MIHICTEPCTBO OCBITU I HAYKU YKPAIHU
AKAZIEMIA IHHKEHEPHUX HAYK YKPAIHU
HALIIOHAJIbHA METAJIYPITMHA AKAJIEMISI YKPATHU

Nod
TEOPISI I IPAKTHKA | (15

METAJVYPTIi | 5919

3ATAJIbHOJIEPXKABHUI HAYKOBO-TEXHIYHUM )KYPHAJI

Bunaerbcs 3 6epe3ns 1997 poxy
Buxoauts 6 pa3ziB Ha pik

3acnoenuku:  HamionanbHa MetanypriiiHa akagemis YKpaiHnu
Binninennst marepiajio3HaBCTBA Ta METAIyprii
Axanemii iHXEHEepHUX HayK YKpaiHu

Buoasui: HarmionaneHa metanypriiina akajaemist Y Kkpainu
BinnineHHs MaTepiano3HaBCTBa Ta METATYprii
AkaneMii IHKEHepHUX HayK YKpaiHu

Juinpo
2019



MIHICTEPCTBO OCBITH I HAYKH YKPAITHU
HAIIIOHAJIbHA METAJTYPITHHA AKAJIEMISI YKPATHA
AKAJIEMIS IHOKEHEPHUX HAYK YKPATHU

3acHOBUHUKMN:
3aranbHogepXaBHUN LleHTp (BigaineHHs1) maTepianosHaBcTBa i MmeTanyprii Akagemil
HayKOBO-TEXHIYHWI XXypHan IHXXEHEePHNX HayK YKpaiHu

HauioHanbHa meTanyprinHa akagemia YkpaiHu
ISSN 1028-2335

Bunyck 4 (121) 2019p PepakuinHa koneris

CB1IOIITBO MIPO PEECCTPALIIIO:
cepist KB Ne 21962-11862I1P
Bix 23 6epe3ns 2016 poky

lonosHuti peGakmop
MocTtaHoBoto MNpesunaii Buwwoi 4.7.H., npod. NMponaak K0.C. (YkpaiHa)
arecTauifHol KoMicii YkpaiHu Big 3acmyrnHuk 201108H020 pedakmopa
16.05.2016 p. )KypHan BKMOYEHO 0 0.T.H., npod. Kamkina J1.B. (YkpaiHa)

kaTeropii «B» nepeniky HaykoBumx
haxoBumx BUAaHb YKpaiHu B ranyasi

TEXHIYHMX HayK 3a HomepoMm 1156

A.T.H., npod. binogigeHnko C.B. YkpaiHa)

O.T.H., npod. Bonkosa O. I. HimeuyunHa)
PekoMeHaoBaHoO BueHoto 0.T.H., npod. MHaTyweHko B.B. YkpaiHa)
Papgoto HauioHanbHoi O.T.H., npod. KHanuHcbkmun M.A. MonbLa)

MeTanypriiHoi akaaemii A4.T.H., npod. Kyuosa B.3. Ykpaina)

(
(
(
(
(
Ykpainu Ne6 Big 24.06.2019 A.T.H., npod. JlexxHes C.M. (KazaxcTtaH)
AO.T.H., npod. Jlantok B.IT. (Ykpaina)
(
(
(
(
(
(

4.T.H., npod. Manun €.1. YkpaiHa)
0.T.H., npod. Megosap J1.b. YkpaiHa)
. A.T.H., npod. Cirapsos €.M. Ykpaina)

dopmat 60x84/s. .
Vo apyK.apk, 10,9 A.T.H., npod. CtoBn4yeHko I".IM. YKpa.I-Ha)
Anpeca pefiaKuii Ta BuaaBus: HaujonansHa | | A.T.H., npod. ®ponos A.B. YkpaiHa)
meTanypriitHa akaaemisi Ykpaitu, A.T.H., npod. LWaToxa B.I. YkpaiHa)

np.larapinHa, 4, m.JHinpo, 49006
1.(0562) 47-44-42; (067)719-37-51
Tupax 100 npum.

Mepenpyk nuiie 3a JO3BINOM peaakuii
Mpu BUKOpUCTaHHI MaTepianiB NOCUAHHA Ha XXypHan o60B’a3koBe
BuaaBHULTBO He Hece BiAnoBiAanbHICTb 3a 3MiCT maTepiany,
HagaHoro aBTopom A0 APYKY
MaTepianu ny6nikytoTca Ha MOBi opuriHany
3a AKicTb nepeknagy crtaTten Ha aHrMiNcbKy MOBY peAakuis BignoBiganbHOCTI He Hece
PepakuinHa paga 3anuwae 3a co6010 npaBo 3MiHKOBATU TEKCT CTaTeMn,
He BMSIMBAaKO4M Ha 3arafibHUN 3MICT HalaHOro martepiany

Komn’totepHe BepctaHHa O.I.besLkypeHko

http://tpm.nmetau.edu.ua OHMerTAY 2019




MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
ACADEMY OF ENGINEERING SCIENCES OF UKRAINE
NATIONAL METALLURGICAL ACADEMY OF UKRAINE

14
THEORY AND PRACTICE | (121)

OF METALLURGY 2019

GENERAL STATE SCIENTIFIC AND TECHNICAL JOURNAL

Issued since March 1997
Released 6 times a year

Founders: National Metallurgical Academy of Ukraine
Department of Materials Science and Metallurgy
Of the Academy of Engineering Sciences of Ukraine

Publishers: National Metallurgical Academy of Ukraine
Department of Materials Science and Metallurgy
Of the Academy of Engineering Sciences of Ukraine

Dnipro
2019



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
ACADEMY OF ENGINEERING SCIENCES OF UKRAINE
NATIONAL METALLURGICAL ACADEMY OF UKRAINE

Founders:
National scientific journal Center (Department) of Materials Science and Metallurgy of the
Academy of Engineering Sciences of Ukraine

National Metallurgical A f Ukrai
ISSN 1028-2335 ational Meta urgica cademyo Ukraine

Edition 4 (121) 2019 year . .
" (121) y Editorial board

Editor in Chief

Certificate of registration: D.Tech.Sc., prof. Proydak Yu (Ukraine)
KB Ne 21962-11862I1P Honorable Editor
23.03.2016 D.Tech.Sc., prof. Kamkina L. (Ukraine)
By the resolution of the Presidium of
the Higher Attestation Commission of Prof., d.t.s. Bilodidenko S. (Ukraine)
Ukraine dated May 16, 2016, the Prof., d.t.s. Volkova O. (Gemany)
magazine was included in the Prof., d.t.s. Gnatushenko V. (Ukraine)
catego_ry 'B" of t_he I.ISt of smentnjc Prof., d.t.s. Knapinskij M. (Poland)
professional publications of Ukraine .
in the field of technical sciences by Prof., d.t.s. Kutsova V. (Ukraine)
number 1156 Prof., d.t.s. Lezhnyev S. (Kazakhstan)
o Prof., d.t.s. Lyalyuk V. (Ukraine)
Recommended Academic Prof., d.t.s. Malij Ye. (Ukraine)
Council of the National Prof., d.t.s. Medovar L. (Ukraine)
Metallurgical Academy of Prof., d.t.s. Sigarov Ye (Ukraine)
Ukraine #6 24.06.2019 Prof., d.t.s. Frolov Ya. (Ukraine)
Prof., d.t.s. Shatoha V. (Ukraine)

Format 60x84%/.
CPP. 10,9
Editorial address and publisher: National
Metallurgical Academy of Ukraine, Gagarina,
4, Dnipro 49006
T.(0562) 47-44-61; 0662911534
Copies of 100.

Reproduction only with permission of the publisher
With reference to the journal is obligatory
Publisher is not responsible for the content of the material,
by authors for publication
Publikuyutsya materials in the original language
For quality translations of articles on English version is not liable
Editorial Board reserves the right to change the text of the articles without affecting
the overall content of the material

http://tpm.nmetau.edu.ua ©NMetAU 2019




Nod, 2019 ISSN 1028-2335 & e sommemisriniiik

JITeopis i NPaKMuUKg Memarypeii

3MICT
MNOTAM 0.10., 3IHYEHKO M.[., MUXAANOBCBKMIA M.B., MIBEHb B.O.

LJOCnIAXEHHA BNAUBY LWBUAKOAIT HATUCKHUX MPUCTPOIB HA TOYHICTb ABTOMATUYHOTO PEMY/IIOBAHHA TOBLUWHW IMCTOBOIO

LI It 5
COPOKIH €./1.
AHANITUYHE BUSHAYEHHA CKAALY BYTINbHUX WNXT AKI MICTATb TYCTUHHY GPAKLLIKO C/TABKOCTIK/MBOMO BYTI/IIA . ceeeeeeeeeeeeenee 11

XPUYMKOB B.E., BIINI O.M., IBAHOBA N1.X., OCUMEHKO I.0.
Bn/ivB EKPAHYBAHHA COPTOMPOKATHMX BAJIKIB 3 YHABYHY HA BE/INYMHY 3ANTULLKOBUX JIMBAPHUX HATIPYT .. 14
rYnb 10.1., IBY4EHKO O.B., MEPYYH I.I., YME/IbOBA B.C.

TEOPETWYHE | TEXHONOMYHE OBI'PYHTYBAHHSA HOBMX TEXHO/IOTIYHWUX CXEM OTPUMAHHSA CTANEBUX BUPOBIB, LLLO 3MILHIOIOTHCA
XOOZHOK [IEDOPMALIEID «..c.vveeveevieveeeteeeetesesueesesstessassessessesssesssseessassessessesesessentessessessestesesesssssensessessessesesssssssessessessesseses 18

MOTUNATEHKO B.T.

BI3YANI3ALIA TBEPAIHHA BUMBKA NMIA BMTUBOM BIBPALLT ...oeviiitiiitieie ettt ettt 31
MAHOBCbKA £1.B., MILLAJIKIH A.M., AHKYZIHOB P.B., TOKAPEB C.I., IBOPKOBOW O.1.

BMKOPWUCTAHHA MATEPIA/IIB POC/IMHHOTO NOXOMKEHHA B MPOLIECAX NEPEPOBKM 3A/TI30BMICHUX META/TYPTIHUX BIAXOAIB.......... 38
CO/NOHEHKO /.1, PEM'AX C.1., Y3NOB K.I.

KIHETUKA CTPYKTYPYBAHHS MILLLAHO-PIJKOCK/IAHWUX CYMILLEA MAPO-MIKPOXBU/IOBUM 3ATBEPAIHHAM ...vovviiniiiriiiicrieiecnienie, 50
KAYAH 10.I"., KY3HELLOB B.B.

OCOB/IMBOCTI EKCMTYATALLIT ®OTOENEKTPUYHUX CTAHLLIA AK JOMOMIMKHOIO MOCTAYA/IbHUKA ENEKTPUYHOT EHEPTIT A1 HETATOBUX
CMOMUBAYIB 3ANTISHUYHMX ENTEKTPOMEPEXK ...eieettutuueeseeetttuuuneseeeeesensnnesesessessssnnsesesensssnsnsseseessssnnneseesssnssnnaeesesesssnnnssesesennnns 61

67



JITeopis i NPaKmMuKg Memarypeii

por %% ¢ ISSN 1028-2335 Ne4, 2019

CONTENT

POTAP O.E., ZINCHENKO M.D., MIKHAILOVSKY N.V., PIVEN V.A.

RESEARCH ON THE IMPACT OF THE VERTICAL ADJUSTMENT DEVICE RAPIDITY ON THE ACCURACY OF THE AUTOMATIC THICKNESS CONTROL OF

L 0O L 0 I N 5
SOROKIN E.L
ANALYTICAL DETERMINATION OF THE COMPOSITION OF COAL CHARGE CONTAINING DENSE FRACTION OF LOW-ALUMINA COAL................. 11

V. KHRYCHYKOV, O. BILYI, L. IVANOVA, |. OSIPENKO I.
THE EFFECT OF SHIELDING CAST IRON ROLLS ON THE VALUE OF RESIDUAL CASTING STRESSES...cceeeuuurerrreresarunreneresesssannrrneeeesssesmnneneees 14
GUL YU.P., IVCHENKO O., PERCHUN G., CHMELEVA V.

THEORETICAL AND TECHNOLOGICAL SUBSTANTIATION OF NEW TECHNOLOGICAL SCHEMES FOR PRODUCING STEEL PRODUCTS HARDENED BY

THE COLD DEFORMATION Louuiuiiuniiniiniiniittiutitia ittt ettt et eaeaeat et e et ta e eaeeaaeaataaeta s eaesaseaesaseaataserasasesasesssasersseterssessessernessernsenees 18
MOGYLATENKO V.G.
VISUALIZATION SOLIDIFICATION CASTING UNDER THE INFLUENCE OF VIBRATION ...eeetiiiuuereeereseaaiunreeeeeeesesanreneeesesssannsnneesesssasnnnseeeees 31

MYANOVSKA YA., MISHALKIN A., ANKUDINOV R.,TOKARYEV S., DVORKOVOI O.

THE USE OF VEGETABLE MATERIALS IN THE PROCESSES OF PROCESSING IRON-METALLURGICAL WASTE .....ccvviiniiiiiiniinnienteenreenteene e 38
SOLONENKO L., REPYAKH S., UZLOV K.

KINETICS OF SAND — SODIUM SILICATE SOLUTE MIXTURES STRUCTURING BY STEAM—MICROWAVE SOLIDIFICATION......cvevereierieereeennennne, 50
KACHAN YU, KUZNETSOV V

FEATURES OF OPERATION OF PHOTOVOLTAIC PLANTS AS A SUPPLEMENTARY SOURCE OF ELECTRICITY FOR NON-TRACTION CONSUMERS OF
RAILWAY ELECTRIC IMAINS «..eeeettttuuneeeeeressssneaseessssssnnnsesesssssssnnnsesessssssssnnsesessssssssnesessssssssnnseseesssssssnnsesessssssssnneesessssssnnneseessssssen 61

CONTENT ottt s h bt h et et e b s a e e bbb e ab et e b sa e e b e s b eb e e et ess e b e s e e b e s b e e bt s et ensennena e re e 68

68



JITeopis i NPaKmMuKg Memarypeii

YOK 621.742.486

por %% ¢ ISSN 1028-2335

https://doi.org/10.34185/tpm.4.2019.07
Cosonenko JLIL, Pen’ax C.I, Y3108 K.1I.
KineTnka cTpyKTypYBaHHS MIIIAHO-PIAKOCKJISHUAX CyMilllel

NMapo-MiKPOXBWILOBUM 3aTBEPAiHHAM
Solonenko L., Repyakh S., Uzlov K.

Kinetics of sand — sodium silicate solute mixtures structuring by
steam-microwave solidification

Poboma nipucesiyeHa supilieHHo Npobremu 3HWKEHHs 8UKUOI8 WKIONUSUX ma ompyUHUX PeYO8UHU Yy HaB8KOMIUWHE Ce-
pedosuwie ma 3HUXEHHSI eumpam MiHepasbHUX KorasluH, 30Kpema, Keapuo80o20 [iCKy 3a paxyHOK 8UKOPUCMaHHS y
8UpObHUUMSEI fugapHUX hopM | CMPUXXHIE 3 eKorno2iyHo 6e3rneyHoz20 criofy4yHo2o Mamepiany (Hampiegoeo piOKo2o
CKna) | 3acmocysaHHs napo-mikpoxeunboeo2o 3ameepliHHa ([TM3-nipouyec) Ona cmpykmypysaHHs niwaHo-
piokocknsHux cymiwed (MPC).

B pobomi sukopucmaHo cmaHOapmHi i 3a2anbHonpuliHmi memodu i MemoduKku O0CiOXeHHS cmpyKmypu ¢hopmyea-
JIbHUX ma CMPUXHe8UX CyMmiwel, 8USHaYeHHsI memnepamypu i Mmacu.

Bnepwe docnidxeHo KiHemuky i po3pobneHo onuc mexaHiamy cmpykmypysaHHsi [TPC cmpykmyposaHux 3a [TM3-
pouEecoM, 8U3Ha4YyeHi OCHOBHI 3aKOHOMIPHOCMI Mpoyecy cmpykmypysaHHs ma po3pobreHo 8idnosioHi aHanimuyHi 3a-
niexxHocmi. BcmaHo8neHo, wo OCHOBHOK MPUYUHOK OBMexeHHsT eghekmy cmpykmypysaHHsi no [TM3-npouecy € noa-
JIUHaHHS1 8O0SIHOI Napu cusikamom Hampito 3 wapy 800u-koHAeHcamy 8 kaninspax [PC. NMpu uybomy o6’em NPC, cmpy-
KkmyposaHoi 3a [M3-npouyecom, mum binble, YUM MeHWe 8UKOPUCMAaHO PiOKO20 cKia O/18 npueomyeaHHs CyMilli, Yum
Huxye yseHa winbHicms PC i yum mpusaniwe vac ernniusy Ha CyMill MiKpOX8urib08020 8UMNPOMIHIO8aHHS.

O6nik ompumaHux pe3ynbmamie npu po3pobuyi mexHonoezil eupobHuymea nueapHUx ¢hopM u cmpuxHie 3a MM3-
npouecom 00380/1UMb MPOSHO3y8amuU 8/1acmueocmi ma siKkicmb fiugapHUX ¢hopM i CmpUXHig, rnidsuwumu sKkicme eu-
nuskie i 3HU3UMu ix cobisapmicms, nposecmu 3amiHy eKoslo2iyHO Hebe3rneyHux CriolyYHUX mMamepianie iMnopmHozo
8uUpobHUUMea Ha eKoso2idHO besneyHe pidke CKIo 8iMYu3HsIHO20 8UPOBHUUMEa, WO y UiTIoMy 3MeHWUMb WKIiOnuei
8UKUOU 3 NuBapHUX Uexie 8 HasKomnulwHe cepedosuluye ma ix nompeby y Keapyo8oMy iCKy.

Knroyoei crnosa: nusapHa chopma, CmpuxeHb, napa, pioke CKIio, CmpyKkmypyeaHHSs, cusikam Hampito, memrnepamypa,
KiHemuka

Work has been devoted to solving the problem of harmful and poisonous substances in environment pollutions reducing
and mineral resources cost reducing, in particular, quartz sand due to using in production environmentally friendly bind-
er material (sodium silicate solute) for foundry molds and cores also steam—microwave application (SMS-process) for
sand—sodium silicate solute mixtures (SSS) structuring.

Standard and conventional methods and methodology of molding and core mixtures structure investigation, temperature
and mass determination have been used in the work.

Kinetics has been first investigated and description of mechanism of SSS structured by SMS—process structuring has
been developed, structuring process basic regularities have been determined and corresponding analytical dependen-
cies have been elaborated. It has been established that the main reason for the effect of structuring on SMS—process
limiting is water steam absorption by sodium silicate from the layer of water-condensate in SSS capillaries. In this case
SSS volume, structured by SMS—process, the more the less used sodium silicate solute for mixture preparation, the
lower SSS apparent density and the time influence of microwave radiation longer to mixture.

Obtained results accounting during production of foundry molds and cores by SMS—process technologies developing
will allow to predict foundry forms and cores properties and quality, to improve castings quality and reduce their cost, to
replace imported products of environmentally hazardous binders by environmentally friendly domestic produced sodium
silicate solute that is generally will reduce harmful pollutions from foundries into environment and their need for quartz
sand.

Keywords: casting shape, rod, steam, sodium silicate solute, structuring, sodium silicate, temperature, kinetics
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Bctyn. OgHopasoBi nuBapHi GOpMM | CTPWDKHI
(JT®C), sk npaBuno, BUroTOBNSAKTL 3 CyMiLli KBapLLO-
BOro MiCKy 3i CMOMy4YHUM MarepiarioMm OpraHiyHoro
abo HeopraHiYHOro MOXOMKEHHS. Y YMChi OpraHiyHux
CMony4yHUX — Martepianu poCcrMHHOIo Ta MiHeparnbHO-
ro MOXOKEHHHA, CUHTETUYHI CMOSK, NoniMepu, cnmp-
TV i T.N. B 9KOCTi cnonyyYyHnx martepianis HeopraHiyHo-
ro NOXoMKeHHs — meTanodocdatn, antoMmiHaTh, rmu-
HW, pigke ckno, rinc, ueMeHT, Boay Ta iH. Lli maTtepia-
N1 BUKOPUCTOBYIOTL B cknagi JI®C, ockinbku Bianosi-
OalTb yMOBaM BMPOGHULITBA i MEBHOK MIpPOK BUMO-
ram, Lo npeg'siBNsTbCA 00 NOAIOHOro pody maTtepi-
anam B pi3HUX NMBapHUX Liexax, a came [1, 2]

1) TEXHONOrIYHICTb 30epiraHHs, TPAHCMOPTYBaHHS
Ta 3aCTOCYBaHHS;

2) DOBrOCTPOKOBICTb 30€epiraHHs;

3) BiACYTHICTb 3MOYYBaHHS i XiMi4yHa iHepTHICTb No
BiJHOLIEHHIO OO MOBEPXOHb OCHALLEHHA Ta obnag-
HaHHS;

4) BiACYTHICTb OCOBNMBUX YMOB 3aCTOCYBaHHS;

5) npocToTa, H13bKa TPYAOMICTKICTE POPMYBaHHS
i 3aTBEPAIHHS;

6) OOCArHEeHHsT MaHINyrnsAUINHOI MILHOCTI B MeXax
MOZESNBbHO-OMOYHOr0 i CTPWXKHEBOrO OCHALLEHHSA 3a
KOpOTKMIA Yac 6e3 HarpiBaHHS abo OXONOIKEHHS;

7) 3abe3neyeHHs1 nNMBapHUM OpMam i CTEPXKHAM
HeoOXxigHoro piBHA i3NKO-XIMIYHUX, TEXHOMOMYHUX i
ekcnnyartauiiHux BNacTUBOCTEN;

8) xiMiyHa iHepTHICTb A0 po3nnaBy i MOro OKuC-
nawm;

9) nerke BUOANEHHs CTPWKHIB 3 BUNMBKIB;

10) peweBa i WBKUOKa pereHepadis abo noganbLue

ConoHeHko Jiogmuna IropiBHa — K.T.H.,cT. Bukn. ®TIMC
Pen’six Ceprit IBaHOBWY — 4.T.H.,npod. HMeTAY
Y3noB KocTsiHTMH IBaHOBMY — A4.T.H.,npoc. HMeTAY.I.
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BMKOPUCTaHHSA BignpaLboBaHOi CyMilli B iHLUNX BUPO-
OHMUTBAX;

11) Hu3bka cobiBapTiCTb Ta BENMKOTOHHAXHE BIT-
YN3HSAAHE BUPOOHULITBO;

12) ekonoriyHa Ta caHiTapHo-ririeHiyHa 6esneka
TpaHCNopTyBaHHs, 30epiraHHs, 3acTOCyBaHHS i yTuni-
3auil B TOMy u4ucni i BigxoniB TEXHOreHHOro Moxo-
OXKEHHS.

OuiHka BiZOMUMX CMOMYYHUX MaTepianiB opraHiyHo-
ro NMOXOMKEHHS 3a HaBeAEHWMMW BMLLE BMMOram Mo-
Kasye, L0 BOHMW, SK MpaBwufo, He BigMOBiAalTb M.n.
1.4, 6 i 10..12. MNpu uboMy cnig 3as3HaunuTK, LWO
Oyab-sKka CMHTETMYHa cMona, SK i npoaykTu 1i ge-
CTPYKLIii, CTAHOBMATbL OCOBNMBY E€KONOriYHy Ta CaHi-
TapHO-TiriEHiYHY 3arposy. 3 uiei ToukM 30py BinbLu ne-
PCNEKTUBHUMW € CNOMYyYHi MaTepiany HeopraHiyHoOro
NOXOMKEHHS. Y yncni HaWBINbL LUMPOKO 3aCTOCOBY-
EMVX B AaHWUMA Yac HEOPraHiYHUX CMomMyYHUX NS BU-
pobHuuTtea JI®C € rnmnHucTi i meTanodocdarHi cno-
nyy4Hi, a Takox HaTpiese pigke ckno (PC). Mpu usomy
FMIMHUCTI CNOSMYYHI He BignosigatoTb n.n. 6, 7 HaBeae-
HOro BWLLIE Nepeniky BMMOr, mMeTanodocdaTHi cno-
nyyHi —n.n. 3, 6, 10...12, PC-n.n. 7, 9, 10.

3 uncna 3a3HayeHnx CrnosyyYHUX martepianis Heop-
raHiYyHoOro MOXOMKEHHSA 0cobnMBO cnig Big3HaAYUTU
PC, dke Ha BigMiHy Big, rMUHUCTUX CNONYy4YHUX 3abes-
neyye JIOC GinbLl BUCOKY MILLHICTb, ra30NPOHMKHICTb,
HWK4Yy obcmnanbHICTb | ra3oTBipHY 34aTHICTb, NioBU-
LEeHy TOYHICTb pO3MipiB BUMBKIB, a Ha BigMiHy Big
MeTanogocaTHUX CMNOMNY4YHUX — He € IMMOPTHUM
MaTepianom, Mae NyxHi, a He KUCMNOTHI BNacTUBOCTI,
He cTapie i He noTpebye cneuianbHMX yMoB 36epiraH-
HA i 3acTocyBaHHs. Bigomi Hegonikn PC 3a n.n. 7, 9
yCcyBaloTb 3MeHLUeHHsaM BMicTy PC B cymilli, nigsu-
LLIEHHSAM MOro CUMikaTHOro MoAyns, 3MiHIOKTb Cnocit
CTPYKTYPYBaHHS CyMilli, AoAal0Tb B CyMill TEXHOIO-
riyHnx JobaBoK, BUKOPUCTOBYIOTb BOTHETPUBKI hap-
ou, Towo [2...12, 18, 19].

3HayHa KinbKiCTb nybnikauin no  PiAKOCKMAHMX
JIOC cBiguntb Npo Te, wo PC, ak cnony4yHun maTepi-
ar, nepcnekTMBHO, BUCOKOTEXHOIONMYHO i noniBapiaH-
THe B crnocobax Ta 3acobax ynpasniHHA MOro Briac-
TMBOCTAMMU. [pU LbOMY, €(PeKTUBHICTb TOro YK iHLIO-
ro cnocoby abo 3acoby BM3HAYaETLCS NWLIe CTyrne-
HEeM MOro Bi4NOBIAHOCTI yMOBaMU CTPYKTYPYBaHHS i
poboTn cyMiwi Ha BCix eTanax ii BUKOPUCTAHHS Y KO-
XHOMY KOHKPETHOMY NTMBApPHOMY LIEXY.

AHani3 nitepaTypHux gaHuUX Ta MNOCTaHOBKa
npo6nemu. CTpyKTypyBaHHSA (3aTBEPAiHHS) MilLlaHo-
pigkocknsHux cymiwen (MPC) npu BurotosnenHi JIdC
3pivicHo0Th abo gerigparadieto PC (isnyHnin metop
BNMMBY), ab0 3MEHLUEHHSIM BOOHEBOrO MOKa3HMKa
(pH) PC (ximiuHuin meTtog snnuey). Oerigpatauiio PC
30IACHIOITb LWNAXOM CYLWiHHA JIOC [2]. 3HmxeHHsa pH
JocAralTb LMSIXOM BBEOEHHS B cymiw (6esnocepe-
OHbO nepen opMyBaHHSIM) pigknx abo TBepanx pe-
YOBWH, LLO BCTYNalTb Yy XiMi4YHY B3aEMOZjl0 3 riapokK-
cvngom Hatpito PC, abo wnsixom npoayBaHHst MPC
BYIIEKNCITMM ra3oM B OCHaLLEHHI [2, 18] i T.n.

KiHeTnka 3atBepgiHHa T[PC pgerigpaTadieto (cy-
LWiIHHAM) BU3HAYa€eTbCS LWBUAKICTIO 3HEBOAHEHHS PC i

JITeopis i NPaKMuUKg Memarypeii

Moxe ByTu onmcaHa B pamkax Krnacu4HOI Teopii Ten-
no- maconepeHocy. KiHeTuky 3atBepaiHHa [PC ximi-
YHMM CMOCOBOM OMUCYIOTb 3 BUKOPUCTAHHAM PIBHSH-
Ha A.H. Konmoroposa [13, 14]:

1
By At

e 3

V*(r)=v,-|1- : 1)

ne V*(t) — ob’em cnony4yHoro maTtepiany, Lo 3a-
TBEPAIB 3a Yac t; Vo — NoYaTKoBUIA 06’EM CNOMYy4HOro
MaTepiany B cyMilli; Bx — WMMOBIpHICTb YTBOPEHHS
LleHTpiB 3aTBEPAiHHA B Crony4yHoOMy marepiani; ¢ —
NiHiMHa WBKNAKICTb POCTY HOBOI dhasn B Crofy4yHOMY
marepiani; T — 4Yac TBepAiHHS.

CTpyKTypyBaHHsi NnakoBaHMX 3€PHUCTUX MaTepi-
anie nNapo-MikpoxBunbOBUM 3atBepgiHHaM (MM 3-
npowec) mae psig NPUHLMNOBUX BiAMIHHOCTEN Bif Bi-
AOMMX Ha CbOroAHIWHIN AeHb CcnocobiB CTPYKTYpY-
BaHHS. Lle, 30kpema, 3yMOBMEHO CeneKTUBHICTIO Ha-
rpiBaHHA Tin B NOMi MiKPOXBUNBbOBOrO (HaaBMCOKOYac-
TOTHOrO) BUMPOMIHIOBaHHS. 3HaHHS KiIHETUKM MPOXO-
DKeHHs1 Byab-AKOro nmpouecy i BCTAHOBIEHHS WNOro
3aKOHOMIPHOCTEN € OCHOBOIO A1 CTBOPEHHS | pO3BU-
TKy O6yab-akoi npommucroBoi TexHosorii. CTOCOBHO A0
MM3-npouecy, Ha CbOroAHILWHIN AeHb, Taki AaHi Bid-
CYTHI.

Meta i 3aBpaHHA pocnigxeHb. Meta pocni-
[KeHb — BM3HAYEHHS KIHETUKM CTPYKTypyBaHHs MPC
MM3- npouecom. 3aBgaHHA AoCnigkeHb — OLiHKa
BMMMBY MIKPOXBUBOBOIO 3aTBEPAIHHA Ha CTPYKTYpY
MPC, BM3HAYeHHS 3aneXxHOCTe Macu CTPYKTypoBa-
HOro KBapLioBoro nicky Big macu PC Ta vacy napo-
MiKpOXBWbOBOI 0OpPOBKM, BUKOPUCTAHOrO ANS MOro
nnakyBaHHsl, po3pobka aHaniTM4YHOro onucy oTpuma-
HUX 3aKOHOMIPHOCTEN, po3pobka onucy MexaHiamy
CTPYKTYpYBaHHS nePC crnocobom napo-
MiKPOXBWLOBOIO BMNINBY.

Marepianu Ta metoauM pocnigkeHHA. Poboty
nNpoBOANNM 3 BUKOPUCTaAHHAM KBapLOBOro nicky Bi-
NbHOTIPCBKOro  FipHUYO-MeTanyprintHoro KombiHaTy 3
BMIiCTOM mnHN MeHwe 0,1% 3a macot i cepegHim
po3mipom yactuHok 0,23 mm, PC 3 nUTOMOLO LinbHic-
Ti0 1,44 r/cm® i cunikaTHUM Moaynem 2,9. CTpyKTypy-
BaHHA CyMiller NpoBoaAUNN B KaMepi 3 MIKpOXBUNbO-
BUM BUMPOMIHIOBAHHAM YacToToro 2,45 Ty i noTyx-
HicTio marHeTpoHa 0,7 kBT Ta 0,9 kBT. Macy Bumipto-
Banu Ha eneKTPOHHWUX Barax 3 noxubdkoto 0,1 r. Tem-
nepaTypy BUMIpIOBanuM Xpomerb-KornenesBow TepMo-
napoto y KOMMMEKTi 3 eNleKTPOHHUM MOTEHLOMETPOM
3 ToyHicTio £1 °C. O6poObKy MicKy Ta CTPYKTYpYyBaHHS
3paskie [MPC MiKpOXBMNLOBMM BUMPOMIHIOBAHHAM
npoBoAMNM B KapTOHHMX, NIHOMMAcToBMX Ta Monin-
ponineHoBKx cknsiHKax. [nakyBaHHS Ta CyLUiHHA nic-
ky PC npoBoavnnu Ha nosiTpi 3 Temnepatypoto 27+1
°C. CTpyKTypy 3paskiB AOCHimpKyBanM Ha MiKpOCKoMi
npu 36inbLweHHi ao 25 kpat. [na oTpyMaHHsA peHTre-
HoOUMPAKUINHOrO cnekTpa 4YacTKoBO AerigpaToBaHo-
ro PC BukopucToByBanum peHTreHoandpakroMeTp
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[OPOH-3.0 3 Co-K,-BUNpOMiHIOBaHHSAM i Mporpamoro
X-REY. Po3wungpoBky oTprMaHux CnekTpiB npoBO-
avnn no 6a3ax aaHnx PCPDFWIN.

PesynbTaTtn gocnigkeHHs. [1na BidyanbHOI OLiH-
kv BNNuBy cnoco®y aerigparawii Ha CTpyKTypy 3aTBe-
painoi (cTpyktypoBaHoi) csixosurotosneHoi [PC,
roTyBanu cymiwli ksapLioBoro nicky 3 smictom PC Big
2 no 8%, 3a macoto (noHag 100% kBapLOBOro MicKy).
Bigpa3sy x nicna nepemiwyBaHHs nicky 3 PC cymili
3acunany B noninponineHoBi CKNAHKU 3 BHYTPILLHIMUA

% ¢ ISSN 1028-2335 Ned. 2019

HAM i cywmnu. B ogHoMy BMnNagKy CyLliHHA NpoBOAW-
nn B nevi onopy npu 115+5 °C npotsrom 4 rogvH, B
iHLLOMY — B MeYi HagBMCOKOYAaCTOTHOIO BUMPOMIHIO-
BaHHA 3 NOTYXHiCT0O marHeTpoHa 0,9 kBT npoTsarom 4
XBUNWH. [Micns 3akiHYeHHS CYLUIHHA 3pasku OXOrio-
DKyBanu [0 KiIMHATHOI Temnepartypu, pospisanu y3-
OOBX X OCi i Ha onTMYHOMY Mikpockoni npu 36inb-
LWeHHi fo x25 BidyanbHO AOCNioKyBanu ix CTPYKTYpY.

Bug cTpykTyp 3paskiB, LLO BUCYLLEHI B neYi onopy i
neyi 3 MiKpOXBUITLOBUM BUMPOMIHIOBAHHAM, NpeacTa-
BfeHi Ha puc. 1.

po3mipamn J46x46 MM, yLinbHIOBann TpambysaH-
- & 3 T

PucyHok 1 — CtpykTypa 3paska NPC 3 8% PC, wo 3atBepginv B neui onopy (a), NMPC 3 2% (6), 4% (B), 6%

()i 8% (m) PC, wo 3atBepainu B MiKpOXBUIbOBIN Nevi

AHani3 cTpykTypu Ha puc. 1,a nokasye, WO npu
CYLUiHHI B neyi onopy HaeiTb npu BmicTi B [PC 8% PC
CYCigHi MilWMHKM 3'egHaHi Mk cobol MaHxeTamun 3
winsHoro gerigpatosaHoro PC. MNpu Bmicty PC 2%
(amB. puc. 1,6) ctpyktypa NPC, wo BucylieHa nig gi-
€10 MIKPOXBMITbOBOIO BUMPOMIHIOBaHHSA, nogibHa go
ctpyktypu MNMPC BucylleHoi B neyi onopy (avs. puc.
1,a).

Y ToI Xe 4ac, cywka NPC 3 Bmictom PC 6inblue
2% nig [pielo  MIKPOXBUNBOBOTO  BUMPOMIHIOBaHHS
(ams. puc. 1,B...4) npu3BoanTb A0 cniHoBaHHA PC. 3i
36inbweHHsM macu PC B cymiwi, 3aTBepgina niHa PC
B CTPYKTYpi 3ammae Oinblunii MiXK3epeHHWI npocTip,
BiQNOBIOHO, 3HWXKYOYM ra30MPOHUKHICTb, MILHICTb,
36inbLwyoun obemnaneHicTe J1OC i T.4.

Bnnue macu udnctoro i nnakosaHoro PC keapuo-
BOrO NiCKy Ha LWBWAKICTb MOro HarpiBaHHs BM3Hayanu
Ha HaBakkax macoto Big 50 go 1500 r. [Ins nnakosa-
HOro KBapLoBOro nicky BukopuctoByBanu PC B Kinb-
kocTi Mpc=3% i Mpc=6% noHag 100% macu HaBiy-
BaHHA kBapuoBoro nicky. lNepen BuNpobyBaHHAMM
BCE HaBillyBaHHS MMakoBaHOro MiCKy nonepeaHLo
CYLUMIIN MPOTAroM 4 XBWIMH MIKPOXBUIbOBUM BW-
npoMiHioBaHHAM. PesynbTatM ekcrnepumeHTiB npej-
CTaBrieHi y BUIMAAi 3anexHOCTi Ha puc. 2

3 aHani3dy xofdy 3anexHOCTi Ha puC. 2 BUMIUBAE,
WO 3i 36iNblUEHHAM MacuK MicKy LWBWMAKICTb AOro Ha-
rpiBaHHA MIKPOXBUNBOBUM BUMNPOMIHIOBAHHAM 3MEH-
LIYETBCS MO eKCMOHEHLiVHIN 3anexHocTi, °C/xB:

160
Vi = Tn @)

Je m — maca KBapLoBOro nicky, .
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PucyHok 2 — 3anexHicmb weudkocmi Hagpigy rnicKy
8i0 Macu HasilwyeaHHS MiKpOX8U1b08UM 8UIMPOMi-
Hro8aHHsM (nomyxHicms mazHempoHa — 0,9 kBm)

(Macoea yacmka PC e niicky: @ — mpc=0%; O —
Mpc=3%; @ — mpc=6%)

MpuymHOI Takoi 3aKOHOMIPHOCTI, MabyTb, € 3a-
NEXHICTb MUTOMOI eHepril MiKpOXBUIBOBOrO BUMPOMi-
HIOBaHHS B nedi Big Macu Tina, Wo HarpiBaeTbcs, No-
ro TennoakyMyrow4yoi 34aTHOCTI | BENUYMHU Jienek-
TPUYHOT MPOHMKHOCTI. 3 LbOro BUNNUBAE, WO YnM Oi-
nbwe maca MNMPC, Tum TpuBaniwmm moxe 6yTn etan ii
€(PeKTMBHOIO CTPYKTYpYBaHHsi npu obpobui Mikpox-
BUMNBbOBMM BUNPOMiHIOBaHHAM no MM3-npouecy. Mpu
LbOMY BMMMB MnakoBaHoro ksapLosoro nicky PC ma-
€Ot 00 6% Ha WBMAKICTb MOro HarpiBaHHS MiKPOXBU-
NbOBMM BUMPOMiHIOBAHHSAIM HE BCTAHOBJIEHO.

[ocnimpkeHHst BNNMBY CXeMM NiArOTOBKU | 0Gpo6KM
KBapLOBOro mnicky nepep HarpiBaHHAM B MiKpOXBU-
NbOBOMY BWMMPOMIHIOBAHHI NPOBOAMMAN Ha HaBaXKax
kBapLoBoro nicky macoto 200 r. Cxemu nigrotoBku Ta
06poBKM HaBaXKOK KBapLOBOro Mnicky HaBedeHi B
Tabn.1.



ISSN 1028-2335 & i i

Ned, 2019

JITeopis i NPaKMuUKg Memarypeii

Tabnuysi 1 — Cxemu nideomosku ma 06pobKU Haga>kOK Keapuo80eo rlicKy rneped HazpigaHHSIM MIKpPOX8Uu-

JIbO8UM GUHPOMinoeaHHﬂM

x [NonepenHsa cyLulka Obpobka napom Mmacoto
9 | Maca PC pana nnaky- peanA cy - P 'ap

o . 0 . B MIKpOXBVIJ'IbOBOMy BU- 1T npu MIKPOXBUJ1bOBO-
S | BaHHs nicky,% Ha noBiTpi . . -

(<) NPOMIHKOBAHHI My CyLIJIHHI

1 0 HEMaE Hemae HEMaE

2 5 € Hemae HEMaE

3 5 € € HEMaE

4 0 Hemae HemMae €

5 5 € € €

HaBaxkkn HarpiBanu B KApTOHHUX CKMsiHKaxX 3 MOABIMHOK CTIHKOM, Ta BUMIPOM X TemnepaTypu Yepes KOXHi
30 c. PesynbTaty BUMiptOBaHb TEMNEpaTypy HABaXOK Yy BUTNSAI iX TepMorpamM npeacTasrieHi Ha puc. 3.
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PucyHok 3 — Tepmoepamu Hazgpigy 4ucmoeo i nnakogaHo2o PC Kk8apy08020 MiCKy MIKpOX8UIbOo8UM 8UMPO-
MiHrO8aHHSAM 6e3 06pobku (a) i 3 06pobkoro (6) 80dsiHOK nNaporo (Homepa mepmoepam due. 3a Homepamu
3paskie y mabs. 1)

AHani3 Tepmorpam Ha puc. 3,a nokasye, Lo TeM-
nepaTypa 4McToro nicky (auB. 1 Ha puc 3,a) npu Ha-
rpiBaHHi MiKPOXBUITbOBUM BUMPOMIHIOBAHHSAM 3MiHIO-
€TbCA B Yaci MPAMO MPOMOpLiMHO B YCbOMY AOCHi-
[KeHoMy 4acoBOMy iHTepBani 3i wsugkictio ~10
°C/xB, WO CBigYNTb NPO HE3MIHHICTb BENUYMHM die-
NEKTPUYHOI MPOHMKHOCTI KBapLIOBOrO MiCKy B iHTEp-
Bani Big 24 no 104 ° C.

HarpiBaHHA nnakoBaHoro nicky (AvMB. 2 Ha puc.
3,a), nonepeHbO BUCYLLEHOrO Ha NOBITPI, MPOXoauTb
HaMOBINbLLU IHTEHCMBHO B NepLUi 2 XBUITMHW HarpiBaHHS
(wemakicte ~38 °C/xB). Ha Apyrin xBunuHi Harpisy
Temnepartypa 3pa3ka gocarae 100 °C i He 3MiHIOETb-
cs 0o 3-1 xeunuHu. 3 3-1 8o 4-1 XBUNuUHKU TemnepaTtypa
3paska nigsuwyetbes 3i 100 go ~127 ° C i 3anuwa-
€TbCA MOCTINHOK NPOTAroM HacTynHux ~30 c.

MigBuweHa (y NOPIBHAHHI 3 YACTUM MiCKOM) LWIBUA-
KiCTb HarpiBaHHs nnakosaHoro nicky Ao 100 °C nosic-
HIOETBCH HasIBHICTIO Ha MOBEPXHi NILWMHOK wapy ria-
paToBaHOro cunikaty HaTpilo, B SKOMY BOAa 3Haxo-
ANTLCA FK Y BiNbHOMY, TaK i B 3B'A3aHOMY CTaHi. Be-
nnyvHa AienekTpuYHOi MPOHWKHOCTI BiNbHOI BOAM
3HayHO BinbLue, HiX y 3B'a3aHoi [17, 20, 21] i we Bu-
e, HK y KBapuoBoro nicky. BignosigHo, WBMAKICTb
HarpiBy HaBaXkku B Uinomy Oyae BM3Ha4aTUCA LUBWA-
KICTIO HarpiBy BoAW, IO MICTUTLCA B MrakoBaHOMY
wapi. Micna gocarHeHHs 100 °C npoxoguTb npouec
BMMNapOBYBaHHSA rpasiTaLiiHOl (BiNbHOI, Monekynsap-
Hoi) BOAW, a npu ~127 °C npoxoauTb Npouec vacT-
KOBOro BUMapoOBYBaHHA rigpaTauiviHoi (3B's3aHoi) BO-
AV 3 NNakoBaHoro Lwapy KBapuoBoro Micky, Wwo i npu-

3B0OAMUTbL OO0 TMMYacOBOI CTarocTi TemnepaTypu Ha
Tepmorpami, BignosigHo, npu 100 i 127 °C.

Ha BigMmiHy Big 3paska Ne2, 3pasok Ne3 nicns cy-
WiHHS Ha NOBITPi BYB KOPOTKOYACHO (NPOTHArom 2-x
XBUNWH) OBPOBNEHN MIKPOXBUMBOBUM BUMPOMIHIO-
BaHHAM. B pesynbTaTi LUbOro BinbHa BoAa 3 nnakosa-
HOro Lapy BunapyBsanacs i Ha Tepmorpami HarpiBy
LbOro 3paska NpUCYTHA TiNbKW ofHa AinsiHka TuMm4a-
COBO-MOCTIVHOI TemnepaTtypu, sika oOyMoBreHa Bu-
napoByBaHHSM 3 CUNIKaTy HaTpiIto rigpaTauinHol Boan
npu 127 °C.

Tepmorpama 4 Ha puc. 3,6 — pe3ynbTaT HarpiBaH-
HS YMCTOro NICKY MIKPOXBUITbOBUM BUMPOMIHIOBAHHAM
3 0AHOYaCHMM MPOMYCKaHHAM Yepes3 nicok 1 r Hacu-
YeHoi BOASHOI mapu npu atMocdepHoMy Tucky. lo-
piBHAHHA Xxopy Tepmorpam 1 i 4 nokasye, WO npwu
NPOXOKEHHI Napa 4epe3 NiCOoK LUBMAKICTb NOro Ha-
rpiBaHHs MIKPOXBUITLOBMM BUMPOMIHIOBAHHSIM Pi3KO
niaBuLLyeTbes i ctaHoBUTbL Gnmabko 50 °C/xB. Take
3Ha4yHe 30iNnblUeHHS IHTEHCUBHOCTI HarpiBy 4McTOro
NicCKy NOSACHIOETLCSA TUM, LLO NPU NPOXOKEHHI MO Ka-
ningpax nap noYnHae KOHAEHCYBaTMUCA Ha MillmMHax i
B Mipy 30iMbLUEHHSA TOBLUMHM LIapy KOHOEeHcaTy 3poc-
Tae Moro AienekrpuyHa MPOHUKHICTb, B pesynbTarTi
4YOro KOHAEeHcaT NoYMHaE IHTEHCUBHO rPITUCS Nig Aieto
MIKPOXBUbOBOrO BUMPOMIHIOBaHHSA, O4HOYACHO nNia-
BULLYIOYM | Temnepatypy nicky. [Micrna OocArHeHHs
100 °C koHAeHcaT MepexoauTb B Map, SKUA TyT xe
3HOBY KOHOEHCYETbCA Ha niwwmHkax. lMpouec uiei au-
HaMi4YHOI piBHOBarM TpuBae A0 TWUX nip, MOKU Temne-
patypa nicky He gocsarHe 100 °C. lNicns gocarHeHHs
nickom 100 °C, BigbyBaeTbCcsa BUMNapoBYBaHHSA 3anu-
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LUKIB KOHOEHcaTy y BCboMy 06’eMi nicky i Ha Tepmor-
pami 3'9BnSETbCA AiNgHKa TMMYacOBOro MPUNUHEHHSA
3MiHM TemnepaTypu 3paska.

Tepmorpama 5 Ha puc. 3,6 Bignosigae 3MmiHi Tem-
nepaTypy NMnakoBaHOro KBapLOBOro mnicky nig Aieto
napu i MIKPOXBMITbOBOrO BUMNpoMiHoBaHHS (MM3-
npouec). OCHOBHOI BIAMIHHICTIO AaHOI TepMorpamm
Bil PO3rMSHYTUX BULLE € XapakTep 3MiHM Temnepary-
pu 3paska. BignosigHo o xogy Tepmorpamm 5, 3pa-
30K nepuwi 1,5 XBUAMHM HarpiBaeTbCs 3 cepefHbO
wBnakicTio ~69 °C/xB nicns 4oro, D,OCHFHyBLIJVI TeM-

¥-Na,0-3510;

-Na,0-35i0

5,85 y-Na,0-3Si0;
41

— 8,35 B-Na,0-38i0,
—} 3,64 B-Na,03Si0,
—{ 2.84 B-Na,0-38i0,
—1 2,51 B-Na,0-38i0,

— 3,107
— ,2,

por %% ¢ ISSN 1028-2335 Ne4, 2019

nepatypu 137...140 °C, npoTarom ~5 XBWUIMH He 3Mi-
HI0E CBOEI TemnepaTypu. [aHi ocobnumsocTi, MabyThb,
NoB'si3aHi He TiNbKM 3 NpoLecamu KoHAeHcauii i Buna-
poByBaHHA B nepuli 1,5 XBUNWH, @ W MOrMUHAHHAM
napa i KOHAEHCOBaHOI BOAM MNIiakoBaHMM LUAPOM CU-
nikaty HaTpito. MNpu LbOMY Cria 3a3Ha4UTK, LWLO CMOCiO
i TPMBanNICTb CYLUIHHS rigpaToBaHOro cunikaTy HaTpito
He 3MiHIOITb MOro CTPYKTYPY, NPO WO CBigYaTb PEHT-
reHoamdpakuiniHi cnektpyn PC, npeactaeneHi Ha puc.
4,

,0-3Si0,

—} 2,147-Na;0-38i0,
—1 2,017y-Na,0-3510,
—4 1,80 y-Na,0:3Si0,
—} 1,74 y-Na,038i0,
—} 1,60 p-Na
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PucyHok 4 — PeHmeeHodugbpakuyitiHi cnekmpu PC, sucyuweHoz2o npomsieom 7 OHig 3o emicmy eodu 24% (a),
8uUCYyWeH020 Ha rnosimpi npomsi2zom 7 OHig 0o emicmy 800U 24% i 06pobrieH020 MIKPOX8UILO8UM 8UIPOMI-
HIOBaHHSAM MPOMsS20M 4 X8UIUH ripu nomyxHocmi MmazHempoHa 0,7 kBm (6), sucyweHozo npomsizom 180

OHig 0o semicmy eodu 16% (s)

3 puc. 4 BuTIKaE, WO Yy BUCYLLEHUX Pi3HMMM CMO-
cobamum i 3a pisHuI Yac 3paskax unctoro PC BiacyTHi
Oyaob-SKi KpucTaniyHi ga3n, To6TO BCi 3pa3km MalTb
YNCTO aMOPdHY CTPYKTYPY, OCHOBHMMU CKMNaZoBUMMU
akoi € B-NayO-3SiO, i y-Na,0-3Si0O,. TobTo Hi gerig-
patauia, Hi TpmBana (oo 180 pHiB) BUTpUMKA, Hi
BMMMB MIiKPOXBUIBOBOIO BUMPOMIHIOBAHHS Ha 4acT-
koBo ferigpatoBaHe PC He 3MiHIOE Moro aMmopdHy
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(cknonogibHwin) cTpykTypy. Tob6TO, KBapLOBUA MICOK 3
MPC, cTpyKTYpOBaHOi MiKPOXBUBOBMM BUMPOMIiHHO-
BaHHAM, MOXe ByTu ouneHnn (pereHepoBaHun) Big
NNakoBaHOro MOro cumnikaty HaTpilo LWMASXOM 3aHy-
peHHs MPC y Bogy. Kpim Toro taky NPC mMoxnuneo
Oyne BMKOpPUCTOBYBATU | B SIKOCTI CUPOBUHW ONsi BU-
pobHu1LTBa HATPIEBOI cunikaT-6punu.
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Hocnimkytoun cunikat Hatpito Na,0-3SiO,»-nH,0,,
aBTopn poboTtn [16] Bia3HavaoTb, WO BUOANEHHS 3
HbOro BOAM BIOOYBAETLCA NpWU TemnepaTypi BuLle
TeMnepaTypu CKIyBaHHS (i) i CynpOBOMKYETLCA nNi-
HOYTBOPEHHAM. Y CBOKO 4epry, Temnepartypa CKiy-
BaHHS i CMiHIOBaHHA 3anexaTtb Big BMICTy B cumikarTi
HaTpil0 BOAM i 3HWXKYIOTbCA 3 i 30inbLueHHAM. Po3pa-
XOBYIOUM BENUYMHY ty Big BMICTY BOAW B cunikaTi Ha-
Tpito 3a PIBHAHHAM, A€ BpaxoBaHO NaoBUIN BMNSUB ri-
OPOKCUNBbHMX (OHIB i MOSEKynapHOI BOAW, aBTopwU
NpMxoasT OO BUCHOBKY MpO Te, IO BUpiLLanbHUN
BNMMB Ha t; HagaThb MOPOKCUMbHI iOHW. Y TOn e
yac, MoJleKyrnsipHa Boga B cunikaTi HaTpito € 3ae0i-
NbLLOro NOro PO34NHHUKOM.

MpadbivHi aaHi pobotu [15], wo 6ynu BigumMdposa-
Hi, | po3rnsgarym BMAMB rigPOKCUIbHMX IOHIB | Mone-
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Buxogsun 3 BUKNageHoro BuLLE MOXHa NpunycTu-
TW, WO K i y YncToro nicky (aus. 4 Ha pwc. 3,6) B no-
YaTKOBOMY eTani HarpiBy MiKpOXBUNbOBMM BUMNPOMi-
HIOBaHHSIM BOAsIHA Napa, WO KOHOEHCYETbCS Ha Mo-
BEPXHi NMakoBaHOro Llapy, YTBOPKE LLap BOAU (KOH-
AeHcarTy), K1 Mae BKpan HU3bKY AieNeKTpUYHy npo-
HUKHICTb i, OTXXe, MOBINbHO HarpiBaeTbCA MIKpPOXBU-
NbOBMM BUMNPOMIHIOBaAHHAM. [1pOTArom 4acy KOHTaKTy
napv 3 niluHKamMu, a B Hacnigky — napu i KoHgeHca-
Ty, TOBLUMHA LIapy KOHAEHcaTy 36inbLuyeTbCs, a Noro
AienekTpnyHa nNpoHUKHICTb 3pocTtae. lig aieto Mikpo-
XBWUMNbOBOMO BUNPOMIHIOBAHHA KOHAEHCAT iHTEHCUMBHO
HarpiBaeTbCs | BUNApPOBYETLCS, ane 3a Lewn yac vac-
TUHY BOOMW MOMNWHaE cumikaT HaTpilo, dka cTae Noro
YacTMHO — rigpaTauiHoto Boaoto. Llen npouec 6es-
nepepBHUN | TpMBAE A0 MOMEHTY NiABULLEHHA TeM-
nepatypu nicky (MeHw 100 °C), npu skin napa, wo
3anuwimnacs, no BiOHOLIEHHIO OO0 3paska nepecTtaHe
OyTM Hacu4eHow, ToO6TO B MOMEHT MPUMUHEHHST KOH-
AeHcalii napy Ha niwuHkax. Buxogsaum 3 ToOro, wo B
no4yaTkoBMI nepio HarpiBaHHS BCHA BiflbHa BoAa B
nopax 3paska Oyna norfMHeHa curikatom Hatpito, a
LWBUAKICTb HarpiBy rigpatauiiHoi BoAN MIKPOXBUITbO-
BUM BUMPOMIHIOBAHHAM HMXYE, HK LUBWAOKICTb Harpi-
BY BifbHOI BOAW, TO B XapakTepi xogy Tepmorpamu 5
B yaci Ha puc. 3,6 i cnocTepiraetbcs nepion TpuBanoi
(B MOpIiBHAHHI 3i 3pa3koM 4) BiOCYTHOCTI HarpiBaHHS
3paska.

Posrnagatoun xig tepmorpamun 5 cnig 3asHaumtu,
LLO ONMCaHi NpoLecn CYnpoOBOLKYE Le OAHe sABuLLe
— MniBKOBUA MaconepeHiC rigpaTtoBaHOro pPo3dnHy
cunikaty HaTpito B Mexax KOXHOI MilmHKK. [aHui
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KynsipHoOi BoAau B cunikaTi HaTpito Na,0-3SiO»-nH,O
Ha BENMYMHY KOro AieneKTpUYHOI NOCTINHOI, SK eanHe
uine, otpumany HactynHy opMyny Ans po3paxyHKy
TemnepaTypu CKIyBaHHS:
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t = — 3
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Ae My o — Macosa 4acTka BOAM B cunikaTi Ha-

TPit0,%, 3 AKOI BUMMMBAE, WO 3i 36iNbLUEHHAM BMICTY
rigpaTauinHoi Boau BenuumHa ty 3MEeHLLYETbCA Mo ek-
CMOHEHL,IHIN 3aneXHoCTi, WO NiaTBEPIKYE KpMBa Ha
puc. 5, ska nobyaoBaHa 3a pesynbTataMmy po3paxyH-
KiB 3a cbopmyrioto (3).

PucyHok 5 — 3anexHicmb memnepamypu CKIly8aHHs
Na,0-3Si0,nH,0 8i0 Mmacosozo emicmy 8 HbOMy 80-
ou

npoLec po3rnsgHeMoO 3 BUKOPUCTAHHAM CXEMU Ha puUc.
6.

Ha puc. 6,a...r npeactaBrneHi CXemMn enemeHTap-
HUX nodin (MiKpopiBeHb, e nepeBaxHWU HanpsiMoK
nepemillleHHs MONeKyn napu i Bogu, a Ha puc. 6,8 i
pyX BOOHOrO PO34YMHY CUMiKaTy HaTpilo, 3as3Ha4yeHo
CTpinkamu), WO NPOXOAATb Ha NOBEPXHi MIIaKOBaHOro
Wwapy, a Takox (Mg, cxemor KOXHOro etany) Bug no-
BEPXHi KOHTaKTYH4YMX MK COBOH0 MILLMHOK CAHEPUHHOI
dopmMu (MakpopiBeHb, Oe MOBEPXHS MNiWwMHOK 6e3
NnakoBaHoro ix Wwapy BuaineHa cuHiM KorbopoM) Ang
KOXXHOIO 3 YOTUPbLOX eTaniB CTPYKTYpPYBaHHSA CyMillli
no NMM3-npouecy.

BUHVKHEHHSA 4BULLI@ NIBKOBOrO MaconepeHocy
0OYMOBIEHO TUM, LLIO HACUYEHHS CUMikaTy HaTpilo Ha
NoBepxHi NnakoBaHoro fnicky (auB. puc. 6,a) KOHAeH-
COBaHOI BOAOH B MEBHWUI MOMEHT Yacy NepeTBOpoe
Moro B BOOHWIN pO34nH (auB. puc. 6,6), akun € pyxnu-
BOKO PiAUHOM0, LLO A06pEe 3MOYY€E NMOBEPXHIO MLLIMHOK.
HasaBHICTb TOYOK KOHTaKTY MiXX CYCiAHIMM NiLLMHKaMn
B CYMillli NPUPOAHMM YMHOM CMpPUSIE YTBOPEHHIO Be-
NUKOI KiNbKOCTI Kaninapie, WO CXOOATbCS B HABKOMO
HUX. HasaBHICTb TakMx Kaninspis, 3a paxyHOK BUHWK-
HEHHS KaninApHUX cur, NPUM3BOAMTbL OO MMiBKOBOroO
PyXy pO34MHY curikaTy HaTpilo i KOro nepemilieHHo
Ta HaKOMUYEHHIO B 061acTAX TOYOK KOHTaKTy CyCigHix
3epeH (auB. puc. 6,8). HakonuueHHs1 UbOro po3yvnHy
HaBKOJ10 TOYOK KOHTAKTy MPM3BOAMTL OO NMPUPOAHOIO
hOpMYBaHHIO MiXK3€PEHHOro MaHxXeTy (auB. puc. 6,r),
KWW nicns 4acTKoBoro abo MOBHOrO BWAANEHHSA 3
HbOro rigpaTauinHol BOAN NEpPEeTBOPIOETLCA B TBEpP-
OWA cunikaTt HaTpilo, WO MILHO CKPIMmE Mk coboro
CycCigHi 3epHa nicky (gmB. puc. 6,n). To6To, aerigpa-
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Tauieo cunikaty HaTpito B MiK3epeHHUX MaHXeTax
MPC 3aBepliyeTbCcs npouec ii CTPYKTYpYBaHHS Mo
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MM3-npouecy.

1 — niwwuHKa; 2 — Wwap cunikaTty HaTpio; 3 — MoHoLuap agcopboBaHux Monekyn napu; 4 — sogaHa napa; 5 —
KOHOeHcaT (Boda); 6 — rigpaTtoBaHWI curikat HaTpito; 7 — BOAHMI PO3YMNH CUMikaTy HaTpito; 8 — aerigpaTtoBaHui

cunikat HaTpito;

9 — MaHXeT 3 cunikaTy HaTpilo MiX MiLWHKaMM KBapLIOBOTO MNiCKY;
O - Bopa y BurnsAgi napu; @ — Boa B pigKoMy CTaHi; %— rigpaTauinHa Boaa

PucyHok 6 — Cxemu eTanie (bopMyBaHHS MaHXeTy CUMikaTy HaTpilo MK KOHTAKTYIOUMMK MK COBOH0 MiLLMH-
Kamu (a...r) i B4 mamxeTta 3 CUrikaTy HaTpito MiX NiLLMHKaMW KBapLOBOro Micky, x25 (g)

HeobxigHo Big3HauMTK, WO AnA yChiHOI pearni-
3auii NMM3-npouecy KinbKiCTb napu, sika NPOXOAWTb
Yyepes nnakosaHun PC nicok, NOBMHHO ByTW CTporo
pernaMeHToBaHo. Lle obmexeHHs 0ByMOBEHO TUM,
LLO NPW HaAMIpPHIM KiINbKOCTI Napy Ha MilMHKaX BUHU-
Kae i HagMipHa KinbkicTb Boau. Ak pesynbTar, curikat
HaTpitO CYMilli B TaKMX MiCLSX NMOBHICTIO PO3YNHAETb-
CA B KOHAEHcaTi, a napa, ki 6e3nepepBHO HaaXo-
ONTb B CyMiLL, — YaCTUHY L€l BOAW BUTICHAE B npune-
rmi YyacTnHM cymiwi. Lle nepeHeceHHs po3dnHy cuni-
KaTy HaTpito NPM3BOAUTb A0 Pi3KOro 3HUXKEHHS MILHO-
CTi CTPYKTYpPOBaHOI CyMiLli B MICLSIX CKYMYEHHS KOH-
OeHcarty. [JaHui edbekT inocTpyeTbca BUAAMU CTPYK-
TYp CTPWXHIB Ha puc. 7, y skmx B PC, wWo BukopucTa-
He ONns nnakyBaHHS nicky, OyB BBeAeHO BGapBHMK Ye-
PBOHOIO KOMbOpY.

3 puc. 7,a BuTikae, WO Npu pauioHanbHOMY Kirnb-
KoCTi napy, nponyweHoro yepes NPC nig yac ii cTpy-
KTYpYBaHHS, KOSip NOBEPXHi LUMAIHOPUYHOIO CTEPXKHS,
pO3pi3aHOro B340OBX MOro OCi, poXXeBuin Ta piBHOMIpP-
HWUIA MO BCili NOBEPXHI. Y pasi BUKOPUCTaHHSA HaauULL-
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KOBOI KiNIbKOCTi napu kormip cymiwi 3 60Ky Topus, ve-
pes skvn nogasanu napy (ave. puc. 7,6), NpakTu4Ho,
6invi. Ha geskin BiacTaHi Big LbOro Topusi Konip ctae
poXxeBUM i Jani nepexoguTb B HAaCUYEHUN POXEBUN.
Ha Benukux BiACTaHAX iHTEHCUMBHICTb 3abapBneHHs
NICKY 3HWKYETBLCS, Nepexoasym B poxXeBu Konip Bu-
XigHOro TOHy. Taka 3MmiHa B iHTEHCMBHOCTI 3abaps-
NEHHSA CTPYKTYPOBAHOI CyMiLlli CBIigYUTb NPO HaaNULL-
KOBY KiNbKiCTb BUKOPUCTaHOI ANs CTPYKTYPYBaHHSA
BOAOSAHOI napu.

Buxoasaumn 3 dopmanbHOro nigxoay 40 po3rfisiHy-
TOro npouecy CTpykTypyBaHHa no NMM3-npouecy Ta
BMKOPUCTOBYIOUN 3aKOoH ABOragpo, He CcknagHo pos-
paxyBaTtu, LU0 Npu BunapoByBaHHi 1 r Bogn ob’em ii
napuv npu HopmMmarnbHUX ymoBax cknage 1244 cm’. Bu-
XO4sA4M 3 TOro, WO, Hanpuknag, us napa HagxoauTb B
nicok 3 ysABHOIO LWinbHicTb 1800 kr/m®, TO npv NUTOMIN
LWiNbHOCTI KBapuy piBHin 2650 kr/m® 1T napu moxe
3anoBHUTK KaninspHi kaHann 3887 cMm® TaKkoro KBap-
LLOBOrO nicky abo noro 7 Kr.
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PucyHok 7 — CTpykTypa NnakoBaHOro KBapLOBOro nicky (x8), CTPYyKTypOBaHOro pauioHanbHow (a) i
HagnuwkoBo (0) macol BoAsHOI napu npu obpobui MIKPOXBUNBOBMM BUNPOMIHIOBAHHAM (CTPINkK Ha
300paKEHHsIX — HANPSIMOK PyXy napw nig Yac o6pobku MIKPOXBUMILOBMM BUMPOMIHIOBAHHSIM)

HacnpaBgi, yepe3 NpOXOMKEHHsI ONMMCaHMX BULLE
asuw, NMM3-npouecom CTPYKTYpYETbCH 3HA4YHO MEH-
La KinbKicTb KBapLIOBOro neky, nnakosaHoro PC. [ns
BU3HAYEHHSI KIHETUKM CTPYKTYPYBaHHA MfiakoBaHOro
PC keapuoBoro nicky no NM3-npouecy BUKOPUCTOBY-
Banu HacTynHy metoauky. KsapLoBuii nicok nnakysa-
nn pisHoto KinbkicTio PC. MpurotoBaHi HaBaXku nna-
KOBaHOro nicky macoto 2,4 kr nomiwianu B noninponi-
NIEHOBY CKMSAHKY i MPOTAroM pi3HOro yacy obpobnsnm
MIKDOXBUMLOBUM BUMNPOMIHIOBAHHAM 3  MOTYXHICTIO
marHeTpoHa 0,7 i 0,9 kBT, nepenyckatoun npu ysomy
yepes HaBaxky 1 r BoasHoi napu. licnsa 3akiHYeHHs
00pO6KM 3i CKMNSHKM BUOANSANM HEMOB'SI3@HUA MICOK i
3BaXXyBanum CTPYKTYPOBaHY YaCTUHY MiCKy.

PesynbTtatv umnx gocnimxeHb Y BUrMA4i KIHETUYHNX
KpuBMX (KiHETUKM CTPYKTypyBaHHA no NM3-npouecy)

npegcTtaeneHi Ha puc. 8.
me, T

Imch O,é% L~
2000 P
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1
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0O 1 2 3 4 5 6
PucyHok 8 — KiHemuka cmpykmypy8aHHS riaKo-
gaHo20 PC keapy08020 rnicKy 80 mpusasocmi io20
06pObKU MIKPOXBUTLOBUM BUMNPOMIHIOBAHHSIM | Macu
PC, sixe niwiio Ha nnakyeaHHs nicky (aukopucmaHo 1
2 800sIHOI rnapu)

T, XB

3a pesynbTatamm OOpPOGKM eKcrepumMeHTarnbHUX
[AaHWX, NpeacTaBfeHnx Ha puc. 8, oTpuManu HacTyn-

Hy doopmyny, T

530

mo_ 530 o 4
T m, +0125 @

Ae my, — Maca PC, wo BuKopuctaHe ans nnaky-
BaHHA nicky, % (noHag 100% KBapuoBOro Micky); T —
Yyac 06pobKM MIKPOXBUITBOBUM BUMPOMIHIOBAHHSAM, XB.

3 aHanisy xofy 3anexHocTten Ha puc. 8 BuTiKae,
wo maca nnakosaHoro PC KBapLOBOro micky, CTpyk-
TypoBaHoro 3a [MM3-npouecom, 3pocTae 3i 3MeHLLEH-
HaM macu PC, dke BuKkopucTanu Ans NNakyBaHHS
KBapLOBOro NicKky, i 3i 36iNbLWeHHAM TpMBanocTi napo-
MiKpPOXBUbOBOI 06POBKM CyMiLLi.

3a pesynbTatamm 006pobkn paHux pobotu [18],
BMIiCT 6e3BoaHOro cunikaty Hatpito B PC MoxHa pos-
paxysaTtu 3a popmynoto,% (3a macoto):

My =107,5-In(ppc) +1, (5)

0e ppc — NUTOMA LWiNbHICTb HATPIEBOrO PigKOro
ckna npu 20...25 °C 3 BENUYMHOK CUMIKaTHOro Moay-
nsa Big 2,8 no 3,0 rlem®.

3 ypaxyBaHHsM (5), mepepaxoByrUn MO CyxoMy
cvnikaTy HaTtpito 3 PC, dpopmyna (4) HabyBae Burmns-
ay:

200

me = NGO
{0,01-[107,5-In(ppc ) +1]- My |°

OG’eM CTpPYKTYpOBaHOrO MiCKy pPO3paxoBYeEMO Ha-
CTYNHUM YnHOM. OcCKinbku:

Me = Pk vV, (7)

ae V — ob'eM CTpPyKTypOBaHOro Micky (CTPWPKHS,
dopmn), cm; Pk — YSBHA LWiNbHICTb MiCKY, YLiNnbHe-
Horo BibpaLlieto, r/cM®, To, npupisHioloum (6) i (7) i BU-
PiLLYOYN TOTOXHICTb LWoAo V, OTpUMYEMO, CM™:
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200
V= @
Px* {0,01- [107’5. IN(Ppc) +1]. Mo }0,9 Jz . (8)

Oe px — ysBHa LWiNbHICTb KBapLIOBOro MickKy, rlem®;
Ppc — NUTOMA LUIMBHICTL HATPIEBOrO PigKoro ckna, Bu-
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KOpUCTaHOro AN MnakyBaHHSA KBapLOBOro Micky,
rlem®;

BukopucToBytoun copmyny (8), Ans BU3HAYEHHS
BenuumHu V nobyaysann Homorpamy, npeacraBneHy
Ha puc. 9.

o 8 8 8
03 =2 2 & Veus
px= 1,3 r/em? 1,48
1,50 |
- "1,46
"Ppc l,44|.1‘fcm-1‘

-\ 4|
o\ A :
NN

\‘\\'\M.__ 0

PucyHok 9 — Homoepama st gusHayeHHs mpugasaocmi 06pobKu rninakogaHo20 CuslikamoMm Hampiro Keapuo-
8020 rMiCKY MIKPOX8USIbOBUM BUMPOMIHIO8AHHSAM 3 nomyxHicmio mazHempoHa 0,7...0,9 kBm i yvacmomoro su-
rnpomiHtoeaHHs 2,45 Ty npu maci eodsiHoOI napu 1 2

AHania dopmynu (8) i Homorpamum Ha puc. 9 noka-
3ye, WO 33 iHWKMX PIBHUX YMOB, TPMBaniCTb MIKPOXBU-
nboBoi 06pobku MPC no MNMM3-npouecy Tm goslia,
Ynm Ginble o6’em i yaBHa wWinbHicTe MPC, Ginbwwnn
MacoBMI BMICT i nuTOMa LWinbHicTe PC, BUkopuctaHo-
ro Ans nnakyeaHHsi kBapuosoro nicky B MPC. lNpwu
UbOMY HaMMEHLL MOMITHUIA BNAMB Ha TPMBanNICTb Mik-
POXBUIbOBOI 06POOKN Hagae NMToma LWinbHicTb PC B
mexax Big 1,42 po 1,52 rlem®.

O6roBopeHHs1 pe3ynbTaTtiB. BisyanbHa ouiHka
CTPYKTYpu 3aTBepainux ceixosurotosneHux MNPC no-
Kasye, WO CyllKa TakMx CyMillen Bif, 30BHILLUHbOrO
OKepena HarpiBaHHa go3sornsie cTpyktypysatu MNPC,
36epiratoun ii NEPBUHHY CTPYKTYPY i YNCTi KaninspHi
kaHanm B Hin. OgHak TakvMi cnocid CyLwiHHA TpuBanum
i eHeproBuTpaT. Y TOM Xe 4ac, HeTpuBana obpobka
cBixoBurotoBneHux NMPC MiKpOXBUNBOBMM BUNPOMI-
HIOBaHHAM MPU3BOAMTbL [0 NOSIBU B IX MDK3€PHOBOM
NpocTopi MiIHHMX CTPYKTYp 3 3aTBepAinoro cunikaty
HaTpito, Lo Pi3Ko 0OMeXye BMKOPUCTaHHSA Takunx JIPC
i He MOXe BYyTN peKOMEHL,0BaAHO NTMBAPHMM LiEXaM.

Ha BigmiHy Big 3a3HaveHux BuLLe cnocobiB BUro-
ToBneHHs JI®C, cnocié NMM3 possonsie npoeoanTh
weuake cTpyktypyBaHHs MPC, 36epiratoun npu Lbo-
MY NEPBUHHY CTPYKTYPY, XapakTepHy A5 HE3B'A3aHOl
cymiwi. BcTaHoBneHO, WO edeKTUBHICTb BUKOPUC-
TaHHs [MM3-npouecy Oarato B YoMy 3anexuTb Bif
Noro doyHKUiOHaNbHNX MOXMBOCTEN, HKi, B CBOIO
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yepry, 3yMOBIOKTECA OCOOMMBOCTSIMM HarpiBy Cy-
MiLLen MiKpOXBUbOBUM BUMPOMIHIOBaHHSAM B 06nacTi
CTOSYMX XBUIb, @ TAKOX AMHAMIKOH MacornepeHocy
HaCU4YeHoi BOASAHOI Mapu B XONOAHOMY KaninsipHO-
NOpUCTOMY CepefoBULLi — KBapLIOBOMY MiCKY .
BcTaHoBneHi 3aKOHOMIpPHOCTI i 3aneXHOoCTi, B YnC-
ni AKNX 3aneXHICTb LBWUAKOCTI HArpiBy YncToro i nna-
KOBaHOro MicKy Bid4 MOro mMacu, Tepmorpamu Harpisy
yncToro i nnakosaHoro PC KBapLIOBOro nicky MiKpoOX-
BUINbOBMM BUMPOMiHIOBaHHSAM 6e3 06pobku i 3 0bpo-
OKOH BOASIHOK Mapoto, BCTAHOBMNEHHS (haKTy BiacyT-
HOCTi BNNMBY TpMBanocTi cywiHHa PC Ha nosiTpi i mi-
KPOXBUJIbOBUM BUMPOMIHIOBAHHSIM Ha MOr0 CTPYKTY-
Py, B KOMMJEKCI AO3BONUMN BUBYUTU KIHETUKY CTPYK-
TypyBaHHs nnakoBaHux MNMPC BoasHolo napoto nig Ai-
€10 MIKPOXBUIMBOBOTO BMMNPOMIHIOBaHHS, pPO3po6UTK
OMUC MEXaHi3My CTPYKTYpPYBaHHSI, B SKOMY BUWAINIEHO
4YOTMPKU eTanu JaHOro npolecy, NOSACHUTU MpouecH i
ABMLLA, SKi cynpoBokytoTb NMM3-npovec i obrpyHTO-
BaHO MPUATU 0O BMCHOBKY MpO T€E, LLO OOMEXEHICTb
3actocoBHocTi [MM3 no maci surotoBnsitoTees JIOC
06YMOBIEHO HEraTUBHUMW CTOPOHaMK BNMBY Camol
BOASHOI Napu, a TakoX 0cobnuMBocTAMU Ti BNMMBY 3
cunikaTom HaTpito. 3 LbOro BUMMMBAE, WO MpU BUPO-
6HUUTBI JIOC HeobxigHO BpaxoByBaTH Lit0 06CTaBUHY
i, BIOMOBIOHO, CTPYKTypyBaHHA 3a [1M3-npouecom
peani3oByBaTh BMXOAAYM 3 HEOOXiOHOCTI AOTpUMaH-
HS MOPUIOHHOI nogadi napy B Pi3Hi YacTUHU CyMiLLi.
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MabyTb, npuiiHATa B AaHin poboTti maca napa B 1 1
AOCUTb pauioHanbHa ang TMX mac cymiwen, ski 6ynu
BMKOPUCTaHI B AaHin poboTi. Y nepcnekTusi, AaHy po-
00Ty cnig NPOAOBXUTM B YaCTMHI ONTUMI3auii cknagy
CyMiLLleln, TPUBarnocTi MIKpOXBUNbOBOI 06pobkM, Maci
BOOSAHOI napw i T.n.

BcTtaHoBneHi B poOOTi 3aKOHOMIPHOCTI, ekcrnepu-
MeHTarsbHi Ta po3pobrieHi aHaniTUYHI 3aneXHOCTi, Ki-
HeTuka i onnc no NMMO-npouecy oTpumaHi BnepLue i
3HaXOAATbCA B paMKax Kfiacu4HOI Teopil Tenno- mac-
COOMiHY B nMopucTuX cepepoBuax, qisuku i Tepmo-
OVHaMIKW.

BucHoBKku. BukopuctaHHs MIiKpOXBUNBOBOrO BU-
NPOMIHIOBaHHA AN CTPYKTYPYBaHHA CBiXOBWUIOTOB-
neHux NPC HepouinbHO B 3B'A3KY 3i cniHioBaHHAM PC
NpMW CyLWiHHI | 3aKynopkn BiNbLUOCTi KaninsapHUX KaHa-
niB CTPYKTYPOBAHOI CyMillli CMIHEHUM CuMiKaTOM Ha-

JITeopis i NPaKMuUKg Memarypeii

XaHiamy cTpykTypyBaHHsa [MPC napo-MikpoxBunsoBmMm
3aTBepmkeHHsaM (MM3-npouec), BU3HAYUTU OCHOBHI
3aKOHOMIPHOCTI NpoLecy CTPYKTYpyBaHHA Ta BCTaHO-
BMTU B3aEMO3B'A30K MK napameTpamu npouecy i
CKIlagoM CyMilLlen, po3pobuTU aHanITUYHI 3anexHoC-
Ti, WO 3B'A3ylI0Tb NapameTpu CTPYKTYPOBAHUX CyMi-
wen 3 TpuBanicTo npoBeAeHHS napo-
MIKPOXBUIMBLOBOrO 3aTBepAiHHA. BcTaHoBneHo, wWwo
OCHOBHOI MPUYMHOK, WO MPUBHOCUTE OBMEXEHHS
no maci ctpyktypoaHoi NPC 3a NM3-npouecy € Ha-
CUYEHHA cunikaTy HaTpilo Ha NOBEepXHi MiLLMHOK BO-
[00-KOHAEeHCaTOM 3 napa, SIKMN BUKOPUCTOBYIOTb AN
peanizauii gaHoro cnocoby BurotosneHHs JIOC. MNpu
ubomy o6’em TPC, ctpyktypoBaHoi 3a [1IM3-
npouecoM, TuMm Binblwinii, Yum MeHLwe B cymiwi PC,
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