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AHOTANIA

SAxumenko O.C. Po3poOka TeXHOJOTIH OACp aHHS 13 HEJACPEBHOI POCIMHHOI
CHUPOBUHU HAHOIEIIONO3U Ta il BUKOPUCTAHHS y BUPOOHMIITBI Marepy 1 KapToHY. —
KBamidikariiiina HaykoBa mpais Ha [paBax pyKOIUCY.

Huceptamis Ha 3100yTTS HAyKOBOrO CTymeHs JokTopa ¢uiocodii 3a
cnewianbHIcTIO 161 «XiMiyHa TEXHOJIOTIS Ta 1HXeHepis» — HanioHabHUIM TEXHIYHUN
yHiBepcUTeT YKpaiHu «KUIiBCbKMM MOJMITEXHIYHUA 1HCTUTYT 1MeHl Irops

Cikopcbkoro», Kuis, 2025.

Konneniiist mupkynsipHOi €KOHOMIKK Tiependadae 3aMKHYTHUM KpPyroooir
PEYOBUH Y TIPUPO/II 1 MAaKCUMaJIbHE 30€PEKEHHS CHPOBHUHU B MPOIECaX BUPOOHUIITBA
TOBapiB IMIMPOKOTO CIHOXXKMBAHHS, JO SKUX BIJIHOCUTHCS, 30KpeMa, KapTOHHO-
nanepoBa MPOJYKIii. Y CBITOBIM IETIOI03HO-TIANIEPOBIl MPOMHUCIOBOCTI OCHOBHUM
JDKEPENIOM 711 BUPOOHMIITBA TIANIEPy 1 KAPTOHY 3aTUIIAETHCS ETI0I03a 13 XBOWHHUX 1
JUCTSIHUX TIOPIJ IEPEBUHU. Y KOHTEKCTI CTIMKOTO PO3BUTKY Ta 30€pe’KEHHS JIICOBHUX
PECYPCIB aKTyaIbHOIO POOIEMOIO 11l YKpaiHu, sIK KpaiHU 3 PO3BUHYTUM CLIbCHKHM
rOCIOJapCTBOM, € pPO3pOoOKa €KOJOTiYHO Oe3MeYHUX TEXHOJOTd BUPOOHUIITBA
LIEJTI0JI030BMICHUX MaTepiaiiB 13 HeaepeBHO1 pocnuHHoi cuposunu (HJIPC), sika mae
HU3bKY BapTICTh Yy MOPIBHSAHHI 3 JIEPEBUHOIO 1 HIOPIYHO BIJHOBIIOEThCA. Jls
JOCATHEHHS HEOOXIIHUX TMOKa3HUKIB SKOCTI Mamepy 1 KapTOHy Yy Ipolect ix
BUPOOHMIITBA, K MPABWIO, JOJAIOTh Pi3HI XIMIUHI JOMOMIXKHI pedoBuHU (X]IP) 13
BUYEPIHUX JPKepen — HadTu, rasy, BYruUId, IIO0 MPU3BOJIUTH 10 3a0pyAHEHHS
TOBKULIA. B ocraHHi poOKH B CBITOBIM TMPakTHIll aKTUBHO PO3BUBAIOTHCS
JOCTI/DKEHHS, CIPSIMOBaHI Ha MEpPepoOKy POCIMHHOI CHPOBHHH Y IEITIOJI030BMICHI
Marepiaau 3 BUCOKOIO JOJaHOI BapTICTIO, 30KkpeMa y HaHomemono3y (HII), mo mae
VHIKQJIbHI BJIACTUBOCTI: BHCOKI 3HAUEHHS MOJYJIIO TMPYKHOCTiI, BHCOKA MHUTOMA
MOBEPXHS, ONITHUYHA MPO30PICTh, XIMIYHA peaKIiitHa 3JaTHICTh, HU3bKUI KOSQIIIEHT
TEIJIOBOIO PO3LIUPEHHS, 3JaTHICTh 10 010JIOTTYHOTO PO3KJIAJaHHA 1 010CYMICHICTb,

HU3bKA JIETKICTh 1 BapTICTh BHPOOHMITBA B TOPIBHSAHHI 13 CHUHTETHYHUMH



MOJIIMEPaMHU.

Jlo acopTuMeHTy OaraTOTOHHQ)XHOI ~ KapTOHHO-MANEepoOBOT  MPOIYKINi
BITHOCATHCS TaKi TEXHIYHI ii BUAM, SIK: SIICKTPOI30IAIIMHUI Tamip, mamip-oCHOBA JIs
mmayiep, mamip Ui TaKyBaHHS XapyoOBUX MPOIYKTIB, KapTOH JUIS TJIOCKUX IIapiB
roppokapToHy, KapTOH TapHUM BOJIOTOCTIMKUHM, Tomo. [l  jmocArHeHHs
nepenr0ayeHnx CTaHJapTaMHu CHEHU(PIYHUX MOKAa3HUKIB SIKOCTI Takol HpPOAYKIIi
HeoOX1/Ha HasIBHICTh PO3pOOJIEHUX BIANOBIAHUX PECYPCO30EpIrarounx TEXHOIOTIN iX
BUPOOHUIITBA, 30KpeMa 3 BHKOPHUCTAHHSIM HAHOIGIIONO3M JUISl TTOKpAICHHS
MOKAa3HUKIB SIKOCTI mMamepy 1 KapTOHY Ta 3MEHIICHHS BUTPATH IIKIJJIUBUX
cuntetndHux XJIP. Tomy po3poOka ekoyIoriyHO Oe3MeUHUX CIOCO0IB OJIep)KAHHS 13
HJIPC nentosio3n 1 HaHOIEIOJIO3U Ta BUKOPUCTAHHS iX y BUPOOHMIITBI mamepy i
KapTOHY € aKTyaJIbHOIO HayKOBO-IIPAKTUYHOIO 337a4€IO.

Mema oOucepmauiiinoi po6omu TONATAE B HAYKOBOMY OOIDPYHTYBaHHI
PO3p00JICHHS 1HHOBAIIIMHUX TEXHOJOTIYHHMX MIIXOJIB 0 OTPUMAHHS 3 BITYM3HSIHOI
HEAEPEBHOI POCIMHHOI CMPOBHHU HAHOIIEIIOJIO3W TAa BU3HAYEHHS ONTUMAJIbHUX 11
BUTpPAT B KOMIIO3WIII TEXHIYHWX BHUIIB Manepy 1 KapTOHY JUIsl JOCATHEHHS iX
EKCITyaTaitHIX XapaKTEPUCTHK.

Jlns peanizanii metu 0yno chopMyabOBaHO HACTYIHI 3d80AHHA:

1. Y1ocKOHAIUTH METOAWKY OJIEpP’KaHHS 13 MOKHUBHUX PEIITOK KYKYPYI3H,
cTebesl COHAINIHMKA, OYepeTy, BOJOKOH KOHOMENb IEII0JI03U, MPUIATHOI s
MOJAJIBIIIOT €KCTPaKIIii 3 Hel HAaHOIICIOJIO3H.

2. Bu3HaAuuMTH BIUIMB TEXHOJOTIYHUX MapaMeTpiB MpPOIECIiB OJepKaHHA
HAHOILIETI0JI03W METOAAMH TIAPOIIi3Yy pO3UYMHAMHU CYJIb(PATHOI KUCIOTH, OKUCHEHHS B
cepenoBuli  2,2,6,6-retpamerwiminepuiui-1-okcuny (TEMIIO) Ta rambokux
eBTeKTUYHUX po3unHHUKIB (DES) Ha moka3Huku 1i SKOCTI.

3. BcranoBuTH BIUIMB J0/IaBaHHS OTPHUMAHOI HAHOIENIIOJNIO3H y BOJIOKHHCTY
KOMIIO3UITIIO 1 Ha TIOBEPXHIO 3pa3KiB IMarepy i KapTOHY Ha TTOKA3HHUKH X SKOCTI Ta Ha
3MEHIIIEHHS BUTPAT MKIUTUBUX XIMIYHHX JOTIOMIKHHUX PCUOBHH.

4. BU3HAUATH TOYKH BBEJACHHS HAHOIICIIONO3M Yy TEXHOJIOTIYHI TOTOKH

BUPOOHUIITBA Mafepy 1 KapTOHY.



OO0’ ekT H0CaigKeHHs] — eKOJOTIYHO Oe3meuHi nporecu nepepodiaenus HAPC
y LETI0NI03Y 1 HAHOIENI0JI03y Ta BUKOPUCTAHHS 1X y BHUPOOHUIITBI MAacOBUX BHJIIB
narepy i KapToHy.

IIpeamMer gocaixKeHHs — TEXHOJOTIYHI MapaMeTpPH TPOIECIB OJCpPKAHHS 3
BiTun3HAHOI HJIPC mentono3u 1 HaHOUENION03U Ta PEKOMEHJIOBAHUX iX BUTPAT Yy
npoliiecax BUpOOHUIITBA MACOBUX BU[IIB KAPTOHHO-MANEPOBOT IPOYKIII.

HaykoBa HOBH3HA OTPUMAHMX pe3yJbTaTiB:

- TEOPETUYHO OOTPYHTOBAHO Ta EKCIIEPUMEHTAIBLHO MIITBEPIKEHO JOIIIBHICTh
KOMOIHYBaHHSl CTaAiil Jy>)KHOT OOpOOKM Ta MEepOITOBOrO BapiHHA 3 METOIO
OTPUMAaHHS 1EJI0JI03U 3 TMOXXHUBHUX PEHITOK KYKYPYI3U, CTeOesl COHSIIHUKA,
OuepeTy Ta BOJIOKOH KOHOIENb, MPUIATHOL JIJIsl €KCTPaKIIil 3 HEl HAHOLIEII0JIO3H;

- BCTAHOBJICHO 3pOCTaHHS TIOKa3HUKIB SIKOCTI HAHOIEIIONI03U (IIIJIBHOCTI,
MIITHOCTI Ha PO3PUB, MPO30POCTI, 1HIEKCY KPUCTATIYHOCTI, TEPMIUHOI CTAOLTLHOCTI)
y Takid TIOCIIIJIOBHOCTI 3aJeKHO BiJ CepeloBUINA 11 OJepKaHHSI: TIMOOKHUX
EBTEKTUYHUX PO3YMHHUKIB — 2,2,6,6-TeTpaMeTIImnepuIuH- 1 -okcuny — cyabdaTHOi
KHCIIOTH;

- BCTAQHOBJICHO JIHIMHY KOPEJALII0 MIK MIIHICTIO Ha PO3PHUB 1 MPO30PICTIO
HAHOILIEJTIOJIO3H Ta IIUIBHICTIO HAHOLIEIOIO3HUX IJT1BOK.

Y10CKOHAJIEHO Ta OTPUMAJIO TIOIATBIITNI PO3BUTOK:

- CIocoOM OJIepKaHHS OPraHOCOJIBBEHTHOI IIEITIOJIO3H, BU3HAUYCHO ONTHUMANbHI
napaMeTpu OpraHOCOJBBEHTHOTO BapiHHA pi3HuX npeactaBuukie HJAPC ans
OJIep>KaHHS LIEJIF0JIO3U 3 MIHIMAJIBHUM 3aJIUIIKOBUM BMICTOM JIITHIHY Ta 30JbHOCTI;

- crnocoOu oJiepKaHHsI KAPTOHHO-TIANEPOBOT MPOAYKIli HIMPOKOTO CHOKUBAHHS
3 BUKOPUCTaHHSM HAHOIICNIOJNIO3U SK 3MIIHIOIOUOTO peareHTy i 3aMiHu
TPAIUIIMHUX Ta HEOE3MEeYHUX JJIsi HABKOJWIIHBOTO CEPEIOBUINA CHUHTETUYHHX
XIMIYHHX JIOMOMDKHHUX PEUYOBHH.

B nepwomy pozoini nuceptamiiiHoi poOOTH OMUCAHO Cy4YacCHUW CTaH 13
BukopuctanHsiM HII y BupoOHuIITBI mamepy i kapToHy. BukOHaHO MOpPIBHSIIBHHIMA
aHaJli3 XapaKTepUCTHUK POCIMHHOI CHPOBUHHU JUISI OJCPKAHHS I[CTIOJIO03U IS

BurotoBieHHs HLI, OnucaHo XxapakTepucTUKHA METOAIB OTpUMaHHs pi3HUX BUAIB HI|



13 pOCIMHHOI CHpOBUHU. OXapaKTEPU30BAaHO HAHOILIEIOJIO3Y SIK 3MIIHIOIYY J00aBKY
B KOMITO3HIII1 Tanepy Ta kaptoHy. OOrpyHTOBaHO BUOIp HANIPSIMY JIOCITIIKEHb.

B opyeomy po30ini mucepraniitHoi poOOTH pO3MISIHYTO O0’€KTH, METOIU Ta
METOJIUKHU JOCTIKeHb. HaBeeHo XapakTepuCcTUKU BUXITHOI POCIMHHOI CHPOBUHH.
OnncaHo MeToau OJepKaHHs OpraHocoyibBeHTHOI Henrono3n 3 HJAPC, ta HI sk 3
JEpEeBHOI, TaK 1 3 HEAEPEBHOI 1eM003u. ONnucaHo METOAUKH BUTOTOBJICHHS
KapTOHHO-TIANEpOBOi MpoAyKiii 3a BuUKopucTanHs HI[ Ta mpwragd KOHTPOJIO.
OnucaHo METo 1M MaTEMaTUYHOI 0OPOOKHU Pe3yJbTaTIB €KCIEPUMEHTATbHUX JIAHUX.

Tpemiti po3din MPUCBAYEHO oOJiepkaHHIO Iemtono3u 1 HII 13 gocmimxeHux
npeactaBHukiB BiTun3HAHOI HJIPC: 13 NOXHMBHUX PEUITOK KYKYPYI3H, CTeOen
COHSIIIHUKA Ta OYEPETy, KOHOIUITHUX BOJOKOH METOJAaMHU KHCIOTHOTO TiApOi3y Ta
okucnenss B cepenopuini TEMIIO, a takoxx HII 3 cynbdarHoi xBoiHOT HeBHO1JIEHOT
IETI0JI03M.  BH3HAaueHO  oNTUMalibHI  3HAYEHHS  IapaMeTpiB  BiJMOBIIHHUX
TEXHOJIOTTYHHUX MPOIIECIB.

Yemeepmuii po30in MPUCBIYESHO PO3poOIN TexHOJOoTiH BukopucranHs HII i3
HJIPC y xommo3utiii manepy i KapToHy, 30Kpema: marnepy MUl MaKyBaHHS XapuOBHX
MPOAYKTIB, Malepy-0CHOBU JJIs IINAJIEP, €IEKTPOI30JIAIIHHOIO nanepy, KapToHy AJist
IUIOCKUX IIapiB TO(pPOKAPTOHY 1 TapHOTO MAaKyJaTypHOTO BOJIOTOCTIMKOIO.
3anponoOHOBAHO TEXHOJOTIYHI CXEMU BHpPOOHMIITBA Tamepy 1 KapToHy 3
BUKOpHUCTaHHSAM HaHoremono3n 13 HAPC B iX BOJOKHUCTHUX KOMIIO3HIIISX.
[lokazaHo, mo  eKoHOMIYHUN e(eKT BiJl BUKOpPUCTaHHSIM odepersiHoi HI[ B
KOMIIO3MI] Tamepy uis NAaKyBaHHS XapyoBHX INPOAYKTiB Macoio 110 r/m® s
BUPOOHMIITBA TakKeTiB s (acyBaHHA OakamiiHUX BUPOOIB Macow JO 5 Kr

NpOAYKTUBHICTIO 50 THC. T HA PIK CTAHOBUTHUME /10 1,5 MIIH. TpH. Ha IK.

Kuw4yoBi cioBa: HenepeBHa pOCIMHHA CHPOBHMHA, OPraHOCOJIbBEHTHE

BapiHHS, IICJIF0J103a, T1APOJIi3, HAHOIIEII0JI03a, TaIip, KapTOH



ABSTRACT

Yakymenko O.S. — Development of technologies for obtaining nanocellulose
from non-wood plant raw materials and its use in the production of paper and
cardboard. — Qualifying scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 161
«Chemical technology and engineering» — National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2025.

The concept of a circular economy provides for a closed cycle of substances in
nature and maximum conservation of raw materials in the production processes of
consumer goods, which include, in particular, cardboard and paper products. In the
global pulp and paper industry, the main source for the production of paper and
cardboard remains cellulose from coniferous and deciduous wood species. In the
context of sustainable development and conservation of forest resources, an urgent
problem for Ukraine, as a country with developed agriculture, is the development of
environmentally friendly technologies for the production of cellulose-containing
materials from non-wood plant raw materials (NWRM), which has a low cost
compared to wood and is annually renewed. To achieve the required quality
indicators of paper and cardboard, various chemical auxiliaries from exhaustible
sources — oil, gas, coal — are usually added during their production, which leads to
environmental pollution. In recent years, research has been actively developing in
world practice aimed at processing plant raw materials into cellulose-containing
materials with high added value, in particular nanocellulose (NC), which has unique
properties: high values of the elastic modulus, high specific surface area, optical
transparency, chemical reactivity, low coefficient of thermal expansion,
biodegradability and biocompatibility, low lightness and cost of production compared
to synthetic polymers.

The range of high-tonnage cardboard and paper products includes such

technical types as: electrical insulating paper, wallpaper base paper, food packaging



paper, cardboard for flat layers of corrugated cardboard, moisture-resistant container
cardboard, etc. To achieve the specific quality indicators of such products stipulated
by the standards, it is necessary to have developed appropriate resource-saving
technologies for their production, in particular using nanocellulose to improve the
quality indicators of paper and cardboard and reduce the consumption of harmful
synthetic chemical auxiliaries. Therefore, the development of environmentally safe
methods for obtaining cellulose and nanocellulose from NWRM and their use in the
production of paper and cardboard is an urgent scientific and practical task.

The purpose of the dissertation work is consists in the scientific substantiation
of the development of innovative technological approaches to obtaining
nanocellulose from domestic non-wood plant raw materials and determining its
optimal consumption in the composition of technical types of paper and cardboard to
achieve their operational characteristics.

To implement the goal, the following tasks were formulated:

1. To improve the method of obtaining cellulose from corn crop residues,
sunflower stalks, reeds, hemp fibers, suitable for further extraction of nanocellulose
from it.

2. To determine the influence of technological parameters of the processes of
obtaining nanocellulose by methods of hydrolysis with sulfuric acid solutions,
oxidation in the environment of 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) and
deep eutectic solvents (DES) on its quality indicators.

3. To establish the influence of adding the obtained nanocellulose to the fibrous
composition and to the surface of paper and cardboard samples on their quality
indicators and on reducing the consumption of harmful chemical auxiliaries.

4. To determine the points of introduction of nanocellulose into the
technological flows of paper and cardboard production.

The object of the study is environmentally safe processes for the processing of
NWRM into cellulose and nanocellulose and their use in the production of mass types

of paper and cardboard.



The subject of the study is the technological parameters of the processes for
obtaining cellulose and nanocellulose from domestic NWRM and their recommended
costs in the processes of producing mass types of cardboard and paper products.

Scientific novelty of the results obtained:

- the feasibility of combining the stages of alkaline treatment and peracetic
cooking in order to obtain cellulose from corn crop residues, sunflower stalks, reeds
and hemp fibers, suitable for the extraction of nanocellulose from it, has been
theoretically substantiated and experimentally confirmed;

- an increase in the quality indicators of nanocellulose (density, tensile
strength, transparency, crystallinity index, thermal stability) has been established in
the following sequence depending on the environment of its production: deep eutectic
solvents - 2,2,6,6-tetramethylpiperidine-1-oxyl - sulfuric acid;

- a linear correlation has been established between the tensile strength and
transparency of nanocellulose and the density of nanocellulose films.

Improved and further developed:

- methods for obtaining organosolvent cellulose, optimal parameters for
organosolvent cooking of various representatives of NWRM for obtaining cellulose
with minimal residual lignin and ash content have been determined;

- methods for obtaining cardboard and paper products for mass consumption
using nanocellulose as a strengthening reagent to replace traditional and
environmentally hazardous synthetic chemical auxiliaries.

The first section of the dissertation describes the current state of the use of NC
in the production of paper and cardboard. A comparative analysis of the
characteristics of plant raw materials for obtaining cellulose for the manufacture of
NC was performed. The characteristics of the methods for obtaining various types of
NC from plant raw materials are described. NC is characterized as a strengthening
additive in the composition of paper and cardboard. The choice of the research
direction is justified.

In the second section of the dissertation work, the objects, methods and

research techniques are considered. The characteristics of the initial plant raw



materials are given. Methods for obtaining organosolvent cellulose from NWRM, and
NC from both wood and non-wood pulp are described. Methods for manufacturing
cardboard and paper products using NC and control devices are described. Methods
for mathematical processing of experimental data results are shown.

The third section is devoted to the production of cellulose and NC from
domestic NWRM, in particular from corn crop residues, sunflower and reed stalks,
hemp fibers by methods of acid hydrolysis and oxidation in TEMPO medium, as well
as NC from sulfate coniferous unbleached cellulose. The optimal values of the
parameters of the relevant technological processes were determined.

The fourth section 1s devoted to the development of technologies for the use of
NC with NWRM in the composition of paper and cardboard, in particular: paper for
packaging food products, base paper for wallpaper, electrical insulating paper,
cardboard for flat layers of corrugated cardboard and moisture-resistant packaging
waste paper. Technological schemes for the production of paper and cardboard using
nanocellulose with NWRM in their fibrous compositions are proposed. It is shown
that the economic effect of using reed NC in the composition of paper for packaging
food products weighing 110 g/m” for the production of bags for packing grocery
products weighing up to 5 kg with a capacity of 50 thousand tons per year will be up
to 1.5 million UAH per year.

According to the results of the dissertation work, 24 scientific papers were
published, of which: 2 articles - in scientific professional publications from the list of
the Ministry of Education and Science of Ukraine; 11 articles in publications indexed
by the scientometric databases Scopus and Web of Science, 11 abstracts of reports in
the proceedings of scientific conferences.

Keywords: non-wood plant raw material, organosolvent cooking, cellulose,

hydrolysis, nanocellulose, paper, cardboard.
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BCTYII

AxTtyajabHicTb TemHu. [locTiiiHe 3pOCTaHHA YHCEIBHOCTI HACEJICHHS,
iHaycTpilamsamis Ta ypOaHi3amiss TPU3BOJATH JIO I1HTEHCHBHOTO CIIOKHBAHHS
NPUPOJHUX PECYPCIB, CIPUYMHIE BHUCHAKEHHS IXHIX 3amaciB Ta JAerpajaliro
HaBKOJIMIIHBOTO Cepe/loBuIlla. BupimeHHs 1ux rio0adbHUX BHUKIMKIB MOTPeOye
nepexoay BlA 3acTapuiol Mojem “TiHIHHOT EeKOHOMIKM~® /0 OpIEHTOBAHOI Ha
rJI00ATbHUN  CTaTUM  PO3BUTOK MIANPUEMCTB 1 KpaiH Mozaenl “HUPKYISPHOI
E€KOHOMIKH’, TIepeBarol0 sKoi € MiHIMi3allis BiAXOJiB, MOBTOPHE BUKOPUCTAHHS
ICHYIOUHX PECYpPCIB, 3MEHIIIEHHS IIKIUIMBOTO BIUIMBY Ha JIOBKIJUISA Ta IiJABUIICHHS
e(peKTUBHOCTI BUPOOHHUIITBA. Y TaKMX YMOBaX BHMHHMKA€ HarajibHa MOTpeda y
BIIPOBA/PKEHHI HOBITHIX IIJIXOJIB 1 TEXHOJIOTIH, 3JaTHUX 3a0€3MEeUNTH TapMOHINWHE
CHIBICHYBaHHS JIIOACTBa 3 Mpuponoio [25]. OCHOBHMM KOMIIOHEHTOM POCIWHHOI
CHUPOBUHHU 1 HAHOUIBIII TIOMTUPEHUM TTOJIMEPOM Ha 3eMITi € TIeITI0JI032, SIKa € OCHOBOIO
JUTSL TIIAPOKOTO CIEKTPY IIENIF0JIO30BMICHUX MaTepiaiiB, 30KpeMa Ianepy 1 KapToHy.
3a nanumu ¢axiBIliB, CIIOKUBAHHSA Tarepy 1 KapToHy 3pocTaroTh Ha 1,4% Ha pik [26]
1 nocsrae y 2025 poui maibke 500 muiH. ToHH. Ilpy 1pOMy piBEHb CHOKMBaHHS
narnepy 1 KapToHy B YKpaiHi 3HaXOJUThCS Ha PiBHI «anepoBoi O1MHOCTI» — 29,5 Kr
Ha JAyumy HaceideHHs [26], mo noTrpedye 30UIbLIEHHS OOCSTIB BITYM3HSHOTO
BUpPOOHUIITBA IIEJIIOJIO3U, TMamepy 1 KapToHy. /[l [JOCATHEHHS HeoOXI1IHUX
CHOKMBYMX BJIACTUBOCTEM Ta TEXHIYHUX TIOKAa3HUKIB, y Mpolieci BUPOOHUIITBA
namnepy i KapToHy JI0J1al0Th Pi3HI XIMi4HI J01IoMiXHI peuoBuHH (X/[P) 13 BuuepmHux
Jokepen — HadTH, Ta3y, BYTUUISA, 10 MPU3BOAUTH HE TUIBKU 10 3a0pyaHEHHS
JOBKLJUIS, ajie 1 IO MOTIpIIeHHs 370poB’s Moaed. Came ToMy, 3aMiHa CUHTETHYHHX
XJIP 13 BUuepmHHUX JKepeNl Ha MOJIMEpPH 13 POCIMHHOI CHPOBWHH, SIKI IIOPIYHO
BIJIHOBJIIOIOTHCSI 1 TEPMiH O10JIOTIYHOTO PO3KIIANY SKUX CTAHOBHUTH JIEKiJIbKa POKIB, a
HE COTHI POKIB, SIK, HAIPUKJIIAMI, IS TUTACTUKY, € BKIMBOI HAYKOBO-TIPAKTUIHOIO
3aJa4elo.

VY CBITOBIM 1I€IOJIO3HO-TANEPOBIN MPOMHUCIOBOCTI OCHOBHUM JIKEPEIOM

LEJTI0JI03H 3IMILIAETHCS IEPEBUHA XBOMHUX 1 JIMCTSHUX MOPiA. J[s KpaiH, K1 MaloTh
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oOMeXeH1 3amacu JEpeBHHH, AIbTEPHATUBHUM JKEPEIIOM BOJIOKOH € pI3HI
npencTaBHUKU HenepeBHOI pocnuHHOI cupoBuHu (HJPC). Vkpaina, sk kpaina i3
PO3BUHEHHUM CUIBCBKUM TOCIIOJAPCTBOM, IIOPIYHO Tichs 300py BpOXKaw Mae
Mmunbitonn ToHH H/IPC, 3 sik0i MOKHA OTPUMYBATH IIENTIOJIO3Y PI3HOTO MPU3HAYCHHS.
3okpema 13 HIAPC MoxHa onep:KyBaTH HaHOIIENIIONO3Y, SIKa Ma€ TaKl YHIKalIbHI
BJIACTHBOCTI, SIK: BUCOKI 3HAaY€HHS MOJYJISl IPY>KHOCTI, MUTOMOI OBEPXH1, ONTHYHOT
MPO30POCTi, HU3BKUN KOE(PIILIEHT TEIJIOBOrO po3mupeHHs [27, 28], 31aTHICTH 110
010JI0T1YHOTO poO3KJIafaHHs 1 OIOCYMICHICTh, HH3bKY BapTICTh BUPOOHHULTBA B
MOPIBHSIHHI 13 CHHTETUYHUMHU TomiMepamu [29]. 3aBISKH TaKuM BIIACTUBOCTSIM
HAHOILIE0JI03a 3HAXOAUTh IIMPOKE 3aCTOCYBAHHS Yy TaKUX Tally3siX MPOMHUCIOBOCTI,
SIK: ETI0JI03HO-TIAIIePOBIH, XIMIYHIHN, IIEMEHTHIH, MaIUHOO Y1 BHIM,
CJIEKTPOTEXHIUHIN, TEKCTHJIbHINA, MEIUIIMHI, OXOPOHI HABKOJHWIIHBOTO CEpeIOBHINA
[25, 27, 30, 31, 32-34]. Tomy B KOHTEKCTI CTIHKOTO PO3BHUTKY Ta MHUPKYISIPHOI
E€KOHOMIKM PO3pOOKa EKOJOTIYHO O€3MEeUHUX PEeCcypCOOIIaTHUX TEXHOJOTIN
onepxkanus 13 HJ/IPC nanouemtono3u Ta ii BUKOPUCTaHHS y BUPOOHUIITBI mamepy i
KapTOHY € aKTyaJIbHOI0 HAYKOBO-TIPAKTHUYHOIO 33/1a4€I0.

3B’A30K PO0OTH 3 HAYKOBMMH NPOrpaMamMu, IMJIaHAMHU, TEMaAMM.

Jlesiki pe3ynbTaTh AUCEPTALIiHOT pOOOTH OTpUMaHI B XOJ1 BUKOHAHHS
JEp>KOI0IKETHOI HayKOBO-AocHiiHOI pobotr Ne 2301-m "Exonoriyno Oe3reuHi
TEXHOJIOTIi TIepepOoOJICHHS HEIEPEeBHOI POCIUHHOI CHPOBHHH Y HAHOIICIIOJIO3HI
KOMIIO3MI[IMHI Marepiaii s OpraHiyHOro TAaKyBaHHA 1 3€JIeHOI THYYKOl
enekTpoHiku", Ne nepxpeecrpamii 01200102056 (2020-2022 p.p.). 3aMOBHUK —
MinicTepcTBo OCBITH 1 Hayku VYkpainu. Ha kadenpi ekomorii Ta TexHosorii
pocnuunux noiiMmepiB KIII im. Irops CikopchbKOro BIIPOJIOBXK OCTaHHIX JI€CATKIB
POKIB TPOBOAATHCS AOCHIIKEHHS 3 OJiepKaHHs 13 pi3HuUX mnpenctaBHukie HJIPC
IIEJTFOJI03M Ta i1 BAKOPUCTAHHS B PI3HUX BUAX I€TI0I030BMICHUX MaTEpiaiB.

Mera juceprauiiiHoi po6oTHM TONSATaE B HAYKOBOMY OOIPYHTYBaHHI
PO3p00JICHHS 1HHOBAIIIMHUX TEXHOJOTIYHHMX IIIXOJIB JI0 OTPUMAHHS 3 BITYM3HSIHOI

HEJIEPEBHO1 POCIMHHOI CHPOBHHHM HAHOIETIOJIO3M Ta BU3HAYECHHS ONTUMAIBHUX i
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BUTpPAT B KOMIIO3UIIlI TEXHIYHUX BHUJIB Tamepy 1 KapTOHY Ui JOCATHEHHS iX
EKCIUTyaTallitHIX XapaKTePUCTUK.

Jlist peamizartii Mmetu 0yno chopMyIIbOBaHO HACTYITHI 3d60AHHA:

1. YaockoHaIMTH METOAWKY OJIEP’KaHHS 13 MOXKHUBHUX PEHITOK KYKYPYI3H,
creben COHSIIHMKA, OYEpeTy, BOJOKOH KOHOMENb IIeN0NI03U, TNPUAATHOT s
MOJATBIIOT €KCTPAKIIT 3 HET HAHOLEIOJIO3H.

2. BH3HAauUMTH BIUIMB TEXHOJOTIYHUX MApaMETpiB MPOLECIB OJEp KAHHS
HAHOIICITIOJIO3W METOJaMH TiPOi3y poO3YnHAMH CYJIb(aTHOI KUCIOTH, OKUCHCHHS B
cepenoBuii  2,2,6,6-terpamerunminepuaun-1-oxkcuny (TEMIIO) Tta rmmbokux
eBTeKTHYHUX po3unHHKKIB (DES) Ha nmoka3HuKH i1 SKOCTI.

3. BcranoBuTH BIUIMB JOJIaBaHHS OTPUMAHOI HAHOULENIONO3M Y BOJOKHHUCTY
KOMITO3HMIIIIO 1 Ha TIOBEPXHIO 3pa3KiB Mamnepy 1 KapToOHy HA MOKa3HUKH iX SKOCTI Ta Ha
3MEHIIIEHHS BUTPAT MIKIJIUBUX XIMIYHUX JTIOMTOMDKHHUX PEYOBHH.

4. BU3HAUUTU TOYKHM BBEJACHHS HAHOIICNIOJIO3M Yy TEXHOJIOTIYHI TOTOKH
BUPOOHUIITBA TTANEPy 1 KAPTOHY.

006’ ekT H0CaixKeHHsI — eKOJIOTIYHO Oe3meuHi mporecu nepepodiaernus H/IPC
y LIEJII0JI03Y 1 HAHOIIEII0JI03Y Ta BUKOPHUCTAHHA iX y BUPOOHHUIITBI MAacOBUX BHUJIB
namnepy 1 KapToHy.

IIpenmer aocaigkeHHsI — TEXHOJIOTIYHI MapamMeTpH MPOIECIB OJCpPKaHHS 3
BiTun3HsAHOI HJIPC 1emtoyio3u 1 HaHOIENIOJI031M Ta PEKOMEHJOBAaHUX iX BUTpAT y
npoiiecax BUpOOHUIITBA MACOBUX BHUJIIB KAPTOHHO-TIANEPOBOI MPOYKIII].

Metoau npocaimxeHHsi. JlJis BU3HAUEHHS XIMIYHOTO CKJaay HEIEpEBHOI
POCIMHHOT CHPOBHHH, IIOKa3HUKIB SIKOCTI OPTraHOCOJbBEHTHOI IEII0JI03U 1
HAHOILIETIONIO3H, a TAKOX IMarepy Ta KapToHy 0e3 Ta 3 J0/1aBaHHSIM HAHOIIETIOI03U B
iX BOJIOKHUCTY KOMIIO3MIIII0O Ta/ab0 Ha X MOBEPXHIO, BUKOPHUCTOBYBAJIU XIMIUHI,
(hi3uK0-XiMi4HI Ta (i3UKO-MEXaHIYHI METOAM aHai3y. 30KpeMa, IS JIOCiKEHHS 1X
MopdosoriuHoi OyJI0BU — CKaHyKo4Ya EJIeKTPOHHA MIKPOCKOMIS; I BU3HAYCHHS
3MIHM HAJMOJIEKYJISIPHOI CTPYKTYpU — PEHTICHIBCHbKUN Au(pakuiiHui MeTon
(XRD); ximiuHoro ckjagy — 1H@pauepBoHa crnekTpockomis 3  Dyp’e

neperBoptoBaHHsAM (FTIR); TepmidHOi CTIMKOCTI — TEpMOTrpaBIMETPUYHHA METON
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(TT'A); s miaTBEpIKEHHS HAHOPO3MIPIB OJEPKAHUX 3Pa3KiB HAHOIEIIONIO3U —
atoMHa cwioBa Mikpockomis (ACM) 1 TpaHcMiciiiHa €JIeKTpOHHA MIKPOCKOIIiS
(TEM).

Jlns  oxepaHHS  MaTeMaTHYHUX  3QJICKHOCTCH  MOKA3HUKIB  SKOCTI
OpPraHOCOJIbBEHTHOI UENIONO3M BlJ TEXHOJOTIYHUX TNapaMmeTpiB ii oJep KaHHsS
BUKOPHUCTOBYBAJIM PIBHSHHS ~ perpecii, Kl BCTaHOBJIOBAJM 3a JONOMOIOIO
CTBOPEHUMH BJIACHOPYY TpocTUMHU mporpamamu B Excel gk iHCTpyMeHT s
Bi3yauni3allii i aHaJi3y eKCliepUMEHTAIbHUX JAHUX.

HaykoBa HOBHU3HA OTPMMAaHUX Pe3yJbTAaTIB.

Bnepiue:

- TEOPETUYHO OOTPYHTOBAHO Ta €KCHEPUMEHTAIBHO MiATBEPIKEHO TOLIBHICTD
KOMOIHYBaHHSI CTaJiii Jy*HOi OOpOOKM Ta TMEpOLUTOBOrO BapiHHA 3 METOI0
OTPUMAaHHS IEJNI0JIO3U 3 TOXKHUBHUX PEIITOK KYKYPYI3U, CTEOeNl COHSIITHUKA,
OUYepeTy Ta BOJIOKOH KOHOIENb, MPUIATHOL JIJIsl €KCTPAKIIii 3 HEl HAaHOIIEIIOJIO3H;

- BCTQHOBIJIGHO 3pPOCTaHHS TMMOKA3HUKIB SKOCTI HAHOIETIOI03U (IIUIBHOCTI,
MIITHOCTI Ha PO3PUB, MPO30POCTI, 1HIAEKCY KPUCTATIYHOCTI, TEPMIYHOI CTAO1JTHHOCTI)
y Takiid TMOCHIJOBHOCTI 3aJ€KHO BIiJ CEpeNOBHINA il OJEpXKaHHSI: TIMOOKHX
€BTEKTUYHUX PO3UYMHHUKIB — 2,2,6,6-TeTpaMeTHInepuIuH- 1 -okcuity — cyabpaTHoi
KHUCIIOTH;

- BCTAQHOBJICHO JIHIMHY KOPEJAII0 MK MIIHICTIO Ha PO3PHUB 1 MPO30PICTIO
HAHOLIEIFOJI03U Ta IIIJILHICTIO HAHOLIEJTFOJIO3HUX II11BOK.

VY 10CcKOHANIEHO Ta OTPUMAJIO TIOIATBIIUN PO3BUTOK:

- CHOCOOM OJIepKaHHS OPraHOCOJIBBEHTHOI 1I€JF0JI03U, BU3HAUEHO ONTHUMAJIbHI
napaMeTpu OpPraHOCOJIBBEHTHOTO BapiHHA pi3HuX TnpenctaBuukie HIPC  nmns
oJIepKaHHS LEJTF0JI03U 3 MIHIMAIBHUM 3JIMIIIKOBUM BMICTOM JIITHIHY Ta 30JIbHOCTI;

- cnocoOu ojiepKaHHsI KapTOHHO-TIANEPOBOT MPOAYKIli ITUPOKOTO CIIOKUBAHHS
3 BHUKOPHUCTaHHSIM HAHOIIENIONO3M SIK 3MILHIOIOUOTO peareHTy Mjs 3aMiHu
TPaIUIIMHNX Ta HEOE3NMEYHUX JJIs HAaBKOJHUIITHBOTO CEPEJOBUINA CHHTETUIHUX

XIMIYHUX JTONOMIKHUX PEYOBHH.
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IpakTuune 3HAYEeHHSA 0/IepsKAHNX pe3yJbTaTiB. Po3pobneni
pecypco30epirarodi TeXHOJIOTIYHI mporecu mnepepodnenns BituusHsHoi HJIPC y
IIETFOI03Y 1 HAHOIENIONO3y Ta BUKOPHUCTAHHA iX y BHPOOHMIITBI MacOBUX BHUJIIB
manepy 1 KapTOHY JO3BOJISIOTh 3MEHIIUTH OOCSATH BUKOPUCTAHHS JEPEBHOL
LIEITFOJIO3M Ta €KOJIOTIYHE HABaHTAXXCHHS Ha JOBKUUIA, YaCTKOBO a0O ITOBHICTIO
3aMIHUTH €KOJIOTIYHO IIKIJJIMBI XIMIYHI JOMOMIKHI PEYOBUHU 13 BUUEPITHUX JIKEPEI
eneprii Ha HI[ 13 HJIPC y xommno3uiii MacoBUX BHAIB Mamnepy 1 KapTOHY.
Bukopucrannst HaHonentosio3u 13 BiTun3HsaHoi H/IPC y BupoOHUIITBI mamepy Jist
MaKyBaHHs XapyoOBUX MPOAYKTIB JJa€ MOAJIIMBICTh 3aMiHUTH 710 50 % Ou1bII HOporoi
IEI0JI03U Ha MAaKyJaTypy, IO 3MEHIIUTh COOIBapTICTh BUPOOHHUIITBA KIHIIEBOI
npoaykiii. OTpumani pe3yiabTaTh MalOTh HAYKOBO-TIPAKTHUYHE 3HAYEHHS A
BUPOOHMIITBA 1HIIMX BHJIIB 130JSLIMHUX ManepiB: KOHJICHCATOPHOTO, KaOeIbHOTO,
Tesne(OHHOTO, TPOCOUYBAILHOTO, TPAHCPOPMATOPHOTO, TOIIIO.

PesynbTaTi qociigkeHs BIPOBAHKEHO y HABUAILHUNA TPOIEC IPU BUKJIAIaHHI
Kypcy JeKmiii «XiMisi pOCIMHHHX TOJIMepiBy, «XiMiuHa mepepoOKa HeAepeBHOI
POCITUHHOT CHPOBUHM Y, «HHOBAITIHI TEXHOJIOTI1 POCIMHHOTO Pecypco30epekeHHs,
«Texnonorii BupoOHHUIITBA 1 chepr 3aCTOCYBAHHS HAHOLIETIOJIO3M», MPU BUKOHAHHI
HOBHUX J1JaDOpaTOpHUX pOOIT 3 Kypcy «MeToau NOCHiPKEHb MPOLECIB OJEPKAHHS Ta
nepepoOKH BOJIOKHUCTUX HamiB(haOpuKarTiB», MariCTepCbKUX 1 AUILIOMHUX pOOIT
CTYIEHTIB crerianbHocTl 161 «XiMIuHI TEXHONOTIT Ta 1HXeHepis» Kadeapu eKoJorii
ta TexHousorii pocnuaHux nojiMepis HTYY «KIII imeni Iropst Cikopcbkoroy.

OcoOucTnii BHecok 3a00yBaua TMoJiArac B aHaji3l Ta CHUCTeMaru3alli
JITepaTypHUX JDKEpEeNn 3a TEeMOIO JHcepTalliiiHoi poOOTH; IUIaHyBaHHI, BUOOpPI Ta
MIJTOTOBIII CUPOBUHM 1 MaTepiaiiB I JOCHIDKEHb, Oe3rmocepenid ydacti y
BUKOHAHHI €KCIIEPUMEHTAIBHUX JOCIHIKEHB, 00pOOIll Ta y3aralibHEHHI OJEepKaHUX
pe3yNbTaTiB, yd4acTi y IIJATOTOBIN IyOmiKaiid 3a pe3ylbTaTaMd JOCIHIIKCHb,
ampooOarii pe3yapTariB poOOTH HAa HAYKOBUX KOH(MEPEHITIsIX. AHANI3 Ta y3araabHEHHS
OTPUMaHMX pe3yNbTaTiB, (POPMYITIOBAHHS BHUCHOBKIB 1 MIATOTOBKY MYyOIiKamini
BUKOHAaHO pPa3oM 13 HAayKOBUM KepiBHUKOM juceprtauii. OCHOBHI pe3ylbTaTH

OTPUMAaHHS OPraHOCOJBBEHTHOI IEJIOJIO3M 3  JOCHIKEHHX MPEJACTaBHUKIB
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BiTun3HIHOI HJIPC — MOXHUBHUX PEHITOK KYKYPY/I3U, BOJIOKOH KOHOTEIb, CTeOeN
OUYepeTy 1 COHAINIHMKA — OMYyOIIKOBaHO y cTarTsx [4, 5, 11, 13]. B po6orax [1 - 13]
OMKMCAHO TIPOIEC EKCTPAKIli HAHOIENIIOJIO3H 3 OTPUMAHOI OPraHOCOJILBEHTHOI
nemrono3n i3 HIAPC, a BHUroTOBIEHHS Ta JOCTIDKCHHS XapaKTEPUCTHK MAaCOBHX
BUJIIB Manepy 1 KapTOHY — EJIEKTPOI30SALIMHOIO Manepy, nanepy Ajis MaKyBaHHS
XapYOBUX MPOJYKTIB, MANepy-OCHOBH IS IIMNaJiep, KApTOHY JUIsl IIOCKUX IIapiB
ropokapToHy 1 KapTOHY BOJIOTOCTIMKOTO 3 BUKOPUCTAaHHSM HAHOLIENIOJIO3H 13
nociipkenux BuaiB HIAPC — onucano B podotax [ 1,3, 7, 11 - 13].

Amnpofanisn pe3yJbTaTiB A0CHiIKeHb. OCHOBHI MOJOXKEHHS Ta Pe3ylbTaTH
JOCIIIJPKEHb JUCEepPTaIlii JOMOBIIAIMCh Ta OOrOBOPIOBAIMCH Ha KoHpepeHIiax [14-
241 XXII, XXIV 1 XXV MDKHapoJHUX HAyKOBO-NIPaKTUYHA KOH(MEpEHIis
CTYJEHTIB, aCIipaHTiB 1 MOJIOANX BUeHUX ~PecypcoeHepro3Oepirarodi TEXHOJIOTIT Ta
obnamnanusa (2022, 2023 1 2024 p.p.); 41th International Conference on Electronics
and Nanotechnology (ELNANO), conference proceedings, October 10-14, 2022,
(Kyiv, 2022); 3rd KhPI Week on Advanced Technology (KhPIWeek), conference
Proceedings, October 03 - 07, 2022, (Kharkiv, 2022); The International research and
practice conference ‘“Nanotechnology and nanomaterials” (NANO-2022), 25-27
August 2022, (Lviv, 2022); The International research and practice conference
“Nanotechnology and nanomaterials” (NANO-2023), 16 - 19 August 2023, (Bukovel,
2023).

Hy6aikauii. 3a pesyapTaTamMu aucepTaliiHoi poboTu omyOnikoBaHo 24
HAYKOBMX Tpalb, 3 KUX: 6 craredl — y HayKoBUX ()aXxOBHX BHJIAHHSAX 3 TMEPENiKY
MOH VYkpainu; 6 crateii — y BHJaHHSX, IO 1HJAEKCYIOThCS HAYKOMETPUUYHUMH
6azamu manux Scopus Ta Web of Science, 1 crarta y nepioguuHoMy HayKOBOMY
1HO3eMHOMY BHJaHHI, sIKa JIOJIaTKOBO BiJ0Opa)kae HayKoBi pe3ynabTaT; 11 Te3
JIOTIOBIJIeH y 30ipHUKAX Mpallb HayKOBUX KOH(MEPEHITiH.

Ctpykrypa i 06csar podoru. O6csr muceptartii — 206 ctopinok. Bora MicTUTh
Mepesiik YMOBHUX IMO3HAY€Hb, BCTYM, 4 PO3/IIN, BUCHOBKH, CIIMCOK BHUKOPUCTAHUX
Jokepen, 1 Bkirovyae 60 pucyHki, 29 tabmuup Ta 3 gomarku. bibmiorpadis — 195

IDKEPeI.
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PO3JILI 1
CYYACHMIA CTAH I3 BAKOPUCTAHHAM HAHOIIEJTIOJIO3U Y
BUPOBHUIITBI HAIIEPY i KAPTOHY

1.1 IlopiBHsIbHA  XapaKTepUCTHKA  POCIUHHOI CHPOBHHH LIS
0/1epP KAHHS 1eJ10JI03M TA BUTOTOBJIEHHSI HAHOL€JII0J103H

CBiTOBI TeHJEHUII 30UIbIIEHHS YUCEIbHOCTI HACEJIeHHS 1 HPUCKOPEHHs
nporiecy ypOaHizalii NOTpeOyIoTh 30UIbIICHHS OOCATIB CIOXUBAHHS TOBApiB
IIUPOKOr0 BXKHUTKY, 30KpeMa KapTOHHO-HamepoBoi mnpoaykiii. [lamip 1 kapToH
IIPOJIOBXKYIOTh BUKOHYBAaTH BaXKIIMBY POJIb ISl CYCHUIbCTBA K HOCIT iH(OpMaIlii,
MaTepial i CHUIKYBaHHS, OCBITH, IaKyBaHHS, TPAHCIOPTYBaHHS, OCOOMCTOI
ririeid. OCHOBHOIO CUPOBHMHOIO /i1 BUPOOHHUIITBA KAPTOHHO-IANEPOBOI MIPOIYKITIT Y
CBITOBIN 1emon03HO0-manepoBiii mpomucioBocti (L{II1) € mentono3a 13 XBOMHHX 1
JUCTSHUX TOpiJ AepeBuHH. [[1s KpaiH, K1 HE MarOTh BEIMKHUX 3araciB BUIBHOI
JIEPEBUHH, aTbTEPHATUBHUMH J)KEPEIaMHU BOJOKHUCTOI CHPOBHHH MOXe OyTH
HegepeBHa pocnuaHa cupoBuHa (HJIPC) — omHopiuni 1 GararopiuHi pOCIMHH Ta
BOJIOKHUCTI BIAXOAM CLIBCHKOTOCIOAAPChKOro BUPOOHMITBA. OOCIIM BUKOPUCTAHHS
narepy 1 KapToHy 3pOCTal0Th MIOPIYHO 1 32 ocTaHH1 50 POKiB 30UIBIIMINCS B YOTUPHU
pasu 1 B 2014 porui Bnepiie noaonano mexy B 400 maH. T Ha pik. CroXKUBaHHA 1
BUPOOHUIITBO Nanepy 1 KapTOHY UIOPIYHO 3pOCTatoTh (110 2,5% Ha piK), 1 JOCATHYThH Yy
2025 poi maiixe 500 MaH. TOHH Ha pik [26, 35].

OaHuM 13 MOKA3HUKIB PIBHS JKUTTS HACEJIICHHS KOKHOI KpaiHU € CHO>KMBaHHSA
narnepy 1 KapToHy Ha Aymy HaceiaeHHs. CepelHbOCBITOBUM MOKAa3HUK CIIOKUBAHHS
namnepy 1 kaptony B 2018 p. cranoBuB 57 Kr Ha MoauHy 3a pik. st kpain [liBH1uHOT
AMEpUKHU CIIOKMBAHHS Tanepy 1 KapTOHY OCTaHHIMHM POKaMU JIEIIO 3HUKYETHCS, a
Uil KpaiH A3ii — MOMITHO 30UIBIIYETHCS, IO ITOB’SA3aHO 13 MIABUIIEHHSIM PiBHS
KUTTS 1 T1aHoMipanM posmupeHHsM LTI y mux kpainax [36]. Taka > 3ayexHICTh
MDK pIBHEM CHOXHMBAHHA Tamepy 1 KapToHy Ha naymy HaceneHHs Ta BBII

crocrepiraerbes 1 Jyist Ykpainu (puc. 1.1).
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Pucynoxk 1.1 — PiBeHb crio>kuBaHHs (4) 1 BUpOOHUIITBA (M) manepy 1 KapToHy Ha
nyy HaceneHHs Ykpaidi Ta BBII (A) 3a poku He3aJI€KHOCTI KpaiHH (po3paxoBaHO

3a nanumi [37, 38])

30inplieHHsT BUPOOHUIITBA TANepy 1 KapTOHY BHUMAarae OUIbIIOro oO0csATy
IIETFOJI03H, [0 BUKJIMKAE TPHUBOTY 13-32 OUTBHIIOTO 3HUINEHHS NMPHUPOIHUX PECypCiB:
JICIB, JDKEPEN BOIH, & TaKOK CHUPOBUHU, IO BUKOPHUCTOBYETHCS IS BUTOTOBJICHHS
XIMIYHUX JOMOMIKHHUX PEYOBHH 1 HEoOXimHMX m00aBok. lle BUKIMKae HarambHI
nuTaHHsA o0 3ade3neyeHHs mianpueMctB LTI HeoOXigHOIO CHUPOBHHOIO Ta
€HEpri€lo, a TaK0XK OXOPOHM JTOBKLLIA 13-3a PIBHS NApPHUKOBUX Ta3iB 1 3a0pyAHEHHS
noBiTpsa [36]. YacTka mMpUpOAHOTO BOJOKHA 13 JIEPEBUHU Yy CBITOBIH IETIOJIO3HO-
ManepoBiil MPOMUCIOBOCTI CTaHOBUTH 92 %, a pemra — cranoBiate BHO i3 HIPC
[39]. 3MeHIIeHHS HaBaHTAKEHHS Ha JIOBKUUIS MOXJIMBE 3a PaXyHOK 301IbIICHHS
piBHs BukopuctanHs MicieBoi HJIPC 1 BTOpuMHHOI BOJOKHHCTOI CHPOBHHH. 3
ypaxyBaHHsIM Toro, Imo mignpuemctBa LI ramysi maibke migidnmm g0 Mexi
BUKOPHUCTaHHS MaKyJaTypy Yy BUPOOHMIITBI Marepy i KapToHy, 0COOJIMBO y perioHax,
JI¢ BTOPMHHE BOJIOKHO € OCHOBHOIO CHPOBHHOIO, 30KpeMa 1 B YKpaiHi, morpeda y
LENI0NI031 U1 BUPOOHUIITBA Marepy 1 KapToHy Oyae 3poctaTd. Tomy 301ibIIEHHS
oOcsTIB  BUPOOHUIITBA TOBApPHOi IIETIOJIO3W BUMAaraTUMe CTBOPEHHS HOBHX

MOTYKHOCTEH J1s 1i BUpOOHHUIITBA sIK 13 AepeBUHH, TaK 13 HAPC. IlopiBHsAHHA Mo,
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AK1 3alHATI y CBITI JIICOM 1 CIIbCBKOTOCIIOAAPCHKUMH POCITUHAMU, HABEACHO y TaOIl.

1.1 [40].

Tabmuus 1.1 — [Tnoma niciB 1 mI0IIa CLIBCHKOTOCHOAAPCHKUX POCIUH CBITY [41 ]

Perion ITomra miciB., [ ol pociuH CiIbChKOTO
MJIH. Ta rOCIoIapCTBa, MITH. Ta
E€Bponericbknii Coro3 157 190
€Bporna 1003 474
[liBHiuna Amepuka 614 479
[liBnenna Amepuka 823 580
A3id, B TOMY YU CII: 574 1663
- Kuraii 205 553
- [amis 68 180
Adpuxka 627 1157
OkeaHnis 206 440
CaiT 3937 4932

Ax BuaHO 3 Tab6m. 1.1, muoma CiIbChKOTOCIOAAPCHKUX YI1Ib Y BCbOMY CBITI
OinpIna 3a rwiomty JiciB. Kpim Toro, HeaepeBHI BOJIOKHA 3a3BHYail MarOTh BHUIIY
HMIOpPIYHY BpOXKaMHICTH OloMach 3 TeKTapa HDXK JepeBuHa [42]. 3arajibHi CBITOBI
3anacu HJIPC cranoBisaTh 2,527 mipa. T, MaiiKe MOJOBUHHU 3 SIKMX CTAaHOBIATH
cre0na 37aKOBUX KyabTyp 1,25 mupa. T, a JiaepoM 3a 00CAroM Mach HeJAepEBHHUX
BOJIOKOH € cTe0na KyKypyasu — 750 muH. T/pik [36].

VYkpaiHa, sk KpaiHa 3 PO3BHHEHHM CLIBCHKHM TOCIOIAPCTBOM, BHUPOIILYE
BEJIMKY KUIBKICTh 3€pHOBHUX 1 TEXHIYHMX KYyJIbTyp. B pesynbTaTi iX mepepoOieHHs
IIOPOKY YTBOPIOIOTHCS BOJIOKHHMCTI BIJIXOJAM, SIKI MOXHA BHKOPUCTOBYBATU SIK
cupoBuny g LI 3a craTUCTUYHUMHU JaHUMH, ILIOPIYHUA BpOXKal TUIbKU
MIIEHUI CTaHOBUTH Oublie 20 MIH. T B pik [37] Ta yTBOprO€ThCS 10 22 MIIH. T
nueHn4YHoi cogomu. Bukopucranus ans notped LI tinbku 20% Big mporo o0Ocsry

JacTb MOXJIMBICTh BUTOTOBUTH JO 3 MJIH. T BOJOKHUCTHUX HamiB(GaOpHUKaTIB Pi3HOI
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SIKOCT1, IO JIO3BOJIUTH 301IBIITUTH CIIOKUBAHHS manepy 1 kapTony 10 100 kr Ha nymry
HaceJIeHHs] YKpaiHu 1 HaOJM3UTh 3a PiBHS €BPOIEHCHKOTO TOKa3HUKa [36].
OCHOBHUM XIMIYHMM KOMIIOHEHTOM KapTOHHO-IIANEpOBOi MPOIMYKIIi €
LENI0NI03a — HAWMOMIMPEHIIINI OpraHiyHuN mojiMep Ha 3eMili Ta Ba)XJIMBUM
CUPOBUHHHM pecypc i 0ararbOX MPOMHUCIOBUX TIPOIECIB, BKIIOYAOYN
BUPOOHUIITBO Manepy 1 KapTOHY, €TepiB Ta €CTEPIB IENIOI03U, OKCHUIIEIIONIO03U 1
MIKPOKPUCTATIIYHOI LIEJF0JIO3HU, TEKCTWIIO 1 HaHouemtoo3u [43, 44] . Llemtonosa, gk
OCHOBHUM KOMIIOHCHT KJIITHHHOI CTIHKHM BHUIIMX OI0JIOTIYHHX OO'€KTIB, CTAHOBHUTH
MPUOJIM3HO TOJOBHHY MAacH OaraTopiyHUX Ta YacTMHY MacH OJHOPIYHUX POCIIHH,
MPUCYTHINA SK OCHOBHHMU MaTepiaJl KJIITHHHOI CTIHKH y BCIX OBOYax Ta (pyKTax,
CIIOXMBAHMX JIFOIUHOIO, & TAKOK MICTUTBHCS B JIEPEBUHI JTUCTSIHUX Ta XBOWHHUX MOPIJT
nepes. Llemonoza (C¢H;¢Os), € cTepeoperyasspHuM mosricaxapuaoM, 0 CKIIaTa€ThCsI

3 JIIHIMHUX JIAHIIOTIB f-D-TIIOKOMIpaHo3H, K1 KOBAJICHTHO 3’ €HaH1 MK cO0010 /—4

cHOH
OH
11’ i
- ‘. - 2“

TIIIKO3WJIHUMU 3B’ si3KkaMu (puc. 1.2) [45].

bynosa KiaiTHHHOT
CTIHKH POCJIHH < I> @

CHOH
Tlemoao3za

o HC

Temitientonosa HO o

HO
HO OH

o e}

s acoo

OH

Pucynok 1.2 — Cxema OCHOBHMX KOMITOHEHTIB JIITHOLIETIOJIO3HOT 6i0MacH

00'exTiB [45]
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Koxue f-D-raokonipaHo3He KiIbIle MAaKpPOMOJIEKYIH IIENII0JIO3U MICTUTh TPH
TIIPOKCUJIBHI TPYMH, SKI BHU3HAYAIOTh XIMIUHI PeakIlli, 3/aTHICTh YTBOPIOBATH
BHYTPIIIHbOMOJIEKYJISIPHI Ta MDKMOJIEKYJISIPHI BOJHEBI 3B'I3KM 1 BIACTUBOCTI
[ETIONI03 — PO3YMHHICTh, TEPMOCTIMKICTh 1 MEXaHIYHl BJIACTHBOCTI. Y TpoIeci
0l0CHHTE3y BHACHIIOK (PEPMEHTATUBHOI MOJIIMEpHU3allll MOHOMEPIB TIIOKO3H
YTBOPIOIOTHCS JIAHLIOTH IIEJIIOJI03U, $KI 3a paxyHok cuin Ban-gep-Baanbca 1
BOJHEBUX 3B’SI3KIB YTBOPIOIOTH €JEeMEHTapHl (IOpmiM, MONEpEeYHUl po3Mip SKHUX
cTaHoBUTH 3—5 HM [46]. Lli enemenTapHi ¢iOpwin MarOTh KpUCTAIIUHI AUISHKH, SIKi
YepryloThCsi 3 MEHII OpraHi3oBaHuMU amopdHumu obnactamu. Jlekiibka
eneMeHTapHux (iOpun  00'eAHYIOThCS B OUIBIINI OJWHUIN, SKI HA3WBAIOThHCSA
MikpodiOpunamu, ski maroTh giamerp 20-30 HM 1 JOBXHHY JECATKHM 1 COTHI
MikpoMmeTpiB. MikpodiOpunn 11e/003u B TOEIHAHHI 3 1HIIMMH PEYOBHHAMM,
TaKUMU SK JITHIH, TEeMIIeN0JIo3a, OUIKH, €KCTPAKTUBHI PEYOBUHM Ta MIHEpalu
CKJIaJIal0Th OCHOBHY CTPYKTYPHY OJIMHHUIIO POCIMHU KJIITHHHHUX CTIHOK, SIK

CXEMaTUYHO MMOKa3aHo Ha puc. 1.3.

h‘r ATy 3 : : JnroMeH
N ——, & o AR R ol SMOopPUHHAa
\1‘f ' .,T ‘,}\;" T R s ofonoHka
| nepsuHHa
/ oBonNoHKa
. cepeduHHa
1 nnacmuHKka
PocnuHa Monepe4Huid pospis ctebna Byaoea BoNoKHa ‘-
A enemeHmapHa ny4oK
piGpuna
oH
o _HO OH
L] o %2
HO "-.E
e 2% yenronosa
le ™ ¢ zemMivenronosza
> g | KpucmanivHa
~ 1 nm ma avopgHa
oGmacmmi Sl
UeMNosHIi MomeKynu Mmikpochibpuna

Pucynok 1.3 — lepapxiuna oprani3aiiis MaKpOMOJIEKYII IIET0JI03U B €IeMEHTapHUX

¢i16pmnax 1 MikpodiOpuIax KIITHHHOI CTIHKK pOCIuH [46]
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OCHOBHUMU CIIO’)KMBAa4aMH IETIOJO3M Y CBITOBIM MPaKTHUIll € MiANMPUEMCTBA
LITIT Ta XiMI9HOT TPOMHUCIOBOCTI JIJIsi BUPOOHUIITBA TOX1THUX IIEJTFOJIO3H — €TEPIB Ta
ectepiB 1emoio3u. OCTaHHIM 4YacoM LENI0JIO3a PO3MIIANAETHCS  AK  JHKEPEIOo
CHUPOBUHHU ISl €KCTpaKIlii 3 Hei HaHoue oa03u. OCHOBHUMU JDKEpeIaMUu CUPOBUHU
IUIsL OJIepKaHHS IEeTI0JI03H 1 HaHOIIETIOIO03H € JIePEeBUHA XBOMHUX 1 JTUCTAHUX MOPIJT
Ta HEICpPEBHA POCIMHHA CHUPOBHHA. BUKOPUCTaHHS IEPEBUHHU JJIs1 BUPOOHHUIITBA
HAHOILIEI0JIO3M OOYMOBJIEHO 11 BIAMIHHUM (DI3UKO-XIMIYHUM BIJIACTUBOCTSIM Ta
IIMPOKOMY CIIEKTPY 3aCTOCYBaHb B THUX KpaiHax, sIKI MarOTh JOCTaTHIO KUIBKICTb
JmicoBux pecypciB. llpu npomy i1 eKCTpakilii HAHOLEIOJIO3H, SK IPaBHIIO,
BUKOPHUCTOBYIOTh Cyib(haTHy Ta cyiabbiTHY nemwonosy [47, 48], orpumany i3
nepeBunu. OnHaK, KpaiHH, 110 HE MalOTh PECYpPCIB JIEPEBUHM, JUIsl 3aJOBLILHEHHS
nonuty Ha npoaykiito LI sk anpTepHatuBHy cupoBuHy BukopuctoBytoth H/IPC.

Jo HIPC BigHOCATHCS 37aKOBI 1 TEXHIYHI CUIBCHKOTOCIOMAPCHKI KYIbTYpPH,
OJIHOPIYHI 1 OaraTOpiyHi pOCIUHH, K1 MOPIYHO BITHOBIIOIOTHCS Y BEIUKIN KITBKOCTI
Ta MalTh HU3BKY BapTOCTI. TpamuIliifHl CUIBCBKOTOCHOMAPChKI POCIUHU JAI0Th
BEeIMKHA 00’eM OlomMacH 3aBASKH KOPOTKMM IMKJIAM pOCTY 3 TOKpPAIeHUM
3eMJIEKOPUCTYBAHHSAM, OJTHOYACHO KOMIIEHCYIOTh €KOJIOT14HI ITPOOIeMH, MOB’A3aHl1 3
iX moTouHUM BUKOpUcTaHHSIM [49]. XiMiuHMI CKJIaJ OCHOBHHUX KOMOITHEHTIB PI3HHUX
npeacraBuukiB HAPC naBegeno y Tabn. 1.2. I3 HaBegenux y Tabmuii 1.2 maHux
BUHO, 10 HJ/IPC MicTsaTh MeHIe JIrHIHY 1 OUTbIlIe TeMIlEeT0N031, HIXK JIepeBUHA
XBOMHMX 1 JHMCTAHMX TMOPiA, IO NOKpallye ePeKTUBHICTh (IOpMIISIii MydKiB
IEJTIOJIO3H /10 HAHOPO3MIPHUX YacTUHOK. ['0JIOBHUMHU mepeBaraMu Takoi poCIMHHOI
CUPOBUHHU € X IIOpIYHE BIJHOBJICHHS 1 MEHII €HEPreTHYH1 BUTpATH MiJ 4ac ix
nepepoOieHHs Ha nemonosy [50]. Bukopucranus HIPC mist onepskanHs 1emoa03u 1
HIl macte wMoxnuBicTh 30epiratd  AeDIUTHY JEpeBUHY 1  palllOHAIBHO
BUKOPUCTOBYBATH CLIHCHKOTOCIOIAPCHKI B1IXO/IH.

[lenrono3a ansg XIMIYHOTO TEpepOOJICHHs, 30KpeMa JUIisl eKCTpakiii 3 Hel
HAHOIICNIOJIO3W, MAa€ MICTUTH MIHIMATbHUNA 3QIMIIKOBUN BMICT JITHIHY 1

MIHEpaIbHUX PEYOBUH [51].
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Tabmuns 1.2 — XimMiyHu# CKIaa pOCIUHHOT CUPOBUHH, % BiJ Macu [41]

Po3uunnicte y | Cwmomnu, | Ilento- | 3omb-
CupoBuHa Hemro- | Jlirain | Boxi | NaOH KUPH, 3aHU HICTb
J03a BOCKU
baBoBHHK 36,7 22,5 7.5 18,3 39 19,2 4,6
Kenad 52,4 15,9 8,9 26,1 2,21 25,5 3.3
Kykypymnza 42,6 17,9 10,1 18,7 3,0 25,7 3.9
JIboH 59,6 10,9 4,1 13,6 4,76 16,8 2,4
ITmennuna
cojioma 443 16,5 10,1 38,4 5,2 26,7 6,6
Kuths
cojioma 45,2 19,3 9,9 36,9 5,8 26,2 4,6
Pucona 40,8 12,2 12,7 48,2 5,9 23,4 17,2
coJioMa
Oueper 41,8 21,0 7,2 18,3 1,2 22,7 4,4
bepesa 44,7 19.4 2,2 11,2 1,8 28,0 0,5
Cocha 47,0 27,5 6,7 19.4 3,4 10,4 0,2

Ile nocsraeThcsi B pe3ynbTaTi MPOBENEHHS, SIK MPABUJIO, JIEKUIBKOX CTafii
TEPMOXIMIYHMX OOpPOOOK POCIMHHOI CHPOBHUHHU, 30KpeMa JY)KHOI eKCTpakuii Ta
BuOUTIOBaHHs. Tak, HampuKIan, B pe3ynbTaTi MPOBEIEHHS JYXKHOi OOpOOKH I’sITH
PI3HHUX JKEpen JIITHOLIEI0JIO3HOI O0loMacH (Cu3alib, Kamok, JIMCT aHaHaca Ta Koipa)
2% poszuunom NaOH 3a temneparypu 120 °C Brpogosx 1 rogvHu Ta MOJAIBIIOT 1X
nemirnigikamii posunaoM 1 % xmopury Hatpito 3a 70 °C mpotsirom 1 rox oTpruMaHo
IEJTF0J103a 13 3ATUIIIKOBUM BMICTY JIITHIHY MeHIe 1% [52]. ABropu ctarTi [53] micns
JTYXKHOI eKcTpakuii Jucts pociuun Mengkuang 4% po3umnom NaOH 3a
Temreparypu 125 °C BIpomoB:K 2 TOIHMH i IPOBEAEHHS MIPOLIECY BUOLIIOBAHHS MacH
posunrom 1.7 w/v% NaClO, 3a temneparypu 125 °C BrpooBxk 4 TOIMH OTpUMAIN
[ETI0N03Y 13 3aJUIIKOBUM BMicToM JirHiHy 0,8%, ska mpugaTHa s €KCTpakilii

HaHOIIENI0JI031 [53].
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B pesynbTari 00poOKH BUCYIIEHOTO MOPOIIKOIOAIOHOTO Yepelika OJIiHOI MalbMH
2% pO3YMHOM TIAPOKCHAY HATpit0 MpOoTsAroM 3 roxa. 1 BigOuTOBaHHA 4%-HUM
PO3YMHOM TilIOXJIOPUTY HATPiro mpoTsaroM 8 roaud 3a 80 °C OTpUMaHO IETIOI03Y i3
3aTUIITKOBUM BMicTOM 1%, Ky BUKOpHCTOBYBanmu s ekctpakiiii HIT [54].

VY cBitoBiii mpaktuul LI HallOwbI NOMMPEHUM 3aIMIIAETHCS CYIb(aTHUN
cnoci0 aenirHiikamii POCIMHHOI CHPOBHMHHU, YaCTKa SKOr0 CTaHOBUTH 93%
LEI0JI03H, IO BUPoOIeTbesa y cBiTl [36]. CynbdarHuii cnocid pa3omM 3 HATPOHHUM
HAJIOKATh JI0 JIY)KHUX METOJIB OJIep>KaHHS IIEJTI0JI03U, 10 OCHOBHHUX IepeBar SKHX
BITHOCSITHCS 1X MOJIMBICTD MEPEPOOISATH Pi3HI BUIU POCTUHHOT CUPOBUHHU Ta BUCOKI
(h13MKO-MEXaHIYH1 BJIACTUBOCTI OTpUMaHOI Ientojiozu. [Ipu mpomy 10 HEAOJIKIB
JY)KHUX METOAIB JeNiTHidIKaIii POCIWHHOI CHUPOBUHU BIJHOCATH HAasBHICTh
IIKIIJTUBUX CIPKOBMICHUX PEYOBHMHHM, IO 3a0pyIHIOIOTH JNOBKULIA. TOMY OCTaHHI
JeCITUPIYYST pO3pOOIISIOTHCS CIocoOu AemirHi(ikaiii 3 BUKOPUCTAHHIM OPTaHIYHUX
po3unHHUKIB. Tak, Hampukiaa, MypamimHa a0o OILTOBA KHUCIOTH € XOPOIIUM
PO3YMHHUKOM JIITHIHY B TPOIECaX BapiHHS IIENIOJIO3H 332 aTMOC(EPHOTO THUCKY, a
JOJITaBaHHS TEPOKCHUIY BOJHIO pOOWUTH TIpolec JenmiTHidikamii 1me OiIbI
epexTuBHUM. Takuil BapWIbHUNA PO3YMH HE BHUKJIMKAE MPOOIEM 13 CHOIyKaMu
KpemHito, sikux Oarato y HJIPC, ockinbku mnporec BiAOYBa€TbCS y KHUCIOMY
CEpEIOBHIIII.

B cydacHHMX MOCHIDKEHHSX SK CHPOBHHA JUIsI BUPOOHHIITBA HAHOIICITIOIIO3H
PO3IIISAJAETHCSA TAKOXK 1HII JpKepena LENIoo3H, Hampukiad, BOJOPOCTI Ta Tpuodw,
000JJOHHUKH, Pi3HI TBEP/I LEITOI030BMICHI BIX0AU (3AIMIIKHU KCHBIIIEHIO 1 YalHUX
nakeriB) [55], makynarypa [56]. Bogopocti Ta rpubu 3aBISKHA iXHbOMY HIBHIAKOMY
POCTY 1 3HaUHIM KUTBKOCTI 1entoso3u (10 60%) Ta 1HIIUX nojicaxapuiiB (aJbriHaTu
Ta arap) € MpUBAOJIMBUMU JJI1 OTPUMaHHS HaHOIENM0103u. BojgopocTi (3eneHi, cipi,
YEepBOHI, YKOBTO-3€JICHI TOIO) BUPOOJISIOTH IEI0JI0O3HI MiKpodiOpmim BcepenuHi
KJIITUHHOT cTiHKU. Llemonos3a 3 rpubiB Mae yHIKalbHI BIACTUBOCTI, TaKi SK BHCOKa
MIIHICTh 1 34aTHICTH 70 (QopMyBaHHS TeliB, MO POOUTH il NPUIATHOIO IS
BUKOPUCTAaHHS y BUPOOHMITBI KOMIO3WUTHUX MarepianiB 1 ymnakoBku [31].

JlxepenaMu  LIETIOJIO30BMICHOTO Marepiajly € TakKoXX OOOJIOHHUKH — pOJANHA
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MOPCBHKUX TBApUHHU, SIKI MAIOTh MaHTIIO, 1110 CKJIAIAETHCS 3 MIKPODIOpUIT TIENI0I03H 1
BOy/I0BaHA B OLIKOBY MarTpuilto. baktepii BHAUIAIOTH IEIOJI0O3HI MIKpOQiOpmin,
YTBOPIOKOYH I'YyCTHH renb [57].

MakymnaTypa TakoX Ma€ BEIUKHA OOCAT MAaJIOIIHHOT CHPOBWHH, SKa B
OCHOBHOMY CKJIQJIA€ETHCS 3 LIEIOJIO3U Ta 3aJIMIIKIB JIITHIHY, TEMILEI0JIO3H Ta 1HIINX
JOMIMOK. B nmanmii yac BejlMKa 4YacTHHA IMX BIAXOJIB ab0 CIalIlo€eThes, abo
3aKOIY€ETHCS B IPYHT, AJI€ MOKE PO3TIIANATUCS SIK JKEPEIO LEN0no3u [S5].

TakyM 4YMHOM, HE 3BaXKalOUW Ha Te, IO AE€PEBHUHA XBOMHUMN 1 JIMCTSIHUX MOPIJL
3aJIUIIAETHCS JIOMIHYIOUOK0 CHUPOBUHOIO Y BUPOOHUITBI IIENIIOJIO3H, NIEPCHEKTUBHUM

BOJIOKHUCTUM JDKEPEJIOM JIJIsi BAPOOHUIITBA 11e1t0J1031 1 HaHouemtosno3u € HJIPC [43,

44, 49].

1.2 AHaJji3 cy4acHMX MeTO/JiB OTPMMAHHSA Pi3HUX BHIIiB HAHOUEJIIOJIO3H i3
POCJIMHHOI CHPOBUHH

OcTaHHIM YacoM CIIOCTEpITraeTbCs 3HAYHE 3POCTAHHSA HAYKOBHX JOCIIKEHb Y
rajgy3i HaHOMaTepialdiB 1 HAHOTEXHOJOTiH, IO MPHU3BOAUTH IO HOBUX HAYKOBHX
pe3yabTaTiB 1 MOJAEpHI3alli ICHYIOUMX HIPOMHCIOBUX TexHojiorid. Ilpy npomy
CIOCTEpIraeTbCsl 3pOCTAOYUM  IHTEPEC 10 PO3pOOKM HOBHUX Ol10pO3KIAJIHHUX
MarepiaiiB 13 POCIUHHOI CUPOBUHM, 30KpE€Ma HAHOILICNIOI03H, Ka 3/1aTHA 3aMIHUTH
MOJIIMEPH, IO BUTOTOBJIEHI 3 BUYEPHHUX MPUPOJHUX pecypciB (HadTH, razy,
BYTUJUIS) 1 3aBJIaI0OTh HETOMPaBHOI IIKOJM JOBKIJUIIO 33 PaXyHOK TPUBAJIOTO MEPIOTy
ix Oiopos3kmamanns [36]. Hanouemrono3a mae Kpaili MeXaHIYHI BJIACTHMBOCTI Y
MOPIBHSAHHI 13 IIETI0JI03010 1 TaKl YHIKaJIbHI BIACTHUBOCTI, SIK: BUCOKA €IaCTHYHICTb,
BHCOKA MUTOMA TMOBEPXHS, ONTUYHA MPO30PICTh, HU3bKE TEIUIOBE PO3IIUpPEHHS [28,
30]. Hanomemntono3a Mae 34aTHICTh JO O10JOTIYHOTO PO3KJIalaHHS 1 610CYMICHICTB,
JETKICTh 1 HHU3BKY BapTICTh BUPOOHHUIITBA Y TIOPIBHSHHI 13 CHHTETHYHUMH
moimepamu [58].

TepMiH «HAHOIIEIUTIOI032» BUKOPUCTOBYETHCS SIK 3aralbHUM ISl PI3HUX THUIIIB
HAaHOPO3MIPHHUX UETIOJO3HUX YacTUHOK [59]. BimoMa HasiBHICTH pi3HUX CHHOHIMIB,

IO BHUKOPUCTOBYIOTBCA JIA BHU3HAYCHHA HAHOLCIIIOJIIO3H abo OCIH0JIO3HUX
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HanoMarepiaiiB [60, 61]. CtaHmapTHI TEPMIHM Ta X BU3HAYCHHS JJIS IETIOJIO3HUX
HaHOMaTepialaiB BU3HAYEHO B craHmaprax TexHiyHow acomiamiero LITIT (TAPPI)

[62] Ta ISO/TS 20477:2023 [63] Ha OCHOB1 p0O3MipiB HAHOYACTHHOK (pHc. 1.4).

HAHONOEJJOJJNO3A
HanocTpykTypHi HanoBoaxkna
MaTepiajin

|| MikpoxprucTamysa Iemono3a Hanoxpucraniuna nemomnoza | |

MKI] HKI]
|| Mixpodi6prisoBana nemoio3a Hanod16pnisoBana nemonosa | |

MOI] HOI]
baktepiansHa nemomoza | |

bIT

Pucynok 1.4 — CtanmapTHi TepMiHU JJI LETIOI03HUX HaHOMaTepialiB [62]

B 3anexxHOCTI B BUXIJHOI POCIMHHOI CUPOBHMHHU, METOAY 1 TEXHOJOTIUHUX
napaMmeTpiB  OJIEp)KaHHS OTPUMYIOTh HAHOYACTUHKM LENIOJIO3M 3  PI3HUMU
BJIACTUBOCTSIMHU, @ HAHOIIENIIOJI03Y MOAULSIIOTh Ha TpU BUAM [62]: HAaHOKpHUCTaIiyHA
nemonoza (HKII), wnanodiOpunvoBana uemtonoza (H®PI) 1 OakrepiaibHa
Hanonentono3za (BHIL). Ilemtono3za nanokpuctamiuda Ha 70-95 % ckiamaerbest 3
KOPCTKUX KPHUCTAIIYHUX HAHOCTPUIKHIB, 3 SIKMX MOXXHA OTPUMAaTH MILHI IPO30pi
TUTIBKY AJ1 pi3HUX 3actocyBaHb. Ha Bigminy Big HKI, miniBku HaHO(10pHiIb0BaHOT
LEJIOJIO3H CKJIAZA€ThCsl 3 KPUCTATIYHUX Ta aMOP(PHUX JUISTHOK, € THYYKIIIUMH,
30KpeMa yepe3 OLTbII BUCOKE BiIHOIICHHS JIOBXKUHU JI0 JIlaMETPy BOJIOKOH.

Tumosi mxepena BUXITHOI 1ETIOI030BMICHOI CUPOBUHH, METOAM OJIEp>KaHHS 1

pO3MIpM  YAaCTMHOK HAHONENIONO3M HaBeAeHo y Tabm. 1.3. TlopiBHsAHHS
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XapaKTepUCTUK HAHOIENIOJNIO3W 3 I1HIIMMU MarepiaiaM I[OKa3ye, IO BOHA HE

MOCTYMAETHCS KEBJIAPY Ta CTAJICBUM BOJIOKHaAM (Tabm. 1.4).

Tabmums 1.3 — Buayu HaHOIIEII0JIO3H Ta iX po3Mipu [61]

Bun CuHOHIMH Tumnosi 1xepena dopmyBaHHs Ta cepeIHIN
HIJ po3Mip
Hanodi6- | Mikpodidbpuib NEPEBUHA, pO3IIapyBaHHA IEPEBHOI Macu
puIbOBaHa OBaHa IyKPOBUiA OYpSIK, MEXaHIYHUMH METOJaMU 10
LIETI0JI03a LETF0JI03a Oynr0a KapToIi, Ta/ab0 micis XIMIYHOI a00
(H®DLI) (M®DLY), KOHOILI1, TbOH dbepmeHTaTUBHOT 0OPOOKHU
HaHO(10puH, niametp: 5—60 HM
Mikpodiopumn JIOBXKMHA: KIJTbKa MKM
Hanokpu- | HaHOKpUCTanH JI€pEBHHA, KHUCJIOTHU T1IpOJIi3 LET0I031
CTaJliyHa LETI0TI03H, 0aBOBHa, KOHOILI, 3 0araTtbox JKepen
LICJIF0JI03a KPUCTAJIITH, JIbOH, MIIICHUYHA nmiametp: 5-70 uM
(HKTII) rOJIKOMO110H1 CoJIOMa, pami, noBxuHa: 100-250 um (3
MIKPOKPHUCTATIU TYHILIHH, POCIMHHUX 1IEJ10JI03); B1Jl
LEJII0JI03U LIEJTF0JI03A Bl 100 M 10 KIJIBKOX MKM
BOJIOPOCTEH 1 (000JIOHHHUKH, BOJIOPOCTI,
OakTepii OakTepii)
bakre- OakTepiaibHa OakTepianbHUN niametp: 20—-100 HM; pi3Hi
planbpHa 11 (3 1{0% (OkT: N CUHTE3 BUJIM MEPEK, 1110
HaHoIIe- MiKpoOHa HU3BKOMOJICKYJISIP- | TIEPETTITAIOTHCS 3 YTBOPEHHSIM
J0J1032 LEJII0I034, HUX LYKPIB 1 CTIMKUX CTPYKTYP
(bHII) Olo11er0J103a CIUPTIB

Ax BumHO 13 gaHux Taba. 1.4, HaHOLETIOJI03a Maike Y 2 pa3u MilHIIEe 1 B 5
pas3iB Jerme craii, y 2 pa3d MILHIIIE KeBIapy 1 NpU UbOMY € Ol0pO3KJIaJaHHM,

AHTUMIKPOOHUM MarepiajioM 3 4YyJIOBUMHU

CTaOUIbHUM, THYYKHUM, TPO30PHUM,

MEXaHIYHUMHM 1 3aXMCHUMH BJIACTUBOCTSIMU [36]. JIJisi eKCTpakiiii HaHOIEIJIO3H 13
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I[EJTF0JI030BMICHOT CHUPOBUHHM BHUKOPHUCTOBYETHCS PI3HI METOIH, SKI BKIIOYAIOThH

MEXaHIuHy, XIMI4HY Ta 0610JI0T19HY 00pOOKY.

Tabmums 1.4 — BracTHBOCTI HENFOI03HUX Ta 1HIIMX 1HHOBAIIMHUX MatepialiB [36]

Martepian HIinbHICTB, Miunicts Ha | Moaynb NpyKHOCTI,
r/em’ po3tsr, ['Tla I'Tla
Hanonemroinosa 1.6 7.5-7.7 110-220
Kesnap 1.4 3.5 124-130
Byrnenesi BosokHa 1.8 1.5-5.5 150-500
CraneBe BOJIOKHO 7.8 4.1 210
Byrneuesi HaHOTpyOKHU - 11-63 270-950
BogHa 1.3 0.5-3.15 2.3-5

TexHoJIOT14HI TTapaMeTpu KOKHOTO 13 IUX METOIIB OJIepKaHHS HaHOIIETI0I03U
3aJIe)KaTh Bl TUITY BUXITHOTO IIEIIOJIO30BMICHOTO Marepiaiy, IMOIMEpeHIX eTaliB
1foro oOpoOKH Ta BIIACTHBOCTEH KIHIICBOT IIPOTYKIIIi.

VY BiamoBimHOCTI 3 1M, oTpuMaHHs HaHouemono3n HKI[ ta H®I[ B
y3araJlbHEHOMY PO3IJISI CJiJl BBaXKaTW TaKUM, KOJIM KpPIM TOJOBHHUX (DaKTOpiB —
KHCIIOTHOTO TIiAPONI3y Ta MEXaHIYHOTO MPOIIECYy, 3aCTOCOBYETHCA IOMEPEIHS Ta
KiHIIeBa 00poOKa.

Kucnomnuii zioponiz € HaiiGiabIl JOCTYMHUM 1 J00pe BHBYCHHM METOIOM
oTpuMaHHsl KpucrtaniuyHoi HaHouentonao3u (HKI). ¥V ubomy metoni i1st po3urHEHHS
aMmop¢HO1 1ETI003HOI 001aCTi BUKOPUCTOBYIOTHCS PI3HI CUJIbHI KHUCJIOTH, Taki sIK
cipuaHa KHCJIOTa Ta coyissHa Kuciaota. OpHak 1HII CUJIbHI KHUCIIOTH TaKOX
PEKOMEHIYIOThCS JUIsl KUCIOTHOTO TiApPOi3y, Takl K OpOMHCTOBOJHEBA KHCIOTA,
dbocdhopHa KucIoTa 1 a30THA KUcioTa. [lepeBaroro cipuaHoi KUCIOTH € eTepudikartis
MOBEPXHI IENI0I031 Ta IMIUIaHTaIlll aHIOHHOTO Cyib(paTHoro edipy; el HeraTUBHUI
aHlOHHUM 3apsaa gornomarae y posurnHHOCTI HKI] y Bomi. KpiMm Toro, 1oHU rifipoHito
PO3PUBAIOTh TJIIKO3WJAHUMA 3B'I30K IIIAXOM TIAPOJITUYHOTO PO3IICIJICHHS B

amopdHiit obmacTi.
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Ilonepeons o6podKa 3MNCHIOETHCS, 3/1€0LIBIIOTO 32 BUKOPUCTAHHS OJTHOTO 3
TPHOX MpOIIECiB: (PEPMEHTATUBHOTO, 3a JIONMOMOIOK 10HHMX piguH Ta TEMIIO
OKHUCJICHHS. Y Tomnepeaniii o0pooii 1enrono3u pepMEeHTaTUBHUHN MPOIieC MOAUMIKYE
Ta PO3KJIAJAE TEMIIEIIOI03Y Ta JITHIH IUITXOM CEJIEKTUBHOTO T1IPOJIi3y, OJTHOYACHO
3axXMINayu 1emoao3y. Llemono3a ckiagaeTbes 3 PI3HUX OpPraHiYHUX MOJEKYI,;
OTXKe, (EepPMEHTH BUKOPUCTOBYIOTHCS I (EPMEHTATHBHOTO  PO3KJIAJaHHS
nenrono3n. @DepMEeHTATHBHHIA TPOIEC MOXE IMEePETBOPIOBATH  IEIOJIO03Y B
MOHOCaXapu/iyd 3a JIOMOMOTO0I0 Tpynu (EepMEHTIB 1E0JI03U. SIK paBUIo BUAUISIOTH
Tpu TUNU ¢depmenTiB: Enpormiokanasu, Llemono6iorinponasu, Ek3ormiokaHasw.
[lonepennss ¢gepmeHTaTBHA ab0 XiMiuHA OOpOOKa IEIIOJIO3M 3MEHIIYE BHUTPATH
€Heprii Ha BUPOOHUIITBO HAHOLIEIIOJIO3H, ajie, SIK IPaBUIIO, 3aliMae Oarato yacy 1 Mae
BEIHMKY coOiBapTicTb. TomMy HaWOUIBII PO3MOBCIOPKEHUM METOJOM EKCTPAaKINi
HaHOIIETIONO3H 3 IICITF0JI030BMICHUX MaTepialiB € BUKOPUCTaHHS XIMIYHUX METO/IIB
0o0OpoOKM, 30KpeMa KHCIOTHOTO TIiAPONi3y 13 3aCTOCYBaHHSAM  MiHEpaIbHUX Ta
OpPTaHIYHUX KHUCIOTH, TIAUOOKUX EBTEKTUYHMX PO3YMHHHKIB Ta OKHCHIOBAYiB
(pramimia-N-okcunpauii pagukan (PINO) 1 2,2,6,6-teTpameTmin-minepuinH- 1 -oKCu
(TEMPO) [64]. Sk mpaBuiio, B pe3yibTaTi XiMI9YHOI 0OpOOKH TIEITIOJI03HU OJIEPKYIOTh
TaK 3BaHy Lent0103y HaHOKpucTaniuHy (CNC).

Kinnea o0OpoOka Mae Ha MeTI BHUIAJEHHS PO3YMHHHUKA, HEWTpaiizauis,
MIPOMUBAHHS, OYHUIIEHHS, (QUIbTpallis, UEHTPUPYryBaHHS, 0OpoOKa yIbTpa3BYKOM,
miami3, (QpakiioHyBaHHS, MoaudiKallis T[OBEpXHI, cTabum3alis Ta CYLIIHHS
(nmodinpHa cyIIKa, CyIIiHHS pO3MIICHHIM) [34].

Jlns raciHHS peakilii BUKOPHUCTOBYEThCS JicioHI30BaHa Boja. Lls cymimn motim
MIITAEThCA PANY €TaliB po3aiIeHHS  (LeHTpudyryBaHHs abo (uIbTpyBaHHS) 1
MIPOMHUBAHHA 100 BUIAIMTH 3AJIMIIKA KHUCIOTH abo HeWTpanizoBaHoi coii. s
BUJIAJICHHS OUIBIN BEIHMKHUX arjJoMepaTiB 13 KIHIEBUX HAHOYACTHHOK IICTIOJIO3H
MOXHA BHKOPHCTOBYBATH €Tall OCTATOYHOTO MOAUTY ab0 BiAIEHTPOBIiN (iibTpartii.
VYapTpa3zBykoBa 00poOka Moxke OyTH BUKOpHCTaHA JUIsl TOJICTIIEHHS Jucmepcii

KPUCTAJIIB IIEJII0JI03U B CyCIeH3ii [65, 66].
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Mexaniunuil npoyec He niepeadayac >KOIHUX XIMIYHUX H00aBOK. /s cuHTe3y
HaHOIIEIIONO3M JIOCTYITHI pi3HI MEXaHiuHI MeToau. MeXaHiuHl METOAW BHMAararoTh
MEXaHIYHOI Ta EJNEKTPUYHOI eHeprii, MmO BIUIMBAE HA BHUXIJA MPOMYKII Ta
MOpP(]OJIOTiI0 HAHOILEIONO03U; OTXKEe, JOCHIITHUKH 30CEPEKYIOThCS Ha HOBHX
MEXaHIYHMX MEeTo/ax 1 Moaudikalii cydacHUX METO1B [67], 110 HABEIEHO HIKYE.

Mikpownighyeanna € BaXKM MEXaHIYHUA TpouUec 3a JOMNOMOIOIO
nuTipyBaJIbHOTO Kpyra. Y 1LbOMY IMpoLEecl IENI0JIO3HUM MaTepiajl IpoIyCKaroTh
yepe3 Hepyxomy Ta o0epToBy noBepxHio. Lleil mpoiec cTBoproe cuiy 3CyBy, 1100
MOPYIIUTH CTPYKTYPY LETIOI03U Ta MOJEKYIISPHI 3B’ 3KU Ta (hOPMY HaHOIIETIONO3HI
BOJIOKHa [68-70].

Kynvoee mnoopionenns — 1€ TpoleC MEXaHIYHOTO IMOJAPIOHEHHS, SKUI
NPU3BOANTH J0 3MEHIIEHHS pO3Mipy Marepiany. Y I[bOMY MPOIEC] MOPOKHUCTUN
MUTIHIP 3aTOBHIOETHCS KEPAMIYHUMU 200 METaJIeBUMH KYyJIbKaMH, SIKi 00epTaroThCA.
Ile obepraHHs MOPOJDKYE TEPTSA; OTXKE, LENMIOJO3HUI Marepiad (QparMeHTYEThCS
gyepe3 cuibHe MexaHiuHe 3iTkHeHHs [71, 72]. lleli MeTon BHUKOPHCTOBYETHCS IS
MOTIEPETHLOT OOPOOKH BUX1THOI IETI0NI03H, alie 30€peKeHHS OHOPITHOCTI PO3MIpIB
HAaHOYACTUHOK € MPOOJIEMOIO IIbOTO METOY.

Kpioopoodnenna — 11e OXOJIOIKEHHS ILIENIIOJIO3HOTO Marepiany 3 MOJAJIbIINM
MEPETBOPEHHSAM MOro Ha MeHIIUW po3Mip. Llentono3Huil Marepian NOrJIMHAE BOAY Y
BHYTPILIHIX Mopax. BogHO-11e0103H1i MaTepian KpUCTATI3YEThCA B PIAKOMY a30Ti
1 MOAPIOHIOETHCSI BPYYHY 3a JAOMOMOTroro cTynku [73]. MexaHiuHa cuiia, MpUKIaeHa
710 KpUCTAIIYHOI BOJHOT 1IEITF0JI03HU, TIEPETBOPIOE 1IEIF0JI03Y B HAHOILIEIIOJI03Y.

Memoo 2omoczenizauii nio eucokum muckom Tiependayae MPOKadyBaHHS
PO3YMHY IIEIIOJI0O3U 4Yepe3 KiamaH 3 HEBETUKUM 3a30poM. lls mexaniuHa cuma
3MEHIIYE LENI0JIO3HI BOJOKHA JI0 HAaHOPO3MIpY LIJISXOM pPO3aBIIOBaHHS, 3CYBY Ta
cum KaiTari [73-75].

Ynempazeyx eucokoi inmencuenocmi (Y3BI) nexuts mix 20 1 100 I,
notyxaicts 10-1000 Br/cm®. YipTpasBykoBa 00poOKa BHKINKA€E PO3IIMPEHHS Ta
CTUCHEHHS B OOpOOJIeHI piAMHHIA CUCTeMi, 10 MPU3BOAUTH 1O KapiTallli

OynwsOamok [76]. OcHoBHI mapamerpu mpHu 3actocyBanHi Y3BI: po3mip BoJiOKHa,
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MOTYXHICTh OOpOOKHM YIbTpa3BYKOM, BIJICTaHb JI0 30HJa Ta Temmeparypa [77]. B
OKpEeMHX po0O0Tax BIAMIYAETHCSA 3OUIBIICHHS BHUXOJY ICIIONO3U IMCIS 3 €IHaHHS
V3BI 3 okucnennsim TEMIIO [78]. O6po6ka Y3BI miaBuiye KpucTamidyHICTh.

Mexanizm mikpoghnroidizayii niependadac BUKOPHCTAaHHS MIKpOKaHATIB B
KaMmepl B3aeMOJIi Ul OTPUMaHHS HAHOPO3MIPHUX YACTHUHOK IIEJIOJIO3U M IE0
BHCOKOI'O TUCKY, 1110 CTBOPIOETHCS HACOCOM 1HTeHcUdikaropa [79, 80].

bionoziuni  memoou oOIep>KaHHA  HAHOLEIIOJNO3M  PO3IISAJAOTHCA  SIK
aIbTEpHATHBAa MEXAHIYHUM 1 XIMIYHUM METOJIaM E€KCTpakKiii HaHOUEN0iI03u. BoHu
3aCTOCOBYIOTh OakTepii Ta pepMEeHTH, 32 JOMOMOTOIO SIKUX BUPOOJISIETHCS TaK 3BaHA
OakTepianbHa I1€I0JI03a. 30KpeMa, OakTepii BUPOOISAIOTh OakTepialbHYy IETI0I03Y
JUISL CBOTO 3axXUCTy Bil Y@ BUNPOMIHIOBAHHS, arpeCMBHOTO XIMIYHOTO CEpeO0BUIIA
Ta A1l kKucHio. epMeHTH A1I0Th HA KOMIIOHEHTU POCIIMHHOI CUPOBUHU, PO3KJIAIAI0Th
JITHIH, TEeKTHH Ta I1HII PEYOBHHU POCIHUH JUIS JOCATHEHHS IIJICH eKCTpakiii
LEJTIOJIO3U Ta OJIepP KAHHS HAHOIIEIIOIO03H 13 POCIMHHOI CHPOBUHH.

Jlis onepaHHA HAHOILENIONO3U 3a3BHYail BUKOPHUCTOBYETHCS IIENIONIO3Y 13
AepeBUHU. BpaxoByrouu CBITOBY TEHJEHLIIO 3MEHIIEHHS JIICOBHX PECypCiB Ta
30epekeHHs 1X 3amaciB, 3apa3 IHTEHCUBHO MPOBOISATHCS JTOCHIKEHHS 3 OTPUMaHHS

HAHOLIEJIOJIO3H 13 PI3HUX MPEJCTABHUKIB HEJEPEBHOI POCIIMHHOI CHPOBHHH.

1.3 BukopuCcTaHHS HAHOLEIIOJI03U B KOMIIO3M LIl Manepy Ta KAPTOHY

VYHiKaIbHI XapaKTePUCTUKHU HAHOIETIOI03U BUKJIMKAIN HAI3BUYAHHO BEJIUKUN
IHTepeC B HAYKOBIM CIUJIBHOTI Ta MIAMITOBXHYJIH 1O PO3POOKH i1 MpakKTUUYHUX
3acTocyBaHb. 3a jganumu [81, 82], B Ham yac HaWOUIbII MIHUPOKI MPOMHUCIOBI
3actocyBanHs HII i3 HJIPC cnocrepiratotbcsi y BUPOOHUIITBI Tarepy, KapTOHY,
nakyBaHHsd — 36% puHKY; KomMmno3uTiB — 25% Ta ¢iabTpiB — 19%. ['onoBHUMH
chepamu HaykoBUX JmociuipkeHb 3acrocyBanHro HII i3 H/JIPC e BusHaueHHs
dbyanamentanbanx xapaktepuctuk HII — 36%, Buxopucranns HII B xommo3wuirii
IUIACTUKOBUX HAHOKOMIIO3UTIB — 19% 1 OloHaHOKOMITIO3UTIB — 9%, OloMeauUHUX

MPOIYKTIB — 8% Ta €1EeKTPOHHUX MPUCTPOiB — 6% [83, 84].
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BukopucraHHs HaHOLENIOJIO3U B MPOIECI BHUPOOHHIITBA Tarepy 1 KapTOHY
CIpHsi€ TTOKPAIICHHIO IMOKA3HMKIB iX SKOCTI Ta € MOTCHI[IMHUM PIIIEHHSIM Oararbox
mpoOjeM  BHUPOOHUIITBA KApTOHHO-TAepoBoi  mpoxaykiii. Ha gaamit  dac
oryOiKOBaHO Oarato YCHIIIHUX pe3yabTaTiB IIOAO pi3HUX 3actocyBanb HII y
BUPOOHUIITBI MAnepy Ta KapTOHY, BKJIIOYAIOUM KIJbKa OTJISIIOBUX CTATe 1 PO3/LIiB
KHUT, Kl aHaJI3ylOTh 1i MOTeHI1HHe BUKOpucTaHHA [85-93]. Cepen pi3HHX TakuX
3aCTOCYBaHb Yy BUPOOHUIITBI Manepy CJijJ BUIIIUTH TaK 3BAHE «CYX€» 3aCTOCYBAHHSI,
TOOTO 00pOOKa MOBEPXHI BX)KE€ BUTOTOBIICHO Mamnepy, Ta «Mokpe» — BBeneHHs HII y
KOMIIO3UIIi10 manepoBoi Macu. CepeJi epIux mnepeBakaloTh 3MIIHIOBATIbHI JOOABKH
[93] Ta mokpuBHiI areHTH [86]; cepen Apyrux — J0O0ABKM B SIKOCTI JOTIOMIKHOTO
3MIIIHEHHS y Bojoromy crtaHi [94, 95], sk yrpumyrodoi goGaku [96, 97], mis
BujasieHHs ¢uiexcorpadiunux opuui [98, 99], mia pecraspariii kuur [100], sk 3aciod
st 6opoteOu 3 BopcuHkamu [101, 102] abo sk 3aci® s HaJaHHS CIEMiaTbHUX
BJIACTUBOCTEM Tamepy, Takux sK: aHTuMikpoOHi [103], emexktpuuni [104] Ta
nokexobe3neuni  BaactuBocTi  [105]. Ommak depe3 BHCOKY  coOIBapTiCTh
BupoOHunTBa HI[ BoHM m1e He HAOynMM MIMPOKOTO 3aCTOCYBAaHHS B MPOMMCIOBHX
Macutadax.

[onimmeHHss MIITHOCTI HAa PO3PHUB, 1HJIEKCY PO3PUBY Ta BHYTPIIIHBOI KOTre3ii
nanepy 3 HI[ 3ymMoBIIeHO BEIMKOIO KIIBKICTIO MIPOKCHIBHUX TPYIl, IPUCYTHIX Ha 1i
MOBEPXHi, 10 30UIbIIIYE BOAHEBUIN 3B SI30K 3 BOJOKHAMU LIETIOJIO3U. TakuM 4MHOM,
KOJIU METOK € TIJBUINCHHS MEXaHIYHUX BJIACTUBOCTEM TamepoBUX BUPOOIB,
3a3BUYail BUKOpPUCTOBYeThbca BBeneHHs HII y Bojoknucty macy. OnHak, BHUCOKa
3natHicTh HII 10 yTBOpeHHsI BOAHEBHX 3B’S3KiB 301IbIIYE CHOKUBAHHS €HEPTIT s
edexkTuBHOi quctepcii HI y maci 1 3MeHnye 011icTh amnepy.

HonaBanust HII Ha moBepxHIO mamepy i KapTOHY yCyBa€ Jesiki BHUIIEBKa3aHi
npodmemu [106], ame BHHMKAIOTH IIpoOJEeMH, TIOB’sS3aHI 13 3a0e3MeUYCHHSIM
JOJIaTKOBOTO oOOmagHanHs st HaneceHHs HI[ wa mamip um xapton [107] Ta
onuopignoro posnonainy HII ma ix moepxni [108, 109]. Kpim TOrO, BUHUKAIOTH 1
JOJJaTKOBI HEAOJIKH, MOB'A3aHl 3 iX BHCOKOW 3aarHicTio HII no HaOyxaHHs, 110

BIUIMBA€ HA TOPUCTICTh 1 Oap'epHl BIACTUBOCTI KapTOHHO-MAMEPOBOI MPOIYKIIi.
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HasBaicte HIl Ha moBepxHi mamepy 3MEHIIYE MOPUCTICTb, IO 30UIBIIYE dac
JpEeHaXy Ta 3HWKEHHS MPOAYKTHUBHOCTI MAnmepopoOHOi MallWHH. 3aCTOCYBAHHS
H®II nonmatkoBo MoOKe 301IbIITyBaTH CTYIMiHH MJIMBA BOJIOKHHCTOI MacHu depes
MEHIITy TOPUCTICTh MOKporo mojioTHa [110]. 3 inmoro 60Ky, HW3bKa MOPHUCTICTH
MOBEPXHI MOKpalrye Oap'epHi BIACTUBOCTI, 11O € BAXKIMBOIO XapaKTEPUCTUKOIO IS
NaKyBaJbHUX BUAIB nanepy [111].

BaxxnuBo Takox 3ayBa)KHTH, IO Yac JPEHAXy TaKOXK CHUIIBHO 3al€XUTh BiJ
IHIIMX YMOB BUPOOHUITBA, TaKUX K pH, KOHLIEHTpallil MIHEpaIbHUX PEYOBUH 1 TUITY
XIAP [112]. 3a muzpkoro pH kapOokcunbhi rpynu TEMIIO-okucnenoro HOI]
OPOTOHYIOTHCS, IO 3MEHIIYE CUJIM BIAIITOBXYBAHHS MIK HUMH Ta 3MEHIIYE
3aTHICTh YTPUMYBaTH BOAY, THM CaMUM TOKpallyloud JpeHax. BHecok
KOHIICHTpAIlll MiHEPAIbHUX PEUOBHH € OUIBII CKJIQJHUM: MiHIMaJbHA MIBUAKICTH
IpeHaxy Oyma 3HaijeHa 3a KoHueHtparii com 0,01 M. 3a MeHmoi KOHIIeHTpaIlii
codi, 30utbinyeTbest HaOpak HII 1 BooOKOH 3a paxyHOK 3MiHM OCMOTHYHOTO THCKY.
Kpim TOTO, €1eKTpOCTaTHYHI CUIIU 3MEHIIYIOTHCS 3 OUTBINOI0 KOHIICHTPAIIEI COJIi,
mo BrumBae Ha Guokymsamiro [112]. Takox, mig ywac dopmyBaHHS TanepoBOTO
MOJIOTHA HE3aJeXKHO BIJ MPHUPOAU POCIUHHOI CHPOBHHH, LETIOJO3HI BOJIOKHA
3/1€01IBIIIOTO OPIEHTOBAHI B3JJOBXK MOT0. Y IbOMY KOHTEKCTI Kpama opieHTawiss HOL]
ado HKI[ moxxe mpusBecTd A0 OLIBIIOTO MPHUPOCTY MEXAHIYHUX BIACTUBOCTI, a
TakOX J0 Kpamoi jgucrnepcii okpemMux HaHoyacTMHok [112]. Opun 3
HaWUMOIIMPEHIIINX METOJIIB Opi€HTAIlli BACOKOKOHIIEHTPOBaHUX BOJIHUX remiB HOI]
— 1e BoJsiore po3raryBanHs [113]. Ileii mpomec Moxke BUKOPUCTOBYBATH JIJIf
MOKPUTTS TMarnepy, OCKIJIbKY BiH CTBOPIOE BUCOKY OPIE€HTAIIIIO B IUIOIIMHI, IOCATAIOYN
napameTpiB kopensii nopsaaky 0,6-0,8 (0 — BumaakoBa opieHTaris, a 1 — ijeaipHe
BUPIBHIOBAHHS).

Huxue naBeneno npukianu Bukopuctands HI[ y BupoOHMIITBI pi3HUX BHIIB
KapTOHHO-TIANEpoBOi  mpoaykmii. Benwka kinmbkicTh MyOmikamiii MmpuUCBSYEHA
pesyapTaraMm JOCHiKeHb BukopuctaHHs HI[ y kommoswurii mamepoBoro i
KapTOHHOTO TAKYBaHHS XapuyoOBUX MPOAYKTIB, IO MOXE 3a0€3MEUYUTH IIHPOKY

(GYHKIIOHAJIBHICTh TAKETIB, 3JaTHUX J0 O10JOTIYHOTO PO3KJIaay 1 KOHTPOJIO
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MIKpOOHOT MOMYJISIii B 1Ky, BUBUIbHEHHsI a00 3aXOIUJICHHS Crenu(iYHNX PEeYOBHH
[29, 114, 115]. Buxopucranus HIl y BUpoOHUIITBI Takoi MPOAYKIli CIpUSTAME ii
€KOJIOTIYHOCTI, TTOKpAIEHHIO MEXaHIYHMX BJIACTHBOCTEH 1 34aTHOCTI JI0 ITOBTOPHOI
nepepoOKu, 3MEHIEHHIO OO0CSITIB BUTpaT Iemoiio3n (0coOIMBO B KpaiHax 3
oOMexeHUMHU 3amacamu JiciB) [116-118].

Binomi cnpobu 3actocyBatu HII Ta geski crnemnianbHi 700aBKU JUJIs HAJaHHS
3pa3zkaMm narmepy BoJIOrocTidkocti 1 Oakrepuuuanocti [119]. Tlpu upbomy otpumany
KOMIIO3UTHY CYCIIEH3110 13 OJUKOJIMHOTO BOCKY, HaHo4yacTMHKM cpiboma 1 HKI]
BUKOPUCTOBYBAJIM JUISl TIOKPUTTS TANepy JJIss OTpUMaHHS 0aratodyHKIIIOHATLHOTO
NPOJYKTY 3 aHTHOAKTEplaIbHUMU Ta BOJAOHENPOHUKHUMHU BIIACTUBOCTSIMU, a MpU
J0JIaTKOBOMY  JtoAaBaHHI HaHOJpoTiB (AgNW) 1 rigpodoOHOI HeopraHiduHOI
Kepamiku jocsranocs eeKTUBHE eKpaHyBaHHS BiJl €J1€KTPOMAarHiTHUX XBWib [120].

JIisi oTpuMaHHS BOJIOCTIMKOTO TManepy TakoXX BUKOPUCTOBYBATH JITHIH 3
nonaBanHsM H®II [121]. Pesynprarn mokaszanu, mo ontuMainbauil 10%-Huil BMicT
JITHIHY MOK€ CTBOPUTH IUTIBKY 3 MaiKe BJBiYlI OULIBIIOI MILHICTIO, MOPIBHSHO 3
wriBkoro HOI[ 6e3 mirHiHy, HamaBIIM il BIACTUBOCTI BOJOHEMPOHUKHEHHS Ta
Kpamioi aHTUOKCHJIAHTHOI aKTHUBHOCTI, Y D-eKpaHyBaHHS Ta MPOITYCKAHHS BHIUMOTO
ceiTia. lle Moxe CTBOPUTH HOBI MOXIMBOCTI g chepu  «3eeHHX
HAaHOKOMITO3UTHHUX MarepialiB» Ta 3acTOCYBaHHS [UIsl TaKyBaHHS XapyOBHX
MPOJYKTIB, OUMIIEHHS BOAM Ta y O10MEIMYHUX Mporpamax.

€ crnpobu BukopucranHs HIl, B ocob6muBocti 3 HJPC, y xapuoBiii
IIPOMUCIIOBOCTI JIJIsl 1HT10yBaHHSA (3aXUCTY) MPOAYKTIB BiJl poCcTy OakTepiii 1 rpubiB, a
TaKoX (pEepPMEHTIB, SKi BUKJIMKAIOTh IEpe3piBaHHS OBOYIB Ta (PYKTIB IiJ dYac
TpuBajoro ix 30epiranns [122, 123]. Jlo6aBka GiomomiMmepiB, 30kpema HII, moxe
MIOI0JIaTH 1110 TIPOOIEMY.

MonekynsipHa crpykrypa HII wmicTuTh BenmMKY KUIBKICTh aKTUBHUX
T1IPOKCUIIBHUX TPYI, SIKI MOXYTh BCTYNATH B PEAKINIO 3 IHIIMMHU PEUYOBHHAMU 1
HaJaTy Tamnepy BiIacTuBOCTel riapodoOHOCTI Ta mnodineHicTs [124]. e BaxxmBo
JUIS TIamepy, SKAA MoKe €(PEKTHBHO MOTJIMHATH HAUIUIIKH XUPY Y MPOIYKTax

Xap4yBaHHS.
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B pobGorti [125] mokazana moxiauBicTh BukopuctanHs HI[ y kommoswurrii
anTuOakTepianbHoro  mamepy. HKIl[ rortyBaymm 13 JkomoBoi  M'IKOTI, a
aHTHOaKTeplaIbHUA XITO3aH BUKOPUCTOBYBABCS SIK areHT JUISl MTOKPHUTTS MOBEPXHI
anTuOakTepianbHoro manepy. [loemnanns HI[ 3 oxcuaom 1uHKY 3 HOAaBaHHSAM Yy
BOJIOKHUCTY Macy CHPHSUIO TOKpPAIEHHI0 TOKa3HUKIB MOBITPOINPOHUKHOCTI 1
MEXaHIYHUX BJIACTUBOCTEHN aHTUOAKTepianbHOTO nanepy [125, 126].

H®I[ € mnepcrnekTMBHUM 3B A3YIOYMM  KOMIIOHEHTOM Y  KOMIIO3MIIIT
eJIeKTPOI30JIsiLiiiHOrO manepy. ABtopu poOiT [127, 128] 3 Bukopuctanusam HIJ 13
EJIEKTPOI30JIALINHOT KpadT-1IeNIF0I03U 1 MPOTUIICKHO 3aPSHKEHUX TOTIETEeKTPOIITIB
OTPUMAJIM TaIip BHUCOKOI MIITHOCTI 1 HIIJIBHOCTI, B TOW Yac SIK JiCJIEKTpUYHA
NPOHUKHICT, HOTO B Macilli KOPEIIE 3 TaKUM K€ IMOKAa3HUKOM CYyXOro mamnepy
aHayoriyHoi mijasHocTi [129].

B po6ori [130] nocaimkyBascst BB HI[ woTupbox TumiB HemMoudikoBaHUX
1 momudikoBanux HKI] Tta H®PI[ Ha moka3HUKH SKOCTI 130JSAIIMHOTO Iarepy.
Pesynpratu mokaszanu, mo HOL[ moxe 3HaUHO MiABUINMTU MIITHOCTI 130JISLIHHOTO
narepy Ha po3pHB Ta MOKPAIIUTH €IEKTPUUHY MILHICTh HA 3MIHHOMY Ta MOCTIHHOMY
crpymi [130].

Hano1iesnto103H1 KOMIIO3UTH MOKHA BUKOPHCTOBYBATH B €J1EKTPOHHIN TEXHIII],
0COOMBO B THYYKIN enekTpoHili. Hampukian, 3aMiHa CKJla Ha HaHOIIECNIOIO3HI
IUTIBKM MOXKe OyTH O0COOJMBO KOPUCHOIO 3aBASKA SK €KOJOTIYHOCTI, TaK 1
BJIACTUBOCTAM Hasomemrojo3u [131]. Hanomemromoza cama 1o cob1 He €
€JICKTPONPOBIAHOO, ajieé BOHA MIJAXOJUTh SK MIIKJIAJIKa JUIS €JIeKTPOHIKH, OCKIJIbKH
Mae Oarato OaXaHMX SIKOCTEM TOPIBHSAHO 13 TPAAUIIMHUMU TiIKJIaIKaMud —
MeTalieBol0  (oJIbroro, MiIacTukoM abo ckioMm. Ha nomaTok A0 jerkoi Baru Ta
MO>KJIMBOCT] BIJIHOBJICHHS, apXiTEKTypa HaHOIIENIIOJIO3H MA€E XOPOIIY CIIOPITHEHICTh
3 pI3HUMHU aKTUBHUMH MaTepiaiaMu, TAKUMHU SIK HAHOYACTHHKH 30JI0Ta Ta cpibia abo
okcuaun metanis [132].

Bukopucranaro HII B HeTkanHomy Marepiani (mamepi-oCHOBi) Ui IITAiep
MPUCBSUYCHO MaJlo MyOJiKailii, cepen SKUX BCe kK BapTo Buauutu orysig [133], B

aKoMy MOxJuBOCTI HOIL[ omiHeHO HUISIXOM AETalbHOI XapaKTEPUCTHKU KUIBKOX
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nokputnx H®II tkanux 1 Herkanmx wmatepiamiB. Cycnensii H®I[ i3 BubineHoi
KpadT1-11emrono3u 6amOyKka 1 TUCTSHOT JepeBUHN HAHOCWIIM HA PI3HI TKaH1 Ta HETKaHi
Mmarepianu. Bcranosneno, mo mokputrts HOIl, oTpumani 3 nHMCTAHOI JepeBUHH,
MOKa3aii OlIBIITUI OTMip MOBITPOMPOHUKHOCTI, HI’K TTOKPUTTS, OTpUMaHi 3 0amOyka,
o0 MOrJI0 OyTHM HAcIAKOM OLIblI PIBHOMIPHHUX 1 TOHKUX MEPEXK, YTBOPEHHUX
kopormiumMu HOILI, oTrpuManumu 3 JUCTAHOI JAepeBUHU. BracTuBOCTI 30epexeHHs
TeIia TaKoX MOoKpauieHo micas Nnokputrs HOIL[ TkaHux 1 HETKaHUX MaTepialiB.
H®II mMoxyTh MOKpUBATH Ta 3allOBHIOBATH OLIbLII MOPU B Marepianax MiJKJIagKH,
aje He Mikporopu. BiamoBigHa dYacTMHa TOBITPSHOTO IIApy, 3axoIUICHa
MIKpOTIOpaMH, 3a0e31euyBajia 30epexKeHHsI Teria.

Haenenwuit nepenik cep Bukopuctanas HII sk KOMIIO3HUITIHHOTO €1EMEHTY B
IIETI0JI0O3HUX MaTepianax mokasas, 1o BukopucTanHs HII moxke Hamaty 1miauii psia
repeBar KOMITO3HUIIIMHUM BHpoOaMm. ToMy mmopaibllli HAyKOBI JOCIHIKEHHS II0JI0
mpoiiecy BupoOHuUIITBa Ta 3actocyBaHHsa HI[ y BUpOOHHMIITBI mamepy 1 KapTOHY €

BAXKIINBOIO HAYKOBO-IIPAKTHUYHOIO 3a1a49CHO.

1.4 Bu0ip HanpsiMy A0CJIIIKeHb

VY cBitoBii HIIII OCHOBHOIO CHPOBHHOK [UIsi OTPUMAaHHS LIEJOJIO3H,
MPUIATHOI JUIsl MOJANBIIOT0 XIMIYHOTO MepepoOJieHHs, € JepeBHHAa 1 OaBOBHA.
3amacu JEpeBMHU IIOPOKY 3MEHIIYIOTHCA 1 JIOBTO BIJHOBIIOIOTHCSA, a ICHYKOUa
KOHKYPEHI[isl MK Taly3sMU MPOMHUCIOBOCTI (11€JIF0JI03HO-TIAIlEPOBOI0, OYA1BEIBHOIO,
MeOJICBOIO, BYT'UIBHOIO) HE CIIpHUs€ 3a0€3MEUEHHIO 3POCTAl0YUX MOTped y CHPOBHUHI
HiIPUEMCTB BHINEBKa3aHUX Tany3eil. JlepiuuT pociamHHOI CHUPOBHHHM OCOOJIMBO
XapaKTepHUN I KpaiH, sSKI MarwTh OOMEXEHI 3amach BIJIbHOI JEpEeBHHU abo
MPaKTUYHO BiJICYTHI 3aracu OaBOBHM, 1110 XapakTepHO sl YKpainu. Tomy po3poOka
HOBUX TEXHOJIOT1H OTPUMAaHHS IEII0JI03U IS TIOIANIBIIIOTO XIMIYHOTO mepepoOIeHHs
3 BiTun3HsAHOT H/IPC, 3anmumraeTscst BOXKINBOIO HAYKOBO-MIPAKTHYHOIO 33/1a4€H0.

Ha ocHOBI mpoBeneHoro aHami3y JITEpaTypHUX JaHUX MOXKHA 3pOOHUTH
BUCHOBOK Tpo Te, 1o HIPC OGnu3pka 3a XIMIYHUM CKJIAJ0M A0 ACPEBUHU JHCTIHHUX

nopia 1 3a OpUOJU3HO OAHAKOBOIO BMICTY BYIVIEBOJIB B HHMX MICTHTHCS 3HAYHO
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MEHIIIE JITHIHY, ajle 3Ha4yHO OuIbIlle MIHEpAJIbHUX PEUOBUH, HDXK y AepeBuHi. lle
anpiopi CBIIYUTH MPO MOXKIUBICTh 1i BHKOPHCTaHHS B MpOIEcax OJep KaHHS
IICTIOJIO3H 3 MEHIITUMH BHTpPAaTaMM XIMIYHUX PEarcHTIB, IO JIO3BOJUTH ParliOHAIBHO
BUKOPUCTOBYBATH CTeOJa 3€PHOBUX 1 TEXHIYHUX POCIHMH Ta 30epiratu nedinuTHy,
Ooubr npopory nepeBuny. Ilpu upomy, okpemi npeacraBuuku HJIPC, 3o0kxpema
BOJIOKHA KOHOIIEJIb, MAIOTh OLIBIIMI BMICT LIEJIF0JIO3U 1 MEHIIMI BMICT JITHIHY HIXK Y
JIEPEBHHI XBOMHUX 1 JUCTSIHUX MOPiA, IO POOUTH iX MPUBAOIMBUM SIK CUPOBUHA IS
OJIEp>KaHHS LIEJII0JIO3U JUIsl XIMIYHOTO MepepoOIeHHS.

BukopucranHs  €KoOJOriyHO  O€3MEeYHUX  OpPraHOCOJIbBEHTHUX  METOIB
nemiraigikaiii poCIMHHOT CHPOBUHU I OJIEpaHHS IEJII0JI03U 13 BITUYM3HSHOI
HJPC cnpustimMe BUPIIIEHHIO €KOJOTTYHMX MPOOJIeM 1 J03BOJIUTh BUKIHOUYUTH 13
KOMITO3HMIIIT MaCOBHX BH/IIB MAaIepy 1 KAPTOHY IMIOPTHY OLIIBII JOPOTY LIETIOI03Y.

Ha xamnp, B miTeparypi IpakTHYHO BIJICYTHI JIaHI MIOJAO TEXHOJIOTIYHUX
napaMeTpiB OJIep>KaHHS IENIOJNIO3U Il XIMIYHOTO TepepoOIeHHs, 30KpeMa s
eKCTpakIlii HaAHOICNIOIO3M, 13 IHIMMX HpeacTaBHUKIB BiTumszHsaHoi HJIPC -
MOKHUBHUX PEMITOK KYKYPYZA3H, CTEOEN 04epeTy 1 COHSAINIHUKA, BOJIOKOH KOHOIIETh.
BiacyTHi Takox maHi 11010 BILTUBY MOP(HOIOTIYHOI OYIOBH 1 XIMIYHOTO CKJIATY i€l
POCIIMHHOI CUPOBUHU HA MOKA3HUKU SIKOCTI1 L[ETI0I03U 1 HAHOLIETIOJI03H.

3 ypaxyBaHHSM CYTT€BOrO 3OUIBIICHHS B OCTaHHI JeCATHpIUuUs OOCATIB
BUPOOHUIITBA HAHOLETIONO3M 1 KUIBKOCTI NyOmikaiii pe3yabTaTiB JOCHIIKEHb
CHOC001B OJIEP>KAHHA 13 P13HOT POCTUHHOI CUPOBUHU HAHOILEIIOJI03U Ta PO3LIMPEHHS
chep i1 BUKOpUCTaHHS B pi3HUX Tany3sax npomuciaoBocti (LI, xiMivHi#,
IIEMCHTHIM, XapuyoBii, ¢apMalleBTUYHIN, y MEIAUIMHI, EJICKTPOHilll, OXOpPOHI
JOBKUJIS,, B KOMIIO3MIIII HOBUX BHJIB MaTepialliB), aKTyaIbHUM 3aJIUIIAETHCS
MPOJIOBKEHHSI TOIIYKY HOBUX JDKEPENI POCIUHHOI CHUPOBUHU I OJCpKAHHS
LIETFOJIO3H 1 HAHOILIETIOJIO3H.

HasBHi B miTeparypi maHi 11010 BUKOPUCTAHHS HAHOIIEIIOJIO3U B TIPOIECI
BUPOOHHUIITBA TIATIEPy 1 KAPTOHY CBIYATH PO MOKPAIICHHS MOKA3HUKIB 1X SKOCTI Ta
€ 3MEHIIICHHS HABAaHTAKCHHS HA JOBKULISA 32 PaXyHOK 3MEHIIICHHS YaCTKU XIMIYHHX

JOTOMDKHUX PEYOBMH, IO 3aCTOCOBYIOTHCS Yy BUPOOHHUITBI KapTOHHO-IANEPOBOi
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npoaykmii. Ilpy 1boMy TOTpIOHO BIJ3HAYMTH BIACYTHICTh JIaHUX  II1OJIO
TEXHOJOTIYHUX IMapaMeTpiB MPOIECIB OJCP>KaHHS HAHOLEIIOJIO03U e 3 OaraTbox
MPEICTaBHUKIB POCIMHHOI CHPOBHHH.

He3Baxkatoun Ha BeNUKY JOCHIIHULBKY pPOOOTY, MPOBENEHY CBITOBOIO
HayKOBOKO CIILJIBHOTOIO, HEOOXiAHI Il€ IIMPOKI JOCHI/DKEHHS 3 OTpPUMaHHSA
ONTUMAJIbHUX 3HAYEHb TEXHOJIOTTYHUX [apaMeTPIB MPOLECIB 0P KaHHS LIET0I03H 1
HAHOIETIONO3HU 13 PI3HUX MPEICTABHUKIB POCIMHHOT CHPOBUHHU 1 JAHUX 100 BILUIUBY
BUTpaT ojiepkaHoi HaHorenono3u 13 HJIAPC Ha moka3HUKH SKOCTI PI3HUX BHJIIB
narepy 1 kKaptoHy. TakuM 4YMHOM MOKHA 3pOOMTH BHCHOBOK IPO HEOOXIJIHICTh
IPOBEJCHHS MOAABIIUX JOCHIKEHb 3 PO3POOKH HOBHUX TEXHOJIOTIA OTPUMAHHS 3
BITUM3HSHOI HEJIEPEBHOT POCIMHHOI CHPOBUHU IIEIIFOI03H, MPUAATHOT ISl eKCTPaKIIii
3 Hel HaHOIENIOIO3M Ta BUKOPUCTAHHS HAHOIEIIOJI03M B KOMIIO3UIli MAaCOBUX BHJIIB

namnepy 1 KapToHy.

BucHoBku 10 po3ainy 1

1. TlokazaHo, mo mud KpaiH, sSKi HE MarOTh JOCTaTHIX BUIBHHX 3araciB
JEPEBHUX PECYpPCiB, aIbTCPHATUBHUM JDKEPEJIOM BOJIOKHA I  OJIEp>KaHHS
IIETFOI03M, TPUAATHOI IS XIMIYHOTO TepepoOJeHHs, 30KpeMa eKCTpakilii 3 Hel
HAHOIICITIOJIO3H, € HEJIePEBHA POCIMHHA CHpoBHHA. [DoIa CilbChbKOTOCTIONAPCHKUX
yTiJib Y BCbOMY CBITI Ta B YKpaiHi Outbiua 3a ruionty Jicis, a HIIPC 3a3Buuail maroth
BUILY IIOPIYHY BpOXKaMHICTh OlomMacH 3 TekTapa HiX JIEpeBUHA, 10 CBIIYUTH MPO
BEJIMKUNA MOTEHINA i1 SIK CHPOBHHH IS OJIEP KAHHS 1IEITFOJIO3H.

2. BcranoBieHo, 1m0 XiMIYHUN CKjIaja mpeacTaBHUKiB BiTumsHsHOi HJIPC
OMM3BKUN IO XIMIYHOTO CKJIaAy JUCTSHUX TOPIJl JEPEBUHH, IO ampiopi CBIIYUTH
npo MoxuuBicTh Bukopuctanuss H/IPC sk cupoBuHY Aiisi OTpUMaHHS IETIOJ03U 1
HAHOIICNIOJIO3U JJII  PO3IIUPEHHS] CHPOBUHHOI 0a3W MiANPUEMCTB IIENIFOJIO3HO -
ManepoBoi 1 XIMIYHOT TPOMHUCTIOBOCTI 1 30€pEKEHHS JIICOBUX HACAKEHb.

3. BcraHoBieHO, MO IENI0JI03a IS XIMIYHOTO TEePEepOoOJICHHS, 30KpeMa JyIs
eKCTpakUii 3 Hei HAaHOLENIOJIO3H, MAa€ MICTUTH MIiHIMaJIbHUNA BMICT JITHIHY I

MIHEpAIbHUX PEYOBHH, IO JOCATAETHCA B PE3YNbTAaTl MPOBEIEHHS, SK MPaBUIIO,
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JEKITBKOX CTaJiil TEPMOXIMIYHUX OOpOOOK POCTUHHOI CHPOBHHH, 30KpeMa JY>KHOT
excTpakiii Ta gemiraidikamii (BUOUTIOBaHHS ) pOCIMHHOI CHPOBUHH.

4. TlokazaHo, mo aemirHiikamiss pOCIUHHOI CHUPOBHHH OPTraHOCOJIbBEHTHUMH
METOJIaMH CTIPHUSE OJICPKAHHIO METI0NI03H1, TPUIATHOL I XIMIYHOTO mepepoOIeHHs,
3 MIHIMQJIHHUM BIUIMBOM Ha HABKOJIMIITHE CEPEOBUIIIE.

5. IlokazaHo, 1110 HAHOLEJUTIJIO3a MA€ 3JaTHICTh A0 O10JIOTTYHOIO PO3KJIaJaHHS,
HU3bKY BapTICTh BUPOOHUUTBA Yy MOPIBHAHHI 13 CHUHTETUYHUMHU TNOJIMEpaMH, Ta
Kpalll MEXaHI4YHl BJIACTUBOCTI y IMOPIBHSAHHI 13 ILENIOJ03010 1 TaKl YHIKalbHI
BJIACTUBOCTI, SIK: BHCOKI 3HAY€HHS MIUIBHOCTI, MIIHOCTI Ha PO3TIT, MOIYJIS
INPYXKXHOCTI 1 TEPMOCTIMKOCTI; 3JaTHICTh YTBOPIOBAaTH IUTIBKH, IO MOXE OyTH
BUKOPHCTAHO SK 3MIIHIOI0YA T0OABKa Y BUPOOHUIITBI anepy 1 KapToHY.

6. JloBemeHno, 1m0 cepel MEXaHIYHHMX, XIMIYHHUX Ta Ol0JIOTIYHHUX METO/IIB
eKCTpaKilii HAHOLEIIOJIO03U 13 IIENIF0JIO30BMICHOI CHUPOBUHH, 3 YPaxXyBaHHAM THITY
BUXIJHOTO MaTepiaiy, €TamiB i1 monepeaHboi 0OpOOKHM Ta BIACTUBOCTEH KIHIEBOI
HAHOLIETIOJIO3H, MPOLIECH KUCIOTHOTO T1IPOJIi3y Ta OKUCHEHHS HAaOyIM HaiO1IbIIOrO
3aCTOCYBAHHS y CBITOBi# MPaKTHUIlI BUPOOHHUIITBA HAHOIIEITIOIO3H.

7. Haeneno mepenik chep Bukopuctanus HII, sk ckiamoBoi KOMITO3HITIHIX
LENI0I030BMIcHUX Marepianax. Iloka3zano, mo BukopucranHs HI[ y xommoswumii
pPI3HMX  BHUAIB  KapTOHHO-MANEPOBOI  MPOAYKII  MOKpaurye il CIOXKHBYI
XapaKTEPUCTUKHU 1 TOMY TOJAIBIIT HAYKOB1 JTOCHTIPKEHHSI TEXHOJIOTIN oJIep>KaHHS Ta
3actocyBanHs HI[ y BupoOHMUTBI mamepy 1 KapTOHY € BaXKJIMBOIO HayKOBO-

IMPAKTUYIHOIO 3a/1a4CHO.
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PO3JILT 2
OB’€KTH, METOJ! I METOJIMKH JOCIULKEHHS

2.1 XapaxkTepucTKa BUXIIHOI POCJMHHOI CHPOBHHH, 110 JOCTiIKyBaIacs
B po0ori

VYKpaiHa Ma€e pO3BUHEHE CUIbCbKE TOCHOJAPCTBO 1 IIOPIYHO 30MpA€ BEIHUKY
KUIbKICTh 3€pPHOBUX Ta TEXHIYHUX KYJIBTYp, 3 SKHUX B PE3YJbTATI iX MepepoOIeHHS
MOXHa OTPUMYBAaTH BOJOKHUCTHX HarmiB(hadbpukatie (BH®) pizHoro mpusHaueHHs.
@DaxiBIIMU BU3HAHO NpuaatHuMHu aist otpumanHs BH® pisui npeacrasauku HIAPC,
30KpeMa coJIoMa 3J1aKOBUX KYJbTYp, cTe0JIa OYepeTy 1 KyKypyA3H, OJTIHHUX Ta 1HIINX
TEXHIYHUX KYJIbTYp, COHSIIHUK, pifak, KeHad, BOJOKHO Ta KOCTPHULS JbOHY 1
koHomnenb [134-136].

Ha xadenpi exomorii ta Texnonorii pociuHHuxX momimepiB KIII im. Irops
CiKOpCHKOTO BIPOJOBK OCTAHHIX JECATHIIITH JOCHTIIKYETHCS BUKOPUCTAHHS PI3HUX
npeacrapuukis H/IPC: mnmieHn4yHOi coOMH, KaHapHHKA OYEpPeTSHOro, KeHady,
KOHOTIENb, JbOHY, KYKYPYII3H, pamcy, COpro LYKPOBOro, COi, MiCKaHTYCy Ta 1HIIMX
HOBUX POCIIMH, IO MOYMHAIOTHh KYJIBTHBYBATHUCS, JUIsl ofepxaHHsS 3 Hux BHO® 13
PI3HMMHU MTOKA3HUKAMHM SKOCTI JJI1 BAKOPUCTAHHSA y KOMITO3UIlli KapTOHHO-TIAepoBOi
npoaykiii [137], erepiB Ta ecTepiB LETIOJI03H, MIKPOKPUCTAIIYHOI 1ETI0JIO3H,
okculientono3u 1 Ha"omentonao3u [30]. Tlpu upomy € me Huzka BitunzHsHoi HIAPC 1
OJIEp>KaHO1 3 Hel 1IeJI0JIO3U Ta HAHOLEINIOJNO3H, SIKY I11€ HE JOCTI/DKEHO K Marepial
BUTOTOBJICHHS MAaCOBUX BH/IIB Marepy 1 KapTOHY, 1 VIS SIKOTO TaKOX HE BU3HAYEHO
napamMeTpu TEXHOJOoriyHux npomeciB. Jlo Takux BuuiB BiTuusHsHOT HJIPC
BIIHOCSATBCSI TOXKHUBHI pemTku Kykypymsu (ITPK), creGma consimiaumka, crebia
ouepery, BOJIOKHA KOHOIENb, sKi Oyiau 00’€KTOM MOCIHIKEHHS B JUCEpTaIliiHIN
pOOOTI.

Kykypyosa 3euuaitna (Zea mays) BiIHOCUTBCS A0 OJAHUX 13 HAHOLIBIIUX 3a
oOcsiraMy BUPOLIYBaHHS CUIBCHKOTOCIONAPCHKUX KYJIBTYpP y CBITI 13 HIOPIYHUMH
3amacamu O0mu3bko 750 MaH. T Ha pik [138], crebna 3 K01 MOXXHA PO3MIISAAATH SIK

JDKEPEJIO BOJIOKHHUCTOI CHPOBHUHHU. YPOXKaWHICTh cTeOEN KyKYypyA3W CTAaHOBHUTH
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nopsiKy 7,4 1/ra, a mopiuHuii 00cAT 3eJeHOi MacH cTedeN KyKypya3H, SKUi MOXKHA
nepepoOUTH Ha IENI0JI03Yy, B OCTaHHI M’SITh POKU B YKpaiHl CTAaHOBUTH MPUOIU3HO
20 miH. ToH [139]. Hoxcnueni pewsmku Kykypyosu (I1PK) 13 creben pociunu, siKi
YTBOPIOIOTHCSA T 4ac 300py KYKypyI3W Ha 3€pHO, BUKOPUCTOBYBAIHUCSA SK
BOJIOKHHCTa cHpoBHHA Jyisi oaepkanHs uemtosio3n. [IPK i3 KwuiBckkoi obmacti y
MOAPIOHEHOMY BHIVISIAI PI3HOrO J1aMEeTPy YACTHHOK cTe0en KYKYPYI3H J01aTKOBO
copTyBaiu B Jiabopatopii kKadenpu Ha cuTax s BiaOopy ¢pakiiiii 4aCTUHOK, SIKi
MPOXOJUIIM YEpe3 CUTO 3 OTBOpaMHU JiaMeTpoM | MM 1 3aJIMIIAIUCS Ha CHUTI 3
oTBOopaMH aiameTpoMm 0,5 mm.

Ho mnpencraBuukie HJIPC, ski 1opivHO MOXYTh 3a0€3MEYUTH 3HAYHY
KUTBKICTh O10MacH, BITHOCSATLCS cmeodia coHawHuKa. YKpaina € 0OJJHUM 3 MPOBIIHUX
BUPOOHUKIB COHAIIHMKA Y CBITI, HIOPIYHO BHUPOIIYIOYM MUIBMOHW TOHH IN€T
KyIbTypHU. 3a MaHuMu JlepaBHOI CIIy>KOM cTaTUCTHKUA YKpainu, y 2023 porui Oyio
316paHo Onu3bko 11,3 MITBHOHIB TOHH COHSIIIIHMKA 3 YTBOPEHHSM 3HAYHHX OOCSTIB
creben sk moOiyHoro mpoaykty [140]. Ha >xamp, Benmmka wacTmHa mHUX CcTeOen
3QJUIIAETHCSI  HEBUKOPHCTAHOKO, IO CTBOPIOE JOJIATKOBE HABAHTAXXCHHS HA
HABKOJIUIITHE ~ CEpe/OBHINE. 1OMY BHKOPHCTaHHS CTeOel COHSAIIHHUKA IS
BUpPOOHHUIITBA ILEIIOJIO3U CIPUATUME 3MEHIIEHHIO OOCSTIB  arpornpoMUCIOBUX
BIJIXOJIIB, 30€pEXKEHHIO JICOBUX PECYpPCIB Ta MOKPAILIEHHIO EKOJIOTIYHOIO CTaHy
noBkuuis. Crebna constiauky (CH) 13 KuiBchkoi o6nacti Bpoxkao 2023 poky
3BUTBHSUIM BiJl 3QJIMIIKIB JIUCTS, PO3AULSUIM HA JIBI YaCTUHU B3JOBXK CTeONa IS
BUJIAJIEHHS TOPUCTOI O1J101 CeplIeBUHM — MApEeHXIMU, siKa cTaHoBWIA 12,6 BaroBux %
BiJl 3arajnbHOi Baru crebna. [loapiOHeH1 nepeBHa yacTMHA crebja 1 MapeHXiMU
COHSIIIHUKA PO3MIpoM 2—5 MM 30epiraiu B €KCHKaTopax s MOJalbIIoro aHami3y
XIMIYHOTO CKJIaly Ta OTPUMAaHHSX 3 HUX IIEITIOJIO3H.

Ouepem 3euuaiinuii (Phragmites australis) € OAHI€ 13 TONIUPEHOIO B
VYkpaini pocarHO0, MOpIYHA 3aroTIBIIS SKOI CKIaaae B cepenabomy 3200 TOHH B piK
13 TEHJIEHIIIEI0 J0 3pPOCTaHHS IUJIOL] BUPOIIYBaHHS Ii€i KynbTypu. Llg Oaratopiuna
pOCIIMHA Ma€ MWIHAPUYHE a00 TPUTPaHHE CTEOJIO BUCOTOO A0 3,5M, MOIIMpEHa 1O

BCI/ 3€MHIN KYyIi, pocTe B OOJOTUCTIN MICLIEBOCTI, HE Ma€ MPOOIeM A PO3BEACHHS
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[141]. Crebna ouepery 3BuuaiiHoro (Phragmites australis) 13 Uepkacbkoi o0Osacti
nepel BapiHHAM OYMINAIU BiJl 3aJTUIIKIB JIUCTS 1 TPaBH, MOAPIOHIOBAIM JIO PO3MIPIB
2-5 MM Ta 30epiraii B €KCHUKATOpi MJIs MIATPUMAHHS TIOCTIMHOI BOJIOTOCTI.
Busnaganmu Ttakoxx (pakiiiHuil ckiiam crteben oudepery, M0 MICTHIM TPUOIU3HO
1242% By3miB, AKI HE BUKOPUCTOBYBAJIM [Jsi OTPUMaHHS OyJOBU BOJOKHUCTHX
HaniBaOpukaris (BH®) ta Oynu BiaauieH1 Big cTe0en i yac iX noApiOHeHHs.

Kononna € onniero 3 yHikanpHux pizHoBugHocred HIAPC 1 no Hei nmpukyra
yBara JOCHIIHUKIB ycboro cBiTy. [lomuT Ha KOHOIUIAHY Ienosio3y B €Bpomi Ta
CHIA ckmnamae monang 6 MuIbiioHIB TOHH pik [142]. CepenHs BpoKalHICTb
KOHOIUISTHOI COJIOMM 3HaXOJUThCs B Mexax Bia 7 nmo 11,5 T/ra, a mopiunuit o0Ocsr
MacHu cTe0en KOHOMEINb, SIKUi MOKHA NepepoOUTH Ha IENI0I03Y, 32 OCTaHHI POKHU B
VYkpaini npubauszHo craHoBuTh 0r3bko 30 tuc. T [141]. B po60Ti BUKOpPHCTOBYBAIH
80J10KHA KOHORedb, BUpOIIeH! y KUToMUpCchKiit 001acTi, sIKi BIACOPTOBYBAIM BiJl
3QJTUIIKIB JIEPEBHOT YacTUHU cTeben (KOCTpHIl), TOIPpiOHIOBANIX 10 po3MipiB 5-10 MM
Ta 30epiraiy B €KCHUKATOpi IJIsl MATPUMAHHS TOCTIHHOI BOJOTOCTI 1 TPOBEICHHS
MOTATBIITUX JTOCITIKEHb.

B Ttabmumi 2.1 HaBemeHO XIMIYHUN CKJaJd OCHOBHUX KOMITOHEHTIB
JNOCHIPKeHUX npeAcTaBHUKIB BITYM3HAHOI HJIPC 1 nns mopiBHsSHHA — HaOUIbLI
PO3MOBCIO/KEHUX MPEACTABHUKIB XBOMHOI Ta JUCTSIHOL MOP1A 1epeBUHU [28].

Ak BUIHO 3 HaBeeHUX y Tabmuii 2.1 gaHuX, 32 BMICTOM OCHOBHOTO XIMIYHOTO
KOMITOHEHTa — IIeTF0JI03U — JIOCIiPKeHa HeJiepeBHA POCTMHHA CHPOBHUHA OJHM3bKa 10
Oepe3u 1 HE3HAYHO MOCTYIMAETHCS BMICTY IETI0JI03M Y HAUOUIBII PO3MOBCIO/KEHIN B
VYkpaini xBoiHI nepeBuHI — cCocHH. CTOCOBHO BMICTY JITHIHY, TO HaBiTh cTeOya
ouepeTy, SIKi MarTh HaOUIBIIUK Horo BMicT cepen nocmimkenux HJIIPC, mictars
MEHIIIE JIITHIHY, HIXK JIEpEeBUHA XBOMHUX 1 JIMCTSHUX TOPiJ, 110 anpiopi nepeadadae
MEHIIIE CIIOXWBAaHHS XIMIYHUX PEAreHTiB 1 MEHINY TPUBAIICTh TMpolecy ix
nenirHidikaiii y MOpiBHSAHHI 3 OTPUMAHHSM IIETIOJIO3U 3 JepeBuHH. [Ipyu 1mpomy
moTpiOHO BU3HauMTH, 1m0 cTedma HJIPC Biapi3HAIOTHCA BiJ XBOHWHOI 1 JHCTSHOT

JEPEBUHU OUIBIIUM BMICTOM PEUOBHH, IO €KCTPAryloThCs rapsadoro Bojow 1 1%

51



PO3YMHOM JIYTy, 1 3HAYHO OUIBIIUM BMICTOM MiHEpaIbHUX PEUOBHH (30JIbHICTH), IO

MpU3BEJIE 0 3MEHIIICHHSI BUXO/TY BOJJOKHUCTUX HamiB(paOpuKariB (1I€I0JI03H).

Tabmurs 2.1 — XimMiuyHU#N CKI1aJ OCHOBHUX KOMIIOHEHTIB POCIMHHOT CHPOBUHHU,

110 BUKOPHUCTOBYBaiacs B po0oTi, % B1J MacH a.c.c.

CupoBuna | Lemto- | Jlirnin | Po3umnnictby | CXB* | Ilenro- | 3oib-
JI03a Boal | NaOH 3aHU HICTh
Crebna 49,3 22,9 10,6 19,4 2,3 22,7 3,5
ouepery
[TPK 42,6 17,9 10,1 18,7 3,0 25,7 3.9
3arajbHe
[TPK 44,5 19,3 14,9 38,4 1,7 26,3 3,2
MPOCISIHE
Flepesna 41,2 20,7 12,2 35,6 3.8 16,7 3.4
yactuHa CH
Mapenxiva | 4 5 18,8 | 18,5 | 434 5,2 29,1 11,2
CH
[Trennuna 44,3 16,5 10,1 38,4 5,2 26,7 6,6
cojoma
Bonokna 73,9 8,8 4,2 20,2 1,9 20,2 1,6
KOHOTIENb
Cocna [143] 47,0 27,5 6,7 19,4 34 10,4 0,2
bepesza [143]| 41,0 21,0 2,2 11,2 1,8 28,0 0,5

*CXB — cmonu, )Kupu, BOCKH

2.2 MeToau 10CaiKeHHA

Y po60Ti BUKOPHUCTOBYBAJIMCS EMIMIPUYHI Ta E€MITIPUKO-TEOPETUYHI METOIU

JOCIIJPKEHHS, SIKi BIJIHOCSTBCSA JI0 3araibHUX METOIB HAYKOBHUX JOCIIIKEHb Ta

OXOTUTIOIOTH PI3HI MIIXO/H, 10 BUKOPUCTOBYIOTHCS B PI3HUX HAYKOBHMX Taly3siX Ha
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PI3HHX eTamax JOCHiKeHHs. EMIipuyHi MeTOaM BUKOPHUCTOBYBAIHCS s 300py
HeoOxigHOoi 1HdopMaIlii mpo TpolecH, MO JAOCTIIXKYyBaUCS, Ta (HopmyTroBaHHS
BIIMMOBIAHUX TEOPETUYHUX BHUCHOBKIB. Jl0 eMIpHYHMX METOJIB HAaJIekKaTh
CHIOCTEPEKEHHS, TOPIBHSHHS, BUMIPIOBAHHS Ta €KCIIEPUMEHT. EMIipuKo-TeopeTnyHi
METOJM BIJIOMI TaKOX SIK KOMIUIEKCHI, OCKUIbKM BOHU BHUKOPHUCTOBYIOTHCS SIK Ha
EMIIPUYHOMY, TaKk 1 Ha TEOPETUYHOMY PIBHAX. Y poOOTI cepell eMIIPUKO-
TEOPETUYHUX METOJIB BHKOPHUCTOBYBAIM aHAI3 W CHUHTE3, a TaKOX METOJU

MOJIETFOBAHHS.

2.2.1 MeToam BHU3HAYEHHSI XAPAKTEPUCTHK POCJIAMHHOI CHPOBHHHU,
1eJII0JI03H, HAHOLeJTHJI03H, NANePy Ta KAPTOHY

CnoxuBui BJIACTHBOCTI Oy/b-SKOTO MPOAYKTY BU3HAYAIOTHCS
XapaKTepUCTUKAMU CKJIQJOBUX HOro KOMIIOHEHTIB. Tomy sl IiJIeCpsSMOBaHOTO
VIIPaBIIiHHS HUMHU BQXKJIWBO BU3HAYUTH Ta BCTAHOBUTH XapaKTEpHI MJs I[OTO
MPOIYKTY BJIACTUBOCTI 1 3HATHU, SKWA BIUIMB YWHUTh KOXXKHA BIIACTHBICTH Ha
XapaKTepUCTUKU KIHIIEBOTO Marepiany. Hampukian, mokasHUKH SKOCTI Tamepy i
KapTOHY 3aJeXaTh BiJ XapaKTEPUCTUK BUXIAHOI IENIONO3H, ISl SIKOT BCTAHOBIICHO
MeBHI HOPMATUBHI MOKA3HUKHU, 110 JO3BOJISIE IIJIECOPSIMOBAHO MIIIMTH 110 1i BUOODY.

Hanomenmtonosa, sika 10/1a€ThCs Y BOJIOKHUCTY Macy marepy 4u KapToHY, abo
HAHOCHTBCS Ha IX TIOBEPXHIO, 3/1aTHA IIOKPANIUTH ITOKa3HUKH 1X SKOCTI.
Hanoremtoio3a Mae 4aCTUHKH 3 TIOTICPEYHUM PO3MIPOM Yy JACCATKH HAaHOMETPIB, IO
3HaXOJUTHCA Maibhke Ha MEXl MOXJIMBOCTEH 1HCTPYMEHTAIbHUX METOJIB BUMIPIB 1
noTpedye CcydacHOi CHeliaibHOI BUMIPIOBIBHOI TEXHIKM Ta METOJIUK i1
3actocyBaHHs. CaMe TOMY 111 0OCTaBMHU B MEPIILY YepPry 3yMOBUIU BUOIP HIIBOBUX
XapaKTePUCTUK JUIsl OJEP>KaHOT HAHOIENOJIO3U, 1 BXKE MOTIM iX BJOCKOHAJICHHS Ta
BUBUYCHHS BIUTMBY Ha MMOKA3HUKH SIKOCT1 MPOAYKTY.

OcHoBHa choenmdika po3poOJCHUX HA CHOTOJHINIHIA JIeHb METOIB
JOCTI/DKEHb TOJISITae€ B TOMY, IO OJHUM METOJIOM, 1, BIMOBITHO, TMPHUJIAIaMH, 110
3a0e3MeuyoTh poOOTy TaHOTO METOAY, MOKHA BUMIPSATH LUTANA P XapaKTEPUCTHK

HAHOILIEJI0JIO3M; 1 HAaBMAaKW — MeBHA Xapaktepuctuka HI[ moxxe Oyru BuMipsiHa 3a
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3aCTOCYBaHHS KUIBKOX METOJIB Ta NpWiadiB Iboro meroAy. Hampukman, taka
xapaktepuctuka HII[ gk iHmEeKC KpuCTaliyHOCTI MOXKE OyTH BHU3HAUE€HA METOJIaMU
SIepHOTO0 MarHiTHOro pe3oHancy (SIMP), indpagepBonoi wmikpockomii (FTIR),
peHTreniBebkoi qudpakiiii (XRD), 1 naBnaku, Bukopuctands Meroay XRD mo3Bossie
orpumatu Taki xapaktepuctuku HII, sk: Bua HII, MDKIIomwmHHI BiAcTaHi y
KPUCTAIIYHIN peliTii, NapaMeTpy KPUCTAIIYHOT €JIEMEHTApPHOI KOMIPKH, JIaTepaJIbHI
PO3MipH HAHOKPHUCTATIB.

Ha »xanp, sk mokaszajlo BUBYEHHS JIITEPATYpHUX JIKEpEN, ICHye He3HauHa
KUTBKICTh JaHUX 1070 Kiacudikarii xapakrepuctuku HI[ — MeToau ix mocmigxeHs,
Yy HaBmaku, metomau aociipkenb HI[ — ii xapaktepuctuxu. Bce * maHMX 110710
IPYyroro BapilaHTy 3YCTpI4aeTbcs OUIbIIE, TOMY Hall PO3IJISAJ XapaKTepPUCTUK
HAHOILIETIONIO3U, OJiepkaHoi 3 AociikeHux npeactaBuukie HAPC, mu nmposenemo
caMe TaKuM MUISXOM. Y poOOTI BHUKOPHUCTOBYBAJIM HACTYIHI 1HCTPYMEHTAIbHI
METOIU  JIOCHI/DKEHHS  XapaKTePUCTUK  POCIUHHOI  CHPOBUHH,  IEJIOJIO3M,
HAHOTICITIOJIO3H 1 KAPTOHHO-TIAIEPOBOT IPOYKITT, IO HABEICHO HUXKYE.

Jlist  MopdoJOTiYHMX  TOCIIIKEHbh BHKOPHCTOBYBATM METOJ] CKAHYIOUOT
enekmponnoi mikpockonii (CEM) 3a J0NIOMOIOI0 €JIEKTPOHHOIO MIKPOCKOIA
«PEM-106i» (SELMI, VYkpaina). lna nocnimxeHHs Mopdoaoro-tomnorpadiqHux
XapakTepUCTUK OTPUMAHOI HAHOLEIIOJI03M BHUKOPHUCTOBYBAIU AMOMHO-CUTIOBY
Mikpockonio (ACM) 13 3actocyBanHsaM npunany «Solver Pro My (NT-MDT) 3
KPEMHIEBUM KaHTIJTIBEPOM, IO TMpallo€e, K TMPaBUio, B OE3KOHTAKTHOMY YU
HAMIBKOHTAKTHOMY pexuMi. [[ns BU3HaAuEHHS TOMOTpaPiUHUX XapaKTEPUCTHK
OTPUMAHOT HAHOIIENIOJIO3M BUKOPUCTOBYBAIU TAKOX MPAHCMICIUHY e1eKmpPOHHY
mikpockoniro (TEM) 3a nonnomororo npunany «Selmy EMV-125» (SELMI, Ykpaina).
TEM-ananizu mnpoBOAWINCS 3a KIMHAaTHOI TeMIlepaTypud 3 BHUKOPHCTAHHIM
MIPUCKOPIOBAIBHOI Hanpyru 75 kB.

JIisi BUMIpIOBaHHS CTPYKTYPHHX XapaKTEPUCTHK JOCIIKEHUX MaTepiaiiB
BUKOPUCTOBYBAJIU METON peHmzeHniecbkoi oughpaxkuyii (XDR) 13 3acrocyBaHHAM
pentreHiBcbkoro audpakromerpa «Ultima IV» (Rigaku, Snonis) 3 BUKOpUCTaHHIM

CuKa BumnpowmintoBanss 3a Hanpyru 40 kB 1 ctpymy 30 MA. IlepBuHHa 00poOka
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PEHTIEHIBCHKOTO 3HIMKA CHEKTPY IpPOBOAMIIACS 3a JIOIOMOIOK IPOTrpamMHOro
3abesneuenHss PDXL 3 kommuiekty mudpakrtomerpa. Penmezen-ghayopecyenmnuii
aHalli3 MIHEpaTbHUX 3AIWIIKIB TPOBOAWINM Ha EKCIpec-aHali3aTopl XiMIYHOTO
cknany « EKCIIEPT 3JI» (Ykpaina).

s 3ustTs cnektpiB BoiokoH HJIPC, nemtono3u 1 HI[ BukopucroByBaiu
ingpauepeony cnekmpockonito 3  @yp’c-nepemeoprosannam (FTIR) 13
3actocyBaHHsIM crnektpomerpa «Tensor—37» (BRUKER, Himeuunna) 3 po3aiiibHOO
31aTHICTIO 4 cm B miana3zoH yactot 400—4000 em! .

[Ipozopicte mmiBok HI[ BU3HAyanu METOOOM 3HSATTS €IEKTPOHHHUX CIIEKTPIB
NOMIMHAHHSA 3a J0BXHMHM XBwil 600 HM 3a JOMOMOIOI0 JIBOIIPOMEHEBOTO
cnexktpodoromerpy «4802» (UNICO, CIIIA) 3 po3aUIbHOKO 3/IaTHICTIO 1 HM.

Tepmocpagimempuunuit  memoo  BUKOPUCTOBYBIM IS BU3HAYCHHS
TEPMIYHOI CTIMKOCTI IIeNI0JIO30BMICHMX MatepianiB 13 pociimxennx HJIPC 3a
nornomororo Tepmoananizaropa « 950» (TA Instrument, CIIIA).

[lpu mpomeneHi BuUMpoOyBaHb  MEXaHIYHUX  XAPAKTEPUCTUK  IUIIBOK
HAHOIICITIOJIO3H, 3pa3KiB Manepy 1 KapToHy 3actocoByBaym nipwian « TIRAtest- 2151 »
(Himeuunna) Ta po3puBHy MamumHy PBM-30. 3a3HaueHi MeToau JOCHIKEHb Ta
oOnasHaHHA JJI1 iX MPOBEACHHS BUKOHYBAJIM Y BIANOBIIHOCTI 3 MIXHApOAHUMU

CTaHJapTaMHu.

2.3 MeToauKu 10 CJIi/IKeHH I

2.3.1 MeToan oepKaHHSA OPraHOCOJIbLBEHTHOI LEJIJI03U i3 J0CTiIKEeHOl
POCJIMHHOI CHPOBHHU

Sk BiIOMO, CYTHICTh OTPUMAaHHS LIETFOJIO3U 13 POCITMHHOT CHPOBUHU TOJIATAE B
ToMy, 1100 B Tmporieci nenirHidikamii poCIMHHOI CHPOBUHHU I JI€I0 XIMIYHHX
pEareHTiB Ta TeMIIEpaTypyu MEPEBECTH JITHIH Y PO3YMH 1 BIJIUIMTH JITHIH Ta 1HIII
CeKCTpaKTHUBHI PEYOBMHH Bij 1emoio3n. /[l oTpuMaHHS 13 JAOCTIIKCHUX
npencrtaBaukiB BiTunsHsHOI HJIPC memtonmo3u, mpupaTHOi A €KCTpakiii 3 Hel
HaHOIETION03U, y POOOTI BUKOPHUCTOBYBAIM JB1 CTalii OOpPOOKHM POCIUHHOI

cupoBuHU. Ha nepuiiii ctaaii npoBoauiin 0OpoOKy MoApiOHEHOT CUPOBUHH PO3YUHOM
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NaOH 3 xonnentpamiero 50 r/a [7] ta Butparor 5 % Big Macu abCOMIOTHO CyXOi
CUpPOBUHH (a.c.C.) [8] s BUaieHHs OCHOBHOT YaCTHHU TeMIIIENIOJIO3H 1 YACTKOBOTO
BUJAJICHHS JITHIHY. [ 1IbOro HaBa)KKy POCIMHHOI CHPOBHHH 3aBAaHTAKYBAIU B
TEPMOCTINKY CKIIIHY KOJOY 3aJuBajM pO3paxoBaHy KiIbKicTh po3unHy NaOH 3a
rizpomonynss 10:1, konOy 31 3BOPOTHIM XOJIOAWJIBHUKOM BCTAHOBJIIOBAJIM Ha
€JIEKTPUYHY IUIMTKY 1 NIATPUMYBAJIM TEMIIEpaTypy IpoLEecy eKCTpakiii B Mexax 98+
2°C BopomoBxk 60 xB. Ilicns 3akiHYeHHS TPOLECY JIYKHOI — EeKCTpakiii
BINPAllbOBAHUM PO3YMH 3JIMBAJIM, a OTPUMAHMM BOJIOKHMCTHI HamiBdaOpukat
MPOMUBAJIA TEIJIO JUCTUILOBAHOI BOJAOK 10 HeWtpanbHoro pH, Bimkumanw,
3BAKYBAJIM HaBaXKy Ha BU3HAUYEHHSA Koe(]illleHTa CyXOCTI, BUXOJY, 3aJUIIKOBOIO
BMICTY JITHIHY 1 MIHEpIbHUX PEUOBHH, a OCHOBHY Macy TIEPEHOCHIH B
TepMETUYHHI KYJIbOK JJIs 30epiraHHs J0 MPOBEACHHS CTa/li BapiHHS IIEITFOJIO3H.

Bapinus LIEJTFOJIO3H MIPOBOIUIIN €KOJIOT1YHO OLIBII Oe3IeYHUM
OpPraHOCOJIbBEHTHUM  crocobom  nenmirHidikamii  gocmimkenoi  HIAPC 3
BUKOPUCTAHHSIM PO3YMHY TIEPOIITOBOT KUCIIOTH KA YTBOPIOETHCS 13 CYMIII JIbOISTHOT
OITOBOI KUCTOTH 1 35 %-BOTO pO3UMHY MEPOKCHIY BOJHIO 3a CHIBBIAHOMIEHHS 7 : 3
3a 00’emoM. Taki 3HaUCHHS TEXHOJOTIYHHMX MapaMeTpiB Oy BH3HAYEHI paHillIe K
ONTUMAaJIbHI JIJIi BWJIYYEHHS PI3HUX MPEACTABHHUKIB HEJIEPEBHOI POCIMHHOI
cupoBuHH [144].

BapinHsi opraHOCOJIBBEHTHOI LIETIOIO3U MPOBOIMIN B CKISTHUX TEPMOCTIHKHX
KOJ10ax 1 3BOPOTHUMHM XOJIOJWIbHUKAMHU 3a Temneparypu 98 + 2 °C 3a TpuBanocTi Bij
60 o 180 xB. 3BapeHy OpraHoCOJbBEHTHY LIEII0JI03Y IPOMUBAIN TEILIOO
JTUCTUIILOBAHOIO BOJIOIO 10 HelTpayibHOro pH, 3Ba)kyBajiu HaBa)XKy Ha BHU3HAUYEHHS
Koe(ilieHTa CyXoCTi, BUXOY, 3AJIMIIKOBOTO BMICTY JIITHIHY 1 MiHEpaJTbHUX PEUYOBHH,
a OCHOBHY MacCy OpPraHOCOJIbBEHTHOI I[EII0JI03U MEPEHOCUIIM B FE€pMETUYHI KYJIbKHU
JUIst 30epiraHHs 710 MTPOBEICHHSI MPOIECIB eKCTPAKITT HAHOIETIOIO03H.

Busnauennss Buxony BH®, BwmicTy 3adMIIKoBOro IIrHIHY Ta BMICTY
MiIHEpATHbHUX PEUYOBHH MPOBOMIIOCS 3TITHO 3 MPUHHATAME MeToaukamu [ 145, 146].

BianpanpoBanuii BapWiIbHUN HIOJIOK MICHS OPraHOCOJBBEHTHOTO BaplHHS

MEPENMBATIM B €MHOCTI, B AKUX BII(UIBTPOBYBAJIM JITHIH METOAOM OCAJKEHHS, a
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BiAGMUILTPOBAHUIM PO3YMH TMEPEraHsau Il OTPUMAHHS OLTOBOI KHCIOTH JIJIst

MMOBTOPHOTO 11 BUKOPUCTAHHS B MIPOIIEC] BAPIHHS IETIOI03H.

2.3.2 Meroauku OTPUMAHHSI HAHOULEJIIJIO3H i3 OPraHoOCOJbBEHTHOL
LEeJII0JIO3M i3 He IepEeBHOI POCJMHHOI CHPOBUHH

[Ipomecu ekcTpakilii HAHOIENIOIO3W 3 OJIEPKAHOI  OPraHOCOJIBLBEHTHOI
LETI0JI03M MPOBOJIMIN METOJAAMU KUCIOTHOTO TIAPOIIi3Yy, OKUCHEHHS B CEpelOBHUIII
2,2.6,6 — terpomerunminepuans-1-okcuny (TEMIIO) Ta rmOoKMX €BTEKTUYHHUX
po3unHHUKIB (DES). EkcTpakiiito HaHOIEIOI03U MEeMmoO0OM KUCTOMHO20 2i0POJIi3y
OTPUMAHOI OPraHOCOJBBEHTHOI LEIOJI03U NPOBOJMIM PO3YMHAMH CYIb(GaTHOT
kucioTy KoHreHTparii 40 %, 45 %, 50 %, 55 % 1 60 % 3a remneparypu Big 30 £ 2°C
1o 60 £ 3°C tpusaiictio Big 30 xBuaun 10 180 XB i3 mepioguUHMMU MEXaHiUHUM
MEePEeMINTYBaHHIM  IIETIONIO3HOT CyCIeH3li CKJISHOI Mmanudkor. Po3paxoBany
KUIBKICTh CyJdb(aTHOI KHCIOTH HEOOX1JHOI KOHIIEHTpallii MOBIIBHO JO0JaBald B
TEPMOCTIMKUN CTaKaH 13 CYCHEH3I€r0 Iemtoo3n. JIJis miATpuMaHHS TeMIlepaTypu
MIPOIIECY TIAPOI3y CTaKaH i3 CYCIEH31I0 IENIOI03u cTaBwim y Tepmornady. I[licms
3aKIHYEHHS BU3HAYEHOI TPUBAIOCTI MPOILEC TIAPOdI3y 3YNHUHSUIM AoJaBaHHAM 10-
KPAaTHOTO HAJIMIIKY JUCTUILOBAHOI BOJU, OXOJIOJKYBAIM CYCIIE€H31I0 O KIMHATHOL
TeMIepaTypu  Mmepen  MpOBEJeHHAM  0araTopa3oBOro  IEHTpU(PYTyBaHHS.
Hentpudyrysanus nposoawin 31 mBuikicTio 8000 06/xB BrnpomoBx 10 xB s
BIJIMUBAHHS HAHOIIEIOJIO3M BiJ] 3aJUIIKIB KUCIOTH. JIJIsl IbOTO PIIMHY HAJ OCaZ0M
3IMBaJIM  Ta JOJAaBajd HOBY TMOPIII0 JUCTUIHOBAHOI BOJM, IHTEHCHBHO
nepeMilryBaiu Ta IPOBOIUITN HeHTpUuyryBaHHs. baratopazoBum
neHTpudyryBanusm pgocsranu pH cycmensii 6 - 6,5, a B neskux Bumaakax (3a
T1IpOJIi3y BUCOKUMHU KOHIICHTPAIIAMH CYJIb(HaTHOT KHCIOTH) T0JaTKOBO MPOBOIUIH
miami3 BOpoaoBxk 12 — 24 romuu s gocsarHeHHs pH posumny 6 — 7. Otpumany
CYCIICH3110 HAHOIIENIOI03U HAMPABJISUIM Ha TOMOTEHI3aIlI0 METOJIOM YJ1bmMPA38yKo6ol
00po6Ku, STKy IPOBOJIWIIH HA yAbTpazBykoBomy aucnepratopi Y3JH - 2t1. Jlns uporo
50-200 cM’ cycreHsii HAHOLENIONO3U 3 KOHIEHTPAI[€I0 OIm3bko 1% HamuMBand B

CKJISIHKY, BCTQHOBJIOBAIM 1ii B OaHIO 3 XOJIOAHOK BoJow. B cycnensito
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HAHOIIEIIOJIO3U OMYCKAJId YHIBEPCAIbHHUM BUMPOMiHIOBaY 3 yactotoro 22 KI'm, sikwuii
MEPETBOPIOE  CIIEKTPUYHI KOJIMBAaHHS B MEXaHIYHO TIPYXKHI 1 mepedaae ix B
cepeIoBHUIIE, 10 JUCTIEPTYEThCS. [ OXOMOMKEHHS TeMIepaTypu CycreHsii uepes
HarpiBaHHS Tl 4ac yJAbTPa3ByKoBoi 00poOku uepe3 koxHI 10 — 15 XB 3MiHIOBaNH
BOAY Yy BOJsAHINA Oani. Jlyig 3amoOiraHHs WIBUAKOTO HArpiBaHHS 1 BUIIAPOBYBaHHS
BOJM 13 CYCHEH31l HAHOIEJIOJIO3U MOTYKHICTh JUCIepraropa BCTAHOBIIOBAIU Ha
piBHI 65% Bi1 MakcuManbHOi. TpUBANICTh YIBTPA3BYKOBOI OOpOOKM CTaHOBWIJIA BiJl
30 1090 xB st OTpUMaHHS TOMOTEHHOI TrenenoaiOHol cycrneHsii. OTpumany
CYCIIEH3110 HAaHOI[ETIOI03H BIUIMBAIM Y TUIACTUKOBI yaiiku [etpi niamerpom 90 MM 1
BUCYIIYBaJIM 3a KIMHATHOI TeMIlepaTypu BIPOJIOBXK A0 7 JIHIB B 3aJ€XKHOCTI BIJ il
o0’eMy s oOJepXaHHS HAHOLENIOJO3HUX IUIBOK JJisi BU3HAuU€HHS (DI3UKO-
MEXaHIYHHUX TTOKA3HUKIB 1X SKOCTI.

Excmpaxyia HI] memodom TEMIIO-onocepenKOBaHOTO  OKHUCIEHHS
npoBogwin 3 BukopuctanHsa cucremu TEMIIO/NaBr/NaOCl 3 momambiinoro
00poOKO0 yimbTpa3BykoM. Taka oOpoOKa MPHU3BOAWTH JO CEIEKTHBHOTO BHIATICHHS
amop(HIX 00sacTel OPraHOCOIBLBEHTHOI IIETI0N03U MPHU 30epeKEHH1 KPUCTATIIHUX
obOnacteil MakpoMosekyn memrono3u [147]. Jlns omepkaHHS HAHOIETIONO3U 1 T
OpPraHOCOJIbBEHTHOI LENIOJIO3H 3 ypaxXyBaHHM ii Koe(ilieHTa CyXOCTl IEPEHOCHIIH B
CKJISIHKY, nonaBany 100 Myl IUCTMIBOBAHOI BOAM Ta 3MILIYBAIA OTPUMAHy BOJHY
cycnensito 1entoiosu 3 0,16 T HaTpiro 6pomiay Ta HeoOx1aHOW KiabkicTio TEMIIO B
Mexkax Big 0,8% mo 2,0% Big macu 1entoso3u. st piIBHOMIPHOTO MPOCOYYBaHHS
IEJTIOJIO3HOI CYCIEH311 [IMMU peareHTaMy BUKOPUCTOBYBAIM YIIbTPa3BYKOBY OOpOOKY
B yibTpa3BykoBoMy jae3inrerparopi Y3JIH-A (SELMI) 3a 22 kI'11 BupogoBx 5 XB.
Po3umn, mo mictute NaClO 3a 10 MMOJIB/T 1LI€TI0JIO3H, JT0JIAa0Th 0 CYCHEH31i 3a
KiMHaTHOT Temmneparypu Ta pH 10 1ns cTBOpeHHS YMOB ONOCEPEIKOBAHOIO
okucinenHss TEMPO (3 mocriinum gomaBanasm 0,5 M NaOH poszuumny nms
nigrpumku pH cymimii 10). Tpusanicts okucnenass TEMPO cranosuio Big 2 go 24
rogud. Jns 3ynunku npouecy TEMPO-okucnenns nopgasanu 100 mur era”oqy.
[lotim cycnensito uentpudyryBanu Big TEMPO, conell Ta IHIIHX CHONYK,

MPUCYTHIX B OKHUCHIOBaJIbHIN cymimi, Tpuui 3a 4000 o0/xB mo 10 XB KOXeH 1
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MIPOBOMIIN YIbTPa3BYKoBY 00poOky TEMPO-okucienoi HaHOIEMI0I03HO1 CyCeH311
npoTtsiroM 10 —30 xXB /10 TPO30pOro CTaHy HAHOLIENIFOJIO3HOTO T'eJI0, 1110 YTBOPIOETHCS
[148]. OTpuMaHy HaHOIENIOIO3HY CYCIICH3110 pO3TUBaK B Hamku [leTpi Ta cymmim
Ha TOBITP1 32 KIMHATHOT TeMIEpaTypu Il OTPUMAHHS HAHOIIEIIOJIO3HUX TUTIBOK Ta
BU3HAYCHHS X MOKA3HUKIB SKOCTI Ta JJIS MOMAIBIIIOT0 BUKOPUCTAHHS B MPOIECax
BUTOTOBJICHHS TTaIepy.

Excmpakuyia Hanouyenwono3u y cepeoosunii 21uOOKUX e8MeKMUYHUX
po3uunnukie (DES) npoBoauIu BiMOBIIHO 10 METOJUKHU, OMHUCAHOI B cTarTi [9].
Cucremy DES roryBanu nuisxoM 3MillyBaHHS IUTIAPATY IIABJICBOI KHCIOTH, XOMIHY
xynopuny ta FeCl;-6H,O y macoBomy cmiBBigHOmeHH1 4:1:0,2 Ta HarpiBaHHs Mi€l
cyMimii B cepuuHiil koabi 3a remneparypu 80 °C Ha MacisHii GaHi IpU MOCTIHHOMY
nepemimryBanHi. [licins mporo mo cuctemu DES nomaBaim 1 T opraHoconbBEHTHOT
IETI0N03M 1 BUTPUMYBAIM 3a 1€l TeMmmeparypu mnpotsrom 7 roaud. llicms
3aBEpIIIEHHS MPOIECy KOO0y HETaWHO OXOJO/KYBAIM 0 KIMHATHOI TeMIlepaTypu
BOJIOTIPOBITHOIO BOJIOIO, CYMIII TIEPEHOCUITN B XIMIYHUHN CTaKaH, a MOTIM po30aBIsiv
100 mu rapsiaoi aeionizoBaHoi Bogu. Po3Beneny cymim neHTpudyryBamu 3a 8000
00/xB mpoTsarom 3 xB ana HeraiHoro BumaneHHs DES. Bigokpemuenuii ocan
MIPOMUBAIIA 1€ TPU Pa3u JUCTUILOBaHOI BojOK0 3a 4000 00/XB ais BHUAANIEHHS
sanumkiB DES. Ilicns uentpudyryBanss ocan po30aBisiin J€i0HI30BaHOO BOJIOIO, a
OTpUMaH1 CyCIeH31i 00poOJsUTM JIel0HI30BaHOKO BOJIOI0 3a JOIMOMOTOK iaJli3HOI
MeMOpaHu A0 JAocsirHeHHs HeillTpainsHoro pH. YibTpazBykoBy oOpoOKy cycreHsii
HAHOLIETIONO3M  MpoBOAWIM mpoTsiroM 30 XB /10 YTBOPEHHS IPO30POTO
HAHOILIETIONO3HOTO Tremo. OTpuMaHy CYCHEH31I0 HAaHOUENI0JN03U 30epiranu 3a
KIMHATHOI TeMIEepaTypu B 3aKpUTUX KOHTEWHepax JJisi OTPUMaHHS IUTIBOK

HAHOIIEII0JIO3U 200 MO JANTBIIIOT0 BUKOPUCTAHHS Y BUPOOHUIITBI manepy [9].
2.3.3 Meroauku BUIOTOBJICHHSI MNamepy i KapTOHY 3 /JA0JAABAHHAM

HAHOLICJAKJJIO3N Ta BHU3HAYCHHHA NMOKA3HHUKIB SIKOCTI pOCJIHHHOi CUPOBUHHU,

LEJII0J1031, HAHOLJII0JI03H, NTANIEPY Ta KAPTOHY
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JlaGoparopHi BIIJIMBKK 3pa3KiB Tamepy 1 KapTOHY BHUTOTOBJSUIMCS Ha
nucTtoBimuBHOMY amaparti (JIA) 3a ctangapTHorO MeToaukoro [143].

JIJisi BUTOTOBJICHHS 3pa3KiB nanepy 071 HAKYBAHHA XAPU08UX NPOOYKMIE HA
agmomamax Gyin IPUHHSTI IPOTOTHITH CepifiHuX Mapok: «Bx» — 220 r/m?, «II» — 110
/m?, «E-II» — 83 /M.

Jlnst BimmuBok-anasoris 220 r/mM° y Bianosigsocti 3 HTJ] BUKOpHCTOBYBaIH
cynbdaTHy XBOHHY OileHy Iemono3y, BimmBok-aHamoriB 110 r/m’> — cyasditHy
XBOHHY HEBUOLNEHY IETI0N03Y, Ta Bi/THBOK-aHAIOTIB 83 T/M” - MaKyJIaTypy MapKu
MC-4A 3a JCTY 3500:2009 Ta cynb(diTHY XBOWHY HEBHUOUICHY IIENIOJIO3Y Y
cmiBsigHoIeHH1 50 : 50 %.

3pasku marepy Oyiad BHTOTOBJICHI BimmosimHo Baroro 220 + 3 r/m”, 110 + 2
/M> ta 83 + 1 r/M*> 3 monaBaHHS B Macy 1 0e3 Jo0/aBaHHSI KPOXMaJIbHOTO KJIEIO
«Callpress» Ta ankin xeren numepy (AKJl) 3 Burparoro 1,5 % Big macu a.c.c.
[lompibueni g0 po3MipiB 2-5 c¢M BOJOKHHUCTI HamiBdaOpukatn macoro mo 108 r
3amouyBamu Ha 20 xB y 2392 mn XonoaHOi Boau, po3nyckaid mo 20 xXB B
ripopo3ouBadi, a motim 1ie 10 XB 1 cynb(aTHOI HEBUOICHOI MENF0I03H Ta 22 XB
it MakynaTypu Mapku MC-4 A B MutiHI 17151 3a0€3M€YeHHSI OTHOPITHOCTI CyCTeH3ii i
YHUKHEHHS rpynok 1 3ryctkiB y JIPK, orpumanu 2500 mu macu 3 KOHIEHTpaliewo 4
%, crynenem miuusa 30 °IIP (Iomnep-Pirnepa). Ilicis BUCHXaHHS BiIJIMBOK Ha iX
MMOBEPXHIO HAHOCWJIM CYCIIEH31sl ouepemsaHoi Hanoyenoao3u 3 BUTpaToro Bia 1 1o 3
/M’ Ha OJIHY CTOPOHY. B OTpHMAaHHX 3pa3kax BU3HAYAIM MOKA3HUKM SKOCTI 3riIHO 3
I'OCT 7247-90 [149].

JIJisi BUTOTOBJICHHSI 3pa3KiB-aHAIOTIB Hnanepy O071A RNAKYBAHHA XAPYOGUX
npodykmie Macoro 40+3 r/M° BUKOPHCTOBYBAIH CyIb(DaTHy HEBHOLUICHY LENION03Y,
aKy posnyckanmu 1 po3menmtoBanu B MmiauHl JIPK (Ykpaina) mns 3a0esnedeHHs
OJTHOPITHOCTI  BOJIOKHHUCTOI cycreH3ii. BimmBku mnanepy oOTpuUMyBad Ha
mucToBiMBHOMY amapati JIA-1 3a cTaHZapTHOI METOIUKOI0 3 BHKOPHCTAHHSIM
XIP 3 Butparoro 0,3% Bim Macu mamepy, mo craHoBuTh 50% Big TpaguIiiHOL
Butpatu X/IP Ha BupoOHuUITBI. ButpaTtn xonorustHoi HI ctanosunu Big 0 1o 2,0%

BiZ Macu marepy Ta Bix | 10 5 r/M” Ha moBepxHio mamepy [3].
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Mopdomoriro MmoBepxHi 1 MOMEPEYHOro Ppo3pi3y Marnepy CHOoCTepiraiu 3a
JIOTIOMOTOI0 CKaHytouoi enekTpoHHoi Mikpockomii (CEM) na mikpockormi PEM—1061
(SELMI, VYkpaina) 3 momepeaHiM HaHECEHHSM Ha 3pa3KH Iapy 30J0Ta METOJIOM
HanuieHAS. D13MKO-MeXaHiIuHI TTOKa3HUKU OJIEPKaHUX 3pa3KiB marnepy (MIUIbHICTD,
pyiHYyIOUYEe 3yCcUIUIsl, aOCONIOTHUM OIip MPOJABIOBAHHIO, BIAHOCHE BUOBKEHHS,
KUPOMPOHUKHICTh) BU3HAYAJIM 33 NMPUUHATHUMM B MANepoBiil rany3i CTaHAAPTaAMHU.
Bci ekcniepuMeHTH BUKOHYBAIMCh TPUYl, HA OCHOBI SIKMX pO3pPaxOBaHO CEpeIHl
3HAYEHHS 3 BIJIHOCHOIO ITOXHUOKOI0 MeHIIe 5%.

JIns  BUTOTOBJIEHHS BIIJMBOK 3pa3KiB  Hanepy-ocHO8U O1A winanep
BUKOPHCTOBYBAJIU CyJdb(paTHy  XBOWHY BHOUICHY 1003y Ta TmojiedipHe
CUHTETUYHE BOJIOKHO, Y BOJIOKHUCTY Macy SIKMX Mepe]l BIJUIMBAHHIM 3pa3KiB marepy
Ha JucToBiNMBHOTO amnapaty JIA-1 mobGammsuim HactymHi XJIP: cycmensiro ankin
kereH numepy (AKJD) konnentpariero 20% ta ouepersny HILI, onepxany rinposizom
OpraHOCOJBBEHTHOI OYEPETSIHOI Ietoo3u, KoHmeHTpamiero 0,75%, 3B’s3yroue Ta
onrnunuii BubimoBad. Butpara AK/] 1 HII BapiroBanacs B mexax 0 — 0,7 % Bix macu
nanepy [22]. JlomaTtkoBo Ha MOBEPXHIO BIAJIMBOK HaHOcuiacs cycrensis HIJ i3
Burparoto Bix 0,5 mo 2,0 r nHa 1 m’. BimmBku Manepy-oCHOBU Ul  LITIaJep
BUTOTOBIISTH Macoro 60+3 r/m” Ta mriaeHIcTIO 0,424+0,03 r/cm’. 3HAYEHHS TTIOKA3HMKIB
AKOCT1 3pa3KiB Manepy-oCHOBHU JUIS ILIMAajep BU3HAYaIM 3TITHO 13 BUMoramu TY Y
21.1-00278735-061:2009. 30kpema, pyiHIBHE 3yCWLJISl 3pa3KiB Marnepy BUMIpPIOBAIIU
3a KOHTpOJboBaHOi Temneparypu (23 = 1 °C) 1 Bosorocti (50 + 2%) BiANOBIIHO 10
ISO 527-1. BunpoOyBaHHsl 3pa3kiB Ha PyWHIBHE 3yCHJUISI B CYXOMY Ta BOJIOTOMY
CTaHax TMPOBOJAWIM Ha BUIOPOOYBalbHIM MamuHi Zwick 3 gomyctumum
HaBaHTaxeHHsM 500 H. [[ns TecTyBaHHS BUKOPUCTOBYBAIM TE€CT-CMYXKHU ITUPUHOIO
15+ 0,5 mm 1 noBxkuror 100 £ 1 mm. [HII ¢izuko-mMexaHiuHI BIACTUBOCTI Hamepy
BH3HAYAIM BiAMOBIAHO J0 HACTYIHHMX CTaHAApTIB: JiHIHHY aedopmamiro 3a ISO
1924-3:2005, 6imcrts 3a JICTY 2570, menpozopicts 3a 'OCT 8874. Jliis BU3HAUCHHS
KOXXHOTO 3 I[IOKa3HMKIB $IKOCTI Tamepy TeCcTyBajlocid IO M'STh 3pa3KiB Ta

PO3paxoOBYBAIKCS iX CepeH 3HAUCHHSI.
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Jlns BUTOTOBIIEHHS J1aOOpaTOPHUX 3pa3KiB eneKmpoizonayiilHozo nanepy
BUKOPUCTOBYBAJIM CyJib(aTHy HEBHOUIEHY XBOWHY IIENIOJIO3Y, SKY PO3IMYCKaIH 1
PO3MENIOBATHN y JJabopatopHoMy po3MmentoBaasHoMy kKoMiuiekci JIPK (Ykpaina) s
3a0e3Me4eHHs] OJHOPIIHOCTI BOJIOKHUCTOI CYCIEH31i Ta JOCATHEHHs CTYINEHS MJIMBA
50°I1IP. BimmBky mamepy Macoro 65+3 r/M° i ToBmuHOK0 100+5 MKM 0fepx)yBany
Ha JucTtoBiyIUBHOMY anapati JIA-1 (YkpaiHa) 3a CcTaHIApTHOIO METOIUKOIO.
[neHTUyHI BIJUIMBKU OyJIW BUTOTOBJIEHI 3 JOJIaBaHHSM Y BOJIOKHUCTY KOMITIO3UILiIO
HII, excTparoBaHnoi B mpoiieci Tiapoiai3y OpraHoCOIbBEHTHOT KOHOIUISTHOT IEJTF0JI03H 1
3 cynbhaTHOI HEBUOIIEHOT XBOMHOI 11emt0a03u 3 BuTparow 1%, 2%, 3% 1 5% Bix
macu mnamnepy [12]. Iloka3HHMKH SIKOCTI OTpUMaHHUX 3pa3KiB eJNEeKTPOI30JISALIHHOTIO
nanepy aociipkyBaiu BianosigaHo Bumor 'OCT 1931-80.

JlaGoparopHi BIAJUBKU 3pa3KiB-aHAIOTIB KAPMOHY O NI0CKUX WApie
2opposanozo kapmony macoro 17510 r/M° onep)KyBaIM Ha JHCTOBIUIMBHOMY
anaparti JIA-1 (Ykpaina) 3 BUKopuctanusm Makyiarypu mapku MC-5b. Makynarypy
posnyckanmu y JIPK mo 45 °IIP (Illommep-Pirnepa). Burpara ankin xeTeH auMmepy
(AKI) cranosmiio 1,5% a6o 3,0 % Bix macu xapToHy, a BuTpatu HI i3 mokHUBHHX
pPEeIITOK KYyKypya3u 3MiHOBamm B Mexax 1,5, 3,0, 5,0 ta 10,0 xr/t xaprony.
OTtpumani 3pa3Ku KapTOHY KOHAMIIOHYBaau B kamepl 3a 23 °C 1 Bosorocti 50%
npoTaroM 24 roAWH TeEpe] BU3HAYEHHAM iX (I3MKO-MEXaHIYHUX MapameTpiB 1
nopiBHIOBaNM 3 BuMoramu TY ¥V 17.1-41085075-002:2017.

JIns  BUTOTOBJIGHHSI  BIJUIMBOK  3pa3KiB-aHAJOTIB  KApmMoOHYy  MAPHO20
60J1020CMIlIK020 BUKOPUCTOBYBaIM Makynarypy mapku MC-5B-2, y BOJOKHHUCTY
Macy fKOi Tepe] BIUIMBAaHHSAM Ha JIMCTOBLIJIMBHOTO amapaty JIA-1 noGainsiiu
HactynHi XJIP: cycmensito ankin keren aumepy (AKJ); HII, ekcrparoBany i3
OpPraHOCOJIbBEHTHOI COHSIIHUKOBOI IIETI0JI031; KoaryysHT 1 OapBHUK. Burpara AK/]
cradoBmna 0, 10, 15 1 20 xr/t, HI] — 0, 2, 4, 6 1 10 kr/T, koarynsury — 4,9 Kr/T,
GapBHIKA — 1,6 KI/T KapToHy. JIOHaTKOBO Ha OBEPXHIO BIUIMBOK Macoro 160+3 r/m’
HAaHOCWJIACA CYCTEH31sl MOAM(IKOBAHOTO KPOXMAIBLHOTO KJICIO 3 BUTPATOIO 25 KI/T
kapToHy [13]. 3HaueHHs MOKAa3HUKIB SKOCTI 3pa3KiB KapTOHY BHU3HAYalu 3a

KOHTpoaboBaHoi Temrepatypu (23 £ 1 °C) 1 BosnorocTi (50 + 2%) 3riiHO 13 BUMOTaMHU
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BIJIMOBIIHMX CTaHAApPTIB. AOCONIOTHHIA OMip IPOJABIIOBAHHS 3pa3KiB KapTOHY
BUMIpIOBaJIA BianmoBigHO 10 ISO 2759, 3ycuiis CTHCHEHHS Ha KOPOTKIM BIJICTaHI y
nonepedHomy Hanpsimi (SCT) — 3a ISO 9895, moBepxHeBy BOMPHICTh BOJU TIiJ] Yac
0JTHOOIYHOTO 3MOYYBAHHS I IOBEPXHEBOTO 1 HMKHBOTO mapy — 3a JICTY EN ISO
535. g BU3HAUYEHHS KOKHOIO 3 MOKAa3HUKIB SIKOCTI KAPTOHY TECTYBAJIOCS IO M'ATh

3pa3KiB Ta pO3PAXOBYBAIUCS X CEPE/IHI 3HAYCHHS.

2.4 MaremaTnyHa 00po0Ka pe3y/IbTATiB eKCIIEPUMEHTATBLHUX TAHUX

MaremaTuuHi, 1 30KpemMa, CTATUCTUYHI METOJIM, B 1HTEpIpeTalii eMImipuIHuX
JAaHUX € OJHUMU 3 OCHOBHHMX, OCKUIBKH pe3yJlbTaT XIMIYHOTO, YM 1HIIOTO
EKCIIEPUMEHTY 32 CBOIM XapakTepOM € BUIIAJKOBUM dYepe3 HasBHICTb BUIAIKOBUX
¢daktopiB Ta BIUMBIB. Lli MeTOMM € BaXKIMBUMU 1 JUISl TIOCTAHOBKU E€KCIEPUMEHTIB,
KoM Ha psaa (pakTopiB, SKi MU XO4YEeMO MAOCIHIJIMTH, BIUTMBAE BeIUKAa KIUIBKICTh
BX1HUX (DaKTOpIB 3 BETUKHMHU Jlara30HaMH 3HA4YCHb, 1 BAXKJIMBO BCTAHOBUTH, SIK1 3
HUX 1 B IKHX Jlana30Hax WX 3Ha4YeHb HEOOX1THO B3ATH JIJISi OTPUMAHHS JTOCTOBIPHUX
pe3ynbTariB. ToMmy B poOOTI BUKOPUCTOBYBAJIM TaKi OCHOBHI MaTeMaTHYHI TOHSTTSI
ta Gopmymu [150]. BiamoBimHO 10 OCHOB MaTEMaTHYHOI CTATUCTHKH, OIIHKOIO
BEJIMYMHH @ BBAXAETHCS CEPEIHE apu(METUUHE 3 YCIX HAIBHUX €KCIIEPUMEHTATBHIX

3Ha4YeHb X, TOOTO cepeHe 3a BUOiIpKoIo, abo BUOIpKOBe cepenne [150]:
. H ‘X'
X = Z b € 2.1)
-

3a3Buuaii came X 1 MPUKUMAETHCS SIK OIlIHKA BEIMYMHHU d, TOOTO BBaXKAETHCH,
mo X = a. Jlig OIIHKK TOXHMOOK BUMIPIOBaHb BUKOPHUCTOBYBIUCH BHUOIPKOBA
JCTIepCis 1 MOXUOKa pe3yNbTaTiB BUMIPIOBAHHS.

Buéipkosa oucnepcia s* € OLIHKOIO iCTHHHOTO 3HAYeHHs mucrepcii 6°. Y pasi

. : : 2 2
301IbIIEHHS 00CATY BUOIPKH 10 HECKIHYEHHOTO (IIPU N — 00) BEIMYUHA S~ — ©

[ ZXi-X)2
S= B (2.2)

2 .
Benuuuna s = \/S 3BCTBCA «CCPCAHE CTAHOAPTHC BIAXWUIICHHA» (cepedHe

Keaopamuute 6i0OXuieHHs) Ta, SIK 1 JHUCHEPCis, KUIBKICHO XapaKTepU3ye PO3KH]
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EKCIIEpUMEHTATBHUX JAaHUX II0JI0 IIEHTPY PO3MNoiny. BukopucranHs napamerpa s y
pSIl BUTIAAKIB 3pY4HIIE, OCKITBKU BIH Ma€ Ty K PO3MIPHICTh, 10 1 BUMIpIOBaHA
BeMurHA X, a PO3MIPHICTh AWcrepcii € kBaapaT po3MmipHocTi. Came sl BeTUYUHA
BUKOPHCTOBYBAJIACh B HAIIUX PO3paxyHKax. Y BCIX BHUMAJKaxX aOCOJIIOTHA MOXUOKA
KOYKHOTO J0CTiAy Oyiia MEeHIIIEe TOJIBOEHOT CEPENHbOKBAAPATUIHOT TOXUOKH 25, TOMY
yCi pe3yabTaTH MOKHA BBRKATH JIOCTOBIPHUMU

Iloxubxka pe3ynrvmamie  eumiproeaHHs ]Il  HEBEIUKOI  KIJIBKOCTI
EKCIIEPUMEHTAIBHUX JaHUX BiJMOBIA€ HOPMATLHOMY PO3MOILTY, IKHH Ha3HUBAETHCS

po3nojaiaoM CThIO/ICHTa, 1 BU3HAYAETHCS 3a PIBHIHHSM :
s t(f(a, n)
AX =2 - (2.3)

Oe: s— CEpENHbOKBapaTUIHA IOXUOKA; ¢ (f(, n)) — koedimieHT CThIOIEHTA, K
(dyHKIIIS BiJ CTYNEHS HAaIIAHOCTI o (3aa€ThCs JOCHIAHUKOM, BiJl 0 10 1) 1 KIJIbKOCTI
BU3HAYEHb /1, 1 BU3HauUaeThes 3a Tabmuiero [150]. Hampuknan, mpu ¢ =0,951n =06
koedimient ¢ = 2,45. BigHocHa moXxuOKa BHUMIpIOBaHb B %, BH3HAYA€ThCA 3a
hopmyioro:

d=AX/X (2.4)

PesynpTaTti 1abopaTopHMX EKCHEPUMEHTIB O0O0pOOISsIIMCS 33 JTOTIOMOTOXO
MeTona BapiamiiHoi cratuctuku [151]. Jlocmiam BuKOHYBamvcs 3a HaAIHHOCTI
pe3ynbTaTiB exkcriepuMmeHTy 0=0,95. Bcl ekcriepuMeHTanbHI JIJaHl aHATI3yBAJIMCh Ha
OJHOPIHICTb. Pe3ynbTaTu eKCHepuMEHTY, SIKi He BXOAWIM B Jlama3oH 3aJlaHoi
TOYHOCTI, Oynu BuKtoueHi [152, 153].

MaremaThuHil pPO3paxXyHKU CEpPEAHIX 3HAUY€Hb NapaMeTpiB TEXHOJIOTIYHUX
MpOLIECIB, AUCIIepcii, MOXMOOK, a Tak0XX 3HAXOJDKEHHS pIBHSIHB perpecii Ta ix
onTuMizalii 311HCHIOBAIIM 3a JIONIOMOTOI0 BJIACHMX CTBOpeHUX mporpamam B Excel.
3HaueHHSI CEPENHbOKBAAPATUYHUX MOXUOOK Ta MOXMOOK pe3yibTaTiB BUMIPIOBaHb,

110 pO3paxyBaJIUCh B poOOTi, HaBeeHO B Ta0n.1 JomaTky A.
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PO3/ILT 3
OJIEPKAHHS HAHOIIEJIIOJIO3M 13 CTEBEJ HEJEPEBHOI
POCJIMHHOI CUPOBUHU

3.1 OpepxaHHA LEMIOI03M I HAHOULEJIIJIO3H i3 NMOKHUBHUX PELITOK
KYKYpYA3u

JUis onepkaHHs LIENI0JIO3M OTpuMaHy Bl ¢epmepiB KuiBcbkoi oOmacti
noxHuBH1 pemrtku Kykypyasu (IIPK) cnouatky mpociioBanum Ha cuUTax 3 Pi3HUM
JiaMeTpoM OTBOPIB Ta oTpuManu Tpu ¢paxuii: | — Benuka dpaxuis, 1o 3aJuimiacs
Ha cuti 3 otBOopamu 0,5 mMm (68,5% Big macu cupoBunu); Il — dpakiuis 3 pozmipom
yactuHok 0,5-0,25 mwm (13,2%), Il — ppakuis apiOHOAKUCTIEPCHOT CUPOBUHU Ta MUY,
10 TIPOMIIIOB Yepe3 CUTO 3 oTBopamu jiamerpom 0,25 mm (18,3%). Ximiunuit ckian
dpaxuiii [IPK naBeneno B Tadm. 3.1.

Tabmuns 3. 1 — Ximiuauii ckinaa Gpakiiiil TO)KHUBHUX PEIITOK KYKYpPYI3U

dpakiis Iemto- | Jliruis, Excrpakiiis 30J1b-
IPK, 11034, % [ “somoro, | myrom, | CKB, | M
pO3MipH, MM 7 % % % 7o
L >0,5 44,5 19,3 14,9 38,4 1,7 3,2
I1. 0,25 - 0,5 43,8 19,5 15,1 39,2 1,9 5,42
III. 0,25 43,2 20,3 15,6 39,4 2,2 38,02
[Ticas mpomMuBaHHS 43,0 19,7 10,5 39,2 1,5 2,0
XOJIOTHOIO BOJIOIO
[Ticns mpomMuBaHHs 42,8 19,8 7,8 38,6 1,3 1,7
rapsvoi0 BOAOKO

Ak BugHO 13 manmx Ta6m. 3.1, ¢pakmis I mae HUKYy 301bHICTE (3,2%)

nopiBHsHO 3 dpakuisivu 11 ta III BignosigHo 5,4% Ta 38,0%, 5Ky 1 BAKOPUCTOBYBAIIU
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y MOJAIBIINUX AOCTIKEeHHIX. XiMiuaui ckian 30au Buxigaux [TPK, I[TPK dpakmii |

ta [1PK micis mpoMuBaHHS XOJIOAHOIO Ta Tapsiu0i0 BOJIOKO TTPOBOIMIIH 32 JOIIOMOTOIO

PEHTTeHO(MIYOPECIIECHTHOTO aHai3y Ha eKCIpec-aHam3aTopi XIMIYHOTO CKIJIaTy

«EXPERT 3Ly, sikuii HaBeaeHo B Ta0d. 3.2 [2].

Tabnung 3.2 — XiMiyHUH CKJIaa MiHEpaIbHUX PEYOBUH 13 (Ppakiliii HOKHUBHUX

PEIITOK KYKYpyA3U

Buxigai Opaxiis [ I1PK micasg I1PK micasg
XiMIYHUT IPK [IPK IIPOMUBAHHSI IIPOMUBAHHSI
€JIEMEHT XOJIOTHOIO rapsiaoro BOJIO0
BOJIOIO

12Mg 8.042+0.538 9.27040.520 6.893+0.467 5.793+0.437
14Si 8.038+0.117 6.989+0.108 13.208+0.134 14.584+0.141
15P 5.354+0.147 5.454+0.142 4.555+0.145 4.126+0.146
16S 3.776+0.083 3.882+0.084 3.614+0.082 3.422+0.081
19K 13.571£0.091 | 12.630+0.084 4.758+0.034 4.088+0.031
20Ca 57.951+0.363 | 57.863+0.354 64.598+0.357 64.485+0.356
22Ti 0.302+0.019 0.206+0.014 0.266+0.020 0.513+0.024
25Mn 0.256+0.008 0.207+0.006 0.335+0.010 0.300+0.010
26Fe 2.232+0.022 3.055+0.025 1.491+0.018 2.370+0.023
29Cu 0.083+0.002 0.203£0.003 0.05340.002 0.042+0.002
30Zn 0.277+0.004 0.137+0.002 0.184+0.003 0.194+0.003
37Rb 0.025+0.001 0.020+0.001 0.007+0.001 0.007+0.001
38Sr 0.043+0.001 0.036+0.001 0.030+0.001 0.029+0.001
40Zr 0.016+0.001 0.007+0.001 0.005+0.001 0.010+0.001
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Ak BuaHO 3 nanux taou. 3.2, npomuBanHs [IPK Xomo0aHO0 Ta raps4uoro BOJI0O0
MpUOIU3HO OJHAKOBO BIUIMBAE HA BMICT XIMIYHUX €JIEMEHTIB y 30/ Ta 3HAYHO
3HIDKYE BMICT Takux einemeHTiB, sk K, Fe, P, Mg, ane He Bupmanse 3 poCIuHHOI
cupoBuHu enemMeHTH Ca 1 Si, sIKi BaOXKO BUIAISIOTHCS B Tpolieci aemirHidikamii
POCIIMHHOI CUPOBUHHM 1 3a0€3MEUYyI0Th LIETI0JIO3Y 3 BUCOKUM 3aJIUIIKOBUM BMICTOM
MIHEpAJIbHOI CKJIQJIOBOi. Y TOW K€ 4ac NPOCIIOBaHHSA € €(PEeKTUBHUM CIOCOOOM
ounnieHHss CCR Bia 3anuuikiB micky 1 nuiny (enemeHT Sii Ca). ToMy 3 eKOHOMIYHO1
TOYKH 30Dy Tepes; TepMoxiMiuHo o0pobkoto TIPK #ioro pexkoMeHnyeThesl BIACISATH
Bil Opyny Ta npiOHux yactok. Takuih ximiunuid cknan [IPK ampiopi Bkaszye Ha
HEOOX1JIHICTh MOTO BpaxyBaHHS B IMpolecax AeKanbludikaiii ta aemiraidikarii miei
POCIMHHOT CHUPOBMHHM JUIsi OTPUMAHHS LIENIOJNIO3HM, TPUIAATHOI I XIMIYHOI
nepepoOKu, 30KpeMa, JiJIsl eKeTpakiii KykypyazsHoi HIJ [2].

3araibHa cXeMa MpoIecy OTPUMaHHS 3 MOKMBHUX pemTok Kykypymsu (ITPK)

OpPraHOCOJIbBEHTHOI KyKypya3sHoi nentono3u 1 HI[ naBeneno na puc. 3.1 [2].

Hentpudyryeanna
za 4000 o0/x5 30 xE.

3 cTanil
00podKH: .,
1-NaOH £ 5
2 - HAc+H:0: B
3 -NaOH TR
$ . ® ",_) Tenenoniona HaHoLe/I0/103HA
+ s (HLD) cycnenszia
; abo
MoxuusHi OpranocobEeHTHA O posaugaa HII
FANHITKH . z A
KYEYpya3aHa B Tammi IleTpi

KYKyPyOsH +

YP pemoaesza (OKII)
xiMiKaTH

? Vabtpassykosa

Tizposis OKII Ul oopoka | [ P
43% posmHOM j _ | i
H,SO0; 5a 45°C 71| - J h-..

Pucynok 3.1 — 3aransna cxema npornecy oaepxkanns 3 [IPK nemnronosu 1 HIJ
3 MeTOI0 3HIKEHHS BMICTY ekcTpakTuBHUX pedoBuH B [IPK Ha meprmomy erarmi

ix 00pobmsmu 5 % po3zumHOM Jyry BOpojoBx 180 XBWIMH, B Pe3yabTaTi 4Oro

onepxkanu Kykypymsanii BHO® 3 Buxoaom 58,9 % 1 BMICTOM 3aJIUIITKOBOTO JIITHIHY
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2,97 % Ta MmiHepalbHUX peuoBUH 2,6 %, 10 MOTpeOyBajgo MOAAIBIIOI HOTro
nenirHidikaiii. Pe3ynbTatu mporiecy BapiHHS KyKYpPYA3SHOI IEJIONO3M B PO3UHMHI

MEePOITOBOT KUCTIOTH 32 Pi3HOI TPUBAIIOCTI HaBeIeHO Ha puc. 3.2 1 3.3.

95 \\
© 85
= \ a
8 75
] ~———
g —I\.
o 65
=
5 -
g 55 AN
g \ 6
45 S — -
35 L] L] L] L] L] L]
0 30 60 90 120 150 180
TpuBamicTh BapiHHS, XB

Pucynok 3.2 — Buxin nemtonosu 3 [1PK micns aBox cTamiit 00poOKu pocauHHOT
CHUPOBUHHU: JTy>kHa 00poOKa B po3unHi 5 % NaOH Bnpomosx 180 xB ta [TOK pizHoi

TPUBAJIOCTI: a — BITHOCHO 2-01 cTajii 00poOKH, 6 — BIJIHOCHO BHX1THOI CHPOBUHH
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Pucynox 3.3 — 3anexHiCTh 3QJIMIIKOBOTO BMICTY JIITHIHY 1 301U B KYKYPYI3sTHIH

IEJTI0JI031 BiJl TPUBAIOCTI IIPOIIECY MEPOIITOBOTO BapiHHS
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Sk BUIIHO 3 HAaBENIEHUX JAHUX, 301TBIIEHHS TPUBAIOCTI Mporiecy BapinHs 3 30
XBWIMH 10 180 XBUIWUH MPU3BOAUTH 10 3HAYHOTO BujaneHHs JirHiHy (1o 0,13%) 1
MiHepanbHUX pedoBuH (1,3%) 1 He3HaYyHO 3HWXKYE BUXiJ Iemoiio3u. BomgHouac
BUCOKHMM 3aJMIIKOBUNA BMICT MiHEpaIbHUX PEUOBUH TMOTPEOYyBaB TMPOBEIACHHS
JOJIaTKOBOT CTajlii JTyXHOT OOpPOOKM OpPraHOCOJIBBEHTHOI L€Nt0JIo3u. Pe3ynbratu
J0JIaTKOBOT O0OpOOKU KyKYpyI3siHOT 1entoniosn 5% pozunnom NaOH BoposioBx

PI3HOI TPUBAIOCTI HaBeAEHO B (Tadm. 3.3).

Tabnuns 3.3 — BrimuB TpuBaniocTi Ty»KHOT 00pOOKH HA TOKa3HUKU SKOCTI
OPTraHOCOJIbBEHTHOI KYKYPYA3SHOI LIEIOJIO3U

No TpuBamicTh 1yXHOI Buxin Bwmicr nirniny, | Bmicrt 3o0mu,
BapiaHTy | 0OpoOKu, XBWJIMHU | LETI0T03H, %0 % %
Buxizza . 100 0,13 1,38

IETI0I03a
1 30 53.9 0,08 0,34
2 45 52.4 0.06 0,32
3 60 46.2 0.02 0,34
4 75 45.5 0.01 0,34

OtpumanHa OpraHOCOIBLBEHTHA KyKypya3sHa menronosa (OKL) 13 3amumikoBum
BMmictoM qirHiny 0,02 % Ta 0,34 % MiHepanbHUX PEUOBHH Ma€ Kpalll MOKa3HUKH,
HDK, HampuKJaJ, BUOUJIEHA XBOWHA IEII0JI03a 13 BMICTOM 3aJMIIKOBOTO JITHIHY
0,66% [154] 1 Onu3bka 1O 3HAUYEHb OPraHOCOJILBEHTHOI IIEJIOJI03U, OTPUMAHOI
panime 3 iHmux npeactaBHukiB HAPC — mnimeHWYHOi COJIOMH, BOJIOKOH JIbOHY,
keHady, mickantycy, ouepery [7, 148]. Orpumana OKI] 3 takumu napamerpamu
BUKOPHUCTOBYBaJIacs I MOAAIBIIOT XIMIYHOI TEpepoOKH, 30KpeMa ISl eKCTPaKIi 3
Hei HIl. Jns mporo mpoBeneHo cepito riaposiziB OKIl po3umnamu cynbdaTtHOT
KUCIIOTH BIJMOBIAHO METOAMKAM, OMUCAaHUM B po3aum 2. [iaposi3 HEeBHCYIIEHOi
OKIl mnpoBoawnu po3unHOM Cylb(aTHOI KHUCTOTH KOHIeHTpamiero 43% 3a
CHiBBIIHOIIEHHS piguHa/TBepAa pedoBuHa 10:1 1 Temmneparypu 60 °C tpuaiictio 60

xB. Po3paxoBaHy KiNbKICTh Cyab(aTHOI KHCIOTH BIJAMOBIJHOI KOHIICHTpAIIii
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moBUIbHO gonaBan B konOy 3 OKII. Ilicis 3akiH4YeHHS 4Yacy peakiii Tiaposi3
NPUMHUHSIN JIECATUKPATHUM PO3BEIECHHSAM JUCTUIBOBAHOIO BOJOK 3 HACTYITHUM
OXOJIO[DKEHHSM  CyCleH3ii J0  KIMHaTtHoi  Temmeparypu.  ['iapomizoBany
HAHOLIETIONIO3Y MPOMUBAIN Ta 0OPOOIISIIN YABTPa3BYKOM BIpoAoBkK 60 XB, a CTIMKUN
y 4aci Mpo30puil HAHOLETIOJIO3HHWM Telb 30epiraaum y TrepMETHYHHUX €MHOCTAX JI0
MOJIANTBIIIOTO BUKOPUCTAHHS B KOMITO3UIIIi KapTOHY abo BijynBanu B damku [letpi i
CYIIMJIU 32 KIMHATHOI TeMIIEpaTypH JUid OTPUMAaHHS TUTIBOK JJIsi BU3HaUeHHS (Hi3HKO-
MEXaHIYHUX MMOKa3HUKIB.

Mopdonoriuni 3MiHU CTPYKTYPU KYKYPYJI3STHUX IIEIIOJIO3HUX MaTepialliB i

gac ix TepMoxiMiuHOT 00poOKH aHanizyBanu 3a fonomororo CEM (puc. 3.3).

20.00kV  x230 0 WI=15Tmm

WD=153mm 20,00k x250 : WD=17.5mm 20.00kY  x250

Pucynok 3.3 — CEM 3o0paxenns 3pa3kis: [IPK (a), BH® nicns nyxHoi 00poOku
(b), OKL (¢) i kykypymssuoi HII (d)

Ak BUgHO 13 JaHUX pHC. 3.3, BUXIJHA CUPOBHMHA Ma€ MOPHUCTY CTPYKTYpY i3

n[ipHO postamoBanuMu BojiokHamu [IPK (puc. 3.3a). V mpoueci TepMoxiMidHOi
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OOpoOKHM 111 CTPYKTypa MOJUIIETHCS HAa OKpPEMi BOJOKHA, MPUUOMY CIIOYATKY
B1I0YBa€ThCS YaCTKOBE BHJAICHHS Imia Jiero ayry (puc. 3.3b), a moTiM mim Ji€ero
PO3UKHY MEPOLTOBOI KMCIOTH 1 IOBHE BUJAJICHHS JITHIHY, SK1 3B’sI3yBajl BOJOKHA B
CHUPOBHHI, Ta TEMIIENI0I03y 1 MiHepanbHi pedoBuHH (puc. 3.3¢). Ilix BmmBOM
XIMIKaTIB 1 TeMIIEpaTypd BOJOKHAa YacTKOBO PYWHYIOTBCS 31 3MEHIIEHHSIM iX
nonepeynux po3mipiB Bij 20-82 mxm (ms [TPK, puc. 3.3a) no 5-25 mxm (s OKI,
puc. 3.3c). [licins KUCIOTHOIO TiJIpoJii3y €KCTparoBaHa KyKypy/I3siHa HaHOILET0JI03a
HE MICTUTh aMOp(HOI YAaCTHMHHM 1 Ma€ OJHOPIJIHI HAHOYACTUHKH PO3MIPOM MEHIIE
JecaTKIB MikpomeTpiB (puc. 3.3d).

Merogom FTIR jgocmiipkeHO 3MIHM XIMIYHOTO CKJIaqy KOMITOHEHTIB
KYKYPYI3SHHX  IIEIOJI0O30BMICHUX  MarepiajiiB 10 Ta ICAsA  MPOBEICHUX

TepMOXIMIYHUX 00po0OK (puc. 3.4).

OauHnui noraMHAHHA
{

4000 3500 3000 2500 2000 1500 1000 500
XBHiboBe THCI0, CM -1
Pucynok 3.4 — FTIR cnektpu kykypyazsHux 3paskis: [TPK (1), BH® micns nyxHOi
00pooku (2), OKII (3) 1 HIT (4)

. . . -1

Po3tsarayri miku B oOmacti 3383-3485 cM  Ha HaBEICHUX CIIEKTpax
BIJIMOB1/IAIOTh BajieHTHUM KonuBaHHAM O-H rpyn mosmicaxapuiB 13 BHYTPIITHBO
MOJIEKYJISIPHUMU Ta MIKMOJIEKYJISIPHUMH BOJHEBUMHU 3B’si3kamu [155]. CriekTpu BCix

3pa3KiB  KYKYPYI3SHHUX LEIIOJO30BMICHUX  MarepiaiiB  MaroTh MKW, M0
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XapaKTepH3yloTh BaleHTHI acuMmerpuuni (2920 cm') Ta cumerpuuni (2853 cm™)
KOJTMBAHHS METHIBHOI Ta METWIEHOBOi rpym memonosu. Cmyra mpu 1745cm™
Bi/MOBia€ BajeHTHUM KonuBaHHSIM C=0 kapOOHUTHPHUX TPYyN TEMIIMEN0I03U Ta
alleTWIbHUX TPyN JITHIHY, a TaKoX TPyl CKIAgHOTO edipy LeToIo3d B
KyKYpYIA3sHiil HaHOIEm01031 [156]. 36inbiIeHHs iHTeHCHBHOCTI HiKy npu 1745 cm™
g crnektpa 3pazka 3 (puc. 3.4) mnoB’A3aHe 3 YTBOPEHHAM KAapOOHUIBHHUX 1
KapOOKCUJIBHUX IPYIl Y MPOLEC] OKUCHEHHS TAPOKCUIIBHUX TPYI LIEITIOI03H i1 JI€0
TepOITOBOI KHCIOTH. Bincyrhicts mikis mpu 1512 cm™ ta 1244 cm™' y cmektpax
LETI0JI03M Ta HAHOLIEII0JI03U BKa3ye Ha BuaaieHHs Jirdiny 3 [IPK y npoueci xiMiko-
TepMiunoi 06poOKku. Cmyru mpu 1512cm™, o MOB'sI3aHi 3 apOMATHYHHAM KilbIieM,
MpHCYTHIM B nirHiHi, Ta 1244 cM™' (LOB'I3aHi 3 apUIBHOI IPYION0 B JIrHIHI) Pi3Ko
3MEHIIYIOTBCS B CItekTpi 3paska OKI[. Cmyru B o6macti 1630-1650 cm™' moB's3ani 3
HAsIBHICTIO a/cOpOOBAaHOT BOJM, JO SKOI MOJIEKYJIHM IEN0JI03U MalTh CHIbHY
criopimnenicts [157]. 3pocranns miki mpum 1427 cm™' i 897 oM migrBepmKye
301mbIIeHHs BMiCTY memtono3u B 3pazkax OKII 1 HLI. Sk Bimomo [158], obmacts 850-
1500 cM™' 4yTmmEBa 10 KpHCTATiuHOI CTPYKTYPH LETIONO3HOIO MaTepiany. 30Kkpema,
{HTGHCHMBHICTb  CIIEKTpalbHHX cMyr 3a 1420-1430 oM’ i 893-897 oM’
BUKOPHUCTOBYIOTHCS JUIsl BU3HAYEHHS TaKOTO MOKA3HUKA, SIK IHOEKC J1amepaibHo2o
nopsaoky (LOI) 1entono3H0Tro Matepiaiy, sSikuil po3paxoByBaiiv 3a (popmyioro [10]
LOI = L1436 / Is97 (3-1)
ne: 146 — IHTEHCUBHICTD MiKYy 3a 1426 oM’ , Igo7 - IHTEHCHBHICTD MiKY 3a 897 oM
Po3paxoBani 3HaueHHsa mnokazHuka LOI s [OCHIIKEHHUX 1eNTF0JI030BMICHUX
KYKYPYI3SHHX MaTepianiB HaBeseHO B Ta0d. 3.4. Sk BuAHO 13 HaBejeHUX B Tabm. 3.4
JaHWX, 3Ha4YeHHs 1HAeKkcy JarepanbHoro mopsaky LOI  3menmyerbcs B
nociiioBHOCTI [IPK — BH® micnst myxknoi ekcrpakiii — OKIL —xykypymzsna HII,
10 CBITYUTH IIPO 3MEHIIICHHS JIATEPAIbHUX PO3MIPIB IETI0JI03HUX BOJIOKOH.
3MiHa  KPUCTATIYHOCTI KYKYPYA3SHUX  LENIOJIO30BMICHUX  MarepiaiB
JOCTI/DKYBaJlacsi METOAOM PEHTTeHIBChKOI audpakiiii, audpakTorpaMu SKHX
HaBeZeHo Ha puc. 3.5. Iliku XRD B iHrepBam 2 Tera 20,7°-22,5° BigHOCATBCS 110

kpucranorpadgiunoi miuomuHu (200) wemrono3u 1. Iliku B miamazoni 13,2° —14,6°
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BIJIMOBIAIOTh Kpuctanorpadiuaiii mromuHi (1-10), B miamazoni 15.4°-15.7° —
kpuctanorpadivyda miomuna (110), a 6ina 33.2°-35° — kpucranorpadiuda mionmHa
(004) nemronosu 1 [159].

Tabmurs 3.4 — XapakTepUCTUKN KPUCTATIYHOCTI I[ETI0JI030BMICHUX

KYKypyA3stHUX Marepiams [153]

[enrono030BMicHUIMA IToxaznuk Inpexc Posmip
KyKypyaA3aHUH Lol Kpucraniy- | KPHCTANTY
MaTepiai nocri (IK), % (CrS), am

[oxxnuBHI1 3anumky Kykypymsu | 3.000 +0.021 60.7+0.10 |3.447+£0.024

(ITPK)
BH® micns nyxHoi ekcrpakuii | 2.816 +0.019 68.3+0.12 |3.201 +£0.022
(BKII)
OpranoconbBeHTHA 2.625+0.017 72.4+0.14 |2.987+0.018

KyKypya3siHa nemtono3a (OKL)
Kykypynszsna HaHoLentomo3a 1.594 £0.015 749 +£0.16 |2.636+0.016

(HLT)

1000

800 +

o/
Li}

400 —

[HTEHCHBHICTD,

200 +

n T T T T T ¥ T ¥ T v T N T

10 20 30 40 50 60 70
2 Teta

Pucynok 3.5 — Pentrenorpamu 3paskis: [TPK (1), BH® micns nyxHoi 00pobku (2),
OKII (3) i HIT (4)
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B niamaszoni 40°-70° 2Tera [goAarkoBi MiKM Ha PEHTTEHIBCHKUX
mudpakTorpamMax HE  CIOCTEpIraloThCcs. KpHUCTaMiyHICT,  3pa3KiB  IETOJI03U
XapaKTePU3YEThCA CIIBBIAHOMIEHHSM Y HHMX KPUCTaIYyHOI Ta aMOpdHOI YacThH 1
BH3HAYAETHCS, 30KpeMa, 1H1ekcoM KpucramigaocTi (1K).

Inoexc kpucmaniunocmi (1K) KyKypyI3stHUX UEIIOJO3HUX MareplajiiB
pO3paxoByBaJin 3a BUCOTOW MiKy kpuctamiyHoi ¢azu 200 (Ipg) 1 MiHIMAIBHOIO
iHTeHcuBHIcTIO MDK mikamu 200 1 110, mo Biamosimae amopduiit daszi (Lm,) 3a
noromoror meroja Cerana [160]:

IK (%) = [(I200 — Lam) / T200] x 100, (3.2)

ne: Ipgo — IHTEHCUBHICTB MKy KpuctaiiuHoi ¢azu (200) mpu 20 = 21,5°+0,7°, a
L. — iHTEHCHBHICTH amopdHOi da3u 3a 17,8°+1,5° 20.

Po3mip kpucmanimis (CrS) crpyktypu uemntonosu I Bigaocno minomuau (200)
po3paxoByBayn 3a qoriomororo piBHsHHS Llleppepa [161]

CrS (mMm)= K xA /(B x cos A), (3.3)
ne K — koHcranTa 31 3HaueHHsIM 0,94, A — JOBXKHUHA XBUJII PEHTIE€HIBCHKOTO
BunpominioBanus, B = (B — b) a6o p = (B> — b")*’, 1e B € MOBHOI MIMPHHOIO HA
nosioBuHi makcumymy (FWHM), 1 b — posmupenHs miky 3a JOMOMOIo0 Mpujiaay B
paaiaHax, 6 mo3Havae KyT bperra miky peHTreHiBchkoi nudpaxiii (200).

Ak nokazano B Tada. 3.4, 3HauenHs CrS 3menmyroThes Big [IPK mo HII, mo
MOSICHIOETBCSL 3MEHIIIEHHSAM PO3MIPy iX KPHUCTAITIB Yy TIpoIeci TMOCIiIOBHOI
TEPMOXIMIUYHOI OOpPOOKHM JOCIHIPKyBaHUX IIETIOJIOZHUX MartepiaiiB. Po3paxoBaHuii
po3Mip KpucTamTiB KykypyaszsHoi HI[ 3HaxoguThcs B Jlama3oHI 3HAYCHD,
OTPUMAHUX IHIIUMH JOCTITHUKAMU IS PI3HUX POCHHH, s skux 3HadeHHs CrS
KonmBaroThes Bix 1,9 no 4,0 [162].

Ha ocHOBI oTpuMaHuX MJaHUX, HaBeAeHUX y Tabn. 3.4, MoxHa 3poOuUTH
BHCHOBOK IO T€, 10 3HAYEHHS 1HAEKCY KPUCTATIYHOCTI KYKYPYA3SHUX LETI0I03HUX
MarepiaiiB 3pocTaTh y TakoMy nopsanaky: [IPK — BH® micnsa myxHOi ekcTpakiii —
OKIl — HII IhijgBuineHHs 1HAEGKCY KPHUCTATIYHOCTI BIAOYBAETHCS 3a pPaxyHOK
BUJIAJICHHSI €KCTPAKTUBHUX PEUOBHMH (Temirentono3u Ta jirniny) i3 [IPK y npoueci

TEPMOXIMIYHMX OOpOOOK, 110 MPU3BOAUTH IO 30UIBIIEHHS YacTKU KPUCTATIYHUX
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IUISHOK LENoNio3u. 3pocTaHHs 3HaueHHs IK y BumiesazHadyeHOMY MOPSAIKY
XapakTepHe 1 IS 1HIINX MPEICTABHUKIB POCIIMHHOI CHPOBUHMU [154].

Kykypyazsna HII micast riapomnizy Ta yabTpa3ByKOBOI 0OpOOKHM Mania BUTJISLI
mpo30opoi  OAHOPiAHOI TenemoaiOHoi cTabimbHOI cycmeHsii, ska 30epirae cBoi
BJIACTUBOCTI TICJS TPUBAJIOTO 30€piraHHi 3a KIMHATHOI TeMmepaTrypu (10 POKY).
Xapaktep crabumizanii konoigHoi cycnen3ii HI[ mosicHioeTbcst HasBHICTIO Ha i
MOBEPXHI 3apsA/UKEHUX TPYH, SIKI YTBOPIOIOTHCA IMIJI Yac B3aEMOJII IIEJIOJIO3H 3
Cynb(aTHOIO KMCIIOTOIO B pe3ynbTari peakilii erepudikanii [112].

Tonorpadiuni xapaktepucTuku KyKypya3sHoi HII BuzHawanmu wmeromom
aToMHO1 cuitoBoi mikpockomnii ACM (puc. 3.6) [5].
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Pucynok 3.6 — ACM-300paxeHHs 11iBoK KykypyazsiHoi HLI: moBepxHi (A) i

npo@dino nonepevyHoro nepepizy nosepxHi (b)

Ax BuaHo 3 puc. 3.6, yactunku HI[ kykypya3u yTBOPIOIOTH OaratoniapoBy
CTPYKTYPY MI)K HAHOYACTUHKAMU 3a PaxyHOK Jili BOJIHEBUX 3B’A3KiB 1 cuil Ban-nep-
Baanbca [163]. Ananiz ACM-300paxxenp mokasap, mo cycren3ii HIl kykypynzm,
EKCTpParoBaHWX CIPYaHOKHUCIOTHUM METOJOM, CKJIAJAlOThCi 3 HAHOKPHUCTAIIYHUX
YaCTUHOK Y (JOpMi TOJIOK 3 TIOTIEPEYHUM PO3MipoM y miama3oni 3-18 um (puc. 3.60),
JIOBXKMHOI0O B KiJIbKa MiKpoMmeTpiB. Taki 3HadyeHHs momepedyHux posmipiB HIJ
KYKYpPYI3W TMIITBEPIKYIOTHCS JTaHUMH JUIsl  HAHOLEIIOJIO3U, EKCTParoBaHOl
KUCJIOTHHM TiJIPOJII30M OPraHOCOJBBEHTHOI IEIIOJIO3M 3 I1HIIMX IPEACTaBHUKIB
HEJEPEBHOI POCIMHHOI CUPOBUHU: cojiomu nueHuni (10 — 45 um), asony (15 — 65

HM) , keHad (10 — 28 um), mickantyc (10 — 20 um) [30].
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Ha ocHoBi nmanux TpaHcMicCiifHOI enekTpoHHOi Mmikpockomii TEM (puc. 3.7)
3po0JIeHO BUCHOBOK IPO Te, 10 oTpuMaHa KykypymssHa HI e vanodibpunboBanoro

IIEJTF0JI03010 3 0araToIrapoBO0 CTPYKTYporo [2].

Pucynok 3.7 — TEM 300pakeHHs KYKYPYA3STHOI HAHOIICITIOJIO3H1

HanoBonokHa yTBOpIOIOTH JApIOHY CITKY B pe3ylbTaTi B3aeMOJIIi MiX
yactuHkamu HI[ Ta MaroTh BHCOKE CHIBBIAHOIIEHHS CTOpiH. EKcrepuMeHTalbHO
BCTaHOBJICHO, 1110 MOMEPEYHHU po3Mip okpemux HaHouacTUHOK HK kommBaeThes Bin
5 mo 65 HM, a iX JOBXKMHA JocAra€ Kuibkox MikpomerpiB. [lomiOH1 pe3ynbratu
cnioctepiratotbes s HLI, oTpuMaHnx muisixoM KUCIOTHOTO TiAPOII3Y LENIOJIO3U 3
PI3HMX MPEICTaBHUKIB HEJIEPEBHUX POCIMHHKUX MartepianiB [ 144, 164].

Brus temneparypu Ha crabinsHicTh [IPK, OKI[ ta HII mocmimxyBaBcs 3a
JOTIOMOTOI0 TepMOTpaBiMeTpuyHOTO aHami3y (puc. 3.8) [5]. Ak BuAHO 13 HaBeAECHUX
nanunx, TepmorpaBiMerpuuHi (TI') kpuBi MOKa3yrOTh 3MIHM Bard 3pas3KiB IMij 4ac
HarpiBanHns, a ii noxigHa (JTI') mokasye temmnepaTypHi MiKH, 32 SKUX BiAOYBa€ThCS
3HaYHA BTpara Baru. 3 TEPMOTPABIMETPUYHUX KpuBUX (puc. 3.8a) BHAHO, MIO
MOYaTKOBa TEMIIepaTypa BTpaTH MacH JJIsl BCIX 3pa3kiB cTaHOBUTH O1u3bpko 100 °C,

I10 MOB’A3aHO 3 BUMIAPOBYBAHHSIM 3 HUX BUJIbHOT BOJIOTH.
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Pucynox 3.8 — Kpusi TT" (a) 1 JITT" (0) Tepmiunoro anamizy: 1 — I1PK;
2 — BH® micns nyxHoi excrpakiii; 3 — OKIL; 4 —kykypymzsina HIJ

Jlyis TemmepaTypHOi JECTPYKINi HaHOIENIONO3HOI TUTIBKM (KpuBa 4) B IHTEpBai
temneparyp 200-250 °C cnocrepiraeteess BTpata g0 30% wmacu HII, mro
1ITBEPKYETHCS TUTABHUM MaJIMM TTiKOM Ha qudepeHItiinii kpusii (puc. 3.80). s
HAHOTICITIOJIO3HMX ITIBOK HE XapakKTepHa pi3Ka BTpaTa MacH B IHTEpPBaJl TEMIIEpaTyp
250-500 °C. 3a temmeparypu 500 °C 36epiraetses 10 30 % macu HII kykypymsu, a
st 3paskiB (1), (2) 1 (3) 3a wiei Temneparypu — 3anumarotbes 7%, 3% 1 5% macu,
BIAMOBIAHO. ToOTO naHi TepmorpadidHOro aHamizy HiATBEPAXKYIOTh (OpMyBaHHS
I[IJIbHOT OJIHOPIHOT CTPYKTYPHM MDK YacTMHKaMM HAHOLETIOJI03W B IpoLeci
TEPMOXIMIYHOI 0OPOOKH Ta YJIbTPA3BYKOBOT TOMOT€HI3allli.

[louarok necTpyKilii HAHOILIENIOIO3HUX IJTIBOK KYKYPY/A3H 3a BITHOCHO HHUYKYOi
TEeMIlepaTypu, HIK CHPOBMHU pociauHHOT cupoBuHU Ta OKI], mnoscHIoeTbCs
HasBHICTIO CKJIaaHOEIpHUX CyIb(paTHUX TPy Ha MOBEPXHI IETI0I03H Ta OUIBIIO0
KUIBKICTIO BUIbHMX KiHIIB JaHmroriB  HII, ski poskinamaroTbes 3a  HHKYHX
temneparyp [165]. HasBricTs cknamHoedipHUX Cynb(GaTHUX TPYI 3HUKYE TEPMIUHY
CTaOUIbHICTh HAHOYACTUHOK KYKYPYI3W, OCKUIBKM ISl BHJAJICHHS 3aJIHUILIKIB
CipuaHOi KHCIOTH 3 TIAPOKCUIBLHOI TPYNMH MpU 6-My aToMi BYTJICIIO B TPAHO3HOMY
KUTBIII IETI0JI031 NOTPIOHO MEHIIE HEprii, HiX JJIsI PyHHYBaHHSI TITIOKOIIPAHO3HOTO

kineig OKII, 3a TepMmocTiiikicTio Ta 30epekeHHs M Macu 3a temmneparypu 500 °C
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JOCTI/DKYBaH1 3pa3Ku KYKYpPyA3W PO3TAlllOBaHI B HACTYMHIN mociigoBHOCTI: BH®
micis aykHoi ekcrpakmii — OKL — ITPK — kykypym3saa HII,

3 METOI0 OTPUMaHHS PIBHSHB PErpecii, MO OMUCYIOTh 3aJIeXKHICTh MOKA3HUKIB
aKocTi KyKypyms3siHoi HII Bii TeXHOJIOTIYHMX MapaMeTpiB MPOIECY TiApoiizy Oyio
MPOBEJCHO MaTeMaTHYHE MOJICNIOBAHHS MPOIECY 3a JOMOMOTOI0 METOAY MOBHOTO
(haKTOPHOTO eKcrepUMEHTy THIy 2°. 3aCTOCOBYIOUM METOAMKY IUIaHy 2°, Oyiu
po3paxoBaHl KOe(IUIEHTH PIBHAHb perpecii Juisi BCIX IOKAa3HUKIB AKOCTi, a 3a
JIOTIOMOT0I0 METOAY XAapiHITOHA 3HAWIEHO PIBHSHHS JUIA ONTHUMI3alli MmapameTpiB
nporiecy riapomizy (Joaarok b.3).

OnTumanbHl 3HaYEHHS TEXHOJOTIYHUX MapaMeTpiB mpoiiecy oaepxanus HI
METOJIOM KHCJOTHOIO TIJIPOJIi3y CTAHOBIATH: KOHLEHTpalis poOOYOro po3UHHY
H,SO,4 — 43 %; TpuBaiicts rigpoiizy — 60 XBHIKH; TemMIieparypa Tiapomizy — 60 °C.
Otpumani 3a IUX TMapaMeTpiB KYKYpYI3siHI HAHOIENIONO3HI TUTIBKH Mald
nonepednuit po3mip y miamasoni 3 — 18 HM, mimbHicTs 10 1,2 r/cM’, MirHicTh Ha
po3puB 10 43 MIla, mpo3opicTs 10 57% Ta moka3HHK Kpuctaaigdaocti 74,9% [2], mo
OMM3bKO JI0 IHOTO 3HAYCHHS HAHOIEGNION03, OTPMMAHMX paHIlme 3 1HIIHAX
npeacrasaukie HAPC [29]. Kykypymssua HII 3 takumu ¢izuko-mexaHiYHUMH
nmapaMeTpaMu  3aCTOCOBYBajiacsi  JUIsi  HOJAIbIIUX  JOCHIKeHb,  30KpeMa
BUKOPHUCTaHHS K 3MIIHIOIOYA 100aBKa y BUPOOHUITBI Marnepy i KapTOHY Ta 1HLIIUX

KOMIIO3UIIIHHUX MaTepiaiiBb.

3.2 Onep:kaHHS HETI0JI03M TA HAHOLEII0JI03U 31 cTedes] COHSIITHUKA

VY poboTi JOCIIKEHO TMPOIEC OJCPIKaHHS IIETI0JIO3H 13 CTeOEeN COHSIITHUKY
€KOJIOTIYHO Oe3MeYHUM OpPraHOCOJIbBEHTHUM METOJIOM 3 BHKOPHUCTAHHSIM PO3YUHY
MIEPOITOBOI KHCIIOTH, €KCTPaKIlii 3 Hei COHAIIHMKOBOI HAHOIICIIOJIO3U METOIOM
KHCIIOTHOTO TiJIPOJIi3y Ta BU3HAYCHHS 11 BIacTUBOCTEH. J[J1s1 IbOTO BUKOPUCTOBYBAIIU
crebna consmuanky (CH), Bupomenoro B KuiBchbkiilt oGmacti, aHamiz (ppakiiiHOTro
CKJIaay SKMX TMOKa3aB, mo jAepeBHa dyactuHa CH cranoButs 87,4 %, a BHYTpilIHS

Oina mopucra cepleBuHa — napenxima — 12,6% Big macu cre0sa COHSIIITHUKA.
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3a BMICTOM OCHOBHOTO XIMIYHOTO KOMIIOHEHTa POCIMHHOI CHPOBHHH —
nenrono3u (41,2%) 1 apyroro 3a KUTbKICTIO KOMIIOHEHTa — JiirHiRY (20,7%) — nepeBHa
yactuHa cte0en CH 6nu3bka 10 cTeben KyKypya3H 1 MIIEHUIl Ta JUCTIHUM IOopOoaaM
nepeBuHu (Tabn. 2.1) [166]. Bmict MiHepalbHMX pEUOBHH (305IM) y JAEpEBHIN
gyactuHamMu CH Ta ocobnmuBo B mapenximMi CH € BummMm, HiXK y JepeBHHI, IO
CBIAUMTH Mo OakaHe MPOBECHHS CTaii BiaaineHHs mapenximu i3 cteden CH nepen
MIPOBEACHHAM CTail BapiHHSA LIETIOIO3H.

OnepsxaHHsl COHSIIITHUKOBOI 1ETIOJIO3U 3AIMCHIOBAIM y JBI CTadil — JYKHOI
0o0OpoOKM 1 TMEpOITOBOTO BapiHHS — 3a METOAMKOI, OMHUCAHOK B po3aum 2.
Pesynbratii TEepMOXiMIUHOI OOpOOKHM JAEpEeBHOI YACTUHM 1 TMapeHXIMH CcTeOen
COHSIIITHUKY B 3aJIEKHOCTI B1J cTajli 0OpoOKHU HaBeneHO Ha puc. 3.9.

100 ¢ L0 100

90

80

844

: AKOCTI
(=7
[ —]

Ilokaz

Crebao Mapenxina BH® BH® I [IOK Il oK
cTedao mapeHxivMa cTedao napeHxiva

Pucynok 3.9 — 3anexxHicTh MOKa3HUKIB SIKOCTI CHPOBHHH BiJ CTa1ii 0OpOOKHU:

1 — Buxig, %; 2 — mirdid, %; 3 — 301a, %.

Sk BUIHO 13 HaBeNEHUX HA puC. 3.9 maHuX, B pe3yabTaTi MPOBEICHHS JTY>KHOT
excrpakiii credben CH orpumano BH® i3 3amumikoBum Bmictom JirHiHY 15,3% 1
3014 4,1%, a B pe3yabTari BapiHHS B CEPEIOBHIII MEPOITOBOI KHCIOTH J03BOJISE
orpumatu 1emono3y ( L[ [IOK) 3 MiHIMaJIbHUM 3aJIMIIKOBUM BMICTOM JIITHIHY Ta

MiHepanbHuX pedoBuH (0,43%). Otpumana B Takuil cnocid OpPraHOCOJIbBEHTHA
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COHSIIIHMKOBA Ientono3a 13 creben CH mnpupmatHa g mojxanbInoi  XiMigHOL
nepepoOKu, 30KpeMa Juis OiepKaHHA 3 Hel HaHOLIEIIOI03H.
MikpocKkomiuHI JOCHIKEHHsST cTebed Ta MapeHXIMU COHSIIHUKY 0 Ta Micis

BIJIMOBITHUX €TaIliB TEPMOXiMIuHOT 0OpOOKH HaBeneHi Ha puc. 3.10.

Pucynoxk 3.10 — CEM 300paxkeHHs: a — cTe0sia COHSIIHUKY, O — mapeHximMa

constiiHuKy, B — BH® 31 creben CH micnst 06po6ku NaOH, r — OCL] 31 cre6en CH

Ha 300paxenHsix ckanyrouoi enektpoHHoi Mmikpockonii (CEM) BugHO 3MiHM
npupoaHoi cTpyktypu creben CH y mporeci tepmoxiMidHOi 0OpoOKHM BHXITHOT
cupoBuHH. Crebiia COHSILIHUKY XapaKTePU3YIOThCA IIUIBHOIO BOJIOKHHUCTOIO
CTPYKTYpOIO 3 BUCOKMM BMICTOM TeMileNto03u Ta JirHiny (puc. 3.10a). [lapenxima
COHSIIIHUKY, HABIAaKW, MAa€ Jy)K€ KOPOTKI BOJOKHA 1 MEHII MIIbHY CTPYKTYPY 3
BHUCOKOI0 mopucTicTio (puc. 3.100). 300pakenns BH® 31 cTeben COHAMHUKY MTiCTs
00pobku NaOH (puc. 3.10B) cBig4ath mpo €PeKTUBHICTh BUAAICHHS TEMIIICITIOI031
Ta MIHEpAJIbHUX PEYOBHMH Y MpoLEC] JyxkHoi ekcTpakuii. L{i 300paxeHHs Moka3yoTh
OLIBII YUCTY BOJIOKHUCTY CTPYKTYPY 3 MEHIIOK KUIbKICTIO HELETIOJIO3HUX JOMIIIOK

micis J1y>xHoi 00poOku cupoBuHu. Ha puc. 3.10T nokazano CEM-306paxenns OCILI,
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AK€ TIATBEP/HKYE Maike MOBHE BHJIAJIEHHS JITHIHY Ta €KCTPAKTUBHUX PEYOBHH 13
BOJIOKHHCTOTO MaTepiany. Taka OuIbII OJHOpiJHA 1 YUCTA CTPYKTypa BOJIOKOH 13
cTe0er COHSIITHUKY € HEOOX1THOK YMOBOIO ISl TIOJAJIBIIIOTO MPOIECy OTPUMAHHS 3
Hux Ha”omemono3u. HI[ orpumyBamm merogom rigponizy OCI po3umHOM
cyab(aTHOl KucIOTH KoHueHTpaliew 45%, 50% 1 55%, 13 CHoiBBIAHOIICHHSIM
pinuHa/TBepaa peyoBuHa 10:1, 3a Temneparypu 60 °C Brpoaosxk 60 XB 3TIIHO 3
METOJMKOI0, ONUcaHo0 y po3aini 2. [IpoBemeHi AOCHIKEHHS MPOIECY TiapoJii3y
OCII moxkazaim, MO EKCTparoBaHa COHSIIHUKOBA HAHOIICIIOJIO3a Majla BHTJIS
Mpo30poi, OJHOPIIHOI, CTalbLIBHOI y dacl cycneH3ii. CTaOuUIbHICTh MPO30poi
reJyierno/1i0Hoi cycreH3ii HaHOIIGNMI0I031 30epiracThCsl MpU TPUBATIOMY 30epiraHHi 3a
KIMHAaTHOI TeMIepaTypu BIPOJAOBXK KIIbkoX wMicamiB. Taka crabinpHa dopma
cycriensii coHsimiHukoBoi HI mosicHIO€ThCsl HasIBHICTIO HA 1i MOBEPXHI 3apsKEHUX
cynb(GaTHUX TPYH, SKI YTBOPIOIOTHCS MPHU B3AEMOJII IENION03U 3 Cylb(aTHOIO
KHUCJIOTOIO B pe3yibTaTi peakilii erepudikarii. 3aIe)KHICTh MOKA3HHUKIB SKOCTI TUTIBOK
consiirarKoBO1 HI Bijy KOHIIEHTpaIlii KUCIOTH B MPOIIEC] T1APOIIi3y HaBEACHO B Ta0II.
3.5.
Tabnuus 3.5 — 3aneKHiCTh NOKA3HUKIB SAKOCTI IJIIBOK COHSIITHUKOBOT
HAHOIETIONI03U Bl KOHIIEHTpPAIlil CyJIb(paTHOI KUCIOTH B MPOILEC TApOi3y 3a

temneparypu 60°C Bripogosk 60 xB [13]

KonmnenTparis IinpHICTD, [Tonomxennsi, | MILHICTh HA PO3PHUB,
H,SOy4, % r/em’ % MlIla
45 1,24 3,8 47,8
50 1,35 2.4 56,2
55 1,51 1,2 65,4

Ak BUIHO 3 HaBeleHUX y TabOu. 3.5 pgaHux, 30UIbIICHHS KOHIICHTpAIlil
cynb(paTrHOT KHCIOTH 3a TMOCTIHHOI TEeMIepaTypu Ta TPUBAIOCTI TIIPOJIZY
MPU3BOAUTH JI0 301JBIICHHS MIUIBHOCTI 1 MIIHOCTI Ha PO3PHUB Ta JO 3MEHIIEHHS
3HAY€Hb ITOJOB)KCHHS HAHOILICIIOJIO3HMX ILTIBOK. Taka 3alIe)KHICTh MHOSCHIOETHCS

npuckopeHHsaMm rporecy Tinponizy OCL], mo npu3BoauTh 10 1HTEHCH]IKAIil
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pyiHyBaHHS 1-4 THUIKO3UAHMX 3B’S3KIB MK TJIOKOMIPAHO3HUMH  JIaHKaMU
MaKpOMOJICKYJU TIIENIOJIO3U SIK TIiJ JII€I0 10HIB TIJPOKCOHIIO, TaK 1 TiJ €0
miaBUIIeHoi Temmepatypu [13].

301nbIIeHHsT KOHIIEHTpAIlii Cyab()aTHOI KUCIOTH B MPOIECI TIAPOII3y CIpHUsE
MOJAJIBIIIOMY BUMHUBAHHIO aMOPGHUX MUISHOK IIENIOJ03U, IO MiATBEPIKYETHCA

nanuMu XRD (puc. 3.11).

800 -

600

400 >~
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200 5

Kyt 26
Pucynok 3.11 — Pentrenorpamu XRD: cte6io consimnuky (a); BH® micns myxHOi

00po6ku (0); OCL] (B) 1 constraukoBa HIJ (1)

[lixku nHa mudpaktorpamax B miamazoHi 20,7°-22,5° 26 BigHOCITBCS [0
kpuctaigorpadiunoi mromunan (200) nemrono3u I, miku B mianmazoni 13,2°-14,6° 26
BIJIMOB1Iat0Th KpucTasmorpadgiunii miomuHi (1-10), B giamazoni 15,4°-15°, 7° 20 —
kpuctanorpadiyda twiommHa (110), a Oima 33,2°-35° 20 — kpucrtanorpadigaoi
wiomuan (004) memrono3u [ [167]. 3MiHY KPUCTATIYHOCTI 3pa3KiB IETIOJI03U
Bu3Hadau 3a IK, skuii po3paxoByBayiv 3a piBHSHHAM (3.2), 3HaYCHHS SKUX HABEICHO
y Tabn. 3.6. I3 maBeneHux B Tabn. 3.6 maHWX BHUAHO, L0 1HAEKC KPUCTAIIYHOCTI
LEJTIOJI030BMICHUX COHSIIHUKOBUX MarepialiB 3pOoCTa€ BiJ BUXIAHOI POCIMHHOT

CHPOBHHU 10 COHSIIITHUKOBO1 HAHOLCIIOJIO3H.
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Tabmuns 3.6 — 3nauenns inaekcy kpuctaitiydocti (IK) nemtonozoBmicHnx

COHSIIIIHUKOBUX MaTepiaiiB IHTEHCUBHICTh MKy KpUCTaTIYHOI (pa3u 20

Ne [enrono3oBmicHUN [nTeHcuBHICTH TIKY 32 20 IK,
spaska COHSIITHUKOBUN MaTepiaj 18.5° 75 50 o,
1 Cteb10 COHSIITHMKA 135,6 264,5 48,7
2 BH® 13 cTebma CH micns 140,1 382,9 63,9
00pooku NaOH
3 OpranoconbBeHTHA 73,9 271,2 73,5
COHSIIITHMKOBA IICITI0JI03a
4 CoOHSIIHUKOBA 112,2 515,1 78,4
HAHOIIEII0J103a

Merogom FTIR gocnigkeHO 3MiHYy XIMIYHOTO CKJIaJAy KOMITOHEHTIB
LETI0JI030BMICHUX COHSIIHUKOBUX MAareplajiB J0 Ta MICHS XIMIKO-TEPMIYHUX
o0pobok (puc. 3.12). VYci chnekTpu MaroTh OJHAKOBI THUIIOBI IMIKH, IO

XapaKTepU3yIoTh BAJIEHTHI KOJUBAHHS T1IPOKCUIBHUX TPYII, 10 MPUHAMAIOTh y4acTh

PigHI nornuHaHH

. . . . . .
4000 3500 3000 2500 2000 1500 1000 500
XBI1poBe UHCaA0, oM 1

Pucynoxk 3.12 — FTIR-cniekTpu 3pa3KiB 1EJII0JI030BMICHUX COHSIIITHUKOBHUX
MarepianiB: crebno consmuuky (1), BH® micns excrpakiii myrom (2), OCI] (3),

COHSIITHUKOBA HAHOIICMI0J103a (4)
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B YTBOPEHHI BHYTPIIIHBOMOJIEKYJSIPHUX 1 MIDKMOJEKYISPHUX BOJHEBHUX 3B’ A3KIB
(3000-3750 cm™"), BamenTHEX acuMerpranmX (2920 cM™') i cumerpuunHux (2853 cm™)
KOJIMBaHb METUJILHUX 1 METHJICHOBUX TPy, NeopmariiiHux KoiauBaHb 3B s3KiB -CH,
i ~O-H y rpymax ~-CH,OH (1236 — 1433 cm™"), BanentHi konuBanms 38°s13kiB C—O Ta
Mmictka C—O—C rmokomnipaHo3Horo kubist (1160 em”, 1112 em™ i 1058 CM_I) Ta
nedopmaniiinux xonuBanb 38'3kiB C-H (520 — 667 cm’') memtonosu. SIk BUAHO 3i
criekTpis (puc. 3.12), xapakTepHa cMyra pu 1745 cM™ juis Beix criekTpiB Bianosinae
BAJIEHTHUM KoJIMBaHHSIM C=0 KapOOHUIBHUX TPYI TEMILENIONI03U Ta aleTUIbHUX
rpyn JITHIHY, a TaKoX ecTepHux rpyn memtojo3u B HII. BiacyTHicTe mikiB mpu
1512em’! 1a 1244 cm’! y cnekTpax memtono3n ta HI[ cBiquuTe mpo BumaieHHS
JITHIHY 31 cTe0en COHSIMIHMKA IIiJI 4Yac IPOBEAECHUX TEPMOXIMIUHUX OOpPOOOK.
3pocrannsi inTeHCHBHOCTI mikiB mpu 1427 cm-1 i 897 cm™ Ha crmektpax 3 i 4
MIATBEP/KYE 30UIbIIEHHS BMICTY 1emtono3u B 3paskax OCI[ 1 orpumanoi
COHAIIHUKOBOI HAHOLIEJIFOJIO3U.

O6poobkoro nmanux FTIR-cnektpy counsamnaukoBoi HII 3a ¢opmynoro (3.1)
BCTAHOBJICHO, MTO 11 1HJIEKC JIATePAThbHOTO MOPSAKY CTaHOBUTH 1,83. Takum ymHOM,
oTpuMaHi 3Ha4YeHHs 1Haekcy kpuctaniyHocTi (IK) Ta iHaekcy narepaibHOro NopsaKy
(LOI) nmna consmaukoBoi HI BiAMOBIMarOTH 3HAYEHHSAM I[UX ITOKA3HHUKIB IS
HaHOIETIONO3U 3 THIIUX MPEACTAaBHUKIB POCIUHHOI cupoBuHU [1, 168].

TonorpadiuHi xapakTepUCTHUKU 3pa3kiB coHsmHukoBoi HII mocnimkyBanucs
METOJIOM aTOMHO-CHJIOBOI Mikpockorii (puc. 3.13). SIk BUJIHO 13 HaBEIEHUX Ha PUC.
3.13 nganux, oTpuMaHi 3a PI3HUX YMOB TiAPOJI3y YAaCTMHKH COHSIITHUKOBUX HII
MalOTh Takl momepedHi po3mipu: 9-20 HM micas rigpodizy po3urnHoM 45%
cynbdarHoi kKucioTu; 7 — 13 HM micns rigponizy pozuuHoMm 50% 1 5 — 11 am micns
ripotizy po3unHoM 55%. 3MEHIIEeHHsS pO3MipiB HAHOYACTHHOK COHSIITHUKOBOT HIJ
MPU3BOJUTH IO IABHUINECHHS MPO30POCTI OTPUMAHUX HAHOIETIOIO3HUX ILTiBOK.
3aneXHICTh MPO30POCTI HAHOIIENIOJIO3HUX IUTIBOK BiJI YMOB TIPOIECY TiApOTi3y

OpraHOCOJIbBEHTHO1 COHSIIHUKOBOI LIE€TI0JIO3U HaBEIEHO Ha puc. 3.14.
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Pucynok 3.13 — 3D-300pakeHHst moBepxH1 MI1BOK coHsimHukoBux HII, orpumanoi
rigpoinizom H,SO, pizHoi kKoHLeHTparrii: 45% (a), 50% (0), 55% (B) Ta amIutiTy 11

MOTIepEYHOrOo Mepepizy nosepxHi otpumanux HII mriBok (1)

Otpumana cycnen3is consmankoBoi HI[ mama Bucoky mposopicte a0 87,6 % 3a
JOBXKUHOIO XBWIl 600 HM Ha €IEKTPOHHMX CIEKTpax MOTIWHAHHS, 10 MIATBEPKYE
BHUCHOBOK IIPO PO3YMHEHHS aMop(hHUX oOjacTeld MaKpOMOJEKYIH MENI0JIo3U 3
YTBOPEHHSM TOMOTCHHHMX HAHOIIETIOJI03HUX TUTIBOK B IIPOIIECI KHCIOTHOTO TiIPOJIi3y
Ta ynbTpa3BykoBoi 00pooku OCLI.

BriuB  TemmepaTypu Ha CTallIBHICTH BHUXIJHOI POCIMHHOI CHPOBUHHU,
OpraHOCOJBBEHTHOI 11EJI0JI03H 1 coHsmHukoBoi HI[ mocnmimkyBanu 3a J0MOMOTor0
TepMorpaBiMeTpuuHoro anamsy (puc. 3.15). TepmorpaBimerpuynoro kpusi (TI')
MOKa3yl0Th 3MIHM Baru 3pas3kiB Mija 4yac HarpiBaHHs, a ii moxigHa (TI'A) mokasye

TEeMIIepaTypHi MiKH, PU SKUX B1IOYBAETHCS 3HaYHA BTPATa Barw.
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Pucynox 3.14 — IIpo30pocCTi COHSIITHUKOBUX HAHOIIEIIOJIO3HUX TIIIBOK, OTPUMAHUX

TiApOIi30oM Cynb(haTHOI KUCIOTH pi3HOI KoHIeHTparllii: 45% (a); 50% (6) 1 55% (B)

3 TepMorpaBIMETpUYHMX KpuBUX (puc. 3.15a) BuUOHO, 110 MOYATKOBA
TeMIeparypa BTpaTH Macu ISl BCIX 3pa3kiB cTaHOBHTH Onu3bko 100 °C, mio
MOB’5I3aHO 3 BUIIAPOBYBAHHSIM 3 HUX BUIBHOT BosIoTH. TepMiuHa JecTpykilisi crediia

COHSIIIHUKY MOYMHAEThes 3a Temmeparypu 230°C, a mapeHximMu — 3a TeMIepaTypu
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Pucynok 3.15 — TT" (a) ta TT'A (6) kpuB1 TEPMIYHOTO aHATI3Y: CTEOIa COHSAITHUKY

(1), mapenxima (2) BH® micns ekcrpakiii xyrom (3), OCL (4), HLI (5)
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210 °C, mo moB’s3aHO 3 BHUILJIEHHAM MIXKMOJICKYJIsIpHOi Boau. OCHOBHA CTamis
MPOIECY TEPMIYHOI JIECTPYKIi cTebjla COHSIIHUKY IPOXOJIHWTh B IHTEpBAI
temmeparyp 270-330 °C, micns doro 3anmummaerbes omm3bko 40 % macu BB. lpyruii
MK pylHYyBaHHS cTeOe COHSIIHUKY crocTepiraerscs 3a Temnepatypu 440 — 450 °C,
nicis yoro 3anumaerses aume 10% macu. Brpata macu npu HarpiBaHHi MapeHXiMu
BIIOYBA€ThCS 32 HIDKYMX TeMIeparyp 1 3 OUIbIIOK MMIBHAKICTIO. B 1HTepBam
temneparyp 210-300 °C Btpauaetrbest 70 % opraniuHoi macu napenximu. Ilicns
[[LOTO BIJOYBAETHCS TMOCTYMOBE 3MEHIICHHS MacH 3pa3ka. JaJMIIOK Mach Micis
HarpiBanHa g0 600 °C cranoButh 20%, 110 TOB’S3aHO 3 BHCOKUM BMICTOM
MIHEpaJbHUX PEUOBMH Yy mapeHximi (puc. 3.150). Hns 3paska (3) xapakTepHui
PI3KHI MMOYaTOK BTpPATH MacH CIOCTEPIraeThcs B iHTepBall Temmeparyp 260 — 360
°C. Jpyruii miKk COHSIIHUKOBOI ME3TH MICHA JYKHOT EKCTPaKI[iHHOI JeCTpyKINi
cnocrepiraerbces 3a tremreparypu 420 — 470 °C, micnsg yoro 3anumiaeTbesi Menie 10
BIJICOTKIB Mach. A g 3pa3ka (4) BTpara MacH CIIOCTEPIraeThCs B IHTEPBAJi
temmeparyp 300 — 360 °C. [loTim BiIOyBa€THCS MOCTYIMOBE 3MEHIIIEHHSI MacH 3pa3Ka
3 MIJBUIICHHAM TEMIIEPATYpPH 1 3aKIHYYETHCS PI3KUM 3MEHIIEHHSAM MacH J0 3aJUIIKY
2 % 3a remneparypu 420 °C.

[loyarok pecTpyKLii HaHOLENIIOJIO3HUX IUNBOK COHSIIHUKY 33 BIJHOCHO
HUKYO0i TeMIlepaTypH, HiXK pociMHHOI cupoBUHU Ta OCII, NOSICHIOETHCS HASIBHICTIO
ckiagHoedIpHUX CYIb(PaTHUX TPyN HaA MOBEPXHI IENIOJI03U Ta OLIBIIOT KUIBKOCTI
BUIbHMX KiHIIB JaHIorie HII, ski po3kiagaroTbes 3a HIDKUOI TeMIlepaTypH.
HasBhicTes cknagHoedipHUX Cylab(AaTHUX TPYH 3HUXKYE TEPMIYHY CTAOUIBHICTH
HAHOYACTUHOK KYKYPYA3HU, OCKUIbKH JJI BUJAICHHS 3aJUIIKIB CIpYAHOI KUCIOTH 3
TAPOKCHIIBHOT TPYIU MpH 6-My aTOMi BYTJICIIO B MipaHO3HOMY KiJIbIll IETIOJI03U
MOTPIOHO MEHIIE eHeprii, HIXK I pYyWHYBAHHS TIIOKOMIPAHO3HOTO KIJbIIA
1eNro03u. HaHorenrono3Ha miiiBKa BUSBISE OUIBINY CTIHKICTh 10 TeMIEpPATypPHHUX
BIMBiB. B iHTepBanmi temmeparyp 240 — 460 °C BinmOyBaeThcs piBHOMIPHE
3MEHIIICHHS] MacH 3pa3ka, IO MiATBEePKYeThCs KpuBUMU TI'A, 1 30epiraethcs
omm3bko 30 % macu 3paska HII. A ocrarouna BTpara macu BigOyBaeTbcsa 3a

temreparypu 500 °C, mo mnepeBHILye BCl IOINEPEIHI TEeMMEepaTypH AECTPYKLIi
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MOXIIHUX COHSIIHHUKY. 3a CTIMKICTIO JI0 BHCOKHX TEMIIepaTyp JOCIIJKYBaHi
[IETIOJI030BMICHI  3pa3KM  COHAIIHMKY pO3TAlllOBaHI B TakKii MOCIIJOBHOCTI:
napeHximMa — ctebna coHsmHuky — BH® micnsa myxsoi ekcrpakuii — OCILL —
consmankoBa HII.

Takum unHOM, B pe3yabTati npouecy riapoiizy OCL] 6yna orpumana crabiiabHa
cycnen3iss HI[ 3 wactunkamu giamerpom 5 — 20 HM, sfKka Majla BUCOKI MEXaHIuYHI
BiactuBoCTi: 1IbHICT, HI[ mmiBok cranoButh no 1,52 1/cm?; mposopictb — 10
87,6%; miuHicTh Ha po3puB — A0 65 MIla, sika 1 BUKOpUCTOBYBaJlacsd B KOMITO3MIIIT
OJIHOTO 13 MAacCOBHUX BHJIIB KAPTOHHO-TANEPOBOI MPOAYKII — KapTOHY TapHOIO

BOJIOTOCTIAKOTO.

3.3. OnepskaHHA LEJTI0JI034 | HAHOLEJIIOJI03M i3 cTedes1 ouepery
s onmepkaHHs 13 ouepeTy 3BUYaWHOTO (Phragmites australis) 1entonosw,
MPUAATHOT JUIsl eKCTPaKIlii 3 Hel HAaHOIIeN0JI03H, BIAMOBIIHO IO METOJIUKH (PO3/IiT 2)
Ha mepiIii cramii moapibHeHi crebia ouepery miggaBanu oopoodii pozunnom NaOH
koHreHTpartiero 50 /1 3a rimpomosynst 10:1 Ta remnepatypu 98+2 °C BripomoBxk 60-
240 xB [8]. 3anexHicTh NOKa3HMKIB sIKOCTI ouepersHoro BH® Bix TpuBanocti

JYXHOI eKCTpakuii HaBeJeHo Ha puc. 3.16.
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Pucynok 3.16 — 3anexHicTh BMICTY JITHIHY (a) 1 MiHEpaIbHUX pedoBUH (0) B
ouepersHoMmy BH® Bix TpuBanocTi sryxHOi ekctpakiiii pozanHom NaOH

KoHIeHTpaii 50 r/n
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3 HaBegeHux Ha puc. 3.16 mgaHWX BUAHO, MO 3O0UIBIICHHS TPHUBAIOCTI
eKCTpakilii cTeden odepeTy PO3UYMHOM JIYTYy TPHU3BOJIUTH JO0 3HWIKEHHS 3HAaY€Hb
3QJIUIITKOBOTO BMICTY JITHIHY 1 MiHEpaIbHUX PEUYOBHUHU (307HHOCTI). 3O01IbIICHHS
TPUBAIOCTI JIykKHOI 00poOKkH Bif 60 XxB 10 240 XB TaK0X MPU3BOJAUTH O 3MEHIIICHHS
Buxoxay ouepersinoro BH® Bix 76,5% 1o 68,2%, BIANOBIIHO, 32 paXYHOK BUIATEHHS
JITHIHY, TEMILET0N03 Ta EKCTPAKTUBHUX PEYOBUH (MIHEPAJIBbHUX COJIEH, CMOJI,
KHUPI1B, BOCKIB).

Jlnst  BapiHHSL ~ OpPraHoCOJBBEHTHOI  odeperstHoi  memoso3u  (OOLI)
BUKopucToByBasin BH®, oTprmMaHuil 1y)XKHOIO €KCTpakii€lo KoHIeHTpauieo 50 r/a
BIpooBk 180 XB., a BapiHHSA MNPOBOJWUIM B PO3UYMHI NEPOLTOBOI KHUCIOTH 32
temneparypu 98 £2 °C tpuBamictio Bix 30 mo 180 XBWIMH, pe3ynbTaTH SKUX

HaBeJieHo Ha puc. 3.17.
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Pucynoxk 3.17 — 3anexHicTh BMICTY JIITHIHY (a) 1 MiHEpaJTbHUX PEYOBUH (0) B

OpPraHOCOJIbBEHTHIN OYepeTsHIN LEeIt01031 BiJl TPUBAIOCTI BapIHHS

Sk BugHO 3 JaHuWx puc. 3.17, 30iNbIIEHHS] TPUBAIOCTI OPraHOCOJIBBEHTHOTO
BapiHHS B CEPEIOBHUIII TEPOITOBOI KUCIOTH 3aKOHOMIPHO 3MEHINYE 3aIUIITKOBUI
BMICT JIITHIHY 1 MIHEpaJbHUX PEUOBMH. Taka 3aJeXHICTh MOSICHIOETHCS

MIPOXOKEHHSM MPOIeCy emNirHiikaIii BOJIOKOH 04epeTy 3a pPaXyHOK PO3IICTUICHHS
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o — 1 — eTepHUX 3B A3KIB JITHIHY IiJI €10 eNeKTPODITLHUX YACTUHOK T1APOKCOHIIO
OH', mo yTBOPIOIOTHECA IEPOKCOKUCIOTAMHM B KHCIOMY cepenoBuii [169]. lon
TIIPOKCOHIIO  COpUS€ TMIABUIICHHIO PEAKIIHHOI 34aTHOCTI JITHIHY OO
PO3MICTUICHHS €TEePHUX 3B S3KIB, YTBOPCHHsS OIIBII TPOCTIIIUX PEUYOBHH Ta
MEPEBEJICHHIO 1X Y pO34MH. B mpoliect opraHocoibBEHTHOTO BapiHHSA 13 301IbIIEHHIM
TpuBaniocTi BapiHHA B 30 xB 1m0 180 XB 3aKOHOMIPHO 3MEHINYETHCA BHUXI]
uemonosn Bim 82,7% po 68,3%, BianoBigHO. OTpuMaHa OpPraHOCOJLBEHTHA
OuepeTsHa LeJoji03a 13 3aJIUIIKOBUM BMicTOM JirHiHy 0,39% 1 MiHepanbHUX
pedoBuH 0,02% BUKOpUCTOBYBanacs AJisi €KCTPAKIi 3 HET HAHOIEIIOIO3H.

3MiHHU, 110 BIIOYBAOTHCS 3 XIMIYHUM CKJIQJIOM LIETIOJIO30BMICHUX OUYEPETIHUX
MarepiaigiB y Tporeci iX TepMOXIMIidyHOT OOpOoOKH, JOCIIKyBajgacs METOIO0M
iH(ppauepBoHOi criekTpockorii 3 neperBopenHsaM dyp’e FTIR (puc. 3.18).
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Pucynok 3.18 — FTIR -cniektpu 3pa3kiB ouepety: credina ouepety (a); BHD micns

ayx)HO01 00po0ku (0); OCC (B); ouepeTsiHa HaHOIE0JI032a (T)

OTpuMaHi CHEKTPU MarOTh TaKWUW K€ BUTJISAM, SIK 1 JUIsI CHEKTPIB MOTJIMHAHHS,

10 HaBEeACHO Ha puc. 3.12 i UEeNroJI030BMICHUX COHSAIIHUKOBUX MarepiaiiB. Y
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FTIR-cnektpax oueperssnux BH® micns nmyxnHoi 06podku 1 [IOK Bapinns (puc. 3.18
0 1 B) mOpiBHAHO 13 cmekTpoM cTeben odepery (puc. 3.18a) cmocrepiraeTbes
3MEHIIICHHS] 1HTEHCHBHOCTI cMyr B oOmacti 1500-1800 CM'I, 10 BIJIOBITAIOTH
CMyraM KOJHMBaHb IOABIMHMX 3B'A3KIB, XapakTEpHUX Ui MOJIEKYN JITHIHY Ta
HAsBHOCTI KapOOHiNbHUX Tpyn remiuemonos (1740 cv ). Sk Buaso 3 puc. 3.186,
JyxkHa OOpoOKa 3HAYHO BHUAAISE TEMILENIONIO3U 13 LEII0J03HOI YacTUHU, alie
MO/IAJIbIIE OPraHOCOJIbBEHTHE OOpOOJIEHHS 301IbIIY€E KIIBKICTh KApOOHUIBHUX IPYI
3a paxyHOK OKHCIICHHSI TIEPEKHCOM BOJIHIO. 3MEHIIIEHHSI 1HTEHCHUBHOCTI BiOpalliii B
paiioni 1600 cM ' CBiZYMTH NPO BHAANCHHS JITHIHY i3 POCTHHHOI CHPOBHHH B
npoiieci ii 00poOku. 361IbIIEHHST IHTEHCUBHOCTI cMyT B oOacti 1050, 1400 Ta 3400
CM ' JeMOHCTpYe eheKTHBHICTh BHIATCHHS KOMIIOHEHTIB JirHIHY Ta HEIETIOI03HO
YaCTUHU 3 IIEJIIOJIO30BMICHUX COHSIIITHUKOBHX MarepianiB. OTpuMaHa B pe3ysbTaTi
JTy*)HOi OOpOOKHM Ta BapiHHS OPraHOCOJBBEHTHHM METOJIOM IIENI0JIo3a 13 creden
OuepeTy Ma€ BHCOKY XIMIYHY YHMCTOTY, HM3bKUH BMicT JirHiHy (mo 0,39 %) Ta
HEe3Ha4YHY 30bHICTH (He Outbmie 0,02 %), 1Mo 3aJ0BOJIBHIE BUMOTAM JIJIS I[ETI0JI03U
JUIS  XIMIYHOTO TEepepoOJIeHHs, a, 3HAuuTh, MOXKE BHUKOPHUCTOBYBATHCS JUIS
OJIepKaHHS MOX1THUX 1[EJTI0JI03H, 30KpEeMa, BUPOOHUIITBA 13 HET HAHOIETIOIO3H.
ExcTpakiiito HaHOIIENM0I03U MPOBOAMIN TBOMA METOJAaMU: 3 BUKOPUCTAHHSIM
IIPOIIECY OKUCHEHHSI OPraHOCOJBBEHTHOI OYEPETAHOI LENI0JI03U peareHToMm 2,2,6,6-
teTpameTrininepuau-1-okcunom (TEMIIO) B cucremi TEMPO/NaB1/NaOCl 1
METOJIOM TiAPOJi3y PO3YMHOM Cyab(haTHOI KHCIOTH. Pe3ynpTaTh mpOBENECHHS
npouecy okucHeHHs OOLl 3a Butpar TEMIIO Bix 0,8% m0 2,0% Bijg Macu 1enr0a03u
3a temmeparypu 18+2 °C Bopogosx 20 ToauH Ta HACTYIHOI YJBTPa3ByKOBOI
06pooku HII cycnen3ii BopomoBxk 60 XB ToOKa3aau, IO 30UIBIIEHHS BUTPATH
TEMIIO npuszBoauth 10 30umbmeHHs miiibHOcTI HII rumiBok Big 1,37 r/em® 10 1,48
r/em’ (3a minpHOCTI Hemomosu 0,53 r/cv’) Ta pospuBHOTO 3ycrwrs Bix 9,4 MIla 10
60,4 MIla (3a minHOCcTI Ha po3puB OOIL] 1,73 MIla). 3aneKHICTh NOKAa3HUKIB SKOCTI
OUEPETSHUX HAHOIEIIOJI03HUX TUTIBOK BiJ TpUBANIOCTI mporecy okucHeHHs OOI] 3a

Butpar TEMIIO 1,6% Big macu 11111051031 HaBeAeHo y Tabi.3.7.
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Tabmuist 3.7 — 3aneKHOCTI TOKA3HUKIB SIKOCTI OYePETSHUX HAHOI[CTIOJIO3HUX

TUTIBOK BiJI TPUBAIOCTI TIpoliecy okucHeHHs B cepenosuini TEMIIO

TpuBanicTb OKUCHEHHS [inbHiCTS, Minnicts Ha [Ipo3opicTs,
TEMIIO, ron r/em’ po3pus, MIla %
2 0,71 5,05 28,5
4 0,92 12,5 35,7
8 1,10 21,5 45,7
18 1,32 55,5 72,8
20 1,48 60,4 78,3
24 1,51 69.7 82,4

Ax BuaHO 13 HaBeAeHUX B Tabn. 3.7 manux, 30uibmieHHs BuTpatn TEMIIO
MPU3BOJNTH JO IIJIBHINCHHS IIUIBHOCTI, MIITHOCTI Ha PO3PHUB 1 MPO30POCTI
HAHOIICNIOJIO3HUX IUTIBKM 3a paxyHOK 3MEHIICHHSIM pPO3MIPy MaKpOMOJEKYII
OYEPETSHOI IEII0I03H B MPOIECI OKHUCISHHS 3 1X IMePETBOPEHHSAM Ha HAaHOYACTHHKH,
AK1 YTBOPIOIOTH OUIBII HIIJIBHI CTPYKTYpU 3 OUIbII MINHUMH 3B'SI3KAMU MK HUMU
[148].

PentreniBchka audpaktorpaMa O4YEpeTSHOI HAHOILENIOJIO3U, OTPUMAHOL
MeTrofoM okucHeHHs 3a Butpatu TEMIIO 1,6% Binm macu OOILl Bopomosxk 24

rOJIMHU, HaBeZIeHO Ha puc. 3.19, a po3paxoBaHi Ha OCHOBI ii MOKa3HUKU — B Ta0JI. 3.8.
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Tabmuns 3.8 — 3nauenns iaekcy kpuctamiynocti (IK) 1 po3mip kpuctanity (CrS)

OYEPETSIHOI HAHOLIEITFOJIO3U

Kyt 20 rpanycis [HTEeHCHBHICTD TIKY IK, % CrS, nm
19,2° 214,1 78,1 2,873
22.6° 973,2

PospaxoBani 3a piBasHHsAMH (3.1 1 3.2) 3HaueHHS MOKAa3HUKIB 1HIEKCY
KPUCTAJIIYHOCTI 1 PO3MIpIB KPHUCTATITY OYEPETIHOI HAHOLENIONIO3U OJIM3BKHUI 10
3HA4Y€Hb, OTPUMAHUX JJISI HAHOLIEIIOJIO3H 3 MOKHUBHUX PEIITOK KyKypya3u — 74,9%
12,636 HM, BIIIOBIIHO.

Hanopo3mip 4acTHHOK O4YepeTsIHOi HaHOLENIONO3U MiATBEPIKYEThCS TaHUMU

TPAHCMICIITHOT eIeKTPOHHOT MiKpocKorii (puc. 3.19).

YacroTa
JacToTa

0 40 80 120 0 200 400 600 800

Hiamerp, HM JoB:KHHA, HM

Pucynoxk 3.19 — TEM-300paxeHHs] HaHOIICJIFOJI03HUX TUTIBOK (@) 1 pO3MOI1II

YaCTUHOK 3a iX po3MipaMu

SIK BUZIHO 13 HaBeJIEHUX JAaHUX, NONEPEUHUNA pO3MIP YACTUHOK HaHOIIENIOI03U
3HAaXOOUThCcs B Mexkax 7-40 HM, Xo4ya OKpeMi HAHOBOJIOKHA MarOTh IMONEpEeYHUN
po3mMip a0 120 um 1 goBxkuny 800 HM.

3 MEeTOI0 OTPUMAaHHS PiBHAHb PErpecii, M0 OMUCYIOTh 3alIEKHICTh MOKa3HUKIB
AKOCTI OYEpeTSIHOI HAHOIENIONO3M BiJl TEXHOJOTIYHUX MapaMeTpiB MPOIECY
okucHeHHsT B cepenoBuili TEMIIO, mnpoBeneHo MaTeMaTH4HE MOJICIIOBAHHS
TpoIiecy 3a JOMOMOTOI0 METOLY IOBHOTO (haKTOPHOTO eKCIIepUMEHTY Tumy 2°. B

SKOCTI TlapameTpiB Oynau BuOpaHi: Butpara okucHoBaua TEMPO, yac okucHeHHs Ta

93




gac 00poOku Y3 /s OTpUMaHHS HaWKpalux 3HA4YeHb KIHIIEBUX MOKA3HUKIB SIKOCTI
(TUTIBOK) TaKMX SK: MIIJIBHICTh, MEXa MIITHOCTI Ta TIPO30PICTh.

3aCTOCOBYIOUM METOAUKY IUIaHy 2°, OyIu po3paxoBaHi KoebilicHTH mwis
3aMucy PiBHSHB perpecii Juisi BCIX TOKa3HUKIB SKOCTI, a 3aCTOCOBYIOYH METOJ
XaplHITOHA I ONTHUMI3alli NapaMeTpiB TEXHOJOTIYHOIO IMpOLEcy, 3HANAEHO
piBHsSIHHS Juisi onTuMizaimii mapamerpiB (lomatoxk b). OnTumanbHi 3HAYEHHS
TEXHOJIOTIYHUX TMapaMeTpiB Tmpormecy ojaepxkanHs HI[ meTromom oOkucHEHHS B
cepenoBuili TEMIIO cranonats: Butpara okucauka TEMPO — 2,0 %; tpuBainictb
riipoii3y — 24 roauH; TpuBaiicTb 00pooku Y3 — 60 XBUIKH.

Cnin 3ayBaXuTH, 110, SK BHJHO, ONTHUMAlbHI 3HAYEHHS TEXHOJOTIYHUX
napaMeTpiB MpoLECY OKMCHEHHS 3HAXOAATHCS MPAKTUYHO HAa MEX1 00JacTi; OJHAK,
K OyJIO TTOKa3aHO BHIIE, 111 TTapaMeTpu MAarOTh OOMEXEHHS Ha IIUX 3HAYCHHSX, Tak
K, HAPUKJIAJl, 3 POCTOM Yacy Tiipodizy Ta Y3 00poOku nounHae 3menmryBarucs IK.
Tomy came oTpuMaHi mapameTpH 1 € IIHCHO ONTUMAILHUMHU IS JAHOTO MPoIiecy. 3a
[IUX TTapaMeTpiB Oyina BUTOTOBJICHA HAHOIIENIOIO3a 3 OPTaHOCOJIBBEHTHOI OUEPETSIHOT
1enrono3u 3a 3acrocyBanHs TEMIIO okucieHHs ajisi MOAAIBIINX €KCIIEPUMEHTIB 11
3aCTOCYBaHHS B KOMITO3HIIIT APy /IS TaKyBaHHS Xap4OBHX MPOTYKTIB.

OpepkaHHA HAHOLETIONIO3M 13 OUYEPETSHOI OpPTaHOCOJIbBEHTHOI LETI0JI03H
MEemoOOM KUCIOMHO20 2Ii0POJi3y TPOBOJUIN PO3UUHOM CYIb(ATHOI KHUCIOTH
koHIeHTpamieto 50% 3a Temneparypu 60 °C BrpoaoBxk 60 XB 13 MOJATBIIAM
MIPOMUBAHHSIM HAHOIICITFOJIO3H TUCTUILOBAHOIO BOIOI0 METOIOM IICHTPU(YTyBaHHS B
nabopartopHiii neHtpudysi 3a 4000 06/XB I BUAAJIEHHS 3aIUIIKIB KHUCIOTH Ta
00pobOkoro cycriensii HI[ ymbpTpa3BykoMm BIJMOBIIHO /10 METOJWKH, OIKCAHOI B
po3mimi 2. Taki 3HaAYEHHs TEXHOJOTIYHUX MapaMmeTpiB IPOBEASHHS IIPOIECy
T1IpOJIi3y OYEPETSHOT OPraHOCOJBBEHTHOI IIENI0JI03M BU3HAYEHI1 SK ONTHMAJbHI Ha
OCHOBI TTOTIEPETHRO MPOBECHOI cepii JOCTIAIB, MPOBEACHUX Ha Kadeapl eKoJorii Ta
TEXHOJIOTIi POCTMHHUX TMOJIMEPIB I TPOIECIB TIAPOIIi3iB OPraHOCOJIbBEHTHOI
1earoio3n 13 iHmux npeacraBaukiB HJIPC, 30kpeMa i3 mimeHUIHOI COJIOMH, cTeOe

MICKaHTYCy 1 KyKypya3u [5, 28].
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B pe3ynbraTi npoBeeHUX JOCTIAKEHb BCTAHOBJIECHO, 1110 OTPUMaHa OYepeTsHa
HAHOLIENIOJIO3a Maja OJHOPIAHY Ta CTaOUIbHY Y dYacl CYCHEH31I0 HaHOYaCTHUHOK.
Jloka3oM CTIMKOCTI HaHOILETIONO03HOI cycneH3ii € d¢ororpadii (puc. 3.20) ix
30BHILUIHBOTO BUTJISAY BiJpa3y MIiCis NPUTOTYBaHHS, MICis 0OpOOKH yIbTpa3ByKOM

Ta MiCIsl TPUBAJIOTO 30€piraHHs.

L e TR T )'t." 3 P 4
iz pdS X2 AL £33 [ &_k §n

Pucynox 3.20 -
®dororpadii GakoHiB
13 ouepetsiHoro HII:
a — MicJs T1apoizy
OO1] 6e3 Y3 06po0Oku;
0 — Texx came micas V3
00poOKH; B — 3pa3ok 0
ITCIIST 3 MICSIIB
30epiraHHs

Ak BuaHo 13 HaBeneHoi Ha ¢orto HII, 3a TpuBamoro 30epiraHHs 3a KIMHaTHOI
temrneparypu y HII cycniensii He BiIOYBa€eThCS OCAJPKEHHSI YaCTUHOK HaHOIIETION03H
(puc. 3.20B). Xapaxrtep crabumzamii cycnen3ii HI[ mnosicHIoeTbCS HasBHICTIO
3aps/HKEHUX TPYN Ha TOBEPXHI HAHOIENIOJIO3H, SIKI YTBOPIOIOTHCS B3a€EMOJIEIO
TIIPOKCUJIBHUX TPYI IENI0JI03U 3 CyIb(aTHOI KHCIOTOK BHACHIIOK peakilii
erepudikariii. Taka cTabiIbHICTh B Yaci HAaHOLETIOJO3HUX CYCICH31M IiATBEpIKEHA
iHmuMu nociigaukamu [171] Ta monepennimu ganumu [ 144]. Otpumana rigpoiaizoMm
cycriensisi ouepeTsiHoi HII mama Bucoky mpo3opicte 10 82,4 % Ha MOBXKUHI XBHIII
600 HM Ha €EKTPOHHUX CIEKTPaX MOTIWHAHHS, IO CBITYUTH PO TE€, O KUCIOTHUN
TiIpoi3 Ta YNbTpa3BykoBa OOpPOOKa MPU3BOAUTH JO PO3IYMHEHHS aMOPQPHHX
o0yacTeil MaKpOMOJICKYITH TIETIOI03M 3 YTBOPSHHIM TOMOT €HHUX HAHOIIETIOJIO3HUX
mtiBok [168]. ILinbHicts HII miiBok craHoBmma 10 1,52 r/cM’ , a MilHICTh Ha PO3PHB
craHoBuiaa g0 65 MIla, mo 3HaXOOWTHCI B MeEXaxX BIJOMHUX JaHUX JJIA
HaHOIIEIIONIO3U 3 1HIIOT POCIUHHOI CUpOBHUHM [172].

Hanoposmipu uactuHok ouepersHoi HII minrBepmxeno meromom ACM vy
KOHTAaKTHOMY PEXKUMI CKaHyBaHHA MoBepxHi. Ak BumHo 13 puc. 3.21, nosepxus HI|

IUTIBKU JIOCTaTHBO OJHOPIJAHA 32 CBOIM (pa30BHM CKIJIQJIOM, HE MICTHTh CTOPOHHIX
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BKJIIOUEHb 1 CKJIQJAEThCSA 3 OJHOPIAHMX YAaCTUHOK, SIKI MAlOTh 3JI€TKa BHUTATHYTY
dhopmy 3 MOINepeyHUM PO3MIPOM YAaCTHHOK B Mexkax 5-25 HM (puc. 3.210), a okpemi

gactuaku ouepeTsiHoi HI maroTs mupunay 10 30 HM 1 TOBXKUHY KiJTbKa MIKPOMETPIB.

0

a — peteed nosepxni HI naiexu y 3D sobpaxcenni, -
& — amnninmyda nenepevHoso nepepizy HII naisku

i Hin
[LTEF T

Pucynok 3.21 — ACM 3006paxeHHs ouepeTsIHOI HAaHOIIEI0JIO3HOT TUTIBKU:
3D-300pakeHHst penbedy MOBEPXHI MIIIBKY (@) Ta aMILTITY/1a MOMEPEYHOTO

nepepizy noBepxHi (0)

3 METOI OTPUMAHHS PIBHSAHB PErpecii, 110 OMUCYIOTh 3aJIKHICTh MTOKA3HUKIB
SIKOCT1 HAHOIIETIONO3M 31 CTeOeNl OYepeTy BiJl TEXHOJOTIYHUX MapaMmeTpiB MpoIecy
riipoinizy, Oyno IPOBENEHO MaTeMaTH4YHE MOJEIIOBAHHS IPOIIECY 3a JOMOMOTOI0
METOy MOBHOrO (JAKTOPHOTO EKCIEPUMEHTY THIy IUIaH 2°. 3acTOCOBYIOUH
METOUKY IUIaHy 2°, Gymu po3paxoBaHi KoebillieHTH IS 3ammucy PiBHSHB perpecii
JUTS BCIX TOKAa3HUKIB SIKOCTI, a 3aCTOCOBYIOUM MeTOJ XapiHITOHA JUIsl ONTHMi3allii
MapaMeTpiB  TEXHOJOTIYHOTO TIPOIECYy, 3HAWACHO pIBHSIHHSA IS ONTHAMI3aIlii
napametrpiB ([Jomatox b.2). OntumanbHi 3HAYEHHS TEXHOJIOTIYHUX MapameTpiB
npouecy onepxxanHs HL MeTo oM KHCIOTHOTO T1apOii3y CTAaHOBIIATh: KOHUEHTPALIs
po3uuny H,SO,4 — 50 %; TpuBaiicth rigpodizy — 60 XBUINH; TeMIepaTypa TiIpoi3y
— 60 °C. 3a uux mapamerpiB Oyjia BUTOTOBJIEHA HAHOLIEIIOIO3a 3 OPraHOCOILBEHTHOI
LEJIONIO3HU 31 cTeden odepeTy Ul MOJAIbIINX EKCIEPUMEHTIB i 3aCTOCYBaHHS B
TEXHIYHMX BHJIaX TMamepy 1 KapToHy, 30KpeMa marepi JUisi NMaKyBaHHS XapuyoBHX

IIPOJIYKTIB Ta Manepi-oCHOBI JIS IIIanep.
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3.4 Onep:kaHHS LETI0JI03H | HAHOIEI0JI03M i3 BOJIOKOH KOHOMEIb

Bonokna koHonenb Mictath 73,9% HaMIIHHIIIOI YaCTUHU POCTUHHOT CHPOBHHHU
— ILIETII0JI03H, IO CYTTEBO OlIbIlIEe BMICTY LIETIOJIO03H Y XBOMHUX 1 JIMCTSHUX MOPOJAX
JICPEBUHU Ta y TIIEHUYHIN COJIOMI — OJHOTO 13 HaWOIIBIIIOTO 32 OOCSATOM BiIXOIB
CLIBLCBKOTO TocnoAapcTna (Tadi. 1.2). 3a BMICTOM OCHOBHHMX XIMIYHMX KOMITOHEHTIB
BOJIOKHA KOHOIIENb OJM3bKI /10 BOJOKOH JIbOHY, @ BMICT JITHIHY B HUX Y 3-4 pa3u
MEHIIMM, HIK y JE€PEBUHI, 1 B 2 pa3d MEHIIMI, HDK y MIUEHWYHIA conomi [3].
BoaHouac KOHOIUISIHI BOJIOKHA MICTATH Olnibllie MiHepanbHUX peuoBuH (1,6%), Hix
xBOMHI Ta mucTaHi nopoau (0,2%-0,7%). BMmicT pedoBUH, 1110 €KCTParyrThCs BOAOIO,
y BOJIOKHAX KOHOIIEJb 3HAXOIUTHCA B MEKaX MIXK JIMCTSIHUMHU 1 XBOMHUMU TOPOAAMHU
nepeBuHu. Taki gaHl cBiAYaTh MPO HEOOXIAHICTP MEHIIUX BUTpaTax XIMIKaTiB B
npolecax OJIEpaHHS 3 HUX TEXHIYHOI IENIONO3M y TOPIBHSHHI 3 OJIEp>KaHHSIM
IEJTFOJI03H 13 JICPEBUHU.

Sk 3a3HauUaNOCs BUIIIE, 7Sl OJep>KaHHS HAHOIEI0JI03U MOTPIOHO MAaTh B SKOCTI
BUXIJTHOT CHPOBUHU IIEIIOJIO3Y, SIKa MiCTWiIa O HE3HAYHY KiTbKICTh 3aJIHMIIKOBOTO
BMICTY JIITHIHY 1 MiHEpaTbHUX PEYOBUH. TOMY MiATOTOBKY POCIUHHOT CHPOBUHU Ta ii
TEPMOXIMIYHY 0OpPOOKY TTPOBOIMIIH 3T1THO 3 METOJAMKAMU, OITMCAHUMHU B PO3ii 2.

JUis 1poro J1y0’siHI BOJIOKHA KOHOIENb MOJAPIOHIOBAIA 10 PO3MIPIB BiA 2 MM
no 10 MM 1 30epirajii B €KCUKATOPi JJIsl MOJAIBIIUX AOCHIKEeHb. {1 oTpuMaHHs
KOHOIUISTHOT LIEJTI0JI03M 3aCTOCOBYIOTh METOAM JIY’KHOI €KCTpakiii Ta BapiHHS B
KOJI0ax Mpu aTMOC(HEPHOMY THUCKY 31 3BOPOTHUM XOJIOAWJILHUKOM. BuTpara po3unHy
NaOH cranoBuna 5% Bijg Macu KOHOIUISTHUX BOJIOKOH, MPU CITIBBIAHOIICHH] P1IMHU
1o tBepaoi pedoBuHH 10:1. JIy’HY €KCTpaKIlit0 MPOBOAUIIHU 32 TEMIIEPATYPU OIU3bKO
100 °C Brponosx 60, 120 1 180 xBunun. [Ipomutuiit BH® nHanpasisuiu Ha BapiHHS B
CYMIIII KPHKaHOT OIITOBOT KMCIIOTH Ta IEPOKCUTY BOJHIO y criBBinHomeHH] 70:30 3a
00’emoM 3a Temreparypu 98 + 2 °C npotsarom 60, 120 1 180 xBmmH [4]. OTpuMany
OpraHOCOJbBEHTHY KOHOMISIHY Hentoiao3y (OKL) perenbHO NMpoOMUBAIM Tapsyoro
JTMCTHIILOBAHOIO BOJIOIO 1 30€pirajii y BOJIOTOMY CTaHI B TepMETHYHUX KOHTEHHEpax

IUIA  eKCTpakuUli HaHOLENmoJo3u. Taki 3HAYeHHS TEMIIEpaTypu Ta TPUBAIOCTI

97



TEPMOXIMIYHOI 00pOOKU Oynau MPHUIHATI HA OCHOBI HAIIUX MOIMEPEIHIX JOCIHIIKEHb
JUIS 1HIIIO1 HEJIEPEBHOI POCTUHHOT CUpOoBUHU [144].
3aNeXHICTh TOKA3HHKIB SKOCTI KOHOMITHUX BH® Big TpuBasocTi JTyX)HOI

EKCTpaKIlii Ta IepoITOBOT BapiHHS HaBEEHO Ha puc. 3.22 1 3.23.
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Tpusanicts o0pobEI, XB
Pucynok 3.22 — 3anexHicTh BMICTY 3aJTMIITKOBOTO JIITHIHY () Ta 30711 (0) micis

JYXHOI eKCTpakKuii BiJ TPUBAIOCTI 00OpOOKHU
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Pucynok 3.23 — 3anexHicTh BMICTY 3aJIUIITKOBOTO JIITHIHY (2) Ta MiHEpaTbHUX

pedoBuH (0) ImiCIII IEPOITOBOTO BapiHHS BiJl TPUBAIOCTI 0OpOOKH
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Sx BumHO 3 puc. 3.22 1 3.23, 31 30UIBIICHHSIM TPUBAIOCTI MPOLECY JYKHOI
OOpOoOKM Ta MEpPOLTOBOrO BapiHHS 3MEHINYETbCS 3IMLIKOBUN BMICT JIITHIHY Ta
MIHEpAJbHUX PEUOBHUH, L0 JO3BOJISIE OTPUMATH LIETIOJI03y HEOOX1AHOI SKOCTI s
MOJATBINOT XIMIYHOT TIEpepoOKM Ha IIETIOJ030BMICHI TPOJYKTH, 30KpeMa s
oTpuMaHHs HaHouemono3u. [lpu mpomy Buxia koHommsanx BH® micms 180 xB
JTY>KHOI eKCTpakiii craHoBUB 75,3% BiJg Macu a.c.C., a BUXiJ OPraHOCOJIbBEHTHOL
koHorisgHOi 1emono3u (OKILI) micna 180 xB BapiHHs 86% Bij Mach KOHOIUISTHOTO
BH®. Buxin xonorsinoro BH® michnst 1y»HOT eKCTpakilii mo BiIHOIIEHHIO IO MacH
cyxoro matepiany 1 Buxig OKII micis nepoirToBoi BapiHHS MO BiTHOIIEHHIO 10 Macu
BH® micns mykHOT eKCTpakIlii MpUPOAHO 3MEHITYIOThCS 31 301IbIIIEHHSIM TPUBAJICTh
TEPMOXIMIYHMX OOPOOOK 3a paxyHOK MEPEXOy JIITHIHY, OPTaHIYHUX 1 MiHEpATbHUX
PEYOBUH (30JIM) 3 POCIMHHOI CHPOBMHU Yy BapwibHUA po3uuH. {71 oTpuMaHHs
HaHortenono3u BukopucroByBanu OKII, orpumany micnsa Bapinus npotarom 180 xB
13 BmicTtoMm 3aymmikoBoro JirHiHy 0,16 % 1 30mu 0,08 %. Ilporec BuiydeHHs

HEIIeNIOJIO3HMX KOMIIOHEHTIB 13 POCIMHHOI CHPOBUHHU MIATBEPIKYETHCS JaHUMU

CEM (puc. 3.24).

WD=16.0mm 20.00KV x100

Pucynox 3.24 — CEM 300pakeHHs1 BOJIOKOH KoHorenb (a); BH® micis 06po6ku

ayrom (6); OKII (B) i HaHOMIEMOI032 (T)
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Sx BUAHO 3 HaBeNEHUX JaHMX, Jy’KHA OOpoOKa MPU3BOJIUTH JI0 BUIAJICHHS
OCHOBHO1 YaCTUHH TeMIIIETIOI03 1 MIHEPaJIiB 1 YACTKOBOTO BUJAICHHS JITHIHY (pHC.
3.246). IIpoBeaeHHS MOAANBIIOTO MEPOITOBOTO BapiHHS IIEIIOJIO3H MPU3BOIUTH 10
BUJIJICHHS 3aJUIIKIB JIITHIHY, €KCTPAaKTUBHUX PEUOBHH 1 BKOPOYEHHS PO3MIpPIB
BOJIOKOH (puc. 3.24B). Iloganpma oOpoOKa OpPraHOCOJBBEHTHOI —IIENI0JIO3H
pO34YMHAMH CYIb(ATHOT KUCIOTH MPHU3BOANUTH 10 PO3PUBY 1-4 TIIIKO3UTHUX 3B'I3KIB
MDK MIPaHO3HUMHM JIAHKAMU MaKpOMOJIEKYJ LIENIOJIO3H, 0 PO3YMHEHHs aMopgHOT
YaCTUHU IIEJII0JI03U, 3HMIXKCHHS CTYMEHS MoJiiMepu3allii Ta po3Mipy BOJOKOH JI0
HaHOYacCTUHOK (puc. 3.24r) [173].

JUiss  oTpyMaHHS KOHOIUISTHOI HAHOULENIOJIO3M BUKOPUCTOBYBAJU METOJ
kuciotHoro riaponizy OKI 3 moganeinoro ioro oOpobkoro yiapTpazBykoM. [Iporec
rigponizy OKIL[ npoBoauiaum 3 BHUKOPUCTAHHAM MaTeMAaTUYHOTO MOJICIIOBAHHS
poIleCy METOZOM TIOBHOTO (akTopHOTO ekcrmepumenty (IIDE) tumy 2°.
Texnonoriuni ¢aktopu (X;) mpoiiecy ripomi3y Ta Jiana3oHu iX 3Ha4eHb HABEJICHO Y

Ta6. 3.9, a po6oua marpuus [IDE tuny 2° — y Jogarky B, Ta6mn. 4.

Tabmuus 4.1 - HaiimenyBanus pakTopiB Ta Aiana3oHu iX 3HAYEHb

JianazoH KonnenTparris TpuBanicth Temneparypa
BapilOBaHHS Cynb(paTHOT riponisy, XB rigpomisy, °C

dakTopiB Kuciotu, % X X3

X,

Huoxwiit (-1) 40.0 60.0 40.0
Hynwosuii (0) 45.0 75.0 50.0
Bepxwiii (+1) 50.0 90.0 60.0

IaTepBan

_ 5.0 15.0 10.0

BapioBaHHI (A))

CraructTuuHOl0 OOpOOKOI OTPUMAHHUX pE3YJIbTaTIB 3a CTaHAAPTHOIO
MeToauKoro poBeacHHs [IOE Bu3HaueHO HACTYIHI MaTeMaTUIHiI MOJIENi MPOIIECy

Fi,[[pOJIi?)y OpFaHOCOJIBBeHTHO.l. KOHOILISIHOI 1IE€JTF0JI031 JJIA IMOKa3HMKIB:
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muteHOCTI Y= 1,2475 + 0,065*x; + 0,065*x, + 0,2325%*x5 — 0,0125%*xx, —
0,7125*x;x3— 1,0125*x,x3;
MIITHOCTI Ha po3puB Y,= 41,6 + 5,350*x, + 3,1*x, + 16,825%x; — 0,013*xx,
—0,713*x;x3 —1,013*X,X3
MPO30POCTI HAHONLEMIONO3HUX IUIBOK: Y; = 77,1 + 3.3*x; + 1,975*x, +
5,85%x3 —0,013*xx, — 0,713*x;x3 — 1,013*x,x3
B pe3ynprari npoBeneHHA ONTUMI3Alll OTPUMAHUX PIBHSAHb perpecii 3a
MeToA0M XapiHITOHA BU3HAYEHO HACTYITHI ONTHUMAaIbHI 3HAYEHHS TEXHOJOTIYHUX
napameTpiB mpoiiecy riapoii3y: konuentpauis H,SO, — 50%, Temmepartypa —

60°C, tpuBanicts — 9 0 xB [4].

PentreniBcbki  nudpakTorpaMd  BHXIIHUX ~ KOHOIUISIHUX  BOJIOKOH,

OpPraHOCOJIbBEHTHOI KOHOTUISIHOT 11emto03u Ta HII 300paxkeni Ha puc. 3.25.

(200

{1-107 (110

5 10 15 20 25 30 35 40
Kyt 2 Teta

Pucynok 3.25 — PenTtreniBebki AudpakTorpaMu BOJIOKOH KOHOIEN (a); 0

BH® micns myxnoi excrpakiii (0); OKI] (B) 1 konorustHoi HI (T)

AHami3 peHTreHiBChKUX Iu(pakTorpaM TMoKa3zye, IO MK 3 OUIBIIOI0

IHTEHCUBHICTIO 3a 22,2° — 22,9° 20 Binburtsa Hanexutsb A0 (200) kpucranmorpadianoi
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IJIOIIMHY 11eTt0J1031. T1ik 13 MakcuMalTbHUM BiioOpakeHHsIM y niana3oni 14,4°-14,9°
BianoBigae kpuctamorpadiunii miomuni (1-10), mik y miamazoni 15,5 — 16,2° 26
BIIOUTTSI, ipu3HaueHui kpucramorpadiunii rromuHi (110), a mik HaBkomo 34,6°
HAJISKUTH 10 kpucTamorpadiunoi mrommau (004) memtonosa [ [168]. HasBHicTs 1mux
MIKIB y BCIX 3pa3Kkax BKa3ye Ha Te, IO KPUCTATIYHA CTPYKTypa KOHOIUIAHOI
LEI0J03M HE 3MIHMJIACS MiJ 4ac TEPMOXIMIYHMX OOpPOOOK 1 HaJEXHUTh O THUIIOBOT
ctpyktypu nemosiozn . Ha migcraBi anamizy nudpakimiiHux KapTHH Ta 3MIH Y
CHIBBIIHOIIEHH] amMOp(HOI Ta KPUCTANIYHOI YAaCTUH JIOCIIJKYBAaHUX 3pa3KiB 3a
dbopmynoro (3.2) pospaxoBano iHaekc KpuctamiuHocTi (IK), skuii ctaHOBUB s
BOJIOKOH KoHomenb 72,0%, mis BH® micns nyxHoi exkcrpakiiii — 79,9%, mis OKI —
84,7% ta nna konomsHol HI[ — 87,2%. 3pocranns 3nauens IK B mpomy psany
MOB’SI3aHO 3 THM, IIO TiJ Yac TEPMOXIMIYHUX OOpPOOOK KPHUCTATIYHICTH BOJOKOH
KOHOTENb TIJBUIYETHCA 32 PaXyHOK BHUJAICHHS 3 POCIMHHOI CHPOBUHU
HEIEIOJIO3HMX KOMITIOHEHTIB 1 BHAQJIEHHS aMOP(PHUX AUISTHOK IIETI0NI03U i JIEI0
cynbdarHoi kucinoTu. 30uIbineHHs moka3HukiB K HaHoremrono3u nopiBasHO 3 IK
BHXI1JTHOI IICJTFOJI031 BCTAHOBIICHO 1 JIUIS 1HITUX IPEJACTAaBHUKIB POCIUHHOI CHPOBUHU.
[1, 174].

3anexHICTh (PI3UKO-MEXAHIYHUX MOKA3HUKIB KOHOIUISIHOI HAHOIIGNIOJIO3U BiJl
TPUBAJIOCTI MPOLIECY TiAPOi3y 3a KoHIeHTparlii kuciaotu 50 % i Temneparypu 60 °C
HaBesieHo B Ta0d. 3.10 [1]. Ak BuaHO 3 HaBeneHux y T1abn. 3.10 maHux, 301IbIICHHS
KOKHOTO 3 TPbOX TE€XHOJOTTYHUX MapaMeTpiB — KOHLEHTpALlll KUCIOTH, TEMIIEpaTypu
Ta TPUBAJIOCTI MPOIECY T1JIPOJIi3Y, MPU3BOAUTH 0 30UIBIIEHHS HIIIBHOCTI, MIITHOCTI
Ha po3puB 1 mpo3opocti KoHomisHoi HI[. Taka 3ameXHICTh TOSCHIOETHCSA
npuckopeHHsaMm rmporecy Tigponizy OKIL, mo mnpusBoauTe A0 iHTeHCHbIKAaIil
pyiHyBaHHS 1-4 THUIKO3WAHMX 3B’S3KIB MK TJIOKOMIPAHO3HHMH  JIaHKaMU
MAaKpOMOJICKYJIH IIENIOJ031 TIiJl M€ SK 10HIB TiAPOKCOHIIO, TaK 1 IIiABUIICHHS
TEMIIEpaTypu, a TaKOX 30UIBIICHHS TPUBATICTH TIAPOII3Y CIPHUSE TOMATBIIOMY
BUMHBAHHIO aMOP(HUX IJISHOK IIETI0NI03U, IO MiATBEPDKYETHCS 3O0UTBIICHHIM

1HIEKCY KPUCTAIIYHOCTI HAHOLIETIOJIO3H, SIK 11€ TOKAa3aHO BHILIE.
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Taomug 3.10 — 3a1eXHICTh MOKA3HUKIB SKOCT1 KOHOIUIIHOI HAHOIEIFOJIO3H BT

TEXHOJIOTIYHUX MMapaMeTPiB MPOIIECY KUCIOTHOTO T1poi3y [1]

Temneparypa | Tpuanicts, | Konnenrparis | LinsHocTi | Minnicts | [Ipo3opicTs,
°C min H,SO,, r/em’ Ha PO3PHB, %
% Mlla
40 0.78+0.01 | 154+0.6 | 582+24
40 60 50 0.95+0.01 | 27.0£0.9 | 643£2.5
60 1.05+0.02| 34.0+1.1 | 67.2+2.6
90 40 1.07+0.02| 35.8+1.2 | 71.8+2.8
50 1.26+0.03| 48.1+1.8 | 80.0+3.0
50 60 40 1.18+0.02 | 47.8+1.7 | 75.3+2.8
30 50 1.16+£0.02 | 442+1.6 | 76.1+£2.9
30 1.33+0.03| 504+2.0 | 82.3+3.1
60 60 40 1.46+0.04| 552+2.1 | 82.0+3.1
50 1.54+£0.05| 60.0+2.3 | 85.5+3.3
90 40 1.48+0.04 | 57.8+2.2 | 83.0£3.2
50 1.56+£0.05| 66.7+2.5 | 87.3+3.3

Ha puc. 3.26 HaBeneHo JiHINHY 3JI€KHICTh MIITHOCTI Ha PO3PUB 1 IPO30POCTI
IUTIBOK HAHOIIGNIOJIO03M BijJ 1i IIUIBHOCTI, IO TMOSCHIOETHCS YTBOPECHHSM OlIbII
MIIIHUX BOJHEBHUX 3B’S3KIB MIK YaCTMHKaMHU KOHOIUISHOI HAHOIICNIOJIO3U 31
3MEHIIIEHHSM BIJICTaHI M)XK HAHOYACTUHKaMHM, IO IPHU3BOJUTH IO 301IbIICHHS
3HAY€Hb BUIEBKA3aHUX TTOKA3HUKIB SIKOCTI HAHOLIEIOIO3H.

OTtpumana micist KUCIOTHOTO T1IpoJii3y Ta 00poOKH yabTPa3ByKOM KOHOILISHA
HII mana oxHOpigHY MPO30py CTabUIbHY TENENoAiOHY CYCHEH31I0 MPU TPUBATIOMY
30epiranHi 3a KiMHATHOI TemriepaTypu (Oiibine 6 MicsiliB) 6e3 OCiTaHHS YaCTUHOK
HII. I3 oTpumanHux paHUX BUJHO, IO 3OUIBIICHHS KOHIIEHTpAllli KHUCIOTH Ta
MIJBULIEHHS TEMIIepaTypu 30UIbIIYE LIUJIBHICTh Ta MINHICT Ha pO3PHUB
HAHOIIEJIIOJIO3HUX TUTIBOK, IO MOKHA MOSICHUTH 3MEHILIEHHSM PO3MIpIB YAaCTUHOK,

HAaHOPO3MIpPH AKUX MIATBEp/HKEHO MeTooM ACM y HamiBKOHTaKTHOMY PEXUMI
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Pucynok 3.26 — 3aneHicTh MIIIHOCTI Ha po3puB (a) Ta mpo30pocTi (6) Bia HIIJIBHOCTI

KOHOILISIHOI HAHOLICIIOJIO3HU

(puc. 3.27). Sk BuAHO 3 AaHMX Ha puc. 3.27, MONMEPEYHUU PO3MIpP YACTUHOK
koHorissHOT HII konuBaeTbest B Mexkax Bif 8 HM 70 23 HM, 1110 BIJMOBIIa€ po3Mipam
HAHOIETIONIO3HUX YaCTUHOK, OTPUMAHUX T1JIPOJII30M OPTraHOCOJIBBEHTHOI I1€TI0JI03H
3 iHmux npeacrapaukis HAPC, nanpuknan, 16 — 20 HM Jy1s IIeHWYHOI cosiomu, 10—

28 um ansa kenad, 10 —18 am mys mickanTyca, 20 — 60 HM 17151 BOJIOKOH JIhOHY [144].

Lateral size, um

Pucynok 3.27 — 300pakenns ACM HaHOIIEII0I03HO1 TUTIBKY TI0 BUCOTI (@) 1

JaTepaNbHUI po3Mip KOHOIUISIHOT HAHOYACTUHOK (0)
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Tepmiuny cTabiIBHICTh OPraHOCOJBBEHTHO! KOHOIUISHOI Iiemrosiosn Ta HIJ
JOCTI/DKYBAJIA 32 JIOTIOMOTOI0 TEPMOTPaBIMETPUYHOTO aHamizy. I3 3anexxHocTi
BTpaTH MacH BiJl TEMIIEpaTypu Ha TepMOTpaBIMETpuYHi Kpusiit (puc. 3.28a) BuIHO,
o npu HarpiBaHHi 3pa3kiB Big 25 °C go 100 °C cmocrepiraeTrbcsi He3HaYHA 3MiHA

MACH 3a paxyHOK BUIIapOBYBAHHS BOJIOTH.

40

BrpaTta macu, %
=
MupepeHuianbHa BTpaTa MacH, %

20 1 ]I
0 \l\
T T T T T T T T T T Y
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Temnepatypa, °C Temnepatypa, °C

Pucynok 3.28 — TepmorpaBiMeTpudHi KpuBi (a) 1 MOXigHI TEpMOTpaBi-

MeTpudHOi 3anexHocTi (0): OKI] (1) 1 koHOTIIsTHA HaHOTLTIBKA (2)

[lomanpinie mMABWINEHHS TEMIIEpaTypHu MO-pI3HOMY BIUIMBAE HA PYWHYBAaHHS
OKII 1 HII. Ha Tepmorpasimerpiuniii kpusiid HIL (puc. 3.28a) € nBa pi3kux BUTUHU
npu 159 °C 1 3a 452 °C. Ilepmuii BUTMH CHOCTEPITAETHCS 3a HUKYOI TeMIepaTypu
po3knananns, HiX st OKI, 1 Bianosigae mpoiiecy aeripaTaiiii XiMI4HO 3B’S3aHO1
BOJM Ta JAECTPYKIIIi JErKOJOCTYMHUX Tpyn cyiabdataux edipie HI [156]. Hpyruii
pizkuii BuruH kpuBoi TI" 3a 450°C BiAmoBijae KiHIIEBOMY OKUCIEHHIO Ta PO3KIATY
oOByrnenux 3anumikiB HII, Mix numu temneparypamu CoCTepiracTbesi MocTyrnoBe
3MeHIeHHs Macu KoHoruisiHoi HII, mo BigmoBimae mporecam aenosiiMepu3aliii Ta
nerpaaamnii ocHoBHOiI dactuHu amopduux nusHok HI[ Ta posmamy riaiko3umaHux
3B’s3KiB M fgieto cipyanoi kucinotu. KpuBa OKI] cBimunTh mpo moyaTok HOTO
nerpagamii mpu Temmeparypi 228,8 °C 1 pi3ke 3MEHIIECHHS MacH 3a TEeMIIepaTypH
351°C 3a paxyHok nemnoniMepusanii riaiko3ugHux 3B’a3kiB OKL. B intepai

temneparyp 351 °C — 500 °C crocrepiraetbest mocTyrnose 3menmienas macu OKI] 3a
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paxyHOK Horo mipomisy, a 3a 500 °C — pi3Ke OKHMCIIEHHS Ta PO3LIEIUIEHHS 00BYIJICHUX
samumkiB OKL. Hudepenmiansui kpusi (puc. 3.28b) mokaszyroTh, 0 PO3KIaIaHHS
HII mmiBok moumHaeThes 3a Temmeparypu 159 °C, a makcuManbHa MBUAKICTH X
po3kiamaHHs crniocrepiraetbes npu 452 °C, toxai sk s OKL| mouaTok po3kiraiaHHs
nounHaeTbess 3a 228,8 °C, a MakcuMaibHa MIBUAKICTb MOro pO3KJIaJaHHS
cnocrepiraerbes 3a 351 °C. Orpumana koHoruisiHa HI po3kiiagaeTscst npu BiIHOCHO
HUK4il Temneparypi, HiX OKL, yepe3 HasgBHICTH CKiIagHOE(DIPHUX CYIb(AaTHUX
IpyIl Ha MOBEPXHI LEIIOI03H Ta OUIBIIOT KIIBKOCTI BIIbHUX KiHIIB JaHiorie HI, siki
pPO3KJIaalOThCAd  3a HUXK4Yoi Temmepatypu [167] HasBricTe ckiaagHoedipHUX
Cyab(aTHUX TPyN 3HUKYE TEPMOCTIMKICTh HAHOYACTMHOK KOHOIUII, OCKUIBKH JIJIs
BUJAJICHHS 3aJUIIKIB CYAb()aTHOT KUCIOTH 3 T1APOKCUIBHOI TPyNH npu 6-My aromi
BYTJICIIO B IMIPAaHO3HOMY KUIbII IIEJIOJIO3U MOTPIOHO MEHIE eHeprii, HiK s
pyHHYBaHHS TiroKomipano3Horo kibirst OKLIL

OTpuMaHa KOHOIUISIHA HAHOLIEIOJIO03a JOCTIAKYyBanacs JUisi BUKOPUCTAHHS B
KOMIIO3UIIIi Manepy JUlsl MaKyBaHHSA XapuoBUX MPOAYKTIB [1,3], enexTpoi30asaiitHoro
narnepy [12], nanepy-ocHOBH ajis mmnasnep [22 ], nakyBalbHOIO Manepy ta KapTony [1,
2], a Takoxk Ak camocTiiiHui Marepian 3 HJPC ang Ouiblll MIMPOKUX TOCTIIKEHb
TEXHOJIOT1i BUTOTOBJIEHHS! HAHOILEIIOJIO03H, @ TAKOXK 11 CIIOXKUBUMX XapaKTEPUCTHUK [4,

8, 9].

3.5 IlopiBHsLIbHA XapPAKTEPUCTUKA  KOHOIUISIHOI  HAHOWLEJIIOJIO3H,
0/IEP>KaAHOI Pi3HMMHU XIMiYHMMH peareHTaMu

[Topsin 13 HaWOUIBII PO3MOBCIOKEHUM B CBITOBIA MPAKTHUIl OTPUMAaHHS
HAHOIIENTIOJIO3M METOJIa KHCJIOTHOTO TiJPOJIi3y, OINKWCAHOTO BHIIE, HAYKOBIISIMHU
MIPOTIOHYIOTH 1HIII METOaM, Hanpukiazn [175], MeTo1 13 BUKOPUCTAHHIM OKHCHUKIB,
30kpema B cepepopuii TEMIIO, Ta Meroagq 3 BHUKOPHCTaHHSAM TJTMOOKHX
eBTekTHYHUX po3unHHUKIB (DES) [9]. Tomy B po0OTI pO3MISIHYTO IIi METOIU
OJIep’KaHHS HAHOIICNIOJIO3H 1 TIPOBEJCHA MOPIBHSAJIBHA XapaKTEPH CTUKA KOHOIUISTHOT
HAHOILIENIIOJIO3H, OJEP>KAHOI 3 BHKOPHCTAHHSAM PI3HUX XIMIYHHUX pEarcHTIB.

BuxinHoro cupoBuHoro uisi orpumanHs HII cimyxuina KoHOIUIsIHA OpraHOCOIbBEHTHA
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[EJTI0J103a, OTPUMaHa 3a TEXHOJIOTIE€I0, OMHCAHOI0 BUIle y MyHKTI 3.4. [{ns 1mporo
CMOYaTKy BOJIOKHA KoHomedb 13 CyMcbkoi oOmacti Ykpainu Bpoxaio 2021 poky
moApiOHIOBaIK 10 4+1 MM 1 30epiraau B eKCHKATOPI I MOJAIBIINX JTOCTIIKCHb. B
pe3yabTaTi JY)KHOI €KCTPakKIlii Ta MEepoNTOBOTO BapiHHS MpOoTsIroM 180 XB KOXHOI
00poOku orpumana OKI] maina 3anumkoBuit BMicT JdirHiny 0,16% 1 30mbHIcTB 0,08 %,
AKY 1 BAKOPUCTOBYBAJIM JIJIsl EKCTPAKIli KOHOIUISTHOT HAaHOLIEe 003U [9].

OTpuMaHHs HAHOIIEIIOI03U NUIAXOM KuciaoTHoro riaponizy (HITY) npoBoaunu
3 BUKOPHCTaHHSM CyJb(aTHOI KMCIOTH KOHIeHTpallii 50% 3a temmeparypu 60 °C,
TpuBamicTio 90 XBWJIMH 3 BHUKOPHUCTAaHHSM MEXAHIYHOTO TEpEMINIYBaHHSA 3
OO 00POOKOI0 YABTPa3BYKOM 32 METOJIMKOIO, JETATLHO OMKUCAHOK B CTATTI
[1]. 3a ApyrumM METOJO0M HAHOILEN0JIO3Yy ojaepkyBanu ekcrpakiiero OKI] merogom
TEMIIO-onocepenkoBanoro okucienns (HUT) y cepenosuiti TEMPO/NaBr/NaOCl
3 TOJAJBIIOK OOPOOKOI0 YIBTPA3BYKOM 32 METOJIUKOIO, JETaIbHO OMHUCAHOK Y
po3aini 2 B crarTax [147, 148]. Tperit meron oxep:kaHHs HaHoneaoo3n 3 OKII
IIPOBOJAMIIA B CEPEHOBHINI TTTHOOKMX eBTEeKTHUHMX po3unHHMKIB (HLIE) 3rimHo 3
METOJIUKOIO, IETATHHO OMUCAHOIO Y pO3/Iiji 2 Ta y crarTi [9].

OnepxaHa pI3HUMH METOJaMU KOHOIUISIHA HAHOLIENI0JIO3a Majla Pi3Hi
3HaueHHs Buxony. Buxin HII konomsnoi HII, ekcrparoBanoi MeTogoM KHUCIOTHOTO
rigponizy, cranoBuB 45% Bin macu OKII, Buxin HII, ekctparoBanoi 3a mMeTomoM
TEMIIO-okucnennss craHoBuB 73% Ta METOJOM B CEPEJOBHUIINl TIIHOOKHUX
eBTEeKTUYHUX po3uynHHUKIB — 70% Bia macu OKII. Bumii Buxoau xonoruisinoi HIJ 3a
merogoM TEMIIO TmOSCHIOETHCS MEHIIMM PYHHYBAaHHSAM IICIIOJIO3U A €0
BiflHOCHO M'sikoro okucHuka TEMIIO y mopiBHAHHI 3 Jdi€0 IaBJIEBOi KHUCIOTH
po3unHi DES abGo y mopiBHSHHI 3 OUIBII CHJIBHOIO €0 CyAb(AaTHOT KUCIOTH Ha
IIEJTF0JI03Y B MPOIIEC KUCIOTHOTO T1APOII3Y.

3mina mopdororii koHomtsHUX BoJokoH, OKI] ta HII mocmimxeno merogom
CEM (puc. 3.29). Sx BugHo 3 puc. 3.29a, BUXiAHWIA POCIMHHUN Marepia
CKIIQAEThCS 3 JEKUIBKOX TMEPEeIuieTeHuX ImapiB (GiOpuil 3 MOMEpPEeYHUM PO3MIp B
Mexax 25 — 140 mxM. B npoueci nyxH01 00poOKM BOJIOKHA KOHONENb HA0yXaroTh 1

HYaCTKOBO pO3I[iJ'I$IIOTBC$I Ha OerMi BOJIOKHA 3a paxXyHOK BUAAJICHHA I'OJIOBHUM
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Pucynok 3.29 — CEM 3o00pakeHHsI: KOHOTUISIHI BoJIokHA (a); BH® micnst myxHOi

excrpakii (6); OKL] (8); HUK (r); HLT (i) Ta HLIE (e)

YUHOM TEMIIIENI0JI03 Ta MIHEpATbHUX PEYOBHUH, 1 YaCTKOBO 3a BUIAJICHHS JITHIHY
(puc. 3.296). YV upomy BUIAJKY € BiJOKpeMJeHHs mapiB (iOpwi 1 301IbIICHHS
YaCTUHU 3 OKPEMHX BOJIOKOH JiaMeTpoM Kiibka MikpoH. [lonmanpima meporroBa
BapKa IIEJII0JI03U BeJE 10 BHUAAJIICHHS 3aJUIIKIB JITHIHY T4 €KCTPAKTUBHUX PEUYOBHH,
B1JIOUTIOBaHHS 1 BKOPOUEHHS BOJIOKOH. SIK BUAHO 3 pucyHka 3.298, 11e PU3BOIUTH 10
MaiKe TIOBHOTO MOy Ha IENTF0JI03Y BOJOKHA 3 MOMEPEYHUM PO3MIpoM 5 — 30 MKM.

Hisi cynabdartnoi kucnotu, TEMIIO uun DES na OKIl npusBoaute 10
MEPETBOPEHHS TIAPOKCUIBHOI Tpymu HAa 6-My aTOMi BYIJICIIO TIIOKOMIPaHO3HOTO

KUTbLIE B aipJAeTiAHy abo KapOOKCHIBHY TpyIy, a MOTIM JO0 YTBOPEHHS €cTepiB
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cipuanoi a0o 11aBIeBOi KUCIOTH 1 10 3HUKEHHS CTYIMEHs MoJiiMepu3allii, po3puBy 1-4
TJIIKO3UHUX 3B’S3KIB MK TIPAHO3HUMHU JIAHKAMHU MaKpPOMOJIEKYJ IIENIOJIO3H, O
po3unHeHHS aMop(dHOi YacTMHH memtoso3u [176, 177] 1 3HAYHOTO 3MEHIIICHHS
PO3Mipy BOJIOKOH KOHOTIENb O HAHOYACTUHOK (puc. 3.29 T, 1, € ).

3MiHa XIMIYHOTO CKJaJly KOHOIIEJAb BOJOKHA B MPOLEC] iX TePMOXIMIYHOL

00poOKHM Ta Jii pi3HUX XIMIYHUX peareHTiB miareepkeHa nanumu FTIR (puc. 3.30).

OaMHKULI NOrMIHHAHHA

L T -

T T v T v T b T d T .
4000 3500 3000 2500 2000 1500 1000 S00

XsmiboBe 4nciao, cm-l

Pucynox 3.30 — FTIR-cniektpu 3pa3kiB: (1) — koHOTUISIHE BOJIOKHO; (2) — BH® micis

nyxHoi exkcrpakii; (3) — OCKLL; (4) — HI; (5) — HUK 1 (6) — HIIT

Ak BumHO 3 HaBenaeHuX Ha puc. 3.30 crmekTpax, BOHM BCl MalOTh OJIHAKOBI
TUTIOBI TMIKH, SIKI XapaKTepPU3YIOTh BaJIEHTHI KOJWBAHHS TIAPOKCUIBLHUX TPYIH, IO
BXOJIATH JIO CKJIQJy BHYTPIIMIHHO MOJICKYJISPHOTO 1 MIDKMOJIEKYJISIPHOTO BOJHEBHX
3B’s13kiB (3000-3750 cm™), BamenTHO-ackMerpuuHi (2920 cM™) i cumerpuuni (2853
cM') KONMBAHHS METWIBHMX Ta METHICHOBHMX Ipyll, aehopMaliiiHi KoIMBaHHS
38’s3kiB —CH, i —O—H y rpynax —CH,OH (1236—1433 cm™'), BanenTHi konuanHs C—
O 3B’s3kiB Ta C—O—C MocTa rirokonipaHo3Horo Kuibis (1160 CM'I, 1112 em™' i 1058
cm™) ta gedopmaniiini komuBanms 38's3kiB C-H (520 — 667 cv™') wemonosu [166].
Cmyra B crekTpi 6ims 1736 cm-' xapakrepusye B ocHoBHOMY C=O BaneHTHi

KOJIMBaHHS, KapOOHUIbHI Ta aneTWIbHI TPYNH B TEMILEI003ax 1 JITHIHI Ta
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ckJagHoedipHI TPYIH  1ETI0JI03M B HaHoenrono3i [1]. JIyxkHa ekcTpakiis Buaasse
KapOOHUIbHI TPYMU TEMIIEN0JIo3n (CHIEKTp 2), aje HACTYIHI OpTaHOCOJIbBEHTHI
BapiHHSA 30UTBIIYIOTH KUIBKICTh KapOOHITBHUX TPy 3a PaxyHOK OKHCICHHS
LIEITIONIO3H TIEPEKUCOM BOXHIO (CIeKTp 3). BimcytHicts cmyr mpu 1512 cm™ i 1244
ey cmektpax 2 — 6 CBiTYUMTH NPO BHJATEHHS JITHIHY 3 IETIONO3M KOHOILII.
CrekTpanbHi cMyru B o6macti 1645 cm™' moB'si3ani 3 HasBHICTIO a1copOOBaHOI BOIU
Ta OXapaKkTEepPU3Ye CTYIIHb BOJOTOCTI 3pa3ka [9].

His cynbdaraoi kucinotu, TEMIIO uun DES na OKI[ npusBoguth 10
MEPETBOPEHHS  TIIPOKCUIIBLHOI TPyMmu y 6-TO aTroMa BYIJICHIO TJIFOKOMIPAaHO3HOTO
KUTBI MOJIEKYJIM IETI0JI03U Ha albAeriiHi abo KapOOKCWIIbHI TPYIH, a MOTIM J0
yTBOpEHHS cipuaHoro abo mapieBux erepiB HI[ [181] (cmexktpu 5, 4 Ta 6,
BIJITTOB1/THO).

PentreniBcbki AudpakTorpaMu BUXiIHUX KOHOMIsHUX BosiokoH, OKI] 1 HII B

pe3ynbTati pi3HOI eKCTpaKIli 300pakeHi Ha puc. 3.31.

[HTEHCHBHICTD

KyT pozciopanHd, 2 TeTa

Pucynok 3.31 — PentreniBebki gudpakrorpamu: (1) KOHOIISTHOTO BOJIOKHA;

(2) BH® nicns nmyxHoi ekctpakuii; (3) OKLL; (4) HIIE; (5) HUK 1 (6) HUT

AHaJi3 pPEHTreHIBCbKUX JIU(pakTorpaM TOKa3ye, IO MiK 3 OUIBIIO

IHTEHCUBHICTIO Tipu 22,2° — 22.9° 20 BIOOUTTS HAJIEKUTh KpucTagorpadiuHin
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momuHi (200) nemrono3u L. Ilik 3 MakcuMyMoM BijioOpakeHHs B jmiama3zoHi 14,4°-
14,9° Bianosinae kpucranorpadiuniit mwiomnuui (1-10), mik B mianazoni 15,5 — 16,2°
20 BimOuTTS Xapaktepusye kpucraigorpadiuny miomuny (110), i mik HaBkono 34,6°
HaJICKUTh Kpuctanorpadivnii miomuHi (004) nemroosu 1 [180].

HasiBHICTH IMX TMIKIB y BCIX 3pa3Kax CBIJUUTH PO Te€, IO KpHCTalIldHa
CTPYKTYpa KOHOIUISHOI ILIE€JII0JIO3M HE 3MIHWJIACA MiJ 4ac TEPMOXIMIYHOI OOpOoOKH
po3urHamu cipuanoi kucinotu, DES a6o TEMPO 1 HanexuTh 10 TUIIOBOI CTPYKTYpH
uentono3u 1. Ha ocHoBi ananizy audpakrorpaM Ta 3MiHU CIIBBIAHOLIEHHS aMOp(dHOT
Ta KPUCTATIYHOI YaCTUH JOCIIKYBAHUX 3pa3KiB 3a (opmynoro (3.2) po3paxoBaHo ixX

iHaexkcu kpucraiaigHocTi (IK) (tabm. 3.11).

Tabmuns 3.11 — 3HaueHHs IHTEHCUBHOCTI JIiHIN Ha TudpakTorpamax Ta

1HJIEKCY KPUCTAIIYHOCTI IEJTF0JI030BMICHIX KOHOIUISTHUX 3Pa3KiB

No 3pa3ok IaTencuBHicTh 3a 2 Tera IK,
3paska 18,5° 22.5° %

| BosokHa KOHOIIENb 104.5 374.0 72.0

2 BH® nicns excrpakiii xyrom 64.6 321.8 79.9

3 OKII 159.0 1041.0 84.7

4 HIT 160.5 1254.0 87.2

5 HIT 106.6 796.0 86.6

6 HIE 153.7 1075.0 85.7

Ak BunHO 3 otpuManux jgaHux [9], IK 3pa3kiB KOHOIUII 3pOCTa€E B HACTYITHOMY
MOPSAKY: BUX1JHA pocinuHHA cupoBuHa — BH® micns myxHoi ekctpakiii — OKI] —
HIIE — HIUT — HOK. Ile moB's3ano 3 TUM, 10 MpU TepMOXiMidHHX 00poOkax IK
30LIBIIYETHCS 3a PaxXyHOK BHUAAJIECHHS 3 POCIMHHOI CHUPOBUHU HEIIENIOJIO3HUX
KOMIIOHEHTIB 1 aMOp(QHUX JUISHOK IIETI0NI03U TiJ JI€l0 Cyab(aTHOT KHUCTIOTH,
cepenopuiia TEMIIO a6o DES. 36inemennss IK HI[ mopiBasiHO 3 IK BuXigHOT
IIETI0JIO3M BCTAHOBJICHO 1 JIJIS 1HINHMX IPEACTaBHUKIB POCIMHHOI cupoBuHHU [6, 10].

TonorpadiuHi XapakTepUCTUKU €KCTPArOBAHUX PI3HUMHU MeToaaMu KoHOTIITHUX HIJ
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BU3HAUaIuCch 3a gornomororo ACM (puc. 3.32). Sk Bumno 3 puc. 3.32, 4aCTHHKHU

koHoruisiHoi HI[ yTBOprotoTh OararomapoBy CTPYKTYpy MiXK HaHOYACTHUHKAMU
3aBISKH Ji1 BOJHEBUX 3B’ SI3KiB 1 cvur Ban-nep-Baainbca [4].
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Pucynok 3.32 — ACM-300paxenss noepxHi rriBok HII (;miBopyd) 1 mpodinro
MOTIEPEYHOr0 Tepepizy noBepxHi (mpaBopyd) koHorsiHuX HII, ekcrparoBanux

metonamu: (a) kucaotnoro riapomizy (HLK), (b) okucnenns TEMIIO (HIIT) 1 (¢)
merogom DES (HLIE)

Ananiz  ACM-300paxenp mnokazaB, 1o cycnen3ii HI[ koHomens,
€KCTparoBaHWX MeToAaMu KuciaotHoro rigponizy, TEMIIO-okucinenHs Tta
IMMOOKMMH €BTEeKTUYHUMU po3unHHuKamu (DES), ckiiagatoTbcst 3 HAHOYACTHUHOK Y
dbopmMi TOJIOK 13 MOMEPEYHUM PO3MIPOM Yy Aiama3zoHi 6 — 35 HM (Ha PHUCYHKY

MpaBopy4) 1 JOBXKUHOIO KlJIbKa MIKpOMETpiB. Taki 3HaU€HHSA MONEPEYHUX PO3MIpIB
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HI[ xonomens miaTBepmKyroTbes nanumu it HII, excrparoBaHoi KHCIOTHUM
T1APOII30M OPraHOCOJBBEHTHUX 11ETI0JI03 I 1HIUX npeacraBHukiB HIPC: comomu
nmmeHutt (10 — 45 am), mpony (15 — 65 um), kenady (10 — 28 am), mickantycy (10 —
20 am) [9]. TlopiBHSHHS TEPMIYHOI CTIMKOCTI OJepPKAaHUX HAHOIICIIOJIO3 BHBYAIIOCS
MeToIoM TepMmorpadiyHoro anamszy (puc. 3.33). YV tabmumi 3.12 HaBeaeHo
3HAYCHHS MOKA3HUKIB  KOHOIUIIHMX  HII,

MOPIBHSJIBHI ($13MKO-MEXaHIYHUX

OTpUMaHuX pi3HUMU MeToaaMu ekctpakuii OKLI.

Tabnuis 3.12 — [TapameTpu KOHOIUISTHOT HAHOIETION03HU, OTPUMAHOT METO IaMU

kuciotHoro riaponizy, TEMIIO-okucnenns ta merogom DES [9]

Hano- [lonepeunnii [imbHICTB, MinHicTs Ha ITpo3opicTs,
ETI0J103a po3mip, r/em’ PO3pUB, %
HM MIla
HIT 8 —35 1.54 66.7 85.5
HIIT 7.5-34 1.45 62.0 79.8
HIE 6-—33 1.25 51.2 70.3

[lopiBHsiHHS maHux Tab6a. 3.12 mokaszye, 1m0 NpU MOPUOIU3HO OJHAKOBUX
3HAYEHHSX MOMNEPEYHUX PO3MIpiB HaHOYACTHMHOK KoHoIuisiHoi HILI, Hanouemtonosa,
[0 oTpuMaHa B mpolieci kuciaotHoro riapomzy (HIT), mae nmemo Bumil 3HaYeHHS
¢di3uko-mMexaHiuHuXx napamerpis, HK HII, orpumani meromom TEMIIO (HIIT) 1 B
CepeIOBHII TTMOOKHMX eBTEeKTUUYHUX po3unHHUKIB (HLIE).

Temneparypny crabinbHiCTh KoOHOIUIsTHOI memono3un OKI[ ta nHanouentosnosu,
OJIep’KaHO1 PIZHUMH METOJIaMH, JOCTI/DKYBAId METOJaMU TEPMOTPaBIMETPHUUHOTO
(TT") Ta mudepentiitnoro Tepmorpasimerpuunoro (JITI) anamizis (puc. 3.33). Kpusi
TI' moka3yroTh 3MiHM Bard 3pa3kiB I 4ac HarpiBanHsa, a ix moxigai (ATI)
MOKa3yIOTh TEMIIEpaTypHi MKW, MPU SIKUX BIIOYBA€ThCS 3HAYHA BTpara Baru. Sk
BUIHO 3 JaHWX Ha puc. 3.336, mpu migsumienni temmeparypu Bix 30 °C go 100 °C
CIIOCTEPITaeThCsl BUITAPOBYBaHHS MOBEpXHEBO 3B’ s13aH01 Bojioru 3 OKI] ta HII, a npu

MOAAJBIIOMY MIABUIIEHHI TEMIIEpaTypu — BUIAPOBYBAaHHS BOJAM, SIKa 3B SI3YETHCA
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MK MOJIEKyJaMHU BOJHEBUMH 3B si3kaMu. Y Tabi. 3.13 HaBeneHO 3HaYEHHS

TEMIIEpaTypH, 3a IKUX BTpadyaeThes 40 5 % macu 3B’s13aHOI BOJIU.
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Pucynok 3.33 — Kpusi TT (a) 1 ATT (0) ananizy: mmisku OKIL (1) 1 HILI,

eKCTparoBaHi MeToJaMM — KUCIOTHOTO Tijponizy (2), TEMIIO (3) 1 DES (4)

Tabmums 3.13 — Xapakrepuctuku tepmiunoi aerpanartii OKI[ ta HI [10]

OKII1 | Temmneparypa Temmeparypa Temneparypa | Temmeparypa 3a
HIT BTpaTtu 5% MOYATKY 1 KIHIIS MaKCUMAaJIbHO1 AKO1 3aJIH-
macu, °C IIBHMIKOT Jerpazariii, mraetbes 40%
nerpagarii, °C °C macu, °C
OKIJ 228.8 276 /363 351 350
480 /514 504
HIT 145.3 154 /225 170 410
425 /460 452
204 /275 250
HIT 144.8 290 /362 338 390
400/ 455 445
HIIE 217.4 265 /375 360 370
432 /552 544
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[licns BTpaTtu 3B’s3aHOT BOJAM TOYMHAETHCS JIETpajiallisi IEITI0JI03HOTO
marepiany OKL] 1 HII, Taka nerpanariist XapakTepu3yeThCsi pi3HOIO IHTEHCUBHICTIO, a
IIBUJIKA JIETpajiallis MaTepially J0cArae CBOTO TMIKY 3a TeMIeparypax, HaBeICHUX Y
tabm. 3.13, 1 cnocrepiraerbest Ha kpuBux JTI. Kpusa TI' OKIL] cBimuuth mpo
oyvaTok Moro gerpanariiii 3a remmneparypu 228,8 °C (puc. 3.33a) Ta pi3ke 3MEHIICHHS
Macu 3a temreparypu 351 °C 3a paxyHOK JAenojiMepu3allii TIiKO3UIHUX 3B S3KIB Y
OKII. B inrtepBani temmepatyp 351 °C — 500 °C cmocrepira€rbCst MOCTYIIOBE
smenmenns Macu OKI] 3a paxyHok #oro mipodisy, a 3a 500 °C — pi3ke OKHCIEHHS Ta
posmerienHs ooByrienux 3anuiikiB OKIL[ (puc. 3.336). Jlaui JATI moka3yroTh
BiHOCHO Bumui BMIicT Bosioru B HII, mix y OKIl. O6pobka OKI] pozunHamu
cynabarnoi kucimotu, HI{T un HIIE mpusBoauTh A0 TOTO, 110 AESKI TAPOKCHIBHI
(GyHKIIOHAIBHI TPYIHU, 30KpemMa y 6-ro aroMa BYIJICII0O Ha TMOBEPXHI YACTHHOK
HAHOIIEIIOJIO3U, CTAIOTh CYJIb(aToBaHUMHU a00 TEPETBOPIOIOTHCS Ha KapOOKCHIIbHI
rpymu. LI amopdHi 001aCTi HETIOT03HUX HAHOBOJIOKOH 30UTBIIYIOTh MIXKJIAHITFOTOBI
MIPOCTOPH, SIKI MOXKYTh 3aXOILTIOBATH MOJICKYJIH BOJHU 3aBISKH YTBOPEHHIO HOBHUX
BOJHEBHUX 3B’s3KiB. [lojanbiie migBUIIEHHS TEMIIEPATYPH IMO-Pi3HOMY BIUIMBAE HA
pyiinyBanns OCKIL 1 HLI. Ha kpusiit TI" g HLK (puc. 3.33 a) € qBa pi3KuX BUTUHU
3a 171°C 1 3a 452°C. Ilepmuii BUTMH CIIOCTEPIraeThbCcsl 3a HUXKYOI TEMIEpaTypH
po3knananss, HiX st OKI, 1 BianmoBigae mpoiiecy aeriipaTaiiii XiMi4HO 3B’s3aHOT
BOJM Ta JECTPYKIIi JIETKOJOCTYITHUX CYJIb(AaTHOCCTEPHUX TPYI HAHOICIIOIO3H
[181]. Apyruii pizkuii Burun kpuBoi TI" 3a 452°C BianoBigae KIHIIEBOMY OKHCIEHHIO
Ta po3kiamy oOBymieHux 3ammmkie  HI, Mk woumu  Temmeparypamu
CIOCTEPIraeThCsl MOCTYNOBe 3MeHlieHHs wmacu HII koHoruii, mo BiAnosizae
mporiecaM JenoJiiMepu3ariii Ta aerpagarii OCHOBHOI YacTUHH aMopdHux nisHok HIJ
Ta pO3Maay TIIKO3UIHMUX 3B A3KiB M Ai€l0 Cyab(aTHOT Kucinotu [9].

Kpusi TI'A (puc. 3.330) mnoka3yioTh, 10 po3kiamganHs 1miiBok HIIT
MOYMHAETHCA 3a Temmeparypu 171 °C, a MakcuMaibHa MIBUIKICTD X PO3KJIAaHHS
cnocrepiraerbcs 3a 452 °C, roxi sk aia OKI] mogarok po3kiralaHHs MOYHMHAETHCS 32
228,8 °C 1 makcuMaiabHa MBUAKICTh WOTO po3KiIagaHHs croctepiraetbes 3a 351°C.

HasiBHiCTh cknagHOe(DipHUX CyIb(QaTHUX Py 3HUKYE TEPMOCTIHKICTh KOHOIUISHOI
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HII, ockinbku 17151 BUJATICHHS 3IHIIKIB CYJIb(aTHOI KUCIOTHU 3 TIIPOKCHIBHOL TPyIn
pu 6-My aTOMIi BYTJICIIO B MIPAHO3HOMY KIJIBIII IIEITF0JIO3U MOTPIOHO MEHIIIE eHEepTii,
HDK U1 pyiiHyBaHHs Titokomnipano3Horo kutbilss OKIIl, Kpusa JITT OKII mokazye
PO3KIIaZIaHHS B TPHOX MPOIECaX MIPOTi3y 3 MOYATKOBOIO TEMIEPATypPOIO MIBHUIKOTO
poskiamanns 3a 218 °C, 305 °C i 442 °C i MakCUMaJIbHUMH TEMIIEPATyPHUMH ITIKaMU
32250 °C, 337 °C i 445 °C, BignosigHo.

OCI] ta HIIE matoth enmoTepMiuHi miku Ha 3anexHoctsax JTID B giamazoHi
temreparyp 330 — 350 °C, mo 3Hauno Hwxde HiDK g HII, excrparoBanmx
Merogamu Tiaponizy Ta TEMIIO-okucnenHs, uisi  SKUX  CHOCTEPITaloThCs
EHJ0TEepMIUHI MKHU AecTpykKuii ocHoBHOiI macu HII[ B inTepBanmi temmneparyp 430 —
450 °C. MoxIuBO, II€ TOSCHIOETHCS HAsABHICTIO B HUX OUIBIIOrO BMICTY
TeMIIENIIOJIO3N Ta JITHIHY, SIKI MalOTh HHUXYY TEPMIUHY CTIHKICTh, HIK YHCTa
nerono3a. Bogrouac OKI] ra HIIE marots enmoTepMivHi miku 3a remmepatyp 500°C
ta 550 °C BiANOBIAHO, MO IMOACHIOETHCS BHUIIUM BMIiCTOM y HHX 3aIHIIKOBUX
MiHEpaTbHUX peuoBWH. [Ipm 30UIbIIEHHI TemmepaTypu, 3a SKOi 3pa3kKh KOHOILTI
MaioTh 40 % 3aTUIIKOBOI MacH, 10 XapaKTEPU3ye iX TEPMIUHY CTaOIIbHICTb, MOXITHI
KOHOIUISIHOT 1[EJIF0JI03U PO3TAIOBYIOThCS B Takii nmociigoBHocti: OKI] — HIIE- HIT
— HII" [9].

Takum 4uMHOM, MOXHa 3pOOUTH BUCHOBOK, 110 KoHomisHa HII, orpumana B
npouect kucinotHoro riapomizy (HLI), mae pgemo Bumi 3HadeHHA (Di3UKO-
MexaHlyHuX napamertpis, HiXX HLI, orpumana meronom TEMIIO-onocepenkoBanoro
okcunyBanHs (HIIT) ta metomoM riambokux eBTekTHUHMX po3unHHUKIB (HIIE) 3a
npuOIU3HO OJIHAKOBHX 3HAYEHb IOMEPEYHOro po3mipy HaHouactTuHok HI[ B
miana3oHi 6 — 35 HM.

[IpoBeneni mOoCHiKEHHS, iX aHami3 Ta 3p00JIeHI BUCHOBKH Oylid MOKJIJEHI B
OCHOBY Juisi BHOOpYy Meromy orpumanHs HI[ s mpakTudHOrOo 3acTOCyBaHHS B
TEXHIYHUX BHUAAX Tamnepy, 30KpeMa eJIeKTPOoi3oiAaIiiHoro. MakTudHO, MOJabIIa
po0oTa 3Benach J0 ONTUMI3allii TEXHOJOTIYHUX TMapaMeTpiB KUCIOTHOTO TiAPOIIi3y

HIl, B skocti sAkux Oymu BuOpani: koHueHtpauis H,SO,, TpuBamicts npouecy
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0o0poOKM Ta TemrepaTypa PO3UUHY JIJIs OTPUMAHHS HaWKpaliuxX 3HaueHb ii KIHIIEBUX
MOKa3HUKIB SKOCTI (TUTIBOK) TaKMX SK: MIIJBHICTH, MEXa MIITHOCTI Ta MPO30PICTh.

3 METOI0 OTPUMaHHS PIBHSHB PErpecii, MO OMUCYIOTh 3aJIeXKHICTh MOKA3HUKIB
sakocti HI[ koHOmun Big TEXHONOTIYHUX TMapaMmeTpiB MpoIecy Tiapodizy, Oyio
MPOBEJCHO MaTeMaTHYHE MOJICNIOBAHHS MPOIECY 3a JOMOMOTOI0 METOAY MOBHOTO
(haKTOPHOTO eKCIEPUMEHTY THITY IUIaH 2°. 3aCTOCOBYIOUH METONMKY IaHy 2°, Oyiu
po3paxoBaHi Koe(ILIEHTH JIJIsl 3a1IUCY PIBHAHb Perpecii Ajs BCiX MOKa3HUKIB SKOCTI,
a 3aCTOCOBYIOUM METOJI XapIHITOHA JUIsl ONTHMI3allii MapamMeTpiB TEXHOJOTTYHOTO
MpoLIECy, 3HANIEHO PIBHAHHS AJ1s onTuMizanii napametpis (Honarok b.4).

Po3paxoBani onTUManbHI 3HAYEHHS TEXHOJIOTIYHUX MapameTpiB CTaHOBWJIU:
KOHLIeHTpatlis podoyoro pozuuny H,SO4 — 50 %; TpuBanicTs rigpoiizy — 90 XBUIUH;
Temreparypa Tiapomizy — 60 °C. 3a mux mapamerpiB BUTOTOBJE€HA KOHOILISHA
HaHOIIETI0I03a JUTSl MOAANIBIINX €KCIIEPUMEHTIB i1 3aCTOCYBaHHS B TEXHIYHUX BHAAX

namnepy 1 KapToHy, 30KpeMa B KOMITO3HIIii €IeKTPO130JISAI1HOTO Marepy.

BucnoBku 10 po3ainy 3

1. JloBeneHa MOXJIMBICTh OTPUMAaHHS 13 MOXHHUBHUX PEIITOK KYKYpYyI3u
€KOJIOTIYHO Oe3MEYHUM OPTaHOCOJIHBEHTHUM METOJIOM 3 BUKOPHUCTAHHSM PO3YHUHY
MEePOITOBOI KUCJIOTU IIENIOI03U, MPUAATHOL JJISI €KCTPakKiii 3 Hei HaHOIIETIOJIO3H.
Bcranosneno, mo monepeane npomuBanHs [IPK rapsuoro abo XomogHOKO BOIOIO
3HUKYE BMICT TaKuxX KOMMOHEHTIB, sk K, Fe, P 1 Mg, ane He Bumanse KOMIOHEHTH
Ca 1 Si. Taku#i ximiuauii cknan [TPK ampiopi Bkazye Ha HEOOX1THICTh €EeKTUBHUX
IPOIIECIB ACKAIbITMHALIT Ta Jeiraidikalii boro pocIMHHOTO MaTepiany.

2. Janumu CEM miaTBep/KeHO, WO MiA JI€I0 BapWIHLHOTO PO3YUHY
MEPOLTOBOT KHUCIOTH BIMOYBAEThCS YACTKOBE pyilHyBaHHs BosiokoH [IPK 3i
3MEHIICHHSIM iX J0BXKuHU. [lokazaHo, 1m0 BHACHIIOK [ii Cynh(haTHOI KHUCIOTH B
IpoILECl T1APOJI3Y OpPraHOCOJBBEHTHO! LETIONO3U BiAOyBaeTbcs pyhHyBaHHS -4
TJIIKO3UHUX 3B’SI3KIB M1k TIIOKOTIPAHO3HUMU JIAHKAMUA MAaKPOMOJIEKYIT IIEITI0JIO3H,
PO3YMHEHHS aMOP(HOI YACTUHU LETI0I03H, 110 MPU3BOIUTH 10 3MEHILEHHS PO3MIpIB

BOJIOKOH JO HAHOYACTHUHOK.
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3. Ha ocnoBi nanux FTIR Tta XRD Bmepiie BCTaHOBJICHO TaKi MOKA3HUKHU IS
kykypyazsHoi HII, six: ingexc kpucraniurocti (IK), iHAeKC maTepaibHOTO MOPSIAKY
(LOI), posmip kpucramity (CrS). [lokazano, mo B mporieci TepMOXiMidHOT 0OPOOKH
nemono3oBMicHuX 3paskiB [IPK 3MmeHmIyeTbess 3anuinkoBuil BMICT JIITHIHY Ta
KUIBKICTh  aMOp(HOi YaCTUHM, 1HAEKC KPHUCTAIIYHOCTI 3pa3KiB  LIEIIOJIO3H
M1JIBUIYEThCSA, a 3HaueHHs nmoka3HukiB LOI 1 CrS — 3MeHIyroThes.

4. Janmmu ACM 1 TEM BcraHoBieHO, 110 HaHONEH0No03H1 miiBku i3 [IPK
MM TIONePeUHHit po3Mip y Mexkax 3 — 18 HM, uiinbHicTs 10 1,2 r/eM’, MinHicTh Ha
po3puB g0 22 Mlla, nposopicts a0 57 % Ta iHAekc kpuctamtidHocti 74,9 %. [ani
TepMorpaiuHOTO aHami3y MATBEPIKYIOTh YTBOPEHHS IIUIBHOI  OJHOPIIHOI
CTPYKTYpU MK YaCTHHKAMHU HAHOIIEIIOJIO03U B MPOIIEC TEPMOXIMIYHOT 0OpOOKU Ta
yABTPa3ByYKOBOI TOMOTEHI3aIlii.

5. Tloka3zaHo, MmO TepMoOXiMidHa O0OpoOKa cTeOeNn COHSIIHUKA JYKHOIO
EKCTPAaKI[I€l0 Ta OPTraHOCOJIBLBEHTHUM BapiHHSAM JIO3BOJIIE EKOJIOTIYHO OUIBII
0e3MeyHrM CIoCcOOOM OTPUMATH LENIOJIO3Y 3 MIHIMAJIbHUM 3aJUIIKOBUM BMICTOM
JTHIHY Ta MiHEpaIbHUX PEYOBHH, IO MIATBEPDKYE pecypcoedeKTHUBHICTh Ta
€KOJIOTIYHICTh JAHOTO TMPOIIECY 32 PaXyHOK 30epeKeHHs OiIbIn AOPOroi AEPEBUHU i
CBIIYUTh MPO MNPUAATHICTH COHSIIHUKOBOI WETIOJO3U ISl MOAAIbIIOl XIMIYHOT
00poOKHU, 30KpeMa JIsl OJIep>KaHHA 3 HEl HAaHOIeJI0JIO3H.

6. B pesymbrari mporiecy TiIpoiii3y OPraHOCOJIBBEHTHOI IIENIOJI03U
eKCTparoBaHo cTabinbHy y 4aci cycrien3iro HI 13 wactunkamu niamerpom 6 — 20 HM,
3 BUCOKMMHM MEXaHIYHUMH BiacTHBOCTSIMH: IuIbHICTIO HII mmiBok mo 1,52 r/cm3;
npo3opictio — 10 87,6 %; MinHICTIO Ha po3puB — a0 65 MIla, iHmekcom
KpuctaaigyHocTi 10 78,4% Ta 1HACKCOM JlaTepaibHOTo Mopsaaky no 1,83. 3a manumu
TepMorpadiuHOro aHaji3y JOBEAEHO, IO 3a CTIMKICTIO JI0 BHCOKHUX TeMIIepaTyp
JOCTI/PKYBaHI  IETIOJI030BMICHI  3pa3Ké  COHSIIHMKY pO3TallloBaHi B Takii
MOCTIOBHOCTI: MapeHxima — ctebna consmuuky — BH® micnst my»kHOi ekcrpakiii —
OCII — consmraukoBa HII.

7. BcraHoBi€HO, IO TepMOXiMiyHAa 00poOKa cTeden odepeTy B JABI cTaali —

JyXKHa EKCTpaklisi Ta OpraHOCOJbBEHTHE BapiHHA — JalOTh 3MOIY OTPUMATH
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LIETI0NI03Y, TPUIATHY JUIS TOJAIBIIOI XIMIYHOI OOpOOKH, B TOMY YHCII s
BUPOOHUIITBA HAHOIIEITIOIO3H.

8. JloBemeHo, 110 30UIBIIEHHS TPUBAJIOCTI OKUCHEHHS OPTaHOCOIHBEHTHOI
OYCpETSHOI IIEIIOJI0O3HM B cepeloBuINl  2,2,6,6-TeTpaMeTHIITIIEPUINH- 1 -OKCHIT
(TEMIIO) npu3BOauTh 10 OTPUMaHHS CTaOlIILHOTO B Yacl HaHOLENIIOJIO3HOTO Telto,
M1JIBUIIIEHHST IUJIBHOCTI, MIIIHOCTI Ha po3puB 1 mpozopocti HII mmiBok. Ha ocHoBi
naHux XRD 1 ACM BcraHoBiieHO 3HadeHHs noka3HukiB ouepeTsinoi HI[ — IK 1 CrS,
K1 TOpiBHIOOTH BianoBigHo 78,1 % 1 2,873 um; a 3a nanumu ACM noBeneHo, 110
nonepeuyHuii po3mip yactuHok ovepetsiHoi HII 3nHaxomuthes B Mexax 7 — 40 HM 1
noBxkuHY 110 800 HM.

9. BcraHoBieHo, 1110 OTpMMaHa KHUCIOTHUM TifponizoM ouepetsina HII mana
BHUCOKY TIpo30picTh 10 81,6 %. Metogom ACM miarBepkeHo, mo cycrensis HIJ
CKJIQJIAEThCS 3 OJHOPITHUX YAaCTHHOK, SKI MAarOTh 3JIeTKa BUTATHYTY (GopMy 3
MOTIEPEYHUM PO3MIPOM YACTHHOK B MEXKaxX 5 — 25 HM 1 IOBKMHY KUJIbKa MIKPOMETDIB,
a moBepxHs HI[ turiBku gocTaTHRO OJHOpPiAHA 3a CBOIM (Da30BHM CKJIAJOM Ta HE
MICTUTh CTOPOHHIX BKJTFOUECHb.

10. Tlokazano, mio0 3i 30UIBIIEHHSM TPHUBAIOCTI JY)KHOI eKCTpakuii Ta
MEPOLITOBOrO BAPIHHS BMICT 3aJIMIIKOBOIO JITHIHY Ta MIHEpalbHUX pedyoBuH y BH®
i3 BOJIOKOH KOHOTEIb 3MEHIIYETHCSA, a OTPMMaHa OPTAHOCOJBBEHTHA IIENIOI03a
NpUAaTHa [0 TOJANBIIOI XIMIYHOI MepepoOKH Ha LETI0J030BMICHI MNPOAYKTH,
30KpeMa Juisi OTpUMaHHs HaHouenon03u. OTpuMany miciis BapiHHs npotsroM 180 xB
KOHOIUJISIHA 11EJTF0JI03a MaJia BMICT 3ayiiiKoBoro JirHiny 0,16 % 1 3omu 0,08 %.

11. JlocmimkeHO BIUIMB IapaMeTpiB KUCIOTHOTO T1APOJI3y Ha BIIACTHUBOCTI
koHorissHoi HII, Iloka3ano, 110 301ibIIEeHHS KOHIIEHTpaIli Ccynb(haTHOI KHCIOTH,
TEMIEPATypu 1 TPUBAIOCTI TPOIECY TIAPOIIZYy I1HTEHCU(IKYE JTECTPYKIIIO
OpPraHOCOJIbBEHTHOI IIEJI0JIO3U, 3MEHINYE YacTKy aMophHOI YaCTUHU I[EI0JI03H,
301TBIITY€ TIIIBHICTE, MIITHICT HAa PO3pHB 1 mpo3opicTs HII mmiBok.

12. BcraHoBieHO JiHIMHY 3QJI€KHICTh MIITHOCTI Ha PO3PUB 1 MPO30POCTI
koHormsHoi HII Bix mrimeHocti tutiBok HII, JloBeneHo, 110 1HAEKC KPUCTATIYHOCTI

LETI0JI030BMICHUX KOHOIUISHUX MarepiamiB 30UIbLIIYIOTBCS B TaKOMY HOPSIKY:
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BUXIJHA CHPOBMHA — IIENIOJIO3a MICIs JY’KHOI eKCTpakilii — OpraHOCOJIbBEHTHA
nemrono3a — HII,

13. 3a ganmmu XRD BcranomieHo, mo koHomrsHa HII mae Bummii iHAEKC
kpuctamvaocTi (87,2%), HDX opraHocoibBeHTHA Iiemtono3a (72,0%), ame MeHmry
TEPMIUHY CTaOUIBHICTh 4Y€pe3 HAasBHICTh CYAb(POrpyn Ha TMOBEPXHI IEJIOJIO03H.
ITokazano, mo xonomigHa HII mana myineHIcTs 70 1,56 T/ cM’, MilIHICTD Ha PO3pHUB 10
66,7 MlIla, npo3zopictb 10 87,3%. Mertonom ACM noBeneHO, 110 TMONEpPEYHUM
pPO3MIp YAaCTHHOK HAHOIEIIOI03U CTAaHOBUTH Big 8 10 23 HM, ajle oOKpemi
HAaHOBOJIOKHA MaIOTh MIHUPHUHY 10 30 HM 1 IOBXKUHY K1JIbKa MIKPOMETPIB.

14. TlopiBHsIbHA XapaKTEPUCTUKA KOHOIUISHOI HAaHOIENIOJIO3H, OJEpKaHOT 3a
JIOTIOMOTOI0 PI3HMX XIMIYHUX pPEareHTiB, MoKasaja, 10 IpH MPUOIU3HO OJHAKOBUX
3HAYEHHSX MOMEePEeYHUX PO3MipiB HaHOYACTMHOK KoHoruistHoi HII (y miamazoni 6-35
HM), HAHOIIEJNF0JI03a, 10 OTPMMaHa B Mporieci kuciotHoro Timponizy (HLI), mae
JICTIO BUIIl 3HAYEHHS 1HJCKCY KPHUCTAIIYHOCTI, MPO30POCTi 1 (Hi3UKO-MEXaHIIHUX
napametpiB, Hix HII, orpumani merogom TEMIIO (HLIT) 1 B cepenoBuii IHOOKHX
eBTekTHYHUX po3unHHUKIB (HIIE), Ta 3a 30umbmieHHsM TepMidHOI CTaOLIHHOCTI
MOX1/IHI ~KOHOIUIAHOI LENIOJO03M  PO3TAIOBYIOTHCS B TaKld  IOCHIJOBHOCTI:
opraHocoibBeHTHA 1enrono3a — HIIE— HIIT — HIT'.

15. Cratuctuunoro oO6poOkoro 3a IIDE orpumano piBHAHHS perpecii, sKi
OTMHUCYIOTh 3aJIEKHOCTI TOKa3HUKIB SIKOCTI HAHOIICNIOJO3U BiJi TEXHOJOTIUHHUX
rmapamMeTpiB MPOIIECIB TiAPOJi3y OPraHOCOJBBEHTHOI IENIOI03U 13 JIOCHIKEHUX
npencraBHukiB BiTun3HsaHoi HJIPC, a 3a gonomororo meroia XapiHrtoHa BU3HAUYE€HO
ONTUMAaJIbHI 3HAYEHHS TEXHOJOTIYHUX mNapamerpiB: koHmeHtpauis H,SO, — 50 %;
TPUBAIICTH TiApoizy — 90 XBuiIKH; TeMmeparypa Tiaponizy — 60 °C; tpuBaiicts V3

00po0OKu — 60 XBHIIUH.
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PO3/LT 4
PO3POBKA TEXHOJIOT T BHKOPMCTAHHSI HAHOIIEJIIOJIO3M I3
HEJEPEBHOI POCJIMHHOI CHPOBUHHU Y KOMITO3UIII TAIIEPY I
KAPTOHY

4.1 BUKOpHCTAaHHSI HAHOLEIIOJIO3M B KOMIIO3MUII manepy AJs NAKyBaHHSA
Xap4yoBHX NMPOAYKTIiB HA aBTOMATax

Po3poOka TexHOJOrid onepX aHHS MaTeplaigiB 13 POCIMHHOI CHPOBHUHH,
BUKOPUCTaHHS SKHX TIOKpAIlye CIIOKMBYI BJIACTUBOCTI KApTOHY Ta MarepoBUX
BUpPOOIB 1 HE 3a0py/IHIOE HABKOJIMIIHE CEPEIOBUIIE IIKIJIMBUMU PEYOBHUHU 3
CUHTETUYHUX TOJIIMEPIB, € aKTyaJIbHOK HAYKOBOIO MpobiieMoro. Bucoki Bumoru, o
BUCYBAIOTHCS, 30KpeMa [0 Tamnepy Juisi NMaKyBaHHS Xap4YOBUX MPOJYKTIB, SIKUM
TPAIUIIAHO BUPOOJISETHCS 13 3aCTOCYBAaHHSIM XIMIYHHX JOTMOMIDXKHHUX PEYOBHH
(XP), onepxkaHux mepepoOSIeHHSIM BHYEPIHUX MPUPOIHUX JKepen (HadTu, rasy,
BYTULISI), IO MArOTh JOBIMMA TepioJ OlOJOTIYHOTO PO3KIAAy Ta € EKOJIOTIYHO
HeOC3MeYHUMHU. AJIbTepHATHBOIO TakuM XJIP € exosoriyHo Oe3medyHi maTrepiand,
3okpema HII, sika mokpamrye MOKa3HUKH SKOCTI KapTOHHO-TIAIIEPOBOi MPOIYKIIi, €
010pO3KJIaTHUM 1 BIJHOBIIOBAaHUM MAaTepiajioM 3 YHIKAIbHUMHU BJIACTUBOCTSMH,
ONMMCAaHUMH B po3aull 1. BpaxoByrouM BHIle3a3Hau€Hl OOCTaBUHU, & TAKOXK TE, 1110
namip Ui yINaKOBKM XapuyoOBUX TMPOAYKTIB € TEXHIYHUM BHJIOM mamepy 1
BUITYCKA€ThCS B YKpaiHi, HOCTIHPKEHHS MOXIMBOCTEH 3aCTOCYBAHHS HaHOIIEIIOI03U
3 nemosio3u 13 HAPC B TexHosorii ioro BHUpOOHMIITBA € aKTYaJIbHOI HayKOBO-
TEXHIYHOIO 3a7a4yero. ToMy B poOOTI JOCIII)KEHO BUKOPHUCTAHHS HAHOIIETIOJIO3Y 13
OpPraHOCOJIbBEHTHOI IENTI0JI03HM, OTPUMAHOI 31 cTe0eN OuepeTy Ta BOJIOKOH KOHOIIEb,
B KOMITO3HIIIT TTAniepy sl TaKyBaHHS XapuOBUX MPOIYKTIB.

3riIHO 3 METOJAMKOIO, OMKUCAHOI0 Y PO3IIi 2, A MPUTOTYBAHHS BOJIOKHUCTOI
KOMIIO3MITi Tamepy BUKOPUCTOBYBaMCs Makymarypa wmapku MC-4A (M) i
cynb(arHa HeBUOiIeHa 1eNtoio3a 3 XxBorHux nopin nepeBunan (CLI). 3paszku mamepy
BUTOTOBJISUIMCS Macoo 83+1 /M 1 110+2 r/m® 3 gomaBaHHsAM i 03 MOTABaHHS MO

Macu X/IP: kpoxmanbHoro kieto “Callpress” (KK) ta ankin keren aumepy (AK/) 3
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BuTparoro 1,5% Big macu mamepy 3a pi3HMX BuTpaT HaHouemtono3un (HIL) 3
OPTraHOCOJILBEHTHOT OYEPETSIHOI LENI0JI03U HAa WOoro nmoBepxHio. st orpumanns HIL
3aCTOCOBYBABCS METO/I OKHMCHEHHS IICITI0JI03U peareHToM 2,2,6,6-
terpameTmiminepuaud-1-okcunn  (TEMIIO) B cuctremi  TEMIIO/NaB1/NaOCI
(TONC) 3 nmopanpuior0 00poOKOI YIbTpa3BYKOM, omuvcaHuii B maparpadi 4.2. B
OTPUMaHUX 3pa3Kax Namnepy BH3HAdaducd WOro MmokasHWKU skocTi 3rigHo 3 ['OCT
7247-90 «[lamip 1uist nakyBaHHS Xap4yOBUX NPOAYKTIB Ha aBTomMaTax» [149]. dizuko-
MEXaHI4H1 BJIACTUBOCTI Marepy AJs MaKyBaHHS XapyOBHUX MPOAYKTIB HA aBTOMarax

MAacoro TabopaTopHHX 3pa3kiB 83 r/m” HaBegeHo B a6 4.1 i Ha puc. 4.1.

Tabmuust 4.1 — ®i3uko-MexaHiyHl TIOKA3HWKW TManepy s IaKyBaHHs

Xap4OBHX HPOAYKTIB (1abOpaTopHi 3pa3ku Macoro 83 r/m’)

PyitniBHe Cryninb [loBepxHeBa

No Kommo3zwurris 3YCHILIIS, MIPOKJICHKH, BOMPHICTb,
3/ H MM Ko00606;3¢, T

1 Makymnarypa (M) 29.5 1.0 176.2

2 M + AKJ] 30.2 2.0 48.2

3 M + KK 31.3 2.0 52.3

4 M + AKJT + KK 31.8 2.0 41.5

5 M + HI[ 1 /™ 33.4 2.0 75.9

6 M + HIL 2 /™’ 38.7 2.0 71.8

7 M + HIL 3 r/m’ 49.2 2.0 46.3

Bumoru crannaprty [149] He menme 30 | He menme 1.0 | He 6isbmie 50

AKJ[ —anxin kemen oumep,; KK — xneii kpoxmanvruii; HI] — nanoyenronosa

Ak BUIHO 3 HaBeACHUX y Ta0u. 4.1 MaHWX, 3HAYCHHSI PO3PUBHOTO 3yCHILIS JJIS
3paskiB mamepy Baroro 83 r/m> 6e3 mogaBaHHs 10 BookHKcToi Mack XJIP i HII ua
MmoBepxHIO (3pa3ok 1) He BiamoBigae BuMoram cranmapty [149]. JlomaBanHs
npokierounx peareHTiB AKJ] 1 KK 10 BOmOKHHCTOT KOMIO3HITIT IMiABUIIYE 3HAUYCHHS

IIOTO TIOKa3HWKa J0 BHUMOT CTaHIApPTy, a JOJaBaHHS CYCIEH31i odYepeTsHOl
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HAHOIIENIOJIO3M Ha TOBEPXHIO TMarepy MPU3BOJAUTH IO TMEPEBUIIECHHS TMOKa3HUKA
po3puBHOro 3ycuiutst Ha 11% — 64% BigHOcHO BUMOT ctanaapty. Jlomxasanns HIl Ha
MMOBEPXHIO 3Pa3KiB TAKOXK MPU3BOUTH JI0 30UIbIIICHHS 3HAYCHb MOKA3HUKA PO3PUBHOT

NOBXUHU nanepy (puc. 4.1).

(o)
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HH

4000
3000
2000
1000

HH

HH

Po3puBHa n10B)HHA, M
H

0,0 1,0 2,0 3,0
BuTpara LeoI03H, I/M>
Pucynok 4.1 — BB BUTpaTy 0YepeTSHOI HAHOIIEIIOIO31 Ha PO3PUBHY JJOBKUHY

3pa3KiB [aKyBaTBHOTO MAIEPy MAcoio 83 /M’

Ananoriyda 3aJe)XHiCTh 30UIbIICHHS 3HaY€Hb ()13MKO-MEXaHIYHUX MTOKA3HUKIB
13 301npeHHsIM BUTpatu HII crocTepiraeThes 1 A 1abopaTOPHUX 3pa3KiB Manepy
macoro 110 r/m® (tabn. 4.2 i puc. 4.2). I3 nauux, HaBemeHux y Tabm. 4.1 Ta 4.2,
BUJIHO, IO 3HAYEHHS CTYMEHS NPOKJICHKH, SKUH BU3HAYAETHCA ISl Tamepy
IITPUXOBAM METOJOM, Bi/IOBiAI0Th BUMOTU CTAHAApPTy IO BArd 3paskiB 83 r/m° 3
J0/laBaHHsAM 1 0e3 JoJaBaHHS JO CKJIaJy TanepoBOoi Mach MOAU(IKOBAHOTO
KpoxManbHOro kiero abo AKJI. A st 3paskiB mamepy macoro 110 r/m° 3HaueHHS
[IbOTO TOKa3HWKa BIJANOBIIAIOTh BUMOTaM CTAHJAPTYy JIMINE TICIAS BBEACHHS Y
BOJIOKHUCTY KOMIIO3MIIIIO BHIlle3a3HaYeHUX Mpokjetounx peareHTiB KK Ta AK/I.
[lominmieHHss MIIHOCTI Ta IIOBEPXHEBOI IOTJIMHAKOYOl 3JaTHOCTI mamepy 3i
301mpIIeHHsIM fonanoi HI[ oOymMoBiI€HO YyTBOPEHHSIM JOJAaTKOBHUX BOJHEBI 3B SI3KU
MDK BOJIOKHAMH Tarepy Ta HAHOIENOJIO3M Tl Yac ii MOBEPXHEBOTO HAHECEHHS.
OnHUM 13 BOXXITMBUAX TTOKA3HUKIB SIKOCTI TIANIEPY TSl TAKyBaHHS XapYOBHUX MPOIYKTIB
€ BOMPHICTh — 3[JaTHICTh MOBEPXHI Marepy 3 IUIOIEI0 OAHOCTOPOHHBOTO 3MOYYBaHHS

1 m? BCMOKTYBAaTH BOAY 3a NeBHUM npomixkok yacy (Ko00sy, Ko60s) 260 Ko60,g¢).

123



npoaykTiB Macoro 110 r/m’

Tabmuns 4.2 — di3uko-MexaH14H1 MOKA3HUKY TANepy /s TaKyBaHHS Xap4yOBHUX

Ne _ PyiiniBHe CrymiHb IloBepxHeBa
Kommnosumis
sycuist, H | mpokineiiku, Mm [BoupHicts, Ko60s, T
1 Makynarypa (M) 76.4 1.0 202.7
2 | CynbdarHa nemonosa 80.4 1.0 144.3
3 | 50 M :50CL 6e3 X/IP 78.4 1.0 169.5
4 50M : 50 CII + AK]], 71.5 2.0 31.8
5 50M : 50 CLL + CI] 76.4 2.0 21.7
6 | S0M:50CLH+ KK+ 77.4 2.0 18.3
50 M : 50 CI + KK +
7 5 91.1 2.0 20.2
HIT 1 /m
50 M : 50 CI + KK +
8 ) 92.1 2.0 18.4
HIIL 2 r/m
50 M : 50 CIl+ KK +
9 5 99.9 2.0 14.8
HII 3 r/™m
Bumoru crannapty [149] He menmie 39| He menme 1 He 61nb1e 40
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Pucynok 4.2 — BriiuB BUTpaTH O4€PETAHOI HAHOLICNIIOJIO3U HA PO3PUBHY

: 2
JOBXKHUHY 3pa3KiB MaKyBalbHOTO namnepy macoro 110 r/m
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SAx BuaHo 3 maHux Tab6bnm. 5.1, JomaBaHHS 1O BOJIOKHMCTOI KOMIIO3MINT
moaudikoBanoro kpoxmanto ta AKJ[ 3a Burparu 1,5% Big Macu memtosnosu, abo
HAaHECEHHS Ha il MOBEpXHIO 3 /™M ouepersiHoi HIl no3Bossie oTtpumaru 3pasku
manepy i3 3HAUEHHSM TIOBEPXHEBOI BOMPHOCTI Mamepy, MO0 BiAMOBITa€ BUMOTaM
crannapty [149] nnsg mamepy Uil MakyBaHHsS XapuyOBUX MPOJYKTIB Ha aBTOMAaTax
mapku E-II. J{ns 3paskiB mamepy macoro 110 r/m” HeoOXimHe cTaHIapTOM 3HAYCHHS
POTO TIOKa3HUKA JIOCSTAEThCA MICHAS JIOJIaBaHHSA JO BOJOKHHCTOI Macu
MOAM(IKOBAHOTO KpoxXMaibHOro kiew ado AKJI, a Takox 3HAYHO MOKpPAIIYETHCS
IIpY HAHECEHHI Ha ii MoBepXHIO cycnensii ouepersHoi HII,

TakUM YMHOM, TOKA3aHO, IO HAHECCHHSM 10 3 I/M’ HAHOLENIONO3H Ha
MOBEPXHIO 3pa3KiB Narnepy OTPUMAaHO MPOAYKT, AKUW BIAMOBIIa€ BUMOTaM CTaHIApTy
[149] no mamepy miiss TaKyBaHHsS XapuyoOBUX TMPOAYKTIB Ha aBTOMaTax. Takox
BCTaHOBJICHO, 1110 BUKOPUCTAHHS HAHOIIENIOJIO3H 31 CTEOEN ouepeTy SK 3MIIHI0IY01
PEYOBHUHU Y BUPOOHUIITBI TANEPy JA€ MOMXIJIMBICTh 3aMIHUTH MakKynaTyporo a0 50%
JIOPOTOT TENFOJIO3H, M0 3ACMIEBUTh BUPOOHUIITBO TMAarepy Npu 30€pekeHHI 3HAYCHb
MMOKa3HUKIB SKOCTI Mamnepy, sKi nepeadoadeHo BUMOTaMu CTaHaapTy.

VY poOoTi Takox mociipKyBaBcs BIUIMB KOHOIUIsiHOI HII Ha moka3HUKM SIKOCTI
nanepy Juisi TaKyBaHHS XapyoBUX MPOAYKTIB HA aBTOMAarax sl 3pa3KiB mamepy
migsumenoi Macu 220 r/m° [1, 3]. MeToauka BUrOTOBICHHS 3pa3KiB marmepy 3
BUKOPUCTaHHSAM BOJIOKHUCTOI MacH 13 Cyib(aTHOi BUOUIEHOT XBOMHOI IIEI0JI03U
(CLl) 1 nonaBannsim AKJI 3a Butpatu 0,5% 1 1% Big macu mnamnepy Ta KOHOIUISHO1
Ha”ouemono3n (HII) 3a Butparu Big 0,5% 1o 2% Big macu marepy, HaBEACHO Y
po3aunl 2 e OmUCaHO TakoXX MeTrojauka onaepkaHHs HI[ i3 BOJIOKOH KOHOTMENb.
Konomnsna HIl mana mineHICTE 1,5 r/em’, MinHicTH Ha po3puB 66,7 Mlla,
po30picTh 10 87,3%, monepeduHuii po3Mip HAaHOYACTUHOK BiJ 8 HM 110 23 HM [1, 3].
Pesynbratn nomaBanHs koHorwisiHOi HII 1o BoJIoKHHCTOI KOMMO3UIli mamepy s
MaKyBaHHS XapyoBUX MPOMYKTIB HaBeAeHo B Tabn. 4.3 Tta Ha puc. 4.3. s
MOPIBHSHHSA 3 BUMOTaMU CTaHAApTY, B Ta0. 4.3 HaBeJEHO MOKA3HUKHU SKOCTI Tanepy
0e3 xiMIyHUX 700aBOK 1 3 n00aBkot0 1% AKJl — pedyoBHHH, 11O CHHTE3YEThCA 3

Ha(TONPOAYKTIB 1 3a0e3neuye riapoPoOHICTh Ta MPOKIEHKY marmepy.
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Tabmuns 4.3 — di3uko-MexaHI4H1 BIACTUBOCTI Manepy /s MaKkyBaHHS

Xap4yOBHUX MPOAYKTIB HA aBTOMATAaxX 3 BUKOPUCTAHHIM y HOTO CKJa i KoHOIuIstHOT HIJ

PyitniB- | Bignoc | Po3puB | [loBepxHeBa
[ims- HE -HE -Ha BOUPHICTb
Neo | Kommosuuis HICTb, 3ycui- | BHAOB- | joBxku | Ko060s, 1/ M’
r/em’ a1, H | xeHns, | Ha, M
%
1 | Be3s AK]J] 0,82 180 2,3 5020 136
2 | +1%AK 0,82 184 2,5 5300 19
3 | +0,5%AKIO+0,5%HII | 0,83 186 2,8 5400 22
4 | +0,5%AK+1,0%HL] | 0,83 190 3,1 6000 17
5 | +0,5%AKIO+1,5%HIl | 0,84 220 3.4 6300 16
6 | +0,5%AKI+2,0%HII | 0,85 250 3,7 7150 15
Bumoru crannapty [149] 0,7-0,85 >78 2.4 - <25

HonaBanus 0,5% a6o 1% AKJl mo macu BuOiIeHOI XBOWHOI Cyiab(aTHOI
IIETIOI03M 3a0e3meuye OTPUMAHHs 3pasKiB Manepy 3 HEOOXITHUMHU 3HAYCHHSIMU
MOKAa3HUKIB, K1 BIJMOBIJIAI0OTH BUMOTaM CTaHAAPTY IS Mamepy MepIioro CopTy 3a
TaKMMU TOKa3HUKAMHU, SIK TIOJIOBXXCHHS Ta PO3PUBHE 3yCHIIS MPU CTUCHEHHI KUTBIIS
(puc. 4.3). Jlns Bapianty 3, 3a ymoB aomaBanHs 0,5% AKJ 1 0,5% HII no
BOJIOKHUCTOI MacH, OTPMMAaHO 3pa3Kd Marnepy 3 MOKa3HUKAaMU PO3PUBHOIO 3yCHUILIIA
IIPU CTUCHEHH1 KUJIbII, SK1 BIJMOBIIal0Th BUMOTAM CTaHJAPTY JUIS MEPIIOTO COPTY
nanepy. Y BUNajaKy BapianTa 6, 3a ymoB gonasanss 0,5% AKJI 1 2,0% HII otpumano
3pa3Ku, 110 BIAMOBIJAIOTH BCIM BUMOTaM CTaHIApTy JUIsl BULIIOTO COPTY JAHOTO BUY
nponykiii. [lpu 1npoMy pyifHIBHE 3yCcWJUISI TIEPEBUIYE BUMOTU CTAHIAPTY IS
nanepy mnpemiym-kiacy Ha 40%, a po3puBHa JOBKHMHA 30UTbIIyeThCS Ha 42% vy
MOPIBHSHHI 31 3pa3koMm mamepy Oe3 xiMiuHuX 100aBok. Taka 3alexHICTh

MOSICHIOETHCS. YTBOPEHHSIM JI0JJaTKOBUX BOJHEBHX 3B'I3KIB M1k yactuHkamu HII ta

BOJIOKHAMHU THanepy, U0 NoKpanrye Horo pi3smko-MexaHiuHi BIaCTUBOCTI.
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Pucynok 4.3 — 3anexHiCTh MOKa3HUKA PYHHIBHE 3yCUJUIS IPU CTUCHEHHI Kb
JUTsI 3pa3KiB Marnepy pi3HOro KOMIO3UIIMHOTO CKIaay (HyMepailist 3riiHo Taou. 4.3);

BUMOTI'HM CTaHJIapTy JUIsl MMarepy Mnepuoro copTy (a) Ta BUIIOro copTy (0)

Bukopucranus HI[ poOuTh apkym mnamnepy MIOHIIIAM, 3alOBHIOIOYU
MOPO’KHEYl MIDK 1EI0JIO3HUMH BOJIOKHAMHM HAHOYACTMHKaMHU Ta 30UIbIIYIOUN
KUTBKICTh BOJHEBHUX 3B’S3KIB MK MaKpOMOJICKYJIaMH IIEIIOJIO3U, 1, SK HACIIJIOK,
3MIIHIOIOYHM 3B’S3KM B mamepl. 3pa3ky Manepy 3a TaKUMU [MOKa3HUKAMH SIK:
I[IIBHICTh, CTYHIHb TPOKJIEWKHM IITPUXOBUM METOAOM, TJAAKICTh, OULIM3HA
BIIMOBiAAIM BHMOTaM CTaHAAPTY [UIS BCIX PO3NISHYTHX BHUIIB BOJOKHHCTOI
KoMmo3uIlii BapiantiB 1-6 (tabn. 4.3). B3 gammx Ttabn. 4.3 TakoXX BHIHO, IO
30impeHHs BuTparu konorwistHoi HI Bix 0,5% mo 2,0% Bix macu mamnepy 3MEHIITye
3HAueHHS MOKa3HMKa BOHpHOCTI Bomu (K066s0) Bim 19 mo 15 /M. Ipu mpomy
MOTPIOHO BIJI3HAYUTH, II0 BUMOIaM CTaHIApTy II0JI0 MOKa3HUKAa BOMPHOCTI BOJU
IpyU OJHOCTOPOHHBOMY 3MOYYBaHHI BIANOBIIAIOTH BCl 3pa3Ku mamepy, 3a
BUKJIIOUECHHSIM BapiaHTy 1 — 6e3 1ogaBaHHs JJO Macy XIMIYHUX JOMOMIXXKHUX PEUOBUH
— AK/J[ i HIL.

TakyuM 4YWHOM, 13 HaBEJEHUX JaHWX BUJHO, IO J0JIaBaHHS KOHOIUISHOI

HaHONCJIIIOJIO3U 0O BOJIOKHHUCTO1 KOMHOBI/IHﬁ Aa€ 3MOTI'y OTpUMATH 3Pa3Ku IIAIICpy, 1o

127



BIJIOBIJAIOTH BUMOTAM CTaHJAPTY Ha Marip JUIs MaKyBaHHS XapuyOBUX MPOJYKTIB Ha
aBTOMarax Ta 3HAYHO 3MEHIIWTH BUKOPUCTAHHS Yy BUpPOOHHMITBI mamepy XJP i3
CHHTETUYHUX pPEUYOBHH Ha(TO- Ta razonepepodku [4].

3a  pesymbTaTaMM  TpOBEACHUX  (I3UKO-MEXAHIYHMX  BHUIPOOYBaHb
BCTAaHOBJICHO, II[0 OTPUMAaHA KUCIOTHUM TiIPOJIi30M KOHOTUITHA HAaHOIIENTIOJI03a MaJia
mabHICTE 1,56 r/em’ i MIIHICTh Ha po3puB 66,7 MIla. Metogom aToMHOi CHUIIOBOT
MIKPOCKOMIT MOKa3aHo, 110 MOMEPEYHHUI pO3MIp YaCTUHOK HAHOIIENIOJIO3H CTAHOBHB
BiJ1 8 HM 110 23 HM [8], 1110 CBIIYUTH PO MOXKJIUBICTH i BUKOpUCTaHHS K XJ[P mms
MOKPAIICHHS TTOKa3HUKIB SIKOCTI Tarepy.

B po60Ti Takox AOCTIAKEHO BIUTUB KOHOIUISIHOT HAaHOIIEI0JIO3HU Ha MOKAa3HUKHU
SIKOCTI ariepy JUist AKyBAaHHS XapuOBHX MPOAYKTIB Macoio 40+3 r/M” 3 10/1aBaHHAM

HII y BomokHHCTY Macy mariepy Ta Ha Horo noBepxHio (Tabm. 4.4).

Tabnuns 4.4 — BapianTtu 1071aBaHHS XIMIYHUX JOMTOMIKHUX PEYOBHH Y

BOJIOKHHUCTY Macy 1 Ha TIOBEPXHIO Narnepy JUIs MaK yBaHHS XapyOBUX MPOTYKTIB

No Butpatu | Butpatu | Butpatu | BimHocHe BumoOBXeHHS, %
. XJIP, HII, HIl Ha y CYXOMY | Y BOJIOTOMY
BApIaTY % % MTOBEPXHIO, CTaHi CTaHi
Bl Macu B1JI Macu /M

1 0 0 0 1,36+0,06 0,59+0,03
2 0,3 0 0 1,87+0,09 1,06+0,05
3 0,3 0,5 0 2,04+0,10 1,47+0,07
4 0,3 1 0 2,23+0,11 1,64+0,08
5 0,3 1,5 0 2,2840,11 1,76+0,09
6 0,3 2 0 2,31+0,12 1,85+0,09
7 0,3 0 1,0 2,81+0,14 0,72+0,04
8 0,3 0 2,0 4,11+0,19 0,80+0,04
9 0,3 0 3,0 4,68+0,22 1,5140,07
10 0,3 0 5,0 5,14+0,24 1,924+0,09
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BusHaueHo, mo 1a6opaTopHi BimmHBKE mamepy Maam macy 4043 r/m’ i
uiseHicTs 0,56+0,4 v/cM’. Sk BUAHO i3 HaBeqeHUX B TabI. 4.4 aHuX, OJABAHHS HIT
Yy BOJIOKHUCTY Macy a00 Ha TIOBEPXHIO Marnepy MpU3BOJAUTH IO ITiIBUIICHHS 3HAYEHB
MOKa3HUKA BIJJHOCHOTO BHUJOBXKECHHS JTAOOpPATOPHUX 3pa3KiB Mamepy B CyXomy i
BOoJIOroMy craHax. OTpuMaHa 3aJIeKHICTh MOSICHIOEThCS TUM, 10 noxaBanHs HII
CpHsi€ YTBOPEHHIO JOJATKOBUX BOJHEBUX 3B’S3KIB MK TiIPOKCHUIBHUMHU TPYyIaMu
uemosno3n 1 HII, mo npu3Boauth 10 30UIBIICHHIO 3HAY€Hb BUOBXKEHHS
(emactuuHOCTI) 3pa3kiB nanepy. JlogaBanus HaHouyacTuHOK HII y BonokHuUCTY Macy
cCpusie PIBHOMIPHOMY PO3MOJAUTY MIX BOJIOKHAMHU LEIIOJ03M 1 3allOBHEHHIO
nopoXkHed B Marpuil Marepiany. lle mokpairye cTpykTypy marepiany,
3a0e3neuyroun  30UIbIIEHHS  omopy  aedopmaiii  Ta  pO3TATYBaHHS  IMMiJ
HABaHTAXEHHSM, 110 ITiJIBUIIYE 3HAYCHHSI TOKa3HMKA BITHOCHOTO BUIOBXKEHHS.

Brmms HII Ha pyifHiBHE 3ycriuisi 3paskiB Tarepy B CyXOMY 1 BOJIOTOMY CTaHl st

nonasanfs HI y BorokaucTy Macy (Bapianty 1- 6 Ta0i. 4.4) HaBenieHo Ha puc. 4.4.
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Butpara masonearoaozn, % Big MacH

Pucynok 4.4 — 3anexHiCTh pyiHIBHOTO 3yCUJUIS 3pa3KiB Harnepy BiJl BUTPATH
HII y macy B cyxomy (a) 1 Bosioromy (0) crani (ropu30HTaIbHA JIiHIs — BUMOTa

CTaHJIAPTY ISl Marepy y CyXoMy CTaHi)

Sk BUIHO 13 OTpUMaHUX AaHMX, 30UTbIeHHs BMIiCTY HII y BOJIOKHHCTIM KOMITO3HUIIT

MPU3BOIUTH JI0 TIOCTYIOBOTO 3POCTAaHHSI 3HAYEHb TMOKA3HUKA PYWHIBHOTO 3ycHuuisL. [Ipu oMy
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3HAYEHHS BUMOT CTaH/IapTy MOKA3HUKA PYHHIBHOTO 3yCHLIS Tarepy Uil MaKyBaHHs XapUuOBUX
MIPOJIYKTIB Y CyXOMY CTaHi JiocsiratoThes 3a Butpaty HL y macy Bin 1,5%. 3a Butparu 2% HI
BiJl MacH Marnepy CHOCTEPITAEThCA MIABUINCHHS PYWHIBHOTO 3YCHJUISL OJCp KaHHUX
3paskiB mamepy Ha 47,9% (y cyxomy crani) i Ha 74,4% (y BOJIOTOMY CTaHi) y
MOPIBHSIHHI 31 3HAYEHHSIMH 1OTO ToKa3Huka 0e3 X]IP i, BignmosigHo, Ha 31,1% 1
45,3% y MOpiBHSHHI 3 ManepoMm 3 J0JaBaHHSAM B Horo xommno3uuiro Tuibku 0,3%
XJIP. ThpaBuiieHHs1 TOKa3HUKA PYWHIBHOTO 3yCHJUIS BIAOYBAETHCS 33 PaxXyHOK YTBOPEHHS
HOBUX JIOJIATKOBUX BOJIHEBMX 3B’S3KIB MDK TMAarepoBor0 Macoro 1 yactHkamu HIL, 1o
TIOKpaIIlye CTIMKICTh 3pa3KiB Tarepy A0 CTUCHEHHS 1 3/IaTHICTh iX BUTPUMYBATH OUTBII CHIH
PyHHYBaHHs.

BruuB nonaBanus HL] y BOJIOKHUCTY Macy Ha MOKa3HUK aOCOIIOTHOTO OMOpPY

MPOJIaBJIIOBAHHS 3pa3KiB namnepy /i BapianTiB 1 — 6 Tabmn. 4.4 HaBesieHO Ha puc. 4.5.
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Pucynok 4.5 — 3anexHicTh aOCOIIOTHOTO OMOPY MPOJIABIIFOBAHHIO 3pa3KiB Marepy
BiJ BuTparu HI y macy B cyxomy (a) 1 Bosioromy (0) cTaHi (rOpU30HTAIBHI JiHIT —

BUMOTI'H CTaHJIapTy JUIsl Marepy y cyxoMy (4epBOHA) 1 BOJIOTOMY (CHHS) CTaH1)
I3 oTpumaHux 3anekHOCTeN BUAHO, 110 30UIbIeHHs BMicTy HII y kommoswuirii

nanepy MNpPU3BOJAUTH JO TOKpAIIEHHS 3HAY€Hb MOKa3HHKA aOCONIIOTHOTO OIOpY

MPOJIaBIIIOBAaHHSA SIK y CYXOMY, TaK 1 y BoJioroMYy cTaHi. [lifjBuIIeHHs] TOKa3HMKa
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a0COJTFOTHOTO OTOPY MPOIABIIFOBAHHS 3pa3KiB Marepy MOSICHIOETHCST YTBOPEHHSIM JI0JIATKOBUX
3B'3KIB yacTWHOK HII, siki MaroTh BHCOKY TOBEPXHEBY AKTHBHICTH, 3 MAaKpPOMOJIEKYJIaMU
TIEJTFOI031  TIaNepOBOT MacH, IO CIPUSIE YTBOPEHHIO OUIBIT MIITHMX 3B'BKIB MK HUMH.
dopmyBaHHSs OUTBIIT MIITHMX 3B'S13KIB 3MEHIITYE JehopMariito marepy Mij] 9ac i Ha HbOTO CHIT
THCKY 1 30epirae Horo mutcHicts. Hanouactunku HLI, sik marepian 13 BUCOKMM MOJIYJIEM
MIPYXKHOCTL, CIIPUSIFOTH BUTPUMITL OUTHIITNX 3HAYEHb JiehopMallii, Iepiil HiXK 3pa3oK nanepy
MoYMHAE pyHHYyBaThcs. BcranoBneno, mo nomaBanHs HI[ y BomokamcTy Macy 3
BUTpaToro 2% BiJA Macd Tnanepy MNPU3BOJAUTH [0 3aKOHOMIPHOTO MiJABUIIEHHS
aOCOJIFOTHOTO OTOpY MPOJABIIOBAHHS OJIEp)KaHUX 3pa3kiB marnepy Ha 49,7% (y
cyxomy craHi) 1 Ha 25% (y BOJIOTOMY CTaH1) y MOPIBHSHHI 13 3HAYEHHSAMH ILOTO
noka3zHuka 6e3 XJIP 1, BiamoBigHo, HA 42,9% 1 19,1% y mopiBHSHHI 13 3pa3kamMu
nanepy Tuibku 3 gojaasanusm 0,3% XJIP.

[ligBuIIeHHsT TOKa3HUKA PYHHIBHOTO 3yCWUIS Tariepy B CyXOMY 1 BOJOTOMY
nonaBaHHs kKoHorussHO1 HII Ha ¥oro

CTaHl CIOCTEPITAEThCS TAKOXK Y BHITAJIKY

noBepxHio (puc. 4.6).
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Pucynok 4.6. — 3anexxHicTh pyWHIBHOTO 3yCHILIS 3pa3KiB Manepy 3 J0/1aBaHHIM

HII na iforo moBepxHio B cyxomy (a) 1 BojoroMy (0) craHi (ropu30HTaJIbHA JIIHIS —

BHUMOTa CTaHIAPTY)
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Sx BumHO 13 puc. 4.6, HaneceHHs cycnensii HI[ Ha moBepxHIO mpU3BOIUTH 110
3aKOHOMIPHOTO MIABUIICHHS PYWHIBHOTO 3YCUJUIS OJEPKaHUX 3pa3KiB Tamepy B
CyXOMY 1 BOJIOTOMY CTaH1 y MOPIBHSIHHI 13 3HaUEHHSIMH 11bOT0 Noka3zHuka 6e3 X/IP ta
y TOpPiBHAHHI 13 3pa3kamu manepy Tutbku 3 gomaBanasMm 0,3% XJIP. Orpumani
3aJISKHOCTI TIOSICHIOIOTHCSI YTBOPEHHSIM OIJBIN TJIAJAKOI Ta OJHOPITHOI MOBEpPXHIi

nanepy 3 HaHeceHHs Ha Hel HanouactuHOK HII, mo migrBepmxyerbes nannmu CEM

(puc. 4.7).

WD=15.9mm 20,006V %250 10.00KV

WD=15.6mm 20.00KY =250 L 20.00kY  x250
Pucynok 4.7 — 3o06paxxennss CEM noBepxHi 3pa3kiB nanepy 0e3 HaHeceHHsI (a) 1 3

HaneceHHsM (0) HI Ha ix moBepxHro, (B) 1 (T) — monepeyHuii po3pis 3pa3kis (a) 1 (0)

Ananiz 3060paxenr CEM Ha puc. 4.7 cBIQuuTh MpO Te, IO HAHECEHHS
cycrien3ii HI[ Ha mnoBepxHiO mnamepy NpU3BOAWTH N0 3aKPUTTS IYCTOT MIXK
IETI0JI03HUMHU BOJIOKHAMU 1 HEPIBHOCTEH CTPYKTYpH MOBepxHI marepy (puc. 4.7 0 1
T), 3MEHIIIEHHIO MOXJIMBICTh MOSBU MIKPOTPIIIHMH Ta 1HIMUX Ae(EKTIB, AKi MOrau O
CIpUsATH Moro pyiiHyBaHHIO. TomMy 30epekeHHS IUIICHOCTI TOBEpXHI CIIpUsE

MiBUIIECHHIO MTOKa3HWKa PYWHIBHOTO 3YCHJUISI OTPUMAaHUX 3pas3kiB manepy. Haseneni
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Ha puc. 4.7 maHi moKasyioTh, mo 3a BuTpaté HII Ha moBepxHIO 3 /M’ 3HAYCHHS
PYHHIBHOTO 3yCWUIS Tamepy IEepPEeBUIYIOTh BUMOTH CTaHAApTy 1 MiJBUIIYIOThH
pyrHiBHEe 3ycwuisa nanepy Ha 70,5 % (y cyxomy crani) i B 2,3 pasu (y BOJIOTOMY
CTaHi) y MOPIBHAHHI 31 3HAYEHHSIMHU [IhOTO MoKazHuka 0e3 X/IP ta na 40,7 % 1 1,9
pa3u, BIANOBIAHO, Y MOPIBHSIHHI 31 3pa3KkaMy mamepy TUIbKU 3 goxaBaHHsAM 0,3%
XIP.

B  Butparm  konorstHoi  HI[ Ha  moka3HMK — aOCOJIIOTHOTO — OMOPY
MPOJIaBJIIOBaHHS 3pasKiB narepy st BapiantiB 7 — 10 Tabm. 4.4 13 HaneceHHsm cycnensii HL

Ha MOBEPXHIO Marepy HaBEICHO Ha puc. 4.8.
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Pucynox 4.8 — 3anexHicTh aOCOTIOTHOTO OMOPY MPOJIABIIOBAHHIO 3pa3KiB
nanepy 3 aoaapanHsM HII Ha fioro moBepxHio B cyxomy (a) 1 Bosioromy (0) craHi
(ropu30HTAJIBHI JIIHIT — BUMOTH CTaHAAPTY JUIS anepy y cyxoMmy (d4epBoHa) 1

BOJIOTOMY (CHHSI) CTaH1)

Sk BuHO 13 HaBeAeHUX Ha puc. 4.8 manux, ke 3a purpaTt HIT 1 I/M° TIOKA3HUK
a0COJIFOTHOTO ONOPY MPOJIABIIOBAHHS NEPEBUIILYE BUMOTM CTaHAAPTY AJIA Manepy K
y CyXOMY, TaK 1 y BOJIOTOMY CTaHi. 30UIbIIEHHS YHCEIbHUX 3HAYEHb MOKA3HUKA 3
nonaBanHsM HII BigOyBaeTbcs 3a paxyHOK 30UIBIIEHHS MOBEPXHEBOI MIIHOCTI 3a

paxyHOK BHMCOKOi ITOBEPXHEBOI akTUBHOCTI HaHoyacTuHok HII 1 3akpurrio
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HEpIBHOCTEH MOBEPXHI MarnepoBoro 3pazka. Lle mpu3BoauTh 10 301IbIICHHS KOHTAKTY
Ta 34YeIUICHHS MK rmoBepxHsmu HII 1 memrono3HuMH BOJOKHaAMH, IO 3abe3meuye
BUIIIUI OTIP MPOAaBIIOBaHHIO manepy. BeranosneHo, mo 3a Butpatu HII Ha moBepxHio
3 r/™M* migBuIIye abCOMIOTHHIT Omip MpoaaBIIOBaHHI0 Tanepy Ha 67,1 % (y cyxomy
craHi) 1 Ha 25 % (y BOJIOTOMY CTaHi) y IOPIBHSIHHI 31 3HAYEHHSAMH 1[bOTO MMOKa3HUKA
6e3 XJIP ta Ha 59,6 % 1 Ha 20 %, BIAMOBIIHO, y MOPIBHAHHI 31 3pa3kamMu mamnepy
Tinbku 3 gopaBaasam 0,3 % XJIP.

[locniioBHe 301nbIIeHHsT BUTpatu cycnensii HI[ Ha moBepxHIO MPHU3BENO 10
MiJBUIICHHS BiJIHOCHOTO BHUJOBKEHHS 3pa3KiB Mamepy s MaKyBaHHS XapdyoOBHUX
npoaykTiB (Tabn. 4.4), 1m0 MOB’sA3aHE 3 YTBOPEHHSM MIITHOI IUIIBKM 3a PaxyHOK
B3a€MOJIIi HAaHOYACTUHOK 3 IMOBEPXHEBHMMHM IIENIOJIO3HUMH  BOJIOKHAMHU Mamnepy 1
niarBepkyeTbest qanumMu CEM (puc. 4.7). Taka oco6nusicts B3aemonii HI moxe
OyTH 0COOJIMBO KOPUCHUM IS TArepy, SIKU MiIIa€ThCS 3HAYHUM HaIpyKEHHAM a00
PO3TATYBAaHHIO, HAMPUKIIAJI, Y 3aCTOCYBaHHSX, JI€ MOTPIOHA BUCOKA 3HOCOCTIMKICTb.

Hanouenronosa Mae BUCOKY OBEPXHEBY €HEPTil0 Ta 3[ATHICTh 10 YTBOPEHHS
MIIHUX 3B'I3KIB 13 I[ETIOJ03HUMH BOJIOKHAMU TIarepy, Mo MOKpamrye oro (hizuko-
MEXaHI4YHl MOKa3HUKU Ta HMOro riapodoOHICTh 1 XKUPOMPOHUKHICTh. 3aJI€KHICTh
KUPOHEPOHUKHOCTI 3pa3KiB narnepy Biag Butpatu HI[ Ha Oro moBepXHIO HaBEAEHO
Ha puc. 4.9. OTpumaHa 3aJIeKHICTb JKUPONPOHUKHOCTI BiJ BUTpar HI| cBiquuth mpo
YTBOpPEHHsS HaHodacTMHKamu cycrnensii HI[ Ha mnoBepxHi mamepy ©Oap'epHOTO
riipopoOHOrO 1apy 13 3alOBHEHHSM TOp Ta HEPIBHOCTEH CTPYKTYpU IMOBEpPXHI
namnepy, 1o maTBepaXyoTh ekcriepuMenTanbHl gaHi CEM (puc. 4.7) 1 npu3BOIUTH
710 3MEHIIIEHHSI TTOKa3HHUKA >KUPOMPOHUKHOCTI Tamnepy. SIk BUJIHO 13 JTaHUX HA PHUC.
4.9, nomasannst HI i3 BuTpaToio 3 r/M° MOBEpXHi Manepy AOCTATHBO 1O JOCATHEHHS
BUMOT CTaHJIapTy 3@ OKa3HUKOM >KUPOIPOHUKHOCTI. T€, III0 HAHECEHHS

3a pe3ynbTaramM JIOCHIKEHb MOXHa 3pPOOMTH BUCHOBKH TpO Te, IO
BUKOPUCTaHHS CYCTIEH31i KOHOIIISTHOT HAHOIIEIOJIO3H Y BOJIOKHUCTI KOMITO3HITiT a00
Ha TOBEpPXHI mMamepy Jyisi Xap4OBHX NPOJYKTIB J03BoJis€ YacTKoBO (Ha 50%)
3aMIHUTH €KOJIOTIYHO MIKIJUIMBI XIMIYHI JOMOMIXHI PEYOBUHHU Y TEXHOJOTTYHOMY

Ipoliecl BUPOOHUIITB Manepy 1 KapToHy.
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Pucynok 4.9 — 3anexHicTb JKUPONPOHUKHOCTI 3pa3KiB nanepy Bijx BuTpatu HL|

Ha Moro MoBepxHio (TOpU30HTANIbHA JIIHIS — BUMOTa CTaHAapTy)

JlonaBaHHS KOHOIUISTHOT HAHOIEIIOJIO3U Y BOJIOKHUCTY Macy a0o Ha MOBEPXHIO
namnepy CIpUsi€ IMABHUINCHHIO WOTO (hi3MKO-MEXaHIYHMX TMOKA3HUKIB 1 3MEHIIIEHHIO
HOro TiApO(IIBHOCTI, 110 CYTTEBO MOKPALLYE HOrO CIIOXKHUBY1 BIIACTUBOCTI 1 3MEHILYE
Ha 50% BHUKOpPHUCTaHHS E€KOJIOTIYHO IIKIJIMBOI XIMIYHOI JOMOMIXKHOI pPEYOBHHH,
CHUHTE30BaHO1 13 HaTH.

BukopucranHs BUTpaTh CcycHeH3li KOHOIUIAHOI HaHomemwonodn 2,0 % y
BOJIOKHHCTY KOMITO3HIIifO a60 Bif 3 I/M° Ha IOBEPXHIO MAIepy A03BOJISE OTPUMATH
3pa3Ku Mamnepy Juisi XapyoBUX MPOAYKTIB, $KI 3aJI0BOJIBHSIOTH BCIM BHMOTam
CTaHJIAPTY JUIsl TAKOTO BUY MPOAYKIIi.

OpepxaHi pe3yabTaTy JTabOPaATOPHUX JIOCIIIKEHb MOXYTh OyTH BUKOPUCTaHI
JUISL PO3POOKH €KOJIOTIYHO Oe3MeYHUX Pecypco30epiraroumx TEXHOJOTIH MepepoOKH
HE/IEPEBHOI POCIMHHOI CHPOBHHU Yy TOBapu IIMPOKOTO CIOXKUBAHHSA, 30KpeMa y
BUPOOHUIITBI Marepy 1 KapToHy, 1[0 MAaTHUME MO3UTUBHUMN BIUTUB Ha CTaJUN PO3BUTOK

arpormpoOMHCIOBOTO KOMIUIEKCY, €KOHOMIKY Ta €KOJIOTIO.

135



4.2 BUKOPHUCTAHHA HAHOLEJKJIO3M B KOMIIO3HUIII MANEPy-0CHOBHM /I
mmnasjuep

JIo OCTaHHBOTO Yacy piuHUM OOCAT BUIYCKY HINajiep B YKpaiHi OyB OIU3bKO
90 Tucsu crangaptaux pynoHiB (10 MerpiB JoBXWHM Ha | MeTp MHUPWHU), IO 3a
macu 80-100 r/M° cknanae 6mm3bko 80-TH THCSY TOHH. Binbure 30% 1poro 06’eMy —
1I€ BIHIJIOBI IIMAJEPH, JJI1 BUPOOHUITBA SIKMX 3aCTOCOBYETHCS CIIEUIaIbHUN Tamip 3
nobaBkoro  10-15%  cuHTETMYHOro  BOJIOKHA /I OTPUMAaHHS  BHCOKOIi
MOBITPONPOHUKHOCTI (Tak 3BaHuil Matepian — ¢miz). I[IpAT «ManuHcbka naneposa
(dabpuka-BaiigmanH» Mae BUpPOOHHUYI TOTYXHOCTI AJsi BUIIYCKY TaKOro mHamepy
OJIM3bKO 2,5 THC. TOHH B Micsllb, a00 30 THC. TOHH Ha PIK, 10 TPAKTUYHO MOBHICTIO
3aJI0BOJIbHSE TTOTPeOy BUPOOHUIITBA BIHIJIOBUX Iimajep B YKpaini. He auBnsuuch Ha
CHOTOJIHIIIHIN MPAKTUYHO MOBHUU CHaj] BUPOOHUIITBA LILOTO MPOIYKTY, CUTYaIlis B
Oy/Ib-sIKMI MOMEHT MOX€ KapJIWHAJIbHO 3MIHMTHUCH B OIK WOTO BITHOBJICHHS, TOMY
MUTaHHS 1 TPOOIEMH HOTO BUIMYCKY 3JIMIIIAI0THCS BCE K aKTyaIbHUMH.

[Tamip-ocHOBa I MIMajiep € OJHUM 13 CaMHMX CKJIAIHUX BHJIIB IAIepPOBOi
nmpoaykilii. Bemuka KinbKICTh CKIQAHMX B JOCSATHEHHI MOKA3HUKIB SKOCTI ITHOTO
NPOJIYKTY B TIOE€JHAHHI 3 HEOOXIJHICTIO 3a0€3ME€YEHHS MINHOTO 3B A3KY
CHHTETUYHOTO Ta MEIIOJIO3HOTO BOJIOKHA, 3aCTOCYBaHHS 3HAYHOI KIUIBKOCTI
JOTIOMI)KHUX XIMIYHHUX PEUOBUH, CTBOPIOIOTH CKJIAJHY HAYKOBO-TEXHIUHY 3ajiady.
Came TOMY JOCIHIPKEHHS MOJKJIMBOCTI MOKPAIEHHS LUIBOBUX IMOKA3HUKIB SIKOCTI,
CHOpPOULIEHHS TEXHOJOrIYHUX TMPOILECIB 1 TEXHOJIOT #oro BHpOOHMIITBA 3a
3aCTOCYBaHHS TaKOTroO NMEPCHEeKTUBHOTO komnoHeHTa sik HI € akTyanbHuM.

JIJiss  BUTOTOBJIEHHSI J1Ta0OpATOPHUX 3pa3KiB Manepy-oCHOBH IS IIHaJIep
BUKOPHCTOBYBaJIaCh Cyib(aTHa XBOWHA BHUOIJIEHA IeNI0j03a Ta ToJiedipHe
CUHTETUYHE BOJIOKHO, Y BOJIOKHUCTY MacCy SIKHUX Tepell BIUIMBAaHHAM 3pa3KiB marepy
Ha JucToBiymMBHOMY amaparti JIA-1 gomaBanmuchk HactymHi X/IP: cycmensis AKJI
koHmeHtparieto 20%, 3B’s3yrode, onTtudHU BuOUTIOBaY Ta HIl kKOHIEHTpariero
0,75%. Burtpara AKJl i HII BapitoBamacs B mexax 0-0,7% Big macu mamepy.
JlonaTkoBO Ha MOBEPXHIO BIITMBOK HaHocuiack cycnensis HIJ i3 Butparoro Big 0,5

10 2,0 r Ha | M” BIANOBIAHO 10 METOAMKH, OMMCAHOI B PO3ILIl 2. Y HOCIIHKEHHAX

136



BUKOpHUCTOBYBaslaca ovepersHa HII, sika mana HaHOYACTHHKHU AiaMeTpoM S5-25 HM,

mineHicTs 10 1,52 r/em’, mposopicts g0 81,6 % Ta minHicTs Ha pospuB 10 65 MIla

(rmaBa 3.3). PesynpraTé BuBYeHHS BIumBY ouepetsHoi HI[ Ha ¢isuko-mexaniuHi

BJIACTHBOCTI Tanepy-0CHOBH JUIsl Imajep HaBeneHo B Tabin. 4.5 1 Ha puc. 4.10 [11,

22].
Tabnuns 4.5 — Pe3ynbratu eKCiepuMEeHTATbHUX AOCTIAKEHb

Bapiaut | AKJI, % | HI, % | HIL[, r/m" Ha | Jedbopmartis | Binicts, | Hempozopicrs,

JOCIIY | B MacH | BIJl Macu | TOBEPXHIO JiHiiHa, % % %
1 0,00 0,00 — 0,75 93,8 91,4
2 0,70 0,00 — 0,65 95,0 92,7
3 0,35 0,35 — 0,50 94,3 92,6
4 0,35 0,70 — 0,48 94,8 92,1
5 0,35 1,0 — 0,43 95,3 91,1
6 0,00 0,70 — 0,55 94,2 90,3
7 0,70 0,00 0,5 0,60 95,4 93,8
8 0,70 0,00 1,0 0,50 96,0 94,1
9 0,70 0,00 2,0 0,46 96,6 96,3
10 0,00 0,70 0,5 0,50 95,2 92,2
11 0,00 0,70 1,0 0,43 96,3 94,6
12 0,00 0,70 2,0 0,38 97,4 95.4

Buvori — — — <0,5 >93 >72

[182]

Ak BugHO 13 naHux Tabn. 4.5, 3HaueHHs JiHIMHOT AedopMarlii s 3pa3KiB

narnepy 6e3 nonaBanHst XJ[P B ii BonokHucTy Macy (Bapiant 1), st 3paskiB 0e3

nonaBanHs HII Ha ix nmoBepxHto, ane 3 nogaaBanus AKJI (Bapiant 2) abo HI[ (Bapiant

6) 3a Butparu 0,7% BijJ iX Macu He BiJIOBIAal0Th BUMoraM cranaapty [182]. Jlaui

Tabn. 4.5 TakoX MOKa3yroTh, 110 30umbmieHHs ButpaT HII Big 0,35% mo 1,0% Bix

Macu BIJUTMBOK, B siki BHeceHO AKJI 3a Butparu 0,35 % Bijg iX Macu, NpuU3BOIUTH 10
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3MEHIIICHHS 3HAa4eHb JIHIWHOI nAedopmaiiii 3pa3KiB mamepy 10 BUMOT CTaHAApPTY
(Bapiantr 3-5). BeraHosieno, mo Hanecennss HII 3a Butparu Gimbure 1,0 r/m® Ha
MOBEPXHIO BIUTHBOK, B siki BHeceHO AKJ/ 3a Butpatu 0,7% Bix ix macu (BapianTH 8 i
9), a6o HII 3a Butparu Giabire 0,5 r/M” Ha OBEPXHIO BiUIHBOK, B siki BHecero HII 3a
Butpatu 0,7% Bix ix macu (Bapiantu 10 — 12), Takox 103BOJISIE OTPUMATH 3PA3KU
namnepy, 1o BIANOBIJAIOTh BUMOTaM HOPMATUBHOI JOKYMEHTalli 3a MOKa3HUKOM
niHiitHOT Aedopmartii (menie 0,5%).

[lo3utuBHuii BruB AonaBanHd HI[ B macy, abo HaHeceHHs ii Ha MOBEPXHIO
nanepy Ha 3MEHIIEeHHs 3HayeHb Moro JiHidHOT aJedopMallli MOsSCHIOETHCS
YTBOPEHHSM JOJaTKOBUX BOJHEBHUX 3B'SI3KIB MK BOJIOKHA CYJIb(aTHOI BHOLIEHOT
IETI0JI03U, 10 3MIIHIOE CTPYKTYpPY Marepy 1 301IblIye pyWHIBHE 3yCHILISA 3pa3KiB

namnepy sk y CyXomy, Tak i Bojoromy crtati (puc. 4.1014.11).

60 f 12
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gy — ; :
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3 : { | { 2
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2 30 % ; ' A=
e 2
@ - =
= 20 % = = -+ 8 3
:é z

0 T I T 6

0 0.35 0.70 1.00

Burpara HaHOUemONO3H, % Bl MacH Hanepy

Pucynoxk 4.10 — 3anexHicTh pyHHIBHOTO 3yCHJUIS TIANIepy y cyxomy (m) 1
BosioroMy () ctani Bix Butpatu HL] 3a Butpatu AKJI 0,35% Bix macu namnepy

(ropu30HTAJIBHI JIIHIT — BUMOTH CTaHAAPTY)

AHani3 oTpUMaHuX JaHUX 3a MOKa3HUKOM PYWHIBHE 3yCHJUISI CYXHX 1 BOJIOTHX
3paskiB manepy-ocHoBu i mmanep (puc. 4.10) cBimuuth mpo Te, mo 3amina 50%
cuaternunoi XJ[P AKJ[ ma exomoriuno 6e3meuny cycrensito HI[ 3a Butpatu mo
0,35% AKJ 1 HI[ Bimx wmacu mamnepy 3al0BOJbHSE BHMOTaM CTaHAApTy.

CrnocrepiraeTbcsi 3pOCTaHHSI PYMHIBHOTO 3YCHILIS CyXMX 1 BOJIOTHX 3pa3KiB Hamepy-
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ocHOBH 31 30umbmeHHssM Butpatu HII Big 0,35 % no 1,0 % Bim ix macu. JlaHi,
HaBezieH1 Ha puc. 4.11 mokazyroTth, 1mo 301abeHHss ButpaT HII nis HaneceHHs Ha
ITOBEPXHIO BIIMBOK, B sKi BHeceHo AKJI a6o HIJ 3a Butpatu 0,7 % Bix ix macw,
NPU3BOJIUTH 10 3pPOCTaHHA 3HAUYEHb PYWHIBHE 3YCHJUIS 3pa3KiB Mamepy y cyxomy i

BOJIOTOMY CTaHax.
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Burpara HI[ Ha IIOBepX., T/M.KE Butpara HI[ Ha noBepX., I/M.KB

Pucynok 4.11 — 3anexHicTs pylHIBHOTO 3yCHILIS CyXUX (@) 1 MOKpux (0)
3pa3kiB nanepy Big Butpatu HII Ha fioro moBepxHIO /1 BiyMBOK 6e3 X /[P () Ta

BiyHBOK 3a BuTpatu AKJI () ado HIJ (m) 0,7% Bix ix macu

3 nmaHux Ta0a. 4.5 TakoX BUJIHO, IO BBEIEHHS y BOJOKHUCTY KOMIIO3UIIIIO
AKJl 1 HIl mo3uTvBHO BIUIMBa€E Ha MOKAa3HUK HEMPO30POCTI 3pa3KiB Hamepy,
MIJBULIY€E MOro 3HaYeHHsS Yy MOPIBHAHHI 13 3pa3kamu 0e3 BukopuctanHsa X/IP. Ilpu
uboMy B mpoteci 30unbienns Butrpar HI Bix 0,35 % no 1,0 % Big macu mamepy
CIIOCTEPITa€ThCS HE3HAUYHE 3HIKCHHS 1X HEmpo30pocTi (Ha ACKUIbKa BIJICOTKIB) 0
91,1%, mo cyTTeBO mnepeBUIlye BUMOTU cTaHaapty (Ouibmie 72 %). 3MeHIIeHHs
HEMPO30POCTI JOCTIPKEHUX 3pa3KiB Marepy MmoB’si3aHO 3 TUM, 1[0 BUXIJIHA CYCIICH31s
HII € mpo30oporo cTabiapHOI0 reneno i0HOK PEUOBHHOIO.

Bcranorneno nosutuBHME BB AonaBaHHs HII B macy abo HaHeceHHs i1 Ha
ITOBEPXHIO Tarepy Ha 301IbIICHHS 3HA4YeHb IMOKA3HMKA O1I0CTI Mamepy-OoCHOBH JIS
mmaiep, 0 IMOB’S3aHO 13 YTBOPEHHSM OUIBIN MIUTBHOI MOBEPXHI BIUIUBOK, SKa

T1IBUIIY€E BiJICOTOK €IEKTPOMArHITHUX MPOMEHIB, 110 TIAJa0Th Ha 3pa3okK.
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Takum urHOM MoKasaHo, 1m0 Bukopuctanns HII 3 BuTparoro g0 1% Big macu
nanepy MNpU3BOJAUTH JO CYTTEBOTO MOKpaIieHHS (I3MKO-MEXaHIYHUX TOKA3HUKIB
SAKOCTI Tamepy-ocHOBU [uisi mmmanep. l[linTBepaxena MoxiuBicTh 3amiau 50%
exojoriuno mkigmuBoro cuaTeTnaHoro AKJ ma HIJ (a6o momarkoBe HanecenHs HII
3 Butparoro 0,5 r/M° Ha noBepxHto BiayuBku 3a Butpatu 0,7 % AKJI Bix ix macm), 1o

BI/IMOBIJAa€ EKOHOMIYHOMY Ta €KOJIOTIYHOMY CKJIaJIHUKAM T€XHOJIOTI].

4.3 BUKOPHCTAHHSI HAHOLEJIIJIO3H B €JEKTPOIZOIALIMHOMY namepi JJis
CHPOIIEeHHSA JOCATHEHHSI OKPeMMX HOPMATHBHUX NMOKA3HUKIB SIKOCTI

Cepen pi3HOMAHITTS TEXHIYHMX BHJIB Manepy OJHUM 3 CAMHX BaXXJIMBHUX €
eJIEeKTpoI30sALIHNN namip. s TpanchopmaTopa Ta CHIOBOTO KOHACHCATOpa BiH
ckiamae 1o 15% mo Mmaci, a 11 CHJIOBOTO KaOeJIro 1€ OJUH 13 TOJIOBHUX KOMIIOHEHTIB
13071511111, 301IBIIIEHHS] MUTOMUX XapaKTEPUCTUK TaKUX BUPOOIB MOXKIIMBA 32 PAXYHOK
MOKPAIICHHS  €JIEKTPOI3OSAIIMHNX ~ XapaKTepUCTUK  Tamnepy, BUKOPUCTAHHIO
CHCMIAIbHNX  MPOCOYYBAIBHUX  OJIUB, BHUKOPUCTAHHIO IHIIUX  CHEMATbHUX
KOHCTPYKTHBHUX MarepianiB. Taki eneKTpOTEeXHIUHI MPUIaIu MOPSI 13 TEHEPaTOpOM
€ (yHTaMEHTOM EHEPTeTUKH, a eNEKTPOI3OJAIINHUIN Manip B HUX BUKOHYE OJHY 13
TOJOBHUX (YHKLIM, 1 TOMY TIOKpall€HHS IIOKa3HUKIB SIKOCTI Ta TEXHOJOTI]
BUPOOHUIITBA EJIEKTPOI3OJIAIIHHOIO Manepy € akTyalbHOK HAyKOBO-IIPAKTUYHOIO
3agadero [183].

OmHuM 13 MEPCIIEeKTUBHUX MaTepialliB, 10 aKTUBHO JOCTIDKYETHCS B OCTaHHI
JeCATUpIYYSl 1 JO3BOJIAE TOKPAIIUTH TOKA3HUKU SIKOCTI KapTOHHO-IANepoBOi
npoaykmii, € HI[ [184 — 186]. Bona mae yHiKaJbHI BIACTUBOCTI 1 II1JIBHIIYE,
30KpeMa, IIIJIBHICTh, PO3PUBHY JOBXHUHY, OIIp MPOAABIIOBAHHIO, MIIHICTh Ha 3JI0M
miJ yac 0araTopa3oBHX TMEPETHHIB, BOJO- Ta >KMUPOMPOHUKHICTh Marepy 1 KapToHy,
J03BOJISIE 3MCHIIUTH BUTPATH IIKIMBUX CHHTETHYHHX XIMIYHMX JOTOMDKHHX
pedoBuH (XJIP) i moporoBapTICHUX BUIIB IIEITIOIO03H.

EnextpoizonsmiitHuii mamnip XxapakTepu3yeThcsi Ha0araTo MUPIIUM MEPETIKOM
MOKA3HUKIB SKOCTI Y MOPIBHSHHI 3 1HIIMMHU TpaAMLIHHUMU BUAamu namnepy. Llei

MepesiiK MOKa3HUKIB BKJIIOYAE TaKl CIEllaibHl €JIEKTPOI30JSALINHI XapaKTePUCTHKH,
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AK: €JEKTPUYHA MIIHICTh, TAHTEHC KyTa [IEIeKTPUYHUX BTpaT, MIeTEKTPUYHA
MPOHUKHICTh, CTYMiHb MOJIMEpH3allii, TepMiuHE Ta eJIeKTpUYHE CTapiHHSA
enekTpoizoisamii. s  JocArHeHHS HEOOXITHUX 3HAYCHb ITOKA3HHMKIB  SKOCTI
SJIEKTPOI30JSIIIMHOTO Tarnepy BUKOPUCTOBYIOThCS pizHi XJIP, 30kpema 1 HII. B
poOotax [187, 188] nokazano, no3utuBHui BIuB HI| Ha elekTpuyHy Ta MEXaHIYHY
MILHOCTI marnepy 3 BukopuctanHsM HI[ 13 gepeBunu. Ha xanp, B mitepaTypi
MPaKTUYHO BIJICYTHI pe3yJbTaTH AOCIIKEHb, MPUCBAYEHUX BIUIMBY BUTpaT HII i3
HEJEPEBHOI POCIMHHOI CHPOBUHU HA XaPAKTEPUCTUKHU €JIEKTPOI30JISALIHHOTO Marepy.
[Ipu upomy Bizomi nani npo BukopucTands HII 13 HegepeBHOI pOCIUHHOT CUPOBUHU
JUTSl TIOKpAIlleHHs] TTOKa3HUKIB SKOCT1 1HIIMX BUJIIB Manepy Ta kapToHy. llomepenHi
pe3yNbTaTH JIOCIKEHb MOKa3aIi MOXIIHMBICTh oTpuMadHs HI 13 creGen 31akoBuX 1
BOJIOKOH TEXHIYHUX KYJIbTYp Ta il BUKOPUCTAHHSA IS TOKPAIICHHS IMOKA3HUKIB
SAKOCTI PI3HUX BHUJIB KapTOHHO-TIANEpoBOi mpoaykimii [12]. Ane HEBUPIIIEHOO
YaCTUHOI0 HAayKOBO-TIPAKTUYHOI MPOOJIEMH 3aJIUINAETHCS BIACYTHICTh JAHUX PO
OJIep’KaHHS Ta BUKOPUCTAHHS HAHOIIETIOJIO3H 13 HEJIEPEBHOI POCIMHHOI CUPOBUHU Ta
13 IEPEBUHM HA MUPOKHUHA CIIEKTP MOKA3HUKIB SKOCTI €IEKTPOI30JSAIIIHHOTO TIaTepy.

JIist  BUTOTOBIIGHHS J1a0OpPaTOPHUX 3pa3KiB  EIEKTPOI3OJISAIIHHOTO marnepy
BUKOPUCTOBYBaJIaCh CyJb(aTHa HEBUOLIEHA XBOWHA IEJIF0JI03a, SKY PO3MYCKAIH 1
po3MeNoBaIu y JaboparopHomMy posmentoBaibHOMY Komiuiekcel JIPK (Vkpaina) s
3a0e3meyueHHs] OJTHOPIAHOCTI BOJOKHHUCTOI CYCIEH31l Ta JOCATHEHHS CTYIEHS MIIMBA
50 °IIIP. BimmBky manepy Macoro 65+3 r/m” i ToBimuHO0 100+£5 MKM 0/epKyBanu
Ha JucToBLAMBHOMY amapari JIA-1 (Vkpaima) 3a cTaHAapTHOI METOJIMKOIO.
InenTruHi BiIIMBKU OYyJW BHTOTOBJICHI 3 JIOJIaBaHHSAM Y BOJIOKHUCTY KOMITO3HIIIIO
1%, 2%, 3% 1 5 % HII i3 Bosmokon koHomnens (BK) 1 xBoitHoi nepeBunu (XJI) Big
Macu mnanepy.

[IpoBenenunii monepeHHLO XIMIYHUN aHAJ3 BOJIOKOH KOHOIMENb MOKa3aB, IO
BOHH MICTATh Ounbmie 70% 1enrono3u, 1o CYTTEBO Oibllle HIK y XBOHHIN Ta
muctsHil aepesudi (40-50%). Bmict nirniny y BK (6,5%) y 3-4 pa3u MeHIui, HIXK y
NEpEeBUHI, TOMY caMme IIl CHpPOBMHA BHJaBalach HAWUOUIBII MNPUIATHOIO MJIs

onepxaHHsi 3 Hei nemono3n 1 HIL. Opepxanna 13 BK uemtonosu mpoBoaunu
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€KOJIOTIYHO  OE3MEYHHM  OPTraHOCOJIbBEHTHUM  CrocoOoMm  jenirHidikamii  3a
METOJMKOI0, JIeTaIbHO oOmucaHor B TiaBax 3.2. ta 4.2. g excrtpakmii HIJ
MIPOBOJUBCS TIPOJII3 OPraHOCOJBBEHTHOT KOHOIUISIHOI 1 Cyibh(haTHOI HEeBHOUIEHOT
XBOWHOI TENIOJNIO3W 3a PO3PAaXxOBAaHUX ONTHMAIBHHX TapaMeTpiB TEXHOJIOTTYHOTO
npouecy: 50%-HUM po3uMHOM cyiab(aTHOi KucaoTH 3a rigpomoxayns 10:1 Ta
temneparypu 60°C  ynpomoBx 90 XBWIMH 3riJHO 3 METOAMKAMHM, JETaIbHO
onvcaHuMu B rnaBax 4.1 ta 4.2. Opepixkani cradbunsH1 npo3opi remi HI 13 BK 1 X1
30epirajay B TePMETUYHUX EMHOCTSIX JJIS TIOJAIBIIIOTO BUKOPUCTAHHS Y BOJIOKHHUCTIN
KOMIIO3MIIi €JIEKTPOi130JsiliiHOro mnamnepy. Jlo OCHOBHMX MEXaHIYHHUX MOKAa3HUKIB
namnepy BIAHOCATbCS PYWHIBHE 3yCWIUIS Ta BITHOCHE BUJIOBXKEHHS. BIMB BBEIEHHS
pizaux BuaiB HI[ y kommosuiito Macu i OaraTbOX BHJIIB Talepy IMOKa3aB
30UIBIIICHHS 3HaYEHb IUX MOKA3HHMKIB MeXaH14Hoi MinHOCTI. [Ipu 1iboMy abCcoroTHI
3HAYEHHSI I[OTO 3POCTAHHS B KOXHOMY BHUMAAKY OYIM PI3HUMH, IO JO3BOJISIE
BU3HAYMTHU HACTYIHI OCHOBHI (hakTopu BBy HI Ha nokasnuku manepy [189]:

- BHJI TIEITIOJIO3H, SIK OCHOBHOTO KOMIIOHEHTY marepoBoi MacH (i3 XBOHOI abo
JUCTSIHOI IEPEBUHHU, UM PI3HUX MPECTABHUKIB HEJEPEBHOI POCIIMHHOI CHPOBHHH);

- MapamMeTpu MacH (CTYIIHb MJIMBA, JIOBKMHA BOJIOKHA, TEMIIEpATypa, TOIIO);

- HasIBHICTh B KoMmno3uilii macu XJIP (st BUOLIIOBaHHS, IPOKJICHKY, HAJaHHS
riapodoOHOCTI, TOIIO);

- Bug HII, o BBOAUTHCS B KOMIO3UIIIIO (3 XBOWHOI a00 JUCTSHOI JIEPEBUHU,
abo 13 HemepeBHOI pocauHHOi cupoBuHu), Ta TN HIl (HanodiOpuILOBaHa,
HAaHOKpHUCTaIIyHa, OaKTeplaabHa).

Brus HIL i3 pi3noi pocnmuaHOi cupoBuHu (BK 1 XJI) Ha mnoka3Huku
MEXaHIYHO1 MIIHOCTI €JIeKTPOI30JIIIMHOrO Manepy HaBeneHo Ha puc. 4.12. Ak
BUJHO 13 HaBeJeHMX Ha puc. 4.12 naHux, 3HAUYEHHS PYWHIBHOTO 3YCHJUIS 1
BIJTHOCHOT'O BHJIOBJKCHHS €IICKTPOI30IAIIMHOTO IMarepy CyTTEBO 3pocTaroTh (10 30%
1 100%, BimmoBigHO, 3a BUTpat 5% HII Bim macu mamepy) i3 301IbIICHHSM BUTpPAT
HII y xommo3utiiro macu manepy. Taki 3aJIe)KHOCTI CHOCTEpITANIKCS B MOMEPEIHIX

Hamwux aociaipkenasx [137, 178].
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Pucynoxk 4.12 — 3anexHicTs pylHIBHOTO 3ycHIIIs (A) Ta BIIHOCHOTO BUJIOBKEHHS

(b) mantepy Bix Bmicty HIJ 13 BK 1 X]I. ['opu3oHTaNbHi JIiHIT — BAMOTH CTaHIAPTY

[lpu oMy TOTPiIOHO BiA3HAYMTH, IO 3a oaHakoBoi BuTpatu HII 3HadeHHS
MOKa3HUKIB MEXaHIYHOI MIIHOCTI manepy € Outbimmmu Ha 2,5% — 3,0% ana HIJ i3
X1, 10 € Ha PiBHI CTAaTUCTUYHOI TOXHOKHU.

JUts miaTpuMaHHA CTaOlIbHUX XAPAKTEPUCTHK €IEKTPOTEXHIYHUX MPUIIAZIIB B
4acl BOKJIMBO JOCIIIUTA BIUIMB TEPMIUYHOTO CTAPIHHS €JIEKTPOI30JALINHOTO nanepy
3 IOJaBaHHSIM B HOTO BOJIOKHUCTY KOMITO3HIIII0 HAHOIIETIOI031. BIUMBY TepMidHOTO
CTapiHHS Ha IEIIOJIO3HUM MaTepiai, 30KpeMa Ha eJeKTPOI3OJISIIHHUN marmip,
IIPUCBAYCHO HHU3Ka JOCTiAXeHb, Hanpukian [190, 191], ane B miTepaTypi MpakTUIHO
BiJICYTH1 faHi o0 BBy HII Ha 11e#f moka3HUK.

B pobGori TepmiuHEe cCTapiHHS 3pa3KiB  €IEKTPOI3OJAIIHHOTO mamepy
JocIimKyBanocs BOponoBxk 4-x mi6 3a temmeparypu 150 °C y BigmoBigHOCTI i3
cragaaptoM [192]. Taki yMOBHM BiANOBITAIOTh 3HAYCHHSAM ITOKA3HMKIB, K1 Oyiau O
OoTpuMaHi 3a eKcruryatailii 3paskiB namnepy BhpooBxk 20000 rogun (Onm3bko 2,3
pokn) 3a poGouoi Temmeparypu 90 °C. PesympraTé JIOCHIIKEHH MEXaHIYHHX

MOKA3HUKIB SKOCTI Marnepy Ha TepMidHe CTapiHHS HaBeaeHO Ha puc. 4.13.
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Pucynox 4.13 — PyiiHiBHe 3ycuiuis Ta BIJHOCHE BUAOBKEHHS narnepy 6e3 Bmicty HIJ
(A) Ta 3a Butpatu HII 5% 13 BK (b) 1 XJI (B) g0 (1) Ta micmus (2) TepMigHOTO
CTapiHHS

Ak BuaHO 3 puc. 4.13, MexaHIuHI MMOKA3HUKU SIK JIJIsi BUXIHOTO marepy (0e3
HII) Tak 1 3 momaBannsim HII He 3a3Hanmu cyTTeBUX 3MiH. J[Jisl BUXITHOTO mamepy
MICAS TEPMIYHOTO CTapiHHSA CIHOCTEpITa€ThCS HE3HAUHE 3MEHIICHHS BEJIMYMH
PYHHIBHOTO 3YCHJUIA Ta BIJIHOCHOTO BUIOBXEHHS (10 2%). Llporo moxkHa Oyso
OUIKYyBaTH, OCKUJIbKM B OCHOBI CTPYKTYpH IMarepy € sKiCHa HeBUOUIeHa XBOWHA
cyab(daTHa 1enmrono3a. Baenenus B kommosuiliro Mmacu HI[ 060x BUIIB HE TUIBKH
MOKPAIIMWIO BUXIJAHI 3HAUYEHHS, ajle 1, 10 Jy)KE CYTTE€BO, MOBHICTIO 3a0JOKyBaJIO
mpoiiec crapiHHs. Bapro 3BepHyTM yBary Ha Te, IO 3HAY€HHS MEXaHIYHHX
MOKA3HUKIB MICIIA CTapiHHS BUSBUJIWCH HAaBITh OUIBIIMM, HDK JO CTAapiHHSA, B
O0COONIMBOCTI  UIi TIOKAa3HWKA BITHOCHOTO BHJIOBXKEHHS. Taka 3alie)KHICTh
MOSICHIOETBCS TUM, IO HArpiB mamepy CIpHsIB BUIAICHHIO aJcOpOOBaHOI BOJIOTH Ta
YTBOPEHHIO JOJaTKOBUX BOJHEBUX 3B SI3KIB MK TIAPOKCUIBHUMHU TpyHaMH
Lenoa03HuX BoJokoH 1 HII, mo 1 nmpu3Beno A0 3pOCTaHHS MEXaHIYHOI MIITHOCTI
narnepy.

Sk BiZOMO, Ha MPOLEC TEPMIYHOTO CTapiHHS LIETIOJ030BMICHUX MaTepialiiB
BIUIMBaEe moka3Huk ix pH. 3okpema, B po6oti [193] HaBoasThCSA AaHi MPO CYTTEBE
NPUCKOPEHHS TPOIIECY CTapiHHS IIENII0JIO3HOr0 MaTepiany 31 3HWkKeHHsM pH.
Pesynbratn  nmocmimkenHs BrmiuBy HIl Ha mnokasauk pH BoaHOI  BHTSIKKH

eJIEKTPOI30JIAIIMHOTO TIanepy HaBeIeHo Ha puc. 4.14.
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Pucynok 4.14 — 3anexnicts pH BoHOT BuTskKku namnepy 6e3 smicty HLI (A) Ta 3a

Butparu HI 5% 13 BK (b) 1 X/ (B) m0 (1) Ta micnas (2) TepMi4HOTO CTapiHHS

I3 ganux puc. 4.14 Bunno, mo 3pocranus pH micnsa crapinng mns HIT 13 X[
BHSIBIIIOCH Jieno OumbimuM, HiK mi1g HIT 13 BK — ma 0,5 Tta 0,2 oguHHIb, BIIIIOBIIHO.
[TinBumenns piHsA pH BOIHOT BUTSIKKH IMarepy, Mo CIIOCTEPIraEThCs 3 10 IaBaHHSIM
HI[ B #oro KOMMIO3WIlI0, TO3UTHUBHO BIUIMHYJIO Ha CTaOUTI3aIlii0 MeXaHIdHOT
MIIIHOCTI Tanepy B 4Yaci 1 HaBiTh MPHU3BENIO 10 HEBEIMKOTO ii 3pOCTaHHS TMiCIs
TEPMIYHOTO CTapiHHS, IO MiATBEP/HKYETHCS HABEICHUMH Ha puc. 4.14 naHuMu.

Jlo MexaHIYHMX XapaKTePUCTUK  EJIEeKTPOI30JsLiifHOrO  mamepy, 1o
PETTIaMEHTYIOTBCS ~ CTaHIAPTOM, BIJHOCHTBCS TIOKa3HWK «YWCIO  TOABIMHHUX
MIEPETUHIBY, 3aJIEXKHICTh AKOT0 BiJ BMicTy HII i TepMiuHOrO cTapiHHS HaBEeIEHO Ha
puc. 4.15. I3 nanux Ha puc. 4.14a BUIHO, 1110 BBEJICHHS B KOMITO3HIIIF0 MacH Marepy
HII 060x BumiB (i3 BK 1 X/]) Mae mo3uTHBHUI BIUIMB Ha 30UIbIIIEHHS 3HaYEHb YHCIIa
NOABIMHMUX TIeperuHiB mnamepy. Ilpu mpomy croctepiraeTbcsi 30UIBIICHHS 3HAYEHb
nokaszHuka «Yucno noaBiitHuX neperuHiB» Ha 21,5% 1 16,5% ans 3paskiB namnepy i3
Butparoro 5% HII i3 BK 1 HII i3 X/I, BiamoBiHO, y MOPIBHSAHHI 13 3pa3kaMu 0e3
nomaBanas HI[. Ockinbku OCHOBHUM YMHHUKOM IIHOTO MOKA3HUKA € TUIACTUYHICTh
IIETF0JI03H, IUJIKOM MPUPOTHO MPHUITYCTUTH, 1110 KoHoIuIsiHA HI € Oinbin mmactuyHa,
HI’K HAHOYACTHUHKHM 13 XBOMHOI aepeBuHu. Ha puc. 4.150 mokazaHo 3MiHy BETUYUHU

MOKa3HUKa «UKCI0 NOABITHUX MEPETHHIB) Y MPOLIECI TEPMIYHOIO CTapiHHSA Nanepy.
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Pucynoxk 4.15 — 3anexHicTh yrciia MOABIHHUX MEPETHUHIB Manepy BiJ BMICTY

HIJ (a) i TepmiuHOTO cTapinus (0) mis 3pa3kiB manepy 6e3 Bmicty HII (A) tai3

BmicroM HII (b) 1 XJI (B) mo (1) ta micns (2) ctapiaas

[lpy ©bOMY CHOCTEpITa€ETHCS CYTTEBE MOKPAIICHHS (30UIbIIEHHS) 3HAYEHHS
MOKa3HUKA 3 JI0JaBaHHsIM B Moro komno3uiiito HI, six e Oysno nmokaszaHo paHiiie ajis
MOKa3HHMKa BITHOCHOTO BUI0BXKEHHS narnepy rpu Beenenni HIT i3 BK 1 X]/I.

TakuM 4yMHOM, MOXHa CTBEpIKYBaTH, 110 BBeneHHss HI[ B kommno3uiio macu
€IEKTPOI30JALIMHOrO Tarepy Ja€ CyTTEBE TMOKpamieHHs (IMiJABUINEHHS) HWOro
MEXaHIYHUX XapaKTepUCTHK, TMpPU TEPMIYHOMY CTapiHHI 111 TIOKa3HUKH HE
MOTIPIIYIOTHCS, @ B JIEIKUX BHIMAJKaX HaBITh MOKPAIIYIOThCS. BaKiInBO Takox
BiI3HAYMTH, 1110 a1 HII i3 BoJIOKOH KOHOMENb MpakTHYHO He rmoctymnaerbes Al HIT 13
HEBUO1JI€HOI XBOWHOT CyNlb(aTHOT MEeM0I03U — HANUOUIBI CIIOPIAHEHOT IO TOJIOBHOI
CKJIQJIOBOI KOMITO3MIIII Macw, MI0 Ma€ HaWKpamli BIACTUBOCTI IS BIIUBY
eNeKTpoizosiiHoro nanepy. Lle miaTBepaxye BUXITHY TIMOTE3y MPO MOXKIUBICTH
BukopuctanHss HII 13 KOHOIUISHUX BOJIOKOH Y BOJIOKHUCTI KOMITO3MIIIT
EJIEKTPOI30JISLINHOTO manepy.

B po6oti Takox mocmimkeHo BB HII i3 pi3HOi pociavMHHOI CMpOBUHM Ha
EJIEKTPOI30JIAIINHI TOKa3HUKHU sIKOCTI marnepy. OJHUM 13 TOJIOBHMX ILJIBOBHX

MOKA3HUKIB SIKOCTI  €JIEKTPOI3OJSALIMHOTO TManepy € eNeKTPUYHA MIIHICTb.
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PesynbraTi nocnimpkenns BBy BuTpar HII 13 BK 1 X[ Ta TepmiduHOrO crapiHHs Ha

ITI0 €JICKTPOI30JISIIINHY XapaKTEpPUCTHKY Tarnepy HaBeAeHo Ha puc. 4.16.
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Pucynox 4.16 — 3ajiexxHICTh e1eKTpUYHOI MIITHOCTI nanepy Big BMicTy HIJ (a)
13 BK (1) 1 HIT 13 X1 (2) Ta Bix cTapinns (0): 10 TepMiyHoro crapinus (1) Ta micis
cTapiHus (2)

Sk BUIHO 13 HaBEJEHUX JaHUX, BEJIMYMHA EJICKTPUYHOI MIIHOCTI Marepy
3pocTtae i3 30unpmeHasM BMicTy HI B Hioro kommo3swuii. [Ipu meomy mns HIT 13 X1
criocTepiraeTbes nienio Ounbine 3poctanHs (0nm3bko 1,5%) mporo mokasHuka, IO
MOsICHIOEThCsL  Oumbmioro cropigdeHictio HIL 13 XJ[ 13 cynbdaTHOO XBOWHOIO
[IETFOJI030F0 — OCHOBHMM KOMITOHEHTOM BOJIOKHUCTOI KOMIIO3UIli mMmamepy — 3a
pPaxyHOK OUIBIN HIIJTBHOI «3IIUBKW» BOJIOKOH ocTaHHboi 3 HII. [locmimgxeHHs: 3M1HU
€JIEKTPUYHOT MIITHOCTI 3pa3kiB namnepy 3 5%-uum BMicroM HI[ 00ox BuaiB B mpouect
TEPMIYHOTO CTapiHHI TMOKa3alM TI X TEeHJeHUIi, skl aHajoriyHi BBy HII Ha
MexaHIuHi BiacTUBOCTI (puc. 4.13 0). Sk BuUAHO 13 HaBeAEHUX MAHUX, M JI€I0
TEPMIYHOTO CTApPIHHA BEIMYMHA €JIEKTPUYHOI MILHOCTI g nanepy 0e3 Bmicty HIJ
He 3MmiHwiack. s manepy 3 Bmicrom HII 13 BK enexktpuuna MirHicTh 3pocia Ha
1,5%, a 3 nopaBannsm HII i3 X]JI Ha 2,5%. Takum 4uHOM, MOKHA CTBEP/IPKYBATH IIPO
He3Ha4yHy BiAMiHHICTH Yy BBl HIJ 13 pi3HOi pOCIMHHOI CHPOBUHH Ha €EKTPUUHY
MIIHICTh mamepy Ta 3MiHy 1 T 4ac TepMmiyHoro crapinHa. Otpumani
3aKOHOMIpHOCTI mo3uTuBHOrO BIUMBY HI[ Ha mMOKa3HUK eNeKTpUYHOT MIITHOCTI

€JIEKTPOI30JSAIIMHOTO Tanepy MiATBEP/HKEHO pe3ylbTaTaMu 1HIMUX JOCTIIHUKIB
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[187], siki moKa3aau 3pOCTaHHS €IEeKTPUYHOI MIITHOCTI manepy 13 BBeaeHHs HII B ix
BOJIOKHUCTY KOMITO3HIIIFO.

BaxxnuBoio e1eKTpoi30oNAIiHHOI0 XapaKTEPUCTUKOID Talepy € IMOKa3HUK
«Tanrenc xyra nieneKTpUyHUX BTpar» (tg O), SKUH CYTTEBO 3alEKHUTh BIJ
temneparypu. ToMmy B po0OoTi mpoBenaeHi npocuipkeHHs BmimBy HI[ 13 pizHOL
POCIMHHOT CHPOBUHM Ha LI MOKAa3HUK B €KCIUTyaTalliiHOMY Jlana3oHi TeMreparyp,
pe3ysibTaTu SIKMX HaBeACHO y Tabn. 4.6. [3 HaBeneHUX [aHUX BUILUIMBAIOThH JIB1
Ba)KJIMB1 0COOJIMBOCTI:

1. B BBemennsm HI[ o0ox BHAIB B KOMIIO3WIIIO MacH IManepy BeIUYUHA
TaHIeHca KyTa JIeJICKTPUYHUX BTpaT (tg 0) 3pocTae y BChOMY Jiana3oHi poOodmux
TEeMIIepaTyp 3pa3KiB €JIEKTPOIZ0IAIINHOTO Harepy.

2. [Tlicns TepMI4HOTO CTapiHHA 3HAYEHHS tg O TaKOX 30UIBIIYIOTHCS IS

kokHoro Buay HII y BchoMy mianmazoHi poOOUYHX TeMIieparyp.

Tabmurs 4.6 — 3anekXHICTh TAHTEHCA KyTa JIEIEKTPUIHUX BTPAT Bl TEMIIEPATYPH
3pa3KiB eIEKTpoi3osIiitHOro manepy 6e3 noxaBanus HII 13 nogaBanusam HII mo

TEPMIYHOIO CTAPIHHS (UUCENIbHUK) 1 MICJSI TEPMIYHOTO CTapiHHSA (3HAMEHHHUK )

Temmeparypa, °C 20 60 90 100 110 120
0,0007/ | 0,0012/ | 0,0014/| 0,0020/ | 0,0032/ | 0,0049/
be3 nomasanns HIL | 0,0013 | 0,0019 | 0,0020 | 0,0029 | 0,0042 | 0,0059
3 Butparoro 5% HII | 0,0009/ | 0,0015/ | 0,0016/| 0,0023/ | 0,0035/ | 0,0052/
13 BK 0,0015 | 0,0021 | 0,0022 | 0,0031 | 0,0045 | 0,0062
3 Butpatoro 5% HII | 0,0010/ | 0,0017/ | 0,0018/| 0,0026/ | 0,0039/ | 0,0056/
13 X1 0,0017 | 0,0024 | 0,0025 | 0,0034 | 0,0048 | 0,0065

Taki 0cOOJIMBOCTI TOSICHIOIOTBHCS THUM, IO 13 BBEJCHHSAM y Macy mnarepy HIJ
(He3a7IeKHO BIJ BUJY POCIMHHOI CHUPOBHMHM) BIAOYBAETHCS <«GIIMBAHHA» BOJIOKOH
narepy, 10 MPU3BOJAUTH 10 MiABHIIEHHS 11 NIITBHOCTI. 3 0OTHOTO OOKY II€ TIOKpAIye
HOro MeXaHI4Hi BIACTUBOCTI, €MIEKTPUYHY MIIHICTh, aJI€ MPU3BOAUTH /10 301TbIIEHHS

tg O, IO MmATBEPIKYEThCS 1HImMIKUMH ganumu [190, 191].

Ile 30iabHICHHS

148



MOSICHIOETHCA 3 (DI3UYHOI TOYKHM 30pY THM, IO 31 30LIBIIEHHSM HIUIHHOCTI Hanepy
3pOCTa€ OMip MOBOPOTY €IEKTPUYHUX JIUTIONIB MOJIEKYT Y 3MIHHOMY €JICKTPUIHOMY
moyri, TOOTO 3pocTae CKJIaJoBa BTpPAT, MOB'I3aHMX 3 moispu3aieo. OCKiIbKH
HIUTBHICTD JIMIIAE€THCS M1IBUIIICHOI0 Y BCbOMY Jlama3oHi TeMIepaTyp, TO BiIMOBITHO
1 tg 0 3pocTae AJis BChOro Jiana3zoHy poOourx TeMmeparyp.

Ak BUAHO 3 HaBeJeHUX y Ta0d. 4.6 maHuUX, 3pOCTaHHS tg O 3a Temmeparypu
120 °C 3 BeenennsaM HII i3 BK cranosuts 6im3bko 6%, a qiusg HIL i3 X — no 14%.
Taxa 3akoHoMipHicTh BIUMBY HII 13 pi3HOT POCIMHHOT CUPOBUHU MIITBEPIKYETHCS
pe3yibTaTaMH TOMEpPeaHIX AOCTIKEeHb MEXaHIYHMX BJIAaCTUBOCTEH mamepy (puc.
4.13 a) — HIJ 13 BK gemo mente 3011b11ye MexaHiuyny MirHicTh, HDK HIT 13 X1, a,
OT)K€, MEHIIIMM BIUIMBOM Ha 30UIbIIEHHS LIIJIBHOCTI 1 MEHIIUMH 3HAYEHHAMU tg O
3pa3KiB €NEKTPOI3OJAIINHOTO Tanepy y BChOMY Jiama3oHi poOOYMX TeMIlepaTyp.
3pocTaHHs aOCOMIOTHUX 3HAYEHHSAX tg O mamepy B MPOIEC] TEPMIYHOTO CTapiHHS
KOPEJNIoE 13 JAaHMMH 3POCTaHHS MEXaHIYHOI MIITHOCTI Mamepy B IMPOIECi CTapiHHS
(puc. 4.136), mo 1 MOSICHIOE 30UIBIICHHS 3HAYECHb IMOKAa3HWKA tg O mamepy Mmicis
TepMmigHOi 00poOKku. [Ipu 1IbOMY BapTO 3BEpHYTH yBary Ha aOCOJIOTHI 3HA4YCHHS tg O
nanepy 3a temmeparypu 120 °C. 3a Takoi TeMIeparypd TOJOBHOIO CKJIAJ0BOO
JIEIEKTPUYHUX BTpAT BUCTYIA€ 10HHA MpoBigHICTE [194], sdxa oOymoBieHa
HasBHICTIO «3a0pyAHEHb» y MaTepiaji, 10 NPU3BOAUTH JI0 CTPIMKOTO POCTY HOro tg
0. Bucoki 3HaYeHHS ILOTO IMOKAa3HUKA € HENMPHIATHUMHU JUISI BUCOKOSIKICHMX BHUJIIB
SJIEKTPOI30JIAIIMHOTO TMarepy, HanpHuKJaa, KOHJACHCATOPHOTO Tanepy, MPU3HAUYEHOTO
JUISE BUTOTOBJICHHSI CHJIOBUX KOHJEHCATOPIB JJIsi 3MIHHOTO CTPyMY, Ui SIKMX IIei
MOKa3HWK BIUIMBAa€ Ha TEPMIH IX eKciutyaramii. Pazom 3 TuUM, 3acTOCYBaHHSIM
cnemiagbHuX J00aBoK, 30kpema Al,O;, MoOXXHa JOCATTH CTaOUIBHOI POOOTH
KOHJICHCAaTOpiB. B IHmMHMX BHUMaakax, JUIsi MEHII BiINOBIJAILHUX 3aCTOCYBaHb
€JIEKTPOI130JIAIMHOTO TMarepy, NUIKOM JOMyCTUME MOT0 BUKOPHCTAHHS 3 HASBHICTIO
BBeneHoi HII i3 pi3HOi pOCIMHHOT CHPOBHHH.

Sk BusHauanmocs Buile, BBeAcHHS HI[ B KOMMO3UIIO BOJIOKHHUCTOI Macu
NPU3BOAUTH N0  MIABUIICHHS  MEXaHIYHOI  Ta  EJIEKTPUYHOI  MIIHOCTI

€JIEKTPOI30JISLINHOrO manepy 3a paxyHoOK MiJIBUIIIEHHS HOTO IIIBHOCTI, 1110 TOBUHHO
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Oyno O mpu3BeCTH 1 A0 3pOCTaHHS 3HAYEHb MOKa3HUKA JIEICKTPUYHOT MPOHUKHOCTI
(€). 3anexHicTh BIJHOCHOI JIi€JIEKTPUYHOI IPOHUKHOCTI manepy 3a 20 °C ta 120 °C
6e3 BBegenas HII ta 3 i BBegeHHIM 000X BHJIIB JI0 Ta MIC/ISA CTApiHHSA HAaBEACHO Ha
puc. 4.17. I3 HaBeeHUX JAHUX BHUJIHO, IO 3 POCTOM TEMIIEPATYpPHU 3POCTAE &, IO €
3aKOHOMIpHHM, 0O 3 POCTOM TEMIIEPATYPH CIIOCTEPITacThCs 1 HEBETUKE 3POCTAHHS
uiasHOCTI nanepy. e B Oinbuiil mMipt 3pocrae & nanepy 3 BeeaeHHsM HIL sk 3 BK,
Tak 1 3 X/[ 3a paxyHOK yTBOpPEHHsS OUIbII HIIJILHOI 1 MIIHOI CTPYKTYpU MHamepy Ta
OLIBIIIOTO 3POCTAaHHS HOro MEXaHIYHOI Ta EJIEKTPUYHOI MIIHOCTI, K 1€ OYJo
noka3ano Buiie. [1i €0 TemIoBOro crapiHHs 3HAYEHHS MOKa3HHUKA J1eIeKTPUIHOI
MPOHUKHOCTI 3MeHImIrcesa Ha 1,5-3% nis 3paskiB mamnepy 3 ta 6e3 HLI, npu yomy
st maniepy 3 HII B Menmiit mipi, Hix 1t 3pa3kiB nanepy 6e3 HII, Takum uuHOM,
OTpUMaHi pe3ylbTaTH JOCIIKEHHS MalTh HAYKOBUHM 1 MPaKTHYHUNA 1HTEpEC,
OCKIJIbKM 30UTBIIIEHHSI TTOKA3HUKA JIIEJICKTPUYHOI MPOHUKHOCTI Tarnepy Mpu3BOIUTH

JI0 3pOCTaHHSI EMHOCTI ITaIiepoBOTo KOHeH caTopa [12] Ta #1oro muTOMOi €EMHOCTI.
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PucyHok 4.17 — 3aj1exXHiCTh BiJIHOCHOI JieIeKTPHYHOT MPOHUKHOCTI Hamepy 3a 20°C
ta 120 °C 6e3 Bmicty HII (A) ta Bmictom HIL 5% i3 BK (B) i X1 (B) o (1) Ta micis

(2) TepMIyHOTrO CTapiHHS
HacTtynHuM BaXJIMBUM IOKAa3HUKOM SIKOCTI Cepell €leKTPOI30JSIIHHUX

XapaKTEPUCTHUK MaIepy € WOro eeKTPONPOBIIHICTh BOJHOI BUTSKKHU. 3a3BUYall MOTo

HOPMYIOTH  3a  rigpomoayns  20:1  a6o  50:1. 3anexHiCTh  BEIUYUHU
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€JIEKTPONPOBIAHOCTI BOJHOI BUTSDKKH 3pa3kiB namnepy 0e3 HII i 3 BBenennsam HIJ 13
PI3HOI POCTMHHOT CUPOBUHU 3a TigpoMoayis 20:1 10 Ta micist TepMIYHOTO CTapiHHSA

HaBejieHOo Ha puc. 4.18.

é 200 - - - Pucynok 4.18 —
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= ] BK (b) i AXP (B) mo (1) Ta
g' i micist (2) TEpMIYHOTO CTapiHHSA
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Beenenns HII 000x BuaiB NPakKTUYHO HE BIUIMHYJIO Ha BEITUYUHY
€JIEKTPOIPOBITHOCTI Marnepy siK 110, Tak i micis crapinHs. Lle roBoputh mpo Te, mo
HII, B 0co61MBOCTI 13 BOJIOKOH KOHOIIENb, € JOCTATHBO JOOPE OYMINECHOIO 1 MICTHTH
Iy’)K€ MajJo CTOPOHHIX JoMimoK. [liATBepAXEHHSM 1UbOro € Pe3yJbTaTH
nociikenHs BBy HIl Ha mokasHuk 30ibHOCTI nanepy, ocobnuso st HIY 13 BK,
OCKUJIBKM BHUXIJHA CHPOBHMHA — BOJIOKHA KOHOIIEJIb — MAalOTh BMICT MIHEpaIbHUX
pEUYOBUH Maiike B 8 pa3 BUIIMN, HIK y BHUXIJHIM XBOMHIN aepeBuHi. [IpoBeneHi
JOCII/PKEHHS MOKa3aliy, 1110 30J1bHICTh nanepy 6e3 Bmicty HII 6yna pisHoto 0,4%, a
micisl BBEJICHHS y BOJIOKHUCTY Kommo3uliro 5% HIL 13 X]I 1 3 BOJJOKOH KOHOIIEIb
30JIbHICTh Tarnepy crtanoBuia 0,45% 1 0,5%, BIAMOBIIHO, IO HAaBITh MEHIIE
nomycTumMoro cranaaptoM piBHs 0,6%. OTpumani pe3yiabTaTH MOSCHIOIOTHCA 1€ U
HusbKkoto Butparoro HII (5% Big macu mamepy), 10 HECYTTEBO BIUIMHYJIO Ha HOTO
30JIbHICTh, 30KpeMa 1 B TIPOIIECI TEPMIYHOTO CTApIHHS.

BaxxnuBo1o xapaKTeprUCTUKOIO TETI0I03H, 1, BIAMOBIAHO, MAanepy, € CTYMiHb ii
nommMepusaniii. OfHaK JuiIe OCTaHHIM YacoM LIbOMY MapaMmeTpy MOoYalu HpUJIIISTH
BEJIMKY yBary, 110 MOB’S3aHO, MEBHO, 3 OJHOTO OOKy, 13 CKJAIHICTIO aHamizy il
BU3HAYEHHS, a 3 IHIIOTO0 — JOCTAaTHbO BEJIIMKHUM TEPMIHOM CIyXOMU mamepy, wio,

(hakTUYHO HE MOTpeOyBaIo 3BEPTATUCH 0 IILOTO MOKa3HUKA, IKUH TOJIOBHUM YHHOM
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1 BKa3yBaB Ha CTIMKICTh IETIOJO3HOTO Marepiajgy 10 CTapiHHS. 3aCTOCYBaHHS Y
BUPOOHHUIITBI mMamepy XIMIYHHX JOMOMDKHUX PEUOBHH YacTO MPHU3BOJUTH O
CYTTEBOTO CKOPOYEHHSI TEPMIHY CIY>KOM IIENIFOJIO3HOTO MaTtepiaiy, i, BiAMOBIIHO,
BUpoOy 3 HHOTO. TOMY OIlIHKA IIENIOJIO3HOTO MaTepialy Ha BEIWYUHY CTYICHIO
nonimepuzaiii (CII) HaOyBae BaXJIMBOTO 3HaueHHA. Pe3ynbTaTu AOCTIHKEHHS
BriuBy HII 13 pi3HOi pocnuHHOI cupoBuHM Ha 3HayeHHs CII manepy 6e3 HII Ta 3

BBeneHowo HII 1o Ta micis TepMidyHOIO CTapiHHS HaBeACHO Ha puc. 4.19.
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Pucynok 4.19 — Crynine nonimepu3saiiii nanepy 6e3 smicty HII (A) i 3 BMicTom

HII 5% 13 BK (b) 1 AXP (B) no (1) Ta micns (2) TEpMIYHOTO CTapiHHS

Ak BumHO 3 HaBeAeHUX jgaHuX, 3HaueHHs CII sk s manepy 6e3 HII, Tak 1 3
nonaBanusMm HII o0ox BumiB, mepeBunye 3HaueHHs 1400, mo cyrreBo Ouibliie
pekoMeHa0BaHOTO OunbImicTio crioxkuBadiB 3HaueHHs CII 1200. Ile cBimguars mpo
BHUCOKY SIKICTh BUXIJHOI IIETIOJIO3U 1 MPO T, IO BBEJACHHS B KOMIIO3HUIIIID MacH
nanepy HIJ i3 pi3HOI pOCIMHHOI CHPOBHHHM TPAKTUYHO HE 3HWXKYye BenmmuuHy CII
eleKkTpoizomsmiiaoro mamepy. lloTpiOHO Big3HauwTh, 1o 3HMWKeHHS CII micns
cTapiHHs s marepy 3 BMictom HII mpaktuano He BiapizHseThes (Menmie 0,3%) Big
sumkeHHst CII manepy 6e3 HII. 3uwmxenns CII ans Bcix 3paskiB mamnepy (3 Ta 6e3
HII) cranoBmio 6au3pko 28%, 110 3HAYHO MEHIIE IOJOBHHHOTO 3HAYCHHS 3T1IHO
cragaapty [192]. OcobauBo BaxauBoO 1€ miakpecautu ais manepy 3 HIL 13 BK, s
SKOTO MOXHa Oyno ouikyBatu Ouibinoro crany CII, omHak BuOIp KOHOIUISIHHX

BOJIOKOH JUIsI €JIEKTPOI30JISIIIIHHOTO Manepy Mmoka3as MO3UTUBHI PE3YJIbTATH.
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[TpoBeaeHrMM JOCIIKEHHSIMH TaKOX BCTAaHOBJIEHO, 1110 AojaaBaHHs 5% HII i3
PI3HOI POCIMHHOI CHPOBHHHM JO BOJIOKHHCTOI MacH HE MPU3BEIO JO0 TOMITHOTO
BIJIMBY HA MOKA3HUK KaIJISPHOT BOMPHOCTI Manepy, 3Ha4eHHs SKOro Oyiau Ha piBHI

10 MM, 110 BigmoBigae BuMoram cranaapt (5 — 13 Mm).

4.4 BUKOPHCTAHHA HAHOLEJIIOJI03M Y BUPOOHMUTBI KAPTOHY MJIS MJIOCKUX
mapis roppoxapTony

Piunnii 00’eM BUITyCKY NANepOBO-KapTOHHOI MPOAYKLIT KOJUBAETHCS ChOTOAHI
Ha piBHI O61u3bKo 0,42 MiJIbsIpJIa TOHH, Ta BCE K, OlIbIIa YaCTUHA HOTO MPUIAAAE Ha
KapTOH. 3a OIlIHKaMHU CIIeL1aTICTIB 00CAT PUHKY KapTOHHOI yITaKOBKU OIIIHIOETHCS B
373,42 wminbiiona ponapie CIIA y 2024 poui 1, ouikyerbesi, nocsarHe 466,24
mineiioHa gonapiB CIIA no 2029 poky, cepeaHbOPIYHUN TEMI 3pOCTaHHS
cranoButuMe 4,54% BOPOAOBK MPOTHO30BaHOTO Tniepioay (2024 — 2029 pokn).

Oco0aMBO BENHMKI BUMOTH CHOTOJHI CTaBJISITHCS O MIITHOCTI 1 30BHIINTHBOTO
opOpMIICHHS ~ KApTOHHOI  TapW, JJI1  3aJ0BOJICHHS  SIKMX  3J€OLIBIIOrO
BUKOPUCTOBYIOTHCSI CHHTETHYHI MaTepiajid, SKIi € HEeIOCTaTHhO EKOJIOTTYHO
0e3neunnMu. ToMy akTyaJlbHOIO MPOOJEMOIO IS CBITOBOI IIENTFOJIO3HO-TIANIEPOBOT
MPOMUCIOBOCTI € 3aMiHa X/[P 13 BUuUepmHUX NPUPOJHUX JiKepen — HadTH, rasy,
BYTULJIS — Ha €KOJIOTIYHO Oe3neyHi Marepianu yisd 3a0e3MeueHHs] BUCOKOT MILIHOCTI
KapToHy 0€3 BUKOPUCTAHHS, Ui CYyTTe€BOTO 3MeHIeHHsI X/IP € ChOoroH1 aKTyalbHOIO
3aJ1auelo.

Haii6inb1 nommpeHi BUiM roppoKapTOHy BUTOTOBIISIOTHCS 32 BUKOPUCTAHHS
CHellaJbHUX MIapiB BIZIHOCHO TOHKOTO JOTIOMI)KHOTO KapTOHY, JIJIsl 3MIITHEHHS SIKOTO
3actrocoByeThes  XJIP st mpokieroBanHs, 30kpema AKJI. B po6oti mocmimkena
MOxJuBICTh 4acTkoBa 3amina AKJl wa HII i3 moXHUBHUX PEIITOK KYKYPYI3U Ta
BimB AKJ[ Ta HI[ Ha mnoka3HWKM SKOCTI KapTOHY JUIS IUJIOCKUX IIapiB
ropokapTony. Bapiantu mociimkeHHs Tpolecy OTpUMaHHS KapTOHY macoro 175
r/mM” HaBeIeHO B Tabuui 4.7, a X pe3yabTary — Ha puc. 4.20-4.22.

Ak BuaHo 13 ganux puc. 4.20, 3HAUEHHS MOKa3HHMKa aOCOIIOTHOIO OMOpPY

MPOJIABIIIOBAHHS KApTOHY JOCSAra€ BUMOI CTaHJIApTy y BapiaHTax 6 1 7, KoIu y
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BosIokHUCTY Macy BBeneHo AKJI 3 sutparoro 0,15% 1 HIL 3 Butparoro 0,5% (Bapiant
6 a6o 1,0% BapianT 7) Bijg Macu KapToHy abo y BapiadTax 9 1 10, Koau B BOJIOKHUCTY

Tabmums 4.7 — BapianTu 10CTIPKEHHS POTIECY OTPUMAaHHS KapTOHY

Ne BapianTy Butpatu AKJ] 1 HII, % Bix macu kapToHYy ToBmuHa, MM
1 besz X/IP 0,339
2 0,3/0 0,328
3 0,15/0 0,284
4 0,15/0,15 0,283
5 0,15/0,3 0,275
6 0,15/0,5 0,294
7 0,15/1,0 0,276
8 0,15/0,15 + 1 /™’ 0,318
9 0,15/0,15 + 2 /™’ 0,273
10 0,15/0,15 + 3 /™’ 0,297

kommosutiito BHocwn AKJl 1 HI[ mo 0,15% Big Macu kapToHY, a Ha MOBEPXHIO

2
KapToHy JoaaTkoBo HaHnocuiu HII 3 Butpatoro 2 r/m” .

= 500
o 2 i
= o 400 F
z 5
= 2 T
= 8 300+ —F N
2 2 -
= 2 200 -
a2 =
“:“E‘ ]
< 2 100 —

= |

0 I I I I I I I I I 1

1 2 3 4 5 6 7T 8 9 10
HowmepH BapiaHTie nosyeaHHs AK ta HI{

Pucynoxk 4.20 — AGCOJIFOTHHI OMip MPOJABIIOBAHHIO KAPTOHY 0 CIIHKEHUX

BapiaHTIB, HABEeJEHUX B Ta0J. 4.7; NyHKTUPOM MOKa3aHO BUMOTHU CTaHAAPTY
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Puc. 4.21 — PyitHiBHEe 3yCHIUIA IPU CTUCHEHHI K1JIBIIS 3pa3KiB KapTOHY

JOCIHIKEeHUX BapiaHTiB (Ta0u. 4.7); MyHKTUPOM MOKa3aHO BUMOTH CTaHIapTy

Taka 3a/Ie’)KHICTh MOSCHIOETHCS TUM, IO JOJABAHHS HAHOLIENIOJNIO3HU CIpPHUSIE
30uibieHHI0 BMicTy OH-rpyn, 37aTHUX 10 YTBOPEHHS JOAATKOBUX BOJHEBUX
3B’SI3KIB, SIK1 HQJIalOTh MM1ABUIIIEHOT MIITHOCTI 3pa3kaM KapTOHY. 30UIbIICHHS 3HAUYEHb
MOKa3HUKAa PYWHIBHOTO 3YCWJUIA TMNPU CTHUCHEHHI KUIbI KapTOHY TaKOX
croctTepiraeTbcs 13 30unbIeHHaM BMicTy HI y BostokHucTIi Maci (BapianTu 4-6) a6o
y BapianTax 9-10, 3a nogatkoBoro HaHeceHHs1 HI] Ha moBepxHio kapToHy (puc. 4.21).
[lpu oMy 3pOCTaHHS 3HAYEHHS MOKA3HWKA PYWHIBHOTO 3YCHJUISI MIPU CTHUCHEHHI
KUTBIIS KapTOHY CTaHOBUTH 43% y MOPIBHSHHI 13 3pazkom 0e3 momaBanas X]IP.

Bumoram cranmapty 10 moka3zHuWKa KapTOoHY moBepxHeBa BOMpHiICTH (Ko60)
BIJIMOBIIAIOTH 3pa3Ky KapTOHY BapiaHTiB 4 — 7 (puc. 4.22) 3 nonasanasim HII 3 0,15%
B Macy a6o BapianTis 9-10 3 HanecennsM 2 r/M° HI| Ha moBepxHIo kKapToHy. Takum
YUHOM, MOKHa 3pOOMTH BHUCHOBOK Npo Mo3uTMBHMM BB HII nns mokpameHHs
MOKA3HUKIB SIKOCTI KApTOHY JUISl IJIOCKUX IIapiB roppoKapTOHY, 3a SIKOTO BIAAEThHCS
3HU3UTU BUTpaTy CUHTETHUYHOI XJIP Ta CyTT€BO MOKpAUIUTH WLIJIbOBl MOKA3HUKH
AKOCTI KapToHy. TakoX MOXHa KOHCTaTyBaTH, 110 €KOHOMIYHO OUIbII JOLUIBHO
nonaBatu HII Ge3nocepeaHbo y BOJOKHUCTY Macy y MOpIBHSIHHI 3 HaHeceHHsM HI|

Ha MOBEPXHIO KAPTOHY.
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Pucynok 4.22 — [loBepxHeBa BOUpHICTB 110 K0004) 3pa3kiB KapTOHY JOCIIIKEHUX

BapiaHTIB (Tab. 4.7); IyHKTUPOM MMOKA3aHO BUMOTHY CTaHAAPTY

4.5 BUKOpPHMCTAHHSI HAHOLEJKJIO3HM Y BHPOOHMUTBI KAPTOHY TAapPHOIO
BOJIOTOCTiHKOIr0

Ak Oyno mokazaHo B po3aui 3.5, omHUM 3 nepcreKTUBHUX mpoaykTie LTI,
30KkpeMa 1 B YKpaiHi, € BOJOTOCTikui TapHuil kapToH. [Ipu iHoro BUpoOHHUIITBI
BUKOPHUCTOBYEThC criemiaibHl XJ[P, sSiki CHHTE3yIOTh 13 BUYEPITHUX JKEPEN eHeprii
(madtu, razy, Byriwis), siki 3a0pyIHIOIOTh JOBKIUIS 1 MIKOAATH 370POB’I0 JIOJEH,
3okpema AKJl. AnpTepHaTHBOI0O eKojoriyHo mKimmmBuM XJ/IP € mnpuponni
Ol0pO3KJIaaHI MaTepiaiy, 10 SKUX BITHOCUTHCS HAHOIIEII0JI03a.

JUIss BHUTOTOBJEHHS BIJUIMBOK 3pa3KiB KapTOHY TAapHOIO BOJIOIOCTIMKOIO
BUKOPUCTOBYBaIM COHSTTHUKOBY HI[ (TexHoMOTit0 OTpUMaHHS $KOI JIeTalbHO
onucaHo B po3aual 3.5), makynatypy mMapku MC-5b-2, y BOJOKHHCTY Macy SIKOi
nepe/T BNTMBAHHSIM Ha JIMCTOBiyMBHOTO amapary JIA-1 mogaBanu TakoXk CYCIIEH3it0
AKJI, xoarynsut 1 6apBHuk. Butpata AKJ] cranosuna 0, 10, 15 1 20 xr/T, HI[ -0, 2,
4, 6 1 10 xr/1, xoarynsaty — 4,9 kr/t, 6apBHuKa — 1,6 KI/T KapToHy. JlogaTkoBO Ha
MOBEPXHIO BiITHBOK Macoo 16043 /M’ HaHOCHIACS CYCIICH3is MOAH(IKOBAHOTO
KPOXMAaJIbHOTO KJICI0 3 BHUTPATOI 25 KI/T KapTOHY. 3HAYEHHS MOKA3HUKIB SIKOCTI
3pa3KiB KapTOHY BU3HAYAIA 32 KOHTPOJIK0BaHOi Temmepatypu (23+1 °C) 1 BomorocTi

(50£2%) 3T11HO 13 BUMOTaMHM BiJIOBITHUX CTaHAPTIB.
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B tabn. 4.8 HaBeneHo pe3yabTaTH BU3HAYEHHS MOKA3HUKIB SKOCTI KApTOHY 3a
pizaux BuTpatr AKJl y BosokHUCTY Macy 1 MoaudikoBaHoro kpoxmaito mapku KMII

Ha MOTO MOBEPXHIO.

Tabnuus 4.8 — [loka3HUKHU SKOCTI KAPTOHY TApHOT'O BOJOTOCTIMKOTO 3a P13HUX

urpar X/[P
No Burtpara, KI/T Onip HOBCpXH}G;;Z I]/SI6I/IpHiCTB
3paska | AKJI B KMII Ha HpOHaBIJ:;[OaBaHHIO’ K06612800, K066260,
Macy MTOBEPXHIO /M /M
1 0 0 230 284 190
2 10 0 270 126 65
3 15 0 290 97 58
4 20 0 327 79 50
11 10 25 306 87 29
12 15 25 330 74 26
13 20 25 343 65 23
Bumoru cranmapry Ginbie 320 menme 100 | MeHuie 45

[3 HaBeneHWX JaHWUX BHUIAHO, MO0 JOCATTH TaKWX HEOOXIJIHMX 3HAYCHb
MOKA3HUKIB SKOCTI KapTOHY, SIK OIIp IPOJIaBIIOBAaHHS 1 OBEpXHEBAa BOMPHICTh BOJIU
] Yac OJHOOIYHOro 3MOYyBaHHS i moBepxHeBoro mapy (Ko60,gy) 1 HUKHBOTO
mapy (Ko604), MokHa 3a BUTpar 15 Kr/T B mMacy KapTOHY 1 JoJaBaHHs 25 Kr/T
MoaudikoBaHoro kpoxmano mapku KMII Ha moBepxHIO 3pa3KiB KapTOHY TapHOTO
BOJIOTOCTiHiKOTO. Bylo pociimkeno MoXIHBicTh 3aMiHn 50% €KONOTiYHO MIKiTHBOT
AKJl na orpumany consmHukoBy HII, sky nomaBanu 3a pi3HUX BHUTpaT Yy
BOJIOKHUCTY Macy.

Ha puc. 4.23 nHaBeneHo 3aJie’KHOCTI OMOPY MPOJIABIIOBAHHS 1 MOBEPXHEBOI
BOMPHOCTI BOJM MijJ 4Yac OJHOOIYHOTO 3MOYYBAHHS I TMOBEPXHEBOTO IMIapy
(Ko060,309) 1 HmxHBOTO mapy (Kob60g) Bim BuTpar HII y BonmokHucty macy (3a

Butparu AKJL 10 xr/T B macy 1 KMII 25 kr/T Ha noBepXHIO KapTOHY, BIJIOBIAHO).

157



450 160
a = o
= 400 < 140
- = 120 !
z 350 S
= - - - , 100 Fif —————————————
= 300 g
- = g
= 250 = 11
= = O
2 200 - . - - - e
= = 40
2 150 2 20
=100 £ 9
0 2 4 6 10 = 0 2 4 6 10
Burpara HILy macy, kr/s Burpara HIL B Macy, Kr/r

Pucynok 4.23 — 3anexHoCTi Onopy npoj1aBiroBaHHs (a) 1 TOBEPXHEBOT BOUPHOCTI
BOJIM 111 Yac 0 JHOO14YHOTO 3MOouyBaHHs (0) /it moBepxHeBoro mapy (I — Ko606,ggp) 1
HuxHBOTO mapy (II — Ko664y) Bia Butpar HII. ['opuzonTanbHi diHIT — BUMOTH

CTaHJAPTY

Otpumani nmaHi cBim4aTh TPO Te, MO JOoAaBaHHS coHsAmHUKOBOI HI[ y
BOJIOKHUCTY Macy MiJIBUIIY€ MEXaHIYHY MIIHICTh 1 BOJIOTOCTIHKICTh KapToHy. [lpu
bOMY JIOJaBaHHA Oilopo3kiagHoi coHsmHukoBoi HI[ y BomokHuCTy Macy 3
BUTpaTamu 4 KI/T BiJl Macu KapTOHY J03BOJISIE OTPUMATH 3HAYEHHS MOKA3HUKIB, SK1
3aJJ0BOJIBHSIIOTH BUMOTAaM CTaHIAPTY MiJNPUEMCTBA, i 3MeHImUTH BUTpatn AKJ[ Ha

50%, 110 cpusTUME MOKPAIIEHHIO CTaHy JOBKIUIS 1 3I0pPOB’S JIIOACH.

4.6 TexHo0TIYHI cXeMHU BUPOOHMIITBA MANEPY i KAPTOHY 3 BUKOPUCTAHHAM
HAHOLEJTI0JI031
Y poGoTi 3amporoOHOBAaHO TEXHOJOTIUHI CXEMH BUPOOHUIITBA Tarepy Jyis
MaKyBaHHS XapyOBUX MPOAYKTIB Ta KApTOHY JJIs TJIOCKUX IapiB ToQpoKapToHY 3
BUKOpHUCTaHHSM HaHO1e0103% 13 HIIPC B X BOJJOKHUCTHUX KOMITO3HUIIISIX.
TexHomorivaa cxeMa BUPOOHMIITBA MAKyBaJIbHOTO Tarnepy Mapku «I[macuny 3
BUKOPUCTaHHSIM HaHOIlENI0N031M HaBeneHa B Jlomatky I'. ¥V maparpadi 4.1 Oyno

MOKa3aHO TIO3UTUBHUMN BIUIUB OOoJaBaHHS KOHOIUITHOI HAHOILEIIOJ03U U
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MOKpanieHHs (Hi3uKO-MEXaHIYHUX MOKA3HUKIB SKOCTI TaKOTO Marepy Ta 3MEHIIEHHS
BUTPATH €KOJOrIYHO  IIKIUIMBOI  MHOJiaMIgHOI  CMOJIH, MO (IKOBAHOT
eMIXJIOPTIAPUHOM.  TEXHOJOTIYHOIO  CXEMOK  BHPOOHHIITBA IHOTO  MAmepy
nependavacThCsi BUKOPUCTAaHHS B SIKOCTI  BOJIOKHUCTOI CHPOBHUHU  XBOMHOL
cyiab(aTHOT HeOlIeHa IENI0I03M, MIATOTOBKA $KO1 31MCHIOETHCS 3a HACTYITHOIO
cxeMoro. lLlemonio3a OKpeMUMHU JIMCTaMU 3aBAHTAXYEThCS B Trigpopo3OuBau (1)
BEPTUKAILHOTO THWITY, 3allOBHEHHWI KOAryJpOBaHOIO a00 3BOPOTHOIO BOJOIO. 3
riipopo30uBaya CyCHEH31sl IIeI0JI03M HAacOCOM TMEPEKAYYEThCS B MpUNMAIbHY
€EMHICTh (2), 3 SKOi MojaeThcsi B OaceiiH cupoi macu (3), a mami B OaceitH (5).
Lenrono3Ha Maca HACOCOM TMOAAETHCSI HA YCTAHOBKY O€3MEPEepBHOIO PO3METIOBAHHS
(YBP) 13 12 xoniuaux miuHiB (7) 1 gaji po3MelieHa IeN003Ha Maca yepe3 MipHui
amuk (8) momaerbess B kommosuuiaui Oaceitn (9). Ilin wac podotu YBP uepes
MIpHHH SIIUK 3IHCHIOETHCS TEPIOJUYHE JI03YBaHHS B KOMIIO3UIIMHUN OaceiH
MTOJTIaM1JTHOT CMOJIM 1 PO3YMHY ONTHYHOrO BUOLTIOBada. Maca 3a1aHoi KOMIIO3HIIIT
nepioInyHo nepekadyeThes B 6aceitd (10) 1 gami B 3anacHuii mamuaanA OaceiH (11),
3 AKOTO Oe3mepepBHO MOMAETHCA Y pobounii mammHHNN Oacerin (13) 3 BimObopom
Macu Ha peryasatop KonueHtpauii (12). 3 pobodoro OaceilHy maca mojmaerbcs Ha
padinyBaHHs Ha JABa KOHIYHI MiuHM (17), 3MmilmnyBaHHS Ta poO30aBIEHHSA Y
BiAMOBIAHOMY sIMKY (19), ouMineHHs Ha BIAUEHTPOBHX ouMIIyBadax (23) Tta
BY3JIOYJIOBJIIOBau1 (25).

OuwineHa BiJi BOKKUX BKJIIOYCHb Ta 3a0pyTHEHb BOJIOKHHCTOTO XapakKTepy
Maca NoCTyIae B HaMyCKHUM npuctpiit (36) manepopoOHOT MaIlIUHU, Ky T03YETHCS
1 HAHOIIENTIOJI03a, a 3 HhOTO — Ha 0€3KIHEUHY CITKY HMXHBOTO CITKOBOTO cTofy (37),
ne BigOyBaeTbcs (QOpPMYBaHHS IMarepoBOTO TOJOTHA Ta Horo 3HeBoaHeHHs. Jlami
MOJIOTHO TIEPEAAEThCS B MpecoBy dYacTUHY (39) mamuHA I TOAATBIIOrO
3HEBOJHEHHSI HAa TPHOX IMpecax, a MOTIM MPOXOAUTH CYIIIHHS B CYIIUIbHIA YacTHHI
(40), MiX CeKIisIMH SKOI 3HAXOMUThCA KICIMpbHUN Tipec (41) me 3mINCHIOETHCS
MOBEpXHEBa 00pOOKa marnepy HaHOIIETIOJIO3010, 1 JaJli HAMOTYEThCS B HakaTi (42) Ha

TaMOyp (43).
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TexHnomnoriuna cxema BUPOOHHUIITBA KAPTOHY JJI  IUIOCKUX  IIapiB
ropoKapTOHY 3 JI0/IaBaHHS HAHOIIENIOJIO3M 13 MOXHUBHUX PEIITOK KYKYpYI3u
HaBegeHo B Jlomarky [[. YV maparpadi 4.4 mokaszano mo3utuBHHME BrmB HII 13
MOKHUBHUX PEIITOK KYKYPYI3U ISl TIOKPAIEHHS MOKA3HUKIB SKOCTI KapTOHY IS
IJIOCKUX IIapiB TO(POKAPTOHY Ta 3MEHILEHHS BUTPATU €KOJIOTTYHO MmIKianuBoi AK/I.
TexHOJMOTIYHOI CXEMOI0 BUPOOHMIITBA ILBOTO BUJAY KapTOHY IepeadavyaeThes
BUKOPHUCTaHHS B SIKOCTI BOJIOKHHCTOI CHPOBUHHU MaKyiaTypu Mmapok MC—-5b-2 1 MC—
5B-3, niaroToBka K01 3/1MCHIOETHCS OJHUM MOTOKOM MOYMHAIOYH 3 T1Ipopo30OrBaya
ropuzoHTasibHoro tumy (1). Ilicns po3BOJIOKHEHHS, COPTYBaHHS Ta OYMILEHHS BIJ
CTOPOHHIX JOMIIIOK MaKyjlaTypHa Maca HaCOCOM MOJAEThCs Ha Typbocemaparop (2) 1
Il OYHWIEHa Maca HacoCOM TMOJIA€ThCA JI0 TIpuiMaibHOro Oaceiny (5) ms
HaOyXxaHHs BOJIOKOH, a TIOTIM Ha BUXPOBHUUN OUMIIYyBay BUCOKOI KOHIIEHTpaIii (6).
Jlasi BOJIOKHUCTA Maca HaJXOJUTh HA JIBOCTYIEHEBY cucTeMy coptyBaHHA (7) 1 (8),
Ta micis OaceiiHa ounieHoi Macu (8a) HaAXoAuTh Ha (DPaKIIOHYBaHHS HA HAIIPHUX
IIIJTMHHUX COPTYBaIKax mepiroi crymnedi (9) 1 apyroi cryneni (10). Kopotka dpaxitis
MO/TA€THCS Ha 3TYIIEHHS Ha nuckoBuit GinkTp (11), a moBra dpaxiis — Ha 3rynryBad
nosroro BoyiokHa (10a). 3rymieHa BOJIOKHHWCTA Maca 4depe3 Oaceitnu (23, 24, 25)
MIOCTYIIA€E Ha NPOLIEC PO3MENOBaHHA Ha padiHep (26) 3BIOAKM NEpEeKayyeTbes Y
KoMmno3uliiuuii OaceitH (16). KopoTkoBosiokHucTa ¢pakiuis MiCAsS 3TYHIEHHS
HampaBJisieTbecs B Oaceiinu 3ryiieHoi macu (12, 13), micng gaxoro po30aBiseTbes 3
000pOTHOIO BOJIOKO A0 KOHUEHTpalii 3,5% Ta HagxoauTh 10 OydepHOTOo OacelHy
(14). Ham maca mocTymae Ha Tporec po3MmentoBaHHs Ha padidep (15), 3Biaku
NepPeKavYyeThCsl Y KOMITO3UITIHHI OaceitHu (16a ta 16), ne BinOyBaeThCs 3MIITyBaHHS
JIOBrOBOJIOKHHMCTOT Ta KOPOTKOBOJIOKHHUCTOI (ppakiiit s mojgayi Ha BepxHin (29) Ta
HUKHIN (28) CITKOBI CTOJMM KapTOHOPOOHOI MAalIMHH. 3 KOMIIO3HUIIIHHOTO OacelHy
(16) maca gyepe3 Oak mocTiitHOrO piBHSA (22) HAAXOAUTH B 3MINIyBaIbHUN Hacoc (23),
3B1JIKHM MEPEKAYYETHCS HAa TPUCTYIIEHEBY CUCTEMY BUXPOBHUX OUMCHUKIB (24). Maca 13
[-ro cTyneHs ouuIeHHsT HaIXOUTh Ha BY3JIOBIIOBIIOBAY (25) 1 Jjati HAMpPaBIsS€ThCS Y
HanipHU# AUk BepxHboro mapy (30), kyau Takox ao3yetbes AKJl 1 monmaeTbcs

HaHouemono3za 13 HJIPC, a Biagxoaum micis BY3JOBJIOBIIOBaYa HAAXOAATh Ha
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BiOpatliitHy copTyBasiky (26). AnHanoriyHo, 3 KomIo3uliiHoro Oaceiiny (16a)
BOJIOKHHCTa Maca uepe3 0ak moctiiHoro piBHS (17) HaAXoauWTh B 3MINTYBaTbHUIN
Hacoc (18), 3BiAKM mepeKauyeTbcs Ha TPUCTYNEHEBY CHCTEMY BHXPOBHUX OYHCHHKIB
(19). Maca 13 I-ro crymeHs OuMIIECHHS HaIXOAWTh Ha BY3J0BIOBIIOBauY (20)
HaIPaBJISETHCS y HAMIPHUH AIIMK HUKHBOTO 1mIapy (27), Kyau Takox goaaetbest AK/]
1 Hadouemosnosza 13 HJ/IPC, a Biaxoau micis BY3JIOBJIOBIIOBAaYa HAAXOJISATh Ha
BiOpatiiiny copryBanky (21).

[Ticnst popmMyBaHHS €1EMEHTAPHOIO IIAPY Ha IUIOCKOCITKOBUX (POPMYBATBHUX
npuctposix KPM, kapToHHE MOJIOTHO 3HEBOJHIOETHCA Y MpecoBiit yacTuHi (32, 33) 1
HAJIXOJUTh B CYyIIWIbHY YacTUHY (34), A€ OKpiM BUJAJICHHS 3aJIUIIKOBOI BOJIOTU Ha
KJI€iTbHOMY Tpeci (35) Ha HOTO MOBEPXHIO MOKJIMBE HAHECEHHSI KPOXMAJIBHOTO KJIEIO
1 Hanonemtosiosu 13 HJPC. Ilicng mocyiryBaHHsS KapTOHHE MOJIOTHO HAIXOJUTh JIJIs
OXOJIO/DKEHHS B XOJOJIWIbHY 4YAaCTHHY 1 MICHS XOJOAWIbHUX MHIHIAPIB (36)
noTparvisie Ha MamuHHANW Kajma#ap (37), a mami Ha HakaT (38), MOB3I0BKHO-

pizansHuii Bepctat (39) i Ha maKkyBaHHS.

4.7 TexHiIKO-eKOHOMIYHA ONIHKA BUPOOHMITBA Mamepy i KapToHy 3
BUKOPUCTAHHAM HaHoue w03 i3 HIAPC

ExoHoMiuHa JOIIBHICTH 3aIIPOTIOHOBAHOI B pOOOTI TEXHOJIOTII BUPOOHHUIITBA
MacOBUX TEXHIUYHUX BHJIB Marepy 1 KapToHy 3 Bukopuctanusm HII i3 BiTUM3HSAHOT
HJIPC nosicHtoeTscs HacTynHUM unHOM. ExctparoBana i3 HJIPC manonenronosa €
HOBUM TIEPCIIEKTHUBHUM O10pO3KJIaJaHUM MarepiajioM 3 BHCOKOK MEXaHIYHOIO
MIIHICTIO, BHCOKOI TIPO30PICTIO 1 XIMIYHOIO CTIWKICTIO, IO 3aBISKH CBOIM
VHIKQJTbHAM BIJIACTUBOCTSAMH BIJPI3HAE€ 11 BiJ IHIINX CHHTETUYHUX TOJIIMEPIB.
HNonasanns HII i3 HAPC 13 TakuMu BIaCTUBOCTAMU Y BOJOKHUCTY KOMIIO3UIIIIO 200
Ha TMOBEPXHIO Marnepy 1 KapToHy, K MOKa3aHO BUIIEHABEIECHWMH B LIbOMY PO3JILIL
OTPUMaHUMH pe3yJibTaTaMU, MOKpaulye (I13MKO-MEXaHIuHI TMOKa3HUKH KapTOHHO-
narepoBoi MPOAYKIIIi 1 JO3BOJISIE YACTKOBO 3aMIHMTH €KOJIOTTYHO MmiKiaauBl X/IP,
CUHTE30BaH1 13 BUUEPITHUX JPKEpeN €HEepTii, Ta B JEIKUX BUAAX Marepy, 30KpeMa st

NaKyBaHHS XapyoBUX MPOJYKTIB Ha aBTomatax [154, 128], 3amiHuTH OUIBII AOPOTY
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IMIIOPTHY 1IETIONI03Y HAa MakyJaaTypHY Macy, IO 3MEHIIye coOiBapTiCTh KiHIEBOT
MIPOTYKIIIi.

TexHiK0-eKOHOMIYHA OIlIHKa BHPOOHMIITBA OJHOTO 13 BHJIB KapTOHHO-
MarepoBoi MPOAYKIi — Marepy I MaKyBaHHS XapYOBHX MPOIYKTIB Macoro 40 r/m” —
3 BUKOpUCTaHHAM B Koro kommo3uuii HI 13 BOJIOKOH KOHOMENb HaBeAEHO Yy Tall.
4.9. 3 ypaxyBaHHAM CYTTEBO MEHIIIOI BapTOCTI BHUXIJHOI BITYM3HAHOI POCIUHHOI
cupoBuHu 13 HJ/IPC y mOpiBHSHHI 3 BapTICTIO JEPEBUHHU, BAPTICTh OJEPKAHOI
opranocoyibBeHTHOi uemono3n 13 HJAPC 3a momepenHiMM po3paxyHKaMU MOXKeE
CTAaHOBUTU TMOPSAKY 24 THUC. TPH 3a TOHY, a BapTICTb HAHOLEIIOJIO3W 13 Hei
CTAaHOBUTHME OJM3bKO 45 THUC. TPH. 32 TOHHY, LIO CYTTEBO MEHIIE HIXXK BapTiCTh
IMIIOPTHOI HAHOIIEJIOJIO3010, OJIEPXKAHO1 13 J€PEeBHOI LIEMI0J03U. [ MOpiBHSIHHS
BapTictb | T memono3u cynbdarHoi xBoWHOI BuOUIeHo1 (CaB) 3akopaoHHOTO
BUpoOHMITBAa cTaHOBHTH 1160 $§ CIIA [195], a 3 ypaxyBaHHSM TOJATKy Ha JIOJaHY
Bapricth (I[1/IB) 20 %, 1 Tpancnoptaux BuTpaT 10%, 3a cTaBKOIO MHUTa Ha BBE3CHHS
10 %, BapTicTh i€l 1em003u B YKpaini Oyae cranoButu: $1626,2 3a ToHy, abo 3a
kypcoM Harmionaneroro 6anky Ykpaiau (HBY') cranom ma 20.01.2025 poky 68560,6
TPH/T.

B Ttakomy Bumanky moxHa orpumatu 10410 rpH npuOyTKy Ha TOHHY Hamnepy
JUIS [aKyBaHHS XapyOBHMX MPOAYKTIB Macoro 40 r/M° 3 BHKOPHUCTAHHSM B HOTO
komno3uilii HII i3 BosiokoH KOHOMENb, a IS miaAnpueMcTBa 3 BupooHuirea 100 Tuc.
T Ha pIK nanepy npuOyTOK CTAHOBUTHME OJIM3bKO | MIIH. TPH Ha pIK.

VY tab6in. 4.10 HaBeIEHO TEXHIKO-CKOHOMIYHA OIlIHKAa BUPOOHUIITBA TATIepy JJIs
NMaKyBaHHS XapyOBMX MPOIYKTIB HAa aBTOMarax Macoro 110 r/mM” 3 BUKOPHCTaHHIM B
il BOJIOKHHUCTIM KOMITO3HIIIT OYepPETIHOT HAHOIENIOIO3H Ta YaCTKOBOIO 3aMiHo0 X/IP
AKJI 1 nentono3u cynb(darHoi XBOWHOI HeBUOLIEHOT HAa Makynatypy Mapku MC-4A.

J171st TOpiBHSHHS BapTICTh | TOHM ENION03H CylIb(aTHOT XBOWHOT HEBUO1IEHOT
(CaHB) 3akopaonHoro BupoOHuITBa cTaHOBUTH 820 $ CIIIA [195], a 3 ypaxyBaHHAM
noaatky Ha npoxany Bapticth (I1/IB) 20 %, i Tpancnoptaux Butpat 10%, 3a cTaBKOIO

Muta Ha BBe3eHHs 10 %, BapTICTh I1i€1 LENI0I03U B YKpaiHi Oyie CTAaHOBUTH
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820 x 1,2 x 1,1 x 1,1 = 1190,64 $/1, abo 3a kypcom HarioHaibHOTO 0aHKY YKpaiHu
(HBY) cranom Ha 20.01.2025 poky 1190,64 x 42.16 = 50197,4 rpH/T.

Tabmurs 4.9 — TopiBHAHHS TEXHIKO-€KOHOMIYHOT OIIHKH 3arajibHOi COO1BApTOCTI

BHPOOHMIITBA MAIIePy U MAKyBAHHS XapUOBHX IIPOAYKTIB Macoio 40 r/m” 3

BUKOpPUCTaHHAM B Koro kommno3suiii HI 13 BOJJOKOH KOHOMENb

Tpanuiiiiina TEXHOIOTIA

3anpornoHoOBaHa TEXHOJIOT1sS

Cupouna/ Butpa- | Llina, | Co6iBap- | Burpara | LliHa, Co0iBap-
XP Ta TPH/T TICTb, KI/T TPH/T TICTh
KI/T IpH./T TPH/T
HemonosaCaB 11150 | 68560,6 | 76787,9 | 1120 | 68560,6 | 76787,9
Cwmouna denos-
_ 60 377000 | 22620 30 377000 11310
dbopmanbaeriHa
Hanonenromno3sa _ _ _ 20 45000 900
Co0iBapTicTh - - 99407,9 - - 88997.5

Tabnuis 4.10 — TlopiBHSHHS TEXHIKO-€KOHOMIYHOI OLIIHKH 3arajibHOi cO01BapTOCTI

BHPOOHMIITBA MATIEpPY JUTS ITAKyBAHHs XapuoBHX MPOAYKTiB Macoro 110 r/m” 3

BHUKOPHUCTAHHSIM B HOTO KOMHOSI/IHi.l‘ O"IepeTHHO'l. HaHOI CJIYOJIO3HU

Tpanuiiitna TexXHOoJIoTis

3anporoHOBaHa TEXHOJIOT1S

Cuposuna/ Butpara | Ilina, | CoGiBap- | Butpara | Ilina, Co0Bap-
X1P KI/T TPH/T TICTb, KT/T TPH/T TICTh
I'PH./T IpH/T
Llenrono3a
CaHB 1100 | 50197,4 | 55217,1 560 33620 27608,6
Makynatypa - - - 560 2200 1232
Cwmomna AK/] 30 377000 | 11310 15 377000 5655
Hanonemomosa | - - 30 45000 1350
Co0iBapTicTh - - 66527,1 - - 35845,6
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B Ttakomy Bumaaky moxkHa otpumatu Omm3bko 30681,5 rpH. mpubyrky Ha
TOHHY TIariepy IS MAKyBAaHHS XapYOBUX MPOLYKTIB HA aBToMatax macoio 110 r/m’
JUIST BUTOTOBJICHHS TMAKETiB Ay (dacyBaHHS OakaliifHMX BUPOOIB Macorw 10 5 KT, a
JUTS. TATPUEMCTBA 3 BUPOOHUIITBA 50 THC. T HAa PIK TAKOTO BUJY Marepy MpuOyTOK

CTAaHOBUTHME JI0 1,5 MIIH. TpH Ha pIK.

BucHoBku 10 po3ainy 4

1. TlokasaHo, 10 HaHeCeHHs 10 3 r/M” odepersiHoi HLI Ha moBepxHIO marepy
JUIS [aKyBaHHS XapyOBHMX MPOAYKTIB HA aBTOMaTax Macoro 83 r/m° i 110 r/m’
OTPUMAaHO 3pa3Ku Marepy, 0 BIANOBIAAIOTh BUMOTaM CTaHAapTy. BcranoBieHo, 1110
3actocyBaHHs ouepersiHoi HII y BosmokHuUCTIH kommio3uIlii manepy macoro 110 1/ M’
JTa€ MOYKJIMBICTh 3aMiHUTH J10 50 % Oinblie AOpOroi LETJI03H MaKylIaTyporo, 1Mo
3MEHIIUTh BapTICTh BUPOOHUIITBA TPH 30€pEeKEHHI 3HAYEHb MOKA3HUKIB SKOCTI
JTAHOTO BUJTY TATIEpy.

2. BcraHoBiIeHO TO3UTHUBHUM BIUIMB JojaBaHHS KoHormisHoi HII Ha
MOKPAIICHHS BCIX IMapaMeTpiB SKOCTI TManepy MaKyBaHHS XapyoBUX IMPOIYKTIB Ha
aBToMaTax Macoio 220 r/m”. ITokasaHo, mo noxasanns 2,0 % HII nepesumrye BuMoru
crannapty s nanepy Ha 40 %, po3puBHaA 10OBXMHA 30UIbIIyeThCs HA 42 % y
MOPiBHSIHHI 31 3pa3koM namnepy 0e3 X/IP, mo no3Bossie 3Hayno 3meHmutu (Ha 50 %)
BUKOPHUCTaHHS y BUpOOHULTBI nanepy X /[P 13 CHHTEeTUYHUX pEeUOBUH.

3. Tloka3ano, mo noxaBaHHs KoHoruistHOoi HII y Bonoknucty macy abo Ha
IMOBEPXHIO Marepy Ul MaKyBaHHS XapuoBHX HPOAYKTIB Macoro 40 r/m> crpuse
MIJBUIICHHIO HOTro  (Pi3MKO-MEXaHIYHUX TIOKa3HUKIB 1 3MEHIICHHIO HOTro
riapodUIBHOCTI, IO CYTTEBO IMOKpAIlY€e HOTO CIOKMBYI BJIACTUBOCTI 1 3MCHIIIYE Ha
50 % BUKOpHUCTaHHS €KOJIOT1YHO MmKiAIuBoi X/IP, cuHTe30BaH0i1 13 HadTH. JloBeneHo,
mo 3a Burpath HI| Ha moBepxHIO 3 T/M° MiABUIIYe aOCOMIOTHHI OImip
poJaBitoBaHHIO nanepy Ha 67,1 % (y cyxomy ctani) 1 Ha 25 % (y BOJIOTOMY CTaHi)
y TIOPIBHSHHI 31 3HAYCHHSAMU 1HOT0 ToKa3zHuka 6e3 X/IP ta Ha 59,6 % 1 Ha 20 %,
BIJIMIOBIJTHO, Y MOPIBHSAHHI 31 3pa3kaMu mamnepy Tuibku 3 goxaBaHHsM 0,3 % XJIP.

JlaHMU CKaHYIOUYO01 €JIEKTPOHHOI MIKPOCKOMIT MiATBEPKEHO, 110 noAaBaHHs HI[ Ha
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MOBEPXHIO TManepy Npu3BOJUTH 10 3aKPUTTS MYCTOT MIXK IEIIOJIO3HUMHU BOJOKHAMU
1 HEpIBHOCTEH CTPYKTYypU TMOBEPXHI Mamepy, M0 MiJBUIYE 3HAYCHHS TOKA3HUKIB
PYHHIBHOTO 3yCHILIISA, BOJIOTO- 1 )KUPOTIPOHUKHOCTI.

4. Tlokazano, o Bukopuctanus odepersaoi HII 3 Butparoro 10 1 % Bim macu
Manepy-oCHOBH IS INMajiep NPU3BOIUTH JO CYTTEBOTO MOKpamieHHs (i3uKo-
MEXaHIYHUX IMOKAa3HUKIB sKocTi nanepy. [ligTBepmxena moxnuBicTh 3aminu 50 %
exoJioriyno mkiamBoro cuaretnaHoro AKJI na HI (a6o nmonatkoBe HanecenHs HIJ
3 utparoro 0,5 r/M” Ha MOBEpXHIO BiyTHBKH 3a ButpaTh 0,7 % AKJI Bij ix MacH), 1110
BIJINOB1/1a€ EKOHOMIYHOMY Ta €KOJIOTIYHOMY CKJIaJTHUKaM CTaJoTO PO3BUTKY.

5. [IligTBepmkeHo, 110 JO3yBaHHS B KOMIIO3MIIIO TMAaNepoBOi Macu
enekTpoizossiiiHoro marnepy Big 1 % 1m0 5 % xonomustHoi HII mpuszBoguTh 110
3pOCTaHHS MEXaHIYHOI 1 eNEeKTPUYHOI MIITHOCTI Tamepy sK J0, TaK 1 MIiCis HOro
TepMmiuHoro crapinns. [loka3ano, mo BB HII i3 BOJIOKOH KOHOIIENb Ha MTOKa3HUKHU
SKOCT1 €JICKTPOI30JSIIMHOTO TManepy He mocTtymaerbes aii Ha Hux HII 13 xBoitHOT
JIEpEeBUHMA, a B JCSIKHX BHUIIQJKaX CIIOCTEPITa€ThCcs HABITH KpallWil pe3yibTart.
Hoseneno nmo3utuBHMiA BrumB HII 13 pocnnHHOT cHpOoBUHU Ha 301IbIIICHHS 3HAYEHD
JUEIEKTPUYHOT MPOHUKHOCTI 1 3HUKEHHS EJIEKTPOINPOBIJHOCTI Mamnepy, o Mae
MO3UTUBHUI BIUIMB Ha PEIITY HOro €IeKTPOI30JISLINHUX BIACTUBOCTEN, 30KpeMa sl
MIATPUMAaHHS BUCOKOI HaIIHHOCTI Ta JOBroi TPUBAJIOCTI poOOTH ManepoBOi 130Js11i.
BcraHoBIeHO HE3HaUuHE 3pOCTAaHHS 3HAYEHb TAaHTCHCA KyTa JICICKTPHUYHHUX BTpAT
eIEKTPOI30IIALIHOro manepy y pobodomy miamasoni 20 °C — 120 °C, a micns
3aCTOCYBaHHS CHElIAIbHUX 100aBOK, 30kpema Al,O;, MOXXHA JOCATTH CTaO1IBHOT
poOOTH TarepoBoi 1301111,

6. Bcranosneno, mo BukopuctanHs HI 13 MOXKHUBHUX PEHITOK KYKYpPYA3H B
KOMIIO3HIII KapTOHy s IUIOCKHX mapiB ropokapToHy Macor 175 r/m’ 3a
Butparoro HI[ 5 kr/t mpuszBoauTh 10 OTpUMaHHS 3pa3KiB KApTOHY 31 3HAYEHHSIM
abCOIFOTHOTO  OMOPY MPOJABIIOBAHHIO, IO BIAMOBINAIOTH BUMOTAM CTaHAAPTY, a
3HAYeHHA PYWHIBHOTO 3yCWJUIA TNPHU CTHCHEHHI KUIbIs mepeBumieHo Ha 16,5%,
noBepxHeBoi BOMpHOCTI (Ko00gy) 3MenmieHo Ha 20 %, a cOXUBaHHS €KOJIOTIYHO

mkigauBoro AKJI 3smenmeno Ha 50 %. JloBeneHo, 1110 €KOHOMIYHO O1IbII JOIIJIBHO
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nonaBatu HII Ge3nocepenHbo y BOJOKHUCTY Macy y MOpIBHSHHI 3 HaHeceHHs M HIJ|
Ha MOBEPXHIO KapTOHY.

7. llokazano, 110 BUKOpUCTaHHS coHsAmIHUKOBOI HII[ y BomokHuCTIN
KOMIIO3HIIi] KApTOHY TAPHOTO BOJIOTOCTIHKOro Macor 160 r/m” 3 BUTpaToro 10 4 Kr/T
MPU3BOAUTH JI0 JIOCSITHEHHSA 3HA4Y€Hb (PI3MKO-MEXaHIYHUX [MOKA3HUKIB SKOCTI
KapTOHY, SKI 33J0BOJIbHAIOTH BHUMOIraM cTaHaapTy. JloBeaeHo, 110 BBEAECHHS
cousimiHukoBoi HI[ y wmacy kaptony po3Bosise 3amiHuTH 50% €KOJIOTT4HO
HIKiBOTO cHHTeTHYHOTO AK/I.

8. 3ampornoHOBaHO TEXHOJIOTIYHI CXeMH BUPOOHHUIITBA Marnepy AJIs MaKyBaHHS
XapyoBUX TMPOJYKTIB Ta KapTOHY s IUIOCKMX IIapiB roppokKapToHy 3
BUKOpUCTaHHAM HaHo1ento1034 13 HIPC B iX BOTOKHUCTHX KOMIO3UIISX.

9. BcranosineHo, mo exoHoMmiuHU# edekT Bl Bukopuctanuam HII 13 BoinokoH
KOHOIIE/b B KOMITO3HIII] [arepy [ist TaKyBaHHs XapuoBHX MPOIYKTIB Macoro 40 r/m’
I mignpueMctBa 3 BupoOHnuirea 100 THC. T Ha piK manepy CTaHOBUTUME OHM3bKO 1
MJTH. TPH Ha PiK, a JJI1 BUPOOHUIITBA TAKETIB A (dacyBaHHS OakaliifHHMX BHPOOIB
Macor 0 5 kr macoro 110 /M mpoxykTHBHIiCTIO 50 THC. T Ha piK HPHOYTOK
CTAaHOBUTHME J10 1,5 MIIH. TpH Ha pIK.

10. OpepxxaHi pe3yabTaTd JAOCHIIKEHb MOXYTh OyTH BHKOPHCTaHl s
MOJATBIINX PO3POOOK EKOJIOTIYHO O€3MEeYHUX pecypco30epiralounx TEXHOIOTIN
nepepoOKH HENEPEBHOT POCIMHHOI CHUPOBUHHU y TOBApU MIMPOKOTO CIIOKUBAHHS,
30KpeMa y BUPOOHUUTBI IHIIMX BUIIB Mamnepy i KapToHy, 110 MaTUME MO3UTUBHUN

BILJINB Ha CTAJIUM PO3BUTOK arporpomMmucCiIOoBOTO KOMIIJICKCY, GKOHOMiKy Ta SKOJIOTIIO.
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BUCHOBKHA

VY mucepramiiiHiii poOOTI pO3pOOIICHO TEXHOJIOTII OJepIKaHHS 13 BITYM3HSIHOL
HEJICPEBHOI POCIMHHOI CHPOBUHH HAHOIICITIOJIO3U Ta BUKOPHUCTAHHIO i1 B KOMITO3HITI]
MacCOBHUX TEXHIYHUX BU[IB Marepy 1 KapTOHY, 110 € aKTYaIbHOK HAYKOBO-TEXHIYHOIO
po0IeMOI0 JJIs TAMPUEMCTB IIETF0JI03HO-TIaNepoBoi rany3i. Ha ocHOBI pe3ynbTaTiB
MPOBENIEHUX HAYKOBUX JIOCIIIJI)KEHb 3p00JIEHO HACTYITHI BUCHOBKH.

1. OGrpyHTOBaHO aKTyaJbHICTh HAYKOBOTO JOCHIIKeHHA. [lokazaHo cTpimke
3pOCTaHHS B CBIiTI 00CATIB BUPOOHMIITBA HAHOMATEPialiB, 30KpeMa HAHOIIEIIOIO3H,
OCHOBHHUMM IPOMUCIIOBUMH CpepaMH 3aCTOCYBAHHS SIKOi €: KOMIIO3HI[1iHI MaTepiain
3 4acTKOr ranysi 32 %; namip, KapToH 1 naKyBaHHSA — 16 %; nIpoayKTH Xap4yyBaHHS 1
HaroiB — 12 %, nako-dapOoBa mpomucioBicte — 10 %, martepianu ririeaun — 7 %.
JloBeneHo, 10 JOMIHYIOYOK BUXIJHOIO CHPOBUHOIO JIJISI OJIEPKAHHS HAHOIIEITIOI03U
€ JIepeBHA I1IENII0I03a, a JIJIs KpaiH 13 He3HAYHUMH BUIBHUMH 3amacaMH JEPEBUHHU 1
PO3BUHYTUM CUIBCHKHM T'OCIOJAPCTBOM, /10 SIKMX BIIHOCUThCA YKpaiHa, aKTyaJbHOIO
HAYKOBO-IIPAKTUYHOIO 3aJ1a4€l0 € po3po0Ka 1 BIPOBAKEHHS TEXHOJIOTII OjiepKaHHs
13 BITYM3HAHOI HEIEPEBHOI POCIMHHOI CHPOBHHH IETION03U 1 HAHOIIEIIONO3H IS
BUKOPHUCTAHHS y TETIOJI03HO-TTANepoBiN ramysi.

2. Busnaueno ximiunuii ckian 1 gaaumMu CEM  miarBep pKeHO 3MIHY
MopdosoTiuHoi  OylOBM TPEICTABHUKIB BITYM3HSHOI HEACPEBHOI POCIMHHOI
CUPOBUHH — CTeOEN KYKYPYI3W, COHAIIHHUKA Ta OYepeTy, BOJIOKOH KOHOIEIh — B
MPOIIEC] 1X TEPMOXIMIYHOTO OOPOOJICHHS Ha IENI0I03Y 1 HAHOIEII0JIO03Y.

3. 3amnpomoHOBaHO MABOCTAAIMHY OOpPOOKY PpPOCIMHHOI CHPOBUHHU JIY)KHOIO
EKCTPaKIII€I0 Ta MEPOLTOBUM BapiHHAM Jyisi oTpuMaHHs 13 HIIPC opranocosibBeHTHO1
LEJTI0JIO3M, TMPUJIATHOI JUIsl TOAAIBIIOI XIMIYHOT MEpepoOKH, B TOMY YMCII s
BUPOOHUIITBA HAHOIICIIOJIO3W. BCTaHOBICHO BIUIMB OCHOBHUX TEXHOJOTIYHHUX
napaMeTpiB MEpOLTOBOrO BapiHHA HA TMOKA3HUKU SKOCTI OpPraHOCOJIbBEHTHOT
nentono3u 13 jgociimkenux npeacraBHukiB HJIPC. Iloka3zaHo, mio 30UIbIIEHHS
TPUBAJIOCTI TIpOIIeCy JAeNiTHI(iKaIil 3MEHIye BUX1J, 3aJUIIKOBUIA BMICT JITHIHY 1

MiHEpaIbHUX PEYOBHUH B OPraHOCObBEHTHIN 1entono3i i3 HIPC.
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4. JlocniKeHo BIUIMB MapaMeTpiB KUCIOTHOTO TiAPOdi3y HA XapaKTEPUCTUKH
HaHonemono3n 13 BiTunm3HsHOi HJIPC. Ilokazano, mio 30UIbIICHHS KOHIIEHTpAIlii
cynb(haTHOT KHCIOTH, TEMIIEPATypH 1 TPUBAJIOCTI MPOIECY TIAPOIi3y 1HTeHCUPiKye
JECTPYKIIIF0 OPTaHOCOJIBBEHTHOI IIENFOJIO3H, 3MEHIIYE YacTKy amMop(HOi dacThHU
LEJTI0JI03H, 301IbIIIYE IUIbHICTh, MILIHICTh Ha po3puB 1 po3opicts HII mumiBok.

5. TlokazaHo, 110 OTpUMaHa KHUCIOTHUM TipoiizoM HaHoienonosa 13 HJIPC
Mana BHCOKY IIiIbHiCT — 10 1,54 r/ cM’, Mimmicts Ha po3puB — go 70 MIla,
npo3opicte — 10 87%. Merogamu ACM 1 TEM mniarBepaxeHo, 110 MOMNepeyHi
po3Mipu dacTuHOK HaHoremntosio3un 13 HJAPC 3nHaxonsthes B iHTepBaii 5 — 40 HM,
JOBKMHA — B MeXax KIJIbKOX MIKpoMeTpiB. Bmepiiie BCTaHOBIEHO JIiHINHY
3JIEKHICTh MIIIHOCTI Ha po3puB 1 mpo3opocTi HI Bij mIiasHOCTI 11 TUTIBOK.

6. 3a JaHUMHM PEHTTCHOCTPYKTYPHOTO aHaji3y pO3paxoBaHO 1HJEKC
KPUCTAIIYHOCTI 1 pO3MIp KPHUCTAIITIB Ientosio3oBMicHuX MatepianiB 13 HJ[PC 1
BU3HAUEHO, [0 1HJEKC KPUCTATIYHOCTI 3O0LIBIIYIOTHCSH, a PO3MIp KPHUCTATITIB
3MEHIIYETHCSI B TaKii MOCIIIOBHOCTI: BUX1JHA CHPOBHUHA — IEFOJI03a MICHS JTYKHOT
eKcTpakilii — opranoconbBeHTHA mentono3a — HI. Ha ocroBi manux FTIR moxaszano
3HAYEHHS 1HAEKCY JIaTepaIbHOrO MOPSAKY LEJF0JI030BMICHUX 3pa3KiB MaTepiajiB 13
HJIPC y npoueci iX TepMOXIMIYHOI OOpOOKH 32 paxyHOK 3MEHIIEHHS 3aJIUIIKOBOIO
BMICTY JIITHIHY Ta YaCTKX aMOP(HOT YACTHUHU LIEITFOJIO3U.

7. BuszHaueHO BIUIMB TEXHOJOTIYHHUX MApaMETpiB IMPOILIECIB OJEpKaHHS 13
OpraHocoJbBEHTHOI 1emtono3u HI[ Merogamu okucHeHHs B cepeaoBuii 2,2,6,6-
terpameTuininepuut-1 -okcuny (TEMIIO). JloBeneHo, 1o 301IbIIeHHS TPUBAIOCTI
OKHMCHEHHSI OPraHOCOJIbBEHTHOI 1et0sio3u B cepenoBuili TEMIIO mpusBoauTh 10
OTpPUMaHHS CTAOUIHPHOTO B Yaci HAHOIIENIOJIO3HOTO Tei0, MiABUIIEHHS IIUIHBHOCTI,
MiIIHOCTI Ha po3puB 1 mpo3opocti HII mmiBok. Ha ocnoBi manmx XRD 1 ACM
BCTAHOBJICHO 3HAYEHHS MOKA3HUKIB 1HJIEKC KPUCTAIIYHOCTI 1 po3Mip kpuctamiTiB HII,
K1 JTOPiBHIOIOTH BiamoBigHo 78,1 % 1 2,873 uM; a 3a manmmu ACM noBeieHO, 0
MoNepeUHmii po3mip yacTuHOK ouepetsHoi HII 3Haxomuthes B Mexkax 7 — 40 HM 1

noBxkuHy 110 800 HM.
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8. [lokazaHo BIUIMB CIIOCOOY €KCTPaKI[ii HAHOIENIOIO3H 13 OPTaHOCOIBBEHTHOT
unemono3n 13 HJIPC na moka3Huku ii sikocti. JloBemeHO, IO HAHOICNIIONO03a,
oTpuMaHa B Tporieci kuciotHoro Timponizy (HLI'), mae nemo Bumi 3HaueHHS
THIEKCY KPHUCTAIIYHOCTI, MPO30pOCTi, (i3MKO-MeXaHIYHHX mapameTpiB, HiK HII,
orpumani merogom TEMIIO (HIIT) 1 B cepenoBuil riamOOKHUX €BTEKTUYHUX
po3unnnukiB (HIIE); Ta 3a 30UIblIEHHSM TEpPMIYHOI CTAaOUIBLHOCTI TMOXIJIHI
KOHOIUISIHOT LIEJTI0JI03U PO3TAIIOBYIOTHCS B Takid MOCIIAOBHOCTI: OPraHOCOJIbBEHTHA
nenrosio3a — HIIE— HI(T — HIII'.

9. Cratuctuunoro o6pobkoro 3a IIDE orpumano piBHSHHS perpecii, ski
ONMKCYIOTh 3AJIEKHOCTI TOKA3HMUKIB SIKOCTI HAHOLENIOJIO3U BiJI TEXHOJOTIUHUX
napaMmeTpiB MPOIECIB TIAPOTI3y OPraHOCOJBBEHTHOI IENIOJ03U 13 JOCIHIKEHUX
npeacraBHukiB BiTunzHsAHOT HIIPC, a 3a qomomoror mMeToga XapiHITOHA BUSHAYCHO
ONTUMaJIbHI 3HAYEHHS TEXHOJOTIYHMX IMapaMeTpiB: kKoHueHtpaiis H,SO, — 50%,
TPUBAIICTH TiApoizy — 90 XBuimH; TeMueparypa riaponizy — 60 °C; tpuBaiicts V3
00poOKH — 60 XBHIIHH.

10. loBeneno mo3utuBHMM BILuB Bukopuctanas HII i3 H/IPC Ha moka3HuKH
SAKOCTI MacoOBUX BHJIB mamepy 1 KapToHy. BcraHoBieno, mo poxaBanHs HII y
BOJIOKHUCTY Macy 3a Butpatu 2% HII Bix macu namepy Ui mMakyBaHHSI XapuyOBHX
poayKTiB Macoro 40 r/M° migBHIIye pyiiHIBHE 3yCHILIA 3pa3KiB mamepy Ha 47,9 % (y
cyxoMy ctaHi) 1 Ha 74,4 % (y BOJOTOMY CTaHi) y HOPIBHSHHI 31 3HAYEHHSIMU LIOTO
nokasHuka 6e3 XJIP, abo namecenns HI[ Ha moBepxmio 3a Burpaté HI[ 3 1/m°
niBuUIIye aOCOJIIOTHHUM OMip MpoJiaBitoBaHHIO nanepy Ha 67,1 % (y cyxomy craHi) 1
Ha 25 % (y BOJIOTOMY CTaHi) y MOPIBHSAHHI 31 3HaUEHHSIMH 11bOTO MOKa3HuKka 6e3 XJ[P
Ta 3MeHInye Ha 50 % BUKopuCTaHHS €KoJIoTiuHO mKimBoi XJIP, cuHTe30BaHoOi 13
HadtH. JlaHMMU CKaHYIOUOi €JIEKTPOHHOI MIKPOCKOITIT MATBEPHKEHO, IO 0 1aBaHHS
HI] Ha moBepxHIO mamepy NpHU3BOIUTH 10 3aKPUTTSA MYCTOT MDK IETIOJI03HUMU
BOJIOKHaMHU 1 HEPIBHOCTEH CTPYKTYpHU MOBEPXHI Mamepy, L0 MiJBUILYE 3HAYEHHS
MOKA3HUKIB PYHHIBHOTO 3yCHJIJISA, BOJIOTO- 1 JKUPOITPOHUKHOCTI.

11. BeraHoBieHo, mo HaHeceHHss 10 3 r/m” HI| Ha MOBepXHIO mamepy s

TAKyBaHHS XapuoBHX IPOIYKTIB HA aBTOMATax Macoro 83 r/m° i 110 r/M> oTpumaHo
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3pa3Ku mamepy, IO BIANOBIJAIOTh BUMOTaM CTaHAApPTy. BcTaHOBJIEHO, 110
3actocyanHss HII y BONOKHHMCTIH Kommosuuii mamepy Macoro 110 r/m” mae
MOXJIUBICTh 3aMiHUTH 70 50 % Oinble JOpOToi IENIONI03M MaKylaTyporo, o
3MEHIIUTh BApTICTh BUPOOHUIITBA TPH 30€pEKEHHI 3HAYEHb MOKA3HUKIB SKOCTI
naHoro Buay nanepy. Ilokazano, mo gonaBanus 2,0 % HII nokparnye 3HaueHHS BCIX
MOKA3HUKIB SKOCTI Tamepy I TaKyBaHHS XapyoBUX IMPOMYKTIB Ha aBTOMAarax
Macoro 220 r/m°, 30KpeMa pO3pUBHA JIOBKMHA 3011bIyeThcst Ha 42 Y% y MOpiBHAHHI 31
3pazkoM mamnepy 0e3 XJIP 1 mo3Bosisie 3MeHmut Ha 50 % BUKOPHUCTAHHS Y
BUpOOHULTBI narnepy X/[P 13 CHHTETHYHUX PEUYOBHUH.

12. JoBeneno, mo Bukopuctands HI 3 Butparoro 1o 1 % Big macu manepy-
OCHOBH i mmnanep npu 3aMmidi 50 % eKoJoTIyHO MIKIIMBOTO cuHTeTuyHoro AKJ]
Ha HI[ (abo 3a Butpatum HII 0,7 % Big macu 3 momarkoBuMm HaHeceHHsiM HII 3
BuTpatoro 0,5 r/M° Ha mMOBepxXHIO mamepy 3amicts 100% AKJ]) HpH3BOAMTH [0
JOCATHEHHS 3Ha4€Hb BUMOT CTaHJIApPTy MOKAa3HUKA JiHIHHOT nedopmariii mamepy, mo
BIJINIOBIIa€ E€KOHOMIYHOMY Ta €KOJIOTIYHOMY CKJIaJHUKaM CTajoro pPO3BUTKY.
BcranoBneno, mo Hanecennst HII 3a Butpatu Ginbie 0,5 r/M” Ha IIOBEPXHIO Harepy,
B sikl BHeceHo AKJl 3a Butparu 0,7 % Big iX Macu, J03BOJSIE OTPUMATU 3PaA3KU
namnepy, 1o BIANOBIJAIOTh BUMOIaM HOPMATHUBHOI JIOKYMEHTAlll 3a MOKa3HUKOM
ninitHO1 nedopmarii (menme 0,5 %). 3a Butparu HI[ 1 % Big macu moka3HUKHU
PYHHIBHOTO 3YCHJUIS MamNepy y CyXOMY 1 BOJIOTOMY CTaHaX IMEPEBUIYIOTh 3HAYCHHS
narepy 0e3 nonaBanus HI Binnmosigno Ha 42,5 %1 27,3 %.

13. BcraHoBneHo, 110 J03yBaHHS B KOMIIO3UIII0O TalepoBOi Macu
esiekTpoizossiiiiHoro mamepy Bix 1 % mo 5 % HI| npusBoauTh 10 3pOCTaHHS
PYHHIBHOTO 3yCWJUIS 1 BIOHOCHOTO BHAOBXKeHHA mamepy g0 30 % 1 100 %,
BiamoBimHO. Ilokazano, mo BmuB HI[ Ha mnokasHUKK sKOCTI mamepy He
nocrynaetbes nii HII i3 xBoHOT MepeBUHU, a B IEIKUX BUMAIKAX CIIOCTEPIracThCs
Kpaluid pe3yibTaT, HANPHWKIaaA, Ha 3pOCTaHHS IMOKAa3HMKAa YHWCIO TOJIBIMHHUX
MIEPETUHIB Ianepy.

Hoseneno no3utuBHUM BB HII 13 pocnMHHOI CUpPOBHHM Ha 301IbIICHHS

3HAYEHb J1EJIEKTPUYHOI MTPOHUKHOCTI 1 3HMXKEHHS €JIEKTPOIPOBIIHOCTI Marepy, 1o
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Ma€ TTO3UTUBHUI BIUIMB HA PEITY HOTO €eKTPOI30JIAIIHIX BIACTUBOCTEH, 30KpeMa
JUISL IMATPUMAaHHS BHUCOKOI HAIIMHOCTI Ta JIOBTOi TPHBAJIOCTI pOOOTH IarepoBOi
1307111111, BeTaHOBIIEHO HE3HAUHE 3pOCTAHHS 3HAYEHb TAHTEHCA KyTa JICTEeKTPUIHUX
BTpaT €JIEKTPOI30IAIiiHOro mamnepy y pododomy miamasoni 20 — 120 °C, a micims
3aCTOCYBAaHHS CHELIAIbHUX 100aBOK, 30kpema Al,O;, MOXXHA JOCATTH CTaO1IBHOT
poOOTH MarepoBOi 1301111,

OTpumaHi pe3yJbTaTU MalOTh HAYKOBO-TIPAKTUYHE 3HAYEHHS JJIsI 1HIIUX BUJIIB
130JIA1IIHHUX nanepis: KOHJICHCATOPHOTO, KaOeIBHOTO, TenedOoHHOTO,
MIPOCOYYBAILHOT0, TPAaHCPOPMATOPHOTO, TOIIIO.

14. Beranosineno, mo Bukopuctanus HII i3 NOKHUBHUX PEIITOK KYKYpY/A3H B
KOMIIO3HI[i KapTOHy IS IUIOCKMX IIapiB rodpokapToHy Macorw 175 r/M° 3a
BuTparoro HI[ 5 Kr/t mpu3BOAUTH 10 OTpUMaHHS 3pa3KiB KapTOHY 31 3HAYCHHSIM
abCOJIFOTHOTO  OMOPY MPOJIABIIOBAHHIO, IO BIJAINOBINAIOTH BUMOTAM CTaHAAPTY, a
3HAUEHHS PYWHIBHOTO 3yCWIJIS MPU CTUCHEHHI KUIbIS mepeBuiieHo Ha 16,5 %,
moBepxHeBoi BOMpHOCTI (K0004)) 3Menmeno Ha 20 %, a cosKMBaHHS €KOJIOTIYHO
mkimmBoro AK/] 3mernmeno Ha 50 %. JloBeaeHo, 110 €eKOHOMIYHO OUIBII JOIIILHO
nonasatu HII GesmocepeaHpbo y BOJOKHUCTY Macy y MOpiBHsAHHI 3 HaHeceHHsM HIJ
Ha TIOBEPXHIO KapTOHY.

15. Tlokazano, mo BHUKOpUCTaHHA coHAmHUKOBOI HI[ y BonmokHuCTIN
KOMIIO3HIIil KapTOHY TAPHOTO BOJIOTOCTiHKOro Macoro 160 r/mM” 3 BUTpATOrO 10 4 KI/T
MPU3BOJUTH JI0 JOCSATHEHHS 3HAa4€Hb (PI3UKO-MEXAHIYHUX IMOKA3HUKIB SKOCTI
KapTOHY, SIKI 3a/JI0BOJIBHSAIOTH BUMOIraM CTaHIapTy. JloBeaeHo, 110 BBEACHHS
consiiarkoBoi HI y macy kapTony no3Bodsie 3aminutu 50 % cunrernunuit AK/I.

16. 3anpornoHoBaHO TEXHOJOTIYHI CXEMHU BUPOOHUIITBA NANepy JUIsl MaKyBaHHS
Xap4yoBUX TPOJYKTIB Ta KapTOHY s IUIOCKMX IHapiB  rodpokapToHy 3
BUKOpHUCTaHHSM HaHo1ent01034 13 HIIPC B X BOJTOKHUCTHX KOMIO3UIISX.

17. BcraHoBIeHO, MO €KOHOMIYHUN €(EeKT BijJi BUKOPHCTAHHSM OYEPETSHOT
HII B xomno3utiii manepy /ajis maKyBaHHS Xap4yOBUX MPOJYKTIB Macoro 110 /M s
BUpPOOHHMIITBA TakKeTiB Uil (acyBaHHS OakalliHMX BHUPOOIB Macow 10 S5 Kr

MPOIYKTUBHICTIO 50 THC. T Ha PiK CTAaHOBUTUME A0 1,5 MJIH. I'pH Ha pIK.
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JlopaTok A

IMoxuoxu BI/IMipIOBaHHﬂ CKCIEPUMEHTAJTbHUX 3HAYCHb OTPUMAHHS

HAHOLEJIIJIO3] i3 HelepeBHOI POCJIMHHOI CHPOBHHH

[Toxuboxm:
Bennunnm, mo Opunuii Cepennbo- | PesynbratinB
. . . Bignocna
BUMIPIOBIHCH BUMIPIOBaHHSI | KBajapaTuya, | BHMIpIOBa- o
E., %
S Hus, = AX
[impHICTE
HAHOLIENTHOIO3HHX r/em’ 0,0047 0,009 0,63
IJTIBOK
IIpo3opicTh % 0,05 0,06 1,0
Omip
MH 7,45 7,46 0,62
PO3UPaHHIO
Omip
klla 4,99 5,74 0,63
MPO/IaBJIFOBAHHIO
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Honatoxk b

Emnipuuni ¢popmyiin ekcnepuMeHTAJIbHUX IPa@ivyHUX 3aJ1e/KHOCTeH

1. OTpumanHsl MaTeMaTuyHOi MoJieni (PIBHSHHS perpecii) npouecy oaep KaHHs

HaHouemono3u MmerogoM TEMIIO 3 ouepeTssHOT OpraHOCONBBEHTHOI LIENIOI03U 32

JIOTIOMOTOI0 METO/Iy MOBHOTO (DAKTOPHOTO EKCIIEPUMEHTY TUIY ILIaH 2°.

PoGoua mianyBanbHa MaTpuusd 3 pe3yJlbTaTaMH JOCHIIIB Y BOCBMH TOYKaXxX

TJIaHy 23 HaseqeHa B Tabnuil b.1

Tabmuus b.1

Ne Burpara OKI/I(j{a;HH}I, 06pzlg.c V3, tHomericr. Millldlj(}:::ii, Hposopicte,
TEMIIO, % ro rox r/em’ MIa %
1 0,8 4 0,25 1,18 7 31
2 2 4 0,25 1,22 16 42
3 0,8 20 0,25 1,26 10 64
4 2 20 0,25 1,33 47 74
5 0,8 4 1 1,28 8 38
6 2 4 1 1,36 20 51
7 0,8 20 1 1,38 11 77
8 2 20 1 1,43 61 82

3aCTOCOBYIOYM METOMMKY OOpaxyHKy IUTaHy 2°, Ta CIemiaibHy Iporpam
yro Yy OOpaxyHKy y y nporpamy

pPO3paxyHKiB, Oy KOe(IMIEHTH IS 3alUCY PIBHSHB PErpecii Ui BCiX MOKa3HUKIB

AKOCTI, a caml PIBHSHHS SIK1 MatOTh BUTJIAL:

y1:1,305+0, 030X1+0, 045X2+0, 058X3+0, OOOXJXZ-O, 003X1X3-0, 003X2X3-0, 008)6'1)62)(73
y2:22,50+13,50)€1+9, 750X2+2,500)C3+8,250X]X2-2, 000)61X3-],250X2X3+1,250)(?])(?2)(?3
y3:53,375+3, 625x1+16,875x2+4, 625X3-2,375)C1)C2-1,625X]X3+0, 625X2X3-2,]25X1X2)C3
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3acToCOBYIOYM

MCTO

XapiHIToOHA A

oITHUMI3aIii

napameTpiB

TEXHOJIOTIYHOTO MPOIIECy, Ta MPOTrpamy IJjisi PO3PaxyHKIB, 3HAMIEHO PIBHSHHS IS

onTUMi3allii mapameTpis:

d;=exp(-exp(9,802-7,903y,)); npu y;=1,43 d,;=0,800 (x;=2)
dr=exp(-exp(0,732-0,037y,)); npu y,=61,0 d,=0,800 (x,=20)
ds;=exp(-exp(1,677-0,039y3)); npu y;=77,0 d;=0,763 (x;=1)

D=, *d, *d3) "~ (1/3) = 0,787

o 1no Tabiauui XapiHITOHA BIANOBIAAE PIBHIO «I00pe» 1 JIy’Ke OJIM3BKO 0 PIBHS

«ryxe noopey.

OnTumanbHl 3HaYEHHS TEXHOJOTIYHUX MapaMeTpiB mpoiiecy oaepxanus HI

MeToaoM okucHeHHs B cepeaouini TEMIIO: Burpara okucauka TEMPO — 2,0 %;

TPUBAIICTD T1Apoizy — 20 roauH; TpuBaiicte 00podku Y3 — 1 rogauna.

2. OTpuMaHHsl MaTeMaTUYHOI MoJieNi (pIBHSHHS perpecii) mpouecy oaep KaHHs

HaHOICIIOJIO3U KUCIOTHUM MCTOJ0M 3 0‘I€p€T$IHO'1' OpFaHOCOJ'IBBeHTHO'l' OCJIr0JIO3u 3a

3
AOIMOMOT OO MCTOAY ITOBHOTO (1)aKTOpHOI“O CKCIICPUMCHTY TUITY ILJIaH 2°.

PoGoua mianyBanibHa MaTpulsl 3 pe3yibTaTamMHu JIOCIHIJIIB Y BOCBMHM TOYKaX

TIaHy 2’ wasenena B Tabmumi B.2

Tabmums b.2
No KOHHG.HT— TII.)I/IBaII.iCTB TeMnequypa H.IiJ'ILHigJTB, Mexca . [Ipo3opicTs,
parris TiIpOIi3zy, T1IpOJIi3Yy, r/cMm MIIHOCTI, %
H,SO,4, % XB °C (Yy) MIla (Y),) (Y3)
1 40 60 40 1,16 8,0 32,2
2 50 60 40 1,19 14,2 41,9
3 40 90 40 1,23 11,5 68,4
4 50 90 40 1,21 32,1 77,5
5 40 60 60 1,41 46,8 78,6
6 50 60 60 1,45 56,6 82,1
7 40 90 60 1,39 49,6 80,2
8 50 90 60 1,42 59,6 79,5
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3aCTOCOBYIOUM METOAMKY OOpaxyHKY IuiaHy 2°, Ta CewialbHy Iporpamy
pO3paxyHKiB, Oy KoedimieHTH IS 3alUCy PIBHSAHB perpecii s BCiX MOKA3HUKIB
SIKOCTI1, a caM1 PiBHSHHS SIK1 MAlOTh BUTJISI:
y;1=1,308+0,010x;+0,005x,+0,100x3-0,010xx5-0,008x ;x3-0,01 8x,x35-0,05 0x ;x5
v2=34,800+5,825x,+3,400x,+1,350x3+1,825x,x-0,875xx3-1,950xx3-1,77 5% ;X% 3
v3=67,55+2,700x,+8,850x,+12,550x3-0,600x x5-2,000x ;x3-9, 1 00x,x3-0,450x ;X 5x 3

3acTocoByroUM ~ METOJ ~ XapiHITOHAa I ONTHMI3alii  HapameTpiB
TEXHOJIOTIYHOTO MPOILIECy, Ta MPOTrpaMy JAJsl PO3pPaxyHKiB, 3HAWICHO PIBHSIHHS IS
OnTHUMI3alli mapameTpiB:

d;=exp(-exp(8,462-8,233y;)); npu y;=1,19 d;=0,769 (x;,=43)
dr=exp(-exp(0,956-0,112y,)); npu y,=22,0 d,=0,800 (x,=60)
ds;=exp(-exp(1,755-0,057y3)); npu y;=57,0 d;=0,800 (x3=60)
D=, *d, *d3) " (1/3) = 0,789
o mo Tabnuill XapiHTTOHA BIAMOBIIAE PIBHIO «I00Ope» 1 MyX,e ONMU3bKO JI0 PiBHS
«ayxe 1ooper.
OnrTuMizoBaHi mapamMeTpu:
e KOHIIEHTpalis pooouoro po3uuny H,SO, — 43 %;
® TPUBAIICTb T1JIpoJizy — 60 XBWINH;
e TeMmmeparypa rigpomizy — 60 °C.

3. OTpumaHHS MaTeMaTUYHOI MOJIENI (PIBHSIHHS perpecii) mpoIiecy oep>KaHHs
HAHOLIETIOJIO3U KUCIIOTHUM METOJIOM 3 KYKYPYA35HOI OPraHOCOJIbBEHTHOT 11€TI0JI031
3a JIOIIOMOTOK0 METO/y TIOBHOTO (haKTOPHOTO eKCIIepMMEHTY THITy IuiaH 2°. PoGoua
IUIAHYBANbHA MATPHIS 3 PE3ylbTaTaMH JIOCHIJiB y BOCEMH TOYKax ILiaHy 2°
HaBeJleHa B Tabnuili b.3

3aCcTOCOBYIOUM METOAMKY OOpaxyHKy mnmaHy 2°, Ta cIemiadbHy HpOrpamy
pO3paxyHKiB, Oy KoedilieHTH )i 3alUCy PIBHSAHb perpecii A BCIX MOKAa3HUKIB
SIKOCTI, @ caMm1 PIBHSIHHS SIK1 MAlOTh BUTJISI:
v;=1,091+0,006x,+0,004x,+0,091x3-0,010x x,+0,006x 1x3-0,01 6x:x3-0,004x 1x:X;3
Vy=13,688+2,113x;+1,188x,+6,988x5+0,863x,x5-0,188x,x3-0,613xx3-0,838xx,x;
V3=46,913+1,863x;+6,138x,+8,713x3-0,413xx5-1,388x,x3-6,313x,x3-0,312x,x:x3
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Taomuusa B.3

No Konnent- | Tpusamicts | Temneparypa | LLimpHICTS, Mexa [Ipo3opicTs,
- partis riapomizy, riapomi3y, r/em’ MIIIHOCTI, %
HzSO4, % XB OC (Yl) Mlla (Yz) (Y3)
1 40 60 40 0,97 4,3 22,4
2 50 60 40 0,99 5,5 29,1
3 40 90 40 1,03 4,5 47,5
4 50 90 40 1,01 12,5 53,8
5 40 60 60 1,18 18,2 54,6
6 50 60 60 1,21 22,0 57,0
7 40 90 60 1,16 19,3 55,7
8 50 90 60 1,18 23,2 55,2

3acTOCOBYIOYM ~ METOJ ~ XapiHITOHAa s ONTHUMI3alii  mapameTpiB
TEXHOJOTIYHOTO MPOIIeCy, Ta Mporpamy Ijsi PO3paxyHKIB, 3HAMIEHO PIBHSHHS JUIS
onTUMi3allii mapameTpis:

d;=exp(-exp(8,462-8,233y;)); npu y;=1,19 d;=0,769 (x;=43)
dr=exp(-exp(0,956-0,112y,)); npu y,=22,0 d,=0,800 (x,=60)
ds=exp(-exp(1,755-0,057y3)); npu y;=57,0 d;=0,800 (x;=60)
D=, *d, *d3) " (1/3) = 0,789
o 1no Tabauui XapiHITOHA BIAMNOBIAAE PIBHIO «HOOpe» 1 Tyxe ONM3bKO 10 PIBHA
«ryxe 1oopey.

OntumMizoBaHi mapameTpu:

e KoHIIeHTpallisi podoudoro po3uuny H,SO4 — 43 %;

® TPUBAIICTb Ti/Ipoizy — 60 XBWINH;

e Temmeparypa riapomizy — 60 °C.

4. OTpuMaHHs MaTeMaTUYHO1 MoJieNl (PIBHSIHHS perpecii) mpoiecy oAepxaHHs
HAHOLIETIOJIO3U KUCIOTHUM METOJIOM 3 KOHOIUISTHOI OPTaHOCOJIbBEHTHOI IIENI0JI03U
3a JI0IIOMOT0I0 METO/Y MOBHOTO (PAKTOPHOIO EKCIIEPUMEHTY THITY IUIaH 2.

PoGoua mianyBanbHa MaTpuls 3 pe3ylbTaTamMH JIOCIIJIB Y BOCBMHM TOYKaX

TIaHy 2’ wasenena B Tabnumni B.4
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Tabmuus b.4

No Konnent- | Tpuanicts | Temneparypa | LLinmbHICTD, Mexa [Ipo3opicTs,
- partis TiApOoizYy, riapomizy, r/em’ MIIHOCTI, %

HQSO4, % XB OC (Yl) MlIIa (Yz) (Y3)
1 40 60 40 0,78 15 58,2
2 50 60 40 0,95 27 74,8
3 40 90 40 1,07 23 72,1
4 50 90 40 1,26 34 80,0
5 40 60 60 1,46 52 82,0
6 50 60 60 1,54 60 85,5
7 40 90 60 1,42 55 83,0
8 50 90 60 1,50 66,7 81,3

3aCTOCOBYIOUM METOAMKY OOpaxyHKY ImaHy 2°, Ta CIemiadbHy MpOTpamy
pO3paxyHKiB, Oy KoedimieHTH IS 3alUCy PIBHSAHb perpecii i BCiX MOKAa3HUKIB
SIKOCTI1, @ caM1 PiBHSHHS SIK1 MAlOTh BUTJISII:
v;=1,248+0,065x,+0,065x,+0,233x3+0,000x 1x,-0,025x 1x3-0,08 5x,x3-0,003% 1X5X;3
V,=41,588+5,338x;+3,088x,+16,838x3+0,338x,x,-0,413x;x3-0,663x:x3+0,588x 1x5x;3
v3=77,113+3,288x,;+1,988x,+5,838x3-1,738x,x5-2,838xx3-2,788x:x3+0,437xx:x3
3acToCOBYyIOUM ~ MeTOJ ~ XapiHITOHa  JUIsi  ONTHMI3alii  mapaMmerpiB
TEXHOJIOTIYHOTO MPOLIEeCy, Ta MPOTrpaMy AJsl PO3pPaxyHKiB, 3HAWICHO PIBHSIHHS IS
onTHUMi3alii mapameTpiB:
d;=exp(-exp(2,504-2,600y,)); npu y;=1,50 d;=0,781 (x;=50)
dr=exp(-exp(1,049-0,038y,)); npu y,=66,7 d,=0,800 (x,=90)
ds=exp(-exp(11,107-0,147y3)); npu y;=81,3 d;=0,661 (x;=60)
D=, *d, *d;) " (1/3) = 0,744
o 1o Tadnuil XapiHITOHA BIANOBIAAE PIBHIO «I00pe» 1 ayxe OMU3bKO A0 PiBHA
«ryxe nooper.
OnTumizoBaHi mapaMeTpu:
e KoHIIeHTpaIlis pododoro pozunny H,SO4 — 50 %;
® TPUBAIICTb T1JIpodizy — 90 XBWINH;

e Temmeparypa rigpomizy — 60 °C.
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EKCILITIKALISA OBJIAJJHAHHS 10 TEXHOJIOT'TYHOI CXEMHA

Ne | Ha3zBa oOagnanus Ne | HazBa oOnagHauas

1 | I'impoposbuBau 23 | BianeHTpoBuii ouuIyBay

2 | IlpuitmanbpHa €MHICTD 24 | By3noynoBiroBay

3 | bacelin cupoi macu 25 | ByznoynosiroBau

4 | PerynaTop KOHLEHTpallii Macu 26 | I'iagpopo3OuBau Opaky

5 | baceiin cupoi macu 27 | I'iagpopo3OuBau Opaky

6 | Po30aBmtoBasibHO-3MIIITyBaJIbHUIMA 28 | AKyMyJlSTOp 3BOPOTHHX BIJIXO/IB
STUAK

7 | YcranoBka 0e3nepepBHOTO 29 | 3amacHuii OaceitH 3BOPOTHUX
PO3MEIIOBAaHHS MarnepoBOi Macu BIJIXO/IIB

8 | MipHuii simuk 30 | PerynsiTop KOHLIEHTpaIllli Macu

9 | Komno3uiiiHuu 0aceiin 31 | Baceitn 3BOpOTHHX B1AXO/IiB

10 | baceiin 32 | YcranoBka 0e3nepepBHOro

PO3MOJTY 3BOPOTHUX BIJIXO/IIB

11 | 3amacHuii MamuHHUM OaceiH 33 | PerynsTop KOHIEHTpaIlii Macu

12 | Perynsatop KOHIIEHTpaIlli Macu 34 | PerynsiTop KOHIIEHTpAIlli MacH

13 | PoGounii MammuuHui 6acerin 35 | BepxHiii HamyCKHUM TpUCTPii

14 | Po36aBmtoBaIbHO-3MITITyBaJTbHHMA 36 | HuxHil HamyCKHUN TPUCTPIN
SAIIHAK

15 | Po36aBmtoBasibHO-3MITITyBaJTbHHIMA 37 | BepxHiii CITKOBHIA CT1JI
SAIAK

16 | Padinyrodi KOHIYHI MIIMHU 38 | HuoxHil CITKOBUH CTI1I

17 | Padinyrodi KOHIYHI MJIIMHH 39 | IIpecoBa yactuHa

18 | Po36aBmtoBaabHO-3MIITYBaTbHHIMA 40 | CymuiabHa 4acTHHA
SIIHAK

19 | Po36aBmtoBaIbHO-3MITITyBaJTbHHMA 41 | KneinpHuil mpec
SAIIAK

20 | 36ipHHK M1CITKOBOI BOAM 42 | Cynepkananiap

21 | 36ipHHK M1ACITKOBOT BOAM 43 | TamOypHUit HaKat

22 | BiaueHTpoBU OUMILYBaY

201




202

NEOLOIFNOHDH
sHHD8AcOl]

NEOUGIVSNOHDH
HHHDS(EO]T

NEOLOIL'BNOHDH
sHHD8AsOlT

apg
gy
A
/ L opgs . = o=
3 o ] - i
-4 \ T T
W /| (R
. \m._ M _‘m . .N ... I £
y )
| \ 1 A4 e

A w . 2%
7] o- o- | ®, — AL - .. _ o LS4
¥ » . @/k & @ \ ...,.... ey AD \ @
™ A J[ T -l 75 g 8 'y
\[E L /Y Y | ; A |
| A i " 7 i -
e / | | e
/ \ / X a.
VW 3 LY
14 & & \
\j\j *
b

AHowdvxodgoe 91dvm xnxoovu VP AHOWIADN DOUNNHOOANY DIWIXD DHhICOUOHXA] - J NOUIDQOJT



EKCILTIKALIISA OBJIAJJHAHHS 10 TEXHOJIOITYHOI CXEMUA

Ne | Ha3Ba o0magHanns Ne | Ha3Ba o0agHanas
1 | I'tmpopo36uBau 24 | BuxpoBi OUHCHHUKHU
2 | TypOocenaparop 25 | BysznoynosnroBay
3 | bak-¢puetp 1 26 | Bibpauiitna copryBanka
4 | bak-dinbTp 2 27 | HanipHu#i AMKUK HIKHOBOTO APy
5 | IlpuitmansHuit 6aceitn 28 | Huxwns citka
6 | BuxpoBuii ouniyBau 29 | Bepxns ciTka
7 | CopTryBayka 30 | Hamipauii S1iuK BEpXHOTO MIApy
8 | CopryBaiika 31 | I[IpykuMHUI Banuk
8a | baceiin ounieHoi Macu 32 | Ilepma mpecoBa rpymna
9 | linuuaHa copTyBaika 1-i cTymeHi 33 | Ipyra npecoBa rpymna
10 | lllinuuaHa copTyBasika 2-i CTyIEHI 34 | CymnibHa 4YacTUHA
10a | 3ryiyBay JOBroro BoJIOKHA 35 | KneinpHuii npec
11 | duckoBuii pinbTp 36 | XonmoawibHa rpyna
12 | bacelin 3ryiieHoi Mmacu 37 | Cynepkananap
13 | baceliH 3ryuieHoi Mmacu 38 | TamOypHMiil HaKaT
14 | bydepHuii 6aceiin 39 | IlogoBKHBO pi3aIbHUIN BepcTat
15 | Padinep 40 | INakyBasIbHUH Bi30K
16 | Kommno3wurtiiiauii 0acein 41 | Baceitn cyxoro Opaky
17 | bak mocTiitHOTO PiBHS 42 | TlongpiGHIOBaY cyxoro Opaky
18 | 3minryBasibHUM HACOC 43 | 3mimyBanbHUN OaceliH Opaky
19 | BuxpoBi ouuniyBaui 44 | Tlpuitmay MOKpoOro 6paky
20 | ByznoynosmoBau 45 | JuckoBuii GpiabTp
21 | BiOpariitna copryBajika 46 | 30ipHHK OCBITJIEHO1 BOJU
22 | bak mocTiHOTO piBHS 47 | uckoBuii piuibTp
23 | 3minryBallbHUNA HACOC 48 | 3minryBanbHMIN OaceliH CTOKIB
24 | BuxpoBi OYMCHUKHU
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AKT BIIPOBAJIZKEHHS
pesyJbTaTiB aucepTauiiinoi po6oTn acnipanuTkH Sxkumenko Oneru CepriiBHu
«Po3pobka exonoriuHo 6e3neuHuX pecypcooilaiHHX TEXHOIOTIH

ofiep/KaHHS | BAKOPHCTAHHA HAHOLIE/MIOJIO3H Y BHPOOHHMUTBI Manepy i KapToHy»

My, mo nignucanucs Hukdve, npenctaBHHkH Bia IIpAT «ManuHcbka
nanepopa abpuka - Baiiamann» i HallioHanbHOro TeXHiYHOTO YHIBEPCHTETY
Vipainn «KuiBcekuit nomitexHiynuii iHcTHTYT iMeHl Iropa CikopeeKoro»
CKJIaJM LeH aKT Mpo Te, L0 pe3y/IbTaTH BHMILEBKAa3aHoi auceprauiiiHol podoTH
acnipanTku Slkumenko O.C. (HaykoBuii kepiBHMK — mpodecop bapbaim B.A.)
BMKOPHCTAHO MiJl 4ac BUPOOHHMUTBA €KCIIEPHMEHTAIbHOI MapTil mamnepy A
MaKyBaHHA XapuoBMX TNpoAyKTiB «[1acHH» i3 BHKOPHCTAaHHSM B HOro
KOMIMO3MLIT AK 3Mil[HIOIOYA 100aBKa HAHOLEJIOJIO3H, OJepPiKaHoi i3 HellepeBHOI
pOCIHHHOI CHpPOBHHHM B Jjaboparopii kadenpu ekosiorii Ta TexHONOri
pocnununx nosimepis KITI im. Iropsa Cikopcekoro.

Hanouemonosy i3 crebes KOHOMENb 33 TEXHOJOTIYHOK CXEMOIO
BHpOGHMITBA nanepy Ui MaKyBaHHA XapyoBHX NpPoAykTiB «[ylacuu» Ha
nariepopobHiii MainHi Nel5 BBOJMIIM 3@ HACTYMHOIO CXEMOIO: HAHOUENIONO03Y
BBOJIMJIM B HaK MOCTIHHOTO piBHA Yepe3 poTaMeTp, a aumep ankinkereHy (AKJI)

- BBOIWJIM Y HamNipHUH MaconpoBiil Nepej COPTYBAlIKOIO.

3pasku manepy BiAGHpaNMCh 3 PYJIOHIB TiCIA MO3A0BXKHBO-PI3aJBHOrO
BepcTaTy. BinGupanHs 3pa3skiB 3AIHCHIOBATOCh 3 KOXHOro pyjioHy mo 10

apKylliB 3riiHO

KLEIOHEDHE TOBADHCTS
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JCTY EN ISO 186:2008.

BiniGpani 3pasku mnanepy Oyno nepenaHo B

na6Goparopiro BTK juis nposeaeHns BunpoOyeans. [licns HapizypaHHS 3pa3skis

nanepy Ta iX BHTPHMKH 3a CTaHJAapTHHX YMOB IpOBEJEHO BHNpOOyBaHHA

Gi3uKO-MEXaHIYHUX TMOKA3HUKIB Manepy Mis NaKyBaHHS XapyoBMX NpPOJAYKTiB

«["macuB», pe3ynbTaTH AKHX HaBeJeHo B Tabn. 1.

Tabmuna 1. disuko-mexaHiuni nokasuuku mnanepy «[nacun-40» s

MaKyBaHHA Xap4yoBHX MPOAYKTIB 3 BHKOPHCTaHHAM pisHuX BurTpar HIL[ npu

JI0/IaBaHHi Y BOJIOKHHCTY Macy i Ha MIOBEPXHIO

o7 PyiiHiBHe Binl-mé'lié_
Ne Butparu | Butpatu | Butpatu | sycwuia, H BHJIOBKEHHSA, %
s XAP, HILI, HII, r/m’ y ¥y BOJIO y Yy BOJIO
P | 9 sin % BijY Ha CYXOMY | roMy | CyXoMy | TFOMY
MacH MacH MOBEPXHI | cTaHi CTaHi craHi CTaHi
1 0 0 SRS () 21,70 | 1,25 1,36 0,59
2 0,3 0 0 26,30 1,50 1,87 | 1,06
3 B0 w05 0 27.50 171z 04 147
o T 1 0 28,80 | 1,82 2.23 1,64
B 0,3 1,5 =) 30,10 | 1,93 2,28 1,76 |
6 0,3 SCOREs 0 32.10 2,18 251 Tss
7 0,3 =0 0 | 273 2,31 230 0,72
8 05 =0 a3 e P 1,51
G 0 3.0 364 | 2,80 4,68 7
10 0,3 O 5,0 43,1 3,30 5014 | 1,9

SIk BHIIHO i3 HaBeICHHX B TAONHILi 1 pe3yNbTaTiB, BHKOPHCTAHHA HAHOLIEMIONO3H

JIO3BOJIAE MiBHIMTH (i3HKO-MEXaHiuHI NMOKa3HHKHM 3pa3KiB mamepy, 30Kpema,

nicns BHeceHHs 2% HLI y LEMON03Hy Macy MOKa3sHHK PyHHIBHOIO 3yCHILIA Y

cyxoMy cTaHi 3pocrtae Ha 26,7 %, a y BojioroMy crasi Ha 45,3 %; BiNOBIAHO

NOKA3HHK BiJITHOCHOrO BHIOBXeHHA Ha 23,5 % Ta Ha 74,5 %.
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Y Bunanky HaneceHHs HI| Ha mMoBepxHIO namnepy B KJICUIBHOMY Mpeci 3
BHTPATOIO 2 I/M’ CTIOCTEPIraEThCs 3pOCTAHHA MOKA3HHUKIB PYHHIBHOTO 3yCHILUIA B
cyxomy crasi Ha 27,4 % i Bonoromy Ha 68 %; BiINOBIZIHO JUIA BiJIHOCHOIO
BHJIOBXKEHHA Ha 66,3 % Ta Ha 42,4 %.

TakuM YHHOM, BHPOOJIEHA EKCNEpHMEHTAJbHA NapTid nanepy s
NaKyBaHHS Xap4yoBMX MPOJAYKTIB 3 JOJABaHHAM HAHOLEMONO3H i3 creben
KoHOomnenb Bianosigac Bumoram TY V21.1-00278735-051:2004 Ta Moxe
BHUI'OTOBJISETHCS HA BHYTPILIHIA PUHOK Ta €KCIIOPT.

BHKOPHCTaHHS BKa3aHO! TEXHOJIOrT BHPOOHMIITBA Manepy JUld YNaKOBKH
XapuOBHX MPOAYKTIB 3 AOJABAHHAM B HOro KOMIIO3MILII0 HAHOUETIONO3H i3
HeJIEPEeBHOT POCIMHHOT CHPOBHHM 3a6e3nedye NMoKpaieHHs Qi3uKo-MeXaHI9HHX
NMOKA3HMKIB, a TAKOX 3MEHIIye 3a0pyJAHeHHs MOBKUUIA Y TMOPIBHAHHI 3
AHAJIOrYHOIO HIIOK MPOAYKUIEI 3 BHKOPHCTAHHAM XiMIYHHX JONOMDKHMX
pEYOBHH i3 BHYEpNMHHX JoKepen (HaQTH, rasy, BYruUls) 3a paxyHOK

BUKODHCTAHHA  BITYM3HAHOI  POC/IMHHOI ~ CHPOBMHM, sKa  LIOPIYHO

BiJIHOBJIIOETHCS.
JIMpEKTOp UEHTPY PO3BHTKY Ta HaykoBuii KepiBHHK
nocnipkens “TIpAT Manuucbka X.H._zpodecop
naneposa (pabpuka - Baiiimann», 72 Banepiii BAPBAIILI
K.T.H.
= AcrnipaHTKa

~ IOpiii LIATIJIOB _ /" Onbra AKUMEHKO

S e OV 2023 p. E oL 2023 p.
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