHAeHcauifa 3
dopmanbaerigom y
KUC/IOMY cepefoBuLLi

MonikoHAeHcauifa 3
dopmanbaerigom y
KUC/IOMY cepefoBULLi

Y
. DIKC-95 |

oY

| DIKC-O7 !

| GIKC-06 !

Puc. 2.2. Cxema npoBesieHHs pochigxenb: PiKC-@ — ghenonvha i kpezonvHa cmona-

Gomanvoeciona;, CD — «cupiy ghenonu

2.2.2. Opepxanns moaudikoBanux OiTymiB. HeoOXigHy KijgbKicTh OiTyMy mpu

nepeMillyBaHHl HarpiBajud [0 TeMIepaTypu MOAM(PIKYBaHHS, Jali J0JaBald

NOTPiOHY KUIBKICTh MoOAM(IKaTOpa Ta BUTPUMYBAIM BIPOJOBXK IEBHOTO dacy.

JlaGopatopHa ycTaHOBKa IJisi OJ€p>KaHHS MoAM(IKOBAHUX OITYMiB 300pakeHa Ha

puc. 2.3.

Puc. 2.3. JlaboparopHa ycTaHOBKa JiJIsl oJiepKaHHS MOJAU(PIKOBAHUX OITYMIB:

1 — yuninopuuna emuicms, 2 — nepemiuty8anvHull npucmpiu, 3 — mepmomemp, 5 —

eleKmponazpieay
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2.2.3. Opnepxannss BE 3a gomomororo konoimHoro miuHa. BE roryBamm y

HACTYIHINA MOCI1AOBHOCTI:

. IIPUTOTYBAHHS «BOJTHOI (hazm»;
. MIPUTOTYBAaHHS «OITyMHOT (ha3n»;
. 3MinryBaHHs JaBOX (a3 3a JOMOMOTOI JIabopaTopHOi OiTymMHO-

eMyJbCiitHOl ycTaHoBKH (kKojoimamii minH) SEP-0,3R BupoOHUIITBa KOMMIaHIT
"DenimoTECH A/S" ([awnis).
Opnep>xannsa BE npoBoauiiv 3a NPUHIIMIIOBOIO CXEMOIO 300pakeHOI0 Ha puc. 2.4.

EMY/IbFTATOP KUC/IOTA CTABINIBATOP

BITYM BITYMHA EMY/1bCIA

3MILYBAY

BOAHOI ®A3Y BOAA

-9

KONOIAHUIA MAUH
Puc. 2.4. [IpuanunoBa cxema 1a00paTopHOT OITyMHO-eMYIBCIHHOT YCTAaHOBKH JIJIs
oaepxaHHsa bE
B crerianbHi €éMHOCTI B O1ITYMHO-EMYJIbCIMHIN YCTAaHOBII IMOMIIIATIN BOJHY Ta
01TyMHy (ha3u MICIsl YOro iX po3irpiBajiv 10 HEoOX1AHOI TemMneparypu (BoaHa ¢aza —
70 °C, 6itrymHa — 140 °C) Ta 3a 70moMOror0 3MinryBaHHs (a3 B KOJIOiTHOMY MITHHI
OTPUMYBAJIM TOTOBY OITYMHY €MYJbCil0. PO3paxyHOK KUIBKOCTI KOMIIOHEHTIB B
OITyMHIA eMyJibCli, BIAMOBIIHO JO 11 peUenty, MNPOBOJUBCS 3a JIOMOMOTOIO
KOMIT IOTEpHOT TpOrpaMu, sKa JOJAEThCSA A0 JabopaTopHOI OITYMHO-EMYJIbCIHHOT

YCTaHOBKH.

2.2.4. Onepxanns JIEMC 3 GiTyMmiB Ta OITYMHUX eMYJIbCiH, sIKI MOAU(IKOBaH1
OiKC-®. ITpurotyBanus ta BurnpoOyBanHd JIEMC npoBoauiu 3riiHO 3 BUMOTraMu
texHiuyHux OronereHiB ISSA [144, 145] ta eBponeiicbkoro cranmapty EN [146] 3a
TeMrepaTypyu Ta BIAHOCHOI BOJIOTOCTI MOBITpPs, BiamoBigHO, 25 °C 1 75 %. Cknan

JIEMC mnigbupanu Takui, 000 JOCITTH HEOOXIAHOro dacy ii posmany (Bin
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3MIITYBaHHS BC1X KOMIIOHEHTIB CyMIIIll 10 MOMEHTY, KOJIM BOHA BTpaya€ pyXJIMBICTh

1 MOJIMBICTB TIOIAJBIIIOTO TIepemMintyBanHsl). Llei kpuTepiit BU3HaYa€e 9ac, mpoTsIroM
SKOTO CyMilll TOBUHHA OyTH BUIOTOBJIEHA Ta ykiajeHa. [1ociiloBHICTh BUZHAYEHHSI
posnany JIEMC € HacTynHO¥O:

o 3MINTyBaHHS MiHEPATbHUX KOMIIOHEHTIB, BOJIU, PETYIIOI0U0T JOOaBKU Ta

01TyMHO1 eMyJIbCli B eMaIbOBaHOMY TIOCY/I1;

o py4YHE MEepeMIllyBaHHS YTBOPEHOI CyMIillll ININATEJIeM B HAXUICHOMY

MOCYZl 71 MOXKJIMBOCTI OILIIHIOBAHHSI PYXJIMBOCTI CyMIIIl BOPOAOBXK YCHOTO

yacy BUIIPOOYBaHHS;

o (bikCyBaHHS PO3Maay CyMIIlIi.

OntumaneHuM cknagoM JIEMC 3a kputepieM po3naay BBaXKaeTbCsl TaKHM
palioHaJIbHUI BMICT BCIX KOMIIOHEHTIB, IO 3a0e3Meuye po3naja CyMillll He paHilie

120 c.

2.2.5. OpepxanHa ac¢anbToOeTOHHUX cymimed. [lpurotyBanHs Ta
BunpoOyBanHs Ab npoBoaniu 3riguHo [147].

Jist  BUroToBIIeHHA ac(aibTOOCTOHHUX CyMIlIel BHUKOpUCTaIu IEOIHb
dpakmiii 5-10, 10-20, 2040 mm (Ykpaina, MOKpSHCbKUN TpaHITHUN Kap'ep),
meobeneBuil BiAciB 0-5 MM (YkpaiHa, MOKpSHCHKMN TpaHITHUH Kap'ep) Ta
MiHepaibHUi nopomok BiniOpanuit Ha TOB «IIpuropoana Hepyxomicte» (Ykpaina,
M. XapKiB).

3epHoBUi ckiian acanbToOETOHY HaBeAeHUH B Ta0. 2.13.

Tabmuus 2.13

Cknaz achanbToOeTOHY

®dpakiis, MM Bwmict matepiany B acdanbTobeToHi, %0
0,63/1,25 0,02
0,315/0,63 1,20
0,14/0,315 9,71
0,071/0,14 15,03
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[Tponorxxenus Tadmui 2.13

<0,071 74,04

Pazom 100,00

2.3. AHaJi3 BUX1JHUX PEUYOBHH 1 IPOTYKTIB

2.3.1. BusHnaueHHs ()i3UKO-T€XHOJIOTIYHHUX IMOKA3HHKIB. 3T1IHO CTaHAApPTHHUX

METOJWK 3IIACHIOBAIM aHali3 (i3UKO-TEXHOJOTIYHUX TTOKa3HUKIB BUXITHUX Ta

MOAM(PIKOBAHUX OITYMiB:

neHeTpaiito (rTMOMHY POHUKHEHHS TOJIKH) — BiamoBiaHo 10 [130];
TEMIEPATypy PO3M’SIKIIEHOCTI OITyMIB — METOAOM «KUIbIA 1 KyJi»

BignoBiaHo g0 [131];
OYKTHIBHICTD (PO3TSKHICTH) OITYMIB BU3HAYAIU — BiAMOBIAHO 10 [132];

TEMIIepaTypy KpUXKocTi 0iTymiB 3a meTtoom ®Ppaaca — 3riguo [133];
3MiHY BJIACTHBOCTEH OITYMIB MICIIs IPOTPITTS — 3TiAHO MyHKTY 9.7 [134];
TEMIIepaTypy ClajJaXHeHHS y BIIKPUTOMY THIIII — BiamoBiaHo 10 [135];
MOKA3HUK «3YCIUIEHHS 31 CKJIOM» — BiAmoBigHo 10 [136];

MOKa3HUK PO3YMHHOCTI — BiAMOBIIHO 110 [137];

JTUHAMIYHY B’SI3KICTh OITYMHOTO B’S>KY4OT0 BU3HAYAIH BICKO3UMETPOM
Thermo Scientific™ Viscometers HAAKE™ 1/2 plus — 3rigno [138];
MOKA3HUK «3YCIUICHHS 31 Iie0eHeM» — BianmosigHo 10 [139];

MOKa3HUK 3YEIUTIOBAHOCTI MK MIHEpaJbHUM MaTepiaioM 1 OIiTymMoM
OPOTSrOM TPHUBAIOTO Tepioay yacy (anriificeke ckopoueHHss RBT Bin
rolling bottle test) — srigno [148];

1HAEKC MeHeTpauii 0ITyMiB — 3a CTaHJAPTHUMH TaOJMILSIMU B 3aJI€KHOCTI
BiJl IXHBO1 TEMIIEpATypH pPO3M AKIIEHOCTI Ta TIIMOMHU TPOHUKHEHHS T'OJIKU
(meneTpartii) BignosigHo 10 [149];

1HTEpBaJI IJIACTUYHOCTI O1TyMiB BU3HAYAIH 32 (HOPMYJIOHO:

I = Tp - TKP (23)

ne Tp — Temneparypa po3m’skiienocTi, °C, Txp— Temmnepatypa kpuxkocTi, °C;
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CTPYKTYPHO-TPYIOBHUI XIMIYHUHN CKJIaJ OITyMiB BU3Haualu €KCTPAKIIMHO-

ajicopOIiiauM MeTogoM Mapkyccona [1, 150].
OJTHOPITHICTH — 3TiAHO MyHKTY 9.2 [68];

CJIACTUYHICTD — 3riHO MyHKTY 9.3 [68].

BusnauenHss  (I3UKO-TEXHOJOTIYHUX  TIOKAa3HUKIB  OITYMHHUX  €MYJIbCIH

31ACHIOBAJU 3T1IHO CTaHJAPTU30BAHUX METO/MK:

OJTHOPIAHICTH (3amuimok Ha cuti Ne 014) — 3rigHo nyHkTy 9.4 [11];

YMOBHY B'I3KICTb — 3TiHO MyHKTY 9.6 [11];

CTIMKICTh mpu 30epiranHi (3amumiok Ha cuti Ne 014) — 3rigHo nmyHkKTy 9.7
[11];

NOKa3HHWK KOHIIEHTpaIlil BogHeBux ioHIB (pH) — 3rimHo mynkty 9.3 [11];
3UYCIUIIOBAHHS 3aJIMIIKOBOTO B’SDKYYOIO 3 MOBEPXHEIO HIEOEHI0 — 3riHO
nyHkty 8.8 [11];

BU3HAYECHHS 3MIIIYBAHOCTI €MYJIbCli 3 MIHEpaJIbHUM MaTepiajloM — 3T1IHO
nyHkty 8.9 [11];

ingexc posnanay bBE — srigno mynkry 8.10 [11].

BusnaueHHs1 (13MKO-TEXHOJIOTIYHUX MOKA3HUKIB ac(haibTOOETOHHUX CyMIlIeH

(AB) 3aiiicHIOBaM 3T1THO CTAHJAPTU30BAaHUX METOIUK.

Cepennto ryctuny 3pazka Ab po3paxoByBanu 3a Hopmyoro:

M- Pw
Pm = (2.4)

Jie m — Maca 3pa3Ka Ha MOBITp1 10 3BOJIOKEHHS, T;

) 3.
pw — ICTUHHA TYCTHHA BOH, 1 T/cM”;

M, — Maca 3pa3ka, BuTpuMaHoro 30 XB. y BOJ1 Ta 3Ba>K€HOT0 Ha MOBITPI, T;

m; — Maca 3paska, BuTpuMaHoro 30 XB. y BOJ1 Ta 3BaKEHOTO Yy BOJI, T.

Bomonacudensst 3pa3ka po3paxoByBaliv 3a OPMYIIOO:

m3 —m
W=———-100 (2.5)

m; — my

JIe M3 — Maca HACHYEHOTO BOJOIO 3pa3Ka, 3BaKEHOTO Ha MOBITPI, T;

M — Maca Ccyxoro 3pa3ka, 3BaK€HOTO Ha HOBiTpi, r,



68
M, — Maca 3pa3ka, BuTpuMaHoro 30 XB. y BOJ1 Ta 3Ba>K€HOT0 Ha MOBITPI, T;

My — Maca 3pa3ka, BUTpuManoro 30 XB. y BOJIi Ta 3BayKEHOTO Y BO/II, T.
MacoBy KoHIIEHTpalilo (heHosy Ta WOro MOXiIHUX Yy BOJHUX EKCTpakKTax 3

OiKC-® ta momudikoBaHOro HUM OITYMy BH3HAYald (POTOMETPUUYHUM METOJOM

srigHo [151].

2.3.2.  CoektpanpHi jgociipkeHHs. [Y-crekTpockomiuHl  JOCTiIKEHHS
MPOBOAMJIM METOJIOM IIOBHOTO TOpYyIIeHOTO BHYyTpimHboro Bigoutts (I1IIBB,
anriiiiceke ckopoueHnss ATR Bix attenuated total reflectance). Meron IIIIBB — me
ONTHUYHUN METOJ BHBYCHHS MPUIIOBEPXHEBUX IIAPiB PEUOBUHU B YMOBAX IOBHOTO
BHYTPIIIHHOT'O BIJIOUTTS 3aB/SKH €BAHECIICHTHIN XBWJI, KA MPOHUKAE B PEYOBUHY
Ha MEBHY MHMOMWHY. 30KpeMa METOJ HIIMPOKO BHKOPHUCTOBYETHCS B 1H(padyepBOHIN
CTHICKTPOCKOIIIT JIJIs1 BUBYCHHS PiUH Ta TBepauX TiI [152].

st orpumanns [Y-cniextpiB 3paskiB 6iTyMiB Ta cmosu DiKC-® B mianazoni
4000-400cm™”  BuxopuctoByBamu  IU-cektpodotomerp 3 mBHAKEM ~Dyp'e
nepeTBOPEHHIM iHTepdeporpamu B criektp moaeni Thermo Scientific™ NICOLET™
6700 FT-IR (CIIA) 3 KOMI'IOTEpHHUM MPOTPaAaMHUM  3a0€3IMEeUEHHSIM
OMNIC™  Professional 7. [4U-cnexktpodoroMerp OyB oOmamHanuii 6i10koM Smart
Orbit mms omgHOompoMeneBoro BimOuBaHHS 3a Mmetogom IITIBB, mo ckmamy sikoro
BXOJIUTh POOOYMIA KpHCTaj, BUTOTOBJICHHMM 3 aiaMma3zy Ta MOBOPOTHA Oaimra asis
PO3TUCKAaHHS TTPOOH JI0 CTaHy TOHKOI IUTIBKU. [[UCKPETHICTh CIEKTPIB 332 XBUILOBUM

-1
guciioM ckiaagaia 0,48 cm .

2.3.3. Xpomarorpadiunuii a"ami3. JlocHimKeHHST MPOBOAWIN 32 JOTIOMOTOIO
razo-piguaHOT0 Xpomarorpada "Crystal 2000M". JlorxrHa KOJIOHKH 3 M, HAIIOBHEHA
Xpomaton + 20% mnomideninoBuii erep Sd4e. 3aranbHuil NPUHIUI PoOOTU
HACTyMHMU: BUTpuMKa npu 145 °C — 27 xB, mani Harpis 3i mBuakictio 10 °C/xB 10
210 °C. Temmneparypa Bunapuuka — 250 °C, temmnepatypa aerektopa — 250 °C.

Butpara ra3y (remiro) — 30 mur/xB, Bogaio — 30 mur/xB, oBiTps — 300 Mi/XB.
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2.3.4. TepmorpaBimeTpuunuii aHamiz. JludepeHuiiiHO-TepMIYHUN aHai3

(ATA) mpoBomgmmu Ha nepuBatorpadi Q-1500 D cucremu "F. Paulik, J. Paulik, L.
Erdey", 3’emnanoro 3 mepcoHaJbHHUM KOMIT'IOTEPOM B iHTepBaii Temmeparyp 20—
1000 °C B armocdepi mnosiTps. IIBuakicTe miaBuieHHs Temmepatypu S5 °C 3a
XBUWIMHY. Maca 3pa3kiB craHoBmia 100 mMr, eTalOHHOIO PEUOBHUHOIO CIIYT'YBaB OKCHUJ

AJTFOMIHIIO.

2.4. MeTosivKa POBEJEHHS PO3PAXYHKIB

2.4.1. Po3paxyHOK BIATBOPIOBAHOCTI  €KCIIEPUMEHTIB Ta TOKa3HUKIB
aJICKBaTHOCTI  €KCIIEPUMEHTAIbHO-CTATUCTUYHOI ~ Mozem. [[as  oliHIOBaHHS
aJICKBaTHOCTI OTPUMAHUX PIBHSIHBb pErpecii, MIACTABISIM Y HUX BUOpaHi 3HAUEHHS
YUHHUKIB eKCIepUMEeHTy (X;—X;), 3HAXOAWIM OYiKyBaHI 3HA4YeHHS QyHYIIN

Bigkmmky (Y;’"), 3TiIHO SKUX PO3PAaXOBYBAIIH 3aJIMIIKH:
AYi= Y=Yy, (2.6)

ne Yij — CoCTepeKyBaHl 3Ha4€HHs IIOKa3HUKIB, OTPUMAaHI B €KCIIEPUMEHTI;

Y;*" — 3HaueHHs QYHKIIH BIAKINKY, pO3paxoBaHi 3a PIBHIHHIMHU PErpeciii;

i — HoMep GyHKIiT Bimkmuky (kpuTepito, unnnmka; (1=1,2,3));
] — HOMEp JoCIiy.

Ominky aZeKBaTHOCTI MoOJIeJe MPOBOAWIM 3a HACTYIMHUMH MapaMeTpamu:
CepeIHIMU BiTHOCHUMHM MMOXHOKAMH anpoKcuMaliii (&;); koedilieHToM aeTepMiHarii (
2 . : .
R{) Ta xpurepismu ®imepa (F;) i cratuctuxu (F,).

[Toxa3Huk cepeaHboi BIMHOCHOT MOXMOKHM ampoKCHMaIlli po3paxoByBalu 3a

dbopmyoro:
Y Ypee
=—Z 2.7)
Yi
e N — o0car BHOIPKM (KIJIBKICTh €KCIHEPUMEHTIB), Yj; — CIIOCTEpEeXyBaHI
3HAQUCHHs IIOKA3HUKIB, OTPUMaHI B eKCepuMeHTi, Yj'~ — 3HadeHHs (QYHKIiN

BIJIKJIUKY, PO3paxoBaHi 3a PIBHSAHHSIMHU perpeciid, i — HoMep (YHKIT BIAKIHMKY, | —
HOMED JOCIITY.
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Jlns  mepeBipkd  aJeKBaTHOCTI  OaraToakTOpHOI  perpeciiHoi  Mopeni

BUKOpHUCTOBYBau Fj — kputepiit dimepa, skuil po3paxoByBayiu 3a HOPMYIIOH0:
2

_ pezl-
F=5z (2.8)
3am;
2 . o . . .
Ji(S Sp&,[ — JHUCTEpCis eKCIePUMEHTATbHUX (YHKIIH BIAKIMKY BITHOCHO iX

2 . o
CEepEeIHbOTO 3HAYEHHS; S, — 3aIMIIKOBA JUCIIEPCis QYHKIN BiIKIUKY.

an;

13 vi
812732. = —Z(YU -Yi)?, (2.9)
! n'l j:]_
ne Yi— CEpEeNHE GKCHepI/IMeHTaJIBHe 3HAYCHHS (byHKui'l' BIJIKJIUKY.
SZ - = pee —Y
- ,2_1:( (2.10)

JIe m; — YUCII0 KOedIIIEHTIB Y pIBHSHHI perpecii.

3a Takol CXEMOIO pO3paxyHKy Kpurepii @imepa mae OyTH OLIBIIMM
TAOJUYHOTO MTPH PiBHI 3HAYUMOCTI 0L Ta YUCIaX CTyINeHiB cBoooau (N—1) i (n—m;).
B TakoMy BumaaKy BiH IOKa3ye€ y CKUIBKM pa3iB 3MIHIOETHCS PO3CIFOBAHHSA
pe3yNbTaTiB BIJHOCHO JIIHII OTPUMAHOrO pIBHSHHSA perpecii y TOpIBHSIHHI 3
PO3CiOBaHHSM BIHOCHO CepeHbOTO 3HaueHHs [153].

Koedimient perepminanii (R?), sKkuii XapakTepu3ye 3HAYUMICTH 3aJCKHOCT
(GyHKLIA BIIKJIMKY BiJl YUHHHKIB TIpoliecy 1 HaOyBae 3HaueHsb Big 0 g0 1, BU3Havanu
3a Metoaukamu [ 154].

" o . . . 2
Kpurepiit cratuctuku (F, ), axuit € miporo cratuctudnoi smauumocti R,

pO3paxoByBajH 3a (HOPMYJIIOLO:

n-k -1 R’
e e 2.11)

ne k; — KimpKicTh KOediIi€HTIB PIBHSHHS perpecii 6e3 BUTbHOTO YJICHA.
Kputepiit cratuctuku F_ mopiBHIOBanM 3 KPUTUYHMM 3Ha4YeHHsIM F,.

BU3HAYCHUM 32 TAOJMIISIMU TIPU PIBHI 3HAYMMOCTI 0, Ta YKCIIaX CTYINEeHIB cBoOou k; |

(n—ki-1). Tlpu F <F, ~— npuiimacTbcs HynboBa Tinmoresa, TOOTO CTATUCTHYHO
He3Hauyile piBHsHHA perpecii. [Ipu F, > F,. — Bigxmiserscs HysboOBa TimoTesa,

TOOTO TNpUHUMAEThCA allbTEPHATUBHA TINOTE3a NPO CTATUCTUYHY 3HAYYILIICTh

PIBHSIHHS perpecii.
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Ha ocHOBI piBHsSIHB perpecii MeTo10M PIBHOMIPHOTO MOITYKY (MIHIMAJIbHUX YU

MaKCUMaJIbHUX) 3Ha4CeHb (QYHKIIIT BIAKIUKY (AUB. TIporpamy, MojaHy B JOJIATKy A)
3HAXOJIUJIM ONTHMAaJIbHI YMOBHU IIpoliecy, siki 6 3a0e3reuyBaid MaKCUMaJIbHI BUXI1J

OiKC-® Ta Temneparypy po3m’IKIIIEHOCTI OTPUMAHOI CMOJIH.

2.4.2. Po3paxyHOK KIHETHYHMX TapamerpiB mpouecy oxepxkanHia DiKC-O.
EdextuBHy  eHepriro  akTHBAIii  pO3paxoBYBaJM  AQHAJIOTIYHO  METOJUKHU
3anponoHoBaHoi y [155-157]. 3a mipy mBHIKOCTI peakiii mpuitmanacs 6e3po3MipHa
BEJIMYMHA, 1[0 JOPIBHIOBAJAa YacCTI[l HETMEPETBOPEHUX CIOJIYK BUXITHOI CUPOBUHHU 1
Ky PO3paxoByBaIH 3a (POPMyIIOI0:

Y
Czl'ﬁ, (2.12)

ne Y, — Buxig ®iKC-® Ha pearyroui KoMnosenTu, %.

Jlns peakuiid Apyroro mnopsiaky €(GeKTUBHI KOHCTAaHTH IMIBUIKOCTI peakiiiit

PO3paxoByBaJU 32 HACTYTHOIO (OPMYJIOI0:

_1/Cc-1/C, (2.13)

K e

T — To
ne Cyp — MoOYaTKOBE 3HAYEHHS YaCTKHW HEMEPETBOPEHUX CIOJYK Yy BUXIIHIN

CUPOBUHI TIPY TTOYATKOBIN TPUBAJIOCTI PeaKIlii (Tp), T — TPUBATICTD PEAKIIii, C.
[Tapamerpn piBHAHHA Appeniyca (Koep, Eep) BH3HAuUaIM BiANOBiTHO
PO3pPaxyHKOBUM 1 TpapiyHUM METOJIaMH.
Ink; -T; -Tj.1 -InK;4 4
Kk, =e T, -T.., (2.14)

1e Ki e, Kir1 ¢p — €HEKTUBHI KOHCTAHTH IIBUIKOCTI PEaKIii, IPH BiIIIOBITHUX

temneparypax T;ta Ti..

Y BumagKky BUKOHAHHA PIBHAHHS AppeHiyca 3allekHICTh e(hEeKTHBHOI
KOHCTAaHTH IIBUAKOCTI Bif Temmeparypu y koopamHatax In Kk — 1/T moBuHHa
300pakaTUCh NPSIMOIO JIiHI€r0. EHepris akTuBalii y TakOMy BHUMIAQAKy MOXe OyTu

BH3HAUEHA 13 TAHT€HCY KyTa HaXWiIy IpsMoi 3a popMyIIoro:

2.1
e (2.15)

ne o — kyT Haxuiy, R = 8,314 JIx/(monb-K) — yHiBepcanapHa ra3oBa cTaia;

= -R-t9c,
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Ha ocHoBI piBHSIHHS AppeHiyca i BU3HAUCHUX Koep, Eep, BUXOASUN 3 hopmyn

(2.12), moxHa 3ampPONOHYBATH 3arajbHUA BUTJIA 3aiekHOCTI Buxony PiKC-®d Bif

TEeMIIepaTypHy Ta TPUBAIOCTI MPOLIECY.

100

Y, =100- —= (2.16)
1/C, + Ky - (z — ) -eRT
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PO3/1U1 3. OJIEPYKAHHS MOJIUDIKATOPA JUUISI MOJU®IKYBAHHS

HA®TOBUX BITYMIB

B naykoBi#i, TexHIYHIA Ta MaTEHTHIA JiTepaTypax, CMOJIM, OJepKaHl B
pesynbrari  peakmii  peHomy Ta QopManmpaeriay, MarTh Ha3By «(EHOJIO-
dbopMaIbaeriAHI CMOJINY, «11TOM» abo «OakemiT». [IpoTe, Ha OCHOBI XapaKTEPUCTHK
BUXITHOT CHPOBUHU (AUB. po3i. 2, Tabm. 2.12), MOXXHA CIIPOTHO3YBATH, 110 CMOJIH,
onepkaHi 3 (eHonbHOI (pakilii KaM’ SHOBYT1JIBHOI CMOJIM, MICTUTUMYTh 3Ha4HI
KUIBKOCT1 (hparMeHTiB MOXITHUX (EeHOITy, IEPIIOYeproBo, Kpe3oiB. ToMy Hagai, Ha
piBHI 3 TepMIHOM «(eHOJ0-(popMaNbAETiIHI CMOJIM», BXKUBATUMETHCS TEPMIH
«penono-kpe3ono-hpopmainbaeriadi cmonny» (OiKC-OD).

Buxonsuu 3 nmpoBeneHOro orisiiy HayKOBOi Ta MATEHTHOI JITepaTypu BUIHO,
110 3actocyBaHHs Takux cMoi (P1KC-®D) sk mogudikaTopa 6ITyMiB HE 3yCTpidaIocs.
OxpiM TOrO, y JiTepaTypl HaBOIATHCS MPOTUPEUYMBI JIaHI CTOCOBHO HOBOJIAYHHUX Ta
pPE30JIBHUX CMOJ K MOAU(IKAaTOpiB OITYyMIB, HE BKAa3YEThCA 3 SKOI CHUPOBHHH
(koHIIEeHTpOBaHUX (HEHOMIB Y MPSAMOTOHHOI (pakiii) iX Kpaie roryBaTu. Tomy
HE0OX1HO OyJ10: BUOpATH KaTai3aTop, TUI CHPOBUHH, BUBUMUTH BIUIMB YMHHUKIB Ha
npouec orpumanHs DiKC-®, sxa Hagani Oyae 3acTOCOBYBaTuCs SIK MOJU(]iIKaTOp

Ha(TOBUX OITYMIB.

3.1. Bubip ymoB onepxanus ®iKC-O

3.1.1. Bubip xaranizaropa ans npouecy onepxkanas OiKC-®. Ak 3a3nauanocs
BUIIE, MO’KHA OTPUMYBATH JBA MPUHITUTIOBO Pi3HUX TUMH (HEHOJIO-(HOPMaIbIeTi THIX
CMOJI, 3aCTOCOBYIOYH TIPH IIBOMY JIy)KHI a00 KHCJIOTHI Kartajizatopu. TomMy MeTOoro
HIDKYEOTTMCAHUX JOCIIIIKeHb OyJ10 BCTAHOBJIEHHSI MOKJIMBOCTI OTpUMaHHS (hEHOJIO0-
Kpe30J10-(hopMaIbIETiTHAX CMOJ SK HOBOJAYHOTO, TaK 1 PE30JbHOTO THITIB 3
«cupux» (QenomiB (KoHIEHTpaTy (EHOay Ta WOro MOXIAHUX), BUIYYCHUX 3
dbenonpHOT (PpakIlii KaM’ SHOBYTLIHBHOI CMOJIH.

3 DD 3a gonomororo 20 %-oro po3unny NaOH Bunyuanu ¢eHonan ta Moro
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MoXiaH1, Hajaml «cupi» (TexHiuH1) Gpenonn. Bumydyenus ¢eHoniB 0a3yeThCcsi Ha TOMY,

mo ¢eHonn Ta HWoro moxigHI mpu B3aemonii 3 po3zunHoM NaOH yTBOpIOIOTH
BOJOPO3YMHHI (DEHOIATH, SIKI MEPEeBOAMWIN Y (DEHOTU KOHIIEHTPOBAHOIO XJIOPUJIHOIO
kucioToro. Buxia «cupux» denomnis 3 LLHIOD cranoButs 32,3 % mac.

YMOBH cuHTE3y cMoll BHOpaHO Ha ocHOBi [143] Ta HaBeaeno y Ttabm. 3.1.
3rinHo  pekomenpamid  [143], g oTpuMaHHA ~— HOBOJIAYHUX  (peHOJIO-
dbopManbAeriIHUX CMOJI HEOOXIAHO MIATPUMYBAaTH MOJBHE CHIBBITHOIICHHS
dbenonu / popmanpaerin — 1,12-1,42 (karamizatop — KHCIO0Ta); Ui OTPHMAaHHS
pe30JIbHUX  (peHOoI0-(POopMaNIBICTITIHUX CMOJ HEOOXITHO MATPUMYBATH MOJIbHE
cruiBBigHomeHHs (enonn / popmanpaerin — 1,16-1,25 (karamizarop — Jyr). s
PO3paxyHKy 3aBaHTa)KEHHS pEeaKTopa MpUUMalI, 10 MOJICKYJIIpHA Maca OJIepKaHUX
«cupux» (PEHONIB CTaHOBUTH 94,1, 110 JOpIBHIOE MOJIEKYJAPHIA Maci YHCTOIrO
dbenomy.

Tabmunsg 3.1
YMmoBu cuntezy OiKC-O

3Ha4YeHHA 01

[TapameTp
HOBOJIAYHUX CMOJI | PE30JIBHUX CMOJI

MoJibHE CHIBBIIHOIICHHS «cUp1» (eHomu /

: 1,42 1,20
dbopmanbaerig
MacoBe CHiBBITHOIICHHS «cuUpl» (eHomu /
dopmamin  (BMicT  Qopmanpaerity B 1,78 0,90

dopmaitini 37 % mac.)

MacoBuii BMICT KarajizaTopa, % Ha «CUpPI»
1,0 (xont. HCI) 1,0 (NaOH)

dbenonu
Temnepatypa nporiecy, °C 100 100
TpuBamicTs mporiecy, XB. 60 60

MarepianpHi OanmaHcu onep:kaHHs (EHOJIO-Kpe300-(PopMaIbAeTiTHUX CMOJ

HaBeJleHo y Taou. 3.2.
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Tadomui 3.2
MarepianbHi 6anancu cuntesiB ogepxanas OiKC-O
Crarts ®IKC-®1” ®IKC-02”
3aBaHTAXXEHO

1. CupoBuHa Co 1 Col
r 32,30 32,30
% Mac. Ha 3aBaHTaXKECHHS 63,64 51,02
% wmac. Ha LIOD 32,30 32,30
2. ®opmaiin
r 18,13 30,68
% Mac. Ha 3aBaHTaKEHHSI 35,72 48,47
% mac. Ha HIOD 18,13 30,68
3. Karamizatop
r 0,32 0,32
% Mac. Ha 3aBaHTaXKEHHS 0,64 0,51
% mac. ua IO D 0,32 0,32
Bceroro, r 50,75 63,30
Bceroro, % Ha

100,00 100,00
3aBaHTAKEHHS

Onepxano

1. Cmona
r 29,65 26,62
% Mac. Ha 3aBaHTAXEHHSI 58,42 42,05
% wmac. Ha LIOD 29,65 26,62
2. Bona 1 HenpopearoBasi
KOMITOHEHTH
r 21,10 36,68
% Mac. Ha 3aBaHTaKEHHSI 41,58 57,95
% mac. Ha [1IOD 21,10 36,68
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Bceroro, r 50,75 63,30

Bceroro, % Ha
100,00 100,00
3aBaHTaKECHHS

" Hymepaliito cMoJ IpHIfHSTO BiAmoBiaHO 10 pHc. 2.2.

[Ipu BUKOpUCTaHHI B MPOIECI CUHTE3Y B SKOCTI KaTajli3aTopa KOHLEHTPOBAHOI
HCI, cnocrepiraerbcss Oimpimii Buxim cmoiam @PiKC-D1, sk Ha 3aBaHTaKEHHS
peakrtopa: (58,4 % mac. npotu 42,0 % Mac.), Tak 1 Ha BUXigHy ¢pakiio (29,6 % mac.
npotu 26,2 % mac.). Tomy 3 MeTOI0 ojiep>KaHHs MoAu(IKaTOpa JOPOXKHIX OITYMIB 3
HaWOUTBIIUM BUXOJIOM, SIK HAa 3aBAHTAKCHHS TaK 1 HA BUXIAHY (Ppakxiiiro AOULUIbHIIIE
IPOBOJIUTH CUHTE3 3 BUKOPUCTAHHIM B SKOCTI KaTajizaTopa kKoHieHTpoanoi HCI.

Hamani nns BUBUYEHHS MOJKIMBOCTI 3aCTOCYBaHHS OJICP)KaHMX HOBOJIAYHOI
OiKC-D1 1 pezonbHoi DIKC-D2 cMoa B sKOCTI MoaudikaTopa JOPOXKHIX OITyMiB
OpoOBOJMIAM  MOAM(IKYBaHHS 3anmumikoBoro Oitymy — BJl 60/90. Mosxna
CTBEpIKyBaTu, 1O BBeAeHHS B OiTyM cuHTe30BaHUX DIKC-O1 1 OiKC-D2 (3a
BuktoueHHSM Bumanky 110 °C mua ®@1KC-D2), npuBoauTh 10 301IBIICHHS SK
TEMIIepaTypy PO3M SIKILIEHOCTI OAEP>KaHUX KOMIIO3MIIIM, TaK 1 aare3ii 3 MOBEPXHEIO
cksia. MoaudikyBanas HoBoauHow cMoii0t0 D1KC-D1 moxHa npoBoauTH sk 3a 110
°C, Tak 1 3a 190 °C. ®1KC-®2 — nume 3a 190 °C, ockinbku 3a 110 °C onepxyeThes
MoAM(IKOBaHMIM OITyM, SKMH HE BIANOBIJAE BUMOraM IO OJHOPIIHOCTI. Baprto
BIJI3HAYUTH, IO JoAaBaHHSA HOBoJIauyHOI cMoiin @iIKC-®1 npuBoauth 10 OLIBIIOrO
3pOCTaHHS TEMIEpPaTypu PO3M AKIICHOCTI Ta ajre3ii MOPIBHIHO 13 PE30JILHOIO
cmoiioro @1KC-O2, BoaHOYAC 3MEHIIYIOYM TEHETPalili0 3aJIMIIKOBOrO Ha(TOBOIO
oitymy BJ1 60/90.

XapakTepuCTUKH OJEpP>KaHUX OITyM-TIOJIMEPHUX CyMilllel HaBelaeHl y TaOul.

3.3.
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Taomug 3.3

YMOBH NPUTOTYBAHHS Ta OCHOBHI XapaKTepUCTUKH ofepx aHnx BMII

Temneparypa monudikysanus, °C

(Macoswii BMicT Mmoaudikaropa y BMII — 2,4 %)

[Toka3Huk BJ1 60/90
OiKC-D1 OiKC-D2
110 190 110 190
[enetpartis mpu
4 80 78 75 — 79
25°C,m-10
3MEHIICHHS
. - 215 613 - 2,5
ne”erpariii, %
Temnepatypa
pavp 43 44 46 — 44
po3M’sikiieHocTi, °C
301IbIIIeHHAS
TeMIeparypu - 2,3 7,0 — 2,3
pO3M'AKIIEHOCTI, %
Po3TspxHICTD TTpH
> 100 > 100 > 100 — > 100
25 °C, cMm
34eruIeHHS 3
60 83 82 — 70
MOBEPXHEIO CcKia, %o
301IbIIeHHS
34eIUICHHS O CKIa, - 38,3 36,7 - 16,7
%
. He
OHOPIIHICTD Opnnopiguuii| Ognopiguuii| Heognopinuuii | OxHopinHuit
HOPMYETbHCS
3MiHa BJIaCTUBOCTEH
TICTISt IPOTPITTS:
3miHa Macu, % 0,4 0,4 0,4 0,4 0,4




78
[Tponorxenus Tadmuii 3.3

3aJIMIIKOBA MTPU

25 °C, %

64 64 64 64 64

3MiHa TeMIeparypu

03M’sK1IeHocTi, °C
b

Cnuparounch Ha OTpUMaHI pe3yJbTaTH, MOXHAa CTBEPPKYBATH, IO IS
onepxxanHs DiKC-d, ska Hamani Oyae 3acTOCOBYBAaTHUCA y SIKOCTI MoaudikaTopa
OiTymMy, nomiipbHO 3acTocoByBaTH sk Kartajizarop HCI. Jlane TtBepKeHHS
BIJIPI3HAETHCS Bl OLTBIIOCTI JIiTepaTypHuUX AaHuX [95, 125, 126], axi pekOMEHIYIOTh
st MoAu(IKyBaHHS OITYyMIB BHUKOPUCTOBYBAaTH (PEHOJIO-(GOPMATIBIACTIAHI CMOJIH
PE30JIBHOTO THITLY.

Bapro Big3HauuTH, 1o 6iTyM Moau(iKOBaHU HOBOJIAYHOIO (PEHOIIO-KPE30JI0-
dbopmanpaerigHoro cmojioro (GiKC-®1) y mnopiBHSHHI 13 pe30JibHOW (HEHOJIO0-
Kpe3oso-popmanbaerigaoo cmoio (DiKC-D2) Bonogie OLIBIIOI TEMIIEPATYPOIO
PO3M SKIIEHOCTI, aAre3i€l0 3 TOBEPXHEI0 CKJIa, Tak 1 BIJANOBIJA€ BHUMOTaM IO
OMHOPITHOCTI. TakoXX 3TiIHO JaHWX, SIKI HaBeAeHl B Taba. 3.3 MoxHa 3poOUTH
BHUCHOBOK, IO MPOTPIBAHHS OJEPKaHUX OITyM-TIOJIMEPHUX KOMIIO3UIINA OJHAKOBO
BILJIMBA€E HA MMOKA3HUKHU SIK HEMOAM(PIKOBAHOTO OITyMy, TaK 1 OI1TyMy y CKJIaJl SIKOTO €
OiKC-®. [le cBiguuTh Mpo Te, 10 MOKPAIEHHS MOKAa3HUKIB 0OITyMIB HE € 32 paXyHOK
nporpiBaHHs OITyMiIB, a 3a paxyHOK BBelleHHA Y iXx cknan GiKC-d, mo cBiuuTh 1npo
MO>JIMBY (D13UKO-XIMIYHY B3a€EMOI110 KOMIOHEHTIB 0iTyMy Ta DiKC-D.

[Ilo6 miaTBepauTH momiuIbHICTE BUKOpHcTaHHS DiKC-® sx momudikatopa
OITyMiB, TMOPIBHIOBAIM OCHOBHI XAapaKTEPUCTUKH BHUXIJHOTO OKHUCHEHOTO OITymy
mapku BHJ[ 60/90 ta 6itymy 3 Bwmictom ®IKC-® — 1,0 % Tta 2,4 % wmac.
XapakTepuCTUKH OAEpKaHUX OITYM-MOMIMEPHUX KOMIIO3ULIIM TMOPIBHIOBAIH 3
Bumoramu [69], a came 3 mapkoro BHJIA 60/90. BapTo Bim3HaunTu, mo OyJio TaKoX
poBeeHO MopiBHAHHS O0iTyMiB MoaudikoBaHux DiKC-® onepkaHOO 3 CUPOBUHU
MPOAYKTIB KOKCYBaHHS BYTUIs Ta (DEHOJIO-(HOPMaIBIETiTHO CMOJIOI0 OTPUMAHOIO

3 «IHCTOT0Y» CHHTETUIHOTO peHOITy (111TON).
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OnepxanHs 61TYM-TIOJIIMEPHUX KOMITO3UI[IH MPOBOJIUIN B YMOBAaX, HaBEICHUX

y Taou. 3.4.
Taomung 3.4
YMoBU MoaM}iKyBaHHS OITYyMIB
[Tapametp 3HavYeHHs
Temneparypa monudikyBanus, °C 190
TpuBainicth MoIU(IKyBaHHS, XB. 60
Kinbkicte Momudikaropa, % mac. 10Tta24

OCHOBHI XapaKTEpUCTUKH BHXITHOTO OiTymMy Ta OITyMIB MOJIU(DIKOBAHUX

®1KC-®d Ta 1q1T05IOM HaBeAEHI B Ta0I. 3.5.




YMoBH MoaudiKyBaHHS OITYMIB

Taomung 3.5

BHJT 60/90 + ®iKC-®

BHJI 60/90 + ixgiTon

Bumoru no
BH/I BHJIA 60/90
IToxasnuk . .
60/90 BIJIIIOBITHO 10 1,0% 2,4 % 1,0% 2,4 %
[69]
TemnepaTtypa po3M’AKIIEHOCTI 3a KUIbLIEM
. 46 47-53 48 49 55 54
1 kyJero, °C
Po3tsokuicte 3a  Temmeparypu 25 °C,
> 63 > 55 58 25 52 45

M-10™ (cm)
['muouna MTPOHUKHEHHS TOJIKH
(menetpariisi) 3a remneparypu 25 °C, 70 61-90 68 60 50 54
M-10™ (0,1 Mm)
Temnepatypa kpuxkocTi 3a @paacom, °C -18 <-12 -18 -18 -18 -18
34eruieHHs 3 MOBEPXHEIO CKIIa, %o 33 >75 87 94 90 87
34eruieHHs 3 OBEPXHEIO IIeOeH 0, 0a 3 5 5 5 5 5
OmHOP1AHICTH - HE HOPMYETHCS | OJHOPIAHUMN | OJHOPITHUM OJIHOPITHUM | OAHOPITHUM
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3 tabn. 3.5 BuaHo, mo BBeAeHHS y ckiman Oitymy DiKC-®, omepxanoi 3

¢deHonmpHOT (pakiiii kam’THOBYTUIbHOI CMOJIM Yy KinbkocTi 1 % Mac. mpuUBOAHUTH A0
30UTbILIEHHST TEMIIEpATypH po3M’ sikiieHocTi 3 46 o 48 °C, y kinbkocti 2,4 % mac. 3
46 1o 49 °C, menerpauis 3Menuryersest 3 70 10 68 mM-10™ mpu Bmicti GIKC-® 1 %
mac. Ta 3 70 10 60 m-10™ npu Bmicti PIKC-® 2,4 % mac. MomudikyBanns 6itymy
IIPOMUCIIOBOIO  (heHOI0-(PopMaIbJIeTIIHO0 CcMOJIOK  (1711TOJ), SKa oOjepkaHa 3
qucToro (eHoiny, y Kutbkocti 1 % mac. mpuUBOIUTH A0 30LIBIIEHHS TEMIEpaTypu
po3m’sikieHocTi 3 46 1o 55 °C, y kunbkocTi 2,4 % mac. 3 46 no 54 °C, neHerpars
3MeHIyerbes 3 70 1o 50 m- 10 npu BMicTi 1aitony 1 % mac. ta 3 70 1o 54 m- 10 y
kuibkocTl 2,4 % wmac. OTxe, Npu BUKOPUCTAHHI 1ITONY CIOCTEPIraeTbcs OLIbII
IHTCHCHBHIIIIC 30UIBIICHHS TEIJIOCTIHKOCTI Ta 3MEHIIEHHSI TUNIACTUYHOCT1 OJIep KaHO1
01TyMHOI KoMMo3u1lii nopiBHsHO 3 DiKC-O.

IniTon moraHo 3wimyeTrbcst 3 OiTymMmoM mnpu 110 °C Ta pi3ko 30UIbIIYyE
TEeMIIepaTypy po3M’sIKIIeHOCTI npu 3MimryBaHH1 npu 190 °C. Bapro 3a3HaunTH, 110
TEeMIIepaTypa po3M’ IKILIEHOCT] CyMillll OITyM-1A1TOJI CYTTEBO BIJIPI3HIETHCS B1J I[bOTO
MOKa3HHMKA, PO3PAXOBAHOTO 3a MPABUIIOM aIUTUBHOCTI. Bee 11e BKazye Ha Te, 110 TpH
JO0/IaBaHHI1 171TOTY (PEaKTOIIacT) MPOXOAUTh XiMIYHE MOAU(IKYBAHHS OKHUCHEHOTO
oiTymy, a npu ®iKC-d, oueBuano, — ¢izuune. HagBHICTH Kpe30:1iB, 0COOIUBO opmo-
Ta Mema-, Ta IHIUX KOMMOHEHTIB (eHonpHOl ¢pakmii y PiIKC-O 3menmye
peakiiiiHy 3AaTHICTH 1€l cMoiu. [le 3ymMOBIeHO TUM, IO MOTEHIIMHO PEeaKI[iiHO

axktuBHi noJioskeHHs1 y @1KC-® 3a6:10k0BaH1 METHIHHUMH 3aMi1CHHUKAMMU.
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3 inmoro 00ky, BBeaeHH: y ckian 6itymy DiKC-O Tta iaiTony nIpuBOAUTH 10

301IbIICHHS aATe31MHUX BIIACTUBOCTEW OiTyMy. 3pocTae 34eIyieHHS 3 TMOBEPXHEIO
ckiaa (st ®iKC-® 3 33 go 87 %; ms igitony 3 33 mo 90 %; tabdm. 3.5) Ta 3uerieHHs
3 moBepxHer medeHto (a1 @iKC-® 3 3 go 5 GamiB; ms imitony 3 3 10 S5 Oautis;
tabn. 3.5). e cBiquuts npo te, mo PiKC-d Tta iaiToNn MOXKHA BUKOPUCTOBYBATH
TaKOX, K aAre3iiHi 100aBKU JJIs JOPOKHIX HAQTOBUX OITYMIB.

OTXe, BpaxoOBYKOYHM BHILIECKA3aHE MOXHa 3pOOHUTH BHCHOBOK, IO IS
MOKpaIIeHHs]  TEIUIOCTIMKOCTI  OiTymMiB (i 30UIBLICHHS  TeMIIepaTypu
PO3M’SIKILIEHOCTI)  BapTO  BUKOPUCTOBYBAaTH  (heHOJO-(POpMaNbAETIIHI  CMOJHU
HOBOJIAYHOTO TUIy CUHTE€30BaH1 TUIBKH 3 YUCTOro (eHoily, Hanpukiaa iaitoi. [Tpu
IbOMY JIOJaTKOBO HEOOX1IHO 3aCTOCOBYBaTH mactudikarop. SIxo
BUKOPHUCTOBYBAaTU (HEHOJO-KPEe30J10-(hopMaibACTiHI CMOJU, K aare3iiiHi g00aBKU
70 OITyMiB, TO HAsIBHICTh KPE30JIy y CTPYKTYpl CMOJIM HE BIUIMBA€ HETAaTUBHO Ha
34YeIJIEHHs 01TyMYy 3 MIHEpaJbHUMHU MaTepiajiamMu.

31 BCchOro BuimeckazaHoro  BummBae, 1mo  ®iIKC-®  gomigbpHO
BUKOPHCTOBYBATH, SK ajre3iiiHi mo0aBku 10 OiTymiB. He MokHa BUKIIOYATH
MO>KJIMBOCTI BUKOPUCTAHHS Y OUIBIIMX KUIBKOCTSIX K MOAU]IKaTopa sl OTPUMAaHHSA
BMII.

3 MeTO BCTAHOBJIEHHS TMPUPOIM SAK caMoi CMOJIM, TakK 1 TIpolecy
Moau(dikyBaHHS HEW OiTyMy BUKOHAHO [Y-CHEKTpPOCKOMIYHI JOCTIIKEHHS, SKI
IPOBOJMJIM 32 METOJIMKOI0, OmucaHoro B migpo3d. 2.3.2. [Y-cmektpu cMomu
300paxeHi Ha puc. b.1 (1oa. b), okpemi miku onucano y ta6ia. 3.6. Takoxx oTpruMaHO
[Y-cnexTpu BUXITHOTO Ta MOAU(PIKOBAHUX PI3HOIO KIIBKICTIO cMOJI OiTyMmiB (puc. b.2
(mon. b), Ta6x. 3.7).

[nentudikamito cmyr nornuHaHHs [Y-BUNpoMiHIOBaHHS NPOBOIAWIM 3T1IHO

pobit [158-160].



Tabmuis 3.6

[Tincymox ineHTHdIKaIlii OCHOBHHX cMYT noryimHanHs HaBeaeHnX Ha FT-IR cmexpi ecmonu @iKC-®

XBHHBOB% A, 0.0.r.*** CTpyKTypHuii I'pyna aTomiB Ta TN KOJMBaHb
YHCJIO0, CM (dbparMeHT MOJICKYJIN
3296 0,197 Ar—-OH v¥ (O—H)
2934 0,110 —CHo— v (C—H) acumerpuuni
2862 0,082 —CHo— v (C—H) cumerpuyni
1636 0,213 Ar v (C=C) B 6eH301bHOMY KiJIbIli
1540 0,160 Ar v (C=C) B GeH30JIbHOMY KiJIBIIi
1510 0,193 Ar v (C=C) B O6eH30bHOMY KiJIBIIi
1455 0,179 Ar v (C=C) B O6eH30IbHOMY KLiJIBIIi
1370 0,138 Ar-OH 0** (O—H) deHonpHI B IUIOMKHI ApOMAaTHYHOTO KiJIBI[S
1200 0,250 Ar-O— v (C—0) deHosbHI acUMETPHYHI B TUIONIMHI ApDOMATHYHOTO KiJIbIIs
1170 0,228 Ar (-CH=CH-) 6 (C—H) B rroniHi apOMaTHYHOTO KiJIBIIS
1100 0,206 —CH,—O—-CHy— v (C—0-C) B IMMETHIICH-ETEPHUX TPyIax
812 0,237 Ar (.CH=CH-) 6 (C-H) mo3a mionuHo0 ApPOMaTH4HOTO Kinbug (Haﬁ6ian XapaKTepHi
32 IPUCYTHOCTI aJIKIJTbHUX 3aMICHUKIB)
754 0,284 Ar (.CH=CH-) 6 (C-H) mo3a mionuHo0 apOMaTHIHOro Kinbug (Haﬁ6im,m XapaKTepHi
3a IPUCYTHOCTI AJIKIJIbHUX 3aMICHHKIB)
679 0,330 Ar (_CH=CH-) 0 (C—H) no3a mionHo0 apOMaTH4HOTO Kinbufl (Haﬁ6ian XapakTepHi
32 IPUCYTHOCTI aJIKIJTbHUX 3aMICHUKIB)

*

V — BaJIGHTHI KOJIMBaHHS; ** § — nedopmariiini konuBanHs; *** A — aGcopOuis (mornmuuanuas [Y-BunpomiHiOBaHHS), 0.0.T. — OAMHUII ONTUYHOT

rycTHHH (BUMIPSHO BiJHOCHO criiabHOT 6a30Boi miii Ao = 0,018 mpu 4000 cm™).
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Tabmuus 3.7

[Tincymox imeHTudikaiii OCHOBHUX CMYT morianHaHHsg HaBeneHnX Ha FT-IR cnekTpi 6iTyMiB Ta 6iTymMiB MOAM(IKOBAHUX
pi3HO10 KIBKicTIO D1KC-D

JlocipKyBaHHiA 3pa3ok

o, i ] BHJ60/90+2,4 %  [BHJL 60/90+5% ®IKC-|  Crovirvommii _
BHJI 60/90 BH/I 60/90+1 % DiKC-® DIKC-D ® (bparMI::}}]II; n}ignexynn I'pyna aTomiB Ta TN KOJMBaHb
XBUIIbOBE A, 0.0T. XBUJILOBE _ XBUIbOBE A, 0.0.1. XBUJIbOBE _
qHCII0, CM (***) arclo, cM™ A, 0.0 (*%) qucro, cM* (***) amclo, cM A, 0.0.r. (1)
2951 0,106 2951 0,116 2951 0,113 2951 0,116 CHj3 v* (C—H) acumeTpuuHi
2918 0,273 2919 0,293 2919 0,287 2918 0,287 —CH,— v (C-H) acumerpuyni
2850 0,199 2850 0,211 2850 0,209 2850 0,210 CH; Ta CH, v (C-H) cumeTpuuni
1690 0,010 1690 0,010 1690 0,013 1690 0,012 C=0 v (C=0)
1602 0,027 1601 0,028 1602 0,031 1602 0,035 Ar v (C=C) apoMaTHYHOTO UKy
1507 0,014 1508 0,019 1508 0,022 1508 0,041 Ar v (C=C) apoMaTHYHOTO IMKITY
1456 0,123 1456 0,134 1456 0,136 1456 0,149 CHa 1a CH, 8** (CHy) (acumerpuini)
8 (CH,) (cumetpuuHi)
1375 0,076 1376 0,086 1376 0,089 1376 0,094 CH; 6 (CH3) (cumerpuyHi)
1018-1100 | 0024 | 1018-1100 | 0,033 1018-1100 | 0037 | 1018-1100 | 0044 | S=Ora—CH,O-CH, | ¥ (cymboxena rpyna S=0); v (C-0-C) s
JMMETHIIEH-ETEPHHX IPyIax
880 0,035 880 0,039 880 0,042 880 0,049 Ar d (C—H) B apoMaTH4HOMY ITHKJIi
8 (C-H) mo3a MmionMHOK0 apOMaTHYHOTO
865 0,040 865 0,042 865 0,046 865 0,051 Ar (-CH=CH-) KUTBII (HaMOUTBIT XapaKTepHi 3a IPUCYTHOCTI
AJKIJTHbHUX 3aMiCHHUKIB)
8 (C—H) no3a rionrHo0 apoOMaTHIHOTO
813 0,048 812 0,051 813 0,056 814 0,075 Ar (-CH=CH-) KUTBII (HaOLTBIN XapaKTepHi 3a MPUCYTHOCTI
AJKIJTHbHUX 3aMiCHHUKIB)
8 (C—H) no3a rionMHoK0 apoOMaTHIHOTO
745 0,056 745 0,059 745 0,063 749 0,076 Ar (-CH=CH-) KUTBII (HaMOUTBIT XapaKTepHi 3a MPUCYTHOCTI
ANKUIEHUX 3aMICHHKIB)
8 (C—H) no3a miom1HOW0 apOMaTHYHOTO
720 0,066 720 0,070 720 0,074 720 0,084 Ar (-CH=CH-) KiJIbLisl (HAMO1IbII XapaKTepHi 3a MPUCYTHOCTI
AIKUIBHUX 3aMiCHHKIB)

* v — BaJICHTHI KOJMBaHHI, ** 0 — nedopmartiitHi konmuBaHHs; *** A — aGcopOuis (mormmuanHs [Y-BunpoMiHOBaHHS), 0.0.T. — OJUHHIN ONTHYHOI TYyCTHHU
(BUMIpSIHO BiTHOCHO CIinbHOT 6a30B0i minii mpu 4000 cM™ 115t KOKHOTO CIIEKTPY).
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Sk BugHO 3 Tabd. 3.6, y OTpUMaHii CMOJII IPUCYTHI BC1 TPYMH, XapaKTepH1 AJis
dbenono-popmanpaerigaux cmon: Ar-OH, -CH,-, Ar-O—-, C-H 1 C=C vy
apoMatuyHoMmy Kuiblll. [Ipucytnicts rpyn C—O—C Bka3ye Ha Te, 1110 YaCTHHA CMOJI
(GILIUBAETHCA», YTBOPIOIOUM eTepH. [Ipu nomaBanHi cMoiin y 61TyMH 3pocTae MiK Mpu
1018 cm™, sixuii 6yB BimHEeceHHiT HaMu 10 CynbGOKCHAIB, 110, 3a3BUYAll, IPUCYTHI y
oitymax. O4eBUAHO, 11O 1€ BiIOYBA€THCS 3a paxyHOK 3poctanHs BMicTy C—O—C (mik
C—O—C mepekpuBa€eTHCSA 3 MKOM CYITb()OKCHIIB).

Takox y cMoJii IPUCYTHI apOMAaTH4YHI CTPYKTYPH, XapakTepH1 I MOHO- Ta
JIU- JIKUT-3aMIIIEHUX apOMAaTUYHUX KUIEUb.

3rigHo nanux Tao6u. 3.6 Tta 3.7 BUIHO, M0 cMyra MOTJWHAHHS 3 MAKCUMYyMOM
6am3pko 1510 cM™, sika BHpasHO MpHCYTHS y cMoii Ta MoaudikoBaHHX GiTymax
(ocobmmuBo npu BMicTi D1IKC-D 5 % mac.) 1 Oyna BilHECEHA O BAJICHTHUX KOJMBaHb
3B’s13kiB C=C B apomaruuHiii cuctemi @1KC-O®, npaktuyHo BiACyTHsS B [Y-criekTpi
MOYAaTKOBOTO OITyMy, IO MOSICHIOETHCS 3CyBOM MoriimHaHHg C=C 3B’S3KIB B PI3HHUX
apoMaTUYHUX cuctemMax — OenzonbHe Kutblle s PIKC-® 1 momiapomaruuHi
CUCTEMHU i OITyMmy.

3 puc. 3.1, ne 300pakeHO MOPIBHSIHHS aOcopOIii B MakcUMyMaxX CMYT
NOTJIMHAHHA, Ta Tabn. 3.7 BUAHO, IO III BEJIMYMHU MOTJIMHAHHA € JOCTaTHBO

OJIM3BKUMH JIJIS1 BUX1AHOTO Ta MOAM(IKOBAaHUX OITYyMIB.

0.35 -
0.30 - EBH]I 60/90

BH/I 60/90+1 % ®iKC-@
0.25 - BHJI 60/90+2,4 % DiKC-®

BH]T 60/90+5% ®iKC-P

0.20 1
0.15 1
0.10 1
0.05 - I I l
0.00 I I I 1
863

5 1018 1375 1456 1602 1690 2850 2918 2951
XBH.TIBOBB YHCI0 A1 MAKCHMYMIB CMYI HOLIHHAHHS, cM !

Abcoponis I'YI-BunpominoBanss (0.0.1.)
BilHOCHO 0a30BOT0 NOITHHAHHS
npu 4000 cm!

Puc. 3.1. A6copOuiist B MaKCUMyMax CMYT MOTJIMHAHHS, K1 IpucyTHi B [Y-crekpax

BCIX JIOCIIKEHUX 3pPa3KiB
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[Ipu nmomaBanni 1 % wmac. @DiIKC-® 30UIbHIYETHCS BMICT CTPYKTYD,
XapaKTepHHX MUl ankaHiB (miku mpu 2951-2850 cm™). Lle Moxe BimbyBaTHCs sk 3a
PaxyHOK BHECCHHS YAaCTHHU aJIKAHOBUX CTPYKTYp 31 cMoJIaMH (MIKH Y YUCTIA CMOJI1
nipu 2934-2862 et puc. b.1 (mox. b), Tak 1 BHACTIIOK HE3HAYHOI 3MIHU KOJIOiTHOT
CTPYKTypH OITYMy IpH JOJaBaHHI JI0 HbOTO MepHMX nopiiii cmoiu. Ha kopucthb
OCTaHHBOTO TBEP/KEHHS TOBOPUTH TOW (hakT, 110 MpU JAOAaBaHHI 0 OiTymy suie 1
% Mac. PiKC-D na 2-2,5 % 3MIHIOETHCS CIIBBIIHOIICHHS MK CMOJIAMH Ta OJMBaAMM
(BMICT cMOJI Ta OJMB y BUXiAHOMY OiTymi ckiamae 31,1 % mac. ta 47,5 % wmac.,
BIIMOBIHO, a Y MOAU(DIKOBAHOMY 3pa3Ky BMICT cMOJI ckiiaiae 28,6 % mac., a oJuB
49,7 % wmac.). Ilpu mnomanpmomy 30umbIIeHH] KuTbkocTi DiKC-® y 6iTymi
B1JIOYBA€ETHCSI Maii’ke HETIOMITHE 3MEHIIEHHS IHTEHCUBHOCTI mikiB mpu 2951-2850
cmt. Moxua NPUITYCTUTH, O Tpu BMicTi noHaa 1 % wmac. @1IKC-® yactkoBo
MOYMHAIOTH YTBOPIOBATH BJIACHY KOJIOIAHY CTPYKTYPY, 3B’ SI3YIOUH MPHU I[bOMY OJIMBHI
KOMITOHEHTH.

Pazom 3 TMM criocTepiraeTbcs MeBHE CUCTEMATHYHE 3POCTaHHS 1HTEHCHUBHOCTI
I cMyT 3 Mmakcumymamu npu 1690, 1602, 1456, 1375, 1018, 865, 745 ta 720 em™
npu 30ubmieHHi Bmicty DiKC-® B OiTymi, 10 MOXHa TMOSCHUTH CYTTEBUM
3pOCTAaHHAM (OHOBOTO mormuHaHHs B AimsHIl 400—1800 cMm™, ocoGnuBo GiTymy B
ckianl sikoro € 5 % wmac. OIKC-®. [HmmMmu cioBamu, BIIOYBA€THCS YITKE
30UTbIIEHHS! KUIBKOCTI TpyH, xapaktepHux s P1KC-O, ske moxe crnocrepiratucs
TITBKH Y BUManKy, koiu onHa pedoBuHa (DiKC-D) po3unHSIETHCS/3MINIYETHCS 3
1HIMMH (O1TYyM).

Jnst ximekicHOi omiaka  Bmicty ®DiKC-® pospaxoByBaiM TUIONI  TIKIB,
xapaktepaux s GyHkiiiaux rpyn @iKC-O (tam, 1€ CrnocTepiraeThCs CyTTEBA
pi3auid B [Y-cnekTpax Mixk MOYaTKOBUM Ta MOJU(PIKOBAHUM OITYyMOM).

st kinbkicHOT omiHku BMicTy DiKC-® po3rasHyTo ABI AUISHKH CIIEKTPIB
OiTyMiB, sIKi BIJHOCATHCS 10 BajleHTHUX KojauBaHb C—O Ta O-H 3B’s3KiB,
BimmoBixino, 1245-1280 cm™ (puc. 3.2) ta 3100-3600 cm™ (puc. 3.3). Okpim ToOTrO,
Ha puc. 3.2 Ta puc. 3.3 300pakeHO MPOBEACHHS 0a30BUX JIHINA 1 MEX THTETpyBaHHS

JJI8 CMYT TIOIJIMHAHHS B Mexax 1245-1280 et ta 3100-3600 cm™. [monu g
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cMmyram mnoriauHaHHs [Y-BunpomiHIOBaHHA, sIKI OOMEXEHI BIAMOBIIHOIO 0a30BOIO
JiHI€I0 Ta KOHTYPOM CMYTHU TOTJIMHAHHS, BU3HAYald IHTETPYBaHHIM 3a METOJOM

Tparerii.

—BH] 60/90

i

Adcopouia I'I-eanpoMiHIOBAHHA

1
0.04 - !
| 1 1 % PIKC-®
i i i —2.5 % ®iKC-P
: : : —5 % DIKC-P
0.03 —L— L T + T T T T T T 1
1230 1250 1270 1290 1310 1330 1350

XBH/IBOBE YHCIO0, CML
Puc. 3.2. Cmyra normuHanas [U-BumnpominioBasHs B Mexax 1245-1280 cm™ 3

MakcHuMyMoM rpu 1260 cv™

0.022 1
0.021
0.020

% 0.019

Z 0.018

g s

Eo.017 —BH 60-90

£0.016 )

= —BH/I 60/90-1% PIKC-P

2 0.015 -

3 0.014 4

8
S 0.013 -
=]

—BH] 60/90-2,5% PiKC-®

—bH]I 60/90-5% PiKC-P

§ 0.012 -
0.011 -
0.010 -
0.009 -
0.008 -
0.007 -
0.006 -

0.005
3000 3200 3400 3600 3800 4000

XBHILOBE THCIO0, cM!

Puc. 3.3. Jimsrka [U-ciektpy 3000-4000 cm™
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Pe3ynprat po3paxyHKy IUION] BKAa3aHUX BHUIIE CMYr norimHaHHsg [Y-
BUIIPOMIHIOBaHHS TojaHo y Tabn. 3.8. 3riiHO OTpUMaHUX JaHUX MOXKHA
CTBEP/KYBATH, L0 CIIOCTEPIra€ThCSI 3pOCTAHHS BEJIMYMHM LUX IUIOI MPOMOPLIIHHO
30upieHHI0O BMicTy @DIKC-® y ckmami Oitymy. Otxe, [Y-cnektpu MokHa
BUKOPUCTOBYBATU ISl KUIbKICHOI OwlIHKK BMicTy DIKC-® y moaudikoBaHOMy
oitymi. OKpiM TOTO, OTpUMaHI JaHi MATBEPKYIOTh TIIOTE3y MPO Te, IO CMOJIa HE
B3a€MOJI€ XIMIYHO 3 OCHOBHOIO YAaCTHHOIO OITYMy, a PO3UYHHSETHCA Y HBOMY 1,
MO’KJIMBO, JIMILIE YaCTKOBO, YTBOPIOE CBOT BIIACHI KOJOiHI CTPYKTYpH.

Taomurg 3.8
[Tnommi mix cmyramu norimuHanHs [Y-BUNIPOMIHIOBaHHS B 3aJIEXKHOCTI BiJ] BMICTY
O1KC-® y cknaal 6iTymy

Mesxi cMyTH [Tnoma cmyru npu BMicti @1KC-® y Oitymi, % Mmac.

ITOTJINHAHHS, CM 0 1,0 2,5 5,0
3100-3600 0,102 0,498 0,866 1,804
1245-1280 0,008 0,032 0,049 0,109

3.1.2. BubGip cupoBunu mns mnporecy oaepxkanns DiKC-O. Jlns Bubopy
CUPOBHMHHM MPOLIECY BUXIAHY CUPOBHUHY (IIMPOKY (PEHOJIbHY (PpaKLii0) PO3TaHsUIA Ha
nBi ppakii: m.k.—185 1 185—k.x. °C (muB. Tabdmn. 2.10), nepiry 3 SKUX MOKHA BBaXKaTH
KOHIIEHTpaTOM (PEHOJIB, APYTY — MOXITHUX (PEHOITY, ePIIOUYEProBO, KPE3OTiB.

MeToo HWKYEONMUCAHUX JOCHIKEHb OyJ0 BCTAaHOBJIEHHS MOXJIUBOCTI
oJiepKaHHs (HEHOJI0-KPe30J10-hopMaIbACTIIHUX CMOJ 3 MHUPOKOi (heHOIbHOT (PpaKiItii
(IIPD), dpp. m.x.—185 1 185—k.k. °C 1 TexHIYHUX («CUPUX») (PEHOIIB, BUITYUYEHUX 3
nux  (Qpaxmiid. OkpiM  TOro, BaXJIWBUM OyJI0O BCTAaHOBJEHHS JOLIBHOCTI
MOoAM(iKyBaHHS 3aJIHMIIKOBUX 1 OKHCHEHHUX JIOPOKHIX HapTOBUX OITyMiB
OJIep>KaHUMU beHo10-Kpe3010-PpopMalIbACTITHUMU CMOJIaMH. Metoaom
nosikoHaeHcamii 3 dopmanpaerinom 3 DD, ¢p. mk.—-185 1 185-«k.k. °C 1
BUJTYUYEHUX 3 HUX «CHUpUX» (EeHONIB Oyln OJep:kaHi HOBOJAYHI (PEHOJI0-Kpe30Jio-
dbopmanbaeriaHi CMOJIU 3T1AHO CXEMHU, 10 To1aHa Ha puc. 2.2. YMOBHU CUHTE3y CMOJI

TakoX BuOupanu 3rijgHo [143] Ta HaBeneH1 y Tadm. 3.9.
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Tabmus 3.9
YMmoBu cunresy OiKC-O
[TapameTp 3HaueHHS

MonpHe criBBITHOLIEHHS «cupi» (henonu / hpopMaibaeria 1,42
MacoBe CIiBBIIHOIICHHS «CUp1» ¢eHonu / popmain
(Bmict hopmainbaeriay B popmanini 37 % mac.) L8
Macosuii BMicT karamizaropa (konm. HCI), % Ha «cupi»
dbenonu Lo
Temneparypa npouecy, °C 100
TpusamnicTs mporiecy, XB. 60

MarepianbHi OanaHcu onepkaHHS (EeHOJIO-Kpe300-(PopMaIbAeriTHUX CMOJ

HaBejieH1 y Tab. 3.10.




MartepianbHi O6anancu cuntesiB ogepxanas OiKC-O

Taomurs 3.10

Crarts OiKC-D3* DiKC-D1 DiKC-D4 DiKC-D5 DiKC-D6 OiKC-D7
3aBaHTa)KkeHO

1. CupoBuna Hod Co1 ¢p. n.x.—185 °C CPp2 ¢p. 185—k.k. °C Cd3
r 100,00 32,30 50,60 16,19 46,80 16,43
% Mac. Ha 3aBaHTaKECHHS 84,42 63,64 84,54 63,64 83,30 63,64
% Mac. Ha IPSAMOTOHHY (PaKIIito 100,00 32,30 100,00 32,00 100,00 35,10
% mac. Ha 11O 100,00 32,30 50,60 16,19 46,80 16,43
2. @opmatin

r 18,13 18,13 9,09 9,09 9,22 9,22
% Mac. Ha 3aBaHTaKEHHS 15,31 35,72 15,19 35,72 16,41 35,72
% Mac. Ha IPSMOTOHHY (PaKIIito 18,13 18,13 17,96 17,96 19,70 19,70
% mac. Ha 11O 18,13 18,13 9,09 9,09 9,22 9,22
3. HCI koHm.

r 0,32 0,32 0,16 0,16 0,16 0,16
% Mac. Ha 3aBaHTaKECHHS 0,27 0,64 0,27 0,64 0,29 0,64
% Mac. Ha IPAMOTOHHY (PaKITio 0,32 0,32 0,32 0,32 0,35 0,35
% wmac. na HIOD 0,32 0,32 0,16 0,16 0,16 0,16
Bceworo, T 118,45 50,75 59,85 25,44 56,18 25,81
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[Tponorxenus Tadmuii 3.10

Onep:xaHo

1. Cmona

r 18,20 29,65 8,20 13,20 9,03 14,39
% Mac. Ha 3aBaHTaKCHHS 15,36 58,42 13,70 51,87 16,08 55,75
% Mac. Ha IPSIMOTOHHY (PaKIIiO 18,20 29,65 16,20 26,08 19,30 30,75
% wmac. Ha HIOD 18,20 29,65 8,20 13,20 9,03 14,39
2. Boaa Ta HempopearoBaHi KOMIIOHEHTH

r 100,25 21,10 51,65 12,25 47,15 11,42
% Mac. Ha 3aBaHTAKCHHS 84,64 41,58 86,30 48,13 83,92 44,25
% Mac. Ha IPSIMOTOHHY (hpaKIlito 100,25 21,10 102,08 24,20° 100,75 24,40
% mac. Ha HIOD 100,25 21,10 51,65 12,25 47,15 11,42
Bceroro, T 118,45 50,75 59,85 25,44 56,18 25,81

* Hymepanito cMoJ MIPUHHATO BIAMOBIAHO 10 puc. 2.2.

92




93
Ha ocHoBi manux, HaBeaeHux B TabOma. 3.10, BUAHO, 110 BUKOPHCTAHHS B

Ipoleci CHUHTE3y KOHIIGHTPOBaHMX (eHOoNB («CUpux» (PEHOMIB), JI03BOJISIE
30UTBIINTH BUXI1J, SIK HA 3aBaHTaXEHHs peakTopa (maixe y 4 pasu: 51,9-58,4 % mac.
npotu 13,7-16,1 % wmac.), Tak 1 Ha BUXigHYy (pakiito (Maibke yasiui: 26,1-30,8 %
mac. npotu 16,2—-18,2 % wmac.). Tomy nouuipHilme AJig OJEpKaHHS €PEKTUBHHUX
Moau(pikaTopiB HaQTOBUX OITYMIB MPOBOJUTH CHHTE3 3 BHJIYUYCHHX 3 (PEHOIBHOT
¢pakiii kam’SHOBYTLIBHOI CMOJU «CUPHUX» (DEHOIIB, a HE 3 HIMPOKOI (PEHOIBHOI
dpakiii kam’THOBYT'UIBHOT cMOJIM. TakoX BapTO 3a3HAYUTH, IO 3TITHO PE3yJIbTaTiB
xpoMmarorpadiunoro ananizy cupoBuHu (LIOD i «cupux» (eHomiB), aKi HABEAEHI y
Tabn. 2.12 Bumgno, mo y HIOD mictarees 41,73 % mac. deHony Ta HOro moxigHUX
(opmo-, mema- ma napa-Kpe3oim), a y «cupux» (QeHosax, ski puiaydeHi 3 1IDOD
MicTaTbes 86,38 % mac. deHony Ta Woro moxiaHux (opmo-, mema-, ma napa-
kpe3onun). Tobro cmonma DIKC-O oxepkana 3 «cupux» (GEHONIB CKIATAETHCS
npubau3Ho 3 1/3 dbenomy Ta 2/3 kpe3o0miB.

Takox BapTO 3ayBa)XUTH, 10 HEAOLUIHHO AUt 11D Ha nBi Byx4i dpakiiii.
Ile mosicHIO€ThCS THM, 1110 BUX1] cMoiin (y po3paxyHKy Ha [IID®D) npu BukopucranHi
y AKOCT1 CUPOBUHU JIBOX «cupux» ¢penonn CPD2 1 CO3 e menmum: 13,20 + 14,39 =
27,59 % mac., HiXK Ipu BUKOPHUCTaHH] y sikocTi cupoBuHu CD1: 29,65 % mac.

B nonpansmomy niist BuOOpy Temmeparypu MoauQikyBaHHsS OITYMIB CMOJaMu
DiIKC-D4 1 DIKC-D5, ogepkanux 6e3mocepentpo 3 m.k.—185 °C i «cupux» ¢eHois
C®2, BignoBigHOo, mpoBoawan MoaudikyBanHs 3a 110 1 190 °C 3amumkoBoro
HadroBoro Oitymy — BJ[ 60/90, xapakTepucTUKH OJepKaHHX OITyM-TIOJIMEPHUX
cyMileit HaBeneH1 y Tabu. 3.11.

Ha ocHoBi nanux, HaBeJeHUX B Ta0J. 3.8 MOKHA CTBEpKyBatTH, 110 3a 110 °C
BiIOYBA€ThCS MEXaHIYHE TMEepeMINTyBaHHS KOMIIOHEHTIB OiTymy, a 3a 190 °C
MOXJIMBUM € iX (I3MKO-XIMIYHA B3a€EMOJIIS, OCKIJIBKUA PsIi MOKa3HUKIB OITyMy
MiHsA€TbCs OuUIbll cyTTeBO. BBenenusa B 6iTym cuHTe3oBaHux PiKC-P4 1 O1KC-D5
(3a BuxmroyeHHs M Bumanky 110 °C ta ®iKC-®D5), npuBoauth 10 30UIHIICHHS
TEeMIIEpaTypy PO3M’SIKIIEHOCTI 1, 0COOJIMBO, aATe3li 3aJUIIKOBOr0 HaQTOBOTO OITYMY

3 TIOBCPXHCHO CKIJIA. BapTo BiI[SHa‘-II/ITI/I, IO BBCACHHA OACPIKAHUX CMOJI Y CKJIIa[
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01TyMy MPU3BOIUTH 10 HE3HAYHOTO 3MEHIIeHHs neHeTpauii. Monudikysanus OiKC-

®4 nadroBoro 6iTymMy MOXIHBO MpoBoAuTH sK 3a 110 °C, tak i 3a 190 °C. ®iKC-D5
— 3a 190 °C, ockuibku 3a 110 °C ogepxyerbcsi MoAUGIKOBaHUN OITYyM, SIKUW He
BI/IMTOBiIa€ BUMOTaM 10 ojaHopigHOcTi. MomudikyBanus 3a 190 °C mosBomsie y
OlnpIIi  MiIpl  30UIBLIYBATH  TEMIEPaTypy poO3M’sKIIeHOCTi. Buxomsuu 3
BUIIEHABE/ICHOTO BUPIIICHO, IO B MOJAJIBIIOMY BapTO MPOBOAUTH MOJU(DIKyBaHHA
Ha(pTOBUX OITYMIB (PEHOIO-KPE30JI0-POpMANIbICTIIHUMU CMOJIaMH, SIKI OJIepKaHl 3
denonbHOI (pakiii kam’THOBYTUIbHOT cMmoi, 3a 190 °C. MokHa BBaXkatu, 1110 3a
Takoi TeMIiepaTypu MoAU(iKyBaHHSA BiIOYBA€ThCS (PI3UKO-XIMIYHE MOAU(IKYBAHHS
HaTOBUX OITYMIB, TOOTO 3MIHIOETBCA XIMIYHUH CKJIaa  OITyM-TIOJIMEpPHOT
kommosutii (P1KC-® Buctynae y posi peakToriacra).

Tabmuusg 3.11

YMOBU MPUTOTYBAHHS Ta OCHOBHI XapaKTepUCTUKU ojepkaHux bMII

Temneparypa monugikyBanus, °C
(macoBwuit BMicT Moaudikaropa y BMII 2.4 %)
[Toka3Huk B/ 60/90 . _
DiKC-D4 DiKC-D5
110 190 110 190
[Tenerparris npu
4 80 78 75 — 62
25 °C,m'10
3MEHILECHHS
— 25 6,3 — 22,5
nexnerpaitii, %
Temmneparypa
panyp 43 44 46 — 47
po3M’sikieHocTi, °C
30UTbIIIEHHS
TeMIIepaTypu — 2,3 7,0 — 9,3
po3M'sKIIeHOCT, %0
Po3TspxHICTh pU
> 100 > 100 > 100 — > 100
25°C, cMm
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[TpomoBxenus Tadmmii 3.11

34eruieHHs 3
60 83 82 — 88

MOBEPXHEIO CKia, %
30UIBIIECHHS
34eIUICHHS 10 CKJIa, — 38,3 36,7 — 46,7
%

. He . . . .
OnHopiAHICTH Opnnopiauuii | OgHopiauuii | Heonnopianuit | OnHopinHuit

HOPMYETBCS

VY Tabn. 3.12 HaBeneHO MOPIBHSHHS OCHOBHUX XapaKTEPUCTUK OJEP:KaHUX

OITYM-TIOTIMEPHHUX CyMIIIEH.
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Taomung 3.12

YMOBH NPUTOTYBAHHS Ta OCHOBHI XapaKTepUCTUKH ofepx aHnx BMII

bitym MmoaudikoBanuii 3a 190 °C (BmicT Mmoaudikaropa y

BMII 2,4 % mac.)
[Toka3Huk b/l
50/90 DiKC- | ®iIKC- | Pi1KC- | PiKC- | PiKC- | PiKC-
d3 D1 D4 D5 D6 D7
[lenetparis mpu
A 80 75 65 75 62 74 70
25°C, m- 10
3MEeHIIICHHA
- 6,3 18,8 6,3 22,5 7,5 12,5
neHerpariii, %
Temmneparypa
PO3M’SIKIIIEHOCTH, 43 44 46 46 47 45 46
°C
30UIbIIEHHS
TEMIIEPATYPHU
PP - 2,3 7,0 7,0 9,3 4.7 7,0
PO3M'SIKIIICHOCTI,
%
Po3tspxHicTh ipU
>100 | >100 | >100 > 100 > 100 > 100 > 100
25°C, cm
34eruieHHs 3
MOBEPXHEIO CKIIa, 60 87 94 82 88 95 96
%
301IbIIEHHS
3YEIUICHHA 3
— 450 56,7 36,7 46,7 58,3 60,0
MOBEPXHEIO CKJIA,
%
OI[HOpiI[HiCTI) HOpMI—}l:?TLCH OpnHopinnuit |OnHopinnuii | OxHopinnuii | OaHopinuuit | OHopinHui | OgHOpIAHKT
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Ha ocHoBI nmanux, HaBeAeHMX B TaOa. 3.12 BHAHO, IO BBEJACHHSA B CKJIAJ

01TyMy BCiX OJIep>KaHHUX CMOJI 3HAYHO MOKPAIIYIOThCS are3iiiHi BIaCTUBOCTI OITyMy.
BBeaenHs B 3auikoBuil 01TyM cMOJI, CUHTE30BaHuX 3 «cupux» ¢denomnis (OiKC-D1,
OiIKC-®5 1 ®IKC-D7), no3Bomsie y OUIBbIIIA Mipi 30UTBIIyBaTH TEMIEPATypPy
PO3M’SIKIIIEHOCTI Ta 3YEIUICHHS 3 TMOBEPXHEIO CKJIa TMOPIBHSHO 31 CMOJIaMH,
cuntezoBanumu 3 OO, ¢p. m.k.—185, 185—k.x. °C (DiKC-D3, OiKC-D4 1 OiKC-
®6), BoAHOYAC IEUI0 3MEHIIYIOUH MEHETPALII0 3aJUIIKOBOr0 HaQTOBOTrO OiTymy BJ]
60/90.

Takox BapTO BIJI3BHAYMUTH, IO 31 30UIBIICHHSIM BMICTY KPE30JIiB Y CHPOBHUHI
(DiIKC-®6 1 DIKC-®7) mnopiBHsHO 3 DIKC-®4 1 DIKC-OS5, onepxanuii
MOIU(IKOBaHUM OITYM BOJIO/IE€ KPAIIUMHU 3YCTLTIOBAIIBHUMH BIacTUBOCTIMH (95-96
% mopiBHsiHO 3 82-88 %; muB. Tabm. 3.12). BogHoyac BUKOPHUCTAHHS «CHUPUX»
¢denomniB, BuirydeHux 3 LIDD, no3Bonsie orpumyBaTH MoAUQIKOBaHUM OITYyM 3
MPAKTUYHO TAKUMH K CAMUMHU 3YETUTIOBAIbHUMHU BIACTHBOCTSMHU Ta IIiABHILYBaTH
TEMIIEpaTypy pO3M SKIIEHOCTI, 5K 1 y Bunajaky 3acrocyBanHs Q1KC-D6 1 GiKC-D7.

Onuparounck Ha BUILE3raJaHe MOKHA 3pOOUTH HACTYITHI BUCHOBKHU:

e cuHTe3 MonudikaTopa 3 «CHUPHUX» (PEHONIB M03BOJISE 30UIBIIUTH BUXIiJ

CMOJIH;

® JICIIO Kpalll MOKa3HUKU O1TyMiB, MOJIU(DIKOBAHUX CMOJIAMH, Y CKIIAJl SIKUX

€ outpiia KubKicTh Kpe3oiiB (DiKC-d1, DiKC-D6 ta DiKC-D7);

® HeIOUUIBHICTH po3aiieHHs [IIDD Ha ABI By3bKi (pakiiii;

e MOAM(IKYBAHHS 3aJMIIKOBUX JOPOXKHIX OITyMIB HaWOUIbII JOILIJIBHO

npoBoauTu OiKC-D1.

3 METOI0 MiATBEPKEHHS MOXIMBOCTI MOAU(IKYBAHHS OTPUMAHUMH CMOJIAMH
TaKOXX 1 OKUCHEHUX OITyMiB, MPOBeNEHO iX MoaudikyBaHHsA. Y Tabmn. 3.13 HaBeneHo
MOPIBHSHHA OCHOBHUX XapaKTEPUCTUK 3aJUIIKOBOTO 1 OKHCHEHOTO OITyMiB,

moaupikoBannx ®iKC-D1.
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Taomumg 3.13

[TopiBHSIHHS OCHOBHHMX XapaKTEPUCTUK 3AJIMIIKOBOTO 1 OKUCHEHOTO OITyMiB,

MoaudikoBanux GiKC-D1

BJ1 60/90 + BH/I 60/90 +
[Toxa3Huk BJ] 60/90 | ®iKC-®1 |BH/] 60/90| ®iKC-d1 (2.4
(2,4 % mac.) % mac.)
[Tenerparis ipu 25 °C, M- 10 80 65 70 60
3MeHIeHHs neHeTpartii, % — 18,8 — 14,3
Temneparypa
pALYP 43 46 46 49
po3M’sikiieHocTi, °C
301IbIIICHHS TEMIIEpaTypH
. PP — 7,0 — 6,5
pO3M'AKIIIEHOCTI, %
PoztsxHicTs mipu 25 °C, cm > 100 > 100 63 25
34YensIeHHs 3 MOBEPXHEIO CKIIA,
60 94 33 97
%
301IbIIEHHS 3UEIUIEHHS 10
— 56,7 — 193,9
ckia, %
.. He He
OHOPIIHICTH OnHopigHui OnHopigHui
HOPMYETbHCS HOPMYETbHCS

Ha ocHoBi nanux Tabn. 3.13 Mo)KHa CTBEpIKyBaTH, IIO BBEIAEHHS B OITyM

cmonu @1KC-®1 36inbm1ye TeMnepaTypy po3m’ sikiieHocTi Ha 3 °C, K 3aJIMIIKOBOTO,

TaK 1 OKHUCHEHOTO JIOPOXHIX HadTOBUX OITymiB. TakoX 30UIbLIYETHCS 3YETUICHHS

onepkannx BMII mnst 3anumikoBoro Oitymy Ha 56,7 % (Bim 60 go 94 %), mus

okucHeHoro — Ha 193,9 % (Bim 33 mo 97 %). Bapro BigzHauuTH, 110 BBEJICHHS

OICpKaHUX CMOJ Yy CKJIan 61TYMy NpU3BOAUTL OO0 HCE3HAYHOI'O 3MCHIICHHA

neHerparii. Ile cBimuuTh Mpo T, MO OJAEP)KAHY CMOJY JAOLLIBHO, MEPIIOYEProBO,

BUKOPHUCTOBYBATH SIK aAre31iMHy 100aBKY, 0COOJIHUBO 10 OKUCHEHUX OITYMiB.
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3.2. BruiiB YMHHUKIB Ha ofiepKaHHs (PEeHOTI0-KPe30J10-(hopMabAeTiTHUX CMOJI

3 MOOIYHUX MPOIYKTIB MEPEPOOKH BYT LIS

Buxonsum 3 pe3ynpTaTiB, omucaHux y migposa. 3.1.1, mpuitHATO pimeHHs
OTPUMYBAaTH HOBOJIaYHYy cMmoiy (karamizarop — HCI) 3 konmenrpary ¢eHoimiB i ix
MOX1THUX, ofiep>kaHuX 3 (DEHOJIbHOI (Ppakiiii KaMm’ sTHOBYTUIbHOI cMoid. [laHy cMoumy
OyIe BUKOPUCTAHO SIK MOJU(DIKATOp OKCHHEHOTO OITyMy, IO BOJIOIE TIOCEPETHIMU
aAre31iHUMHU BIIACTUBOCTSIMHU.

Ha nponec onepxannsg @1KC-® MOXyTh BIUITMBATH HACTYIHI YAHHUKH: CKJIA]
CUpPOBHHHU (CITIBBIIHOMICHHS «cupi» ¢eHomu / popMaltiH), KUTBKICTh KaTajizaTopa,
TEeMIEepaTypa Ta TPUBAIICTb MOJIKOHAEHCcalli. BIMB 0lHOr0 YMHHKMKA BUBYAIN IIPU

(p1KCOBaHMX 3HAYEHHSX TPHOX IHIIUX.

3.2.1. BruiuB MacoBOro CHiBBIAHOLIEHHS «cUpi» PpeHonn/popmanid. BuBueHHs
BIUTMBY MAacoOBOTO CITIBBIJHOIIEHHS «CUPD» (peHoJn/PopMaiH MpOBOAWIN B YMOBAX,
HaBeneHUX y Ta0:1. 3.14 1o Oynu npuitHsTi Ha ocHOBI [143].

Tabmuug 3.14
YMmoBu cuntesy OiKC-O

[Tapamerp 3HavYeHHs
Bwmict katanizaropa, % Mac. Ha «cupi» peHou 3
Temneparypa nporecy, °C 100
TpuBamicts nporiecy, XB. 60

Pe3ynbTaTn, oxaepxkaHi MpU 3MIHI MacoOBOTO CIIBBIJHOIIECHHS «CHPI»

dbenoau/popmaiin, 300paxkeHi Ha puc. 3.4-3.5.
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100,0

!
|

95,0
90,0

83,0

80,0

75,0
70,0

65,0

60,0

iﬂmi)[ Ha 111
nmirn‘ Ha "cup1" (1_'\9[—1 T

Buxia, % mac.

55,0
50,0

45,0

40,0

30,0

350 B

\-

25,0

20,0

1,2

>

1.4 1,6 1,8 2

22

2.4 2,6

2,8

Macose cIiBBiIHOIIEHHA «CHP1» (eHOTI/ hopMaTiH

3

>

100

Puc. 3.4. BriuB MacoBOTo CITiBBITHOIICHHS «CHPi» (eHOoIn/hopMaiH Ha BUXIA

®iKC-® Ha cupoBuHy
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150
140
130
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110
100
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70
60
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TemmnepaTypa po3M’SKIIEHOCTI CMOJIH 34 KilbLeM i
KyJiero,°C
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>

1,2 1.4 1,6 1,8 2

22

24 2,6

2.8

Macoge cIiBRiIHOIIEHHS «cupi» GeHomnn/GopManin

3

ES

Puc. 3.5. BB MacoBoro criBBIIHOIIEHHS «CUP1» (eHoau/hopMaid Ha

TemriepaTypy po3m’sikieHocti GiKC-O
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3 puc. 3.4-3.5 BuaHO, 1O 31 30UIBIIEHHSM MAacOBOTO CIIiBBIIHOIICHHS

3MEHIIYIOTHCS] BUX1JI CMOJIM Ta 11 TeMIepaTypa po3M SKIIEHOCTI. 3 1HIIOro 00Ky, pH
BEJIMKOMY HaJIUINKY (dopMaibaeriay (cmiBBigHomeHHs 1,08) OoTpUMYIOTHCS 3IIMTI
BHCOKOMOJIEKYJIAPHI CTPYKTYpH, TEMIIepaTypa pPO3M SKIIEHOCTI SKUX CTaHOBHTH
oineme 180 °C. Taka cMona, sika ojepskaHa IIPU MacoBOMY criBBigHOIIEHH] 1,08,
MOTaHO PO3YMHAETHCA Yy OiTyMi, TOOTO MOJIU(IKOBAaHUU IIIEI0 CMOJIOIO OITYyM HE
BI/IMIOBiIa€ BUMOTaM mToO ofHOpimHOCTI (Tabm. 3.15). Komm dactmHa cmoim He
PO3UYMHSIETHCS/HE YTBOPIOE CTPYKTYp 3/B OITyMi, TO TeMmIlepaTypa TakKoi CyMIIIIl
MIHSIETbCSI HE3HAYHO MOPIBHSAHO 3 BUXIAHMM OiTymoM. BojgHouac, mpu 301IbLIECHHI
MacoBOTO cCmiBBigHOMIEHHS ToHan 2,20 pi3KO 3MEHIIYeThCS BHUXIJ CMOJHU 1
MOTIPIIYIOTHCS  €KCIUTyaTallliHI XapaKTEPUCTUKHU OJIepKAHUX OITYM-TIOJIMEPHUX
KOMIIO3uIii. ToMy ONTMManbHUMHU MEXaMU MAacOBOI'O CHIBBIAHOLIEHHS «CHPI»
¢denonu / popmanin BBakaemo 1,78-2,20.

MoaudikyBaHHs ~ OKMCHEHOro HapToBOro  OiTymMmy  (PeHO0JI0-Kpe30J10-
dopmanpaeriiHuMu  cMoamu  npoBoguian npu 190 °C 1 BwmicTi MoaudikaTopa
2,4 % mac. B Tabn. 3.15 HaBeneHlI OCHOBHI XapaKTEPUCTUKH OJEpPKAHUX OITyM-

MOJTIMEPHUX KOMITO3UITIH.



XapakTepucTuku Moau(iKoBaHUX OITYMIB

temneparypa — 190 °C; Bmict mogudikaropa (PiKC-D) — 2.4 % mac.)
( paryp p

Taomung 3.15

I'mnbuna
Macose
o Temmnepatypa MIPOHUKHEHHS TOJIKU 3yeruieHHs 3 3yeruieHHs 3
CIiBBIHOIIIEHHS _ . o
. PO3M’SIKIIICHOCTI 3a (meHeTpaiis) 3a IIOBEPXHEIO CKIIa, OnHOPITHICTD MTOBEPXHEIO
«CHpi»
. KUIbLIEM 1 KyJero, °C temriepatypu 25 °C, % niebeHro, 0an
dbenonu/popmanin .
M-10™ (0,1 mm)
—* 46 70 33 OJTHOPI1JTHUM 3
1,08 48 57 93 HEOHOPiTHMI 5
1,78 51 57 96 OJIHOPI1JTHUM 5
2,20 51 57 92 OJTHOPI1JTHUM 5
2,72 50 56 87 OJTHOPI1THUM 5
3,05 49 62 60 OJTHOP1THHMA 5

* XapaKTepUCTUKHU BHXiaHOTO (HeMoaudikoBanoro) 6irymy mapku BHJI 60/90.
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3.2.2. BB KinbKOCTI KaTamizatopa Ha mpouec onepxkanas DiKC-O. 3a

ONTHMAJILHOIO CKJIaJy CHPOBHMHHM Ta B IHIIMX YMOBaX, MPpUHHATUX Ha ocHOBI [143] i

HaBeJIeHUX B Ta0J1. 3.16, BUBYAIM BIUIMB KUTHKOCTI KaTajizaTropa.

Taomung 3.16

YMmoBu cuntesy OiKC-O

[TapameTp 3Ha4YEHHS
MacoBe criBBiAHOIIEHHS «cupi» deHonu/ popMaiin
(BMmicT hopmanbaeriay B popmanini 37 % mac.) ol
Temneparypa nporiecy, °C 100
TpuBanicTs mporiecy, XB. 60

Pesynbratyn, omep:xaHi pu 3MiHI BMICTY Kataii3zaTopa, 300pakeHi Ha puc. 3.6—

3.7.

100,0

95,0

90,0

y~
85,0 /

80,0 /

75.0 /

70,0 /

65,0

-4—Buxig Ha "cupi" deHoIH

60,0

—#-Buxig ga [[IOD

55,0

Buxia, % mac.

50,0

45,0

40,0

35,0 e
30,0

25.0 -/

20,0

2

3

Buicr HCI konrr, % mac.

4 5 6

Puc. 3.6. Bmus BMicTy katanmizatopa Ha Buxiji ®1KC-® Ha cupoBuHy
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120 —

110 /
100

Temmneparypa po3m’sIKIISHOCTI CMOJIM 33 KiJIbLIeM i
KyJero, °C
co
(=]

./

50

0 1 2 3 4 5 6
Buicr HCI xoHIr., % Mac.

Puc. 3.7. Brumu BMICTY KaTtajaizaropa Ha TEMIEpaT o3M’ gkrrerHocti PiKC-d
Yy Yy

Ax cBimyath 300pakeHi Ha puc. 3.6-3.7 maHi, HaBiITh 0€3 KaTaii3aTopa
dbopmanpaerin Ta ¢eHoaM 3AaTHI BCTynmaTH B peakiii mnomikoHaeHcarii. [lpu
30UTbIIIEHH] KOHIIEHTpalii Karamizaropa Binm 1 mo 6 % wmac. Ha «cupi» (eHonu
MPaKTUYHO HE 3MIHIOETHhCS Temmeparypa po3m’skiieHocTi PiKC-® (110-119 °C;
puc. 3.7), a MaKCUMaIbHUI BUX1J CMOJIH JIOCATAETHCS TP BMICTI KarainizaTopa — 3 %
Mac. Ha «cupi» ¢enonu (puc. 3.6). ToOTO KUIBKICTH KaTajli3aTopa HE BIUIMBAE Ha
CTYIIHb MOJIKOHACHCAIT (MOJEKYJIIPHY Macy) CMOJ, a JIUIIE Ja€ 3MOTY 3alyuduTH
OLTBIII KiJTbKOCTI CHPOBUHU y PEAKIIii MPU 3pOCTaHHI BMICTY KaTamizaropa Big 1 mo 3
% Mac.

Tomy OJIM3bKMM 7O ONTUMAIBHOTO BMICTY KaTajiizaTopa BapTo BBaxatu 3 %
Mac., OCKUIbKM IIpM TaKOMYy 3HA4Y€HHI CIOCTEpPIra€ThCs BHUCOKI TeMIeparypa
PO3M’SIKIIIEHOCTI Ta Buxia cmoiu. [lomaneine 30UIbIIEHHS BMICTY KaTaiizaTopa
MPAKTUYHO HE BIUIMBAE HA 111 TOKA3HUKH.

MopaudikyBaHHs ~ OKMCHEHOro HadToBOro  OiTymMmy  (PeHOJIO-Kpe30J0-
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dopmanbaeriznumMu  cMoiamu npoBoaunan npu 190 °C 1 BmicTi MoaudikaTopa
2,4 % mac. B Tabn. 3.17 HaBeneHI OCHOBHI XapaKTEPHUCTHUKH OJICP)KaHUX OITyM-
MOJTIMEPHUX KOMITO3HITIH.

Ha ocnoBi manmx T1abn. 3.17 MoXHa CTBEpPKyBaTH, IO CMOJIA, SKa
OTPUMYEThCSI 0€3 Karaji3aTopa Ta Ma€ HU3bKY TEMIIEpaTypy pO3M SKIICHOCTI, HE
MO’K€ 3aCTOCOBYBATHUCA SIK MOAM]iKaTop OiTyMy. 301IbIIEHHSI BMICTY KaTali3zaropa
Bil 1 10 6 % Mac. Ha «cupi» (HEHOIU, TPAKTUYHO HE BIUIMBAE HA XapaKTEPUCTHUKU
OJIep>KaHUX OITYM-TIOJIIMEPHUX KOMIIO3UIIIN, IO € HIJIKOM JIOTTYHUM 3 OIJISIAY Ha Te,
o0 Il CMOJM MaroTh NPUOJIM3HO OJHAKOBI TeMIlEpaTypu po3M sdKiieHocTi. [Ipu
3aCTOCYBaHHI ~TaKMX CMOJ  OJIEPXKYEThCS  OITYM-NOJIMEpPHA KOMIIO3UIlA 3
Temrneparypoto po3m’skiieHocTi 50-51 °C 1 BUCOKUMH aare3itHUMU BIACTUBOCTSIMU
(3uerieHHs 3 TOBepXHEHO ckia — 95-96 %, 3dyericHHS 3 MOBEPXHEIO MICOCHIO — 5
OamiB). BapTo Big3HAuuTH, 11O BBEIEHHS OJEPKAHUX CMOJ Yy CKJIajg OITymy
OpU3BOJIUTh JO HE3HAUYHOTO 3MEHIUEHHS neHeTpauii. Tomy OnM3BKUM 10

ONTUMAJILHOTO BMICTY KaTaji3aropa BapTo BBaXaTH 3 % mac. Ha «cupi» (peHou.



XapakTepucTuku Moau(iKoBaHUX OITYMIB

temneparypa — 190 °C; Bmict mogudikaropa (PiKC-D) — 2.4 % mac.)
( paryp p

Taomung 3.17

Bwmicr Temmeparypa I'mubuHa NpOHUKHEHHS
) . ) 3ueruieHss 3
KaTajl3aropa, PO3M’SIKIIIEHOCTI roJiku (TeHerparis) 3a o 34eruieHHs 3
_ . . OpHOpIHICTD MOBEPXHEIO
% Mac. Ha 01TyMy 3a KUIBIIEM 1 temmneparypu 25 °C, MOBEPXHEIO CKIa, %
_ 4 meOeHro, oai
«cupi» heHonu Kyneto, °C M-10™ (0,1 mm)
—* 46 70 OJTHOP1THHM 33 3
0 46 67 OJTHOP1THHM 84 5
1 51 54 OJTHOP1THUH 96 5
2 50 58 OJTHOP1THHAMA 96 5
3 51 57 OJTHOP1THHM 96 5
6 50 56 OJTHOP1THUH 95 5

* XapaxkTepucTuKH BUXigHOTO (HeMoaudikoBaHoro) 6itymy mapku BHJ 60/90.
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3.2.3. BB temniepatypu Ha npoiiec oaepxanus @iKC-d. 3a ontumaabHOTO
CKJIaJly CUPOBHHH Ta KIJILKOCTI KaTaji3aTop 1 TPUBAJIOCTI MPOIIEeCy, PeKOMEHI0BAHO1
y [143], BuBYamM BIUIMB TeMIepaTypu. 3HaueHHs (HiKCOBAaHMX YMHHHKIB HABEJCHO Y
tabsn. 3.18.

TaOmurg 3.18
YmoBu cunrezy OiKC-D

[Tapametp 3HaueHHs
Bwmict xartamizaropa, % mac. Ha «cupi» HeHoIu 3
MacoBe criBBIAHOLIEHHS «CUpPi» (peHoau / popmaiin 178
(BMmicT hopmanbaeriay B popmanini 37 % mac.) ’
TpuBanicts nporiecy, XB. 60

Pesynbrartu, onepxani npu 3MiH1 TeMIiepaTypH, 300paxkeHi Ha puc. 3.8-3.9.

100,0

95,0

>

90,0
85,0

>

80,0

>

75,0

>

70,0

65,0

>

60.0 Buxix Ha

cupi" dbeHOIH
> T

—— i
550 Buxin pa [P D

>

Buxig, % mac.

50,0

45,0

60 65 70 75 80 85 90 95 100 105 110 115 120
Temmeparypa mporecy, °C

Puc. 3.8. Brmus Temnepatypu nporiecy Ha Buxig @iKC-® na cupoBuny
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115

110

105

100

95
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83

80

75

Temneparypa po3m’aKILICHOCTI CMOIH 3a KUIbLEM 1 Kyieto,”C

70

60 65 70 75 80 85 90 95 100 105 110 115 120
Temmeparypa nporecy, °C

Puc. 3.9. Bumu Temnepatypu nporiecy Ha TemrepaTypy po3m’sikinerocti @iKC-O

Sk cBiquath 300paxkeHi Ha pucyHkax 3.8-3.9 mani BUIHO, IO NP 301JIbIIEHH1
TEMIIEpaTypyd BHUX1J CMOJM Ta ii TeMIepaTypa pO3M SKIIEHOCTI 3pPOCTAIOTh [0
100 °C. Tlomampliie 3pOCTaHHS TEMIEPATypu MPOIECY MPAKTUYHO HE BIUIMBAE Ha
polec, TOMy OJIM3BKOIO 10 ONTHUMAIBHOTO TEMIIEpaTypy MpOIeCy BapTO BBaXKAaTH
100 °C.

MonmudikyBanHss  OKMCHEHOro  HadTOBOro  OITyMy  (peHOJIO-KpPEe30J0-
dopmanpaeriiHumMu cMoiamu nposoawiu npu 190 °C 1 Bmicti moaudikatopa 2,4 %
Mac. B Tabn. 3.19 HaBeneH1 OCHOBHI XapaKTEPUCTUKH OJIEPKAHUX O1TyM-TIOJIIMEPHUX
KOMIO3HUIH.

Ha ocnoBi pganux Tabn. 3.19 MoxkHa CTBepAKyBaTH, IO 301IbIICHHS
temnepaTtypu mpoiecy noHaja 80 °C mpakTHUYHO HE BIUIMBAE€ HA XapaKTEPUCTUKHU
olepKaHUX OITYyM-TIOJIIMEpHUX KoMmo3ulik. Onpepxyerbes OITyM-modiMepHa
KOMITO3HIIIS 3 TeMIepaTyporo po3m skmeHocTi 50-51 °C 1 BUCOKMMU aare3iiHUMHA

BJIACTUBOCTSAMU (3YEIUICHHS 3 MOBEpXHEH ckia — 95-98 %, 3ueruieHHs MOBEPXHEIO
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mebeHro — 5 OamiB). BomHouac BBeAeHHS OJEp)KaHMX CMOJ Yy CKIaa OITymy
MPU3BOAUTH IO HE3HAYHOTO 3MEHIIEHHS MEHETpallli oAepxaHoi OiTyM-IOJiMepHOT
KoMIo3uilii. TomMy OJM3BKMMHU JIO ONTHMAJIbHHX MEX TEMIICPATypH MPOIECY

onepxkanHs O1KC-® sraxaemo 80—100 °C.



XapakTepucTuku Moau(iKoBaHUX OITYMIB

(remmnepatypa — 190 °C; Bmict moaudikaropa (PiKC-D) — 2,4 % mac.)

Taomung 3.19

Temmeparypa

['muOuHa MpOHUKHEHHS

34eruieHHA 3

Temneparypa PO3M’SIKIIIEHOCTI roJjiku (meHeTpariisi) 3a 34erneHHs 3 o
OnHOpiTHICTD MOBEPXHEIO
nporecy, °C CMOJIH 32 KUTBIEM 1 temmneparypu 25 °C, MOBEPXHEIO CKIa, %
4 meOeHo, oai
KyJero, °C M-10™ (0,1 mm)

—* 46 70 33 OJTHOP1THHM 3

60 49 54 76 OJTHOP1THHM 5

80 50 58 98 OJTHOPI1THUM 5

100 51 57 96 OJTHOP1THHM 5

120 50 60 95 OJTHOP1THHMA 5

* XapaxkTepucTuKH BUXigHOTO (HeMoaudikoBaHoro) 6itymy mapku BHJ 60/90.
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3.2.4. BB TtpuBanocti Ha mpouec oxaepxkanus PiIKC-O. B ymosax,
BCTAHOBJICHUMHU TIONEPEIHIMHU JIOCTIPKCHHSAMH Ta HaBedeHuMH B Taoim. 3.20,
BHBYAJIM BIUTUB TPUBAJIOCTI Ha miporiec oaepkanus DiKC-O.

Tabmums 3.20
YMmoBu cuntesy OiKC-O

[TapameTp 3Ha4YEHHS
Bwict xaramizaropa, % mac. Ha «cupi» peHomu 3
Macoge criBBiHOIIIEHHS «cUpi» PeHonu / hopmain
(BmicT (hopmanbrieriay B popmanini 37 % mac.) ol
Temmnepartypa nportiecy, °C 100

PesynwpTaTH, omepkani mpu 3MiHI TpHBAJIOCTI, 300pakeHi Ha puc. 3.10-3.11.

100
95 -
90

85 ._._——"‘/
80 —
75
70 -
65
60 -
55 -
50

——Buxizx Ha "cupi" ¢eHOIH
——Buxin ga 11D

Buxiz, % Mac.

0 10 20 30 40 50 60 70 80 90 100 110 120
TpHBamicTs mporecy, XB

Puc. 3.10. BruuB TpuBaniocti npouecy Ha Buxig @i1KC-® Ha cupoBuHy
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Puc. 3.11. BruiB TpuBasiocTi mpouecy Ha Temneparypy po3m’sikieHocti PiKC-O

SAx cBiguath 300pakeHi Ha pucyHkax 3.10-3.11 manHi, MOXHa CTBEpIKYBaTH,
1[0 OCHOBHI TIEPETBOPEHHS BII0YBAIOTHCS MIPOTATOM Tepiinx 20 XB.: BUXIJ HA «CUPI»
dbenonu € BuuM 80 % mac. [Togansie 301abIIEHHS TPUBAIOCTI TIporiecy 10 60 XB.
J03BOJISIE 30UTBIIMTH BUX1J cMoiH 10 94,3 % mac. Ha «cupi» (heHonu (aus. puc. 3.9).

TemmnepaTypa po3M’SKIIIEHOCTI 3a KUIbIIEM 1 KyJero gocsrae Mmakcumymy (110
°C; muB. puc. 3.10) nmpu tpuBanocti — 60 xB. Ilomanpiie 301IbIIICHHS TPHUBAJIOCTI
MPaKTUYHO HE BIUIUBAE HA MPOIIEC (K Ha XapaKTEPUCTUKY CMOJIU, TaK 1 Ha ii BUXI]).

MoaudikyBaHHs ~ OKMCHEHOro HadToBOro 0OiTymMmy  (PeHOI0-Kpe30J0-
dopmanpaerigaumMu cMoamu npoBoawau npu 190 °C 1 Bmicti monudikaropa 2,4 %
Mmac. B Ta6:1. 3.18 HaBeieH1 OCHOBHI XapaKTEPUCTUKU OJIEPKAHUX OITyM-TIOTIMEPHUX

KOMITO3HUIIIHA.
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Ha ocHoBi panmx Tabn. 3.21 MoXKHA CTBEpIXKYBaTH, IO 3O01IbIICHHSA
TpuBajocti npouecy oaep:kanug PiKC-® nonax 20 XB. HE3HAUHO BIUIMBAE, a MMOHA/
60 XB. MPAaKTUYHO HE BIUIMBAE HA XAPAKTEPUCTUKHU OJCPKAHUX OITYM-TIOJIMEPHUX
KOMIIO3UIIII: OTPUMYEThCS  OITyM-TIOJNIMEPHA KOMIIO3MINSL 3  TEMIIEPaTyporo
po3m’sikieHocTi 49-51 °C, nemo HUXKYOK MEHETPAII€0 1 BUCOKUMHU aare31MHUMU
BJIACTUBOCTAMU (3YEIVICHHS 3 oBepXHEro ckia — 97-99 %, 3uerieHHs 3 MOBEPXHEIO
medeHto — 5 6ainiB). ToMmy onTUMaTbHUMH MEXXaMHU TPUBAJIOCTI MPOIECY OACP>KaHHS

OiKC-® Baprto BBaxkatu 20—60 xB.



XapakTepucTuku Moau(iKoBaHUX OITYMIB

(remmnepatypa — 190 °C; Bmict moaudikaropa (PiKC-D) — 2,4 % mac.)

Taomung 3.21

Tpusaiicts Temmnepatypa ['mubvHa MPOHUKHEHHS TOJKA | 3YeTUICHHS 3 34eneHHs 3
MPOIIECY, PO3M’SIKIIIEHOCTI 32 (meHeTpairisi) 3a TEeMIEPaTypu | TMOBEPXHEIO OmHOpPITHICTE | IOBEPXHEIO MIEOCHIO,
XB KUIBIEM 1 KyJieto, °C 25°C, m-10™ (0,1 Mm) ckna, % oan
—* 46 70 33 OJTHOPI1THUM 3
10 48 63 93 OJTHOP1THHMA 5
20 49 60 97 OJTHOP1THHMA 5
40 49 60 98 OJTHOPI1THUM 5
60 51 57 96 OJTHOPI1THUM 5
90 50 59 99 OJTHOP1THHMA 5
120 49 63 97 OJTHOPI1THUM 5

* XapaxkTepucTHKH BUXigHOTO (HeMomudikoBaHoro) 6itymy mapku BHJI 60/90.
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3.3. Busnauenns ontumansHux ymoB oaepxkanas OiKC-O

Bracniok nmpoBefeHNX 1 omUCcaHuX y po3id. 3.2 AOCHiiB, BCTAHOBICEHO MEXIi
ONTUMAJbHUX YHMHHUKIB TPOIECY TMOJIKOHACHCAIli «CUpPUX» (PEHOTIB 3
dbopmanbaeriioMm s ofepkaHHs epekTuBHOTO Mojaudikaropa HaQTOBUX OITYMIB:
MacoB€ CITIBBIIHOIIECHHS «cupi» Gperoman/dpopmanin — 1,78-2,20; BmicT kaTamizatopa
(KOHIIEHTPOBAHOI XJIOPUHOT KUCHOTH) — 3 % Mac. Ha «cupi» (HEeHoIH; TeMIepaTypa
— 80-100 °C; tpuBamicts — 20—60 xB.

Bumieonucani A0CTiKEHHS] BAKOHYBAJIMCS 3MIHOIO OJHOTO YMHHHUKA MPOIIECY
npu  (PIKCOBAHMX I1HIIUX 1 JIO3BOJISIIOTH BCTAHOBUTH JIMINE TEHACHIIIO BIUIUBY
YUHHUKIB Ha mnpouec ozaepxkanHa @iIKC-O, npore He MNOKa3ylOTh TOYHUX
ONTUMAJIBHUX YMOB, IPHU SIKUX BAPTO MPOBOJAUTH MPOIIEC.

Tomy aJis BCTaHOBJIEHHS ONTUMaIbHUX YMOB ofepxkanHsa P1KC-®, BupimieHo
PO3pOOUTH EKIIepUMEHTaIbHO-CTaTUCTUUHY MoJiesib (ECM), sika onucye 3alie’KHOCTI
OCHOBHMX (DYHKIII} BIIKJIMKY BiJl YUHHUKIB TporieciB. Ha 6a3i Takoi Mojesni MokHa
MPOTHO3YBATH ONITUMAJIbHI YMOBH.

3rigHO 3 METOJUKaMH, MOJAaHUMU y minpo3a. 2.4.1, mpoBoaunu po3poOiieHHs
ECM nporecy onepxkanns @iKC-®, a Takoxx mepeBipKy ii aJeKBaTHOCTI Ta MOIIYK
ONTUMAJILHUX YMOB. BHAC/iIOK aHali3y €KCIEpUMEHTAIbHUX JTaHUX OyJ0 BUOPaHO
HACTYIHI 1HTEpBaJIM 3MIHU OCHOBHUX YMHHHKIB MpoIecy st po3poosnenns ECM:
KOHIIEHTpallis kartanizatopa 0—6 % Mac.; MacoBe CHIBBIAHOIICHHS KOMIIOHEHTIB —
1,78-3,80; remneparypa — 45-100 °C; tpuainictb — 5—120 xB.

[Tlin gac ommcy ECM mpomecy onepxanus @DiKC-O BUKOpPHCTOBYBaU
HACTYMHI TMO3HAY€HHS (YHKIINA BIJKIUKY Ta OCHOBHUX YWHHHUKIB KEpyBaHHS
MIPOLIECOM

e Y, — Buxig cMoiH Ha «cupi» heHomu, % mac.;

e Y, — temneparypa po3M’SIKIIEHOCTI CMOJIM 32 METOJOM KUIbLA 1 KyJIbKU

(KiK), °C;

e X;— BMICT KataiizaTopa, % mac.;
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e X, — MacoBe CITiBBiTHOIIICHHS KOMIIOHEHTIB («cupi» deHoan/Gpopmarin);
e X3 - Temmeparypa mpoBeIeHHS MpoIiecy nojikoHaeHcaitii, °C;
e X, — TPUBAIICTH MIPOBEJCHHS MPOIIECY MOJTIKOHEHCAIl1, XB.
3 MeToro moOyA0BH PIBHAHB 3aaHuX (QyHKIN (piBH. 3.1; 3.2) BUKOpUCTAHO
nakeT npukiagaux nporpam STATISTICA ta nmpakTuuHi AaHi, moaadi y tadu. 3.18.
Y= 41,7817 — 1,19464-X,° — 8,63368-X,° + 0,001537- X5 —
0,001700-X,> — 211,626-X1-X, — 1,90101-X;- X5 + 11,65319-X;- X4 +

(3.1)
4,327906-X,- X3 + 5,019971-X,- X4 — 0,293050-X5- X, — 121,787-X; —
72,6620-X,+ 15,872311-X5 — 14,2770-X,
Y,=-30,3736 — 2,19792-X,% — 3,70991-X,> + 0,007490- X5* —
0,005547-X,% — 154,004-X;-X, — 1,40209-X;-X5 + 8,707432-X,- X, +
2,707432-X» X5 + 3,537820- X X4 — .

0,2113198-X5- X4 — 88,5967-X;-52,8532-X, + 11,80819-X5—
10,0859-X4

BukoprcTOBYIOUH BUIIIEHABEACHI PIBHAHHS Ta IMiJCTABIISIOYN y HUX 3HAUCHHS
X1—X4, VTSl KOKHOTO JTOCIIITY 3HAXOIUIIM IPOTrHO30BaH1 3HAYE€HHS (PYHKIIM BIJIKJIUKY
(Yi*) ra BimHocHi moxubku ECM (g1 st YiTa & st Ys), SKi TAKOXK HABEACHO Y
tabn. 3.23. 3rigHO 3 METOAWKaMH, HaBeIeHWMH Yy miapo3a. 2.4.1 mpoBoaumu

MEePEBIPKY aJ€KBATHOCTI MO/IeJIeld BUKOPUCTOBYIOUM perpeciitHi (yHKLIT BIAKIUKY.

Tabmuns 3.23
ExcniepuMeHTanbH1 JaHi, po3paxyHKOBI 3HaUEHHS (DYHKIIIM BIAKIMKY Ta BIJHOCHI
OXUOKHU
BigrocHi
Ne X1, % X, Xg | Xao | Y, % | Y™, Y,. °C Y, MMOXHOKH
Mac. °C | xs. Mmac. | % Mac. °C
€1 5%)
1 0 1,78 100 | 60 69,3 | 72,89 58 75,00 | 0,0518 | 0,2931
2 1 1,78 100 | 60 88,5 | 82,30 119 92,31 | 0,0700 | 0,2243
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[Tponosxxenns tadbnuui 3.23

3 2 1,78 100 | 60 90 89,33 115 105,23 | 0,0074 | 0,0849
4 3 1,78 100 | 60 94,3 93,96 110 113,75 | 0,0035 | 0,0341
5 6 1,78 100 | 60 94,3 93,53 117 112,95 | 0,0081 | 0,0346
6 3 1,78 100 | 60 94,3 93,96 110 113,75 | 0,0035 | 0,0341
7 3 2,20 100 | 60 88,5 90,22 95 94,18 | 0,0195 | 0,0086
8 3 2,12 100 | 60 81,9 81,36 82 68,14 | 0,0065 | 0,1691
9 3 2,86 100 | 60 79,4 78,18 60 60,78 | 0,0153 | 0,0131
10 3 3,05 100 | 60 73,3 73,32 47 50,57 | 0,0003 | 0,0759
11 3 3,30 100 | 60 65,2 65,98 23 36,72 | 0,0120 | 0,5966
12 3 3,80 100 | 60 | 48,12 | 48,05 14 7,63 0,0013 | 0,4547
13 3 1,78 45 | 60 75,5 74,94 74 74,39 | 0,0074 | 0,0053
14 3 1,78 60 | 60 78 79,21 82 80,63 | 0,0155 | 0,0166
15 3 1,78 80 | 60 86,4 85,97 91 94,20 | 0,0050 | 0,0352
16 3 1,78 90 | 60 90,4 89,81 106 103,23 | 0,0065 | 0,0262
17 3 1,78 95 | 60 92,5 91,85 109 108,30 | 0,0070 | 0,0064
18 3 1,78 100 | 60 94,3 93,96 110 113,75 | 0,0035 | 0,0341
19 3 1,78 100 | 5 82,5 82,82 79 77,82 | 0,0039 | 0,0150
20 3 1,78 100 | 10 86,5 84,26 84 82,47 | 0,0259 | 0,0182
21 3 1,78 100 | 20 85,8 86,88 89 90,95 | 0,0126 | 0,0219
22 3 1,78 100 | 40 86,3 91,10 96 104,57 | 0,0557 | 0,0893
23 3 1,78 100 | 60 94,3 93,96 110 113,75 | 0,0035 | 0,0341
24 3 1,78 100 | 90 93,8 95,71 113 119,21 | 0,0204 | 0,0550
25 3 1,78 100 | 120 | 94,6 94,39 116 114,68 | 0,0022 | 0,0113
CepenHi BiTHOCHI MOXUOKHU anpokcuMalii (€) 0,0147 | 0,0957
[Tpu mepeBipii agekBaTHOCTI piBHSAHB (piBH. 3.1; 3.2) BCTaHOBIEHO HACTYIHI
3aKOHOMIPHOCTI.

OcHoBHa yactka 3amumkiB AY;= Y'Y}, 300paxeHnx Ha ricrorpamax i

npoOit-rpadikax (puc. 3.12-3.15), 30cepemkeHa HaBKOJIO HYyJs, IO BKa3ye Ha

nepiry o00B’SI3KOBY 03HAKY aJIEKBATHOCTI OJIEP>KaHUX PIBHSHb.
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CepenHi BIIHOCHI TTOXUOKHM ampokcuMalii craHoBisTh: € = 0,0147 (1,47 %),
€= 0,9566 (9,56 %). 3rigHo 3 pekomenaamismu [162] mpu € = 0-10 % — TOUHICTH
MporHo3y € Bucoka, mpu € = 10—-20 % e nobpoto, a nmpu € = 20-50 % € 3a10BUTBHOIO.
Buxonsuu 3 11poro MoXHa CTBEPAXKYBaTH, 110 MOOYAOBaHI MOJAENi MalOTh BUCOKY
BIJIMOBIAHICTh €KCIIEPUMEHTAIBHUM JaHUM.

Po3paxynkoBi 3HaueHHs kputepito Pimmepa nopiBHiooTh: Fq = 22,53; F, =7,54.
3rigHo 3 Tabauiero 3HaueHb kputepito dimepa [163] npu piBHi 3HaunMocTi o = 0,05
KPUTUYHI 3HAa4Y€HHsS CTaHOBIATH: Fy = Foe = F (0,05; 24; 10) = 2,74, T00TO €
MEHIIMMHU BiJI pPO3paxyHKOBHX, IO, B CBOIO 4Yepry, MHIATBEPIKYE AaIE€KBAaTHICTb
MOJIENI.

3HadeHHsT KOe(DIIMEHTIB aeTepMiHaIli TOPIBHIOIOTH: R12 = 0,9693; Rg =
0,9135. To6To 96,93 % 1 91,35 % 3minu dyukiii Biakauky (Y ta Yy, BIJIOBIIHO)
BU3HAYAIOTHCS BUOpAaHMMU YHHHUKAMU KepyBaHHS mporiecoM (Xi—Xy).

Po3paxyHKOBI 3HAaUEHHS KPUTEP1I0 CTATUCTUKU CTAHOBJISITH: Frl = 22,53, |:r2 =

7,54. 3rigHo 3 Tabnuiero 3HaueHb kputepio dimepa npu piBHI 3HAUUMOCTI o = 0,05

KPUTHYHI 3HAUYEHHS JOPIBHIOKOTEL: F = For = F (0,05; 14; 10) = 2,86. Lle Bka3zye Ha
CTATHCTHYHY 3HAYMMICTh KoediienTis aerepminanii Ri (Fy, <F).

OTtpumaHni aaHi cBiguath npo anekBaTHicTh ECM mporiecy oaepkaHHsS CMOJU
OiKC-®, cTaTUCTUYHY 3HAYUMICTh PE3yJbTaTIB Ta HASIBHICTh CHIJIBHOTO 3B’A3KY MIX
(GYHKUISIMU BIAKIUKY 1 BAOpAaHUMHU YAHHUKAMU KEPYBaHHS MIPOLIECOM.

Ha ocHoBi piBHsHB perpecii (piBH. 3.1; 3.2) MeTO0M PIBHOMIPHOTO TOIIYKY
3HauYeHb (YHKUIA BIIKIUKY 3HAXOJWIM ONTHUMAaJlbHI YMOBHM MPOLECY, SIKI MOXYTb
3a0e3neunt MakcumanbHl Buxin @PIKC-O® Ta Temmeparypy po3m’sIKIIEHOCTI
OTPUMAHOI CMOJIH.

Po3paxyHKOBI onTUMalibHI 3HAYEHHS] YMHHUKIB niporiecy (X; = 1,85 % mac.; X,
= 2,15; X3=104,5 °C; X, = 69 xB.) Ta po3paxyHKoBi (rmporao3osasi, Y;"*) sHaueHns

(GYHKII# BIAKIMKY HaBeJeHO y Tadu. 3.24.
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Taomung 3.24

OnTtumansHl ymoBH cuHTe3y GiKC-D

[TapameTpu npornecy 3HadeHHs PYHKITIT BIIKIHKY
X1, % Y, % | Y™ % Y,
X Xz, °C | X4, XB. Y,, °C
Mac. Mac. Mac. °C

Po3paxyHKoBi 3HaUEHHS

2,40 1,95 84 42 — 99,0 - 94

EKCHepI/IMeHTaJIBHi 3Ha4YCHHA

2,40 1,95 85 42 95,0 - 92 -

3niticaenHs cuntesy O1KC-® B yMoBax, MaKCUMaJIbHO MOKIJIMBO OJIM3bKHUX J10
ontuManbHuX (X; = 2,40 % Mmac.; X, = 2,95; X3 = 85 °C; X4 = 42 XB.), T03BOJIUJIO
OTPUMATH JOBOJI BUCOKMH BUX1J OCHOBHOrO Mpoaykry (cmonu) — 95,0 % mac. ta
BHUCOKY TeMIlepaTypy po3M’sikiieHocTi 1ie€i cmomu — 93 °C. BigHocHa pi3HUI MiX
eKCIIEPUMEHTAJIbHUMU Ta MPOrHO30BaHUMU 3HaueHHsIMU ckianae: 4,04 % (g Y1) 1

2,13 % (ms Ys).

3.4 KinetnuH1 3aKk0HOMIipHOCTI Tipouecy oaepxanHs OiKC-O

3 METOI0 BCTAaHOBJIEHHS! OCHOBHHMX KIHETMYHHX 3aJIEXKHOCTEN mepediry peakiiii
onepxkanHsi DiKC-® nocnimxyBanu BB TpuBaiocTi Ha Buxig DiKC-O Ta ii
TEMIIepaTypy pO3M’SKIICHOCTI TIPU 3HAYCHHSIX TemmepaTypu mnporecy 60, 80 ta 100

°C. Opneprkani pe3ysnbTaTu 300paxeHi Ha puc. 3.16 ta 3.17.
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3rigHo AaHMX, K1 300pakeHi Ha puc. 3.16 Tta 3.17 MoXKHaA CTBEpIKyBaTH, LIO0
npouec oaepxanHs P1KC-® npoxoauTs y TPhOX CTaIIsAXK:

1. modYaToK MONIKOHJEHCAIIl Ta yTBOPEHHSI OCHOBHOI KUTBKOCTI cMoiu (10 20

XB.);

2. TIPOAOBKEHHS POCTY MojiiMepHoro jaHiora (20—60 xB);

3. 3aBepiieHHsA Tporecy (TIpW TPHUBAIOCTI MOJIKOHAEHCAIii moHan 60 XB.
peakIili MpakTUYHO HE BIAOYBAIOThCS, OCKUIBKM BHUXIJ Ta TeMmIlepaTypa
po3m’sikieHocTi G1KC-D 3anumaroThCsi Maii>ke HE3MIHHUMU).

Bapro BimzHauuth, 1m0 OiKC-® 3 BUCOKOIO TEMIEPATYPOIO PO3M’ SKILIEHOCTI
MOKHa OTpPUMATH NpU TpPUBAJIOCTAX Onmu3pko 60 XB, TO OOpPOOKY OAepKaHUX
pe3ynbTaTiB 3A1MCHIOBAIA HAa OCHOBI 3aJIEKHOCTEH JpYyroro e€raimy Ipolecy, B
mana3odi 20—-60 xB.

Peakmiii monikoHaeHcalli 1HAWBIAYaJbHUX PEYOBUH Ta CYMIIICH OMHMCYHOTHCS
PIBHSHHSIMH TIEPIIOTO, IPYroro ta ApoboBoro mopsakiB [156-157]. 3a mokasHuK,
AKUW XapakTepU3ye IIBUAKICTh peakili (CTymiHb TNEePEeTBOPEHHS CHUPOBUHU),
MPUIAMAIOThCSI KOHBEPCIis, BIJHOIIEHHS IOYaTKOBOI 1 MOTOYHOI KOHIIEHTpalli
nojiMepy, €MOKCHIHE YHCIO, JIorapupM BEIMYMHU, OOEPHEHOI 10 MOTOYHOI
KOHIIEHTpaIlli BuxigHoro moHomepy [157]. Hamm 3a Mipy HIBHAKOCTI peakiii
npuitmManacs Oe3po3MipHa BEIMYMHA, KA JOPIBHIOBHIOE YacCTLl HENEPETBOPEHUX
CHOJYK BHMXIJHOI CHUPOBHHH, SKy PO3paxoBYyBaliM 3a (OPMYJIOIO, sIKA HaBEIEHA Y
migposa. 2.4.2.

3 METOI0 BCTAHOBJICHHS MOPAJIKY PEaKIlii MOJIKOHACHCAIllT «CUPUX» (PEHOTIB 3
dbopmanpaeriioM Ha OCHOBI JaHUX, sKI 300paxkeHi Ha puc. 3.16, moOymoBaHO

KIHETHYHI 3aJI€KHOCTI, BIAMOBIAHO, s niepiioro (puc. 3.18) ta npyroro mnopsijakis

(puc.3.19).
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AHani3zyroun ojaep)kaHi JaHl BHAHO, 10 KIHETHYHI 3aj1ekHOCTi Ha puc. 3.19
MarOTh OLIBII MPSIMOJIIHIMHUN XapakTep (cepeaHiit KoediieHT JeTepMIHAIll MPIMHUX
UL peakiiii apyroro mopsnaky craHoButh 00,9873, a cepemHiii koedimieHT
AeTepMiHaIlil NpAMUX I peakuid meproro mopsaaky — 0,9338), Tomy MoxkHA
CTBEP/IKYBATH, IO OUIBIIICTh PeaKIliid JOCTIAKYBAHOTO IMPOIECY IMOJIKOHISHCAIIT
B1IOYBAIOTHCS 32 APYTHM TOPSIKOM.

Ha ocHoBi manux puc. 3.19 3a pi3HMX TemmepaTyp B YacOBOMY IHTEpBai
1200-3600 ¢ Ha ocHOBI piBHAHHA 2.14 pospaxyBamu K., Pesynbratn po3paxyHKiB
HaBesieH1 y Tabm. 3.25.

Tabmuusg 3.25

Po3paxyHOK KIHETUYHHX MTapaMeTPiB 3a PIBHAHHIM AppeHiyca

TemmepaTypHuil IHTEpBAI,
pALYP P 0-60 60-80 80-100
°C
Kegr € 4,24-10" 6,11-10™ 9,53-10

EdexTuBHy eHepriro akTuBallii BU3HAYAIX 32 JIOMIOMOTOI0 TpadiuHOTO METOTY

(muB. puc. 3.20).

4 N

o i

-7.6 AN

" N

Puc. 3.20. 3anexnicts In k = f(1/T)
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EdexTuBHa eHepris akTuBariii 3rigHo 2.13 cTaHOBUTS:
Eep. = 8,314 - (-2532,05) = 21051 Jx/mMounb.
Y rtemmeparypamx iHTepBasiax 80—-100 °C mns peakmiii MmomiKOHACHCAIIT
«cupux» (eHoNmiB 3 (QopManbAeriioM mnpu BioMUX 3HAYeHHIX Eey, Koep, Co 1 To
piBHsHHA (2.16) 3anexHocTi Buxonxy DIKC-® Bijg Temmeparypu Ta TPHUBAIOCTI

npolecy Ha0y/e BUpas3iB:
100

Y $019° =1 00- (3.3)

-2532

2,05+1,04-(r —1200)-e T

3.5 BucHoBku 10 po3ainy 3

B nmanomy po3aini omnucaHi JOCHIKEHHS MPoLecy oJiep>KaHHS €(EeKTUBHOTO
Moaudikaropa gopoxHix OitymiB, a came DiKC-®. Brenenns B ckian OITyMiB
JTaHoTro MojudikaTopa JT03BOJISE MOKPAIIUTHA €KCILTyaTalllifHl MOKa3HUKH Ha(PTOBUX
01TyMiB, NEPIIOYEProBO AAre3iiiHi, M0 3a0e3leuye MOBHUM, HE3BOPOTHHUM 3B’A30K
MDK OITYMHHUM B’SDKYYUM Ta KaM’ SIHUM MaTepiajioM.

3 mupokoi peHoapHOT Ppakilii KaM’ SHOBYTUIBHOI cMonHd, ¢p. m.K.—185 1 185—
k.K. °C Ta «cupux» (eHONIB, BUIYYEHUX 3 HUX (pakiii, MOXKHA OTPUMYBATH
(heHoI10-Kpe3010-PpopMalIbIeTiIHI CMOJIM. BCcTaHOBIICHO, 1110 HAWOLIBII JOMUIBHUM €
BUKOPUCTAHHS B SKOCTI CUPOBUHM «CUPUX» (PEHOIIB (KOHIIEHTpAT (EHOIy Ta HOro
MOX1/IHUX ), SIK1 BUJTy4€HI 3 (PeHOJIbHOI (PpaKilii KaM SHOBYTUJIBHOI CMOJIH.

Takox BCTaHOBJEHO, IIO NMPH BUKOPHUCTAHHI B SIKOCTI CHUPOBHUHHU «CHUPUX»
¢denomB, sKi BuwiIydeHi 3 (eHonbHOI (pakuii Kam SHOBYTUIBHOI  CMOJIH,
cnoctepiraetbcst Ounbmnii Buxig PiKC-O HOBOJIIAYHOTO TUNY, aHDK aHAJIOTIYHOI
CMOJIM pe30JIbHOTO Tuily. Takox 0iTyM, MoaudikoBanuii HoBosayHow DiKC-O (y
nopiBHAHHI 3 Mo pikoBaHuM pe3osibHOK Di1KC), Bosoaie 61O TeMIEpaTyporo
PO3M’SIKIIIEHOCT] Ta aire3i€r0 3 MOBEPXHEIO CKIIA.

OnTtumanbHuMu Mexamu 4MHHUKIB cuHTe3y DiKC-d e: BmicT karamizaropa
(KOHIIEHTPOBAHOI XJIOPUAHOI KHUCIOTH) — 3 % Mac. Ha «cupi» (eHonu; macoBe

criBBiHOIIEHHS «cupi» ¢deHonn / popmanin — 1,78-2,20; Temmeparypa mporecy —
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80-100 °C; tpuBaictb mporecy — 20—60 xB.

BuxopucroByrouun MpaKTUYH1 JlaHi, po3po06IIeHO aJIeKBaTHY
€KCIIEpUMEHTAILHO-CTATUCTUYHY MaTeMaTudHy wmojens (ECM) Ta Ha ii OcHOBI
BCTAHOBJICHO ONTUMANIbHI 3HAUEHHS YMHHUKIB Tiporiecy onaepxkanna OiKC-d, a came:
BMICT Katamizatopa 2,40 % wmac.; mMacoBe CHIBBIJHOIICHHS KOMIIOHEHTIB 1,95;
temriepatypa 84 °C; TpuBamicTh 42 XB.) Ta OTPUMAHO CMOJY 3 TEMIIEPATYPOIO
po3Mm’sikiienocTi 92 °C. Buxin cmoinu ctaHoBUB 95,0 % Mac. Ha CUpOBUHY.

BcranoBneno, mo B temmnepatypHomy niana3zoHi 60—100 °C ta 3a TpuBaiocTi
nporiecy 20—60 xB. cepeqHs eheKTUBHA CHEPrisl aKTUBAIIIl peakIliid MOTIKOHEeH AT
«cupux» (enonmiB 1 Qopmanpaeriny cranoButh 21 kJ[k/Monb, 1m0 BKa3dye Ha
MO>KJIMBICTh NIEpeOIry peakiliil 3a HuX yMoB y 1u(y3iitHii o0nacTi.

Martepianu, sKi ONMcaHi B JIaHOMY PO3[ILIl OIMyOJIIKOBaHI B BHJIAHHSX, SIKi
BXOSTh JIO0 MDKHApOJHUX HayKoMeTpuuHHX 0a3 [164-167], HaykoBuX (haxoBux

BuaHHAX YKpainu [168-169] Ta anpoboBaHi Ha HaykoBUX KoH(pepeHIisx [170-177].
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PO31I 4. 3BACTOCYBAHHA ®EHOJIO-KPE30OJIO-OOPMAJIBAET'TITHUX
CMOIJI SIK MOJJUDIKATOPIB BITYMIB TA BITYMHUX EMYJIbCIN

3 meroro edextuBHOro 3acrocyBaHHi @DiIKC-® y skocTi MoaudikaTopiB
HadToBUX OiTYyMIB Ta Oi1TyMHUX eMyibCii (BE) HeoOxiaHo:

e onepxaru 6itymu, MogudikoBani OiKC-O, ski 6 BiAMOBI A BUMOTaM JI0
6itymiB, MmonudikoBanux monimMepamu (BMII) — Bukopucranus PiKC-O
AK TIOJIIMEpHOTO Moaudikaropa OITyMiB;

e ojepxaru 6iTymu, moaudikoBani @1KC-®D, saxi O BIANOBIATN BUMOTaM 0
JOPOXKHIX B’A3KHX OITYyMIB, MOJAM(DIKOBAHUX aAre3iiHUMU J00aBKaMu
(BHAA) — Buxopuctanns ®iKC-® sk aaresiiiHoro moaudikatopa 61TyMiB;

e qopiBHATH epekTuBHICTh P1IKC-® 3 mpoMUcIOBUMU MOJU(DIKATOpaMH Ta
T00aBKaMH;

e 3 BUKOpUCTaHHsM OiTyMmiB, MoaudikoBanux DiKC-®, npurotyBatu BE,
XapaKTEPUCTHUKH SKOi O BIMOBIAIM HOPMATUBHUM JIOKYMEHTAM;

® BCTAaHOBUTHM MOXIJIMBICTh 3aCTOCYBaHHS MOAU(IKOBAaHUX OITYyMIB Ta

eMYJIbCIH JIJIs1 0JIepKaHHS Cy4aCHOTO JOPOKHBOTO MOKPUTTH.

4.1. Onepxanns 0iTymiB, MoaudikoBanux O1KC-d

Ha ocHOBiI maHuX, OmMMcaHUX B PO3[. 3, BUJHO, IIO BBEACHHS CHHTE30BAHHUX
OiKC-® 3HayHO MOKpallye JesKi eKCIUTyaTallliiHl BJIACTUBOCTI MOAM(PIKOBAHHX
OiTyMiB.

3 iH1oro 60Ky BapTo 3a3Ha4MUTH, 1O npu BBeaeHHI DiIKC-® y cknan 6iTymy
Mopsii 13 3pPOCTAaHHSIM TEMIIEpaTypyd pO3M SKIICHOCTI Ta ajires3ii BigOyBaeTbCs
MOTIPIIEHHS TJIACTUYHOCTI OITyMiB (3MEHIIEHHS AYKTHJIBHOCTI Ta TEHeTparlii), a
TaKOX €JIACTUYHOCTI.

Jlis BCTaHOBNEHHS ONTHUMAJIbHUX YMOB MOAHM(IKYBaHHS OITyMIB 3 METOIO

onep>kanHs BMII, ski Ou BiANOBiMAJM BUMOTaM HOPMAaTUBHHUX JOKYMEHTIB,
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BHUBYABCS BIUTUB KUTHKOCTI Moaudikaropa (PiKC-®D), TpuBanocti Ta TemnepaTypu Ha
iX ekcrutyaTaniitHi BiracTuBocTi. Takox y ckian BMII BBogwmucs pedyoBUHH, SKi

MOKYTh MOKpAIIyBaTH iX MJIACTUYHI BIACTUBOCTI.

4.1.1. BuBueHHs BIUTMBY TemImeparypud MoaudikyBaHHsA. B oCHOBHOMY mipu
Mo u(iKyBaHHI BUXiTHOTO OiTyMy mojiiMepamu ojepxytoTs Mapku BMITA 60/90-53
[68] a6o BMKA 60/90-55 [71]. Tomy 3 BUMOror 10 LbOI'O TOBApHOI'O MPOAYKTY i
MOPIBHIOBAJIM OCHOBHI €KCIUTyaTallliiH1 XapaKTEPUCTUKHU OJIePKaHUX MOAU(IKOBAHUX
O1TyMiB.

BuBuenns BBy temneparypu mojaudikyBanus 6itymiB @1KC-® npoBoaunu

B YMOBAaXx, HaBeJIeHUX y Ta0. 4.1.

Tabmuus 4.1
YMoBu MoaudiKyBaHHS OITYyMIB
[Tapametp 3HaYCHHS
Kinekicte ®1KC-D, % mac. 2,4
TpuBanicTs MonudiKyBaHHS, XB. 60

PesynwTaTu gocnimpkeHs HaBeAeH1 B Tab. 4.2.




BruuB Temmneparypu Ha BiactuBocTi BMIT

Tabomuis 4.2

Temneparypa, °C

Bumoru 1o BMITA 60/90-

IToka3Huk
— 110 150 190 220 250 53 BignosinHO 10 [68]
Temneparypa po3m’AKIIEHOCTI
' ' 46 47 47 49 50 50 > 53
3a K1bleM 1 kyneto, °C
Po3TspkHICTh 32 TEMTIIEpaTypu
B 63 55 40 25 30 30 >15
25°C, m- 10 (cm)
['mrOmHa TPOHUKHEHHS TOJIKA
(meHeTpariisi) 3a TEMIEpaTypu 70 65 63 60 54 54 61-90
25 °C, m-10™ (0,1 Mm)
Enactuunicts mpu 25 °C, % —* —* —* —* —* —* > 55
34eruieHHs 3 OBEPXHEIO CKJIA,
33 50 64 94 96 96 > 20
%
34YEIUIEHHS 3 IOBEPXHEI0
_ 3 3 3 5 5 5 >3
me0ento, OajiB
Y BMII He nOBUHHO
OmHOPIAHICTD — HEOHODIAHMI | HeoxHOpiAHMH | OJHOPIIHUI | OMHOPIAHUI | OJHOpITHMIA crocTepiraTucs 3rycTKiB Ta

YaCTUHOK TOJIiMEpPY

* bitym (61TyM-TI0JIiMEpHA KOMITO3UIIis1) HE BOJIOJIIE €IaCTUYHICTIO.
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Ha ocHoBi manux T1abn. 4.2 MOXXHa CTBEP/KYBaTH, II0 BBEJACHHA B OITYyM

cuate3oBaHnx DiKC-O® (3a BuxmoueHHsM Bunaaky 110 ta 150 °C), npuBoauTs 10
3HAQYHOTO 30UIBIIEHHS TeMIepaTypd po3M SKIIEHOCTI 1, OCOOJMBO, aaresii
Ha(dTOBOrO OITYMY 3 MMOBEPXHEIO CKJIa Ta IieOeHi0. MoHa CTBepaKyBaTH, 110 3a 110
ta 150 °C BinOyBaeTbcsa (izuunHe nepemilryBaHHs (MOau(iKyBaHHSA) KOMIIOHEHTIB
O0iTymy Ta wmoaudikaTopa Ta OJEpPKYETbCA MoaudikoBaHuN OITYyM, SKUUA HE
BiNOBiIae BuMoram 1o opHopiaHocTi. [Ipu MomudikyBanni 6itymiB @1KC-O 3a
temriepatyp 190 Ta 250 °C MokHa criocTepiratv 3Ha4He IiJIBUILIEHHS TeMIIepaTypu
po3m’sikienocti (3 46 go 50 °C) 1 ocoGnmBo, anresii HadToBOro OITyMy 3
MOBEPXHEIO CKJIa Ta mie0eHi0. Takoxk Taka OITyM-TOJIIMEpHA KOMIO3UIIISI BIAMOBI A€
BUMOTaM [0 OJHOPIJHOCTI, IO CBIIYUTH TPO MONKIUBY XIMIYHY KOMIIO3HUINIO
KOMITOHEHTIB 01Tymy Ta cMosn D1KC-O.

Bonnouac  momudikyBanns mpu 190 °C  nmo3Boisisie  OTpUMYBATH
MOAM(IKOBAHUM OITYM 3 MPAKTUYHO TAKUMU K CAMUMU aTre31HHUMU BIIACTUBOCTSIMU
Ta MIJBUIIYBAaTH TEMIEPATYpy PO3M SKIICHOCTI, SIK 1 Y BUMAJAKy MOJIU(]IKyBaHHA 3a
250 °C.

Buxonsuu 3 BumieHnaBeaeHoro, moaudikyBanus HadToBux 0iTymiB ®iKC-OD,
AK1 ofiepKaHH1 3 (PeHOoabHOT (pakiii KaM STHOBYTIJIbHOT CMOJIA, HAWOIbII JOIIBHO

npoBoaAuTH 3a Temneparypu 190 °C.

4.1.2. BuBYeHHsS BIUIMBY TPUBAJIOCTI MOJu(DiKyBaHHS. BUBUEHHS BIUTUBY
temneparypu mMoaugikyBanusa 6iTymiB @1KC-® npoBoauau B yMOBax, HaBEJICHUX Y

Tabn. 4.3.

Tabmums 4.3
YMoBU MoaM(iKyBaHHS OITYMIB
[TapameTp 3HaYCHHS
Kinekicte ®1KC-D, % mac. 2,4
Temneparypa monudikyBanns, °C 190

Pesynbratu gociiakeHs HaBeAeHl B Ta0u. 4.4.




Bruus TpuBanocTi Ha BiracTuBocTi BMIT

Taomurg 4.4

TpuBanicTs, XB

Bumoru 1o BMITA 60/90-

IToxa3Huk . _
— 30 60 120 240 53 BianosigHO 10 [68]
Temneparypa po3m’AKIIEHOCTI
' ' 46 47 49 52 52 > 53
3a K1bleM 1 kyneto, °C
Po3tspxHicT, 32 TEMIIEpaTypu
" 63 95 25 30 28 >15
25°C, m- 10 (cm)
['muOuHa NPOHUKHEHHS TOJIKU
(meHeTpariisi) 3a Temneparypu 25 70 65 60 54 53 61-90
°C, m-10™ (0,1 Mm)
Enactuunicts mpu 25 °C, % —* —* —* —* —* > 55
34eruieHHs 3 OBEPXHEIO CKJIA,
33 50 94 96 95 > 20
%
34YEIUIEHHS 3 IOBEPXHEI0
_ 3 3 5 5 5 >3
me0ento, OajiB
Y BMII He noBUHHO
O,[[HOpiL[HiCTL — OJTHOP1THUH OJTHOP1AHUI OJTHOP1THUH OJTHOP1THUI CIIOCTEpIraTUCs 3TYCTKIB Ta

YaCTUHOK MOJIIMEPY

* BiTy™m (OiTymM-nosiMepHa KOMITO3HULis1) HE BOJOIE €IaCTUYHICTIO.
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Ha ocHoBi manux Ta6mn. 4.4 MoXHa CTBEPJKYyBaTH, 10 3a TpuBajocTi 30 XB.

BiIOYBAETHCS MOTaHE TIEPEMIIITyBaHHS KOMITOHEHTIB OiTyMy Ta Moaudikaropa, 1o, B
CBOIO Yepry, IPU3BOIUTH 10 HE3HAYHOTO 301IBIICHHS TEMIIEPaTypu pO3M’ SIKIIICHOCTI
Ta anre3ii 3 TMOBEpXHAMH CKJIa Ta IedeHro. I[lpu 301LIbIIEHHI TPUBAIOCTI
moaudikyBanas OitymiB @PIKC-O® wMoxkHa crnocrepiraTd 3HA4YHE ITiBHINCHHS
TeMIiepaTypu po3m’sikiieHocTi (3a 60 xB. 3 46 1o 49 °C, Gunbiie 60 xB. 3 46 m0 52
°C) 1 ocobmmBo, aare3ii HahTOBOTO OITYMY 3 TOBEPXHEIO CKJIa Ta MEOEHTO.

Bonnouac moaudikyBaHHs OiTyMiB Ounbiie 60 XB. MPU3BOAWTH 10 3HAYHOTO
3HIKEHHSI TIEHeTpallli oJep>kaHoi 61TyMHO-TIoiMepHO1 kommosuiii (3a 120 xB. 3 70
10 54 M-10™, 3a 240 xB. 3 70 10 53 M-10™).

Buxonsuu 3 BumienaBeaeHoro, moaudikyBanus HadToBux 0iTymiB ®iKC-OD,
AK1 oziepKaHH1 3 (PeHOabHOT (pakiii KaM STHOBYTIJIbHOT CMOJIA, HAHOUIBII JOIIIBHO

IPOBOJUTH IpH TpuBajocTi 60 XB.

4.1.3. BuBuenHs BIIMBY KuibKocTi MogudikaTtopa @1KC-®. BuBueHHS BIUIUBY

kibkocTi MogudikaTopa @iKC-O® npoBoamiu B yMoBax, HaBeACHUX y Ta0. 4.5.

Tabmuns 4.5
YMoBU MoAM(iKyBaHHS OITYyMIB
[Tapamerp 3HavYeHHs
Temneparypa monudikyBanus, °C 190
TpuBanicts MoaUGIKyBaHHS, XB. 60

Pesynbratu gociigxeHs HaBeAeHl B Ta0. 4.6.




Brumus kuibkocti @1KC-® Ha BiactuBocti BMIT

Tabmuis 4.6

Kimekicte @1KC-®D, % Mmac. Bumoru no BMITA 60/90-
[Toka3Huk _ .
0 0,5 1,0 2,4 5,0 53 BianosigHO 10 [68]
Temneparypa po3m’AKIIEHOCTI
. ' 46 46 48 49 53 > 53
3a K1bleM 1 kyneto, °C
Po3tspxHicT, 32 TEMIIEpaTypu
" 63 55 46 25 17 >15
25°C, m- 10 (cm)
['muOuHa NPOHUKHEHHS TOJIKU
(meHeTpariisi) 3a Temneparypu 25 70 69 68 60 49 61-90
°C, m-10™ (0,1 Mm)
Enactuunicts mpu 25 °C, % —* —* —* —* —* >55
34eruieHHs 3 OBEPXHEIO CKJIA,
33 67 87 94 97 > 20
%
34YEIUIEHHS 3 IOBEPXHEI0
_ 3 4 5 5 5 >3
me0ento, OajiB
Y BMII He nOBMHHO
OnHOpiTHICTH — OJTHOp1AHUN OJTHOP1IHUI OJTHOp1AHUMI OJTHOP1IHUHI CIIOCTEPIraTUCs 3TyCTKIB
Ta YaCTUHOK TMOJIMEpPY

* BiTy™m (OiTymM-nosiMepHa KOMITO3HULis1) HE BOJOIE €IaCTUYHICTIO.
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Ha ocHOBI maHux, HaBeneHuX B TaOu. 4.6 BUAHO, IO 30UIBLICHHS BMICTY
®iKC-® B BMII no3Bossie 3HaYHO MIABUIIUTH TEMIIEPATYPYy PO3M’SKIICHOCTI (3 46
1m0 53 °C) 1 ocobnuBo, aaresii HaQTOBOro OITyMy 3 MOBEPXHEIO CKja Ta IICOEHIO.
Boanowac, BapTo 3ayBakuTH, 110 BBelIeHHs B ckiaa Oitymy 5,0 % mac. ®iKC-®
MPU3BOJAUTE JI0 3MEHIICHHS NEHEeTpallii, TaKoXX Taka O1TyM-ToJIiIMEpHa KOMITIO3HUIIISA
HE BOJOJl€ enacTHuHicTiI0. ToO0To oTpumatu MoaupikoBaHUU OITYM, SIKUH HE
BIJINTOBI/Ia€ BUMOTaM HOPMATHBHUX JOKYMEHTIB [68], ToMy MmojanbIii JTOCTIKSHHS
MPUCBIYEHO BUBUEHHIO 3aKOHOMIPHOCTEH MO 3aCTOCYBAHHIO TEPMOENIACTOIUIACTa Ta

macTugikaTopa.

4.1.4. BuB4yeHHs BIUIMBY TEpMOEJIaCTOIUIACTa Ta Mactudikaropa. 3 METOrO
nonoBHeHHsI D1KC-® B HanpsMKY MiJICUICHHS Ta PO3MIMPEHHS CHOEKTPY [iii, y CKIIaj
oitymy moaudikoBanoro ®iKC-d, BBogmmu tepmoenacromiact mapku Calprene
501IM — mimiiiHMA Ojok-komomiMmep ctupeHy Ta Oytanmieny (CbC), a B skocTi
mwiactudikatopa — ryapoH. KinbkicTe TepMoenacToriactTa Ta IuiactudikaTtopa
BUOWPAIN €KCIIEPUMEHTAIBHHUM IIJISTXOM.

[Ipu MoaudikyBaHHi OITYyMIB KOMIUIEKCaMU J00ABOK OJIEPKYIOTb MapKy
BMKA 60/90-55 [71]. Tomy 3 BHMOrom /0 IIbOTO TOBApPHOTO MPOIAYKTY 1
MOPIBHIOBAJIM OCHOBHI €KCILTyaTallliiHl XapaKTEPUCTUKHU OJIepKAHUX MOIU(DIKOBAHUX
OITYyMIB.

BuByeHHs BIUIMBY TepMoesacToruiacTa Ta IutacTUdikaropa MNPOBOAUIU B

yMOBaXx, HaBeICHUX y Ta0. 4.7.

Tabmuus 4.7
YMoBH MOAH(IKyBaHHS OITYMIB
[Tapamerp 3Ha4YEeHHS
Temneparypa monudikyBanus, °C 190
TpuBanicts MoaudiKyBaHHS, XB. 60

Pesynbratu gocnimxeHs HaBeAeHl B Ta0u. 4.8.




BrnuB TepMoernacromiacTa Ta mactudikaropa Ha BnactuBocti BMIT

Taomuis 4.8

Cknan 61TyM-nioaiMepHoi koMno3uilii, % mac. [Tenetpamiss | Temmnepatypa Postiricrs | Enacruamicnn 34YerIeHHS 3
Calprene 501M npu 25 °C, |po3M'SIKIIIEHOCTI, . . ITOBEPXHEIO
BHJI 60/90| ®iKC-® (CEQ) I'yapon 10" oC npu 25 °C, em | ipu 25 °C, % e, %
100,0 — — — 70 46 63 —* 33
95,0 50 — - 49 53 17 —* 97
98,0 — 2,0 — 64 50 37 76 80
93,0 5,0 2,0 — 43 57 14 60 100
89,5 50 1,5 4,0 62 55 12 57 93
Bumoru 1o BMKA 60/90 Bignosiguo g0 [71] 61-90 >55 >12 >50 >75

* Bity™m (0iTyM-IIoJliMepHa KOMITO3HIIisl) HE BOJIOIIE €IaCTUYHICTIO.
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Ha ocHOB1I paHux, HaBeaeHUX B Ta0a. 4.8, BHAHO, IO BBEICHHSI

TepMoenacToriacta B ckian Oitymy moaudikoBanoro DiKC-® npuBoguTh 10
30UIBIICHHSI TEeMIIEpaTypu pO3M’SIKIIEHOCTI, ajre3ii 3 MOBEpXHEW ckia. Bapto
BII3HAYUTH, 10 OITYM y CKJIaJal SKOTO € TEePMOEJACTOIIACT BOJIOMIE BUCOKOIO
enactuuHicTio. OHAK, BBEACHHS B CKJIaJ OITYMy KOMIUIEKCY J100aBOK MPU3BOIUTH
JI0 3HAYHOTO 3MEHIICHHS TeHeTpalii MoaudikoBaHOro OITyMy, Takui OITyM He
BIJIMIOBiJa€ BUMOTaM HOPMAaTUBHUX JOKyMeHTIB [71]. Tomy B ckmam OiTymy
MOIM(DIKOBAHOTO KOMIUIEKCHUMH J00aBKaMU BBOJWIM IIACTU(DIKATOP — TyAPOH.
BBeneHHss rynpoHy NOpU3BOAWTH JO HE3HAYHOTO 3MEHIICHHS TeMIlepaTypu
PO3M SKIIEHOCTI, PO3TSHKHOCTI Ta HE3HAYHOTO 3MEHIIEHHS ajire3ii 3 IMOBEPXHEIO
ckia. BapTto Bim3HauuTH, 1m0 OITYyM Yy CKJIaJll SKOTO € TYAPOH BOJIOAIE KpAIlolo
MIEHETPAIII€IO.

BBenenns B ckiaj 01TyMy KOMIUIEKCY J00ABOK Ta TyJIPOHY JI03BOJISIE TOCATTH
3HAUEHHSA TEMIIepaTypu PO3M’SKIICHOCTI, TEHETpallii Ta eJaCTUYHOCTI OJIep>KaHOi
OITyM-TIOJIIMEPHOI ~ KOMIIO3UIIil, SIKI  BIANOBIJAIOTh BHUMOTaM HOPMAaTHBHHUX
nokyMeHTiB 10 Mmapku BMKA 60/90-55 [71].

BpaxoByroun BHIIIEHaBEJICHE MOXHA CTBEP/KYBATH, IO OJEPKaHY CMOIY
OiKC-® HEMOXJIMBO CaMOCTIMHO BHUKOPHUCTOBYBAaTH SIK MOJU(DIKATOP JOPOXKHIX
HadTOBUX OITYMIB, OCKUIBKM BOHM HE€ BIJIMOBIJAIOTh BHMOTaM HOPMATHUBHHX
JOKYMEHTIB JJis1 01TyMiB MoaudikoBaHUX nojiMepamu [68]. Onnak, cmony Di1KC-D
MO>XHa BUKOPHCTOBYBATH [IJII YaCTKOBOi 3aMIHM OUIBII JIOPOrOro MPOMHUCIOBOTO

nosimepHoro moaudikaropa tumy ChC.

4.2. Buxopucranusa @1KC-® sik anresiitHoi 700aBku 10 OITyMiB

[Ilo6 minTBepauT mno3utuBHUM edexkt DIKC-O sk aaresiitHoi 100aBKH,
MOPIBHIOBAJIM OCHOBHI XapaKTEPUCTUKH BHUXITHOTO OKHMCHEHOTO OiTymy mapku BHJ|
60/90 ta Gitymy 3 Bmictom ®iIKC-® — 1,0 % mac. BpaxoByrouw, 110 3 BHXITHOTO
OiTyMy Hpu BBEICHHI aAre3iiiHoi M100aBKH, SIK MPaBUIIO, OAEpXKyoTh Mapky BHJIIA

60/90 3rigHo [69], came 3 BUMOramMu JI0 I[bOTO TOBAPHOTO MPOAYKTY 1 MOPIBHIOBAIIU
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OCHOBHI XapaKTEPUCTUKHA OTPUMAHUX 3Pa3KiB.

Opnep>xaHHs O6ITYM-TIOJTIMEPHOI KOMIIO3HITIT MMPOBOUIN B YMOBAaxX, HAaBEJICHUX

y Tabu. 4.9.
Tabmuis 4.9
YMoBH MoaudiKyBaHHS OITYyMIB
[Tapametp 3HaueHHS
Temneparypa moaudikysanus, °C 190
TpuBanicte MoauGIKyBaHHS, XB. 60
KinekicTs Mogudikaropa, % mac. 1,0

OCHOBHI XapaKTEpPUCTUKU BUXIAHOrO OITymMy Ta OITyMiB MOAM(IKOBAHOTO

®1KC-® naBeneni B Tadi. 4.10.




Taomung 4.10

OCHOBHI XapaKTepUCTHKHU BUX1THOTO OiTyMy Ta OiTymy MoaudikoBaHoro OiKC-O

MokasHuk BHJI 60/90 BHJT 60/90 + 1,0 % GIKC-@ |  DrvMorn 10 BHIIA 60790
BimoBiaHO [69]

TeMgepaTypa po3Mm HJCIHGHOCTI 16 48 47-53
3a KUIbIEM 1 KyJero, °C
Po3TskHICTB, 32 TEMITEpaTypHu -
25 °C, M-1072 (cm) 63 58 =55
['MrOuHa TPOHUKHEHHS TOJIKA
(TmeHeTpartisi) 3a TeMIepaTypu 70 68 61-90
25 °C, m-10™ (0,1 mm)
TeMnepaT%pa KPUXKOCTI 32 18 18 <_12
®paacowm, °C
g/;{eHJ'IeHHH 3 TTIOBEPXHEIO CKJIA, 33 87 75
34enseHHs 3 MOBEPXHEIO

3 5 5
meoeHro, 0a
OnHOPIAHICTD OJTHOP1THU Y OJTHOP1THU M HE HOPMYETHCS
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3 Tabu. 4.10 BugHO, 110 npu goxaBanHi 1 % mac. Ha BuxigHuit 6iTym @1KC-O,

ofmepkaHoi 3 (eHonbHOI (pakmii KaM’SHOBYTUIBHOI CMOJIM, TeMIeparypa
po3M’sikiieHocTi 3poctae Ha 2 °C (3 46 no 48 °C), neHeTpallisi 3MEHIIIYEThCS HA 2
nyHkTH (3 70 10 68 M-10™). TIpoTe, BapTO BiA3HAYMTH, IO A0AaBAHHS y OityM 1 %
mac. @DiKC-® no3Boise 3HAYHO TMIABHIIMATH aAres3ito HadToBOrOo OITyMy 3
noBepxHew ckia Ta mebeHro. Tooto, ®iKC-® nouiibHO BHUKOPUCTOBYBATH, SIK
aares3iiiHi 700aBKH 0 OITYMiB.
bitym B OiIbIIOCTI JOPOXKHIX TEXHOJOTIM 3aCTOCOBYETHCS B TapsuoOMy
BUTJISIAL, TOMY MOTPIOHO JociiauTu edekTuBHICTh MoaudikyBaHHs DiIKC-O micus
nporpitrs Oitymy. [Iporpitts Oitymy mnpoBomwim 3rigHO MeTomauku [134].
PesynbpTaTu 1iux nociiikeHb HaBeneHi B Ta0m. 4.11.
Taomurg 4.11

@D13UK0-MEXaHIYH1 MOKa3HUKU O1TyMIB MICIS IPOrPITTS

IToka3Huku
3miHa 34YErICHHS 3
_ 3aNnuIKoBa
. 3MiHa Macu _ TEeMIIEpaTypH TTIOBEPXHEIO
bitym _ IIEHEeTpaLls _
CIsA PO3M’ IKIIIEHOCTI
. Tichs _ , 1e0eHro,
nporpitTs, % . ICIISL TPOTPITTS, ckia, %
nporpitTs, % oC 0an
BH/I 60/90 0,5 93 +2 3 43
BH/I 60/90 +
OiKC-O 0,5 93 +2 3) 95
(1,0 % mac.)
Bumoru o
BHJIA 60/90
HE HOPMYETHCSI | HE HOPMYETHCS| HE HOPMYEThCS >4 > 65
BIJIITOBIIHO 10
[69]

3derieHHsT OITyMy 3 TMOBEPXHEI TPaHITHOTO IIEOCHIO HE 3MIHWIOCH (Tall.

4.11), a 3 TOBEpPXHEI CKJa 30UIBIIIOCA, SK y BUNAAKY HEMOAM(PIKOBAHOTO Ta
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MO M(iIKOBaHOTO OITYMIB y MOPIBHSHHI 3 HEMOJU(DIKOBAHUM Ta MOAU(DIKOBAHUM

oitymamu 10 mporpittsa (Tadn. 4.10). Ile MokHA TOSICHUTH 3HIDKCHHSIM TICHETpartii
OiTyMiB (30UIBIIEHHS iX B’SI3KOCTI) Ta MOXJIHUBO Kpaiioio B3aemojieio OiKC-O 3
01TyMOM BHACIIIJIOK MPOTPITTS MPOTITOM JOCTATHBO TPUBAJIOTO MEPIOAY Yacy.

JIist miaTBEepIKEHHST anare3idiHuX BiacTuBOocTed onepkanoi cmonu DiKC-d,
JI0AATKOBO OyJI0 BU3HAYEHO CXUJIbHICTH OITYMIB JIO BiAIIApYyBaHHS Bij 3alIOBHIOBaya
(mebeHt0) MPOTATOM TpHUBAJOro mepiomy dacy (aHrmiiickke ckopoueHHs RBT Bix
rolling bottle test). BunpoOyBauus npoBoauu 3rigHo metoauku [148]. Pesynbratu

BUNPOOYBaHHS 300paxeHi Ha puc. 4.1.

100 * .\
” \\ \\\
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90 N
\ ™N
=
°.85 i\
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E 20 \ \\
'8 \ ™~
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E W, ~<
E 70 \\ = \\.
§ N\
~N
; 65 -
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%60 ~
= ~ N
) N
55 N
= \\
= ~
g ~
S50
g LN
™~
45 —&-EH)JI 60/90 ™~
~
40 —o—BHJI 60/90 + 1 % mac. ®iKC-® T
~
35 \,
0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72
Yac punpoOyBaHHS, TOI.

Puc. 4.1. Pe3ynbpTaT 34€IIIOBAHOCTI MIXK I11e0eHeM Ta O1TyMOM Ha CXUJIBHICTh

B’SDKYYOTO JI0 BIAMIAPYBaHHS MIPOTATOM TPUBAJIOTO TIEPIOy Yacy

3rigHo JaHUX, K1 HaBeneH1 Ha puc. 4.1 BUAHO, IO CTYIIHb MOKPUTTS GITyMOM

y ckiani skoro € 1 % mac. @iIKC-® mebento npotsarom 6 roxa ctaHOBUTH 99 %, a
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oirymy BHJ] 60/90 mokpuTTsi B’ShKy40oro craHoBUTH 85 %, B CBOIO 4epry CTYIiHb

nokputts Oitymy moaudikoBanoro ®iKC-® mporarom 72 rox cranoButh 68 %, a
oirymy BHJI 60/90 mokputts B’sbkydoro ctaHoBUTh 37 %. Lle cBimuuTh npo Te, 10
OITyM-TIOJTIMEpHAa KOMITO3MIIISL Y CKIIaJll sikoi € oxaepxkaHa cmoia PiKC-® € meHin
CXHJIBHOIO JI0 BiAIIapyBaHHS, TOOTO BOJIOMIE€ OUIBIIOI MIIHICTIO 3YEIIIOBAHOCTI
B’SDKYYOTO 3 3aroBHIOBaueM (Ie0eHeM) Yy MOpIBHSAHHI 3 BUXITHUM OiTymoMm BHJI
60/90.

BuienaBeneni pe3ysibTaTd MOKa3ylooTh, 10 oxaepxkaHa cmoia DiKC-O
MPOSIBJISIE  XOPOIIl 3YEIUTIOBAJIbHI  BJIACTUBOCTI 3 MIHEpaJbHUMHU MaTepiaiamu
(mebenem/ckiom), 1 6iTym y ckinazal sikoro € 1 % mac. ®iKC-® Binmosigae mapiii
BH/IA 60/90 3rigno [69].

3riIHO0 METOAMK, ONMUCAHUX B po3. 2.1, Oyl BCTAHOBJIEHI CTPYKTYpPHI TUIIU
OiTyMiB 3a pO3paxyHKOBUMH KpUTepismu (Tad. 4.12).

Tabmanig 4.12

CTpyKTypHI TUIK OITyMiB 32 pO3paXyHKOBUMH KPUTEPIIMHU

BusHaueHHs CTPYKTYypHOTO TUITY 32 KPUTEPIIMU
[HTEepBal MIIACTUYHOCTI . [Toxa3znuk B.A.
. [anexc nenetpaiii (IP)
Mapka OiTymy (I17) 3omorapsoBa (K.,)
CrpykrypHuii CrpykrypHuii C-auit
IIT, °C p P ke,
TUT TUT TUT
BHJI 60/90 64 11 -1,2 I 0,124 I
BH/I 60/90 +
OiKC-D 66 I -0,9 I 0,172 I
(1,0 % mac.)

MoaudikyBanns okucHeHoro 6iTymy mapku BH/I 60/90 3 nomaBanusm ®DiKC-
® vy kimpkocti 1,0 % wMac. He 3MIHIOE CTPYKTypHMM Tunm OIiTymiB 3a
3allpONIOHOBAHMMH TPhOMa PO3PAXYHKOBUMH Kputepisimu. Ilpu yomy oOuasa
JOCTIKEH1 OITyMH 3a IIUMH KPUTEPISIMU BIIHOCSTHCS A0 CTpyKTypHOro Tumy Il —

«BOJIb-T'CJIb».
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B cBoro uepry, Oynu npoBeaeH1 JOCHIKEHHS CTPYKTYPHOTO TUITY OITyMiB 3a

kputepiem ['XC (tabn. 4.13), mo WATBEpAWIN PE3yJIbTaTH JTOCHTIKEHb 3
BU3HAUCHHS CTPYKTYpHUX THUIM OITYMIB 3a pO3paxyHKOBUMH KpuTepismu. Lle mae
3MOTY CTBEpIDKyBaTH, IO CTPYKTYpHI THIIM BHU3HAYCHHI 3a PO3PaXyHKOBUMH
KpUTEPisAMHU, 110 0a3yl0Thcs Ha (13UKO-MEXaHIYHUX XapaKTepPUCTUKAaX, MAIOTh MEBHY
KOpeJIAIiio 13 (aKTUYHUM BHU3HAYEHHSI CTPYKTYPHOI'O TUITY OITYyMYy 3a JOIOMOTOIO
kputepito ['XC aisa okucHeHUX OiTyMiB.

Taomung 4.13

CrpykTypHuii Tun 61TyMiB 3a kputepiem ' XC

Bignomenns,
['pynoBuit ximiuauii ckian, % mac.
*100% CTpyKTypHUii
Mapka 6iTymy
Acdanbrenn | Cvonu | OnuBu A A turn 3a [ XC
(A) ©) (O) A+C C+O
BH/T 60/90 21,4 31,1 47,5 40,8 27,2 Il
BH/T 60/90 +
®iKC-O 21,7 28,6 49,7 43,1 21,7 Il
(1,0 % mac.)

Sk cBimuate BuieHaBeneH1 qaHi moaudikyBanus @iKC-® y kinpkocti 1,0 %
mac. gopoxHboro 0itymy Mapku BHJ] 60/90 oco6muBo He 3MiHI0e ['XC BHXITHOTO
OiTyMy 1 BIANOBIIHO WOTO CTPYKTYpHUN TuIl. 3arajioM JOCHIHKEHHI OITyMu
BigHOCATHCS 110 || TUIy — «3071B-TeNbY.

s Buxigaoro Oitymy BHJI 60/90 ta 6itymy momudikoBanoro ®iKC-d
BHUBYAJIM BIUTMB TEMIIEpATypH HA 1X JUHAMIYHY B’SI3KICTh. Pe3ynpTaTu BUnpoOyBaHHs

300pakeHi Ha puc. 4.2.
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Puc. 4.2. BiiuB TemriepaTypy Ha AUHAMI4HY B’ A3KICTh OITyMiB

3 maHux, 300pakeHHX Ha puc. 4.2, BUIHO, IO 31 30UIBIIEHHSAM TEMIEPaTypH
noHay 142 °C, nuHamiuHa B’s13KicTh OiTyMy B ckiaji sikoro € ®iKC-® e menmoro,
HiK y BuxigHomy Oitymi (140-160 °C € TeXHOIOTIYHUMH TeMIIEpaTypaMy HarpiBy
OiTymy [uis BUTOTOBJCHHS achanbToberony [147]). Lle, moaaTkoBo, MPUBOIUTH 0
30UIbIICHHS  aAre3li  MoJau(ikoBaHOTO 3pa3Ky, OCKIUIBKM HHXK4Ya B SI3KICTh
MOAU(IKOBAHOTO OITyMy CIpHUS€ KpalmoMy OOTrOpTaHHIO YacTHHOK arperary
(mebeHt0) B’ sHKyIrM MaTepiasioM.

s Buxigaoro Oitymy BHJI 60/90 ta 6itymy momudikoBanoro ®iKC-D
MPOBOJMIN KOMIUIEKCHHM TEpPMOTpaBIMETPUYHUN Ta Iu(epeHIiifHO-TepMIdHIIA
anamizu. PesynbpraTu mocnimkeHb HaBeaeH1 B Tabi. 4.14 ta puc. 4.3—4.4. Jlnsa O6iibI
3pYYHOIO TOPIBHSHHS XapaKTEPUCTUK BUXIJHOTO Ta MOAM(PIKOBAHOTO OITYMIB Ha

puc. 4.5 1 4.6 300paxeHo TepMorpamu 000X OITyMIB y IHTEpPBaJlli TEMIIEPATyp [0
400°C.
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Taomung 4.14

Pe3ynbrat KOMIUIEKCHOTO TEPMOTPaBIMETPUYHOTO Ta TU(EPEHLIHHO-TEPMIYHOTO

aHaJi31B 3pa3KiB

3pa3ok

Cranis

TemneparypHuii

iHTepBai, °C

Btpara macu,

%

Edexr

(3pazox 1)
BUXITHUA
oitym BH/I
60/90

20-229

SHI0TEPMIYHUI

eexT

229-390

11,13

eK30TePMIYHUHT

eeKT

390482

55,71

CK30TePMIUHUI
eheKT, thmax =

412 °C

482-700

33,16

€K30TEePMIYHUN
eheKT, tmax =

565 °C

(3pa3ox 2)
BHJI 60/90 +
1,0 % mac.

®iKC-O

20-240

eHA0TEePMIYHUI

eexT

240-394

10,11

CK30TePMIUHUI
eheKT, tmax =

388 °C

394-496

58,82

CK30TePMIUHUI
eheKT, tmax =

412 °C

496-700

31,07

CK30TEPMIUHUI
eheKT, tmax =

554 °C

Ha mepmniii cramii tepmonizy B TemneparypHomy iHTepBaii 20-240 °C

BiIOYBA€ThHCS MPOLIEC PO3M SIKIIEHHS 1 TulaBleHHs 3pas3kiB 1 1 2. Bin mpoTikae 6e3

BTpaTU Macu Ta CYIPOBOJIKYETHCS MOSIBOIO €HIOTEPMIYHOIO €(EeKTy Ha KpUBHX
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DTA. Bapro Big3HaunTH, 110 A1 3pa3ka 2 eHJ0TepMIYHUN ePEeKT € OUIbII MTMOOKUM

(muB. puc. 4.5), MO CBIMYUTH NPO OUTBIITY MIIIBHICTE MOJM(IKOBAHOTO 3pa3Ky 3a
PaxyHOK MOXJIMBOI TIOSBH CJIA0OKUX XIMIYHUX a00 (i3MYHUX 3B’S3KIB MIXK
MO (DIKATOPOM Ta KOMIIOHEHTaMH OITyMy.

Ha npyriit cramii tepmoinizy B TeMmiieparypHoMy iHTepBam 229-394 °C
B1IOyBa€ThCS ~ TEPMOOKHCHA  JIGCTPYKIlE  KOMIIOHEHTIB  3pa3ky.  Bona
CYNIPOBO/IKYETHCS BTPATOI0 MacH 3paskiB, 3MiHOW kpwBoi DTG Ta BigxuieHHS
kaHany DTA B obnacte ex3orepmiunux edektiB. Ha kpuBiii DTA 3paszka 2
CIIOCTEPITa€EThCS MOsIBa €K30e(DEeKTy 3 MakCUMyMoM 3a Temrepatypu 388 °C. BapTo
B1/I3HAYUTH, 110 TOYATOK TEPMOOKHUCHUX MpolieciB MoudikoBaHoTo 3pa3ky (240 °C)
y MOPiBHSHHI 31 3pazkom 1 (229 °C) 3MileHuii B 001acTh BUIMX TeMiiepaTyp Ha 11
°C, 10 CBIIYUTH NPO BHILY TEPMIUHY CTIHKICTh 3pa3ka. TepMOOKHCHI MPOLECH Y
MOAM(IKOBAHOMY 3pa3Ky B MOPIBHSHHI 13 BUXITHUM IPOTIKAIOTh MEHII 1HTEHCUBHO,
Ipo WIO CBIIYUTH XapaKTep KPUBHX BTpPaTH MacH B IIbOMY TeMIEpPaTypHOMY
iHTepBai (1uB. puc. 4.6).

Ha Tpetiit cramii Ttepmonizy B TemmeparypHoMy iHTepBaimi 390496 °C
MPOTIKAIOTh TMPOIECH OUIBII TIMOOKOI TEPMOOKHUCHOI JECTPYKINI KOMIIOHEHTIB
3pa3ka Ta 3ropsiHHS 3aJIMILIKIB AecTpykuli. Lleil mporec cynpoBOIKY€eTbCA CTPIMKOIO
BTPATOI0 Macu 3pa3KiB, MOSBOIO JBOX MNIHMOOKUX ekcTpeMyMmiB Ha kpuBii DTG Ta
yiTKoro ex3oedexty Ha kpuBiii DTA 3 makcumymom 3a temneparypu 412 °C. Bapto
BII3HAYUTH, IO TJIMOOKI TEPMOOKHCHI TIpoIlecCd B MOAU(DIKOBAHOMY 3pa3Ky
MPOTIKAIOTh MEHII IHTEHCHBHO. [Ipo 11e CBIAYMTH MEHIN CTPIMKHUN eK30e(eKT Ha
kpuBiit DTA uporo 3paska.

Ha dgetBepTiii cramii Tepmoiizy B TemmeparypHomy iHTepBaii 482-700 °C
B1IOYBa€ThCSl 3rOpsiHHSA KapOOHI30BAHOTO 3alMINKy 3paskiB. Llpomy mporecy

BI/IMOBIa€ BUCOKUH ek30edekT Ha KpuBux DTA.
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Puc. 4.6. 3anexHicTh BTpaTH MacH Bij TEMIIEpaTypH

(1 — BuxigHuii 6iTyM, 2 — MOAM(IKOBAHUI OITYM)
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OT1xe, pe3ysbTaTh KOMIUIEKCHOTO TEPMOTPABIMETPUYHOTO Ta IUdepeHIiiHO-

TEPMIUYHOTO aHaji31B BUXIAHOTO OiTyMy Ta OiTymy B ckiajl sikoro € cmona OiKC-O
JOBOASATH BWINY TEPMIUHY Ta TEPMOKHCHIOBAJIbHY CTIHKICTh MOJU(]IKOBAHOTO
0iTyMy, a OT’K€ MOYKHA CTBEP/IKYBaTH, 1110 MoiudikoBaHu OiTyM Oyae MaTu Kpalry

MIIHICTh MPY BUCOKUX TEMIIEPATYpax HOBKULISA Ta € MEHII CXUJIBHUM JI0 CTapiHHS.

4.3. Iopiasaus edexkruBHocTi DIKC-O 3 mpomuciaoBuMu Moaudikatopamu

Ta 100aBKaMH

HactynmHuMm  eramom  AOCHpKEHb OyJO  OJEp)KaHHS Ta MOPIBHSIHHS
excrutyaramiiinux BrnactuBocteir BMII y ckmagi sikux € orpumani DiKC-O,
npomucioBuid noiimep Mapku Calprene 501M (tepmoenacromnact tuny CBC) Ta
poMHCIIOBa airesiiiHa jooaska Mapku Wetfix BE (moBepxHeBo-aKTHBHA PECUOBHHA).
Bapro BiiBHauuTH, 1m0 yMOBU MOJU(DIKyBaHHS OITyMiB BHIICHABEICHUMHU
NPOMUCIOBUMHU  MojudikaTopaMu € OJM3BKUMHU JO ONTHUMAaJIbHUX  yMOB
MoaudikyBaHHs OiTymiB oxepkaHoto cmonoro DIKC-d [93, 178, 179]. Tomy
oJlepkaHl OITyM-TIOJIIMEPHI KOMIIO3UIli 3 METOI0 MOPIBHSAHHA OYJIM OfepkKaHl B
OJTHAKOBHX YMOBAaX.

biTym-nioniMepHi KOMIO3UIlli OTPUMYBAJIM B yMOBaX, HaBeIeHUX y Ta0. 4.15.

Ta6nuns 4.15

YMoBu MoaundiKyBaHHS OITYM-TIOTIMEPHUX KOMITO3HIIIH

[Tapamerp 3HavYeHHs
Temneparypa moaudikysanus, °C 190
TpuBanictb MoaU(DiIKyBaHHS, XB. 60

Pe3ynbraTu gociikeHb HaBeeHl B Tabu. 4.16 ta 4.17.




Taomung 4.16

[TopiBHSIHHS OCHOBHHX €KCIUTyaTalliHUX XapakTepucTuk 0iTymiB MoaudikoBannx @iKC-® ta npomMucaoBoro 100aBKOIO MapKu

Calprene 501M
Cxuan 61TyM-noriMepHoi KoMno3uilii, % mac. Temmneparypa 34YeIICHHS 3
[TeneTparist mpu | Postsxuicts | EnactuunicTh
Calprene 501M 4 PO3M'SIKIIIEHOCTI, ITIOBEPXHEIO
BH/J1 60/90 dDiKC-D 25°C, M- 10 mipu 25 °C, em | mipu 25 °C, %
(CBC) °C ckia, %
100,0 — — 70 46 63 —* 33
98,0 2,0 — 64 50 37 76 80
99,0 — 1,0 68 48 58 —* 87
97,5 — 2,5 60 49 25 —* 94
97,0 2,0 1,0 57 54 28 69 98
95,5 2,0 2,5 95 56 22 59 97
Bumoru no
BMKA 60/90
' _ — — 61-90 > 55 >12 > 50 >75
BIJIOB1/THO
no [71]
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[Tponorxenus Tadmnui 4.16

Bumornu no
BMIIA
60/90-53
BIJITOB1THO

1o [68]

61-90

* Bitym (G1TyM-TI0JIIMEpPHA KOMITO3HIIis) HE BOJIOJIIE €aCTUYHICTIO.
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Ha ocHoBi nanux ta6i. 4.16 MokHa 3pOOMTH BUCHOBOK, 110 BBEJACHHS B CKJIaJ

0iTyMy sIK ipoMuciioBoro nojiiMepy mapku Calprene 501 M (TepMoenacToniacT THITY
CBC), Tak 1 onepxanoi ®IKC-® mnpuBoauTh 10 30UIBIICHHS TEMIIEpPaTypu
PO3M’SIKIIIEHOCTI, & TaKOXK 3YEIUVICHHS OITyM-TIOJIIMEPHOI KOMITO3HIIIi 3 TOBEPXHEIO
CKJIA.

Tomy, 3 metoto HamanHss BMII HeoOXiMHOI TEIUIOCTIMKOCTI Ta €JaCTUYHOCTI
BBOAWIIN Y iX cKjial, Ak onepxkany cmony diKC-®, Tak i1 repmoenactoriact CBC.
Honasanns B 0itym komiuiekcy 106aBok (CBC ta ®iKC-®) npuBoauTh 10 3HAYHOTO
30UTBIICHHS SIK TETUIOCTIMKOCTI TaK 1 €MacCTUYHOCTI OJiepKaHoi OITyM-MOJIMEepHOL
KOMITO3HU1Iii. MOKHa CTBEpKyBaTH, 1110 BBeaeHHs y OityM 2,0 % mac. CbC Ta 1,0 %
mac. ®iKC-® npuBoauTh 10 301UIBIICHHS TEMIIEpaTypy po3M siKIIeHoCT! (3 46 1o 54
°C), 6iTyMHa KOMITIO3HI[IS BOJOJII€ €1acTUUHICTIO (69 %), a TakoK 3HAYHO 3POCTaE
3YEIUIEHHA 3 ToBepxHew ckia (3 33 mo 98 %). BomHowac OiTyM-mosiMepHa
komrmosuiiga B ckiam Akoi € DiKC-® He BiamoBiae MOKa3HUKAM €JIACTUYHOCTI.
Jocsartu HeoOX1THOI TeMIepaTypu Po3M SIKIIEHOCTI BIAETHCA JUIIE MPHU KIIBKOCTI
moaudikaropa 3-4,5 % wmac. [Ipu npoMy He BIA€ThCA 3aJ0BOJBHUTH BUMOTHU
CTOCOBHO TieHeTparlii. ToMy 1j1si oTpuMaHHs O1TYM-TIOJIIMEPHOI KOMITO3HIII1, sSika Ou
BIJINIOBITajla BUMOTaM HOPMAaTHBHHUX JOKYMEHTIB [71] HE0OXiqHO B 1i CKJIaJ BBOAMTH

mactudikatop. Taki gochipKeHHs onucani B miaposa. 4.1.4.



Taomung 4.17

[TopiBHSHHS OCHOBHHX €KCIUTyaTalllTHUX XapakTepucTuk 0iTymiB MoaudikoBanux O@iKC-® ta mpoMuCIOBOIO aAre3iifHo0 J00aBKOIO

mapku Wetfix BE

Cknazn 6iTyM-nioJiiMepHOi kommo3uiii %, Mac. ) Temnepatypa ) 3ueruieHHst 3 | 3YEIUICHHS 3
[Tenerpamis pu | PosrspkHICTB
4 | PO3M'SKIIICHOCTI, MTOBEPXHEIO MTOBEPXHEIO
BHJT 60/90 Wetfix BE ®iKC-® | 25°C, m'10 npu 25 °C, cMm
°C ckia, % meoeHto, %
100,0 — — 70 46 63 33 3
99,5 0,5 — 87 46 > 100 92 5
99,0 — 1,0 68 48 58 87 5
97,5 — 2,5 60 49 25 94 5
Bumoru no
BHJIA 60/90
— — 61-90 47-53 >55 > 75 5

BIZIITOBIIHO 10

[69]
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Ha ocHoBi manux Ta6m. 4.17 MoxHa 3pOOUTH BUCHOBOK, 1110 BBEJICHHS B CKJIa]l
OiTymy sk TpoMuUCIoBOi anresiitHoi modasku (Wetfix BE) tak 1 onepxkanoi ®iKC-®
3HaYHO TMOKpAaIly€ 3YEIUIeHHS OITyMy $IK 3 TOBEPXHEI0 CKJIa TaK 13 MOBEPXHEIO
meOeHto. BapTto Big3HAUMTH, M0 BBEICHHS SK MPOMUCIOBOI anares3iiiHoi mo0aBKU
(Wetfix BE) tak i omepxanoi cmomm DiKC-® (y kimbkocti 1 % Mac.) 1o3Bostsie
OTpUMaTH OITYM-TIOJIIMEPHI KOMITIO3MIIIi, K1 BIJMOBIIal0OTh BUMOTaM HOPMAaTUBHUX

JOKYMEHTIB [69].

4.4. Onep>xanHda OITyMHUX eMyJbcii, moaudikoBanux OiKC-O

Binomo, mo dizuxo-TexHiuHi mokazHuku bBE 3anexarts sk BiJl CIIBBIAHOIICHHS
KOMITOHEHTIB, TaK 1 JUCHEPCHOCTI €MYJIbCii, sika, B CBOIO 4EPry, 3aJ€KHUTh BiJl
TEXHOJIOT1i MpUroTyBaHHs. HaiOinbil epeKTUBHUM MPUCTPOEM IJisi €MYJIbI'yYBaHHS
oiTymiB € konmoiguui muuH [9, 10]. BapTo Big3HAUHMTH, 110 3aCTOCYBaHHS KOJOITHUX
MJIMHIB CIHpHsS€ 3MallyBaHHIO €MYJIbraTOpoM OOEpTOBMX JE€Taled LbOro amapara,
TOOTO eMyJbraTop BUKOHYE (DYHKIIIF0O MAaCTWJIBHOTO Martepiany. Jjis mpurotryBaHHs
BE BuKopucTOBYBasu MpoMHUCIIOBUI emysbratop mapku Redicote E-11 BupoOHuira
mBeacbkoi kommanii "Nouryon Surface Chemistry AB". Ha ocHoBi pexkomeHmarii
oimirinoro auctpub’roropa "Nouryon Surface Chemistry AB" B VYkpaini T30B
«IIponor T/I» nmpuiimanu peuentypy ta cknan bE.

CxeMa IepioIMYHO1 YCTAaHOBKH 3 BUKOPHUCTAHHSM KOJIOITHOTO MJIMHA, a TAaKOXK
Meroauka onepxands bE naBeneni y miaposn. 2.2.3.

Ha ocHoBi BuxigHoro ta mogugikoBanoro 6itymy @iKC-® Oynu BUTOTOBIEHI
moHoasui 0itymHi emyibcii BE 1, BE 2, BE 2a (aus. tabn 4.18). Emynscis BE 2a
BUTOTOBJIISJIACS 32 3MEHIIIEHOT PEKOMEH0BaHOI KiTbKOCTI eMynbraropa Redicote E-
11 nns mnoBuibHOpa3magHux OITYMHUX emylbeid. Cepen  MBHAKOPO3MAIHUX,
CEPEeIHbOPO3MNATHNX Ta TMOBIIBHOPO3MATHUX EMYJIbCIH OOpaii OCTaHHI OCKUIBKU
caM€ Takuil pI3HOBUJ €MYJbCli PEKOMEHIYIOTh JUIsi BUTOTOBJEHHS JIMTHX

EeMYJIbCIHHO-MIHEPAJIbHUX CYMIIIICH.
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Tadomurs 4.18

BwmicT koMnoHEeHTIB y emyJibcii, % Mac.
birymna
_ BojaHA (haza (pH=2,5)

eMyJIbCisT™ OITyM

HCI kont. Redicote E-11 BOJIA

BE 1

0,11 1,10 36,79
BE 2 62,00

BE 2a 0,09 0,90 37,01

* Bitymua emyinbcis BE 1 Burorosnena 3 Buxignoro 6itymy mapku BHJ] 60/90, BE 2 ta BE 2a

Ha OCHOBI OiTymy B ckiazi sikoro € 1 % mac. @iKC-O.

D13UKO-TeXHIYH1 TOKA3HUKU OITYMHHUX €MYJIbCii

Taomung 4.19

Ha3Ba moka3Huka

Bumorn
BIJIITOBIIHO 10

[11]

bitymHi emymbcii

EKII- | EKIIM-
60 60

BE 1

bE 2

BE 2a

30BHIMNIHIN BUATJISI

OnHopigHa

TEMHO-KOPHUYHCBA

Biamosigae Bumoram

piauHa

[Toxa3HUK KOHIIEHTpAIlli BOJHEBUX
o 1,5-6,5 3,12 3,9 4,0
10H1B, pH
OnHopiAHICTD (3aIMIIIOK Ha CUTI No

<0,25| <03 0,06 | 0,08 | 0,1
014), %
Bwmict 3anuimikoBoro B’sky4oro, % 58-62 61,08 | 61,2 | 61,25
YMOBHa B'SI3KICTh, 3a Temmiepatypu 20
°C na amaparti 3 AlaMmeTpoM OTBOpY 4 5-25 10,0 | 11,2 | 11,8

MM, C
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[Tponosxenus Tadbmmii 4.19

CriiikicTh TTpH 30€piraHHI: 3AIUIIOK Ha
cuti Ne 014, %:
—micig 7 116 <0,3 <0,4 0,12 0,38 | 0,40
—mmiciug 30 m10 <04 <0,5 0,21 0,42 | 0,50
34erTOBaHHS 3aJTUIIKOBOTO B’ SIKY4OTO
, >5,0 5,0 5,0 5,0

3 MMOBEPXHEIO IIEOEHI0, OaIiB
3MINIyBaHICTh 13 IOPUCTOTO Tak Tak Tak | Tak
CyMIIlIaMH 3€PHOBHX

. IIIIILHOTO Tak Tak Tak Tak
CKJIaJIiB
Innexc po3nany, % 170-230 210,25 | 200 173

bazytounce Ha ganmx Tabn. 4.19, mMokHAa CTBEpIKYyBaTH, IO BUTOTOBJICHI
OITYMHI eMyJIbCil SIK Ha OCHOB1 BUX1IHOTO 0iTyMy, Tak 1 Ha OCHOBI MOJIM(DIKOBaHOTO
O0iTyMy, BIAMNOBIAAIOTh UYWHHMM HOPMAaTHBHUM JOKYMEHTaM, 30KkpeMa, bE 1
BiHOCATRCA 10 Mapku EKII-60 (kaTioHHa moBUIBHOpO3MaaHa emyibCis), a BE 2 ta
BE 2a no EKIIM-60 (kationHa moaudikoBaHa MOBUIBHOPO3MAIHA €MYJIILCI).

TexHosnoriyHotwo nepesaroro 01TymMiB MoaudikoBanux Ha ocHOBI D1IKC-O € Te,
10 BOHU JIO3BOJISIIOTH BUTOTOBJISATH MOHO(DA3HI OITyMHI eMylbCii 3a CTaHJApPTHHUX
TeMIlepaTyp NpurotyBanHa HemoaupikoBanux emyinbciit (100 °C). Amxke i 100aBKH

HE HaJal0Th OITyMY €JaCTUYHOCTI 1 TOMIPHO MIJBUILYIOTh HOTO B’ SI3KICTb.

4.5. 3actocyBaHHs OITyMiB Ta OITYMHHX eMYJIbCiil, sikl MoaudikoBani OiKC-O

bitymHi emynbcii MokHa 3actocoByBath st BurotosieHHs JIEMC.
Texnonoria JIEMC ycnimHO 3acTOCOBYEThCS JUIsl YTPUMAHHA W PEMOHTY
aBTOMATICTpajieii, OCHOBHUX 1 JAPYTOpPSAAHUX TEPUTOPIAIbHUX AOPIT Ta MICHKHX
Byiuib. Texnomsoriss JIEMC wmae psing mepeBar: HM3bKa €HEPrOEMHICTH MPOIIECY,
BHCOKa aJire3ist 1 34iMII0BajIbHI BJACTUBOCTI MO BIIHOIIECHHIO JI0 ICHYIOUOi TTOBEPXHI,

€KOJIOT1YHICTh, O€3IIyMHICTh, MOXJIMBICTh MPOBEIEHHS POOIT 3a JOCUTh HHU3BKOI
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TemriepaTypu mositps (> + 5 °C) Ta BUCOKa BOJOHENPOHUKHICTh. BapTo Big3HauUTH,
10 3actocyBaHHs JIEMC 301blilye TOBrOBIYHICTh MOKPUTTS 3aBISKH HEHTpamizamii
TPIIIKH 1 HE3HAYHUX BHOOIH, 301IBIICHHIO MOPCTKOCTI Ta Koe(ilieHTa 3YeTICHHS.

B npami [180] cTBepKyIOTh, IO ONTUMAIBHUM B’ SDKYYHM JUISI BATOTOBJICHHS
JIEMC € goporoBapTiCHI JUCTHIISILIIITHI O1TYMU, BUTOTOBJICHI 3 BaKKOi HAPTH, aJjie HE
IpUBOJATHCS anbTepHaTuBHI BapianTH JIEMC 6e3 BUKOpUCTaHHS IIBOTO B SKY4OTO.
BukopuctanHs OKHCHEHOro OiTyMy 3 TMOKpamieHUMH BiacTuBocTsmu miga JIEMC
MOTJIO O CKJIaCTH KOHKYPEHIIIO TUCTUIAIIHHOMY OITyMy Ha pUHKY. ToMy HE0OX17HO
OyJ10 BUBYMTH MOKJIMBICTh oJiep>kaHHs Ta 3acTocyBaHHs JIEMC Ha 0cHOB1 O1TYMHOI1
eMYJIbCii, sSIka OJIep’KaHa 3 OKUCHEHOTO OITYMy B CKJIaJl SIKOTO € OJepKaHa CMOoJia
DiKC-D.

3anpoeKTOBaHI ONTUMAJIbHI CKJIAAH JIUTHX €MYJIbCIHHO-MIHEPAIbHUX CyMILIEH
3a KpUTEPIEM po3May cyMminii (po3maji MOBUHEH HAcTaTu He panime 120 ¢) HaBeneH1
B Ta0. 4.20. Cximaau € OTHAKOBUMH 33 BHKJITIOUCHHSM BMICTY PETYJIATOpa PO3IALTy.
DYHKIEIO SKOTO € PEeryJIOBaHHS 4Yacy MepeMillyBaHHS KOMIIOHEHTIB, TOOTO JaHUN
KOMIIOHEHT J1a€ MOKJIMBICTh CyMIII 3aJIMIIATUCS PYXJUBOIO TMEBHUM Mepioj yacy.
Cknan BE 2a Bumarae aemo OUIbIIOI KUTBKOCTI PEryssiTopa BIPOTIIHO Yepe3 Kparlli
aare3iiiHi BIACTHUBOCTI BUKOPHUCTAHOI OITYMHOI eMylibeii, a ckiag BE 2a morpebye B
2 pa3u Oulbllle peryisiTopa B MOPIBHSHI 31 CKJIagoM 1, ajpke B peuenti OITyMHOT

eMYJIbCIi KITBKICTh eMyibraropa ctaHoBuTh 0,9 % mac. npotu 1,1 % mac.

Tabmuus 4.20
Ontumanshi cknaau JIEMC 3a kputepieM po3nany
BMicT Ck1aIHUKIB, T Yac
BE ['paniTawMiA Perymtoroua | bitymHa | posnany,
BIJICIB Hopraanmuenent | Boxa nobaBka | eMyJIbCis C
BE 1 100 1,0 10 1,0 14 127
BE 2 100 1,0 10 1,2 14 125
bBE 2a 100 1,0 10 2,0 14 124
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3rigHo 3 [181] Oymo BH3HA4YEHO MOKAa3HHMK BTPATH MaTepialy MpU BOJOTOMY

abpa3MBHOMY 3HOCI, OCKUIbKM caM€ Il MOKa3HUK BKa3ye€ Ha JOBIOBIYHICTH JUTHX

eMYJIbCIHHO-MIHEpAIbHUX CYMIIIEeH, siKa OE3MMOCEPEIHbO 3AICKUTh B aAre3iitHUX
BJIACTUBOCTEH CyMIIIIi.

B Tabn. 4.21 HaBenmeHi pe3yabTaTH BUIPOOYBaHb MO BU3HAYCHHIO TOKa3HUKA
BTpaTH MaTepialy TMpu BOJOTOMY aOpa3sMBHOMY 3HOCI JIMTUX E€MYJIbCIHHO-
MIHEPAJIbHUX CYMIIIICH.

Tabmuus 4.21

[Toka3Huka BTpaTu MaTepiary npu Bojoromy adpaszusHomy 3Hoci JIEMC

, Bumoru BiJioBiIHO /10
BE BTA, r/™m
[181]
BE 1 542 )
<538 r/m” (Ticis TOAUHHOTO
bE 2 59
3aMOYyBaHHS)
BE 2a 75

bazyrouncs Ha gaHux HaBeneHuX B Tabn. 4.21, cnocrepiraeMo €peKTUBHICTH
cknaniBe JIEMC nHa ocHoBi B’spkydoro moaudikoBanoro ®@iKC-®, amke mokasHUK
BTpaTU MaTepialy IpH BOJIOroMy aOpa3MBHOMY 3HOCI € Ha0araTo HIKYUM, HIK Y
JIEMC Ha ocHoBi HemoaudikoBanoro B’spkydoro bHJT 60/90. ITopisaioroun JIEMC
Ha ocHOB1 BE 2 ta BE 2a nokasznuk BTA € MeHImMM y CKJaji, 110 BMIILy€e OIbIe
eMyJbraropa B perenti OITyMHOI €MyJbCii, IO MOSICHIOETHCS KPAIOK aAre3i€lo
3aJIMIIKOBOTO OITYMHOTO B’SKY4YOro, IO YTBOPHJIOCS TICJIS pO3Maay €MYJIbCii,
OCKUIbKM 3anuiukoBe OiTymHe B’spkyde JIEMC Ha ocHoBi BE 2 BMilrye Ouibiry
KUIBKICTh €MYJIbraTopa, KUl BIUTMBAE HAa MOTO aare3iiiHi BIaCTUBOCTI.

Ha ocHOBI BuIllleHaBEAEHUX pE3yIbTaTIB MOXXHA 3pOOMTH BUCHOBOK, IO
3actrocyBaHHd BE Ha ocHoBi B’sokydoro moaugikoBaHoro @DiKC-O noszBosnse
orpuMatu JIEMC, siki BOJOMIOTh BIAMIHHUMH aare31MHUMH BIACTUBOCTSMHU APy
3HOCY, @ BIJIMOBIAHO, 1 XOPOIIIOIO IOBFOBIYHICTIO TOHKOIIAPOBUX MOKPHUT.

HactynmuuM etamoM pocmipkeHb Oyfno OAEpXKaHHS Ta BUIPOOYBaHHS

ac(arbTOOETOHHUX CyMiIIeH 1 BIAMOBITHO KIHIIEBOT'O MOKPUTTS — acPaibTOOETOHY.
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3a 7I0NOMOrOl0 TPaHYJOMETPUYHHUX KPUBHUX IIUIBHUX HEMEpPEepUBUYACTHX
cymimen Oyno migiOpaHo 3€pHOBHM  ckeleT  ac(aiabTOOCTOHHOI  CyMIIIi.
AchanbTOOETOHHY CyMilll TPOEKTYBaJIM BUXOISYM 3 HACTYMHHUX XapaKTEPHUCTHUK:
achanbT00CTOH Tapssuuil APiIOHO3EPHUCTUH TIUTHPHHH 13 3JIUIITKOBOIO MIOPHUCTICTIO BiJl
2 % no 5 %, 3 KUIBKICTIO 3epeH Ounblie HiXK 5 MM — 45-55 % Ta MakcUMaJbHUM

po3mipom 3epeH 10 20 MM (auB. Tad 4.22).

Taomurg 4.22
Cxnan acanbrodbeTony
Hassa satepiaty BwmicT matepiany B acdanbTo0€TOHI,
%
['pasiit 20/15 mm 50
['pasiit 15/10 mm 15,0
['pagiit 10/5 Mmm 20,0
[Ile6eneBwmii BiaciB ¢p. 5—0,63 MM 32,0
[Ile6enesuii BiaciB ¢p. 0,63—0,071 Mmm 18,0
MiHepallbHUI HalTOBHIOBAY 10,0
CymapHa KiTbKiCcTh, % 100,0
BHJ1 60/90 yu BH/T 60/90 + 1 % mac. ®iKC-® 6,5

®di3MKO-MEXaHIuHI  BJIACTUBOCTI ~ BUTOTOBJEHUX  achajbTOOETOHIB 3

sukopucranus bHJI 60/90 ta BHJI 60/90 + ®iKC-® naBeneni B Tadmuii 4.23.
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Tadomus 4.23

®di3uK0-MeXaHIuHI BIACTUBOCTI MMi1i0paHoro ckiaagay acgaibTOOCTOHIB 3

sukopuctannas bHJI 60/90 ta BHJI 60/90 + ®iKC-®

®daxTHYHI TOKA3HUKH 3pa3KiB achaibTOOETOHIB
Ha OiTymMax
Ha3Ba nokasHuka
BH/1 60/90 + 1 % mac.
BH/1 60/90
OiKC-D
Cepenns TycTuHa, /e’ 2,36 2,35
Bononacuuenns, % 3a 06’eMoM 1,0 0,5
['paHuIIst MIITHOCTI MIPH CTHUCKY,
MIla, 3a Temneparypu:
20 °C 3,8 4.8
50 °C 1,5 1,6
KoedimienT noBrorpusanoi
0,95 0,97
BOJIOCTIMKOCTI mmicis 15 m10
KoediienT nororpusanoi
: . . 0,97 0,98
BojocTiiikocTi micag 30 m10

Amnanizytouun Ta6n. 4.23, cnoctepiraemo, 1o BBegeHHss @iKC-® B kinbkocTi 1
% ™Mac. 1o 0iTyMy 3HHXY€E MOKA3HWK BOJOHACUYEHHS B JBa pa3u Ta 301IbIIyE
Koe(DIIiEHT JOBTOTPHBAIOI BOAOCTIMKOCTI acdanproberony micis 15 ta 30 mib.
Takuii BB Ha achanbTOOETOH XapakTEepHUM uis aare3iiHux no6aBok. Okpim
116070, achanbrodbeTony 3 nobaBkor OiKC-® mputamaHH1 BUINI TOKA3HUKU TPAHMIIL
MIIIHOCTI mpu CcTucKy 3a Ttemneparypu 20 °C Tta 50 °C (mopiBHSHO 3
ac(harbTO0€TOHOM Ha OCHOBI HeMOoAM(IKOBaHOTO 0iTyMY). Lle MokHA MOSICHUTH THUM,
o ajiresiiiHa 3AaTHICTH OITYMy A0 MIHEpaAJbHOTO MaTepialy € BHUIIO, a

BOJIONIPOHMKHICTh 3HMXKYEThCS. BHaAcHiAOK 1bOro KOresiiiHa MIIHICTh CyMIiIli
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3poctae. 3aBAAKM BUIIM TemmepaTypi po3m skmieHocti Oitymy 3 @iKC-®
MOKPAIIYEThCS TEIIOCTIMKICTh achalbTo0eTOHY (IpaHUIld MIITHOCTI MPHU CTHUCKY 3a
50 °C).

[Tin gac TpuBayioi eKcruryaTallii JOPOKHBOTO TOKPHUTTS, B’SHKYUYUM SIKOTO €
oitymu, monudikopani DPiKC-D, MOXKIMBOIO € EKCTpakiiis BOJOK (EeHOIIB, sKi
BXOJISITh y CKJIaJ ofiepxaHoi cMonu. Lle Mmoxe BigOyBaTHCS SIK 32 paXyHOK TOTO, 10 Y
CMOJII MICTATbCS HECKOHJEHCOBaH1 (PEHOJM, TaK 1 BHACIIJOK MOKIJIMBOTO PO3KJIAIy
cMoJii mija yac MoaudikyBaHHs OiTymiB. BpaxoByroum, 1mo (GpeHoau € Haa3BUYaiiHO
IIKIJIMBUMUA PEYOBUHAMHU, HEOOXIJHO AOCIHIIUTH YU Oyne BiAOyBaTHUCS CYTTEBE
3a0py/HeHHsS JOBKULIS NpH 3acTocyBaHHI OiTymiB, moaudikoBanux OiKC-O.
Jomyctumuii BMICT (eHOJly y CTIYHMX Ta IHIIUX BOJAX HOPMYEThCSA Ta
BCTAHOBJIIOETHCS PI3HUMH HOPMATUBHUMH JIOKYMEHTAaMH Ta MOXE CYTTEBO
BinpisHaThCcsA. Hanpukitan, 3rigHo [182] nonyctumuii BMicT (eHOY y CTIYHHX BOJaX
mae He nepesuutyBati 0,1 mr/mm’.

Tomy HacTymHuUM eTamoM JAOCTIPKeHb OYyJ0 BHUBYEHHS BIUIMBY BOJIU Ha
excrpakuito (enoniB 3 onepxkanoi DiKC-® Tta Oitymy MoaudikoBaHOTO, LIEO
cMouoro. 3riqHo meronuk [151] Oyno Bu3Ha4YeHa KoOHIEHTpallis (eHomy Ta #oro
noxiHUX y BogHuX ekctpaktax 3 ®iKC-® 1 MmoaudikoBaHOTO HEIO OITyMY.

Pe3ynbTaTu 1ux A0CHIKeHb HaBeIeH1 B Ta01. 4.24.

Tabmuus 4.24
PesynwpraTn ananizy npo6 Bomuux excrpakTi 3 @1KC-® ta 6iTymy MoaudiKoBaHOTO
OiKC-D
MacoBa KOHIICHTpaIIi, mr/am°
[IpoGa —
deHon [ToxiaH1 PpeHomy
BoHuil eKkcTpakT 3 BUXIAHOTO OITyMy 0,085 0,19
BoHuii ekcTpakT 31 cMoJu (TiepIie
319 462
MIPOMMBAHHS)
BoHuii excTpakT 31 cMoJu (apyre
82,5 57,8
MIPOMMBAHHS)
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[Tponosxxenns tabnwii 4.24

Boauuii ekcTpakT 31 cMOJIH (TpETE
R (p 7,8 4,6
IIPOMHUBAHHS)
Bomuuii ekctpakt 3 MouikoBaHOTO
_ 0,09 0,51
oitymy (2,4 % mac.)

Sk BUAHO 3 OTPUMAHUX JAHUX, BITbHI (PEHOIH, K1 37aTHI PO3YMHATHUCS Y BOI1
€ B CaMOMYy TOBapHOMY O1TyMi, 1110 3aCTOCOBYEThCS JJIsI BUPOOHHUIITBA JIOPIT.

BwmicT BUIBHMX (PEHOJIIB y CMOJI, IIO 3aCTOCOBYETHCSA IJIsi MOJM(DIKyBaHHS,
3HAYHO NEPEBUIIYE iX BMICT y caMoMy OiTyMi. BapTo Bii3HauuTH, 110 32 JOTIOMOTOIO
TPUKPATHOTO MPOMHUBAHHS MOKHA 3MEHIIUTH BMICT (eHomiB y Oitymax y 40-100
pa3iB. ToOTO Ha BUPOOHUIITBI CMOJY TEpej 3aCTOCYBaHHSM (3a MOTPEeOH) MOKHA
IIPOMUBATH BOJIOI0, SKYy IIOTIM HEOOXITHO MiJjaBaTH OYMIINCHHIO Bij (eHomB
BIZIOMHUMH METOIAMH.

Kinbkicte ¢enony y Oitymi, moaudikoBaHomy Henmpomurowo PiKC-O, €
MaiKe Takol CaMOI0 SIK 1 y BHUXIAHOMY OITyMi; KIJIBKOCTI TOMOJIOTIB (heHOIy
30UTbIIy€eThCA JHiIe y 2,5 pa3u. TakuM 4MHOM, MpHU 3MIITYBaHHI CMOJM Ta OITyMy
KUIBKICTh (PEHOJTly Ta WOro MOXIJHUX MaiKe HE MIHSEThCA 1 HE CIIBHAJaE 3
KUIBKOCTSIMH, PO3PaxOBAaHUMH 3a MPABUIIOM aAUTHUBHOCTI it cymimi 61Tym/diKC-
®. TlogcHIOETBCS 1€ TUM, IO BUIbHUNA (PEHOJ Ta Moro moxigHi mpu Moau(iKyBaHHI
01TyMiB 3B’3yIOThCSI OCTAHHIM Y BUTJISAI BOJIOHEPO3YMHHHUX CIOJYK.

BwmicT ¢eHony npu TpUKpaTHOMY IPOMHUBaHHI MOAM(PIKOBAHUX OITYMIB BOJOIO
craHoBuThH 0,09 MF/)IM3 1 HE TIePEBUIIY€ HOT0 TIOMyCTUMY KOHIICHTPAIIIIO Y BOJaX, 1110
MOXXYTh 3aCTOCOBYBATHCS JUIA 3pOIIyBaHHS Ta ynoOproBanHs [182]. Iammmwu
CJIOBAMHM, 3aCTOCYyBaHHA OiTyMiB, ki MoaudikoBani @iKC-® He Oyne npu3BOAUTU

JI0 TIOMITHOTO TIOTIPITICHHS €KOJIOT1YHOT CUTYaITi.
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4.6. BucHoBKH 10 po3airy 4

Opnepxano ToBapHi MoaM(DiKOBaHI OITYMHU y CKIIaJl SAKHX € OJepKaHa CMoJia
®iKC-®, sixi TOBHICTIO BIIMOBIAI0TH BUMOTaM HOPMaTHBHUX JOKYMEHTIB [69, 71].

Bceranosneno, mo ®iKC-® mnposBise XOpoln 34eruIioBalibHI BJIACTHBOCTI 3
MiHEpaJIbHUMHU MaTepiaamu (IeOeHEeM/CKIIOM), CYTTEBO IOKpAIly€e anare3iiHi
BJIACTUBOCTI J0pokHIX OityMmiB, a BMII, y ckmani sikoro € 1 % mac. ®iKC-O®, ne
noctynaerbcs BMII, oTpuMaHoro 3 BHUKOPUCTaHHSIM MPOMUCIOBOI aAre3iifHOl
nobasku Mapku Wetfix BE. Takox Oitym y cknani sikoro € 1 % wmac. @iKC-O
BIJINOBIJIa€ BUMOTaMm Ji0 ToBapHoro 0itymy mapku bBHJIA 60/90 3rigno [69].

JloBeneHo, 110 BBEJICHHS B ckiiaa 0iTymy Komruiekey n100aBok (PiKC-®, CbC
Ta TYJPOHY) TO3BOJISIE TOCSTTH 3HAUEHHS TEMIIEPATypH pOo3M SKIIEHOCTI, IeHEeTparlii
Ta €JIACTUYHOCTI OJIepkKaHOi OITyM-TIOJIMEPHOI KOMIIO3HUIIii, $IKI BiJMOBIIAIOThH
BUMOTaM HOPMAaTHBHHX JOKyMEHTIB 10 Mapku BMKA 60/90-55 3rigno [71]. ToGTo
npu OTpUMaHHI OiTymiB, MOJu(piKOBaHUX KoMIUIeKCHUMH no0aBkamu, DiKC-O
MO>K€ 3aMIHATH JOCTATHBO BEJHMKI KIJIBKOCTI JOPOTUX CTUPEH-OYyTa/l1€H-CTUPEHOBUX
CMOII.

3 BUKOPHUCTaHHSM BHUXIJHOTO Ta OiTymy, MmomudikoBaHoro DPiKC-O®, Oymu
BUTOTOBJIEHI MOHO(a3H1 OiTyMH1 emynbcii, BiagnoBigHo, BE 1 ta BE 2, BE 2a.
Otpumani BE sk Ha OCHOBI BUXIJIHOTO, TaK 1 Ha OCHOBI MOAM(IKOBAHOTO OITyMiB
BIJINOBI/IAaI0Th YMHHUM HOPMATUBHUM JOKyMeHTaMm, 30kpema, bE 1 BimHOCHUTBCS 10
mapku EKTI-60 (kaTioHHa moBUIbHOpO3MaaHa emyiibceisi), a BE 2 ta BE 2a no EKIIM-
60 (xaTionHa MoaudikoBaHa MOBUTLHOPO3MAaHA eMyJbCis) [11].

BuByeHo MOXIMBICTh ofepkaHHd Ta 3actocyBaHHs JIEMC Ha ocHOBI
OITYMHOI eMyJIbCii, SIKa oJiepakKaHa 3 OKUCHEHOTO OITyMy B CKIIaJll SIKOTO € OJIepyKaHa
cmoiia O1KC-®. 3 oxepkanux pe3ynbrariB BUAHO eextuBHICTh ckianiB JIEMC nHa
ocHOBI B’sbKydoro moaudikoBaHoro ®iKC-d, a came mokazHMK BTpaTh Marepiainy
npu BojoroMmy aOpa3uBHOMY 3HOCI € Habarato Hk4uuM, HDK y JIEMC Ha ocHOBI
Hemoaudikoanoro B’sukydoro bHJI 60/90. 3acrocyBanust BE Ha oCHOBI B’sKy4doTr0

MoaupikoBanoro MiKC-® nospossie orpumat JIEMC, siki BOJIOJIIOTH BIAMIHHUMH
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anre31MHUMU BIIACTUBOCTSIMH IIapy 3HOCY, a BIAMOBIIHO, 1 XOPOIIOO IOBIOBIYHICTIO
TOHKOIIAPOBUX TTOKPUT.

byno onepxano Ta BuUmpoOyBaHO acdaabTOOSTOHHI CyMIIIi Ta BiJAMOBITHO
KiHIIeBE MOKpHUTTS — acdanbrodeToH. BcranopineHo, mo BBeaeHHs DiKC-O B
kimbkocTi 1 % Mac. 10 OiTyMy 3HMXKY€ MOKa3HMK BOJOHACHUYEHHS B JIBa pa3u Ta
30UTBIIY€E KOE(ILIEHT JOBTOTPUBAIIOT BOJIOCTIHKOCTI acdanbTo0eToHy. OKpiM 1HOTO,
acanproberony 3 no6aBkoro DiKC-O mnpuTamaHHi BHUII IMOKa3HUKH TPaHUII
MIIIHOCTI npu cTUCKY 3a TemnepaTtypu 20 °C Tta 50 °C.

Bcranosneno, 1mo 3acrocyBanHsa 0itymy, monudikoBanoro @iKC-®, ve o6yne
MPU3BOJAUTH /10 TIOMITHOTO 301IbIIIEHHS 3a0PY/IHEHHS JOBKLLIIA.

Marepianu, siki omucaHi B JaHOMY PO3JUIL, OMyOJIIKOBaHI B BHJIAHHSX, IO
BXOJISITh 0 MDKHApOJHUX HaykoMmeTpuuHux 0a3 [165, 167, 183] ta anpoOoBaHi Ha

HayKOBUX KoH(pepeHIisx [173, 174, 184].
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PO3/IJI 5. OCHOBU TEXHOJIOTII OAEPYKAHHS MOJIUPIKOBAHUX
BITYMIB TA BITYMHUX EMVYJILCIA

5.1. MarepianbHi 6anancu

Ha ocHOBi pe3ynbTaTiB, OMHCaHUX B PO3A. 3, PO3PaxOBaHO MaTepialibH1
Oanancu mpoueciB BupoOHuTBa DIKC-O Ta MomudikyBaHHs OiTyMiB. 3rigHO
odimiitanx maHuX YKpaiHcbkoi HaykoBo-mipomucioBoi acomiamii «YKPKOKCy» Ha
KOKCOXIMIYHUX mianpueMctBax Ykpainu y 2018 p. omepxano 9973,1 tuc. TOHH
KOKCY, 425,7 Tuc. TOHH Kam’ sHOBYTiabHOI cMonu, 100,0 THC. TOHH «CHPOTO»
oenzony. Pecypcu denonbHoi dpakimii npu nepepodii 100 % kaM’sSHOBYT1IBHOI
CMOJIM CTaHOBJIATH Om3bko 10,0 THC. TOHH., 3 SKOI MOXKHA ojep>kaTu 3,2 THUC. TOHH
«cupux» (eHomiB (quB. migposs. 3.1.1).

3rigHo nanux [185] BUKOpPUCTAaHHS OKHCHEHUX JOPOXKHIX OiTyMiB B YKpaiHi
CTaHOBUTH 0JM3bKO0 350 THC. TOHH HA PIK.

3rifHo omnucaHux y po3a. 3 Ta 4 JO0CHIKeHb HalOuUIbll e()EeKTUBHO
3actocoByBaTu P1IKC-O sk aaresiiiny A100aBKy, SKy, sSIK NPaBUIIO, JOJA0Th y O1TyMuU
B KibkocTi Bij 0,2 10 1,2 % mac. [186]. 3rigHo npoBeaeHUX IOCTiIKEHD (IUB. PO3I.
4.2) sk anresiiiny go0aBky pekoMeHAyeThesl 3acTocoByBaTH DiKC-® y kinbKocTi 1
% Mac.

Buxoasun 3 BuiieHaBeneHUX oOCsTiB BUpPOOHMIITBA (EHONBHOI (Ppakiiii,
BMICTI y HIM (eHosy Ta i MOXIJHMUX, MOTEHIIHHOMY BUXOAY (HEHOJIO-KPE30JI0-
dbopmManbIeriTHIX cMOJ Y KibKOCTI 3,0 THC. TOHH Ha PiK, MOKHA CTBEPIKYBATH, 1110
3a nonomororo MiIKC-® moxna orpumaru 10 300 TUC. TOHH Ha PIK JOPOXKHIX
OITYyMiB, 10 MPAKTUYHO 3a0€3MEUnTh MOTpeOu YKpaiHu y B’sSHKydoMmMy Marepiaii 3
XOPOILIUMH aJre31ifHUMH BIACTHUBOCTAMU. [[1s1 OTpUMaHHS Takoi KIJIBKOCTI OITyMYy,
moaudikoBanoro ®iKC-d, HeobxinHo nepepodsiaTu 9,7 THUC. TOHH HA PIK BUXITHOI
CUPOBUHU (LIUPOKOT PeHOTbHOT (PpaKiiii).

Po3paxyHnku MarepiaibHuX OallaHCIB MPOIIECIB OJIEPIKAHHS «CUPHUX» (PEHOJIIB,

®iKC-® ta BMII 3a BuOpaHoi npolyKTUBHOCTI HaBeieH1 B Tabi. 5.1-5.3.
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Taomung 5.1

Marepianbauii 6aianc BUIydeHHs «cupux» ¢enois 3 DD

Kinbkictb
Crarta
% wmac. THUC. TOHH/PIK

[TocTymuno:
[[npoka dhenonsHa Ppakiiisg (LLIDD) 100,0 9,72

OTpumaHo:
«Cupi» herommn 32,3 3,14
ByrneBoaHeBa yacTiHa 67,7 6,58

Pazom 100,0 9,72

Tabmuus 5.2
Martepianbauii 6ananc ogepxxanas GiKC-d
KinbkicTs
Cratta
% mac. THC. TOHH/PIK

[TocTynuno:
«Cupi» penomun 100,0 3,14
dopmaii 51,3 1,61
HCI 2,4 0,08

Pazom 153,7 4,82

OTpumaso:
Cmona ®iKC-d 95,6 3,00
Bojia Ta HenpopearoBaHi KOMIIOHEHTH 58,1 1,82

Pa3zom 153,7 4,82
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Taomurg 5.3

Marepianbauii 6aanc oaepxants 0iTymy MoaudikoBanoro ®iKC-d

Kinbkicth
Crarta
% wmac. THUC. TOHH/PIK
[TocTymuno:
bitym 99,0 297,00
Cmomna ©iKC-d 1,0 3,00
Pazom 100,0 300,00
OTpumaso:
MonudikoBanuii 6iTym 100,0 300,00
Pazom 100,0 300,00

5.2. Texnomnoris onepxanus P1KC-®, mogudikoBanux 0iTymiB 1 BE

5.2.1. Onepxannass ®iKC-®. Ha ocHOBI pe3ynbTariB, OMUCAHUX Y TMIIPO3I.
3.1.2, nna onepxanus PiKC-® 3 BHCOKOIO TEeMIEpaTypor pPO3M SKIIEHOCTI 3a
HaNHOUIBIIOTO MOXJIMBOTO BUXOAY HEOOX1IHO BUKOPUCTOBYBATH K CUPOBUHY «CHUPI»
¢denomn BunyuyeHi 3 LIDD. Tomy nepmor cragiero BupoOHUnTBa DIiKC-O €
BUNTyueHHsS «cupux» (enonis 3 IOD. B pesynbrari BUIYyYEHHS OJCPKYIOTHCS
«cupi» (eHonmu Ta BYIJIEBOAHEBAa YACTHHA, sSKa MOXKE BHKOPHUCTOBYBATHUCS SIK
KOMIIOHEHT KOTEJIbHUX UM 1HIINUX MaJUB.

Hacrynnowo cragieto € onepxanns OiKC-®. Ha ocHOBI pe3ynbraris,
omucannx y migpos3n. 3.1.1, s cuntesy DiKC-O B skocTi kaTamizatopa
HaWOIUIBHIIIE BUKOpUCTOBYBaTH xyopunHy kucioty (HCI), ockinbku 11e 103BoJIsIE
OJIep>KaTU KIHIIEBUH MTPOIYKT BUCOKOI SIKOCTI.

[lo 3akiHueH1 CHHTE3y, HENpOpearoBaHy CHPOBUHY BIATaHSUIM B CMOJH
®iKC-® BakyymHOI0 auctwsiieto. [licis 4oro, cMoiry T0AaTKOBO BUCYIITYBAIH Bij
BOJIM Ta HENPOPEAroBaHUX KOMIIOHEHTIB Y BaKyyMHiil magi nporsarom 3 roa npu 100

°C. CxeMa ojiepxanHs (eHO0JI0-POopMaIbJIETIIHAX cMOJT onrcana y [187].
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5.2.2. Onepxanns Moau@ikoBaHux OiTymiB. HailOimbpII MOMKUPEHUM METOI0M
OJICp>KaHHs TOBapPHUX JIOPOXKHIX OITYMIB € OKMCHEHHS TYJIPOHY IOBITpsSIM B arapari
KOJIOHHOTO Tuily. /ISl MOKpalieHHs SIKOCTI OTpUMaHUX OITyMIB iX, SIK MPaBUIIO,
MOIU(DIKYIOTh PI3HOMaHITHUMH PEYOBUHAMMU.

Ha ycranoBii mnepenbavaeTrbcsi BHIYCKaTH Ha(TOB1I JOpOXKHI  OITyMH
moaupikosani cmono OiKC-.

[TpunnmnoBa cxema BupoOHuITBa BMII 300pakena Ha puc. 5.1.

CupoBuHa (TyIpoH) i ojiepkaHHs OiTymy 3 emHocTi €-1 3a Iomomororo
Hacocy H-1 npokauyeTbcst uepe3 TpyOUdacTy mid, B SIKIA HArp1Ba€Thcsi 1O HEOOX1THOT
TEMIEPATYPH, TICISI YOTO MOCTYIAE B OKUCHY KoJloHY K-1.

B oxuchiit komoni K-1 BinOyBaeTbest mporiec oAep:kaHHs OITyMy BHAcCHiOK
0e3mepepBHOTO OKHCHEHHSI CHUPOBHHU KHCHEM TIOBITPS, SIKUH TIOJAETHCS BHU3
KOJIOHU MaTOYHUM Komrpecopom LK-1.

OxucHroBasibHa KoJioHa K-1 KOMITJIEKTyeThCs BOMA PSIIKAMH KOBMAYKOBHX
TapijoK, SK1 JO3BOJIAIOTH 30UIBIIUTH 1HTEHCHUBHICTh KOHTaKTy MIX CHUPOBHHOIO 1
MOBITPSIM y 2 pa3u y MOPIBHSAHHI 3 OPOKHBOIO.

I'ynpoH mnocTymae B KOJOHY JBOMa TMOTOKAMM: Yy CEKLIIO cenaparii 3a
JIOTIOMOTOI0 PO3MOJIIBHOTO MPUCTPOIO Ta B CEKIIIF0 OKMCHEHHS. Y CeKIlli cemapariii
BIJIOYBAETHCS MEPEMINIYBAHHS 3 Ta30pPIIMHHOI0 CYMIUIIIIO, sIKa MOCTYIA€E 13 CEeKIIi
OoKHMCHEHHS. OKMCHEHHS TYAPOHY MPOBOAATH 3a Temmepatypu 270 °C.

bitym 31u3y kosionu K-1 npokauyerscst Hacocom H-2 B Temnnoo6minnuk T-1, B
SAKOMY Tapsiuuii OITyM OXOJODKYETHCS XOJIOJOAreHTOM, SIKMA TPOXOAUTH Yy
MDKTpYOHOMY MpoCTOpi TeriooOMiHHMKA. [l mMOKpallleHHs $KOCTI OiTymy,
OiIATPUMKHA 33JaHOTO TEMIIEPATYpPHOTO PEXHUMY Ta 3HIDKEHHS 3aKOKCOBYBaHHS
MATOYHUKA, YacTHHA OXOJIOPKEHOTO TPOAYKTY HANpPaBISEThCS B  SKOCTI
perupkynatry. Hamami onmepxkanuii 0iTyM TocTymae Ha mporiec MOAu(BiKyBaHHS Y
smimmyBad 3M-1. MoaudikyBanHs BigOyBaeTbcs npu Temmepatypi 190 °C 3a
nonomororo ®iKC-®, sxa nocrynae 3 eMHOCTI €-3.

3 MeTOI0 0XOJOPKEeHHS 0iTyMy 10 moTpibHoi Temnepatypu (80—100 °C) itoro

HaIMpaBJIsAloTh B amnapar noBiTpsHoro oxonomxeHHss AIIO-1. T'otoBa mpomykiis
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MOCTyNa€e B €MHICTh €-2, micis 4oro BiAOYBAETHCS PO3BAHTAXKEHHS MOAM(PIKOBAHOTO
01TyMy JI0 CIIO’KMBaya.

3Bepxy okucHioBaibHOI KoysoHM K-1 p mpu Ttemmeparypi 80 °C micns
oxonmomxkeHHs: y AIIO-2 1 T-2 y cenaparop C-1 HampaBisiOTbCsS peakiiiiHa BOAa,
napy BiArOHYy Ta ra3u okucHeHHs. B C-1 BigOyBaeThCs BIAAIICHHS CKOHJICHCOBAHO1
YaCTHHHU BIJITOHY Ta Horo BinkauyBaHHs 3HuCy C-1 Hacocom H-3.

Takox, 3uu3y cenapatopa C-1 BUBOAUTHCS BOJA, 10 MOCTYNAE y KaHATI3aIIIo.
HeckoHsieHcoBaHI Mmapu BIATOHY Ta Ta3W OKHCHEHHS y T4 JIOTOpaHHS Ta3iB
okucHeHHs [1-2. BapTo Bif3HauuTH, 110 IUMOBI ra3u Ha Buxoai 3 neui I1-2 marTh
temneparypy 800-950 °C, temno sSiKMX MOKHa BUKOPUCTOBYBATH JJIs OJICp>KaHHSA

BOJSHOI Mapy y KOTJII-yTHII13aTOPI.
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5.2.3. Opepxanna BE. Jlns BupoOnunTa BE BUKOpHCTOBYIOTH YCTaHOBKH
oesnepepBHOi abo mepioguuyHoi aii. [Ipore y mpOMHUCIOBOCTI HaWOUIBIIOTO
NOIIMPEHHS Ha0yJauM YCTaHOBKM Oe3mepepBHOI  [ii, TOMY 3alpOIOHOBAHO
BUKOPUCTOBYBATH caMe LIed TUI 00JaJHaHHs (IUB. puUC. 5.2).

I[Tix yac npuroTyBanHs BoaHa ¢aza i 6iTyM IPOXOIATh yepe3 KOOI THUN MIIUH,
ne BinOyBaeTbcs IX eMmynbryBaHHsA. biTymMHa Ta BoaHa ¢asu TOCTYyMalTh Yy
KOJIOTTHUN MJTMH 0€3M0CEePEIHhO 3 EMHOCTEH.

JIJisi mpUroTyBaHHS KAaTIOHHUX €MYJbCId y BOAHIN (a3l MICTUTBCS BOJA,
eMyJIbraTop, KHUCJIOTa Ta, 3a HEOOXIJHICTIO, CTaOLI3aTop, SKI PETEIbHO
NEPEMIIIYIOTbCSI B TaKUX MPOMOPLIsAX, 100 OTpUMATH OJHOPIIHUN PO3YUH 3
HEOOX1THUM 3HaueHHAM pH.

bitymHa (a3a ckiagaeTbes 3 01TyMy Ta 32 HEOOXI1IHICTIO PO3YMHHUKA.

3aranom Moau]IKOBaHI €MyJbCli OTPUMYIOTH MO Tik cXxemi, WO 1
HEMOAM(IKOBaHI, 3a BHUKIIOYEHHSIM oOlepalii 10 BBEACHHIO Moaudikaropa.
MopaudikoBaHi eMyibCii 3a TEXHOJOTIEID BUTOTOBJICHHS AT Ha MOHO(Ma3HI 1
nBo(azni. BE, MoaudikoBani MoHO(a3H1, BUTOTOBISIOTH HA OCHOBI MOJU(PIKOBAHOTO
oiTymy, T00TO MOmudikarop (MoaudiKyrOUuil areHt) Bke BBeAcHUU B OiTym. B
OIMBIIOCTI  BHMAJAKIB BHCOKa B’S3KICTh MOAM(DIKOBAHMX OITYMIB  3MYIIYE
BUKOPHCTOBYBaTH [UIsl 1X JUCHEPryBaHHA OUIbIIy TeMIleparypy, YdM Jis
HeMOAM(IKOBAaHUX eMyJbCii. BHACIiIOK 11bOT0, TeMIiepaTypa eMyJbCli Ha BUXO/II 13
KoJIOigHOrO MiuHa Moke crtaHoButu Bume 100 °C. B mux ymoBax mnoTpiOHO
3MIHIOBATU TpaAuIliiHe oOJaJaHaHHs, 1100 3pOOMTH MOro mpare3laTHUM TpU
HAQ/UTMIIKOBOMY THCKY 1 BHKOPHCTOBYBaTH CHCTEMY OXOJIOJKEHHS (3a3BUYaid
TEMJI000OMIHHMK) Ha BUXO/I 13 3MilllyBaya. Y BUINAIKY ABO(PA3HUX MOJU(DIKOBAHUX
eMyJIbCIi MOAM(IKATOP HOJAETHCA Y BUIIIANL €MYJbCIMHOI CHCTEMH (JIaTeKCy).
BBeneHHs natekcy MoKe 3IMCHIOBATHCH PI3HUMH CIIOCOOAMH: NHCTIEPTyBaHHSIM Yy
BOJHIN (a3i; BIpUCKYBaHHSAM Oe3mocepeqHb0 B Aucneproany (0iTymMHy) da3sy;
MPSIMOIO 1H EKITIEI0 B KOJIOITHUN MIJIMH Y JOJIABAHHSIM B TOTOBY OITYMHY €MYJILCIIO.

B namomy Bunagky moaudikatop ®iKC-® BBogunmm nomnepeanbo B OiTyMm 3

METOI OTpUMaHHs MoHoda3zHoi OiTyMHOI emyibcii. [Ipu 3acTocyBaHH1 OiTymy 13



173
®iKC-® g oxepkaHHs MOAU(DIKOBAaHMX €MYJIbCIA BAAJIOCA OTPUMATH MOHO(a3H1
OITyMHI eMyJibCii 3a CTaHJAPTHUX TeMIepaTyp MNPUTrOTYBaHHS HEeMOJU(]IKOBaHUX

emyJbciit (menme 100 °C).
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Puc. 5.2. ITpuniunoBa cxema 0e3nepepBHOT OITYMHO-€MYJIbCIITHOT YCTaHOBKH
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[Tin yac BUKOpPUCTaHHS yCTaHOBKHM Oe3mepepBHOI Jii OiTyMHa Ta BojHA (asu

NOCTYIAKTh Y KOJOIIHUNA MJIMH Oe3nocepeHbo 3 eMHOCTeN. [IpurotyBanHs BOgHO1
¢da3u BiIOYyBa€TbCS aBTOMATUYHO BIJMOBIIHO 3 BHOPaHUM CKJIQJOM BHACIHIIOK
BIIPUCKYBAaHHS €MYJIbraTopa, KUCJIOTH Ta cTallili3aTopa y BOJOIPOBIIHY JIHIIO, €
MPOTIKAE PEAKIsl MK €MYJbraTopoM 1 KHCJIOTOIO TEpI, HDK BOJA TOCTYIHUThH Y
KOJIOITHUN MIJIHH.

3a momoMororw HarpiBada O6e3mepepBHOI Jii BOJa HArpiBa€ThCS 0 HEOOX1THOT
TeMIlepaTypu. 3 METOI0 3a0e3MeUYeHHs BUJIKOI PeaKili 3 KUCIOTO0, JJI YCTAHOBOK
Oe3rnepepBHOI J1ii HEOOX1THO 3aCTOCOBYBATH €MYJIIaTOPH, SIK1 JIETKO TUCTIEPTYIOTHCS
y BoAl. JIJisi KOHTPOJIIO J1I03yBaHHS KUCIOTH, 10 BIAMOBIAHOI JIiHIT TIepe] KOJIOITHUM
MJIMHOM BCTaHOBJICHUM JaT4YMK piBHSA PH.

bitym, a 3a HEOOXiTHOCTI PO3YMHHHUK, TAKOXK OE3MEepPEepBHO MOMAIOTHCS B
KOJIOITHUY MJIUH.

VY pesepByapi 3 0ITyMOM HIATPUMYETHCS HAJIEKHA TEMIIEpaTypa.

5.3. OmiHKka eKOHOMIYHOI JOLUIBHOCTI Mpoliecy MoAu(piKyBaHHS OITyMmiB

®iKC-®

3 MeToWw  3arajbHOi  OIIHKK  €KOHOMIYHOI  JIOIIJIBHOCTI  IPOIECY
MoaudikyBanHs OiTyMiB ao0aBkoro @PiIKC-® npoBeneHO po3paxyHOK BapTOCTI
KOMIIOHEHTIB MOIM(PiKOBAaHOTO OITyMY.

st BusHauenHs: BapTocti P1KC-® Oyno po3paxoBaHO BapTICTh CUPOBUHH,
PEUYOBHH 1 MaTepialliB, 3aTpaTd Ha BUPOOHUIITBO, sIKi HEOOXIJHI JJIsi oJeprKaHHs 1
toHHU D1KC-D.

Bci HaBeneHi HmKuYe BapTOCTI MNpUMMaIM Ha OCHOBI I1HTEPHET-PECYPCIB.

PesynbpTaTn po3paxynky npubauznoi inu ®iKC-® nasezaeni B Tadi. 5.4.
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Pospaxynoxk Baptocti 1 TonHn ®1KC-O

Tabmums 5.4
CrarTs KIHBZICTB’ Lina, rpa/T Cywma, TpH.

1. PearenTu B T.4.: — — 33627
1.1. «Cupi» dbeHoau 1,05 24500 25628
1.2. ®opmanin 0,54 14500 1778
1.3. Karamnizarop (HCI) 0,03 8800 221

2. 3arpatu Ha BUpOOHHUITBO (25 % BiA

) — — 8407

3. [IpubyTok (20 % Bix . 1-2) — — 8407

4. Pazom 6e3 ITJIB (. 1-3) — — 50440
[1IB — 20 % — — 10088
Cymapno Baprticts | TorHn O1KC-O — — 60528

* 3rigHo naHux Tadum. 5.1, po3paxoBaHo KinbkicTe HIDD nist cuntesy 1 ronan OiKC-O.

Ha ocHoBi ganux Ta6ia. 5.4 BugHO, 1m0 KoMepuiiiHa BapicTb cMonu PiKC-O
Moyke craHoBUTH 60528 rpH/T.

Cranom Ha ceprienb 2020 poky, 3riJHO JaHUX IHTEPHET-PECYPCIB, PUHKOBA
BapTicTh OiTymy Mapku BHJ[ 60/90 cranoButh 14500 rpu/t. i mOpiBHSHHS
MIPOBOJIUIIM PO3PAXYHOK OITYyMIB MOAM(IKOBAHUX MPOMHCIOBUM TOJIMEPOM MapKH
Calprene 501M (tepmoenactomact tuny CBC) Ta mpoOMHCIOBOIO aAre3iiHOI0
nobaBkoro Mapku Wetfix BE (moBepxHeBo-akTHBHA peYOBHHA). 3TiAHO JTAHUX
1HTepHET-pecypciB, BapTicTh Calprene 501M crtanoButs 120000 TpH/T, a BapTICTh
Wetfix BE cranoButs 152000 rpH/T. Takox BpaxoByBalW BapTiCTh T'YAPOHY, SIK
mnactudikaropa BMII, sika cknamae 7000 rpn/T.

Po3paxyHOK BapTOCTI CHPOBHHHUX KOMIIOHEHTIB MOAM(IKOBAHUX OITYMIB

3/11MCHI0OEMO Ha 1 TOHHY Ta 3BOJUMO JI0 Tabuii 5.5.
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Taomurg 5.5

Pospaxynok Baptocti BMII
KomnoneHt Barier, % KinbkicTs, T Bapricts sa CYM?pHa
mac OJIMHHMIIIO, T BapTICTh
bitym moaudikoBaHuii KOMIUIEKCOM MOAU(]IKATOPIB
bitym 89,5 0,895 14500 12978
OiKC-® 5,0 0,050 60528 3026
Calprene 501M 1,5 0,015 120000 1800
['yapon 4,0 0,040 7000 280
Pazom 100,0 1,000 - 18084
birym momudikosanuii Calprene 501M (CBC)
bitym 96,0 0,960 14500 13920
Calprene 501M 4,0 0,040 120000 4800
Pazom 100,0 1,000 - 18720
bitym Mmoaudikoanuii cmoiorwo Oi1KC-O
bitym 99,0 0,990 14500 14355
OiKC-® 1,0 0,010 60528 605
Pazom 100,0 1,000 — 14960
birym monudikosanuii Wetfix BE
Bitym 99,5 0,995 14500 14428
Wetfix BE 0,5 0,005 152000 760
Pazom 100,0 1,000 — 15188
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Ha ocHoBi manmx T1abi. 5.5 MOXKHa CTBEP/KYBaTH, IO IlIHA BHUXITHUX

koMrioHeHTIB BMII 3 Bukopucranusm @iKC-®, sxi HeoOXimHI sl OACp>KaHHS
0iTyMiB MOJIM(PIKOBAaHUX KOMILJIEKCHUMHU JIoOaBKaMu Oyjie cTaHOBUTH O1u3bko 18084
I'pH/T, O Ha 3 % MeHIIe, aHXK BapTICTh OITyMy, MOAM(IKOBAHOTO MPOMHUCIOBUM
moudikatopom mapku Calprene S01M (CBC) (18720 rpu/T).

Takoxx, BapTO 3a3HAYUTH, 10 IlIHA BHXIIHUX KoMIOHEHTIB BMII 3
BukopuctanHsaM DiKC-®, sxi HeoOXigHI A oAepKaHHA OITyMiB MOIM(IKOBAaHUX
aare3iiHuMu J00aBkamMu Oyne ctaHoBuTH 15355 rpu/ToHHY, mo Ha 3 % MeHIIe,
aHK BapTICTh OITyMy MOJU(PIKOBAHOTO TPOMUCIOBOIO aAre3iifHoI0 J00aBKOIO
Wetfix BE (15685 rpu/ToHH).

Takum uuHOM, BCTaHOBJICHO, M0 BuKopucTaHHI ®OiIKC-® B sakocTi
Moaudikatopa HaQTOBUX OITYMIB € BHUIIPAaBJAHUM, OCKUIbBKM OJEp)KaHl 3pa3Ku
BIIMOBIJAIOTh BUMOTaM HOPMATHBHUX JOKYMEHTIB, MalOTh BIJIMIHHI ajAre3iiiHi
BJIACTUBOCTI Ta OyayTh Ha 3 % JEHIEBIIUMHU Y TOPIBHSHHI 3 MPOMUCIOBUMHU
aHanoramu. [Ipu mpoayKTUBHOCTI YCTAHOBKM BUPOOHUITBA MOIU(DIKOBAaHUX OITYMiB

300000 touH/pik exoHOMIuHUN eekT Moxke caraytu 70—190 miH. TpH.

5.4. BUCHOBKH 110 pO3ALILy 5

B nanomy po3naini po3paxoBaHi MatepiaiibHi Oanancu ojepxkanHsa OiKC-O Ta
01TyMiB, HEIO MOIU(PIKOBAHUX.

Po3po6iieHO MPUHIMIIOBY TEXHOJIOTIYHY CXEMY YCTaHOBKHM —OJIep’KaHHs
MoaudikoBanux OiTymiB 3 BUKopucTaHHAM PIKC-O sk momudikaTopa HapTOBUX
OiITyMiB.

[IpoBeneHo HaOIMKEHUNM PO3PAXyHOK I[IHM CMOJIA 1 MOKA3aHO E€KOHOMIYHY
JOLIBHICT BUPOOHMIITBA MOJU(DIKOBAHUX JOPOXKHIX OITYMIB 13 3aCTOCYBaHHSM
OiKC-O.

Pe3ynbTaTi mpoBeAeHUX AOCTIIKEHb BIPOBAIKEHO B HABYAJIBHUI MpOIEC HA
kadenpi XiMI4HOI TexHoJorii mepepobku Hadptu Ta Trazy HamionanbHOrO

yHiBepcUTEeTY «JIbBIBChKA MOMITEXHIKa» AJIs CTYACHTIB cHeriaibHOCTl 161 — ximivHi
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TEXHOJIOTII Ta 1HXeHepis (crermianizamis «XiMiuH1 TEXHOJIOT1] MajiiBa Ta BYTJICHEBUX

MaTepiamiB») B TEOPETHYHUX 3aHATTIX 3 JUCHUILIH «TexXHoJoris IOoAaTKiB,
peareHTiB 1 JOTIOMDKHHMX MPOJYKTIB» Ta «CydacH1 TEXHOJIOTIi MepepoOKH TOPIOUUX
KONAJIMH», M0 MiATBEPKYETHCS AaKTOM BIPOBADKEHHS (momatok B), a ix
e(EeKTUBHICTh MIATBEPKEHO aKTOM BHUIMPOOYBaHHS OITYMHOi  KOMITO3HIIII,

Moar(DiKoBaHOI (HeHOI0-Kpe30J10-(hopMaibaeriqHo0 cMotoio (1oaatok I).
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BUCHOBKU

BupimeHo BakJiMBe HayKOBO-TEXHIYHE 3aBAaHHS, SIKE€ XapaKTepU3YeEThCA
HAyKOBOIO HOBHM3HOIO Ta Ma€ IMpaKTHUYHE 3HAYCHHS, a caMme: OJIep KaHHS
BUCOKOSIKICHUX JIOPOXHIX OiTyMmiB, M0 MOAH(IKOBAHI CMOJIaMH, SKi
OTPUMYIOTBCS 3 HEUUIbOBOTO TMPOAYKTY MPOLIECY KOKCYBAaHHS BYTULIS —
¢denonpHOT Ppakuii kam’sHOBYT1LIEHOT cMonu (KBC).

Metonom nogikonaeHcarli Gopmanpaeriny 3 HIOD, ¢p. m.k.—185 (penonpHa
dpaxuis) 1 185—k.k. °C (kpe3oabHa dpakxiiis) 1 «cupux» GpeHoiB Oyiu ofepkaHi
HOBOJIayH1 (eHoI10-Kpe3ono-popmanbaerigal cmonu (PiKC-®). BeranosneHo,
10 BUKOPUCTAaHHS B IPOLECI CHHTE3y KOHLEHTPOBAHUX (HEHOIIB («CHPHUX»
(eHoIIB) 103BOJIA€ 301JIBIIMTH BUXI1JT CMOJIM SIK HA 3aBAHTAKEHHSI pEaKTOpa, TakK
1 Ha BUXIOHY (Ppakuio, TOMy HalOUIbII JOLUIBHO MpoBoauTh cuHTe3 D1KC-O
came 3 «cupux» (enomiB, ski BuimydeHi 3 IDD. HepouinbHO po3auisaTu
HIUPOKY (pakiiio Ha PEHOJIbHY Ta KPE30JbHY.

BcranoBneno, mo g oxepxkanHs cmonu DiKC-d, ska Hagami Oyxe
3aCTOCOBYBaTUCS Y  AKOCTI  Moaudikaropa  OiTyMmMy,  JOIJIbHIIIE
BUKopucTtoByBaTH sk kKatamizarop HCL, ockinpku OiTyMm MoAM(IKOBaHMIA
HoBoslauHOI0 D1KC-®, y nopiBHsHHI 13 pe3oibHOI0 D1KC-D, Bono1€ O1IBIIOI0
TEMIIEPaTypOIO0 PO3M’AKIIEHOCTI, aAre3i€l0 3 MOBEPXHEI0 CKJIa Ta BIANOBIIAE
BUMOTaM I10 OJHOPITHOCTI.

BuB4eHO BIJIMB YMHHUKIB (MacoOBE CIIBBIIHOMIEHHS «cUpPi1» (heHomw/hopmaltiH;
BMICT KaTtajizaTopa (KOHIICHTPOBAHOI XJIOPUIAHOI KHUCJOTH), TeMIepaTypa;
TpuBaiicTth) Ha mporec onepxkaHHs DiIKC-®. Ha ocHOBI nux AOCTIIHKCHb
METOJIOM MAaTeMaTHYHOTO MOJICTIOBAHHS BH3HAYEHO ONTHMAJbHI YMOBH
onepxkanus OiKC-D, sixi 7ar0Th 3MOTY TOCSITTA MaKCUMAIIBHOTO BUXOYy CMOJIH
2,40 % wmac.; MacoBe CHiBBIJHOIICHHSI KOMIOHEHTIB 1,95; Temmnepartypa 84 °C;

TpuBaIicTh 42 XB.
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JocnimpkeHo KiHETHYHI 3akoHOMIpHOCTI mporecy ojaepxkanHs DOiIKC-d 1

nokasaso, 1mo npu 60—100 °C Ta B iHTepBaii TpuBayiocTi mporecy 20—60 xa.
CepellHE 3HAYeHHs eHeprii akTuBalii cTaHoBUTH 21 kJ[>K/MOJb, 1110 BKa3ye Ha
MOXJIMBICTh MIEPEOITY peakiiii 3a X yMOB y AU y3iiiH1A 001acTi.

[TIpoBeneno mopiBHsaHHA  edektuBHocTi DiIKC-® 3 mpomucioBuMu
Moaudikaropamu nopoxHix OitymiB. oeaeno, mo PiKC-® y Ourbmiocti
BUIMAJKIB HE MOCTYMAETHCS AKICTIO MPOMHUCIOBUM MOIU(IKATOPaM 1 MOBHICTIO
MOJKe 3aMiHHUTH aare3iny mooaBky Wetfix BE. Takox 6iTyM y ckiafi sikoro € 1
% w™ac. ®1IKC-® BigmoBigae BUMoOram o ToBapHoro Oitymy mapku BHJIA
60/90. IIpu otpumanHi OiTymiB, MOAH(}IKOBAHUX KOMIUICKCHUMH JTOOABKaMH,
OiKC-® Moxke 3aMiHATH JTOCTATHBO BEJIHKI KUIBKOCTI JOPOroro MoaudikaTopa
tunny CbC (Calprene 501M) i Taka OiTyM-TioJiMepHa KOMIIO3HIIISI BiJIOBIIA€E
BUMOTaM J10 ToBapHOoro 0iTymy mapku BMKA 60/90-55.

[Toxazano, mo 3 BukopuctaHHsiM DPiIKC-O MoxHa OTpUMYyBaTH MPOMHCIOBI
MOAM(IKOBAHI €MYJIbCIi, K1 JOLIBHO 3aCTOCOBYBATU ISl OJCPKAHHS JUTUX
eMYJIbCIMHO-MIHEpAIbHUX CyMIIIEH 3 TMOJANbIIMNM BUKOPUCTAHHSIM iX JJid
CTBOPEHHSI TOHKOIIIAPOBUX JOPOXKHIX TMOKPUTH. BCTaHOBIEHO €(EKTHUBHICTH
JIEMC Ha ocHoBI B’sokydoro, moaudikoBanoro ®iKC-®, mo Burumpae 3
MOKa3HUKa BTPATU MaTepialy TPH BOJOTOMY aOpa3uBHOMY 3HOCI, SIKMHA €
Habarato HmwxkuuM, aHDK y JIEMC Ha ocHOBI BUXITHOTO (HEMOIM(}DIKOBAHOTO)
oitymy BH]I 60/90.

BuB4YeHO MOXIJIMBICTH OJIEpKaHHS Ta 3acTOCYBaHHS ac¢aabTOOETOHHUX
cyMmimieid Ha OcHOBI OiTymiB, MoaudikoBanux DiKC-®. BcraHoBieHo, 0o
BBEJEHHS B KuIbkocTi 1 % Mac. cMomu 10 OITyMy 3HHXKYE MOKa3HHUK
BOJOHACHMYEHHA B JBa pa3d Ta 30UIbLIye KOEQIUIEHT JOBrOTPUBAIOIL
BOJOCTIMKOCTI acanbTobeTony micis 15 Ta 30 gi6. AcdanproberoHam 3
no6askoro O1KC-O® npuramanHi BUII MOKA3HUKHU TPAHUII MIITHOCTI TIPU CTUCKY
3a temnepatypu 20 °C ta 50 °C.

JlocnimkeHo MOXJIMBUIM MOTEHUIWHUN BB OiTymiB, MoaudikoBanux diKC-

@, sixi OyIayTh 3aCTOCOBYBATHCS Y JOPOKHBOMY MOKPUTTI, HA TIOBEPXHEB1 BOIH
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HABKOJIUIITHbOL MiCHCBOCTi. BCT&HOBJ’IGHO, 1o SaHpOHOHOBaHi CMOJIN MOXKYTb

BUKOPHUCTOBYBATHUCS [Jisi BUPOOHHUIITBA JOPOKHIX MOKPUTH SK KOMIIOHEHTH
B’SDKYUUX CHOJYK 1 HE MPU3BOJUTU MPH 1IbOMY MOHATHOPMOBOIO 3a0pyIHEHHS
JTOBKIJLIA.

Po3po6neno ocuoBu TtexHomorii oxepxkaHHs DPiKC-O, momudikoBaHux HErO
0iTyMiB Ta OITYMHHUX €MYJIbCIHM; JOBEIEHO €KOHOMIYHY JOLUIBHICTh peai3alii
UX TEXHOJOri y mnpomucioBocti. [Ipy NpOAYKTUBHOCTI YCTAaHOBKH Jist
BUpoOHUIITBA MOoau(dikoBaHux O0iTymiB 300000 TOHH/pIK €KOHOMIYHHH e]ekT
Moxke caraytd 7(0-190 wmuH. TpH. EdexTuBHICTH po3po0JIEHUX MPOLECIB
NIATBEPKEHO, aKTaMU BUMNPOOYBAaHHS OITYMHOI KOMIIO3MIIl, MOAU(IKOBAHOI
(beHo0-Kpe3010-(hopMabAETIAHOI CMOJIOI Ta BIPOBAKEHHS B HABYAJbHUIM
npouec Kadenpu  XIMIYHOI TEXHOJIOTII mepepoOku HapTH Ta  razy
HamionansHOro yHiBepcuTeTy «JIbBIBCbKa TOJITEXHIKA» JUIsl CTYJEHTIB
cneriaiabHoCTl 161 — XiMIYHI TEXHOJIOTII Ta 1HKEHEPisl B TEOPETUYHUX 3aHATTSIX
3 aucUUIUTH «TexHoorisl M0AaTKiB, PEareHTIiB 1 JOMOMDKXHUX MPOAYKTIB» Ta

«Cy4acHi TeXHOJIOT1i MepepoOKH TOPIOYNX KOTTATUHY.
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JIOJIATOK A

[Iporpama onrrumi3artii

Program Optym;
uses crt;
var
x1,x2,x3,x4,X,y,y1,y11,y12 y13,y2,y21,y22,y23,ylmax, y2max,hl,h2,h3,h4,
XX1,xx2,xx3,xx4,yyl,yy2:real;
p:integer;
begin
clrscr;
p:=0;
write(" h1=");
read(hl);
write(" h2=");
read(h2);
write(" h3=");
read(h3);
write(" h4=");
read(h4);
x1:=1,;
while x1<=3 do
begin
x1:=x1+h1;
x2:=1.8;
while x2<=2.8 do
begin
X2:=x2+h2;
x3:=80;
while x3<=120 do
begin
x3:=x3+h3;
x4:=20;
while x4<=60 do
begin
X4:=x4+h4;

y11:=-41,7817-1,19464*x1*x1-8,63368*x2*x2+0,001537*x3*x3-0,001700*x4*x4;
y12:=- 211,626*x1*x2-
1,90101*x1*x311,65319*x1*x4+4,317906*x2*x3+5,019971*x2*x4-
0,293050*x3*x4,

y13:=-121,787*x1-72,6620*x2+15,72311*x3-14,2770*x4,

yl:=y11+y12+y13;
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y21:=-30,3736-2,19792*x1*x1-3,70991*x2*x2+0,007490*x3*x3-0,00554 7*x4*x4;
y22:=- 154,004*x1*x2-
1,40209*x1*x3+8,707432*x1*x4+2,707622*x2*x3+3,537820*x2*x4-
0,213198*x3*x4;
y23:=-88,5967*x1-52,8532*x2+11,80819*x3-10,0859*x4;
y2:=y21+y22+y?23;
if p=0 then
begin
If(y1>=90)and(y1<=99)and(y2>=90)and(y2<=100) then
begin
y2max:=y1,; p:=1;
xx1:=x1;
XX2:=X2;
XX3:=X3;
XX4:=x4;
yyli=yl;
writeln("  y max );
end;
end,
if p=1 then
begin
If(y1>=90)and(y1<=99)and(y2>=90)and(y2<=100) then
begin
If y2max<y2 then
begin
write("  );
y2max:=y2;
xx1:=x1;
XX2:=X2;
XX3:=X3;
XX4:=x4;
yyli=yl;
end,;
end;
end,;
end;
end,
end;
end;
writeln;

writeln(" X1 = ' xx1:5:5);
writeln(" X2 = ' xx2:5:5);
writeln(" X3 = ' xx3:5:5);
writeln(" X4 = ' xx4:5:5);



writeln(" Y1lmax =
writeln(" Y2max =
write (' End’);
readkey;

end.

“ylmax:5:5);
" y2max:5:5);
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JIOJIATOK B

AKT BOPOBa/I’)KEHHS B HABYAJIbHU MIPOILIEC

3ATBEPJDKYIO

(3 H
© 5 CWTET -
7 ST ni

» 2020 p.

AKT
PO BIIPOBA/PKEHHS pe3ybTaTiB Aucepraliiinol podoru Jemuyka 0. . «Bitymu moaudikosani
CMOJIaMH, OZIEPYKaHUMH 3 (peHOILHOT (paKkilii KaM STHOBYTIILHOT CMOJIH »

Kowmicisi y ckiazi: FoIoBH HAyKOBO-METOHUHOT paan [HCTHTYTY XiMiT Ta XiMIUHHX TEXHOIO0ri
A.T.H., 1podh. Aramanioka B.M., 3aBinyBaua xaeaporo XiMiunoi TexHoIOTT nepepobku HadyTH Ta
razy Ji.X.H.. npo¢. bpatuyaxa M.M., ouent kadeapu XimMiunoi TeXHOIOTIT epepodku HadTH Ta
razy K.1.H., gou. I'ynbka B.M., nonent xadenpn texHonorii Ximiunoi nepepodku HadTi Ta rasy
K.T.H., Yepsincekmit T.I. cknana akt mpo Te. 110 pesyasrart gucepraitiitnoi podotu Jlemuyka FOpis
Spocnasosnua Ha Temy «bitymu MoandikoBani cvonamu, oxepxanuMu 3 GeHonbHOI dpakitil
Kam sIHOBY TTBHOT CMOJNIMY», IO M0jaHa Ha 3100yTTS HAYKOBOTO CTYMEHs KaHINIaTa TeXHIYHHX
HAyK 3a cremiagpHicTo 161 — Ximiuni Texnomorii Ta imkeHepis, a came — MOMTHBICTD
3aCTOCYBaHHA TOOIYHOTO IIPOAYKTY KOKCOXIMIMHOTO BHpoOHMITBA ((PeHonbHOT (paxnii) Juis
oziepxkaliisl anre3ifHol 100aBKH 10 A0POKHIX OiTYMIB. BHKOPHCTOBYIOTHCS i BHPOBADKEHI B
HaByaILHKIT mporiec Kadeapy XiMiMHOT TeXHOIOrT repepobKi HapTh Ta Tasy s CTYJACHTIB
cnenianbiocti 161 — Ximivni TexHos0ril Ta iHKeHepis (cneniatizanis «Ximiuni Texnomnorii nasmsa
Ta BYIVICUCBHX MaTEpianiB») B TCOPETHUHUX 3aHATTAX 3 AUCIUILTIH:

e «Texnosoria momarkiB, peareHTiB i JOMOMIKHHX MPOXYKTIB» BiIIOBMHO 10 podouoi
nporpamu: teMa 13 «bitymui emyiibeil 1 koMmnosumiiy. 3aranbHuii o0csar BUIleBKazanoi
auciiuniag — 90 rox, y T.9. nexkuiini sansrrs — 30.

e «Cyuacni TexHoJorii mepepoGKH ropOYNX KONAJIMH» BiAIOBIAHO 70 poGouoi mporpamu:
Tema 13 «IlepepoOka TETKMX NPOMYKTIB MPOLECIB TEPMOAECTPYKIT BYTLIs 3 OAEpPKAHHSIM
CHPOBMHHA 711 XiMIYHOT IPOMHICIOBOCTI: IOTOYHA CXeMa MePEPOOKH, HEPBHHHE OXOI0/KEHHA
Ta PO3/UIEHHS JIETKUX IIPOLYKTIB, BIOBIIOBAHIS aMiaKy Ta IpHIMHOBHX OCHOB. BIOBIIOBAHHS
KHCIIHX KOMITOHEHTIB, BJIOBIIOBAHHs cuporo Gensosy. nepepodka cuporo Gensony, nepepodxa
CMOJIH KOKCYBaHHs». 3arajibHuil o0car BuieBkazanol guctuiuing — 180 roj. v T.4. nexuiiini
3auaTTs —45.

Buxopucraung pesynsrariB juceprauiiinoi podorn Jlemuyka 0.5l crpusie BIOCKOHATCHHIO

MArOTORKH (haxiBIB.

l'oa10sa naykoso-memoouunoi padu IXXT Amamanior B.M.

Ynenu xomicii Bpamuuarx M.M.
Iynoka B.M.

Yepgincoxui T.1.
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JIOJIATOK T

AKT BUnpoOyBaHHS OITYMHOI KOMIO3HUIIT

“SaTBepaKyro”

AKT

BUNPOOyBaHHs GiTyMHOI KOoMNo3uii, MoaupikoBaHOiT peHOI0-Kpe3010-
hopmanbaeriznoi cmosow0
Ha mamomy mnignpumemcTBi 3rifHo MeTommwk, siki GyiM HajaHi aBTOPCHKUM
KOJIEKTUBOM HayKoBo-mociigHoi rpymu /Ib/bitym npu kadeapi xiMiuroi TexHoorii
nepepobku HadTH Ta rasy HauionamsHoro yHiBepcurery “JIpBiBChKa MoOINiTexHika”
(npog. ITam’es C.B., nou. I'yreka B.M., acnipant Jlemuyk 10.51.), 6yno onepskano
GiTyMHy KOMMO3MIIifO, IO CKIajaeThes 3 6iTymy mapku BHJL 60/90, axpresiiinoi
nobasku  (deHono-kpe3ono-hopmanbaerinHoi cmonu- ®IKC-®). Ckmax i yMoBH

MPUrOTYBAHHS MOMAHO B Tabi. |; XapaKTepUCTHKH OTPUMAHOI OITYMHOI KOMIIO3HILT

— B Tabm. 2.
Tabnuug 1
Cxnan i yMOBH ofiepyKaHHsI 6iTYMHOI KOMITO3HUILi
Temneparypa Tpusasicts Kinbkicts Oitymy, |Kinskicts ®iKC-®,
3mimnyBanss, °C | 3MillyBaHHS, XB. % mac. % wmac.
190 60 99,0 1,0
Tabmnuus 2
XapaKkTeprCTHKH MOAU(iKOBaHOTrO GiTymy
Bl AR Bumor 3rizo COY 45.2-00018112- d’i‘;x:‘;; S
067:2011 mo 6irymy mapku BHJIA 60/90 3pa§xa
1. 3uenumoBanicts bA 3
HE MEHILE 5 5
[OBEPXHEIO eOeHro, Oa
2. 34emmnoBanicts BA 3
3 He MeHIe 75 87
IOBEPXHEIO CKIa, %o
3. 3uermoBa”icTe BA micis
nporpitrs 3rizno 3 T'OCT
18180:
He MeHIue 4,5 5
3.1 3 moBepxHew mEeOEHIO,
Oan
3.2 3 moBepxHero ckia, % e semme b -
['ubunaa TpOHUKHEHHS rOJIKHU .
) BiJ 61

(menerparist) 3a TeMIeparypu 90 68
25 °C, m-10™* (0,1 mm) Ao
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Temmnepatypa po3Mm'sIKIIEHHS Bia 47 48
3a KiJbleM i kynero, °C 10 53

PO3TSDKHICTD (IyKTHIIBHICTS).

CM. HE MEHIIIE. 3a 55 58
temmneparypu 25 °C

Onepxanuid 3pa3ok MoaudiKoBaHOTO OITyMy IMOBHICTIO BiANOBiZae BHMOram
COY 45.2-00018112-067:2011 nmo 6irymy wmapku BHJIIA 60/90 i moxe Oytu

BUKOPUCTAHHE Y JOPOXHBOMY | OyMiBHMUTBI, Tak fK i 3amporoHoBaHa (eHoJo-

Kpe3o0J10-(hopManbaerigHa cmona&p\i azre3iiHoi 106aBKM 10 TOPOXKHIX GITYMIB.

\ %
Imxenep maboparopii \\ it 3axapuyk I'amuna
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