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Ilonumaiinenxo /[.B. bionoriuno iHepTH1I MoaudikoBaH1 ecTepaMu KapOOHOBHX
KHUCJIOT NajiiBHI KoMiio3uilli — KBamiikariiiiHa HaykoBa Iparis Ha IIpaBax pyKOITUCY.

HucepTaniis Ha 3100yTTa cTymeHs aokTopa ¢inocodii 3a crnemiampHicTIO 161
XiMIYHI TEXHOJOTl Ta iHXKeHepis (rady3b 3HaHb 16 XiMmiuHa Ta OlOoiHXKEHepis). —
VYkpaiHCbKHii AepKaBHUN YHIBEPCUTET HAyKH 1 TEXHOJIOT1H, [[Hinpo, 2025.

Jluceprariiiina po6oTa CripssMOBaHa Ha JOCITIPKEHHS BIUTUBY 010JI0T1YHO IHEPTHHUX
MaJTUBHUX KOMITO3UIIINA, MOAU(IKOBAHMX ecTepaMH KapOOHOBHX KHCIOT Ha IMOJIMEpHI
MaTepialid Ta NPOTUIII0 MIKPOOI1OJIOTIHHOMY YPasKEHHIO.

Ectepu xupnux xucnor (EXXK) npuepraioTs yBary B ychbOMy CBITI 3aBISKU
€KOJIOT1YHOCT1, BIJHOBJIIOBAHOCTI M MOJKJIMBOCTI iX 3aCTOCYBaHHS K JOOABKH 0O
TPaIUIIMHOTO JU3EIBHOTO MajiuBa. [CHYI0Th 6araTo TEXHOJIOT1H — Bl 1a00paTOPHOTO 110
MIPOMHKCIIOBOTO MacIiTady — 3 BUKOPUCTAHHSIM Pi3HOMAaHITHOI CHPOBUHHU 1 KaTalli3aTopiB.

Eneprernuna kpu3za B VYKpaiHi Moxe OyTH BHpIIIEHA TIIbKH 3a YMOBHU
paIioHAIbHOTO BUKOPUCTAHHS BCIX JDKEpEN €HEeprii Ta TMOIIyKYy albTepHATHBHHX.
[IpoanainizoBaHO OCHOBHI mepeBard W HEAONIKHA. 3MIMCHEHO TOPIBHSHHSA (HI3UKO-
xiMiyHux xapakrepuctuk EXKK, orpumanux pizaumu metogamu. Hagano pekomenaarii
70 YaCTKOBOTO IOJIOJIAaHHSA HAasBHOI NAJMBHOI KPHU3M 3a JONOMOIOI BHUPOOHHIITBA
OlomanuBa.

VY renepimHid yac HAWMOMIMPEHIIIMM BHUAOM QJIbTEPHATUBHUX MAJIUB IS
JIM3EIIbHOTO JBUTYHA € METWIOB1 ectepu kxupHux kucioT (MEXKK), siki orpumMytoTs 3
POCIIMHHOI CUPOBHMHM LUISIXOM aJKOTOdi3y TPUINILEpUaiB pociuHHux oiid. MEXK
aKTUBHO BUKOPUCTOBYIOTHCS 3aKOPJOHOM, 30KpeMa, B KpaiHax €BpOCOI03y.

[Ipun nomaBaHHI METHJIOBHX €(IpiB KUPHUX KHUCIOT 1O HA(PTOBOrO JU3EIHLHOTO
najyBa, MIBUIKICTh 1 MOBHOTA HOro 010JIOTIYHOTO PO3KiIaJaHHs 3HAYHO 3pocTae. lle
3YMOBJIEHO THM, III0 MiKpoopranizmu Jjeriie 3acBorioTh MEXK, BukopucToBytoun ix
K JDKEpeNo BYTJICII0O Ta €Heprii, o, CBOEI YEeprorw, CTUMYIIOE€ aKTHBHIIIE

po3mIeruieHHs i1 HahTOBUX KOMIOHEHTIB. EcTepu >kupHUX KUCTOT BUAULIIOTH Ha 80%
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MeHIIE BYTJ1eBOIHIB 1 Ha 50% MeHIlle TOKCUYHUX YaCTHHOK 3 BiANPallbOBAHUMHU ra3amH,
BUPI3HSAIOTHCS BITHOBJIIOBAHICTIO, O10pO3KIaAHICTIO, HETOKCUYHICTIO 1 €KOJIOTTUHICTIO.

Buxopucranus MEXK Ta cymimeBux mnaiuB OOMEXKEHO uYepe3 IOraHi
HU3BKOTEMIIEpATYpHI XapakTepucTuku. Y uncromy Burisiai MEXK BBakaeTbes XiMiuHO
cTaOlIbHUM, alie TPH 30epiranHi, TPAHCIIOPTYBaHHI Ta yTUJII3allli BIH PO3KIATAETHCS 32
paxyHOK MOTJIMHAHHS BOJIOTH, MIKPOOHOTO Ypa)kKeHHS Ta 1HIIHNX 3a0pyaHeHb. OCKIIbKU
MEXK BnacTvBa miiBUIIIEHA TITPOCKOIIYHICTD, 11€ MMO3HAYAETHCS HA CKCILTyaTalllHHUX
BJIACTHBOCTSIX.

ApnanTariis albTepHATUBHUX MAJIMB J0 ICHYIOYUX JABUTYHIB YCKJIAAHEHA THUM, 1110
BOHM BHUKOHAHI 3 MaTepialliB CyMICHUX 3 Ha(@TOBUMM TalIMBaX Ta MOXYTh OyTH HE
CTIMKMMHM B 1HIIHUX cepefoBuiiax. B pa3i Bukopucranus MEXK, nBuryn moxe npoittu
HEBENMKY Mojudikallio (ado X aJbTepHATUBHI KOMIIOHEHTU BBOJSITHCS B MiIHEpaJbHE
MaJMBO B KIJIBKOCTI, 110 HE KPUTUYHO BIUTMBAE HA €KCILTyaTaliiHi BiactuBocTi). MEXXK
CKJIaJIa€ThCsl 3 HAJ3BUYAHHO HECTAOUIbHUX BUIBHUX >XUPHUX KHUCJIOT, MOHO-, Ji-i
TPUTIILEPUIIB, CKIAHUX e]ipiB 1 3aJTUMIKOBOTO METAHOY, SIKI MAIOTh BEJIMKHUI BILTUB
Ha Jierpajialiio nojiMepHux Marepiaii. [[pakTHuHO BC1 MaTepiasin, 0 3aCTOCOBYIOTHCS
B JBUTYHaX, CXWJIbHI JI0 BIUIMBY MIKPOOPTaHi3MiB, TOMY BaXJIMBUM 3aBJIaHHSAM €
JOCIIKEHHS! MIKpOO10JIOT14HO1 CTIMKOCTI MaTepiaiiB 1 po3poOKa crocoOiB iX 3aXUCTY.

VY Bcryni AoBelieHa aKTyallbHICTh TUCEPTalIiHOT pOOOTH, BKa3aHUH 3B’ SI30K JaHOI
poOOTH 3 HAYKOBHMH TIporpaMamu, ranamu, remamu kadenpu TIIII Ta [1M, y3aransHeH1
00’€KT, TIpeIMeT, MeTa 1 3ajadl JOCHIKEHHS, OOIpPYHTOBaHA HOBM3HA Ta MPAKTHYHE
3HAYEHHS OTPUMAaHUX pE3yJbTaTiB, BWAUICHUH OCOOMCTHH BHECOK 3700yBavya Ta
anpoOariist pe3yibTariB JUCEPTAIIiHOT pOOOTH.

B mepmomMy po3aiini mpoBeAeHUN KPUTHMUHUNA aHaMi3 JOCTIIKEHb 3a TEMOIO
JTUCEPTAITHOT pOOOTH, OXapaKTEPU30BAHNN CYYaCHUN CTaH BUKOPUCTAHHS METHIIOBUX
€CTepiB KUPHUX KUCIIOT, HaBECHI OCHOBHI BJIACTUBOCTI MAJMB JUIs TU3EIbHUX JIBUTYHIB
Ta TIOPIBHSUTbHA XapaKTEPUCTHKA AJIbTEPHATUBHOTO Ta MiHEPAJILHOTO TN3CIIbHIX TAJINB,,
BHUCBITJICHI TIpoOjemMu, moB’s3aHi 3 rirpockomivydicTio MEXK, cxunpHIcCTIO 10

MIKpOO10JIOTIYHOTO ypaxkeHHs. I[IpoaHanizoBaHO ICHYHOYl METOJUKH BH3HAUEHHS
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MIKPOOI0JIOTIYHOTO 3a0pyAHEHHS, BU3HAYEHI 1X OCHOBHI NE€peBarv, HEJOJIKH Ta MEXI
BukopuctanHsa. Posrmsnyrto BB MEXK Ha nomimepHi MmaTepiany naJiMBHOI CUCTEMHU.

B npyromy po3aini oxapakTepu30BaHI 00’€KTH TOCHIIHKCHHS, HAaBEACHI METOIU
aHajizy MIIJOCHIIHUX 3pa3KiB, OINHMCAHI METOJMKHA TPOBEACHHS KOXHOI CTafdil
ekcriepuMeHTy. Ha  ocHOBI  koMmOiHAIii  ICHYIOUMX  METOJIB  BHU3HAYCHHS
MIKpOOIOJOTIYHOTO YpPaK€HHS PO3pOOJIEHO METOAMKY SAKICHOTO Ta KIJIBbKICHOTO
BU3HAYEHHS CTYIEHS MIKPOO10J0T1YHOTO (0aKTepiaIbHOTO Ta MIKOJIOT1YHOTO0) ypaKeHHS
MaJIMB.

B tperboMy po3nuii po3rNIIHYTO MpoIEec Aerpajaliii aJbTepHATUBHOTO MalnBa
POCIIMHHOTO  TMOXOJUKEHHS  (PIMakoBOrO Ta  COHSIIHUKOBOIO) TiJ  BIUIUBOM
MIKpOOpraHi3miB. BcTaHOBIIEH1 KUIBKICHI Ta SIKICHI XapaKTEPUCTUKU MIKPOO10JIOTTHHOTO
YpaKEHHS TPaJAMIIIMHUX Ta aJIbTEPHATUBHUX IU3EIbHUX MayvB. JlM3enpHe MajIvBO Ta
METHUJIOBl €CTEPHU JKUPHUX KHCIOT 3 COHSIIHMKOBOI OJii XapaKTEpPU3YIOThCS CEPEIHIM
ctyneneM MikosioriyHoro ypaxkenss ( 1389 KYE/n ta 5278 KYE/a BianoBiHO), B TOU
K€ Yac aJbTEepPHATHBHE IMaJMBO HA OCHOBI PIMAKOBOI OJIii XapaKTepU3y€e€ThCs CUILHUM
MiKOJIOTIYHUM 3a0pynHeHHsM (21667 KYE/n). InentudikoBaHi MiKpoopraHi3Mu, SIKi €
HaWOIBII AKTUBHUMH JECTPYKTOpaMHU TajJuB Ta MaTepialiB JBUTYHA. Y BCIX
JOCIIKYBaHUX 3pa3kax mnaiauBa Oynu BusiBIeH1 Oakrtepli poxy Pseudomonas, kotpi
3IaTHI BUKOPUCTOBYBaTH ByrieBoAHl B skocTi eHeprii. B MEXK Ha ocHOBI
COHSIITHMKOBOI Ta piNakoBuX o Oymu imeHtudikoBani rpudu poaiB Cladosporium
Resinae Ta Aspergillus. JlocnimxeHo BIUIMB 3apONOHOBAHOI O10IMAHOI MPUCATKHU Ha
MPUTHIYEHHS POCTY MIKpOOpraHizmiB. Ha OCHOBI oTpuMaHUX pe3yibTaTiB PO3POOIICHO
YUCEJIHHUN METOJ BU3HAUCHHS €(EKTHBHOI KOHIEHTpAIlll MPUCAAKU IS CyMIIIEBUX
nanuB 13 pizHoI0 KoHieHTpariero MEXKK. BusnaueHno mo B jaiana3oHi KOHIIEHTpaIlin
MEXK 0..30% edextuBHa KOHIICHTpAIllsl MPUCAIKH HA OCHOBI KyOOBOTO 3alIUIIKY
pektudikaiii OyTHIOBUX COUPTIB CTaHOBUTH 5..8% st MEXKK 3 consitHuKoBOi 04111 Ta
2..8% nyist MEXK 3 pinakoBoi oii.

B uerBepromMy po3aini AOCHIIKEHI 3MIHM MEXaHIYHUX (MIIHICTh Ha PO3pPUB) Ta
COpOLIHHO-TU(Y31HHUX BIACTUBOCTEH TNOJIMEPHUX MarepiaidiB MpU KOHTAKTI 13

CYyMIIIEBUMHU TMaMBaMH pi3HOTrO ckjiamy. [Ipu B3aemomii 0aMBOOEH30CTINKOT TymMH 3
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MEJXXK Ha 0oCHOBI pillakoBO1 0OJ11i CIIOCTEPITa€ThCs 3HUIKEHHSI MIITHOCTI Ha po3puB 3 9,96
MIlIa o 9,39 Mlla. ITopiBHSHO BIacCTHBOCTI MOJIMEpPHUX MatepiaiiB Mapok bBHK-26,
MoJIlypeTaHy, MOJIXJIOPONPEHY Ta MOJICEYOBMHHU. BCTaHOBIIEHO, 10 HANCHIBHIIIOTO
PYWHIBHOTO BIUTMBY BHACIIJOK KOHTAKTY 13 CyMIIIIEBUM MAJIUBOM 3a3HAIOTh MOJIypeTaH
(3HI)KEHHS yMOBHO1 MIIIHOCTI Ha po3puB micasa 10 nHiB ctaHoBUTH 67%) Ta
noicedoBuHa (47%), BomHovac, OytamieH-HiTUIRHUN Kayayk BHK-26 (9%) maibke He
3MIHUB CBO1 MIIHICHI XapaKTEPHUCTUKHU.

OTpuMaHO KIHETHYHI PIBHSHHS JJI1 TMPOTHO3YBAHHSA MOBEMIHKH TMOJIMEPHUX
MarepiaigiB MpU KOHTAKTI 13 CYMIIIEBUM MaJMBOM 3a PI3HUX Temmeparyp. BuBueHi
0COOJIMBOCTI KIHETUYHUX 3aKOHOMIPHOCTEW HAOPSKAHHS MOJIMEPHUX MaTepialliB pi3HOL
XIMIYHO1 OyZIOBH B CyMILIEBOMY JM3€IbHOMY NayiuBl. BcTaHOBIEHO, 110 A1 OyAb-SKHX
TEeMIIEpaTypHUX YMOB TIpoliec Tepedirae B JB1 CTajaii — akTUBHOI (mepin 3 100m) Ta
noBUIbHOI (3..30 nHiB). CTiMKICTh 70 HAOpsSIKaHHS 32 poOOUYOi TeMIepaTypu AU3EILHOTO
neuryHa magae B psagl BHK-26—monixinoponpeH—iioaiceuoBUHA—IIONIypeTaH
(KoHCTaHTa MBUAKOCTI mepioi crasii Habpskanus 0,0294, 0,0615, 0,0731, 0,0771 rox.”
'Binmosinno). Jlana 3akoHOMIpHiCTH 30epira€Tbest U JAPYroi crazii HaOpsKaHHS
(xoHCcTaHTH WBHAKOCTI cTaHOBIATH 0,0082 rox.”! mms BHK-26 ta 0,0171 rox.™! mns
MOJIIXJIOPONIPEHY, B TOW 4ac K 3pa3KH MOJIICEYOBMHU Ta TOJIypeTaHy pyHHYIOThCA
MPOTATOM nepiux 96 ta 72 TOUH BiAMOBIIHO).

BuzHnaueHo BIUIMB eCTEpiB JKUPHUX KHUCIOT Ta OIOIMIHOI MPUCAIAKUA B CKJIIAI1
CYMIIIEBOr0 JU3€EJIbHOTO NaJIMBa HA CTIMKICTh MOJIMEPHUX MaTepiajiB 3 ypaxXyBaHHSIM ixX
OyZ0BU Ta TemIepaTrypHoro (akropa.

Busnaueno, mo mnomiMepHuil Marepian Ha oOcHOBI kayuyky BHK-26, skuii
XapaKTEPHU3y€ThCs MAKCMMAIbHMM IIapaMeTpoM po3uMHHOCTI (22,54 (MIDx/M®)'?), €
HAWOLIBII CTIMKUM IO BIJHOILIEHHIO IO HNAJUBHUX KOMIIO3HIIH, II0 MICTATH METHUIIOBI
eCTepU KUPHUX KHUCIOT. BuHcyHyTa rimoTe3a MIOAO 3aJ€KHOCTI OJUBOCTIMKOCTI
MOJIIMEPHUX MarepiaiiB BiJ iX MapaMeTrpa PO3YMHHOCTI Ta PI3HUI MDK HHUM Ta
napamMeTpoM PO3YMHHOCTI MAaJTUBHUX KOMITO3HUIIIN.

B m’saromy pos3aiini OOrpyHTOBAaHO JOLUIBHICTE BHKOPUCTaHHS PO3POOJICHOT

METOJUKH JUIsl KOHTPOJIIO SIKOCTI CyMINIEBUX TaJUB HA MPEAMET MIKpOOIOJIOTI4HOTO
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3a0pyaHEHHS. 3ampornoHOBaHA MMajJMBHA KOMIIO3MINS 3 TOKPAIICHOK CTIHKICTIO 0
MIKpOO10JIOTIYHOTO YpaXkeHHsI, ska ckiaaaeTrbest 3 MEXKK (5..30%), nuzenbHoro nanusa
(62..94%) Ta 6iouuaHol npucaaku (1..8%). 3ampornoHOBaHO MPUHIIUIIOBY TEXHOJIOTTUHY
CXEMYy YCTaHOBKHM BHUPOOHHIITBA CYyMIIIEBOTO TaiWBa 3 OIONUIHOIO MPHUCATKOIO.
[IpoBeneHO TEXHIKO-€KOHOMIYHUH aHalli3, BCTAHOBJICHO, 1[0 BUPOOHUIITBO CYMIIIIEBOTO
JU3eIbHOTO TalMBa Ha OCHOBI METHIIOBHUX €CTEpIB KUPHUX KUCJIOT Ta KOMIIOHEHTIB
POCJIMHHOTO MOXOMKCHHSI € €KOHOMIYHO JIOLUIBHUM Ta 1HBECTUIIINHO MpUBAOIUBHM.
Po3paxyHkn mokazaim peHTaOENbHICTh MPOEKTY (IHAEKC peHTabenbHOCTI=9,37 TpH),

IIBUJIKY OKYITHICTh Ta 3HAYHUU MPUOYTOK MPHU PalliOHaTIbHOMY BHOOP1 CUPOBUHU.

Knrouosi cnosa: METUIIOB1 €CTEPH KUPHUX KHUCIIOT, AU3EJIbHE MAJIUBO, MIPUCAJIKA,

Olo1M, ABUTYH, MIKpOO1OJIOTIYHE YpaXKeHHS, MOJIMEpHI JeTai



ABSTRACT

Popytailenko D.V. Biologically inert compositions modified with esters of
carboxylic acids — Qualification research paper with manuscript rights.

Thesis for a PhD degree in specialty 161 Chemical Technologies and Engineering
(field of knowledge 16 Chemical and Bioengineering). — Ukrainian State University of
Science and Technologies, Dnipro, 2025.

The dissertation paper is aimed at studying the effect of biologically inert fuel
compositions modified with carboxylic acid esters on polymeric materials and combating
microbiological damage.

Fatty acids esters (FAE) attract attention worldwide due to their environmental
friendliness, renewability and the possibility of their use as additives to traditional diesel
fuel. There are many technologies - from laboratory to industrial scale - using a variety of
raw materials and catalysts.

The energy crisis in Ukraine can be solved only under the conditions of rational use
of all energy sources and the search for alternative ones. The main advantages and
disadvantages are analyzed. The physicochemical characteristics of FAE obtained by
effective methods are compared. Recommendations are given for partial separation of the
natural fuel crisis through biofuel production.

Currently, the most common type of alternative fuels for diesel engines are fatty
acids methyl esters (FAME), which support the alcoholysis of vegetable oils triglycerides
from vegetable raw materials. FAME are actively used abroad, in particular in the European
Union countries.

When adding FAME to petroleum diesel fuel, the speed and complete
decomposition of petroleum diesel fuel are increased several times, after microorganisms
offer fatty acids as an energy source. Fatty acid esters emit 80% less hydrocarbons and 50%
less toxic particles with exhaust gases, are characterized by renewability, biodegradability,
non-toxicity and environmental friendliness.

The use of FAME and mixed fuels is limited due to poor low-temperature
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characteristics. In its pure form, FAME is considered chemically stable, but during storage,
transportation and disposal it decomposes due to moisture absorption, microbial damage
and other contaminants. Since FAME is characterized by increased hygroscopicity, this
affects its operational properties.

The adaptation of alternative fuels to existing engines is complicated by the fact that
they are made of materials compatible with petroleum fuels and may not be stable in other
environments. In the case of using FAME, the engine can undergo a small modification (or
alternative components are introduced into the mineral fuel in an amount that does not
critically affect the operational properties). FAME consists of extremely unstable free fatty
acids, mono-, di- and triglycerides, esters and residual methanol, which have a great impact
on the degradation of polymeric materials. Almost all materials used in engines are
susceptible to the influence of microorganisms, therefore an important task is to study the
microbiological stability of materials and develop methods for their protection.

The introduction proves the relevance of the dissertation work, indicates the
connection of this work with scientific programs, plans, topics of the TFP and PM
Department, summarizes the object, subject, goal and objectives of the study, substantiates
the novelty and practical significance of the results obtained, highlights the personal
contribution of the applicant and approbation of the results of the dissertation work.

The first section provides a critical analysis of research on the topic of the
dissertation work, The current state of the use of fatty acids methyl esters is described, the
main properties of fuels for diesel engines are given and the comparative characteristics of
alternative and mineral diesel fuels are given, the problems associated with the
hygroscopicity of fatty acid methyl esters and their susceptibility to microbiological
damage are highlighted. Existing methods for determining microbiological contamination
are analyzed, their main advantages, disadvantages and limits of use are determined. The
impact of fatty acid methyl esters on polymer materials of the fuel system is considered.

The second section describes the objects of the study, provides methods for
analyzing test samples, describes the methods for conducting each stage of the experiment.
Based on a combination of existing methods for determining microbiological damage, an

improved method for qualitative and quantitative determination of the degree of
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microbiological (bacterial and mycological) damage to fuels has been developed. The third
section considers the degradation process of alternative fuels of plant origin (rapeseed and
sunflower) under the influence of microorganisms. Quantitative and qualitative
characteristics of microbiological damage to traditional and alternative diesel fuels have
been established. Diesel fuel and methyl esters of fatty acids from sunflower oil are
characterized by an average degree of mycological damage (1389 CFU/I and 5278 CFU/I,
respectively), while alternative fuel based on rapeseed oil is characterized by strong
mycological contamination (21667 CFU/l). Microorganisms that are the most active
destroyers of fuels and engine materials were identified. Bacteria of the genus
Pseudomonas were found in all the studied fuel samples, which are capable of using
hydrocarbons as energy. Fungi of the genera Cladosporium Resinae and Aspergillus were
identified in FAME based on sunflower and rapeseed oils. The effect of the proposed
biocidal additive on the inhibition of the growth of microorganisms was studied. Based on
the results obtained, a numerical method was developed to determine the effective
concentration of the additive for mixed fuels with different concentrations of FAME. It was
determined that in the range of FAME concentrations of 0..30%, the effective concentration
of the additive based on the bottom residue of the rectification of butyl alcohols 1s 5..8%
for FAME from sunflower oil and 2..8% for FAME from rapeseed oil.

The fourth section investigates changes in the mechanical (tensile strength) and
sorption-diffusion properties of polymer materials upon contact with mixed fuels of
different compositions. When interacting with oil-gasoline-resistant rubber with rapeseed
oil-based FAME, a decrease in tensile strength is observed from 9.96 MPa to 9.39 MPa.
The properties of polymer materials of grades BNK-26, polyurethane, polychloroprene,
and polyurea are compared. It was found that polyurethane (decrease in conditional tensile
strength after 10 days becomes 67%) and polyurea (47%) are subjected to the strongest
destructive effect due to contact with mixed fuel, while BNK-26 butadiene-nitrile rubber
(9%) almost did not change its strength characteristics.

Kinetic equations for predicting the behavior of polymeric materials in contact with
mixed fuel at different temperatures were obtained. The features of the kinetic patterns of

swelling of polymeric materials of different chemical structure in mixed diesel fuel were
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studied. It was established that for any temperature conditions the process proceeds in two
stages - active (first 3 days) and slow (3..30 days). The resistance to swelling at the
operating temperature of a diesel engine falls in the series BNK-26 — polychloroprene —
polyurea — polyurethane (the rate constant of the first stage of swelling is 0.0294, 0.0615,
0.0731, 0.0771 h'!, respectively). This pattern is preserved for the second stage of swelling
(the rate constants are 0.0082 h™! for BNK-26 and 0.0171 h™! for polychloroprene, while the
polyurea and polyurethane samples are destroyed during the first 96 and 72 hours,
respectively).

The effect of fatty acid esters and a biocidal additive in the composition of mixed
diesel fuel on the stability of polymeric materials was determined, taking into account their
structure and temperature factor.

It was determined that the polymeric material based on BNK-26 rubber, which is
characterized by the maximum solubility parameter (22,54 (MJ/m?)!?), is the most stable
in relation to fuel compositions containing methyl esters of fatty acids. A hypothesis is put
forward regarding the dependence of the oil resistance of polymeric materials on their
solubility parameter and the difference between it and the solubility parameter of fuel
compositions.

The fifth section substantiates the feasibility of using the developed methodology
for quality control of mixed fuels for microbiological contamination. A fuel composition
with improved resistance to microbiological damage is proposed, consisting of FAME
(5..30%), diesel fuel (62..94%) and a biocidal additive (1..8%). A basic technological
scheme of unit for the production of mixed fuel with a biocidal additive is proposed. A
feasibility study was comlited and it was found that the production of mixed diesel fuel
based on fatty acid methyl esters and plant-based components is economically feasible and
attractive for investment. The calculations showed the profitability of the project
(profitability index = 9.37 UAH), quick payback, and significant profit with a rational
choice of raw materials.

Keywords: additive, biocide, diesel fuel, engine, fatty acid methyl esters,

microbiological damage, polymeric parts
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NOJIMEPHUX Mamepianie ma naius.

3. Popytailenko, D., Shevchenko, O. Improved method for determining
microbiological contamination of fatty acid methyl esters and blended diesel fuels.
Chemistry and Chemical Technology, 2023. Ne 17(1). P. 203 —210.

3006y8auem po3pobreHO MemoO KilbKICHO20 BU3HAYEHHS MIKPOOION02IUHO20
VPAHCEHHS CYMIULeBUX NATUE.

4. Shevchenko, O.B., Popytailenko, D.V. A mini-review of biodiesel production
methods and its properties | MiHi-oryIIn METOJIB OJepKaHHS OloAW3ensl Ta MHOro
BIacTuBOCTI. Voprosy Khimii i Khimicheskoi Tekhnologii. 2023. Ne 4. P. 17 — 25.

3006ysauem nposedeHo KpumudHull aHaniz J1imepamypHux OAHUX w000 OCHOBHUX
MEeXHON02IYHUX Napamempis 6UPOOHUYMEA MEMUNIOBUX eCMEPIB HCUHUX KUCTOM.

5. Shevchenko, O., Popytailenko, D., Ebich Yu., Zamikula K., Sukhyi K., Vytrykush
N. Features of the swelling kinetics of polymer materials in blended diesel fuel. Chemistry
and Chemical Technology,. 2024. No 18(4). P.642 — 651.
https://doi.org/10.23939/chcht18.04.642

3006ysauem 6U3HAYUEHO OCHOBHI KIHEMUYHI 3AKOHOMIPHOCMI Npoyecy HAOPSKAHHSL

NOJNIMEPHUX Mamepianié 8 CyMIiulesux naausax 3a pisHoi memnepamypu.


https://www.scopus.com/authid/detail.uri?authorId=57288760400
https://www.scopus.com/authid/detail.uri?authorId=57217044952
https://www.scopus.com/authid/detail.uri?authorId=57288590800
https://www.scopus.com/authid/detail.uri?authorId=57211424727
https://www.scopus.com/authid/detail.uri?authorId=57289612300
https://www.scopus.com/authid/detail.uri?authorId=57289612300
https://www.scopus.com/authid/detail.uri?authorId=57289612300
https://www.scopus.com/authid/detail.uri?authorId=57288760400
https://www.scopus.com/authid/detail.uri?authorId=57288760400
https://www.scopus.com/authid/detail.uri?authorId=57289612300
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6. llleuenko O.b., 3ubaitnno C.M., Ilonutaitnenko J[.B. JlocmimkeHHs: KOpO31MHOI
aKTUBHOCTI JU3EJILHOTO TAJIMBA, 110 BMiIIye 610u3ens. The scientific heritage. 2021. Vol
1, Ne 72. C. 77 — 80.
Ocobucmuii  8Hecok 3000y8aua: NpoBedeHHs eKCnepumeHnmis, 006pobKka ma
nid2comoska 0o OpyKy pe3yibmamie pobomu
7. Daryna Popytailenko, Olena Shevchenko The Influence of Fuels Containing Fatty
Acids Ethers on Fuel Systems. ISSASARES 2021. Sustainable Aviation. Springer, Cham.
2023. P. 215 - 220.
Ocobucmuii 6Hecok 3000y8aua: y3azalbHeHHs pe3yibmamu 00CiioHceHb, 00podKa
ma nid2omosKka 00 OpyKy pe3yibmamis poobomu
8. [TatenT Ha BuHaxig 127003 Vkpaina. «CymimieBe 0104U3€IbHE NAINUBO 3
6ioumaHO0 100aBkotoy / llleBuenko Onena bopucisna, Cyxuii KoctssHtiin MuxaiinoBuy,
[Honmraiinenko Hapuna Bonogumupisaa. Homep 3agBku u 2021 01904. [Jata myOmikanii
01.03.2023, Grom. Ne 9,
Ocobucmuii  8Hecok 3000y6aua: NpoBedeHHs eKCnepumenmis, o0b6pobKka ma
nid2comoska 00 OpyKy pe3yibmamie pobomu
9. llleBuenko O.b., Beas B.B., Ilonuraiinenko /[.B., Kamenera B.M. BiactuBocri
METUJIOBUX €CTEPIB KUPHHUX KHUCJIOT OJEpkKaHMX KaBITalliHUM MetoAoM. CyuacHi
MexHon02ii nepepodKU naibHux Konaauw: 30. Marepiams Jom. yyacH. I[I MixHap. HayK.-
texH. koH(. XapkiB: HTY «XIlII», 2019. C. 83 — 84.
30006y6auem nposedeno GuU3HAUEHHS (DISUKO-XIMIYHUX NOKAZHUKIE MEmUloeuUx
ecmepis HCUPHUX KUCTIOM 13 COHAUHUKOBOT OJlil, OMPUMAHUX KABIMAYIUHUM MEMOOOM.
10. Japuna Ilommraiinenko, Omena IlleBuenko, Banepis  Kamenesa.
MikpoOGiosioriune 3a0pyaAHEeHHs 010AU3eIbHUX NauB. [locmyn 6 Hagh)moeazonepepooHiti
ma Hagmoximiuniu npomuciogocmi: 30. MatepiaiiB A0M. y9acH. X MiKHAp. HAyK.-T€XH.
koH®. JIbBiB: BunaBuunso JIbBiBCchbKOi nomitexHiky, 2020. C. 41 —44.
3006ysauem nposedeHo 6ussieHHs ma KilbKICHUL 00K MIKPOOP2AHI3Mi6 8 DI3HUX
8UOAX MOMOPHUX NATIUG.
11. Illeuenko O.b., Ilonuraiinenko J[.B., Ky3pmuncekuii B.B. Ouinka

MIKpOO10JIOTTYHOTO 3a0pyAHEHS TU3EIbHUX Ta aTbTEPHATUBHUX NATHB. XiMis ma cy4acHi
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mexnonoeii: 30. MatepianiB jnor. ydacH. X FOBineitnoi Mi>kHapoHOT HAYKOBO-TIPAKTHYHOT
1HTepHEeT-KOH(epeHIii 3700yBaviB BUIOI OCBITH Ta Moioaux yuyeHux Jlnimpo : JIBH3
YIAXTY,2021. T. 1I. C. 127 — 130.

3000y6auem nposedeno 00CiOHiceHHs 3 I0eHmugikayii MiKpOOpeanizmMie, HaAA8HUX 6
PIZHUX 8UOAX MOMOPHUX NATUB.

12. lleuenko O.b., INonuTaitnenko /I.B. Brme MikpoOionorivHOTro 3a0pyJHEHHS
Ha BJIACTMBOCTI MOTOPHUX NaUB. CyuacHi mexuonocii nepepobku naibHux Konauuu: 30.
MaTtepianiB fo1. yyacH. [V Mixunap. Hayk.-TexH. koH]. Xapkis: HTY «XI1I», 2021. C. 90
—-93.

3006y6auem 3anpononosano  OioyuoHy 000A6Ky 0N NPUSHIYEHH pPOCHY
MIKDOOP2AHIZMIE ) MOMOPHUX NATUBAX, AKI MICMAMb MEMUNIO6 eCIMEPUANCUPHUX KUCTOM.

13. J1.B. Ilonurainenko. AHalli3 KUIBKICHOTO Ta SKICHOTO CKJIaay Mikpodiopu B
cymimeBux nanuBax. EKOJIOI'TYHA BE3IIEKA JIEPKABH: 30. maTepialliB I0I. y4acH.
XVI Beeykp. Hayk.-nipakT. koH}. Kuis: HAY, 2022. C. 29 — 30.

3006y6auem euoineni akmueni decmpykmopu naiusa, npo8eoeHut ix MoponociyHull
onuc.

14. llleBuenko O.b., ITonwuraiinenko [I.B. BB anbrepHaTMBHUX Ta CyMIIIEBUX
najvMB Ha Marepianu ABuryHa. CyuacHi mexuonozii nepepooxu nanibHux Konaiuu: 30.
MaTepialiiB AoI. y4acH. V MixHap. HayK.-TexH. KoH]. XapkiB: HTY «XI1D», 2022. C. 102
—105.

30006ysauem 00CNIOHCEHO aACPecUBHICMb MEMUIOBUX eCMepPi8 HCUHUX KUCIOM NO
BIOHOULEHHIO 00 MEMALEBUX KOHCMPYKUIUHUX MAMepianie NATUGHUX CUCTNEM.

15. Ionuraitnenko [., leBuenko O. CTiHKICTh eIacTOMEpiB PI3HOTO CKIIATy B
CYMIIIEBUX AU3EIbHUX TanuBax. [locmyn 6 HaghmoeazonepepobHiti ma HApmMoOXiMiuHil
npomucinosocmi : 30. matepianiB gom. ydacH. XI MixHap. Hayk.-TexH. kKoH(]. JIbBIB :
Bunasaunrso JIpBiBCchKOT nTommTexHikH, 2022. C. 59 —61.

Ocobucmuii  6Hecox  3000y8aua:  NPOBEOeHHS  OOCIIOJNCeHb 8mMpamu Macu

noJiMepHo2o mamepiany, 0OpodoKa ma nio2comoska 00 OpyKy pe3yivmamise pooomu
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16. llleyenko O.b., [Tonuraiinenko /{.B. BruiiB MeTUI0BUX €CTEPIB KUPHUX KUCTIOT
Ha enactomepu. Cyuacui mexHonozii nepepobKu naibHux Konanuw: 30. MaTepiajiiB JOIl.
yudacH. VI Mixnap. Hayk.-TexH. koH(]. XapkiB: HTY «XI1I», 2023. C. 142— 144.

Ocobucmuii  8Hecok 3000y8aua: NpoBedeHHs eKCcnepumeHnmis, 006pobKka ma
nid2comoska 00 OpyKy pe3yibmamie pobomu

17. Olena Shevchenko, Daryna Popytailenko. Influence of Raw Materials of FAME
on the Degree of Swelling of Elastomers. Theory and practice of rational use of
traditional and alternative fuels and lubricants: Book of Abstracts. IX International
Scientific-Technical Conference. Kyiv — Warsaw: Center for Education Literature, 2023.
P.110-111.

Ocobucmuii  6Hecok  3000y8aua.  NPOBEOEHHS  OOCNIOHNCEHb HAOPSAKAHHS
nonimepHoco mamepiany, 06pobKa ma niocomosKka 00 OpyKy pe3yibmamis pooomu

18. leBuenko O.b., [Tonutaitnenko /[.B. Biue cyMmilneBoro AU3eIbHOTO MakBa
Ha MEXaHI4YHl BJIACTUBOCTI eiacToMepiB. Ximisi ma cyuachi mexnonoeii: 30. MaTepialiB
nom. yuacH. XI Mixnap. Hayk.-TexH. koH}. Jninpo : JIBH3 YXTY, 2023. T. II. C. 150
—151.

3006y8auem Oocniodxceno empamy MIYHOCMI HA pPO3puU8 NOaiMepie pi3HO20
NOXOJNHCEHHA NPU KOHMAKMI 13 CYMIUEeSUM NATUBOM.

19. IleBuenko O.b., Ilonwuraitnenko J.B. 3anexHICTb CTyneHs HaOpsKaHHS
enactomepiB Binl TemrepaTypu. CydacHi TEXHOJOTI] MepepoOKH MaabHUX KOMAIHH: 30.
MatepianiB gor. yyacH. VII Mixnap. Hayk.-texH. koH(]. XapkiB: HTY «XI1D», 2024. C.
147 —150.

Ocobucmuii  8Hecok 3000y8aua: NpoBedeHHs eKCnepumenmis, 006pobKka ma
nideomoska 00 OpyKy pe3yibmamise pobomu

20. [lIeBuenko O.b., [Nlomuraiinenko J[.B., Mycina A.O., Jlo6ans O.A. HaGpsikanus
€J1acTOMEpPIB B CyMIIIEBOMY MajvBl 3a mMiABUINEHOT Temneparypu. lloctyn B
HadTorazonepepoOHiil Ta HAPTOXIMIUHIM TPOMHCIIOBOCTI : 30. MaTepiaiiB ao1. ydacH. XII

Mixnap. HayK.-TexH. KoH(]. JIbBiB : BunaBauirso JIbBiBChKOT momitexHiku, 2024. C. 29 —

30.
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3006ysauem O0ocnioxceHo npoyec HAOPSAKAHHA NOJIMEPI8 PI3ZHO20 NOXOONCEHHS 8
CyMiuLe8omy OU3eiIbHOMY NAIUBL 3a NIOBUWEHOT meMnepamypu.

21. Shevchenko O.B., Popytailenko D.V., Zamikula K.O. Oxidative stability of
alternative and blended diesel fuels. Colloidal chemistry in the oil and gas and chemical
industries for sustainable development and environmental safety: Book of Abstracts. I
International Scientific-Technical Conference. Tashkent, 2024. P. 270 — 273.

3000y6auem susHaueni 3MIHY KUCIOMHUX MA NEPOKCUOHUX YUCEl MEMUTIOBUX eCmepi8

HCUPHUX KUCTIOM 8 NPoYeci X0100H020 30epicants npomscom 12 micayis.
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IHHEPEJIIK YMOBHHUX IIO3HAYEHb

(B asipaBiTHOMY MOPSIKY)

BHK-18 — wnanoBHeHmii OIMBOOEH3OCTINKMN MOJIMEpHUN MaTepial Ha OCHOBI
OyTaJi€eH-HITPUIBHOTO Kay4yyKy 3 HU3bKUM BMICTOM akpuioHiTpuiy ( 18% mac)

BHK-26 — namoBHEeHHI OJWBOOEH3OCTIWKHI MOJIMEPHHM MaTepial Ha OCHOBI
OyTali€eH-HITPUIBLHOTO Kay4yyKy 3 CEpeIHIM BMICTOM akpuiIoHITpuiy ( 26% mac)

JI1 — nn3enpHe maauBo

K3PBC — xy6oBwmii 3anuiiok pekrudikaiiii OyTHIOBUX CIUPTIB

KVYE - KosoHi€ yTBOpIOIOY1 €1EMEHTH

MEXK — MeTuioBi ectepy KUPHUX KUCIOT

[ToniceyoBrHA — KOMIIO3ULIMHANA MaTepian Ha OCHOBI KOPCTKOI MOJIICEYOBUHU

[TomyperaH — KOMIIO3MILIIITHMI MaTepiall Ha OCHOBI JIUTTEBOIO KOPCTKOTO
MOJIlypeTaHy

[TonixmoponpeH — HANOBHEHUH OJIMBOOECH3OCTIMKMN MOJIMEPHUN MaTepian Ha
OCHOBI MOJIXJIOPOIIPEHY

PO — pinakoBa oist

CHO — consimiHMKOBA OJTis

DPP — nuckoHTOBaHMI TIEPi0/1 OKYITHOCTI

IRR — BHyTpilIHS HOpMA AOX1JHOCTI

NPV — uucra npuBeneHa BapTICTh

PI — ingekc peHTablIbHOCTI IHBECTUIIIH
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BCTYII

AKTYaJIBHICTh J0CTiZKeHHsl. BUKkopucTaHHS TpaJuLiifHOTO MiHEpAIbHOTO MaJIMBa
OpU3BOIUTH [0 3HAYHUX BUKHUIIB 3a0pyAHIOIOUMX PEUYOBHMH B arMocdepy 3
BIJINPAIllbOBAaHUMU razamMu. Kpim Toro, HeOJIKOM BUKOPUCTAaHHS BUKOITHOTO MajNBa €
00OMEXEHICTh CHPOBHUHHOI 0a3H Ta MOCTYOBE BUCHAKEHHS HASIBHUX POJIOBUIII.

UYepes Oe3MeKkoBy CHTyaIlilo B YKpaiHi Ta MPUIMHHCHHS POOOTH OLTBIIOT YaCTHHU
BJIACHUX HadTONepepOOHHUX 3aBO/IIB Bi/IOYBAETHCS 30UIBIICHHS YACTKU IMIOPTY MaJIUB 3
KpaiH €Bporneichkoro coro3y. Hacmiakom Takoi cuTyarlii € 30UTbIIIEHHS 111H Ha TATUBHOMY
PUHKY YKpaiHH, 110 B CBOIO Yepry HETaTUBHO BIUIMBAE HA EKOHOMIKY B IILJIOMY.

3riqHo 10 Eneprernunoi ctparerii Ykpainu no 2050 poky €HEpreTHYHHil CEeKTOp
MOBUHEH OyTH HE3aJIeKHUM (3a PaxXyHOK BJIACHHX PECypCiB), HAIIMHUM, KIIIMAaTUYHO
HEHTpPAIbHUM Ta CYy4aCHUM 3a JOTIOMOTOIO PO3BHUTKY aJbTEPHATUBHUX JIKEPEN €HEeprii.
JUis 3a0e3nedeHHs EHEPrOHE3aNeKHOCTI Jep’KaBU JIOLUIBHUM € BUPOOHUIITBO
aNbTEPHATUBHUX KOMIIOHEHTIB MOTOPHUX MajuB. B fKOCTI CHUPOBHHH paliOHAJIBHO
BUKOPUCTOBYBAaTH HE XapdyoBl OJIii, a >KUPOBMICHY CHPOBHHY, KOTpa BXE HE MOXKE
BUKOPUCTOBYBATUCS JJI1 BUPOOHUIITBA THIIIOTO IIJILOBOIO MPOAYKTY (TEXHIUHI OJli Ta
KUPH, KUPOBMICHI BIIXOH B1J TBAPUHHUIITBA, BAPOOHUIITBA OJI1i, IPOMHUCIIOBI BIIXOIU
B1Jl peCTOpaHHUX O13HECIB, KUPOBMICHI CTIYHI BOJIU, TOIIIO).

Bignosinno no Bumor JICTY 7688:2015 «IlanuBo auzenbHe €Bpo. TexHiuHI
YMOBU» JIOMYCKAETHCS JI0/IaBaTH METHIIOBI/€THIIOBI €CTEPH KUPHUX KUCTOT 110 7 Y%, ane
B IOTOYHUX YMOBAaX PailioHaIbHO JOCIIKYBATH MOKIIUBICTh 301JIbIIICHHS KOHIIEHTpAIIil
10 30%.

B €Bpormi B saxocTi 106aBKU A0 JU3EITHHOTO MaIMBa MEPEBAXKHO BUKOPUCTOBYIOThH
aNbTepHATUBHE MAJMBO, SIKE BUTOTOBJICHE 3 pinakoBoi odii. 3a 2023/24 mapKeTUHTOBHM
pik B Ykpainu 0ysno nepepo6sieHo 1,0 MiH. TOHH HaCiHHS pinaky, 424 TUC. TOHH 3 KOTPUX

OyJ10 eKCIOPTOBAHO /10 KpaiH €BPOMNEHCHKOT0 COI03Yy.

Just  VYkpainu OuUlblll  MEPCHEKTHUBHOI CHUPOBHHOIO  JJii  BHUPOOHMIITBA

aNbTEPHATUBHUX MAJIUB € COHSANTHUK. 3a 2023/24 mapkeTUHroBUH pik B YKpainu Oyio
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nepepodsieno 14,8 MIIH.TOHH HAaciHHS COHSIIHMKY. [Ipy BUPOOHMIITBI COHSIIIIHMKOBOI
0JI1i yTBOPIOETHCS 3a0pyAHEHA TEXHIYHA OJIisl, HEMPUAATHA JO BUKOPUCTAHHS B Xap4OBiii
MIPOMHMCIIOBOCTI, a OTKE MOXKe OyTH CIpsSMOBaHA Ha BUPOOHHUIITBO METHIIOBUX €CTEPIB

KUPHUX KUCIIOT [1].

Mertunosi ecrepu xupHux kuciaor (MEXK) maroTe psg mepeBar cepenm iHIIHX
MOHOBIIOBAHUX abTEPHATUBHUX BapiaHTiB MoTopHOro nanua. MEXKK ocranniM yacom
CTaju OUTBIN MPUBAOIMBHUMHM Yepe3 X KOJIOT1YHI ITepeBar.

HasBaictp kucHio B MEXKK cripusie 611b111 TOBHOMY 3TOPSIHHIO, 110 IPU3BOAMTD J0
sHmkeHHs BUKUAIB CO, TBepauX 4acTok 1 BuauMoro aumy. OmHak Oyino 3adikcoBaHO
30uTbeHHsT BUKUIIB NOy uepe3 BUCOKI TeMIiepaTypu. Bukuau cipku, OKCHUIIIB CIPKHU Ta
cynbdariB npu Bukopuctandi ynctux MEXK Ta cymimeBux manuB 3 iX J10JaBaHHSIM
3HAYHO 3MEHIINYIOTHCS MOPIBHAHO 3 BUKOMHUM JU3EIHHUM MaJIMBOM. 3arajibHi BUKUIU
BYIJIEBOJIHIB y BHUXJIONHHUX razax y cepeanboMy Ha 67% nmxui qis MEXK ik nns
TN3ETHHOTO TAJIMBA.

[Ipu BuKOpHUCTaH1 adbTEPHATUBHUX KOMIIOHEHTIB BaXKJIMBO OLIIHIOBATU HE TUIBKU
BIUIMB Ha €KCIUTyaTalliiiHI XapaKTepUCTUKU, alie ¥ Ha €KOJIOT1YH1 BJIACTMUBOCTI, TaKi SIK
6iomoriune poskiagands. MEXK Bigpi3HAIOTBCS BHUCOKOIO 010pO3KIAIHICTIO, IO
crpus€e OUTBII MIBUAKOMY PO3KIAAaHHIO JU3EIHHOTO AIMBA TIPU PO3IUBAX B IPYHTAxX Ta
BOJHUX CEPEAOBHILAX, [0 MOXKE BUPILIUTH P €KOJOTTYHUX MPOOJIEM, OJTHAK, 3 IHILIOTO
OOKy, TOPOJDKYyEe MpoOJieMH TMpu 30epiraHHI TajauBa, SKE MICTHTh ajJbTCPHATHBHI
KOMITOHEHTH.

[Buakictes 610po3kaagHocti MEXKK y 2-5 pa3iB Builia, HIXK y IU3€JIbHOTO TAJTNBA.
[2]. HomaBanus MEXK no ausenbHOro majamBa NPHCKOPIOE HOro Olojaerpamariro.
Cymimesi nanuBa 3 20% 100aBKOI0 albTEpPHATUBHUX KOMIIOHEHTIB PO3KJIAJIalOThCs B
aHaepoOHuX yMmoBax 10 50% 3a 7 qHiB Ta mOBHICTIO 3a 28 mHIB [3].

Uepes 610pO3KIaIHICTh Ta TIFPOCKOMIYHICTh METHJIOBI €CTEPH KHUPHHUX KHUCIIOT
OUIBII CXWIbHI J0 ypa)K€HHA MIKPOOpTaHi3MaMH, fKi 3[1aTHI MOTipuIyBaTH (I3UKO-
XIMI4HI BJIACTHUBOCTI NaJIMBa Ta IHTEHCU(IKYBaTH PYWHIBHUN BIUIMB Ha KOHCTPYKIIIHHI

MaTepiaJII/I AU3CIIBHOI'O ABHUI'YHA.
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Ha cwhorogni mutanHs MiKpOOIOJOTIYHOTO Ypa)X€HHsI SK TPaAWI[IMHUX, TaK 1
albTEpHATUBHUX BHJIIB TNajduBa HalOyBae Bce OUIbINOI akTyanbHOCTI. [IpoTe Hapasi
BIJICYTHI YHI(IKOBaHI METOJMUKH JUJIsI TOYHOI KUIBKICHOI OI[IHKM MIKpOOPTaHI3MIB Y
NaJIUBHOMY CEpEeJOBHII. [CHYIOUl 1HIUKATOPHI METOAM JO3BOJISIOTH JIMILIE BUSBIISATH
bakT MiKpOOIOJIOTIYHOTO 3a0pyJHEHHs, 3a0e3Meuyloud TEepeBaKHO SKICHY, a He
KUTbKICHY OIiHKy. lle 3HauHO yckimagHiO€ OO'€KTUBHE BHU3HAUEHHS CTYTEHS
MIKpPOOIOJIOTIYHOTO 3apakKCHHS TMajuBa Ta BIUIMBY Ha MHOro eKCIulyaTtariiHi
XapaKTePUCTHKHU. Y 3B’A3KYy 3 THM, 110 HAYKOB1 AOCTIIKEHHS y il cdepl 3HAX0AAThCA
Ha MOYaTKOBIH CTajli pO3BUTKY, AaHA POOOTA € CBOEYACHOIO Ta aKTYaJIbHOIO.

HaykoBo-nipakTuuHuii 1HTEpeC mnpeacTaBise Miadip OIOMUAHOI MPUCATKU, AKa
CIpPHUSIE CYTTEBOMY 3HHKEHHIO CTYIIEHSI MIKpOO10JIOTTYHOTO YPaKeHHSI MOTOPHUX MaJINB.
Ha nmanmii 4ac icHyroTh OIOIHMIHI MPUCAJKKA Ha OCHOBI UETBEPTHHHUX aMOHIMHHMX
cnoyiyk. OCHOBHMMHM 1X HENOJIKaMH € JIOPOrOBU3HA Ta CKJIAJHICTh Y BUKOPHUCTaHHI,
OCKINBKM JaHl MPHUCAAKH TPH JOJaBaHHI B TMaJMBO BHUKIMKAIOTH MOSBY OCaay Ta
BIUTMBAIOThH Ha €KCILTyaTalliifHl XapaKTePUCTUKH.

B MEXKK Ha npoMHCIIOBI e1acTOMEPH, SIKi BUKOPUCTOBYIOTHCS Y JIBUTYHAX,
MaJIOBUBYCHUM, 3BHYANHI MIAXOAM JI0 OILIHKKA KOHCTPYKIIWHUX MaTepiayliB MOXYTh
BUSIBUTUCS HEAOCTATHIMH, OCKIJIBKM CYMICHICTh ToiiMepHux marepianie 3 MEXK
CIJIBHO 3aJIeKUTh BiJ] 1X €JIEMEHTHOTO CKiaay. TakoX akTyadTbHUM MHUTAHHAM IS
MOIAJIBIIIOTO BUBUCHHS € JOCIIKEHHS CTIMKOCTI MOJTIMEPHUX MaTepiajiiB B peajbHUM
yMOBax poOOTH MaTUBHOI CUCTEMU, OCKITIBKY TIEpeTaan TEMIIEpaTypH Ta TUCKY CKJIaIHO
MOBTOPUTH B JaOOPATOPHUX YMOBAX.

3B'A130K Po0OTH 3 HAYKOBMMHM NPOrpaMamMmu, IJjiaHamMu, Temamu: Jlucepraiiiina
po0OoTa BUKOHAHA BIAMOBIJHO 0 MPIOPUTETHUX HANPSMIB PO3BUTKY HAYKH 1 TEXHIKU
VYkpainu Ha niepiof 10 2020 poKy 3rigHO 3 1. 3 «EHEepreTuka Ta eHeproeeKTUBHICTH 1 1.
4 «pauioHaJIbHE MPUPOJIOKOPUCTYBaHHs» cTarTi 3 3akoHy Ykpainu «IIpo mpiopurerHi
HanpsiMU PO3BUTKY HaykH 1 TexHiku» Big 11.07.2001 Ne 2623-111 ta 3akony Ykpainu «IIpo
BHECEHHS 3MIiH JI0 JCSIKUX 3aKOHIB YKpaiHH II0J0 MPIOPUTETHUX HAMPSMIB PO3BUTKY
HayKM 1 TEXHIKM Ta 1HHOBAIHHOI AisutbHOCTI» Bif 12.01.2023 Ne 2859-IX Ta 3rigHO 10

IUIaHAMH HAYKOBUX JIOCHIDKEHb Kadeapu TEXHOJOrid TajiMBa, TMOJIMEPHUX Ta
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nosirpadiyaux MatepianB HaBdyanbHO-HAYKOBOTO 1HCTUTYTY «YKPATHCHKUM JepyKAaBHUM
XIMIKO-TEXHOJIOTIYHUM YHIBEPCUTET» B MEXKax HAyKOBO-IOCIHIIHUX NPOEKTIB: No
17150799 «BnnuB KOMIIOHEHTIB, TPUCAAOK Ha  (I3UKO-XIMIYHI ~ BIACTUBOCTI
albTepHAaTUBHUX cymimieBux namuB», No 17/180899 «llepepoOka TpamuiiiHux Ta
aIbTEpHATUBHUX €HEepropecypciB» (aepkaBHUN peectpariitauii Homep 0118U000915),
Ne35/200599 «Ilepepobka eHepropecypciB Ta IHHOBAIIMHAX MOIMEPHUX 1 €TACTOMEPHUX
MmaTtepiaiiBy» (nep>kaBHuM peectpamiiitauii Homep 0120U100704).

Merta i 3aBJaHHSA TOCJIiIKEHHS:

Memoro nucepTartliitHoi po60TH € po3poOKka 010JI0TTUHO-IHEPTHUX Ta MPUIATHUX J10
eKCIUTyaTallli HaJIMBHUX KOMIIO3UIIIH, K1 MICTSTh METUJIOBI €CTEPU KUPHUX KUCIIOT.

JI71st TOCSATHEHHS TTOCTABJICHOI METU TIOCTABJICHO HACTYTMHI 3a0ayi:

1. Po3pobutu 6iosoriuny iHEpTHY MOJU(DIKOBaHY ecTepamMu KapOOHOBUX KHUCIIOT
MaJMBHY KOMIIO3UIIIO, KA HE 3/1MCHIOE pPYHHIBHOTO BIUIMBY Ha KOHCTPYKIIIITHI
MOJIIMEPHI MaTepiau.

2. YJIOCKOHAIUTU BUAUICHHS Ta 1JeHTU(IKYBaHHS IITaMIB MIKpOOPTaHI3MiB -
JIECTPYKTOPIB O10JIOTTYHO-IHEPTHUX NATUBHUX KOMIIO3MIIA 3 J10JaBaHHSIM €CTEpiB
KapOOHOBHUX KHCJIOT.

3. 3anponoHyBaTH 3aXOAW MNPUTHIYEHHS POCTY MIKPOOIOJOTIYHOTO YpPaKeHHS
CYMIIIEBUX NAJIMB 13 30€pEKEHHAM E€KCIUTyaTallHUX XapaKTePUCTUK AU3EIbHUX MaJIHB.

4. IlimiOpatu moJiMepHI Marepiaiu, sKi CTIMKI MPU KOHTAKTI 13 CyMIIIEBUMU
TU3EITbHAMH TTaJTMBAMU, I110 BMIIIYIOTh METHJIOBI €CTEPH JKUPHUX KUCIIOT.

06 ’exkm O0ocniodcenHsl: OION0CIYHO THEPMHI NATUBHI KOMNO3uyii, Mooupikosami
ecmepamu KapOoOHOBUX KUCTIOM
Ilpeomem oOocniodcenHs: 3aKOHOMIPHOCTI TOBEIIHKH CYMIIIEBUX MaJIUB, SK1

MICTSITh METHJIOBI €CTEPH JKUPHUX KHUCIIOT TI1]] 4ac 3aCTOCYBaHHSI.

Memoou oocniocenHs:

BuznauenHnst ¢i3uMKO-XIMIYHUX XapaKTEPUCTUK TAJUB Ta MOJIMEPHUX MaTepiaiiB

npoBoawH 3rigHo BuMor JICTY, 'OCT ta ASTM. [l BU3BHaU€HHS TPYIIOBOTO CKJIATY
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JIM3€JIbHOTO NaJlBa BUKOPUCTAHO PO3paxyHKOBHM MeTo n-d-M.

Po3poOka MaremaTu4HOi MOJENi, KOTpa JO3BOJSE BHU3HAYUTH MIHIMAJIBHO
e(heKTUBHY KOHIIEHTpaIlif0o Oi0IKay B CYMIIMIEBOMY TajHMBi, MPOBOJUIIACS METOIOM
perpeciiiHoro asamizy 3a JOMOMOTOI0 CHUCTEMH JMJIs CTaTUYHOTO aHami3y HaHuX
STATISTICA 10.

BusHnauenHs cTymneHs: MiKpoO10JOTIYHOTO ypaXKeHHsI MajIuB MPOBOJUIIOCS 33 HOBO
PO3pOOIICHOI0 METOAMKOIO, SIKa BPAXOBYE MIEPEeBary Ta HEJOMIKH ICHYIOUMX METOIIB TSI
BHU3HAUEHHS MIKpOOI0OJIOTriuHOro 3a0pyAHEHHA. BHU3HaueHHS OCHOBHHMX KOMIIOHEHTIB

O101MTHOT TPUCAJIKU MPOBOAMIIOCS METOAOM ra30BOi XpomaTorpadii.

JlocmiKeHHsT CTIMKOCT] MOJTIMEPHUX MaTepialiB B CEPEAOBHUILI CyMIIIEBUX MaTUB

nposoauiu BignosigHo JJCTY ISO 1817:2019

Haykoesa Hosuzna odepatcanux pesyibmamis:
1. VYnepme po3pobieHa cymillieBa MajJWBHA KOMIO3UIis MOAu(piIKOBaHA ecTepaMu
KapOOBaHUX KUCJIOT O10JI0T1YHO 1HEPTHA.
2. VYmepiie 3amnporoOHOBaHO B SAKOCTI OIOIMAHOI NPHUCAIKU KyOOBI 3ajHUIIKK
pextudikariii OyTHIOBUX CIUPTIB.
3. YaockoHalIeHO METOJT BUIIJICHHS Ta 11IeHTU(IKYBaHHS IIITaMiB MIKPOOPTaHI3MiB, SIK1
€ AaKTHUBHUMHU JI€CTPYKTOpaMHU O10JIOTIYHO-IHEPTHUX MAJMBHUX KOMIIO3ULINA 3
JI0JIaBaHHSIM €CTepiB KapOOHOBUX KUCIOT.
4. Bu3Ha4YeHO OCOOJIMBOCTI KIHETHUHUX 3aKOHOMIPHOCTEH HAOpSKaHHS TMOJTIMEPHHUX
MaTepialiiB MPU KOHTAKTI 13 CyMIIIEBOIO NATMBHOK KoMIo3ullieto. [1inidpaHni mosiMepHi
Marepiaiy CTIWKI JI0 BIUIMBY €CTepiB KapOOHOBHUX KHCJIOT. 3ampONOHOBAHO
BUKOPUCTOBYBAaTH KOHCTAHTH XariHca B SKOCTI KPUTEPII0 MPUIATHOCTI MOJIMEPHUX

MaTepialiB A0 BUKOPUCTAHHS B IBUTYHAX, SIK1 MPAIIOIOTh HA CyMILLIEBOMY MaJIMBI.

IIpakTyHe 3HA4YeHHsI OJepP:KAHMX PpPe3yJbTaTiB: B pe3ynabTari mpoBeaeHUX
JIOCIIKEHD:
- VYmepme  po3poOieHO  METOAMKY  KUIBKICHOTO ~ BHM3HA4YeHHS  CTYMEHS

MIKPOOI0JIOTIYHOTO YPaXKEHHSI CyMIIIEBUX MaJIUB, 110 BPaXOBYE MPUPOIY TavBa .



24

- 3a OTpUMaHUMHM pe3yJbTaTaMU JOCHIKEHHs oaepxkaHo [lateHT Ykpainu Ha BUHAXI]
127003. «CywmimieBe 610113eNIbHE MATUBO 3 O10IMIHOI0 J0OABKOIO», 1€ TPOIIOHYETHCS
BUKOPHUCTOBYBAaTH KyOOBI 3aJMIIKKA peKTU(ikamii OyTHIOBHX CIHUPTIB B SKOCTI
OlommIHOI IpUcaaKu B KitbKkocTi 0,5-7 % mac.

- Po3poOneni TexHIYHI YMOBU Ta 3alpONOHOBAHO MPUHIIUIIOBY TEXHOJOTIYHY CXEMY
MpOoLIeCy KOMITayHIyBaHHS CyMiIlI€BOI MAJTUBHOT KOMITO3HUIII].

- Po3pobieno MareMaTuyHy MOJENb, IO JI03BOJII€E BU3HAYATH ONTUMAJBLHUN CKIIA]
010JIOTIYHO THEPTHHUX MATUBHUX KOMITO3HUIIIH.

- Pesynbrartu aucepraliiiftHoi poOOTH BIPOBAKEH] B HABYAIBLHOMY IpoI1ieci Ha kadeapi
TEXHOJIOT1i TManuB, NoJiMepHUX Ta mnomirpadiunux marepianie HHI VIXTY
VYKpaiHCHKOTO JIEpKAaBHOTO YHIBEPCUTETa HAYKH Ta TEXHOJOTIM B Mareplajax
muciuiuiil - «TexHonorii  BUPOOHMIITBA — allbTepHATUBHUX manuBy, «CydacHi
TEXHOJIOT1I MoaMQikallii, onTuMi3alli CKIaAy ¥ eKCIUTyaTalliifHUX BIaCTHBOCTEU
MOTOPHUX MaJduB» 3a creuiabHOCTI 161 «XiMiyHI TEXHOJOTIi Ta 1HXKEHEpIs»Ta
niaTBepkeni sunpooysanHsMu TOB «ITACITTIOJD».

Oco0ucTnii BHeCOK 3100yBaya MoJsIrae B CHCTeMaTU3allli Ta KpUTUYHOMY aHawi31
JITEpaTypHUX JOKEpeNl 3a TEMOK JHUCEPTAIllliHOTO  JOCHIIKEHHS, IPOBEACHHI
EKCIIEPUMEHTANIbHUX ~JOCHIKEHb, O00poOLl Ta aHali3l OJEpKaHMX PEe3yJbTaTiB,
(bopMyIIIOBaHH1 BUCHOBKIB, MIATOTOBLII AOMOBIAEH, cTaTel, po3auty MoHOrpadii Ta 3aBKU
Ha [TIAT€HT Ha BUHAXI/I.

dopmyJIIOBaHHS METU pOOOTH, 3aBAaHb Ta 00’ €KTIB JOCIIIKEHHS, IHTEpIpeTallis
Ta Yy3araJlbHEHHs pe3yJbTaTiB JOCIHIHKeHb, (POPMYIIIOBaHHS BUCHOBKIB 3JIIHCHEHO
CIUJIbHO 3 HAayKOBUM KEpIBHUKOM — K.T.H., jnorieHToMm IlleBuenko O.b. Pesynprartm
JOCTIIKEeHb, BAKOHAHUX Yy CIIIBABTOPCTBI, OTPMMAaHI1 3a y4acTIO aBTOpa Ha BCIX eTarax.

BHecok cmiBaBTOpiB CHUIBHMX MyOuniKalid TmoJsirae 'y BHOOpPI METOAMKH
EKCIIEpUMEHTIB Ta METOJIMK aHalli3iB, NPOBEJAEHHI OKPEMHMX EKCIEPUMEHTAIbHUX
JOCITIIKEHb, OOTOBOPEHHI P MIATOTOBIN MyOJIiKaIlii 3a pe3yJibTaTaMu JOCIIIKEHb.

Amnpodaiis pe3yabTartiB aucepraunii. Marepianmu aucepTariiiiHoi  poOoTH
MPEICTaBIUINCh HAa MIKHAPOJHMUX 1 BCEyKpaiHChKkuX KoHpepenuisx: II MixuHaponHii

HAyKOBO-TeXHIUHINA KoH(pepeH il «CydacHl TEXHOJIOTii MepepoOKH MaJbHUX KOIAIIMH
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(XapkiB, 2019); X MixHapoaHidi HaykKoBo-TexHIYHIM KoHpepenmii «lloctynm B
HadTorazonepepoOHiit Ta HapToXIMIUHIN TpoMuciIoBOCT (JIbBiB, 2020);
IV MixnapoaHiii HaykoBO-TexHIYHIM KoH(epeHIii «CydacHi TEXHOJOTIl mepepoOKu
nanbHux komanmuH» (Xapki, 2021); X HOBuieiiHa MikHapoaHa HAYKOBO-TPAKTHUYHA
iHTepHeT-KOHpepeHtii «XiMiga Ta cywyacHi TtexHonoriy (Huimpo, 2021); XVI
Bceykpaincpkili HayKOBO-TIpakTHuHiN KoH(pepeHiii «Ekosoriuna Oesneka AepiaBi»
(Kuig, 2022); V MixHapoaHiii HayKOBO-TeXHIUHIH KOoHGepeHIi «CydacHl TEXHOJOT1i
nepepoOky manbHUX KomaiawH» (Xapkis, 2022); XI MixHapoaHili HayKOBO-TEXHIUHIN
koH(pepentii «Iloctyn B HadTorazonepepoOHiii Ta HAPTOXIMIYHIA ITPOMHUCIOBOCTI»
(JIeBiB, 2022); VI MixkHaponHiii HayKOBO-TeXHIuHIH KOH(epeHiii «CydacHi TeXHOJIOTI1
nepepoOku nanbHUX KomanuH» (Xapkis, 2023); IX MixHapoaH1ld HAyKOBO-TEXHIYHIN
koH(pepeHtii «Theory and practice of rational use of traditional and alternative fuels and
lubricants» (Kuis-Bapmasa, 2023); XI MixHapoaHiii HayKOBO-TEXHIYHIM KOH(epeHi
«Chemistry and modern technologies» ([ninpo, 2023); VII MixHapoaHiii HayKOBO-
TexHIuHIA KoHpepeHiii «Cy4dacHl TEXHOJOTIi nepepoOKH MajibHUX KonmaiuH» (Xapkis,
2024); XII MixHapoaHii  HAyKOBO-TeXHIYHIM  KoHQepeHuwii  «lloctym B
HadrorazonepepoOHiii Ta HadToXiMiuHINA pomucioBocT» (JIbBiB, 2024); [ MixkxHapoaHii
HaykoBo-TexHIuH1M KoH(pepeHii «Colloidal chemistry in the oil and gas and chemical
industries for sustainable development and environmental safety» (Tamxent, 2024).

Iyo6aikamii. Pesynpratn nucepramnii BukiageHo y 21 apykoBadiit po6orti, cepen
HUX: 6 HAyKOBHX CTaTei (3 HUX 4 MPOIHAEKCOBAHO MIXKHAPOJHOK HAYKOMETPUYHOIO
6a3or0 manux Scopus, 1 ctarTs omy0JikoBaHa y 3aKOPIOHHOMY MEPI0IMYHOMY BHIaHHI, 1
cTarta y gaxoBoMmy BHJaHHI YKpaiHu), 1 po3aun xosnekTuBHOI MoHorpadii, 13 Te3 Ta
MaTepialiB JOMOBIJEH Ha HAYKOBUX KOH(EpEHIisIX, | maTeHT Ha BUHAXII.

Crtpykrypa Ta obdcsir nuceprauii. luceprartis ckiamgaeTses 13 aHOTAIIii, BCTYIY, 5
PO3/UIIB, BUCHOBKIB, CIUCKY BUKOpHUCTaHUX Jpkepen (163), 4 nomatkiB (A, b, B, I),

MICTUTH 35 pucyHKiB, 20 Ta0auIk. 3aranpHU o0car auceprallii ckianae 162 CTOpIHKH.
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PO3JILT 1. JITEPATYPHUM OI'JISII 1 IOCTAHOBKA 3ATAUI

1.1 CyyacHuii cTaH BUKOPUCTAaHHS METHJIOBHX €CTEpPIB KUPHHUX KHUCIOT B
NaJIUBHIN MPOMHCIOBOCTI

Y 3B'SI3KYy 3 TPHUBAIOYOI EHEPreTHYHOI KpPHU3010, MPOTHO3aMHU IOPIBHSIHO
MIBUIKOTO BUCHAKEHHA Ha(TOBHUX pecypciB, MpoOIeMaMu, 1110 BUHUKAIOTh B PE3yJbTaTi
3a0pyJHEHHs TOBKULIS, aKTyalbHUM € MHUTAHHS MPO 3aMiHy TPaguIliiHUX Ha(TOBUX
MOTOPHUX MaJIUB aJIbTepPHATUBHUMU [4] .

Uepes nani npobiiemu kpainu AQpuxu, AMepuky Ta A3ii B JaHUHN Yac CXUIISIOThCS
10 BIJHOBJIIOBAaHUX JDKEpEN €Heprii, TaKuX SIK COHSYHA EHEpris, €HEepris BITpY,
0lomanuBO, TiIPOCHEPreTHKa, TE€OTEpMallbHA EHEprisi Ta EHeprisi OKeaHy Jyis
3a0e3nedeHHs O0e3neKku po3BUTKY KpaiH. Y 2019 powi yacTka aabTepHATUBHUX JKEPEIT
eneprii 3pocia Ha 0,3% Tta ctanoBuia 14.1%. HaliGinblie croxuBaHHsS B1ITHOBIIFOBAHO1
eneprii B Apputi — 47% [5].

CrnanroBaHHSI BUKOITHOTO TalliBa BHOCHUTH BEJMKHUI BKJIAJ B 30UTBIICHHS PiBHS
CO, B armocdepi, sKuii 0Oe3MOCEepe/IHhO IMOB'SI3aHUN 3 TJIO0AJbHUM MOTEIUTIHHSM.
AnbTepHAaTUBHE TMAJMBO, BHUpPOOJEHE 3 OloMach, MOXE€  JOMOMOITH 3MEHIIUTU
3aJIEXKHICTh CBITY BiJl BUpOOHULITBA HA(PTH 1 CKOPOTUTH BUKUIU CO2, OCKIIBKU POCIIHHH,
SK1 € OCHOBHOIO CUPOBUHOI0, BUKOPUCTOBYIOTH CO; B Mipy 3pocTaHHs [6].

3a cTaTUCTMYHMMM AaHuUMH MacmTabHe BupoOHuUUTBO MEXK B VkpaiHi He
3a(hiKCOBAHO, X0Ua MOTEHIIIAJI OLIHIOIOTh Ha P1BHI 2 MJTH T/PiK, OCKUIBKU CUPOBUHOTO JIJIS
BUPOOHMIITBA € TEXHIYHA OJIisf, a TAKOX pIMaK 1 cosi, TOOTO KyJIbTypH, SIKI aKTUBHO
EKCIIOPTYIOThCA [7].

Cymimni 3 MEXK BUKOpHCTOBYIOTBCS SIK JM3EIbHE MAJUBO IS JOPOKHIX
TPAHCIOPTHHUX 3aCO0IB Ta MO3AIUIAXOBOI TEXHIKH, K TOOYTOBE MIYHE MAJMBO, CYJI0BE
JM3eNIbHE, a TAKOXK SIK HeaBialliliHe ra3oTypOiHHe.

OpHak BIUTMB Ha OUIBIIICT €KCIUTyaTalllTHUX MOKAa3HUKIB, 1110 PETJIaMEHTYIOThCS,
€ HEOJIHO3HAYHUM Y 3B'A3KY 3 THM, 110 Xapakrepuctuku MEXK 3HauHO BiApI3HAIOTHCS

B 3QJIC)KHOCTI Bi BUX11HOI cupoBuHH. 3a3Budailt MEXXK BBoasTECS B HaTOBE MHM3EIbHE
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NajauBO B KOHIEHTpallii 10 7% 00. [8]. BBaxaeThcs, 1110 Taka KOHIIEHTPALlisl HE BIUIMBAE
Ha peXUM poOOTH JBUTYHA Ta HE MOTpeOye BHECEHHS 3MiH JI0 MaJTUBHOI cucTeMu. Pazom
3 TUM TIPOBOSATHCS JOCIIIKEeHHS 111010 301bieHHs koHueHTparii MEXKK B cymimeBux
nanuBax [9].

EcTepu )XxupHUX KUCIOT BUKOPUCTOBYIOTh Y UACTOMY BUTJIAII 200 K T0OABKY 10
Ha(TOBOrO U3ETHHOTO MajuBa. 3arajibHi TEXHIYHI BUMOTU JO METHUJIOBHX ECTEpIB
KUpHUX KuciIoT perymoThes HCTY 6081:2009, a nis eTWIOBUX €CTEPIB KUPHUX
kuciot — JICTY 7178:2010 [10].

[IpoBeneHi panilie HoCaiKeHH Ha Kadeapl XiMiuHOi TexHosorii nanuBa JIBH3
YAXTY [11], 103BosI0TE 3p0OMTH BUCHOBOK, 1110 KoHIeHTparlis MEXXK B cymimeBux
nanuBax Moxke OyTu noseaeHa a0 30% Oe3 ICTOTHOrO BIUIMBY Ha IITaTHY pPOOOTY
JBUTYHA. AJIe MIPU 1[OMY 3POCTa€ PU3UK HeOaKaHUX MOOIYHUX eeKTiB (pyHHyBaHHS,
YTBOPEHHsI BIIKJIAJEHb), MOB's13aHuX 3 rirpockomiunicTio MEXK Tta iX miaBHILeHOIO
CXWJIBHICTIO 10 OKUCHEHHS 3T1/IHO JJaHUX BCcecBITHROT ManuBHOI XapTii [5].

[Tonpu 3HAaYHWUN TMOTEHLIAN SIK BIJHOBJIIOBAHOTO MAalluBa, BUKOPUCTAHHS
MetwioBux edipiB xupHux kuciaor (MEXK) cynpoBoKyeThCS HU3KOIO TEXHIYHUX,
E€KOHOMIYHHMX 1 €KOJIOTTYHMX MpoOsieM, SIKi HEOOXIHO BUPIMIUTH IS 3a0€3MEUCHHS
iXHBOI MOBHOIIIHHOT KUTTE3IATHOCTI SIK aJIbTEPHATUBY BUKOITHOMY TTaJIUBY.

OcHoBHOIO mpoOaeMor0 mupokoro BukopuctanHss MEXK € pizHuns mix ix
(13UKO-XIMIYHIUMH BJIACTUBOCTAMHM Ta CXOKUMU XapaKTePUCTUKAMH Ha(TOBOTO MajInBa.
OpHuM 3 BapiaHTIB BUPILIEHHS NPOOJEMH € BUKOPUCTAHHS CYMIIIEBOTO JHU3EIbHOTO
nanuBa 3 pizHoro koHreHTpamiero MEXK [12]. B po6orti [13] nopiBHIOBanmucst ¢i3uko-
XIMIYH1 BJIACTUBOCTI JW3€JIbHOTO manuBa Ta cymimeBux nammB 3 MEXK 3 arpodu,
MajbMOBOI 0Jii, OloMacu BOJOPOCTEM Ta BIANPALbOBAHOI KYJIIHAPHOI Odii, KOTp1
nonaBaiucs B KoHeHTpaisax 10 ta 20%. HailOiabin cX0XUMU 3a BIACTUBOCTSIMH OyIin
cymimeBi nanuBo 3 qoaaBanHsM MEJXK 3 manbmoBoi o511i 32 000X KOHIIEHTpaIIiif.

ABtopH [ 14] nocniaxyBaau OCHOBHI €KCIUTyaTalliHI XapaKTEePUCTUKH CyMIIIEBUX
muzenbuux manuB 3 MEJXKK ta EEXKK 3 coeBoi oiii B HacTynmHUX KOHIIEHTpaIsax — 5, 15,
25 ta 50 %. [onaBanHs 5 % no0aBKM HE YMHWIM 3HAYHOTO HETATUBHO BIUIMBY Ha

OCHOBHI XapaKTEPUCTUKHU. TaKkoX JTOCIIHKYBaJIM CyMIIIEBI MalnuBa 3 OUTbII BUCOKHUMHU
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koHueHTpamisMu MEXK, nanpuknazn, nogaBanus 40, 60 ta 80 % MEXK 3 punimHoBO1
oqii [15]. Bucoke 1ieraHoBe 4HCI0 Ta BMICT KUCHIO €PEKTUBHO CKOPOUYBaJIU 3aTPUMKY
3aliMaHHs MaJMBa Ta MiABUIILYBaJIl CTAOUTbHICTh TOPIHHS, aJie BUCOKA B'SI3KICTh, TYCTHHA
1 HU3bKa TeroTBopHa 31aTHicTh MEJKK BruMBaiv Ha NpoyKTUBHICTh ABUTYHA.

Opniero 3 mepeBar MEXKK € MOXIUBICTP BUKOPUCTAaHHS B SIKOCTI CHPOBHUHU
MIPOMHUCIIOBUX KUPOBMICHUX BiXOiB, TEXHIYHHUX OJIii Ta KHUPIB, 110 JO3BOJISIE 3 OAHIET
CTOPOHM 3HHM3UTHU COOIBAPTICTh MPOMAYKIIi, a 3 1HIIOT YaCTKOBO BUPIIIUTH IIPOOIeMy
yTHIII3a1i] BIIXO/IIB Xap4yoBOi MpoMuUciIoBocTi [16,17].

[IpucyTHiCTh BOAM Ta BUIBHUX OKUpHUX KHCIOT pobute MEXK Oinbm
arpeCUBHUMH, HIX BYIJICBOJHEBE ManuBO. PyilHyBaHHS, BUKIMKaHI KOHTaKTOM 3
MEXK, ckopouye TepMiH eKcIUTyaTallii JAeTajed MHaJMBHOI CHUCTEMH Ta MOTIPIIyE
BJIACTMBOCTI NIAJIMBA, 110 HETaTUBHO BIUIMBA€ Ha poOOTy ABUTYHa [18].

Ha¢drose auzenpHe mamuBo Tta MEXK mo-pizHOMy B3aeMOAiIOTH 3 pPI3HUMU
Marepiajzamu 4yepe3 BIIMIHHOCTI B XIMIYHOMY ckJiaal. ToMy iX BIaCTUBOCTI NOTPEOYIOTh
NOJIaJIbIIOT0 BUBUEHHS. Ha ChOTOAHINIHIN JE€Hb CYMICHICTh aJITEPHATUBHOIO MajIuBa 3
MaTepiajiaMH, sIKi IIMPOKO BHKOPUCTOBYIOTHCS B TU3EIBHUX IBUTYHAX, MOBHICTIO HE
rapaHTOBAHA.

MEXK mnepuioro mokoJiHHS — 1€ MEpPEeBaXHO ICTIBHI KYJbTYpPH (COHSIIHUK,
najgpMma, cod, pinak) [ 19, 20]. ¥V apyromy mHOKOJIIHHI BUKOPHCTOBYIOTHCSI TEXHIYHI
POCIIMHHI OJi1i, TBapUHHI XUPH, CBUHSAYE cayio Ta smoBuumil >kup [21,22]. Tperte
MOKOJIIHHS — 11€ BOJIOPOCTI, 5IK1 BIAITPAIOTh AK€ BAKIUBY poib y BUpoOHUTBI MEXKK
[23] BonONIIOYM YMCIICHHUMU TIepeBaraMu, TAKMUMHU SK BUIUN BMICT OJIii OPIBHSHO 3

THIITUMU KyJIbTYpaMu ¥ €KOJIOTIYHICTS [24, 25].

1.2 BnacTUBOCTI MaMB JJ1s1 AU3ETHLHUX JIBUTYHIB

OmuuM 3 BaxJIMBUX (DAKTOPIB, BiJl SKOTO 3aJCKUTh HAMIMHICTh 1 TEXHIKO-
€KOHOMIYHI MOKa3HUKHU JBUTYHA, € SKICTh MaJuBa, TOMYy BOHO MOBHUHHO BIJANOBIIATH
IIEBHUM BHUMOTaM:

o MaTH BUCOKY TEIUIOTBOPHY 31aTHICTH[26];
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o rapHi CyMINIOYTBOPIOIOYUI BIACTUBOCTI, IO 3yMOBIIOIOTH JIETKUH IyCK
JIBUTYHA, IJIABHUN MIEpPEXiJl 3 OJHOTO PEXUMY pOOOTH Ha 1HIIUMH;

o HE YTBOPIOBATHM HArapoBIAKJIAJE€Hb, 110 MPU3BOJATH /O MEPErpiBy Ta
MiBUIIEHOTO 3HOCY JBUTYHA,

o HE BHKJIMKATH pPYyHHYBaHHS KOHCTPYKIIWHUX MaTepiaiiB K MpH
0e3nocepeTHbOMY KOHTAKTI 3 HUM, TakK 1 B1J] IPOIYKTIiB 3TOPSHHS,

o OyTH cTaO1ILHUM IIPU TPAHCIIOPTYBaHHI Ta 30epiranHi, TOOTO HE 3MIHIOBATH
CBOIX MOYATKOBUX XapaKTEPUCTHUK;

o MaTl TapHI HU3BKOTEMIEpPATypHI BJIACTHUBOCTI, IO 3a0€3MEYyI0Th
MIPOKAvYyBaHICTh 1 CTAOUIbHY pOOOTY IPH MIHYCOBUX TeMIEpaTrypax JOBKULIA [27];

o HE YMHHUTH IIKIIJIMBOTO BIUIMBY Ha JIIOJAUHY Ta HABKOJUIITHE CEPEOBUIIIC.

Jlu3enbHi ABUTYHHU, 1110 MPAIIOIOTh Ha CyMillieBOMY TajiuBi 3 nogaBanuam MEXK,
PO3TIIAIAIOTHCS K HAHO1IBII eKoJIoT1uHi [28].

MEXK niggaeTbcs mpakTUUHO TOBHOMY O10JIOTIYHOMY pO3Maidy: y IPYHTI abo y
BOJ1 3a 28 nHIB MikpoopraHizMamu mnepepobinsietsess 99% MEXK, mo nosBomsie
MIHIMI3yBaTu 3a0pyaHeHHsa piyok Ta o3ep [12]. MEXK po3sknagaerbcsi mIBUAKO Ta
Mai>ke TOBHICTIO, OCKUIBKM TIPYHTOBI MIKpOOpTraHi3MH Kpaille MPUCTOCOBAHI IS

MeTabo0J1i3My KUPHUX KUCIOT [29].

1.3 [lopiBHsATBHA XapaKTEPUCTHKA EKCIUTyaTallIMHUX Ta €KOJIOTTYHHUX MMOKA3HUKIB
AN3EIHHOTO MANBA Ta METHIIOBUX €CTEPIB )KUPHUX KUCITIOT

Bukuau B 1BUTYHax 3 3alajeHHsIM BiJ CTUCHEHHS CKIIAJal0ThCs 3 BYTJICBOJIHIB,
MoHookcuay Byruemnto (CO), NOy Ta TBepaux yactuHok [30].

Bucoke mneranose uucio MEXK (51 1 Oinbine) € OCHOBHOIO MEpeBaroro, sika
Oe3nocepelHbO BIUTMBAaE Ha €(PEKTHUBHICTh 3aliMaHHA NaliiBa, OCOOJIMBO B yMOBax
xonomHoro mycky [12]. Ha meit mapamerp BIUIMBaIOTh CTPYKTYPHI XapaKTEPUCTUKHU
MEXK, Taki sixk 1OBXXHHA JIAHIIIOTa, CTYMIHR HEHACUYEHOCTI Ta pO3Tally >KEHHS JIaHI[IoTa.
3a3BryYail IeTaHOBE YMCIIO 3pOCTAE 31 30UIBIICHHAM JOBKUHU JIAHIIOTa 1 3MEHIIYEThCS
31 3011bIIeHHAM HeHacuueHOocTi [31]. [Ipu Bukopuctanni MEXKK na 40% 3MeHIy0ThCS

BUKHUM BYTJIEBOJHIB, IO TOB'SI3aHO 3 BUIIUM I[€TAHOBUM YHCJIOM. 3OLIBIICHHS
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koHueHTpaiii MEXK B cymimn ckopodye 3aTpuMKy 3aiiMaHHsI, TPUCKOPIOE PEAKIIIIO 1,
3pEIITOI0, 3HUXKYE PIBEHb BUKH/IIB BYTJICBOAHIB, K1 He 3ropiiau[32].

Crnocrepiraerbess 3HmkeHHS Ha 57% Bukuaie CO mig 9ac BUKOPUCTAHHS
CyMIIIeBUX JU3CIbHUX NajauB. B 3aleXHOCTI BiJ BUX1HOI CHPOBHUHHU BiJIPI3HSAIOTHCS
¢13uxo-ximiuni BnactuBocti MEXK [12].

MEXK MaroTh miaBUIIEHI, MOPIBHSHO 3 TU3EIHHUM naymBoM, Ha 10% rycTuHy Ta
Ha 10-50 kiHeMaTH4HY B'S3KICTh B 3aJI€KHOCTI BiJ BUXIJHOI CUpOBUHM [33], 110 cripusie
301bIIeHHI0O B 1,5 pasu nanexoOidHOCTI ManuBHOTO Qakena Ta JiaMeTpy Kpamelb
PO3MUJICHOTO TAJINBA, [0 MOKE MPU3BECTU 10 30LIBIICHOTO MOTPAIISHHS MajiBa Ha
CTIHKM Kamepu 3ropsiHHs Ta Truib3u. ['ycruna MEXKK 3011b11yeTses 13 301IbIIEHHIM
yucia NOoABIMHUX 3B'A3KIB y ckiai [12].

3menmieHHs koedimienta ctucHeHHss MEXK cnipusie 3611b11eHHIO JIHCHOTO KyTa
BUIICPE/HKCHHS YITOPCKYBaHHS MMAJIBa, @ TAKOXK TIABUIIICHHIO MAKCUMAIILHOTO THCKY Y
najguBHIA QopcyHul. 3HauHO BHIIa Temneparypa cnanaxy MEXK y 3akputomy Turii
(monan 120 °C), ska mepeBUIy€E aHAJIOTIYHUNA MOKA3HUK JU3EIBHOTO MalnBa Manxke
BTpHYi, 3a0€31euye MiIBUILIEHUN PIBEHb MMOXKEXKHOI Oe3neku [33].

Hasphicts y ctpykrypi wmonekynu MEXK kuchHeBMmicHUX rpyn crpuse
1HTeHCU(DIKaLli Mpolecy 3ropsHHA, L0 3a0e3leuye BHILY TeMIlepaTypy B Kamepi
3TOPSIHHSA JU3eJIbHOTO JBUTYHA. lLle, CBO€l0 ueproro, 3yMOBIIOE 3pPOCTAHHS SIK
1HUKATOPHOTO, TaK 1 €()EeKTUBHOTO KOedIli€HTIB KOPUCHOI Aii ABUTyHa. BomHouac
MIJBUILEHHS TEMIIEpaTypy CIpPHUS€ 3POCTaHHIO KOHIEHTpauii okcuaiB a3oty (NOx) y
BIIMparbOBaHUX Tra3ax [34]

HasiBHicTh poctaTHBO1 KinmbKocTi KMcHIO B MEJXK mpusBoauth 10 3HAYHOTO
CKOPOYEHHS BUKHUI1B BUXJIOITHUX Ia3iB y MOPIBHSAHHI 3 JU3EIbHUM NaIuBoM, a came CO,
CO,, SO,, ByraeBoAHIB, TBEPAUX YACTOK 1 UMy [35]

HasBhicte kucHeBux cnoiyk (~ 11 %) B MEXK npusBoauTh 10 HUXKYOI
KOHLIEHTpauii BMIcTy Byriemio (~ 77 %) Ta BOJHIO, HK Yy AU3EIbHOMY MaJlMBi, IO
MIPU3BOJIUTH JI0 3MEHIIICHHS HOT'0 HIKYO1 Ter10TH 3ropssHHS Ha 10 - 13 % Ta 301abI1eHHs

4acoBOi Ta MUTOMOi e(eKkTHBHOI BUTpaTu mNainuBa. [ 36]. BmicT KHCHIO, JOBXHHA
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e(dipHOro JaHIIOTa BIUIMBAIOTh HA €HEPTeTUYHY IIUIBHICTh Ta 3aJIeKaTh Bl BHUXIJIHOI
cupoBuHHU [12].

[lutoma BUTpaTa TajMBa TPH TaJbMyBaHHI € BIJIHOIICHHSM BHUTpATH MajnBa
JBUTYHOM JI0 TIOTY>KHOCTI rajJJbMyBaHHS 1 B CBOIO YEpry € BaXJIMBUM IOKA3HUKOM JIJIS
OLIIHKM TaJUBHOI E€KOHOMIYHOCTI JABHTYyHa. 3a THUX JK€ yMOB €KCIUTyaTallli HUX4l
MMOKa3HUKU BKa3yIOTh HA €EKOHOMHY BUTpaTy manuBa. J[aHwii MOKa3HUK 301TBITY€EThCS 31
30uIbIIeHHSAM BifcoTkoBOTO BMicTy MEXKK y cymimeBux nanuBax [12].

OpakuiifHui CKJIaJg MOTOPHUX TMalMB Ma€ Iy>K€ BaXJIMBE EKCIUTyaTaliiHe
3HAYEHHS, OCKUIbKU XapaKTEPHU3y€ IX BUTAPOBYBAHHS B IBUTYHaX. [[71s1 TU3eNbHUX NaIUB
HOPMOBAaHMMHM MOKa3HUKamu ¢pakuitHoro ckiany 3rigHo JCTY 7688:2015 € kiIbKICTh
Biarony npu 250°C, 350 °C 1 kinng kuninus (95%). UuM Bullle 111 MOKa3HUKU, TUM BaXK4e
nanuBo. lle cympoBOMKYe€TbCS  MOTIPIIEHHSAM  WOTO  3TOPaHHS, 3HIKCHHSIM
€KOHOMIYHOCTI JIBUTYHA, MIJABUILECHHSIM JUMHOCTI BIJIpallbOBAHUX Tra3iB, MiJABUIIECHE
HarapoyTPOBEHHS Ha JETAJSIX JTBUTYHA

Opakmiiauii ckinag MEXK cyTtreBo Bifpi3HsieTbest Bii HOpM Ha HadToBe
nu3enbHe manuBo 3rigHo JJCTY 7688:2015 [27] B O1k 00Ba)KHEHHS Ta XapaKTePU3YETHCS
BY3bKHM J[1alla30HOM (DPaKIiOHYBaHHS, IO YCKIIQTHIOE iX BUKOPUCTAHHS y YHUCTOMY
Burisgl. ToMy AOUUTBHO BHUKOPUCTOBYBAaTHM IIi MPOAYKTH B S[KOCTI J00aBOK [0
cymimeBux nanus [14, 33, 37].

[TopiBHSHO 13 3BUYAHUM au3eIpHUM nanuBoM ofHiero 3 nepeBar MEXK e rapna
3MalyBajibHA 3aTHICTh, KOTPa 3HWKYE TEPTS Ta 3HOIIYBAHHS KOB3HHUX JeTalieH 1, K
HACIZOK, TMPOJOBKYE TEPMIH eKcIuTyaTarii JABuryHa. [Ilpm  KOpPOTKOUaCHUX
BunpoOyBanusax noaasaHHs MEXK npusBoauth 10 €heKTUBHOTO 3HMXKEHHS 3HOCY Ta
TepTs KOB3HUX AeTanei [38]. Ane mpu BUIMX TeMIepaTypax 301IbIIY€eThCS IBUAKICTh
okucineHHss MEXK, mo HeraTuBHO 1MO3HAa4a€ThCsl HA 1X 3MAllyBaJbHUX BJIACTUBOCTSX.

[39].

1.4 HuspkoTemMnepaTypHi BIaCTUBOCTI
JBurynu, o npaioroTs Ha MEXKK, MatoTe TeHIeHIIi10 /10 TTpo0JieM 13 3aIyCKOM

3a HU3BKUX TeMIIepaTyp, OJOKyBaHHs JIiHIT MOTOKY MajanBa, GpuisTpa ado imkekTopa [40].
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3acmiueHHs (inbTpa BiIOYBA€ETHCS, KOJM TeMIeparypa Majae HIKYE 3a TPaHUYHY
temneparypy QumpTpamii  (MiHyc 25 s 3uMoBoro mepioay). [IlomimmieHHs
HU3BKOTEMIIEPATYPHUX XapaKTEPUCTHK, K 1 paHille, 3aJHIIAETHCS OJHIEI0 3 OCHOBHUX
npoOsieM npu Bukopuctanui MEXK sk 3aMiHHMKa manuBa 1l ABUTYHIB 13 3aMaJICHHAM
BiJ cTHCHEHHS. [41].

B poGoti [33] mpoBoauiucs TOPIBHAHHS —(PI3UKO-XIMIYHUX TOKAa3HUKIB
nusenbHoro nanuBa, MEJXK Ta cymimeBux nanus 3 koHneHTpariero 5,10,20 ta 30 %
Bimnosigno. s umcroro MEJXK temneparypa nomytHinas 6yna 0 °C, rpanuuna
temreparypa ¢insrposanocti minyc 2 °C ta Temmeparypa 3acturanns minyc 6 °C B
MOPIBHSIHHI 31 3HAUEHHSIMU JIJISl TU3EJIBHOTO MajuBa - MiHyc 5, minyc 20 ta miHyc 37
BianoBigHO. JlonaBanus 30 % nigsuinye ['Td Ta TemnepaTypa 3acCTUTaHHS B CEPEITHBOMY
na 10 °C

JloBkrHa BYTJIE€BOJHEBUX JIAHITIOTIB Ta HASBHICTh HEHACHUEHUX CTPYKTYp 3HAYHO
BIUTMBAIOTh HA HU3bKOTEMITEpaTypHi BiacTuBocT mummHHOCTI MEXKK. YnMm BHIle yacTka
HACMYEHUX KOMIIOHEHTIB, THM BHIIE TeMIeparypa IOMYTHIHHS Ta TpaHUYHA
TeMiiepatypa (GuIbTpoBaHOCTI. {1151 MOMIMIIEHHsT HU3BKOTEMIIEPATYPHUX BIIACTUBOCTEN
J0JIat0Th crierianbHl 1o6aBku. JenpecopHi [40] - 3amo6iraroTe 3pOCTaHHIO KPUCTATIB
napadiHiB Ta YTBOPEHHIO MPOCTOPOBOI CTPYKTypH (KomodiMepu onediHiB 13
BiHIJIAIIETaTOM, MOJIaKpUIaT, KomogiMepu osiediHiB [42]) Ta aucnepraropu napadinib
- JUCTIEPTYIOTHh mapadiHy, 3amo0iraloyu iX KpUCTaloyTBOpeHHIO (azoToBmicHi ITTAP

p13HO1 OY10BU, BUCOKOMOJICKYJISIpHI TTostiMepH) [43].

1.5 I'irpOCKOMIYHICTD Ta HACIIIKH

Yepes HemockoHamicTh BUpoOHUITBAa B MEXK 3anumiaerscsi BilbHA Bojaa siKa
HETaTUBHO BIUIMBAE HA BIACTUBOCTI MAJIMBA, BUKIMKAE PyHHYBaHHS KUTTEBO BAXKIIMBUX
KOMIIOHEHTIB MaJMBHOI CUCTEMH, TaKUX SIK HACOCU (POPCYHOK, MTAJTMBHI TPYOKHU Ta JieTasl
JIBUTYHA, & TaKOXK KOMIIOHEHTH CHUCTEMH I10jlaul MajiuBa, YCKIAIHIOE 3aMyCK JBUTYHA,
3HWXKYIOTh MOTY>KHICTh Ta 30UIbIIY€E TUMOYTBOpPEHHsI[44].

Ha pucynky 1.1 mpexacraBneHa 3aiexHicTe BMIcTy Bojorn B MEXK Bin

TPUBAJIOCTI KOHTAKTY.
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Pucynok 1.1 — 3anexnicts BmicTy Boau B MEXKK Bij TpuBanocTi KOHTakTy 3a
temmneparypu 25 °C Ta BignocHi# Bosorocti mositps 60% (a) ta 90% (6) [45]

B xo/1 nocnigkeHb BCTAHOBIICHO, IO 3a Nepii 2 700U BiI0YBA€THCSI IHTEHCUBHE
nacuyeHHst MEXK Bosoroto (600 ta 800 mr/ kxr MEXK).

Yepes cBoto rirpockomniyHicte MEXK 3natauii yrpumyBatu B 40 pasiB Ouiblie
BOJM, HK JM3EJIbHE MAJMBO, IO CIPUS€ PYHHYBAHHIO KOHCTPYKLIMHUX MaTepialiB.
BaxxnuBo BHUCyITyBaTH pe3epByapH Iepes HarmoBHEHHSM, 1100 3amo0irtd pyiHIBHOMY
BIUIMBY 3aJIMIIKOBO1 BoH [ 18].

Uepes BHCOKY rirpockomniuHicTh Ta 6iopo3kianuicte MEXK Ounbmn cxumibHi 10
3a0pynHenHst Mmikpoopradizmamu. Minepanizamis MEXK B 2-4 pa3u Buine, HiX y

Ha(TOBOTO AU3EIBHOTO NanuBa [46].

1.6 KoHcTpyKIIiiiHl MaTepianu, Ha skl BruBaoTh MEXKK

OCHOBHUMHM YaCTMHAMH JU3EJbHOT MAJMBHOI CUCTEMH, IO KOHTAKTYIOTh 3
MEXK, € 6ak qyist TU3eMbHOTO MaavBa, MaTuBHUN (DUIBTp, UTyHkepHuii Hacoc, THB/] 1
dbopcynku [47]. KoHCTpykIiiiHI MaTepiajidi BKJIIOYAIOTh PI3HI METaIM Ta HEMETAJIU.
Cepen HUX TIOMUPEHUMU YOPHUMHU METaJaMU € BYTJICIIEBa Ta HEPKaBil04a CTajlb, YaBYH
KOJIbOPOBMMHU METaJIaMHU € aJIFOMIHIM Ta M1THUM c1iiaB [48], a 10 HeMeTaleBUX HAJICKATh
MOJIIMEPHI MaTepiajy .

KoHTakT manuB 3 MOJIMEPHUMH MarTepiajlaMd 1 IHIIUM HEMEeTaJeBUMU

MarepiagamMy MAJMBHUX CUCTEM AaBTOMOOUIIB MOXE BHUKIMKATH iX HaOpsAKaHHS 1
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OJIHOYACHO BHUMMBAHHS PO3YMHHUX Y BYTJIEBOJHSIX I1HIPEAi€HTIB (TU1acTU(IKATOPIB,
oM’ SIKIITyBa4iB, OPraHIYHKMX J100aBOK Ta 1H.). Ha B1acTUBOCTI HEMeTaJeBUX MaTepialiB
MOXKYTh BIUIMBATH SIK BYTJIEBOJHI (B OLIbINIM CTYyINEHi, apeHu), Tak 1 MPUCAIKU Ta
100aBKHM 1O HAJIUB.

[linBumenHs O€3BIIMOBHOCTI TOJIMEPHUX VYIIUIBHEHh MOXIIMBE MUISTXOM
KOPUTYBAaHHS PEIENnTypyd TOJIMEPHUX MaTepiamiB - BBEJCHHSAM JIOJaTKOBUX
IHTPEIEHTIB B POMMCIIOB] CYyMIIITi.

MEXK - rapui po3unmHHukd. HamiT, sIKuii yTBOPIOETBCS MmiJl 4ac poOOTH Ha
MIHEpaJbHOMY JIU3E€JIbHOMY TajuBi, pylHyeTbcs mnpu mnepexoai Ha MEXK, mo
CIPUYUHSE 3aCMIYeHHS (IIBTPIB Ta IHKEKTOPIB.

MEXK BUKIHKaIOTh pyHHYBaHHS JJAKO(PapOOBUX MOKPUTTIB MAaJTUBHUX CUCTEM,
0CO0JIMBO Ha CTIHKAX MaJuBHOTO 0aka. OIMHKOBaHI NAJIUBHI OaKu, IEMOHCTPYIOTh JICSIKY
3MiHY KOJIbOPY B cyMilieBoMy naiuBi 3 BucokuM BMictoM MEXKK uepe3 okucnenns [49].
TexHIuHI XapaKTepUCTUKHU MaTepIaliB MOKYTh MOT1PLIYBAaTUCS, YePE3 BIAIAPOBYBAHHS
BiJl MeTary abo CIlydyBaHHSI T€pPMETHUKIB B MaJUBHUX Oakax, pyHHYBaHHS YIIIJIbHEHb B
nmanuBHiM cuctemi [50].

[Tpu Buxopuctanni MEXK crnoctepiraerscst 40% 3011bIII€HHS] Baru MajJWBHOTO
¢1bTpa B NOPIBHSHHI 3 Au3eIbHUM nanuBoM [39]. Koposiitai xapaktepuctuku MEXK
MalOTh BEJIMKE 3HAUEHHS JUIS IOBTOCTPOKOBOI CYMICHOCTI JI€Tajei MaquBHOI CHCTEMHU
JIBUTYHA 13 3aITaJICHHSIM BiJ1 CTUCHEHHS [51].

JleTtanbHe BUBUYEHHS pI3HUX KOHCTPYKLIMHUX MaTepiajiB Mae€ MeplIopsiHe
3HAUEHHS JJI1 3a0e3MeUeHHs Kpamioi MPOAYKTUBHOCTI Ta TEPMIHY CIyKOW JIBUTyHA.
Ockinbku MEXK npoTtikae yepes cuctemy Ta B3aeEMOJI€E 3 IUMU MaTepiajlaMU B PI3HUX
CTaTUYHUX Ta THHAMIYHUX YMOBaX, 1€ BUKJIMKA€E 3HOILITYBaHHS Ta ICTPaaIlilo MaTepiasiB
MaJIMBHOI cucTteMH [41].

1.7 MikpoOioJoriyHe ypaxeHHs

CrnpuiHATIUBICTh NAJIUBA A0 MIKPOO10JIOTTYHOTO YPaXKEHHS 3aJI€KUTh B1J] KUIBKOX
(bakTopiB, TaKuUX SK HOro XIMIYHUI CKJIaJ, HAsBHICTh BOJIU Ta MOXXUBHUX PEYOBHH.
MEXK Ounbll CXWIbHI 10 MIKPOOIOJIOTTYHOTO YPaKE€HHS, HIK 3BUYAWHE AU3EIbHE

MajJnuBO, OCKUIBKM HOTO0 MOJEKYJIH JIETIIe PO3KIaaloThecs MiKpoopraHizmMamu. Kpim
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TOro, 30UIBIIIEHHS BUKOPUCTAHHS TMPHUCAIOK, BHUINA TIIPOCKOIMIYHICTh Ta BIJICYTHICTb
YKOPCTKOTO 0OCIYTrOBYBaHHS pPe3epByapiB JJis 30epiraHHs CTBOPIOIOTh HEOOX1HI YMOBHU
JUTA HIBUAKOTO PO3BUTKY MIKPOOHOT momysiii [52].

Mikpo0iosnoriune pyiiHyBaHHs MEJXK B OCHOBHOMY Ma€ OKHCHIOBAJIbHY Ta
T1IPOJIITUYHY MIPUPOJTY Ta 3aj1eKaTh BiJl BUXITHOI cupoBUHHU Ji71si BupoOoHuTBa MEXKK.
OcHOBHI (akTopu: MPHUPOJAA KUPHUX KHCIOT, SKi MPHUCYTHI y CHPOBHUHI Ta CTYIEHBb
HEHACHYCHOCTI CKIaAHuX edipiB, 1110 BXOJATH 110 Moro ckiany [53]. MEXK, orpumani 3
POCIMHHHUX OJTi#, MAIOTh O1JTBIIT BUCOKUH BMICT HEHACHUYEHUX KUPHHUX KUCIIOT, TOJIOBHUM
yuHOM oJjeinoBoi (C18:1), minonesoi (C18:2) 1 minoneHoBoi kucior (C18:3). Hani
MPOJYKTH HE TIIbKM BIUIMBAIOTh Ha BJIACTHBOCTI aJbTEPHATHBHOTO IMajluBa, a U
ABJISIIOTBCA  arPECUBHUMHU IO BIJIHOUIEHHIO JO KOHCTPYKLIMHUX MaTepialiB Ta
CTBOPIOIOTH MPOOJIEMH TIi]] 4ac poOOTH ABUTYHA [54].

[Ipobiiema MiKpOOIOJOTIYHOTO YypakKE€HHs TNajuBa Ta MaTepialdiB MaJuBHUX
CUCTEM, L0 EKCIUTyaTYIOThCSA B PI3HUX KIIMAaTUYHUX YMOBAaX — OCOOJIMBO y 30HaxX 3
MIJBUILIEHOI0 BOJIOTICTIO, — € HaJ3BUYaiHO akTyalbHOIO [ 55 ]. 3a oliHKaMu
JOCHIIHUKIB, OakTepli Ta TpuUOU CTAHOBJIATH IOHAJl IOJOBUHY BCIX O10JOTTYHHX
VIIKO/KEHb TAJTUBHUX cucTeM. [ pubu (30kpema IUTiCHSBI Ta APIKIKOMOIIOHT (opMu)
MOIIMPEHI B IPYHTI, BOJII, aTMOC(EPHOMY MOBITPI Ta HA PI3HOMAHITHUX MOBEPXHSIX, 110
MOJIETUIYE iX MPOHUKHEHHS B AJIMBHE cepenoBuie[S6].

CrarucTudHi JaH1 CBia4aTh, 10 3HAYHA YACTHHA BUIIAJIKIB JIerpadallii MaTepiairiB
1 TEXHIYHOro OOJIaJIHAHHS TIOB’si3aHa caMe€ 3 MIKPOOIOJOTIYHOK AKTUBHICTIO.
MikpoopraHi3Mu BUIUISIOTh TPOAYKTH MeTabonizmy — Taki gk CO2, H2S, NHs, SOs,
N20s Ta 1HIII1 CTIOJIYyKH — $IK1 3/1aTHI 1HIIIFOBaTH 200 IPUCKOPIOBATH KOPO31iHI MPOIIECH,
0COOJIMBO B YMOBaX IMiIBUIIIEHOT BOJIOTOCTI Ta 0OMEKEHOTO JOCTYIY KHUCHIO[S7].

Y pesynbTari pO3BUTKY MIKPOOPTaHI3MIB Yy TMaJUBHOMY CEpPEIOBHUII BUHUKAE
HU3Ka TpoOJieM, 0 HEraTWBHO BIUIMBAIOTh K Ha SKICTh MaJlMBa, TaK 1 HAa CTaH
MaTepialiB MaJIMBHUX CUCTEM. 30KpeMa, CIOCTEPIraeThbCsl IMiJABUIINEHHS KUCIOTHOCTI,
3MiHa (PI3UKO-XIMIYHUX BIACTUBOCTEH MajuBa — 3POCTAHHA KIHEMATHYHO! B’SI3KOCTI,
MOKa3HUKA 3aJIOMJICHHS, 3MilleHHs pH, 301ibIneHHs BMICTY (PAaKTMUHHMX CMOJI TOIIO.

Yacto (ikcyeThest mosiBa 0caay, KaTaMyTHOCTI Ta XapaKTepHOTO HEMPUEMHOTO 3araxy
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[57]. OnnHowyacHO BiOYBA€ETHCS HAKOMMYEHHS OCaAy Ha BHYTPIIIHIX MOBEPXHIX
NaJIUBHUX CHUCTEM, IO CHpPUSIE IXHPOMY 3aCMIYEHHIO Ta 3HMKEHHIO €(EeKTHBHOCTI
pobotu. Mikpob6iosoriyHa aKTUBHICTh MPHU3BOJUTH 10 YpakeHHA JakodapOboBux
NOKPUTTIB (HAOyXaHHsS, PO3TPICKyBaHHsS, BTpara ajresii) 1 MOJIMEpPHUX MaTepiajiB.
Kononii MikpockomiuHux TpuOiB, SIKi OCENSAIOTbCA Ha TMoOJiMepax 1 TepMEeTHKax,
CHpusioTh 1HTeHCHdIKaIii KOHJEHcCallli BOASHOI Mapu, MO0 JOJATKOBO IOTIPIITyE
MEXaHIYHI Ta JIIeJICKTPUYHI BJACTUBOCTI MUX MaTepiamiB [58].

3anexHo Bi XapakTepy 3MiH, MiKpOO10JIOTI1UHE ypaKeHHsI KIIaCU(IKy€ETHCS Ha JIBa
THUIIN:

[lepmmit Tun — 3BOpoTHE ypakeHHs. [licnms ycyHEHHS MIKpOOPraHi3MiB 1
BIIKJIAJICHb BJIACTUBOCTI MarepiajiiB a00 MajliMBa BiJHOBIIOIOTHCS JO IMOYaTKOBHUX
3HAYEHb.

Jpyruii Tanm — HE3BOPOTHE ypakeHHs. B 1mboMy BUIAAKYy MIKpOO10JIOT1YHA
Jerpajaiisi Mpu3BOJUTh J0 TPUBAJIOTO 3HUKEHHS MIITHOCTI MOJIMEPHUX MaTepiaiiB,
pyiiHyBaHHs J1ak0()apOOBUX MOKPUTTIB, YTBOPEHHS J1e(DEKTIB METAIIB 1 CIIJIaBIB, @ TAKOXK
CYTT€BOi 3MIHM (I3UYHUX XapaKTEPUCTUK MNAIMBHO-MAaCTUIbHUX MaTepiamB [ 59 ].
YyacTh  MIKpOOpTaHi3MIB ~ MOXE  NPUCKOPIOBATH  IIBUIKICTH  PyWHYBaHHS
KOHCTPYKIIMHUX MaTepialliB 10 AECITH pa3iB.

BinknaneHHs, 10 yTBOPIOIOTHCS BHACHIIOK KUTTEAISUIBHOCTI MIKPOOPraHi3MiB,
3a0py/IHEHHsSI TIOBEPXOHb MaTepialiB 1 3MiHA iXHIX (I3UKO-XIMIYHUX BJIACTUBOCTEH
3YMOBJIIOIOTh HEOOXIJIHICTh 30UIBIIEHHS BUTPAaT Ha TEXHIYHE OOCIyroBYBaHHS
oOnagHaHHS — 30KpeMa Ha OYHUIIEHHS, PEMOHT, 3aMiHy OKpEeMHUX BY3JiB 1 AeTaineii[ 60].

bararo pocmipkeHh TMOBIAOMIISUIA IIPO HASBHICTH CKJIAAHOTO MIKPOOHOTO
PI3HOMAHITTSI B CYMINIEBUX JU3EJIbHUX MaluBaX. Pi3HI BHIM MIKpOOpraHi3MiB
BIUTMBAIOTH HA Pi3HI Tpynu MaTepiams [61,62].

Ha croromuimHiii aeHb ineHTH(IKOBaHO O01u3bko 200 BUIIB MIKPOOPraHi3MiB,
30KpeMa mpencTtaBHUKIB MmoHaa 30 poauH, K1 34aTHI BUKOPHUCTOBYBATHU BYTJIEBOIHI
nanuB (y TOMY YUCII JU3eJbHE MaMBO, OEH3MH, Tac TOIIO) K €UHE JHKEPEIIO BYTJICIIO

Ta eHeprii A1 cBoro Meradonizmy [63, 64]. s po3BUTKY MIKpOOpraHi3MiB HEOOX1IHi:
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nigsuieHa remmnepatrypa (20-35°C), nasBuictb Boau (Big 0,01%) 1 NOKMBHUX peyOBUH
B IMayuBi [54]).

Yci MiKpOOprasizmu, 31aTHI B3aEMOJISTH 3 TATMBHUMH CEPEOBHUILIAMHU, YMOBHO
HNOJUISIOTHCS. HA TPU TPYIIU:

o AKTHBHI JECTPYKTOPH — MIKPOOPTaHI3MH, SIKI aKTMBHO POCTYTh Yy MajuBl Ta
e(eKTHBHO BUKOPUCTOBYIOTH BYTJIEBOHI SIK JPKEPENIO HEPT1i.

o IloTenIiini AECTPYKTOPU — IITaMH 3 IIOMIPHOIO aKTUBHICTIO POCTY, SIKI MOXKYTh
a/IanTyBaTHUCS JI0 MATUBHOTO CEPEIOBHUIIIA.

o UacTkoBo aganToBaHi a00 BUITAIKOBI MIKPOMIIIETH — OPTraHi3MHU, 110 MPAKTUIHO

HE POCTYTh Yy MaJUBI Ta HE BUKOPHUCTOBYIOTh BYTJIEBOJHI SIK OCHOBHE JKEPEIIO

eHeprii [65].

BunoBuii ckianm Ta JACCTPYKTUBHI BJIACTHUBOCTI MIKPOOPTaHI3MiB CYTTEBO
BapIIOIOTBCA ~ 3aJI€KHO  BIJ THUIy Marepiany, KOHCTPYKTHBHO-TEXHOJIOTTYHHX
0COONMBOCTEM TANMBHOI CUCTEMHM Ta KJIIMAaTUYHOI 30HM eKcrulyaTtamii. Tak,
NpeACTaBHUKU TpUOIB pomiB Aspergillus, Penicillium, Trichoderma, Fusarium,
Alternaria, a Takox 0akTepii poay Bacillus 31aTHI BUKIMKATH 010A€CTPYKIIIO IIUPOKOTO
CIeKTpa MaTepiamiB. Y TOH ke yac 0araTo MiKpOOpraHi3MiB MPOSIBISIOTH IECTPYKTUBHY
AKTUBHICTH JIMIIIE 1100 OKPEMUX BUIB MaTepiaiiB [66].

3riIHO 31 CTaTUCTUYHUMHU AaHUMH, NoHan 50% BUMAIKIB MIKpOOIOJOTIYHOTO
pyWHYBaHHS OJIUB 1 MacCTWUJ 3YMOBJIEHI MISJIbHICTIO TpuOiB pouiB Aspergillus,
Penicillium, Fusarium ta Scopulariopsis. MikpoO1010Ti4yHe ypaxx€HHs MOJTIMEPHUX Ta
nako(dapOoBUX MaTepialiB HaWJacTillle BUKIWKAIOTh Tpudbu poxaiB Penicillium,
Stemphylium, Chaetomium, Trichoderma [57].

MikpocKkomiyHi TUTICHEBI TpuUOM 37aTHI TMOCUIIOBAaTH KOPO31I0 METaJIeBUX
KOHCTPYKI[IH, pO3BUBAIOYNCH B TMajauBi. BUSABICHO BUIM MIKPOCKOIIYHUX TPHUOIB, IO
M1JICWIIOIOTh KOPO3it0 aJIFOMIHIIO 1 aJIFOMIHIEBUX CIUIABIB, JIATyHi, CTaJl.

Cepen MIKpOOpPraHi3miB, IO CHPUYHMHSIOTH O10JOTIYHE YPaKEHHS TMaJuB,
JTOMIHYIOTh IPEJICTAaBHUKH OakTepi poaiB Pseudomonas, Micrococcus, Mycobacterium,
a TakoX MikpockoniuHi rpudu poaiB Cladosporium, Aspergillus, Penicillium, Alternaria

Ta 1HmUX. HaiOimpln momupeHuMr KOHTaMiHAHTaMH HaTOMPOAYKTIB € OakTepis
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Pseudomonas aeruginosa 1 rpu0d Cladosporium resinae, BIIOMUN SIK «racOBUU TpuO»
3aBJISIKM CBOiM 31aTHOCT1 aKTUBHO PO3BUBATHUCS B aBlallifHOMY MaJIuBi. [67].

«T"acoBuit pud» (Cladosporium resinae) € OgHUM 13 HaW4YACTINIe BUSBJICHHUX
MiKpOOPraHi3MiB y JIM3eIbHUX MAIMBHUX CEPeIOBUIIAX. FIOT0 CIIOpH MOXYTh TPUBAIHIl
9ac 3aJUIIATHCS B MTACHBHOMY CTaHi, OYIKYIOUH CIPUATIUBUX YMOB JJIsS IPOPOCTAHHS
[57 ]. Le#t rpub pocte mepeBakHO HA MeXi (a3 «MaIMBO—BOJA», 1 JUISI MOYATKY
aKTUBHOTO PO3BUTKY HOMY JOCTAaTHbO JIMIIE HE3HAYHOi KUIbKOCTI Bojoru. Cropu
Cladosporium resinae MaloTb PO3MIpH, MEHIIl 3a MOPU MAJUBHUX (UIBTPIB, TOMY
3BUYAiHa QUIbTpallist He 3a0e3meuye eHeKTUBHOTO OUUIIEHHS MaInuBa BiJl HUX.

[Tin wac pocty rpud® QopMye JOBIi BOJOKHUCTI CTPYKTYPH, IO YTBOPIOIOTH
IIIJTbHUAN 3BUBUCTUH TIap — Minenii. e mireniit oOBoJikae Kparuii BOAU, yTPUMYIOUU
iX y cepeloBHIlI MaJMBa, a 3aBASKH CBOEMY METa0O0JI3My Ipubd MPOIYKY€E JTOTATKOBY
KUIBKICTh BOJIOTH, MIATPUMYIOUYH IIUM BJIacHE 3pOCTaHHs [68].

VY nopiBHsHHI 3 1HIIUMHU Tpubamu, Cladosporium resinae CAHTE3y€ 3Ha4YHO OUIbIILIE
O6iomacH, MO CYTTEBO MIJBUIINYE PU3UK 3aKYNOPKH MAJUBHUX (PUIBTPIB, MOPYIICHHS
pOOOTH HACOCIB Ta 3arajibHOI Jerpaaallii MaJuBHOI CUCTEMHU.

Mikpo6iosioriuHe 3a0pyJHEHHS MAJIMBa 3yMOBJICHE MTpoiiecaMu (hepMEHTATHBHOTO
OKHUCJIEHHSI BYTJIEBOJHIB, Yy pE€3yJbTaTl YOO YTBOPIOIOTHCS OPraHiuHI KHCIOTH 3
MMOBEPXHEBO-aKTUBHUMH BJIACTUBOCTSAMH. L{i CTIOTyKH CIIPUSIOTh €MYJIbI'YBaHHIO BOAH Y
MaJuBl, TOTIPIIYIOYH HOTO CTA01IBHICTb.

[IBuakicTy 1 rMOMHA O10JECTPYKINI MaJvBa 3aJIEKATh BIJ BYIJIEBOJAHEBOIO
CKIIamy: JiHIWHI ankaHu (H-mapadiHu) poO3MICIUIIOITECS 3HAYHO IIBUIIIE, HIK
po3rayiyKeHl 130MepH, SKIi € MEHII JOCTYMHUMH Il (PEPMEHTATUBHUX CHUCTEM
MIKpOOpraHi3miB [64].

H-ankanu meHm 610¢TabiIbHOCTI, HIXK 1HIII ()OPMH BYTJICBOHI, OT)KE, TTAJMBA, IO
MICTSTb 3/1€01TbIIOT0 MapadiHOB1 BYTJIEBO/IHI, pyHHYIOTHCS MIKPOOPTaHi3MaMH IIBHUIIE
HDK IMaJIUBa, sIK1 CKIAAal0ThCs 3 OUTBIIOT KUIBKOCTI apOMaTUYHUX 3'€THaHb[54].

[Ipomec po3kmaganHs amipaTUYHUX CIOJYK TMOYHMHAETHCS 3a JIOMIOMOTOIO

(dbepMeHTIB MOHOOKCUTE€Ha3uW 1 jJlokcureHasu. llouaTkoBuil mnponec po3KiIaaaHHs
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BIIOYBA€EThCS B A€pOOHMX yMOBaxX IUIAXOM OKHMCHEHHs ByrieBojHiB. Lleil mpoiiec
NepeTBOPIOE ami(haTUyH1 CIIOJIYKHU B IEPBUHHMM 1 BTOPUHHUHN criupT [69].

3apakeHHs MajgnBa MOXe BiOyBaTHCA MiJ Yac TPAaHCHIOPTYBaHHs, 30epiraHHs, a
TaKOXX MpPU PYYHOMY OYHUIICHHI MATMBHUX CHCTEM. Y TaKUX BHUIIAJIKaX CIOPHU
MIKpOOPTaHi3MIB 3QJMIIAIOTECS B MAaCHBHOMY CTaHI MPOTATOM TPHUBAJIOrO 4Yacy,
OYIKYIOUYH CIPHUATIMBUX YMOB JUIS aKTUBAIIIi.

Y mpomeci ekcrulyaraiii HajdMBO MOXKE OJHOYAaCHO KOHTaMIHYBaTUCA SIK
MiKpoMmirieTamu, Tak 1 Oakrepisimu. [IpoTe, HE3BaXKalOUM HA JOMIHYIOUY JAECTPYKTHUBHY
3/IaTHICTh MIKPOMIIIETIB, IXHS TPHUCYTHICTh HEPIIKO MACKYEThCS Yepe3 IIBHIIEC
3pOoCTaHHs OaKkTepladbHUX MOMYJISIIN, IK1 3aiiMalOTh MIPOBIAHY MO3UIIIO B MIKPOOHOMY
CIIBTOBAPHUCTBI HA PaHHIX €Tarax 3apaKeHHS.

Peakiiiss MIKpoOpraHi3MiB Ha TEMIIEpaTypHI KOJMBAHHS 3aJ€KUTh BIJ iX
¢i31010r0-010X1MIUHUX OocoOnuBoctei. Hanpuknan, Cladosporium resinae («racoBuii
rpub») 3aIMINAEThCS JKUTTE3NATHUM 3a Temmeparypu 1o —30°C. Horo akruBHe
3pOCTaHHSI MPUIHUHSETHCS 3a TemrepaTypu omm3bko +50 °C, a 3a +60 °C BinOyBaeThCs
3aru0esib He JIMIIEe MILIeNito, a i crop [65].

MikpomileTy 3aTHI BITHOBIIIOBATH BET€TaTUBHUHN PICT HABITH ITICIISI MEXaHIYHOTO
nomkokeHHs  Mineniro. [loxim  wminenis Ha @parMeHTH COpUsie  MOJATBIIOMY
MOIIMPEHHIO TPUOIB y MATMBHIN CUCTEMI, IO 3HAYHO YCKJIAJIHIOE MPOLECH CaHallli Ta
OYUIIICHHS.

Jlnst 3ano0iraHHs MiKpOOIOJIOTIYHOMY YPa)KEHHIO MMajMBa Ta NAJUBHUX CHCTEM
HEOOX1THO IOTPUMYBATHCH KOMIUIEKCY MPOMITAKTUYHUX 3aX0/I1B, K1 BKIIFOYAIOTh:

1. 3abe3neueHHs HaleKHUX YMOB 30epiraHHs IajuBa, 30KpeMa KOHTPOJIb 3a

TrepMETHYHICTIO pe3epBYapiB Ta 3aM00IraHHs KOHTAKTy 3 aTMOC(EPHOIO BOJIOTOIO.

2. CBoevacHe BHUJIAJICHHS BOJM 3 JOHHOI YaCTUHU MAJIMBHUX OakiB 1 pe3epByapis, a

TaKOXX PETYJISIPHE OCYIIyBaHHS MaJIBA.

3. TloBHu# 1 peryisipHUN 37UB BiJCTOI 3 0akiB, 13 MOJAJBIIUM BU3HAYCHHSIM

XapaKkTepy Ta piBHS 3a0pyTHEHHS.

4. BukopuctanHs  OIOUMAHMX  MPUCATOK, 1[0  MPUTHIYYIOTH  PO3BUTOK

MIKPOOPTaHI3MiB y MMaJInBi.
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5. 3actocyBaHHs €(pEeKTHMBHOI cHCTeMU (iabTpalii BIAMOBIAHO JO BUMOT
HOPMATHUBHUX JJOKYMEHTIB, IO 3a0e31euye 3aJjJaHy CTYIIHb YUCTOTH IaJIMBA.

6. PerynspHuii KOHTponb cTaHy (iIbTpiB: THEpeBipka HASBHOCTI Ta MPHUPOIU
3a0pyIHEeHb Ha PUIBTPYIOUYUX €JIEMEHTaX, iX CBO€UYacHa MPOMUBKA ab0 3amiHa.

7. TlepionnyHe OUMILEHHS TEXHOJIOTIYHOTO 00 HAHHS, III0 BUKOPUCTOBY€ETHCS AJIS
30epiranHs Ta TPAaHCIOPTYBaHHS MaJIKBAa.

8. Jlesindexkiis mamuBHUX O0akiB 13 3aCTOCYBaHHSIM XIMIYHUX PEUYOBHH, IO MAIOTh
aHTUMIKPOOHY 110 — 30KpeMa, PO3UMHIB TIMOXJIOPUTY HATPII0, XJIOPTEKCUANHY,
OpraHiYHUX CIIOIYK.

9. IlponyBka MajaMBHOI CHUCTEMHU TapsiuUM IOBITPSM, HarpiTUM JO TEMIIepaTypu
osm3pko 70 °C, 1o 3HUILYE OUIBIIICTD (POPM MIKPOOPIraHi3MiB.

10.06pobka ynbrpadioneroBum (YD) BUINPOMIHIOBAHHSIM 33  JIOIIOMOTOIO
crenlajJbHUX JaMI JJIs CaHallli BHYTPIIIHIX TOBEPXOHb MAaJUBHUX cUcTeM [64,65].
VYHacaiA0K npoueciB ajanramii 10 HOBUX CyOCTpAaTiB y MaTMBHOMY CEPEIOBUIII

MOXKYTb 3 ’MBJISITHCS HOBI1 IITaMU MIKPOOpraHi3MiB. MIKpOMILIETH 3/1aTHI HE JIMIIE
BUTPUMYBATHU 110 IIUPOKOTO CIIEKTpa O10UAIB, a i, y AESIKUX BUIAKaX, CTAMYJIIOBATH
BHpOOJICHHS OloMacH. AKIo rpud BHKUB Y CEPEIOBUIII, IO MICTUTh O10LIMI, 1 ITOYaB
3pocTaTu, MOAANBIINI PO3BUTOK BiIOYBAETHCS MaiiKe HE3aJeKHO BiJ KOHIEHTpaIlli
AHTUMIKPOOHOTO 3aco0y.

Taka CTIMKICTb NOSCHIOETHLCS HE JIUIIIE aJallTUBHUMH MEXaH13MaMU, a il HassBHICTIO
3aXMCHOI OOOJIOHKM MILENII0, sIKa 37JaTHA: BUOIPKOBO OOMEKYyBaTW MNPOHUKHEHHS
OlolMIIB O BEreTaTUBHUX KIITHH, ajacopOyBaTH aKTHUBHI PEUYOBMHU Ha TOBEPXHI,
XIMIYHO HEUTpai3yBaTH iXHIO A1IO.

Came TOMy BKpail BaXJIMBUM € TOCTIMHUA MOHITOPUHT Ta JOCJIIKCHHS
MIKPOMIIIETIB, SIKI COIPUYHUHSIIOTh YPaXXEHHS TMajrBa Ta MAJMBHUX MaTepiaiiB, 3 METOIO
ajanTarlii METoIiB OOpOTHOU.

[1in0Gip OlonMaHOT TMPHUCAIKU € CKJIQJHUM, O0araToIliJIbOBUM 3aBIaHHSIM.
EdexTuBHuii 6io1iya MOBUHEH: MaTH IMUPOKY CIEKTPAIbHY aKTHUBHICTD MO0 OakTepiit

Ta rpubiB; OYTH TEPMOCTIMKHMM; HE MPOSBISTH TOKCUYHOCTI; HE 3MIHIOBATH (Di3UKO-
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XIMIYHI BJIACTUBOCTI MaJiMBa; HE BCTyMaTH B HeOaKaH1 peakilii 3 KOHCTPYKUIHHUMU
MartepiajlaMH.

Ha cydacHoMy ertarri 0101TuAHI PUCAIKHN BBAKAIOTHCS OJHUM 3 OCHOBHHX 3aC00iB
3ano0iraHds MiKpoOi0J0riyHOMY 3a0pyaHeHHIo. Lle XiIMI4H1 CHOJIYKH, SIKI 3HUIYIOTh
a00 TPUTHIYYIOTH PICT MIKPOOPTaHi3MiB, HE JOIMYCKAIOYM Jerpajaiii majiuBa Ta
YTBOpEHHS HeOaXaHUX TMPOJYKTIB JKUTTEAIsUIbHOCTI. Hapasi BemyThCcs akTHBHI
JTOCIIDKEHHS 3 pO3pOOKH HOBUX €(EKTUBHHMX OIOLHUIIB JJISI BUKOPUCTAHHS y PI3HHUX
TUTIAX MAJIHB.

biomuaun moBWMHHI BIANOBIZATH PSAAY BUMOT: ITUPOKUN CIEKTp OlommmHoi il
(GaxTepunnaHa Ta QyHriKIHA); XIMIYHA CTIMKICTD; BIJICYTHICTh HETATUBHOTO BIUIUBY
Ha JIBUTYH Ta KOMIIOHEHTH NAaJMBHOI CHUCTEMH, EKCIUTyaTaliiHi Ta (Pi3UKO-XIMIYHI
MOKa3HUKH TMaJUB; HU3bKUN BIUIUB HA IOBKULIS; BIICYTHICTh TOKCHYHOCTI [70].

biounan knacu@ikyroTbecs K OakTepuuuad abo (QYHrIUMOUM B 3aJIEKHOCTI BiJ
LIJTBOBUX MIKPOOPTaHi3MiB: OakTepiit abo rpudiB BIAMOBIAHO. ICHYIOTH TakoX O101UIAH1
MIPUCAJKU IIUPOKOTO CIEKTPY, €PEKTUBHI MPOTH OUIBIIOCTI TPYyN MIKpoopraHi3mis [71].
Kpim Ttoro, Olonuau po3AUISIOTBCS B 3aJE€KHOCTI BiJl iX PO3YMHHOCTI Y MaJIUBI:
BOJIOPO3YMHHI, TAJIMBO PO3YMHHI Ta YHIBepcalbHi [72].

B axocTi 0100uIHUX NPUCATOK BUKOPUCTOBYETHCS IUMPOKUI CIEKTP PEYOBUH, SIK1
MOYXHa PO3JUINTH Ha OKHCHIOBadl (030H, MEPEKUC BOJIHIO, XJIOPOBaHI CIIOIYKH) Ta
HEOKHCHIOBaYl (CMOJIYKH CIpKH, OJIOBa, 130T1a30JI0HH, coJil Mial Tomo). Ilepma rpyna
HampapjieHa Ha OKUCHEHHS MIKpOOHUX KIITHH, TOJl $K Jpyra MNepemKoKae
MeTaboJI1i3My Ta KIITUHHOMY po3nany [46].

Panimre Oyiu po3MOBCIOKEH]1 130T1a30JI0HOBI CIIOTYKH, N-TPUTATIOMETUIIOTIOH Ta
CIIOJTYKH Ha OCHOBI Y€TBEPTUHHUX aMOHIMHUX CIIOJYK B SKOCTI1 O10IIUIIB JJIsI CYJOBOTO
nanuBa. OCTaHHIM YacoM 1X BUKOPUCTaHHS CTAJIO CYTTEBO 3MEHIIYBATHUCS Yepe3 3HAUHY
IKOAY JIJI1 HABKOJIMIITHBOTO cepenoBuia [73].

EdexkTuBHICTh O10LKTY 3aJI€KUTH Bl PI3HOMAHITTS MIKPOOPIaHi3MiB, IPUCYTHIX
B nayiuBi. [30Tia3070HU 30aTHI qUdYyHTyBaTH Yepe3 OakTepiaibHy KIITHHHY MeMOpaHy
Ta KIITUHHY CTiHKY TpuOiB. Y BHYTPIIIHBOKIITUHHOMY CEPEIOBHUILl EIEKTPOH-

aedinuTHa cipka 3B 43Ky N—S [HX CIOJIYK MOKE pearyBaTy 3 HyKji1€o()UIbHUMU IpyHamMu
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KJIITUHHUX KOMIIOHEHTIB, TaKUMH $IK TIOJM 3 ILUCTEIHIB aKTHMBHUX IIEHTPIB OLIKIB,
0JIOKYIOUH 1XHIO (PEpMEHTATHBHY aKTHUBHICTbD 1 3pCIITOI0 BUKJIUKAIOYH KIITHHHY CMEPTh
[74].

OCHOBHMMH HeJOJIKaMHA OI1OIMIIB 130T1a30JIOHOBOIO IOXO/UKEHHSI € BHCOKA
BapTICTh, TOKCUYHICTh Ta CKJIAJIHICTh Y BUKOpPUCTaHHI [57].

B po6orti [75] omucano mpucaaku Coryne EF (Miracema Nuodex / SP / Bpazumis)
ta Predator 8000 (Innospec Limited / Dow-Itanis). Ilepma siBise coboro MOXigHy
OKCa3WHy 3 aKTHUBHICTIO NPOTH TPHUOKIB, OakTepiil 1 APDKIKIB, Ta PEKOMEHJOBaHA
BUPOOHUKOM JJIs1 BUKOpUCTaHHS B cyMmimax auzenb-MEXK ta unctomy MEXK. [lana
MIpUCaJIKa Ma€ MUPOKUN CIIEKTP il Ta HU3bKY TOKCUYHICTb.

[Tpucanka Predator 8000 siByisie cOO00 CyMmilll HITPATy MarHito Ta MPOAYKTIB peakiii 5-

XJIOp-2-MeTuI-4-130Tia3001H-3-0Hy Ta 2-metwi-2H-i130Tia30/1-3-oHy (y MOJIBHOMY
cniBBiaHOWEHHI 3:1). JlaHa npucaika BiIpi3HIAETHCS TOKCUYHICTIO IIPH KOHTAKTI 3 04aMu
Ta WKiporo. [lo OCHOBHHX HEIOJIKIB 000X MPUCAZOK MOXXHA BIJHECTH BHCOKY
co01BapTICTh.

B CIIIA cxBaneno Tpu Oiouuau Jjis JU3€IbHOTO TanuBa [76]:

1. DOB - cknanaetnces 3 2,2-okcubic-(4,4,6-tpumetuii-1,3,2-niokcabopiHany)
1 2,2-(1-MeTun-TpuMeTHIeHa10KCH )-01c-(4-meTmi-1,3,2-miokcabopinany). DOB €
€IMHOIO MPUCATKOI0, KA J03BOJICHA ISl BAKOPUCTAHHS B aBlallliHOMY MaJIMBI.
2. CMIT/MIT — 11e cymin 130T1a30J11HOHIB (5-XJ10p-2-MeTHII-4-130Tia3011H-3-
OH 1 2-MeTWJI-4-130Tia3011H-3-0H) y cmiBBigHOWIEHH] 3:1. JlaHuii 6louua po3YMHHUNA y
BOJIi, TOMY BUHUKAIOThH MTPOOJIEMHU 3MIITYBaHHS 3 AJIMBOM Ta MOAABIIIOT0 OCIIaHHS Ha
THO pe3epByapy. B poGoti [77] BuzHaueni MiHiManbHi koHIeHTpalii CMIT/MIT B
3QJIEKHOCTI BiJ PI3HOMAHITTS MikpoopraizmiB. [[ns Outeme HiX 40 BuaiB
MikpoopranizmiB epektruBHi kKoHteHTparlii CMIT/MIT 3naxonarbes B aianazoni 130-600
ppm. Jlanuii 6ioua Mae psJ HEAOMIKIB, & caMe TOKCHUYHICTh Ta HECTIMKICTh IPH 3MiH1
temnepartypu ta pH [78].
3. NBM/ENDM — cymim 4-(2-HiTpoOyTrim)mopdoiiny Ta 4,4’-(2-eTmn-2-

HITpOTpUMETHUJIEH )-nuMopdoiin. Jocmixenns [79] nokaszano, Mo JaHa pevyOBHHA €
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eekTUBHUM (PYHTIUIOM (JOCIKEHO Ha 3pa3kax 010Au3elt0, 3apa’keHoro CriopaMu
Pseudallescheria boydii) 3a konuentpariit 0,25 — 0,5 /1.

Takox mst 6iumaHOT 00poOKM manuBa BuKopucToBytoTh MBO (3,3-Metrinenoic(5-
MeTuIokca3onianH)). B po6oTi [80] oriHoBanM €heKTUBHICTh IU3EIBHOTO MaJMBa Ta
MEXK npu momaBanHi JBOX KOHIEHTparii manoro Oiomumy (400 ta 1000 ppm) 3a
pizHux ymoB. [lpu xonuentparii 400 ppm B 1abopaTOpHUX YyMOBaxX 010U IPUTHITYBaB
yTBOpeHHs O0iomacu B fiana3oni 40%..60%. 3a Tux camux ymoB nepeno3yBanus (1000
ppm) Mae 3BOpOTHIM BIuMB. B monpoBux ymoBax mpu konueHtpauii 1000 ppm Gymo
3adikcoBaHO OI1OUUIHY 10 Yepe3 7 MHIB y pe3epByapax 13 HU3BKUM MIKpOOHUM
3a0pynnennsM. Konnentpamis B 500 ppm 3HayHO 3MEHIIyBajla MIKpOOiOJIOTIYHE
ypakeHHsa 3a 28 nHiB, aine uepe3 60 naHIB (ikcyBasiocs BIJHOBJIEHHS CIMEHCTB
MIKPOOPTaHi3MiB, III0 03HAYA€ CTIUKICTh ACSKUX MITaMiB 110 Aii 6iouuay [81], kpiM TOro
BUKOPUCTaHHA CyOJeTaIbHUX KOHIIEHTpAlld BUKIMKAE aJanTallilo MIKpOOPTaHi3MIB Ta
BEJIC J10 3HIKEHHS e(peKTUBHOCTI Olouay [73].

ABTOopu jgociipkeHHs [ 82 ] cHUHTe3yBald IMIHOBHM MPOAYKT 3a JOIMOMOTOIO
riapoOpMUTIOBaHHS TOJABIAHUX 3B’SI3KIB, IMPUCYTHIX Yy BYIJIEBOJHEBOMY JIAHI[IO31
METUJIOBUX €(]ipiB KUPHUX KHCIOT CO€BOi OJii, 3 TMOMAJIBIION KOHJCHCAIIIE N-
Oytwiaminy. bionuaHy A0 OIIHIOBAJIM HA IITaMax TpuOiIB 1 OakTepiil, siki 3a3BUYA
NPUCYTHI B NaJIMBHUX pe3epByapax. JlomaBanHs 5% IMIHOBOrO MPOIYKTY B COEBUU
MEXK nponeMoHCTpyBajio MO3UTHUBHY AHTUMIKPOOHY AaKTHMBHICTh K y TECTI Ha
nudy3iio B arapi, Tak 1 B TECTI Ha aHTUMIKpOOHY uyThnuBicTh 715 TpubiB Candida kruset,
Candida parapsilosis, Candida albicans, Aspergillus niger, Aspergillus fumigatus 1
Saccharomyces cerevisae, a Takox aisi 6aktepiii Escherichia coli, Bacillus subtillis 1
Staphylococcus aureus.

[CHYIOTH JOCHIIDKEHHS TIPO 3aCTOCYBaHHS B SIKOCTI OIOIUAY — S-€THII-4-
amiHoOeH3eHTiocynbhoHaty [83]. Hemonikom naHoi m00aBKM € BHUCOKa BapTICTh Ta
noraHa 010pO3KIaJHICTh MPU PO3IHUBI HAPTONPOIYKTIB.

[TpoBomumucss gocmimkeHHsT e(OEKTUBHOCTI PIi3HUX OIONUIB 3 HACTYIMHUMH
(YHKIIIOHATPHUMM TpymaMu: 130Tia30J10H, OKCA30JiAWH, TioliaHaT, MopdoJIiH,

TiokapOamar 1 okcabopunaHn [84]. Bomopo3unHHi O6lomuan, 0COOIUBO 3 OKCA30I1TMHOM



44
BUSIBUITUCS OUTBIN €(DEKTUBHUMU JJII IPUTHIYEHHS POCTY MIKPOOPTraHi3MiB B MaJTMBHUX
pesepByapax. OpHak e(deKTHUBHICTh OIOLMIB 3HAYHOIO MIPOI0 3aJIEKUTh  BIJ
PI3HOMAHITTSI MIKpOOPTaHi3MiB Ta YMOB JOBKULIS (KJIIMAaT, CKJIaJ IPYHTY TOIO), OTXKE,
naHi pakTopu HEOOX1THO BpaxOBYBAaTH MPU KOPEKIIii KOHIIEHTpaIlii 01011/ 1IiB.

ABTtopH [85] mociKyBaIH BIUTUB aHTHOKCUAAHTIB (PEHOIBLHOTO TUITY Ha MIKpOOHY
ctabinpHicTs MEXK 3 01MBKOBOi Ta coeBUX 0ilili. BUKOpHCTOBYBaM HACTYIHI JAECAThH
IPUCATOK CHHTETHYHOTO ab0 MPUPOJHOTO TOXO/DKEHHS: OyTHITIIPOKCIaHi130d,
OyTHUJIOBAaHUH T1IPOKCUTONIYOJI, TPET-OyTHIITIAPOXIHOH, MPOMUIrauiaT, Mmiporaios, 4-
METHUJIKATEeXOJI, 4-TpeT-OyTUJIKaTeX0J, KaBOBAa KHUCIOTAa, TEHTU3MHOBA KHCJIOTa Ta
MPOTOKATEXIHOBA KHUCIOTA. TperT-OyTWITIApOXiHOH, 4-METUIIKaTeXon Ta 4-TpeT-
OyTUIIKAaTEeXO0Jl BHUSBUIM JOCUTH BHCOKY OlonuaHy edektuBHicTh B MEXK Ta
CyMillIeBOMY MajivBi B Jiana3oHi KoHueHTpamiii 50—-1000 mr/kr. SIKmo BpaxoByBaTH
OJIHOYACHY aHTMOKCHUJAHTHY aKTHUBHICTb JaHl MPHUCAJIKY MOKHA PO3MICTHTH B psiAl 4-
METUJIKATEXOJI>TPET-OY TUIT1IPOXIHOH. KaBoBa kumcimora 1okasana  BHCOKY
AHTUOKCUJIAHTHY aKTUBHICTh Ta MOMIPHHUI piBEHb O101IMIHOI aKTUBHOCTI.

3 orisay Ha HaBeACHE BHINE MOXKHA KOHCTAaTyBaTH, IO PO3BUTOK OIOIUIHUX
MPHUCAJIOK B CBITOBIM HayIll Hi/ie UISIXOM CUHTE3Y 1HAMBIAYaTbHUX CIONYK, a00 CyMimien
3 HEBEJIMKOIO KIJIbKICTIO KOMIIOHEHTIB, SIKI MalOTh BUPAKEHY OIOIMAHY 110 32 MaJIUX
KOHIIEHTpaIlid. 3araJibHUIMU HEJIOJIKaMu PO3POOJEHUX TMPUCATOK € BHCOKa IliHA,
HEOOXITHICTh TOYHO JOTPUMYBATHCSA KOHIIEHTpAIliil BBEJACHHS, a TaKOX HeOesleka
3HM)KEHHSI €()EKTUBHOCTI MPU MOBTOPHOMY 3aCTOCYBaHHI B TI caMiil MapTii manuBa.
Boanodac, MOXIIMBICTh BUKOPUCTAHHS B SIKOCTI O10IIMIHUX MPUCATOK MOOIYHUX, @ OTHKE
HEJIOPOTUX TMPOJYKTIB OPraHIYHOTO CHHTE3y Ta XIMIYHOI MPOMHCIIOBOCTI BIILIOMY
MaiiKe He pO3IIIIHyTa B JITepaTypi, a OTXKE, € MEPCIEKTUBHUM HAMPSMKOM MOAJIBIINAX
JOCHI/IKEHb.

— Meronu BU3HAUEHHS MIKPOOIOJOTIYHOTO Ypa)KEHHS MOTOPHOTO TaluBa
MaloTh 3a0e3MeuyBaTi BUSIBICHHS aKTHUBHUX KYJBTYpP MIKPOOPraHi3MiB, BPaxOBYIOUH
cnenuiuHi yMOBH cepefoBuina. KIOYOBUMHU BHMOTaMH 0 TaKUX METOMdIB €:

HaJIIMHICTh, IIBUJKICTh BUSBICHHS, 3/IaTHICTh BIJIPIZHATU >KUTTE3JATHI KIITUHU BiJ
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MEpPTBHUX, aJalTOBAHICTh JO OCOOJIMBOCTEH MaJUBHOI MAaTpHUIll (€MYJIbCIMHICTD,
riapodoOHICTh TOIIIO).

JIo OCHOBHHMX METOMIB BHUSBIECHHS MIKpOOIOJOTIYHOTO 3a0pyJHEHHsS MaInBa
HaJIeXKATh:

- Merton 6e3mocepeIHBOTO MiApaxyHKy KIITHH i MiKpockorioM. Llei meton

nepeadavae CIIOCTEPEKECHHs 3pas3ka manuBa (abo BomHOI (ha3u) mij MIKPOCKOIIOM 13
BUKOPHUCTAHHSM CHEIllaIbHUX OapBHUKIB.
Henomniku: piiko 3aCTOCOBYETHCS YEpe3 €MYJIbCIMHICTh CEpeOBUINA, SIKA YCKJIaJIHIOE
¢ikcanito; HEpPIBHOMIPHUI pO3MOAUT MIKPOOPIaHi3MIB y 3pa3Ky; HEMOKJIMUBICTb
BIJIPDI3HUTH KWBI KJIITHHU BiJ MEpPTBUX 0€3 J0JAaTKOBUX METOJIB (HAmpuKiIa:, 3
BUKOPUCTAHHAM (DITyOPECUEHTHUX MAPKEPIB); CKIAAHICTh 1 TPYJOMICTKICTh BUKOHAHHS
[86, 87].

— OpxHuM 3 BapiaHTIB € TOTOBI TECT-HA0OPH, KOTP1 CKIIAJAIOThCS 3 (PIIaKOHY 3
MOTPIOHUM CEPENOBUILEM Ta 1HCTPYKIi€to, Hanpukiag MicrobMonitor2. Jlanuii metos
MPHUOJIM3HY OLIHKY KUIBKOCTI MIKPOOIOJIOTTHOTO ypa)K€HHS Ta MIJIXOJUTh, SIK €CKIIPEC
TecT Ha micill [73].

- ['paBimeTpuuHuil MeTOM, 10 Mepeadavae (GuIbTpaIiio MATUBHOI CyCHEH311
1] BAKyyMOM JUIsl BUJIYYEHHSI MiKpoOHO1 010Macu, mepeBakHo Milenito rpubiB. Ilicas
¢binpTparllii oTpUMaHy Macy NMPOMHUBAIOTh, BUCYIIYIOTh 1 JOBOJSTH JO CTajioi Baru 3
METOI0 MOAANBIIOr0 3BaKyBaHHSI. MeToll € e(peKTUBHUM JUIIE 32 HASBHOCTI 3HAYHOTO
MIKpPOOHOTO YpaKeHHS, BUAMMOTO HEO30POEHIUM OKOM.

— Merton nentpudyryBanns. basyerbcs Ha monepeHLOMY TOMOT€HI3yBaHHI1
3pa3KiB  3apak€HOr0 TMajduBa 3 TMOJAIBIIUM IMEeHTpUudyryBaHHsIM. PesynbraTu
OIIHIOIOTHCS 3a JOBXKHMHOI OCaJIOBUX IMapiB y MpoOIpKax, IO TOPIBHIOIOTHCS 3
KamOpyBaibHUM  Tpadikom. MeToa M03BOJIIE  ONMEPaTUBHO OIIIHUTH  CTYIIHBb
3a0pyIHEHHSI, POTE HOTO TOYHICTh 3aJICKUTH BiJl SKOCTI TOMOTEH13aIlli 3pa3Ka.

— Merton niipaxyHKy MIKpOOpraHi3mMiB Ha (DiKCOBaHUX Ma3Kax, 3a0apBIICHUX
3a ['paMoM, 3aCTOCOBYETHCS 11 MOPGOJIOTIUHOT OIliHKHM Mikpodmopu. HezBakaroun Ha

1H(QOPMATUBHICTh LIOJ0 THUIY MIKPOOPraHi3MiB, METOJ Ma€ CYTTEBI OOMEKEHHS:
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HEPIBHOMIPHHUI PO3MOALT €eMYJIbCli Ha TPEAMETHOMY CKJII Ta TPYIHOII Y IPUTOTYBaHH1
Ma3Ka CTaJIOi IO 3HIKYIOTh TOUHICTh pe3yJibTatiB. [88].

— Henpsime BU3HaYeHHS HAsSBHOCTI MIKPOOPTaHI3MIB IUISIXOM aHai3y 3MiH
¢b13uK0-XIMIYHHX MTOKA3HUKIB MajinBa, TaKuX sK: pH BoaHOI (a3u, 3arajibHa KUCIOTHICTD,
BMICT CyJb(}1]11B, KOMIIOHCHTHUH CKJIaJl, KOHIIEHTpallisl MeTajliB, TeMIlepaTypa craiaxy,
B’s3KICTh TOmIO. He3Bakaroun Ha MPOCTOTY peamizamii, el MeTOoJ Hajaae JUIIe
OpIEHTOBHY 1H(GOPMAIlII0, OCKITIEKH 0a3yeThCsl HA HEMPSAMHUX O3HAKaX KUTTEISITLHOCTI
MiKpoopraHi3mis. [89].

- [HaMKaTOpHI METOIU Mepe10ayaroTh NpsIMe BUSIBICHHS MIKPOOPTaHi3MIB Yy
MaJuBl 3a JIOMOMOT0I0 XIMIYHUX peakTuBiB. Hanpukiian, npu BUKOPUCTaHH] HIHT1APUHY
KJIITUHA MIKPOOPTraHi3MiB BCTYIAIOTh Yy PEAKIII0 3 YTBOPEHHSM XapaKTEepPHOTO
3a0apBIICHHS — B1J] CHHBOTO JIO POXKEBOTO, 110 BKa3y€ HAa HASIBHICTh aMiHOTPYTI, THTIOBUX
JU1s O1ITKIB MIKpOOHOT 610Macu. MeTo 703BOJIsI€ MBUAKO 1 BI3yaIbHO OIIHUTH HasBHICTh
MIKpo(JIOpH, OJHAK HE HaJga€e KUIbKICHOI Xapaktepuctuku. [ 90 |. Xmopuctuid
tpudenurerpazomii (TTX) B mpuUCyTHOCTI OakTepiil NEPETBOPIOETHCA B HEPOZUMHHUI
MICTMEHT Y€PBOHOTO KOJIbOpY (opMaszaH. B gaHoMmy BUMaJKy KOHIIEHTpallis OakTepiit
BU3HAYAETHCSI Yepe3 TNOPIBHSAHHSA IHTEHCHMBHOCTI 3a0apBiIeHHS JOCIIIHUX Ta
KoHTpoJibHUX TIpo0 [91]. bapeauk Kymaci XK-250 nabyBae cune 3abapBnenus. Cepen
1HIMKATOPHUX METO/IIB OKPEMO BUAUISIOTH MeTo JIoypi, AKUM IPyHTY€EThCA Ha XIMIUHIH
B3a€EMOJIIi OUIKOBUX MOJEKyn 3 peakTuBoM @omiHa-Yokanbrey. Y pe3yibrari Iie€l
peaxiiii po3urH Ha0yBa€e XapakTEPHOTo OJAKUTHOTO 3a0apBJICHHS, IHTEHCUBHICTH SIKOTO
€ HEnpsIMUM TMOKa3HUKOM KUIBKOCTI OUIKIB, IO BHPOOJIAIOTHCS MIKPOOPraHi3MaMu y
mpoiieci iX KuTTeAisuibHOCTI [ 92 ]. [naukaTtopHi mMeTonu 3a0e3MedyroTh MEPEeBaKHO
SAKICHY OITIHKY MIKpOOIOJIOTIYHOTO 3a0pyIHEHHS, HE JTO3BOJISIOUYM TOYHO BU3HAYUTHU
KUIBKICHUHA BMICT MIKpOOpraHi3MiB y manusi. Pagiomerpuunuii meton. BumiproBaHHs
IHTEHCUBHOCTI [} paJloaKTUBHOTO 130TOmy (IHAWMKATOpa), IO HAKOMUYYETHCS B
MiKpoopraHizmMax. [HTEHCHBHICTh BHUIIPOMIHIOBAHHSI TMPSAMO TMPOMOPILIHA PO3MIPY
Oiomacu.

— OnHuM 13 MEepPCNEeKTUBHUX HAMpPsMIB y AOCTIIHKEHHI MIKPOO10JIOTT4HOIO

YPaKEeHHSI MOTOPHOT'O MajIMBa € BU3HAYEHHS MPOAYKTIB METa00I113My MIKPOOPTaHI3MiB.
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Ileit miaxix 703BOJISE BUSBUTH HE JIMINE HASABHICTh CAaMHUX MIKpOOpraHi3MiB, ajie U
OIIIHUTHU CTYMHIHb 1XHBOI O10JIOT1YHOI aKTHUBHOCTI. J[0 TakuMxX MeTOiB HajexaTh: IY-
CHEKTPOCKOMisi (BHUSIBICHHA OUIKOBHX CIIONYyK, IO € OJHUM 13 TPOAYKTIB
KUTTEIISUIBHOCTI  MIKpOOpraHi3MiB),  Xpomartorpadiunuii  aHamiz  (BHSBJICHHS
HU3bKOMOJIEKYJIIPHUX MeTabOoJTITIB, 30KpemMa KapOOHOBHX KHCJIOT),
CHEeKTPO(pIyopecleHTHIIT MeTon (BMICT BiTamiHy Bs, SIKMH akTUBHO CHHTE3y€ThCS
HU3KOI0 MIKPOOpPTaHi3MiB), 010XIMIUHI METOAM (BUSBJICHHS (PEPMEHTIB, XapaKTEPHUX
TSI MIKpOOHOT akTHUBHOCTI) [93];

— JItoMiHeCLIeHTHHI MeTol, 10 0a3yeTbcs Ha ONPOMIHEHHI 3pa3Ka
yIbTpadioeTOBUM CBITJIOM Y Jiama3oHi JOBXUH XBUIb 360-365 HM micis
nonepeaHboro (papOyBaHHS MIKpOOpraHiamiB (Quryopoxpomamu. Y pasi HasIBHOCTI
AKTUBHUX KJIITHH CIOCTEPITAEThCS 3€JIEHE CBITIHHS, SKE CBIAYUTH TIPO HASABHICTH
MeTa00JIIYHO aKTUBHUX MIKPOOPTaHi3MiB [Ommbka! 3akianka He ompenesnena. |.

Ha cyyacHoMy eTami BeyThCsl aKTUBHI1 JIOCIII)KEHHS B rajly31 CTBOPEHHS eKCIpec-
METO/I1B, 3/JaTHUX 3HAYHO CKOPOTHUTH YacC aHATI3y Ta MOJETTIUTH MPOLIEAYyPY BUIBICHHS
MIKPOOI0JIOTIYHOTO YypakKeHHsS. ICHyI0uYl METOOUKH, X04 1 3a0e3Me4yl0OTh JOCTATHIO
1HQOPMATUBHICTh, YacCTO € TPUBAJIUMH, TEXHIYHO CKJIAQAHUMH Ta MOTPEOYIOThH
CIIeliaJIi30BaHOI0 JIA0OPATOPHOTO 00IaHAHHS 1 KBaJli(piKOBAaHOTO TIEPCOHAITY.

Ha croromHimHiii AeHb HAWOUIBII TONIMPEHUMHU 3alUIIAIOTHCS 1HAUKATOPHI
METOAM, IO JO3BOJIAIOTh IIBUIKO BCTAaHOBUTH (PAKT HASIBHOCTI MIKPOOHOTO
3a0pynnenns. [Ipore 11 MeToau, sSIK MPaBUIIO, HAJAIOTh JIMIIE SKICHY OIIIHKY, IO HE
N03BOJIsIE 00'€KTUBHO BU3HAYUTU CTYIIHb 3apa)KEHHS Ta KUIbKICTh MIKPOOPTaHI3MIB Y

MaJIMBHOMY cepeoBuIIi[54].

1.8 PyitHiBHUII BIUIMB HA MOJIIMEPHI MaTepiaiu

B psail mocnmipkeHb MOKa3aHO CTIMKICTh YIIUTBHIOBAYIB, MIJIAHTIB, MPOKIANIOK B
au3enbHoMy manuBl [94, 95]. Oanak noctynHoi iH(oOpMaIli CTIMKOCTI MOMIMEPHUX
MarepiaiiB manuBHOI cuctemu npu koHTakTi 3 MEXK Ta cymimeBumu mnanuBamu
Habararo MeHme. [[uzenbne mnammBo Ta MEXK mno-pisHOMy B3aeMopiioTh 3

KOHCTPYKIMHMMH MarepiajamMu 4yepe3 BIAMIHHOCTI y XiMiuHOMY ckiaai [18]. YucnenHi
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JOCIIJKEHHSI TIOKa3alld, IO PYWHYBAHHS KOHCTPYKIIMHMX MaTrepiaiiB € Ba)JHBOIO
npoOJIeMOI0, TIOB’SI3aHOK0 3 HECTIMKICTIO KOHCTPYKIIMHMX MarepialliB, 30KpeMa
nosiMepHuX, npu Bukopuctanui MEXKK [96, 97]

Jns nu3enpHUX JBUTYHIB IIJAHTH 3a3BHYail BUTOTOBIISIOTH 13 TosioJieiHiB,
MOAU(]IKOBAaHUX KaydyKOM, TOHI SK MPOKIAIKA BUTOTOBISIOTH 13 MOJIMEPHOTO
0e3a30ecTOBOr0 Marepially, MOJIMEPHOrO Marepially Ha OCHOBI ETHJICH-TIPOILJICH-
JIEHOBOTO KayudyKy, OyTaJl€eH-HITPWIBHOTO, (PTOpKyadyKy  MOJIXJOPOIPEHY Ta
CHJIIKOHY. 3BHUalHUMU MaTepiajlaMu YIIUTFHIOBAUIB € TIOJiypeTaH, MaTepiair Ha OCHOBI
OyTaJl€H-HITPUIBHOTO Ta CUJIIKOHOBOTO Kay4yKiB, IEPBUHHUHN MOMITETpa)TOPETUIICH Ta
iH. [98, 99 ]. Binpmiicte 3 IUX MarepiajiB, 110 BUKOPUCTOBYIOTHCS B JTU3CIHHOMY
nBuryHi, He ctidki go naii MEXKK. Ilpu TpuBasioMy KOHTakTi 3 MpOKJIaJKaMH,
yIIUJIbHIOBaYaMu Ta Ha HeaaantoBaHux aBTomMoOUIsIx MEXK pozuunsie momimepHi
JieTaji ABUryHa (BUKJIMKAI4M X HaOpsKaHHs Ta po3TpickyBanHs) [100].

Yepes pizauii ckian BuxiaHoi cupoBuHHu 1 MEXK, Biapi3HsAe€TbCs BIUIMB Ha
noyiMepHi matepianu. Ha mBuUIKICT, HaOpsikaHHS BIUIMBAaE psif (aKTOPiB, TaKUX SK
koHueHtpauis MEXK y cymimeBux mnaaumBax, BMICT BOJU, KapOOHOBOI KHCIIOTH,
TeMIlepaTypa Ta TPUBAIICTh 3aHYPEHHsI, CKJIaJl TToiMepHoro Marepiany [101].

[TomimepHuii mMaTepial HA OCHOBI OyTaJllEH-HITPUIBHOTO KAy4yKy Ma€ BHCOKY
CTIMKICTh A0 MIHEPAJIbHUX OJIUB 1 HEMOJISPHUX PO3UYMHHUKIB 3aBASKA HASIBHOCTI B OO
CTPYKTYpi HiTpHIBHHX Tpym. MIoro BHKOPUCTOBYIOTH B JBHMIYHi [UIi BHUIOTOBICHHS
JeTanei, SKi MOCTIHHO KOHTakTyloTh 3 manuBoM [ 102 ]. PyiiHyBanHsi OyTazi€eH-
HITPWJIBHOTO KayudyKy BIJOYBA€ThCS PI3HUMHU NUISIXaMH, BKJIIOYAIOYM 3MIHM B CITIII
MOTIEPEYHUX 3IIUBOK, peakilii 3 MOJBIMHUMH 3B'sI3KaMHU TOJIMEPHOTO MaTepiany , a
TaKOXX TPUIIBUAIICHHS TMPOIECY TEPMIYHOTO OKHCHEHHS KaydyKy Yy TMPUCYTHOCTI
texHiyHoro Byriero[ 103,104, 105].

CrHiBBITHOIICHHS] aKpPWIOHITPUILY Ta OyTallieHy € OCHOBHMM (haKTOPOM, IO
BU3Hauae (i3U4YHI BIIACTHBOCTI OYyTali€eH-HITPWIBHOTO KayuykKy. byrasnien chpuse
THYYKOCTI TPY HU3BKHUX TEMIIEpaTypax, B TOHM 4ac K aKpWJIOHITPUII 3a0e3meuye XIMiuHy
CTIAKICTb, OCOOJMBO 0 TpaAMIIiHHUX TaauB. g cTiliKicTh 00yYMOBJIEHA BIAMIHHICTIO

BHUCOKOIIOJISIPHOT MOJICKYJIM aKPUJIOHITPUIY 13 HEMOJISIPHOIO TPHUPOJ0I0 HA(TOBOTO
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najguBa. AKPWIOHITPHUI Mae Habarato OUIbIIY MOJSAPHICTh, HDK OyTali€H, TOMY iX
CITIIBBIJTHOIIICHHS 3HAYHO BIUIMBA€ Ha 3arajibHy PO3YMHHICTH IOJIMEPHOTO MaTtepiay
[96]. 36inbmIeHHS BMiCTY akpuiioHITpuiy Bia 20 10 50 % 3HayHO 3MEHIy€e pyHHYyBaHHS
(HaOpsikaHHS) ToJIIMEpHOTo MaTepiany B nanusi [102]

Hocnimkennss cTifikocti Oynb-skux noniMepaux — marepiamiB 3 EXXK Ta
CYMIIIEBUMHU TaJllMBaMU TIPOBOJAATH CIOCTEpiralounM 3a 3MiHAMU HaOpsIKaHHS Ta
MEXaHIYHHUX BJIACTUBOCTEH IICIS CTaTUYHOTO Ta/a00 JUHAMIYHOTO 3aHYPEHHS B Pi3HI
TUIIU CepeIOBUIL TIpU pi3HUX Temmneparypax [106,98].

B po6oTi [107] mociiiykeHO BILUIMB CyMIIIEBOTO JU3EIBLHOTO MajuBa 3 J00aBKOIO
MetunoBux ectepiB xupHuX kuciaor (MEXKK) na Taki XapakTepUCTUKH MOMIMPEHUX
MOJIMEPHUX MaTepialiB, sIK: MIIHICTh IPH PO3TATYBaHHI, NOJOBKEHHS MPU PO3PUBI,
TBEPJICTh 1 HAOpsKaHHS. Y MOJIMEPHOTIO Marepiady Ha OCHOBI OyTaJi€H-HITPHUIBHOTO
KayudyKy, HEWJIOHY 1 MOJIMPOMNIJIEHY BUCOKOI MIUTBHOCTI (DiKCyBaIUCs 3MIHU (PI3MUHUX
BJIacTUBOCTEH, ToAl K TedsioH, Viton 401-C(komomimep 13 rekca@TopnpoIuieHy Ta
BiHUTIIEHPTOPUAY, a TakoXX XiMmikariB jjsi orBep/ukeHHs) 1 Viton GFLT(mpomykr
noyiMepu3allii MOHOMepy (PTOPOBAHOTO BIHUIOBOTO €(ipy y HNPUCYTHOCTI MEPOKCUIY
IpU HU3BKUX TeEMIeparypax) 3aJMIIWIUCA Maibke He3MIHHMMH. BukopuctaHHs
cymimeBoro nanupa 3 10-20% no6aBkoro EXKK He 3MeHIye CTIMKICTh MOJIMEPHOTO
Marepiajly Ha OCHOBI OyTaJl€H-HITPUIBLHOTO KaydyKy [99].

Curyaris yCKIAOHIOETbCA THUM, IO TOpu jpociimkeHHi BrumBy MEXK nHa
MOJIIMEPHI Marepiaiy MOXYThb Mepedirati napajieibHO pi3HI Mpolecu: HaOpsKaHHS,
PO3YMHEHHS, BUJTYYECHHS PO3UMHHUX KOMITOHEHTIB 31 CTPYKTYpPH MOJIIMEPHOT0 MaTepiary
, TAKUX SIK TUTACTU(IKATOPH, OJTHOYACHI CTPYKTYPH1 3MiHH, 3MiHa 00’ €My 31 3MIHOIO MacH,
3MiHAa MIIIHOCTI MpHU PO3TATYBaHHI, MOJOBXKEHHA MpU po3puBi, TBepaicTh [ 108 ].
He3zanexxno Big Takux (hakTopiB CTIUKICTh pi3HUX nomimMepanx matepianiB y MEXKK mae
MIEBHY POJIb .

B poGoti [109] mocnimkyBajid BIUIMB CYMIIIEBOTO IMajyuBa Ha XapaKTEPUCTUKU
MOJIIMEPHOTO MaTepialy Ha OCHOBI OyTaJli€H-HITPUIBLHOTO KaydyKy. bymo 3poGieno
BUCHOBKH, o audy3is MEXK 31 30uiblmieHHsM 1i KOHUEHTpALiil MPU3BOIUTH 10

3HIDKCHHSI MEXaHIYHUX BJIACTUBOCTEW TOJIMEPHUX MaTepialiB 1 SK HaCHJOK [0
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3aTBEpAIHHS MAJUMBHOIO MIJAHTY, HOTO panTOBOIO PO3TPICKYBAaHHSA Ta PpO3JIUBY
Ha(TOMPOAYKTY.

Ha panwii MOMEHT MpOTHO3YBAaHHA NPUIAATHOCTI PI3HUX BUAIB MOJIMEPHHUX
MarepiajliB JI0 BUKOPUCTAHHsS B JBUTYHaxX, SKI MPAIIOIOTh HAa CYMIIIEBOMY TMaJMBI,
YCKJIaIHEHE Yepe3 HeJOCTaTHIO BUBYEHICTh OCHOBHHUX IPOIIECIB, AKI MepediraloTh mpu
B3aemoAii MEXK 3 koHcTpykuiiiHMMH MaTepiasiamMu, 30KpeMa KiHETUKH HaOpsIKaHHS
OCTaHHIX.

PyiiHyBaHHA MOTIMEpHUX MaTepiaiiB MOXke OyTH KiJIbKICHO BUpa)KE€HA Y BHUIJISAIL
Macu, o0cAary, po3MipiB, MeX1 MIIIHOCTI IIPU PO3TATYBaHH1, 3MiHA MIIIHOCTI Ta TBEPIOCTI
[18].

MEXK Moxe BUKIMKATH 3MIHY MEXaHIYHUX Ta (I3WYHUX BIIACTUBOCTEN
MOJIIMEPHUX MaTepiaiiB, 30KpemMa 3MiHa MacH, 00’ €My, TBEPAOCT1, YMOBHOT MIIIHOCTI ITPU
pO3TATYBaHHI. 3MEHILIEHHS YMOBHOI MIIIHOCTI MPH PO3TATyBaHHI BKa3zye Ha OUIbILY
BTpaTy IONEPEYHUX 3B’A3KIB MDK €JIIEMEHTaMH IOJIIMEpPY IiJ 4Yac KOHTAaKTy 13
CYMIILIEBUM MaJUBOM. BITHOCHO HEBEJIMKE PO3UMHEHHS KOMIIOHEHTIB MOJIIMEPHOIO
Marepiaiay MOKe IPU3BECTH 0 HE3HAYHOIO 3HM>KEHHS MILIHOCTI IPU PO3TATYyBaHHI, TO1
K MEXaHI4YHI XapaKTePUCTUKHU MOTIPUTYIOThCS B O1bIIiit mipi [109].

ImMmepciiiHuil MeTo[ TOBHOIO 3aHYPEHHS € OCHOBHUM JUISl JOCIIJKEHHS
pyiniBHOTO BBy MEJKK Ha mosimepHi Marepianu. 3pa3ku MOJIMEPHUX MaTepiaiiB
MICTSTBCSI B €MHOCTI 3 TIaJJMBOM 3a TIEBHOI TEMIIEpaTypy 1 BUTPUMYEThCS MEBHUN 4ac
(romuuu, ani). s HaGnkeHHs BUNPOOYBaHb 10 pealibHUX YMOB pOOOTH JIU3EIHLHOTO
M1 9ac eKCIEPUMEHTY MEePIoIUYHO 3MIHIOIOTh TEMIIEPATypH Ta OHOBIIOIOTH MAUBO Y
emuocTax[110].

JlocniKeHHsl, MPUCBSYEHI PYHIBHOMY BIUIMBY Ha TIOJIMEpHI MaTepiaid
MOKa3aJid, 10 OUIBIICTh CKJIAAIB TMOJIMEPHUX MaTepialiB, Kl JEMOHCTPYIOTh TapHY
CYMICHICTb 13 JIU3€JIbHUM MaJUBOM, 3a3Haiu pyiHyBaHHs mia BrummBoM MEXKK [107,
109].

binbmiicte  gocmimkens cymicHocti MEXK mpoBomatbess mpu  KIMHATHIN
temrepatypi (25 °C) [109], ane y peanbHUX yMOBaX CUCTEMHU MOAayl NaIUBa TU3E€JIbHOTO

JIBUTYHA TeMIIepaTypa MajJvBa 3HAYHO 3MIHIOETHCS BiJl MAJIMBHOTO 0aka 10 MajJuBHOT
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¢dopcyHku. 3 MNOrMHOJEHHSM JOCIIKEHb MOYaiu JeTajbHIIIE 3BEpTaTH yBary Ha
cyMicHICTh noiMepHux MatepiamB 3 MEXKK npu pizHux TemnepaTypax, aje Ha JaHul
MOMEHT iCHy€ MaJio JOCTIIKEHb MI0JI0 CTIMKOCTI MOJTIMEPHUX MaTepiaiiB MPH BUCOKUX
temneparypax [99, 111].

[Tpu migBUIIIEHH] TEMIIEPATyPH CIIOCTEPITA€THCS TPUCKOPEHHS HAOPSIKaHHS Yepes
oumpiry mBuakicte audy3ii MEXK B momimepamit martepian. Ockigbku poboya
TeMmrepaTypa najauBa B JIU3eIbHOMY JBUTYHI cTaHOBHTH 80-100°C, MokHaA OYiKyBaTH
BHUCOKUHN CTYIIHb PYWHYBaHHS MOJIMEpPHHX MaTepianiB mpu BukopuctanHi MEXK.
Jlerpanariisi moJIIMEPHOTO MaTepialy MOCTIHHO 30UIBIIYETHCS 10 BUXOAY 3 Jady 4yepes
pO3pUB 4M MOJOMKY. [IpUCYTHICTP BOJIM OIOCEPEIKOBAHO BILJIMBAE HAa PyHHYBaHHS
MOJIIMEPHUX MaTepialliB.

Cryninp pyWHYBaHHsS TOJIMEPHUX MaTepialliB 30UIBIIYETHCS B Psijii: HEHJIOH,
(dTopKkayudyK, CUIIKOHOBUHM KaydyK 1 OyTaal€H-HITpUIOBUNA KayuyK. L{g TeHaeHia Moxe
MOSICHIOBATHUCS PI3HULIEIO TIOJIIPHOCTEN MOIIMEPHOI0 MaTepiany Ta nanusa. Jlerpangamnis
Ta HaOyxanHs noniMepHux wmatepiamiB y MEXK BinOyBaeTbcs uepes peakiiii MK
MOJIIMEPHUMH JIAHITFOTaMHU Ta TIONIEPEYHUMHU 3B'sI3KaMu 200 3 HATTOBHIOBAYEM Y MATPHIII.
Byranien-HITpUIbHUN KaydyK JIEMOHCTPYE CIa0Ky MOJISIPHICTh, OCKIJIBKH IU3EIbHE
MAJIMBO HETIOJSIPHE, BEJIMKA PI3HUIL B MOJIIPHOCTI PU3BOIUTH 10 MEHIIIOTO PYHHIBHOTO
BIUTMBY Ta HaOpsikanHA. HaBnaku, ockinbku Monekyin MEXK crnabonosnsipHi, MmaneHbka
PI3HHIIS y TIOJISIPHOCTI MPU3BOAUTH J0 OLIBIIOrO CTyIneHs pyiHyBanHs. [1{o cTocyeThes
(dbTopKayuyKy, BeJIMKa PI3HUIS B MOJSPHOCTI MPU3BOJIUTH O MEHIIOIO HAOpSKaHHS
[112].

Y pobori [ 113 ] Oyno nmoBeaeHo, MmO 3MiHM MacH, o0'eMy Ta MEXaHIYHHUX
BJIACTUBOCTEHN OyTagl€eH-HITPUIBHOTO KaydyKy 3MEHILYIOTHCS 31 301IbILIEHHSIM TOBXKUHU
BYTJICIIEBOTO JIAHIIOTA Ta 30UTBITYIOTHCS 31 301IBIICHHSIM YHCIIa MOABIMHUX 3B'SI3KIB Y
cknagHux edipax. KirouoBi ¢gakropu, siKi BIUIMBAIOTh HAa PYWHYBAaHHS MOJIIMEPHUX
MarepiaiiB, BKIIOYAIOTh HASBHICTh PO3YMHEHOT'O KUCHIO, BOJIOTH, TIILIEPUIIB, CTYyHIHb
HEHACUYEHOCTI MoJieKy Toro [106].

[Tportecu pyiiHyBaHHSI € HE3BOPOTHHUMH, BKJIIOYAIOUM 3MIHM B TIOJIMEPHOMY

Marepiaii yepe3 BTpaTy roro ximiuHoi cTpyktypu. [Homsipaicts MEXK minBumye #ioro
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PO3YMHHICTh Ta MOJIErIIy€e MpoOHUKHEHHs Ta excrpakilito. B MEXK Ha nmomimephi
MaTepiaau BiIOYBAaeThCSA JIBOMAa MUISIXaMU: IO-TIEpIIe, 4Yepe3 IOTJIMHAHHS PiauHA
MOJIIMEPHUMH MaTepiajaMu 1, HO-ApyTe, Yyepe3 pyWHyBaHHS PO3YMHHUX KOMITOHEHTIB
MOJIIMEPHUX MaTepiaiiB y piakomy cepeaouii [108].

Brnmus MEXK 3 6aBoBHSIHO1 01111 Ha HATYpaIbHUM KaydyK Ta IMOMIXJIOPOIPEHOBUNA
KaydyK MPHU3BOAUTH A0 3HAYHOTO 30U7bIIEHHS 00’eMy Marepiany. Bucokuit BMiCT
HAIlOBHIOBayYa JIEMOHCTPY€E OUIBIIT BUCOKY CTIHMKICTh 10 HaOpsikanHs [100].

Buxonsum 3 pe3ynbTaTiB MpENCTaBICHUX Y AOCTiKeHI [49] MoxkHa 3poOUTH
BHCHOBOK, 110 (TOpBYyIiei, Te(IOH, aneros 1 BITPOH NPAKTUYHO HE 3a3HAIOThH
pyiinyBanas B cepenoBuni MEJXXK. Ha GeH30-01uBO CTiliKi MOJiypeTaHOBI JAeTalli,
¢ropornact, TedyaoH, OyTaaleH — HITPWIbHUI Kayuyyk Ta (ropkayuyk MEXK

pyiHiBHOTO BILTUBY He BusiBise [ 100].
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PO3/IL1I 2. OB’€EKTHU TA METOJIM IOCJIKEHD

2.1 Xapakrepucrtuka 00’ €KTiB, METOH 1X aHATI3Y

2.1.1. XapakTepucTHKa Ta METOIM aHANI3y JU3EIHHOIO MaauBa

Sx 0GazoBe MNaIMBO BHUKOPUCTOBYBAIM JAM3EIbHE MaJIMBO TIAPOOYHUIICHE 0e3
npucagok (JI1), sk m00aBKy - METHJIOBI €CTEpH KUPHHX KHCIOT HEXap4yoBOi
COHAIITHUKOBOI Ta pinmakoBoi oiid. Pi3uK0-XIMIYH1 XapaKTEPUCTUKU JU3EIHHOTO MaIMBa

Ta METOAMKHN BU3HAYEHHS IMOKA3HUKIB HaBeAeH] B Ta0aui 2.1.

Tabnuus 2.1 — O13UK0-XIMIUHI XapaKTEPUCTUKU TU3EIBHOTO MajiiBa

[Toka3Huk 3HaueHHS Meronuka BU3HAUYECHHS
I'yctnna 3a 20°C, xr/m? 827 JACTY TOCT 31072:2006 [114]
Kinematnuna B’s3kicth 3a 20°C, JCTY I'OCT 33:2003 [115]
MMZ/c 2.9

IleTanoBe 4ncio 51 JACTY 8735:2017 [116]
Temmneparypa criajaxy B JACTY ISO 2719:2006[117]
3aKpuTOMy THTII, °C 62

I'pannyna TemIieparypa JACTY EN 116:2012 [118]
¢unpTparii, °C -8

BwmicT cipku, ppm. 350 I'OCT 19121-73 [119]
I'pynoBuii cknan:

Bwmict ankanis, % 00. 14

Buict nadrenis, % 0. 59 Meronn-d-M{120]

BwmicT apeniB, % 00. 27

JInst po3paxyHKy TpPyIOBOIO CKJIaay AW3EIbHOrO0 majauBa 3a MetrogoM n-d-M
BU3HAUCHO TOKa3HUK 3ajmomuieHHs 3riHo ASTM D1218-02(2007) [121]. Cepennto

MOJIEKYJIIpHY Macy MajuBa BU3HAYAINU KPIOCKOMIYHUM METOOM.
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CyTh KpiOCKOIIYHOTO METOMY TIOJSTAaE y BUMIPIOBAHHI 3HWKCHHSI TeMIIEpaTypH
KpHUCTaJTi3alii po3unHy JOCTIKyBaHOI PEYOBHHH MTOPIBHSIHO 3 PO3YMHHUKOM Y YACTOMY
BUTJISIAI 13 HACTYITHUM OOYHMCIICHHSIM MOJICKYJIIPHOI MacH peYOBUHHU.
SIK pO3YMHHUK BUKOPHUCTAIM OCH30J, OCKUIBKH BiH € HaWICIICBITUM PEAKTHBOM,
3IaTHUM J0Ope PO3UMHSTH BYTJICBO/IHI.

MonekymnsipHa Maca po3paxoBaHa 3a GOpMyJIOLO:

K- g-1000
M=|—"95 """
[ oy j (2.1)

ne K — kpiockomiuna KoHCTaHTa OeH30:y, 5,49 °C*Kr/MOIIb;
g — Maca po34MHEHO]1 TOCIIiHKYBaHOT pEYOBHHH, T;
G — Maca po34MHHHUKA, T;

At — nenpecig TeMIiepaTypy yTBOPEHHsI Kpuctaiis, °C.

2.1.2. XapakTepucTuKa Ta METOAU aHalli3y METHJIOBUX €CTEPIB JKUPHUX KUCIIOT

[Tpubnu3Hi xiMiuHi (HOPMYTU OCHOBHHUX KOMMOHEHTIB Ta iXx BmicT y MEXK i3

COHSIIITHUKOBOT Ta PIMaKoBOi 01l HaBejeHa Ha puc.2.1.
o 0 o)

|
CyH;;—C—0—CH; + CjH;—C—0—CH; + CH;—C—0—CH;
69.2 % 19.6% 5.8%
a

(|1' (o] 0
| |
Cy;H; —C—0—CH,; + CyH;;—C—0—CH; + CHy—C—0—CH;

51.9% 28.8% 9.61%
b

Pucynox 2.1 — Ximiuai ¢hopMya OCHOBHHX KOMIIOHEHTIB METHJIOBHX €CTEpiB
KUPHUX KUCIIOT Ta X BMICT : a — COHSIIIIHUKOBA OJIis; b — pinakoBa oist

di3uko-ximiuHl mokasHuku MEJKK 13 COHSIIHMKOBOI 0onii — B’SI3KICTh, MEXI
BUKUTIAHHS, TYCTHUHY, TEMIIEpaTypy 3acTUTaHHS HaBeAeHI B Tabmuii 2.2. Meromauku

BU3HAauUCHHS (13UKO-XIMIYHHUX MMOKA3HUKIB aHAJIOT1YH1 HaBeJAeHUM y Tabsmi 2.1.
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Ta6mui 2.2 — dizuko-ximiuHi mokasHuku MEXXK coHstHuKOBOT 1 pimakoBoi oii

Iloka3zHuk

3HaueHHS

MEXKK 3

COHSAIIIHUKOBOI 011

MEXKK 3

pinakoBoi ol

I'yctnna 3a 20°C, xr/m? 899.0 887.5
KinemaTtnuHa B’s3kicTb 3a 20°C, MM%/c 5.4 5,5
IleTaHoBE YKCIIO 53 51
Temnepatypa cnianaxy B 3akputromy turii, °C 154 183
['pannyna Temneparypa ¢uabTpaiii, °C -1 -1
BwmicT cipku, % mac. 0 0

BMmict ocHOBHMX kommoHeHTiB K3PBC

BH3HAUYCHUM 3a JOIOMOIOI Ta30BOIr0

xpomarorpada NeoCHROM ClassC ta HaBeeHuid B Ta0bnuii 2.3.

Taomung 2.3 — Bmict ocHOBHUX KoMoHeHTIB K3PBC

KommoneHT ®opmyna Bwicr, % mac.
Cruptu Cg - 61,8
B T.4. 2-€THITE€KCAHOI H,C—(CH,),—CH-CH,~OH 32,5
CH,
[300y THITI300y THPAT H;C—CH—CHl—O—(ﬁ— CH—CH, 21,2
| |

CH, O CH,
H-OyTHIOy THpAT H,C—CH-CH, —O—(|Z|—CH;—CH;—CH3 10,5

CH, O
Anerani 4,8

RO OR

R K
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2.1.3. XapakTepucTMKa Ta METOAU aHaJi3y MOJIMEPHUX JeTajeil MaJuBHOI
CUCTEMU

s nocmimxens BimuBy MEJKK Ha HemeTanesi aerani 1BuryHa Oyiu BUKOPHUCTaH1
HACTYTIHI 3pa3KHU:

— HAIIOBHEHUH OJIMBOOCH30CTIMKUHN noiMepHui MaTepian mumdpy 7-3825 Ha
OCHOBI OyTaIi€H-HITPUIBHOTO Kay4yyKy 3 HU3bKUM BMicTOM akpuiioHiTpmity (BHK-18);

— HANIOBHEHMI ONMBOOCH3OCTIMKUNA TMOJIMEpHUN Martepial Ha OCHOBI
OyTali€eH-HITPWIBHOTO Kay4dyKy 3 cepeadiM BwmicTtoMm akpuioHiTpwity (BHK-26)
BupoOHulTBa TOB «HoBi TexHosor1i», M. J{HINpo;

- HAllOBHEHUU OJMBOOCH30CTIMKMN TMOJIMEPHUA MaTepiall Ha OCHOBI
nonixjoponpeny BupoOHuirea TOB «Hosi Texnonoriin, M. JIHINPO;

- KOMITO3UIIIMHUI MaTepiajd Ha OCHOBI JIMTTEBOTO KOPCTKOTO MOJIypETaHy
Mapku Neuthane 128S, Bupoonunto pipmu Notedome LTD (BenukoOputanis), sxkuid
oJepKyBaiu 1pu B3aemoii npenonimepy PTMEG 3 Bmictom 2,8% Mac. 13o1iaHaTHHX
rpyn 3 orBepxyBaueM CA6 mpu mMacoBOMY CHIBBIJHOIIEHHI KOMIOHEHTIB 100:6,8 1
oTBepkeHH1 3a pexkumoM: 100 °Cx16 rox.;

— KOMITO3HIIITHUI MaTepial Ha OCHOBI >KOPCTKOi MOJICEYOBHMHHM MapKu
EPAPROOF FPCS07 BupoOnunrBa ¢ipmu EPAFLEX POLYURETNANES, Itamis
(IBOKOMITOHEHTHA CUCTEMa: KOMIIOHEHT A — apOMaTHU4HI J11301[1aHaTyi + KOMIOHEHT B —
JU- 1 TIOJIIaMWHU Ha OCHOBI aTi(paTUYHKX OJITOMEpHUX ToiedipiB 3 B’ s3KicTiO ipu 25°C

680 MmlIa-c), axy onepxyBanu rmpu 06’ €MHOMY 3MIIITyBaH1 KOMIIOHEHTIB 1:1 B ycTaHOBIII

Reactor A-XP1 ¢pipmu GRACO (CHIA) npu 70 °C 3 otBepmxennsm npu 20 °Cx24 ro.
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XapaKkTepUCTUKY JOCHIDKEHUX 3pa3KiB TOJIMEPHUX MaTepiajliB HaBEACHO B

Tabmui 2.4., XiMiuH1 GOpMYJIH MOTIMEPIB MPEICTaBICH] HAa PUCYHKY 2.2.
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Pucynok 2.2 — XimiuHi ¢opMynH MOJIMEpIB B TOJIMEPHUX MaTepiaiax: a —

noniyperas; b — nomiceyoBuHa; ¢ — BHK-18, BHK-26 ; d — monixioponpen

Tabnuusg 2.4 — XapakTepucTHKa MOJIMEPHUX MaTepialliB

I'yma [Tomi- [Tomi- [Tom- | Meron
7-3825 Ha | yperan | ceuoBuHa | BHK- | xjopo- | Bu3Ha-
3pa3ok _
OCHOBI 26 IIPEH | YEHHs
BHK-18
[lineHicTH, KI/M> 1380 1120 1070 1400 1400
VYMoOBHA MILHICTH 9,96 35,6 26,3 13,8 I'OCT
IIPU PO3TATYBaHHI, 12,9 270-75
MlIla [122]
Binnocue 200 520 310 290
MOJIOBKECHHSA Ha 445
po3pus, %
' 70 82 95 67 I'OCT
TBepaicTh 3a
70 263-

[ITopom A, ym.o.

75[123]
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2.2 MeTouku BU3HAYEHHS MIKpOO10JIOTIYHOTO ypayKeHHS MajiviBa

[cHyrOU1 SIKICHI METOJUKH 3a JIOIOMOI'OK 1HAMKATOPIB (HIHTIIAPHUHY, XJIOPHUCTOTO
TpudeHinTeTpa3oir, 6apsauka Kymaci XK-250 ta metomy Jloypi) n1aroTh TUTBKH SKiCHY
OIIIHKY, JIO3BOJIAIOTh BU3HUUTH (PAKT HAsIBHOCTI MIKPOOPTaHI3MiB.

JI0 OCHOBHHMX METO/IB OLIIHKH MIKPOOIOJOTIYHOTO ypa)K€HHS MOTOPHOTO IajuBa
HAJIeKaTh TPaBIMETPUYHUN Ta MIKpOOIOJOTIYHUIM METOAH, sIKl 3a0e3MeuyioTh 0a30Buit
pIBEHb TOYHOCTI MPU HASIBHOCTI BUAMMOTO a00 aKTUBHOTO 3a0pyIHEHHS.

['paBimeTpuunuii meton. llelt meTon momsrae y BHIIydeHHI TPUOHOTO MIIMEIIIO 3
MaJUBHOTO CEpeoBUINA NUIAXOM (QuIbTpaiii mia BakyymoM. OTpumaHy MiKpOOHY
O6lomMacy IMpOMHBAIOTh, BUCYIIYIOTh JO CTaJIOi Macu W 3BaXYIOTh 3 METOIO KUIBKICHOI
OL[IHKH.

Meron 3abe3rnedye JOCTaTHHO BUCOKY TOUHICTh, MPOTE €PEKTUBHUI JIMIIE y pasi
CYTTEBOTO MIKPOOHOI'O ypaKeHHs, KOJIU 3a0pyITHEHHSI € BUAUMUM HEO30POEHUM OKOM.
VY BUMagkax MOYaTKOBUX a00 MPUXOBAHKUX (OPM 3apakeHHS Yy TIHUBICTh METOY 3HAYHO
3HHXKYETHCHS.

VY Xoz1 BUKOHaHHS poOOTH OYJI0 YAOCKOHAIEHO METOAUKY KIJIbKICHOTO MIIPaxXyHKY
KOJIOHI MIKpOOpraHi3MiB, IO MICTATHCS B TaJWBI, NIJISAXOM IOETHAHHS CJIEMCHTIB
ICHYIOUMX aHAJITUYHUX IT1JIXO0IIB.

3anponoHoBaHa KOMOIHOBaHa METOJIWKa Tependadac BHUKOPUCTAHHS IMarepoOBHUX
GUIBTPIB, TAKWUW TMIAXiA J03BOJISE 3HAYHO IIJBHUINMTH TOYHICTH MIKPOCKOIIYHOTO
JOOCIIJKEHHS, MIHIMI3YIOUM TIOXMOKM, TOB’Si3aHI 3 HEPIBHOMIPHUM PO3MOJALIOM
MIKPOOPTraHi3MiB y MAJIUBHIN eMYJIbCi.

VY mopanbmomy ¢inbTpu 31 3pa3kaMy MiJAIOThCs BUCIBY y dYamku Ilerpi Ha
3a3/alerilb HaHeCceHe TBEpJAC IOXHBHE CEpeNOBHINE. laka METOAWKA Ja€ 3MOTY
imeHTdIKYBaTH Ta MiApaxyBaTH KOJIOHIT >KUTTE3aTHUX MIKPOOPTaHi3MiB, 3JaTHHUX
pOCTH 3a TMEBHUX YMOB TeMIlepaTypu Ta CKJIaay cepeaoBuina. MeToq MoxHa
3aCTOCOBYBaTH HaBITh 3a YMOBHM HHU3BKMX KOHIICHTpAIl KOJIOHIM, SIKI HEMOXKJIHMBO

3aikCyBaTH TPAAUIIITHUMU TPAaBIMETPUUYHUMH METOJaMHU.
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TakuM 4YMHOM, YJIOCKOHAJ€Ha METOAMKA O0'€Hy€e mepeBarud MIKPOCKOIMIYHOTO
aHaji3y 3 BHCOKOI YYTJIMBICTIO KYJbTYPJIbHOTO METOJY, 3a0€3MeUyrdr HaiHHIITY
OLIIHKY CTYTIeHs 3a0pyTHEHHs 3pa3KiB MajrBa MIKpOOpraHiZMaMHu.

Busnauenns crynens 3abpyaHeHHs npoBoauiocs s 3paskiB JAIT ta MEXK i3
COHAIIIHUKOBOI Ta PIMaKOBOi OJiH.

PeakTuBH, BUKOpHCTaH1 Y AJOCTIIXKEHHI: €TaHOJI, IENTOH (pepMEHTATUBHUMI, PO3UNH
roKo3u 5%., arap MIKpoO10JIOTTYHUN, [IUTPAT HATPIIO, CYX1 APLKIKI, PO3YUH COJISTHOI
kucyiotH (1 monb/m), pozunn Hatpito rigpokcumy 10%.

Buxopucrane nabopaTopHe 00J1aJHAHHS:

ckisgHl MipHI muwmHApu o6’emom 100 mu, 400 mmm, 1000 mur 31 CKISHUMH
KPHUIITKAMH,

o ckistHI TIsIKH (eMHIicTh 1000 mun);

e CTEpWIbHI MiNeTKy Ha 1 M1 Ta 2 M 3 rpagytoBanHsam 0,1 mu;

e OJIHOPA30B1 CTEPWJIbHI MJIACTUKOB] HAKOHEUHUKHU;

o mamnepoBi GuUIbTpU «CUHS CTPIUKa» 3 pO3MIpoM Mop 3—5 MKM;

« JIa0OpaTOPHI MIIMIl 3 TYIMMH HAKOHEYHUKAMU;

e TEPMOCTAT, 3AaTHUI MATpUMYyBaTH Temmeparypy 25 °C £ 2 °C;
o cyumibHa mada (Temneparypa crepuiizaiii 180 °C £+ 5 °C);

e CHUPTOBUH MAJBHHUK;

« wMikpockon “bionam” C-11;

e CKJISHI INMATEIIi;

« amoMiHieBa (osbra, CTepuiIbHA BaTa,

e TMaNepoBi CTIKEPU Ta MapKep JIsI MapKyBaHHS,

nepraMeHTHUN narip.

Eranu ekcriepumenty:

[E—

. bazoBi mpurotyBaHHs, cTepuiti3allis o0JiaJHaHHS Ta MaTepiaiB.
2. BusHaueHHs cTyneHs 610JI0TTYHOTO 3a0py/IHEHHS.

3. Or1iHKa BIUTUBY O101UTHOT IPUCAIKH.
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2.2.1 ba30Bi NpUroTyBaHHS Ta CTEPUIII3aLlis

Ha mouatkoBoMy eTami €KCHEpUMEHTY 31HCHIOBATIOCS MOMEPEHE OOCTEHKEHHS
nanuBa. [licnsg BUTpUMYBaHHs 3pa3KiB MPOTATOM | TOJUHHM MPOBOAMBCS Bi3yalbHUN
OTJIsi HA HAsIBHICTH JIOMIIIIOK BOJY Ta TBEPAMX YACTUHOK. Y pa3l BUSBJICHHS CTOPOHHIX
BKJIIOUEHB MAJUBO MiJAaBald OYHILIEHHIO Ta 3HeBOAHEHHIO. [1icist 1iporo mpoBoAmIOCS
peTenbHe TMepeMillyBaHHA 3pa3KiB s 3a0e3MedeHHs PIBHOMIPHOTO PO3MOALTY
MIKPOOPTaHI3MiB y CEPEIOBHIII.

[linroToBKka 1a0OPaTOPHOTO I1HCTPYMEHTApil0 3AIMCHIOBAIAch BIAMOBIAHO 0
3araJbHOMPUMHIATUX METOJMK TEpPMIYHOI Ta XIMIYHOI crepuiizamii. CriIsHUMN
nabopaTopHuid ocy | (UUIIHIAPH, TUTSIIKY, MIMETKHA TOIIO0) 3aropTajd B MepraMmeHTHUN
narip, Jyisl 3aKpUTTS OTBOPIB MINETOK BUKOPHUCTAHO BaTsAHI NpoOku. [laneposi ¢iibTpu
3aropTagucs 1HAUBIIyalbHI TMEpraMeHTHI KOHBEPTHU. YTMaKOBaHI KOMIIOHEHTH
MIJTABIUCS TPOXKAPIOBaAaHHIO B CynmwibHIA madgi 3a Temmneparypu 180+5 °C. [ns
3a0e3ne4eHHs MOBHOI CTepUJIi3allil Yyac MpOKaprOBaHHS CTAaHOBUB 2 TOAUMHU. MeTanese
npwiaaas (I, haTedl TOIIO) CTEPUIII3YBaM IUISXOM 3aHYpPEHHS IOBHOTO
3aHypeHHA poOOYMX YaCTHUH B CKJISIHKY 3 €THJIOBUM crupToM. Ilepen BUKOpUCTaHHAM
ITHCTPYMEHTH OOpOOJISIM TOMyM’sIM CIHUPTOBOTO TMaJlbHUKA I 3a0e3MeUeHHs

CTEPUJIBLHOCTI.

2.2.2 BusHaueHHS MIKpOO10JIOTTYHOTO 3a0pyATHEHHS

2.2.2.1 IlpurotyBaHHs cepenoBUIIA

JIisi KyJnbTUBYBaHHS MIKPOOPTraHi3MiB Oyji0 BUKOPUCTAHO CEPEIOBHUIILE, SKE
roTyBajJiu NUISIXOM CycrnieHayBaHHs 60 T Cyxoil MOXKMBHOI CyMillll, SIKa CKJIQJAEThCs 13
TJIIOKO3M, arapy Ta MenToHy y 1 JiTpi AMCTHIBOBAHOI BoaM. OTpUMaHy CyCHEH3II0
HarpiBajM JI0 YTBOPEHHS OJTHOPITHOI TPO30POT PiIMHHU.

CepenoBuiiie mijgaBaiud po3iuiaBieHHIO 3a Temnepatypu 70°C, 1o a03BOISIO
3HMINTAT BCl BETre€TaTUBHI KIITUHU MIKPOOPraHi3MiB, MICJHS YOTO PO3JIHUBAIA Yy
3a37ayerip CTepuiizoBaHi dYamku [leTpi, Je BOHO 3acTWrajgo TpH KIMHATHIN
temmeparypi. Ilicas mMOBHOTO TBepAHEHHS MPOBOIWIM KOHTPOJb 3HaueHHs pH 3a

normomororo pH-merpa. HaiiGinbin cnpuaTauBUM [jisi 3pOCTaHHS OIIBIIOCTI BHUJIB



61
MIKpPOOpraHi3MiB BBakaBcs miana3zoH pH=5,4+0,2. ¥V pa3i BIAXWJIEHHSA BiJl I[LOTO
JianazoHy 3HaueHHs pH KopuryBanu nuisixoM aogaBants | M po3unHy CONSHOT KUCIOTH
a6o 10% poszunny NaOH no nocsrHeHHss HeoOXimHOTro piBHSA. [[is mpurHidYeHHs
POPOCTAHHS CIIOP LMK HArpiBy Ta OXOJIOJKEHHS TOBTOPIOBAJIM TPUYl 3 THTEPBAJIOM B
oHy 100y [124].

[Ticast ocTaHHBOTO HArpiBaHHS HA MMOBEPXHIO CEPETOBUINA CTEPUILHUMU IIHUTIISIMU
BCTAHOBJIIOBAJIM TIONEPEIHBO MpOKapeHUuN QuIbTp «cuHS cTpiuka». Lle mo3Bonmio
KOMIIEHCYBATH J10(POOHICTh MOBEPXHI arapy Mo BiTHOILIECHHIO J0 MalKBa, fKa, B CBOIO
4yepry, MOTrJia CHPUYUHUTH HEPIBHOMIPHUM pO3MOJAUT KIITHH MIKPOOPTaHi3MiB Ha
MOBEPXHI CEpeOBHUIIA Ta 3MEHILIUTH TOYHICTh METOY,

JIiist 3ano0iraHHsl yTBOPEHHIO KOHJEHCATy Ha MOBEPXHI )KMBUJIBHOTO CEPEIOBHUILA,
YalllKyi 3aJIIIaId BIAKPUTUMH IO MOBHOTO 3aCTUTaHHS Ta BUIIAPOBYBaHHs Boau. [laii
YallKyd BUTPUMYBAIIA IPOTATOM TphoX A10 3a Temneparypu 25°C+2°C y nepeBepHyTOMY
nosnoxxeHHi. [le 3a0e3neuyBano nepeBipKy CTEPUIIBHOCTI CEPEIOBUILA — Y pa3l MOSBU
MIKpOQUIOpH yYallka BBaXkajlacs HENPUIATHOIO JI0 MOAAJIBLIOr0 BUKOpUCTaHHS. [l

1eHTU(IKaIlT AOCTIAHUX 3pa3KiB KOXKHA YallKa MiJgaBajgacsi MapKyBaHHIO.

2.2.2.2 Tnky0ariist MIKpoOpraHi3miB

J7ist BUCIBY MIKPOOPraHi3MiB Ha TBEPJIE KUBUIIbHE CEPEAOBHILE BUKOPUCTOBYBAIN
MOTIEPE/IHBO TEepeMilllaHe TaJINBO, 3 SKOr0 BiIOWpaNM BiIOMUN 00’€M 3a TOMOMOTOIO
CTEpWJIbHOI MiNeTKU. BimiOpaHuii 3pa3ok HAHOCHUIM Ha (QUIBTP, PO3TAILIOBAHUN B
arapu30BaHOMY CEpPEIOBHILI, MICJIS YOTO PO3NOALISIIM CTEPUIIBHUM CKIISTHUM ILITIaTeIeM
JUISL TOCSATHEHHSI piBHOMIpHOTro mapy. Posmomin 3iificHIOBaNM pyXaMu IO KOy IO
MOBEPXHI arapy, 13 NOCTIMHUM 00€pTaHHSM YalllKh — 1€ 3a0e3MeuyBajio MaKCUMaJIbHO
PIBHOMIpHE HAaHECEHHS 3pa3Ka Ta CIPUSIIO TOYHIIIOMY 00JIIKY KOJIOHIHN y MOJaIbIIIOMY.

Bukopuctani 1HCTpyMEHTH Tie€pell KOXHUM BHUKOPUCTAHHSAM CTEpPUIII3yLBAIU
IUISIXOM 3aHYPEHHS B €TWJIOBUW CIUPT, 13 HACTYIHUM MPOKAPIOBAaHHSAM B MOJIYyM’i
CHUPTOBOrO0 MalbHMKA. AHAJOrIYHA MpoIelypa BUKOHYBaJacs MiCIs 3aBEPIICHHS

KOYKHOT orepaii 3 IHCTpyMEHTOM JiJ1sl 3a0€3MeUeHHsI IOBHOI CTEPUIIBHOCTI.
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Yamku Ilerpi, Ha sxi Oyjo 311MCHEHO BHCIB, BUTPUMYBAJIM y TEPMOCTATI 3a
temnepatypu 25°C£2°C npotarom 7 Ai6. 3 METOI0 YHUKHEHHS [IOBTOPHOTO 3a0pyIHEHHS
CepenoBUIlla TPUOKOBUMH CIIOpaMHU 3 TIOBITPS, YAIIKH 30€pirajaucs 3aKpUTHMH, IO

3a0e31euyBalio J0IaTKOBUM 3aXKUCT BIJl KOHTaMiHaIlll i Yac iHKyOaItii.

2.2.2.3 IlimpaxyHOK KIIBKOCTI KOJOHINA YyTBOPIOIOYMX €JIEMEHTIB
[IpoTsirom ychoro iHKyOaIiifHOTO MEpioay, a TaKOX IMCJIs HOro 3aBepIICHHS,
3MIIACHIOBABCS BI3yaJIbHUN MIAPAaXyHOK KUTBKOCTI KOJIOHIM MIKpPOOPTaHi3MiB KOXHOTO
Kkiacy (OGakrepidi Ta TpubiB), 10 BUPOCIHM HAa XKUBWIBHOMY cepeaoBuili. Ha ocHOBI
OTPUMAHUX JaHUX BU3HAYAIM KUIBKICTh KUTTE3AATHUX KIITHH Yy 3aJaHOMy 00’ eMi
BUXIJTHOTO 3pa3Ka MaJjiuBa.
« baxkrepionoriune 3a0pyaHEHHS OLIIHIOBaNIOCS Yyepe3 48 roauH iHKyOarii.
o Mikonoriune 3a0pyaHeHHs — depe3 7 110 1HKyOarrii 3a remnepatypu 25 °C £+ 2 °C.
[TimpaxyHOK KIJIbKOCTI KOJIOHI€yTBOprotouKX eneMeHTiB (KYE) npoBoaunu BpyuHy.
Jliist iiporo vamky [leTpi po3minnyBainu Ha cBITIIOMY (OHI, TTICIS YOT0 HEO30POEHUM OKOM
paxyBaJid BCl BUIMMI KOJIOHI1, BIJ3HAYAIOUN KOKHY 1O Mipi 00JIIKY MapKepOM Ha HUKHIN
YacTUHI dYalikd, abu YHUKHYTH TOBTOPHOIO TMIApaxyHKY (OCOOJIMBO y BHIIaJKax
3pOCTaHHS KOJIOHII y po3Mipax).
JUisi BU3HAUEHHSI KUIBKOCTI >KMTTE3ATHUX MIKPOOPTaHi3MiB y 1 JIITpl BUXIJTHOT
CyCneH3li, BHKOPHUCTOBYBAJIM PE3yJIbTaTH TMapajeibHUX BHCIBIB, I1JICYMOBYBaJIU
KUTBKICTh KOJIOHIM Ta OOYHMCIIOBAIU CepeaHe apu(PpMETUUHE 3HAYEHHS 3a HACTYITHOIO

dhopmynoro [125]:

a*1000
4

M =

(2.2)

JIe @ — CepeIHs KUJIbKICTh KOJIOHIM B YalllKax,

V — 00’eM masiuBa, HaHECEHUM Ha arap, MJI.

JInst migBUIEeHHS TOYHOCTI Bu3HadyeHHs KimbkocTi KYE 3a pesymbprar Opanocs
CepeaHE 3HAUCHHS 13 TPhOX MapayieibHUX J0CTiAIB. TOYHICTh METOMUKHU 3aJICKUTh BiJl
KUIBKOCT1 KOJIOHIM, 1110 YTBOPIOIOTHCA HA YAl 3 U[IJIbHUM >KUBUJIBHUM CEPEIOBUIIIEM.

TounicTb MOXHa BKa3zyBaTu 3a gomnomoror 95% momipuoro inTepBamy. Lli mexi
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BU3HAYAIOTh Jl1aa3oH, B SIKOMY, 3 HUMOBIPHICTIO 95%, 3HAXOUTHCS KUJIbKICTh KOJIOHIH.

Posnoain opraniamiB y 3pa3Ky najavBa € BUITAJKOBUM Ta BianoBizgae cepii [Iyaccona.

2.2.2.4 Inentudikariis Ta MOp(HOJIOTIYHA XapaKTEPUCTHKA MIKPOOPTaHi3MiB

Pin 1 mpeacTaBHuK OakTepialbHUX 130JI5TIB BU3HAYABCS OILIIHKOI MOP(HOIOTIYHO-
KyJbTypaJbHUX XapaKTepUCTHK (3abapmieHHs 3a ['pamom, dopma i po3Mmip KIIITHH,
penved). st Bu3HaAUeHHST MOPGOIOTTYHUX OCOOIUBOCTEH Ta MIPUTOTYBaHHS IIperaparTiB
3pa3Ky KyJbTUBYBAJIHN HA MIJIFHUX KHBUJIHBHUX CEPEIOBUINAX.

JIist pi3HUX KIJIaciB MIKPOOPTaHi3MIB BUKOPHCTOBYBAJIUCS CIHEIIaIbHI MOKHUBHI
cepenoBuia. CalOypo arap 3 TJIIOKO30I0 — [IJIi BHU3HAYEHHS OJHOKIITUHHHUX Ta
MiLesIbHUX TpubOiB. Arap Yaneka-/[okca 3 TJIOKO3010 BHKOPUCTOBYBCSA IS
KyJbTUBYBaHHS IpuOIB Ta ApiXIKIB. OCOOIUBICTIO JAHOTO MOKUBHOTO CEPEAOBHINA €
MOBUIBHUI POCT MIKPOOPTraHi3MiB, 3aBJISKA YOMY 3PYUYHO CIIOCTEpIraTH 3a MPOILECcOM
PO3BUTKY KYJbTYpPH, Ta 13010BaTH OKPEMI KOJIOHII.

Jliist monepenHboi Kiacuikallii Ta BUSBICHHS XapaKTepHUX (POPM POCTY KOJIOHIH
MIKpooprani3miB yamku Ilerpi micis 3aBepiieHHs 1HKYOAliitHOro Mepiofy OrJIisain
Bi3yaJbHO 3a JOMOMOro0 Jynu. Hamam yamku nmepeBepTanu J0TOPH JHOM 1 OTJIS TN
I1]] MIKPOCKOIIOM ITPY HEBEJIMKOMY 301JIbILIEHHI Ta 3BYXEH1H A1adparmi 115 MOKPaAIICHHS
KOHTPACTHOCTI.

Omnuc KOJIOHIM 3A1MCHIOBANIN 3 BUKOPUCTAHHIM KOJILOPOBOI MIKAIU, (DIKCYIOUH:

e MIrCMEHTAIIII0 KOJIOHI! Ta 3MiHY KOJIbOPY HABKOJUIIHBOTO arapy;

o MopdoJoTivHi 03HaKU — (opMy, Kpaid, THATTS, TPO30PICTh, OJIUCK;

e PO3MIpH KOJIOHIH, a TaKOX crierudivyHi 0COOIMBOCTI, TPUTAMaHH1 IEBHUM POJiaM
Oakrepiit un rpuodiB.[126].

JIyist MiKpOCKOIIYHOT 11eHTU]iKaIlii MIKpOOpraHi3MiB 3a JIOMOMOTOI0 CTEPUILHOTO
mmnaress abo 0aKTepioJOTIUHOI MEeTJl BiIOMpaau HEBEJIUKY KUIBKICTh OloMartepiaity 3
HaWOIBIIOI XapaKTepHOI KOJOHII Ta PIBHOMIPHO PO3HOJAUISUIM MO CTEPUIBHOMY
npeaMeTHoMy ckiy. OTpuMani Ma3ku (IKCYBIM NUIIXOM OOEPEKHOTO MPOBEIACHHS
MPEIMETHOTO CKJIa HaJl TOJyM sIM CTUPTOBOTO MaJbHUKA, 110 3a0e3MeuyBaio 3HUIICHHS

BereTaTuBHUX (opM O3 pyiHYBaHHS KIITUHHOI CTPYKTYpH. [lani Ma3Kku AOCTIIKyBaIU
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3a  3arajJpHONPUUHATUMH  METOJMKAMU  IMIMEPCIMHOTO  MIKPOCKONYBaHHS 13
3aCTOCYBaHHSM 00’ €KTHBA 3 IMEPCIHHOIO OJTMBOIO.

I'pam-nio3utuBHMX 1 ['pam-HeratmBHHMX  OakTepiii 3acTOCOBYBalM  METOJ
dapOyBanns 3a ['pamom. Mertoauka mependadae BUKOPUCTAHHS ABOX (HapOHUKIB —
OCHOBHOTO Ta JI0JIaTKOBOTO. Y pe3ynbTari (papOyBanHs ['paM-mo3utuBHI OakTepii
HaOyBaH (h10JIETOBOTO KOJIHOPY BHACTIIOK YTPUMAHHS OCHOBHOTO KPUCTAIBIOJIETOBOTO
OapBHHMKA B TOBCTOMY IIIapl MENTHAOTIIKaHYy;, |'paMm-HeratuBHi OakTepii HaOyBaiu
YepBOHOTO ab0 POXKEBOTO KOJBbOPY BHACIIAOK 3HEOApBIEHHS MPH 0OpOOIl CUPTOM 1
MOBTOPHOTO 3adapOyBaHHA TOAATKOBUM OapBHUKOM (cadpaninom) [127].

['pubu (TuticHsBI Ta JpikmKi) Oynu ieHTU(]IKOBaHI Ha OCHOBI MOP(OJIOTTUHUX
XapaKTepUCTUK 1X KOJIOHIM, a TaKoXX OCOOJMBOCTEH OYI0BU MIIENi0, MOMITHHUX
M1IMIKPOCKOIIOM. [[7151 IbOro BUKOPUCTOBYBAJIM METOJIUKY TTOCIBHOTO KYJIbTUBYBAHHSI Ha
I[IJTLHOMY arapu30BaHOMY CEpPEJIOBHUIIII Ta MOAJIbIIE MIKPOCKOIIYHE TOCTIKEHHS, SKE
BKJIFOYAJIO OMKC TAKUX XapaKTEPUCTHUK: po3Mip Ta (hopma KOJIOHIH, KOJIIp 1 MIrMEeHTallis,
CTpYKTYypa (TJIaJieHbKa, 3MOPIIKYBaTa, MyIIKCTa TOIIO), pelbed Ta Kpai kosioHii. OiHKY
penbedy MOBEPXHI Ta KOHTYPIB KOJIOHIM MPOBOAMIM 3a JonoMororo aynu. Kosnownii, siki
BIIPI3HSUTMCS XO04a O OJHIED MOPQOJOTIYHOI O03HAKOW, KIACHU(IKYBAIM 5K
MPEACTABHUKIB PI3HUX TUMIB. JlJI1 MIATBEPAKEHHSI POJIOBOI Ta BHJIOBOTO HAJIEKHOCTI
rpu0iB BUKOPHCTOBYBAJIM MIKOJIOTTYHUI aTinac [128].

[Ticnsa 48 rogun 1HKyOari 3a Temneparypu 25 °C crmocrepiraBcsi picT TpuOKOBHX
KOJIOHIM JiamMerpoM 1-5 MM, 1[0 [03BOJSUIO TPOBECTH NEPBUHHE THUITYBaHHS
1301b0BaHUX KyJbTYp. OCKUIBKM KOXEH BHUJ MIKPOOPraHi3MiB (PopMye XapaKTepHY
KOJIOHIaJIbHy MOP(OJIOTiI0, caMe KIIbKICTh MOP(OJIOTIYHO BIAMIHHHMX THIIIB KOJIOHIM
JI03BOJISIA OL[IHUTHU PIBEHb MIKPOO10JIOTTYHOTO PI3HOMAHITTA Y AOCTIIKYBAHHUX 3pa3Kax
najuBa.

2.2.3 BB 6101MIHOT IPUCAJIKK Ha CTYIIEHb 010JIOTTYHOTO 3a0pyIHEHHS

OuiHKy epeKTUBHOCTI pO3p00JIeHOT O10ITMAHOT MPUCAIKHU JI0 MajMBa 31MCHIOBATIN
METOJIOM KyJbTHBYBAHHS MIKPOOPraHi3MiB Ha IIIJIbHOMY >KUBHUJIBHOMY CEPEIOBUIII 3

BUKOPUCTAHHAM CTEPUJILHOTO (PUIBTPYBAJIBLHOTO Marnepy K Hocis 3pa3kiB. [lonepennbo



65
Hapi3aHUW Ha PIBHI CMY’KKH TaIip MiJIaBajd CTepuiIizaimii B CYIIWIbHIN 1madi 3a
temnepatypu 180 °C. Yac crepuiizallli TCAaHOBUB 2 TOJUHHU.

VY nmocmimkeHHl BUKOpUCTOBYBanu Taki Buau mnanuBa: MEXK, Burotoneni i3
COHSIIITHUKOBOT Ta pinakoBoi ojii, a Takox JII1.

JIJIst KOKHOTO BUIY TaJMBa TOTYBAJIW JOCIITHI 3pa3Kd 3 Pi3HOI KOHIICHTPAIIIEIO
oiommmuoi mpucaaku: 1%, 3%, 5%, 7% ta 10%. KoHTpoasHUM BapiaHTOM CIyTyBajo
NajauBoO 0€3 MPUCAIKU.

[lanuBo momepeaHKO MEPEMINTyBaIU, MICIA YOoro Opajd Kparuiio Ta PiBHOMIPHO
HAHOCUJIM Ha CTEPUIIbHY CMYKKY (DIIIbTPYBaJIbHOIO Harepy 3a A0MOMOI0I0 CTEPUIIBHOTO
mmatens. CMyXKd 13 3pa3kamu nomimand B dvamku [lerpi Ta  1HKyOyBaiu
MIKpOOPraHi3MH npoTsroM 7 Ai0 3a temmnepaTypu 25°C+2°C B 3aXHILEHOMY BiJl COHIIS
micii. Koxen qociia mpoBOAUIIN y TPbOX MOBTOPEHHSIX J1J1s1 3a0€31eUeHHs] CTaTUCTUYHOL
JOCTOBIPHOCTI Ta BIATBOPIOBAHOCTI PE3yJIbTaTIB.

Yrpoaos:x 1HKyOaliifHOTO MepioAy, a TaKoX MO MOro 3aBEPIICHHIO 31HCHIOBAIIN
BI3yaJIbHY OIIIHKY CTYIEHS MIKpOOI1OJOTIYHOTO YPaKeHHS 3 METOI0 aHaJlI3y MIBUIKOCTI
pPOCTY KOJIOHIH, CTyNI€HbS MIOKPUTTS MOBEPXHI KOJOHISIMHU, IIIJIBHOCTI 1 MOP(OJIOTTYHHUX
XapaKTEPUCTHUK POCTY.

[Ticnst cemuieHHOI 1HKYOAIli pOOMIIM BUCHOBKH 1100 €PEKTUBHOCTI J1i 010111 THOT
MPUCATKU TS KOXKHOTO TUITY TaJMBa Ta KOHIIEHTpAITii.

Kpim ToT0, 17151 OIIIHKHM TOBFOTPUBAJIOT CTIMKOCTI IO MIKPOOI10JIOTIYHOTO YpaKEHHS,
JOCIIHI 3pa3Ky MajuBa 30epiraju NpoTArOM TPbOX MICSLIB y CTaHAAPTHUX YMOBAX.
[Ticnst 1IpOTO MPOBOAMIIM aHAJII3 TPO30POCTI 3pa3KiB Ta MEPEBIPSIIN HASIBHICTH OCadY, 1110
TaKOX BUCTYTAIH SIK HEMIPSIMI KpUTEPii €(heKTUBHOCTI O10IIUTHOTO 3aXUCTY.

CratuctuyHa o0poOKa pe3yJbTaTiB EKCIEPUMEHTIB 3 BU3HAUCHHS CTYICHHS
MIKpOO10JIOT1YHOTO 3yOpyIHEHHS CyMIIIEBUX MaJHUB Ta pO3pOOKa YHCEIBHOTO METOIY
BU3HAYCHHS MIHIMAJbHO HEOOX1JHOT KJIOHIIEHTpaIii O101UIy MPOBOAMIACS METOJIOM

perpeciiinoro anainizy 3a gonomororo nmakery STATISTICA 10.0[129].
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2.3 MeToauKu OIiHIOBAHHSI BIUTMBY Ha MOJIIMEpPHI MaTepiajik
O1iHIOBaHHS BIUTMBY CYMIIIIEBHX MMAJIMB HA TIOJIIMEPHI MaTepiajiy 1010 301TIbIICHHS

00’eMy, 3MIHM MacH Ta MIIIHOCTI MaTepialiB Micis KOHTAKTY 3 MajJUBOM 3A1HMCHIOBAIN

BianosigHo 1o JACTY ISO 1817:2019 [130].

2.3.1 MiHicTh OpHU pO3TATYBaHHI

[IpoBouIOCs BU3HAUYEHHS BIUIMBY CYMIIIEBOTO IU3EJIBHOIO MAJIMBO 3 J00ABKOIO
30% MEXK 3 consumrHuKoBOi oiii Ha 3MiHY YMOBHOI MIIHOCTI MpPH PO3TATYBaHHI
noiMepHux marepiaiiB npotsarom 10 ta 30 116 B poOoTi BUKOpHUCTOBYBAIUCS MOJTIMEPHI1
Marepiaau Ha OCHOBI: moiiypeTany, nonicedoBunu, bBHK-26 Ta monixmnopnpeny. s
BUNPOOYBaHHS OyJl0 BUIOTOBJIEHO 3pa3Ku TMOJIMEPHHUX MarepiainiB y dopmi
JIBOCTOPOHHIX JionaTok. [TiroToBneH1 3pa3ku BUTPUMYBAIHUCS B EMHOCTSIX 3 TAJIMBOM 3a
temmeparypu 25 °C.

byno nocnimxenHo BiuB BuXiHOI cupoBuHM MEJXK Ha cryninp HaOpskaHHS
MOJIIMEPHOTO Matepiany . B po0oTi BUKOPHUCTOBYBAIMCS HACTYMHI JOCIHITHI 3Pa3KH:
nuzenbHe nmanuBo (JI1), MEXK 3 consimtaukoBoi onii (MEXKK-1), MEXKK 3 pinakoBoi
omii (MEXK-2) ta cymimesi nanusa 3 15% no6askoro gannx MEXK

byno nposeneno pocnipkenHs: BBy MEXKK Ta cymimeBux maauB Ha 3MiHY
YMOBHOT MILIHOCTI TpPH PO3TIATyBaHHI MOJIMEpHOro wmatepiany. s mnpoBeaeHHsS
JOCIIKEHb BUKOPUCTOBYBABCS OJMBOOCH3OCTINKUI MOJIMEPHUN MaTepial Ha OCHOBI
OyTaJl€H-HITPUIBHOTO KayUyKy.

J1yist BUnpoOyBaHHS Ha MIITHICTh OYJI0 BUTOTOBJIEHO 3pa3Ky MOJIMEPHUX MaTepiaiiB
y ¢dopMi IBOCTOPOHHIX JionaToK. [1iaroToBieHi 3pa3ku BUTPUMYBAIHCS B TIPOOIpKax 3
nanuBamu 3a temneparypu 25°C mpotrsrom 10 guiB. IlpoBomunocs 5 mapanienbHHX

BI/IHpO6YBaHB Ta BU3HAYAJIOCA CCPCAHE 3HAYCHHA.

2.3.2 HaOpsikaHHs
Busnauanu CTiKICTh TONIMEPHHX MarepiaiiB B HEHAINPY>KEHOMY CTaHl J0 il
PIIKHAX arpeCUBHUX CEPEIIOBHII, 10 SKUX BiTHOCATHCS TMAJIMBA, IO MICTATH J0JaTKOBO

METHJIOBI €CTepH KUPHUX KHUCIOT. [ BU3HAYECHHS 3MIHM MacH 3pa3Kd JOCHITHHX
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MOJIIMEPHUX MaTepiaiaiB Oyjau BUTOTOBJICHI 3 BYJIKAHI30BAaHUX IJIACTUH TOBIIMHOKO 2,0
MM Ta Maiu oy 4,0 cm?. HaBakku 3pa3kiB BUKOHYBaJd Ha TOPCIOHHUX Barax 3
tounicTio BuMipy 1 mr (ISO 1817- 2016).

Jns BunpoOyBaHb OyJiM MIATOTOBJICHI 3pa3Ku MOJIMEPHUX MaTepialliB Yy BUTJISII
KBaJPATiB 3 JOBXKHUHOIO CTOPpOHHU 20 MM 1 TOBIIHHOIO 2+0,2 MM, Ha KO)KHOMY 3pa3Ky Oyia
npocTaBieHa ineHTH(ikamiiHa MiTKa. [[iAroToBIeHI 3pa3Ku MOMIIIAIA B TePMETHYHI
cTakaHu (JJ1s1 3aroO0iraHHs MOTPAIUISHHS TOBITPs), sIKI OyJIM HAIOBHEHI CYMIIIEBUM
NaJIvBOM Ta BUTpuMyBanu npotsirom 30 ai0 3a remmneparyp 25 ta 1204+2°C.

Uepes koxH1 12-24 roauHu 3pa3Ku MOJIMEPHUX MaTepialiB BUWMAU 3 TaJIUBa,
MIBUJKO BUAAISIM HAQJIUIIOK IMajliBa 3 TIOBEPXHI 3a JOMOMOTOI0 0€330JbHOTO
nanepoBoro QiabTpa, oApasy Micid 3BaXyBaidu Ha aHamiTHuHux Barax ANG-200C 3
touHicTio a0 0,0002 © Ta moBepTadM B TEePMETHYHI CTaKaHU JUIS IOJAJIBIIOTO
JOCIIKEHHS.

Cryniabs HaOpsikaHHS o1liHIOBaIu 3a Gpopmyroto [100]:

a=22"1.100% (2.3)

my

Jie 0 — CTYIiHb HaOpsikaHHs, % mac.;

m;— MoYyaTKoBa Maca 3paska, T;

my— Maca 3pa3ka micist HaOpsikaHHS, T.

HocnimkenHss npoBoawin 3a temnepatypu 25 ta 120 °C, ska crtabinizyBajiach
TepMocTaToM. Brcoke 3HaUeHHS TeMIIepaTypH Ta TPUBAIICTD JOCIIKEHHS 00yMOBIIEH1
HEOOXITHICTIO BU3HAYEHHSA TMOBEIIHKM TMOJIMEPHUX MaTepiajiB OpH KOHTAaKTI 3
CYMIIIIEBUM TAJMBOM 32 YMOB, JKOPCTKIIIUX 32 3BHYaliHI YMOBU POOOTH JABUTYHA (BUXI1A
3 Jaay CHCTEMHU OXOJIOKEHHS TOIIIO).

[Ipouec Habpskanus [131]noniMepHux MarepiaiiB, SKMH 3 MO3UIIT (opMaIbHOI
KIHETUKHM BIJAINOBIJA€ MEPIIOMY MOPSAAKY peakiii, A00pe OMHUCYEThCSI HACTYIHUM

PIBHSIHHSIM:

d
d_i =k - (Amax — ) (2.4)

dx .
Jie —— — IBUJKICTH HaOpsKaHHA, TOA. ' ;

k — KOHCTaHTa IIBUAKOCTI IPOLIECY, TOL. ;
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Qmax — CTYIIHb HAOPSKAHHS MOJIMEPHOTO MaTepially B KiHI[I €KCIIEPUMEHTY, %o;
Q; — CTyIIHb HaOpsIKaHHS MOJIMEPHOr0 MaTepiainy B IaHUM mepion yacy, %.
Crmparourich Ha piBHSHHS (2.4), 3HaXOIWIN KOHCTAHTY IMMUBIKOCTI 32 HACTYITHUM

PIBHSHHSM:

k =1In (“m—) (2.5)

T Cmax—At
Jie T — TPUBAIICTH MPOIIECY, TO/I.
JJ1s XapaKTepUCTUKH IIBUAKOCTI PEaKIIiid epIIoro MOPSAKY MOPs 3 KOHCTAaHTOO

IIBUKOCTI KOPUCTYBAJIUCH JTOJATKOBOIO BEIMUMHOIO - TIEPIOIOM HaIliBIEPETBOPEHHS.

. . . . a
I{s BemuMHa BiANOBiae CriBBiIHOMIEHHIO ——~—

= 2, 0T)K€e, BIATIOBITHO JI0 PIBHSHHS
Amax— At

(2.5) oTpumyemo:

T2 = (2.6)
®opmyna (2.6) 103BOJIsIE BU3HAUNTH Yac, 3a IKUW MOJIMEpHUN MaTepian HaOpsKae

Ha 50% Bl MaKCUMaJIbHO MOKJIMBOTO CTYIICHS.
JI71st npOrHO3yBaHHS IIBUJIKOCTI HAOPSKAHHS MOJIMEPHUX MaTepiaiiB 3a OyIb-aKoi

TeMIiepaTypu OyJia 3aCTOCOBaHa KIHETHUYHA MOJEJb, 3aCHOBAaHA Ha PIBHsSHI AppeHiyca

[132]:

-E

k=A-ert 2.7)
e A — mepeACKCIIOHCHITIMHUM MHOKHHK;
E — enepris aktuBaiii nporecy, [x/mMoib;
R — yHiBepcasibHa ra3oBa crana, J[x/(monb*K);
T — Temneparypa, K.
Eneprito aktuBanii E Bu3Hauanu 3a pe3ysibTaraMu ABOX CEplid TOCHIAIB 3a PI3HOI

TEMIIepaTypH 3 3aCTOCYBAHHSIM HACTYMHOTO piBHsHHS [ 133]:

—R‘(ln kz —In kl)

T 1-1;1

E =

, (2.8)

ne k, ta k; — KOHCTaHTH IIBUAKOCTI IIPOLIECY HAOPSAKAHHS, TO. !, 32 TEMIIEpaTypu

T, ta T4, BignoBigro 120 Ta 25°C (393 ta 298K).



69
PO311JI 3. BUBHAYEHHSA MIKPOBIOJIOI'TYHOT'O 3ABPY IHEHH
CYMIHNIEBOI'O JU3EJIBHOI'O ITAJIMBA

3.1 Pe3ynbTaTi BU3HAUCHHSI CTYTEHS MIKPOO10OJIOTIHYHOTO 3a0pyAHEHHS

Crynias Mikpo0ionoriunoro 3a0pyaHeHHst Oyjo Bu3HaueHo i 3pa3kiB MEXK,
BUT'OTOBJICHUX 13 COHSIITHUKOBOI Ta PIMaKoOBOi 0JIii, a TAKOX JIJIs 3pa3KiB MiHEPaIbHOTO
JI1.

J1J1st KOKHOTO THITY MaJiiBa MPOBOMIIMA TPH MapajesibHi MOCIBU 3pa3KiB Ha IIUIHHE
KUBWIBHE CEPEIAOBUIIE, BUKOPUCTOBYIOUYHM Pi3HI 00’ emu: 0,15 mur, 0,20 mut ta 0,24 M
BiANOBIAHO. Bubip Takux o00’e€MiB 3I1MCHIOBABCS EKCHEPUMEHTAIBHO IUISIXOM
NOMEpPEeHbOI  Cepii MOCIBIB, IO JO3BOJWJIO BU3HAYUTH ONTUMAJIBHUN Jlana3oH
THOKYJISILIII, TIPpU SKOMY KOJIOHIT AOOpE pO3pI3HSIOTHCS, HE 3JIMBAIOTHCA MK COOOIO 1
MOXXYTb OyTH TOYHO I1JIPaXOBaHI.

[e# miaxia aB 3MOTYy YHUKHYTH HaJMIpHOTO a00 HEAOCTATHHOI'O 3aCIBY YaIllOK
ITetpi, mo ocoOiMBO BaXauBO JJisi kopekTHoro Bu3zHaueHHs KYE Tta monmanbiioro
PO3paxyHKy CTyNeHs 3a0pyAHEHHS 3 BUCOKOIO TOUHICTIO. B po3paxyHkax BpaxoByBaJiu
aume Ti yvamku Ilerpi, sxi mictuaum He meHme 20 ta He Ourbie 300 KoJIOHIM
MIKpOOprani3miB. BepxHs Mexxa 00yMOBIJIEHa MOXJIHMBICTIO PO3PI3HIATH HEO30pOEHUM
OKOM OKpeMi KOJIOHI].

Pe3ynbraty 10CHiIKEHHS CTYNEeHs 0aKTEP10JIOTTYHOTO Ta MIKOJIOTTYHOTO YpaKE€HHS
KOXKHOTO 3pa3Ka MajiuBa MpejcTaBieH1 Ha pucyHkax 3.1 ta 3.2.

3 pe3yibTaTiB, HaBeJICHUX Ha pucyHkax, BujaHo, mo I ra MEXK nHa ocHOBi
COHSIIIIHUKOBOI OJI11 XapaKTepU3yIOThCsl CEPEAHIM CTYIIEHEM 3a0pyIHEHHS TPUOKOBUMHU
criopaMu Ta CUiIbHE 3a0pynHeHHs O6aktepisimu. Bognouac, MEXKK Ha ocHOBI pimakoBoi
OJI1i XapaKTEePHU3yIOThCA CUIIbHUM 3a0pyAHEHHSIM OaKTepisiMU Ta CIOpaMu IpUOIB.

Crijt 3a3HaYUTH, 1110 3araJbHOMPUHHATHX MEXK 11010 BETMYHMHU MIKPOO10JIOTTYHOTO
3a0pynHeHHsI MOTOpHUX manuB He icHye. KimbkicTs KYE 3anexxuts Bijl HU3KM YHHHUKIB,
ajie € OpIEHTOBHI MEX1 MOMIPHOTO 1 CHJIBHOTO MIKPOOIOJOTIYHOTO 3a0pyAHEHHS.

[Tomipne 3a06pyauenns Bix 4000 mo 20 000 KYE/n, cunbae 3a6pyauenns oinbie 20 000
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KVYE/n. Jani Mexi npu3HaveHi AJi1 3aB4aCHOT BKa31BKU T€ 1110, 0 Y MaJIMB1 BII0YBAETHCS

PICT MIKpOOpraHi3MiB.
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Jln3enpHe najJIruBO MEXK 3 CHO MEXK 3 PO

m0,15mMn ®020mn ®0,24mn  © CepenHe 3HAYCHHS

Pucynox 3.1 — Ctyninb 3a0pyaHeHHS OaKTepisIMH PI3HUX BHIIB ITAJINBA

JIn3enpHe najanuBO MEXK 3 CHO MEXK 3 PO
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Pucynok 3.2 — CTymniHb MIKOJIOTIYHOTO 3a0pyAHEHHS PI3HUX BHU/IB MaJ1Ba
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Ax mpaBuiio, JUIs TOro, 100 MoYaaucs eKcIulyartaimiiHi mpoOiemMu abo OyB
HEraTUBHUN BIUIMB HAa MPUJATHICTh MaJWBa JJis BUKOPUCTAHHS, MOTPIOHI BUII piBHI
3a0pynHenHs, aje npu Bukopuctandi MEXKK mani mpoGiemMu cToATh TOCTPO 1 MOKYTh

BUKJIMKATH CEPUO3HI MPOOIIEMH.

3.2 Pe3ynbraTi i1eHTUdIKAaLi] 1305 TiB MIKPOOPTaHI3MiB
@DOTO3HIMKU B1JI0OpaXKalOTh JIMHAMIKY PO3BUTKY MIKPOOPraHi3MiB B 3pa3Kax

najauBa MPOTATOM 1HKyOaIiifHOro nepioy HaBeJeH1 Ha pucyHkax 3.3.-3.5.

4 mobn

Pucynox 3.3 — 3Mmina crynens mikpoOionorigaHoro 3a0pyaunenns JI1 B peanbHOMY

yaci
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7 1i6
Pucynok 3.4 — 3mina ctynens mikpooiosoriunoro 3abpyanenass MEXK 13 CHO B

pealbHOMY Yaci

4 nobu 7 ;:[i6
Pucynok 3.5 — 3mina crynens MikpoOiosioriunoro 3abpyanenus MEXK 13 PO B

peallbHOMY Yaci
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@DOTO3HIMKH 30BHINIHBOTO BUIVIY 130JIbOBAaHUX OaKTeplaibHUX KYJBTYD,
BUSBIICHUX Y PI3HHX 3pa3Kax MajunBa, HAaBEJACHO Ha PUCYHKY 3.6, a ix Mopdosoriuna

XapaKTepUCTHKA y3arajibHeHa y Tabmui 3.1.

3pazok Nel

3pa3zox Ned 3pazok Ne5 3pa3ok Neb
MEXK i3 CHO MEXK i3 PO

Pucynok 3.6 — 30BHIIHIN BUTIIAL OaKTEpiaibHUX 130JI5TIB, BUIIJICHUX 3 PI3HUX
BU/IIB TTAJIUBa

bakrtepii pomy Pseudomonas 3maTHi po3KJIamaTH BYTJIEBOMAL JUISl  BYIJICIIO
HEOOXI1THOTO JJIs iX AKUTTEAISUIBHOCTI. J{0 OCHOBHUX KYJIbTYpajJbHUX Ta MOP(POJIOTTUHUX
0COOJIMBOCTEN JAaHOTO POAY BITHOCATHCS: OKpyria ¢opma, OMiauid KOJip Ta BUIYKIa

TTOBEPXHSI.
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Ta6muig 3.1 — Onuc Mmopdosorii 6akTepiaaTbHUX 130JI4TIB

®opma Po3mip ' .
No . . [ToBepxus xonoHii | 3abapsrnenus | Pig ta mpenctaBHUK
KOJIOHIT KOJIOHIT
Manenbki . Pseudomonas
1 | Okpyrna I'opbucra CBiTIIO-pOKEBA
(1-2mm) chlororaphis
Hepery- Benuki I'op6ucra 3
2 ' JlIumonHa  |Pseudomonas Putida
JIpHA (4-6 MM)  |[DITHATUM IIEHTPOM
' 3 OIIHATAM
3 | Oxpyrna | ManeHsbki JIumonHa Micrococcus luteus
LEHTPOM
Marnenbki ITpo3zopa,
4 | Okpyrna Ilmacka Alcaligenaceae
KaJlaMyTHa
5 | Okpyrna Benuki Kynononoaiona Kpemona Klebsiella aerogenes
Cepenni YepBoHyBaro- _
6 | Okpyrna Onyxkiia Serratia marcescens
(2-4 Mmm) pOXKeBa

AHamni3 pucyHky 3.6 CBIIUMTH MPO T€, IO y BCIX JOCTIKYBaHUX 3pa3Kax HasBHI
OakTepiit poay Pseudomonas. LI mMikpoopraHi3aMu HE€ UYMHATH CYTTEBOIO BIUIMBY Ha
OCHOBHI eKkcrutyartamiiiHi nokasHuku JIII, 30kpemMa HE BHUKIMKAIOTh 3HAYHOIO
MOTIPIIEHHS HOTo (h13UKO-XIMIYHHUX TTapaMeTPiB Y KOPOTKOCTPOKOBI MEPCIIEKTUBI.

Pucynok 3.7 UIIOCTpy€ 3OBHIIIHIA BUIJISAA YCIX TPUOKOBUX  130JISTIB,
171eHTU(IKOBAaHUX Y TMPOIECl TOCHIDKEHHSA, a 1X MOP(OJOriuyHl XapaKTepUCTHUKU
CHUCTEMAaTHU30BaHO B Tabwili 3.2.

VY mporect 10CHIIKEHHS BiI3HAYEHO PI3HOMAaHITHE 3a0apBJICHHS KOJIOHINA rpuOiB,
0 y OUTBIIOCTI BUMAAKIB OyJIO BUAOCTICIIH(IYHUM 1 CTAJIO TOJATKOBOIO O3HAKOO JIJIS

inenTudikarii. BianmoBigH1 qaH1 y3arajibHEHO B Tabnuii 3.2.
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N

3pazok Nel 3pazor Neld 3pazok Ne7

3pazox Ne2 3pazok Ned
ATl

e

3pazox Ne5 3pazox Ne9

3pazor Neb 3pazox NelO
MEXK iz CHO MEXRK iz PO

Pucynok 3.7 — 30BHIIIHIN BUTIISA TPUOKOBUX 130JITIB, BUAICHUX 3 PI3HUX BUJIB

ImajJuBa



Ta6muig 3.2 — Onuc Mmopdosiorii TpuOHUX 130JIATIB
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[ToBepxHs ®dopma KkpaiB Pig ta
Ne 3abapBieHHs
KOJIOHI] MPEJACTABHUK
Cituara, . _ Aspergillus
1,9 binyBare Hewitkuit .
ropOucra candidus
CBITIIO )KOBTHE 3 _
XBUJIACTA, 3 Aspergillus
KOPUYHEBUMU .
2,5 | OmyKIMM . XBUnsAcTUR baeticus
BKpAIUICHHAMHU Ta O171MM
HEHTPOM .
001IKOM
3 HiIHATAM
LEHTPOM, YopHe ¢ HamiBNpPO30pUM . _ .
3,7 . . PiBHumii Aspergillus niger
XBUJIACTICTh O11Mil KpaeM
B1JI LICHTPY
Heonno- ' ' _
4 Hamisnpo3ope, TemHO-cipe XBUJACTUHI Rhizopus sp
3HAa4YHa
6, |3 miguarraMm | TeMHO-3eieHE 31 CBITIIUM Cladosporium
. XBUIISACTUH .
10 y LIEHTP1 KpaeMm Resinae
Cipo-OnakuTHe 3 OLIUM . Penicillium
8 [lopcTka ' PiBHui
00171KOM commune

OJIMHUYHO Yy TIEBHUX 3pa3Kax MaJnBa, BOJHOYAC, 1HII BUIA MIKPOMIIIETIB BUSBIISIIUCS Y

JIBOX 1 OUIBINE 3pa3Kax, 10 MOXKE CBIMYUTH MPO iX BUIIY aJANTUBHICTH 10 MAJIUBHOTO

Byno BcraHoBieHO, 10 JA€sKI MPEICTABHUKHU TUIICHSBUX TPUOIB BUSBISIUCS

cepeloBUIla a00 MIUPIINN CIEKTP AECTPYKTUBHOI AaKTUBHOCTI.

BusijieHo rpubd Cladosporium resinae. Y MEXK 3 pinaky Takox iaeHTH(])IKOBaHO

3okpema y 3paszkax MEXK 3 consimmamnkoBoi onii Ta MEXKK 3 pinakoBoi onii Oyio

npeAcTaBHUKIB poay Aspergillus.

CIIPUYMHSAIOTh OloAerpajaiio TMajuBa, a TaKOX MOIIKOKEHHS KOHCTPYKIIIHHUX

MarepiaiaiB MaJIMBHOI CUCTEMH ¥ €JIEMEHTIB JBUTYHA BHACTIJOK YTBOPEHHS KHUCIOT,

Ili poau TpuOIB BiIOMI CBOEK BUCOKOIO JECTPYKTUBHOKO 3HATHICTIO, OCKUIBKH

CJIM30BUX IUIIBOK Ta O10MAacH.
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Oco0MBO BaXKIIMBO MIAKPECIUTH, 110 Trpudu poay Aspergillus He nuilie pyiHYIOTb
TEXHIYHI CUCTEMH, @ 1 MOXKYTb OYTU TATOr€HHUMH IS JTFOJIMHU, BUKIIMKAIOUH aJlepTiuH1
peaxirii, 1o poOUTh X MPUCYTHICTh Y MAIIMBHUX CUCTEMaX IMOTEHIIIHHO HEOES3MEYHOIO HE

TUIBKH IS TEXHIKH, ajie i Jj1s1 00CIyTrOBYIOYOTO TIepCOHATY.

3.3 Pe3ynpTaTi BU3HAYCHHSI BIUIMBY JI0IaBaHHS O10IMIHOT IPUCAIKU

Panime mnposeaeni gociipkeHHs 3 BukopuctanHsMm K3PBC B skocrti
HU3BKOTEMIIEpaTypHOro KoMmmoHeHTa [134] mokazanu, mo oro nogaBanus go Il y
kuibkocti  (0,01-0,1% 006.) He mOripiIye OCHOBHI €KCIUTyaTalliiHl TOKa3HUKHU
OCTaHHBOTO. BUXoas4u 13 11bOro, HACTYITHUM €TaroM JOCII/DKEHHS CTajia IepeBipka
oiommauoi epexktrBHOCTI K3PBC.

Ha pucynky 3.8 npeacTaBieHO 3pa3Ku MajlbHOTO MICHsl TPUBAIOro 30epiraHHs y
yrctomy Burisidi Ta 13 nogaBanasM K3PBC. Ctynias Mikpo0i0i0TiuHOTO 3a0pyAHEHHS
PI3HMX BHIIB MMATBHOTO 3 jJomaBaHHAM pi3HOi KimbkocTi K3PBC micms 7 mib
1HKyOaIifHoro nepioay HaBeneHo Ha pucyHkax 3.9-3.11. Cmyxku NeNe I, II, I1I, IV, V
BIZIMTOBIIat0Th 3pa3kam, mo MictsaTh K3PBC y konnentparisx 1, 3, 5, 7 ta 10% o6.

BIAIIOBIIHO.

Pucynoxk 3.8 — 3pazox MEXK miciist TpuBanoro 36epiranss: 6e3 nogaBanas K3PbC

(;1iBOpyd) Ta 3 Horo Jo/1aBaHHAM (TIPaBOpyY).
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Pucynok 3.11 — Bmus K3PBC na mikpoOionoriune 3a0pyanenns 11
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Ax BuaHO 3 pucyHkiB 3.9-3.11 ta Tabnumi 3.3 B OUIBIIOCTI BUOAAKIB MpHCaIKa
MOBHICTIO MPHUIYIITyBaia 3pOCTaHHS MIKpPOMIIIETIB rpu0OiB Ta OaKTepiid Mpu MiHIMAIbHIN

KoHIeHTpatli 7 % mac. Orinka 610uuaHOI A1l pucaJKy HaBeaeHa B Tabmui 3.3.

Tabmuis 3.3 — OOpoOka pe3yabTaTiB BUIPOOYBAHHS MTPUCAIKU

. HasiBHICTH MIKPOO10JIOTIYHOTO YPaKECHHS
V)
Kinekicts noganoro K3PBC, % T MEKK sCHO MEXKK 3 PO
0 TaK TakK TakK
1 TakK TakK TakK
3 TaK TaK TaK
5 H1 TaK TaK
7 Hi Hl Hi
10 Hi Hl Hi

E(exkTuBHICTD MIMPOKOTO CHEKTPY O10LMIIB MO0 MPUTHIYEHHS 3pOCTaHHS PI3HUX
BHJIIB OakTepiit Oyio onucano y crartax [135,136]. [lonepenni pociimKkeHHs Mmoka3aa,
110 HU3KA MMapaMeTpiB MOKE BIUIMBATU Ha €(DEKTUBHICTh PIAKUX O10LIMIIB, TAKUX K Yac
KOHTAaKTy, KOHLEHTpalis Ta Temneparypa [137, 138]. Sk npaBuio, KUIbKICTh Ol0LUY,
0 3aCTOCOBYETHCS, MIATPUMYETHCS Ha MIHIMAIBbHOMY PiBHI, 1100 3HU3UTH BaPTICTh
KOMIO3MIIli Ta MiHIMI3yBaTd HOro BIUIMB Ha HaBKoJuinHe cepenoBuiie [ 139]. B
pe3ynbTaTi, eheKTUBHA KOHIICHTpallis O1olHIy B CHUCTEeMI MOXe OyTH HIKUYOIO 3a
HEOOXIHY, 1, OTXKe, OaKTepialibHI Ta TPUOHI KOJIOHIT 3a3HAIOTh BIUIMBY CYOIHT101TOPHUX
KOHIIeHTpallii 6iomuais [ 140].

VY mpomy gocriimkeHHi BUBYEHO BIUIUB Oionmay Ha ocHoBl K3PBC Ha po3BuTok
IrpUOHUX 130JISTIB Yy CYMIIIEBOMY NalMBl 3 BUKOPHCTAHHSIM IIMPOKOIO J1ana3oHy
KOHIICHTpAIlii O101uay.

[TpoBeneHo cepito M0CIiIiB, HaMpaBieHWX Ha Bu3HauUeHHs KibKOocTi KYE rpubis B
3pa3kax CyMillIeBUX NajuB, siki MicTaTh B 0 10 30 % 06. MEXK Ta Big 0 10 10 % 00.
K3PBC. IukyOariiiauii mepio] CTAaHOBUB 7 JHIB B ONTUMAJIBLHUX YMOBAX JIJIsl 3pOCTaHHS
MikpoopranizmiB (25°C). Pucynku 3.12, 3.13, oTpumaHi 3a JONOMOIOI0 MaKETy
STATISTICA 10.0, imoctpytoTh 1HTiOytounii edext nomaBanHs K3PBC Ha mpouec
YTBOPEHHSI HOBUX KOJIOHIM MIKPOOPTaHi3MIB B 3pa3Kax CyMIIIIEBOTO MMaJINBa, IKE MICTUTh

MEXK 13 COHSIITHUKOBOI Ta pilakoBOi OJIi1 BIAMOBIAHO.
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Toukamu Ha nmiarpamax mnosHadeHi 3HaueHHs KYE wikpoopraHi3aMiB, oTpuMaHi

EKCIIEPUMEHTAIBHIM IIIJISTXOM, KOJIBOPOBHMH CMYTaMH — Pe3yJbTaTH ampOKCHMAIlii
pe3yNbTaTiB eKCIEepUMEHTy 3a gomnomororo BOyaoBanoro B maker STATISTICA 10.0
perpeciiiHoro anamizy. Pesynbratu moka3ytots, mo K3PBC edextuBHMII mpoTu Beix
BU/IB OakTepiii 1 rpuliB, 0 MEIIKAIOTh y CYMIIIIEBOMY HaJKBI, IPH [IbOMY 1HT10yIOUHA
eheKT 30UTBIIYETHCS 31 301IBIIIEHHSM KOHIICHTpaIIlii 0101y B aianazoHi Bix 1 mo 7%.

3a TOMOMOI0I0 PEerpeciiiHoro aHasni3y TaKoX BUBEJIICHI allpOKCUMAIlIHI PIBHSHHS
Ha ocHoBi noJiHoMiB llledde apyroro mopsaxy, siki BU3HAYAIOTh 3aJICKHICTh CTYTICHS

MIKOJIOT1YHOTO 3a0pynHeHHs nanuBa BijJ kuibkocTi nogaHoro K3PbBC ta MEXK 3 CHO
(3.1) ra MEXK 3 PO (3.2).

D LA

[ e N A

[

B <325
[ 1<225
<125
<025

Pucynok 3.12 — 3asiexHiCTh CTyNEHs! MIKOJIOTTYHOTO 3a0pyIHEHHS CyMIIIEBUX MaJIUB

B kiipkocTi noganux MEJKK 3 CHO ta K3PBC
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Pucynok 3.13 — 3anexHICTh CTYNEHs MIKOJOTTYHOrO 3a0pyJIHEHHS CYMIIIEBUX
naiauB Big KutbkocTl gogannx MEXK 3 PO ta K3PEC

M -10% = 2,7043 + 0,0933 - Xuexk — 0,7967 - Xy3pgc — 0,0006 - XME)KKZ —
—0,009 - Xupsxk - Xicapsc + 0,0532 - Xyeappe’s

(3.1)
M -103% = 3,2015 + 0,5908 - Xypxx — 1,5782 - Xiapsc — 0,0002 - Xypwic> —
—0,0722 * Xypk * Xiapse + 0,1397 - Xyappc’; (3.2)
e M — ctyninb mikosiorigyHoro 3a0pyaHenns, KYE/x;

Xumexk — BMict MEXK B manuBi, % 00;

Xxzpgc — BMicT K3PBC B manusi, % 00.

O1iHKa aJeKBaTHOCTI OTPUMAHMX PIBHSHB MPOBEJEHA 3a JOMOMOTOK BU3HAYCHHS
Koe(illieHTa TapHOi KOPEJAIii MDK eKCIepUMEHTAIBHUMHU Ta PO3PaXyHKOBUMU
3HAYEHHSMU MIKOJIOTIYHOTO 3a0pynHeHHs 3pa3kiB manuBa. Tak, s piBHsSHHS (3.1)

xoediuienT xkopensuii R? cranosuts 0,9662, s pisasuus (3.2) —0,9451.

OckuTbKM 3a pe3yibTaTaMd OIIHKKA KOEQIIIEHTIB KOPEJsllli MOKHAa BBaKaTh

piBHsAHHA (3.1) Ta (3.2) aneKBaTHUMU, HACTYITHUM €TarioM CTaJo iX pO3B’SI3aHHS 3 METOIO
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BU3HaueHHs 3ajiekHocti MK BMicToM MEJXXK Ta HeoOXigHOIO KUIBKICTIO HOJaBaHHS
K3PBC niist eeKTUBHOTO MPUTHIYEHHS PO3BUTKY MIKPOOPTaHi3MiB Yy TAJIUBI.

SAx BuaHo 3 pucyHkiB 3.12-3.13, KpHUBOMIHIIHI TMOBEpXHi, SKI BIAMOBIIAIOTH
piBHsHHAM (3.1) Ta (3.2) mepeTHHAIOTh IUIONIMHY, sIKa XapaKTepU3y€e€ThbCs BIJACYTHICTIO
3a0pyaHeHHs. J{J1s1 TOYOK, K1 HaJle)KaTh KPUBIN MEPETUHY JTAHUX MTOBEPXOHbB, CIPaBEATNBI
piBasHHA (3.4) Ta (3.5) ms MEXKK 3 CHO ta MEXKK 3 PO BignosiaHo:

2,7043 + 0,0933 - Xypxk — 0,7967 + Xisppe — 0,0006 - Xypucx” —

—0,009 - Xy - Xkappe + 0,0532 « Xyappe=0; (3.4)
3,2015 + 0,5908 ° XME)KK - 1,5782 : XK?)PBC - 0,0002 * XME)KKZ -
—0,0722 ° XME)KK * XK3PBC + 0,1397 ° XK3PBC2 == 0 (35)

g coporerHst nporHo3yBaHHs kutbkocTi K3PBC, HeoOxiaHO1 11l MpUrHIYeHHS
3pOCTaHHs MIKpoopraHizMmiB piBHsHHS (3.4) Ta (3.5) Oynu po3B’sa3aHi 17
Xuexk = 0..30 % 06., oTpumaHni pe3ynbTaTy MOBTOPHO allpOKCHMOBaH1 (pucyHok 3.14,

3.15).

8
---------------- .,,.
7 Eee —iiaiese @
¥ —
Y .‘
83‘5 &
B y =8*10-%* - 0,0077x> +0,2345x + 5,1576
: R>=0.,9952
2
= 3
2
=
Z 2
1
0
0 5 0 - I ] 30

Buict MEKK, % 006.
@1  eereeens 2

1 — pe3ynbTaTu po3paxyHKy 3a piBHAHHSM (3.4), 2 — anmpokcuMallis OTPUMAHHUX
pe3yNbTaTiB

Pucynok 3.14 — Anpokcumartis piBHsHHS (3.4)
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1 — pe3ynbpTaTu po3paxyHKy 3a piBHAHHSM (3.5), 2 — ampokcuMalis OTPUMAHHUX
pe3yibTaTiB

Pucynok 3.15 — Anpokcumartis piBHsHHS (3.5)

SIx BUIHO 3 PUCYHKIB, PIBHSHHS TPETHOTO MOPSIKY, SKI OTpUMaHi MpU MOBTOPHIN
anmpokcumaili pe3yibratiB po3B’sizanHs (3.4) ta (3.5), MatoTh KOe(IlIEHTH KOPEeIsiii
Buiie 3a 0,995, oTxke, MOBTOpHA alpOKCHUMAIlisl HE MPHU3BENa 10 CYTTEBOTO 30UIbIIICHHS

MOXUOKM BU3HaueHHs HeoOX1aHOi KlsibkocTi K3PBC.

B 3aranbHOMY BUTIISAJII PIBHSIHHS, SIK€ TO3BOJISIE PO3PAXYBATU KIIBKICTh O10LIHUIHOT

IPHCAIKU, M€ HACTYITHUM BUIIISI;
3 2
Xxzpsec = @ Xupxx~ T b - Xvpxk™ + ¢ - Xupxk + d (3.6)

Koediuientu a, b, ¢ Ta d 3anexars Bia npupoau MEXK. Tak, s MEXK 3 CHO
a=8-10"°; b=-0,0077; ¢=0,2345; d=5,1576; mia MEXK 3 PO a=0,0003; b=-0,0214;
¢=0,5781; d=2,5818.

Po3pobiiena MmaTemMaTH4YHA MOJIETTb MOXKE OYyTH YHCEIIbHUM METOJIOM, 3a JIOIIOMOT 010
SKOTO MOKHA PEAICTUYHO PO3paxyBaTh HEOOXIHY KUIBKICTh O10LMIY 32 YMOBH, IIIO
Bijioma koHueHnTpaiiss MEXK.

Taxum yuHOM, Tipucaaky Ha ocHoBl K3PBC noriipsHO BUKOPUCTOBYBATH B MPOIIEC]

KOMIIayH/TyBaHHSl CymimieBux namuB 3 BucokuM BMmictoMm MEXK. 3Baxkaroun Ha
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cxmwibHICTh cyMimeBux MEJXK 10 HasBHOCTI MiKp0OO10JI0T1YHOTO 3a0pyIHEHHS, JIJIs1 HOTO
NpoQUIaKTUKHA B YMOBaX pe3epByapy PEKOMEH0BaHO POBOIUTH Psifi 3aXO/IIB:

1. [TepioguvHO 37MBATH BIACTIN 3 TAJTMBHUX PE3EPBYapiB.

2. Binbupatu 3pa3ku majguBa 3 KOXKHOT HOBOI HapTii JUIsl BU3HAYEHHS CTYIICHSI
MIKpOOIOJIOTIYHOTO 3a0pyAHEHHS Ta iAeHTU(]IKamii MOTEHIINHUX JIECTPYKTOpiB, B
3ajeskHoCTI Bifl BMicTy Ta npupoan MEXK Busnauutu kinekicts noganoro K3PBC.

3. Pa3 Ha wMmicslp NPOBOJUTH BI3yaJlbHUM OIVIAJ NAJIWBHUX pPE3EPBYapiB 3
¢bikcyBaHHSIM 3MIHU KOJBOPY Ta MPO30pOCTi MaIMBa, HABHOCTI PO3IIapyBaHHs, IUTIBOK,
CIIN3Y Ta OCaly.

-+ B pas3i BusiBIIEHHS HEraTUBHUX 3MiH 30BHILIHBOIO BTy AJIUBA, @ TAKOXK MPU
TPaHCHOPTYBaHHI Ta 3MiHI KJIIMATHYHUX YMOB NEPEBIPATUA HAABHICTh MIKPOO10JOTTYHOTO
3a0pyaHeHHs Ta kopuryBaT BmicT K3PBC.

5. [IpoBoauTH MOBTOPHI BUIPOOYBAHHS MAJIMBA HA HASIBHICTh YPa)KEHHA pa3 Ha

TPH MICSILII ITPU TOBFOTPUBAIIOMY 30€pIraHHI.
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PO3/ILT 4. BILTUB MAJIMBHUX KOMIIO3UIIIA HA ITOJIMEPHI
MATEPIAJIN

4.1 PamxyBaHHS TAJIMBHUX KOMITO3UIIIN 332 arpeCHUBHICTIO BIIHOCHO MOJIMEPHUX
MarepianiB

[lepmmm eTanmoM JOCHIIKEHHS BIUIMBY CYMIIIEBHX MMajUB Ha IMOJIMEpPHI JeTasl
NaquBHOI cucTemMu ctano BuzHadeHHs Buay MEXK, skuii HalicuipHilne BIUTMBa€e Ha
MOJIIMEpHI Martepianu. J{Js 1bOro MpoBeJACHO BU3HAYCHHS MIITHOCTI MPU PO3TATYBAHHI
Ha PO3pUB 3pa3KiB ryMu 7-3825 micis mpocodyBaHHs pI3HUMHU BUIaAMHU AJIMBA IPOTIATOM
10 nuiB 3a Temnepatypu 25°C. Pe3ynbTaTi AOCTIIKEHHS CTIHKOCTI cupoi rymu 7-3825
B PI3HUX BHJIaX MaJUB HaBEACHI HAa PUCYHKY 4.1.

B xomi mocmiKeHHS CTIMKOCTI TONIMEPHHX MaTrepiajiB  CIIOCTepiragocs
pyliHyBaHHS 3pa3kiB. Sk BUAHO 3 pHCYHKY 4.1 HaiiMeHIIa yMOBHAa MIIHICTh MpH
po3TsaryBaHH1 Oyna 3aikcoBaHa MpU MPOCOUYYBAHHI MOJIMEPHOIO MaTepially 3pa3koM
MEXK 3 pinakosoi omii (9,39 Mlla). I[Ipu BunmpoOyBaHHI B cepeIOBHUII MiHEPATEHOTO
JN3EeIbHOTO NaJIMBA MOKA3HUKH 3pa3ka Maibxke He 3MiHtoBanucs (9,94 Mlla). JlonaBanHs
MEXK B nu3enbHe najaruBo MPU3BOIUIO A0 O1IBIIOrO MPOCOYYBAHHS Ta MPHUILIBUIICHHS

pyWHYBaHHS 3pa3KiB MOJIMEPHUX MaTepialiB.

2:36 9,94
9,9
B Henpocouenuii enacromep
9,69 9,69 =
®"MEXK 3 CHO
MEXK 3 PO
= I + 15% MEXK 3 CHO
B IIT + 15% MEXK 3 PO
9,39

Pucynok 4.1 — YMoOBHa MILHICTh MPHU PO3TATYBAaHHI IMOJIMEPHUX MaTepiajiiB B

10

X D X et X
W N 9 % =)

YMoOBHa MIIHICTh P po3puBi, MITa
N
~

9,3

pi3HUX Buaax naiaus, Mlla



86
HacTtynHuM eranom JOCTIIKEHHS CTajJ0 BU3HAYEHHSI CTYIIEHs1 HAOpsIKaHHS 3pa3Ka
IOJIIMEPHOIO MaTepialy B HABEJACHMX BUIE NajauBax. EKCIEpUMEHT MpPOBOJAMBCA B
CTaTMYHUX yMOBAaX 3a MOCTIHHOI Temrieparypu. Pesynbpratu BunmpoOyBaHb HaBeJCHI Ha

PUCYHKY 4.2.

16

13,98
14

12,69

—
\S}

9,73 = I
8,97

—_
(=]

MEXK 3 CHO

MEXK 3 PO
= JIIT + 15% MEXK 3 CHO
® [T + 15% MEJXK 3 PO

Crymeiae HaOpsiKaHHSA , %
oo

Pucynok 4.2 — Ctyninb HaOpsiHHS MOJIMEPHOIO MaTepialy B PI3HMX NajMBax 3a

temnepatypu 25°C npotsrom 10 1HIB

Maca 3pa3kiB 30UIBIIYETHCS 3 4YacOM 3aHypeHHs. MakcuMaibHe HaOyXaHHS
B11I0yBa€THCS MIBUAKO HA paHHIN cTanii 3aHypeHHs (depe3 72 ronunn). lle Mmoxe Oyt
MOB’sI3aHE 3 MPOHUKHEHHSM MalMBa MIXK MaKpOMOJIEKYJIaMU MOJIMEPHUX MaTepiaiB.
MacoBe HaOpsikaHHSI TIOB’SI3aHE TAKOXX 3 PO3YMHEHHSM PO3YMHHUX KOMIIOHEHTIB B
MOJIIMEPHUX MaTepialiax, TaKuX sK racTudikatopu, ctabutizaTopu abo 700aBKH.

[IpupicT Baru mojiMepHUX MarepiaiiB kojuBascs Bix 7,53 % (HAIl) mo 13,98%
(MEXK 3 CHO). Takox B xoai BumnpoOyBaHb (ikcyBamucs nedopmariii Ta 3MiHH
TCOMETPUYHUX PO3MIPIB 3pa3Ky. Takuii BHUCOKUU CTYIiHb HAOpSKaHHS MOJIMEPHOTO
Marepially CJIijJ BpaxOBYBaTH Nepe] 3aMiHOI0 JU3EIHHOTO MajuBa Ha CyMIIIICB] TTajuBa 3
MEXK. Takos ciij 3a3HaunTH, 10 JAaHUH 3pa30K MOJIIMEPHOTO MaTepially He € CTIMKUM

no arpecuBHoi ai1 MEXK Ta cymimeBux naaus 3 10ro J0/1aBaHHSM.
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HaiimeHuM BIJIMBOM Ha MINHICTh 3pa3ka IOJIMEPHOTO Marepialy IMpu
PO3TATYBaHHI XapaKTepU3Yy€eThCs 3pa30K cymimieBoro naiausa 3 goaaBaHHsM MEXK i3
corsiranKOBO1 onii (9,9 MIla B mopiBHsSHHI 3 9,96 MIla nns HEmpocodeHOTro
MOJIIMEPHOTO Martepiainy), MNpoTe, JaHa IMajJMBHA KOMIIO3MIIS XapaKTepU3YEThCs
HaWCUJIBHINIUM BIUTUBOM Ha HAOpsSKaHHS MOJIMEPHOTO MaTepiay.

Tpagumiitno ans BupobuutiBa MEJKK BHKOpHCTOBY€ETHCS pillakoBa Ofisi, aje B
VYkpaiHni HasBHa BeJIMKa KUIBKICTh COHSIIIHUKOBOI OJIii, YaCTUHY BIJI SKOi CKJajaae
TexHiuHa ouis. JlaHa omist He mpuaaTHA JJI1 BUTOTOBIHEHHS 1HIIOL IIIbOBOT MPOIYKIIII,
TOMY ii parfioHaJIbHO BUKOPUCTOBYBATH B SIKOCT1 CUPOBUHU JiJ1si BUrotoBieHHss MEXKK
Tomy, ana noganpmux aociaipkenb 0yno oopano MEXK 3 TexHiuHOT COHSIITHUKOBOT

oiii.

4.211ia01p onTUMaNbHUX MOJIMEPHUX KOMITO3UIIIH

KiacnyHl ryMOBOTEXHIYHI BHPOOM $IKI BUKOPUCTOBYIOTHCA B IMAaJUBHIN CHUCTEMI
aBTOMOOLIISI BUTOTOBJISIIOTCS 3 OJTMBOOCH30CTIMKUX €1aCTOMEPIB CTIHKUX B HEMOJIAPHUX
cepefoBuiax (MiHepasiibHe nu3enbHe nanuBo). I[lpu gobasmi mnossipaunx MEXXK
HEOOXITHO TEpPEeBIPUTU CTIMKICTh JAaHUX €JaCTOMEPIB J0 CYMIIIEBOTO JIU3EITHLHOTO
nanuBa. Jus gocmimkeHHs Oynu BUOpaH1 KOMIO3UIIMHI MaTepialid Ha OCHOBI PI3HUX
MOJIIMEPIB SIKI BUKOPUCTOBYIOTHCS B MaJIMBHIA CHUCTEMI Ta JIBUTYHI, a TaKOX
MEePIEKTUBHI, JUIsI MaHOyTHHOTO BUKOPUCTAHHS TIPU POOOTI 3 CyMIIIEBUMHU MAIMBAMU 3
miguiieHuM Bmictom MEXKK. BHK-26 Ta mosixjgopornpeH BUKOPUCTOBYIOTHCS IS
BUTOTOBJICHHS IIJIAHTIB Ta YIIUTHHIOBAUIB, MOJiypeTaH — Jjs nuiadrie. [lomicevyoBuHa
BUKOPUCTOBYETHCS JIJISI 3aXUCTY MAJIMBOIIPOBOIIB.

JIist mopanpiux BUNMPOOYBaHb BUKOPUCTOBYBAJIOCS CYMIIIEBE TU3ENIbHE MaJMBO,
SKe CKIAAaeThCs 3 MiHepasibHOTO au3enbHoro nanusa (JI1) Ta MEXKK 13 consitaukoBoi
oqii. Bubip maHoro cymimeBOoro AW3EIbLHOTO MajiiBa OOYMOBIIGHUW pe3yJbTaTaMH
nonepeaHix gochikens 141, 142], axi nmoka3anu, 110 BAKOPUCTAHHSI IaHOI KOMITO3HUIIIT
MPUBOJUTH A0 HAWMEHINOI BTPAaTH MIIHOCTI Ta HAWMEHIIIOrO 301JIBIIICHHS MacOBOTO
HaOpsIKaHHS MOJIMEPHUX MaTepiamiB. s OuIbII0i HAOYHOCTI OTPUMAHMX PE3YJIbTATIB

sMmict MEJXK 30inbmrennii 10 30% 00.
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Pe3ynbTaTi 1ociaimKeHHs CTIHKOCTI OJIIMEPHUX MaTepialliB B OTPUMAaHIN MaJMBHIN
KOMIIO3HIIii HaBe/IeH1 Ha pPUCYHKY 4.3.

3 PUCYHKY BHIHO, IO YCi 3pa3KH MIiCJIsl BATPUMYBAHHS B CYMIIIIEBOMY ITaJIUBI, SIKE
MictuTh 30% MEXK, BusBWIM TEHACHIIIO 0 3HIKEHHS YMOBHOI MIIHOCTI MpPH
po3TsaryBanHi. HailOinpIn CTiMiKuM 70 BIUTMBY CYMIIIEBOTO MalMBa BUSBUBCA 3Pa30K
nmoyriMepHoro matepiary Ha ocHoBi BHK-26, HaiiMeHTIT CTIHKUM - TIOJTiypeTaH (3HUKEHHS
YMOBHOT MIIHOCTI TpH po3TsaryBanHi micias 10 guiB BumpoOyBanHs 9% T1a 67%
BianoBigHo, mcist 30 maiB 9,3% Ta 70 % BigmoBigHO). TeHAEHINS 0 CIOBUIBHCHHS
3MEHIIICHHS] YMOBHOI MIIIHOCTI Ha PO3PUB TaKOX € 3arajbHOI0 JJI1 BCIX 3pa3KiB
MOJIIMEPHUX MaTepialiB. Pe3ynpTaTu moka3ain HECYMICHICTh MTOJIIMEPHUX MaTepialiB Ta
MEXK, mo cnopuuyvHWIO 3HA4YHYy BTpaTy €JIacTOMEPHUX BIACTUBOCTEH 1 BTpaTy

(biKCYI04O0i 31aTHOCTI.

40,00
“ 35,57
~ 35,00
o
8
o 30,00
< 26,26
= 25,00
D-Q c@ )
T
,ET 20,00
5 15.00 13,90 13,81
E 11’7610,85 11,24 11711167
o
= 10,00 7,18 721
>

0,00
ElmE2m3 E{E5H6 9 EIOm]Im]2

1 — IMomiypetan no 3anypenss; 2 — I[lomiyperan. Yac 3anypenns 10 mi0 ;
3 — IMomiypetan. Yac 3anypenns 30 ni0; 4 — [lomicedoBuHa 10 3aHYpPEHHS,
5 — IloniceuoBuna. Yac 3anypenns 10 1i6; 6 — [TomiceuoBuna. Yac 3anypenns 30 aio;
7 — BHK-26 no 3anypenns; 8§ — BHK-26. Yac 3anypenns 10 ni6; 9 — BHK-26. Yac
sanypennss 30 mi6; 10 — Ilomixmopnpenno 3anmypenns; 11 — Ilomixmoprpen. Yac

sanypenHs 10 mi6; 12 — [Momixmopnpen.Yac 3anypenns 30 ai6

Pucynok 4.3 — YMOBHa MIIHICTh TIPH PO3TATYBAaHHI MOJIMEPHUX MartepiajiiB B

CyMiIlIeBOMY Ju3esIbHOMY mayiuBi 3 noAaaBanHsM 30% 06. MEXK, MIIa
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Taky moBeAIHKY MOJIMEPHUX MaTepiajiiB MOKHA MOSCHUTH PYHHYBaHHSIM 0111101
YaCTKU MIKMOJIEKYJISIPHUX 3IIMBOK MPOTAroM 10 MHIB, MpU IbOMY MOYATKOBA KUIBKICTh
TaKMX 3IIMBOK 3MEHIIYETHCS B PSIy MOJIIypUTaH-ToJicedoBUHA-TIoixIoponpeH-(bHK-
26), mpo IO CBiAYUTH MOYATKOBE 3HAYEHHS YMOBHOI MIIIHOCTI Ha PO3PHUB JAaHUX
MOJIIMEPHUX MaTepianiB. METHIIOBI €CTepH JKUPHHUX KHUCJIOT JIErmie MOTJIMHAIOTHCS
MOJIIMEPHUMH MaTepiajiaMu, sIKi MalOTh OI0HY MOJISIPHICTb.

XapakTepucTUKa 3alpoIOHOBAHOTO CYyMIIIEBOTO IU3EJIHHOIO MaJliBa HAaBEACHA B
tabmauii 4.1 (3HaYeHHS BCIX ITOKA3HHMKIB BH3HAYCHI 3TIIHO METOJHK, HAaBEACHUX B

tabmuii 2.1).

Tabmuuga 4.1 — ®i3uko-XiMIYHI XapakTepUCTUKU au3enbHoro nanusa, MEXKK Tta

I[OCJIiII}I(YBaHOFO CYMiIHeBOI‘O JU3CJIBHOTO ITaJIMBa

[Toka3Huk 3Ha4YCHHS

AT | MEXK CymiieBe qu3enbHe

MaJIuBO
70%111+30%MEXK

I'ycruna 3a 20°C, xr/m’ 827 | 899 849
Kinematnuna B’s3kicth 3a 20°C,
MM/ 2,9 5,4 3.3
IleTanoBe 4KCIIO 51 53 52
Temnepatypa criajgaxy B 3aKpUTOMY
tri, °C 62 154 121
I'pannyna TeMIieparypa
dinpTpartii, °C -8 -1 -5
Bwmict cipku, ppm. 350 0 245

[lepmmm eTamoM JOCHIPKEHHS CTaJ0 BU3HAYCHHS KIHETUYHUX IapaMeTpiB
HaOpsIKaHHS MOJIMEpPHUX MaTepialiB 3a Temmneparypu 25°C, 1O BIANOBIAAE pEKUMY
MPOCTOIO JIBUTyHA. Pe3ynbTaTh BU3HAUEHHS CTYIEHS HAOpSKaHHS HAaBEJEHI Ha PUCYHKY
4.4.

Sk BUIHO 3 puUCyHKY 4.4, CTyNiHb HaOpsiKaHHS 3pa3kKiB 3011blIyeThCS B psiay BHK-
26 — TOMIXJIOPONPEH — TMOJICEYOBHHA — TMOJIypeTaH, IO TMOBHICTIO 30IiraeThCs i3
3MEHIIEHHSIM MIIHOCTI 3pa3KiB mpu po3TsaryBaHHi [142]. Takox ciij 3a3HAYMTH, 1110

HalOIbIIA 3MIHA CTYHEeHs] HAOpAKAHHS CHOCTEPIra€ThCS MPOTATOM MEPIINX 72 TOIUH,
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MICJISl YOTO MPOILIEC CYTTEBO CIOBUIBHIOETHCA. [3 OTpMaHKX pe3yIbTaTiB MOKHA 3pPOOUTH
BHUCHOBOK, 1110 O1JIbI11a YaCTHHA MIKMOJIEKYJIIPHUX 3IIMBOK, K1 MPUCYTHI B MOJIMEPHUX
Marepianax, pyHHY€eTbCs TPOTITOM MEPIINX 72 TOAWMH KOHTAKTY 13 CYMIIIIEBUM ITaJTUBOM,
10 TaKOX KOPEJIOE 13 OUIbII CYTTEBUM 3MEHIICHHSM MIITHOCTI MPU PO3TIATYBaHHI B
MOYaTKOBUN TepioA eKkcrepuMeHTy. Ha OCHOBI OoTpuMaHUX pe3ylbTaTiB JOLLIBHO
PO3IIISIaTH TIPOIEC HAOPSKAHHS K IBOCTAIINHUHN, SIKUH CKIaTa€ThCs 3 aKTUBHOT (TIepIIi

72 ronuHM) Ta MOBLILHOI cTafii (72-720 rogun).
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Pucynox 4.4 — Kinetnuni KpuBl HaOpsikaHHS TOJIMEPHUX MarepiajiB B

CyMIILIEBOMY MajiuBi 3a TemnepaTtypu 25°C
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JIns BU3HAYEHHS KOHCTAHT IIBUIKOCTI 000X CTajiii HaOpsKaHHS IMOJIMEPHUX
MarepiajliB BUKOPUCTaHO PiBHAHHA (2.4), ske micias jorapu@MyBaHHS MPUHHSIO

HACTYITHUU BUL:
In (“m—) = kt 4.1)

PesynpTatn eKCrepUMEHTANbHUX KIHETHYHHUX JOCHIHPKCHb HAOpsSKaHHS 3pa3KiB
MOJIIMEPHUX MaTepialliB B 3aJ€KHOCTI BiJl TPUBAJIOCTI KOHTAKTYBAHHS 3 CyMIIIEBUM
najguBoM o0poOisin 3a hopmysioro (4.1) 1 mpeacTaBuiu ix rpadiuHo (pUCyHKH 4.5, 4.6)

JUTSI pO3paxyHKY KOHCTAHTH MIBUIKOCTI HAOPSIKAHHS.

4
) y=00385x =m
3.5 R*=0,8548
. '
5 y = 0.0366x
3 \ R? = 0,§912
ey X — = |
"
9 & \"\. :"
.-"I_." "
——
s 2 4
w| 8
G 1.5 § . \\ L] \‘\ y = 0,0276x
= a1 3 “R?=0,9763
= % \
L
W N i — -
0.5 ﬂﬂ_.-.'-l____.r" [ "‘*-..\\ Y= 00263%
gl R*=0,9386
0 e
] 10 20 30 403 50 6l 70 &0

T, FOZNIHI
® BHK-26 ®Iloniyperan & [lomixnoponpes [Monicenopuna

Pucynok 4.5 — Bu3HaueHHS KOHCTAHTH IIBUIKOCTI MEpIOi cTajli HaOpsIKaHHS

MOJIIMEPHUX MaTepiaiiB 3a Temrneparypu 25°C
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Pucynok 4.6 — BusHaueHHS KOHCTAHTH IIBUJKOCTI JApyroi cranaii HaOpsKaHHS

MOJIMEPHUX MaTepiaiiB 3a Temrneparypu 25°C

Tmax

I'padiuna 3anmexHICTH ln( ) Bil T jus piBHsSHHS (4.1) HaOmmkeHa 10

Amax—CAz
JHIAHOI, 1[0 € OCHOBHUM KPHUTEPiEM, SIKUM MIATBEPKYE MEPIINN MOPSIA0K KIHETHUKU
HaOpsikaHHdA. Po3paxoBaHl 3HaUYE€HHSI KOHCTAHTH IIBUAKOCTI HAOpsSKaHHS MOJIIMEPHUX
MarepianiB npeacrasieHl B Taoumili 4.2. [loxuOka mpu BU3HaYE€HHI KOHCTAHT IIIBUIKOCTI

po3paxoBaHa 3a (popMyIIoL0:

4.2)

ne k — KoHCTaHTa IBUAKOCTI HAOPSAKAHHS, TOM. ';

R? — xoe(iLieHT NapHOi KOPEIISLLIi;

N — KUIbKICTh BUMIPIOBaHb.

HactynHuM KpOKOM CTajo BU3HAUEHHS KIHETUYHUX [apaMeTpiB HaOpsKaHHS
MOJIIMEPHUX MaTepialiB 3a Temneparypu 120°C — taka TemrnepaTtypa € BUIIO0 3a poboui
YMOBH TAJIMBHOT CUCTEMH JBUTYHA BHYTPIIIHHOTO 3TOPSIHHS. Pe3ynbTaTh BU3HAYEHHS

CTyTieHs1 HaOpsIKaHHS HaBeJIeHI Ha PUCYHKY 4.7.
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Tabmums 4.2 — KoHCTaHTH MIBUJIKOCTI HaOpsKaHHS TMOJIMEPHUX MaTepiajiiB B

CyMillIeBOMY NajuBi 3a TeMiepatypu 25°C

3pa3ok KoHcTaHTa BUAKOCTI KoHcTaHnTa mBUIKOCTI
T T
MOJTIMEPHUX nepIoi craaii v Jpyroi crasii v
o TOJI. rOJI.
MarepiaiB HaOpskanua ki, rog. ™! HaOpskanus ko, rog. ™!
[Tonixnoponen 0,0366+0,0054 18,9 0,0050+0,0006 138,6
[Tomyperan 0,0385+0,0066 18,0 0,0065+0,0004 106,6
ITonicewoBuHa 0,0276+0,0019 25,1 0,0059+0,0005 117,5
BHK-26 0,0263+0,0029 26,3 0,0049+0,0006 141,5

Sk 1 B momepenHid cepii JOCHIAIB IIBUJKICT, HAOpSIKaHHSA YCIX 3pa3kiB Oyla
HalOUIBIIOK B Mepull TOAMHM eKkcnepuMmeHty (72), ame ciijl 3a3Ha4MTH, L0 3a
temneparypu 25°C BHOJAJbIIOMY CHOCTEPIraiocs MOBUIbHE 3pPOCTAHHS CTYIEHS
HaOpsikaHHS, a 3a Temneparypu 120°C 1ieit moka3HHUK Maiike He 3MIHIOBABCS JIJIs 3pa3KiB
nomxjoponpeny ta BHK-26 . BonHowac pemra 3pa3kiB 3a IiJIBUILEHOI TEMIIEpaTypu
OyJia MOBHICTIO 3pyiHOBaHa mpoTArom 72 (momiypetaH), abo 96 roauH (MoJiceYOBUHA).
Taki pe3ynbTaTd MIATBEPIKYIOTH TINOTE3y, IO MPOTArOM Mepumux 72 TOAUH
B110yBa€ThCS €PEKTUBHE TPOHUKHEHHS MMaJKMBa B MOJIMEPHHUM MaTepial, a 301IbIICHHS
CTyNeHs HaOpsSKaHHS 3 MIABUIICHHSAM TEMIEpaTypu CBIIYUTH MPO E€HIOTEPMIYHICTD
LbOTO MIPOLIECY.

KoHctantu mBuakocTi HaOpsikanHs 3a Temrepatypu 120°C po3paxoBaHO 3TiTHO
JIaHuX pUCyHKIB 4.8 Ta 4.9 Ta npencrasieni B Tadnuii 4.3. Jjist 3pa3kiB mojiiypeTany Ta
MOJIICEYOBUHU PO3PaxOBaHI KOHCTAHTH IIBHMJIKOCTI HAOPSKAHHS JIMILIE 3a MEPLIO0

CTaI€xo.
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Pucynox 4.7 — Kinetnuni KkpuBl HaOpsiKaHHS THOJIMEPHUX MareplajiB B

cyMmilieBoMy najiuBi 3a remmnepatypu 120°C

Ha ocHOBI oTprMaHKX B 000X cepisiX AOCTIAIB pe3ybTaTiB 3a (hopmynamu (4.1-4.2)
pO3paxoBaHO HACTYIIHI KIHETHYHI TMapaMeTpH TMpoIecy HaOpSIKaHHS TMOJIMEPHUX
MarepiaiiB: €HEepris aKTUBalli Ta MepPeACKCIOHEHIIMHUNA MHOXHHUK. Pe3ynpTaTn
po3paxyHkiB s 3paskiB BHK-26 Tta momixmoponpeny HaBeneHo B Tabmuii 4.4,
BCTAaHOBUTHU KIHETHYHI MTapaMeTpy HAOpsSKaHHS JIJIS MOJIiypeTaHy Ta MOJICEYOBUHU IS

JaHUX YMOB €KCIIEPUMEHTY HEMOKIIMBE Uepe3 pyHHYBaHHSA 3pa3KiB.
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Pucynok 4.8 — Bu3HaueHHS KOHCTAHTH HIBUIKOCTI MEpIIOi CTajli HaOpsKaHHS

MOJIIMEPHUX MaTepialiB 3a Temmneparypu 120°C
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Pucynok 4.9 — Bu3HayeHHs KOHCTAHTU IIBUAKOCTI JIPYTOi cTaaii HaOpsiKaHHS

MoJIiMEepHUX MaTepiaiiB 3a Temmneparypu 120°C
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Tabmums 4.3 — KoHCTaHTH MIBUJIKOCTI HaOpsKaHHS TMOJIMEPHUX MaTepiajiiB B

cyMmilieBoMy najiuBi 3a Temrnepatypu 120 °C

3pa3ok KoHcTaHTa MBUAKOCTI KoHcTaHnTa mBUAKOCTI
MOJTIMEPHUX nepIoi craaii Ti, TOA. JIpyTroi cTali e
MartepialiiB HaOpskanua ki, rog. ™! Habpsikanus ko, rog. ™! o
[Tomixmoponen 0,0615+0,0060 11,3 0,0171+0,0014 40,5
[Toniyperan 0,0731+0,0117 9,5 - -
ITonicewoBuHa 0,0771+0,0051 9,0 - -
BHK-26 0,0294+0,0021 23,6 0,0082+0,0008 84,5

Tabnuusg 4.4 — KineTuuH1 napameTpu HaOpsIKaHHs MOJIMEPHUX MaTepiajiB

[lepmia (akTHBHA) CTaisl NPOLECY HAOPSIKaHHS

3pa3ok

MOJIIMEPHUX

Marepiasis T, K | T, K | ki, ron.! | ko, ron.™ | Ea, Jix/Moms | A, rox.™!
BHK-26 298 393 10,0263 0,0294 1142,04 0,0417
[Tonixmopompen 298 393 10,0366 |0,0615 5319,29 0,3133
[Tomiyperan 298 393 10,0385 0,0731 6571,56 0,5463
[ToniceuoBurHa 298 393 10,0276 |0,0771 10529,00 1,9314

Jpyra (moBuIbHA) CTaais Tpolecy HaOpsKaHHS
BHK-26 298 393 |0,0049 0,0082 | 5277,37 0,0412
[Tonixnopomnpen 298 393 0,005 0,0171 7532,68 0,1715

Ha ocHoBi pe3ynbrariB, HaBeJACHUX B TaOnuIl 4.4, OTpUMaH1 KIHETHYHI PIBHIHHS
npouecy HaOpsikands BHK-26 mnepmoi (aktuBHOi) cTtaaii (4.3) Ta apyroi (MOBUIBHOT)
ctanii (4.4) Ta momxJjaoponpeny nepiioi cranii (4.5) Ta Apyroi crauii (4.6), MOTICEYOBUHU

Ta noJsiypeTany nepuoi crafuii (4.7, 4.8):

—1142,04

k =0,0417e 83147 (4.3)

—-5277,37

k = 0,0412¢ 83147 (4.4)
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—5319,29

k = 0,3133¢ 31T (4.5)
—7532,68

k = 0,1715¢ 31T (4.6)
—10529,00

k = 1,9314¢ ssteT 4.7)
—6571,56

k = 0,5463¢ 8314T (4.8)

I'padiuna iHTEpIIpETalLiss OTPUMAHUX KIHETUYHUX PIBHSHb HaBeJIeHAa Ha PUCYHKY

4.10.
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Pucynoxk 4.10 — 3anex’HOCTI KOHCTAHT MIBUJIKOCTI mepiioi (—) Ta Apyroi (- - -)

cTajiil HaOpsKaHHS MOJIMEPHUX MaTepialiB B/l TeMIIepaTypu

SIKk BUAHO 3 PHUCYHKa, 13 TOYKHM 30pYy 3MIHM CTyHEHS HaOpsKaHHS HaWOUIbII
YyTIMBUM JI0 MiJIBUILIEHHS TEMIIEPATypH € 3pa30K MO0JIICEHOBUHHU, HAMEHII Yy TIMBUM —
3pazok BHK-26. Bognouac cnin 3a3HauuTH, 110 AJI APYroi cTaAii HaOpsikaHHs 3pa3KiB
BHK-26 Ta momixjoponpeHy xapakTepHE 3HI)KCHHsI BIUIMBY 3MIHM TEMIEpaTypH Ha

3MiHY CTylNeHsl HaOpsIKaHHA B MOPIBHAHHI 13 TIEPILIOIO CTAIIENO.
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HaOpsikanus — 1e (Qi3UKO-XIMIYHUM Tpolec, IO TMOoJsArae B IOTJIMHAHHI
PO3YMHHUKA BUCOKOMOJIEKYJISIPHOIO CIIOJIYKOIO, BHACIIOK YOro BIIOYBAIOTHCS 3MIHHU 1l
Macu, 00’eMy Ta BHYTPIIIHBOI CTPYKTypW. 3aleXHO BiJ XapakTepy B3aeMOMIl MiX
MOJIIMEPOM 1 PO3YMHHHMKOM, PO3PI3HIIOTH OOMEXKEHE Ta HEOOME)KEeHEe HaOpsKaHHS.
Ob6merxeHe HaOpsIKaHHS XapaKTEePU3Y€EThCS TOCATHEHHSM CTaHy PIBHOBArd, MpH SIKOMY
MOJ1ajIbIlle MOTJIMHAHHS PO3YUHHUKA MIPUITHHSIIETHCS.

VY Bumagky HEOOMEXKEHOro HaOpsKaHHA IMPOLEC MOXE MPU3BECTH JO TOBHOTO
PO3YMHEHHS TOJIIMEPY, 3a SIKOTO MOTr0 CTPYKTYpa AC3IHTETPYE.

VY Bunazxy 13 BHK-26 ta nonixsnoponpeHom HaOpsikaHHs 3a Oy 1b-sKOi TEMIIEpaTypu
€ 0OMEeXEeHHUM, OT)KE, MOXHa 3pOOUTH BUCHOBOK, 110 IPUPOJA IMpolecy 0a3yeTbcs Ha
cunax Ban-nep-Baanbca, ToOTO Ha NPUTSATHEHHI (DYHKIIOHAIBHUX TPYI, SIKI MaOTh
MPOTUJICKHI YACTKOBI 3apsiau (LIIOCTpallisi TAKOro MEXaHi3My HaBelIeHa Ha PUCYHKY
4.11) B npoueci HaOpsikaHHS B1IOYyBa€TbCS NMPOHUKHEHHS PO3YMHHHUKA B TOJIMED,
BHACJIIOK YOTO PYHHY€EThCS TPETHMHHA CTPYKTypa OCTAHHBOTO, MPHU LBOMY XIMIYHOI

B3a€MO/Iii HE BiIOYBa€EThCSI.

CH: CH: CH:
Nz g/
CH=CH CH:__ cCl=CH n
\ CH—o0 * *
CH e A
m + | & C=0.
Caorva(Q " / g g
a 0" & 6
CH:
Pucynox 4.11 — T'inorernunuii MexaHi3M HaOpsikanHs bBHK-26 (a) Ta

nosxJjopornpeny (0)

Hwxya crynine HaOpskanHs BHK-26 y mnopiBHAHHI 13 MOMIXJOPOIPEHOM
MOSICHIOETHCSI HU3bKUM BMICTOM MOJIIPU30BAHUX (DyHKIIOHANBHUX Tpyn -C=N, 31aTHUX
70 YTBOPEHHS EJIEKTPOCTATUYHHUX 3B’s3kiB 13 Mosekyiamu MEXK, B Toit wac sk
MOMIXJIOPONPEeH Mae Ounbmmii BMICT 3B’s13kiB C=C, MNOJSpU30BAHUX 3a PaxyHOK

€JICKTPOHETATUBHUX aTOMIB XJIOPY.



99

Jlis mosiypeTraHy Ta TOJIICEYOBHHHM, SKI XapaKTEPHU3YIOThCS BHUCOKHM BMICTOM
nossspuux rpyn C=0O ta N-H, BHCOKMII CTyIiHb HaOpsSIKaHHS MOKE MOSICHIOBATHCS
YTBOPEHHSIM BOJIHEBUX 3B’SI3KIB MK MOJIEKyJIaMH moJiiMmepHoro matepiany ta MEXKK,
SKI € ICTOTHO CHIIBHIITUMHU, HK cuin Ban-aep-Baanbca. KpiM Toro, 3aBasiku mo1i0HUM
3B’SI3KAM  MOXKE YTBOPIOBATHUCS TEPMOAWHAMIYHO BUTIIHHMHA, a OTXKEe, CTa0lIbHUMN
HIECTUYWICHHUHN UK, MICJIA 4O0TO, 32 YMOB MIJIBUIICHHS TeMIEpaTypH (a OTXKe 1 eHTPOIii
CHUCTEMH) MOXKE BigOyBaTHuCs Tpoliec nepeerepudikaiii (pucyHok 4.12), 1mo, B CBOIO
4yepry, TMOSICHIOE Tepexis Big OOHEKEHOTo HaOpsKaHHS 10 HEOOMEXKEHOro B cepil

nociiaiB 3a remrneparypu 120°C ta pyiiHyBaHHS 3pa3KiB MOJIICEUOBUHHU Ta MOJIypETaHy.

R CH:

\
C=0 1) O 0
' / z .'_\\ " " f '{/”
R—N C—R = f—( + R—

\ /e \ ;

v HEBO, NH —R 0 —CH:

Pucynox 4.12 — Tl'inoretnuHuid MexaHi3M HaOpsIKaHHA TMOJICEYOBUHU Ta

MOJIlypETaHy

st oOmeskeHoro HaOpsikanHs, xapaktepHoro st bHK-26 Ta momixjoponpeny
paHO YW TMI3HO JIOCSTAEThCS MaKCUMalbHE 3HAYEHHS CTyINeHs HaOpskaHHS 1
BCTAHOBITIOETHCS PIBHOBRXHUH CTaH. B TakoMmy BUMAAKy Ui BU3HAYEHHS 3aJICKHOCTI

IPaHUYHOTO CTYTICHs HAOPSKAHHS Bl TEMIIEPATypH CIpaBeaiiuBe piBHIHHS [143]:

—-AH
Qmax = Qg * € RT 4.9)

N€ Ay — TPAHUYHUM CTYTIHBb HAOpsikaHHS, % Mac.;

Q — MePeIeKCIOHEHIIIMHII MHOXHUK;

AH — TemioTa 3MinryBaHHS MOJIMEPY Ta pO3UYMHHUKA (TTanuBa), J[>k/MoJIb;

R — yHiBepcanbHa razosa crana, J[x/(monp*K);

T — Temnepartypa, K.

Temnory 3mimyBands AH Bu3Hauanm 3a pe3ylbTaTaMH JABOX CEpiil JOCTIIB 3a

PI3HOI TeMIlepaTypH 3 3aCTOCYBAHHSIM PIBHSIHHS, aHAJIOTTYHOTO JI0 pIBHSIHHSA (2.8):
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-R(Ina -Ina
AH = R0 amax 2710 Gmax 1) (4.10)
Tl _TZ
ne Ind,gy 2 1@ In@y,, 1 — TpaHMyHl CTyneHi HaOpskanHg, % Mac., 3a

temneparypu T, ta Tq, Bignosigno 120 ta 25°C (393 ta 298K).
[Insgxom migcTaBieHHs B piBHSHHS (4.9) 1BOX KOHKPETHUX 3HAUEHb TEMIIEpaTypu

OTPUMAaHO HACTYITHE CITiBBITHOLICHHS:

—-AH
R-Ty
merd = 2, (4.11)

a —_4an
max,1 eR'Tl

3BIIKM OTPUMAHO PIBHSHHS AJISl IPOTHO3YBAHHS TPAHUYHOTO CTYIIEHSI HAOpSKAHHS

3a Oy/Ib-sIKOT TEMIIEPATYPH:

_ AH-(T3-Ty)
amax ,3 - R'T3'T1 >

4.12)

JUi IpOTHO3yBaHHS JOLIJIBHOCTI BUKOPHCTAHHS B PEAJIbHUX yMOBAax JeTaynel i3
BHK-26 ta nonixyiopornpeny 3a popmynamu (4.9-4.12) po3paxoBaHO rpaHUYHY CTYMIHb
HaOpsIKaHHS BKa3aHUX IMOJIMEPHHUX MaTepiaiiB 3a TeMIlepaTypu, HaOJMKEHOI 10
peanbHUX YMOB POOOTH MaJMBHOI cHCTeMH. B sikocTi poOodoi Temmeparypu oOpaHO

temrepatypy 80°C [144]. Pesynbratu po3paxyHKy HaBeJeH1 B Tabuuii 4.5.

Tabmuua 4.5 — I[IporHo3oBaHUld TPaHUYHHUI CTYHiHb HAaOpsIKaHHS MOJIMEPHUX

MarepiaiiB 3a Temrnepatypu 80°C

3pa3ok AH, JTxx/monb Umax » Yo Mac.
BHK-26 13737,6 18,82
[Tonixmoponpen 6612,6 47,32

[TopiBHSIHHS pe3yJIbTaTiB BHU3HAYEHHS CTyNEHS HAOpSKAHHS IOJIMEPHHUX
MaTepialiiB B CyMIIIEBOMY MaJIMBi, TU3€IbHOMY MaJINBl Ta METUJIOBUX €CTEpax KUPHUX
KHCJIOT 13 COHSIIIIHMKOBOI OJIIi B 4MCTOMY BUIIISLAL 3a Temmeparypu 80°C HaBeneHi Ha
pucysky 4.13. JlonaTKOBO BHM3HAUEHO CTYMiHb HAOPSKAHHS IMOJIMEPHHUX MaTepialiiB B

MaJIMBHIA KoMIo3u1Ii1, sika MicTuTh 7% K3PBC.
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Pucynox 4.13 — KpuBi HaOpsikaHHS TTOJIIMEPHUX MAaTepiajiB B JU3EIbHOMY TaTUBI
(AIT), MmeTunoBuX ecTepax >KUpHUX KUCIOT 13 coHsmHukoBoi o1l (MEXK), cymimeBomy

najgvBi Ta KoMIo3uili cymimeBoro naausa 3 K3PBC 3a remneparypu 80°C

Sk BuaHO 3 pucyHky 4.13 HaBiTH 32 TEeMIEpaTypu HAOIMKEHOT 1O PEAIbHUX YMOB
poOOTH TU3ENIBHOTO JABUTYHA CTYIIHb HAOPSKaHHS 3pa3KiB MPU KOHTAKTI 13 AU3EITHHUM
najauBoM OyB He3HauHUM (4,4% st BHK-26 Ta 12,3% mu1s nonixyiopornpeHy) ta Maixe
He 3MiHIoBajacs micis nepimx 48 roauH. BogHnodac, cTynins HaOpsiIKaHHS TTPU KOHTAKT1
3 MEXKK mnocTiitHO 3pocTaB MpoTIroM BChOTO Yacy JMOCHIKEHHS Ta gocsraB 39,3% s
BHK-26 Ta 81,0% mist monixjopornpeny. MoxHa 3p00OUTH BUCHOBOK, IO TOJIMEPHUN
Marepial Ha OCHOBI TMOJIXJIOPONPEHY HE PEKOMEHJOBAHO BHUKOPHUCTOBYBATH B
cepenoBuill ynctux MEXK uepe3 HU3bKY CTIHKICTD.

[TonimepHi 3pa3kH, sIKI KOHTAKTYBAJIH 13 CyMIIIEBUM JIM3EJIbHUM MAJIMBOM 32 4ac

npoBeneHHs nociimkenb nocsarm 18,8% mins BHK-26 ta 47,3% nnst monmixjioponpeny
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BIJIMOBIAHO, 110 3HAYHO BHUIIIE 32 CTYIiHb HAOpSKaHHS B AU3EJIbHOMY MaJMBI, IPOTE Ha
BIJIMIHY B1JI pe3yJIbTaTiB OTpUMaHUX Mpu BuKoprcTanHi unctoro MEXK, nanuii ctyninb
HaOpsKaHHS MOKHA BBaXXaTH IPaHUYHHUM, OCKUIbKH mpoTsaroM octanHix 408 (BHK-26)
Ta 552 (MOJIIXJIOPONPEH) TOANH BiH MaiiKe HE 3MIHIOBAJIACh.

I'pannuna crynins HaOpskanHa BHK-26 Tta momixioponpeHy B KOMIO3UINT
cymimeBoro naiusa 13 K3PBC cranosnate 20,9 ta 52,7 % BinnoBigHO, 1110 TOBOPUTH MPO
He3HauHui HeraTuBHUM BIUMB K3PBC Ha BkazaHi 3pa3ku nomiMepHux matepiamis. Lle
MOke OyTH TOB’si3aHe 13 CTpYKTypHO-TpynoBuM ckianoM K3PBC, monekynu sikoro
MICTSTh MOJISIPHI TPYTIH, BIICYTHI B MOJIEKYJIaX KOMITIOHEHTIB JU3EIHHOTO MaINBa.

AKTUBHICTh (DI3UYHO-aIPECUBHUX CEPEOBHUII IO BIJIHOMIEHHIO JO0 IOJIMEPHUX
MatepiaiaiB BU3HAYAETHCS 3HAUCHHSIMU [TapaMeTPiB PO3UHMHHOCTI MOJIMEPY 1 CEpeIoBUIIA
(manuBHOT KOMMo3uIlii) [145].

JU1st BU3HAUYEHHSI JOJaTKOBUX 3aKOHOMIPHOCTEHN MOBEIIHKH MOJIIMEPHUX MaTepiaiiB
B CYMIIIEBUX NalMBaX BHU3HAYEHO MapaMeTpu po3uuHHOCTI 3pa3kiB BbHK-26,
MOJIIXJIOPOTIPEHY, TOJIICEUOBUHU Ta TOJIypeTaHy Ta TMOPIBHAHO 13 MapaMeTpamu
PO3YMHHOCTI CYyMIIIIEBOTO MaJIUBA.

Jlist po3paxyHKy THapameTpa pPO3YMHHOCTI BUKopucTaHo meron Cmoina [ 146],
BHUXOJISIYHM 13 CYMapHOI €Heprii B3aeMoiii ycix aTtoMiB 1 rpyn [147]:

Y Fid
M

6= 4.9)

ne Y, F; — cymapHa eHepris B3aeMo/Iii ycix aTroMiB Ta rpyr, MJIx/Mob;
d — ryctiHa pedoBHHH, KI/M?;
M — nonexypsiiHa Maca pe4OBHHH, KI/MOJIb.

OpieHTOBHHI BMICT CTPYKTYpPHHX TPYI KOXXHOTO THUMY IJIsi JU3EIHHOTO TMajnBa
BU3HAauYCHUM Ha OCHOBI (uB. Tadauio 2.1), nius MEXK Ta nmonmimepHux maTtepiaiiB — Ha
OCHOBI 1H(opMarii po ix ximiuyHy OyaoBy. st po3paxyHKy mapaMerpa po3YHMHHOCTI
CYMIIIEBOr0 NaJIuBa CKOPUCTAIUCS MPaBUIIOM aIMTUBHOCTI [ 148].

Pe3ynbratu po3paxyHKy napaMmeTrpa pO3uMHHOCTI HaBeJeH1 B Ta0uill 4.6.
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Tabnuis 4.6 — OpieHTOBHI 3HaYCHHS MapaMeTpiB PO3YMHHOCTI 3pa3KiB MajavBa Ta

MOJIIMEPHUX MaTepiaiiB

3pasok [Tapametp pozunnnocTi, (M [x/m?)!
[Toniyperan 16,66
[ToniceuoBuHa 16,44
BHK-26 22,54
[Tonixopomnpen 21,21
JI1 16,01
MEXK 17,76
K3PbC 20,84
70% 1T+ 30% MEXK 16,54
93 % (70% JAIT + 30% MEXK) + 16,84

+ 7% K3PBC

JIisi KOKHOTO 3pa3ka pPO3paxoBaHO KOHCTaHTy XarriHca, HI0 XapaKTepu3ye
TEPMOJIMHAMIYHY CHOPIAHEHICTh MIDK TOJIMEPOM Ta PO3YMHHUKOM. Po3paxyHOK
npoBeAeHui 3a opmyJioro [145]:

X = (611 - 6p)2 (410)
ne 8, ta 6, — mMapameTp¥ PO3YMHEHHS TMOJIMEPY Ta PO3YMHHHMKA (IaanuBa)

BIIOBIIHO.

Pesynbraty po3paxyHKiB npejcTaBieHi B Tabmnuili 4.7.

Tabnuusg 4.7 — Konctantu Xarrinca Jyuisi CHCTEM IMOJIIMEP-CyMIILIEBE MATMBO

3pa3ok Koncranra Xarrinca, MJIx/m>
[Tomyperan 0,0144
ITomiceyoBuHa 0,0100
BHK-26
- B cymimeBomy nanusi 36,0000
- B cymimeBomy nanusi 3
2.4
nomasarusam 7% K3PBC 32,4900
[Tonixopomnpen
- B cymimeBomy nanusi 21,8089
- B cymimeBomy manusi 3
19,0969
nonaBaHHsM 7% K3PbC
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Koncranra XariHca XapakTepuszye B3a€MOJII0 IMOJIMEPHUX MaTepialliB  Ta
PO3UYMHHUKIB (B JAHOMY BHMAJKy — NaJuBa). 3HAYCHHsS KOHCTaHTH XariHca y < 0,3
CBITYaTh TIPO BUCOKY CITOPITHEHICTh MOJIMEpa Ta MajiuBa, a OT)KE, Ha BUCOKUH CTYIIHb
B3a€MOJIIi MDK HUMH, 3HadeHHs y > 0,55 — HaBmaku, mpo BIJCYTHICTh B3a€EMOJIi Ta
CTHOPIIHEHOCTI MK TAJIMBOM Ta MOJIMEPHUM MaTepianom 149.

3icTaBUBIIM pe3yIbTAaTH, HaBeeHI B TaOmuIsix 4.4 Ta 4.6 MOXHa CTBEPKYBaTH, 10
IHTEHCHBHICTh B3a€MO/IIi MOJIIMEPY 3 MATMBHOK KOMIIO3MINIEID 3pOCTAE 31 3MEHIIEHHSIM
3HAYeHHS KOHCTAaHTH Xarrinca. Takum 9uHOM, JaHWi TapaMeTp MOKHA BHKOPHUCTOBYBATH
B SIKOCTI KPUTEPIIO MPUIATHOCTI MOJIMEPHUX MaTepiaiiB O BUKOPUCTAHHS B JBUTYHAX,

AK1 IPalOI0Th Ha CyMIIIEBOMY MAJIUBI.
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PO31JI S. TEXHOJIOI'TYHI TA EKOHOMIYHI ACIIEKTH
3ACTOCYBAHHS BIOILUIHOI IPUCAJIKHA B CYMIILIEBOMY
JAU3EJIBHOMY ITAJIMBI

5.1 Mertonuka KUIbKICHOTO BU3HAUEHHS MIKpOO10JIOT1YHOTO 3a0pyIHEHHS MaJINBa

VY nanoMmy AOCHIKEHHI pO3pO0JIEHO MIKpOOIOJOTIYHY METOJIUKY KUIbKICHOTO
BU3HAUEHHS KOJIOHIM MIKpOOpPraHi3MiB, MPUCYTHIX y MaJuBi. 3alpOOHOBAHUN MiIX11
IPYHTYETHCS HA TIOE€THAHHI MIKPOO10JIOTTYHOTO Ta TPABIMETPUYHOTO METOIIB.
BuxopuctanHs KyJbTUBYBAaHHS Ha HIUTbHUX MOXUBHUX cepefoBHINax y yamkax [lerpi
3a0e3mneuye MOKIIMBICTh BUSIBIIEHHSI MIKPOOPTaHi3MiB, IPUCYTHIX Ha (LIbTpax, HABITh y
TaKUX KOHIEHTpAIiSX, SKI HEMOXJIHUBO 1ICHTH(IKYBATH BUKIIOYHO TPAaBIMETPUUYHUM
cnocobom. JlogaTkoBe 3aCTOCYBaHHsS NanepoBHX (PUIBTPIB MIABUILYE TOYHICThH
MIKPOCKOIIIYHOTO  aHalli3y, JO3BOJISIIOYM 3MEHIIMTH MOXHOKYy, TIOB’Si3aHy 3
HEPIBHOMIPHUM PO3MO/IIJIOM MIKPOOHHUX KJIITHH Yy 3pa3Kax MajuBa.

[lepeBaramu JaHOrO METOAY € MPOCTOTA Ta BIATBOPIOBAHICTh. JlaHuil MeTO/ Haae
BOXKJIMBY 1H(GOpPMAIIII0 TIPO PIZHOMAHITHICTH MIKPOOPTaHi3MiB Ta J03BOJISIE BHUSIBUTHU
KUTTEZNATHI MIKPOOPTaHi3MH.

Y pamkax AaHOrO JOCHIPKEHHS OyJio 3amporoHOBaHO Ta IPOAHATI30BAHO
e(eKTUBHY 1 €KOHOMIYHO JIOCTYIIHY IPUCAIKY J0 MajuBa, IKa HE YUHUTH HEraTUBHOTO
BIUTMBY Ha HOr0 €KCIUTyaTalliHi XapaKTepUCTUKHU.

OuiaroBaHHs 0101IMTHOT aKTUBHOCTI 3aIIPOIIOHOBAHOT TPUCAIKH 3I1HCHIOBAIOCS MIITXOM
KyJbTHBYBAaHHS 3pa3KiB Ha IIUILHUX MOKUBHUX cepeloBuIax. [[is 1boro Ha MOBEPXHIO
arapm3oBaHOTO CEpeloBHUINAa y 4damkax lleTpi HaHOCWIM KpaIulio MONEepeaHbO
rOMOTEHI30BaHOT'0 MAJIMBA 33 JJOTIOMOTOI0 CTEPUIIBHOTO IINATEJI.

[HKyOarltiro mpoBOaUIN MPOTAToM 7 1110 3a Temneparypu 25 =2 °C y 3aTeMHEHHX YMOBaXx,
0e3 BIUIMBY MPSMHUX COHSYHHUX MPOMEHIB. YTIPOJIOBK 1HKYOAIITHOrO MepioAy Ta MicJs
HOro 3aBeplIeHHS OLIHIOBAJIM CTYIIHb MIKPOOHOTO ypaXXeHHs Il BHU3HAYEHHS

e(hEeKTUBHOCTI /i1 MPUCATKH.
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[IpoaykTu mnepeerepudikaiiii TPUTIILEPUIIB POCIUHHUX OJiH, MPEACTaBISIOThH
iHTepec He TUTBKH SK JO0OaBKH, IO PO3MIUPIOIOTH PECYPCH AW3CIBHUX MAlUB, alle i SK
OpUCaaKU, MIO0 NOJIMIIYIOTh iX eKCIUlyaTaliiHi xapakTepuctuku. lLle mo3Bosse
BIIMOBHUTHCS BiJl 3aCTOCYBaHHS CHCI[IAJIbHUX TPUCAAOK 1 OTPUMATH TICBHHMA
E€KOHOMIYHUHN €(EeKT.

B pesynbrari mpoBeAeHHX AOCTIIKEHb PO3pOOJIeHI KOMIIO3HUIll CyMIIIEBOTO
JU3ETHHOTO MajNBa, IKi MOXYTh BUKOPHUCTOBYBATHCS B IU3EIbHUX JBUTYHAX B YMOBaX
VYkpaiHu i pik Ta MamOTh HHU3BKY COOIBapTICTh 3a PaxyHOK BHUKOPHCTAHHS
HEKOHJUIIHHUX BIJXOJIB BUPOOHMIITBA COHSAIIHUKOBOI oJii. BukopucTaHHs maHHX
MaJUBHUX KOMIIO3MINM OUIBIII €KOJIOTTYHO 32 PaXyHOK J0/IaBaHHS METUJIOBUX E€CTEPIB

JKUPHUX KHUCJIIOT.

5.2 IlanuBHa KOMIO3UIlIS 3 TMOKPAILIEHOW CTIHKICTIO /10 MIKpPOO1OJOTTYHOTO
YPaKEeHHSA

JlaHa nayiMBHA KOMIO3UIli Ma€ HACTYITHUMN CKIaI:

1) MEXK: 5,0-30,0%;

2) 6iommana npucaaka (K3PBC): 1,0-8,0 %;

3) nuzenbHe nanuBo: 62,0-94,0 %.

[TanuBHa xommo3uuis, saxka MicTuTh 5% K3PBC xapakrepusyerbcs BIACYTHICTIO
0aKTepiOJIOTIYHOTO Ta MIKOJIOTIYHOTO YPaKEHHS 32 PaXyHOK O1OIMIHUX BIACTHBOCTEH
npucaaku [150]. Po3pobneHa nanuBHa KOMIO3UILIA MpHU3HAYEHA sl BUKOPUCTAHHS B

AU3CIIbHUX JIBHUI'YHAX.

5.3. IIpuHIIMIIOBA TEXHOJOTIYHA CXE€Ma KOMMAayHIyBaHHS CYMIILIEBOIO AU3EIHHOTO
rajiiBa 3 010U IHOIO ITPHCAIKOIO

3Bakaloyu Ha MEePCIEeKTUBHICTh OTPUMAHOI KOMITO3HUIIi1, pO3pO0JIEHO MPUHIUIIOBY
TEXHOJIOTIYHY CXE€MY YCTaHOBKU BUPOOHUIITBA NanuBa, sike Mictuth MEXKK Ta 6iomuany

npucajky (pucyHok 5.1).
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M=1 -4
e H-4 H-5

€-1 — emHicTh I qU3eIbHOTO NammBa; €-2 — emuicTs s MEXK; €-3 — emHicTh
1U1s 6101 aHOT pucaaku; €-4 — eMHICTb J1s cyMimeBoro nanusa; ®-1-3 — giasTpu, H-
1-5 — nacocu, M-1 — mikcep.

Pucynok 5.1 — TexHonoriyHa cxema KOMMAayHJyBaHHS CYMIIIEBOTO JIU3EIHLHOTO

najyvBa 3 O10IUIHOIO MPUCAIKOIO

KomnaynayBaHHS € OCTaHHBOIO CTaJl€0 BUPOOHMIITBA manuBa. Ha i cramii 3
ICHYIOUMX KOMIIOHEHTIB MO’KHAa TNPHUTOTYyBaTH TAJIWBO, SKE BIJANOBIJAE IFOYUM
crangaptaM. Ha HadTomepepoOHMX 3aBojax I BUPOOHMIITBA JH3CIHLHOIO TaJIMBa
BUKOPUCTOBYIOTh ~ aBTOMATM30BaHI  CHCTEMH  3MINIYBaHHA y  HEOOX1AHOMY

ciiBBigHOomeHHl. Ile mo3Bosisie ofepkaTh TaIWBO 3 YITKUM CKJIQJOM TMOJIMIIUTH
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€KOJIOTTYHMI CTaH HABKOJIMIIHHOTO CEPEIOBMINA SKOCTI Ta HAAIMHOCTI MPOIYKIIii, Ta
MIHIMI3YBaTH y4acTh JIFOJEH y mpoliecax HeOe3meuHuX JJIsl 370pOB's.

Jlana cxema CKJIaa€ThCsA 3 ONEPaTOPChKOi, SKa 3HAXOAUTHCS B TEXHIYHOMY
IPUMIIICHH] Ta BIAKPUTOTO MalAaHYMKy, Ha SKOMY pO3TAalllOBaHi: TOPU30HTAJIbHI
€MHOCTI 3 cupoBuHOIO (€-1-3), mikcep (M-1), Hacocu (H-1-5), binsTpu (P-1-3), emHICTH
JUTst TOTOBOT mpoaykii (€-4). CyMimieBe Au3eabHE MaTUBO 30€pIirac€ThCs y BiAMOBITHIN
€MHOCTI, 3BIJIKH BIJBAaHTAXYEThCS O€3MOCEPEAHBO JO IIUCTEPH aBTOMOOIIBLHOIO
TPAHCIIOPTY.

[Ipotiec BUpOOHUIITBA CYMIIIIEBOTO JAU3EIBHOTO MaJiiBa 3 O10LUIHOIO MPUCATKOIO
B1I0yBA€ThCS HACTYNMHUM 4WHOM. 3 eMmHocTi €-1 uepe3 dinbrp d-1 no mikcepa M-1
MO/IA€THCS TU3€EIIbHE MAaJuBO. AHAJIOTTYHO 3 eMHOCTel €-2 Ta €-3 yepe3 ¢puibTpu D-2 Ta
®-3 no M-1 nmomarotecss MEXK Tta 6ionmnna npucaaka. KiabkicTh KOMIIOHEHTIB Ta iX
CHIBBIAHOILIEHHS 3aJeXaTh Bl peLENnTypd KoMmosuiii. KoHTpoib CHiBBIIHOIIECHHS
KOMIIOHEHTIB BI1JJOYBA€ThCA 3a JOMOMOIOI0 JiYMiabHUKIB-H03aTopiB (FQIS 1la-3a) Ta
3acyBoK 3 mHeBMomnpuBoaoM (1B-3B). Takox mnepenbdayeHa MOXKIUBICTb PYYHOTO
KepyBaHHs 3aCyBKaMU 3a JIONMOMOTOI0 naHesel kepyBanHs (10-30).

Ockinpkn MEXXK maroTs 3MalyBaiibHi BIacTHBOTCI [ 151], qomiasHUM € peaizaltis
HaBEJIEHO1 TEXHOJIOTTYHOI cXeMH Oe3nocepeIHb0 Ha HadTonepepoOHOMY TiANPHEMCTBI,
BCTAHOBUBIIIM JIOJIATKOBE HACOCHO-€MHICHE OOJIaIHAHHS TapajiesibHO 13 BY3JIOM
JI0JIaBaHHS MPOTU3ATUPHUX MPUCAAOK. Take po3TallyBaHHS JIO3BIUTH 32 HEOOXITHOCTI
MEPEKII0YaTUCd MIDKBUPOOHUUTBOM TpPAJMILIMHOTO Ta CyMIIIEBOro mnajiuBa 0e3

PO3IIMPEHHS MITATy CIIBPOOITHUKIB MiAMPUEMCTBA.

5.4 Po3paxyHOK TEXHIKO-€KOHOMIYHOi €()EeKTHMBHOCTI 3aCTOCYBaHHS CYMIIIEBUX
TU3ENbHUX TAJIUB

Ha co6iBapricte MEXK BrumBae Huzka (akTopiB: YpOKaWHICTh, BapTICTh
CUPOBHUHH, PEAKTUBIB, 00JIaIHAHHS, BUXI]] OJIii 3 CUPOBUHH, MOXKJIUBICTh Ta JOIIbHICTh
BUKOPUCTAHHS TMOOIYHUX TPOAYKTIB BUPOOHMIITBA, BUTPATH HA EJEKTPOEHEPrilo Ta

3apoOiTHY IJ1aTa.
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PospaxoBano cob6iBapticte 1 1iHy MEJXK BurororieHoro 3 pimakoBoi Ta
COHSITHUKOBOT oiid. Piuamii 00’eéM BUPOOHMIITBA PpO3PAXOBYETHCS BHUXOMIIH 3
HACTYITHOTO PEeXUMY POOOTH: 11i7I0;1000BO, 8 TOIMH Ha 3MiHY, 22 JTHI Ha MicsIb, 251 1eHb
Ha PIK.
VY tabnuui 5.1 HaBeneni Matepianbhi 6anancu BupoOHunTea 1 T MEXKK 3 pimakoBoi

Ta COHSIIHUKOBOI OMii. Y Tabmuii 5.2 HaBeIeHO po3paxyHOK coOIBapTOCTI Ta wiHU | T

MEXK.

Tabmung 5.1 — Marepianbuuii 6ananc BupooHunrea MEXK

IToka3Huk PimaxoBa omis CoHsTHUKOBA OJTis
% T % T
Bzsaro
CupoBuHa 77,04 1,1 78,68 1
MeTtaHnon 10,08 0,144 7,55 0,096
I'apoxcua HaTpito 1,33 0,019 0,79 0,01
Bona 7,35 0,105 8,26 0,105
1HIIIE 4,2 0,06 4,72 0,06
Bceroro: 100 1,428 100 1,271
Otpumano
OcHOBHa TPOTYKITIS:
MEXK 70,03 0,98 70 1

[To614HI MPOAYKTH:

Cupwuii riainepuH 14,01 0,2 11,1 0,1

Bona 8,19 0,117 6,5 0,059
Brparn 7,77 0,111 12,4 0,112
Bceboro: 100 1,408 100 1,271

CupoBuHa 14,01 0,2 11,1 0,1




Tabmuis 5.2 — Po3paxyHok co6iBaptocti Ta 11iHu 1 T MEXKK*
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CrartTs BUTpAT [ina PinakoBa onist CoHSIITHUKOBA OJTis
HaT.OJl | TpH HaT.OJl | TpH
1. CupoBrHa Ta OCHOBHI MaTepiaju:
Omis, T 1,1 15400 1 19950
MeTtanoJ, Kr 49,406 | 144 7114,46 | 96 4743,0
2. lonomixkH1 MaTepiaiu
I'iapokcun Hatpito, Kr 66,5 19 1263,5 10 665,00
Bona, kr 5 105 525 105 525,00
OuIBTPYIOUl MaTepiaiu, KT 1,25 60 75 60 75,00
Enextpoenepris, kBt 9 61 549 61 549,00
3apruiaTta 57,67 64,79
Butpatm Ha  yTpumaHHA Ta
eKCIUTyaTallito 00JiaTHaHHS 94,40 101,64
Bupobuuua cobiBapTicTh 25079,03 2667341
HaKJIQJH1 BUTPaTH 1003,16 1066,94
IToBHa coOiBapTICTh 26082,19 27740,34
OcHoBHa nipoaykiis - MEXKK 0,98 2253285 |1 25740,34
[TormyTHa npoxayxkiis — rainepud, T | 20000 | 0,2 4000 0,1 2000
[TpudyTok ((5% Bix c/0) 1253,951 1333,67
[ina 6e3 I1/IB 23786,8 27074,01
[11B 4757,36 5414,803
[ina 28544,16 32488,82

* aKkTyasbpHI HiHU Ha TFOTHI 2025 poKy.

JIoLiTbHUM, TIEPCHIEKTUBHUM Ta OUTBII €KOJIOTTYHUMHU BUAOM TaJIMBa € CyMilll, SIKa

ckIanaeThes 3 63% MinepaabHOTO Mu3enbHOro manusa, 30% MEXK ta 7% K3PBC. Jlana

KOHIIEHTpAllli HE BHUMAara€ CyYTTE€BUX KOHCTPYKLIMHHUX 3MIH Ta OCOOJMBUX YMOB

30epiraHHs Ta TPaHCIIOPTYyBaHHsS. MartepianbpHuil OaTaHC BUPOOHUIITBA TAKOi KOMITO3HUITI]

notyxHicTio 1T MEXK/n00y nHaBenenuii B Tabnuii 5.3. Pexxum poOoTH ycTaHOBKU — 24

roauHu Ha 1100y, 251 nenp Ha pik. Ilepenik oGmamHaHHs, HEOOXITHOTO IS peajizailii
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TEXHOJIOT1YHOI CXeMH, HaBEJICHOI Ha pUCYHKY 5.1, oro BapTicTh Ta HOpMa aMOpTU3AIlii
HaBeqeHa B Taoiaui 5.4.

Tabmuusa 5.3 — MatepianbHuil 0anaHC YCTaHOBKHM KOMITAyHIyBaHHSI CYMILEBOTO

najuBa
IToTik % Mac. KI/TOS. T/100y T/piK
[Tpuxin
JIT 63 87,50 2,10 527,10
MEXK 30 41,67 1,00 251,00
K3PBEC 7 9,72 0,23 58,57
Bcworo 100 138,89 3,33 836,67
Burpara
CywMileBe najauBo 100 138,89 3,33 836,67
Bceworo 100 138,89 3,33 836,67

Tabmuus 5.4 — Po3paxyHOK cepeIHbOPIYHOI BAPTOCTI OCHOBHOTO BHUPOOHUYOIO

oOJaHaHHS Ta aMOPTU3ALIMHUX B1IpaXyBaHb.

: Hopwma
. . BapricTp Crpok
. Bapticts | Kib- aMopTH- | AMOpTH-

HailiMmeHnyBaHHs | o0nan- eKCILTY- oy )

OJIMHHLLL, | KICTb, 3alifHUX | 3ali,
oOJIagHaHHSI HaHHS, arai, : .

IpH/IUT | T . BiJIpaxy- | IpH/pIK

TpH POKIB

BaHb, JIOJII

€muocTi €-1,

€-2,€-3 222000 3 666000,00 10 0,1 66000,00
) 3 [152]

00’eMoM 5 M

Emuicts €-4 575000

o6’ emom 100 M3 | [153] 1 575000,00 10 0,1 57500,00

Hacocu H-1 — 4381

.4 (154] 4 17524,00 10 0,1 1752,40

Hacoc H-5 70176 1 70176,00 10 0,1 7017,60

[155]

OinpTpu @-1 - | 12000

o3 (156] 3 36000,00 10 0,1 36000,00

Mikcep M-1 ?19 5570]00 1 650000,00 10 0,1 65000,00

Hozatopu FQSI1 | 9000

" FOS3 (158] 3 27000,00 10 0,1 2700,00

Bceboro 16 |2041700,00 204170,00
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VY Tabnuii 5.5 HaBeIEHO PO3paxXyHOK COOIBAPTOCTI Ta IIHU 1 T CyMIIIEBOrO MajivBa.

YcraHoBka KOMIIaYHAYBAHH HC HOTpe6y€ BOIOOIIOCTA4YaHHA, TOMY €INHOIO CTATTCIO

CHEproBUTpaAT € eleKTpuuHa eHepris. OpieHTOBHA BUTpaTa €JIEKTpoeeprii MpHiiHsATa

BUXOJSIYM 13 TIOTY>KHOCTI €JIEKTPOOOIalHaHHS YCTaHOBKH. DOHJ 3apoO0iTHOI IUIaTH

MpaLiBHUKIB HE BXOJUTh O PO3PaXyHKy COOIBApTOCTI CyMIIIEBOTO MaMBa, OCKIIbKU

BUPOOHMIITBO  3/IHCHIOETHCS

KOMIIayHIyBaHH:.

Tabmuns 5.5 — Po3paxyHok co0iBapTOCTI Ta IIHU 1T CyMIIIIEBOTO MajnuBa

TIEPCOHAJIOM,

3aiSHUM  Ha

ICHYIO4if  yCTaHOBITI

On. HarT.
Crarts BUTpAT BuM. | Llina |oxg I'PH
1. CupoBHHA Ta OCHOBHI MaTepiaJIu:
JI1 T 54700 | 0,63 34461,00
MEXK T 32500 0,3 9750,00
K3PBC T 6800 | 0,07 476,00
2. EnexTpoenepris kBT 9 3,2 28,80
3. ButpaTtu Ha yTpuMaHHs Ta €KCILTyaTalito
oOaHaHHS 243.06
BupobHuua cobiBapTICTh 44958,86
HaKJIQJIHI BUTPaTH 1798,35
IToBHa cobiBapTiCTh 46757,21
[TpubyTtok (5% Bix c/0) 2337,86
[ina 6e3 I1/1B 49095,07

[TomanpmyM eTanoM eKOHOMIYHHMX PO3PAaXYHKIB CTal0 BU3HAYEHHS MPOTHO30BAHUX

MOKa3HUKIB  €(PEKTUBHOCTI  BUPOOHUIITBA

CYMIIIEBOTO

IajJJuBa

Ha

ICHYIOUHX

HaTonepepoOHUX MIAMUPEMCTBAX, a CaMe: YUCTOI NIpuBeaeHoi BapTocTi — NPV,

BHYTpIIIHBbOI HOpMU AoxigHocTI — IRR, auckonTOBanuoro nepiogy okymnHocti — DPP,

iH7eKe mpudyTKOBOCTI — PI.
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Po3paxyHok uncToi MpuBEAEHOI BApTOCTI MpoBeAeHO 3a hopmyioro [159]:

v CF

NPV = thlm

IC (5.1)

Jle CF,— rpoioBuii NOTIK y ¢ POIIi, TPH;

I — CTaBKa JUCKOHTYBaHHS, 22,4%;

T— tpuBasicTs npoekty, 10 pokis;

IToyaTkoBI 1HBECTHIIIHHI BHUTpPAaTH BH3HAYEHO 3 BapTOCTI OOJaAHAHHS IS
BUPOOHUIITBA CYMIIIEBOIO JU3EIBHOTO TMalliBa, $KE HEOOXIHO BCTAHOBUTH 13
J0JJaBaHHSIM BapTOCTI MOHTaXy, sika MpuiiHATa Ha piBHI 20% BapTOCTi OOJIAAHAHHS.
3rimHo Tabmmii  5.4. BapTicTh oOmamHaHHa jgopiBHIoe 2041700 rpH, OTXe
IC=2041700*1,2=2450040 rpH.

3HaueHHs PIYHOTO MPUOYTKY B KOXKHOMY POILIl po3paxoBaHo 3a hopmydoro [160]:

CF, = (Pr—1k)x Q (5.2)

Jle Q — piunwMii oOcsr BUpOOHUIITBA CYMIIIIEBOTO MAJIUBA, T/PIK;

Pr — mina cymiieBoro najauBa, TpH/T;

Ik — BuTpaTu Ha BUPOOHHUIITBO CYMILIEBOTO MajanBa (Oro co01BapTiCTh), TPH/T.

3rigHo Tabmuue 5.3, 5.4 Q=836,67 1/pik, Pr=49095,07 rpu/1, 1Ik=46757,21 rpH/T.

Ockinpku 3riHO [ 161 ] Ha cyMmimieBe MaduBO PO3MOBCIOMKYETHCS 3HUKEHA

BimHOCHO JIIT cTaBka aknu3HOrO mojatky Ha nanbHe (250,75 ta 359 eBpo/1000a

BIMOBIAHO), 3Ha4YeHHs IK 3HM)KEHO Ha PIZHUINIO CTAaBOK aKIM3HOTO IMOJATKY bI3

PO3paxyHKy CE€peIHbOKBApTAIILHOTO KypCy €Bpo piBHOro 43,87rpH [162]:

Ik = 46757,21 — (359,00 — 250,75) * 43,87 = 42008,29rpH/1
TakuM ynHOM:
CF; = (49095,07 — 42008,29) x 836,67 = 5929303 rpH/pik
3a momymieHHs, [0 NPUOYTOK OyJe CTa0UIbHHM KOXKHOTO POKY, 3HAYCHHS

T CF
£=1 (141)t

3 piBHsiHHA (5.1) po3paxoBaHO SK TEMEPINIHIO BapTICTh aHyiTeTy PV A 3a

HacTyMmHOIO opmyioro [163]:

1-(1+7r)T

PV A = CF, X (5.3)

1—(140,224)~10

PV A = 5929303 X

= 20514151 rpu/pik
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Yucra npuBeneHa BapTICTh CKIIAJIAE:
NPV = 20514151 — 2450040 = 20514151 rpH/pik

Ockinbku NPV >0, mpoekT eKOHOMIYHO BUT1IHMIA 3a JaHuX YMOB. CIiJl 3a3HAYUTH,
mo NPV Moxe 3MeHInyBatucs B pa3l 30UIbIIEHHS I[IHM CUPOBHHM JJII BUPOOHHUIITBA
CYMIIIEBOTO MaiuBa. 3aJIe)KHICTh YUCTOI MPUBEIACHOT BapTOCTI BUPOOHUIITBA Bl 3MIHH
BapTOCTI CHPOBUHM HaBeCHA HA PUCYHKY 5.2. Po3paxyHku mpoBejieHi 3rigHo GhopMyT
(5.1)—(5.3).

30

3MiHa BapTOCTI CHPOBHHH, %

Pucynok 5.2 — 3anexxHicTh YUCTOT MPUBEIEHOI BAPTOCTI BUPOOHUIITBA CYMIIIIEBOTO
MajvBa BiJl 3MiHU BapTOCTI CHPOBUHU

3MiHa BapTOCTI BUPOOHHUITA BIUIMBAE HA YUCTYy NPHUBEACHY BapTICTh. ToOuka
6e330utkoBHOCTI ckaaaae +10 % Big 6a30Boro piBHA. SKII0 COOIBAPTICTH BUTOTOBICHHS
CyMIIIEBOTO TU3EIHLHOTO MaJIMBa MiABUIIUTHCS OUIbIIEe HIXK Ha 15% BUPOOHUIITBO CTaHe
30MTKOBUM, OCKIJIBKH JIiHIs TiepeTuHae Bick NPV=0).

[anexc penradinpHOCTI iHBecTuilid (PI) po3paxoBano 3a HacTymHOO (HOPMYIIOH0

[159]:

sT_, e
_ 2=taat
=G (5.4)

PI

Bpaxosytoun Gopmymy (5.3) oTpumano:
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pr = 224 (5.5)

IC

20514151 9.37
2450040
Ockinpku P1>1, iHBecTuIlis BUrigHa 3a JTaHUX YMOB. Ha K0>kHY BKITazieHy 1 rpH 3aB0

otpumye 9,37 rpH TeNepilHbO1 BAPTOCTI MPUOYTKY.

PI 3meHmIyeTscst mpu 301IBIIEHH] BapTOCTI CUPOBUHM Ta CTaBKH TUCKOHTYBAHHS.
[Tpu nocsiruenni kputuanoi Mexi (PI=1) BupoOHuITBO cTane 30uTKOBUM. 3MiHa Pl s
PI3HUX 3HAYEHb CTABKHU JIMCKOHTYBaHHS B 3BJIC)KHOCTI BiJl BApTOCTI CHPOBHHU HaBEICHO

Ha PUCYHKY 5.3.

14
12

10

PI

0 5 10 15 20
3MiHa BapTOCTi BUPOHUITBA, %0

—1=30% r=22,4% r=15% ——Mexa BUTITHOCTI

Pucynox 5.3 — I'padik 3minu inaekcy penradenbHocTi (PI) B 3a1exHOCTI Bi BUTpAT

1 CTaBKH JAUCKOHTYBAaHHA

BaxnuBuMm mapamMeTpoM €KOHOMIYHOI €(DEKTUBHOCTI € PO3PaxXyHOK BHYTPIITHBOT
Hopmu JoxigHOCTI (IRR) mpoekty. IRR — 1ie Taka cTaBka TUCKOHTYBaHHS T, NIPHU SIKIN
NPV npoekry nopiBHioe Hy:mto [159].

0 = T CF; _
t=1 (141RR)t

(5.6)
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Konu mopiunuii rpomoBuid moTik noctiiHuid, IRR myxe Oau3bkuil 10 Ti€l CTaBKU

I, dKa 3a10BOJIBHACE!

1-(14r)°T

IC = CF X (5.7)

[Ticyist miAcTaHOBKYM YHUCIIOBUX 3HAYEHBb MOYATKOBUX 1HBECTHIIIN, PIYHOTO MPHUOYTKY
Ta 9acy OTPUMAHO:

1— (1+IRR)™ 10
IRR

MeronoM miagdopy OTUMaHoO, 1110 BKa3aHa PiBHICTh BUKOHY€eThCA 3a IRR =~ 242%.

2450040 = 5929303 x

Takox Oyn0 po3paxoBaHO AMCKOHTOBaHMI mepiof okynHocTi (DPP) — ue wac, 3a
AKUM CyMa JIMCKOHTOBAHHUX TI'POIIOBHX MOTOKIB MOKPHE IMOYATKOBI 1HBecTHIii. DPP

PO3PaxOBYETHCS SIK CTPOK O MOMEHTa BUKOHAHHS HACTYITHOT piBHOCTI [159]:

yopr Pt _ e (5.8)

t=1 (14t

P03anYHOK IIPOBCACHO JIAA I'POIIOBOI'O ITIOTOKY KOKHOI'O POKY:

= _CF
PV, =PVt (5.9)
Pesynbratu po3paxyHKy npejcTaBiieHi rpadiuHo Ha PUCYHKY 5.4.
< 25
~
m
@]
3 20
o
o
=
§ § 15
o
g < 10
= 5
=
= 5
(&)
2
=
i o7
us 0 1 2 3 4 5 6 7 8 9 10

Yac, poku

——ITouarkoBi iHBECTHIIIT

Pucynok 5.4 — I'padik oKynHOCTI BUpOOHHUIITBA CYyMIIIIEBOTO MaJIMBa B Yaci.
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Sk BUAHO 3 PHUCYHKY, BXKe€ Ha | pOIll BUKOHYEThCS JaHa PIBHICTh, 1HBECTHIi

TTOBHICTIO IMOKPHUBAIOTHCA JUCKOHTOBAHUM HpI/I6YTKOM.

JIns miABUILNEHHS JOCTOBIPHOCTI BHUCHOBKY IIOJO JIOIUJIBHOCTI BIPOBAIKCHHS
3aMpoNOHOBAHOI YCTAaHOBKH MPOBEICHO PO3PaXyHOK ceHCUTUBHOCTI Pl 0 3MiHM i Ha
JIT vu MEXK. PospaxyHok mpoBemenHo 3a dopmymamu (5.2, 5.3, 5.5), pe3ynbrar

HaBeAeHUI B Ta0IUIl 5.6.

Tabmumg 5.6 — CeHCUTHBHICTh 1HJEKCa PEHTAO0CIBHOCTI B 3aJ€KHOCTI BijJ IIHU

OCHOBHHX KOMITOHEHTIB CYMiHICBOFO I1aJInBa.

3miHa [opiunanii npudyTtok (CF), rpH PI, % BucnoBok
bazoBuit 5929303 9,37 Burigao
+20% MEXK 4232536 6,69 MeH11 BUT1THO
—20% MEXK 7626070 12,06 BurigHo
+20% JI1 -67854 <1 30uTOK
—20% II1 11926460 38,74 Jly>Ke BUT1THO

Hagith 3a HecnpustiauBux ymoB (+20% o minu MEXK) nmpoekt 3anmuimaerses
npuoyTkoBUM (PI = 6,69%). ¥V kpamux ymoBax (3HmxkeHHs niHd MEXK a6o minu J11)
€(EeKTUBHICTh 3HAYHO 3pocTae. CIUHUM PU3UKOBAaHUM CIEHApieM, 3a SKOTrO
BUPOOHUIITBO cTa€ 30MTKOBUM, € TiaBuiieHHs 1iau JI1 na 20%. Ha ocHOB1 HaBe1eHOTO
BUILE MOXHA 3pOOMTH BUCHOBOK TMpO JOUUIBHICTh peajizaiii yCTaHOBKH
KOMITayHIyBaHHSI 32 PO3POOJICHOIO CXEMOIO, OCKUIHPKHA MPOCKT Ma€ BHCOKHH PiBEHBb
MPUOYTKOBOCTI y OUIBIIOCTI pEaTiCTUYHHMX CIEHApiiB Ta CTIAKHA 110 MiABUIICHHS
BaptocTi cupoBunu (MEXK).

He wmeHm BaXIMBUM EKOHOMIYHMM acCIEKTOM BIPOBAHKCHHS BHPOOHUIITBA
CyMIIIIEBOTO IU3EIHLHOIO MAJIUBA € €KOJIOT1YHA €PEKTUBHICTD.

[Ipu BukopucTtanHs | JiTpy MiHEpPAJIBHOTO IM3EIHLHOTO MajiiBa B aTMocdepy

BukujaeTbes 2,68 xr CO,, BomHouac, npu BukopuctanHi MEXK = 0,3-0,5 kr CO,
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(3Bakarouu Ha BEJMKY PI3HUINIO MK piBHEM BUKUIIB CO; 1 pi3HUX BUIB NajJuBa, B
po3paxyHKax piBeHb BUKUIIB Iipu BukopuctanHi MEXK rinoretnyHo mpuitmMaeThes 3a
HYJIb).

[TpoaykTuBHIcTh BUpoOHHIITBA ~3900:1 cCyMmiIIeBOro majruBa Ha 100y (TIpu cepeaHii
ryctudi piBHi# 0,85 kr/m) = 978900 11/ pik (251 pobounii AeHB).

[Ipu BUKOpUCTaHHI YUCTOTO qU3eIbHOTrO nanusa BUKuAN CO, ckiiamu Ou:

978900 n1/pikx*2,68 xr CO,=2623452 xr CO,/pik

[Ipu BUKOpUCTaHHI CYMIIIEBOTO MATHBa CKIIAIAE:

978900 1%0,63%2,68 kr CO,=1652775 xr CO,/pix

Otxe, piuHa exoHoMis BUKUIIB CO, ckiamae = 2623452-1652775= 970677 kr
COz/piK.

Takox 3HM)KEHHSI BUKUIB JIETKUX OpraHiuHuX crnoiyk Ha 30-40% y mopiBHSIHHI 3
JTU3EIIbHAM TaJUBOM. 3MEHIIICHHS 3aJICKHOCTI BiJl BUKOITHUX TAJHB, Ye€pe3 J0TaBaHHS
100aBOK 3 BITHOBJIIOBAJIBLHUX JIKEPET.

MoskHa 3poOUTH BUCHOBOK, 110 BUPOOHMIITBO CYMIIIIEBOTO JTU3EJILHOTO IMajiuBa €
OlnbI ekoJioriyHo edexTuBHUM. lle 103BOJIIE OTpUMYBATH MUIBIU Ta CyOCyAdil 3a
«3eJIeHD» TEeXHOJIOTIT 4epe3 JAepKaBHI MporpaMmy MiATPUMKHA aJbTEPHATUBHUX BHU/IIB
najnvuB. MoKHa OTpUMAaTH YaCTKOBY KOMITEHcaIlit0 BapTocTi oOnaaHanHs (10 30-40%).

Orxe, Bapricte MEJXK Ta roroBoro cymimeBoro mnaivBa BiIPI3HIETbCA B
3aJI)KHOCTI BIJ] CHPOBUHH, ajie¢ B OyIb-SIKOMY pa3li Hece 3a CO0O0H EKOHOMIYHY
JOLJILHICTb.

[Tpu Burorosnenni MEXK 6e3nocepennboi Ha CUTLCHKOTOCMOIAPCHKUX 00’ €KTaX 3
BUKOPUCTAHHSIM B SIKOCTI CHPOBHHM >KMPOBMICHHMX BIJIXOJ[IB T4 BUKOPUCTAHHS IS
BUupoOHMuKMX mnotped Bapricth MEXKK moke OyTH 3HMKEHA Ta, SIK HACHIJOK, OUIbII

BaroMuii EKOHOMIYHUM €(EKT.
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BUCHOBKHA

B nuceprauiiiniii poOoTi OyJi0 BHUPIIIEHO aKTyallbHy HAayKOBO-TEXHIUHY 3ajady,
IO XapaKTEePU3YEThCS HAYKOBOIO HOBU3HOIO T4 MA€ MPAKTHUYHE 3HAUYCHHS 1 MOJISTae y
po3po0iti 610I0TIYHO IHEPTHOT, MOAU(IKOBAHOI ecTepaMu KapOOHOBHUX KUCIIOT, TAJTUBHOT
KOMIIO3UIIll, fIKa HE 3IIMCHIOE PYWHIBHOTO BIUIMBY Ha KOHCTPYKIIHI MOJIMEpHI
Marepiay.

[IpoBeneni TeopeTWyHI 1 EKCIIEPUMEHTAIbHI  JOCTIDKEHHS — JO3BOJISIOTH
c(opMyJIIOBaTH HACTYMHI BUCHOBKH:

1. VYnepuie po3pobieHa cywilieBa Ju3eibHA MajJUBHA KOMIIO3MIIS 3
nonaBaHHsIM 30% METWIOBUX €CTEpiB KapOOBOHUX KHCJIOT Ta O10LMAHOI J00aBKH.
3anponoHOBaHO B SKOCTI OI1OUMIHOT MPUCATKA KyOOBI 3aJMIIKK peKTU(IKaIii
OyTUJIOBUX CIIUPTIB, BUBHAUEHO 11 €EKTUBHICTh Ta EKCIIEPUMEHTAIbHO-PO3PAXYHKOBUM
METOJ0M OOrpYHTOBaHI MiHIMaJibHI €()EKTHBHI 3aCTOCYBaHHI B IajuBax 13 BMICTOM
METHIIOBUX ecTepiB xKUpHUX KUCIOT 0..30 % 00: A nanuBa i3 A0JaBaHHAM METHIIOBUX
€CTEPIB XKUPHUX KHUCIOT 13 COHSIIHUKOBOI OJIli MIHIMajabHI €(PEKTUBHI KOHIEHTpPALli
OloIMAHOT TIPUCATKU CTAHOBIATH 5..7,5% 00., U1 TajnuBa 13 J0/IaBaHHSAM METHIIOBUX
€CTEPIB )KUPHUX KUCTIOT 13 pinakoBoi ofii — 2,7..8% 00.

2. VYhepiie po3po0JICHO METOAMKY KIUIBKICHOTO BHU3HAUEHHS CTYIEHS
MIKpOOIOJIOTITYHOTO Ypa)X€HHSI CYMIIIEBUX TalUB, SKa IPYHTYETbCS Ha KOMOIHAIli
ICHYIOYMX METO/IB BUSIBJIECHHSA MIKPOOIOJOTIYHOTO YpaX€HHs mayiuB. BukopucTaHHS
KyJbTUBYBAaHHS Ha WIUIbHUX TMOXXKHBHUX cepefoBHINax y dvamikax [letpi 3abe3neuye
MOKJIUBICTh BUSBJICHHS MIKPOOPTaHi3MiB, MPUCYTHIX Ha (UIBTpax, HABITb y TaKUX
KOHLIGHTpAIisX, SKI HEMOXJIHBO 1I€HTU(PIKYBATHU BHUKIOYHO TI'paBIMETPUYHUM
ciocobom. JlomaTkoBe 3aCTOCYBaHHsS TanepoBHX (DUIBTPIB MIABUINYE TOYHICTH
MIKPOCKOIIIYHOTO  aHalli3y, JO3BOJISIIOYM  3MEHUIMTH TOXMOKYy, TOB’SI3aHy 3
HEPIBHOMIPHUM PO3MO1IJIOM MIKPOOHHUX KJIITHH Yy 3pa3Kax MajiuBa.

3. BusnaueHHO CTymiHb MIKpPOOIOJOTIYHOTO YpaKeHHS PI3HUX 3pa3KiB
MOTOpPHHUX MajuB. BUIiNEHHI, oxapakTepu30BaHl Ta 1I€HTU(PIKOBaHI MIKpPOOPTaHi3MH,

Akl 3Haxonuiucs B manuBil. Cepel HUX BUIIICHI aKTUBHI JECTPYKTOPH MalWB Ta
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KOHCTpYyKIiiHUX MartepianiB: rpudbu Cladosporium Resinae ta Aspergillius, a Takox
Oakrepii Pseudomonas. B psny nuzenbHe NaiMBO — METUIIOBI €CTEPH KUPHUX KUCIOT 13
COHAIITHUKOBOI OJIii — METHJIOBI €CTEPH KUPHUX KUCJIOT 13 PIaKoBOi 0JIii BCTAHOBIECHO
3aKOHOMIPHICTh JI0 30UIBIIEHHS CTyNEHS SK 0aKTEpioJIOT1YHOro, TaK 1 MIKOJOTIYHOTO
3a0pyIHEHHS: ISl BKQ3aHOTO PATY CTYMIHb 0aKTep10JIOTIYHOTO 3a0py/THEHHS CTAaHOBUTH
173333, 264445 Tta 518333 KYE/n, mikonoriunoro 3a0pyanents — 1389, 5278 ta 21667
KVYE/a BignoBigHo.

4. BcraHoBieHO KIHETHYHI 3aKOHOMIPHOCTI HAaOpsIKaHHS  IMOJIMEPHUX
MarepiaiiB pi3HOT XIMIYHOI Oy/IOBH, IIO 3aCTOCOBYIOTHCS B MAJIMBHUX CHUCTEMax, B
CyMIIIIEBOMY JU3EJIbBHOMY IaJIMB1 1 BU3HAYEHO, 1110 JaHUM IpoIiec epedirae B Bl cTali
K 3a Temneparypu 25 °C (HaOuwxkeH1d 0 pexxumy mnpocTtoro), Tak 1 mpu 120 °C
(HabmmKeHo 10 poOOTH TM3EIILHOTO IBUTYHA B TTO3AIITATHUX YMOBAX): MepIlia — aKTUBHA
CTajis, Apyra — TMOBLIbHA CTajis Mpolecy. 3’SICOBAHO 3aJIeKHICTh 3MIHM EHEprii
aKTHUBAlll Mpouecy HaOpsSKaHHS MOJIMEPHUX MaTepiamiB BiJ XIMIYHOI OyAOBH
MOJIIMEPHOT MaTpHIll 1 TOKa3aHOo, IO 3HAYEHHs €Heprii akTUBaIlll I BCiX 3pa3KiB
MOJIMEPHUX MaTepiaiiB HIBEIIOETHCS 3HAYEHHAMH NEPEIEKCIOHEHIIITHOTO MHOKHHUKA
A, SIKHIi XapaKTePHU3ye 3arajibHy KiIJIbKICTh 31ITKHEHb MOJIEKYJI TTOJIIMEPHUX MaTepialiB 13
MOJIEKYJIaMH PO3UYMHHHUKA B 3aJI€KHOCTI BIJ] IIIJILHOCTI Ta CTPYKTYPH TPUBUMIPHOI CITKH.

5. 3anponoHOBaHO MiAXIJA 10 BUOOpPY MOJIMEPHUX MaTepialliB, CTIMKHUX [0
BIUTMBY €CTEPIB XUPHUX KHUCIOT, KUK 0a3yeThCcsi Ha TOPIBHSHHI  CHOPITHEHHOCTI
najvuBa Ta MOJIMEPHHUX MaTepiajliB 3 BUKOPHUCTAHHIM KOHCTAHTHM XarTiHCa B SIKOCTI
kputepis. IlokazaHo, 110 CTIMKICTP TOJIMEPHUX MaTepialliB 1O HaOpsSKaHHS TPU
KOHTaKTl 13 CyMIIIEBUM JHU3EJIbHUM IaJIMBOM 3MEHINYEThCSI B HACTYMHOMY PAIY
JOCIIKEHUX MaTepialliB Ha OCHOBI MOJIMEPHUX MAaTbpHUllb: OyTaJi€eH-HITPUIbHUN
Kay4yk 3 cepenHiMm BmictoMm akpuiioHiTpuiny (BHK-26), monixmopornpen, moiicedoBrHa
Ta mojiiyperaH. PeKOMEHIOBAaHO OI[IHIOBAaTH CTIMKICTh MOJIMEPHUX MarepiaiiB IMpu
KOHTAKTI 3 CyMIIIIEBUM JU3EJIbHUM MaJIMBOM 3a MEPIIo0 (AKTUBHOIO) CTAAIEI0 TIPOIIECY
HaOpsikanHg sk 32 25°C, tak 1 3a 120°C. JlocnimpkeHo nojiMepHi Matepianu (OyTaiieH-

HITPpWIBHUI KayuyyK 13 cepelHiM BMicToM akpuioHiTpuny (BHK-26), momicedoBuHa,
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MOJIiypeTaH, MOJIIXJIOPOIPEH) Ta 00paHO HAMOUIBIII CTIHKI 10 HAOPSIKAaHHHS B CyMIIIIEBUX
najuBax IMojaiMepHi Matepianiu Ha ocHoBl BHK-26.

6. Po3po0neHO TPUHLMIIOBY TEXHOJOTIYHY CXEMy KOMIIayHAyBaHHS, sKa
BUKOPUCTOBYIOUYM JU3EIbHE MAaJUBO, METUJIOBI €CTEPU KUPHUX KUCIOT Ta O10LUIHY
NPUCAIKy IO JO03BOJISIE OTPUMYBATH CyMIIIeBEe IU3EIbHE MAIMBO, IO BiJIMOBIAAE
BUMOT'aM HOPMAaTHBHHX JOKYMEHTIB, 110 AIIOTh B YKpaiHi. Po3po0iieHi TexHIuHI YMOBU
Ha CyMiIlIeBe IU3eIbHE MaJIMBO 3 6araro(yHKIIOHAIBHOI J0OaBKOIO

7. Y pe3ynbrari MPOBEICHOTO TEXHIKO-CKOHOMIYHOTO aHajli3y BCTAHOBJICHO, IO
BUPOOHUITBO CYyMIILIEBOTO JU3EIbHOIO MajliBa HA OCHOBI METHJIOBUX €CTEPIB KUPHUX
KHUCJIOT Ta KOMIIOHEHTIB POCIMHHOIO IMOXO/KEHHS € €KOHOMIYHO JOLIJIBHUM (4HCTa
npuBeAeHa BapTicTb cTaHoBUTH 20 514 151 rpH) Ta 1HBECTHI[IHHO NPHUBAOIMBUM.
Po3paxyHku mokazanu  peHTaOeNbHICTh MPOEKTY (IHIAEKC peHTadeabHOCTI=9,37 rpH),
HIBUJKY OKYIHICTH (MEHILE POKY) Ta 3HaYHHUI MPUOYTOK MPH palioHaIbHOMY BHOOP1

CHUPOBHHU.
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JOJATOK b Akt BunpoOyBaHHS CyMIIIEBUX MMAJIMB 3 IOAaBaHHAM O101TUIHOT

TIPUCAIKH

ey, 3atBepmKyIo:
0 aupexTopa TOB «[1ACITION»
e % Onexciit XOLIEHKO

_ N JEE
EAN '_ﬂ%} 41 2024 p.

. .,‘;{a—.,«;w_ **1,‘_},

s 2

BunpoGysanus cymimesnx nanus 3 nopasannsm Giommanol npucauky

lonosa kowmicii: Xouenko O.A. — B.0. aupextopa TOB «[TACIIIOJ»;

Ysnienn KoMmicii:
B TOB «ITACIIIOJ1» Haranis Bosogumupisua Trauenko - TEXHOJIOT;
Big YIVHT Onena Bopucisna Lllesuenko — nouent kadenpu TITIT ta [IM;
Hapuna Bonoxumupisaa [omaraiinenko — acripant kadenpu TIITT ta TTM.,

L{um axToM y3araibHIOIOTECS PE3YITBTATH JIOCTIKERE BILTMBY Oiomuanol nprcatku (kyGoporo
3Ky  pekTHQikamii Oyrmaosux crmpris, mani — K3PBC) ma crynimk mixpoGionorimoro
3a0pyIHEHHS CyMIlIeBOTo [ATHBA T4 OCHOBHI eKCIUTYaTaIiiini NoKa3HUKH.

BunpoGysaro aga 3pasku cymimesnx nanms Ta KoMITo3uuiii 3 noxasanusv K3PBC Ha iX OCHOB
(Taba. 1).

Mo 3paska cymilmesoro manusa, sike MicTHTh 93% 06. IM3ETBHOTO MATHBA (OIT) Ta 7% ob.
METHJIOBHX €CTEpiB JKHpHUX KHCIOT 3 pinakosoi (MEXKp), a6o comsummmkosoi (MEXKc) omnii
seoauin K3PBC y kinekocti 3 ta 5 % of.

Crynine mikpoGionoriunoro 3abpyaneHns 3paskis micns 90 amis 30epiranHs npoBogHIaca
METONI0M KYILTHBYBAHHS HA [ANIEPOBOMY (IBTpi y MINBHOMY XHBHJILHOMY CEPEIOBHII i3 HACTYTIHOWO
inentHbikauieo sunin 3abpynHens sa MOPOIOro-Ky IbTYPaTbHUMH XapaKTePHTHKAMH.

AHami3 KilLKOCTI KOJOHIHYTBOPIOIOUHX €NeMEeHTIB y 3paskax HiATBepAHE edeKTHRHICTE
sukopuctanns K3PBC B axocri Gioumuny (tab. 1).

Tabmuu 1 Crynius mMikpoGionoriusoro 3a6pyiHerns 3paskis cyMileBoro naimsa

CBLKONPHIOTOBAHNX 3paskin Nel-6 o0 ta micis 90 mmis 36ep

YHHHHX cTangapris (tabm. 2).

Ne Crynine 3a6pynHenns, KYE/a

3/ Baxrepionoriyne (Alcaligenaceae, | Mionoriune (Cladosporium
Pseudomonas Putida, Klebsiella | cladosporoides, Aspergillus

Penenrypa apaska aerogenes) niger)

1 | 93% ob. A1+ 7% o6. MEXKp 73333.33 666667

2 | 93% of. [T+ 7% 06. MEXKKc 90000 10000

3 | 97% 3paska Nel+3% o6, K3PBEC 550 30

4 | 95% spaska Nel+5% 06, K3PBC 0 0

5 | 97% spaska Ne2+3% 06. K3PBC 400 30

6 | 95% spaska Ne2+5% 06. K3PEC 0 0

Honatkoo  npoBemieHo  BunpoOyBamHN — OCHOBHMX eKCIUIyaTalifiHux  MoKa3sHMKIB

iraHHg Ta iX NOpiBHAHHA i3 BHMOTaMu
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Tabnuus 2 Excninyarauiiini nokasHuky namuBHEx KOMIIO3HITIH

IMokasauk Ne spaska, suauenns 1o 36epiranns / micns 36epiranns Bumorn

1 2 3 - 5 6 CTannapTy
Kinemaruuna B’s3kicts | 3,7/4,3 | 4,2/4,7 3,638 |3,6/36 |42/43 |4,1/4,1 [2,00-4,50 (n),
3a Temmepatypu 40°C, 1,5-4,00 (3) *
MM7/C
Macosa yacTka | 11/26 10/25  |.11/14 | 10/10 - | 10/13 10/10 | 24,
JIOMILIIOK, MT/KT . He Binblue *
Konuentpariis 20/45 18/44 19/24 19/17 1721 17/17 | 40 (1), 30 (3),
(haxTHIHEX cMo, He Binnmre **
wmr/100cnm’

*- Bumoru JICTY 7688:2015 IMamuso nusensue €spo. Texuiuni YMOBH.

** - Bumoru JICTY 3868-99 [Tamuso nusessue. Texuiuni YMOBH

Binnosigso n0 pesynsratis sumpoGysans OjlepXani MATHBHI KOMIO3MIII 3aJI0BOMLHSIIOTE
OCHOBHHM BHMOraM CTaHJAPTIB, He BTpayaloTh CBOIX BAAcTHBOCTEH micas 30epiraHHa Ta MOXYTL
BHKOPHCTOBYBATHCSH B JH3e/BHHX ABHIYHAX,

X, S

I'onosa komicii \1&\‘&\ 5' Omnexciit XOLIEHKO
UneHu Komicii: /}féfz___f

Bix TOB «[TACIIIOJI»: / : Harania TKAYEHKO

eig YIVHT - 4/ éé 6.11&]:[3 IIIEBYEHKO

% 7L+~ Jlapuna TIOTMTAMNEHKO
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JOJATOK B Akt BOpoBa)KEeHHS PE3yIbTATIB HOCTIIKCHHS

3 HayKOBO-Neaarori4Hoi

/cmexcannp 3ANYYK

2025 p.

AKT

[Tpo BUKOpUCTAHKES pe3yNLTATIB AMcepTallifHoT poboTH Ba 3100yTTs
HayKOBOIo CTyneHs goktopa dinocodii 3a cneuiansHictio 161 — Ximiuni
TEeXHOOrIT Ta iHkeHepis acnipanTku Kadeapy « lexnonoriii nanus, noniMepHux Ta
nofirpadivHUx matepianis» YKpalHCBKOIO ACPKABHOTO YHIBEPCHTETY HAYKH i
TexHonorii HHI «YkpaiHcbknii AepkaBaui XiMiKO-TEXHONOMYHUA YHIBEpCHTET»
Ilonutannenko Jlapuru BoroaAMMHPIBHY B HaBYANTBHOMY NPOLEC

Juceprauiiina  pobora  llonutaiinenko  lapunn  BonoaumupiBHM
«bionoriyHo iHepTHI MoAMGDIKOBaHI ecTepaMid KapOOHOBUX KUCJAOT NAJHBHI
KOMITO3MUID» MPUCBIYEHA BHPILIEHHIO BRK/IWMBOI HAYKOBO-MPAaKTH4YHO! 3adaui
PO3WMPEHHA CHPOBHHHO! 0a3H AN BHPOOHMIITBA AM3IEILHOINO nanusa B YKpaiui
LUIAXOM pO3poOKH OI0NOrHHO IHEPTHHX Ta MPUIATHUX A0 eKCIUlyarauil naguBHUX
KOMMO3HUIH, AKi MICTATL NUABUILCHY KINbKICTH METHIOBUX CTEPIB KMPHHUX KHCAOT

Teopetnunl nosnoxenHs auceptauiiHoi podotn [lonuTainenko Japuhu
Bonoaumupisiu BUCBITAeH! B nybaikauisax i A0N0BIAAX HA HAYKOBO-NPAaKTUYHUX
KOH(EPEHUIAX, 8 TAKOXK BHKOPHMCTOBYBAJMCH Mid Yac opraHizauil pizHMX BUAIB
HayKOBO-J0CIIAHOT POOOTH CTYAEHTIB Kadeapn « T'exHoa0riii naius, nogiMepHux
Ta nomrpadiuinx  marepiaaiey  HHI  «Ykpaihcebkuii  aepwasHui - XiMiko-
TEXHONIOMMHKHA YHIBEPCHTET?,

[lpakTvuHi  pesynbTatH  auceprauiiHol  pobOTH  BUKOPHCTOBYIOTHCH Y
HaBYANBHUX MaTepianax AucuunIiH: « TexHomorii BUPOOHUUTBA anbTepHATHBHMX
nanus», «CydacHi  TexHonorii  moaudikauii, onTumizauii cknazy #
eKCIUIyaTaliiHKWX  BAACTUBOCTEH  NAaAMBHO-MACTMABHUX — MaTepianis»  3a
cnewianbHocTl 161 « XiMiuH! TEXHOOIT Ta IHKEHEPIs».

BnpoBamkeHHa pesyabTaTiB ancepTalliiiHol podoTH NonuTtaineHko Jdapuuu
Bonoaumupisiu  «bionoriubo iHepTHI MoaudikoeaHi ecTepamu  KapGOHOBHX
KHCJIOT NanWBHI KOMNO3WUID» B HaBuanbHWil npouec Ha kadeapi «TexHonorii
nanus, noniMepHux Ta noairpadidumx  marepianis»  HHI  «Ykpaiucbkuii
ACPHABHHIA  XIMIKO-TeXHOJOMTYHUA  YHIBEPCHTET», CHPHAEC  PO3LIHPEHHI Ta
NOrNUDAEHHK 3HAHBL MAHDYTHIX (axiBLLB.

3aBiayBay kadeapu TeXHoorii

NaauB, NOAIMEPHHX Ta ModirpadidHux

matepianis HHI YIXTY

JOK. TeXH. HayK, npod. Kocrsatun CYXHUHA
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JOIATOK I'" TexHiuHi yMOBH Ha CyMillI€BE AU3EIbHE MAIHUBO 3

noJi(pyHKIIOHATBHOIO JOOABKOIO

JKIIIT 20.59.59-90.00 YKHJ 75.160.20
VKT 3E]] 3824 90

A2RTI601

CymiweBe Au3ebHe NaJAHBO 3 NOJIPYHKUIOHATBHOIO 100aBKOK0

TEXHIYHI YMOBH
TY V¥V 20.5-32679601-001:2025

(YBeaeHo Brepiue)

Jlata napanus uuHHocti 3 01 6epesns 2025p.

PO3POBJIEHO

Kannnaat TexHiuHiX HAYK, JOLUEHT
7 0.B. lepuenko

(). KonicHuk

JI.B. IMonwuraineHko

«07»02. 2025 p.

2025
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TV ¥V 20.5-32679601-001:2025
1 COEPA 3ACTOCYBAHHA

Ii Texuiuni ymoBu (TVY) nommproTbCs Ha CYMILIEBE JU3EIbHE MalHBO 3
MoNiQyHKIIOHANBHOI 00aBKOK MpH3HAYECHE [I0 3aCTOCYBAHHS B MalllMHAX Ta
MeXaHi3Max MPOMHCIOBOr0 YCTATKYBAHHS, IO €KCIUTYATYIOThCS B 3BHYAWHUX YMOBaX,
MepeBaXkHo B JIBUTYHAX BHYTPIHIHBOTO 3rOPSHHS.

CyminieBe Ju3esibHE NMATHBO 3 TMOM(YHKIIOHAILHOK J00aBKOIO SBJIsSE€ CO00K0
CYMIIII METHJIOBHX €CTEPIiB KUPHUX KHCJIOT 3 JIOJIaBaHHAM HAQTONPOIYKTIB (MIPOAYKTIB
(dbpakiiifHoi meperoHkd HadTH) Ta J00ABKOIO, M0 TMOKpAIIy€e€ MPOTHOKACHIOBAIBHI,
JeIpecopHi Ta GakTepUIIHIHI BIACTHBOCTI.

I[i TexHiYHI YMOBH HE MOKYTh OYTH IIOBHICTIO HYH YacTKOBO BIJITBOPEHI,
THPa’KOBaHI Ta PO3MOBCIOLKEHI 0e3 J03BOJIy BIacHHKAa MHX TeXHIYHHX yMoB — TOB
«AJIEKCITPOM».

Bumoru mogo 6e3nedHocTi MpoIyKilii BUKIaaeHo y po3aiiax 3 (3.3) ta 4 (4.1.1-
4.14).

i Texuiuni ymoBH Tpeba nmepeBipsaTH peryispHo, aje He pijle OJHOro pa3y Ha
’SATh POKIB TICJIsE Ha/IaHHSI IM YHHHOCTI YH OCTAHHBLOTO TEePEBIPIHHS, AKIIO He BHHUKAE
nmoTpedH TepeBIpUTH X paHillle y pas3l NpUAHATTS HOPMATHUBHO-IIPABOBHX AaKTIB,
BIIMOBIHUX HAI[IOHANBHUX (MDKIEp/KaBHUX) CTAaHAApTIB Ta IHIIHX HOPMATHBHUX
TOKYMEHTIB, IKHMH perJIaMeHTOBaHO 1HIIT BEMOTH, HIK Ti, 110 BcTaHoBIeH1 Yy TY ¥V 20.5-
32679601-001:2025.

Biamitky npo mnepeBipgHHa TY BHKOHYIOTh B TOPSIKY, BCTAaHOBICHOMY
BJIACHMKOM TEXHITHHX YMOB.

[To3HadyeHHs MPOAYKTY MiJ] 4ac 3aMOBJICHHS Ta B 1HIIUX JJOKYMEHTaX:

« CywmimreBe Jn3eNbHe MaJuBO 3 NOJi(yHKIIIOHAILHO 100aBKOIO,

TY ¥ 20.5-32679601-001:2025»
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TY ¥ 20.5-32679601-001:2025
2 HOPMATUBHI I[TOCUJIAHH

V 1IHUX TeXHIYHUX YMOBaX € MOCUJIAHHS Ha TaKi HOPMATHBHI JOKYMEHTH:

JACTY 7688:2015 IManuso quzensie €Bpo. TexHiuHi yMOBH

JACTY 6081:2009 IManuso motopHe. Edipu METHIOBI XHPHHX KHUCJIOT OJIIH i
HHUPIB IS JIM3ETbHUX JBUTYHIB. TeXHIUHI BUMOTH

JACTY 3962-2000 (I'OCT 12.4.137-2001) B3syTTs criemiaibHe 3 BEPXOM i3 HIKIPH
IS 3aXUCTY Bij HadTH, HAPTONPOIYKTIB, KHCJIOT, JIYTiB Ta BHOYXOHEOE3MeUHOTo MITy.
TexHiYHI YMOBH

JNCTY 4454:2005 Hadra 1 wnadrompoaykru. MapkyBaHHs, I[aKyBaHHS,
TPAHCIIOPTYBaHHS Ta 30epiraHHs

JACTY 4488:2005 Hadra i HadronpoaykTu. MeToau BigdOupaHHs 1mpod

ACTY 7239:2011 Cucrtema cranaapTiB Oe3neku mpaii. 3acoOH 1HIUBIyaIbHOTO
3aXMCTY. 3arajbHi BUMOTH Ta KiacH]ikaliis

JACTY 8735:2017 IlanuBo au3eiabHe. MeTo1 BU3HAYEHHS [IETAHOBOI'O YHCJIa

JACTY EN ISO 12156-1:2022 HuzenbHe nanuBo. OIIHIOBaHHS 3MalllyBajbHOT
3/1aTHOCTI 3a J0IIOMOr 010 BHCOKOYAcTOTHOT nopinHeBoi ycraHoBku (HFRR). Yactuna 1.
Merog BunpoOyBaHHs

ACTY 1SO 20847:2009 Hadtonpoayktu. BusHaucHHS BMICTY CIPKH B
ABTOMOOUILHOMY TAJBHOMY METOJOM DPEeHTreHO-(IIyOpeCeHTHOI CIeKTpoMeTpii 3
JTUCTIEPCIEIO 32 eHEePTisiMH

JICTY EN 14078:2009 Hadronponyktu pijiki. BUsHaueHHS BMICTY METHIIOBHX
€CTepiB KUPHUX KUCIIOT Y CePeIHIX JUCTUISATAX METOAOM iH(pauepBOHOT CIEKTPOCKOITIT

JCTY b A.3.2-12:2009 CCHEII. CucteMu BeHTHIISAIIHI. 3araabHi BHMOTH

JCTY T'OCT 33-2003 (MCO 3104-94) Hadrompoaykru. [Ipo3opi i Hemposopi
pimuHu. Bu3HaueHHS KiHEMATHYHOI B SI3KOCTI 1 PO3PAXyHOK JMHAMIYHOI BS3KOCTI
(I'OCT 33-2000 (MCO 3104-94), IDT

JACTY ISO 11601:2019 TIloxexoraciHHs. BorHeracHHKH IepecyBHI.
Excrinyararfiiiti XapakTepuCcTHKY Ta KOHCTPYKIIist

HITAOIT 0.00-7.14-17 Bumoru Oe3lekH Ta 3axUCTy 3[0pOB’A I dac

BUKOPHUCTAHHS BUPOOHUYOr0 00N THAHHS TIpaIliBHUKAMHU
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JCTY EN 14112:2009 IToxiasi »upiB 1a omiid. MeTHnoBi eQipy KUPHHX KHCIOT
(MEXK). Metoj Bu3HAYEHHI CTIHKOCTI 10 OKHCHIOBaHHS (mpuckopenuii meton) (EN
14112:2003, IDT)

JCTY 3273-95. Be3neuHicTh NPOMHUCIOBHX M IPHEMCTB

Haxaz MO3 Vkpainu Nel192 Big 09.07.2024 p. IIpo 3arBepukeHHS JepiKaBHUX
ME/IMKO-CaHITAPHUX HOPMATHBIB JOMYCTHMOTO BMICTY XIMIUHHX 1 O10J0TTYHUX PEHOBHH
y HOBITPi poOOUOT 30HH

Hakxaz MHC VYxkpainu Ne627 Big 22.03.2012 p. «IIpo 3arBepmkenns Bumor o
po0OOTOAABIIB MO0 3aXHCTY MPAIIBHUKIB Bi/l IIKIJIMBOrO BILTUBY XIMIYHUX PEYOBUHY

JACTY 8829:2019 IloxkexoBHOyXoHeOe3MeUHICTh PEUYOBHH 1 MarepialiB.
HowmeHkaTypa nokazHuKiB 1 METO/ M TXHBOTO BU3HauUcHHS. Knacudikaiis

HITAOIT 23.2-1.10-73 [IpaBuna be3nexu npu eKcIutyaTamii
Ha(TorazonepepoOHUX 3aBOIIB

T'OCT 20010-93 IlepyaTku pe3nHOBBIE TEXHUYECKUE. TeXHUYECKHE YCIOBHS

JACTY EN 166:2017 3acodn iHAUBIIyalbHOTO 3aXHCTy oucii. TCXHIUHI YMOBH

JICTY 7238:2011 Cucrema crtanjaptiB Oesnexu mpaii. 3aco00H KOIEKTHBHOIO
3aXUCTY IPAIFOF0YUX. 3arajabHi BUMOTH Ta KJIACHIKaIlis,

JACTY EN 133:2005 3acobu iHAMBiZyadbHOrO 3aXMCTy OpPraHiB JIMXaHHS.
Knacuikairist (EN 133:2001, IDT);

JCTY EN ISO 13688:2016 Opsir 3axucHui. 3araibHi BAMOTH

'oCT 12.1.018-93  Cuctema  crapgaproB  0e€30MaCHOCTH  TpyJa.
[TosxkapoB3pbIBOOE30IIACHOCTD CTATHYECKOT0 3eKTpudecTBa. Od1ue TpedoBaHUA

JACTY 3962-2000 B3yt crieiiaibHe 3 BEPXOM 13 IIKIPH Ui 3aXHCTY BiJ HadTH,
Ha(TOMPOYKTIB, KHCJIOT, JIYriB, HETOKCHYHOTO Ta BUOYX0oHeOe3neunoro muty. TexHiumi
yMOBH

Haxkaz MinictepcTBa 3aXUCTy JOBKULISL Ta MPUPOJHUX pecypciB Ykpainu Ned48
Bix 27.06.2023 «lIpo 3arBepkeHHS [HCTpyKIii Tpo BHMOTH 10 oO(OpMICHHS
JIOKYMEHTIB, B SIKHX OOIPYHTOBYIOThCSI OOCSITM BHKHJIIB 3a0py/JHIOIOUHX PEUOBHH B
aTMoc(epHe MOBITPs CTAllIOHAPHUMU JIFKepeIaMuy)

I'OCT 1461-75 Hedrrb u HedrenpoaykTel. MeTos ompeieieHHs 30J6HOCTH

JACTY EN ISO 4788:2022. Jlaboparopuuii nocy. ['paayiioBani MipHi HHIIHPH
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JCTY I'OCT 2477:2021 Hadra ta nHadronponyxti. MeTo1 BUSHAYEHHS BMICTY
BOJIH

['OCT 3900-85 Hedtb 1 Hedrenpoyktbl. MeTo/ b1 ONpe/ieieH s IIOTHOCTH

'OCT 5985-79 Hedtenpoaykrsl. Metoj onpejeneHnus KUCIOTHOCTH U
KHUCJIOTHOI'O YHCIIa

JCTY ISO 2719:2006 BusznaueHHs TeMmreparypu crajgaxy TOpOYUX PEedYOBHH
MetojioM [lencbroro-Maprenca B 3aKpUTOMY THIJIL

JCTY I'OCT 6370:2021 Hadra, HadTonpoaykTH Ta qoaTku. MeTo 1 BU3HAYCHHS
MeXaHIYHHUX JTOMIIIOK

Hakaz Minictepctra Tpancnopty Ykpainu Ne 299 gin 18.04.2003 «I[TPABUJIA

[EepPeBe3CHHs HAJMBHUX BAHTAXKIB»

['OCT 14192-96 MapkupoBka Ipy30B

JACTY T'OCT 31340:2009 ITonepexyBajibHe MapKOBAHHS XIMIYHOT MPOYKILii.
3aransui sumord ('OCT 31340-2007, IDT);

['OCT 19121-73 Hedrenpoaykrsl. MeToji ONpege/eHus COIepNAHUS Cepsl
COKUTaHHEM B JIaMIle

['OCT 20287-91 Hedrenpoaykrsl. MeTo 1 onpeie/ieHust TEMIIEpaTyp TeKy4eCTH U
3aCThIBAHMS

JICTY 9027:2020 Cuctemu ynpasiiHHg sKicTo. HacTaHOBH 100 BXIJHOTO
KOHTPOJIIO MPOYKIIT

JIBH B.2.5-28:2018 [Ipupojane i mity4yHe OCBITICHHS

JBH B.2.5-64:2012 Buytpimuiii Bojomposiy Ta kananizamig. Yactuna L
[Ipoexrypanus. Yactuna II. By niBuunreo

JIBH B.2.5-67:2013 OnajcHHs, BCHTHISLISN Ta KOHIWLIOHYBaHHS

JCH 3.3.6.037-99 [lepxaBHi caniTapHi HOPMH BHPOOHHYOrO 1IYMY, YJIbTPa3BYKY
Ta iH(pasByKy

JICH 3.3.6.039-99 JlepxaBHi caHiTapHi HOpMH BHPOOHHMYOI 3arajbHOI Ta
JIOKaJIbHOT BiOpalrii

JCH 3.3.6.042-99 JlepxxaBui caHiTapHi HOPMH MIKPOKJIIMATY BHPOOHHUYHUX

MPUMILIEHb
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Hakaz MO3 VYkpainn Ne813 Big 10.05.2024 Ilpo 3arBepkeHHS JCpKaBHHUX
MeIHKO-CaHITAPHUX HOPMATHBIB IOy CTUMOTO BMICTY XiIMIYHUX 1 O10JOTTYHUX PEIOBHH
B aTMOC(PCPHOMY MOBITPI HACEICHUX MICIlb

HITAOII 40.1-1.32-01 IlpaBuia Oy 10BH eleKTpoycTaHOBOK. EnexkTpoobnaHanHs
CHerialbHAX YCTaHOBOK

HAITb A.01.001-2014 ITpaBuia noxexHoi 0Oe3nexu B YKpaiHi

JACTY b B.1.1-36:2016 Bwu3znaueHHs kaTteropiii mnpumilieHb, OyJHMHKIB Ta
30BHIIIHIX YCTAHOBOK 3a BUOYXOTIOKEKHOIO Ta MOKEKHOK HEOS3MEKO

[Topsimok mpoBeleHHs MEAHYHUX OIJIIB NpalliBHUKAM TEBHHX KaTeTrOpii,
3aTBep pKkeHri Hakazom MO3 Ykpainu Big 21.05.2007p. Ne 246

ACanlliH 2.2.4-171-10 Tl'irieHigHi BAMOTH 10 TNHTHOI BOJHM, NpH3HAYCHOI 10
CIIO’KABAHHS JTFOTHHOIO

JCTY 4462.3.01:2006 Oxopona npupoju. [Tosokenns 3 Biaxogamu. [lopsinok
3JIIHCHEHHSI OnepaLtii.

ACTY 4462.3.02:2006 Oxopona mnpupoau. IloBo/UKCHHA 3 BiJIXO/JaMH.
[NakyBaHHS, MapKyBaHHS 1 3aXOpOHEHHA BiaxojiB. [IpaBuja mepeBe3cHHS BIIXOIIB.

3arajbHi TEXHIYHI T OpraHi3alliifHi BUMOTH.

3 TEXHIYHI BUMOI'1
3.1 Cymimese au3elibHE NATUBO 3 MONIPYHKLUIOHATBHOK JO0aBKOK MOBHHHE
BI/IMOBLIATH BHUMOraM IIMX TCXHIYHHX YMOB 1 BHTOTOBJISATHCH 34 TCXHOJOTTIHHM

PETIIaMCHTOM, 3aTBCPIKCHHM Y BCTAHOBIICHOMY IMOPAAKY.

3.2 BuMOr# JI0 CHpOBHHH

3.2.1 Tlepenik 1 KOMIIOHEHTIB, LI0 BHKOPHUCTOBYIOTHL MiJ] 4ac BUPOOHHUIITBA
CYMIIIEBOrO JU3ENbHOIO MajuBa 3 MoJiyHKIIOHAILHOK JT0OABKOK , HABEJIEHO Y
nonatky A. Ha cupoBrHY Mae OyTH MacmopT sSKOCTI.

3.3 XapakTepucTHKH

3.3.1 3a ¢i3uKko-XIMIYHUMH TNMOKA3HHKAMHM CYMIIIEBOTO U3EIBHOrO MNajuBa 3
nomipyHKIIIOHATBHOK /100aBKOK Mae€ BIJMOBIAATH BUMOTaM 1 HOpMaM, HaBC/ICHHUM Y

Tabnuili | BiIMOBIIHO /IO BKA3aHUX MapoK.
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MOKAa3HUKN CyMILIIEBe

JIA3eIbHE

IMNajiBo 3

Hazga nokaszHuka

CyMileBe qu3ellbHe MaTuBo 3
MO YHKIIIOHATBHOK
T00aBKOIO

MeToj1 KOHTPOJTIO

1. 30BHINTHIA BUTIIALN

ITpo3opa pinuHa Big cBITIO
AKOBTOIO 10 KOPHUYHEBOI'O KOJILOPY

3rigno 3 6.3 mux TY

2. BMicT MeTHIOBHX ecTepiB*

3rigno JICTY EN

7-30
HKUPHHUX KUCIOT,% 14078
3. Bmict nadronpoaykTis, % 86-63 .
4. BmicT nomidyHkuionansHoi
: 7
nobapku, %, He OLIbIIE
. Brimmo 3 JICTY
4 IleTaHoBe YMCIO, HE MEHIIIC 52 8735:2017
5. B'a3kicTs KiHeMaTn4Ha 3a _
temneparypu 40°C, mm?/c, 3,0— 4,00 3rimmo 3 JCTY I'OCT
(cCr), y Mekax 33-2003
- 3rimHo
6. 3MallyBaibHa 3/1aTHICTE JICTY 1SO
(ZiaMeTp TUIIMH 3HOCY TPH 400 12156- 1:2022
temneparypi 60 °C), MKM, He
OinbIe
7. T'yctuna 3a Temneparypu 20°C, 310 — 84 3riguo 3 [OCT 3900-
3 = 5
KT/M’, ¥ Mekax 85
8. Temmepatypa cnanaxy B 120 3rimno 3 JJCTY ISO
sakputomy thrii, °C, He MeHIe 2719:2006
9. Macosa yacrka cipku, MI/Kr, He 10 Briguo 2 TOCT 19121-7]
OuIBIIC JCTY ISO 20847:2009
10. Macoa uacTka BoaH, %, He ; 3rigino 3 JICTY TOCT
OlnbIe S 2477:2021
11. Macoga yacTka MeXaHiqIHHX . 3rimno 3 JICTY I'OCT
oMitoK W 6370:2021
12. I'paruana TemmepaTypa - 3rigHo
(inbrposanocti, °C, He Buile Mirye: 10 3 TOCT 20287-91
13. Kucnotne ancno, mr KOH/T, 0.5 3rigao 3 FTOCT 5985-
e Ginbine & 79
14. 3oneHicTs, %, He Olnbine 0,01 Stigno3 l;!CS)CT AL
15.0kucHa crabinbHicTs, I/M™>, He ’5 3rigao ACTY ISO
OlmpIIe ) 12205
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3.4 MapkyBaHHs
3.4.1 MapkyBaHHS CYMIIIEBOr0 JAM3EIBLHOIO MajuBa 3 MHOJMIQYHKLUIOHAILHOIO
nobaBkolo 3iiicHIoTh 3rigno 3 JICTY 4454, ICTY 31340.

3.4.2 TpancroptHe MmapkyBaHHs — 3rijHo 3 ['OCT 14192 3 HaHeccHHSM
MaHinyJIsIiiHuX 3HaKiB «bepertu Bij HarpiBaHus», «bepertu Bij BOJIOrH».
3.4.3 3a kmacudikaimiero srigHo 3 ACTY 4500-3 cymiiieBe aAu3eNbHe MaJIHBO 3

MONiGYHKIIIOHAIBHOW 100aBKOK) HE BIJIHOCHUTHCS J10 HEOE3MEYHUX BAHTAXKIB.

4 BUMOI'M BE3ITEKH TA OXOPOHU JOBKULJTS. YTHUIII3YBAHHS

4.1 Bumoru Oe3mnexu

4.1.1 Knac nebe3neku CyMIIIEBOro JIM3EJILHOTO MajauBa 3 noaidyyHKIIOHAILHOK
nobaskor 3rigHo 3 Hakazom MHC Vkpainu Ne627:

B pa3i iHraJISAiHHOTO BIUIMBY — 4 (PCUOBHHHU MaJOHEOC3MCyHi);

B pa3l BBEJCHHS B HUIYHOK — 4 (pe4OBHHU MajloHebe3IeuHi);

B pa3i HAHECEHHA Ha MIKipy — 4 (peduoBHHM NOMIpPHOHEOE3MEYHI).

4.1.2 KoHTpoJib NOBITPS poOOYOI 30HH ITIJ] Yac pOoOOTH 3 CYMILIEBUM JU3EIbHHM
MAJTHBOM 3 MO (PYHKIIIOHATBHO0 100aBKOK 3/IiHCHIOTE Ha HasiBHICTE MeTanomy ('K
5 wmr/M’, knac mebGesnexu 3 sriguo 3 Hakasom MO3 Vipainu Nell92 Tta napis
HadronpoaykriB (3riHO 3 Hakazom MO3 Vkpainu Nel192).

4.1.3 Cywmiuiese Jiu3e/ibHE NaIUBO 3 MOJi(YHKITIOHAIBHO J100aBKOKW Mae ciiado
BUpPKEHY MOAPA3HIOBAJIIBHY [il0 Ha WIKIPY Ta CJIM30BI ODOJOHKH, Cl1ad0 BHpa)KeHY
HIKIPHO-pe30pOTHBHY [1it0, cnabo BHUpaKeHWH KyMYyJISTHBHHMH ecdekT. BracTuuii
MOJIITPONHMUI XapaKkTep JIii Ha Opra’izm.

4.1.4 Cywmimese u3elibHe MAIUBO 3 MOMI(PYHKIIIOHAIBHOI JOOABKOO HAICKHUTh
10 Tpynu roprouux pedyosuH 3riaHo 3 JICTY 8829. Temnepartypa camo3aliMaHHS — He
Huxde 200°C. Temneparypa cnanaxy y 3akpuromy Turii — He Hukue 120°C (tabn.1.).

4.1.5 3a crapjgapTHUX yMOB BHpPOOHHMIITBA Ta 30epiraHHs CyMillleBe HU3ejbHe
MAJTHBO 3 TONi(YHKITIOHAIBHOK JI00aBKOKO HE T1ApONi3y€eThes, He MOMIMEPH3YEThCS, He
OKHMCHIOETbCS, HE CXHJIBHE /10 (DOTOISCTPYKITII.

4.1.6 VY pa3l OOTpalIiHHS Ha MIKIPY CyMillleBe JH3ebHE NaJuBO 3

nomiQyHKIIOHATBHOW JT00aBKOK  HCOOXIHO 3HATH TaHYIpKOK, 3a0pyaHCHE MiCI_E)C
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3MHTH TEIUIOK BOJIOK 3 MHJIOM YH IHIIHM MHIOUMM 3acobom srijgno 3 JICTY 7239. ¥V
pasi momnajaHHg Ha CJIH30Bi 000JIOHKH OUeil — HeraifHO IIPOMHTH 1X BETHKOK KIIbKICTIO
TEIUI01 BOAM Ta 3BCPHYTHUCS /10 JIIKapsi.

4.1.7 ¥V pasi aBapifiHOr0 pO3NMBaHHS CYMIIIeBE JH3€JbHE [AJUBO 3
MOMipYHKIIIOHAIBHOKO JT00aBKOK Miclle pO3IHBAHHS 3aCUIIAOTh MICKOM, 30Mpar0Th, a
ITOTIM BHBO3ATH Yy BifBaj BiAmoBiAHO 10 BuMor JCTY 4462.3.01, ACTY 4462.3.02.

4.1.8 Tligyac poGOTH 3 CYyMILICBUM JM3CJIbHUM NMaJTHBOM 3 TOIPYHKIIIOHATBHOIO
J100aBKOI0 He0OX1HO 3aCTOCOBYBATH 3acobu 3axucTy wikipu 3rijiHo 3 JCTY 7239, a
TAKOXk 3aC00U 1HIUBITyaTbHOT0 3aXHUCTY, epea0adeHi THIIOBUMU raTy3eBUMH HOPMaMH,
3aTBEPIPKCHUMH Y BCcTaHOBICHOMY nopsaky, ta JCTY 7239: cnemonsar srigno 3 JCTY
EN ISO 13688, wxkipsui yepeBuku 3rigno 3 JACTY 3962 , koMGiHOBaHI pykaBuIl —
sriguo 3 T'OCT 20010, pecnipatopu 3rigno 3 JICTY EN 133, zaxucHi oxyJispu tuny 3H
srigro 3 JICTY EN 166.

4.1.9 BupoOHHYI MPHUMIIICHHSA, V SKHX MPAIOTh 3 CYMIIICBHM JH3CIbHUM
ITAJTUBOM 3 TOMI(YHKIIOHATHHOK JT00aBKOWO , MAalOTh OyTH OOJaJHAHI MPHILIHBHO-
BUATSKHOW BeHTHIIAMIEr 3rigHo 3 JABH B.2.5-67, ICTY b A.3.2-12, BogomnpoBiIHOK
CHCTEMOIO Ta KaHamizamiew 3rigHo 3 JABH B.2.5-64, mTydHuM OCBITJICHHSAM 3TIJHO 3
JIBH B.2.5-28, onanenusm 3rijino 3 JIBH B.2.5-67, nutHoto Bojo10 3riguo 3 JACanlliH
2.2.4-171, 3acobamMu BHABIICHHA Ta TaciHHA moxkexi 3riaHo 3 JCTY 3273, BUKOHYBaTH
BUMOTH BIJHOCHO MIKpOKJIiMaTy, Irymy Ta BiOpamii 3rigso 3 JACH 3.3.6.042, JICH
3.3.6.037, ICH 3.3.6.039 ta inmum 3acobam KoJIeKTUBHOI 0 3axucTy 3rijno JACTY 7238.

Ob6najHanns Mae 0yTH 3aXHIIeHe Bij] CTaTUYHOI elekTpukH 3rijiHo BuMor ['OCT
12.1.018-93.

4.1.10 ¥V npuMilieHHsX, A€ BHKOHYIOTbCS POOOTH 3 CYMIIIEBUM JIHA3EILHUM
ITAJTUBOM 3 TIOJIL(PYHKITIOHATEHOIO J00aBKOIO , 3a00pOHAETECSA MIPAIIOBATH 3 BIIKPHTHM
BOTHEM.

4.1.11 Tlinm wac BIJAKpHUBaHHS Tapu HeE JIO3BOJSETHCS BHKOPHCTOBYBATH
IHCTPYMEHTH, K1 II1]] 4ac yJapy BHKIUKAIOTh ICKpY.

4.1.12 Y pa3i 3aropsHHS CyMIIIeBOTO JH3elIbHOTO MajiBa 3 Mo yHKI[IOHAJIEHO
100aBKOI PEKOMEHIYETHCS 3aCTOCOBYBATH TaKi BOHETACHI 3aCO0M: PO3IHIICHY BOMY,

MiHHWE BOrHeracHuk, rnopourku kinacis B ta ABC (yHiBepcanbHi); nij yac 00'eMHOTr0
10
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raciHHs — BYIJISKHCIMH Ta3, BorHeracHi mnopomku knacie B ta ABC, 3acobu
acpO30JIbHOTO TacIHHSA 3riTHO 3 YHHHHUM HOpMaTtuBHUMH gokymeHTamu JCTY ISO
11601.

4.1.13 1lo6 3amobirti 3a0pyJAHCHHIO TMOBITPS BHPOOHHUYHX MPUMIMICHB,
HEeoOX1MHO 3a0e3leuuTH TepMETHYHICTh, oO0JaJHaHHSA, KOMYHIKaIlii Ta 3acoliB
BiOupanHs 1mpo0 3rigao 3 HITAOIT 23.2-1.10, HITAOII 0.00-7.14-17, ICTY 4488.

4.1.14 TIlepconan, sKWl MNpaie 3 CYMIOIEBHUM [H3€IbHAM TAJIHBOM 3
MoJiQYHKITIOHATIBHOIO J00aBKOW , IMOBHHEH IMPOXOJHTH TMOIEpedHl 1 IMepioaudHi
MEeIUYHI OTJIAIM 3TiAHO 3 HakazoM MO3 Ykpainu Big 21.05.2007p. Ne 246.

4.1.15 3oHa NpUMIIeHb, B SIKHX BUKOHYIOTHCS PODOTH 3 CYyMIIIEBUM IH3EIbHUM
MaTUBOM 3 MO YHKIIIOHAIBHOK 100aBKoI0 , 3rigHO 3 HITAOII 40.1-1.32 HaneXuTh 10
nokesxkoHeOe3neunux 30H knacy I1-1, kareropis npumiiens 3rigao 3 JACTY b B.1.1-36

»B” (moxexonebesmnedni). I[lix gac podorH B IUX NPHMIIICHHIX OBHUHHI
BukoHyBarucs sumoru HAIIb A.01.001.

4.2 BuMora oXopoHU JIOBKUUISA. Y THIII3YBaHHS

4.2.1 Ilig uvac 30cpiraHHs, TPaHCIOPTYBAaHHS Ta 3acTOCYBaHHS CYMILICBOTO
JIA3CBHOTO MajuBa 3 NoNiQyHKIIOHAIBHOK J100aBKOK CTIiUHI BOAH HC YTBOPIOKTHCS,
IPYHT HE 3a0pyIHIOETECS. MOXKIHMBICTD 3a0pyIHCHHS MOXXC BHHHUKHYTH TUIBKH B pasi
MOPYUICHHSI YMOB BUKOHAHHSI PErJIAMEHTHHX POOIT.

4.2.2 EdexTuBHHMH 3aco0aMi 3aXHCTY JOBKLUISL € TepMETH3aLlis 00IaqHaHHs 1
3anobiraHHs po3JIMBAM CYMIIICBOrO JM3CABHOrO MaluBa 3 MOMI(PYHKI[IOHATBHOK
1006aBKOI0 . BUTOKH CyMIIIIEBOrO JU3EIbHOIO MaJIMBA 3 MO YHKIIOHATEHOK 100aBKOIO
, B pa3i apapiiHUX PO3JIUBIB, HCOOX1IHO TCPMIHOBO YCYHYTH.

4.2.3 CywmiineBe Au3ebHE MaanuBO 3 MOMIPYHKIIOHATBHOW 100aBKOIO , IO CTAJIO
HENPUJIATHUM JI0 BHUKOPHCTAaHHS, BHKOPHCTOBYIOTH K KOMIIOHEHT [0 KOTEJIBHOI'O
najauBa ado cnajaorTh BiANMOBIAHO 10 BuMor JJCTY 4462.3.01, ACTY 4462.3.02.

4.2.4 KoHTposib 3a BUKHJIAMH LIKIJUIMBHX PEUYOBHH B aTMochepy 3MIHCHIOETHCS
3rijiHo 3 HakazoM MiHicTepcTBa 3aXMCTY JOBKULISA Ta MPHUPOJHHX PeCypciB YKpaiHH

No448, Hakazom MO3 Vkpainu Ne§13.

11
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5 TIPABWJIA TTPUMIMAHHS

5.1 Cywmimese gu3enbHe MAIHBO 3 NOTI(DYHKITIOHAIBHOIO J00aBKOIO MPUHMAIOTEH
naprisivu. [TapTiero BBakaloTh Oy/ib-Ky KUIBKICTB, OJJHOPIIHY 3a MOKA3HUKAMH SIKOCTI 1
KOMIIOHEHTHUM CKJIQJI0M, fKa CYIPOBOPKYETbCS OJIHUM JAOKYMEHTOM [P0 SKICTh,
0(OPMJICHHM Y BCTAHOBJICHOMY TMOPSIIKY.

5.2 CywmiiieBe Au3e/IbHC NMajHWBO 3 MOJIQYHKIIOHAIBHOK J100aBKOK MiUIsIrae
OpHUiiMallbHO-3/JaBAIbHUM, MEPIOIMIHUM 1 THITOBUM BUIIPOOYBAHHSIM:

— NIpUAMaJIbHO-3JaBaIbHEM - 3a TMokasHHkaMd 1-11 tabmumi 1 ta m 3.4 1ux
TeXHIYHHX YMOB,

— MepioIMYHUM - 3a MOKa3HUKOM 12 Tabmmui | HuX TeXHIYHUX YMOB — HE pijlie
OJIHOTO pa3y B 3 MiCsIli Ta HA BUMOI'Y CIIO)KHBAYa;

— TANOBHM — Y pasi 3MiHM CKJajJy CYMILICBOTO [M3CJIBHOTO IMajuBa 3
MO YHKIIOHAIBHOW A00aBKOK ab0 TeXHOJOril BUPOOHHUIITRA 33 MOKa3HHKaAMu 1-12
tabaumi 1 Ta 4.1.1-4.1.4 n1uX TEXHIYHUX YMOB.

5.3 B pa3i ojepKaHHS HC3aJ0BUIBHMX PE3YyJbTaTiB NpHHMaibHO-3/1aBaIbHUX
BUNpoOyBaHb Xoua O 3a OHHUM [IOKAa3HHUKOM SIKOCTI, 3AIHCHIOIOTH [OBTOPHE
BUMPOOYBaHHS 110 HHOMY 3HOBY BiliOpaHoi TOJBIHHOI MpPoOH 3 THX CaMHX MICIb
BHOIpKH.

Pe3ynbTaTy IOBTOPHUX BUIIPOOYBAHb BBAKAIOTHECSA OCTATOYHUMU 1 MOIIHPIOIOTHCS
Ha BCIO MapTio. Y pasi ojiepykaHHs He3aJ0BUIBHHUX Pe3yJIbTaTiB TOBTOPHUX BUMTPOOYBaHb
BCsI MapTis OpaKyeThes.

5.4 VY pasi oacpkaHHS HE3aJ0BUILHHX PE3YJbTATIB MCPIOIMUYHHUX BUNPOOYBaHb,
HNepeBipll Mae MiUBIraTd KOKHA MapTisi TPOAYKTY [0 OTPUMAHHS [MO3UTHBHOIO
pe3ysibTaTy BUNPOOYBaHHS HE MCHIIIC, HIXK )15l TPhOX MapTiH MOCHib.

5.5 J1nst iepeBipKH BiAMOBIHOCTI MapKyBaHHS BUMOram 3.4 IHX TCXHIYHHUX YMOB
BiOupaoTh 3% MaKyBaJbHUX OJUHHIIb, alie HE MEHIIe TpboX. (Ockiibku Oanuti
NPOOYKM, SIK NAIU60, OOCHABASIEMbCs 3AAZHUMHUM MPAHCNOPMOM, MO HEpesipsimu
ROMPIOHO MeHULY KITbKICHb NAKYSAHHS, Moxcaueo 1 yucmepwy 3 napmii? )

V pasi ofiepiaHHs He3aJ0BUILHUX Pe3ylIbTaTiB MPOBOATE HEepeBipKy MOABIHHOT

BUOIpKH. Pe3ynbTaTi NOBTOPHOT MEPEBIPKH PO3MOBCIO/KYIOTHCS HAa BCIO MAPTIIO.

12
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5.6 Bumoru Oesnexku po3auly 4 TNepeBipsitOThCA B Tpolleci MArOTYBaHHS 1
OCBOEHHS BHpPOOHWIITBA Ta HAa BHMOrY oOprauiB JlepskHarnsay 3a 3aTBep/KeHUMH
MCTOJHKaMHU.

5.7 KoHTponb SKOCTI CHPOBHHHM (J0/IaTOK A) 3MIHCHIOOTH Y BIiMOBITHOCTI 3

sumoramu JCTY 9027 nijg yac BXiHOrO KOHTPOJIKO Y BCTAHOBICHOMY TOPSJIKY .
6 METOA KOHTPOJIFOBAHHA

6.1 BigbupanHs npo0 cyMilIeBOTO AU3eIbHOTO MajuBa 3 MOIi(pyHKIIIOHATHHOK
Jn00aBkoK 3AIHCHIONTE 3riiHo 3 JICTY 4488. Jlns cykymnHoi npodu O0epyTh HE MEHIIe
1,0 ov® mpoxykry.

6.2 MeToaM KOHTPOJIOBaHHS BKa3aHi y KOJOHILI «MeToJl KOHTPOJIIOBAHHS))
Ta0auil 1 IUX TeXHIYHUX YMOB.

6.3 KoHTpoIoBaHHS 30BHINIHLOTO BUTJISIY CYMIMIEBOTO JIM3eJILHOTO TTalliBa 3
Mo yHKIIOHATBHOIO J0OaBKOIO BHUKOHYIOTH Bi3yasbHO. CyMillleBe Ju3e/bHe MaIHBO 3
o yHKI[IOHATBEHOIO J00aBKOIO , HAIWTE Y CKIISHUHN MUJIHAP JiamerpoM Bij 40 MM 10
55 mm 3rigao 3 JICTY EN ISO 4788 mae Oyt mpo30poro piIHHOI JKOBTOTO KOJIBOPY.

6.4 KoHTpOJItOBaHHSI MapKyBaHHS Ta MAaKyBaHHSI CYyMIIIIEBOIO IW3€/IbHOTO MajnBa
3 MO (PYHKIIOHATBHOKO I00ABKOIO 3TiAHO 3 3.4 BUKOHYIOTB Bi3yaJIbHO.

6.5 KontpomtoBaHHA 00’e€My HAIlOBHCHHS TapH 3IHCHIOETBCS 3a JOMOMOIOKO
MIPHHKIB 3T1{IHO 3 YAHHUMH HOPMAaTHUBHUMH JIOKYMEHTAMH.

6.6 KoHTpo/1lOBaHHSI 3a BHKHIAMH 3a0pyAHIOBAJIbHHUX PCUOBHH B aTMocdepHe
TIOBITPS i1 4aC BUKOPUCTAHHS CYMIIIEBOT0 AU3EIHOTO NaJINBa 3 MOMi(pYHKIIOHAIBHOIO
nobaskor — 3rijHo 3 Hakazom MiHicTepeTBa 3aXUCTY JOBKULISI Ta HPUPOIHUX PECYPCIB
Ykpainu Ne448, oxopona armocdepHoro nositps — 3rigao 3 Hakazom MO3 VYkpainu

Neg813.

7 TPAHCITOPTYBAHHSA TA 3BEPII'AHHSA

7.1 TpaHcrnopTyBaHHs 3AIMCHIOIOTH 3aJlI3HHYHAM TPAHCIOPTOM B LIMCTCPHAX Ta

aBTOLMCTepHax 3rigHo BuMor Haka3y MinictepcTsa TpaHcnopty Y kpainu Ne 299.

7.2 TpaHcnopTyBaHHs Ta 30epiraHHs CyMIIIEBOTO [HW3E€JIbHOIO TajHBa 3

nonigyHkiionansHol0 jgo0aBkoio  3aiiicHioTs 3rigHo 3 JACTY 4454 (nmomarok A,
13
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tabmuig A.1, . 8) 3 JOTpHMaHHAM BHMOT MPABHJI IEPEBE3CHHS BAHTAKIB Ta 1HIITHX
HOPMATHBHHX [IOKYMEHTIB, IO [iFOTh Ha BIANOBIJIHHX BHIAX TPAHCIIOPTY, a TAKOX
BUMOT ToxkexHo1 Oesmexku 3rigHo 3 JACTY 3273, HAIIB A.01.001 ta iHCTpYKII,
pPO3pOOJIEHHX Ha KOKHOMY IMIJNPUEMCTBI 3 ypaxXyBaHHSAM #oro crenudiky o0
MTOKEKHOT Oe3IeKH Ta IHIIHX BUMOT MiIPHEMCTBRA.

7.3 Y pasi apapiifHOro pO3NHBAHHA CYMIIIEBOTO JIM3EILHOTO TaluBa 3
MOJi(pYHKIIOHATLHOIO J00aBKOI0 Y MPUMIIIEHH] YM Ha BIIKPUTOMY MaiJaH4uKy, I

YTHJII3YIOTh BIMOBLIHO 10 4.1.7 [IUX TEXHIYHUX YMOB,

8 PEKOMEHALIIT 1IIOJI0 3ACTOCYBAHHSI

OCHOBHE IPHU3HAYCHHS CYMILICBOrO JIM3CJIbHOIO MAJNBA 3 NOMi()yHKI[IOHAILHOK
n00aBKOK € 3aCTOCYBaHHS B MallIMHAX Ta MCXaHI3MaX MPOMHUCIOBOrO YCTATKy BaHHS, 11O
CKCIUTYaTYIOThCSl B 3BHYAHHHX YMOBaxX, HacaMIICpC/] B SIKOCTI MaJHBa ISl TH3CIbHUX
JIBUT'YHIB.

MeTHIOBI ecTepH JKHPHHX KHCIOT, AKi € OCHOBOIO CYMIIIEBOTO JIH3CIILHOTO
MajuBa 3 MoiaiyHKIIOHAIBHOIO J00ABKOK , OTPHMYIOTh 3 MPHUPOJHHAX POCIMHHUAX OJiH
abo KUPIB 1 XapaKTEPHU3YIOThCS PAIOM IIHHUX BiIacTHBocTed. BoHH € mpoaykToM Oes
JIPaTIBIMBOI /11T Ha OpraHi3M JIOAHHH, OC3MCUHI IIPH BUKOPHUCTAaHHI1 Ta 30¢piraHHi, 37aTHi
no OloposknaiaHHs. BuiicHaBc/JcHC Ta I[IHHHA KOMIUICKC (DI3HKO-XIMiUHHX
BJIACTHBOCTCH (PIAKHIA CTaH B MIMPOKOMY [iana3oHi TCMIICpaTyp, BUCOKA TeMIlepaTypa
KHITIHHSA, CYMICHICT 3 ali(paTHYHHMH Ta apOMaTHYHHUMH MMOJIMEPHHUMH MaTepiallaMH,

riapodoOHiCTh, 3MalyBallbHI BIACTUBOCTI Ta 1HIIIE).

9 TAPAHTII BUPOBHUKA

9.1 BupoOHHK rapaHTy€e BIJAMOBIIHICTh SIKOCTI CyMILICBOrO JM3CIbHOTO TMalnBa 3
NnoMiyHKIIIOHABHOW A00aBKOK BHMOIaM LHX TEXHIYHHUX YMOB Y pasl JOTpUMAaHHSI
BHMOT 1I[0/I0 TPAHCIIOPTYBaHHS Ta 30cpiraHHs.

9.2  TapanTtiiinuii TepMiH 30epiraHHs CYMILIEBOroO JH3€JIbHOrO TajuBa 3

noIiyHKIIOHAABHOK 100aBKOK — | piK Bij JIaTH BUTOTOBJICHHS.
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JOIATOK A
(000B’S13KOBH)

[MEPEJIIK KOMITOHEHTIB, 1110 BUKOPUCTOBYIOTbH
[T YAC BUPOBHUIITBA
CyminieBoro najausa 3 moJi(yHKIIOHAILHOK 100aBKO

Tabnuis A.1
Hasga cupoBunu Ilo3HadeHHs
HOPMATHBHOIO JOKYMCHTA

METHJIOBI €CTCPU KHUPHUX KUCIOT JICTVY 6081

/Tn3elbHE NajJIuBO JICTY 7688

[TomidyHKITIOHATBHA J0OaBKa [lareHT YKpaiHu Ha BHHAX1]
INe105457.
[TaTeHT YKpaiHu Ha BHHAX1]
Nel127003




ApKYyLI peecTpallii 3MiH TEXHIYHUX YMOB
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Howvep
BMIHH

HomepucTopiHok

BAMIHEHHX

JIOYHCHUXBIITYHCHIX

3MIHCHIX

Ycworo
CTOPIHOK
TTcs
BHECEH-
HSI 3MiH

Indopmariis
PO HAIXO-
IKETTHS 3MIHH
(momep cy-
MPOBITHOTO
JIHcTA)

ITinmmc
0COOH, 1110
BHECTIA
SMIHH

IpisBu-
1Ie el
0co0H 1
jnara
BHECEHHS
IMIHH
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