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ABSTRACT
UDK 678.057

Mastefs thesis"Changeof geometricalparametersof titanium dioxide (TiO2)
agglomeratesluring ultrasonicdispersionin a liquid mediumt / A.O. Zhukovska Igor
Sikorsky KPI; supervisorProf. O. V. Gondlyakh The work contains: 114 pages, 32
figures, 9 tables, 1 append#Q references.

The object of research: the process of ultrasonic dispersion of agglomerates
titanium dioxide (TiO2) in a liquid medium.

Subject of research: change of geometric parametersgtdragrates of titanium
dioxide (TiO2) during ultrasonic dispersion.

The purpose of the work: deagglomeration of titanium dioxide (TiO2) particle
during ultrasonic dispersion in a liquid medium.

The results of the work and their novelty. As a result ofdéisearch carried out in
the dissertation, the following scientific results were obtained:

1. A literature review of technology and methods of titanium dioxide
production was carried out;

2.  Experimental studies of ultrasonic dispersion of titandiaoxide (TiO2) in
distilled water were conducted,;

3. The change of geometric parameters of agglomerates of titanium dioxit
(TiO2) during their ultrasonic dispersion was studied;

4.  The relationship between the amplitude of dispersion oscillations and tl
maximum radius of the particles that remained after ultrasonic treatment was establist

5. Obtained values and plotted graphs of dependence of TiO2 particle radii
van der Waals pressure forces and pressure forces of ultrasonic dispersion. Graphs ¢
dependace of the radii of TiO2 particles on time (30s, 60s, 90s, 5 min) and differe
amplitudes (20%, 30%, 40%, 60%) were plotted.

6 scientific works were published on the topic of the dissertation.

KEY WORDS: DISPERGATOR, ULTRASOUND, TITANIUM DIOXIDE,
AGLOMERATES.
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KIV Beeykpaincexa kondepenuis «Edextinni nponecn Ta obnagpanig XiMiduHx sHpoSHELTE Ta NAKYRATLHOT TEXHIKHS

YIK 678.057

IIpouec YALTPAIBYKOBOID JHCICPIYEAHHA arioMepaTie dpakTansHoi opMH BYTICHCEHX
HAHOTPYDOK B emokcHaHiil emoni €11-20

Hyroecera A.O., ety Nounnax O.B., 1.T.4., npod.
Hanjonansuuii TexHivuuil yHiBepeuTeT Yrpaiuu
«BorieceRuil noniTexHiynuil iHeTHTYT iM. [ropa Cikopeskorow, M. Kile

Pozenanymi docridycenna YisMpazsyRoeo2o ouchep2yeanna aztoMepanis dipaxmanstol chopau
gyaieyesy HaHompyoox & enoxcudwii cvoni CH-20, npedcmaeaieni pezyavmamu  poipaxyekie
Hanpyxeen 0-0ehopmosanoze cmany ay2ieyesux Hanompyoox ghpaxmanshux azromepamia nio odiew
CILIOR0Z0 HABAHMANCEHHA.

Kmrouosi crosa: duchepzamop, yiempazeyk, aziomepamu, gpaxmanu, cycnenzia E/J-21).

Beryn. Jucneprysadnsa — noapibHeHHA Ta posnoain B o’ emMi TBepaoro MaTepiany, piaHaH abo
razy, B pe3yiIeTAT] AKOrO BHHHEAKTE QHCIEPCHI CHCTEMH: MOPOIIKH, CyCNeHsil, eMynscil, aeposoni.

Onun iz cnocobie noApibHeHHA TBepIHX MaTepianis — MeXaHiuHe AHCIEpryBaHHA. ¥ mpoleci
Iopobnenna BiabyBacTECA NOJONAHHA MIKMOIEKYIAPHHX CHII | HAKOIHMYEHHS MOBepXHeBol eHeprii.
MexaHiuHe JHCHEPryBaHHA 3MIHCHIONTE PiZHHMH CHOcODAMM: CTHPAHHAM, PO3JABIIIOBAHHAM,
POZKOMIOBAHHAM, POINOPOILEHHAM, CTPYLIYEBAHHAM, BHOYXOM TOIIO.

Crymnins nogpibHeHHs ¥ IHCIISPraTopi 3anexuTE Bif daxTopie:

- KOHCTPYKILII AHCTIepraTopa;

- BIACTHBOCTEl cepeloBHINA;

- BIACTHROCTEH AMcnepcifimol piauHu;

- TEepIOCTi i PO3MIPIE HACTHHOK,

- Hacy BIUIHEY Ha NPOAYKT (KIIBKOCTI pas NpOXoMKeHHA NPOAYKTY Hepes JHCIepraTop).

Takox VY DNOPaKTHII IIHPOKO 3ACTOCOBYETHCH YIBTPAIBYKOBHI METOI JHCIEpryBaHHA.
OTpHMaHHA AKICHHX HAHOMONIMEpiE [JOCATAETLCH MINIAXOM YIBTpazeykoBol obpobku B mpoueci
OMCTIEpryBaHHA B MacHBi momimepy. HadoTpyOkH MaioTh BOACTHBRICTR, W0 B HACHigok mif
enexTpoMardiTHuX cil Ban Jlep Baansca, BOHH MpyNyIOTECA B armosepath [1].

OcobmiBocTAMH (hOPMYBAHHA TOTIMEPHHX HAHOKOMIOZHTIB MOMIMEpPHOI MaTpHI € Te, WD B
npoueci il dopMyBaHHA HaHoMoou(iKOBAHOT MATPHII YTBOPHIOTECA PI3HONC POOY AariIoMepaTH,
zapnaky cunasM Bau Jep Baaneca, aki girors Mik HanoTpySramu. Jetansauii pozrnaa GopM yTEOpeHHX
ArTOMEPATIE CEITYHTE PO Te, 10 KPiM CTAHJAPTHHY, KacHYHHY GopM LIiNEHOT YIAKOBKH HAHOTPY DOk
[2] cocTepiraioTeed | arnoMepatH, 1o MawTs SBHY dopay THIY dparTanie (puc.l). Tomy MeTowr wiel
pobOTH € MOCTHUTKEeHHS YILTPazEYKOBOTO JHCIEPTYEAHHA arnomMepatie ¢pakransHol dopyu BHT B
enokcHIHii cvoni €1-20.

Ocransi 20 poris cTana NOLMPEHOH Teopid GparTaliB, 3 YpaxyBaHHAM Ax0l MOKHA e(eKTHEHO
GyIyBaTH reoMeTpHHHI 00pasH J0CniTKYBAHHX arToMEPaTiB,

B pamrax cucremn APROKS [2-6] pospobneHo nporpaMy aETOMATHYHOTD TeHEpyBaHHA
CKiHYeHO-eNeMEHTHHX Moyleneil pizHOro THIY ¥ TOMY 4HCTi | (hpakTansHol reoMeTpii, OCHOBOIO SKHX €
HAHOTPYORH AoBinsHOL dopyu (pic.2).

[lepenbadaeTecd, wo dopMa (paKTATEHOTO ArIOMEPATY MOMKE YTBOPHOBATHCA JOBLIBHON
YIAKOBKOH HaHOTpyOok. BaacMmogia Mix HaHOTpYOKaMH 301HiCHIETECA B KOHTAKTHHX BY 314X,
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XIV Beeykpaincska kondiepenuin « Eexrurni npouecu 1a 00nannansa XiMigHNX BHPOOHNUTE T2 Naxy8alsHOT TCXHIXNN

» S
N %
" ’ 200 nm ! 0.5 pm” . :

Pucynok 1 — TEM-300pakenna arnoMepartis pisHoi dopmit: a, b — arnoMepati ¢pakTatsHoi Gopmu,
¢, d — arnomepari KJIacHYHO BIIOPAAKOBAHI

Pucynok 2 — 3aransunii Bua BipTyansHoi naboparopii 3 renepauii gpaktanis

Ha puc.3 ta prc.4 napeaeHo pesynsTaTH po3paxyHKY HANpyxeHb Ta Ae(OpPMOBAHOTO CTAHY
arnoMepatis (PakTANLHOT POPMIH, IO THAXOAATECA B YMOBAX OJHOBICHOT i1 BUMYIIEHHX NepeMillieHs
y2a0mA oci HanoTpyOok. [Ipencranneni nedopmoBani cXeai JaHHX arloMeparis.
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XIV Beeykpaincska kondepennin « Edekriani npouect 1a o01211anHa XIMIHNX BHPOOHNLTE Ta NAXyBaIEHOT TEXHIXIN

§o iwremnias §igsTaas

a b
Pucynok 3 - Jledropaosana cxema arnosmepary: a (1-5) — nanorpyOxH 3 yBirnyTow
JedopMOBAHOIO AINAHKOIO: a (6) — HAHOTPYOKH 3 poMOiuHOIo dopaoto AedopMyBanus; b — poznoain
KOMIOHEHT BEKTOpa NepeMillieHk B arioMepari

T T N ety O T 1 8

c

Pucynok 4 — JledropatoBana cxema arnomepaty: a (1-3) — nanotpyGkH 3 yRIrHyTo0
AedopMOBAHOIO AIMAHKOIO; b — NpocTOpoBa AedOopMOBAHA CXEMA ATTIOMEPATY: € — PO3NOALI
KOMIOHEHT BEKTOpa NepeMillieH’ B arnoMepari

Ananiz puc. 3 1 puc. 4 cBIIUHTE, 110 0cOONHBICTIO AeOPMYBAHHA € Te, IO HABiTh B YMOBAX
OJIHOBICHOTO JehopMyBaHHA, HAHOTPYOKH, AKI 3'CAHAHI B TAHLIOKOK, HaOYBAIOTE eNinTHYHOT dopai:
HAHOTPYOKH, AKi CTOATE Y MiCLAX Piakol 3MiHH IeoMeTpii (HAMPHKIAN, ¥ KYTaX arioMepary), MaloTh
yBirnyTi ainauku (HanotpyOkn 1.2,3.4.5 — puc.3, a; nanotpyokn 1.2,3.4,5 — puc.4, a), a HanoTpyOkH,
110 BXOJATE B KOHTAKT i3 HOTHPMa CyCLaHIMH TpyOKkamH, HaOyBaloTe pombiunoi dopau (6 — puc.3, @).

Takosx OTpHMaHO Pe3y ILTATH HANpykeHoro crany arnomepary. Ha pic. 5 nasegeno myaposi
KapTHHH PO3NOALNY NpHBEICHHX Hanpy keHk 3a MizecoM B aromeparti nepuroro Tuny (pHc.5, @) Ta B
arnomepari ipyroro THiy (puc.5, b).
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XIV Beeykpaineska kondiepennin « EQekmirni npouect 1a 00nansasua XiMigHnX BHPOOHHUTE T2 NaxyRAIEHOT TEXHIXIN

B e o -~

440

a b
Pucynox 5 — Posnoain npieeennx Hanpyxenk 3a MizecoM y armomMepartax (ppakTamTsHiux
(opm: @ — nepuoro Ta b — Apyroro THIIB

Bucnopkn. B nauiii poGoTi B cucteni APROKS poapobneno nporpamy renepauii arnomeparin
(paktaneiol GopMH 3 BYIIeUeBHX HaHOTPYOOK. BHKOHAHO UHKT YHCENBHHX eKCNepHMEHTIR
arnoMepatis dpakTansHol QOpMH, AKI IMANOAATLECA 32 YMOB BHMYIICHHX 3MillleHb BIJIOBXK OCi
HaHOTPYOOK.

Iepenik nocwians
1. Novel Ultrasonic Dispersion of Carbon Nanotubes. G.T. Caneba, C. Dutta, V. Agrawal. M. Rao.
Journal of Minerals & Materials Characterization & Engineering, Vol. 9, No.3, pp.165-181. 2010.
2. Kyxonceka A.O., I'opoBuyk SLM.. Kyeumnos O.B., lN'onpax O.B. ducneprysanns Byrieuesnx
HanoTpyOok B enoxkcuamiii cmoni EJI20 // 36ipunk ponoeigeii XIII Bceeykpaincekol naykopo-
npakTunoi kondepenwii « EdexTurni npouecy Ta obnagHanua XiMIYHHX BHPOOCHHUTE Ta NaKYBATLHOL
Texuiki». M. Kuis : KIII im. [ropsa Cikopcnkoro, 7-8 uepsua 2021 p. - C. 67-71.
3. A.S. Sakharov, A.V. Gondlyakh, S.L. Mel'nikov, and AN. Snitko, “Numerical modeling of processes
of failure of multilayered composite shells,” Mechanics of Composite Materials, vol. 25 (3), pp. 337-
343, 1989. https://doi.ore/10.1007/BF00614801.
4. A. V. Gondlyakh, A. L. Sokolskiy, A. E. Kolosov, A. O. Chemeris, V. Y. Shcherbina and S. 1.
Antonyuk, “Modeling the Mechanisms of Fracture Formation in Nanomodified Polymers,” 2020 IEEE
10th International Conference Nanomaterials: Applications & Properties (NAP), Sumy. Ukraine, 2020,
pp- 02TM06-1-02TMO06-7. https:/doi:10.1109/NAP51477.2020.9309637.
5. Gondlyakh A., Kolosov A., Scherbina V., Mamchur O., Shilovich Y. (2022) Crack Resistance
Parameters of Nano-reinforced Rubber Products in Mechanical Engineering. In: Tonkonogyi V.. Ivanov
V., Trojanowska J., Oborskyi G., Pavlenko I. (eds) Advanced Manufacturing Processes 1. InterPartner
2021. Lecture Notes in Mechanical Engineering. Springer, pp. 272-281, Cham.
https://doi.ore/10.1007/978-3-030-91327-4 27
6. A. Gondlyakh, A. Sokolskiy, T. Shylovych, Y. Shylovych, A. Chemeris and S. Antonyuk. (2021)
"Numerical Determination of the Strength of Nanomodified Ceramics," 2021 IEEE 11th International
Conference Nanomaterials: Applications & Properties (NAP), 2021, pp. 1-6.
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¥l BoeywpaiHoeka woHGepeHUia =EdermuaHl npousck T3 oBnagHaHHA XKimMHUY BlpobHULTE T8 NaKYBANEHOI TEXHIKK»
YK 678.057

Jucneprysanns Byrielesux nanotpybor B enokenaniii emoni EJ20

Hyropcera A0, erva., Nopobuyk H.M., erya., Kysmmuaos O.B. ctya.,
lonpaax O.B. n.r.u., npodecop
Hauionanesmii Texniuauii ynigepenter Y rpaiin
e« Hinchrnil nonirexnivimil imeTHTyT iM. Iropa Cikoperkoros, M. Kuis

FPoranguyma gyereyeaa vanompyika 6% 10 muny CHAIR. ITpugedens peavismami popaxyuxie
N0 BUIMAYEHHKY VMOS Md IHAYEHL MUCKY € enokcudwil cuori, Axul mpefa safemewumy 018
EUHLKHEHHA VMO8 SMPIL CRIBKOCHIT G2I0MEPIM) 3 HAHOMPVOOR.

Kawuosi cioma: IHCIEpraTop, YILTPasEYK, BYTIEUEB] HAHOTPY DKH, arToMEpaTH, CyCIeHsia

EJl-20.

Hucnepratop — MallHHa, SK3 BHEOPHCTORYCThCA N8 NoapibHeHHA dacTHHOK Teepiol abo
piaKo] peqoBHH, NMOLMPEHHX B piakosy cepegoBmmi. [TpHcTpiil Mac WHpoKe 3aCTOCYBAHHA Ta
BHKOPHCTORYCTLCE B PIadHx Famyass: XiMiuda, (apMakoloris, KOCMeTONOris, Xapyona Ta cilkckke
rocnogapeTio. DCHOBHE NMPHIHAYSHHA JHCTOEPraTopiB - IMINIYBAHHA, eMYILIYBAHHA, rOMOTeHizallis
Ta NoApiGHenHs piannx Matepianin [1].

Ha puc.l. zofpakenc yILTpa3BYKOBHI AHMcOepraTop Ta Ha pHc. 2. — OCHOBHA cXema
mMcnepraropa.  (CHOBHHMH - KOMIIOHEHTAMH [JHCOEPraTopa € OXOIOTEYIMHH BenTHnsTop (1),
nepeTsoplosad (2), o1 (3), aMinni Hacanku(4), uadposnil reneparop [2].

i_.-.--l /

Pue. 1. 3aransHuil BHrIAD
YIETPAIEYEOBOTO AHCTIEPrATOp

480

Puc.2. OcHoBHA CXeMa MHCTIEPTATOPa

67
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Jlas Ba3nadenns ymop eeKTHBHOrO JHCrepryBaHHs B enokcuaniii emom EJ120 poarnanyra
Byrienesa Hanotpyoka 6x10 Tamy CHAIR [3).

B pamkax cucremun APROKS [4] pozpolieHo nporpaMy aBTOMaTHYHOIO TIeHepyBaHHS
CKiHYEHO-eJIeMeHTHHX MoJeneil pi3HOro THITY arfloMepariB, OCHOBOK AKHX € HAHOTPYOKH A0BLILHOI

thopmu (puc. 3).
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Puc.3. 3aranenuii Bua BipTYansHoi naboparopii 3 reHepallii arioMepaTis 3 HaHOTPYDOK

Ilepenbavacthes, mwo Gopma aroMepaTy yTBOPIOCTECA KBAAPATHOI YIIAKOBKOK HAHOTPYOOK.

Baaemonis Mik HaHOTPYOKaMH 3/HCHIOETLCS B KOHTAKTHHX By3/ax.

OTpHMaHHS SKICHHX HAHOTIONIMEPIB JT0CATacTHCA IUISXOM YILTPa3BYKOBOI 00pobKH B nporeci
JHCTIepryBaHHA B MacHBi nomimepy [5].

HanoTpyOkn MaioTh BIaCTHBICTL, IO B HACTIAOK AiT enekTpomarniTHiux cii Ban [lep Baannca,
BOHH IPYNYIOTLCH B arJIOMEparH.

SIK NOKa3yloTh HAYKOBI JOCHIUKeHHSA, po30HTTS LMX arnomepariB Moxe OyTH edeKTHBHO
JIOCATHYTO NLISXOM BHKOPHCTAHHS YILTPAIBYKY.

OCKUILKH HASBHICTE ArfIOMepaTiB Mic/s 3aTRep/iHHS NOMIMepPY MPHIBOANTEL A0 KOHUEHTpalji
Hanpy:keHb, K HACMZOK, leii (aKTOp BIIHBAE HA 3IHIKSHHS MIHOCTI HAHOMOAH(IKOBAHOrO
Marepiany.

Mertoio pofoTH € BHIHAYCHHS KPHTHYHHX YMOB HABAHTAXKCHHS arnoMepary B eNOKCHIHii
emoni EJL 20 npu yasrpassykosiii obpobui emyscii 3 HanoTpyOkamu. [lis focaraenns mici MeTH B
cepeloBHILl Abaqus BHKOHAHO Cepiio YHCEILHHX eKCIepHMEHTIB 110 BHIHAYCHHIO KPHTHYHOTO THCKY,
AKHIT BHHHKAC B eNOKCH/IHIIT cMOMi NpH 1T yILTPaIBYKOBOIO JKepena.

Buanaveni yMOBH BTpaTH CTifKOCTI arjomepary, O CKIafacThes 3 9x9 nanoTpyGOK Ta
IHAXOAHTLCH B YMOBaX CTHCHeHHS. Po3paxyHkoBa cxema, MpaHHUYHI YMOBH 1 YMOBH HABAHTAKEHHS Y
HAHOATIOMEpaTy HaBe/eHi Ha pHC. 4.
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a) 0)
Puc.4. YMOBH HaBaHTaKeHHA HAHOATIOMEPATIB: & — arJoMepar 9xY B yMOBaX CTHCHEHHS,
© - arnmomepat 9x9 B yMOBaxX ICYBY

Busnaueno gecats nepmmnx (opM BTpaTH CTHHKOCTI ariomeparie 9x9 BiJ CTHCHEHHS Ta
arnoMepartis 3x3, fKi 3HaX0AATLCA B yMoBax 3cyny. [lepuia, n'arta Ta gecara gopMu BTpaTH CTHIKOCTI
arnomepatis 9x9 npuseaeni Ha puc.5a, puc.6a, puc.7a. Ananoriuno, 14 arnoMepatis 3x3 i popmu
BTpaTH CTIHKOCTI NpHBeaeHi Ha pre.50, pue.66, puc.76.

e NP s i bty - 2
Puc.5a. Ilepma dopma BTpaTH CTIHKOCTI Puc.56. llepma ¢opma sTpari ciiikocTi B 3CYRY
arnomepary 9x9 arnomepary 3x3

pMa BTPATH CTIHKOCTI BiJl 3CyBY
arnoMepary 9x9 arnomepary 3x3
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.
Puc.7a. Jlecara oopma BTpaTH CTHIKOCTI Puc.76. [lecata opma BTpaTH CTIHKOCTI BIJ 3CYRY
arnomepary 9x9 arnomepary 3x3

Bucuosku

B namiii poboti pospobneno B cucremi APROKS nporpamy resepanii sk OKpeMmHX
BYTJICLIEBHX HAaHOTPYOOK, TaK 1 iX arnomepatis. BHKOHAHO UMK YHCENLHHX eKCIIEPHMEHTIB Mo
BH3HAYEHHIO NapaMeTpiB KPHTHYHOIO HaBaHTaAeHHS Ta (POPM BTpaTH CTIHKOCTI arioMeparis 3
HanoTpyGok 6x10 Tuny CHAIR | a came arnomepatis 10x10 Bia aif cTHCKaIOUHX HABAHTAKEHD
Ta arnoMepatis 3x3, AKi IHAXOAATLCA B YMOBAX 3CYBY.
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Xl Beeynpainceka monbepeHlia « Ehextmini npouecy Ta 0DASAHAHHA KiMIHHHL BUPODHUUTE T3 MAKYEAALHOT TEXHIKM»

CEKIIA BTIOCKOHAJTEHHA METOMIB ITPOEKTYBAHHA I POIPAXYHKIB
TEXHOTOIMYHOTI'O) OBJATHAHHA TA NPOLECIE

WYIK 678.6/7 : 678.05
Brnne koedinicnTy TEPTH HA JTHHAMIMHI XAPAKTEPHCTHER NOTIMEPHEX FPARY. npH ix
KOHTAKTHIH B3acvoail 3 ppukuiiinow nantow oheponizaropa

Kysmnnos O. B., cryaenr:; Kykoscerka A.O., crygentra; Nonanax O. B., n.1.n., npodecop
Hanionanenuit TexHIYHAIE YHIBEPCHTET Y KpaiHm
«KniBcrrmit nomrexnivumit 1IHcTHTYT IMeHl [ropa Cikopeskoros, M. Knis

B podomi docaidsicyiamso Apoyecu spanyuiyil notivepnnx zpawya @ mamepiary Tecamid 66 &
cipeponizamopi. Jocridsiceno aniue xoeghiyicnma mepms #a SuMawiuni XapaKxmepucmusn noliMepiux
zpanyi.  Poiziawyma Kowmakmug  @aaeModin  oxpemMol  Zpanyau 3 pusyiiinown  nimo
ciheponizamopa, Axka waxodumsc & omouennl iwwnx zpavyn. TModvdosano & cucmemi Abagus
cKinyenno-eremenmuy modeis. Hposedeno ananiy diazpavy satedchocmi peaxyil v mouyi Koumaxmy
ma npueedenx nanpywcens 3a Mises @ janesichocmi gid koediygicnmy mepma.

Kwauosi caosa: npoyec ciheponizayil, cfeponizamap, Memod cKiNYENNIY ereMenNmis, ciepu,
ZNHVIN, NN XAPaKmepuchuKiL.

CipeponizaTop NMpoKD 3acCTOCOBYETRCA NPH IPAHYIMBAHHI CHCPHYHHX YAacTHH 1 PaHyIL
Bupobanuree rpanyn 3 BHEOPHCTAHHAM ci)CPOHIZATOPA MOYHHACTRCH 3 3IMINIYBAHHA 1 CYXOTO
nepeMInIyEaHHA IHrpeaieHTie. Jlna onTuMizani Bupo0HHNTES ciepHYHHX YACTHHOK ¥ cliepoHIzaTopl
HeoDXIHO IHATH Vel TOHKOW] HBOrG NPOUECcY, TOMY B Ui poboTl METON0M CKIHYCHHHX CIEMCHTIB
OOCTIKYETRCH HANPY#XCHO — AcQOpPMOBAHHMH CTAH CKCTPYIATIE, ¥ #KHX B npouccl cipepomizaiii
BlAOYBaETRCA 3MIHA hopuu [1].

[Mponec cheporizami (puc. 1) NOUMHAETRCH 3 J0J3BAHHA CKCTPYAATIE B cepoHizaTop, AKI
nagawTe Ha obeprosy nnactuay (puc. la). Ilpn pammiit szacmomi dpurmiEnol nnactaem 3
UATHIPHYHAMHE TPAHYIAMH CECTPYIATY 33 PaxyHOK BHHHKHCHHA 3THHANBHHX 1 POITAMYIOMHX
HAMNPY#CHL, BHHHEAE PyiHYBAHHA OOBMHX UHTHIPHYMHHX [PAHYND CKCTPYIArTy Ha niadparMcHTH,
noERHHA AKHX carac Big 1 go 1.2 pasw ix giamerpa (pue. 16). i dparMenT noTiM cTHEAOTECH 31
CTIHKOI 4alll, KA B CBOH YCpPry BIAKHAAE IX Ha3a B cepeauny dprruiiinol nnactund. Biguentposa
CHIA BHINTOBXYE MATEPIATH HAZOEHI JHCKA.

Ll mpmipzpasml parMeHTH NOCTYTORD OKPYIIIONTLCH, HATHKAIMHCE OOHH HA OJHOTO, CTIHKY
ganm 1 Tapuky. Yepes cTiHky uamm po3BHBACTLCH OCINCPCPBHE ATKHCHHA YacTHHOK 31 CTIHKOD wanmn 1
BHINTOBXYBAHHA Hazan BoepeauHy fpusmiinol nnacrums (puc. 1) 3aseuuail, ne simenenns Gyae
NOCTYNORD NEPETEOPIOBATH WmHIpHaHl diparsentit B chepn. e Gyne sindysaries 0o THX mp NOKH
TPaHyIM  JOCHTE NnacTHusl, mob nonermmm achopuanioe Bez pyiinyeanns. Bawomso, wmo s
thopMyBaHHA OIITHMANTEHOT cheporizami ReobxiHKi DeInepepeHIT pyX.

ExcTpyaoBaHWA Poapizaui
npoaykT parmMesTi
a 6 B r

. “ O 0 D9

f 'y
23 aga 9@9
(3 0 J
— .'{ ! — ‘-.‘ — >

Cdeponizauia  MpaHynw

Puc. 1. ITpouec cieponizai: a — novaTkosl eKCTPY.IaTH, O — fparMeHTH rpaHyl Mg 1
PYHHYBAaHHA, B — OKPYTICHHI TPAHYIH, I' — KIHIEBHH NPoayKT (rpanynn y eurnaml cpep) [2]
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