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Penmakuiiina xoseris:

BIIMOBIAAILHUN  peJaKkTop — KaHI. TEXH. HaykK, mpodecop
O. T'. T'ycak; 3acTyIHUK BiAMOBIIATBHOTO PEIAKTOpPAa — II-p TEXH.
Hayk, npodecop 1. B. ITaBnenko.

UiteHn peaakuiiHoi KOJerii:

I-p TexH. HaykK, npodecop B. O. IBaHOB, 1-p TexH. HayK, Ipodecop
JI. . Ilnauayx; n-p texH. Hayk, npodecop B. 1. CknabiHcbkwuii;
I-p TexH. Hayk, npod. B. O. 3amora; a-p TexH. HayK, mpodecop
O. O. JlanomeHko; aA-p TexH. Hayk, npocdecop O. II. I'amonona,;
I-p TexH. Hayk, noueHT M. . COTHUMK; KaHJ. TeXH. HayK, JIOIEHT
C. b. bonpmanina; kanja. TexH. Hayk, jgoueHT C. M, Bawnees;
KaHJA. TeXH. HaykK, JoueHT A. B. 3aropynbko; KaHI. TEXH. HayK,
cT. BUKI. P. O. Octpora.

TexHiuHI ceKpeTapi:
KaHJ. TeXH. HayK, cT. BUKI. X. B. bepnanip; acn. B. C. UyGyp.

CydacHi TeXHOJOrll Yy TPOMHUCIOBOMY BHUPOOHUIITBI
Mmarepiami Ta mporpama X BceykpaiHcbkoi — HayKOBO-TEXHIYHOI
koHpepeHmii (M. Cymum, 18-21 xBitHa 2023 p.) / penkosr.:
O. I'. TI'ycak, 1. B. IlaBnenko. — Cymu : CyMcbKuHl JepKaBHUHN
yHiBepcurer, 2023. — 283 c.
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Jlo wmarepianiB KoH(pepeHLii YBIAIUIM Te3U JOMOBiJeH
KOH(epeH1lii, B SKUX HaBeJeHI pe3yJbTaTH HAyKOBUX JIOCIIIKEHb
OpEJCTaBHUKIB 3aKJIQJiB BHIIOi OCBITM YKpaiHM Ta KpaiH
€pornericbkoro Coro3y. 30ipka Te3 I0moBiaeH Oy/e KOPUCHOIO ISt
HAYKOBIIIB, BHKJIaJayiB, acIipaHTIB 1 CTYJEHTIB Ta 1H)XXEHEPIB yCix
rajry3eil BUpOOHHIITBA.

© Cymcbkuii aep>kaBHu# yHiBepcutet, 2023



Hlanoeni nani ma nanoee!

@akynbTeT TEXHIYHUX CHCTEM Ta eHeproe(eKTUBHUX
TexHoorii CyMCBKOTo JIep»aBHOTO YHIBepcHTETy 3ampourye Bac
B3ITH Yy4acTh y pobori X BceykpaiHchkoi HayKOBO-TE€XHIYHOI
koH(pepeHiii «Cy4acHi TEXHOJIOTII y MPOMHUCIOBOMY BHUPOOHHIITBI
(CTIIB-2023)».

Cexkuii koH(pepeHuii:
1. OGpobnenns maTepiaiiB y MamuHOOY TyBaHHI.
. Texuouorii MammHOOY TyBaHHS.
3. CranpmapTu3allis Ta yIpaBliHHA SKICTIO Y IPOMHUCIOBOMY
BUPOOHHMIITBI.
4. TexHONOTisl KOHCTPYKIIIHUX MaTepiaiB
1 MaTepiaJo3HaBCTBO.
. JluHamika 1 MIiITHICTh, KOMIT FOTEpHA MEXaHiKa.
. ExoJorist i 0XOpOoHa HAaBKOJHUIITHBOTO CEPEIOBUINA.
. XiMi4HI TEXHOJIOTI] Ta 1HXEHEPis.
. XIMI4H1 HAYKH.
. 'igpaBiiuHi MalMHM 1 TigponHeBMoarperatu. [lpuknanna
rijjloaepomMexaHika.
10. Eneprernune MalmHOOyAyBaHHS.
11. Enepro36epexeHHs] eHeproeMHUX BUPOOHUITB. TexHiuHa
Terodizuka.

N
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Anpeca CyMCBKOTO Jep>KaBHOTO YHIBEPCHUTETY:
Bys1. Pumcekoro-Kopcakosa, 2, M. Cymu, 40007, Ykpaina.

Tenepon mns mosimok: +38 (0542) 33-10-24 — nekaHar
(bakynbTeTy TEXHIYHHX CHCTEM Ta €HEeproe(eKTUBHHX TEXHOJIOTiH
Cym21V.



MMPOT'PAMA KOH®EPEHIIII
CEKILIS1 «OBPOBJIEHHS MATEPIAJIIB Y MAIIMHOBYYBAHHI»

Tomnora — 3aB. kad. TMBI, nmpocecop B. O. Isanos
Cekperap — acmipanT, H. B. Jlenmpomkina

1. BipryanbHuii TokapHuii Bepcrar
Jomosinau: I'punierko O. O., tp. BI-91
KepiBHuK: IBeus C. B., nonent kad. TMBI, Cym2lY, M. Cymu

2. TlopiBHSIIBHUIT aHaNi3 CKJIAJOBHX COOIBapTOCTI JeTajieil Ha BITYM3HSIHUX Ta
1HO3EMHHX MalIMHOOYIIBHUX BUPOOHHUIITBAX

Jonogigau: €proxmmoB K. C., rp. BI-91

KepiBHuK: IBemns C. B., mouent xad. TMBI Cym/1Y, m. Cymu
3. ®pesepyBaHHA CHipaTbHOI KAHABKH Ha MMOBEPXHI OYPHIBHOT TPYOH

Jonoeigau: [ickmos O. B., rp. BI-91

KepiBHuK: HIeeus C. B., nonent kad. TMBI, Cym/1Y, m. Cymu
4. Po3paxyHOK HapaMeTpiB LIOPCTKOCTI 00po0IIeHOT MOBEPXHI i/l 4ac TOYiHHS

JlomoBigay: Ckabenok M. M., rp. BI-91

KepiBHuK: Ieeus C. B. nouenr xad. TMBI, Cym1Y, m. Cymu
5. [ligBuIeHHs €PEeKTHBHOCTI 0OPOOKH MOPOIITKOBHX CTaNEH

Homosinau: Oumiiiauk . O., acmipanT kapenpu TMBI

KepiBHuK: Hexpacos C. C., mouent kad. TMBI, CymAY, m. Cymu

6. IligBumieHHs e(QEKTUBHOCTI BHKOPHCTaHHSA cam CHCTEM 32 pPaxyHOK
3aCTOCyBaHHS HelipoMepexi

Jonoginau: IMoromaxa /1. 1O., crynmenr, rp. TM.m-21

KepiBHuK: Hekpacos C. C., nouenr kadp. TMBI, Cym1¥Y, m. Cymu

7. BIuiiB BMICTY KHCHIO Ha NIBHIKICTh HACHYCHHS [TOBEPXHI J€TaJli aTOMaMHU a30Ty
Ta BYTJICIIO TPH KapOoHiTpamii

Jomnogigaui: Tiupkuit P. B. maricrpant rp. TM.m-21
Hexkpacos 0. O. acmipanr
KepiBHuk: Jogsrononos A. 1O. ct. Bukiagay, kag. TMBI, M. Cymu

8. IlinBUIEHHS! aHTHKOPO3IMHMX BIIACTHBOCTEH METOJIOM BHCOKOTEMIIEpaTypHOI
00poOKH B po3IIaBax cojiel cTayieil ayCTeHITHOTO Ki1acy
JHomnoginayi: Hynaps A. B. marictpantr TM.m-21
[Taruenko A. B. acmipasT
KepiBHuk: Josromnonos A. 0. ct. Buknanad, kag. TMBI, m. Cymu
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CEKIIA «TEXHOJIOT'TA MAIIMHOBY IYBAHHSA»

I'onosa — 3aB. kag. TMBI, npodecop B. O. IBanos
Cekpetap — acmipanTt, H. B. Jlenbomkina

1. Control of multilayer wire rope with access to two ropes
Jonosimaui: Belmas I. V., doctor of Technical Sciences, professor,
Head of the Department of Mechanical Engineering
and Welding Technology
Shvachka A. V., postgraduate, Department of
Mechanical Engineering and Welding Technology,
Dnipro State Technical University, Kamianske

2. AwHami3 TnepexifHOi XapaKTepPUCTUKW EKBIBAJICHTHOI IPYKHOI CHCTEMH
K €JIEMEHTY CUCTEMH KPYIJIOro BPi3HOTO LUTi(QyBaHHS
Jonogsinaui: 3aenp O. A., cryaent rp. TM.m-21
[Moromaxa /. 1O., crynent rp. TM.m-21
Metenko O. M., cryzment rp. TM-01
KepiBHuK: €BTyx0B A. B., nonient xadp. TMBI, CymJ1Y, M. Cymu

3. OcobmuBocTi poO3paxyHKy CKJIaJalbHUX PO3MIPHHUX JIAHITIOTIB IMECTePHHUX
HacociB

JonoBigaui: 3aems O. A., crygent rp. TM.m-21
[Moromaxa /. 1O., crynent rp. TM.m-21
KepiBHuK: €BTyxoB A. B., nouent kad. TMBI, Cym/1Y, m. Cymu
4. AHati3 HanpysKeHO-1e()OPMOBAHOTO CTAHY KOHCTPYKIIIT TOKAPHOTO MATPOHY
Jonoginau: Hpuronenko B. A., ctynent rp. TM.m-11
KepiBHuK: €BTyxoB A. B., nouent kad. TMBI, Cym/1Y, m. Cymu
5. YmockoHaieHHs By3J1a KPIiIUIeHHS Pi3albHOT BCTABKH TOPIEBOI (pe3n
Jonosigaui: Ocrarrenko b. A., acmipanT
Mipomanuenko O. P., ctyaeHT
KepiBHuK: Kymnipos I1. B., mouent kad. TMBI, CymY, m.Cymu

6. Po3po0Oka KOHCTPYKIIii TOPIEeBOT Ppe3u 3 MiABUIICHO HAMIMHICTIO 3aKPIIICHHS
pi3abHUX BCTaBOK
JonoBinau: OpuoB P. O., acipanT
KepiBauku: Kymnipos I1. B., nonient kad. TMBI, CymlY
Crymis b. A., nouent xad. TMBI, Cym1Y, m.Cymn



7. Komn’1oTepHi TeXHOJIOTI] y MAaIIMHOOY/TyBaHHI: BUKJIMKH ChOTO/ICHHS
JlomoBinay: Knenkos O.M., ct. Bukiagau kad. BUIIOT MATEMATHKH,
(hi3uKH Ta 3aralbHOIHKCHEPHUX TUCIIUILTIH,
JIHINPOBCHKUH Nep)KaBHUN arpapHO-eKOHOMIYHUN
yHiBepcuTeT, M. J{Hinpo

8. CucreMHHH TiAXix OO MPOEKTYBaHHS TEXHOJOTIYHOTO IPOIECY BiTHOBICHHS
neTanen
Jonogigau: Maroneus M.C., marictpanr, kap. EPM
KepiBHEK: Menenenxo [.B., mpodecop, xad. EPM,
HentpansHOyKpaiHCHKUI HAIlIOHATBHAH TEXHITHIHA
yHiBepcuteT, M. KponuBHULIBKHI

9. ABromMaTH3alisi poOOYUX MPOLECIB MOOITBHUX MAIINH

Jonoginaui: Umyx 5. B. nokropant
lamuupkuii O. O., aciipanT

KepiBuuku: Pemapuyk M. I1., n-p TexH. HayK, npodecop
Keb6xo O. B., 3aB. Hapu. 1ab., kap. MTCM, VipAY3T,
M. XapkiB

10. Po3poOieHHS TPOTOTHITY MEXaHI30BaHOTO poOOTY i TPaHCIOPTYBAaHHS
030pOo€eHHS

Jonoeigau: 3asup 1. A, crynent rp. MB-01/1
KepiBHuk: Hosrononos A. 0., ct. Bukianay, kadp. TMBI, Cym1V,
M. Cymn

11. FDM 3D-printing
Jonosimaui: Komisarov O., Master of the Department of Mechanical
Engineering Technology,
Pukhalska G., PhD, Associate Professor, Associate
Professor of the Department of Machinery Engineering
Technology, National University “Zaporizhzhia
Polytechnic”, Zaporizhzhia

12. Analysis of current approaches of the development of technological routes for
parts manufacturing
Jlonosimaui: Andrii Zinko, Student of Bachelor Degree of Education,

Department “Robotics and Integrated Mechanical
Engineering Technologies”
Yaroslav Kusyi, DScTech, Associate professor of
Department “Robotics and Integrated Mechanical
Engineering Technologies”, Lviv Politechnic National
University, Lviv



13. Laser stitching of holes

JlomoBigaui:

Bezkhlibnyi D., Post-graduate student of the Department
of Mechanical Engineering Technology

Pukhalska G., PhD, Associate Professor, Associate
Professor of the Department of Machinery Engineering
Technology, National University “Zaporizhzhia
Polytechnic”, Zaporizhzhia

14. TIpoGnemu TOYHOCTI PO]ITIO BEIUKO-KPOKOBOi HApi3i TOYEHOI 3 JOTIOMOTOI0

JIBOHUTKOBOTO Pi31s
Jonoeigau:
KepiBHuK:

®@apumok P. M., acmipasT

Onuceko O. P., mpodecop, kad. KOMIT IOTEPU30BAHOTO
MaIrMHOOYAyBaHHs, [BaHO-DpaHKiBChKHIA
HaliOHAILHUN TEXHIYHUH YHIBepcuTeT HadTH 1 rasy,
M. [BaHO-®paHKiBChK

15. Application of economic criteria for evaluating the efficiency of machine parts

machining
JonoBigaui:

Yaroslav Kusyi, DScTech, Associate professor of
Department “Robotics and Integrated Mechanical
Engineering Technologies”, Lviv Politechnic National
University, Lviv

Olha Kostiuk, PhD, Associate professor of Department
of Marketing and Logistics, Lviv Politechnic National
University, Lviv

Uliana Shybunka, Student of Master Degree of
Education, Department of Marketing and Logistics, Lviv
Politechnic National University, Lviv

16. CucremMa KOHCTPYKTOPCHKO-TEXHOJOTIYHOTO 3a0e3leueHHs] BUPOOHUIITBA

HIAPOIIIOK
Jonosigaui:

Crnimayk A. M., K.T.H., JOLEHT, Kad). poOOTOTEXHIKH Ta
IHTETPOBaHHUX TEXHOJIOTiH MaTHHOOY IyBaHHS,
Harmionansauit yHiBepcuTeT «JIbBIBChKa MONITEXHIKA,
M. JIbBiB

Axum P. M., n.1.H., ipod. kad.. kadheapu TEXHOIOTTIHOT
Ta mpodeciitHoi ocBiTH, pOrOOHIBKIHA AeprKaBHUI
nefarorivHui yHiBepcuteT iM. [.dpanka, M. J[porobny
Koo6unenpkwmii O. B., 3m00yBau, M.JIbBiB

17. CynepoininiHa NHEBMOBIIIIEHTpOBa 00pOOKa BHYTPIIIHIX HHIIHAPHIHUAX
MIOBEPXOHb CTAJIEBUX 3ar0TOBOK

Jonosigau:

Kymukicpkuii B. J1., nonent xadenpu A ta TC,
[Moniceknit HanioHANEHUH yHiBepcuTeT, M. JKutomup
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18. Digital twin of the cutting machine

JlomoBinay:
KepiBHuK:

19. [Ipodeciitna

Oleksandr Sokolov, Ph.D. student

Vitalii lvanov, DSc., Professor, Head of the Department
of Manufacturing Engineering, Machines and Tools,
Sumy State University, Sumy, Ukraine

TeXHIYHA TEPMiHOJIOT IS Cyd4acHi BHKITHKA

II0/I0 CTBOPEHHS HOPMAaTUBHOI JOKyMEHTAIIi1

Jonogigau:
KepiBauku:

Hemunenxo €. O., cryn. rp. 302-0

Kocosa T. M., cr. Buxi. BCIT «MamuHoOyiBHHIA
thaxoBuit konemx CymJIY»

[MaBnenko 1. B., mpod. xadp. KM

iMm. B. Maprmnkoscskoro, Cym{Y, M. Cymu

IBanoB B. O., 3aBigyBau xad. TMBI, Cym/1Y, m. Cymu

20. IIporpamHa peaizalisi MaTeMaTHYHUX MOJIEIIEH MPOLIECyY B3aEMOIi epeTHbOT
MOBEPXHI Jie3a 31 CTPYKKOKO

Jonoeigau:
KepiBauku:

Tapacenko 1. B., marictpasaT

Bottuumen O. JI., nupekrop LleHTpy criemiansHIX
TEXHOJIOT1H

[Manepa C. T., mpodecop, kad. TeXHOTOTIH
MaIIMHOOYAyBaHHS Ta MaTepiaJo3HaBCTBa,
HarmionansHuii TeXHIYHHN YyHiBepcuUTeT «JIHIMpOBCHKA
nojitexHika», M. [{Hinpo

21. ABroMaTH3allisi IPOLECY CUCTEMHO-CTPYKTYPHOT'O MOJICIFOBAHHS Ha MPHKJIIaIi
PO3pOOJICHHS MPOTPECUBHOIO TEXHOJIOTIYHOTO Tpoliecy 00poOIeHHSs AeTalell TUILY
HIMUJIBKA BiJIIEHTPOBOTO HACOCA 13 3aCTOCYBAHHSAM IHCTPYMEHTIB Ta OCHAILCHHS

JonoBinaui:

KepiBauku:

Hynaps A. B., crynenr, rp. TMm-21

Bbukos M.C., aciipant

HerrsaproB I. M., k. T. H., moueHT kad. TMBI

Hemrra A. O., k.T.H, cT. Bukianad kagp. TMBI, Cym1Y,
M. Cymu

22. TlepcrieKTHBH 3aCTOCYBaHHS aBTOMATH30BAaHOTO HPOEKTYBAHHS IMKJIOITHUX
nepenady 3 TMPYKUHHUM CTabimizaTopoM il 3aCTOCYBaHHS Y MOOUTBHUX
poOOTH30BaHKX ITaT(hOpMax

JonoBinaui:

KepiBauku:

Kok 4. B., crynenr, rp. TMM-21

Aspamenko C. €., acipadt

JertaproB I. M., k. T. H., notieHT Kad. TMBI

Hemra A. O., k.T.H, cT. Bukianad kagp. TMBI, Cym1Y,
M. Cymu



23. Mopgenb cuHTe3y 0araToiHCTPYMEHTHHX HaJllaJloK
JlomoBinay: Binmiuenko M. B., cryaeHT
KepiBHuK: Sxosenko 1. E., npod., HTY XIII, Xapkis

CEKIIA « CTAHIAPTHU3AIIA TA YIIPABJIIHHA AKICTIO ¥
MMPOMHUCJIIOBOMY BUPOBHUIITBI»

T'onosa — gonent, O. B. IBuenko
Cexkperap — acmipanT, H. B. Jlenmpomkina

1. VYmopaBmiHHA SKICTIO TIPOIECIB PEMOHTY HAa BHPOOHHITBI: IPaKTHIHE

3aCTOCYBaHHS
JlomoBigaui: Hapumua B. O., acmipant
Lmroxin M. L., ctyment rp. TM-91/1
KepiBHuk: Henucenxo 0. O., ct. Buknagay kadp. TMBI, Cym1VY,
M. Cymu

2. VIOCKOHAJCHHS TEXHOJIOTIYHOTO MPOLEeCY BUTOTOBJICHHS aepOIHHAMIYHHX
XBOCTOBHKIB JJI 3acTOCyBaHHA Ooempumnacy tuny «BOI'» Ha nucraHmiiHoO
KEPOBAHUX JIITAIBHUX anaparax
Jonogigau: [pomanuyk O. O., acnipant, HamionansHuit
yHiBepcuTeT «JIpBiBChKA MOIITEXHIKa», M. JIBBIB.

3. OcoOMHBOCTI 3aCTOCYBaHHS CTATUCTUYHHUX METOMIB UL  JOCIIIKCHHS
napaMeTpiB TEXHOJOTIYHUX CHCTEM

Jonoginau: Jlenvomikina H. B., acnipanTka

KepiBHuk: Henucenko 0. O., ct. Buknagaud, Cym1Y, m. Cymu

CEKIIA «TEXHOJIOTISI KOHCTPYKIIHHUX MATEPIAJIIB
I MATEPIAJIO3HABCTBO»

Tonosa — O. I1. 'aronoBa, 3aB. kad. [IM i TKM, n-p TexH. Hayk, nmpodecop
Cexkperap — JI. b. Bennkonana, mabopanr kad. [IM i TKM

1. CygacHi maTepianu B MalmMHOOY TyBaHHI
JlomoBinauyi: Bepesa O. M., mpodecop
Krnenkor O.M., crapmmii BUKIIagad
Kadeapu BUIIOI MaTEMaTHKH, (Hi3UKH Ta
3arajgpbHOimKeHepHuX nucuuiutig, JJIAEY, m. Iainpo



2. OcoOnuBocti mporeciB  aucumaiii B EBTEKTHYHUX pO3IUIaBax Ha
nepenKpucTati3aliiHoMy eTari
JomnoBinau: bepesa O. 10., npodecop kadeapu BUIOTI MaTEMaTHKH,
(hisuku Ta 3araipHOIHXKEeHEepHUX qucuuiutid, JJAEY,
M. IHinpo

3. dedopmariiitHi nporecH y HOBEPXHEBUX CTPYKTypaxX pi3aibHUX iHCTPYMEHTIB
HormoBinau: Binoyc . O., acmipant
KepiBHuEK: Tl'onuapos O. A., mpodecop, kapenpa [IMiMCC
CyMchKHii nep>kaBHUH yHiBepcureT, M. Cymn

4. Kowmm’ioTepHEe MOJETIOBAaHHA BHTOTOBJCHHS JETalli «KOJIECO pPobode»
BIZILIEHTPOBOT'O Hacoca
Jonoginaui: Bypnaka A. 1O., marictpant rp. MT.m-21/1,
Ceprienko B.M., marictpant rp. MT.mM-21/2,
KepiBHuK: I'oopyn T. I1., nouent kadeapu I[IM 1 TKM, Cym/1V,
M. Cymu

5. 3MiHEHHS PiXKY9I0TO TBEPAOCIDIABHOTO iIHCTPYMEHTY IPH HAaHECEHHI OKCHIHO-
HITPUAHUX 0araTomapoBUX MOKPUTTIB

HomoBinmau: Bapakin B. O., acipant
KepiBHuK: T'oBopyH T. I1., nonrent xadenpu [IM i TKM, Cym1Y,
M. Cymun

6. IIporpecrBHI 3HOCOCTIHKI MaTepiany Ui arpolpOMHUCIOBOI0 BUPOOHUIITBA
JomoBinauyi: Bacunienko M. O., 3aB. Bijaiiy,
Bbycnaes /1. O., crapiir. HayK. cmiBpoO.,
Kaminin O. €. cTapii. Hayk. CIiBpoo.,
Kononoros 0. A., npos. inx., Biguin HPOCM,
IMA AIIB HAAH, c.m.T. I'neBaxa

7. Bubip TeXHOJIOTii TepMI4HOTO 0OPOOIICHS eTali «KoJIeco podoUe» Hacocy

JHomogigaui: T'omy6 H. P. marictpanTtka rp. MT.mM-21,;
Tlonuapos b. C., marictpant rp. MT.M-21

KepiBHuK: I'amonoga O. I1., 3aB. kad. [IM i TKM, Cym/1Y,
M. Cymu

8. Po3pobka MeTo10510Tii MOAYJIBHOTO CTPYKTYPHOTO MPOEKTYBaHHS KOMIIO3UTHHX
JIoTIaTell HeCY4Ooro IBUHTA BEPTOJIBOTY
Jlomnoginay: I'pubanosa C. A., suxnanau, KJIK XHYBC,
M. Kpemenuyxk

9. IloBepxHeBa 00poOKa CIIaBiB HAa OCHOBI AJIIOMIHIIO
HomnoBinau: 3inuenko I. /1., acnipant, Cym1Y, m. Cymn
KepiBHuk: I'anonosa O. I1., 3aB. ka¢. [IMiTKM, Cym1Y, m.Cymu
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10. Meroan MoanQiKyBaHHS TEPMOIUIACTIB BYTJICLIEBUMH HAHOTPYOKaMu

JomnoBinau: Mapuenko K. C., acmipantka, rp. A-25/MT, xadenpa
I[IM i TKM, Cym[1V, Cymu

KepiBHuk: Mapuenko C. B., nouenT, kadheapa [IM i TKM,
Cym1Y, Cymn

11. TIligBumieHHS SKOCTI TIOBEpPXHI Ta OBTOBIYHOCTI 32  JIOTIOMOTOIO
EJIEKTPOICKPOBOTO JIeTyBaHHS

HormoBinau: Oxpimenko B. O., acmipanT,
KepiBHuEK: I'amonoga O. I1., 3aB. kad. [IM i TKM, Cym/1Y,
M. Cymu

12. Research of nanostructured coatings based on nitrides
Jomnogigaui: Pakhnenko D. V., master,
Khaniukov K. S., postgraduate,
Varakin V. O., postgraduate,
Hovorun T. P., associate professor of the department of
PM and TCM, Sumy State University, Sumy, Ukraine

13. Po3pobka cygacHOT TepMidHOi 0OpOOKH JeTali «rojKa I03yrday
Jonoigaui: [Mimenos O. O., ctynent rp. MB-91/1 MT,
Yymaxos J. C., acmipanT rp. A-15MT,
Hazapenko 1. B. acmipanr rp. A-25MT
KepiBHuk: Xapuenko H. A., nouent kadeapu [IM i TKM, Cym1Y

14. XapakTep pyxy Mexx(ha3HUX IPaHHLb NPU HEI30TEPMIYHUX YMOBaxX (OpMyBaHHs
Jy31iHOrO 3aXUCHOTO MOKPUTTS HA MeTaNax B 3aJI€KHOCTI BiJ| €HEpTiil akTHBaIil
mudysii
Jomnogigaui: Hecrepenko O. 1., npodecop xadenpu enepreTuku,
o g.-m., YIXTY, m. dHimpo
Caxno B. M., noneHT kadeapu BUIIOI MATEMaTHKH,
(hi3WKH Ta 3arabHOIHKCHEPHHUX TUCIHUILTIH, K. (.-M.,
JOAEY, m. Jninpo
Hecrepenko M. I'., noneHT kxadeapu mporpaMHOTO
3a0e3neueHHs iHpOopMaiiHO-BIMIPIOBAIFHOI TEXHIKH,
K. @.-m., YAXTY, m. JIHinpo

15. JlocnmimkeHHS BIUIMBY MPOAYKTHBHOCTI NPOIECY AaNiTyBaHHS METOJOM
@JIEKTPOICKPOBOTO JIETYBaHHS HAa MIKPOCTPYKTYPY IIOKPHUTTIB

JonoBinau: IOckaes C. B., acmipant; XXunenxo O. 1., marictpant
rp. MT.m-21, Cym1Y, m. Cymu
KepiBHuK: Tapensuuk H. B., c.H.c,; ['anmonosa O. I1., 3aB. kad.

IIM i TKM, CymJ1Y, m. Cymun
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16. BukopucTaHHS IITyYHOTO IHTENEKTY Y NPOTHO3YBaHHI BJIACTHBOCTEH
MOJIMEPHUX KOMITO3ULIIHHUX MaTepiaiiB
JomnoBinau: Cepriii Bapenuk, acnipa#nr, rp.A-15/MT
KepiBHuK: XpucruHa bepnanip, cr. Buknanau kapenpu [IM i TKM,
CymJ1Y, M. Cymun

17. 3H0cocCTiiiKi mudy3iiHI TOKPUTTS
Jomogigaui: Curaikos B. O., acmipant rp. A-25/MT, CymlY;
Kpasuenko B. B., acmipanT rp. A-25/MT, Cym1Y

KepiBHuEK: Heryna A. 1., nouent xadenpu IIMiTKM, CymIY

18. BB yMOB TaIbBaHIYHOTO XPOMYBAHHS Ha SKICTh YTBOPEHOTO ITOKPUTTS.
JomnoBinau: Dxux B. M., ctya. rp. MrTE-22
KepiBHuK: Kucnosa O. B., noueHr xadeapu XiMiYHUX TEXHOJIOT1H

Ta pecypcosbepexenns, KHYT/I, m. Kuis

19. BukopucTaHHsI IpOrpaMHOTO 3a0e3MeUeHHs 3 BIIKPUTHM BHXIJHUM KOJOM Y

MaTepialo3HaBCTBI
Homosinau: Curaikos B. O., acmipanr, rp. A-25/MT, kadenpa
I[IM i TKM, CymJY, m. Cymun
KepiBHuK: Heryna A. 1., nouent, kapeapa [IMiTKM, CymIY

20. [JocmimkeHHS CTPYKTYpH THTAHOBHX IIOPUCTHX MaTepialmiB 3 BIIXOIIB
6ioMeqUYHOro BUPOOHHIITBA
JomoBigaui: Iosctsinoit O. FO., n.1.H., mpodecop, kadeapa
NpUKIaaHOT MexaHiku Ta mexarpoHiku, JIHTY, Jlynpk
Im0iposuu H. 1O., k.1.H., Ho1eHT, Kadeapa
MaTtepiano3naBctsa, JIHTY, JIyibk,

21. Po3poOka MpHITpaIFOBaIbHUX TOKPHUTTIB, MOIU(PIKOBAHUX EIEKTPOICKPOBUM
JIEryBaHHAM 3 HOJIIIICHUMH SKCIUTyaTal[iiHIMH XapaKTepUCTUKAMH

JHomosinau: lanxin /1. C. acmipast rp.A-15/MT, CymaAY, m. Cymu
KepiBHuK: Ockaes B. b., nonent xapenpu [IMiTKM, Cym1Y,
M. Cymu

22. Tlpotiec oTpUMaHHS JIeTali «KOJIIHYACTHIT B

Homosinau: XBocrenko P. O., marictpant rp. MT.m-21/2
KepiBHuk: T'oBopyHn T. I1., nonent, kadenpa [IM i TKM, Cym/1Y,
M. Cymu

23. TligBuuieHHS MIIHICHUX 1 TPHUOOJOTIYHHX XapaKTEPUCTHK PILKYUOro
IHCTPYMEHTA P HAHECCHHI HAHOCTPYKTYPOBAHHUX ITOKPHTTIB.

Jonosigau: XantokoB K. C., acmipast
KepiBHuk: I'oopys T. I1., nouenr, kapenpa I[IM i TKM, Cym1V,
M. Cymu
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24. EnexTpoHHO-ITPOMEHEBA IIJIaBKa METAJIB 1 CIUIaBiB
JomnoBinau: Cnacskuit P. M., ctyn. rp. 306-n
KepiBHuku: lanpuenko 1. I'., BUKIaga4y BUIOT KaTEropii;
ITaBnenxo I. B., crapimuii Bukinazaad,
BCII «MamnHoOy niBHuii paxosuii konemx CymAY»,
M. Cymu

CEKIIS « IMHAMIKA I MIITHICTh, KOMII’FOTEPHA MEXAHIKA»

Tlomosa — A. B. 3aropynbko, 3aB. kag. KM im. B. MapruHKOBCEKOTO,
KaHJ. TeXH. HayK, OLUECHT
Cexkperap — C. O. MimeHko, 3aB. HaBd. 11a6. kap. KM im. B. MapiimHKOBCEKOTO

1. KoM’ toTepHe MOJICIIFOBAHHS B MEXaHIIli: CYYacHUI MOTJIST
JomnoBinau: Knenkxor O.M., crapimii BUkiIagay kadeapu BULOT
MaTeMaTuKH, (Hi3UKH Ta 3arajJbHOIHKEHEPHHUX
JMCIUILTIH, JIHIMPOBCHKUI iep)KaBHUN arpapHO-
€KOHOMIYHUI yHiBepcuTeT, M. J{HIpo

2. TloOymoBa KOMI'IOTEPHOI MOJENI BIDIMBY PO3TATYIOUOTO HABAHTAXKCHHS B
nporpami ANSYS
Jonogigau: Krnenxos O. M., cTapmmii BuKIIagad kadenpu BUIIOT
MaTeMAaTHKH, (Pi3UKH Ta 3araTbHOIHKEHEPHIX
JUCHUTLTIH, /THITPOBCHKHH AepiKaBHUM arpapHO-
€KOHOMIYHUi yHiBepcuTeT, M. J{HIIpo

3. Ilpo opHy acumnToTH4Hy BiacTHBicTh GyHKIIT Mittar-Jleddnepa
Jomosinau: [MaBnenko 1. B., n-p TexH. Hayk, mpod.,
npodecop kadheapu KOMIT FOTEPHOT MEXaHIKH
iM. B. MaprunkoBcbkoro, CyMChbKH JiepkaBHHNA
yHiBepcureT, M. Cymun

4. A Python-based computer program for calculating free oscillations of rotor
systems
Speaker: Mykola Burym, Student, group KM-91-1
Supervisor: Prof. Dr. Ivan Pavlenko, DSc., Ing.-Paed., Department
of Computational Mechanics named after VVolodymyr
Martsynkovskyy, Sumy State University,
Sumy, Ukraine

5. BrtuB reomerpii KOCO 3aTHCHEHOTO KECOHA Kpiia IUIaHepa Ha MIIHICTh Ta
BiOpOCTIHKICTH

HomnoBinau: Ocwurmos O. O., crynenT, rpyna KM-91/1

KepiBHuK: Kuruniii 1. O., x.1.H., oueHt CymJY, m. Cymu
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6. 3acrocyBaHHS pI3HHX CUMYJBIL[IHUX MOAENEH pPE30HAaHCHOTO METOay

HEpPYHHIBHOTO KOHTPOJIIO IJIACTHH 3 MOJIIMEPHUX KOMIIO3HIIIMHUX MaTepiaiB
JomnoBinau: Crapuncekuii I1. C., cryaent, rpyma KM-91/1
KepiBHuk: Kurumiii 1. O., x.1.H., moueHt, CymJ1Y, M. Cymu

7. PeaOimniTalis MaieHTiB 3 CyTMHHUMU 3aXBoproBaHHsAME. YacTuHa 11

Jonogigau: Onekcanzap JINTBUHEHKO, CTyIeHT, Tpyma IM-11/1;
Karepuna Bypmiok, 11 xirac, LlenTp no3amkinsHOL
ocsitH, mKkoja Ne 7 , m. Jlebeaun

KepiBHuEK: Cwuipaos B. O., mupexrop neatpy HTTYM CymlY,
M. Cymuy;
CrosOyp O. A., 3aBigyBad BiIIiICHHSIM CyIUHHOT
Xipyprii, nikapus Ne 5, m. Cymu

8. Peabinitanist mauieHTiB 3 Cy AMHHUMH 3axBoptoBaHHsAMH. YacTuna I11

JomnoBinau: Onekcanzap JINTBUHEHKO, CTyneHT, rpymna IM-11/1;
Karepuna Bypumrok,11 xiac, IenTp mo3amkiisHol
ocsitH, mKkoja Ne 7 , m. Jlebequn

KepiBHuK: CwuipaoB B. O., mupekrop neatpy HTTYM CymlY,
M. Cymy;
CrosOyp O. A., 3aBigyBad BiIIiICHHSIM CyIUHHOT
xipyprii, gikapas Ne 5, M. Cymu

9. IonoxxeHHs1 HeOe3NeYHNX Nepepi3iB Opyca NMpH HaBaHTa)KEHHI HOTO CHUIIOBUMHU
(hakTopamu Ta TeOMETPUYHUX (PAKTOPIB MILHOCTI

Jomosinau: Awnnpiit Tumodees, crynenr, rpyma IM-21/2
KepiBHUK: CwmipHos B. O., nupexrop nentpy HTTYM Cym/1VY,
M. Cymu
10. 3Hax0KEHHS TCOMETPHYHUX XapaKTEPUCTUK CTATUYIHO BU3HAYYBAHHUX OaIOK
Jonosigau: Maxcum Ycerko, 11 kmac, LleHTp mo3amkiapHOT OCBITH;
Bomomgmmup JleBuerko, 11 kiac, mxkora Ne 6,
M. JIeOenuu
KepiBHuK: Cwmipaos B. O., mupekrop nearpy HTTYM Cym1Y,
M. Cymn

11. BuGip Haibinpm HeOe3MeYHHX PO3PAaXYHKOBHX CXEM CTaTHYHO BHU3HAUYECHHUX
6aJIoK Ta ONOPHMX 3aKPIIICHb PaM

JonoBinau: Makcuminian Poxkos, 11 kiac, mikona Ne 1, m. Cymu
KepiBHEK: Cwmipaos B. O., mupekrtop nearpy HTTYM Cym1Y,
M. Cymun
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12. TToGynoBa emop BC®, HopManbHUX 1 TOTUYHHUX HANPY)XEHb Y IPOCTOPOBOMY
JoMaHoMy Opyci

JlomoBinay: Maxcuminian Poxxkos, 11 kiac, mkoma Ne 1, m. Cymu
KepiBHuK: CwmipHoB B. O., nupexrop nentpy HTTYM Cym/1Y,
M. Cymu

13. 3HaxoKEeHHs TIOJIOKEHb TOJOBHUX IIEHTPAJIbHUX Biced CKIamoBHX ¢iryp Ta
paLliOHAIEHOTO PO3TALTyBaHHS OIIOP

JHormoBinau: Haszap Jlo6oxa, yuens 9 knacy, mxomna Ne 9, M. Cymu
KepiBHuEK: Cwmipaos B. O., mupekrop nearpy HTTYM Cym1Y,
M. Cymu

14. YucenpHuiA pO3paxyHOK IBOCTOPOHHBOI 3a/Jadi TiIPOMPYKHOCTI TOPIEBOTO
CaJIbHUKOBOTO YIIUILHEHHS - aHaJII3 BIUIMBY 3MiHH ITapaMeTpiB
JomnoBinau: Canoxnuxos . 1., acnipant, Cym1Y, M. Cymun
KepiBHUK: 3aropyinsko A. B., K.T.H., IoLieHT, 3aBigyBad Kapeapu
KM im. B. MapuunkoBcbkoro, Cym1Y, M. Cymu

15. OOuucmoBaNbHUN aHali3 TePMETUYHOCTI Ta CTIHKOCTI Je(OpMOBAHOTO
IUIaBAfOYO0T0 Ta HEPYXOMOTO KiJIellb IIAPHHHOTO YIIUIBHEHHS
JHomoBinau: Bopeyx C. A., crynenr, rpyna KM-81
KepiBHuK: 3aropymneko A. B., XK.T.H., JOICHT, 3aBiayBad Kadeapu
KM im. B. MapmuakoBcskoro, Cym1Y, M. Cymu

16. Po3poOka MOOUIHLHOTO 3aCTOCYHKY ISl PO3PAXyHKY TiAPOIMHAMIYHUX CHII Ta
BUTOKIB y OaraTomIapuHHUX YIIUIBHEHHX BiIIIEHTPOBUX HACOCIB
JormoBinay: Suenko C. B., acmipant CymIY
KepiBHuk: Io3oBHuii O. O., K.T.H., ackucTeHT, Kad. KM
im. B. MaprmnkoBcskoro, Cym/1Y, m. Cymu

17. AHaii3 CTaTHYHUX Ta TUHAMIYHHUX XapaKTEPUCTHK VIIITHHEHB 3 TIABAIOYAMHU
KITBIIMUA
JHomosinau: Koneuenko b. O., crynent; rpyna KM-91/1
KepiBHuK: [o3oenwuii O. O., X.T.H., acucTeHT, kKap. KM
iMm. B. Maprmnukoscskoro, Cym1Y, m. Cymu

18. AHani3z CHiIbHUX PajiabHO-OCHOBUX KOJHMBaHb POTOPA 3 YPIBHOBaXKYHOUUM

MIPUCTPOEM
JlomoBinay: I'purop’es B.C., cryaent; rpyna KM-91/1
KepiBHuk: ITozoBHwuit O. O., K.T.H., acUCTeHT, kad. KM

im. B. MaprakoBcskoro, Cym1Y, m. Cymun
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19. IMpukiagHi aCEKTH 3aCTOCYBaHH IITYYHOTO IHTEJIEKTY MPU KOMII FOTCPHOMY
MOJIEJIIOBaHH] B MeXaHiLi
JlomoBinay: Menpnuk A. 1., Buntens ¢izuku, HBK Ne 1, m. SniBens

20. locmimkeHHs1 TUHAMIKH Ta cTifikocTi poropa Hacoca LIHA 600-35 st atTomMHMX

CJIEKTPOCTAHIIIH
JHormoBinau: Bepborwuii A. €., acipant, Cym/IV, m. Cymu
KepiBauku: [aBnerko 1. B., a-p TexH. HAyK, mpodecop;

CumonoBcekwmii B. 1., 1-p TexH. Hayk, mpodecop,
kadenpa KM im. B. MapinHKOBCEKOTO,

CymJY, m. Cymu, Ykpaina;

Heammy K., xann. Texs. Hayk, mom., TexHigHAN
yHiBepcuteT M. Kiyx-Hamoka, m. Kiryx-Hanoka,
PymyHis

CEKIIA «kEKOJIOI'TA I OXOPOHA
HABKOJIMIITHBOT' O CEPEJIOBHUIIIA»

Tomora — JI. J1. [lmsmyx, 3aB. kad. EIIT, n-p TexH. HayK, mpodecop
Cexkperap — A. YO. ['onoBatuit, acmipasT

1. BrmuB TEXHOTEHHOTO CEpeIOBHUINA HA 030HOBHH IIap IUTAHETH
Jonogigau: Cymuosa K. C., crynentka
KepiBHuK: Tpynosa 1. O., nouent, CymJ1V, m. Cymu

2. TlpakthyHa peamizaiiisi MOJeNi pPO3CIIOBaHHS 3a0py/AHIOIUMX PEYOBUH 3
BUKOPHUCTAaHHIM wWeb-TuiathopMu

Jomosinau: Buxposa A. 1O., crynenTka
KepiBHuK: Kozsiii I. C., nouent, Cym1Y, m. Cymu
3. Ammonia removal in anaerobic digestion by biogas stripping
JlonoBinau: Holovatyi A. Yu., PhD student
KepiBHuk: Ablieieva 1. Yu., Associate Professor, Sumy State

University, Sumy, Ukraine

4. Metoan OIiHIOBaHHS BIUIMBY Ha JOBKUIIS NpH BUOOpPI HEPCHEKTHBHOTO
HaNpsMKY MTOBOKEHHS 3 BiIX01aMU BHPOOHHIITBA
Jomosinau: I'ypems 1. M., acmipant, Cym1Y, M. Cymn

5. Oco6amBOCTI BIUTMBY 30JOMIIAKOBHX BIAXOJIB TEIIOBHX EJIEKTPOCTAHIIN Ha
HaBKOJIMIIIHE CEPEIOBHUILE

JlomoBinady: 3aneBceka I. B., acmipanTka

KepiBHuk: I'ypeus JI. JI., mpodecop, CymAY, m. Cymn
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6. BUKOpHCTaHHS JIIFHOLIEION03HU B SIKOCTI CHPOBHHH U1l OTPUMaHHs 010100puBa
JlomoBinay: Cinko 1. O., acmipanTka
KepiBHuK: Ab6neesa . 1O., nouent, CymJ1Y, M. Cymun

7. BusnaueHHs piBHA (DITOTOKCHYHOCTI JUrectary 3a JONOMOIOIO iHJEKCY
NPOPOCTaHHS HACIHHS

Jonogigau: Cksopuoga II. O., acmipasaT
KepiBHEK: Abneesa . 1O., mouent, CymJ1Y, m. Cymun
8. Exonoriuni acriekTH BILIMBY Ha BOJHI 00’ €KTH HACHIIKIB BIHCHKOBOI arpecii pd
Jonogigau: I'onuapenko A. B., ctynenTka
KepiBHuK: Sxuenko O. M., crapmmii Buknagad, CymlY, m. Cymu

9. Piuka Cymka sk xepenno 3a0pyaneHHs piuku [Icen
JlomoBigay: Ocranenxko B. B., ctynenTka
KepiBHUK: Kysbmina T. M., nouent, CymJ1Y, M. Cymu
babko P. B., InctutyT 30050rii im. 1. 1. IlIMansrayzeHa
HAH Vxkpainu, M. Kuis

10. Exonorivyni acmeKkTy BIUIMBY Ha JIaHAMA(T Ta IPYHTOBUI MOKPHB €KOCHUCTEM
HACITIKIB BificbKOBOI arpecii pg

HormoBinay: Kypac b. I1., ctynent

KepiBHuK: Sxunenko O. M., crapumii Buknanau, CymlY, m. Cymu

11. ExoJIOTi4HI acleKTH BHUKOPUCTAaHHS OIOJIOTIYHUX METOJIB OYMIICHHS IPYHTIB
BiJl BOXKKHX METaJIIB

Jonoginau: Mopoxo C. O., ctyneHt

KepiBHUK: SAxuenko O. M., crapmmuii Buxiagad, CymJ1Y, M. Cymn

12. CraTrcTAYHI METOIXA B €KOJOTIYHUX HOCIIUKEHHIX
Jonosigaui: taspko M. O., Manarmiit [. ., 3yoko . I. ctynenTn
KepiBHuK: Poii I. O., nonenr, Cym1Y, M. Cymu

13. TIligBumieHHS €KOJOTiYHOi O€3NeKW TallbBAaHIYHOTO [WHKYBAaHHSA NpHU
3aCTOCYBaHHI MOJU(IKOBAHUX ITUHKATHUX EIEKTPOIITIB

Jonoginau: Komnomoens O. O., ctyneHT

KepiBHuk: Kucnosa O. B., nonear KHYT/I, m. Kuis

14. YnockoHaneHHS TEXHOJIOTII O0I10J0TIYHOTO OYHIIEHHS CTIYHHUX BOJ ILISIXOM
61010TIYHOI 1HIYKOBAaHOI aKTHUBAIIil MiIKPOOPTaHi3MiB aKTHBHOTO MYITy
JHomnoBinau: 3abapa I. I., acnipanTka
KepiBHuku: [Ty JI. [., mpodecop
Baranenes €. B. crapmmuii Buknagad, CymJ1Y, M. Cymu
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15. HoBe TexHomoriuHe OOJIQAHAHHS JUIs KAaHATI3AMIMHUX OYUCHHUX CIOPY.
6ap0OoTaKHOTO TUITY
JlomoBinay: XKyra O. O., acmipant, HTY «XIII», M. Xapkis

16. PerioHanpHa eKoJIOTiYHA Oe3MeKa B YMOBaX BOEHHOTO CTaHY
JomoBigaui: Teepaoxnedosa H. €., noreHrT;

€prymenko H. C. gonent, HTY «XIII», m. Xapkis

17. Han3Bu4aiiHi cuTyallii IPUPOAHBOTO XapaKTepy SK pe3yNbTaT MOTEILTiHHS

KIIiMaTty
Jonogigau: Jlucenko /1. C., cryneHT
KepiBHuK: Tpynosa I. O., nouent, Cym1Y, m. Cymu
18. Ponp pirecrary y HiJIBUIEHH] POJIOYOCTI IPYHTIB
JlomoBigay: [TapamonoB A. B., acmipant
KepiBHUK: Ab6neesa I. 1O., mouent, Cym1Y, M. Cymun
19. [lo nutaHHS BUAINICHHS TAPHUKOBUX Ta3iB y MPOIeci KOMIOCTYBaHHSI
HomoBinad: xadaposa B. P., acmipanTka
KepiBHuK: Bacekina . B., Buknagag CymlY, m. Cymu

20. Exomnorivni mpo6ieMu OyAiBHAIITBA CENITEOHUX 30H MiCT
HormoBinay: Ky3romencrka K. B., acmipanTka
KepiBHUK: Baranenes €. B., crapmmii Buknanad, Cym/1Y, m. Cymn

21. DIOTOCKCTPAKIIIS — TOHKE OYHUIIECHHS CTIYHUX BOJ

Jonoginau: Map’enko H. M., crynenTka

KepiBHuk: [Msmyx JIL [1., mpodecop, CymAY, M. Cymu
22. TexHOIOTis 3aXOpOHEHHS PalioakTUBHUX BigxoniB AEC

Jonosigau: Mociitayk P. A., cryneHt

KepiBauku: [Msayx JI. 1., mpodecop;

Baransues €. B., crapmuii Buknazaay,
CymAY, m. Cymn

23. Ponb aurecTary y 3HIKEHHI TEXHOT€HHOI'O HAaBAHTKEHHS HA IPYHTH

Jonogigau: [TapamonoB A. B., aciipant
KepiBHuk: Abneena 1. 1O., nonent, Cym2IV, M. Cymu
24. OuiHka NPUIOOXOPOHUX 3aXO0/IiB 1 MPOEKTIB HA PUPOJOOXOPOHOMY 00’ €KTI
JHomnoBinau: Bypna O. A. acuctenr
KepiBHuk: Bynponuii . I, ctyaent, Cym1Y, M. Cymu
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25. BB anaepoOHoro murecratry sik 0iojoOpuBa Ha aKyMyJISILiIO BYIJICLO B
IPYHTI

JlomoBinay: Muxno I'. L., crynenTka

KepiBHuk: Abneesa I. 1O., nouent, Cym[Y, m. Cymu
26. Mirparist BAXXKAX METaJIiB 110 IPYHTOBOMY MPOQito

Jonogigau: Maxapenko H. O., acucteHnr

KepiBHEK: [Tayx JI. 1., npodecop, CymAY, m. Cymu

27. Apromarmzamisi Ta IHTEHCH(]IKAIlisl TPOIECIB PENHKIIHTY BiIXOAiB B
0ioeHepreTHIHUX TEXHOIOTISIX

Jomosinau: binoyc O. O., Janunos /1. B., ctynentu
KepiBHuK: Yepnuu €. 0., noueHT;
Ckunanenko M. C., ctapimuii BUKIaaay,
Cym1V, m. Cymu

28. [HTeneKTyBIbHI METOIM aHAJII3y AaHUX B CUCTEMI MOHITOPIHTY JOBKIILIS

Jonogigau: I3mankoBa M. A., cTyaeHTKa
KepiBHuK: UYepnu €. 0., nouent, CymJ1Y, m. Cymu
29. HampsiMk# Ta TiepCIieKTHBH BUKOPUCTAaHHS 3070nUIakoBuX BigxoniB TEC
Jonogigau: Jlesenens K. P., ctynent
KepiBHuK: Uepnu €. 0., nouent, CymJ1Y, m. Cymu

1.

CEKIIA «XIMIYHI TEXHOJIOT'TI TA TH)KEHEPISI»

T'onosa — B. 5. Cropoxenko, npod. kad. XI, kau. TeXH. HAyK, Tpodecop
Cexkperap — 0. O. Opuenko, acmipant kad. XI

PexxMMHO-TEXHOJIOTIYHA Ta anapaTypHO-KOHCTPYKTMBHA ONTHMI3allis st

IHTeHCU(IKAIl POLIECIB YTBOPEHHS 1 pO3AUICHHS 0araTOKOMIIOHEHTHHX CHCTEM

Jonosigaui: laBpunenxo O. M., K.T.H., TOKTOPAaHT;
Crapuncekuii O. €., acmipaHT;
Ceti¢ XycceiiH, acIipaHrT;
[IImaTenko B. A., acmipaHT;
Bongap /1. 1., acniipanr;
Xyxpsacskuit O. M., PhD, crynenr;
Kpaseus B. I'., cryzneHr;
Jlynenko P. M., cTyneHr;
Manapuka O. O., cTyeHT
KepiBHEK: JIsmomenko O. O., n.1.H., mpod., CymlY, M. Cymu
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2. BruuB pajianbHOT CKIaI0BOT IIBUAKOCTI PITUHK HA YTBOPEHHS KPAIlIi HAa BUXO/II
3 KOP3UHH TPaHyIaTopa
JlomoBinay: IOpuenko O. 1O., acm.
KepiBuuku: Cknabincekuii B. 1., n.1.1., mpod.;
I'ycak O. I'., k.T.H., mpod., CymIY, m. Cymu

3. Jlo po3paxyHKy ONTHMAaJIBHUX PEXHMIB POOOTH TEIIOOOMIHHOTO 00JaTHAHHS
pexTr(diKamifHIX yCTaHOBOK

JonoBigaui: Hograims O. B., crynent, XM-91,;
Kapmenko A. C., ctynesnt, XM-91
KepiBHEK: Muxaiinoscekuii S. E., nonent, kadenpa xiMigaoi

imkenepii; CymlY, m. Cymn

4. OnrtuMizaliisi BUIAPHOTO BiJIICHHS B IIyKPOOYPSIKOBOMY BUPOOHHUIITBI
JlomoBigaui: Bonnap O. B., cryaent, XM-91;
3aikin O. 1., ctynent, XM-91,
KepiBHuK: Muxaiinoscbkuit S. E., nonent, kadenpa xiMiuHo1
imkerepii; CymJ1Y, m. Cymu.

5. CriopTuBHHU# OpHUIK Ta IHKCHEPHE MUCICHHS
Jonogigau: I'pedenik A. €., crynent, XMwm-21
KepiBHuK: Muxaiinoscekuii S. E., nonent, kadenpa xiMigaO1
imkenepii; CymJ1Y, m. Cymu

6. Bubip Tumy Hacaaku aJisi MOHOTiIpaTHOTO abcopoepa
JonoBinaui: Mockanpuyk O. M., Kiminayxos C. B., cTyaentu
KepiBHuku: Cxunanenko M. C., cT. BUKIa1ay;
IBuenko O. B. nonent Cym/{Y, m. Cymu, Ykpaina

7. BIDIMB TEXHOJOTIYHUX MapaMeTpiB Ha MPOIeC YTBOPESHHS TpaHys KapOamina B
TapiuUTb9aTOMY TPaHYIATOPI
Jomosinadi: Kononenko M. I1. crapmmii HayKOBHiA CIIBPOOIiTHUK;
Ckupnanenko M. C., cr. Buknanay, CymJ1V, m. Cymu

8. OOrpyHTYBaHHSI JIOLIJIBHOCTI BUKOPUCTAHHSI TIOJIMYHOTO MTHEBMOKJIacudikaropa
JUTS PO3ZUIEHHS TTOJANCIIEPCHUX CyMilIel y BUPOOHUITBI MiHEpaIbHUX JOOPUB

JonoBinau: Ocrtpora /1. B., acmipanr, rp. A-25/XT

KepiBHuK: Ocrtpora P. O., nonent, kad. XI CymlY, m. Cymn
9. 3aKOHOMIPHOCTI OXOJIOKEHHSI 36PHUCTUX MAaTepialliB y MOJMYHHX araparax

HomnoBinau: Ceprienko A. P., crynenr, rp. XM-91

KepiBHuk: Ocrpora P. O., nouent, kag. XI, CymZ1Y, m. Cymn
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10. Oco6nMBOCTI BUKOPUCTAHHS KOMIT FOTEPHOI TEXHIKH y XiMi4HiH 1 HadTora3oBiit

MPOMHUCIIOBOCTI
JlomoBinay: [eituera /. 1., ctynentka, rp. XM-01/1ki
KepiBHuK: Cknabincekuii B. 1., n.1.H., npod., Cym1Y, m. Cymu
11. BuGip cupoBUHH JUIs IEPEOOKN Ha YCTAaHOBKaX KOKCYBaHHS
JHormoBinau: Kucmsk B.B., marictpant, tp. XM.m-21/2
KepiBHEK: Cxmabincekuit B.1., n.1.H., ipod., CymJ1Y, m. Cymun
12. PeakTop mpotiecy Oe3repepBHOT0 KOKCYBaHHS HAQTOBUX 3aJIHIIKIB
HormoBinau: Kniamyxos K. B., marictpant, tp. XM.m-21/1
KepiBHuK: Cknabincekuii B. 1., n.1.1H., npod., Cym{Y, m. Cymu
13. Temnepatypa rpanyJiu B MPOIECi OXOJOHKEHHS Y TPaHyJIAIiHINA OalTi
JlomoBigay: Hiusononin K. B, acmipant; Cym1Y, rp. A-25/XT
KepiBHUK: Cknabincekuii B. 1., n.1.H., npod., Cym{Y, m. Cymu

14. OcobmmBocCTi Ta IepeBaru TalbBaHIYHOTO HAHECEHHS TPHUIIAPOBOTO HIKEIEBOTO
OIIICKYYOT0O TIOKPUTTS
HomoBinau: Hpebot P. M., crynent rp. MrTE-22
KepiBHuK: Kucimosa O. B., nonenr, KuiBcbkuii HalioHaAIBHUA
VHIBEepCHUTET TEXHOJIOTIN Ta qu3aitHy, M. Kuis

CEKIIA «XIMIYHI HAYKHW»

T'onosa — C. b. bonbiianina, 3aB. kag. TIIX, kaH. TeXH. HAYK, JOICHT
Cexperap — O. /1. MaBnaHoBa, axisenp kad. TTIX

1. XimiuHe MiTHEHHS JiCIeKTPUKIB
Jomosinau: Myxksuu B. 10., ctynentka Cym1Y, rp. [1X-01
KepiBHuK: [Mmennanuit P. M,, nouent, kadenpa TIIX

2. BuzHaveHHS 9ucel MepeHeceHHs 10HIB IPH MEMOPaHHOMY eJIeKTPOIi3i
Jonosigau: Paguenxo A. E. ctynent, [1X-01 CymAY

KepiBHuk: Bonpmanina C.b., k.1.H., 3aBigyBad kapenpu TITX

3. JlocipKeHH S SIKOCTI MOJIOYHOT MPOAYKIIiT

Jomosinau: Tomentok B. B, crynentka rp. 11X-91/1
Sposa T. 10., crynentka rp. [1X-91/1
KepiBaukwu: ITonomaproBa JI. M., mom. kad. TITX,

CymJV, m. Cymun
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4. JTocnipKeHHS SIKOCTI BOAM BOIOIM MicTa Cymu

JomnoBinau: Tomentok B. B, crynentka rp. [1X-91/1
Sposa T. 0., cryaentka rp. [1X-91/1
KepiBHukwu: [Tonomaprosa JI. M., nou. kad. TIIX, Cym1Y, m. Cymn

5. JocnijpkeHHs BIUIMBY KHUCJIOTHOCTI IPYHTIB Ha IIBHJIKICTh BUBUILHEHHS
KOMIIOHEHTIB )KHUBJICHHA y CKJIaJHUX MiHEpalbHUX JOOpHBax
Jomosinadi: Spora T. 1O., crynenTka rp. MB-91/4-mix
KepiBHEK: Kosanenxko T. 1., mabopasnr;
Anosceka I'. O., mouent, ka¢. TIIX, CymAY, M. Cymu

6. BmimB Temmeparypu Ha KIHETHYHI TOKa3HHKH PO3YMHEHHS CKJIAJHHUX
MiHepaJbHUX 100pUB
Jonoginaui: Bonpanina C. b., k.1.H., 3aBixyBau kapenpu TIIX;
Iomentok B. B crynent [1X-91/1, Cym21Y, m. Cymu

7. MeToau BU3HAUYEHHS BMICTY HITPATIB Y MPOAYKTAX XapuyBaHHs
Jonoeigau: Biniuenko A. L., ctyz. rp. [1X-01
KepiBHuK: [onomaprosa JI. M., nouent kadenpu TIIX,
Cym1Y, m. Cymun

8. Cunre3 O0ida3HuX MaTepiamiB Ha OCHOBI TiIpOKCHamaTuTty Ta [3-

TpuKanbIiidochary
Jomosinau: Panuenko O. 1., crynentka, rp. [1X-01
KepiBHuK: Snosebka I. O., nou. kad. TIIX, CymAY, M. Cymu

9. IIpecnieKTHBY BUKOPUCTAHHS I'IPOKCHATIATUTY JJIsl BITHOBIICHS Ta BiIO1IFOBaHHI
3yOHOT eMati.

Jomosinau: 3inuyk A. [1., crynenr rp. 1-22/111X;
SAxumenko [1. P., cryment rp. [-11/211X
KepiBHuK: Anoscrka I'. O., mom. kad. TIIX, CymAY, m. Cymu

CEKIII «'IIPABJTYHI MAIIIMHU I TIIPOITHEBMOATPETATH.
HNPUKJIIAJHA TTAPOAEPOMEXAHIKA»

T'onoBa — M. I. CoTHuK, 3aB. kad. II'M, a-p. TeXH. HayK, JOLEHT
Cexperap — B. 0. Konzaycs, crapmmii Buknangad xapenpu [II'M

1. Meron cymepro3umii CHII y JOCHIDKEHHI O€3IMeYHHX YMOB eKCITyJaTarii
JCO3aroTiBEIFHUX MAIUH ] JIEF0 aCHMETPUYHIX HABaHATKECHb
Jonosigau: JIycra 1O. P. acmipant, HanioHaneHU# JicOTeXHIYHUN
yHiBepcuteT YKpainu, M. JIbBiB
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2. IlporpamHo-amapaTHUil  Ja0OpPAaTOPHUM  KOMIUIEKC JUIi  MOHITOPHHIY
TEeMIIEpaTypH 1 BUTPaTH poOoUoi piJuHU
JlomoBinay: Jluteun 1O. O., acmipant
KepiBHuk: Tapacenko T. B., kaun. TexH. Hayk, HarioHansHui
aBlauiiHu# yHiBepcuTeT, M. KuiB

3. ObeproBa XapaKTEPHUCTHKA HU3BKOOOEPTOBMUX BHCOKOMOMEHTHHUX TiAPOMOTOPIB
Ha 0a3i mITiHApiB

Jonoigaui: Umyx A. B., K.T.H., TOKTOPaHT;
lanuupkuii O. O., acipadT
KepiBHEK: Keb6xo O. B., 3aB. HaBu. 1a0., kapenpa MTCM,

YxpJlY3T, m. Xapkis

4. Amnamiz e(eKTHBHOCTI pPOOOTH TiAPOAKYMYJSATOPY 3a JOIMOMOTOK METOIY
€JIEKTPOT'1 IPaBIiYHAX aHAIOTi
JlomoBigau: Cucenko B. B., acmipant, kad. [II'M
KepiBHuK: [Manyenko B. O., kana. TexH. HayK., foueHT kad. [IT'M,
Cym1Y, m. Cymn

5. Omninka eHeproeeKTHBHOCTI MapaMeTpuaHoTo psixy HacociB CBH
Jonoigaui: ITanyenko B. O., K.T.H. IOILIEHT;
[etpenxo C. C., acmipaHnT;
Konnycr B. 1O, k.T.H., cT. BuKiIL. kKad. [1I'M;
IBuenxo O. B., k.1.H., nonent ka¢. TMBI,
Cym1VY, m. Cymu

6. Henmoniku 30UIbIICHHS JIONIATEBOI'O JUCKY B KOHTPPOTOPHHUX CTYIEHSX ISt
MIIBUILIEHHS HAIIPHOCTI
Jomosinau: Kyumikos O. A., acnipasr, rp. A-05/Mb
KepiBHuK: Parymmnuit O. B., k.T.H., 1011., cT. BUKIaga4d kag. [1I'M,
Cym1Y, m. Cymun

7. JochimkeHHs BIDIMBY (DOPMU JIONATEBOI CHCTEMH BiAKPHUTOTO POOOYOro Koieca
BIZLIEHTPOBOT'O KOHCOJIFHOTO HAacOCY Ha HAIIPHY Ta €HEPreTHYHY XapaKTEePUCTUKY
JonoBinau: Bopoxka A. C., acmipanT; Tsaruo O.B., acmipanT;
Jlo6ypenko M. B., m.H.c; Ouapenko M. C., K.T.H.,
c.H.c.; [Tarmuenko A. A., K.T.H., II.H.C.
kad. IIT'M, Cym/1VY, m. Cymu

8. OchoBa crjia B KOHTPPOTOPHOMY CTYTICHI
HomnoBinau: Kyumikos O. A., acnipasr, rp. A-05/Mb
KepiBHuK: Parymmnauii O. B., k.T.H., 1011., cT. BUKIanayd kag. [1I'M,
CymJ1V, m. Cymun

23



9. 3acTocyBaHHS CTEHIY JUIS JOCIIKEHHS poOOYMX KOJIC BiALIETPOBOro Hacoca,
cTBOpeHHX MetonoM 3D npyky
JomnoBinau: bescmepthuii O. C., acmipanT
KepiBHuk: Parymmnuuii O. B., k.1.H., 1011., Kad. [1T'M,
Cym1V, m. Cymun

10. [IepcrieKTHBY OHOBJICHHS MTAPAMETPUIHOTO PSAY BUIFHOBHXPOBHX HACOCIB
HormoBinau: Anppycsk B. O., acmipasT
KepiBHEK: Konnycs B.1O., k.1.H., cT. BuKI. Kad. [1TM;
IBuenko O. B., k.1.H., nom. kad. TMBI, CymlY, M. Cymu

11. IMigBuiieHHs eHeproe()eKTUBHOCTI COHSYHUX MAHENICH 3 BHUKOPHUCTAHHIM
MPUCTPOTB BiJICTEXKEHHS PyXy COHIIS

JomnoBinau: Jlomkapsos C. M., ctya. rp. EM.mM-22

KepiBHuK: Cornuk M. L., 3aB. xad. [1T'M, Cym/1Y, m. Cymu

12. T'ibpuaHa COHSIYHA SNIEKTPOCTAHIIIS IS TOTPEO HABYAIBHOTO 3aKIay B yMOBax
BOEHHOTO CTaHy

HomoBinmau: €ropos €. B, ctyz. rp. IM-21

KepiBHuK: Cotruk M. L., 3aB. kad. [I'M, CymAY, m. Cymu

13. TlepcrieKTHBH BIPOBaIKEHHS BHCOKOOOEPTOBUX CEKIIHHUX HACOCIB JUISA
00’€eKTiB BOI03a0e3IeYeHHS
Jonoginau: [TonxoBuuuenko B. B., Mymrait M. B., ctynentu
KepiBHuk: Konpaycs B. 1O., k.T.H., cT. BuKIL., Kad. [1I'M,
CymJV, m. Cymun

CEKIIA «<EHEPTETUYHE MAIIIMHOBY 1YBAHHSA»

Tl'onoBa — C. M. Banees, 3aB. kad. TT®, kanj. TeXH. HAyK, TOICHT
Cexkperap — [I. B. CMmoneHko, acmipaHT

1. Characterization of barriers to innovation in the energy sector of Ukraine
JlonoBinau: Tetiana Hilorme, Doctor of Economic Sciences,
Associate Professor, Leading Research Associate,
Scientific Research Institute of Energy Efficient
Technologies and Materials Science, Oles Honchar
Dnipro National University, Dnipro
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2. MarematuyHe MOACIIOBAHHS Ta NPOEKTYBAHHSA HpOTO‘IHO'l- YaCTUHHU BI/IXpOBOI
KaMepu pi)II/IHHO'HapOBOFO CTPYMHUHHOTO amapara

Jonosinaui: Hikonaenko /1. P., cryzenr, rpyna K.m.-21
Tumuenko C. C., ctyaenTka, rpyna [-12/2xx, CymIY
KepiBHuK: Mep3ansikos 0. C., k.T.H., nonenT, kapenpa TTO,

Cym1Y, M. Cymu

3. TypborenepaTtopm Ha OCHOBI BHXPOBHX pPO3IIUPIOBATBHAX MAIIMH IS
JKapHSHUX KHCHEBHX CEMapaTopiB
Jomosinadi: Cwmonenxko . B., acmipant, CymlY, M. Cymu
KepiBHEK: Banees C. M., K.T.H., IOICHT, 3aBiAyBad Kadeapu
texHiuHoi Terodizuku, Cym/1Y, m. Cymu

4. JlocmipKeHHS TEIUIOHACOCHUX YCTAaHOBOK JUII CHCTEM IHJMBIIyaJbHOTO
OMaJICHHs

JlomoBigaui: €prymenko C. O., acmipasr;
[Mpuitmenxko O. O., maricTpasrT, rp. K.m-21
KepiBHuK: [Mapamos C. O., kaHA. TeXH. HAYK, AOICHT Kadenpu

TT®, CymaAY, M. Cymu

5. MaTtemaTuuHe MOJEITIOBaHHS Tedii JBO(A3HOTO MOTOKY B Kamepi 3MilTyBaHHS
PiIMHHO-TIAPOBOTO CTPYMHHHOTO amapara
HomoBinau: €prymenko C. O., acmipanT, kapenpa TTD
KepiBHUK: apanos C. O., KaHA. TeXH. HayK, IOLEHT Kadeapu
TT®, CymY, m. Cymu

6. [TinBumeHHsT eheKTUBHOCTI TEINIOHACOCHUX YCTAHOBOK IIISIXOM 3aCTOCYBaHH:I
PIIMHHO-NIAPOBUX €KEKTOPIB.
Jonoginau: Pesenko P. O., maricrpanr, rp. K.m-21
KepiBHuK: [Tapanos C. O., kaHA. TEXH. HAyK, IOLIEHT;
Omaga €. M., 3aB. HaBY. JJaOOpaTOPisIMH,
kadeapa TTD, CymJY, m. Cymu

7. TermodiznyHa Mozenb pPiIAMHHO-TIAPOBOTO CTPYMHUHHOTO amapara 3 COIIOM
AKTHBHOT'O MOTOKY NMPOQiIbOBaHOT POPMHU
JlomoBinay: I'yces JI. M., acmipadt
KepiBHuK: [Mapamos C. O., kaHA. TEXH. HAyK, AOIEHT Kadenpu
TT®, CymAY, m. Cymn

8. MoxuBi 001aCTi 3aCTOCYBaHHS TypOiH HETPaULIHHOTO BUKOHAHHS
Jomosinau: Meneitayk O. C., acipant
KepiBHuk: Banees C. M., kaHA. TeXH. HayK, 3aB. Kapenpu TTO,
CymJ1Y, m. Cymn
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9. Kpurepiii onrtumizanii ajs BH3HAYEHHS ONTHMAJIbHOTO IIPUBONY KYJIBOBHX
KpaHiB
JomnoBinau: Mipomnnuenko O. 1., acniipant
KepiBHuK: Banees C. M., kaHa. TeXH. HayK, 3aB. kKad. TTD;
bara T. C., npos. imxeHep, kadp. TTO,
Cym1VY, m. Cymu;
Mipomangenko /1. B., k.T.H., HAyKOBHUH CHiBPOOITHHK,
TOB «HBIT «cAPMA-T», M. Cymu

10. TypOoreneparopm Ha OCHOBI BHUXPOBHX PpO3IMIHPIOBAFHUX MAIIWH IS
ra30pO3NOAUTEHHX CTaHLIH Y paMKaX «BOJXHEBOI CHEPTCTHKI»
Jonogigau: Hikomaenko /1. P., ctyzent rp. Km-21
KepiBHuK: Banees C. M., kana. TexH. HayK, 3aB. kKapeapu TTO,
Cym1Y, m. Cymn

CEKIIA «<EHEPT'O3BEPEXXEHHSA EHEPTTO€EMHUX BUPOBHUIITB.
TEXHIYHA TEILIJIO®I3UKA»

T'onosa — C. M. Banees, 3aB. kad. TT®, kaHa. TeXH. HAYK, TOIECHT
Cexkperap — [I. B. CMoneHko, acmipaHT

1. BuxopucTaHHS Cy4YacHHX TEIUIOI3OILIIHHNX MaTepialiB MpH NPOEKTYyBaHHI
eHeproe()eKTUBHUX CHCTEM OIIAJICHHS
JHomosinau: Tapanenko B. A., ctyn. rpyna XKnu-941p
KepiBHuku: bapau B. B., Buki1., JIporoouiibkuii Kojaemk HahTH
irasy, M. JIporoouy;
Meneiiuyk C. C, nonieat, CymlY, m. Cymu

2. JocmipkeHHs MOPIITHEBUX KOMITPECOPiB Ui ABTOMOOIIBHUX
ra30HaNoOBHIOBAJIbHUX KOMIIPECOPHUX CTAHIIIN

JHomosinau: OBuapuk €. M., marictpanr, Tp. K.mM-21

KepiBHuK: [apamos C. O., kaHA. TeXH. HaYK, AOICHT Kadenpu

TT®, CymaAY, M. Cymu

3. JlocipKeHHST XapaKTepUCTHK CaMOJIiI0UnX KIIaNaHiB IOPIIHEBOIO KOMIIpecopa
JHomnoBinau: Txauyk C. B., marictpanT, rp. K.m-21
KepiBHuk: [Tapanos C. O., kaHa. TexH. HayK, noueHT kad. TTD;
Omaga €. M., 3aB. HaB4. 1abOpaToOPisIMHU,
kap. TTD, Cym1VY, m. Cymu
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4. BruiiB BiIHONIGHHSI THCKIB 1 TEMIIEPATypH ra3y Ha BXO1 BUXPOBOTO KOMIIpecopa
Ha Horo napamerpu

JlomoBinay: Hypmanenko M. O., crynenr rp. K.m-21
Kapacenko B. B., crynent rp. K.m-21
KepiBHuk: Banees C. M., K.T.H., JOICHT, 3aB. kad. TTD, Cym1Y

5. JlocnmimkeHHS Ta MOJaNbIIa MOJICPHI3allisi THEBMAaTHIYHUX TAIBMIBHUX CHCTEM
MaHEBPOBHX TEILIOBO3iB
Jonogigau: SAmenxo A. O., acmipant
KepiBHuEK: Bonnapenko I'. A., k.T.H., mpod. xag. TTD,
Cym1VY, m. Cymn

6. IepeBipka cTeHay AJsl TOCTIPKEHb CTPYMHUHHO-PEaKTUBHOI TYpOiHM 3 METOIO
OTPUMaHHS XapaKTEePUCTUK

Jomosinau: Mipomnauuenko O. 1., acmipanTka,
IMunmunenko 1. A., ctyaent rp. K.m.-21
KepiBHuk: bara T. C., mpoB. iHxeHep;

Banees C. M., K.T.H., IOLIEHT,
kad. TT®, CymJVY, m. Cymu

7. ExceprerndHa eeKTHBHICTh CHCTEM TCIUIOIOCTaYaHHS TPAAHLIHHOTO THITY i
CHCTEM Ha 0a3i TeIJIOHACOCHUX yCTaHOBOK
Homosinau: Spuna B. P., cryn. rp. Kim-21
KepiBHuk: Apcenber B. M., k.T.H., mpodecop;
Meneiiuyk C. C., K.T.H., IOIIEHT,
kagp. TTO, Cym1Y, m. Cymn

8. IligBuiieHHs e(eKTUBHOCTI pOOOUOr0 COILIA eKEKTOPHO-OYHCHOT YCTaHOBKU
Jomosinau: I'amxieB M. B., crynent rp. K.m-21
KepiBHuK: Bonnapenko I'. A., k.1.H., mpodecop;
bara B. M., x.T.H., JOIIEHT,
kad. TT®, CymJY, m. Cymu

9. ManoBuTpaTHi BiAICHTPOBI KOMIIPECOPH B XOJIOAMIEHOMY YCTaTKyBaHHI

JHomosinau: Yepsstaenko M. K., crymenTka rp. Km-21
Cirano B. C., cryment rp. K.m-21
KepiBHuk: Bonpapenko I'. A., kx.T.H., mpodecop KTTD, CymIY

bara B. M., x.T.H., notieHT KTT®, Cym1Y

10. HdocnijkeHHs BIUIMBY Ha MapaMeTpH BHUXPOBOTO KOMIIpECOpa 3MiHU BHTPATH
poGouoro Tina i 9acToTH 00epTaHHS pOTOpa
HomnoBinau: Pakoin P. O., Jlorsin II. 1O., crynentu rp. K.m-21
KepiBHuK: Banees C. M., k.T.H., 3aB. kKad). TTD,
kag. TTO, Cym1Y, m. Cymn
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CEKIIA «OBPOBJEHHA MATEPIAJIIB
Y MAIIMHOBY A YBAHHI»
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BIPTYAJIbHU TOKAPHU BEPCTAT
TIpuyenxo O. O., ep. BI-91; Illgeyv C. B. ooyenm; xag. TMBI CymV, m Cymu

I[Ipn  mpoexkryBaHHI  TOKapHOi  omepauii  BU3HAYAIOTh  HACTYITHI
XapaKTEePUCTUKH TPOLECy pi3aHHs: PEXKUM pizaHHS - V, S, {; reomerpito se3a - v, a,
o, A, B, I, p; cTifiKiCTB iHCTpYMeHTa — T, MAITMHHUHN Yac — T; ITapaMeTPH MOPCTKOCTI
00pobnenoi moBepxHi — Rz, Ra; remneparypy pizans — 0; KoeillieHT YKOpOUIEeHHS
crpyxkku - Kl; ckmamosi cunu pizanns — Px, Py, Pz; HanpyXeHHS — ©; 3HOIICHHS
neza — h; ¢opmy Ta posmipu Hapocty — B; BmactmBocTi 06po6IIOBaHOTO Ta
IHCTpYMEHTaIILHOTO MatepiaiiB — Mo, Mi.

VY usomy nepeniky muoxkuna 1={v, s, t, vy, a, @, A, B, r, p, Mo, Mi} — Buxinui
nani. Ilpyuomy, mpu onTuMizanii mepexoay MOCTIHHMMH 3aJIMIIAOTHCS JIMILE
XapaKTEepUCTUKU O0OpoOIIIOBaHOTO Marepiany Mo, 3a yMOBHM, IO JeTalb He
HiIA€THCS MONEPEAHOMY (Di3UYHOMY BIUTHBY.

IHmon enemMeHTH MHOXHHM | BUOMpAarOTh TaKUM YHHOM, 1100 3a0e3me4nTH
HeoOximHi criiikicts (7), mapameTpu moOpcTKOCcTi 06pobienoi mosepxHi (Rz, Ra),
MaKCUMaJIbHY IPOIYKTUBHICTH (T) Ta MiHIMANBHY BapTicTh 00pobneHns (C). TooTo
METOIO IIPOEKTYBAHHS € ONTUMI3allis 3HaueHb enemeHTiB Mmuoxkuau Y={T, Rz, Ra, t,
C}.

Enementu muoxunu W={0, K/, Px, Py, Pz, o, h, B} BuKOpUCTOBYIOTH st
KOHTPOJIIO Ta aHali3y Ipolecy IPOCKTyBaHHS, Yy3arajJbHEHHS IPaKTHIYHUX
CIIOCTEPE)XEHb Ta MOSCHEHHS PE3yJIbTATIB HAYKOBHUX JOCIIIKCHb.

Tpanuuilina MeToanka (GopMye MHOXHHY Y Ha MiACTaBl €MIIpUYHHX
BupaziB. lle BHMKIMKaHO THUM, LIO MNpOLEC pi3aHHSA € CKJIAJHOK KOMOIHAIIE
Ie(OpMyBaIbHUX 1 pPYHHIBHHX MPOIECiB. Y 30HI pIi3aHHSA CIOCTEPIraeThCs
Heo/iHOpiqHa Aedopmalis. € 30HH Y IIIACTUYHOMY CTaHi, € B IPYKHOMY. Y JeSIKHUX
o0acTsax BiOyBa€eThCsl pyiHALlis, a uepes AeIKHUi Jac, Bi0yBaeThCsI CXOILTIOBAHHS
(3BaproBanHs TeptsaMm). Tomy, xonHa Bigoma Teopis aedopmariit i pyiiHyBaHHs
CaMOCTIIfHO HECTIPOMOYKHA ITOBHICTIO BiI0Opa3UTH KOHKPETHE YTBOPEHHS CTPYKKH.

Omxe GyHKIIOHYBaHHS CUCTEMH pi3aHHs, Mae Taki koopaunaru: Co=(l, Y,
W). Uepes HemocTaTHIO BUBYCHICTH SBUII IPH YTBOPEHHI CTPYXKKH, JOCTOBIPHOI
¢iznaHOI Mofeni boTo mporecy HeMae. ToMy HEMOXIIMBO BCTAHOBUTH a/1€KBaTHI
MaTeMaTHYHI Bupasu. KimbKiCTh HEBIJOMHX, Ha JKajb, IMEPEBHIIYE KUIBKICTH
PiBHSHB, IO BiIOMBAIOTH (Hi3WYHI SBUINIA y 30HI pizaHHA. Y 3B’S3Ky 3 UM HaOyIH
MIMPOKOTO MOIIUPEHHS eMITiPUYHI BUPA3H, IO €, TI0 CYTi, KYOPHOI0 CKPUHBKOIOY.

Jye yacTto peXuM pi3aHHS BCTAHOBJIIOEThCS 32 aHAJOTIEI0, BUXOJISIYHU 3
MPAKTUYHOTO JOCBiMy. B pe3ynbpTaTi HEMae BaroMux JOKa3iB TOTO, MO MPHUHHATI
YMOBH Di3aHHA € ONTHMAJbHUMHU SK 3 TOYKH 30py 3a0€3MeYeHHS CTIMKOCTI
IHCTPYMEHTY i MPOAYKTUBHOCTI IPOIIECY, TAK i 3 TOYKH 30py CTBOPEHHSI HEOOX1THUX
napaMeTpiB SIKOCTI 00poOieHoi mnoBepxHi. Tomy HeoOXiqHE BIOCKOHAJIEHHS
(hi3nuHOT MoJIeNi cCUcTeMHU pi3aHHs Ta po3poOsIeHHs BINOBIAHOT i MaTeMaTHYHOT
MOJIEII.
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HeoOximHo 3acTocyBatd Taky (pi3MyHy MOJENb, KA JIO3BOJIUTH 3PIBHATH
KIJIbKICTh HEBIZIOMHX 1 KUIBKICTh HasIBHUX PIBHSHb Y MaTeMaTHUHIH MOJIeli poLiecy
pizaHHs. SIKIIO Ha cyyacHOMY piBHI PO3BHTKY HAyKH PO Di3aHHA METaliB He
BIAETBCS NPU  MareMaTHYHOMY  MOJICNIOBAaHHI ~ O0’€IHAaTH  JTOCSITHEHHS
TEpPMOJMHAMIKHA Ta CTATUCTUYHOI (Di3UKH, TO MOTPIOHO BUKOPHCTOBYBAaTH TaKHH
KOMIUTEKCHHUH (pakTop, SIKUI NOETHYE MOJT0KEHHSI CTATUCTHKH Ta TEPMOIUHAMIKH.

Takol0 KOMIUICKCHOIO BeIHYMHO € po6ora [1]. MoxkHa po3pizHATH
TPaHNYHO MOJIMBY POOOTY KOHKPETHOTO Jie3a 3 KOHKPETHOrO Marepialy Ta
BUKOHAHY POOOTY CHCTEMOIO pi3aHHS B JaHWUII yac.

BuxigauMu qaHuME U pO3paxyHKY € MEXaHIdHi BIACTUBOCTI MaTepiaiy Ta
pO3MipH 3aroToBKH, (Hi3MKO-MEXaHIUHI BIACTHBOCTI MaTepially Ta TeoMeTpis
pi3aIbHOT YaCTMHM IHCTPYMEHTY, I'pDaHW4YHE 3HOIIYBaHHA MO 33JHIM MOBEpXHI,
rimOuHa pizaHHs Ta nmojaya (puc. 1). [Ipuyomy rnubuHA pi3aHHS BU3HAYAETHCS 32

| oo e e —

InaeHbIi yron B nnaqe, ¢ | &0 | =

) Onwwa, L 100 | 5

Yron npu BepluAHe, & | 90 |5 — . s
‘' Auaverp, d 100 |2 Mogauda, S 007 |4

BenomoratensHeii yron 8 nnaqe, @' @ s
. OBopots, N 287 |4
3aguuii yron, ¢ | 12 Konus. pet, N| 13 [, =

e P —|0.4 . InybuHa pea.,t 01
MpenenkHblid nakoc, h ,W =
CKOPOCTH Bpems
[] [ []
paGota peaaHns Ap= 5512200
npegentan patora  [GAET Iy [e) .

PucyHoxk 1 — BuxiiHi 1aHi Ta pe3yabTaTd po3paxyHKy
XapaKTEPUCTHK MPOIECY Pi3aHHS IMiJ] YaC TOYIHHS

“

cuna  Temnepatypa

mHoc  koad. ycagkw  pecypc pesua KM cuctems

Rz Ra

R:= 449 | Re= 1.37

pO3MipaMH 3aroTOBKM, a II0Jlauya BCTAHOBJIIOETHCS BIiAINOBIJHO 10 HEOOXITHUX
3Ha4YeHb TapaMeTPiB MOPCTKOCTI, SIKi KOHTPOJIIOIOTH Ha €KpaHi.

CrBOpeHa MaTeMaTH4YHa MOJIEINb € IMi3HABAJILHOI, TOOTO JJO3BOJISIE HE JIUIIE
BiZloOpaxkaTh HEOOXiHI 3HAHHS 3 TeOpil pi3aHHS METaliB, a i PUEAHYBATH HOBI.
Po3paxyHkoBa mporpaMa KOMIIAKTHa, He IOTpeOye BelMMKUx 0a3 maHux. Y 0Oazy
JaHUX OOpPOOJIFOBAHUX MaTepiaiiB BKIIOYAIOTHCS MapaMeTpu rpadika 3a1exHOCTI
Halpy»KeHHs BiJ nedopmarii, OTpUMaHOMY IPH CTaHAAPTHUX BHIPOOYBAaHHSAX Ha
MIIHICTh, & TaKoX KOe(II[IEHT 1 MOKAa3HUK CTYIEHS y BUpa3i Uil PO3PaxyHKY
TEeMIIepaTypH pi3aHHs.

Criicoxk Jiteparypu

1. IlIeeu C. B. Cucremuslit ananus teopuu pesanus / C. B. lIsen. — Cymsr:
W3n-so CymI'Y, 2009. — 212 c.
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[OPIBHAJIBHUM AHAJII3 CKJIAJIOBHUX COBIBAPTOCTI JIETAJIE HA
BITUM3HAHUX TA IHO3EMHUX MAIINMHOBY JIBHNX BUPOBHUI[TBAX

€soorxumos K. C., ep. BI-91; Illgeyv C. B. ooyenm, kagh. TMBI CymAY, m. Cymu

Co0iBapTicTh JeTalli MAIMIMHOOYAIBHOTO BHPOOHMIITBA CKIIAJAETHCS 3
Baprocti MarepiamiB, Cpm, 3apoOiTHOI TmatH, Z, BUTpaT HAa aMOPTH3AILIO
obmagHanHs, Ca, BUTpPAT Ha METANOpi3adbHUN iHCTpYMeHT, Cj Ta iHmmx Butpar, W:

C=Cp+Z+Co+C;+W 1)

Iami Burpatn, W, me mMoxyTs OyTH BHTpaTH Ha TalUBO 1 E€HEprilo, Ha
TEXHOJIOTiYHI IiJli, BUTpATH Ha MIATOTOBKY 1 OCBOEHHSA BHPOOHHIITBA,
3araJbHOBHPOOHUYI Ta 3arajJbHOTOCHOAAPCHKI BUTPATH, BUTPATH Ha peasizalliio,
MOJATKH.

He BpaxoByroun Bemuuuny W (B

5 1 OUIBLIOCTI BUMAAKIB 3HAYEHHS SIKOi He

3aJICKUTh BiJ OpraHizaiii TEXHOJOTIYHOTO

IIPOILeCy) BU3HAYMMO BHECOK KOXHOI 13

ckiragoBux cobiBaprocti aeram (Cm, Z, Cay,
Ci) Ha camy co0iBapTiCTh.

Orxe, 3a TakuMH BUXIAHUMHA
JAaHUMH B CTPYKTypi  cobiBapToCTi
% OUTBIIICTh KOINTIB TpPHWIIAJa€ HAa BapTICTh

4 T3 Matepiaii, 39% (puc.1). 3apoOiTHa miata
Pucynok 1 — Ctpykrypa B cobiBapTocTi ckiagae 16%. 3MiHIOBaHHS
coGiBapTocTi MPOJXYKTUBHOCTI BHpOOHMITBA 10 20%

1 — BUTPATH HA IHCTPYMEHT; 3MiHIO€ CO0IBapTICTh BChOTO Ha 8%.
2 — OCHOBHHH 1 JOTTOMIXHHIHA JIOCIIUKEHHS.  [I0Ka3yl0Th, WO B
Matepianu; 2 — OCHOBHHIi i YMOBaxX CYy4acHOTO IeXy aBTOMOOUIBHOTO
JOTIOMIKHHI MaTepiamy | BupoOHuITBa CLIA HaBiTh 50% 3HIKCHHS
3 — aMopTH3aLlis OGAHAHHS, BaPTOCTi .iI-.ICTp}IMeHTy 200 80% 30iIbIICHHS
4 — 3apo6iTHa 1UIaTa; CTIHKOCTI IHCTPYMEHTA MPU3BOJUTH BCHOTO
5— HaKIJaJHi BUTPATH 10 2% 3MEHIICHHS BUPOOHMYMX BUTpAT Ha

neranb. [IpuOIM3HO Taka camMa TEHICHIIIS

CIIOCTEpITaeThCs 1 Ha BITYM3HSIHOMY BUpOOHWITBI (puc.l). ToMy mi IBi CKIagoBi
MaloTh JyK€ HE3HAYHUU BIUIMB HA €KOHOMIKY TIPOIIECiB.

€IVHUM  Ji€EBUM CIIOCOOOM TMPOTrpecy Cy4dacHOi MeTanooO0poOHOT
npomucioBocti CIIIA e migBuIeHHs IpoIyKTHBHOCTI 0OpOOHUX Omepamnii 3aBasKu
BIIPOB/KCHHIO BHCOKOSKICHHX 1HCTPYMEHTIB Ta J00pe HpoIyMaHUX OOpPOOHHMX
onepartii. [TigBuimeHHs: MpoyKTHBHOCTI Ha 27% 3MeHIIye co0iBapTiCTh AeTalli Ha
20%.

Taxka pi3HHIIA y BiAryKax co0iBapTOCTI JeTari Ha 3MiHFOBaHHS ii CKIIQJIOBUX
Ha BITYM3HSIHHX 1 IHO3EMHHX BHPOOHHIITBAX IMOSICHIOETHCS CYTTEBOIO PI3HUIICIO B
YyacThHI 3apo0iTHOI 1atu. Ha iHO3eMHMX BHPOOHHIITBAX I HAWOLIBIIA CKIIAI0BA,
31% (puc. 2).
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Sxumo B Tpuui 30UIBIIMTH 3apoOiTHY IUIATy i BHTPaTH Ha aMOPTH3ALIIO
o0unasiHaHHs, 00 HAOJIM3UTH IPOLICHTHE CITIBBITHOIICHHS CKJIaI0BHX CO0IBapTOCTI
JI0 TOKa3aHUX Ha pHUC. 2, TO TOAI OTPUMYEMO IOAIOHY 10 iHO3EMHOI CTYIiHb
3aJIeXKHICTh CO01BapTOCTI BiJ 3MiHIOBaHHS 11 CK1agoBuX (puc. 3).

Tools

Workpiece
material

Overhead

Direct labor cost Equipment

Pucynok 2 — CtpykTypa BHPOOHHYIX BHTpAT Ha THUTIOBOMY
asromMoOinpHOMy 3aBomi CIIIA: Overhead (Haxmammi Butparu), Tools
(luctpymenr), Workpiece material (Marepian 3arotosku), Equipment

(O6nanuanns), Direct labor cost (3apo6itha nata po6ouoi crmm)

12
X 19 o —&— NPOAYKTUBHICT
x® o b
I o
I E 8
2 3 6 —l— CTiMKIiCTb
5 /
I 4 /
-8 o E—
S 2 7 marepian
0 | i
0 10 20 30 3apnnarta
3miHloBaHHA ¢akTopa Big 0 o 20%

Pucynoxk 3 — 3anexHicTs cobiBapTOCTI Bif ii CKJIaIOBUX ITpH
30UIBIICHUX 3apOOITHIN IUIaTi 1 BUTpaTax Ha aMOPTHU3ALII0

3MeHIIeHHST 4d 30UIbLICHHS BUTPAT HAa IHCTPYMEHT, IiJBHILIECHHS IOT0
CTIMKOCTI MaJl0 BIUIMBAIOTh HAa COOIBapTiCTh jAeTajield. J[Jisi pO3BUTKY E€KOHOMIKU
HEOoOXiTHO 301IbIIYBaTH 4YacTKy 3apoOITHOI IJIATH B CTPYKTYpi coOiBapTOCTI.
30ubIIeHHsT YacTKH 3apoOiTHOI miatd Oyne BUMAaratéd Bij BHPOOHUKIB (1100
3amo0irTy BTpaTaM) MiJABHIICHHS MPOIYKTHBHOCTI BUPOOHHUIITBA. MOICTIOBAHHS
co0iBapTOCTi  [103BOJIIE  BHU3HAYUTHU  MEPCIEKTHBHI  HANPAMKH  PO3BUTKY
MAaIIMHOOY1IBHOT TPOMHCIIOBOCTI.
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®PE3EPYBAHHS CITIPAJILHOT KAHABKU
HA IIOBEPXHI BYPWUJILHOI TPYBU

Iicknos O. B., ep. BI-91; lllseyw C. B. doyenm, xap. TMBI Cym/[Y, m. Cymu
BypuneHi Ta Bemyui TpyOum Ha 30BHIIIHIA TOBEpXHI MalOTh T'BHHTOBI

KaHaBKH, PoQib SKUX IUaBHUHA, 0e3 BHCTymiB i 3amanuH (puc. 1). Moro moxHa
CTBOPHTH 2-X KyTOBOIO (Ppe30ro, OCHAIIECHOI CTAaHIAPTHOIO HeNepeTovyBaHOo

TUTACTHHOIO poMOidHOT hopMmu.

OKTI 36 6328 Fpynna I' 43
JIKI 29.52.61.300 YKH/ 75.150.10
Per. Ne
Jlata perwcTpanum
COIJIACOBAHO YTBEPAIAIO
‘-.'-::':_-: st Tawnuneh wmemep 1T <Janax Y w BTw
pewmn
N e 0AO 4,-:7 B0 ww. MB. @pymien
(/};_'f.':.ﬁ‘ \,;'k CX. Nouenxo
7 £F. Mpasex «_ 2008,
r a ,l—‘l \a
ol a5 290se.
“\\ C /3
H3BEIEHHE 7

00 wimenenun TY 26-12-775-90
«Tpyiint Gyprannuie yTsaeaénnnien
Conpen Megemns dyn ~ 180305
by elivenenns ig Uy it

wecxors ovaeas Il «dasos Yb u BTw
OAO «Cywexoe HIIO wx. M.B. Dpywses

e 2.
Zee Wr.

“itw Of 2005¢.

Taasunl merwraype A1 «danoa Y5 u BTw
OAO «Cymexoe HITO uw. M.B. Gpymen

. . _kcLl.B.lhml
Pucynok 1 - BypunbHi Ta Begyui «Bw ool s
TpyOH, 11O BiANOBINAKOTH e o
PYOH, I A A A0 ;;:um'um.t e, M.B. @pymies
CTaHJAPTy aMEPUKAHCHKOTO e WA Topravina
HadroBoro iHcTuTyTy (API) Ta

TV 26-12-775-90 BAT «Cymceke

HBO».
Tun E mae criipaiibHi KaHaBKH Ha <o
. co . U lersins . = PO
30BHILIHIN TOBEPXHI o e o

JIBokyToBa (hpeza oOMexeHa BUXiTHOIO IHCTPYMEHTAIBHOIO TOBEPXHEIO, SIKa
CKJIQIA€THCS 13 TBOX KOHYCiB. BoHM 3’€HaHi (00 mepeTrHar0Thes) 1o Koiry. Konm
BEKTOP pyXy MOJadi JEKHUTh Y OJIHI{ TUIOIIHMHI 3 IIUM KOJIOM, TO TPOQiib MOBEPXHI
netani (opMyeThCs TBIpHHUMHM 3TafaHuUX KOHYCIB. JIiHIS mepeTWHy KOHTaKTye 3
npodinem retani B OAHIA TOUI, HA BEPIINHI KyTa Mpodiiro.

SIKmIo moBepTaTH IHCTPYMEHT TaKUM YHHOM, III0 MiXK BEKTOPOM PyXy Hojadi
1 IMJIOUIMHOI, B SKiM 3HAXOAWTHCA  JIiHIA  TEPEeTHHY  KOHYCiB BHXiJHOL
IHCTPYMEHTAJIFHO1 IOBEPXHi, YTBOPIOETHCS IESIKUI KyT [3, TO TOAI KUTBKICTh TOYOK,
0 HAIeXaThb JiHII mepeTHy 1 (OpMyroTh Npodine aeTani 30UIbIIyeThCS.
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®opmyBaHHs mpodimo geranmi  BiAOYBAE€TbCS JIIHIEIO IEPEeTHHY KOHIYHHMX
MIOBEPXOHb.

IIpu B = 90° npodine NOBHICTIO 30ira€Thcs 3 Ayroko IbOro Koja.

3a BiToMUMH pajiiycoM Kona R Ta KyToM NMOBOpOTY 3 MOKHa po3paxyBaTh
npodine nerami. Hexall Koio 3HAXOAUTHCS B OJHIM i3 KOOPIUHATHHUX IUIOIIUH,
HaINpUKIag XoYo, CHCTEMH XoYoZo 1 HOTO LEHTP 30Ira€Thes 3 MOYATKOM KOOPAMHAT.
Ile Mo>kHa 3anucaTu K

2 2 2
X, +Yo =R%,
z, =0.

Y TakoMy MOJIOXKEHHI, IPH MMOCTYAIHHOMY PYyCi KOJa Y3[IOBXK OCi X, 9H Yo,
YTBOPIOETHCS IUIOMIMHA MUPHUHOIO 2R. PyxX y31m0BXK OCi Zo CTBOPHUTH HOBEPXHIO 3
paniycom kpuBu3HU R.

IToBepHEMO KOJIO HABKOJIO OCi X, Ha KyT 3. KoopauHaTti TOYOK KOMa micis
TaKOTro MOBOPOTY 3MIHSTHCS 1 MPU MOCTYNAJbHINH X011 HOr0o y3J0BX ocel Yo Ta Zo
YTBOPIOIOTHCSl MOBEPXHi, OKpecieHi enincamu. KoopnuHaTH TOYOK IMX EJIcCiB
MOYKHA BU3HAUUTH TAKUM YHHOM.

OOepTaHHs y IUIOIIMHI YoZo ONUCYETHCS PIBHAHHAM

Z=1,C08B+Y,sinp,
y=1y,cosp—z,sinp.
KoopaunaTtu TO4OK KOJa, IIPU TaKOMY OOCpTaHHI, Ha 0Ci Xo HE 3MIHIOIOTBCS.

Busnaunmo ix gepes koedimieHt K;, sk yacTKH Bix pamgiyca
X =k -R.

M

Hampukunan, 17st AeCSITH TOYOK:
Xy, =0,1R, X, =0,2R, x,;=0,3R, X, =0,4R, x,=0,5R,
X =0,6R, X5, =0,7R, X, =0,8R, X, =0,9R, X,=R.
SIKIIo BiZIOMI KOOPAMHATH TOYOK KOJIa Ha OCi Xo, TO 1O 00epTaHHs Ha KyT [3
X KOOpPJMHATH Ha OCi Yo Oyin

Y, =+R?—x2 =+R1-k? . ®)

KoopaunaTu micns obepraHHs Bu3HaUaeMo 3a Bupaszami (1) Ta (2), mpu 2,=0,
z=1R\1-k7sinB; y=+R1-k’ cosp .

Ipu oMy X = X, . OTxe, KO 2-X KyTOBY (pesy, OCHalleHy poMOiuHO0

BHII, cnpsmyBatn HaBKOJIO TpyOM MO TBHUHTOBIH TpPAa€eKTOpil, TO YTBOPHUTHCS

TBUHTOBA KaHaBKa 3 BinmoBimHWM npodinem. s aHaNITHYHOrO BH3HAYEHHS

npodimo meram y cepenosummi «Mathcad» BHKOHYIOTH pO3paxyHKH i OyAyIOTh
rpadik 3anexuocti y = f (X), sika okpeciroe npodins gerai.

Crncox miteparypu
1. IIseums C. B. OcHoBu ¢opmoyTBOpeHHs MmoBepxoHb pizanHsMm / C. B.
IBeus. — Cymu : Cym/JIV, 2011, — 127 c.
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PO3PAXYHOK ITAPAMETPIB IIIOPCTKOCTI OBPOBJIEHOI ITOBEPXHI
11 YAC TOYIHHA

Ckabenox M. M., ep. BI-91; IlIseyw C. B. doyenm, kagp. TMBI Cym/[Y, m. Cymu

Jns po3paxyHKy BHCOTH IIOPCTKOCTI, IO (OPMYETHCS TI'€OMETPUYHO,
BUKOPUCTOBYETHCSI METOJ BH3HAUCHHS OpAWHAT IIEPETHHY JIHIM 1 Kim, sKi
OKPECITIOIOTH pi3albHy KPOMKY B 11 OCIIJOBHUX ITOJIOKEHHSX TIPH 3MiHCHEHH] pyXy
nofadi. BpaxoByroun nuie reoMeTpudHi Ta KiHEMaTHYHI (aKkTOpH, MPUPIBHIEMO
napametp Rz 10 TeOpeTHYHOI BUCOTH 3aIMIIKOBOTO rpebGens hi.

Benuunna h; - 11e Moxe GyTr opAHHATA TOYKH C, IEPETHHY mpsmuXx (puc. 1),
OJTHA 3 SIKUX, 1110 JOTHYHA JI0 KOJIa pajiycy [1 B TOYLI a, a Apyra JOTHYHA JI0 KoJa

yl r// - ’.‘J ?,;‘ \f J
L — | —~
e é’

f%[/\

\
| \
g ﬂ

S >~ a % < N ﬁ?
Puc. 1. Cxema amst po3paxyHKy
T€OMETPHUYHOL

pajiyca r B Touii b.
Toni npu (hi=y)

tgep' -t r 1 1
y=5.92 90 , {tggol(l——]ﬂggo(l— 1H 1)
gy +tgp tge +tge cos @ CoS ¢

Skno % S<2r, To Kona pajiycis r i rl mepetuHarOTHCS, N1=Y;

NZ
Y = V—T (2)

3anumIKoBHi rpebiHelb, KOJIM TOYKa a 3HAXOAUTHCS B MOJOXKCHHI d1, MOXE
00MeXyBaTHCS YaCTHHOIO JyTH pajaiycy I, Bimpizkom bf i myroro pamiycy ri (pH Yar

> 81 Yp <y). Bucora 3anumkoBoro rpe6inist hi=yi.

y, =r(1-cosg)+S-sinpcosg—sin go\/S -sing(2r—S-sing) (3)

V pasi kosu Touka b 3HAXOMUTHCS B MONIOXKEHH] D1, 3anuIKoBHil rpeGiHels
00OMEXYETHCS YACTHHOKO IyTH pamiycy ri, Bizpizkom ad i myroro paaiycey r (mpu y,
<y Ta yp1 > y). Bucota hi=y».

Y, =r(1-cosg)+Ssing' cosg' —sin gol\/S sing' (2r -Ssing') (4)
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dakrop ruracTnuHUX Aedopmariiii 3SMiHIOE BUCOTY IMIOPCTKOCTI B MOPIBHSHHI
3 TEOMETPUYHO BU3HAUEHOIO BUCOTOIO 3aJIUIIKOBOIO IPeOiHIIS.
Ha BepiumHi 3a1MIIKOBOTO TpeOiHI YTBOPIOETHCS HApICT, BHCOTA SIKOTO
00MEXYETHCS JOTIOMIKHOIO PIXKY40I0 KPOMKOIO (pHc. 2). Benmuuuna miacTH4HOro
AY W

0)

Puc. 2. HapicT Ha 3anuimkoBoMy rpeGiHIi

BUTICHCHHSI MeTany W NpH KOHKpPETHHX 3HA4YCHHSAX TeOMeTpii Jesa Ta monadi
BH3HAYA€ BUCOTY C(HOPMOBAHOI HEPIiBHOCTI Ny

Amnatiz GopMHU yTBOPEHOTO HPHU IEOMY HapocTy (puc. 3) BKa3ye Ha Te, 110
paniyc KpHUBU3HM JIiHIi KOB3aHHS, I10
AKiH CTpyKKa BiJJOKPEMIIIOETBCS BiJl
3aroTOBKM, HA0arato MeEHIIE pajaiyca
NpY BEpUIMHI Jie3a I, a cama s JIiHis
PO3TAIIOBY€ETHCS 32 MEXKAMH ITOBEPXH,
Ky ONHCY€ piKyda KpOMKa I dYac
PE3yIbTYIOUOro pyXy pi3aHHsI.

Omxe, B 1BOMY BHIAJIKY
IIOPCTKICTh ~ 30UTBIIyEThCA HE 32
paxyHOK  3pOCTaHHS  3aJMIIKOBOTO
rpeOiHIl, a 3a PaxyHOK 301IbIICHHS

Puc.3. Paniycu okpyrieHHs
3anajuH MiKpOHEPiBHOCTI

TIIMOWHY 3amaInHy.

[TnacTiyHa 3MiHa GOPMH METATY
mepex  Jie3oM  (CIIydyBaHHS) TaKOoX
MO3HAYAETHCS Ha BHUCOTI
MikpoHepiBHOCTI (puc. 4). Lle me onuH
MEXaHi3M  CTBOPEHHS  IUIACTHYHOI
CKJIA/I0BOT IOPCTKOCTI. /

Buninsrors TpU OCHOBHI Puc. 4. [Tnactiune nedopmyBaHHSL
OPUYMHA ~ CTBOPEHHS  IIACTUYHOL 3aJIMIIKOBOTO TPEOiHIIsT
ckaagoBoi. [lo-nepiie, Ha 3aIUIIKOBOMY
rpebiani y Burisaai Hapocty. Ilo-apyre, B pe3ymbTaTi NPHCYTHOCTI IIACTHYHOI
obmnacTi mepea BepIINMHOIO Jie3a Palliyc KPUBU3HU JIiHII KOB3aHHS, 32 KO MeTal
BiJIOKPEMITIOETLCSL BiJl 3aroTiBJi, MEHIE pajiyca mpu BepuiuHi Jie3a. [lo-Tpere,
BiJIOYBA€ThHCS TIACTUYHA 3MiHA 3aJIMITKOBOTO IPeOiHIIsT BHACIIOK /il HEPYHHIBHUX
nedopMalliii B OCHOBHIHN TUIOIIHHI.
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HIJIBUILEHHSA EGEKTUBHOCTI OBPOBKH ITOPOIIIKOBUX CTAJIEM

Onitinux A. O., acnipanm xagpeopu TMBI, Hexpacog C. C., doyenm xapeopu
TMBI, Cymcokuii oepoicasnuil yHisepcumem, m. Cymu

Jns migBumeHHs e(eKTHBHOCTI OOpOOKHM BHCOKOSKICHMX ITOPOIIKOBHX
cTaJyel, AKi BiPI3HAIOTHCS BUCOKOIO MIIIHICTIO, 3HOCOCTIMKICTIO Ta KOPO3iHHOIO
critixictio CPM S90V, M390, Elmax HeoOXinHO BH3HAYHTH iX 0OpPOOIIIOBAHICTD,
SAKa € KIFOYOBUM (hakTOpOoM IpH BHOOpPI MaTepiamy AJisi BUTOTOBIICHHS JETajeH.
OO6po0MOBaHICTh BU3HAYAETHCS 3/IaTHICTIO MaTepiaily OyTH po3pi3aHIM pi3abHIM
iHCTpyMeHTOM Oe3 nedopmariii HABKOJWMINHIX MIITHOK. Marepianm 3 TapHOIO
00pOOIIOBAHICTIO  JIO3BOJISIFOTE  OTPUMYBAaTH SIKICHI JAeTali 3 MiHIMaJbHOIO
JneopMalliero Ta TapHOI 00POOKOIO MTOBEPXHI.

OnHak, OOpOOJIIOBAHICT YacTO MPOTHCTABISETHCS IMPOAYKTHBHOCTI
Mmarepiany. MilHi MaTepianu 3a3Buyail Bakue oOpOONIOIOTHCS, TOMY 1HXKEHepam
JIOBOJIMTHCSI IIyKaTH KOMIIPOMIC MK OOpOOITIOBAHICTIO Ta MPOIYKTUBHICTIO.

OCHOBHI TapaMeTpH, 3a IKIMH BU3HAYAETHCS 00POOIIIOBAHICT, BKIFOUAIOThH
BEIMYMHY CHJI pi3aHHA, IO BIUIMBAIOTH HA 3aroTiBKy B Ipoleci oOpoOKw,
MOPIBHANBHY e(eKTUBHY IMOTYXXHICTh, OCOONMMBOCTI amedopmarii mapy, o
3HIMa€eThCA MpH 00pOOIIi 3aTOTOBKH, YTBOPEHHS HAPOCTIB Ta BUIMOK Ha IMTOBEPXHIX
IHCTPYMEHTIB, IIOPCTKICTh TOBEPXHI, CTIMKICTb I1HCTPYMEHTY, 3aJHIIKOBI
BHYTpIIITHI HAIPYTH, IO 3'SIBISIFOTHECS B MaTepiajli 3aTOTiBKH Yepe3 HepiBHOMIPHICT
11 CTpyKTypH.

Junst migBuieHHs1 eeKTUBHOCTI 00poOku MatepianiB craneir CPM S90V,
M390, Elmax HeoOXiZHO NPOBOAUTH iX ONTUMI3AIID 3 TOYKUA 30PY
obpoGmoBaHocTi. e MoxHa 3poOHTH IUIAXOM HiOOpy napameTpiB 0OpoOKH, sIKi
3a0e3nevyaTh MaKCUMaJllbHY MPOAYKTHUBHICTh 1 MiHIMaJIbHY Jie(OpMaIlif0 3arOTOBOK.
Takox MOYKHa BUKOPHCTOBYBATH ClielliaibHi 0OpOOHI IHCTPYMEHTH Ta TEXHOJIOTII,
Taki sIK HaIUIABJICHHS aJMa3HOrO IIOKPUTTS Ha IHCTPYMEHTH, 3aCTOCYBaHHS
OXOJIO[DKYIOYOT PIAMHU NpH pi3aHHI Ta iHmi. OmHAK, HEOOXITHO Mam'sATaTH PO
BHCOKY TBEPAICTb Ta 3HOCOCTIMKICTh IMX CTaJIeH, 110 MO>KE BIIMBATH HA TPUBAJICTh
eKCIuTyaTalii o00poOHOTO IHCTPYMEHTY Ta IPOIIECY Pi3aHHS 3aTOTOBOK.

JIJist iABHINIEHHS SIKOCTI Ta TOYHOCTI 00poOku ctaneit CPM S90V, M390,
Elmax Mo)xHa BHKOPHCTOBYBaTH pi3HI METOAW BHMIPIOBaHHA Ta KOHTPOJIO
mapaMeTpiB MpoLeCy, Taki SIK MIKPOCKOIIiS, CHEKTPOCKOMIs, iHTephepoMeTpis Ta
igmi. TakoX BaXJIMBO OOTPUMYBATHCS NPABWIBHOI TeXHOJOTII 00poOKuM Ta
BIJIIOBITHHUX MMapaMeTpiB, IO TO3BOIUTH OTPUMATH OUTBII TOYHI Ta SKiCHI AeTaIi.

Y pesynpTari omTmMizamii mapaMeTpiB OOpoOKM Ta BHUKOPHUCTAHHS
CTEIiaIbHAX TEXHOJIOTIH MOXHA JOCSITTH MiJBUIICHHS €(PEKTUBHOCTI 0OpOOKH
craneit CPM S90V, M390, Elmax. Lle Moxe OyTH Ba)KIHMBO JJISI Pi3HHUX Taxy3ei
BUPOOHHWITBA, 1€ BUKOPHUCTOBYIOThCS Ii CTaji, TAaKUX 5K aBialliiiHa, MeIuYHa,
XipypriuHa MpoOMHCIIOBOCTI Ta iHII.
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HIABUINEHHA EOEKTUBHOCTI BUKOPUCTAHHA CAM CUCTEM
3A PAXYHOK 3ACTOCYBAHHS HEVIPOMEPEXI

Homomaxa /I. FO., cmyoenm, ep. TM.m-21, Hexpacog C. C., Ooyenm kagedpu
TMBI, CymY, m. Cymu

IIpu dpesepysanni ckragaux 3-D mpodiniB KiHIEeBUMH (pe3aMu BHHHKAE
mpobieMa onTHMi3amii po30UTTS 3HIMAEMOTO IPHUITYCKY MK PI3HAMH €TalmaMu
(pesepyBanHs. Lle € BaXXITMBOIO 33/1a49€T0, OCKUTBKH PAaBHIIbHE PO3OUTTS IPUILYCKY
MOJXKE CYTTE€BO 3MEHINUTH Yac, HEOOXimHHWH i OOpOoOKH, Ta 3HWU3UTH BapTICTh
BUT'OTOBJICHHS J€TaJIEH.

Jdns  posB's3aHHsA  1iel mpoOsieMH, JAOCTIJDKyBadl — 3alpoHOHYBald
BUKOPHCTAaTH HEWpoOMepexky Iyl MoOyJOBU IUIAHY €KCHEPHMEHTY KOHKPETHOTO
Bunaaky. Heiipomepexa 103BOJISIE aBTOMATHYHO TOOYIyBaTH 3aJIEKHICTh 4acy
00poOKH BiJ KUIBKOCTI BAKOPUCTOBYBAHUX IHCTPYMEHTIB 1 MIMPUHH (pe3epyBaHHs
KiHIIeBUMH (pe3aMH 3 3a/JlaHMMHU JiaMeTpaMu. Taka 3aJIe)HICTb MOXe OyTH
BUKOPHCTaHa ]ISl BU3HAUCHHS ONTUMAJBHOIO PO3OHTTS HPUITYyCKY MK eTarmaMmu
(hpesepyBaHHS.

OpmHAM 3 KITIOYOBUX (PakToOpiB epeKTUBHOCTI (hpe3epyBaHHS € PIBHOMIpHUIHA
PO3IIOALT 3HIMAEMOTO MIPUITYCKY Ha KOXKHOMY eTatli ¢ppe3epyBanHs. Lle 3abe3meuye
MOCTiiiHe HAaBaHTa)XCHHS HAa IHCTPYMEHT Ta 3MEHIIECHHS KiJTBKOCTI XOIOCTUX PYXIB,
II0 3MEHIITY€ 9ac 0OpOOKH.

OTxe, BUKOPHUCTaHHS HEHpPOMEpEeXki IUIA ONTUMi3alii po3OUTTS HPUIYCKY
MO 3HAUHO MOJIMINTH eeKTUBHICTh (hpe3epyBanHs ckiaagHux 3-D npodinis. Le
MOXe OyTH OCOOJMBO Ba)XKJIMBO JUIsi BUPOOHUIITBA BEINMKOI KUJIBKOCTI JeTaleH, Je
HaBiTh HEBEJIMKI MOKPAILIEHHS MOXXYTh CYTTEBO 3HU3UTH BapTICTh BUPOOHHUIITBA.

Kpim Toro, mis mie 6u1binoi e)eKTHBHOCTI MOXHA BUKOpucToByBaTH CAM
cucremy. CAM cucrema (Computer-Aided Manufacturing)  mo3Bosisie
aBTOMATH3yBaTH NPOLECH MiJATOTOBKU JAHUX JUIsi BUPOOHHUITBA Ta KEPYBaHHSIM
BepcTaTaMu. BoHa [a€ MOJMJIMBICTP BH3HAYaTH ONTHUMAIbHI LUIIXH PYXY
IHCTPYMEHTY, BHOMpPATH MOTPIOHI IHCTPYMEHTH UISI OOpPOOKH Ta KOHTPOJIOBATH
npolec BUPOOHHIITBA.

Bukopucranns HeHpoMepexXi JO3BOIMIO TPOBECTH Psii BIpTyaJIbHUX
EKCIICPUMCHTIB Ta OTPUMATH 3aJIS)KHICTh 9acy 00pOOKH BiJI KUTBKOCTi IHCTPYMEHTIB
1 p&KHUMIB pi3aHHS KOXKHOTO 3 HHUX, IO JIO3BOJIIE METOJaMH ONTHMI3allii 3HAWUTH
peXUMH, 10 3a0e3MedyloTh MiHIMaNbHUN 9ac OOpoOKM CKIAAHWH MpOoQiLTBHUX
MOBEPXOHb.

3acrocyBanHsa CAM cucTeMH B IIO€IHAHHI 3 BUKOPUCTAHHIM HeHpoMepexi
JUIA  ONTUMI3amii po3OWTTA TMPHUIIYCKy JHO3BOJSE OTPUMATH MaKCHUMAJbHY
edekTuBHICTE (ppesepyBanHs ckiagHux 3-D mpodimiB. Taki TEXHOIOTIT MOXKYTb
OyTH 3aCTOCOBaHI B Pi3HHX Taly3sX, TaKHX sK aBialliifHa, KOCMiYHa, MEIUYHA,
AaBTOMOOUIbHA NPOMMCIIOBICTh Ta 1HMIN, /€ BHUPOOHUITBO CKIAIHUX JACTaleH €
HEOOXiTHICTIO.
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BIUIMB BMICTY KMCHIO HA HIBUJAKICTb HACMYEHH [TOBEPXHI
JIETAJII ATOMAMM A30TY TA BYTJIELIO I[TPU KAPBOHITPALIIT

Tiyokuii P. B. macicmpanm TM.m-21; Hexpacos FO. O., acnipanm,
Joszononos A. FO. cmapwuii sukiadau, kageopa TMBI, m. Cymu

Ha cporoxHimHill 1eHP OCHOBOIIOJIOKHHUM Yy CYYacCHOMY CBIiTi € TPHHIIHI
30aTaHCOBAaHOTO PO3BHUTKY MAamIMHOOYIBHOI Taly3i Ta BOJHOYAC 30epeKeHHS
HaBKOJIMIIHBOTO TPHPOIHOTO cepenoBHina. lIporecu, MO BHKOPHCTOBYIOTHCS B
TEXHOJIOTIYHUX IMKJIaX MAaMMHOOYMIBHUX MiANPHEMCTB, TMOBHHHI OyTH
6e3nedHNMN SIK IS JIFOAWHM, TaK 1 JUI1 HABKOJIMIITHBOTO MPUPOIHOTO CEPEIOBHINA.
OpHuM 13 BHJIB XiMIKO-TEPMIYHOiI OOPOOKH METaly € Mpolec KapOoHITpaIlii, mo
JI03BOJISIE TIIBUILUTH €KCIUTyaTalliliHi BIaCTHBOCTI 0OPOOJICHUX BUPOOIB.

Y cyuacHOMY ManMHOOYIyBaHHI 3aBJaHHs BCEOIYHOTO MOJIMIICHHS
eKCIUTyaTalllifHuX BJIaCTHBOCTEH METaJIeBUX MaTepialliB 3HAYHOIO MIpOIO MOB's3aHi
3 PO3pOOKOI0 HOBUX TEXHOJIOTTYHHUX MPOLIECIB MOBEPXHEBOTO 3MIIIHEHHS BUPOOIB.

OnHUM 13 BUIIB XIMIKO-TEpMIYHOI 00pOOKH € KapOOHITpaLis], IO JT03BOJISIE
M ABUITUTH 3HOCOCTIHKICTH 1 MIITHICTB BUPOOIB y 2,5-3 pa3u [1]. 3acTrocyBaHHA 11iel
TEXHOJIOTI] 3aMiCTh T'a30BOTO A30TyBaHHS Jla€ 3MOTY CKOPOTHUTH 4dac 0OpoOKM Ta
MOKPAIIUTH BJIACTHUBOCTI 00poOMIOBaHMX BUPOOIB. Y 0OaraThOX BHUIIaIKaX
TEXHOJIOTisl KapOOHITpalii € aJbTepHATHBOIO TAKHM IIpPOIecaM, SK ITOBEPXHEBE
3MII[HEHHS], TAIbBaHIYHE XPOMYBaHHS, [IEMEHTALIisI TOIIO.

Uepes pi3ke 3pOCTaHHS ILiH Ha ENEKTPOCHEPTi0 Ta CKJIAAHY CHUTYaIlilo B
eHeprocucreMi YKpalHM, BUTpaTH Ha €HEProHOCIl, HEOOXigHi AJIs MPOBEICHHS
npouecy KapOoHiTpalii, 3 KO)KHHUM POKOM 3pocTatoTh. CBO€I0 4Yeproro, mija 4ac
I[BOTO MPOIIECy, Ui 3a0E3MEUYCHHST MapaMeTpiB 3MIIHEHOro Iapy aeTaneil Ha
HaJIe)KHOMY piBHI, MOTPIOHO MIATPUMYBaTH XIMIUHMH CKIaJ Ta TEMIEpaTypy
pobouoro po3miaBy AOCHTh TpuBaiui yac. Ockinbku riaubuna audysii Hanpsmy
3aJIeKHTh BiJl Yacy BUTPUMKH JeTajiell B poOO4YOMy pO3ILIaBi.

3MEHIIIeHHS TPUBAIOCTI XIMIKO-TEpPMITHOTO Mporiecy KapOoHITpaIlii 3SHU3UTh
coO0iBapTiCTh €T omeparii. 3amada Mo’ s13aHa 31 SMEHIIICHHS TPUBAIOCTI BHKOHAHHS
XIMIKO-TepMIYHOT 0OpPOOKH € aKTyallbHO 3a/1a4ero, Ta MoTpedye BupimeHHs. s
il BUpiLIEHHS, aBTOPaMH 3alIPOIIOHOBAHO 30UIBIINTH 110/1ady KHCHIO B BaHHY, THM
CaMyM TiJIBUIIUTH HACHIYBaJIbHY CIIPOMOXKHICTH POOOYOT0 pO3IUIaBy CONEH KU
BUKOPHUCTOBYETHCS JUISI IPoIiecy KapOoHITpartii.

3ampoBa/pKeHHS ITi€]l TEXHOJIOTii TOAa4yi KHCHIO B pobodunii po3muias,
JIO3BOJIMTH CYTTEBO CKOPOTHUTH BUTPATH €JIEKTPOEHEPTrii Ha MiAIrpiB PO3IIIABY, MPH
IOMY EKCIUTyaTalliifHi XapakTEepPUCTUKH OOPOOTIOBAHMUX JETallel 3alUIIaThCs Ha
TOMY CaMOMYy DiBHi.

Crncox miteparypu

1. Ivanov I. V., Mohylenets M. V., Dumenko K. A., Kryvchyk L., Khokhlova
T.S., Pinchuk V. L. (2020). Carbonitration of a tool for pressing stainless steel pipes.
Journal of Engineering Sciences, Vol. 7(2), pp. C17-C21, doi:
10.21272/jes.2020.7(2).c3
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MIBUILEHHS AHTUKOPO3IMHUX BJIACTUBOCTEN METOJOM
BUCOKOTEMIIEPATYPHOI OBPOBKH B PO3IJIABAX COJIEM CTAJIEM
AVYCTEHITHOI'O KJIACY

Iyoape A. B. macicmpaum TM.m-21; [lanuenko A. B. acnipanm;
Joszononos A. FO. cmapwuii euxnadau, kagpedpa TMBI, m. Cymu

Y cywacHoMy cCBiTi BimOyBaeTbcs IOCHTH IIBHAKHH  PO3BUTOK
MaImHOOYIiBHOI Tamy3i. Takuii po3BHUTOK, HANpsAMY 3aJCKUTHh BiJ CTBOPEHHIM
HOBHX TIEPEIOBHUX CIIOCOOIB Ta METOIiB MEXaHI9HOI, TEPMITHOI Ta XIMIKO-TepMiYHOT
00poOKH AeTane Ta yAOCKOHAICHHS BXKE ICHYI0UNX croco0iB Ta MeToxiB. Metoan
TEpMIYHOI Ta XIMIKO-TepMi4HOi 0OPOOKH, € HEBIJ’€EMHUMH CKIaJOBUMHU OYy/Ib SIKOTO
TEXHOJIOTIYHOTO IIPOLIECY BUTOTOBJICHHS JIeTalei MalllH, Ta 3 PO3BUTKOM Cy4aCHUX
TEXHOJIOT1# MOTPeOyI0Th MOCTIHHOTO BAOCKOHAJICHHS.

BukopucTaHHs IepeJOBUX METO/IIB TEPMIYHOI Ta XIMiKO-TepMiduHOi 00poOKH
JUTS THABUINCHHS (DI3MKO-MEXaHIYHUX BJIACTUBOCTEH METAJIIB, € OJHAM 3 OCHOBHHX
HUISAXIB MiABUIIEHHS IPOAYKTHBHOCTI Ipalli B MAIMHOOYAiIBHII NpoMHUCIoBOCTI. Y
4yepry, 3HaYHUH iHTepec s BUPOOHHUIITBA CTAHOBUTH JOCIIKEHHSI METOIY XiMiKO-
TepMigHOT 00poOKH — KapOoHiTpartii. [Ipu 0OpoOii meraneit 3a3HaAYCHIM METOIOM
ICHY€ CyNepewINBICTh JaHUX IO BIUIMBY KapOOHITpamii Ha KOPO3iiHY CTIHKIiCTH
CTajelf ayCTEHITHOTO KJacy, BOHA IIOB’s3aHa B OCHOBHOMY 13 THM IO B IPOIECi
00pOoOKHM Ha TIOBEpXHi [eTalieil YTBOPIOIOTHCS KapOiAW Ta HITPUAM JETYIOUYUX
€JIEMEHTIB ayCTEHITHHX CTaJel, SKi MOTIPUIYIOTh AHTUKOPO3ifiHI BIACTHBOCTI
JieTaiieil i3 3a3HaYeHnX Martepialis.

Came TOMY, 3aBIaHHs NOB’si3aHI 3 PO3POOKOIO METOJIB IiJBHIICHHS
AQHTUKOPO3IHHMX BIIACTUBOCTEH JeTajieil BUTOTOBJIEHHX 31 CTajied ayCTeHITHOTO
KJIaCy MICJIsl BUCOKOTEMIIEpaTypHOi iX 0OpoOKHM B pO3IIaBax cOJIel Ta 3'sICyBaHHSA
yMOB (OpPMYyBaHHS 3MIIIHEHOTO MIapy 3 MaKCUMAJbHHUMH aHTHKOPO3IHHUMU
BJIACTMBOCTSIMM HAa TMOBEPXHI LUX JeTaneil, € akTyalbHHMMH 3aBIaHHSIMHU Ta
noTpeOyIOTh HETaifHOTO BUPIIICHHS.

JocnimkeHHs 3aKOHOMIPHOCTEH T1i/IBUIIIEHHS aHTHKOPO31HHUX BIIaCTHBOCTEH B
pe3ysbTaTi BUCOKOTEMIIEpaTypHOi 0OpOOKH B pO3ILIaBax COJICH CTael ayCTEeHITHOTO
KJIacy MUIIXOM (OpMyBaHHS KOMOIHOBAHMX 3MIITHEHHX IIapiB HA POOOUNX MOBEPXHIX
JieTasei, JO3BOINTh MPHUIIBUIIINTH BUPIIIEHHS TOCTaBICHOTO 3aBJIaHHsI.

BuBuenns mMexaHi3MiB AnQy3ii 3MIITHIOIOUNX €JIEMEHTIB B TIOBEPXHEBHN IIap
JieTaiel, iX BIUIMB Ha aHTUKOPO3iifHI BJIaCTHBOCTI TIOBEPXHi IeTajieid Ta po3poOKa HOBHX
TEXHOJIOTii KOMOIHOBAHOTO IOBEPXHEBOTO 3MIIlHEHHS CTaJell ayCTEHITHOTO Kiacy
JIO3BOJISITH  TIPOBECTH  €KCIIEPUMEHTANTBHI  JTOCTIKEHHsI. 3a3Ha4yeHi JIOCHiKEHHS
BKJIIOYAIOTh PO3POOKY METOIMKH IIPUCKOPEHHUX BUIIPOOYBAaHb B J1A00PaTOPHUX YMOBaX,
NPOCKTYBAHHS Ta BHTOTOBJEHHS HEOOXIZHOTO OCHAUICHHS, JUISl TPOBEICHHS
eKCHEPUMEHTAIBHNX JIOCII/DKeHb. HeBi €éMHOI0 CKJIaJ0BOIO JIOCIIDKEHb OyIyTh
METOM TEPMIYHOI Ta XIMIKO-TepMiuHOI OOpOOKHM MeTaliB, CKaHyloda eJEKTPOHHA
MIKpOCKOIisI, MIKpO- Ta MaKpo- CTPYKTYPHHH aHaJli3, peHTTeHOCTPYKTYPHHH aHaJi3.
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CONTROL OF MULTILAYER WIRE ROPE WITH ACCESS TO TWO ROPES

Belmas 1. V., Doctor of Technical Sciences, professor, Head of the Department of
Mechanical Engineering and Welding Technology; Shvachka A. V., postgraduate,
Department of Mechanical Engineering and Welding Technology,

Dnipro State Technical University, Kamianske

Gusts are difficult to control by conventional means, such as blocked access,
overwetting, or slippage of cables when removing signals.

In order to reduce the amount of monitoring and ensure the intelligence
performance of the existing cable rope integrity diagnosis system based on testing
two cables by electrical resistance, an optimized diagnostic algorithm is proposed
for detecting various types of damage.

The graphs show the results for the case where the total number of cables and
rows is seven. Calculations of current and potential distribution for a rope with
characteristics: r=0.10hm/m, q=0.01m/Ohm, L=20m. Damaged cable in row j=3
under No. i=1. Where 1 is the first cable, 2 is the second cable.

6

i
Figure. 1 — distribution of potentials and current for two ends on the section
without damage

L4

Figure 2 — distribution of current and potentials for the case
of the damaged cable section

The results show that the algorithm for applying current and potentials to two
cables does not require a large amount of input data. The control system shows a
better performance in the detection of breaks, which can be used as a diagnosis
algorithm for the development of a multi-layer wire rope diagnosis system.
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AHA/TI3 MEPEXIAHOT XAPAKTEPUCTUKW EKBIBAJIEHTHOI
MPYXHOT CUCTEMW AK EIEMEHTY CUCTEMU
KPYTNOIro BPISHOIO WI®YBAHHA

3aeub O. A., cTyfeHT rp. TM.m-21; MoTomaxa . 0., CTyfeHT
rp. TM.m-21; MeTeHko O. M., cTygeHT rp. TM-01; €8Tyx0B A. B., foLeHT
Kadh. TMBI, CymCbKuin aep>aBHWii yHiBepcuTeT, M. Cymu

BignosigHo 10 [1] eksiBaneHTy npyxHy cuctemy (EMC) ans ymoB Kpyrnoro
Bpi3HOro wnidysaHHa (KBLL) 3aranom MOXHa OnmucaTy CTPYKTYPHOK CXEMOHD
(am.. puc. 1), WO CKNagaeTbes 3 6I0KIB CUCTEM «3ar0TOBKa» Ta «Kpyr-6abkax».

Cucmema "sacomoska”

P = x d—dh-x,
W, (s)

=W, (s)

\ Cucmema "kpye-6adra”

PucyHok 1 — CtpykTtypHa cxema EMNC KBLU

AK BXigHWIA BNAMB, WO BUKNNKae 30ypeHHs B EMC KBLU posrnsgaeTtses
pagianbHa cknafoea cwuan pisaHHA (wniysaHHs) Py. Cuctema «3aroTtoBKax»
MepeTBOPIOE CUITY Pi3aHHS Ha BUXIAHWIA CUrHAN y BUINAAI NPY>XHOI gedopmadiii
3aroTOBKM X1, @ CUCTEMA «KPYr-6abKa» — Ha MPYXXHY AethopmaLlito Kpyra B CMCTEMI
3 winidyBanbHo 6abkoto L = dh—x1—x», Ae dh Ta X2 — BigNOBiAHO HOMiHaNbHA Ta
(hakTUYHa rM6UMHKM pisaHHA. BuxigHow BenuumHoo ang EMC € npyxHa
Jethopmadis cuctemun d = (dh — x2), IKa € pe3ynbTaToM NiLCYMOBYBaHHS BUXiLHUX
CUrHaNiB CUCTEM «3aroTOBKa» Ta «Kpyr-6abka». lMepegaTouHi (yHKUIT cucTem
«3aroToBKa» Ta «Kpyr-6abka» HasefieHi B [1] Ta XapakTepusykTbCA TaKuMW
napameTpamMu: my, My, M3 — NPUBELEHI MACl CUCTEM «3aroTOBKa», «Kpyr», «babka»,
C1, C2, C3 Ta by, bz, bs — KoediuieHTN >XOPCTKOCTI i B’A3KOro TepTs, LWO
XapakTepusyoTb MPYXHi Ta HEMPY>XKHi 3B’A3KN MiX 3a3HaYeHUMU CUCTEMamKy Ta
CTaHWHOKW BepcTata. Ha puc. 2 306paxeHO po3paxyHKoBy Mogens EMC 3
ypaxyBaHHAM napameTpiB, XapakTepHux fAna Bepctata 3M151: m; =6,6 kr;
my = 50 Kr; mz =500 kr; by =882 H c¢/m; b, =20257 H c¢/m; b3 =25000 H c/wm;
€1=359 10"H/m;c;=9 10®H/m; c3=3,86 108 H/wm.

Po3paxyHkoBa Mofens EMC KBLU (auB. puc. 2) 6yna nobyposaHa 3
BUKOPUCTaHHAM MakeTy marematmyHoro aHanisy MATLAB/Simulink Ta
aflanToBaHa fins MobyJoBM YaCOBMX Ta YACTOTHUX XapakTepuCTUK AOCMi4KyBaHOI
cUCTEMMN.
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1
6.65” + 8825 +3.59¢ + 7

50052 + 45257s + 12.86¢ + 8
2.5e+4s* +1.24e 4+ 75 + 5.14e + 115* + 3.02¢ + 135 + 3.5¢ + 17

PucyHok 2 — Po3paxyHkosa mogenb EMNC KBLU (MATLAB/Simulink)

B pesynbTaTti po3paxyHKy mogeni BiAnoOBiAHO [0 3a3HaYeHOi CTPYKTYPHOI
cXemu, 3o0kpema, 6yno nobyfoeaHo nepexigHy (Step Response) xapakTepucTuky
JoCnigpKyBaHoi cuctemu (avs. puc. 3).

10

o

System: sys
Settling time (seconds): 0.0754

Amplitude
ey

P

PucyHoK 3 — MNepexigHa XapakTepucTuka SOCNiIKyBaHOT CUCTEMM

3a cBoiM BUrNALOM nepexifHa xapakrtepuctuka EMC  KBLU mae
KONMBANbHWIA 3racarounii xapaktep (4ac nepexigHoOro pexxvimy poboTu cuctemu
nep = 0,075 C), L0 oOnocepeskoBaHO TOBOPUTL MPO CTaniCTb CUCTEMM Ta
MOX/IMBICTb TI BUKOPUCTAHHA B MPAKTUYHUX LLiNgX.

Cnncok nitepatypu
1 €sTyxoB B. I'. MofentoBaHHS NPOLECY KPYrioro BPisHOro LnigyBaHHA /

B. I'. €BTYxO0B, A. B. €BTYyXx0B, M. B. Umxosa // BicHuk CymAY. Cepisi TexHiuHi
Hayku. 2009. Nel. C. 124-133.
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OCOBNMMBOCTI PO3PAXYHKY CKNAOANBHNX PO3MIPHNX NAHLIOIB
LUECTEPHNX HACOCIB

3aeup O. A, cTyfeHT rp. TM.M-21; MoTomaxa . HO., cTyaeHT rp. TM.m-21,
€8Tyx0B A. B., goueHT Kad. TMBI, CyMCbKuii ep>KaBHuii yHiBEpCUTET,
M. Cymu

Y BepcTaTobyiBHiVi IPOMMUCAOBOCTI AN15 NiATPUMAHHSA TUCKY B rigpaBiyvHii
CUCTEMi BepcTaTiB LUMPOKOr0 PO3MOBCIOMAXKEHHA Habynu LLEeCTepHi Hacocu.
TexHOMOriYHUA MpPOoLeC CKNafaHHA HacoCiB peani3yeTbCs 3a MEeTOAOM MOBHOI
B3aEMO3aMiHHOCTI, LLL0 MOTPebYE po3paxyHKY AOMYCKiB OKPEMUX CKaf0BMX TAHOK.
3rigHo 3 MeTOAOM MOBHOI B3a€MO3aMiHHOCTI Ans 3abe3mneyeHHs TOYHOCTI
3aMMKanbHOI laHKW Mij Yac cKnagaHHa BUpPo6Y 060B’A3KOBKM € AOTPUMAHHS ABOX
YMOB:

1) piBHICTb CyMM JOMYCKiB CKNafoBWX NAHOK i3 AOMYCKOM 3aMMKaibHOT
NaHKw;

2) piBHICTb CyMMW cepefHiX 3HauyeHb CKNafoBuX (36inbLyBaNbHUX i
3MeHLUYBa/IbHUX) NTAHOK i3 cepefHiM 3HaUYEeHHAM 3aMUKalbHOT laHKMK,

3abe3neyeHHsl HaBeAeHUX BMMOr MNOTpebye NpuU3HaYeHHs OAHIET 3i
CK/Ial0BUX TAHOK SIK Peryib0OBaHol.

AK npuKnag po3rnsHeMo 3abe3rneyeHHs HOPMU TOUHOCTI 3aMUKabHOT TAaHKM
y BUrAaai He 36iraHHs AiNWAbHUX Kin ABOX 3a4erneHuX LUeCTepeHb B MeXax
BiACTaHi =0,05-0,25 mm. 3a3HayeHa BMMOra BMWKIOYAE 3aK/IMHIOBAHHS
LLUeCTEPeHb MpuW X 06epTaHHI 3a 4ac poboTn BMpoOY. Ans ii peanisauii Ha BCi
CKMafoBI NaHKM CKMaganbHOro po3mipHoro naHuytora (CPJ1) npusHavatoTbeA
eKOHOMIYHI fonycku (amB. puc. 1).

075
’417 = aﬂﬂf

LbHe koo wecme H/ Limene kono pomopa
z A =15 | | A - 185 el
Bick dymwbroze Kosd f ( bedyqnzo

wermenH L Bics GbHazo Ko
m : pgmapa Gedyozo
Brew Umﬁaﬁg / \ i Bico ombeaay

KOULL | KUK

A =3

PucyHok 1 — CxemMa CK/1afiasibHOro pO3MipHOTO NaHLtora LLIECTEPHOTO
Hacoca
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BuxigHi paHi ans pospaxyHky CPJT:  =0,05-0,25 MM; HOMiHa/bHi
BE/IMYMHM CKNafoBMX NaHOK (BigMOBIAHO CKNadasbHOro KPEcneHHs BUPOOY):
A1:A6216,5MM, A2:A3:A5:0MM,A4:33 MM.

BU3HAauMMO MapameTpy 3aMWKanbHOI NaHKu: Ao= 0gee, HOMIHaMbHNIA

po3mip Ao = 0 MM, gonyck TAg = 0,2 MM, ESA, = +0,25 Mm, EIA; = +0,05 MM.
3anuwemo piBHAHHA CPJT (gue. puc. 1), Ta nepeBipMMO pIBHICTb
HOMiHaIbHUX PO3MIpIB CKMNaA0BUX NAHOK:
Ac=As—-A-A-A3-As-A¢=33-165-0-0-0-16,5=0mm.
3a pPiBHICTHO HOMiHaIbHNX po3MipiB CPJ1 BUMOra BUTPUMYETbLCS.
BusHauvmo cepefHili jonyck TAg, CKNafoBMX NaHOK:
TAcp =TAo/ (M =1) =200/ (7 - 1) = 34 MKMm,

fle m =7 — KinbKicTb naHoK B CPJ1 pa3oMm i3 3aM1KasbHOLO.

Mpr3HauMMo KBa/liTETM TOYHOCTI CKMAfOBMX JlTaHOK 3riJHO 3 YMHHUMW
TabmuUAMM JONYCKIB i mocafoK. JonyCcKn Ha CKMaAoBi aHKM 3a3Ha4YMMO BUXOAAYUM
i3 YMOBU BM3HAYEHOro cepefHboro fonycky TAc: Ar=As = =16,5js6( 0,0055),
TA: = TAs = 0,011 MM, ESA; = ESAs = +0,0055 mm, EIA; = = ElAg = -0,0055 mm,
EcA1 = EcAs =0mMm;  As=33js6( 0,008), TAs=0,016 mm, ESA4=+0,008 mm,
ElA; = -0,008 mMm, EcAs = 0 MM; Ar=As=As= 0000

-0,034 1
TA2 =TA3 = TAs = 0,052 Mm, ESA; = ESA3; = ESAs = +0,018 mm, EIA; = ElA3 =
= ElAs = -0,034 mm, EcA; = EcAs = EcAs = -0,008 mm.
MepeBipMMO NepLly 3 060B’S3KOBMX A0 BUKOHAHHS YMOB:
TA)=0,2 TA+TA+TA3+TAs+TAs+TAs =
=0,011+0,052+0,052+0,016+0,052+0,011 = 0,194 mMm.
YmoBa (PiBHICTb) He BUKOHYETLCS.
Bunbupaemo peryntoBanbHy naHKy [As], TOGTO naHKy, [AOMYCK $KOI €
MaKCUMasbHUM (He BPaxOBYHTLCS MNOCaAKN CKNafjoBUX NIAHOK).
Po3paxoByemMO HOBWIA JOMYCK PeryntoBaibHOT NaHKK:
[TA] = TAo — (TAI+TA+TAs+TAs+TAg) =
=0,2 - (0,011+0,052+0,052+0,052+0,011) = 0,022 mm.
Bu3HaYaeMo cepefHe 3HaYEeHHSs PerynoBanbHOI TaHKK 3a POopMY/IoLo
[EcAs] = EcAtEAITEA+EAS+EAS+EA=
= +0,015+0+(-0,008)+(-0,008)+(-0,008)+0 = +0,126 mm.
Br3HaYaEMO rpaHUYHI BigXWEHHSA PeryntoBasibHOT NaHKK:
[ESA4] = [EcA4] + [TAL] /2 =+0,126 + 0,022 / 2 = +0,137 MM,
[E1A4] = [EcA4] - [TAL] /2 = +0,126 - 0,022 / 2 = +0,115 mMm.
BrKOHYEMO MepeBipKy OfepXaHWX LaHuX i3 BM3HAYEHWM HOBWM MOfieM
[ONYCKY, BEPXHIM, HVXXHIM Ta cepefHiM 3HAUYEHHAMU PerynoBabHOT NaHKK [Aq]:

+0,25 _ nt0137 _ +0,0055 _ +0,018 _ (1+0,018 _ +0,018 _ +0,0055
O+o,05 _33+o,115 1615—0,0055 0—0,034 0—0,034 0—0,034 1615—0,0055-

MepeBipka nokaszana BiAMNOBIAHICTL NapaMeTpiB CKMafoBwx flaHoK CPJI
BUXiJHWUM NapameTpamM 3aMUKasIbHOT NIaHKK, LU0 fa€e 3MOry 3a6e3neynTy ii TOUHICTb
Ta OMNTMMI3yBaTW TEXHONOTIYHWIA NPOLEC CKNafjaHHs LWeCTEPHOro Hacocy 3aranom.
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AHANI3 HAMPY>XXEHO-JE®POPMOBAHOIO CTAHY
KOHCTPYKLIT TOKAPHOIO MATPOHY

[Opuronexko B. A, cTygeHT rp. TM.m-11,
CyMCbKuii fiep>KaBHui yHiBepcuTeT, M. Cymu

B pesynbTaTi AochifkeHb, CMPSAMOBAaHUX Ha YAOCKOHaneHHs TT1
BUroTOBNEHHS aeTani «LLecTipHs CHT 00.00.13.[LL» cnpoekToBaHO cnewianbHy
KOHCTPYKL|it0 BEPCTATHOI0 NPUCTPOLO Ans 6a3yBaHHA Ta 3aKPinaeHHs 3aroTOBKM Ha
ToKapHiii 3 YMK onepauii. Ons nigTBEPMAKEHHA MPaBWUNbHOCTI MPUAHATMX
MPOEKTHMX pillieHb 6y/n0 3anponoHOBaHO AOCAIIKEHHS KOHCTPYKLIT TOKapHOro
naTpoHy MeToLoM aHanisy il Hanpy>keHo-faedopmosaHoro ctaHy (HAC).

Ananiz HAC, AK CyKynHOCTI BHYTPILLHIX HamnpyXeHb i gecopmaliii, Wwo
BUHVKaIOTb B AOCMIMKYBaHIA KOHCTPYKLIT 30kpema nif yac Aii Ha Hel 30BHiLLHiX
HaBaHTaXKeHb, € CK/TaAHUM 3aBAaHHSM, LU0 3a3BM4aii BUKOHYIOTb 3 BUKOPUCTaHHAM
CUCTEM aBTOMAaTMU30BAHOIO (KOMM’IOTEPHOr0) iHXeHepHOro aHanisy. [na aHanisy
HAC KoHCTpyKUiT TOKapHOro naTpoHy 6yno sBubpaHo cuctemy Ansys Workbench
(mogynb Static Structural), wo Habyna LWMPOKOro PO3MOBCIOMPKEHHS 3aBASAKU
iHTYITUBHO 3p0O3yMinoMy iHTepdeiicy Ta NOTY>XXHOMY (hyHKLiOHany.

Ans pocnigpxkeHHss HOC KOHCTPYKLUiT TOKapHOro NaTpoHy 6yno po3po6neHo
TBEPLOTINIbHY MOf€eNb CUCTEMMW «MaTPOH-3aroToBKax». [0 cknagy LOCnifKyBaHO!
CUCTEMM YBIIALLIAW NNLLE Ti €NeMEHTK, WO 3AiANCHIOTL 6a3yBaHHS Ta 3aKpiMneHHs
3aroTOBKW Ta efleMeHTH, L0 BXOAATb 40 CKIady 3aMKHYTOr0 CUI0BOrO faHLora,
WO fie B CUCTEMi «MAaTPOH-3aroToBKax». [/18 NiABULLEHHS PIBHA afeKBATHOCTI
pesy/nbTaTiB po3paxyHKy Mmogeni 6ynu 3agaHi (hisMKo-MexaHiyHi BNacTUBOCTI
MartepiafiB gocnigxysaHoi cuctemu (Mexa MiyHocTi — 450 MIMa, mogynb KOHra —
2 10°MMMa) Ta XapaKTepuUCTUKM 3’efHaHb (TEPTS KOB3aHHS, BiACYTHICTb TepTs,
YKOPCTKeE 3’€HaHHS) KOHTaKTYIOUMX NMOBEPXOHb €/IEMEHTIB CUCTEMM. FIK 30BHILLHI
BMN/MB, LLLO 3a/1a€ 30YPEHHs B JOCiKYBaHili cucTeMi, 6yno 3afaHo TaHreHLialbHy
CKMafoBy cuam pisaHHa (P, = 650 H), wo 6e3nocepefHb0 fi€ Ha 3aroTOBKY. FAK
thakTop, L0 BpiBHOBaXKYE BNNB P,, Byn0 3a4aHO CUITY Ha LITOKY MeXaHi30BaHOro
NpuBoAY 3aKpinsieHHa 3arotoBkn (Q = 6530 H). Ona Topus 3BOPOTHOI YaCcTUHM
KOprycy naTpoHa 6yno 3a4aH0 0OMeXeHHs y Burnsagi gikcosaHoi onopu (Fixed
Support), Wo iMITYe XXOPCTKe 3’€AHAHHA MIDK NaTPOHOM i LUNUHAENEM TOKapHOro
Bepcrata. [ po3paxyHKy mMofeni 6yno nobyfoBaHO CKiHYEHO-eNEMEHTHY CITKY:
TUM CITKW — afanTuBHuii (Mo6GyaoBa 34IMCHIOETECA B aBTOMATUYHOMY PEXUMI,
pO3Mipn eneMeHTIB MiA6VPAlOTLCA aBTOMaTUUYHO 3 YPaxyBaHHAM CKALHOCTI
KOHCTPYKTUBHWX €NeMeHTIB), MiHiMa/lbHa [O0BXWHA rpaHi enemeHTty — 1,25 mm,
KifbKicTb enemeHTiB — 135131. 3a pesynbTataMu po3paxyHKy Mogeni 6ynu
ofepxaHi entopn pedopmauiin (Total Deformation) Ta BHYTPILIHIX Hanpy»XeHb
(Stress) eneMeHTIB cuCTEMM, IO Aanv 3Mory npoaHanidyBatm HOC KOHCTPYKUT
TOKApHOro NaTpoHy Ta BUABUTY T «cnabki micus». Tak, Ha puc. 1 306paXkeHo entopy
BHYTPILLIHIX Hanpy)XeHb, 3 AKOT BUAHO MiCLe PO3TallyBaHHS 30HU KOHLEHTpauii
Hanpy>xeHb (883 MIa) B Kynaukax naTpoHy.
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PucyHoK 1 — Entopa BHYTPILLHIX HANPY>XeHb B CUCTEMW «NaTPOH-
3aroToBKa»

Takuii piBeHb BHYTPILIHIX HaMpyXeHb € HEMpWUAHATHWM, OCKIfIbKM BiH
3HAYHO MEePEBULLYE MEXY MILHOCTI maTepiasy Kopnycy i 6a3yBanbHOro Kynadka
(450 MIMa) Ta MOXXe NPM3BECTM [0 MOIOMKMN e/leMEHTIB TOKapHOro naTpoHy. LLLo6
3MEHLINTX piBeHb BHYTPILIHIX Hampy>XeHb B [AOCAiAKyBaHii 06nacTi 6yno
3anponoHOBaHO 3a0KPYIMTY Pi3KuiA nepexifg (K KOHUEHTPATOP Hamnpy»eHb) MiX
MoOBEPXHSIMM Kynadka. B pe3ynbTaTi piBeHb Hanmpy>eHb B AOCMIAKyBaHili 06nacTi
3aMeHwWwuBess Ao 30 MIMa, a MaKCMMa/lbHUIA piBeHb Hanpy>XeHb B KOHCTPYKLIT
[OCNigKYBaHOT CUCTEMW 3arasioMm CTaB pPiBHUM 42,75 MIMa (gus. puc. 2), WO €
NPUAHATHNM.

Omxe, aHanis HAC nponoHOBaHOI KOHCTPYKLIT TOKapHOro naTpoHy [as
3MOTY 3MEHLUMTM BHYTPILWHI HAMNPy>XXeHHA B Micuax IX KOHUeHTpauii fo
NPUAHATHOTO PIiBHS.

Po6oTa BUKOHAHa NifJ KepiBHUL TBOM KaHf. TEXH. HayK, foLeHTa
€sTyxoBa A. B.
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YOOCKOHAJTIEHHSA BY3/1A KPIMJIEHHSA PIBA/IbHOT BCTABKM
TOPLLEBOT ®PE3U

OcTarneHko b. A., acnipaHT; MipowwHuyeHko O. P., CTYLeHT;
KywHipos IM. B., goueHT, kad. TMBI CymAY; Mm.Cymu

TopueBe pe3epyBaHHA BeIMKOrabapuTHUX MAOCKMX MOBEPXOHb MOXXHA
3AiCHIOBATM 3a JOMOMOrOH CreljiaibHMUX arperaTHNX gpesepHuX ronoBok (Adr).
O6po6NeHHS NNOLMH TOPLEBUM (hpe3epyBaHHAM 3a JOMOMOrok Takux APl Ha
BiIMiHY Bif 6araTonpoxigHoro (hpesepyBaHHs OAHIED (hpPe30r0 [03BONSE 3a OAWH
npoxig oTpumaTy 6e3nepepBHY LLUMPOKY MA0CKY MOBEPXHIO.

Topuesi (pesn, L0 BUKOPUCTOBYIOTLCA B KOHCTPYKUIiAX A®PI, MaloTb
BigMOBIZATM BMMOraM TOYHOCTI, NPOAYKTMBHOCTI Ta HagiiHoCTi. Tomy moganbLue
YOOCKOHa/IEHHA By3Ma KpinaeHHs pisanbHOI BCTaBKM B TOpLEBil ¢pesi €
aKTya/lbH/M 3aBAaHHAM.

3anponoHoBaHe YAOCKOHaNeHHA  CTOCYETbCA  CMOCO6Y  3aKpinieHHs
LMNiHAPUYHOT pi3asibHOT BCTaBKM TOPLEBOT (hpesn. Mpu LboMy B Hapi3Hi pagianibHi
OTBOPMW pi3afibHOI BCTaBKM BKPYYYHOTb AOLATKOBI FBWMHTU, SIKi BCTaHOB/OIOTb
CMiBBICHO 3 BIAMNOBIAHMMW KPIMMAbHUMK TBUHTaMK. Lle 3a6e3neyye piBHOMIpHe
NOKani3oBaHe CU/0BE HaBaHTaXKeHHS Ha pi3asibHY BCTaBKY (Hanpyru po3TaryBaHHs-
CTUCKaHHS, 6e3 3rMHanbHUX paedopmauiin). Take NOKani3oBaHe 3aKpiM/eHHs
pi3a/ibHOI BCTaBKM CMPUSIE 30EPEXKEHHIO FEOMETPUYHOT (POPMM  LMAIHAPUYHOT
pi3anbHOI BCTaBKW Ta MapanefibHOCTi KOHTAKTYKUOI MAOLWMHN NINCKK Pi3aibHOT
BCTaBKM i NMIOLLMH TOPLB KPINWUIbHWUX IBUHTIB (PUCYHOK 1).

PricyHOK 1 — Y 4OCKOHaeHWiA BY30/1 KpiM/eHHS pi3a/ibHOT BCTaBKM
TOpLEBOI (hpesn

TakMM 4YMHOM, YJOCKOHANIeHHS By3fa KpinneHHs pisanbHOT  BCTaBKW
TOpLEBOI (hpe3n [03BONSE NIABULLMTU HafiMHICTb IHCTPYMEHTa 3a paxyHoK
PiBHOMIPHOr0O /1IOKani30BaHOr0 3aKpPiMieHHs Pi3anbHOT BCTaBKM Ta 30i/bLUEHHS
CYMapHOI CWn 3aKpinneHHs pisasibHOT BCTaBKM B KOPMYCi TOPLEBOT (pesun, Ynm
3HWKEHO MMOBIPHICTb BUNAAIHHA Pi3asibHOT BCTaBKM MpW  BUNALKOBOMY i
PO3KpiNAeHHI Nif vac pesepyBaHHs IHCTPYMEHTOM.
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PO3POEKALKOHCTPYKL|,I'I' TOPLIEBOT ®PE3WM 3 NMIABULLEHOKO
HALINHICTIO 3AKPITIJIEHHA PISA/IbHNX BCTABOK

Opnos P. O., acnipaHT; KywwHipos M. B., goueHT, Kach. TMBI CymAY;
CTynin b. A., poueHT, Ka. TMBI CymAY; Mm.Cymu

MigBULLEHHS  ePEKTMBHOCTI  TOPLEBOro  (hpe3epyBaHHS  LUMSXOM
YA0CKOHA/IEHHS KOHCTPYKLT pi3aflbHOr0 iHCTPYMEHTA € aKTya/lbHOK MPOo61eMoto,
AKYy po3rnsgaloTs B 6GaraTbOX AOCAIMKEHHAX. OAWMH i3 BaX/IMBUX KpUTEPIiB
e()eKTMBHOCTI IHCTPYMEHTA € HaiHICTb.

3rigHo 3 ACTY 2860-94 («HafiiHICTb TEXHIKW. TePMiHN Ta BU3HAYEHHS»)
HafifHICTb — Ue BMacTMBICTb TeXHIYHMX O6'eKTiB 36epiraT NpPOTAroM
BCTAHOB/IEHOIO Yacy 3HauyeHHs BCiX NapameTpiB, AKi XapaKTepusyloTb 34aTHICTb
BWKOHYBAaTW MOTPIOHI (DYHKLIT B 3afaHNX peXumax Ta ymoBax 3acTOCyBaHHS,
TeXHIYHOro 06C/NyroByBaHHA, 36epiraHHs Ta TPaHCMOPTYBaHHA. HAKLWO BUPI6
CKNafaeTbCs 3 AEKiNbKOX eneMeHTiB (geTaneid), TO HagiliHicTb BUpoby 6ypae
3a/1e)aTu Bij HafiiHOCTi yCTaHOBNEHHS Ta BUKOHaHHS CBOIX (DYHKLi X geTaneii.

Mpu posrnsgi 36ipHOT TOPLEBOT (hpe3n MaeMO aHanorivHuin nigxia: dhpesa
CK/IAAAETbCS 3 AEKINbKOX e/TEMEHTIB, SIKICTb 3aKPiMNeHHs Ti 36ipHMX YaCTUH CYTTEBO
BMN/IMBAE Ha KpuWTepil HagiiHOCTI. ToMy AnA MiABWLLEHHS HaAiliHOCTI TopueBol
(hpe3n Oyna 3amnponoHOBaHa KOHCTPYKLiA IHCTpyMeHTa 3 0inbll  HaginHUM
MeXaHi3MOM 3aKpinsieHHs pi3ajibHUX BCTaBOK.

Mig u4ac dpesepyBaHHA BWHUKAlOTb MOCWMEHI Bibpauii Ta ydapHi
HaBaHTaXKEHHS Ha pi3a/ibHi BCTaBKW. [11g TOrO, W06 KPinuabHI rBUHTY CaMOCTIHO
He 3MOr/In Po3KpyyyBaTucs, 6yno 3anpornoHOBaHO A04ATU N0 OLHOMY CTOMOPHOMY
FBUHTY Ha KOXeH OOKOBMIA KPinuabHWUIA rBUHT. OCKISIbKU ANA YCTaHOB/IEHHSA
[O0LATKOBUX CTOMOPHMX TFBWHTIB BMKOPUCTOBYHOTLCA OfHI M Ti X CaMi pi3boBi
0TBOPW, WO i AN KPINWAbHUX TBUHTIB, TO Le He Mpu3Befe 40 YCKIafHEHHS
KOHCTPYKUiT TopLeBoi pe3n Ta 36inblieHHs co6iBapTOCTi Ti BUrOTOB/IEHHS
(pucyHok 1).

PucyHok 1 — 3anponoHoBaHa TopLesa (hpesa

TakMm uMHOM, HafiHa (hikcauia 36ipHUX enemeHTIB TOpLEBOI Qpesu
[OMOMOXe  3HM3UTW  Bibpauil | nigBuwmTM Gesneky Ta MNPOLYKTUBHICTb
(hpesepyBaHHs, LLO B CBOO Yepry No3MTUBHO BI/IMHE Ha AKICTb 06pO6NEHHS.
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KOMIMTKOTEPHI TEXHONONIT Y MALLUVHOBY IYBAHHI:
BUKIVKWN CbOIrO4EHHA

Kneukos O. M., cTapLunii Buknagay kageapy BULLOT MaTeMaTVKY, (isnku
Ta 3ara/bHOIH>XKeHepHUX AncumMnAiH, IHINPOBCbKWIA fep>KaBHuii
arpapHo-eKOHOMiYHWiA yHiBepcnTeT, M. [IHinpo

MalunHoOyayBaHHS  3aBXAW  Oyn0  BMCOKOTEXHO/OMIYHOK  ranyssto
NMPOMUCNOBOCTI, | KOMM’HOTEPHI TEXHOMOriT He € BWMHATKOM. Lli TexHonorii
[l03BO/IAIKOTb PO3P06AATM 6iNbll eheKTVBHI Ta 0E3MEeYHi MalLWHK, CKOPOYYHThb
BUTPATU Ha TX BMPOOHMLTBO, a TaKOX 3abe3rnedyroTb MakCUMaslbHY TOYHICTb Ta
LUBUAKICTb POBOTH.

OfHUM 3 OCHOBHMX HampsiMiB 3aCTOCYBaHHA KOMM’HOTEPHUX TEXHOJIOTIl B
MallMHOGYAyBaHHI € KOMN'toTepHe MogentoBaHHsA. Lleid npouec possonsie
CTBOPOBATYU BipTyasibHi NMPOTOTUMNM MALUWMH Ta NPOBOAUTY TECTYBaHHSA iX PobOoTU
6e3 HeobXigHOCTI BUrOTOB/IEHHA (i3NUHNX Mogeneit. Lle 103BOMSE 3a0LaiKyBaTy
yac Ta rpowi, wo 6ynu 6 BUTpayeHi Ha BUPOOHWULTBO Ta TeCTyBaHHSA (i3UYHKX
npoToTunie. Kpim TOro, po3pobkKa BMCOKOTOYHMX KOMM'IOTEPHUX CUCTEM
YNPaBAiHHSA € IHLUMM BaXXMBUM HANPSMOM PO3BUTKY KOMMN’OTEPHNX TEXHOJIOTIH B
MalLMHO6yayBaHHI. Lli cuctemm [03BONAKOTL MaKCUMMabHO TOYHO KOHTPO/OBATM
PyXu MalluH, 3abesnedyyroun X 6e3neky Ta eEKTUBHICTb. BOHM Takox
[103BO/IAIKOTb PO3POONATM Ta BUPOOBAATN MALLMHM 3 PI3HOMaHITHUMM QYHKLiSIMK, L0
MOXYTb 3a/10BOSTbHATN MOTPEON Pi3HMX IHAYCTPIIA.

OfHUM 3 Halbinbll BaXIMBUX HAMPAMKIB  PO3BUTKY KOMM’HOTEPHUX
TEXHOMOTIA Yy MalMHOBYAYBaHHI € BUKOPWUCTAHHSA LUTYYHOrO iHTENeKTy. 3a
[OMOMOrol0 /IrOPUTMIB MALUMHHOIO HaBYaHHA Ta HEMPOHHUX MepeX MOXHa
po3B’s3yBaTU CKNafHi 3adadi, Ki paHiwe He MOrav GyTy BUpPILLEHI 3BUYANHUMM
meTofamun. Hanpuknag, 3a ONOMOroK LUTYYHOrO iHTEIEKTY MOXHA MOKPaLLmTy
TOYHICTb [iarHOCTUKM Ta NPOrHO3yBaHHSA TEXHIYHOIO CTaHy MalluWH, L0 J03BOJSE
3abe3neyvyBaT iX 6inbLl eieKTUBHE YNPaB/iHHS Ta PEMOHT.

LLle ogHUM BaXKIMBUM HANPSIMOM BUKOPUCTaHHA KOMM’FOTEPHUX TEXHOJOT i1
Yy MalMHOOYAyBaHHI € Bidyanisauisi Ta aHania gaHux. Komn’toTepHi cucTemm
[O03BONAIOTL BIACTEXYBATM Ta aHanisyBaTM pob0TYy MalluuH, L0 [A03BOSSE
NnoKpawyBaTh X egeKTMBHICTL Ta 6e3neky. TakoX Ui CUCTEMWU [03BONAIOTb
BIZICTEXYBATW CTaH MaLUWH Ta BYACHO BUABNATY NPobiemu Ta fetekTu.

3aBAAKN KOMM’IOTEPHUM TEXHONOTMIAM MallMHOOYyBaHHA PO3BMBAETHCS
3HaYHO LIBMALIE Ta e(eKTUBHile. 3acToCyBaHHA LMX TEXHOMOTiA [03BOSISE
3HU3WUTW BUTPATM Ha BUPOOHULTBO Ta NOKPALMTU AKICTb MALUMH, LLO MO3UTUBHO
BMN/IMBAE Ha PO3BUTOK Pi3HUX IHAYCTPIiA, TakMX AK aBTOMOGIiNbHa, asiauiliHa Ta
cyfHobyaiBHa. OfHaK, BUKOPUCTAHHS KOMM’HOTEPHUX TEXHOMOT I TaKoX BMMarae
MeBHUX 3HaHb Ta KBafigikauii y po3pobHWKIB Ta MpayuiBHUKIB ranysi
MaluMHO6yayBaHHA. Kpim Toro, Ui TeXHONOTIT MOXYTb CTaTh 06’€KTOM Kibeparak,
TOMy 6e3Mneka CMCTEM YMPaB/liHHA Ta MOHITOPUHTY € AY)XKe BX/MBUM acreKToM
po60TW y AaHii ranysi.
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OTXe, BUKOPUCTAHHA KOMMN’OTEPHUX TEXHOMOTI € KAYOBMM (PaKTOPOM
pO3BUTKY MallMHOOYAyBaHHS, fKe [03BOSISE CTBOPHOBATM 6iNbll eheKTUBHI,
6e3neyHi Ta po3ymMHi MalnHW. Baxn1Bo NPOAOBXYBaTU PO3BMBATU Lii TEXHONOTIT
Ta BAOCKOHa/oBaTH iX, 106 3a6e3neunTi MaiibyTHE ranysi MallnMHOOyyBaHHSA Ta
NPOMUCNOBOCTI B Ljinomy.

Kpim TOro, KOMn’toTepHi TeXHONOTiT 403BONAIOTL MPOBOANTW LOCIIKEHHS
Ta MOAENOBaHHA MpOLUECiB Yy MallMHOOydyBaHHI. 3a A0MOMOroH  Pi3HMX
nporpamMHMX 3acobiB MOXHa MOENoBaTh MOBEAIHKY MAlUWH Y PIi3HUX YMOBaXx,
BIZITBOPIOKOUN Pi3HI BNAMBKM Ha HUX. Taki AOCNILKEHHS [403BONSKOTb BUSBAATU
cnabki Micua MallMH Ta MOKpaLlyBaTW IXHIO KOHCTPYKLiO Ta edieKTMBHICTb. LLie
OfHUM BaX/IMBUM HAMPSMOM BUKOPUCTaHHA KOMM’KOTEPHUX TEXHOMOrIA Y
MallMHOOYAyBaHHI € aBTOMaTM3alis BMPOBHWYMX npoueciB. Komn’toTepHo-
yncnoBse ynpasniHHA 06M1afiHaHHAM [03BONSE NOKPALWMUTU TOYHICTb Ta LUBUAKICTb
BMPOBHULTBA, 3HU3UTW BUTPATM Ha ON/AaTy Npaui Ta CKOPOTUTY Yac Ha NigroToBKy
BMPOGHULTBA A0 3aMyCKy HOBUX MOZAeNeli MaLlmH.

3aranom, BYKOPUCTaHHS KOMM’HOTEPHUX TEXHOMOTIA Yy MalMHOGYAyBaHHi
[03BOMISIE MiABULLYBaTM eqeKTUBHICTb, 6e3neky Ta AKICTb MalMH, a TakoX
3HMXKYBATW BUTPATU Ha iX BUPOOHMLTBO Ta eKCn/yaTauito. KpiM Toro, KOMN'toTepHi
TEXHOMONIT [03BONAOTb 3HAYHO 3MEHLUUTM KiNbKICTb BIAXOAIB | MigBULLMTK
€KONOTiYHICTb BMPOOHMUTBA. bBarato KomnaHiii BXe YCNIWHO BMAPOBaAMIN
TEXHONOTIT eKOMIOTrIYHOr0 MaLLMHOOYLYBaHHS, L0 A03BOMAE 3HU3UTU BUTPATU Ha
pecypcu Ta eHeprito, a TakoX MOKPaLMTK AKICTb NPOAYKLT.

OpfHieto 3 HalbinblWl  NepcrnekTMBHMX — 06/1acTeil  3acTOCYBaHHSA
KOMMN'IOTEPHMX TEXHONOri Yy MalnHOBYAyBaHHI € po3pobka aBTOHOMHMX
aBTOMO6iniB. Cy4yacHi TeXHONOrii [03BOMAIOTL CTBOPHOBATU aBTOHOMHI CUCTEMMU,
AKi MOXYTb 3a6e3neunti 6e3neky Ha [opo3i Ta NOKpaLUTX KOMAQOPT A5 BOAITB Ta
nacaxupis. KpiM Toro, taki cMcteMn MOXYTb 3MEHLUUTU KiNbKiCTb AOPOXHbLO-
TPaHCNOPTHUX Mpurof, Ta 3abe3neuntn 6Ginbl  e()eKTUBHE BUKOPUCTAHHSA
[OPOXHBLOr0  NPOCTOpPY. Y  BUPOGHWUTBI  NiTakiB  TakoX BXe  YCMilHO
BUKOPWCTOBYHOTbCS KOMM'OTEPHI TEXHOMOTIT. 30KpeMa, Lie CTOCYETbCS PO3POOKM Ta
BMPOOHMLTBA BeNMKUX fiTakiB, Taknx sk A380 Ta Boeing 787. Komn'toTepHi
TEXHOMOrIT [103BONATL 3a0€3MeUNTU MaKCUMaslbHy TOYHICTb Ta LIBUAKICTb
BMPOOHMLTBA, a TaKOX MiABULLMTK 6e3neKy NoMboTiB Ta e(ieKTUBHICTbL poboTu
niTakis.

OTxe, KOMM'IOTEPHI TEXHONOTIT B MalLUMHOBYyBaHHI BifirpatoTb K/OYOBY
posib y po3pobui Ta BUPOGHULTBI HOBUX TPAHCMOPTHMX 3ac06iB. BOHM [03BONSAIOTbL
3a6e3Mne4nT MakcUMasibHy TOYHICTb Ta ePEKTUBHICTL BUPOBHMLTBA, NiABULLATH
AKICTb Ta 6e3neKy NPoAyKLil, & TAKOX 3MEHLUUTN BUTPATH Ha PECYPCU Ta EHEprito.

Cnucok nitepartypu

1.6oHaapeHko C.I. OCcHOBM TEXHOMOTIT MalMHOOYAYBaHHS : HaBYa/IbHWIA
nocioHuk / C.I". boHaapeHKo. — JTbBiB : «MarHonis 2006», 2014. — 500 c.
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CUCTEMHWW MiAXIA A0 MPOEKTYBAHHS TEXHONOr4YHOro
MPOLECY BIAHOB/IEHHA OETAJIEN

LLienenexko I. B., npodhecop, kadespa EPM, Maroneub M. C., maricTpaHT,
Katheapa EPM, LieHTpanbHOYKpaiHCbKMIA HaLiOHaIbHWIA TEXHIYHWIA YHIBEpCUTET,
M. KponuBHMLbKNiA

YXKnTTeBMIA UMK BUPOGIB MalLMHOGYAYyBaHHS MICTUTb Taki OCHOBHI eTanu:
NPOEKTYBaHHS — BUPOOHMLTBO — eKcnyaTauis — yTunisauis [1].

MogibHa CTPYKTypa MoXe OyTW YyTOUHEHa | JONOBHEHA AOKNaAHMM ONCOM
OKpeMMX eTariB i pO3B'A3yBaHWUX Ha HYX 3aBfaHb. Tak, HarnpuKnag, NPoLOBXKeHHS
TepMiHy Ccny>k6u BUpoOBY BUPILLYETLCA HA eTani ekcrnayatauii WAsSXOM PEMOHTY Ta
BiJHOB/IEHHS 3HOLLIEHUX AeTaneii.

Cnig 3a3HauMTV NPUHLMMOBY BIAMIHHICTb TEXHOMOTIA BUrOTOBNEHHS Ta
BiJHOB/IEHHA JeTasleil. HesBakatoum Ha Te, L0 KiHLEBMM MPOAYKTOM Ha BUXOAi €
roToBa feTanb 3i CBOIMU CNY>KO0BUMM (hYHKLIsIMK, Nif Yac BUTOTOB/IEHHA roTOBA
JeTasb 3a CBOIMU TEXHIYHUMU BUMOTamu Mae BifinoBifatu i po604OMY KPECNEHHIO.
Po3pobka TexHonorii BigHOBNEHHS,, KPiM YCYHeHHs aedekTy, MoB'A3aHa 3
NigBULLEHHSAM SIKOCTI MOBEPXHEBOro Liapy fgetani Ta 11 ekcniyaTauiitHWX
BNacTMBOCTEN. HAKICTb  CamMoOro  TEXHOMOriYHOrO  NPOUEeCcYy  BiAHOBNEHHS
BM3HAYaETbCA CYKYMHICTIO BMACTUBOCTEN, LU0 3YMOB/IOOTb OTPUMAaHHA AKICHOI
npoAyKuiT (BigHOBNEHOT geTani).

Yci BNacTMBOCTI TEXHOMOMYHOro NPoLUecy Cnif po3ainAati Ha Taki rpynu:
TeXHIYHi (TOYHICTb, HafiHICTb, KOHTPONENPUAATHICTb Ta iH.), EKOHOMiYHi
(NPOAYKTMBHICTb, TPYAOMICTKICTb Ta iH.); ekonoriyHi [2].

3 ornsgy Ha Te, L0 TEXHO/OTiYHUIA Npouec BifHOBNEHHS feTani sABMse
COBO0K0 LiNiCHWIA KOMNIEKC B3aEMOMOB'A3aHNX €/IEMEHTIB (4eTasb, TEXHOMOTiYHi
onepavii, Nepexosun, PeXXMMmn TOLLO), AKI MOXHA PO3rNA4aTU K CUCTEMW HUXKYOIO
nopsiaKy, OTKe, TakuiAi TEXHOMOTIYHWIA NPoLEec BOMOAIE BCiMa BNAaCTUBOCTAMM, AKi
BMCYBaKOTLCA A0 cuctem. Mpu usoMy cnifd BULINUTL OCHOBHI 1T iepapXiyHi piBHi: |
— TeXHOMOoriyHuiA npouec, Il - TexHonorivHmii cnoci6; 11 - onepauisi; 1V - nepexig.

Y 3aranbHOMY BUMafgKy TEXHOJOTiYHMIA NPOLIEC BiAHOB/MEHHS AeTasli Ta 1oro
CKMafoBi MOXYTb OyTW NpeAcTaBneHi y BUrnadi QYHKUiA 3i 3B'A3KamMu MiX
nigcmcremamu, Ae Ha BXofi — 3HOLWeEHa geTanb. O6'ekTamu npouecy BUCTYNakTb
TEXHOMOMYHMIA NpoLec BiAHOBMEHHS, onepaLlii, nepexoan Towo. Ha Buxoai BCi€l
CUCTEMW CNif OYiKyBaTV BiJHOBMEHY AeTanb i3 NiABULLEHUMMN ekcnnyaTaliiHuMm
B/IACTUBOCTAMM.

Cnucok niteparypu

1. 3anora  B.A.  ®PYHKUMOHANbHBIA  MOAXOL K MPOEKTUPOBAHMIO
MalLMHocTpouTenbHoro usgenus / B.A. 3anora, K.A. Aaatopa // 36ipHUK HayKOBMX
npaub HTY «XIl» Bucoki TexHonorii B MalumMHobysyBaHHi. — Xapkis, 2010. —
Bun. 2 (16). - C. 22-30.

2.YepHoBon  M./.  BoCCTaHOB/MEHWE W YMPOYHEHWe  AeTanel
CeNbCKOX03AiCTBEHHON TexHMKN. K: YMK BO, 1989. — 256 c.
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ABTOMATU3ALIA POBOYNX NMPOLECIB MOBIJIbHNX MALLH

Pemapuyk M. M., a-p TexH. Hayk, npodhecop, Umy>K H. B. gokTopaHT, Manmuskuii
0. 0., acnipaHT, Kebko O. B., 3aB. HaBu. nab.,
Kathegpa MTCM, YkpAY3T, M. Xapkis

[0 Mo6inbHMX MawnH (MM) BigHOCATLCA 3eMAEPUIAHI, BaHTaXKOMiAAOMHI
MaLLVHK | 3ac06M MexaHi3auii (3M), Lo BUKOPUCTOBYHOTLCS NpW Oy AiBHULTBI gopir
Ta B Ci/IbCbKOMY rocnoAapcTBi. B AKOCTI mpkepena eHeprii Ans NpuBeAeHHs Taknx
MalWVH B (PYHKUIOHaNbHUIA CTaH BWKOPWUCTOBYHOTLCS [ABWUIYHW BHYTPILUHBOIO
3ropsiHHa (AB3). MNpyu BUKOHaHHI BNaCTMBUX A5 HUX QYHKLIA Yy MM, 30KkpeMa, y
KonicHMX 6ynbao3epiB nNpu ix 6yKCyBaHHI Ha NiABULLEHWUX HaBaHTaXKeHHAX ANs
[B3 BYHVKaIOTb aBTOKO/IMBAHHA 3 BIACHOK YaCTOTOHO, LLLO NPU3BOAUTL A0 3HAYHUX
BUTPAT MasMBa i 3HWKEHHS pecypcy po60Tu Takmx mawiuH [1]. [ns 3emnepuiiHmnx
MaLLVH 3 NaHLIOroBUM 061aHaHHAM, NPU3HAYEHNM A8 KONaHHS TpaHLLei, npoLec
nepeBefieHHsl LbOro 061agHaHHA 3 TPAHCMOPTHOMO MOMOXEHHS B po60unil CTaH
cknagae 15...20 xBUAMH. TpuBaficTb BUKOHAHHA LMX Aili 3a1eXUTb Bif PiBHA
KBaniikauii oneparopa MalwuHK. MNpryoMy, Ha IX BUKOHaHHS BUTPa4aeTbCs NeBHa
KinbKicTb nanuea. Mpu ynpasniHHi 3M Kpim eHeprii [JB3 BUKOPUCTOBYETHLCA TaKOX
eHepris onepaTopa. |3 HaBeAeHOro BUTIKAE L0 NpY BUKOHAHHI po6oTn MM i 3M Ha
BUTPATW Na/iBa BNAMBatOTb FONIOBHUM YMHOM PiBeHb KBanigikauii i isnyHwmii cTaH
oneparopa.

BupiweHHs npobneMn 3MEHLUEHHS BMAWBY CTaHy oOnepatopa MOXHa
[OCArTn 3anpoBapkeHHAM aBToMatu3alii poboumx npouecis ang MM i 3M. Ons
HayKOBOI0 06I'PYHTYBaHHS LbOro HanpsamKy npu posrnsgi MM a6o 3M Heob6XxifHO
BKNIOYATW B CBill CKMaf omepartopa, K CYMICHUX efleMeHTIB, WO 06’eAHaHi Ha
BWKOHAHHA OJHOTO i TOro X 3aBAaHHA. Lli eneMeHTV CknagaroThes i3 LTYYHOrO |
NpUpoaHOro 06’eKTiB, fKi YTBOPIOKOTL CKNafHy CTPYKTYpy. [OChiMkeHHs wuiel
CTPYKTYPU MOX/IMBO HA OCHOBI 3aCTOCYBaHHS Teopii CUCTEMHOro aHanisy 3
3aCTOCYBaHHAM pAfy AOMYCTMMMX NpunyLleHb. 3okpema, npu posrnsgi MM a6o
3M cyMicHO 3 onepaTopoM AOCAigKYBaTUMEMO TX MPU YMOBI, WO BOHK
(hYHKUIOHYIOTb Npu B3aeMofii BXigHUX X, npoMikHux Y1, y2 Ta BUXigHUX Y

napameTpax 3 ypaxyBaHHSIM BHYTPILLHbOTO CTaHy LWX CKIafoBUX. BHyTpiLLHili
cTaH aAngd MM xapakTepu3yeTbea napameTpom y Burnsagi CM, a gns 3M —y surnagi
C3, a ansa oneparopa — y Burnsgi On. 3’sS30K napameTpiB B CKNafi chopMoBaHmX
cuctem gna MM, a Takox ana 3M, nokasaHo Ha puc. 1 a) i 6).

o CM C3[ 3ac00m | V1
X ‘ Y1 | MoGiaena | ¥ X mexanizauii v
MamwuHa
Ou y2
Omnepatop
a) 6)

PrcyHOK 1 — Cxemu KepyBaHHS LUTYYHUMU CUCTEMAMU 3 YHACTHO
oneparopa:
a) ons cknagosux MM; 6) ans cknafosmx 3M.
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CdhopmoBaHuii 38’430K MapameTpiB B CTPyKTypi MM Ta 3M npu yMOBI, L0
BiJOMUMM, Hampuknag ana puc. 1 a), ABAAOTLCA MOro cTaH y surnsagi CM Ta

BXigHWiA napameTp X Yy AKOCTI BEAWYMHM BXIAHOT MOTYXXHOCTI, TO 3rigHO
CUCTEMHOMY MifXof4y BWXigHWIA nNapaMeTp Y, WO XapakTepusye €060
MOTY)XXHICTb Ha BUX04i MM, BU3HAYaTUMETLCA HACTYMHUM YMHOM:
yl=0n X, 1)
Y=CM y1=0n CM X. (2)
OTprMaHa 3aneXHICTb (2) CBIgYUTb, L0 BEMYMHA BUXILHOT NOTYXXHOCTI Y
3anexuTb Bif piBHA KBanidikauii onepatopa On Ta ctaHy MM, akuii gna MM
XapaKTepu3yeTbCsl, Hanpuknag, 3aralbHUM KoedilieHTOM KOpuCHOT Aii. PiBeHb
BiIHOCHOT KBanidhikauii onepatopa On 3Haxo4MTbCs B AianasoHi Big 1...0. AHani3
BMN/IMBY 060X (haKTOPiB Ha BENMUMHY BMXIiAHOT MOTY>KHOCTI CBIAUYNTb, LLO PiBEHb
KBanigikauii onepatopa On mMae HalibinbLwnii BNAUB. BiH 3MIHIOETLCS ANCKPETHO i
3a/1eXXNTb B OCHOBHOMY Bif AOCBiAY i CTaXXy po60TV onepaTopa Ha [aHiii MalLmHi.
Ons ctpyktypu 3M, 3rigHo puc. 1 6), mpu yMmoBi, WO Ti BigomMumMu

napaMeTpamu, SIBASAtOTLCA CTaH y Burnsai C3 Ta BXigHWiA napametp X Y SKOCTI
BE/IMUMHY BXiHOI NOTYXKHOCTI, TO TOAI BUXiAHWIA NapamMeTp Y, LU0 XapaKTepusye
€000 BUXiHY MOTY>HICTb, BU3HAYaTUMETbCA 3rifHO 3a/IeXXHOCTEN:

yl=C3 X, (3)
y2=0n X, 4)
Y=yl+y2=(C3+0n) X. (5)

CtaH onepatopa On pgna ctpyktypu 3M, HaBefeHOi Ha puc. 1 6),
XapaKTepu3yeTbCcA PiBHEM YMOBHO BiHOCHOT BE/IMYMHU NPUPOAHOT MOTYXKHOCTI
(abo ismuHoro 3ycunng), kUMM Bonogie onepatop 3M. BusHaueHHS LbOro
noKasHuKa NoTpedye NpPoBeAeHHS [0AATKOBUX AOCIIKEHD.

Mpouec aBTomaTn3oBaHoro ynpasniHHg MM npefAcTasieHo Ha puc. 2.

e o)
X N Mogiabna| Y
iy PUCyHOK 2 — Cxema
o] | aBTOMaTU30BaHOr0 YNPaBiHHs
ki po6ounm npouecom MM.

Bu3HayeHHs BUXiAHOT MOTYXHOCTI Y [Ansa aBTOMATW30BaHOI CUCTEMU
ynpaeniHHg MM, 0e3 ypaxyBaHHA BTpaT eHeprii B CUCTEMI KepyBaHHS,
3a6e3MeyyeTbCa 3a HaBEEHOK 3a/1eXKHICTHO

Y=CM X. (6)

MoTy>kHicTb BUXifAHa, 3rigHo (6), He 3aNeXuTb Bif PiBHA KBanidikauii
oriepaTtopa. BcTaHoBneHo B po6oTi, WO edeKTMBHE NiABULLEHHSA NPOAYKTUBHOCTI
MM i 3MeHLLEHHs BTpaT Nanuea 3abesneyye aBTomaTun3aLlis ix poboumnx npoLecis.

Cnucok niteparypu

1. A.c. 1713843 CCCP, MKW B 60 T 7/12. ABTOMaTWYECKNIA TOPMO3HOM
NpvBOA KonecHol MawuHel / B.T. ctomuH, J1.B. Hasapos, H.I1. Pemapuyk u gp. —
Ne 4808731/11; 3as8n. 04.04.90; ony6n. 23.02.92. Bron. Ne 7. — 5 c.

55



PO3POBJIEHHA MPOTOTUMY MEXAHI3OBAHOIO POBOTY
ONA TPAHCMNOPTYBAHHA O36POEHHA

3aaub I. A. cTygeHT MB-01/1; fosrononos A. tO. cT. BuKnagad, ka. TMBI,
CyMCbKWii lep>KaBHuiA yHiBepcUTeT, M. Cymu

Y cy4yacHOMY CBITi po60TY Ta po60TM30BaHI CUCTEMM CTatOTb HEBIfJ’ EMHOIO
YaCTMHOK NMHOACLKOrO XWTTA. MNoumHatoum Bifg poboTa nuiococa KM 3apas €
MalKe Y KOXKHOrO, Ta BMKOPUCTOBYETbCA AN MPUOMPaHHA XXWTAA, 3aKiHuytoun
poOOTU30BaHMMMN  KOMMAEKCaMM  SIKi  BUKOPUCTOBYHOTbCA Ha  BMPOGHUYUMX
nignpuemMcTBax 415 BUrOTOBMEHHS AeTaseil Ta CKNafaHHs PisHOro pogy MexaHismis
B rOTOBIi MaluWHW. B Haw 4ac po6GOTM CTa/in HEBIif’€MHOK CKIafoBOK iy
BiliCbKOBIlA cripagi. Bci cyyacHi Ta nepefioBi apmii CBiTy MatoTb Y CBOEMY apCeHani
[0CUTb BEIMKY KislbKiCTb po6OoTiB. Y 6inbLUOCTI BUNaAKIB Le € 60i0Bi poboTu, AKi
BUKOPUCTOBYIOTLCA /11 HAHECEHHS BOTHEBOMO YPaXKEHHS! MPOTUBHMKY, € PO60TK
4N TPAHCMOPTYBAHHA MOpPaHeHWX 3 nonsg 60k, TakoX LUMPOKO B apMii
3aCTOCOBYHOTLCS pO6OTU ANA TPAHCMOPTYBaHHS PI3HOr0 PoAy BaHTaXiB Ha Moni
60t0(BOHM TPAHCMOPTYHOTb BoeNpMNacK, Xy Ta iHLL Heo6XiAHI Ha Nosi 6ot peui).

B ymoBax MOBHOMacLUTAOHOI BiiHM 3 POCIICbKOK (heaepallieto, MUTaHHS
pO3p06KM HOBMX POOOTM30BAHUX CUCTEM Ta POBOTIB Ansi MOTPed 36pOoiiHMX cun
YKpaiHW Ta iHWMX CUIOBUX CTPYKTYP YKpaiHn Habyno AOCUTb BUCOKOTO 3HAYEHHS.
BapTicTb BTpaueHoro Ha noni 6010 A0pPOroLiHHOro 061aHaHHS, HIKOMM He 3PIBHSETHCS
i3 BTPATOO XUTTS YKPAIHCbKMM CO/AATOM, /IOACHKE XUTTA € 6e3LiHHMM. Ha oCHOBI
BYILLIE3a3HAYEHOTO Ta 3ara/lbHOBILOMOrO TBEPKEHHS, 3aa4a CTBOPEHHS BITYUM3HAHOIO
po6oTa 419 TpaHCMopTyBaHHA 6GOenpuUnacis Ta MPOAYKTIB XapyyBaHHA Ha NiHit0
60/0BOr0 3iTKHEHHS € [0CWUTb aKTyasbHOH 3afjaqelo Ta MoTpebye HeraiHoro
BUPILLEHHS.

MepLuoyeproBe 3aBAaHHs ke NOTPebye BUPILLEHHA — Lie BapTiCTb poboTa, Aka
MoBMHHa GYTW HabaraTo HUKYOK 3a 3aKOPAOHI aHasoru, Ta BiAnoBigaTy BapTOCTi
Cy4YaCHOro po3BifyBa/lbHOr0 kBagpokonTepa. CTBOPEHHA He [OpOroro po6ota,
[03BOMTL Ha noni 6010 congaty Aymaru npo 36epeXKeHHs B/IACHOTO XXWTTS, & He Mpo
Te 5K 36eperTu LM KOLUTOBHOMO po6oTa.

AK NPOTOTUM /151 CTBOPEHHS BilACbKOBOIO POBOTY AN TPAHCMOPTYBaHHS, 6y
BUPILLEHO B3ATWM MOAeNb pPo6OTM30BaHOMO TapraHa, Bifeo 3 Pi3HUM MOZENsAMU el
MeXaHi4HOT iCTOTM [OCUTb 6arato Ha MPOCTOpax iHTEPHETY. BUkopucTaHHs Liel Mogeni
6yn10 3yMOB/eHe NPOCTOTOK KOHCTPYKLT, a/pke A5 3a6e3rneyveHHs pyxy Lboro pobota
HeobXifHi: NpocTe aBTOHOMHE [yKepeno eHeprii (y BUrNs4i akymynsTopa) Ta npocTi
TEXHOMOTIYHI MeXaHi3MU MOELHAHHA AKMX 4Yepe3 He CKIafHI KiHeMaTWYHi 3B’A3Ku
[03BO/ISIE MPUBECTM B PyX LbOro poboTa. Po3pobnieHnin aBTopamm NpoToTUN AOCUTb
LUBMAKO PYXaEThCA i CKNAAAETLCS 3 HEAOPOTMX KOMMOHEHTIB.

Moganblua poboTa byfe cnpsMOBaHa Ha CTBOPEHHSA peaslbHOT MoAeni poboTa
3  MOX/MBICTIO MEPEMILLEHHA MO CKAafHilA  MICUeBOCTi, 3 MOX/MBICTIO
TpaHcrnopTyBaHHs 50 - 80 Kr KopucHoT Baru(boenpunacu, xapyi, Bo4a).
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FDM 3D-PRINTING
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Although 3D-printing is considered one of the main discoveries of the 21st
century, in reality, 3D-printing technology appeared in 1986, when the company 3D
Systems developed the first special printer — a machine for stereolithography, which
was used in the defense industry. Today, it is difficult to find an industry where 3D-
printers are not used: they are used to manufacture parts of airplanes, spacecraft,
submarines, tools, prostheses and implants, jewelry, etc. The perspective is clear —
additive technology will soon become a priority technology of mechanical
engineering. The essence of additive technologies is to connect materials to create
objects from 3D-model data layer by layer [1].

Nowadays, the three-dimensional printing market is growing rapidly and is
replenished with new models of unique production equipment, the possibilities of
which are almost limitless. Printed aircraft parts and assemblies, printed car body,
printed residential building, printed clothing, printed medical implants - this is far
from the entire list of achievements of modern additive technologies. However, the
most interesting thing is that you can print with almost any materials: polymers,
engineering plastics, composite powders, various types of metals, ceramics, sand,
concrete, wood, and recently even food and biological substances. Due to
availability and practicality, 3D-printing with various types of plastic is the most
common today.

All plastic 3D-printing technologies are based on four main methods of
processing polymer materials used in the industry for the production of plastic
products: extrusion, photopolymerization, granulation and lamination.

Modeling by layer-by-layer deposition FDM is the most common 3D-
printing technology in the world, on the basis of which millions of 3D-printers work
— from the cheapest to industrial 3D-printing systems. To create products using the
FDM 3D-printing method, filament (fiber for 3D-printers) is used from various
thermoplastic materials, which are supplied in the form of coils. Filament can be of
two standard diameters: 1,75 and 3 mm, depending on the specification of the printer

[2].

As with all 3D-printing technologies, the first step in making a physical object
is to build a digital 3D-model of it. The 3D-model in STL format is transferred to
the 3D-printer software. The program automatically (or the operator manually)
places the model in the virtual space of the working camera. Then the program
calculates the elements of auxiliary structures — supporting structures for the
overhanging elements of the object, as necessary, and calculates the necessary
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amount of consumables, as well as the time of «growing» the prototype. Before
starting the printing process, the model is automatically divided into horizontal
layers and the paths of movement of the extruder (printing head) are calculated — a
device that is equipped with a mechanical drive for feeding the filament, a heating
element for its melting, and a nozzle through which extrusion is carried out directly
— pushing out the molten polymer material onto surface of the product [1].

The received settings are saved, the model is converted into a control code
for the 3D-printer. Then the filament from the coil is unwound for introduction into
the extruder and the process of 3D-printing is started directly: the extruder melts the
filament and with high precision supplies the molten polymer material in thin layers
to the working surface of the 3D-printer in accordance with the printing algorithm
and the CAD 3D-model. After the layer is applied, the polymer material cools and
solidifies, and the platform on which the object is formed is lowered by an amount
equal to the thickness of the applied layer. Movement in three planes of the head and
platform is determined by an algorithm developed in advance using special software

[3].

After the construction process of the product is completed, the auxiliary
structures are removed (by hand or dissolved in a special solution), and the finished
product can be used in printed form or subjected to any method of further processing.

The main advantages of FDM 3D-printing: ease of use and lack of special
requirements for the room (suitability for use in the office); low cost of FDM-printers
and consumables; the possibility of using a large assortment of types of plastic,
depending on needs and colors [1, 2].

The main disadvantages of the technology: for overhanging elements, it is
necessary to create supporting structures, which must be removed after printing is
finished; low resolution, which leads to layering of the surface of the manufactured
model; the presence of thermal shrinkage is possible, which leads to a change in the
dimensions of the product after cooling.
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Regulated quality parameters of the technological surfaces of mechanical
parts machined by using technological machining of cutting, pressure, welding, etc.
are directly related to their operational characteristics and reliability parameters in
accordance with the necessary operational conditions [1, 2]. The investigations of
prioritized relationships need to analyse the physical and chemical processes during
parts machining at important phases and stages in their Life Cycles in accordance
with the important requirements of Industry4.0 and surface integrity [3, 4].

The current technologies for parts manufacturing have a priority influence on
the provision of regulated parameters of their quality in specified technological
chains "initial blank — workpiece — final detail — .... — final machine" at the stage of
development and operation of parts and products [2, 4].

Technological ensuring of the necessary quality parameters of mechanical
engineering parts is conducted by [1, 2]: design of the optimal structure of
manufacturing routes for machined surfaces of parts; comprehensive development
of finishing and finishing-strengthening operations for the specified technological
process during manufacturing of mechanical engineering parts; consideration of the
influence of technological media elements in different manufacturing conditions;
investigations of the heredity processes during mechanical parts manufacturing and
assembly of machines.

Technological route planning during the technological preparation of parts
manufacturing is realized by conventional and progressive approaches.

The conventional approaches include tabular and discrete-analytical methods
for technological routes planning of parts manufacturing [2, 3].

The tabular method for technological routes planning of parts manufacturing
is used to estimate object-oriented technologies in manufacturing engineering [29,
30]. Its goal is to ensure the necessary requirements of accuracy indicators and
quality of surface layers of parts technological surfaces using typical technological
routes for their manufacturing. The tabular method of technological routes planning
is a design-prior method and demands the perfect technical literacy of the designer
and technologist [1, 2].

The discrete-analytical method of technological routes planning for details
during parts manufacturing is used to investigate of object-oriented and functionally-
oriented technologies. It analyses the changes of the technological inheritability of
parts properties from the initial blank to the final part using the estimated refinement

est. [3].
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The experimental and calculation methods of technological routes planning
for parts manufacturing is used to investigate the current functionally-oriented
technologies. This methods of technological routes planning analyses the
technological inheritability of material properties of mechanical engineering parts in
technological chains "initial blank — workpiece — final detail” determining of
estimated refinement ex.by means of the important indicators of the material
homogeneity criterion (MHC) [3]:

est. = Mpart /Mol 1)

est. = bl./ part » (2

where Mpart , My, are the Weibull homogeneity coefficient (m) for the blank

and mechanical engineering part, respectively; u., part are coefficient of variation
for the blank and mechanical engineering part, respectively.

Refinement for the i-th technological step on specified technological
operation is calculated by [3]:

i =mi/Mi-g ®3)

i~ i1/ i 4)

where m;, mi.1 are indictors of WHC at the current and previous technological

steps, respectively; i1, jare coefficient of variation at the previous and current
technological steps, respectively.

The obtained regularities by means of possible approaches in manufacturing
engineering allow for providing similar verified results for various principles in
technology development during parts machining [1, 4]. The positive results were
achieved using rational combining progressive rotes planning for technological
surface machining of parts, complex development of finishing and finishing-
strengthening operations, determining of influence of technological media during
products manufacturing, and consideration of heredity properties in technological
chains "initial blank — workpiece — final detail".
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The use of laser technologies is a progressive direction in mechanical
engineering, which has gained significant development in recent years.

Laser technologies differ from traditional processing methods in the absence
of contact phenomena in the processing zone and the possibility of precisely dosed
intensive energy supply to the surface of the product; locality in depth and area of
physical processes in the zone of thermal influence while preserving the initial
properties of the main volume and the absence of significant deformations of the
processed parts; the possibility of processing almost any materials, regardless of
their mechanical properties, with high quality and productivity [1].

Compared to mechanical processing, laser piercing of holes has a number of
advantages: it is possible to pierce any material regardless of its mechanical
properties; it is possible to obtain holes of small diameters (from several micrometers
to 0.3...0.5 mm) with a large ratio of depth to diameter (10...25). It is possible to
obtain holes with an axis directed at an angle to the surface.

This type of processing is usually performed by pulsed radiation - monopulse,
multipulse (pulse lasers on garnet and CO,). However, there are a number of
operations for which it is appropriate to use continuous radiation. The peculiarity of
laser piercing of holes is the implementation of the process not due to mechanical
removal of the material, but as a result of its melting and evaporation [2].

Increasing the accuracy of laser processing of holes can be achieved by
improving the design of laser technological installations and improving their
technical and operational characteristics. The intensification of the laser treatment
process by supplying additional energy to the zone of influence of laser radiation is
interesting. Processing of holes is currently the widest field of application of pulsed
laser radiation. Due to the specificity of laser processing, its use is limited only to
parts with a wall thickness of no more than 5...12 mm [3].

Here are some examples of the application of this technology. First, it is the
processing of a series of holes (with a diameter of less than 1 mm) in long tubular
and sheet blanks. Examples of such parts are long tubular blanks with a large number
of holes for the fire protection system of the aircraft, for spraying systems, curved
pipes, long profile rolled parts. It is advisable to use laser processing if it is necessary
to obtain holes of the same diameter with a large density of their placement over the
area of the sheet blank - in the manufacture of various sieves, filters, laminated
surfaces of aircraft, etc.

The second is obtaining a system of holes for cooling turbine blades. To avoid
so-called «hot spots» on the surface of the blades, the density of holes should be up
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to ~200 holes/cm2. In addition, the complex structure of heat-resistant nickel alloys
used for these products requires such an arrangement of the system that does not
change their structure and properties. A promising technology for obtaining cooling
microholes (100...500 pm) in heat-resistant alloys is laser piercing [1].

The third is the processing of holes in watch and instrument stones (made of
synthetic ruby, leucosapphire), which play the role of bearings. Currently, the low-
performance mechanical drilling of holes in guard and instrument stones is almost
universally replaced by laser drilling. A similar technology ensures the productivity
of the equipment up to 45 thousand stones in two shifts [1, 2].

The fourth is the effective use of laser technology for piercing holes in
diamond rods for drawing wire 10...1000 microns. Laser technology allows you to
increase the productivity of traditional processing by more than 100 times.

For the fifth time, holes (with a diameter of 0.01 ... 0.25 mm) are obtained in
the housings of fuel equipment sprayers.

Sixth, treatment of gas discharge holes in the liners of tire molds (used for
vulcanization of tires in the automotive industry).

Seventhly, the processing of holes in ceramic materials (for example,
spinnerets for textile engineering; ferrite memory plates); in other dielectric brittle
materials — glass, quartz, etc.

Eighth, laser piercing of holes in medical parts - the heads of injection needles
(made of brass wire by cold pressing).

One of the areas of expedient application of laser radiation is the piercing of
holes for the introduction of the wire electrode of an electroerosion cutting machine
in plate blanks of hard alloy punching dies, as well as other similar parts.

And the last is the production of sieves with holes less than 1 mm in diameter,
with a density of 10 ... 15 thousand pieces/m? of holes (for the flour milling and
chemical industry, for fishmeal production machines).
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MPOBJIEMW TOYHOCTI MPO® /IO BE/IMKO-KPOKOBOI HAPI3I,
TOYEHOI 3 JOMNOMOI OO IBOHUTKOBOI O PI3LA

Onucbko O. P., npochecop, ®apuntok P. M., acnipaHT, Kategpa
KOMN’l0Tepr30BaHOro MallMHobyayBaHHs, 1BaHO-DpaHKIBCbKWIA HaLioHaNbHUI
TEXHIYHUI yHiBEpCUTET Had TV i rasy, M. IBaHo-PpaHKiBCbK

Bennko-Kpokosi Hapisi LLIMPOKO BMKOPUCTOBYHTHCS y
HathTOra3oBnao0YBHIli ranysi ans 3’ eqHaHHA 06CafHNX, HACOCHO-KOMMPECOPHUX Ta
OypunbHUX Tpy6. YCi Hapisi TakMX 3€AHaHb € KOHIYHUMMK i X BMKOHYHOTb i3
BE/IMKUM KPOKOM. 15 OYpurnbHMX TPYO KPOK CTaHOBMTL Bif 4,2 Ao 6,35 (Mm). [o
Takux 3’efjHaHb € 3Ha4YHi BUMOrM [0 MILHOCTI repMeTUYHOCTI Ta 3rBUHYYBAHOCTI,
O Y CBOK uepry BMMarae [AOTPUMaHHA TOYHOCTI LWOAO KPOKY , CepefHbOro
JiameTpy Ta npodinto Hapisi.

BypiHHsA CBepA/0BMH NpOLIEC TPMBA/INIA, CaMi CBEPAIOBUH CKIaLal0ThCA i3
TUCAY 3rBUHYEHUX TPYO, a KiflbKiCTb CBEPA/IOBUH BU3HAYAETLCA AECATKAMM TUCAY,
WO CTaBUTb  Ha 4ifbHe Micle  BMMOrW, LWOAO NPOAYKTMBHOCTI npouecy
BUIOTOB/EHHSA Hapiseil. FK npaBun0 OypubHI 3aMKOBI Hapi3i BUroTOBMSHOTb
TOYiHHAM, ane npu LbOMY 3aCTOCOBYHOTb TiflbKM OAHOHUTKOBI pisus. lMpouec
TOUIHHS ABOHUTKOBMM Pi3LeM BYMArac TEOPETUYHOIO BUBYEHHS, Y MepLUy Yvepry
Ansi nepeabayeHHst TOYHOCTI Hapisi [1].

Mpo6semMn TOYHOCTI  BMFOTOBMIEHHA ABOHUTKOBMM Ppi3LeM, MOMArae y
HacTynHomy (puc.l):

- nepegHs nosepxHs AC 19 NPOAYKTUBHOCTI Npouecy NOBUHHA 6yTu
po3MillieHa NeprneHAUKYNSPHO 4O FBUHTOBOI NiHiT, TOMY BUHMKae Bigxun A, wo
NPV3BOAUTL [0 3MiHW KyTa Npoginto Hapisi a;

- Mpodifib KOHIYHOI Hapi3i € HeCUMEeTpWUYHWIA, TO6TO CcTopoHa 1 €
KOPOTLLOK HiXK CTOpOHAa 2, WO Cnij BpaxyBaTy Mpu NpogifitoBaHHsA pisasibHOT
Kpaiiku [1];

- NigioM TBUHTOBOI MiHIT Yy KOHIYHMX Hapised € 3MiHHMM, TOOTO
MaKCMManbHUM Ha MeHLLil OCHOBI KOHYyCa i MiHIMafbHUM Ha A0ro Gi/bLLUIA OCHOBI,
TOGTO y Mpoueci cnifi BM3HAUNTUCA, AKUIA KyT MigiAoMy € NpiopuTeTHUIA Ans
NPOEKTYBaHHSA pi3us;

- KyT Mig/ioMy TBWHTa € Pi3HWIA Ana BnaguH 3 [iaMeTpoM, BUCTYMIB 3
piametpom D major, cepefHboro giametpy D pitch, Wwo cTtaBuTb NuTaHHA BUGOPY
KyTa Haxuny pisanbHoi Kpaliku pisus A [2];

- KPOK P BM3HAYaeTbCA He TiflbKU KiHEMATUYHUMU XapaKTepucTUKamm
npoLecy, ane i KOHCTPYKTUBHUMMW 0COB/IMBOCTAMU | TOYHICTHO IBOHUTKOBOIO Pi3Ls

- KyT Haxuiy pi3afibHOT Kpaiku A MPU3BOAWTb 40 NEBHUX BiAXWAiB Npodifto
Ta cepeaHbLOro AiameTpy, sKi CNij BpaxoByBaTW, K CKNaA0BI AOMYCKY Ha TOUHICTb
[2, 3].
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D major

o /L a(/L %

PucyHok 1 — Cxema KOHIYHOT 3aMKOBOT Hapi3i 3rigHo 3i ctaHgaptom API 7

MepeniveHi Npo6aemu TOYHOCTI NPOinto, AKNIA ANA 3aMKOBMX Hapiseil 3a
API 7 Standart nepebyBsae y fonycTUMUX Mexax =40, aK i TOYHOCTi Kpoky +0,11
MM NOTPebytoTb aHaNiTUYHOrO NiAX04Y Y BUBYEHHI Ta TX eKCMepUMEHTabHOIO
NigTBEPAXKEHHS.
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The approaches of sustainable manufacturing in mechanical engineering
ensure systemic consideration of machining regularities for the provision of
necessary technical requirements, including environmental, economic, and social
directions [1].

Currently, environmental standards are more actually than other ones [1, 2].
Increasing energy consumption in different branches of manufacturing engineering,
the significant using of lubricating and cooling fluids in machining, recycling parts
of devices for blank manufacturing, metal-cutting tools, and chips of different types
serve the global problems for the world economy.

However, the feasibility of use and efficiency of determined chemical and
physical processes, the validity and solving of the necessary design and
technological tasks, and the competitiveness of manufactured parts and products are
estimated by economic approaches and techniques. Alternatively, the critical values
of economic criteria often serve as target functions in practical optimization tasks of
different complexity in manufacturing engineering [1].

Quality parameters of mechanical engineering parts and machines are
ensured by cutting, surface plastic deformation, chemical and heat treatment, etc.,
using object-oriented and functionally-oriented technologies [1, 2].

Object-oriented technological processes are realized in traditional
computerized systems of technological preparation of manufacturing. They use the
typical technological processes of parts manufacturing with the regulated
implementation of interconnected phases. The important task for object-oriented
technologies is to ensure the product quality parameters using the provision of the
necessary requirements for the design and technological documentation. The
minimum technological cost of a mechanical engineering part or product is
optimization criteria during the technological process design [3].

Technological cost Ciecnn.i is determined by [3]:

Ctechn.i = Cstandi Tp.-c.i (Tp.i ): 1
where Csand.i — cost standard for i-th technological operation/step [UAH/min,

etc.]; Tpci, Tpi — piece—calculation time or piece time for i-th technological
operation/ step, respectively [min, etc.].

65



Piece—calculation time Tp.c; is calculated by [3]:
Tpci=TpitTp- f.i/n : (2

where T,.«i — preparation and finishing—up time [min, etc.]; n — the number
of parts in the batch.
Piece time is calculated by [3]:
Tpi = Tmach.i * Tadd.i * Tserv.i * Tr.i s 3)

where Tmach.i, Taddi, Tserv.iy Tri — Machining time, additional time, time for the
service of the equipment, and time for the rest and worker’s private purposes,
respectively.

The minimum value of rational machining time for object-oriented
technologies for certain technological operation is the target function of the
optimization problem and a function of the synthesized parameters [3]:

Tmachi. (t, S, n, V) - min, 4)
where t, S, n, V are elements of optimal cutting modes for specific
technological operation including cutting depth, feed rate, rotary speed, and cutting
speed.

The solution of this optimization problem is possible by choice of rational
cutting mode according to the maximum productivity of the technological equipment
and the its rational loading.

Machining of the technological surfaces of mechanical engineering parts
provides in accordance with the principle of functionally-oriented technologies.
Their characteristic feature is the technological ensuring of the necessary operational
characteristics and reliability parameters of the parts and machines in compliance
with the accuracy and quality parameters of the surface layer of the product specified
by the designer operational conditions [1, 3].

The maximum machining time in the certain technological operation or
specified technological step during part machining is the target function of the
optimization problem for the choice of its optimal parameters [3]:

[Tmachi. (t, S, n,V)] - max, 5)

The solution of this optimization problem is possible by using Markov chains

with the formation of a system of Kolmogorov-Chapman differential equations.
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BMPOBEHVLITBA LLUAPOLLIOK
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MpakTuKa peanisavii iHTErpoBaHMX KOMM’HOTEPN30BAHMX CMCTEM BUSIBUMA
HeoOXigHICTb NOo6YyAOBM i€PapXivyHOT IHTENEKTYaslbHOI CUCTEMM BUPOGHWNYOrO
cepeaoBwLLa BiAMOBIAHO [0 CTafiil CTBOPEHHS | BUTOTOBMEHHS JONIT Ta XXUTTEBOIO
LMKy TeXHOMOri [OMOTHOro BMPOGHWLUTBA. [ly)ke BaX/IMBe 3HaYeHHs ANA
peanisauii iHTErpoBaHWX TEXHOMOFi/A Mae piBeHb THYYKOCTi Ta 34aTHICTb [0
afanTauii - TexHonoriyHux cuctem. Oco6/MBI  BUMOTM  BUCYBAtOTbCA [0
TEXHONOTIYHOT CUCTEMU, B AKUX BUPOBHMYI NiHIT, CyMICHO i3 CUCTEMOLO opraHisaLii
BMPOGHNYOTO MOTOKY, 3aCTOCOBYHOTLCA [/ BUTOTOBNEHHS CiMe/iCTBa LLapoLUIOK Ta
nan gns 6ypoBuX AONIT, CKNaaaibHMX onepauii (CKnagaHHs: LWapoLLIOK 3 BCTaBHUM
OCHaLLEHHAM, OMOp CeKUili Ta Cekuih B rotoBe A0noto). Mpu ubomy, Ans
e(heKTUBHOI0 BUPILLUEHHSI KOHCTPYKTOPCbKO-TEXHOMOTIYHNX 33fa4 Ha KOXHOMY
eTani, CTBOPKOKOTLCS Ta CUCTEMATUYHO MOMOBHIOKTLCS 6asn 3HaHb, AKi MalOTb
BK/THOYATK, MOPAZ 3 KOHCTPYKTOPCLKO-TEXHOMOTIHHOK JOKYMEHTALIEr0, MPOTOKON
aucnetyepmsalii pyxy CUMPOBWMHKM, 3arOTOBOK, MiBGabpuKaTiB, IHCTPYMEHTY Ta
npouecis Towo. Came HEO6XiAHICTb CUHEPreTUYHOro MOEAHAHHA HAYKOEMHUX
TEXHO/OT i, PO3B’A3aHHA MPOEKTHUX W KOHCTPYKTOPCHLKO-TEXHOMOMIUHMX 3adad,
(hYHKUiOHaNbHO OpiEHTOBAHNX iHTerpoBaHux TEXHO/OTI, THYYKUX
KOMMN’OTEPU30BAHMX TEXHOMOMYHUX CUCTEM Ha 6a3i KibepHEeTUYHUX CepenoBuLy, 3
LUTYYHWUM iHTENEKTOM [ae 3MOry Pi3KO 3MIHWTW PiBEHb SKOCTi TPULLIAPOLLIKOBMX
OypoBux foniT. Lie TakoX MakCMMasbHO PO3KPUBAE MOXIMUBOCTI MapasnefibHoro
NPoeKTyBaHHS.  BigTak, 0AHOYaCHO  PO3pO6NATLCS,  MPOEKTYHTbCH i
BUrOTOBANAOTHLCA LwapoLuku Nel, Nell, Nelll TpuLiapoLLKoBOro 6ypoBoro AonoTa.

[na  3abesneyeHHs 3afaHWX  (YHKUIOHANbHUX  BIACTUBOCTEN  Mpu
ekcnayatauii gonota HeoOXiAHO 3a[0BOMbHUTM BUMMOTM KOMMJEKCY SKICHUX
NOKa3HWKIB Ha PiBHI BUIOTOBMIEHHS | BAOCKOHANEHHS. BianpaBHOK TOYKOK A0
(hopMyBaHHA KpUTepiiB SKOCTI J0M0TA € AaHi 3 IXHbOro BiANpaLoBaHHSA, XapakTep
Ta NPUUYMHWU BTpaTM NpawuesfaTHOCTi, O0CO6AMBOCTI 3HOLUEHHS, MOLUKOMXEHHS,
pyViHYBaHHS TOLLO.

AHani3omM BignpaLoBaHHa 6ypoBKX LONIT BCTAHOB/EHO, WO BiANOBigaNbHI
eNeMeHTV [0N10Ta BUABASAKOTL Taki 0COBMBOCTI:

1. HeonTvManbHUiA po3nogin BHYTPILLIHIX HANpY>KeHb B Tinax AeTasei.

2. HeonTumanbHWn KOHTAKT B CMIPSHXKEHUX AeTansx. 30KpeMa BUHUKHEHHS
Heb6e3nNeYHMX KOHTAKTHMX AethopMauiii BignoBigabHUX €NeMEHTIB KOHCTPYKLUT.
Hanpviknag, B CNpsXKeHHi «XBOCTOBMK TBEPAOCMNIABHOIO BCTABHOIO 3ybka — Tiflo
LUAPOLLKM» BUHMKAKOTb HaMPY)XXEHH, L0 PI3KO 3HWKYHOTb HE TiflbKU HagiliHIiCTb
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V)

MPecoBaHOr0 3’€fHaHHsA, a i CMAPWUYMHIOTL PYIHYBaHHA TBEPAOCM/IAaBHOMO
BCTaBHOI0 MOPOAOPYHIBHOIO OCHALLEHHS LWapoLwku [1].

3. HasBHicTb pi3Ko BiAMiHHWX OAWH Bifi OAHOrO MiCLIEBMX KOHLEHTPATOPiB
Hanpy>eHb. 30KpeMa, CKNafHWUA KOMMNIEKC BHYTPILLUHIX HAMPYXeHb CAPUUYMHEHNX
0COBNMBICTIO KOHCTPYKLiT MOPOXHMHY LLIAPOLLIKX Ta 30BHILLIHLOT PO60YOT YacTUHU
[e BCTaHOBNeHe BCTaBHE MOPOAOPYWHIBHe OCHaLleHHsA. BigTak npu ekcnnyatawii
MaEMO BIAMOBM i1 BTpPaTM Mpaue3fdaTHOCTI LUAPOLLOK Yepe3 MOLLUKOMKEHHSA Ta
PYViHyBaHHS €NneMEHTIB Omnopu abo MNOPOAOPYIMHIBHOTO OCHALLEHHS. TakoX
TPannATbCA KaTacTPodhiuHi pyliHyBaHHS LLAPOLLIOK B HebGe3neyHmx nepepisax [2].

4. B npoueci poboTn AonoTa Tina KOYEHHs onopu, a BiATaK i LIApOLLKK
3MOHTOBaHi Ha Orfopax BTpaYalTb CTilKicTb piBHOBaru [3]. Lle cnpuuunHioe
3aKNMHIOBaHHs omop. TakoX (iKCYTbCA BUNaAKM, KON BTPayalouu CTIlKiCTb,
MPOKPYYYHTLCA TBEPAOCMNNABHI 3y6KW. BifTak, 3MIHIOETLCA OpieHTaLis BpaXkatouoi
yacTuHM 3y6Ka, abo BiH BNagae y BUGIl. Lie TakoX CYTTEBO 3HMKYE eheKTUBHICTb
[0n0Ta i AK HaCNifloK, 3HMKYETLCA TEM OYPiHHA.

5. EnemMeHTH TpULLApPOLLIKOBOro 6YpoBOro 4osoTa (OyHKLIOHYHOTb B YMOBax
KOMM/IEKCHOT AiT NOBTOPHO-3MiHHWX HaBaHTaXeHb. BifiTak, B npoueci ekcnnyarauii
BMHMKalOTb Aedopmauii, WO iCTOTHO MOPYLWYHTb (PYHKUIOHAIbHICTb HE TiflbKn
BIAANOBIAANbHMX [AiNAHOK, CKNafoBKX eleMeHTIB, a i1 4onoTa B Linomy. Hanpuknag,
BiHL|i LLAPOLLIOK Ta eNeMeHTI ONnopu 3a3HatoTb Nepe gecopmallii, B pesynbTarti Lboro
(hiKCYHOTbCA ABULLA BifLLIapyBaHHA NOBEPXHEBUX LUAPiB, CKOSIKOBAHHA (DparMeHTiB
TOLLO.
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CYTMEP®IHILWLIHA NMHEBMOBIAUEHTPOBA OBPOBKA BHYTPILLUHIX
LUMMHOPNYHNX MOBEPXOHb CTAJIEBUX 3AFOTOBOK

Kynukiscbkuid B. J1., foueHT Kadegpu A Ta TC, MNonicbKnii HalioHanbHUiA
YHiBEpCUTET, M. XKUTOMUp

CTBOpEHHSsI cnocoby cynepdiHilLHOT NHEBMOBIALEHTPOBOI 06po6KKN 6Yyno
00YMOBNEHO  HEOOXIAHICTIO  MOAIMWEHHS  eKchyaTauiiHux — BNacTUBOCTEN
NMOBEpPXOHb OTBOPIB CTa/IeBMX 3ar0TOBOK, LU0 He MifgdaBanucb TepMoobpobui, Ao
AKOCTI IKMX CTaBMATb NiABULLEHI BUMOrK 3a pPsiAOM MapameTpiB.

Oco6nMBICTb €Mocoby nonsrae B PO3MipHi Ne30Biii 06pobLi MOBEPXHi
OTBOpY 3ar0TOBKW Ta HACTYMHOMY MOBEPXHEBOMY MAACTUYHOMY AepOpPMyBaHHI
XKOPCTKMMM  pobouMMK  efeMeHTaMy 0 OTPMMaHHS Ha MOBEpPXHi, WO He
nigaasanacb TepmMoobpobLi, napameTpa WopcTKocTi Ra<0,16 MKM. I3 nogabLuoto
cynepgiHilUHO MHEBMOBIALEHTPOBOIO 00POOKOD PO6OUMMU  efleMeHTaMu  —
KyNbKamu, MOBEPXHA SKMX Mae napameTp LUOpcTKocTi Ra<0,08 mkm. Cnocib
[03BONSE  OTPUMYBaTV Ha BHYTPIWHIA UMNIHAPWUYHIA NOBEPXHi CTaneBux
HEXXOPCTKMX 3aroToBOK (6e3 TepMO06POOKM) LIOPCTKICTL Ra<0,1 MKM.

OTpuMaHHA MiHiManbHOT LLUOPCTKOCTI MOBEPXHi 3aBXAu nos'A3aHe 3i
36i/bLLEHHAM TPYAOMICTKOCTI Ta BapTOCTi 00poOKM. 3a ofepXaHHs OAHAKOBOT
LLIOPCTKOCTi, pi3HMMM crnocobamu, HaiMeHLla BapTiCTb BiAnNoBigae 06po6L;i
PO3KOYYBaHHSIM, a HaibiNbLLUa — abpasMBHUM METOAaM 06POBKM.

LocArHeHHs napameTpa LIOPCTKOCTI Ra MeHwe 0,1 MKM MOXvBe npu
06pobLi NOBEPXOHb OTBOPIB YXXOPCTKUMMW CenapaTopHUMK HakaTHWKaMu (Tabs. 1).
MpoTe cnif BpaxoByBaTh BUXiAHY LLIOPCTKICTb NOBEPXHI Ta XKOPCTKICTb 3aroTOBKM.

Tabnuua 1 — Hatar npu 06po6LLi 0TBOPIB XXOPCTKUMU CenapaTopHUMm
HakaTH1Kamu (Mm)

BuxigHwii napameTtp | MapameTp WOPCTKOCTI, AKOTO MOXKHa A0CArTM Ra, MKM

LLIOPCTKOCTI Ra, MKM 0,32 0,16 0,08 0,04
1,25 0,01-0,04 0,015-0,05 | 0,02-0,06 0,02-0,08
2,5 0,03-0,06 0,04-0,07 0,06-0,09 0,08-0,11
50 0,06-0,10 0,08-0,13 0,09-0,16 0,14-0,19
10 0,12-0,17 0,14-0,19 0,17-0,22 0,19-0,24

3i 3poCTaHHAM BMXIAHOT LWOPCTKOCTI, AN OTPUMAHHA HEBEMIMKMUX 3HAYEHb
napameTpa Ra, Heob6xigHO 36inbLUyBaTV HAaTAr. KW 41 TOHKOCTIHHOT 3ar0TOBKM
npvssege 40 06'€eMHOro Led)OpMyBaHHS CTIHOK. TOMY, PEKOMEHAYETbCS Nicns
nonepefHLOro BWGOPY HaTAry, 3a TabAMUAMW, YTOUHWUTW KOr0 ONTUMasbHE
3HaYeHHS JOCNIHUM LUMISAXOM.

AHani3 0cobnmBoCcTel 06POOKM BHYTPILIHIX UWAIHAPWUYHUX MOBEPXOHb
CTaneBMX 3aroTOBOK [J03BONSE 3pOOUTK BWCHOBOK MPO Te, L0 Y BITUM3HAHOMY
MallUMHOBYAyBaHHI  Ccynep@iHillHa NHeBMOBIALEHTPOBa 06pobka [03BONSE
OTPUMYBATU LLOPCTKICTb NOBEPXHi Ra < 0,1 MKM, MOKpaLLyBaTh eKcnyaTaliiHi
B/IACTMBOCTI 06pO6NEHOT MOBEPXHI, 683 CYTTEBMUX MaTepia/lbHUX BUTPAT.
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DIGITAL TWIN OF THE CUTTING MACHINE

Oleksandr Sokolov, Ph.D. student; Vitalii lvanov, DSc., Professor,
Head of the Department of Manufacturing Engineering, Machines and Tools,
Sumy State University, Sumy, Ukraine

In recent years, there has been a growing interest in using digital twins to
optimize machining processes and improve the performance of metal-cutting
machines [1]. Digital twins have become an increasingly important technology in
the manufacturing industry, particularly for metalworking equipment.

The digital twin of a cutting machine is a virtual replica of the physical
machine [2], created using simulation modeling. It represents the geometrical and
kinematic properties of the physical machine and is calibrated using real-time data
from the machine. Once validated, the model can be used to simulate various
manufacturing processes and optimize cutting parameters, such as cutting speed,
feed rate, and depth of cut, to achieve maximum efficiency.

The use of digital twins in cutting machines has several advantages [3].
Firstly, it can optimize the cutting parameters, decreasing production time and
enhancing machine efficiency. Secondly, it can assist in selecting optimal cutting
tools and materials for specific manufacturing processes. Thirdly, it has the potential
to predict and prevent potential machine failures, thereby reducing maintenance
costs and minimizing downtime.

Optimizing cutting parameters can lead to significant material and labor cost
savings. Additionally, the digital twin of cutting machines can improve the quality
of finished products by selecting the optimal cutting tools and materials.

In conclusion, the digital twin of the cutting machine is a promising
technology with significant applications in the manufacturing industry. It can help
optimize manufacturing processes, reduce errors, and improve efficiency, increasing
productivity and cost savings.

Therefore, this study aims to create a digital twin of a metal-cutting machine
capable of monitoring its parameters utilizing the cutting speed, feed, and cutting
depth as the basis for real-time monitoring, analysis, and optimization.

The research was partially supported by the Polish National Agency for
Academic  Exchange  within  the projects BPI/UE/2022/8-00 and
BPN/ULM/2022/1/00045, and International Association for Technological
Development and Innovations.
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MPO®ECINHA TEXHIYHA TEPMIHONOCIA: CYYACHI BUKKUA
LWOA0 CTBOPEHHA HOPMATUBHOI JOKYMEHTALLIT

Kocosa T. M., cT. BuKn.; demugerko €. O., cTya. rp. 302-o,
BCM «MalumnHo6yaiBHWiA thaxosuid Konea>x CymA4Y»; MasneHko 1. B., npod.
Kah. KM im. B. MapumHkoscbKoro; IsaHos B. O., 3as. kadh. TMBI,
CymAyY, m. Cymu

Y cyyacHMX YMOBaX BOEHHOI arpecii pociiicbKoT heaepauii B YKpaiHi, gy>ke
rOCTPO NOCTAE NUTaHHA LWOAO PO3BUTKY HaLiOHabHWUX CTaHAapTIB. 3 Ornagy Ha ue,
€ HeoOXigHICTb MOCTIAHOrO BAOCKOHANEHHS HOPMATUBHOT 6asu 3 po3pobreHHs
TEKCTOBOT Ta rpadiuHOi [AOKYMeHTauil 3 ypaxyBaHHSM JIEeKCUKO-CEMaHTUYHUX
0c06MMBOCTEN NepeKnagy TEPMIHOMOTIYHMX C/I0BOCMOMYYEHb.

CyyacHi CcTaHJapT¥ YKpaiHM MaloTb irHopyBaTW 3acTapini  HoOpMu
NoCTPaLAHCHKOT EAMHOT CUCTEMM KOHCTPYKTOPCLKOI JOKYMEHTALLIT Ta BPaXOBYBaTy
Cy4acHi TpeHamn B 3abe3neyveHHi SKOCTi HOPMaTUBHMX AOKYMEHTIB BignoBigHO A0
BMMOr Mi>XKHapOAHOT opraHisauii 3i cTaHgapTU3aLil.

30Kpema, 3Ha4Ha KiflbKiCTb [ep)KaBHNX CTaHAaPTIB € afanToBaHO BEPCIErD
MDKHapoAHMX cTaHgapTie 1SO. 3 i€l npuunHM  fesKi NOHATTH, HaBeaeHi
YKPaiHCbKOK MOBOHO, HE CMiBMaJaroTb 3 6e3nocepeHiM Nepeknaaom BifgnoBigHMX
aHrNOMOBHMX CNOBOCMONYK [1].

TexHiyHa TepMiHO/OTif Ma€ BigNoBigaTy OdiLiiHAM BapiaHTaM Nepeknagis
3 aHrniiicbkoi MOBM BIAMNOBIAHO O HOPMATMBHUX [LOKYMeEHTIB HauioHanbHOro
CTaHgapTy YkpaiHu [2] — aHanory 1SO 5127:2001. Y uboMy CTaHZapTi HaBefeHO
CMOBHUK TEPMIHIB, WO CTOCYETbCA [AissbHOCI 6i6nioTeK, AOKYMEHTaUiHUX Ta
iHpopMaLiiHMX  LeHTPIB, CAyx6 iHAeKcyBaHHS i pediepyBaHHSs, apXiBiB,
iHhopmaLiiHOT Hayku Ta BMAaBHMLTBA. [l0 HbOr0 TakKoX [OMYYEHO [OBifKOBI
HauioHaNbHI JoaaTKu.

TakoX AN CrpusHHSA PO3BUTKY TEXHIYHOrO PiBHA MiArOTOBKM Cy4acHOro
iH)XeHepa BIANOBIAHO [0 HOPMaTMBHOI 6a3n YKpaiHu, HaykoBUsMU CyMCbKOro
[IEP>KaBHOr0  YHiBepCUTeTy OyN0 CTBOPEHO HaBYa/lbHWIA MNOCIGHUK [3], sAKwii
BPax0BYE Cy4YaCHWIA CTaH iHTerpauii YKpaiHu B €BPONeCbKUA Ta MiXKHapOAHWA
HayKOBO-TEXHIYHMIA NPOCTIP. TakoX BpaxoBaHO /IEKCMKO-CEMaHTUYHI 0COBIMBOCTI
YKPaiHOMOBHOI0 nepeknafy OCHOBHUX TEeXHIYHWUX TEPMIHIB i TepMiHOMOriYHMX
C/IOBOCMNO/YYeHb | MICTWUTb BiANOBIAHI pekOMeHaLil, CNOBHMK Ta iHLWi HayKoBO-
TexHiYHI i JOBIZKOBI MaTepianu.
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MPOFPAMHA PEAIBALIIA MATEMATUUYHUX MOAENEW
MPOLIECY B3AEMOAIT MEPEAHBLOI MOBEPXHI NIE3A 31 CTPYXXKOKO

TapaceHko |. B., maricTpaHT; Boitunwen O. J1., aupekTop LieHTpy cneuianbHux
TexHonoriit; Mauepa C. T., npodhecop, Kadeapa TEXHOMOTI MalMHOOYAyBaHHS
Ta MaTepiano3HascTBa, HalioHanbHUii TexHiYHWiA yHiBepcUTEeT
«[JHINpOBCbKa NoniTexHiKa», M. iHINpo

MogentoBaHHIO (i3NYHMX NPOLIECIB MeXaHIYHOro 06pO06/EHHS MeTaniB
npucBAYeHa [AOCTaTHbO 3HaYHA KiMbKICTb Cy4aCHWX HayKOBMX [OCMiAKeHb,
Hanpuknag, po6otn [1-5]. B po6oTi [6] oaepxaHi MaTeMaTWM4Hi mogeni, WO
Mo3B’A3YH0Tb HAMPY>KEHHA Ha NIaCTUYHOMY KOHTaKTI CTPYXKKa-N1e30 3 4OTUYHUMU
Harnpy>XeHHAMW B MOLLMHI 3CYBY i [403BOMIAOTH NiABULLMTI TOYHICTb PO3PaxyHKY
MOKa3HWUKIB B3aEMOZiT nepefHbOT NOBePXHi f1e3a 3i CTPYXKKOIO.

MpaKT4yHe BMKOPUCTaHHSA BKa3zaHUX MaTeMaTW4YHUX MOAENEN MoB’s3aHo 3
NeBHUMM METOAONOTIYHUMU TPYAHOLLAMU, L0 BUHMKAKOTb BHACNIAOK HeNiHIHOIO
XapakTepy 3a/leXXHOCTell Ta MPUCYTHOCTI HEAIBHMX B3aEMO3B’A3KiB NapameTpiB.

MeTol0 fgaHOro [OCnigkKeHHs € po3pobka anropuTMiuHOi  Mogeni
PO3paxyHKy HOPMa/lbHUX i TaHreHLUianbHUX Hamnpy>XeHb Bif AOBXMHW KOHTAKTY
CTPY>KKMU 3 IE30M.

CTpYKTypHa CxeMa po3po6/eHoT anropuTMiuHOT Moaeni HaBedeHa Ha puc. 1.

1. BeedeHHs novamKosux 7. [pachidHe ModeniosarHs
daHux nepedkb0z0 kyma Y

2. Poapaxywok PZ - domusroi 8. pachiuHe ModemiogarHs
cknadosol cunu pisaxHs Kyma 3cyey ¢

3. PospaxyHok Py - padiansHoi 9. Ipachiyre ModentosaHHs
cknadosol cunu pisarHa sexmopa domusol cunu 3cysy Ts

4. PospaxyHok Px - oco8or 10. PoapaxyHok cepedHb020 3HaYEHHS

cknadogol cunu PfjaHHﬂ GomuYHUX HanpyxeHb 8 NNOWUHI 3Cyey Ts
5. PospaxyHok Pn - HopmansHol 11. Po3paxyHox ymoyHEH020 3Ha4eHHS NOKaskuKa N
cknadosol cunu pisaxHs 8 N0Ka3HuKoill Mamemamuukil Modeni

%

6. pachiyre ModenmosarHs
8EKITOP CYMADHOI CUML Pi3aHHA T 12. 3aeepuieHHA ModeniosaHHs

|

Puc. 1 — Cxema CTBOPEHOT anropuTMivHOT Mogeni
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MporpamHa peanizauisa npoeegeHa B cepeposuii NI LabVIEW. Ha puc. 2
HaBedeHO BIAMOBIAHWIA pe3ynbTaT Po3paxyHKy fAN8 BuUMagky 06po6neHHs
ayCTeHITHOT cTani 12X18HT.

Hopwmanshi Kanpper, MMa

01 ©02 03 04 05 06 07 o8 09 10 11
NMortouHe IHaAYeHHA AOBXMHN KOHTAKTY CTPYXKKH 2 Ne3zomM, MM

Puc. 2 — IMpathik po3paxoBaHOi 3a/1eXKHOCTI HOPMaslbHMX Hanpy>KeHb Bif,
[OBXMHUN KOHTaKTY CTPY>KKM 3 N1€30M NPU BigNOBIAHUX MOYATKOBUX faHWX Ta
MPUAHATX LOMYLLEHHAX
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ABTOMATU3ALIA NMPOLIECY CUCTEMHO-CTPYKTYPHOIO
MOAE/MOBAHHA HA MPUKNALI PO3POBAEHHA MPOITPECBHOIO
TEXHO/IOMNYHOI O MPOLLECY OBPOBNEHHA AETANEN TUMY
LLUMWIbKA BIALEHTPOBOIO HACOCA 13 3ACTOCYBAHHAM
IHCTPYMEHTIB TA OCHALLLEEHHA

Oypapb A. B, cTygeHT, rp. TMm-21, CymAyY, m. Cymu;
Bukos M.C., acnipaHT, CymAY, M. Cymu

LLnunbKa BigLEHTPOBOrO Hacoca € [fy)Ke BiANOBiAabHOW AETanil y
arperarti i Ha NpsMy BMNMBaE Ha AKICTb BMPOOY, MOro AOBroBiYHICTL Ta Ge3neky.
ToMy faHi WNWIBKA NigNAraloTb 3amiHi Nif 4ac BUKOHaHHA pernameHTHUX
PEMOHTHUX Po6IT. Taki poboTU NPOBOAATLCA AOCUTL HACcTO, 0CO6/IMBO Ha Hacocax,
LLL0 BUKOPWCTOBYHOTLCA [/19 OXONOLKEHHA aTOMHUNX PEaKTopiB.

B pe3ynbTaTi Lb0oro BUHMKae NoTpeba y AOCUTb BEAMKIN KiflbKOCTi LINUABLOK,
TOMY Heo6XigHO NifBWLLYBATU MPOAYKTUBHICTL X 06POB/IEHHS 3 AOTPUMAaHHAM
TOYHOCTI Ta iHWMWX BUMOT, WO 3afaHi KOHCTPYKTOPOM. [N Lboro nepcnekTUBHUM
PilLleHHAM € 3aCTOCYBaHHA MPOrPecUBHUX IHCTPYMEHTIB Ta OCHALLEHHS, ane Le
NVILLE OAWH i3 WAAXIB i MOro MoXKHa po3BMBATY 3a paxyHOK 3MiHM Nigxoay came Ao
TEXHONOTIYHOro NpoLecy NPOeKTYBaHHSA. OHWUM 3 TakMX LUMAXIB € 3aCTOCYBaHHSA
CUCTEMHO-CTPYKTYPHOrO MOAENIOBAHHA TEXHOMOTIYHOrO MPOLECy, L0 BXe
MoKasasio CBOK e(EKTUBHICTb Ha MpUKNagi 06po6MeHHs AeTaneil TNy Kpulika
nigwmnHmka [1].

MpoTe CUCTEMHO-CTPYKTYPHE MOJEN0BaHHA BWKOHYETLCA B PY4YHOMY
PEXUMI, L0 CYTTEBO 3HMKYE NPOLYKTUBHICTb Ta BUMarae 36epiraHHs JOKyMeHTaLii
SIK Y ManepoBOMY TakK i B €NeKTPOHHOMY BUT AL,

MepcrnekTMBHUM pilleHHAM Oy/ie 3aCTOCYyBaHHSs NPOrpaMHoro 3abe3neyeHHs
MySQL, ke fO3BONUTL CYTTEBO MPULLIBUALLNTIL POBOTY 3 6a3amm LaHMX, & TaKoX
36epiraHHsa i nepegady iHopMauii BUK/IKOYHO B €NeKTPOHHOMY BWUrAsAgi, Lo
CKOPOTUTL AOMOMIXKHWIA Ta opraHisauiiiHuiA Yac i 3SMEHLUNTbL BUTPATM BUPOOGHMLTBA.
MySQL ue nepeBipeHa cuCTeMa, WO NpaLtoe Bxe Maibxe 30 pokiB, TaKOX BOHa
[OCTynHa i npocta A0 3aCBOEHHs, TOMY MOXe OyTu LUBMAKO iHTerpoBaHa Ha
nignpuemcTBax 3 Api6HOCEPIiHNM Ta OAVHUYHMM TUMNaMu BUPOBHMLTBA, LLIO came
i 3aliMaloTbCsA BUTOTOB/MEHHAM BiALEHTPOBUX HACOCIB.

Cnucok nitepatypu:

1. Teepe3oBcbkuii |. C. CUCTEMHO-CTPYKTYpHE MO[ENtoBaHHS onepaLii
CBEPL/IMNBHO-(Pe3epHO-PO3TOUYBabHOT FPYNK Ha NpUKNagi 06po6neHHs aetanei
TUMY KPULLKKX NiAWWnHUKa. CyyacHi TeXHONMorii y npoMncioBoMy BUPOGHULTBI:
matepiaim Ta nporpama VIII BceykpaiHCbKOi HayKOBO-TEXHIYHOT KOH(epeHL,iT:
Te3u gonogigei. : CyMCbKuWii aepaBHuii yHiBepcumTteT, 2021. C. 45.

Po6oTa BMKOHaHa NifJ KepiBHUL TBOM [OLEHTAa, K. T.H., OLeHTa
JerTapoosa |. M. Ta K. T.H, cTapworo suknagada Hewtwu A. O.
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MEPCMEKTVBW SACTOCYBAHHA ABTOMATU3OBAHOIO
MPOEKTYBAHHSA LIMKIOIAHMX MEPEAAUY 3 NMPYXXVHHUM
CTABUTISBATOPOM A1A 3ACTOCYBAHHA Y MOBIJTbHVX
POBOTU3OBAHUX MJTAT®OPMAX

Knok A. B., cTygeHT, rp. TMm-21, CymAY, m. Cymu;
AspameHko C. €., acnipaHT, CymAY, M. Cymu

MoGifbHI po60oTH BXe € AOCUTb MOLMPEHUMU SK Y BUPOBHULTBI TakK iy
IHLWWX BUAaX XXUTTEAISNbHOCTI NOAMHU. BOHW 34aTHI BUKOHYBATV SIK MPOCTI A4iT no
nepeMilLleHHIO BaHTaXiB 3 0HOr0 Micus B iHLUE, TaK i 34aTHi 40 GifblU CKNagHMX
PyXiB, WO 3a/1eXUTb BiJ TUNY Ta CKNAAHOCTI CUCTEM KepyBaHHS.

Y aKoCTi MpMBOAY Ha TakuxX poboTax BUKOPUCTOBYHOTHCA ENIEKTPUYHI
JBUTYHW NOCTIHOrO CTPYMy ab0 KpOKOBI ABUTYHUW. He0NiKOM KPOKOBUX ABUTYHIB
€ X BenMka mMaca Ana 3abesneyeHHs HeOOXifHOT MOTYXHOCTI i CKIagHicTb
KepyBaHHf HWMW, L0 BUMArae 3acTOCyBaHHA [OPOroBapTiCHWUX CUCTEM.
Hegonikamy ABUIYHIB NOCTIiHOrO CTPYMY € Manuii MOMEHT i BOHW SIK MpaBumo
3aCTOCOBYHOTLCS Pa3oM i3 pegyKTopamu.

HaituacTilue 3aCTOCOBYHOTbLCS YepB’AUHI ab0 6araTocTyniHYacTi NnaHeTapHi
peayKTopu 3 3arafibHUM nepedaTHUM BigHoWweHHAM 1:50...1:200. Takum YMHOM
CYTTEBO 3pOCTaE Bara nnathopmMu, BUTPaTIN eNEeKTPUYHOT eHepPriT Ha 1T pyX, a TaKoX
BUHMKaE NpobsieMa NIOQTIB y 3y6HacTOMY 3a4en/ieHHI NaHeTapHMX Ta YepB’ AYHNX
PeAyKTOopiB, L0 BN/IMBAE HA TOYHICTb MO3MLIOHYBaHHS Ta MPUCKOPHOE X 3HOLLEHHS
yepes3 NOCTiHY 3MiHY HampsMKy pyxy po6oumx opraHiB poboTa. 3acToCyBaHHS
NPY>XUHHUX  KOMMEHCATOPIB Ta PO3PI3HMX LUECTEPEHb YacTKOBO BWMNPaBse
cuTYyauito, ane NifBULLYe 3HOLIEHHS Yepe3 HasBHICTb HEeO6XifHOro Mo4yaTkoBoro
HaTAry B nepefaui, Lo 3a6e3nevyeTbcs 3yCUNIAM Bif, NPY>KUHWN.

LIMknoigHi nepefadi Yepe3 0COBMMBICTb CBOEI KOHCTPYKLIT I MOX/MBICTb
06K04YyBaHHS NMOBEPXOHb MalOThb CYTTEBO MEHLUI 3a30pu i NOGTK BiANOBIAHO, ane
BCE OAHO BOHM MPUCYTHI. TOMYy MPOMOHYETLCA TakOX BUOGMpaTU 3a30p Y
LMKNOiga/IbHOMY PefyKTOpi LUMSAXOM 3aCTOCYBaHHS MPY>XUMHHOTO MeXaHi3My Ta
amopTusartopa, fKi y Kyni 6yayTb 3abe3nevyBaTi MOCTIAHWIA KOHTAKT po6oumnx
MOBEPXOHb 0OEPTOBMX MeXaHi3MiB peayKTopa, Ta Mpv LbOMY NAaBHWA Xig npw
3HaKO3MiHHOMY MepeMmilleHHi pobounx opraHie poboTa.

Uepes Te, WO Y UMKIOIgaNbHOMY pefyKTopi MpOXoAuTb  MpoLec
06KOouyBaHHS po60oYMX MOBEPXOHb MNepejadi MpPW 3acTOCyBaHHI NOYaTKOBOro
HaTary 3Hoc 6yfe MiHiManbHUM, HiXK 6e3 1i0ro 3aCTOCyBaHHS, a MOX/IMBO HaBITb i
MeHLLMM, 60 3a paxyHOK cTabinizaTopa Mikpoyapy npv 3aMiHi HanpsimKy 06epTaHHA
BXifIHOro Basly 6yAyTb BifiCYTHI, LLO HANEXMWTb NEPEBIPUTY Y NOAANBLLOMY LUASXOM
4McenbHOro MOLENtOBAHHS.

Pob6oTa BMKOHaHa Nij KepiBHUL TBOM A0LEHTA, K. T.H., A0LeHTa
JerTapoosa |. M. Ta K. T.H, cTapworo suknagaya HewTwu A. O.
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MOJENb CUHTE3Y BATATOIHCTPYMEHTHUX HANTALOK
AkoseHko |. E., npod.; BiniueHko M. B., cTygeHT, HTY X, Xapkis

Mepexig Big MacoBoro asTOMATM30BAaHOrO BMPOOHWMLTBA A0 6ifbLu
Cy4acHOro rHy4koro BMpOGHULTBA He BUKMOUMB iHTEpeC MalMHOBYAiBHUKIB 40
BUMYCKY arperaTHMX BepcTaTiB, TOMYy L0 KOHLEHTpaLis onepauii € ogHum 3
OCHOBHUX METOAIB NiABULLEHHS MPOAYKTUBHOCTI Y MaMHOGYAyBaHHI [1].

Y 3arasibHOMYy BWMajKy OCHOBHOHK OCOO/IMBICTIO KOHLEHTpaLi onepauiii
npu 6araToiHCTPYMEHTHOT 006pobui € HasiBHICTb pyxXy 3aroToBku abo
iHCTPYMEHTaNbHOro 670Ky 3 MOCTIMHOK LUBMAKICTIO WOAO iHWWX efleMeHTIB
CUCTEMU BepCTaT-NpUCTpiii-3aroToBka-iHCTPYMeHT (BIM3I) [2].

Oc06/11BO Lie XapaKTepHO Ans 06pobKM PisHMX AeTanei, Lo MaroThb Kiflbka
CTOPiH 06POOKM, KOXKHA 3 AKMX MICTUTb KiHLEBY Ki/lbKiCTb 04HAKOBUX ab0 Pi3HMX
CMiBBICHMX MOBEPXOHb, AKi MOXYTb 6yTW 06p06IEHI abo KiHLEBUM pi3anbHUM
iHCTPYMEHTOM (HailuyacTile A1 KopnycHux getaneid). Tomy npu CUHTESI
6araToiHCTPYMeHTHOT 06pO6KM [yXe BaX/MBO C(HOPMYBATU [IHCTPYMEHTANbHI
610KM TaKUM YMHOM, W06 3a6e3mnedyBanyn MiHiMaslbHy TEXHOMOTYHY c06iBapTiCTb
06p0o6KKM NpK 3ab6e3neyeHHi HeOOXiAHOT SKOCTI MOBEPXOHb BMPOOY. Lle cTocyeTbes
AK (hOPMYBaHHS CTPYKTYPK, TaK i MapameTpiB iIHCTPYMEHTa/lbHUX B/10KIB.

3agava CMHTE3Y IHCTPYMEHTaNbHMUX B6/1I0KIB MOXe 6yTU chopMmy/boBaHa y
HaCTynHoMmy Burnsdi. Hexail y KO)KHOro 06'eKTa € MHOXWHa CTOPiH 06pPO6KK

={,.., }, npudoMy KOXHa MICTUTb MIAMHOXWHY OCeil 06POOKM =
{....} , HA  SKMX pO3TAllOBaHO  MifIMHOXWHA 06P06MHOBAHUX
NMOBEPXOHb ={,., } , [€ KOXEH EeNneMeHT CUCTeEMMU, LUIO

peanisyeTbCsl, NMPeACTaBNEHO Y BUIMAAI BEKTOpPa, KU/ Mae XapaKTepHWiA Habip
napameTpiB (PO3TallyBaHHA MOBEPXOHb, BUMOIM O TOYHOCTI, NapaMeTpy AKOCTI
noBepxHi Towo). Togi 4na 3ailicHeHHs npoLecy 06pobku HeobxigHO chopmyBaTy
CYKYNHICTb MHOXWHW KOMMOHYBa/bHUX BapiaHTiB [HCTPYMEHTaNbHUX 6I0KiB
{ } , AKi MOX/IMBO TEXHIYHO peanisyBatu, Ta fAKi BifobpaKeHi BeKTOpamm

MPOEKTHUX MNapamMeTpiB, TakMM YMHOM, LU0 = , (To6t0, wWoO6
BWKOHYBafaC  MHOXMWHA  €NIeMEHTapHUX  TEXHOMOTYHUX  MEepexoais,  AKi
BiflobpaxxeHi BekTopamn = { ,..., } MPOEKTHMX MapaMeTpiB, CMPSIMOBAHMX Ha
OTPVMaHHSA NnapameTpiB 06'ckTa 06pOBKM ).

OueBnAHO, WO KiNIbKICTb MOX/IMBMX BapiaHTiB 6araToiHCTPYMEHTHUX
6N0KIB pi3KO 3pocTae 3i 36iNbLUEHHAM KiNbKOCTI NOBEpXOoHb AeTani. OpHak,
KifIlbKIiCTb TaKMX BapiaHTiB 3HAYHO CKOPOUYETHLCA, AKLLO BPaxXOBYBaTW 0OMEXYHoUi
(haKTopM, L0 BMAMBAOTb Ha MOX/IMBICTb peanisauii TOro um iHWOro BapiaHTa
6araToiHCTPYMEHTHOrO G/10KY.

O6'egHaHHA  KifIbKOX €M1eMEHTapHMX IHCTPYMEHTIB Y  KOMOWHOBaHWI
IHCTPYMEHT ab0 Yy IHCTPYMEHTaNbHUMA 610K MOX/IMBE /WLLE Y pasi BUKOHAHHSA
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CUCTEMU 0OMEXeHb, SKi MOXHa NOAINUTA Ha TP OCHOBHI rpynu: reoMeTpuYHi,
TEXHOMONYHI Ta TEXHIYHI.

OCHOBHMM FeOMeTPUYHUM OOMEXEHHAM € YMOBA HafIeXHOCTI MOBEPXOHb,
Lo 06pobNATLCH, O O4HOT CTOPOHU 06PO6KKU, TO6TO MOXMBICTL 3a6e3MeynTn
KiHEMaTWUKy (DOPMOYTBOPEHHS MpW BIZHOCHOMY MepeMillieHHi 3aroToBKM Ta
iHCTpYMeHTanbHOro 6/10Ky, a TakoX [OAaTKOBO OOMEXEeHHA 3  BUbOTY
IHCTPYMEHTY, fIKe 00YMOBMIEHO HEOOXIiAHICTHO PEryntoBaHHS [AOBXWHU BUILOTY
wnuHAens abo maTpoHa Ta BiAHOLWIEHHS AiamMeTpiB IHCTPYMEHTIB y 670U, Lo
MOSICHIOETLCS  HEOOXIAHICTIO 3a6e3MeyeHHst >XOPCTKOCTI CMCTEMM B NPOLECI
06pOo6KMN.

[0 TexHonoriyHmx o6meXeHb BIAHOCATbCA (haKTOpW, SKi  MOB'A3aHi
6e3nocepefHb0 3 MOX/IMBICTIO 3abe3neyeHHs KiHEMaTUKWU (DOPMOYTBOPEHHS
MOBEPXHi Ta BUMOT [0 LUOPCTKOCTI, PO3MiPHUX MapameTpiB i TOUHOCTI NOBEPXHI.
ABTOpaMun 6yno NPoBefeHO aHasi3 TeOPEeTUYHOT MOX/IMBOCTI BUKOHAHHS Pi3HMUX
e/leMEHTaPHUX TEXHOOTIYHNX NEPEXOLiB 3ara/lbHUM iHCTPYMEHTaNIbHM 6/10KOM 3
ypaxyBaHHAM  KiHEMaTWKM  (DOPMOYTBOPEHHS, NapameTpiB  TOYHOCTI, L0
JocAraeTbea B pe3ynbtati 06pobKN, eHepreTUYHUMY XapaKTepucTUKamMm npoecy
06p0o6KM Ta iH.

[0 TexHIYHMX O0OMEXeHb MOXKHa BIAHECTM MOX/MBICTb MNEPEMUKAHHS
PEXMMIB pi3aHHs B MPOLIECi 06POOKM (3 BUKOPUCTAHHAM MeXaTPOHHMX MOAYNIB Lie
00OMeXXeHHS BTPATWO aKTYanbHICTb); MOX/MBICTL 3a6e3neunTn nogavy 30TP y
30HY 06pPO6KM Yy NpoLeci pisaHHA; KOHCTPYKTMBHI 0C06AMBOCTI By3na (MiHiManbHO
JonycTMMa MDKLUEHTPOBa BiACTaHb MDK OCAMW  LUNWHAENIB, BWUKOPUCTaHHS
KOHOYKTOPHUX NPUCTPOTB Ta iH.).

MpoBedeHi  JOCNIAXEHHA  [O3BOMMAM  aBTopaM  3anporoHyBaTb
YOCKOHa/IEHY Ta OpieHTOBaHy Ha aBTOMaTu30BaHe MPOEKTYBaHHA MaTeMaTUyHY
MOZe/b CUHTEe3Y BapiaHTIB iIHCTPYMEHTa/IbHUX B/I0KIB, L0 TEXHIYHO peanidytoTbes,
fIKa 3acHOBaHa Ha npuHUMnax Teopii rpadis. Y MeToAuui CUHTE3 BapiaHTIB
IHCTPYMeHTaNbHMX G10KIB CNMPaETLCA Ha BiJOMI anropuTMy po3B'A3aHHA 3afaui
Npo HaMeHLLe po36UTTA 3 YypaxyBaHHSM BCTaHOB/EHOT AOAATKOBOI CUCTEMMU
00MeXKeHb PI3HOr0 XapakTepy, fika CMMpaeTbCs Ha rpynu (akTopis, WO 6yam
jocnigkeHn astopman. Lle  [003BONSE  CKOPOTUTM  KiNbKICTb — BapiaHTiB
TEXHOMOTIYHUX KOMMOHOBOK iHCTPYMEHTa/IbHMX 6/10KIB, O MPOr/sgatoTeCs B
npoLeci CUHTe3y, Ta, Bi4NOBiAHO, CNPOCTUTK Yac Ta cam MNPOLEC MPOEKTYBaHHS
TEXHOMOri4YHOT KOMMOHOBKW BepcTarta.

Cnuicok nitepatypu

1.Metal Cutting Machine Market Size, Share & Trends Analysis Report By
Product (Laser, Waterjet, Plasma, Flame), By Application (Automotive, Aerospace
& Defense, Marine), By Region, And Segment Forecasts, 2020 — 2027.

2.Structural Optimization of Technological Layout of Modular Machine
Tools / Yakovenko 1., Permyakov A., Prihodko O., Basova Y., lvanova M.. // In:
Tonkonogyi V. et al. (eds) Advanced Manufacturing Processes. InterPartner 2019.
Lecture Notes in Mechanical Engineering. Springer, Cham. — 2020. — pp. 352-363.
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CEKUIA «CTAHOAPTU3ALUIA TA YTIPABJTIHHHA AKICTHO
Y NMPOMUCJ/TOBOMY BUPOBHNLITBI»
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YMNPABNIHHA AKICTHO MPOLIECIB PEMOHTY HA BUPOBHULITBI:
MPAKTUNYHE 3ACTOCYBAHHA

LlapvuuH B. O., acnipaHT; JeHucerko KO. O., cTapLunii BUKnagau;
IntoxiH M. 1., cTygeHT TM-91/1, CyMCbKMii fiep>KaBHUI yHiBepCUTET, M. Cymu

Mpo6nemMn MowyKy ONTUMaNbHUX MEXaHi3MiB e()eKTMBHOIO YrpaBniHHS
npouecamn nNigroToBKM BMPOOHMLTBa MepebyBalOTb Yy LEHTPI yBary nig 4ac
YAOCKOHA/EHHA CUCTEM YyrMpaBfiHHA. BnpoBamkeHHs ERP-CUCTEM Ha Cy4yacHUX
nignpuemcTeax MigBullye eqeKTUBHICTb  YMpaB/iHHA  pecypcamu, npoTe
BUHMKaIOTb  CKMafHOWi npu opradisayii  BMPOOHMUTBA Ta ekcnayatauii
iHCTPYMEHTY (OCHALLEeHHS), AKi 3YMOB/IOIOTLCSA BE/IMYE3HO HOMEHK/IATYPOIO.
BVHVKHEHHS! eKCTPEHHWX PEMOHTIB YCK/MAHIE eTanu MaHyBaHHA Ta 3HayHa
yacTMHa BMTPaT Ha MPOLIEC PEMOHTY Mae MMOBIpHiCHWIA XapakTep. Tomy Afs
nepefbayeHHs BUHUKHEHHS BWNaAKoBUX (DAaKTOpPiB Ha MPOLECH PEMOHTY
3arnpornoHoBaHO MaTeMaTUYHy MOAENb, sika 6a3y€eTbCs Ha MPOrHO3YBaHHI BUTPaT Ha
MPOLIEC PEMOHTY IHCTPYMEHTY Ta OCHaLLEeHHS Ta BMKOPUCTaHHSA [epeBa pilleHb.
Lleit meTof 3aCTOCOBYETLCA A5 PO3POOKM pillleHb 38 YMOB HEBM3HAYEHOCTI. TyT
KOXXEH BapiaHT Aili abo nofdii mpeacTaBneHWii OKPEMOKD TiNKOK, sika Befe [o
HaCTYMHWX TiNOK, L0 BifobpaxatoTb noganbLui Aii abo MOXMBI NOAiT.

MponoHoBaHa MaTeMaTnyHa MOZe b YNpaBAiHHA AKICTIO npouecy «PeMoHT

IHCTPYMEHTY Ta TEXHOJIONYHOr0 OCHALLEHHS» NPeACTaBNAETLCS Y BUTNAL:

3=3,+3, P, +3,, P,+..+3, P,

n
fe, C — nocriiiHi BuTpaTV npouecy «PeMOHT»;

CZ - cymapHi BuTpaTV Ha 3apniaTy Ta aMopTU3aLliliHi BigpaxyBaHHs Ha
BepcTatu;

C¢1,C;,,C, —BUTPaTM NPN BUHUKHEHHI (haKTOpiB;

P,, P,, P, — imoBipHocTi BuHMKHeHHS dakTopiB.

Ha BXig anroputMy MOXHa MojaBaTtu BCi iCHYHO4i aTpubyTH, anropmuTM cam
BubGepe HalbinblL 3HauyLLi cepef HWX, i TibKA BOHW ByAyTb BUKOPUCTaHI AN
nobyaosu Aepesa [1, 2]. Y nopiBHsHHI, HANPWUKNag, 3 HEAPOHHUMI MepexXamu, Lie
3HAYHO Monerwye poboTy KOPUCTYBaya, OCKiSIbKM B HEMPOHHUX Mepexax Bubip
KiNbKOCTI BXiHWX aTpuOYTiB iCTOTHO BM/IMBAE Ha Yac HaBYaHHS.

3a 3anpornoHOBaHOK MOZEN0 MPOBOAMTLCA anpobalis NPOrHo3yBaHHS
SKOCTI mpouecy «PeMOHT IHCTPYMEHTY Ta TEXHONOrYHOro OcHaleHHs». MeTog
[epeBa pilleHb peani3oBaHO 3a [J0ONOMOrol Haabynosum «J[lepeBo  pilleHb»
Microsoft Excel. Ak BUXifHi gaHi 6yno B3ATO BUTPATU IHCTPYMEHTa/IbHOTO LieXy 3a
nepiog 6 micsuis.

UepBOHMM TEKCTOM 3a3HayeHO BYy30N JepeBa (CTaTTi BWTPaT), Y SKOMY
nepeBipAETLCA YMOBa MMOBIPHOCTI HACTaHHA NOAIT — BUHWKHEHHS LyX BATPaT Ta
3a3HAYAETbCA IX YNCMIOBE 3HAUEHHS.
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PucyHok 1 — [lepeBo pilleHb Ha NpuKnagi npouecy «PeMOHT IHCTPYMEHTY
Ta TEXHO/IOMNYHOr0 OCHaLLEHHS»

TakuM YnHOM, By/I0 CNPOrHO30BaHO BENUYMHY BUTPAT Ha NPUKagi npouecy
«PEMOHT IHCTPYMEHTY Ta TEXHO/IONYHOI0 OCHALLEeHHSs». IMigpaxyBaBLUn 3HAYEHHS,
OTPUMa/K, L0 Ha CbOMWIA MiCALb BUHUKHYTL BUTPaTK Ha cymy 60219,94 rpH.

3acTocyBaHHS 3anponoHOBAHOIO anropuTMy [ae MOX/MBICTb BOEpertu
PEMOHTHe rocrnofapcTBO MalUMHOGYAIBHOMO NigNPUEMCTBA Bif HeeheKTUBHMX
BUTPAT YM BKALEHb 33 YMOB 0OMEXEHVX PecypeiB.

UacTuHy pesy/bTaTiB TaKoX OTPMMAHO B pamMKax MpoekTy «BuKoHaHHA
3aBfjaHb MEPCMNEKTUBHOIO NiaHy PO3BUTKY HAYKOBOIO HanpsaMmy «TexHiYHi HayKu»
CymAY», wo iHaHcyeTbcd MiHiCTepCTBOM OCBITU i HayKn YKpaiHu (Ne pepx.
0121U112684).

Cnucok niteparypu

1. Nutak, W.I". SKCNepTHble OLEHKM W NPUHATUE pelleHunid [Teket] / N.T.
JlntBak. - M.: - MateHT, 2006. - 218cC.

2. lepacumos, b.W. ¥YnpaeneHne kayecTBOM: yuebHoe nocobue [TekcT] /
b./. "'epacumos, H.B. 3n06uHa, C.M. CnnpugoHos. — M.: KHOPYC, 2005.
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YOOCKOHANEHHA TEXHOMAOINMYHOIO MNMPOLIECY BUIOTOBJIEHHA
AEPOANHAMIYHNX XBOCTOBWKIB AJ19 SACTOCYBAHHA
BOEMPUMACY TUMY «BOIM» HA ANCTAHLIAHO KEPOBAHUX
MTAJTBHNX ATTAPATAX

Mpoganuyk O. O., acnipaHT, HauioHaibHWiA yHiBEpCUTET
«JIbBIiBCbKA NONITEXHIKa», M. JTbBiB

BOI™ — Le 0CKONKOBMWIA 6oenpunac, KWl Mae Aekinbka pisHOBMAIB Y Pi3HMX
Kaniopax. NMo4yaTKoBO fJaHWil NOCTPIN MpuU3HaYaBca ANs CTPiNbOM 3 rpaHaToOMeTa.
KnacuyHe 3acTOCyBaHHs € aKTyalbHWM i [OCi, ane Mae psf OOMEeXeHb, siKi He
[03BONAIOTb Ha MOBHY peaslisyBaTW iOro 60M0BMIA MOTeHUial. 3 MoYaTKoM
pociiicbkkoro BTOprHeHHs y 2014 poui 6iiyi 36poliHMX cun YkpaiHu Ta
[06pOBObUNX (POPMYBaHb MOYaIM aKTUBHO 3aCTOCOBYBATU AUCTAHLiAHO KepoBaHi
niTabHi anapaTv, APOHW, 4NS PO3BILKW Ta BPaXEHHS XKMBOI CUAM MPOTUBHMKA
MEeTOZIOM CKUAaHHA camopobHUx 6oenpunacis. Micns noyaTky NoBHOMacLWTabHOro
BTOPrHEHHSs, OMMcaHi cnocobu BefeHHA 60K BUALLAW Ha TEXHOMOriYHO HOBWIA
piBeHb. boempunacu AnA CKMgaHHS 3 APOHIB  novanu  06nagHyBaTu
aepofMHaMiYHMMK  XBOCTOBUKamy  Puc.l., 3aBOSKM SKMM  3HAYHO 3pocna
MAMOBIPHICTb YCMILLIHOT AeTOHALIT CHapsiAy Ta TOYHICTb ByYaHHS.

L i s
PucyHok 1 — AepoanHaMivHWA XBOCTOBWK-CTabinizatop

OCHOBHWM METOJ0M BUTOTOB/IEHHSA aepOAMHAMIYHMNX XBOCTOBUKIB Ha AaHWi
MOMeHT € 3D [pyK nnacTuky. JaHa TeXHONOria J03BONSE OTPUMYBATK NIACTUKOBI
XBOCTOBUKM Pi3HNX KOHMIrypaLii Ta po3mipis. BurotosneHHs Ha 3D npuHTepi mae
HaCTYMHI KPOKMW:

1. CtBopeHHs uudposoi 3D mopeni BMpoby 3 AOMOMOrOK CrewiabHOro
NPOrpaMHoro 3abesneyeHHs Ans MOAEMHOBaHHS;

2. Mipbip matepiany Ta BCTaHOB/IEHHA BIAMOBIAHMX MapameTpis.,
TemnepaTypu Ta LWBUAKOCTI APYKY;

3. [JoonpautoBaHHs BMPOOY MIiCNA 3aBepLUEHHS [PYKY, 3HEXUPEHHS,
BUAANEHHS LONOMIKHUX KOHCTPYKTUBHUX €/IEMEHTIB, LUi(hyBaHHS.

YBecb 0numcaHuin NPoLLEC BUrOTOB/EHHS € HAL3BUYAHO MaIoNpPOLYKTUBHUM
Ta NoTpebye 3HAYHOO Yacy. Y cy4yacHUX AOporoeapTiCHNX Mogensx 3D npuHTepis
yac [ApyKy XBOCTOBWKa-CTabinizaTtopa cepefHix po3MipiB 3aiiMae 6/1M3bKO TPbOX
FOAVH, TOAI AK Y 3BUYaliHNX GIOAXXETHUX MOAENAX APYK MOXKe TPMBATV NOHAL, BiCiM
FOfVH.
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Ha pgaHuii MOMEHT BWrOTOBMEHHS aepOAMHaMIYHMX  XBOCTOBMKIB-
cTabinizaTopis NoMLOTY cHapsady Tuny BOI™ He NOKpYBaE KiflbKOCTi, HEO6XiAHOT Ans
[OCTaTHLO IHTEHCMBHOT pOBOTK ONepaTopiB APOHIB Ha YCil NiHIT PpoHTY. [oBruii
Texnpouec ApyKy Ha 3D npuHTepax LifKOM BUMpaBAaHWil B yMOBax BifCYTHOCTI
afbTepHaTMBHMX BapiaHTiB, Ta rocTpa HeobXiAHICTb Y 30iNbLUeHHI 3a6e3neyeHHs
BiliCbKOBOCNY>KOOBLIB NiAWITOBXYE [0 MOLWYKY anbTepHaTUBHKX BapiaHTIB
BUFOTOB/IEHHS.

Hainbinbly nNpoayKTUBHICTb, ceped 06MafHaHHS, WO 34aTHe BUFOTOBAATK
BMPOOW NoAibHOro Tuny, mae TepmonnactasTomar [1]. Lle ctaHoK ansa nAuTTa
nnacTMky nig TUCKOM. [puHUMN po60TM TepmonnacTaBToMara CyTTEBO
BiAPI3HAETLCSA Bif po6oTN 3D NpuHTEpa.

JINTTA NNacTMKOBOT NPOAYKLIT Mif TUCKOM € LyXKe BUCOKOMPOAYKTUBHUM,
XO4 | TEXHOMOFIYHO CKNagHWM ¥ [JOpPOroBapTICHMM MpOLECOM, Ta HaBiTb
HaiinpocTiwe o6nagHaHHA 34aTHe B pasvM  MNepeBeplwMTM MPOAYKTUBHICTb
Halikpawx 3D npuHTepiB. 3a YMOBW BUTOTOB/IEHHS ABOMICHOT npec-thopmu, L0
03Hayae HasABHICTb Yy HIl [BOX MOPOXHWH Yy (OpMi HeobXigHoro BupooGy,
NPOAYKTUBHICTb BUPOBHMLITBA MOXE CTAHOBUTM MOHag, 200 WTYK 3a roguHy. faHa
NPOAYKTUBHICTL He € TrpaHn4HOK. [pyu BUKOPUCTaHHI  BMCOKOLLBUAKICHMX
TepMonnacTaBTOMarTiB Ta npec-hopm 3 GiNbLUOK KifbKICTIO MiCLb NPOAYKTUBHICTb
MOXHa 30ibluyBaTh Lie CyTTeBiwe. epenoHOK A1 BNPOBA[KEHHS TaKoro
BMPOOHMLTBA € LliHa BUFOTOB/IEHHS Mpec-hopMu, sika carae noHag 400 000,00
rpvBeHb AN15 ABOMICHOT Npec-)opMm. 3Ha4Ha BapTiCTb BUrOTOBNEHHS 06YMOB/EHA
TEXHOMOTIYHO CKMAAHICTIO, NOTPe6O0 3aCTOCYBaHHS BUCOKOSIKICHMX MaTepianis,
cyyacHoro o6nafHaHHs Ta IHCTPyMeHTY. PilweHHA npobnem onTumisayii
BUrOTOB/IEHHS MPec-hopM € OKPEMOO BaXKIMBOKO TEMOIO, [0 NPUKIALY, Y Harogi
MOXe CTaHW iMmiTauifiHe MOJeNtoBaHHsA, 3 JOMOMOrOK SKOro MOXHa MigibpaTy
ONTUMa/IbHI PeXXMMU 06pO6KM MeTany[2], 3HW3MBLUM (DiHAHCOBI BUTPATK Ta 4ac
BUrOTOB/IEHHS.

OKpiM NPOJyKTUBHOCTI, NNTTSA Ha TepMonacTaBTomari 3abe3neyye 3Ha4HO
BULLY SIKICTb KiHLUEBOro BMpPOOY MpW HWXKYii co6iBapTOCTi. JIUTTS Nif TUCKOM
rapaHTye OAHOPIAHY CTPYKTYpy BMpPOGY, [03BOMSE BUMKOPUCTOBYBATU 3HAYHO
LUMPLUMA CNeKTp MmaTepianiB. TakMM YMHOM, OTPUMAHWA LUASXOM JUTTA Nif
TUCKOM, XBOCTOBUK-CTabinizaTop 6y/ie BUrOTOBAATMCS Y 3HAYHO 6i/lbLUilA KiNbKOCTI,
MaTUMe MeHLLY CO6iBapTICTb, BULLY SKICTb MOBEPXHi i Gifblly MNPYXHICTb Ta
MiLHICTb.

Cnucok niteparypu

1. Osswald, E. Schmachtenberg and E. Baur, ”International Plastics
Handbook”, Hanser Verlag, (2006). ISBN 978-1569903995

2. Stupnytskyy, V., Prodanchuk, O., Stupnytska, N. (2022). Simulation
Studies of High-Speed Machining. In: lvanov, V., Trojanowska, J., Pavlenko, I.,
Rauch, E., Perakovi¢, D. (eds) Advances in Design, Simulation and Manufacturing
V. DSMIE 2022. Lecture Notes in Mechanical Engineering. Springer, Cham, pp.
332-344.
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OCOBJ/IMBOCTI BACTOCYBAHHA CTATUCTUYHNX METO/IB
ANna JOCNAXKEHHA MAPAMETPIB TEXHONOTIMYHUX CUCTEM

NenbowukiHa H. B., acnipaHTka, JeHncerko tO. O., cT. BUKIagay,
CyMCbKWii ilep>KaBHUin YHiBepCcUTEeT, M. Cymu

Y nonepegHii po6oTi Gyna HaBeAeHa Knacugikauisi, ane HegoCTaTHLO
poskpuTa. TOMY METOK [AOCNiIKEHHS € BMBYEHHS 0COGMMBOCTEl, MepeBar Ta
HeAonNiKiB 3anponoHOBaHOT Knacudikauii Woao 7X 3aCTOCyBaHHS AN KOHKPETHMX
napaMeTpiB TEXHOMOTIYHOT CUCTEMM.

Ha cborofHiLLHili AeHb B MPaKTULLi CTaTUCTUYHI METOAM MOXHA NOAINUTY Ha
HacTynHi kateropii [1]:

— METOAM BMCOKOTO PiBHA CKMAAHOCTI: BUKOPUCTOBYIOTHCA PO3POBHMKAMM
CUCTEM YMpaBiHHA NigNpueMcTBOM abo npouecamu. o HUX BiJHOCATLCA MeTOAU
KNacTepHOro aHanisy, afanTuBHi po6acTHI CTaTUCTUKM Ta iH.;

— cneuianbHi  MeTOAM: BUKOPWUCTOBYHOTbCA MpW  Po3pobui onepauiii
TEXHIYHOT0 KOHTPOSIIO, NaHyBaHHA NPOMUCIOBUX EKCMEPUMEHTIB, PO3PaxXyHKM Ha
TOYHICTb | HaZiAHICTb i T. 4.;

— MeTOAW 3araibHOr0 MpU3HauYeHHsl, Y PO3pP06KY SIKMX BEMKWUIA BHECOK
BHEC/M ANOHCbKI (haxiBui. [0 HUX BigHOCATLCA «CiM NpocTuX MeTogiB» (abo «Cim
iHCTPYMEHTIB AKOCTi»), LIO BKNOYalOTb B Cebe KOHTPOSbHI JINCTKU; METOS,
po3wapyBaHHs; rpadikv; giarpamu [lMapeTo; pgiarpamu Icikasu; rictorpamu;
KOHTPOJIbHI KapTH.

Tabnunua 1 — Heponiku Ta nepesarv MeTo4iB

Hasga metogy MepeBaru Heponiku
1 2 3
KnactepHuii [o3Bonsie pobutn po3dmeky | YyTamBuiA 0 BUKMAIB, SKi
aHanis 00’eKTIB He 3a OfHUM | MOXYTb BMKPMBUTW CEpeaHE
napaMeTpoM, a Bigpasy 3a | 3Ha4YeHHs, Ta TOi (hakT, WO
LinnuM Habopom 03HaK. KifIbKICTb KnacTepiB (Lo i
ABNSE TYT C06010 k) Mae OyTK
BM3HaYeHa crevianictom
3a3ganerifb.
AZanTuBHI MpocTuii y BUKOPUCTaHHI MoraHo 06rpyHTOBaH WiA,
po6acTHi notpebye barato iTepauii
CTaTUCTUKM
KOHTpObHI Mpocta Aana nobynoBu i | Baxkko 3Halitu cy6rpynnosy
KapTu 6axxaHa, AKLLO HWI hakTopu | NOXMOKY
00MEeXYH0Tb PO3Mip BUBIPKM
MeToz, MpocToTa, TOUHICTbL Benuka KinbKicTb YMOB A5
eKcTpanonauii 3aCTOCYBaHHSA
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MpoaoBxeHHs Tabnuui 1.

Pi3HUMM LLapaMm

1 2 3
MeTog po3wiapyBaHHs | Lie fo3sonsie | Lle gopoxkde i B yaci, i B
BMKOPWCTOBYBATU Pi3Hi | po6oTi
MeToAu OLLiHKMN,
BK/THOYA0UY
B3aEMO3B'A30K Mi>XK

[Oiarpama MapeTto

[onomarae BWSBUTW i
BU3HAYUTM
NepLUONPUYNHN
[eekTiB ab0o npobnem

Mpw nobyaoBi ckNafHob, He
3aBXxaun 4iTKO
CTPYKTYPOBaHOI Aiarpamu,
MOX/IMBI HernpaBW/bHi
BUCHOBKM

[Oiarpama Icikasn [Jae MOX/IMBICTb | CKNagHiCTb  NpPaBW/bHOIO
MPOBECTWM 3MICTOBHUIA | BU3HAYEHHS B3AEMO3B'A3KY
aHani3 NaHLUIOXKa | JoCnigpKyBaHOi npobnemu
B3aEMO3a/IEXKHNX 7 NpUYvH y BUNagKy, KO
NPUYKH, Wo | gocnigxysaHa npo6nema €
BMN/MBaOTh Ha | KOMMNJeKCHolo, TO6TO €
npobremy CK/1afj0BOKO 4aCTUHOIO

GinbLue cKnagHot
npo6aeMu

licTorpama

Lle ay>xe npocTwii Tun
piarpamu ans
cTBOpeHHs. Kpim Toro,
Le Ay>Xe KOpUCHO ans
nepegavi iHgpopmauii

3a fonomoroto L€l
fiarpaMy My He MOXeEMO
NPeAcTaBUTM  HENepepBHY
3MiHHY. Y LUbOMY CEHCi Ham
[l0Benocs 6 WyKaTu iHWWiA

NEPBUHHNX AaHUX

TMN rpadika, Takuin SiK
NiHIRHWA rpadik
KOHTPO/IbHI INCTKN MpocToTa i | logcbknin -~ dhaktop -
JOCTYMHICTb, Le | MOXNMBICTb MOMWIKM MpK
eeKTMBHUIA 360pi faHux
iHCTPYMEHT ans 36opy
Ta YNOPSLKYBaHHS

HaBegeHuii aHanis [03BOMISE MPULBWALLINTL MPUAHATTA pilleHb WOoA0
BMOOPY MeToAY AOCNIIKEHHS NapameTpiB TEXHONOMIYHOT CUCTEMM.

Cnucok nitepaTypu:
1. Knumenko TI. M. AKicTb i HagiliHiCTb TeXHOMOFiYHUX cucTem /
I". M. KnumeHko, A. B. BacunbyeHko, M. B. Lanosanos. — Kpamatopcek : AAMA,
2018. - 200 c.
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CEKLIA «TEXHO/IOI 1A KOHCTPYKLINHNX MATEPIA/IB
I MATEPIAJTO3HABCTBO»
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CYYACHI MATEPIA/TN B MALLNHOBY IYBAHHI

Bepesa O. M., npochecop kadeapm BULLLOT MaTeMaTUKK, i3nkn Ta
3aranbHOiH>KeHepHuX gucumnnid; Kneuykos O. M., cTapLunii Buknagay kadegpw
BULLLOT MaTeMaTUKK, i3vKku Ta 3aranbHOIHMKEHEPHUX ANCUMMNIH, [JHINPOBCHKMIA
[Ep>KaBHUI arpapHO-eKOHOMIYHWIA yHiBepcMTeT, M. [HINpo

MalnHobygyBaHHA — Lie OfHa 3 HaBaXXNMBILWMX IHAYCTPIA, ika 3a6e3nevye
noTpebu Cy4yacHOro cycninbCTBa B TPAHCMOPTI, EHEPril, BUPOOHMLTBI, MegnLMHI Ta
iHWKX chepax. LLIBMAKUIA TEXHONOTIYHMIA NPOrpec 3yMOBMB 3POCTaHHA BUMOT [0
martepiaiB, LU0 BUKOPMUCTOBYHOTLCS B MaLLMHOOYAYBaHHI. Y Liii CTaTTi po3rnsHeMO
[esKi 3  CcyyacHMX MaTepianiB, $SKi 3HalLIAM  CBOE 3aCTOCYBaHHA B
MaLUVMHOOYAyBaHHI.

1.  KomnosuTHi maTepiann.

KomnosuTHi matepiann cknafaloTbCs 3 ABOX ab0 6inblue KOMMOHEHTIB, fAKi
MaloTb Pi3HY CTPYKTYpy i XimiuHuid cknag. BoHu MoXyTb 6yTW nigcuneHi
BYI/ELLeBUM BOJIOKHOM, CK/ISHWM BO/IOKHOM, KEB/apoM, apamioMm Ta iHLWUMK
maTepiasamm. KomnosuTy MatoTb BUCOKY MILHICTb i XOPCTKICTb, @ TAKOX HU3bKY
Bary, L0 pobuTh iX ifeasbHUMM ANA BUKOPUCTaHHA B aBialil, KOCMiUHIA TexHiLi,
aBTOMOGIiNbHIl MPOMMUCOBOCTI Ta iHLWKX ranyssax [1].

2. TwutaH

TutaH — Ue MeTa/l, SKUA Mae HWU3bKY LWIMbHICTb | BMCOKY MiUHICTb. BiH
BIIHOCUTBLCS A0 NErKMX MeTaniB i Mae BNaCTMBOCTI, L0 3p00WN NOr0 BaXKIMBUM
maTepiaJloM B aepOKOCMIYHIA TeXHiuj, aBiauii Ta aBTOMOOINbHI/ NPOMMCIOBOCTI.
TuTaH Ma€ BWCOKY KOPO3iiiHY CTIMKICTb | MOXe MpautoBatM Npu BUCOKMX
Temneparypax.

3. HaHomarepianu

HaHomartepianu — Le maTepianu, po3Mipy SKux mMeHLwi 3a 100 HM. BoHu MatoTb
YHiKanbHi (i3nyHi Ta XiMiYHI BNacTUBOCTI, AKi pO6NATH X KOPUCHUMU B BaraTbox
ranyssx, BKIOYalOUM MaluMHOOyAyBaHHA. Hanpuknag, HaHOKpUCTanu MOXYTb
6yT1 BUKOPWCTaHi AN5 NOKpaLLEHHS BNacTUBOCTEN MeTaniB, 36i/bLUEHHS MiLlHOCTI
Ta JKOPCTKOCTi KOMMO3MTIB, MOKPALLEHHS €eNeKTPONPOBIAHOCTI Ta TepMiYHOT
CTilKOCTI. Tako)X HaHOMaTepian MOXYTb OYTV BUKOPUCTaHI AN CTBOPEHHS HOBMX
BMAiB MaTepiasiB 3i 3MEHLLEHOO Barok Ta NiABULLEHOI MilHIcTO [1].

4. Kepamika

Kepamika — ue matepian, IKUA Mae BUCOKY MILHICTb Ta TEPMIYHY CTIlKICTb.
BoHa LUMPOKO BMKOPUCTOBYETLCS B MalLUMHOOYAyBaHHI, 30KpeMa /11 CTBOPEHHS
Typ6iH Ta iHWKX feTanei, sKi npaLtoTh Npu BUCOKMX Temnepatypax. Kepamika
TaKoX BUMKOPUCTOBYETHLCA A5 CTBOPEHHS KOMMO3UTHMX Matepianis, fKi MatoTb
BMCOKY MILLHICTb Ta XXOPCTKICTb.

5. MNonimepHi maTepianu

MoniMepHi MaTtepiann — Ue MaTepiaii, SKi MalOTb BWMCOKY MiLHICTb Ta
XKOPCTKICTb, @ TaKOX HM3bKy Bary. BOHM LIMPOKO BMKOPWCTOBYHOTHCA B
MalUMHOBYAyBaHHI /11 CTBOPEHHS KOMMO3WTIB, a TaKOX [AJ11 BUPOOHULTBA

86



JeTaneld, sKi NpayrorTb MPY BUCOKMX TemmepaTypax Ta KOPO3iiHO-aKTUBHUX
cepefoBuwax. lMoniMepHi MaTepiany TakoX MOXYTb OYyTW BUKOPUCTaHi Ans
CTBOPEHHS e1acTOMepIB, AKi 3a6e3neyytoTb FHYUKICTb Ta MPYXKHICTb.

Y cyyacHOMY MallMHOBYAyBaHHi BUKOPUCTOBYHOTLCA Pi3HOMAHITHI MaTepianu,
AKi MalOTb BUCOKY MILHICTb, XOPCTKICTb Ta TepMiyHy cTiliKicTb. Lii matepianu
[03BONIAOTL CTBOPHOBATY 6inblU flerki Ta MiLHi MalinHW, WO CNpuse eKoHOMIT
nanMBa Ta 3HUMXXEHHIO BWKWAIB. TTOCTIHMIA pPO3BUTOK HOBMX MaTepianis i
TEXHOMOr B MalIMHOOYAYyBaHHI A03BOASIE AOCAraTM  BUCOKWUX MOKa3HMKIB
eheKTMBHOCTI Ta 6e3rekun y BUPOBHMLTBI TPaHCMOPTHUX 3ac00iB.

OfHUM 3 Haibifnbll BaXXMBMX HanpsIMKIB PO3BMTKY HOBMX MaTepianiB B
MalUVHOOYAYBaHHI € 3MEHLLEHHS1 Bary matepianiB, LIO BMKOPUCTOBYHOTHCA Y
BMPOBHMLTBI TPAHCMOPTHUX 3aco6iB. Lie [03BONSAE 3MEHLWIUTY BUTPATU HA NasMBo
Ta 3HW3UTU BUMKUAM B aTMocdepy. Kpim Toro, HoBi Matepiasii MOBUHHI Matu
MOKpalLLeHi BAAaCTMBOCTI MILHOCTI Ta >KOPCTKOCTI, WO 3abesneyye 6Gesneky
nacaxupis Ta MaiiCTEPHOCTI NPU KepyBaHHi TpaHCNOPTHUMY 3acobamu.

Y uinomy, cy4acHi MartepianM B MalIMHOGYAYBaHHi MPOMOHYKOTH 3HAYHI
rnepesaru y NopiBHaHHI 3 TpaaMLiiHUMK MaTepianamu. IX BUKOPUCTaHHS 403BONsE
CTBOPHOBaTYK GiNbLL Nerki, MiLHi Ta 6e3neyHi TPaHCMOPTHI 3acobu, Lo 3abe3nevye
6iNbL ePeKTMBHE BUKOPMCTaHHS MasvBa Ta 3HWKEeHHS BUKMAIB B aTmocdepy. [o
TOrO X, MOCTIMHWIA PO3BMTOK HOBMX MaTepianiB Ta TEXHOMOrin [03BONSE
MalUMHOGYAIBHMM  KOMMaHIAM  3MEHLUyBaTW  BUTPaTM Ha  BMPOGHMLITBO
TPaHCMOPTHMX 3ac006iB Ta NigBULLYBATK TX KOHKYPEHTOCMPOMOXXHICTb Ha PUHKY.

Cnucok nitepatypu

1. TapHeub B. M. KoHCTpyKuiiiHe maTepianosHascTeo / B. M. lapHeub,
B. M. KoBaneHko. — K.: Jlnbigp, 2007. — 384 c.

87



OCOBIMBOCTI MPOLECIB ANCUNALIT B EBTEKTUYHWX PO3M/IABAX
HA MEPEAKPUCTANIBALUIMHOMY ETATMMI

Bepesa O. 1O., npohecop kadespyn BULLOT MaTEMATUKU, (i3NKN Ta
3ara/ibHOIH>KeHepHUX aucumnaid, [IHINPOBCbKUA fep>KaBHuiA arpapHo-
eKOHOMIYHWIA yHiBepcuTeT, M. [Hinpo

P0o3BMTOK 6araTbOX Cy4aCHMX TEXHO/OriA 3acCHOBaHMIA Ha 3HA4YHOMY
36iMbLUEHHI WBMAKOCTI 3MiHM 30BHILLUHIX (PaKTOpiB, SIKi BNAMBalOTb Ha CUCTEMY.
FCKpaBMM MPUKIALOM LbOro MOXe CNyryBaTu HanpsMoK, MOB’A3aHuin 3
BMKOPWUCTaHHAM  BMCOKOLUBMAKICHOrO MiABeAEHHA Ta  BigBeAeHHs Tenna
(rapTyBaHHS 3 pigKoro cTaHy, AeTOHaL|iiHO-ra30Be HaMuW/IeHHs, nasepHa 06pobKa,
ra3ose HaMueHHA Ta iH.), Lo NPU3BOAMTL [0 HOBUX e(IeKTIB Y (ha30BUX Nepexojax,
3YMOB/EHUX HEPIBHOBAXHICTIO MPOLIECIB. Y LbOMY MnaHi BCe GiNbLIOro 3HaYeHHs
HabyBalOTb MeTasieBi CNAaBu eBTEKTUYHOIO TUMY, TPaanLiiiHe BUKOPUCTaHHS AKX
Y Pi3HUX rasty3ax MawnHOOYyBaHHA MOXHa ICTOTHO PO3LUMPUTY, Matouy Ha yBasi
XapakTepHy [Ans eBTEKTUYHUX CMIaBiB MOX/MBICTb KBa3ipiBHOBaXHUX, ane
[0CTaTHbLO CTIKNX CTaHiB. MprKIagoM MOXYTb ClyryBaTyi OTPUMaHI B 3a3HaUYeHNX
CnnaBax MeTacTabifbHi CTaHW, MOB’Si3aHi 3 MOSIBOK  MPOMDKHUX (a3,
MIKPOKPUCTaNTIYHUX Ta aMOp(HMX CTPYKTYp. Ha nposB Bif3HayeHWX Ta iHLWKUX
SBULL, BEMIMKWIA BM/IMB MatOTb AK TEPMOAMHaMIYHI XapaKTepUCTUKM CUCTEM, Tak i
KiHETUYHI 0c06/1MBOCTI (ha30BMX NepexoAiB. AHani3 Uux napameTpiB J03BONSE He
TifIbKW OLHIOBATM MOX/MBICTb Ta CBOEPIAHICTb e(EKTIB, WO BUHMKAIOTb, a I
onwvcyBaTy iX MexaHi3mm i1 3aKOHOMIPHOCTI Pa3oBUX TpaHC(hopmaLliii.

BignoBigHO [0 NOMOXeHb HEMiHIHOT HepiBHOBaXHOI TepMOAMHaMiK1 B
Pi3HUX HEPIBHOBXHUX BIAKPUTMX CUCTEMAX ICHYE MOX/IMBICTb CMOHTAHHOrO
BUHUKHEHHA BMOPSAAKOBaHUX CTPYKTYp, TOOTO MOXe BigbyBaTuca npouec iX
caMoopraHisauii 3 BUHUKHEHHAM [AMCUNATUBHWX CTPYKTyp. BignosigHo no
MPVHLMNIB CUHEPreTUKM 3aTBEPAiIHHA MOXHaA PO3rnffaTh SK NoCniA0BHWIA nepexig,
CaMOOpPraHi3oBaHOrO MPOLeCCy CTPYKTYPOYTBOPEHHSI MaTepiasia 4epe3 TOuKM
6idhypkauii. Came npy NPOXOMKEHHI Yepe3 Ui TOUKM BigOyBaeTbCs 3MiHa
MexaHi3My, SIKWA KOHTPOIE MPOLEeC aTOMHOI caMoopraHisauii. Y CBOK u4epry
MeXaHi3MW NepeTBOPeHb 3HAXOAATLCA B 3a/1€XKHOCTI Bif KIHETUYHUX MapaMeTpiB
TpaHcgopmauiii. LLLogo po3rnsgy cucTemM 3 eBTEKTUHUM MEPETBOPEHHAM, ACKPaBUM
NPUKNaLoOM AUCUNATUBHUX CTPYKTYP 3@ YMOB 3HAYHUX BifXM/EeHb Bif piBHOBAru
MOXe OYTU BWHUKHEHHS KBa3ieBTEKTUYHWMX KOMOHIa/IbHUX  OiKpUCTaNiTHUX
CTPYKTYp Y CnfiaBax HeeBTEKTUYHOIO CKNay. 3a yMOB, 6/IM3bKMX [0 PIBHOB&XHWX,
Yy [ABOKOMMOHEHTHI cuCTeMi ofHOeTanHa ABodasHa KpucTanisalis BigOyBaeTbCs
TibKM B OLHOMY CnfaBi — eBTEKTUYHOMY. B ycix iHWKMX Bunagkax npouec
3aTBEPAIHHSA TifbKM MOYMHAETLCA 3 OfHO(MA3HOT KpucTanisauil i 3akiHuyeTbCs
[BO(ha3HOI. HepiBHOBaXKHI YMOBM 3HAYHO BM/IMBAIOTb Ha MexaHi3Mu (ha30BMX
MepeTBOPEHb 1 MOXYTb MOAABAATK TX MEBHI eTanu. Lle clpuumHse uiny HU3Ky
CneungivHMX edeKTiB, MOABA AKUX 3HAYHO YCKNaAHKOE EBOMOLIAHNIA LIAAX SaHOT
CUCTEMM, MoYMHaAOuM 3 pigkoro crtaHy. OcobnvBocTi 6ynoBM pignHM Ha
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nepeAKpvcTatizaliiiHOMy eTani MatoTb 0CO6/1IMBE 3HAYEHHS, TOMY L0 (haKTUYHO B
[aHOMy BMMNaAKY pO3rIsigeTbCs 0CO6AMBICTb PIOKTYaLiiHAX caMoopraHisayiiHnX
npouecis HaBKONO ToYOK 6idypkauii. Lle HabyBae 0C06/MBOro 3HauyeHHs B
CUCTEMAX EBTEKTUYHOro TWny, fAKi MiAKOPIOKOTLCA MPUHLUMMY MiHIMasbHOro
BMPOGHMLTBA eHTponil. Yepe3 MiHiManbHy TemnepaTypy M/aBfeHHA eBTEKTUKU
CUCTEMA  XapaKTepusyeTbCAd  MiHIMa/IbHUM  BUPOOGHWMLTBOM  eHTponii  Ta
MiHIMa/IbHOKO EeHEeprietd MiXKaTOMHOro 3B’A3Ky NPV YTBOPEHHI EBTEKTUYHOI
CTPYKTYpW B TBEpLOMY cTaHi. Came TOMY PO3BMTOK KOOMepaTMBHWUX MPOLECIB B
€BTEKTUYHUX CMNiaBax Npu 3HaAYHMX BISXMIEHHAX Bij piBHOBAru cTae MOXIMBUM 3
BUHUKHEHHAM  AWCUNATUBHUX  CTPYKTYP SK Yy pigKOMYy  CTaHi  Ha
nepegkpucTanisayiinHomy etani, Tak i B Npoueci eBTEKTUYHOT KpucTanisauii [1].
MogentoBaHHA YMOB A1 BUHUKHEHHS CaMOOPraHi30BaHWX CTPYKTYp Y po3nnasi
MoKasye, L0 HepiBHOBaXKHi YMOBW CTBOPIOKOTLCSA Yepes HEOAHOPIAHE OXONOLXKEHHS
po3nnasy, KON B TOHKOMY MPUINOBEPXHEBOMY LUAPI BUHWKAE Pi3HULA Temneparyp,
TOOTO NepeoxonofkeHHs. Mpu HEBENMKUX 3HAUYEHHAX NEePeoXOIOMKEHHA HUKYe
[esKoro KpUTUYHOTO 3HaYeHHS BifBeAeHHS Tenna 3 HXHbOT YaCTUHW NPU3BOAUTD
[0 TOro, WO HarpitTa Yy HWXKHIA YacTWHI pignHa nigHIMaeTbes [OBEPXY BHACNiJOK
TENNoNPoBIAHOCTI I pigvHa 3a1MLIAETbCS HEPYXOMOK. Ane KoauM CTyMiHb
MePeoX0NIOMKEHHS MEPEBULLYE KPUTUYHE 3HAYEHHS B PIAVHI  MOYMHAETbCA
KOHBeKLifl: X0/M0f4Ha piAMHa ONycKaeTbCA [OHM3Yy, B TOW 4YaC $K Harpita
nigHUMaeTbCca Bropy. Po3nogin uux ABOX NPOTUNEXHO CNPSMOBaHUX MOTOKIB €
camoopraHi3oBaHnM, B pe3ynbTaTi 4yoro, BignoBigHO A0 3anpornoHoBaHoi Mogeni,
BMHMKAE CUCTEMA NPaBU/IbHMX LLECTUKYTHUX KOMIPOK 3a aHasIorieto 3 KoMipKamu
BeHapa 1 Tielo pi3HMUEl0, WO KOMipkM BeHapa BWHUKaKOTb B HEOLHOPIAHO
HarpiToMy ropu3oHTaslbHOMY LUapi piguHW. Ane 3a OCHOBHOK CYTHICTHO Li e(heKTu
aHasoriyHi i € NposiBOM (YOPMYBaHHS CaMOOpraHi3oBaHWX CTPYKTYP.

3anponoHoBaHa MofeNb BUHWUKHEHHS CACOOPraHi3oBaHWX AWUCUNAaTUBHUX
CTPYKTYP Y TOHKOMY MNpOLLUAPKYy PO3MNnaBy [a€ MOX/IMBICTb BHECTU MOACHEHHS
040 YTBOPEHHSI KOMipYaHOro (PPOHTY KpucTanisauii, wo 6yno niaTsepaXeHo
eKcnepumeHTasIbBHUMKN JocAigKeHHAMKU. CaMe NepiognyHICTb MIKPO3OH i3 Pi3HUM
CTYMEHEM MEPEOXONOMKEHHS Ta X MNpaBWlbHa LUECTUKYTHMKOBA OyaoBa
BW3HaYatoThb | (hopMy PPOHTY KpucTanisauii, AK1iA Tak caMo Mae KOMipyaHy 6yaoBy.

TakuM 4YMHOM, Ha BiAMIHY Bif PIBHOB&XXHUX YMOB KpuUCTanisauiliHMX
npouecis, fAe BaXIMBY PoOMb BiAirpae po3nofin  KOHUEHTpaLid, To6To
KOHLieHTpaLiiHe MEepeoXoNoMKeHHS, 3a HEepPiBHOBaXHUX YMOB MepLUOpAaHe
3HAYeHHs! Mae po3nogin TeMnepaTyp, TO6TO TeMNepaTypHe NepeoxXonoiKeHHS, LU0
BWHWUKaE B TOHKOMY MPOLLAapKy Ha MeXi piguHa-kpucTan.

Cnucok nitepartypu

1. bepesa O.1O., bepesa O.B. OcobnmnBocTi NpoLeciB Koonepawii Ha Mexi
KpucTan-pifuHa 3a HepiBHOBaXKHOI KpucTanisauii. / MTOM, Ne 2, 2017, C.25-28.
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JEDOPMALLIMHI MPOLIECW Y MOBEPXHEBUX CTPYKTYPAX
PISANTbBHNX IHCTPYMEHTIB

Binoyc [. O., acnipaHT; NoHuapos O. A., npodecop, kadespa NMMiIMCC
CyMCbKuii fiep>KaBHui yHiBepcuTeT, M. Cymu

OfHUM 3  e(heKTMBHUX MEeTOAIB MOAOBXEHHSI CTPOKY ekcnayaTtauil
Pi3a/IbHOr0 iHCTPYMEHTY BBAXAETbCS HAHECEHHSI Ha MOro pobo4i MoBepXHi
3HOCOCTIMKMX 3aXMCHUX MOKPUTTIB. JOCNigKeHHS MeTanio0bpoOHNX MpoLeciB
MOKa3ano, L0 HaHeCeHHs TMOKPUTTA Ha TOBEPXHIO PIXYYOro iHCTpYyMeHTa
3abe3neyvye MiJBULLEHHS CTabIfIbHOCTI CTPYKTYPW, MNEPELLKOKAE OKUCNEHHIO,
3HWXKYE MNaCTUYHY AedhopmaLito piXKydoro iHCTPYMEHTY, 36i/IbLLYE 3HOCOCTIMKICTb
Ta ONipPHICTb BTOMHOI YLWIKO[AKyBaHOCTI [1]. TMig TUCKOM 30BHILIHIX (haKTopiB B
npoueci  ekcnnyatauii  iHCTPYMEHTIB Yy  MOBEPXHEBMX LWapax (OpMYHTbCA
BigMOBIAHI Tennosi Ta fetopmaLiliiHi Mons, WO BMAMBAKOTL Ha TPUBO TEXHIYHI
XapaKTepuCTUKM NpoLiecy pisaHHA (gusmuck puc. 1).

* M T,°C 2 T.’C
0,02 003 004 0,00 001 002 003 004

: T 1 900 0,00 \\: 900
820 820
740 740
660 660
580 580
500 500
420 420
340 340
260 260
180 180
100 100
20 0,04 20

a o

PucyHok 1 — TemnepatypHe none B 061acTi pisaHHA: pisasibHa nnacTuHa 6e3
noKpuTTA (2); pi3asibHa NNacTUHA 3 TPMLLIAPOBUM NOKpUTTAM (6) [1].
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3a pesynbTaTaMy [OCAIAKEHHA 3p06IEHMA BUCHOBOK MPO 3MEHLUEHHS
MOKPUTTAM TEMIOBOFO HaBaHTAKEHHS CMPUYMHEHOrO TEPTAM B 30Hi pi3aHHs,
BCTAHOB/IEHI Ta NPOaHai3oBaHi BignoBiAHI AedopMaLliliHi XapaKTePUCTUKMN.

Cnucok nitepatypu
1.  Goncharov, A. Effect of a Protective Coating on the Temperature Distribution
in a Revolving Cutting Tool and the Cutting Tool Lifetime / A. Goncharov, A.

Yunda, E. Mironenko, D. Belous, L. Vasilyeva // High Temp. Mater. Proc. —
2018. - Vol. 22, Ne 4. — P. 279-291.
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KOMITHOTEPHE MOAENOBAHHA BUTOTOBAEHHA AETAI
«KOJIECO POBOYE» BIALEHTPOBOIO HACOCA

Bypnaka A. O., maricTpaHT rp. MT.m-21/1; CeprieHko B. M., maricTpaHT
rp. MT.m-21/2; T'oBopyH T. I., foueHT Kaegpu MM i TKM, CymlY, m. Cymu

Poboue Kkoneco BiALEHTPOBOIO Hacoca € BaX/IMBUM €7IEMEHTOM 0ro
KOHCTPYKLiT, OCHOBHE NPU3HAYeHHA SIKOr0 Nonsrae B nepegavi eHeprii Big Bany, Lo
06epTaeTbCsA, A0 PiAnHM. Poboye Koneco NigAaeTbCs Ail 3HAYHUX CUN peakuil
noToKY, AiT BIALUEHTPOBUX CM Ta 'y pasi NocaAKu Ha Ban 3 HATAroM — aii cun 'y micui
nocagku. 3a KOHCTPYKTMBHUM BWKOHaHHSAIM po6oYi Koneca HacociB OyBaroTb
3aKpUTi 3 NOKPUBHUM ANCKOM, BIAKPUTI, KONeca ABOCTOPOHHLOI0 BXOAY Ta iHLWi. B
Halliin po6oTi 6yae po3rnsHYTO po6oYe KOMECO 3aKpUTOrO TUMY 3 30BHILLHIM
Jiametpom 710 mm Ta Macoro 92,5 kr (puc. 1).

PuicyHok 1 — 3D mogenb fetani «koneca poboye»

Koneca poboui 3akpuUTOro TuMy BUrOTOBAAKOTL 3a AOMOMOroH /UTTA |,
HailuacTille, Le MTTA B MiLLaHO-TAMHSAHI opMu abo UTTA 3a BUNAABASEMUMU
mMogenamu. B Halwomy Bunagky 6yne BUKOPUCTOBYBATMCA MePLUMiA crocib.

[na NpoekTyBaHHA BWU/MBKA i NepeBipKM BUNMBKA Ha YCALKOBi PAKOBUHM
crnoyaTky noTpibHo cTBopuTK camy 3D mogent BunuBka. Mogaenb poboyoro koneca
Ta /ioro BUAMBKa 6ynm cTBOpeHi B nporpami SolidWorks.

Mpn mogentoBaHHi 3D fAeTani BWMBKA «KOMECO pobode», MepLl 3a BCe,
NnoTPi6HO BpaxyBaTV MOX/MBICTb (DOPMYBaHHS B MilLlaHO-FNHSAHY hopMy Mogeni
BW/IMBKA, TOGTO NpaBu/bHO NOBYAYBATU MOJE/b BUVBKA 3 YPaxXyBaHHSAM YKJIOHIB,
Wo6 i MOXIMBO Oyn0 BWMIAHATM 3 topmn 6e3 i pyliHyBaHHA, Ta MpaBWbHOI
nobyaoBY NUBHWKOBOI CUCTEMM, AIKA NPU HEMPaBWUIbHOMY PO3PaxyHKy MOXe
371amMaTm YacTUHY (OpMU, NOLIKOAWUTM CTIHKM (hOpMM Yepes 3aHaATOo BUCOKWMIA Hamip
pigkoro Mmetany, abo 4epe3 HEKOPEKTHY JIMBHWKOBY CUCTEMY B BWIMBKY 6yne
BENVKA KiNbKICTb LUaKy, SKUA NoTpanuTb A0 (hOpMU Nif Yac 3aMBaHHA MeTany.

TakoX Npu CTBOPEHHI Takoi Mofeni NOTPibHO BpaxoByBaTW ii MOXIMBICTb
(hopmyBaHHA ana nnTTa. OCKiNbKM Koneco pobouve Mae cknagHy opmy uepes
MPVCYTHICTb JIONATOK Ta NOJe B CepeayHi, To 4151 Moro opmyBaHHS NOTPi6HO Byae
oro ¢ikcysaTy 3a [ONOMOTOH CneLia/lbHUX CTPWXKHIB, K 3aMOBHATL CO60H0 BCHO
MOPOXXHI0 061acTb B BUMUBKY feTani.

Mpn nobygosi 3D Mogeni BUAMBKA TakoX MOTPIGHO MpaBUJIbLHO
MpopaxyBaTh /IMBHUKOBY CUCTEMY, OCKifIbKM ii HEMPaBWUbHUI PO3PaXyHOK MOXeE
npueecTu [0 6paky AeTtani. Ha pucyHKy 2 HaBefeHO 3D mMofenb CNPOeKTOBaHOro
BWMBKA KONeca poboyoro B 36ipHOMY BUMNIALI 418 NIMTTSA, Bara AKOro CTaHOBUTb
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340 kr. Ha gaHoMy puUCYHKY HaBefeHO BMIMBOK Ta /IMBHWMKOBA cucTema (Cipum
KOMbOpOM), Npnbuni (nomapaH4eBUM KOSIbOPOM), EK30TEPMiYHA BCTaBKa (XKOBTUM
KO/IbOPOM) Ta CTPMXKEHb (CUHIM KOMIbOPOM).

E_al _

PrcyHok 2 — 3D Mogenb BUMBKa Koneca poboyoro B 360pi

MMicna cTeopeHHst 3D Mofeni BUMBKa Tpeba NMpPoBECTM aHani3 Ha YTBOPEHHS
YCafIKOBUX PAaKOBWH B creuiaNbHUX MporpaMHUX 3abesneyeHHsX, TakuxX AK
MAGMASOFT, NovaFlow&Solid Ta iHWi. B Halwomy BMNaaKy aHanis npoBoAmBCA
B nporpami MAGMASOFT.

Ha pucyHKy 3 nokasaHo pesy/ibTaTv MofentoBaHHSA KpucTaisalii MeTany Ha
YTBOPEHHS YCaKOBUX PakoBWH. FK BuAHO (puc. 3,a), NOKpuBaroumii auck 6es
PakoBWH, a OT B GOKOBMX MPMOMNSX ycadka AOXOAWTb Maike A0 CaMOro HW3y
npuowuni, WO € rapHUM pPe3ynbTaToM, OCKIIbKU MU He BUTPaYaeMO 3aiiBOro MeTany
Ha 3a/MBKY BW/IMBKA, a/le B TOV e Yac Taka BefmKa ycagKa MoXe iHKO/IM Npu3BecTr
[0 6ibLUOT KifbKOCTi 6paKy Npu pyiiHyBaHHI NiLaHoi hopmu.

e 2.0

PrcyHoK 3 - Pe3ynbTaTvi MOZEI0BaHHA Ha YCaKOBI PaKOBWHW B Mporpami
MAGMASOFT (a) i B nporpami MAGMASOFT B pexxumi X-Ray (6)

Ycaaka B LeHTpasbHili eK30TEPMIYHIA NpMbuni TakoX A0X0AMTb A0 CaMOro
HK3y, ane B AaHOMY BMMagKy Lie He MaE 3HauyeHHSs, OCKiflbKU B TOMY MicLi 6yae
LieHTpa/IbHWI OTBIp 3 Ma3oM A5 MOCafKuM Koneca Ha Basl, TOMY HaBiTb AKLIO 6
yCa/IkoBa PakOBMHA 3axOf4ufia B 30HY BWAMBKA, TO Ue 6yno 6 ponyctumo. Ha
pUCYHKy 3,6 MoKasaHO TOW Xe pe3ynbTarT, aie B pexumi X-Ray. CuHiMK 30HamMu
nokasaHi ycagKosi gethektn. Ha BigmiHy Bif pucyHka 3,3, Ha pUCyHKy 3,6 BUAHO
JetheKTn Ha nonaTkax. Asie Xo4 BOHU TaM i NoKa3aHo, peasibHWM LLAHC X YTBOPEHHS
B TVIX MiCLAX AYXXE Ma/Inid, a AKLLO Tam BCE X Taku i 3’ABUTbCA YCaAKOBa PAKOBMHA,
TO BOHa Oyfde B cepeduiHi AeTani, TOMy BMSBUTM X BCe OLHO He 6yfe HisKoi
MOX/IMBOCTI, a TX MaKCUMaSibHWiA po3mip 6yge He 6Ginbwe 0,5 MM, TOMy Taki
JethekTn He € 6pakom. LLikana Ha pucyHKy 3 BKasye Ha BiCOTOK YTBOPEHHs Ta
po3Mipy ycafKoBKX pPakoBUH. binvm nosHayeHa obnacTb 6e3 ycagku, a gani 3a
Konbopom Big 0 fo 100 no3Ha4eHuiA BiACOTOK YTBOPEHHS ycagku. Ynum sckpasitunii
Konip, TUM BiNbLUNIA LIAHC YTBOPEHHSA AetheKTiB.
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SMIUHEHHA PDKYYOI© TBEPAOCTINNTABHOIO IHCTPYMEHTY MPU
HAHECEHHI OKCUAHO-HITPUAHNX BAFATOLLAPOBUNX NMOKPUTTIB

BapakiH B. O., acnipaHT; "'oBopyH T. M., goueHT Kadenpu MM i TKM,
CymAyY, m. Cymu

OfHUM i3 OCHOBHWUX HanpAMKIiB PO3BUTKY MeTano006po6HOT ranysi €
NigBULLEHHA MNPOAYKTUBHOCTI Npouecy pisaHHA. [ONA [OCATHEHHA Uiel MeTu
po3po6sieHi 6araToKoOpAMHATHI, aBTOMATM30BaHI 06PO6HI LIEHTPK, L0 [03BO/IAOTH
3Ha4yHO 3HU3MTMW Yac BUrOTOB/EHHA AeTaneli. OfHaK BUKOHAHHA BHLLE3a3HAUEHOI
3afjadi CTPUMYETbCS 3aCTOCYBAHHAM IHCTPYMEHTY 3 HU3bKUMM eKcryaTaliiHuMu
XapakTepucTukamu. OCHOBHUM YMHHWKOM, LLO BMMBAE Ha OOMEXEHHS CTIKOCTI
IHCTPYMeHTY Mpu (hOPCOBaHMX peXumax ekcniyaTauii, € BUCOKa Temnepatypa y
30Hi pi3aHHA. NS 3HMXKEHHS TemnepaTypy BUKOPUCTOBYHOTb Pi3Hi TEXHOMOTIUHI
NPUIAOMM: 3aCTOCYBaHHS MaCTUNbHO-0X0N0MKytounx piamH (MOP), HaknagaHHs
BiOpaLUii Ha IHCTPYMEHT, OMTUMI3aLisi TreoMeTpii, HaHECEHHS1 3HOCOCTINKMX
MOKPUTTIB, 3aCTOCYBaHHA HOBMX IHCTPYMEHTa/IbHUX MaTepianiB (Kepamiku,
KOMMNO3UTIB Ta iHLWeE). KoXXeH i3 3anponoHoBaHMX METOAIB Mae nopag, 3 nepesaramu
paf obMmexeHb, Hanpukniag, 3a MILHICTIO, 3a TeMnepaTyporo ekcniyarauii, €
CKnagHUm y peanisauii. Bce pi3HOMaHITTA MeTOAIB MOBEPXHEBOT 3MiLHIOKOYOI
06p0O6KM, L0 BUKOPUCTOBYIOTHCA B IHCTPYMEHTa/IbHOMY BMPOGHULTBI, MOXHa
po34iMTM Ha 5 OCHOBHWMX rpyn: AedopMaliliHWiA BNAUB; TepPMiYHWIA BNUB;
NMOBEPXHEBE /IEryBaHHs; HaHECEHHS MOKPUTTIB; KOMOIHOBaHa 06po6ka [1-2].

MeToamn, WO BIAHOCATLCS A0 PISHWX TPyM, MawTb Pi3HWA BNAMB Ha
MOBEPXHIO | MOBEPXHEBUIA LIAP PiXXYYOro IHCTPyMeHTY. Bci po3rnsHyTi meToau
HaHEeCEHHS MOKPUTTIB 3AaTHI NiABULLUTM CTIlAKICTb IHCTPYMeHTY B 1,2-3 pa3u npw
LUBMAKOCTI pi3aHHS, L0 BUKOPUCTOBYETLCS, abo Aar0Tb MOXMBICTb MiABULLUTU
WBMAKICTb pi3aHHA Ha 10-20 %, a TakoX 00po6AsTM LMpLLe KOO
BaXKKOOOPOOMtOBaHUX MaTepianiB (>kapoMiLHi CTani i cnnaBW, TUTAHOBI CMNaBy,
CMMaBu TYroniaBkMx MeTasiB) Ta Ha Oiflbll IHTEHCMBHMX peXumax pizaHHs.
ToBLMHA MOKPUTTIB, LU0 HaHOCATbCS, 3a3BUYail CKfiajae Bif 2 [0 8 MKM, a
LUBMAKICTb TXHBOTO OCAKEHHS PI3HUMU MeToLaMM CTaHOBUTb 0,2—1 MKM/XB. [3-4].

MoKpUTTH, WO HaHOCMTLCA Ha TBEPAOCMIaBHWIA iHCTPYMEHT, 3a3BMuYald
CK/IfaeThCA 3 OLHOrO LUapy, ane BCe GifbLIOro NOLUMPeHHS HabyBae NpakTuka
BUKOPUCTaHHS 6araTollapoBUX MOKPUTTIB. Y TaKMX MOKPUTTAX MepLunii Luap
CNYXXWTb A/191 MOAIMLUEHHS aaresil OCHOBHOIO MOKPUTTS [0 MaTepiany iIHCTPYMEHTY,
a HacTyMHWIA wap [O3BOAAE MOAINWNUTU MOESHAHHS BNacTMBOCTE MaTepianis
KoediLjieHTa TEPMIYHOrO PO3LUMPEHHS, CTIMKOCTI 00 MEeXaHiYHUX | TepMiYHUX
yoapis i iHwe. OueBugHa nepeBara 6GaraToLlapoBMx MOKPUTTIB  nepes
OJHOLLIAPOBMM 3a 3HOCOCTIMKICTIO, fKa AOCAraeTbCs KOMGiHYBaHHSAM BiAMOBIAHNX
wapis [4].

[o Hainbinbll NepcrneKkTUBHUX HanpAMKIB  PO3BUTKY TEXHONOTI  Af1s
3MiLHEHHS TBEPAOCMN/IABHOMO IHCTPYMEHTY BiAHOCUTLCS HAHECEHHSI 3HOCOCTINKNX
NOKPUTTIB  MeTofZamMun  (hisuyHoro HacuuenHs (PVD-npouec) T1a  XiMmiyHoro
HacuyeHHs (CVD-npouec) abo ix kombiHauii. Metogn CVD MeHW 4yTiuBi [0
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AKOCTI NiArOTOBKM MaTepiany nepes HaHECEHHSM Ha HbOTO MOKPUTTS, Y TOM Yac K
npv metogdi PVD maTtepian NoBMHeH niggasaTncs TpUBaioMy 6araTocTyrneHeBoMy
OUMLLEHHIO, iHaKLLe HE MOXKHA rapaHTyBaTW BaCTMBOCTI MOKPUTTA. B pesynbTaTi
3a3HayveHuX BIAMIHHOCTEW ABOX METOLIB BU3HAUUAMCS X Chepu 3acToCyBaHHS.
Ximiunuii metog CVD 3aCTOCOBYETHCA /11 HAHECEHHSA MOKPUTTS Ha TBEPAOCNNaBHI
MaCTUHK, WO BUKOPUCTOBYIOTHCS B Meplly uepry Ans TOKapHol 06pobku.
®i3nyHMIn MeTof HaHeCeHHs1 MOKPUTTA PVD 3aCTOCOBYETLCS, B OCHOBHOMY, AN
(hpe3epHOro, pi3bOOHAPI3HOr0 IHCTPYMEHTY, a TaKoX iHCTPYMEHTY, L0
BUKOPWCTOBYETLCA MPU NpK 06po6Li HEPXKaBikOUMX CTasel | XXapoMiLHNX CrnaBiB
[1-3].

MeTogamn CVD i PVD HaHOCATbCA B OCHOBHOMY HITPUAHI Ta KapOigHi
MOKpWTTA. Ane OCTaHHIM Yacom HaWbifblua yBara NpUAINAETbCS MOKPUTTAM Ha
OCHOBI cnonyk atoMiHito. PospobneHi nokputTa (AITIN Ta AICrN) i3 BmicTom AIN
noHas 50 %, WO [03BONAIOTL MpaLtoBaTW Ha NiABULLEHWX TemnepaTtypax Ta
LUBMAKOCTAX pisaHHA [2, 4].

Mpwn BukopucTaHHi MeTogy CVD MOXHa HAHOCUTM TiflbKU MeTacTabinbHy
MoAMiKaLito OKCMaY altoMiHito, a 30BHILLHIN LWap CKNafaeTbea 3 HITPpUAY TUTaHy
TiN, WO npautoe Npu BiAHOCHO HM3bKIW TemnepaTypi. Mpu BuganenHi wapy TiN
MOPUCTWIA OKCWA aNtOMIHIKO LUBWAKO 3HOLUYETLCS Yepe3 HWU3bKY TBEPAICTb.
HaHocuTu BMCOKOTEMMEpPaTYPHI NOKPUTTS A0LiINbHO KOMOGIHOBaHUMK MeTodamu,
Hanpuknag, wap, Lo npunsarae Ao TBepAocniaBHOI OCHOBU — MeTogom PVD, wwo
3abe3neyvye XopoLly aaresitd MK MOKPUTTAM. BepxHiil wap 6axkaHo maTu 3
OKCWAIB, HAaMpUKNa antoMiHItO i3 WapiB cTabiNbHOI | MeTacTabiibHOT MOAMGIKaLLilA.
OKcua aNtoMiHiK0 B NOPIBHAHHI 3 iHWWMMK efleMeHTaMK, L0 3aCTOCOBYHOTLCA A
MOKPWTTA, € HalbifblW felleBMM, iHEPTHMM [0 00po6/0BaHOr0 Matepiany,
eKoNoriyHo 6esneyHum, Moxe wmatn o-AlO3 cTabinbHy Mogudikalito [o
TemnepaTypu 2044 °C, a TakoX mMeTacTabinbHy y - Al,O3 Mogudikauito.

B1COKONPOAYKTUBHE MOKPUTTA Mae BUTPUMYBATV BMUCOKY TeMnepatypy i
OyTV iHepTHUM [0 B3aeMOfil 3 Matepianamu, WO 06pobnotoThea. Came Taki
BM1AaCTUBOCTI Ma€ NMOKPUTTS Ha OCHOBI OKCUAY antoMiHito.

Cnucok nitepartypu

1. K. Czechowski, Effect of nanostructured multilayer coatings on functional
properties of tools, Mechanik, Vol. 90 (1), pp. 28-33 (2017).
DOI: https://doi.org/10.17814/mechanik.2017.1.27.

2. A.D. Pogrebnjak, M.A. Lisovenko, A. Turlybekuly, V.V. Buranich,
Protective coatings with nanoscale multilayer architecture: Current state and main
trends // Physics-Uspekhithis link is disabled, VVol. 64(3), pp. 253-279 (2021). doi:
https://doi.org/10.3367/UFNe.2020.08.038823.

3. H.-Ch. Méhring, V. Kushner, M. Storchak, Th. Stehle, Temperature
calculation in cutting zones // Manufacturing Technology, Vol. 67 (1), pp. 61-64
(2018). doi: 10.1016/j.cirp.2018.03.009.

4. Czechowski, K., D. Tobota, I. Wronska. Nanostructured Multilayer
Coatings on Cemented Carbide and High Speed Steel Cutting Tools// Mechanik,
Vol. 92 (3), pp. 174-8 (2019), d0i:10.17814/mechanik.2019.3.26.
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MPOrPECUBHI 3HOCOCTINKI MATEPIA/IN
4nAa ArporiPOMmMCcNoBOIr© BUPOBHULITBA

BacuneHko M. O., 3as. Bigginy; bycnaes [. O., cTapLu. HayK. cnispob.;
KaniHiH O. €., cTapLu. HayK. cnispob.; KoHoHoros FO. A., NpoB. iHXK.,
Bigain HPOCM, IMA AMB HAAH, c.m.T. 'neBaxa

OCHOBHOI MPUYMHOKO HWU3bKOMO HapOBITKY Ha BiAMOBY AeTanei TEXHIYHUX
3aco06iB  Ans 06po6ITKY FPyHTY i CiBOM BITYM3HSHOrO arponpoOMMUCIOBOrO
BUMPOOHMLTBA B MOPIBHAHHI 3 3apyODKHUMW € HefoCTaTHS 3HOCOCTIWKICTb 1X
po6oUMX MOBEPXOHb, WO OO6YMOB/IEHO HEAOCKOHAMICTHO ICHYHUMX TEXHO/OrIi
BUrOTOB/IEHHS Ta TEXHOMOTIYHUM BigCTaBaHHAM BITYM3HAHOIO
CiNbCbKOrocnoAapcLKoro matmHobyaysaHHs [1].

B YkpaiHi Ta cBiTi po3po6/eHa BefiMKa KifbKiCTb 3HOCOCTIMKUX MaTepianis.,
AKi  [OUISIbHO BUKOPWUCTOBYBAaTU ANA 3MiLHEHHs feTaneil poboumx OpraHis
TeXHIYHUX 3ac06iB Ans 06pOBITKY FPYHTY i AKi MOXHA PO3MOLIUTU Ha YOTMPK
3arafibHi rpynu (puc.).

3HOCOCTIKI
Marepiani
I
[ I
3meteHi ITactu Ta
MeTaJoKepaMitTHI TIOPOTIKH IS
CIUTaBH eNeKTPo- Enexrponu Ta
(cuctemu W-Co, JInTi crmaBu IYTOBOIO OPOTH A11
Ti-W-Co, (cTemTH, 3MIITHEHHS HaILIaBJICHHI
Ti-Ta-W-Co; copMaiTH (KOMITO3HITITTHI, (T-590,
6e3B0ab(paMoBi; Ta iH.) GOpoHITpO- TII-Ho-180X9
MiHepaIo- amTIpyIovi, Ta iH.)
KepaMidHi; TIOPOIIMKOBI
KOMIIO3HTHI) TBEP/Ii CTLTABH)

PucyHOK — 3HOCOCTIKI MaTepianu Ans 3aMiLHEHHS AeTanieil poboumnx opraHis

3MiLHEeHHSA MOBEPXOHb 3MeYEHVMU METaNIOKePaMidYHUMK CraBaMun y BUgi
3HOCOCTIKMX 3MiHHUX efleMEHTIB i3 Kapbigy Bonb(paMy NPOBOAATL 3apyOidKHi
(hipmu, 30kpema, paHuy3bki AgriCarb, Agriest i Agrisem International S.A.S.,
icnaHcbka Belotta, 6puTaHcbka Vulkan, a TakoX aBCTPIlCbKI Ta HimMeLbKi (ipmu
NMPOBOAATb LLUMSXOM HanarBaHHS.

BukopuCTaHHS  Takux efieMeHTiB B feTandx poboumx — opraHax
po3Mnoyanu TakoX YKpaiHCbKi (ipMy — nocTavasibHUKK 3apyOiKHUX 3amnacHuX
yacTuH TOB «Anbharpo», TOB «®paHk JSlemekc», TOB «TBK Pamoc» Ta iH.

CyTTeBa BapTiCTb BOMb)pamy  3MyLlye BUPOOHUKIB  CTBOPHOBATU
6e3B0/1b(PAMOBI MaTepiany 3 BKITHOUEHHAM [0 HUX HiKe/o Ta MoNibAeHyY, Wo nopsag,
3i 3HWKEHHAM BapTOCTi 3MIHHMX €fleMeHTIB Befle TakOX [0 [eAKOro 3HVDKEHHS
MOKa3HWKIB 3HOCOCTIKOCTI.
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MiHepanokepamiyHi cnnasu (6ina okcuaHa Kepamika, 4YopHa OKCUAHO-
KapbifHa Kepamika Ta OKCUAHO-HITPMAHA KepaMika) MaroTb BiflbLy TBEPAICTb, HiXK
MeTa/IoKepaMiyHi crnasu, ase M BfacTMea NigBuLLeHa KPUXKICTb.

[na  matepiany 3MiHHMX 3HOCOCTIMKMX MNAaCTUH MOXYTb  TakKoX
3aCTOCOBYBATUCL KOMMO3WUTHI (enb6opu) Ta nTi cniasu (CTENITH).

3MiLHEHHS MOBEPXOHb NWUTUMWU CrjaBamMy MPOBOAATb IHAYKUiAHMM Ta
€NeKTPoAYyroBNUM HannaBneHHAM abo  AWQY3iiHUM  HaMOPOXYBaHHAM  Mpu
3aHypeHHi HarpiToi (tocoBaHoOT AeTani B pO3n/aB CMnnaBiB 3 BATPUMKOW 1-2 ¢ Ta
YTBOPEHHSIM LLApy 3HOCOCTIKOro mMaTepiany TOBLUMHOK 2-3 MM i TBepAicTto 52-55
HRC. ®nocyBaHHsA HarpiTol go 850-950 °C getani npoBoAsTb B hkocax Ha OCHOBI
6ypu, 6opHoro aHrigpiga Ta arocy AH-348A [2].

Peanizauis  gaHoi  TexHonorii  BMMarae  BMCOKOI  KBasighikauii
pOGITHWKIB, [OPOroBapTiCHOro 06/1aiHaHHS, He 3a6e3neyvye AOCTaTHLOT TBEPAOCTI.

3MiLHEeHHA MOBEPXOHb 3 BMKOPMCTaHHAM MAacT MOXHa MPOBOAUTU MpU
BiOPOJYroBOMY Har/aB/fieHHi 4M 3a CXeMOK nNpsAMoi abo HenpaMoi gyru 3
BUKOPUCTaHHAM rpadiToBoro enektpody. [OpiHHA Ayru  CcynpoBOAXKYETLCS
HarpiBoM e/leKTpody | BMMapoBYyBaHHAM WOro matepiany, skuidi audyHaye B
NnoBepxHio. Tpu LbOMY PO3MNaBMsSETLCA HaHeceHa Ha feTanb nacta. XiMiyHi
KOMMOHEHTW NacTW AMCOLIOKTL Ha akTuBHI enemeHTU: B, N, C, Al, aKi Takox
ANYHAYIOTb B MOBEPXHEBWIA Llap AeTani Ha rAMbumHy go 2 Mm. BHacnigok
TepMoandy3iiHOro NPoLEecy NOBEPXHS HACUYYETLCS 3MILHIOIOUNMM eNlEMEHTaMI 3
YTBOPEHHSM MeTaniokepamMiyHoT cTpyKTypu TBepaicTio HRC 65-68 [2].

I3-3a CKNaAHOCTI MPOLIECY BiH He HabyB LLUMPOKOro 3aCTOCYBaHHS.

Mopowkosi TBepai cnnasy MI-®BEX-6-2 Ta MP-®BHD-1-4 Ha pisanbHi
MOBEPXHI HaMMaBATL NIA3MOBUM METOLOM Y CepefoBULL NOBITPSA abo aproHy. B
pesynbTaTi Ha MOBEPXHI, WO 3MILHIOETLCS, YTBOPKOKOTLCA MOKPUTTA, AKI MaroTb
MiLHe 34en/IeHHs 3 0OCHOBOO Ta BMCOKY 3HOCOCTIKICTb [2].

BigcyTHicTb ny6nikauiii Nnpo LUMPOKE BUKOPWUCTaHHS OMWCAaHOTo MEeToay
3MiHEHHS CBifYaTb NPO HeMepCreKTUBHICTb 0r0 3aCTOCYBaHHS.

3MIiLHEHHS MNOBEPXOHb ENIeKTPo4aMu Ta ApoTamu A1 Ham/aBieHHs
MPOBOAATb PYHYHWUM AYTOBUM HarsiaBieHHsM, L0 XapaKTepusyeTbCsA NMPOCTOTOH i
[OCTYMHICTIO 06/1afHaHHS Ta MeTofy, ale BOAHOYaC Masiol MPOLYKTUBHICTHO
HannaBneHHs LWwapy, abo HaniBaBTOMaTUYHUM Y/ aBTOMATMYHMM HamnaB/eHHSM,
LLLO XapaKTepu3yrTbCA YHIBEPCA/IbHICTIO Ta 3HAYHOK NPOAYKTUBHICTHO.

Cnucok nitepartypu

1. MpvHuk 1.B., Agamuyk B.B., KanetHik .M., bynrakos B.M. CraH
MPOEKTYBaHHA | BUIOTOBMIEHHA B YKpaiHi  CiflbCbKOTOCMO4apCbKUX MaLluH
CYYaCHOro TEXHIYHOro piBHA. MexaHisauia Ta enekTpudgikalis CinbCbKOro
rocnogapcTsa. Bun. 99. T. 1. NneBaxa, 2014. C. 34-39.

2. Oenucenko M.1., Py6nboB B.l. TexHonoriyHi metoau Ans 3abe3neyeHHs
[OBrOBIYHOCTI pO60YMX OpraHiB i HafIMHOCTI CiSlbCbKOroCnofapCbKMX MallyiH.
KoHCTpytoBaHHS, BUPOGHUL TBO Ta eKcriyaTauis CilbCbKOrocrnogapCoKux MaLLvH.
Bwun. 42. Yacr. 2. Kiposorpag, 2010. C. 92-102.
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BUEBIP TEXHO/IOTIT TEPMIYHOIO OBPOBNEHA AETAJI
«KOJIECO POBOYE» HACOCY

lony6 H. P., maricTpaHTKa rp. MT.m-21; oHuapos b. C., MmaricTpaHT
rp. MT.m-21, Cymay, m. Cymu

Y BOCnifKeHHI KOHCTPYKLIT Ta yMOB eKCn/yaTal,ii Hacocy BCTaHOB/EHO, LLLO
OCHOBHe Hanpy>eHHs B KOpPyci Kofieca BUKNMKAETLCA BifILLEHTPOBOIO CUAOI0, SIKa
MOXE CNPUYMHWTK KaBiTalito Ta BWXif 3 Nfady KpuabyaTku. Pobouye Koneco €
HaliBaXK/IMBILLIOK YaCTMHOK Hacoca, TOMY MaTepias ioro BUrOTOB/IEHHS MOBUHEH
BIAMOBIAATM BMMOraM 3a HafiHICTIO Ta [AOBrOBIYHICTIO. [N BUFOTOB/IEHHS
po60u4MX KOiC BiALEHTPOBMX HACOCIB HaYaCTilLe BUKOPUCTOBYIOTLCS ayCTEHITHI
cTani abo iHWi matepiany, Lo BiANOBILAOTL BUMOraM YMOB ekcriyaTaui.

Hepxagitoua ctasib 12X18H10T € ayCTEHITHONO CTasto 3 [0AaBaHHSM
TUTaHY, L0 3MEHLLYE CXUBHICTb CTasi 40 MDKKPUCTaNiuHOT KOPO3iT, MiCTUTb XpOM
Ta HiKefb, AKi NOKpaLLyoTh ii KOpO3iliHy, KaBiTaLiliHy CTiliKiCTb, )XapoCTilKiCTb i
XKapoMiuHicTb. [ns BMBYEHHS BNacTUBOCTEW CTafi BUKOPWCTOBYHOTbCA METOAM
MakKpo- Ta MiKpoaHanisiB, BM3HAYeHHS TBEPAOCTI Ta CTPyMeHeBOydapHi
BUMPOOYBaHHS.

MponoHoBaHa TEXHOMOTIA OTPUMaHHS BUPOOY BK/HOYAE Taki eTanu §iK
MeTaflypriiiHe OTPUMaHHA CTaNi, OTPUMAHHA BW/IMBKW, 4YOPHOBa Ta 4MCTOBA
MexaHiuHi 06p06KM 3 MOMNEPeAHbOD | OCTATOYHOK TEPMIUHOK 06PO6KOHD. Poboue
Koneco Hacocy O6yn0 BWrOTOBfIEHO METOLOM fIMTTA MO MOJensMm, Lo
BUNMABNAOTLCA. 1IN OXONOMXEHHS BWUMMBKM MiLAtOTHCA BifNastoBaHHIO Ta
YOPHOBI MexaHiuHin 06po6Lii, a NOTiM NPOXOAWTL OCTATOUHY TePMiYHYy 06POOKY
Ta YMCTOBY MexaHiYHy 06pobKy. MeTa mMexaHiuyHOi 06poOKM — No36aBNeHHA Bif
OKa/IMHW, KOperyBaHHs po3MIpiB feTani Ta HafaHHsA ecTeTUYHOro Burnagy. Meta
TepMiyHOI 06pO6KM — POpMYyBaHHSA HeoBXiAHOT CTPYKTYPY i (Di3MKO-MexaHiYHUX
B/laCTMBOCTEIA.

TepmiyHa 06pobka MeTasly € HeoOXiAHOK Ans 3MiHU CTPYKTypu Ta
BNAcTMBOCTElN MeTasly 3 METOH MiAroTOBKM MeTany [0 00pOO6/eHHS, OTPUMaHHS
O[JHOPIAHOT ApiGHO3EPHMCTOT CTPYKTYPWU, YCYHEHHSI HAaK/Meny i  3HWKEHHS
BHYTPILLHIX Hanpy>XeHb, MNONIMLWEHHS KOMMIEKCHMX MeXaHiYHMX BacTMBOCTEN, a
TaKoX N5 NOKPaLLEHHS KOPO3iHOT CTINKOCTI, NIaCTUYHOCTI Ta B S3KOCTI CTali.
[na npoBefeHHA TepMiuHOT 06pO6KM MeTany BUKOPUCTOBYHOTH CrieliasbHi nedi 3
Pi3HUMW XapaKTePUCTUKaMU, 3a/1EXHO Bij TNy 06pobKu.

B paHiii  po6oTi 3anpornoHOBaHO BWMIOTOBMEHHA pPO60Y0ro  Koneca
BiflLLEHTPOBOr0 Hacoca 3 HepXaBitouol TUTAHO-BMICHOT CTani ayCTeHITHOrO Knacy
12X18H10T 3 npoBefeHHsM MonepeaHbol Ta OCTATOYHOI TePMiYHOT 06pO6KM —
aycTeHisauii ana JOCArHeHHS HeobXifHWX MexaHiYyHWX BfacTUBOCTEW, 3 METOH
NiABYWLLEHHS MILIHOCTI, KOPO3IiHOI Ta KaBiTauiAHOT CTIliKOCTI AeTani.

PoboTa BrKOHaHa nif kepisHUL TBOM "anoHosoi O. I,
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PO3POBEKA METOAONOIIT MOAY/IbHOr© CTPYKTYPHOI'O
MPOEKTYBAHHA KOMMNO3UTHUX NOMNATEW HECYYOI O rBUHTA
BEPTOJ/ILOTY

MpubaHosa C. A., suknagad, KNIK XHYBC M. KpemeHuyk

MpoeKTyBaHHS Ta BUrOTOBMEHHS loMaTeil MBMHTIB BEPTO/LOTY CKIagHWUIA
npouec, SKWIA OXOMNMKE 3afadvi  MaTepiano3HaBCTBa, OMOpPY MaTepianis
aepoauHamikyi Towo. Ha rnobanbHOMY piBHI aeponpy)kHa NoBefiHKa nonarei
poTopa ONTMMi30BaHa TaKMM YMHOM, LLOG PiBHI WyMy i Bibpauili 3HMKyBanucs,
TaKOoXX Nnonati MOBWHHI MaTW AOCTATHIA TEPMIH CNy)XOW BTOMU Ta Ge3neyHi PiBHi
Hanpyru nif yac eKCTpeMasibHUX YMOB NOJbOTY.

CyyacHi KOMMO3WTHI MaTepiany BUKOPUCTOBYIOTLCA B /1I0MAaTAX poTopa
FONOBHWM YMHOM 4epe3 iX BMUCOKE CMiBBifHOLIEHHS MiLHOCTI g0 Baru. IHWwuMm,
6iflbLL NepcneKTUBHUM acrekTOM KOMMO3MUTIB € TXHSA aHi30Tponis, AKa 4ae 3HauHy
cB060AY 3aCTOCOBYBATW BMIACTMBOCTI YOPCTKOCTI KOHCTPYKUiA. B gaHwii yac y
KOHCTPYKLifX nomateli poTopa BMKOPUCTOBYETbCA YHiKa/lbHE —enacTuyHe
NOELHAHHA KOMMNO3UTIB N5 NOKPALLIEHHSA aePONPYXHUX BNACTUBOCTEN, 3MEHLLEHHS
BiOpaLiiHMX HaBaHTaXXEHb | MOAOBXEHHS PECYPCY eKcnyaTalil.

Monpy Te, WO KOMMO3WTW MaloTb 6GaraTo rnepesar, OAHa 3 K/IKUYOBUX
npo6nem nonsrae B ToMy, K eeKTUBHO | TOYHO MOAENIOBATI KOMMO3WTHI /10MNaTi.
Ha wacTs, B OCTaHHI AECATUAITTA HefiHiliHa Teopis aHI30TPOMHOro Ny4ka Aocsarna
3HayHoro nporpecy. VABS (BapiauiiiH1iA aCUMATOTUYHWIA NYYOK), IHCTPYMEHT
aHasnisy KOMNO3MTHOrO MyykKa, cTas 6iflbLl JOCKOHANMM. TOUHICTb i eDeKTUBHICTb
VABS [10BefleHO 3aCTOCYBaHHAM B akafeMiYHUX Konax i MpoMMcnoBoCTi. [HWKM
BE/IMKUM 3aBJaHHAM € aHasli3 KOMMO3UTHOT BTOMM Ta u4acy nepefbadveHHs.
MpoBefeHO LIMPOKi AOCAIAXKEHHSA PI3HMX acMeKTiB Bif TEOPETUUHMX MOfeneit o
eKcrnepyMeHTaNbHUX METOAIB.

Kpim 3aBfaHb aHanisy Ta MPOEKTYyBaHHs, BWMPOOGHUKN KOMMO3UTHUX
KOHCTPYKLi/A BUSIBNSKOTb Pi3Hi YHiKanbHI AeeKTU, Taki IK XBUNACTICTb LLApIB Y
NaMiHOBaHMX MaTepianax, WO Mpu3BOANTb A0  MIHAMBOCTI  CeKUiAHUX
BnacTmMBocTeid. LLL06 KoMneHCyBaTW 3arpo3y HEeBU3HAYEHOCTI, (hakTop 6e3neku
BCTAHOBNIOETbCA B MPOLECi NpoekTyBaHHA. [pobnema 3 (akTopoM Ge3neku
Nonsrae B TOMy, LLO BiH He MOXe BU3HAUYUTN HACKi/bKM By e 6e3neqHnM 3a NeBHUX
YMOB HaBaHTaXeHHs. CTPYKTYpHi BMacTMBOCTI jionaTi MigbuparoTbes  3a
[OMNOMOro0 aBTOMATU30BaHUX METOAIB ONTUMI3auil And 3MeHLIeHHs BibpaLii Ta
Hanpyru/gedopmadii nonati potopa. AHanis BTOMW iHTErpOBaHO B AMHAaMIYHWIA
aHasni3 Ha OCHOBI KiHLEBMX eNIeMEHTIB Ta ONTUMI3aLiT KOHCTPYKLiT lonati poTopa.

CnvcoK fiTepatypu

1. The material properties of commercial pure titanium,” 2018. —
Pexxum poctyny http://www.ife.no/media/446\ FactsTiAlloy.pdf
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MOBEPXHEBA OBPOBKA CIJ/1ABIB HA OCHOBI A/TIOMIHITO
3iHyeHko I. 4., acnipaHT, CymAY, M. Cymu

MeToto NoBepxHeBOT 06POOKM MeTaniB i CNNaBiB €, NiABULLEHHS TX CTIAKOCTI
NPOTU BNAIMBY 30BHILLHIX arpecMBHUX CepeaoBuLL, MPYU HOPManbHIN i MigBULLEHIN
TemnepaTypax.

Y cy4yacHOMY CBIiTi AOCWUTb LUMPOKOrO 3aCTOCYBaHHSI Habynm antoMiHieBi
Crnnasu, AKi BUMKOPWUCTOBYIOTbCA B PI3HWMX ranysax npomucioBocTi. OfHak,
IOMIHIR | /oro cniaBum MaroTb psAf HeRONIKiB: HWU3bKWIA MOAYNb MPYXHOCTI,
HEBWCOKa 3HOCOCTIlKICTb, HEAOCTaTHA KOpO3iiiHa CTIMKICTb NPU  BUCOKMX
TemnepaTypax i MexaHiuHiil Hanpysi. ng yCyHeHHs X HeAoNiKiB 3aCTOCOBYHOTb
MeToAM MoaudiKaLil noBepxHi, AKi JOPMYIOTb Ha NOBEPXHI CNNaBiB 3aXMCHUIA LWap.

Ha cborogHi, 3 6araTbOX METOAIB MOBEPXHEBOr0 3MiLHEHHSi MO psAay
napaMeTpiB HaieeKTUBHILLMM € €/IeKTPOICKPOBE fieryBaHHs, SiKe [03BOSSE
OTPMMYBATW Ha NOBEPXHiI a/OMIHIEBUX [eTaneil MOKPUTTS 3 Pi3HMX MaTepianis
[IOCUTb MPOCTUM CMOCOBOM, SIK B TEXHO/ONYHOMY BifHOLLEHHI, TaK i B anapaTHiii
0(hOPMIIEHHI, LLIO € 10ro BENMKO nepesaroto [1].

Mpouec eneKTPOICKPOBOrO JIeryBaHHSI 3aCHOBaHWUI Ha MNepeBaKHOMY
pyiiHyBaHHi (eposii) MaTepianly aHoga npu ickpoBoMy po3psgi. OCHOBHI
3aKOHOMIPHOCTI Ta ABMLLA, LLIO BM3HAYatoTh npolecy EI, 3anexarts Big matepiany
NEryBa/IbHOTO €/1eKTPoAa M PeXXmmiB 06pOOKM. HLIMMKM ICTOTHUMK MepeBaraMu
e/IeKTPOICKPOBOr0 JIeryBaHHA €: BUCOKA afresis NOKPUTTA 3 0OCHOBOO, MOX/UBICTb
NOKanbHOI 06pO6KM NOBEPXHI, BIACYTHICTb HEOOXIAHOCTI B NONepeaHii NigroToBLi
MoBePXHi | eKoMoriyHicTb npouecy. Bucoka afresis nOKpUTTs, OTPUMAHOTO
METOZOM €e/IeKTPOICKPOBOrO JieryBaHHSA, A0 MiAKNaAKM MOSICHKETLCA TWM, LU0
eNeKTPOICKPOBe NeryBaHHs — MPOLEC AMY3iiiHWiA, TO6TO aToOMU MOKPUTTS
ANYHAYIOTE B MigKNagky i BigpuB MOKPUTTS Bi4 NiAKNagKM NPakTUYHO
HEMOXXNnBWUIA [2-4].

Eaexrpoa (+)

TLaasmonuit posp

Saxmenrrui ray
o Toxpurts

\

\ udrain_ |
PucyHoK 1 — CxeMa HaHeCeHHs eNeKTpoa Ha NoBepxHo MeTany [2]

MepeBaramy eNeKTPOICKPOBOIrO NEryBaHHs €: BUCOKa afresis nokputTa 3
OCHOBOO, MOX/IUBICTb I0Ka/IbHOT 06PO6KM MOBEPXHI, BiACYTHICTb HEOOXiAHOCTI B
nonepegHiiA NigroToBUi MOBEPXHi | eKOMoriyHiCcTb npouecy. Bucoka apresis
MOKPUTTS, OTPMMAHOr0 METOAOM eNeKTPOICKPOBOr0 JeryBaHHs, A0 MifKNagKu
MOSICHIOETLCA TUM, LLO eNeKTPOICKPOBe NeryBaHHs — Npouec AndysiliHuiA, T06TO
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aTomMy MOKpUTTA AUGYHAYIOTb B MNiAKNAAKY i BigpuB MOKPUTTA Bif Nigknagku
MPaKTUYHO Hemoxxnmewii [1, 3, 5].

MuTaHHA OTPUMAHHA 3HOCOCTIVIKOro NOKPUTTS Ha a/IlOMIHIEBMX CMaBax 3a
[OMOMOr 00 eN1eKTPOICKPOBOT 0 JIENYBAHHA € BUK/TFOUHO BaXK/IMBUM, TaK fIK J03BOJIAE
BIAKPUTN HOBI MOX/IMBOCTI 4718 3aCTOCYBaHHS LMX CN/aBiB y By3fax TepTa 3
BUKOPWUCTaHHAM MOKPUTTA OTPUMAaHOro MeTOLOM efleKTPOiCKPOBOr0 /IeryBaHHs i
po3LLMpPUTK cdiepy X 3aCTOCYBaHHS B MalLMHOGYAyBaHHI.

Y HabaraTO MeHLIOMY CTYMeHi AOCAifXeHO Mpouec OTPMMaHHS
HaHOMOKPUTTIB | HAHOCTPYKTYPYBaHHS MOBEPXHI a/ltOMIHIEBMX CMaBiB, 30KpeMa,
atOMiHIEBO-MIAHNX CMNMaBiB TUMy AHPa/IOMiHa, SKi LUMPOKO 3aCTOCOBYHOTHCSA B
npomucnoBocTi [6, 7]. B OCHOBHOMY BeAyTbCs [AOCAIAKEHHS BNaCTUBOCTEN
NMOBEPXHEBUX LUapiB atOMiHIEBUX CNaBiB NpW BBEAEHHI B HWX HaHOMOPOLLKIB
CrocoboMm efieKTPoiCKPOBOro feryeaHHs [6]. Mpu eneKTpoicKpoBOMY neryBaHHi
MOBEPXHI NNTUX feTasleil 3 aloMiHIEBO — KpemHieBux cnnagiB (AK12, AK9) i3
3aCTOCYBAHHAM B €NeKTPOojax YNbTpagucnepCcHUX NopoLLKiB OTpUMaHi NO3UTUBHI
pe3ynbTaTy: TBEPAICTb MOBEPXHi 36i/bLUMACA B ABa pasu, a i 3HOCOCTIliKiCTb — Y
Tpu pasun. OfgHaK npu LboMy Cnifl BPaxoBYBaTW 3HAYHE NMOLOPOXKYAHHA TEXHONOT T,
TaK fK caM MpOLEeC OTPMMaHHS Y/bTPagUCnepCHUX MOPOLUKIB 3 TyroniaBkux
CNONYK € fOCUTb TPYAOMICTKUM i 4OPOrvM.
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100



METOAN MOAVN®IKYBAHHA TEPMOMAACTIB BYTJIELEBUMUA
HAHOTPYBEKAMU

MapueHko C. B., goueHT, kadespa MM i TKM, CymaY, Cymu;
MapueHko K. C., acnipaHTKa, rp. A-25/MT, kadegpa MM i TKM,
CymAyY, m. Cymu

TepmonnacTU4Hi  NONIMEPU  KOPUCTYIOTbCA  MOMWTOM,  30KpemMa B
MalUMHOOYAyBaHHI  3aBASIKWM  YHIBEPCAbHOCTI  Ta  MOX/IMBOCTI  BTOPWUHHOT
nepepobku. OTPUMYIOTb  TEPMOMAACTM  LUASXOM  CMONYYEHHS  MOHOMepIB,
YTBOPHOHOUM NAHLIOM Ta po3rany»XeHHs. Mpu nepepo6Li BXiAHWUIA FpaHy1bOBaHWI
Hanisabpmkar JOBOAATL 4O TeMMepaTypu B’A3KOTEKYyYOro CTaHy Ta BNPUCKYIOTb
O dopmu nig TUCKOM, fde MAacTUK HabyBae popMuM Ta cTae TBepauM. YacTo
3aCTOCOBYHOTb TEPMON/IACTM AK MaTepian 4na TPMBUMIPHOIo ApyKY, Nepepobnisaoyn
rpaHynu Ha CTPYHW Ta NNaBnaym ix y npuHTepax.

UacTilue 3aCTOCOBYIOTb Taki BUAW  TEPMOMNMACTUYHWUX  NONiMepiB:
nonietunex (ME), noninponineH (MM), nonisininxnopug (MBX), nonictupon (MNC),
noniamig, (kanpoH) Towo. CTBOPIOKOTLCSA TaKOX CYMiLli MosimMepiB Ta cononiMepu
L7191 BOCATHEHHSA BUCOKMX XapaKTepUCTHUK.

OKpeMUM HanpsMKOM NOKPALLEHHS KOMMJ/IEKCY MeXaHiYHUX BNacTUBOCTEN
TEpMONNacTiB € apMyBaHHS CK/0-, BYT/IEBO/IOKHOM - SIK py6aHWUM Tak i CyLibHUM.
Pa3om 3 UMM apmoBaHi TepMONAacTV BUMaratTb CreliasibHoro 06nagHaHHs npw
nepepoobLi, Lo 4acTo PobUTb X BUKOPUCTAHHS HEOOrPYHTOBAHO JOPOrMM.

MepcnekTUBHUM € 3aCTOCYBaHHA HaHOTPY6OK AK
apMyBa/IbHOT/MOANMDIKYBaIbHOT (ha3n B MacTMKax, Lo [03BOJISE, He 3MiHIOHUY
06/1aiHaHHS 415 NepepobKu, OTPMMYyBaTK BUPOOU NiABMLLEHOT MILIHOCTI, BiflbHUMU
Bif, HAKOMNWYEHHS CTATUYHOIO 3apagy TOLLO.

3anopykol BUCOKMX MOKA3HWKIB MMAaCTUKY MpW  HaHOapMyBaHHI €
ONTUMa/lbHa KifbKiCTb Ta BiAMIHHA [AMCNEPCHICTb HaHOOG’EKTIB B  MaTpuLi
nnacTuky. [ns peanisauii TakMx BUMOT BUKOPUCTOBYHOTb METOZ, AUCTIEPTYBaHHS B
PO34MHiI 3 BiAMOBIAHMM PO3UYMHHUKOM, SIKWIA MIiCNS LbOro BUMNapoBYOTh. [1]

Bubip TEXHOMOrYHOIO PO3YMHHUKA AN TEPMOMNIACTUYHUX MNOMIMEpIB €
BUPiLLEHMM AN 0OMeXeHOi HOMEHKNaTypu nnacTukis: Tak, pana TME
HalinoLLMPeHIWMM po3umHHMKamu € 6eH30n (CsHs), kemnon (CsHap), UMKIorekcaH
(CsH12) (3a t 80°C). Bnime 6eH3ony Ha HaHOTpyoku (OCSIAL) gocnifykeHo B
po6oTi [2] .

MM po3unHseTbea y 6eH3oni (CsHe), Tonyoni (CsHsCHS3) 3a t 100°C. MBX
00MeXeHO po3unHHUIA Y 6eH3oni (CeHs), aueToHi (C3HeO). 3a t 110°C-120°C Ta
BULLE PO3YMHAETLCA Y UmMKorekcaHoHi (CsH100), TeTparigpodypaHi (Trd)
(C4Hg0), pumetundopmamigi (AM®PA) (CsH/NO), aguxnopetaHi (CeHsCHz). MC
PO3UMHAETLCA B cipkoByrneli (H»S), nipugnHi (C2HsN), auetoHi (C3HgO), Tonyoni
(CsHsCHs3), auxnopetaHi (CsHsCHg), xnopotopmi (CHCIs), 4oTMpbOXXN0pPUCTOMY
Byrneui (CCly), cknagHux ehipax, Baxue po3UMHAETLCA B OEH3UHI.
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Moniamig (KanpoH) BaXXKOPO3YMHHUIA TEPMOMAACT, PO3UMHSETLCA ULIE B
cipuaHiii kncnoti (H2SO4) | hTopoBaHmx cnupTax) [3].

OfuH 3i cnocobiB OTPMMaHHA KOMMO3UTa «MONiMepP-HaHOTPYOKU» Ha
NigN0XLUi NoNArae B pO3UMHEHHI KOMMO3MTA B NePLLIOMY PO34MHHUKY 3at 90°C (ans
nonimepa), 006po6Ka yNbTPa3BYKOM B [ApPYromMy posyuMHHUKY (ana  HT),
nepeMilllyBaHHS pO3YMHEHOro nofiMepa Ta po3duvHy HT 3a  Jonomoroto
yNbTpasByKy (NigsuLeHHs aucnepcHocTi HT) Ta 3 BUKOPUCTaHHAM MarHiTHOro
nons MPOTArOM MEBHOr0 Yacy Ans posnogineHHs HT no matpuui. 3aBasiku
MarHiTHOMY Nosito BAaeTLCA chopmysatn HT B 0gHOMY napanensHOMY Hanpsamky,
L0 B AESIKMX BMMagKax BNMBAE Ha MilHICTb KomMno3nTa. OaHak, icCHye HefoniK —
BUAANEHHS PO3UMHHMKA.

[ns oucnepryBaHHs B po3nsiaBi BUKOPUCTOBYOTH ABOLUHEKOBI EKCTpYZAepH,
AIKi 38 PaXYHOK 3CYBHUWX CU/ PO3MOPOLLYIOTL arfioMepary HaHOTPYOOK.

MpoBefeHWin aHani3 Mokasas, LU0 Y BWNAAKYy iCHYBaHHS TEXHOMOMYHOIO
PO3UYMHHMKA NS JaHHOTO noniMepy (Hanpuknag, nonicTMposy, NoniBiHiNXopuay,
nonikapboHaTty TOLLO) iCHYE MOX/IMBICTb AOCATTU SAKICHOrO AWCMepryBaHHs
HaHOTPY6OK B PO3UMHI 3 NOAA/ILLUKMM BMMNApPOBYBaHHAM, X04a Lie CYMPOBOAXKYETbCS
baraTocTagiiHiCTIO | CKNagHICTIO npouecy. JuchnepryBaHHs B pO3nnaBi
Ma/IoNpPOAYKTMBHE AN51 CTBOPEHHS AKiCHOT aucepcii, ane y sunagky ME, MM ue,
BOYEBMAb, HANAOCTYMNHILIA TEXHOMOT IS,

IcHye HeBupilleHa npob6nema, sika Monsirae y BiACYTHOCTI e(eKTUBHOT
TeXHonorii  BBEAEHHS | PIBHOMIPHOIO PO30CEPEAKEHHS  HAHOTPYOOK B
TepmonnacTax, 0cobnuBo, 3a BifCyTHOCTI eheKTUBHOIO i HEAOPOrOro PO3UNHHIMKA.
Po3B’s13aHHSA L€l 3agadvi [O3BOUTL OTPUMATU NNacTMKOBI BMPOGW 3 BMCOKMMM
ekcnayaTtayiiHUMM MoKa3HWKaMyn Mpy BUKOPUCTaHHI TUMOBMX TEPMOMNacTiB, 40
TOr0 XX NPU HE3MiHHI TeXHONOriT, a nLie JOMOBHMBLUM €TanoM AUCMepryBaHHs
3arasibHWiA NpoLec nepepobKku.
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MABNWEHHA AKOCTI MOBEPXHI TA AOBIrOBIYHOCTI
3A OMNOMOIOO EJIEKTPOICKPOBOI'O JIEINYBAHHA

OxpimeHko B. O., acnipaHT, ManoHosa O. IM., 3aB. Kag. MM i TKM,
CymAyY, m. Cymu

EnekTpoickpoBe neryBaHHA (EI/1) € e(eKTMBHUM METOAOM MOKpaLLeHHS
AKOCTI MOBEPXHi AeTanein i3 pisHMX matepianiB. Lieii meToq nonsirae B 06po6ui
NOBEPXHI MeTany BUCOKOBO/IbTHUMU €NIEKTPUYHUMM ICKPaMU, LLLO BUK/IMKAE NpoLec
po3MnnaBfeHHs1 NOBEPXHi | [03BONSE [A0faBaTM A0 Hei iHWi maTepiann, sKi
NigBULLYHOTb 1T MiLLHICTb, 3HOCOCTINKICTb | KOPO3iliHy CTiiKicTb [1,2].

Y cyvacHOMY CBITi, fe BMMOIM A0 SKOCTI Ta e(eKTVMBHOCTI [AeTaneli
3pOCTal0Th, €/IEKTPOICKPOBE /IETYBaHHS € Haf3BUYaiHO BaXKIMBKMM METOAOM A5
MOKpaLLeHHs AKOCTi MOBEPXOHb Pi3HOMaHITHUX MaTepianis.

3actocyBaHHs E1J1 403B0/1SIE 3MiHIOBATM XIMIYHWIA CKNaf NOBEPXHi AeTanei,
BUKOPWUCTOBYHOUM [/ LbOTO Pi3Hi MaTepianu, Taki AK MeTanu, Kepamiky, TBepAi
CnnaBu Towo. 3MiHa cknagy [03BOASE MiABULLMTM MILHICTb, 3HOCOCTIMKICTb i
KOPO3iiiHy CTiliKiCTb geTanei [3-5].

OpHUM 3 0OCHOBHKX nepesar EI/1[3] € Te, W0 BOHO MOXe 6yTy 3aCTOCOBaHO
Ha MpakTuLi 415 MOKpaLLeHHs BNacTMBOCTEN NMOBEPXOHb HaBiTb B TUX BUMagkax,
KOMW Ui MOBEPXHi HE MOXYTb OYTW feroBaHi 3 BUKOPUCTAHHAM iHLIMX METOAIB,
Hanpwvknag, 3a oNoMOror Ximiko-TepMiuHoi 06pobku (XTO) [6].

[o Toro x, EIJT go3Bonsie AOCArHyTW GifblL BUCOKMX 3HAY€Hb MiLHOCTI,
3HOCOCTIMKOCTI | KOPO3iiHOT CTilAKOCTi, MOPIBHSAHO 3 IHLLIMMUY METOAAMM NIEryBaHHS.
Lle  3abe3neyye  MOX/MBICTb  BWKOPWUCTAHHS  AeTaneil,  06pobneHnx
€/IeKTPOICKPOBMM fleryBaHHSM, B YMOBaX BUCOKOI HaBaHTaXEHOCTI /i arpecBHOI0
cepefosuLua [3].

3acTocyBaHHS e/IeKTPOICKPOBOIO NeryBaHHsl 3HaMLL/O CBOE 3aCTOCYBaHHS B
Pi3HMX ranyssax, Takux $K asialiliHa MNPOMWUCAOBICTb, MaLUMHOBYAYBaHHS,
eNeKTPOHIKa, a TaKoX B MPOMUCNOBOCTI HaTOBNAOOYBaHHS Ta ra3oBMA00YyBaHHS.
Y uux ranyssx EIJT 3acTocoByrOTb Ans NMOKPaLLEHHS BNACTMBOCTE HathTOrasoBoi
apmatypu, HahTo-BOAOMNPOBIAHOT apmaTypu, HadTorasoBMx HacocCiB Ta IHLIMX
06nafiHaHb, SIKi NpaLoTh B YMOBaX arpecMBHOro cepegosuiia [1, 3 ,5].

OfHUM 3 Halibinbl BaXXNMBKX acnekTiB E1J1 € ioro BifiHOCHa ePeKTUBHICTb
i MOPIBHAHO HM3bKa BapTICTb 3 IHLIMMMW MeToAaMu NerysaHHs nosepxHi (XTO). Liei
MeTO[, He BUMarae BUCOKOT TeMMNepaTypu i BUCOKOTO TUCKY, L0 PO6UTb iOro GinbLu
[OCTYNHWUM 415 BUPOOHWMLTBA B NOPIBHSAHHI 3 IHLLMMMW METOaMM.

Okpim Toro, ElJ1 3acTocoBytOTb AN BiJHOBNEHHS Ta MiABULLEHHA AKOCTI
Pi3HWX 3HOLLEHUX AeTasei, Taknx AK LUuniHAPKW, NOPLUHI, BafKn, WECTEPHI Ta iHLWi
MexaHiuHi getani, sKi BTpaTUIM CBOK MOYATKOBY MILHICTb Ta CTINKICTb JO 3HOCY
BHaCNiJoOK [0Broro BMKOPWUCTaHHA. EIJ1 f03BONSiE BifHOBUTM IXHIO (OpMYy Ta
PO3MipK, & TaKOX MIABWLLMUTL TXHIO MILHICTb Ta CTINKICTb [0 3HOCY, L0 A03BOSISE
30iNbLIMTM  TEpPMIH iXHBOro ekcrnyatauii. Lleli mpouec TakoX MOXe
3aCTOCOBYBaTUCA [N BIAHOBNEHHA TEOMETPUYHUX MapaMeTpiB fetaneid, Lo
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[03BOSISIE  30IMBLUNTU TOYHICTb TXHBLOTO (PYHKUIOHYBaHHA Ta 3HU3UTU PU3UK
BUHWKHEHHS HecnpaBHocTe [5, 6].

OTxe, EIJT € BXNMBAM METOAOM [/ MOKPALLEHHS SAKOCTi MOBEPXOHb
JeTaneld 3 pisHMX Mmatepianie. Lleii MeTog [O3BOMSE 3MiHIOBATM XiMIYHWIA CKnag
MOBEPXOHb, WO MiABWLLYE TX MILHICTb, 3HOCOCTIMKICTb i KOPO3iliHy CTIlKiCTb.
OfHiel0 3 TOMIOBHWUX MepeBar eneKTPOiCKPOBOTO J/IeryBaHHA € MOX/IMBICTb
3aCTOCYBaHHS M0ro ans 3abe3neyeHHs HeOOXiAHMX BIACTUBOCTEN MOBEPXOHb, AKI
He MOXYTb OYTW OTPUMaHI 3a AONOMOrOH IHLINX METOAIB.

Lleii MeToA 3acTOCOBYKTb Yy PIsHUX TFany3sx, TakMx $K aBialiiiHa
MPOMUCNOBICTb, MalLUMHOOYAYBaHHs, €feKTPOHika Ta iHWi. 3acToCyBaHHS
€NeKTPOICKPOBOro fleryBaHHs A03BONSE [AOCAraTU Oifbll  BUCOKUX 3HAYEHb
MiLHOCTi, 3HOCOCTIVKOCTi i KOpO3iiHOI CTIKOCTi, W0 3abe3neyye MOXJMBICTb
BUKOPUCTaHHS fAeTanield, 06po6eHNX eNeKTPOICKPOBUM JeryBaHHAM, B YMOBaX
BMCOKOI HaBaHTaXKEHOCTI i arpecyMBHOMO CepeoBMLLA.
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RESEARCH OF NANOSTRUCTURED COATINGS BASED ON NITRIDES

Pakhnenko D. V., master, Khaniukov K. S., postgraduate Varakin V. O.,
postgraduate, Hovorun T.P., associate professor of the department of
PM and TCM, Sumy State University, Sumy, Ukraine

In recent years, strengthening and protective coatings, in particular highly
effective functional nanostructured nitride coatings, have been put into practical use
at industrial enterprises. The creation and research of advanced materials for
functional coatings, which allow to increase the stability of parts for various
purposes and the productivity of the enterprise in general, is an urgent task. An
important circumstance that affects the properties of the formed coatings is the
nature of the location of the structural elements of the reinforcing coatings, the
presence or absence of their orientation.

Table 1 - Generalized data on various types of coatings [1-3]

(TIAIZrN) (AITIZrN) (Y)
TiN- coating TiAIN- coating AITIN - AITiIN
nano coating
Basis high-speed steel, high-speed steel, high-speed steel,
hard alloy, cermet | hard alloy, cermet hard alloy, cermet
Structure of multi-layered nanolayer multilayer,
layers nanocomposite
Color pale gold pale gold bronze

Hardness 3300 3400 3500
(HV 0,05)

Working <800 <800 <800

temperature
(9]
Thermal 0,05 0,05 0,03
conductivity
(kW,mK)

Type of milling, drilling, drilling, threading drilling, turning,
processing thread cutting milling
Processed universal stainless steels, Ni | universal, cast iron,
materials alloys hardening steels,

high-strength steels,
composites

Features better chip reduction of friction high hardness

removal

TiAIN coating (titanium aluminum nitride). Special coating for processing

abrasive materials (cast iron, Al-Si alloys) and/or under temperature loads, as well
as processing without lubricating and cooling liquid. Therefore, nitride coatings
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containing aluminum have high resistance to oxidation [750 °C for (TizsAlzs)1.xNx,
830 °C for (TisAlso)1-xNx] and maintain high performance at high cutting speeds of
hard-to-machine materials. The coating is well suited for cutting titanium and nickel
alloys, stainless steel, hardened materials.It was determined that the hardness and
strength of the multilayer coating increases with the decrease in the thickness of the
individual layers to units of nanometers.

The formation of the TiAIN coating on tool matrices occurred with local
features (Fig. 1). The deposition process is characterized by such mechanisms as the
formation of blockiness, and, in the general case, the appearance of a morphological
hierarchy in the form of a loss of single crystallinity. The results of a local chemical
analysis showed that the strengthening coating on the basis of TiAIN, formed by the
method of magnetron deposition of titanium and aluminum targets, is uneven in
composition.

1 um

gam

Figure 1 — Local features of TiAIN coating formation

Multilayer coatings containing layers of the complex composition of TiN-
TiCN-TiN and TiAIN-CrN allow to reduce not only the temperature and mechanical
factors that initiate adhesion, but also increase the resistance of the coating to
destruction under the conditions of adhesive processes.

Thus, the increase in performance of cutting tools with multi-layer composite
coatings is due to the fact that these coatings meet the requirements of the "third
environment", i.e. have in their composition layers that correspond to the properties
of the instrumental matrix, layers that provide high resistance to wear under
conditions of alternating voltage and algesia-fatigue processes.
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PO3POBKA CYYACHOI TEPMIYHOT OBPOBKW AETAJI
«"OJIKA JO3YHOUA»

MimeHoB O. O., CTyZeHT rp. MB-91/1 MT,
Yymakos [. C., acnipaHT rp. A-15MT, HasapeHko I. B. acnipaHT rp. A-25MT,
XapueHko H. A., poueHT Kadegpu MM i TKM, CymayY

[JaHa pob6oTa npucBAYeHa BLOCKOHAIEHHKO TEXHOMOriT BWUrOTOB/IEHHS |
TepMiyHOT 06p0obKK AeTani “ao3ytoya roska”, ska 3aCToCOBYETLCS B liTakobyyBa

[JeTanb “ao3ytoua ronka” — Le eneMeHT NasiMBHOT CUCTEMU, NPUIHAYEHWIA A5
perynoBaHHS nofadi nanvea Ao ABUryHa. BoHa € OfHI€r0 3 KIHYOBMX AeTasei B
aBialjiiHOMy Ta pakeTHOMY OYAIBHWLTBI, OCKiflbKM Bif TOYHOCTI Ta HagiliHOCTI 1T
po60TY 3aneXWTb 6e3neKa NosboTiB Ta EKOHOMIA nanmea [1]. Y SKOCTi OCHOBHOMO
maTepiasly AN9 BWIOTOBMEHHS| feTafli «rofka [o3yk4a» BUKOPWUCTOBYETLCA
BMCOKO/IeroBaHa Heipxkasitoua cTasib 14X17H2. OCHOBHUM fIEryHOUUM efleMEHTOM
cTani € xpoM. lMigpaxoBaHo, IO faHa CTaNb BifHOCUTLCA A0 NEpexifHOro Kacy
ayCTeHiT-MapTeHCUT-(heput. OfHoyac Tpeba 3a3HauUTW, WO YacTka (eputy B
CTPYKTYpi CTaHOBWTb 7,22%. Heip>xaBitoui CTani MaroTb BUCOKY KOPO3iiiHY CTIAKICTb,
asie BOHW TaKOoX MatoTb NeBHi HeONIKW, TaKi SIK HU3bKa MILHICTb Ta XXOPCTKICTb [2].
TepmiuHa 06pobOKa A03BONSIE MIABMLLMTM MILHICTb Ta XXOPCTKICTb HepyKaBitoumx
cTanein, NoKpaLLMTK iX CTIKICTb 40 MiXKKPUCTaNITHOT KOPO3ii Ta 3HOCY, L0 po6UTb iX
6i/bLL eheKTVMBHMM Ta AOBrOBIYHUM MaTepiasloM. 3aCTOCYBaHHS TEPMiYHOT 06POOKM
€ 0C06/IMBO aKTyalbHUM A5 HePXKaBitoumx cTaneid [3].

B paHiii poboTi 3anponoHOBaHO peanisyBaTyi KOMM/IEKCHWIA METOA TepMiYHOT
Ta XiMiKO-TepMIYHOT 06POOKM, LU0 BK/KOYAE MONepeaHto TepMidyHy 06pobKy ans
MigroToBKM OCHOBM: Bignan npu Temnepatypi 800°C 10-20 roguH, rapTyBaHHs npw
1020-1050°C 30 xBunuH Ta Bignyck npu 600°C 5 roguH. Ha nepLuomy eTani XiMiko-
TepMiYHOT 06pO6KM peanisoByBann PiMHHE a30TyBaHHS. A30TyBaHHSI NPOBOAWN B
po3umnHi coni KCH npu Temnepatypi 550 Bnpogosx 2 rognH. OCHOBHOO onepavieto
[laHOT poboTK € LemeHTaujs. ponoHyeMo peanisyBaTy JaHWUiA €Tan 3a Cy4acHOH
TEXHO/IOTIE0 B BaKyyMi, B cepefioBuLLLi MeTaHy npu TemnepaTypi 1050 nig TUCKOM
15-35 kIa, Bnpogosx 30 xBuuH. IMicna uemeHTau il 060B’A3KOBUM eTanoM 06pobku
Byna ocTaTouyHa TepMmiyHa 06po6Ka, fiKa CKiadanach 3 rapTyBaHHs npu 1000°C
npogoX 30 XBUIMH Ta HW3bKWIA Bignyck npu 200°C.

BusHaueHa TBepaocTi nicns Bignany — 255 HB, nicna nosHoOI nonepeaHbOl
TepmiyHOi 06pobkn 27,5-28 HRC. MMicna a3oTyBaHHsA Ta LeMeHTalii Bu3HaueHa
TBEPAICTb NMOBEPXHEBOro Lwapy. TBepAiCTb NiCNs a30TyBaHHA Y Pi3HMX Llapax Mae
Taki 3HayeHHsi: FexsN — 6-8 ITla, FesN — 12-14 [Tla. 3HayeHHs TBEpPAOCTi
Kap6OoHITPMAHOrO Wapy nicng uemeHTauii 17-19 Mia.

OTpuMaHHi  pesynbTaTi roBOPATb MPO  MEPCMEKTUBHICTL  BUKOPUCTaHHS
Heip>xagitoyoT cTani 14X17H2 B AKOCTI MaTepiany 3aroToBKY i BNPOBAAXKEHHSA AaHOI
TEXHOMOTIT TepMiYHOT 06POOKM AeTani «rofika Ao3yroyax».
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XAPAKTEP PYXY MEX®ASHUX TPAHWLb MPUN HEISOTEPMIYHNX
YMOBAX ®OPMYBAHHA NP Y3INHOIO 3AXNCHOI O NMOKPUTTH
HA METAJIAX B 3AJIEXXHOCTI BIZ EHEPI I AKTUBALIT AN®Y3IT

HecTepeHko O. I., npothecop kadespn eHepre TUKKN, LOKTOpP (i3nKo-
MaTeMaTUYHUX HayK, YKPaTHCbKNIA fep>KaBHMIA XiMIKO-TeXHONOTiUHNIA
yHiBepcuTeT, M. JHinpo; CaxHo B. M., foueHT Kaeapy BULLOT MaTeMaTUKY,
(hisvkn Ta 3aranbHOIHXKEHEPHUX AMCUMNAIH, KaHAMAAT (i3MKo-MaTeMaTUYHUX
HayK, [HINPOBCbKWiA Aep>KaBHWiA arpapHO-eKOHOMIYHMIA YHiBEpCUTeT, M. [Hinpo;
HecTepeHko M. I"., goueHT Kadeapy NporpaMHOro 3abesneyeHHs iHhopmaLiinHo-
BiMiptOBa/IbHOT TEXHIKW, KaHAMAAT (i3MKO-MaTeMaTUYHNX HayK, YKpaTHCbKNii
[ep>KaBHui XiMiKO-TeXHONOriYHWiA yHiBepcUTeT, M. [IHIiNpo

EBontouis CTPYKTYpu Ta pa3oBoro cknagy AugysiiHMX 3aXMCcHUX LapiB, Y
6iNbLIOCTI BUNAAKIiB, BU3HAYAETbCA ANAY3iAHUM NepeHeCceHHsIM KOMMOHEHTIB, Lo
BXOASATb [0 CKMafly UMX LwapiB. BMBYEHHIO KiHETMKM AWdY3iiHMX MPOLIECIB,
[OCNIIKEHHIO CTPYKTYpY Ta (ha30BOro cknagy 6aratothasHux gudysiiHUX cUcTem
MPUCBAYEHO HW3KY POOBIT pagsHCbKMX Ta 3apybikHMX ByeHux: ypoa K.IT.,
LLlep6eauHcbkoro I.B., Mokposa A.l1., Jlo6oea B.4., Jlapikosa J1. H., PaitueHko
A.l., Xyciga 6.M., BokwrTeitHa C.3., lIcakoBa M.I"., KpuwTana M.A., 3aiita bu.,
[JapkeHa J1.C. Ta iH.

OpHak, andy3sia B 6aratohasH1X cucTemax, Lo MPOTiKae B HEI30TEPMIYHUX
ymMoBax MpwW BNAMBI HA NOBEPXHIO METasly JIOKANbHUX KOHLEHTPOBAHUX [Kepen
eHeprii, BMBYEHa AK B eKCrepyMeHTa/IbHOMY, TakK | B TEOPETUYHOMY MJiaHi
HefloCTaTHLO rNMG0oKO [1]. Lle moB'A3aHO Hacamnepes 3i CKMafHICTIO MexaHismy
Hei30TepMiYHOrO HaCUYeHHS Ta Oro eKCnepMMeHTaNIbHOMO BiaCTeXeHHs. Andy3is
B Hei30TEpPMIYHMX YMOBax MPOTIKAE Ha TAi TakMX MPOUECiB, K MOAPiGHEHHS
3epPeHHOT CTPYKTYPK, 3MiHa LWiNIbHOCTI AeeKTiB KPUCTaNivHOl I'paTKu, BUHUKHEHHS
3HAYHUX HaMpy>XeHb | FpafieHTiB TemnepaTyp. ToMy npob6nema MOAENtoBaHHS
noBefiHKN AWY3iliHOT CUCTEMM B HEI30TEPMIYHMX YMOBaXx, KifbKiCHWIA onuc
eBOMOLIT MDK(a3HUX TpaHULb Ta KOHLUEHTPALiAHOro Mnois Ha KOXHIil cTagil
Hei30TepMiUHOT 06PO6KU € aKTYasIbHOHO.

XapakTtep pyxy MexdasHoi rpaHuui Ha AingHui  Hei3oTepMivHOro
HarpiBaHHS 41 OXONOAXKEHHSA Ma€e CKMafHUIA BUA. 3aKOH PyXy MidK(asHOro KOpAoHY
3HAYHOK MIpOO BiApPI3HAETLCA Bif KNaCMUYHOMO napabonivyHOro 3pocTaHHs gas. A,
AK By/10 NoKa3aHO Hamu B poboTax [2, 3], npu TepMOLMKIIYHIA 06pobLi et pyx
HOCWTb 3BOPOTHO-NOCTYNa/bHUIA (KONMBANIbHWIA) XapaKTep.

[ngysis B GiHapHIA cucTeMi, NMpy HEi30TEPMIYHOMY PEXMMI HaHECEHHS
3aXMCHOI0 MOKPUTTS, OMUCYETLCA CUCTEMOK AUEPEHLIiHNX PiBHAHb LPYroro
nopsiaky B MpMBaTHMX MOXIAHMX Ha OCHOBI Apyroro 3akoHy ®ika. Cnig
BPaxoByBaTW Lle eKCMoHeHUianbHy (ApPeHiyCIBCbKY) 3a/IeXHICTb KoedilieHTa
andpysii Big Temnepatypu. KpiMm TOro, cuctemy piBHAHb HeOOXiAHO [LOMOBHUTK
rPaHUYHYMM YMOBaMV Ha 30BHILLHIA MOBEPXHi i piBHAHHAM 6anaHcy macu Ha
BHYTPILLHIV pyXOMWIA rpaHnLi po3giny ¢as.
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Po3B'AsaHHsA Uiei 3ajayi MPOBOAMMIOCA UMCENbHO, 3 BUKOPWUCTAHHAM
po3p06/IeHOr0 aBTOpamy MeToAy «AOMOMIXHOI CiTKu» [4, 5], agantoBaHuUM Ans
YMOB Hei30TepMiyHOiT Andysil.

Ha puc.l HaBefeHO pe3ynbTaTW pPO3paxyHKy MOAenbHOT 3afadvi  Ans
[BOX(a3HOi CUCTEMM 3 ypaxyBaHHSAM PI3HMX 3HaueHb CMiBBILHOLLEHHS €Heprii
aKTmBaLiT Andysii B pasax NOKPUTTS, LLO 3pOCTat0Th, | XapaKTepy Hei30TepMiyHOro
HarpiBy (260 0X0/I04)KEHHS) MeTajly OCHOBMW.

Ig(D I, MKM
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13,00 | 1400 /\ /
1350 7 \ 4,70 | /
113,50 Pl | 11300 /
—1g02) £ \ 4,65 LN
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113,50 —— ied1) | |1300 / \ &
: y, C :
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Puc.1 XapakTep pyxy Mix(a3sHoi rpaHuLi, B 3a/1eXKHOCTI Bifj 3HaYeHb
eHeprii akTMBaUii y hasax Ta 3MiHK TemnepaTypu Andy3iinHoT 30HN.

Ons igeHTMgiKauil XxapakTepy pyxy MiXhasHoi rpaHuui 6yno obpaHo gsa
BapiaHT! MOX/MBUX CMIBBIAHOLWEHb MK €Heprisimu akTuBauii B 3pocTaroumx
thasax. Y nepLuomy BUNafKy, eHepris akTueauii andysii y nepLuiii asi MeHLLa, Hix
y Apyrii Q1<Q.. To6To 3pocTaHHSA 3HauYeHHs KoedilieHTa Audysil 3 TemnepaTypoto
y Apyrin dhasi BigdyBaTMMeTbCs LUBMALLE, HDXX Y Mepwii. Y Apyromy BUMagKy -
3BOPOTHA CUTYyaLis.

7K BUAHO 3 MastoHKa, rpadiki TeMnepaTypHuUX 3anexHocteld Dy i Dy y
nepLIOMY BUNaaKy 36/1KyrTbCA 3i 36ibLIEHHAM Temnepatypy (puc.1a), Togi aK y
Apyromy pasi — posbiratotbes (puc.1b). 3anexkHo Bif LbOro, KOpAoH MNOBOAMTHLCS
HeopAVHapHO. Y pasi a) -iHTEHCUBHO POCTe NpPW OXONOMXKEHHI | NiAPO3UNHAETLCA
npu HarpiBaHHi. Y pasi b) — KapTuHa 06epHeHa.

Pe3tomyroun, MOXHa 3p061TU Taki BUCHOBKW:

- EBontouis (a3 npu Hei30TEPMIYHOMY pPeXMMi HaHEeCEeHHs 3axUCHOro
ANysiiHOTO NOKPUTTS HOCUTb HEOPAMHApPHWIA XapakTep - MiXgasHa rpaHuus
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pyXaeTbCA CKMaAHUM UMHOM, i 17 pyX 3HAYHOK MIpOK BiAPI3HAETLCA BIf
KnacuyHoro napabonivyHoro 3aKoHy 3pocTaHHs as.

- BennumHun eHepriii aktvBauii angysii y asax CUCTEMM BU3HAYaKOTb
XapakTep 3a1eXHOCTI NOMOXKEeHHS MiXdasHoro kopfoHy I(t) Big uvacy. A cawe,
AKWO eHeprif akTvBawii andysii B nepLuili asi MeHLWwa, HiXX y Apyriid, To KpvBa
3a1eXHOCTI BUNyKNa Mpu HarpisaHHi (i, B [esKMX BUMAaLKax, MOXe HaBiTb
criocTepiratmcs  Migpo3yvMHeHHA (asv npu  HarpisaHHi!) i yBirHyTa npu
OXOMIO[KEHHI (CrocTepiracTbCs iIHTEHCUBHE 3pOCTaHHA (ha3u MpW OXONMOKEHHI!).
AKLLO X eHepris akTMBaLiT agndy3ii B nepLuiin asi 6inbLua, HiX y ApYrii, To KpmBa
3a/1eXXHOCTI BOFHYTa NPW HarpiBaHHi i onykna npy 0XonomkeHHi (po34nHeHHs thasu
MOXX/MBE TiNbKW NPU 0XONOAXKEHHI).

- 3 po3paxyHKy, Li/IKOM OYeBMAHO, WO NPU TEPMOLUMKAIYHOMY PEXMMI
HaHEeCEHHS MOKPUTTIB, MOMEHTaM MoYaTKy i KiHUS HarpiBaHHa 6yayTb Bignosigatu
TOYKM NepernHy 3anexHocTi KoopanHaTy MiXkdhasHoi rpaHuui I(t) Big yacy.
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OOCNIAXEHHA BMINBY MPOAYKTUBHOCTI NMPOLUECY ANITYBAHHA
METOA0OM ENEKTPOICKPOBOI'O JIEN'YBAHHA HA MIKPOCTPYKTYPY
MOKPUTTIB

TapenbHuk H. B., c.H.c,; ManoHosa O. IM., 3a8. kad. MM i TKM, HOckaes C. B.,
acnipaHT; XXuneHko O. |., maricTpaHT rp. MT.m-21, CymAY, m. Cymu

[ns HaflaHHS NOBEPXHEBOMY LUAPY AeTasli HeOOXiAHMX Di3NUHMX, XIMIYHWX,
TPMBONOTiYHNX Ta eKcnayaTauiliHMX BNacTMBOCTE ICHYe 6arato crnoco6iB
moaudikauii noBepxHi. Ons HagaHHS 3ani30BYrfeLeBMM criaBam MigBuLLEeHOT
OKaNMHOCTINKOCTI, OMnopy aTMOoc(epHiii Koposii i psgy IHWKWX BIACTMBOCTEN
3aCTOCOBYHOTb asliTyBaHHA. Oco6nvMBe Micue cepef 3MiLHIOUMX TEXHOOTIN
3aliMatoTb  TEXHOMOTiT, L0 BWKOPUCTOBYHOTb AN 06pobku  maTepiany
KOHLeHTpoBaHi NoToku eHeprii (KME), npu AKMX NPOTiKaloTb HEPIBHOBAXHI YMOBM
HarpiBy Ta OXONOKEHHS, WO CNpUse (DOPMYBAHHA NMPUHLMMNOBO iHLWNX, HX Mpw
TpaguLiiHMX MeTofax 06pobKK, CTPYKTYpP MOBEPXHEBOrO Lwapy. OfHUM i3 Takux
METOZIB € eNeKTPoicKpoBe nerysaHHs (E1).

MeTolo pobOTU € AOCHiAKEHHS BNAMBY MNPOAYKTUBHOCTI npouecy EI
CTa/lbHNX NMoBEPXOHb MOMIHIEBUM €N1EKTPOAOM-IHCTPYMEHTOM Ha
CTPYKTYPOYTBOPEHHSA MNOBEPXHEBOrO wwapy ctani 20.

MokpuTTS hopMyBann antOMiHIEBUM €NeKTPOLOM Ha YCTaHOBUi Mogeni
«EniTpoH 52A» 3 BUKOPUCTaHHAM PIi3HMX PeXnMiB — eHeprii po3psgy i
NpoAyKTMBHOCTI. Ha cdgopmoBaHe Ha MeplioMy eTani anoMiHieBe MNOKPUTTA
HaHOCUNIM cneyianbHe TexHonoriyHe cepeposuwe (CTC), wo cknaganocs 3
BaseniHy (10%) i antomiHieBoi nyapm (90%), i gani NpoBOAWAW HACTYIHE NeryBaHHs
aitoMiHieBUM  enekTpofoM. LLIOpCTKICTb MOBEPXHi BU3HAYaiM Ha npunagi
npodinorpag-npoginoMeTp WAAXOM 3HATTA Ta 06po6Ku npodinorpam. CTpyKTypu
MOBEPXHEBOTO LWapy BMUBYAIN Ha ONTUYHOMY Mikpockoni MIM-7, MiKpoTBeapicTb
— Ha npunagi NMMT-3.

JocnipKeHHs nokasanu, Wo Npu 3MeHLUEHHI NpoayKTUBHOCTI EINT y aBa
pasu, npw 3pocTaHHi eHeprii pospsgy 3 0,52 po 6,8 [ Ha nepwiomy eTani
anityeaHHsi ctani 20 ToBWMHA «6inoro» wapy 36inbwyetbest 3 20 A0 75 MKM;
Andy3iinHol 30HM 3 35 [0 120 MKM; MIKpOTBEPAICTb «6in0ro wapys» 3poctae 3 2200
[0 7400 MMMa; wopcTKicTb NoBepxHi Ra 3pocTae, BignosigHo 3 1,1 4o 9,0 MKM, a
CyLinbHicTb — 3 80 o 100 % nounHatoum 3 i Wp=4,6 Ox. A npu TpaguuiiHin
NpoAyKTUBHOCTI EIJT 0TpMMaHO 3HayeHHA napameTpiB AKOCTI Ha 3-4% Kpati
3HAYeHHs.

MpoBeaeHWn aHani3 CTPYKTYPOYTBOPEHHA | BMACTUBOCTElN MOBEPXHEBUX
Wwapis craneBux fgetaneid nicns anityBaHHA TpaguuiiHUMKW  TEXHOMOTIAMM |
MEeTOZIOM efleKTpoickpoBoro fierysaHHa (EI/T) BuABKB pe3epBu Ana NigBULLEHHS
napameTpiB AKOCTi MOBEPXHEBYX LLUAPIB CTa/IEBUX AeTas1ei Mpy aniTyBaHHIi METOAOM
EI/l. BcTaHoBfEHO, WO 3MEHLUEHHS MPOAYKTUBHOCTI npouecy EIN1 y aga pasu
CNpuse NOTipLUEHHIO NapaamMeHTiB AKOCTi NOKPUTTIB.
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BUKOPUCTAHHA LUTYYHOI O IHTENIEKTY Y NMPOMHO3YBAHHI
BNACTUBOCTEW MNONIMEPHUX KOMMNO3NUINHUX MATEPIAJTIB

Cepriin Bapenuk, acnipaHT, rp.A-15/MT; XpucTuHa bepnagip,
CT. Buknagay kategpu MM i TKM, CymAy, m. Cymu

B Hal 4ac 3acTOCyBaHHSI MOMIMEPHMX KOMMO3UTHUX MaTepianis (MKM)
Habyno LUMPOKOrO PO3MOBCHOMKEHHS. MOX/IMBICTL PO3PaxyHKY XapaKTepucTuk
MKM € HaliBaXKNMBILLIOKO TX nepeBaroto. IcHye 6e3niy BapiaHTiB CTBOpeHHS MKM,
LLLO MiCTATb Pi3HOro pofy HanoBHIOBaYi abo apMytodi eneMeHTH. KpiM TOro, MoXHa
BPaxoBYBaTW He Ti/fIbKW Pi3Hi TUMW, ane i pi3Hi BNaCTUBOCTI MaTPUYHOIO MaTepiany,
HanoBHIOBaYiB Ta 3MiLLHIOBaYiB, a TaKOX OpieHTaL,il BONOKOH [1].

Y npoueci BUPOOHWMLTBA Taki K/IKOYOBi MapameTpu, AK Temneparypu
3aTBephiHHA Ta LWBMAKICTb BMrOTOBMEHHS HEOOXiAHO aHanisyBaTu, af)e BOHU
BM3Ha4aloTb KiHLEBY SKiCTb KOMMO3WTIB. [loCnigKeHHs BMacTMBOCTEN Bigirpae
K/IO4OBY pO/b Yy MaTepianos3HaecTBi Mig vac ouiHku MKM, po3pobneHux ans
crelianbHUX iHXeHepHUX onepawiii.

TakoX BaX/MBUM MOMEHTOM € BW3HAYEHHS MOX/MBMX KOPEensuii Mix
[AEAKUMI NMPOCTUMK BUMIPAHUMUN napameTpamm (Hanpuknag, Mogyab MILHICTb i
AecopMalist pyiiHyBaHHS) i 6inbLU CKNagHUMK BNaCTUBOCTAMU (HanpyKnag, BTOMa,
3HOC, KOMOGIHOBaHe HaBaHTaKEHHS Ta MOB3ydiCTb). PO3ymiHHA BCiX UMX
B3a€EMO3B’A3KIB € BXX/IMBMM Y HayLi NP0 KOMMO3WUTHI MaTepianu, o6 Bignosigatu
BMMOraM /11 KOHKPETHUX iHXeHEepHMX 3acTocyBaHb [1].

3 uiet0 MeTO BNPOBaMXKYKTb LUTYYHI HelpoHHI Mepexi (LLUHM).
HaTxHeHHi 6ionoriyHoo HepBoBOK cucTemoro, LLIHM MoXKHa BMKOPUCTOBYBATM
[N19 BUPILLIEHHA LUMPOKOrOo CNEKTPY CKNagHUX HaYKOBUX Ta iHXeHepHUX Npobaem.
BOHM MOXYTb BUATWCA Ha MpUKIagax, i TOMy iX MOXHa HaBYMTU 3HAXOAUTU
PiLLEHHS CKMagHMX HEeNiHiHWX, 6araToBUMipHUX (YHKLiOHaNbHUX 3B’A3KiB 63
Oyab-AK1X MonepegHix npunylleHs Wogo X npupogun. Kpim TOro, Mepexa
OyayeTbCsl 6e3nocepeHbO 3 EKCNEPUMEHTANILHUX JaHWX 3aBAsKW Ti 34aTHOCTI [0
camoopraHisauii.

TakuM 4YMHOM, CTae akTya/lbHUM MPUMHOXYBaTW W y3araibHIOBaTU
po3pobkn Ta 3acTocyBaHHS LLIHM, 3 METOK CMpWSIHHA LUMPLIOMY PO3rnsay
BUKOPUCTaHHS Lb0Oro NOTEHLIAHOr0 MaTeMaTUYHOIO IHCTPYMEHTY B JOC/TIAXEHHSX
MKM [2].

Cnucok nitepatypu

1. Pradeep, K.S. Virtual metallurgy: Alloy formation and prediction of their
properties through artificial neural network. International Journal of Engineering
Trends and Technology 68(10), 28—-32 (2020).
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3HOCOCTINKI AN®Y3IAHI MOKPUTTH

Jeryna A. |., poueHT kadespu MM i TKM; CuTHikos B. O., acnipaHT
rp. A-25/MT, CymlY; KpasueHko B. B., acnipaHT A-25/MT, CymAY, m. Cymu

Y cyuacHili nNpoMMCNOBOCTI NpU BUpILEHHI MNpobnemMu MigBULLEHHS
eKcnayaTauiHMX BNacTMBOCTEM  feTaneil MallWH, LTammniB Ta IHCTPYMEHTY
BE/IKOrO 3HaueHHs HabyBaloTb PO3PO6SEHHA Ta BNPOBAMKEHHS  HOBWX
TEXHOMOMYHMX MPOLECIB 3 HAHECEHHS 3aXUCHUX 3HOCOCTIiKMX MOKPUTTIB.

Bnbip onTuManbHOro cKnagy MNOKPUTTS Ta TEXHONOrii AOro HaHeceHHs
BM3HAYaETbCSA YMOBaMM eKcnyaTaLii neBHOro Bmpo6y. IMNpu UbOMy MOBWHHI ByTK
BpaxoBaHi TaKi BNacTUBOCTI Ta XapaKTepUCTUKM MaTepiasy OCHOBY i NOKPUTTA AK:
MiLHICTb, TBEPAICTb, KOE(ILIEHTN TEPMIYHOIO PO3LUMPEHHS, XaPOMILHICTb TOLLO.

Y TenepiLUHIi Yac BUKOPUCTOBYETLCA BeNMKaA KiflbKICTb METOAIB HaHECEHHS
Ha BUPOOW Pi3HOMAaHITHUX MOKPUTTIB. KOXEH i3 HUX, Matouu neBHi 0cobMBOCTI,
3abe3neyye OTPUMAHHA MOKPUTTIB, AKI BigPI3HAIOTLCA 3@ CKNaAoM, CTPYKTYPOI,
LLiNbHICTIO, aAresi€to i KOMMIEKCOM KOPUCHMX BNacTMBOCTER. Cnif 3a3HaunTu, Wo
Andy3iiHi MOKPUTTA Ha BigMIHY Bifl MOKPUTTIB, OTPUMAHUX HLUUMK MeTodamu,
XapaKTepu3ytoTbCs MOEAHAHHAM CTabiNbHOCTI BMACTUBOCTEN B PIi3HWX YyMOBax
ekcnnyaTauii, BUCOKOK aAresietd 3 OCHOBOI 3a PaxyHOK 3HAYHOr0 MPOHWKHEHHS
HacMYyHUNX eleMeHTIB B OCHOBY, a e/leMeHTIB OCHOBM B MOKPUTTS [1].

Ondy3ziiiHi nokpuTTa Npu XTO HaHOCATL 3a3BMYali B i30TEPMIYHINX YMOBaX
B LUTYYHO CTBOPEHUX aKTUBHUX cepefoBuiax. ONTUMaIbHI TemMnepaTypHO-4acoBi
YMOBW HAaCUYeHHA BUBMPAIOTLCA TakMM UMHOM W06 3a6e3nedynTn MakcumasbHy
eeKTUBHICTb ANY3ii NEryoumx eneMeHTiB Y/ aTOMIB BNPOBAMKEHHS | OTpUMaTH
MOKPWTTSA 3HA4HOT TOBLLMHM 32 BiIHOCHO KOPOTKUIA NPOMiXOK yacy [1].

AHanisyloun oTpUMaHi AaHi MOXXHa 3p06UTU BUCHOBOK, L0 paLioHanbHui
4ac HaCMYEeHHS 419 O4HOKOMMOHEHTHUX KapbifHWX NOKpUTTIB Ha ocHoBi Ti, V, Cr
CTaHOBWTb 1,5-3 rogmHn. HacnueHHs fBOMa KOMMOHEHTaMW [OLiNbHO NPOBOAUTH
npotarom 3-4 roauH (BignoBigHo 2+1 Ta 2+2 roAvHn), WO [aE MOX/IUBICTb
oTpUMaTK ONTUMa/bHI MO TOBLYMHI Ta MIKPOTBEPAOCTI NOKPUTTHA. [ojasblue
Hac14eHHS NPMBOAMTL 40 NOPIBHAHO HE3HAYHOTO 36i/IbLUEHHS TOBLYMHN NOKPUTTS,
B TOM >Ke yac BigOyBaeTbCs MeperpiB ctanein (TBepaMX CnnaBiB) i HepauioHaNbHi
BUTpaTV eHepropecypcis [2].

Cnucok nitepartypu
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BIM/inB YMOB "' AJIbBAHIYHOIO XPOMYBAHHA HA AKICTb
YTBOPEHOI'O NMOKPUTTH

bkuk B. M., cTya. rp. MrTE-22; Kucnosa O. B., foueHT kaeapu XiMivHUX
TEeXHOMOrii Ta pecypco3bepe>keHHsl, KUiBCbKMiA HalioHanbHWIA yHiBepCUTeT
TEeXHONOri Ta ausaiiHy, M. Kuis

EneKTponiTMuHe XpoMyBaHHS LUMPOKO 3aCTOCOBYETLCA 3aBAAKN HACTYMHUM
BNACTMBOCTAM YTBOPEHOI0 MOKPUTTS: BUCOKA XiMiYHa, TepMiyHa Ta 3HOCOCTIMKICTb,
TBEPAICTb, MiLHICTb, NPUBAGAUBNIA 30BHILLHINA BUrNAA. TX 04EPXYHOTb 33 Pi3HNUX
YMOB rafibBaHiuHOT 06p0o6km feTaneli [1].

3axMCHO-feKopaTMBHI  XPOMOBI  MOKPUTTA  HAHOCATb 3 Cy/Nb(aTHUX
eNeKTPONITIB Npu TycTuHi cTpymy 15-20 A/gm? i TemnepaTypi 50°C, Togi siK
MOKPUTTA 3 NiABULLEHO 3HOCOCTINKICTIO YTBOPHOIOTLCA MpY FYCTUHI CTpymy 30-
50 A/gm? Ta TemnepaTypi 60°C. Bigomo, Lo B NpoLeci HaHeceHHs GIUCKYYMX
XPOMOBMWX MOKPUTTIB Ha TX MNOBEPXHi (POPMYIOTLCA MOPU | TPILLMHK, AKI CYTTEBO
3HWXKYIOTb 3axWUCHI BnacTmeocTi [2,3]. Tomy pAna 3abesrneyeHHs KOPO3iliHOT
CTIKOCTI CTaieBUX BMPOGIB X MOMEpeAHbO BKPMBAKOTb MIAAK0 | HiKenem.
OCHOBHVMM KOMMOHEHTOM K/aCUYHOIO ENeKTPONiTy XPOMYBaHHA € XPOMOBWIA
aHrigpug CrOs (150-400 r/n ) Ta cynbhaTHa KucnoTa. Bigomo, LWo MakcuMasbHMiA
BUXifT eNeKTPOOCaKEeHHA 3a CTPYMOM  CMOCTepiraeTbCa NpuM  BaroBoMy
cnieBigHoweHHi CrOsz : H,SO4 6/1m3bkomy ao 100. B npoueci enekTponisy
BifOyBaeTbCs 36i/bLIEHHA HAMPYry Ha eNnekTponi3epi Yepes HaKOMWYEHHS iOHIB
Cr3, o 06YMOB/IHOE 3HWKEHHS SKOCTi 6/IMCKYYOro MOKpUTTS. [15 36epexeHHs
KOHUEHTpaLiT Cré* y TeXHOMOTiUHUX MeXax Heo6XiaHO, 06 LIBWUAKOCTI OKUCHEHHS
/ioHiB XpOMy Ha aHofji Ta BifHOBNEHHs iioro fo Cr3* Ha katogi 6ynu NpubansHo
ogHakoBumm [1]. Lle moxHa 3abe3neunTu, SKWO BIfHOLIEHHS MK MoLamu
KaToAHOT Ta aHOAHOT NOBEPXOHb 3HAXOANTLCA B MeXax Bif 2:1 [0 3:2.

Buicokuidi  CTymiHb  AWCMEPCHOCTI  B/IMCKYHOro  XPOMOBOFO  MOKPUTTH
nosierye 4YacTKoBe MPOHWUKHEHHS BOAHIO B KPUCTasiyHy rpaTky, Lo NpU3BOAUTb
[0 36inblweHHs Ti napameTpis [2]. Haibinblw po3BMHEHa ciTKa MOp i KaHanis
YTBOPIOETLCS MPU KaToAHIl rycTuHi cTpymy 40-60 A/am? i Temnepatypi 60°C.
MpoTe HasBHICTb TakMX AeheKTiB Ha MOBEPXHi XPOMOBaHWX BMPOGIB [0O3BOSISE,
30KpeMa, YTpPMMyBaTU MacTunbHi. OTXe, Pi3Hi YMOBM HaHECEHHSI [al0Tb
MOX/IMBICTb OTPUMATW XPOMOBI NOKPUTTS Pi3HOr0 NPU3HAYEHHS.

Cnucok niTepartypu
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BUKOPUCTAHHA NMPOIMPAMHOIO 3ABE3MNEYEHHA 3 BIAKPUTUM
BXIAHM KOAOM Y MATEPIAJTO3HABCTBI

CuTHikos B. O., acnipaHT, rp. A-25/MT, kacdegpa MM i TKM, CymAY, m. Cymu;
Heryna A.l., goueHT, Kadegpa MM i TKM, CymZ1Y, Cymu

MporpamMHe 3a6e3nedeHHs (M3) 3 BIAKPUTUM BUXIAHMM KOLOM BCe YacTille
BUKOPWCTOBYETLCA Y 6araTbOX Mporpamax, Bif CepBEpHMX onepaLiiiHuX CUCTEM [0
HayKOBMX 064MC/eHb | BUCOKOAKICHOT rpadhikin. Taki 4oAaTKM MatoTb BUXIAHWIA Kog
i HEMae HifKMX 0BMEXeHb Ha CTBOPEHHS Ta MOLUMPEHHS MOKpaLLeHUX BepCild.
TaKnMM YMHOM, NiLeH3iHI 360py BiACYTHI, a JOCTYN 40 BMXiAHOTO KOAY € BEIMKOH)
nepeBaror AN BUKIagadiB, AOCNIAHUKIB i TMX, KOMY MOTPIGHO CamOCTiiHO IAoro
3MiHtOBaTH.

HesBaXaloun Ha Heponiku, MoB’A3aHi 3 HeJOCTaTHbO PO3BUHEHUM
iHTepdelicoMm goaaTKy Ta BiACYTHICTIO MPUOYTKY Bif NiLeH3yBaHHS, AesKi MaKkeTu
M3 3 BiKPUTMM KOLOM HELL0AaBHO CTain Bifibll CKNagHUMK Ta BAOCKOHAIEHUMM
[0 TaKOro piBHA, WO X LUMPOKO BMKOPUCTOBYIOTb ANS1 HAAIAHOIO iHXEeHepPHOro
MofZentoBaHHA. IHTepdeiic kopucTyBada TakKOX MOKpALLeHo, | HeBeNuka, ae
3pocTaroya KiflbKiCTb UMX iHCTPYMEHTIB TaKOX AOCTYMNHa A1 HenpodecioHanis.

[OMBNSUMCL Ha THCTPYMEHTVM MOJENtOBaHHA MPOLIECIB Yy HOBI napagurmi
iHTerpoBaHoi 064McnoBaIbHOT po3pobku maTepianis (ICME), icHye ayxe 6aratuii
i pisHOMaHITHMIA Habip M3 n1a MofentoBaHHA MaTepianiB 3 BiAKPUTMM KOAOM.
BigHocHo HoBa cthepa ICME nepegbayae iHTerpawito KOMNAeKCcHoi iHopmauii npo
BCi BifNOBiAHI MaTepiaibHi fBMLLA, Bif aTOMHUX 40 MakpocKomiuHmx. Lieli nigxig
MOXe MOTEHLiAHO NpUCKOpUTU pO3po6KY HOBMX MaTepianis, Hacamnepes 3a
PaxyHOK 3MEeHLUEHHS 3YCW/b, MOB’A3aHMX i3 LMKIaMU NPOEKTYBaHHS, CUHTE3Y Ta
OLiHKW, L0 [AOCAraeTbCA LUMSAXOM iHTerpauii Mopgeneid npoueciB 06po6KU
marepiasiB i MOAENtOBaHHSA BNACTUBOCTEN Y NPOLLEC NPOEKTYBaHHSI.

Mo cyTi, ICME 6a3yeTbcs Ha B3aEMO3B’ 13Ky NPOLIEC-CTPYKTYpa-BNacTUBICTb
(PSP), sikuin 6yB Hapi>XHUM KaMeHeM MaTepiano3HaBCTBa MPOTArOM AeCATUNITh.
OcTaHHi gocnigpkeHHs npogeMoHcTpyBaim posib ICME y 3MeHLUEHHI KinbKOCTi
iTepauiin y npoueci po3pobKu MaTtepianis, L0, Y CBOK Yepry, 3MEHLLYE BapTiCTb i
yac, NOB’A3aHi 3 TMOLYKOM ONTUMAIbHUX [HXEHEepPHWUX pilleHb.  3aBAsKu
HellofaBHii nosBi Konekuii noTyxxHoro M3 gns obuucneHHs Matepianis 3
BILKPUTUM BUXigHWUM KOLOM CTasla MOX/IMBOK LIMpoKa peanisauis ICME pns
6araTbox iHLWWX NPobemM NPOeKTYBaHHS MaTepianis.

P03yMiHHA MaKpOCKONIYHMX BNACTUBOCTEW MaTepiasy crnoyaTKy CrvpacTbes
Ha TOYHWIA ONKC 3B’A3KY MiXK LMK BIaCTUBOCTAMMU Ta €/1EKTPOHHOK CTPYKTYPOHO
matepiany. Br3HayeHHs OCTaHHBLOrO B MPUHLUMMNI BUMArae BUPILIEHHS PIBHAHHS
LLpegniHrepa, L0 CTaN0 MOX/IMBUM 3aBAAKM PO3BUTKY Teopil anpokcumauii. Cepef
HMx DFT cTaB Haiibifbly  LWKWPOKO BWMKOPWUCTOBYBAaHWM Y  CMIfIbHOTI
MaTepiano3HaBCTBa. BCboro 3a Kisibka POoKiB gy»ke NoTyKHWiA kog DFT 3 Bigkputum
BuxigHUM Kogom ABINIT cTaB 04HUM i3 OCHOBHUX 06UMNCNHOB/IbHUX IHCTPYMEHTIB
0N [LOCNIIKEHb eNeKTPOTEXHIKW, MONEKYNAPHOI Ta MNepioguyHoi CTPYKTYpU
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KpucTasliyHmx TBepamx Tin. LLIMpokunin gianasoH isM4HKMX BNacTMBOCTER MOXHa
po3paxyBaTu 3a JONOMOro po3paxyHkis DFT nepLuoro nopsaaky. LLlo ctocyetbea
TepMOAMHaMIKK, TO HEMAE BifLKPUTUX 3ac06iB, 3a AOMOMOrOK AKNX MOBHI Mogeni
TEXHOMOTIYHO BaX/IMBUX CUCTEM CTalOTb AOCTYMHUMM 4J15 3arasny.

LLlo6 3pobutn 06rpyHTOBaHI MNPOrHO3WM LWOAO eBOSIIOLIT MaTepianbHOl
CUCTEMMU, KO/IM BOHA HABMXKAETLCA 4O PiBHOBAru, CnovaTky NOTPiGeH TOUHWIA onuc
Tl (ha3oBOi CTabiNbHOCTI. [yXe YCRiWHMM NiAX0A0M [0 MOAENOBaHHS
MIKPOCTPYKTYPHOT eBontoUii € nigxig ha3oBoro nonsi. Hesakaroum Ha ycnix,
(ha3oBi nons He Oynu BKKOYeHi B MacwTabHi 3ycunng ICME, 4acTKOBO 4epes
BIICYTHICTb NPOCTOro Yy BMKOpPUCTaHHI M3 3 BiAKPUTUM KOAOM. HeloaaBHO L0
npobnemy BAasocs BupiWWTK 3a gomnomorotw kKogy FiPy, poss’asyBava
AndepeHUialbHUX PiBHAHL Y YaCTUHHMX MOXiAHMX, HanucaHoro Ha PythonlO.
Matoun B pykax Leii Bpaxalouwid iHCTPYMeHT, Temep MOXKHa 30CepeauTucs Ha
po3pobui CKNagHUX Mogdenein (hasoBOro MOAS 4/1 BUBYEHHS SBWLL, Y CKIagHWX
MaTepianax, He HaATO 30CepeMpKyruMcb Ha (aKTWYHIA peanisauii YncenbHOro
MofentoBaHHsA. TOMy Leil iHCTPYMEHT MOXHa BMKOPUCTOBYBaTW ANA PO3PO6KM
cumynauii suworo pisHs B gyci ICME.

BigHOCHO HOBMM MNiAXO4OM A0 MOAENOBAHHSA MIKPOCTPYKTYPHOIO BiAryKy
€ Kog OOF. Lleli kKog noeaHye rpadiiuHi gaHi MIKpOCTpYyKTypu (peanbHoi abo
BipTya/bHOT) 3 623010 AaHUX BAaCTMBOCTEN MaTepiany (CKansipHNX abo TEH30PHUX)
AN KOXHOT CKNagoBoi (a3 MIKPOCTPYKTYpW. Xoda Ko Hapasi 00MeXeHWul
[BOBUMIPHMMM FeOMETPISMM Ta MPOCTUMM PeakLisiMy Ha maTepiasn, O4iKyeTbCs, Lo
nojanbLUWii pO3BMTOK [J03BONMTb AOCNIAHMKAM MaTepianiB BukopuctoBysatn OOF
Ta iHWi NoAi6HI KOAW fK IHCTPYMEHTN 06YMCIIOBANIBHOT MiKPOCTPYKTYPU.

IcHye HeBwupilleHa Npobnema, fika MonsArae B Heaopo6Li iHTepdeiiciB Ta
HefOCTaTHIl  KifIbKOCTi  (DYHKUiA nporpamHoro 3a6esneuveHHs 3 BiAKPUTUM
BUXigHUM KogoM. Lle [o03BONSE nponpieTapHMMm nporpamam Matv  GinbLuy
nonynApHICTb B BaratboX ranyssx, 30Kpema B TepMOAMHaMiLL, MakpoCKOMiYHOMY
MOZENtoBaHHI Ta NNaCTUYHOCTI KpuCTaniB. Ane He3Baxawouu Ha LUe, posb
BIKPMTOrO KOLY MPOLOBXMTb PO3LUMPIOBATUCA, LU0 AO03BOUTL MOMY 3aiHATM
Nignpyrodi No3nLii Ha JOBri POKW.

Cnucok nitepartypu
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AOCNIAXEHHA CTPYKTYPU TUTAHOBUX MOPUCTUX MATEPIANIB 3
B1AXOA41B BIOMEANYHOI O BUPOBEHULITBA

MoscTaHoi O. FO., A.T.H., npodecop, kadespa NpUKNagHoT MexaHiky Ta
MeXaTPOHiKy, JTyLbKUiA HaLiOHaNbHUIA TEeXHIYHWUIA yHiBepCUTET, JTyLpK;
IM6ipoBuy H.HO., K. T .H., loUeHT, Kadeapa maTepiano3HasCcTBa,
JIyubKNiA HaLiOHANbHWIA TEXHIYHWIA yHiBepCUTET, M. JTyLbK

TuTaH XapaKTepu3yeTbCs LiKaBUM MOEAHAHHAM TakuUX BNacTUBOCTEN, AK
BMCOKa MiL|HICTb, HW3bKa LLi/IbHICTb, CTIKICTb A0 KOPO3ii Ta 6i0CYyMiCHICTb. ToMy
TUTaH BCe YacTillle BUKOPUCTOBYETLCA B rasly3sax 3 BUCOKMMM BUMOTaMu, TakmMX K
aepoKocMiyHa MNPOMWUCIIOBICTb, BUPOOHWULTBO GiOMEAMUYHUX MPUCTPOIB  TOLLIO.
BBaxaeTbCs, L0 3aCTOCYBaHHA TWUTAHOBUX BiAXOLIB € CYTTEBMM CMOCOGOM
3€eLLeBNeHHA BUPOOHMLTBA HOBMX BUPOGIB PI3HOMAHITHOrO MNPU3HAYEHHS..

[na cTBopeHHs nopuctux Martepianis (MM) 6yno o6paHO CUPOBUHY —
Bigxoay GiomeguuHoi TexHiku MEDGAL® (puc. 1.). Ue unctuii TutaH (99%),
BifiX0AM nicns nepepo6Ku TUTAHOBMX ab0 OpTOMeANYHMX NPOTesiB.

ov

PucyHok 1 — Bi:qxo,qm 6i0|v|e,u,|)|q|-|oro BMPOOHMLTBA

TexHoMoriyHa cxema nepepobkn BigxodiB 6iomeguyHOT NPOMMCIOBOCTI
CK/aganacs 3 ABOX cTafiii — noapibHeHHs Ta BigHOBHOrO Bignany [1].

Ha puc.2. nokasaHo BMpo6uM 3 BigxodiB 6ioMegM4yHOro BMPOOHMLITBA —
TUTAHOBI TPYOKM, AKi OTPMMaHI METOAOM pafialbHOro i30CTaTUYHOIO NPecyBaHHS
Ta CaMOpPO3MOBCIOLKYOUOr0 BUCOKOTEMMEPATYPHOro cuHTe3y (CBC-cnikaHHs).

PucyHok 2 — TutaHosi MM 3 Bigxogis 6iomeanyHoOro BMpobHMLTBA
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MiKpoCTpyKTypa OTpUMaHoro Matepiany (puc.3) [A03BONSE CTBEPKYBATH,
Lo Nig yac peakuii BIAHOBEHHS MeTasly MOXHa OTpUMaTV MOPUCTWIA MaTepian 3
OJHOPI4HOIO CTPYKTYPOIO. i

S§

PucyHok 3 — MleOCT[iyKTya TUTaHoBoro MM

CTBOpEHHS1 TPUBMMIPHOTO cepefoBumLa 306pakeHHs M 3giiicHioBanocs
LUNAXOM HakfaflaHHA MAoCKMX MoMepeyHUX nepepisiB BigmoBigHOro AianasoHy
BUCOTW rOTOBOIO NOPUCTOro mMatepiasny (puc.4).

PyCyHOK 4 - BU3HaueHHs Ta aHasi3 CTPYKTYPHUX KOMMNOHeHTIB MM

Mopdonoris MM Bu3Hayae X (iNbTpaUiiHi XapaKTEPUCTMKM |, OTXEe,
eheKTMBHICTL Yy bGaratbox ciepax 3acTtocyBaHHs. KinbKiCHi Ta  fKiCHI
CNiBBIAHOLIEHHA MiXK MOPO/IONiEd MOPMUCTOro Marepiany Ta (iNbTpyBasbHUMK
BNACTMBOCTAMM € BXXIMBUMM B 6araTbOX rany3ssx ix 3acTocyBaHHS [2].

BCTaHOBMEHHA  KifIbKICHUX ~ MOPGIONOriYHMX i (iNbTpyBa/IbHUX
B/IaCTUBOCTEl 6a3yeTbCs Ha NPSAMOMY MOAENHOBaHHI NOPUCTOI CTPYKTYPYU LLISXOM
nepeHeceHHs NOTOKY (ifibTPYBaNbHOT pevyoBUMHN B 3D PEKOHCTPYKLitO MaTepiany.
Lle 3p06uTb MOXAMBUM JOCAIIXKEHHS PO3MNOAiINY pagiaibHOT Ta 0CbOBOT NOPUCTOCTI
Ta KOMMNEKCHOrO JOCIIKEHHS CTPYKTYpu MM.
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PO3POBKA MPUMPALUKOBANBHUX MOKPUTTIB, MOAN®IKOBAHNX
ENIEKTPOICKPOBUM NEIYBAHHAM 3 MONITMLWUEHMN
EKCMNTYATAUIMHNMWN XAPAKTEPUCTUKAMW

lankin 4. C. acnipaHT rp.A-15/MT, CymA4Y, M. Cymu

Po3pobka npunpayoBasbHUX NOKPUTTIB MOAUDIKOBAHMX eNEKTPOICKPOBUM
NeryBaHHAM 3 NOAINWEHNMN eKCNAyaTauiiHUMM XapakTepuCcTUKaMU € aKTyaslbHO
TEMOIO B CyYacHili iHXeHepii Ta npomumncioBocTi. EnekTpoickpose nerysaHHs (E1JT)
€ OAHUM i3 MeTOAIB, AKNIA 403BONSE MOAMGIKYBATU NOBEPXHIO METaNEBMX BMPOGIB
Ta MOKpaLLyBaTy iX eKcnayaTaliliiHi xapaktepuctuku. MpunpautoBanbHi NOKPUTTS,
oTpuMaHi wasxom EIJ1, maloTb 3HauHi nepesarn MOPIBHAHO 3 TpaguuiiHUMu
MeToZamn OTpUMaHHs MoKpuTTiB [1, 2].

OpfHieto 3 ronoBHUX nepesar EIJ1 € MOXNMBICTb TOYHOr0 KOHTPOSIO
po3Mipy, (hopMu Ta cKnagy NpunpaLoBansHOro NokputTa. Lie fae 3mory focartu
6iNbLWIOT TOYHOCTI Ta MOBTOPKOBAHOCTI pe3y/bTaTiB, WO € BaXIMBUM Ans
npomucnoBocTi. Kpim Toro, EIJ1 403B0NSIE 0OTPMMATK NOKPMTTS 3 6iNlbLL BUCOKMMMA
eKcnayaTauinHUMK XapakTepucTMKamu, TakuMu SIK MiLHICTb, 3HOCOCTINKICTb Ta
CTIVKICTb A0 KOpO3il.

IHWot BaxnMBOK nepeBarod EIST € MOXIMBICTb BUKOPUCTOBYBATU
LLUMPOKWIA CNEKTP MaTepianiB Ans neryeaHHs. Lle gae 3mory Bnoupatu martepianm,
AKi MatoTb GaxaHi BNacTUBOCTI AN KOHKPETHOro 3acTtocyBaHHA. Kpim Toro, EIJI
MOXe OYyTV BUKOPUCTaHWIA 4N1S feryBaHHA MOBEPXHi MaTepianis, AKi HEMOXNMBO
NeryBaTu iHWIMMU METOAaMU.

TakMm 4MHOM, PO3pPO6Ka NPUMpPaLOBaTbHUX MOKPUTTIB MOAWUKIKOBAHUX
EIJT € BXIMBMM HanpsMKOM AOCHifKeHb Ta PO3BUTKY B MPOMMCMOBOCTI. Lleit
MeTO0j [03BO/ISiE MOKPALLYBaTW eKCr/lyaTalifiHi XapaKTepUCTUKM Pi3HUX AeTanel Ta
iHCTPYMEHTIB, L0 BUKOPUCTOBYIOTLCS B Pi3HUX rany3sax npomMmucnoBocTi. OfgHak
NS AOCATHEHHS MaKCUMMarnbHOI etheKTUBHOCTI BUKOpUCTaHHA EIJ1, noTpi6Ho
[JOTPUMYBATUCL NPaBW/LHOT TEXHONOTIT Ta KOHTPO/HOBATU NPOLEC NeryBaHHS.
HeobxifHO TakoXX NPOBOANTM AOAATKOBI JOCNIMKEHHS Ta aHani3yBaTun pesynbTaTu
4191 BOCATHEHHSA ONTUMa/IbHNX NapaMeTpiB MPoLecy.
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Po6oTa BKOHaHa Nij kepiBHUL TBOM gol. FOckaesa B. b.
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MPOLIEC OTPUMAHHS JAETAI «KONMHYACTUIA BAS»

XBocTeHko P. O., maricTpaHT rp. MT.m-21/2; ToBopyH T. I1., foueHT
Kathegpu MM i TKM, CymayY, m. Cymu

KoniHuacTwii Ban (koniHBas) — Lie FONI0BHUI €/1EMEHT ABUTYHA aBTOMOGINS,
€ YaCTMHOK KPWBOLLUMHO-LLIATYHHOTO MeXaHi3My, SIKWUA MepeTBOPHOE EHEprito
rasie, L0 3ropalTb B UWNiHApPaxX [BUIYHa, B MeXaHiYHy eHeprito. [0/10BHe
33Bfj@aHHA KOMHYacToro Bajsly — MEPeTBOPUTY MOBOPOTHO-MOCTYNA/bHI  PyXu
MOPLUHIB [ABMIYHa B KPYTHWUI MOMEHT, SKWMIA Yepe3 TpaHCMICit0 nepefaeTbCs Ha
Kofieca aBTOMO6iNS.

O[Hi€t0 3 OCHOBHMX TEXHIYHMX XapaKTePUCTUK KOMIHYacToro Basny, AK i
BCbOr0 [BWryHa, € pagiyc Kpmeowmny. Lle BigcTaHb Bif 0Celi KOPiHHUX LUMIAOK
(Wwniikn, y AKNX 06epTacTbCs KONMiHBa Y LMNiHAPOBOMY 6/10Li) [0 OCel LaTyHHUX
WMAOK  (LWKiAKK, sKi  06epTaloTbCs BCEPeAMHi  BEAMKOT TFOMOBKWU  LUATYHa).
MoaBoeHUIA padiyc KpMBOLLIMMA € JOBXKMHOIO X04Yy MOPLUHSA, Ka BMU3HaYae 06'em
LMNiHAPIB. AKLLO 3MIHUTYW LOBXMWHY pajiyca KpUBOLLMMA NPY HE3MiHHOMY JiaMeTpi
umniHapa, ue npussede A0 3MiHM 06'emy UMMiHAPIB. L0 3aneXHicTb 4acTo
BYKOPUCTOBYIOTb, LLLO6 3MIHIOBATU TEXHIYHI XapaKTePUCTUKN BCbOrO ABUMYHA Y
NeBHOMY Hanpsimky. Iig6uparoun cniBBiAHOLIEHHS AOBXWHW XO4y MOPLUHS Ta
AiameTpa umniHapa, ABUryH MOXHa 3p06UTK AOBroXiAHUM (Xif NMOPLLHS NepeBuLLYyE
AiaMeTp uuniHgpa) abo KOpOTKOXigHWM (giameTp umniHapa Ginblue, HXK Xig
nopLUHA). KOpoTKOXigHI ABUIYHM [al0Tb MOX/MBICTb NIABULLMTM NOTYXKHICTb 3a
paxyHoK 36iMbLUeHHSs LWIBUAKOCTI 06epTaHHA. A LOBroXifHi ABUMYHWN EKOHOMIYHILLI
i 3a6e3neyvytoTb BUCOKMIA KPYTHWUIA MOMEHT Ha HU3bKMX 060poTax. IMpu 3MmiHi
napameTpiB KOMiHYaCToOro Basy BifidyBaeTbCA 3MiHa BCiX NapameTpiB ABUMYHa, TOMY
noTpibHO 6YTK Ayxe 06epeXXHUM, TIOHIHIYOUM CBill aBTOMOGib, TaK K TeXHIYHI
XapaKTePUCTUKM YaCTO 3MiHIOKOTLCS HE Ha KpaLLe.

Konu gBUryH npawtoe, Ha KOMiH4YacTWil BaN Aitl0Tb CU/bHI HaBaHTaXKEHHS.
Moro HapiiiHicTb BM3HAYaETLCH KOHCTPYKLIEID Ta MaTepiaiom, 3 SIKOrO BiH
BUIOTOBNEHWIA. Lleli enemMeHT ABUryHa 3a3Budyali Ma€ LifiCHY CTPYKTypy. Tomy
matepiaim Ans HbOro MOBUHHI GYTU MaKCMManbHO MiUHUMW, 60 Bif MILHOCTI
KONiHYacToro Bany 3anexatumMe poboTa BCIiEl CMCTeEMM ABUrYyHa. AK maTtepianu ans
BWUrOTOB/IEHHS KOMiHBANB BMKOPUCTOBYIOTb BYI/IELIEBY Ta /eroBaHy CTaib abo
4aByH BUCOKOI MiLLHOCTI.

KoniHBan MOXHa BUrOTOBUTY METOAOM SIUTTA, METOAOM KyBaHHSA 3i cTani
abo MeToJ0M TOYEHHS. 3aroTOBKM OTPUMYIOTb CMOCOO0M rapsayoro LTaMnyBaHHs
abo cnocobom nuTTA. [dy>Ke BaX/IMBO, SK PO3TallOBaHi BOMIOKHAa MaTepianis y
3arotoBkax. Konu 3arotoBka BUroTOBMeHa, TO Ti [OAATKOBO 06p06/stOTL Mpu
BMCOKIN Temnepatypi i O4YMLLAIOTL Bif OKa/MHW (4POGOMETHOO MalLUHOK abo
MeToJ0M TpaBneHHs). MaTepian i cnoci6 BUpoGHULITBA KONiHBaY MifbupaeTses B
3a/1eXKHOCTI Bif, TUMY Ta Knacy aBToMo6ins:

1. Y cepiiiHNX MOfeNsX KoJliHBas1 BUPOBNAOTb i3 YaBYHY METOLOM JIATTH,
L1 A€ MOX/IMBICTb 3MEHLLMTY COBIBapPTICTb BUPOGHMLTBA.
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2. BinblWw pgopori CnopTWMBHI MOAeNi OCHALLYtOTb KOBaHUM CTa/IeBUM
KoniHeasioM. MofibHi geTani MaloTb 6e3iy nepesar Hag AMTUMUK 3a rabaputamu,
Barol Ta MiLHICTIO, & TOMY BCe YacTiLLle 3aCTOCOBYHOTLCA B aBTOMOGiNEOyayBaHHi.

3. Ans HalAgopPOXKUMX ABUTYHIB KOMIHBa BUTOUYIOTh i3 LiICHOr0 CTaneBoro
LmaTKa. Mpu LpoMy 3HaYHa YacTHa MaTepiasly NPoCTo CTae BifXo4amMu.

KoniHyacTi Bann NpawotoTb B YMOBaxX BUCOKMX HaBAHTaXKEHb, a LUINIAKW Bany
nigaanTbCs IHTEHCMBHOMY 3HOCY. TepMiuHa 06pobka (TO) KoniHYacTUX BaiB Mae
OBl MeTW: MiABULMTKA TXHKO MILHICTb | 3HOCOCTINKiCTb. KoniH4acTi Banm
aBTOMOOGINIbHMX | TPAKTOPHMX ABWIYHIB, KOMNPECOPIB BUrOTOBAIOTh i3 CTanein 45,
50, 30XI2, 47T'T, 40XH Ta iHWWX (rapsyuMm LwWTaMnyBaHHAM). 3aBAsKM
LUTaMMYBaHHIO BUXOAMTb XOpOLUA MaKpOCTPYKTypa — BOJMIOKHA MeTaly He
nepepi3atoTbes, a BignoBigalTe KOHDIrypauii sany.

3aCTOCOBYIOTH TaKOX HOpMai3aLito LTaMnoBaHUX 3ar0TOBOK KOMIHYACTUX
BaNiB i3 BWMKOPWUCTaHHAM Tenna Micis rapayoro LWTamnysBaHHA. Hanpuknag,
LUTamMNoBaHi 3aroToBKW BaniB i3 cTani 45 migaaloTb HopManizauii y crewiaibHii
WiNUHHIA HOpMani3aLiiHii nedi 3 nigBiCHUM KOHBeepOM. Mepes HaAXOMKEHHAM B
poboyy Kamepy nedi, HarpiTy fo 850 °C, lWTamMnoBaHi 3aroTOBKM BasiB NPOX0AATb
yepes cneuianbHNUIA Kopraop, Ae 0xXonomkyTbes 3 1050-1100 °C go 600-650 °C.
Micna Hopmanisayii  WTaMnoBaHi  3arOTOBKM NPOXOAATb  Yepe3  Kamepy
nonepesHLOr0  OXONOMKEHHS Ta BMBAaHTaXYKTbCA Ha MoBiTps. Harpis
LUTaMMOBaHMX 3aroTOBOK Y MifBilleHOMY CTaHi npyv Hopmanisauii B nedi 3
NigBICHUM KOHBEEPOM Mae nepeBary nepef iX HarpiBaHHAM Y ropu3oHasbHOMY
NMONOXEHHI B LUTOBXa/IbHUX Meyax, Tak K BUKNHYaETbCA HEPIBHOMIPHE HarpiBaHHA
BMMNPOMIHIOBAHHAM NOJa Mevi i LWTaMnoBaHi 3aroToBKW He [AedopMytoTbCs Bif
MPOBMCAHHA Nif, BNaCHO Baroto.

Micna Hopmanisayil WTaMnoBaHi 3aroTOBKM AN 06pPO6KM HaAXOAATb Ha
MeTafiopi3anbHi BepcTat, a MOTIM LUATYHHI i KOPiHHI LUWIAKW BaiB NiggaloTb
rapTyBaHHIO NpW iHAYKUIAHOMY HarpiBaHHi i3 3aCTOCOBaHHSM aBTOMATW30BaHUX
YCTaHOBOK, Ha SIKMX MOCNILOBHO NPOBOAATL HArpiBaHHA i OXOMOMKEHHS KOXHOI
LWKIAKK. Yac HarpiBy Ta OXOJIOMKEHHS LUMIAOK PErysiloe penie yacy. 3a paxyHoK
CKOPOYEHHs TPMBA/IOCTI  OXONIOKEHHS NPOBOAWTLCA  CaMOBIAMYCK  LUMIAOK
(TemnepaTypa camoBignycky 240-250 °C). 3arapToBaHWii Llap Mae TOBLUMHY
3-5 MM, TBEpAICTb MOBEPXHI WIMINOK cKnagae 56-62 HRC, MiKpOCTPYKTypa Lapy —
[PiGHOr0M4aCcTUA MapTEHCHT.

TepmiyHa 06po6Ka KONIHYACTUX Ba/liB MNPOBOAWUTLCA 3a HACTYMHUM
PEXUMOM: HOpManisauis — HarpiBaHHs fo 950-960 °C, BuTpuMKa 8 rog.,
OX0NOMKeHHs 3i wauakicTio 30-60 °C/xe fo 600 °C; BigNycK — HarpiBaHHA [0
725-740 °C, BUTPUMKa 8 rof., OX0NOMKEHHS Ha noBiTpi. OTpumyBaHa nicng TO
CTPYKTYpa — 3epHUCTUI NepiT i KynacTuid rpadit, Teepgicts 24-25 HRC.

TepmiyHy 06p0O6KY KOMiHYaCTUX BaniB AOLibHO MPOBOAUTM B Mevax i3
3aXMCHOK aTMOCEPOIO, i 19 3MEHLLIEHHS XO01061eHHA HArpiBaTh KoNiHYacTi Bau
Ha creljianbHUX NigaoHax abo nigsiysatu.
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MABNLWEHHA MILHICHWX | TPUBOJTIOITYHNX XAPAKTEPUCTUK
PDKYYOIro IHCTPYMEHTA NP HAHECEHHI HAHOCTPYKTYPOBAHWX
MOKPUTTIB

XaHtokoB K. C., acnipaHT; [oBopyH T. IM., goueHT Kadegpu MM i TKM,
CymAY, m. Cymu

OCHOBHMMW MOKa3HMKaMW SKOCTi  BifNOBIA&/IbHUX BY3NiB MalWH €
HagiliHICTb, Mpaue3faTHICTb Ta KOediLiEHT KOPWUCHOI Aii, SKi MepeBaXHO
BM3HA4al0TbCS BNaCTMBOCTAMY NMOBEPXHEBUX LIAPIB AeTasei, L0 CronyYaoTbes —
TBEPAICTIO, KOEeILiEHTOM TepTs, 3HOCOCTINKICTIO, KOPO3ilHOK CTINKICTIO Ta
iHWVMKW. YCi TEXHOMOTiYHi MeToAM IHXeHepil MnoBepxHi abo CnpsIMOBaHOro
CTBOPEHHSI NOBEPXHEBUX LUAPIB Ta KEPYBaHHSA TX BNAaCTUBOCTAMM MOXHA NOLINNTH
Ha Taki rpynu: 3MmiHa i3MKO-XiMiYHMX BNAaCTMBOCTE MOBEPXHEBMX LUAPIB
OCHOBHOrO Martepiany BMpPO6Yy MeTofamy MOAUMDIKYBaHHS; HaHECEHHS MNIBOK,
MOKPUTTIB Ta 3aXMCHMX LIapiB; KOMOIHOBaHi, L0 MOEAHYOTb MeToAu
MOANPIKyBaHHS Ta HaHeCeHHS NoKpuTTIB [1].

Cepeg yCiXx HaHOOPIEHTOBAHWX TEXHOMOriA 06pPOOKM MOBEPXHi Ha
CbOFOAHILUHINA AeHb HaibinbLl MepcneKTUBHUMMW € iOHHO-BaKyyMHI TeXHOMOril
HaHeceHHs nokpuTTiB — PVD (Physical Vapour Deposition — «(i3nyHe ocagKeHHs
3 napoBoi ha3m») Ta CVD (Chemical Varour Deposition — «XiMidHe ocagKeHHs 3
rasosoi (hasu») [2, 3].

PisHoBngom metogis PVD Ha OCHOBI T/iOHOro po3psgy € MarHeTPOHHOIo
po3nueHHs. Lie ioHHE po3MNMIeHHS MeTaniB y MarHETPOHHOMY PO3psidi — B JaHWi
yac OfIVH i3 HaMMOLUMPEHILLINX METO/IB HaHECEHHS 3aXMCHMX MOKPUTTIB. Poboue
cepegoBumule — ymcti rasm Ar, Na, Oz, CH4, Tnck 0,05 - 1 lMa, Temnepatypa
60 - 600 ° C; ogep>xyBaHi NoKpuTTa — MeTanesi NokputTa (Al, Ag, Au, Cu, Zn, Sn,
Cd, Ti, Zr, Hf, Cr, Ta, Ni, Co, Si, MCrAlY (M=Ni, Co)), meTasloKepamiyHi
nokputTa (TiN, ZrN, CrN, TiC, TiCN, ZrON, TiAIN, AICrN, TiBN CrAITiYN,
TiOy, ZrOy, Al;O3, SiOy); HaHokoMno3uTh (TiIAIN/SisN4, TiN/BN, AICrN/SizNa,
ZrN/Cu, ZrO2/Al;0s, TiN/NbN, TiN/CrN, TiN/AIN, CrN/AIN, TiN/CN);
anmasonogibHe nokputTa [2, 4].

3 ycTaTKyBaHHS, LI0 BWMKOPUCTOBYE METOA PO3MUEHHS, Haibinblue
3aCTOCYBAHHA  3HaXOAATb YCTAHOBKM Ha OCHOBI  MarHeTpoHiB. [pouec
MarHeTPOHHOIO PO3MUEHHS XapaKTepU3yeTbCA PAAOM TEXHOMOTIYHNX NapameTpiB,
OCHOBHUMMU 3 AKUX € MOTY>XKHICTb PO3pagy, TUCK pobouoi cyMilli, cknag poboyor
CyMiLLi, CTyNiHb NONepeaHLOro Bakyymy [4].

Mpy MarHeTpOHHOMY PO3NUEHHI AKICTb NMOKPUTTIB 3a1eXUTb Bif, 6aratbox
napameTpiB OCa[PKEHHSA - BMICTYy PeakTMBHOIO rasy B KaMepi Mif Yac OCa[pKeHHS,
MOTY)XHOCTI CTPYMy, TUCKY, TemmepaTypy MigKnagkv i Hampyru 3MmileHHs Ta
iHWKMX. Ane yepe3 HU3bKY LUBUAKICTb OCaPKEHHS TOBLUMHA MOKPUTTS MPU LibOMY
He nepesuilye 1 MkMm. CKafi Ta BNaCTUBOCTI OAEPXXYBaHWUX MOKPUTTIB 3HAUYHOKO
TEXHOMOriT HaHeCeHHs1 3HOCOCTINKMX NOKpUTTIB, Takmx AK TiN, TICN, TiAlIN,
TiCrN, TiASIN i iHWK®X.
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OcTaHHIM 4acoM Yy HayLji Ta TeXHilli CTaHOBNATL iHTepec PO3pOOKM HOBUX
MeTa/1IeBUX Ta KepaMmiuyHWX MatepianiB 3 BUP@KEHOI HAHOKPUCTaNiYHOO
CTPYKTYpOlO, fAKi 3HaxXOAATb 3aCTOCyBaHHA Yy 6aratbOX rays3fx TexHiku.
3MeHLLIEHHA po3Mipy OYAb-AKUX CTPYKTYPHWUX CKI3[0BMX Matepiany (po3mipy
3epeH, KpWUCTaNiTiB) HWKYe 3a [eAKy Noporosy BennuuHy (MeHwe 100 Hwm)
MpW3BOAUTL A0 PaAMKanbHOI 3MiHW (i3MKO-MexaHiYHUX BAACTUBOCTEN, SKi B CBOO
yepry BM3HAYaKOTbCA XapaKTepoM po3noginy, (PopMoK Ta XiMIYHUM CKIagoMm
HaHOPO3MIPHUX  eNnemMeHTiB.  POopMyBaHHS  HAaHOKPUCTANIYHUX  CTPYKTYP
Nnpu3BOAUTL [0  3HAYHOrO  MIJBWLLEHHS  MEXaHiYHWX  XapaKTepucTuK
HaHOKpUCTaNYHUX MaTepianiB, cepef SKWX Hacamnepes BUCOKAa TBEPAICTb.
Hanpuknag, B OTpYMaHUX MarHETPOHHUM PO3NUIEHHAM NMOKPUTTAX Ha 3paskax 3i
crani P6M5 mikpoTBepgicTb nokputTie cknagae: TiN - 20 — 24 Ma, AIN — go 16
MMa, TiAIN — go 35 I'Ma, AITIN — go 32 I'Ma, TiAISIN - 32 - 37 I'Ma, B Toi1 Yac
AK MIKpOTBEPAICTb camoTi nifknagku 3i ctani P6M5 — 6 — 9 MMa [4].

B paHuit yac BMBYAETHCA 36iMbLUEHHA TBEPAOCTI Ta MILHOCTI Cy4YacHMX
HaHomaTepianis, 3MiHa NAACTUYHOCTI, NPY>KHUX XapakTepuUCTUK, cTabinbHOCTI Ta
iHLIMX BNacTWMBOCTE. BCcTaHOBNEHHS BifgMOBiAHMX PO3MIPHMX 3aKOHOMIpPHOCTEN
BiJIKPMBAE MOXK/IMBOCTI NMOYaTKY HOBOMY MOKOJiHHIO MaTepiasiB, BMACTUBOCTI SIKMX
MOXXHa peryntoBaTy 3 LOMOMOroK Po3MIpiB i (POPMM CKNaA0BMX X CTPYKTYPHUX
eNeMeHTIB. BMKOPUCTaHHA Cy4YacHMX METOAIB MOBEPXHEBOI MOAMMiKauii Ta 1X
KOMOIHYBaHHS1 BiKPVBAE HOBI MOXMMBOCTI A5 (HOPMYBaHHS HAHOCTPYKTYp VY
noBepXxHi 06po61t0BaHNX MaTepianis Ta BigKPUTTS HOBUX edheKTiB, sIKi Npu3BeayTb
[0 PO3BUTKY  3MiLHIOBa/IbHUX  TEXHOMOFIA AN BUPILLEHHS  Mpo6nem
MalLLMHO6YAYBaHHS.
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ENNEKTPOHHO-NMPOMEHEBA MJIABKA METAIB | CIM/1ABIB

Cnacbkuii P. M., cTya. rp. 306-1; ManbueHko . ., BUKN. BALWOT KaT.;
MasneHko B. B., cT. Bukn., BCI «MatumHobyaisHuiA haxosuii
Konem>K Cymly», M. Cymu

OpfHieto 3 0CHOBHMX NPo6/eM CyyacHOT MeTanyprii € po3po6bka eeKTUBHUX
Cnoco6iB BUAaNeHHA LWKIAIMBUX AOMILIOK B Mpoueci OTPpUMaHHA i nofasnbLuol
06pobneHHA MeTanis i cnnasiB. Benuka notpeba B 0COGAMBO  YMCTUX,
BMCOKOSIKICHMX MeTaneBMX Martepianax BUHWK/A Y 3B'A3KY 3 PO3BUTKOM aTOMHOI
eHepreTuky, asiauii, pakeTo- i CcyAaHOGYAyBaHHSA, €NeKTPOHIKW | XiMiYHOro
MalUMHOOYAyBaHHSA. MoTpebu UMX rany3eil NpoMUCIOBOCTI B MeTasiax i CniaBax 3
BMCOKMMMW eKCMnyaTauiiHUMKN  XapaKTepUCTUKaMU MOXYTb OyTW 3a40BOJEHI
LL/ISIXOM YAOCKOHANEHHS iICHYHOUMX TEXHOMOTIYHMX MPOLIECIB, MOLLYKY i pO3pO6KU
HOBWX, NPOrPECVBHUX MPOLECIB BUPOOHMLTBA | 06P06NEHHS MeTaNiB i CnnagiB.

Ha paHuiAi uyac HailnepCrneKTWMBHIWIMMK  ANs  3[IACHEHHS  XiMiKO-
MeTaNlypriiHMX MpoLeciB € €NeKTPOHHO-NPOMEHEBI TEXHOMOrii. ENeKTpoHHO-
NMPOMeHeBa MaBKa 3aCTOCOBYETLCA [/ OfePXKaHHSA BMCOKOSAKICHWX CMnaBiB Ta
BMUPOGIB i3 YHiKanbHUMK ekcryaTauiiHuMy xapaktepuctukamu. Ocob6amBicTO
€/IeKTPOHHO-NPOMEHEBMX ~ TEXHONOTiA, MOPIBHAHO 3  iHWWMMKM  cnocobamu
crewianbHOT MeTayprii, € HaliBULWa etheKTUBHICTbL padiHyBaHHsA MeTaniB Bif rasis,
HeMeTafleBUX BK/IHOUEHb Ta LUKIAIMBUX JOMILLIOK. BMCOKMIA CTyMiHb padiHyBaHHS
CMNaBIiB AOCAraeThbCs LUAAXOM MaBeHHS X BUCOKOKOHLEHTPOBAHUM [KEPESIoM
HarpiBy (ENEKTPOHHUM MPOMEHEM) y TFIMOOKOMY BaKyyMi. Y Takux arperatax
CMMaBM MaBAsSTbCA 32 PaxyHOK EHeprii, WO YTBOPIETLCA B pesynbTaTi
MPVUCKOPEHHSI €MIEKTPOHIB [0 BEUKMX LUBUAKOCTEA Ta X rafbMyBaHHS Mpw
3ITKHEHHI 3 MOBEPXHEID MeTany.

B enekTpoHHMX rapmartax Bif6GyBaeTbCS YTBOPEHHS E/IEKTPOHIB Ta iX
(hOKyCyBaHHSA Y LUifbHWIA MY4YOK — €NeKTPOHHUIA NpOMiHb. Pigkuii MeTan, Lo
YTBOPIOETLCA Mif, Yac PO3MN/IaBAeHHs 3aroTOBKN €NeKTPOHHVM NMPOMEHEM, CTiKae B
MPOMDKXHY €MHICTb i padiHyeTbcA B Hild. [Micns UbOro pos3niaB HagXoAuTb Yy
KpucTanizatop. MepennasneHi Matepiany MoXyTb 6T Y (hOpMi 3NM1BKiB, KYCKOBOI
LUMXTK, CTPMXKHIB | Pi3HMX BiLX0AIB, HANPUKAZ NPECOBAHOT CTPYXKKM.

Y NOPiBHAHHI 3 NMaBKOK Yy [YroBMX Meyax eneKTPOHHO-NPOMEHEBI
TEXHO/ONIT [alTb MeHLUE LWKIANMBUX BUKUAIB B aTMOCEPY i XapaKTepu3yroTbCs
MEHLUMM CMOXWMBAHHSIM  €/1eKTPOEHEPrii. ENeKTPOHHO-MPOMEHEBA TEXHO/OTIs
[03BONSE OAEPXKYBATV BUMMBKM 3 TYromniaBKMX i BUCOKOPeaKUiiHWX CMaBiB Ha
OCHOBi TUTaHy, UMPKOHIlO, HikeMo, KobanibTy, 3ai3a, a TakoX i3 CKNagHo
NEroBaHNX CTanei 3 HA3bKUM BMICTOM rasiB i AOMILLOK. ENeKTPOHHO-NPOMeHeBe
NNaB/EHHS 3HAILLO 3aCTOCYBaHHS i Y TEXHONOTISX aAMTUBHOIO BUPOGHMLTBA Ha
oCHoBi 3D-pyKy 3 BMKOPUCTaHHAM TMOPOLUKOBMX MeTaNeBMX CMnnaBiB s
BUIOTOB/IEHHS IMNNIaHTaTIB, MPOTE3iB Ta AeTasiell aepOKOCMIYHOT ranysi.

OTXe, TEXHO/OTiA eNeKTPOHHO-NPOMEHEBOT M1aBKN MeTay [ae BUK/IIOYHO
BMCOKY AKICTb MeTasy, € HaneteKTUBHILLIMM | EKOHOMIYHO BUMNpaBAaHUM Croco6oMm
0flep>XaHHsl 0C06/IMBO YMCTUX METaNIB.
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KOMIMT’KOTEPHE MOAE/TIFOBAHHA B MEXAHILLI: CYYACHWIA NOIr 44

Kneukos O. M., cTapLunii Buknagay kadeapy BULLOT MaTeMaTUKK, (i3NKN Ta
3araibHOIH>KEHEPHUX AncumnaiH, AHINPOBCLKUIA Aep>KaBHWIA arpapHo-
eKOHOMIYHWIi yHiBepcuTeT, M. [Hinpo

Komn'toTepHe MofentoBaHHSA CTae BCe Oinbll MOMYNAPHUM | BaXIUBUM
iHCTPYMEHTOM B 6aratboX rany3ax Hayku Ta TeXHiKW, 30KpemMa B MeXaHiLli.
BipTyasibHe MofentoBaHHA [03BONSE  [OCNILKYBaTW CKfafgHi npouecu Ta
B3aEMO/T, L0 BaXXKO BiTBOPUTU B peasibHUX YMOBaX.

OAHVMM 3 OCHOBHMX 3aBfaHb MeXaHiku € aHani3 noBeAiHKW Tin nig Aieto
30BHILWHIX cui. KomM'toTepHi MeToAM MOAENOBaHHS [03BOMSKTb BUMKOHYBATU
Pi3HOMaHITHI aHafliTUYHI  PO3paxyHKM Ta YUCE/bHI CUMYNAUil, WO AatoTb
MOX/IMBICTb BU3HAUUTM NOBEAIHKY Tifla Npy PisHNUX yMoBax.

OfHVM 3 Halibifbll NOLIMPEHNX METOAIB KOMM'HOTEPHOrO0 MOLENHOBaHHS B
MexaHilj € MeTof CKiHYeHHMX enemeHTiB. Lleli MeTod 3acHOBaHWIl Ha Po36UTTI
CKNafHOI CUCTEMW Ha NPOCTIiLWi CKMNaAoBi YaCTUHU - efleMeHTU. KOXeH eneMeHT
Mag€ CBOI XapaKTepUCTUKK, Taki AK XOPCTKICTb, FTeOMETPUYHI PO3MipK Ta MaTepian,
i MoXe 6yTW onucaHuiA MaTematudHUMK hopmynamu. [na CKnagHoi cuctemm
TakvX eneMeHTiB MOXHa nobyayBaT¥ MaTeMaTUyHy MOAeNb, fKa [J03BOSISE
BWKOHYBATW PO3PaxyHKV 419 PisHUX YMOB. [N CTBOPEHHA KOMM'IOTEPHOI MOogeni
HeoO6XiHO BM3HAUMTU XapaKTEPUCTUKM KOXHOIO efleMeHTa, a TakoX napameTpu
B3aEMOZiT MK enemeHTamu. Hanpuknag, onsa MogentoBaHHs NMoBediHKU MocTa nifg
yac nNPOXOMKEHHS aBTOMOOINS He0OXigHO BW3HAUMTM MaTepian, 3 SKOro
BUrOTOB/IEHI €/IEMEHTN MOCTa, X FeOMETPUYHI PO3MIpK Ta B3AEMOAII0 MiXK HUMM.

Komn'toTepHe  MOZeNtOBaHHS B MeXaHili  BMKOPWCTOBYETLCA  ANA
JOCNIKEHHS MNOBEAIHKM Tin Ta CUCTEM B PIi3HMX YMOBaX. 3acTOCyBaHHA
KOMM'IOTEPHUX MporpaM  [03BO/ISIE  CTBOPKOBATM  BipTyaslbHi  Mogeni, Lo
[l03BONIAIKOTb 3AICHIOBATM AOCNIMKEHHST 6e3 HeobXigHOCTI MpoBoANTU (i3WYHI
ekcnepymMeHTU. O4HUM 3 NPUKNALIB BUKOPUCTAHHSA KOMM'HOTEPHOIr0 MOAEIOBaHHSA
B MexaHili € po3pobKa HOBMX MaTepianiB Ta KOHCTPYKLUil. BipTyanbHi mogeni
[O03BONAIOTL  JOCNILKYBATW  BMACTMBOCTI  MaTepiasiB  Ta ONTUMI3yBaTu iX
CTPYKTYPY 3 METOH [OCATHEHHS Kpawux XapakTepuctuk. Kpim Toro,
KOMN'tOTEPHE MOZENOBaHHS [03BO/SE MPOBOAWUTW TECTYBaHHSA KOHCTPYKUIA Ha
MILHICTb Ta JOBrOBIYHICTb, L0 JO3BOJISIE 3MEHLUMUTU KiflbKiCTb eKCMEPUMEHTIB Ha
pealbHNX 06'eKTax Ta 3HW3UTWM BUTPaTM Ha JocnimkeHHs. Komn'toTepHe
MOZE/0BaHHS TaKOX 3HAMLLIO 3aCTOCYyBaHHA B PO3pO6LI HOBMX TEXHOJONIA Ta
npouecis  BMpoOGHUUTBA. BipTyanbHi  mMofeni  [03BOMIAKOTL  LOCNIXKYBaTU
eheKTMBHICTb Pi3HMX NPOLECIB Ta 3HAXOAMTU crnocobu TX onTuMizauii. Kpim Toro,
KOMM'HOTEPHE MOZE/OBAHHA BUKOPUCTOBYETHCA B MeXaHiui Ans LOC/ifKEHHS
MoBefiHKN CUCTEM B PIi3HWX YMOBaX, Hanpuknag, ANS BMBYEHHA Pyxy Tin y
CepefoByLLi 3 Pi3HUMU NapameTpamu, 419 LOCNIIKEHHA AUHAMIKN KOHCTPYKLIiA B
ymoBax [AiT 30BHILIHIX CWUA, ANA AOCNIOXKEHHA XapaKTepucTUK piguHM Ta rasy y
Tpybonposogax Towo. OAHMM 3 HaliNOLMPEHIWMX NpPorpamHMX 3acobiB Ans
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KOMM'HOTEPHOIO MOJE/NoBaHHA B MexaHiui € Ansys. Ansys - Le MporpaMHe
3abe3neyeHHs Ans KOMN'IOTEPHOrO MOZE/NOBaHHA B 06MacCTi iHXeHepil Ta Hayku
npo marepiann. Ansys MoOXe O6yTW BMKOpUCTaHa AN [OCAIMKEHHA Pi3HUX
(i3YHMX ABULLL, TaKMX AK HAMpY>XeHHs, dedopmauis, TepMidHi eekTy, akycTuka
Ta iHWi. 3a gonomoroto Ansys, iHXeHepu MOXYTb CTBOPHOBATM BipTyasibHI Mogeni
CKNafHUX KOHCTPYKLi Ta MPOrHO3yBaTU iXHIO MOBERIHKY B Pi3HUX YMOBaX, LLO
[l03BOJISIE 3MEHLUMTWN KiNbKICTb MPOTOTWUMIB, SIKi MOTPIGHO BWMrOTOBAATU AN
Banigauii KoHCTpykuii. Kpim Toro, Ansys Moxe OyTW BMKOpWUCTaHa Ans
NPOEKTYBaHHS Pi3HWMX €NEMEHTIB, TaKUX SIK Ba/IW, LUECTEPHI, 6NOKN LMAIHAPUYHKX
roNoBOK, abo HaBiTb €/1eMEHTIB aepoAMHaMiKn. ANSys [03BOMSIE iHXeHepam
CTBOPIOBaTW BIPTyalbHi  MPOTOTWMNK, SKI MOXYTb OYTW ONTMMI30BaHi Ta
BLOCKOHaEHI [0 TOr0 MOMEHTY, KOMM BOHW OYAyTb FOTOBi 4/ BUPOGHMLITBA.
OfuH 3 ronoBHUX nepesBar Ansys - Le MOX/IMBICTb MOAEMIOBAHHA CKMALHUX
CUCTEM, B SIKUX BPAXOBYETHCHA B3AEMOJIA Pi3HWUX €NeMEHTIB Ta (i3UYHUX ABWULL.
Hanpuknag, Ansys Moxe ByTu BUKOpUCTaHa 419 [OCNILKEHHS B3aeMOAIT Pi3HUX
maTepiasiB y CKNagHWX KOHCTPYKLIAX, TaKUX K aBTOMOBINbHI Ky30BK abo NiTaku.
3a ponomorolo Ansys MOXHAa [OCNiMKYBaTW BMAMB Pi3HUX (haKTopiB Ha
KOHCTPYKLit0, TakMx $IK Bibpauii, TemnepaTypa, HaCKpi3Hi HaBaHTaXXeHHs, abo
yaapu. Kpim Toro, Ansys A03BO/SIE NPOBOAMTY aHani3 Ha MILHICTb KOHCTPYKL,il
Ta MNPOrHo3yBaTW TXHK TMOBEAiHKY B Pi3HWX YMOBax, TakMX K BiTpPOBe
HaBaHTXKEHHS, 3MiHa TemnepaTypu, 36iMbLIEHHA HaBaHTaXeHHs Towo. Lle
[I03BOJISIE iHXXEeHepaM 3p06UTK GiNbLL TOYHI PO3PaxyHKM, a TaKOX 3HU3NTU PU3UK
MOLUKOPKEHHA KOHCTPYKUIT nig yac ekcnnyatauii [1]. Ansys TakoX [03BONSE
MPOBOAMTM Pi3HI EKCMEPUMEHTU Ha BipTyalbHUX MOAENAX Ta BU3HAYaTW Pi3HI
napameTpu, Taki fK fedopmavis, HanpyxeHHs, Bibpauil Ta iHWI. Lle aossonse
if)XeHepam [0CAiAKyBaTW pi3Hi BapiaHTX KOHCTPYKUIA Ta BMGMpaTW HalibinbLu
onTuManbHWin BapiaHT. Kpim TOro, Ansys [A03BOMSE iHXeHepaMm MNpoBOAUTU
eKCMepyMeHTU B peXuMi peasbHOrO 4acy Ta BisyanisyBaTu pesynbtatu. Lle
[03BONSE iHXeHepam 6aunTu, K 6ye NoBOLMTUCSH KOHCTPYKLIS B Pi3HUX YMOBax
Ta BYAacCHO BHOCMTM 3MiHW B MpOeKkT. OTKe, BUKOPUCTaHHA ANSys nA/is
KOMM'HOTEPHOr0 MOAEeNt0BaHHA B MeXaHilji [03BOSSE iHXeHepaM Ta HayKOBLSM
[OKNafHO Ta 3MICTOBHO AOCAIAUTM AK CTPYKTYpPY TaK i (hisnuHi aBuwa, Lo
NPOTiKalTb B MEXaHI4YHUX cUCTEMaX.

Cnucok nitepatypu
1. P03B'A30K 3afay MPOEKTYBaHHSA NPWaAIB Ta CUCTEM 3 BUKOPUCTAHHAM
ANSYS i MATHCAD : nigpyuHuk / I. A. 'puwaHosa, /1. . 3ryposcbka, HO. B.
Knpnuyk. — Kuis : KMl im. Irops Cikopcbkoro, Bug-so «lonitexHika», 2022, —
180 c.
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MNMOBYAOBA KOMIMTHOTEPHOI MOAE/I BMNAMBY PO3TAIYHOUOIrO
HABAHTAXEHHSA B NMPOIPAMI ANSYS

Kneukos O. M., cTapLunii Buknagay kageapy BULLOT MaTeMaTVKK, i3k Ta
3ara/ibHOIH>KEeHepHUX aucumniiH, IHiNPOBCbKUiA fep>KaBHuiA arpapHo-
eKOHOMIYHWIA yHiBepcnTeT, M. [Hinpo

MpoBefemMO MOLENt0BaHHA Ha MNpUKNafLi HaBaHTAXEHHS LUNIHAPUYHOT
000/10HKM 3 ABOMa OTBOpamu. [aHa 060/0HKA CUMETPUYHA BiJHOCHO KOXHOI 3i
CBOIX OCeil. Y Uili 3agadi BUKOPUCTAEMO MPUHLMM CUMETPIT i NodyayeMo nuLe Ya
mogeni, fKy 3rogom Bigo6pasyMo BIAHOCHO oceil. Lle [03BOMTL 3HaYHO
3MEHLUNTU MiHIMa/lbHY KiNbKiCTb €1eMEHTIB, a OTXKe — 30IMbLINTN iX KiNbKiCTb
6ina 0TBOPIB, L0 NiABULUTL TOYHICTb i LUBMAKICTb PO3PaxyHKiB.

CnoyaTKy CTBOPMMO CYL|i/IbHY 060/I0OHKY, a MOTiM 3p06GKUMO B Hiil OTBOPW.

MobyaoBa mMofesni NOYMHAETLCS 3 ONMOPHUX By3NiB [1], SKi 3rogom GyayTh 3’e€AHaHi
NiHIMU MiXX CO6010.

Ansys e l'\rl}:z!.sx
e . o e

Puc.1. OnopHi By3nu Puc.2. JTiHii Mi>k BYy37amm

TakuM Y/HOM, OTPUMaM NEBHUIA Kapkac MoAeni 3 NiHii. Tenep yci Ui NiHii
00’eHYIOTbCS Y OfHY 0611aCTb:

Ansys
2

Puc.3. ObnacTb ¥4 060/10HKM
[na nobysoBM KOPEKTHWX OTBOPIB Yy UMAIHAPI 3p06MMO HACTyMHe: Y
[leKapToBili cucTemi koopguHart, y nnowmHi XY, CTBOPUMO OCHOBY enincoiga,
AKNIA BULOBXMMO NO BCiA 0060M10HLI HacKpisb [1]. Micns 4oro 3anuMwaeTbes nnLLe
BMpi3aTM ioro 3 06010HKM. OTpPUMYEMO OTBOPW, L0 MOBTOPKOKOTH (OpMy
000/I0HKY | € eNinTUYHUMMU.
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Ansys - Ansys|
smonr . —

Puc.4. Enincoigy 06010HL Puc.5. BupisaHwii enincoig gae 0TBOpU
CiTKy 6ynyemMo 3 efleMeHTIB TeTpaeapuyHoi hopmu S, Wwo matoTb 10 By3nis

i ByayTb 3pyyHumu ans 3D po3paxyHKy HanpyeHb y Tinax, WO MarTb MeBHY
KpvBUHY. OCHOBHa CiTKa Mae eNeMeHTW AOBXUHM Npr6am3Ho 0.01M. Ta 3ryLeHHs
CITKM y oTBOpax. KoediuieHT 3ryweHHs — 20. [aHa mogens mae 31781 enemeHT

[1].

Puc. 6. OcHoBHa CiTKa Puc.7. AganToBaHa ciTka

HanpukiHui J0 BepXHbOT rpaHi NpuUKIafaeTbCa po3TArytoue HaBaHTaKeHHS
y300BX oci OY i 3aCTOCOBYHOTbCS CUMETPUYHI FpaHWYHi YMOBM Ha HWDKHIN Ta
GOKOBUX FpaHsX 4151 4iT HABAHTAXKEHHS Y CUMETPUYHOMY BiOOPaXKEHHI.

Puc.8. OcTaTouHwWii BUrSL MOAeNi 060N0HKM 3 BOMA 0 TBOpaMu
Hapani npoBoAuTbLCA MOJENtOBaHHA HanpyXeHo-Ae(hOpMOBaHOro CTaHy

UMNIHAPUYHOT OBOMOHKM MpU  334aBaHHi MEBHOTO 3HAYEHHS PO3TArYHYOro
HABAHTAXXEHHS.

Cnuncok nitepatypu

1. Bacunbkis B.B. IHXeHepHuii aHanisa B Ansys Workbench. /
[aHunbueHko J1.M., Paguk O.1., Ameank O.B. — TepHonink : Bua-8o THTY imeHi
IBaHa Myniog, 2021.— 58 c.
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MPO OAHY ACUMMNTOTNYHY BJTIACTUBICTb
OYHKUIT MITTAM-/IEQDJIEPA

MasneHko I. B., A-p TexH. Hayk, npod., npothecop Kadenpn KoMn’ o TepHOT
MexaHiku iM. B. MapumHKoBCbKoro, CyMCbKuii iep>KaBHuii yHiBepcuTeT, M. Cymu

dyHKUis MiTTar-Jledipnepa € y3araslbHEHOH MOKA3HWKOBOK (YHKLIE
KOMMN/EKCHOI 3MiHHOT, 3anNponoHoBaHo y 1905 poui LWBeACLKMM MaTEMATUKOM,
npod. M. . MiTtTar-/lechchnepom [1]:

7k

Eqp = Xh=o o 1)

fe k — iHgekc; z, a, B — komnnekcHi yncna (Re(a) > 0); I'(x) — ramma-
thyHKLis Efnepa KOMMMIEKCHOTO apryMeHTa X.

PyHKUis MiTTar-Slethdpnepa LWMPOKO PO3NOBCIOMKEHA B aHaNiTUUHUX
JOCNIKEHHAX (I3UYHMX MPOLECIB Pi3HOT Npupoaun (TensoMacoobMmiH, mpoLecu
cenapauii, AMHamika pPOTOPHUX CUCTeM TOLLO). BoHa 3acTOCOBYeTbCA Mif 4ac
CTBOPEHHS! maTeMaTUYHNX mogenei MpoLeciB, Lo ONUCYHOTLCA
OVdbepeHLiaibHUMKM - PIBHAHHAMKU  4po60BOro  NOpsAAKy Ta 11X  CUCTeMamu,
Hanpuknag, QinbTpauii 'y nopucTOMY CepefoBULLL, OCAMXEHHS  3BaXKEHUX
YaCTMHOK, aHOMaJTbHOT Any3ii Ta 6araTo iH.

OyHKuis  MiTTar-fledpdpiepa  TakoXX BUKOPUCTOBYETLCA AN ONUCY
rigpomMexaHivyHMX CUCTEM i3 3aTPUMKOIO Yy Yaci, BpaxyBaHHS cunn bace-O3eeHa
npwv cenapawii 6araTOKOMMOHEHTHWUX FeTEPOreHHN3X CUCTEM, Y3ara/lbHeHHS 3agadi
LLUtypma—/liyBing Ha BMNagoK APOBGOBMX MOXiAHWX, CUMHXPOHI3aLiT XaOTUYHUX
Mepex TOoLLO.

Hesgaxaroun Ha Te, WO GyHKyisa MiTTar-Jleddpnepa Mae peKkypeHTHY
BMaCTMBICTb | PO3KNaAaeTbCsi B acUMMATOTMUHWIA psag [lMyaHkape, wnaxu i
3aCTOCYBaHHA [N PO3B’A3aHHA MpPo6/ieM BUMYLLEHUX KOMMBAHb CUCTEM i
OVMHaMIYHOT  CTIMKOCTI  MeXaHiYHMUX CWUCTeM, LU0 OMUCYHTbCA  PIBHAHHAMM
[Opo60BOro  Mopafky, BCe Lle  3aIMWAETLCA  BigKPUTOK  MPo6/eMolo.
Lle nosicHIoeTbCA TWM, WO noxigHa PimaHa—/fliyBinna Apo6oBoro nopsgky o
He TOTOXHa MOXIifgHi Linoro NopsaKy Anst eKCnoHeHLianbHOT PYHKUIT [2]:

d(l

—= (€)= t7E 14 (iwt) # (iw)%, )

Je i =v—1 — ysaBHa 0AuHNLA; W — YacToTa; t — vac.
[na  ocTaTouyHOro BMWPILLEHHS Liel npobnemu Oyno BUSBIEHO OfHY
BaXK/IMBY aCUMMTOTUYHY BNacTuBICTb PYHKLiT MiTTar-Jleddhnepa (puc. 1):
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: -7 leo:ofk_a —
f‘lﬁ [e rk-a+nl L @)
Je T — 6e3p03MipHMWiA YacoBKil NapameTp.

(0.25 )0.8
050 )08
(0.75 )0.4

0.2

0

0 1 2 3 4 5 6

PucyHok 1 — ACUMNTOTUYHE HAbNMKeHHS YHKUIT MiTTar-Sledidnepa

Ls BnacTUBiCTb [0BOAWTLCS LUMSIXOM 6aratopasoBOro  3acTOCYBaHHS
npaeuna Jlonitans Ans rpaHWLb 3 HEBU3HAUEHICTIO TUMy {%} BoHa f103BONsE
OfIePXKaTh HaCTYMHY 3aeXHICTb:

lim

da .
dta’(elwt)
t—oo

] = (iw)". 4)

OTxe, 4NA BMNAAKY YCTaNeHWX KONAMBaHb, | Jvwe A8 HWUX, Apo6oBa
noxigHa (2) HabnmkaeTbCsi A0 noxigHol uinoro nopsaky (iw)® exp(iwt)
NMOKa3HUKOBOT (DYHKLII.

BusBneHa acMMnTOTUYHA BRAcTMBICTb (4) QyHKUii MiTtTar-Sleddnepa
06r'YHTOBYE MOX/IMBICTb 3aCTOCOBYBaHHS METOLY KOMMIEKCHWUX amnnityg Ans
3HAXOMKEHHS CTaLiOHApHMX PO3B’A3KIB Yy3aralbHEHOro PIBHAHHA, LIO OMNUcye
noBefiHKY AWHaMiIYHMX CUCTEM APO6OBOro NOPAAKY:

aky(t)
dt™k

= f(®). Q)

2k Ak

Cnucok niteparypu
1. Pavlenko, 1., Ochowiak, M., Agarwal, P. et al. (2021). Improvement of
mathematical model for sedimentation process. Energies, VVol. 14(15), 4561.
2. Podlubny, 1. (1999). Fractional differential equations. Academic Press,
San Diego, CA, USA.
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A PYTHON-BASED COMPUTER PROGRAM FOR CALCULATING
FREE OSCILLATIONS OF ROTOR SYSTEMS

Prof. Dr. Ivan Pavlenko, DSc., Ing.-Paed.; Mykola Burym, Student,
group KM-91-1, Department of Computational Mechanics named after
Volodymyr Martsynkovskyy, Sumy State University, Sumy, Ukraine

Ensuring the vibration reliability of rotary machines is an important
problem in up-to-date machinery [1]. This problem becomes more topical due to a
permanent increase in the operating parameters of pumps, compressors, turbines,
etc. In this regard, efficient ways for designing high-speed rotor systems before
their manufacturing should be developed. However, most computational means
allow for evaluating critical frequencies of a rotor based on Campbell’s diagram
[2]. However, such a technique reduces the importance of fundamental approaches
in machine learning-assisted parameter identification of mechanical systems.

Due to the mentioned above, a computer program for calculating critical
frequencies of rotor systems has been compiled. During programming, Python
programming language was used to realize finite-element modeling. The initial
data is formed using MS Excel. The results are plotted in Fig. 1.

° 1st mode shape:
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Figure 1 — First critical frequency and the mode shape

The developed approach has significantly improved the outdated program
[3], realizing the finite element modeling based on the computer-algebra system
MathCAD. The Python-based program also includes an improved Block Lanczos
algorithm to evaluate eigenfrequencies and a Sparse Matrix technique to build the
corresponding mode shapes.
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BM/IMB FEEOMETPIT KOCO 3ATVUCHEHOIO KECOHA KPUJTIA MIAHEPA
HA MILUHICTb TA BIBEPOCTIVNKICTb

Ocunos O. O. cTyaeHT, rpyna KM-91/1; >Xuruniii 4. O., K.T.H., AOLEHT,
CymAY, m. Cymu

Koco 3aTucHeHi kecoHnm Kpuna nnaHepa (K3KKM) — wue Tun
BAOCKOHANEHOI KOHCTPYKLUIT niTaka, sikuii 6yB po3po6neHuii, o6 3abe3nedunTu
pAA nepeBar MOPIBHAHO 3 TPaguUiiHUMKU  KOHCTPYKUISIMW  Kpuna  fiTaka.
OcHoBHO MeToH BuKopucTaHHsA K3KKIT € nigBuLLeHHs MILHOCTI Ta XXOPCTKOCTI
KOHCTPYKLiT Kpnia Npu 04HOYaCHOMY 3MEHLLIEHHI 1A0ro Barw.

YHikanbHa KOHCTpyKUis K3KKI1 nepeg6ayae BoyA0oByBaHHS KOpob4acToi
KOHCTPYKLiT B KpWIO niTaka Mig KOCMM KyTOM, a He nig TpaguuiiHim
nepneHanKynspHUM KyToM. Lleit Kocuid KyT CTBOPOE Ginbll ePEKTUBHWIA croci6
HaBaHTaXXEHHA AN KpwA, [O03BOAAYM 1M BUTPUMYBATU 6inbll BWUCOKI piBHI
HaBaHTa)XXeHHs 6e3 gofjadi Baru.

Kntouosumu nepesaramn K3KKIT € nokpaleHa nanvBHa e(eKTUBHICTD,
36iNbLUEHMIT 3anac Xo4y Ta MoKpalleHa e(ieKTUBHICTb KOHCTPYKLUiT. 3MEHLLMBLLN
Bary KOHCTPYKUiT Kpuna, niTakyu MOXYTb MNepeBo3nTW Oinblle nanuea abo
KOPMCHOIO BaHTaXKy, CMOXMBaKOUM MeHLLE MaimBa B LisIOMY, WO NpPU3BOAUTL 40
3HWKEHHS1 eKCnyaTauiliHUX BWUTPaT | MOKpalleHHs1 xapakTepucTuK. K3KKII
TaKoX 3abe3neyye nigsulieHY 6e3neky Ta [JOBroBiYHICTb NiTakiB. [MokpalleHa
CTPYKTYpHa e(qeKTMBHICTb 3abesnedyye Oifblly CTIiAKICTb [0 BTOMM Ta
MOLLKOKEHb, TOAI SIK 3MeHLLIEHa Bara Ta nigsuLleHa MiLHiCTb MOXYTb MiABULLMTH
CTIVKICTb A0 yAapiB y pasi aBapii.

B po60Ti NpoaHanizoBaHO TEOPETUYHI OCHOBM NPOEKTYBaHHS KECOHAa Kpuna
nnaHepa Ta Oro HeCy4nx MOBEPXOHb. 10 CNPOEKTOBAHOIr0 TEXHIYHOIO PilLEHHS
3aCTOCOBaHMWIA METO[, CKIHYEHUX e/IEMEHTIB 3 METOK MOJENtOBAHHS Hanpy)XeHOro
Ta BibpauiiHoro craHiB. OGIPYHTOBaHO 3aCTOCYBaHHSI PO3B’SI3yBaHHA TUMIB
AVHaMiYHMX 3afa4y Ta po3B’A3aHi CTaTuyHa 3agaya MilHOCTI 1 MPOBeAeHO aHani3
rapMOHIYHOrO BiAgryKy Ta CneKTpasbHWiA aHanis.

TBepAoTiNbHa MOfeNb ABASE COOOK 060/I0HKOBY KOHCTPYKLit0 NOCTiAHOT
TOBLLUMHU MiAKPINAeHy CTEPXHAMN NPOKaTHMX npodinis. CuMynsuiiHa CKiHYeHO
efleMeHTHa MOfeNb KOCO 3aTUCHEHOr0 KecoHa Kpwuna nnaHepa [03BOMMNA
CTBOPUTY NapameTpUYHy MOAENb Hampy»XXeHoro, Ae)opMOBaHOro Ta BibpauiliHoro
CTaHiB KOHCTPYKLiT. Ha OCHOBI mapameTpuyHOT MoZeni NobyAoBaHO ABOBUMIPHWIA
OpPTOroHanbHWUIA NNiaH eKCMepUMEHTY Y OpTOroHasbHOMY MnaHi piBHI (hakTopis
3MIHIOIOTbCS CUCTEMATMYHO, TaK LU0 KOXHa KOMOIHAaLis PiBHIB BUMHWKaE fuLle
OAVH pa3, a MnaH 36anaHCOBaHW BIAHOCHO PIBHIB (hakTopiB. JocnimKyBaHUMM
(hakTopamy € TOBLUMHA OOOMIOHKM KecoHa Ta FeOMETPUYHI XapakTepucTUKK
HOpManbHOro nepepisy 6a7o0K NPoKaTHOro npodinto (mnowa Ta 0CboBi MOMEHTU
iHepuii).

Ha OCHOBI CTaTUCTUYHMX METOAIB 06POOKM AaHUX CUMYMSLIA 3a MIaHOM
eKCMepPUMEHTY [aHi pekoMeHAauii Ans (akTopiB eKCnepuMMeHTY 3a YMOBM
36epeXkeHHs Macu KOHCTPYKLIT.
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3ACTOCYBAHHA PIBHNX CUMY NTALIIHNX MOZENEN PE3OHAHCHOIO
METOAY HEPYWHIBHOIO KOHTPOJIHO MMIACTUH 3 MONTIMEPHNX
KOMMO3ULIMHUX MATEPIANIB

CTapuHebkuid M. C. cTyaeHT, rpyna KM-91/1; >Xuruniii [I. O., K. T.H., JOUEHT,
CymAY, m. Cymu

BukopucTaHHst  imMiTauyiiiHMX Mogeneidi €  eeKTUBHWM  CMOCO6OM
[OCNIIKEHHS1  3aCTOCOBHOCTI  PI3HWX  METOAIB  HEPYMHIBHOrO  KOHTPO/O
MoNiMEPHMX LLAPYBATUX KOMMO3UTHUX NMIACTUH i3 3aCTOCYBaHHAM Pe30HAHCHUX
meTogis. Lli mogeni no3BonstOTb AOCNIAKYBATU MOBEAIHKY MaTepiany 3a pisHMX
YMOB i BU3Ha4aTV MOTeHLiiHi 06MeXeHHs a6o Npobiemu B MPOLECi BUNPOOYBaHb.

OfHUM i3 NOWMPEHUX MiAX0AIB A0 MOAENOBaHHA PE30HAHCHOIO METOAY €
BUKOPUCTaHHS MeToAdy CKiHueHux enemeHTiB (MCE), fikuii nepea6adae CTBOPEHHS
CUMYNALIAHOT BipTyanbHOT MoOfeNi matepialy Ta 3acTOCYyBaHHS MeXaHiYHUX
HaBaHTaXXeHb 4N MOAENoBaHHA MOBeAIHKM MaTepiany 3a pisHMX ymoB. MCE
MOXe HafiaTu ysBAeHHs NPO Hanpy)XeHo-AeOPMOBaHNI CTaH MaTepiasy, a Takox
BMN/IMB Pi3HMX (haKTOpIB, cepef SKMX BNaCTMBOCTI MaTepiany Ta Aoro reomeTpisi.

IHWWA nigxig nonsrae 'y BUKOPUCTAaHHI aHaniTUYHWX MOAenen, sKi
6a3ytoTbCs Ha MaTeMaTUYHMX PIBHSAHHAX | MOXYTb 3abe3neynmTy LWBMAKI Ta
e()eKTMBHI pILLUEHHA KOHKpeTHMX npobnem. Lii Mogeni MOXyTb OyTM MeHL
TOYHMMK, HiXX MCE, ane MOXyTb OYyTW KOPWUCHMMW ANS aHanisy MpocTuX
reomeTpiii abo A4/ NOPIBHAHHA Pe3y/bTaTiB Pi3HUX MiAX0A4iB.

3aranom, 3aCTOCOBHICTb Pi3HMX iMIiTaLiiHMX MOAeNein Ans HepymHIBHOro
KOHTPO/O MONIMEPHUX KOMMO3UTHUX MMAaCTUH 3aneXxuTb Bif pagy (hakTopis,
BK/THOYAOUM TUM MaTepiany, L0 BUNPOOOBYETLCA, Aiana3oHy MOLUYKY BAaCHWX
4acToT, reoMeTpii Ta Po3MipiB 3pa3KiB Ta KOHKPETHUX BUKOPUCTOBYBAHMX METOLIB
TeCTyBaHHs.

B pob6oTi gns cumynauii pe3oHaHCHOTO MeTofy HepyWHIBHOTO KOHTPOJIO
noniMepHNX  KOMMO3WLiAHMX  MaTtepianiB  Ha ocHoBi MCE  wmeTogom
6araToTOMKOBOrO CNEKTPY BifryKy NpOBeAEHO CNEKTpabHWIA aHani3.

JocnipkyroTeca Taki Mofeni AeekTiB y LlapyBaTUX KOMMO3WTax 3a
C. M. BepeLakoto:

1) MK D>KOPCTKMMK LWapamy B MpoOUeci BWIrOTOBMEHHSA aHi30TPOMHUX
060M10HOK HasBHUIA MiXasHUIA M’SIKWIA KNenoBuWiA Lwap, TOBLUMHA LbOro Lapy
BB)KAETbCA HYNbOBOK. Y 06/1acTi AetheKTy MOX/MBE MPYXXHE MPOKOB3YBaHHS
YKOPCTKMX LWapiB OAMH BifIHOCHO OfHOrO;

2)  aHasorivyHo A0 MepLUoT, TiIbKK TOBLLMHA K/1E0BOrO LWapy HEHY/bOBa;

3) KnacuyHa Mofenb NPYXHO eKBiBaJIEHTHOro0 OPTOTPOMHOIO Marepiany 3
Nopoto y BUrNA4i AOCNiKYBaHOro AedeKTy.

TBepAoTiNIbHa MOLeNb Y BUINALI KBaApaTHOI B NMaHi LWapyBaTol NaacTUHM
3 fletheKTOM 3a 3a3Ha4YeHMMIN MOAENAMM LIAaPHIPHO 06MepTi Mo pebpax BEPXHbOI Ta
HVXHbOT rpaHeil.

JocnifpkeHO BMAMB TOBLUWMHW, TIMBUHW 3ansaraHHA Ta Nowi fedekTy Ha
MOBEPXHI BigNYKY NIaCTVH 3 LapyBaTUX KOMMO3WLiAHNX MaTepianis.
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PEABIJTIITALIA MALUIEHTIB 3 CYAVMHHNMIW 3AXBOPKOBAHHAMU.
YACTUHA I

OnekcaHap JIMTBNHEHKO, CTYAEHT, rpyna IM-11/1; KaTepuHa bypatok, 11 knac,
LlenTp nosaLukinbHOT 0CBITK, WKona Ne 7, M. Jlebeguu; CmipHoB B.O., aupekTop
ueHTpy HTTYM CymAY, m. Cymu; CToB6yp O. A., 3aBiflyBay BiineHHAM
CYAVHHOT XipypriT, nikapHa Ne 5, M. Cymu

Y nonepegHiin YyacTUHI PO3rNSZaIMCA HaCTYMHI MWTaHHA: MOTMBaLS,
pO3paxyHKOBO-TEOPETUYHI, NPOBEAEHHS EKCNIEPUMEHTIB, MigBEAEHHS MiACYMKIB Ta
eKOHOMIYHI. MOoTuBaL i BKIOYaIa aHani3 XypHany «O6AiKy NpuiioMy XBOpUX Y
crauioHap xipypriuHoro siggineHHs KWIM, kniHiyHa nikapHa Ne 5, M. Cymu 3a
2021 p.. Ha nigcTaBi uboro 6yno nobyaoBaHo B rpadiyHOMY PeXmMi HaCTYMHi
NMOKa3HMKW: KifIbKIiCTb NAaLiEHTIB M0 KOXXHOMY MICALKO, YONOBIKW i XXiHKW, B3arani
Ta okpemo.(rpadikm Nel, Ne2,Ne3). KifbKiCTb NaLieHTIB 3 ypaxyBaHHAM BiKy: <40
pokiB, 40<60 pokis (rpadikv N4, No5, Ne6). KinbKicTb AHIB Ha NiKyBaHHi,
CTauioHap, Mo KOXHOMY MICALIO, YOMOBIKM 1 XXiHKM, B3arasi Ta OKpemo Ta 3
ypaxyBaHHAM BiKy: <40 pokiB, 40<60 pokiB (rpacgikn No7, Ne8, Ne9, Nel0, Nell).
AHanizytoun rpadiky 3Haxogunm ix «max» i «min» 3HayeHHs. Po3paxyHKOBO-
TEOpPeTUYHA YaCTWHA BK/OYana: BMUOIP KOHCTPYKTMBHUX PO3MIpIB  OKpPeMMX
€NIEMEHTIB, 3HaXOMPKEHHS LeEHTpiB Baruv iX Ta BCiei irypu. Posrngganucs
cnoyaTky craTuyHa 3agada (nobygysanm entopu N), noTim disnyHa 3agadva
(nobyaysanu entopu G), ANa TPbOX MNOMOXKeHb irypu. Lii 3agadi posrnsganucs 3
ypaxyBaHHAM  CTaTMYHOrO  HABAHTAXEHHA. Y  BMMAfKax  TMM4YacoBOro
HaBaHTaXeHHs 6yaysanucs aHanoriyHo BC® (N o). MNpoBoamees aHanis «max» i
«miny.

3HaueHb BC® B 3anexHoCTi Bifg 3CD, 3Hax04MBCs Hebe3neyHuii nepepis.
Po3rnsaganocs MoMoXKeHHA MarepiaibHOT TOYKM Yy  Pi3HOMaHITHUX CUCTEMAX:
pyxomoi X'y'z" Ta Hepyxomoi Xyz To Ti 06epTa/ibHWiA pyX Yy 6710KOBI hopmi (Buan
PYXy, PIiBHAHHS, TUNW 3aBAaHb, OAMHWLI BUMIpY). 3HaxXxoaunncb NiAcTaBn Ans
NPOBEAEHHs1 EKCMEPUMEHTIB 3 ypaxyBaHHAM DopM pyxy. Y BUOpPaHOMY MacLLTabi
Oypysanuch rpadikum Il nopsaky Ta X cniBBifHOLIEHHA MiDX CO60t0 Y rpadivuHomy
pexxumi - (UMKNOiga, €eBONbBEHTa, cnipaib Apximega). [o pedi, OCTaHHA
Oyfnysanacb Ha nigcTtaBi piBHAHb y=Xx (x=1,2,3) y=2x, 3x, y=x" (n=2,3), y=nxn
(n=0,1,2). MpoBoanNnoCch CiBBIAHOWEHHA 3HAYeHb Yy rpagivyHOMy pexumi Ta
BMOMpPaBCA ONTUMaIbHUIA 3 ypaxyBaHHAM KyTa 0<a<360 Ta opauHaTtu 0<y<6,24;
6,24<y<12,46; 12,46<y<18,46 anqa I, 11, Il cnipani Apximega. Ha nigcrasi uux
JaHux Oynysasca rpadik  nnowmH cektopis cnipani L1, 1l. Oasanwucs
MPVHUMMNOBI  aKCOHOMETPUUHI  CXeMWU  0OEpTaNbHOro  pyxy 3  HanpsiMom
LUBMAKOCTEW V, NPUCKOPEHHAMU O, On.
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[na  npoBefieHHS  EKCMEPVMEHTIB  BUKOPUCTOBYBaBCS  MPUCTPIl
«microlife» Bp, Bi classic (BumiptoBay apTepiasibHOro TUCKY, 6yB po3pobneHuii y
cnmiBmpaui 3 nikapaMuW, a KiHiYHI TecTW MiATBEPAWMAN BUCOKY TOYHICTb Oro
BMMIpIOBaHb). 3HIMANNCA MOKA3HWKW: TUCKY, CUCTONIYHI Ta AMCTONIYHI
MOKa3HUKM 4acToTW My/nbCy. B aKCOHOMETPUYHMX MPOEKLiAX AaBaMcA CXeMU
MpOBefiEHHs EKCMEePUMEHTIB 3 ypaxyBaHHAM Pi3HOMaHITHUX BWAIB  PyXy.,
KiNbKICTb BUMIpIOBaHb ANS1 KOXHOIO eKCrepuMeHTy npuiimanacs n=>5. Bci gaHHi
3BOAMNCL Y TabAMLIIO, e BKa3yBaBCs BiK NallieHTa, 10ro CcTaTb, AaTa NPOBeAeHHS,
CXEMa pyXy eNeMeHTa, Yac YTPMMaHHS B KOXKHOMY MofioXeHHi (t=0c, t=5c¢, t=10c,
t=15cek, t=20c, t=25C) Ta pe3ynbTaTW BUMIPIOBaHHS. B OKpeMuX BMMagKax
(ekcnepumMeHTax) pesynbTaTyi BMMIPHOBaHHS BUKOHYBa/MCb Yepe3 t= 1lrog, t=
2rog, t= 3rog,.

[na  6inbwoi HaouHocTi 6yayeanuch rpaikM B MeBHOMY MacLuTabi.
Bcboro npoBefeHo 227 eKCMepUMEHTIB Ta Y CTauioHapi — 8. BMKOHyBanucs
CroyaTKy OKpemo nisa i npasa Hora i 06uaBi. Yac npoBefeHHs eKcneprMeHTIB — 3
12.08.2022 p. no 13.09.2022 p. Ta 10.10.2022 p. no 18.10.2022 p. KinbKicTb
icnuTiB y ekcnepumMeHTax fopiBHioe:1-18, 2-18, 3-18, 4-36, 5-30, 6-30,7-28, 8-21,
9-28. Y BMCHOBKax NOTPIOHO BIAMITUTN BMKOPUCTaHHA Aedopmalii MonepeyHoro
3rMHY Ta $BWLE TigpaBniyHOro ygapy Ta [OUINIbHICTL TX BWKOPUCTaHHS.
Po3paxoByBanucs cepefHi nokasHuku Pc, Pq, T 415 KOXXHOIo eKCrnepumeHTy, sKi
CTaHOB/ATh:

1. Pc=+0,7% Pg=+2,6% MN=+2,6%

2. Pc=-4,9% Pg=-3,6% M=+0,9% - aBuwe rigpaBnivyHOro
yfapy He BUKOPUCTOBYBAOCS.

3. Pc=-2,4% Pg=-3,6% M=-4,7%

4. Pc=-12,9% Pg=-15,5% M=-2,5%

5. Pc=-13,2% Pg=-18,4% M=-10,5%

6. Pc=-8,7% Pg=-18,1% M=6,1%

7. Pc=-10,3% Pg=-10,2% Mn=-7,4%

(-4,6%) (-5,7%) (-6,9%) — NOKa3HWKN Yepe3 3 roANHM NIiCNA NPOBELEHHS
eKCMepUMEHTY.

8. Pc=-2,3% Pqg=-8,2% MNn=-7,2%

(+8,5%) (-1,9%) (-2,6%)

9. Pc=-6,5% Pqg=-5,8% MN=-5,6%

(+0,9%) (-1,3%) (-10,3%) - NOKa3HMKM uepe3 3 roguHM nicns

NPOBEJEHHS EKCNEPUMEHTY.
Ha nigcTasi X 3Ha4eHb 4OLINBHO 3anponoHyBaTh HACTYMHI BUCHOBKMK:
> (Pc+Pq)<200 — HopMaNbHWI TUCK.
>(Pc+Pq)=200 — TUCK NiJBULLEHWNIA aB0 LyXe BUCOKUIA.
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PEABINITALIA MALUIEHTIB 3 CYAVMHHNMIW 3AXBOPKOBAHHAMU.
YACTUHA 1II

OnekcaHap JIMTBNHEHKO, CTYAEHT, rpyna IM-11/1; KaTepuHa bypatok, 11 knac,
LlenTp nosaLukinbHOT 0CBITK, WKona Ne 7, M. JlebeguH; CmipHos B. O., aypekTop
ueHTpy HTTYM CymAY, m. Cymu; CToB6yp O. A., 3aBiflyBay BiineHHAM
CyAMHHOI Xipyprii, nikapHsa Ne 5, M. Cymu

3anponoHoBaHi  BMpaBM 3 eneMeHTamMy KiHUiBOK AonomaraTumyTb
HOpMaslisyBaTu apTepiasibHWIA TUCK Ha NEeBHWIA BiACOTOK.

Mpu po3rnsgi eKOHOMIYHMX MNWUTaHb BPaxOBYBaMCA MaLieHTH, £K
YO/IOBiKM, TaK i XIiHKM 3 Bikom Big 40 go 60 pokiB. dani 3Haxo4unun 3arasibHy
KiNbKICTb AHIB Ha CTaljioHapi Ta cepefHE 3HAYeHHS POBOUMX AHIB Y KOXHOMY
micaui. Mpuiimanacs cepefHs NaaTHs 3a MicAub. CepefHili NOKa3HWK 3MEHLLEHHS
apTepianbHOro TUCKY CcTaBuTbca 0,13 3 ypaxyBaHHAM CUCTEMWU YaCTKOBUX
Koeq)iU.iQHTiB, YBiK:0,85 ynpmpoprq)aKT.:O,85 Yymosu np03,20,85, 3Haxoanmo |'|p|/|6f||/|3H|/||7|
eKBIBA/IEHT Y IPUBHAX LLIOMICALUSA Ta 3a piK. BiH MOXe CTaHOBUTW Yy BiAdiNeHHi
Ginbwe 11.91.10%rp. npuM ymoBax BWKOHAHHS MaLieHTaMyW  METOAUYHKX
peKkoMeHaLii.

3 MeTOH 30i/blUeHHs yacy npouecy peabinitauil nauieHTiB, nicns
nepebyBaHHS Ha CTalioOHapi, NPOMOHYETLCSA NOAasiblue NPOBEAEHHA UMKAiB. Lle
MOX/MBO Ha MiACTaBi po3rnsagy OKpeMUX (YHKLi ronoBHOrO MO3KY, 30Kpema
MCcUXoorivyHol Ta negaroriyHoi. Crnoyarky KOpoTKO 3yNMUHUMOCA Ha Tak 3BaHOMY
«[iepeBi» MNCUXOMONiYHOT Hayku, WO  6a3yeTbCA Ha Teopil BifobpaxKeHHs,
pedIeKTOpHI Teopii, NpUHLMNax NCUXONOTil Ta METOAONOrIT i ANA BU3HAYEHHS
MONOXEHHST MeAu4yHOi ncuxonorii. OCHOBHMIA CTOBOYp «JepeBa» MOXHa
pO34iNMTN Ha [ABi 4YaCTMHW: Ue couiaibHa Ta iHAMBIAyasbHA MCUXONOris, WO
6a3yeTbCA Ha icTOpIT ncuxonorii. B ubomy pasi MeanyHa NcyxXosoris BigHOCUTLCA
[0 iHAMBIAYyanbHOI. Binbl AeTasibHO PO3rNsHEMO NefarorivyHy (yHKuUito. HAka
BK/IIOYAE KaTeropii nefarorikin: Teopild HaBYaHHA, TEOPil0 BUXOBAHHA Y
«BY3bKOMY» Ta «LUMPOKOMY» 3HaYeHHi i TeOpito OCBITW Ta po3BUTKY. [emyKuiliHi
MPUHLUMNW BKNIOYAKOTb BUMBYEHHA MPOTMPIY MK BHYTPIWHIMU Ta 30BHILLHIMM
(hakTOpaMy 3 ypaxyBaHHSM «30/10TOro» npaswuna AuAakTuku. ofjanblia meTta
BifOOPaXXEHHA: pe3ynbTaTh Y CBILOMOCTI, NPOCYBaHHSA Y CBiOMOCTI pe3y/bTaTis,
Ha [OCArHEHHI AKOro cnpsmMoBaHi fil nauieHTa. 3MIiCT nonsrae B CUCTEMI
cneuianbHUX 3HaHb, YMiHb i HaBMYOK;BiANOBiAb HA MUTAHHS — YOMY BUUTK i AK
BUMTW. PO3rnsganncs MeToAm HaBYaHHA: MOHOMOTIYHUIA, AiaNorivyHWiA, NOKa30BWA,
NrOPUTMIYHUIA, EBPUCTUYHUIA Ta NMPO6NEMHUIA, & TaKOX NPUAOMM HaBYaHHS SK
CK/lafi0Ba YaCTWHa MeTofa HaBYaHHA. o hopMy MOXHa BILHECTW: iIHAMBILYaNbHY,
rpynoBy Ta MacoBy. HanpuKiHLi MOX/MBO BiA3HAYMTU TakKi LUNAXWN HABYAHHS: Bif
Nerkoro [0 BaXKKOro, Bif BIAOMOro A0 HEBi4OMOro, Bif NpPUBATHOrO [0
3arafibHoro, Bifi NPOCTOro 0 CKNagHoro. Benmke 3Ha4eHHs Mae BU3HAUYEHHS TUNIB
TemrepameHTy navieHTiB, AKi nepebyBalOTb Ha NliKyBaHHI B CTaLioHapi, 3 MeTO
NpoBefeHHs BiNbLLI CUCTEMHOT PO60TY LWOA0 peabiniTawii ix.
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MONOXEHHA HEBEIMEYHWX MEPEPI3IB EPYCA NMPU HABAHTAXXEHHI
AOro CUNOBUMK ®AKTOPAMU TA FTEOMETPUYHUX
SAKTOPIB MILHOCTI

Angpiii Tumodpees, CTygeHT, rpyna IM-21/2; CmipHos B. O., AMpekTop LeHTpy
HTTYM CymAY, m. Cymu

Cnouatky 3’AcoByBaBCA BWf fedopmaLii 6pyca Ta BHYTPILLHI CWO0BI
(hakTopu, y gaHomy pasi N. Ha nigctasi  yHiBepcanbHOro Mmetofa rnepepisis,
3Haxoaunncst 3HaveHHs N. TTicns BMpILLEHHA CTaTWYHOI 3afadvi, po3rnsganacs
(hisnyHa; 3HaX0AMNOCA 3HAYEHHS HOPMa/TbHMX Hanpy>XeHb y nepepisax Mig KyTom
90° go cunm F 3a hopmynoto 0=N/F. B LbOMy BUMaAKy MOX/IUBE 3HAXOMKEHHS
Hebe3MeyHOro nepepisy 6pyca Ha «max» 3HayeHHi 0. Hapani poarnspanacs
reomeTpuyHa 3agava AI=NI/EA, ge EA — XOpCTKiCTb npu gethopmalii 0Cb0oBOro
po3TaraHHs. MNpoBOAMBCA aHani3 3afadvi, a came HaBaHTaXeHHs 6pyca cunow F
nosa LeHTpa Barn (nosaLeHTpoBe pPo3TAryBaHHs), nocnabneHHa nepepisy 6pyca:
CUMETPUYHE Ta HeCUMETPUUHe (Aspyrro, Anet). JaBANNCA METOAUYHI peKoMeHaaL it
LLLOA0 PO3B’A3yBaHHS LUX 3a4au.

]

x

—

o | e

|

J S E—

’7
[]

Hapgani posrnsgaBcs cknagouii nepepis (bxh), pe 3HaxoguBcsi UEHTP
Barn 3 ypaxyBaHHsAM OAHIET oci cuMeTpil 3a opmynoto x. = Y A;x; / X A; Ve =
Y A;y;/Y A;. MNicna HaxomkeHHs  UeHTpa Baru (C) MPOBOAUAWCS TOMIOBHI
LUeHTpanbHi  oci  x., Y. Ta BiICTaHb MK LEHTPa/lbHUMK  OCAMU
X1Y1 X2¥, X3y Ta  TONOBHUMW  UEHTPabHUMWU  a; b; . [0NOBHWMIA
UEHTPa/IbHUIA MOMEHT iHepuii I, Ta [, o6uuc/oBaBcs 3a hopmyno I, =
L, +afA; + I, + a3A; + I, + a5A; aHanoriuHa I, . 3HaveHHa I, Ta I, .
MopiBHIOBaNIUCS MiXK COB0H. 3HaX0AMN0CA ONTUMaNbHE MOMOXEHHS MNepepisy 3
ypaxyBaHHam El, , EL,,_, npu fiedhopmaliii nonepeyHoro 3ruHy. ronosHi oci Iy, Iy,
X «max» Ta «min» 3HayeHHs, MOMOXKEHHS BUpILLYBasioca 3a (opMmynamu

21, L + L, L — Lo\?
tg2a = —2—  Imax = ¥ 4 ( y)+12.
T 2z - 2 xy
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SHAXOXKEHHA TEEOMETPUYHUNX XAPAKTEPUCTUK CTATUYHO
BN3HAYYBAHWNX BA/TOK

Makcum YceHko, 11 knac, LieHTp nosaiukinbHoi ocBiTYW; Bonogumup J1eBUEHKO,
11 knac, wkona Ne 6, M. SlebeauH; CmipHos B.O., anpekTop LeHTpy HTTYM
CymAyY, m. Cymu

Posrnsganmuca TPpW KOHCOMbHI  GafkM 3 HaBaHTaXeHHaM F, m, q
MOCMIfOBHO, @ TaKoX TPWU 3BUYalHI 6anku 3 LIAPHIPHO PYXOMOK Ta LUapHipHO
HEepPYXOMOK onopaMu. Buxogsum 3 ymMoB MILHOCTI Ans fedopmallii nonepeyHoro
3rMHY Mna/W<[o], po3B’a3yBanacsi npoekTHa 3aga4aW= Mna/[o]. Ha nigcrasi
3HauyeHb AOMYCTUMMX HanpyXeHb [o] =MIla Ta 3rmHal4Yoro MOMeHTY Mmax; MO
COPTUMEHTY  MpPOKaTHMX  Mpoginie  npuiimaBcs  HOMep  ABOTaBpa 3
XapaKTepucTUKaMm NAoLLi nepepisy A Ta iioro mac m. [ns sHaxomkeHHs BCO —
Q,M 6yayBanucs entopun Ha MigcTaBi NpaBua 3HaKiB Ta MeToAy Nepepisis. Y pasi
po3rnsfaHHA yMOB XOopCTKOCTI fna<[f] Tpeba BpaxoByBaTW TiflbKN HOPMAaTUBHE

HaBaHTaXeHHs F, m, g. [N9 KOXHOI po3paxyHKOBOI CXeMn MaKCUManbHUM fmax
L g o= I fra= ™y upomy pasi sHaxogunocs
3B, Mgy Imac= 5 S UBOMY P A

3HaYeHHs MOMEHTY iHepuii IX 3 ypaxyBaHHAM [JONYCTUMOT BE/IMYUHW MPOTrUHY

nporné mae Burnag fra=

1 . R
flls[ﬁ]. [ns KoHconi goexuHa | 36inbLUyBanacs y asa pasu.

OCTaTO4YHO 3HAYeHHA |y 4N KOXHOI PO3PaxyHKOBOI CXEMU MakTb BUS
I = Fi32d o qit2d I = m-12-22
x 3EL T X 8El ’ x 2:E'l
Tabnuub NPOKaTHWX Mpoginie  npuiimaBcs HOMep [ABOTaBpa. 3HAYEHHS
FeOMETPUYHUX XapaKTePUCTUK MILHOCTI — Wy Ta reOMeTpUYHMX XapakTepucTuk
XKOPCTKOCTI |x NpoKaTHWX Npoginis nopisHOBaIUCS.

. 3a UMMM 3HAYEHHAMKU 3a [0rMOMOroH
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BWBIP HABI/NbLL HEBE3MEYHNX PO3PAXYHKOBVX CXEM
CTATNYHO BN3HAYEHWX BATOK TA ONMOPHNX 3AKPITIIEHb PAM

MakcuminiaH Po>kkos, 11 knac, wkona Ne 1, m. Cymu;
CwmipHos B. O., gupekTop ueHTpy HTTYM CymAY, m. Cymu

ho

Posrngpanucs  feKifbka KOHCTPYKTMBHMX aKCOHOMETPUYHUX CXeM
UMBINbHKX OyAiBenb B MPAMOKYTHMX | KOCOKYTHUX MPOEKUIiSX y MPOCTOPil
CUCTEMI KOOPAMHAT X,y,Z. BUWKOHYBanocs X HaBaHTaXEHHS AK CTaTUYHe TaK i
Tumyacose. Q, ga, qn Ha nigctasi BA i . OnpauboBYBaNCA PO3pPaxyHKOBI CXEMU
nanTun nepekputta MM-60-10 3 ypaxyBaHHAM eniopu 0 Yy BUTNAAI NPAMOKYTHUKA
Ta TPUKYTHMKA, 3HAaXOAMBCA LEHTP Barm uUux ¢iryp. Bubupanach HaiibinbLu

Hebe3neyHa pPo3paxyHKoBa CXemMa CTaTUYHO BM3Ha4YyBaHOI GaikM 3 YMOB Mmax=
2

%; Qmax = q;l; A3= %. Bynysanuca Ta po3paxoByBasimca 3HaueHHs BCO —
QM vy HaCTYMHUX BWNafKax: MOHTaXy Ta MPOEKTHOr0 MOSIOXKEHHS.
PospaxoByBasMcA Tak 3BaHi «rpy3oBi» nnowi gns  nobygosu enwop Q,N,M,
purens, KonoHW, TO6TO eNeMEHTIB «MpaLiooUnx» Ha AethopMauito nonepeyHoro
3rMHY Ta MOJOBXHLOTO CTUCHEHHS. 3 ypaxyBaHHAM MEBHOM0 HaBaHTaXKEHHS
BMKOHYBAaBCS PO3PaxyHOK CTaTUYHO-BM3HAYYyBaHOI pamu i nepesipka Ti By3niB:
¥»X=0, YY=0, YM=0. 3Haxognnocs Hebe3neuHe  HaBaHTaXEHHS
30BHILUHIMU cunoBUMK (hakTopamm Ha nigcTasi entop BC®P. Ocobnmsa yBara
3BepTa/lacb Ha nepexif KOHCTPYKT HUX BY3NiB pamMu B PO3PaxyHKOBI: LLAPHipHO-

PYXOMili Ta HEPYXOMIiA 0Nopi i XXOPCTKOMY 3aKpineHHHo.
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MOBYJOBA EMHOP BC®, HOPMAJIbBHUX | AOTUYHMX HAMNPY>XEHb
Y MPOCTOPOBOMY JIOMAHOMY EPYCI

MakcuminiaH Po>kkos, 11 knac, wkona Ne 1, m. Cymu;
CwmipHos B. O., gupekTop ueHTpy HTTYM CymAY, M. Cymu

Bifpasy 3Haxo4mnmcs KOMMOHEHTM 30BHILLHLOIO CUMI0BOro (hakTopa F Ha
oci x,y,z — Fy, Fy, F; 3a gfonomoroto cos a, cos y, cos 6. Hagani Ha nigctasi meTogy
«XapakTepHUx» To4okK Byaysanucs enopu Q, M, N, My,. B 3a/1eXKHOCTI Bif BUAY i
XapakTtepy fgethopmauii. AKCOHOMETPUYHI npoekuii cun Fy, Fy, F, Ta 6pyca
BUKOHYBa/IMCA Ha MiACTaBi AWAAKTUYHUX nNpuHUMniB. Cnig BigsHauutw, LWwo
3HayeHHs BC®P pnsa enemeHTiB 6pyca 3Haxogunucs okpemo s Fy, Fy, F,
3aCTOCOBYHOUM MpaBuia 3HakiB, OfHOYACHO MPOBOAWAUCA MepeBipka Mobyaosu
entop, 3a A0MOMOrol TaK 3BaHUX «CTPWOKIB». B aKCOHOMETPUYHMX MPOEKLisX
BUKOHYBajlaca CcTaTUyHa nepeBipka BY3niB pamu. byayBanucs 3aranibHi entopu
BC®, fe 3Haxoannmncs HebesneuHi nepepisn 3 ToUKM 30pY Qmax, Nmax, Mmax, M,’fl",’lx.
Buxogaum 3 ymOB MILHOCTI A/ KOXHOro Buga pgeopmauii, 3Haxogmnocs

. . Mmax
PiLLEHHA reOMeTPUYHMX 3adad, TO6TO BMAY MOMEPeYHOro nepepisy —w = [o]
QmaxS N Mgy

s = [] e Wa < [z]. NpoBognnnca nobygoBa entop HOPMasbHUX Ta
JOOTUYHUX Hanpy>XeHb o, T Ta BUKOHYBanuCs iX aHanis ans KOXHOro enemeHTta
MPOCTOPOBOr0 NOMaHoro 6pyca. [0 pedi, nonepeyHWin nepepi3 BUKOHYBaBCH
TaKoX i3 NPOKaTHWUX NPOiNiB: ABOX LUBE/NEPIB, YOTUPLOX PIBHOKYTHUX KYTIB, AKi

cKnaganucs y opmi Keagpata i NPAMOKYTHMKA, 3 ypaxyBaHHAM €KOHOMiYHMNX
3afau.

Yol
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3HAXOKEHHSA MONOXEHb FO/TOBHUX LIEHTPA/IbHWX BICEN
CKNAOOBUX ®II'YP TA PALIIOHAJIBHOIO PO3TALLUYBAHHA OINOP

Hasap Jloboga, yyeHb 9 Knacy, wkona Ne 9, m. Cymu;
CmipHos B. O., anpekTop ueHTpy HTTYM CymAY, m. Cymu

Posrngganocs yotvpy 3agadi. Y nepwmx [BOX 3HaXOAWIMUCH LEHTpU
Barn. CnouyaTKy cKnagoBy ®irypy po3noginsnM Ha  Aekinbka MNpocTux, Ae
no3Ha4ann NoMIOXKEHHN LEHTPabHMX BiCeM X,y... 3 LeHTPOM Baru c;... Bubupanu
MONOXEHHS JOMOMDKHMX OCER X,y Ta BiiCTaHb MidK ¢;... | 0CAMM X,y. 3HAX0ANNN
naoLi NpocTux Qiryp A ... i 3a hopmynor x, = ZZA—Z”, Ve = ZZA—Zi oTpYMyBaIU
MiCLIe3HAXOKEHHS TONOBHUX LIEHTPaNbHUX Bicel x, i y.. IX NnonoxeHHs 6yae
KOPUCHUM /11 NOJanbLUMX PO3PaxyHKIiB N8 TeOMETPUYHMX XapaKTepUCTMK
MiuHocTi, a came I, Iy, ... L, , I, ... Iy, I, .. BUKOHYyBanacs nepesipka pilleHHs 3a
AOMOMOrOt0 3HaueHb CTaTUYHOrO MOMeHTY nmowi S, , S, . Posrnsganucs iHwi
MeTOAM pPO3paxyHKiB Ta X 3icTaBneHHs. Jani 3Haxogunucs peakuii  onop
MpPoOCTOPOT CUCTEMU [OBifIbHO PO3TALLIOBAHMX CUA. 3arpyXeHHs 30BHiLLHIMU
cunosumun haktopamu, F, m, g. Ha nigctasi npuHUMNY He3anexHocTi Ail cun
cKaganucs LiCTb He3aIeHNX PiBHSAHbL CTaTnKu, a came
XX=0, YY=0, ¥Z2=0. ¥M, =0, XM, =0, 3 AKUX 3Haxoaunmcs
peakuii  V,, H,,H, 0nop: LWapHIpHO pPyXxoMoi, UMIIHAPUYHOTO  WWapHipa,
cpepuyHoro  wwapHipa. BukoHyBanacs nepesipka  pileHHd.  Moganblue
npoBogmiacad 3MiHa po3TallyBaHHS OMOp. 30BHILIHE HABAHTAXEHHA He
3MiHoBanocs. MpoBOAMBCS aHani3 3HauyeHb peakliid Ta TX Hanpsm. Posrnsganvcs
[esiki Buan gedopmalliii Ta X XapakTep Y BCiX efleMeHTax NpocTopoi qirypw.

.
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UYNCENbHUIN PO3PAXYHOK IBOCTOPOHHbLOI 3ALAUI
M APOMPYXHOCTI TOPLIEEBOIO CAJIbBHNKOBOIO YW IJIbHEHHA -
AHANI3 BMNJINBY 3MIHN NMAPAMETPIB

Cano>kHukos A. |., acnipaHT; 3aropynbko A. B., K. T.H., OLEHT, 3aB. Kath. KM
iM. B. MapumHkoscbkoro, Cymay, M. Cymu

MatmHobygiBHa NPOMUCNOBICTL CTUKAETLCA 3 MPOBIEMOKO LOTPUMAHHSA
€KOMOriYHMX HOPM, LWO BMMarae BAOCKOHANEHHA YLUli/IbHEHb Hacoca Ans
3MEHLLUEHHA BUTOKIB pob0oYOro cepefoBulla. TOpPLEBI MeXaHiYHi YLLiNbHEHHS,
30KpeMa  TOpueBi  CanbHMKOBI  YulinbHeHHs  (TCY),  3anMwiaroThes
eHeproeeKTMBHUMM AN YLWifIbHEHHA  BaniB  BigUEHTPOBUX  MalLUVH.
MponoHyeTbcs  BAOCKOHaNeHHs TCY Ta  0OroBOPHOETHCA  BUKOPUCTaHHS
06YMCNIOBaANIbHOT TEXHIKW [N CTBOPEHHS KOMM’'HOTEPHUX MOfene, siki TOYHO
iMITYIOTb peasibHi YMOBM eKcrnyaTauii BigLeHTPOBUX MaLLKH.

OnuncaHo po3pobKy KOMM’HOTEPHOT MOZENi 3a A0MOMOrol MpPorpamHoro
Komnnekcy ANSYS ang pocnifkKeHHs npouecy repmetusauii  CabHUKOBUX
yulisibHeHb. Mogenb BUKOPWCTOBYE [OBiNbHUI MeTog JlarpaHxa-Eiinepa gns
nepegadi  AaHWX | HEKOHMOPMHMIA TN 3B'A3KY MK efeMeHTaMy CiTKW.
JocnigpKeHHa aHanisye po3nogin rijpoctaTMyHoOro Ta KOHTaKTHOro TUCKY B3L0BX
LWMPVHK Napu TepTs Ta BMBYAE TaKi napaMeTpu, K KOoegilieHT HaBaHTaKEHHS,
MOAYNb MNPYXXHOCTI, KoeqiuieHT TlyaccoHa, KOegiuieHT TepTa Ta TOBLYMHA
nnacTUHKW. Pe3ynbTaTh NoKasyoTb, WO 3MiHW KOeiLiEHTIB TepTa Ta KoediLieHTiB
MyaccoHa Mano BNAMBAKOTL Ha PO3MNOAIN TWUCKIB, ane 3MiHM iHLWIMX MapaMeTpiB
3HAYHO BMAMBAIOTb HA PO3MOLiIT KOHTAKTHOIO TUCKY.

=L
{_X $
2]

a) 6) B)
PricyHoK 1 — a) TpaguuiiiHa KoHeTpyKuia TCY, 6) TCY 3 KinbLeBoto
nnacTuHoto B) TCY 3 oTBOpamu B KifbLEBIN NiacTuHi; 1 — 060iMa CanbHUKOBOIo
YLWiNbHEHHS, 2 — ca/lbHUKOBa HabvBKa, 3 — HATUCKHA BTY/IKa, 4 — KifbLesa
nnacTmHa
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Y [pocnigpkeHHi MOPIBHIOKOTLCSA Pi3HI  KOHCTPYKUiT TCY, BKtOYaoum
TPaguLiiHy  KOHCTPYKLiHO, KOHCTPYKLUiO 3  KifbLEBOK NAacTMHOW Ta
KOHCTPYKLit0O 3 OTBOpaMW B KiNbLEBIA MMacTWHi. Pe3ynbTaT NOKasykoTb, L0
KOHCTPYKL,iS 3 0TBOpaMu 3a6e3nevye HainbifnbLl NOBHY KapTUHY PO3noainy TUCKY i
MOXe OYyTW KOPWCHOK AN onTuMmisauii poboTu yuinbHEHHS. Po3pobneHa
KOMN’toTepHa MOfe/b [03BOMSE PO3B’A3aTM KOMMEKCHY 3afady, ska MOESHYE
p03B’A30K 3ajadi rigponpy>KHOCTi Ta KOHTAKTHOI 3afaui.

OpfHaK oTpMMaHi pesy/nbTaT MaloTb BiJMiHHOCTI Bifi eKCepUMEHTa/IbHUX,
i B NojabLLOMY HEO6XifHO BM3HAUUTW Ti NapameTpy Mojeni, sKi HeobXifHo
BpaxoByBaTW Mpv Nobypaosi HOBOI Mogeni. Mpw NOPIBHAHHI Pi3HNX KOHCTPYKLil
TCY BUM3HauYeHO TaKy KOMOiHaUil0 MapameTpiB, MpyM SKUX [OCAraETbCA
BUPIBHIOBAHHS KOHTAaKTHOIO TWUCKY MO LUMPWHI Napu TepTa i3 36epeXkeHHsM
ONTUM&/IbHOTO MOKa3HMKa BUTOKIB. HasBHICTb KifbLEBOI NAacTVHWU NPU3BOAUTH
[10 3HWXKEHHS! KOHTAKTHOrO TUCKY MO LUMPWHI Napm TepTs i 36i/bLUEHHS LWBUAKOCTI
BUTOKY, WO MIATBEPLKEHO EKCMEPUMEHTaIbHO. TUM He MEHLL, CTBOpeHa MOLefb
[03BONSE BU3HAYMTU MapameTpu, sKi Haibinblie BMMBalOTb Ha PO3MOAIN
rif[poOCTaTUYHOIO Ta KOHTAKTHOMO TUCKY.

Cnuicok nitepatypu

1. Sapozhnykov Y., Zahorulko A., Peczkis G. (2022). Numerical
simulation of 2-way FSI problem of face packing seal: Impact of parameters
change. Journal of Engineering Sciences, Vol. 9(2), pp. E12-E27, doi:
10.21272/jes.2022.9(2).e3

2. Zahorulko A. Solution of problem concerning elastohydrodynamic
lubrication for friction pair of face packing seal/ A. Zahorulko, S. Gudkov //
Proc. XI1I1 int. Conference in Sealing Technology. - Stuttgart, 2010. - 317 — 326

3. 3aropynbko A.B. [ocnifjkeHHs MpoueciB TepTs Ta repmetusauii B
40/10BOMY CanbHUKY // MalnHo3HaBCcTBO. — 1999. - Ne8(26). — C.45-48.
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OBUYNCNIOBA/IbHUIA AHANI3 TEPMETUYHOCTI TA CTIMKOCTI
JEPOPMOBAHOIO MJIABAKOYOIO TA HEPYXOMOTI O KIJIELLb
LUNAPVUHHOI O YLWINBbHEHHA

Bopcyk C. A, cTygeHT, rpyna KM-81; 3aropyneko A. B., K.T.H., JOUEHT,
3aB. Kap. KM iM. B. MapuuHkoscbkoro, CymAy, M. Cymu

Y Ccy4yacHOMY HAacOCHOMY o6fafjHaHHi LUMPOKOro 3acTocyBaHHS Habynu
6e3KOHTaKTHI YLLifIbHEHHS LWNapuHHOTo Tuny [1]. OcobnmBICTb faHUX YLLiNbHEHb
nonsrae B ix 6esnocepegHbOMY BMAMBI Ha BibpauiiHuiA cTaH poTtopis. B
3a/1eXXHOCTI Bif, KOHCTPYKTMBHOIO BMKOHaHHS YLifbHEHb FiAPOAMHaMIYHI cunw,
WO BWHMKAKTb B HUX, MOXYTb MaTW Ha POTOP AK LEHTPYOUWA, Tak i
[eLEeHTPYHUMA BNAMB. TONOBHUM HeONIKOM TaKMX YLLi/IbHEHb € BiAHOCHO BE/INKI
BMTOKM MepekadyBaHoi PignHK, AKi 3HKYHOTb KOeMiLieHT KOPUCHOT Al HacociB.
Tomy, Take MONOXEHHS BW3HAYaE BaXK/MBICTb AOC/IMAXEHb, CNPAMOBAHUX Ha
NiABULLEHHA repMeTW3yHUOT 34aTHOCTI Ta BibpaLiiHOT HafiAHOCTI 63KOHTaKTHUX
YWinbHeHb POTOPIB  LUBUAKOXIAHMX HACOCIB Ta 3MEHLUEHHA TPYAOMICTKOCTI
po3paxyHkiB [2].

Po3B’A3aHHA 3afjadi rigponpy>KHocTi 3a fJonomorold  Ansys System
Coupling (Mechanical i CFX) pgns nnaBatoyoro Ta 3akpinieHoro Kineup
[ethopMOBaHOr0  LUMAPUHHOIO YLLiNIbHEHHSA [03BONWMIO NpoaHanisysaTu BM/MB
TOBLUMHU LMNIHAPUYHOT 0060/IOHKKW, pO3MIpiB BXIiAHOrO i BUXiAHOro 6ypTiB,
BXiJHOrO TMCKY Ta pafia/ibHOro 3MillleHHs Basia Ha PO3MoAin rigpocTaTuyHoro
TUCKY Ta BEMNUMHY 3a30pY MO LOBXWHI, BUTOKW, HANPYXeHO-AeopmMoBaHuli CTaH
Ta pagianbHy cuny. AHani3 CTaTUYHOI CTIAKOCTI Npu BXigHOMY Tucky 10 MIMa ans
6a30BOT KOHCTPYKLiT YLLi/IbHEHHSI MOKas3aB, L0 CTaTW4HA pafiabHa cuna y
[AianasoHi pagianbHUX nepemileHb Bana Big 0 go 50 % Bif 3a30py € LEHTPYHOUOLO,
He OMBNSYMCH Ha Te, L0 BXifHa YacTUHA 3a30pY YLLiNIbHEHHSA Mae KOH(Y30pHY, a
BMXigHa YacTuHa Mae audy3opHy dopmy 3a3opy. MNpoTe AUHaMIYHI KoeilieHTu
3aKpiNAeHoro  KifbuUs YW iNbHEHHS MalOTb  HeraTMBHE  3HAYeHHs  NpsAMoT
XKOPCTKOCTI, afe MNO3UTMBHI 3HAYEHHA NPAMOro AemndipyBaHHA, MNpAMOI Ta
nepexpecHoi »opcTkocTell. Bepudikauis obuncntoBansbHux 2D i 3D mopgeneit 3
pesynbTaTaMmy  eKCNepuMeHTy, BIOMMMMW 3 niTepaTypy, Mokasana, Lo
MaKCMMarnbHa BigHOCHa Moxubka He nepeBuwye 10.7 % 3a rigpocTaTUYHUM
TMCKOM, 18 % 3a 3a30poM i 8.6% 3a BeIMYMHOK BUTOKIB. IMpK LIbOMY 3a TPEHAOM
BCi PO3paxyHKOBI 3a/1eXXHOCTi iJeHTUYHI [0 Pe3yNbTaTiB eKCNEPUMEHTY.

Mepenik oXepen nocunaHHs

1. MapumnHkoBcknii B. A. 'epMOMexaHuKa, ee ponb B 06ecneyeHum
9KOHOMMWYHOCTU U 3KOJIOFMYHOCTM HACOCHOIO UM KOMMPECCOpHOro o6opynosaHus
[Tekct] / B. A. MapumnHKOBCKMiA // BicHUK CyMCbKOTO [1epXXaBHOM0 YHiBEPCUTETY.
Cepisa TexHiuHi Hayku. - 2005. - Nel (73) - C. 5-10.

2. A.B. 3aropynbko, K.I. epacummsa, E.V. AntbiHues, C.H. 'yakos.
KomnbtoTepHOe MOJENMpOBaHWe MNPOCTPAHCTBEHHOIO TeYeHUs B KOJbLEBOM
KaHane LeneBoro YnnoTHeHWs-onopbl //  BocTouHo-EBponevickuii  xypHan
nepefoBbIX TeXHOMOMUiA 6/7 (42) 2009 - C. 22-26.
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PO3POBKA MOBI/IbHOINO BACTOCYHKY AJ1A PO3PAXYHKY
MAPOANHAMIYHNX CUT TA BUTOKIB Y BATATOLUMAPUHHNX
YWINbHEHHAX BIALEHTPOBMX HACOCIB

Anenko C. B., acnipaHT; Mo308BHWiA O. O., K.T.H., aCUICTEHT,
Kah. KM im. B. MapumHkoscbkoro, Cymay, M. Cymu

BigueHTpOBI HacocK LUMPOKO BUKOPUCTOBYHOTLCA Yy 6GaraTboX Cthepax
NMPOMUC/IOBOCTI, BKOYaKOUM HagTorasoBy Ta XiMiuHy ranysi, eHepretuuHy cgepy,
BOAOMOCTa4aHHs!, BOAOBIABEAEHHS Ta iHLWi. [aHi arperatv € KNHOYOBUM efleMeHTaMm
y cucTeMax nepekadyBaHHA PifiMH, CNOXMBAKOUN BENMKY KibKiCTb eHeprii [1]. Came
TOMY MiABWLLEHHA NPOAYKTMBHOCTI Ta HaAiiHOCTI po60TU BiALEHTPOBMX HAcoCiB €
BaK/IMBOKO TEXHOJIOTIYHOK 334auel0 Ta aKTya/lbHOK TEMOK B iHXKEHEpHIli ranysi.
OfHUM i3 NepcrneKTMBHUX WNAxXiB nigsuweHHs KKJ BigUeHTPOBKUX HACOCIB €
3MEHLLIEHHS BUTOKIB 3a PaxyHOK BMKOPUCTaHHS 6GaraToLnapvHHKUX YLiNbHEHb B
AKOCTI NepefHix abo MXKCTYMNeHeBKX YL iNbHeHb po6ounx Kosic [2].

ligpogvHamiyHi  mpouecn B 6GaraTOWIMAPUHHUX  YLLIMBHEHHSX MatoTb
3HaYHMIA BNMB Ha AUHAMIYHI XapaKTepuCTMKK poTopa BigLEHTPOBOro Hacoca, TOMY
Taki YyUiNbHEHHS HeoOXiAHO BpaxoByBaTW MpW MNPOEKTYBaHHI. 3a YMOBU
ONTUMASIbHOT reOMETPUYHOT KOHCTPYKLIT 6araTtoLnapuHHMUX YLLifIbHEHb MOX/IMBO
He TifIbK 3MEHLLIMTW BUTOKU, a TaKOX NiABULLMTY BiGPOHaAiiHICTb poTopa Hacocy.

Y cepegoBwLLi NporpaMyBaHHa Xcode po3po6ieHo Mob6inbHUIA 4oAaToK Ans
ornepauiinHoi cuctemmn iOS 3 BMKOPUCTaHHAM MOBM MporpamyBaHHsl Swift Ta
TexHonorii SwiftUl, akuii 1o3Bonse pospaxysBaTv KoegilieHTW rigpoayHamiyHmnX
cun  Ta BeNUMHY O6’€MHWMX BWTOKIB /18  6araTownapuHHUX  YLiflbHEHb
BiJLEHTPOBOIO Hacoca. Y §KOCTi BXifHWX [aHWX Y 3aCTOCYHOK BBOAATHLCA
reoMeTpUYHI MapameTpy YLLiNbHeHb (pagiyc KaHaniB, AOBXMHA KaHasiB, pafdiasibHUi
3a30p LUNapuHKW, pagiaiibHe 3MIlLeHHA poTopa), a TakoX 3HAYeHHs BXifHOro Ta
BMXIgHOrO TWUCKY. [N pO3paxyHKiB BMKOPUCTOBYETHCA METOAMKA TEOPETUYHOrO
PO3paxyHKy [AWHaMIYHUX XapaKTepuCTUK 6araToLINapuHHUX YLLibHEHb, SKa
IPYHTYETbCA Ha pPO3B’A3aHHI PiBHSHb PeiiHoNbAca A1 aBTOMOAENbHOT 06/1acTi
TYpOYNeHTHOI Teuil B’A3KOT HeCTUC/MBOI PiAMHM Ta BUMYLUEHWUX KONMBaHb
oAaHoMacoBoi Mmofeni potopa [2]. Micns npoBefeHHs BigMOBIAHMX 06YMCIEHD
3aCTOCYHOK [03BO/ISIE OTPUMATW B AKOCTI BUXIAHWX [LaHUX 3HAYEHHA CyMapHUX
KoeiLiEHTIB NOTEHLIAHMX, AUCUMATUBHUX | UMPKYMAUIAHUX CUA Ans BignoBigHOT
KOH(pirypauii 6aratollnapMHHOIO YLWiNbHEHHS, @ TakoX BeNNYUHY 00’€EMHUX
BUTOKIB. Y 3aCTOCYHKY TaKOX peanizoBaHa (YHKLUiS 30epeXkeHHs pe3ynbTatis
po3paxyHKy Ans BigNOBigHMX MapaMeTpiB YLLiSIbHEHHS, L0 CTBOPHOE MOXMBICTb
MOPIBHAHHSA OTPUMAHUX AaHUX.

[JaHnii  3aCTOCYHOK  MOXE  BMKOPUCTOBYBATWUCb  IHXEeHepaMu  npu
NPOEKTYBaHHI Ta MofepHi3aLlii BigLEeHTPOBMX HACOCIB A4/19 aBTOMaTU3aLil CKnagHux
po3paxyHKiB  Ta  e()eKTMBHOro  nigbopy  ONTUMaIbHOT  KOHQirypauii
6araTolNapuHHOro  yulinbHeHHs. OfHielo 3 TOMoBHWUX nepesBar MOOGIbHOIO
3a8CTOCYHKY € MOX/IMBICTb MNPOBELEHHA PO3paxyHKiB Yy 6yab-AkoMy Micli 6e3
NPUB’A3KN [0 KOHKPETHOro poboyoro micus Ta 6e3 HeobXigHOCTI MaTu BianoBigHe
nporpamvHe 3abe3neyeHHs.
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AHANI3 CTATUYHUNX TA ANHAMIYHUX XAPAKTEPUCTUK
YW ITIbHEHbB 3 MAABAKYMMIW KIJTbLUAMN

KoneueHko B. O., cTyaeHT, rpyna KM-91/1; Mo308HuiA O. O., K.T.H., aCUICTEHT,
kat. KM im. B. MapumHkoBcbkoro, CymAy, M. Cymu

MnaBatoui yWifbHEHHS - LUe NPUCTPOI, SAKIi  BUKOPUCTOBYIOTbCA ANA
06MEXEHHS BUTOKY PiAMHM abo rasy MixX poTOpoM Ta CTaTOpOM NpU BEMKNX TUCKaX
Ta KYTOBMX LUBMAKOCTAX [BOX MOBEPXOHb 3 SIKMX OfHa obepTaeTbcs. Takuil Twmn
YLifibHEHb HabyBae 6iNbLIOT MOMYNAPHOCTI Ta NPeACTaBAE NPaKTUYHWIA iHTepec
3aB/sKV NepeBaram Hag KOHTaKTHUMK[1,2]. IX BUKOPUCTOBYHOTL Y HadhTOBIl, raso.il,
XiMiYHI, a TakoX B eHepreTWYHIl i BOAHI/i NPOMUCNOBOCTAX Ans 3anobiraHHs
BUTOKY pigvH. BoHM € eheKTBHUM i HaZiliHUM MeTOAOM 3anobiraHHa BUTOKY piguH
i rasis, 3a6e3neyytoun 6e3neyHy i cTabifibHy poboTy 061aAHAHHS.

LLle ogHUM BaXXIMBMM acmeKTOM MaBarumX KiflbLEeBMX YLUiNbHEHb € TXHA
eKOMOrivHicTb. OCKifIbKM BOHWM OOMEXYIOTb BUTIKaHHA Hebe3neyHuX pevyoBuH, Lo
YNHATb HEraTUBHWI BM/IMB HA HABKOJ/IMLLHE CEPEeSOBULLE, BOHW CNIPUAIOTL 3HUKEHHIO
BM/IMBY Ha HABKO/MLLHE CEpeoBULLE | 3a6e3MeYeHHI0 eKO/OriyHOT 6e3nekn. Takum
YMHOM, MNaBatoMi KinbLUEBI YLIISIbHEHHS! € BaXKIMBUM KOMMOHEHTOM BUPOOHUYMX
MPOLECIB Yy Halpi3HOMaHITHIWMX rany3sx MNPOMUCMOBOCTI, WO 3abe3nevyoTb
HapinHy i 6e3neyHy poboTy 061agHaHHA.

MpuHUMN gii nnasaroumx YLWinbHeHb OMNKMCaHO Gifbll AeTanbHO Ha CXeMi
puc.l. B kopnyc o6nagHaHHs BCTaHOB/HOOTb HEPYXOMI KifbLeBI BTYKW 1, 10 SKMX
npunsarae nnasaroye KifbLe 2, AKe BCTAHOB/MHOETLCA Ha Bany 3 MajiMM pagia/ibHUM
3a30poM. KinbLie MOXKe BIfIbHO nepemillaTuca B pagiasibHOMy Hanpsmky, ane
3a(hikcoBaHi B OKPY>XHOMY HanpsMi 3a [0MOMOrol CTepXHIB 3. 3a paxyHOK TUCKY
YLLiNbHIOBAHOIO CepeaoByLLa, MnaBaroye Kifble 2 NipKUMAETbCA 40 HEepPyXOMOi
BTYNKM 1. [onepeaHiin KOHTaKT 3a6e3nedyeTbCs NPy>XXMHamu 4.

PucyHok 1 Cxema YLLiNbHEHHS 3 NIaBatOunM KiflbLEM

B po6oTi NnpoBefieHO aHani3 CTaTUYHKX Ta AMHAMIYHUX XapaKTePUCTUKW, AKi €
BK/BUMM B NPOLECi MNPOEKTyBaHHA Ta BWOGOPY TUMy YLiNbHeHb. CTaTUYHI
XapaKTepPUCTUKM BKIOYaIOTb B Ceb6e repMEeTUYHICTb YLLINbHEHHA Ta pagia/ibHi
rigpocTaTuyHi cuam NPy BUCOKMX TUCKaX. JMHaMiuHi XapakTepyucTUKN BKIKOYAOTh B
cebe femngyrovy Ta UMpKynauinHy cunml3]. Ansa aHanisy ctaTuyHuX Ta guHaMivyHnX
XapaKTePUCTUK YLLiIbHEHb 3 M/1aBAIOYMMM  KiflbLUAMKU  BUKOPUCTOBYHOTLCS  Pi3Hi
meToAun. B poboTi NpeAcTaBneHi pe3ynbTaTi aHaniTMYHUX Ta YMCNOBUX PO3PaxyHKiB
3a [OMOMOrOK Cy4aCHWX NpOrpamMHMX Komnnekcis. [lpefcTtasneHi amnniTygHo-
(ha30Bi 4aCTOTHI XapaKTEPUCTUKM [ANF BW3HAYEHHS| MEXi CTIKOCTI 3 Ta 6e3
YUlilbHeHb. AHafi3 CTAaTUYHMX Ta AMHaMIYHWX XapakTepuCTWK YLUifbHEHb 3
N7aBatounMy  KiflbLIMW € BaXIMBMM €TanoM MPOEKTYBaHHA Ta 3abe3neveHHs
6e3nepebiiHoT, 6e3ne4Hoi poboTK BiLLEHTPOBUX HACOCIB.
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AHANI3 CMINBbHNX PAAIANIBHO-OCLOBUX KOJIMBAHb POTOPA 3
YPIBHOBAXYIOYNM MPUCTPOEM

Ipurop’es B. C., cTygeHT; rpyna KM-91/1; Mo3sosHuii O. O., K. T.H., aCUCTEHT,
Kah. KM im. B. MapumHkoscbkoro, Cymay, M. Cymu

BanaHcyBanbHWUIA  MpuCTpin  (rigpon’dta) - Ue  NPUCTPIA,  SKWUIA
BCTAHOBJ/IOETLCA Yy CWUCTEMI Hacocy, [/ aBTOMATUYHOIO KOHTPO/O MOTOKY
piguHn i Bigirpae Ay)e BaX/IMBY POSib, OCKiNbKM 3abe3neyvye BUCOKY
[IOBrOBIYHICTb | HafiliHICTb Hacoca Ta HWU3bKE EHepProcnoXmBaHHs. BiH Takox
3abe3neyye pPiBHOMIPHMIA pO3MOAIN TWUCKY MepeKkayyBaHOro CepeaoBula Ha
po60oue Ko/ieco Hacocy, a TaKoX BUPIBHIOE Ta 3MEHLLYE OCbOBI CUMK, LLO Ail0Tb Ha
HbOr0, OCKi/IbKU/ B Cy4aCHWX BiALEHTPOBUX HACOCaX CyMapHa 0CboBa CUMa, fKa i€
Ha poboui Koneca, BUMIpPHOETLCA fecATKamy TOH[1]. BpiBHOBaXKeHHA Takux cun
AB/AE COO00 BENUKi TPYAHOLLi Ta NOTPebye 3HAYHUX BTPAT NOTYXXHOCTI.

YcTaHOBKa BPIBHOB&XKYHOUMX MPUCTPOIB [03BONSE 3MEHLUUTM 06’€MHI
BTpaT¥, AKi MOXYTb AOCAraTW, AK B i WNAPUHHUX YLWLiNbHEHHAX 00 10% Big iX
nogayi[1], Tomy nigBuULEHHA METOAIB repMeTm3aLlii CynpoBOAKYETLCA MEBHUMM
BM/IMBOM Ha TUCK BCbOrO arperary.

[0NOBHUMU efleMeHTaMM  KaCMYHOT0 BPIBHOBAXKYHOUOr0 MPUCTPOID €
pO3BaHTaXKyBa/lbHNIA LUCK, XKOPCTKO 3'€4HaHWIA 3 POTOPOM, pajia/ibHa WinuHa 3
NOCTIAHMM TigpaBaivyHMM OMOPOM i TOpLEBa LUiAMHA, ONip SKOT 3MIHIOETHCA B
3a/1eXKHOCTI Bif 3MiHM TOPLEBOro 3a30py MNPy 0CbOBOMY 3MiLLeHHI poTopa.

MMig Yac NPOEKTYyBaHHs BPIBHOBAXKYHOUMX NPUCTPOIB METOH € MiHiMi3aLis
06'eMHMX BTPaT Ta 3anobiraHHs HaAMIPHOMY 3MEHLLEHHIO TOPLEBOro 3a30py Mif
yac po6oTH, L0 MOXE NPU3BECTU [0 3aAMPIB, KON OCLOBI CUIN 3MIHIOKOTLCS NpU
Pi3HUX POBOYMX TUCKAX.

BpiBHOBaXxytoui npucTpoi  ByBalOTb PI3HUX KOHCTPYKUiA: 3BMYaiiHa
KOHCTPYKLUiA, 3 YMNOPHWUM MiAWWUNHUKOM, 3 PO3BAHTAXYBa/IbHUM MOPLUHEM,
rigpon'ata 3 efleMEHTOM PO3BaHTaXXyBa/IbHOTO MOPLLHS.

B po6oTi npoBeAeHWiA aHasi3 Ta pO3paxyHKN XapaKTepuUCTUK Figpon'saTu 3i
3BMYANHOK KMACMYHOK KOHCTPYKLIE Ta KOHCTPYKLIEH KifbLEBUX | TOPLEBUX
WINIMHHMX YLLiNIbHEHb, SIKA BIAPI3HAETbCA Bif TpPaAWUiiHOI, nepll 3a BCE,
MEXaHi3MOM 3BOPOTHOrO 3B'A3Ky. Lli po3paxyHKu [O3BOMANTb BU3HAYUMTM fKa
KOHCTPYKLIA € e(eKTUBHILOW A1 BUKOPUCTaHHA Y BifUEHTPOBMX Hacocax,
BM3HAYEHHS BUTOKIB Ta MNPOBIAHOCTE TOpPUEBOro i pafiabHOro 3asopy.
Mojanblue NOPIBHAHHSA KOHCTPYKUIA [O3BONWUIO BUSBUTU Mepesary Ta HeLoniku
KOXKHOT 3 HUX.

CMNCOK BMKOPUCTAHNX OXXEPEN

1. Martsynkovskyy V.A., Deineka,A., Kovalenko, V. Evaluation of rotor
axial vibrations in a turbo pump unit equipped with an automatic unloading
machine. 10P Confer-ence Series: Materials science and Engineering. 2017, Vol.
233 (1), 012057.
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MPNKNALHI ACTEKTV SACTOCYBAHHSA WUTYYHOI O IHTENEKTY
MNPV KOMITHOTEPHOMY MOJAE/TOBAHHI B MEXAHILI|

MenbHuk A. 1., BunTenb disukn, HBK Ne 1, m. AniseLb

LUTyuHuii iHTenekT (LUI) — e rany3b Hayku, ka 3aiiMacTbCs CTBOPEHHAM
i PO3BUTKOM CUCTEM, LLIO MOXYTb 34iACHIOBATMN IHTENEKTYa/IbHY AiiNIbHICTb, KOTPY
3a3BMYail NoB'A3yl0Tb 3 MHOAbMU. Y cyyacHOMy CBiTi LUl BMKOpUCTOBYETHCA B
6araTboX ranyssax Hayku Ta TEXHOMOT N, 30KpeMa B MexaHili.

Komn'toTepHe MOAENOBaHHA B MeXaHilli € Ay>e BaOXIMBAM IHCTPYMEHTOM
AN PO3YMIHHS MOBEAIHKN PI3HUX CUCTEM Ta MPOrHO3YBaHHS TXHLOT AMHAMIKM.
3actocyBaHHs LUl 'y uiid ranysi MOXe 3HAYHO MOKpaWMTXM  TOYHICTb
MPOrHO3yBaHHA Ta ePEKTUBHICTb MOAE/IOBAHHS.

OfauH 3 npuknagis BukopucTaHHs LI B MexaHiLi — Lie MOJEeNoBaHHA pyxXy
4acTOK B pifuHi abo rasi. Taki mofeni 3a3Buyali 3aCHOBaHi Ha PiBHAHHAX Has'e-
CToKca, AKi JOCUTb CKNafHi A1A po3B'A3aHHA aHaniTMYHUM MeTogom. LI moxe
6yT1 BUKOPWUCTaHWIA ANS PO3B'A3aHHA LMX PiBHSAHb YMCeNbHUM MeTogoM. MeToaum
FMMBUHHOIO HaBYaHHA MOXYTb OYTW BMKOPUCTaHI ANA CTBOPEHHS Mofenew, fiKi
MOXYTb MPOrHO3yBaTK MOBE/IHKY PiAMHN ab0 rady 3 BUCOKOK TOYHICTHO.

LLle ogHum npuknagom BuKopucTaHHa LI B MexaHiui € MofentoBaHHS
noBefiHKN MaTepianiB Npu BUCOKNX TeMnepaTypax. Taki maTepianm MOXyTb ByTu
BUKOPWCTaHi Ans BUFOTOBNEHHS fAeTaneli ABUFYHIB abo iHWWX CUCTEM, LLO
nigLatoTbCsA BNAMBY BUCOKMX Temnepatyp. Tak, BukopucTaHHs LU gouinbHe npwm
CTBOPEHHI Mogeneii ANA NPOrHOo3yBaHHA MOBEAiHKM MaTepianiB npu  pisHUX
TemnepaTypax i HaBaHTaKEHHSIX.

IHWWA npuknag BuKopucTaHHa LI B mMexaHiyi — MpPOrHO3yBaHHS
NoOBeLiHKN CTPYKTYPHUX efleMeHTIB, TakMx AK MocTW abo Oyaisni, nig dac
3eM/IETPYCIB UM iHLWMX NpupoaHuX KaTacTpod. LU moxe 6yTW BUKOpUCTaHWIA ans
CTBOPEHHs Mofenei, ki MOXyTb MPOrHO3yBaTW Aediopmallii Ta HampyXeHHs B
CTPYKTYPHMUX €NemMeHTax | [OMOMOITU PO3pobuTh  edheKTUBHILLI  CUCTEMU
3MeHLUEHHs pu3mKiB. Kpim Toro, LLII mMoXke 6yTW BMKOPWUCTaHWIA AN CTBOPEHHS
6iNbll TOYHMX Ta EqeKTUBHUX alropuTMIiB 00POOKM [daHWX Y MeXaHi4HMX
cucTeMax, TakmMx SIK po3ni3HaBaHHS 06pa3iB abo BM3HAYEHHS MapameTpiB 06'EKTIB.
30KpemMa, Le HeobxigHO npu po3pobLi aBTOMATM30BaHWMX CUCTEM KOHTPO/O Ta
YNpaBniHHA MeXaHiYHUMKU cucTeMaMmn. OTXKe, LWTYYHWUIA iHTENEKT — KOPUCHUIA
IHCTPYMEHT N8 KOMM'IOTEPHOr0 MOZE/MIOBAHHA B MeXaHiLi. BiH MOXe fonomorTu
MOKPALLUTW TOYHICTb MPOrHO3YBaHHA Ta e(heKTUBHICTb MOLENIOBAHHS PyXy Tin,
NnoBeAiHKN MaTepianis, CTPYKTYPHUX eNleMEHTIB i iHWMX cucTeM. 3acTocyBaHHS
LI cnpusTMme MiABULLEHHIO SKOCTI afiropuUTMIB 06pPOOKM JaHWX Y MeXaHiuHUX
cuctemax.  [OuHamiuHuin - po3suToK LUl nepepbavae  posLUMpeHHs  1Aoro
3aCTOCYBaHHSl B MEXaHIYHMX CUCTEMAX, L0 A03BOMMTb SIKICHILIE MPOrHO3yBaTy
TXHIO NOBEAiHKY Ta NiABWLLYBaTU e)eKTUBHICTb BiNOBIAHUX CUCTEM.
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OOCNIAKEHHA ANHAMIKW TA CTIMKOCTI POTOPA HACOCA LIHA 600-35
ONA ATOMHWX EJIEKTPOCTAHLIN

Bep6osuii A. €., acn.; MNasnexko I. B., g-p TexH. HayK, npod.; CUMOHOBCbKMIA B. 1.,
O-p TexH. Hayk, npody., CymAY, m. Cymu, Ykpaina; Heamuy K., KaHi. TexH. Hayk,
fou,., TexHiuHui yHiBepeuTeT M. Kny>k-Hanoka, M. Kny>k-Hanoka, PymyHis

3abe3neyeHHs eHeproed)eKTMBHOCTI Ta BIOPOHaAIAHOCTI BifLEHTPOBUX
MalUVH € O4HWM i3 NPIOPUTETHUX 3aBfaHb NPKU TX NPOEKTYBaHHI i ekcnayaTauii.
Po3B’si3aHHs L€l npobnemy nonsrae y 3abe3neyvyeHHi HW3bKOrO PiBHA Bibpauii i
CTIViKOCTI npeuecii potopa. Mpo6nema NOCUNIOETLCA HAsABHICTIO Y BifLEHTPOBMX
MallyHax He NvLle BUKIUKaHWX aucbanaHcaMmu BifLEHTPOBMX CUA 3 4acTOTOHO,
L0 JOPIBHIOE YacTOTi 06epTaHHs Basa, ae i BUCOKOYACTOTHMX CKIafoBUX CUN
(Hanpuknag, nonaTeBUX KOMMOHEHTIB) 3 YacTOTaMW, siKi CYTTEBO MEPEBULLYIOTb
4acToTy 0bepTaHHs poTopa.

Y pasi BTpaTV CTIliKOCTi BMHUKaIOTb HENPUMNYCTUMi aBTOKO/IMBaHHS,
XapakTepHi AnA HENiHIHUX AMHAMIYHMX cUCTeM. IX HasBHICTb MOXe 6yTu
BM3Ha4YeHa Ha OCHOBI CMEKTPa/IbHOrO aHasnisy. Y LbOMY BMMNafKy HeBignoBigHWIA
CTaH AMHaMiKy poTopa MoXe 6yTW BMABMEHO cnewianbHUM 06nagHaHHAM, ke He
3aBXauW nepegbadveHo Npy ekcnayartauii BifLEHTPOBMNX MaLLMWH.

3rifHO 3 BUMLLUECKA3aHMM, [AMHaMiKa i CTIiliKIiCTb pOTOPIB BiALEHTPOBUX
HAacoCiB AN aTOMHWX eneKTpocTaHuili (AEC) € akTyanbHOW npo6nemoto. Ti
BUPILLEHHS HEMOXX/TMBE 6Ge3 3aCTOCYBaHHS Cy4aCHMX 06YMCNIOBa/bHMX 3ac0o6iB y
KOMMNNEKCHOMY MOEAHaHHI 3 aHaMiITUYHUMMW MeToZaMMU.

TakMM YMHOM, METOK Po60TM € PO3POBNEHHS Yy3arasbHEHOro nigxogy o
3abe3neyeHHs BibpaLiliHOT HagiliHOCTI BigueHTpoBMX HacociB AEC Ha mpuknagi
GaratocTyniHyaToro Hacoca LJHA 600-35, npusHauyeHuWidi [is BOAOMOCTaYaHHs
NpoMUCNoBOro KoHTypy AEC.

Y po6oTi ansa 3abesneyeHHs BibpauiiiHOT HagiHocTi Hacoca LIHA 600-35
3aCTOCOBYBa/INCb METOAM ifleHTU(DiKaUil napameTpiB CNiNbHO 3i CKiHYEHHO-
e/IEMEHTHMM aHani3oM Ta aHaNiTUYHUM MOLESHOBAHHSAM.

Y pe3ynbTaTi Gynu OUiHEHI eKBiBasleHTHA Maca i »KOPCTKICTb POTOPHOT
cuctemn. Y pesynbTaTi 6yno po3po6ieHO YTOYHEHY MaTemaTudHy MOZLENb
AWHaMIKM poTopa 3 YypaxyBaHHAM CW/ iHepuii, >XOPCTKOCTI, AeMNgyBaHHS,
BHYTPILLIHLOIO TEPTA, & TaKOXK LMPKYNALIAHOT CUN B YLLISIBHEHHSX.

TakoX Ha OCHOBI anrebpaiuHoro kputepia Payca—Iypsiua ouiHOBanacb
OVHaMiYHa CTINKICTb poTopa B 3a/eXHOCTI Bif 3HaYeHb 4YacToTW 06epTaHHs i
KoediLjieHTa TepTs; No6yL0BaHO BiAMOBIAHY 061acTb CTIKOCTI.
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BriiB TEXHOMrEHHOr © CEPEAOBULLA
HA O30HOBWUIW LUAP MJIAHETW

Cymuosa K. C., cTygeHTka, Cyma4y, m. Cymu

O30HOBUIA AP 3aXMLLAE XMTTA Ha 3emMi, MOrAMHaKUM BinbLly YacTUHY
LWKIAMBOro ynbTpadioneToBoro BUMPOMiHIOBaHHA CoHus. OpaHak AisnbHICTb
NOAVHN, 30KpPeMa BUKMAWM O30HOPYWHIBHUX PEYOBUH, Npu3Bena [0 3MEHLUEHHS
030HOBOIO LUAPY, L0 MOXEe MaTh CEepiio3Hi HacNigKv ans 340poB'a N0AMHA. Tomy
PO3YyMiHHS BMAMBY TEXHOTEHHOIO CepefoBULLA HA O30HOBWI LWAp € KPUTUYHO
BaXK/IMBUM 41151 3a06€3MeUeHHs 6e3neKu XXUTTA Ha Hallii nnaHeTi.

MeTa: gocniguty BNAWB MIOACHKOI AiSNIBHOCTI Ha O30HOBWIA Lwap Ta
BU3HAYEHHS 3aXO0fiB, AKI MOXHA BXWUTU 419 3MEHLLEHHS LWKoAN. [N BUPILLEHHS
nocTaBneHoT MeTn 6y/in NOCTaBNeHi HACTYMNHI 3aBAaHHS:

— [poaHanizyBaTy OCHOBHI [Kepena 030HOPYMHIBHUX PEYOBUH.

— Jocnigntn mexaHiamu, 3a LOMNOMOrOK SKMX Li PEYOBMHU PYWHYHOTb
030HOBWIA LLAP.

— Bwu3HauMTM Hacnigku pyliHyBaHHA O30HOBOrO Lapy AN 340POB'sA
NOAVHN Ta HABKO/IMLLHLOTO CepefoBuLLA.

— OO6roBopuTM MIDXXKHApOAHi yroanM Ta 3axofu, CMPsSMOBaHi Ha 3axucT
030HOBOTO LUapy.

— 3anponoHyBaTV AOLATKOBI 3aX0A4M, SKi MOXHA BXUTU 411 3MEHLLUEHHS
BMN/IMBY NHOACHKOT AiS/IbHOCTI Ha 030HOBWIA LUAP.

Jiofcbka 4isnbHICTb Npy3Bena A0 BUBISIbHEHHS TaKMX PEYOBWH, K OKCUMAN
a3oTy, X/OP(hTOPBYIAeLi, raloHN Ta iHWi 030HOPYWHIBHI peyoBuHU (OPP), siki
PYAHYIOTb MOMIEKYAM 030HY. Lli peyoBMHM LUMPOKO BUKOPUCTOBYIOTHCS B
aBianmpoMUCMIOBOCTI  X0MogoareHTax, KOHAMLUiOHepax, MNiHOYTBOptOBaYax Ta
BOrHeracHukax Towo. Konu ui peyoBMHM [OCAraloTb 030HOBOrO LUAapy, BOHW
po3nafatoTbCs | BUMBIMIbHAIOTL atoMu xnopy i 6pomy, fKi NOTIM pearyroTb 3
MOJIEKY/TaMM 030HY, PO3LLIEN/IFOKYM TX Ha MOMEKYNN KUCHIO. Llei npouec BigoMuii
AK 030HOBE BUCHAXXEHHS, | BiH 3MEHLLYE Ki/IbKiCTb 030HY B aTMOCdepi.

[ns BUpiLLIEHHS NPO6EMU BUCHaXKEHHSI 030HOBOT O LLApy 6yB chopMOBaHWi
MoHpeanbCbkuiA MPOTOKOA, AKWIA nignucnn noHag 160 kpaiH. [MisHiwe 6yno
3aCHOBaHO MiKHapoAHUiA (oHA «No6anbHWA  eKonMoriyHniA  hoHa»  Ans
CMPSAMYBaHHS 3yCW/b Ha JOMOMOTY KpaiHaM, L0 PO3BMBaOThCS.

OfHak, Bee Lie iCHYI0Tb NpobnemMu, AKi He06XigHO BUPIWUUTL. [esKi KpaiHu
BCe e BUKopucToBytoTb OPP, i € CBigUeHHS TOro, WO BifbyBaETbCA HenerasbHa
TOPriB/A LMW PeYOBMHAMU.

Tomy ana 3abesneyeHHs NoAaIbLLIOrO 3aXMCTy 030HOBOrO Lapy i 6e3neku
XWUTTH Ha HaWii nnaHeTi MOXYTb 3HaobUTUCH [OAATKOBI 3axofu, Taki fK
MPOCYBaHHS a/lbTEPHATUBHUX TEXHOJOTI | 3a6e3neYeHHs JOTPMMaHHS Mpasu.

KepiBHuk: TpyHoBa I. O., foueHT
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MPAKTUNYHA PEANISALLIA MOAENI PO3CIFOBAHHA 3ABPY AHIOKOUMX
PEYOBWH 3 BUKOPUNCTAHHAM WEB-TMNAT®OPMA

Buxposa A. HO., cTygeHT; Kosiii I. C., goueHT, CymAY, M. Cymu

3 ornagy Ha Te, WO B YKpaiHi He Mae HOPMYBaHHA MUY B 3a/1EXHOCTI Bif
AMCNEepPCHOro CKnagy, TO BIAMOBIAHO Nif 4ac opraHisauii Ta NPOEKTYBaHHS
NOTEHLINHUX [Kepen BUKUAIB PU3MK 4151 300POB’A HACENIEHHS, IKE NPOXMBAOTb B
30HI BNAMBY MPOMMUCNOBUX MIZNPUEMCTB He po3rnsgacTbes. Lle, cBOEO ueproto,
BMMArae A0CTOBIPHMX OLLIHOK Ta BUBYEHHS 3aKOHOMIPHOCTE NOLUMPEHHS BUKUAIB,
AKI MICTATb APIGHOANCNEPCHI 3BAXKEHI PEYOBUHM.

PeanisaLis 3axofiB rpomMafCcbKOro KOHTPOO AKOCTi aTMOC(EPHOro NoBiTPA
BMMAra€ CTBOPEHHS CreLiasibHUX NPOrpaMHMX 3aCTOCYHKIB, AKi [03BONSANOTb
3abe3neynTy Mpo3opicTb Ta BIAMOBIJANbHICTL 3 BOKY NIANPUMEMCTB, & TaKOX
[OMOMOXEe HaCefleHHI0 NpuiAMaTh iH(OPMOBaHi piLLeHHS LO0A0 3aXUCTY CBOrO
300pOB’s Ta AOBKINNS.

B octaHHi poku Web-gogaTku CTPIMKO pO3BMBAOTLCA, MOCTYMNOBO
BUTICHSIIOMM  HACTI/IbHI  PilUEHHA | CTaluM  HaliBaXXMBILLIOK  CKNafgoBO
MPOrpamHOro Po3BUTKY Cy4acHOro CBIiTy. MogentoBaHHA [afbHOCTI MOLUMPEHHS
3a0pyAHIOKYUMX PEYOBMH Bif MXKepena BUKMAIB B MPU3EMHOMY Lapi aTMocdepu
peanioBaHO BiAMOBIAHO A0 anropuTMy Mofeni NOLUMPEHHS ApPiGHOAMCNEPCHUX
3BaKEHWX PeYvOoBVH B NporpamMmHoMy cepefosuli Mathcad Prime 7 i noginserbca Ha
HaCTyMHi OCHOBHI KpOKW: epeBipKa BXigHUX AaHnX, BBeAeHHSA faHNX LIBUAKOCTI
BITpY, Po3paxyHok mogeni, CTBOpeHHs Xmapu Ta [oka3s pe3ynsrary.

[na nouaTky po6oT 3 Nporpamor0 HeoOXifHO MepeiT Ha MOYaTKOBY
CTOpPIHKY Mporpamu B 6pays3epi i BBECTU AaHi y BignoBigHI nons. Micns BBeeHHs
HeoOXigHWX faHuX Yy BiKHi 6pay3epa NoTpi6HO HATUCHYTU KHOMKY «OBUMCAUTU,
Wob6 nobaunT pesynbTaT Po3paxyHKy [AanbHOCTI MOLUMPEHHA 3abpyaHIOKYOl
PeYoBMHM Ta Bi3yasizoBaHy xMapy (puc. 1).

Po3pobneHuii Web-gopatok
OLiHKMN [anbHOCTI MOLUMPEHHS
3a0pyHIOKUMX PEYOBUH Bif mKepena ix
BUKWAIB € OCHOBOK A/ pPO3PaxyHKy
TEXHOTEHHOTO  BM/MBY  MPOMWC/IOBUX
NiANPUEMCTB HA HABKOJIMLLIHE NPUPOAHe

Input data
Wind speed
The recurrence of [
wind in a circular [

wind angle
12,5%

H(m)
50

CepefoBuLLEe, AKNIA MOXe BY TN LOCTYMHWIA
LUMPOKOMY KONy KopucTyBadiB. [aHi,
3ibpaHi 3a [JONOMOro L0AaTKY, MOXYTb
[OMOMOITV Yy MWUTaHHSAX PO3YMiHHSA Ta

3MeHLLEHHS PiBHS 3a6pyAHEHHA NOBITPS,
NiABWLLEHHS  €KONOrivyHOi  CBigOMOCTI
rpoMajCbKOCTi.
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AMMONIA REMOVAL IN ANAEROBIC DIGESTION BY BIOGAS STRIPPING

Holovatyi A. Yu., PhD student; Ablieieva I. Yu., Associate Professor,
Sumy State University, Sumy, Ukraine

Food waste (FW) is a significant waste stream, and disposing of it can be
difficult due to its high moisture content, bulk density, and biodegradability. When
mixed with commercial or municipal waste, it can complicate or prohibit the
recovery of other great potential materials because of the contamination from FW
interaction. As a result, there is growing interest in the separate gathering and
handling of source segregated food waste, with a focus on recovering extra value by
this waste. The high moisture level and heat capacity of FW make it appropriate for
anaerobic digestion, that produces biogas, a biofuel, and also the digestate nutrition
values makes it suitable for use as a biofertilizer on farmland.

Ammonia stripping is a regulated procedure for removing ammonia out of a
mixture that, in combination with absorbing, can extract and reclaim ammonia from
wastes. Samples from biogas plant must be fresh from the reactor, because during
week properties of digestate is dropping down, result at first day of sampling are
different from last day of experiment during the week. That means that it is necessary
to randomize duration for treatment. To maximize efficiency of stripping, find the
best combination of factors impacting processing such as temperature, duration, pH,
and mass flow. For our experiment diverse types of combinations were chosen
between these parameters, for temperature are 38 °C (reactor temperature), 55 °C
(thermophilic) and 70 °C (pasteurization), pH level was changed to 9 or left as it is,
duration diapason was 15, 30, 60 and 75 minutes, mass flow was constant 1100 units
per time. For these parameters was created “temperature weeks” its mean that during
the week temperature is unchanged, durations during the weeks was randomized
because of degradation of sludge, for each combination both pH 9 and pH unchanged
was tested.

Also, for raw material and after each treatment it is necessary to provide

general and special analysis. Raw samples must be analyzed at the beginning of
experimental day to find how sludge behaves, so the aim of experiment is total
ammonia nitrogen (TAN) it must be done as soon as possible then total solids (TS),
Alkalinity and Rheology. Alkalinity is necessary only for raw material. Another
analysis is attached to treated samples.
Thus, biogas stripping is capable of lowering the TAN content in the digestate in all
experimental runs, implying that this method may be useful as a tool for ammonia
control in anaerobic digestion to reduce toxicity and regulate digestate ammonia
levels. Increased temperatures and duration increased the rate of removal. Lowes
percent of removing ammonia from digestate was during reactor temperature week
at every time duration. Significant amount of ammonia stripping starts from 70
degrees and 30 minutes’ duration, 15 minutes with 70 degrees is not enough to start
removing process.
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METOAM OLIIHKOBAHHA BMNAMBY HA AOBKINJIA MPU BUBOPI
MEPCMNEKTNBHOIO HAMPAMKY MOBOAXEHHA 3 BIAXOAAMU
BVPOBHULTBA

Mypeub 1. M., acnipaHT, CymA4y, m. Cymu

EKonoriyHa cuTyalis B YKpaiHi € HaibifblL 3arpo3/MBOIO cepef KpaiH
€Bponu, WO pobuTb HaA3BUYAMHO aKTya/lbHUM MWUTaHHS  eKonorisauil
NMPOMUCNOBOr0  BMPOOHMUTBA.  EKonorisauis  nepegbavae  BNPOBafKEHHSA
TEXHOMOMIYHMX, YNPaBNIHCbKMX Ta IHWKX pilleHb, SKi A03BONSAIOTbL MigBULLYBaTM
e(heKTMBHICTb BUKOPUCTaHHS MPUPOAHMX PECYPCIB pa3oM 3i 36epeXKeHHsIM SKOCTI
NPUPOAHOro CepefioBULLA. [OM0BHUM HanpsAMKOM — eKoforisauii € nepexig go
BUKOPUCTaHHA 3aMKHYTUX LUWKNIB Ta MaloBigXo4HUX abo 6e3Bifxo4HMX
TEXHO/OT i, WO 0Cc06/MBO aKTyalbHO NPU YTBOPEHHI BEIMKOTOHHAXXHKX BiAX0AiB
BMPOGHULTBA. 3 METOK [OCArHEHHS Ljifeil CTanoro po3sMTKY Ta iMnieMeHTauil
[OvpexTusu 2010/75/€C Mpo npomMucnoBi BUKUAW (iHTerpoBaHe 3anobiraHHA Ta
KOHTPO/b 3a6pyAHEHHS) B YKpaiHi po3pobneHo KoHuenuito peanisauii fep>xaBHol
noniTukn 'y cdiepi NPoOMUCNOBOro 3abpyaHeHHs [1], fka cnpsmoBaHa Ha
3anobiraHHa, 3MeHLUeHHS |  KOHTPO/ib  MPOMWCAOBOrO  3abpyfHeHHs Ta
BMPOBa[KEHHA HaWKpawWmMx [AOCTYMHMX TEXHOMOriT Ta MeToAiB YynpaBAiHHA
BUPOGHULTBOM. 3MEHLLIEHHIO YTBOPEHHSA BiAXOLIB Ta 3a0e3MeUeHHI0 NOBOMKEHHS
HMMW 33 EBPONEiICbKUMM CTaHAapTamu cnpusie HallioHanbHa cTpaTerisi ynpasniHHs
Bigxogamn B YKpaiHi o 2030 poky [2], sika peanisye NpUHUMNU MOBOIKEHHS 3
BigXofamu, L0 3anpoBagkeHi B €C Ta 6a3yloTbca Ha PamKoBili AMpeKTUBI
€Bponeiicbkoro napnameHTy Ta Pagu 2008/98, €C npo Bigxoam.

[na Toro, Wo6 MpWIAHATK MNpaBwW/ibHE PIlUEHHSI B HampsMKY B cgepi
NMOBOKEHHSA 3 BifX04aMu, He06XiHO 3aCTOCYBAHHSA Pi3HUX METOAIB OLiHIOBaHHS,
AKi 6 [OMOMOrnM npoaHanisyBatu BXe iCHYHUYi abo MOX/MBI TEXHONOTIYHI
BapiaHTW MOBOKEHHA 3 BifX04aMK, a TAKOX OLIHUTW €KONOTiYHi Ta EKOHOMIYHI
HacNiaKN NPUIAHATTA TaknX pilleHb. ICHYE Lina HM3Ka Knacudikaliin umx MeTogis,
AKI  [JO3BONISKOTb BUAIUTM OCHOBHWIA MPWHUMN OLiHIOBaHHSA. Tak, LUMPOKO
MOLLMPEHVM € NOAIN METOAIB Ha KiNbKICHI, L0 6a3yt0TbCS HA BUMIPIOBaHHI BMICTY
Ta KifIbKOCTI PIi3HMX MOKA3HWKIB KOMMOHEHTIB AOBKI/NA Ta MOPIBHAHHI iX 3
HopmaTmMBamu, Ta SAIKIiCHi, ab0 eKCrepTHI MeToau, SKi Aal0Tb MOX/IMUBICTb OLiHUTU
BMPOOHWYI npouecw, [HKepena HEeratMBHOIO BNAWBY Ta CTPYKTYPHI YacTUHM
NaHAwagTy i BigNoBigb 06’€KTiB eKOCUCTEMMW Ha aHTPOMNOreHHW BNAnB. MeToau
KiNbKICHOro aHanisy noginarTbea: Ha XiMiuHi, (i3MKo-XiMiuHi, ®i3nuHi Ta
6ionoriyHi [3].

"pyna AKiCHUX abo eKCNepTHUX METOAIB BK/IKOYAE METOAM, B Pe3y/bTarTi
MPOBEJEHHs AKMX 3a OMUCOM KOMIJIEKCY O3HaK CKMafaloTb LKanm 6Ganis abo
po3p06ASTLCA IHAEKCH Ta MOKA3HUKM SIK OKPEMUX TaK i 3arafbHUX XapakTepucTrK
aHTponoreHHoro BramuBy. Lli meTogm 3a3Buuaii 6a3yloTbCa Ha pesy/bTaTax
eKCNepTHO-aHaIi TUYHMX OLIHOK. KOXHa 3 LUMX rpyn MeToZiB Ma€ CBOI nepeary i
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HeAONIKW: KiNIbKICHWIA MigXia 4O eKOMOTiYHOMO OLiHOBaHHSA BM/IMBY Ha A0BKINAs [3]
He [103BOJISIE MOBHOIO MipOO BPaxyBaTW MUTAHHA YNPaBiiHHA MPUPOSO0X0POHHOI0
BIANbHICTIO; B TOW e 4yac eeKTUBHICTb 3aCTOCYBaHHS EKCMEePTHUX MeTOAiB
OLLiHIOBaHHA 3a1eXWTb Bif KBanidikalil ekcrnepTiB Ta 06paHUX HUMU MiAXOAIB i
OTpUMaHi B pe3ynbTaTi po3paxyHKiB fAaHi  MOXyTb noTpebysaTv Mepesipku
KiflbKicCHAMW MeToamu

LLIMpOKOro NOLUMPEHHS MpY OLiHKOBaHHI BM/MBY Ha [JOBKINAS 3HAMLWIO
3aCTOCYBaHHS €KOMOriYHMX iHAMKaTopiB. Mporpama OOH 3 poskinna KOHENM [4]
BM3Ha4Yae TepMmiH "ekonorivyHuii iHgukatop” (environmental indicator) £k
CTaTUCTUYHI JaHi Yn napameTp, Ki, po3rnaHyTi y yaci, 3a6e3neyyroTb iHpopMaLlicto
npo seumwa. OCHOBHI rpynu KputepiiB (iHAMKaTOpPIB) Ha PiBHI OLIHKW FN06abHUX
npouecis Le: Kputepii skocTi goekinnsa (tun SOE - State of the Environment);
KpuTepii BNAUBY, L0 BigobpaxatoTb etekT BNAmMBY (stress indicators); Kputepii
CTaI0ro po3BUTKY (Sustainable indicators); KpuTepii SKOCTi cepegoBuwa Ans
NPoOXuBaHHA i BNAMBY Ha noguHy (environmental health indicators). BinbLicTb
CUCTEM  MDKHAPOAHMX eKOMOriYHMX [HAMKATOPiB  BKIOYalOTb  TpU  6110KU
MOKa3HWKIB:  eKOMOriyHi IHAMKATOPW BMAMBY HA HaBKOMWLLIHE CepefoBULLE;
iHAMKATOPU AKICHOT O CTaHy Nif Yac AaHoro piBHA BMAMBY; iHAMKATOPY pearyBaHHs
— MOKPALLEHHS CY4acHOr0 CTaHy HaBKOJ/IMLLHLOTO CepeaoBuLLa, abo peryntoBaHHs
BNAMBY. Y HauioHanbHin cTpaTerii ekonoriyHoi nonitukn go 2030 poky [5]
BBefeHO 611M3bko 30 BUMIpHOBa/IbHMX IHAMKATOPIB, HaNpUKnag iHAeKC eKonoriyHol
ethektmBHocTi (Environmental Performance Index), sikuii CTOCYETbCS rN06GaNbHUX
MPOLECiB 30epeXKeHHs LOBKINNA Ta LOCATHEHHS CTanoro possuTKy. MpoBegeHul
aHani3 nokasaB HEOOXiAHICTb PO3POOKM KOMMIEKCHWUX MOKa3HWKIB OLiHIOBaHHSA
BM/IMBY Ha LOBKINAA Npy BUOOPI TEXHOMOT i NepepobKu BigxoLis.

Cnucok nitepatypu

1. KoHuenuis peanisauii fepxasHoi MOMITMKU Y cepi NpOMUCIOBOro
3abpyaHeHHs. [EnekTpoHHWin pecypc]. https://zakon.rada.gov.ua/laws/show/402-
2019-%D1%80#Text.

2. HauioHanbHa cTpateris ynpas/iHHA Bigxogamu B YKpaiHi 4o 2030 poky.
[EneKTpOHHWIA pecypc]. https://zakon.rada.gov.ua/laws/show/820-2017-
%D1%80#Text

3. MyciHa J/1.A. B3aeMHWIi BNAMB EKOHOMIKM Ta MPUPOAHOTO CepeoBuLLA B
CyyacHoMy CBITi: NOMITUKa, CTpaTerii, TexHonorii: MmoHorpadis / J1.A. MyciHa, A.B.
Amuyk, T.K. Keawa. — K.: YkpIHTEI, 2012. — 260 ¢

4. Hanpsimky po60Tu. IHaMKaTopK cTanoro possuTky. OdiuiiHuii Be6-cait
OpraHisaujii O6'egHaHNX Hauin. [EneKTpOHHWMiA pecypc].
http://www.un.org/esa/dsd/dsd_aofw_ind/ind_index.shtml?utm_source=OldRedire
ct&utm_medium=

5. 3aK0oH YKpaiHu. Mpo OCHOBHi 3acaay (CTpaTerito) Aep>XaBHOT eKONOTiYHOT
noniTMkn  YkpaiHm Ha nepiog pgo 2030 poky. [EnekTpoHHWiA pecypc].
https://zakon.rada.gov.ua/laws/show/2697-19#Text
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OCOBJINBOCTI BIMN/INBY 30/IOLLNTAKOBMX BIAXOAIB TEM/10BUX
EJIEKTPOCTAHUIN HA HABKO/IMLLUHE CEPEAOBULLE

3anescbka l. B., acnipanTka; Nypeus J1. J1., npodecop, CymaAY, m. Cymu

BurikopucTaHHS eHepropecypcisB € OfHi€t0 3 060B’A3KOBUX YMOB iCHYBaHHSA
Ta PO3BUTKY MHOACLKOI ULMBIni3aLii. PO3BMTOK CycninbCTBa MPU3BOAUTL A0
3pOoCTaHHA MOTPe6 CycninbCTBa B €HEpropecypcax, 30KpemMa B eneKTpUYHil Ta
TennoBiin  eHeprii. CbOrofgHi  TENIOENEKTPOCTaHLUIT €  HaNMoWMpPeHIiLIMMN
BUPOOHMKaMM TEM/0BOI Ta €NeKTPMYHOI eHeprii B YKpaiHi. Bbnusbko 40%
€NeKTPOEHePril y HalLiil KpaiHi BUPOGNSETLCA TENNOBUMM eneKTpocTaHLUismm [1].

Pa3oM 3 LM BOHU € HANOTYXXHILIMMM 06’ €KTaMy aHTPONOreHHOro BNANBY
Ha HaBKO/MWLUHE MPUPOAHE CepefoBULLEe Ceped BCiX [Kepen BUPOOHULTBA
efleKTpoeHeprii. Bnams € 6aratonnaHosuM, TO6TO 04HOYACHUM Ha BCi KOMMOHEHTU
6iocthepun: aTmoctepy, rigpocdepy Ta nitocthepy, a TakoX MaclTabHUm, TO6TO
NPOABNAETLCA He TiNbKW B JIOK&/IbHOMY, @ B perioHasibHoMy Ta rnobansHomy
macLuTabax.

3rigHO 3 €eKOMOriYHMMM 3aKOHaMMW, HEMOX/IMBO CTBOPUTK MOBHICTIO
besneyHy Ta 6e3BiAXOAHY TENnOBY enekTpocTaHuito. OpfHak, Tennosi
eNeKTPOCTaHUiT MOXyTb OyTWM KnacudikoBaHi $IK €KONoriyHo 6esneyHi (abo
MasoBiAX0AHI), SKLLIO TX HEraTUBHWIA BMMB Ha [AOBKINAS Mif Yac ekcrayatauii €
MiHIMa/IbHUM Ta 3HAX0ANTLCS B MEXaX CaMO0UmLLEHHS bioctepu [2].

306iNblUEHHS 06CAriB CMOXMBAHHS €Heprii Npu3BoAWUTb A0 36iNbLUEHHS
06cAriB cnantoBaHHA TBEPLOro Nanvea. Mpu LbOMY TaKoX 30i/bLUYETLCA KiflbKICTb
TBEPAUX 30/10LUNAKOBMX BIifXOAiB, CKMafoBaHWX Yy 3o0/0BigBanax. B YkpaiHi
LOPIYHO HaKOMUUYeTbCA OBifbll HXXK 7 MAH T 30/0LWUMIAKOBUX BigXo4iB, AKi
3aiMatoTb nouyy 6inbwy 3a 20 Tuc. ra. Ha gaHwii yac 30/10BifBanun GifbLLOCTI
Ten/0eNeKTPOCTaHL,iA NMepernoBHEHi, afpke HAKOMUYeHO Gifbll HiXX 1000 MAH T.
Cnif 3a3Ha4mMTK, WO B YKpaiHi yTuisyeTbes 6nn3bko 10% 30/10LWnaKiB, B TOi Yac,
AK B KpalHax €sponu yTunisyeTtsea noHag 90% [3].

3onoBigBann — LUe TiApOTEXHIYHI cnopyan, NpuU3HauYeHi Ans 36epiraHHs
30/10LL/TaKOBUX BiX0/iB, TEPUTOPIA IKMX 0OMeXKeHa OropoayKyBanbHIUMM aMbamMm
Ta penibedoM MicLeBOCTi. 30/1a Ta Wakn — ABNATLCS TOKCUYHUMM, 38 XIMIYHUM
CKNaoM 30/10LWNaKN ABNSKOTLCS CKMAAHOK CYMILULIKO Pi3HOMaHITHUX PEYOBUH,
nepeBaXKHO MiHepanbHUX [4]. BMICT XiMiYHUX CMOMYK B 30/10LLMIAKOBMX Bigxodax
Hanpamy 3anexuTb Bif TUMY BUKOPUCTAHOIO Nanvea. [na TennoeneKTpocTaHLiii
YKpaiH1 BUKOPUCTOBYHOTLCA BYTiNSA Pi3HWX TWUNIB, NpoTe Y BiNnbLIOCTi BUNAAKIB
OCHOBHMMM 30/10LLTAKOYTBOPHOUMMUN KOMMOHEHTaMM € KUCHEBI CNOJYKN KanbLito,
MarHito, KpemHito, antoMiHito i 3anisa.

Y 30M08BigBani NOCTINHO NPOTiKatOTb ABa Mpouecu. Meplunin 3 HUX — Le
BMMAapOBYBaHHA BOAU 3 (DOPMYBaHHSIM Ha TepuTOPii 30/10BigBasly TaK 3BaHWX
"nAsKiB" — Cyxux [LiNSHOK i3 NUIOBMMK YacTUHKaMu Nifg gieto BiTpy. Apyruii
npouec — iHQinbTpauis Bogn (OCBITNEHOT a0 HaBiTb YAaCTKOBO HEOUMLLEHOT) i
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NoOTPanIsHHA PO34YUHEHWUX (POPM TOKCUYHUX KOMMOHEHTIB 30/10LUNaKiB B IPYHTOBI
BOZM Ta BOAOWMY, LLLO 3HAXOAATLCS 3a MeXaMi 30/10Bi4BaiB.

TakMM 4MHOM, 30/10BifBaIM, HE3BAXKatOUM Ha BCi 3aX0AM, CNpsAMOBaHi Ha
isonauito X TepuTopii, € BiAKpUTUMK cucTeMamu. LLIKigMBI pevyoBuHM, L0
MiCTATLCA B 30/10LUMaKaX MOXYTb MirpyBaTy 3 NOBepXHi 30/10Bi4Bas1y NOBITPAHUM i
BOAHMM CcepefioBULLEM, 3abpyAHtoBaTW Tponocgepy, [pyHT, nig3eMHi Ta
MoBEepPXHEBI BOAM palioHiB, WO PO3TalloBaHi Ha BiACTaHI A0 AEKiNbKOX KinoMeTpiB
Bifl HaKonu4yyBaya Biagxopais [5].

TpaHCnopTyBaHHA 30X Ta LWNAKiB Yy CyxXOMy BWUrfsdi A0 30/0BigBaniB
noTpebye A0AATKOBMX 3axOAiB 3 MPUrHIYEHHS NUIOYTBOPEHHS. 3acTOCYBaHHSA
TaKMX TEXHONOTil JOAATKOBO 30i/bLUYye 06CArn Buxoay 30nm [6].

CxXunbHi 0O NWNOYTBOPEHHA 30/10BiJBa/IM  NOTipWYOTh  CaHiTapHoO-
ririeHiyHy 06CTaHOBKY Ha NpWIeriMx TepUTOPIAX, 3MEHLIYIOTb BUPOBHWYMIA
pecypc MalluH, MeXaHi3MiB, BUK/IMKAtOTL Jerpajauito 6iocuctemu, a iHogi
HeraTWBHO BM/IMBAIOTL Ha NPOAYKLIO 3 NPUMETNX CiNbCbKOrocnoAapCcLKuX Yrigp,
L0 Hagai MOXe HeraTWBHO BM/IMBATW Ha 340POB’A MOAel.

To6TO, eKONoriyHWiA BNAMB  30/10BiABaNIB  TENIOENEKTPOCTaHUIA €
KOMMNNEKCHUM: MOPYLUEHHA Fe0NoriYHOro cepefoBuLLa, 3abpyLHEHHS POAKOYOro
Wwapy TrpyHTYy, NOripweHHs CaHiTapHO-TIriEHIYHOT CcuTyauil Ha npuneramx
TePUTOPIsX, € NOTEHLIHUM [KepesioM 3a6pyaHEHHS NPUPOLHMX BOS,

Ha ocHoBI nNpoBefeHVX A0CigKeHb 0COGIMBOCTEN BMMBY MOXHA 3p06MTH
BMCHOBOK MPO aKTya/lbHICTb OLiIHKM BNIMBY O06’€KTIB TEMJ0EHEPreTUKN Ha
HaBKO/MLLHE CepefoBULLE Ta NOLA/bLLY PO3PO6KY 3aXOLiB LLOAO NONepeKeHHs,
3HWKEHHS HEraTMBHOIO BNMBY TEMNIOEHEPreTUKN Ha [OBKINNA Ta BNPOBaKeHHS
METOZIB YTUAi3auii y>ke iCHytoUnX BifX0AiB Y 3010BigBanax.
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BUKOPNCTAHHA NTITHOUENKON03 B AKOCTI CUPOBUHN
ANnA OTPUMAHHA BIOAOBPUBA

Cinko I. O., acnipaHTKa; Abneesa I. HO., goueHT, CymaAY, m. Cymu

CyyacHuii TEXHOMOTIYHWIA PO3BUTOK NOACTBA NepeAbayae NosiBy He uLLe
npoaykKuii Ta matepianis, ane i Bigxo4iB pPi3HOMaHITHOrO cknagy, sKi MOKMW Lo
BaKKO BKMOUUTM B UMKIM A9 NOJANbLIOr0 BMKOPUCTaHHA. Ha npuknagi
MeTaHOBOr0 6POAiHHSA B 6i0ra3oBMX YCTaHOBKAX Y pe3y/ibTaTi OTPUMYHOTb ras, IKuia
cknagae 6nm3bko 10 % 3aranbHOi Giomacu. PewTa — opraHiyHa 6iomaca, sika
oTpvMana HasBy gurectaT. BiH Moxe GyTV BUKOpPUCTaHWiIA B SIKOCTI 6iogobpusa.
[Ourectat 6aratuii Ha asoT (N), doccop (P), cipky (S), kanbuiin (Ca), kaniii (Ca),
MarHii (Mg) i MikpoenemeHt [1]. Vloro BHeceHHA edeKTUBHilLe, HiX
3aCTOCYBaHHA, Hanpuknag, He3bpoMKeHUX BIAXo4iB  TBapuHHMUTBA  [2].
3acTocyBaHHs 6iogo6pvBa MigBWLLYE POAHOYICTL Ta MiATPUMYE BUCOKWIA BMICT
OpraHiYHNX pPeyoBWH Y I'PYHTI i MOCTYNOBO BMBI/IbHSE MiKpoeneMeHTu [3].

MeTolo poboTM € BU3HAYEHHA MOX/IMBMX CMNOCOGIB MOMepeaHLOro
006p06MeHHS CUPOBUHM (NIFHOLENON03K) AN OfepXXaHHS  GiNbLLIOro BUXOAY
6iorasy Ta eKo/oriyHo 6e3nevyHoro gurectarty.

Cknaf, gurecTary 3a/1eXXUTb BifJ NOXOPKEHHA CUPOBMHW ANA (hepMeHTauii B
6iorasoBiit yctaHoBLji. Cepef HalibiNbLL NOLINPEHOT CUPOBUHI BUKOPUCTOBYHOTHCA
CifIbCbKOrocnoAapchbKi Ta Xap4yoBi Bigxoau, CTiYHI BOAW Ta eHEPreTUYHI KynbTypu.
30KpemMa, BMKOPWUCTAHHA JirHOLENMON03N Yy BUPOOHMUTBI Oiorasy € A0CUTb
NPaKTUYHWUM, OCKiNIbKWU MKepen Ti yTBOPeHHs 6arato i il BUKOPUCTaHHSA B SKOCTI
cy6cTpaTy Ans 36poaKeHHs CKOPOTUTbL 3a0pyAHEHHS JOBKINAS.

NlirHouentonosa — nNOLUVPEHW A BIAHOB/OBaHWA pecypc i MNPakTUYHO
HeoOMeXeHWiA cybcTpaT ans  epmeHTauii. BoHa cKnagaeTbcs 3 MirHiHY,
reMiLieNtoNo3n Ta LEoo3n. 3aneXHo Bif BUAY BigXoAiB BiJCOTKOBWI cknaf
KOMMOHEHTIB Bigpi3HAeTbCA [4]. JTirHOLEeNnt0103a € OCHOBHUM [XXEPESIOM BYT/NEL0
[Ns TBepAMX CiNbCbKOrocrnoapcbKnx BiAXOMiB Y aHaepoOGHOMY 30POpKeHHI, ane
BOHA BaKKO MNiAAaeTbCA 6i0/I0riYHOMY PO3KNaaaHHIO0 Yepes BUCOKOCTINKY Ta CTiliKy
CTPYKTypy 6iomacu [5].

[na  iHTeHcudikayii npouecy po3knafgaHHA NirHoUentonosn nig 4ac
aHaepobHOro 30pOMKeHHs BAAKOTbCA [0 PI3HMX CNOCOGIB  MOMEpPeaHbOro
06p06NeHHS CMPOBUHKW. BcTaHOBNEHO [6], WO HaliBifbLL NOLWMPEHUMM € TEPMIYHI,
YNbTPa3BYKOBI, TEPMOJTYXKHI, MeXaHIUHI | (hepMeHTaTNBHI MeToan. Pi3nKO-XiMiYHi
METOAM Mat0Tb 3HaUYHWUIA Nporpec, ase iHAycTpianisawis LMX METOLIB HXYa Yepes
6inbLi BATPaATW eHeprii pa3om i3 CKnagHol 06po6Koto. BionoriyHa nonepegHs
00pobKka TaKOX MNOKasye 3HayyLliCTb AN  aHaepo6HOro  36pomKyBaHHS
NIrHOLENHONIO3HNX MaTepianiB i BU3HAHA eKOMOriYHO GEe3MeYHOI0 Y NOPIBHAHHI 3
XiMiYHOIO nonepeHbL00 06p06KOKD. [poTe MOLWYK EKOHOMIYHO e(heKTUBHOI
TeXHonorii nonepefHLOro 06pO6NEHHA LeNono3n Ans MOBHOI 1i yTunisauii
3a/IMLIAETHCA HEBUPILLEHUM Ta aKTya/lbHUM MUTaHHAM [7].
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3acTocyBaHHA Agurectaty notpebye monepefHb0i 06pobKy 3a AOMOMOrOH0
(i3nyHMX, XiMiYHUX, 6IONOriYHMX MEeTOAIB nNeped BHECEHHAM Y [PYHT £K
6iogobpmBa AnA [OCATHEHHS BMMOr eKosioriyHoi 6e3nekn rpyHTy. Kpim Toro,
Heob6XiAHO NPOBOAUTU HACTYMHE 3HE3apaXKeHH AurecTaty Ans MonepemkKeHHs
3a6pyAHEHHS HABKONMLLIHBOTO CepeaoBuLLa PeHOBNHaMM Ta MiKpoopraHiamamum, Lo
BUSIBUMNCS CTIMKMMM A0 NpoueciB repmeHTaLil.

TakMM YMHOM, BUKOPUCTaHHS 36pOKEHOT 6iomacK, OTpMMaHOT 3 raaysi
6ioeHepreTnKM, cTae NONyNSAPHUM B OCTaHHI PoKW. [urecTat y AKocTi 6iogobpuea
[I03BOJISIE NiABMLLYBATV BPOXKANHICTb Ta NiATPUMYBATN BUCOKMIA BMICT OpraHiuHMX
PEYOBMH Y FPYHTi. oro cknag Ta eqekTWUBHICTb 3anexuTb Bif cy6CTpary.
3acTocyBaHHs  6ionoriyHOro wnamy notpebye nonepefHb0l 06pobkM  Ta
HaCTYMHOro 3He3apakeHHA 3 MeTOH MiHiMisauil MOXIMBOro 3abpyfaHeHHS
JOBKiNNA  MmonoTaHTaMu. Y  AKOCTi  MOXIMBOFO  Cy6CTpaTy  po3risHyTa
NirHOLENt0/103a, OCKifIbKM BOHA € A0CUTb JOCTYNHOK ANs AOCAIAKEHHSA Ta BaXKKO
nigaaeTbes 6i0pO3KNafaHHI0, a, 0TXKE, HAKOMUYYETLCA B 3HAUHMX 06’ eMax BifX0MiB,
LLLO POOMTL Ti 06’€KTOM 3aLliKaB/eHOCTI.
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BU3HAYEHHA PIBHA ®ITOTOKCUYHOCTI JUTECTATY
3A AOMNOMOroro IHAEKCY NMPOPOCTAHHA HACIHHA

Cksopuosa M. O., acnipaHT; Abneesa I. O., goueHT, CymAyY, M. Cymu

[na BM3HaUeHHA PiBHA (DITOTOKCUYHOCTI Ta 3pinocTi gurectary LUMPOKO
BMKOPWCTOBYHOTb 0i0NOMiYHUIA iHAMKATOP — IHAEKC MPOPOCTaHHS HaCiHHA Yepes
0oro NpocTOTy Ta HafiHICTb. JaHWii TECT Mae MaTPUYHWIA NigXid, Tak IK BpaxoBye
[PKEPeno 3abpyAHEHHA B MaTPULLi Ta B3aEMOit0 TOKCUUYHMX KOMMOHEHTIB [1]. Yepes
Te, WO AMrecTar 3 rHOKW TBapuvH MOXE MaTu BUCOKY KOHLEHTpaLito aMOHiaky,
AMrecTaT i3 XapuoBMX BIAXOAIB — NETKUX OpPraHiuyHuMX KUcnoT, AurectaT i3 ocagy
CTIYHUX BOJ, — YUCNEHHWUX TOKCUYHWMX OPraHiyHMX Crofyk i MeTtanis, 1o AnA
MiHiMi3aLii eKoNoriYHUX pU3nKiB y NosibOBUX MacluTabax BapTo BU3HAYATM CTYMiHb
(hiTOTOKCUYHOCTI MaTepiany [2].

Bigomo, W0 pi3Hi BMAWM KynbTyp MO-pi3HOMY pearyloTb Ha 6iorasosi
gurectatv. Hanpuknag, TomaTu nOTPebytoTb BENMKOT  KiNIbKOCTI  MOXMBHUX
PEYOBUH, TOMY [N MEHLL BUOATIMBUX POC/IMH, TaKUX AK canar, gurectatu 6yaytb
NPOABAATU CBOT KOPUCHI BNacTMBOCTI. HM3bKa KOHLEHTpaLis MakpoeneMeHTIB Y
Jurectati Ha OCHOBI THOK KOpiB He cCTana nNpuUaaTHUM CepefoBULLEM NS
BMpOLLYBaHHA TOMaTiB Ha rigponoHiyi [3]. Came TOMy, CnpaBeg/MBo
CTBEPLKYBATH, L0 KOHLEHTPALis MOXUBHUX PEYOBUH LUrecTaTy 3aieXuTb Bij
BMKOPWCTOBYBaHMUX Cy6CTpaTiB, YMOB aHaepoOOHOro 36pomXyBaHHS Ta METOAIB
06p0o6KKM aurecTaris.

Y po6oTi [4] 3a3Ha4aeThCA, WO Pi3Hi BUAM HACiHHS MalOTb He OfHAKOBY
YyT/MBICTb [0 TOKCUYHUX KOMIMOHEHTIB, L0 MICTATbCA B Aurectari. Bubip HaciHHs
€ BX/IMBUM MPOLIECOM, TaK K BOHO MOBUHHO BYTW HaNeXHOT AKOCTI, BK/OYaK0UM
WBKMAKICTb pocTy (0cobnmMBO B AeiOHI30BaHi Bofi) Ta TonepaHTHICTb. [Ans
BU3HAYEHHA (DITOTOKCMYHOCTI KOMMOCTY 3a AOMOMOrok iHAEKCY NPOPOCTaHHA
crnoyatky obpanum 17 BuAIB HacCiHHA PisHUX KynbTyp, fAKi iHKy6yBann B
[leiOHi30BaHili BOfi B TEMHOMY MicLi NpoTsarom 48 rogmH npu Temnepatypi 25°C.
HaciHHa BocbMK BUAIB pocnnH npopocso (pedbka 6ina, oripok, peaska nnogosa,
pinak iCTiBHWIA, peibka Kpyrna, ribpuaHunii oripok, nekiHCbKa Kamnycra), AeB’sTu —
He npopocno (MOpKBa, TpaBa, NETPYLUKA, CTPYYKOBWIA Mepelb, canar, TPOsHAa,
nomigop, MiMo3a, KuTalicbka TpOsiHAA) MPOTArOM yKasaHoro 4acy. To6To, ans
NPOPOCTaHHS AeSKUX POC/IUH HEOOXiAHO BinbLue Yacy, ane Lie He Crpuse LBUAKOMY
NPOBESEHHIO TECTY.

[na ekcrnepuMeHTY WWOAO BM3HAYEHHS (PITOTOKCUYHOCTI gurectaty 6yno
06paHO HaciHHA Tomaty. HaciHHA npopoluyBanu B yawax MeTpi, KoxHa 3 AKuUX
nokpueanacs 2 nuctamu (inbTpyrovoro nanepy Whatman Nel giametpom 9 cm. Y
KOXHy uvawy [letpi nomiwanu no 10 HaCiHWH Ta gurectar, 3MilUaHWin 3
[ieiOHI30BaHOI0 BOJOKD B CMiBBiAHOWEHHI 1 r gurectaty Ta 9 r BoAu. 3pasku
iHKyOyBanu y TempsBi NpoTArom 72 rof. Y AKocTi cy6cTpaTiB ana 6iorasoBux
PEeaKTopiB BUKOPWUCTOBYBa/IM THIil, POC/IUHHI BIgXO0A4W, Xap4oBi BigXo4u Ta ocaj
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CTIYHMX BOJ, MICbKMX OYMCHUX CNOpYg. BukopuncToByBanu Tpy pakuii gurectaty:
MOBHWA, pigKy hpakuito Ta TBepay hpakLito.

OpfepxaHi pe3ynbTaTi 3aCBigUYIOTh, L0 3pasku 3 PO34UMHOM TBEPAOT (hpakLit
Jurectatis MalOTb HW3bKWIA [HOEKC MPOPOCTaHHs, a fAns 6inbliocTi 3paskis
npopocTaHHa B3araii He Bigdynoca. TeepAa ¢pakuisa aurectaty HeraTuUBHO
BM/IMHYNAa Ha PICT HaCiHHA TOMaTy, L0 MOXe OyTW MOoB’A3aHe 3 MepexofoM
PO3YMHHMX €NEMEHTIB, 30KpeMa HITporeHy, Kasito, Cipku Ao piaKoT dpakuii nig vac
LEHTpUYryBaHHs, i K HacnifgokK no3baBneHa NOTPIOHOI KifIbKOCTi MOXWMBHUX
PEYOBUH Yy HEOBXIAHMX KifIbKOCTSIX.

Y npoueci aHaepoOGHOro 30pPOAKyBaHHS OpraHiyHa 4acTMHa cyocTpaty
[erpagyeTbcsa Ta NepexoanTb Y HeopraHiyHy YacTUHY Yy BUrasgi 6iorasy. Bkpali
HM3bKUIA BIICOTOK ab0 BifCYTHICTb MPOPOCTaHHA Byn XapaKTepHi Ana aurectaTtis
Ha OCHOBI BiAX0AiB 6iiiHi, CBMHAYOrO rHOKW Ta FHOK BEMKOI porartoi xygobw,
OCKiNlbKN BOHW Mat0Th BinbLumnii 6iomeTaHOBMIA NOTeHLian, a, BiANOBIAHO, MEHLLMIA
BMICT MOXXMBHWX PEYOBVH Y AUrecTari.

BukopucTaHHs  gurectaty nmicns  aHaepoOHOro  30pOfKYBaHHA €
MepCneKTUBHOID CTPATErictd MOBTOPHOIO BHECEHHSA MOXWBHUX PEYOBUH Y TPYHT
[Nsi BiAHOBNEHHS OF0 OCHOBHUX (DYHKLIA | OTPUMaHHS eKONOriYHMX NPOAYKTIB
XapuyBaHHs. Ane nnLe Npu HaNeXXHOMY KOHTPO/i CyOCTpaTiB, FirieHiYHUX BUMOT,
aHani3i KOHLEHTpaLiT MOXXMBHMX PEYOBUH i 3a6pyaHIOBadiB AnrecTat Moxe 6yTu
3aCTOCOBaHMIA Ha CifIbCbKOrOCMOAAPCHKMX Yrifaax 6e3 WKoaN AN HABKOULLIHBOTO
cepefoBuLLa.
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EKOMIOTIHHI ACMEKTW BMNAMBY HA BOAHI OB’€KTW HAC/IAKIB
BIMCbKOBOT ArPECIT pd

oHuapeHko A. B., cTyaeHTKa; AxHeHko O. M., cTapLunii Buknagau,
CymAyY, m. Cymu

BHacnigok MOBHOMACLLTA6GHOT BiliHM 3HAYHO YCKMAAHUAUCA €KOMOTiYHi
npo6neMu, WO iCHyBasnM B YKpaiHi i Ao Ti noyaTky. BXe cbOrofgHi BpakaroTb
MacLUTabu eKONOTriYHUX 3/M10YMHIB POCICbKMX OKYMaHTIB, AesKi eKocucTeMm Ta
YHiKa/IbHi MpUPOAHI 06’€KTU BXe He MignsraroTb BiAHOBNEHHIO, CTaH AESKMX,
Hanpuknag GioctepHoro 3anoBigHMKa AcKaHii — HoBa B HeBigOMOMY CTaHi.
CnpuumnHeHa eKonoriyHa LWKOoAW o4eBUaHa, 1T oLiHKa NnoTpebye HOBMX Migxoais, 60
3apa3 MOBHWI 06cAr 30UTKIB Ta LUKOAM [OOBKIAMO 3aIMLLAETLCA HEBIZOMUM,
OCKi/TbKW CUCTEMU MOHITOPUHTY 6y/IN NOpyLLeHi abo 3HULLEHI.

Uepe3 BilicbKoBI Aii 3a3HatOTb 3abpyAHEHHS MOBITPS, BoZa Ta MPYyHTH,
3a3HatoThb LUKOAWM MPUPOAHI BUAM Ta X OCenuLa, BTpavaeTbes GiopisHOMaHITTS,
HIBENIOIOTLCA JOCATHEHHA 3i 36epexKeHHs npupoau. BHacnifok BMOYXiB, MOXeX,
pYyViHyBaHHS OyfiBenb i TEXHOTEHHUX 06’€KTIB Yy AOBKINNA NOTPansatoTb OTPYIHI
PeYOBUHN, cepes, AKMX | BaXKKI MeTa/ln, TOKCUYHI rasu, TBepai YacTku. besymoBHO
BIICbKOBI Ail TaKOX HeraTMBHO BMAMBaOTb | Ha 340pOB’A Noaei. BHacnigok
BOEHHMX Al NOCTIHO NOTipLLIYETLCS CTaH BOAHMX pPecypciB YkpaiHn. Boga — ue
LiHHWIA, ane 0BMeXeHWin pecypc, 0COGMMBO B MIBAEHHMX | CXiAHMX PerioHax
YKpaiHu. BoeHHi aiT 3 60Ky OKynaHTiB MOTipLUYOTh CMTYaLlito 3 BOAOK B YKpaiHi.

BilicbKoBI Aii cTanu NpMYMHOIO MigPUBY MOCTIB, MOTPAN/ISIHHA TX YacCTuH,
BiliCbKOBOr0 TPaHCMOPTY, MacTuia TOWO B PiYKOBI eKocucTeMu, 3abpyaHEHHS i
3aropopKeHHs PiuKOBOro pycna, 3MiHW iIHTEHCUBHOCTI BOAOOOMiHY. AKTYa/lbHOO €
npo6sema MNOTEHUiIAHOTO 6i0NOriYHOro 3abpyAHEHHS BOAHWX [KEpen, B AKKX
MOXYTb MOTPANAATA TOKCUYHI PEYOBMHM B HACNifOK PO3KNafaHHi 6ionoriyHoro
matepiany pi3HOro NOXo4KeHHS.

IHTEHCMBHI, HENPULINbHI apTUNEPIACHKI Ta pakeTHI 06CTPINM NPM3BOAATL A0
3abpyfHeHb BOJOAMM TOKCUYHVMK BaXKUMMU MeTasamu, a TaKOX PaKeTHUM
NaMBOM Ta NaJIMBOM TPAHCMOPTHMX 3ac06iB. Y MiCLsX IHTEHCUBHUX BOIB CYTTEBO
MOPYLUYETLCS HEPECT PMb, PYMHYOTLCA MICLS THI3AIBAMI MTaxiB Yepe3 ryyHi 3ByKU
BUOYXiB, Hepigko 6oenpmnacu BMOyXatoTb y cammx Bofolimax. Ha cTtaH BogHo-
GONOTHUX EKOCUCTEM HEraTMBHO BI/IMBAE TaKOX (DOPCYBAHHA PIYOK M/aByummu
OpoHeTpaHcnopTepamMy i 3BefJleHHA MOHTOHHUX Nepenpas 415 iHWKUX TPAHCNOPTHUX
3acobis.

BilicbkoBuMK fisimy 6yno CNPUUYMHEHO PYHYBaHHS 4aMb Ta BUBELEHHS 3
nagy (3ynWUHKM (PYHKUIOHYBaHHS) OYMCHMX CMOPYA, SK HacMifoK NOoTpanisHHA
HeOUMLLEHMX CTIYHUX BOA Y MOBEPXHEBI Ta NiA3eMHi BogW. B pe3ynbTarti BiliCbKOBOI
arpecii  6yno MOLIKOMKEHO TigpoTexHiuHi  cropyau, Wo 3abesnevysanu
Pery/oBaHHA CTOKY, & BHACMIAOK 3aTOMMEHHS! 3HAYHWUX TEPUTOPIA Hagani MoxXe
CMOCTepiraTUcs MOTipLUEHHS AKOCTI BO Yepe3 3MUB 3abpyLHIOUMX PEYOBMH Ta
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3pOCTaHHA KOHLEHTpaUili 6ioreHHUX Ta OpraHiyHMX Cnonyk y Bogi. PyiiHauis
famby Ha KuiBcbKOMy BOAOCXOBMLLI B MICTi IpniHb HaHecna uumany LIKogy
POAOUMM 3eMIAIM — [ECATKW reKTapiB Hapasi 3aToneHi.

BinblWw nponoHroBaHa i cknafHa Hebesneka — 3abpyAHeHHs apTe3iaHCbKUX
BOJ, fAKi paHile 6ynM 3aKOHCepBOBAHVWMU i BBaXASIUCA CTPaTeriyHMM 3arnacom.
3apa3 BHacnigoK 60VMOBMX il Ta pyiHaUiil Ui CBEpA/IOBUHU 3abpyaHIOKOTHLCA.
JocTaTHb0 OfHOro NOTpansHHA 3abpyaHuKa, KU PO3MOBCIOLKYETLCA Ha BECh
FOPU30HT i 3p06UTL BOAY HEMPUAATHOK ANS BXXMBAHHS.

Bepyui A0 yBarv fAaHHi WOA0 MOLIKOMKEHHS pe3epByapiB 3 Bigxogamu
XiMiYHOro BMpOGHMLTBA Ha A30BCTani, SKi Tenep NOTEHLiIAHO MOXYTb NOTPanIsaTh
[0 BoA A30BCbKOro Mopsl, iCHyBaHHs Hebesneka BTPaT OKPEMUX MOPCHKUX BUAIB
Ta 3a6pyHEHHS MOPCbKUX EKOCUCTEM.

3 novatky MOBHOMACLUTabHOI BiHM [lep)KaBHa eKonorivyHa iHchekwyia
CymcbKoi 061acTi HapaxyBasa Maibke 1,5 MApg rpH €KOMOriYHUX 36MTKIB 3a
3acMiYeHHs BOAHUX 06’ekTiB CyMLUMHW, BHACMIZOK 36poiHOi arpecii pd. Byno
po3paxoBaHO 36UTKM 3a 3acMideHHA 9 BOAHWMX 06’€KTIB, 30Kpema OXTUPLLMHM
BHACNiLOK NigpuBy aBTOMOGINLHUX MOCTIB, MPUYOMY CyMa 3arofisiHol LLUKOAU He €
0CTaTOYHOH). TaK, IHCMEKTOPU BUABUIIN, LLIO PYIHYBaHHS MOCTY No6am3y c¢. MoXxHs
BenunkonucapiBcbKoi rpoMaan nprasena Ao 3acMiveHHst p. Bopcknuus 6inbLu HixX
Ha 97 MAH TpH 36UTKiB. Bing c. KysemuH [pyHbCbKOT rpomagy 3a/uLKu
OyaiBeNbHUX KOHCTPYKLiA MOCTY 3acMiTunu p. Bopckna, WO noTArno 3a coboro
€KONOTiYHI 30UTKN Ha cyMy Maiixe 69 MAH rpH. Taky XX Cymy LUKOAW, Maiixe 69
M/IH TpH, 3aMofisHO [AOBKINMK BHACcMifOK 3aCMiveHHs1 BOAHOro 06'ekTa B C.
CeMepeHbku TpocTaHeLbKol rpomagu. Migpus e of4HOro Mocty TpOCTAHELbKOT
rpomMagu B ¢. MuKuTiBKa Npu3BiB 4O 3aCMiYeHHS MPUPOLHOTO BOLOTOKY Ha CyMy
noHag 17 M/ rpH.

Omxe, 3yMOB/eHi  BIliCbKOBUMU  AisiMM  Npo6/ieMu,  MOLUKOMKeHa
iH(pPacTPyKTypa, 3HULLEHHA POCAMHHMX (OpMaLiii, NpobiemMmn 3 AKICTIO BOAHMX
pecypciB, 3abpyfHeHHs [OBKiNNA € [LOBroTpMBaIMMKM Ta MOTPedyOTh 4acy,
pO3p06MEHHS METOAMK ANS NiApaxyHKy 30WTKIB i 3axofiB MO BiAHOBMEHHIO,
pecypciB 4ns iX BUPILLEHHS.

Cnuicok nitepatypu

1. OuiHKa eKonoriyHol LKOAW Ta NPIOPUTETU BiLHOBMEHHS [OBKINNA Ha
cxogi Ykpainu. — K.: BAITE, 2017.- 88 ¢

2. ENVIRONMENTAL IMPACTS OF EXPLOSIVE ORDNANCE
CONTAMINATION. MINE ACTION REVIEW POLICY BRIEF 2021

3 Martepiaam VIl MiXHapoAHOT HayKOBO-MPaKTUYHOI  KOH(epeHUii
“P036ya0Ba iHHOBALiiHNX EKOHOMIKW, MEHEMKMEHTY Ta OCBITU B yMOBax HOBOI
couiansbHoOT peanbHoCTi” Bun. 14: Kuie, MixperioHansHa Akafemis ynpasniHHA
nepcoHanom, 26 TpasHsa 2022 p. /pegkon. : M. ®. MoHuapeHko. 2022. 346 c.

4 KomneHcauis eKonoriyHol WKOAN BHACNIAOK BOEHHMX Aili: MiXKHapogHa
npakTMka. AHaniTmyHa 3anucka. — AHgpycesuy A., Kosak 3. — PecypcHo-
aHaNiTUYHUIA LUeHTP «CycninbCTBO | fOBKINNA» . 2022
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PIYKA CYMKA AK OXEPENO 3ABPYAHEHHA PIYKW MNCEN

KysbmiHa T. M., goueHT, CymAY, m. Cymu; OcTaneHko B. B., CTygeHTKa;
Babko P. B., IHCTUTYT 30050rii iMm. I. I. LUmanbrayseHa HAH Ykpaidu, m. Knis

Piuka CymKa € npaBol MPUTOKOK MepLioro mopsaky piuku Mcen. Ti
[IOBXMHa CTaHOBWUTb 6/IM3bKO 29 KM. Pycno piuku i 3annaBa iCTOTHO 3MiHeHi Bif
BUTOKIB A0 rupna. 5-kinomeTpoBa nepearvpnosa fAinsHka pycna Cymku
po3TalloBaHa y Mexax Mmicta CyMu i BATPUMYE BB HU3KN HEraTUBHUX YNHHUKIB,
cepefl SIKMX BMU3Ha4vanbHy ponb Bigirpae KociswmHebke Bogocxosule [1]. O6’em
BO/JOCXOBMLLA CTAHOBUTL 6/M3bKO 14,1 MNIH.M2, LLIO Y Ma/IOBOAHI POKU NEPEBULLLYE
06’em piyHoro ctoky Cymku. dopmyBaHHA CTOKY CyMKM Y HWKHIA Teuii
BifOYBaETbCH MNEPeBAXHO 3a PaxXYHOK HafXOMKeHHs BOAM 3 KOCIBLYMHCBKOrO
BOLOCXOBULLA, WO [06pe MOMITHO Y Mepiogu «UBITIHHA» BOAW, KOMW Boja Y
BOZOCXOBWLLi | HA HWKYEPO3TALLOBaHI AiNAHLi pycna piukvm HabyBae SICKpPaBoro
CMaparfoBoro Ko/sibopy, 3yMOB/IEHOI0 PO3BUTKOM Y BOJOCXOBULL (DiTOMNAHKTOHY.

MeToto Liel po6oTn 6yno ouiHUTK 6iomacy QiTONNaHKTOHY, AKa HaaX0AUTb
y Mcen no pycny Cymku B nepiog «UBiTiHHA» KOCIBLYMHCHKOrO BOAOCXOBULLA i
(haKTUYHO SABNSIE COOOO OpraHivHe 3abpyAHEHHS.

Mpobu BOAM BiAGMpanM NpPOTAroM BepecHs-nucTonaga 2022 p. Ha
nepearvpnoBiii AingHui piuku CymMKuM BuULLIE Ta HVDKYe BNagiHHS Ti NpaBoro Aonnuney
— piukn CTpinkn. KamepanbHy 06po6Ky Mpo6 3diiiCHIOBanM 3 BUKOPUCTaHHAM
onTU4YHOro Mikpockony PZO Warshzawa. KinbkicTb KMiTUH  BOAOPOCTEl
nigpaxosysany y Mikponpobax 06’emoM 25 MK npu 36inblieHHi 150%, a ix
iHAMBIAyanbHY 6iomacy BU3Ha4YaM 3a MeTOLOM 06°eMHUX Mogenei [2].

JomiHyrounmMm y nepiof, «UBITIHHA» 6ynu ABa BUAK: LiiaHo6akTepis (CUHbO-
3eneHa BogopocTk) Oscillatoria sp. i KpunTodiToBa BogopocTb Cryptomonas sp.
Mpwn LUbOMY 3HaYHY NepeBary 3a YMcenbHICTIO | Macoto Mana Oscillatoria sp., sAka i
CMpUYMHSNA CMaparLoBO-3e/ieHe 3a6apB/eHHs BOAM.

Pe3ynbTaty KinbKiCHOTO 06/1iKy (hiTONMaHKTOHY Y p. CymKa npeAcTaB/ieHi
Ha puc. 1. HaiiBuuii 3Ha4YeHHS u4KMCeNbHOCTI | 6iomacu  (iTONMAHKTOHY
cnocTepiraimca  y  BepecHi. MakcuMasibHa — 3apeecTpoBaHa  UUCENbHICTb
(hiTonnaHKToOHY y pivyi Cymui B nepiog gocnigpkeHb gocdrana 57,96+9,09 mH.
kn/n, a Giomaca BogopocTein — 287,5+44,89 wmr/n. 3rigHo 3 KomnnekcHoro
€KONOTiYHOK  Knacugikalieto SKOCTi MoBepxHeBMX BOA cywi [3], 6iomaca
(biTONNaHKTOHY MoHag 50 Mr/n BignoBijae KaTeropil NPUPOAHUX BOJ — LY>XKe
6pyaHa (5 knac), a 3a TPOGHICTIO — rinepTpodHa.

AK BUAHO 3 rpadiikiB, iIHTEHCMBHE «LBITIHHS» TPUBAO NPOTArOM BEPECHS i
XKOBTHSA. 1N BU3HaueHHs 6ioMacy BOLOPOCTeN, IKa 3a 03HaYeHWI nepiog Haginwna
3 KociBLwuHCbKOro Bofocxosuia no pycny Cymku y lcen, BpaxyBanu cepesHio
nuTomy 6ioMacy BOJOPOCTEN An1s BepecHs i XOBTHSA (228,3 r/m%) Ta BenMunHy
BUTpAT BOAM piuky CyMKU B nepiof NiTHbO-0CIHHBOT MeXeHI, fka ctaHosuna 0,215
m3/c [4].
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MIH KN/n mr/n
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A b

Puc. 1 — YucenbHicTb (A) i 6iomaca (B) hitonnaHkKToHy B p. CymKa (BepeceHb-
nuctonag 2022 p.).

MpoBeaeHi focnifmkKeHHs MoKasanu, WO 1we 3a 4Ba MICALI «UBITIHHA» 3
piukn CymKmM o piuku MNcen Hagiliwno 254,5 T BogopocTeit. Tpeba 3a3HaunTu, Wwo
6inbLia YacTnHa 6iomacu Byna yTBOpeHa LiaHobakTepieto 3 pogy Oscillatoria, fka
MIiCTUTb Taki HeOe3neyHi PeYoBUMHWM $K TFenaTOTOKCMHMW, HEAPOTOKCUMHM i
JepMaToKCMHK. 3 6Giomacolo BoAopocTein Ao piuku cen 3a BU3HAYeHMIA Mepiog
Hagiiwno 3,8 T HiTporeHy Ta 0,5 T docthopy. 3a Takmii e nepiog — 60 gi6 3i
CTiYHMMK BOAAMU 3 O4UMCHUX criopy g M. Cymu y piuky cen moxe HagxoauTtun go 9
T HiTporeHy i go 7 T docgopy. OTxke, piuka CymKa B nepiof «UBITIHHA»
KOCIBLLMHCHKOr0 BOJOCX0BHLLA € MOTY)XXHUM [KEpPesioM 3abpyaHeHHs pidku MNcen,
AKe 3a Ki/IbKICTIO HITPOreHy i poctopy € NopiBHIOBaHWM 3 aHa/I0riYHUM BMNIMBOM
Ha piyvky Mcen cToKiB 3 04UMCHUX criopyg M. Cymu.

Cnuicok nitepatypu

1. Ky3bmiHa T. M., Criopuw O. O., flarya I., babko P. B. ®akTopu Bnavsy
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4. MacnopT piukn Cymka. 3BIiT Npo cTaH Manux pivok. O6nacHe
ynpasniHHSA BOAHWUMY pecypcamu, M. Cymun, 1991,
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EKO/IOTI4YHI ACMEKTY BI/IMBY HA IAHALLA®T TA IPYHTOBUW
MOKPUB EKOCUCTEM HACNIAKIB BIMCbKOBOT ArPECIT pg

Kypac B. I1., cTygeHT; AxHenko O. M., cT. Buknagay, Cymy, m. Cymu

eorpaciyHe posTallyBaHHA i KniMaT YKpaiHu Haginunm il 6aratcTtsoM
NaHawadTie, nopu i gayHn. Ha ii Teputopito npunagae 35 % Giopi3HOMaHITTS
€sponn. Came KniMaTMYHI yMOBM Ta 6iOTMYHA CK/IagoBa CTa/i OCHOBHMM
(hakTopoM (POpMYyBaHHSI POAKUMX IPYHTIB Ha TepuTopil YKpaiHu, 46% 3 sKux
MPUXOANTLCS Ha YOPHO3EMU PI3HOTO TUMY. [PYHT — Lie X1Ba EKOCUCTEMA i B TOM e
yac 0OMEXEHWIA XXMTTEBOHEOOXIHWIA eKocucTeMaM i NOANHI pecypc, AKuiA Nerko
BTPaTUTK, 60 YTBOPEHHS i BIAHOBNEHHS I'PYHTY Bif0OyBacTLCA CTOMTTAMU.

MpuynMHamy BTpaTU POAIOYOCTI IpyHTaMU JoHedaBHa Oynu maclitabHe
PO30pHOBaHHS, HaAMipHe BUNacaHHA XyLoou, nepeyLifibHeHHS, 3MEHLLEHHS BMICTY
rYMyCy, BUCHEXXEHHS [PYHTY u4epe3 BWKOPWUCTAHHSA HENpaBUIbHUX CiBO3MIH,
3a0pyHEHHS I'PYHTY Yepes BHECEHHS HAAMIPHOT KiflbKOCTi 0OpUB Ta NecTuumais,
3ac0/1eHHA Yepes HenpaBMIbHUIA NONKB TOLO. He ocTaHHE MicLie CTana Bigirpasartu
3MiHa Knimarty, Wo nocunmno npobneMy nocyx i CTano 3arocTproBaTh Npobnemy
MOCUNEHHSA CMYCTENHOBaHHS.

Haxanb BiicbkoBa arpecis pd gofgana HOBMX NPOG/IEM SIK HACeNEHHIO, Tak
i NpupogHUM pecypcam YKpaiHn. OKpiM 3pyHOBaHNX MICT Ta BENMKOT KiNbKOCTI
3arnbnmnx, NOCTIiHI 06CTPINM HAHOCATb CEPIiO3HI EKOMOTiYHI 36UTKK: BUBYXN,
noXxexi, 6ombapayBaHHs, pyiiHYBaHHS NPOMUCIOBMX 06'€KTIB Ta 06C/YroBYHUMX
CUCTEM MNpPWU3BOAATL A0 3abpyAHEHHA MOBITPS, BOAMW, 3HULLEHHA POCIUHHUX
thopmaLliii Ta yHikabHUX ekocucTem. Arpecis pg npussena 4O MOTPaNASHHA y
JOBKINNA WKIiAAMBUX | HEGE3NEUHUX PEYOBWH, SHULLEHHS POAKOYOTO Lapy IpyHTY,
3MiHM nNaHAWadTiB Ha BEMKMX AifSHKaX TePUTOPINA, 3HWULLEHHS POC/MHHOMO
NoKpuBY, 06’€KTIB AMKOI (hayHW, B TOMY 4MCAi 3aHeCeHMX 0 YepBOHOI KHUTW
YKpaiHu.

Ha cTtaHi naHgwagTiB Ta rpyHTIB 6e3mocepefHiii BNIMB BOEHHWIA [iit
NPOABNSETLCA B BUrNAAi  TpaHCopMaLil NOBEPXHEBUX AINAHOK, (i3UYHOro
(ynamkamm, 0CKonKaMu) i XiMiYHOro 3abpyHEHHS TEPUTOPINA, 3MIHOI (i3NYHKX i
XiMiYHMX BNacTMBOCTEN, 3HULLEHHAM 6ioNorivyHOI cknagoBoi. Ha micui BUOYXiB i
60/i0BNX fili YTBOPHOKOTLCS BWPBW, PYWHYHUM CTPYKTYpY Ta MOPYLUYHOUN
CTabifNbHICTb IPYHTY, 1X BNaCTUBOCTI, CTalOTb NOAANBLUOKD MPUYMHOIO Aerpafavii
'PYHTY, BUKIMKAKOUU MiCLEBE YLLiNIbHEHHS, MiABULLYIOYM 3[aTHICTb BEPXHbOIO
Luapy I'pyHTY [0 BiTPOBOI UM BOLHOT epos3ii.

CTyniHb LWKIiZMBOIO BNAMBY Ha Micli BMOYXiB i YTBOPEHHS BUPB i
LUBMAKICTb X NPUPOAHOrO BiAHOBMAEHHS 3aNeXWTb Bif TUMy [PyHTY, Tuny
6oenpunacy, cknagy BWMOYXOBOI PeYOBMHW. 3HAYHO Hebe3MmeuyHili Hacnigky i
6iNbLINA 06’€M LLUKOAW Big4yBatOTb CyXi, MICKONOAIOHI, HELWiNbHI, Mano3axyLLeHi
POCNMHHICTIO I'PYHTM MOCYLLIMBUX PEriOHiB.
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MpuknagoM LWBWUAKOT Aerpafauii naHAawagTie i FpyHTIB NOCYLUIMBUX
perioHiB MOXyTb cnyryeaT OneLluKiBCbKi MiCKW, BUHEHKHEHHS SKMUX MOB’A3aHO
Kpa3 3 BiliCbKOBUMW HaBYaHHAMM Ha LiMX TepUTOPIAX.

OCo6/MBICTIO MO3WLIAHMX BOEHHUX MPOTUCTOSHL € PUTTA OKOMiB Ta
CTBOPEHHS iHLUKNX (hopTudikaLiiH1X cnopya, Lo Beae 40 pYViHYBaHHA naHALadTa
Ta BEPXHLOTrO LWapy FPYyHTY, 4O PYWHYBaHHA CTPYKTYpW IPYHTY NpuU3BOAATb i
NnepeMilLleHHs BaXKKOT TeXHiKW. 3HuLLeHa i fitoya TeXHika 3a/ulae 3HauHy
KiNbKICTb LUKIAMBUX PEYOBUH Y IPYHTI Yepe3 BNAVBW Bif BUKWAIB ManbHOro Ta
nigTiKaHb ONMBW.

Mpu BMbOyxax abo [eToHauisx 6oenpunacis BiAOYBaeTbCA BUAINEHHS
He6e3MeYHMX XiMIYHNX PEHOBUH, HAaNpPUKNad TOKCUYHMX 3a0pyAHIOBaYiB, TakuX K
TPOTWUA, FeKCoreH abo LUWKMNOHMT. Pa3oM i3 3a1Mikamy BUMOYXOBMX PEYOBUH B
CepefoBULLEe MOXYTb HafXOAWTWM | [HWI TOKCUYHI NPOAYKTWM po3nagy uu
KOMMOHeHTW 6oenpunacis, B TOMY uucni Baxki Metann. Ockifbkn 6oenpunacy 3
4yacoMm ferpagytoTb, Finb3n NiggaloTbea Koposii, TO Hebe3neyHi XiMiYHi pevyoBUHU
MOXYTb NPOTIKaTW B 'PYHT i I'PYHTOBI BOAW, i Hajani CTaHOBUTY 3arpo3y 340pP0B't0
Noaeli, TBapWH i POCNNHHOIO CBITY. He MeHLIOW nNpo6iemod € MacluTabHe
3aMiHyBaHHS TepuTopiiA. 3a oiLiHUMKM AaHMMK NNoWa TakuX TEPUTOPIA MOoXKe
caratn fo 15% TepuTopil YKpaiHu.

Y KBiTHI 2022 poky B pamkax npoekty SIDA P1400 / A1900 - “INSURE:
moving nature based climate solutions into Ukraine’s Reform agenda” 6yna
npoBefAeHa OuiHKa (i3NYHOrO pPyiiHYBaHHS MPYHTOBOrO MOKPUBY XapKiBCbKOT Ta
CyMcbKOi 06acTeil 3a AONOMOror aHanidy KoCMivHMX 3HiMKiB (Sentinel). Byno
o6cTeXkeHo 1 655 845.3 ra opHux 3emenb ctaHoMm Ha 20.03.2022. Mnowa
MOLLKOKEHOr0 IPYHTOBOrO MOKpUBY CTaHOBWMIa 6582.0 ra. 3a ekcrnepTHUMMU
ouiHKaMu nfowa ¢i3n4HOro pyliHyBaHHA MOXe 6yTu 36inblueHa Ha 20 %. 3a
JaHumy  "Acouiauii  canepiB”, CTaHOM Ha 3apa3 3abpyAHeHO BUOYXOBUMM
npegmeTamy 6/M3bK0 82 TUCAY KBagpaTHUX KinomeTpiB Ykpainu. Lie maiixe 15%
Bif] 3ara/IbHOT M/IOLL AepXKasu.

Cnimcok nitepatypu
1 bnara A.B., 3aropogHiok |.B., KopotkuiAi T. P. Ta iHwi. Ha mexi
BW)KMBAHHSA: 3HULLEHHS JOBKINA Mif Yac 36pOHOro KOHQTIKTY Ha CX0Ai YKpaiHu.
Kwuis, Kut, 2017.- 88 c.
2. Mitigating the Environmental Impacts of Explosive Ordnance and Land
Release. Mine action review policy brief no.1 2021. — 28 c.
3. MnaHyBaHHA Bi4HOBNEHHS LOBKINNA. AHANITUYHA 3arunCKa.
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EKOMIOTYHI ACMNEKTW BUKOPUCTAHHA BIOJTOINMYHNX METO/AIB
OUYMLLEHHA MPYHTIB BIA4 BAXKUX METANIB

Mopoko C. O., cTyfeHT; AxHeHko O. M., cTapLuwii Buknagad, Cymay, m. Cymu

TexHOreHe3 cTaB NPOBIAHMM MPOLECOM, L0 BU3HAYaE (HOPMYBaHHS
€KO0NOro-reoxXimMiyHoro ctaHy TepuTopii. IHTEHCMBHE MPOMMUCNOBE BMKOPWUCTAHHS
NPUPOAHNX PECcYpCiB BUKANKANO CYTTEBI 3MiHM po3noginy 6araTboX XiMiYHMX
€NeMEHTIB Y MOBEPXHEBOMY LLapi niToctepn. Hacamnepes Le CTOCYETbCA BaXKKMUX
meTanis (BM).

['PYHT € OCHOBHUM CepefioBMLLEM, B AIKE NOTPan/sioTs TM, y TOMy unci 3
aTMocepu Ta BOAHOIO CepefoBuMLLa. XapaKTepHOK 0COBMMBICTIO FPYHTIB € TXHA
30aTHICTb aKyMyntoBaTW 3a06pYAHIOOYI PEYOBMHY, L0 6arato B YOMY BM3HaYae
CTIMKICTb €KOCUCTEM [0 aHTPOMOreHHOro BMAMBY. 3aBAAKMW BUCOKIl MOrNMHAKOYI
30aTHOCTI, FPYHT BUCTYNae B pPO/i OCHOBHOIO aKyMynsaTopa, COpOeHTy Ta
PYVHIBHMKA TOKCWMKAaHTIB, Oyayun reoxiMiyHum Gap'epom ana  mirpauii
3a0pyAHIOKUMX PEYOBMH Ta 3aXMLLAK04M CYMiXKHI cepeoBHLLA Bif aHTPOMOreHHOro
BNAMBY. HakonnyeHHs TOKCMHIB Ta NPOAYKTIB iX TpaHc(opmauii y rpyHTax Bege 4o
3MiHN TX DI3NYHMX, XIMIYHMX, BI0NOriYHMX BlacTMBOCTEn. Came TOMY OUULLEHHS
'pyHTIB Big BM € aKTyaslbHOK Npo6/1eMot0, L0 NOTPedye BUPILLEHHS.

Baxxki MeTam B OCHOBHOMY MOCTYNalOTb Y I'PYHT Y BUMNAAI OKCUAIB Ym
KaTioHiB (AKi MOXYTb 6YTW PO3UMHHUMU, TaK i NPAKTUYHO HEPO3YUHHUMM Y BOLI).
Y pasi NiABULLEHHSA KUCNOTHOCTI I'PYHTY NEBHI e/IEMEHTU BaKKUX MeTanis (KagMmil,
NM6YM TOLLO) i3 HEPO3UYMHHUX CONeli NepPeXoAsATb B iOHHY (hOPMY i CTAHOBASATLCS
JOCTYNHUMU N8 NOFMHAHHA TX 3 BOAHUMU PO34MHaMU POC/IMHHUMU OpraHimamu,
i Hagani MirpytoTb No TPOGiYHUM NlaHKaM EKOCUCTEM.

Bigomi HacTynHi rpynu MeTofiB, LIO BWUKOPWUCTOBYIOTb [JI1 OYMLLEHHSA
'PyHTIB Bif BM: MexaHiuHi, (hi3nKo-XiMiyHi Ta 6i0n10riyHi. Mpu MexaHiuHMX Ta
(i3NKO-XIMIYHMX METO[axX OYMLLEHHSI 3a0pyfAHEHY 4acTUHY T['PYHTY 3HIMatOThb,
BMBO3SITb Ha 6i0TEXHOMOriYHE 3Banulle | 36epiratoTb ioro Tam. Lleit metop
€KOHOMIYHO 3aTPaTHWIA | He BUPIiLLYE OCHOBHOIO EKOMOTIYHOr0 3aBaHHs.

®i3nKO-XiMiUHI METOAM BK/IKOUAKOTb CTBOPEHHSI KOMM/EKCIB «eCOPOEHT —
MeTaN» Ta IX BUMMBaHHS 3a [JOMOMOrOl PO3YMHHMKA. Lle 6ifbl gelleBnii MeTog,
asie BUMMBaHHA KOMMJIEKCY «MeTa — [eCOP6eHT» opraHiuHMMM i HeopraHiuHUMK
PO3YMHHMKAMM MOXE NPU3BOAMTM [0 MOripLIeHHS BAacTUBOCTEN ['PYHTIB,
CTBOPIOKOYUM [0AATKOBUIA (haKTOp PYMHYBAHHA MPUPOAHMX BIACTUBOCTEN I'PYHTIB,
BUK/OHAKOUMN MOXMBICTb TX NOAANMBLIOr0 BUKOPUCTAHHS.

Came TOMy 0CO6/IMBO aKTyaslbHUM € BUKOPUCTAHHS Bi0NOriYHUX METOfiB
OUULLIEHHSA, SKi MatOTb BUCOKY e()eKTUBHICTb, HETOKCUYHI | EKOHOMIYHO AOLiNbHI.
Mpuknagamn 6ioNOriYHUX METOLIB OUMLLEHHA €: (hiTopemesiallis, OUMLLEeHHS 3a
BUKOPUCTaHHA MiKPOOPraHi3MiB, OYMLLEHHSA 3a Jonomorow npenapaTis MMAP,
OUVILLEHHS KOMM/IEKCHWX 3a6pyAHEHb HATOH | BAXKKUMM MeTaiamu 3a 0MOMOrOH
MiKpoopraHismis i npenapatis MAP.

diTopemMesiallis BKNHOYAE OYULLEHHSA, IO 6a3yeTbCAd HA BUKOPUCTaHHI
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3e/1IeHNX POC/IMH. ICHYIOTL pPi3HOMaHITHI Nigxoan AN peanisauii gaHoro cnocoby
ouuLLeHHA. PiTogerpajauia 6a3yeTbca Ha PO3KNafaHHi BUCOKOMOMEKYNAPHUX, B
OCHOBHOMY OpraHiyHuX crnofyk B rpyHTI [0 PEYOBUH, AKi HE € TOKCUYHUMMU i He
CTaHOBNATL Hebesneky; iTocTabinisauis  ((piToimobinisauis) 6asyeTbcqd Ha
3HWKeHHI 6i0f0CTYNHOCTI 3a6pyAHIOBaYa B I'pyHTax; (DiTOBMNAPIOBaHHA BK/IHOYAE
BUKOPUCTaHHA POCAWH  ANA  MOMMHAHHA PEYOBMH POC/IMHAMMW 3 PYHTIB,

HailuacTile BWKOPMCTOBYETbCA (DITOEKCTPaKLis, ska  6a3yeTbCs Ha
BUANIEHHS] BXXKMX MeTaniB Ta iHWMX MOMOTAHTIB i3 3abpyAHEHOro IpyHTY 3a
fonomoroo pocavH. CyTb MeTogy nonsrae y norfvHaHHi  BM  KopeHsimu,
KOHLIEHTPYBAHHS X Y HaI3eMHWX YaCTUH POCAWH. Hagani Taki pocIMHY BUAANSAOTb
3 TepuTopiii i BMKOPMCTOBYIOTb SIK cybcTpaT B 6iorasoBMX YCTaHOBKax Afs
OTpUMaHHsA 6iorasy. BM 3 pocnMH B MpoLeci oTpuMaHHsA 6iorasy nepexofsaTb B
BifHOBNEHY (hOpMY, i YTBOpPEHi CMOMlyKM HETOKCUYHI Ans ekocucTem. [ocu
MiHyCV MeTofy (hiToeKCTpaKLUil HaBefeHi B Tabnuui 1.

Tabnuua 1 — MepeBaru i HefonikM MeToda iToekcTpakLii

Nepesaru Hegnoniku

MoxkHa 3acTOCOBYBaTM AN LUMPOKOrO | BMKOPMCTOBYETLCA B OCHOBHOMY A5
pagy  OpraHiyHMX i HeopraHiyHWX | OUMLLEHHS CepefoBULLA 3 HA3LKOO YK
3a6pyfiHIOBaYiB CepefHbOI0 KOHLEHTpaLieto 30yAHMKIB

Mo>xxHa BUKOPUCTOBYBATM in — Situ Tak i | MeTog € e()eKTUBHUM Tiflbku nNpu
eX — Situ, fK Ha IpyHTOBMX, TaK i Ha | YCYHeHHi NoBepxXHEBOro 3abpyaHeHHS

BOZHWX cybcTpaTax 'PYHTIB B MeXax KOpPeHeBOi 30HU
poc/inH

He notpebye poporo o6nafHaHHs 4w | MpoLec OYULLEHHA AINAHKU  MOXE

cneyjianbHO HABYEHOro NepcoHany 3aiiMaTy fie-Kifbka pokiB

3MeHWYyeE  KiNbKiCTb  Bigxodis, WO | JTiMiTytoumm (PakTopom € KniMaTuyHi

3aX0POHSAKTLCA Ha MOJIiroHax YMOBW i NepiofnYHicTb Beretauii

3amaceHa B POCMVHHIA  6iomaci | HeobxigHicTb 000B’513K0BOT

MOTEHLUiAHA  eHepria  Moxe  OyTW | yTunisauii 6iomacn Ta KOHTPO/O 3a
BMKOpPMCTaHa AN BUPOOHMUTBA 6Giorasy | mMpouecoM yTunisauii 6iomacu nicns
AK a/IbTEPHATUBHOIO [KEpena eHeprii (hiTOeKCTparyBaHHs

[o pocnvH — iTopemeiaTopiB BMCYBalOTb HU3KY BUMOT: CTIKICTb [0
BMCOKMX KOHLEHTPaLiii MeTaniB y I'pyHTI, 30aTHICTb MOM/IMHATK AeKiflbka MeTaniB
OAHOYACHO Y BWCOKMX KOHLEHTpauisX, 3abe3neyeHHs e(eKTUBHOro TpaHCMopTy
B&XXKMX MeTaniB i3 KOpPEHeBOi CUCTEMMW Yy 3efeHy 4YacTUHY POCAWHW, BUCOKa
WBKUAKICTb POCTY, CTIMKICTb POCAUH A0 Pi3HOMAHITHMX XBOPOO i LUKIZHMKIB.
MpuknagamMn pocnvHam, Wo etheKTUBHO BUKOPUCTOBYHOTLCA B (DITOEKCTPaKLiT €
paiirpac, npoco BOMOCOBWAHE, aMapaHT, 03MMWIA pinak, 6ina ripunys, pegbka
OniliHa, 6YPKYH XOBTWIA.
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CTATUCTUYHI METOAU B EKOJTIOTTYHNX OOCTIAXEHHAX

LLTaHbko M. O., ManaHxgiii A. 4., 3y6ko [. |. cTyaeHTw;
Poii I. O., goueHT, CymAy, M. Cymu

CTaTUCTUYHI METOAM € HEBIA’ EMHOK YaCTMHOK KOO iYHUX AOCIAXKEHb Ta
[03BONAIOTb OLHIOBATW CTATUCTUYHY 3HAYMMICTb OTPUMAHUX AaHWX, 3HAXOLUTM
3B’S13KM MK Pi3HVMKW NapaMeTpamu Ta NPOBOAMTW MPOrHO3yBaHHS. HaivacTiwwe
BOHM BWKOPMCTOBYHOTbCS ANS  aHanisy nonynauii BWAiB, OUIHKM PU3MKIB
3abpyAHEHHS OBKINNA Ta BU3HAYEHHS NPUYMH NPUPOAHNX KaTacTpod.

[0 CTaTUCTUYHMX METOLIB, AKi LUMPOKO BMKOPUCTOBYHOTLCA B EKOJIOFIT,
BXOAATb aHani3 BapiaHTHOCTI, KOPensUiiHWA aHanis, perpeciiHuiA  aHanis,
KnacTepHWiA aHani3 Ta aHasi3 rofloBHUX KOMMOHEHT. BUKOPUCTaHHS LMX MeTOiB
[03BOMISIE  OTpMMaTK OBifbll TOYHI Ta [AOCTOBIpPHI pe3ynbTaTh  eKoMorivyHmX
JocnifkeHb Ta MiABULMTM e(heKTUBHICTb MPUIAHATUX 3ax0AiB AN 30epexeHHs
HaBKO/NLLIHBLOTO CepefoBMLLA.

3acTocyBaHHA CTATUCTUYHUX METOAIB Y €KONOorii [O3BO/ISIE HayKOBLAM
NpPoOBOANTM BiNbLU CKNaAHWIA aHani3 AaHUX, Tak K B €KOJOTiT 3a3BMyail MPUCYTHI
6araToBMMIpHI 3MiHHI, TaKi SIK pi3HOMaHITHI MapameTpu cepeaoBulla, QisnyHi Ta
6i0N0OriYHI XapaKTEPUCTUKM NONYNALIA TBApPWUH i POCAMH TOWO. BMKOpUCTaHHA
CTaTUCTUYHNX METO/IB A03BONSE 3pOOUTU BUCHOBKM Ha OCHOBI BEMIMKOT KiNlbKOCTI
JaHUX, LLIO BEXK/IMBO AN PO3YMIHHA CKIAAHNX EKONOTIYHMX MPOLIECIB Ta BUPILLIEHHSA
npo6siem ekonorii.

OfHVMM 3 OCHOBHMX 3aBfaHb EKONOTiYHUX [OCAIIKEHb € BWBYEHHSA
eKocucTeM Ta X (DYHKUIOHYBaHHS. BUWKOPUCTaHHA CTaTUCTUYHUX METOLIB
[03BONSE NPOBOANTM aHaNi3n, Ki BUABNATL 3MiHU Y (OYHKLIOHYBaHHI eKocMUCTeM Ta
i0EHTUIKYIOTE YAHHUKK, SKI MOXYTb BM/MBATUM Ha Ui 3MiHW. 3acTOCyBaHHS
CTaTUCTUYHUX METOZIB Y €KOJOTiT € 4OCUTb PI3HOMaHITHUM, HanpuKnag:

1. AHanis nonynsuiidi: OUiHIOBaHHA PO3MIpPIB Ta AMHAMIKMA MNONynsuii
TBapWH i pocnvH. Hanpuknag, BUKOPUCTaHHA MOAENEN NiHIMHOIO pocTy A03BONSE
OUHMTK pO3Mipy nonynauii 3a 17 po3MipaMuM Ha Mo4yaTky [AOCNIMKEHHA Ta
LLIBMAKOCTI NPUPOCTY MPOTArOM LOCAI[KEHHS.

2. Bu3HauyeHHs 6iopi3HOMAHITTA: BU3HAYEHHSA PiI3HOMAaHITTA eKOCMCTEMU Ta
I piBeHb CTabifbHOCTI. Hanpuknag, iHaekc LLUeHHOHa BUKOPWUCTOBYETbCA ANA
BM3HAYeHHS GIOPI3HOMAHITTA EKOCUMCTEM Ha OCHOBI KiJIbKOCTi BUAIB B Hild.

3. AHani3 eKoCUCTEMHMX TpPOLECiB: aHani3 MpoLeciB, TakMX K LUK
BYI/IELt0, PYX MOXMBHMUX PEYOBMH, EHepreTMuHi NOToKM Towo. Hanpuknag,
3aCTOCYBAHHA K/IACTEPHOrO aHasisy MOXe A0MOMOrTH ifleHTUIKYBaTWN CXOXICTb
MiXK eKocrcTeMaMm Ta ix 0c06IMBOCTAMM.

BrKOpPWUCTaHHS CTATUCTUYHMX METOAIB B EKOMOMIYHWUX [JOCHI[KEHHAX €
HeoOXigHUM KPOKOM [15 OTPUMAaHHA TOYHUX Ta AOCTOBIpHWUX pe3ynbraTis. Ll
MeTOoAM [ornomMaratoTb 3p03yMiTV CKIafHI eKONOriYHi npoLecu, BUABUTM Npobiemu
Ta NPUAHATN HeOBXIAHI 3aX04u ANs 36epEXKEHHS HABKONMLLIHBOTO CEPeA0BULLA.
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MIABULWLEHHA EKOMOTMIYHOI BE3MNEKW FTA/IbBAHIYHOIO
UMHKYBAHHA MPU SACTOCYBAHHI MOAN®IKOBAHNX
LNHKATHUX ENTEKTPONITIB

Konomoeup O. O., cTyaeHT; Kncnosa O. B., foueHT, KniBCbKMiA HawioHaNbHWiA
YHIBEPCUTET TEXHONOrI Ta gnsaiiny, M. Kuis

OfHUM 3 PO3MOBCHOMKEHMX METOAIB 3axMCTy MeTaniB Bif Koposil €
eneKTpoxiMiuHe LUMHKyBaHHS [1]. MpoTe Leil npouec € eKOMoriyHo LLUKIAINBUM.
Uepe3 HaKONUYeHHs! B PO60YOMY PO34YMHI PEYOBUH, SKi HE3BOPOTHO MOTipLIYHOTb
TEXHOMOrYHI  MapameTpu Mpouecy, BiAGYyBaeTbCsA 3AMB  BiAnpalbOBaHMX
e/1eKTPONITIB. TOMY CTiYHi BOAN MICTATb COMi BXKKMX MeTasiB, LiaHig-noHu, coni
amoHil0, Pi3Hi opraHiyHi Cnonyku, sKi 3HaYHO 3a6PYLHIOTb HaBKONWLLHE
cepegosuiLLe [2, 3].

MpoBeAeHHs pereHepauii enekTponiTiB rasbBaHiYHOro BUPOBHMLTBA |,
30KpeMa, eneKTPOXiMiYHOro LMHKYBaHHS, NOJErLLye NPOLECH OUMLLEHHS CTIYHUX
BOZ, fa€ MOX/IMBICTb NMOBTOPHO BUKOPUCTOBYBATU JefKi KOMMOHEHTU eNeKTponiTy
Ta OUYULLEHY BOLY Ha Pi3HMX CTafisX TEXHO/MIOMYHOro MpoLecy, a TakoX CYTTEBO
3HMXKYE COBIBApPTICTb BUKOHAHUX POGIT [2].

[na npouecy UMHKYBaHHA feTaneid 3i CKNagHOK reoMeTpUYHO (hopMOoto
BMKOPUCTOBYIOTbCS  JIYXKHI  €NeKTPONITH, SKi  XapaKTepusyrTbCA  BUCOKOI)
PO3CitOBa/IbHOK 3AATHICTHO, LU0 3abe3Mneyye HaHECEHHS PIBHOMIPHOIO TOHKOro
MOKPUTTSA MPWU HEBWCOKIA TYCTUHI cTpyMmy. [poTe wiaHIiCTi Ta amiakaTHi NyXHi
e/IeKTPONITY € WKISMBUMU LN HABKOMMLLHLOTO cepefosuia [1].

Tomy MepcnekTUBHUMM € LUHKATHI eNeKTPONITH, A0 CKagy SKUX BXOAATb
noniamiHW, L0 BUABNAKOTb MOBEPXHEBO-aKTUBHI Ta KOMIMIEKCOYTBOPOOUYI
B/IACTMBOCTI. BOHW He TiNbKM NOKPALLYOTb MPOLLEC eNIEKTPOKPUCTaNi3aL il LMHKY Ta
TEXHOMOTIYHI  YMOBW, AKICTb  YTBOPEHUX  MOKPUTTIB,  MEPeLUKOLKA0Th
NMPOHWUKHEHHIO Pi3HWUX arpecBHUX PEYOBUH BrMG MeTasly, a TakoX [03BONSANOTb
3HM3WUTU BMICT CNONYK LUMHKY B CKNafi enekTponity B 2-3 pasm [1].

MofanbLIOro 3HWKEHHS LUKIANMBOrO BMMBY FaibBaHIYHOMO MPOLECY Ha
HaBKOJINLLIHE CEPefOBULLE MOXHA JOCATTY LLSXOM CTBOPEHHS 3aMKHEHOT CUCTEMU
BOL006Iry, BAOCKOHaNEHHIO CKMafdy eNeKTPOSiTiB ranbBaHyBaHHS, MOX/IMBOCTI
pereHepaii KOMMOHEHTIB e/IEKTPONITY.

Cnucok nitepatypu

1. Hsieh J., Hu C., Lee C. Effects of polyamines on the deposition behavior
and morphology of zinc electroplated at high-current densities in alkaline cyanide-
free baths. Surface and Coatings Technology. 2009. V. 203 (20-21). P. 3111-3115.

2. Zhong X., Jiao F., Qin W., Wang D. Review on treatment and disposal
methods of electroplating sludge. Electrop. Finish. 2017. V.36. P. 948-953.

3. Song S., Sun W., Wang L. et al. Recovery of cobalt and zinc from the
leaching solution of zinc smelting slag. J. Environ. Chem. Eng. 2019. V.7 (1). P. 7.
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YOOCKOHAJIEHHSA TEXHONOI 1T BI0/I0MNYHOIO OYMNLLEHHSA
CTIUHMX BOZ LWAAXOM BIONOMIYHOI IHAYKOBAHOI AKTUBALLIT
MIKPOOPIAHI3MIB AKTVBHOIO MY Ny

3abapa I. |, acnipaHTka; Mnauyk M. A., npodhecop;
BaTanbues €. B. cTapwwuii Buknagay, Cymay, m. Cymu

OfHi€t0 3 rONOBHMX NPUYUH, L0 NPU3BOAATL A0 HeJOCTaTHbLOI ePEKTUBHOCTI
6i0/10TYHOr0 OUMLLIEHHS CTIYHMX BOA Ha MiCbKMX CTaHLisSiX OUYMCHMX CMopyaax, €
MopyLUEHHA BioLEHO3Y MIKpOOpraHiamiB akTMBHOIrO Myny Bif Aii pi3HOMaHITHUX
TOKCMYHUX 3a06pY[HIOOUMX PEYOBMH, SIKI HAAXOAATb Ha OYMCHI  Cropyau.
BioueHo30M MikpoopraHi3MiB axkTuBHoro myny (gani — 6ioueHos MO AM)
Ha3MBaETLCA CMifilbHE iCHYBaHHA MiKPOOPraHi3MiB akTUBHOTO MyJly, L0 Ha/leXaTb
[0 Pi3HKX (i3ioNoriYHNX TMNiB, 06YMOB/IEHE BIAMIHHOCTAMU TX (hYHKLNA.

MnbuHa  Ta LWBMAKICTb TpaHcthopMaLiiHUX MepeTBOPEHb TOKCUYHMX
peyosuH MO AM 3anexuTb Bif Liforo KOMMIEKCY B3aEMOMOB’A3aHNX YNHHUKIB:
CTPYKTYPM i BNACTUBOCTeE TOKCUYHMX CNONYK, (Di3UKO-XiMiYHUX YMOB CepefoBULLLa
Ta OKWUC/MIOBa/IbHOrO MOTEHLiany, SKUA 3aNeXuTb Bifg XapakTepy 6ioueHosa MO
AM. HaitvacTiwe ansa gerpagauii 3a6pyaHIOUNX PEYOBUH HEOOXIAHWUM € LMK
MOCMifA0BHMX MIKpPOGIONOriYHMX MepeTBOPEHb 3 MOEAHAHHAM pPi3HOro  Tumny
6aKTepianbHOro MeTabonismy.

Y WTy4YHO cTBOptoBaHOMY 6GioueHo3i MO AM aepOTeHKiB 3abe3nevyoTbes
YMOBU [N PO3BUTKY (h/IOKY/NOYTBOPIOKOUMX 6GakTepiii. BoHM matoTb nepesary
3aBAAKMN BUCOKI LUBUAKOCTI BiATBOPEHHS i OKWUCMEHHS OPraHiuHMX CroyK.

Came B poboyMx 30HAX aepoTeHKIB CTBOPIOOTLCA YMOBM [J1  LMKIY
nocnigoBHMX MIKpO6ioNoriYHUX NepeTBoOpeHb: Nepiody agcopouii 3abpyaHoYMX
peyoBVH, fani (hepmeHTauiiHOMy nepiofy Ta nepiogy KMITUHHOTO [AMXaHHS,
XapaKTepHOro 415 HiTpudikauiiHnx 6akTepili.

KniTyHHEe AnXaHHA € CKIafHMM MNPOLecOM, KW BKHOYAE (hepMeHTaLliiHi
peakuii OKUCMOBa/IbHO-BIAHOBHOIO TUMY, L0 3aKiHYYOTLCSA MOCTa4aHHAM BOAHIO
[0 AVXa/IbHOTO NaHuora KMiTMHU. LIMKn nocnifgoBHMX thepMeHTaUiliHNX peakLili
KNITUHKW, SKNIA CYNMPOBOMKYETLCS CUHTE30M AT®, Ha3MBalOTb OKWCMHOBATbHUM
LMKNOM TprKap6oHoBMX KucnoT (umknom Kpebea) [1, 2].

MOXXIMBO MPUNYCTUTK, WO A1 MOKPALLEHHS 6i0oLEeHO03y MiKpoOopraHismis
aKTMBHOro Myny Oy/b-iKa PevyoBMHA, fiKa € 6e3nocepegHiM KOMMNOHEHTOM LMKITY
Kpebca, MoXKe BYTU [)Kepesiom eHeprii Ta HaaXoANTI 3 DKELD, AK LiiHHa eHepreTUyHa
peyoBMHa. TOMy, 3amnporoHOBaHO Crnoci6 6ioforivyHoT iHAYKOBaHOT aKTuBaLii
MiKpPOOpPraHismiB akTMBHOIO My/y, KU BKOYAE Bifbip 3BOPOTHOIO aKTUBHOIO
Myfly Ta Moro 06po6ky Kap6oHOBUMU KUCNoTamu Lmky Kpebca (MMMOHHOKO Ta
OypLUTMHOBOK) 3 MOfanbLUMM MiAPOLLYBAHHAM Ha OCBIT/IEHWX CTIYHMX BOZaxX B
6aKTepianbHUX KyNbTUBATOPAX.

Tak, Ha cTaHuiil ouncHuMx cnopyg M. Cymu MpoTArom [ABOX POKiB ige
JocnimpKeHHs cnocoby 6ionoriyHol  iHAYKOBAHOT akTuBalil MiKpoopraHiamis
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aKTMBHOTO My/y BM3Ha4YeHWMK KapboHOBMMM KucnotTamm Uukny  Kpebcea.
PesynbTatv MiKpo6ionoriyHOro KOHTPOsIO 3a NPoBeAeHHAM cnocoby 6ionorivyHoT
iHYyKOBaHOI aKTMBaLlii MiKpOOpraHi3aMiB akTUBHOIO MyJy HaBefeHi y Tabn. 1.

Tabnmua 1 — MikpockonyBaHHA BUAOBOro cknagy MO AM fo Ta nicns
NnpoBefeHHs cnocoby 6ionoriyHoi iHAyKoBaHOT akTuBaLlii 3a 8-9.02.2022 poky

MikpoopraHizmu [Jo Micna KinbkicTb
aKTUBHOIO Myfy 6ioakTmBauii | 6ioakTMBauii | npeacTaBHMKIB MO
(MO AM) MO AM MO AM AM
CapkofoBi ++ + «» —
LDKryTKOBI + - MPUCYTHICTb
IHy30piT + ++ npeacTaBHUKIB
KonosepTku + ++ MO;
[HLWI XvKaku + +
BakTepii Zoogloea + ++ «hy -
BakTepii noni-hochopHi + ++ MPUCYTHICTL
BaKTepii-HiTpUiKaTopH + ++ BENMIKIN KINIbKOCT!
HuTyacTi cipkobakTepii + - Buais MO;
IHWI HUTYaCTI GakTepii ++ + . .
Fpm6|/| (fungi) ~ ~ «=» — Bl,qcyTI-_HCTb
- NpeACTaBHUKIB
AKTUHOMILETH ++ + MO

3a pesynbTaTamu JabopaToOpHOro KOHTPO/I0 MOXHa 3p06UTU BUCHOBOK, LLIO
cnoci6 iHayKOBaHOI 6i0aKTMBALLIT 3 IMMOHHOK Ta OYPLUTUHOBOK KWUCNOTaMu Aae
NiABULLEHHS  e(eKTUBHOCTI 6i0IONYHOIN0 OYULLEHHSA CTIYHMX BOA 3aBAAKU
NPVCKOPEHHIO MeTaboNiYHMX MPOLIECIB aepobHMX GaKTepiil, a TakoXX NPU3BOAUTb
[0 3HWKEHHS KifbKOCTi HUTYacTMX 6akTepili B 6iOLEHO3i aKTUBHOrO Myny.
JIMOHHa Ta 6ypLUTMHOBA KUCOTU € MeTaboniTamu LKy Kpebea, siki nocuniooTb
(hepMeHTOYTBOPEHHS aepobHMX BaKTepili , 36i/bLUYIOTb J03Y aKTUBHOIO MyJy Ta
nokpaLLytoTb BUAoBe pisHOMaHITTs MO AM. Takox, cnoci6é iHgyKoBaHOT
6i0aKTMBaALi 3 /IMMOHHOK Ta OYPLUTMHOBOKY KMCNOTaMMW He MOTPeBYye 3HAYHMX
(hiHaHCOBMX BMTpPAT i He BUMarae MogepHisaLii aepoTeHKiB.

Cnucok nitepatypu
1. bionoriyHa i 6ioopraHiyHa Ximis : y 2 KH. : nigpyyHuk. KH. 2. bionorivHa
ximist / KO.l. T'ybebkuia, 1.B. HixeHkoBcbka, M.M. Kopga Ta iH. ; 3a pea. HO.l.
y6ebkoro, 1.B. HixkeHkoBCbKOT. — 3-eBU. — K. : BCB «MegunumHax, 2021. — 544 c.
2. Kypc nekuiit 3 6ioximii. Po3gin «3aranbHi 3akOHOMIpHOCTI MeTabonismy.
MonekynsipHi OCHOBMW GioeHepreTMku»: Ana CTyA. creu,. 7.110101 aeHHoi dopmu
HaBuaHHs / /1. |. T'pebeHuk, 1. FO. Bucoubkuii. — Cymun : Cymay, 2011. — 74 c.
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HOBE TEXHO/IOMYHE OBNAAHAHHSA A/19 KAHANMIBALIMHUX
OUYNCHNX CIMOPY [ BAPEOTAXHOIO TUMY

Xyra O. O., acnipaHT, HTY «XIMl», M. Xapkis

MMocuneHHs eKonoriYHMX BMMOT Ta 3pOCTaHHs LiH Ha eHepropecypcu
HaBOASATb A0 HEOOXIAHOCTI OUULLEHHS CTIYHUX BOA BigMOBIAHO A0 HOPM CKMAAHHS
Ta po3po6KK Bifbll eHeproeeKTUBHMX npouecis. OAHMM 3 OCHOBHMX HanpsMiB
[NSt 3HVKEHHSA €KOJOTIYHOT LUKOAM Ta eKOHOMIYHMX BUTPAT € cTagis 6ionorivyHot
OUMCTKN. MOXMBe 3HMXKEHHS eHeproButpaT bnmsbko 30-70 BiACOTKIB
EHEProcnoXXmBaHHSA OUMMCHUX CMOPYA CbOroAHI Mpunafae Ha aepauiiHi cucTemu.
36ibLUMBLLN edeKTUBHICTL CTagil 6i0N10rYHOr0 OUULLEHHS, B1 MOXETe 3HaYHO
CKOPOTUTM BUTPATU Ha EHEpPrito Ta eKcnuyaTauito.

MprHLMMI po60TK CUCTEMM aepaLil CKNafaeTLCA B HACTYMHOMY: MOBITPA Bij
MoBiTPOAYBHOI0 06/1aiHaHHSA Yepe3 MaricTpanbHW NOBITPOMPOBI Yepes OnycK Ta
MOBITPOPO3MOAINbHNAA  KONEKTOP PIBHOMIPHO PO3MOAINSETLCA 33 [OMOMOroH
aepauiiiHux MoayniB, i3 BCTAHOBMEHUMU Ha HUX aepaTopamu, B 06CA3i aepoTeHKa y
BUrnsagi 6ynobawiok piametpom Big 0,8 go 3,0 MM, 3a6e3nedyroum eqeKTUBHE
6ap60TyBaHHS NepeMillyBaHHS BOAHO-MYNOBOI CyMillli Ta HaCMYeHHS Ti KUCHEM.
3acTocyBaHHA aepaTtopiB 3 MepghopoBaHO0 MeMOPaHOK [03BO/ISIE eKCnIyaTyBaTu
cUCTeMy SIK y 6e3nepepBHOMY, TaK i NepiogNYHOMY PeXXKnMI aepauii, OCKiNbKW npu
BIIKNOYEHHI Mofadvi MOBITPS B CMCTEMY OTBOPY B MeMOpaHi 3aKpuBaroTbCH,
3anobiralounm UMM HaAXOMKEHHS BoAM B cucTemy. AepauiliHi - cuctemm
eKcnyaTytloTb  CreLianizoBaHi  NigNpPMEMCTBA 3  OYULLEHHS  FOCMNOAapCHKO-
nobyToBMX Ta MPOMUCNOBUX CTIYHMX BOZ, BiANOBIAHO O "TpaBW/ TEXHIYHOI
ekcnyatauii cucTem Ta crnopys KOMyHaslbHOro BoAonocTa4aHHs".

Memb6paHHi  Andy30pu — iHHOBaLiiHa TexXHOMOris  ApibHoNyXupyacToi
aepauii. FKwo noTpibHa BMCOKa LWiNbHICTb YCTaHOBKM AMQy30piB Ta Mai
LUBMAKOCTI Nojadi NoBiTps, BOHW MOXYTb 6yTW BCTaHOB/IEHI Ha Oyab-AKil JOHHIl
NMOBEPXHI. HernepeBepLLEHY eDEKTUBHICTb aepaLlii. EHeproetheKTUBHICTb Y HikabHa
reomeTpis gudysopa 3 MOKpalleHO MnepdopoBaHO MemOpaHoH 3abe3nevye
BMCOKa LWUiNbHICTb YCTAHOBKM Ta HM3bKa nogadva MnoBiTps, WO NPU3BOAMTL A0
BMCOKOT LUBWAKOCTI NEPEHECEHHS KUCHIO 3a MiHIMa/IbHUX BUTPAT eHepril.

Memb6paHy pPo3pO6EHi 3 METOK 3MEHLLEHHS BTPAT TUCKY, WO A0AATKOBO
CKOPOUYE CMOXMBaHHS eHeprii. Bucoka HagiiHICTb TecTu 3a YMOB NPUCKOPEHOr0
CTapiHHA [OBeNN nepeBarn TOBCTUX, THYUKUX MeMOpaH 3 nofiypeTaHy.
BoLOHENPOHUKHA KOHCTPYKLIS CUCTEMW TOPLEBMX 3'€4HaHb Ta YLUi/IbHEHb
3MeHLLYE 3HOC NPY NOCTIVHIN ekcnayaTauii. TecTu 3a yMOB NPUCKOPEHOT0 CTapiHHS
[0Beny nepeearn TOBCTUX, FHyYKMX MeMbpaH 3 noniypetaHy. BofoHenpoHWKHa
KOHCTPYKLiA CUCTEMW TOPLEBMX 3'€fHaHb Ta YLLilbHEHb 3MEHLUYe 3HOC Mpu
MOCTIVHINA ekcnnyaTtauii. MoXJ/MBe 3aCTOCYBaHHS B yMOBax “BK/./BUMK. MOAAHHS
nosiTpa”.
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KepamiuHi gudy3opu 3acTOCOBYHOTLCA AN aepauii arpecUBHUX, BUCOKO
KOPO3iliHMX CTiYHMX BOf, 3abe3mneyytoun eleKTUBHE Ta EKOHOMIYHE MEPEHECEHHS
KUCHIO. Hu3bKi 3araiibHi BUTpaT KepamiyHi LUCKM NpecytoTbes 0COBMMBUM
CrocoboM [OCATHEHHA BUCOKOI EEKTMBHOCTI MEPEHOCY KWUCHIO MPU HU3bKUX
TUCKax NOBITPA. Pi3Ha LWifbHICTL MOBepXHi Aucka 3abesneuye PiBHOMIpHWIA
po3nogin nosiTps. Lie 3MeHLIye BTpaTW TUCKY B CUCTEMi, CMOXWMBAHHA eHepril,
eKcnayaTaliHi BUTpaTyh Ta, TaKMM YMHOM, 3arajibHi BUTpaTu. EHeproedeKTMBHICTb
Pi3bb0Be CTOMOPHE KifbLe 3a6e3neyye HagdiliHy repMeTmn3aLlito KepamivyHUX ANUCKIB.
Mpw NigBULLEHHI TUCKY NOBITPS 36iMbLLYETHCS | TUCK Ha KiNbLEBE YLLiNbHEHHS, WO
3abe3neyvye HanexHy repmetusauito. OCKiNbKM HEMae BUTOKIB NOBITPS, BigCYTHI i
BTpaTy eHeprii.

[pibHonyxupuacTi  gudysopn, SK nNpasuio, BUKOPUCTOBYHOTLCS [AJ1S
6ionoriyHoro  OuuLWeHHs, aepauii  mepes  CKMgaHHAM  Ta  Jesofopauii
LW1aMO36IpHNKIB.  MOX/MBO — BMGpaTV  BUCOKOE(EKTUBHI  Audysopn  ans
CTaHAAPTHUX 3aCTOCyBaHb Ta MpPWU Manux TUCKax MOBITPA abo HafiiiHi KepamiyHi
Andy3opu Ans 3aCTOCYBaHHA, L0 BUMaratoTb KOpPO3iiiHOT CTIKOCTI.

[ina 3acTocyBaHHA B GifbLL arpecMBHUX CepefoBULLAX, TaKUX K MPOMUC/IOBI
CTiYHi BOAM abo wWwiaMm, BMOMpaliTe CUCTEMM BEIMKOMYXMPYacToi aepauii.
BcTaHOBMOIOTLCA B MICKOB/IOBMIOBAYaX, YCepeAHIOBaYax Ta LUMamo3bipHMKaX,
LLUMPOKOCMYTOBI Audy30pw.

AepaLiliHi (6pu3kanbHi) andysopn. AepaTopu LbOro TUMY PO3MILLYHTLCS
Hag MOBepxHeld 60Ky (inbTpiB abo Hag BOAO36IPHMM pe3epByapoM Manol
MICTKOCTI, SIKLLIO TEXHO/IOTif He Nepefbayae TPMBAIOr0 KOHTaKTy BOAW 3 MOBITPSM,
abo 6e3nocepegHbO Haf KOHTaKTHUM pesepByapoM. KOHCTpyKuis aepauiiiHoro
faceiiHy € CWUCTEMOK) BOAOPO3NOAINLHUX TPy, 06fagHaHWX connamu,
pO3TalLOBaHNMK PIBHOMIPHUMU MyYKamu MO KinbKa LITYK NO BCilA naoLLi 6aceiiHy.
Conna cny>atb /19 pO3KPYyUyBaHHSA MOTOKY BOAM, AKUIA HA BUXOZi YTBOPIOE haken,
o 3abesneyvye BUCOKMIA CTyMiHb aepauii. AepauiiHniii 6aceilH CKafaeTbcs He
MeHLLIE HiXX i3 ABOX CeKUii. Mpu ounleHHi B Wil cnopyai Bugansetbes go 50%
PO34YMHEHOT 0 BYT/IEKUCIONO rasy. Heonikom aepatopa L0oro € 1A0ro Benvka niowa
NPV HEBUCOKOMY TifpaB/iyHOMY HaBaHTaXKEHHI.

K BMCHOBOK MOXHa Bif3HAYMTW, WO HE AOCTaTHbO Ti/IbKM KynuUTK
aepaTopu, BaX/IMBO FPaMOTHO Ta NPOGeciiHO MpopaxyBaTy Ta 3MOHTYBaTW BCHO
cuctemy. [pu MPOCTOTI YCTaHOBKW, WO 34aeTbcsA, Tpeba [OTpUMyBaTMCA
nocnigoBHOCTI AilA: nogbaty nNpo nigBefieHHs MOBITPOBOAIB, BUKOPWUCTOBYBATU
nepexifHUKM i Take iHLLue.

Cnuicok nitepatypu
1. Ruane, R.J., Hauser, G.E., Factors Affecting Dissolved Oxygen in
Hydropower Reservoir, Waterpower 1991, Proceedings of the International
Conference on Hydropower, ASCE, Denver, Colorado, July 1991.
2. Kiss A. Cyclic distillation — Design, control and applications // Separation
and Purification Technology. — 2014. — Vol. 125. — P. 306-336.
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PEMMOHAJIbHA EKOTIOINMYHA BE3INEKA B YMOBAX BOEHHOIO CTAHY

Teeppoxnebosa H. €., goueHT; €8TYywWweHKo H. C., foueHT, kadesapa 6e3neku
npawi Ta HaBKONMLLHLOro cepefosuia, HTY «XIMi», M. Xapkis

ExonorivHi Hacnigkv BiliHW, fika TpuBae B YKpaiHW BXe OinbLue poky
BHaCNigOK BTOPrHeHHs pocilicbKoi teaepauii BenmyesHi. O6CTPIiNN XUTIOBUX
6YAMHKIB, MPOMUCNOBUX MiANPUEMCTB, TPAHCMOPTHOT IHPPACTPYKTYPK, HA3EMHMX
i MOPCbKMX CNOpyf, a TakoX 06'€KTIB BOAOMNOCTaYaHHs, caHiTapil Ta ynpasiHHS
BiIX04amu 3aBAany LLMPOKOMACLLITaOHOT Ta Cepio3HOT LLKOAW 3 Be3nocepeHiMu i
[OBroCTPOKOBUMM HacnigKaMu ans 340p0B'a N04ei Ta eKOCUCTEM.

Halibinblly Likody OTOYYHUOMY CepefoBHWLLY HAHOCATb PakeTHI yaapu
Bopora. PakeTHe nanvBo 3abpyfHIOe PYHT i Body He6e3neyHumu XiMiyHUMK
peyoBuMHammn. BHacnifok nocTiHUX ygapiB no HadTonepepobHMX, XiMiYHMX
3aBOfax, EHEPreTUYHIiA iH(pacTPyKTypi, NPOMICIOBMX CKNafgax Ta Tpy6onpoBogax
noBiTps, BOAa Ta I'PYHT Y KpaiHi 3abpyaHEHI TOKCUYHUMUN PEYOBMHAMU, MOXEXKAMM
Ta ob6Banamu Oygisenb. Tak, BHacnigok 06CTPiNiB YKpaiHCbKMX TepuTopiii
POCIiCbKMMM paKeTamu 3HULLEEHO NoHad 40 HadTob6as. PocilicbKi aTaky Ha NanBHi
CKMagu NpW3Benn A0 BUMKMAY TOKCWMHIB Y MOBITPA Ta IPyHTOBI Boagn. Maclutabu
HaCTiNIbKW BENVKI, L0 6IOPi3HOMAHITTS Ta CTabiNbHICTb KnimMaTy nepebyBatoTb Mif
3arpo3ol0 y 6GaraTbOX perioHax KpaiHu. Yepes moxkexi B aTMocepHe NOBITpS
noTpanmno noHag 500 TUC. TOH TOKCUYHMX PEYOBMH. Haxkanb, KpaiHa byae matu
Bifl LbOr0 AOBrOTPMBA/NIA HEraTUBHNIA edieKT.

Cepef, NOTEHLiAiHO Hebe3MeYHMX EKOMOTIYHIX HACAIAKIB BifiHN B YKpaiHi, y
rno6ansHoMy macliTabi € pusuku, nos’asadi 3 AEC [1] Ta pyiiHyBaHHsaM EC.
MoXXyTb NPOWATY POKK, MEPLL HiXX BMNAMB 3a6pyAHEHOT BOAM Ta BN/INB TOKCUHIB Ha
300pOB'A CTaHe O4YeBUAHWM. 3a AaHUMK BCecBiTHbOI eKOMorivyHoi opraHizauit
WWEF, BHacniflok MNOLKOMKEHHS H(PACTPYKTYpy BOAOMOCTAYaHHA 6/113bKO
1,4 MfIH 0Cib B YKpaiHi HMHI He MatoTb AOCTYMY 0 6e3nevHol Boau, a we 4,6 MiH
0Ci6 MaroTb inLe 06MexxeHuin gocTyn [2]. OKpim BigCYTHOCTI MKepen NUTHOT BOAW,
LLle OIHUM HacniAKOM BiliHW € iHGeKLiT y NocTpakaanmx panoHax.

3pocTatoTb BUKMAM B aTMOC(Epy MapHMKOBMX rasiB, TakUX SIK [ABOOKMWC
Byrneuo (CO?). € npami BUKUAW, AKi BifOyBalOTbCA B pamKax GOMOBMX il
(ob6CTpin  yKpaiHCbKMX MICT KpunaTUMK pakeTamu abo 0O6CTpin  poCiicbKoT
apTunepitl). Kpim TOro, iCHyl0Tb BUKMAW Bif BICbKOBMX TPaHCMOPTHUX 3aco6iB,
TaKVX AIK TaHKW, BUHMLLYBaYi Ta kopabni. Lie TakoX BefMye3He HaBaHTaXKEHHSA Ha
JOBKiNNA. BHAcNifoOK NOXeX Ta po3vBY Na/MBHO-MACTWILHUX MaTepianis
SHULLYETBCA BepxHili pojtoumin wap 3emni. Lle HeratMBHO MNO3HAYUTLCH Ha
CiNlbCbKOMY TOCMOAapCTBi Ta MNOCTaYaHHi HaceneHHs MpoLOBO/LCTBOM Micns
3aKiH4YeHHs BiliHW. Big BMOyxiB 60enpunaciB Ta pakeT MOPYLUYETLCA pPenbewd,
PYVHYIOTBCA | MPOCIAa0Th IPYHTU, BMBOAATHLCA 3 flafy 3Ha4Hi Macveu pinni,
3a0pYHIOIOTLCS BXKKUMW MEeTanamu, EHEpPreTUYHMMMK CnojyKamu, TakuMu §K
TpuHiTpoToNyon (THT), rekcoreH (reKcoreH) Ta pakeTHUM MaJIMBOM BOZOMMU Ta
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I'PYHTU Ha TepuTOpii KpaiHu. Cipka, fika HEraTMBHO BM/IMBAE HA AUXa/IbHY CUCTEMY
MOAWHW, € CKNafoBMM eNeMeHTOM MPaKTUYHO BCIX BUOYXOHEe6e3neUHnx
npeameTiB. Hacnigkamu Lboro MoXyTb 6TV AOBrOCTPOKOBI 3arpo3un 15 340poB'sa
HacefleHHsl, 30Kpema PU3MK OHKOMOTIYHMX Ta PEecripaToOpHUX 3axBOPIOBaHb.
BHacnifoK BifiHW 3HAYHO MOCTPaXXAanu NiCOBi MacvBM KpaiHW. 3HULLEHO MoHaf,
280 000 ra nicy. 36uTKM (hiopu Ta (hayHU niciB cknagatoTb 613bKo 185 MApg rpH.

LLLe ogHieto ekonorivHow Npobiemoto, Ky 6yae HeobXigHO BMpILLYBaTK He
OVH PiK — L Hacnigkn BeAeHHs BOEHHMX fiii (HeposipBaHi MiHW, CHapsaau, X
ynamKw, 3pyiHOBaHa BOEHHA TEXHiKa, 3pyiHOBaHI OyaiBni i cnopyamn). 3anmiKm
6oenpmnacis, Ha3eMHi MiHM ab0 iHLLI BUOYXOHEOE3MEYHI NePEXMTKM BiliHM cami No
c06i MOXyYTb 3abpyfHtOBaTU I'PYHT Ta FPYHTOBI BOAM MeTasiaMK Ta TOKCMHaMK Ha
JecaTuniTTA. Ha cborogHi BeMKi MacuBM TEPUTOPIN 3aNMLIa0TLCS 3aMiHOBaHUMM
i ng TOro, o6 iX po3MiHyBaTH, 3Haf061ATECA POKM. CTAHOM Ha CiYeHb MOTOYHOTO
POKY MOTeHLiiHO HeGe3neyHi TepuTopii, IKi HeO6XigHO PO3MiIHOBYBaTH, CKNagalTb
174 Tnc KM?, Lo CTaHOBUTL 30% 3ara/ibHOT MO AepXKaBu.

36WTKM HaBKONMWULLIHBOMY CepefoBuULly B YKpaiHi BHACMifOK BiiiHU
BeNMYe3Hi. YKpalHCbKa HeypsfoBa opraHisauis «PaxyHKoBa nanata» nepegbavae,
LLLO (hiHAHCOBI 36UTKM Bif, pyiiHYBaHHA HABKOMMLLIHBOTO CepefoBuLLA Mif Yac BiliHK
CTaHOBNATbL MoHaA 37 MinbApAiB fonapis. PyiHiBHA eKONOrivHa WKoaa Bif BiliHK
byge 06TsKyBaTW YKpaiHy Lie A0Bri POKW. Y KOPOTKOCTPOKOBIl MepcneKTuBi
YKpaiHa Mae 30CepeanTMCb Ha YCYHEHHI Ta 3HWXEHHI 6e3nocepeHixX pusmnKiB ans
300pOB'A NHOMEA Ta HaBKOMMLLUHBOIO CepefoBulla. Y 6ifbll AOBrOCTPOKOBIi
NepcneKkTMBi MOBOEHHE «3efleHe» BifHOBMEHHA CAif po3rnsgaTtn K eKOHOMiYHY
HeoOXiAHICTb (DYHLAMEHTANLHOrO MEPETBOPEHHA YKpaiHW Yy 6iK «3eneHoi» Ta
HY/bOBOI EeKOHOMiKW. [T0NnOoBHe 3aBAaHHA MIOACTBA Ha MICMSABOEHHWA 4ac —
OUMLUEHHS Ta BIAHOBMEHHA 3eMeNbHUX pecypciB  YkpaiHu, nepexif Ha
BiHOB/IOBaHI JKepena eHeprii. BaXK1MBMM 3aBAaHHAM, cepef iHLLOrO, € CTBOPEHHS
Ta PO3BUTOK COLLia/IbHUX CUCTEM, TakuxX SIK MPOAOBO/bYe Ta eHepronocTayaHHa a
TaKOX CUCTEMa OXOPOHU 340POB'S.

Cnimcok nitepatypu

1. Teepgoxnebosa H. €., JeHnceHko HO. |. 3abe3neyeHHs TEXHOTeHHOI
6e3nekn Ha 00’eKTax SAEPHOI EeHEpreTMKM Yy BOEHHMIA 4yac. Martepianm Il
MiXKHapoAHOT HayKOBO-MPaKTUYHOT iIHTEPHET-KOH(epeHLiT CTYAeHTIB Ta MONOANX
HayKOBLiB «AKTya/lbHi NUTaHHS OXOPOHY MpaLi Y KOHTEKCTI CTa/loro po3BuTKy Ta
€BPONENCLKOI iHTerpauii Ykpainn», 09-11 nuctonaga 2022 p. — X. XHYMTI imeHi
0O.M. bekeToBa, 2022. — 256 c. C 89-91.

2. Caiit BcecBiTHbOI ekonoriyHoi opraHisauii WWF  [EneKTpoHHUIA
pecypc]. — Pexxum goctyny: https://wwf.ua/about-wwf/about-wwf/
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HAO3BUYAWHI CUTYALLIT MPUPOAHBOIO XAPAKTEPY
AK PESYJIBTAT MOTEMIIHHA KNIMATY

NuceHko O. C., cTyneHT; TpyHosa I. O., goueHT, CymA4Y, m. Cymu

HagssuyaliHi npyvpogHi mogii, Wwo crtaimcs 3a OCTaHHil nepiog uyacy, €
[IOKa30M TOro, WO 3MiHa KnimMaTy Ta iHWi rnobanbHi YMHHWKA NPUPOAHOIro
CepefioBULLIA, MOXYTb BUK/IMKATY 3arpo3y Ans M0AWHN Ta CyCnifbCTBa B LiNOMY.
Benuki noxexi B ABCTpanii, noBeHi B A3ii Ta €sponi, TopHaao B CLLUA Ta yparaHu
B Kapnbcbkomy 6GaceiiHi € npuknagamy Haa3BUYaliHUX MPUPOAHUX NOAIN, SKi
CTaNCs 3a OCTaHHI poku. TpupogHi KaTaCcTpodnm BMAMBaKOTb Ha BCi cdepu
XUTTERIANBHOCTI, EKOHOMIKY Ta CYCNiNbCTBA 3arasioM.

Bnnme npupofHix Hebesnek He Mae KOPLOHIB. Taki fBMLLA AK rnobaibHe
noTenniHHA (3MiHa Knimaty 3emni), gerpafauis AOBKiNAA, 3MEHLWEHHS KifbKOCTi
npicHOi BOAM Ta iHWe — MiABMLLYIOTb PU3MKM BUHUKHEHHS HaA3BMYaliHMX
NPVPOAHKX NoAii. JIIOACTBO NOBMHHO YCBIAOMUTY peastii Cy4acHOCTI i HanpaBuTy
CBOIO Jis/IbHICTb Ha 3MEHLLEHHA BNIMBY Ha HaBKOMWLLHE cepefoBuLLe, aganTaLii
[0 3MiH, WO BigOyBalOTbCA Ha MAaHeTi, Ta BNPOBAMKYBaTW HOBITHI €KOMOTiYHi
TexXHoNorii.

MepegoBe Micue B peanisauii eKOMOriYHMX MPOEKTIB 3aiiMaloTb KpaiHu
€Bponu i € 6araTto NO3UTUBHMX NPMKAAIB peanisalii cTpaTeriin CTanoro po3BuUTKyY
Mo 3MeHLLEHHIO BMAMBY Ha [JOBKIiNNS. YKpaiHa, fK i 6arato iHWMX KpaiH, 3a3Hae
BMN/IMBY Pi3HNX MPUPOAHNX KaTacTpo®, BKIOYAKOUN NOBEHI, yparaHu, 3aMOpO3KHy,
NicoBi Ta TOP(’AHI NOXeEXi Ta 6araTo iHWWX KaTacTPOQiUHMX NPUPOSHIX ABuLLY,. Lii
ABULLA BifOYBAIOTLCA HE3aIEXHO BijJ NOPU POKY Ta MiCLLEBOCTI.

HeobXxigHO LWyKaTW KOMM/EKCHE PilleHHs, sike 6 [03BOAWMO BUPIWNTK
npo6sieMy MOBeHeld pa3 i HaszaBXAu, 3aMiCTb TOro, W06 LIOPOKY MaTu puU3NK
BUHVKHEHHA HaA3BMYalHUX HeGEe3MeK Ta HaCcNiAKM Bifg HUX.

OfHUM 3 HalBXX/IMBILLIMX KPOKIB € 3MEHLLIEHHS BUKMAIB NapHUKOBUX rasis,
TaknX K BYT/IEKUC/INIA ra3, MeTaH Ta AioKeug asoTy. Lie MoxHa 3p06mTu LUsxom
nepexofy Ha BIJHOBIOBAHY EHEPreTMKy, eHeprosbepexxeHHs Ta e(eKTBHe
BMKOPUCTaHHA pecypciB. Kpim TOro, MoXHa 3MeHLIUTU BUKUAW NapHUKOBMX rasiB
LUIAXOM 3MEHLUEHHS CMOXWMBAHHA M'ACHUX BMPO6IB TBAPUHHMLTBA, TOMY LU0
NpoLeC BUPOLLYBAHHA CKOTUHW 3abupae 6arato NpUpoAHUX Pecypcis, a TaKoX €
OJHUM 3 HalbiNbLUMX [Kepen NapHUKOBKX rasis. HaCTynHUM KPoKoM Moxxe ByTu
NiATPMMKa PO3BUTKY HayKOBMX LOC/I[XKeHb Ta PO3p060OK HOBUX TEXHOOTIN, Lo
[03BONATb e(heKTUBHILLE 3MEHLLYBATW BUKUAWM MApHUKOBMX rasiB Ta bopotucs 3
Hacnifkamu 3mMiHu Knimarty.

HapeLuTi, KpaiHW NOBWHHI CMiBNpaLoBaTK Ta Y3rofxysaTu CBOI Aii, Wwob
[OCArTU 3arafibHUX Linel y 3MeHLWEHHI BUKUAIB NapHUKOBUX rasiB Ta 3MEHLUEHHI
HacnigKiB 3MiHW KNiMaTy 18 BCbOro CBITY.
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PONb AIFECTATY Y NIABULLEHHI POAKOUYOCTI IPYHTIB
MapamoHoB A. B., acnipaHT; A6neesa l. tO., goueHT, CymAY, M. Cymu

HalisaknmBiy ponb y MiATPUMLI €KOMOTIYHOT piBHOBArM B I'pyHTI Bigirpae
3anac rymycy, SiKuii € MOXWBHUM CepefoBULLEM [17 MIKPOOPraHiamiB, Ki
CTUMY/IOKOTb XXUBIEHHS POCAMH Ta npouecy ix pocTy [1].

OCHOBY NPUPOAHOIO FyMyCy CTaHOBASATH 3a/IULLIKN OPraHibYHUX POC/MHHUX
PEYOBWH: HaliMeHLL pO3KafeHi YaCTUHW, YaCTUHW, LLLO LLie PO3K1adatoThCs, CKNagHi
PEYOBMHU, OTPMMaHI FigpOoi30M i OKUCNEHHSM OpraHiYHOT PeYOBMHM, pesy/bTaTt
XUTTERIANBHOCTI  MiKpoO6iB. Tlif 4ac MpoUEeciB 3 BWKOPUCTAHHSAM Tymycy
CrnocTepiraeTbes 36iNbLUeHHSA BPOXAHOCTI.

Y Oanii, HimeuuuHi, IHA[T, Ta iHWKX KpaiHax 3 1990-x pokiB NPoBOAMINCH
pi3HOro pofy BUNPoBYBaHHA , pe3y/bTaTaMu AKMX 6yN0 36i/bLLIEHHS BPOXA0 Mpu
BUKOPWCTaHHI firecraty sk joopusa.

MigBULWEHHA e()eKTUBHOCTI yTWnisauii 3anuwkis 6iorasy nos’a3aHe 3
peopraHisayicto  OCHOBHWMX BWAIB IPYHTOBMX MIKpPOOPraHi3miB, 36i/bleHHAM
YyacTKM GakTepild, WO CNpWsAOTb POCTY POC/WH, | 3MEHLUEHHAM YacTKN FPUOHMX
MIiKPOGHMX yrpynoBaHb i akTUHOMILETIB. MOXXUBHI PEYOBMHN Ta ENEMEHTU, BMICT
6iNKiB, XXMPIB, BiTaMiHiB MICTATbCS B MPOAYKTaX POC/MHHOIO NOXOAXKEHHS

Y CBITOBI NpakTuLi 6ioNoriyHi J06prBa 3aCTOCOBYHOTh Y Pi3HOMY BUAALI.
TBepLi peHoBMHN OTPUMYHOTb BUCYLLYBaHHSAM PigKoi hpakuii Ta pignuHu Ha BUXOAi
3 biopeakTopa.

Biogobpuea cnpusoTb 06POBGAEHHIO IPYHTY, TMM CaMUM MOKPALLYHUY 0ro
OCHOBHi  BIaCTWUBOCTI, @ TaKOX BOAHMIA Ta NOBITPAHWUIA pexxuM. [PyHT Garatuii
rymycom, pocthopom, Ta iHWUMK eneMeHTaMu.

36arayeHHs1 PyHTY OpraHiYHMMMW peyoBUMHAMW - TOI0BHA OCOGAMBICTb
Jirectaty. PerynspHe noctayaHHs NOXMBHUX PEYOBMH, TakKMX AK a30T i docgop,
HeobxigHe AN rnobanbHOi NPoAoBOMbYOI 6e3neku, a 36iNbLIeHHS NOBTOPHOIO
BUKOPWUCTaHHS MOXMBHMX PEYOBUH Hasad Y CiflbCbKe FOCMoAapCTBO 3 MOTOKIB
OpraHiYyHMX BIAXOMiB € HeoOXiAHUM ANs NiABWLLEHHS CTIAKOCTI CifbCbKOI Ta
MicbKOi MicueBocTi [2].

Cnuicok nitepatypu

1. IeneeBa A. B. TexHOMOrii BMKOPUCTaHHA firectaty A8 NigBULLEHHS
pogrouocTi pyHTiB: Marictepcbka po6ota. Cymn, 2020. 59 c. [1, ¢.33]
URL: https://essuir.sumdu.edu.ua/bitstream-
download/123456789/80150/1/Ivlieva_bak_2020.pdf;jsessionid=FD9070A6CFB5
DB41B7133E38FD2F2385 (naTa 38epHeHHs: 16.03.2023).

2. Lorik D., Makura B., Alstrom M. and others. Effectiveness of struvite
precipitation and ammonia stripping for recovery of phosphorus and nitrogen from
anaerobic digestate: a systematic review Environmental Evidence. BioMed
Central.URL: https://environmentalevidencejournal.biomedcentral.com/articles/10.
1186/s13750-020-00211-x (date of access: 18.03.2023).
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[0 MATAHHA BUAIJTEHHA NMAPHUNKOBUX T'A3IB
Y MPOLIECI KOMMNOCTYBAHHA

[J>kadhaposa B. P., acnipaHTka; BacbkiHa I. B., cTapLumii Buknagay,
CymAyY, m. Cymu

KomnocTyBaHHs € OAHUM i3 NOLUMPEHNX METOAIB NEPepodKM OpraHiuHMX
BIIXOAiB, WO A03BOMSE 3HM3UTM TX KiNbKICTb Ha 3BaNMLLAX, 3MEHLLYHUM BUKMAN
MeTaHy, i, BoAHOYac, MOBEPHYTM B KPYrooGir MOXXWBHI PEYOBMHU LUMSXOM
[0[aBaHHs KOMMOCTY B 'PYHT.

3aranbHOBIZOMUMY NepeBaraMi BUKOPUCTaHHA KOMMOCTYBaHHS €:

— YHUKHEHHS HEKOHTPO/bOBaHWX BUKWUAIB MeTaHy (CHa);

— 3MEHLLEHHS KiNIbKOCTi OpraHiyHmMX BifXOLiB Ha 3Ba/ULL;

— CTBOPEHHA KOMMOCTY, ANA BUKOPUCTaHHA B CilbCbKOMY roCnofapcTsi B
AKOCTI fo6pmBa abo /1 6opoTL6U 3 eposiEto.

Xoua YHVKHeHHS BUKMAiB CHy4 3 cMiTTE3BANIMLLA € OfHIEKD 3 MOTMBALLIN 4N1a
KOMMOCTYBaHHS OpraHiuyHmX BigX0AiB, OfHaK caM MPOLEeC KOMMOCTYBaHHA TakoX €
[DKEPenoM BUKUAIB NMapHUKOBMX rasis. B mpoueci KOMNOCTyBaHHA B aTMochepy
BuainatoTbcs COz, CH4, N2O, NHs.

Byrnekncnmin ra3 CO, € OCHOBHOK CMOMYKOH, L0 BUKUAAETHCA B
aTmocgepy nifg Yac KOMMocTyBaHHA. TMiff 4ac KOXHOro etarny KOMMOCTYBaHHS,
[iesika KiNbKiCTb BYT/IeLit0, HasiBHOTO B OPraHiYHii CUPOBMHI, OKMCHOETLCA A0 COo.
Ane ockinbky npofykuis CO; € NPUPOLHOID YaCTUHOK PO3KNaAaHHsA B6yab-AKuX
OpraHiYHNX PeyvoBUH, a BYr/elb, HafBHUIA Yy BUXiAHIA CUPOBWHI € BiOoreHHNM, Ui
BUKUAM MOXHA BBaXaTU KMIMAaTUYHO HeMTpasibHUMK. TO6TO Taka caMa KiflbKiCTb
CO; bypne HagxoaMTy [0 aTMochepun HaBiTb 3a po3KiafaHHS B MPUPOLHIX yMOBaX.

PeneBaHTHI LOCNIMKEHHS NOKa3ytoTh, WO cnonyku asoty (N2O, NO, NHs)
MaloTb 6inbll 3HAYHY poSib AK MapHWUKOBI rasw, HXK Le BBaXANOChb paHille.
Kpyroo6ir a3oTy nif Yac KOMNOCTYBaHHA nepeAbavae YNCNEHHI NPsMI Ta HeMmpsMi
npouecu. bionoriuHe BuaaseHHs a3oTy BKIOYAE HITPU(iKaLito Ta geHiTpudikauito
Ta, 3pewTolo, npu3soauMTb A0 BuKMaiB NoO. LosegeHo, wo 46-98% CHA4,
BMPOOGNEHOro nif 4Yac KOMMOCTYBaHHS CMOXMBAETbCA MeTaHOTpoamu Ao
noTpanasHHS B aTMochepy

NH; Takox Moxe 6e3nocepefHb0 BUKUAATUCA B aTMoctepy, 0cobamBo 3
[06pe aepoBaHOT CUPOBUHK, e MIKPOOPraHisMu 3MOXYTb I OKUCIUTU. Buknan
NHs3 Big KOMMOCTY 36i/bLUYOTHCA NPONOPLIAHO 36iNbLUEHHIO aepaLil, 3HKXYUM
cniBBifHoWeHHA C:N, nigsuiLyoum Temnepatypy Ta pH komnocry.

TakuM YMHOM, NpU NpaBUILHOMY TemnepaTypHomy pexxumi (50-70 °C) B
MPOLLECi KOMMOCTYBaHHS BMN/IMB NapHUKOBKX rasiB MpW NpoLeci KOMNOCTYBaHHA €
JOMNYCTUMUM i He NPU3BOAUTL [0 AOAATKOBMX BUKMAIB MAPHNKOBYX rasis.
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EKONOTIYHI NPOBNEMW BY IBHNLITBA CENITEBHMX 30H MICT
Ky3sbomeHcbka K. B., acnipaHTka; baTanbues €. B., cT. Buk/1., CymAY, m. Cymu

pagocthepa — npusemMHa YacTuMHa aTmocdepw, YycepeauHi  siKoi
CMOCTEPIracTbCs BMAMB MICbKOr0 CepefoBMLLA Ha CaHITapHO-TirieHiYHi Ta
KniMaTu4yHi ymoBu cepefosmiua [1].

KomnoHeHTamy  BMAMBY Ha  rpafocdepy MOXyTb OyTW:  Temnsosi
NMPOTMBMUMPOMIHIOBAHHA 3eMHOI MOBEPXHi pa3oM i3 BUMPOMiHIOBaYaMu Bif
TENNIOBMX Ta €HEPreTUYHMX YCTaHOBOK, LU0 YTBOPIOKOTb «TEM/I0BUIA KOBMaK» Haj
MIiCTOM; aepo30fii, rasW, IHLI PeYoBMHWU, L0 € BigX04aMM TEXHOMOTIYHUX
BUPOOHMLTB Ta € MPUYMHOK YTBOPEHHS TyMaHiB, CMOTY; BITPOBUI PEXMWM, LLO
3MIHIOETBCA 3a/1eXKHO Bif naHAwwagTy, NOBEPXOBOCTI 3a6yA0BU, CTPYKTYPM MicTa.
Po3amipu npocTopy BiguyTHOr0 BNAMBY LMX YAHHUKIB Ha rpafochepy 3a1exars Bif
penbedy Ta napameTpiB 3abyaoBM MicCTa, XapakTepy [1] Ta IHTEHCWMBHOCTI
BMPOOHMNYO-TEXHONOTIYHUX MPOLECIB | aBTOTPAHCMOPTY, a TaKOX Bij opraHisawii
360py Ta NepepobKyM MoOyTOBMX BiAXOAIB. MPOMWCNOBI KOMMAEKCHU, OCO6NMBO
thocthopHi, MeTanypriiHi Ta TenNO0BUMPO6GHMYI NigNPUEMCTBa, BUKUAAIOUM aepo3oni
Ta rasoBi BigX0Au, MOLUMPIOOTL TX Ha COTHI I TUCAYI KiIOMETPIB B OKPYS3i.

YHacnifoK B3aEMOAii TEXHOMEHHUX YMHHWKIB (ENeKTPUYHI nons, Lwym,
BibpaLlis, NigBuLLeHa BUTpATa KUCHIO Ta BUKWAM BiAnNpaLboBaHWX rasis, aepo3o/is)
i3 HaBKOMMLLHIM NPUPOAHUM CepefoBULLEM Ha TepuTopii MicTa (OpMYHTbCA
0C06/MBI 6IOKNIMAaTMYHI YMOBW, 3HaHHA Ta BpaxyBaHHS SIKMX HEOOXifgHi nig yac
PO3p006NEHHS FeHepalbHMX MaHIB MiCTa.

bioknimaTnyHa cuTyauis B >KWATNIOBOMY CepefoBMLLi CKafaeTbca Yy
B3aEMO/iT (DOHOBMX MOKa3HMKIB MIiCbKMX CEpPeAoBULL, i3 3a0yA0BOKD Ta eNeMeHTaMm
6naroycTtpoto. [porHo3 i (opmMyBaHHS CMPUATAMBUX GIOKNIMATUYHMX YMOB
3acobamu nnaHyBaHHs, 3a0y[0BK Ta 61aroycTpol — BaXK/IMBE 3aBLAHHSA MPOEKTY
[eTaNbHOr0 NnaHyBaHHA XXUTMIOBOr0 paiioHy. EKoMoriyHuiz gakTop BU3HaYae
MPOEKTHE pilleHHs: BMBIP HaNpAMKIB PO3BUTKY MICT, MPOrHO3 eKOo/orivyHoi Ta
MiKpPOKTIMaTUYHOT CUTYaUiT, BPaXOBYHOUM aHTPOMOreHHi Ta MPUPOAHT YNHHUKMW.

Halibinblw HecnpusTAvBUIA BNAWB Ha MPUPOAHE CEPefOBULLE YMHUTb
rocnofapcbka Jis/bHicTb, NoB’A3aHa 3 NPAMUM 3a6pyaHEHHAM aTMocdepu, 'pyHTY
Ta BoAW. HaisHauHiwwniA BNAVB Ha 340POB’S UMHWUTL 3abpyAHEHHS aTMOCHepW.
3peLwwTolo 3a6pyHIOBa/IbHI PEYOBMHU GifIbLLOK UM MEHLLIOH MIpOH 3a/1eXHO Bif,
TUMNY BUPOBGHMYOT AiSNILHOCTI Ta YMOB MNPOXWBaHHA B MICbKOMY CepefoBULLi
BM/IMBAIOTb HAa MELLKaHLIB MicTa. Bce Le notpebye noganblumx JoOCAigXeHb Ans
3abe3neyeHHs 6narononyyys Ta 340P0B’A HaCeNeHHs MICT.

Cnicok nitepatypu
1. l'ypeup /1. J1. HaykoBO-MeTOZO0/OriYHI OCHOBY €KOMOriyHOT 6e3nekun npu
3abpyfHeHHi aTtMoc(epHOro noBiTPS rasonuIOBUMU BUKUZAMU MPOMUCIOBUX
NiANPUEMCTB : JUC. ... A-pa TexH. Hayk : 21.06.01. Cymn, 2017. 313 c.
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®JIOTOEKCTPAKUIA — TOHKE OYNLEHHA CTIYHNX BOA4,
Map’enko H. M., cTygeHTKa; Maduyk 1. A., npodecop, CymAy, m. Cymu

BWCOKWIA CTYMiHb OUYMLLEHHS CTiYHMX BOJ BUMArae pPO3POOKM HOBUX
nepcrnekTYBHUX METOAIB 0UnLLEHHA. OLHUM i3 HUX € (DI0TOeKCTpaKLis.

Y 1961 poui ®. Cebba Bneplle 3anponoHyBaB (HIOTOEKCTPaKLi0 SK
anbTepHaTUBY IOHHIA (hnoTauii Ans BiAOKPEMIEHHS! PEYOBUH, KOMM YTBOPEHHS
noTpibHOi Ana dnoTauii NiHKM HeMOXnMBe abo HEOOXiAHO BifoKpemuTW 1T Ans
noAanbLIOro aHanisy. OcobnMBICTIO LbOro MeToAy € BifdineHHs cybnarta, SKWi
KOHLIEHTPYETLCS Ha MOBEPXHI BOAHOI (hasn B Luapi opraHiyHoi piguHu. Cy6nat
MOXe PO3YMHATMCA B OpraHiyHoMmy Lwuapi abo YTBOPHOBATU CYCMeHsito, Lo
YTPUMYETLCA 3aBAAKN 3MOUYBaHHIO.

POTOEKCTPAKLiO  BUKOPUCTOBYIOTb AN BUNYYEHHS  PO3YMHHUX
OpraHiYyHMX PeYOBMH Ha OCHOBI X NOBEPXHEBOT aKTUBHOCTI, MpW (ioTaLii ocagis i
rigpoobHMX PiAWH, a TaKoX ANA OYULLEHHA CTiYHWMX BOJ Bif OpraHiyHux i
HeopraHivyHMX LOMILLOK, fiKi NepebyBatoTb Yy PO3UMHEHIN (hopMi abo SK PigWHHI i
TBEPAi CMONYKWN HEPO3YMHHI Y BoAdi. KpiM TOro, ueil MeTof BMKOPUCTOBYIOTb Y
aHaNiTUYHIA  XiMiT K €noci6 KifIbKICHOro BW3HAYeHHs CnifdiB MeTaniB Ta
NOBEPXHEBO-aKTUBHMX peqoBuH [1].

dNIOTOEKCTPaKLia Mae nepesarn MOPIBHAHO 3 PiAMHHOK eKCTpakuieto,
OCKIi/TbKM He 3a/1eXXWTb Bif OCHOBHMX MapameTpiB NpOoLEeCY eKCTpakuii, Takmx K
06’eM OpraHi4yHOro PO3UMHHMKA, KOeiLIEHT PO3NOAINY PEYOBUHM MiXK OPraHiuHO0
Ta BOLHOIO (DasamMu Ta BUTpaTW OpraHiyHoi ¢asv. Mpu UbOMY, MOPIBHAHO 3
eKCTPaKLieto, 3MEHLLYETLCA BWUTpaTa OPraHiyHoOro PO3YUHHWMKA, 06’eM AKOro
3a3BWYali € 0CHOBHUM NapameTpoM.

Hepnonikamy MeTogy (DNOTOEKCTPaKLii MOPiBHAHO 3 (hnoTalierd € ioro
MeHLUa NPOAYKTUBHICTb, OCKI/IbKW BiH BUMarae MeHLOl KifIbKOCTi rasy, Lo He
pyiiHye BEPXHili Lap OpraHivHoi pigMHU B po3noAisibHOMY anapaTi. [poTe Ls Touka
30py MOXe 6y T CNiPHOH, OCKINbKM Y NpoLeci h0ToeKCTpaKLii cyoat Moxe 6yTu
LLIBM/IKO EKCTPAroBaHm1i Ta PO34YMHEHWIA B LUAPI PiAMHN, L0 He 3MILLYETLCS 3 BOJOHD,
LU0 JO3BO/ISIE BUKOPWCTOBYBATY BifbLue rasy.

MpOAYKTUBHICTb TaKOX 30iNbLUYETLCS 32 PaxyHOK 3MEHLLEHHS PO3Mipy
OynbballioK rasy, Hanmpukiaf, 3acTOCYyBaHHAM MPUHUMMY HanipHoi dnoTauil.
KoHCTpyKLis anapaTiB YaCTKOBO NOJerLlye HeraTMBHWIA BMIMB NepeMmiLlyBaHHSA Nif
yac (pnotoekcTpakuii. KpiM TOro, pevyoBuHa, LLO BWIYYaETbCH, HE OOOB'A3KOBO
MoBMHHA [06pe PO3UUHATUCH B OPraHiYHOMY PO3YMHHUKY, [OCTaTHbO MaTu
XOPOLLY 3MOYYBaHICTb.

Cnucok nitepatypu
1. KasHaueeB O. C. OUMLLEHHA CTIYHUX BOA Bif BaXKMUX MeTaniB : crew,
161 — XimiuHi TexHonorii Ta iHXeHepis / Hayk. kep. T. |. ObyweHko. Kuis : KMl
im. 1. Cikopcbkoro, 2020. 116 c.
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TEXHONOI 1A SAXOPOHEHHA PAAIOAKTUBHUX BIAXOAIB AEC

Mociituyk P. A., cTygeHT; Mnauyk J1. 4., npodecop;
BaTanbues €. B., cTapwwii Buknagay, Cymy, m. Cymu

FloepHa eHepreTMka € OLHWMM 3 KIHOYOBUX [DKepes eHeprii B 6araTtbox
KpaiHax. MpoTe, 36epiraHHs Ta yTuisaLlis pagioakTMBHMX BiAX0AiB, L0 BUHMKAOTb
nig vac po6otn AEC, € cCKnagHUMM TEXHIYHUMI Ta eKONOTiYHUMK NPobieMamu.

ICHY€e rnobasibHUIA KOHCEHCYC KpaiH, SKi BUKOPUCTOBYHOTb SAEPHY EHEprito,
WO €EAVHUM OCTaTOYHUM 6e3neyHMM pilleHHAM (KiHLEBOK TOYKOK) Ans
[OBrOCTPOKOBOrO MOBOMKEHHA 3 SAEPHUMU BISX04aMU € TX 3aXOPOHEHHs —
PO3MiLLLeHHA BifIXO4iB Y BifNOBiLHOMY CXOBULLi 6€3 Hamipy X BUNy4YeHHs [1].

3ax0pOHEHHS Y KOCMiYHOMY MpocTopi abo
B 30HaxX cy6aykuii, Hapasi BWUrnNAgaloTbL
HepeaniCTUYHUMK, a 3aXOPOHEHHS Y CTabiNbHUX
reofiorivyHmx opmavisax € fobpe onpaLboOBaHNM.
Bci 3ycunns cnpaMoBaHi Ha 3aXOPOHEHHS Tak1M
YMHOM, WO6 HaBiTb Yy [AyXe [anekomy
Maiiby THLOMY MMOBIpPHICTb BTPYYaHHs
pagioHyknigis 'y 6Giocdiepy Oyna npakTUYHO
BIICYTHS a00 3BefieHa [0 Mi3epHOr0 PiBHS, SKLLO
Take BTPYYaHHS NOTEHLIHO MOX/IMBE.

MynbTnbap’epHa CMCTEMA 3aXOPOHEHHS
SAepHVX Bigxoais (puc. 1) 3a3BUYaii cKnagaeTses
3 NpUpOAHOro reosoriyHoro Gap'epy, WO
3a6e3neyyeTbCsa  BMilLlylouMMK  nopofamu, Ta
imKeHepHoi  6ap’epHoi  cuctemun.  Cuctema
iHKEHepHUX  6Gap’epiB  BK/IOYaE  Kinbka
KOMMOHEHTIB, Taki AK (opma Bigxogis, Twn
KOHTEliHepy, BKMaguLUiB Ta 3acumnku, CTiH Ta
3acunkn cxouwa. Lli Gap'epu Ait0Tb CifbHO:
cnoyartky Ans yTprMaHHA pagioHyknigis, a noTim
[N OOMEXEHHS X BMX0Ay B JOCTYMHe cepeaoBulle. INpunoBepxHEBI CX0BULLA B
OCHOBHOMY TMOK/MaJatoThCs Ha IHXKEHepHi 6ap’epHi cucTeMu, ToAdi AK TAMOOKI
reofioriyHi  CXOBULLA BUKOPUCTOBYHOTb MPUPOLHWIA reonoriyHuin  6ap’ep £k
OCHOBHWIA, WO fi€ B re0/0riYHMNX YaCcoBMX MacLUTabax.

OTmxe, 6e3neyHe 36epiraHHA Ta 3aXOPOHEHHS SAepHUX BIgXO4iB €
Heo6XiHOI CKNAZ0BOK MOBOMKEHHS 3 HUMMU, LLLO NOKMKaHa MiHiMisyBaTu 6yb-
SKNIA PU3KNK Mirpauii pagioHyknigis y 6iocgepi.

PucyHok 1 — Cxema
MybTUGap’ePHOT CUCTEMM
3aXOPOHEHHS AAEPHNX
Bigxogis [1]: 1 — sapepHi
Bigxoam; 2 — cuctema
iH)XeHepHUX 6ap’epis,

3 — NpVPOAHMIA FeonorivyHuiA
6ap’ep, 4 — biocepa

Cnucok nitepatypu
1. Ojovan, M.I.; Steinmetz, H.J. Approaches to Disposal of Nuclear Waste.
Energies. 2022. 15. 7804. https://doi.org/10.3390/en15207804

184



POMb ANTECTATY Y 3HVXKEHHI TEXHOIMEHHOIO HABAHTAXEHHA
HA TPYHTU

MapamoHoB A. B., acnipaHT; A6neesa I. 1O., goueHT, CymAY, M. Cymu

EkonoriyHa piBHoBara B rpyHTi NigTPMMYETLCA 38 paxXyHOK 3anacis rymycy,
AKAA € MOXWBHUM CepefoBULLEM AN MIKPOOPraHiaMiB, L0 CTUMYIOOTh
XXVMBNEHHS POC/MH Ta npouecn 1X pocTy. Fymyc CKnagaeTbCs i3 3a/MLLKIB
OpraHiYyHMX POCAVHHUX PEYOBUH, PO3KNadeHMX MikpoopraHismamu. [Mig uac
NPOLECiB 3 BUKOPUCTAHHAM FYMYCY CMOCTEPIraeTbCst 30iMbLLIEHHS BPOXKAKHOCTI.

AHaepobHUiA aurectat € MoGiYHMM MNPOAYKTOM MpoLecy aHaepobHoro
30pOMKyBaHHs, KW € 6i0NOriYHMM MPOLEeCcOM, Mif 4ac SKOro BifOyBaeTbCs
NepeTBOPEHHSA OpraHiyHMX peyoBuH B Gioras, BifIHOB/IIOBAHE [XEPENo eHepri.
AHaepobHuii gurectar 6aratuii TakUMU MOXWBHWUMMW peyoBUHaMK, K a3oT (N),
tocop (P) i kanih (K), Wwo pobuTb #oro UuiHHMM 6GiogobpueoM Ans
CiNlbCbKOrocnoAapcoLKOro 3acTocyBaHHs. BHeCeHHs gurectaTy MoXe CTUMY/IIOBaTU
MiKpPOBIONOriyHy axkTUBHICTb Ta MOKPaWMTW POLIOYICTb TPYHTY  3aBAAKM
HaLXOKEHHIO NMOXMBHMX OPraHiuHUX PEYOBUH B I'PYHT.

MoBTOpPHE BHECEHHA AMrecTaTy Mae MoTeHUian NS NOKPALLeHHA CTaHy
OpraHiyHoOl pPeyvoBMHM FPYHTY 3 BIiAMOBIAHMM MOKpaLLeHHsM 6ionoriyHoro Ta
(isnyHOro (hyHKUiOHyBaHHA TpyHTY [1]. Ha [ofatok Ao BMICTY MOXMBHMX
PeYOBWH, aHaepobHWiA Aurectar MOXe TakOX MOKPALMTW CTPYKTYPY IpyHTY Ta
YTPUMaHHSA BOAW, 3MEHLUMTW NOTeHUian eposii rpyHTY, WO MOXe Mpu3BecTn Ao
36i/NbLLUEHHSI POCTY POC/IMH Ta TX BPOXAKHOCTI.

[JurectaTn 3a3Buuali BUKOPUCTOBYKOTLCA K OpraHiyHi Jo6puBa 3aBAsKu
BMCOKOMY BMICTY MOXMBHUX peyoBuH ana pocivd (N, P, K Ta OCHOBHMX
MikpoeneMeHTiB) [2] i 3a3BMyaii MatoTb [y>Ke XOPOLLi BAACTUBOCTI f06puBa. Takum
uMHOM, 6iorasoBuii AuMrecTaT € XOpPOLUMM KaHAMAATOM Ha 3aMiHy HeopraHiuHmX
[06pMB, BUCOKOAKICHOrO KOMMOCTY Ta MOKpaLyBadiB rpyHTY, 3a YMOBM, LLO BiH
MPUHOCUTbL KOPUCTb CYCNINbCTBY B LIJIOMY Ta HABKO/MLUHLOMY CepefoBuLLY
30KpeMa, a TaKoXX Aornomarac 36epert 0OMeXeHi NPUPOAHI pecypcu, Taki siK
BMKOMHI 3anacy MiHepasbHOro ocgopy. BUKOpuUCTaHHA AurectaTiB MOXe
[OMOMOITM  3MEHLIWNTWN BUKOPWUCTAHHA HEOPraHiuHWX [J00puB | MOKpawmTH
CTPYKTYpPY I'pYHTY Ta 6ionorito rpyHTy [3]. Y Oanii, HimeuuuHi, IHAIT Ta iHWKX
KpaiHax 3 1990-x pokiB NpOBOAWINCH PI3HOrO POy BUNPOOYBaHHS, pe3ynbTatamu
AKNX BYN0 36iNbLIEHHS BPOXAIO NPY BUKOPUCTaHHI Aurectarty siK jobpumsa.

MigBULWEHHA e(heKTUBHOCTI yTWi3auii 3anuwWwkis 6iorasy nos’s3aHe 3
peopraHisayuieto  OCHOBHWX BWAIB ['PYHTOBMX MIKpPOOPraHi3miB, 36i/bLeHHAM
4acTku GaKTepii, Lo CNpUAIOTL POCTY POC/WH, i 3MEHLLIEHHSAM YacTKW FPUOHUX
MiKPOOHMX YyrpynoBaHb i aKTUHOMILETIB. MOXWBHI PEYOBUHW Ta €NeMEHTU, BMICT
6iNKIB, XMPIB, BiTaMiHiB MICTATLCSA B NPOLYKTaX POC/IMHHOIO NOXOAXEHHS

Y cBITOBI1 NpakTuMLi 6ionorivHi 406pMBa 3aCTOCOBYIOTh Y PI3HOMY BUTAA,.
TBepai peyoBnHU OTPUMYIOTL BUCYLLIYBAHHAM PifKOT hpakLii Ta pigvHN Ha BUXOLi
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3 OiopeakTopa. biofobpuBa cnpualoTb 0OPOBMEHHIO  TPYHTY, TUM CaMuM
MOKPALLYyHU/ MOro OCHOBHI B1aCTUBOCTI, & TaKOXX BOAHWIA Ta MOBITPAHWIA PeXmm.
[pyHT Garatuii rymycom, (pocopom, Ta iHLLKUMK efleMeHTaMu.

MpoTAroM ocTaHHIX 25 poKiB Yy KiNnbKox KpaiHax €C 6yno 3anpoBaipkeHo
cxeMy 3abe3neveHHs SKOCTI KOMMOCTY Ta gurectaty. BoHu cknapatoTb OCHOBY
CTanoi mepepobkn GiopecypciB, 3abe3neyyoun MoCTiliHE BMPOGHMLTBO SAKICHOT
NpoAyKUiT Ta pO3MILLEHHS TT Ha PUHKY 3 BUCOKOHO SIKICTHO.

CTparterii po3BUTKY Ci/lbCbKOr0 rocrnoAapcTsa B KpaiHax, Lo PO3BMBatOThLCA,
AKi BeAYTb A0 €KOHOMIYHOro po3BUTKY, MalTb ByTW CNpsiMOBaHi Ha [JOCTYMHe
36iNbLLUEHHS CTaN0l MPOAYKTUBHOCTI 3eMi, L0 00po6nsieTbes. AUrecTut 6epyTh
y4yacTb Yy Uil AUCKYCIT, CIPUsOUM 340POBIA CUCTEMI IPYHT-POCNMHa-A0BKINNS, 3
TaKVMWM  acnektamu, K 30i/bLUEHHA OPraHiyHOT pPeYoBMHW B TPyHTI Ta
BOZLOYTPMMYIOHOT 34aTHOCTI ANA 3MeHLUeHHA Aerpagauii 3emai Ta MOKpaLLeHHs
CTanoro CiflbCbKOrocnoAapCbKoro BUPOOHMLITBA.

36arayeHHs1 rpyHTY OpraHiYHUMK pPeyoBMHAMMU — rOOBHA OCOGAMBICTb
purectaty. PerynspHe noctayaHHs MOXMBHUX PEYOBWH, TakMX fiK a30T i hocdop,
HeobxigHe AN rnobanbHOi NPoAOBOMbYOT 6e3neku, a 36iNbLIeHHS NOBTOPHOIO
BUKOPWUCTaHHS MOXMBHMX PEYOBUH Has3aj Y CiflbCbKe rocrnogapCTBO 3 MOTOKIB
OpraHiyHMX BIiAXOAIB € HeoOXiAHMM AN NiABWLLEHHS CTINKOCTI CiflbCbKOi Ta
MiCbKOT MicueBocTi [4].

TaK1M YMHOM, HACTYMHI AOCNIKEHHS By Ay Tb NOB’A3aHi 3 PO3PO6NEHHAM Ta
BMPOBA[KEHHAM TEXHOMOTi 06POBNEHHS AUrecTaTy ANnsl OAepXKaHHS eKOoMorivyHo
6e3neyHoro [o6puBa, 34aTHOr0 3aMICTUTW MiHepanbHi A06pMBa, TUM CaMUM
3HVDKYHOUM piBEHb TEXHOTEHHOTO HaBaHTaXKEHHS Ha IPYHTY.

Cnucok nitepatypu

1. Bhogal, A., Taylor, M., Nicholson, F., Rollett, A., Williams, J., Newell
Price, P., Chambers, B., Litterick, A., Whittingham, M. (2016). DC-Agri; field
experiments for quality digestate and compost in agriculture. Work Package 1 Final
report (2010-2015). UK.

2. Swigtczak, P., Cydzik-Kwiatkowska, A. (2018). Treatment of ammonium-
rich digestate from methane fermentation using aerobic granular sludge. Water, Air,
& Soil Pollution, 229, 24. https://doi.org/10.1007/s11270-018-3887-x. (date of
access: 26.03.2023).

3. Nkoa, R. (2014). Agricultural benefits and environmental risks of soil
fertilization with anaerobic digestates: a review. Agronomy for Sustainable
Development, 34, 473-49. https://doi.org/10.1007/s13593-013-0196-z (date of
access: 26.03.2023).

4. Lorik D., Makura B., Alstrdm M. and others. Effectiveness of struvite
precipitation and ammonia stripping for recovery of phosphorus and nitrogen from
anaerobic digestate: a systematic review Environmental Evidence. BioMed
Central.URL: https://environmentalevidencejournal.biomedcentral.com/articles/10.
1186/513750-020-00211-x (date of access: 18.03.2023).
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OUIHKA TMPUAOOXOPOHUX 3AXOAIB | MPOEKTIB
HA NMPNPOJOOXOPOHOMY OB’EKTI

bypna O. A. acucTeHT; byabonuii I. I, cTyaeHT, CymA4Y, M. Cymu

MpoLec eKCTEHCMBHOTO PO3BUTKY BUPOBGHMULITBA Ta CMOXMBAHHSA NMPUPOLHUX
pecypciB Npu3BOAWUTL A0 BWIYUYEHHS CUPOBUHHWUX PECYPCIB 3 HABKOMLLHLOIO
cepefoBvlla B fefani 6inblMX MacliTabax, L0 Y CBOK Yepry BUKINKaE
MOPYLLUEHHSA CHOPMOBAHUX B EKOCUCTEMAX EKOJOTiIYHMX 3B'A3KIB.

OCHOBHOIO ~ MPUYMHOID  AHTPOMOreHHOro  3abpyfHeHHs  [OBKINA €
NPOMUCNOBA AiSNIbHICTb, WO BUKIMKAE SIK NIOKabHE, a W rnobanbHe BMAMB Ha
ekonorito. CyKynHuin BNAnB NPOMUCIOBUX MiANPUEMCTB BM3HAYae CTaH i AKICTb
NPUPOAHOTO CepefjOBMLLA, OCKINbKW B XO4i rocrnofapcbKol AisIbHOCTi MPOMUCOBI
NignprMeMcTBa BUKOPUCTOBYIOTb HEBIJHOB/IIOBaHI NPUPOLHI pecypcu, K Npasuso,
BUKOPUCTOBYIOUM  PECYPCOMICTKI  TeXHOMOril, 3acTapine o6nagHaHHA Ta
aHTVEKONOT iYHMIA HanpAMOK Po3BuTKY [1-2].

3abpyfHeHHs NpUPOAHOro cepefioBuwa NOGYTOBUMMM  Bigxojamu Ta
BYI/NeLeBMMM BUKMZAMMW BiJ NPOMUCNOBMX NiMPUEMCTB Befe [0 36inbLUeHH:
BUTPAT Ha YTUMi3auilo UMX Bigxo[iB Ta 3arnobiraHHA 3abpyAHeHHH0. 3MeHLLIEHHS
006cAry pofrunx rpyHTIiB Befle 0 3MEHLLUEHHS KiNbKOCTi 3eMefb, SKi npuaaTHi ans
CiNbCbKOro rocnogapcrea. Lle Beage 4O BMHWKHEHHS NPOAOBOMbYMX Npobnem Ta
Bi10yBa€TbCA 306iNbLUEHHA CO6IBAPTOCTI NPOAYKLIT Ta HA KOMMNIEKC 3aX0fiB 100
BIHOBMEHHA  AerpagoBaHMX 3eme/slb Yy  MPOUECi  NPUPOAOKOPUCTYBAHHS.
MoripLeHHs reoioriyHoro cTaHy BiflbYyBacTbCA Yepe3 BUUepraHHA NPUPOLHUX
pecypciB i, AK HacNifoK, X HefOoNiK € NepefyMOBOIO NOAOPOXYAHHA CUPOBUHHMX
pecypciB Ta 36i/bLIEHHS BUTPAT Ha BUAOOYTOK KOPUCHWUX KONa/IMH. HaBiTb Y TuX
BMNagKax, Kon NPUPOAHiI 06'eKTV He BepyTb yuacTb 6e3nocepefHb0 Yy BUPOGHUYIi
Ym rocnofapchbKiii AisbHOCTI, BOHW BCE O4HO CXUbHI 0 aHTPOMNOreHHOr0 BI/IMBY.
3MiHM XiMiYHOro cknagy 3eMHOT MOBEPXHi, 36iMblUEHHS pafiauiiiHoro ¢oHy,
KOIMBaHHS 3ara/lbHOKNIMaTUYHMX YMOB TOLLO — MPaKTUYHO BCi 06'EKTM NPUPOAM
CTat0Tb MPSMOIO UM HEMPSIMOKO (PYHKLIEH BUPOOHMNYOT isSNbHOCTI.

OCKi/lbKM aHTPOMNOreHHe HaBaHTAXXEHHS Ha NMPUPOLHE CEPEAOBHLLE 3HAUYHOHD
MIpOK0 MEePeBULLYE WOro0 acUMINAUiAHI MOXIMBOCTI, npobnemy 06Ky Ta
ONTUMI3aLil eKOTOr0-eKOHOMIYHMX B3aEMUH MatOTb OCOO/NBE 3HAYEHHS], OCKI/TbKM
noBejiHKa BCbOTrO /HOACTBA BeAe A0 BUHWKHEHHS EKOMOTiYHWX MpobnieM, LWwo
NepeLLKoKaoTb CTA/IOMY PO3BUTKY NiAMPUEMCTB, KpaiH Ta PerioHis..

Cnuicok nitepatypu

1. benobopogoBa M. B. Oco06nMBOCTI BMPOBagKEHHS eKOOorivyHOi
BiNOBIJANbHOCTI B CTpaTerito PO3BUTKY NMPOMWCIOBMX NignNpreMcTB. HaykoBuii
BICHWK ¥Y)XropofCcbKOro HauioHansHoro yHisepcutety. Ne 17 (1). 2018. C. 20 — 24.

2. ®eweHko O. J1., KameHeBa H. B. TeopeTuyHi 3acafivi BU3HaYEHHS NOHATTA
€K0/0r0-eKOHOMIYHOT 6e3Mneky NiANPUEMCTBA. YHIBEPCUTETChbKI HayKOBI 3aN1CKK.
2017. Ne 1. C. 223-231.
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BMAnB AHAEPOBEHOIO ANTECTATY AK BIOJOEPUBA
HA AKYMYNALIO BYTNELO B IPYHTI

MuxHo . I., cTygeHTKa; Abneesa I. HO., goueHT, CymA4Y, M. Cymu

Tema poni aHaepobHOro aurectaty sk 6iofobpvsa N8 HaKOMUYEHHS
BYI/IELI0 B IPYHTI € HaA3BMYaliHO aKTyanbHOK B MOTOYHOMY KOHTEKCTI CTanoro
CiflbCbKOro rocnojapcTsa Ta MOM’AKLIEHHS Hacnigkis 3miHW knimaty. Cinbcbke
rocrnofapcTBo BHOCUTL 3HAYHWIA BHECOK Y BMKWUAM MapHWKOBUX rasis, ane BOHO
TaKoX Mae NOTeHLian NOrIMHATY BYT/Ielb Y 'PYHTI 3a AOMOMOroH Pi3HUX METOLIB
ynpaBniHHA. TakMM 4MHOM, PO3YMiHHA poni  aHaepobHOro Aaurectaty £k
6i0406pMBa AN HAKOMWYEHHS BYTNELIO B I'PYHTI Mae BUpilLasibHE 3HAYeHHs Ans
PO3PO6KMN CTIMKMNX CiNbCbKOrOCNOAAPCbKMX MeTOAiB. TemMa Mae BEMMKE 3HAYEHHS
AN NoNiTUKIB, PepmepiB, AOCNIAHMKIB Ta IHLWUWX 3aLiKaBNeHWUX CTOPIH, 3a1yyYeHnX
[l0 CifIbCbKOro rocnofapcTaa Ta ynpaBniHHA HaBKOIULLIHIM CEPeLOBULLEM.

OfHiel0 3 HaibinblW NOTEHUiIAHMX MepeBar BUKOPWUCTaHHS aHaepo6HOro
purectaty fK 6iogobpusa € MOro 34aTHICTb CMPUATY HaKOMWYEHHIO BYT/eLto B
'PYHTI. HakonuueHHs BYr/neuto B IPYHTI 03Hayae MPOLEec NOrMHaHHA BYTeLto
'PYHTOM LLIAXOM [10JaBaHHA OpraHivyHoi peyoBUHY. Lie BaXXNMBO A1 NOM’ AKLIEHHS
3MiHWM KniMaTy, OCKi/fIbKM [0MoMarae 3MeHLUTU KiNnbKiCTb BYFNEKWUCNOro rasy B
aTMocdepi.

PiBeHb opraHiyHOro Byrneutd B rpyHTi 6e3nocepedHbO MOB'A3aHUIA 3
KiIbKICTIO OpraHiYyHOT PeYoBMHM, WO MICTUTbCS B TPYHTI, a Oro piBeHb €
pe3ynbTaTOM B3aEMOfii  AEKiIbKOX eKOCUCTEMHMX MPOLUECiB, cepen  AKUX
K/IOYOBUMM € (POTOCUHTE3, AMXaHHS Ta po3knafaHHa. MatepiasibHuii 6anaHc
OpraHiuyHOro BYI/IEL0 MOXe OYTU 3MIlLEHNIA y BiK HAKOMUYEHHS BYTNELHO, SKLLO
HaaXOMKEeHHSI BYT/IELI0 NepeBuLLYe ioro Bigaady (BTpaTu Byrneuo). Liei edekr
MOXe OyTWM AOCArHYTWIA 3a paxXyHOK CeKBecTpauii Byrjeur rpyHToOM nig 4vac
(hOTOCUHTESY, a MNepeBaXKaHHs NpoLecy rymidikalii Hag npouecoM MiHepanisawii
OpraHivyHoOT PeyvoBUHU TPYHTY NPU3BOAWUTL [0 3POCTAHHSA PIiBHA OpraHiyHoro
BYI/1ELO B I'PYHTI 3 4acom.

Cknag furectaty MOXe MaTy 3HaYHWUIA BNAMB Ha HAKOMUYEHHS BYT/eLt0 B
'PYHTI. BMICT BYr/neuto B AUrectati 3a1eXuTb Bif TUMY OpraHiuHuX BigXoAis, AKi
BUKOPWCTOBYBA/INCA AK CUPOBUHA 1 aHAaepobHOro 36pomkyBaHHs. Hanpuknag,
JWrecTaT, OTPUMaHWiA 3 TBAPMHHOTO THOO, SIK NPaBw/o, Mae GifibLl BUCOKUIA BMICT
BYI/IEL}O, HDK Aurectat, OTPUMaHWi 3 xapyoBux Bigxogis. Konu pgurectar
BHOCMTLCA B IPYHT, OpraHiyHa pevyoBMHa B AUrecTaTi po3KafjacTbCa rPyHTOBUMM
MiKpOOpraHiamamu, BUBI/IbHAOUM MOXXMBHI PEYOBWHMW Ta BYT/IEKUC/INI a3 y I'PyHT.
OpfHak [esika 4YacTMHA OpraHiYHOi PEYOBMHM TaKOX BK/IKOYAETLCA B 3amac
OpraHivyHoT PeYOBUHM I'PYHTY, L0 3 4HACOM MOXE NPU3BECTM A0 36i/bLUEHHS 3aMnaciB
BYI/1ELItO B I'DYHTI.

Cknaf, gurectaty MOXe BMNAMBATW Ha LUBUAKICTb i CTYMiHb MOMIMHAHHSA
BYI /et B I'pyHTI. Hanpuknag, gurecTar 3 6i/ibLl BUCOKMM BMICTOM BYT/IEL{HO MOXKe
NpV3BeCTN [0 BiNbLIOro MOrIMHAHHA BYI/ELO B IPYHTI, aie TakoX MOoXe ByTu
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6ifbll CXUNBHUM A0 PO3KMaJaHHS, L0 MOXEe MPM3BECTM A0 BWBINbHEHHS
BYINIEKMCNOro rasy Hasaf B atmocdepy. OKpim BMICTy ByrfeLto, iHWi hakTopu,
Taki fiK CniBBIAHOLIEHHS a30Ty A0 Byr/eul Ta pH gurectary, TakoX MOXYTb
BM/MBATMW Ha NOT/IMHaHHSA BYTr/eLto B I'pyHTi [1, 2].

Konn aHaepobHWMii furectaT BHOCUTLCA B [PYHT, BiH MOXE CNpUATM
HaKOMWYeHHIO BYTeLto Kinbkoma cnocobamu. [o-nepiue, opraHiyHa peyoBmHa B
AurecTaTi MOXe PO3LLENIHOBATUCA IPYHTOBMMM MiKPOOPraHi3aMamu, BUBINIbHSHOUM
BYFIEKMCNWIA ra3 Ta iHWI MOXWBHI PEYOBUHW. A [esiKy YacTUHY opraHiyHol
PEYOBMHU TaKOX MOXHa CTabinidyBaTM Ta BK/IOUUTM B [PYHT, CRpUsoun
[OBroCTPOKOBOMY HaKOMUYEHHHO BYT/ELIO.

OfHaK siK NpaBuo, BHECEHHA AMrecTaTy B FPYHT MOXe 3 YacoM 36iNbLUnNTK
BMICT OpraHiyHoro Byrneuto B rpyHTi. JOCNif>KeHHA MOKasye, L0 3aCTOCYBaHHS
6ifbLIOT (hpakuii Aurectaty Ha CiflbCbKOrocnogapcbKux Yrifasx npuseeno [o
6ifbLLIOro MOrNMHAHHA BYINeUto B IPYHTI NOPIBHAHO 3 HWMDKYOK (hpakuieto [3].
MpoTe, HagMipHe BMKOPUCTaHHS AUrecTaTy MOXe MpW3BeCTU [0 AvcbanaHcy
MOXMBHUX PEYOBMH | €KONOriYHMX Mpo6nem, TOMy BaXIMBO BUKOPUCTOBYBATY
JurectaT BifiNoBifaNbHUM | €KONOTiYHUM CNOCOBOM.

Kpim TOro, noXKuBHi pe4oBUHW B AUrecTati MOXyYTb CMIPUATU POCTY POC/INH,
L0, Y CBOK Yepry, MOXe NpPWU3BeCTM 0 36iNbLUEHHS MOrJMHAHHS BYI/ELo 3a
[ONoOMOrol  (oTocuHTesy. Ko pocavHM  pocTyTb, BOHW  MOFAMHAKOTH
BYFNieKMCAWiA ra3 3 aTMOCcepy Ta HaKONUYYHOTb BYr/elUb Y CBOild 6iomaci, siKy
MOXXHa NOBEPHYTW B IPYHT Yepe3 KOPeHEBI ekcyaaTu, MigCTUNKY Ta iHLWi opraHiyHi
PEYOBUHM.

MigcymoBytoumn, aHaepoOHWIA AurectaT Mae nNoTeHUian OyTW LiHHUM
6iof06pMBOM [ANa  CiNlbCbKOrOCMOAAPCLKOr0 3acTOCYBaHHS, a TaKoX Crpusie
HaKOMWYeHHIO BYT/eLto B I'pyHTI. OfHaK e()eKTUBHICTb aHaepobHOro AurecTaTy K
6iogobpvBa Ta MOro BMAMB Ha HAaKOMWYEHHS BYT/ELI0 3aNexaTumMe Bif KifbKoX
(hakTOpiB, BK/IKOYAKOUN AKICTb AUrecTaTy, yMOBU I'PYHTY Ta METOAM YNPaBNiHHA, IO
BUKOPMCTOBYHOTHLCA.

Cnincok nitepatypu

1 Risberg, K., Cederlund, H., Pell, M. et al (2017). Comparative
characterization of digestate versus pig slurry and cow manure — chemical
composition and effects on soil microbial activity. Waste Management, 61, 529-538.
https://doi.org/10.1016/j.wasman.2016.12.016. (date of access: 26.03.2023).

2. Nyang'au J. O., Mgller H. B., Sgrensen P. Nitrogen dynamics and carbon
sequestration in soil following application of digestates from one-and two-step
anaerobic digestion. Science of The Total Environment. 2022. P.158177.
URL.: https://doi.org/10.1016/j.scitotenv.2022.158177 (date of access: 26.03.2023).

3. M. Cattin et al. Changes in microbial utilization and fate of soil carbon
following the addition of different fractions of anaerobic digestate to soils. European
Journal of Soil Science. 2021. URL: https://doi.org/10.1111/ejss.13091 (date of
access: 26.03.2023).
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MITPALLIA BAXXKX METAIB MO 'PYHTOBOMY MPO®INHO

MakapeHko H. O., acucTeHT; Mnauyk J1. A., npocecop, CymAyY, M. Cymu

Mirpauisi 3a6pyAHIOKYOT FPYHT XiMIYHOT PEHOBMHM - Lie FOPU30HTa/IbHE Ta
BEPTUKa/IbHE NepeMilLeHHst XiMIYHOT PeYOBMHY, L0 3a6pYAHIOE MPYHT Ta 3 IPYHTY
B IHWI 06'€KTU MPUPOAHOrO cepefoBulla i Hasaf. BcTaHOBMEHO, WO XapakTep
NpodifIbHOro po3noginy BaXKux MeTanis (BM) y npupogHMX Ta TeXHOreHHUX
NaHAwadTax iCTOTHO Bigpi3HAETbCA. 151 TEXHOreHHUX TEPUTOPI He3aneXHo Bif
TUMNY FPYHTY XapaKTEPHWUIA PerpecMBHO-aKyMYNSTUBHWIA TUM PO3MNOAINY BaXKKUX
MeTaniB, WO BUABMAETLCA Y HAKOMWYEHHI MeTaniB Yy BEpXHbOMY YMYCOBOMY
FOPU3OHTI MPYHTY Ta Pi3KOMY 3HUXEHHI TX 3MICT Y HUXKYMX FOPU30HTaxX. 3rofoM i3
ryMycOBOr0 rOpPMU3OHTY Bif0OyBaeTbCs MOBi/IbHE BUAIEHHA MeTaliB  npu
BWYrOBYBaHHI, CMOXWBaHHI pocnnHamMu, eposii Ta gedauii.

KinbKicCHOIO  OUIHKOK 3[aTHOCTI BaXKWMX MeTafiB [0 Mirpauii €
IHTEHCMBHICTb Mirpauii, WO XapakTepu3yeTbCA TIEK YaCTMHOK BaXKKMX MeTanis,
WO 3a OAMHWLIO 4acy nMepeiwnia y PyXOMWIA cTaH. BBaXaeTbcsi, WO Ha
IHTEHCUMBHICTb MePepo3noAiny BaXKUX MeTaniB y npodini rpyHTIB BRAMBaE
KOMMAeKc (pakTopiB. BHYTPILWHI (hakTOpuW: eneKTPoCTaTUYHI BNacTUBOCTI iOHIB,
thopMa 3HaxomkeHHA BM y r'pyHTi, XiMiyHi BNacTMBOCTI cnonyk BM. 30BHiLLHI
thakTopu: TemnepaTypa, rpaHyNOMETPUYHWUIA CKnag I'PYyHTY, OpraHiuHa peyoBMHA
'PYHTY, CTYMiHb eNeKTPONITUYHOT Ancouiauii, KUCI0THO-OCHOBHI YMOBU, OKUCHO-
BiJHOBHI YMOBM, BioreHHWi (hakTop Ta 'pyHTOBI KONMOigW.

30BHILLHI  (hakTOpWM Mirpauii  XapakTepusytloTb peanbHy reoxiMiyHy
06cTaHOBKY naHAwagTy. Came Ui hakTopyu | BM3HAYaOTb PYLUiAHI  cuam
TpaHcopMauii Ta Mirpauii pevoBuH, SKi OMOCepeaKOBYHOTLCA Yepe3 BHYTPILLHI
thakTopy. 3 NiABULLEHHAM TemMmepaTypy 30i/bLUYETLCA MirpaliiiHa 3aaTHicTe BM,
O 3HAXOAATbCA B PO3YMHAX, NIABULLYETLCA LWIBUAKICTb MPOTIKAHHA XiMiYHMX
peakLiii. paHyNOMETPUYHUIA CKnaf PYHTY BM3Hayae Ti MATOMY MOBEPXHIO, 4,
OTXEe, i BMICT BM, NOB'S3aHNX 3 FIMHUCTOI (DPaKLE0, a TAKOXX BOAHWUIA PeXnM Ta
iHTEHCWBHICTb  BOAHOI  Mirpauii. [PyHTM B&KKOTO MeXaHiYHOro cknagy
XapaKTepu3ytoTbCs MEHLLOK MOTEHLIMHOK HeBe3NeKOK HaAXOMKEHHA BaXKKUX
MeTaniB f0 pocimH. OpraHiuyHe peyvoBKHa IPYHTY Fpae 0AHY 3 OCHOBHUX POt y
npotecax mirpawii BM. MicTKicTb nornnHaHHa BM rymycom y 4otupy pasu BuLLa,
HIXK FNIMHOK0. 34aTHICTb I'PYHTIB MIiCTUTM BM y po3uMHEHOMY BUINALT 3a/1eXKUTb Bif
XapakTepy Ta KiJIbKOCTi OpraHiyHoi peqyoBMHU. Baxkki MeTanu 34aTHI yTBOpIOBaTH
CKNafiHi KOMMNEKCHI CMONYKU 3 OPraHiuyHO PeYOBMHOIO I'PYHTY, TOMY B I'pyHTax 3
BMCOKMUM BMIiCTOM I'YMYCY BOHW MatOTb MEHLUY MirpauiiiHy 34aTHICTb.

Cnif 3a3HauMTM NOABIMHY AiH0 OPraHiYHMX PeYoBMH Ha Mirpauito BM y
'PYHTi. DYNbBOKWUCIOTM YTBOPHOWOTL 3 BM XenaTHi CNonyku, PO3YMHHI B
LLUMPOKOMY fiana3oHi pH, Lo MirpytoTb BHI3 3a NPOifem IpyHTy.

Komnnekcn BM 3 rymMiHOBUMM KWCNOTAMW ManopyxXavBi, HEPO3UMHHI Y
KACNOMY CepefjoBWLLi, L0 CMpUSE HarpoMafpkeHHlO BM B opraHoreHHomy
rOpW3oHTi. B UbOMY pa3i MpPOSABASETLCA IMMOOGIMI3YHOUMA e(heKT OpraHivyHoT
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PevoBMHU MO BiAHOLLUEHHIO 0 BM.

KWcnoTHO-0CHOBHI YMOBW KOHTPO/IOKOTL OCaPKEHHSA 3 PO3UMHIB 6aratbox
B&KKOPO3UYMHHMX CMOMYK, KOoarynsuito Konoigis, BM/MBAatOTb Ha HaAXOMXEHHS
e/leMeHTIB Yy POC/IMHK Ta Ha PYX/UBICTb 6araTbox MeTanis. 'pyna npioputeTHNUX
BaXXKMX MeTanis - Cd, Pb, Zn, Ci, Ni - Mae 3HauyHy pyxX/MBIiCTb Y KuUCIOMY
CepefoByLL i CTae iHEPTHOK NpWU NiANYXyBaHHI. ManopyxoMUM efneMeHToM Yy
6iNbLWIOCTI MPUPOAHUX YMOB € XpOM. BCTaHOBMEHO, WO And MiHIMaibHOro
3HMKEHHS J0CTynHOocTi BM pocnuH  HeobXigHO MiATPMMYBaTU  BEMYMHY
pH rpyHTiB Ha piBHi 6,5.

BcTaHOBNEHO, WO peakuis cepefoBulla € MPOBIAHUM (DAKTOPOM, LWO
ynpaBense BUNYroByBaHHAM BM 3 ranbBaHoLWNamy: B KACNOMY Ta Crabokuciomy
CepefioBULLI ranbBaHOLNaM 34aTHWIA CTBOPKOBATU IMMaKTHI yAapHi TEXHOreHHi
HaBaHTaXXeHHS MONIMETaNIbHOIO XapakTepy Ha I'pyHT.

Barato B 4Yomy Ha Mirpayito BM BnavBatoTb OKUCNHOBa/IbHO-BigHOBHI
yMOBU. AK npasuno, BM pyxnusi i cnabopyxnuBi KUCNOMY CepefoBULLI Ta iIHepTHI
y nyxHomy cepegosuili (Zn, Ni, Pb, Cd, Mo, Hg, Ag), abo xapakTepu3ytoTbea
Mafiol0 PYX/IMBICTIO. BKIOUYEHHS €NeMEHTIB >XUB/IEHHA POCAWH Y 6io/oriYHuiA
Kpyroo6ir cnpusie nepepo3nofiny Ta akymynsuii y BepXHbOMY TFyMyCOBOMY
FOPU30HTI 'PYHTIB GaraTbOX BaXXKMX MeTaniB. ICTOTHWIA BNAMB Ha mirpayito BM
MatoTb 'PYHTOBI Konoian. MirpaLis B KonoigHii dhopmi xapakTtepHa ans cnonyk BM
3 'yMyCOM, OKC/AaMu Ta rigpokcngamu 3anisa, a/itoMiHito, MapraHuto, KpeMHesemy,
BTOPUHHUMWU TIMHUCTUMK  MiHepanaMu [pyHTiB (KaoniHit). Okucn Fe i Mn
BiflirpatoTb BENMKY POsb Y 3aTpuMaHHi BM rpyHToM. Ha gonto copboBaHnX HUMMK
cnonyk Zn, Co, Ni, Mo, V, Cr i Ba goBoanTbcs 40 - 90% Bif, 3ara/ibHOT KifIbKOCTI
LMX CMONYK Y I'PYHTI.

[JlepHOBO-NiA30/UCTI 'PYHTU PO3BMBAIOTLCH B YMOBax A06pe BUPaXKeHOro
MPOMUBHOIO  PEXUMY; aTMOCHEPHi OMnagW, HagxoAsyuu Yy TPYHT, LWOPIYHO
MpoMUBatoTh Ti TOBLLY Ha 6ifblly rAMbuHy. [peHytounii wap BifxoAiB BOAM Ta
I'PYHTOBI PO3YMHU € OCHOBHVMM TPAHCMOPTHUMMU LUAAXaMM, AKUMM 34iACHIOETHCS
Mirpauis BaXXKUX MeTaniB y Takux I'pyHTax.

BinbwicTb XiMIYHUX €NeMEHTIB MIrpye B IOHHUX, MONEKYNAPHUX YW
KONOIAHMX po3dMHax. XiMmiyHi YMOBM Mirpauii enemeHTiB B nepwy udepry
BM3HAYaeTbCS 3HAYeHHsAMN pH Ta OKMCHO-BIAHOBHOIO noTeHuiany Eh cepegosuilia
Mirpauii. 3 ioHamu rpynu nepexigHMX enemMeHTIiB aHiOHW I'PYHTOBMX PO3YMHIB
YTBOPIOKOTb KOMIMEKCHI CMOJYKK, LLO Bifirpae BaX/IMBY Pob Y Mirpauii maixe
BCIX B&)XKMX MeTaniB: XiMIYHWUIA eneMeHT 3B'A3YeTbCH Y CTINKOMY PO3YMHHOMY
KOMMIEKCHOMY 3'€iHaHHI, WO 30aTHUIA [0 Mirpauil.

YTBOPEHHS  KOMIMIEKCHUX [OHIB  CMpUSE NIABULLEHHIO PO3YMHHOCTI
6inbLIoCTi MeTaniB. barato MeTasoopraHivyHMX KOMIMIEKCIB J0Ope PO3UMHAIOTLCA Y
BOZI Ta CNpUsAOTb NepeHeceHHI0 MeTasiB y NOBEepXHEBMX Ta I'PYHTOBMX BOJAX.
YTBOPEHHS HEOPraHiuHWX KOMIM/IEKCHUX CMOMYK XapakTepHO ANA XPOMYy, HIKento,
KOGa/IbTy, Mifi, UMHKY.
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ABTOMATUSALIA TA IHTEHCN®IKALIA MPOLIECIB PELIMKAIHTY
B1AXOAIB B BIOEHEPTETUYHNX TEXHOOIMAX

binoyc O. O., flanunos 4. B., cTygeHTwn rp. TC.m-21; YepHuw €. KO., AOLEHT,
CkupaHeHko M. C., cTapLunii Buknagad, Cymay, m. Cymu

BuKopurcTaHHs 6iorasy € BaXXIMBUM €N1EMEHTOM eKO/IOMYHOT CTpaTeril, Lo
BIAMOBIigaE BMMOram CTasioro po3BWUTKY. bioeHepreTnyHi  TexHonorii - 3
BUKOPWCTaHHAM 6iorasy ctanu nonynsapHUMmM 3aBAsKN 34aTHOCTI 10 BUKOPUCTaHHS
BIIHOBMIOBA/IbHUX  [MKEPEeN eHeprii  Ta HW3bKilA BUKUAIB B  aTmocdepy.
ABTOMaTM3aLlig NPOLECiB peLMKNIHTY Bigxoais B 6iorasoBiint TEXHOMOTIT AO3BONSE
3HM3UTW BUTPATM Ha Mpayo Ta 36iMbLWMTY MPOAYKTMBHICTL BUPOOHMLTBA.
IHTeHCUdiKaList NPOLECiB PELMKIHTY BigXo4iB B 6iorasoBiii TeEXHONOTIT 403BO/SE
3MEHLIMTM 4ac, HeobXigHWA Ans 06pobku Bigxo4is, Ta MIABULLMTM SKIiCTb
OTpPVMaHMX MNPOAYKTiB. BUKOpUCTaHHS 6i0rasoBoT TEXHO/OTIT 3 aBTOMATM30BaHNMM
npoLecamn pPeLukniHry BigXo4is LO03BONAE NIABULLMTU eqEeKTUBHICTb MPOLECIB
PeLMKNIHTY B 6iorasoBili TeXHOMOrIT, 3HU3UTK KiNbKiCTb BiAXOAIB Ta 3MEHLUUTU
BWKWAN NapHUKOBUX rasiB Ta 3abpyAHEHHA HaBKONMLLIHLOMO CepeoBuLLA.

OnTumisauiss npouecis peuuKniHry BigxoaiB B 6iorasosili TexHOMorii
MOXe 6YTU JOCArHYTa LUISXOM BUKOPUCTaHHA creliasbHUX NporpaMmHux 3acobis
Ta MOHITOPMHIOBMX CWUCTEM, L0 3abe3nedytoTb aBTOMATM3aLilo MnpoLecy.
Po3rnsiHeMo aBTOMaTM3aLil0 MpPOLECIB  PELMKNIHTY BigxodiB B 6iorasosii
TEXHO/ONiT Ha NPWKNadi 3acTocyBaHHA cucTeMn ApayiHo. B gocnigpkeHHi cuctemi
OHNaiH-MOHITOPUHIY MNpoLUecy aHaepob6HOro 36pOo[XKEHHS OYN0 BMKOPUCTaHO
nporpaMHuiA NPOAYKT ApAyiHO A1 KOHTPO/K0 TemMnepaTypu, BOAOrOCTi Ta iHLWIMX
napameTpiB y NpUCTposxX. BMKOPUCTOBYIOUM [aTumku, AKI NigKAOYal0TheA 40
ApflyiHO, MOXHa KOHTPO/IOBaTW KOMMOHEHTHWIA cknafg 6iorasy i BUKOHYBaTW
aBTOMATUYHI Aii, AKi 3a6e3MneYytoTb ONTUMaNbHI YMOBU AN PO3KIafaHHsA BiAX0LiB
Ta BUpO6NeHHs GiomeTaHy. ApAyiHO A 360py Ta aHanisy fdaHux Mpo npouec
PEUMKNIHTY BiAXOAIB 403BO/ISIE BUSIBNSTI MOX/IMBI MPO61EMM Ta BAOCKOHaN0BATU
npouec. Kpim TOro, ue mMoxe AOMOMOITU 3HM3UTU BMTPATU Ha aBTOMAaTM3aLlilo
npouecy PeumKniHry BigxofiB, OCKiIbKM TakKuiA MiKPOKOHTPONEp 3 BIAKPUTUM
KOZIOM, SIKUIA MOXKHa MPOorpamMyBaTyi 6e3KOLLTOBHO Ta 3 BUKOPUCTAHHSIM JOCTYMHUX
KOMMOHeHTIB. Cuctema ApAYyiHO BWKOPUCTOBYETLCA $AK YacTUHa MpoLecy
aBTOMaTmM3aLii 6i0ra3oBMX TEXHOJOTIN ANs 3a6e3neYeHHs ONTUMaIbHUX YMOB /15
BUPOOG/IeHHs Giorasy, 360py Ta aHai3y AaHWX MPO NPOLEC, a TaKOX A/151 3HVXKEHHS
BUTPaT Ha aBTOMaTM3auito. Y pesynbTaTi aBTOMaTu3auii Ta iHTeHcudikawii
MPOLECIB PeLuKNiHry BifxoniB B 6iorasosili TEXHOMOIT OTPUMYETLCA 3HAYHUI
€KO/IOTiYHWI Ta eKOHOMIYHWIA eddeKT, CNPUAIOYM CTaNOMy PO3BUTKY CYCMiNbCTBA.

B Mexax HayKoBOro ryptka «EKCnepuMeHT B eKOJorii Ta TeXHOMOrisX
3axXMCTy [OBKiNNA» Ha 6asi Kadeapw ekonorii Ta MpUpOA03aXMCHUX TEXHOJOTIiA
CymyY Ha CbOrofHi MpOBOAATLCA HaNaWTYyBaHHA [aTuuKiB B 6iopeakTopi
KMacU4HOro TUny Ans onTuMisalii aHaepoBbHOro 36poKEHHS.
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IHTENEKTYBJIbHI METOAM AHANI3Y OJAHNX B CUCTEMI
MOHITOPIHIY AOBKI/1NA

I3mankosa M. A., cTygeHTKa rp. OC-01, YepHuw €. tO., JOLEHT,
CymAyY, m. Cymu

EKOMOriYHMIA MOHITOPUHT € iH(OpMaLLiiHOK OCHOBOM LUMPOKOFO ChekTpa
NPUPOA0OXOPOHHOT AiANbHOCTI. OTPUMAaHI faHi BUKOPUCTOBYHOTLCA A/ HAYKOBUX
[OCNiAKeHb, OLHKM CTaHy AO0BKINAS Ta NPUIAHATTA YNPaBNiHCbKMX PiLLIEHb.

CbOrofHi B MpoeKTax KOHTPO/O 3ab6pyAHEHHS HABKONWLLIHBOIO CepesoBuLLa
MOYMHaOThb 3aCTOCOBYBATN TEXHONOTIT IHTEPHETY peyeld, LUTYYHOrO iHTENeKTy Ta
BE/MKMUX [aHWX, L0 [03BONSE TOBOPUTU MPO Mepexif A0 iHTeneKTyasbHUX
LMPpPoBUX NNaTHOPM EKONOMYHOr0 MOHITOPUHTY, 34aTHUX TreHepyBaTW HOBI
3HaHHS Ha 6asi JaHux, WO BXe HaAxofAaTb, a TaKOX CamOCTIHO npuiMaTtu
PilEHHA. 4Oro paHiwe noTpi6HO 3anyyaTu ekcneptis [1]. barato pgojatkis
KOHTPO/O 3abpyAHEHHA MOBITPS BUKOHYIOTb aHani3 BMICTYy Yy 3paskax [ApibHo
OVCMNEPCHMX YaCTUHOK Ta XiMiyHWMX cnonyk, Hanpuknag, CO.. And uUboro
3aCTOCOBYIOThL ChelianizoBaHi AaTyMK/M Ta CEHCOpW, WO BCTaHOB/IOKTLCA B
perioHabHKX, NOKa/IbHWX, NePecyBHUX YW NEPCOHaIbHUX CTaHUisX. O6'e4HaHHS
TakKuUX MNPUCTPOIB B EAVHWUIA LMPPOBMIA MPOCTIP 3MIACHIOETLCS 3a [JOMOMOrOH
TEXHOMOri IHTepHeTYy pedyeli, NPOTe MOKM WO CTaHUiT 34aTHI HagaTu HEeBENUKY
YacTMHY daHUX Mpo cKnag 3abpyfaHeHb [2]. MporHo3yBaHHS FPYHTYETbCA Ha
3aCTOCYBaHHI MaLLIMHHOMO HaBYaHHS CMifbHO 3 JaHUMW AWUCTAHLIAHOT O 30HAYBaHHS
3emni. 3HIMKM BUKOPWUCTOBYIOTb ANA  OTPUMaHHA  iHAEKCIB, £AKi CTaloTb
[OLATKOBUMW [aHWMK MiJ Yac HaBYaHHA MOJeni Ta OCHOBHUMMW [JaHUMU Npu
no6yfo.i NporHo3y. [ns 064ncneHHs iHAEKCIB 3aCTOCOBYETLCA MnaTgopma Google
Earth Engine, Wwo MiCcTUTb [aHi AECATKIB Pi3HUX CYNYyTHUKOBUX nporpam Ta
NPOAYKTIB. Y pe3ynbTati Npy NobynoBi CBITOBMX Ta PErioHaNbHUX KapT TOUHICTb
mMogeneii moxe pgocaratu 95%. B ocTaHHi pokM iHTEHCMBHO pO3BMBAOTLCSA
riopnaHi iHTEeNeKTyanbHi CMCTEMMW, WO [03BONSAKOTb BUKOPUCTOBYBATU NepeBart
TpaguLiiHMX 3aco6iB i METOAIB LUTYYHOrO iHTenekTy. [i6puAHi iHTeneKTyanbHi
CUCTEMM [03BONSAKOTH OinbLU eheKTUBHO NOEAHYBATW 3HAHHS, L0 (HOPMani3yrThes
i HethopmaniaytoTbCs, 3a paxyHOK iHTerpauii TpaguuiiHMX 3aco6iB LUTYYHOrO
iHTenekTy [3].

Cnucok nitepartypu

1. Advances in Ecological Research. Edited by Nico Eisenhauer, David A.
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2. bepko A. tO. bypos €. B., Bepec O. M. OpraHi3aLis HayKoBuX
JOCNipKeHb, HAaNMCaHHA Ta 3aXUCT MaricTepcbkoi gucepTauii : HaBy. noci6. J1bBiB :
Hoswii CsiT-2000, 2019. - 282 c.

3. YxuHcokuiA O., OcockoB I, dpoHTackeBa M. YnpaBniHHA LaHWMK
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HAMPAMKIWN TA NEPCIEKTVBWV BUKOPNCTAHHA
30/10WNAKOBUX BIAXOAIB TEC

NeseHeup K. P., cTygeHT rp. OC-01; Yepnuw €. HO., goueHT, CymAY, m. Cymu

EHepreTuka € HalironoBHILIMM CEKTOPOM A/ BU3HaYeHHS eeKTUBHOCTI
PO3BUTKY HapOAHOr0 rocrnofapctBa i TEXHIYHWIA piBeHb PI3HUX ranysei
npomucnoBocTi. Ha ByrinbHi TEC npunagae TpeTs 4vacTMHa 3abpyAHHOKYUMX
PEYOBMH, WO BUKMAaOTLCS aTMocdepy. Kpim rasonogibHux Ta pigKux pevyoBuH,
BUKMNAAETHCA TAKOXK | BENMKA KiNbKICTb 30/10LLMAKOBUX BigX0oAiB, WO MICTATb TakKi
TOKCWYHI PEYOBUHM, SIK BaXKKi MeTann, NOMILUMKAIYHI apoMaTUYHI BYTNeBOAHI Ta
Jiokeng KpemHito [1].

CborofHi noniroHy i3 Bigsanamu 3onoLunakosmx Bigxogis (3LLUB) no6ausy
TEC BpaxatoTb CBOIMU po3MipamMu, a 3abpyfHIOHYi PEYOBUHK, LLO € B IXHbOMY
CKnafi BMAYBAKOTLCA BITPOM Ta BUMMBAIOTLCA BOAOK (iH(INbTPYHOTLCH) i TUM
CaMUM 3aBJal0Tb HeraTMBHOIO BN/MBY Ha HaBKOMWLLIHE CepefoBULLE Ta 340pOB’A
NoJel, WO MpoXMBaKOTb MOpy4Y. YTunisauis, nepepobka Ta BTOPUHHE
BUKOPWCTaHHS 30/10WWaKIB [AOMOMOXE 3MEHLUNTU 3abpyfAHEHHS Ta MpUHECTU
KOPUCTb B iHLWNX chepax AisNbHOCTI.

XiMiYHWiA | MiHepanbHWIA CKNag 30M0LL1aKOBMX BIAXOAIB 6araTo B YoMy
iEHTUYHWIA  MPUPOAHIA  MiHepanbHi  CMPOBUMHI.  TX  BMKOPUCTaHHA B
NPOMUCNOBOCTI, OYAIBHMLTBI Ta CilbCbKOMY FrOCMNOAAPCTBI € OAHNM i3 CTPaTEriYHMX
LLNAXiB BMPILLEHHS eKONOTiYHMX NPo6/ieM Ha Teputopinx gisinbHocTi TEC.

3ona Big TEC ycnillHO BUKOPUCTOBYETLCA A1 3MiHW AerpajoBaHuX 'pyHTIB
y MOEAHaHHI 3 opraHiYHUMM [o6aBKaMK, TaKMMWU SK KOPOB’AYWIA THiiA. Bucoki
KOHLIEHTpaLiT B 301 TaKUX €N1EMEHTIB, AIK Kaiil, HaTpiii, KaNbLii, MarHiii Ta epym
NiABULLYIOTb YPOXAWHICTb CiNbCbKOrOCMNOAAPCLKUX KYNbTYP, OAHAaK BHECEHHS
CyXOl 3011 MOXe HaKOMUYyBaTW Taki efeMeHTH, AK 6poM, MONi6AEH Ta atoMiHi,
Ki Y BUCOKMX KOHLIEHTPaALiiX MOXYTb 3HU3UTU BPOXKAMHICTb, @ TaKOX HEraTvBHO
BM/IVHYTW Ha 340POB’S TBApYH | /IIOLEN.

TakoX BifOMO, L0 Y PO3BMHEHUX KpaiHax Bigsanu 3LUB rotytoTb Ans
npoaaxy, AOBOASAYM Or0 XapaKTEPUCTUKM [0 BMMOT OQiLiAHMX OyaiBeNbHMX
HOpM. B YkpaiHi 3o0n0wnakM odiliiHO Ha3MBalOTb BiAX0AamMK, TOMY 3amiCTb
TEXHIYHO BOCKOHAIEHOrO MPOAYKTY €NeKTPOCTaHUiA Hafjae CnoKueayesi MOBHI
BiAXOAM, XapaKTepUCTUKM SKWX He Bif4MOBialOTb BMMOraM i SIK BMCHOBOK,
OypiBenbHi KOMMaHii He X04yTb KymnyBaTW 30/0LLUMaKKW, OCKINbKK Lie BapTo iX
nepepo6uTH NiJ roToBWI 40 BUPOOHULTBA MaTepian.

OfHVM 3 Hale(heKTUBHILLNX MeTOLiB yTunisauii 3LUB, skuid gy>Ke akTUBHO
NPaKTUKYETLCA Y CBITI, € BUPOOHULITBO Liernn Ta 6yaiBenbHMUX 610KiB. 3010LLU1aKu
MOXHa BWKOPWUCTOBYBATU K HELOPOrviA 3amMiHHWK TNIMHW B CKNafi CUPOBUHHOI
cymiwi ana BupobHuuTBa Uernu. [OpPIBHAHO 3 TpaguuiiHUMK  MeTodamu
BMPOGHMLTBA TIMHAHOT LEeram, BUPOOHULTBO LErn i3 30/ CIPUUMHAE MEHLLE
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3abpyAHEHHS PTYTTIO, € eHeproe(eKTMBHUM i KOLITYe Npuban3HO Ha 20% MeHLLe,
HIXX TpaguLifiHe BUPOOGHULTBO FIMHSHOT LIEMNN.

KpiM  LpOro, 3epHUCTWIA LWNaK € anbTepHaTMBOK  MiCKYy  Mpw
NICKOCTPYMMHHKUX poboTax, abo Woro Lie MOXHa BWKOPUCTOBYBaTW ANA
BUPOOHMLTBA AOPOXKHLOIO NonoTHa [3]. OAHMM i3 NpUKNagiB BUKOPUCTaHHS 30111
TEC y npoektyBaHHi fopir € Benuka bputadia 1a CLUA, ge 30na akTMBHO
BMKOPWCTOBYETbCS AK CTabinisatop y OyaiBHMUTBI Aopir abo $SK OCHOBa
HarnoBHOBaYa [i/19 BEPXHLOIO LUapy AOPOXKHLOI0 MOKPUTTS.

BuKopucTaHHs 30/10LLMAKOBNX BiAX0AiB NOTPeOye BUPILLEHHS HUW3KM
CKMafHMX 3aBAaHb — Bif PO3POOKM TEXHIYHMX YMOB YTUnisauii wWnakis, A0
KOPWUryBaHHS MEHTaNiTeTy MeHemKepiB BTOPUMHHMX MiHEpa/lbHUX pecypciB Ta
BMPOBa>KeHHA NPMBEAEHHS 3aKOHOAABCTBA YKpalHW Yy BifMoBiAHICTL [0
€BPOMEiCbKOro, OCKisIbkn gocBig kpaiH €C T1a CLUA wopo ycniwHoro
BUKOPWUCTaHHSA 3011 B Pi3HUX rafly3dax HapoAHOro rocrnojapcrsa NoKasyroThb, Wo B
YKpaiHi iCHye HarasbHa Heo6XifHICTb BMBYEHHA MOX/IMBOCTI MEpepobKu LuX
BifIX0AiB, OCKi/IbKN Ha TepUTOPIi HaLOT fepXKaBu € AOCUTb BefiMKa KinbkicTb TEC
Ta 30/10LLTaKOBMX MOAIrOHIB, & eKOMOrivHa CUTYaLia Ha TXHIA TepuTopil Ta 6is HUX
He € ilea/IbHO0 [/19 HABKO/IMLLHBOIO CepesjoBuLLa.

Cnimcok nitepatypu
1. Kownak I"., MaBneHko A. lNepcrnekTrBy BUKOPUCTAHHA 30711 TeC ANA
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2. Monisyak B. Mepepobka 30n0Lwnakosyx Bigxogis TEC Ta yTunisauis
CO2 wnaxom kapboHisauii MiHepanis : AunnomHa po6oTta Ha 3000yTTs CTyneHs
6akanaspa : 105. Kuis, 2022. 51 c. URL:

https://ela.kpi.ua/bitstream/123456789/49072/1/Popivchak_bakalavr.pdf (pata
3BEepPHeHHS: 26.11.2022).

3. binvk [. [0 nuTaHHA BMKOPWUCTaHHA 30/10WLIAaKOBMX BigXoAiB Ha
TennoeneKTPoCTaHLsX. Cranwuii iHHOBALIiAHO-KpeaTUBHNIA PO3BUTOK
couiaslbHOEKOHOMIYHMX cucTem : Martepianu MiXKHap. HayKoBO-NPakT. KOHM., M.
BepexxaHu, 29 nucton. 2019 p. / pea. H. CemeHoBa. bepexxanu, 2019. C. 121-122.
URL: http://bit.do/fVGxg (nata 38epHeHHs: 26.11.2022).
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PEXXUMHO-TEXHO/IOT ITHHA TA ANAPATYPHO-KOHCTPYKTVBHA
OMTUMI3ALIA ANA IHTEHCU®IKALIT MPOLECIB YTBOPEHHA
| PO3AINTEHHA BATATOKOMMNOHEHTHNX CNCTEM

NanoweHko O. O., A4.T.H., npodecop; MaspuneHko O. M., K.T.H., JOKTOPaHT;
CTapuHcbkuii O. €., acnipaHT; Ceiich XycceiiH, acnipaHT; LLmaTeHKo B. A.,
acnipaHT.; boHgap [. I., acnipaHT; XyxpsHcbkuii O. M., PhD, CTyaeHT;
Kpaseub B. I"., cTygeHT; Jlyuenko P.M., cTygeHT; MaHgpuka O.0., CTYAeHT,
CyMCbKWii aep>KaBHuii yHiBepcuTeT, M. Cymu, YkpaiHa

3acTOCyBaHHA PEXMUMHO-TEXHOMOMIYHMX | anapaTypHO-KOHCTPYKTUBHUX
METOZ4iB 3 METOK ONTUMI3aUiiHNX CTaTUYHWUX Ta AUMHAMIYHUX MaTeMaTUHHUX
(uncnoBux) MofentoBaHb  XiMIKO-TEXHONOMYHUX  MPOLECiB,  MPOEKTYBaHHA
TEXHOMOTIYHKUX JiHIA Ta KOMM/EKCIB NpefCcTaBAfeTbCA aKTyalbHUM HayKOBO-
NPUKNagHUM 3aBAAaHHAM B Tany3eBOMY MalUMHOGYAyBaHHI  Ans  XiMiYHOT,
HathTOra3oBoi Ta iHLWMX CYMIDKHUX rasly3eit MpoMMCNOBOCTI.

Y BIANOBIAHOCTI A0 NOCTaBMEHNX 3aBAaHb PO3PO6/IEHO TEOPETWNYHI OCHOBM
npoLeciB YTBOPEHHS Ta cenapauii CTIKMX NPSMUX | 3BOPOTHUX BOJOHA(PTOBUX
eMy/bCiiA, 3AiiCHEHO MOAENtOBaHHA MPOLIECIB cenapauii y 6araToyHKLiOHaNbHUX
MOAYNbHUX TpUhasHUX HahTOra3oBOA0PO3AiNtoBadYax Ta MPOLEciB pPo3gifieHHs
6araTOKOMNOHEHTHUX CUCTEM Y BioNa/IMBHUX TEXHOMOTIfX 3 BU3HAYEHHAM
rigpoAMHaMiYHMX MOKAa3HWKIB cenapauii 6araTOKOMMOHEHTHUX CUCTEM Y (ha3HUX
po3gintoBayax i TenIOMaco06MiHHUX XapakTepUCTUK MOAY/IbHUX KOMOIHOBaHMX
TapinyacTo-HacafKoBMX KOHTAaKTHUX CeKLii, ONTMMI3aliiHOro MpPOEeKTYBaHHA
KOJIOHW JeeTaHi3auil i KOMOHW OTpMMaHHS nponaH-6yTaHy yCTaHOBKM cTabinisauii
KOH/leHcaTy, abcopbLiiiHOT KOTOHM YCTAHOBKM OYULLEHHSI MPUPOAHOro rasy Bif
[JOMILLIOK KWCAMX Ta3iB, TPybuaToro rasopiguHHOrO peakTopa YCTaHOBKM
OTPUMaHHS PigKUX a30THUX A06pUB, MOMENOBaHHSA Ta ONTMMI3auil CUCTEM
cenapauii 3 OCYLUeHHAIM CTUCHEHOrO MOBITPA B KOMMPECOPHWUX YCTAHOBKAX.
3[iicHeHO  CcTpaTeriyHe Ta  TaKTUYHE  MMaHyBaHHS  6araTtog)aKTOPHUX
EKCMEPVIMEHTIB 3 PO3POOKOHD METOAMKM ONTUMI3aLiAHAX MOAENtOBaHb.

Mpn UbOMY BU3HAYEHHS KpuUTepito edeKTUBHOCTI (LinboBa (YHKLUisA) B
3afiadi 6araTokpuUTepiasibHOT ONTUMI3aLT TaKUX CKIALHWUX CUCTEM NPeSCTaBNSETLCA
3aBJlaHHAM BWCOKOrO CTYMNEHSA CKNafHOCTI BHAC/MILOK HEBU3HAUYEHOCTI Y BUXIfHI
iH(hopmaLiT i mMaTeMaTUYHIN Mofeni Ha Mo4vaTKOBMX eTanax, a TOMY 3ara/ibHy
METOZONOr0  ONTUMI3aLIAHOro MPOEKTYBaHHA MOXHa iHTeprnpeTyBatn fK
iTepauiiHWiA NpoLec 3HATTA LUX HEBU3HAYEHOCTEN ab0 3BYXKEHHS X iHTepBay Ha
KOXXHOMY MOCMIfOBHMX eTaniB MPOeKTyBaHHA. MeTa BMKOHYBaHMX Ha Pi3HUX
eranax  MpOeKTyBaHHA  MaTeMaTuyHux  (4MCNOBMX)  MOJeNoBaHb  Ta
eKCnepuMeHTalbHUX  AOCAIAXKEHb - YTOUHWTW NapameTpu | XapakTepucTuKu
006’€eKTY, NPUIAHATY HalibiNblu pauioHabHI MPOEKTHO-KOHCTPYKTOPCHKI PiLLEHHS.
3Bifcy BUNNMBAE iTEpaLiiHO-LMKNIYHWIA XapakTep MpoLecy NPOeKTyBaHHS, Lo
BMPaXXAETbCS B YepryBaHHi NPoLeayp CUHTe3Y Ta aHani3y pilleHb.
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BM/IMB PALIA/IbHOI CKNALOBOI LWBWAKOCTI PIAVNHA HA
YTBOPEHHA KPAI/1 HA BUXOAI 3 KOP3NHN TPAHYTATOPA

FOpuyeHko O. KO., acnipaHT
CyMcCbkuii fiep>KaBHuii yHiBepcuTeT, M. Cymu, YkpaiHa

[0 SKOCTI OTPMMYBAHOr0 MPOAYKTY B pe3ynbTaTi rpaHynsuil BUCYBaETbCA
psig BuMOr. [0 TakMx BUMOI MOXHa BiJHECTW HemnepexpeLleHHs MOTOKIB PignHK
Npv BUXOZi 3 rpaHynaTopa, OTPUMaHHA Kpanesb, a 3rofoM, - KpUCTaniB 04HaKOBUX
po3mipiB. OCTaHHE € yKa3aHOro HanpsiMy 3aneXuTb Bif CNOCO6Y rpaHy/t0BaHHS.
LLMM NOACHIOETLCS KOHCTPYKL ISt YCTAHOBKM, HE PiaKo hopma AHMLLLA KOP3UHU, SIKUM
3abe3neyyeTbCa KyT Haxway i fiameTp oTBOpiB. Y BibpauiiiHoMy rpaHynsTopi
CKNafHICTb Npouecy AucrepryBaHHs Yepe3 nepdopoBaHy 060/I0HKY 3YMOB/IEHA
Kinbkoma haktopamm. OCHOBHMMMU 3 HUX € TEOMETPUYHI XapaKTepUCTUKN OTBOPIB,
3a AKUMU pigyHa NPOXOAUTL CTaAito PO3NUMEHHS NPY Ofep>KaHHI Kpanesb a30THUX
Ta KOMM/IEKCHUX MiHepanbHUX 406puB. LiyM ycim, a TaKOXK 3MiHOK0 YacTOTH i TUCKY
€ MOX/IMBICTb PEryOBaHHA AiaMeTpy Kpanesb Ha BUXOAi 3 rpaHynaTopa. B ocHoBi
TEOPETUYHOr0 ONUCY PYXY PiAVHM Y CTPYMEHI NeXaTb PiBHAHHS TaK 3BaHOT «Teopil
CTPyMeHiB». BifoMO, Hanpuknag, npubnusHe pileHHs UWX PiBHAHb Ans
(hiKCOBaHOI0 MOMEHTY vacy.

OCHOBHWIA iHTepec MpeacTaBnse aHani3 MOBeAiHKM pagianbHOT CKIaAoBoT
LUBWAKOCTI pignHW. MNprnycKaemo, Lo came 36iMbLUEHHS BEMUYMHU L€l LUBNAKOCTI
[0 KPUTUYHOTO 3HAYEHHS | € MPUYMHOKO MOJ0NAHHA CU NOBEPXHEBOr0 HATATY, LLO
MpW3BOAUTL A0 PYIHYBaHHA CTPYMEHs Ta YTBOPEHHs Kpanenb. [N pagiansbHol
CKN1af0BOI LWIBMAKOCTI PigUHN PO3rnsHeMO Ti NOBeLiHKY MO pajiycy CTPyMeHs.
Bubupaemo Tpu pagiyc BcepeduHi ctpymeHs rl = 0,55 mm, r2 = 0,35 mm,
r3=0,15 mm:

1 =3.273194163 x 10*® (—2.32755800 x 10733 2
—7.7792400 x 10738 + 1.8439630 x 1073 3
+1.436764 x 10727 4 +9.6724 x 10725 5
+ 3.520432 x 10740)

2 = 9453956745 x 10*® (—5.1218200 x 10734 2
—1.71396000 x 10738 + 6.644600 x 10733 3
+3.161618 x 10728 4 + 21253 x 10725
+3.13711 x 10™41)

3 =5.400219324 x 10*? (—3.84017600 x 10733 2
—1.285956000 x 10737 + 1.6796500 x 10733 3
+2.3704792 x 10727 4+ 159252 x 10724 5
+4.320198 x 10741)

)
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[nsa 6inbLIoT HAOUYHOCTI Ta aHani3y Kpalle ysSBUTU OTPMMaHWi pesynbTar y
BUMNAAI rpadivuHOT 3a1eXHOCTI:
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PucyHok 1 - 'padhik 3miHM pagiansHOT WBMAKOCTI PignHW B CTPYMEHI Ha pagiyci r
B3[0BX OCi CTPYMEHS: YepBOHa NiHif - rl = 0,55 MM; 6/1ak1THa NiHis - r2 = 0,35
MM; hioneToBa NiHis - r3 = 0,15 MM

3 oTpyMaHmX rpadivyHMX 3a1eXHOCTEN BUAHO WO B CTPYMEHI, HaBiTb npu
MOCTIMHIA BEAWYMHI TUCKY PIAMHW B OTBOPi, BMHUKAOTb B/ACHI MOMepeuyHi
KonmBaHHA (3MiHa BeUUMHKU pafianbHOT CKNafoBol LWIBMAKOCTI). BenuunHa
pagianbHOT LBUAKOCTI Y Nepepisi, 65M3bKOMY [0 KPUTMYHOTO, By e 36inbLiyBaTucs
Bifl LIEHTPY CTPYMeHs A0 nepudepii. Taka 3MiHa pagianbHOI LWIBMAKOCTI Mana 6
NPW3BECTU [0 PYINHYBAaHHS CTPYMEHS Ta YTBOPEHHS Kpanesb.

MpakT4YHe 3HAYEHHS OAEPXKAHUX Pe3ynbTaTiB MOMAraE B MOXJIMBOCTI
TEOPETUYHO BCTAHOBUTY BM/IMB 3MiHW pagiafbHOT LWBUAKOCTI Y CTPYMEHI B3L0BX
1A0ro oci, a TakOXX MPOrHO3yBaTH PO3Mip OTPUMYBAHUX Kparenb, LU0, Y CBOH Yepry,
[03BOMIAITIME  KOperyBaTu po60TO0 BiGpauiiHOrO NpUCTPOKD rpaHynaTopa i
MOKpaLLEHHs rpaHyAaLinHOro cknagy NpoayKry.

Po6oTa BKOHaHa nif, kepiBHUL TBOM npodecopa CknabiHcbkoro B. 1.
Ta npocecopa Nycaka O. I
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A0 PO3PAXYHKY OMTUMAJIbHNX PEXMIB POBOT
TEMAOOBMIHHOI O OBNAAHAHHA PEKTUPIKALINMHNX YCTAHOBOK

Josrans O. B., cTygeHT, XM-91; Kapnenko A. C., cTyaeHT, XM-91;
Mwxaiinocbkuii A E., goueHT, Kadeapa XimiuHoi iH>keHepii, CymAY, M. Cymu

MpoBeaeHo aHani3 TeM1006MiHHOIO 06/1afHaHHS Ta PEXXMMIB A0ro poboTn y
CKnagi peKTnikaLiiHOT yCTaHOBKW A4/19 PO3AiNeHHs Cymili 6eH3on — Tonyon. byno
BUSIB/IEHO, L0 TeN1000MiHHe 06/1agHaHHA pekT1diKaliiHOT YCTaHOBKM MOpa/ibHO
3aCcTapino Ta CbOroAHi BXXe He BiAMOBigae BCiM HOpMam 3 eKOHOMIT pecypcis. Tomy
6yno 3anponoHOBaHO a/llbTepHATMBHWIA BapiaHT Tenn0006MiHHOro 06nafHaHHs, B
AKOMY CYTTEBO iHTEHCU(IKOBAHO Tensonepefayvy. 3a OCHOBY Oiflbll JOCKOHANMX
anapatiB  NPUAHATO  TUMOBI  MoOAeNi, WO BUMYCKAKOTbCA  BITYM3HAHUM
MaLUMHOBYAYBaHHAM: TOPU30HTaNbHWIA KOXXYXOTpPY6HUIA anapaTt 3 KOHAeHcallielo
6eH30/1y B MDKTPYOGHOMY MpOCTOpPI Ta BEPTUKa/IbHWIA KOXYXOTPYOHMIA anapar 3
nigirpisom Tonyony B Tpy6ax.

AHani3 nokasas, LLO BTPaTK Temna MOXHa 3MEHLINTK, 36i/bLUYIOYN MOBEPXHI
TennoobMiHHWMX anapatis, MPoTe NP LOMY 3pOCTalOThb KaniTasibHi BUTPaTW Ha
YCTaTKyBaHHA. TakuM YMHOM, BUHWUKAE 3aBAaHHA XapakTepHe s 6araTbox ranyseli
TEXHIKV — BUGIP MiXK [eLLeBMM, ane HeeKOHOMIYHMM B eKCrlyaTallii, Ta JOPornmMm, ane
€KOHOMIYHMM 06nafHaHHsAM. OueBMAHO, WO 3a LiSIoPiYHOT Ppob0oTH peKTudiKauiiHOI
YCTaHOBKM BUTiAHiLLIe BUOMpATW APYTWid BapiaHT.

OnTuMmisauiiiHWiA po3paxyHOK TeNI006MIHHOIO 06M1afHaHHS NPOBOAMBCS 3
BUKOPWCTaHHAM 3ara/ilbHOBIAOMMX MaTeMaTUUYHUX 3a/ieXXHOCTeld. BapiiioBaHnMu
napaMeTpamMn Oynu: LWBWAKICTb TEMNIOHOCITB BCepeauHi TENI00OMIHHMX TPYyo,
KiNbKIiCTb OfHOYACHO BMKOPUCTOBYBAHMX anapatiB, a TakoX BXiAHI Ta BUXiAHI
TeMnepaTypu 0X0N04XKYBaslbHOT BOAM /i TUCK BOAAHOT rpitoyoi napy. ONTuManbHuiA
BapiaHT BiANoBiAae HaMEHLIVM CyMapHUM BUTpaTam Ha NPOBeAEHHS NpoLecy.

ANropuTM  ONTUMI3aLiiHOr0 po3paxyHKy peani3oBaHuiA y Buraagi
nporpamMHoro naketa y cepegosuii QBASIC. Po3paxyHOK BK/IKOYAE TaKi OCHOBHi
eTanu: cKNagaHHsa i po3s’s3aHHs PiBHAHL MaTepiabHOro Ta Ten/0BOro 6anaHcis;
BU3HAYEHHS PYLUIAHOT CMIN; pO3paxyHOK rigpoanHaMiuHOro peXxxumy pyxy NoToKiB
3a PI3HMX LUBWAKOCTEW; BM3HAYEHHS KOeQilieHTIB TEenioBiggadi LLASXOM
MOC/iI0BHMX HabMMKEHb; PO3pPaxyHOK KoedilieHTa Tennonepedadvi Ta Mol
TENN006MiHY; BU3HAYEHHS OCHOBHUX FreOMETPUYHUX PO3MIpIB anapara 3a 3afaHux
YMOB; TifpaBniyHWin PO3paxyHOK anapara; BW3HAYEHHS aMopTu3auiiHuX Ta
eKcnnyaTauiiHix BUTPAT Ha NPOBESEHHS NpoLecy; BUBIP ONTUMabHOIO BapiaHTa.

MpoBeaeHW po3paxyHOK NoKasye, Lo nepexif Ha ONTUMAasbHI PeXUMU, He
nepefdayaroyun 3mMiH TEXHOMOMIYHOT CXEMU B pamKax iCHYHUOro BUPOGHMLITBA,
[03BONSAE IHTEHCU(IKYBATW MPOLEC Ta 3MEHWWTW BUTPATM HA eKcrijyarauito
061aHaHHS.
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ONnTUMIBALIA BUMAPHOIO BIAAINTEHHA
B LIYKPOBYPAKOBOMY BUPOBHWLTBI

BoHgap O. B., cTygeHT, XM-91; 3aikiH O. I, cTyneHT, XM-91;
Muxaiinoscbkuii A. E., foueHT, Kadeapa ximMiuHoi iH>KeHepiT; CymAY, m. Cymu

BuinapHi BiggineHHa LyKpoOypAaKOBKX 3aBOLIB NPU3HAYEHi 419 BULANEHHS
BE/IMKOT KifbKOCTi BOAM 3 oumwieHoro coky Il caTypauii Ta OTpuMMaHHA
Mepecu4eHoro LyKpoBOro cupony, skuii nicns AOLATKOBOIO OYULLEHHS MPAMYE Y
BaKyyM-anapatu, e BULINAITLCA KPUCTANIN Ly KpY.

OcCKiNnbKK1 BUNaptOBaHHA MOB’si3aHE 3 BENMKOK BUTPATO EHEPiT, TO OAHUM
i3 rONOBHMX 3aBfaHb Nif Yac NPOEKTYBaHHS BUMAPHUX CTaHLi € Taka opraHisadis
npouecy, Wo 3a6e3neynTb ONTUMI3aLlito eKcnayaTauiliHKX i KaniTanbHMX BUTpaT. Y
LbOMY Ha NepLuuii NnaH BUXOAATb paLioHanbHWA BUBIP YMcna KOpMYCiB, a TaKoX
MOZepHi3aLlis BUNapHOro ycTaTKyBaHHS.

Y UyKpoBili MPOMUCAOBOCTI LUMPOKO MOLIMPEHI BEPTUKaSbHI  BUMAPHI
anapatm 3 Tpy64yacTol MOBEPXHE Harpisy i MapoBuM 06IrpiBoM, B AKMX
3AIMCHIOETLCS NPUPOLHA UM NPUMYCOBA LIMPKYALA NPOLYKTY, L0 BUNapOBYETLCS.

Y po3rnsHyTOMY anapaTi TakoX 3[iiCHIOETLCA NpUMYyCcOBa LMpKynALisa
COKy, ane 3a JOMOMOrow B6YJOBaHOrO MPUCTPOIO, LLO NEPEMiLLye, CTBOPHOETLCA
HacoCHWIA epekT. Lle 103BONSE NEPETM A0 KOMMAKTHILIOT KOHCTPYKLUIT BUNapHOro
anapara, a TakoX 3HW3UTW BUTPaTW Ha LMpKynsauito. Kpim TOro, BUHECEHW
OpPV3KOB/OB/IOBAY, TaHreHLUiabHO 3’€AHaHWIA 3 Kamepoto, WO rpie, 3abesnevye
HadiiHy cenapauil0 BTOPUHHOI Mapy Bif Kpanenb PO34nMHy [A1d 3anobiraHHs
3aLyKpPOBaHHIO KUM’ATUIbHUX TPYO.

BpaxyBaHHA BenMKOI KifbKOCTi B3aeMO3aieXXHUX (hakTopiB nig uac
MPOEKTYBaHHSA 6araToKOpNyCHMX BUMAPHUX CTaHLi HEMOXNBe 6e3 3aCTOCYBaHHS
EOM. Ha ocHoBi npoBefeHOro aHanisy 6yn0 po3pobnaeHo  anropuTM
ONTUMIi3aLiiHOro po3paxyHKy BMMapHWUX anapaTiB 3 NPUCTPOEM, LLO Mepemillye,
SKUIA BKNKOYAE TaKi OCHOBHI eTanu: 1) maTepiaibHWiA 6anaHc BUNapHOT yCTaHOBKU
Ta pO3paxyHOK KOHLEHTPaLiii po3uMHy Mo Kopnycax; 2) BU3HaYeHHs TeMnepatyp
KUMiHHA PO34MHY Ta PO3paxyHOK PYLiliHUX cun npouecy; 3) TennoBuii 6anaHc
BUMAPHOI YCTAaHOBKM Ta YTOYHEHHS KiNbKOCTe rpitoyoi mapu Ta BOAW, LO
BMMApPOBYETLCA, MO Kopriycax; 4) po3paxyHOK KoeqiuieHTiB Tennosiggadi Ta
Tennonepegadi 3 ypaxyBaHHAM TuMy Ta PO3MipiB NPUCTPOIO, WO Nepemillye; 5)
BU3HAYEHHA NOBEPXHi Tensonepefadi Ta KOHCTPYKTUBHUX PO3MIpiB anaparta; 6)
pOo3paxyHOK CyMapHMX BUTPAT Ha MPOBeAeHHs NpoLecy; 7) 3miHa Tuny abo po3mipis
MPUCTPOIO, LLO NepemiLlye, Ta MOBTOPEHHS PO3PaxyHKy, MOYMHAKOUM 3 NYHKTY 4; 8)
3MiHa NapameTpiB napwu, WO rpie, Ta NOBTOPEHHS PO3PaxyHKY, MOUYNHAKOUN 3 MYHKTY
2; 9) 3MiHa umMcna KopnyciB BUMapHOi YCTaHOBKW Ta MOBTOPEHHS PO3paxyHKy,
nounHatouM 3 nyHkty 1; 10) BMGIp ONTUMMANbHOIO BapiaHTa 3a MiHIMyMOM
CyMapHUX BUTpaT.

Lis meToamka [03BOSISIE 3a KijlbkOMa napameTpaMu ONTMMI3yBaTu MpoLec
BUMAPIOBaHHSA Y BUPOOHULTBI LyKpY, MiHIMi3yt0un CyMapHi BUTpaTK.
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CMOPTUBHWUIA BPUOXK TA IHKEHEPHE MC/TIEHHSA

pebeHiK A. €., cTyaeHT, XMM-21; MuxaiinoBcbkuid 4. E., AoUeHT, kadeapa
XiMIYHOT iH>KeHepiT; CyMCbKuiA fep>KaBHuii yHiBepcuTeT, M. Cymu

Cepef gncumnniH BiNbHOro BMGOPY 3apa3 BeMKWIA NONUT Mae AucuuniHa
«OCHOBW CMOPTMBHOrO 6pUmKy» i Le He AMBHO, 60 BOHA (HOPMYE Taki 3ara/bHi
KOMMETEHTHOCTI SIK 3[4aTHICTb A0 abCTPaKTHOrO MWCMEHHS, aHani3y Ta CUHTE3y;
NPUAHATTS pilleHb B YMOBaX He MOBHOI iHhopmaLii Ta 06MeXXeHOro Yacy; BMiHHSA
npautoBaT B KOMaHAi Ta iH. Lii KOMMETeHTHOCTI, Ha Hally AyMKY, € 0CO6I1BO
BXK/IMBUMW ANA MONOAUX NOAENA, SKi MOB’A3YI0Tb CBOE XKWUTTS 3 iHXEHEPHO
DIANbHICTIO, 30KpeMa, B ray3i XiMiuHol iHXeHepil.

Bpumk — napHa rpa, TOMy TYyT [AyXe BaXIMBO BMITU 3HAXO4UTU
Nopo3yMiHHSA. AK Y NapHOMY (irypHOMY KaTaHHi Y CMIOPTUBHUX 6a/lbHUX TaHUSX,
TYT He BUrpatoTb MOOAMHLI, Ta Pe3ynbTaT 3aNeXWTb Bif 31arogkeHnX Ail 060X
napTHepiB. | 6pu@K HaB4yae Uil B3aEMOMii: HaBMYKM KOMYHIiKaLii, HabyTi 3a
OpUIKEBMM  CTOMIOM, MOXYTb BUSBUTUCS OGe3LiHHMMK 33 CTOMOM  [Aif0BKX
MeperoBopiB Mig 4yac yKnagaHHA BakiuBoi yrogu. Llle 6inblu BaXnuBy posib
Biflirpae BMiHHS HanaroguTh Ta NigTPMMYBaTV B3aEMOPO3YMiHHS B KONEKTUBI, KW
npautoe Hag BUPILLEHHAM CKafHOT iHXeHepHOT 3adadi, Hanpuknag 3i CTBOPEHHS
6inbl fOCKOHANOI HadTonepepobHOi TexHonorii abo HOBOT XiMIYHOT TeXHIKW.
CwuTyauisi, Konm Kifbka po3pobHUKiB, KOXEH 3 AKX PO3B’A3YE IOKaNIbHY Npobremy,
06’efiHaHi CNiNbHUM 62XKaHHAM LOCArTU ONTUMASIbHOMO Pe3y/bTaTy B PO3B’A3aHHI
XiMIKO-TEXHOMOTYHOr0  MNPOEKTYBa/bHOTO YW  BUPOGHMYOro  3aBfaHHA
MaKCUMaNbHO aHaslorivyHa cuTyauii, KoMM KifbKa 4feHiB OpuIKeBOi KOMaHau
06’eAHaHi cnifbHUM GaXKaHHAM JOCArTY HaWKpaLlLoro pesy/bTaTy B KOMaHLHOMY
abo napHoOMy 3maraHHi 3i CNOPTUBHOIO GPUDKY.

Te, WO 6pUMK, AK | pewTa iHTeNeKTyalbHUX irop, MOKpalye Po3yMOBI
3Ai6HOCTI — AaBHO A0BefeHW haKT. Anle LM NAKCK GPUIKY He 0OMEXYHTbCS —
Lie AMBOBWXHUIA TPEHAXEP He Nulle Ans po3ymy, a i ana xapaktepy. Ocb nuie
[esKi AKOCTi, SIKi pO3BMBaE OPUMK: LUBUAKICTb MPUIAHATTS PpilleHb, fOTiKa,
KOMYHiKabenbHiCTb, BMiHHA 3HaXOAUTW CMiflbHY MOBY, XONOAHOKPOBHICTb Ta
caMoaucLmMnAiHa, Mam’aTb, KOHLEHTpaLis. A Xiba L XX SKOCTi He € BaXK/TMBUMMU, KO/
Heo6XifHO LUBMAKO i TOYHO BXWTM 3aX04iB LL0A0 3anobiraHHs aBapiliHii cuTyauii Ha
HahTorasonepepobHoMy  nignpuemcTei, abo 3a  HEOOXiAHOCTI  LUBMAKOrO
nepeHanarofpKeHHs XiMiko-TeXHOMOTIYHOT NiHIT 3 BUMYCKY OfHOT0 BUAY NPOAYKLiT Ha
iHWKIA. AHaNOTiYHI 3a CTPYKTYPOIO MWC/EHHS MPOGAemMU 3MYyLLEHI BUPILLYBaTu
rpasui 3a 6pUIKeBMM CTONIOM, Hanpukiag, nig vac TOPriBfi, KOAM B YMOBax He
MOBHOT iH(opmauil Tpeba BWIATM Ha MpaBWIbHUIA KOHTPaKT, abo Ha cTagii rpu
KapTamu, KoM HeobXigHO CrnnaHyBaTy PO3irpall KOHTPaKTy Ta OyTu rotoBUM L0
KOperyBaHHs CK/1afieHOr 0 M/1aHy B yMOBax 0OMEXEHOro yacy.

Bci Li AKOCTi He06XifHI He TiflbKK 33 GPULXKEBUM CTO/IOM, BOHW ONOMOXYTb
y CRifIKyBaHHI 3 JiNOBMMKW MapTHepaMu, MpW CKnafaHHi  Gi3Hec-cTparterii,
pO3B’A3aHHI HXEHEePHWUX 3aBfaHb 3a PISHUMU CNPAMYBAHHAMMW, HaBYaHHI Ta
NPUAHATTI NOBCAKAEHHUX PillleHb.
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BUBIP TUMY HACAAKW ONA MOHOIMAPATHOI O ABCOPBEPA

Mockanbuyk O. M., Kningyxos C. B., cTyaeHTU;
Ckuganetko M. C., cT. Buknagay; I1sueHko O. B. foUeHT,
CyMCbKMIA fiep>KaBHUI yHiBEpCUTET, M. Cymu

Cepefi MiHepanbHMX KUCNOT cipyaHa KucnoTa 3a 06CAromMm BUPOGHMLTBA i
CMOXMBaHHS 3aliMae neplue Micue. CBiTOBe BUPOOHMLTBO 11 3a OCTaHHi 25 pokKiB
3pocna 6Ginbl HiX B 3 pasn. OAHOYACHO i3 3ara/lbHUM 306iMbLUEHHAM 06CAry
BUMPOOHMLUTBA  CipyaHOi  KMCMOTU  PO3LLMPHOETLCA  aCOPTUMEHT  MPOAYKLiT
CipPYaHOKNCNOTHUX 3aBOAIB, OPraHi3yeTbCs BUMYCK OCOGAMBO YMCTOT KUCNOTH,
100% cipyaHoro aHrigpuay, BUCOKOKOHLEHTPOBAHMX ON1eYMY Ta KUCMOTK, a TaKoX
36iNbLIYETHCA BUPOOHMLITBO HOBMX MPOLYKTIB Ha OCHOBI Cip4aHOoro aHrigpuay.

OcTaHHbLOI CTagieto npoLecy BUPOOGHMLTBA CipYaHOT KUCNOTU KOHTaKTHUM
METOJOM € BUYYEHHS! TPUOKCUAY CIpKM 3 ra3oBOi CyMilli Ta MepeTBOPEHHS Moro
Ha cipyaHy KMCNOTYy, fike MpOBOAWUTLCA B abcopbuiiiHMx KomoHax. KOHCTpyKuis
abcopbLiiHOT BeXXi MOEAHYE abCOPOLIAHMIA NPOLEC Ta OYMLLEHHS TEXHOMOTIYHOIO
rasy Bif 6pM30K Ta TyMaHy CipyaHOi KUCNOTW B 0AHOMY Koprnyci. ToMy o B1UGopy
Hacaflkm Ans abcop6uii BigHOCATLCS Ay>Xe MPUCKINAMBO, OCKibKW Big Tumy
HacaflKn 3aneXuTb Te, SK Mpoige npouec. Hacagka MOBMHHA PIBHOMIPHO
po3MnoainaTn pianHy, Lo 3pOoLYEThCA Ta 406pe, MaTW Manuii rigpaBnivuHuid onip,
6y T XiMIYHO CTiKOI A0 CcepefoBuLLLA B KONOHI, MaTl BUCOKY MEXaHiYHY MiLHICTb,
6yTn Hepgoporoto. KoxxHa Mae CBOT BNacTUBOCTI, MepeBaru Ta HefosMiku.

MeTolo [faHOi po6oTU € MOPIBHAHHA Pi3HMX TUMIB Hacafok Ta BWGIp
ONTUMa/ILHOT AN MOHOTiApaTHOro abcopbepa Ha OCHOBI OTPYMaHUX pe3y/bTaTis 3a
[OMOMOrol0  nporpamHoro  komnnekca Aspen HYSYS. [Ons  po3paxyHKis
BUKOPMCTOBYBa/IM HACTYMHI TWMW HacafoK: KisbusA Pawwra, kinbusa Mang, cigna
Bepns, ciTyata Hacagka ygnoe, cigna IHTanokc. MaTepian Hacagku o6upanu
Kepamika. OCHOBHVUMMW XapakKTepPUCTMKaMMN HacafjloK € reoMeTpuyHa MOBEPXHS i
BiflbHWIA 06’°eM. HaliBULLMIA NOKa3HMK Mae ciTuaTa Hacaaka yganoe — 897 m2/ms,
HaCTYNHI - KinbLa Pawura — 710 m?/m3, cigna IHTanoke - 135 m?/m3, Kinbug Mans -
120 m?/m3, cigna Bepns — 105 m2/m3. 3rifgHO po3paxyHKiB 3MiHa TUMY HacafKu He
BMN/IMBAE Ha 3MiHY LUBMAKOCTI PiAMHN, ane 3MIHIOETLCA BEIMYMHA 3aTPUMKM PiANHN.
HaiiBuiimii nokasHuK Mae Kinbuga Patvra - 109,28 Mm%, HacTynHi - Hacagka Myanoe
- 41,85 M3, cigna bepns — 28,24 M3, cigna IHTanokc — 19,28 m2. 3rigHo po3paxyHkis
Hainbinblle nafiHHA TUCKY B CeKuisax abcopbuiiHOi KonoHW BiabyBaeTbCs npu
BUKOPWCTaHHI Kinbl, Pawmra — 194,32 mb6ap, 41a Hacagku Myanoe — 119,6 mbap,
Kinbug Mana — 19,26 mbap, cigna bepna — 6,3 m6ap, cigna IHTanoke — 5,98 mbap.
MpoaHanisyBaBlIM | y3ara/bHIOKYi  OTPUMaHi  pesy/bTaTh  YUCeNIbHOro
MOZE/0BaHHS Pi3HMX TWUMNIB HacafoK KOMOHHOrO ananpary, MOXHa 3KasatW, Lo
HailetheKTUBHILLIOK HacafKo A1 MOHOTigpaTHOro abcopbepa SBASETLCS KifbLs
Palunra, nokasHWK egeKTUBHOCTI cknagae 5250 1/m, Togi Sk gna cigna IHTanokc
NMOKa3HWK edeKTMBHOCTI cknagae 2893 1/m, ans Hacagku Myanoe -988 1/m, cigna
Bepns 150 1/m, ang Kinbua Mans 73,75 1/w.
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BMANB TEXHOJIOTTYHNX NMAPAMETPIB HA MPOLEC YTBOPEHHA
MPAHYNT KAPBAMIZA B TAPIJIbYATOMY MTPAHYTATOPI

KoHoHeHko M. T. cTapLuwnii HaykoBuiA CNiBPOGI THUK;
CkupgaHeHko M.C., cT. Buknagad, CyMCbKuil Aep>KaBHuii yHiBepcuTeT, M. Cymu

AKTyanbHUM 3aBfaHHAM NiANPMEMCTB 3 BUPOOHULITBA MiHEpPaNbHMX [06PUB
€ MOCTifHe NigBULLEHHS TX AKOCTi. OgHMM i3 HanpsMiB WOAO0 MOMIMNWEHHS
BNACTMBOCTEN € BUPOOHMLITBO TYKiB, 3 OCHOBHUM FpaHy/I0METPUYHUM CKnagom 3-5
MM, L0 A03BOSISIE paLlioHaIbHO BUKOPUCTOBYBATU HasiBHI BUPOOHMYI MOTY)XXHOCTI,
NigBULUTM  KOHKYPEHTOCNPOMOXHICTb MNPOAYKUiT Ha CBITOBOMY PWHKY Ta
TYKO-CyMillax, OTPMMaTW €eKOMOFiYHi Ta CnoXuedi nepeBarn. Buxogsaum 3i
CTPYKTYpHO-BapiaHTHOI ~ OMTWMMi3aLii, Haibinbw  pauioHalbHUM  TUMNOM
rpaHynaTopis, AKi MOXYTb OYTW 3aCTOCOBaHi A/11 BUPOBHMLTBA a30THUX J0OpUB
36i/bLLEHOr0 FpaHy/IOMETPUYHOrO CKady, € anapaTy okaTyBaHHS (6apabaHHi,
TapinyacTi, Towo). OAHaK BNPOBaPKEHHIO LbOro 061afHaHHA 3HAYHOI MipOoKo
nepeLUKoikae BIiACYTHICTb AaHUX LWOAO0 BMAMBY TEXHOJOMIYHMX MapameTpiB Ta
peXnMiB rpaHynioBaHHA Ha KIiHETMKY npoueca rpaHy/sioyTBOPEeHHs. Y Xogi
npoBejeHnx nabopaTopHMX Ta JOCNILHO-NPOMUCIOBMX BUNPOOYBaHb TapinyacTux
rpaHynaTopis 6yB anpo6oBaHWiA CMOCI6 MNOLIAPOBOr0 HaHECEHHS pO3rn/aBy
a30THOro [fo6pvBa Ha 4acTku peTypa. B SKoCTi peTypa BWMKOPWUCTOBYBa/IUChb
rpaHynn CTaHAAPTHUX TyKiB giameTpom 2,0-2,5 MM, abo HeTOBapHi (pakuii, AKi
Oynu oTpUMaHi Npu Po3CitoBaHHI rpaHynATa.

Mpu NpoBefeHi JoCNiAXeHb CMOCTEPIraBcs 3Ha4YHWIA BMMB BMICTY MWy B
anapati Ha Mpouec rpaHynoyTBOPEHHS YaCTMHOK a30THWMX AobpuB Y
BMCOKOTEMMNEPATYPHOMY PeXmMmi. YaCcTUHKM (hpakuii MeHwwe 1 MM y rpaHynaTopi
YTBOPIOBA/IUCHL BHACNILOK: KpucTanisauii y dakeni hopcyHKM po3niasy PevyOBUHM,
O rpaHyieTLCS; CTUPaHHSA rpaHyn Npum iX pyci B anaparti; YTBOPEHHS Nuy Ha
CTagisix TpaHCMOPTYBaHHA MPOAYKTY, MOro Knacugikauii Ta Apo6neHHs. BwmicT
nuny noHag 15 % macu rpaHynsaTy B anaparti NpuBOAMB 40 NOPYLUEHHS ANHAMIKA
pyXy 4acTOK B Tapifiui Ta 3puBYy npouecy rpaHynoyteopeHHs. Kpim Brnaney
TEXHO/ONYHMX MapaMeTpiB Npouecy rpaHystoBaHHA (TemnepaTypu rpaHynaTy Ta
po3n/aBa, MOro KOHUEHTpaLii, HasBHOCTI [06aBOK) Oyna Bif3HaueHa 3aeXHICTb
BMIiCTY nuiy B pobouyomy o06cs3i anapaTy Big Micus nogadi  posnnasa.
BuriBaHTaXKeHHSs po3riaBa B 30HY pyXy ApibHUX YaCTUHOK MPMBOAMIIO 0 3HAYHOTO
YTBOPEHHS  HEKOHAWUIAHWX rpaHyn Ta nuay, Wo noripwysasio npouec
rpaHynoyTBopeHHs. Mogava posnnasa B 30HY pyXy BeIMKUX YaCTUHOK MpUBOAWSIA
[0 3HWKEHHS BMICTY MUy B rpaHynaTopi. Ha BMICT nuny B anaparti BNA1BaB TakoX
BIICOTKOBWI BMICT BiypeTy B po3nnasi. 36i/bLUeHHS BMIiCTY 6iypeTy B rpaHynax
NPVMBOAWIO A0 MiABWLLEHHSA X MILHOCTI i 3MEHLUEHHS CTUPaHHSA | pylHYBaHHSA
YaCTUHOK B TpaHynaTopi. YTBOPEHHA MWy Ha CTagiax TpaHCMOPTYBaHHS,
Knacuikauii Ta nofpiéneHHs rpaHynaTy NpUMBOAWIC A0 Nojadi B rpaHynsTop
PETYpPY 3 YaCTMHKaMU MeHLe 1 MM, L0 Npu TpuBalili poboTi 061agHaHHSA ICTOTHO
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BM/IMBAO Ha KIHETMKY MpOLeCy rpaHynoyTBopeHHs. Mpu nogadi B anapaT peTypy
3 BMICTOM nnfy 6inblie 7% BifdyBasioch NiABULLEHHSA MOro MMTOMOFO BMICTY i
3pYBY MPOLIECY TPaHy/0YTBOPEHHS.

Byno BigmiyeHo BNAuMB BMICTY Kapbamigo-thopmanbgerigHoi cmonu (KPC)
B po3nniasi Kap6amify Ha MpOLEC rpaHynoyTBOPeHHs. oro nigBuiLeHHs
npuBoAMNO [0 cTabinisauii npouecy rpaHynoyTBOPEHHA Ta MOJIMWEeHHA AKOCTI
rpaHyn (CepuyHOCTi Ta MILHOCTI), CTPYKTYpU 4acToK. ONTMMasnbHO
TEMMePATypPOLO rpaHyNATy NpuW BeAeHHI NPoLecy NoLapoBOro HaHeCeHHs Po3riaBy
a30THOro gobpmea Ha YacTku petypa € 0,7-0,75 Temnepatypu KpucTanizauii /ioro
po3nnaBy. OTpWMaHi rpaHynM a30THUX MiHepanbHUX [O6pUB B  NPOLECI
MOLLIAPOBOr0 HaHECEHHs PO3MiaBy LbOro [00puBa Ha 4acTKM peTypa Manu
OJHOPIgHY CTPYKTYpY Ta MilHiCb He MeHWe 3 Kinorpamis Ha rpaHyny ans
Kapbamifia Ta He MeHWe 5 Kinorpamis Ha rpaHyny [Ans amMmiadqyHoi CceniTpu.
[JvHamiuHa MiLHiCTb rpaHyn cTaHoBWUMa noHag 95%. BmicT winboBoi thpakuii 2,0-
4,0 MM He MeHLe 95%. 3 METOK BU3HAYEHHS ONTUMa/IbHUX PO60UMX NapameTpis
Pi3HMX TWUNIB PO3NUAIOBaYiB HA MPOLEC rPaHyI0yTBOPEHHS Y10 NPOBEAEHO Cepito
Jocnifis Ha nabopaTopHiii yCTaHOBLi 3a BiOMOK METOAMKOH. [OChimKeHHs
NpoBOAMNCA Ha HalbinblWl NOWMPEHNX (OPCYHKAX HACTYMHMX  TWNIB:
MHEBMATUYHIA BHYTPILIHLOrO 3MillyBaHHS pPigKOT Ta rasonogioHoi  ¢as;
MHEBMATUYHIi, 3 KOMGIHOBaHMM MiABEAEHHAM ra30MnoAioHOT hasu; rigpasnivHii, 3
064yBaHHAM pigKoT (hasn rasonofibHoto. B AKOCTi mapameTpiB, WO BM3HAYalOTh
po6oTy (hOpCyHOK, Gynu B3ATi: PO3MOAIN PiAWHM Y CMONOCKWUMI, oro pagiyc i
[IOBXMNHA, OUCMEPCHICTb 0fepyXKyBaHUX Kpanesb. 3MIHHUMK napaMeTpamu B Xoai
NnpoBejeHHs JocnifiB 6ynu TUCK PigKoT Ta rasonofibHoi gas, X TemnepaTtypa. B
SKOCTI MOZefbHOT peyoBUHM pigKol thasm 6ynm obpaHi Bofa, posnnas Kapbamigy
abo amiayHol ceniTpu, B AKOCTI rasonofioHot dasu - nosiTpsa. Mpu po3nuioBaHHi
po3n/aBiB a30THUX A06PUB MapameTpy PobOTM (JOPCYHOK Manu  aHanorivyHuii
XapakTep.

B xogi npoBefieHHA focnifpkeHb 6yno Bif3HAYeHO:

- pos3nnaB [00puBa, LIO PO3MWIKOETLCA, MaB He3HauyHWii BM/MB Ha
JMCMePCHICTb PO3NUAY Ta rpaHy/1I0MeTPUYHWUIA CKNag, rpaHynaTy;

- 3HAYHWIA BM/IMB Ha AMCMEPCHICTb PO3NUAY B rigpaBiyHii hopcyHUi Manm
BMTpaTV NOBITPS;

- TemnepaTypa noBiTps, WO NOAAETLCA Y (DOPCYHKY, iCTOTHO BNMBana Ha
npoLec rpaHyNo0yTBOPEHHS, AUCMEPCHICTb PO3NUAY po3nsaBy Kapbamigy i amiauyHoT
cenitpu;

- KiHeTUKa npouecy rpaHy/oyTBOPEHHA 3aNeXMUTb Bif (i3MKO-XiMibHMX
XapaKTepuUCTUK po3naBy (KOHLEHTpaLis, Temneparypa, HasBHICTb 406aBOK).

MpoBeAeHi JOCNiKEHHA [O3BONAIOTL BPaxyBaTh XapaKTepucTUKL poboTu
PO3MUNtOBa/IbHUX MPUCTPOIB Nif Yac NPOEKTYBaHHSA rPaHyNATOpPIB OKaTyBaHHS Y
BUPOOHMUTBAX  a30THUX  [06pvB,  ONTWUMI3yBaTW  KIiHETUKY  npouecy
rpaHynoyTBOPEHHS Ta napaMeTpu poboTy YCTaTKyBaHHS 3aranom, BUSBATW BM/IMB
(hpakuiiHOro cknagy rpaHynsTy Ha MpOLeC rpaHy/IloBaHHA Ta BM3HAYUTU
ONTUMAsIbHI PEXUMM AOT0 BELEHHS.
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OBI'PYHTYBAHHSA AOLIIbHOCTI BUKOPUCTAHHSA NOIMYHOIO
MHEBMOKJ/TACU®DIKATOPA A1 PO3AINEHHA NOMNANCNEPCHNX
CYMILWEWN Y BUPOBHNLITBI MIHEPAJIBHNX OOBPNB

OcTpora [. B., acnipaHT, rp. A-25/XT; OcTpora P. O., foueHT, Ka. XI,
CymAyY, m. Cymu

OfHUM i3 BXXNMBUX HaMpsMiB XiMiYHOT MPOMUCIOBOCTI € BUPOGHMLTBO
rpaHy/iboBaHUX MiHepanbHMX A06pmB. Cepef YCi€l pi3HOMaHITHOCTI MiHepPanbHMX
[06PUB NiABMLLEHWIA MOMMT Y CMOXMBaya MatOTb PI3HOrO BWAY rpaHy/boBaHi
cynepgocgarti, amogoc Ta iHLWi cKnagHi 4obpusa.

TexHONOrivHi onepauii OTPUMaHHSA rpaHyboBaHUX JO6PUB MPU3BOAATL [0
YTBOPEHHS MPOLYKTY rpaHy/foOMeTPUYHOro NosifncnepcHoro cknagy. BopgHouac
BMMOIM CMOXMBaya [0 LbOro MokasHWKa [OCUTb XOPCTKi: ToBapHa (pakuis 3
po3MipoM rpaHyn 1-4 Mm mae 6yt He MeHLLoto 85-90 %, a (pakLis MeHLa Hix
1 MM — He 6inbLuoto 3a 5 %.

3acTocoByBaHi METOAM TrpaHy/loBaHHA He rapaHTYloTb OTPUMAHHSA
NPoAyKTy i3 3a3Ha4YeHUMM Aiana3oHOM pPO3MIPHOCTI rpaHyn. Tomy Oydb-ska
TEXHOMOriYyHa niHig mMae OyTn 3abe3neyeHa 06MafHaHHAM, sike 06MeXyBano 6
rpaHynoMeTpUYHNIA cknad. [o Takoro obnagHaHHA BigHOCATLCA Knacudikatopy Ta
Apo6apkun. BoHM NOBUHHI 3a6e3MeyyBaT NOBEPHEHHS KPYMNHMX (pakLiii (6inbLue 4
MM) Ha ApPO6EHHS Ta BUTyHYeHHS APIOHMX (pakLii (MeHwe 1 Mm).

Ona  po3gineHHs rpaHyn 3a po3MipaMyM Yy Cy4vaCHWX TeXHOJOrisaxX
3aCTOCOBYHOTb MexaHiyHy Knacugikalito Ha rypkotax. Hali6inbLioro nowmvpeHHs
Habyno MexaHiuHe po3AineHHA CyMmiLLeid, Konu nonigucnepcHy cyMill po3ginatoTb
Ha BibpaLiiHUX rypkoTax, BiOKPEM/OKUN Ha BEPXHLOMY CUTI hpakLito GisbLue 4
MM, & Ha HXHbOMY — MeHLe 1 MM. OfHaK MiHepasibHi rpaHy/iv MaroTb Ha BUXOAi
3 rpaHynaTopa [OCWUTb BUCOKY Temnepatypy, [0 TOro X BOHW CXWbHI [0
arnomepauii Ta agresii. Tomy apibHa (hpakuis 3abrvBae 0TBOPU HUXKHBLOFO CUTA,
3MEHLUYHOYM MpU UbOMY MNPOXiAHWIA Mepepi3 umx oTBOpiB. Lle npusBognTb A0
NOripLUEHHs NpoCitoBaHOT 3[4aTHOCTI HWXKHBLOro cuta. TakoXX MNOripwyeTbes
eKcnayaTaliiHa HafiiHICTb TYPKOTY, OCKiflbKM Oro MOTPIOHO 3ynuHATW Ans
OYMLLEHHA MOBEPXHI HMXHLOIO cuTa. [N 4aCTKOBOro BWMPILUEHHSI 3a3HAYeHOI
npo6neMn Micns OX0NOMKYBa4iB KWMASYOro Liapy BCTaHOBMIOKOTL [0[ATKOBI
MexaHiuHi rypkoTu. OfHak Ueli nigxif YCKNagHe TeXHONOriYHy CXemy Ta
NPU3BOANTb [0 36i/IbLUEHHS EHEPreTUYHUX BUTPAT Ha BUPOBHULTBO NPOAYKLT.

PauioHa/IbHUM  LUNAXOM  BUPILLEHHA L€l nNpobnemyu € 3acTOCyBaHHA
MHEBMATUYHOI Knacugikauii 3 MeTOK BWAANEHHS 3 rpaHy/bOBaHOrO Matepiany
APIGHMX  (hpakuiid 3a [OMOMOroK MHEBMOK/IACU®IKaTopa MOAMYHOIO TUny.
MHeBMOKNAcU(iKaTop BCTAHOB/IKOETLCA NICAS TPaHyNATOPa, WO Aae MOXIUBICTb
BUK/TIOUUTU HEOOXiAHICTb Y HUKHBOMY CUTI MEXaHIYHOro rypkoTy Ta OfHOYacHO
MPOBECTV OXOJOMKEHHS FPaHy/IbOBaHOMO MPOAYKTY. MMpn LbOMY BUK/HOYAETHCA
HeoOXigHICTb BUKOPUCTAHHA B TEXHOMOTIYHIA MiHIT OKPeMOro 0X0NomKyBaya
KUNJISYOro LWapy, Wo 403BOMSE YHUKHYTU BULLLE3a3HAUYEHNX HEeAONIKIB.
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3AKOHOMIPHOCTI OXONOOXKEHHA 3EPHUCTUNX MATEPIAJIIB
Y NOANYHUX ATTAPATAX

CeprieHko A. P., CTyfeHT, rp. XM-91;
OcTpora P. O., goueHT, Kadp. XI, CymAY, m. Cymu

Y AKOCTi KPUTEPIO A1 OLiHIOBaHHSI CTYMEHI0 OXONOMKEHHS MaTepiasy B
0XO0N0AKyBayi BUKOPUCTOBYETLCS KOE(ILIEHT OXONMOMXKEHHS, AKWUIA NpeacTasnse
CO600 BiHOLLEHHs (hakTWYHO BiABEAEHOro Temia A0 TOM KiNbKOCTi Tenna, sike
BIJBOAWTLCS NPK MOBHOMY OXOMOMPKEHHI MaTepiasly A0 NOYaTKOBOI TemnepaTypu
0XO0/10KYHOUOro MOBITpA.

KoediLieHT oxonofyKeHHs maTepiasy B NOAMYHOMY anapati B MOPIBHAHHI 3
anapatamy TUNy «mnHeBMOTPY6» (BiNbHWIA nepepi3) 36inbluyeTbes B 2,0-2,2 pasu.
Mpn UbOMy MaTepian, pyXatuucb Y PeXmMmi «rpaBiTaliliHO Mafaloyoro Lapy»,
iHTEHCMBHO KOHTAKTye 3 MOTOKOM MOBITPS, IKE HaAXOAUTL Yepe3 0TBOPU MouLi, a
TaKOX Yepe3 pPO3BaHTaKyBa/bHWA MPOCTip. YacTMHKM MaTepiany, BOMOAiOUM
[OCTaTHLOID  CUMOK  iHepUil Ha BWMXOAi i3 3aBaHTaXYBa/bHOro MaTpyokKa,
«MPOCKAaKyHTb» Haf MOBEPXHEID NOXM/OT MOMWLI, He 3aTPUMYHOUMCh Ha Hiil. Tomy
NPOLEC OXONIOMKEHHS YaCTMHOK MaTtepiasly Ha MoBepXHi Nonuui He NiMITYeTbCA
rigpoAvHaMiKol pyxy Lapy Mo i MOBEPXHi, a BM3HAYaETbCA fIULLE [OBXMHO
nonuui. 3a paxyHOK YTBOPEHHS| HEBE/IMKOrO HAaKOMWYEHHs Liapy matepiaiy Ha
MOBEPXHi CTiHKM amnapaTta HaBMPOTW KPOMKM MOMULI 4Yac nepebyBaHHS YaCTUHOK
[eLlo 30iMbLIYETbCA. Y LIl 30HI YaCTUHKM MaTepiany iHTEHCMBHO B3aEMOAIOTL i3
MOBITPAHUM MOTOKOM, O | 3yMOBMIOE EPEKTUBHILLMIA KOHTaKT (a3 came B
PO3BaHTaXYBa/lbHOMY NpocTopi. He3HauHe 30iMbLUeHHA LUBWAKOCTI MOBITPAHOIO
MOTOKY B PO3BAHTaXXYBA/IbHOMY MPOCTOPI MPU 3MEHLLIEHHI BEIMUYMHY BifHOLIEHHS I/B
Big 0,5 8o 0,3 i »mBoro nepepisy nonuui Big 30 4o 5 % BNAMBAE Ha AeAKe NiABULLLEHHSA
KoeqpiLLieHTa 0XONOKEHHS MaTepiasy Npu 3a3Ha4YeHNX KOHCTPYKTUBHUX NapameTpax
MO/IMYHOTO KOHTaKTy. Mpu MoAanbLUuOMy 3MeHLUEHHI BEIMYMHW BigHOLIEHHSA |/B
(meHwe 0,3) koe®iLieHT OXONOMKEHHS MaTepiasly 3Ha4yHO 3pOCTaE Yy pesynbraTi
iHTEHCM(piKaUil KOHTaKTy (a3 3a paxyHOK YTBOPEHHSI 3BaXXEHOrO Luapy Mmatepiany,
YaCTMHKMN SKOFO aKTMBHO B3aEMOAiOTb 3 MOBITPSHUM MOTOKOM SK Ha MOBEPXHI
nonmui, TaK i y 30Hi po3BaHTaXyBa/IbHOrO NPOCTOPY.

OnTumMasnbHa BeNMYMHA KyTa Haxusy NonuLi, 3a SIKOi JOCATaETbCA HalibinbLua
e()eKTUBHICTb MPOLIECY OXONOKEHHS MaTepiany, B1U3HaveHa B Mexax 20-25° 4o NiHii
ropu3oHTy. [Npun BCTaHOBNEHHI NOAWLi B po604OMy 06°eMi anapaTa 3 KyTOM Haxuny
Oifblle 3a3HaYeHoro fianasoHy, YaCTUHKM MaTepiany pyxaroTbCAd MO MOBEPXHi
MOXWOT NONWL 3 BEIMKOHO LUBUAKICTHO, MatOUU HE3HAYHWIA YaC KOHTAKTY 3 MOBITPAM,
sIke NMPOXOAMUTL Yepe3 OTBOPY MOMNLL.

TakuM 4YuHOM, ANA eheKTUBHOIO MPOBEAEHHA MNPOLECY OXOJSIOMKEHHSA
rpaHynbOBaHMX i 3ePHUCTUX MaTepiaiB y MOMMYHOMY anapati Heo6XxigHO B 1AOro
poboyomMy 06’eMi BCTAHOB/IHOBATU MOXW/I MONULI 3 BEIMUMHOKO BifHOLLEHHS I/B =
0,15 i xmBuM nepepisom 15 % npu KyTax Haxuny nonuui 20-25° 10 NiHii ropu3oHTY.
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OCOBIMBOCTI BUKOPUCTAHHSA KpMI'I’I-OTEPHOT TEXHIKA
Y XIMIYHIA | HA®TOIA30BIV NMPOMUC/TIOBOCTI

Meitvesa A. I., cTyaeHTKa, rp. XM-01/1ki, CymAY, m. Cymu

Y XiMiYHMX Ta HaTOra3oBMX TEXHOJOTIAX BUKOPUCTOBYHOTLCA CKNafHi
npowecu, napameTpu AKUX y AaHuid Yac MPaKTUYHO HEMOX/IMBO PO3paxoByBaTy
TEOpeTU4yHo. ToMy Maike Ha BCiX NiANPMEMCTBAX XiMIYHOT MPOMWUCMOBOCTI Ta
Had)TOra3oBoOro CEKTOpPY €KOHOMIKW LUBUAKMMMW TEMNamy HaKOMUYYETbCA BennKa
KiNbKiCTb  iH(opmauii, oTpuMaHoT npu  JOCAIMKEHHSX, SKY  MOX/MBO
BMKOPWCTOBYBaTW A/11 CTBOPEHHS HamiBEMMIPUYHMX METOAIB po3paxyHKy abo ans
MaTemaTMYHOro MOAEM0BaHHA TakMX npolecis. BuxigHa iHpopmauis HaivacTiwe
HaKOMWYYETLCS B NaneposoMy BUAi. i HEOBXiAHO MEPEHECTM Ha MALLMHHI HOCIi,
NepeTBOPIOOYM B UU(POBY abo CUMBOMLHY (HOPMY 3a [AOMOMOroK Pi3HMX
TeXHIYHMX 3ac06iB. OAHUM 3 HaBKAMBILIMX HaNPAMKIB HayKOBO-TEXHIYHOIO
nporpecy € BMPOBaKEHHS aBTOMATU30BaHUX METOAIB  HarpOMayKeHHs,
36epiraHHs, 06pobkmM i1 nepegadi iHhopMaLii 3 MeTOO NiABULLEHHS e(heKTUBHOCTI
3a 0NOMOrOK KOMM’ KOTEPHOT TEXHIKK.

Y ueii yac cyyacHi KOMM'toTepY B XiMiUHIA Ta HATOra3oBiin NPOMMCNOBOCTI
BUKOPWCTOBYHOTLCS: AN11 HArpOMamKEHHS iHopMaLLii i 36epiraHHs Ti Ha HOCIAX.
Mpn HeoOXIAHOCTI NPOBOAMTLCS CcUCTemaTusauisi iHopmauii (COpTyBaHHS,
0/lep>KaHHs BUBIPOK Ta iH.) 3a MeBHUM KpuTepieM; 06pobKa iHdopmaLil nepeBaXkHoO
Ha 6a3i pi3HMX AOCTYNMHUX MNiANPUEMCTBY METOAIB ANt onucy abo MOPIBHSHHSA
B/laCTMBOCTEN, Knacugikauii 06'eKTiB i NPOrHO3yBaHHS X NOAANbLLOT MOBEAiHKY;
[N MOLENtOBaHHS HayKOBUX i MPUKIafHMX 3aBAaHb, PO3B'A30K SKMX NPOBOAATH
MeTOoZaMM MaTeMaTUYHOrO MOZE/NOBAHHA 3afaHnX 06'eKTIB i ABMLY,; aBTOMaTU3aLii
TEXHOMOTIYHNX OMepaviidi, po3NOBCIOMKEHNX B HATOrasoBiii crpasi, TakUx fK
nobygoBa reosnoriyHMX KapT i po3pisiB, nigpaxyHOK 3anaciB i pecypcis,
MPOEKTYBaHHSA PO3BIAHWLLKUX i eKcryaTauiiHUX pobiT i iH.

MobynoBa KOMM'HOTEPHOI MoAeni  XiMiYHMX Ta  (Di3MYHMX MpPOLECIiB
NPOMUCNOBUX BMPOBHULTB 6a3yeThbCs Ha BifBOMIKAaHHI Bif KOHKPETHOI Npmpoau
[OCNifpKyBaHOro o6'ekTa abo sABuwa. Yum  6Ginblue iCTOTHUX, BaXAMBUX
BNacTMBOCTEl/ BUSBNEHO i BpaxOBaHO B KOMM'HOTEPHi mogeni, TUM 6inblue
HabNMKeHOT BOHA BUSBUTLCA [0 peasibHOi Mogeni. Y noganbliomy KOMM'HoTepPHE
MOZE/OBaHHA MOMIsirae B NPOBEAEHHI cepil 06UMNCIOBaSIbHUX eKCMEPUMEHTIB Ha
KOMM'IOTEPi, METOK SKUX € aHanis, iHTepnpeTauis i 3iCTaBNeHHA pesy/bTaris
MOZENIOBaHHA 3 PeanbHOK  MOBEAIHKOK  JOC/iAKyBaHOro ob'ekta I, Mpw
Heo6XifHOCTI, HACTyMHe YTOYHEHHA MOJeni 3 BUKOPUCTAHHAM MaTeMaTU4HWX
MeTofiB. MaTemaTnyHi MeToan AOCNIMKEHHA BUKOPWUCTOBYHOTLCA ANA PO3B'A3KY
3aBflaHb i3 MEBHOI TOYHICTO ¥ BIPOrigHICTIO LUNAXOM MaTeMaTU4HOro
MOZE/N0BaHHS, | NPY LbOMY Ha BUXOAI BUXOANTb ONTUMASbHE PiLLIEHHS.

PoboTa BuKOHaHa nij kepiBHUL TBOM npodpecopa CknabiHcbkoro B. 1.
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BWBIP CUPOBNHW AN1A MEPEOBKUM HA YCTAHOBKAX KOKCYBAHHSA
Kucnak B. B., maricTpaHT, rp. XM.m-21/2

KokcyBaHHS € 0fHWUM 3 Pi3HOBUAIB AeCTPYKTMBHOIO NPOLECY, WO NPoTikae
npw HarpiBaHHI HATONPOAYKTIB. MpK LbOMY TBEPAWIA BYTNeL,eBUI 3a/IMLLOK (KOKC)
€ LiNboBAM MNPOLYKTOM PO3KM3faHHA Ta YTBOPKOETHCA Y 3HAYHWUX KiSlbKOCTAX.
MopsA i3 HAM YTBOPIOETLCS TaKOX GEH3UH, ra3oliniboBi hpakLii Ta ByreBOAHEBUIA
ras. HahToBMIA KOKC LLUMPOKO 3aCTOCOBYETLCS Y PI3HUX rany3six npoMUCIOBOCTI.
BiH BMKOPMCTOBYETHCA [AN8 BMPOOHMLITBA BYFiNbHUX €NeKTPOAiIB, abpasvBHUX
martepianis, Kap6igis, Byrnerpagitosux matepianis, pepocnnasis.

3aeXxHo Bif, NPU3HAYEHHA HATOBOr0 KOKCY MPed'sBNA0Tb Pi3Hi BUMOTH.
OCHOBHVMY MOKa3HWKaMK SKOCTI €: BMICT CipKu, 30711, BOSIOTU, IETKUX JOMILLIOK,
rpaHynOMETPUYHUIA  CKNaf, peakuiiHa 34aTHICTb, MOPUCTICTb, MUTOMWUIA
eNeKTPUYHMIA oMip Ta iH. 3a BMICTOM CipKM KOKC AiffTb Ha Mano cipuucTtuii (8o
1,0%), cepeaHbo cipunctuin (8o 1,5%), cipumctuii (go 4,0%), Ta BUCOKO CipumcTi
(6inbwe 4,0%). 3a rpaHynOMETPUYHUM CKNMafoM — LIMaTKoBi (Ginbwe 25 mm),
«ropiwok» (6 — 25 Mm), ApibHMLS (MeHLLEe 6 MM). 3a BMICTOM 30/1M — MaJI030/1bHNIA
(meHwwe 0,5 % 30n1), cepeaHbO 30/bHMIA (0,5 — 0,8 %) Ta BUCOKO 30/1bHUIA (BinbLue
0,8 %).

AKICTb KOKCY 3a/1eXKUTb SIK Bifj BNaCTUBOCTE CMPOBMHM, TaK i Bif cnocoby Tt
OTPUMaHHS. [4N15 NiABULLEHHS SKOCTI KOKCY, L0 BUKOPUCTOBYETHLCA Y BUPOOHULITBI
enekTpoais (AN 3MEHLUEHHS NETHUMX AOMILLIOK, YCYHEHHS YCaaKOBUX SBMLLY i
NiABULLEHHSA eNeKTPONPOBIAHOCTI), Oro MiffaoTh 40AATKOBOMY NPOMa/tOBaHHIO.

Ha npouec KokcyBaHHs Ta SAKIiCTb KOKCY BMMBalOTb Taki (haktopu, fK
TepMiyHa CTabiflbHICTb CUPOBUHMU, fKa 3HIDKYETCS 3 0OBaXKHEHHAM (PPaKLiliHOro
cknagy. Bucoko apomaTu3oBaHa CMpOBMHA HaA3BMYaliHO CTabinbHa. CupoBMHa
napaciHOBOI MOCTaBKW HaiMeHLU cTabinbHa.

Mpn KoKCcyBaHHI BaXIMBe MicLe 3000yBat0Tb NUTaHHA OTPUMAHHSA KOKCY i3
3afjaHMMK MOKAa3HMKamu, SKi BUPILLYIOTbCS LUNAXOM MifrOTOBKA CUMPOBAMK Ta
[1060pYy YMOB KOKCYBaHHS 3 ypaxyBaHHAM MPUHLMMIB (i3NKO-XiMIYHOT MexXaHiku
Ha)TOBUX AMCNEPCHUX CUCTEM.

Y HabTo Ta rasonepepo6Hili MPOMMUCNOBOCTI, Ha HaToNepepo6HMX 3aBoAax
OCHOBHOK CMPOBMHOKO AN YCTAHOBOK KOKCYBaHHS €: 3a/ULLKN NePeroHKM Hagtu
(MasyTu, ryapoHu), 3a1WKN BUPOOHULTBA ONill (acthanbTy, eKCTPaKTH), 3a/MLLKN
TepMOoKaTani TUYHMX NPOLECIB (KPEKIHI-3a/IULLKK), BaXKKa CMOJIA NipoNi3y, BAXKKNNA
rasoib KaTaniTMYHOTO KPeKiHry. Y Aeskux KpaiHax, KpiM TOro, BUKOPUCTOBYHOTb
KaM'AHOBYTiNbHI i HA(TOBI NEKW, TiNIbCOHIT, BAXKKY HAPTY i iHLUe.

OCHOBHi BMMOTM [0 SKOCTi CWUPOBWMHW BM/MBAlOTL Ta BU3HAYalOTLCH
NPU3HAYEeHHAM npouecy W TUMOM YCTaHOBKW. 3HAYeHHS MOKA3HWKIB SKOCTI
CVPOBUHW BCTAHOB/IIOIOTb EKCMEPUMEHTA/IbHO, BUXOAAUN i3 CUPOBUHHUX PECYPCiB
KOHKPETHOr0 3aB0oAy

PoboTa BuKOHaHa nij kepiBHUL TBOM npodpecopa CknabiHcbkoro B. 1.
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PEAKTOP MNMPOLIECY BE3MNEPEPBHOIO KOKCYBAHHA
HADTOBUX SA/IMLLKIB

Kningyxos K. B., maricTpaHT, rp. XM.m-21/1

Be3nepepBHi NpOLECM KOKCYBaHHS BUKOPUCTOBYIOTbCA A1 OfepXKaHHS
MaKCUManbHOT KiNbKOCTI  AUCTUAATIB. [ONA TXHbOrO 3A4iiCHEHHA HEoOXiAHO
anapatypHe O(OPM/IEHHS, fKe [03BOMSE 6e3YNMUHHO BUBOAMTM KOKC, LUO
YTBOPIOETLCA, i3 peakTopa. lges 6e3nepepBHOr0 OTPUMAHHS KOKCY mpuBena Ao
pO3pO0KM peakTopiB i3 MCEBAO 3PiAKEHVMM LUAPOM KOKCY Y BUINsAAI MOPOLUKY.
Mpouec KOKCYBaHHS y TaKOMY LUApi KOKCY iAe GifbLl IHTEHCUBHO, TOMY LLIO BEMKa
NOBEPXHS MOPOLLIKOMNOAIGHOr0 TeNMOHOCIA CNPUSE MONIMWEHHIO KOHTAKTY (as.

Cyutu rapie PeakTop KOKCYBaHHS YCTaHOBKM
6e3nepepBHOr0 KOKCYBAHHA AB/fE CO60I0 anapat
CKNagHoOT KOHCTPYKLiT 3i 3SMIHHUM NepeTUHOM (puc.).
" Bawwat Y peakTopHOMY 670U B IKOCTi TeMIOHOCIS
sasours LIMPKY/IOKOTb KOKCOBI 4acTKW, fKi B pe3ynbrari
KOHTaKTy i3 CHPOBMHOK 3HOBY MOKPUBAKOTHCSA
TOHKVMM LLAPOM KOKCY, L0 YTBOPHETbCA. [lesika
KiNbKICTb  4aCTOK, Haibinbll YKPYMHEHWX 3a
] paxyHOK 06araTopasoBOro 3pOCTaHHs,, 06e3ynMHHO
I BMBOAATB i3 CLCTEMMN.
\”m _ﬂcgfsp,q 3pi,q>+_<eHvu7| LLap KOKCY pO3MiLLaeThbCA
B KOHIYHI/ | UMAiHAPUYHOT YacTuHax anapaTta.
HwxHA KOHiYHa uYacTuHa anapata ciyrye pans
3MEHLUEHHS BUTPAaTU Mapu Ha MCeBAO 3PifKEHHS
Lapy.
YHU3y anapata € BignapHa cekuis, Kyau
e iowernn  TTOMAETBCS BOAfHa napa Ais Bi,Cl'I_'IapPOBaHHFI Bif
KOKCY BYINEBOAHIB. Y BIiAMapHiin cekuii Aans
36i/bLUEHHS LWNAXY PYXY KOKCY pO3TaLLOBYHTLCA MOXMI NOANL.

3BY>KEHHS1 BEPXHbOI YaCTUHMN peakTopa 3abe3nevye 30i/bLUEeHHS LWBUAKOCTI
napw Haj LapoM KOKCY, L0 J03BOMSE 3HU3UTW PeakLii BTOPUHHOIO pO3KnafaHHs
napw, NigBMLLMTM KOHLEHTPALI0 KOKCY B Mapax, KUl MexaHi4yHO BMN/IMBAE Ha yCTA
LIMK/OHIB i 3ano6irae iXHbOMY 3aKOKCOBYBAHHHO.

PeakTop 3cepeguiHV (hyTepoBaHMWiA i30M1AUIAHUM MaTepianiom. Tpybu ans
MHEBMATWYHOIO TPaHCMOPTYBaHHA KOKCY Y TaKiil YCTaHOBLi MatOTb BeNUKMiA
JiameTp. 3 HWKHbOT YaCTUHK peakTopa BifBOAMTLCSA KOKC SKUIA N0 MHEBMOMNPOBOAY
3a [OMOMOrOH Napy TPaHCMOPTYETLCH Y KOKCOHarpiBay fe HarpiBaeTbcs [0
Temnepatypu 600 — 650 rpasycis. [ns BMOB/OBAHHA KOKCOBOIO NWTY Ha BEpXYy
peakTopa BCTaHOB/KOKTLCA ABOCTYMIHYACTI LUKIOHHI CenapaTopy, 3BigKu napw
peakLil HaaxoaTb Y cKpy6ep.

2

Ao

A
Peyupxiasm

Cuposuxa

Tapa eucokozo
mucky

PoboTa BuKOHaHa nif KepisHUL TBOM npodhecopa CknabiHcbkoro B. 1.
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TEMMEPATYPA TPAHYIN B MNPOLIECI OXOJTOAXKEHHA
Y TPAHYNAUINHIN BALUTI

Hiusonogin K.B, acnipaHT, rp. A-25/XT, CymAY, M. Cymu

Ha kadegpi XiMiuHOT iHXeHepii 6yno cTBOpeHO 06epToBMiA BibpayiiiHWiA
rpaHynaTop OBI [1], KOHCTPYKLiHO SIKOr0 NoKa3aHo Ha puc.1.

Puc.1 . Ob6epToBMiA BibpayiiHWii rpaHynaTop (OBI): 1- Bi6pauiliHWii npucTpiid; 2
— BY30/1 KpinieHHa NiAWWNHWKIB; 3- BX0A nnasy; 4 - kopnyc; 5 - nepopoBaHe
JHuLe (Kop3nHa); 6 — po3nogifibHUK NnaBy Y KOP3uHi; 7 - nonartku.

Y OCHOBY TaKMX po3paxyHKiB NOKNaAeHO PiBHSHHA TENI0BOro 6anaHcy

cC = )y + C - »Nn= - HO
fJe - MMTOMa TEeM0EMHICTbL NaBy; - NUTOMA TensoTa ha30BOro nepexoay y
pesynbTaTi KpucTanisayii nnasy; - NUTOMA TEMJIOEMHICTb FPpaHynn;  — NUTOMaA
TENMI0EMHICTb NOBITPS; Ta - No4aTKoBa Ta KiHLeBa Temnepartypa nnasy;

- KiHUeBa TemnepaTtypa rpaHyu; Ta - MoyaTKoBa Ta KiHLEBa
TemnepaTypa NnoBiTps; TemnepaTypu y piBHAHHAX Y °K.

3 ornagy Ha CTPYKTYpY Ta BpaxoBYHOUM rigpoAvHaMiuHi po3paxyHKu LoAo
yacy pyxy rpaHyau Ta 3miHu Ti LUBWAKOCTI MOXKHA MPUNYCTUTK, LLO 3a/IEXHICTb
3MiHW TeMMNepaTypu NOBITPS, L0 KOHTAKTYE 3 MOBEPXHEID FPaHyn, 3MIHIOETLCA MO
NiHIAHIA 3a1eXXHOCTI Bifi NOYaTKOBOI TemnepaTypu [0 KiHLEeBOI Temnepatypu

34acoM |, SiKa € 3MIHHOI BE/IMUYMHOK. BpaxoByeMO TakoXX, LU0 3a MOYaTKOBWIA
BUMIpP Yacy KOHTaKTy MOBITPA 3 rpaHynamm NpUiMaeTbcs Yyac KoM MOBIiTPsA BXe
HarpieTbca f0 TemnepaTypw , @ NS rpaHynu Le 6yde novaTtkosa Temmnepartypa

KOHTaKTY 3 MOBiTPsIM.
a— + —

= )

Br3HayeHHs TeMnepaTypu NOBITPS Ha NOBEPXHI FPaHynu Ta 3MiHWU LbOro
NMoKa3HWKa y Yaci f03B0/ISE NiJIATY [0 HACTYMHOro eTany po3paxyHKiB. 3a OCHOBY
TakMX  po3paxyHkiB 6yno MNpuiHATO  Bigome  AudepeHLiiiHe  PiBHAHHSA
Ten0npoBIAHOCTI, IKE 32 YMOBU CUMETPUYHOT 3aadi Mae BUrnsag [2, 3]

) _ 2(),2 ()
= (—=+*- ) (3)
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je >0;0< < ;a-KoediuieHT TemnepaTyponpoBigHOCTI; - pagiyc
30BHILUHbOT NOBEPXHI Kpansi; — 3MiHHa BEeNMYMHA pagiycy rpaHyu.

PileHHsM piBHAHHA (3) WOAO 3MiHM TeMmnepaTypu Mo pagiycy rpaHynu y
3a/1eXXHOCTI Bif Yacy Yy 3aranbHoMy BUrnsgi oyae [5]

°°2_1 +1 2z

- €)

Je -  — Temnepartypa MOBEPXHi rpaHyNn y AaHWi Yac, Lo BU3HAYaeTbCA
NPy UYMNCENbHOMY PO3PaxyHKY K 3Ha4YeHHs TeMMepaTypy MOBEPXHi rpaHynu, Wwo
po3paxoBaHo Mif Yac nonepeaHbLOT iTepauii.

BuricHOBKM. Po3pobka TEOPeTUYHOrO aHai3y NPoLEcy OXOMOMKEHHS 3epeH
MiHepa/lbHUX [O6PMB He TiNbKW B MOBEPXHEBOMY LLApi rpaHys, ane i No pagiycy
rpaHyn o LeHTPY, 403BOMIa NPOCTEXMTM Liel NMPOLLEC 3 TOUKU 30pYy AUHAMIKM..

MpuKnagoM Takoro po3paxyHKy TMPOLECY OXOMOMKEHHA TpaHyinm vy
BMPOBHULTBI Kapbamify € HacTynHi faHi, WO OTPUMaHi 3a YMOBM MOYATKOBOI
TeMnepaTypu rpaHyn = 141 °C, no4aTKoBOi TemMnepaTypu nosiTps =40
Ha BMpOoGHUUTBI Kapbamigy Indian Farmers Fertilizer Cooperative (Iffco), IHgis.
OTpuMaHi po3paxyHKOBi pe3ynbTaTi HaBefeHo Ha puC.2.

°c °c
- .

i B)

a)

Puc.2. Po3nogin TeMnepeTypu no pagiycy rpaHyiv kapbamigy giameTpom
1.4 mm.
a) — yepes 0,8cek.; 6) — uepes 3,5 cek.; B) — uepes 6,85 cek. (KiHeLpb pyxy)
LLi aHani3n nokasanu TemnepaTtypy rpaHys y HMKHIA YaCTUHI FpaHynsuiiHol
6aluTn piBHOKO 60 OTpuMmaHi po3paxyHKOBI 3a/IeXXHOCTi X04ya i He € TOUYHUM
pO3paxyHKOM LbOro MpoLecy ane JoCUTb SKICHO OMUCYIOTb 3MiHY Temneparypu
ycepeauHi rpaHynn nif vac i nagiHea y 6awTi, Wo npakTUUYHO MiATBEPLKYETLCA
BIZNOBIAHOCTI KIiHLUEBIA TemnepaTypi rpaHynu, WO BUMIPANachb Ha MNpakTuui
(Puc.28).
Cnicok nitepatypu
1. CkngaHeHko M.C. MepcnekTyBM OTPMMAaHHS MIKpOrpaHyn y BibpauiiHnx
rpaHynatopax [TekcT] / M.C. CkngaHeHko, A.€. ApTioxos, B. I. CknabiHcbkuii //
2. XoniH B. I. BigueHTpoBi Ta BibpauiliHi rpaHynaTopu nnaeiB Ta
po3snunoBadi piguHn [TekcT]/b. I'. XoniH. - M.: MawunHobyaysaHHs, 1977. - 182 c.
3. Nukos A. B. TennoobmiH. [Tekct] / A. B. JIukos. - M.: EHepris, 1978. -
480 c.
Po6oTa BMKOHaHa nij, kepiBHUL TBOM npoecopa CknabiHcbkoro B. 1.
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OCOB/IMBOCTI TATIEPEBATI TANTbBAHIYHOIO HAHECEHHA
TPULUAPOBOI'O HIKEJIEBOI'O B/IMICKYYOI' O MOKPUTTHA

[Ope6oT P. M., cTya. rp. MrTE-22; Kucnosa O.B., goueHT Kadeapu XiMidyHMX
TEexXHONoriii Ta pecypco3bepedkeHHs, KMiBCbKMiA HaLioHanbHUIA YHiBEpCUTET
TexHonorii Ta gnsaiiHy, M. Knis

EnekTpoximiyHi HikeneBi NOKPUTTA BUKOHYHOTb 3aXWUCHY Ta AEKOpPaTUBHY
(hyHKLiT, a TaKOXX BUMKOPWUCTOBYHOTbCA A5 MiABULLEHHA 3HOCOCTIAKOCTI feTanei,
WO TPYTbCA, Ta AK NPOMDKHWIA nigwap Ana 3ab6e3neyeHHs MILHOrO 34ensieHHs
MOKPUTTIB 3 iHLUMX MeTaiB 3 0OCHOBOI. KnacuuHuiA cnoci6 HaHeceHHs HiKenesoro
MOKPUTTA 3 3aCTOCYBAHHAM  Cy/b(haTHUX eNeKTPOSITIB  CYNpPOBOMKYETHCA
YTBOPEHHAM 3HAYHOI KifIbKOCTi HesKiCHUX BMpOGiB [1, 2].

CyuacHi enekTponiTh HikenoBaHHA MICTATb HeopraHiyHi Ta opraHiudHi
[106aBKM, 5K 3arMo6iratoTb YTBOPEHHIO LLaMy, NiABMLLYOTb PO3UMHHICTb aHOAIB,
CNpUsOTL YTBOPEHHIO BAIMCKYUNX OCAAiB 3 BUPIBHIOBAHHSAM MOBEPXHI OCHOBHOIO
MeTasy, 3MEHLYHOTb MOPUCTICTb Ta NiABALLYOTL TBEPAICTL NOKPUTTSA [3].

[na  nokpaweHHs 3aXUCHUX Ta [eKOPaTUMBHUX (YHKLIA NOKpUTTSA
po3p0o6/eHO MeTOf TPULLIAPOBOrO  HIKE/OBaHHA 3  3aCTOCYBaHHSAM  KUCIWX
eNleKTPONITiB, [0 CKnagy fAKWX BBeAEHO Cy/b(hamaT HiKenl Ta HaTpii
naypuncyneaT. [n8 HaHeCeHHs MepLloro HamiB6/AMCKY4Yoro Liapy Hikento
BUKOPUCTOBYIOTb €NeKTPONIT 6€3 Cynb(hypBMICHUX BAUCKOYTBOPHOKOUMX [06aBOK.
EnekTponiT Ang HaHeCeHH MPOMIXKHOrO Lapy NOKpUTTA MicTUTb 8o 0,2% cipku.
TpeTili LWap HiKento 0camKyeTbCs 3 PO3UMHIB €N1EKTPOITIB 3 6/IMCKOYTBOPHOOUMMM
Job6aBkamu. [anbBaHiYHi BaHHW OCHALLYHOTLCA ABTOMATUYHUMKU MPUCTPOSAMM
6e3nepepBHOro MepeMmillyBaHHS /11 MPUCKOPEHHS MPOLEeCy Ta OTPUMAaHHS
AKICHOro piBHOMIPHOro NoKpuTTA [3].

B arpecMBHOMY CepefoBuLLi KOPO3iiiHI npouecu BigdyBalOThbCA B
MPOMIDKHOMY  LLIapi HiKeNeBOro MOKPUTTS, OCKiNIbKW BiH HabyBa€ HEraTUBHILLIOIO
3HAYEHHS1 €MIEKTPOAHOr0 MOTeHLiay MOPIBHAHO 3 IHWMMKM Liapamu. HWKHIiR
HaniBONMCKYUYMA Ta BEPXHI GAMCKyuMili Llapy He KOpoaytTb. TpullapoBe
MOKpMTTA B 5 pasiB MiLlHiLle 3a OAHOLIAPOBe MPW OfHAKOBI 3arasbHii TOBLLWHI.
OTxe, nepeBarcld YTBOPEHOr0 TPULIAPOBOIO MOKPUTTA 3 3aCTOCYBaHHAM
eMIeKTPONITIB Ha OCHOBI HikKenb Cy/bhamaTy, € 3HayHe 3pOCTaHHs 1oro
aHTVKOPO3iNHUX Ta [eKOPaTUBHWX BNACTUBOCTEN.

Cnucok niteparypu

1. Moon Y.-S., Lee J.-H., Oh T.-S., Byun J.-Y. Fabrication of diamond
dispersed nickel composite coating by electroplating method to enhance the
mechanical property of coating. Key Eng. Mater. 2007, N 345-346, P. 1597-1600.

2. Poroch-Seritan M., Cretescu 1., Cojocaru C. et al. Experimental design for
modelling and multi-response optimization of Fe-Ni electroplating process. Chem.
Eng. Res. Des. 2015, V.96, P.138-149.

3. D. Khedekar, V. Gosavi, C. Gogte et al. Optimization of Process
Parameters of Nickel — Chromium Electroplating for Thickness Variation using
Genetic Algorithm Advances in Intelligent Systems Research.2017,V.137,P.41-47.
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XIMIYHE MIOHEHHA IEJIEKTPUKIB

Myksuu B. 1O, cTygeHTka CymaY, rp. MX-01;
MweHnyHmii P. M,, foueHT, Kadegpa TMX, CymA4y, m. Cymu

MokpaLLleHHs BaCTMBOCTel NOBEPXOHb MaTepianiB € KNOYOBUM 3aBLaHHSAM
NMPOMMUCNOBOr0 BMPOOHMLTBA. BMCOKa AKICTb MOBEPXHI Ta MOX/IMBICTb 3MiHM T
BNACTMBOCTEN A03BONSAOTL PO3LUMPUTM CEKTP BUKOPUCTAHHSA MaTepiany y pisHMX
rany3sx BMPOOHWMLTBA Ta 30iMbLUIMTK Or0 (OYHKLiOHa/IbHICTb. CbOrogHi icHye
6arato MeTofiB 3MiHM BMAaCTMBOCTE MOBEPXOHb, Cepef SKUX EePEKTUBHUM €
XimMiyHa MeTanizauis AieneKTpuKiB, a 0co6AMBO XiMiyHe MigHeHHs. Lleli metop
MOKPUTTA  [03BOSIAE  MOKpallyBaTW  BIACTMBOCTI  MOBEPXHi  MaTepiany,
3abe3neyytoumn Moro MiLHICTb, 3HOCOCTINKICTb, eN1eKTPONPOBIAHICTb, CTIMKICTb 40
KOpO3ii Ta iHWKUX WKigMBUX PaKTOPIB, LLISAXOM HaHECEHHS LLapy Miji.

XiMiuHe MiJHEHHS — Lie Hera/lbBaHiYHWIA NpoLec BifHOBNEHHS MOHIB Migi 3
COMIbOBOTO PO3UMHY, WO MICTUTb BIgHOBHWK. MigHEHHS MpeacTaB/se BeUKMIA
iHTepeC i BBAXKAETLCA a/IbTEPHATUBOO eNeKTPOAHUM PiLLEHHAM. XiMidHe MigHeHHS
€ HEeBi[1’EMHOI0 YaCTMHOI BMPOOHMLTBA APYKOBaHMX nnart [1].

besenekTpuyHe MigHeHHS HENPOBIAHMX MaTepianiB BUMarae BUKOPUCTaHHS
KaTanisaTopa, KMl HAHOCUTBLCA Ha MOBEPXHIO NiAKNaAKW. Liei KaTanizaTop iHiLitoe
OKWCHO-BIJHOBHY peakLito, Sika 403BO/SE BiAHOBMOBATM Miflb 3 IOHIB B €/IEKTPONITI.
HainowmpeHiwmm € nanafieBuii KatanisaTop. BiH mMae HaiiBuuly KaTaniTUuHy
aKTUBHICTb Cepefl IHLIMX MOX/IMBMUX KaTanisaTopiB | MOKa3ye HaiBuLLy
CTabifbHICTb, WO A03BOMSIE MOMY 3anMLLATMCA B CBOEMY MeTa/leBOMY CTaHi Ha
noBepxHi Nigknagky poswe. [Mojablie MigHEHHS KaTani3yeTbCid HaHeCeHUM
MiZHUM MOKPUTTAM, i TOMY Ll NpoLec YacTo ONUCYHOTb K aBTOKAaTOMITUUHWIA.
OTpuMaHHA OfHOPIAHOrO MIQHOrO LIApy 3HA4YHOK MIpOK  3a/eXUTb  Bif
eheKTMBHOCTI kaTanisaropa [2].

PywwiiiHOO cnioko 415 BiHOBEHHS IOHIB MeTasly € XiMiYHUIA BiJHOBHUK Y
PO3YMHi. Y G6ifbLIOCTI NPOMMCAOBMX PO3YMHIB AN XIMIYHOTO  MifJHEHHS
BMKOPUCTOBYIOTb (popmanbferif. Lie nos’s3aHo i3 BUrigHUM CMiBBiAHOLLEHHAM
BapTOCTi Ta ePEKTUBHOCTI TaKOT BaHHW, KPiM TOr0, KOHTPOHOBATY (POpMasibierigHy
CUCTEMY 3HAYHO fierLue HixX rinoocdiTHi abo rigpasnHOBI CUCTEMM ANt MiAHEHHS.

Y npoueci MigHeHHs BiA0yBaeTbCA ABi peakLil:

2 +4 T .25, + ,+2 T+2 "
2+ +2 — 0
3arasbHe piBHAHHSA Mae HaCTYMHWIA BUTNAL:
2+ 42 +4 ~ L 042 T+2 ., +

BigHoBntoBasibHa CUCTEMA OCaYKeHHA Miji BUMarae HasaBHOCTI NiraHAiB, AKi
pasom 3 Ciso Kynpymy Ta opmasibAerifoM CTaHOB/ATb BaXIMBI KOMMNOHEHTM
aBTOKaTaNITUYHMX cuCTeM. OCKIIbKN Ui CUCTEMU LitOTb Y NYXXHOMY CepefoBuLLi,
niraHAW NOBWHHI BIANOBILATW NEBHVM BYMOram: YTBOPHOBATY CTiliKi KOMMIEKCH 3
Cu?* pns 3anoGiraHHs BunagaHHio Kynpym (11) rigpokcuay Ta He pearyBatu 3
(opmanbaerigom. Kpim Toro, niraHAyM He MOBWHHI CMOBIMIbHIOBATW KaTaliTUUYHY
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peakLito BifHOBMIEHHA Mifji, OCKiflbKW Lie MOXe MOripwnTn AKICTb HaHeCeHOoro
nokputTa [3].

[ns  HaHeceHHs MiAHOTO MNOKPUTTA Oyno  BWKOPUCTAHO CKIO 3
MOZM(iKOBAHOO MOBEPXHEID, OCKiNIbKM BOHO Mag psif, KOPUCHUX BacTMBOCTEN Ans
3aCTOCYBaHHA B eNeKTPOHiLi. CKNo € flieNeKTpMKOM, TOBTO MaTepiasioM 3 HU3bKOKO
€/IeKTPONPOBIAHICTIO, LIO [03BO/AE MOMY BMKOPUCTOBYBATWCb AK i30MALiAHA
nigknagka Mk nposigHukamn. Kpim TOro, MogudikoBaHa MOBEPXHS CKa
3abe3neyye Kpally afgresitd Mi>K CKIoM Ta Migato, Lo A03BOSE OTPUMATK GinbLu
CTilike NoKpnTTA. CKI0 3 MOAM(IKOBAHOK MOBEPXHEID LLIMPOKO BUKOPMUCTOBYETHCA
B ra/sly3i eneKTPOHiKM AK 6a30BWUiA MaTepian Ans BMIFOTOBMEHHS MIKPOCXEM,
TPaH3UCTOPIB Ta IHLLIMX KOMMOHEHTIB.

Mepen MPOLECOM HaHECEHHSI MiAHOr0 MOKPUTTA CKAO MPOMLWWO Kifbka
eTaniB 06po6ku. CnoyaTKy CK0 3aHyproBaiv B 15 % po3umH rigpokcuay Hatpito,
[ BOHO TPaBW/0Cs NPOTATOM M’ ATV XBUAWH. Lleit npouec Heo6xigHuiA AN 0UMCTKN
MOBEPXHIi Bif 3a1MLLKOBUX 3a6pyaHeHb. [M0TiM CKI0 NpoMMBaIM Ta 3aHyploBav B
po3umH SnCly AN NOAaIbLIOr0 HaHECEHHS KaTaliTUYHUX LEHTPIB HA MOBEPXHIO
nigknagku. OcTaHHI eTan NigroTOBKM — aKTWBaLia ckia B po3unHi PACly. Micns
HaHEeCEHHS Ha CK/0 ManaflieBOro KatanisaTopa iioro NoBepxHs roToBa Ao MigHEHHS.

BesnocepeaHbO Meped 3aHYPEHHSM CKna Yy po3irpituii pobounii posymH
fofaBann (hopmanbierif Ta peTefibHO nepemMillyBaiv po3ynH. 3aHYpPeHHs CKna B
PO34MH MPOBOAMJIOCA Ha Pi3HWIA YaC 3 METOO BCTAHOB/EHHS LUBMAKOCTI OCa[KEHHS
MiZHOT NAIBKN Ha CKNAHY NMOBEPXHIO. YCi OTPUMaHHI 3pa3ku MigHOro NOKpUTTA
Ma/I1 BUCOKWIA PiBEHb 34YErEHHs 3 MOBEPXHEK CK/a, FNafKy MOBEPXHI Ta
XapaKTepHUiA MeTaneBuii 6/InCK.

OTpuMaHi pe3ynbTaT AOCMIMKEHHS AEMOHCTPYHOTh, L0 BUKOPWUCTaHHS
CKna K NigKnagkyM Ans HaHeCeHHst MiAHOrO MOKPUTTA € e(heKTVBHUM METOAOM.
BurkopucTaHHs MOAM(IKOBAHOr0 CKA1a, NOMepeAHbLO MifroTOB/EHOrO 3a JONOMOro
TpaB/fieHHs, ceHcunbinisawii Ta akTuBaLii, CNpuse OTPUMAHHIO MiJHWUX MOKPUTTIB 3
BMCOKOIO ajresieto Ta rnafkicTio. Lleil meTog Moxke 6yTW 3aCTOCOBaHWIA B Pi3HUX
ranyssix, 30Kpema B eNeKTPOHiLi, N8 OTPUMaHHS MifHUX KOHTaKTIB Ha CK/i.

Cnucok nitepartypu

1. Copper metallization of electrodes for silicon heterojunction solar cells:
process, reliability and challenges / J. Yu et al. Solar energy materials and solar
cells. 2021. Vol. 224. P. 110993. URL:
https://doi.org/10.1016/j.solmat.2021.110993 (date of access: 15.03.2023).

2. Direct metallisation of polyetherimide substrates by activation with
different metals / T. D. A. Jones et al. Surface and coatings technology. 2019. Vol.
360. P. 285-296. URL: https://doi.org/10.1016/j.surfcoat.2019.01.023 (date of
access: 15.03.2023).

3. Application of saccharose as copper (I1) ligand for electroless copper
plating solutions / E. Norkus et al. Carbohydrate research. 2007. Vol. 342, no. 1. P.
71-78. URL: https://doi.org/10.1016/j.carres.2006.10.020 (date of access:
15.03.2023).
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BU3HAYEHHA YACEN NMEPEHECEHHA IOHIB
NMPN MEMBPAHHOMY EJIEKTPOJI3I

BonbwadiHa C.b. K. T.H., 3aBigyBay Kadegpu TIX;
Paguenko A.E. cTygeHT, MX-01, CymAY, m. Cymu

OfHUM i3 HaBaXXMMBILLMX MOHSATb B €/1IEKTPOXIMIT € UYMCNO MEPEHECEHHS
iOHIB. B enekTponitax eneKkTpuka NepeHOCUTbCA OfHOYACHO MO3UTMBHUMMU Ta
HeraTUBHUMM iOHaMK, TOMY BWHWMKAE MUTAHHA, SKOK € YYacTb Y LibOMY MPOLEC
iOHIB KOXHOro 3HaKy. KifbKiCTb eneKTpuKK, WO MNepeHOCUTLCS, BU3HAYAEThCA
KOHLIEHTpaLE0 [OHIB | LIBMAKICTIO TX pyxy. FKWO KOHUEHTpauii KaTioHiB Ta
aHIOHIB OfAHaKOBI, X BHECOK Y MEpeHeCceHHs eNeKTPUKM 3a1eXUTb AuLle Bif
LUBMAKOCTI iX pyxy. [pu LbOMY LUBUAKOCTI PyXY KaTiOHiB Ta aHioHiB MOXYTb 6yTu
CYTTEBO Pi3HUMMU, TOMY i1 YMC/a NEPEHECEHHS MalOTb BYTKN PisHAMN.

Ocob6nmBe 3HaYeHHs HabyBae BMBYEHHS| BKa3aHWX 3aKOHOMIpPHOCTel B
TEXHOMOrYHMX npouecax, B npouecax MeMopaHHOro enekTponisy, gianisy [1]. B
[JaHili poboTi B3Ha4aIM YyMcna NepeHeceHHs iOHIB B pO3UMHaX eneKTponiTia yepes
KaTioHOOOMiHHY MembpaHy RALEX®CM-PES 11-66.

[

PucyHok 1. Cxema JOCNiAHOTO CTEHAY A8 BUBYEHHS YUCEN MEpeHEeCceHHs
iOHIB MpW npoBefeHHi MeMOBpaHHOro enekTponizy. 1 — [mpkepeno NOCTiAHOMO
eNIEKTPUYHOIO CTpyMy; 2 — KyfOHOMeTp; 3 — KaTtoj enekTponisepa; 4 -
KaTioHOOOMiHHa MeMbpaHa; 5 enekTponisep; 6 — aHoA; 7 — aHoAHa kamepa (aHoNIT
— po3unH LIMHK cynbaTty); 8 — kaToAHa Kamepa (KaToniT — Po3yuH Cynb(aTHOI
K1cnotu, 1%)

EnekTpoximiuHi peakuii, W0 Bif6yBatoTLCA NPYU MEMOPAHHOMY eNeKTPOoSi3i
Cif, PO34iNUTN Ha aHOLHWIA | KaToLHWIA Mpouec. B fBOXKaMepHOMY eneKTposizepi
iOHM Zn?* 3 aHOoMiTY, WO MICTUTb PO3uMH LIMHK CynbhaTy, pyxaloTbCs Kpisb
MembpaHy B KaTofgHy kamepy A0 katogy. Ipu UbOMYy Ha KaToAi BifbyBaroTbCs
0[JHOYACHO [iBa NpoLecu: po3psa ioHiB IMigporeHy, Wo NPUCYTHI B KaTONITI Y CKnagi
CyNb(aTHOT KNCNOTK, i BILHOBNEHHS iOHIB LIMHKY 40 METasy.

()K: 2H* +2e - H»

Zn*2+ 28 - Zn,
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Y 3B°A3KYy 3 UMM B KaTOAHOMY MpPOCTOPi KifbKiCTb iOHIB [igporeHy
3MEHLLYETLCA, | OAHOYACHO B KaTONITi 3’ ABMSETLCA NEBHA Ki/IbKICTb iOHIB LIMHKY 3a
paxyHOK TX MirpaLii 3 aHoMiTy Kpi3b KaTiOHOOOMiHHY MeMBpaHy.

B aHogHomy 6r0ui Ha aHofi BifOyBatOTbCA NpoOLECK, WO NOB’A3aHi i3
pO3pSAA0M MOMEKY/ BOAW, TOMY LLO HasiBHI B BOAHOMY PO3UHi aHOMITY ioHM SO42
He 3[aTHi Po3pAMAXKATUCA Ha aHOZi, TOMY Ha aHOAI PO3PALKAOTLCA MONEKY NN BOAM
3 YTBOPEHHSAM KWCHIO:

(HA: 2H,0 - 4é - Oy + 4H*,

Y 3B’53KY 3 LM B aHOHOMY MPOCTOPI KiflbKICTb iOHIB LIMHKY 3MEHLLYETbCS
a ioHiB H* 36iNbLLYETLCS.

3MiHa  KOHUEHTpauii  iOHIB  UMHKY B  KaToniTi  BM3Ha4yaim
KOMMNEKCOHOMETPUYHUM TUTPYBaHHAM. [aHi Mo pesynbTaTaM eKCcnepuMeHTy
HaBefgeHi B Tabnmui 1.

Tabnmua 1. [aHi gna  po3paxyHKY 4ucen MepeHeceHHs iOHIB B
[OCNipKyBaHili cucTeMi.

Maca ioHiB
Maca katogy (Cu) Maca KaTofLy B KaToNiTi LVHKY B
KYNOHOMETpY, I A aron KaToniTi

A r
Jo Micnsa Jo Micns Micna
€NEeKTPONI3y | eNeKTPoni3y | enekTposnidy | enekTponisy | enekTponisy
20,961 21,642 8,396 8,420 0,231

KinbKicTb enekTpuku, WO npoiiwna Kpisb cuctemy (q) i 6yna nepeHeceHa
ioHaMK LMHKY (gk) 064YMCNto0Th 3a hopmynamu:

=2 W= 5068 Kn: Q=

EeKB eKB

2 749 Kn

Je F — ctana ®apages 96485 K, Amyy,; — 3MiHa Macu Katofa Ky/IOHOMeTpa,
exs - EKBIBaIEHTHa Maca Mifi; Amz, — cymapHa maca LMHKY B KaTofiTi i Ha

KaTofi; o« - EKBIBA/IEHTHA Maca LMHKY.
Uncna nepeHeceHHs eNleKTPUKM KaTioHaMK LMHKY | aHioHaMK BU3HaYatoThb 3a
(hopmynamu:

tx = gk /= 0,749/2068= 0,36 ta=1-t,=1-0,36 = 0,64

Cnucok nitepartypu
1. Serdiuk V., Sklabinskyi V., Bolshanina S., Ochowiak M., Radchenko A.,
Babenko O., Kharchenko Y. (2022). Regeneration of chromate galvanic solutions in
membrane electrochemical devices. Journal of Engineering Sciences, Vol. 9(2), pp.
F37-F42, doi: 10.21272/jes.2022.9(2).f3 DOI: 10.21272/jes.2022.9(2).f3
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AOCIIKEHHA AKOCTI MOTOYHOT NPOAYKLIT

"omeHIok B. B, Aposa T. tO., cTyA,., rp.MX-91/1;
MoHomapboBa f1. M., gou. kad. TMNX, CymAyY, m. Cymu

MonouyHi MPoAYKTY BiJHOCATLCA A0 NepLuoT KaTeropii He06XigHOCTI, a TOMy
HeoOXigHO MOCTIHO MOHITOPUTM CTaH CMOXMBYOIO PUHKY YKpaiHW Ta BUSIBNATU
BCi MO3WUTUBHI Ta HeraTMBHI TeHAEHLIT PO3BUTKY; EKCNEPUMEHTA/IbHO MEPEBIPATU
CMOXMBYI LLIHHOCTI XapyoBMX MPOAYKTIB, Pi3HNX TOProBMX MapoK Ta BUPOOHUKIB
[1]. Monoko Ta ioro NpoAyKTW € HeO6XiAHNM MPOAYKTOM XapuyBaHHSA NHOAUHN Y
Oyab-aKomy Bili. OCKiNbKM MICTATb Yy CBOEMY CKnagi 6araTo BakIMBUX
KOMMOHEHTIB (aMiHOKUC/IOTK, BiTaMiHW, XXVUPHi KUCNOTU, MaKPO- Ta MiKPOeNeMeHTH
i T.8). MonoyHa npoAykuis Mae ocobnmeocTi y 36epiraHHi Ta crnocobax
BUrOTOB/EHHI. TOMY B&XX/IMBO KOHTPOMOBATY 1T AKICTb.

[ns nepeBipky BMPOGHWKIB 6yN0 NPoBeAeHO BnacHe LOCNIIKEHHS PiZHUX
MOMIOYHMX NPOAYKTIB HACTYMHKUX TOPrOBKX MapoK, 3a3HaYeHuX B Tabnmui 1.

Tabnmugs 1 — HalimeHyBaHHS 3pa3kiB AOCMILKYBaHUX MONOYHMX Ta

KMCNIOMO/IOYHMX MPOLYKTIB

XKnp- TepMmiH
Ng [pogykT HiCTb, Toprosa Bupo6HuK Adpeca < | npugartH
% mapka MOTY>HOCTeM OCTi
1| Monoko 3,2 3naroga MpAT kom6iHaT | M. AHinpo 29.03.23
«MpugHin-
POBCHKMi»
2 | Mornoko 2,5 Monokis MpAT M. TepHonins | 22.03.23
«TepHOMiNbCbK
nit
MOJ/IOKO3aBO/»
3| Monoko 2,5 3apor TOB c. 3apir, 27.03.23
«OPXULBKINIA MonTascbka
MOJIOK03aBO» 061.
4 | Tnom6ip 18 NacyHka TOB M. [Hinpo 12.07.24
«J1acyHka»
5| Kegip - AryHsa TOB c. Mukona- 04.04.23
«CaHfopa» TBCbKe,
Mwukonaiscbka
0671
6| Cup 55 bino- Mn «binouep- c. binouep- 28.03.23
Kucno- LiepKiB- KiBCbKa KiBKa,
MOJIOYHWIA CbKuin arpornpomumc- MonTaBcbka
/I0Ba rpyna» 0671
7 | CmeTtaHa 15 ArotuHebka | TAB M. AroTuH, 04.04.23
«ArOTUHCLKUIA KwuiBcbka 06.
Macn03aBofy
HaliBaknMBILWMM MOKa3HMKOM SKOCTi € KWCIOTHICTb. [pu  36epiraHHi

KMCNOTHICTb I'Ii,EI.BVILLI,yGTbCFl BHaCﬂi,qOK YTBOPEHHSA MOJIOYHOT K1CIOTU 3 MOJIOYHOIO
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LYKpy Mif BNAMBOM (hepMeHTy GaKTepiid, L0 NOTpannsAoTs 3 NoBiTps. Lle HarnsgHo
MOKa3ye CBKICTb MO/I0Ka. KUCMOTHICTb BUPAXAETbCs B YMOBHUX rpagycax TepHepa,
LU0 NOKa3ytoTb KifbKicTb 0,1 H lyry noTpibHoro Ana HerTpanisauii 100 r npogyKTy.

B T1abn. 2 npepactaBneHa KWCNOTHICTb ANA BCiX MPOAYKTIB. 3HayeHHs
KUCMOTHOCTI 151 MO/IOKa B OCHOBHOMY BignoBigae Hopmam (16-19 T). Mopo3uso
Ma€ MOHWKEHY KUCMOTHICTL — 19 T, afke Hopma Ana naombipa cknagae 21 T.
Kedhip, cup Ta cMeTaHa BiHOCATLCA A0 MOIOYHOKMCINX MPOAYKTIB, | TOMY MarTb
HabaraTo BULLY KWUCMOTHICTb. [ns Kedipy onTuMasibHa KUCAOTHICTb CTaHOBUTb 80-
120 T, wo cniBnagae 3 AoCAiapKyBaHUM. KMCNOTHICTb 415t CUpY — Lie NOKa3HMK TOrO,
Ha CKiNbKM [06pe BiH CKBaLLEHWA. MoBMHEH GyTW MiHiMym 200 T. Y Hawomy
BMMAAKY CMpP Ma€ HefoCTaTHHO KUCMOTHICTb. JocnigkyBaHa CMeTaHa BifnoBigae
HOpMaM CMeTaHW BULLOro raTyHky (65-90 T).

Tabnmus 2 — KUCAOTHICTb MOMIOYHUX NMPOAYKTIB

VNaoH, Po3paxoBaHa
No [popyKT, TOprosa mapka M KNCAOTHICTb, T
1 Mosoko «3naroga» 1,6 16
2 Monoko «Monokisi» 15 15
3 MoJsioko «3apor» 1,7 17
4 Mnomoip «JlacyHka» 1,0 19
5 Kedhip «AryHs» 10,9 109
6 Cwp «binouepKiBcbKuii» 9,0 175
7 CmeTaHa «AroTUHCbKa» 4,3 85

[ata nposefeHHs aHanisy: 24.03.23.

OKpiM BU3HAYEHHS KUCMOTHOCTI, ANA MOIOKa 6yN10 NPoBefEHO Le AeKifbka
pocnigis. OfHUM 3 HUX BUCTYMaE SKiCHa peakL,is Ha NakTo3y po34nMHOM beHeauKTa.
MpoBefeHa peakLis roBOpWUTb MPO HAABHICTb /lAKTO3M Y CKMafi MOMoKa, ane y
HEBENIMKUX KifIbKOCTSAX.

IHWWiA  gocnif  —  BW3HAa4YeHHs  BMICTY  Kanblito Yy Mosnoui
KOMM/IEKCOHOMETPUYHMM METOAOM aHanisy. K BigoOMO, MOJIOKO Bifpi3HAETLCA
[IOCUTb BENIMKM BMICTOM KasibLit0, IKWI1 € HEOOXIAHUM A/151 XKUTTS NHOANMHW. BmicT
Ka/bLLito Y AOCAiAKyBaHUX Mapkax MoJsioka (Tabs. 3) Maibke He Bifpi3HSETbCA MK
COB0I0 Ta 3HAXOANTLCA Y MEXAX HOPMI.

Tabnuua 3 — BMICT KasibLiito B Moo

Toproea mapka | w, mMr /100 mn Monoka
«3naroga» 144,29
«Monokis» 144,29
«3apor» 142,28

Cnucok nitepartypu
1. LWeBuyeHko A. B., Tabauyk H.O. Cy4aCHWin CTaH PUHKY MOIOYHOT
npoayKuii Ta 3abesneyeHHs i AKOCTi B yMOBaxX EBpoiHTerpauii Y kpaiHu.
MixXHapoHi eEKOHOMIYHI BiJHOCWHU Ta CBITOBe rocnoAapcTso. Bunyck 27,
yacr. 2. 2019.
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OOCNIAXKEHHSA AKOCTI BOAW BOAOWM MICTA CYMM

"omeHiok B. B, Aposa T. tO., cTyaeHTw rp.Mx-91/1;
MoHomapboBa f1. M., gou. kad. TMNX, CymAY, m. Cymu

HopmyBaHHS AKOCTI BOAM NONArac y BCTaHOBNEHHI MOEAHAHHA AOMYCKIB 3a
CK/1al0M BOAM Ta NOKa3HWKIB BNaCTUBOCTEN 18 KOXHOI BOAOVMU. Y MeXax AKUX
NMPOBOAMTLCA  3abe3neyveHHss  340POB'A  HACeNeHHs,  CNpUSTAMBI  YMOBU
BOAOKOPUCTYBaHHS Ta eKONOriyHa ririeHa. CaHiTapHMMM BUMOTraMu LLLO0 OXOPOHHN
NMOBEPXHEBWX BOJ, NepeabdayeHi 3arasibHi BUMOIY 10 CKMady Ta BNacT1BOCTEN BOAM
BOLOVM 4N 3a40BOSIEHHA NOTPe6  rocrnojapcbko-nUTHOrO,  FPOMagChKo-
nobyToBOro Ta pMGHOro rocnofapcTsaa.

HauioHanbHi Ta MiKHapoAHi CTaHZapTW BM3HaualoTb BUMOIM A0 SKOCTI
BOZOMNPOBIAHOT Ta NMMTHOT BOAY, i L CTaHAapTW nepeabayatoTb KOMNAEKCHUIA Nigxig,
[0 OUiHKM  AKocTi BoAM. OpraHonenTUYHI MOKa3HUKM He 06MEeXYHTbCS
iHTEHCWBHICTIO BMAMBY Ha opraHu u4yTTa. [na 6araTbOX CMOMYK BCTaHOBAEHI
Jonyctumi KoHueHTpauil y Bogi (FAK), npu nepeBULLEHHI AKX MOTipLyrOTbCA
OpraHofienTuUYHi BNacTnBOCTI BoAM. OTXKe, 3aBAAKN CEHCOPHUM, (i3NKO-XIMIYHMUM
MoKasHMKaM SIKOCTI BOAM MOXHa 3p0OMTM BMCHOBOK MpO Ti MpuAaTHicTb Ans
KOHKPEeTHMX noTpe6 [1].

[ns nepeBipKun AKoCTi BoAoim micta Cymu Hamu 6yno npoBefeHe siKicHe Ta
KiNlbKiCHEe A0CNIIKEHHS BOAW 3 Pi3HMX BOAOM Ta BOAOIOHY:

Nel - piukoBa BOfa, Micue 3abopy npobm — piuka [cen 6ins MocTa Ha

Byn.lMpokodgesa.
Ne2 - 03epHa Bofa, MicLie 3a60py — 03epo Yexa.
Ne3 - BoAoriHHa BoAa, MicLe 3abopy — Cymay.

0

nQ

Y

(- ? ‘"
PucyHok 1 — Mi:CLIﬂ 3abopy npob Boau B M.Cyn]m.

PesynbTaTi fKicHOro aHanisy HaeefeHi B Tabn. 1. B Tabnuui npeacTaBneHi
OPraHoNeNnTMYHI Ta XiMiYHI MOKa3HUKM, AKi NOKa3yroTb TiNIbKM HAGNMKEHNI BMICT
pe4oBuH. 3a GifbLICTIO NapaMeTpiB BoJa 3 03epa SABMSETLCA Oiflbll YMCTOKO B
MOpPIBHSHHI 3 PiYKOBOI. BOHa € 6i/blL MPO30pot0 Ta 6e36apBHOKD | Mae MeHLLUMIA
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BMIiCT amoOHiaKy, xnopugis Ta 3aniza. Ane Bifpi3HAETbCA Oifbll IHTEHCUBHUM

3anaxomM. BmicT HITpUTIB Ta cynbdaTiB € AyXKe HU3bKUM B YCixX npobax.

Tabnmuga 1 — AkicHWiA aHani3 Npob Boaw

Koni Bwmict . Bwmict Bwmict Bwmict
Ne I'Ipo3op pHicT | 3amax | amMoHiak .BMICT. xnopugi | cynbtha | Pepym
icTb HITpUTIB .
b y B TiB y
ﬂy)Ke 800 r mr r
1 Kanamy 2 1.2 ﬂ.ﬁ 1-10 Aﬁ 3 Aﬁ
THa rpaA <0,002
Mmr -
Tpoxu -3
2 | kanamy 10 3 0,2 .q# A 1-5 ;Trg 0'_::)5
THa Pea v
KpiM LbOro B13HaunImn 3arasibHy Ta TMMYacoBY YKOPCTKICTb i 3Ha4eHHs pH
npo6, BKAKOYalOUYM BOLONPOBIAHY. JKOpCTKicTb BOAM Oyna  BM3HadeHa

TUTPUMETPUYHMM METOAOM, a BOAHEBWIA MOKA3HUK MOTEHLiOMETPUYHUM METOA0M
3a fgornomoroto pH-meTpa. [laHi OoTpuMMaHi BHacfnifoK aHanisy npeAcTaBfneHo B
Tabnuui 2.

Tabnuua 2 — XKopcTKicTb focnifxysaHux npob sBoam (Meks/n.) 1a pH

Ne npo6u Tx 3x XKca HKwmg pH
1 54 2,15 472 2,05 8,4
2 0,6 0,7 0,6 0,1 8,2
3 6,0 1,8 1,7 0,1 8,1

AK 6auMmo, HaliMeHLLy >XOPCTKICTb Mae 03epHa Boga. Tak 1i TMM4acoBa
YKOPCTKICTb Mpr6n3HO y 10 pa3 MeHLLE iHLIMX MPo6, a 3arasibHa XXOPCTKICTb y 3
pasa y MOPiBHSHHI 3 piukoBOK Ta 2,5 — BOAOMPOBIAHOK. BoAHEBUIA MOKa3HUK
3pasKiB He CUIbHO BifPI3HAETLCS MiXK CO6010. B 3arasibHOMY M0 XXOPCTKOCTI BOAa 3
03epa € HabaraTo KpaLloto 3a pPiYKoBY BOAY i 3a BOAOMPOBIAHY.

OTxe, MOPIBHIOYM OTPUMAHHI pe3y/bTaTu 3 AepXaBHVWM CTaH4apToM
YKpaiHn MOXKHa [iAiTU BWCHOBKY L0 Boda 3 piuku Mcna Ta o3epa Yexa € He
NPUAATHUMM AN CMOXMBAHHS, Yepe3 BUCOKMI BMICT aMOHIliHKX coneit Ta depymy,
a TaKoXX MatoTb NoraHy OLiHKY OpraHonenTUYHMUX NOKA3HUKIB.

Cn1cok niteparypu
1. Mepnosa O.B., MNMepnosa H.O. OpraHoNenTU4YHi NOKa3HUKN SKOCTi BOAW.
MeTognyHi BKasiBKM [0 1abopaTOpHUX 3aHsTb Ta CaMOCTIHOI pobotn 3
avcumnainm «Ximis NpypoaHUX i CTivHMX BoLy. Ogeca. 2019.
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OOCNIIKEHHA BNVIBY KUCNOTHOCTI I'PYHTIB HA LUBUAKICTb
BUBIJIbBHEHHA KOMIMOHEHTIB XXUBJIEHHA Y CKNTAOHNX
MIHEPAJIbHNX OOBEPNBAX

Aposa T. 0., cTyaeHTKa rp. Mb-91/4-nx; KosaneHko T. I., nabopaHT;
Anosebka I'. O., goueHT, Kad. TMX, CymAY, m. Cymu

3 KOXXHWUM POKOM 3abpy[HEHHS HABKO/IMLLHLOIO CepefoBMLLA 3a/IULLKAMM
MiHepa/IbHUX [06PUB 3pOCTaE, L0 MNPU3BOANTL A0 MOTipLEHHs CTaHy I'pyHTOBOrO,
BOZHOrO Ta MOBITPAHOIO CepefioBuLa. Lle noB’A3aHO 3 TUM, LLO a30THI AobpuBa
[06pe PO3UMHHI Ta LIBUAKO NPOHWKAIOTL FMGOKO Y LWapu IpYHTY, KyLN HE MOXe
pictatncs  KOpiHHA pocnuMH. B poboti 6yno npoaHanisoBaHo npob6nemy
3a6pyiHEHHS HaBKONWLLIHBOTO CepefoBULLA KOMIMOHEHTaMW MiHEpasbHUX a30THUX
[06pMB Ta 3anponNoOHOBaHO BUKOPUCTOBYBATM Karcy/bOBaHe MiHepaibHe 4O6pUBO
NPOJIOHrOBaHOI  Ail, 3a AO0MOMOrol SKOr0 MOXHa pPerysoBatu  LWBMAKICTb
BUBI/IbHEHHS aKTUBHMX KOMMOHEHTIB i KiNbKiCTb A06PWB, L0 BHOCATLCS B IPYHT 3
Karcy/u, 3a/1eXHO Bif I'PYHTOBO-KNIMaTUYHNX YMOB I'PYHTY.

Kpim TOro cyTTeBOKO MPOOG/IEMOI0 € BUBINIbHEHHA aKTMBHUX KOMIMOHEHTIB
opraHo-MiHepanbHUX A06pUB Mpun pisHUX pH rpyHTy. JOCNipKEHHS PO3YMHHOCTI
[06pUB i 34aTHOCTI TX BUBIMbHATA KOMMOHEHTW MpK pisHOMY pH € Haa3BuYaiiHo
aKTya/lbHUM.

B poboTi npoeedeHi JOCNIMKEHHA 3 MPOSIOHIOBAHOIO BUBISIbHEHHS
aKTMBHMX KOMMOHeHTiIB NP fo6pvB npu pisHoMy pH nokasanu, Wwo npouec
PO3YMHEHHA afpa rpaHyn BigOyBaeTbCs NOBIfIbHILLE B NY>XXHOMY HiX B KUC/IOMY
cepegoBuLLi. Lle NOACHIOETLCA CKMNAAOM Apa rpaHynn, OCHOBHMM KOMMOHEHTOM
AKOr0 € CeYOBMHA, AKa Mae MoNspHy MOMEKYNy | MOBIiMbHilLE B3aeMOfi€
HENOJIIPHUMI KOMMOHEHTaMU CEPeSOBULLEM, MOJIEKY/TN SKOTO MEHLL NOSISPHI.

3a [OMOMOroK aHanizy MIKpOCTPYKTYpK (hocthaTOBMICHOIO MOKPUTTA
MeTOJ0M CKaHYyHUOi eNneKTPoHHOT Mikpockonii (SEO-SEM Inspect S50-B) 6yno
JOCNIKEHO LU0 MepeBaramu OTPUMaHNX SO6PUB 3 TOUKM 30pY PO3HMHEHHS FPaHyn
€ OAHOPIAHICTb HAHOMOPUCTOT CTPYKTYPU MOKPUTTA MO BCil NOBEPXHI 0OOMOHKY;
[0o6pe po3BMHEHA CTPYKTypa Mop MO BCili TOBLMHI 060M0HKN. OfHaK, cepeg
Heponikie gaHnx NP [obpuB € HeoAHOpifHa TOBLUMHA OOOMOHKM Ha Pi3HMX
JiNAHKaxX rpaHynu, WO BMMarae A04ATKOBMX AOCNiMKeHb i KOpekuil napameTpis
npouecy Ta noTpebye [OCNIIKEHHA TEPMOAMHAMIYHUX BNacTUBOCTEN npouecy
CYLUiHHA [1].

AHani3a eneMeHTHOro ckfafly 3a [AOMOMOroH  eHeprogmcnepciiiHoro
cnektpomeTpa EDS (AZtecOne 3 geTektopom X-MaxN20, Oxford Instruments plc)
MoKasas, L0 OKpiM a3oTy Ta (hocthopy AAPO rpaHyn MICTUTb HACTYMNHI Mikpo Ta
MaKpoesnemeHTW, HeOOXiAHI ANA POCTy Ta XuBNeHHa pocauH: O, Al, Si, P, K, Ca,
Fe, Mg, S, Na [2].

JocnipkeHHs KiHEeTUKM BUMBINbHEHHS hocthopy Ta asoTy [A03BOMWO
OTPUMATW 3aNEXHICTb LUBUAKOCTI BUBISIbHEHHS €N1EMEHTIB XMBMIEHHSA 3 TPaHyn
[OCNiKYBaHWMX JOOPMB Bif, KUCNOTHOCTI I'PYHTY. TaknuM YNHOM, HalibifbLua yacTka
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P,Os B po3umHi BUABMMIAcCS B KUC/OMY CepefoBulLi, a Haibifblia KifbKiCTb
PO3UYMHEHOT 0 a30TY — B IYXXHOMY PO3YVHI.

OTpuMaHi  pe3ynbTaTu  [JOCNIMKEHHS  cBigyaTb NP0 MOX/UBICTb
BUKOPWUCTaHHSA JOCMiIKYyBaHUX KOMMMEKCHUX opraHo-MiHepasbHuX NP 1obpus B
rpyHTax CyMmCcbKOi 06M1acCTi, OCKiflbKM YMOBM 3aCTOCYBaHHA [JaHWX [06puB
36iraloTbCs 3 arpoOTeXHIYHUMM BNIACTUBOCTAMM IPYHTIB LbOr0 PerioHy: 30Kpema
KMCNOTHICTb TPYHTIB, SIKa KOMMBaeTbCA Big 5 A0 7,5. Takum 4MHOM, mnpouec
PO3YMHEHHS LOCNIMKYBaHUX AO6PVB € KOHTPObOBAHUM MPY LUX 3HaYeHHAX pH

'PYHTY.
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PucyHOK 1 — 3anexHicTb BMBiSIbHEHOIO KOMMNOHEHTa A06purBa Bif pH cepefosumLla
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BManB TEMIMEPATYPU HA KIHETUYHI NMOKA3HUKW PO3UYMHEHHA
CKNAOHUNX MIHEPAJTIbBHX AOBPVB

BonbwadiHa C. b., K. T.H., 3asifysay katenpu TMX; FoMeHiok B.B cTygeHT
rp. MX-91/1, CymAy, m. Cymu

HwWHi gns icHyBaHHS NMHOACTBA NOTPIOGHA BeNMKa KifbKICTb NPOAOBOMLCTBA.
Binblly 4acTMHY SKOro My MOXEMO OTPUMaTW, BMKOPUCTOBYHOYM MOCIBU Ta
BUPOLLYBaHHSA CiflbCbKOrocnoaapCcbKnx KynbTyp. Ane BpaxoByHUM OOMEXEHICTb
TepuTOpIT, WO MOXYTb OYTU BUKOPMCTaHI Mif CiNbCbKOrocnoAapchbKi yrigas, noctae
noTpeba y NiABWLLEHHI BPOXKANHOCTI Ta AKOCTI BUPOLLLYBaHMX KYNbTyp.

[na onTManbHOro pocTy POC/MH MOTPiOHa JOCTATHA KiNbKICTb NOXUBHUX
PEYOBUH, L0 3HAXOL4ATLCA B I'PYHTaX. 3araniom IpyHT NMOBWMHEH BOMIOAITU NEBHUMM
B/IACTUBOCTAMU. [NA OUIHKW [PYHTY ICHYIOTb MNEBHi MOKAa3HWKKW, Cepej HUX
OCHOBHUMM ABNAKOTLCA arpoxXiMiuHi. [0 HAX HanexaTb BMICT rymycy, L0 nokasye
BMICT OpraHi4HOl YaCTUHU B I'pyHTI. BiH BUCTYyNae 3anacoMm Heob6XigHMX eNeMeHTIB
ON191 XXMBJIEHHA POC/IMH. [10 BX/IMBUX MOKa3HUKIB TaKOX BiIHOCUTLCA BMICT a30Ty,
Kanito Ta ¢octopy, WO € HaliBaXMBILLMMK efleMeHTaMn Ta 6Ge3nocepefHbo
BNAMBAKOTb Ha PO3BUTOK Ta PICT pocnuH. BapTo BigMiTMTM TemnepaTypy Ta
KUCMIOTHICTb IPYHTY, WO BMAMBalOTb Ha LUBMAKICTb 3aCBOEHHS LMX €/IEMEHTIB.
BnacHe cymcbka 0651aCTb  XapaKTepu3yeTbCs CEpPeAHIM  BMICTOM  Fymycy,
HefoCTaTHIM BMICTOM a30Ty, poctopy Ta Kanito, L0 He MOXKe 3af0BOSIbHUTK
CiflbCbKOrocnogapcbKnx KynoTyp[1].

Bupiwmty Lo npobremy MoXyTb [06pUBa, AKi ABNAIOTL COO0I0 HE3aMiHHI
[PKepena OCHOBHUX eNleMeHTIB 415 POC/UH. ICHYE BeNnKa pisHOMaHITHICTb fo6puB.
OfHi XapaKTepu3ytoTbCs LUBUAKUM BUBIIbHEHHAM KOMMOHEHTIB, TO6TO OCHOBHI
e/leMEHTN TakMX [0OpPWMB 3HAXOAATbCA B ETKOZOCTYNHIA  dopmi, Apyri
XapakTepusyloTbca  OinbWw  TpuBanow  gieto.  IcHyoTb  gobpuea, L0
XapaKTepusyoTbC MiHepaslbHOK (HOPMOKO OCHOBHMX €fIeEMEHTIB, Ta OpraHiuHi
[00puBa, B SIKMX OCHOBHI €/1eMEHTM 3HaxoAsTbCA Yy OpraHiyHii opmi. KoxHe
[006pUBO Mae CBOI MepeBarn Ta HeAo/MiKu. BMKOPWUCTOBYHOTb B 3a/IeXHOCTI Bif
arpoxiMiyHUX BMacTUBOCTEN I'PYHTY, TUNY IPYHTY, BUPOLLYyBaHOT KynbTypu. Cepeg
[06pUB 0COBMMBO BUAINSAIOTLCA CBOEH eEKTUBHICTIO rpaHy/bOBaHi OpraHiyHo-
MiHepasibHi 406pKMBa, SKi Bifpasy MICTATb OpraHiyHi Ta MiHepasbHi pe4oBMHN. Take
NOEAHAaHHA MOKpaLLye arpoisnyHi NOKa3HWKK I'PYHTY Ta 3anobirae BUMUBAHHIO
MOXWBHUX PEYOBUH 3 TPYHTY. Taki [obpuBa XapakTepu3yeTbCcs MOBIMbHOI,
MPOSIOHIOBAHOK  Ji€t0, MOCTYMOBUM  HAAXOKEHHAM  OCHOBHMX  MOXMBHWX
e/IeMEHTIB, LU0 3a6e3reyvye poCIvH NOXMBHUMY PEHOBUHAMMW MPOTArOM TPUBAIOro
nepiogy.

B fnaHili po6oTi gocnimKysanock caMme Take 4o6pumBo, Lo 6yno po3pobreHe
Ha 6a3i HA4l MIHAIN CymA4Y. Aapom fobpvea SABNSETLCA Kapbamif, MOKpUTHIA
thochopuTBMICHOK 060/10HKO. OCHOBHMMY €/IEMEHTaMK BUCTYNalTb a30T Ta
thocdop, ane KpiM HUX MICTATLCA iHLWI (Kaniii, KanbL,iil) B MEHLUMX KOHLEHTpaLisX.
Takox Yy cknafi MIiCTUTbCA oOpraHiyHa cknafoea — O6IOBYrifng, WO BOJSoAie
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PO3BMHYTOK MOPUCTOK CTPYKTYPOK i BACTYNae afcopbuiiiHoo gobaskoto [2-4].
[06pnBO XapakTepu3yeTbCA rapHUMM arpoxXiMiYHUMM NOKa3HMKaMM Ta 3a PaxyHOK
MPOIOHIOBaHoT Aii piBHOMIPHO MiAKMBAKOE IPYHT MPOTArOM BCbOTO BEreTawuiiiHOro
nepiogy.

Bynu nposefeHi JOCNiMKEHHSA LWOA0 BU3HAYEHHS BMMBY TeMMnepaTypu Ha
KIHETUKY PO3YMHEHHS Ta BUBIIbHEHHA MNOXWBHMX €feMeHTiB gobpuea. 3a
pesynbTaTaMi  eKCMEPUMMEHTIB  OyN0  BM3HAYEHO, WO NpM  NiABMLLEHMX
Temnepatypax (6inbiie 30 °C) po3UMHHICTL [06PUBA 3MEHLLYETLCA. Lie iMOBipHO
Bi10YBA€ETHCA 3a PaxXyHOK YTBOPEHHS MNPy NiABMLLEHMX TemMnepaTypax MiLenspHuX
CTPYKTYpP, WO 3MEHLWYHTb PO3YMHHICTb. HasBHICTb TakMx CTPYKTyp 6yno
NigTBEPAKEHO NPY AOCAIKEHHSAX 3pa3KiB inbTpaTie fobprea Ha MEM. MNoBinbHa
PO34MHHICTb A06puBa cnpuse Ginbly TpyBaniin oro Ail Ta Nonepemikae LUBKUAKE
BYMMBAHHSA — L0 MA€E NO3UTUBHE 3HAYEHHS AN XMBEHHA poc/vH. LLogo suxomy
OCHOBHUMX efleMeHTiB (Tabn. 1), To 3a NiABULLEHUX Temmnepatyp 3pocTae BMICT
NerkofocTynHoro ocdopy, a BMICT a30Ty 3HMKYETbCA. 3HUXKEHHA BMICTY a30Ty
MOB’A3aHO i3 BMNApOBYBaHHAM a30TOBMICHMX KOMMOHEHTIB Ao6puBa Mpw
36iNbLUEHHI TEMNepaTypu.

Tabnunus 1 — BmicT NP npu pisHux TemnepaTypax

Ne t,°C P20s, % N, %
1 10 0,033 1,71
2 30 0,044 1,45
3 50 0,054 1,24

BuricHOBOK. MpoBeaeHi LOCNIAXKEHHS BCTAHOB/IOKOTL BN/IMB TEMMEPaTypy Ha
KIHETUYHI MOKa3HWKN PO3YMHEHHS CKMaHWX OpraHo-miHepanbHUX [06puB.
JloBeaeHo, Lo Temnepatypa Br/MBaE SIK Ha KiHETWMKY PO3YMHEHHS, TaK i Ha
[OCTYIMHICTb i BUXif, MOXUBHMX €/IEMEHTIB.
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METOAWN BUSHAYEHHA BMICTY HITPATIB ¥ MNMPOAYKTAX
XAPYYBAHHA

BiniueHko A. I, cTya. rp. MX-01; MoHomapboBsa J1. M., goueHT Kadeapu TIX,
CymAyY, m. Cymu

loHW HIiTpaTiB i HITPUTIB € HANPO3MOBCIOAKEHILUMMUN Y HABKOULLHbOMY
CBITI. TaKoXX BOHM MICTATbCA | B MPOAYKTaX XapuyBaHHS IK YaCTUHY MPUPOAHLOIOo
LMKNY, AKY MU CMOXMBAEMO KOXHOrO AHS. HayKoBLi TaK0oX BUABWIWN HeabuaKuii
iHTepec A0 KiNbKOCTI HITpaTiB B MPOAYKTaxX Ta B MUTHIl BOA.

Y nabopaTopiii npakTuui € 6arato Pi3HOMaHITHMX METOAIB BU3HAYEHHS
HiTpaTiB B MpofyKTax. Ane y3aralbHeHO METOAN BM3HAYEHHS HITPUT- Ta HiTpart-
iOHiB MOAiNAOTL Ha AeKifbka TUNIB — Le NPAMi Ta HenpsiMi MeToau.

Posrnsgatoum HempsMi METOAWM BM3HAYEHHS! HITpaTiB MOXKHA MOMITUTH Te,
O BOHWM AOporosapTicHi Ta MNOTpebytoTb [0BOAI BENMKOI KiNbKOCTI [OpOrmx
KOMMOHEHTIB, a caMa npoueaypa cKnajHa Ta BumMarae y>ce 6arato yacy and etanis
BMMIpIOBaHHSA, TaKOX Li METOAM CTPaXAaloTb Bif iHTepdepeHuiT iHWNX IOHIB i
HAMW He MOXXHa KOPWUCTYBaTUCb MPW BM3HAYEHi ManeHbKOI KifIbKOCTi HiTparT-,
HITpUT-ioHiB. TpUKNagaMm HenpsMUX MeTOAIB € Y ®P-pe3oHaHCHa CNeKTPOCKonNis
KOMOiHaLiiHOro po3citoBaHHS, BU3HaYeHHs 3a gonomoroto BaHagili (I11) xnopuay
Ta iHWi[1].

LLlogo npsMux MeToAiB, TO Ui MeToau Oinbll GHOMKETHI ANS BUSIBNEHHS
HiTpaT-ioHIB B NpoayKTax. Po36epeMo nuLue geski 3 umx meTogis [2]:

- MoTeHUiOMETPUYHI i3 3aCTOCYBaHHSAM [OHOCENEKTUBHUX €NeKTPOAiB, AKi
YyTAUBI 419 BU3HAYEHHA HITPaTiB. CaM MeToj I'PYHTYETLCA HA BUMIPIOBaHHiI
eNIeKTPOAHMX MnoTeHuianis. Cxema caMOro BUMIPIOBAHHA CKAfAETLCA 3
iHAMKATOPHOrO eNeKTpoda, enekTpoja MOPIBHAHHA Ta Npwunagy, AKUM
BUMIPIOETLCA 3HAYEHHS MOTeHUiany;

EnekTpoximiuHi MeToau rpyHTYIOTbCA Ha Mpouecax, Lo MpoTikalTb Ha
e1eKTPoAax YM MiX eneKTpogoM MpocTopy. A A8 BM3HAYEHHSI HiTpaTiB
BMKOPUCTOBYIOTb  BO/IbTamMnepoMeTpito. Cam MeTof 3acHOBaHWiA  Ha
BMBYEHHI MONAPU30BaHUX KPUBMX, SKi OTPUMYIOTBLCA Mif Yac eneKTponisy
aHaslizoBaHOro Po34MHy MpW  MOCTYMNOBOMY MiABULLEHHI Hanpyru 3
(hiKcaLieto CUIn CTpyMmy;

XpomatorpagiyHi - MeTogM, a came MeTof rasoBoi  xpomatorpadir,
ra3opiAvHHOI Ta iOHHOI XpomaTorpadii. [PYHTYIOTLCA Ha PO3AINEHHI PifKMX
abo rasonofibHMX cymilleli i 6a3yeTbCs Ha Pi3HUX COPOLIAX KOMMOHEHTIB
LMX CyMiLLIei 3 pyXoMuX (a3, L0 PyXatoTbCs BiHOCHO COPOEHTa;
PoToOMeTPUYHI MeToAM 6a3yroTbCA Ha NepeTBOPEHHI HITPATIB Yy HITPUTK 3
HacTyMHUM  YTBOPEHHAM  3a0apB/ieHUX  PO3YUHIB. NpoBOAATb  Ha
crewianbHUX Npunagax — cnekTpogoToMeTpax. [ns nepeBeseHHs PO3UnHy,
SAKWA  NepeBipsSeETbCA Ha BMICT HITpaTiB y 3abapBreHy CMOyKy.
HaiinowwmpeHiwmnmM 3a6aBHUKOM € peakTus [pica;
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MepeBaru i HeJONIKM 3a3HaYEHNX METOAIB PO3rNsaHYTI B Tabnuui 1.
Tabnuua 1 — MNepeBaru Ta HeLONIKW NPAMUX METOLIB BUSIBNEHHSA HiTpaTis[3]:

MeTog BusIBNeHHSA Mepesaru Heponiku

- BrogpkeTHWiA Momwunka BUMIpiB Yepes
MoTeHuiomeTpis - MpocTuiA MOHITOPUHT MepeLIKOAM Bif, iHLWINX

3abpyaHoBaYiB
- BrogpkeTHWUiA Mepegaya KiHETUYHOIO
- MpocTuii 3apsay Ha noBepXHi
.. |- BUCOKa YyTAMBICTb Ta €N1eKTPOAY HU3bKa, TaknMm

EnekTpoxiMiyHnn . .

BUOIPKOBICTb YMHOM MpsIMe CKOPOYEHHS

HITpaTiB XapaKTepu3yeTbCA
rnoraHa YyT/mBiCTb
- KopoTkwii vac Biaryky Hu3ka nponyckHa 34aTHicTb

Xpomartorpagis - Uy/ioBa BiTBOPIOBAHICTL | 3pas3KiB
- Bucoka YyTamBicTb
- MpocToTa HeBwucoka cenekTUBHICTb
- EKCTpeHicTb faraTbox peakuiii, NOTPi6HO
®OTOMETPUYHUIA rnonepesHLO BiJOKPEMUTH
KOMMOHEHTH, LU0 3MeHLLYE
TOYHICTb.

OpfHak BCi BULLE 3a3Ha4YeHi MeTOAM BMKOHYIOTLCS AWLLIE B 1abopaTopHMX
yMOBax, ajie He y KOXHOT I0ANHN € MOX/MBICTb 3BEPHYTUCH A0 CrewianizoBaHol
naboparopii Ans BUABNEHHS HITPATIB B NPOAYKTaxX XapyyBaHHA. TOMY 415 LbOro
O6ynn CTBOpeHi cneuianbHi  npunagu, ANS  Npuknagy HiTpaT-TecTepn a6o
iHAMKaTOPHWMIA Nanip «lHAam», fKi WBMAKO BU3HAYal0Thb KifbKiCHWIA BMICT HITpaT-
Ta HITPUT-IOHIB Y NPOAYKTaXx.

MepeBaramut TakMx TeCTepiB € iX NPOCTOTA BUKOPUCTaHHS, HEBMBArIBICTb
Yy BUKOPWCTaHi, aBTOMATM30BaHIiCTb Ta Maike TOYHWIA pe3ynbTaT. TakoXk Ui
TecTepy MOXHa BUKOPUCTOBYBATU He NWLLE HA NPOJYKTaX, a i Ana NUTHOI BOAM.
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CUHTE3 BI®A3HNX MATEPIA/TIB HA OCHOBI I'APOKCUANATUTY
TA B-TPUKABLUINDPOCPATY

Paguenko O. I., cTyfeHTKa, rp. MX-01; Axosebka M. O., gou. kad. TMX,
CymAyY, m. Cymu

Kinbka MinblAOHIB NauieHTIB LWOPOKY nNOTpebytoTb nepecagks Ta
BIfIHOBNEHHA KICTOK, TOMY BKpail aKTya/bHOK TEMOK AOCIAXEHb € PO3pobKa
martepiaiB 415 3amillieHHs KiCTKoBUX AediekTiB. OpTodocthaT KanbLito LIMPOKO
PO3MOBCIOPKEHI B MPUPOAI Ta OpraHi3Mi NOAMHK, Yepes Lie BOHW MatoTb BENNKY
nonNynspHICTb Yy rany3i TKaHWHHOT iHXeHepil [1]. Hapasi Hali6inblw LWMpoOKo
BXmBaHUM maTepianom e rigpokcmanatit (FA) (- 10(  4)s( )2), OCKiNbKM BIiH
€ MiHepalbHUM KOMMOHEHTOM KiCTKOBOT TKaHWHW. Haa3BMYaitHO NepCneKTUBHIM €

noro noefHaHHA 3 P— Tpukanbuiiocatom (B-TKD) ( — 3( 4)2), Ta
CTBOPEHHSI CyMilLein pi3HOro ckniagy, WO HasvBatoTbCs GidhasHuMK dochaTamm
KanbLito [1].

B-TK® € 0cTeOKOHAYKTMBHUM MaTepiasiom, L0 34aTHUIA Ao 6iope3opouir,
PO3YMHHICTb SIKOr0 6/M3bKa [0 Takoi B MiHepani KiCTKOBOT TKaHWHWN. OTXe BiH €
Hepo34YMHHUM . OcKinbku A Ta B-TK® MatoTb Pi3HY PO3YMHHICTb, JOLISIBHAM € TX
noefHaHHA NpW CTBOPEHHI bGiomaTepianiB 3 Pi3HUM CTyrneHem 6Giopesopbuii Ta
6iocymicHocTi [1]. Taki MaTepiaim MOXyTb OyTM BMKOPWUCTaHi SK Ans
KOHTPO/IbOBAHOIO BWBI/IbHEHHS JTIKAPCbKMX 3aC06iB BHACNILOK Pi3HUX XiMiYHUX
B/laCTMBOCTEN Ta KPWUCTaNiYHOi CTPYKTYpW, TaK i ANA 3amilleHHs KiCTKOBMX
feekTiB. MokazaHo, Wo GithasHi pochaTn KanbLito, Wo cknagaTeed 3 FA Ta f3-
TK® matoTh Kpalli afcop6uiiiHi Ta 0CTeoiHAYKTUBHI BNacTMBOCTI HiXK 0AHO(Aa3Hi
matepianu [2].

MeToto flaHoi po60TU 6YB CUHTE3 OKPEMUX KOMMOHEHTIB — A (y BOLHOMY
pO34MHi 3i cniBBigHOLWEHHAM KOMNOHeHTIB Ca/P=1,67) Ta OTpMMaHHSA aMOpPgHOro
TpuKanbLiidochaTy 3 BOAHUX po3dmHiB (Ca/P=1,5) 3 nogaibLUMM BiAnanoBaHHAM
B My(esibHii neyi npu Temnepatypi 900°C ansa nepeTBopeHHs B B-TKD. OgepxkaHi
KOMMOHEHTU Oynn [AOCNIMKEHI MeTOAOM pPeHTreHiBCcbkol andpakuii. Cyxi
maTepiann 6ynu 3miwaHi B Pi3HUX CNiBBIAHOLWEHHAX. Mofasblie fOCNiAXKEeHHS
(i3MKO-XIMIYHMX 0COG/MBOCTE Ta MEXaHIYHWX BNaCTUBOCTEN OAepXKaHUX
KOMMO3WUTHUX CyMiLLieil 403BO/IMTb OTPUMATK MaTepias, Lo 6yae MaTu onTUMasbHi
XapaKTepUCTUKK 15 YCMILLIHOIo 3aCTOCYBaHHS B OPTONesiT Ta CTOMATONOr 1.

Cnucok nitepartypu
1.Bohner M., Santoni B. L. G., Débelin N. B-tricalcium phosphate for bone
substitution: Synthesis and properties. Acta biomaterialia. 2020. T. 113. C. 23-41.
2.Zhao J., Zhao J., Qiana Yu et al. Solution combustion synthesis of calcium
phosphate particles for controlled release of bovine serum albumin Materials
Science and Engineering C 50 (2015) 194-200.
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MPECMEKTUBW BUKOPUCTAHHA MNAPOKCUAMNATUTY
0114 BIAHOBNEHSA TA BIABINOBAHHI 3YBHOI EMATI

3iHuyK A. [., cTyaeHT rp. 1-22/1MX; Akumenko 4. P., cTygeHT rp. 1-11/2MX;
AHoscbKa I, O., gou. kady. TMX, CymAY, m. Cymu

Y Haw yac 340poBi 6ini 3y6u € NOKa3HMKOM 3[40pOB’A Ta AOrNAHYTOCTI, ane
3a HasBHOCTI LWKi4/MBUX 3BMYOK Ta HECNPUATIMBKX YMOB [OBKIiNNA LOCATTU
abconMoTHOro 340P0B’A | 6iNOCHIKHOCTI 3y6iB fOBOMI CKMagHO. TOMY HaliKpaLyuii
METOZ Lie NMpoinakT1ka 3axBoproBaHb.

Bigomo, Wwo iHAMBIgyabHWIA NpUPOAHWIA KoAip 3y6iB FOMOBHUM YMHOM
BM3HAYAETLCA JEHTUHOM, MPOTE Ha KONIp AEHTUHY BM/MBAKOTL KOJip, NPO30piCTb,
TOBLUMHA i CTyniHb MiHepanizauii emani [1]. 3miHa Konbopy 3y6iB, BMKIMKaHa
BHYTPILLHIMK (hakTOpamu, MOB’si3aHa 3 Bajamy PO3BUTKY ab0 3axXBOPHOBAHHSMM
3y6iB, WO BpaXatTb Mysnbny, i € BIAHOCHO PiAKICHUM sIBULLEM, TOAi SIK 3MiHa
KO/MbOpY, BUK/IMKAHA 30BHILUHIMK (DaKTOpPaMK, 4acTo CrpuYMHEHa GapBHMKaMK,
pKepenamm SKUX € MPOLYKTY XapyyBaHHS Ta BM/IMB HABKOMLLHLOTO CepesjoBULLa,
30Kpema TIOTIOH i ioro npoaykTy [2].

3ybHa emanb CKNagaeTbCad 3  HEOPraHiuyHMX  coneil, 3  SIKUX
HainnowmpeHiwnumn € anatutn Caio(PO4)s(OH/CI/F),; ki topmytoTb emasneBi
npusmu. Mig gieto KMCNoro cepefoBuLLa Ta PO3BUTKY MiKpOOPraHi3Mis y 3y6HOMY
HafboTi  BigOyBaeTbCA feMiHepanisalia emani Ta BUHWKHEHHA Kapiecy, LWo
noserwye nirMeHTauito 3y6is Ta NigBULLEHHSA YYTNNBOCTI.

CuHTe30BaHi HaHovacTUHKM rigpokcnanatuty (FA) Caio(PO4)s(OH),2 MatoTb
BMACTUBOCTI peMiHepanisauii emani, WO nokpailye T AKiCTb Ta Mae Mo3UTUBHO
BMN/IMBATU Ha Konip 3y6iB. Yepe3 CBOK AOCTATHIO TBEPAICTb FipoKCHanaTuT Moxe
6yTV BUKOPUCTAHWIA SIK abpas3mB NpW AodaBaHHI [0 3y6HMX NacT. TakuMm YMHOM €
nepcrekTyBa B Po3pobLi NiKyBasbHO-NPOMiNAKTUYHOT 3yOHOT NacTu 3 A0AaBaHHSM
rigpokcmanaTuTy K OCHOBHOT PEYOBUHN.

B Hawili pob6OTi CWMHTE30BaHO HaHouacTMHKM [A Ta ofepXaHo
eKcnepuMeHTa/IbHy refieBy MacTy Ha oro OCHOBI, LU0 Ma€ HaCTYNHWIA CKNaf: coaa,
XMIOPreKCUAnH,  HaHogucnepcHuidA A, MPUPOSHWIA  hopmMytounii  reneBuii
KOMMOHEHT — HaTpito anbriHat, edipHi onii nMMoHa, M’aTK abo YaliHOro Aepesa.
OTpumaHa 3y6Ha nacta MoXe OyTW BWKOpWUCTaHa Ana BiA6intoBaHHA Ta
pemiHepanisauii 3y6is.

CnvcoK fiTepatypu

1. KupmaHos, O. C., A. B. Jlemewuko. CyyacHi nornsagy Ha BUGINOBaHHA
3y6iB. YKpaiHCbKuii CTOMaTOonorivyHuin anbmanax. Ne 4 (2020) — C. 16-20.

2. Zanetti F, Zhao X, Pan J, Peitsch MC, Hoeng J, Ren Y. Effects of cigarette
smoke and tobacco heating aerosol on color stability of dental enamel, dentin, and
composite resin restorations. Quintessence Int. 50(2)(2019)156-166. doi:
10.3290/j.gi.a41601.
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METOZ, CYNEPMO3MLIT CUN Y AOCAIAXKEHHI BE3NEYHX YMOB
EKCMYNATALIT NICO3ATOTIBE/NbHUX MALLVH M4 AIEKO
ACUMETPUNYHNX HABAHATXEHb

NycTa tO. P. acnipaHT, HauioHanbHuil NicOTeXHIYHUIA yHiBepCUTET YKpaiHu,
M. J1bBiB

Mig yac poboTn Nico3aroTiBe/lbHI MalMH 3a3HatoTb Pi3Hi 3a NpUpPoaoto
30BHILLUHI HaBaHTAXXEHHS, AIKi MOXKHa KnacudikKyBaTu 3a HaCTYNHUMUN BUAAMMU;

e Cwunu Bifg Barv eNemMeHTIB MalnHK, iX Ais € NOCTIlHOL.

e AC/METPUYHI HaBaHTXXEHHS Bij PO60YMX OpraHiB.

e HecTauioHapHi HaBaHTaXKEHHs Bif KOPOTKOTPMBA/IOrO, K MpaBuUSIO,

iMNyNbCHOrO HaBaHTaXXEHHSs! (Hai3f Ha MepellKogy, 3iTKHEHHS po6o4oro

opraHy 3 CTOBOYpOM fiepeBa Ta iHLLUi).

[is HaBeJeHNX HaBaHTa)KeHb MOXKE MPW3BECTY [0 CKOB3YBaHHA Ha yXu/i un
nepeknaHHa MallnHK,

HaBaHTa)XeHHS! BUHMKAOTb He3a/leXXHO OAWH Bif OAHOrO, TOMY AOLiNbHO
BUKOPWCTOBYBATU METOL Cynepnosvuii Ans BU3HAYEHHS MEeX 6e3neYHuX YMOB
ekcnnyartayii. [Ans po3rnsaHyToro BMNafgKy 30BHILWHI CAAM MOXHA nojatn 3a
[0MOMOrOH CYMW CUN Bif, KOXHOMO BUAY OKPEMO:

G A N
F= F+ F+ F, 1)
ne E®—~ cyma cwn Biff Baru enemMeHTiB MaluMHKM (TPAHCMOPTHE
1
MOJIOXKEHHS), F* — cyma cun Bif, aCMMETPUYHOTO HaBaHTAXEHHs,  F — Cyma
| I

CWN Bifl HeCTaLiOHApHOT B3aEMOZT.

BaxvMBuMm 3aBAaHHAM Mif 4ac [OCAiIKEHHS YMOB eKkcnayaTauii €
3HaxXOMKeHHs KyTa yXUny MICLEBOCTI 3a AKOro BifOyBaeTbCs MepPeKMaHHs.
MepekvaaHHsA BUHWKAE KON HOPMaibHA peakLis O4HOr0 3 KOMIC € PiBHOKO HYNO.

[nsi 3HAXOMKEHHS HOPMabHOT peakLii He0OXigHO 3HANTW CyMy Bif AiT yCix
HaBaHTa)KeHb. TOMY YMOBa BTpaTy CTIAKOCTI 18 HAIMEHLU HaBaHTaXKEHOT0 Koseca
Mae BUrNag;:

R, =R7+RI+R! =0, ©)
fie R — CymapHa peakLjs Ha Koneci n, R®— peakuis Bifj Baru enemeHTiB
MalMHM, R* — peakuif Bifj acCUMETPUYHOrO HaBaHT@KeHHA, RN - peakwis Bif

HecTaLioHapHOT B3aEMOJ;T.

HasefieHy MeTOAMKY 3aCTOCOBAHO [/ XapBecTepa — TPUBICHOT MalLUWHK 3i
CTPINIOK0 MaHiNynaTopoM (PUCYHOK 1), WO BUKOHYE PO6OTY Ha yXuni nifg KyTom a
Ta NOBEPHYTUIA BIAHOCHO BUCXiAHOT NiHIT y 0y, Ha KyT .

MpunycTUMO Lo, Yy TPaHCMOPTHOMY MOJSIOXKEHHI LEHTP Barv MallunHu,
3HaxXOAMTbCA Y TaKiil TouLi, WO BCi HOPMa/IbHI peakLii 0nopHOT NoBePXHI — IPYHTY
€ PIBHUMU MiX CO6010.
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1
RiG:g(GT"'lell"'sz"'GG): (3)
Ae G;—cuna Bif, Barn mallumHu, Gumimz™~ cwuna Bifj Barv nepLuoi Ta Apyroi

NaHKKW CTpinu MaHinynaTopa Gg— cuna Bifl Barn rofioBK1 MaHinynsropa.

PucyHok 1 — Mogenb TPMBICHOIO XapBecTepa, W0 BUKOHYE 3aroTiB/io JepeBuHn
Ha OMOPHili MOBEpXHI Nif YXWUIOM.
[na BM3HAYEHHS BM/MBY aCUMETPUYHOIO HABAHTAXKEHHA HA HOPMasibHI
peakL,iil BAKOPUCTOBYETLCA HACTYMHa CUCTEMA PIBHSHb:

RlA"'RzAZE (Gg +Gp) (Lyy+Luz) sin cos

~(Ry'+R;") a=(Gg +Gp) (Ly1+Lyy) cos cos =0, 4§

(R + Ry + Ry — R} —Rg' —R3) %‘(GG"'GD) (Lmi+Lyz) sin cos =0,

[ie Y — KyT MOBOPOTY CTPiNM MaHinynaTopa, b — WwmprHa mMawwmHu, a — 6asa
Malwmhu, o — BOBXMHA nepLuoT Ta ApYyroi NaHK1 MaHinynaTopa.

[ns1 HecTalioHapHKX HaBaHTaXKEHb BY/YETbCA CUCTEMA PiBHSHb MO aHANOT T
(4) Anst KOXKHOTO KOHKPETHOTO BUMA/KY HaBaHTaKeHHS.

Cnicok nitepatypu
1. Mauyra O. Oco6/MBOCTi MPOEKTYBaHHA Nic03aroTiBeIbHOT TEXHIKW Ans
poboTn Ha TepuTopii 3 yXuioM. YactuHa 2. Po3B’A3yBaHHA MPakTUYHUX 3agad /
BicHuk «XIMlI» 36ipHMK HaykoBux npaups. Cepis: MaTemaTMyHe MOAENOBaHHA B
TexHiui Ta TexHonoriax. — Xapkis: HTY «XIMI» — 2014 p. — Ne18 (1061). C. 94-110.
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MPOrPAMHO-AMAPATHV NABEOPATOPHIN KOMIJIEKC ANnA
MOHITOPUHI'Y TEMIMEPATYPU | BUTPATW POBOYOI PIAVHA

JinTeuH KO. O., acnipaHT; TapaceHko T. B., kaHf,. TexH. HaykK,
HauioHanbHuiA aBiayiiiHnii yHiBepcuTeT, M. Kuis

JocnifkeHHA XxapaKTepy KonvMBaHb TOHKOCTIHHOT 060/I0HKM Nif, Ai€eto
KaBiTaLiiHOro NOTOKy pignHu [1] Ha ekcnepMMeHTanbHOMY CTeHAI NoTpebye
peecTpauii 3MiHV1 NnapameTpiB NPOLECY B peasibHOMY Yaci Ta NMoB’s3aHo 3
BMKOPWCTaHHAM BUMiptOBa/IbHOrO 06/1agHaHHsA. [0 BUMipHOBaHMX napaMeTpiB
Hanexartb: fedopMaLlis CTIHKK AocnimpKyBaHOro Tpy6onposoay, nepenag TUCKY Ha
KaBiTaliiHiiA kaMepi, KONMBaHHA TUCKY BCEPeAMHI KaBiTalifiHOI Kamepy, BUTpaTa
po6oy0i piAMHK Yepes KaBiTaliiiHy Kamepy, nepenaj TemnepaTtypu Ha
KaBiTaliiHiiA kamepi, Ta iH., 415 YOro BUKOPUCTOBYKOTLCS, BiAMOBIAHO, TaKi
BVMIipIOBa/IbHI NpUAaay K TEH30METPUYHMWIA MICT 3 30BHILLHIM AudepeHLiaibHUM
nigcuioBayeM, MaHOMETPU, JaTUMK TUCKY, BUTPATOMIp, TepMONapu 3
nigcunoBavamy i KOMMeHcaTopamu.

[ns peecTpauii nepenagy TemnepaTypu i BUTpPATU Po60o40i pignHu 6yno
po3p0o6neHo cneuianbHUA NPorpaMHo-anapaTHUii Komnnekc. CTPYKTYPHY CXeMy
[laHOr0 KOMM/eKCy HaBedeHO Ha PUCYHKy 1.

fidcumabay, Aucnaed

H TepMonapa H
KoMneHcamop |

Bidodpa-

ToydonpobBid AT H
Mideunabay, Konmponep [ Evwaden | HeHHs,
_<Iéﬁ"g"ugﬂ %{ KoMneHcamop +_ Enodep Kormpoak

13 das

i 3anucy
dakux

Xona Flash-duck

‘ lidporomop H Aamyuk

PucyHok 1 — CTpyKTypa nporpamMHo-anapaTHOro KoMriekcy

Komnnekc cKnafaeTbCs i3 MexaHiuyHOro iHTepdelicy (Tpy6onposig,
rigpomMoTop), YyTANBMX eNeMeHTIB (TepMonapu, AaT4nk Xona), BUMiptoBa/IbHUX
npucTpoiB (MiAcuNtoBaYi, KOMMNEHCATOPU XOMOAHOrO Chak, aHanoro-uudpoBui
nepeTBOPHOBAY, KOHTPO/IEP), /IOANHO-MALUMHHOTO iHTepdeiicy (gucnneld, eHKoaep,
iHTepdelic nporpamu ans MK) Ta 3aco6iB 36epeXXeHHs AaHUX.

BesnocepefHe BUMIpIOBAHHA TeMMepaTypu BMKOHYETbCA 3a [OMOMOrOH
Tepmonap Trny K (TXA, XpomMenb-antomMess). Tepmo-EPC Tepmonap NigcuntoeTbes
i Jani NepeTBOPHOETLCS B AMCKPETHE 3HaUYeHHS 3a gonomororo ALIM. BokaHanbHWiA
niACUoBaY CUrHany TepMonap BYKOHAHO Ha NOLUMPEHin Mikpocxemi LM324 3a
CXEeMOH) iIHCTPYMEHTa/IbHOMO MiACU/OBaYa Ha ABOX OnepaLiiHMX migcuitoBadax 3
OJHOMOMOCHUM XMBMeHHAM. KomneHcauis — Ha nporpaMoBaHOMYy CTabifiTPoHi
TL431 i TepmicTOpi, 3 OKPEMUM NIHINHWM PeryntoBaHHAM 3MILLEHHS A1 KOXHOro
3 [BOX KaHaniB. BuMMiptoBaHHS BUTPATW 3aCHOBAHO Ha BUMIPIOBAHHI LUBUAKOCTI
06epTaHHA BMXIgHOTO Bajsly 06’€MHOr0 rigpomotopa 3 MOCTIAHUM pPo6oYMM
06’eMoM. Ha Baly BCTaHOBNEHO MarHiTi, MPOXOMKEHHS SKUX MOB3 AaT4MK Xona
[a€ eNneKTPUYHNIA IMNYNbC, WO PEECTPYETLCA NIUYNIBHUKOM IMMYbCIiB KOHTPONEpa.

Oani 3 AUM i niunnbHWKa iMnynbciB  06pobnstoTbCa  KOHTPONEPOM
STM32F103C8T6 i BifobpaxkatoTbCs Y BUrNALI 3HAUEHb TEMMNEPATYp | BUTpaTH Ha
Avcnnel, 3anncytoTbCa Ha (iell-aucK, a TakoXk nepegatoTocs Ha MK yepes USB
VCP pgns BifOGpaXeHHs Yy BUrNA4i rpadikis i 3anucy Ha >XOPCTKUIA AMCK 3
fonomoroto M3, po3po6neHoro B cuctemi LabVIEW.
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PucyHoK 2 — 3aranbHuil BUrsg anapaTtHoro komnnaekcy: 1 — JIMI i cnoT dneww-
nam’aTi; 2 — MiKPOKOHTpOsep 3 BoyaosaHWM ALLM; 3 — 610K KomneHcaw, it
XOMOAHOro cnato; 4 — 610K NiACUIIOBaYIB,;

5 — po3’eMu MigKIOYeHHs Tepmonap; 6 — po3’eM BUTpaToMipa

BukopucTaHHs MK i iioro nporpamHoro 3abesneyeHHs € He 060B’A3KOBUM,
anapatHa 4acTuHa 3i cBOIM BOyAoBaHUM JIMI MOXe BUKOPUCTOBYBaTUCL SK
OKpemuin camofoCTaTHiI npunag.

JIMI  3ibpaHo Ha 6asi rpadiyHoro aucnneto  ST7735, sKuii
BUKOPWCTOBYETLCA A5 Bif0GPaKeHHs iHpopmauii i KBagpaTypHOro eHkogepa 3
KHOMKOHO 47151 HaBiravii no MeHto. 3a/1eXKHO Bif] BUOpaHOT CTOPIHKM MEHI0, Ha eKpaHi
MOXYTb BifloOGpaXaTuCh Taki Habopy AaHuX:

CropiHka 1:

» OnopHa Temneparypa, rpagycu Lienscis;

» TemnepaTypa nepLuoi Tepmonapu, rpagycu Lienscis;

» TemnepaTypa nepLuoi Tepmonapu, rpagycu Lienscis;

» Butpara po60ou4oi pignHu, NiTpK 3a XBUNKHY.

CropiHkKa 2:

« OnopHa TemnepaTypa, rpagycu Llenscis;

« Temnepatypa nepLuoi Tepmonapu, Bignikn AL,

» Temnepatypa gpyroi Tepmonapw, Bigniky ALIT;

* Butpara poboyoi piguHu, iMnynbeu 3a CeKyHy.

CTopiHKa 3 [03BONSE BWKOHYBATW HanalUTyBaHHA KanibpyBanbHUX
Koe(iLlieHTiB And nepwioi Tepmonapwn, Apyroi TepMonapy Ta BUTpaToMipa.
HanalutyBaHHs 36epiratoTbCs y nam’sTi KOHTponepa.

Po3pob6neHunin nporpaMHo-anapaTHUA KOMMNeKC Gyae 3aCTOCOBYBATUCh Y
CK/Mafli eKCrepUMEHTaNIbHOr0 CTEeHAY [N AOCNIIKEHHs XapakTepy KO/SMBaHb
TOHKOCTIHHOI 00O0/IOHKM Nif [Ai€l0  KaBiTaWiliHOro MoToky piguHu.  Woro
BUKOPWCTaHHS [03BO/ISE YAaCTKOBO aBTOMATU3YBaTU BUKOHAHHSA €KCMEPUMEHTIB Ta
BUKOUUTU NHOLCBKNIA (AKTOP NPU 34UMTYBaHHI NOKa3aHb NPUMAaLiB i CUHXPOHi3aLii
BMMIPIOBaHHA Pi3HMX NapameTpis npouecy. B noganbwiomy Kommnaeke Moxe 6yTu
MOLM(MIKOBAHWUA Ta [OMOBHEHWA [HLWMMKW JaTyMkamMu 4uu  yHKUIsMKU  4ns
MPOBefeHHs iHLWWX eKCNePUMEHTIB.

Cnicok nitepatypu

1. NuteuH O.0., TapaceHko T.B. JocnifkeHHs KOMMBaHb TOHKOCTIHHUX
000M0HOK 32 [OMOMOroK YWUCeNbHUX MeTogiB. [lpomucnoBa rigpasnika i
nHeBMaTuka: matepiasim XXII MixHap. HayK.-TeXH. KOH®., M. Kuis, 17-18 nucton.
2021 p. AC M. BiHHnug: «Fno6yc-Mpec», 2021. C. 75—78.
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OBEPTOBA XAPAKTEPUCTUKA HN3bKOOBEPTOBMWX
BMCOKOMOMEHTHUX ' APOMOTOPIB HA BA3I UNIHAPIB

Umy>K A. B., K. T.H.,40KTOpaHT; Fanmubkuii O. O., acnipaHT;
Ke6ko O. B., 3aB. HaBu. nab., kadeapa MTCM, YkpAY3T, M. Xapkis

Hun3bKo06epTOBi BUCOKOMOMEHTHI rigpomoTtopu (HBIM) Ha 6a3i uuniHapis
XapakTepusyoTbC BUCOKMM KPYTHMM MOMEHTOM MPW  He3HauyHWX obepTax
BMXigHOrO Basly. AKTyanbHICTb 3acTocyBaHHA HBIM Ha 6a3i umniHgpis nonarae y
nigsuLLeHHi 3aranbHoro KK/, MexaHiamy 3 HesHauHUM 06epTOBMM pPyXOM poboyoro
06nagHaHHS [1]. Bu3HauyeHHs TUMIB MexaHi3MIiB fA1a TX Y[AOCKOHANIeHHS Mpu
3acTocyBaHHi HBI™ noTpebye B13HAYEHHS 10ro 06epTOBOI XapaKTePUCTUKN.

OcHOBHI enemeHTn HBI, rigpounniHgpu, pyxom LUTOKIB SAKWUX, YNpasnse
cucTema ynpasniHHA rigpopo3nogifibHUKamm 3 eNeKTPOYynpasiHHAM, WO B WioMy
3abe3neyvye 06EpTOBMIA pyx BMXIAHOrO Basa Ta Oro peBepcyBaHHs. [eTanbHO
po3rnsHyBWW oOAuH 06epT BuxigHoro Bana HBI, cnig 3a3HaunTK, LWTOK
rigpounniHgpa BWKOHYe MPAMUIA Ta 3BOPOTHWIA Xid, AN 3abe3neyveHHs AKKX,
Bi4MOBIAHWI riAPOPO3MOAINbHWUK BUKOHYE NOABIVHY 3MiHY peXXumMy po6oTu.

KoHcTpyKkTMBHI  ocobnmBocTi HBIM Ha 6a3i uuniHgpis nondraloTb Y
MOX/IMBOCTi 3aCTOCYBaHHS, NPV MOro CTBOPEHHI, CTaHAAPTHUX e/IeMEHTIB.

Mpwn 3acTOCYBaHHI CTaHAAPTHUX €NIeMEHTIB Y CKNafi CUCTEMU YNpaBiHHSA
HBI™ (hyHKLUiOHaNbHi XapakTepUCTUKHK, a came 06epTOBa, Mae HACTYMHI 0OMEXeHHS,
WBMAKICTb  MepemilleHHA  WToKa rigpouuniHgpa, nepenyckHa 3f4aTHICTb
TPybOMpoBOAIB Ta LWBUAKICTIO MEPEMMKAHHS PEXMMIB POBOTU TigpouuniHAPIB.
HaBefieHi 0co6/MBOCTIi  (DYHKLLIOHYBaHHS OCHOBHMX €/IEMEHTIB TigpoMoTopa,
[O03BONAIOTb  MPUAHATA  MPUMYLLEHHS WO OCHOBHWIA BNAMB Ha 06epTOBY
XapaKTeEPUCTUKY MaroTb TFifpopo3nofiNbHUKMA YMpPaBAiHHS  PEXUMOM poboTu
rigpoumniHgpis.

O6epToBy XapakTepucTmky HBI™ Ha 6a3i uuniHapiB Npy 3acTOCYBaHHi B 1ioro
CKNafi CTaH4apTHUX eNeMeHTIB MOXHA BU3HAYUTL 3a NapameTpoM rnepeynpasniHHA
rigpopo3noginbHuka. Lleil napameTp BUM3HAYaETbCA BUPOOHMKOM Ta BKa3yeTbCcs B
NacrnopTHUX AaHUX.

3anponoHoBaHwWiA Nigxig No BU3HauYeHHIO 06epTOBOT xapakTepucTukn HBIK
Ha 6a3i uuniHapiB 6a3yeTbCs Ha MACMOPTHUX AaHWX TiAPOPO3NOAINbHMKIB Ta Ha
OCHOBI TI 3HaHHS BU3HAYaTU KOJI0 MeXaHi3MiB 11 MOXIUBOIO X YAOCKOHANEHHS.

Cnuicok nitepatypu
1. Pemapuyk M. T1. CTBOpeHHS rigpoMOTOpIB Ha OCHOBI BUKOPUCTAHHS
CTaHJAapPTHUX CUNoBMX TigpoumniHapis./M.M. Pemapuyk, A.MN. Xonogos, #.B.
Umyx, T.T. Baipamatusini, // Haykosuii BicHUK 6yfiBHULTBA. — XapkiB: XATYBA,
2010. - Bun. 57. — C. 430-434
2. P03MoginbHUK 30/10THUKOBUIA 3 eIEKTPUYHUM ynpaBaiHHAM Tun WEG cepis 32 -
Pexxkum poctyny: https://motorimpex.ua/ua/products/gidroraspredeliteli-we6
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AHANI3 EPEKTUBHOCTI POBOTU N APOAKYMYJIATOPY 3A
AOMNoOMOroto METOAY ENEKTPOIIAPABAIYHNX AHANOT I

CuceHko B. B., acnipaHT, kad. MIFM; MaHuyeHko B. O., KaHA. TeXH. HayK., JOLEHT
Kach. MM, CymcbKuii fep>KasHuii yHiBepcuTeT, M. Cymu

[ns npoBefeHHs aHanisy poboTK rigpaBnidyHMX CXeM Pi3HOTO NMPU3HAYEHHS,
rigpomMawvH Ta TFigpaBnivyHOro 06nagHaHHA MOXYTb OyTW 3aCTOCOBaHi Pi3Hi
MeTOoAN, KOXEH 3 SKMX Ma€e CBOI nepeBaru Ta Hefo/MiKu.

OfHUM i3 TaKUX METO/IB € METOA eNeKTPOriApaBaivHMUX aHanorii, NpMHLUMN
SKOFO NOMsrae y CUCTEMATUUYHOMY MepeHeceHHi Teopii eneKTPUUYHUX CXeM Yy
rigpoguHamiky. Lle [o3BONsE  CMPOrHO3yBaTy  pesy/nbTaTh  LOCNI[KEHHA
rifpaBivyHNX CUCTEM, CIMPAIOYNCH HA BifJOMi 3aKOHU eNeKTPOTEXHIKW. Kpim Toro
3’ABNAETLCA MOXJIMBICTb 3aMiCTb CKMaAHOI Ta KOLUTOBHOT EKCMEPUMEHTANbHOI
rigpaBnivyHOT CUCTEMM CTBOPUTU Ti Gi/lbLL AELLEBWIA eNeKTPOTEXHIYHWIA aHanor Ta
MPOBECTW, MPWUIAHABLLUM [0 YBaru yci NpUNyLLEHHN Ta CMPOLLEHHS, SOCAIMLKEHHS
po6o4oro npouecy i3 NOJaNbLLUUM NePEHECEHHAM OTPUMAHUX efIeKTPOTEXHIUHMX
napameTpiB y TXHi rigpasniyvHi aHanoru.

Takum YMHOM AOCNiApKyBaHy rigpaBniyHy cXeMy MOXHa MogaTv y BUrnagi
€NeKTPUYHOr0 fNaHutora, 3aMiHMBLUM TigpoAMHaMivyHi  KOMMOHEHTN (Hacocw,
3aCyBKW, pesepByapy TOLLO) Ha BignoBigHI TM eNeKTpWUYHi aHanorn (gxepena
CTpyMy, pe3ucTopu Towe). BignosigHum umHOM  BigOYyBaeTbCs  3amiHa
rigpogMHaMivyHMX napameTpiB (BUTpaTa, TUCK TOLLO) Ha eneKTpuuHi (Hanpyra,
CTPYM i TOWWO). laHni1 MeTOA € NPUAHATHUM SIK 151 PO3PaxXyHKY CTalioHapHMX, TakK
i NS po3paxyHKy nepexigHnX NpoLecis.

Mpn uboMy cnif 3a3Ha4yMTH, LLO BCe BULLECKa3aHe abCOMIOTHO KOPEeKTHe
TibKN AN PigvH, WO € HECTUCAMBUMMW. Y BUNafKy 3aCcTOCYBaHHS CTWUCIUBOT
PiAMHW 3’ABNSETLCA MNOXMOKA, O0OYMOB/IEHA [AHOK CTUCAMBICTIO. OAHMM 3
e/IeMEHTIB TifpaBniYHOT cMCTeMU, SIKWIA 3abe3nedye i HagiliHy i 6e3nepebiiiHy
po6oTy Ta MOCTIilHICTb (260 XX MNaBHY 3MiHY) FiApOAMHAMIYHMX MapaMeTpiB, €
rigoakymynsatop. LLIMpoko MmowMpeHMMK € TigpoakymynsaTopy 06’€MHOro Tumy
(MembpaHHWiA, MOPLUHEBWA, Ta30BWIA TOLLO), $Ki BigMOBIAHO [0 MeToAy
eNeKTPOrigpaBAiYHMX aHANOTiA MOXHa MOPIBHATK i3 KOHAEHCATOPOM, FO/I0BHOH
XapaKTePUCTUKOK SKOro € eMHICTb C. ICHYe 3HauHa KifbKiCTb BigoMUX Ta gobpe
JOCNIKEHUX KOHCTPYKTUBHUX PiLLeHb ripoakyMynsaTopiB LbOro Tumy.

[vHaMiuHi (pOoTOpHI) rigpoakymynsaTopu, fKi MalTb Y CBOEMY CK/afi
PYXOMY TigpoAuHamiuHy peLuiTKy, 3’efiHaHy i3 MaXOBMKOM, € ManoAoCNi HKEHUMM.
Hapasi M0o)xemo roBopuTY Mpo Te, L0 BiAMOBIAHWIA IM 1eMEHT Y eN1IeKTPOTEXHIYHIi
CXeMi — Lie KOTYLLIKA, FO/IOBHOKO XapakKTepUCTUKOI AKOI € IHAYKTUBHICTb L. Oxe
MOXHa CTBEPPKYBATU, L0 JOCNIIKEHHA FiApaBivHOT CXeMU, SKa MiCTUTb 30Kpema
00’eMHi Ta AuHaMmiyHi (POTOpHI) rigpoakymynaTopy, MOXHa MNpPOBeCTU 3a
aHaIoriYHOH0 114 eTEKTPOTEXHIYHOT CXEMOHD, LLLO MICTUTb BiAMOBIAHO KOHAEHCATOPU
Ta KOTYLLUKMW.
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OUIHKA EHEPIOE®EKTUBHOCTI NAPAMETPNYHOIO PAOY
HACOCIB CBH

MaHyeHko B. O., K. T.H. goueHT; MeTpexko C. C., acnipaHT;
Kongyck B. FO., K. T .H., CT. BUK/. Kadheapu NpUKNagHol rigpoaepomexaHiku;
IBueHko O. B., K.T.H., JOLEHT Kadefpn TeXHONOrii MaMHOByfyBaHHS,
BepcTaTIiB Ta IHCTPYyMeHTIiB, CymAY, m. Cymun

BinbHoBuxpoBi Hacocu (CBH) Habynu LUMPOKOTO BXWUTKY 3aBASKM
HadiHOCTI Ta AOBroBiYHOCTI B pO60Ti. BOHM NpOCTi i 3pyyHi B eKcnyaTauil. Takox
noKasain CBOK EKOHOMIYHY e(heKTMBHICTb MOPIBHAHO 3 iHWMMM Hacocamu
BUXPOBOro mpuHumny Aii. CBH goBoni ycmiluHO BMKOPUCTOBYIOTb Y 6aratbox
cpepax, 30KpeMa B KOMYHa/lbHOMY rocrnofapcTtsi Ana nepekavyBaHHA (heKasbHUX
pifvH, FpyHTOBOI Ta CTiYHOI BOAM, KaHanisauiiHoro myny. MoxHa TakKoX
BMKOPUCTOBYBaTW X ANA TPaHCMOPTYBaHHA MIiCKy, IPYyHTY, rpaBitl0 Ta iHLWMX
abpasuBHUX peyoBuH [1].

Y npakTuLi BITYN3HAHOIO HACOCOBYAyBaHHSA Nif Yac NPOEKTYBaHHSA HACOCIiB
HabyB MOLUMPEHHS KOeiLiEHT LUBWAKOXIAHOCTI Ns, L0 XapaKTepusye KoedilieHT
KopucHoi aii (KK[) Hacoca, ¢opMmy #0Oro MpOTOYHOT YaCTMHKM, a TaKoxX
CNiBBIHOLLEHHS TI reoOMeTPUYHMX po3mipis [1]. Bigomo, Lo onTuManbHa poboTa
CBH 1uny «Turo» 06me)keHa BY3bKMUM iHTEpBasIOM KOediLliEHTIB LUBUAKOXiAHOCTI
(Tabnuug 1) [2]. Haibinblu BUCOKA EKOHOMIUHICTb [JOCAraeThbCcA B Mexax ns = 80—
120, B sKiit 3HaueHHs1 KK/ BITYM3HSAHMX HAcociB cTaHOBUTb 50-52%. MpaKTU4HO
Taki Hacocu npautoloTb B Mexax ns = 50-80, ana akux daktnyHo KK moxHa
[OCArTN B Mexax 28-38% [3].

Tabnmugs 1 — MapameTpuyHUA psg NoKasHWKiB Hacocis Tny CBH

o] von | o [ T e, T T
- Hacoca mé/rop ' \BT : 06/xB ¥ %
1 CBH 20/10 20 10 2,2 1500 | 73 46
2 CBH 25/20 25 20 4 1500 | 48 39
4 CBH 40/40 40 40 15 1500 | 36 33
5 CBH 50/20 50 20 75 1500 | 68 45
6 CBH 50/32 50 32 18,5 1500 | 48 39
7 CBH 80/32 80 32 22 1500 | 61 44
3 | CBH125/50 125 50 45 1500 | 54 42
8 | CBH 200/50 200 50 75 1500 | 67 45
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He3Baxaroun Ha 6aratopasosi LOCNI[KEHHS, AOCI HE BUPILLIEHO NUTAHHA
NigBULLEHHA eHeproeeKTUBHOCTI HU3bKOHAMIPHUX i HU3bKOBUTPATHUX CTYMEHIB
BiIlbHOBMXPOBMX HAcoCiB (Ns = 40). MoKK Lie NNTaHHA He BUPILLEHO, BCe L 3p0CTae
NOMNWT Ha Taki CTyneHi 3 KoegilieHTamu weungkoxigHocTi 30—40 i HaBiTb 20. Hapasi
BXE BiJjOMi Ki/lbKka HOBaTOPCbKMX MigX0A4iB BUPILLEHHS Wiel npobnemu. [o HUX
BifHOCATLCA A€l CTBOPEHHA CTYMeHd 3 KOMOGIHOBaHUMM po60YMM MPOLECOM
(Hacamnepeq, BiaLEHTPOBO-BMXPOBUM), BUKOPUCTAHHA HETPaaULINHMX nonaTeBmx
rpat (6aratosipyCHuUX, 3i 3MiHHOK TOBLLMHONO, 3i 30iNbLUEHUMWN KyTamu BUXxoay
Towo) [4, 5]. MpoTe nepeniveHi METOAM HE MOBHOK MipPOKD BUPILLYHOTb 3aBAaHHS
NigBULLEHHS eHeproed)eKTUBHOCTI CTYNeHs HU3bKOT LUBMAKOXIAHOCTI Yepes
HeLOCTaTHICTb AOCNIMKEHb Ta €KCNepuMeHTaNbHUX daHuX. Lle Bce Lie 3myLlye
MpOJOBXYBaTW AOCMIMKEHHA Y Uil rasysi. ToMy 6yno 3anpornoHOBaHO JOCAIAUTH
BM/MB 4acTOTM 06epTaHHA poTtopa fAsuryHa 3 1450 06/xB go 2950 06/xB
(BpaxoByrOUM MPOKOB3YBaHHA POTOpPA BiAHOCHO CTaTopa ABUIYHA) Ha MOKAa3HWKW
eHeproeekTneHocTi CBH.

Mpn UbOMY MiABULLEHHA YacTOTK 06epTaHHA Bany Hacoca 3 1450 06/xB g0
2950 06/xB facTb 3MOry 306iMblNTY KOeiLiEHT LWBMAKOXIAHOCTI ns = 70-90, wWo
xapaktepusyetbcd KK 6nm3bko 45-52%. Lle noTpibHO 3pobutn ans Toro, o6
BUPILLMTW MUTaHHA eHeproeeKTUBHOCTI HacociB CBH, 3MeHLWMTK X rabapuTHi
PO3MipK Ta PO3LLUMPUTM TUNOPO3MIPHUIA PSA LUMX HACOCIB.

Cnimcok nitepatypu

1 TepmaH B. ®. CBobogHOBMXpEBble HAcocbl: y4ye6. mnocobue /
B. ®. 'epmaH, W. A. KoBanes, A. . KoTeHko; nog obuw,. pea. A. I'. I'ycaka; 2-e
n3g., nepepab. n gon. — Cymbl: CyMCKOI rocyaapCTBeHHbIli yHuBepcuTeT, 2013. —
159 c.

2. SVN series torque flow [EnekTpoHHWiA pecypc] — Pexxum goctyny fo
pecypcy: https://nempump.com/en/centrifugal-pumps/horizontal/svn-series-torque-
flow/

3. Kondus V.Y. Improving the torque flow pumps product line /
V. Y. Kondus, A. I. Kotenko, S. M. Yakhnenko // Nauka i Studia. — 2017. — Ne 11
(172). - P. 57-70.

4. Improving the efficiency of the operating process of high specific speed
torque-flow pumps by upgrading the flowing part design / [V. Kondus, R. Puzik,
V. German et al]. // J. Physics: Conference Series. — 2021. — Ne1741. — C. 012023.
https://doi.org/10.1088/1742-6596/1741/1/012023

5. Kondus V. Y. A method of designing of torque-flow pump impeller with
curvilinear blade profile / V. Y. Kondus, P. M. Kalinichenko, O. G. Gusak // Eastern
European Journal of Enterprise Technologies. — 2018. — Ne 3/8 (93). — P. 29-35.
https://doi.org/10.15587/1729-4061.2018.131159
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HEAONIKW 3BINTbLUEHHA NOMATEBOIO ANCKY B KOHTPPOTOPHUX
CTYNEHAX ANnA nigBNWEHHA HANIPHOCTI

Kynikos O. A., acnipaHT, rp. A-05/MB; PaTywHuii O. B., K.T.H., gou.,
CT. BuKnagay ka. NMrm, Cymay, m. Cymu

Ha cTBOpeHHs Harmopy po6040ro Koseca BniMBatOTb GaraTo napameTpiB.
OfHi 3 IKMX Le KiNbKiCTb nonari., iX Npodifib, KyTW aTaku nonati 1 Ta KyT BUXoay
nonati B,. Ane OCHOBHMMM NapaMeTpamMu € 30BHILUHIA fiameTp Ta 4actoTta
06epTaHHA. LiMn napameTpaMn MOXHa OrnepyBaTh MiXK c060t0. IOTPIGHMIA Ham
Hanip MoXKHa OTpUMaTK KiflbKoMa pisHMU pobourMK Konecamn. Hanpuknag: ogHe
poboue Ko/ieco MoXe MaTh Ma/uid 30BHILLHIA AiameTp pobo4yoro Koneca D2, ane
BE/VKY 4acToTy o6epTaHHA n. [pyre po6oye Ko/ieco MOXe MaTu Masy 4actoTy
06epTaHHA N, ane BeMKUIA 30BHILLHIN LiameTp poboyoro koneca D2.

Yumm 6ifbLUie 30BHiLWLHINA giameTp poboyoro koneca D2 Ta yacToTa 06epTaHHs
N 0HOYaCHO, TM 6ifbLUe CTBOPIOBaHMIA Hanip, i HaBNaKu.

LLlof0 KOHTPPOTOPHOT CTYMeHi, TO 1i Hamip TakoX MOXKHa 30i/bLlyBaTy
36iNbLUYOUN AiameTp nonateBoro Aucky D4. 36inbluytoun ueid giameTp Mu
36i/bLLUYEMO Yac B3aeMOAiT N0MaTeBOro AMCKY 3 PiAUHON, TUM CaMuM piguHa
oTpuMye Ginblue eHeprii. Ane 36inblieHHs D4 B nonaTeBOMYy AWCKY Mae CBOT
HeLoNiKN,

MpoToyHa YacTMHa pobo4oro Koneca Ta N0NaTeBoOro AUCKY O6yaytoTbesa 3a
[IOMOMOro0  MepuiioHasIbHOro nepepisy A1 OTPUMaHHA PiBHOLLBUAKICHOIO
MoTOKy, WO 6e3nocepefHbO BUNAMBAE i3 MOr0 BM3HaYeHHs. OTiK ByayeTbcs
NnocniJoBHUM HaBNIMXKEHHAM Y 3aaHOMY MepuaiaHHOMY nepepisi. MoBepxHi ANCKiB
po6040ro Koseca MpUIAMatOTLCA KpaiHi MiHiT cTpyMy. MpoMiHI fiHIT cTpymy
MpoBOAATL TakUM YMHOM, LIOG BOHW JiAMaM MepuiiaHHWiA nepepis po6oyoro
Koneca Ha AiNgHKW, SKUMK NpoTiKaaiv 6 ogHaKoBy BUTpaTy pignHu. LLLo6 oTpumatu
nnaBHy 3MiHy MepufiaHHOT CKMafo0BOI LUBUAKOCTI Bif BXOAy poboye Koneco fo
BUX0AYy. [N UbOro 3a3BMyali 3a4at0Tbes rpadiikom 3MiHW MepuaiaHHOT CKNaaoBoT
LUBMAKOCTI ab6o rpacgikoM 3MiHM NAoW, B3AOBX CepefdHbOl MiHiT MepeTuHy
mepugiaHHoro [1-3].

O6pncn  MepuiaHHOTO Mepepisy 3HaxoAaTb MeTOAOM  MOCIA0BHUX
Hab/IMKeHb, OPIEHTYHOUMCH Ha iCHYHOUI pobodi Koneca NoAdibHMX N, L0 NoKasaam
BMCOKI rifpaBniyHi sKocTi. FKiCHO nobynoBaHUi MepuiioHabHUIA nepepis He
NepeLLKOKaE NPOXOMKEHHIO pifnHM Yepe3 PK 3a paxyHOK YOro He CTBOPHOETHCA
CTUCHEHHA NOTOKY abo Moro po3puey,3abe3neyvyeTbes BigCYTHICTL BUXOpPIB B PK,
LLI0 B CBOKO Yepry MOXe BM/IMHYTW Ha 3HWKeHHs KK, nig yac poboTu.

To6To, B MPOTOYHIA  YacTWHI  njowa npoxigHoro  nepepisy
(MepugioHanbHOro nepepisy) NoBuHHa 6yTW OAHAKOBOK Ha BCiX WOro AingHKax.
To6T0 fOOYTOK AiameTpa BNMCAHOTO KOJia Ha 0ro pagiyc po3TallyBaHHS MOBUHEH
6yT1 0HaKOBMM B By Ab SKii TOULi NPOXIAHOTO Nepepisy. HeBUKOHAHHS L€l yMOBH
6ye CTBOPHOBATM CTUCHEHHS NOTOKY ab0 M0ro BUXPOYTBOPEHHS, LLO B CBOKO Yepry
BrvHe Ha KK/,
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PrCyHOK 1 — MepufioHanbHWiA nepepi3 KOHTPPOTOHOTO AWCKY.

Buxofaun 3 BULLLEHaBEEHOT 0, NPU NMPOEKTYBaHi MepPUAIOHANIbHOT O Nepepisy
MW MOBWHHI He BIAXUNATUCA Bij HACTYMHOT YMOBU:

)

ne — [JiaMeTp BMMCaHOro Kofa Ta pagiyc iMoro posTallyBaHHS
BiAMNOBIAHO.
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3Bigcy BunMBae, WO Npu 30i/bLUEHHI pafiyca po3TallyBaHHS Kona B
MepWAiOHa/IbHOMY Nepepi3i — Moro  AiameTp 3MeHLYETbCA. B pesynbTati yoro mu
oTpyMaemMo Touky X. Mpu HabAVXKeHHI A0 Liel TOUKM fiaMeTp Kona, ke 06pucoBye
MepuaioHanbHWA nepepi3 6ye NOCTINHO 3MeHLLYBATMUChL NOKM He cTaHe 6e3KiHeYHO
ManMM. Touka X - Lie TOUKa, fie nepexpeLLlyoTbes Halli YSBHI NOAOBXeEHI NiHil Bif
OCHOBHOTO Ta MOKPVBHOIO AUCKY. BnncaHe kono B MepugioHanbHWiA nepepis, abo
BIACTaHb MDK UMMW NiHisMK 6e3nocepefHb0 BW3Hayae LWMPUHY Buxogy b2
nonareBoro Aucky. B pesynbTati yoro Buxig b2 moxe 6yt gyxe manum. MNpw
BE/IMKOMY AiaMeTpi nonaTeBoro Aucky D4, b2 moxke gopiBHioBaty 0.5MM, U HaBiTb
MEHLLe.

Mana wupmrHa BUXOZY 3 NIONATKBOrO AWCKY BM/IMBAE Ha CKNagHiCTb abo
HaBiTb HEMOX/MBICTb MOro BMIOTOBMIEHHA Ta 00po6KM. TakoX nif yac po6oTw
NONAaTeBOro AMCKY Ha nepudepii BUHUKATUMYTb BenWKi BifLEHTPOBI CuK, LLO
MOXYTb OYTW 3HAUYHO GibLUMMU HXX MILHICTb MaTepiasly 3 AIKOTO BUrOTOB/IEHE
poboye Koneco. BigLeHTPOBI CUM B CBOKO Yepry 3a/ieXaTh Bif Macu Ta 4acToTu
06epTaHHA, i YAM BOHU BYAYTb GiNbLUMMK, TUM BinbLue BYAYTb Li CuIn.

BigUeHTPOBI cvny 3aBXaM nparHyTb 3MICTUTKW Tina Big oci 0bepTaHHA [0
nepudiepii i 3pocTaroTb 3i 30iMbLUEHHAM KyTOBOI LUBMAKOCTI | BiACTaHi Bif
3a3HayeHol oci. 3 Uiel NPMYMHM MACWBHI, LUBWAKO 06EPTOBI YaCTMHM MalLMWH
(poTopu Typb6iH, nonati rBMHTIB BEPTONbLOTIB, NiTakiB, kKopabnis i T.4.) Npunagae
poobuTn ay>Xe MiUHMMKU. AKLLO BiALEHTPOBI CUAM MEPEBULLATL MEXY MiLHOCTI
TaKux feTanei, TO MOXYTb pO3ipBaTh iX Ha YaCTUHU.

BusHayaeTbCs BifLEHTPOBA CK/1a 3@ HACTYMHO (DOPMY/IOHD:

Bif, = 2 (2)

fJe —MmacarTina
—yacToTa 06epTaHHA
— pagiyc po3TtallyBaHHs
Buxogaun 3 dopmynm (2) MOXEMO CKasaTW, WO 306i/bLUEHHSI 4acTOTy
06epTaHHA /I0MaTEBOro AMCKY reOMETPUYHO BM/IMBAE Ha 30i/bLUEHHS BigLEHTPOBOI
cunu.

Cnuicok nitepatypu

1. PacyeT U KOHCTpyMpOBaHWE LEHTPOBEXHBLIX HacocoB / Pxebaesa H.K.,
Pxebaes 3.E.,2009. — 220 c.

2. NlomaknH A.A. LeHTpobexHble 1 oceBble Hacocbl. - Jl.
MawwnHocTpoeHue, 1966.-364 c.

3. Mwuxaiinoe A.K., ManoweHko B.B. KoHCTpykumm un  pacyet
LieHTPO6EXHBIX HACOCOB BbICOKOr0 AaBneHus. - M.: MawmnHocTpoeHue, 1971.-303c.

4. Kongycb B.FHO. JlonateBi Hacocu: HaBYasbHWin mocibHuk / B. HO.
Kongycb, O. |. KoTeHko. — Cymun: CyMCbKMWiA fepxxaBHuWiA yHiBepcuTeT, 2021, —
294 c.

242



OOCIIKEHHA BNMBY ®OPMU TIONATEBOI CUCTEMMW BIAKPUTOIO
POBEOYOI'O KOJIECA BIALEHTPOBOIO KOHCOJ/IbHOI 0 HACOCY
HA HAMIPHY TA EHEPTETUYHY XAPAKTEPUCTUKY

Bopo>kka A. C., acnipaHT; TarHo O. B., acnipaHT; JTobypeHko M. B., M.H.C;
OsuapeHko M. C., K.T.H., C.H.C.; ManyeHko A. A., K. T .H., N.H.C., Kach. MM,
CymAY, m. Cymu

Mpw nig6opi Hacocy Ana NeEBHMX YMOB POBOTU OAHUM i3 KNHOYOBUX NUTaHb
€ BMOIp HaibiNbLL ONTUMaNbHOT KOHCTPYKTMBHOT CXeMu. HalibinbLuoi
aKTya/lbHOCTI 3a3Ha4YeHe NMMTaHHA HabyBae NpW NepekavyBaHHI CKNagHUX poboumx
CepefoByLL, fKi MatOTb 3HAYHY B’A3KICTb, MIiCTATb NEBHY KiNbKiCTb ra3oBux abo
TBEPAMX AOMILLOK. 415 peani3auii TeXHOMOMYHMX NPOLIECIB Y LIyKpPOBili
MPOMUCIOBOCTI HaliBiIbLLOrO PO3MOBCIOAXKEHHSA HabyM BiALEHTPOBI KOHCO/bHI
OJHOCTYMEHEBI HAacOCK 3 BiAKPUTMI po60UMMM Konecamu. HalibinbLu
PO3MOBCIOMKEHI HAcOCK TakmMx 6peHfis, Ak Sulzer, KSB, Andritz, Prime Pump.
BurikopucTaHHS BigKpUTUX poboymx Konic 06YMOB/IEHO TUM, WO MepeKadyBaHHi
cepefoBuLLa MatoTb NiABULLEHY B A3KICTb Ta TeMnepaTypy Ta CXM/bHICTb Ta
KpucTanizauii (Cik, Cpor, KNepoBKa, NaToka, CycneHsis). BukopuctaHHs
3aKpuUTOro poboyoro Koseca NPU3BOAMTL 0 NEPioAUYHOrO BigKasy Hacocy. Ane
BUKOPUCTaHHS BIAKPUTOro po6040ro Koseca CynpoBOKYETbCS 3MEHLLEHHAM
KK/, Hacocy 3 80-85% f0 55-65%.

MeToamka po3paxyHKy Ta MpOgintoBaHHS BIAKPUTMX PpoBoUMX Konic
He[lOCTaTHLO BMBYEHA, @ KOHCTPYKTUBHE BUKOHAHHA Mag feKinbKa BapiaHTiB. deski
HacocobyfiBHI NigNPUEMCTBA BUKOPUCTOBYIOTb BigKPUTI BiALEHTPOBI Koneca 3
MPOCTOPOBOID NPO(iNLOBAHOKD OMATEBOKD CUCTEMOKD, & B [eAKMX Hacocax
BMKOPWCTOBYIOTLCA POBOYi Koneca 3 10NaTeBoko CUCTEMOIO I1BaHOBa-06poxoToBa
(nonatb i BArNAAi NNOCKOT NNACTUHWM 3 KYTOM Haxuny 75°) [1]. KOHCTpYKTWBHI
CXeMM 3a3HayeHnX poboumx Kosic HaBefeHi Ha puc.l.

PucyHok 1 — [locniaxyBaHi poboyi Koneca
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JocnigpkeHHa 3gilicHiOBanoca meTofamu (DisMYHOTO MOAENtoBaHHS. [Ans
LbOro 6yfi0 BArOTOB/EHO AOCAIAHWIA CTeHA. A AKOCTI Hacocy A1 AOCHigKEHHS
6yno obpaHO BifLEHTPOBWI KOHCONbHUIA Hacoc Prime Pump LFI 200-80-400, 3
HaCTYMHUMK napameTpamu: Hanip 60 M, HOMiHasbHa nogada 150 m3/rog, YacToTa
06epTaHHA 1470 06/xB. BUnpo6yBaHHA BUKOHYBa/IMCSA Ha TEXHIYHO YNCTI BOAI.

Ha pwvc. 2 HaBefjeHO MPOTOKOAM BUNPOOYBaHb HACOCY 3 PI3HMMM TUMaMK
pobounx Konic. IHaekcaMm 1 nosHauyeHi XapakTepUCTUKKN 4Nt Hacocy 3 poboynm
Konecom IBaHoBa-[lo6poxoToBa, a IHAEKCOM 2 — 3 poboyMMm KOfecom 3
npocifiboBaHOK NPOCTOPOBOK NOMATEBOK) CUCTEMOLD.

H, ™

N, kBT
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XapakrepucTuka Hacoca LFI 200-80-400
Bia 04.03.2023 p. PK 410 mm
Yacrora obepransa - 1470 06/xs, r=098 krin’

PucyHOK 2 — MNOpiBHSAHHA eHepreTUYHUX XapaKTepUCTMK Hacoca 3
pisHuMun PK

Cnig Big3HauMTK, WO HACcOC 3 PO6OYMM KONECOM 3 /IONATEBOKD CUCTEMOHD
IBaHOBa-[J06poXx0TOBA Mae B pPOOGOYOMY [ianas3oHi Maibke npsiMy HamnipHy
XapaKTepUCTUKY (3MiHa Hanopy B AianasoHi sutpar 0-200 m3/rog. BifOyBaeThCa He
6inbLie HiXk 3 M). MakcumanbHe 3HaueHHa KK/, Hacocy cknagae 58,4%.

B Hacoci 3 MpogisibOBaHO IONATEBOK CUCTEMOIO HamipHa XapakTepucTuKa
Mage cnajatoumnin xapakTtep 6inbL XapakTepHUiA Ana 3akpuTUX pobounx Konic. Mpu
LibOMY [OCAraeTbCs AeLlo Buwmin piseHb KK, Hacocy (59,5%)

Cnuicok nitepatypu
1. Mwuxainos A. K. JlonacTHble Hacocbl. Teopus, pacyeT MU
KOHCTpyupoBaHue: yyeb. noc. / A. K. Muxaiinos, B. B. ManoweHko. - M. :
MawwnHocTpoeHue, 1977. - 288 c.
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OCbOBA CUJTIA B KOHTPPOTOPHOMY CTYTIEHI

Kynikos O. A., acnipaHT, rp. A-05/MB; PaTywHuii O. B., K.T.H., gou.,
CT. BuKnagay kay. NMrm, Cymay, m. Cymu

Mpw po6OTi BifLEHTPOBOIO Hacoca Ha oro poTop Aie CKIagHa cucTema cun,
cepef, SIKMX HaibiNbLLIOK € OCbOBa CWMa, WO BWHMKAE BHACNiAOK MOPYLUEHHS
CUMETPIT pOBOUNX KONIC LLOAO NAOLLMHU NepneHANKYNSPHOT oci poTopa Hacoca [1].
Y npakTuui HacocobyayBaHHS ANt OBUMCNEHHS OCbOBOT CUAWM  LUMPOKO
BMKOPWCTOBYETLCA CNpOLLEHa METOAMKA, 3anponoHoBaHa A.A.JlomakiHuM [2], e
piavHa 06epTaETbCs B 060X Masyxax sk TBEPAE Tif0 3 KyTOBOH LUBUAKICTIO  , LLIO
[IOPIBHIOE MONOBMHI KYTOBOT LUBMAKOCTI 06epTaHHS poboyoro Konmeca , Ta
po3noain TUCKY No padiycam AWUCKIB ONUCYETbCSA NapaboniyHMM 3aKOHOM, a 0Cb0oBa
Cuna cnpsiMoBaHa y 6iK BCMOKTYBaHHS, BU3Ha4YaETbCs 3a hopmynoto (1).

U2 I'21‘”22
_ 2 .2 VY2 oy y (1)
To= g(rys —ry,) Hp 89 1 72"22

Mpy UbOMY MM MAEMO TiflbKW OfjHe poboYe KO/eco, Ta ABi MOBEPXHI Ha fiKi
Ji€e TCK. 3a3BMyain Bce 0CbOBE 3yCWANsA CNPUAMAETLCA NiALLIMMTHUKAMU, ane AKLLO
BOHO 3aBe/INKe, TO € Taki Cnoco6u i BPiBHOBaXKEHHS:
1) 3aCTOCYBaHHS CUMETPUYHMX YLLi/IbHEHb Y PO60YOMY KOJECI;
2) 3aCTOCyBaHHS pagiabHMX iMnenepiB Ha NPOBIAHOMY AMNCKY po6ovoro Koneca; 3)
3aCTOCyBaHHS pob0Y0ro Koneca ABOCTOPOHHLOIO BXoAy [2,3].
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PucyHoK 1 — KOHTppOoTOpHa CTyniHb
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Haxanb hopmynu ans pospaxyHKy 0CbOBOT CUIM KOHTPPOTOPHOIO CTYMEHIO
He iCHye, TaK fIK Lie HoBa cucTema rnepegadi eHeprii pifnHi.

KoHTppoTOpHa CTYMiHb CKNafaeTbeca 3 ABOX PO60YMX efeMeHTiB (puc.l).
Mepwmm sBnseTbes poboye koneco (PK), a gpyrum — nonatesuid guck (J14). Cnig,
3a3HauNTK, IO TWCK, SKWIA CTBOPIOE NOMATEBUIA AUCK BTPMYi Ginblumii 3a TUCK
po604oro Koneca. AKLLO NMOAUBUTUACA Ha PUCYHOK 1 i yABUTU PoBOTY CTyMeHi, TO
MW MOXXEMO OAHO3HAYHO CKa3aTW, L0 Ha MOBEPXHi 2 Ta 5 fie TUCK Big poboyoro
Koneca i BOHWM BPiBHOBaXXYOTb 0AHY 0AHY. Ha NoBepxHHo 4 fi€ TUCK Big 10naTeBoro
[AMCKY, IKWIA MOXE YaCTKOBO BPIBHOB&XXWUTUCL MOBepXHsAMK 3 Ta 1 Ha fKi fi€ Tol
camuin TUCK.

[ns 0CTaTOYHOro BPIBHOBAXEHHA CUM MU MOXEMO OMepyBaTy fiaMeTpoMm
BTYNKM (dBT). 36iMbLUyroun fiaMeTp BTY/MIKM MW 3MEHLLYEMO NJIOLLY NOBepXHi 4,
TUM CaMMM 3MEHLLYEMO CUTY Ha L0 MOBEPXHIO. 3MEHLUYOUM AiaMeTp BTYNKW MU
36i/bLLYEMO NNOLLY B pe3ynbTaTi Yoro cuna Aitoyva Ha NoBepPXHIO 36iMbLUYETHCS.

AJle Npu 3anycKy Hacoca € BiporifgHiCTb TOro, WO B NepLUi CeKyHAM poboTu
Ha MoBepxHto 1 6yae AisaTh TUCK Bif po60YOro Koseca, ke NpU3BOAUTL 0 TOFO, LLO
Hallla cucTeMa 3HaXoauTbCs B AucbanaHci. Ans il BPiBHOBaXKEHHSA 3arnpornoHOBaHi
BULLE METOAM HaMm He NIigXOAATb uepe3 [0ATKOBY CKMAAHICTb cCuUCTEMM i
3meHLweHHs KKA.

B ofgHOCTYMiHYaCTUX Hacocax Pi3HOro MpPU3HavyeHHs OCTaHHIM 4Yacom Bce
LUMPLLIE 3aCTOCOBYETHCS EKOHOMIYHE aBTOMATUYHE BPiBHOBaXKEHHSA OCbOBOT CU/IN 32
[IOMOMOrol0  3MIHHMX ApoceniB, MNPOBIAHICTL (OTXKe 0CbOBE 3yCUNsA) AKUX
3MIHIOETLCA NPU 0CbOBUX 3MiLLEHHAX poTopa. KOHCTPYKLISA Y pasn yCKNagHIOETLCS,
ane 3abe3neyyeTbCa edeKTVBHE | HafiliHe BPIBHOBaXKYBaHHS Ha BCiX peXMmax
poboTu Hacoca.

Mpn BMKOPUCTaHHI ApOceniB TUCK NpK BCiX pexxmMax poboTn Hacoca byfe
BPiBHOBaXXeHO. 3aBAsAKM LiboMY Oyje BifiCyTHA 0CbOBa CWUMa, | 3MiHIOBaTH JiaMeTp
BTY/IKW Y1 OMEpyBaTW iHLIMMKU MeTOfaMKU [ BPiBHOBaXKEHHA OCbOBOI CUW He
noTpibHo. 3BMuaiiHO, WO NpPU BUKOPUCTaHHI Takoi cucTeMn MK Bynemo
36inbLLyBaTV 06’eMHMIn KK/, Hacoca. Cepef BCiX MeTO/iB BPiBHOBaYKEHHS OCbOBOT
CUMK Leit MeTo[, ABNSETHCA CAMUM HaMEHLL eHepro3aTpaTHUM Ta AiloUnMm.

Cnucok nitepartypu

1. PacyeT U KOHCTpyMpOBaHWE LEHTPOBEXHBLIX HacocoB / Pxebaesa H.K.,
P>ke6aes 3.E.,2009. — 220 c.

2. NlomaknH A.A. LeHTpobexHble 1  oceBble Hacocbl. - Jl.
MawmHocTpoeHwne, 1966.-364 c.

3. KoHgycb B.HO. JlonaTeBi Hacocu: HaBYa/bHWA noci6Huk / B. HO.
KoHgycb, O. |. KoTeHko. — Cymun: CyMCbKUWIA filepXxaBHuWiA yHisepeuTeT, 2021, —
294 c.
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3ACTOCYBAHHA CTEHAY ANA AOCNIAXEHHA POBOUYMX KOAIC
BIALEETPOBOIO HACOCA, CTBOPEHX METOAOM 3D APYKY

PaTywHwuii O. B., K. T.H. goueHT; BescmepTHuii O.C., acnipaHT,
Katheapa npuknagHoi rigpoaepomexaHiku, Cymy, m. Cymu

EkcnepuMeHTanbHi AOCNIMKEHHSA ABASAKOTLCA OAHUM i3 CaMUX BaXKIMBMX
eTaniB B MNPOEKTYBaHHI HACOCHOro 06nagHaHHA. [Ansa  UbOro  AOLiNbHO
BMKOPWCTOBYBaTWU TexHonorito 3D ApyKy ANs CTBOPEHHS MPOTOTMMIB Po6oumMx
Konic.

Ons  nepeBipky pobouMX  KOMIC CTBOPEHMX TaKOK  TEXHOMOTIE
MPOMOHYETLCA  PO3POBUTK CTEHA SIKUIA Byae MepeBipaTU 3HOC pobouMX Kosic 3a
paxyHOK 3acTocyBaHHSi abpasvBy B pobody piguHy. CTeHA £BAse o601
LUMNIHAPUYHY EMHICTb 3 PO60YOL0 PiAMHOIO B SIKY 3aHYpeHe poboue Koneco (puc. 1).

PucyHok 1 — Cxema BUNpoOyBasbHOr0 CTeHAY AN NPOTOTUMIB POBOUMX KOfiC
1) poboue Kosneco; 2) eneKTpoaBuryH; 3) eMHIcTb 3 abpasvBHOK PoboU0LD
piguHoto.

3a OCHOBY B3SITO BifALEHTPOBUIA Hacoc (ipmu Pedrollo. A came i/ ioro poboye
Koneco (puc. 2).

247



. S AT ——— — e

PucyHok 2 — Pobo4ye koneco BigLeHTpoBoro Hacoca Pedrollo

MpoToTVNU po6o4mnx Konic ByayTb BigpI3HATMCA 3a HACTYMHUMW 03HAKaMU:
- BuWrotoBneHo CyLiflbHUM Yu C BOX YACTMH;
- [pyK ropusoHTa/IbHO Y BEPTUKASLHO;
- 3 XimMiyHOIO 06POBKOID NNMACTUKY Ta 6e3 Hel;

Po6oui koneca 6yfLyTb BUFOTOBMIEHI SK CYLiIbHUMM, TaK i 3 MOKPUBHUM
OVCKOM SKuin Byae ApyKyBaTUCb OKpemo. Bci npoToTmnu 6yLyTb BUrOTOB/IEHI 3
CoPET [1].

Mo3nuioHyBaHHA poboyoro Koseca BigHOCHO cTony 3D npuHTepa 6yge
BifOyBaTUCA K TOPU3OHTAIbHO, TaK i  BepTUKa/bHO. Poboue nose npuHTepa
cTaHoBuTL 300x300x 400 MM.

[Jpyk npotoTunis Big6ysBaTtnMeTbea connom 0.4 Mm. Iicns ApyKy npoToTun
6yge 06po6ntOBaTACA PO3YMHOM AMX/IOPETaHY, AKWIA [O3BOAUTb 3MEHLLMTY
LUOPCTKICTb Ta 3aKNeiTM MK COOOK Lwapy NAacTuMKy. Takwii MeTod MOxe
NigBULLUTI MILHICTb.

TecT pobounx konic 6yge NpoBOAWUTUCH MPOTArOM OAHIET rognHK, abo [o
TOr0 MOMEHTY NMOKW KO/Eco He byae 3pyinHOBaHO.

Pe3ynbTaTi LbOro JOCAILKEHHS [O3BONATL MigibpaTy caMmuii ONTUManbHWIA
npoLec BUroTOB/IEHHA NPOTOTUMNIB PO60UYMX KONiC.

Cnucok nitepaTypu
1. «<Hayka i TexHika cborogHi», Bunyck Neg(8) / O. C. beacmepTHMiA. — KuiB,

2022.-39c.
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MEPCMEKTUBW OHOBNEHHA MAPAMETPNYHOIO PALY
BIJIbHOBMXPOBIX HACOCIB

AHgpycsak B. O., acnipaHT; KoHgycs B. FO., K. T.H., CT. BUKnagay kaeapu
MPUKIagHoT rigpoaepomexaHiku; 1syeHko O. B., K. T.H., JOUeHT Kadeapu
TexHoNorii MallHobyyBaHHs, BepCTaTIB Ta iHCTpyMeHTiB, CymAY, M. Cymu

BinbHoBuxpoBi Hacocu (CBH) BMKOPMCTOBYHOTb B Pi3HMX ranyssx
MPOMUC/IOBOCTI A1 NepeKayyBaHHA PifiMH 3 TBEPAMMU BK/IOUEHHAMU, Ta Pi3HUX
cycneHsii. OCHOBHI nepeBary LMX HacoCiB Lie HafiHICTb Ta AOBrOBIYHICTb, SiKi
[OCAralTbC  KOHCTPYKTMBHMMK 0COGAMBOCTAMM Ta Creumdikolo pobo4voro
npotecy. OCHOBHWM HeJ0/iKOM € HU3bKa eHeproedeKTUBHICTb[1].

OCHOBHVM MOKa3HMKOM eHeproeeKTMBHOCTI AN Hacocis CBH, ak i ans
6araTboX iHLUMX MaLLWH, € KOe(iLiEHT KOPUCHOT AiT N, BiH 3a/1eXuTb Bif, 6aratbox
(hakTopiB, i NPUBIN3HO BU3HAYAETLCA LLIe HA PAaHHLOMY eTarli MPOEKTyBaHHA[1].
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PucyHok 1 — Mpadik 3anexxHocti K.K. . Big ns ana Hacoca CBH

Hain6inbL eHeproed)eKTMBHI HacoCK MOXYTb OYTU CNPEKTOBAHI B Aiana3oHi
3 ns Bif 80 g0 140, KoediLieHT KOPUCHOI Aii LmX Hacoci Moxe 6yae 50-53% (puc.1)
[1].

Haii6inbwa npobnema BiTUM3HAHUX HacociB CBH, B MOPIBHAHHI 3
3apy6iKHUMM aHanoramm, € H3bKWUIA N i BifNOBIAHO HN3bKA EHEPrOEEKTUBHICTD.

[nsi NOPIBHAHHS PO3rAsHEMO BITUM3HAHUIA Hacoc CBH 25-32 Ta 3apy6idxHUiA
Sewatec F 080-215 komnaHii KSB, pe3y/nbTaTyi NOPIiBHAHHSA 3aHeceHi fo Tabnuui 1.
CBH 25-32 B poGouiii Touui (Q = 25 m¥rog; H = 32 M) Mae XXaxnuBy
eHeproeheKTMBHICTb, Ns Ta I HW3bKi, & CNoXuBaHa NOTY>HICTb N € [oBOni
3Ha4yHol. B cBoto yepry Sewatec F 080-215 cTBOptOE Hamip MeHWwMIA Ha 6 % 3a
Hanip CBH 25-32, npu nogayi B 2,3 pasu 6Gifblue, i maike B fABa pasu
eHeproeteKTUBHILLNIA, & Pi3HWLA CMOXMBAHOT NOTY>KHOCTI CTaHOBUTL nnwwe 14%.
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Akwo 3amiHUTK CBH 25-32 Ha Sewatec F 080-215 TO BiH, TEOPETUYHO,
3abe3neynTb poboYi MapameTpu NepLuoro, Npu nigpisui pobo4voro Koseca, ane

npautoBaTMe  Ha  peXuMax  HefoOBaHTaXeHHA, | Bce ofHO  Oyge
eHeproeeKkTMBHiLLMM 3a CBH 25-32.
Tabnmug 1 — MopiBHANbHa Tabnua HacociB
CBH25-32 | _Sowatec F 080915
F 080-215 (25/32)

Q, [M¥/rog] 25 58 25

H, [M] 32 30 32

n, [06/xB] 1500 2900 2900

n, [%] 28 50,1 39

N, [KBT] 8,2 9,5 5,5

Ns 34 105 105

Cn. eHepr., [Tuc. rpH] 177 205 119

B Tabnumui 1 Takox BKa3aHi 3aTpaTi Ha CMOXMBAHHA eNeKTPOeHeprii 3a pik
ekcnnyatauii. Po3paxyHOK NpoBOAMBCA NPWUOAU3HO, [N19 BKAa3aHUX 3HayeHb
CMOXMBaHOI MOTY>XHOCTI, BapTicTb 1 kBT/rog npuiimanack 6 rpH, ekcnayatalis
npuitmanack 10 rog 3a gooy.

MopiBHANbHA TabnMUA rapHO iNOCTPYIOTb  MEPCMEKTUBU  OHOBJIEHHSA
napameTpUYHOro psgy BiNbHOBUXPOBMX HacociB. [eplli KPOKM Ha LNAxy
OHOB/IEHHS, Le Ha PaHHIX eTanax MNPOEKTYBaHHS HeobXigHO o06upatn Taky
CYKYMHICTb po60umnx napameTpis Wo6 ns > 50, B TaKOMY BMMaAKy 3HA4HOH MipoHo
NiABULLYETLCA eHeproeteKTUBHICTL. Ha npuknagi Ttoro > CBH 25-32, akuwo
nigBUWUTM YacToTy 06epTaHHs Bana Hacoca go 3000 06/xB, ns 6yge 68, a
KoeiLlieHT KopucHOT Al n 6yae B mMexax 47%, CnocTepiraeTbCA MoKpaLleHHs
eHeproeheKTMBHOCTI B 1,7 pasu.

Cnuicok nitepatypu

1. lepmaH, B. ®. CBoboaHOBMXpEBbLIE HAcOChl [TeKcT]: yueb. nocobue / B.
®. 'epmaH, V. A. Kosanes, A. . KoTeHko; nog obuw. pea. A. I'. I'ycaka; 2-e usg,,
nepepab. u gon. — Cymbl: CyMCKOIi FrocyfapCcTBeHHbIR yH1BepeuTeT, 2013. —159 c.

2. Kongycs B.HO. /lonaTeBi Hacocu: HaBYanbHUIA Noci6HMK / B. KO. KoHgycs,
O. I. KoteHko. — Cymu: CymcbKuii fepxkaBHUiA yHiBepeuTeT, 2021, — 294 c.

3. Kondus V.Y. Investigation of the impact of the geometric dimensions of
the impeller on the torque flow pump characteristics / VV.Y. Kondus, A.l. Kotenko //
Eastern-European Journal of Enterprise Technologies. — 2017. — Ne 1/4 (88). — P.
25-31.. https://doi.org/10.15587/1729-4061.2017.107112

250



MIABULLEHHA EHEPFOE®EKTUBHOCTI COHAUYHMX MAHE/EW
3 BUKOPUCTAHHAM NPUCTPOIB BIACTEXEHHA PYXY COHLA

Nowkapsos C. M., cTyfeHT rp. EM.m-22;
CoTHuk M. 1., 3a8B. Kadh. MM, CymAY, m. Cymu

EdekTBHICTb (hYHKLiOHYBaHHS COHSYHMX €MEeKTPOCTaHUI 3aneXuTb Y
nepLly Yepry Bif KOHCTPYKTUBHMX OCOBMBOCTEN COHAYHMX MaHeneii, Matepianis
KOMIPOK, IKi FeHepytoTb eNeKTPOEHeprito Ta iHWKX (akTopis (puc. 1). MigBuLLeHHS
e()eKTMBHOCTI  COHAYHMX MaHeneil MOXe AocaraTucs:  36iMbLUEHHSM  TX
HoMiHanbHoro KK/ 3a paxyHOK 3aCTOCYBaHHS 6ifbLL TEXHOMOMYHUX MaTepianis;
BiZCNiKOBYBaHHSM KyTa po3TallyBaHHS N/IOWMHN NaHesnel BigHOCHO pyxy CoHus
ab0 KOHLeHTpaL,iet0 COHAYHOrO CBiT/a Ha NaHensXx.

Smart Phone

PucyHok 1 — CoHAYHa eneKkTpocTaHLis

3aneXHiCTb MOTY)XXKHOCTI COHYHMX e/IEKTPOCTaHLi Bif HOMiHasIbHoro KK/,
COHSYHMX MaHenelt 04eBMAHA. Y TOI Xe Yac JOCTaTHIA BNANB Ha NOTYXXHICTb, Mae
i KyT BifXWEHHS COHSYHMX MPOMEHIB Bifi HOPMani COHAYHMX NaHefei.
BcTaHOBNEHHS! COHSYHMX NaHeneld nig NeBHUM KyTom (Ha gaxax 6ypisens abo
NiATPUMYHOUMX KOHCTPYKLISX) Ta 3aNeXHUM Bif LUMPOTK i CE30HY MiABuLLye
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eEeKTVBHICTb  BUPOOMEHHS  €NeKTPOeHeprii, He noTpebye  MOCTiAHOro
06CNyroByBaHHA Ta A04ATKOBMX BUTPAT eHepril Ans (OyHKUiOHYBaHHA YCTaHOBKM.

Hapasi BifoMO Npo pesynbTaT AOCAIAKEHb LIOAO LAAXIB NiABULLEHHS
eHeproeeKTMBHOCTI  COHAYHMX  MaHenell 3 3aCTOCYBaHHAM  CUCTEMW
CMPAMOBYHOUMX f3epKas, MI0CKMX NiH3 PpeHens, ChepuyHNX KOHLEHTPATOpPIB Ta
TpekepiB.

OfuH i3 BIJOMMX METOAIB - LIe COHAYHWI TpeKep, AKWii [03BONSE 3MIHUTK
KyT NafiHHA COHSAYHMX NPOMEHIB Ha YCTaHOBKY 3a paxXyHOK Ti MOBOPOTY HaBKO/O
OfHI€l abo KinbKoX oceli obepTaHHs. Tpekep (Big aHrA. track) o3Havae «npucTpil
CTeXeHHs». Lleli meToa 3abe3nevye MpPakTUYHO NPSMUIA KYT NafiHHA COHSYHUX
MPOMEHIB Ha YCTaHOBKY, LU0 3HAYHO NiABMLLYE eHeproedieKTUBHICTb COHSYHMX
naHenei.

BcTaHoBMEHO, WO Haibinblwl ONTUMaIbHWM  CMOCOBOM  MiABMLLEHHS
eHeproeeKTUBHOCTI  COHAYHMX MaHeneid Ta eKOHOMIYHO BWMNpaBAaHUM €
3aCTOCYBaHHA HeJOPOruX TPeKepiB NPOCTOI KOHCTPYKLT.

3pificHeHO aHai3 BiLOMMX TWMIB COHAYHMX NaHesnel, AKi Bigpi3HAOTLCA 3a
maTepiasiamu, 3 AKUX BUrOTOB/EHO X eleMeHTH, Ta KOeiLieHTOM KOPUCHOT gii —
BifIHOLLEHHAM 006CAry eHeprii, BUpo6/eHOT (hOTOENEMEHTOM, [0 IHTEHCUMBHOCTI
COHSIYHOr0 BMMPOMIHIOBAHHS Ha OAVMHULKO MAOLLi AOr0 MOBEPXHI, Ta NigidpaHo TvM
COHSIYHUX MaHeneli 3a KPUTEPIEM «LiHa-IKICTb».

3a pesynbTaTaMu aHanisy fiTepaTypHUX  [pKepen  3arpornoHoBaHO
KOHCTPYKLit0 Tpekepa A1 BiACTEXYBaHHS KyTa Haxwiy COHAYHUX MaHenei 3
METOK MiABULLEHHS X €eHeproeteKTUBHOCTI; PO3PaxoBaHO MOXMBI 06CArK
reHepaui’ eneKTpUUHOI eHeprii 3anponoHOBaHOK COHAYHOK e/IEKTPOCTaHLiE 3a
[OMOMOrOK0  OHfaliH-KaslbKynsTopa. CnpOrHO30BaHO 3MEHLUEHHs BTpaT Mpu
reHepyBaHHI eNeKTPOeHepPrii AaHOH eNeKTPOCTaHLie0 NPY BUKOPUCTaHHI Tpekepa
MOPIBHSHO 3 (hiKCOBAHOK CUCTEMOIO KPiMieHb NP OAHAKOBIN KiIbKOCTi COHAYHMX
naHenei.

3 MeTOl 3[eLleBNeHHs Tpekepa MPOMOHYETLCA Mif 4ac BCTaHOBJ/IEHHS
Bi/pa3y OPIiEHTYBATW AOr0 Ha MNiBAeHb, a KyTW Haxuy 3MiHIOBaTK ABiui Ha piK (Ha
NnoyaTKy KBITHS Ta HanpuKiHLi cepnHs).

EHeproeheKTUBHICTb €NEeKTPUYHOT CTaHUiT po3paxoBaHO B [Ba eTanu: Ha
nepLUOMY eTarli — 06CAr reHepaLlil eNeKTPOeHEPT T Bif COHAYHMX NaHesnei 3a pik npu
PEerynioBaHHI NnLLe KyTa Haxuiy naHesneid opieHTaUiet0 Ha NiBAeHb; Ha APYromy
etani — i3 BpaxyBaHHAM MiABWLLEHHA  eHeproeteKTUBHOCTI  COHAYHOT
e/IeKTPOCTaHL,ii NpW 3acTOCyBaHHI TPeKepHOI cucTeMun. Po3paxoBaHa reHepawis
€NeKTPOEHeprii  3anpoMOHOBaHOI  COHAYHOI  €NeKTPOCTaHUii 3  TPekepom
nigreepauna eeKTUBHICTb Ta JOLiMbHICTb  BWMKOPWUCTAHHA  CMPOEKTOBAHOI
TPEKepHOI cucTeMu. 3acTOCYBaHHSA CMPOEKTOBAHOT TPEKEPHOT CUCTEMM [aE 3mory
NigBULLMTN eHeproeeKTUBHICTb COHAYHUX NaHesneid y cepefHboMY Ha 25 %.
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MEPNAHA COHAYHA ENNEKTPOCTAHLUIA ANA MOTPEB HABYAJIBHOIO
3AK/NALY B YMOBAX BOEHHOIO CTAHY

€ropos €. B, cTya. rp. IM-21; CoTHuk M. 1., 3a8. Kadh. MM, CymAY, M. Cymu

B ymoBax pociiicbkoi arpecii B YKpaiHi HabyBae BaX/IMBOrO 3HAYeHHS
JeueHTpanisauis gpKepen enekTponocTavyaHHsA. UMCNEHHI pakeTHI aTaku 06’eKTiB
EHEPreTUYHOI HPPaCcTPYKTypn YKpaiHn 3 60Ky pd npusBenn A0 CyTTEBOrO
PYViHyBaHHs 6araTbOX EeNeKTPUYHUX MOTY>KHOCTE reHepauii Ta po3nogiNbHUX
Mepex. BigHOBNEHHS eHepreTUYHOT iHDPaCTPYKTYpW KpaiHK, Ha Hally AYMKY, Mae
3AiCHIOBaTMCA i3 3aCTOCYBaHHSIM  IHHOBAUiMHMX Ta  €KOMOriYHO-YMCTMX
TeXHOMOrii. BpaxoBytoun TeMnU NepeABOEHHONO PO3BUTKY BITUM3HSAHOI COHAYHOT
Ta BITPOBOI €HepreTVKM LOLiNbHO MPOAOBXYBaTW BiHOBAEHHS MOLUKOAKEHUX i
HapOLLYyBaHHS HOBUX EHEPrOMOTYXXHOCTEN LibOr0 CEKTOPY.

PuicyHok 1 — [Mi6praHa COHAYHA eNeKTpoCTaHLis

Oco06/1MBOro 3HaueHHs1 HabyBa€ BCTAHOBNEHHS! COHSIYHMX E€NEeKTPOCTaHLii
(CEC), 4Ki BMpI3HAOTLCA MNPOCTOTOKD B eKCMnyaTauil, FHy4kKuM nig6opom
MOTY>KHOCTI Ta HU3bKMMU eKcnyaTauiiiHmy Butpatamn. CEC MOXyYTb BUCTYNaTH
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[O[ATKOBUM | JOCTaTHbO HAAIAHMM AeLeHTPai30BaHNM [KEPESIOM XKMBIEHHS NpU
BI/iCbKOBMX  3arposax, 3abe3neuytoum  6e3nepebiiiHy  poboTy  BakK/IMBMX
rocnofapcbkmx 06’ eKTiB.

MigBuLLEHHS HafinHOCTI e/1eKTpo3abe3neyeHHs 06nafHaHHA
iH(hopMaLiiHUX CUCTEM BULLMX HaBYa/IbHUX 3aKnagis (BH3) B LMX yMOBaxX Takox
MOX/IBE 3 3aCTOCYBaHHAM BnacHWX CEC, COHAYHI NaHeni AKX po3TalloBYOTLCA
Ha OyAaiBNsX HaBYa/IbHUX KOPMNyciB. Taka eneKTpoCcTaHLis Mae Xo4ya 6 4aCTKOBO
3abe3neyvyBaTi CroXMBaHHA CTPYMOMNpuUiiMadaMmn efleKTPOeHepPril Npyu wraTHOMY
(hYHKL,iOHYBaHHI CUCTEMW eN1eKTPo3abe3rneyeHHs Ta CTaBaTu AXKePenom pPe3epBHOro
XXWBNEHHS! 60Ky 6e3nepebiiHOr0  eNeKTPOXKMBMEHHSI CepBepiB  3a YMOBU
NNaHoBaHMX Ta HenepebavyeHNX Nepeps eneKTPonocTadaHHs.

MN6pugHa CEC Bb6ayaeTbCs Haibinbw MpuAaTHOK ANS TaKMX YMOB
3aCTOCYBaHHS.

3 MeTol Linofo60BOro pesepByBaHHS enekTpo3abesneyeHHs CepBepHOT
KOMM’IOTEPHOI  CUCTEMM, [AEeKINbKOX HaBY&/IbHWMX ayAWTopili  NPOMOHYETLCS
nobyaysat TriGpUAHY COHAYHY €feKTPOCTaHLil0 Ha OAHOMY 3 HaBya/bHUX
Kopnycis.

Buxogaun 3 pesynbTaTiB  AOCAIMKEHHA NPOQIN0  eneKTPOCnoXMBaHHS
MiHiMa/IbHa eNleKTpMYHA MOTYXXHICTb pe3epBYBaHHS CEPBEPHOT Mae CTaHOBUTU 7,5
KBT i 3a6e3ne4yBaTuCs CUCTEMOKD 6€3MepediiiHOro XXUBMEHHS 3 aKyMYNSTOPHUMMN
6aTapesamu, Wo noeaHyeTbcs 3 CEC. TOTYXHICTb CMOXMWBaHHS HaBYa/lbHUMM
ayauTopisaMu 61m3bko 10 KBT.

Be3nepebiliHe X eneKTPOXXMBNEHHS 000B’SA3KOBE MPOTArOM 4-X FOAWH Y
CBITNlY nopy AHA NiTHIMKU Micauamu. MakcuManbHe CroXXuBaHHS eneKTPUYHOI
eHeprii cTpymonpmiiMadamm Kopnycy B Ui mMicaui npunagae Ha nepiog 3 12-i go 14-
T roguHn y pobounii aeHb. 3rigHo [o060Boro rpagiky reHepavii eNeKTpUYHOT eHeprii
CEC MmakcumanbHa reHepalis TakoX npunafgae Ha ueid nepiof gobu. To6To
MpakTMYHO [060BMIA Mpodinb reHepauil eneKTpUUHOT eHeprii Ta Ti cnoXuBaHHA
Maiie cniBnagatoThb Y yaci.

Buxogsum 3 umx 06CTaBWMH, AN 4aCTKOBOIO 3aMilleHHsi 06cAris
eNeKTPUYHOT eHeprii, SKa HaaxoAuTb 3 30BHILLHIX MepeX eneKTpo3abesneyeHHs
YHiBEpCUTETY, € AOLiNIbHUM BCTAHOBUTWN COHSAYHY €/IeKTPOCTaHLito, fKa 3a CBOEHD
MaKCUMa/IbHOK MOTYXKHICTIO TeHepaLlii He MepeBULLYE e/IeKTPOCMOXMBaHHS
Kopnycy y nepiog 3 12-1 4o 14-1 rognHmn gHs.

3 ypaxyBaHHAM MOTpe® pe3epBYBaHHS (HaKOMUYEHHS) eneKTpoeHepril
aKaMynsTopHUMKU GaTapesMu Ta OLHOYACHOro Xo4va 6 YacTKOBOro 3abesneyveHHs
e/IEKTPUYHOID  eHeprielo  CTPyMOMNpuiiMadiB  KOprycy pPeKOMeHAYeTbCs [0
BNpoBakeHHA ribpmuaHa CEC noTyxHicTio 35 KkBT.

Taka MOTYXHICTb [03BONSE 3abe3neunT ykasaHi MoTpedbu Ta He
nepesuLLyBaTV (PaKTUUYHE CMOXWMBAHHS eNeKTPOeHeprii  cTpymonpuiimayamu
Koprycy Y NiTHI MicALi, WO 3HAYHO CrpOoLLYe OPOPMIEHHS JOKYMeHTALiT Wwoao ii
3aCTOCYBaHHA Y BIiJHOCMHAX MDK €HepronocTavyaibHOK —OpraHisauielo  Ta
YHIBEPCUTETOM, TOOTO HE JONYCKAE NEPETOKIB 3reHepoBaHOT eleKTPUYHOT eHeprit
CEC y mepexi noctavasibHuKa.
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Lis obcTaBMHa TakoX 34elleBNtOe i caM NPOeKT. Bubip obnagHaHHSA
e/IeKTPWUYHOT CTaHUii MOBWHEH 3a[0BOMILHATYM YMOBY LIOLO Mepiogy MOBHOroO
3apAmpKaHHS akyMynaTopHux 6atapeil. Buxogsun 3 gocsifly ¢yHKLiOHYBaHHS
eNIeKTPUYHNX MEPEX B YMOBaxX BOEHHOIO CTaHy, 3 Orfififly Ha MOX/MBI rpadiku
nocTayaHHs enekTpuuHoi eHeprii (+2/-4 rOAWMHM) MaKCUMaibHUA TepMiH
3apAmpKaHHS aKyMynaTopHUX 6aTapeil Mae CTaHOBUTYW 2 rOAUHN.

3a reorpagiyHMX YMOB pO3TallyBaHHA KOpMycy pPeKOMeHAYETbCS
PO3MICTUTM COHSIYHI MaHeni Ha aaxy 6yAisni kopnycy 3 ixX opieHTalieto Ha NiBAeHb.
MoHTaX anapaTHOT YaCTUHM COHSIYHOI eNeKTPOCTaHLil MaaHyeTbCs MPOBECTU B
MPUMILLIEHHSX, SIKi 3HAXOAATHCA SKOMOTa 6/IMKYE [0 COHAYHUX NaHenei.

Take MiCLEMONOXEHHS 3MEHLUYE €efIeKTPUYHI BTpaTW NpW reHepauii Ta
MepeTBOPEHHI  efeKTpoeHeprii. PosTallyBaHHA aKyMynsTopHux 6Gatapeli Ta
npucTpoiB 6e3nepebiliHOr0 >KUB/EHHA [OLIIbHO BCTaHOBUTW Y MPUMILLEHHSX
MaKCUMa/IbHO HabAMXKEHUX [0 Micus po3TallyBaHHA CepBepiB 064YMCNHOBaIbHOMO
LEHTPY YHIBEpPCUTETY.

JouinbHiCTb  BNPOBAMKEHHA TaKoro 3axody NigTBEPIXKYETHCA TaKOX
eKOHOMIYHUM po3paxyHKoOM. Buxogauu 3 [ocBigy ekcnayatauii aHanoriyHmx
COHSIYHUX eNeKTPOCTaHLin B ymMoBax Mmicta Cymu, 06csr reHepauii eneKkTpuyHol
eHepril MpoTAromMm poky, Wwo npunagae Ha 1 KBT ycTaHOBNEHOT MOTYXHOCTI
eNeKTPoCTaHLiT CTaHOBWUTb 6/1M3bko 1000 kBT*rog 3a pik. MpoOrHo3Huin obesr
reHepauii 3a pik 6yae 6n13bko 35 000 KBT*roa. Hapasi Tapud Ha eNeKTpoeHeprito
Bifi nocTayanbHuka 5,6 TrpH/KBT*rog. Topgi ob6car reHepauii  (3amilleHHs)
€NeKTPOEeHeprii B BapTiCHOMY BMpaXKeHHI Mae 6yTu 196 000 rpH. MoganbLue
3pOoCTaHHA Tapudly MICLEBOro enekTponocTavyasibHUKa OYiKyeTbcs Ha piBHI 9-10
rpH/KBT*rog, TO6TO NPOrHO3HWIA 06CAr €KOHOMIT Bif 3aMilleHHS MOKYMHOT
e1EeKTPUKN 3reHepoBaHo0 YHiBepcuteTcbkoto CEC ctaHoBuTUMe 332 500 rpH/pik.
BapTicTb BnpoBamkeHHss CEC mae ctaHoBMTU 61m3bko 850 000 rpuBeHb. Togi
MPOCTWiA TePMiH OKYMHOCTI Mae 6yTu: Bif 2,5 80 4,2 pokiB.

BnipoBaXeHHS MPOEKTY [03BOMNTD:

1) nigBuWMTX HadiliHiCTb Ta 6e3nepebiiiHICTb  eneKTpo3abe3neyeHHs
06/1agHaHHS CEPBEPHOT YAaCTUHU 0BYMCIOBAILHOMO LIEHTPY YHIBEPCUTETY B yMOBaXx
MepepmBYacTOro efleKTP03abe3neyeHHs;

2) 3aMiCTUTK YaCTKY CMOXMBaHHA eNeKTPUYHOT eHeprii 3 LleHTpanizoBaHnX
Mepexk obcsirom 6/1m3bko 35 000 kBT*rog Ha pik, WO [A03BOIUTb 3MEHLUUTU
(hiHAHCOBI BUTPATU YHiBEPCUTETY B MeXax Bif 196 Tuc. rpH 8o 332, 5 TUC. rpH Yy
3a1eXKHOCTI Bifl TapMU(HOT NONITUKN AepKaBu;

3) NPOCTWIN TEPMiH OKYMHOCTI BNPOBALKEHHS NPOEKTY MOXE CTAHOBUTY B
Mexax Bif 2,5 [0 4,2 pokiB, WO € EKOHOMIYHO MNPUAHATHUM.
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MEPCMNEKTVBM BMPOBALKEHHA BUCOKOOBEPTOBWX CEKLIINHNX
HACOCIB /14 OB’EKTIB BOAO3ABE3NEYEHHA

KoHgych B. FO., K.T.H., CT. BUK/.; [oNKoBHMUYeHKO B. B.,
MywTaii M. B., cTygeHTw, Kadegpa MM, Cymy

OfHOK 3 MeplIoYeproBMx NOTpeG NOACTBA HA  CbOrOAHI €

BOAO3abe3neyeHHs, WO 3a[0BIiNMbHAETLCA LUMASXOM BUKOPUCTAHHA  HacociB
AnHamiyHoro Tuny (puc. 1).

Dagreg (1n min)

PucyHok 1 — HacocHa ycTaHOBKa /151 06°eKTiB Bog0o3abesneyeHHs: 1 — cTaHuis
KepyBaHHs Ta 3axuUCTy, 2 — MaHOMETP, 3 — 3aCyBKa, 4 — HaKOMn4yBa/lbHa EMHICTb,
5 - tinbTp

3 MeTOol0 BOoLj03a6e3reueHHst KOMyHa/lbHUX 06’ €KTiB (30KpeMa, BOLOKaHaiB)

B 6araTbox BMMaAKax BUKOPWCTOBYHOTHLCHA BifALEHTPOBI HACOCK CEKLiiHOrO Tuny
(puc. 2).
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PucyHok 2 — BigLeHTpoBKiA ceKLiiHuniA Hacoc Tuny ELIB: 1 — HacocHa YacTuHa, 2
— €/IEKTPOABUIYH, 3 — CMNTOBUIA Kabenb, 4 — KnanaH, 5 — Tabnnuka, 6 — 3aXMCHW
KOXYX, 7 — 3aX1CHa CiTKa, 8 — CiTKa

Oco6nMBICTI0O faHMX HacoCiB € iX 3aHyproBa/lbHAa KOHCTPYKLis, sKa
nepeabayvae yCTaHOBKY HACOCHOrO arperaTy 6esnocepefHb0 B TPyO6OMpPOBOAHY
cucTemy.

IcHyto4i BigLEHTPOBI Hacocu nepefbdavatoTb BUKOPUCTAHHA AeKifbKOX (B
nepeBadkHii BifbLIOCTi 6 — 8) CTyNeHiB. Y TakoMy BUMafKy 4YacToTa 0OepTaHHs
BaJly Hacoca He nepesuiye 3 000 06/xB.

MepcrnekTMBHUM BUrNAfae 3aMiHa HAcOCHOro 06M1afHaHHA Ha  6inbLu
BMCOKOOGOPOTHI aHa/I0MM 3 YaCTOTOK 06epTaHHs Basty Hacoca 6 000 — 9 000 06/xB.

3o0Kkpema aBTOpamMy pPO6OTM Hapasi [JOCHIAKYETbCS MEPCNEeKTUBHICTb
pO3p06KM BUCOKOOGEPTOBOI0O Hacoca Ha napaMeTpu: Hanip — 150 m Bog, CT., nofgava
— 60 — 80 m¥rog, yacToTa 06epTaHHA Bany — 3 000 06/xB. Taka KOHCTPYKLs
nonepeHbLO [03B0JINTb 3MEHLUUTM YNCO CTYNEHIB 3 8 WT. A0 2 WT. Y NOPIBHAHHI
3 icHytounmM aHanorom ELIB 10-63-150, Lo B NepCcrneKkTuBi 403BONTL CKOPOTUTHU
MaTepia/IoEMHICTb, a OTXKe i 1ioro cobiBapTicTb Ha 50 — 60 %.

Okpim TOro, Cfifi 3a3Ha4MTW, WO Taka KOMMAHOBKa Hacoca [03BONSE
OTPUMATW BUCOKMI NOKAa3HMK KoedpiLlieHTa WBMUAKOXILHOCTI ns = 126, 110 JOBOAUTL
MOX/IMBICTb  [OCATHEHHA BUCOKMX MOKa3HWUKIB eHeproe()eKTMBHOCTI  AaHoro
NepcrnekTUBHOIO Hacoca.
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CHARACTERIZATION OF BARRIERS TO INNOVATION
IN THE ENERGY SECTOR OF UKRAINE

Tetiana Hilorme, Doctor of Economic Sciences, Associate Professor, Leading
Research Associate, Scientific Research Institute of Energy Efficient Technologies
and Materials Science, Oles Honchar Dnipro National University,

Dnipro

Modernization and innovative development of the methodological platform
to create the management system for energy networks is a relatively complex
process within which it is required to cross the resistance barriers constantly.
Provisionally, it is possible to break down these barriers into three groups:
communicative, industrial, and technical.

Communicative barriers are primarily related to the problem of forming the
motivation for the dynamic behavior of the end-consumer of the energy network. It
is crucial to create a customer information services system helping to teach the
consumer new emergent values of energy-saving and decrease the destructive
behavior concerning positioning specific power equipment near residences.
Stimulating the consumer enables an expansion of the possibility of using energy-
saving technologies, contributes to the formation of positive image of innovative
energy-efficient technologies, enhance capacities of optimizing energy
management, and increase the accessibility of the network of power-generating
equipment distribution. A significant role in innovative development within the
energy network is played by previously formed human psychological patterns,
mindset, and behavioral models, which either promote or inhibit the growth and
spread of innovations.

The civil society’s susceptibility or insusceptibility to innovations in
energy-saving at the present stage of their development in Ukraine is defined
predominantly by social factors (low level and quality of life for a significant part
of the population do not favor the development of innovations).

Industrial barriers related to the implementation of innovations in the sphere
of energy networks are stipulated by the following:

1. Low level of interaction within energy-supply companies: cooperation
and coordination of actions are practically non-existent. Hence, this tendency
ensues in a range of problems that have to be exposed to a more in-depth study
both to the benefit of government regulation of these relations and in the best
interests of companies seeking advantages from establishing solid partnerships.
Consequently, partnership relations are an integral feature of any energy
company’s vital activities, considering the market’s specific nature. It becomes
necessary for virtually any company to cooperate even with their immediate
competitors. As a result, a partnership constituent must be an indispensable
constituent of the energy network management system — it directly influences the
objectives, structure, and conditions of the system’s functioning.
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2. Problems of non-conformity of the existing equipment with the elements
of the novel technological foundation, replacement, and disposal values of
equipment — operational costs of outdated equipment minimize capital costs of
consumers.

3. Standards of economic agents concerning planning and project
development are generally focused upon the traditional energy network model: a
centralized system of energy generation, older generation equipment, and
technologies, low probability of shifting to the active participation of consumers in
the functioning of the energy system.

4. Traditional evaluation methods for innovative projects connected to the
energy-saving system — it is impossible to substantiate energy efficiency measures
concerning real and virtual threats.

5. Business owners and top management are commonly not interested in
introducing changes in processes and technologies of a well-adjusted existing
energy system. The absence of a system of motivation to increase research and
development costs within cumulative costs of energy companies leads to a lag of
the energy sector in global markets.

Development and implementation of innovative technologies require
considerable acceleration based on overcoming technical barriers:

1. Absence of unification of various technologies within the energy
network results in the absence of the synergy effect.

2. Increase in the number of participants in the energy system, particularly
electric energy systems, ensues in problems in the security sphere.

3. Limitation of energy-saving capacities: it is vital to accelerate the
network modernization process.

4. Increase in the specific role of technical analysis conducted by computer
equipment leads to the loss of fundamental knowledge and skills regarding
principles of energy system functioning. Impossibility at the present stage of
development of information society to create artificial intelligence, limitations of
the existing process automation of activities, results in the loss of fundamental
knowledge. Investments tend to have a more applied realization in the energy
sector: focusing on short payback periods leads to decreased frequency of
innovative ideas permeating into technological basis.

Reference
1. Hilorme T.V. Substantiation of management decisions on the

introduction of energy saving technologies in industrial enterprises: theory,
methodology, practice : monograph. Zaporizhzhia: KPU. 2020. 300 p.
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MATEMATWYHE MOZAENOBAHHA TA NMPOEKTYBAHHA MPOTOYHOI
YACTUHW BUXPOBOT KAMEPU PIAVHHO-MAPOBOIO
CTPYMWHHOIO AMNAPATA

Mepsnakos FO. C., K. T.H., foueHT; Hikonaexko . P., cTygeHT, rpyna K.m.-21;
TumyeHko C. C., cTyfeHTKa, rpyna 1-12/2xk, kagegpa TT®, CymAY, M. Cymu

Bnbip KOHCTPYKUiT NPOTOYHOI YacTMHWM BUXPOBOI Kamepu nifg uac
MPOEKTYBaHHS CTPYMUHHUX anapaTiB BMXPOBOro TWMy 3aneXuTb Big poboyoro
cepefoBuLLa, L0 3aCTOCOBYETLCS B HMX, CKMAAHICTIO MPOLECIB, L0 BigbyBatThCA
npu BUXPOBOMY PYCi, Ta MPMU3HAYeHHs CTPYMUHHOro anaparta [1].

[na matemMaTM4yHOro MOJENOBAHHA Tedil MOTOKY B CepefuHi BUXPOBOI
Kamepy BUKOPUCTOBYIOTb Pi3Hi MOZENi 3aieXXHO Bif, 3aBfaHb, L0 Heob6XigHo
BupiluMT. Cepef TakMX MOfeneil MOXHa BUAIAWTW  ABI  OCHOBHI, LU0
XapaKTepu3yloTbCa [eAKOH  CMINbHICTIO: MOfeNb Teudil 3 TaHreHuiasbHO
LUBUAKICTIO Ta iHTerpasibHy Mogenb [2]. Y iHTerpa/ibHUX MOZENAX Po3rnsfacTbes
NviLLe LeHTpanbHa (NprocboBa) 061acTb Tedil, a CTPYKTYpa NOTOKY po3rfisafacTbes
HabMMKEHO, WO MpU3BOAWTL A0 BIAMIHHOCTEA MiXK TEOPETUYMHUMM |
eKCrnepyMeHTaIbHUMUN faHUMK. Biflblu LUMPOKe 3aCTOCYBaHHSA 3Haliluna MOogenb
Teuil 3 TaHreHuialbHO LWBUAKICTIO, L0 PO3rnsgae CcrifibHe po3B’sA3aHHs PiBHAHb
Hap’e-CTokca | HepO3PUBHOCTI, 3afaHWX rpPaHWYHWUX YMOB Ta PiBHSHb
06MEXYHUMX NMOBEPXOHb. Taka MoAesb f03BOMSE BPaxyBaTh yCi FpaHNYHI YMOBY,
LLLO BUXOAATb i3 (DI3MYHOr0 3MICTY MOCTaBNEHUX 3aBAaHb.

B po6oTi [2] npoBegeHO MaTemMaTW4yHe MOAENOBaHHS Tedii NOTOKYy Y
BXiJHOMY  Mepepi3i  BMXPOBOI  KamepW,  OTPUMaHi  eKCnepUMeHTaSIbHi
NiATBEPAXKEHHA MpaBWIbHOCTI BMOOPY MaTeMaTW4HOT Mofeni, MpoBefeHui
pO3paxyHOK Ta Bi3yasisauis NOTOKY 3 BUKOPUCTAHHAM MPOrpamHOro KOMMIeKcy
Ansys CFX. Bubip KOHCTPYKLIT BUXPOBOT Kamepu BifbyBaBcs 3 ypaxyBaHHAM YCiX
pekoMeHdaLiii, TOMy 3a po3paxyHKOBY Oyna npuitHsTa cxema Tedil 3
LUMNIHOPUYHOIO BMXPOBOK) KaMepow, Lo MOeAHaHa 3 ABOMA TaHreHuia/lbHO
nigsegeHMM  pobouMmMy  connamm  akTMBHOTO MOTOKY, 4718 36epexeHHs
CYMETPUYHOCTI MOTOKY, LU0 MarTb (hOPMY HeAOopOo3LIMPEHOro conna Jlasans, Ta
€XXEKTYBaHHSIM MacyBHOI0 NOTOKY B3J0BX OCi BUXPOBOI KaMmepu.

Moganblua po6oTa O6yae CNpsiMOBaHa Ha YTOYHEHHS MOfeni Teuii MOTOKy
B3[10BX BUXPOBOI KaMepu 3 ypaxyBaHHAM OTPUMaHUX pe3ybTaTis.

Cnucok niteparypu
1. Mpokonos M. T., Llapanos C. O., Mep3nskos O. C., I'yces O. M.
KoHuenuis eHeproeeKTUBHOCTI /A MepcrekT!BIU peanisauil NpuHLMNY CTPYMUHHOI
TepMOKOMMpECii B Maniii TennoeHepreTuui // EHepreTuka i aBTomatuka., — 2021, —
Ne 2.
2. Merzliakov, I.; Pavlenko, I.; Ochowiak, M.; Ivanov, V.; Agarwal, P.
Flow Modeling in a Vortex Chamber of a Liquid—Steam Jet Apparatus. Processes

2022, 10, 984.
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TYPEOIEHEPATOPW HA OCHOBI BUXPOBWX PO3LLNPHOBAJIBHNX
MALUH ANnA NKAPHAHUX KUCHEBWX CEMNAPATOPIB

BaHees C. M., K. T .H., goueHT; CmoneHko M. B., acnipaHT,
Kadhegpa TexHiuHoi Tennodisnku, Cymay, m. Cymu

MeanYHUA KUCEHb NOCTIHO 3aCTOCOBYETbCA ANA NiKYyBaHHS MaUiEHTIB Y
6araTboX 3aKnagax 0XopoHM 340poB’s. 13 noyaTtkoM naHaemii COVID-19 noTpeba
Y LbOMY rasi 3Ha4yHO 3p0c/a, Yepes Lo iCHytua c1cTeMa 3a6e3mneUeHHst KUCHEM He
BMKOHYBafa MoCTaB/eHMX 3aBAaHb. Lle CNOHyKano JO MacoBOro BNpOBaKeHHs
KMCHEBMX CTaHLi/A KOPOTKOLUMK/IOBOI 6Ge3HarpiBHOi afcopbuii, ki 3paTHi
3a6e3neynTn HeobXigHi 06’eMy rasy LIBMALLIE Ta 3 MEHWWMWU BUTpaTamu Yepes
B1A00YBaHHA KUCHIO 3 HABKO/IMLLHBOTO NOBITPSA Ha MiCLi TX BCTAHOB/EHHS.

KucHeBi CTaHUii Takoro Tuny BWKOPWUCTOBYIOTb MPOLEC, MPU  AKOMY
nornepesHL0 MigroToBaHe Ta CTUCHEHe KOMMPECOPOM aTMOC(epHe MoBiTps
NPOMYCKAaeTbCA Yepe3 Le0NiTHE MOMEKYNsPHe cUTo. Yepes pisHULIO B po3Mipax
MOEKYN BifOYBa€ETbCA BiAAINEHHS KACHIO Bif iHLWMX rasiB, SKi 3HOBY MOBEPTaOThb
Ao atMocdiepun. Lii 3anmwkoBi rasv (34e6iNbworo asoT, PellTKN KUCHI0, TOLLO)
nepebyBatoThb Nif HaaIMLWKoBMM TUcKom (0,4-0,6 MITa), NoTeHLiliHa eHeprist AKNX
BTpaYacTbCA MNP APOCENtOBaHHI 0 aTMOCHEPHOro TUCKY. TOMy pauioHabHUM
PiLUEHHAM € BWKOPWCTaHHSA TypboreHepatopa AN OTPUMAaHHA  eneKTPUYHOI
eHeprii. bepyun [0 yBarn HasBHe BifHOLUEHHA TUCKIB Ta HeBenuKi 06’eMu
3a/IMLLIKOBKX rasiB, [OLINbHO 3aCTOCYBAaTU PO3LUMPIOBASbHI MaLlWHW BUXPOBOro
MRy, fKi MaloTb TaKOX eKcrjyaTauiliHi Ta eKOHOMiYHi nepeBarn Hag
KOHKYpeHTaMWn. BWXpOoBi MalLUMHM MOXYTb [03BOIMTU PO3MILLEHHS Po6OYOro
Koneca Ha Basly efleKTporeHepaTopa, Lo 3MeHLLye rabaputy Typ6oreHeparopa. Lie
0CO6/MBO  KOPUCHO, 60 KWCHEBI CTaHuil, fK Npaswuio, PO3MILLYOTLCA Y
crneuianbHUX KOHTEMHEpax Ha30BHI UM B TEXHIYHUX MPUMILLEHHSAX 3 0OMEXEHUM
npoctopoM. MoxmMBe SIK  MPOEKTYBaHHS  KWCHEBMX CTaHUiA  ofpasy 3
TypboreHepaTopoMm, TaK | [iOro fJofaBaHHSi A0 BENMKOI  KifbKOCTI  BXe
BCTaHOB/IEHUX. OTpUMaHa eNeKTpUYHa NOTYXXHICTb 3aN1eXUTb Bif, iHAMBIAYyaIbHUX
XapaKTEpPUCTMK CTaHUiil. Po3paxyHKM MOKasaan, L0 Ha BigHOCHO HEBEIMKMNX
NiKapPHAHWUX KUCHEBMX CenapaTopax MOXHa reHepysaTy Bif 1 KBT enekTpoeHeprit,
AKY MOXHa BUKOPUCTOBYBATU A1 PO6OTU OKPEMUX CUCTEM KUCHEBOI CTaHLiT un
4na noTpeb NikyBanbHUX 3aKnagiB. Take BLOCKOHANEHHA CUCTEMU MOXe CTBOPUTU
3HAYHMWIA EKOHOMIYHWIA eEKT, 3BAXKAOUMN HA MOLLIMPEHICTb AaHWX CTaHLiA Ta BOHO
LiJIKOM aKTyasbHe Npy MOCTIMHOMY 3[0POXKYaHHI efleKTPOeHepril, MOXIMBUX
nepe6osix 3 T MocTayaHHAM Ta 3aralbHOMY MparHeHHi [0 pauioHafbHOro
BUKOPUCTaHHS MPUPOSHMX PeECYpPCIB.

JloriyHum KPOKOM BUrNSAaE BCTaHOBJIEHHS aHanorivyHoro
TypboreHepaTopa [4/11 BUKOPWUCTAHHS e W Haj/IMLWKOBOT €Heprii CTUCHEHOrO
KVCHIO, a/le y [JaHOMy BWMafKy BOHO HEMOX/MBE Yepe3 Masly MacoBy BUTpaTy
Uboro rasy. Taka KOHCTPYKLis MOXe 6yTu yChillHO 3acTocoBaHa Ha BifbLumx
NMPOMMC/IOBUX KOHLEHTpaTOpax.
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AOCNIOXXEHHA TEMTOHACOCHNX YCTAHOBOK
ANA CUCTEM IHAMBIAYAJIBHOIO OMNMAJNEHHA

LWapanos C. O., KaHA. TexH. HayK, JOLeHT;
€8TywweHko C. O., acnipaHT; MpuiimeHko O. O., maricTpaHT, rp. K.m-21,
Kathegpa TT®P, CyMcbKuii ep>KaBHuii yHiBepcuTeT, M. Cymu

OfHi€et0 3 OCHOBHUX NP06/eM, WO nocTana nepeg UMBinbHUMM N04bMA Nig
yac POCINCbKO-YKPaAIHCbKOT BiliHW Lie aBTOHOMHE Ta eHeproeteKTVBHe OMasieHHs
XXUTNOBUX BYAMHKIB B Halibinbll eKOHOMIYHWIA cnocib. [laHe nuTaHHS NOTPi6HO
BU-PILLNTN, OMMHAKOUM Fa30BUIA EHEPropecypc Ta TEXHOMONi0 LEHTPani3oBaHoro
onaneHHs 6araTokBapTUpPHWUX OydiBenb, TOMY LO BWHWUK PU3UK 3HULLEHHA
06’eKTiB  KPUTWYHOT  iH(pacTPyKTypyu  (rasorepekaqyBasibHUX  CTaHLUi,
MaricTpasein, TennoTpac Ta KOTefleHb). TakoX HeoOXigHO BpaxoByBaTy
eKO/OriYHNIA acnekT Mpy MPOEKTYBaHHI HOBMX TEM/IOHACOCHUX YCTaHOBOK, LU0
BK/IIOYa€e Npobnemy 36epeXkeHHs HeBiJHOB/IOBAHMX [XEPes eHeprii, HeobXigHICTb
3MEHLUEHHA LWKIAAMBUX BMKUAIB B atmociepy, LWO €, 30KPema, OCHOBHUM
(haKTOPOM rno6anbHOro NOTEN/IiHHS.

OCHOBHMM HanpsMOM BUPiLLEHHS! 3a3Ha4YeHOT NPO6JEMU € BUKOPUCTAHHS
eHepro3bepeXkHNX TEeXHOMONIN, WO NexaTb B OCHOBI TEMI0BMX HacociB. Tomy
MPOMOHYETLCA CXeMa TEeM0BOro Hacocy 3 BUKOPUCTaHHAM COHSIYHWX KOMEKTOPIB
aficopbHoOro abo BaKyyMHOro Tuny, Ha 6a3si pignHHO-NapoBoro exxektopy (PrIE).
[nsi NOPIBHAHHS CXeMu onasieHHs1 byna B3siTa CxeMa COHsAUHOro konektopa (CK) 3
BUKOPUCTaHHAM  TpagwuLiliHOT NapOKOMMPECOpPHOi  TEMIOHACOCHOT YCTaHOBKM
(MKTHY), y KOHTYpi AKOi BMKOPUCTOBYIOTLCA HaMpPOCMOBCIOMKEHI B CyYacHMX
TEennoBMX Hacocax XonoAnbHi areHTn R134a, R410a, R32.

3Baxatouy Ha BCe BWLLEHaBefeHe, [J0CUTb aKTyaSbHUM € MUTaHHSA
[OCTYNHOI anbTepHaTVBM Cy4yaCHUM [OPOroBapTiCHUM TenjoBMM Hacocam 3
XONIOANNIbHUMU areHTamMm y SKOCTi BOAM, fKa € AelUeBUM poboumM cepefoBULLEM
TEM/I0HACOCHOTO LMKITY 3 BUCOKUMM MOKa3HNKamu eheKTUBHOCTI.

MponoHoBaHe PILIEHHS CUCTEMM OMafeHHs MNPUMILLEHHA nepesbayae
BK/KOUEHHA [0 JiHIT CUCTEMM LEHTPai30BaHOr0 OMasieHHA 3  MOX/IMBICTHO
peasisaLlii MOBHICTHO aBTOHOMHOIO peXumy po6oTtu. MpuHUMMIOBI BiAMIHHOCTI B
UMKnax TpaguuiiiHOT Ta MPOMOHOBAHOI CXeM HaBeAeHO aBTopaMu B po6oTi. PIME
npautoe B 06nacTi BOMOroT Mapwu, WO € MNPUHUMNOBO HOBWMM  CMNOCOOOM
NepeTBOPEHHSA EeHeprii, [03BONAIYM 3MEHLIMTU POBOTY UMKIY Ta NigBULLUTM
Koe(iLieHT NepeTBOPEHHS TENIOHACOCHOT YCTaHOBKW. [ns peanisayii He noTpibHa
30BHILLUHS reHepauis pobo4oi napu, sika NOJAETLCH Y COMMO aKTUBHOMO MOTOKY
PME. leHepauis po6o4yoi napu BigbyBaeTbcs 6e3M0ocepefHb0 B TEMIOHACHOMY
LMKAi, a came Y conni akTMBHOro noToky PIE, wo nigBuLLye A0ro eieKTUBHICTb.
BuikopucTaHHs BOAM SIK pob04y0oro cepefoBuLia B TEMJIOBOMY Hacoci Ha 6asi
PiAVHHO-MAPOBOr0 EXEeKTOpa € MEepCrneKTUBHUM, ane MWTaHHA LWOAO oro
e(heKTMBHOCTI 3a/IMLLIAETLCA BIAKPUTUM Ta MOTPe6YE OKPEMOro AOC/IKEHHS.
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MeTolo JoCnipKeHHs € OUiHKa e(EeKTUBHOCTI 3aCTOCYBaHHA PigvHHO
MapoBOro eXKekTopa Ha poboyomy cepefosuiLi R718 y cknagi TennoBoro Hacoca
Ha 6a3i COHAYHOrO KONEKTOopa AN CUCTEMW OMasieHHA «Tenna nignora». Lle gactb
MOX/UBICTb NiABULLNTN ePEKTUBHICTb TEMI0HACOCHUX CUCTEM iHAMBIAYaNbHOIO
OnasneHHs.

O6’eKTOM [JOCNILKEHHS € poboUNiA NPOLEC PiIAMHHO-NAPOBOro eXeKTopa y
CK/aAi TEMI0HACOCHOT YCTaHOBKM iHAMBIAYaIbHOT CUCTEMU OMANEHHS.

B pe3ynbTaTi BUKOHaHHS TEPMOAMHAMIYHOIO PO3PaxyHKy 0Yyn0 BU3HAYEHO,
O 3acTOCYBaHHA PiAWMHHO-NMAPOBOr0 €XeKTopa B CUCTEMaX iHAWBIAYabHOIO
OMaNEHHS XXMT0BUX MPUMILLEHb € NepcneKTMBHUM. BOHO aae 3mory nigsuwmTu
KOe(iLieHT nepeTBOPEHHS LMKY TEMI0BOr0 HacoCy MOPIBHSHO 3 TPaguLinHUMuy
aHanoriYHMMu cxemamu B cepeiHoMy Ha 40 %.

B pesynbTaTi  eKCepreTMYHOro aHanisy BW3HAYeHO EeKCepreTuyHy
eeKTUBHICTb PIAMHHO-NAPOBOr0 eXekTopa Yy CKMafi TennaoBoro Hacocy Ta
JOUINBbHICTb AOro 3acToCcyBaHHA A1 CMCTEMU iIHAMBIGYa/IbHOTO OnaneHHs. BoHa
ctaHoBuTh 0,287, Wo B cepegHboMy Y 1,5 pasu Bulle, HiXK y TpaguuiiHmx. Taki
MOKa3HWKM [OCAratoTbCA 3a PaxyHOK Mepexofy Ha BaKyyMHWI pexxum poboTu
NPONOHOBAHOT TEMNJIOHACOCHOT YCTAHOBKM, L0 MPU3BOAUTL 4O MEHLUMX MacoBMX
BUTPAT TEMNOBMX MOTOKIB, 3HAYMTb | 3HWMXKEHHS eKCeprii MoTOKy naivea i
NiABULLEHHS 3arasibHOT eDEKTUBHOCTI.

B pesynbTaTi TEPMOEKOHOMIYHOIO aHanisy BU3HAYeHO OLiHHY BapTiCTb
OAMHMLI KiNbKOCTI TENMIOTW Ha TOHHY MPOAYKTY Ta Ha OAMHWLIO ONastoBaHoOl
NAOLL NPUMILLEHHS B HOBIM Ta TPaaWLiAHMX CXemMax Tena0HAaCOCHMX YCTaHOBOK.
BnipoBa/XXeHHA HOBOI CXEMMW [Ja€e 3MOry 3MEeHLIWUTW 3arafibHy BapTicTb Naivsa B
cepefHbOMY Ha 706,56 y. 0. Ha piK, i 3MEHLWMUTW NUTOMY BapTiCTb OAUHWUI
TENIOTW B cepefHbOMY Ha 26,3 %. FIKLLO BpaxyBaTW BUTPaTW Ha XONOA4UIbHUIA
areHT y TpaguLiliHMX cucTemax, To L eKOHOMIs Byfe e 6ifbLll Big4yTHILLIOHO.

OuiHtoloun  pesynbTat, AKi - 6ynnM  OTpUMaHi  micns  NpoBeAeHHS
TEPMOAUHAMIYHOIO, EKCepreTMYHOro Ta TEePMOEKOHOMIYHOIO aHanisiB, MOXHa
BUAINNTM KiflbKa CYTTEBMX MepeBar 3acTOCYBaHHS PiAMHHO-MAPOBUX €XEKTOpiB
LJ19 TEMJIOHACOCHNX YCTaHOBOK CWUCTEM iHAMBIAYanbHOrO onasieHHs. lMo-neplue,
Le 3[eLUeBNEHHS BUTPAT Ha XONOAWbHWIA areHT, T. AK y pasi po3repmeTu3auii
CUCTEMM BOAY MOXKHa B3ATW 3 LEHTpani3oBaHOl cucTemMu BogonoctadaHHs. 1o
Jpyre, nepexig Ha BakyyMHWA peXum poboTM MOKPaLlye MOKa3HWUKU LUKy
TEeNOHACOCHOI YCTaHOBKW, OCKiNIbKM He MOTPIOHO nigBuvulyBaTU TemnepaTypu
BMMApPOBYBAHHA Ta KOHAEHCAUii X0/ofoareHTa, Wo6 YHUKHYTM Bakyymy Ha
BCMOKTYBaHHI Mpy BUKOPUCTaHHI cnipanbHOro Kommnpecopa. Mo-TpeTe, peanisayis
NPVYHLMNY CTPYMUHHOT TEPMOKOMNPECIT B PiNHHO-MAPOBOMY €XEKTOpI Jae 3mory
3MEHLUMTM MacoBi BWTPaTU XofojoareHTa Ta PO3CONYy, | HaBaHTaXeHb Ha
BifNOBigHI anapatu. Bce Ue fano 3mMory oTpumaty Taki NoKasHUKK e(heKTUBHOCTI.

[JaHe focnifpkeHHs 6yfe NPOJOBXEHO i B nofanbliomy 6yse [oCnifKeHo
pobOTYy COHAYHOrO KOSIEKTOPa, MOPIBHAHO Pi3HI iCHYHOYi TUMM Ta BU3HAYUTU
HainbiNbLL e(heKTUBHI fiana3oHm oro poboTu.

264



MATEMATWYHE MOAENHOBAHHSA TEYIT ABOPA3HOIO NOTOKY
B KAMEPI 3MILLYBAHHA PIANHHO-MAPOBOIO
CTPYMWHHOIO AMNAPATA

LLiapanos C. O., kaHi. TexH. HayK, AoueHT; €BTyweHko C. O., acnipaHT,
Kathegpa TT®P, CyMcbKuii ep>KaBHuii yHiBepcuTeT, M. Cymu

B Haw yac [JocuTb aKTyalbHUM MOCTae MNUTaHHA eHepreTUYHoI
e()eKTMBHOCTI Ta eKO/oriyHoi 6Ge3nekn arperatiB, WO MPOEKTYHOTbCA. [OCKTb
XKOPCTKI  BUMOTY BWCYBalOTbC [0 POBOYMX CepefoBULL KOMMPECOPHMX Ta
BaKyyMHUX arperaTiB. Came TOMy B 0araTbOX TEXHOMOFYHMX CXemax, Ae
NPUCYTHI  CTPYMWMHHI anapatu, BigOyBaeTbCA Mepexif Ha Hewkigmei Ta
eKonorivyHo 6e3neyHi poboui cepeoBuLLA.

[BothasHi CTpyMMHHI anapaty, A0 SKWX HaleXuTb pPifMHHO-MapoBWiA
CTPYMUHHWIA anapat, € NOPiBHAHO HOBMM BWAOM anapaTiB, B AKUX MePeTBOPEHHS
eHeprii MacBHOro MOTOKY BifOYBaETbCA 3a paxyHOK eHeprii po6o4voro cTpymeHs
aKTUBHOTO MOTOKY. IX e(eKTMBHICTb HanpsAMy 3afeXuTb Bif CTymneHs
3aBepLUEHOCTI MPOLIeCy 3MilllyBaHHS aKTUBHOTO i NAaCMBHOrO MOTOKIB. Llei npouec
Bi10yBa€TbCSA B Kamepi 3MiLLlyBaHHS PigNHHO-NapoBOro CTPYMUHHOIO anapary.

Mpouec 3MmiWyBaHHA MOTOKIB € [OCWUTb CKNagHUM, TOMYy MOTpebye
[ETabHOr0 TEOPETUYHOr0 Ta EKCMepUMEHTaNbHOr0 BWBYEHHS Ta CTBOPEHHS
mMaTeMaTu4yHOi Mogeni. [lpoaHanisyBaBLIM iCHYIHOYi MaTemMaTuU4yHi  Mogesi
pO3paxyHKy PiAVHHO-NapoBMX CTPYMMUHHMX anapaTiB 3 Kamepamy 3MillyBaHHS
pi3HOi reoMeTpuUYHOT (hopMuK, aBTOPW AilLLAN BUCHOBKY, LLO BOHW He AOCTaTHbO
TOYHO BPaxoBYyHOTb NPOLEC MapOyTBOPEHHA B COMJi aKTUBHOrO MOTOKY. Tomy
nocnigytodi pospaxyHKu NpoLecy 3MillyBaHHs akTMBHOIO i MAaCMBHOMO NOTOKIB B
Kamepi 3MiLLlyBaHHS HOCATb HABMXKEHWIA XapaKTep.

PospobieHa aBTopamMmy MaTeMaTuM4yHa MOfeNb PO3rNsAae PiAMHHO-NapoBuiA
CTPYMMWHHWIA anapar B LjifloMy, a He NoefleMeHTHO. BoHa 6a3yeTbCsl Ha PO3B’A3aHHi
PIBHAIHHS IMMY/bCIB | 30EPEXEHHS Macy Ta BMBEAEHHS PIBHSHHS IHXeKUiT ans
Kamep 3MillyBaHHS1 Oyab-SiKOT reoMeTpuyHoi dopmu. [Ans UbOro aeTopu
BMKOPUCTOBYIOTb MOHATTH «r€OMETPUYHNX MapaMeTpiB», SKi BIAHOCATb A0 NOLLi
Kamepu 3milLyBaHHSi B MEBHOMY Mepepisi.

EdekTVBHICTb npouecy 3MilllyBaHHS BpaxoBYE LUBUAKICHUA KoeqilieHT
Kamepw 3MiLLyBaHHS, KW B YNC0BOMY BUINALI O6UNCTIHOETLCS Yepes KoediLlieHT
rigpasniyHoro TepTa MOTOKIB Yy Kamepi 3MillyBaHHA Ta CRiBBIAHOCUTLCS 3
[iaMeTpOM eKBiBa/IEHTHOT LIMMIHAPUYHOT KaMepy 3MiLLyBaHHS.

B pesynbTaTi YACNOBMX PO3PaxyHKIB Kamep 3MillyBaHHS LUNIHAPUYHOI
(hopMU  Ta KOHIYHOT (hOpMU 3 MOJANLLUIOK  LUNIHAPUYHOIO [iNAHKOI 3a
MaTeMaTUYHOK MOJEN0, SKY MPOMOHYIOTL aBTOPU, MOXHA 3p06UTU BUCHOBKW,
WO reomMeTpuyHa Qopma KamMepu 3MillyBaHHSi Mae 3HaYHMA BNAMB Ha
epeKTVBHICTb P0O6OYOro MPOLECY PiAMHHO-NApPOBOr0 CTPYMUHHOrO amaparty. Lle
BUHO 3 pO3paxyHKiB KoeiLlieHTY iHXeKLii Ta CTyrneHs nepeBupobHMLTBA Napy.
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MABNLWEHHA E®QEKTUBHOCTI TEM/IOHACOCHNX YCTAHOBOK
LLUIAXOM SACTOCYBAHHA PIAVHHO-TTIAPOBUX EXXEKTOPIB

LLiapanos C. O., KaHf. TexH. HayK, AoueHT; PeBeHko P. O., MaricTpaHT,
rp. K.m-21; Onaga €. M., 3aB. HaBY. nabopaTopismu, kadeapa TT®,
CyMCbKWiA filep>KaBHuin yHiBepCUTET, M. Cymu

CyyacHi TennoHacoCHI YCTaHOBKM 3aCTOCOBYHOTLCA Ha 06°€KTax LMBIIbHOI
iH(PACTPYKTYpU 415 CUCTEM rapsvyoro BOAOMOCTaYaHHS Ta OMaNeHHs XXUTIOBUX
NpUMiLLeHb. 3a CBOIM MPU3HAYEHHSM BOHM MOXYTb OYTU MOHOBANEHTHUMMU
(3acTOCOBYIOTHCA ab0 AN CUCTEM rapsivyoro BOAOMOCTayaHHs, abo Ans CUCTeM
onasieHHs) Ta GiBaeHTHUMW (MpPU3HaYeHi OAHOYACHO ANA CUCTEMMW Fapsavoro
BOZOMOCTa4YaHHA Ta CUCTEMW OMNasIEHHS).

B HalLl Yac LLIMPOKO 3aCTOCOBYHOTLCS TEPMOKOMIPECiiiHi Tennosi Hacocu. Tx
OCHOBHVM €/IEMEHTOM € EXEKTOp, AKMiA 3abe3nevye LUPKYN[Lito X0N04NIbHOIO
areHTa B KOHTYpi TennoBOro Hacoca. B cy4yacHWX TennoBWX YCTaHOBKaX
LUMPOKOr0  3aCTOCYBaHHA  Haby/nn  MapoCTPYMUHHI  €XeKTopW,  pobovmm
CepefloBULLEM SIKMX € HalMOLUMpeHilli B Hall 4ac XonoaunbHi areHTn (R134a,
R410a, R32). Lli xonoawnbHi areHTM € 6inbll AOCTYMHUMW Ha PUHKY Ta
eKoMoriyHo 6e3neyHmmmn. OfHaK pasom 3 TakuMuW CYTTEBUMW repeBaramu, AaHi
TENSIOHaCOCHI YCTaHOBKM MaloTb psf HefoNiKiB, OCHOBHMM 3 SIKMX € HU3bKa
e(heKTMBHICTb cCame NapoCTPYMMUHHOIO eXXeKTopa. ToMy B faHild cuTyaLii 4ocuTtb
aKTyasilbH/M MOCTaE NUTAHHSA 3aCTOCYBAHHS IHLLIOMO BUAY CTPYMUHHUX anaparis 3
Oiflbll BMCOKMM piBHEM eHeproeekTUBHOCTI. Came TakuMu € PigWHHO-NapoBi
EXEKTOPY, WO BiJHOCATLCA L0 ABO(A3HUX CTPYMUHHUX anaparis Ta npawtooThb 3a
MPYHLMNOM CTPYMUHHOT TepmoKomnpecii. OCHOBHOIO iX MNepeBarolo € Te, WO
reHepauis poboyoi napu BigOYBaeTbCA BCepeauHi pobovoro UMKy anapaty, a
caMe B COM/i aKTUBHOro MOTOKy. Lle 3HauHO nigsuulye edeKTUBHICTL BCiel
TEeN/IOHACOCHOT YCTAHOBKU. TaKOoX iHLIMM YMHHUKOM A5 IX BNPOBAMAXKEHHS MOXe
CNyryBaT¥ MOX/MBICTb 3aMiHW Ha3BaHWUX BULLE XONIOAWNbHUX areHTiB BOAOH
(R718), W0 3Ha4YHO 3MEHLLYE BUTPATK Ha XONOAWU/bHWUIA areHT.

MpoaHanizoBaHO AOLiNbHICTL 3aCTOCYBaHHA PiAMHHO-NMAPOBUX EXEKTOPIB
Ha 6a3i MOHOBA/IEHTHOT CXEMW TEMNOHACOCHOT YCTaHOBKM A1 CUCTEMM ONaSIEHHA
XWUTNIOBOFO  MPUMILLeHHs. [N UbOr0  BWKOHAHO  TEPMOAUHAMIYHWIA,
eKCePreTMUYHUA Ta TEPMOEKOHOMIYHUIA po3paxyHKM 6a30BOI Ta MPOMOHOBAHOI
CXeM Ta MPOoBeAEHO X NOPIBHANLHWIA aHani3.

B pesynbTaTi NOPIBHAMBLHOMO aHanisy MOXHa 3poOUTW BUCHOBOK, LLUO
3aCTOCYBAHHA  PIAWHHO-MApPOBMX  E©XEKTOPiB €  MEepcrnekKTUBHUM  Ans
MOHOB&/IEHTHUX Ta 6iBaJieHTHWUX TenioHacocHMX cucteM. B pesynbrari
eKCepreTUYHOro aHanisy BMABNEHO, L0 eEKTUBHICTb MPOMOHOBAHUX CXEM BULLE,
B cepefHbOMy, Ha 20-25%, a B pesy/nbTaTi TEPMOEKOHOMIYHOro aHanisy
BU3HAYEHO, L0 BUTPATU Ha OAMHULIO OTPUMaHOI TENIOTY B MOMOHOBAHUX CXemax
MeHLLe, B CepejHbOMY, Ha 18 % 6e3 BpaxyBaHHS BapTOCTi XON0AN/IbHOIO areHTa.
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TENJTIOPISNYHA MOAENb PIANHHO-MAPOBOIO CTPYMWHHOIO
AMNAPATA 3 COMJ/IOM AKTVBHOIO MOTOKY MPO®INIbOBAHOI ®OPMU

LLlapanos C. O., kKaHf,. TexH. HayK, goueHT; 'yces [I. M., acnipaHT,
Kathegpa TT®d, CyMcbKuii ep>KaBHuii yHiBepcuTeT, M. Cymu

3a OoCTaHHi AecATUNITTS BigbyBaeTbCst OYPXIMBUIA PO3BUTOK BCIX Fany3ei
NMPOMMUCNOBOCTI Ta TeXHikW. TexXHONOriuHi npouecu, sKi paHile 34aBanmcs
HEMOXX/IMBMMM B YMOBaxX aTMOC(EpHOro TWUCKY, NErko MOXKHa 34iACHUTK Y
BaKyyMHUX arperatax. Anaparty, B SKUX eHepris nacMBHOMY MOTOKY HafaeTbCs
Bifi, po6oYOro  CTpyMeHA  Mapu  aKTMBHOrO  MOTOKY,  Ha3MBalOTbCH
NapoCcTPYMUHHUMU eXkeKTopaMu. BOHU MatoTb psAf HeLONiKiB, FOMIOBHUM 3 AKUX €
30BHILLHS reHepadlis po6o4oi neperpitol Napu, WO Pi3KO 3HUXKYE 1X e(heKTUBHICTb.

CyyacHOK aNlbTepPHATUBOKO MApOCTPYMUHHUM anapataMm MOXYTb 6yTu
PiAVMHHO-NApPOBI CTPYMUHHI anmapaTty, poboumii MpoLec AKMX 3aCHOBaHUA Ha
NPUHUMNI CTPYMUHHOT TepmoKomnpecii. OfHaK, BOHW NOTPebytoTb AeTasbHOro
[OCNIMKEHHs  4yepe3  CKMagHiCTb  poboyoro  npouecy. ABTopamu  6yno
npoaHani3oBaHo iCHYYI Mofeni po3paxyHKy, Haibinbll AOCTOBIPHOK 3 HUX €
TennodgisnmyHa mogens M. I'. TlpokonoBa Ansi KOMMPECOPHOro PexuMy po6oTw,
sIKa BAOCKOHaneHa C. O. LLlapanoBmm ansi BaKyyMHOI0 peXxuMy poboTu.

[F0NoOBHMM HeJoNiKOM fdaHoi Mofeni € Te, WO BOHa He BpaxoBye
reoMeTpuyHy (opMy AWy30pHOI 4YaCTWHW COMMa aKTMBHOrO MOTOKY, a
po3paxoBye #oro sk conso JlaBans 3 NPAMUMU CTIHKaMU. ABTOPMU BLOCKOHANWN
L0 Mofenb, po3B’A3aBWM 11 ANS BW3HAYEHHS BEIMUMHWU  BiAHOCHOT NJIOLL
OV(Y30pHOT  YaCTUHW  cOMa B 3a1eXHOCTI  Bif, NPUPOCTY  MO3L0BXHBLOI
KoopgauHath. Lle [ano MOXMBICTb UiTKO BW3HAUUTU [OBXUHY AUDY30pPHOT
4yacTUHW conna, [Je BiAOGYBAacTbCA BigPMB NOTOKY Bif CTIHOK KaHany, LWo
PO3LIMPIOETLCH Ta CMPOEKTYBaTW CONJO, AKe 6 3a reoMeTPUYHOK (OPMOKD
MakCMManbHO  [OCTOBIPHO  BIAMOBIZaso  MpOLECY  MapoyTBOPEHHS, L0
Bi10yBAa€ETHCA B HHOMY.

[ns nepeBipkn QOCTOBIPHOCTI OAepXXaHUX pe3ynbTaTiB, aBTOPU BUKOHAIN
uncnoBe MOZENIOBAHHA MPOLECY NapoyTBOPeHHs B conii 3 napabonivuHow
(hopMOt0 AM(Y30PHOT YaCTUHM B nporpamHomy Komnnekci Ansys CFX. Takox
6yN10 NOPIBHSHO PO3paxyHKOBI AaHi, 0Aep>KaHi 3a MPONOHOBAHOK TENI0Mi3NYHO
MOZENNI0, Pe3ynbTaTh MOLENtoBaHHS B nporpaMHoMy Komnsekci Ansys CFX Ta
pesy/nbTaT  EKCMEPUMEHTANbHOTO  [OCNIMKEHHS,  AKi  OynM  npoBefeHi
M. I". Mpokonosum Ta C. O. LLlapanosum.

Pe3ynbTatu fOCNifXeHb [0BOAATb, WO MPOQIIOBAHHS COMia fae 3mory
NigBULLMTN e(heKTUBHICTb MPOLECY MapoyTBOPEHHA B COMAi aKTUBHOTO MOTOKY.
30KpeMa, SKLIO MOpiBHIOBATU MpPOQiNbOBaHe COMAO0 3 COMNIOM 3 MPSAMUMM
CTIHKaMK, TO MOXHA BM3HAUMTU pPag CYTTEBMX MepeBar. 3aBepLUeHHs MpoLecy
NMapoyTBOPEHHS BifOYBaETbCA Ha ONTUMA/BbHINA BigCTaHi Bif rOpJOBUMHM COMa, a
Ha BMXOfi YTBOPIKOETLCA MOTIK Mapy 3 HEOOXiAHUM 3HAYEHHAM TUCKY, a TaKoX
36iNbLLYETbCA KoediLieHT wamnakocTi conna (Big 0,92-0,97 o 0,95-0,98).
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MOXNNBI OB/IACTI 3BACTOCYBAHHA TYPBIH
HETPAONLINHOIO BUKOHAHHA

Meneiiuyk O. C., acnipaHT; BaHees C. M., K.T.H., JOLEHT,
Kadhespa TexHiuHoi Tennogisuku, Cymay, m. Cymu

B YkpaiHi AK i B LiNOMy y CBITOBi/i €KOHOMILi FOCTPO MOCTae NUTaHHS
eHepro3bepeXKeHHsl, 3MEHLLIEHHSI BUKOPUCTAHHS BMKOMHUX MPUPOAHUX Pecypcis.
MocTiiHO 3pocTatodi NoTpebu B eneKTpomnocTadyaHHi MPOMUCIOBUX Ta MNOGYTOBUX
CMOXMBaYiB CMOHYKaKTb 40 PO3PO6KN eHEPrOe(eKTUBHNX PilLieHb.

HaykoBuiA Ta TEXHOMOTIYHWIA MPOrpec OCTaHHIX AeCATWUNITL [03BOMMB
po3pobUTK Ta YAOCKOHAIUTU HOBI BUAM Ta KOHCTPYKLiT TYpOiHHOro 06nafHaHHs,
AKi HanexaTb A0 KOHCTPYKLUili HEeTpaAWUiiHOro BMKOHaHHA. [0 Takux TypbiH,
HeTPaguLiiHOro BUKOHAHHSA, MOXHA BifHECTU BMXPOBY Typ6iHY Ta CTPYMWUHHO-
peakTMBHY TypbiHy, KOTpi MatOTb MNOTEHLUian 3HalNTW LUMPOKUIA CMeEKTp
3aCTOCYBaHHA B MPOMMUCNOBOCTI.

OfHVM 3 eHeproeteKTUBHUX PilleHb € BUKOPUCTAHHA eKCepril CTUCHYTUX
rasis i napi., Ka BTPa4aeTbCs Ha PeAyKTopax i perynsaropax Ha ra3opo3nogiibH1X
cTaHuisx (FPC), rasoposnogiibHux nyHktax (FPI1), XiMiyHMX Ta iHLIKX
eHepreTUYHUX NiLNPUEMCTBAX, Y KOMYHaNIbHO-NMOBYTOBOMY CEKTOPI.

BuxpoBi Typ6iHM MOXYTb O6YyTVW BMKOPWUCTaHHI B yTuAi3auil NOTEHLiAHOT
eHepril cTucHyToro rasy um napu Ha 'PC, TPl Ta XiMi4HMUX MignpuemcTeax B
eHEeproreHepytoumMx ycTaHoBKax A/1s 3a6e3neyeHHs BACHUX NOTPED eNeKTPUYHO
Ta TENI0BOIO EHEprielo.

Kpim TOro, BUXpoBi Typ6iHM MOXYTb 3HaliTM CBOE 3acTOCYBaHHA B
MHeBMOCUCTEMaX, K MHEBMATUYHWIA ABUIYH; B MPOMUCOBOCTI, SIK Typ60npuBoam
KOMMPECOopiB, HACOCIB; B KOTENbHSAX, /18 y4acTi B NpoLeci ApoCcenioBaHHsA napu Ta
MepeTBOPEHHA LMX KOTeneHb B MiHI-TELL Ta nigsulleHHs edqeKTUBHOCTI
BUKOPWCTaHHS NainBa; B XONOAWIbHUX YCTAHOBKAaX Y BUrNAAi TypboseTaHaepa.

IHWa o06nacTb MOX/IMBOrO 3aCTOCYBaHHs, L0 HaiwBuUaLe MOTPedye
PO3BUTKY B Cy4acHUX peanisix YKpaiHW, € CTBOPEHHSI eHEPreTUYHUX KOMMJIEKCIB
Manoi MOTYXHOCTI [Ans aBTOHOMHWMX Ta IHAMBIAYaNnbHMX CMOXWBa4iB, TO6TO
JeueHTpanisalis eHepronocTadaHHa Ans NigBULLEHHS HalioHanbHOT 6e3nekn. Ha
OCHOBiI BMXPOBUX Ta CTPYMMWHHO-PEAKTMBHUX Typ6iH € MOX/MBICTb CTBOPUTK
Typ6oreHepaTopy NOTY>XHicTIO g0 500 KBT ans 3abesneyeHHs NPOMUCIOBUX,
KOMYHanbHMX ab0 NO6YTOBKX CMOXMBAYIB EHEPTIEID.

CTpPYMWUHHO-peaKT1BHI Typ6iHM 3HANLLIAM 3aCTOCYBaHHA B KOHCTPYKLiT
MHEBMOMNPUBOLY KYNbOBMX KpaHiB B MarictpanbHWX rasonpoBofax. Taki
MHEBMOMNPUBOAM MatOTb MPOCTiWy, HafiliHiWy, eqekTUBHIWY KOHCTPYKLilO Ta
3pyyHiWwi B ekcnayatauii HiX MPUBOAM KyNbKOBUX KpaHiB 3 rigpaBnidyHum
npuBogoMm. MopanbLui JocnigKeHHs 6yayTh CNPAMOBaHI Ha peanizauito HalibifbL
MepCNeKTVBHNX  HaMpsMKIB  3aCTOCYyBaHHA [aHOro Bugy rasoTyp6iHHOro
obnagHaHHs.
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KPUTEPITI ONTUMISALLIT ANA BUSHAYEHHA ONTUMAJIBHOIO
NnPBOAY KYJIbOBUX KPAHIB

BaHnees C. M., K. T.H., foueHT; MipowHuuerko O. I, acn.; bara T. C.,
MPOB. iH>XKeHep, Kad. TexHiuHoT Tennodisvku, CymAY; MipowHuyenko 4. B.,
K.T.H., HayKoBWii cniBpobiTHUK, TOB «HBIM «APMA-T», M. Cymu

Ha KOMNpecopHMx CTaHLisX Ta MiHiAHIA YaCTMHI ra30npoBOfiB B AKOCTI
3anipHOi  apmatypyu BMKOPUCTOBYHOTLCS B OCHOBHOMY KyNbOBi  KpaHu 3
MOPLUHEBUMM MiHIAHUMM MHEBMOrigponpmeogaMun. Pigllie BMKOPUCTOBYHOTHCA
MOPLUHEBI MHEBMATUYHI (ra30Bi), eNeKTPUYHI, a TaKOX MeXaHiYHi pyyYHi npueoau
B OCHOBHOMY FBUHTOKY/iCHOIO TUMy.

[na  noplwHeBMX MHEBMATMYHMX Ta MHEBMOTiApaBMiuyHMX MPUBOAIB
po6oyvM TifOM 3a3BUYail € MPUPOAHWIA ra3 BMCOKOFO TUCKY, L0 MOAAEThCS
6e3nocepefHbO 3 rasonpoBoAy (HEOUMLLEHWIA Ta HeocylleHWid). Tomy MpYBOAM
MaloTb CBOK CUCTEMY OUMLLEHHS Ta OCYLLEHHA rasy, Lo notpedye nepiofnuyHoro
KOHTPO/IO Ta 06CNYroByBaHHS.

MHeBMaTUYHI NpuBOAM 06'eéMHOro TMy (MOPLUHEBI) MOTEHLIAHO aBapiiiHO
Hebe3neyHi Yepe3 MOX/IMBICTb HAKOMUYEHHS HEMPUMYCTUMO HagMipHOTO TUCKY B
pOo6OoMI NOPOXHUHI UMniHApa. Lie MOXIMBO NpK 3aK/IMHIOBaHHI ab0 NpyMep3aHHi
PyXOMMX 4YacTUH KpaHa ab6o npusogy. [lpu 3puBi BifOyBaeTbCca yaapHe
CMpaLboBYBaHHS, L0 MOXE MPU3BOAMTM [0 aBapiiHMX 3yNWHOK B eKcnyaTtawii.

MHeBMoOrigpaBnivHi NPUBOAM 3a paxyHOK PO3CitOBaHHA HagMipHOT eHeprii
CTMUCHYTOrO rasy ripasnivyHyM OnopoM pifuHK, Lo NepeTikae, NpauooTb GibLy
cTabiNbHO | MNOTEHUiAHO MeHLW  aBapiiiHo-He6e3neyHi B  MOPIBHAHHI 3
MHEBMATUYHUMKM NpuBOJaMU. Ase BOHM 6Ginblwi no rabaputam, CKNALHIWI i
BMMaraloTb  Gifibll  BMCOKMX eKcnayaTauiiHAX BUTpaT uYepe3  HasBHICTb
rigpaBniyHMX cucteM. Y pasi BUTOKY PiAMHM BOHWM TaKOX CTal0Tb aBapiliHO-
Heb6e3neyHUMK.

MHeBMaTUYHI rasoBi MpMBOAM MNPOTOYHOrO TWUNy Oynn 6 HabiNbLL
6e3neyHNMM Ta NPOCTUMM B ekcryatauii. MprHUMN TX AiT BUK/IOUYAaE MOXNBICTb
HagMipHOro nNiABMWEHHA TUCKY B Kopnyci npuBogy i, OTXe, YAapHOro
CrnpaubOoBYBaHHS. [0 TakKMX NPUBOAIB BiHOCATLCS MPUBOAM Ha OCHOBI TYPOIHHMX
MHEBMOABUIYHIB. BOHM MalOTb GifbLUMIA pecypc y MOPIBHAHHI 3 06'€EMHMMK Ta
LUIMPOKO BUKOPUCTOBYIOTLCS B IHLUMX rany3ax. Cnpobu 3acToCyBaHHA Y rasoB.ild
ranysi Typ6iHHMX NPUBOAIB Ha OCHOBI KNaCMYHUX fonaTeBUX TYp6iH He Manu
ycnixy. MNpuunHaMun € 3abpyfHeHHs, 3arigpavyBaHHA Ta 3/1efeHiHHA flonaTeBnx
anapatis Ta yuwinbHeHb Typb6iH. Kpim TOro, nonarteBi Typ6iHW cKnagHo
peBepcyBaTW, BOHW MOPIBHAHO KOHCTPYKTMBHO CKMaAHIWI, a And pobotn Ha
BMCOKOMY TUCKY X pobasTh 6aratocTyniHyacTUMK i 3 TOBCTOCTIHHUM KOPMYCOM,
LU0 BUTPUMYE BUCOKUIA TUCK.

MepepaxoBaHi HefonikM  BIACYTHI Yy  OAHOCTYMNiHYACTOI PEBEPCUBHOI
CTPYMUHHO-peakTUBHOI Typ6iHn (CPT). BoHa e(eKTUBHO NPaLoE Y LLUMPOKOMY
pianasoHi Tuckis Big 0,5 MIMa pgo 10,0 MlMa Ta Buwe. BiAcyTHiCTL lonaTeBux
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anapatiB Ta  KOHTakTHMX ab0  Man03a30pHMX  YLilbHEHb  [0O3BONSE
BUKOPUCTOBYBAaTW A/19 Hel 3abpyHeHUIA Ta BONOTUiA ra3 3 HU3bKOKO TEMMEPATYPOIO
6e3 3abpyfHeHb Ta 3nefeHiHHA 11 razoBoro TpakTy. Kpim Toro CPT 3abe3neuye
MpVBOLY YHiKabHYy BMACTWMBICTb - MOYATKOBUIA CTATUYHWUI KPYTHUIA MOMEHT B
Kiflbka pasiB BULLMIA pOBOYOro MOMEHTY Npu pyci.

MopiBHAHO 3  KNaCWYHVMMK  MOPLUHEBMMW  MHEBMOTigpPONpMBOLAMY,
TypbonpnBoau Ha ocHoBi CPT MatoTb HacTynHi nepesarm:

e He BMMaratoTb A1 HOpPManbHOI PO6OTM IHLWOro poboyoro Tina —
MacTuna abo cnevwianbHOT rigpaBNivyHOT PiANHY;

e MalTb BWILE Pecypc 4Yepe3 BIACYTHICTb PYXOMUX KOHTAKTHUX
YLWWiNbHEHb, L0 TPYTLCS Ta 3HMKYIOTb HaAIHICTb | pecypc NpuBoay;

e MalTb Yy 6ifbl HDK B 2 pa3n MeHWy Macy Ta rabaputi Tak fK Le
MPVBOAM NPOTOYHOIO TUMY 3 AY>Xe Ma/IMM 06’€MOM MPOTOYHOT YaCTUHW. Bucokum
TUCKOM HaBaHTaXeHi TifbKW MNiABiAHI TPYOKM Ta NOPOXHMHA POTOpa, 30BHILLHIN
KOpMyC He HaBaHTaXKEeHWI BENMKUM TUCKOM i TOMY 3Ha4YHO NerLuuid.

Bynu npoaHanizoBaHi KOHCTPYKLIT ICHYOUMX NPUBOLIB KY/IbOBUX KpaHiB,
BM3HaYeHi OCHOBHI MepeBary Ta HEAONIKA PO3IMAHYTUX KOHCTPYKUii. [Ons
BM3HAYEHHA OMNTUMA/IbHOTO TWMY Ta KOHCTPYKLIi MpUBOAY KY/bOBOrO KpaHy
BM3HAYEeHi HaCTYMHI KpUTepii onTumisauii:

1) maco-rabapuTHi NOKA3HUKW;

2) BuTpaTa pob040ro Tina 3a LMK CnpaLboBYBaHHSA KpaHa,

3) pecypc poboTn (KinbKiCTb LMKNIB pO60TM NPUBOAA);

4)  co6iBapTiCTb BUrOTOB/IEHHS MPUBOAY;

B pesynbTati aHanisy Ha OCHOBI 3HayeHb KpWTepiiB onTumisauii ans
NPVBOAIB KyNbOBUX KpaHiB Y BCbOMY fianasoHi NpoxigHWX nepepisiB i TUCKIB
HafaHo pekomeHfauil wofo BubGopy TUNy npmeogy. [na  BU3HAYEHHS
ONTUMaNbHUX MapaMeTpiB KOHCTPYKLiT MpvBO4Yy NEBHOrO Tuny Heob6xigHO
MpoBefieHHs OMTUMI3aLIAHMX AOCAIMKEHb ANA BW3HAYEHHS Ta MOPIBHAHHS
3HauYeHb KPUTepPITB ONTUMI3aLLIT KOHCTPYKLIN, IKi 4OCIAKYHOTbCS.

Cnncok nitepatypm

1. BepexHuii O. C. Y 0CKOHa/IeHHS] PO60UMX XapaKTePUCTUK CTPYMUHHO-
peakTMBHOro NMHeBMOAarperata Ha OCHOBI YTOUHEHHS MOZeni poboyoro npolecy:
aucepTauis Ha 3400yTTS yd. CTyMeHsi KaHf. TexH. Hayk: cney. 05.05.17 —
rifpasnivyHi MallMHW Ta rifpornHeBMOarperaTti, HaB4. Kep. K.T.H., fou. BaHees
C.M. / bepexHuii OnekcaHap CepriioBud; CyMCbKUIA AepXXaBHUI YHIBEPCUTET. -
Cymu, 2014. - 157 c.

2. BaHees C. M. AHani3 KOHCTPYKTUBHMX CXeM MPUBOZAIB LLIAPOBUX KPaHiB
DN=300-1400 MM Ans KOMMAPECOPHWX CTaHLiiA MaricTpasbHWX ra3onposogis /
C. M. Banee, C.K. Kopones, B.Tl. EHa // 36ipHMK HayKoBMX MpaLb
KipoBorpaAcbKoro [epXaBHOro TexHiYHOro yHisepcutety. — 2000. — Bun. 7. —
C.52 -57.
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TYPBOIEHEPATOPU HA OCHOBI BUXPOBMX PO3LLUVPIOBAJIbHNX
MALLUWH 1A FA3OPO3MNOA4INIbHUNX CTAHLUIN
Y PAMKAX «BOAHEBOT EHEPFETUKW»

BaHees C. M., K. T.H., floueHT.; Hikonaexnko [. P., cTygeHT rp. K.m-21,
Kadhegpa TexHiuHoi Tennodisnku, Cymay, m. Cymu

BogeHb € BaXIMBOK YacTUHOW EBponelicbkoro 3eneHoro  Kypcey.
€Bponelicbknii COl03 PO3paxoBYyeE CTBOPeHHS B YKpaiHi 10 MBT noTyxHocTel 3
BMPOBHMLTBA «3e/1eHOro» BOAHIO. 75% BMPOGNEHOro nasmBa MaHYETLHCS
ekcnopTysatu 1o €C, 25% 3anMWwaeTbea Ans BHYTPILLHbOr0 BUKOPUCTaHHS.

IcHytoui BOfHEBI TPy6ONPOBOAN MPALIOKOTh, 3aMEXHO Bifl KOHCTPYKLUIT, y
LUMPOKOMY Aiana3oHi Tuckis - Big 0,5 o 10 MIMa, npu giameTpi Big 0,1 fo 0,8 m.
BofeHb eKcrnopTyloTb TakoX 3a [I0NOMOrol MepeBe3eHb aBToLMCTEPHAMM abo
3ani3HULELD.

OfHUM i3 MOX/IMBKX CNOCO6IB EKCMOPTY BOAHIO € TPAHCMOPTYBaHHS 10ro
yepes nepeobnagHaHy iHhPacTPYKTypy ra3onpoBo/iB NPUPOAHONO rasy.

Y TOl Xe uac, po3rnafaeTbCi TakoX MOX/IMBICTb BMKOPUCTAHHA raso-
BOAHEBMX CyMillleli B YKpaiHCbKi ra30TpaHCMOPTHIA cucTemi. [0 npuknagy, B
iTanificbKil ra3oTpaHCNOPTHIA CUCTEMi AOMYCKAaeTbCS BUKOPUCTaHHS CyMiLli i3
BMicTOM 0 10% BOAHIO.

FAK i Npy TpaHCNOPTYBaHHI NPUPOAHOro rasy, BenmKa KifbKicTb ekcepril
CTUCHEHOI ra30-BOAHEBOT CyMillli BTpauaTUMeTbCA Ha pedyKTopax i perynstopax
rasopo3noginbHux ctaHuiid (FPC), rasopo3nofifibHuX MyHKTax abo npu nogaui
NafIMBHOMO rasy y MeTaypriiHiii um XimiuHii npomucnoBocTi. LlikaBum € akT,
WO Mifi 4Yac [JpOCentoBaHHA NPU TUCKax | TemnepaTtypax, WO € 3apa3 Ha
rasoposnojifibHNUX CTaHUisX, TeMnepaTypa BOAHIO, Ha BiAMIHHY Bif NPUMPOAHOro
rasy, 6yge 36inblyBaTnCs, TOGTO B LMX yMmoBax npouec [xoyns-ToMcoHa
NpV3BOANTL [0 HarpiBaHHA rasy. 3HW3UTW BTPaTW eKCeprii MOXIMBO LLISXOM
BUKOPWCTaHHA  eHeprosbepiratoyoi  TypboreHepaTopHOi  YCTaHOBKM  3aMiCTb
3BMYHOIO CrnpaubOBYBaHHS Mepenagy TUCKY Ha [pOCENHOHOHOMY  OpraHi.
MepcnekTMBHUM € BUKOPUCTaHHA TypboreHepaTopHMX arperatiB Ha OCHOBI
BUXPOBUX Typ6iH. Buxposa TypbiHa, Y MOPIBHAHHI 3 OCbOBOIK i JOLEHTPOBOIO,
npocTila 3a KOHCTPYKUieto i 6inbll TexXHONOriyHa, WO 34ewlesluye i
BUrOTOB/IEHHS. BYKOpUCTaHHSA BUXPOBUX TYpOiH 403BOSE BUKIOUUTA OCHOBHWIA
HefloNiK KNacu4HMX TypbiH - BUCOKOOBOPOTHICTb. Lle f03BONSE BigMOBUTHCA Bif
3aCTOCYBaHHA MOHWXKYBa/IbHUX PEefyKTOPiB, WO 3HAYHO 3HWXKYE BapTiCTb,
3MEHLUYE BUTPaTM Ha OO6C/YroByBaHHA Ta MiJBWLLYE HafiliHICTb MallMHW.
[ianasoH 3acTocoBHOCTI Typ6iH [aHOro BWMAY BU3HAYAETLCA MOTYXKHICTIO Bif
Kifbkox Kinoeat fgo 600 kinoeaT. BcTtaHoBneHHa Ha [PC  nogibHMX
TypboreHepaTopiB 3HaYHO MiABULLUTL e(IeKTUBHICTb BUKOPUCTAHHS PecypciB.

Bynu BUKOHaHI po3paxyHKU TypboreHepaTtopa Ans BnacHuWx notpe6 MPC
noTyXHicTio 10 kBT npu po6oTi A0ro Ha NpUPOSHOMY rasi i Ha BOfHI. OTpuMaHi
reoMeTpuyHI i TepMorasoAvMHaMiyHi napameTpu TypboreHepartopis, NPOBeAEHO X
MOPIBHAHHS i aHani3.
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CEKUIA «<EHEPIMO3BEPEXXEHHA EHEPTOEMHNX BUPOBHUNLITB.
TEXHIYHA TEMJ/TIO®PISNKA»
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BVIKOPUCTAHHSA CYUACHWX TEM/OIZONALINHUX MATEPIANIB
MPN MPOEKTYBAHHI EHEPITOE®EKTVBHNX CUCTEM OMNAJNTIEHHA

TapaHeHko B. A., cTya. rpyna XKgH-94ap; Bapan B. B., Buki., Aporo6uuskuii
thaxoBuin koneg>K HatTL i rasy, M. jporobuy; Meneiiuyk C.C., K. T.H., JOLUEHT
Kadhespa TexHiuHoi Tennodisukn, Cymay, m. Cymu

TennoHacoCHi  yCTaHOBKM TUMNY  «MOBITPSA-BOAa», «MOBITPA-NOBITPS»
OTPUMAIN LUMPOKe PO3MNOBCIOMKEHHA MPU  MPOEKTYBaHHI CUCTEM OMasieHHs
OyaiBenb yepe3 BUKOPUCTaHHSA AOCTYMNHOrO HU3bKONOTEHLIAHOTO JKepena eHeprii
Y BUrNA4I HABKO/IMLLHLOTO MOBITPS.

EeKTUBHICTb TENNOHACOCHMX YCTAaHOBOK, OKPIM IHLIOrO, BUPaXKaeTbCs
KoedpiuieHToM nepeTBopeHHst (COP), SiKuid B CBOKO Yepry Hampsamy 3aiexxuTtb Bif
TENNoBUX BTPaAT (HaAXO[KEHb) Yepe3 OropomkeHHs (CTiHW, Aax, NiANory, BikHa,
nBepi) byaisni.

MpPOEKTYBaHHA  eHeproeeKTMBHKWX CWUCTEM  ONafeHHA  nepefbavae
BUKOPUCTaHHA PIi3HWUX (hacafHWX CUCTEM [ANA  YTeneHHS  Oropomxyroumx
KOHCTPYKLili IK HOBMX, TaK i iCHYtoumnx 6yaisenb. B Hawwiil KpaiHi 3Ha4Ha YacTuHa
MEeLLKaHLiB NPOXMBae y 6araToKBapTUPHUX MaHeNbHUX ByAMHKaX, Lo 3i6paHi 3
3aN1i300eTOHHUX KOHCTPYKLUiA. KoedilieHT TepmiyHOro onopy 3a1i306eTOHHOI
KOHCTPYKLiT HalimeHLl edeKTUBHMIA i cknagae 0,9...1,2 M2K/BT, wo B 3-5 pas
HWK4Ye HOPMATUBHUX BUMOT.

MepeaymoBOd MOOYAOBM  eHEProedeKTMBHOT CUCTEMW OMa/ieHHs  €:
BUKOPWUCTaHHA MOTY)XXHOI 30BHILWHbOT Ta BHYTPILWHLOI TennoBoi i3onauil,
eHeproeeKTUBHNX  BIKOHHUX  KOHCTPYKLi, YCYyHEHHS MICTKiB  X0foay;
BCTAHOBJ/IEHHS PeKynepaTopis, fKi 3abe3neyytoTb BigbupaHHa TENIOTU NOBITPS 3
CUCTEMU BEHTUAALIT BYANHKY; IHCTanALiA COHAYHMX MaHenei Ha hacagax 4m gaxy
Oygisni, 3acTocyBaHHS TEMJIOHACOCHMX CUCTEM OnaneHHs. [1porpecuBHUMMA
cnocobamn NigBULLEHHS  KOe(iLiEHTY TepMiYHOro Oropy OrOpOKEHHA €
3acTocyBaHHA GaraTowwapoBux (acafHWX CUCTEM 30BHILUHLOTO YTEMeHHs, Lo
YMOBHO MOAINAIOTLCA HA MOKpPI, CUCTEMW CKPINJEHOI Tensnoi3onauii, HasicHI
BEHTW/bOBAHI Ta HEBEHTW/IbOBaHI cuCTeMU. [aHi cucTemu yTenneHHs 6asytoTbes
Ha BWKOPWCTaHHI LUTYKATYpPHMX CyMilleid 3 MigBULLEHUMW Tennoi3onsauinHumm
B/1aCTMBOCTAMM, MIHOCTIPONbHMX, MOPTNAHALEMEHTHUX Ta MiHEPANOBaTHUX NANUT
Ta IHWWX PYNOHHUX KOHCTPYKLA.

3acTocyBaHHSi  BHYTPILIHLOT  TENOBOT i30T  [03BOMSE  3HAYHO
NigBULLMTM CYMapHWiA onip TensnoBOi i301ALIT OropoMKeHHs MpuU LOTPUMAHHI
MOBITPOHENPOHUKHEHOT KOHCTPYKLIiT Ta MiHiMi3auil audysii BogaHoi napu 3
NnoBiTPS  MPUMILLEHHS.  3aCTOCYBaHHA  Cy4yaCcHMX NigXoAiB  Tennoisonsauii
Oropo>KeHb NPW MPOEKTYBAHHI YW PEKOHCTPYKLIT eHeproedekTUBHOT CUCTEMM
ONa/IeHHA  [03BOSIIE  3MEHLIWNTW TEerjoBe HaBaHTa&XEHHA CrOXMBaHHA [0
50...150 kBT-roa/m? Ha pik, L0 B 2-4 pa3n MeHLLE aHaNoriyHMX KOHCTPYKLili 6e3
LOTPUMAHHS JaHUX YMOB.
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AOCNAKEHHSA MOPLUHEBNX KOMTMPECOPIB [i/11 ABTOMOBIIBHUX
FA3OHATMOBHIOBA/IBHNX KOMIMPECOPHMX CTAHLIN

LLiapanos C. O., kKaHf. TeXH. HayK, AoueHT; Osyapuk €. M., MaricTpaHT,
rp. K.m-21, kadpegpa TTdD, CymcbKuil gep>KaBHuii yHiBepenTeT, M. Cymu

BuKopucTaHHs MPUPOAHOro rasy sK nanvea AN aBTOMOGINIB € AOCUTb
aKTya/lbH/M Ta MepcrneKTUBHKUM B Hall yac. YacTka aBTOMOOGINbHOIO TPaHCnopTy,
sKa BMKOPUCTOBYE MPUPOAHWIA a3, B CBITI MOCTIAHO 3pocTae. Hu3bka BigHOCHA
BapTIiCTb a3y, MOPIBHO 3 iHWMMKW BMAAMW NanunBa, Crpusie MOLUMPEHHIO WOro
BUKOPUCTaHHS.

JocnTb 3py4HMM 3ac060M 3amnpasfsHHA aBTOMOGINIB NPUPOAHUM rasom €
aBTOMOOI/NIbHI  ra30HanoBHIOBaNbHI KomnpecopHi ctaHuii (AFHKC). OcHoBHUM
arperaTom Liiei yCTaHOBKM € MOpLUHeBMiA Komnpecop. MpupogHuii ra3 noTpansse
fo AFHKC no posrany>xeHiii cuctemi ra3sonpoBofiB, B AKX BiH 3HAX0AUTLCS Mij
tuckom 0,4-0,63 MIa, Ta 3a [ONOMOrOK  MOPLLHEBOro  Komnpecopa
6esnocepefHb0 B CaMmiil CTaHUil MOBUHEH OyTU CTUCHeHMA fo 25,0 Ma.
3anpaBnsiHHA aBTOMOGINel 3aicHI0eTbeA A0 TUCKy 20,0 MIMa. CyvacHi nopLuHeBi
KOMMpecopu 3apy6GiXHMX BMPOOHMKIB Aal0Tb 3MOry L 3pobuTW, ane BOHU €
[OCUTb AOPOrMMK MpY KyniB/i Ta 06CNyroByBaHHi. TOMY iCHYE [eKinbka BUXOfiB
3 jaHoi cutyauii. Lle MogepHisauisi iCHYHOUMX BITYM3HSAHUX KOMMPECOpiB Ta
MPOEKTYBaHHS HOBMX, SIKi 3a[0BO/IbHSAKOTL BCIM BUMOram Ta notpe6am Ljiei ranysi
3acTtocyBaHHA. [MpPOEKTYBaHHS HOBMX KOMMPECOPIB € TpUBa/IMM | 3aTpaTHUM
npoLecom, TOMy HalivacTille BifOyBaeTbCsl MOZEpHI3aLis iCHYOUMX MNOPLUHEBKX
KomnpecopiB. BWKOHaHO MoOfepHi3aLito nopliHeBoro komnpecopa 3rLU1,6-
0,15/0,4-230 BiTYUM3HAHOrO BMPOGHMLTBA, B AKOMY 3AiACHEHO foONpaLtoBaHHsA 5-
ro CTyneHw 3 MeTol 36iNbLlUeHHs KiHueBoro Tucky 3 23,0 MMa go 25,0 MMa.
MogepHisauis 3gilicHIOBanacs YMcnoBUMM 3acobaMmn aHaisy Ta MOAEMHOBAHHAM
poboyoro npotecy B nporpaMHomy Komnnekci Ansys CFX. Mepwinm etanom 6yno
3MEHLLEHHS KOHCTPYKLIT NOPLIHA Ta UMNiHAPa 5-ro CTyneHs, a came 3MeHLLEHHS
aiameTpy 3 32 Ao 28 mM. MNopuieHb 6yno BUMKOHAHO PO36ipHOT KOHCTPYKLUIT, 3i
CTPMXKHEM Ta HafiTUMWM Ha HbOIO MOPLUHEBMMM KiNbUAMMU, SKi Ha KiHUi NOpLIHA
(hiKCYOTbCSA KOHTPraikor. Apyrum etanom 6yB BMGIp 6ifbll MiLLHUX MaTepianis,
AKi 6 3a40BOMbHMAN HOBMM yMOBaM po60TM KOMMpecopa. 3akMtoYHUM eTanom
poboTn 6yno MOAentoBaHHS pPo6GOYOro MpoLecy CTYMeHs B MpOrpaMHoMy
Komnnekci Ansys CFX 3 BW3HaYeHHSIM OCHOBHMX MiLLHICHWX XapaKTepucTuK Ta
[OBrOBiYHICTIO pO6OTYH LUATYHHO-NOPLUHEBOT FPYNK CTYMEHS.

B pesynbTati NpoBefeHNX PO3paxyHKiB, aHani3y Ta MOAENBaHHA poboTH
MOXHa 3p0o6UTM BWCHOBOK, L0 MOfepHi3auis MOPLUHEBOro Komnpecopa
3r1,6-0,15/0,4-230 moxke 6yTW 34iCHEHA LUASAXOM 3MiHWU KOHCTPYKLUii 5-ro
CTYMeHs, a Came 3MEHLUEHHSIM fAiaMeTpy MOpLWHA Ta uuniHapa. Takox 6yno
BUKOHaHO 3aMiHy MaTepianiB MOpLUHEBMX Kinelb Y 3B’A3KY 3i 36i/bLLUEHHAM TUCKY
HarHiTaHHs Big 23,0 MIMa go 25,0 MMa.
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OOCNIOXEHHA XAPAKTEPUCTUK CAMOAINOUMX KNATMAHIB
MOPLUHEBOIO KOMIMPECOPA

LLlapanos C. O., kaHd. TexH. HayK, AoueHT; Tkauyk C. B., MaricTpaHT,
rp. K.m-21; Onaga €. M., 3aB. HaBu. nabopaTopismu, kadegpa TT®,
CyMCbKWii fiep>KaBHui yHiBepcuTeT, M. Cymu

KnanaHu nopLuHeBKX KOMMPECOPIB € By3namu, 3a 4OMOMOro SK1x poboya
MOPOXKHMHA LMIIHAPA CrONyYaeTbCsl abo BiJOKPEM/OETLCS Bif MOPOXHMWH
BCMOKTYBAHHA Ta HarHiTaHHA. Y Cy4YacHWX HenpsaMOTOKOBMX MOPLUHEBMX
KOMMpecopax 3acTOCOBYHOTb CamMoitoui KnanaHu, Ans sKMX 3aKOH pyxy 3anipHoro
opraHy (MnacTvHW) BU3HAYAETLCA 3MIHHOK MPOTArOM LUMKIY pob0TU Pi3HULED
TUCKIB, L0 Ail0Tb Ha HbOro. MpoTikaHHA Po604Y0i PevyoBMHM Yepe3 KranaH
BM3HAYAETbCA M/IOWLE0 MPOXOAY B Ciffli, N/OLWE0 MPOXoAY B LWIMHW MiX
NNacTMHOIO Ta CiJ/IoM i NAOLLE0 NPOXoay B 06MeXyBaui.

Bumora HagiiHOCTi BMKAMKaHa TVM, WO KiamaHW uvacTile, HiXK iHwWi
e/leMEHTM KOMMpecopa, BUXOAATb i3 Nlagy, To6TO, € Cnabkol 1oro NlaHKoH.
LOBroBiYHiCTb KnanaHa 3aneXxuTb Bif AKOCTI MaTepiany NAacTUHW, NPY>XWHU Ta
cifina, SKOCTi BUrOTOB/IEHHS, pofy po6oyoro cepefoBuLLa, L0 CTUCKAETbCA. Kpim
TOro, BOHA 3MEHLUYETLCS 3i 306iNbLUEHHAM BMCOTW MiAAOMY NAACTUHW i 4acToTy
06epTaHHA KofiHYacToro Bany. Bennkuii BNAMB Ha AOBroBiYHICTb PO60TK KnamnaHa
Hadae BifACYTHICTb TBEPAMX BKOUEHb ab0 iHLIMX KOMMOHEHTIB B CKMafi pobo4yoro
cepefoBwLLa.

Mpn NpoBeAeHHi TEOPETUYHUX LOC/IAXEHb EHEPreTUYHUX XapaKTepucTUK
CaMOAiloyoro  KnanaHa MOPLUHEBOro  KOMMpecopa, po3pobrieHa MeTofauKa
po3paxyHKy  BIJHOCHMX BTpaT MOTY)KHOCTI B  CamOfitouMx  KanaHax
OJHOCTYMiHYACTOro HenpsAMOTOKOBOIO 6GaraTtopsiiHOro MOPLUHEBOrO KOMMpecopa
B 3&1eXHOCTi Bifi CTBOPIOBAHOr0 HUM CTYMeHs BifHOLUEHHA TUCKIB i poay
po6o4oro cepefoBuULLa, SIKE CTUCKYETbCA B HbOMY. Bynu BMKOHaHi po3paxyHKu
TennonpuToKiB y 6a30Biil Ta MPONOHOBaHI Kamepi.

B pe3ynbTaTi TEOPETUYHOTO AOCAIMKEHHS EHEPreTUYHMX XapaKTepUCTUK
CamMoAito4oro KnaraHa, pospobnieHa MeToAuKa Po3paxyHKY BifHOCHMX BTpaTt
MOTY)XHOCTI B aBTOMATMYHWMX K/anaHax OAHOCTYMEHEBOr0 HenpsIMOTOKOBOIO
6araTopsgHOro MOPLUHEBOTO KOMMpecopa B 3a/leXXHOCTI Bif CTBOPKHOBAHOIO
CTYMEHEM BiJIHOLUEHHS TUCKIB i pody pobo4yoro cepefoBuLla, IKE CTUCKYETLCS B
HbOMy. CTBOPEHO afiropuTM Ta Mnporpamy po3paxyHky. MeToauka po3paxyHKy
MOXe OyTW 3acTOCOBHA AN Oyfb-AKOro rasy abo iX Cymilli, a TakoX iHLKX
poboumx cepefoBULL, WO CTUCKAKOTLCA MOPLUHEBMM KOMMpecopoMm. [epesipka
pesy/bTaTiB Po3paxyHKy BiHOCHMX BTPAT MOTYXKHOCTI B KianaHax MnoBiTPSHOro
Komnpecopa 3 pe3ynbTaTamy EeKCMEPUMEHTA/IbHOTO BU3HAYEHHS LWX BTpaT
LUNAXOM MPOAYBOK Ha CrelianbHOMY CTEHAI Aae XopoLly 36DKHICTb — BennunHa
BIZITHOCHOT NMOXMOKM He nepeBuLLye 5%, WO BiANOBigae HeOOXiAHOT TOUHOCTI A/s
iHXXEHEePHNX PO3PaxyHKIB.
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BMNAvB BIAHOLWEHHA TUCKIB | TEMIMNEPATYPU FA3Y HA BXOAI
BMXPOBOI'O KOMIMPECOPA HA NOIO NMAPAMETPK

Banees C. M., K.T.H., foueHT; ypmaHeHko M. O., cTyaeHT rp. K.m-21;
KapaceHko B. B., cTygeHT rp. K.m-21, kah. TT®, CymAY, m. Cymu

Bigomo, Lo BUXPOBi KOMMPECOpM € BUCOKOHAMIPHUMM i MasIOBUTPaTHUMU
MallMHamu. BOHW BUMKOPWUCTOBYIOTbCA B BaratbOxX ranyssax MpoMUCNOBOCTI, Y
CiNlbCbKOMY rOCnojapcTBi, y cuCTeMax HafgyBy MOBITPA B TOMKM 3rOpsHHA Ha
TELL; ana aepauii cTiuHOT BOAW; ANA HaAAYBY MOBITPA B TOPLEBi ra3ofuHaMiyHi
YLWiNbHEHHS, ANS NPOAYBKM MarHiTHUX MiAWWNHWKIB BiALUEHTPOBUX KOMMPECOPIB.

Ha ocHOBi pereHepaTUBHOI rinoTe3n poboyoro npouecy i pesynbTaTiB
eKcrnepyMeHTaIbHUX JOCNIAKEHb PO3pobieHa MeTOAMKA PO3PaxyHKYy BUXPOBUX
KOMMpecopiB, WO A03BOMSE MNPOEKTyBaTW CTYMeHi 3 Halibinbll AO0CKOHANOoH,
nepundepiiiHo-6i4YHO0, KPUBOMIHIAHOK (POPMOKD  MepUAIOHA/IbHOrO  Mepepisy
po6ouyoro kaHasny. MeTow TepmOrasogMHamidHOro po3paxyHKy € BM3HaYeHHS
reoMeTPUYHUX, TEPMOAMHAMIYHKX, ra30ANHAMIYHUX Ta eHepreTUYHMUX NnapameTpis
i CNiBBifHOLLEHb CTYMNEHI BUXPOBOIO KOMMpecopa A1s 30H1 MakcuMansHoro KKA.

JocnigpkeHo BNAMB Ha NapaMeTpu MNOBITPAHOrO KOMMpecopa BigHOLIEHHS
TUCKIB Ha BMXOAiI i Bxofdi Komnpecopa (CTyneHs MiABWLLEHHA TUCKY B
Komnpecopi): npy TUCKY Ha Bxogi 100 KMa gocnigkysannch TUCKK Ha Buxogi 115,
120, 130 i 140 kIla, T06TO BigHOWeHHs Tuckie 1,15; 1,2; 1,3 i 1,4. Ob6'eMHa
BWTpaTa rasy /[opiBHioBasa 25 M3/xB, Temnepartypa MoBiTPs Ha BCMOKTYBaHHI —
313 K; yacToTa 06epTaHHS poTopa Komnpecopa - 2950 06/xB.

B pesynbTati po3paxyHKiB 0TpUMaHo, L0
- 30BHILLHIN giameTp poboyoro koneca 36inbwyetbes 3 0,59 ao 0,867 m;

- BMCOTa po60o40ro KaHany ameHLyeTbes 3 0,125 m g0 0,105 wm;

- apiabatHuii KK/, 3meHLwwyeTbes 3 0,46 o 0,42;

- TemnepaTtypa HarHitaHHs 36inblyetbes 3 338 K go 388 K;

- CMOXMBaHa KOMMNPECOpOM NOTYXKHICTb 36inbLIyeTbea 3 12,8 KBT fo 34,8 KBT;
- 6e3po3MipHMii razoguHaMiYHUIA Komnaekc 36inbwyeTbes 3 1,76 Ao 2,0;

- 6e3po3MipHUiA FeOMETPUYHUIA KOMMEKC 3MeHLLYETbeA 3 0,048 o 0,027.

Byno Takox LOCMi[XEHO BNUB Ha MapaMeTpy MOBITPAHOIO KOMMpecopa
TemnepaTypw MOBITPS Ha BCMOKTyBaHHi: 313, 303, 293, 283 K. O6'eMHa BMTpaTa
rasy fopieHioBana 35 M3/XB, TUCK MOBITPS Ha BCMOKTyBaHHi — 100 KIMa; TucK
HarHiTaHHs 115 klMa; yacToTa 06epTaHHA poTopa Komnpecopa - 2950 06/xB.

B pe3ynbTaTi po3paxyHKiB 0TpMMaHo, L0
- 30BHILWWHIN giameTp pob04oro koneca ameHWwyeTbes 3 0,596 fo 0,57 m;

- BuMcoTa poboyoro KaHany 36insyerses 3 0,148 m 1o 0,152 m;

- apiabatHWin KK/, npakTUUYHO He 3MIHIOETLCS | fopiBHIOE 0,46;

- TemnepaTypa HarHiTaHHsa 3aMeHLWwyeTbes 3 340,7 K go 308,1 K;

- CMOXMBaHa KOMNPECOPOM NOTY>KHICTb NPaKTUYHO He 3MIHI0ETLCS - 18 KBT;
- 6e3p03MipHMIA ra3ofMHaMiYHNA KOMNAEKC 3MEHLWYETbCS 3 1,727 fo 1,712;
- 6e3p0o3MipHMIA reOMETPUYHMIA KOMNeKC 36inbLuyeTbes 3 0,0559 go 0,0599.
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OOCNIAXEHHA TA NOJANBLUA MOAEPHISALIA MHEBMATNYHUX
FANbMIBHNX CNCTEM MAHEBPOBWX TEM/0OBO3IB

BoHgapeHko I'. A., K.T.H., npodiecop; AweHko A. O., acnipaHT, Kadeapa
TexHiuHoi Tennodisukn, CyMCbKUin Aep>KaBHuii yHiBepcuTeT, M. Cymu

[na  notpe6 nepemilleHHs BaHTaXy, LUMPOKO BUKOPUCTOBYHOTHCH
€NeKTPOBO3N Ta TEMNOBO3N. Ha BigMiHY Bif €NeKTPUYHMX — AU3e/bHI TeMI0BO3N
He MalTb reHepaTopiB, abo 1X MOTY)KHICTb HeAOCTaTHA ANS  OKWB/EHHS
MHEBMATMYHOI ranbMiBHOI cucTeMn. B Takux BuMagKax Ha BCiX MOAENAaX
TennoBo3iB 415 Po60TM TFOMOBHOFO KOMMPECOPY BWKOPUCTOBYHOTb [AM3e/bHUI
npuBif, WO 3yMOBMOE CneLmdivHi KOHCTPYKLIT KOMMIPECOPHOro arperaty. TakoX
B KOHCTPYKLiT BUKOPUCTOBYETLCA 3aCTapifnii MOPLUHEBUIA KOMMPECOP, SKWIA BXeE
[OBrO He Mignsaraes MOAePHi3aLlii, yepes Lo Mae HEMPUIAHATHY 415 eBPONeiCcbKUX
CTaHAapTiB AKICTb MOBITPA, a came BKUCOKY BOJOTICTb Ta BE/IMKWA BMICT MacTua.
Binbwe wuUporo, BCi Ui KOHCTPYKUiT MatOTb HWM3bKY e(eKTUBHICTb, BENNKY
rabapuTHICTb, YacTi NONOMKMU, L0 MPU3BOAATb 4O BifbLLIOrO Yacy NpPocTolo, Ta
LUKOAATb HAaBKONMLLIHLOMY CEpPeAOoBULLY.

Y po6oTi, Ha Npuknagi mMaHeBpoBoro TennoBosy YUME3, skuii LUMPOKO
BMKOPWCTOBYETLCA AIK B YKpaiHi TaK i B GanTilicbKuX KpaiHax, Ans nepeTuHy Konit
1520 i 1435 mm, 6ynn AocCnimKeHi OCHOBHI KPUTWUYHI BY3/M CTapoi cxemu [1] Ta
po3p0o6/eHO  MPUHLUMMOBO HOBY CXEMY, 3 BWKOPWUCTAHHSIM  TBWHTOBOIO
KOMMPECOPHOro arperaty, Ha 3amiHy CTaporo MOPLUHEBOro, Ta BMKOPUCTaHHAM
€M1EeKTPOMArHiTHOrO 34enneHHs. Taki 3MiHW CYTTEBO 3MEHLUYIOTb rabaputu
KOMMPECOPHOT CUCTEMW, OMTUMI3YIOTb pPOBOTY KOMMPECOPHOro arperaty B
pexumax “Ilyck — cTom” Ta nepexig Ha xonoctwin xig [2]. 3a paxyHOK
BUKOPUCTaHHA CUCTEMU OCYLLKM i OUYUCTKM MOBITPS — XapaKTepucTukKn pobo4oro
NnoBiTPS 3HaX0AATbCA B JONYCTUMUX Mexax [3], TuM camum 3abesnedyrouu
6e3neky i HagiliHICTb po6OTM MHEBMATWYHOT Mepexi ranbMiBHOT CUCTEMU
Tens0Bo3a.

Cnimcok nitepatypu:

1. Vaclav Pantucek, Motorova lokomotiva T 669.0. — Praha: Ustrdni dum
dopravni techniky.

2. boHpapeHko . A., >Kapkos [1.€, 'BUHTOBI KOMMNpecopu y cucTemax
3abesneyaHHs CTUCHYTUM NoBITPpsM. — Cymu: BugasHuuteo CymAY, 2003. -134c.

3. boHgapeHko . A., TBUHTOBI MOBITPAHI KOMNPECOPHi CTaHLii. — Cymu:
BugasHuuteo CymAay, 2005. -255c.
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MEPEBIPKA CTEHAY 419 AOCNIIXKEHb CTPYMUHHO-PEAKTUBHOT
TYPBIHW 3 METOIO OTPUMAHHA XAPAKTEPUCTUK

Bara T. C., npos. iH>KeHep; BaHees C. M., K.T.H., JOLEHT;
MipowwHuueHko O. |., acnipaHTka; Mumnnenko A. A., cTygeHT rp. K.m.-21,
Kadhespa TexHiuHoi Tennogisuku, Cymay, m. Cymu

[N OTpUMaHHA XapaKTepPUCTUK CTPYMUHHO-PeakTUBHOI TypbiHn (CPT)
HeoOXigHO MPOBECTW PAf EKCMEepPMMEHTIB Ha MoAenbHOMY cTeHai CPT. HaHuii
CTEHA 3HaxoauTbCA Ha Kadegpi TexHiyHol Tennodisvkn CymAY, nonepegHi
EKCMEPUMEHTU Ha CTeHAi NpoBoAUNNUCL 6GM3bKO 8 pokiB ToMy. BignosigHo
TemaTuli gaHoi poboTW B eKcrepuMeHTasIbHIA YacTUHI CTaBWiach Taka MeTa:
NigTBEPANTM NPaKTUUYHY NPUAATHICTb CTPYMMHHO-PEAKTMBHOI MaLlWHW, OTPUMaTH
XapaKTepPUCTUKY 3a/1EXHOCTI 4acToTW 06epTaHHs poTopa Ha X0NOCTOMY XOAy Bif
TUCKY Ha BXOAi TypOiHu.

CTpYMWUHHO-peaKT1BHI MallHW BMCOKO06EpTOBI, i MalOTb MpauoBaTh B
06M1aCTi MakCcMMasibHMX 3HadeHb KKJ, TOMy BaXIMBUM eTarnoM AN NpoBefeHHs
EKCNepMMeHTY € nofjada MakCUMalbHO MOX/IMBOro TWUCKY Ha BXig B CPT i
OTPUMaHHS MaKCMMaslbHO MOX/MBOI YacTOTW 06epTaHHs poTopa.

MpuHupn  aii CPT nonsrae B MEPETBOPEHHI MOTEHUIAHOT eHeprii
CTUCHEHOrO rasy B KIiHETMYHY €Heprito HaA3BYKOBOrO CTPYMEHs, LU0 BUTIKaeE 3
TArOBOro conna. B pe3ynbTaTi YTBOPIOETLCA peakTBHA Cufia TArM Ha TAroBOMY
conni (TC) i BigNOBigHO KPYTHMIA MOMEHT Ha Bany TypbiHW, a Npu obepTaHHI Bany
30iCHIOETBCA MexaHiuHa pob6oTa. Mpouec MepeTBOPEHHs MOTEHLINHOI eHeprii
poboyoro Tina B KiHETUYHY €eHeprito MpOTiKaloyoro CTPYMEHS € OCHOBHUM i
BifOyBaeTbcs B TAroBomy conni. [lpyu UbOMY eqeKTUBHICTb npoLecy
NepeTBOPEHHS i, OTXKe, ePEKTUBHICTb TYPBIHM B LiiIOMY 3pOCTaE 3 POCTOM TUCKY i
Temnepatypu rasy nepeg TC.

Mpn nNpoBefieHHI NPOMIKHOIO eKcrnepuMeHTy Ha BXig4 B CPT nigsogvscs
ras mig Tmckom go 0,5 Mra, BiAMOBIAHO NMpW TakoOMy TUCKY OTpUMann 6inblue
17000 06/xB Ha Basty Typ6iHW.

TUCK Ha BXOfi B CTPYMWHHO-PEAKTVMBHIA MalUUHI  BUMipHOBABCS
MaHOMeTpOM Tuny MO 3 BEPXHLOH MEXel LUKaIM BUMIpIOBaHb 6 Krc/cm?.
YacToTa 06epTiB Basly TypbiHK BUMiptoBanach npunagom VIBROPORT-41 dipmu
«SCHENCK».

Ha oCcHOBI OTPUMaHMX eKCrepUMEHTaNIbHUX faHUX 3p06/IeHi BUCHOBKM, LLO
BCi CKNaf0Bi CTEHAY NPaLol0Th B HANEXHOMY CTaHi HE3BAXKAKOUM Ha Te, WO CTeH/
[AaBHO He 3amnyckaBca: OTPUMAaHi 3a1eXHOCTI 4acToTW 06epTaHHs poTopa Ha
XO0MOCTOMY XOfy Bifi TUCKY Ha BXOfAi MOBHICTIO BiAMoBIAalOTb aHanoOriyHUM
3a/1eKHOCTAM MUHYINX JOCNIKEHb CTPYMUHHO-PEAKTUBHOT MaLLMHW.

Moganblwimm etanom po6oTy 6yde MOJepHi3auis exkcrnepuMeHTasIbHOro
CTEHZY 3 BCTQHOB/MEHHSIM My(TW KPYTHOrO MOMEHTY | HaBaHTaXyBa/bHOIO
BMCOKO0GEPTOBOIO €/1EKTPOreHepaTopy ANA OTPMMaHHS XapaKTepUCTUK TypbiHu
Ta TypboreHeparopa Mif HaBaHTaXKEHHSIM.
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EKCEPTETUYHA E®EKTUBHICTb CUCTEM TEMJ/TIONOCTAYAHHSA
TPAONUINHOIO TUMY | CUCTEM HA BA3I TEMJIOHACOCHWNX
YCTAHOBOK

fApuHa B. P., cTya. rp. K.m-21; ApceHbes B. M., K. T.H., npodecop;
Meneiiuyk C. C., K.T.H., JOUEHT, Kah. TexHiuHoi Tennodgisuku, CymAY, m. Cymu

OfHUM i3 HalibiNbL ePEKTUBHUX LUNAXIB EKOHOMIT MaNNBHO-EHEPTreTUHHUX
PecypciB € BUKOPUCTaHHSA eKOTOMiYHO YNCTUX BiJHOBMIOBAHWX [Xepes eHeprii. Ak
nepeTBOptOBaY TEM0BOI eHepril, Bif TEMIOHOCIA 3 HU3LKOK TeMMepaTyporo [0
TEenoHOCIA 3 6iNbll BUCOKOK TemrnepaTyporo, BUKOPUCTOBYHOTLCA TEMIOHACOCHI
ycTaHoBkM (THY). 3Baxarouu Ha Ue, peanisauisi NPOEKTIB TENAOMOCTaYaHHs i3
3aCTOCYBaHHAM TEMJIOHACOCHUX CUCTEM MOTPebye X TEXHIKO-EKOHOMIYHOro
3iCTaBNEHHS i3 cuUCTeMaMu TpaAuuiAHOro Tuny: TenjoreHepatopamu Ta
CUCTEMaMU LiEHTP&/IbHOrO TEN0NOCTaYaHHs.

E(MEKTMBHICTb KOXHOT i3 CUCTEM, WO 3iCTABNAETLCH, 3a1eXWUTb Bifj
6araTbox (hakTopiB i NpW CMiBCTaBMEHHI HeO6XifHO BPaxOBYBaTU fK MOKa3HWUKM
eHeproe)eKTMBHOCTI, TaK | MOKa3HWKW peasibHOr0 EeKOHOMIYHOTO  edeKTy.
MogibHMit KOMNAEKCHWIA NigXif 3aknageHo B METOA0/oriiT TepMOEKOHOMIYHOMO
aHanisy, Ha OCHOBI fIKOr0 MOXHa 3AiMCHUTW MOPIBHAHHA MOKAa3HWKIB Pi3HMX
cucTeM  TemsioreHepauil 3 NOJanblUMM  MPOBEAEHHAM  ONTUMI3aLiiHMX
pOo3paxyHKiB.

TepMOEKOHOMIYHUIA aHani3 € HaibinblWl AOCKOHA/IMM Y MOPIBHSHHI 3
iHWVYMKX MeToJamy BU3HaueHHs edeKTUBHOCTI THY abo O6yAb-SKMX iHWNX
TEePMOMEXaHIYHUX cucTeM. MeTOAM TEPMOEKOHOMIKM [03BOMAKOTb BU3HAYUTM
LLNAXM CKOPOYEHHS BapTOCTi CUCTEM 5K Ha eTani i NPOeKTyBaHHS, Tak i Ha eTani Ti
noAanbLLOT eKcnyaTtauii.

B po6oTi po3rnsHyTO ekcepreTMyHy eeKTUBHICTb MOHOBasIEHTHOT THY,
Ten/ioreHepaTopiB Ta 6oinepiB 3 MepeXeBMM TemnnoHociem. MeTogonoris
pO3paxyHKy Monsrae B TOMY, L0 eHepreTuyHa eeKTUBHICTb TEPMOEKOHOMIUHOT
CUCTEMU MpeACTaBse COO0K BifHOLLEHHS MOTOKY eKCepril «npoayKTy» cUcTeMu
[0 MOTOKY eKceprii «nanuea» abo eHeproHocis cuctemu. [ns MOHOBafEHTHOI
THY ekcepreTuyHa eeKTUBHICTb BM3HAYAETbCA KOEILIEHTOM NepeTBOPEeHHA Ta
eKCepreTMYHMMM (DYHKLIAMY cepefoBuLLa, SKe HarpiBacTbCa Ta YTUNMI3YETbCS.
EkcepreTuyHa e(ekTVMBHICTb TensioreHepaTopa MIiCTUTb MOKa3HUKM MUTOMOI
TENNOTWU 3ropaHHs Manvea 3 BiANOBIAHUMYK KoediuieHTamun Kopenauii nMTomor
ekceprii. Cxema nobyaoBu eKCEPreTUYHNX NepeTBOpeHb 415 6oiinepa BianoBigae
YyMOBaM, LL|0 3aCTOCOBYHOTLCA A/15 MOBEPXHEBUX TEMI00OMIHHUKIB, 3 BpaxyBaHHsM
Pi3HMLI NOTOKIB EKCEPTil MEPEXEBOr0 TEMMOHOCIA Ha BXOAI Ta BUXO0Zi 3 6oiinepa.

MopiBHANBHWIA ~ aHani3  ekcepreTMYHOi  eq)eKTUBHOCTI  CUCTEMMU
TensonocTa4yaHHs Ha 6a3i THY nokasye i nepesary Haj TpaguuiiHumu
cucTeMaMmm Npu 3HaveHHi koediljieHTa nepeTBOpeHHs Ginblue 0,9. Takum YMHOM,
nigsuLLyo4a TepmMoTpaHchopmMaLlis Terna0TU B TEMNIOHACOCHIA YCTaHOBL 6iNbLu
eheKTMBHA HiXK MOHMKYOYa B TeM0oreHepaTopi Ta 6oinepi.
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MABNWEHHA E®GEKTUBHOCTI POBOYOIO COIMNA
EXXEKTOPHO-OUYMCHOI YCTAHOBKN

BoHgapeHko I". A., K.T.H., npodhecop; Mag>kies M. B., cTygeHT rp. K.m-21;
Bara B. M., K.T.H., foueHT, Kadh. TT®, CymAY, M. Cymu

B pgaHHii  po6OTIi  MpoOBOAMNOCS  uWCeNlbHE Ta  eKCMepPUMEHTaslbHe
[OCNIIKEHHS1 POBOYOro conna eXeKTOPHO-OUMCHOT YCTaHOBKW, OCKiflbKM BOHO €
CYTTEBUM pPE3epBOM MO MiABULLEHHIO 17  edieKTMBHOCTI. [laHHe conno
NpefCcTaB/sEMO B SIKOCTI €XEKTopa, B SKOMY 3MIlLYETbCA abpasvBHWIA MaTepian
(KBapueBMiA MiCOK) 3 MNOBITPSM B LUMPOKOMY fiarna3oHi 3HadeHb TUCKY p Ta
Butpatn V. BTpaTta egekTUBHOCTI poboTu pobovoro consa 3akniyaeTbes Yy
3HWKEHHI 3HauyeHb PoBOYMX MapameTpiB MOTOKY Ha BMXOLi 3 conna, WO B
OCHOBHOMY MOB’S13aHO 3 Oro 3HOLWIEHHSIM. B mpoueci 3Hocy po6odyoro consna
EXXEKTOPHO-0UMNCHa YCTaHOBKa MOTpebye 3Ha4yHO 6iNblUOi BMTpaTWM MNOBITPA Ta
abpasuBy, Npu YoMy CYTTEBO 306i/bLUYETbCA 4Yac 0OPOOKM pAeTaneli WO €
HEMPUIAHATHUM.

MigBuLLEHHS ed)eKTMBHOCTI pobo40oro comna [OCAraeThCA  LUASIXOM
BXXMBaHHS psAy 3aX0fiB LLOA0 3MiHW FeOMeTpIT M0ro NPOTOYHOI YaCTUHM 3 METOHD
MiHiMi3auii BTpaT Ha TepTd, MiABULLEHHA LWBMAKOCTI MOTOKY Ha BMXO4i Ta
3aCTOCYBaHHSA 3HOCOCTINKMX NOBEPXOHb.

BuKOHaHO u4ucenbHe Ta eKCnepuMeHTaslbHe AOCMIIKEHHA MNPOTOYHOI
YaCTUHU UMNIHAPUYHOIO, KOHIYHOro, conna BeHTypi Ta conna JlaBand 3
JiameTpoM d, Ta JOBXMHOI | 3 BUKOPUCTaHHAM MporpamMHoro komnnaekcy ANSYS
Ta eKCNepuUMeHTaNIbHOrO cTeHay. Mogenb Tedii — MOBHICTIO CTUCKaeMa piguHa 3
aKTuBaujieto AByxda3Horo cepegosuwa (ONUierd YacTUHKKM). ABPasnBHI YaCTUHKU
MaloTb [fiaMeTpu, WO KoiusaloTbes B AianasoHi  0,0001-0,001 m.  Ywucno
po3paxyHKoBMX auiliok nopsgka N = 20000-25000, BMKOPUCTOBYBanach HesBHa
CXema pospaxyHky. MNepenag Tucky p2/p: = 1,98, W0 BigNoBigae BUX0AY OYUCHOI
YCTaHOBKM Ha PO6OYMNIA PEXMM..

3 OTpUMaHMX 3a/IEXXHOCTEA BUAHA TeHAEHUIsS A0 36iNbLUEHHS 3HAYEeHHS
KoedpillieHTa BMATpaTV MOBITPSIHO-abpa3nBHOI CyMmilli confia Ta Oro BWUTPaTHOI
LUBWAKOCTI 3i 30iNbLUEHHAM MOro BHYTPILLUHBLOIO AiaMeTPy MpU CTaMX 3HAUEHHSAX
BXiJHMX Ta BUXiAHMX NapameTpiB pi, p2. 3BepTae Ha cebe yeary BifMiHHICTb B
CTPYKTYpi Teuil po6040ro NoToKy B cOnax 3 pisHUMU 3HaAYEHHAMU BHYTPILLIHLOIO
piametpy d=7mMmM Ta d=20MM. Mpn d=7MM MaAEMO UYIiTKO BUPDKEHY
HepiBHOMIpHICTb NapameTpiB poboyoro NOToKy Ha BUXOfLi 3 conna. Bisyaniszauii
Teuil MOKasylTb pi3Ke NiABULLEHHS nNapameTpiB Tedil B BUXIZHOMY NepeTuHi
conna.

EkcrnepumMeHTanbHO NigTBEpKeHa e(eKTUBHICTb KOHIYHOro conna, 4ac
06p0o6KM feTasneld 3 A0ro BUKOPUCTaHHAM CKOPOYYETLCS BABIMi.
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MANOBUTPATHI BIALEHTPOBI KOMIMPECOPU B XON104N/TbBHOMY
YCTATKYBAHHI

BoHgapeHko I". A., K.T.H., npochecop;
UepsayeHko M. K., cTygeHTKa rp. K.m-21,;
CiTano B. C,, cTygeHT rp. K.m-21;
bara B. M., K. T.H., AOUEHT, Kach. TT®, CymAY, m. Cymn

Mopsig 3 XonoAnnbHUMKU Typ6OKOMMpPecopaMn BeNKOT MPOAYKTUBHOCTI,
O BMKOPUCTOBYIOTLCA B XiMiYHiA, HadTOMepepo6Hii Ta IHWMWX ranyssx
MPOMUCNOBOCTI, Yy 0aratb0X 061acTAX TeXHiKM HeobXigHi Typb6oarperatu
XONOAONPOAYKTMBHICTIO BifJ KiNbKOX [AeCATKIB A0 KiNbKOX coTeHb KBT. Ll
MallMHW 3aCTOCOBYIOTb [J1  KOHAMLIIOBAHHA MOBITPA B POMajCbkux Ta
afMIHICTPaTUBHUX OYAIBNAX, Ha TPAHCMOPTI Ta NS OXONOMKEHHS €NeKTPOHHOI
anapatypu.

Hali6inblioro nowvpeHHa ManoBUTPaTHI X0M0AUAbHI Typ6okomnpecopu
(MXT) Habynu B niTakax Ta aepofpoOMHUX KOHAWLioHepax. Mpu cTBopeHHi MXT
BUHMKaKOTb CKNafAHOLLI, MOB'A3aHi 3 PO3POOKOIHD EKOHOMIYHMX KOMMPECOPHUX
Wabnis Manux po3MipiB, MPOEKTYBaHHSIM  BMCOKOOOOPOTHOrO  NpMBOAY,
3abe3neyveHHs M Npaue3faTHOCTI onop Ta YuliflbHeHb, BMOOPOM i301ALiAHMX Ta
KOHCTPYKUiAHMX MaTepianis BOYA0BaHWNX ABUTYHIB Ta iH.

B xogai gaHoi poboTu BCTAHOBKOEMO 3arasibHi BiJOMOCTi NP0 ManoBUTPaTH
BifILEHTPOBI KOMMpPEecopw, iX Mepesarn Ta 3acTOCyBaHHS. BUKOHAHO aHaNiTUYHWI
aHanis  KOHCTPYKUii  (hpeoHOBUX TypOoKoMMnpecopiB. Po3rnsHyTo  MeToam
MPOEKTYBAHHA  KOMMPECOPiB  Masioi  XOM04ONPOAYKTUBHOCTI.  3acTOCOBaHO
KOMMPECOPU 3 eNeKTPOABUTYHAMMW NPOMUC/IOBOT YaCTOTU CTPYMY.

PO3rnsHyTO XONOAWNBHI YCTAHOBKM 3 MaOBUTPATHUMU  (DPEOHOBUMM
TypboKomMpecopaMu, TeMI000MiHHI anapatu.

Y  (hpecHOBMX  YCTaHOBKax 3  MOPLUHEBMMU  KOMMpecopamu
xonogonpoaykTueHicTio Big 10 go 300 KBT Tennoo6MiHHI anapaTtu 3aimaroTb 70-
85% BCbOro 06CAry yCTaHOBOK; NMPUGM3HO TaKe CMiBBiAHOLLEHHS 36epiracTbCs i
ANA MeTanoeEMHOCTI. TOMY 3acToCyBaHHA BiALEHTPOBMX KOMMNPECOPIB 3aMiCTb
MOPLUHEBMX Lie He BupiWye npobnemy CTBOPEHHS ManorabaputHux Ta
NONErLLEHNX XONOANNbHUX MalIMH. Bennke 3Ha4YeHHSI Mage 3MEHLLIEHHA PO3MIpIB i
Macy OCHOBHMX Temnio06MiHHMX anapatiB - BUMApHWKa Ta KOoHAeHcartopa. Lle
3aBfaHHA BUPILYIOTb LUIAXOM MifABULLEHHS [HTEHCMBHOCTI Tenaoo6MiHy Ta
3aMiHW cTaneBKX Ta MigHUX MaTepianis antoMiHiEBUMM.

BunapHukn  Ta  KOHAEHcaTopu  CTauioHapHUX  Typ60XO0noAuibHUX
YCTaHOBOK Manol NPOAYKTUBHOCTI 3a3BMYaii BUKOHYIOTb KOXYXOTPYOHUMU. MifHi
TPy6U LUX anapaTiB BUIOTOB/AKOTb 3 HakaTHUMKM pebpamu, WO 36inbLyTh
30BHILUHIO NOBEPXHIO Tern006MiHy B 3,5-4,0 pasun. [na 3MeHLLeHHs po3MmipiB Ta
Macu anapaTiB 3aCTOCOBYKOTb TOHKOCTIHHI TpyOu manoro fiamerpa 3 YMOBHUM
npoxozom Ao 20 Mm.
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OOCNIAXEHHA BM/IMBY HA NMAPAMETPU BUXPOBOIO KOMIMPECOPA
3MIHV BUTPATW POBOYOI O TINTA 1 YACTOTW OBEPTAHHA POTOPA

BaHees C. M., K.T.H., foueHT; Pakoig P. O., florsiH M. FO., cTygeHTw rp. K.mM-21,
Kachegpa TexHiuHoT Tennodisnkm, CyMCbKuii aep>KaBHuii yHiBepcuTeT, M. Cymu

Buxposi Komnpecopu PeKOMeHAYETLCA 3aCTOCOBYBATH npu
NPOLYKTUBHOCTSX 33 YMOBaMU BCMOKTYBaHHs 0 100 M%/XB; BiAHOLLEHHI TWCKIB B
OfJHOMY cTyneHi A0 1,8; pi3HuLi TUCKIB Ha BUXOZi | BXofi cTyneHs fo 150 kIMa.

Byno pocnifXeHo BMMB HA nNapaMeTpu MOBITPAHOrO  BMXPOBOrO
KoMMpecopa 06'eMHOI BUTpaTyK rasy Ha BCMOKTYBaHHiI BUXPOBOro komnpecopa (40,
50, 70, 90 ™m3/xB). CTanumu 3anMLIANUCA TUCK MOBITPS Ha BCMOKTYBaHHI —
100 kIMa; Temnepatypa NOBITPA Ha BCMOKTYBaHHI - 313 K; TWCK HarHitTaHHs —
130 kIMa; yacToTa 06epTaHHs poTopa komnpecopa - 2950 06/xB.

OCHOBHVMW TeOMETPUYHMMK MapameTpaMu BUXPOBOTO KOMMpecopa €
30BHIiLLIHIA  giameTp poboyoro koneca | BMcOTa poboYoro KaHany vy
MepuAIOHaIbHOMY Mepepisi NPOTOYHOT YaCTUHW. AHani3 pesynbTaTiB JoChipKeHb
nMokasaB, L0 30BHILLHIA giameTp po6o4oro koneca 3MeHLyeTbcd 3 0,798 M go
0,823 M, BUcoTa poboyoro KaHay 3meHLyeTbea 3 0,137 m go 0,202 m.

MpakTUYHO He 3MIHIOITLCA TemnepaTypa rasy Ha BMXOLi 3 Komnpecopa
(368 K) i agiabatHuii KK[, (0,44).

OcCHOBHI 6e3p03MipHi napameTpu i KOMMNIEKCU 3MIHIOTLCA HACTYNHUM
YMHOM: afliabaTHWN KoedilieHT Hanopy 3MeHLWYyeTbea 3 1,61 Ao 1,51; koedilieHT
BUTPATU He3Ha4HO 36inbluyeTecs (3 0,61 go 0,62); yMOBHWIA KOeilieHT BUTpaTU
36inbLuyeTecs 3 0,0128 go 0,0262; KoedilieHT LIBMAKOXIAHOCTI 30inbLUyeTecs 3
0,0205 pgo 0,0309; razoAvHaMiuYHMA KOMMMEKC 3MeHWyeTbes 3 1,833 go 1,730;
reoMeTpUYHMIA KoMMeke 36inbwyeTtecs 3 0,0386 go 0,0552.

MOTY)KHICTb, CMOXXMBaHa KOMMPECOpoM, 36inbwyeTbcs 3 41,3 KBT Ao
93,1 kBT.

Byno focnifihkeHo TakoX BMNAWB Ha MapameTpu MOBITPAHONO BUXPOBOro
KOMMpecopa 4acToTu 06epTaHHs poTopa Komnpecopa (2950; 3500; 4000; 4500
06/xB). CTaiumu 3anuwanucs TUCK MOBITPS Ha BCMOKTyBaHHI — 100 kIa;
TemnepaTtypa NoBiTPA Ha BCMOKTYBaHHI — 313 K; TUCK HarHiTaHHa — 115 k[a;
O6'eMHa BUTpaTa rasy Ha BCMOKTYBaHHi — 25 M/XB.

AHani3 pe3ynbTaTiB  PoO3paxyHKiB MOKa3aB, WO 30BHIWHIA giamMeTp
poboyoro Koneca cyTTeBO 3MeHLLYeTbes (3 0,664 M g0 0,449 wm), BcoTa poboyoro
KaHany 3MeHwWwyetbcs HecytteBo 3 0,118 m go 0,117 m. [lpaktuyHo He
3MIHIOIOTLCA TemmnepaTypa rasy Ha Buxogi 3 kommnpecopa (350 K), agiabaTHuii
KKZ, (0,455) i cnoxxmBaHa KOMNPecopoM NOTY>KHicTb (17,1 kBT).

AgpiabatHuii koedilieHT Hanopy 3MeHWyeTbes 3 1,6 go 1,5; KoediuieHT
BUTPATK He3HauyHo 36inbliyetecs (3 0,61 fo 0,62); yMOBHUIA KOeiLieHT BUTPATK
CyTTeBO 30inblyetecs 30,0128 po 0,0271; KoediuieHT LWIBMAKOXIAHOCTI
36inbluyeTecs 3 0,0215 ao 0,0328; razoanMHaMiYHMIA KOMMAEKC 3MEHLLYETHCS 3
1,819 po 1,717; reomeTpuyHMin Komnnekc 36inbyeteca 3 0,0401 go 0,0585.
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