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Jlo wmarepianiB KoH(pepeHLii YBIAIUIM Te3U JOMOBiJeH
KOH(epeH1lii, B SKUX HaBeJeHI pe3yJbTaTH HAyKOBUX JIOCIIIKEHb
OpEJCTaBHUKIB 3aKJIaJiB BHINOi OCBITM YKpaiHM Ta KpaiH
€pornericbkoro Coro3y. 30ipka Te3 I0moBiaeH Oy/ie KOPUCHOIO ISt
HAYKOBIIIB, BUKJIaJ[a4uiB, aCIipaHTIB 1 CTY/EHTIB, a TAKOX 1HXXEHEpiB
yCiX rajry3eil BUpOOHUIITBA.

© Cymcbkuii aep>kaBHU# yHiBepcutet, 2021



Hlanoeni nani ma nanoee!

@akynbTeT TEXHIYHUX CHCTEM Ta eHeproe(eKTUBHUX
TexHoorii CyMCBKOTo JIep»aBHOTO YHIBepcHTETy 3ampourye Bac
B3ITH ydacth y poOoti VIII Bceykpainchkoi HayKOBO-TEXHIYHOI
koH(pepeHiii «Cy4acHi TEXHOJIOTII y MPOMHUCIOBOMY BHUPOOHHIITBI
(CTIIB-2021)».

Cexkuii koH(pepeHuii:
1. O6pobnenHs MaTepiaiB y MauHOOY {yBaHHI.
. Texnonorii MammHOOy TyBaHHS.
3. CranzmapTu3zalis Ta ynpaBiliHHSA SKICTIO Y IPOMHUCIOBOMY
BUPOOHUIITBI.
4. TexHONOTisl KOHCTPYKIIIHUX MaTepiaiB
1 MaTepiaJo3HaBCTBO.
. Omip MarepiaiiiB i MaITMHO3HABCTBO.
. JlmHaMika 1 MIIIHICTh, KOMII FOTEpHA MEXaHIKa.
. EKoJorist 1 0XOpOHa HaBKOJIMILIHBOI'O CEPEIOBUILA.
. XiMI4Ha TEXHOJIOTIs Ta 1HXKEHEPIsl.
. XiMI4H1 HAyKH.
10. I'igpaBnivHi MaIuHY 1 T1APOITHEBMOATPETaTH.
11. Enepro36epekeHHs! eHeproeMHUX BUPOOHUIITB
(npukagHa riipoaepoMexaHika).
12. EnepreTnuHe MalIMHOOYyBaHHS.
13. Enepro30epekeHHs] eHeproeMHIX BUPOOHUIITB
(TexHiyHa Terodizuka).

N
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Anpeca CyMCBKOTO JIepKaBHOTO YHIBEPCUTETY:
ByJ. Pumcrkoro-Kopcakoga, 2, m. Cymn, 40007, Ykpaina.

Tenepon mns mosimok: +38 (0542) 33-10-24 — nekaHar
(bakynbTeTy TEXHIYHMX CHUCTEM Ta €Heproe(eKTUBHUX TEXHOJIOTIH.
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MMPOT'PAMA KOH®EPEHIIII

CEKILIS1 «OBPOBJIEHHS MATEPIAJIIB Y MAIIMHOBY IYBAHHI»

Tomosa — B. O. IBanoB, 3aB. kad. TMBI, 1-p TexH. HayK, mpodecop.
Cexperap — /1. B. TpebyxoB, acnipasr.

21.04.2021 p. [Mowarok o 13:00, ayx. JIA-213
1. IIpoexT MozepHi3alii TOKapHO-KapycelbHOro Bepcrara moaen 1512.

JormoBinau: Honymnax O. B., crynent rp. BL.m-01.

KepiBHuK: Anekcee O. M., npod. xadp. TMBI, Cym/1Y, m. Cymu.
2. PyiiHyBaHHs HapOCTY Y IIPOLIECi YTBOPEHHS €IEMEHTHOI CTPYKKH.

JomnoBinau: Mengenes b. B., crynent rp. BI-81.

KepiBauK: IBemns C.B., nonent xad. TMBI, CymVY, m. Cymu.

3. TeopeTnuHe OOTPYHTYBaHHS MapaJICIbHOTO IEPEHECCHHS BEKTOpa CHITN
y KOMIIEHCATOPi CUCTEMH «IIPEC-IUTaMII».

HomoBinmau: I'masko B. B., acmipanT xadenpu oOpoOKu MeTaliB
THCKOM.
KepiBHuK: Kyxap B. B., n-p TexH. Hayk mpodecop, 3aBiqyBad

kadeapu 00poOKku MeTatiB THCKOM, [Iprua3oBCchbKuiA
JIepKaBHUHN TEXHIYHUHA YHIBEPCHUTET, M. Mapiymos.

4. TocmipKeHHS BIUTUBY PEXUMIB pi3aHHS HA MIOPCTKICTH OBEPXHI
NP CBEPJIIHHI OTBOPIB y NaKeTax BYIJICIUICTUK/ TUTAHOBHIA CIIJIaB.

Jonosigau: Backakos E. B., ctynent rp. TM-71.
KepiBHuk: Komnecuuk B. O., ct. Buki. kadg. TMBI, Cym1V,
M. Cymu.

5. O6poOka neTanei ckIaqHOi TeOMETPHYHOI (POPMH Ha BEPCTATI 3 TAPAIEITHHOIO
KiHEMaTHKOIO.

JHomosinau: Tpebyxos 1. B., acripaHT.

KepiBHuK: AnexceeB O. M., mpod. xkad. TMBI, Cym1Y, m. Cymmu.



CEKIIS «TEXHOJIOT' TSI MAHUMHOBY 1YBAHHS»

Tomosa — B. O. IsanoB, 3aB. kad. TMBI, 1-p TexH. HayK, mpodecop.
Cexperap — /1. B. TpeOyxoB, acnipasr.

22.04.2021 p. [Mowarok o 13:00, ayx. JIA-213

1. 3acTocyBaHHS €BPUCTUYHUX MIPUHOMIB IIPH IPOCKTYBaHHI
BEPCTATHHUX MPUCTPOIB.
Jonogigau: Kob6a 1. P., ctynent rp. TM.m-01.
KepiBHuK: Kymmipos I1. B., nouenr kag. TMBI, Cym1Y, m. Cymn.

2. OnTuMizanist reOMETPUYHHX NapaMeTpiB KOHCTPYKLIT BEPCTAaTHOTO MPUCTPOIO.
JonoBigaui: Caxno M. C., cryzent rp. TM.m-01;
Hmutpenko H. P., ctynent rp. TM.m-91,;
Mauenxo P. T'., ctynent, rp. TM.m-92;
Kynpsmos B. C., crynenr, rp. TM.m-92.
KepiBHuK: €BtyxoB A. B., nonrernt xad. TMBI, Cym1Y, m. Cymn.

3. [TigBUIICHHS SKOCTI MIUTIHAPHYHIX ITi IITHITHAKOBHUX ITOBEPXOHB BAJIB IILISIXOM
cynepdiHilTyBaHHs 3a CrI0cOO0M MOBIHHOT OCIIHIIALIT OPYCKIB.

Homosinau: KOcymos [I. A., crynent rp. TM-71.

KepiBHuk: €BTyx0B A. B., nouent xad. TMBI, Cym1Y, m. Cymu.

4. OOrpyHTYBaHHS Ta 0COOJIMBOCTI pO3POOJIEHHS KOHTPOJILHO-BHUMIiPIOBaIbHOTO
TIPUCTPOFO IS MYCTOTLINX BAaIiB.

Jomosinau: Bemwenikin B. O., cryn. rp. TM.m-01.
KepiBHuK: Hertsapros I. M., cr. Buki. kad. TMBI, Cym1Y,
M. Cymu.

5. IlepcrieKTHBY 3aCTOCYBaHHS IITH(TOBUX KOHIYHUX 3’ €IHAHb Y KOHCTPYKIIISIX
MepeHaIaro/KyBajJbHUX BEPCTaTHUX IPUCTPOIB.

JHomosinau: I'epaceko K. P., crynent rp. TM.m-01.
KepiBHuk: Hertsapros [. M., ct. Buki. kadg. TMBI, CymJ1Y,
M. Cymu.

6. JlociipKeHHS BILIMBY MPY’KHIX XapaKTEpPUCTHK apMOBAHOT'O KOMITO3HLIIITHOTO
MaTepiay Ha MIiI[HICTh TBHHTOBOTO 3’ €THAHHS 3 KPYTJIOIO Pi3h00I0.

JHomnoBinau: Cupnopos 1O. €., ctyznenr rp. Bl.m-01.

KepiBHuk: Hosromnonos A. 1O., Buki. xadp. TMBI, CymZV, M. Cymu.



7. CUCTEeMHO-CTPYKTYpHE MOJICITIOBAHHSI OTIepallili CBEPIITMIBHO-(pe3epHO-
PO3TOYYBANILHOI ITPYITH HA PUKIIAJi 00pOOIeHHs neTaneit
THUITY KPHUIIKH MAIIATHAKA

JomnoBinau: Tsepeszorcbkuii 1. C., crynent rp. TM-71.
KepiBHEK: Hertsapros 1. M., cr. Buki. kad. TMBI, Cym1Y,
M. Cymu.

8. BibpariitHo-BiALIEHTPOBE 3MIITHEHHSI IMJIIHAPOBHUX BTYJIOK OYpPOBHUX ITOMII.
JHormoBinau: [oropimuii 10.0., crynent rp. MII-22.
KepiBHuK: Kycuit 5. M., nonenT kadeapu poOOTOTEXHIKH Ta
IHTETPOBaHHUX TEXHOJIOTiH MamIHOOY TyBaHH,
HauionaneHuii yHiBepcuTeT «JIbBIBChKa MOJIITEXHIKAY,
M. JIbBiB.

9. IIpuctpiit 17151 aBTOMaTUYHOTO 3aTUCKAHHS JieTalleld CKIagHoi GpopMH.
JomnoBinau: Cupopos 1O. €., ctyzaenr. rp. Bl.m-01.
KepiBHuK: Hexpacos C. C., mou. xap. TMBI, Cym1Y, M. Cymu.

10. YnockoHaneHHs KOHCTPYKIIii Bajla-MeCcTepHI IMIJIIXOM HaHECEHHS
METAJIEBOTO IOKPUTTSI.

JHomoBinau: JlazapeB M. C., crynent rp. TM.m-01.

KepiBHuk: Hemra A. O., cr. Buki. kad. TMBI, CymJ1Y, m. Cymu.
11. Jla3epHwuii BepcTart.

Jonosigau: Awmernig M. M., cryzent rp. TM-71-9.

KepiBHUK: IBanoB B. O, 3as. kap. TMBI, Cym1Y, M. Cymmn.
12. MigBuieHHsT ePeKTUBHOCTI 0OPOOIICHHS AeTaNeH THITY KPOHIITEHHI.

JlomoBigay: Kosoc B. O., acmipasr.

KepiBHuK: IBanoB B. O., 3aB. kad. TMBI, Cym1Y, m. Cymmn.
13. MonynpHHI BepcTar.

JlomoBigaui: Monomuripkuii O. JI.,ctynent rp. TM-71-9;

Becenin M. €., crynenr rp. TM-81/1.
KepiBHUK: IBanoB B. O, 3as. kap. TMBI, Cym1Y, M. Cymmn.

14. Metoanka po3paxyHKY KOPCTKOCTI THY9KOT'O BEPCTATHOTO IIPUCTPOIO
JUIst 00pOOJICHHS JeTalIeH THITy BUJIKH.
JonoBinaui: IHomomurskuii O. JI., cryment rp. TM-71-9;
Awmenin M. M., crynent rp. TM-71-9;
AnpapycumuH B. K., acmipa#r.
KepiBHuku: IBanoB B. O., 1-p TexH. Hayk, npod., 3aB. kad. TMBI;
[TaBnenko 1. B., n1-p TexH. Hayk, mpod. xkad. KM,
CymJ1V, m. CymJ1V.
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CEKLISA « CTAHOAAPTHU3ALISA TA YIIPABJIIHHHSA AKICTIO
Y ITIPOMUCJIOBOMY BUPOBHUIITBI»

T'onosa — K. O. dsntopa, npod. kad. TMBI, n-p TexH. Hayk, npodecop.
Cexkperap — /I. B. TpebyxoB, acipanr.

21.04.2021 p. [Mowarok o 13:00, ayx. JIA-213

1. 3acrocyBaHHSs AiarpaMu iCikaBH JUIsl BCTAaHOBJICHHS ()aKTOPIB, 110 BIUINBAIOThH
Ha 0e3reKy MarepialliB Ha OCHOBI KaJIbLIii T'iIpOKCHANaTuTy.

JHomoBinadi: UepHobOposuenko B. C., acipanT;
Muemmimsini H. C., crynenr rp. ML[.m-806.
KepiBHEK: Hamopa K. O., mpod. xadp. TMBI, CymlY, m. Cymu.
2. SIkicTb mpolecy KOHTPOIIIO MapaMeTpiB CKIAAHONPOITLHUX BUPOOIB.
JlomoBigaui: Hapuiun B. O., acmipaHT;
KopHienko A.O., crynent rp. TM-81.
KepiBHuk: Henucenko 0. O, cr. Buki. kadg. TMBI, Cym/1V,
M. Cymu.

3. CranmapTty 11l IPOTHO3YBAHHS Ta AOCIHIHKEHHS 010JI0TIIHOT Ii1 MEIIIHIX
BHpPOOIB Ha cTajii BHOOPY MaTepiamiB.

Jonogsinaui: Yepuobpouenko B. C., acmipaHr;
Xsoctosa B. K., ctyn. rp. CT.m3-02c.
KepiBHuk: Hsamopa K. O., npod. kad. TMBI, Cym1Y, m. Cymu.

4. TaTeponepabenpHICTh HA eTanax XUTTEBOTO ITUKITY CKIIaJHUX
BUPOOHUYHX CHUCTEM.
Jonosigaui: 3amnora P.O., acmipa#T;
I'punerko O.0. crynenrt, rp. Mb-91/2m6.
KepiBauku: Hamopa K. O., mpod. xad. TMBI,
3asora B. O., npod. kad. TMBI, CymIY, m. Cymu.

5. CranapTé KOPHOPaTHBHOTO YIPABIIHHS.
Jomosinau: Cymko B. B., ctyn. rp. CT.m3-02c.
KepiBHuK: Hamopa K. O., mpod. xkadp. TMBI, CymIY, m. Cymu.



CEKIIA «TEXHOJIOTISI KOHCTPYKIINHAX MATEPIAJIIB
I MATEPIAJIO3HABCTBO»

Tomosa — O. I1. 'armonoBa, 3aB. kad. [IMiTKM, kaHa. TeXH. HayK, AOICHT.
Cexkperap — X. B. Bepnanip, kaHa. TexH. HayK, CT. BUKIL

22.04.2021 p. [MTowarok o 9:50, ayn. 11-222

1. Bubip 3minHIOI040i TEpMiYHOT 00pOOKH JIeTa «JIOHXEPOH» KpHJIa JliTaKa
3 THTAHOBOT'O CILIABY.
Jonogigau: SAnenko B. B., crynent rp. MT-71.
KepiBHEK: l'amonoga O. I1., 3aB. kad. [IMiTKM, CymY, m. Cymn.

2. Bubip pesxxuMy 3MIIHIOBaJIBHOI TEpMidHOI 00poOKH neraii (pe3a uyeps’ssaHA
31 HIBUAKOPI3aIbHOI CTaI.
JomnoBinau: [inonpuropa B. B., ctyznent rp. MT-71.
KepiBHuk: I'amonoga O. I1., 3aB. kad. [IMiTKM, Cym1Y, m. Cymu.

3. EmexTpoickpoBe JeKyBaHHS SIK METOJI CTBOPEHHS IIOKPUTTIB
3 BUCOKOEHTOINHHHX CIUIABIB.
Jonogigau: Camconos [I. A. crynent rp. Mb-91/1wmr.
KepiBHuK: I'amonoga O. I1., 3aB. kad. [IMiTKM, Cym1Y, m. Cymn.

4. MaremMaTH4YHE MOJICJIIOBAHHS CKJIa/ly HAIJIaBJICHOTO METAJTy B 3aJI€KHOCTI
BiJl MEXaHIYHUX XapaKTEPUCTHK ITOBEPXHI.
Jonosinaui: bypnaka A. 1O., cryaent rp. MT-81;
XBocrenko P. O., ctyaent rp. MT-81.
KepiBauku: Binoyc O. A., mou. xad. MAIMO;
Tosopys T. I1., nom. kad. [IMiTKM, Cym1Y, m. Cymmn.

5. 3acTocyBaHHS IPOTPaMHOTO 3a0E3MEUCHHS Y MaTepialo3HABCTBI.

Jomnoginau: Herpe6a H. 10., crynent rp. Mb — 81/1 MT.
KepiBHuK: bepnanip X. B., cr. Buki. xad. [IMiTKM, Cym1Y,
M. Cymu.
6. KapOoHiTpallist gerai «Imesep.
Jonosigau: OmnbexoBuk K. €., ctynentka rp. MT-71.
KepiBHuK: Xapuenko H. A., nom. kad. [IMiTKM, Cym1V,
M. Cymu.

7. ITiABUIIIEHHS 3HOCOCTIHKOCTI PiXKy4Oro iHCTpYMEHTY NPH HaHECEHH
HaHOKOMTO3UTHOTO Ti-Al-Si-N mokpurTsL.

JonoBinau: ITepepna B. 1., acmipanT;
Banuucekuit M. B., crynent rp. MT.m-01.
KepiBHuk: T'oopys T. I1., nou. ka¢. IIMiTKM, CymZlY, M. Cymn.



8. Meron ImrikaBu: CyTHICTB 1 MPUKIIAAKM 3aCTOCYBAaHHS Y MaTepiaJO3HaBCTBI.

JHormoBinau: Pynenxo C. I'., crynentka rp. MT.m-01.
KepiBauK: Bepmazip X. B., cr. Buxi. kad. [IMiTKM, Cym1Y,
M. Cymu.

9. Bubip marepiany Ta 3MIIHIOIOYO01 TepMi4HOI 0OpOOKH Baly JBOCTYIIEHEBOTO
TOPHU30HTAIILHOTO PEAYKTOPA.

JomnoBinau: Ceprienko B. M., crynenr rp. MT-71.

KepiBHuK: T'oopys T. I1., nou. ka¢p. IIMiTKM, CymZ1Y, m. Cymn.

10. TepmoumkirigHa 06poOKa SIK OAMH 3 METO/IB 3MIITHEHHS BUPOOiB
31 cram 20X13.

HormoBinau: Bypnaka A. O., ctyaent rp. MT-81,
Jlynups O.B., acmipasrT.
KepiBHuK: Toopys T. I1., nou. ka¢. IIMiTKM, CymZ1Y, m. Cymn.
11. TexHOJOTIT BUTOTOBJICHHS I METOIU 3MIITHCHHS 3y09YacTUX KOJIIC.
Homosinau: Kpagens B. B., ctynentka rp. MT-71.
KepiBHuK: Bepmazip X. B., cr. Buxi. kad. [IMiTKM, Cym1Y,
M. Cymu.

12. 3acTocyBaHHs METOJy €JIEKTPOICKPOBOT'O JIETYBaHHS 3 METOIO ITiJIBUILICHHS
KOPO3iiHOT CTIHKOCTI CTaJIi.
JomnoBinau: Hynuenxo B. B., acnipant, CymJ1Y, M. Cymu.

13. Pouste TepmivHOT 0OPOOKH B TEXHOJIOTI{ OTPUMAHHS HOMITETpadhTOPETUICHY .
Jonosigau: Inpinux A. A., 3aB. HaBd. 11ab. kad. [IMiTKM, Cym/1V,
M. Cymu.

14. 3HOCOCTI#KICTh Ta KOpO3iliHA CTIHKICTh KOMIUIEKCHUX XPOMOCHTIIIIHIHIX
nudysiitanx nokputris Ha Craii 45.
Jomosinau: SAnuesnd K. B., M. H. ., [HCTUTYT el1eKTpO3BapIOBaHHS
im. €. O. [latona HAH Yxpainu.

15. 3minHIOIOYa TepMigHa 00poOKa JUIS CTaji MapTeHCUTHOTO Kiacy 20X13.

Jonosigau: XBocrenko P. O., ctynent rp. MT-81.
KepiBHuK: T'oBopyH T. I1., gom. kad. [IMiTKM, Cym1Y, m. Cymmn.
16. HanorexHouoril B MeIuuHi# iHxeHepii.
Jomosinau: Mapuenko K. C. , crynenrtka rp. MT.m-01.
KepiBHuK: Mapuenko C. B., mon. ka¢p. [IMiTKM, Cym/1V,
M. Cymu.



CEKIIS «OIIIP MATEPIAJIIB I MAITMHO3HABCTBO»

Tlonora — 1. b. Kapiunes, npod. kad. KM iMm. B. MapiimHKOBCEKOTO,
KaHJI. TeXH. HayK, rpodecop.
Cexperap — . O. Xuriniii, nou. kad. KM im. B. MapunnkoBcbKoro,
KaHJI. TeXH. HayK, JOCHT.

20.04.2021 p. [Mogatoxk o 13:25, ayn. M-112
1. MinHicTh HaMiBHECKIHYEHHOT TPYOH MpY MPOBHCAHHI ITiJ] Ti€I0 BIACHOI Bary.
Jonogigau: Trepmoximi6 A. C., ctyz. rp. IM-91.
KepiBHEK: Kurnniit . O., nonent xagp. KM, Cym/IV, m. Cymu.
2. PanioHanipHe IPOEKTYBaHHS Pi3bOOBOI0O IBOOOJITOBOTO 3’ €JHAHHS 3 HATSTOM.
JomnoBinau: Pocnsxos M. O, crya. rp. IM-91.
KepiBHuk: Kurumiit 1. O., nonent kad. KM, Cym/1VY, m. Cymu.

3. PamionansHe MpoeKTyBaHHS ABOTaBPOIIOIIOHOTO TIepepizy
IPH IJIOCKOMY 3THHAHHI.
Homosinau: I'purop’es B. C., ctyn. rp. IM-91.
KepiBHuk: Kurumniit 1. O., nonent kad. KM, Cym/IVY, m. Cymu.

4. PartioHaibHE POEKTYBAHHS TOHKOCTIHHOT'O KOMIpYaCTOro Iepepizy
NPY IUIOCKOMY 3TMHaHHI.
JomnoBinau: Ocunos O. O, crya. rp. IM-91.
KepiBHuK: Kurnniit 1. O., nonent kagp. KM, Cym/IV, m. Cymu.

5. OnTumMizatist reoMeTpii CymiTbHO KOMITO3UTHOTO BOJHEBOTO OalloHa
BHCOKOTO TUCKY.

Jomosinau: Ouiitauk €. O., cryn. rp. KM-71.
KepiBHuk: Kurumiit 1. O., nonent kad. KM, Cym/IY, m. Cymu.
6. AHaui3 BHYTpIILIHIX 3yCHIIb B eJIeMEeHTax (hepMu Impu 3MiHi pO3TallIyBaHHs OIOpP.
Jonosigaui: Anruenxo b., yaens 10 k., mkona Ne 2, M. bimomimns,
Kwo H., yaens 9 xi., mkoma Ne 1, m. Cymu.
KepiBHuK: Cwmipaos B. O., mupekrop uentpy HTTYM, Cym1V,
M. Cymu.

7. JlotisibHE pO3TalIyBaHHHS OTOP Y By3JIaX MPOCTOPOBOTO €JIeMEHTA.
JonoBinaui: PoxxkoB M., yuens 9 ki1., nrkosa Ne 1,
M. Cywmu;,
Jlepuenko B., yuens 9 ., LleHTp mo3anikinbHOT OCBITH,
mkojaa Ne 6 , M. Jlebeaun.
KepiBHuk: CwmipHoB B. O., nupexrop nentpy HTTYM, Cym1V,
M. Cymu.
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8. ITobymoBa KaneHaapHOro rpadika 00YKMCICHb 3HAYCHb BHYTPIIIHIX CHIOBHX
(hakTOpiB B CTATHYHO-BU3HAUYBAHOI OAJIKH 3 BUKOPHUCTAHHSAM OCHOBHHUX
MOJIOKEHb, METOIMKA HABYAHHSL.

Jonoeigau:

KepiBHuK:

Mowmonr C., yuenurs 11 xiacy, mxoma Ne 2,

M. binonims.

CwmipHoB B. O., nupexrop nentpy HTTYM, Cym1V,
M. Cymu.

9. MeTtoanuHi 0COOIMBOCTI 3HAXOIKEHHS T'OJIOBHUX BEKTOPIB 1 MOMEHTIB
Y JKOPCTKOMY 3aKpiIUIEHHI TPOCTOPOBOTO JOMaHOTo Opyca.

Jonoeigau:

KepiBHEK:

Jlemenkos P., yaens 10 xi1., LleHTp mo3anikineHOT
ocsiTH, mKkojaa Ne 5, m. JIeGeauH.

Cwmipaos B. O., mupexrop uentpy HTTYM, Cym1V,
M. Cymu.

10. Meroauka noOyI0BY eNIOp BHYTPILIHIX CHIIOBUX (DaKTOPIB B apii
3 ypaxyBaHHSIM BHOOpY palliOHAJIBLHOT OCi.

JonoBigaui:

KepiBHuK:

JlutBunenko O., Kamammuuk C., yuni 11 .,

mkousa Ne 12, M. Cymu.

Cwmipaos B. O., mupekrop uentpy HTTYM, Cym1V,
M. Cymu.

11. 3HaxomKeHHs HAHOLIbI HEOS3MEYHOTO PO3TANTYBAHHS OMOP CTATHYHO

BU3HAYEHOI paMu.
JlomoBigau:

KepiBHuK:

Hlkoxa 0., yuennns 10 k1., Llentp nozamkiasHol
ocBity, 1kona Ne 5, m. JleGeauH.

Cwmipaos B. O., mupekrop uentpy HTTYM, Cym1YV,
M. Cymu.

12. BusHa4eHHs! M0JI0KEHb TOJIOBHUX LIEHTPAJIbHUX OCEH CKIAJHOI BirypH.

JlomoBigaui:

KepiBHUK:

Tumodeer A., yuens 10 k1., mkosa Ne 2, M. Biomiis;
Ie 1., yuens 11 k., LleHTp mo3amkineHOT OCBITH,
mkoja Ne 7, M. JleGeauH.

CwmipHos B. O., nupexrop nentpy HTTYM, Cym1V,
M. Cymu.

13. [IpoBeaeHHS €KCIIEPUMEHTIB IT0 BHKOPUCTOBYBaHHI YCTAHOBKH
JUTSL pealdiniTamii MaIieHTiB i3 CyJUHHUME 3aXBOPIOBAHHIMH.

JonoBinau:

KepiBHuK:

CroBOyp O. A., 3aB. XipypriyHum BijineHHsM Ne 2;
Kepeii 1. M., xipypr, Cymcpka micbKa Jikapas Ne 5,
M. Cymu.
Cwmipaos B. O., mupexrop nentpy HTTYM, Cym/1V,
M. Cymu.
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CEKIIS « IMHAMIKA I MIITHICTh, KOMII"IOTEPHA MEXAHIKA»

Tlomosa — A. B. 3aropyinsko, 3aB. kap. KM im. B. MapruHKOBCEKOTO,
KaHJl. TeXH. HayK, JOICHT.
Cexkperap — C. O. MimieHko, 3aB. HaB4. 1a0. kadp. KM im. B. MapruHkoBcbKOro0.

20.04.2021 p. IMouaroxk o 13:25, ayn. H-112

1. BiiuB noaaTiIMBOCTI KpiIUIEHHS KOPITyCy Hacoca 10 (GyHJaMeHTy Ha BiacHi
YaCTOTH €JIEMEHTIB HACOCHOT'O arperary.
JonoBigaui: Bepborwuii A. €., acmipasT;
Cepuk M. JL., crynent rp. KM.m-91,;
SAxosuyk B. B., crynent rp. KM-71;
Amenko A. C., kKaHA. TeXH. HayK, 3aB. J1a0. THHAMIKI
ta Bibpoaiarnoctuky, AT « BHAIAEH», M. Cymu.
KepiBHukH: [MaBnenko 1. B., n-p TexH. Hayk, npod. kad. KM;
CumonoBcbkuil B. 1., n1-p TexH. Hayk, nmpod. kad. KM,
Cym1V, M. Cywmy;
Heammy K., kann. TexH. HayK, TOIEHT, TeXHITHAN
yHiBepcuteT M. Kiryx-Hamoka, PymyHist.

2. YucnoBwii aHali3 0araTOMIMapHHHOTO YINITHHEHHS.
JomnoBinau: [Mo3oBHuit O. O., acnipanT, kad. KM, Cym/1Y, m. Cymn.

3. 3MiHa KIIBKOCTI pyXY YaCTUHKHU PIAMHY 3 ypaxyBaHHSAM IEpEeMillleHHs] MacH 3a
HarpsMKaMH.

Jonosigaui: Mimenko C. O., 3aBigyBad HaBYaIBHOI JTaOOpaTopii;
Bessepxuit M. 0., ctya. rp. KM-71, Cym1Y, m. Cymu.
KepiBHuK: Kaniniuenxko I1. M., nouent kadenpu KM

im. B. MaprmakoBcskoro, CymlY, M. Cymn.

4. Po3nojiiyl HANpy>KeHb B PyXOMil piinHi.

Jonogsinaui: Mimgenko C. O., 3aBigyBad HaB4YaJIbHOT J1abopaTopii;
[epctiok B. L., ctyn. rp. KM-71, CymV, M. Cymu.
KepiBauku: Kamniniuenxo I1. M., nouent kadeapu KM

im. B. MaprakoBcskoro, Cym1Y, M. Cymn.

5. UncenbHe AOCTIKEHHS BUIBHUX KOJIMBaHb Nep(opoBaHOi 000IOHKH
BiOporpanysiTopa.
Jomosinauyi: SxoBuyk B. B., ctynent rp. KM-71,
Hem’ssHenko M. M., acmipaHT;
Ckumanenko M. C., cT. BUKIL., Kad. XI.
KepiBauku: [TaBnenko 1. B., o1-p TexH. HayK, mpod. xkad. KM;
JIsmomenko O. O., 1-p TexH. HayK, nmpod. kad. XI,
CymJV, m. Cymu.
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6. UncenbHe MOJIENIOBaHHS BUMYILICHUX MONIEPEYHNX KOJIMBAHb
KOJIIHYacTOTO Baja
JonoBigaui: Xowmenko B. A., ctynent rp. KM-71;
Hem’ssHenko M. M., acn.;
Bacoga €. B., HTY «XIII», m. XapkiB, YkpaiHa.
KepiBHukwu: [MaBnenko 1. B., n-p TexH. Hayk, npod. xkad. KM;
IBanoB B. O., 1-p TexH. Hayk, npod., 3aB. kad. TMBI,
CymlY, m. Cymu, Ykpaina,
Kypin 1., YuiBepcurer M. XKnnina, CroBayunsa.

7. ExciepiMeHTaNBHI TOCTIIKEeHHS TOPIEBUX MEXaHIYHHX YIIIIbHEHb BUKOHAHMX
3 [ITOE-komno3ury.
JonoBigaui: Jlo6ac [. I., crynent rp.KM-81;
I'ynkosa O. B., acmipanT, kad. KM.
KepiBHuK: I'ynkos C. M., nouent kadp. KM, CymZ1Y, M. Cymu.

8. BrockoHaneHHst METO/IIB pO3paxyHKy AMHAMIYHUX XapaKTEPUCTHK POTOPIB
BIAIIEHTPOBHUX MAIIHH.
Homosinau: Tlonuaposa A. B., acn., kxap. KM, CymZY, m. Cymu.

9. OTpuMaHHS AiarHOCTHYIHOI iH(POpPMAIIil TPO TEXHIYHUH CTaH BY3JIiB MAIIFHA
Ha OCHOBI aHaJIi3y CUTHAIIB aKyCTUIHOI eMicCii.

JomnoBinau: Cenrok O. B., ctyznent rp. KM-71.

KepiBHuk: Caguenko €. M., o kad. KM, Cym1Y, m. Cymu.

10. JTocmimkeHHs Hapy»KeHO-1e(pOPMOBAHOTO CTaHy POOOUUX KOJIIC
BiJIIEHTPOBOTO KOMIIpECOpa.

Homosinau: [Iyneko B. B., cryment rp. KM-71.

KepiBHuK: Caguenko €. M., mom. kad. KM, Cym1Y, m. Cymu.
11. TNapoauHaMIYHUI PO3paXyHOK TOPIEBOTO VINITHPHEHHS.

Jomosinau: Toxapes B. O., ctyaest rp. KM-71.

KepiBHuk: Cosenko H. B., nom. kadp. KM, CymlY, M. Cymu.
12. Metoau 0ChOBOTO YPiBHOBa)XXEHHSI POTOPIB BiILIEHTPOBHUX HACOCIB.

Jonosigau: [oekomrsac M. O., crynent rp. KM-71.

KepiBHuK: Cogenko H. B., mou. xap. KM, CymAAY, m. Cymu.

13. Komn’toTepHe po3B’si3aHHSA 33734l B3a€EMOIii YIUTEHIOBAIBHOI PiIMHH,
CAJILHUKOBOT HAOMBKH Ta OMOPHOTO AHUCKY Y TOPLUEBOMY CaTbHUKOBOMY
YIIUTbHEHHI.

JonoBinau: CanoxxaukoB . 1., acmipanr, rp. A-05/MBb.

KepiBHuK: 3aropynsko A. B., 3aB. kadp. KM, Cym1Y, m. Cymmn.
14. OnruMizanist reomeTpii 1abipUHTHO-ITyHKOBOTO YIIIEHEHHS.

HomnoBinau: Izemenko B. B., crynent rp. KM-81.

KepiBHuk: 3aropynbsko A. B., 3aB. kag. KM, CymZ1Y, M. Cymu.
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15. Kagiraritina epo3ist Ik HACJTiIOK KaBiTaIlii.

Jonoeigau: Bammcr b. B., acmipasr;
Hikomaenxko /1. P., cTyzneHT.
KepiBHEK: [Masnerko 1. B., n-p TexH. HayK, mpod. xkad. KM,

Cym1Y, M. Cymu.

CEKIIA «kEKOJIOI'TA I OXOPOHA
HABKOJIMIIHBOT' O CEPEJIOBHUIIA»

Tonosa — JI. 1. [Tnsinyk, 3aB. kad. EtallT, a-p Texu. Hayk, npodecop.
Cexkperap — €. B. baranbiies, 3aB. n1ab. ka¢. EtallT.

20.04.2021 p. [Mouaroxk o 10:00, ayx. 11-204

1. OuumieHHs MOy THOTO HATOBOTO Ta3y BiJl CIpKOBOHIO.
JHomosinaui: AGneesa L. 1O., crapmmii Bukianay;
Binmoryp A. O., cryment, CymJY, m. Cymu.

2. TexHoJorii 3axucty aTMOc(hepHOTo MOBITPS Bl BUKHIIB JIako(hapOoBOTo
BUPOOHHIITBA.
Jomosinaui: Illamosan O. L., cTyaeHT;
Bypna O. A., acuctrent, CymJ1Y, M. Cymu.

3. TexHOJOTIYHI 3ac00M 3aXUCTY AOBKIJUIA IPH iHTEHCH(DiKAIi aKBaKyJIETYPH.
Homosinaui: Tpynosa L. O., nomeHT;
Mansues O. @., cryaent, CymJ1Y, m. Cymu.

4. XapakTepHuCcTHKa HAMIPSIMKY BiTpiB y CyMCBKOi 001acTi.
Homosinaui: Kopuyc A. O., noir., CymJ1V, m. Cymu;
Kopnyc O. I'., nout., CymIITY im. A. C. Makapenka, M. Cymu.

5. Jlo nutanHs nerymidikaiii IpyHTIB CyMCBhKOi 00J1acTi.
Jomosinaui: Kopuyc A. O., 101eHT;
Bacunenko O. M., cryaent, CymlY, M. Cymu.

6. TexHOJIOTis 3aXUCTY IPYHTIB BiJ| 3a0pyJHEHHS Ha(TONPOyKTaMH.
Homosinaui: Baprom E. 1O., ctynenTka;
Bypna O. A., acuctent, Cym1Y, m. Cymu.

7. ExonoriuHo 0e3me4Hi HanpsIMU TOBOKEHHS 3 Pa/Ii0aKTHBHUMH BiIXOJaMU.
Homosimaui: Kotosa I. 1., cryaentka;
Yepuum €.10., nouent, CymJ1Y, m. Cymu.
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8. InTencudikaris Ta MoCHWICHHS MMOKa3HUKa e(EKTUBHOCTI pO3JUICHHSI OypOBUX
NUIAMIB Y TOJIi Jii BiIIICHTPOBUX CHIL.
Homnoginaui: Jlynenko C. B. Acmipanr;
Abneesa I. 1O., crapimii BuKiagay;
sty JI. ., mpodecop, CymAaAY, m. Cymu.

9. 3MeHIIEHHs TEXHOTEHHOTO HaBAHTAKEHHS HAa JOBKIJIIS BiJ BUKHUIIB
JPiOHOAMCIIEPCHOTO TIHITY.
Homosinaui: T'ypens JI. JI., moteHT;
3aitena K. O., crynentka, CymJAY, M. Cymu.

10. TexHOJNOTIYHI acIIeKTH pealtiamii NpoueciB TEeMHOBOI Ta METaHOT€HHOT
(epmeHTaNii BiIX0iB.
Jomosinaui: Janunos M. B., ctyneHr;
Yepuu €. 10., nouent, CymJ1Y, m. Cymu.

11. lepepobka 30I0ILIAKOBUX BIIXO/IB 3 METOI OTPUMAHHSI TEILIO130 ISIIIHHIX
MaTepiais.
Homosimau: M’sikaeB O. B., 3mo0ysau, CymlY, m. Cymn.

12. MaTteMaTH9IHE MOJICITIOBaHHS MPOIIECIB B3a€MO/II{ JTIOJMHN Ta HABKOJIHITHEOTO
cepeioBHUINa
JHomosinaui: BeskpoBHa A. B., 3axapoBa B. A., cTyneHTy;
Poii 1. O., crapmmii Buknagay, CymJ{Y, m. Cymu.

13. BB aepo30JbHUX BUKHU/IIB HA TOBKIILISL.
Jomosinaui: Buxposa A. 0., cTyneHTKa;
Koziii I. C., mouent, Cym1Y, m. Cymu.

14. BupobuunrBo Oioamsento. [lepcriekTuBy po3BUTY B YKpaiHi.
Homosinaui: Bariposa lO. P., crynentka;
Abneesa I. 1O., crapmmii Bukinagad, CymJ1V, m. Cymu.

15. [Ipobnema yTromi3amii BigXoHiB POCITHHHUIITBA.
Jomosigaui: T'ypeus JI. JI., qoueHT;
®ecenxo O. A., ctynentka, CymJ1Y, m. Cymu.

16. TexHoJOTUHI 3aCO0M 3aXKMCTy AOBKULISA PHU iHTEHCH]iKaIlil aKBaKYIbTyPH.

Homosigaui: Tpynosa I. O., noteHT;
Mansues O. @., cryaent, Cym/1Y, M. Cymun.
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17. IloBopxeHHs 3 BigxogaMu OypiHHS IPH CIIOPY/PKEHHI ITOIIYKOBHX
CBEPJIOBUH.
Homosinaui: 3umorisin . A., cTyIeHT;
®anbko B. B., crapmuii Buknagad, CymlY, m. Cymu.

18. 3actocyBanHs 010(IIBTPIB Y TEXHOJIOTISNX OYMIIEHHS CTIYHUX BO/I.
Homosinaui: Becmana b. B., cTyznenr;
Bacekin P. A., mouent, Cym/1Y, m. Cymu.

19. Ananiz 3MiH KtiMaTy CyMCBKOi 00JacTi.
Jomosinaui: Bacekina I. B., crapmmii Bukinagaq, Cym2Y, m. Cymu;
Menbauk O. C., gouent, CHAY, m. Cymu;
[epctiok M. 0., ctapumii Buknanay, CHAY, m. Cymu.

20. AHai3 cyyacHHX METO/IB IepepoOKH Ta yTHII3alii BiAX0iB OypiHHS
HiAnpueMcTB HadTO ra30BUI00YBaHHS.
Jomosinaui: Jlucsacekuii B. C., cTyaeHT;
®aneko B. B., cr. Buknagau, CymlY, m. Cymu.

21. ArpoexosoriyHa OIliHKa SKOCTi AUTeCTaTy.
JHomosinaui: AoGneesa L. 1O., crapmmii Bukianay;
Bepexna 1. O., acmipanTKa;
Bepexnmii 1. M., acmipant, CyMmJAY, m. Cymu.

22. O3eneHeHHs SIK 3aci0 MOJINIIEHHS NPUPOHOTO KapKacy ypOOeKocHucTeM.
Homosinaui: Botiko A. A., cTyeHTKa;
Istyx JI. 1., mpodecop;
Baramsnes €. B., acucrent, Cym/1Y, m. Cymu.

23. 3abe3neuenns exonoriunoi 6esnexu AEC.
JHomosinau: Baranpues €. B., 3aBigyBad HaB4anpHOI JTaboparopii,
CymY, M. Cymu.

24. OunIeHHs CTIYHUX BOJI METOJIOM E€KCTPAKIIii.
Jomosigaui: Haymenko JI. C., cTyneHTKa;
IMnsyx JIL J1., mpodecop, CymZ1Y, M. Cymu.

25. TexHouorii 3aXUCTY TOBKIJUIS TP poOOTI MUITOK caMOOOCITyrOByBaHHSI.

Homosigaui: Tpynosa I. O., noteHT;
bounapenko K. M., ctynent, CymZ1V, M. Cymu.
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26. Mani I'EC i BigHOBIIIOBaHa €HEPreTHKA.
Homosinaui: Kysemina T. M., noueHT;
ITnyxuuk O. M.,ctynent, Cym/1Y, m. Cymy;
Bbabko P.B., c.u.c., [nctutyT 30050rii HAHY, M. Kuis.

27. AncopOriiiHi METOAM OYUINCHHS CTIYHUX BOJI.
JHomosinaui: Bimoyc O. O., 3axaposa B. A., crynenru;
sy JI. 1., mpodecop, CymAY, m. Cymu.

28. Exonoriyai MeTOaH 3HWKEHHS BUKHU/IIB OKCHIY a30Ty.
Jomosinaui: BeskpoBHa A. B., Maitbopona B. C., crynenru;
[styx JI. 1., mpodecop. CymAY, m. Cymu.

29. TpanuiliitHi METOAM OYMIICHHS CTIYHUX BOJI CKCTPAKINIET.
Jomosinaui: Haymenko JI. C., beskpoBHa A. B., cTynenTku;
sty JI. 1., mpodecop, CymAY, m. Cymu.

30. KarcymoBaHHS rpaHyJ SK cIIoci0 CTBOpEHHS TOOPHB 3 PEryIbOBaHIM
BUBUIBHEHHSIM MO)KUBHHUX PEUOBHH.
JHomosinaui: Maxkapernko H. O., acuctent;
sty JI. 1., mpodecop, CymAY, m. Cymu.

31. ExosoriuHi acleKTH MOBODKEHHS 3 HEOE3IMEYHNMH BIIXOIaMKA
y CKJIaJi OOy TOBHX.
Homosinaui: Yepnsik [I. C., cTyaeHT;
Bacekina 1. B., crapmmii Bukinagay, Cym1Y, m. Cymu.

32. TpanckopaonHa piuka CyMIIMHU.
Jomosinaui: Illepctiok M. M., acmipaHnT;
CaenkoB J[. M., acmipaHT;
sty JI. 1., mpodecop, CymAY, m. Cymu.

33. Bubip MeTomiB Ta TEXHOJIOTiH 0OpOOICHHS BIAXOIIB.
Homosinau: Jlaszuenko /I. O., nonent, Cym1Y, m. Cymn.

34. TlepcriekTHBH PO3BUTKY O€3BIIXOTHUX TEXHOJIOTIH y TEKCTHIBHUIMA 1HIYCTpIl.
Jomosimaui: Bbypna O. A., acucTeHT;
Bypna A. O., crapmuii Buknanad, CymZ1V, m. Cymu.

35. Anauiz qocBiny kpai €Bporneiicbkoro Cor3y B OBOIKECHHI 3 BIAXOIaMH.
Homosinaui: Tpynosa L. O., noneHr;
boBa A. O,, ctyaentka, CymJ1Y, m. Cymu.
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36. BruuB mMarniTHOT 00p0oOKHM Ha MPOLIECH aHAaePOOHOT0 30POIKYBaHHS
OpTaHIYHUX BiJIXOJIIB.
Honoginau: YyOyp B. C., acnipantka, Cym/1Y, M. Cymu.

37. BukopucranHs OionmpenapariB SIK ajJbTepHATHBA MONEPEKEHHS 3a0py IHEHHS
IPYHTIB arpoximikaTamu.
Jomosinaui: JlaBumosa C., CTyAeHT;
SAxuenko O. M., acucrent; CymlY, m. Cymn.

38. TexHoorii 3MEHIIICHHS 3a0pyIHEHHS IPYHTIB MECTHITUIaMH.
Homosinaui: Jlereneus K. P., crynenT;
SIxuenko O. M., acucrent, CymlY, m. Cymu.

39. ExosoriuHi mpo0iaeMu 3aXOpOHEHHS CMITTSL.
JomoBinaui: I3mankoBa M. A., CTyZeHT;
Sxuenko O. M., acucrent, CymJ1Y, m. Cymu.

40. OpraniyHe CiTbCEKE TOCIMOTAPCTBO SK CIIOCIO 3MCHIICHHS TEXHOTCHHOTO
HaBaHTAXXCHHS Ha JOBKIJIIA.
Homosinaui: anwmmos . B., cryneHr;
sty JI. 1., mpodecop;
Baranenes €. B., acucrent, Cym1Y, m. Cymu.

41. YupaiiHHS BOJIHAM PECYPCaMU.
Homosinaui: Illepctiok M. M., Caenkos [I. M., benos A. B., aciipanTu;
Istyx JI. 1., mpodecop, CymAaY, m. Cymu.

42. CopOuiifiHe OYHUIIEHHS CTIYHUX BOJ BiJl HOHIB BaKKUX MECTAIIB.
Honosinau: [uranuyk A. b., acniipantka, Cym/1Y, m. Cymu.

43. lym sik YMHHHUK 3a0pyAHEHHsI JOBKIULIS Ta 3aX0/IU [I0JI0 HOT'O 3MEHIIICHHS.
Homosinau: [lenucenko M. /1., 3aB. HaBud. 1ab., Cym1Y, M. Cymmn.

44. HarpsIMKH Ta TEPCIIEKTUBU PO3BUTKY O€3BiIXOHUX TEXHOJOTIH
Y CUTBCHKOMY TOCIIOJJAPCTBI.

Homosimau: Illanna O. C., cTyeHT.

KepiBauk:  Bypma O. A., acucrent, CymlY, M. Cymu.

45. EKOJIOTi1YHI TOCHTIIKeHHST MiHEpaIbHIX JTOOPHB.

Homosinau: KononrtaeB M. C., cTyneHT.
KepiBauk:  Bypma O. A., acucrent, Cyml1Y, M. Cymu.
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46. ®opMyBaHHS €KOJIOTTYHOI CBIJIOMOCTI CTY/ICHTIB Iijl YaC HABYAIbHO-
BUXOBHOTO TIpoIiecy 3 (Pi3UUHOTO BUXOBAHHSI.
Homnoginaui: Bypmna A. O., cT. BUKIL;
IIpuitmenxo C. A., acucr.;
Bypna O. A., acuct., Cym/1V, m. Cymu.

CEKIIA «XIMIYHA TEXHOJIOI'TA TA IHZKEHEPIS»

T'onosa — B. {. Cropoxenko, npod. kad. XI, kaaa. TeXH. HayK, mpodecop.
Cexperap — O. €. CrapuHchKHi, BUKIaaad-cTaxXucT kad. XI.

23.04.2021 p. IMouarok o 9:00, ayn. JIA-205
1. Anani3 craziiii rpaHyJIOyTBOPEHHS Y BUPOOHHUIITBI IOPUCTOT aMiaqyHOT CEeliTpH.
JlomoBigau: IMoranos M. P., cryaent rp. XM.m-91/1,
KepiBHuk: Ckinabincekuii B. 1., 3aB. kad. XI, Cym/IY, m. Cymu.
2. [IpoMuCTIOBI METOAM OUYHINECHHS BUPOOHUYHX Ta3iB Bi CIPKOBOIHIO.
JHomoBinau: IaBpuuenko B. O., cryaent rp. XM.m-01/1.
KepiBauK: Cknabincekuii B. L., 3aB. xad. XI, Cym1VY, m. Cymu.
3. Ilpouec pexrudikarii y mpoMruciIoBOMY BUPOOHHIITBI TOIYOITY.
JomnoBinau: Jle6ens K. B., ctyment rp. XM.m-01/1.
KepiBHuk: Ckuna0incekuii B. 1., 3aB. kad. XI, Cym/IY, M. Cymu.
4. ExciepuMeHTaNbHE TOCIIIKEHHS 3MiHU ITUPHUHU CTIKAI0YOi TUTIBKH PiIUHH.
Jonosigaui: Koctrouenxko €. B., acripaHT.
KepiBHuK: Jlykammo B. K., npod. kadenpu XTBMC,

Hloctxkuuchkuit iHCTHTYT CyM1Y, M. IlocTKa.

5. OnruMizanist npouecy pekTudikalii KOBIauKoBOi KOJIOHH.
Jomnoginau: Jlaepuk B. C., cryaent rp. XM.m-01/1.
KepiBHuK: Axuenko C. M., mou. xad. XI, Cym1Y, m. Cymmn.

6. OnTuMizalis mporecy KOHIEHCAIlii TapiB €TaHOTy B CKJIAIL
OparopekTudikaIiifHol yCTaHOBKH.
Jomnoginau: Kpomienko A. C., cryment rp. XM.m-01/1.
KepiBHuk: Sxuenko C. M., nom. kad. XI, Cym1Y, m. Cymn.

7. KoxxyxotpybuacTuii TEIII000MIHHEK 13 TAPOBUM IPOCTOPOM JIJIS

BUIIAPOBYBAHHS €THJIOBOTO CIIUPTY Y CKJIAAl peKTH(DIKamiHHOI yCTaHOBKH
HomnoBinau: Mixees IO. 1O., cryzaent rp. XM.m-01/1.
KepiBHuk: Sxuenko C. M., nou. xad. XI, CymJ1Y, m. Cymu.
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8. KineTruHi 3aKOHOMIPHOCTI OXOJIOMKCHHS TpaHyI cynepdocdary.
JHormoBinau: Hatamyxa A. P., ctyment rp. XM-71/1xki.
KepiBauK: IOxumenko M. I1., mom. xad. XI, CymlY, m. Cymmn.

9. BuGip parioHanapHO KOHCTPYKIIT 0X0JIO/PKyBaya IpaHyIbOBaHOTO
cynepgocodary.

JomnoBinau: 3esirin 1. O., crygent rp. XM-71/1ki.

KepiBHuk: IOxumenko M. I1., nou. xad. XI, CymJ1Y, m. Cymu.

10. [ToOynmoBa perpecitHIX MaTeMaTHIHUX MOJIENeH ONTHMAaIBHOTO KaTOIHOTO
eJIeKTpOMEeMOPaHHOTO OCaKEHHS METAIiB.
HormoBinau: Cepmiok B. O. acmipanr, xad. XI.
KepiBauku: Cknabincekuii B. 1., 3aB. xad. XI;
Bonpianina C. b., 3aB. kad. TIIX, Cym1Y, m. Cymu.

11. JliniiiHa iHTEPIOJISALis PIBHOBAXKHUX JIiHIM O1HAPHUX MAPOPIAMHHUX CyMilleH
i Yac po3paxyHKy MacoOOMIHHHX IPOLIECIB.

Homosinau: Kucnsx B. B., Koporyn B. B., ctynenTu rp. XM-81.

KepiBHuK: MuxaitnoBeekuii S. E., mom. kad. XI, CymaAY, m. Cymmn.
12. MaTeMaTHYHHIA OTIAC HEI30TePMiTHOT aOCOPOIIii.

JomnoBinau: I'pebenik A. €., crynent rp. XM-81.

KepiBHuk: Muxaitnoecekuii 5. E., noir. kad. XI, CymIY, m. Cymu.

13. Po3paxyHOK TpaHHYHHX MIEpECHYEHb y Mpoliecax KpucTaiizauii conel i3
PO3UYMHIB.

Homosinau: I'punbko . K., ctynent rp. XM-81.

KepiBHuK: MuxaitnoBcekuii S. E., mom. xad. XI, CymaAY, m. Cymmn.

14. MojenmoBaHHsI MPOIECIB IPH MPAHyI0yTBOPEHHI 32 30J1b-T€IBHOI0
TEXHOJIOTIEIO.
Jonogsinaui: JIsnomenko O. O., mpod. xad. XI;
[MaBnenko 1. B., mpod. kad. KM;
Ckupanenko M. C., nokrtopant kad. XI;
Hem’ssaerko M. M., acmipanTka, kad. KM;
IOxumenko M. I1., mom. xad. XI;
Ocrtpora P. O., ct. Buxi. xad. XI;
Kononenko M. I1., cr. Hayk. cniBp. naboparopii JITMO;
IToxoTtumo B.M., mou. Hayk. criBp. naboparopii JITMO
KepiBHuk: Cxnabincekuit B. 1., 3aB. kad. XI, Cym/1Y, m. Cymu.
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15. MopemoBaHHS MPOLIECIB cemaparii Ta TETIOMacoOOMiHY y BO- Ta Tpuda3zHUX
6araTOKOMIIOHEHTHHX CUCTEMaX.

JHomoBinadi: Xyxpsacpkuit O. M., Ceiid Xycceiin, acmipanTu
kadenpu xiMidHOT iHXKEHEPII.
KepiBHukwu: Moicees B. @., npodecop xadeapu XiMiuHOT TEXHIKU Ta

npomucioBoi ekoorii, HTY «XIII», m. Xapkis;
JIsmomenko O. O., mpod. kad. XI, Cym7AY, m. Cymu.

16. Y nockoHalleHHs TEXHOJIOTii BAPOOHUIITBA CI1a0KOi a30THOT KMCIIOTH.
JHormoBinau: Cep6inoscrka JI. B., ctynentka rp. XM.m3-0lc.
KepiBauku: SAxuenxo C. M., mou. xad. XI,

Ocrtpora P. O., ct. Buxi. xad. XI, Cym1Y, m. Cymn.

17. IlepeBaru Ta HEOJIIKW BUKOPUCTAHHS THOIO SIK OpPraHi4HOTO 100puBa.
Jomosinau: Ianera /1. B., ctyaent rp. XM.m-01.
KepiBuuku: Ocrtpora P. O., ct. Buki. kad. XI, Cym1Y, m. Cymu.

18. MopemoBaHH TiAPOAMHAMIKA BiAIEHTPOBO-BUXPOBUX MPUCTPOIB IS
MacooOMIHHOTO Ta cemapaniifHoro oonagHaHHS.
JomoBinadi: €cummuyk C. C., Haramyxa A. P., ctyn. rp. XM-71/1xi;
Crapuncekuii O. €., acmipanT kad. XI.
KepiBHukH: JIsnomenko O. O., mpod. kad. XI;
Ckuiabincekuii B. 1., 3aB. kad. XI, CymZ1Y, m. Cymu.

19. Pe:xMMHO-TEXHOJIOTIYHA i anapaTypHO-KOHCTPYKTUBHA ONITHMI3allist
cernaparopiB YCTAaHOBKH MiATOTOBKH Ta3y.

Jonosigaui: T'onoxsoct O. O., Camoiinenko B. O., cryaentu
rp. XM.m-01;
Crapuncekuii O. €., acmipasT kad. XI.
KepiBHukH: JIsnomenko O. O., mpod. kad. XI;

Ckuabincekwmii B. 1., 3aB. kad. XI, CymZ1Y, m. Cymu.

20. IIpotyKTUBHICTH CAMOYCMOKTYBaJIbHUX HIEPEMIIIYIOUUX IPUCTPOIB.
Jonogsinaui: Cropoxenko B. {., npod. kad. XI;
CwmupHoB B. A., acucrent kad. XI;
€cummuyk C. C., crynment rp. XM-71/1ki;
[a6panpkuii C. B., crapmmii BUKIIagad,
CHY im. B. [ans, M. CeBepoiOHEIIBK.

21. Po3pobOka J0CIiIHOTO eKCIIEPUMEHTAIILHOTO CTEHIY JJISl MOICTFOBAHHS
TiApOaMHAMIKH BOJOHA(PTOBUX EMYJIIBCIM.
Homosinau: Crapuncekuii O. €., acmmipanT kad. XI.
KepiBHuk: JIsmomenko O. O., mpog. xad. XI.
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22. MozemoBaHHs TEXHOJIOTIYHHX MPOIECIB Y BUPOOHHUIITBI O10€TaHOITY
II moxoiHHS.
JonoBigaui: Cxorap A. I1., [lImatenxko B. A., cryn. rp. XM.m-01/1;
Cxkunanenko M. C., nokropant kad. XI.
KepiBHuK: JIsmomenko O. O., mpoo. xad. XI.

23. BIUIMB TEXHOJIOTIYHUX MapaMEeTPiB MPOIECY HA XapaKTEPUCTUKH MPOIYKTY,
OTPUMAHOTO 32 30JIb-TEIEHOK) TEXHOJIOTIEH.
Jonosinaui: JIsnomenko O. O., mpod. kad. XI;
[Manenko 1. B., mpod. kad. KM;
Cxkunanenko M. C., nokropant kad. XI;
Hdewm’ssuenko M. M., acmipanTka, kad. KM;
IOxumenko M. I1., mom. xad. XI;
Ocrpora P. O, ct. BuKi. kad. XI;
Sxuenko C. M., mo. kad. XI;
Kononenko M. I1., ct. Hayk. criBp. adoparopii JITMO.
KepiBHuk: Ckinabincekuii B. 1., 3aB. kad. XI, Cym/IY, m. Cymu.

CEKIIA «XIMIYHI HAYKHW»

I'onosa — C. b. bonbrianina, 3aB. kad. TIIX, kaH. TeXH. HAyK, JOICHT.
Cexperap — O. /1. MaBnaHoBa, daxisenp kag. TIIX.

21.04.2021 p. [Mowarok o 15:00, ayx. 11-226
1. SlxicHe BU3HAYCHHS aMirAalliHy B KICTOYKAX IUIOJIB PO30BUX KYJIBTYP.

Jonosigau: Paguenko A., crynent rp. Mb-01/311X.

KepiBHuK: Bopoo6iiosa . I'., nonient xad. TIIX, CymY, m. Cymu.
2. KinpkicHe BU3HAYCHHS QypaliiIiHy METOJJOM HOJOMETPUIHOTO TUTPYBaHHS.

Jonoginau: KpaBuenko A., Capoticrka C.-M., cTyieHTH

rpymu MI[m-003.
KepiBHuk: Bopob6iiosa I. I'., nonient kad. TIIX, Cym/1Y, m. Cymu.

3. BusHaueHHS BILTHBY Hepiory 300py CHPOBHHHU HA IOBHOTY €KCTPAKIIil
(henonpHUX crionyk 3 nucts Ginkgo Biloba L.

JHomnoBinau: Baxniok M. C., crynenTka rp. M1 m.-803.
KepiBHuk: [Nonomaprosa JI. M., nou. kad. TIIX, Cym21V,
M. Cymu.
4. CunTe3 Ta aficopOuiliHi BIACTHBOCTI OiomoimMepiB.
Jomosinau: Panuenko O. 1., Matsiituyk B. O., crynenrtu rp. I1X-01.
KepiBHuk: Bonpmanina C. b., 3aB. kag. TIIX, CymZY, M. Cymu.
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5. Exonoriuni mpo0OyieMu mij yac BUAOOYTKY Ta repeoOku HadTH y JIiBii.
JHormoBinau: AwmTip Amamip Ani AmTip, ctya. Tp. XM-82.
KepiBauK: Hiaenxo T. B., cr. Buxi. xad. TIIX, CymQY, m. Cymu.

6. AHayiTHYHE BU3HAYEHHs BMICTY KOMIIOHEHTIB B rpaHysiboBaHnx NPK
Jo0pUBax.
Jonoginaui: Sposa T. 10., crynentka rp. MB-91/4-nx;
Koganenko T. 1., mabopant kadenpu TIIX;
Snorcrka I'. O, cr. Buki. kad. TIIX, CymJY, m. Cymu.

7. Cunre3 HaHOuacTHHOK Cu2ZnSnSey,
HormoBinau: Bopoxmos /1. O., crynent rp. MB-91/411X, CymlY,
M. Cymu.

8. XiMiuHe HIKeTIOBaHHS /ieNeKTPUUHIX MaTepiajiB.

JomnoBinau: Myxksuu B. 1O, cryn. rp. MB-01.

KepiBHuk: [Mmenuunuii P. M., nou. kad. TIIX, Cym1Y, m. Cymu.
9. KineTnka enekTpoMeMOpaHHOTO BiTHOBJICHHS KaJAMilO Ta IUHKY .

HomoBinau: Cepmrok B. O. acmipanr, xad. XI.

KepiBauku: Cknabincekuii B. 1., 3aB. xad. XI;

Bonpianina C. b., 3aB. kad. TIIX, CymJ1Y, m. Cymu.

10. 3actocyBanHs (OTO Ta BizeoMaTepialiB y 1a00paTOPHOMY HPAKTUKYMi 3
HEOpraHiuHOI XiMil.

Jonosigau: 3Bonuk K. B., crya. rp. MB-91/11X;
Biniuenko A. L., crya. rp.Mb-01/T1X.
KepiBHuK: Jlinman 1O. B., mou. xa¢. TIIX, CymY, m. Cymn.

CEKUIA «I'TIPABJIYHI MAIIWMHMU I TTAPOITHEBMOAT PEI'ATH»

T'onosa — 1. O. KoBainbos, 3aB. kad. [II'M, kaH. TeXH. HayK, mpodecop.
Cekperap — JI. B. 3abinpkuii, acmipaHr.

23.04.2021 p. IMowarok o 9:50, ayn. JIb-110

1. Mo»JIMBOCTI 3aCTOCYBaHHS KOHTPPOTOPHOT'O e(heKTy B HACOCHOMY OOJIaHaHHI
JUTSI T IBUITICHHS HATTIPHOCTI.

Homosimaa:  Kymikxos O. A., acmipanT rp. A-05/MBb.

KepiBamK Parymmmit O. B., acuct. kad. IIT'M, Cym/1V, M. Cymu.

2. MOXITUBICTh BUKOPUCTAHHS 0€3JI0MIaTEeBOr0 HAITPSIMHOTO arapaTy
B HacOCOOYAIBHil TPOMHUCIIOBOCTI.
Honosinau:  Ilerpenko C. C., acnipant rp. A-05/Mb.
KepiBHuk Parymnwmii O. B., acuct. xad. [1I'M, Cym/1Y, m. Cymn.
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3. Camoperyrorounii IpUCTpPii pO3BaHTaXEHHsI 0OCHOBOI'0 3YCHJIIS Ha POTOPI
0araTocTyneHeBOro Hacoca.
Homnoginaui:  Mowmort O. B., Pyneuskuii B. C., crynentu rp. ['M-71-9.
KepiBauk Komicuiuenko E. B., gom. kad. I[I'M, Cym/Y, m. Cymu.

4. JlocnikeHHs eKOHOMIYHOCTI BUKOPHCTAHHS BIIbBHOBUXPOBUX HACOCIB
(turry CBH) nipu TpascriopTyBaHHI piivH 3 BKIIOUCHHSIMH.
Homoeimaugi:  Komowmiens B. A.., ctynenTka;
[Tysik P. B., acmipanT.
KepiBamK Konnycs B. 0., acucr. xad. [II'M, Cym1Y, m. Cymu.

5. IlpoexTyBaHHS 3MiHHUX NMPOTOYHKX YacTHH Hacoca tuiry [JHC 300-180
3 METOIO PO3UIMPEHHS IX Jiana30Hy BUKOPUCTaHHSI.
JlomoBigau: [ITeBuenko A. L., crynenTka.
KepiBHuK Konnycs B. 10., acucr. kad. [II'M, CymZlY, m. Cymu.

6. BimoOpakeHHs yJapHOT XBHJII B 3aMKHYTil CXeMi T1iJpOIPHUBOLLY.
Homoeimaa:  Cucenko B. B., acmipanT rp. A-05/Mb.
KepiBamk IrrateeB O. C., mom. kag. [II'M, Cym1V, m. Cymu.

7. Metonau BUSBIICHHSI 3HOCY HiIIIMITHUAKIB Y HACOCHOMY arperaTti 0e3 yIIiIbHEeHb.
Homosimau:  Crtpoxkin O. O., acmipant, Cym1Y, m. Cymmn.

8. JIoCBi CTBOPEHHS HACOCIB 3 BUCOKUMH aHTHKABITAIll HHIMU
XapaKTEePUCTUKAMH.
Homnoginaui:  Tsaruo O. B., acnipanT rp. ACITex-9.1;
Oguapenko M. C., KaH]l. TEXH. HaYK;
Bopoxka A. C., acmipant rp.A-05/MB;
Jlobypenko M.B., mout. Hayk. cmiBp. kad. [1TI'M;
[Mammuenko A. A., mou. xad. [II'M, CymlY, m. Cymn.

9. BruuB 3akpyTKY MOTOKY Ha BXOi B pob0Ye KOJIECO HACOCY Ha HOro
CHEPTreTHYHI XapaKTePUCTUKH.
Homosimaui:  Bopoxka A. C., acmmipast rp.A-05/Mb;
Jlo6ypernko M.B., mou. Hayk. criBp. kad. I1T'M;
[Mamgenko A. A., nom. kad. [TTM, Cym1Y, M. Cymu.
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10. BB 614HMX Ma3yX HAcOCa Ha PE3yJIbTATH YUCIOBOTO MOJICITIOBAHHS.
Homnoinaui:  YepHoOpoBa A. K., acnipanTka rp. ACII-7.133.1;
Cotauk M. 1., n-p TexH. Hayk, nouent, CymY,
M. Cymu, YkpaiHa;
Momnomnuit O. M., KaHA. TEXH. HayK,
TOB «POMPAX», M. Bporyias, [Tonbma.

11. Ornsx MUIsAXiB MiABUIICHHS €HEPTOePEeKTUBHOCTI HACOCHUX arperaTis.
Homogimagi:  Coxanb A. O., Cyxocrasens /JI. 1., acm. rp. ACIItex-9.1.
KepiBamK Cotauk M. L., 1-p TexH. HayK, nou., CymlY, M. Cymmn.

CEKLISI <EHEPTO3BEPEXKEHHSI EHEPTOCMHUX BUPOBHUIITB
(MMPUKJIAJTHA TTIPOAEPOMEXAHIKA)»

Tomosa — 1. O. KoBanwos, 3aB. xad. [II'M, kaHI. TeXH. HayK, mpodecop.
Cexkperap — /I. B. 3a0inpkuii, acmipaHr.

22.04.2021 p. IMouatoxk o 10:00, ayx. JIB-205

1. OpraHi3aiiiiHo-TeXHiuHi Ta KJIIMAaTHYHI aCTICKTH 3aCTOCYBaHHS yCTAHOBOK
COHSTYHOI TeHeparlii eJIeKTPUIHOI eHeprii y HaBYaIbHIX 3aKIagax.

Jonogigau: igmy6na K. O., ctynentka rp. EMm-01.

KepiBamk Cotnuk M. 1., n-p TexH. Hayk, nou., CymlY, M. Cymu.

2. OcobmmBoCTi TOOYAOBU CHCTEMH MOHITOPHHTY OOCSTIB €JIEKTPOCIIOKUBAHHS
y HaBYAITbHUX Ta JIAbopaTopHUX Kopmycax 3BO.

Honosinau:  Hosak O. 1O., cryaent rp. EMm-01.

KepiBHuk Cotauk M. 1., n-p TexH. Hayk, noir., CymlY, M. Cymu.

3. TexHiko-eKOHOMIYHI aCHIeKTH opraHi3allii y HaBYaJbHUX 3aK/Iafax CHCTEM
omnayieHHs1 Oy1iBeJib 3 BUKOPUCTAHHSM EJIEKTPOSHEPT I LIUIIXOM BIIPOBAPKEHHS
TEIIOBUX HACOCIB.

Homosimaa:  Kopx B .I1., crynentka rp. EMwm-01.

KepiBamk Cotnuk M. 1., n-p TexH. Hayk, nou., CymlY, m. Cymu.

4. Enepreruune o0cTe)xeHHS AHIPIIBCHKOTO JLEHO.

Honosinau:  Bomnobyes O. M., crynent rp. EM-71.
KepiBamK Xosancekuii C. O., mou. kad. [II'M, CymAY, m. Cymu.
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5. Po3pobka enepreruuHoro ceprudikar Oyzaisii koprycy «T»
CyMCBKOTO JIep>KaBHOTO YHIBEPCUTETY.
Honoinau:  Tacaii A. M., ctyznent rp. EM.m-01.
KepiBHuK XosaHncekuii C. O., nou. kad. [II'M, CymZ1Y, m. Cymu.

6. Enepreruyne oocresxxennst AT «Cymcbkuit 3aBon «Hacocenepromaim.
Homosimaa:  Tomrap B. O., cryment rp. EM-71.
KepiBamK Xosarcekuii C. O., mou. xad. [II'M, CymAY, m. Cymu.

7. Po3pobka eHepreTHaHOTO cepTUdiKaT OyaiBmi Kopiycy «M»
CyMCBKOTO JIep>KaBHOTO YHIBEPCUTETY .
HonoBinau:  Jlanunsuenko O. B., crynent rp. EM.m-01.
KepiBHuK Xosaucbkuii C. O., nou. kad. [II'M, CymZ1Y, m. Cymu.

8. Bukopucranus nporpamuoro 3ade3nedennsi CFD mi1s MozaentoBaHHs TEIIOBOTO
CTaHy IPUBATHOTO OYAMHKY.

Honosinau:  JlsxoBka A. B., cryaent rp. EM.m.-01.

KepiBamk Xosancekuii C. O., mou. xad. [IT'M, CymAY, m. Cymu.

9. Exepreruune o0cTesxxeHHs rojgoBHOro kopmycy AT «HaykoBo-mgocigHui
1 IPOEKTHO-KOHCTPYKTOPCHKHUHN IHCTUTYT AaTOMHOTO Ta EHEPTETHIHOTO
HacocoOyIyBaHHS.

Jonogigau: Yepenuuk M. B., ctynent rp. EM-71.

KepiBaHK Xosancekuii C. O., nou. kad. [II'M, CymZ1Y, m. Cymu.

10. ABToMaTH30BaHE KOPOTKOTEPMIHOBE TPOTHO3YBAaHHS Ta MOHITOPUHT
TEIUIOCTIOKUBAHHS Oy IBISAMU.

JlomoBigay: Crpokin O. O., acmipa#nr, kad. [1TT'M.

KepiBHuk Cotauk M. 1., n-p TexH. Hayk, noir., CymlY, M. Cymu.

CEKUIA «<kEHEPTETUYHE MAIIMHOBY J1YBAHHS »
Tl'onoBa — C. M. Banees, 3aB. xad. TT®, kana. TeXH. HAYK, TOIEHT.
Cexperap — A. C. MaHxapoB, acripaHr.

22.04.2021 p. [Mowarok o 10:00, ayx. JIb-205

1. Mathematical model for calculating the nozzles of two-phase jet devices
with a profiled diffuser part.
Speaker: Husiev D., M.Sc., Postgraduate student.
Supervisors: Sharapov S., Ph.D., Senior Lecturer;
Prokopov M., Senior Lecturer, Department of Technical
and Thermal Physics, Sumy State University,
Sumy, Ukraine.
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2. JlociipKeHHST Mao3aTpaTHUX METO/IIB 3MIHEHHS XapaKTePUCTHK
BiJIIICHTPOBUX HArHITaYiB.
Jonogsinaui: bimiuenko b. O., Penpka 1. B. ctynentu rp. XK-71-9.
KepiBHuK: bonnapenko I'. A., mpod. kadp. TTD, Cym/1Y, m. Cymn.

3. Bubip i po3paxyHOK cXeMH a30THOI MEMOpaHHOI CTaHIii 3 BUCOKOIO
YHCTOTOIO OYUCTKH.

Jonoeigau: Oumiiiruk . O., cryment rp. KM-01.
KepiBHEK: Bonnapenko I'. A., mpod. xkad. TT®, Cym1Y, m. Cymu.
4. BuxpoBwuii KoMIIpecop IJIs HaJIyBY MOBITPs B Tonku 3ropanHs Ha TEC.
JlomoBinay: Copin B. 1., crya. rp. K.m.-01;
Hikonaenko /1. P., ctya. rp. XK-81, Cym1Y, m. Cymu.
KepiBHuku: Banees C. M., 3as. ka. TTO, Cym1Y, m. Cymu;

Kcemxkenko I1. O., BuKknasau BUIIOi KaTeropii,
TTonraBcekuit konemx HY XT, m. [lonTasa.

5. 3anexHicts komoBoro KK/I crpymMuHHO-peakTHBHOI TypOiHU Bi HaBEeIEHOI
KOJIOBO{ MIBUAKOCTI poOOYOT0 KoJeca.
HomoBinau: Pomumuenko T. C., act. tp. ACIITex-8.1, Cym/IV.
KepiBauku: Banees C. M., 3aB. kap. TTO, Cym/1V;
Mipomandenko O. 1. mpoBigHMiA iHXEeHEP-KOHCTPYKTOP,
AT «CMHBO — IHXXUHIPUHI », M. Cymu.

6. Pesynbpratu nocnimkeHHs Typoorenepatopa 3 nepudepiitHo-01uHIM KaHaIOM
y 0e3p03MipHUX KOMIUIEKCAX.
Jonoginau: Cwmonenko . B., acn., Cym1V, M. Cymu.
KepiBHuku: Banees C. M., 3aB. kad. TTD.;
Bbapan B. B., Buxnazay, JIporoouiibkuii kojepk HadhTH
irasy, M. JIporoouy.

7. BusHaueHHs peXXHMHHX MTapaMeTpiB MPOIECy JTb0I0YTBOPEHHS ISl IITYYHOTO
JBO/ISTHOTO KaTKy.

Jonosigaui: Komecuux H. C., ctyn. rp. X.m-01;
JleonskoB I'. A., ctyn. rp. XK-71/2X.
KepiBHuk: ApcenbeB B. M., mpod. kad. TTD, Cym/IY, m. Cymu.

8. ITigBuieHHs e(heKTUBHOCTI TEIUIOHACOCHUX YCTAHOBOK IIJISIXOM 3aCTOCYBaHHS
JIBO(a3HUX CTPYMHHHHUX araparis.

JonoBinau: Cuicapenko . O., ctyaent rp. X.m-01.

KepiBHuk: apanos C. O., cr. Buki. kad. TTD, CymAY, m. Cymu.
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9. [opiBHAMBHUIA aHAII3 CXEM MiIBEACHHS ra3y 0 pOTOpa CTPYMEHEBO-
peakTHBHOI TypOiHH.
JlomoBinay: Pomumuenxko T. C., acmipantka, Cym1VY.
KepiBauku: Banees C. M, 3aB. ka. TTO;
Mipomnauuerko O. 1. mpoBigHMi iHXEHEP-KOHCTPYKTOP,
AT «CMHBO - IHXXWHIPUHI »;
Mipomandenko /1. B. HaykoBuii criiBpoOiTHUK,
TOB «HBIT «cAPMA-T», M. Cymmn.

10. ExciepuMeHTaNbHUI TOBITPSHIN COHTIHUN KOJICKTOP.
JonoBigaui: I'pomos P. 1O, ctyn. rp. XK3-91m.;
emnixosa A. 1., cryn. rp. XK-71.
KepiBHuKH: IMpoxonos M. I'., cr. Buki. kad. TTD;
[apamos C. O. ct. Buki. kad. TTD, Cym1Y, m. Cymu.

CEKIIA «<EHEPI'O3BEPEXXEHHS EHEPTO€EMHUX BUPOBHULITB
(TEXHIYHA TEIUIO®I3UKA)»

Tonosa — C. M. Banees, 3aB. kap. TT®, kaHa. TeXH. HayK, AOICHT.
Cekperap — A. C. MamxapoB, acIipaHT.

22.04.2021 p. [Mouatoxk o 10:00, ayx. JIB-205
1. EHepreTHyHMi TOTESHIIIAT TPOMHUCIOBOT BEHTHIIALLI.
Jomosinau: Hosinpkuii 1. B., ctya. rp. X.mM-01X.
KepiBHuK: Mepsnskos 1O. C., cr. uki. kad. TTD, Cym7AY, m. Cymu.

2. [TopiBHANBHUN eKCEPTeTHIHAN aHAaJIi3 YCTAHOBOK 3 BUPOOHHIITBA ITIOPUCTOT
amiavHO{ CeIiTpH.
Jonosigaui: JleBuenko M. O., KaHA. TEXH. HAYK, JOLIEHT;
Mamnxapos A. C., acn. kad. TT®, Cym/1Y, m. Cymu.

3. 3acTocyBaHHs amapariB MOBITPSIHOTO OXOJIOKCHHS B CHCTEM1 KOMIIPUMYBaHHS
MIPUPOIHOTO Tazy.
Jomosinau: Kir b. T., crynent rp. XKnu-741p, Cym1Y, m. Cymu.
KepiBHukwu: Meneituyk C.C, nouent kad. TT®, Cym/1Y, m. Cymu;
lanemok A. 3., BuKkiagad, J{poroOHIsKuit Kojaemx
HadTH i razy, M. JIporoGuy.

4. ITinBumeHHs e(heKTUBHOCTI poOOYOTo COIIa €KEKTOPHO-OYMCHOI YCTaHOBKH.
Jonosigau: JlutoBuenko B. M., cryxent rp. Km-01.
KepiBHuK: bara B. M., cr. Buki. kad. TT®, CymJY, m. Cymu.
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5. IligBuiieHHs e()eKTUBHOCTI JTa0IPUHTHUX YLIIJIbHEHb 32 PaXyHOK BIUIUBY
Ha iX TeOMETpUYHI ITapaMeTpH.
JlomoBinay: Hecrepenko B. A., ctynent rp. XKnn-74mp.
KepiBHuK: bara B. M., cr. Buki. kad. TT®, CymJ1Y, M. Cymu.

6. [TinBUIICHHS €PEKTHUBHOCTI a30THOTO KOHTYPY IIUKIY BUPOOHHUIITBA
CKpAIUICHOTO MPUPOHOTO Ta3y.
JHomoBinadi: [Mapamos C. O., ct. Buki. kagp. TT®, Cym/1Y;
Jlicosenko . O., imxeHep-KOHCTPYKTOP,
AT «CMHBO — IHXXUWHIPUHI », m. Cymu.

7. IligBuieHHs e(heKTUBHOCTI TEIIOHACOCHUX YCTAHOBOK IIJISIXOM 3aCTOCYBaHHS
JIBo(Ga3HUX CTPYMUHHUX anapariB.

JomnoBinau: Cuicapenxko . O., ctyaent rp. X.m-01.

KepiBHuK: apamnos C. O., ct. Buki. kad. TTD, CymV, m. Cymu.

8. XapaxrepucTrka KOHJEHCATOpa K eJIeMEHTa MOJIEII0OBaHHSA POOOTH
XOJIOAWIIBHOT MaIlINHH.
HomoBinmau: Hy6is O. 3., ctyn. rp. XKau-74ap, Cym1Y, m. Cymn.
KepiBHuK: Kozin B. M., c1. Buki. kap. TT®, CymlY, m. Cymu;
Bapan B. B., Bukianad, J{poroOuIskuit Kojaemx HapTH
irasy, M. JIporooud.

9. XapaktepucTuka BUIIAPHUKA SIK €JIEMEHTa MOJISIIFOBAHHS POOOTH XOJIOAMIBHOT
MAIIAHH.
Jomosinay: Copouak O. C., cryn. rp. XKnu-74np, CymZ1VY, m. Cymu.
KepiBHuk: Kozin B. M., ct. Buki. kadp. TT®, CymJ1Y, m. Cymu;
bapan B. B., Buxnaziay, JIporoouiibkuii kojepk HadhTH
irazy, M. JIporo6ud.

10. XapakTepHcTHKa KOMIIpecopa K eIeMeHTa MOJICIIIOBaHHSI poOOTH
XOJIOTUIBHOT MaIIIHH.

Jonosigau: baneupknii H. B., crya. rp. XKau-74mp.

KepiBauku: Kozin B. M., ct1. Buki. kad. TT®, Cym1Y, m. Cymu.

11. YucenbHe Ta eKCIEpUMEHTAIbHE JOCHIDKEHHS COIIIa a0pa3suBOCTPYMEHEBOT

YCTaHOBKH.
JonoBinaui: Cipenxko b. 1., acm. rp. A-05/MB;
Pesnik 1. B., acm. rp. A-05/MT.
KepiBHEK: Bara B. M., ct. Buxi. xad. TT®, CymAY, m. Cymu.
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CEKIIA «OBPOBJIEHHS MATEPIAJIIB
Y MAIIMHOBY 1YBAHHI»



[TPOEKT MOJIEPHI3ALIT TOKAPHO-KAPYCEJILHOI'O BEPCTATA
MOJIEJII 1512

Anexceee O. M,. npog. kag. TMBI; Ilonyasix O. B., cmyo. ep. BL.m-01,
Cym[Y, m. Cymu

CydacHi MammHOOYAIBHI MigIpHEMCTBA YKpaiHM HE 3MOXYTh BIDKATH B
MDKHapOIHIA KOHKYpEeHIi, SIKIo He OyIyTh BHILyCKaTH HOBI HNPOJYKTH Kparioi
SIKOCTI, OLMBII HU3BKOI BapTOCTi i 3a MEHIIHH 9ac. 3a0e3MEUNTH BUCOKHHA PiBCHD
NPOJYKLil, IO BHUIYCKAETHCS MOXIHUBO TUIBKM IIPU HASABHOCTI  MapKy
MeTaJI000pOOHNX BEPCTATIB, SIKi JO3BOJIIIOTH 3a0€3MEUNTH TUHAMIYHUNA PO3BUTOK
MaIIMHOOYAIBHOTO KOMIUIEKCY. Y 3B'SI3KY 3 LM JOCSTHEHHS 1 30epeKeHHs
MPOTSTOM TPUBAJIOTO Yacy BHCOKOi MPOMYKTHBHOCTI 1 TOYHOCTI TOKapHUX
BEPCTATIB € BAXIMBOI EKOHOMIYHUM 3aBJAaHHSIM, SKE B YMOBaX OOMEKEHOTO
(inaHCyBaHHA MOJXKHAa BHUPIIIUTH 32 PaXyHOK MOJEpHI3aIlii OKpeMHX BY3IiB
BEPCTATIB 1 BMOCKOHAJICHHAM KOHCTPYKINI B HIJIOMY.

JlocsrHeHHsT B 0071aCTi 3aCTOCYBaHHS HOBHX TEXHOJIOTIH JTO3BOJITIOTH Ha
0a3i TOKapHO-KapyCeNbHHX BEpCTaTiB 3acCTaplUIMX KOHCTPYKIIH MIBHAKO 1 3
HaOLTBIIOI e(EKTUBHICTIO CTBOPIOBATH MPOTPECHUBHI BEPCTaTHI KOMIUICKCH 3
po3mMpeHMH (pyHKIIOHATBHUMU MOXJIMBOCTAMU. [IpyM 11bOMy KpiM mpocToro
BITHOBJICHHS BepcTata JO poOOYOro CTaHy NOTpiOHE BIOCKOHANCHHA 1
BIPOBAJPKEHHSI BIIACHUX OPUTiHAIBHUX TEXHIYHHUX PILICHb 1 HANpaIlOBaHb.

[Ipu BUKOHaHHI AUIIOMHOTO TpoekTyBaHHA Ha Kadenpi TMBI CymAY mns
BUKOHAHHS HAaBUAJIBHHUX 3aBJaHb, IMOB'S3aHUX 3 PO3IIUPEHHSIM TEXHOJOTTYHHX
MOXJIMBOCTE 1 MiABUINEHHAM NPOJAYKTHBHOCTI YCTaTKyBaHHS, pPO3poOIeHHH
MPOEKT MOJIepHi3allii TOKapHO-KapyceJbHOro Bepcrara Mo, 1512.

OO'exT HOCTIKEHHS — MPOLIEC MTPOESKTYBAHHS METAJIOPi3aJIbHUX BEPCTATIB.

[Ipemmer mocmimKeHHS — aBTOMATH3AMIs IPAWHATTI MPOSKTHUX PillleHb TTiJT
Jac MoJiepHi3auii MeTanoo0poOHOro 001aAHaHHS MaIMHOOYAIBHUX BUPOOHUIITB.

Merta  gocmiypkeHHS —  pPO3IIMPEHHS  MOXJIMBOCTI  3aCTOCYBaHHS
KOMIT'TOTEPHUX Ta IHTEPHET-TEXHOJIOTIM MiJ 4Yac NMPUHHSTTI MPOEKTHUX PIllIeHb
npu Moz[epHi3aui'1' MeTaNopi3aJbHAX BEPCTATIB.

B npoueci BrKOHaHHS POGOTH MHMPOKO BUKOPHCTOBYBAIHMCSA KOMII'IOTEpHI
TEXHOJIOTI1 TPOCKTYBAHHS, IO MPHCKOPIOKOTH 1 TIOJIETUIYIOTh CTBOPEHHS, aHAJI3 i
ONTHMI3allii0 TpOoeKTiB. ['eoMeTpuuHe MOJENIOBaHHS BHKOHAHO B CEPEJOBHILI
CAD cucrem KOMITAC-3D i Fusion 360. 3 ix jormoMororo Oyia BUpillieHa OfiHa 3
OCHOBHHMX 3a/1a4 ITPOEKTYBAHHS - IOCTOBIPHO ONHCaHa Te€OMETPisi KOHCTPYKIIil, sKa
B 3HAyHIH Mipi BH3Ha4a€ BCi HACTYIHI €TallM >KUTTEBOTO LMKIY Bepcrara. Jlis
aBTOMaTH3amlii iHKEHepHUX PO3PaxyHKIB 3 BUKOPHUCTAHHAM IHTEPHET-TEXHOJOTIi
BUKOpHCTOBYBanacs mporpama Microsoft Office SharePoint Designer. s
OOIpYHTYBaHHSI BHOOpPY €JEKTPOJABUIYHA MPHUBOAY TOJOBHOTO PYXy BepcTaTy
BUKOPHCTOBYBAJIACs HEUiTKa JIOTiKa

3acTocyBaHHS BUKJIAZCHOTO MiAXOAY JO3BOJUIIO ICTOTHO 3HM3UTH BHUTPATH
yacy Ha TNPHUHHATTS NPOEKTHUX PillleHb i CKOPOTHTH KUIBKICTH HMOMHJIOK HpHU
BUKOHAHHI pO3PaxyHKIB.
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PYHUHYBAHHS HAPOCTY VYV IIPOLECI YTBOPEHHA
EJIEMEHTHOI CTPYXKU

Meoseoes B. B., cmyo. ep. BI-81; Illseywv C. B. ooy. xagp. TMBI, Cym/[V, m. Cymu

Cxkasane 6inpiie 150 pokis Tomy L. T'. Time, 1110 «CONPOTHBIICHIC PB3aHBIO
€CTh OJHO M3 CAMBIXb CJIOXHBIXH (PU3MUYECCKHUXD SBICHIN W HE TOBOPS YXKE O
OpPaKTHYECKOMB  pas3phllieHidn mojgoOHaro Bompoca...» [1]  3anumiaerscs
aKTyaJIbHHUM JI0 I1b0T0 4acy. I1ig yac BXOKeHHS Jie3a B MeTall IIaCTH4Ha 00J1acTh
Oinst BepiMHUM Jie3a 30inbHryeTbes. Lleit mpomec cripusie 3017IbLISHHIO JTOBXHHHU
CTPYXKH-KOHCOJI 1 3pOCTaHHA JOJAaHUX A0 Hel HaBaHTa)XeHb, IO B MiJACYMKY
pyitHye ii B MicIii «3atuemineHHs» [2].

IIpu po3BuTKky B HeOe3MmedHi 30HI KOHCOJI TpaHWYHUX IS IAHOTO
00pOOIIIOBAaHOTO MaTepialy HalpyKeHb BECh 00°€M MeTaly MOYHHAE KOB3AaTH IO
IUIOIIMHI, e OyJa JOCSATHyTa L TPaHUYHA BEJIMYHMHA JOTHYHUX HANpPYXeHb. Bix
iHIIOT Mach MeTalny el 00’eM BCe K HE BIATUIAETbCS Y 3B'I3KY 3
«3aIKOBYBaHHAM» MIKpO TpIIMHM 1 '"CXOIUTIOBaHHAM'" HOBOYTBOPEHHX
MOBEPXOHb, 10 XapaKTEPHO VIS METAJIB 3 TUIACTUYHUMH BJIACTUBOCTSMHU.

[lin yac pyxy CTpYXKH IO YMOBHIi IUTOLIIMHI CKOJIFOBaHHSA 3HHKYETBHCS
THUCK METaJ]y Ha NEpPEeJHI0O MOBEPXHIO Jie3a, 1 TOMY MNaJaroTh HAIPy>KeHHS B
IUTACTHYHOI oONacTi OLTd BepmIMHM 1 3MEHIIYIOThCS 11 po3mipu. YacTtwHa
IUTACTHYHOI 30HU 3aXOIUTIOETHCS CIIEMEHTOM 1 3IJIaJKYE HEPIBHOCTI Ha
npupisueBoMy Ooui cTpy)Kku. Jleska dyacTka 00’eMy IIIACTHYHOI 30HU MPH LBOMY
BUTHCKAETHCS HAa 00POOJICHY MOBEPXHIO JCTaI.

[oTiM MOYMHAETHCS HOBHH LMKJI YTBOPEHHS CTPYXKKH. 3pOcCTae 3yCHIUISL
Oropy pyXy Jieza 3 00Ky MeTaiy, pO3TallOBaHOTO HHIKUE IUIOIUHU CKOJIIOBAHHSI.
30UTBIIy€eThCA TUIACTUYHA 00JacTh OUTA BEpIIMHU JIe3a, IO TNPU3BOIUTH [0
YTBOPEHHS1 HOBOT'O ITACTUYHOTO IIAPHipa, TOOTO YTBOPEHHS HACTYIHOI IUIOLIHHU
CKOJIFOBAHHS 1 TaK Jaji.

st excriepuMeHTaNbHOI IEPEBIPKH CKa3aHOTO BUKOHAHO TOYIHHS CTau 45
3 moxauero S = 0,1 Mm/00, rubuHo pizanns t = 0,25 MM i NIBUAKICTIO pi3aHHS
V = 0,33 - 3,34 m/c 1e3oM 3 iepegHiM KyToMm ¥ =0 °.

YacTku, sIKi i 4Yac yTBOPEHH:
elIeMeHTa 1 pyXy HOro MO TIOBEpXHi
CKOJIFOBaHHSI BiJJPUBAIOTHCS BiJl TUIACTUYHOT
30HM Ha BEpILIMHI Jie3a CIIOCTEPIiraloThesl Ha
00po6IIeHOT TOBEPXHI.

Yactota  pyHHyBaHHS  HapoCTy
BH3HAYAETHCS K BiHOIICHHS IIBUIKOCTI
pizamHs V 1o BiACTaHI MK 3alUIIKAMU
IUTACTUYHOI 30HM Ha OOpoONeHilf MoBepxHi

aerami Iy

fi=V/l.
@dopmu 3aIMIIKIB HapocTy Ha 00poOIeHii
MMOBEPXHI HE MAIOTh YITKUX MEX, TOMY
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CTpYXKKa



3HAYEHHs |1 BU3HAYAIMCS K CEepeHi i3 JBaauATH BUMiproBaHb (Tabi.1).
YacroTa yTBOPEHHSI €JIEMEHTIB BH3HAUYA€ThCA SK BIIHOLICHHS LIBHIKOCTI
pyXy cTpy*ku 1o niepeaniit mosepxui (V/KL) mo mosxunu exemenra lp (puc. 1):
fo=W/K)/L,

ne KL — xoedilieHT ycaaku CTpyKKH.

Tabmus 1. ExciepiMeHTanbHi pe3ynbTaTH Ui BU3HAYCHHS 9acTOT PyHHYBaHHS
IacTHYHOI 30HH fi i yTBOpeHHs eneMeHTiB cTpyxkH f;

V, m/c Iy 10'3, M fi, ' KL Ipe 10'3, M Fo, I'g
0,33 0,29 1130 — - —
0,53 0,37 1430 — — —
0,67 0,41 1620 2,7 0,16 1550
1,67 0,48 3500 2,0 0,22 3800
2,67 0,41 6500 15 0,28 6350
3,34 0,36 9300 1,7 0,21 9350
5,33 — — - 0,15 16900

[TopiBHIOIOYM YACTOTH YTBOPEHHS E€JIEMEHTIB CTPYKKH i pyI/IHyBaHHH
HapocTy (pHc. 2) cTae OYEBUAHUM, 110 BOHH MOBHICTIO CIIBIIAAAIOTh 1 11 CBITYNTH
Ipo Te, IO ILi MPOLECH UIIOCTPYIOTh JUHAMIYHY MOJENb YTBOPEHHS €JIEMEHTHOT

CTPY’KKH.

Iy
15000 — —0 e e
10000 o S:;V S
5000 A W —Q Pan2
-
0 _ﬁ T T T T 1
0 1 23 3 4 5 ¥ mic

PucyHOK 2 — 3anexHICTh YacTOTH pyiHYBaHHS HapocTy (psx 1)
1 YTBOPEHHS €JIEMEHTIB CTPYXKKH (psit 2) BiJ] LIBUIKOCTI pi3aHHs

OTxe, 3a 4YacTOTOK pYHHYBAaHHS HAPOCTy € MOXKJIHMBICTh BH3HAYATH
YacTOTY YTBOPEHHS €JEMEHTIB 1, HaBIIaKM, YacTOTa YTBOPEHHS EJEMEHTIB
JIO3BOJISIE TIPOTHO3YBaTH 4acTOTy pyHHyBaHHS HapocTy. | Takumii 30ir €
MiATBEP/KEHHSIM OITMCAHOT0 MEXaHI3My YTBOPEHHS €JIEMEHTHOI CTPYKH.

Cricoxk Jitepatypu
1. Tume UBanb. CompoTHBIIEHHE METAIUIOBL M JIepeBa ph3aHbio. Teopis
pe3aHbs M PWIOXKEHIe el Kb MallMHaMb opynisimbe/ UBanb Tume. — C-IletepOyrs:
tunorpagis B./lemaxosa, 1870. — 142 c.
2. Ieen C. B. Cucremnsiii anamu3 teopun pesanus / C. B. Isem. —
Cywmsl: U3a-Bo CymI'Y, 2009. — 212 c.
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TEOPETUYHE OBIPYHTYBAHHS [TAPAJIEJIBHOI'O TIEPEHECEHH
BEKTOPA CUJIM Y KOMIIEHCATOPI CUCTEMMU «ITPEC-ILITAMII»

Inasko B. B., acnipanm kagedpu 06podKku memanié muckom;,
Kyxap B. B., 0-p mexn. nayx npog., 3asidysau kageopu obpobru memanie
muckom, Ilpuazoscokuii Oepoicagruil mexniunuil yHisepcumem, m. Mapiynons

B mpomeci po3poOkm mpHHOMITY il KOMICHCATOpa, IO 3a0e3medye
napajesibHe  IIEPEeHECeHHS CHIM peakUil LeHTpy THCKY IuTamIiy, OyB
NPOAHATI30BAaHUI XapaKTep HaNpyKeHO-Ae(pOPMOBAHOTO CTaHy OAWHAPHOTO
€JIACTOMIPHOTO ~ TIPY)KHOTO ~ €JIEMEHTY JIOBUIBHOTO mepeTuHy. JlomaBaHHs
CTHCKaIouoi CHIM BHUKJIMYE nedopMalilo eaacToMepy, L0 INPHU3BEAE /10 MOSBU
PIBHHUX, CIIIBBICHHX CTHCKAIOUUM, CHJI IIPY>KHOCTI, 1[0 NParHyTh IOBEPHYTH HOTO B
novyaTkoBuit craH. Jlnsg KOpekTHOro asamizy Oyiu 3poOJieHI HacTyTHI
NPUITYIEHHS: eJIACTOMIPHUH €JIEMEHT € IIOCKHM 1 0OMEKEHUM B TOPH30HTANIBHIH
TUIOLIMHI JBOMa a0COJIOTHO JKOPCTKUMHU TapajelbHUMH IUIMTAaMH, HOr0 MaTepial
130TPOIHHUH, CHITH, IIO HOr0 CTHCKAKOTh, MPUKIAJICHI MEPICHIUKYIISPHO TOBEPXHI
OOMEXYIOUNX IUIUT. BUXOISYH 3 MPUHHATHX NPUITYLICHb, MOKHA BBAXKATH, IO
JaHa KOHCTPYKIis 3HAXOIUThCS B CTaHI CTIMKOI pIBHOBaru HE3aJCIKHO Bif
BENIMYMHHU 1 SKCLEHTPHCUTETY ITO3allCHTPOBOTO HABAHTAXXCHHS O JOCSATHEHHS
MaKCHMaJIbHUX Halpy)KeHb B Iepepi3i exacToMepy, MO MPUITyCTHMI U1 00paHOro
Matepiany. Jlami posrisHemo TUIOBI jgedopMallii i CmopH HaNpyKEeHb, IO
3'ABJSIFOTBCSL B PE3YJIBTATI 3aCTOCYBAaHHS CTHCKAIOUMX CHJI B PI3HUX XapaKTEPHHUX
TOYKaX TOPU3OHTAIBHOTO TIEPETHHY enacToMipy (puc. 1).

a 6 B r
Pucynok 1 — Xapaktep CTUCHEHHS €JaCTOMIPHOTO eNIEMEeHTY IIPH MPUKJIaJaHH]
CHUIIH: a) B ICHTPI Bard MepeTuHy; 0) B TOUI 1M03a sipa MepeTHHY; B) B TOUII
BCEPE/IMHI A/Ipa MEePETUHY; T) B TOULI KOHTYPY SApa EPETUHY

Amnauiz xapaktepy HJIC oguHapHOTO €71acTOMIpHOTO MPYXHOTO €JIEMEHTY,
3aMKHYTOTO MK JBOMa aOCOJIOTHO >KOPCTKMMH MapajieIbHUMH IUINTaMH, TPH
MPUKIAJaHHl CTUCKAIOYWX CHJI B XapaKTepPHHX TOYKAX HOTO TOPHU3O0HTAIBHOTO
MIEPETHHY, J03BOJIA€ 3pOOUTH HACTYITHI BUCHOBKH:

1. Tlpu mpuKIagaHHI CTUCKAIOYHMX CHJI B MeXax sipa MEepeTuHy, TUIoIa
KOXKHOTO €JTaCTOMIPHOTO €JIEMEHTa, 1[0 CIIPUHMAaE PO3MOAiJICHe HABAaHTA)XECHHS, HE
3MIHIOETHCS 1 BIAIOBIIa€ HOro 3arajibHiN IUIOMII.

2. 3MiHa HaIPSIMKY BEKTOpPA CTHUCKAIOYOT CHIIM 3aJIeXKHUTh BiJl 11 BEJIMUNHH.
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3. [To3areHTPOBO CTUCHEHUH €JIaCTOMIPHUI €JIEMEHT, B IaHii KOHCTPYKIIi,
Ma€ BJIACTHMBICTh 3aJOMJIIOBATH BEKTOP IMPUKIAJCHOI CTHCKAIO4Ol CHIM Ha KYT,
piBHUIT KyTy MiX ABOMa aOCOJIOTHO KOPCTKUMH TUTUTAMH.

4. TInomuHOIO 3aJOMJICHHS BEKTOpa I103allEHTPOBOIO HABAHTAKEHHS B
JlaHid KOHCTPYKIUIi € IUIONIMHA, Ha SIKIH JIEKUTH OiCeKTpHca KyTa MDK JBOMa
a0COJFOTHO J)KOPCTKUMH TUTUTaMH, 1110 OOMEXYIOTb eTaCTOMIPHUH EIEMEHT.

Ha mincrasi amamizy HJIC mo3ameHTpoOBO HaBaHTa)KEHOTO OJWHAPHOTO
€JIaCTOMIPHOTO €JIEMEHTY, 0OMEKEHOTO JABOMa a0COIIOTHO JKOPCTKUMH IUIHTaMH,
MO)KHa TPHITYCTUTH, IO IapalesIbHAIl MepeHOC BEKTOPY TEXHOJIOTIYHOI CHIIM B
TOYKY IIEHTPY THUCKY INTaMIla MOXe OyTH peaji3oBaHHH NpPU BHKOHAHHI NEBHHX
yMoB. CxeMy KOHCTpPYKIIii, IO BiATIOBia€ M yMOBaM, MOKa3aHO Ha pHC. 2, Je
mudpamMu mo3HaueHi: 1,5 — 30BHINIHI aOCOMIOTHO JKOPCTKI TtwtuTH; 2,4 —
JI3EPKaJIbHO PO3TOPHYTI €TaCTOMIPHI MPYXKHI €IeMEHTH, 3 — KOHEKTOp, OyKBaMu
MO3HAYEHI: 0 — KYT MOBOPOTY MiX OOMEXYIOUHMH IUIUTAMHU Ta KOHEKTOpOM, Pr—
TEXHOJIOTIYHA cuia; Pynpy — cuma npyxHOCTi; Rymn — peaxiuis LEHTPY THCKY
ITaMITy; €1, €3 — eKCLEHTPUCHUTET, IO KOMIICHCYETHCS €IacTOMIPHHUMU
€JIEMEHTAaMU; €2 — EKCLEHTPUCHUTET, 110 KOMIICHCY€EThCs KOHHEKTOpoM. KoHekTop
— NPOMDKHA IUTHTa JBOPIBHEBOTO €IACTOMIPHOTO KOMIIEHCATOPY, LIO IiICHIIIOE
eekT KOMIIeHcAllli IT03aLCHTPOBOrO HAaBaHTAXXCHHA 1 3abe3medye MHOBHOTY
nepeaavi pO3NOAUICHUX HABAHTAXKEHb MK CYMDKHHUMH HECYYUMH IUIOLIMHAMH
€JTaCTOMIpPHUX EJIEMEHTIB.

Pucynox 2 — Cxema napajeiabHOTO IIepeHECEHHSI BEKTOPY CHIIM Y KOHCTPYKIIT
JIBOPIBHEBOTO KOMIIEHCATOPY MTO3aLEHTPOBOTO HaBAHTaXKEHHS

Cxij 3a3HauuTH, WO NpU 30iry HANpsMKIB BEKTOPIB CHJIM MPY)KHOCTI
BEPXHBOTO 1 HIDKHBOTO €JaCTOMIPHHMX €JIEMEHTIB B TOYIl, IO JIEKUTh B
CepeHbOMY TEpEeTHHI MPOMDKHOI TUINTH, KOMIIEHCAIlisl MO3aIlleHTPOBOTO
HABaHTaXXCHHS, IMPHKIAJACHOTO 10 OJHi€i 3 30BHINIHIX IUINT, BiIOyBaeThcs 0Oe3
MOSIBH TAPa3HTHUX OOEpTAalOYMX MOMEHTIB Ha 30BHIIIHIX IDIHTaX. Pesynpratu
JAHOTO TEOPETUYHOTO JOCITI/DKCHHS IMOBHICTIO IIiITBEP/DKYIOTECS METOIAMHU
HATYPHOTO 1 MAaTeMaTHYHOTO MOJIeNIfOBaHHs. Ha mifcraBi nmiTepaTypHOTro Orsiay Ta
MATeHTHOTO MOIIYKY MOXHa 3pOOUTH BHCHOBOK, IO TEOPETHYHE OOTPYHTYBAHHS
MOJKJIMBOCTI IAPAJICIBHOTO IEPSHECCHHS BEKTOPY CHITH 3pO0JICHO BIIEpIIIE.
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JOCJIJDKEHHS BIUIMBY PEXXHMIB PI3AHHS HA ILIOPCTKICTh
[TOBEPXHI [TPY CBEPJIJIIHHI OTBOPIB Y ITAKETAX BYIJIEIIJICTHUK/
TUTAHOBUU CILJIAB

backakos E. B., cmyoenm ep. TM-71, CymY, m. Cymu

VY ocraHHI 1Ba AECATUPIYYS Y CBITI CIIOCTEPIraeThCs CTiliKa TEHACHINS IO
301LIBIICHAS 0TI KOMIO3UIIHHUX MaTepialiB y TAKUX Taily3sX IMPOMHUCIOBOCTI K
JiTakoOyayBaHHS, aBTOMOOUIBHMH TpPaHCIIOPT, BaXKKI MPHCTPOi Ta MeXaHi3MH.
3aMIIaEeThCsl aKTYaJIbHOIO 3ajada 3a0e3NeueHHs sIKOCTi 00po0IeHoi MOBEpXHi y
NaKeTax BYIJICTUIACTHK/TUTAHOBUH CILIaB.

OnHUM 3 TapaMeTpiB SKOCTI MOBEPXHI OTBOpPY y MakeTax BYIJIETIIACTHK/
TUTAHOBUI CIUIaB € IIOPCTKICTB, sIKa MOXE 3aJe:KaTH BiJ KOMOiHaIii reomerpil
CBepUIa, 30KpeMa TOJIOBHOTO KyTa B IUIAHI, PEKUMIB Pi3aHHS Ta TEXHOJOTIYHHX
0COOJMBOCTEH BUTOTOBJICHHS BYTJICIUIACTHKY.

Ha ocHoBi aHamizy HaykoBHX ITyOmikamiid OyJ0 BH3HA4YCHO, IO PEKUMHU
pi3aHHSA Ta NOB’s3aHI 3 HUMH TEeMIIepaTypa CBEpIUIiHHS, Ta 3HOLICHHS CBepIJa
MOXYTh OYTH CYTT€BUMH YHHHHKAMH TIOTipIIEHHS MiKpopenbedy IOBEpXHI
OTBOPY IiCJIsI MEXaHI9HOT 00pOOKH.

Byno 3anmpomoHOBaHO BHMKOHATH BapilOBAaHHS JBOX TEXHOJIOTIYHUX
(akTopiB Ha TPHOX PIBHAX, 30KpeMa MIBHIKOCTI pizaHHs (Bix 15 mo 65 Mm/xB),
nozxayi (Bix 0,02 no 0,08 Mm/00). [lnanyBaHHS ekcriepuMEHTY OyJi0 BUKOHAHO 3a
Meronukor TaryTi, IO JO3BONMJIO OTPUMATH IUIaH 3 JIeB’STH JOCIiJiB.
ExcnepumenTtanbuuii  cTeHny — Oyao  cTBopeHo  Ha  0a3i (pesepHOro
obpo6moBaneHOro neHtpy DMU-85V. V xoji eKkcliepuMeHTy KOHTPOJIOBaIach
TeMIepaTypa CBEpUTiHH, IO 3AIHCHIOBAJIOCA 3ac00aMH GE3POTOBOTO MPHCTPOIO
JUTsL BUMIPIOBaHHS TEMIIEpaTypH CBepia METOJ0OM IITY4YHOI TepMonapu K — tury,
po3MimieHol mix 3aJHBOKO TOBEpXHEK CBepaia. llepenaBaHHsS pe3yibTATIB
BUMIPIOBaHHS 3[IHCHIOBAJIOCS y pekumi peansHoro yacy Ha I1K depes Bluetooth
inTepdeiic, 3 dactororo 200 I'm, Ta TtouHmictio mo 0,5 °C. BumiproBaHHA
IIOPCTKOCTI 00pOOIICHOT MOBEPXHI MPOBOAWIOCH Ha mpodimomerpi Surfcom 5000
Ha 0a30Biil JOBXHKHI 4 MM, IO YOTHPHOM KpHTepisiM, 30kpema Ra, Rq, Rp, R3z, nns
I1apiB BYIJIEIJIACTHKY Ta THTAHOBOTO CILIABY.

AHati3 pe3yJsbTaTiB BUMIPIOBAHHS 3aCBIUUB, 110 MiHIMaJIbHI a00 OJIM3bKI
JO MIHIMQIBHUX 3HAa4YeHHS CepeJHbOKBAIPATHYHOTO BIAXHICHHS NpoQiito
MIKpPOHEpPIBHOCTEH, MOBHOI BHCOTH NPO(DIITI0, MaKCHMaIbHOI TTTHOWHU 3amaguH
npodixro Ha 0a30Bil TOBXHHI Ta CepelHBbOI NIMPUHU €JIEMEHTIB npodinro Oymnu
otpumati npu V = 40 m/xB Ta f = 0,05 MmmM/06. Byno Bu3HaueHo, o npu 0O6podLi
mapy BYIJICIUIACTUKY 3HAUEHHS MapaMeTpiB INOPCTKOCTI IiNOPSAKOBYETHCS
TpeHIy A0 30ULIbIIEHHS HapaMeTpiB MpH 30UIbLICHHI 1Mojadi, B TOH 4ac SIK MpH
CBEp/UTiHHI IIapy TUTAHOBOTO CIUIaBY HABIIAKH JI0 3HIKEHHS, 32 BUHATKOM THX IO
CTaJIM JIOKAJIbHUMH MiHIMyMaMH.

Pobota BuKOHaHA ITiJT KEPIBHUITBOM: K.T.H., CT. Bukiagad Komnecanka B.O.
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OBPOBKA JIETAJIEN CKJIAJJHOI TEOMETPUYHOI ®OPMU
HA BEPCTATI 3 [TAPAJIEJIbHOIO KIHEMATHUKOIO

Tpebyxos /1.B., acnipanm; Anexcees O.M., npogecop xagh. TMBI

HeoOxinuicte 'y 00po0Oli CKJIQAHUX IPOCTOPOBUX IOBEPXOHb 13
3aCTOCYBaHHAM  BHCOKOIIBHIKICHOTO  KIHIIEBOTO  (ppe3epyBaHHSI  BHMarae
CTBOPEHHSI HOBOTO TEXHOJIOT'IYHOTO O0JIaJHAHHSI, IO J03BOJISIE JOCATTH BUCOKUX
MOKA3HUKIB MPOAYKTUBHOCTI Ta TOYHOCTI 00poOku. J{7st BUpimeHHS mi€l 3amadi B
OCTaHHI POKM  TOYald UIIMPOKO 3aCTOCOBYBATHM BEPCTAaTH, 3acHOBaHI Ha
MeXaHi3MaX 3 IapaJleIbHOI0 KIHEMAaTHKOIO, SKi HE TUIBKH 3a0e3NedyoTh
BUILE3a3HAYECHI BHMMOTIHM JO Mpolecy oOpoOkH, ane 1 MiABUINYIOTH SKICTh
00po6oBaHNX BUPOOIB.

Y npoBemeHOMY JOCHIDKEHHI PO3MIAHYTO MEXaHi3M  MapajeabHOl
KiHeMaTH4HO1 CTpyKTypu Ha ocHOBi “Tlmardopmu Crroapra” (rekcarmof), Mo
MICTUTh IWIICTh JIHIHHMX TPHUBOMIB B BHJI TBUHTOBHX Iepejay, peai3ylodux
KepyBaHHS LIICThOMA y3araJbHEHIMH KOOPIMHATAMH IIaT(HOPMH.

[Tin yac pocmimkeHHs npobiiemMu, Oylo BH3HAUEHO IIO HA JAaHWIl Yac B
YMOBaxX €KOHOMIYHOI HECTaO1IbHOCTI 3aKyIiBIs Ta BUKOPUCTAHHS BepcTaTa TaKol
KOH(]iryparifii 1ocTaTHRO 3aTpaTHa. ToMy OyJIO MOCTaBJICHE TMEPBUHHE 3aBIAHHS
3HAWTH MEHII MaTepiallbHO 3aTpaTHUl crmocid oOpoOKu AeTaneld KU JTO3BOIUTH
JIOCATHYTH TaKol caMol TOYHOCTI 0OpPOOKH ajie 3 MCHIIMMU 3aTpaTaMH.. PillleHHs
3Halinum B «/lenpTay MpuHTEpi, AKUH micis MoAepHi3anii 3aBOJACHKUMH JETATSIMU
JIO3BOJIUTH peajli3yBaTH OOpOOKy Jnerani ckiagHoi (opMHu THIYy «KpHIbYaTKa
BIZILIEHTPOBOTO HACOCYY.

Just po3poOku po3paxyHKOBOI Mozeni Oyno NpUHHATO pillleHHS Ipo
BUKOPUCTAaHHS TporpaMHoro 3abe3medeHHs SolidWorks 3 akTHBHHM makeToM
JOAATKOBUX MoOJMBOCTeH Simulation sKkuidi B MOJA’IbIIOMY JO3BOJIHB
MOJICpHI3yBaTH MOOYJ0BaHy MoJeb mia o0poOky. Ilix yac MonemoBaHHs OyJio
nprOpaHO BCl JeTaii sKi BUKOPHCTOBYBaUCH i 9ac 3/[-IpyKy, Ta BCTAaHOBJICHO
HINTUHJEIb 3 TTATPOHOM, TIOBOPOTHUIA CTUI Ta 301MIbIIeHa TOBLIMHA TAT i3 D6 MM J10
08 mm. [l mponecy ¢pesepyBaHHS OyB BHOpaHHMH IHCTPYMEHT Ta IOYaTKOBI
JaHi A7 pO3paxyHKy pEXKUMIB pi3aHHS 13 Karamory SeCO IO JO3BOJIHIO
CKOPOTHTH 4ac pospaxyHkiB. [licms po3paxyHKy YacTOTHOTO aHami3zy Oyio
BCTaHOBJICHO HeOe3NeuHi MO/ Y TpboX HampsiMkax: X mpu dactoti 23.491 I'epu
MacoBa ydacTb craHoBmia 57.7 %,Y mpu yacrtoti 23.483 I'epu macoBa ydacTh
cranoBwmna 57.7 %, Z npu dactoti 692.18 I'epr macoBa yuacTth ctanoBuia 45.1 %.
Po3paxyHok pexxuMiB pizaHHs BUKOHyBaBcs y Walter.

Pe3ynbTaTH TEOPETUYHUX Ta EKCIEPHUMEHTAIBHUX JOCHIKEHb 103BOJISITH
MOJICpHI3yBaTH KOHCTpYyKIito J[ledpra mpuHTEpa sIKi B CBOIO 4epry JanyTh
MOXJIUBICTh BHTOTOBJISATH jeTaii ckimagHoi Qopmu. MojepHizoBaHa 3a
pe3yibTaTaMM JIOCIIJDKEHb €KCIEepHMEHTaJbHA YCTaHOBKAa B IEPCIICKTHBI Oyne
PEKOMEHIOBaHa /IO BUKOPUCTAHHS HEBEJIMKUMH KOMIIAHISIMHU 10 BUTOTOBJICHHIO,
NpoJaXKi Ta rapaHTIHHOMY 1 ITiCIsl TapaHTIHHOMY OOCIIyrOBYyBaHHI BiALICHTPOBHX
HACOCIiB B pEMOHTHOMY IIeXy KOMIIaHii.
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3ACTOCYBAHHA EBPUCTUYHUX HPHﬁOMILﬁ ITPU TTIPOEKTYBAHHI
BEPCTATHUX ITPUCTPOIB

Koba J]. P., cmyo. ep. TM.m-01; Kywmnipos I1. B., ooy. xagp. TMBI,
Cym[Y, m. Cymu

MerToaKa MHOIIYKOBOTO KOHCTPYIOBAaHHS BEPCTATHUX TNPHUCTPOiB Ha 0Oasi
CHCTEMHO-(YHKI[IOHAJBHOTO Ta CTPYKTYpHOTO MiJIXOXiB Oyia 3amporioHOBaHa 3
MeTor0 iHTeHcH(iKallii npolecy cTBOPEHHs TEXHOJIOTIUHOT ocHacTku. [Ipu nmpomy
JaHa METOAWKa MOXE OyTH TEOPETHYHOIO OCHOBOIO JUII PO3POOKH CHCTEM
ABTOMATH30BAHOTO MMPOCKTYBAHHS BEPCTATHUX MPHUCTPOIB [1].

EBpI/ICTI/I‘{Hi (Biﬂ CIIOBa «EBPHCTUKAY - «3HAXOIKY», «BIIKPHBAIOY») JIOTi4HI
NpUIOMH 1 METOIWYHI MpaBWiIa 3HAWIUIM LIMPOKE 34CTOCYBAHHA B TeXHIYHIH
TBOp‘IOCTl Ix ocHoBHe mpu3HaueHHs MoJArac B aKTUBI3allii TBOPYOI AiAMBLHOCTI
JUISL BHUPILICHHS IIOCTAaBJICHOTO Iiepe/ IH)KEHEPHUM MpAI[iBHUKOM 3aBJaHHS B
yMOBaxX HEMOBHOTH BHUXimHOI iHQoOpMamii Ta BIACYTHOCTI YiTKOI MpOTpaMu
VOpaBiHHSA IPOLIECOM  BHUpIIIEHHS 3aBJaHHsA. HalOuibll  MOMIMPEHHUMH
eBPUCTUYHUMH NPUHOMAMHU € MO3KOBHI IITYPM, METOJ €BPHCTHYHUX NPHHOMIB,
MOpGOJIOTIUHU aHaNTi3 1 CHHTE3, GYHKIIIOHATIBHO-BAPTICHUN aHaIi3. 30KpeMa, s
CTBOPCHHS BUCOKOS(PEKTHBHOT HOBOI TEXHIKU MOTPIOHO MOTOTAHHS MICUXOJIOTITHOT
iHepii Ta IcuxoJoriYHuX 6ap'epiB, 00YMOBJIEHMX 3BUYHUM CIIOCOOOM MHUCIICHHS 1
THUITOBIMH METO/aMH BUPIIICHHS 3aBaHb IEBHOTO KJIACy.

KoHCTpyloBaHHSI BEpPCTaTHUX IPUCTPOIB 13 3aCTOCYBAHHSIM EBPUCTUYHHX
METOZIB, TMPHUIOMIB, TAKTUK 1 CTpaTeriii mepembadae BUKOPHCTAHHS 1 HOBUX
MOHATIHHUX MiAXoAiB. Hanpukiaza, BBEIEHO MOHSTTS CUIIOBHX MOJIB (30ypIOIOYHNX,
3piBHOBaXYBAJIbHUX), [0 BHHHUKAIOTH TP O0OpOOIi 3aroTOBOK, PO3TIITHYTO
¢GyHKUIT (OCHOBHI Ta JONMOMIDXKHI) €JIeMEHTIB NPUCTPOIB Ta TEXHIUHI HOCIi, M0 1X
peanizytoTb. TakoXX pO3IJSNAIOTBECS OCHOBHI AaCHEKTH IHAWBiAyaldbHOI Ta
KOJIEKTHBHOI T€XHIYHOI TBOPUYOCTI, II MeTouuHe, iHpopMalliiiHe 3abe3rneueHHs Ta
KOMIT'FOTEpHA MATPUMKA. BaXXTMBUMH € BIIOMOCTI PO 3aKOHU Ta 3aKOHOMIipHOCTI
PO3BUTKY TEXHIYHUX CHCTEM, CIIOCOOH OLIIHIOBAHHS Ta BUOOPY MPOEKTHUX PillleHb,
OCHOBHM BHMHAXIi/JIHUITBA i MTATEHTO3HABCTBA, METOJM Ta 3aCOOM PO3BUTKY TBOPUYHUX
3Mi0HOCTEW JIFOJMHM, UUIIXM MoOOUTI3aIii IMiJCBIIOMOCTI, MOpajibHI acHeKTH
TEXHIYHOT TBOPYOCTI.

TakuM YMHOM, PO3IJISIHYTI EBPUCTUYHI METOIN MPOEKTYBaHHS JI03BOJISIOTh
CTBOPIOBATH OPHTiHAJbHI Ta OUIBII JOCKOHAJI KOHCTPYKIII BEpPCTaTHUX MPUCTPOIB
3 TOJINIIEHHMH TMapamMeTpaMd, [0 B CBOI Yepry CIpHsE [MiIBUIICHHIO
MIPOYKTUBHOCTI Ta SIKOCTI TIPAIIi.

Crincox miteparypu
1 MonoBuukuH, A.M. TlonmckoBoe MPOCKTHPOBAaHUE U KOHCTPYUPOBAHHE
cTaHOuHBIX mpucnocobnenuii [Texcr]: YuebHoe mocobme / A.M.IlonoBuHKHH,
I'C.Uymakos. — Bonrorpag: W3n-so Bonrorpaackoro mHOIMTEXHUYECKOTO
nHCTHTYTA, 1987. — 133 C.
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OINTUMIBALS TEOMETPUUHUX ITAPAMETPIB KOHCTPYKIIIT
BEPCTATHOI'O ITPUCTPOIO

Caxno M. C., cmyoeum ep. TM.m-01; [Imumpenxo H. P., cmyoenm ep. TM.m-91;
Manenko P. I'., cmyoenm, ep. TM.m-92; Kyopsuumos B. C.; cmyoenm, ep. TM.m-92

OCHOBHE IUTAaHHS ONTHMAIHFHOTO MPOEKTYBAHH KOHCTPYKIIiH 30iraeTocs 3
HEHTPAIPHIM IMTaHHSAM TIIPOEKTHOI CHpaBH — SK IPU3HAYATH IapamMeTpu
MIPOEKTOBAHOTO 00'€KTa, MO0 3MIHCHUTH HOTO MaKCHMAIIbHY TEXHIKO-€KOHOMITHY
e(peKTHBHICT 32  yMOBH  3a0e3ledeHHs  HAJifHOCTi,  JOBrOBIYHOCTI,
TEXHOJIOTIYHOCTI, ©CTETHYHHX BHMOTI Ta IHmmMX oOmexenp [1]. Ilim dac
NpoeKkTyBaHHs BepcraTHUX npuctpoiB (BII), sk enemenriB 3amknytoi TOC ne
MUTaHHSA BUPINIyeThbcs Oaratro B 4YoMy TpaauuiiiHo abo iHTyiTHBHO. Tomy
CTPYKTYpHO-TIapaMeTpUyYHa OmnTUMi3allis KoHcTpykuii BII, 30kpema, onTuMizaris
reOMETPUYHHX MapaMeTpiB HOTO eIEMEHTIB, ChOTO/HI € aKTyaJIbHUM 3aBJIaHHSIM.

B pesymbrari [nociigkeHb, CHPSIMOBaHUX Ha ynockoHaneHHs TI1
BurotoBiacHus getam «Jluck 177.5610.000CK» crnpoekToBaHO CIHeLiaIbHY
KoHcTpykmito BII s Ga3yBaHHS Ta 3akpilUICHHS 3aroTOBKHM Ha oOrepamii
komriekcHii 3 UIIK. Cepen 3aBnaHp ONTHMAFHOTO MPOCKTYBAHHS KOHCTPYKIIIH
HaWOUTHIIMIT PO3BUTOK OTPHMAJO 3aBHAHHSA PO MiHIMyM Barum abo BapToOCTi
KOHCTPYKILIi 32 yMOBH 3abe3nedyeHHs BUMor HamiiHocti [1]. Tox sk kputepiid
ONTUMANBHOCTI Tix dYac npoekTyBaHHS BII Oymo posrissHyTo HEOOXimHICTH
3a0e3meueHHs MiHIMAIIbHOT Barl HOTO €IEMEHTIB 32 YMOBH 3a0e3IeUeHHs CTIHKOTO
MOJIOKEHHSI 3aroTOBKM IIiJ 4ac oOpoOJieHHs! i MOBEPXOHb, IO y CBOK 4YEpry
XapaKTepU3yeThCsl TIEBHUM HamnpykeHo-aepopmosanum cranom (HJC) cucremu
«BII-3aroroBkay.

Sk Bimomo, HJIC KOHCTpYKIii — CyKYIHICTH BHYTpILIHIX Hampy»XeHb 1
nedopmariiid, 0 BHHUKAIOTH MiJ Yac [il HAa Hei 30BHINIHIX HaBaHTAKCHb,
TeMIlepaTypHHUX MoJiB Ta iHmKMX ¢akropiB. HC Bu3HauaeThCsi pO3paxyHKOBUMHU
ab0 eKcIeprMEHTAIbHUMU METOJaMHd y BHIJBIII PO3IOAUIEHHS HAIPYXEHb,
nedopmamiii 1 mepeMimieHb B KOHCTPYKIII Ta € MiACTaBOK U OIIHIOBAaHHS
CTaTUYHOI MIIHOCTI 1 pecypcy KOHCTPYKIIH Ha BCiX eTamax ii dKHTTEBOTO ITHKITY.
M mocmimkxennss HJAC cuctemm «mpuCTpili-3arOTOBKa» OyB BHKOPHUCTAHUI
moyie Static Structural (ctaruunuii aHai3 KOHCTPYKIIiN) MAKETy MATEMAaTHYHOTO
ananizy Ansys Workbench. B pesynbrati monepeanix gociimkens cucremu «BII-
3arOTOBKa» CTaTHYHUM METOJIOM OyJIo BHUSIBIEHO ii clabKy JaHKy — «Imain0y-
npuxsat» (ILII), sxka cripuiiMae ocboBe 3yCHIUIA 3 OOKY IITOKY MEXaHi30BaHOTO
MPHUBOJY Ta MPUTHCKAE 3aTOTOBKY 0 ycraHoB4oi moeepxHi BII. Ik 3’sicyBanocs,
came LIIT, six enemenT cucremu «BII-3aroToBKa» XapakTepu3yeThCs HAHOLTBITIM
piBHEM BHYTPIIIHIX HaIpyXeHb Ta HPYXHUX Aedopmamniii B yMOBAaX CTATHYHOTO
HaBaHTXEHHS. ToX MNOJanblIl JOCHIIKEHHS OylnM 30Cepe/DKEHI Ha IOLIYKYy
ONTHMAJIILHUX T€OMETPUYHUX napameTpis 3a3Hayenoi LII1.
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Konctpyktuno IIIT sBnsie coboro amck miametpom D = 340 MM Ta
Bucotoro h. Tlig wac mnpoektyBanHs BII Oynu 3anpornoHoBaHi [nBa i
KOHCTPYKTUBHMX BHKOHaHH:I: A (puc. 1, a) Ta B (puc. 1, 6), mo BiIpi3HAIOTHCS
HAsBHICTIO IEHTPAJILHOTO OTBOPY Ta Ma3a (JUIs IUBUJIKOI yCTAaHOBKH (3HIMaHH:)
HIIT mepeMiteHHsIM, BIAMOBIAHO, B paaiaIbHOMy a00 OCBOBOMY HAIPSAMKY), IO €
3araJbHONPHUHHATAM TEXHOJIOTIYHUM DPillIEHHSM.

a 0
Pucynoxk 1 — Ecki3 «uaiilbu-npuxsara»: a) BUKOHaHHS A, 6) BUKOHaHHS B

Awnaniz xoncrpykiii IIIT mokasas, mo came Bucota h BusHawae ii
CIPOMOXKHICTh €(EKTHBHO CHPUIMATH OCHOBE HAaBaHTAKEHHS 3 OOKY CHIIOBOTO
MEXaHI3My, [0 B Pe3yJIbTaTi 3a0e31edye IeBHE 3yCHIUTA 3aKPIiIUICHHS 3arOTOBKH.
EdexTrBHE CHPUHHATTA OCHOBOIO HABAHTAXEHHS B LBOMY BHIIAJKy MOXHA
OXapaKTepU3yBaTH SIK Take, IO CYNPOBOMKYETbCS BHHHKHCHHSM JOITYCTHMHX
Npy>KHHUX aAedopManiii Ta BHYTpilIHIX HampyxeHb B koHcTpykuii LIIT. Takum
YMHOM I[IOCTa€ IMTAHHA, SKOK Mae OyTu BeiauumHa h, 1106 3abe3meunTH
JIOIYCTUMUH piBeHb JAedopMalliii Ta HanpykeHb B KoHcTpykuii LT 3a ymoBu ii
MiHIMaJIbHOI MaTepianoeMHoOCTi. Tak, 3 ogHOrO 6OKy, 30iMbIIEeHHS BeauduHHu h
JIO3BOJIUTH 3a0€3MeYUTH «MIHIMaIbHUI» piBeHb Aedopmaliii Ta BHYTPIIIHIX
HalpyXeHb, aje «MaKCHMAaJIbHY» MaTepiaJOEMHICTh 3a pPaxyHOK 30UIbIIEHHS
00’eMy Ta Macu Jeranmi. | HaBmaku, 3MEHIICHHS BEIWYMHM N 103BOJHTH
3a0e3MeuYnTH «MaKCUMalbHUI» piBeHb AedopMalliil Ta BHYTpPIIIHIX HaIpy>KeHb,
ale «MIHIMaJIbHY» MaTepiajoeMHicTs. EkcneprHumii aHami3 mokaszaB, MI0
JOIYCTHMHM CIIiJl BBaXXaTH PIBEHb BHYTPIIIHIX HampyXeHb, 10 HE IEPEBHUILYE
10% (46 MIIa) Big Mexi MIIHOCTI KOHCTpYKIiifHOT craii (sk Marepiany LUIT). B
pe3ynbTaTi NpPOBEJCHHS IOIIYKOBOI'O MOJEIBHOTO EKCIIEPUMEHTY, 3a HasBHHX
TPaHUYHUX YMOB (OCHOBOTO HaBaHTa)KeHHS (3yCHIIIS Ha MITOKY mpuBoza) 3500 H)
BU3HaueHo ontuMansHy toBumHy LIIT h =14 mm (Bukonauust A). Ilpu 1pomy
MaKCHMaJIbHUH piBE€Hb BHYTPILIHIX HanpyxeHb B matepiani LI craHoButs 32,6
MIla, ocboBa medopmartis — 0,07 mm.

Criicoxk Jitepatypu
1. Ceprees, H. /1. [Ipobnemsl OITUMAJIbHOI'O IIPOEKTUPOBAHUS
xoHcrpykuuii / H. 1. Ceprees, A. U. borarsipes. Jleannrpay : Ctpoitusnar, 1971.
-136c¢.

Pobora BukoHaHa MiJl KEPIBHULITBOM K. T. H., JolleHTa €BTyx0Ba A. B.
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MIABUIIEHHA AKOCTI IUJITHAPUYHUX HIJIINUITHUKOBUX
I[TOBEPXOHb BAJIIB LIIJIAXOM CYIEP®IHIIITYBAHHS 3A CIIOCOBOM
[OBIMHOI OCLMJIALIIT BPYCKIB

FOcynog J]. A., cmyo. ep. TM-T1; €smyxos A. B., ooy. kag. TMBI,
Cym[Y, m. Cymu

Opniero 3 ramy3edl  3acTOCYBaHHS  BaJiB i3  OWIHAPUIHAMHA
nigmunarkoBuMu noBepxusmu (L[I1I1) € xapuoBa mpomucioicth. Banm «FSK-
0001.00.327» BiaTBOpIOE TEpenavyy KPYTHOIO MOMCHTY 3 PEIyKTOpa Ha CTil 3
BUTOTOBJICHHS Karcyn crenianbHol mamuan «MPV.By», mo npamroe na AT
«TexuHomnorisy. lerans mae agi LTI giametpom 60k6 (mmopctkicts Ra = 0,8 MiM,
Jomnyck paniansHoro 6utrs 0,02 MM BigHOCHO Oci LeHTpiB). HaBeneHi TexHiuHi
BUMOTH 3a0e3MeuyloTh MOTpiOHE 3’€HAHHS Baja 3 IMiANIMITHUKAMH KOYEHHS Ta
BUKOHAHHS HOTO 06€310cepeIHbOTO CITy>KOOBOTO NMPHU3HAYCHHS.

Bimomo, mo ocrarouno mnokasHuku LIII1 merami QopmyroTscs Ha
o3no0moBabHUX omepatisx TII ToHKMM mnuTiQyBaHHAM, IONIpyBaHHAM abo
cyrnepdinimyBanasaM. OgHak HaBeleHI MeTOoAW OOpOOJEHHS HE 3aBXKAH
3a0e3MevyroTh HIOPCTKICTh MMOBEPXHI 32 BUMOTAaMH KpecieHHs. Hampuknan, ToHKe
uuTiyBaHHS 3AIHCHIOETBCS 13 IIJBHIICHUM TEILUIOYTBOPEHHSIM 1 3ajMIIAE Ha
00poOIOBaNBHIM TOBEPXHI CIIAM BHCOKOI TemmepaTypH (IIPOXXOTH), OKpeMmi
PHCKH, TIOAPSIUHU, HEOMAHOPIAHY OpCTKicTh. CynepdiHilryBaHHs 1 MONipyBaHHS
He 3a0e3neyyloTh TOYHICTH ()OPMH 1 INOPCTKICTH MOBEPXHi, IO CIPUYMHEHO
HEJJOCKOHAIIICTIO X KiHeMaTHKH. [ yCyHeHHs HaBeIEeHUX HEJOJIKiB HeoOXiTHO
YJAOCKOHATIOBATH METOJIU 03100J10BaHOT OOpOOKM MOBEPXOHb BajiB, MO0 €
aKTyaJIbHUM 3aBJIaHHAM TEXHOJIOTIT MaIInHOOY TyBaHHS.

Croci6 mongifiHOi ocimrinii OpyckiB (ITIOB) ycyBae Bu3HAYeHI HEIONIKH
Ha 03100mroBaNbHIN ctanxii o0pobienns LI Banis. Pobounm mukiom crocoly
IOB € ynapHO-UMKITiYHA T4 [UKJIIYHA CXEMH pi3aHHs abpasuBHUMHU Opyckamu [1].
3a HaBeIEHOI CXEMOIO poOOYOro IMKIy 00OpOOKH OymH po3poOiieHi KiHeMaTHdHi
CXeMH pyXiB aOpa3WBHOTO IHCTPYMEHTY, SKi pealli3oBYBaJHCS CIICI[IaIbHO
pPO3pOOJICHOI0  IHCTPYMEHTAIBHOK TOJIOBKOIO [2]. OCTaTOYHO MOKa3HUKH
mopcrkocti LTI  3abe3nedyroThCsl  ONTUMAJbHUMHM — PEXKHMaMH  pi3aHHS,
PO3pOOICHUMH 3a CIELiaIbHOI METOANKOIO.

Cricoxk Jitepatypu

1. CaBuyk, B. U. TexHonoruueckue 0COOCHHOCTH 00paboTKH
NOAIMITHUKOBBIX ~ IleeK BajoB cynepduuummpoBanueM / B. W. CaBuyk,
A. B. EBtyxoB // Cymsl : KomnpeccopHoe n 3HEpreTHieckoe MaIlMHOCTPOCHUE,
Nel (39), mapt. — 2015. C. 52-55.

2. Tlar. 122827 VYkpaina, MIIK (2021.01) B24B 35/00. Ilpuctpiii mms
cynep¢inimysanss / B. I. CaBuyk, O. B. CaBuyk, A. B. €BTyx0B, /I. A. IOcymnos,
B. O. IeanoB, A. A. Ilamyenko, 3asBHUK Ta BiacHUK mareHty CymlV.
Ne a201900252; 3asBneno 09.01.2019; omy6m. 06.01.2021, brom. Ne 1.
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OBI'PYHTYBAHHA TA OCOBJIMBOCTI PO3POBJIEHHA KOHTPOJIBHO-
BUMIPIOBAJIBHOI'O ITPUCTPOIO IJIA ITYCTOTUINX BAJIIB

Bewenixin B O., cmydenm ep. TMm-01, Cym[V, m. Cymu

Sxicte pobOoTM MexaHI3MIB Ta MaIllMH 3aJ€XHTh Bil TOYHOCTI
BUTOTOBJICHHSI OKPEMHX JIeTallell Ta TOYHOCTI iX CKmamaHHA. [Ipum mpoMmy SIKiCTBh
BUTOTOBJICHHS Ta BiATOBIAHICTH TEXHOJOTIYHHX MapaMeTpiB oOpobieHoi merami
BUMOTaM KpPECJICHHSI OIHIOETHCS Ha KOHTPONIBHIM onepamii. st KOHTpoIro
JMHIHHKUX, JAiaMETPaJIbHUX Ta KyTOBHX pO3MIpPIB ICHY€ BeJMKE DPI3HOMAHITTS
VHIBEPCAIBHUX IIKAJIbHUX Ta EJIEKTPOHHUX BUMIPIOBAIBHUX HPHUCTPOIB 1 iX
KOHTPOJIb HE BHKIMKae mpoOseM. llporo He MOXHA CKa3aTH PO KOHTPOJIb
napaMeTpiB  (OpMHM Ta B3AaEMHOTO pO3TAIlyBaHHS IOBEPXOHb JeTaili OJHi€l
BiTHOCHO iHIIOI abo iX cykymHocTed. CTaHmapTHI KOHTPOIJEHO-BHMIipIOBAIBHI
npuctpoi (KBII) He 3aBxam 3a0e3nedyloThb IOCTYI OO KOHTPOJIBOBAHHX
MIOBEPXOHb.

KonTpons mapameTpiB pamialbHOTO OWTTS Ta CIIBBICHOCTI OUIBIIOCTI
JeTayieil THITy BaliB 3MIHCHIOEThCSA B IEeHTpax. [Ipu 1iboMy Basl MICTHTh LIEHTPOBI
OTBOPH, IO € TEXHOJIOTIYHUMH 0a3aMu Ipu Horo oOpoOICHHI Ta BUMiPIOBaIbHIMHA
0a3aMu i1 9ac KOHTPOJIIO, TOOTO 30epiraeThest MPUHIIKI ITOCTIHHOCTI 0a3.

Jiis mycToTiMX BajiiB, IO MAlOTh HACKPI3HUH LEHTPaJbHUI OTBIp Ta
JIOIYCKH pajliaJIbHOrO OWTTS 30BHILIHIX IOBEPXOHb BIJJHOCHO LLOTO OTBOPY
BUHMKae mnpoOiemMa I0J0 CyMILIEHHs TEXHOJIOTIYHOI Ta BHMIpIOBaIBHOI 0a3.
UYepes 1ie BUHHMKHEHHS TMOXMOOK INpH OOpOOJICHHI cTae OUIbII IMOBIPHUM, IO
TaKOX MOCHIIIOETHCS HEIOCTATHHOIO JKOPCTKICTIO MYCTOTIJIONO Baja y TOPIBHSIHHI
i3 cymimpHEUM. TakuMm dYHHOM BHHHKae morpeba y pospobnerHi KBIT mis
BU3HAYCHHS IIapaMeTpiB padiaJbHOTO OHWTTS 3OBHIIIHIX TOBEPXOHb IMHHOK
MYCTOTIJIMX BaJiB BITHOCHO IEHTPAIIEHOTO OTBOPY.

Ha mpuknani nerani «lltanra-comuo», mo BXOIUTH IO CKJIAAy HAacocy
nuiamoBoro HIIB 160, mo € 3aBaaHHsAM [Uisl KypCOBOI'O IPOEKTYBaHHS Ta
MaiiOyTHROI KBamidikamiitHoi poOOTH MaricTpa pPO3TIITHEMO OCOOIHBOCTI
npoektyBanns KBII mist neraneit nanoro tumy. Y sikocti 6a3u Juist AaHOi gertaii
Mae OyTH OOpaHO LEHTpaJbHUIA OTBIp, a BIACYTHICTb 3a30py y 3 €IHaHHI
KOHTPOJILOBAHOT JIeTalli 3 ONPaBKOI Ma€ JOCATaTHCS 32 PAXYHOK PO3 THCHEHH:
ompaBku. [Ipum 1pOMYy 3acToCyBaHHsS I[AHTOBMX Ta TiPO IUIACTOBHX OIPaBOK
JIOCUTH JOPOT0 y ApiOHOCEpiitHOMY THIII BUPOOHHUIITBA.

ToMy y SKOCTI PO3THCKHOI'O MEXaHi3My HPOIOHYETHCS BUTOTOBJIEHHS
TOHKOCTIHHO{ IMIIHAPUYHOI ONpPAaBKHU, SKA BCTABISIETHCS Yy LEHTPAJIbHUH OTBIp
MYCTOTIJIOTO Bana 3a I0CaJKOI0 3 MiHIManbHUM 3a3opoM. Ilpum mpomy y
IWIIHAPUYHIA ONpaBIll € BHYTPIIIHIA KOHYC, 10 IPH OCBOBOMY PYCi CIIPSKEHOTO
IITOKAa 3 KOHIYHOIO TOBEPXHEI0 PO3THCKAE LWIIHAPUYHY MOBEPXHIO ONpPABKH 1
LEHTPYE JIeTaIb Ta J03BOJISIE TIEpeIaTH MiHIMAIbHUH MOMEHT JUIsl KOHTPOJIIO.

Po6oTy BUKOHAHO ITiJT KEPIBHUIITBOM: K.T.H., cTapinii Bukiaaad Jlerrsapoos .M.
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MNEPCIIEKTUBU 3ACTOCYBAHHA HITUOGTOBUX KOHIUHUX 3’€IHAHDb
Y KOHCTPYKIIAX ITEPEHAJIATOJXKYBAJIBHUX
BEPCTATHUX ITPHCTPOIB

T'epacvro K. P. cmyoenm ep. TMm-01, CymAY, m. Cymu

Ax BimomMo 3 [l] TPOEKTYBaHHSAM TNEPEHATATOKYBAHMX BEPCTATHUX
npuctpois (BII) 3aiimatoThcst cBiTOBi BueHi Bxke Oimpmie 20 pokiB. Tak sk
KOHCTpYKUii 1mux BIl 32  paXyHOK  IIBHAKOTO  IEpeHaaroKeHHS
YCTAQHOBIIIOBAJILHO-3aTUCKHUX €JIEMEHTIB JI03BOJIIIOTH OOpOOJISITH TEBHI TPyHH
JeTayieil y Mexax iX TeXHIYHHUX XapakTepucTHK. Lle cyTTeBo 103BOJIsIE CKOPOTUTH
Kinbkicts BII, TepMiHM iX NPOEKTYBaHHS Ta BUTOTOBJICHHS, L0 € BKJIMBUM IPU
MOCTIHHOMY TiIBUIIEHHI KOHKYpeHUii Ha MaumMHOOYIIBHUX ITiANPUEMCTBAX.
AKTyaJIbHICTB 3aCTOCYBaHHS IlepeHanarojkyBaHnx BII minTBepmxyerscst ix
MO/ICITIOBaHHSAM Ta BUPOOHIUYUM BIPOBAHKECHHM [2].

Hocute wacto y koHcTpykmisix BII BukopucToByroTH mITU(TH, IS
JIOCATHEHHS TOCTIHOCTI MOJIOKEHHS JOMTOMDKHHX €JIEMEHTIB MPUCTPOO BiTHOCHO
OCHOBHHMX 0a30BHX ITOBEPXOHb IUINT, CTOJIB, KOPIYCiB Ta iH. SIK mpaBuio aus
[IFOTO BUKOPUCTOBYIOTH M HAPHYHI MTH(TH, 0 MAIOTh PSAA HEMOIIKIB, a caMe:

- TP YacTUX PO3OMpaHHAX IUJIIHIPUYHOTO IITU(PTOBOTO 3 €IHAHHS Yepes3
3MUHAHHS MIKPOHEPIBHOCTEH 3MEHIYETHCS HATAT Y 3’ €IHAHHI, 10 TPU3BOIUTH 10
MOSIBY JFOMTIB 1 K HACIIIOK NOTiPIIEHHS TOYHOCTI IIGHTPYBaHHS;

- JUIE MOHTaXy Ta JEMOHTaXy WWTU(PTa HEOOXiTHO BUKOPHCTOBYBATH
CreliaibHi IPUCTPOT, 1110 3a0e3Medyr0Th MiHIMallbHi TOXUOKH YCTaHOBJICHHS;

- CKJIaJiaHHsl IITH(TOBOrO IMIIHAPUYHOIO 3’€JHAHHS MOTPEeOYy€E BHCOKOT
KBaJiQikarii poOITHUKIB.

i wemomikm MOXHA JIKBiZyBaTH IUIIXOM 3aCTOCYBaHHS INTH(TOBHX
KOHIYHMX 3’€¢MHaHh 3 KOHycHicTIO 1:50. Oco0mmBOo IX TEpCHEKTHBA
MPOCITIAKOBYETHCS Y MPUCTPOSIX, A€ HEOOXiTHO YacTO 3MiHIOBATH 0a30Bi €IEMEHTH
UIsT 00poONeHHs Aetaneil iHIIOT KoHQiryparmii. Amke Ui AeMOHTaxy mruadTa
JIOCTaTHBO 3PYIIMTH HOTO B OCHOBOMY HampsMKy Ha 1-2 mm. [Ipn mpomy KoxeH
pa3 miJg 4ac MOHTaXy MOXHa 3a0€3NeYuTH IOCTIHHUI PIBHOMIpHMH HATAT y
3’€IHaHHI 0e3 3MiHU PO3MIpIB IWTH(TA.

Crmcok iteparypu

1. Gomez Valdez C. R. The impact of manufacturing flexibility on
system performance a simulation based approach: Ph.D. Thesis. — Nottingham:
University of Nottingham, 2010.

2. Ivanov V. Numerical simulation of the system «fixture—
workpiece» for lever machining [Text] / V. Ivanov, D. Mital, V. Karpus, I.
Dehtiarov et. al. // The International Journal of Advanced Manufacturing
Technology. 2016, 12 p., doi: 10.1007/s00170-016-9701-2.

Po6oTy BUKOHAHO ITiJT KEPIBHUIITBOM: K.T.H., cTapiinii Bukiaaad Jlerrsapoeos .M.
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CUCTEMHO-CTPYKTYPHE MOJIEJTFOBAHH I OITEPALIIIA
CBEPJJINJIbHO-®PE3EPHO-PO3TOUYYBAJIbHOI TPYIIU HA TTIPUKJIATI
OBPOBJIEHHSA JETAJIEM THUITY KPUILIKU IJIIITAITHUKA

Teepesoscoruti 1. C. cmyoenm ep. TM-T1, CymJV, m. Cymu

Jeranxi Tumy KpWIIKH MiAIMIWITHAKA MpPHU3HAYEHI UII OChOBOI (hikcarmii
MAOTNITHAKA B IOCAAKOBOMY MicIi Kopirycy. Takox, JaHa JeTais Ipu3HavYeHa I
YTPUMaHHS BCEpPEIWHI MIJANIMIHMKA MAacTHJIBHOTO Marepiany, 3anodiraHHs
MOMAAaHHs Ty 1 Opyay B migmunauk. J[aHa nerans oOpaHa s kBamidikamiiHoT
poboTn OakanaBpa, a 3aBIaHHSAM € CUCTEMAaTH3alis CTPYKTypH CBEPIUIMIBHO-
(hpe3epHO-pPO3TOUYBATBHUX OMEpaIliil Ui 0OpOOJICHHS KPHUIIKHA 3 MiHIMAJIbHUMHU
BUTpaTaMHM LITy4yHOTO dYacy. Jlns cyTTeBoi ekoHOMIii 4acy Ha CBEpUIMIBHO-
(hpe3epHO-PO3TOUYBATGHUX OIEPaIlifiX HEOOXIAHOI0 BHMOTOI € O0OpOOICHHS
JeTali 3a OlHe YCTAHOBJICHHS 3 MiHIMaJIbHUMU BUTPaTaMH JOIIOMI>XHOT'O 4acy.

Ha namiii nerani HEoOXiZHO BHKOHATH OOPOOJICHHS IIECTH PIBHOMIPHO
PO3TaIIOBAaHKUX IO KOJy OTBOPiB miamerpoM 9 mm mix rBurtd MS. IIpm mpomy
OTBOPH € CXiTYaCTHUMH 3 TUIOCKHM TOPIEM IIiJ MOTalHi TOJOBKU I'BUHTIB. Po3mipn
OTBODIB 3 IUNIOCKUM TOPLIEM — AiaMeTp 14 MM Ta riauOuHa 8 MM.

Tak sk MaTepianom aeraii € cipuii yaByH Mapku CU21, To 1t 00poOaeHHs
3 MaKCHMaJIbHOIO MPOIYKTUBHICTIO 1 sl PO3IJILY JEKUIBKOX CTPYKTYp
TEXHOJIOTIYHOTO TMPOIECy OOMpPaEMO CBEpIJIO cmipaibHe, (pe3y KIiHIEBY 3
MOMIEPEYHOI0 Pi3aJIbHOI0 KPOMKOIO, IIEKIBKY, PO3TOYYBaIbHUHN pi3ellb Ta CBEPJIO
LEHTPyBaJbHE 3 OJHOKapOimHoro tBepaoro crmaBy tuny WC. PosrisiHemo
JIeKiJIbKa CTPYKTYp ONepalil Juisi IOPiBHIHHS:

- UCHTPYBAaHHS, CBEpUTiHHS, LIEKYBaHHS;

- UCHTPYBAaHHS, CBEPUTIHHS, PO3CBEPUIFOBAHHS, ICKyBaHHS;

- HCHTPYBAaHHS, CBEPUTiHHS, PO3TOYyBaHHS;

- CBepIIiHHSA, Ppe3epyBaHHS;

- (pe3epyBaHHS, CBEPITiHHS.

Jnst ocTaTOYHOro BU3HAYEHHS ONTUMAIBHOI CTPYKTYpH CBEpPIJIHIBHO-
(pe3epHO-po3TOUyBaIBHOI Olepailii 3 00pOOJICHHS OTBOPIB y KPHIIILI i JIIUITHUKA
BUKOHAHO PO3PaxyHOK OCHOBHOIO Ta JIONMOMDKHOIO 4acy Ha «XOJIOCTI» XOIM Ta
3MiHy iHCTpyMeHTa. [IpuM LbOMY BHKOPMCTOBYBAJIMCh METOAM ONTHMI3alii, 110
BpPaxOBYBaJIM BapTiCTh pIi3aJbHUX IHCTPYMEHTIB JMJISl PO3IJSIHYTHUX CTPYKTYP.
PesynbTaTil Mokasaim, 110 3 TOYKH 30py BUTpAT 4acy Ta BUTPAT HA IHCTPYMEHTH B
yMOBax JpiOHOCEpiHHOr0 BHPOOHHUIITBA ONTHMAIBHOIO € HAaCTyIIHa CTPYKTypa
orepariii no nepexoaam:

- (QpesepyBaHHA CXiJ4aCTHX OTBOPIB 3 IUIOCKMM TOPIIEM IWija MOTaiiHi
TOJIOBKH I'BHHTIB (pi3aJIbHUI iHCTpYyMEHT KiHneBa (pesa);

- CBEpUIIHHS OTBOPIB AiaMeTpoM 9 MM (pi3abHUI IHCTPYMEHT CBEP/JIO).

Y CcTaHOBIIOBaJBbHI Ta KOHTPOJIBHI MEPEX0IM OJHAKOBI JUIS BCIX BapiaHTIB.

Po6oTy BUKOHAHO ITiJT KEPIBHUIITBOM: K.T.H., cTapinii Bukiaaad Jlerrsapoos .M.
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BIBPALIIMHO-BILIEHTPOBE 3MIILIHEHHS [IUJIIHPOBUX
BTVYJIOK BYPOBUX ITOMII

Kycuii A. M., 0oyenm kagedpu pobomomexuiku ma inmezposanux mexHoaioiu
Mawunooyoysanus Hayionanvnozo ynisepcumemy «Jlogiecoka nonimexuikay,
Hocopinuii FO. O., cmyoenm ep. MII-22 Hayionanenozo yHieepcumemy
«/Ivsiscoka nonimexuixay, m. Jlveie

3abe3neueHHsT HEOOXiAHOI TOYHOCTI OOpOOIEHHS Ta MapaMeTpiB SKOCTi
(YHKI[IOHAJIbHUX IIOBEPXOHb BHUPOOIB, IX EKCIUIyaTallilfHUX XapaKTEpPUCTHK 1
MOKAa3HHUKIB HAIIHHOCTI TEXHOJOTIYHIMH METOJaMH € MPIOPUTETHUM HAIPAMKOM
CYYacHHX JIOCIII/DKEHb Y TEXHOJIOTI] MallnHOOYXyBaHHs 30KpeMa 1 B MPUKIaIHINA
MEXaHiIl 3arajoMm.

[lpu BuroroBneHHi BUpPOOIB iX SKICTh BH3HAYAETHCS MHOXKHHOIO
HOPMOBaHUX BJIACTUBOCTEH, TMapaMeTpiB 1 TOKa3HUKIB, TIOB’S3aHUX i3
SKCIUTyaTalliiHUMHU XapaKTePUCTUKAMK BiIOBITHO 70 CIIYy>KOOBOTO MPHU3HAYCHHS
[1]. TexHomoriuHe 3a0e3medueHHs] TOKAa3HUKIB HAMIMHOCTI 1 eKCIUTyaTalliiftHuX
XapaKTEPUCTUK BHUPOOIB Y3rOMKYETHCS 3 PErIaMeHTYBAaHHSM T'€OMETPUYHUX 1
¢izuko-mMexaHiYHUX ((I3UKO-XIMIYHUX) HapaMeTpiB SKOCTI MMOBEPXHEBUX IIapiB
neraieii [1-3].

TexHoNorYHHUI MPOIIeC BUTOTOBIICHHS JeTAJICHl MalllH Ma€ MPiOPUTETHUI
BIUIMB Ha 3a0e3ledeHHs MapaMeTpiB AKOCTI BHPOOiB Bil (opMyBaHHS 3ar0TOBOK
JIO KIHIIEBUX TEXHOJIOTIYHUX OINepaliil iX BUTOTOBJIECHHS, a TAKOX Ha IX MOAAJIbLIY
eKCIUTyaTaliiiHy HaJiiHICTb.

HaiiBaxxyiuBili MOKa3HUKKA HAAiHOCTI — O€3BiAMOBHICTH 1 JOBrOBIYHICTH
3a0e3euyloThCsS  CYyKYIHICTIO eKCIUTyaTalliiHUX BJIACTUBOCTEH peranmed Yci
eKCIUTyaTalliiiHi BIACTHBOCTI 0OE3MOCEPEHBO 3aIeXkKaTh Bij SIKOCTI MOBEPXHEBOTO
mapy JeTajiei, OCKiIIbKH PO3BUTOK IOIIKO/KEHb TOYMHAETHCS 3 MOBEpXHi [3].

Heranp “Brynka wmwiiagpoa HB 32.02.102-02” 1uutiHApO-MOPIIHEBOT
rpynu nomrnu Hb-32 3abe3neuye monady pivHN IPU 3BOPOTHO-TIOCTYNAIEHOMY
NepeMillleHHl MOpIuHs. BHyTpimHA LWIIHAPUYHA TOBEPXHS CIpsDKEHA 13
NOpIIHEM, TpuyoMy npuOmusHo 33% BHHajgkiB BiAMOB OypoBHX IOMI
BiZIOYBaeThCsl caMe dYepe3 3HOLIYBaHHS IapH IIHIPUYHA BTYJIKA - MaH)KeTa
nopuiHs [4].

HaiixapakTepHIlIMMKY BHAaMH TIOIIKO/DKEHb BTYJIKW IMJIIHIPOBOI €
pi3HOBHIM a0pa3UBHOTO 3HONTYBAHHS [4].

3 To3uIii (yHKIIOHATEHO-OPIEHTOBAHOTO IIPOEKTYBaHHs [1]
texHonoriunux mnponeciB (TII) ontumizoBano crpykrypy TII BuroToBIeHHS
IITIHAPOBOI BTYJIKH. BHYTpimHBO-1IITIhyBaTBHY ONeparito 3aMiHeHO BibparliiiHo-
BIZILIEHTPOBOIO, OCKIIBKM METO/AN MOBEPXHEBOTO-IIIACTHYHOTO 1e(OpPMYyBaHHSI Y
2-12 pa3ziB 3MEHIIYIOTh IHTEHCUBHICTh 3HOIIYBAaHHSI JIeTajell MaIllH MOPIBHSIHO 13
abpa3uBHOIO 00poOKOIO [3].

IIpn oMy TOYHICTE OOpOOJEHHSA IS BHYTPIMIHBOI TOBEPXHI BTYJIKH
3abe3reuyeThesl Ha TOKapHO-TBUHTOPI3HIN onepaii.
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EkcriepuMmeHTansHi  OCTIDKEHHS TPOBEACHO HA MaliuHi  00'€éMHOTO
BiOpariitHoro oOpoOICHHs, aanToOBaHiil miJ BiOpaIiiiHO-BIALICHTPOBE 3MIIIHCHHS
(BB3,), mpuuoMy 3aMiHWIM TpaaumiiiHuii matepian Brymok cramb 40X T'OCT
4543-80 na crans 20, ctans 45 TOCT 1050-80.

[TapameTpu pexxuMiB 0OpOOICHHS: aMIUTITYa KOJIMBaHb KOHTeitHepa — A=4
MM; OCBOBHH Xil OOKaTHHKa — 2-5 MM; 3alOBHEHHS pPoO0OYoro 00’emy
Ie(OPMIBHIMH TiTaMH MK BHYTPIIIHBOIO TOBEPXHEI0 BTYJIKH Ta 30BHIMIHBOIO
noBepxHeto obOkarHuka — 0,75-0,85. TpuBanmicte 00poONEeHHS Ha KOXHOMY
nepexoxi — 10-15 xB [2].

O6poGnenns BB3, 3xiiicHioBanM y Takii MoCiiJOBHOCTI: 0OpoOIeHHS
neopMiBHUMH TilaMH — CTaJbHUMHU 3arapToBaHHUMU Kyinbkamu & 10 mm;
3MILHEHHSI BHYTPIIIHbOI MMOBEPXHI BUPOOIB Kyiabkamu & 8,5 MM; OYHMIIEHHS
00po6IeHOT TOBEPXHI ypaliTOM; HAHECEHHS TBEPAOCIUIaBHOTO MOKpHUTTI BKS s
I ABUILIEHHS 3HOCOCTIMKOCTI [2].

OO6pobmenHs mwIiHApoBoi BTynku BB3, 3MeHIIye BHCOTHI mapameTpH il
¢byukuionanepHoi moBepxHi (Ra, Rz, Rmax, Rp) y 3-5,8 pasis npu 3meHmienHi y 1,5-
2,4 pa3um cepeoHBOTO KPOKY HEpIBHOCTEH IO BEpIIMHAX S IIICIS HAHECCHHS
TBEPIOCIUIABHOTO MOKPUTTS Ta CTAIOCTI CEPEHBOTO KPOKY HEPIBHOCTEH Mpodiito
Sm. Tlopsia 3 TuM, miciist 0OpOOICHHS BHY TPILIHBOT MOBEPXHI KyabkaMu & 8,5 MM i
HAHECEHHS TBEPJOro CIUIaBy IapaMeTpu IIOPCTKOCTI 3MiHIOKThes 10 Ra=0,96-
1,12 MKM, IO TTEpPEeBHIYE 00OYMOBIICHE KOHCTPYKTOPOM 3HaueHHs Ra=0,8 mxwm [2].

ITicast BUTOTOBIIEHHST BiIOPOOOPOOJIEHI Ta OpHTiHANBHI BTYJIKHA y mapi Oyjo
BCTAaHOBJICHO Ha OypoBi YCTaHOBKM [UIi HAaTypHHX BHIpoOyBaHb. Jlis
BIOPO3MIIHEHUX IMIIHAPOBUX BTYJOK OYPOBHX MOMII CEPEIHE HAIPAIFOBAaHHS HA
BiIMOBY 7¢.p. BTYJIOK MiABUIIWIOCS B 1,65 pa3u mopiBHAHO 3 0a30BUMH BTYIKAMHU.
Oxkpim 1poro, 3aMina marepiany 3i craii 40X Ha crans 20, 45 s BiOpO3MIIIHEHUX
BTYJIOK 3MEHIIIY€ CKJIaI0OBY TEXHOJIOTTYHOI COOIBapTOCTi TX BUrOTOBICHHS [2].
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IPUCTPIH 11 ABTOMATHUYHOTI'O 3ATUCKAHHS JETAJIEN
CKJIAJTHOT ®OPMU

Cuoopos IO. €, cmyo. ep. Bl.m-01; Hexpacog C. C. doy. kagp. TMBI,
CymY, m. Cymu

PoGoui mpomecn cy4acHMX MAIMH — XapaKTePH3YIOTBCS  BHCOKUMH
3HAYCHHSMH IIBUAKOCTEH, HaBaHTaXeHb, TeMmmeparyp. [Jeram mpocroi
KOH(]iryparii B TaKuX yMOBaxX 3a3BH4all BUABIIIOTHCS HEMpane3JaTHUMH. Tomy
JIeTaji BCce JacTille KOHCTPYIOIOTh OiNBIN CKIaTHOI (POPMH, 3 METOIO IiIBUIIEHHS
iX MIIHOCTI Ta 3MCHIICHHS Bard. 3aKpilUICHHA TaKWX AETallell Ha OIepamisx
00pOOKM BHSBISAETHCS OUTBII CKJIAQAHUM HDK 3aKpilUICHHS JeTajgeld mpocTol
¢dopmH, a BIANOBIAHO CTa€ HEMOXJIMBAM BHKOPHCTOBYBATH YyHiBEpCallbHI
IIPUCTPOL.

Pa3zom 3 TUM 1 3aKpilUICHHS JeTalicl Ha Omepalisx MeXaHiqHOT 00poOKH
BUKOPHCTOBYIOThCS CIELiabHI TIepeHaNIaroPKyBaHi IPUCTPOT sIKI IpU3HAYEH] A
OJTHOTO OKpPEMOTO THITy JeTajed. Y BHNaIKy KOJHM HiANPUEMCTBO BHUIOTOBIISIE
IIMPOKY HOMEHKIATypy JeTaleld ¢ NPU3BOJAMTH 10 HAKOIHMYEHHS BEJIHMKOI
KUTBKOCTI TIPUCTOCYBAaHb.

Jdnst  BupilleHHS BCiX OUX TPOOJIEeM TNPOIOHYETHCS BHKOPHCTAHHS
ABTOMAaTUYHOI'O 3aTHCKHOTO MPUCTPOI0 Yy SKOTO 3aTHCKHI ITOBEPXHI MOXYTh
aJanTyBaTUCh IO IPOQIIIF0 TeOMEeTpii JeTati.

bazyloua TOBEepXHS MNPUCTPOKO YTBOPEHA TIPYIOK  IiANPYKHHEHUX
WIHAPUYHUX WTUQTIB (pUCyHOK 1), siki micisl KomitoBaHHS Npodimo xeTaii
(hIKCYIOTbCS B JKOPCTKOMY TMOJIOKEHHI 1 B HOAAIBIIOMY YTBOpEHa IOBEPXHS
JIO3BOJISIE 3aKPIIUTIOBATH TaKi caMi JIeTaji Ha Omeparisx MeXaHIuHOi oOpoOKH.
BinmoBigHO Takuil MiAXix MOXKE KOMIIOBATH MOBEPXHI OYIb SIKUX THUIIB JCTasCii:
BUJIKH, BaXKEJIi, [IIATYHH, KOPOMHCIIA, IITOBXAYi Ta iHII.

Pucynoxk 1 — 3aransHuii BUrIIsap 6a3yro4oi OBEpXHI MPUCTPOIO

Jns  aBTomMarmsamii 3aTHCKy JeTajeldl INPONOHYETHCS BHUKOPHUCTATH
MTHEBMATUYHUH TpHBiA TpucTporo. IIpm mpoMy mpHCTpii Mae mpaioBaTH 3a
MEBHUM anropuTMoM. llepmmii Kpok — Il KOMifoBaHHA HpOQimo xeTaii, Io
3aBEPIICHHIO SIKOTO TIOTPiOHO BUKOHATH APYTHH KPOK — (hikcarlis rpynu mTH(TIB B
poOOYOMY IOJIOKEHHI, IO JO3BOJMTH HMEPEHTH A0 HACTYIIHOIO TPETHOTO KPOKY
pOOOTH MIPUCTPOIO — CTBOPEHHS HEOOX1THOTO 3yCHIUIS 3aKPITUICHHSI.

48



YIIOCKOHAJIEHHA KOHCTPYKIIIT BAJIA-IIIECTEPHI LIIJISIXOM
HAHECEHHA METAJIEBOI'O IIOKPUTTA

Jlazapee M. C. cmydenm 2p. TM.m-01, Cym[V, m. Cymu

Jus 3axucty gerajmed 1 3arOTOBOK MpH IX rapsdoMy oOpoOJeHHI
3aCTOCOBYIOTH pi3HI MeTayeBi MOKpUTTSA. OCHOBHHI METOJ HAaHECEHHS 3aXHUCHHX
METaJIeBUX IOKPHUTTIB — TaJIbBaHIYHUNA (EJICKTPOXIMIUHE OCAKCHHS METANiB y
rajbBaHIYHIN BaHHI NPU TPOXOKCHHI 4Yepe3 PO3YMH EJEKTPOJiTa IMOCTIHHOTO
CTpyMY). 3aCTOCOBYIOTh TAKOXK I 1HIII METOIH:

—TepMoauQy3iiHUI — MeTo, 110 0a3y€eThCsl HA TIOBEPXHEBOMY HACHYECHHI
OCHOBHOTO METally aTOMaMH JIETYIOYOTO KOMIIOHEHTa B pe3yibraTi audysii ioro
IPY BUCOKUX TEMIIepaTypax);

—IUTaKyBaHHSA — TEPMOMEXaHIYHUH CIOCi0, KU ToJIArae B TOMy, IO Ha
MAaTpHII0 OCHOBHOIO METally HaKJIaJaroTh 3 000X OOKIB JIMCTH IHIIOTO METaly,
MOTIM BeCh MaKeT MiNAI0Th rapsadiil MpoKaTIi;

—METali3alli0 PO3MWIEHHAM — HAHECCHHS pO3IUIAaBICHOTO METaly Ha
MOBEPXHIO BUPOOIB 32 JOTIOMOTOI0 CTPYMEHSI CTHUCHEHOTO TOBITPs ab0 iHEpTHOTO
rasy;

—3aHypEeHHS Y pO3ILIaB.

Haiibinbm eeKkTUBHUMHM Ta EKOJIOTIYHHMH METOJaMH € IUIaKyBaHHs
3arOTOBOK M'AKOIO CTaJUTI0, MIJUIIO, HAIUIaBJICHHSIM Ha 3aroTOBKH IJIa3MOBHM
METOJIOM TOHKHX IIapiB >KapOMIIHOTO cCIUIaBy. ENeKTpoiiTHUHE Oca/pKeHHs Ha
JIETadi MiTHUX TOKPHUTTIB MO3BOJSE 3aXHCTUTH OKpEMi MUSTHKH JeTajed Bif
BYTJICHIOBAHHS MPH XIMIKOTEpMidHii 00pooOiIIi.

Tak sK BaN-IIeCTepHS 3HAXOMUTHCS Y 3aIipHOMY TPHUCTPOi 1 3amobirae
3BOPOTHOMY TIOTOKY pO0OYOro cepeloBHIa, B Ipomeci podOTH BiH 3a3HAE
3HaYHUX KOHTAKTHUX HAaBAaHTAXeHb. 51 3a1100iraHHIO iHTEHCHBHOTO 3HOLTYBaHHS
Ta 3MEHIICHHIO Jlii arpeCUBHOTO CEPEJOBHUINA HA BaJ-IIECTEPHIO 3aIPOIIOHOBAHO
YIOCKOHAINTH KOHCTPYKIIIO IUITXOM HaIUIaBJIeHHS Ha poOoYi MOBEPXHI TOHKOTO
mapy MeTaiy.

[Mlpy nua3MoOBOMY  HalUIaBlIeHHI — 3a0e3NevyeTbcs  BHCOKa  SKICTh
HAIUIaBJICHOTO MeTaly, Majla TJHOMHA NPOIUIABJIEHHS OCHOBHOIO MeETajy IpH
BUCOKI# MIITHOCTI 3YEIUICHHSI, MOYKJIMBICTh HAIUIABJICHHS TOHKHUX IIapiB.

Buxonmsun 3 rabapuTiB aerani, ii Mmarepialy Ta yMOB eKCIUTyaTaiil,
BHOpaHwmii crioci6 B tuHaMivHOMY Bakyymi LPPS-Low Pressure Plasma Spray, npu
oMy Matepian HamnasneHHs — 12X 18H10T, rmbuna npornsaBieHHsT OCHOBHOTO
MeTany craHoBuTh 0,3 MM, BHCOTa HAIUIABJICHOTO BaliMKa 3,8 MM. 3MIHIOIOYH
BEJIMUMHY CTPyMy, MOXKHA pEryjJiOBaTH 4YacTKy OCHOBHOIO MeTaly 1
NPOJYKTUBHICTh HarjaBieHHs. TakuM YMHOM, HallJIaBJIeHHS Oyzae 3AilicCHeHe Ha
30BHIIIHIX [ATIHAPHYHUX MOBepXHsIX J105 MM ta 125 MM 10BKHHOIO 95 MM i
150 MM BiAmOBIIHO.

Po0ota BuKOHAaHA ITiJT KEPIBHUIITBOM: CT. BUKJIajady, K.T.H., Hemra A.O.
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JIABEPHUI BEPCTAT

Amenin M. M., cmyo. ep. TM-71-9; Cmynin b. A., doy. kagpp. TMBI;
Isanos B. O., 3a6. kagh. TMBI, CymJV, m. Cymu

Ha cporonsimHiil AeHp Jlazep YCIIIIHO 3aJissHUH y BEJHUKIH KUIBKOCTI
PI3HHX TEXHOJOTIYHUX MPOIIECIiB: pi3aHHSA, 3BAapIOBaHHS, CBEPIUIIHHSI OTBOPIB,
MapKyBaHHS, TpaBiloBaHHs 1 Oararo iHmoro. | Haiyacrime neid mMeroJ Mae psj
mepeBar MOPIBHAHO 3 IHIMNMH CHOoco0amMu OOpOOJICHHS, HANPHUKIAN, CBEpPIJIiHHSI
OTBODIB BiOyBa€eThcs 3HaYHO miBHIIe. KpiM IbOro Jeski BUAU Omepaiid, sKi
Oyno myke BaXKKO BHKOHATH PaHIIIe, 3apa3 CTAIOTh IUIKOM PEaTbHUMH i 3HAYHO
OiJIBII JOCTYITHUMU 32 BapTicTi0. ToMy 3apa3 ja3epHe o0JiaJlHaHHS 3aCTOCOBYIOTh
JUTS Pi3HUX TIPOMUCIIOBHIX IIiJIEH.

JlazepHuii IpoMiHb MOXXKE HE TUIbKM pYWHYBaTu, a i 3MIIHIOBaTH JeTali,
3arapToBYIOUH iX 3 MoBepxHi. CTaseBa JeTallb IPH bOMY CTa€ TBEPIOIO i CTIHKOIO
JI0 TepTsl, Xo4a 1 JOCHUTh KpuxKoio. Jlasep pomomarae caguti nitaku. [neansHO
npsimi, SICKpaBl IIpOMeHi pl3HOKOJ‘ILOpOBI/IX Ja3epiB yTBOPIOIOTH B TOBITPSIHOMY
MPOCTOPI aepoJPOMY PO3MITKY, 1O SKil JIITAK MOXKE TOYHO BUMTH Ha IMOCAJIKY.
Jlazep 37aTHMH HE TUTBKM IOJIETIIYBATH JKUTTS 3I0POBUX JIFOJICH, BIH MOXE 1
JKyBaTH XBOpHX. JlazepHUM NpoMeHEM MOXKHa 3pOOMTH pPO3pi3 IIHUPHHOI B
TUCSIYHY YaCTKy MiJiMeTpa. 3alie)KHO BijJ eHeprii, Ky BiH Hece, i Yacy BIUIUBY BiH
MOXe KoaryJjipyBaTH cylnuHy a0o, HaBIaku, MPOOUTH B Hii oTBip. BpaxoByroun
TaKUd CIICKTP MOXJIMBOCTEH J1a3epHOTO OOJagHAHHA Ta HOT0 YHAOCKHAJICHHSA Y
pi3HUX chepax, MOXKHA JOMYCTHTH, IO BiH Oy/ie TUTBKU PO3IIUPIOBATHCE.

VYci BukOHYBaHI poOOTH Ha Ila3epHOMY OONAJHAHHI BiIPI3HAIOTHCS
BHCOKOIO SIKICTIO 1 MaKCMMaJILHOIO TOUHICTIO. BepcTaT Moke BUKOHYBATH CKIIAIHY
rpadiky y BUTILIII pi3HOMaHITHHX 300pakeHb 3a JOIMTOMOTOIO IIPOrpaMu 0OpOOKH.
BuroroBneHHs CyBeHipHOI TpPOMYKIIil, TpaBipyBaHHSA Ta O(POPMICHHS KOHTYPIB.
Kpim TOro, mns HemepepuBHOI poOOTH BepcTara, IiepeadaueHa CHCTEMa
YIpaBIiHHSA 3a JIONOMOrOI0 KOMIT'IoTepa. Bepcrar nae 3mory mnepemimiatucs
aBTOMaTHYHO MO JBOM ocaM: X Ta Y, Ta BpyuHy o oci Z. Jlerkuii y
JOYKOMIIJIEKTYBaHHI, NpPOCTa Ta INBWJAKA 3aMiHa JIa3epHOTO By3Ja Ha pi3HI
MOTY>KHOCTI J1a3epa. 30KpeMa, Ha BepPCTaTi MOXKHA 3alpOrpaMyBaTd 3aBIaHHsS Ha
BUTOTOBJICHHSI XYAOKHBOTO TpaBipyBaHHS, HAalMCH, MaliOHKa B TrpadigHOMYy
dopmarti 3D. JlasepHuii BepcTaT NpU3HAYCHUI 111 poOOTH 13 JepeBoM, (haHeporo,
TUTACTUKOM, ITIHOIUIACTOM, TIOJIIKapOOHATOM, BOCKOM, TEKCTOJITOM, KOJIbOPOBHMHU
MeTamamMu. Ha BepcTaTri MOXJIMBE T'paBilOBaHHS KOJIBOPOBHX METANiB, CKIa, a
TaKO0X KaMEHIO.

Y po6oTi po3pobIeHO KOHCTPYKIIIIO JIA3epHOTO BepcTara. 3amporoHOBAHO
NPUHIMIIOBY CXEMY CKJIaJaHHS Ta CHPOEKTOBAHO TEXHOJIOTIYHHMH Mpolec, Mo
JIO3BOJISIE BUKOHATH CKJIaJaHHS KPOK 3a KPOKOM. BHKOHAHO HajaropKeHHs
OKpeMHX CKJIaJIaIbHUX OJMHUIB 1 Bepcrara B migomy. IlinkimroueHo 1o cucremu
UIIK, mo 1o03BOJsiE B aBTOMATH30BAaHOMY PEXHMI 3AIHCHIOBATH KepPyBaHHS
BEPCTATOM.
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[IIBULEHHS EGEKTUBHOCTI OBPOBJIEHHS IETAJIEN
TUITY KPOHILITENHA

Konoc B. O., acn.; Isanos B. O., 3a6. kagh. TMBI, Cym/JV, m. Cymu

Jerani Tumy KpOHIUTEWHM XapaKTEpU3YIOThCS CKIAAHICTIO (OpMH Ta
BUCOKMMH BHUMOTaMH JO TOYHOCTI (OpMH pO3TamIyBaHHSI OOpOOIIOBAHHUX
moBepxoHb. OTXe, MiHIMI3alisg TEPEyCTAHOBIIEHh 3arOTOBKM Yy MpoIleci
BHTOTOBJIEHHS JETalli € OOHHUM 13 CHOCOOIB 3a0e3leyeHHsT BHCOKOI TOYHOCTI
00poOIeHHS.

Hdus  peamizamii cxemum ©Oa3yBaHHA Ha KOMIUIGKCHIM omepamii Ha
o6poGmoBanomy neHtpi 3 UIIK 3anmponoHOBaHO THYYKHH BEpPCTAaTHUH NPHUCTpId
Ju1 00po6JIeHHs AeTanelf TUITy KpoHIITeiHHu [1].

I3 oTpuMaHHMX pe3yNbTaTiB YHUCEIBHOTO MOJETIOBAHHS BHU3HAYWIIM, IO
MaKCHMaJIbHI EKBIBAJICHTHI HANpy>XeHHs, SKi BHUHUKAIOTh Yy JETAIAX MiJ 4ac
00poOneHHs1, Ta Ha iX KOHTakTHHX NoBepxHsx (18-560 MIla), He nepeBuIIyOTH
JIOTYCTUMUX 3HaYeHb HaBaHTaxkeHb (650 Mlla).

Busnaueni BmacHi dwacTtoTH KommBaHb (565-1405 TI'm) BepcraTtHOTO
MPUCTPOIO Ta BCTaHOBJIICHO, 110 KOPCTKICTh 3aIPOIIOHOBAHOTO
KOHCTPYKTOPCBKOTO ~ PIMIEHHS JOCTaTHSA JUIi BUTOTOBICHHS J€Tali THITY
KPOHIUTEHHN Ta PE30HAHC HE BHHHUKA€E, OCKUIBKM IepIIa KpUTHYHA JacToTa (565
I'm) 3HaYHO MepeBuIIye YacToTy nporecy pizanas (120 ['m).

BusHaueni 3HaueHHS NepeMillleHb TOYOK Y 30HI 0OpOOJICHHS 7S THYYKOTO
BEPCTATHOTO MPUCTPOIO 3aIPONOHOBAHOTO TEXHOJIOTIUHOTO Tporecy. TeopeTHdHi
JIOCJIIJDKEHHST aMILTITY JHO-4aCTOTHOT XapaKTepUCTUKH BEPCTATHOTO IPHUCTPOIO
JIO3BOJIMJIM BCTAHOBHUTH BEJMYMHM aMmIuliTy]] konuBasb (1,04—4,1 MkMm) y 30Hax
00pOOJICHHS Ta MIATBEPIAWIN NPAIE3AATHICTh 3aIpPOMOHOBAHOIO THYYKOIO
BEPCTATHOTO IPHUCTPOIO, aJPKE 3HAUYEHHS aMIUTITY]] He TIEPEBUIIYIOTh JIOMYCKIB Ha
00poOIIeHH s BIAMOBIHNX TIOBEPXOHB [2].
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MOJIYJIbHUIL BEPCTAT

Hlonomuywvxuil O. JI.,cmyo. ep. TM-71-9; becedin M.€., cmyo. ep. TM-81/1;
Cmynin B. A., ooy. kagh. TMBI; Isanos B. O., 3as. kag. TMBI, CymY, m. Cymu

MopnynbHE IPOEKTYBAaHHS 1a€ MOXKIMBICT CTBOPIOBATH BEPCTATHI CUCTEMH
3 MiJBUIICHAMH TEXHIKO-€KOHOMIYHUMH ITOKa3HHKaMH 1 O3BOJISIE OTPUMYBaTH
MOPIBHSAHO HEBHCOKY BapTICTh BHpOOIIeHOTO oOnamHaHHA. CKIIATaHHS BEpCTATIiB
Ha OCHOBI MOJYJIBHOTO TIIXOAy 3HAYHO CKOPOYY€E TEPMIHHM pO3pPOOICHHS i
BUTOTOBJICHHS BEPCTATiB IpH 30epekeHHI BUCOKOT HAIIHHOCTI Ta SIKOCTi, OCKIIBKH
MeXaTPOHHI MOIYJ aHAJOTIYHUX KOHCTPYKIIH BKe CIIPOSKTOBaHi, BUNIPOOYBaHi i
nepeBipeHi B poOOTi.

MopynbHa KOHCTPYKLISI BEpPCTaTy CKJIAaJaeThCs, B OCHOBHOMY 3 XOJOBHX
YaCTHH, SKi NMOEAHYIOTHCS MiX COOOIO 3a JIOIIOMOTrOI0 3’€THYBAJILHUX €JIEMEHTIB,
IO TO3BOJISIE BUKOHYBATH OOpPOOJICHHS B MOBHOMY 00CS3i, aHAJOTIYHO 5K 1 JUIst
CTaH/IapTHHUX BEPCTATIB.

[TependaueHo, MO 3 KOMIUIEKTY €JIEMEHTIB MOXYTb OyTH CKJIaJeHi pi3Hi
KOMIIOHYBaHHA BEpCTaTiB, 30KpeMa, TOKapHHH BEpCTaT, TOPU3OHTAIBHO-
(pesepHUii BepcTaT, BepTHUKAIBHO-(Ppe3epHnii BepcTar, HuTihyBaTbHUA BEpCTar,
CBEpAIMIBHUM BEepCTaT Ta 0araTo iHINX KOMIOHYBaHb.

Y KOMIIIEKT BXOJATh Pi3Li JUIA TOKapHUX poOiT, CBepAia sl IEHTPOBOTO
CBEPUTIHHS, CBEpIIa JJI KOOPIWHATHOTO CBEPIJIIHHSA, (pe3u pi3HHX IiaMeTpiB
tomo. Cana3kd CymopTiB MaloTh THI <«JIACTIBYMH XBICT» Ta MEXaHi3M
peryioBaHHs HaTsAry. MaxoBHYKM Ha CymopTax 3a0e3nedyeHi pyXOMOIO LIKaJIok
(uina moainku 0,05 MM) 3 MOXKITHBICTIO YCTAHOBKH JI0 HYJISI.

OCHOBHI KOHCTPYKTHBHI €JIEMEHTH BEpPCTaTy BUTOTOBJICHI 3 aJIIOMIHIIO Ta
IUIACTMACU. YCi BY3JM BEpPCTaTy IMOBHICTIO YHi(DiKOBaHI 1 MarOTh MOXJIHBICTH
MOEIHAHHS 3 IHIIMMH AETaNSIMH, IKi BXOJSTh JI0 CKIany cepii kommekty. Takox
JI0 KOMIUIEKTY BXOAWTh KPOKOBHH JIBUTYH, IIEpe/Ialoyi peMEeH1, 3aXHCHI OKYJIISIPH.

Criektp HmocTymHHX poOIT BKIIOYae B cebe MpOoJoibHE abo IMomepedHe
TOYIHHS 1 pO3TOUYBaHHS, CBEPJUIIHHS, PO3CBEPUIIOBAHHSA Ta (ppe3epyBaHHS, L0
JIO3BOJISIE OOpPOOIIATH Baid, BTYJIKH, TPyOH 3 JepeBa abo KOIBOPOBHX METAlNIB,
¢imimeEe  nnriQyBaHHS, — 3aTOYyBaHHS  IHCTPYMEHTY  abo  oOpoOieHHsS
B)KKOJIOCTYITHUX MiCIIb.

Hanpuknazn, KOMIIOHYBaHHS — €JIEKTPOJIOO3UK — J03BOJISIE  BHKOHYBATH
pPO3KpOil Marepiany, 30kpema, (GaHepy, TBEpAy IACPEBUHY, KOPKOBY JI€PEBUHY,
IUTAaCTMACH Ta TOHKI METaJIeBi MIIaCTHHH.

Y ¢pesepHOMy KOMIIOHYBaHHI MOKHa BUTOTOBJIATH JETalli IITIOHKOBHUX,
NUIIBOBUX Ta iHmMUX 3’e€qHaHb. [lepenbadeHo MiMWIBHY TOJIOBKY, a TaKOX
MOBOPOTHUH IIMHHAETH, IO 3HAYHO PO3IIUPIOE TEXHOJOTIYHI MOXKIHBOCTI.
TokapHe KOMIIOHYBaHHS JIO3BOJIIE 3aKpIILIIOBATH JE€Talb Yy IUIAHIIAKOY,
3aKpiIUTIOBATH AeTallb B I1aH31 a00 y HEeHTpax.
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METOIUKA PO3PAXVYHKY )KOPCTKOCTI THYUYKOI'O BEPCTATHOI'O
[IPUCTPOIO JIJI OBPOBJIEHHS JIETAJIEM TUITY BUJIKU

Lloromuyvxuii O. JI., Amenin M. M., cmyoenmu ep. TM-71-9; Anopycuwun B. K.,
acnipaum; Iasnenxo 1. B., 0-p mexu. nayx, npogecop xagh. KM
im. B. Mapyunroeckoeo, lsanos B. O., 0-p mexn. Hayk, npoghecop,
sasioysau kag. TMBI, Cym[V, m. Cymu

OpHa 3 HaMTOJIOBHIIIMX 337124 Y Cy4YaCHOMY BUPOOHMIITBI — 1€ i BUIICHHS
KOHKYPEHTOCIPOMOKHOCTI BHPOOiB. L[pOro MoXxHa NOCSTHYTH, ONTHUMi3yBaBILU
TEXHOJIOTIYHI TMOKa3HWKH BUPOOHHIITBA, a caMe: IiJBHIICHHSIM IPOXYKTUBHOCTI
BUPOOHHWITBA, 3MCHIIMBIIM Yac BHPOOHWIITBA MPOIMYKIIi, IMiJBUIIUBIIA SKICTh
npoaykmii. Yepes BHCOKY OaraTOHOMEHKJIATYpPHICTh BHPOOHHWIITBA BHUHHUKAE
morpeda B 4acTUX NEepEHANArOKCHHAX Uil OOpOOJICHHS JAeTalied iHIIOi mapTii,
TOMY JOLIJIBHO CIPOCKTYBaTH IPUCTPI 3 MOMKIMBICTIO aBTOMAaTH30BAHOTO
MepEHAIATOJUKEHHS JUTA PO3MIIIEHHS KOHCTPYKTHBHO TOAIOHNX JeTanel y Mexax
BU3HAYCHNX TEXHIYHMX XapaKTepUCTHK. llepen 3amyckoM y BHPOOHHITBO
HEOOXiTHO BU3HAYUTH KOPCTKICTh CUCTEMH «BEPCTAaTHUH MPUCTPiil — JIeTanby, a,
OTKeE, aKTyaJIbHUM € PO3pOOUTH BiJIIOBIIHY METOIUKY.

Metoro po0OOTH € MiABHIICHHS S(PEKTHBHOCTI MEXaHIYHOTO OOPOOIICHHS
JieTaJieil TUITy BUJIKH B YMOBaxX 0araTOHOMEHKJIATypHOTO BUPOOHUIITBA 33 PaXxyHOK
BIPOBAJPKEHHS THYYKHUX BEPCTATHUX MPUCTPOIB.

VY pe3ynbTaTi JOCHIXKEHb 3alpPONOHOBAHO Ta pO3POOJIIEHO METOJHUKY
PO3paxyHKy JKOPCTKOCTI MEXaHIYHOI CHUCTEMH «BEpPCTATHHH MpHCTpil —
3arOTOBKa», III0 J03BOJISIE BU3HAYATH ITOXHOKH OOpOOJICHHS JIeTaleil THITYy BHIIKH,
IIO CIIpHsiE CKOPOUYECHHIO BUTPAT Yacy Ha MPOEKTHI MPOLEAypH NPH TEXHOJIOTTUHIN
MiATOTOBIII BUPOOHHUIITBA.

3anponoHOBaHUN MINXiX IO3BOJSE PO3paxyBaTH THYYKHH BepCTaTHUH
NPUCTPIA TiJ MapTito JeTaned, BUKOHABIIM JIMIIE OAWH PO3PaxyHOK METOJIOM
CKIHUEHHMX €JIeMEeHTiB (NOAaJbUIMHA  PO3PaxyHOK IEepeMillleHb 3aroTOBKH
BUKOHYETBCSl 3TIJIHO 3 OTPUMAHUMH 3aJIeKHOCTSMH) Ta BCTAHOBUTH JOIMYCTHMI
CHJIM/MOMEHTH 3aKpPIIJICHHS Ta CHJIM/MOMEHTH pi3aHHsA. CyTh JaHOTO METO.Y
NOJATae y BHU3HAYEHHI BIUIMBY CHJI/MOMEHTIB 3aKpiIUIEHHS Ta CHJI/MOMEHTIB
pi3aHHs Ha JIHIWHI/KYTOBI IIEpeMillleHHs] 3ar0TOBKH uepe3 KOoe(illieHTH BILIUBY.

3anpornoHOBaHO, TEOPETUYHO OOIPYHTOBAHO Ta JIOBEIEHO, IO HOBA

KOHCTPYKILiSl ~ THYYKOTO  BEpCTaTHOTO  TPHUCTpolo,  Imo  3abe3neuye
0araTokoOpJMHATHE OOpOOJEHHS JeTasell TUIy BWIKM y HEBHOMY Jiana3oHi
THIIOPO3MIpiB 3a paxyHOK aBTOMAaTHU30BaHOTO TIepeHanaroKeHHs

YCTaHOBIIIOBAJILHO-3aTUCKHUX €JIEMEHTIB, CIpUs€E iHTeHCU]IKallii TEeXHOIOTIHYHOTO
nporecy Ta 3a0e3MeYeHHI0 TOYHICHUX MTOKa3HHUKIB TPH MEXaHIYHOMY 0OpOOJICHHI.
[lpakTuHe 3HA4YEHHSA IOCHIMKEHHS IOJATaE y TOMY, IO PO3pOOIEHO
KOHCTPYKTOPCHKO-TEXHOJIOTIYHY TOKYMEHTAI[il0 Ha BEpCTaTHHH MPUCTPIH,
IHKEHEpHY METOIVKY PO3paxyHKy MEXaHIYHOI CHCTEMH «BEPCTATHHH MPUCTPIH —
3arOTOBKay.
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CEKIIA « CTAHOIAPTU3ALIA TA YIIPABJIIHHA AKICTIO
Y HIPOMUCJIOBOMY BUPOBHULTBI»



3ACTOCYBAHHS JJIATPAMU ICIKABU J1JIS1 BCTAHOBJIEHHS
®AKTOPIB, 1110 BIUIMBAIOTb HA BE3IEKY MATEPIAJIIB HA OCHOBI
KAJIBLIH TIJIPOKCUATIATUTY

Yeprooposuenxo B. C., acnipanm, [Jaowpa K.O., npoghecop kagedpu TMBI;
Muyeoniwsini H. C., cmyoenm ep.ML{.m-806, CymAY, m. Cymu

Meronu omepaTHBHOTO JIKyBaHHS IEPEIOMIB 1 3aXBOPIOBaHb KiCTKOBOL
CHCTEMH 3aBXKJHM MaJli [MINPOKE PO3IOBCIO/PKEHHS. BHHNKIa akTHBHA TCHICHIIIS B
po3po0Ili MaTepianiB, MO HANpaBJCHI HAa CTBOPCHHS TKaHEH, sKi 3aMiHIOIOTh
MOIIKO/DKEH] IIKIPHI NMOKPHUBH, KPOBOHOCHI CYAMHH, M’S30BY TKaHHHY, HEPBOBI
BOJIOKHA, KICTKOBI TKaHWHHM. Cy4acHa MeIWIMHA 3aCTOCOBYE BUKOPHCTAHHS
NITYYHUX IMIUIAHTATIB — OilomaTepiaiiB sl 3aMiHH TOIIKO/KCHUX TKAaHUH 1
opraHiB. biomarepianm — wMarepiaiid, IO CIyTYIOTh TpaHHICIO pO3IUTY 3
O10JIOTIYHUMH CUCTEMaMH, IS TOTO, 00 OI[IHIOBATH, JIIKYBaTH HApOIIyBaTH a0o
3aMiHIOBaTH OyIb-Ky TKaHWHY, OpraH ud ¢QyHkmito Tima. B opromenii
BHKOPHCTOBYEThCS KajbIlili-pocarHa KepaMika Ha OCHOBI TiIPOKCHAITATUTY
Cai19(PO4)s(OH); i tpukamsiieBuii dochar Caz(POs)2, AKi 32 CKIaIOM HaKOLIBIIT
OJIM3BKI 10 MiHEpaJTBLHOI CKIAZ0BOI KICTKH. MaTepiaa MOBUHEH OyTH 0i0XiIMIYHO
CYMICHUI1 3 TKaHWHaMHU opraHi3My. BioCyMICHICTh — Ile 34aTHICTH Marepialis,
BUpPOOIB a0 3aco0iB BUKOHYBaTH CBOi (QYHKIII Ta HE BHUKIMKATH CYTTEBHX
HEeTaTUBHMX peaklliii B OpraHi3mi, i 30KpeMa 3amajlbHUX peakliil i CHCTEMHHUX
MaToJIOTIYHUX MpolieciB. [Ipo HasBHICTH e YM BiJCYTHICTh TaKMX peakiiid MU
MOYEMO Ii3HATHCS 3a JOTIOMOT'0I0 TOKCHUKOJIOTIYHUX JOCIIKEeHb, 0€3 MPOBEICHHS
SKAX HEMOXIIMBO OYTH BIEBHEHMMH y 0i0OCYMICHOCTI TOTO YH IHIIOTO MaTepiaiy.
VY 3B’s3Ky 3 IMM BHHUKA€ HEOOXITHICTH aHai3y (pakTopiB, MO0 MOXYTh BILTMHYTH
Ha TIOPYIICHHS TEXHOJIOTii BHUTOTOBJICHHS TiJPOKCHANATUTY 1 SK HACIIIOK, Ha
JOLUTBHICT BUKOPUCTAHHS Matepiany. DakTopH, M0 BIUIMBAIOTh HA PH3HUKH IPH
3aCTOCYBaHHI:

- METOJI 1 YMOBH BUTOTOBJICHHS (TEMIIEPATypHI PEKUMH, 4ac, TUCK 1 T.IL.);

- (i3UKO-MEXaHIYHI BJIACTHUBOCTI (ITOPUCTICTH, PO3MIP 3€pPEH, MIIHICTh
TOIIIO);

- OioJorivHi BJIACTHUBOCTI (ocTeKOHAYKILis, OCTEOIHIYKIIis,
OCTeoiHTerpallisi, PO3YMHHICTh IHIPEAIEHTIB MaTepialy Ta iH.);

- 0co0aMBOCTI MalieHTa (0COOIMBOCTI OpraHi3My, TPaBMH);

- Menu4HUI mepcoHan (kBamidikamist mikaps, JOCBiJ JiKaps, MOPYIICHHST
CaHITaApHOTO PEXXHUMY, CTaH IPUMILLIEHHS);

- BHJ JOCIIi/KeHHs (EX ViVO, en Vivo);

- OLIHKA 1 JOCHi/KCHHS (BUMOTH JO TIOBO/DKCHHS 3 TBapHWHAMU,
TEeHOTOKCHYHOCTI, KaHIIEPOT€HHOCTI Ta TOKCHYHOI Jii Ha peNnpomyKTHBHY
(yHKIFO; B3a€MOJis 3 KPOB'IO; JOCIHIIKEHHS HA IIMTOTOKCHYHICTB: METOAH in
vitro; JOCHIJKEHHS MicleBOl Jii Imicis IMIUIAHTAIl; 3aJMIIKOBUH BMICT
eTHJICHOKCH/IY TICIIS CTepIIIi3allil; KiTbKiCHE BU3HAYECHHS MOTEHIIHHUX MPOIYKTiB
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Jierpajialii; JOoCIHiKeHHS 3aralbHOTOKCHYHO] JIif; MOJEIIOBaHHS Ta JOCIHIPKCHHS
TOKCHKOKIHCTHKU TPOAYKTIB Jerpajaimii i BHMHUBAHHS, XIMI4HI BJIACTHBOCTI
MmarepianiB; (i3UKO-XiMIYHMX, MOPQOIOTiYHUX 1 TomorpadiyHUX BIIACTUBOCTEH
MaTepialiB; JOCHIPKEHHS iIMyHOTOKCUYHOT Jii METUYHUX BUPOOIB.

KniniyHi BUIPOOYBaHHS PEryIIOI0ThCS CTaHIapTaMu:

- ACTY EN ISO 15189-2015 Menuuni mabopatopii. Bumorn 1o sixocrti ta
komrereHTHocTi (EN 1SO 15189-2012, IDT);

- ACTY EN ISO 14155-2015 KuiniuHi moCTimKeHHS MEIUIHUX BHPOOIB
Juist mroneii. HamexkHa KiTiHIYHA IPaKTHKA,

Cragmapr JACTY EN ISO 15189-2015 ommcye BuMOTHM 1O SKOCTI 1
KOMIIETeHTHOCTI MenuuHux Jaboparopiid, JACTY EN ISO 14155-2015 -
MIPOBEICHHS KIIIHIYHUX BUTIPOOYBaHb.

Po3poOiieHHsT 3aX0niB 100 3a0e3NeueHHs] Oe3NeKH MEJINYHUX BUPOOIB
MOXITMBO 3JIICHIOBATH Ha OCHOBI moOymoBu miarpamu Icikasa (Isikava diagram),
sIKa JI03BOJISIE TPa(iuHO BU3HAUUTH KITFOUOBI MPUYMHHO-HACIIIKOBI B3a€MO3B'SI3KU
MiXX YAHHUKAMH Ta HACHTiTKaMH IpoOJIeMu JociiKeHHs. Taka aiarpama CTBOPIOE
MOJKJIMBICTh BHM3HAYaTH CYTTEBI B3a€EMO3B'SI3KM MDK pi3HUMH (aKTopamMH Ta
BUSBJIATH YWHHUKH, SKi 3MiHCHIOIOTh HAHOUIBII 3HAYHMII BIUTMB Ha 3aXOIM IOJO
Oesmexu OiomarepianiB. OaumH 3 HeJONIKiB jiarpamu IcikaBu — JoriyHHA
JAHIIOKOK MPHYMH 1 (akTopiB, MO BEAYTh IO INEPLIONPUYUHH, PO3IIISTHYTH HE
NPE/ICTABISIEThCS MOXJIMBUM. [Ipyruii — Jiarpama MOKe BUpasHTUCS B OyXe
CKJIaHIH cxeMmi 1 He MaTH YiTKOi CTPYKTYPH, IO YCKIATHIOE 00’ €KTUBHUM aHAII3 i
BUKJIIOYA€ MOXIIMBICTh 3pOOHMTH MaKCUMajJbHO TpaBHJIbHI BHCHOBKH. [liarpama
IcikaBu MOke BUKOPHCTOBYBATHCS B MEIUIMHI SK aHAJITUYHUHA IHCTPYMEHT AJIS
neperisaay Oii MOXIHBHX (DaKTOpIB Ta BHOKPEMIICHHS HAWOUTBII BasKIIMBHX
NPUYUH, Jis SIKKX TOPOKYE KOHKPETHI Hacmiaku. (puc.l).
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Pucynok 1 — Jliarpama IcikaBu

[IpoananizyBaBmy gaHy aiarpamy, MOXKHa 3pOONTH BUCHOBOK, 110 KJIiHIYHA
OWiHKAa 1 JOCHI[UKeHHS, (i3MKO-MEXaHIyHi BIACTHBOCTI, METOJX 1 yMOBH
BUT'OTOBJICHHS 1 MEIMYHUI NEpCOHAN € OJHMMH 3 HalBaromimmx (axkTopis, IO
3a0e3mneuyroTh 0i00e3neKy MaTepianiB Ha OCHOBI KalbIIil T1APOKCHATIATHTY .
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SAKICTD ITPOLIECY KOHTPOJIIO ITAPAMETPIB
CKJIAJJHOITPO®IJIBHNX BHUPOBIB

Uenucenxo FO. O., cm. suxnaoau xagp. TMBI, Llapuyun B. O., acnipanm;
Kopnienxo A. O., cmydenm ep. TM-81, CymY, m. Cymu

CknagHonpo¢ineHi  JeTani  XapakTepu3ylOThCs  CKIQJIHICTIO  CXeM
YCTAQHOBJICHHS Ta HEIOCTaTHhOIO IHCTPYMEHTaNbHOIO jgocTymHicTio. Lle
O0OYMOBIIIOETbCS.  CKJIaJHUM  IIPOCTOPOBHUM  pO3TAlllyBaHHSIM  €JIEMEHTapHHX
MOBEPXOHb, 3 SKUX BOHU CKIAmaroTbesA. Jlo meranmeit ckimamHoi GopMH MOKHA
BIZIHECTH HACTYIIHI: JieTaii JITaIbHUX anapaTiB, KOPIYCH IOJICTIICHUX MAIluH,
(hopMu [T 3arOTiBENBHOTO BUPOOHHUIITBA. [IpH KOHTPOIIOBaHHI ITapaMeTpiB TaKUX
JieTayieil BUHUKAIOTh CKIIaJHOCTI BUOOPY KOHTPOJIbHO-BHMIPIOBAJIBHUX 3ac00iB Ta
3a0e3medeHHs HeOOXITHUX METOAWK BUMIpIOBaHHA. B boMy pa3i Ha peMOHTHOMY
BUPOOHMITBI OKpiM 3a0e3MeUYeHHs] BUMIPIOBAaHb i3 3a/laHOI0 TOYHICTIO BHUPOOIB €
BOXJIMBUM 1 3a0€3MEUCHHS: ONTHMAJIBHOTO 3aCTOCYBAaHHS JUII YMOB 3aJaHOTO
PEMOHTHOTO BI/Ip06HI/IHTBa CUCTEMH HaNOLIbII anﬁHﬂTHMX 3ac00iB KOHTPOJIIO 1
BUMIPIOBAHHSI, AKI MOXKYTb CKIaJaTHCA 3 YHIBEPCAIbHUX, CTaH/IAPTH30BAHUX,
MPOTPECUBHUX 1 aBTOMAaTH30BaHUX, & TAKOX 13 KOMILIEKCY 3aC00iB BUMIpPIOBAaHHSI;
YIOCKOHAJIEHHS METOJUK KOHTPOJIbHO-BUMIPIOBAJIBHUX IIPOLECIB PEMOHTHOTO
BUPOOHHMIITBA; 3HIKEHHS TPYIOMICTKOCTI KOHTPOJIbHO-BUMIPIOBAIBHUX METOIHUK.

AHaii3 CBITOBOTO IOCBiAy JO3BOJISIE BU3HAYUTH SIBHI HENOJIKH BHOOpY
3ac00iB BUMIPIOBAHHS MPH PO3POOI[ TEXHOJOTIYHOIO MPOIECY KOHTPOJIIO
CKIIaTHOMIPOUIEHAX [eTaleil: TpHU3HAYEeHHS 3acO0iB BHMIPIOBAaHb BEICTHCA
OKpeMO JUIsl KOXKHOI orepallii, 10 € Hee(eKTHBHUM ISl 6araTOHOM €HKJIATYPHOTO
PEMOHTHOTO BHUpPOOHMIITBA; TNPU3HAYECHHS YHIBEPCAIBHUX 1 CTaHIAPTU30BAHUX
3aco0iB BHMIpIOBaHHS € Hee(DEeKTMBHUM 3a HAasBHOCTI MNPOTPECHBHUX 1
ABTOMATH30BaHMX 3acO0IB KOHTPONIO; BHCOKA TPYAOMICTKICTH KOHTPONIO B
yMOBax Bl]leTHOCTl AaBTOMATH30BaHUX 3aco0iB sl (HOpMyBaHHS pe3ynLTaTlB
KOHTPOJIIO; BIJCYTHICTb ITiABUIIEHHS KBanl(blKaml KOHTpOJIepa, B 3B'3Ky 3
BUKOPDHUCTaHHSIM IIPOCTUX KOHTPOJILHO-BUMIPIOBAJBHUX 3aco0iB. 3a3HaveHi
MUTaHHA 3HAYHO OOMEXYIOTh SIKICTh Tpollecy KOHTpPOMo. Y 3B’SI3Ky 3 LUM
aKTyaJIbHUM 3aBJaHHIM € YIOCKOHAJIEHHS SKOCTI MPOIeCY KOHTPOJIIO IapaMeTpiB
CKJIAQIHONIPOUIbHUX JeTanedl. [l IbOro 3arpoIlOHOBAHO BHIUIMTH OCHOBHI
rapaMeTpH SIKOCTI IPOLECy KOHTPOJIIIO CKIIaTHONPO(DUILHUX JieTaNeil:

—  3aKpiIUICHHS 3B 32 JCTaIIMU

—  piBeHb aBTOMATH3aIlii

-  TPYAOMICTKICTH KOHTPOIIIO

- KBayriikamuis KOHTpoJepa

-  TPYAOMICTKICTh MiATOTOBKH J0 KOHTPOIIIO

OTxe aHami3yloud BHINE3a3Ha4YeHE JIOLUIBHO  PO3pOOMTH  MeTox
OI[IHIOBAaHHSI SIKOCTI TMpOIleCy KOHTPOJIO CKJIATHOMPOQIIBHUX JeTanend i3
3aCTOCYBaHHSM 3alIPOIIOHOBAHHX MMOKA3HHUKIB SIKOCTI.
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CTAHJAPTH JIJIs1 IPOTHO3YBAHHS TA JOCJIXEHHSA BIOJOTTYHOI
JIT MEAUYHUX BUPOBIB HA CTAJII BUBOPY MATEPIAJIIB

Yeprobposuenro B. C., acnipanm; [Jaowpa K. O., npogecop xagh. TMBI,
Xeocmosa B. K., cmyoenmxa ep. CT.m3-02¢c, CymY, m. Cymu

CHHTECTHYHI KICTKOBI 3aMiHHUKH TiIPOKCHANATUT 1 P-TpuKaibilii docdar
BUSBJSIIOTE ~ XOpOIIy  OiOaKTHUBHICTB, OiocyMmicHicTs 1  aHTHOAKTepiaibHi
BJIaCTHBOCTI iN VIitro myst imkeHepii kicTkoBoi TkanuHu. OIiHKa 6i0JOriuHOT il
MEJMIHOTO BUPOOY TPYHTYETHCSI HAa METOMAaxX JOCIHIIKEHHs iN Vitro ta ex vivo i Ha
TBapUHHUX MOJENSAX, TaK L0 OYiKyBaHa IMOBEJIHKa IIPU BUKOPHCTaHHI BUPOOY
JIFOAMHOI0 MOXKE OyTH BCT@HOBJIICHA TLTBKH 3 OOEPEXHICTIO, TOMY, IO HE MOXKHA
OJTHO3HAYHO 3pOOWMTH BUCHOBOK, IO y JIIOJMHU OyayTh Taki x peakmii. Sk
BUIIIAIOTH JOCIIIKEHHS Ha NpakTULi? 3HayHa YaCcTHHA TOCIIDKeHb Iependavac
pobOTy 3 JaHWUMHM, HE3aJeXKHO Bif TOro, € I JaHi KiNbKICHUMHU pesysbTaTaMu
CKCIICPHMCHTIB Ui TCOPSTHYHMMH JAHMMH, sKi 3i0paHi B pesyibrari aHanisy
MOMNepeHIX JOCIiKeHb. BUPOOHUK MOBUHEH JOKYMEHTYBATH i Hl}ITpI/IMyBaTI/I y
poboyomy craHi OesmepepBHHMII mHpolec imeHTUdikanii HeOe3nek, MOB'I3aHUX 3
MEIUYHUM BUPOOOM TIPOTArOM yChOTO HOTO >KUTTEBOTO LUKIY. IIporec TouHOro
JOKYMEHTYBaHHSI Pe3yJIbTaTiB €KCHEPUMEHTY € 0co0iMBO BaxiuBuM. [Ipore, y
MEIUIUHI 3a0e3MeueHHs MPO30POCTi JaHUX MPO PE3yJIbTaTH JOCIIIPKEHb, BCE IIIE
notpedye CHCTEMHOTO mmiaxoxy. Po3poOka GiomarepialliB, KOMIOHEHTIB TOTOBUX
MEIUYHUX BHPOOIB, a TaKOXX TPUBUMIDHUHA IpPyK Ta pereHepaTuBHI JIKapChKi
3ac00M peryMoeThCcS PI3HOMAHITHUMH MDKHAPOAHUMH Ta HAI[lOHATEHUMH
CTaH/iapTaMu 1 pekoMeHAalisiMu. MIKHApOJHI CTaHIApTH Ta KEPiBHI MPUHIMITH
HAJal0Th IaTOJOTOAHATOMAM, TOKCHKOJIOraM, OioiHkeHepaM Ta CyMiKHUM
npodecioHanaM JpKepeno BaXKJIMBUX HOPMATUBHHMX JOKYMEHTIB, SIKI MOXYTh
3aCTOCOBYBATHCS IO HEKJIIHIYHOI PO3pOOKH MpoayKiii. MiKHapoIHa OpraHi3alis
31 crangapruzanii (ISO) po3poOiisic OCHOBHI HOpPMaTWMBHI CTaHIApTH, 30KpeMa
cepito 1SO 10993, momo HEKTiHIYHOT 0IOCYMICHOCTI Ta TECTYBaHHA MEIUIHHUX
BUpOOIB. B Ykpaini rapMoHi30BaHi Taki Mi>XHAPO/IHI CTaHIAPTH:

JCTY EN ISO 10993-1:2015 biojoriuHe OLIHIOBAHHSI MEIUYHHX
BupoOiB. Yactina 1. OuiHIOBaHHS 1 TECTyBaHHS B paMKax IPOLECY YNpaBIiHHI
PH3UKaMHU.

JCTY EN ISO 10993-6:2019 bionoriude OI[iHIOBAHHS MEIUYHHX
BUpoOiB. YactrHa 6. TecTr Ha TOKaJIbHI BIUTMBH MICIIS IMIUIAHTAIIII.

JCTY EN ISO 10993-3:2018 biosoridude OIiHIOBAHHS MeINYHUX
BupoOiB. YactuHa 3. BumpoOyBaHHS Ha T'€HOTOKCHYHICTb, KAaHIEPOI€HHICTH 1
PENpoyKTUBHY TOKCHYHICTb.

JICTY EN ISO 10993-9:2015 biomoridde OIiHIOBAHHS MeIUNYHUX
BupoOiB. YactrHa 9. OCHOBHI NPHUHIMITK SKICHOTO Ta KIJIBKICHOTO aHaNi3y
MOTEHIIMHUX MPOIYKTIiB JeTpajaairii.

JCTY EN ISO 10993-12:2015 biosoriune OI[iHIOBaHHS MEIMYHUX
Bupo6iB. YactuHa 12. BinOupaHHs 3pa3KiB Ta eTaJOHHI MaTepiam.
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— JACTY EN ISO 10993-17:2015 BiomoriuHe OILiHIOBaHHS MEIMYHUX
BUpoOiB. YactiHa 17. BcTaHOBNEHHS MOMYCTUMUX MEX JUIS BHIIYTOBYBAJIBHHX
pEUOBHUH.

Jiama3oH O10JIOTIYHUX PH3MKIB NIMPOKHHA. PU3MKKM iCHYIOTH NPOTATOM
YCBOTO XHUTTEBOTO IUKIY MEINYHOTO BHpOOy. Pru3nukamu, BUSBICHHMH Ha OJHIN
CTafii )XMTTEBOTO IUKITy MEJUYHOTO BUpOOY, MOXKHA KEPYyBaTH 3a JIONIOMOTOIO JIiH,
Ha iHIIHN cTafii KUTTEBOTO NUKIY. HEMOXINMBO PO3TIANATH TiNBKH B3aEMOJIIIO
TKaHHMH 3 OCHOBHUM MaTepiajloM OKPEMO BiJ 3arajbHOI KOHCTPYKLIi BUPOOY 1 mpu
CTBOpPEHHI Horo, BHOip Haiikpammoro wmarepiady 3 TOYKH 30py B3aEMOMii 3
TKaHMHAMH MOJKE NPUBECTH A0 MEHII (YHKIIOHAJBHOTO BHPOOY, TaK SK
B3a€EMOJIiSl 3 TKAHWHAMH € TUTBKH OIHI€I0 3 0ararb0X XapakTEPHCTHK, SKi CIIJ
BpaxyBaTu NpH BHOODI. SIKII0 MaTepian NpuU3HaYeHUH Il B3aEMOJIT 3 TKaHMHAMHU
IIpY BUKOHAHHI cBO€1 (DyHKIIi1, 6iojoTiuHa OIliHKa MOBHHHA IIe BpaxoByBaTh. Cepist
ISO 10993 € HaiibibII 32aCTOCOBHOIO sl HEKJIIHIYHHUX JIOCII/DKEHb Ha TBapUHAX, 1
Oarato 3 mmx mokyMmeHTiB, 3okpema |SO 10993-1, wmictare anropurmu, IO
KepyIoTh TOTpedaMu B JOCHIPKEHHI Ta JOMOMAaraloTh CTPYKTYPYBaTd ILIaHU
po3Butky. 1SO 10993-6: 2016 Mae nepropsgHe 3HAYCHHS U1 TOKCHKOJIOTITHHX
MaTOJIOTIB I OLIHKU iMIUTIaHTOBaHMX OiomarepiamiB. ISO 10993-11: 2017 mus
cucteMHUX BuIpoOyBaHb Ta 10993-3: 2014 momo KaHIEPOTEHHOCTI TAKOX €
iHHUMH pecypcamu. Cinig 3a3HaunTH, mo HemoxaasHo ISO 10993-6: 2016 Oys
OHOBJICHUH 13 BOKIMBUMH 3MiHAMH, BKITFOYAIOUH: MIPOTIO3HUITIIO 310paTH Ta OLIHUTH
miMQpaTAYHI B3N, IO OPCHYIOThH Miclle IMIUIAaHTaIii, HCOOXIJHICTh OI[IHKU
PEMOJICIIIOBaHHS TKAaHUH IO HOPMHU TKaHWH, KOJIM II€ JOPEYHO, MO3HAYCHHS IO
JUIA  XapaKTePUCTHKH PEaKIlii IMIUIAHTATIB MOXYTh 3HAJO0OHMTHCS JIOJATKOBI
CIIOCTepEKEHHS, OKPIM HaIiBKUIBKICHOTO OI[IHFOBaHHS, 3MiHM IHTEpPIpETaIiiHOL
TepMiHOJIOTIT Il OWIHOK IMIUIaHTATiB (OLIHKM peakiiid, a He OILIHKU
MOJpa3HeHHs), BKIIOYCHHS IPHUKIAAY IIa0JIOHYy HAIiBKUTEKICHOTO OIiHIOBaHHS
JUlsl HepBOBHX TKaHHH y Jlonatok E Ta npukiiaa nocuinanHs Ha OLIHKY Juis Houi-L-
JMAKTHIHUX iMIDTaHTaTiB. [HIN crasmapta ISO 10993 mpencraBisioTh iHTEpeC It
3arajlbHOTO TIPOEKTYBaHHSA Ta MPOBEICHHS BHIIPOOyBaHb Ha Oe3neky Ta
e(eKTUBHICTb, MICLIEBOI MEPEHOCUMOCTI (LIKIPHOI Ta CyIUHHOI), Creliai30BaHUX
BUTIPOOYBaHb (IMyHOTOKCHKOJIOTiS Ta HaHOMAaTepialii), BUMPOOYBaHb in Vitro Ta
Jierpajiarii Ta JOMIIIOK (eKCTparyryi pe4oBHHU Ta PEUOBHHH, 110 BUIIYyYaIOThCS).
3HaHHSA 1 3aCTOCYBaHHS HAJIEXHUX CTaHAAPTIB TECTyBaHHS MNpW po3podmi Ta
TECTYBaHHI MEAWYHOTO BHPOOY MOXe TOJETMIUTH BHXiL Ha OaxaHui
HallioHANMBPHUA a0o rioOanpHUE pHHOK. KiHIEBOIO METOH  HEKIIHIYHHUX
BUNPOOYBaHb € HAJaHHs 3BEICHOrO 3BITY, SIKMH aJeKBaTHO JOKYMEHTYE, IO
Giomarepianu abo TOTOBI MeAW4HI BHpPOOM € OiocyMmicHMMH, O€3NeUYHHMHU Ta
epeKkTHBHUMHU. J[11 [pOTO MM TPOTIOHYEMO HM3KY MEXaHi3MiB, SKi MOXHa
BOy/ZyBaTH B ICHYIOYi JOCTIJHMIBKI IPaKkTHKH, OO 3pobutn ix Olubm
3pO3YMIJIIMH CTOPOHHIM pelleH3eHTaM Ta HayKoBIsIM. [li MexaHi3Mu mpU3HAYeH]
JUIL PO3BUTKY MPUHIMITY BiAIMOBITaTBHOCTI Ta 3a0e3medeHHs OiIbII MiA3BITHHX
HAyKOBHUX JIOCHIJKeHb. JIOKYMEHTYIOUM KJIIOYOBI €JIeMEHTH JIOCIHiKEeHb, SKi
MOSICHIOIOTH HE JIMIIE T€, 110, Ha Bally JyMKY, BUSBWIH, aje 1 Te, SIK JOCIIAHUKH
MOTPATNAIN TYAH, MOXIIHUBO, TAKOX CTBOPUTH Kpallli MEXaHI3MH Mi3BITHOCTI.
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IHTEPOIIEPABEJIBHICTD HA ETAITAX )XUTTEBOI'O ITUKITY
CKIIAJHNX BUPOBHUUYNX CUCTEM

3anoza P. O., acn.; [Jaowpa K. O., npog. kagh. TMBI; 3anoea B. O., npogh.
kagp. TMBI; I'puyenxo O. O. cmyo. ep. Mb-91/2m6, CymV, m. Cymu

IHOTEepOTIEpabeNpHICTE — BIACTUBICTH IBOX Ta Oinbme iH(OpMariitHuX
cucteM abo IX KOMIIOHEHTIB OOMIHIOBAaTHCH iH(OpPMAII€I0 i BHKOPHCTOBYBATH
pe3ynbpTaT mporo oOMiHy. IHTepomepabenpHOIO € Ta BUPOOHHYA CHCTEMa, Yy SKiit
migcucTeMr (KOMIIOHEHTH), IO BXOAATH MO Hei, MPAIIOI0Th 10 HE3aJeKHUM
aNropuTMaM, aje MalTh €IWHY Lidh (METy) VIpaBIiHHSA 1 BCE IKepyBaHHS
BU3HAYAETHCS €JMHUM HaOOpPOM HOPMAaTHBHHUX JIOKYMEHTIB, IPaBHi, CTAaHJIAPTIB -
npodinem iHTeponepadeabHOCTI. [1]

KoskHa BUpoOHHMYA cuCTeMa Ma€ KUTTEBUN LUK, SIKUA MOXE 3MiHIOBATUCS
y BignoBigHocTi 3 i TPUPOJOIO, IUISIMH, YMOBaMH 1 IEpeBaKArOUMMHU
oO0CTaBHHAMM BHKOpPUCTaHHA cucTeMH. CTanil )KHUTTE€BOTO LUK IPEICTABIAIOTH
c000F0 HOTO TONOBHI Mepiofn, MOB’s3aHi 3 CHCTEMOIO, 1 CTOCYIOTBCS CTaHy CaMoi
CHCTEMHU.

OcHOBHa yBara 10 BHpIIEHHS MpoOIeMH iHTepOHepa6eJ‘IBHOCTi
CKJIQJIHUX BUPOOHHWYMX CHCTEM ITOBHHHA 3a6e3neqy3amca HITISIXOM HpI/Ilel.l'IeHHSI
CYTTEBOi yBarmu OpraHi3amifHUM,  CHCTEMOTEXHIYHHM 1  TEXHOJIOTIYHUM
pILIEHHSIM IX CTBOPEHHs i€ Ha PaHHIX CTaAisgX >KUTTEBOTO IHKIY HCTEMH, Ha
SKHX:

- (dopMyrOTBCs TiJ Yac MPOBeleHHS (YHIAMEHTaIbHUX JOCIIKEHb MPH
OOIpYHTYBaHHI IX pPOJIi y PIIICHHI aKTyaJbHHUX 3aaad 1 3aJ0BOJICHHI
OCHOBHHX MOTpe0 MaiiOyTHIX KOPUCTYBaYiB;

- po3poOnseThcs HAa piBHI OCHOBHHX pIlIGHh y XOIi TPOBEACHHSI
MPUKIIATHAX HAYKOBO-IOCIITHHX POOIT;

- peami3yeTbCsl y BHUIIAI THIOBUX amapaTHO-NIPOTPaMHHUX 3aco0iB 1
KOHCTPYKTOPCBKHX DILlIEHb NPH BUKOHAHHI JJOCIIHO-KOHCTPYKTOPCHKHX
pooirT;

- TECTYIOTHCS 1 OI[IHIOIOTHCS B TIPOIIEC TPOBEICHHS BUNIPOOYBAHE;

- TIPOSIBISIFOTHCS 1 MIATPUMYIOTHCSI Ha CTail ekcruryaTartii. [2]

il moxo TpUHHATTSA pilleHb BiTHOCHO iHTepomepaOenbHOCTI Ha eramax
KHUTTEBOTO IMKIIy MOXKHA KiIacu(iKyBaTH BIAMOBIAHO 10 TPHOX (PYHKITIOHAIBHUX
KaTeropiii B 3aJIGKHOCTI BiJl OCHOBHHX €JICMCHTIB, SIKi 3 HUMH IIOB'sI3aHi, a came:
nponykuist (P), pecypeu (R) i wac (7). Pi3ni koMmOiHamii unux eleMEHTIB Jar0Th
HACTYNHY KJacudikariro GyHkii (puc. 1):

- «ympaBiiHHA npoxaykmieo». g QyHKIis moB'I3aHa 3 YyNpaBIiHHIM
npoaykuieo B tumyacoiii o6aacti (P N T). OcHOBHI pileHHs AaHoi Kateropil
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MOB'I3aHI 3 HOMEHKJIATYypOlo, TepMiHaMu 1 oOcsraMu MPOAYKIii, M0
3aKYIOBYETHCS, & TAKOXK 3 TPUIHHATHUMHE PIBHSIMH 3aMaciB;

- «ymnpaBiiHHS pecypcamu». Ll ¢yHkuis mnos's3aHa 3 ynpaBIiHHAM
pecypcamu B tumuacoBiii oomacti (R N T). OcHOBHI pilleHHs AaHOI KaTeropil
MOB'A13aHi 3 00CSATOM pecypciB;

- «WIaHyBaHHsS BHpOOHMITBa». Lli pilleHHs MOB'A3aHI 3 IUIAHYBaHHSIM
BUPOOHWITBA, IO JO3BOJIE CHHXPOHI3YBAaTH TOTOKM  Hpomykmii (3
BHKOPHCTAHHSAM pecypciB) B TUMYacoBiit obmacti (P N R N T) [3].

AHaJti3 JiTepaTypHUAX JDKEpeN MOKa3aB, IO MOJENi MPUHHATTS PIlICHb
HIOZI0 IHTEPOINEPa0EIBbHOCTI OMUCYIOTHCS HOTAISIMH 1 CHEIiaIbHUMH MOBaMH.
IHdopmarmiitna Moers MOXxe OyTH OIUcaHa OyAb-SIKOIO JOCTYITHOIO HOTAIIEI0, SKa
MOJKE 3aJaBaTH CIIBBIAHONICHHS MK CYTHOCTSAMH. BuOip HOTaiiii € J0CHTh
mMpokuM: 1) HaiimpocTimn  HOTAIli, 0 33aJaf0Th CHIBBIAHOIICHHS MIiX
cyrHocTsimu 3a Ilitepom Yenom; 2) ckmaani nHortarii tumy Express-G (UML
niarpaMu KiaciB); 3) HalickianmHimi HoTamii-3atBepmkeHHs Tuny SQL CREATE
TABLE "crenianbHOI MOBOI CTPYKTYpOBaHHMX 3amuTiB". AHaNoOriuHo, MoJei
mporeciB MoXyTh Oytu mpexactasieHi: 1) BPMN mopensmu (3a Z0IOMOTORO
cremiaJbHAX HOTAIlli MojaeroBaHHs OizHec-mporeciB); 2) UML miarpamamu mii
(moBoto UML); 3) naGopom tBepmkens BPEL (MoBowo BukoHaHHs Oi3Hec-
MPOIIECiB).

Criicoxk Jitepatypu
1. ISO 16300-3:2017Automation systems and integration —
Interoperability of capability units for manufacturing application solutions
2. ISO/IEC/IEEE 15288:2015 Systems and software engineering — System
life cycle processes
3. CEN/TS 14818:2004 Enterprise integration — Decisional reference
model
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CTAHJJAPTH KOPITOPATMBHOI'O VIIPABJIIHHA

Iaowpa K. O., npog. xagh. TMBI, Cywxko B. B., cmyo. ep. CT.m3-02c,
Cym[Y, m. Cymu

['0I0BHUM YHMHHHMKOM YCHIIIHOI [iSUTBHOCTI MiJNPHEMCTBA € CHCTEMa
BITHOCHH i3 3aiHTEpECOBaHMMH Oco0aMM — CTEHKXoimepaMu (IpamiBHUKAMHU,
CIOXXKMBayaMy, KpEeIUTOpaMH, JEpiKaBOlO, TPOMAJACBHKICTIO  Tomio).  Jlns
3a0e3medeHHsl  CTaJioTO  PO3BHTKY  OpraHizamii  IHOBHHHI  PO3pOOIIATH,
BIPOBAPKYBaTH, IMIATPUMYBaTH Ta IIOCTIHHO BJOCKOHAIIOBATH CHCTEMH
MEHEHKMEHTY KopriopaTHuBHUX OizHec-B3aeMmoBigHOCHH CBRMS-cuctemu (y Tomy
YHCIIi BC1 HEOOX1THI 11st CHinOGiTHI/IHTBa TPOLIECH Ta ix BSaCMOI[ﬁ) BIATIOBITHO 110
BUMOT CY4aCHHX CTAaHIAPTIB Ta 3a/ICKHO Bi PO3MIPY Ta PiBHSA (yHKIIOHYBAHHS
opraH13au1n BnockoHalleHHsT KOPIOPAaTHBHOTO YNPABIiHHS Ha Hal[lOHAJHLHOMY
piBHI CTanmo BaXJIMBHM HAamNpsIMOM 3yCWib Oarathox KpaiH. CporoaHi
KOpPIOpaTHBHE YIPABIIHHSA PpO3MIAAIOTh SK HEBII'€MHY CKJIaJOBYy PHHKOBOI
eKOHOMIKH, YMOBH JJs pO3BUTKY TIPUBAaTHOTO MiANPHEMHUITBA, 3acid
MIIBUILEHHS KOHKYPEHTOCIIPOMOXKHOCTI Ha MDKHAPOJHUX PUHKAX Ta MOJIMIICHHS
MOKAa3HHUKIB €KOHOMIYHOI HisTBHOCTI y mimomy. IlepeBar cmiBmpari y AiTOBOMY
CBITI 0araro i BKIIIOYAE reHepauilo IHHOBALlIMHKX 1Jei, 3HIKEHHS BUTpAT 3a
paxyHOK e()eKTHBHOCTI Ta CHUIBHOTO BHKOPHUCTAHHA pecypcm a TaKOX JOCTYIly
JO HOBUX IMOCIYr Ta TeXHOJOridh. Xowya y CBITI Hemae e€IuHOI MoJeli
KOPIOPAaTHBHOTO YHPAaBIiHHSA, aje ICHYIOTb 3aralbHONpPUHHATI NPHHIMITN
(crangapTn), sIKi Jie)KaThb B OCHOBI €()EKTHBHOTO KOPIIOPATUBHOIO YNPABIIHHA 1
MOXYTh OyTH 3aCTOCOBaHiI y IIMPOKOMY [ialla30Hi MPAaBOBUX, CKOHOMIYHHX Ta
momitnaanx  ymoB: ISO  37500:2014 «Aytcopcunr», ISO 44001:2017
«KopropaTuBHi cucTemMu yIpaBIiHHS B3a€MOBiTHOCHHAMH 3 Oi3HecoM. Bumorn Ta
ctpykTypa», ISO/TR 44000:2019 «IIpuHIUIH YCTINTHOTO MEHEPKMEHTY CIIIbHUX
nimoBux BimHOCHHY, ISO 44002:2019 «CucTemu ympaBiiHHS CHIBPOOITHHIITBOM 3
napTHepamu - KepiBHunTBo 1o BipoBamkeHHo [SO 44001».

Crangaptu 3a0e3nedyroTh 3arajbHi KOMIIOHEHTH CHUCTEMH YIPaBJIiHHA
JIUTOBUMHM BiTHOCHHAMH, a TAKOXX BHMOTH JIO OIEpaIlifiHuX MpoiieciB. BoHU MarOTh
3arajibHy CTPYKTYpy, K ¥ IHIII cTaHmaptu cuctemu ympasiuinas [SO (Bigoma
CTPYKTYpa BUCOKOTO PiBHS), OJIETIIYIOUH BCIM, XTO BUKOPHCTOBYE KUIbKA CHCTEM
YIpaBJiHHS, Ta Ma€ BOCBMHUCTYIEHEBUH J>KUTTEBHH LMK /sl 3a0e3neueHHs
CTIMKMX BIJHOCHH, BKIIOYAIOYHM OMEpalliiiHy 00i3HaHIiCTh, IIHHICTh CTBOPEHHS,
3HAHHS, BHYTPIIIHE OILIHIOBAaHHS, BUOIp MapTHEPIB, CHiIbHA POOOTa, 3aTUIIAHHSI
pasom Ta crparerii Buxony. HoBa mapamurma, HajamToBaHa Ha Iepexia BiX
MiKIyBaHHS NP0 OTPHMaHHSA MNpHOYTKy, SK TepmopsaHoi MeTtn Oi3Hecy, IO
TypOOTH TNpO MaKCHMMaJbHY TI'apMOHi3alil iHTepeciB Oi3HeCy Ta CycCIUIbCTBa B
LIIOMY Ha JIOBIOCTPOKOBOMY TOPH30HTI, BUPQKAEThCS B JEKILIBKOX IMOHSATTSIX:
ESG, «BimnosinaneHe BeneHHs 0i3Hecy» («responsible business conduct» , RBC),
«ctanmuii po3BUTOK» («sustainable development», SD).
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ESG (Environmental, Social, Governance) - yHiBepcalbHHil TEPMiH, AKHI
BIJIHOCHTBCS JI0 TPHOX OCHOBHHX (hakTopiB: exojoriuni ( «E» - environmental),
comianbHi ( «S» - social) muTaHHSA, a TAKOXK MATAHHA KOPIIOPATHBHOTO YIIPABIIiHHS
( «G» - governance), siKi BHKOPHUCTOBYIOTBCS TPH OLIHII CTIHKOCTI 6i3Hecy B
paMKax Mpouecy MPUAHATTSA iHBecTHHiitHUX pimeHs. ESG omucye 3Bing BUMipHHX
KpI/ITepllB HalIeHUX Ha JIOCATHEHHS CTaJOro0 pO3BUTKY, 1 BpPaxoBYE
B3a€MO3B'SI3KM iHBeCTOpiB Ta Oi3Hecy (kommawiif). Tepmin ESG mos's3anuii B
MEepIly 4Yepry 3 OI[HKOK IHBECTHUINHHOT MpuBaOIMBOCTI KommaHii. CTIHKICTH
Oi3Hecy 3 ypaxyBaHHAIM ycCiX (pakTopiB, K (piHaHCOBHX, Tak i He)iHAHCOBHUX, JO
Tenepimm,oro 9acy B HIMPOKOMY ceHcl BkoyaroThest 10 chepu ESG. B nanmit
Jac He ICHyC yeranexoi Ml)KHapO,Z[HOI MIPAaKTHUKH B peryJHoBaHHl nmutadb ESG.
Bona He TinbKM pi3HOpiAHA, ajie 1 3HAXOAUTHCSA y MOCTIHHOMY PO3BHTKY. Yci
CTEHKXOJACPH aalTyIOThCS O MIHJIMBHX YMOB «HA XOAY», OZHOYACHO BHOCSYH
CBiif BHECOK Y 3MiHY HOTOYHHX NPAaKTUK. KIIFOUOBHM JIXKEpEIOM eKCIepTH3U ISt
i€l MPaKTHKH HAa JaHWUH MOMEHT € JOCBiJ MOOPOBLIEHHX CTaHIAPTIB IIOAO
po3kputTTs  iHpopMalli, sAKa CTOCYETbCA IMHTAaHb CTAJOTO  PO3BHTKY,
3araJbHONPHHHATUX SIK €MITEHTaMH, TaK 1 EKCIIepTaMu, aje i HaWroJOBHIIIE,
iHBecTOpaMu. MokHa BUIUIMTH KijbKa KJIIOYOBUX CTAaHAAPTIB i METOJOJNOTIH A
3BITHOCTI 31 CTaJIOTO PO3BUTKY, SIKi HA JaHUH MOMEHT KOPUCTYIOTHCS HAHOUTBIINM
ABTOPUTETOM 1 MOMYJISIPHICTIO Cepesl IHBECTHLIHHOTO CIIBTOBAPHUCTBA: CTaHAAPTH
I'mobameroi iHimiatTuBu 3i 3BiTHOCTI (GRI), crammaptu Pamm 31 cranmapTiB
6yxranTepCLKoro o0iyiky B ramysi cranmoro po3BuTKy (SASB) i pexomenpanii
[UTBOBUH TPYIH 3 MUTAaHb PO3KPHTTA (blHaHCOBOl inpopmanii (TCFD). Baxmuso
BIZI3HAYUTH, IO B yKna):[aqlB UX CTaH,uapTlB HEMa€e METH KOHKYpYyBaTH MiX
co0o10, a 6araTo eMIiTEHTIB IPH CTBOPEHHI HeiHAHCOBOT 3BITHOCTI OPIEHTYIOTHCS
Ha KiJlbka MeToJ0JI0Tii oxHo4YacHO. Cepel THUIB PEryJATOPHUX JOKYMEHTIB Ta
IHII[IaTHB MOXXHA BUAUINTH HACTYITHI: HaJHALlIOHAJIbHE PETYJIFOBAHHS IOJITHIHUX
/ eKOHOMIYHUX 00'€eHAHb JepXKaB; HAIIOHAIBHI KOJEKCH HAICKHOTO BPSIyBaHHSI
(Stewardship Codes) Ta komekcu KopnopatuBHOro ympasminas (Corporate
Governance Codes); aepkaBHe YMpaBIiHHS B MHUTAHHAX KOPIIOPATUBHOTO IMPaBa,
HABKOJIMIIIHLOIO CEPEIOBHINA Ta COLIAJIBHUX IHTaHb, IOOPOBUIBHI IHII[IATHBU
moxo po3kputTs iHGopMmaii B chepi ESG Bin y9acHUKIB pHHKY.

TakuM 4HMHOM, CHCTeMa KOPIIOPATHBHOTO praBHiHHH CTBOPIOE HEOOXiJHI
YMOBH JUISI CBOEYACHOTO OOMiHY 1H(1)0pMame}0 OxnuMm i3 lHCprMCHTlB SIKMH
BHKOPHCTOBYETBCS JUIsl JOCATHEHHS uiei mery, € 3aMpOBaIKCHHS! HalliOHAIBHUX
NPUHIOUIIB  (KOAEKCIB) KOPIIOPAaTUBHOTO YIIPABIiHHS. AHaJI3 MIDXHApOIHOTO
JIOCBiy YiTKO TOKa3ye, mo npodnematnka ESG chorogHi 3HaXOAWTHCA B ICHTPI
yBark BCIX OCHOBHMX TIpaBIiB I1HBECTHIiiHO-(hiHaHCOBOI cdepn - KoMmaHiH,
iHBeCTOPIiB Ta peryisaTopiB. CTaHOapTH OisUTEHOCTI BiAmoBixHO a0 kputepiiB ESG
BXKE BKJIIOYAIOTBCS B MDKHapoJHE Ta HalliOHAIPHE NpaBO, B HOPMAaTHBHI
JIOKYMEHTH PETyJIATOpiB i TOProBHX MaiJaHYMKiB, B KOPIOPATHBHI IPAKTHKH.
Crparerii iHBecTyBaHHs BiANOBigHO 10 kpuTepiiB ESG MaroTe mupoky cycniibHy
MiATPUMKY 1 BJK€ OTpUMAaIIN CEPHO3HUIT PO3BHUTOK.
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CEKIIA «TEXHOJIOI'ISI KOHCTPYKIIMHUX
MATEPIAJIIB I MATEPIAJIO3BHABCTBO»



BUBIP 3MILIHIOIOYOT TEPMIYHOI OBPOBKU JIETAJII «JIOHXKEPOH»
KPUJIA JIITAKA 3 TUTAHOBOI'O CIVIABY

Anenxo B. B., cmyoenm 2p. MT-T1, Cym]V, m. Cymu

JloHxepoH — OCHOBHHUI TO3JI0BXKHIM CHJIOBUI eJIeMEHT Kpwia Jitaka. [lei
€JIEMEHT CIpuiiMae 3HaYHy YaCTHHY 3THHATBHOTO MOMEHTY 1 TIOTIEPEUHy CHITY, IO
IIIOTh HAa KpWJIO JITANBHOTO amapary. JIOHKepOH pO3TalIoBYETHCS B MICIIi
HaOLTBIIOT OyAiBETFHOT BUCOTH TIpodinro kpua (puc. 1).

Pucynoxk 1 — Cxema po3raliryBaHHs JOHKEpOHa B KpuJi Jritaka [1]

JlomkepoHH B IIpolieCi eKCILTyaTallii 3a3Hal0Th Ty’Ke BEINKNX HABAHTAXKEHb
1 TIOBMHHI MaTH JOCTAaTHIO B'S3KICTh, MO0 AeTams He Aaia TpimmHA. Bubdip
Marepiasy Al JOHKEPOHIB BH3HAYa€ThCSI yMOBAMH iX poOOTH i BUMOTramu, IO
CTaBIATHCA 10 HUX. CTIHKICTh BHPOOIB MPH eKCIUTyaTamii 3aJeKUTh BiJ 0arathox
(hakTOpiB, TOIOBHUM Cepel SIKUX € XIMIYHHU CKJIaJl 1 BUXiTHA CTPYKTypa CILIABY
JaHoro BHpoOy. HaiiOinbln nepcrneKTMBHUMHU CIUIAaBaMU JUIsSi  BUTOTOBIICHHS
JIOHKEPOHA € THUTAHOBI  CIUIABH, IO  BOJIOMIIOTH  OUIBII ~ BHCOKUMHU
XapaKTEPUCTHKAMU TMHMTOMOI MII[HOCTI MOPIBHSHO 3 QIOMIHIEBUMHU CILIABAMU 1
CTaJISIMU, BUCOKOIO KOPO3iHHOIO CTIHKICTIO 1 IOCTaTHIM OOPOM BTOMI.

Buxoasun 3 mpencTaBiIeHHMX BUMOT 3alpomoHOBaHO cruaB BT23.
Haii0inbir BUCOKHMH KOMILICKC MEXaHIYHHX BJIACTHBOCTEH CIUIABY OCSATAETHCS
TiCIIs TepMiYHOT 00poOKH 1O pexxuMy: rapTyBaHHs Bix 850 °C 3 BuTpuMKo0 1 rog
1 OXOIIOJKEHHSM Yy BOAI 3 HacTymHHM cTapiHHsaM mpu 550 °C mpotsrom 10 rog.
Takuii pexxuM TepMiuHOI OOpPOOKH O3BOJSE OTPHUMATH B CIUIABI OJHOPITHY
ro0ymsipHy (o + ) -CTPYKTypy 1 HOCATTH TO€THAHHS MEXaHIYHUX BIaCTHBOCTEH,
mo 3abe3nedye BHCOKI MIIHICTb, TEKY4iCTh, TBEPAICTh, a OTXKE, 1 peslakcaliiiHy
CTIHKICTB MpH 30epeKeHH] JJOCTaTHBOTO 3amacy IIaCTHYHOCTI, yJapHOI BSI3KOCTI 1
TPIIIMHOCTIHKOCTI.

Crucok Jiteparypu
1. OcuoBsl aBuarnun. Yacts [. OCHOBBI a3pOAMHAMUKY U JTUHAMHUKH TI0JI€Ta
JIeTaTeNbHBIX anmapaToB: Yuebrnoe mocobdue. — M.: MI'TY T'A, 2012. — 64 c.
Poboma sukonana nio xepisnuymeom ooy. I anonogoi O. 1.
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BUBIP PEXXUMY 3MIITHIOBAJIbHOI TEPMIYHOT OBPOBKU JIETAJII
®PE3A YEPB’SIUHA 31 IIIBUJIKOPI3AJILHOI CTAJII

Hioonpuzopa B. B., cmyoenm ep. MT-T1; I'anonosa O. I1. kanO. mexu. Hayk,
3a6. kagpedpu I[IM i TKM, CymJV, m. Cymu

3ybuacTi Kojeca € HAWNOMMPEHINIMMH JETalsiMH B CYYacHOMY
MammHOOYyBaHHI, O0COONMBO B aBTOOYAyBaHHI, BEpPCTAaTOOYAyBaHHI, BaXKOMY
MammHOOyyBaHHI. [Ipomec iX BHpPOOHHMIITBA JOCUTH CKIAIHHUN, TPYIOMICTKHH,
MaJjie BUpOOHHUITBO i 6araTto B YoMy 3aJIeKHUTh BiJ] €KCIUTyaTallifHUX BIACTUBOCTEH
3yOOpi3HUX IHCTPYMEHTIB, 30KpeMa, depB'sIHuX 3yOopizHuX ¢pe3 [1]. Yeps'suni
(dbpe3n  3acTOCOBYIOTh IS YOPHOBOI, HAIIBYMCTOBOI 1 YHCTOBOi 0OpOOKH
npsAMO3yOuX, KOCO3yOHX 1 MIEBPOHHHUX ILMIIHIPUYHUX KOJIC B Aiana3oHi MOIYIiB
0,1 - 10 MM, a TakoX JUIsl Hapi3yBaHHsI 3y0iB UEPB'STYHUX KOJIC 3 PI3HUMH BUAAMHU
3ayeruieHHs. Ha pucynky 1 npencrasnena 3-/] Monens ¢pe3u yepB’ sqHOT.

Pucynok 1 — 3-J1 Mmozens geraini ¢ppesa 4epB’siaHa

JIOBroBiuHICTh 1 HAJIMHICTE IHCTPYMEHTY 3aJIS)KHUTh BiJ MaTepiamy i Horo
KOHCTPYKIIHHOT MiHOCTI. [liIBUIIEHHS eKCIUTyaTalifHiX SKOCTeW iHCTPYMEHTY
JIOCSATAETHCS MIPABUIBHUM BHOOPOM Mapku crami. J[jas MeTamooOpoOItoBaIbHOTO
IHCTpyMEHTy, Takoro sk (pe3u, Hal{dacTilie BHKOPHUCTOBYIOTH  CTall
HIBUIKOpPI3ajibHi, THIy P6MS. Sk octaTouHy TepMidHy OOpPOOKY PEKOMEHIYEMO
MPOBOJIMTH I'apTyBaHHs 1 TpUpa3oBuii Binmyck. TBepicTh CTaN MiCHs rapTyBaHHs
62 HRC, micis Bimnycky - 64 HRC. Crpykrypa crani micis rapTyBaHHS —
MapTeHCHT TapTyBaHHs, KapOiam 1 3anuiukoBuid aycreHit (Omusbko 30%).
3aNUIIKOBHIA ayCTEHIT Pi3KO IOTIPIITY€e PiXydi BIACTHBOCTI, TOMY 3arapTOBaHHMA
IHCTPYMEHT MiJNaloTh BigmycKy. [licis Tpupa3oBOro BiAIyCKy BMICT ayCTEHITY
3MEHILYEThCS J10 ~3.

OTxe, 3anpONOHOBAHMH PEXWUM TEPMIUHOI OOpOOKHM JeTaii depB’suHa
¢pe3a, 10 moJsirae y rapTyBaHHI 1 TPHKPATHOMY BIJUTYCKY.

Crucok Jitepatypu
1. Bepemaka A.C. PabGoTocnioCOOHOCTh peXKYIIEr0o HWHCTPYMEHTa C
W3HOCOCTOMKMMH TOKpeITHsAME: yueOHnk / A.C. Bepemaka — Mocksa:
MammHocTpoenue, 1993. — 336 c.
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EJIEKTPOICKPOBE JIEKYBAHHSA AK METO/J] CTBOPEHH [TIOKPUTTIB
3 BUCOKOEHTOIIMHUX CIIJIABIB

Camconos /. A. cmyoenm ep. MB-91/1mm; I'anonosa O. I1. kaHO. mexH. HayK,
3a6. kagpedpu I[IM i TKM, CymJV, m. Cymu

Po3BHUTOK HOBHX TEXHOJIOTIH B IIPOIECi CTAHOBIICHHS CyYacHO! MUBii3arii
MOCTIfHO ~ BMUMaraB  CTBOPEHHS  HOBHX  MaTepiamiB 3  IIiJBUIICHAMH
eKCIUTyaTalllfHUMH XapaKTepUCTUKaMH. YHMCTI MeTalu HEe MOIVIM 3aJ0BOJIBHUTH
HEOOXiHy KOHCTPYKIIiHY MIIHICTh [OeTajisiM. BUKOpHCTaHHA CIUIaBiB I
BUTOTOBJICHHS BiJIIOBiJAIIFHUX BHPOOIB, III0 MPAIIOIOTh B €KCTPEMAIbHUX YMOBaX
B IIMPOKUX Jiala3oHax TeMIIepaTypHO-CHIOBHX Ta JHHAMIYHHX IapaMeTpiB
JIO3BOJIMJIO TTiIBUIIYBATH HE TiIbKU MIIHICTH, @ i 1HII BJIACTUBOCTI CIUIABIB, TaKi
SK JKapOCTIHKICTh, MAPOMIIHICTh, 3HOCOCTIHKICTh, KOpO3iifHa CTIHKICTH Ta iH.
Pa3oM 3i 30UIbIIEHHAM KUIBKOCTI JIETYIOUMX €JIEMEHTIB, & B CyYacHUX CIUIaBax 3
0COOJIMBHMH BIIACTUBOCTSIMHM 1X KiIBKICTh 3HAXOAUTHCS B Mexkax 10-15 ememMeHTiB,
B TaKMX CIUIaBax TAaKOX MiJBUINYEThCS i iX eHTpomis. B Hacmigok mporo B 2004
poui 3'sBunacs pobora [1], B sAKkiif Brepiie Oyno po3poOiIeHO HAYKOBI OCHOBH 1
chopMyIpoBaHi hopManbHi KpUTEpil MPHHAICKHOCTI MaTepiary IO HOBOTO KIIacy
CIUIaBiB, SKi OTPUMAaNM Ha3By BHCOKOoeHTpomiiHi cmiasu (BECwu). [lana
myOUTiKamis Jana TOINTOBX OO aKTHWBi3amii poOoTw B Iilf ramysi, a cama Ha3Ba
«BHCOKOCHTPOIIIfHI CIUTaBW» CTaJI0 TO3HAYCHHSIM JaHOTO KJacy Marepialis.
3rigao emmipuaaUM KputepisM BECH moBuHHI MaTH He MEHIIE 5-TH €JIEMEHTIB 3
KOHIIEHTPAL[I€I0 KOXKHOTO B Jiarna3oHi Big 5 10 35% ar.

[Mporsirom ocTaHHIX pOKIB Oyio omyOmikoBaHo (B OCHOBHOMY B
3apyObKHUX BHUAAHHIX) BEJIHMKY KUIBKICTh CTAaTeH, IO OMHUCYIOTh BJIACTHBOCTI
BECiB [2-5]. B manux poboTax omrcaHa TePMOIMHAMiKa BHCOKOCHTPOIIHHHUX
CIJIaBiB, PO3MISIHYTO  pPe3yJbTaTH  MOJIENIIOBAHHS  iX  MIKPOCTPYKTYpH,
MPOIOHYIOThCS MeToAM oTpuMaHHs. B xoxi gocnimkenns BECiB Oyio 3’sicoBaHo,
0 BOHM TepMOCTaOiIbHI 1 MAalOTh BHCOKI MEXaHIYHI BJIACTUBOCTI, TaKi K BACOKa
TBEPIICTh, 3HOCOCTIMKICT, MIIHICTh NPH BHCOKUX TeMIepaTypax, KOposiiiHa
CTIMKICTB, IUTACTUYHICTh TIPH HU3BKUX TEMIIEpaTypax i HaAIUIAaCTUYHI BIACTHBOCTI
[6].

Bucoxki xapakrepuctuku BECiB (TBepaicTh, MIIHICT, 3HOCOCTIHKICTB, OTIip
OKHCJICHHIO Ta KOpO3il, MIACTHYHICTh, MAarHiTHI BJAaCTHUBOCTI) 3a0e3medyroThcs
TOMOTEHHICTIO PO3IMOAITY Pi3HOPIAHMUX aTOMIB B TBEPIUX PO3UMHAX 1 HASBHICTIO
HAaHOPO3MIPHHUX CYOCTPYKTYp, @ TaKOXX CHIBHUM CIHOTBOPEHHSIM KPHUCTAIIYHOL
TPaTKX Yepe3 BiIMIHHOCTI aTOMHHX PajiyciB eIeMEeHTIB 3aMilleHHs. BiacTuBocTi
BECiB 3anexaTh Bil CKIamay 1 MIKpOCTPYKTypH cruiaBy. OpHaK MiXOaH, IO
JIO3BOJIIIOTH Tiepen0aunTy (OpMyBaHHS HEOOXiTHOI CTPYKTYpH, Ha CHOTOAHIIIHIN
JIeHb BHBYEHI HEIOCTAaTHHO. J[I1 OTpMMaHHS CIUIaBiB, SIKi BOJOMAIIOTH 3aaHUMHU
MeXaHIYHUMH XapaKTePUCTHKAMHU, HEOOXiTHI pETeIbHI JOCITIHKSHHS.
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Sk Bimomo, 30BHIIIHIM BIMBaM: aedopMalisiM, BTOMi, OKHCHEHHIO,
KOpO3ii, KaBiTarii TOIO MiJNalThCsl MOBEepXHEBi wapu BUpoOiB. EdexkTuBHUM Ta
€KOHOMIYHUM CHOCOOOM ITiIBUIIEHHS JOBTOBIYHOCTI JA€Taliel, 10 MNpaloloTh B
yMOBax LMKIIYHUX HaBaHTa)KCHb, KOHTAKTHOI BTOMU Ta 3HOCY, IiJBHIICHUX
TeMmIepaTypax 1 KOpO3iHHHX CepeloBHINAX, € CTBOPEHHS Ha IX IOBEPXHIX
3axucHHUX IapiB. OTpUMaHHs 3aXMCHOTO IOBEPXHEBOTO INApy Ha JeTamsix i3
3BHYAfHUX  KOHCTPYKUIHHUX  MaTepiajiB  JO3BOJsE EKOHOMHTH  JOPOTi
BHCOKOJIETOBAaHI CTaNi Ta CIUIaBH, IiABHUIYBATH PECypcC i HAAIHHICTh MEXaHI3MiB,
3HIDKYBAaTH CHEPrOEMHICTh BHPOOHHWIITBA, YCIIIIHO BHPIIIyBaTH MpoOIeMy
BITHOBHOTO PEMOHTY 3 METOIO0 IIOBTOPHOTO BHKOPHCTaHHS 3HOIICHHX AETANEH 1
T.1. 3MeHIIeHHsA cobiBapTrocTi BHpoOiB mpu 3actocyBaHHi BECiB € Bkpait
aKTyaJIbHUM, BHACJIIOK TOTO, IO JI0 CKJIay IIMX CIUIaBiB 4acTO BXOJISTH JAOPOTi Ta
pinkicHi enementy, Taki sik Co, Ni, Ti, Hf, V, Nb Ta ixmmi.

Bigomo Oarato TpaauuiiiHHX cHOCOOIB CTBOPEHHS IOBEPXHEBHX LIAPIB 3
METOI0 TMOJIMIIEHHs poOoYMX BiIAacTHBOCTEe BUpOOiB. Haitbinpm mmpokoro
3aCTOCYBaHHSl 3HAWILIM METOAM XIMIKO-TepMidyHOI 0OpoOKH, HarIaBJICHHS,
rajbBaHi4HI METOAM OCA/DKCHHS NOKPHUTTS Ta T.JA., KOXKEH 13 SKHX Mae€ CBOi
ONTHMAJIBHI Tally3l 3acTOCYBaHHS, IIepeBarW Ta HEROJIKW. Jlng oTpuMaHHS
nokputTiB 3 BECiB mepeBaXHO BHKOPHCTOBYIOTHCS MAarHETPOHHE Ta JyrOBE
HAINWICHHS, Ia3epHe TaKyBaHHs [7-9].

HoBi MOXIHBOCTI BiIKPHBAaIOTh METOAM, IO 3aCHOBaHI Ha BUKOPHUCTAHHI
KOHIICHTPOBAHUX MOTOKIB €HEPTii Ta PEYOBUH, 30KpeMa ITOTOKIB, II0 TCHEPYIOTHCS
EJIEKTPOICKPOBUM po3psaoM (puc. 1).

[TopiBHSHO 3 IHIIMMH METOJAMM 3MIIHEHHS €JIEKTPOICKPOBE JIeryBaHHs
Mae HacTymHi mepeBard [10]: BHCOKa MIIHICTh 3YEIUICHHS JIETOBAHOTO IApy i
Marepialy OCHOBM; MOXJIMBICTh HAHECCHHS Ha 3MILHIOBAJIbHY MOBEPXHIO OYab-
SKAX CTPYMOIIPOBIJIHUX MatepiaiiB, y TOMY YHCJI CIUIaBiB, METaJIOKepaMi4HUX
KOMITO3HMIi#, TYroIJIaBKHUX CIIOJIyK; HH3bKa €HEPrOEMHICTh MpOILECY; JIOKalbHa
00poOKa MoBEepXHi; BIICYTHICTh HarpiBaHHs Beiel nerani B mporeci oOpoOkH, 1o
He BIUIMBa€ Ha OCHOBHY CTPYKTYypy Metany; au¢ysiiiHe 30araueHHs IOBEpPXHIi
KaToja (JeTaii) CKIaJOBIMH €IEMEHTaMH aHoJa (elekTpona) 0e3 3MiHU po3MipiB
JIeTaii; BiICYTHICTh HEOOXiTHOCTI CIEIiabHOI MiATOTOBKH MOBEPXHI; €KOJOTiYHA
YHCTOTa; IMPOCTOTA BHKOHAHHSA TEXHOJIOTIYHOI omeparii, MamorabapHuTHICTH i
TpPaHCHOPTAa0ENBHICTE 00TaTHAHHS.

eNleKkTpoa

NOKPUTTA

OCHOBa (&)

Pucynoxk 1 — Cxema ¢popmyBanHs HOKpHUTTs MeTotoM EIJT
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Ipouec EIJI exonoriyno unctuii i 6e3neyHuii, TOMy 10 311HCHIOETHCS IPU
Harpy3i 20-100 B i tpuBanocti iMmmynscHux pospsniB 10-6-10-3 c. Ilpu mpomy
ToBIIMHA (pOPMOBAHMX LIApiB 3 TBEPAMX cIUIaBiB cTaHOBUTH ~ 0,01-0,15 MM, a 3
TUIACTUYHUX 1 OLNBII JIETKOIUIAaBKUX MaTepialliB Iap MOKPHUTTS MOXE JOCSIraTH >
0,3-0,5 mMm. VY 30HI pO3psmy eNEKTPOEpO3is, MAaCOICPCHECCHHS MaTepiary
eJIEKTPOJIB (B mMapoBid, piakid 1 TBepail (azax), KpucTamizamis Ta iHII sSBHUILA
HPOTIKAIOTh y Ay’Ke HEPIBHOBAXKHHUX YMOBAX, IO CIPUSIIOTH YTBOPEHHIO CTPYKTYP
3 ApiOHUM 3epHOM, BHCOKOIO IIUIBHICTIO TUCIOKAIMil, 3 OCOONMBUM HaIpPy>KEHO-
Ie(OPMOBAaHIM CTAHOM, MEBHAMH (Pi3UKO-XIMIYHUMH BIACTHBOCTSIMHE. 3MIHIOIOUN
napameTpH i ymoBu ElJI, Mo)kHa perymoBaTH MiKpOMETATypriifHI IpOIecH B I
30Hi, TIPOBOANTH CIPSIMOBAHUI CHHTE3 TYTOIUIABKHX 1 1HIIMX XIMIYHHX CHOJIYK i
¢dopMmyBaTH CKIagHI KOMIO3HWIIHHI TOKPUTTS 3 IHTEpPMETANiiB, KapOiliB,
HITPHUJIB, OKCHIIB SK 3a paxyHOK MarepialliB eNeKTPOJiB, TaK 1 EJIEMEHTIB
MDKEJEKTPOJHOTO cepeaoBuia [11-12].

HesBakatoun Ha He3alepeyHi IMepeBaru eJIeKTPOICKPOBOTO JIETYBaHHS,
BUKOPDHUCTAaHHSI PpDKYydYOro IHCTPYMEHTY 1 Jeraneif, oOpoOneHHX iCKpOBHUM
IMITyJIbCOM, B IPOMUCIIOBOCTI JIyxe He3HauHe [11]. Lllupoke 3acTocyBaHHS LBOTO
croco0y B MammHOOYIyBaHHI CTPUMYETHCS BIICYTHICTIO JOBITKOBOTO Martepiaiy
IOA0 ONTHMI3allii pPEXHMIB 3MIIHCHHSA, BHOOPY eIEKTPOIHOTO MaTepiamy i
BHU3HAYCHHI raiy3i pamioHaNbHOI eKcInTyaTanii 00pobJIeHnX MoBepXoHb. B mporeci
EIT Gepe y4acTe jneryrouuii enekTponx (aHOX;), IO OOpoOiIse MOBEPXHIO NETaii
(xatom) 1 MDKEIEKTPOJHE CEPElOBHIIE, BapilOl0UM SKUMH CTa€ MOXKIMBHAM
IinecrpsAMoBaHe KepyBaHHs (DOPMYBaHHAM EKCIUTyaTallilfHUX BIACTHBOCTEH.

BpaxoBytoun HeEoOXigHICTh CTBOpEHHsI MOKpUTTiB Ha ocHoBi BECiB 3
BHUCOKHM PECYPCOM POOOTH, PO3BHTOK CyYaCHHX METOMIB OOpPOOKHM MOBEpXHi,
3aCHOBaHMX Ha METO/Ii €JIEKTPOICKPOBOTO JIETyBaHHSI, € aKTYJIbHHUM.

TakuM 4YMHOM, TPOBENEHHMN aHaI3 JIITEPaTypHHUX IDPKEpell II0J0 METOJIB
(hopMyBaHHS MMOKPUTTIB HA OCHOBI BUCOKOCHTPOMIMHUX CILIABIB.
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MATEMATHWYHE MOJIEJIFOBAHHA CKJIAJTY HAITJTABJIEHOI'O
METAJIY B 3AJIEXXHOCTI BIJl MEXAHIYHUX
XAPAKTEPUCTUK ITOBEPXHI

Bypraxa A. FO., cmyoenm ep. MT-81; Xeocmenxo P. O., cmyoenm 2p. MT-81,
binoyc O. A., ooyenm kageopu MA i MO; I'osopyn T.I1., doyenm rxagheopu
IIM i TKM, CymY, m. Cymu

AOpa3zuBHUII 3HOC JHeTajeil i IHCTPYMEHTIB ICTOTHO OOMEXye TepMiHU
cirykOu 00aHaHHS PI3HOTO NMPU3HAYECHHS, B TOMY YHCII TPCHKOT0, IpOOHIBHO-
PO3METBHOTO, METATyPTifHOTO, a TAKOXK JIeTallel JOPOKHB0-O0yNiBETbHAX MaIIKH.

B mporeci excrtyaranii arperaté ta Jetali MalldH 3HOIIYIOThCS B Pi3HIH
CTETICHI, B 3aJICKHOCTI BiI yMOB poOOTH Ta 3HOCOCTIHKOCTIi. BiqHOBICHHS poOounx
XapaKTEepPUCTUK MOJMKIIMBO JBOMA IIUIIXaMH: 3aCTOCYBaHHSM METOJA PEMOHTHHX
po3MipiB a00 HaHECEHHSAM LIapy MeTaja Ha 3HOIIEHY IOBEPXHIO 10 HOMiHATBHUX
PO3MipiB.

HannaBneHHS 3HOCOCTIHKMMHM CIIaBaMH pOOOYMX IMOBEPXOHb € OIHUM 3
HalOUIbII epEeKTUBHUX CHOCOOIB 3MILHEHHS JIeTajel, CXHIbHUX 110 aOpa3uBHOTO 1
yIapHo-abpa3sHBHOTO BILTHBY [1-2].

Bubip onTumanbHOrO CKJIaay HAIUIABICHOTO METaly 4acTo IOB'S3aHHH 3
HEOOXIZHICTIO BHKOHAHHS BEJIIMKOTO OOCSTY CKCIEPHUMEHTAILHUX POOIT, 10 HE
3aBXKIIU MIPU3BOJATH 10 OaXKaHOTO PE3yIbTaTy.

Jns pi3HUX YMOB BIUIMBY 3HOLIYBAIBHMX HaBaHTa)X€Hb ONTHUMajbHA
3HOCOCTIHMKICTh 3a0€e3IeuyeThesl MPH PIZHOMY, alle XapaKTEPHOMY IUISI KOXXHOTO
BUIAJIKYy CTPYKTYpHO-(ha30BoMy cTaHi MaTepiaiy [1].

[lepcnieKTHBHUM HAIPSIMKOM IIiIBUIIECHHS 3HOCOCTIMKOCTI € OTpHMaHHS
MaTeMaTUYHUMHU METOAaMH CKJIajy HalulaBOYHOTO Marepiay, 0 Mae €eKOHOMHY
CHCTEMY JIETYBaHHS, BUXO/SIYHU 3 ONTHMAILHOTO CTPYKTYPHOTO i ()a30BOT0 CKIamy
CIUIaBY UIsl 3aJIaHMX YMOB 3HOIIYBaHHs MaTepiaiis [2].

Y mepeBaxHii OUIBIIOCTI JUIT 3axUCTy Big aOpa3sWBHOTO 3HOCY
BUKOPDHCTOBYIOTh CIUIaBM Ha OCHOBI 3ajli3a 3aBIsSIKM TEXHOJOTIYHOCTI 1
MOJKJIMBOCTI PETyJIIOBATH BIACTHBOCTI B IIMPOKOMY Iiala30Hi B 3aJEXKHOCTI Bif
KOHKPETHHX YMOB eKciutyarauii. HaiiBaxnuBilumu ¢akropami, o BU3HAYAIOThH
OIIip 3HOCY, € CTPYKTYpPHHH CTaH, BIACTHBOCTI, B3a€EMHE PO3TaIllyBaHHS, KiJbKiCHE
CIIBBiTHOIIICHHSI 1 XapaKTep 3B'I3Ky OKPEMHX CKIIAJOBHX CTPYKTYpH ciuiaBy [1-2].

VY 3B'I3Ky 3 MM, aKTYaJIbHUM CTa€ CTPYKTYypHO-EHEPreTHYHMH MiIXin 10
OIIHKKA 1 MPOTHO3YBaHHS BIIACTHBOCTEH HAIIABIEHOTO METajy, IO IPAIoe B
yMoBax abpa3HWBHOTO 1 yJapHO-aOpa3uBHOIO 3HOUTyBaHHS. OJHAaK BHKOPHCTaHHS
JAHOTO TIiIXOAy OOMEXY€EThCS BIICYTHICTIO IOCTOBIPHHX MaHWX IIPO €Heprii
pyHHYBaHHS 3MiIIHIOIOYHUX (a3 i CTPYKTYPHHUX CKJIJOBUX.

BBeaenns o ckiaay HAIIaBOYHOTO METANIy B MEBHOMY CITiBBiJIHOIICHHI
TUTaHY 1 BYIJVIEII0 3HAYHO 30UIbIIyE CTIHKICTH MOBEPXHI JO aOpasHMBHOIO 3HOCY.
AKTyanbHHUM € THTaHHI BHOOPY ONTHMAJIBHOTO CKJIQAYy MaTepiamy, IIo
HAHOCUTBCS Ha TIOBEPXHIO JeTanei [3].
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OnHUM 3 €JIEMEHTIB, 10 YTBOPIOIOTh HAHOUIBIT TBEPIi 1 CTiMKI KapOinn €
TUTAaH. 3 ByrjeueM TUTaH yTBoproe 3'enHanHs TiC 3 mmpokoro obnacTio
TOMOTEHHOCTi. MIKpOTBepIicTh KapOigy THTaHy CTaHOBUTH Onm3pko 3200
krc/Mm2. Y 4aByHaxX TMTaH 3HA4HO BIUIMBAE, K Ha rpadiTusaniio, Tak i Ha
MeTaJieBy MaTpuIrio. [IpucyTHICTE #Oro B 4aByHi CHpHs€ MOAPIOHESHHIO CTPYKTYPH
i 30UIBIICHHIO KIJBKOCTI MepuiTy. 3 BBEACHHSIM B 4aByH TuTany nonaza 0,1 %
30LIBIIY€eThCS BifOin. Y 3HOCOCTIHKHX CITaBaX HOTO BMICT KOJIMBAETHCSA B MEXKax
Bix 0,1 1o 1,5 % [1-2].

Y poboTi mpezncTaBieHa MaTeMaTHYHA MOJENb 3aJIe)KHOCTI TBEPIOOCTI Ta
BiJTHOCHOI 3HOCOCTIMKOCTI MOBEPXHI BiJl MPOICHTHOTO BMICTY BYIJICHIO 1 THTAHY
(puc. 1). Monens n03BONsE BapilOBaTH HapaMeTPH TBEPIOCTI i 3HOCOCTIMKOCTI,
BIUIMBATH Ha XapaKTEPUCTUKU aOpa3uBHOTO 3HOCY METAJICBHX IOBEPXOHB IIIIXOM
3MiHHM KITBKICHOTO BMICTy THUTaHY i BYTJIELIIO.

HRC

Pucynox 1 — I'padik 3ayeKHOCTI TBEPIOCTI MaTepiany MOBEPXHi
BiJI BMICTY BYTJICLIO Ta TUTAHY B HAIUIABICHOTO METAIY

OtprMana MOJIeNb MOKe OyTH BHKOPHCTaHA JUisi BUOOPY ONTHMAIIBHOTO
XIMIYHOTO CKJIQJy HAIUIABJICHOTO METaly 3 METOH BapilOBaHHS MapaMeTpamMu
BiTHOCHOI 3HOCOCTIHKOCTI i TBEPOCTI TIOBEPXHi, a TAKOXK, JJIs1 BUPILICHHS 3aBJaHb
MiHiMi3alli{ BUTpaT i eHepropecypcis Mpu migoopi MKXTH TOPOLIKOBOTO APOTY.
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3ACTOCYBAHHS ITPOT'PAMHOI'O 3ABE3IIEYEHHA
Y MATEPIAJIO3HABCTBI

Heepeba H. IO., cmyoenm ep. ME — 81/1 MT, CymV, m. Cymu

CyuacHe MaTepiaJo3HaBCTBO HEMOXIIMBO YSBUTH 0€3 PEHTICHIBCHKHX
IU(QPAKTOMETPiB, PEHTTEHIBCHKUX CHEKTPOMETpiB 1 MikpockomiB. Jmsa ix
KOpEeKTHOi poOoTH NOTpiOHe BinmoBinHe mnporpamue 3abesneuenns (I13), 3a
JIOTIOMOTOI0 SIKOTO MOXXHa OBOJIOHITH OyIb-SKUM TPWIAIOM UL TOCTIDKCHb Y
chepi Marepiano3HaBcTBa. [lpukmanom crerianizoBanux [13 MoxHa HaBecTH
MOIIHMPEHi porpaMHi 3adbe3nedeHns Big kommnaniid ZEISS Ta Thixomet.

ZEISS ZEN Connect — cucteMa, 1o J03BOJISE€ HANAIITYBATH KOPEIAIiIO
MIKPOCKOIIIB B MaTepiano3HaB4oi 1aboparopii. BoHa mo3Boise HakIamaTH OAWH HA
OJTHOTO 300paKeHHs 3 JACKIJIBKOX JDKEPEIN: MOEAHYBATH KibKa MEPCIEKTUB 3pa3Ka
B JEKUTbKOX Macmrabax i pexkmMmax Bisyamizamii. [13 ZEISS ZEN Connect
JI03BOJISIE BHKOPUCTOBYBaTH pPa3oM BCI TEXHOJOTii Bi3yamizamii Al HOIIYKY
BIIIIOBiZeH, BUKOpPHUCTOBYIOUH K obnmamHanHs ZEISS, Tak i pimmeHHS CTOPOHHIX
BUPOOHHMKIB.

I3 ZEISS ZEN Connect TakoX IO3BOJSE€ OTPUMYBAaTH 3araibHi
300pa)KeHHsS /IS CHOPOIICHHS HaBirauii; AOCHIKyBaTW Marepiand B 00yacTi
CJICKTPOTPAHCIIOPTY;  JOCHIIKYBaTH OOpoOJeHy KalbllieM CTalnb HA INPEIMET
BKJIFOYEHb; NPOBOJUTH Marepialo3HaB4i JOCHIDKEHHS B HadTOBHIyuYeHHI,
YTHIII3aI] SIepHUX BIIXOIB 1 YIOBIIOBaHHSA Ta 30epiranHs Byrieno [1].

Amnamituune [13 s mikpockorii Thixomet PRO Moxe BUKOPUCTOBYBATHCS
K 3 MOTOPWU30BAaHHMMH MIKPOCKOIIAMH, TaK 1 3 MIKPOCKOIIaMH, KEpOBAHHMH
BpyuHy. Sk Jpkepeno  300pakeHHS ~— nporpamHe  3a0e3medyeHHs Ui
Matepiamo3HaBctBa Thixomet PRO moxxe BukopuctoByBatu nugpoi USB abo
FireWire kamepu, siki migrpumyroth iHTepdeiic DirectShow, i/abo ananorosi
KaMepH 3 KapTOI BBEICHHs 300pakeHHS B KoMm'toTep Matrox Meteor II. Crig
3a3HaunTH, mo ne II3 Mae MOXIMBOCTI: TMOOYIOBH SIK 3aBrOAHO BEIHMKHX
MAaHOPaMHHUX 300pakeHb B PEAJIbHOMY Yaci, BHIUICHHS OO0'€KTIB IO SICKPABOCTI i
KOJIbOpY, KiacuQikamis 00'€KTiB 1m0 OyIb-IKAM METPHYHHM i MOPQOIOTIYHUM
napameTpaM, Py4Hi BUMIPIOBaHHS, €KCIIOPT 300pakeHb 1 OYy/Ib-SIKUX MEPBUHHHUX
nmarux B mpoxykta MS Office [2].

Crucok Jiteparypu

1. TIO pgma xopemsmidHoi Mikpockomii. ZEISS ZEN Connect Oas
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Poboma sukonana nio xepignuymeom x.m.H., cm. guknaoaya bepradip X. B.
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KAPBOHITPAIIA JETAJII «ILIEBEP»

Onvxosux K. €., cmyoenmra ep. MT-T1; Xapuenxo H. A., kano. mexu. Hayx,
ooy. kageopu I[IM i TKM, Cym/JV, m. Cymu

CyuacHiCTh BUMAara€ BiJi BUPOOHHUKIB 3aCTOCYBaHHSI €()EKTHBHUX METOJIB
KOpEryBaHHsS eKCIUTyaTallifHUX BJIACTHBOCTEH BHPOOIB MamMHOOYIyBaHHS.
[HCTpyMEHT «I1eBep AUCKOBHIN» € 3y0UacTe KOJIeco, sIKe Ma€e Ha OIYHMX MOBEPXHSIX
3y0iB piXydi KPOMKH, YTBOpPEHi MonepedHnMy KanaBkamu. llleBepa amuckoBi - me
IHCTPYMEHTH BHCOKOI TOYHOCTI, NPH3HAYCHI AJIS YHCTOBOI 0OpOOKHM 3yOuacTmx
komic [1]. KapOonitpamis — me BHCOKOE(EKTHBHA TEXHOJOTiS ITOBEPXHEBOTO
3MILHEHHS JeTajell MalluH, INTaMIIOBOI 1 IIPecoBOi OCHACTKU Pi3HOTO
NpU3HAYCHHS, PIXKY4Oro iHCTpyMeHTY [2].

Jletanp «IieBep» BHUTOTOBJSAIOTH 13 MIBHIKOPi3aabHOI cTami PO6MS.
TBepmicte maHoi cTami micns  TepmiyHOi 00poOku cranoButh 64 HRC.
[TinBuILIEHHS] TOBEPXHEBOI TBEPAOCTI 1 3HOCOCTIHKOCTI peai3y€eThesi MOAANBIION0
XIMIKO-TEpMIYHOIO 00pOoOKOI0 — KapOoHiTpariero. KapOoniTparis meraini
npoxonuth y posiuiasi cymimeit: 70% KCNO + 30% K2COz a6o 55% Co(NH2)3 +
45% K>CO3 abo Na,CO3 mpu Temmeparypi 560-580°C Bmpomorx 30-50 XBHIIHH.
Teepaicte mapy npu nsomy HV 10-11 I'Tla, ToBmmaa 0,01-0,02 MM [3]. B manumit
Yac JUIA TOJICTIICHHS MPOLECY OHOBJICHHS BaHHH B PO3IUIAB BBOJATH CIICLialbHi
«TalNEeTKW», sKi BITHOBIIOIOTH XIMIYHHI CKJIaJ pPO3IUIaBY Uil KapOOHITparrii.
JonatkoBe OKcHAyBaHHS B HITPAaTHO-TYyXHOMY posmiaBi mpu t = 350-400 °C
NPU3BOAMTL 10 MOJAJBIIOTO MiJBUIIECHHS KOPO3IMHOT CTIHKOCTI Ta IHIIKX
TEXHOJIOTIYHUX BJIACTUBOCTEH. OKCHIYBaHHSI TAaKOXX CIPHUSE MOBHOI'O 3HHUILEHHS
I[iaHiTiB Ta I[iaHATIB, 110 3HAXOATHCS HA MOBEPXHI JeTaleil micis X BUAMAaHHS 3
po3IutaBieHoi BaHHU [4].

3 orysily Ha BCi epeBary i 3aBAsKU CBOTH MPOCTOTI i epeKTUBHOCTI, METOJ
pinuHHOT KapOOHITpalil IiJHO OLIIHEHUH Ta 4acTO 3aCTOCOBYETHCS, IPUBOAUTH 10
T ABUIIICHHS 3HOCOCTIHKOCTI Ta MIOBEPXHEBOI TBEPOCTI AeTai B 3-5 pasiB.

Cnmcoxk mitepatypu
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HIABUILEHHS 3HOCOCTIMKOCTI PDKYUYOI'O IHCTPYMEHTY
NP1 HAHECEHHI HAHOKOMIIO3UTHOTI'O Ti-Al-Si-N [IOKPUTTA

Iepepsa B. 1., acnipaum; Banuncokuii M. B., cmyoenm ep. MT.m-01;
Toeopyn T. I1., ooyenm xaghedpu I[IM i TKM, Cym[Y, m. Cymu

B ocranHi kimpka mecATHIITH MOKPUTTS TiN 3 BHCOKOIO TBEpHICTIO 1
3HOCOCTIHMKICTIO IIUPOKO 3aCTOCOBYETHCS B IPOMMCIOBOCTI ISl  PLKYYHX
IHCTPYMEHTIB 3 METOI0 30UIBIIEHHS TepMiHy X ciayxOu. OqHaK HU3bKA CTIMKICTH
JIO OKHMCIICHHS Ta IIOraHa TepMOCTaOUIbHICTH NOKpHUTTIB TiN oOmexwnma ix
MoJansIIAi po3BUTOK. [Ipy BHCOKOMBHIKICHOMY pi3aHHI TOKpUTTA TiN He Morim
3a0e3rnevyBaTd BCi BUMOTH JI0 EKCIUTyaTallliHUX XapaKTEepUCTHK, TakKi SK BUCOKA
TBEPHICTh, B'A3KICTh, a TaKOX 3HOCOCTIHKICTh, TEPMOCTIHKICTH Ta OIIip
OKHCIIIOBAaHHIO, TOMY iX MOCTYNoBO 3amiHioBasM MOKpUTTS AIN, TiAIN Ta iHmi.

BrnactuBocti mpocroro mokputts TiN MOXHa 3Ha4yHO IOKpAIIUTH 32
paxyHOK JI0/IaBaHHsI 1HIIIMX €JICMEHTIB, TakuX sk Al abo Si.

IMokpurrs TiAIN mepeBepurye mokpurtss TiN  3a  TBepaicTio,
3HOCOCTIMKICTIO 1 0OCOOJIMBO CTIMKICTIO IO OKHUCIJIEHHS.

Bkirouennst Al B cTpykrypy mokputtsi TiN Npu3BOJUTH 10 YTBOPEHHS
nokputTiB TiAIN, sKi XapakTepH3yIOTHCS BIHCOKOIO TBepaicTio (Omm3pko 32 I'Tla)
Ta BUCOKOIO CTifiKicTio 10 okucuenHs (xo 800 °C) [1-2].

Temmeparypa pi3aHHs B Cy9acHill BUCOKOIIBHIKICHIH Taiy3i pi3aHHSI MOXe
nmocsratn 1000 °C, mo Moke BHKIMKAIOTH OKUCIICHHS Ta 3HIDKEHHS TBEPIOCTI
HaBiTh MOKpUTTiB TiAIN.

[Moganpuni  BIOCKOHAIEHHS 3 METOI0 IOKpAIeHHS BJIAaCTHBOCTEH 1
XapaKTEePUCTHK TOKPUTTIB MOXKHA JOCSTTH CIIEIiaJbHUM IM3aifHOM. Y Hall 4ac
HAHOKOMIIO3UTHI Ta HAHOIIAPOBI MOKPUTTS NPUBEPTAIOTh HAWOIIBLIMK iHTEpeC.
Haii0inpm mmpoko BUBYEHI HAHOKOMMO3UTHI TOKPHUTTS TiSiN, sKi CKIagaroThes 3
TiN HaHOKpuCTadiB, MO BOYJOBaHI B aMOp(HYy MaTpulio HiTpuay kpemHito. Li
MOKPUTTS BUABIIOTh HaAMIHICTh (~40 I'Tla), BHCOKY CTIHKICTh JO OKHCICHHS
(6mmsbko 850 ° C) Ta BuCOKY TepmocTiiikicTs (o 1100 °C).

3 oy Ha 1ie HaHokommo3utHi mokputts Ti-Al-Si-N 3apa3 Bce uacriie
3aCTOCOBYIOTBCS JUUISL PDKYYHMX IHCTPYMEHTIB. Y MOpIBHSHHI 3 TpajWIliiHUMU
tBepaumu mokputTTsiMu TiN, AIN, TiAIN a6o TiSiN, HAHOKOMIO3UTHE MMOKPUTTS
Ti-Al-Si-N, sike yTBOproe cTpykTypy amopdHoi obomonkr SisNa s
HaHOKpHcTasiyHoro nokpuTTs TiAIN mpuBepHyIo yBary o BCbOMY CBITY 3aBJISIKH
CBOIM TIiJBUIIIEHAM BJIACTUBOCTSIM [3-6].

Hokputts Ti-Al-Si-N oTpumyBain METOJOM MarHETPOHHOTO HAMWICHHS 3
pi3HUMH Hampyramu 3CyBY migkitagku Bix -35 B mo -130 B. 3actocoByroun pizHy
Harpyry 3MiIIeHHS NPHUKJIAJAEHY 10 MiAKIaJKH 1 €Heprilo OCa/pKeHHS MOXKHa
PETYIIOBATH MIKPOCTPYKTYPH Ta MEXaHIUHI BJIACTUBOCTI HAaHECEHUX TOKPHUTTIB,
HaIpyKJiaj, po3Mip 3epHa, OPi€HTAIiI0 Ta TBEPIICTb.

ITo wmipi 3pocTaHHS Hampyrd 3MIIIEHHS, CKJIaJ MOKPHUTTIB 3aJIUIINBCS
Maiike He3MIHHMM, MiaTpumyroud MHoro TtakuM Tig1gAlo26SioesNos1. Omnak
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nokputTs Ti-Al-Si-N marots 3menmenns (200) - nmepeBaxHoi opienraii. II{izpHa
cToBmuacta CTpykrypa mokputriB Ti-Al-Si-N mocTymoBo mHepeTBOpPIOEThCS Ha
Oe3xapakTepHy 1 IUIOCKY CTPYKTYPY HMOIEPEIHUX TepepisiB.

B mokputtsax Ti-Al-Si-N ozxepkaHO HAHOKOMIO3UTHY CTPYKTYPY, 10
CKJIany sIKOi BXoamma amop¢Ha ¢a3za, mo crajga aMmoppHO 00010HKOI0 SizsN4 1
nomikpucraniuHoro mokputts TiAIN. ¥V Bcix OTpUMaHHMX MOKPHUTTSAX He OyIo
MOPOXKHEY, a MIKPOCTPYKTypa OyJia miIbHOTO.

Po3wmip 3epua TiAIN craHoBuB 6mu3bK0 15 - 20 HM mpu 3MimeHHi -35 V i
3MEHIIMBCA [0 TPHOIM3HO 0 5 HM, KONW 3MilmeHHS 3pocrtano mo -130 B. 3
MiBUILEHHSAM HaNpyru 3MIIEHHs, eHepris OoMOapayBaHHsS iOHIB, OUYEBHJIHO,
MOCHITIOBAJIACS, IO TOKPAIIyBalO MIrpariifHy 34aTHICTh YaCTHHOK Ha ITOBEpPXHI
MOKPHTTIB Ta MPU3BEIIO 10 3/piOHEHHS 3epHa.

3i 30impmIeHHSM Hampyry 3cyBy Big -35 B go -130 B, TtBepmicts
HaHOKOMMO3UTHUX MOKpHUTTIB Ti-Al-Si-N, 3pocna 3 31,2 I'Tla mo 37,5 TTla,
IpUIOMY TipH Harpy3i -130 B, moKpHTTS BUABISIIO HAWOITBITY TBEPIICTb.

Takox 31 301LIbLICHHSM HamNpyrd 3MIlIEHHS MiAKIAJKH 3MEHIIyBaBcs 1
PO3Mip 3epHa HAHOKOMIO3UTHUX MOKPUTTIB Ti-Al-Si-N 3 16 HM 10 5 HM.

[MokpamieHHss MeXaHiYHHX  BiaacTuBocTeidt B  mokputti  Ti-Al-Si-N
BinOyBa€ThCS, TOJOBHMM UYHWHOM, 32 paxyHOK 30LUIbIICHHS 3aJUIIKOBOTO
HAMpYXKEHHS TIPU CTUCHEHHI Ta 3MEHIIICHHs po3Mipy 3epHa. [Tokpurtst TiAl-Si-N 3
BHCOKAMH 3HAYCHHSAMH TBEPAOCTI Ta LIJIBHOK MAaKPOCTPYKTYPOIO BHABIISUIH
MIJABUIICHY CTIHKICTh 10 PO3TPICKYBaHHS Ta 3HOCY.
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METOJ IINIKABU: CYTHICTBD I ITPUKJIAJIU 3ACTOCYBAHHA
Y MATEPIAJIO3HABCTBI

Pyoenxo C. I'., cmyoenmka ep. MT.m-01; bepnadip X. B., kano. mexu. Hayx,
cm. suxnaoay xagpeopu IIM i TKM, Cym/[V, m. Cymu

Merton lmrikaBu (miarpama IpWYHH i HACTIAKIB, AiarpamMa puO’sdoi KicTKH,
niarpama ImikaBu abo aHaNi3 MEPIIONIPHYNH) BUKOPUCTOBYETHCS IS TCHEPYBAaHHS
Ta BiA3HAYeHHS inmeil abo Teopiil mis BHpimieHHS mpoOieM Ha BHUPOOHUITBI YU
iHmmX mpornecax [1].

Jiarpama Ha3BaHa Ha YECTh OJHOTO 3 HAHOUTBIINX SIIOHCHKUX TEOPETHKIB
MeHekMeHTy npodecopa Kaopy Imrikasa , sikuii 3anpomnonyBas i y 1952 pori sik
JIOTIOBHEHHS JI0 ICHYIOYMX METOIUK JIOTIYHOTO aHaji3y Ta IMOKpalleHHS SKOCTI
MpOIIeCiB B MpoMHuCIOBOCTI SmoHii [2].

3anpononoBaHa npogecopom Kaopy IurikaBa cxema yHaouHIO€ poOOTy Haj
MOKpALIEHHSIM SIKOCTI BUpOOHMYMX mporeciB. lle rpadiunHa mpeseHTamlito BCix
TPUYUHY», HEOOX1THUX JJIs1 CTBOPEHHS «eekTy» (puc. 1).

Haekonuwhe  Marepianu MatwmHm

<11
17

PoBoyacuna  MeTtoau 3axoau

Edekr

PucyHok 1 — 3aransHa cxema giarpamu liikaBu.
Taka miarpama HaJa€ MOXJIUBICTh BHSIBUTH KIIOYOBI B3a€MO3B'SI3KH MiXkK
pisHuME (hakTOpamMu Ta OLIBII JOCTEMEHHO 3PO3YMITH JOCHIIKYBaHHI IPOIIEC.
Meton ImmikaBu  crnpus€ BHU3HAYEHHIO TOJIOBHMX  YHHHHKIB, SKI
CIPUYMHSIOTh HAW3HAYHININA BHECOK 10 MPOOJeMH, M0 PO3IISAAETHCS, Ta
nonepeKeHHI0 200 YCYHEHHIO 1X Jii.
Jist o0y noBHM TaHOI AiarpaMu MOTPiOHO BUKOHATH HACTYITHI KPOKU:

* Buznauutu * OnpatroBaTa * Buznauutu *I[IpoananizyBaTtu
(copmyimoBaTH) OCHOBHI 3aTyueHi MOJKJIUBI OTpUMaHy
npobiiemy (axropu HNPUYVHU niarpamy
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Cnouatky QopMmyiroeTbess ToyHa mpodiema (edekT), sSKy HeoOXiaHO
BUPIIIUTH/JOCTITUTH. SIKIIO € MOMJIMBICTh, HEOOXITHO BH3HAYUTH, XTO Oepe
y4acTh, sKa MpobiieMa, a TAKOXK KOJIU 1 e BOHA BUHHKAE.

Jani Bu3HauaroTbesi GpakTopH, sIKi MOXKYTh OyTH yacTHHOIO mpobiemu. Lle
MOXYTh OYyTH CHCTEMH, OOJaJHAHHS, MaTepiaad, 30BHINIHI CHIIH, JIOIH, SKi
0epyTh y4acTh y npobiemi Tomo. Tpeba HaMaraTHCs BUIUIUTH SKOMOTa OLIbIIC 3
HHX.

Kpoxk 3 motpebye amst KoskHOTO 3 (PaKTOPiB, SKi OYIH pO3TIIHYIN Ha KPOII
2, po3MipKOBYBaHHS MOJIMBHX MPUYHH MPOOJIEMH, SIKi MOXKYTh OyTH ITOB’sI3aHi 3
(haxTOpOM.

Ha xpomi 4 y Bac moBuHHa OyTH cxema, IIO BimoOpaskae BCi MOXIHUBI
NPUYUHKA NpoOJIEeMH, TIPO SKi BU MOXETE ITOJyMaTH. 3aJIe)KHO BiJ| CKJIQJHOCTI Ta
Ba)XIUBOCTI MPOOJIEMH, Temep BH MOXKETE JOCHIAMTH HAWOUIBIN BipoOTiaHI
npuunHd. lle Moxe mnepeabayaTv NPOBEICHHS PpO3CIiAyBaHb, IPOBEICHHS
ONUTYBaHb TOMIO. BoHM Oy1yTh NpU3HAUEHI JUIs MIEPEBIPKH, KA 3 IIUX MOXKIUBUX
NPUYUH HACIIPaB/i CIPHSI€ BHHUKHEHHIO POOJIEMH.

Jlanuii MeTox 3HAKMIIOB CBOE MPAKTHYHE 3aCTOCYBAHHS Yy JIarHOCTHIN Ta
nedekrockormii MaTepialiB, 30KpeMa, U BUSABICHHS OCHOBHUX IPHYMH IOJIOMKH
KpiIUIeHHS TIYITHUKA KPOHIITEHHa aBTOMOO1IA [3], XiMIYHIA TIPOMHUCIIOBOCTI IS
OLIHKK Oe3MeKkH CPEepHUIHOTO pe3epByapa HPUPOJHOro rasy [4], B TexHOJOTII
BUpOOHUITBA Oiomm3ens [5], B aBToMOOUIBHII ramy3i [6] Tormo.
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BUBIP MATEPIAJIY TA 3MIIHIOIOUOI TEPMIYHOT OBPOBKU
BAJIY IBOCTYIIEHEBOI'O 'TOPU30HTAJIBHOI'O PEJIYKTOPA

Cepeienxo B. M., cmyo. ep. MT-T1; I'oeopyn T. I1., ooy. kag. [IM i TKM,
Cym[Y, m. Cymu

OmHrM 3 HaWOLIBII  IMHPOKO  3aCTOCOBYBAHMX  MEXaHI3MIB Y
MPOMUCIIOBOCTI, aBTOMOOUIEOyNiBHIM ramy3i, OYZIBHHUITBI 1 CUIbCBKOMY
TOCIIOAPCTBL € pexykrop — me 3yOuacta abo depB'syHA Tmepenada, sKa
BUKOPHUCTOBYETHCS JJIsl 3MIHU o6epTa10!mx MOMEHTIB 1 KyTOBHX IIBHKOCTCH. Bin
3aCTOCOBY€ETHCS B NMPUBOAAX PI3HOMAHITHUX MAIUIWH 1 CIY)XHUTb OISl 3HIDKCHHS
KyTOBOI HIBMIKOCTI Bally 3 OJHOYACHUM IIiJIBUIICHHSAM 3HAYCHHS KPYTHOTO
MOMeHTY. KOHCTpYKTHBHO, peAyKTOp — Iie IPHUCTPIiil, IO CKIagaeThes 3 KOPIyCY,
BCEpENMHI SKOI0 PO3MILICHI €JIeMEHTH Iepesiadi — BajM, IecTepHi Ta 3yOyacTi
KoJIeca, IIAIUITHUKY 1 1HIIIE.

Jns  BUTOTOBNEHHA  JeTalied  PeayKTOpiB  €KOHOMIYHO  JOIIBHO
BUKOPHCTOBYBaTH HaWOUIbII SIKICHI KOHCTPYKLIHHI MaTepianu Ta IepeaoBi
TEXHOJIOTIYHI METO/IX IX 3MIITHIOIOYO01 TePMidHOI 0OPOOKH.

OnHi€l0 3 OCHOBHHMX CKIAIOBHUX OYJb-SKOTO penykropa € Bai. Banu
3aCTOCOBYIOThCA UIS TIepenadi pyxy obepTanHs 0e3 3MiHU KyTOBOT LIBUIKOCTI 1
MPUTOMY B3JIOBXK OCi Basia abo IIiJl HEBEJIMKAM KyToM [0 I1i€l oci (70 20 ©). Bamwy,
IO TEpenalTh PyX, Ha3MBAIOTHCA BEAYYHMMHM, a BaJM, IO CHPUHMAIOTH PYX,
BijoMHMH. PO3pI3HSIIOTH TOPU3OHTANBHI (JIexkayl), BepTHKaIbHI (CTOsM4I) 1 mMOXwIl
BIK. Y 3araJlbHOMY MAaIIMHOOYAyBaHHI 3aCTOCOBYIOTH Pi3HI BaJlM, NMOYHHAIOYH
Bijl IPIOHUX 1 3aKIHUYIOYM BEJIUKUMHU, JiameTpoM a0 200 cM 1 Baroro 0 IeKinbKoX
TOH. BUKOPUCTOBYIOTH IIUJTICHI 1 TyCTOTL, TIAMKI i CTYMIHYACTI BaJH.

[TpakTHKOIO BCTAQHOBJICHO, IO PYHHYBaHHS BaJiB i Ocell LIBMIKOXIJHUX
MalliH y OUIBIIOCTI BHITAJKIB HOCHTH BTOMHHU XapakTep, TOMY OCHOBHHMA
po3paxyHOK — Ha omip BTOMH. KpiM TOro, iXx po3paxoBylOTh Ha YKOPCTKICTh 1
BiOpoOCTifiKicTh. Meka BHTPHBAJIOCTI Bally CHIBHO 3aJeXKHUTh Bix HOro
KOoH(Irypauii, BiJ HasSBHOCTI KOHIEHTpalii HampyXeHb 1 Bl PpO3MOALLY
KOHTaKTHOTO THCKY Y pa3i, Ze Ul 3aKpilUIeHHS JeTaneil Ha Baly 3acTOCOBaHI
MOCAJIKH 3 HATSATOM.

BuxinHi (THXOXiIHI) BadM MaloTh KIHIEBY MUISHKY. Y cepemHiil dacTuHi
By MDK MiIIMITHUKOBUMHU OIIOpaMM pO3MIlIyIOTh 3yO4acte Kojeco. Y
CIIOJTy4YEHHI KoJIeca 3 BaJIOM BUKOPUCTOBYETHCS MOCA/IKa 3 BEJTMKUM HATSTOM.

Haii6inpim yacto MiciieMm Uil pyWHYBaHHS TaKUX BB € Ma3 JUIS IIITOHKH,
HEJIOCTATHhO YKPIIJIEHUH TepMiuHO, a00 KPOMKH NHa3M Oyiu He 3a0KpyIJIEHI ITif
JIi€I0 HAaBaHTAKEHb, B KyTax Ia3a MOJKJIMBA MOSBa 1 3pOCTaHHS TPIIUH.

Martepianu A BUTOTOBIICHHS JIeTaliell BajiB TOBHHHI BiJIIOBiIaTH
BIJIIIOBITHUM CTaHAApTaM Ha TaKi MaTepialy MpH BUPOOHUIITBI JaHUX JeTaieH, B
IHIIOMY BHIIQJIKy MaTepiall He Moke OyTH BUKOPHCTAHUH IPH BUPOOHHITBI Baly.
Martepian 178 BHUTOTOBJICHHS Baly IIOBHHEH BIIPI3HATHCH JOBTOBIYHICTIO,
HAIWHICTIO 1 BUTPUMYBaTH IUHAMIYHI HaBaHTaXeHHs. HeoOXimgHO Takoxk He
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3a0yBaTH, M0 AEsKi BIACTHBOCTI MaTepian Mo)ke HaOyBaTH TUIBKH B XOJi HOTO
TEpMIYHOT 0OPOOKH.

Bubip matepiany i TepmigHOi 00pOOKH BaJiB BH3HAYAETHCS KPUTEPIIMH iX
npane3gatHocTi. OCHOBHMMM MarepialaMM JJIsl BajiB CIy>KaTh BYIJIELEBI 1
JIETOBAHI CTalli 3aBISKH BHCOKHMM MEXaHIYHMM XapaKTEpHCTHKaM, 3AaTHOCTI IO
3MILHEHHS 1 JIETKOCTI OJIEpKaHHS IWIIHIPUYHUX 3aroTOBOK IPOKAaTKOIO.
IlepeBaxHO  BHKOPHCTOBYIOTh  CEpEOHBOBYIJICIEBI  IOJNIMIIYBaHI  CTai.
JlocsirHEHHSI ONITUMAIEHOTO TTOE€JHAHHS BIACTUBOCTEH 31HCHIOETHCS TapTyBaHHAM
3 BHCOKHM BIAIyCKOM IIpH BIiATIOBiZHOMY JeryBaHHi. [ms Oinpmiocti BamiB
3aCTOCOBYIOTh TEPMI4HO OOpOOIIIOBaHI CepeHHOBYTIICHEBI 1 JIETOBaHI CTalli THUILY
45, 40X.

Jlns BUCOKOHANpPY)KEHHX BaJIiB BiJIIOBINAJILHUX MalIMH 3aCTOCOBYIOTh
serosadi crami: 40XH, 40XH2MA, 30XI'T, 30XI'"CA Ta ixmi. Bamu 3 1iux craneit
3a3BMYail MiIAAI0Th TEPMOIOJINMIIEHHIO — TapTYBaHHIO 3 BHUCOKHUM BiIIyCKOM
Ta/a00 OBEPXHEBOMY TrapTyBaHHIO 3 HaIpiBOM CTpyMaMH BHCOKOI yacToT (CBY)
i HM3bKUM BigmyckoM. OOpaHa HamM JJsI BUTOTOBJEHHS Baly craib 40X
BIIHOCHUTBHCS bi (o) TIOJTIIIITYBAHUX JIETOBAHUX CTajen. [oninmrysani
(cepenupoByraenesi) crami Mictath 0,3 - 0,5 % C 1 10 5 % pi3HHX Jeryrounx
eneMenTiB. CTand 1i€i rpynu MiAfaloTh 3a3BUYall TApTYBAaHHIO B MacCIi i BHCOKOMY
Biamycky (mo 600 °C) — tepmononimmeHHoo. [IpokanroBaHicTh craymi mnpu
30UIBIICHHI KUTBKOCTI JIETYIOUNX €JIEMEHTIB B Hill 3pocTae. B skocTi monmepeaHpoi
TEPMOOOPOOKH MK BHOMPAEMO HOPMATI3AIIIO 1 MOJANBIIC TSPMOIOIIMIICHHS, TaK
AK HaIll BaJ € CEPEAHbOHABAHTAKCHUM, MA€ MAKCHMAJIbHUH Aiamerp — 58 MM
(Bxoguts B iHTepBan go 80 - 100 Mm), i Horo mpane3NaTHICTh BH3HAYAETHCS
MII[HICTIO Ha BHUTMH 1 KpydYeHHs, a HE KOHTAKTHOI BHUTPHBAIICTIO i
3HOCOCTIHKICTIO.

Juist crani 40X HOpMadi3alis mpoBOAUThCS pu Temrepatypi 850 - 870 °C 3
HACTYITHAM OXOJIOJDKEHHSAM Ha MOBiTpi. Yac BUTPUMKH Tpu Hopmamizamii 0,5
roauHy. [IpoBoIMMO aJti TEPMOIIOIIMNILIEHHsT — Lie TapTyBaHHs st craii 40X mpu
temneparypi 840 - 860 °C 3 oxomomkeHHsIM y Macii (dac BuTpuMku 1,5 - 2,0
TOJIMHM), 1 BUCOKMHU Bimnyck mnpu Temneparypi 600 °C 3 0X0JIO[PKEHHSIM y Maclii.
Ham Banm mpamtoe Ha BHTHH 1 KPYTiHHA, TOMY HEOOXigHa B'S3Ka, IUIACTHYHA
cepueBuHa. J[ns oTpuMaHHS BHCOKOI TBEPAOCTI 1 3HOCOCTIMKOCTI MOBEPXHEBOTO
mapy Ta IMiABHAIIEHHS KOHTAaKTHOI BUTPHMBAIOCTI IPOBOJHUTHCS MOBEPXHEBE
rapryBanHs CBY Ha ginsiHKax, siKi CTHMKalOThCS 3 MIANIMITHUKaMK KoB3aHH:. Taka
npouenypa HaJae MeTaly BHCOKOI MEXaHIYHOI MIIIHOCTI Ha TepTsd 1 CTHUpaHHA,
TOMY TapTyBaHHS MOBepXHi 3a gonomoror CBY €, crmocoboM OJHUM 3 HAHOUTBII
e(eKTUBHUX Ta BIANOBIJHMX BHUMOTaM CY4acHOTO MacOBOTO BHPOOHHIITBA, IO
HaJa€ MeTally pi3HI CTYINEHI TBEPJAOCTi 3a JOMOMOTOI 3MIIHIOIYOi TepMidHOL
00pOOKH.

ITicns mosepxuHeBoro rapryBanHs CBY moBepxHeBWi map oOpaHoi yis
BUTOTOBJIEHHS Baiy craii 40X Mae cTpyKTypy ApiOHO-TOJIYAacTOr0 MapTEHCHTY.
Teepnicte moBepxHi ckmana 45 -48 HRC. B cepueBuHi 3MiHA CTPYKTypH Ta
3MII[HEHHS HE Bi0YBa€ThCs, TOMY 10 HAarpiB OyB HIKYE 3a TeMIeparypy Aci.
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TEPMOLIUKJITYHA OBPOBKA K OJIUH 3 METOAIB 3MILTHEHHA
BUPOBIB 31 CTAJII 20X13

bypraxa A. FO., cmyoenm ep. MT-81; Jlynups O. B., acnipanm;
Toeopyn T. I1., doyenm xaghedpu I[IM i TKM, Cym/[V, m. Cymu

B Ham wac Bce Oumbie BUpOOIB BUMAarae po3poOJeHHs craiei, ski
BOJIOJIIOTh YHIKaJbHAM TO€THAHHAM Pi3HUX BIACTUBOCTEH, TAaKWX SIK MIITHICTB,
IUIACTHYHICTh, 3HOCOCTIHKICTh Ta IHIIUX, a TAKOX, SKi O Mamu CTIHKICTh MPOTH
pi3HUX BUAIB KOPO3iHHOTO Ta KOpPO3iifHO-epo3iiiHoTo pyiHyBaHHA. CTaji 3 TakuM
MOETHAHHSM BJIACTHBOCTEH MalOTh 3a0€3M1eUYNTH BUCOKY Ha/IiHHICTh IHCTPYMEHTIB,
TEXHIKH Ta IHIIUX BUPOOIB B Pi3HUX YMOBaX eKCIUTyaTaIllii.

Jlo XpoMuCTHX KOpPO3IMHOCTIMKHMX CTajell MapTEeHCHTHOTO Kiacy MOXHa
BifHecTH cTami 3 BMicToM Xpomy 10-18%. Haiibinem mommpeHuMu
NpeICTABHUKAMHU TaKOTO KJIacy KOPO3iHHOCTIHKUX cTanel € Mapku ctaneid 20X13,
30X13 Ta 40X13.

Crans 20X13 Bosiofi€e rapHOK KOpPO3IMHOIO CTIHMKICTIO Ta MEXaHIYHUMH
BJIACTHUBOCTSMH, aJie [UIA Pi3HUX BHUPOOIB i3 i€l cTaimi MOXYTh 3HAMOOUTHCS pi3HI
MEXaHI4HI BJIACTUBOCTI. 3 IIMM HaM JONOMOXe TepMmiuHa obOpooOka (TO), ska
BKIIIOWae B cebe HOpMaii3aliio, Bimman, Biamyck Ta rapryBaHHsA. Lli Buam
TEPMIiYHOI OOpOOKM BILUTMBAIOTH HA Pi3HI MOKA3HUKHA MEXAHIYHHMX BIIACTUBOCTCH,
Taki SK TBEPIICTh, MIITHICTh, TUIACTHYHICTH Ta iHIII. SIKm0 TepMidHa 00poOKa He
HAala€ TOTPIOHMX MEXaHIYHMX BJIACTUBOCTCH, TO 1i MOXHA 3aMIHUTH Ha
TepMoImKIiaHy 00pooky (TLO). Sk 3po3ymino 3 Ha3BU — IIe TepMidHA 00poOKa,
sIKa Ma€ JICK1IbKA [UKIIIB, HAPUKIIA 2 - 5 a00, HaBiTh, 8.

Metog THO sk cnocid TepMoOOpoOKH 3acHOBaHHH Ha TOCTIHHOMY
HAaKOIMYEHHI BiJ| LMKy 1O LMKy MO3UTUBHHUX 3MiH B CTPYKTypi Merany. Ilpu
IFOMY Ba)KJIMBOIO OCOONUBICTIO IIMKITy € HOTO IHTEHCHUBHICTH, BiCYTHICTH a00
HasBHICTb HEBEIIMKMX BHUTPUMOK TIpH KpaWHIX TemrepaTrypax, a TaKoX
ONTHMAJILHUH Jlialla30H 3MiHH TEMIIEpaTypH.

Pexxumu TLO po3pi3HSIOTHCS SIK 332 MPU3HAYECHHSIM, TaK i 32 XapakTepom
CTPYKTYPHUX II€PETBOPEHb, TEMIIEpaTypHOMY Iiana3oHy TEpMOIMKIYBAaHHIO, a
TaKOX HAsIBHICTIO JI0aTKOBUX BIUTUBIB. OCHOBHUMHM 3aBJIaHHSMH TEXHOJIOTIYHUX
pexumiB THO e mompiOHEHHS MIiKpOCTPYKTYpH 1 cdepoin3amis HaIIHITKOBIX
¢da3, migBuieHHs (200 3HIWKEHHs) MIUIBHOCTI AMCIIOKALM, MPOXOMKESHHS
pelakcaliifHuX  MpOIEeCiB,  MOJIMIICHHS  IMOKA3HUKIB  ()i3UKO-MEXaHIYHUX
BracTHBocTe.  [Ipy  1poMy  MOXJIMBE  BHpIIIEHHS  pi3HMX  3aBIaHb
MaTepiaJo3HaBCTBA 1 MAaMMHOOYJyBaHHA, a caMe: 3aMiHH JIOPOTHX BHIIB
MaTepialiB OiNbII JCHICBUMU; MiJBUINCHHS HAIIHHOCTI i Mpae3aaTHOCTI JeTajei
MaIliH 1 MeXaHi3MiB; PO3MipHOi CTaOITBHOCTI [eTajeil TOYHOTO MAIIMHO- i
npwiago0yyBaHHs; IMOBEPXHEBOTO 3MII[HCHHS JeTaliel; TOMOTeHi3allil 3JIHTKIB
nepes MpecyBaHHAM; YCYHEHHs JIKBaIliifHOT HEOTHOPIAHOCTI Ta iH.

Jast crani 20X13 MoXHa BUKOPHUCTOBYBATH CIIOCIO BHCOKOTEMIEpaTypHOT
TEPMOILIMKIIIYHOT 0O0pOoOKH (IMKITIUHOI eNeKTpoTepMidHOoi 00poOkm). Ilel cmociod
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MOJIATaE B €JIEKTPOHArpiBaHHi 31 mBHIKICTIO O6au3bko 50 °C/c g0 Temmeparypu
MOBHOI ayCTeHi3allii, 0X0J0KeHHi 31 mBuakicTio 30-50 °C/c no temmnepatypu 420
- 450 °C, mo BignoBimae TeMmmepaTypi HaHOITBII MIBHUAKOTO i30TEPMITHOTO
po3najy aycTeHiTy 1 BUTpUMII IpH wiid Temnepatypi. Ilicist 3akiH4eHHS BUTPUMKH
IIUKIA TOBTOPIOIOTH, B OCTAaHHBOMY TEPMOIMKII 3IIMCHIOIOTH TapTyBaHHSA i3
aycTeHiTHOro ctany. Henomiku mnporo cmocoOy: Ui OTpPUMaHHS OCOOJHMBO
IpiOHOAMCIIEPCHOI CTPYKTYPH CTall - MOTPiOHO OaraTopa3oBe MOBTOPEHHS MUKIIIB,
TOMY IO NPH i30TEPMIYHOMY pO3Maji ayCTEHITYy BUXOJATH HEPJITHI 3epHa, SKi
MAalOTh CIAJKOBO BEJHKI po3MipH (OApiOHEHHS BiIOYBAa€THCS TINBKH 33 PaXyHOK
(ha3oBoro Hakjemy); HEMOXJIMBE OTPUMAaHHS CyOMIKPOHHOI — HaHOKPHUCTAJIIYHOI
CTPYKTYPH, TOMY IO BUKOPHCTOBYETHCS B TEPMOLMKIAX TUMYAacOBa BUTPHMKA,
sKa BeJie JI0 3pOCTaHHs 3€peH.

Opmanm 13 pimens ms cram 20X13 e THO, mo BkITOYae MpUHANMHI B
LMKJIM HAarpiBaHHs BiJ rapTyBaHHs 3i mBHaKicTio Buie 50 °C/c mo temmneparypu
TOMOTeHi3alii aycTeHiTy 0e3 BHUTPUMKH, OXOJOMKCHHA 31 IIBHAKICTIO, IO
3a0e3neuye MapTEHCUTHE MEPETBOPEHHS, Ta BINIYCKY 3 HarpiBOM 3i MIBUAKICTIO
Bume 50 °C/c mo TemmepaTypl HIK4Ye Aci 3 OTPUMAHHSAM JApiOHOTUCIIEPCHOT
CTPYKTYPH CTaJeBUX BHPOOIB, NPHYOMY B KOXHOMY HACTYITHOMY IHMKJI
HarpiBaHHA TMiJ TapTyBaHHA IPOBOJATH [JO TEMIIEPAaTypH HIKYE, HDK B
nonepenHpoMy. Henosikom nanoro crnocoOy € iMIyIbCHUE HarpiB 0e3 BUTPUMKHU
B MEpIIOMY [HMKM. SIK NpaBuio, IMIYJbCHHE HAarpiB MPU3HAYCHHHA I
q)opMyBaHHa MOBEpXHEBUX mapiB. Jlms BI/IpO61B TOBIIMHA AKHX MEPCBHIIYE 30HY
TEpMIYHOTO BIUIMBY, YaCTO HEOOXilHa TepMiuHa 0OpOOKa BHYTPILIHIX 0OCATIB IS
JIOAaHHs. HE0OX1/THOT MIITHOCTI BCHOTO BUPOOY.

OTxe, CyTHICTh METO/Iy TIOJISITa€ B BUKOHAHHI IIOHAHMEHIIIEe IBOX IUKJIB: B
HEepIIOMY LMK MICJs TapTyBaHHS BUXOJHWTh KPYIHO3EPHHCTA CTPYKTypa, SIK
NPaBWIO, PEUKOBUH a00 rojdacTUii MapTEHCHT, SKHH ITiCJII BHCOKOTO BIiAITyCKYy
pO3IaaeThCs 3 YTBOPEHHSIM TPOCTHTO-COPOITHOI CTPYKTYPH.

[Tpu BMKOHAHHI OCTaHHBOTO LMKy OCTaHHBOIO OIEPALIEI0 € BIAIMYCK, IO
3abe3medye 3amgaHi CTPYKTypy 1 BuactuBocTi crami. KimbKicTh [UKIIB
BU3HAYA€THCSI HEOOXIJTHUMH KIHIIEBUMH BIACTUBOCTSIMH CTaIi.

CyTHICTB MPOIIECiB TIPH IMIYIHCHOMY HArpiBaHHI IOJATAE B TOMY, IO TIPH
HarpiBaHHI JI0 BUCOKMX TEMIIepaTyp BiJOyBaeTbCs TOMOTEHI3allisl ayCTEHITy, a
BHCOKa IIBUJKICTh HArpiBy 1 OXOJIOJUKEHHS TEPEIIKOJDKAE POCTY ayCTEHITHOTO
3epHa. [loapiOHeHHS BUXiAHOI CTPYKTypu OOYMOBJIEHO YTBOPEHHSM Ha MicIli
BUXITHOTO 3¢pHa Oe3miui IEeHTPIB 3pPOCTaHHS HOBUX 3EPEH, pICT SKUX
NPUIHHIETHCS TIPU OXOJIO/KEHHI 0€3 BUTPUMKH, 10 MPU3BOIUTH JIO 3HAYHOI'O
noApiOHeHHsT CTpYKTypH. KopoTkodacHicTh HarpiBy NpH BiIIlyCKy 3MEHIIyE
BHYTpIIIHI HANpyrW, MNPHU3BOAWUTH JO pO3Maay 3alMIIKOBOIO ayCTEeHITYy I
MEepeNIKO/PKAaeE 3pOCTAHHIO IIEPJITOBHX 3€peH. BHKOpHCTaHHS —IMITyJILCHOTO
HarpiBy 3Ha4HO CKOpPOUYYE 4Yac TepMidHOi 0OpoOkm. Ilpm BHKOHaHHI OMUCAHUX
BUILE OINEpaliii iCTOTHO MiABHILYETHCS IUCHEPCHICTh CTPYKTYPH CTali aX 10
cyOMikpoHHOT BenmduHH. [1ics OCTaHHBOTO BiAIYCKY, SIK MPABUIIO, YTBOPIOETHCS
0e3CcTpyKTypHHUH MapTEHCHUT.
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TEXHOJIOI'TI BUTOTOBJIEHHS I METO/IM 3MILTHEHHSA
3YBYACTUX KOJIIC

Kpaseyw B. B., cmyoenmxa ep. MT-71, Bepnaoip X. B., kano. mexu. Hayk,
cmapwuti euxnaoay kagh. IIM i TKM, Cym/Y, m. Cymu

3y04acTe Kojieco — 3yOYacTa JIaHKa i3 3aMKHYTOIO CHCTEMOIO 3y0iB, IO
3abe3mneuye Oe3mepepBHUM pyX 1HIIOTO 3yOuacToro koueca. (puc. 1).

Homeo 30w lobepxws bepwuw (xono Bepwuw)
lonobxa 3yda Qinunswa nobepxws
Kpox pt (dlﬂuﬁb;l? x0n0)
o /38 Janaduna \ _h=haehf
/ Yes bucoma

[ fobxuwa 3yda '\ \hf
~lwupura Bimus)

\_flobepxua_sanadun (xoro 3anaduw) \

Podova nobepxws 3yda (eboasBenmua)

Pucynok 1 — EnemenTu 3y64acToro xoieca

OCHOBHHUM €JIEMEHTOM 3y04acToro Koseca € 3y0 — BUCTYI IIEBHOI (opMmH,
110 MPU3HAYCHUH JUIS TIepelaBaHHs PyXy IUIIXOM Iii Ha BUCTYI IHIIIOTO eJIeMEHTY
3ybuaToi mepemaui. YacTmHa 3yO4yacToro Kojeca, IO HE BXOAWUTH 1O 3YyOiB,
Ha3MBa€ThCS TiIOM 3yOuactoro kojeca. YactuHa 3y0O4acToro Koseca, IO
CKJIQJIAETHCS 3 YCIiX #oro 3y0iB 1 YacTHHU Tijla 3y04acToro kojeca, o ix 3B’s3Ye€,
Ha3WBAETHCS 3yOUacTHM BiHIIEM.

3y0uacTi Koyleca BHKOPHCTOBYIOThCS MJIS Iepelnadi pyxXy BiI OIHOTO
€JIEMEHTY MAlllMHU N0 iHIoro. BoHn MoxyTh OyTH pi3HOMaHITHOT KOHCTPYKLIi,
sIKa 3aJISKUTh BiJl XapaKTepy 3a4eIUIeHHs (30BHIMIHE ab0 BHYTPIIIHE), B3aEMHOTO
pO3MIIIeHHsT 00epTOBHX BajdiB, cHocoO0y mepemaui Tomo. Haiibimpiroro
PO3MOBCIOKSHHS AOCSTIIM MTIHAPUYHI 1 KOHIYHI 3y0UacTi KoJieca.

Jlyist BUTOTOBJICHHS Tiepejay 3arajbHOr0 MPU3HAYSHHS ISl CEpIitHOrO TUITY
BUPOOHHWIITBA, BHUKOPHUCTOBYIOTh B OCHOBHOMY KOHCTPYKIIIHHI JIerOBaHi cTaii
40X, 40XH, 35XM, 35XT'CA Tta in. TBepaicTh po06040i MOBEPXHi 3yOLiB B IIHOMY
sunanky cknanae HB > 350 krc/Mm? (micias 06’€MHOrO TapTyBaHHs, rapTyBaHHs
CBY, nmemenTtamnii Tomo). 3yOmi Koiic mepmioi rpymu Ha§i3a}0TL JI0 TepMidHOi
00poOku 3aroroBku. Cramni i3 TBepuictio HB > 350 krc/MM* BUKOPHCTOBYIOTB ISl
BUCOKOHABAHTAKCHUX Iepeiad 3 METOK OTPUMAaHHS HEBEJIMKHX TabapuTiB.
Bucoka TBepAicTh YCKIagHIOE TEXHOJIOTiI0O BUTOTOBIEHHS. HapizyBauHs 3yOIiB
NPOBOJATH /IO TapTyBaHHS 3aroToBOK. Jleski BHAM TepMooOpoOku (00’emHe
rapTyBaHHS, IIEMEHTAIlis)) CTBOPIOIOTH KOPOOJIEHHs 3yOIliB, TOMY JJIsl BUTIPABIICHHS
ix po3mipiB Ta ¢opmu mOTpiOHI HOpOTi 3aBepImanbHiI omeparii (mITidyBaHHS,
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nputupaHus tomo). L{i nomaTkoBi 3aTpaTH MpOCTille KOMIIEHCYBaTH B yMOBax
cepiifHoro i MacoBoro BHpoOHHIITBA. OCHOBHHMHK (haKTOpamMu, IO BH3HAYAIOTH
BUOIp CTai AJIS UX KOJIC, € IIPOrapTOBYBaHICTh 1 00pOOIIOBaHICTS.

Jis  XiMIiKO-TePMIYHOI'O 3MIIHCHHS Ba)KKOHABAHTAXCHUX JCTAJCH B
MaIIMHOOYAyBaHHI 3aCTOCOBYIOTh IPOIIECH Ta30BOi IEMEHTAIII] 1 HITpOIleMeHTaIlii,
BakyyMHy 1 ioHHy XTO, BHCOKOTEMIIEpaTypHy ILE€MEHTalil0 i 0OpoOKy 3
HACUYEHHSIM B a30THHX atMocdepax i B Kutdomy mmapi. OHaK, Ha BITYM3HIHUX
3aBoJIax 1 32 KOPAOHOM JJIsi 3MIIIHEHHSI BUCOKOHAaBaHTA)XEHHUX JAeTallei 1, mepin 3a
BCe, 3yO4WacTHX KOJIC, B OCHOBHOMY, BHKOPHCTOBYIOTBCS LIEMEHTAIlis i
HiTpouemeHTariisi. B pesymprati XTO 3MIHIOIOTBCS BIACTUBOCTI METaliB
(TBepAicTh, 3HOCOCTIHMKICTB, OMIp BTOMH, KaBiTaliliHa i KOpO3iliHa CTIHKICTb), SIK1
3armo0irafoTb CXOIDTIOBAHHIO METANiB, ITJBUIIYIOTH JOBTOBIUHICTH JeTaiei.
XiMiko-TepmiuHa 00poOka, Mo BKIo4ae audysiifHe HACHYCHHSA MOBEPXHI,
rapTyBaHHs i HU3bKUH BiIyCK (CTapiHHSI) 3abe3nedye BHCOKY tBepaicts (HRC
58-63) i HallbLIbIIy HeCydy 31aTHICTH IOBEPXHEBHX LIAPiB 3y0iB, 8 TAKOXK BUCOKY
3TMHANBHY — MilHicT  3y0iB.  Jlus  0ZaTKOBOrO  MiJBHIICHHS — TBEPIOCTI
MOBEPXHEBOTO Imapy 3yOiB Kojic, IO MpaIioloTh 0e3 IepeBaHTaKCHb,
3aCTOCOBYIOTH 00POOKY X0J10/10M TIpHu Temmepatypi -50-55 °C.

Y MeHwid Mipi mnpane3aTHICTh BIANOBIAAJIBHUX 3y04acTUX KoJlic
TPAaHCMICIH, TOBEepXHS SKHX 3MiHIOEThCS 3a3Buuail XTO, pimme TepMidHOO
00po0Okoto, Ha TBepaicTh B Mexax 200 < HB < 350 i iHAyKIIHHOTO NOBEPXHEBOTO
3araptyBanHs CBY, BuM3HA4awOTh 3HOC 1 3aimaHHS, OJHIEI0 3 OCHOBHUX MPHYUH
AKAX € TOXMOKAa BHUTOTOBJCHHS i 301pKH, MOPYIICHHS TEXHOJOTIYHUX IPOIECiB
3MilHEHHSI, HesIKicHe (a00 HempaBWIEHO 00paHe) MACTHIIO.

P03BHTOK sIBHIIIa BTOMH B KOHCTPYKLIIHUX CTalIsIX 3aJIEKUTh BiJl Oaratbox
NPUYUH:  MeTalmypriuHux  gedekTiB  marepiany  ((JIOKCHIB, BOJOCOBHHH,
HEMETAJEeBHUX | NUIAKOBHX BKJIIOYEHb TOIIO) 1 PO3TAalIyBaHHS BOJIOKHA; SKOCTI
MEXaHIYHOI Ta 3MIlHIOWY0i 00poOKH; (opmu BHPOOY 1 HOro TOYKOBHX
XapaKTEePUCTHK; MOBEPXHEBOTO JICTYBAHHA 1 3MIUHCHHS; XC(HEKTIB MOBEPXHi;
micueBoi nmedopmanii Ta iH. Tomy anst 3abe3nedeHHs JOBrOBIYHOCTI NpH
KOHCTPYIOBaHHI JeTaii NMOBHHHI OyTH BpaxoBaHI SK yYMOBH ii poOOTH, TOOTO
eKCIUTyaTaliifHi HaBaHTa)XEHHS, TaK 1 TEXHOJIOTis BHUIOTOBJICHHS, BKIIIOYAIOYU
0COOJIMBOCTI: Trapsiyoi IIacTHYHOI JedopMallii 3aroTOBOK, MEXaHI4HOi 00poOKH,
TEPMIYHOT 00pOOKH, XIMIKO-TepMiIgHOTO ab0 IHIIOTO BUIY 3MIIIHEHHS, IMOBEIIHKA
JIeTali B MpoIleci BUTOTOBJICHHS 1 00pOOKH.

OcTaHHE BHKIHMKAa€ HEOOXIAHICTH OUIBII TMOBHO, HDK L€ PEKOMEHIYETHCS
HOpPMaMH, NPUIHATHMU B HPOMHUCIOBOCTI, BPaxOBYBaTH BIUIMB TEXHOJOTTYHOT
CIAaIKOBOCTI CTajeldl Ha MIIHICTh 1 BTOMHI XapaKTEPHCTHKH 1 TOBTOBIUHICTH
3y0uUacTHx KOJIiC. Onip BTOMH 3HIDKY€E Ha/pi3u, TOCTP1 KPOMKH, BUTOUKH, TaJITe.
HasiBricTs miapisis, HeAOCTaTHI pajiiycH 3a0KpYIJICHb NPU3BOAATE 10 YTBOPEHH
AeexTiB mpu TepMooOpOOLI uepe3 JOKalbHi HaIpPYyKeHb, a TAKOK MicueBoi
KOHIIEHTpALil HampyXeHb NpH eKCIUTyartamii getaneil. BigcyTHicTh 3a0KkpyrieHb
TOPIIEBUX Kpailok 3y0iB MOXKe TMPU3BECTH 710 iX TIiABUINEHOTO HACHYCHHS
ByTJELEeM (a30TOM) MPH XiMiKO-TepMidHii o6po6u1 i 10 yTBOpeHHs ckomiB. Jlyis
TEPMONOIIIIYBAHUX ~ BIANOBILANPHUX J€TANCH 3HWKCHHS CKCILIyaTalliiHuX
MOKA3HHUKIB MOXKJIMBO 4epe3 JieopMallilo Mij i€f0 HaBaHTaXeHb, 3HOCY ONOPHHUX
MOBEPXOHb, EIEMEHTIB CIIOJY4EHHS, OBEPXOHb TEpTs, SIKI B 0araThboX BHIAJKax
JIOJATKOBO MiAatoTh 3araptyBanHio CBY.
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3ACTOCYBAHHSI METO/Y EJIEKTPOICKPOBOI'O JIETYBAHHS
3 METOIO IIJABUILEHH S KOPO3IMHOI CTIMKOCTI CTAJII

Ilyouenko B. B., acnipanm, CymAY, m. Cymu

Po3BUTOK Cy4acHOTO MamMHOOYIyBaHHS HEMOXKIHBE O€3 BHKOPHUCTaHHS
BHCOKOTEXHOJIOTI9HIX METOJiB. AHTHKOPO3iiiHi 1 3MIIIHIOIOWi TIOKPHUTTS B TaHHHA
yac MaloTh JyXe MHPOKY cdepy 3acrocyBaHA. Lle, 30kpema, podota Oymb-sIKHUX
JeTalieil B yMOBaxX arpecHBHOTO CEPEIOBHINA, TAKWH SK BOZAA, KUCIOTH, JYTH Ta
iHIII pPEeYOBMHM, SIKi aKTHBHO B3a€MOJIIOTH 3 MOBEpXHEIO netaii. be3 Oympb-axmx
MOKPHUTTIB TEpPMiHH CIy:KOM BHpOOy B JaHHX CEPEAOBHIIAX 3MEHIIYIOTHCS
6araTtopaszoBo, IO TATHE 32 COOOI0 BENMKI BUTPATH HA 3aMiHy, BUTOTOBJIEHHS abo
MOKYTIKY HOBOTO BUPOOY.

SIKicTh TIOBEpXHI MiABHIIYIOTh PI3HUMH MeTOJaMH (METOJHM NMOBEPXHEBOi
TepMiuHOi 00pOOKH, XiMiKO-TepMiuHi MeToau, Audy3iliHa MeTami3amis, TOKPUTTS
MOBEPXOHb  TBEPAMMH CIUIaBaMH 1  MeTalaMH, IIOBEPXHEBO-TIACTHIHE
nepopMyBaHHs). IX OCHOBHMM 3aBJaHHAM € 3a0e3MedeHHs 3a7aHOi  SKOCTI
MOBEPXHEBOTO APy, SKE XapaKTepu3yeTbcd HOro  (i3MKO-MEXaHIYHUMHU
BJIACTUBOCTSAMH 1 MikporeoMeTpieto. OCKITBKH CKJIaJ 1 CTPYKTypa IOBEpXHIi
BHU3HAYAIOTH OIip TBEPIOTO TiJla 30BHIIIHIM XIMIYHHUX I MEXaHIYHUX BIUIHBIB, 3
E€KOHOMIYHOI 1 TEXHOJOTIYHOi TOYOK 30pYy MOUIIBHO JIETYBAaTH TUTBKH po0odi
MOBEpPXHI JeTajell MamuH i anapatiB. OcTtaHHs1 00CTaBHHA CTHMYJIIOBaja iHTEpeC
JI0 HAYKOBUX pO3pPOOOK PI3HUX METOJIB IOBEPXHEBOIO JICTYBAHHS METAIB 1
CILTaBiB, 30Kpema J10 enekrpoickposoro serysansst (ELT) [1].

Meton EIJI 3acHOBaHMI Ha eIEKTPOSPO3IMHOMY MpOIECI MK aHOIAOM
(JleryBaJIbHUM  €JICKTpOIOM) 1 KaTozoMm (metammio). o mepesar metony EIJI
BIZIHOCSATBCS: MOXKJIMBICTh HAaHECEHHS Ha OOpOOIIOBaHY MOBEPXHIO KOMIIAKTHUM
€JIEKTPOAOM CTPYMOIIPOBITHIX MAaTepialliB 3 MOJIMIICHHAM (i3UKO-MEXaHIYHHUX 1
XIMIYHUX BIACTUBOCTEH KOHCTPYKIIIHHUX MaTepialliB; BUCOKA MIIHICTh 39CTUICHHS
mrapy, Mo HAaHOCHTBCS 3 MaTepialloM OCHOBH, MiHIMalbHI BHUTpPaTH MaTepiaiy;
HU3bKAa EHEPrOEMHICTh TMPOIECY 1 MPOCTOTa 3IIHCHEHHS OIepamid, Mo
npoBomaThes [2]. 3a momomororo EIJI Takok MoOXHa MPOBOAWTH BiTHOBIICHHS
JieTalieil 3 NoAaIblIMM TOBTOPHHUM 11 BUKOPHCTAHHSM Ha BUPOOHHIITBI.

OzHaK METO/IOM eJIEKTPOICKPOBOT MeTaji3alil OTpUMaTH TJIajKi 1 CyLiIbHI
HNOKPHUTTS JIOCUTh ckianHo. Lls oOcraBuHa iCTOTHO OOMEXY€e BHUKOPHCTaHHS
meroxy EIJI mis oTpumaHHS KOPO3IMHOCTIHKHMX MOKpHUTTIB. Bimomo, mo mpu
KaTOJHOMY JIeTyBaHHI 3aXHCHUH e(QeKT MOXHa 3a0e3MeuuTH 1 Hecy IiTbHUM
MOKPHUTTSM, TaK K BiH OOYMOBIICHHH €JIEKTPOXIMIYHAM MEXaHi3MOM.

Mertoro pobot € aHami3 JITEPaTYpHUX JDKEpPeNd MIoA0 UHUIIXIB
ynockonaneHns texHousorii EIJI 3 meroro 3abe3neueHHsT HOKPUTTAM KOPO3iIHHOT
CTIHKOCTI.

ABTopamu pobotu [4] npoBeneHi fociiKeHHsT 0cobauBocTell hopMyBaHHS
xpoMoBuX NOKpHUTTiB MetonoM EIJI Ha cram 40X Ta mocimipKeHHs iX XiMI4HOTO i
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(azoBoro ckiamy. PeHTreHOCTPYKTYpHHMH aHaii3 IOKa3aB, L0 Ha IIOBEpPXHI
npucyTHi 1Ba enementu: Fe-gamma 225 (94,98%) i Cr (5,02%). BumiproBanus
MIKpOTBEpJOCTI 3a BikkepcoM TOKasagy, IO TBEPAICTh Marepianry-OCHOBH
MPaKTUYHO HE 3MIHWIKCS. EJICKTPOHHO-MIKPOCKOIIUHI JOCHIPKEHHS 3aCB1 UMY,
IO TOKPHUTTSI JOCHTh pIBHOMIpHE 1 sKicHe, Ae(eKTiB (TpiMHU, MPOCBIT
Marepialy-OoCHOBU Ta 1H.) HE crocrepirajocs. BumpoOyBaHHS Ha KOpO3ilHY
CTIMKICTh MOKa3aJu, M0 aHTUKOPO3iifHi BIACTUBOCTI 3HAXOIATHCSA Ha HEOOXiTHOMY
piBHI [UIA eKcIuTyaTariii, aare3iffHi Ta MIIHICHI XapaKTEepUCTHKH 3aJ0BOJIEHSIIOTH
yMOBaM 3acTOCYBaHHS [AaHOTO THUIy IIOKPUTTS B MAaIIMHOOYIyBaHHI Ta
OyIiBHHLITBI.

Y poboti [5] mokazaHo, IO JEryBaHHS IIOBEpXHI THTaHy NalagieM
€JIEKTPOICKPOBUM METOJIOM IiJIBHIILYE HOTO KOPO3iiiHy CTIHKIiCTh Ha 1 + 2 mopsiaKu
B pO3YMHAX CIPUAHOi KHCJIOTH NPHU MiABHUINCHIN TeMiepatypi, 10 00yMOBJICHO
NPUCYTHICTIO B ckiazi nokputts Pd i inrepmeraninis Ti-Pd, mo nepeBonsats TuTan
B IIaCUBHUH cTaH. BcraHoBieHo, mo BMicT Pd B eroBaHomy Immiapi 3ajexuTh Bif
eHeprii po3psay i MUTOMOrO 4acy eNeKTPOiCKpoBoi 00poOku. MexanizoBane ELJT
najaieM MOPIBHSHO 3 PyYHHM J03BOJISIE 3HAYHO 301IBIINTH CTIHKICTh TUTAHY, IO
MOB'A3aHO 3 BEJIHKHM BMicTOM Pd B moBepxHeBOMYy mIapi i OUIbII piBHOMipHHM
fioro posmoxmimoM. MexaHi30BaHe JIeTyBaHHS B BaKyyMi, aproHi i Ha TOBITpi
MOKa3aJio, 0 HaiOipII 30aradeHi managieM MOKpUTTS GOPMYIOTECS B aTMocdepi
aproxy.

B po6oTi [6] aBTOpHM HOCHTIIKYBaIX BIUIUB €ICKTPOICKPOBHUX MTOKPUTTIB Ha
KOpO3iliHy crilikicTh cTaneit. Ilokasano, mo 3actocyBanHs Mmeroxy EIL €
MIABUIICHHS KOPO31MHOT CTIMKOCTI JeTaneil 3aBasKy MacuBaIlii MeTaly IiaKIajaKu
B NOpax 1 CTBOPEHHs B HUX LIApy HITPHUAY 1 TaHATIB, IO JO3BOJISIE YHHKHYTH
HiATpaBJIEHHsT KOPO3iifHO- 1 3HOCOCTIHKOro MOKpHUTTs, HaHeceHoro EIJI, i Horo
OCHITaHHS.

ABTtopamu  poGotu [7] TpOBelEHO JOCHIJUKEHHS 31 CTBOPEHHS
KOPO3IHHOCTIMKHMX €JICKTPOICKPOBHX MOKPUTTIB HA CTAIEBIH MiAKIAAIl METOIOM
EUI. fx wmartepiamu eNeKTPOICKPOBUX MOKPHUTTIB Oyro BHOpaHO J00pe
3apeKOMEHIOBAHI B psAl BUIAIKiB MOKPHUTTsA cucTemu Ti-Ni. JleryBaHHs crani
HiKeJIeM NPHU3BOANTH 10 (OPMYBaHHS Ha MOBEPXHI, KpiM a-Fe, TBepaoro po3zunny
(FeNi), mo cripusie 3HMKEHHIO Kopo3iitHux BTpaT B H2SO4, H3PO4 1 HCI. Ognak B
HNO3 mBHIKICTH KOpO3ii B =2 pa3d IEPEeBHIIYE TaKy y CTali, ajie¢ B «IapChKil
ropiini» Kopo3sis jemo MeHiia. PoOpMyBaHHS TBEPIOrO PO3YMHY Ha MOBEpPXHI
3HAYHO 3HIKY€E KOPO3il0 B HEHTPaIbHUX 1 Iy>)KHUX po3unHax JIuie TuTaH i HiKeJb
OipII KOPO3iHHOCTIHKI B IUX ke yMoBax. [Toka3aHo, SIKIIO MpH JIeTyBaHHI TUTaHY
HiKeleM, HIKENI0 THUTAaHOM Marepial MiIKIagkd Oepe ydacte y (GopMyBaHHI
@JIEKTPOICKPOBOTO TOKPHUTTS Y BHIIIAI PI3HUX IHTEPMETaNiMiB, IO ITiIBUIIYIOTH
KOpO3iiiHy CTIHKICTh MOBEPXHIi, 1 IIe € MO3UTUBHUM (HaKTOPOM, TO TOI XKe IMpoIiec
NP JIETYBaHHI CTali HETaTWBHO BIUIMBAE HA ii KOpO3iHHY cTilikicTb. Tomy st
CJICKTPOICKPOBOTO HOKPHUTTS CTaJeii HEOOXiJHO pPO3pOOMTH Takui CKiaj
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CJICKTPOIIB, KUK 3abe3neuuB OKM (hopMyBaHHS MOAM(DIKOBAHOTO MOBEPXHEBOTO
mapy TUIBKM Ha OCHOBI KOPO3IMHOCTIMKHMX JIEIyIOUMX KOMIIOHEHTIB aHona 0e3
y4acTi Marepiay IiJKIaaKH.

Otrxe, npouec EIJI no3sonsie orpumyBaTH po0OOdYi MOBEPXHI 3 BUCOKUMH
(i3uKo-MeXaHIYHUMHU BIacTHBOCTAMH. OJHAK y Oararbox BHIIAJKaX BOHHU MalOTh
Mally KOpo3iiHy criiikict. Ynockonanenns Texsousorii EIJl 3 meroro
3a0e3meueHHs KOPO3iiHOI CTIHKOCTI poOOYNM MTOBEPXOHB € aKTYyalBHOIO 3a7a4elo.
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POJIb TEPMIYHOI OBPOBKHU B TEXHOJIOT i
OTPUMAHHA ITIOJITETPAOTOPETUJIEHY

Invinux A. A., 3a6idysau nHasuarbHol 1aO60pamopii kagedpu npuKiaoHo2o
mamepianoznaecmea i TKM, CymAY, m. Cymu

Baromoro ckagoBo0 pPO3BUTKY Cy4acHOI IMPOMHECIOBOCTI € BUKOPHCTAHHS
HOBUX MaTepiajiB, 1[0 MalOTh BUCOKHMII piBeHb (i3MKO-MEXaHIYHUX BJIACTUBOCTEU
npu poOOTi B yMOBaxX iHTEHCHBHOTO 3HOIIYBaHHA. BHMOTH, IO Tpem ' sIBISIOTHCS
JI0 HOBUX MarepiaiiB MOCTIHHO 3pocTatoTh. [IpakTHYHO Yy BCIX rajy3sx Cy4acHoi
MIPOMHCIIOBOCTI BHACTIIOK MTOE€JHAHHSI BACOKOTO PiBHS MEXaHIYHUX BIACTHBOCTEH
3 MajJol0 [UTOMOIO Macol IIMPOKE 3aCTOCYBAaHHS 3HAWIUIM IOJIMEpHI
KOMITO3UTHI MaTepiajii Ha OCHOBI moiiterpadropeTuiieHy. Byrnedropommact mae
KOMIUICKC ~YHIKQJIbHHX BIACTUBOCTCH: BHCOKI MEXaHIYHi, JiCICKTPHYHI,
aHTH(QPUKIIHI 1 aHTHAATE31iHI BIACTUBOCTI, MiABHUIICHI TEPMO- i BOTHECTIHKICTB,
CTIMKICTD O XIMIYHOTO BIUTMBY, a TaKOX 3JaTHICTh 30epiraTtu i BIACTHBOCTI B
HIMPOKOMY 1HTEpBaji poOouMx Temmeparyp. Y peaJbHHX YMOBaX eKCIUTyaTaiil
MOJIIMEpHI MaTepiajii TOBUHHI MaTH BIACTUBOCTI, IO 3MIHIOIOTHCS B IIHPOKOMY
JiarmasoHi, TOMy BaXJIHMBE 3HAUCHHS Ma€ MOXJIMBICTh IIJICCIPSIMOBAHO KEPYBaTH
HUMH. | 11e MOXKIIMBO 3MIHCHUTH 33 JOIOMOTOI0 iX MoAnQiKaIIil.

OnuuM 13 BuniB (iznuHoi Moaudikamii noniTeTpa(bTopeTHneHy, IpU SIKIA
3MIHIOETBCSL TUNBKH HOTO HaAMOJEKYISIpHA CTPYKTypa, € TeleqHa 00poOka:
rapTyBaHHS, BiAman Ta Bigmyck. BoHa a03BOJIsIE MiABHIIMTH SIKICTBH Bmpo613 3
MOTIMEPIB, 3MEHIINTH 3aJIMIIKOBI HAIPYTH, MIJBUIIUTH CTPYKTYPHY OJHODIIHICTH
i crabimizyBatu posmipu. Ha 3MiHy CTpyKTypu 1 BIacTHMBOCTEH moJiMepiB
BIUIMBAlOTh IIBHIKICTh HArpiBy, TeMIepaTypa, 4Yac WpOrpiBy 1 IIBHIKICTH
oxoJiokeHHs. TpHUBanicTh BUTPUMKH MaTepially pU rapTyBaHHI CyTTEBO BILIMBAE
Ha BJIACTHUBOCTI rOTOBHX BHPOOIB. Lle 00yMOBIEHO 3MiHOIO B CTPYKTYpI MOIIMEPY
KOH(]Irypariif MakpoMOJIeKyJI 1 30UIBIICHHAM YHCIIa TIPSAMOTIHIHHUX MUISHOK, SKI
TIPY OXOJIOKEHHI MOJITeTPaQTOPETHIICHY CTAlOTh IIEHTPaMHU KpUCTai3allil.

TakuM YHMHOM, TEXHOJIOTIYHI PEXKHUMH TEpMi4HOi OOpPOOKHM BHM3HAYAIOThH
CTYIIHb KpHUCTaNi3amil i, SK HACIIJOK I[bOT0, TMOKAa3HUKU (Pi3UKO-MEXaHIYHHX
BacTuBOCTel Matepiany. CrymiHb KpI/ICTaHi‘IHOCTi CIIEYEHOr0  MOJITeTpa-
Q)TopeTHneHy kosmBaeThes Big 50 10 70 % 1 3a1€XUTH SIK Bil MOJIEKYJISIPHOT MacH,
TaK 1 BiJ IIBUAKOCTI OXOJIOJDKEHHS 3arOoTOBOK. bBUIBIIICTH MEXaHIYHUX
BJIACTHBOCTEH mojiTeTpadropeTmiieHy 3i 30UIBIICHHAM CTYNEHS KpUCTaJIiYHOCTI
noriprrytoteest [1]. JIms OWiHKM BIUIMBY TEXHOJIOTIYHHX (AKTOPIB MPOIECy
TepMOOOPOOKH Ha CIirykOOBi BJIACTUBOCTI MOJNITETpaTOPETHIICHY, HEOOXiaHa
MIOCTAaHOBKA IIMPOKOMACIITAOHOTO eKCIIEpUMEHTY 1 MoO0yJoBa MaTeMaTHYHOI
MOJIEJi IpoLecy TepMidHOi 0OPOOKH.

Crucok Jiteparypu:

1. Mamkos }O. K. KomnosuunoHHble  Marepuasisi  Ha  OCHOBE
nonuteTpadTopaTiiiena.  Crpykrypras moaudukamus /  FO. K. Mamikos,
3. H. OBuap, B. U. Cypukos u ap. — M. : Mammnoctpoenue, 2005. — 240 c.
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3HOCOCTIMKICTb TA KOPO3IMHA CTIMKICTh KOMIIJIEKCHUX
XPOMOCWIILUJHUX JUDY3IMHUX ITOKPUTTIB HA CTAJII 45

Anyesuu K. B., mon. nayk. cniep., Incmumym enexmpo3eapioganms
im. €. O. llamona HAH Yxpainu

Bumorn no cywacHuX Aeraneld MamldH, iHCTPYMEHTIB, OCHACTKH i3 cTajeu
Ta TBEPIMX CIUIABIB, SKi MPAMIOIOTH B JKOPCTKUX YMOBaX Jlii BUCOKHX BUPOOHUINX
IIBUAKOCTEH, KOHTAaKTHUX HAaBAaHTAXCHb, arpeCHBHUX CEPEMOBHIL, BKIIOYAIOTH
omip 3HOCY, BHCOKY TPIIIMHOCTIMKICTh, XIMI4HYy CTaOUTBHICTD IpPH BHCOKHX
TeMIIepaTypax, BUCOKY KOpO3iiHy cTiikicTh Tomo[1,2]. KommekcHe HacudeHHS
XPOMOM 1 KPEMHIEM J1a€ MOXKJIMBICTh (pOpMyBaTH Ha TIOBEPXHI BYIJICIIEBUX CTajel
JIBOKOMIIOHEHTHI MU(Y3iiHI IIapu, sKi MarTh TMOJIMIICHI 3aXHUCHI BIACTHBOCTI
MOPIBHSHO 3 OJIHOKOMIIOHEHTHHUMH KPEMHIEBUMH Ta XPOMOBHUMH MOKPUTTSIMH.

Y  pobotTi JocHiKyBaJdM 3HOCOCTIMKICTh Ta KOpO3iiHY CTiiiKicTh
Juy31HAX TTOKPUTTIB 32 YYacTIO XPOMY Ta KPEMHIIO.

Jlnsi HaHeceHHS MOKPHUTTIB BUKOPUCTOBYBAJIM CIELIaJIbHY yCTaHOBKY, SKa
Oyna BuroTOBNIeHA Ha 0a3i maxTtHOi neui CIIOJI 1.1.6/12. Ilpomec mpoBoauau npu
temneparypi 1200—1400 K npu mapuianpHOMY THCKY B peakuiitHmii kamepi 102
[Ta 3 BuKOpuCTaHHAM TOpomKiB (epocuminito Mapku PC-90, xpomy Mapku X-2,
rpadity Ta YOTHPUXJIOPUCTOro Byriemio. B koHcTpykmii poOouoi kamepu mpu
HaHECEHHI XPOMOCHIIIUAHOTO MOKPHUTTS BIEpie OyJo 3aCTOCOBAHO peaKmiiHUN
cTakaH 3 rpaditoBuM mHOM [3], IO Jal0 MOXKIIMBICTH MiIBUIIATH AKTUBHICTH
razoBoi (asu Ta npUIBUILIKTH Tpolec (opmyBaHHsA audy3iiiHHX mapiB.
JociimkeHHs] MIKpOCTPYKTYPH MOKPHUTTIB MPOBOJMIN Ha ONTHYHOMY MIiKpPOCKOIT
Neophot 2. BunpoOyBanHst 3H0cocTiiikocTi [4] npoBonuiu Ha mMaimHi Tepts MT-
68, KOHCTPYKIIisi, SIKOT JI03BOJISIE B MPOIIECI EKCIIEPUMEHTY OHOYACHO i HE3aJIeKHO
¢ikcyBaTH Ta BUMIpIOBATH KOE]ILIEHT TepTs. 3HOC OL[HIOBAIM 3a 3MIHOK Macu
NonepeHb0  NMpUTEpTHX  3paskiB. KoposiiiHi  BUIIPOOYBaHHS  MPOBOAMIM
MAaCOMETPHUYHUM METOJIOM 3a CTaHAAPTHOI METOAMKOIO mpu Temieparypi 20 °Cy
PO3YHHAX COJISTHOT, Cyb(haTHOI, OLTOBOI, HiTpaTHOI KUcIOoT Ta'y 3 % NaCl.

[lokpuTTss HaHOCWIM B 3aMKHYTOMY pEakIiHHOMY TIpoCTOpi HpH
temneparypi 1323 K Bopomoex mectd roguH. BcTaHOBIEHO, IO B CTPYKTYpI
MOKPUTTA Ha crami 45 MoxHa BHABHTH nBa mmapu (puc. 1). Y moBepxHi
po3ramoBaHi mrapu Ha ocHOBi kapOimiB xpomy (CrsCs ta Cr;Cs). Ulap,
po3TamoBaHui Oe3rmocepeIHbO0 Ha MEXI PO3MOILTY MOKPUTTS - CTajlb, BiJIOBIIaE
O - TBEPJIOMY PO3YHMHY XpOMY Ta KpeMHiio B 3aii3i. IIpucyTHICTh B CTpyKTYypi
KapOiZiB XpoMy, OKpIM PpEHTTEeHOCTPYKTYpHOTO aHaji3y, MiATBEpIKYIOTh
BUMIpPIOBaHHS MIKPOTBEPAOCTi, 3HAYCHHS KO B IEHTPANbHIN YaCTHHI CTAHOBHUTH
19,5 T'Tla Ta 3MeHIIyEThCST O MiKpoTBepaocTi 6-6,5 I'Tla, mo BiamoBigae mapy
Fea(Si,Cr). 3aranpHa TOBIIMHA MOKPWUTTIB, OTPUMAHUX  KOMIUIEKCHAM
XPOMOCHITIITIFOBaHHSIM cTaii 45, craHOBUTH 120 MKM.
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HNokasnmk snomysanns 107, kr/m'c

HWW

Pucynok 2 — I'icTorpama 3HOCOCTIHKOCTI
cTami 45 micns rapTyBaHHA Ta Binmycky (1),
TicIs critifoBaHHs (2), XxpoMyBaHHA (3),
XPOMOCHITIITIOBaHHS (4)

I
Pucynoxk 1 — MikpocTpykTypa
cTaii 45 3 KOMIUIEKCHUM
MOKPUTTSIM Ha OCHOBI XpOMY Ta
KkpeMHir (x200)

IIposeneni BHUITPOOYBaHHS TOKa3a, 10 3HOCOCTIHKICTh
XPOMOCHWIIIIIMJIHUX TOKPUTTIB B yMOBax aOpa3WBHOTO 3HOIIYBaHHsS BHia y 1,7
pa3u, Hix kap0Oiny xpomy CraCe i Cr7Cz ta y 3,2 pa3u, HiXK y OJJHOKOMIIOHEHTHUX
CUIIIITUTHUX MOKPHUTTIB (puc. 2). B po6oTi Oys0 mokaszaHo, 110 SIBHIIEC 3HOCY MpU
B3a€MOAIi 3 aOpa3uBOM BigOyBaeThCs JIMIIE B TOHKUX IIOBEPXHEBHX IIapax
IUIIXOM BHJANCHHS 4YacTOK NOKpUTTA. Cnin 3a3HayWTH, WO B Ipoleci
BUTIPOOYBaHHS IIOPCTKICTh IMOBEPXHi 3pa3ka BCTaHOBIIOETHCA B rmepmi 10 — 15
XBWJIMH 1 1aJll HE 3MIHIOETHCS.

Hanecenns Ha moBepxHIO cTaii Au(y3iHHUX TMOKPHUTTIB 38 YIacTIO XpPOMY
Ta KPEMHII0 IPU3BOAUTH JI0 ITiIBUIIECHHS KOPO3iHHOI CTIHKOCTI Y pO3YMHAX KHCIOT
y 2-30 paziB ta migunryetses B psay: 10%HCI —10%H2S04 —3%NaCl — 10%
CH3COOH—10%H3P04 —10%HNOs3,

Cnmcok JitepaTypu

1. IMatunackuit B.®., Hecrepenko A.M. 3amurtHbie AuUPPYy3HOHHBIC
nokpeiTus. K.: HaykoBa nymka, 1988. 272 c.

2. Kap06igHi mokpuTTa Ha cTtansax i TBepaux cruiaBax / [B.®. JlockyTos,
B.I'. XmwxHnsik, I.C. ITorpe6osa Tta in.] Tepromnins: Jlines, 1998. 144 c.

3. Crioci6 HaHeceHHs KapOinHUX MOKpUTTIB. [laTeHT YKpaiHu Ha BHHAXIN
50193A, MIIK (2002) C23C12/00. Bx. HTYY “KIII”; 3asBn. 16.11.2001; Omy6ur.
15.10.2002, Broxn. Ne 10, 4c.

4. W3Hococtoiikne anu(p(dy3HOHHO  JIETUPOBAHBIE  KOMIIO3WIIMOHHBIC
nokpertus / [JIyaka M.B., Kunapaayx M.B., Mensnuk [1.U., Cokonoscknit M.®.,
MuxwuTiok P.1O.]. K.: Texnika. 1993. 143 c.
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SMILHIOIOYA TEPMIYHA OBPOBKA JUJIS1 CTAJIL
MAPTEHCUTHOI'O KJIACY 20X13

Xeocmenxo P. O., cmyo. ep. MT-81; I'osopyn T. I1., doy. kag. [IM i TKM,
CymY, m. Cymu

Cranp 20X13 npusHaueHa 1Jisi BUTOTOBJICHHS BIANOBIAAJIbHUX JeTaled 3
MIABUIIEHOO INIACTHUYHICTIO, IO IMMAJAIOTHCS IWHAMIYHMM HaBaHTaKEHHSIM.
[opsin 3 MiABUIIEHUMH BUMOT'aMH O OTIOpY KOPO3ii 1 )KapOCTIMKOCTI Taki Jgerai,
AK TIPaBWUJIO, IIOBMHHI 3a0€31eUyBaTH BUCOKY 3HOCOCTIHKIiCTh po00d0i MOBEPXHI B
ymoBax TepTs. [ns (opMyBaHHS 3aJaHOTO KOMILIEKCY BIIACTUBOCTEH MiCIs
o0'emHO1 TepMmiuHOi 0OpOOKM 3a3BHUail TependavaeThCs MOANBIIE JIOKAJIHHE
TEpMO3MIIIHEHHsI po00YO0i MOBEPXHI, HANPUKIA] IrapTyBaHHIM CTPyMaMH BHCOKOT
gacrotn (CBY). 3 ormamy Ha TEXHIKO-CKOHOMIUHI acIeKTH pPamioHaIbHOTO
3aCTOCYBaHHS BHMCOKOYACTOTHOI TEXHOJIOTii, BHUKOPHCTOBYIOTH IIOBEpPXHEBE
3MII[HEHHS IUTA3MOBUM T'apTyBaHHSIM.

3acTocyBaHHS IUIa3MOBOIO TapTyBaHHs [UIs IMOBEPXHEBOTO 3MIIIHCHHS
meraneir 31 crami 20X13 Mmae pag ocobnmBocTel, OOYMOBJIEHHX iCTOTHOXO
BIZAMIHHICTIO 1 TerI0(i3MYHUX XapaKTEPUCTHK BiJ BIAMIOBITHHUX MOKAa3HUKIB IS
3BUYAMHUX BYIJIELEBUX CTaJIEH.

IapTyBaHHS — Iie HarpiBaHHS 0 MEBHOI KpUTHYHOI Temmepatypu (=750 °C)
1 TTOJANTBIIIe MIBUAKE OXOJIOMKCHHS, B PE3YJIBTaTi YOTO TBEPHICTH CTalli i YaBYHY
30utbmyeThest mpuonu3no 3 HRC 20 - 25 go HRC 50 - 65. 3aBasku 1npomy
3HOIIYBaHHS JeTayleil CIOBUIBHIOETHCA. Ilimomma 30HM rapTyBaHHS IPOIOpIiiHA
MUTOMOMY TEIJIOBOMY TMOTOKY dYepe3 0OpoOIoBaHy MOBEPXHIO. 3a paxyHOK
MOCJIITOBHOT HEOAHOPa30Boi 00poOku MoxkHa Ha 20 - 50 % 30impmmTH rIUOUHY 1
MIKpOTBEpJICTh B 30HI TEPMIYHOrO BIUIMBY CTali. 3HIDKCHHS 3HOCY MOXeE
CTaHOBHUTH JCCATKHU 1 HaBITH COTHI pa3iB. 30UIBIICHHS TBEPIOCTI CTAHOBUTH 2-3
pa3u, a 30UIBIICHHS 3HOCOCTIMKOCTI BiIOYBa€ThCs Ha MOPSIOK abo Oimbrre. Lle
BiIOYBa€ThCSI TOMY, IIO TapTyBaHHS 3aIMIIAETHCS HAMOUIBII IMOIIMPEHUM
criocoboM 3MinHeHHs. barato geranei (Mpy)XWHH, KyJBKOBI 1 PpOJMKOBI
MiAOTUITHAKA KOYEHHS, PDKYYHH 1 INTAMIIOBHH I1HCTpYMEHT) 0e3 TapTyBaHHSA
BUSIBJISIIOTHCS HETIpalle3IaTHUMHU.

O6pobka TIIa3MOBOIO IYTOI0 JI03BOJISIE OTPHMATH B MOBEPXHEBOMY IIapi
cramu 20X13 wmaprercut 3i 3HauHOWO (30 - 50 %) 4YACTKOKO 3aJIUIIKOBOTO
aycTeHiTy. TBepaiCTh NOBEPXHEBOTO 1Iapy HpH LbOMY cTaHOBUTH 650 - 700 HV,
rmbuHa 3MinHEHOi 30HU — 0,8 MM. B TepMooOpoOIeHOMY IDIa3MOBOKO AYTOIO
noBepxHeBoMy mmapi cram 20X13, chopmMoBaHOMY MOCHITOBHUMH MPOXOJaMH
TUIa3MOBOT JYTH 3 IIEBHUM CTYTIEHEM IIEPEKPHUTTS, BUHUKAE PETYISIPHA CTPYKTYpa 3
(a3oBUM CKIIaZIOM 1 TBEPAICTIO, IO MEPIOJUYHO 3MIiHIOIOTHCS. OUYeBHIHO, IO
peTryJIIOBaHHSIM MapaMeTpiB PeXUMy 0OpOOKH (CTPYyM IUIa3MOBOI JyTH, IIBUIKICTD
il mepeMilIeHHs, CTYNmiHb MEPEeKPHUTTSA JOKATbHHUX 30H 3arapTyBaHHS) MOXKHA
isecrpsMoBaHO (GOPMYBaTH NEBHHH CTPYKTYpHO-(a30BHIl CTaH MOBEPXHEBOTIO
1apy 3 BJIACTHBOCTSIMH, SIKi HAMO1IBII MOBHO BiAMIOBITAIOTh YMOBAM €KCILTyaTaIllii.
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HAHOTEXHOJIOT'Ii B MEJIUYHIN IHXEHEPIT

Mapuenko K. C., cmyoenmxa ep. MT.m-01;
Mapuenxo C. B., ooy. kagh. I[IM i TKM, CymAY, m. Cymu

ByrienieBi HaHOTpYOKM CTalOTh IPEIMETOM JIOCHIDKEHb Y raimysi
MOHITOPHHTY CTaHy KOMIIO3WIIIHHX MaTepialiB 3aBIIKH iX HaHKpammM
XapaKTEepPUCTHUKAM Ta 4yJ0BHM MEXaHIYHHM BJIACTUBOCTSIM.

IomimepHuit Martepiaj, BHUTOTOBICHHH 3 BYIJICHEBUX HAHOTPYOOK,
BUKOPHCTOBYETHCS JUISL CTBOPEHHS 11" €30PE3UCTHBHOIO TEH30METPHYHOTO MPUIIATLY
IUTL TOCTIDKEHHSI CTPYKTYpHOTO cTaHy. Ilomimep mokpairye Mik¢pa3zHuiA 3B°S30K
MDK HaHoTpyOkamu. JlaTymku, sIKi BHKOPHCTOBYBaMCh 0€3 IOJIMEPHOTO
MaTepiaiy, 3 OJHOIIAPOBOIO IUTIBKOIO BYTJICIEBUX HAHOTPYOOK /JaBaiy CIIOTBOPEHI
BUMipH JedopMarii, OCKUIBKM TpaBiTaiiiiHa cuwia Ban nep Baambca nosBossuia
OCbOBE KOB3aHHS TIJaJKHX IIOBEPXOHb HAHOTPYOOK. OmHaK y MOJIMEPHOMY
JIATYNKYy BUKOPHCTOBYIOThCS BENIMKI 0araToCTiHHI BYIJIeLleBI HAaHOTPYOKH, SIKi
MOKPAIIyIOTh Tepenady aedopmarlii, BiATBOPIOBAHICTh Ta JIHIHHICT JaTYHKA.
EnextpuuHy Mopmens matdmka naedopmarnii HAaHOTPYOOK OTPHMaHO Ha OCHOBI
EJIEKTPOXIMIYHOI IMIIEJaHCHOT CIIEKTPOCKOIIIT Ta AedopMaliiHux TectiB. Moaenb
MOXe OyTH BUKOPHCTaHa I pO3pOOKH CEHCOPHHUX CHCTEM 3 HAHOTPYOOK.

biomimMernunuii mTyyHMit HelpoH OyB pO3pOOJCHMH 3a PaxyHOK
30UIBIICHHA MOBKMHM JaTyhka. HelpoH — me noBruil nmarumk OesnepepBHOI
nedopmauii, sIKM Mae HU3bKY BapTiCTh, NPOCTHH B yCTaHOBII Ta Jierkuil. Heiipon
Ma€ HU3bKY TPOMYCKHY 3IaTHICTh Ta afeKBaTHy YyTIMBICT 1O Jedopmarii.
[ToTpeda B HEHPOHHOMY JAaTYMKY 3yMOBJICHA BUSBIICHHSM BEJIHKHX JedopMarlil,
TpimuH. Takuii maTYWK MOKe 3MEHIIUTH KUTBKICTh KaHaliB 300py NaHUX,
HEOOXITHUX ISl KOHTPOJIIO CTaHy BEJIMKHUX KOHCTPYKIiil.

ByreneBi HaHOTPYOKHM MOXYTh IIMPOKO 3aCTOCOBYBATHCH /ISl KOHTPOIIIO
CTaHy TMOJIMEPHUX KOMIIO3UTIB 3aBISKH iX YYyJIOBUM e€JIEKTPOMEXaHIYHUM
B1acTHBOCTSIM. CydJacHUM JOCSTHEHHSIM € BHSBIICHHS BYTJICLIEBHX HAaHOTPYOOK y
MNOJIMEPHUX KOMIIO3UTAX: HAINOBHIOBAY BYIJIEIIEBUX HAHOTPYOOK, BOJIOKHO,
MOKPHTE BYTJICLEBUMHU HAHOTPYOKaMH, MpsiKa 3 ByTJIEHIEBUX HAHOTPYOOK Ta marip
i3 ByrJienieBux HaHOTpyOOK. [lamip 3 ByrieueBMMH HAHOTPYOKaMU MOXKE BUPILIIUTH
Taki IpoOIeMH: JKOPCTKA JUCIIePCis MpH 3MIITyBaHHI BYTJICIICBUX HAHOTPYOOK Ta
CMOJI, cHiibHa nIedopMallis BOJOKHA, MOKPUTOrO BYTJICLIEBUMH HAaHOTPYOKamwu,
MOHITOPHHT BCi€i CTPYKTYpH HPsDKi BYTIICIEBUX HAHOTPYOOK..

3 PO3BUTKOM HaHOTEXHOJIOTIH B OCTaHHI POKM BUHMKAIOTh NMUTaHHS LI0I0
BIUIMBY HAaHOYACTHHOK Ha 370poB’sa. Byrienesi HaHOTPYOKM — Iie BOJIOKHHCTI
HAaHOYACTHHKH 3 MIKPOBHMIPHOIO JOBXXHHOIO Ta HAHOPO3MIPHHM J[iaMEeTPOM, SIKi
MarTh BiIMiHHI (I3WYHI BJIACTUBOCTI Ta IIMPOKO BHBYEHI 3 TOYKH 30py ix
MOTEHIIMHOTO 3aCTOCYBaHHA B MeauIuHi. OJHAK iCTOPUYHO OyJo TOKa3aHO, IO
a30ecT NpH BIMXaHHI BUKJIMKAE 3JIOSKICHY ME30TENOMY IUIEBPU Ta pak JIEreHiB.
OCKiNBKHM BYTJIEIIEBI HAHOTPYOKH € BOJIOKHHCTHM MarepiajioM, NMUTaHHA B iX
MOJKITUBIH KaHIIEPOTCHHOCTI 3JIUIIAETHCS BiIKPUTHUM.

TakuM YMHOM, NOCIHIKEHHS BIIMBY BYTJICIIEBUX HAHOTPYOOK Ha >KUBHH
OpraHi3M € aKTyaJbHUM Ta MOTPe0ye NEeTaNbHOTO PO3TIISLY.
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CEKIIA «OIITP MATEPIAJIIB
I MAIIUHO3HABCTBO»



MILHICTh HATIIBHECKIHYEHHOT TPYBU ITPU ITPOBUCAHHI
1] JIEIO BJIACHOI BATU

Kueunii /. O., ooy. kag. KM, Teepooxnio A. C., cmyo ep. IM-91,
Cym[Y, m. Cymu

MoHTaX MeTaJIeBUX TPYO MPOB’s3aHUil 3 iX MPOBHCAHHIM IiJ JI€I0 BJIACHOT
Bard. ToMy TOHKOCTIHHI MeTajeBi TpyOW OOOB’SI3KOBO pO3TAIIOBYIOTH Ha
CHeliajJbHUX MiATPUMYIOYMX OIOpaX, BCTAHOBJICHHX uepe3 IEBHI 1HTEPBAJH,
nepen OOTHUCHEHHSIM. BepTukanbHa TpoKiIanka IMOTpeOye MEHIIOI KiTbKOCTi
KPIMIWIBHUX CJICMCHTIB 4epe3 OUIbIIy BiJCTaHb MK TOYKaMHU KpimieHHs. lle
MOSICHIOETBCSI THIM, IO BEPTHUKAILHO MPOKJIaAeHI TpyOH He MiInaaaroTh i ifo
3TUHAJNBPHUX 3yCHJb BiJ BIAacHOi Baru. BIimB jke 3TMHANBHUX 3yCWIb Bif Iil
BJIACHOI BarW MPUTAMaHHHUIA MPOKJIAJICHAM TOPHU3OHTAIBLHO TPyOaMm 3 Oyab-sKUX
MatepianiB. Y pa3i HEOOTpUMaHHS BIACTaHI MiX PEKOMCHIOBAHHMH TOYKAMH
KPIIJIEHHS €KOHOMIS Ha KPIIJICHHI HEMHHYyY€ MPU3BEE 10 MPOBUCAHHS TPYO.

PosrnsHyTO  HamiBHECKiHYCHHY TpyOy  CTaJeBy  €IIEKTpO3BapHy  3a
JICTY 8943:2019 Buytpimupsoro miamerpa 100 MM 3 TOBIIMHOIO CTiHKH SMM 3i
crami 08km. CumoBa cxeMa 3BOIUTHCA A0 IBOXOIOPHOI Oallké 3 pO3MOIiICHIM
BaroBMM I[IOTOHHUM HaBaHTaXCHHSAM (. Yepe3 HaMiBHECKIHUCHHICTH TPYOH Y
nepepizi A He TUTBKH IPOTHH, ajie 1 KyT MOBOPOTY JOPIBHIOIOTH HYJIO. 3 PIBHSHB
piBHOBaru 3HaiimeHo peakiii Ra?, RaY Ta Rg. Ha ocHOBI MeToga MOYaTKOBHX
mapameTpiB 3 ypaxyBaHHIM Wo = Wa = 0; 0o = 64 = 0 ckmageno piBastHESI W = 0, 3
SIKOTO 3HAXOUTHCSI PO3MIp a B 3aj1exHOCTI Bif l.
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Pucynok 1 — Po3paxyHkoBa cxemMa HalliBHECKiHUCHHOT TPYOH NP NMPOBUCAHHI ITiJT
JIi€f0 BIACHOT Baru

B po6oTi mociimpkeHo 3aNeXKHICTh MAaKCUMATbHUX 3THHAIIBHUX HOPMAIbHUX
HaIpy’keHb B T.B y craneBiil HamiBHecKiHYeHHiH Tpy6i op™™=(-1%(a)/(2-Wy),
YTBOPEHHX BIIACHOIO Baror Mpd MpoBUCaHHi, Bimx crpinu mporuay f(I(a)).
IToka3aHO HENMiHIHHICTE 3aJEKHOCTI MaKCHMalbHUX JIHIMHHX aedopMarii mpu
TaKOMYy 3THHAaHHI BiJ] MaKCHUMaJbHHX HOPMAaJbHHX HANPYXEHb 1 ITOKa3aHHUH
3B’S130K JIOIYCTHMOT CTPUTH MPOTHHY BiJl TOIYCTHMUX HOPMAIEHUX HAIPYKCHb.
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PALIIOHAJIBHE IMTPOEKTYBAHHA PI3bEOBOI'O IBOBOJITOBOI'O
3’€/THAHHA 3 HATAT'OM

HKueuniu [. O., doy. kagp. KM; Pocnaxkos M. IO. cmyo. ep. IM-91,
Cym[Y, m. Cymu

3a3Buuail TPOCKTyBaHHS 3a JONYCTHMUMH HANPYXKCHHAMHU 3ajHINae Y
KOHCTPYKIIii MPUXOBaHWH 3amac MiHocTi. B po6oTi 3pobiieHa cripoba y mepriomy
HAOJVDKEHHI  OI[IHUTH BTpaueHi pecypc Hecydol 37aTHOCTI 3’ €JIHAHHS.
3acTocoBaHa METOJMKA IEPEBIPKU OE3MEKkH 3a TPAHWYHUM CTaHOM TIepEeBipse
Oe3meyHICTh 3’€HAHHS IUISIXOM TOPIBHSAHHS BEJIUYMHU BIAPUBHOI cwm F 3 11
PYHHIBHUM 3HAYCHHSIM.

Bpaxamocs, mo aOCONIOTHO >XOPCTKUN TMPAMOKYTHHH CTEp)KEeHb 3aJaHuX
po3mipis (I = 50 mm; a = 100 mm; L = 200 mMMm) 3akpimieHo 10 abCOIIOTHO
JKOPCTKOT TIOBEpXHI 3a JOMOMOTOI0 JBOX BHCOKOMIITHMX OontiB M10 3a
I'OCT 7805-70 xiac mirHocTi 8.8.

Yy N
Pucynoxk 1 — Po3paxyHkoBa cxema BiJJpUBaHHs pi3b00BOro ABOOOITOBOTO
3’eJHaHHS 3 HATArOM No

Crovatky po3paxyHKOBa cucTeMa OOJTIB € CTaTUYHO HeBH3HauyBaHa S =1.
Just Hel CKIAJEHO CTATHYHWN acheKT 3a1adi y BUTJS PIBHSHHS PIBHOBAru
¥Mc =0, reomerpuuHnii — ymoBa cymicHocti medopmariii Ala/(a+l) = Alg/l i
¢izmuHnii — 3akoH ['yka mpu po3TsaraHHi. 3rogoM 0OAT A Jocsrae TpaHHMIN
TEKy4OCTi 1 CHCTeMa cTa€ CTaTU4HO BU3HauyBaHOK 3 Na = o,mdi%/4. Tlpu
PO3paxyHKy 3a JOMYCTHMHMH HAMPYKCHHSAMH BBaXKAEThCS T'PAaHUYHOIO cria F,
mo Bianosigae Na = [c]-nd:1%/4, a 3a rpanuunumM ctasoM — Ng = (o./n)-nd:1%/4, ne
n=1,5.

IIpuxoBaHuii 3amac MIIIHOCTI 7 OI[IHEHO y BiJICOTKaX HAa OCHOBI BITHOIICHHS
PI3HUII JOMYCTUMHX CHJI 38 TPAHHYHHM CTAHOM Ta JOIYCTHMUMH HAIPYKEHHIMH
(pu ogHaKOBUX KoedimieHTax 3amacy N) 0 JOMYCTUMOI CHIIH 3a JOITyCTUMHUMH
HanpyxeHHsMu. Takox moOymoBano rtpadiku F(Na) ta F(Nz) B ormineno
JKOPCTKICTH OIOPY KOHCTPYKIIi B MpoIlleci pyiHHYBaHHS 32 YMOBHU IONEPEIHBOTO
HaTary 6onTiB No, 10 BiAMOBiga€ HOPMAILHUM HaIpyKeHHSIM B Oontax y 10 %
BiJ] TPaHUIIl TEKYYOCTI.
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PAIIIOHAJIBHE IMTPOEKTYBAHHA IBOTABPOIIOAIBHOI'O ITEPEPI3Y
ITPU TINIOCKOMY 3I'MHAHHI

Kueuniii /. O., ooy. kag. KM, I'pueop’es B. C. cmyo. ep. IM-91,
Cym[Y, m. Cymu

JIBoTaBpoBUil epepi3 BiIOMHI CBOEKO MPUIATHICTIO IO POOOTH IPU MPSIMOMY
TIACKOMY sruHaHHI. OCKUTPKY HAWOUTBIT HOpMAITBHI HATIPY/KCHHSA 3ocepen>1<eH1 y
HaMBIIIANCHIMUX BiX HEHTpaNbHOI JiHIi YacTHHAX Mepepi3y, BOYCBHIb BUTITHO
30CepeKyBaTH TaM OUTBIIy YAaCTHHY Macd Mepepisy. 3alHIIKoBa IMepeMHYKa
CIIyTy€ BUKJIFOYHO I 3’€JHAHHS HECYYUX INApiB y CHUIbHY KOHCTPYKIIIO, IO
MpAIIoE CYMICHO, BUKOHYIOUHM B TMEpIIOMY HAOJNMXKCHI TilOTe3y IUIOCKHX
nepepiziB. OHAK Y BUITAIKY HASBHOCTI IMOTIEPEYHUX CHJI Tpeba OpaTH J0 yBard i
JOTHYHI HampykKeHHs 3a (hopmyioo JKypaBCbKOro, sIKi CIPUYMHSIOTH TUIOCKUI
HaIPY>XCHUU CTaH.

TakuM 4MHOM B T. A YTBOPUTHCS OJHOBICHUI HAIPYKCHHI CTaH 3 TOJIOBHUM
HaIlpyXKeHHAM 01 = oa = Myx/ Wy, 1e Wx = I/(h/2), a Ix=2-((b-t})/12+(h-
-t)2-b-t/4)+s-(h-2-1)%/12. A B T. B — mnockuit Hapr)KeHI/Iﬁ cran, ae o = My (h-
20/ (2:1x), a "™ = Qy- (b-t)-(h-t/2) / (s 1x) 1 rOIOBHI HANPYKEHHS CKIAAyTh:

o, =(O'B+JO'B +4.7 )/2;

o, =0;

o, =(0'B—JO'§ +4-7} )/2

Pucynok 1 — Po3paxyHkoBa cxema HaIlpy>kK€HOTO CTaHy Y HECKIHYEHHO MaJluX
eJIeMEeHTaX B HEOE3MEeYHNX TOYKaX ABOTABPOIOAIOHOTO Iepepi3y MPpH MIIOCKOMY
3THHAHHI

B poGorti Ha 0CHOBI PiBHOCTI €KBiBaJIeHTHUX Hampy>keHb 3a |11 Ta IV teopismu
MIITHOCTI B TOYKax A Ta B, BU3HAYEHO 3aeXHICTh pallioHAIFHUX PO3MipiB t mpu
¢bikcoBanux tromti mepepisy F, mmpuui b Ta BucoTi h Bim cmiBBimHOIICHHS

Mx / Qy.
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PAIIOHAJIBHE IMTPOEKTYBAHHA TOHKOCTIHHOI'O KOMIPHACTOI'O
ITEPEPI3Y ITPU ITNIOCKOMY 3I'MHAHHI

Kueunii /. O., ooy. kag. KM; Ocunos O. O. cmyo. ep. IM-91,
Cym[Y, m. Cymu

TOHKOCTIHHI KOMIpYacTi KOHCTPYKIii JO3BOJSIOTh 3HAYHO 3CKOHOMHTH
MaTepiall KOHCTPYKIIii pu 30epekeHHi 11 Hecydoi 3MaTHOCTI TP pO3paxyHKOBUX
BUJIaX HaBaHTaKeHHs. Hampukian, 3acTocyBaHHS JICTKAX CTAIEBUX TOHKOCTIHHUX
KOHCTPYKIIIH JIEKATh B OCHOBI aJbTEPHATHBHOI CydacHOT KapKacHOI TEXHOJIOTii
OyIiBHHIITBA MAJIOTIOBEPXOBUX OyiBenb. JIerki cTaieBi TOHKOCTIHHI KOHCTPYKIIIT
MOXXYTh OYyTH HECYYMMH KOHCTPYKIIISIMH MAaJIOTIOBEpXOBHX OyaiBedp abo
CKJIQJIHUKAMU B KJIACHYHUX METAIICBHX Ta 3ali300€TOHHUX KOHCTPYKIsix. Taki
6yJII/IHKI/I MaTHMYyTh Mally Bary KOHCTPYKIIil, a 3HAYUTH TOCTIIYIOTh BUMOTH i
BapTicTh (GyHAaMeHTIB. MalmMHOOY/[iBHI METOAM MPOEKTYBAHHS 1 BUTOTOBJICHHS
3a0e3mneyaTh BUCOKY TOUHICTh KOHCTPYKIIH. LIS TEXHOMOTIS € «CyXHM» CIIocoO0M
OyIiBHUIITBA, TOOTO MOHTa)K MOYKHA BECTH IIIJIHH PiK.

JocmimkyeThess OyAiBeIbHHMA €IeMEHT — TOHKOCTIHHA KoMipuacTa Oajka, 1o
YTBOPIOETHCSI 3 IUIACTHHU TOBIIMHOK O cTaynoi mHUpuHUA P 1 craHmapTHOl st
notpe6 OymiBHUIITBA BHcOTH. DopmMa mepepizy chopMoBaHOi OalIKu MPUHHSITO Y
BHIJISAII IBOX POMOIB 3 OJTHUM CITUTLHUM 1 IBOMA 3’ €THAHUMH TIOJIKAMHU KyTaMH.

Pucynox 1 — Cxema TOHKOCTIHHOTO KOMipYacTOro epepizy

ITpu 3adikcoBanili cymapHiil IOBXHHI NepUMETpy KoMipuiB nepepizy P
HE3aJIE)KHUM I1apaMeTpoM MOKHa oOparm Oyap-skmii 3 b, h, a abo . YMoBowo
pamioHaTBFHOTO 3THHAHHS TaKOTo Iepepi3y € piBHICTh CTATHYHUX MOMEHTIB 000py
Wy = Wy, mo o3Hauae piBHOMIIHICTh TAKOT'O IEpepidy MpPH 3TWHAHHI BiJTHOCHO
060x romoBHux oceii (Bici X Ta Y € rONOBHUMH IEHTPaJbHUMH, OO BOHH - BiCi
cumerpii), ae

W, =2.[4-5-h°-cos® B/3+5-b-h*-cos” B ]/(h-cos B);

W, =2:[4-5-h°-sin® B/3]/(2-h-sin ).
3 1iel ymoBu, Marouu P = 8-h+2-b ta h/b = CtgP / 2, 3naiineno p.
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OINTUMIBALS TEOMETPIT CYLIJILBHO KOMITO3UTHOI'O BOJIHEBOI'O
BAJIOHA BUCOKOI'O TUCKY

HKueunivi /. O., ooy. kag. KM; Onitinux €. O. cmyo. ep. KM-T1,
CymY, m. Cymu

TTomyk TOTY>XHUX BiTHOBIIOBAaHUX IPYXHIX O TPHPOIU JKEpEN eHepril
MOBEPTAE JOCIIAHUKIB 70 TIpobiieM Ti 30epiranHs. Tak MEepCIEKTUBHUM 3 OTJISTY
€KOJIOTIYHOCTI € BOJICHBb SIK MaJWBO. TOMY TPOCKTYBaHHsS OC3MEYHHX MIiCTKHX
MOCYIUH 30epiraHHs BUCOKOTO THCKY € aKTYaJIBHOO 3a/1a4eto.

B po6GoTi jochmimkeHO CYHIIbHO  KOMITO3UTHUH  BOJHEBHHA  OayioH
NBTCPHATHBHOT TEOMETPil CEepPeqUHHOI JiHIi IIapyBaToOi BYIJICILIACTUKOBOL
000I0HKH 00epTaHHS TOCTIHHOI TOBIIMHW. BUXimHI mapaMeTpu BiANOBiIAIOTH
Oamony B aBtoMoOimi Toyota Mirai XLE: makcuManbHUE BHYTPIIIHIA THCK
87,5 MIlIa nipm 30epiranHi 5 KT BOJHIO.

[IpyxHI BIACTHBOCTI BYIJICIUIACTHKA 3HaineHo 3a Doiirtom i Peiicom 3a
MPHUHIAIIOM MiICYMOBYBaHHS MOBTOPIOBAHUX €JIEMEHTapHUX MmapiB. CroyaTky
3HAXOIIUINCS TPYXKHI BIACTUBOCTI OJHOHANIPABICHOI CTPIYKH, a IOTIM
MiJICYMOBYIOTBCS BJIACTHBOCTI ITMX ITOBEPHYTHX IIApiB 3a CXEMOKO YKIAJAKH
[(+¢ /-¢)n].

AHaITHYHI BUpa3d TeoMeTpil HEHUTpasbHOI JIiHII KOMIO3UTHOI OOOJOHKU
o0epTaHHsS BUPaXXCHO 3 MipKyBaHb, IO HIDKHS TIOJIOBUHA OOOJOHKU CKIIAJAEThCS
3 eJIircoina Ta 0THOMOJIOCHOTO Tinmep0o10iaa 3i crinbHOO Biccto cumerpii OY':

Y, = b, -\[1-x°/aZ +b,; y, =—b, -\/-1+x*/a +b, + A.

Po3mipu ae, be Ta an 3amano 3 o6MexeHp Ha rabaputu 6agoHa, A — 3 PiBHIHHS
st 00’eMy mocyauHH, a bn — 3 yMOBHM TJagkocTi 3’€IHaHHS ejincoina 3
nmapaGonoinom: Y, (X,) =Y (X,).

}/ {3

W

BN

Pucynok 1 — Cxema reometpii BogHEBOTO 6ajlOHA BUCOKOTO THCKY

HampyxxeHo — pgedopmMoBaHHW CTaH TOCYAWHH ]l CTAaTHYHOIO €O
BHYTPIIIHBOI'O BHCOKOTO THCKY BH3HAYEHO METOJOM CKIiHYCHUX EJICMCHTIB B
OCEeCHMETPHYHIN mocTaHoBIi. [ OIiHKM Hecydoi 3AaTHOCTI BYTJIETIIAaCTHKOBOI
00O0JIOHKH BUKOPUCTaHO Moau(ikoBaHWA Kputepiit MinHocTi Bepemaku C. M.,
10 BKJIFOYA€ BPaXyBaHHS OMEPEYHOTO MIXKIIIAPOBOTO 3CYBY Ta TPAHCBEPCAIBHUX
HaNpY>KCHb OOTUCHEHHS. Y TOUHEHO 3HAYCHHS an I MAKCHMi3allii MII[HOCTI.
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AHAJII3 BHYTPIIIHIX 3YCHJIb B EJIEMEHTAX ®EPMU
ITPU 3MIHI PO3TAIIIYBAHHSA OITIOP

Anuenko B., yuens 10 ka., wikona Ne 2, m. Binoninnsa;, Kuno H., yuenv 9 K.,
wrona Ne 1, m. Cymu; Cmipnos B. O., oupexmop yenmpy HTTY M,
CymY, m. Cymu

¢ °f 1 A

Posrismanocs 3 BapiaHTa po3paxyHKOBHX cXeM (epMH. 30BHIITHI CHIIOBI

¢dakropn (F) mnpukiaganucs BHKIIOYHO Yy Bysiax. CroyaTtky BHKOHYBAaBCS
PO3paxyHOK Ui 3Haxo/pKeHHs omopHux peakiiin (Va, Ve, Ha ,Hg), murixom
CKJIaJJaHHs TPHOX HE3AICKHUX DIBHAHBb CTaTHKH, a came y, M, = 0, Y, Mg = 0,
Y. X = 0, 3 BUKOHaHHAM TiepeBipku. Jlai moMiuaBcst OPSIIOK «BUPi3aHHS» BY3IIiB
(epMH 3a IOMOMOTOI0 YHIBEpCATBHOIO METOAy IepepisiB. s KOKHOTO By3na
CKJIQanocs JBa He3ajexHuX piBHsAHHA ), X =0, >V = 0 3a I0MOMOror0 SIKHX
BU3HAa4alucs BHYTpimHI cwioBl ¢aktopu (BC®D) — mnoB3noBkKHI CcHin:
Ny, Ny, ... , Ny, Ns. AHanizyloud KOHCTPYKTHBHY 1 PO3PaxyHKOBY cxeMHu (epmu
CJIiJ1 3ayBa)XKMTH, 110 JJIsl CIPOLICHHS PO3PaxyHKIB OyJM BBEJIeHI YMOBHO IApHIpH
y By3nax. [licis mpoBemeHHs BCiX pO3paxyHKIB Mo 3HaxopkeHH0 BCOD
MPOBOJIMBCS aHAJI3 X 3yCHJIb B OKPEMHUX €JIEMEHTaxX (hepMH.

Posrnmsmanucss iHIN CcmocoOM 3HAXOMKCHHS BHYTPIMIHIX 3yCHIb 3a
JIOTIOMOTOI0 METOZa «MOMEHTHOi TOYkW». B mpomy BHmaaky depmy ciin
PO3IIISIATH K CHCTEMY JIOBIIBHO PO3TAIIOBAHMX CHJI. 3HAXOIMIIMCS IIepeBaru ta
HENONIIKK KOXHOTO i3 METOMiB. BHKOPHCTOBYIOUM «CHIIOBHI» Ta <JIHINHHI)
MacmTaOn 3HAXOMWUTH BHYTPIIIHI 3yCWUIS MOXHA TpadidgHo, 3a JOTOMOIOIO
CHUJIOBUX MHOTOKYTHHKIB. Po3TamnryBaHHs eleMeHTIB (epMU BUKOHYBAJIOCS 3
BUMOT T'€OMETPHUYHOI HE3MIHHOCTI Ta CTATHMYHOI BHM3HAueHOCTi. Posrismanmucs

JIesiKi TIMTaHHS CTOCOBHO ()OPMH IIONIEPEYHHMX IMepepi3iB eJIeMEeHTIB (epMHu.
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JOIUIBHE PO3TAIITYBAHHHSA OIIOP V BY3JIAX
IMPOCTOPOBOI'O EJIEMEHTA

Poorcros M., yuenwv 9 xn., wxona Ne 1, m.Cymu; Jleguenxo B., yuensv 9 k., yenmp
no3awikinbHoi ocgimu, wikona Ne 6, m. Jlebeoun; Cuipnog B. O., oupexmop yenmpy
HTTYM, Cym[V, m. Cymu

Posrmaganocs Tpu 3amadi 1O 3HAXOKCHHIO ONOPHHMX peakmiidi B
HIapHIPHO-PYXOMiH, LWIIHAPUYHIN Ta cdepuuHiii onopax. Po3ramyBaHHs iX y
By3JlaX IPOCTOPOBOI paMu He 3MiHIOBAJIOCh. B KOXHIH 13 OOp BUHUKAIOTH OJHA,
JIBi, TpU cKIajioBi, a came: Hy, H,, V. KinbkicTb HEBiIOMHX ONOPHUX peaklii He
MOBUHHO TEPEBUIYBaTH 6, B IHIIOMY pasi JaHa 3aj1aya CTaTHYHO-HEBU3HAYYBaHA.
3acTOCOBYBaBCS MPHUHIIMI He3aleKHOCTI aii cuit. ITicis ckiagaHHs He3aleKHUX
piBHSIHB CTaTUKHU (ZMx=O,ZMy=O,ZMZ=O,ZX=O,ZY=O,
Y7 = 0) 3HAXOMIMJIVCS OTIOPHI peakiii. JesKi TpyIHOII BHHUKAIH TIPU CKIaJaHHi
MOMEHTIB CHJI BiIHOCHO OCE# X, Y, Z, TOMy OyB BUKOHaHMH MaKeT IPOCTOPOBOI
paMu 3 OCSIMHM I10 TPaHsIM JlaHoi pamMy. BuBuanucst pisHOMaHITHI aKCOHOMETPUYHI
npoekuii. BukoHyBaBcsS aHai3 3HAYEHb HAMJCHWX OINOPHUX peakmid 3
ypaxyBaHHSM iX BEJIMYMH 1 HaNpsAMKY. Merta — o0y10Ba reOMETpUYHO HE3MIHHOT
cucremu. Jlani OiorpadiuHi JaHi MIONO BUEHMX, IO BHECIM 3HAYHUN BKIAI Yy
HayKy: NpeJIMEeT TEOpeTHYHa MeXaHika, omip marepiaiiB. Posrisgannucss MOXIHBI
BuAM Aedopmariiii, ix xapakrep B OKpeMHX €JIeMEHTax MPOCTOPOBOI pamH.
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IMOBYIOBA KAJIEHJJAPHOI'O I'PA®IKA OBUMCJIEHb 3HAYEHDb
BHYTPILIHIX CUJIOBUX ®AKTOPIB B CTATUYHO-BU3HAUYBAHOI
BAJIKN 3 BUKOPUCTAHHSAM OCHOBHUX I10JIOKEHD,
METO/JIMKA HABUAHHA

Momounm C., yuenuysa 11 xknacy, wixona Ne 2, m. Binoninns;
Cwmipnos B. O., oupexmop yenmpy HTTVM, Cym/Y, m. Cymu

/ W / l/

A B

Posrnmsmanack 3amaua mpu  gedopmariii  MOMEPeYHOro 3rHHY, a caMe
CTaTUYHO BU3HAUCHA OajKa, 3aBAHTa)XCHA 30BHIIIHIMH CHJIOBUMH (aKTOpaMH:
F,m, q. banka BiTHOCUTbCS 0 IJIOCKOI CUCTEMH JIOBIJIBHO PO3TALIOBAHUX CHJI, IIO
noTpedye CKIaJaHHs TPhOX HE3aJCKHHUX PiBHSIHB cTaTthku: ), My, = 0, Y, My = 0,
Y. Y = 0, 3 ypaxyBaHHAM TIepEBipKH.

[Ticnst moGynoBu emtop BCO BcTaHOBIIIOBAIUCS JESIKI OCOOIMBOCTI €ITOp:
MOMEePEYHOT CHUITH, MOB3JOBXKHBOI CHIIM, Ta 3rHHAILHOIO MOMEHTY Ha IiJCTaBi
teopemu A.1.KypaBchkoro, «cTpuOKiB», Ta iH.. BuOupascs neBHui Macmrabd nux

emrop. Posrmsmamics yMOBH MIITHOCTI 1 YKOPCTKOCTI: % < [0],% <
[t], ®max < [@]. Cnin matu Ha yBa3i, mo s 3HAXOMKEHHS M4y 1 Qpay i€
PO3paxyHKOBE HaBaHTaXEHHs 3 KoediuieHToM Yy > 1 Ta HopMmaruBHe ¥y = 1 mis
YMOB KOPCTKOCTI.

VY xanenmgapHOMY Tpadiky chopMoBaHi HACTYITHI OJIOKH:

1. Axryanizauis — (MOHATTS NEPBUHHUX MEXaHIUHHX €JIEMEHTIB, IPUHIIMII
HE3aJeKHOCTI 1 JOoHaBaHHS [ii CHJ, BHOW OCHOBHHMX Ta CKJIaJOBHUX
nehopmartiii, oguuumi BuMiptoBauus F,q,m,V, H)

2. MotuBanis — (3HAXOKCHHS MPOCKIII CHJIM HAa BiCh, METOJ] MEPEpPi3iB Ta
X BUAM, TOHATTS PO HANPY>KEHHS: TIOBHUX, HOPMAJIbHUX, TOTHYHHX )

3. BukopucranHs 3HaHb — (3HAXO/KEHHs 3HAU€HH IONEPEYHOTO Iepepizy
Ganku b X h, @, nepeBipka yMOB MILHOCTI, 3HAXO/PKEHHS JOIYCTHMOTO
HaBaHTAXXCHH).
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METOJAMYHI OCOBJIMBOCTI 3HAXO/I2KEHHA 'OJIOBHIMX BEKTOPIB
I MOMEHTIB V¥ JKOPCTKOMY 3AKPIIIJIEHHI I[TPOCTOPOBOI'O
JIOMAHOT' O BPYCA

Jlewenxos P., yuenv 10 ku., yenmp nozawkinenoi oceimu, wikona Ne 5, m. Jlebeoun;
Cwmipnos B. O., oupexmop yenmpy HTTYM, Cym/[V, m. Cymu

Mx

Bimomo, mo B KOPCTKOMY 3aKpiIieHi BCci BHYTPIIIHI (PaKTOPH MOKIIHBO
MPUBECTH 10 JBOX TOJIOBHHUX BEKTOPIB; KOMIIOHCHTH SIKMX Ha OPTOTOHANBHIH Bici
MOYTh OYTH 3HAHICHI IUITXOM CKJIJaHHS MICCTH HE3AJICKHHUX PIBHSIHb CTATHKH:
XM,=0,¥M,=0, YM,=0, YX=0, XY =0, ¥Z=0. [Jna Oinbm
MPOCTOTO  3HAXOJ[KECHHS , JOUITBPHO BHUKOPHCTOBYBATH KOHCTPYKTHBHY
aKCOHOMETPUUYHY CXEMYy a TOTIM MEeperTH 10 po3paxyHKoBoi cxemu. lle macthb
MOJKJIMBICTh TIOKa3aTH OPTOrOHAJBHI BICi X, Y, Z y BCIX €IeMEHTax MPOCTOPOBOIO
Opyca, BKIFOYAIOYH ICHTP TSDKIHHA, II0 B CBOIO Yepry 3a0e3MEeUUTh IMPaBHIIBHE
3HaXO/KEHHS BeNWYuH H,, Hy, V,, M, My, M,. Tlpn BUKOHAHHI PO3paxyHKIB
3aCTOCOBYBABCS TPUHIWI HE3aJEKHOCTI Ta [OJaBaHHA Mii CcuiI. MOXIIHBO
BUKOHYBaTH TIpH HABaHTaXXCHHI paM OKPEMHMH 30BHIIIHIMH CHJIOBUMH
(axropamu: F,m, q, a Hai{/ieH] 3HAYCHHS JOAaTH OJUH O OTHOTO. J[yKe MomiapHe
1 BaXJIUBE, 3 ypaxyBaHHSIM KOHCTPYKTHBHOI CXEMH IOYATH BHBYATH XapakrTep i
BUA nedopMallii OKpeMHX eJIEMEHTIB MPOCTOPOBOTO JIOMaHOTO Opyca. BukoHaBcs
MakeT Opyca i3 TYMOBHUX €JIEMEHTIB 3 HAHECEHWMH IO CTOPOHAX MOB3OBXKHI Ta
MoTepeyHi JiHil, 3 MeTOI0 MoscHeHHs mpuHIuny bepHymn ta CeH-Benana. B
MOJANBIIOMY PO3TJISIIANNCS PI3HOMaHITHI 30BHINIHI HaBaHTaxeHHA F,q,m B
IHIIMX AUTHKaX JIOMAaHOTO Opyca 3 MOXIIMBICTIO 3HAaXO/KEHHS BHYTPILIHIX
cunoBux (akropiB  (BC®) y KopcTkoMy 3akpilUleHHI Ta BHOOpY HaHOiIbII
HeOe3MeYHoro BapianTa HaBaHTAKEHHS.
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METOJMKA TIObYJJOBH EITIOP BHYTPIIIHIX CUJIOBUX ®AKTOPIB
B APIII 3 YPAXYBAHHSM BUBOPY PAIIIOHAJILHOI OCI

Jlumeunenxo O., Karawnux C., yuni 11 xn. wkona Ne 12 m. Cymu,
Cwmipnos B.O., oupexmop yenmpy HTTYM, Cym/[V, m. Cymu

bM

CnovaTKy po3risiianucst ABI PO3PaxXyHKOBI CXEMH 3 BEPTHKAIbHUM 1
TOPH3OHTAILHUM HABAHTAXXCHHSAM 30BHIIIHIX cwioBux (dakropis (3CD):
30Cepe/PKEHOI0  CHJIOK F  Ta pO3NOJUICHUM HaBaHTaXeHHAM ¢. OOpani
PO3paxyHKOBI CXE€MH € CTaTHYHO BH3HA4YCHI 3 YpPaxyBaHHSAM JIONOMDKHOTO
piBHsiHHS BigHOocHO ImapHipy C. [lami npoBOAMBCS pPO3NOALN oci apku Ha 7
HE3aJeKHUX TOYOK depe3 KoxHI 30° 3 HaxXxO[KCHHAM I1X KOOPIAHMHAT X;,Y;.
HaseneHi 3Ha4eHHs X;, Y; 3B€ACHO B TaOmuIto. [1oTiM BU3HAYAINCS peakilii B’ s13ei
H,, Hg,V,, Vg Ta ix mepeipka. [loOymoBa emrop MONEPEeYHUX CHII, 3THHAIBHUX
MOMEHTIB, MOB3JIOBXHIX CHJI BUKOHYBQJIUCh METOJIOM «XapaKTEPHHX TOYOK». A
came: CIoYaTKy IPOEKTYBAIKCS BC1 30BHIMTHI i BHYTPIIIHI CHIIOBI (haKTOPH Ha BICh
NEPIEeHANKYJSIPHY IIEHTPY Bard IEpUYeHOro Iepepisy, IOTIM Ha BiCh JOTHYHY
nepepisy, Ta 3HaXOJMIOCh 3HAYCHHsI 3TUHAIBHIUX MOMEHTIB BITHOCHO LIEHTPY Baru
3amaHoro nepepiszy. I'padiuni 3Hauenns Q, M, N OyayBanmcs y meBHOMY MacmTaOi
1 3 peTenbHUM aHaizoM 3HaueHb BC®. 3Haxoamnucs 3arajibHi BIACTUBOCTI €MIOP.
AmnanizyBanmucs BC® s 1aBox pospaxyHkoBux cxem 1, 2. Bymu Hagani
MOSICHEHHS IO OKPEMHX €JIEMEHTIB LUX cXeM. Bynu 3po0seHi BUCHOBKH WIO/O
PO3paxyHKOBUX cXeM: Oallku 1 apKH, y TOMY YHCII MOXIIMBICTh OKpECIICHHS Bici
apkn 3 ypaxyBaHHAM I «poOOTW» BHUKIIOYHO Ha JAedOpMalifo OCbOBOTO
CTUCHEHHsI. Po3risjanucs MUTaHHS KOHCTPYIOBAHHS apKd Ta BHIM Martepialib.
[MuraHHS pO3paxyHKy CTaTUYHO-HEBM3HAUYBAaHMX apoOK HE CTaBHJIOCH, aie
pO3MIAANINCH BapiaHTH TEOMETPUYHO HE3MIHHMX Ta 3MIHHMX CHCTEM.

1
BukoHyBamuCh PO3paxyHKH M0 BH3HAYCHHIO CKCHCHTPHCHTETY € = - 3 METOI0
mo0yJOBH KPHUBOI THCKY .
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3HAXOJ/IKEHHA HAWBUIBII HEBE3ITEYHOI'O PO3TAIIIYBAHHS OITIOP
CTATUYHO BU3HAUEHOI PAMU

Hlkona FO., yuenuys 10 ka., yenmp nosawkinoroi ocgimu, wkoaa Ne 5, m. Jlebeoun;
Cwmipnos B. O., oupexmop yenmpy HTTYM, Cym/[V, m. Cymu
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Jnst 3HaXO/KEHHS 3HA4YeHb 1 HANpsSMKY OIOPHHUX OIOPHHUX peaxiii
CTMOYaTKy BH3HAYAJIOCh CTYIIHb CTAaTUYHOI HEBU3HA4YECHOCTI 3a (opmynoro A =
Con — 3. Posrnsimasiock 4oTHpH BapiaHTH pPO3PaxXyHKOBHX CXEM 3 ypaxyBaHHSIM
3MIHM TIOJIOXKEHHSI I[IapHIPHO-PYXOMOI Ta MIAPHIPHO-HEPYXOMOI OMHOp paMH.
3acTOCOBYBABCSl TPUHLMUII HE3aJEKHOCTI [Tl CHJI TpU CKIaJaHHI TPbOX
HE3aIeXKHUX piBHAHb cratuku Y, My, =0, Y Mz =0, > X =0. Ilepesipka
PO3paxyHKiB BHKOHYBajgach 3a JONOMOror piBHsHHs Y. Y =0, a6o Y M, = 0.
30BHILIHE HABAaHTAXKEHHS NPUUHATO CTaTUUHUM. [IpoBOJMBCS OLNblI AeTaNbHUN
aHali3 3HAWIEHUX OMOpHUX peakuiil Vy, Vg, Hg B 3aleXHOCTI B po3TauIyBaHHS
omop pamu. [lokasyBaBcs MOXJIHMBHIA XapakTep Ta BHI aedopmarii cTiiok i
PHreITiB, 3 METOIO MOAAJIBIIOI MTOOYIOBH S0P BHYTPINIHIX CHIIOBUX (DakTopiB: Q-
nomnepeyHoi cwim, M - 3ruHaIbHOTO MOMEHTY, N - TOB3/I0BXKHBOT CHITH.

Posrnsmanmcs pi3HOMaHITHI pO3paxyHKOBI CXeMH paM: KOHCOJIBHI, OJHO i
JIBOX TIPOJIBOTHI, CTATUYHO BHU3HAYYBaHi 1 HEBU3HAYYBaHi, KOHCTPYKTHBHI BUMOTH
0 3’€mMHaHHSA y By3/lax (3BapHe, 3aKJIeNnKoBe, OOJNTOBE) 3 YMOB 3aaad
€KOHOMIYHOCTI. 3iCTaBIAINCA PO3PAaXyHKOBI Ta KOHCTPYKTHBHI CXEMH paM, IIO
BUKOHaHI y PI3HOMaHITHUX aKCOHOMETPUYHHX MPOEKIIAX 3 METOI BUKOPHCTAHHS
OCHOBHOT'O ITPUHIIMITY JAUAKTHKH.
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BU3HAUEHHS ITOJIOXEHB I'OJIOBHUX LIEHTPAJIBHUX OCEN
CKJIAJTHOI ®II'YPU

Tumogpees A., 10 kn., wikona Ne 2, m. Binoninaa; I'ey /[., 11 xa., yenmp
no3awkinbHoi ocgimu wxona Ne 7, m. Jlebeoun; Cmiprog B. O., oupexmop yenmpy
HTTYM, Cym[V, m. Cymu

}

C

o *Cs

*C4

. -

| ;

Po3rmsganucs 4oTupy 3a/adi 3 OJHAKOBO IUIOLICIO ajle Pi3HOMaHITHUMU
CKJIQJIOBUMHU (irypamu. 3a JONOMOTOIO JOIOMIDXKHOI JIiTepaTypy 3HAXOAMIINCS
IEHTPU Bard NPOCTHX (Qiryp: KBajgpaTa, NPSMOKYTHHKA, TPUKYTHHKa. Yepes
HEHTPH IUTOCKUX (GIryp TPOBOIIUINCH BICI: Xy, Yy, ..., Xn, YV, CkiamgHa ¢irypa
posbuBanacst Ha psAx MpocTHx 3 meHTpamu Baru: Cy, Cy, ... JlonomikHa cucrema
KOOpJMHAT mpoBoawiack mo rpaniax B i1 H. OO6uucmoBadnch miomi HpOCTHX
¢biryp: Ay, A,, ... 3HAXOAMWBCSA CTaTUYHUI MOMEHT IUTOIIi BCiei Qirypu BiTHOCHO
oceil (BM3HAuaBCs SK CymMa CTaTHYHMX MOMEHTIB KOXHOI mpoctoi ¢irypm). 3a

L Aix; _ XAy ..
Sa; Ve = S 3HAXOUIIKCS [EHTPU Bark CKJIaTHOT

(birypu depes sIKHiA IPOBOIIINCS TOJIOBHI IIEHTPAJBHI OCi - X¢, V-

Posrmsmanucst iHmi crnocoOM BH3HAYEHHS TIIOJIOXKEHHS LIEHTpa Baru
CKIIaaHO1 (pirypw, a came: METOJ BiJi’ EMHUX IIJIONI, METOJ MiABiNTyBaHHs. /laBaBcs
aHaJli3 KOXKHOT'O METO/a 3 TOYKH 30py PI3HHX (PAaKTOPiB: MPOCTOTAa PO3PAXYHKY,
TOYHOCTI, TPyJOMICTKOCTI Ta iH. BymyBamocs «sapo mepepizy» Ui NepeBipKd
pO3paxyHKIiB 1 aHaji3y 3HaueHb HOPMaJbHUX HAIPYKEHb y pasi NpHUKIaJaHHA
30BHIIIHIX CHJIOBUX (DaKkTOpiB y «saapo mepepizy». Hampukinmi Oyno 3po0ieHo
BHCHOBOK, III0 OIp €JeMEHTa Pi3HUM BHAaM jedopmarii 3al1exuTb Bl GopMHU

MONEepPEeYHHX Mepepi3iB Ta IX po3TallyBaHHS.
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MPOBEJIEHHSI EKCIIEPUMEHTIB 110 BUKOPUCTOBYBAHHI
YCTAHOBKU JIJIS1 PEABUIITALT TTALIICHTIB
13 CYIUHHUMMU 3AXBOPIOBAHHSIMU

Cwmipnos B. O., oupexmop yenmpy HTTYM, Cym/[Y; Cmogbyp O. A.,
3asioysauy xipypeiunum eiooinenusm Ne 2; Kepeii /]. M., xipype,
micoka aikapua Ne 5, m. Cymu

——
= ‘

60
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Crouatky Oyna po3poOsieHa TEXHOJIOTiYHAa KapTa 3 BUKOPHUCTAHHSIM
PIBHSHHS PIBHOMIPHOTO pyXy. Pe3ynbraTH TEeOpeTHMYHHMX PO3paxyHKIB 3BE/EHI B
Tabmuiro. /laHa yMOBHAa KOHCTPYKTHBHA cXeMa 3 Mo3Haukoro To4ok 0, 1, 2, 3, 4.
ITepenbaveni po3paxyHKOBI CXE€MH Yy BHIVISIAI OJHONPOJIHOTHHUX KOHCOJBHHX
0aJIoK, SIK CTATHYHO BU3HAYYBAaHUX TAK 1 HC BU3HAYYBaHUX.

106



ITepenbavena 3arampHa KutbKicTh mukimiB — 10. TlpoBeaeni HacTymHi
eKCIIEpUMEHTH: 3 YacoM yTpumanHs Sc., 10c., 15¢., 20c., 25¢. Ta yacom 3HATTA 5cC.,
10c., 15¢., 20c., 25c.

—v. |4 So S1 _ _
S=V-t — 50 cM/c — 60cM — 70cM S, =80cm | S35 =90cm
So
SO tO = — 2t0
— 60cM vV = 2.4c¢ 2,8¢ 3,2¢ 3,6¢C
=12c
S1
51 tl = — Ztl
— 70cm B 1% — 2.8¢ 3,2¢ 3,6¢ 4c
=14c
AP
SZ tZ = — th
— 80cm vV —3.2¢ 3,6¢C 4c 4,4c
=16¢c
S3
53 t3 = — 2t3
= 90cMm v = 3,6¢ 4e 4dc 48
=18¢c

Ha migcraBi mpoBeneHMX CKCIEPUMEHTIB 3pOOJICHI NesKi BHCHOBKH, MO0
3arajlbHOr0 IMOYYTTS Ialli€eHTa 3 MOXJIHMBICTIO IOJAJBIIOTO iX PO3IIHPEHHS.
Hocmign npoBoawincs B mamari Ne4, mounHaroun 3 5 nuctomama 2020 p. micis
MPOTIEIYPH «KPATICIEHULI.
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CEKIIS « TMHAMIKA I MILIHICTD,
KOMIT'IOTEPHA MEXAHIKA»



BIUIVB ITOOATJIMBOCTI KPIIUIEHHA KOPITYCY HACOCA
J0 ®YHJAMEHTY HA BJIACHI HACTOTU EJIEMEHTIB
HACOCHOI'O ATPETATY

Bepbosuii A. €., acnipanm; Cepux M. JI., cmyo. ep. KM.m-91; Axoeuyk B. B.,
cmyo. ep. KM-T1; Ilasnenxo I. B., 0-p mexn. nayx, npog. kagp. KM,
Cumonoscokuii B. 1., 0-p mexH. nayk, npog. kagp. KM, Cym/V,

m. Cymu, Yrpaina; Awenxo A. C., kaHO. mexH. HAYK, 3a8. 1a6. OUHAMIKU MA
siopoodiaenocmuxu, AT « BHI[IAEH», m. Cymu, Ykpaina, Heamyy K., kano. mexn.
Hayk, ooy., Texuiunuu yn-m m. Knyowe-Hanoxa, Pymynia

Ha cporomHimHiii pgeHb iCHye JeKiibKa METOAUK BH3HAYCHHS
BiOpauliifHOro craHy poTopa BiIIIEHTPOBOTO Hacoca 1 ioro OamaHCyBaHHS, alie
3HAYHOIO NPOOJIEMOIO € Te, IO Micis BCTAHOBJICHHS POTOpA B KOPIYC OCTaHHIMH,
Yyepe3 MiIINITHAKOBI ONMOPH CIpUiiMae MepiofnyuHI HAaBaHTaKEHHS, CHPUYUHEHI
He nie nucbanaHcoM, a i IHIMMU cuiiaMu pizHoi npupoau. Kopmyc nepenae ix
Ha JeTajl KpiluIeHHs arperaty i jani Ha QyHIaMeHT Ta Oy/iBeibHI KOHCTPYKIIIi,
III0 IIPU3BOUTS JI0 JIOKAJIHUX PE30HAHCIB, 3HIKYIOUN pecype IIMX KOHCTPYKIIH.

[pu mocmimkeHHI BiOpamifHOTO CTaHy arperary y IUIOMY, IO-TiepIie
BapTO pO3paxOBYBaTH BIACHI dYacToTH poTopa 1 kopmycy. IlomaTmuBicTh
KpIMJIEHHs paMy arperary 110 (yHAaMEHTY 3Ha4HO BIUIMBAE HA TUHAMIKY KOPITyCY
Hacoca. PoTop, KOpIycH HiIIIMITHUKIB 1 KOPIyC HAcoca BiNIrparOTh KIIOYOBY
pOJb B aHAII31 JUHAMIYHOI CHCTEMH HAaCOCHOTO arperary B niomy. ToMy MeToro
pobOTH € BH3HAYEHHS CTYNEHs 1 XapakTepy BIUIMBY 3MIHH I10JATIMBOCTI
KpIMJIEHHsI Ha BJIAaCHI YaCTOTH KOPITyCY, KOPIYCIB IiALIMITHHUKIB 1 pOTOpAa.

OO0’€ekTOM JOCIiIKEHHs BIOpaI[IfHUX XapaKTEPUCTUK € HACOC HACOCHOTO
arperary, SKWH MOJae >KUBWIbHY BOAY 3 Jeaeparopa [0 MNaporeHeparopa
eneproosoka AEC. PospaxyHok mpoBeneHo y 0araTouijbOBOMY MPOrpaMHOMY
komrIutekci «ANSY Sy.

Po3paxyHkoBa MoJenb npezcTaBisie co0OI0 HACTYHHY cucteMy. Potop
BCTAaHOBJIGHUH y JABOX IiJIIMIHAKAaX KOB3aHHS 1 IIMAPUHHUX YIIUTbHEHHIX
(emementn Tuny «Bearing»). Kopryc Hacoca Mae 4OTHPH Jialy, IO ONMUPAFOTHCS
Ha pamy, a Ta, y CBOIO Yepry, KpinmuTbcs 10 (GyHAaMEHTY aHKEPHUMH OONTaMH i
OCTOHHOIO MUIMBKOK. Y mii pobori pama i (YHOAMEHT MOICTIOIOTHCS
MPY>KHUMH €JIeMEHTaMH, 1[0 MAOTh 3MiHHY B ITPOIIECi PO3PaxXyHKY IIOAATINBICTb.

PesynbTaTél po3paxyHKIB MOKa3ald, MO0 3MiHA MOJATIMBOCTI KPITUICHHS
Maiike He BIUIMBAE Ha AMHAMIYHI XapaKTEpPUCTUKHU poTopa. Lle moscHioeTbCs THM,
10 BJAcHI YacTOTH TPH 3MiHI MHOAATIMBOCTI 3aJMINAIOTHCS HPAKTHYHO
HE3MiHHMMHU. YPaxoBYyIOUH Il (axT, MpH BHUKOHAHHI IH)KEHEPHHUX PO3PAaXyHKIB
JMHAMIKH pOTOpa HeMae HeoOXiJHOCTI BUKOHYBAaTH pO3paxyHKH JTMHAMIKH Hacoca
B IIJIOMY 3a BUKIIOYCHHSIM BHIAJKIB, KOJIW € HEOOXITHICTh Y JOCHIKEHHI
JMHAMIKH IHIINX €JIeMEHTIB HACOCHOTO arperary.
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YUCJIOBUI AHAJII3 BATATOILIITAPUHHOI'O VIIJIBHEHHS
THozosenuii O. O., acnipanm, CymAY, m. Cymu

OmHuM i3 crmoco0iB 3MeHIIeHHs O00'€eMHHX BTpaT € BHUKOPHCTaHHS
MepeAHiX YIIUTbHEHbh POOOYMX KOJIC — IIMAapUHHUX YIIUTGHEHb 3 JBOMa abo
TppOMa KIUTBIEBUMH APOCESIMA. TaKWMH YIIUTBHEHHSMH € TIOCHiJOBHO
po3TamoBaHi  apocelsti, KOoeQilieHT TigpaBIiYHUX BTpaT SKHUX MPUOIU3HO
JOpIBHIOE cyMi Koe(illieHTIB BTpaT yciX IImapuH. B paHuii yac po3paxyHOK
OaraTommapWHHUX YIIUTGHEH OOMEXKYETHCS OIHKOIO BTpAaT dYepe3 KPYTrOBHH
Jpocelb 13 HEpyXOMHMH CTiHKaMu. Y I[bOMY BHUINAJKy BHKOPHUCTOBYIOTHCS
eMIIipUYHI 3HaYeHHS Koe(ili€HTiB MiCLIEBIX BTPAT Ta BTPAT Ha TEPTS 11O JOBXKHHI
KaHamy. baraTommapwHHI yIITBHEHHS, AK 1 3BHYaliHI OJHOIIIAPHHHI
VIIJBHEHHS, HE TUIBKM OOMEXYIOTH BTPAaTH BHUTOKIB, ajie i BHKOHYIOTH POJIb
TIpOJMHAMIYHMX oOmnop. TOMy BaXJIMBMM 3aBAaHHAM pPO3PaxyHKY, KpiM
3a3Ha4YeHHs KIFOYOBHX XapaKTEPHCTHK, € BH3HAYCHHS CHJI, IO IIIOTh Ha POTOP
BiJl IOTOKY PiJMHH B JPOCETBHUX KaHAaNax.

3a JOMOMOrol0 METOJy CKiHYEHHHX 00 €MiB BUpilleHa mpobiiema
TPUBHMIPHOTO  IOTOKY  DPIIMHH  4Yepe3  TPhOXIUNAPUHHE  YIIIJIbHEHHS
BIIIGHTPOBOTO HAcOCa BHCOKOTO TUCKY IpU PI3HHX 3HAYCHHAX palialbHHUX
nepeMinieHb Bainy. YucedbHI pPO3paxyHKHM MPOBOIAWIMCH 0e€3 ypaxyBaHHS
nedopmarii CTIHOK YIIIIbHEHb TMiJ BIUIMBOM HEPIBHOMIPHOTO PO3IOMLTY THUCKY.
Posmopmin THCKy, 3HAYeHHS BHUTOKIB Ta TiAPONMHAMIYHI pamiaibHI CHIH OyiH
OTpPHUMaHI 3aJIe)KHO BiJl BEJIMUYMHHM EKCUEHTPUCHTETY. B pe3ynbrari uuceIbHUX
pPO3paxyHKIiB MOOYIOBAHO 3aJEKHOCTI pamialibHUX CHJI BiJ 3MIIICHHS Baja i
BHU3HAYEHO KOE(IIi€HT TiAPOCTATHIHOI kopcTKocTi. Li 3amekHOCTI Takok Oyim
OTpPHUMaHi 32 JOTIOMOTOI0 aHANITHYHUX PiBHAHb. OTpPUMaHI YHCENbHI pe3yIbTaTH
BIZPI3HSIFOTHCS BiJl TEOPETHYHUX MEHIIIE Hixk Ha 5 %.

TakuM YMHOM MOXKHa 3a3HAYHTH, IO 3aCTOCYBAHHS TPHOXILTIAPUHHOTO
VIIJIBHEHHS] 3HAYHO 3MEHIIYE BHUTIK y MOPIBHSIHHI 3 OJHOINNAPUHHUMH Ta
JIBOXIINAPUHHUMH YIIIIBHEHHSIMH, a TAKOXK 301IbIIY€E pajianbHy )KOPCTKICTb, 1110,
B CBOIO 4epry, 3a0e3mneduye HU3bKUi piBeHb BiOpalii poTopa.

Poboma euxonana y pamxax Oepocoroodxicemuoi HIIP «lliosuwenns
MPUOONIOSTUHUX XAPAKMEPUCMUK THOPYEBUX YWITbHEHb | YNOPHUX NIOUWUNHUKIG
KOB3aHHSI GUCOKOODEPMOBUX GIOYEHMPOBUX MAwuKy (Homep Oepoicpeecmpayii
0117U002249); Hayxosuti kepienux — 3asioysau Kageopu Komn romepHoi
MmexaHiku im. B. Mapyunxoscvkoeo, KaHo. mexu. HAyK, 00Y., Npo8. HAYK. CRigp.
3azopynvko A. B.
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3MIHA KIJIBKOCTI PYXY HACTUHKU PIIVUHU 3 YPAXYBAHHAM
INEPEMIIIIEHHA MACH 3A HATTPAIMKAMU

Kaniniuenro I1. M., ooy. xagh. KM; Miwenxo C. O., 3a8. Hasy. 1a6. xag. KM;
bessepxuii M. FO., cmyo. ep. KM-71, CymZV, m. Cymu

3MiHY KITBKOCTI pyXy YaCTHHKH PiIUHH O M nozano y BHIIBIAL CyMH

JBOX JOJAHKIB. 3MiHM KUIBKOCTI pyXy, OOYMOBJEHOTO IOCTYHaJbHUM
TepeMiIIeHHsIM Macu

d dsm,. . dom,6 m

In 4oy _domy,, ;. GOy, 7, dom,,,

dt dt dt dt dt

Tyt om - Maca, 10 EePEHOCUTHCSL.

K @

om

3a popmymnoro (1) mWBUAKICTE 3MIHI MacH, IO IEPEHOCUTHCS

SBJIsIE COOO0 TEH30PHY BEJIMYHHY, 10 SKil

dom,

0 A
dt
dsm
dqm=d§m\7: 0 - v,
dt dt dt
dom
0 0 z
dt Vs
Tlogarouun
90M _ Vs gz = O™ Vo
dt dt vV, dt

X
3MiHa KiJIbKOCTI pyXy, OOYMOBIIEHOTO IEPEHOCOM MacH B HANPSIMKY OCi
X, npuiiMe BUTIISIT

d5mXVX=5deX :é'm aVXVX+6VXVy+aVZVz =5m(\7V)VX
dt dt OX oz
IIpoBoasiun aHaJIOT14HI BUKJIAIKU 34 JBOMA 1HIIMMH OCSIMH, MAEMO
dgm
dqta m(V - V)V,

Je (\7 . V)\7 - KOHBEKTUBHE NTPUCKOPEHHSL.
Takum 9MHOM, 3MiHA KiNBKOCTI PyXy YaCTHHKH PiJUHM, TIPH i1 pyci B

HEOTHOPITHOMY TOJIi IIBUAKOCTI, IPUHAME BUTIIS

d—qzd&+%:§mdv(t)+6mdv(r’t)=5m ﬂ+(\7.v)\7 .
dt dt dt dt dt dt
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PO3MO/II HATIPYKEHB B PYXOMIN PIJIAHI

Kaninivenro I1. M., ooy. xagh. KM, Miwenxo C. O., 3as. nasu. nab. xagh. KM;
Llepcmiok B. 1., cmyo. ep. Km-71, CymV, m. Cymu

3rizHo 3 poboTaMu aBTOPIB, MO 3MiHi KUIBKOCTI pyXy YaCTHHKHU PiANHH

3aIIMIICMO

SmF+dP, 4S, +dP, AS +dP, A4S, —§m(fj\t7+5m(\7 V)V (1)

Jpyruii 101aHOK MpaBoi YacTHHM piBHAHHA (1) mpuBeaeMo 10 BUxy

2
m(V-V)Vzd'O\Z/XASX" : AS K @

.oom . . 8m ..om
BpaxoByroun, 1110 lim ——=0; lim —=0; lim =0,
45,50 ASX 48,0 ASy 48,0 AS

i3 (1)1 (2) rpaHuuYHE 3HAYCHHS MATUME BHUIJIST

vV, V) V) 2
dp=d? mp s Pip (P p P p @
2 2 2 2
I3 (3), Ans 1OBIMBHOI TUTONIAAKK 3 HOPMAILTIO T
V 2
Pnn + pzn =—P=const (B TOUILI pyXOMOI piJFHN) 4)

TakuM 4MHOM, CTaTHYHA CKJaj0Ba THCKy P, B Touui pyxomoi pinuuu,

3JICKUTh BiJl OpIEHTYBAaHHS IUIOIMIAIKH, HA SKI BOHO PO3TJSAAETHCA 1
MiAKOpsSIETBCS 3aKOHY (4), 3rigHO 3 SKUM: Ha Oy[b-sKif MJOMagi B TOYIN
pyxoMoi PiIMHM IOJATOK TiAPOCTaTUYHOTO i IIBHJIKICHOTO THCKY € BEJIMYHMHA
cTana.
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UNCEJIBHE JOCJILIXKEHHA BUIIbBHUX KOJIMBAHB
[IEP®OPOBAHOI OBOJIOHKH BIFPOTPAHYJISITOPA

Akosuyk B. B., cmyo. ep. KM-T1; Jlem sanenxo M. M., acn.; Cxudanenko M. C.,
KaHo. mexH. Hayk, cm. euki. kag. XI; Ilasnenxo 1. B., 0-p mexn. Hayk, npog.
kagp. KM im. B. Mapyunxoscvroeo, Jlanowenro O. O., 0-p mexH. HayK,
npo@. kagh. XI, CymZJy, m. Cymu

CTBOpeHHs  HOBHUX  TIpaHyJbOBAaHMX  MaTepialiB B  aKTHBHOMY
TiIpoAMHAMIYHOMY CepeIOBUILI 3/1IHCHIOETHCS 3a JIOTIOMOT 010
BIOpOTrpaHyJISIIHHOTO OO0JIa/IHAHHS, SIKE IIMPOKO BUKOPHUCTOBYETHCS Yy PI3HHX
rajy3sx MPOMHUCIOBOCTI.

Jus  mochmimKeHHS ~BUIBPHHUX — KOJHMBAaHb  IepPOpPOBaHOi  OOOIOHKH
BIOpOTpaHyNIsATOpa BHKOPHUCTOBYBAaBCS  IporpamMHHii  KoMmImiekc  «ANSYS
Workbench», 3okpema i#ioro momymi «Fluent Flow» i «Transient Structuraly.
BinmoBigHi po3paxyHku 0a3yIOThCS BiIOBITHO HA METO/i CKIHUEHHHUX 00’ €MiB Ta
METOII CKIHYEHHNX €JIEMEHTIB.

AHaiti3 pe3yJbTaTiB pPO3paxyHKy IPYHTY€EThCS HA OLiHIOBaHHI ITEPEMIIIICHB,
BUKJIMKAaHUX KOJIMBaHHSAMH JIMCKa BUIPOMiHIOBa4da. 30Kpema, HalOiibLIi
nepeMinieHHs 70 MKM Ma€e HYDKHsI 4aCTHHA KOpIycy 0e3rocepeiHbo Mij AUCKOM.
Jns Bu3HAueHHS aMIUNITYA 1 4YacTOT KOJIMBaHb 3aCTOCOBYETHhCS IIBHIKE
neperBopeHHs Dyp’e, 1o A03BOJIsSE OyAyBaTH CIEKTP MOJIrapMOHIYHOTO
KOJIMBAJIBHOTO cUrHaiy. J{ms peamizamii 1bOro MmepeTBOPEHHS 3aCTOCOBYBalach
cucrema komi 1oTepHoi anredopu «MathCADy, 1o skoi iMOOpTyBaiacss MaTpHIIs
nepeMilieHs 1mep@opoBaHOrO JHUINA. Y pe3yibTari Oyino BH3HAYCHO, IO
KOJINBAaHHSI HKHBOT YaCTHHU O0OJIOHKHU MICTSATH JIBi KpaTHI TApMOHIYHI CKJIaI0BI,
mepmra 3 SKUX BIANOBiZAae BIACHIM YacTOTi KoiuBaHb oOomoHkH 205 I'm.
AHaNOriyHi  JOCHIIPKEHHS  BHKOHYBAIMCH 1 i OOKOBHX  IOBEPXOHB
nephopoBaHOT 0OOIOHKH.

Jiss  mpoBeeHHS MONANBHOTO aHamizy 3a gomoMoror  «ANSYS
Workbench» y po3paxyHkoBiii reoMerpii IpaHM4HI YMOBH 33/1aBaJIUCh 3a
Jonomoroto 3akpimienHs «Fixed Support»; TUck BUIPOMiHIOBaYa BUKIIOYABCS 3
po3paxyHky. B pesynbrari omepkaHo (OpPMH 1 YacTOTH BIJBHUX KOJHBAHb
KOpIyCy TpaHyJTOpy. XapakTep KOJHMBaHb Ha Jpyriii (Gopmi MOsCHIOE
acuMeTpiro (OpMH MepeMillleHb MEpPHUIIOHAIBLHOTO mepepizy meppopoBaHOro
JHHIIA. 3a pe3yjbTaraMi pO3paxyHKY BCTQHOBJICHO, IO 4YaCTOTH BIIBHUX
KOJINBaHb 3HAXOIAThCA y Aiama3oHi 205-550 I'm.

e nocnimkenHss yacTkoBo (iHaHCyeThes LIEHTpOM NPOMHCIOBOTO
MamnHOOyayBanHsl (CyMChKHI Jep>kaBHHH yHiBepcuTeT) Ta MiKHapOIHOIO
acoIlialliel0  TEXHOJOTIYHOTO PO3BUTKY Ta IHHOBAalii. Yci pe3ynbTatu
JOCHiDKeHHsT OynM JOCSITHYTI B paMKax IpoekTy «CTBOpEHHsS HOBHUX
IpaHyJIbOBaHUX MaTepiaiiB JUIA SIEPHOTO MTAJIMBa Ta KaTali3aTopiB B aKTHBHOMY
rizpoauHamiuae cepemosumie» (0120U102036) 3a 3amoBneHHAM MiHicTepcTBa
OCBITH 1 HayKH YKpaiHH.
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YN CEJIBHE MOJIEJITFOBAHH S BUMYIHEHUX ITOITEPEYHUX
KOJIMBAHb KOJITHYACTOI'O BAJIA

Xomenxo B. A., cmyo. ep. KM-T1; [lem sinenxo M. M., acn.; Ilasnenxo I. B.,
0-p mexH. HayK, npogh. kag. KM im. B. Mapyunxoscvroeo, lsanog B. O.,
0-p mexH. Hayk, npod., 3a8. kag. TMBI, Cym/[Y, m. Cymu;
bacosa €. B., HTY «XIIl», m. Xapxis, Yxpaina,

Kypiy I, Yuisepcumem m. Kunina, Crosauuuna

IMocritine 30UTBIICHHS OOEPTIB Ta TMOTYXHOCTI ABUTYHIB BHYTPIITHBOTO
3rOpaHHsl, CyIOBUX JIBUTYHIB, JIBUT'YHIB MallMH 00OPOHHOI Taiy3i Ta HOPILIHEBUX
KOMIIDECOPiB  pa3oM 31 3HIDKCHHAM IX MacorabapuTHHX IIOKa3HUKIB
00yMOBJIIOIOTh aKTYaJIbHICTh MPOOJIEMU TUHAMIYHOT MIIIHOCTI KOJIHYACTUX BaJIiB
K OJHHX 3 OCHOBHMX 1 HaHOUIBII BIANOBIJAJBbHUX €JIEMEHTIB BIiAMOBIIHUX
€HEepPro€MHUX MallIHH 1 yCTAaHOBOK.

IIpu mpoekTyBaHHI KOJIHYACTUX BaNiB JBUTYHIB BHYTPIIIHBOTO 3TOPaHHS
Ta MOPIIHEBHX KOanecopiB HEOOXITHO JI0JIep)KyBaTUCh KOPCTKUX BHMOT LIOA0
ix BiOpamiiinoi HamilHOCTi. [IpoTe, HaBiTHP y BHMNAAKY, SKIIO Bajl IBHTYHA
30alaHCOBaHUH CHUIBHO 3 MYy(TOI0 1 MaxOBHKOM, npoGrema po3banaHCyBaHHs
MOX€ BHHHKATH SIK YHACIZOK HETPAaBMWJIbHOI KOMIUIEKTAlii HOBUMH 3allaCHUMH
YacTMHAMHM, TaK 1 B pE3yJbTaTli MOPYIIEHHS TEXHOJOrii po30upaHHs abo
MOBTOPHOTO 30MpaHHSA ABHUTYHA. TakoX y pe3yiabTaTi 3MiHM HAacaJHHUX JeTayeil
a0o TOopsAKy iX BCTAHOBJIECHHS MOXJIMBE JOJATKOBE pO30aiaHCyBaHHS
BOJIONIPOBOJIA, 10 NPU3BOJAUTH JO BHHUKHEHHS JOJATKOBUX JUHAMIYHHX
HaBaHTAXXCHb Ha ITiJIIAITHUKY 1 OMOPH, MOTIPIICHHS BiOpAIifHUX XapaKTepUCTHK,
301IbIIEHHS PIBHS IIYMY Ta CKOPOUEHHS Yacy 3HOIICHHS IIMHAOK Baa.

Y po0oTi AOCHIIKYIOTECS BUMYIICHI TTONIEPEYHI KOJUBAHHS KOJIIHYACTOTO
Basia «3LD-1005020» y ckiazi Au3enbHOrO JBHTYHA «MM3-3LD» 3a nonomoroxo
CTBOpPEHOI JIBOMAcoBOi MO/, 10 BpaxoBye aH130Tpor1H1 pr>KHl BIIACTHBOCTI
BaJla, CHJM IHEpIii eJNeMeHTIB, BIIIEHTPOBI CHIM iHepuii BiA cHCTEMHU
JIOIYCTUMHUX 3aJIUIIKOBUX MUCOATAHCIB, T1IPOIMHAMIUHI CHIIM Yy MacisIHOMY IIapi
MDK IIMHKaMM Baja 1 BTYJIKAMH KOPITyCa, a TaKOK MOXIIUBICTh KOHTAKTYBaHHS
poTopa 3i cTaropoM Ha MEpeXiJHMX 1 HEPO3PaxyHKOBHX PEXHUMax PpOOOTH.
OcHoBHi xapakrtepuctuku: marepiaid Baia — Cramp 40XHMA T'OCT 4543-71;
Maca Baia — 23,3 kr; niama3oH pobouux gactot ooepranHs 800—4000 o6/xB.

SIk TpaHWuYHI YMOBM MpH JIOCHTI/PKEHHI OOMpanuch OOMEXKEHHS pyXy
KpalHiX MiJAMIMIHUKOBHUX IIWHOK BaJla y HAmpsiMi OCed, MEepIEeHANKYISIPHUX OCi
obepTaHHs, a TaKOXX OOMEXeHHS oOepTaHHA HABKOJO IMX oceil. Po3paxyHkoBa
CKiHUEHHOEJIEMEHTHA CiTKAa Ma€ TaKi mapaMeTpu: KiIbKICTh eneMeHTiB — 6°105%;
MaKCHUMaJbHUI pO3MIp CKIHYEHHOTO eleMeHTa — 5 MM; 3arajibHa KUIbKICTh
By31iB — 1-10%; crioci6 oyiepanHs — HepiBHOMIpPHHUIA.

VY pesysbrari MOAEIOBaHHS OJIepKaHO aMILTITYAX BUMYIIEHHUX KOJHBaHb
KOJIIHYacTOro Baja, a TaKOX TPAEKTOpil TOYOK HOro oci A pi3HUX 3HAYEHb
4acToT 00epTaHHS.
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EKCIHEPUMEHTAJIbHI JOCJIJKEHHA TOPHEBUX MEXAHIUHUX
YIMUIBHEHb BUKOHAHHX 3 IITOE-KOMITIO3UTY

Jlobac /]. I, cmyoenm; I'yoxosa O. B., acnipaum;, I'voxos C. M., doy. kagp. KM,
Cym[Y, m. Cymu

Y OinbIIOCTI CydYacHHMX BIALIGHTPOBHX HACOCIB 3arajbHOIPOMHCIOBOTO
MPU3HAYCHHS B SKOCTi KIHIIEBUX YIIUIBHEHb 9aCTO BHKOPHUCTOBYIOTHCS TOPIICBI
MeXaHiuHi ymrinbHeHHS. OCHOBHHMH IIepeBaraMH TOPIEBHUX VIIUIBHEHb €
BHCOKAa TEPMETHYHICTh 1 JOBroBiuHiCTh. OIHUM 3 OCHOBHHX HEOJIKIB
MEXaHIYHOTO TOPIEBOTO YIIUTFHEHHS € Horo IIiHa, ska 0OyMOBIIEHA BapTiCTIO
KiJleup yIlibHEeHHs. ToMy HEOOXiZIHO BHKOPHCTOBYBAaTH HOBI Marepiaid JUis
BATOTOBJICHHS KiJIEIlb TOPIEBOTO MEXaHIYHOTO VINITBHEHHS, SKi OimbmI
JICIICBINI ajle BOJHOYAC [0 HAJIHHOCTI HE MOCTYMAKOTHCSA TPaAULIHHUM
Mmatepianam. Ile MOXJIMBO 3a paXyHOK BUKOPHUCTAHHS Cy4aCHHX KOMITO3UIIHHUX
MaTepiais.

OmHHUM 13 TaKUX MaTepiamiB € KOMIO3UT Ha OCHOBI MOJTeTpadTOPETHIICHY 1
BTOpUHHOI (roproniMepHoi cupoBuHHU. IlepeBaror HBOro KOMIIO3MIIHHOTO
MaTepiaiy € Te, o Horo BUTOTOBJISIOTH i3 BTOPHHHOI CHPOBHHH, IO 3MCHIIYE
Horo BapTicTh mpu 1bOMY Horo (Qi3UKo-MeXaHi4Hi Ta TpHOOJIOTiuHI
XapaKTEePUCTHKH He MOCTYTAIOTHCS OLIBII JOPOTHM MaTepiaiaMm.

Jlis epeBipkH Mpae3aTHOCTI TOPIEBUX MEXaHIYHUX YIIUIbHEHb 3 Iapoko
teptst «Cranp — IITOE-kommo3ut» Oyimu TMpoBeNeHI eKCIEPHUMEHTAIbHI
JOCHiKeHb. ExcriepuMeHTaNbHI TOCIKEHHST IPOBOAMIIMCS Ha KOHCOJIILHOMY
Hacoci 3 gacToToro obeptanHs poropa 2000 06/xB. 1 yminpHIOIOYHM THCKOM 0,4
MIIa.

ExcrniepuMeHTaNbHI TOCTIIKEHHS [TOKa3aJd, 10 BUTOKH Yepe3 YIIUIbHEHHS
ckianu 5 mu/roj. BisyanbHuil orisin Kineup yIIiJbHEHHS IOKa3aB HE3HAYHUIl
3HOC TOPIEBOi NMOBEpPXHI Kijeup ymiabHeHHs. OTpuMaHi pe3ysbTaTH IaroTh
MiZICTaBH  CTBEP/PKYBAaTH MpPO TEPCHEeKTHBHICTh BukopuctaHHs I[ITDE-
KOMIIO3UTY B SIKOCTI OJHOTO 3 KiJIellb YIIIJIbHEHHS. YIIiJIbHIOBAJHHHN By30J
rapaHTOBaHO  MOX€  BHKOPDHUCTOBYBATHCS  IPH  BIIHOCHO  HEBEJIHMKHX
YIIUTBHIOBAJIBHUX THUCKaX Ta 4acToTi oOepraHHA. [IpoTe HEOOXiZHO BH3HAYUTH
Jliarma3oH  3aCTOCYBaHHS TaKoro  YIIiTbHEHHS B 3aJIEKHOCTI BIJT
YIIIIBHIOBAJIBHOTO TUCKY Ta YaCTOTH OOEpTaHHS POTOpA.
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BJIOCKOHAIJIEHHA METOAIB PO3PAXYHKY JUHAMIYHNX
XAPAKTEPUCTHK POTOPIB BIJIIEHTPOBUX MAIIINH

Tonuaposa A. B., acnipanmxa, Cym[Y, m. Cymu

OCHOBHOIO METOIO JIOCIII/KEHHS Ha JaHOMY eTarli OyB aHANITHYHUN OTJISIA
METOZIB pO3paxyHKy IUHAMIYHHX pOTOPIB BigmeHTpoBHX MammH. Llmsxom
BUBUCHHSI HEOOXI/IHOI JIiTepaTypH Ta iHIIUX MaTepianiB chopMyBaIOCs ysIBICHHS
PO OCHOBHI YMHHHKH, IO OOYMOBIIOIOTH AWHAMIUHI XapaKTEPUCTUKUA POTOPIB
BIALIEHTPOBUX MaminH. Takox NpoBeAEHO oIy Jliteparypu 3 naHoi temu. Ha
6a3i chopMOBaHMX 3HAHB PO3TIITHYTO KOJMBAHHS POTOPIB BiALIEHTPOBHUX MAIIHH 3
ypaxyBaHHAM JWHaMiuHOi cTilikocTi. Ha OCHOBI BHBYEHHS Ta y3arajibHEHHS
ICHYIOUMX  METOIIB  pO3paxyHKy [OWHAMIYHHX  XapaKTEPUCTHK  POTOPIB
BIZALIEHTPOBUX MAIMH HAKOMHUYYETHCS Marepiai JUisi BUKOHAHHS pO3paxyHKOBOT
yacTiHU pobotu. [IpoBeneHo 06rpyHTyBaHHﬂ TEOPETHIHUX 3aCas f/iMOBipHiCHOFO
migxony 1o PO3paxyHKy JUHAMIYHHUX XapaKTEPUCTUK DPOTOPIB BIJIIIeHTpOBI/IX
MallMH Ha OCHOBI BpaxyBaHHA BHIIQJIKOBOTO XapakTepy IX IapaMeTpis.
Po3rnsiHyTOo 1UIAXM ~ BpaxyBaHHS WMOBIPHICHOTO XapakTepy T'€OMETPUYHHX
napaMeTpiB  CHCTEMH «pOTOp YUIUIBHEHHS» BIALUEHTPOBHX MAIIMH HpPH
PO3paxyHKy IX eKCIuTyaTaliiHUX XapaKTepUCTHUK.

Ha migcraBi po3B’s3aHHA 3amadi Mpo TEUil0 PiAWHU B ITAPHHHOMY
yHllJ'H:.HeHHl 3 BHyTplLHHLOIO MOBEPXHEI0 3a30py, IO 06epTaeTLc;1 1 mpeuecye,
OTpI/IMaHl 3aJI€KHOCTI ISl BU3HAUCHHS BUTPATH depe3 IIITMHHE YIIUTBHEHHS 1
TipOJMHAMIYHI pajiaibHi CHIIM 1 IX MOMEHTH, IO JIiIOTh Ha POTOp 3 OOKY IIapy
pimuan. B cmiy mpuiiHATHX B HacocoOyIyBaHHI JOIYCKIB Ha BHTOTOBJICHHS,
TeOMETPUYHI NapaMeTpy INNAPUHHUX YIIUIbHEHb, TaKi SIK KOHYCHICTB,
EKCIIEHTPHUCHUTET, CepeHIi pafiadbHU 3a30p 1 T. iH. B 3arajJbHOMY BHIAIKy €
BUNagKoBuMK ¢yHKIissMu. Kpim Toro, B mporueci poOOTH Hacoca BifOyBa€eThes
3HOC YUIUIBbHIOIOYHX ITOBEPXOHb, HIO TAKOXK IPH3BOAWTH JI0 3MIHHM 3a3HAUEHHX
BUIIE NTapaMeTpiB. Y poOOTi pO3IIISTHYTO BIUIMB BUIAIKOBHX BIIXMJICHb OCHOBHHUX
TEOMETPUYHMX 1 PSKMMHHUX MapaMeTpiB IINAPUHHHUX YIIJIbHEHb Ha KOE(II[i€HT
KOpHCHOI ZIii Hacoca. 3aBJaHHsS BUpIlIEHEe B NMPHUIIYIIEHHI, IO BCi MapaMeTpH €
BUMAJKOBUMH BejIuuuWHaMu. Ha mpukiami oJHOMAacoBOi MOIEN poTopa B
MIMApUHHUX YIIUTBHEHHSAX IOKAa3aHo, IO npu eKcnnyaTauu Hacoca HOro K.K.JI.
MOJKE 3MEHIITYBATHCS, IO MOKE 3BECTH HaHiBellb BCI 3yCUIIISI TPOEKTYBaJIbHHUKIB,
CIpsIMOBaHI Ha H0T0 301IBIICHHS.

OtpuMaHi BUpa3d PEKOMEHAYETHCSI BUKOPHCTOBYBATH ISl YTOYHEHHS
3HAYeHb K.K.J.  BIJIIEHTPOBHX HACOCIB, sKi MepeOyBalOTh B CKCIUTyaTallii.
BuxopucroBytoun oTpuMaHi B poOOTi pe3ysbTaTH, TaKOXK IOKa3aHO, IO B pasi
3aCTOCYBaHHS IIMAPUHHUX YIIIJIBHEHb B SIKOCTI I'IPOCTAaTHYHUX OIOP, SIKi MAIOTh
BEJIMKY pajiajbHy *OPCTKICTh 1 AeMIipipyBaHHs, €HEPTis MPOTIKaHHS JT03BOJIUTH
HEe TiAbKM 3a0e3meyuTH HeoOXiIHy Hecydy 3IaTHICTh oOmop, a # 1m0
HaBa)XJIMBIle, 3HW3UTH [0 JOIyCTUMOTO piBHA BiOparlii poTopa HaBiTh MpH
HassBHOCTI 3HA4YHOI HEBPIBHOBAXKEHOCTI.
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OTPUMAHHS JIATHOCTUYHOI IHOOPMALII ITPO TEXHIYHUI CTAH
BVY3JIIB MAILIMHU HA OCHOBI AHAJII3Y CUTHAJIIB
AKYCTUYHOI EMICIi

Cenrox O. B., cmyo. ep. KM-71; Casuenxo €. M., ooy. kagp. KM, CymAY, m. Cymu

AXyCTHKO-eMICIHHUI MeTOJl - OJMH 3 NMAaCHBHUX METOMAIB aKyCTHYHOTO
KOHTPOII0. AKyCTHYHA €MICisl Toisirae B TeHepamii IpyKHUX XBWIb HAIPyTH B
TBEPAMX TiIlaX B Pe3yNbTaTi JIOKAIbHOI AWHAMIYHOI NepeOyIoBH iX CTPYKTYpH.
Mertoj akycTH4HOI eMicii, 3aCHOBaHUI Ha peecTpauii Ta 0OpoOIi XBUIIb HArpT,
[I0 BUHUKAIOTH B pe3yibTaTi (opMyBaHHA, 3MIHH Ta PYHHYBaHHS CTPYKTYp
pi3HHX MatepiaiiB, € B JaHWH Yac e(eKTHBHUM JUI1 BUBUEHHS IIPOIECiB i cTamiit
PO3BUTKY Je(pEeKTHOI CTPYKTypH 1 CTBOPCHHS CHCTEM OE3IepepBHOIO
MOHITOPHHTY BiIIIOBiTabHUX 00'€KTIB MPOMHUCIOBOCTI.

OcCHOBHI mapaMeTpy aKyCTHYHOI eMIcCii - IIe YHCIIO IMITyJIBCiB 3a dYac
CIIOCTEPE)XEHHsI 1 AKTHBHICTh aKyCTHYHOI eMicii, IO JOpIBHIOE KUIBKOCTI
IMITyJIBCIB B IEIKOMY 1HTEpBaJli 4acy criocrepesxeHHs (3a3suvaid 0,1 ado 1 c). s
XapaKTepUCTHKH MPOIeCy aKyCTUYHOI eMicii BaKiMBa HE TUTBKH KiJIBKICTh
IMITyJIBCIB, ajie 1 IX aMIuTiTy/1a, Ky 3a3BH4Yai BUMIPIOIOTh y BOJIbTax. Pe3ynbraTti
(GI3MYHUX  OCHI/DKEHb aKyCTHYHHMX XBHJIb, MOB'A3aHUX 3 JedopMaliero
MaTepialiB, MOKa3ylOTh, 0 HA OCHOBI I[LOTO SIBHIA MOXHA CTBOPUTH ¢(PEKTHBHI
METOAM HEPYHHIBHOTO NIarHOCTUYHOTO KOHTPOIIO CTaHy MaTepialiB U OLiHKH
HeOe3MeKH BUHUKIIOT CUTYallil 1 OJIM3bKOCTI MOMEHTY BIAIMOBH (pYyHHYBaHHS).

B poOoti BuBueHa HasBHa B nabopaTtopil kadeapu amaparypa s
JNOCTI[DKCHHS Ta aHaNi3y sBHINAa aKycTH4HOI ewmicii. 3 T JomoMororm Ha
EKCIIEPUMEHTAIbHUX YCTAaHOBKaX BHMKOHAHI JIOCHI/DKEHHS YMOB BUHHUKHEHHS
aKyCcTHM4YHOI emicii B Takux By3JlaX BIJUEHTPOBUX MaLIMH $IK ITiJIIUITHUKA
koueHHs. OTpuMaHi pe3yiabTaTH MOKa3ylOTh MNPUHIUIIOBY  MOXIIHMBICTh
BUKOPHCTAHHS SIBHIA aKyCTHYHOI €MICil JUIs Ji1arHOCTYBaHHS TEXHIYHOTO CTaHy
TaKMX BY3JIB BiIUEHTpoBuX MamuH. OJHAaK POBENEHUX JOCIIIKEHb
HEJIOCTATHBO JUISl BUIAa4i KOHKPETHUX NMPAKTUYHUX PEKOMEHJAMii 11010 METOiB
JiarHOCTYBaHHS 3 BUKOPUCTAHHSIM IIbOTO METOLTY.

3 MeTOK BHWSBJICHHS B3a€MO3B'I3KYy MDK MapaMerpaMd aKyCTHYHHX
CUTHAJIIB, 110 BUHHWKAIOTh B JIarHOCTOBAaHUX 3pa3Kax IijJ BIJIMBOM YJapHOTO,
MOHOTOHHO 3pPOCTal040ro MEXaHiYHOT0, TEpMIYHOTO a00 IHIIOrO HaBaHTAXKEHHS 1
TPAaHUYHOIO IX MIIHICTIO, CIIiA HAKOMMYUTH OiJbIIe TEOPETHIHMX 1 MPAKTUIHUX
OCHOB 1 3HaHb, MO0 IIMPOKO 3aCTOCOBYBaTH METOJ aKyCTHYHOI emicii B
JiarHOCTYBaHHI TOTO YH iHILIOT'O IIPOMHCIIOBOTO 00JIaJHaAHHS.
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JOCILKEHHA HATTPYKEHO-IE®OPMOBAHOI'O CTAHY
POBOYMX KOJIIC BIJLIEHTPOBOI'O KOMITPECOPA

Iynvro B. B., cmyo. ep. KM-71; Casuenxo €. M., ooy. xagp. KM, Cym/Y, m. Cymu

B ximiyHif, HadTOra3oBii Ta IHIIMX Tajy3sX MPOMHCIOBOCTI LIMPOKO
BUKOPUCTOBYIOTHCS BiALIEHTPOBI KOMIIPECOPH Pi3HUX THIIIB, SIKi MOXKYTb OYTH K
OITHO- TaK 1 6araToCTyImiHYaCTUMH 1, BIIMIOBITHO, MaTH oxHE abo0 Oinbie podounx
KOJIIC 3aJleXXKHO BiJg MapaMeTpiB Kommpecopa. [ 0J0BHOIO  0OCOOJHMBICTIO
KOHCTPYKLii poO0YuX KOJIiC € mpocTopoBa (popma iX eJIeMEHTIB Ta HasSBHICTbH
KOHCTPYKTUBHUX KOHIICHTPATOPIB HAIPY)KEHb B MICISX IMEPEXOIIB BiJ] JOMATOK
JO TOKpUBHMX auckiB. [lomomka pobodoro kojeca MallMHM B Tpoueci il
eKCIUTyaTallii MpU3BOJUTh IO TIOBHOTO BUXOMY 3 Jiamy Bciel mamuau. Jlo Takux
CHUTyalliif MOXYTh NPHU3BOAWTH BHMYIICHI KOJHMBAHHSI B NPOTOYHIH dYacTHHI
BIZILIEHTPOBOrO KoMIpecopa. /Jlis 3MeHIIeHHs WMOBIPHOCTI Iepea4acHOro
pyHHyBaHHS poOOYOro Koyieca TMOTPiOHE TIpaBWJIbHE BIAJAIITYBaHHS BiJ
PE30HAHCHHUX YacTOT Yy NPOTOYHIM YacTHWHI BiJIEHTPOBOro Kommpecopa. Kpim
TOro, ImoO0 MONEepPenuTH pPYHHYBaHHS pOOOYMX KOJIC YacTO 3aCTOCOBYIOTh
crieliajbHi KOHCTPYKTHBHI DILICHHS, Taki SK BHUPI3M Ha MOKPHBHUX JHUCKax
pobounx KoJIiC 3 YTBOPEHHSAM Ha HHUX TaK 3BaHOI «pomamkm». OOHaK Taka
orepamis € IOCHTh HETEXHOJIOTIYHOIO, Ta B IIUIOMY TOTIpIIye Ta30JdHAMIYHI
MOKa3HMKH KOMIpecopa.

Jiist TIOsICHEHHST PUYMHK PYHHYBaHHS poOOYMX KOJIC ICHY€E JIBI OCHOBHI
KoHIemii. 3rigHo OojHi€i pyHHYBaHHS BigOYBa€TbCsAd Ha pPE30HAHCHUX abo
ONMM3BKHX IO HUX peKUMaxX poOOTH poOOUOro Kojieca, a 3TiHO 1HIIOT pyIHyBaHHS
BiZI0YBa€THCs Yepe3 LMKIIYHUI XapaKkTep HarpyKeHb 1 BUCOKIH iX KOHLEHTpaLil B
MICISIX YTBOPEHHS 1 pO3BUTKY BTOMHHUX TPIIIHH.

Juis OimbIn TOWYHOTO 3’SCYBaHHS TNPUYUH PYHHYBaHHS POOOYMX KOJIC
HEOOXIHO MPOBECTH KOMIUIEKC YHCIIOBHX JOCHTIKEHb 1X MII[HOCTI, MOJAIbHHIA
aHaJIi3 KOJMBaHb, aHAJI3 B3aEMOJIIT MK POTOPOM 1 CTATOPOM, a TAKOXX BU3HAYMTH
3HAUCHHS YacTOT, 10 BUHUKAIOTH B Masdyxax pobounx kouic. [IpoBeneHHs maHuX
JIOCJIIJDKEHb JTO3BOJIMThH MOOYyBaTH Tak 3BaHI JiarpaMu B3a€Mojii Ta aiarpamu
JUTSL  aHaIi3y TapMOHIWHUX 30yKYHOUWxX BIUIMBIB Ha poOoYi Kojeca Bif
BHYTPIIIHIX €JIeMEHTIB KOMIpecopa Ta BiJl aepoaKyCTUYHOIO BIUIMBY. 3a
noOy/ZoOBaHUMH  JliarpaMaMd  MOXHA OyZe TpOBECTH OLIHKY IPUYHH
MOTIKO/KEHHST POOOYNX KOJIiC KOMIIpecopa.

VY naHiit poOOTI BUKIAAEHMH MiJXiJ peayi3oBaHWN Ha NPHKIAJl aHai3y
NPUYUH pyHHYBaHHS PoOOYMX KOJIC 3MIHHOI NPOTOYHOI YaCTWHHM KOMIIpecopa
razonepeKkadyyBaJbHOTO arperaty BUpoOHHMITBa CyMCHKOTO MAalIMHOOYIiBHOTO
HBO. 3a oTpuManumMu pe3yibTaTamMu 3pOOJI€HI  BIiJMOBiIHI  BUCHOBKH.
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TIAPOJAMHAMIYHUI PO3PAXYHOK TOPLIEBOI'O VIIIJIbHEHHS
Tokapes B. O., cmyo. ep. KM-71; Cogenxo H. B. doy. kagp. KM, CymV, m. Cymu

Y  Oynp-sKiii TiApaBIiYHIA CcHCTeMI HAWOUIBII  BiAMOBIAAIBHUMHU
eJIeMeHTaMHU, SIKi 00yMOBIIOE HATIHHICTh, e()eKTUBHICT POOOTH 1 TEPMiH CITy>KOH
CHUCTEMH, € YIITbHCHHSA. BHCOKOSKICHI YIIITbHEHHS IOBHHHI 3a0€3NCYUTH
HEOOXiTHy TepPMETHYHICTh MPH TPUBAJIOMY TEPMiHI CIyXOHM, HE CIPHYHHSIIOUN
BEJIMKUX CHJI TEPTS 1 3HOCY PYXOMHX JieTanei, OyTH npane3JaTHUMHU B IIHPOKOMY
TEeMIIepaTypHOMY Jiala30Hi i MOKIIMBHX IIepernagax THCKY.

OCHOBHHUM €JIEMEHTOM Oy/b SKOT'O TOPLEBOTO YIIIJIBHEHHS € TOPLEBUH
napocenb. Ilim yac poOOTH IOBEPXHI TOPIEBOrO JApoceisd, L0 0OYyMOBIIOIOTH
repMeTH3allio YIIIIbHEHHS, 3a3Hat0Th nedopmamiid. Li zedopmarii MoxyTs OyTH
BUKJIMKAaHI SK CHJIOBAMH TaK 1 TEeMIIEpaTypHUMH QaxTopamu. bimpm Toro,
BpPaxOBYIOYH, IO OOOB’SI3KOBO XOoua O OJHA 13 MOBEPXOHb Ma€ MOXKIIHBICTH
OCBOBOI 1 KyTOBOi PYXJIMBOCTi, T€OMETpisl TOPLEBOro 3a30py MOKe HaOyBaTH
pisHOMaHITHUX ¢GopM. Lle B CBOKO Yepry € NMPUYMHOK BHHHKHECHHS NOAATKOBHX
rizponuHamMiuHuX edekTiB, [0 MOXYTh HEraTHBHO BIUIMBAaTH Ha po0OTy
MPUCTPOIO YUIJIOMY 3MIHIOIOYH HOTO CTaTHYHI 1 TUHAMIYHI XapaKTePUCTHKU.

B po6orti po3risiHyTa 3aa4a riapomnpyxHocTi. [IpoBeneHo anami3
BIUIMBY CHJIOBHX 1 TETUIOBHUX (PAKTOPIB HA TEOMETPII0 TOPLIEBOTO APOCEIISL.
PosrnsHyTi rigpoanHaMidHi XapaKTEpUCTHKA TOPIIEBOTO IPOCEIIS 3 ypaxyBaHHIM
MOJJIHMBHX JieopMalliii CTIHOK KaHaJy.
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METOJI1 OCbOBOI'O YPIBHOBAXEHHA POTOPIB
BIAITEHTPOBUX HACOCIB

Lloskonusic M. O., cmyd. ep. KM-71; Cosenxo H. B. doy. xagh. KM,
Cym[Y, m. Cymu

OcpboBa cuiia, 110 Ji€ Ha pOTOp BiALICHTPOBOI'O HAacoca € HaWOIIbLION 3a
aOCOJNIOTHUM 3Ha4yeHHAM. DBoOHa BHHHMKa€ B OCHOBHOMY SIK pe3yJIbTaT
HEBPIBHOBKEHOCTI THCKY PIIWHHM, WO i€ Ha pobodi Kojeca BiALEHTPOBOTO
Hacoca. [lnoma 30BHINIHBOI MOBEPXHI OCHOBHOIO JUCKA, Ha SIKy i€ THCK
HarHiTaHHA, OinbIne 3a Turonry mokpuBHOro awcka (Puc.l). Lle mpusBomuth 10
BUHUKHCHHS OCBOBOI CHJIa, HAIUIaBIICHOI 10 BXimHOi BopoHKH. [lis
0araTOIICHTPOBUX HACOCIB BEIMUYWHA Ifi€l CHiKM OyJe 3pOCTaTH BiAMOBITHO [0
KUTHKOCTI CYIIHIB 1 MOKE BUMIpPIOBATHCA ICCATKAMH TOH.

Pour /

D3=Pin

Pucynox 1

Jlyisi ypiBHOBa)KEHHSI TAKOi OChOBOI CHJIM HAaW4acTilie BUKOPUCTOBYIOThH
aBTOMATHYHI yPiBHOBAXKYIOUM HPUCTPOi — riipomn’aTu. IX edeKTUBHICTH HOJIArae B
TOMY, IIIO 3aBASKU 3aJISKHOCTI OCBOBOT JIil, 110 YPIBHOBAXXY€THCS, BiJl BEIMIMHU
TOPIIEBOTO 3a30pa, 11 MPUCTPOT MOXKYTh BIICIIAKOBYBATH MOXIIUBI 3MIHH OCHOBOT
CHIIM, IO Jli€e Ha POTOp Hacoca mix yac pobotu. Takox Iii HPUCTPOi OKpiM
OCHOBHOI CBO€i (yHKIIi — ypiBHOBa)XEHHsI, BUKOHYIOTb POJIb YIIUIBHEHHS, THM
caMHUM 3MEHIIYIOYM THCK HAarHiTaHHS Hacoca, L0 Ji€ Iepej aBTOMaTHYHUM
YPiBHOBKYIOUUM TIPUCTPOEM.

TakuM YMHOM aBTOMaTH4HI YPIBHOB@XYIOUM IIPUCTPOi € IOBOJI
€HEepProHaBaHTAKCHUMH eJIEMEHTaMH Hacoca 1 3Ha4HOI0 Mipor0 00yMOBIIOIOTH
fioro k.k.a. Tomy yOOCKOHaJNeHHS iX KOHCTPYKIIi 1 METOHIB PO3pPaxyHKY €
aKTyaJbHOI0 1  BaXJIMBOIO  3aJadel0  CY4YacHOTO  HAcoCOOyIyBaHHS.
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KOMIT'IOTEPHE PO3B’SI3AHHS 3AJIAUI B3ACMO/IIT
VIIUIbHIOBAJIBHOI PIJTUHU, CAJIbHUKOBOI HABMBKU
TA OITIOPHOI'O JUCKY V¥V TOPIEBOMY
CAJIbBHUKOBOMY VIIIJIbBHEHHI

Canooicnuxos A. 1., acnipanm ep. A-05/Mb; 3aeopyneko A. B., kano. mexu. Hayk,
doyenm, 3a8. kagh. KM, CymAV, m. Cymu

VY cydacHOMy MalmMHOOYIyBaHHI ICHy€ 3HauHa KUIBKICTH CKJIQJHUX
3amad i 3aBAaHb. HalOiMBII MOMIMPEHOI0 € 3amada TepMeTH3allil BalliB POTOPiB
BiIEeHTpOoBUX HacociB. Cepenl MOXIMBUX BapiaHTIB BHPIIICHHS NaHOI 3a7adi €
BUKODHUCTAaHHS KOHCTPYKIIH TOPLEBHX MEXaHIUYHMX YIIUIbHEHb, 30KpeMa
TOPIEBUX YIIIbHEHh 3 CAJIBHUKOBOIO HAOWBKOI. AHaji3 HAsBHUX HAYKOBHX
JOCIHIJKEHb II0Ka3aB, IO HE3BaXKAIOYM HA CBOIO TPAAWIIHWHICTH, CAIBHHKOBI
VIIUIBHEHHS] HE BTPATHJIM CBOET 3HAUYLIOCTI AJsg 0araThbOX BHUIIB MiAIPHEMCTB. |
TOMY ICHYIOTh MOXJIMBOCTI JUIsl MOJEpHi3alii TaHUX YIIUIbHEeHb, MiIBUILYIOYH 1X
eHeproepeKTHBHICTh, 32 PaXyHOK aHANI3y Tedil piIuHH y 3a30pi Ta AedopMariii
KiJIeb ITapu TepPTSL.

VY naniii poOOTI PO3IISHYTO TPH MOJCII TOPIEBOrO CaTbHUKOBOTO
ymineHeHHS (TCY): tpamuniiine TCY, TCY 3 momaTimeuMm nHoM, Ta TCY 3
Na3aMy BUKOHAHUMH Yy MOJAaTIMBOMY JHi. [ KokHOT Mozeni Oyyio po3B’si3aHO
3a/ma4y TiAPONPYKHOCTI 3 METOK BHMBYCHHS TiAPOIMHAMIYHHMX e(EKTIB, sKi
BUHMKAIOTh NPY Te4ii piIMHU B napi TepTs. 3a1a4a po3B’a3yBaiach 3a JONOMOT 00
nporpamuoro komiuiekcy ANSYS, a came moxynis Transient Structural Ta CFX.
B skocti pesymnbrariB Oynu OTpMMaHi pPO3MOAUIM TiAPOJMHAMIYHOTO Ta
KOHTaKTHOTO THCKIB y Tapi TepTs.

JocmijpkeHHsT  KOHCTPYKIIM  TOPILEBHX  CAIbHUKOBUX  YIIUIBHEHB
MOKAa3aJI0, [0 HAsBHICTh Ma3iB y MOJATIMBOMY JAHI IPHU3BOIUTH JIO TOTO, IO Y
[UX MICISIX YaCTHHA CAJIbHUKOBOI HAOWBKH JePOPMYETHCS 1 YTBOPIOETHCS
JIOJATKOBUH 3a30p, B SIKOMY BiJOyBAa€ThCS HarHiTaHHA POOOYOro CEepemoBHIIA.
Uepes me CIOCTEpIraeTbesl MiIBUINEHHS TiPOJUHAMIYHOTO THCKY, SKHH
BIITHCKAE CaJbHUKOBY HAOWBKY BiJ] MOBEPXHi OTIOPHOTO KiNbIls. BHACTIOK 1IBOTO
MaKCHMaJlbHI ~3HAU€HHs KOHTAKTHOIO THUCKY MO IIMPWUHI Tapud  TepTs
3MEHIIYIOTHCS B MOPIBHAHHI 3 TpaauuiiHoo koHeTpykiieto TCY. e 3abe3neuye
3MEHIIEHHS MOMEHTY TepTs (Ha 14%) 1 sSK HacHiOK 3MEHIIEHHS 3HOIIYBaHHS
CalbHUKOBOI HaOwBKu. OIHAK MpH [HOMY Ma€ Miclle He3HayHe 30ibIICHHS
BEJINYMHH BUTOKIB.
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OINTUMIBALIS TEOMETPIT JJABIPUHTHO-JIYHKOBOI'O VIIIJIbLHEHHS

3azopynvko A.B., kano. mexu. Hayk, doyenm, 3a6. kagh. KM;
Izemenxo B. B., cmyoeum, CymJV, m. Cymu

JIaGipyHTHI YIIIBHEHHS, B SIKMX II€PEBAXAIOTh MICIEBI ONOPH, MOXKHA
BiTHECTH 10 YIIUIBHEHb 3 IPOCENMIOI0YMMHU npocensiMu. OcCHOBHa (YyHKIiA
NaOMPUHTHUX YUIUTbHEHb TOJArae B 3a0e3nedeHHI MiHIMaTbHUX BUTOKIB depe3
VIIiTbHIOBAJIHHI IOBEPXHI 3 YpaxyBaHHAM MiHIMaJbHHUX aepOAWHAMIYHUX BIUTUBIB
Ha porop Kommpecopa. OmHaK y JNaOipMHTHUX YIIUTGHEHHSX, 3aBASKH IOTOKY
piAMHE B OKPY)XHOMY HAIPSIMKY, IIPH IBOMY IIOTIK IEPEHOCHUTHCS O0OEPTOBUM
BAJIOM, BUHHMKAIOTh IMPKYJIIO0Yi aepoanHaMivyHi cuin. Tomy Ha mpakTuui OyIo
3alpONOHOBAHO  Psiil  JAeMN(pEpHUX YIIUIbHEHb, SKi MOXYTh 3MEHIIUTH
LUPKYJIIOI0Y] CHIIH, 1[0 CIIPUYMHSIOTH 301IbILIEHHS Hpelecii poTopa i, BIANOBIHO,
BiOpauito. Ile CTiNPHUKOBI, 3 CITKOIO OTBOpIB, KHIIEHBKOBI Ta JIyHKOBI
yIIUIBHEeHHS. SIKIMo MexaHi3M repMmeTH3alii Ta AWHAMIYHI XapaKTePUCTHKU
HEpIIUX TPHOX THUMIB YIIIJIbHEHb 100pe BUBYEHI, TO OCTAHHBOMY THITY YIIILHEHb
MPUCBIYCHO JOCUTH 0OMEKEHY KUTBKICTB TOCTIIKCHD Ta ITyOTiKaIii.

BuxopuctoByroun HeomHOpazoBo BumpoOyBani OI'J[ Meromm mms
MO/ICITIOBAaHHS Tedii ra3y B YIIIJIbHEHHI OTPHMaHI BETMYNHI BUTOKIB JIAOIpHHTHO-
JYHKOBOTO Ta JIWHAMIYHI XapaKTEpHUCTHUKH JIYHKOBOTO YIIiIbHEHb. HaBemeHo
NOPIBHAHHA OTPHUMAHHMX XapaKTEPUCTUK 3 EKCIIEPUMCHTAILHUMH IaHUMH,
JOCTYMIHUMH 3 JHTEpaTypH Uil INNAPHHHOTO Ta JAaOIpMHTHOTO YINiTHHEHB.
JocinijpkeHHs] MIATBEPJMIO JOCUTh HHU3bKI 3HA4€HHS BHUTOKIB JIabipHHTHO-
JIYHKOBOTO Ta BHCOKI JIMHAMIYHI XapaKTEPUCTUKH JIYHKOBOTO YIIIIbHEHb, @ TAKOXK
YaCTOTHI 3aJIe)KHOCTI KOe(illiEHTIB )KOPCTKOCTI 1 ieMIiipyBaHHSI.

HocnijkeHHst 1abipUHTHO-IIYHKOBOTO Ta JIYHKOBOTO YIIUIBHEHb 3
CepIOBHIHMMHU KaHAaBKaMH II0Ka3ajo, WLIO JUIsl TIOKpAalleHHs JUHAMIYHHX
XapaKTEePUCTHK, 0COOIMBO eheKTHBHOrO NeMI(ipyBaHHs IPH HU3bKUX 4YacTOTax
30yKeHHS, HEOOXiTHO BHUKOPUCTOBYBAaTH BHXPOBI raibMa y BHIDIIL
HAITiBBIIKPUTHX JTYHOK Ha BXOJi yIIUTbHEHHS. [ 3MEHIIEHHS] BUTOKIB JOIIEHO
BUKOPUCTOBYBATH CTYIIHYACTI Ta TIOPHIHI KOHCTPYKINI JTYHKOBHX YIIUITHHEHB,
TOOTO NaOIPHHTHO-ITYHKOBI YIIUTEHEHHS, B SIKUX 3HIDKYIOTHCS 3HAYCHHS BHTOKIB
IPU JOCUTh BUCOKHX AMHAMIYHHX XapaKTePHCTHKAX.

3a [0NOMOro pO3paxyHKOBHX METOMIB IUIaHYBaHHS EKCIEPHMEHTY
OTPHMaHI HOBI TEOPETHYHI 3aJEKHOCTI MK T€OMETPHYHIMH IapaMeTpamu i
BUTPATHHUMHU Ta POTOPOAMHAMIYHUMH XapaKTepUCTUKAMHU YIIJIbHEHb. BUKOHaHA
OaraTomapamMeTpuyHa ONTHUMI3allisl BJOCKOHAJICHOI KOHCTPYKIIi JabipmHTHO-
JIYHKOBOT'O YIIITbHEHHS 32 YMOBH MiHIMyMY BHUTOKIB 3a JJOTIOMOTOIO aJallTHBHOTO
OJTHOIIJTEOBOTO METO/Y.
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KABITALIIIMHA EPO3IA SIK HACJIIJIOK KABITALIIT

Bawwucm b. B., acnipanm; Hixonaenko /[. P., cmyoenm; Ilagrenxo I. B., 0-p mexH.
Hayk, npogecop kagedpu KM im. B. Mapyunxoscovrxoeo, CymV, m. Cymu

OnHUM 13 OCHOBHHMX 3aB/aHb, LI0 MOCTAIOTh IIepe] BUPOOHHKAMH
HAaCOCHOTO 00JagHaHHs, € 3a0e3MeUYeHHs] HOro HaJiMHOCTI Ta JOBIOBIYHOCTI. AJle
mix 9ac poOOTH HACOCIB YHACIIIOK KaBITAI[IMHUX SBUII BHHUKAE €po3is aeTrajen
MPOTOYHOI YacCTHHH, IO MPU3BOJUTH 1O 3MEHIICHHS iX NEpiomy eKCILTyaTarii.
SIBuine KkaBiTaIliitHOT epo3ii CKIagHe 1 MO JOCIHIIKEHE, OCKITBKH MICTUTh 5K
TiAPOOMHAMIYHHHN, TaK i MaTepiaJbHHUN aCHEeKTH. 3 TiAPOJMHAMIYHOI TOYKH 30py
Ile XaOTUYHE CTBOPEHHS KaBITALIHHOI'O IIOTOKY, L0 PYHHY€E JAeTail HIIIXOM
CXJIOITyBaHHS KaBiTamiHHUX OynbOamok. MaTepiaJibHUI acleKkT BKIIFOYae€ B COO1
peakiliro MaTepiany 3 Pi3HHMMH BJIACTHBOCTSAMHU Ha yJapHI ¥ TEIJIOBI JIOKAJIbHI
HaBaHTAXCHHS, 1[0 BUHUKAIOTh YHACIIIOK UX CXJIOITYBaHb.

KoH1eHTpoBaHa eHeprisi B KaBITalIfHUX 30HAaX MPU3BOJIUTH JI0 BHCOKOTO
PiBHS HaBaHTaKEHHS, K€ MOXKE MIEPEBHUILYBATH TPAHHINIO TEKYJOCTi, MIITHOCTi 200
BUTpHBaJOCTI Marepiany. [IpoTuais marepiany 1o pyHHYBaHHS KOHCTPYKLII 3
TOYKA 30py MEXaHIKM CYOUIBHHX CepeloBHI, (I3UKA TBEpOOro Tidma i
MaTepiaJo3HaBCTBA TAKOXK € KIIFOYOBHM MOMEHTOM B KaBiTamiitHii epo3ii [1].

[ITo6 BU3HAYNTH YMOBH CKCILTyaTallii, 3a SKHX BiIOYyBaeThcs KaBiTamilHa
epo3ist 1 JaTh KUIbKICHY OLIHKY arpecMBHOCTI KaBiTalliHHOTO IIOTOKY BapTo
MPOBOIUTH BUMNPOOYBAHHS Ha JIOKANBHY KOPO3if0 1 BH3HAYATH BIAMOBIIHUI
noteHuian. BumnpoOoByBaHHS MarepiasliB Ha €po3il0 JOUIBHO NPOBOIUTH 3a
JIOTIOMOTOI0 TIPHCTPOIB 3a TuUmoM TpyOm BeHTypi, a Takox BiOpamiitHOTO
obnasHanHs. [Ipy 11bOMY OCHOBHOIO METOIO E€KCIEPUMEHTAJIBbHUX JIOCHIDKEHb €
BUSIBJICHHS 1 KJIAcH]iKallisi MaTepialiB 3a CTIHKICTIO IO KaBiTamiiHOi epo3ii Ta
CHIBBIHOIICHHS OMOPY KaBIiTAI[IHHUM MpoIecaM 3 KIACHYHHMHU MEXaHIYHUMHU
BJIACTHBOCTSIMU  (TBEpHiCTh, TIPAHUL TEKy4dOCTi, TpaHULS MIIHOCTI, yAapHa
B’S3KiCTh TOMIO). TakoX, IOUIIBHO 3aBAAaBaTH TakKi yMOBH JIAOOPaTOPHHUX
BUIIPOOYBaHb, M0 MO3BOJIIOTH 32 OOMEXKECHUN Yac OJCpKyBaTH JOCTOBIPHI JaHi
npo KaBiTaliiiHy eposito. [IpoTe mepeHeceHHs UX TaHUX PO MaTepiai 3 IEBHUMHA
epOo3IMHUMHM BJIACTHBOCTSIMU 3 MOJEJi Ha IPOTOTHII, HaBITh SKIIO BPaxOBYBaTh
Kputepii momiOHOCTI, HE 3aBKOU 3a0e3ledye JOCTOBIpPHI pe3yNbTaTH, SKUMHU
MOYKHa KepYBaTHCS [IPYU BUTOTOBJICHHI JieTalleil MPOTOYHOT YaCTHHHU HAcoca.

VY 3B’a3Ky i3 BHIIE3a3HAYCHHUM, SBHIE KaBITALIHOI epo3il BUMarae OUThII
rJIMOOKOTO0 BHBYEHHS HOro BIUIMBY Ha JI€Tali IPOTOYHOI YACTHHHU BiJIIEHTPOBUX
MAaIllMH Ta BiJIOBiTHOTO BHOOpY MarepiamiB. /s 1[bOr0 JOLIIEHO CTBOPIOBATH
JIOCTOBIpHI MaTeMaTHYHI MOJETI 3 ypaXyBaHHSAM B3a€MOJIi MOTOKY 3 €JIeMEHTaMU
HPOTOYHOI YaCTHHHU.

Cnmcoxk itepatypu:

1. Zarantonello Eduardo H., G. Birkhoff. Jets, Wakes, and Cavities.
Elsevier. Academic Press, 1957.
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CEKIIA «<EKOJIOI'TA I OXOPOHA
HABKOJIMIIHBOI'O CEPEJOBHUILIA»



OUMIIEHHS ITOITYTHOI'O HA®TOBOI'O I'A3Y BIJ] CIPKOBO/IHIO
Abneesa 1. FO., cmapwuii sukiaday; binoeyp A. O., cmyoenm, Cym/Y, m. Cymu

[omyTHHiT Ta3 4YacTKOBO a00 TOBHICTIO CHANMIOEThCA Ha (akenax Ha
MyHKTaX IMiATOTOBKK a0o0 TepemaeThesl Ha MiATOTOBKY Ha Ta3onepepoOHuil 3aBOJ.
OpHaK TOCHIICHHS €KOJIOTIYHUX BUMOT Ta 3pOCTarova IiHHICTh Ta3y B HAPOIHOMY
TOCIOJApCTBI BHMAaralroTh AakKTHBHIIIE BIIPOBaPKyBaTH 30ip 1 MiATOTOBKY
MOITyTHOTO Ta3y Ha BCIiX eTamax MiATOTOBKH MPOIYKIIii CBEPAIOBHH 3 METOIO HOTO
nmoBHOI yTwmizamii. Po3poOka TeXHOJOTigHMX cXeM 1 BHOip crmocoOiB miArOTOBKH
HOMYTHOTO rasy, IO MICTHTh CIPKOBOJICHb I MEpKaNTaHH, CTalOTh aKTyaJbHOIO
npoOJIEMOIO.

3a paxyHOK HasBHOCTI CipkM y HadTi y TEXHOJIOTIYHOMY Impoueci il
crabinizauii, rerasanii Ta TpPaHCIIOPTYBAaHHS YTBOPIOIOTHCS Ta MOXYTb BUKUIATHCS
B arMoc¢epHe TOBITPsl pi3HI OpraHiuHi Ta HEOpPraHiuHi CHOIYKH, Cepel SIKHX
CIDKOBOICHb € HaWOUIBII IONIMPEHNUM TOKCHYHAM KOMIIOHEHTOM. MOHTax
JIOPOTHX YCTAaHOBOK U aOCOpOIIii CipKOBOIHIO 3 Ha)TH, ra3y i HAPTOIPOIYKTiB
4yacTo He e(peKTUBHMI yepe3 HOro HU3bKY KOHIIEHTPALi0. Y MPOMHCIOBHX yMOBax
3a ICHYIOYOi TEXHOJIOTii CIpKOBOIEHb 3a3BHYail BHUAANAETHCA 3 HadTH pazoMm 3
ra3oMm mifg 4ac cenaparii. Ilpn oMy He 3aBXXIHM BIAETHCS JTOBECTH 3aTHIIKOBHNA
BMICT cipkoBOAHIO y Ha(Ti micns cemaparii go sumor JICTY Ha ToBapHY Hadrty,
TOMY HEOOXiIHE Mojajblie BiJJyBaHHS CIPKOBOAHIO YHUCTHM razoM abo Horo
HeWTpanmizanis. [ 3a10BOJIEHHST BUMOT OXOPOHM HABKOJHIIHBOTO CEPEJOBHILA
HEeoOXi/JHEe OYMIIEHHS MOMYTHOTO HAaGTOBOro rasy BiJ CIPKOBOIHIO 1 MEpKaNTaHIB.

J1ist oumiLieHHs IPUPOAHOTO Ta3y Bia HoS BUKOPHUCTOBYIOTH Taki IpoLecH:

— XeMmocopOuiiiHi mporiecy, 3acHoBaHi Ha XimiuHii B3aemoaii HoS i CO; 3
AKTUBHOIO YaCTHHOIO aOCOPOCHTY;

— mnpouecu (i3ugHOi aOCOpOIii, B SIKMX BIIIyYEHHS KHCIHNX KOMIIOHCHTIB
BiZIOYBa€THCS 33 paXyHOK iX PO3YMHHOCTI B OPraHIYHUX IMOTJINHAYAX;

— KoMOiHOBaHI TIPOILECH, IO BHKOPHCTOBYIOTh OJHOYACHO XIMIUHI 1
(hi3u9HI TOTIMHAYI;

— OKHCHIOBQJIBHI TIPOIECH, 3aCHOBaHI Ha HE3BOPOTHOMY MEpPETBOPECHHI
MOTJIMHEHOTO CIPKOBOJHIO Y CIpKY;

— OYHILEHHS NMPHPOIHOTO Ta3y BiJl CIPKOBOJHIO MOXKE MPOBOJMTHCS 1 3
BUKOPHCTAHHSIM aICOPOLIIIIHNX MPOIIECIB, 3aCHOBAaHUX HA BUJIYYEHHI KOMIIOHEHTIB
ra3y TBEpJHMHU MOTJIMHAYAMH — aJICOPOCHTAMHU.

Bubip mpomuecy OYMINIEHHS NPUPOTHOTO Ta3zy BiJ CIPUYHCTHUX CIOIYK Y
KO)KHOMY KOHKPETHOMY BHIAJIKy 3aJIS)KUTh BiJ Oaratbox (pakTopiB, OCHOBHIMH 3
SKHX €: CKJIaJ] 1 apaMeTpu CHPOBHHHOTO ra3y, HEOOXiJHUH CTYMiHb OYMIIEHHS 1
00J1acTh BUKOPUCTAHHS TOBAapHOTO ra3y, HasBHICTh 1 MapaMeTpH €Hepropecypcis,
BiJIXOJIM BUPOOHHIITBA Ta iH.

AHaii3 cBiTOBOI IPaKTHKH, HAKOMMYEHOI B 00JaCTi OYMIIEHHS NPUPOTHUX
rasiB, IOKa3ye, 110 OCHOBHUMH TpoliecaMy JJisi 0OpOOKH BENHMKUX ITOTOKIB razy €
abcopOrist 3 BUKOPUCTAHHIM XIMIUHMX 1 (i3MuHMX aOCOpOEHTIB 1 iX KOMOiHamii.
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OKHCHIOBaJIbHI ¥ aicopOLiiiHI TNpOIECH 3acTOCOBYIOTH, SIK HPAaBHIIO, IS
OYUINCHHSI HEBEJIIMKUX MMOTOKIB Ta3y abo JJisi TOHKOT OUYHUCTKH Tazy.

YCTaHOBIICHO, IO 3 YCHOTO PI3HOMAHITTS ICHYIOYHMX TEXHOJIOTIH mepeBary
HEOOXIZHO BiZIaBaTH METOJAM XiMi4HOI HeiTpamisalii cipkoBoauro. L{i meTomu 3
BUKOPUCTAHHSIM PEArcHTIB HOBOTO IOKOJIHHS JAal0Th MOXKJIMBICTH MO€IHYBATH
mpoliec HeWTpamizallii 3 OTPUMAHHSAM IIHHOTO MOOIYHOTO MPOAYKTY, HAMPHUKIIAJ
peareHTiB s iHTIOyBaHHS KOpo3ii HadTompomucioBoro obmagHaHHsA. Ha
POIOBHIIAX 3 BHCOKAM BMICTOM CIpKOBOTHIO BapiaHT XiMi4HOi HeWTpamizarmii
JIO3BOJISIE TOCSTTH OLBII TITHOOKOTO CTYTICHS OYUIICHHS.

Haii6inpm mommpenuii i epeKTHBHUN METOJ OYMINEHHS ra3y Ha Iei Jac —
OYHINIEHHS 3 BUKOPUCTAHHAM ankaHolaMiHiB. [Ipomec Bimpi3HAETHCS MOKIHMBICTIO
JIOCATHEHHS BUCOKOTO CTYIICHS OYMINCHHS 32 HCBHCOKUX BUTpAT peareHTy. Cymin
aMiHIB Mae psJ TepeBar: MEHIIl KOpo3iiiHa aKTUBHICTb, MIHOYTBOPEHHS Ta
BUHECEHHS BHACIIIJIOK BHUINOI TEMIIEPATYPH KUITIHHI, BEJUKUAN CTYIiHb HACHUCHHS
i, SK HACJTIMOK, MCHIIA BUTpaTa. YCTAHOBJICHO, L0 MiJ] YaC BUKOPHCTaHHS
TEXHOJIOTIT MapoBOi PEKOMIIPECii JOCATaeThCs HaiOIIbIIa CHEProePEKTHBHICTh
npolLecy, BUTpara mnapu, 110 MoJaeThes B iecopoep, 3MeHIryerbes Ha 10,7 %.

[omyTHuit HadTOBHH Tra3 PONOBHIN CipUHCTHX HAa(T XapaKTEPU3YETHCS
BITHOCHO HEBHUCOKHMH O0cCATaMH HOTO BHPOOHMIITBA IIiJl Yac cemapamii HapTh i
BHCOKHM BMICTOM CcipkoBomgHIO. [lomyTHHi HadTOBHIA Ta3, MmO BHIUIAETHCS 3
HaTH y pe3ynbTarti ii cemapamnii Ha 06’ €xTax BHAOOYTKY i MIATOTOBKH, € OJHUM 3
HaWBaKJIMBILINX PECYPCiB BYTJICBOJHEBOT CHPOBHUHHU.

Jis oCymIeHHs TPUPOTHOTO Ta3y BUKOPHUCTOBYIOTBCS B OCHOBHOMY TpHU
criocoOu:  HHM3BKOTEMIIEpaTypHa  cemapailis, abOcopOmiiiHa  ocymika 3
BUKOPHCTAHHSIM TJIKOJIB 1 ajacopOuiiiHe ocymieHHs. AJCOpOLiifHe OCyIIeHHs
3aCTOCOBYEThCS IEpe/ 3aKauyBaHHsIM Ia3y B IMiJ3€MHI CXOBHWIIA, Ha YCTAaHOBKAX
CKpaIICHHs rasy, IijJ 4ac MiJrOTOBKH 10 TPAHCIIOPTYBaHHS ra3y, Ha TeIiEBHX
3aBoJax, MiJl Yac OCYUIGHHS Ta3y Iepe] KpIOreHHUMHM IpolecamH, y pasi
OCyIIeHHs mponaH-OytaHoBoi ¢paxuii, ouumenHs rasy Bigx HS, CO,
MepKanTaHiB. HaiOumbIl MmHpoKe NpaKTHYHE 3acCTOCYBaHHA SK abcopOeHTH
ollepXKald ~ MOHOJIeTaHONaMiHH. BWKOpHCTaHHSA MdieTaHONAMiHYy  OCOOJMBO
JOUUTBHO B TUX BUMAIKaxX, KOJNM y BUXigHOMY Ta3i mopsa 3 HoS 1 CO2 MmicTsThes
COS i CS,, sxi BCTymamTh B HE3BOPOTHY pEakKIil0 3 MOHOETAHOJIAMIHOM,
BUKJIMKAIOUX HOTO 3HAYHI BTPATH.

TTepcneKTUBHUM MiAXOJOM JO OYHMIICHHSI Ta30BHX IOTOKIB BiJl CIIOJNYK
cynbdypy € 3acTocyBaHHSI 0i0XiMIYHOTO METOAY OKHCHEHHS CipKOBOIHIO Ta/abo
BigHOBIEeHHS cynbdyp (IV) okcumy no enemerTapHOi Gi0CipKH.

OTxe, CIpKOBMICHI CIIOJNyKH, 30KpeMa CipKOBOJEHb, BHIASIETHCS 13
MOMYTHOTO Ha()TOBOTO razy METOAaMH KaTaJiTHYHOTO OKHCHEHHS, 32 JI0MOMOTIO0
XeMOcOpOIiHHUX Ta aOcopOmiHUX TexHojdoriid. Jlusd moTpuMaHHS BHMOT
EKOJIOTIYHOT O€3MEeKH MOUIIBHO 3aCTOCOBYBATH CYYacHI CHHTCTUYHI MOTJIMHAYI Ta
IHHOBaLliiHI OKHCHIOBaui, sKi 3a0€3Me4yl0Th BHUCOKHMH CTYyMiHb €()EeKTHBHOCTI
TEXHOJIOTIH.
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TEXHOJIOI'TI BAXHCTY ATMOC®EPHOI'O ITOBITPS BIJI BUKU/IIB
JJAKO®APEOBOI'O BUPOBHUILITBA

Llanosan O. I, cmydenmrka; bypna O. A., acucmenm, CymAY, m. Cymu

JlakohapOboBa  MPOMHUCIIOBICTH — [€ TMPOBiJHA Taly3b  XIMIYHOI
MIPOMHUCIIOBOCTI, MiATPHEMCTBA SKOT BHPOOIISIOTH MIPOAYKIIIIO
MIIPOKOMAcCIITaOHOTO 3aCTOCYBaHHS.

CraTucTiKa BUKHIIB 3a3Hayae, 10 32 OCTaHHI [1Ba JecATHPIUYs B YKpaiHi
CYTTEBO 3MEHINWIACH KUTBKICTh BUKHAIB OCHOBHUX 3a0pyAHIOIOYHX pPEYOBHUH,
TaKAX SK IIOKCHJ CIPKH, OKCHIHM a30Ty, aMiak, OKCHI BYTJEII0, HEMETaHOBHX
JIETKUX OPTaHiYHUX CIIOJIYK.

CraTtucTuka 3aXBOPIOBAHOCTI HACEJICHHs CBIIYMTH NPO T, LIO 3arajbHUi
piBCHb 3aXBOPIOBAHOCTI, IOB’S3aHUI 13 BIUIMBOM INKIJJIMBUX BHKHIIB BiJ
BUPOOHMITBA JIako(apOOBHUX MaTepialliB, 3a ocTaHHI 20 pOKIiB 3MEHIIMBCS, ajie 11e
NOB’sI3aHE HE CTIIBKM 3 PO3BUTKOM HAyKH Y Taiy3l 3aXHCTy HaBKOJIMIIHBOTO
OPHPOIHOTO CEPEIOBHUINA, a 31 3MEHIIICHHAM HaceleHHs Kpainu [1].

Meta po0oTH moJsirae y 3acTOCYBaHHI yCTAaHOBOK MJISI YJIOBIIOBAHHS 1
JIOKai3amii JIeTKUX OpraHiYHUX CHOJNYK 3 BCHTWJLAIIMHOTO TOBITpA, fAKi 0
BIJITIOBiTaJT HAUBUIIUM TEXHIYHUM, €KOJOTI9HIM Ta €eKOHOMIYHUM CTaHAAPTAM.

Haii6inpim eeKTHBHUME HAYKOBUMH pPO3POOKAMH CYYacHOCTI € METO.
abcopOmiifHO-010XIMIYHOI OYHCTKHA BEHTWLILIHHOTO TOBITPSA Bil IIKIJUIHBUX
BUKHIB, Ta CIOCIO 3HEIIKOKCHHS Ta30BUX BHUKHIIB, B SKOMY JUIS ITiJBUIICHHSI
e(eKTUBHOCTI CHAaJIOBaHHS JecopOaTy, 3HMKYIOTh B OCTaHHBOMY BMICT
HErOpIOYMX pevyoBUH. Taki CmocoOu JO3BONSAIOTH 3aCTOCOBYBAaTH 1X Ha
HiANPUEMCTBAX 3 BUPOOHHUITBA Jlako(hapOOBUX MarepialiB, Jie € ra3oBi BUKWJH,
IO MICTATh TOKCHYHI TOpIOYI PEYOBHMHH, OYMIIAIOYM 3a0pyAHEHE IMOBITPS BiJ
JICTKUX OpraHiyHux cronyk Ha 90-98%, tomayomy — 70-80%, a Takox 3MEHINYHOYN
BMICT HETOPIOYHX PEYOBHH B JiecopOarti Ol HiXk B 8 pasib.

[Ipobmema 3axmcTy JOBKULIS 3YMOBIIOE  HEOOXIOHICTH  BTLICHHS
MaKCHUMalbHO €(QEKTHBHHX METONIB HelTpamizalii HeOe3NMeYHuX BigXOJiB
nakohapOoBOTO BUPOOHUIITBA.

3anponoHOBaHUH TMEpeNiK METOMIB HE € IMOBHUM 1 BHYCPITHHM Y CHCTEMI
3HEMIKO/KEHHS IIKIUIMBUX BUKUAIB Bil JIako(papOOBOTO BUPOOHHUIITBA, a € JIHIIIE
HE3HAYHOI0 YACTHHOI0 THX pPO3POOOK, SKi NPOMOHYE HAaM CBiTOBE HAyKOBE
TOBapUCTBO, IUIIXOM 3aCTOCYBAHHS SIKMX JIFOJCTBO 3MOXE 3BECTH J0 MIHIMyMy
[IKIUIMBAH BIUIMB HA TOBKIJIIA.

Crucok Jitepatypu
1. JIrotuit € M., Tucoecekuii, FO.P., Jlamak IO.P., Jlamenuxk A.B.
[uxstonn B nepeBooOpoOHiit npomuciaoBocTi : MoHorpadis. JIbeiB : Pex. xxypHamy
«YxpaiHcbkH# maciuHuk», 2014. 149 c.
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TEXHOJIOI'TYHI 3ACOBU 3AXUCTY JOBKIJJIA
[TPU IHTEHCU®IKAILIT AKBAKYJIbTYPU

Tpynosa I. O., ooyenm,; Manvyes O. @., cmyoenm, CymV, m. Cymu

AKBaKyJIbTypa — 1€ Tally3b JOCTaTHHO HOBA B ITOPIBHSAHHI 3 TPaAHIiHHIMHA
«HAa3eMHUMH» Tady3dMH TBapUHHHUITBA, Yy HEi OUIbIIE MOXIMBOCTEH I
BUKOPUCTAHHS HOBUX TEXHOJIOTIH, SKi CHPHUSIOTH IOJANBIIOMY 301IBIICHHIO
e(eKTHBHOCTI BUKOPUCTAHHS PECYpPCiB.

B ocTanHi pokH, akBaKyIbTypa BBRKAETHCA HAHOIIBII IIBUIAKO3POCTAIOYOIO
CBITOBOIO Xap4OBOIO IPOMHCIIOBICTIO, BIJIrpalodu BHUpPIMIAIbHY pOJIb Y
3aJIOBOJICHHI MiIBUIIICHOTO MOMKUTY Ha TBAPHHHI OUTKH. 3 OIIAAY Ha TOH (akT, 10
pO3Be/ICHHS pUOM B CajKax 1 MITyYHHX BOJOMMAX CTae BCe OUIBIN MPUBAOIUBUM
MiANPUEMHHUIITBOM, HEOOXiTHO MOA0ATH HE TUIBKU MPO OACPKAHHSI CKOHOMIYHOTO
e(eKTy Bij CIIpaBH, ajic i Mpo Te, K BECTH CBOO CIIPaBY 0€3 MIKOM JJIS TOBKIJLIS.

Ha cporopmimmHiii [OeHb €KOJOTiS aKBaKyJbTypH HaIllpaBlIeHa Ha
30UIBIICHAS TPOAYKTUBHOCTI BHPOOHWITBA TIPH 3HIKEHHI HETaTHBHOTO
HaBaHTAXXCHHS Ha MpUpoAy. s NOCATHEHHS MOCTABJICHUX IIJICH 3aCTOCOBYIOTH
TEXHOJIOTIYHI 3aCO0H 3aXHUCTy MOBKLIIA a00 IX KOMIICKCH:

1. 3ampoBamKeHHS IITYYHOI aepamii BOOW y BOJHOMY OO’€KTi 3 METOIO
MOKpAIIEHH TiAPOJIOTIYHOTO CTaHy.

2. Bigxin Bix romiBii puOM 3epHOBIAXOJaMH, a BHOIp SAKICHUX KOPMIB, IO
3MEHIINTh KUTBKICTh BIIXOIB, SIKi HE BXKHTI pUOOIO, a OCUIM HA JHO, IPU3BOITYH
JI0 BTOPMHHOTO 3a0pyIHEHHs 1 MOTIPUICHHS SKOCTI BOJM, 3HW)KCHHS KHUCHIO Ta
SIBUIIIC 3a{yXH 1 I[BITIHHS.

3. 3anpoBajPKEHHS] CUCTEMH IIOBTOPHOTI'O BUKOPUCTAHHS BOJM — LUPKYJISALIT
B CHCTEMIi CTaBOK-piuKa.

4. OOGnamTyBaHHsS MICIJb BHJIOBY TBEPIHM ITOKPUTTSM [UIS IOTIEPEIHKCHHS
epO3iHHMX MPOLIECIiB Ta pyHHYyBaHHS OEpeTiB.

5. Tlepexim mo po3BeAeHHS pHOM PI3HUX BHOIB Ui KOMIUIEKCHOTO
BUKOPUCTAHHS INTYYHOI Ta MPUPOAHOI KOpPMOBOI 0a3u Ta MiHiIMi3amii
BHYTPIITHBOBHJOBOT KOHKYPCHIli 3 HAYKOBOOOTPYHTOBaHHM IPOPAXyHKOM
T'YCTHUHH TOCAJIKH KOKHOTO BHTY.

OcraHHIM 4acoM Bce OUIbII MOMYJIAPHUM € HAIpPSMOK aKBaKyJIbTYpH i3
3aCTOCYBAHHSIM YCTaHOBOK 3aMKHYTOT'O BOJIONIOCTa4yaHHs ab0 PEelMpPKYJSLIHHUX
aKBaKyJbTypHUX CHCTEM. []e BUCOKOTEXHOJOTIYHMMA, Cy9aCHUN Ta MEePCTICKTUBHUI
HaNpsSIMOK BHUPOIIYBaHHS TiAPOOIOHTIB, IO JO3BOJISE 3HAYHO PO3UIMPUTH BUIAOBHIMA
CKJaJ 00’ €KTIB aKBaKyJIbTYPH.

OmHuM i3 CrOCOOIB 3MCHINCHHS HETaTUBHOTO BIUIMBY Ha JIOBKULIS €
3IIMCHEHHST caakoBoro pubopo3BeneHHs. CankoBi TocrmojapcTBa MOXHA
pO3MillyBaTH y BOJIOWMAX, Y TOMY YHCII KOMIUICKCHOTO IpPH3HAYCHHS, IO
JI03BOJISIE BUKOPHCTOBYBATH OMHI M Ti ) BOJHI pecypcH Uil pHOHMITBA 1 1HIINX
rajy3eil HapoJHOTO rocrojapcTsa. I mpu pOMY He MOTPiIOHO BHITy4YEeHHS 3 00iry
3HAYHUX IUIOI CLIIBCHKOTOCIIONAPCHKHUX YTiIb U Oy IIBHUIITBA CTABKIB.
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XAPAKTEPUCTHUKA HATIPSIMKY BITPIB Y CYMCBKOI OBJIACTI

Kopnyc A. O., ooy., CymA¥; Kopnyc O. I, ooy., CymJI1V im. A. C. Maxapenka,
m. Cymu

BuBueHHS HaNpsAMKY BITPY JOCHThH BaXKJIMBE €KOJIOTIYHE 3HAYCHHS, TO3asIK
BiH BH3HAa4a€ OCOOIMBOCTI aTMoc(epHOi Mirparii pi3sHOMaHITHHX 3a0pyIHIOIOUNX
pedoBuH. baratopiuHmii pekuM HAIPSIMKY BITPY BpaXOBYETHCS MPH PO3MIiIICHHI
MPOMUCIOBHAX  INANPUEMCTB, apXITEKTYpHO-IUIAHYBAJIBHUX  PIMICHHAX, IO
BPaxOBYIOTh IUIIXW MEPEMIIIEHHS IOJIOTAHTIB, CTBOPIOIOTH CIIPUATINBI YMOBH
JUISL TIPOBITPIOBAHHS TEPUTOPII.

Bitep Mae nekinbpka XapakTEpHCTHK, ajle TPAAMLIHHO BHIUISETHCS TPH
TOJIOBHUX: IIBUJKICTb, CHJA 1 HampsIMOK. 3BaKaloUM Ha Te, L0 CHJIa BITPY
3aJICKUTh MEPEAyCiM Bill HOro MBHIKOCTI, caMe¢ IIBUAKICT 1 HANPSAMOK €
TOJIOBHUMH XapaKTePUCTHUKaMHU BITPOBOTO pexuMmy. Y JaHiil poOOTi BUKOPUCTAHO
pE3yNbTaTH CIIOCTEPEKCHb 33 HANpPSIMKOM BITPY HAa METEOPOJOTIYHMX CTAHILISX
Cymcbkoi obmacti (dpyx06a, Kornoton, Cymu, Pomuu i Jlebeaur mpotsrom) 2005-
2020 poxkiB (puc. 1) y BimcOTKax Big 3arajdbHOTO YHCIA CIIOCTEPEKEHb Oe3
BpaxyBaHHS LITWIIIB Ta BITPiB 3MiHHHUX HAMpPsIMKiB [1].

Jns mpuxiamy, IeTanbpHINIE NPOaHANI3yeEMO XapaKTEPUCTHKU HaNpsIMKy
BiTpy it wmereoctanmii Cymm. [IpoTsrom 3a3HadeHoro mepiomy Ha Il
METEOCTAHIII] OJJHAKOBY TPHBAJICTh MAIOTh 3aXiJHi, MBICHHI Ta MiBICHHO-CXiTHI
BITPY — KOKEH 3 IIMX HAIPSIMKIB Ma€ TOBTOPIOBaHICTh 110 14% nHiB y poui. Pazom
3 TUM CIOCTEpIraeThCsl 4iTKa 3aKOHOMIPHICTH Y PO3MOALI HamlpsMKIB BIiTPiB 3a
CE30HaMHU POKY: BIITKY NEPEBAKAIOTh 3aXifHI BITPH, a B3UMKY — MIBICHHI Ta
MiBJCHHO-CX1IHI.

Just ycix MeTeocTaHIid XapakTepHE IepeBaXKaHHs BITPIB MiBHIYHUX 1
3axigHUX pyMmOiB y JHITHI Ta 30UIBIICHHS MMOBTOPIOBAHOCTI BITPIB MIBJCHHUX 1
MiBICHHO-3aXiTHUX pyMOiB — y ciuni. Taka 3MiHa HAIpPSMKIB BITPY 32 CE30HAMHU
POKy 3arajoM € 3aKOHOMIPHOIO i 3yMOBIIIO€ThCS Nepe0y0BOI0 OApUIHOTO TIOJI,
3MIHOIO POJi TOCTIfHHX Ta CE30HHUX TOJIOBHUX OapwyHMX MeHTpiB. Takuit
PO3IOAIT TMMOBTOPIOBAHOCTI BITPiB MiX OCHOBHHMH PyMOaMH € OJU3BKHAM [0
pe3ynbTariB, 10 (iKCyBalMCs 3a MONEpenHi mepioau crocrepexeHb [3] Ta
craugaptHol kmimariuuaoi Hopmu 1960-1991 pp. [2].

PasoM 3 THM, KOXXHA 3 METEOCTaHIii obmacti Mae cBOI 0COOIMBOCTI
BITPOBOTO pexkuMy. 30KpeMa Ha MereocTaHmii PomMHM 1 B3MMKy, 1 BIITKY
MepeBaXaloTh BITPH 3aximHUX pyMmOiB, NpH dYOMy 3axiAHi BiTpM Habararto
MEPEeBUIYIOTh ITOBTOPIOBAHICTH BITPIB YCiX IHIINX HANPSAMKIB, Pa3oM y3SATHX.
Jemo 0co6iaMBOIO € MOBTOPIOBAHICTh HANPSMKIB BITPIB 1 Ha MeETEOCTaHIl
JleGenuH. 3UMOBHH CE30H TYT BUPI3HSAETHCS BEIUKOIO YaCTOTOIO MiBAEHHUX BITPIB,
30KpeMa y Ci4HI Ha BITpM IbOT0 HAmpsMKy npumnajnae mnoHan 12% Bumaikis.
HaromicTb y JIMIIHI TOBTOPIOBAHICTH MiBJICHHUX BiTPiB He nepeBuitye 4%. Lporo
MICSIIS TTePEeBa)KalOTh BITPH MIBHIYHO-CXIJJHOTO Ta CXiJHOTrO HampsiMky — 8,8% Ta
7,5% TOBTOPIOBAHOCTI BITPIB BiJIOBIIHO.
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Pucynox 1 — Hanpsimku BiTpiB Ha MeTeoctanisx CyMmcbkoi obnacti

Cnmcoxk Jitepatypu

1. JlomoBimep Npo CTaH HABKOJHMIIHBOIO IPHPOTHOTO CEepeloBHINA B
Cymcekiit obmacti y 2019 pomi (2020). Cymu: [lenapraMeHT 3aXHCTy JOBKIJUISA Ta
enepretuku Cymcbkoi o0nacHol qepykaBHol aaminicTpaiii, 202 c.

2. Maptunenko, B. M. Hecin, 1. B. (2019). bananc rymycy B 3emiepoOCTBi
Cymcbkoi obnacti. OxopoHa rpyHriB, But. 8, C. 143-11.

3. Sluyk, 1. I1. (2015). Arpoexosnoriunuii cran rpyHTiB CyMchKkoi 00acTi 3a
pe3ynbTataMu ekojoro-arpoximiunoi nacnoprusauii / I. I1. Suyk, A. M. Jlimyxk, I
. Maryceeuu, M. B. [lpara. Ilepearipse Ta Tipcbke 3eMJIepoOCTBO i
TBapuHHUITBO. Bum. 58(1). C. 238-248.
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JO IMUTAHHS JETYMI®IKALIL TPYHTIB CYMCBKOI OBJIACTI
Kopnyc A. O., ooyenm; Bacunenxo O. M., cmyoenm, Cym/[V, m. Cymu

Ipyatn CyMcBKOi 06IacTi iHTEHCHBHO BHKOPHCTOBYIOTECS Y CiIECHKOMY
rocriogapcTBi. 3a mincymkamu 2019 p. Ha CymimuHi 3i0paHo monan 4,4 MiH T
3epHOBUX Ta 3epHOO000BUX KYJIBTYp (5-€ MicIle 3a BAJIOBUM BHPOOHHUIITBOM 3€pHA
cepenl perioHiB YkpaiHu) 1 moHax | MIIH T TEXHIYHHUX KyJbTyp, IepenyciMm
COHSIIIHMKA, COi Ta pimaky. 3a ypo’KaifHiCTIO 3epHOBHUX i 3epHOOOOOBUX KYJIBTYP
(65,2 w/ra) Ta consmuuky (32,8 w/ra) y 2019 pori perioH mocis 4-¢ Miciie cepen
obmacret VYkpaimm. I3 3arampHOi Twromi oOmacti  (2383,2 THC. Ta)
CUIBCBKOTOCIIONAPChKI yrimns 3aiimatote 1694,7 Ttuc. ra (71,1 %), y T.4. puusa —
1237,7 tuac. ra (51,9 %). I xoua arpoximidyna ominka rpyHTiB CyMcbKOi 00macTi €
onHier0 3 HaiiBUmmMX B YkpaiHi (42-58 OaniB), Take IHTCHCHBHE
CITbCBKOTOCHIOAPChKE MPUPOJIOKOPUCTYBAHHS HEOAMIHHO Ma€ BIUIMBAaTH Ha
Gamanc ryMmycy y IpyHTax. 3a pesynbratamu IX T1ypy (2006-2010 pp.)
arpoximiuHoro odcrexxeHHs 3eMenib CyMCBhKOi 00J1acTi cepeHiii BMICT ryMycy B
IPyHTaxX CUIbrocmyrins KoimBaeTbes Bin 1,43 % y SIMminecekoMy paiioHi 10
4,59 % y binominecekomy (Tabdm. 1).

Tabmums 1 — Bmict rymycy y rpyatax CyMCbKOi 001acTi 3a pe3yibTaTaMu
IX Typy arpoximignoro oocrexenss (2006-2010 pp.) [3]

AnminictpatuBHHEA | BMicT rymycy, | AnmmiHictpatuBHuii | Bmict rymycy,
paiioH % paroH %
Binominscekui 4,59 HenpuraimiBchbkui 4,09
Bypuncbkuii 3,95 OXTHpChKHI 3,92
BenukonucapiBcbku
" 4,28 [TyTHBIBbCHKHI 2,73
[ yxiBChKUi 2,70 PomMencokuii 3,45
KoHoToncekuii 3,30 CepennHO-by nchkmid 1,74
KpacHomiibCchKHit 3,82 CyMchKHi 4,27
Kponesenpkuii 2,26 TpocTsHenbKku 3,38
JleOe TuHCBKHI 401 IIoCTKMHCHKUIMA 1,64
JINTIOBOOMMHCHKHN 4,38 SIMIiBCHKUI 1,43
B cepenHbpOMY 1O 00JIACTI: 3,58

Pazom 3 TM, iHIII JKeperia OAA0Th JEII0 BiIMiHHI pe3yNbTaTH, 30KpeMa
CTOCOBHO MiBJIEHHHX (JlicocTenoBuX) paiioHiB CyMchKOi 0671acTi, Jie BUPOLTYETHCA
OinplIa YacTHHA POCIMHHMIBKOI NpoAyKuii. 3 Tabn. 2 6aynMMo, MO B OKPEMHX
palioHax BMICT TyMYyCy 3aJIMIIAETHCS HE3MIHHMM, a00 HaBiTh 3pOCTA€ BIPOJOBXK
OCTaHHIX TypiB oOcTexkeHb. OJHAK 1€ MOB’SA3aHO TMEPEBAXKHO 3 THM, IO TUIOINII
oOCTe)XXeHb IPYHTIB 3HAauyHO CKOpoTwiMci. B 00poOiTky 3amummnucs H
oOcTeXyBanucs Kpamli OpHI 3eMiIi; Tipmi K BHBOAWIHMCA 3 OOpoOITKY 1 He
obcrexyBamucs [3]. Tak, 3ictaBmstoun mani [V i IX TypiB oOcTe:keHb MOXKHA
CTBEpKYBaTH, IO MICT TyMyCy B IpyHTax JicocTemoBoi dacTHHU CyMIIUHH
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smenmmBesa Ha 0,18 %, 3 xommBanusmu Bix 0,42 % y JlebenmacrkoMy paifoHi —
1o 0,06 % y Cymcbkomy Ta KpacHomisibcbKOMY palioHaxX. [HaKIIe KaxKydu, KOKEH
TeKTap OPHMX 3eMeNb y I 30HI BHACHINOK AeryMidikamii BTpaTHB Big 2 T
y Cymcekomy Ta KpacHominecbkoMy paiioHax po 16T y JlebenuHchbKOMy
paiiomi [1].

Tabmums 2 — [lnHaMika BMICTYy TyMyCy B OPHUX IPYHTaX OKPEMHUX PaiiOHiB

JicocrenoBoi yactuHu CyMCBKOT 00J1acTi 3a Pi3HUMH Typamu o0cTexeHb [1]
—_ —_ ~ o —~ o = ©]
2| 2| 2| &|ElegE|Ed
N 2| 2| g | &8|s|c|2|E5 2|58
AnminictpatuBruii| & | 2 | | 2 | & | Q| § | £ & B | 2
M 3 ' . ' ! o IS ===
pion | 2|z &g |58 8|51 F|E¢
18|88 |8 8|8 |tz 2|2z
>|S|s|z|2|x|Eg 2|5
= >SS | =& |algs
Binoninechkuii 6 | 44 | 43 |398|4,26|4,27|4,28|-0,12| -3 0,76
Kpacnoninseekuii | 4,6 | 4,34 | 4,26 | 3,94 4,09 | 2,36 | 4,28 |-0,06| -2 | 0,86
JlebeqHChK M 6,4 | 517 |4,95|4,84 |4,68|4,88|4,75|-0,42| -8 | 0,83
Henpuraiiniscekmii | 5,1 | 4,3 [ 3,96 | 3,77 | 3,9 | 3,98 | 4,16 |-0,14| -3 | 0,76
OXTUPCHKHIA 45 1339]337]3,19 335|344 3,26 |-0,13] -4 0,88
PomeHchbKHit 43 3,77 |3,7413,4413,7213,69 | 3,6 |-0,17| -5 0,84
CyMchbKuii 48302 3 | 29 |285|297|296|-0,06]-2|0,99
TpocTsHEIbKHI 51| 43 |4,22|4,04|3,86]3,82|3,96(-0,34| -8|0,76

Onyo6mikoBaHi fmaHi cBiguaTh [2], mo OajgaHC TyMyCy B OpPHHX IPyHTax
CymMcpkoi obnacti OyB HeratuBHUM (NpUOYTKOBa 4YacTHHA OajlaHCy OpraHigyHoOl
pedoBmHM ckianma 1,61 T/ra, a BuTpaTH rymycy Oymm Ha piBHI 1,92 T1/ra).
Ilo3uTuBHUI OanaHc rymycy OyB JMile MiI KyKypya3or Ha 3epuo +0,23 T/ra,
nmenunero +0,08 T/ra, OararopiuHuME Ta oxHOpiYHMMH TpaBamu +0,74 T/ra.
Haii6inpmr  nedinutHuii  OanaHc OpraHiuHOi pPEYOBHUHM CIOCTEpIraBcs Iix
NPOCANIHUMM KyJbTypaMH, a caMe: B IociBax OamTaHHHMX KynsTyp — 1,85 T1/ra;
ykpoBoro Oypsika — 1,78 1/ra; kapromii — 1,26 1/ra; consiauky — 1,15 1/ra.

Crucok Jitepatypu
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TEXHOJIOI'TS 3AXUCTY IPYHTIB BIJ] 3ABPYIHEHHI
HADTOITPOAYKTAMU

bapmow E. IO., cmyoenmxa; bypaa O. A., accucmenm; Cym[Y, m. Cymu

HagrToBe 3abpynHeHHS € OFHMM 3 HaHOUIBII HeOE3eYHHX BHIIB
3a6py/IHEHHS HABKOJHIIHBOTO CEPEOBHIA. MOro HeraTHBHA Jis Ha IPYHTOBO-
POCIMHHHUIA TOKPWUB, aTtMoc(epHe TMOBITPs, IMOBEpXHEBI Ta MiA3EMHI BOJH,
3I0pOB’S JIOAEH BiN3HAYAETBHCA HA BCIX eTamax MPOMHCIOBOTO OCBOEHHS
HaAQTOBMX pOAOBHUII: OypiHHS, nepepoOkw, 30epiraHHi, TpPaHCIOPTYBAaHHS i
nmikBifamii oOnagHaHHs. HalOinmpimoro BIUTMBY 3a3HAOTH BOIHI Ta Ha3eMHI
€KOCUCTEMHU.

Cepen KOMIIOHEHTIB Ha3eMHHMX EKOCHCTeM Ha(TOl0, HacamIepes,
3a0pyAHIOEThCS IPYHT. 3aBIsSKM BHCOKIH ajcopOyrouidi 3maTHOCTi, Hadta Ta
HaTONPONYKTH TpHBaJIMi dac 30epiraloThcs y HBOMY, CIPHYHMHSIOUH SIK
JETpa/lallifo 3eMeNb, TaK 1 CTBOPIOIOTH HEOE3MEKy NPOHUKHEHHS IOJIIOTAHTIB Y
JKUBMJIBHI JIAHIIOTH, OJTHI€IO 3 JIAHOK SKHX € JIFOUHA.

Icaye  kimpka  METOHIB  BINHOBICHHA  TIPYHTIB,  3a0pyaHEHHX
HaQTONPOMYKTaMHU — MeXaHiuHi, (i3uKO-XiMidHi, OIiOJIOTIYHI Ta KOMILIEKCHI.
3acTocyBaHHS TOTO UM iHIIOTO METOIY 3aJICKHUThH BiJl yMOB PETiOHY, XapakTepy i
CcTymeHs 3a0pynmHeHHA. Mexariuni Metomw. [lomsrarote y 300pi  HapTH
HaTONPOIYKTIB 3 MOBEPXHI IPYHTY.

®Di3uKo-XiMiUyHI METOMU. 3aCHOBaHI Ha BUKOPUCTAHHI COPOCHTIB s
300py HadTH i HATOMPOAYKTIB 13 OBEpXHI IpyHTY. Llei MeTon eeKTHBHUN MPH
300pi HEBENMKHX KUIbKOCTEH 3a0pynHioBada. [Ipu BeNMKHX BHJIMBaX BiH MOXe
BUKOPUCTOBYBATUCS Ha €Talll «I030MpaHHs» micias 300py 3a0pyaHroBadya
MeXaHIYHUM MeTo10M. biosoriyni MeTou. 3acHOBaHI Ha iHTEHCHDIKAIlii MPOIECiB
CaMOOYHIIIEHHS IPYHTY IUITXOM BHECEHHS CIeHiaTbHUX OiOJNOTIYHUX IperapariB
(bioaktuBaTop HYDROBREAK 2000, ITpemapatr BIOVERSAL FW, bionpenapar
«MikpowmineT», Oiompenapatu tuny «Hadtokey, «3Ixobiocy, «Coitnmekcy), sKi
SBIISTIOTH COOOI0 TIEBHUM YHHOM TMimiOpaHi TpymH MiKpoopraHi3miB (Oakrepiid i
rpubiB).

KomrmnekcHi meronu. lle cykymHicTh 3aco0iB Ui HOJIMUICHHST CTaHY
IPYHTIB 1 YCyHEHHIO 3a0pyAHEHH:, IO IOJIATAal0Th Y 3aCTOCYBAaHHI MEXaHIYHHX,
¢i3uKo-XiMiYHMX 1 OIOJOTiYHMX METOJIB BIJIHOBJEGHHS B KOMIUIEKCI 3
arpoTeXHIYHUMH 1 (PiITOMETIOPAaTHBHUMH POOOTAMH.

Ha cporogni HaiOiIbIl MEPCHIEKTUBHUM €  OIOJOTIYHMA  METOJ
BiJIHOBJICHHS IPYHTIB, 3a0pyaHeHNX HadTOI i HadTOnpoayKTaMH. Moro ocHoBHe
NpU3HAYECHHS TI0JISIrae B JIOKalizalii 3a0pyJHeHb Ta pyHWHYyBaHHI ajcopOOBaHHX
3a0pyIHIOBAYiB.

BukopucranHs pi3HHX METOAIB BiJHOBJIEHHA 3a0pynHEHHMX HA(TOIO i
HaTONPOyKTaMH TPYHTIB SIK IHCTPYMEHTY BIUIMBY Ha OlOTHYHY i aOlOoTHUYHY
CKJIQJIOBI IPYHTY Ja€ MOJJIMBICTb 3a0€3MEeUUTH JIETOKCHKALilo 3a0pyIHEHHS Yy
I'PYHTOBIH cHuCTEM.
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EKOJIOT'TYHO BE3IEYHI HATIPSIMU [TOBOJKEHHS 3
PAJIIOAKTUBHUMU BIIXOJAMU

Komoea I. 1., cmyoenmra, Yeprnuw €. 0., ooyenm, Cym[V, m. Cymu

PamioakTuBHI BiAXOAM YTBOPIOIOTHCS Maibke Ha KOXXKHOMY 3 eTamiB
3aCTOCYBaHHS PaliOaKTHBHUX PEYOBHH 1 smepHUX TexHojorii. {00 3meHmmTH
HETaTMBHHUI BIUIMB PAaJiOaKTUBHUX BIIXO/AIB HAa JIIOAWHY Ta HABKOJIHIIHE
cepenoBHIIe, MOTPiOHO 3a0e3MedyBaTH iX HaAilHY 130JIAIIIIO.

[30ma1Iist 3aCTOCOBYETBCS IJISI THUMYAcOBOTO 30epiraHHs pamgioaKTHBHHUX
BiIXOMiB, 0COOIMBO THX, IO YTBOPIUIHCS Hachigok aBapii Ha YAEC i sBusfioTh
cepiio3Hy HebOe3meky st Oiocepu. BupimeHHS 1iel mpoOieMH MOJSIrae B
CTBOPCHHI CICHiaTbHUX MiJ3¢MHHUX CXOBHI B CIOPHUATIHBUX TI'€OJOTIYHHX
dbopmMarrisix, Mo 3maTHI 3a0€3MeYUTH iX HaAIWHY 130JSI[if0 BiJ] HABKOJHUIIHLOTO
cepenosuma [1]. Ha pucynky 1 mpencTaBicHO MPUKIATUA CXOBHI JJIS 130JISIIT
PI3HHX THUIIIB pagioakTuBHUX Bigxonis (PAB).

PucyHox 1 — IIpukianym KOHLENTYalbHUX PillleHb CXOBHMIIL AJISI 1301111 Pi3HUX
kiaciB PAB: 1 — HazemHe cxoBuIe; 2 — NPUIIOBEPXHEBE CXOBHUIIIE; 3 — MiJ3EMHE
CXOBHIIIE Te0JIOTiUHOr0 THITY 10 700 M.

Jus yTumizanii pamioakKTHBHUX BIIXOJIB MOXXYTHb 3aCTOCOBYBATHCS Pi3HI
METOJM JUIS 3B'A3yBaHHS Ta KoHcepBalii PAB y ¢opmu(iie MoxyTs OyTH CKIIO,
Kepamika, MOJIMEpH Ta IHIIE), [0 3a0e3MeUyoTh HEMOXIHUBICTH Mirparil
HeOe3MeyHNX PEYOBUH Y HABKOJIMIIHE cepeoBHUIle. biTyMyBaHHS € BKIIIOUEHHAM
PanioaKTHBHUX BIIXOMIB, 30KpeMa PigKuX, B OITYyMHI MaTepiajid, SKi CTaHOBISATH
BHCOKOMOJIEKYJISIPHI CyMIIli BYTJICBOJHIB, B OCHOBHOMY BHIXOJATH IiCJSI BiATOHY
nerkux ¢paknoid 3 mpupoxHoi HadTu. SIK BuXiTHHHA Martepian, OITYyM € OCHTh
MOIIMPEHHUM, Yepe3 CBOIO JOCTYIHICTh Ta JIEIICBU3HY.

BuxopucraHHs MaTpHYHHX TEXHOJOTIH abo0 TOXOBaHHA BIAXONIB B
cTablIbHUX OJIOKax 3eMHOI KOopu. MaTpuili MOBHHHI MiHIMQJIBHO B3a€MOJISTH 3
MOPOAOI0 1 HE PO3YMHATHCSA B TPIIIMHHUX PO3YMHAX. MaTpHISIMH MOXYTh
BHCTYNAaTH: IIEMEHTHAa pPEYOBHHA, OETOH, 3ali300€TOH, CKJIO, a TaKOX € HOBI
KOMITO3UTHI MiHEpaJIbHI MaTpHUIl IITyYHO CHHTE30BaHI.
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Marpuii MaroTh BOJIOAITH TAKMMH BIACTUBOCTSIMHU:

— MEXaHIYHOIO MILHICTIO,

— BHCOKY TEIUIONPOBI/IHICTS,

—  MaJMMH Koe(ili€eHTaMH TETUIOBOTO PO3LIMPEHHS,

—  CTIUKICTIO 1O paialliifHAM MOIIKOKCHb;

— MAaTH IIPOCTY TEXHOJIOTIYHY CXeMy BUPOOHHUIITBA;

BUPOOIATHCS 3 BUX1THOT CHPOBHHH, IOPIBHIHO HU3bKY BapTICTh.

HaI/IHOH.II/IpCHlLHI/IMI/I MeTomamu TiepepoOkn PAB y kpaiHax 3 po3BHHEHOIO
ATOMHOIO €HEpPTeTHKOIO (3 OTIIALY Ha BUMOTH O€3IeKH) € Taki [2]:

— TpecyBaHHSA TBepAuWX pamioaktuBHUX BimxoxiB (TPB) rimpaBmigamvun
IpecaMy BHCOKOTO THUCKY. s Takoi mepepoOKM MpHIaTHI MeTaleBa CTPYKKa,
TEpMOi30JISILIHHI MaTepiany, Heroproue oOIuIeTeHHs enekTpokadenis Tomo. e nae
3MOry 3MEHIINTH TOYaTKOBUi 00’em mo 5 pasiB. CrpecoBani TPB moxyTth y
nogajpuIoMy OyTH iMMOOLII30BaHi Ta HalpaBJIeHi Ha 3aXOPOHEHHS;

— cnamoBaHHs roprounx TPB Ta pigkux pagioaktuBHuX Binxonis (PPB).
Meroto cnianroBaHHs € nepeBeneHHs PAB y iHepTHuUil craH (30JIbHUH 3aJIMIIOK),
IO TOJIIIye YMOBU O€3MEKM THUMYAacOBOro 30epiraHHsi Ta IOJajbLIOro
3aXOpPOHEHHS, a TAKOK 3HAYHO 3MEHIIye moyaTkoBuit 00’eM PAB (1o 50 pasiB);

— mepeBeneHHs PPB y TBepamii cTaH BKITIOYEHHSAM iX B iMMOOLTI3YIOUY
Mmarpuito. PPB 3MmimyroTh y NMEBHHX NpONOPLIsSX 3 HEMEHTHHM pPO3YMHOM Ta
crerianbHAMH Ao0aBkamu. Ilicis 3aTBepHiHHA OTPUMAHUH KOMIIAYHII MOXKE
HaIpaBILITUCS HA TAMYAcOoBe 30epiraHHs 4u 3aXopoHeHHs [3].

PamioakTHBHI BIAXOMUM € HEMHHYYOK) pEATBHICTIO, IO CYIPOBOIKYE
BUKODHMCTAHHS SIIEpHOi  eHeprii, 1 Meromu, w0 3a0e3nedyroTb Oe3rnedyHe
MOBO/KCHHS 3 HHMH, IOBHHHI OyTH EKOJIOTIYHO CTIHKMMH, N[00 3aXHCTHUTH
HUHIIIHI Ta MaOyTHI MOKOJIIHHS [4].
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IHTEHCU®IKALIA TA IIOCUJIEHHA ITIOKAZHUKA EOEKTUBHOCTI
PO3JIVIEHHSA BYPOBUX HIJIAMIB Y IOJII JIIf BIALIEHTPOBUX CUJI

Jlyyenxo C. B. acnipanm; Abneesa 1. FO., cmapwuil guxnaoau;
Hnayyx JI. /1., npogpecop, CymAY, m. Cymu

Jis skicHOi Ta €KOJOTigHO Oe3MeYHOi TEXHOJOTil PO3MUIeHHS BiAXOMIB
OypiHHS B YKpaiHi 3aCTOCOBYIOTh CIIEIialIbHI yCTAaHOBKH — TpHKaHTepHu. OCHOBOIO
poOOTH TpHKaHTEpa € TOJe Hii BIOIEHTPOBUX CHJI, SKi yTBOPIOIOTHCS IIiJ Yac
POOOTH KOHCTPYKTHBHOTO CJIIEMEHTY - IITHEKY.

Ane 1HKONM TOKa3HWK e(eKTUBHOCTI PO3IiIEHHS Ha BHXOIi OyBae He
3agoBuIbHUM. lle 00OymoBIeHO pi3HOIO TreoMop(osoTiero OypoBHX ILUIaMiB,
BIJICOTKOBMM BMICTOM pIi3HHMX BKJIIOYCHb, Ta HAsIBHICTIO B CKJIali 3aJHIIKIB
OypoBoro po3uuHy. J[lns nocWieHHsS Ta 3Ha4HOI IHTeHCU]iKauii mpouecy
PO3MAUICHHS 3aCTOCOBYIOTh pi3HI MeToau. OCHOBHUMH € XiMiuHi, (i3W4Hi Ta X
koMOiHar(i. XiMi4HI METOMU TOJNATalTh Y JOJaBaHHA B OypOBHUH IIIaM
CHeLiaIbHUX PEYOBMH — KOAaryJsHTiB Ta (uokymsHTiB. OcHOBHa IX nist
MJBUIICHHS BOJOBiJZaui Ta arperamis IHUCIEPCHUX dYacTokK. JlaHWid Meron €
e(eKTHBHHM, ajie i JOPOTOBAPTICHHUM.

[pu (i3uYHOMY BIUIMBY TaKOX HOCATAETHCS 3HAYHE TOCUIICHHS ITOKAa3HHUKA
BOJIOBiIIadi Ta eheKTUBHOCTI PO3IUICHHS B MiJIoMy. B manomy Bumaaxy OypoBwii
[IJTaM 3a3Ha€ BIUIMBY TEMIlEpaTypH Ta THCKy. Lle BinOyBaeThcs mix gac poOoTH
TPHUKAHTEPa, 33 JOIIOMOTOI0 OJIOKY KepyBaHHS Ta CHEUiaJbHUMH ITiJirpiBarOIInMU
eleMeHTaMHu. SIK HaciioK, BiJOYBAa€TbCS 3HWKEHHS B’SI3KOCTI Ta TYCTHHHU
PO34YMHY IO MOJAETHCS HAa PO3IiICHHS, 30UIbIIYETHCS BOAOBIAMaYa. J[0AaTKOBO,
npu 3MiHI poOOYOro THCKY, BiIOyBaeThCs KOPEKIis BJIACTHBOCTEH OypoBOro
BIZIXOJ1y, 10 3HAYHO IPUCKOPIOE MPOLIEC PO3/IICHHS Y MO JIiT BiJIIEHTPOBUX CHJL.

Cxema poOOTH TPUKaHTEpa IpeJICTaBIeHa Ha PUCYHKY 1.

FEEY

- —
Ry vV VY

Topaua nmamy Ha
.I posinerta

Baox xepyBanma

napaverpanm TpUKaHTepa

P i ks (PoBoua evmeparypa 1a
) Ticx)

Tseppa dasa nmamy
nicx posginera

nicna posminer A
Pucynox 1 — TpukanTep 3 6;10kOM KepyBaHHsS poO0U0i TeMIEepaTypH Ta THCKY

TakuM 9UHOM, TPU 3aCTOCYBaHHI (Pi3MYHOTO BIUIMBY Ha OypOBHH IIIamMm
BiJIOYBA€THCS MIABUIIICHHS MOKa3HUKA PO3AUICHHS Ta €(pEeKTUBHOCTI BOJOBiAmaYi,
0 3HAYHO 3MEHIITY€ TEXHOJIOT1UHI 3aTpaTH Ta MOJETIIY€E MPOIIeC.
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SMEHIIEHHA TEXHOT'EHHOI'O HABAHTAXEHH HA TJOBKIJIJIA
BIJ BUKU/IB JPIBHO/JJUCIIEPCHOI'O ITNITY

Typeyw JI. J1, doyenm, 3auyesa K. O., cmydenmra, Cymy, m. Cymu

3a naHuMU €BPONENCHKOI EKOJIIOTIYHOI KOMICIT, 3a0pyAHIOI0UI PEYOBHHH Y
BUIUIAI CYCHEHIOBAaHMX TBEPAMX YACTHHOK SBIIOTHCA OJHMM 3 TOJIOBHHX
3a0pyAHIOBadiB aTMOC(EPHOTO MOBITPS, OCOOIMBO y BEMUKUX MicTax. HaiOimpm
HeOe3MeYHnM AK Ui JIIOAWHH, TaK 1 A eKOCHCTeM € IpiOHOAWCIEepCHHMA
(pecnipabenpHuil) MU 3 PO3MIPOM YacTHHOK 10 10 MKM, SKHH HEZOCTaTHBHO
e(eKTHBHO BIOBIIOETHCS ICHYIOUNMH MAIOOYHCHUMH armapaTaMy i MOIIHUPIOETHCS
B arMocdepi Ha 3HauHi BincraHi. JlpiOHoamcmepcHWi nHMI He ocigae Ta
3aJIMIIAETHCSL Y BEPXHIX IIapax arMoc(epH, 3BIIKM HE BUMHUBAETHCS OMNaJaMH.
YTBOpEHI MUJIOBI XMapH 3 3aBUCIIAX PEUOBUH 3HAXOAThCS HA BucoTi 10—20 kM Ta
BiZIOMBAIOTh COHSYHE IIPOMIHHS, IO Yy TMOJAIBIIOMY MOXXE MPU3BECTH M0
3HW)KEHHS CePEeHbOT TeMIlepaTypH Mo0JIN3y 3eMHOT TOBEPXHI.

EdekTuBHICTh iCHYIOUMX ITMJIOBIIOBJIIOIOYMX YCTaHOBOK He 3abe3medye
JOCTaTHIA piBeHb OYMINCHHS BIOXiOTHUX Tra3iB Big dacTWHOK PMjys Ta PMio.
EXOHOMIYHO-IOLITBHUM B TAKOMY BHUIIAJIKY € TIONepeIHe 0OpOOICHHS 3alMICHOTO
HOBITPS 3 METOI YKPYIHEHHS ITMIOBHX YACTHHOK. 3a naHumu [1], mpu ionizamii
ra30MUJIOBOTO TMOTOKY CIOCTEpIiraeThcsi MiIBHIICHHSA €(QEKTUBHOCTI OYHICHHS
NHJIOra30BOTO MOTOKY 3a0pyIHEHOro piOHoaucriepcHUMH dacTuHKaMu (PMio Ta
PM35), 3MCHIICHHS CHEPrOBHTpAT IPOLECY HMIOBIOBICHHS Ta IIiJABUIICHHS
€KOJIOTIYHOT Oe3MeKH 3a PaxyHOK KoaryJisiiii IpiGHOANCTIEPCHUX YaCTHHOK.

loHi3amito MHUI0ra30Boi CyMilli BUKOHYBaIX 10HI3aTOPOM, SIKMH IeHEepyBaB
HeraTuBHO 3apskeni ionu (1,7x107 ionis/cm®). KoHIIEHTpalit0 TBEPANX YaCTHHOK

BU3HAYAJIM aHAJI3aTOPOM KOHIIEHTpalii TBepaux dacThHOK GM8803VSON, skuit
JIO3BOJISIE BU3HAYATH KOHLEHTPALIIO TBEpAMX dYacTHHOK PMys Ta PMio. s
BU3HAYCHHS ¢()eKTHUBHOCTI KOATryJISLlii YaCTUHOK MUy BU3HAYAIACh KOHIICHTPALIIS
yacTUHOK PM3 5 Ta PM1o Oe3 ioHi3aliii Ta npu i0Hi3aIlil MHI0ra30BoOro MOTOKY.

IIpoBeneHi moCHmiKEeHHS TMOKa3ald, IO 1OHI3aIlisl TNPH3BOIUTH MO
YKpPYIHEHHs TBepAHX dacTHHOK. KoHmeHTpariss yacTHHOK PMy 5 3MEeHITyeThCs 10
50 %, a wactuHOK PM10— 10 40 %. 3MEHIIIEHHS MIBHIKOCTI MAJIOTA30BOT0 IMMOTOKY
MPU3BOANTE A0 30UTBIIEHHS Yacy MepeOyBaHHsS YacTWHOK B 10iHI3aIliifHIA Kamepi
Ta crnpuse OUIBIIA KOarymsmil YacTHHOK. TakuM YHMHOM, IOHI3allisl TBEPAHX
YACTHHOK JIO3BOJISE 3MEHIIUTH KOHIICHTPAII0 JpiOHOMUCIIEPCHOTO MWIY Y
BUKHIAX, MiABUIIATH S(PCKTHUBHICTh IHIOBJIOBICHHS Ta 3HU3UTH TEXHOTCHHE
HABaHTAXXCHHS Ha JOBKIJUIA BiJ MHJIOBOTO 3a0pyTHEHHS.

Crucok Jiteparypu
1. Optical Particle Counters. The University of Manchester: website. URL:
http://www.cas.manchester.ac.uk/restools/instruments/aerosol/opc/ (Last accessed:
12.11.2018).
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TEXHOJIOI'TYHI ACHIEKTU PEAJII3ALIII ITPOLIECIB TEMHOBOI
TA METAHOT'EHHOI ®EPMEHTALIIT BIZIXO/IIB

Hanunos /I. B., cmyoenm,; Yepuuw €. FO., doyenm, Cym{V, m. Cymu

depMeHTAIiS  BiIXOMIB € TEXHIYHE BHPINICHHS HHU3KH MPoOiieM
CBOTOJICHHS, JlJaHa TEXHOJIOTiS Ja€ 3MOTY 3MEHIIHTH KUIBKOCTI BiIXOZXiB, IO
TIPAMYIOTH IO TIOJIITOHIB, 110 3HU3UTH IO IX TEPUTOPIiH, Jae 3MOTY IepepoOuTH
BiIXOmM Ha HaTypambHi Oiomoriuni moOpwBa Ta OTPHMYBATH TEIUIOBY Ta
eJIIEKTPUYHY CHEPTiIO.

IInsxomM TeMHOBOI (epMeHTamii MH MOXXEMO OTPHUMYyBAaTH OiOBOJICHB.
Takuii Meton ¢epmeHTanii He mnoTpedye CBITIOBOI €Heprii TOMy MOXKIHUBE
BUKOPDHCTaHHS TOMY MOXJIMBE HelepepBHE BHPOOHMITBO BoaHIO. [1] Buxin
BOJIHIO IiJ] YaC TEMHOBOT'O OpPOJIIHHS 3HAYHOIO MIpPOIO 3aJICXKHUTH BiJ MAPI[iaIbHOTO
THUCKY mnpoaykTy. IIpM BHCOKHMX 3HAY€HHSX MapUiajJbHOTO THCKY BOJHIO
MeTabo1i3M 3MILLYEThCsl Y OiK BUPOOHMITBA BiJHOBIEHUX MPOAYKTIB - TaKHX SIK
naktaT abo ajaHiH, TUM caMuM 3HIDKyloun Buxing Ho [2]. B sxocti ocHOBHMX
cyOCTpaTiB MOXXYTh BHKOPHCTOBYBATHCS Pi3HI OpPTaHIYHI CIONYKH — TaKi SIK
BYTJICBOAM, IYKpH, OLNKM 1 >KHUpH, KOMIUIEKCHI OpraHidHi cyOcTpaTm, Oarati
opraniuanMu pedoBuHamu: CB xapuoBoi mpommucnoBocti, CB kKoMyHanpHHX
MIATIPHEMCTB, BIIXOAH, SKi MIiCTATH LEIOJIO3Y Ta JirHiHmeromno3y, CB TBapuHHNX
tdepm, mykpoBMicHI CB, a Takox CB, sIki MICTATh 3aJHIIKH OJii Ta riinepoiry [3].

MetaHoreHHa (QepMmeHTalis TonArae B OTPUMaHHI Oiora3dy, MmO B
nojansIoMy Oyae OYHIIeHHH 10 6ioMeTaHy. AHaepoOHe TepEeTBOPEHHS CKIIaIHOL
OpraHiyHOT PEYOBUHH OY/Ib-SIKOTO CKJIaay Ha 0iora3 BimOyBaEeThCSA ILISIXOM
nepe0biry 4 ocHOBHUX eTartiB [4]:

- CTajist TigpoJi3y CKIAIHUX OlononiMepHUX MoJekys (OiiKiB,
JMiAiB, MoNicaxapuaiB 1 iH.) Ha NPOCTILI MOHOMEPH: aMiHOKUCIIOTH, BYTJIEBOAH,
JKUPHI KUCIIOTUTA iH;

— cranis pepmerTanii (OpomiHHS) MOHOMEPIB, IO YTBOPHIIKCS, O I
MPOCTIIINX PEYOBHH - HIDKYMX KHUCIIOT 1 CIIUPTIB, IIPH [IbOMY YTBOPIOIOTHCS TAKOXK
BYTJICKHCIIOTA 1 BOJICHD;

— alleTOTeHHa  CTajis, Ha SKi yTBOPIOIOTBCA  OesmocepenHi
MONIepeTHUKY METaHy: aleTarT,BO/IeHb, ByIJIEKUCIIOTA;

- METaHOTE€HHa CTajid, fKa Bede OO KIHIIEBOTO MPOIYKTY
PO3IICTUTIOBAHHS CKIIA[HUX OPraHIYHUX PEYOBUH - METaHY.

O3zHaifloMUMOCS 3 €HepreTHYHUMHE MOTEHIliaraMu 0i0BOAHIO Ta OiomeTaHy,
JUTSL IGOTO PO3TIITHEMO TEOPETHUHY 3a/1ady Ha 0asi ¢epMHu, 10 YTBOPIOE OJIM3BKO
45 TOH CBMUHHOTO THOIO Ha J00y 3 Bouyorictio 75 %. Buxim 6ioBomHiO mpu
BHKOPHCTaHi THOIO CTaHOBMTH Onm3bka 0,4 M° Ha 1 kr cyxoi maccu. Buxin Giorasy
TIPY BUKOPUCTAHHI JIaHOTO Biaxoay Oyae cranosuty 0,340-0,580 M3 Ha 1 xr cyxoi
MaccH, a BMICT MeTaHy NpH Takiii curyamnii Oyae npubmmsno 65 %. A temsosa
3IaTHICTH Oi0BOAHIO Ta Oiomerany, 120 Mx/kr ta 46,3 M/I/Kr BiAMIOBIAHO.
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EnekTpH4Ha eHepria

563KkBT MikpoTypbina
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| +
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M
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Pucynox 1 — Biiok cxema npouecy depmenrartii

Buxomsiun 3 1oTped HaBeIEeHMX HA CXEMi MH MOXEMO IOBHICTHO
3a0e3medyBatd  NOTpeOM (depMH Ta PO3MISHYTH MOXIIHMBICTH  HPOJAXKy
CHEePropecypciB CTOpPOHHIM crokuBauaM. Ha 1poMy mnpukiami M 0Oadyumo
e(eKTUBHICT BUKOPUCTAHHS J]aHOT TEXHOJOTIT Ha epMax Ta MiANPUEMCTBAX IS
OTPUMaHHS Ta NPOJAXY EHEPropecypciB Ta J00pHB. 3a paxyHOK TNPOIAKy
OPOAYKIII Bim (QepMEeHTAIIfHUX TMpPOIECiB JaHA TEXHOJIOTiA € EeKOHOMIYHO
BUT1THOIO.

Buxopsuu 3 BUIIE CKa3aHOI'O MOXEMO CKa3aTH, 110 (epMEHTAIlisl BiIX0/IiB
€ e(pCKTHBHIAM Ta IHBECTHUIIIITHO IPUBAOIMBIM TEXHOJIOTIYHAM PIlICHHAM, IO Ma€
3HAYHUI CUPOBUHHUN TMOTEHIAN, 30KpeMa OpraHiuHi BiIXOIH, HO3BOJISIOTH
BUPOOUTH TOJATKOBi OIOMPOAYKTH 3 MOJAHOIO BapTicTio (OiomoOpuBa, mirectaTH,
OpraHiyHi MOJIMEpPHU TOIIO), Ta XapaKTEePU3YIOThCS HU3BKUM PiBHEM co0iBapTOCTI
TaKoro BHJY eHeprii [5].

Cnmcoxk mitepatypu

1. PuGuwmncpkmii JI.M. EKoONOTiYHI acmeKTH BOJHEBOI CHEPTeTHKH:
kBasidikai. podora maricrpa / JI.M. Pubuuncekuii; Hayk. kepie. O. A. bypras. —
Opeca: O/IEY, 2017. — 63 c.

2. Ilypceka K.O. Crocobu npoaykyBauHs 0ioBoaH0. [Ipobmemu Giosorii
ta OiorexHosorii / K.O. Iypceka, €.B. Ky3pmincekuii //Haykosi Bicti HTYY
"KII".— 2011. — Bun. 3. — C. 105-114.

3. Mynina €. O., Yepuum €. HO.Ilporecu TeMHOBOI (epMeHTAIll IS
YTHIII3aIil BIiOXONIB 3 OTPHUMAaHHAMKOPHCHHUX Oi00CHOBHHX NpOIykTiB // Te3m
nonoBineir  VII  Beeykpainchkoi HaykoBO-TexHIUHOT KoH(epeHuii«CyuacHi
TEXHOJIOTI] y mpoMuciioBoMy BupoOHHULTB». — Cymu: Cym1Y. — 2020. - C. 246 —
247.

4. Kypic 0. B. MeraHoreHes i TeXHOJIOTIUHI CXeMH OTpUMaHHsS Oiorazy /
AunbTepHaTuBHbIe nCTOYHUKH dHeprun. — 2011, — Ne 10 (92). — C. 41-48.

5. Tanmupea I'. B. TexHojoriuHI acmekTd BUPOOHUITBA Oiorazy 3
opra”iuHoi cHUpOBWHHM. BicHMK XapKiBCHKOTO HAIIOHAJBHOTO TEXHIYHOTO
VHIBEpCHUTETy  CUIBCBKOTO  TOCIOJApcTBa,  Bwum. 199  «Mexanizamis
clIbChKOroCIIogapcbkoro BupoduunTea». 2019. C. 276-290.
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IMEPEPOBKA 30JIOIITAKOBUX BIIXOMAIB 3 METOIO OTPUMAHHA
TEIUJIOI3OJIALIMHNUX MATEPIAJIIB

M’sxaes O. B., 3006ysau, CymAY, m. Cymu

3omonmakoBi  Bimxomu  (3LIB) € wiHHMMH  Marepianamu,  SKi
BUKOPUCTOBYIOTECS Y Pi3HHUX cepax BUpOOHHUITBA OyniBenbHHUX MarepiaiiB. Ha
JTaHWK 9ac B YKpaiHi 3pocTae MOMUT Ha TEIUIOI30JIAMiiHI MaTepiaid, TOMy HaMHU
MPOBOIIUIACH JTOCTIDKCHHS IO BHUKOPUCTAHHIO 30JIONUIAKOBUX MaTepialliB y
BUPOOHHUIITBI MIHOCKJIA.

30/10IITaKOBI  MaTepiay MICTATh Y CBOEMY CKJIaii CKJIOMOIOHY
amoMocuitikatay ¢asy (40—65 %) y BUIISAAl YacTHHOK y (OpMI KyJILOK po3MipamMu
mo 100 MxM. 3o0ia, sika Ma€ y CBOEMY CKJIaJi Ma€ 3HAYHY YaCTUHY BYTULIA, M€
BeNMMKy mnuToMy mnoBepxHto. JlobaBka 3IIIB 10 ckinoOor mnpu BUPOOHHUIITBI
MIHOCKJIA MPU3BOJUTH /10 3HIKEHHS TEMIIEPaTypu CKIOYTBOPEHHS 3a PaxyHOK
yuacTi OKCHIy KajbLil0 IIMX KOMIIOHEHTIB B Tpoleci miaBieHHs. 3pasku 31IB
Oynu BimiOpaHi i3 Tina 3oonutakoHakonuuyBaua Cymcbkoi TELL. [1ns npoBeneHHS
IoCHimiB BimOmpamu ¢paxmito mulakoBoro Imicka. B skocti Matepiamy mis
OTpPHUMaHHS IIHOCKJIa BHUKOPHCTOBYBABCS HECOPTOBHI ckioOiH. Bpamm cymim
BIKOHHOTO, TUIAIIKOBOTO 3€JICHOTO, KOPUYHEBOTO 1 OLIOTO CKJIa B CIIBBiTHOIICHHI
1:1:1:1 (mac.). B sxocTi MOpoyTBOpIOBada BUKOPUCTOBYBATH (OcOTiIC 3 BiIBaIY
tdochorimcy ITTAT «Cymuximmpom». Bimibpani mpobom 3IIB Tta docdorime
BUCYIIyBAIHCh B cymnuieHiH madi. Ckino0iff mpommBaBcs Ta BHCYIIYBaBCS.
Marepiaiu 3MeNOBaINCh y J1IA0OPAaTOPHOMY KyJILOBOMY MJIMHI Ta CIIIKQJIUCh Y
My (helnbHiii enexTponeyi.

Bwmict 3IIB 3minmoBanu Big 40 no 50 % 3 METOI 3 METOK BHUSBICHHS
MaKCHMaJIbHOTO BMICTy HIIaKy B KOMIIO3HLIi Ta 3aMiHM HHMM II0 MOJJIMBOCTI
OUTBIIIOT YaCTHHU CKJIO00F0. Y IUXTY 3 BUCOKHM BMiCTOM 30JIOIITAKOBUX BiXO/IiB
(40% mo maci i OinblI) BBOAMBCS Marepaili-TulaBeHb: Oe3BONHHMU TeTpabopar
Hatpito (Na2B4O7). [Ins sxicHOTO aHali3y BIUIMBY Pi3HHUX THIIIB IIOPOYTBOPIOBAYiB
Ha CTPYKTYpPY Ta BJIAaCTHBOCTI CKIIOMaTepiaiiB OyJM BHTOTOBJICHI MABiI cepii
nmabopaTopHHX 3pasKiB: cepit A, B sKiifi B SKOCTI TOPOYTBOpIOBaYa
BUKOPHCTOBYBABCSI aHTpanuT, cepisi b — ¢ocdorine. Byno BurorosneHo no m'are
3pa3KiB KO)KHOTO CKIIaIy B Cepii.

B skocti KpuTepiiB OIIHKM TemWIO(QI3MYHUX 1 eKCIDTyaTamiiHUX
BJIACTUBOCTEH BHTOTOBJICHHX 3pa3KiB BH3HAYAJNCh CEpPEeOHS  IIUIBHICTB,
PIBHOMIpHICTH PpO3MOATYy, pPO3MiIp TOp Ta HAABHICTE Ae(EKTiB MOPUCTOI
CTPYKTYpH. SIK TOKa3aiu pe3ysbTaThH eKCIePUMEHTY, 3pa3KH i3 3aCTOCYBaHHSM B
SAKOCTI TOpoyTBOpioBada ¢ocdorinca MaoTh OUIBII KPYIHI MOPH Ta MEHIITY
IIUTBHICTB, IO BKa3y€ Ha iX BHCOKI TETUIOI30JIAIIMHI BIACTUBOCTI, TAKOXK 3Pa3KH 3
BmictoM 311IM 50 % noka3zanu 6161 pIBHOMIPHY CTPYKTYDY.

TakuM 4YHMHOM, NpOBEIEHI JOCHI/KEHHS CBiI4aTh NPO MOXKIMBICTD
KOMIUIEKCHOT IepepoOKH BEJIMKOTOHHAKHUX TBEPANX MPOMHUCIIOBUX BiIXOJIB.
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MATEMATHUYHE MOJIEJTIOBAHHS ITPOIIECIB B3AEMO/IIT JTIOJUHU
TA HABKOJIMIITHBOT'O CEPEJIOBUIITA

beskposna A. B., 3axaposa B. A., cmydenmu,; Pou I. O., cm. suxn., CymAY, m. Cymu

[ormmbnene  mociiUkeHHS — TpOLECiB  B3aeMOAil  cycmiabcTBa 1
HAaBKOJIMIIHBOTO CEPEJIOBUINA BHMAra€ OJHOYACHOTO BPaxyBaHHS IIHPOKOTO
Habopy ¢akTopiB. 3HAUHY POJIb Billirpac BUBUYCHHS y KOHKPETHHX YMOBAX MICIII 1
Yyacy KUTBKICHOI CTOPOHM 3aKOHOMIPHOCTEH BIDIMBY MPHUPOIHHUX, TEXHOJIOTIYHHX,
E€KOHOMIYHHUX 1 COIlialbHUX (PAKTOPIiB Ha YMOBH JKUTTS Ta MiSUIGHOCTI JIOAWHU B
CHCTEMI «JIIOJHA — HABKOJIHMIIIHE CEPETOBHIIICY.

CkJagHicTh Takoi CHCTEMH BHKJIHMKaHa (OPMYBaHHSM BEJIMKOi KiJIbKOCTI
CKJIaJHUX Ta pI3HOMAHITHHX B3a€MO3B’SI3KiB, CHJIa Ta IHTCHCHUBHICTh SKHX
Oe3mepepBHO 3MIHIOKOTHCA. [lepenbaunT BIAMOBIAHI peakilii CHCTEMH Ha IO
KOHKPETHHX YMHHHKIB MOJXXHA JIMIE 4epe3 CKIaJHUH aHali3 ICHyIoYuX B Hil
3aKOHOMIpHOCTeH. JIJisi BHpILIEHHS TAakoro poJy 3aBlJaHb IEPCHEKTUBHUM €
3aCTOCYBaHHSl MaTeMaTHYHOTO MOJICIIOBAHHS SIK 1HCTPYMEHTY JUIsi BHBYCHHS Ta
OLIIHIOBAHHS BIUIMBY HaBKOJIMIIHHOTO CEPEIOBHINA HA JIIOANHY.

CydacHi migxoan A0 NMOOYIOBH MaTeMaTHYHHX Mojelneil 0a3yroTbcs Ha
JBOX OCHOBHMX 3aBIAaHHIX: MOCII/UKEHHS 3aKOHOMIpHOCTEH (YHKIIOHYBaHHS
CHCTEM Ta MPOTHO3YBaHHS iX po3BUTKY. CaMa 1o cobi MaTeMaTHIHA MOJIENb HE €
MOBHOIIIHHUM  BiTOOpa)kKeHHSM JOCIHI/DKYBaHUX TMIPOIECIB, aje € 3pydHHM
IHCTpYMEHTOM ISl iX MOTrNIMOJIEHOTO BHBYEHHS. Mogelni J0moMaraioTh BUSBUTH
HOBI YMHHHUKH, [I[0 BU3HAYAIOTH OCOOJMBOCTI Mepediry MOCHIHKYBAaHUX MPOLECIB.
OcraHHE 0COOJIMBO aKTyalbHO IIiJi 4aC BUBUEHHS MACOBHUX IPOLECIB, SIKI BAXKO
ab0 HEMOJMJIMBO JIOCHIJUTH B YMOBax eKCIIEpUMEHTy, abo Ti mpouecu sKi
BUMAaralOTh CIIOCTEPEKEHHs MPOTArOM TPUBAJIOro dYacy. Y MareMaTHYHHX
MOJICIISIX MOXKHA «PO3TJISIaTy Pi3HI BapiaHTH — BUOKPEMJIIOBATH Ta KOMOIHyBaTH
pi3HI YMHHUKH, CHpPOIIYBaTH abO YCKJIaJAHIOBATH CTPYKTYpPY JOCIIKYyBaHUX
CHUCTEM, 3MIHIOBATH TIOCIIJOBHICTb i CHITy BILIHBIB.

Tpagumifino moOymoBa TOCTOBIPHOI MaTEeMAaTHYHOI MOMAET TOTpedye
eMIIIPUYHUX 3HaHb, HAKOIIMYCHUX B MOJBOBHUX CIIOCTEPEKEHHSX 1 EKCIIEPUMEHTAX.
OmHak [UIA TOTJIHOJICHOTO MIOCHIDKEHHS TIPOLECiB B3a€MOJIl CYCHITBCTBA i
HaBKOJIMIIHBOTO ~ CEPENIOBUINA  AKTYAJIbHICTh OTPUMYIOTh BEJIMKI MacHuBHU
CTaTUCTHYHHX JAHUX, HAKOITMYEHHX 3a TPUBAJIMH Mepio] yacy.

Po3BuTOK HayKOBHX 3acaa i3 BCTAaHOBIEHHsS 1 JOCHIKEHHS MPOIECiB
B3a€EMOJII JIIOAMHM Ta HABKOJHIIHBOI'O CEPEJOBUIA 3 BHKOPUCTAHHSAM
MaTreMaTUYHUX Mojieneil, mependadae MOOYIOBY JOCTOBIPHMX MoOJeNel st
JIarHOCTUKU  CTaHy  HAaBKOIMIIHBOTO  CEPEIOBHINA, BHBYCHHS  IPHYHHO-
HACIIIIKOBUX MEXaHI3MiB MOSBHM HeOe3MeK, MPOrHO3YyBAHHSA MEINKO-EKOIOTIIHUX
TeHIeHIIH Tomo. HeoOXimHICTh BIOPOBAKCHHS TaKOTO IIX0My, O0OyMOBIECHA
NOTpeO0I0 Y TMOCTIHHOMY YIOCKOHAJICHHI MeXaHi3MiB 3a0e3ledeHHs Oe3neuHux
YMOB HTTS T IisUTBHOCTI JIFOIUHH.
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BIIVIMB AEPO30OJIbHMUX BUKHUAIB HA JJOBKIJLJIA
Buxpoea A. FO., cmyoeumxa; Kosii 1. C., ooyenm, CymJV, m. Cymu

CyyacHWii pO3BHTOK BHPOOHHITBA 1 TEXHOJIOTIH CYHPOBOJKYETHCS
Ha/IXO/DKEHHSIM Y HaBKOJIMIIHE CEPENIOBUINE BEIMKOI KUIBKOCTI PI3HOMAaHITHHX
aepO30JBHAUX CHCTEM (TyMaHH, TUM, ApiOHOIWCHEPCHUN mui Ta iHme). IcHyrode
HAaOXOIDKeHHS aepo30JiB B  HABKOJMINHE CEPEHNOBHINE XapaKTEPH3YETHCS
JIOBTOTPHUBAJIM YacOM iCHYBaHHS, IEMOHCTPY€E BHCOKHH CTYIiHb 3a0pyIHEHOCTI 1
IIMPOKE PO3MOBCIOHKCHHS HA BENHUKI BIJICTaHi, IO TOBOPUTH NP0 3HAYHUH
perioHapHUH 1 TT00aNPHAN acIIeKTH BIUIMBY Ha JOBKILL [1].

3pocTarounii HayKOBUil iHTepec 10 3a0pyIHEHHS HOBITPSIHOTO CEepeIoBHIIa
aepO30JIbHUMH YaCTKaMH TOSICHIOETHCS X BaXKIIMBUM 3HAYEHHSM JUISI €KOJIOTTYHOT
6e3mneku. DakTUYHO, TBEP/Al YACTUHKU € OJHIE€I0 3 HAWCKIAMHIMIUX MPOoOieM, 10
BIUIMBAIOTh Ha SKIiCTh MOBITPS, TaK 1 JJIs TOCIIKCHb B HAPSAMKY 3MIiHU KITIMATy.

HaBiTh He3HayHa KUIbKICTh aepO30JIbHMX YaCTOK BIUIMBAE Ha OULIBIIICTH
XapaKTEepPUCTUK Ta30BOTO CEPEJOBHINA, BPAaXOBYIOUM MKUTTEBO HEOOXimHE [uIs
iCHYBaHHS JIFOJICTBA SKiCHE aTMOC(EepHE MOBITPA, K CEpelOBHINE iCHYBaHHI. Sk
MPUKIIAJ, caMe iCHYBaHHS sAep KOHICHCAIll, SKMX y TOBITpi He OuibIne Hik
aTOMIB HaHOUTBII PIAKOTO IHEPTHOTO Ta3y — KCEHOHY, BHU3HAYAE MOXMIIUBICTH
YTBOPEHHS XMap, IO AyXKe BaXKITUBO JJIS iICHYBaHHS )KUTTS Ha 3EMITi.

Aepo3zosti MarOTh MPHUPOAHI abd0 AHTPOIOTEHHI JDPKEpelia ITOXOKECHHS
(puc.1) i HAMXOAATH y MOBITPSHE CEPEIOBUINE Y BUTJIANI NEPBUHHHUX acpo30IIiB
(BUKHIAIOTECST Oe3mocepeiHb0 B aTMocdepy) abo yTBOPIOIOTHCSA B pe3yJbTati
BTOPMHHHMX TIpoleciB (IUISIXOM — CKJIaAHUX  (I3MKO-XIMIYHMX HEpPETBOPEHb
MIEPBUHHKUX aePO30JIiB).

Netki opraHiuKi Ta
~ HEOPraHiUHi PEHOBUHM -+
b (BTOpPMHHI aepo3oni)

Cynbdparu
(sTOpUHHI aepo3oni)

S0s

... Jlerki opraHivHi Ta
HéopraHiuHi pe4oBuHU
(nepBuHHi aeposoni)
Nerki opraHiuxi Ta I
HEOPraHiuHi pe4oBUHM

OpraHiudi ¢
aepo3oni | ...\&.

Aumetuncynedia
(nepsuHHi aepo3oni)

-
. . Mun

PI/ICYHOK 1- I[;Kepena HaAXOIKCHHA aepo3oniB Y HaBKOJIMIITHE CEPEAOBHUIIIC

JocunipkeHHs] TUTaHHS HA/IXOKCHHS aepO30JIbHUX BUKHIIB y TOBITPS 1 1X
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ineHTudikamnii 3acobamu muctanuiiinoro 3ouayBanHs (AERONET, SKYNET,
MODIS) 3aiimaeTbcst 6araTo HayKOBIIB HOYWHAIOYH 3 KiHIII MUHYJIOTO CTOJITTSL.

Mertoau BUSIBICHHS aepO30JIbHUX YacTOK B IOBITPI € JIMIIE IHCTPYMEHTOM
ix aHamizy 1 OWIHKM, SIKI HE BHpILIYIOTh NpOOJIEMy 3MEHIIEHHS KiIbKOCTI
aepo3oJIbHUX BUKUAIB. ToMy, Juisi pO3yMiHHSI HallpsSMKIB 3HM)KEHHS HETaTUBHOTO
BIUIMBY Ha JIOBKIJUIS BiJl aep030JIiB, MPOBEAEMO iX Knacuikariiro.

[MuTasEaM xracudikarii aepo30J-HIX YaCTHHOK 1 METOaM iX BH3HAYEHHS
MPUCBAYCHO POOOTY [2], AKa MICTATH TpaAWLIHHUNA MiAXix A0 Kiacudikarii ame €
pobotu [3, 4], sKki MaioTh OUTBII BY3BKy crenudpiky mocimikeHHI. MokHa
BUAUTUTH HACTYTIHI KaTeropii Kiacugikarii aepo30iB:

1) 3a XapaKkTepoM yTBOPEHHS;

2) 3a po3Mipowm;

3) 3a arperaTHUM CTAaHOM JHUCIICPCHOI (asu;
4) 32 MOP(OJIOTIYHUMH 03HAKAMH YaCTHHOK;
5) 3a KOHIIEHTPAIIi€I0 YaCTHHOK;

6) 3a XapaKTepoM BILIMBY Ha JIIOIUHY;

7 3a (pI3UKO-XIMIYHUMH BJIACTHBOCTSAMH.

Icayroua knmacugikamis aepo30JiB B MOBHiI Mipi He JO3BOJISE peani3yBaTH
MAXOIH IO peai3allil TeXHOJOTIYHHX PIillleHb I IMiJBUIIECHHS PiBHS €KOJIOTI9HOL
Oe3mexkn Ha PiBHI MIOIPHEMCTB Ta PETiOHIB B miloMy. KpymHi gacTHHKH Jrermie
OCIZIaI0Th 13 TA30BOTO MTOTOKY 1 MOKYTbh yJIOBIIIOBATHCS B arlapaTax HaWIpPOCTIIIOTO
tuny. Jns ouwimeHHS Tasy Bin IpiOHOIWMCIIEPCHUX aepo30iiB (AWM, TyMaH), a
TaKOX, SKHH MOKE MICTHUTH PI3HOMAaHITHI JOMIIIKA (CMOJH, JETKO3IHILIHBI
PCUOBHHM), 3a3BHYail MOTPIOHO HE OMWH, a JCKUIbKA amapaTiB, BCTAHOBJICHUX
napaenbHO 32 pyXxoM ra3oBoi cyminn. Tomy, 3a1aua mig0oopy BUCOKOE(EKTUBHOTO
i HaJiffHOTO OONagHAHHS, 3JATHOTO BJIOBIIOBATH APIOHOAUCICPCHUN THJ, €
JIOCTaTHBO aKTYaJIbHOIO.

Crucok sitepatypu

1. Hallquist M., Wenger J., Baltensperger U., Rudich Y., Simpson D.,
Claeys M., Dommen J., Donahue N., George C., Goldstein A. The formation,
properties and impact of secondary organic aerosol: current and emerging issues.
Atmospheric Chemistry and Physics 9, pp. 5155-5236, 2009; DOI: 10.5194/acp-9-
5155-20009.

2. Aspozomu — pgucmepcusie cuctembl: Monorpagpus /| Yekman W. C.,
CripoBas A. O., Augpeesa C .B., Makapos B. A. / — X.: «{udpoBa apykapHst
Nely, —2013. - 100 c.

3. Verma S., Prakash D., Ricaud P., Payra S., Attié J.L. and Soni M. A new
classification of aerosol sources and types as measured over Jaipur, India. Aerosol
Air Qual. Res. 15, pp. 985-993, 2015.

4. Toledano C. et al. Airmass Classification and Analysis of Aerosol Types
at El Arenosillo (Spain). Journal of applied meteorology and climatology, vol. 48,
pp. 962-981, 20009.
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BUPOBHUIITBO BIOJIU3EJIO. TIEPCIIEKTUBU PO3BUTY B YKPATHI
baziposa IO. P., cmyd.,; Abaeesa I. FO., cm. sukn., CymJV, m. Cymu

Ha crorommimmuiii peHp VYKpaiHa Mae BENWYC3HHN TMOTCHIIAN Ui

BUpOOJICHHsT OlomanyBa 3a paXyHOK HOE€IHAHHS KIIMaTHUYHUX YMOB, arpapHOro
CEeKTOpPY Ta JAOCTymHOI poOodoi cwimm. J{Is JOCSATHEHHS eHEepreTHYHOL
He3aJIe)KHOCTI YKpaiHa mnoTtpeOye 30iiblIeHHs BUpOOHMITBA HapTH 1 raszy, a
0ilomaTMBO € EKOJIOTIYHOO ATBTEPHATHBOIO TATMBHUM IPUPOIHUM PECYPCaM.
[lix TepmiHOM OiloaM3eNbHE MajJMBO PO3YMIIOTh SKOJOTIYHO YMCTHI BUJ IajinBa
abo CyMiI, SIKy OTPUMYIOTh Ha OCHOBI POCIMHHUX a00 TBapMHHHX JKUPIB (0Iiif), a
TaKoX TNPOAYKTIB ixHbOi (mepe)erepucdikarii. OCHOBHOIO CHUPOBHHOIO JUIst
Ologmsens € >XKUpHI, pimme — edipHi omii TakKUX KyJNbTyp: pilak, cos, KaHOIa,
KacTop, ATpoda, maabma.

TexHoorist OTPIMaHHS BUIIE3a3HAYEHOTO 010JIOTIYHOTO MannBa 3aCHOBaHA
Ha edekTi 3MiHM iX (i3MKO-XIMIYHMX XapaKTEpPHCTHK 3a PaxyHOK IMITyJIbCHOTO
0araTo(pakTOPHOTO €HEPTeTUYHOTO BILIUBY. TOOTO, A0 OYMIIEHOI Bil MEXaHIYHUX
JIOMIILIOK OJIIO JI0J[al0Th METHJIOBUM CIHPT 1 JIYT, IO € KaTalizaTopoM peakLil
nepeeTepudikarii, a MOTiM HarpiBalOTh OTPUMaHy cyMinl. ITicis BiCcTOIOBaHHS Ta
OXOJIOJDKEHHS piJiMHA PO3LIApPOBYETHCS Ha Bl (pakuii — yerky i Baxkky. Jlerka
¢dpakmis € metnwioBuM edipom, Bakka — riinepuHoM. s orpumanas 1000 kr
(1136 1) Oiomu3enbHOro NajiMBa HEOOXiAHO 3aTpaTuTH mpuOIM3HO 50 KBT
TeruoBoi 25 kBT enextpuunoi eneprii. Ilpn mpoMy KpiM KiHIIEBOTO MPOIYKTY
onepxyrots 117 xr cmnpaunsoBaHoi Bomu # 200 Kr cHporo TiiLepuHy, IO
3aCTOCOBYIOTh Y KOCMETHYHIH 1 (papManeBTHYIHII TPOMHUCIOBOCTI.

B Vkpaini ast BuUpoOHHIITBA 610AM3€1s1 BUKOPUCTOBYIOTH [IEPEBAKHO pillak
(xoua Ha BHyTpimmHIH puHOK ¥#ne smme 20 % Bpokaro). 3a OIHKaMHU
MiHarponojiTHKH, TOTEHIIIHI MOXIMBOCTI YKpalHH Yy BHPOIIYBaHHI IIi€l
KyJIbTYpH CTaHOBJISITH OPIEHTOBHO 3 MIIH ra, 3a cepeqHbol BpoxaiHocti 15-30
wra. Y wmacmrabax Hamoi KpaiHn mepepoOiieHHs 75 % BpoXKaloo pimaky
3a0e3neunTh BUPOOHMIITBO a0 2,7 MiH T Oiomm3ens. Taki 0OCATM OCTAaHHBOTO
eKBIBAJICHTHI 3a EHEPreTHYHOIO IIHHICTIO 2,3 MJIH T 3BMUYAHHOTO JHU3EIHHOTO
najuBa, JUIs OJCpPXKAHHS SKOTO HEoOXigHO mepepodutu 7,7 MIH T HadTH.
CrpuaTinuBi yMOBH JUIS BHPOIIYBaHHA pinaky € y BinHUIBKIH, KuTOMHpCHKIH,
IBano-®pankiBebkiit, KuiBebkii, JIbBiBChKil, BomuHCEKi# Ta iHmux obmactsx [1].

OTxe, Oionu3enp Mae HHU3KY IepeBar MOPIBHSHO 3 TPAIUIIITHAMHU BUIAMHU
nanMBa, AK EKOJOTiYHMX, TaK i eKcIlyaTamiiumx. Moro 3actocyBaHHs sK
MOTOPHOTO TaJIMBa 3MEHIIYE €MiCil0 MPAKTUYHO BCIX IIKIJVIMBUX PEYOBHH, TOOTO
3MEHINYEThCS KiJIbKICTh BHUKHJIIB TBEPAUX YACTOK, OKCHIIIB BYIJICHIO Ta a30Ty
HOPIBHSAHO 3 HaTOBUM aHasoroM. TakoX BOHO MiJJIA€ThCS MPAKTHYHO ITOBHOMY
6ioorivHOMY PO3KJIaay, IO TO3BOJISE Ka3aTH PO MiHIMaNbHE 3a0pyIHEHHS PidOK
1 CTaBKiB.

Crucok Jiteparypu:

1. Psbues I'. JI., Bypnako B. M., JlurBunenko €. 0. OcobGmuBocti
BUpoOHUITBa GionusensHoro nanmBa. Bicauk HTYY «KIII im. 1. Cikopcbkoroy.
Kuis : HTY «KIII im. I. Cikopcbkoroy, 2014. — T. 1. - C. 1-6.
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ITPOBJIEMA VTUJIIBALII BIIXOIIB POCJIMHHUIITBA
Typeyw JI. JI., doyenm,; Decenko O. A., cmyoenmra, CymV, m. Cymu

ExonomiuHa Ta moJiTHYHA cTabUIBHICTE KpaiHU Ta MaTepiadbHUN T0OpPOOyT
i rpoMaasH 3HAYHOIO MIPOIO 3aJieKaTh BiJl PO3BUTKY YKPaiHCHKOTO arpapHOro
CeKTOpy. 3a0e3nedeHHsT HaceJeHHs IPOJOBOJILCTBOM € OJHMM 3 TOJOBHHX
(haxTOpiB Ha COIiaTEHOMY piBHI.

Ha cinbcpke rocnopapctBo Ykpainu npunaznae npubausso 10,3 % BBII
Kpaiau, i mpubmusHo 13 % pobouoi cumu (0e3 CUIbCBKHX JIOMOTOCIOIAPCTB)
npamoe y miif ramysi. Cranom Ha 2019 pik ykpalHCBKI CUTBrOCIIBHPOOHHUKH
MOCTavaloTh Mponaykmiro 1o 190 kpain cBiTy. Ane Bemuki oOcsru BUPOOHHIITBA
BIJIMIOBIZTHO CIPUYMHIOIOTh BEIHMKY KUIBKICTh BiaxomiB. B Toii ke wuac,
HarmionaneHa cTpareris ymnpaBiiHHA BigxomamMu B YKpaiHi mepemdadae, mo 10
2030 poky Omuspko 70 % BigxoniB Mae OyTH mepepoOIeHO abo IOBTOPHO
BUKOPHCTAHO.

Ha cporopHiniHiit 1eHb BiX0¥ arpolpOMHUCIIOBOTO KOMILJIEKCY HE 3aBXKIU
3HAXO[ATh 3aCTOCYBaHHS, X04a 1 € LIHHOIO CHPOBUHOW0.. PocnuHHNITBO YKpaiHn
HIOPIYHO TeHEPYE BEIUKI 0OCSITH PI3HOMAHITHUX BiIXO/IB Ta 3auIIKiB. YacTHHA 3
HUX BHKODHCTOBYETbCS Ha BHYTpPIIIHI MOTPeOM CIJIbCHKOTO TOCIOJapcTBa
(opramiuse n0OpWBO, MiACTHIKA Ta KOPM XyAoOi), YacTHHA ¥me Ha iHM
BUPOOHMITBA, OJHAK OCHOBHA Maca 3aJMIIAETHCS HE3aMISHO 1 TiJyIsrae
yTumizanii. 3 aHajizy CTaTUCTUYHHX JaHUX MOXKHA 3pOOUTH BUCHOBKH IIPO TE, LIO
OCHOBHHMMH BiJIXOJIaMH, SIKi IPOJYKYIOTBCS CUIBCHKHM T'OCHOAAPCTBOM YKpaiHU €
OypsikoBuit xom (2345800,170 T), cyxi crebma kykypymu (935878,95 1),
AyHImuHHS coHsnrauka (792852,38 1) 1 cooma (591 239,58 1). I nmuie micist mux
BiZIXOJIiB 32 0OCsIraMy HAYTh BiIXOIH NepepOoOKH AEPEBUHA — THPCA.

HeBinnoBigHi 3axogu IOJO TOBO/PKEHHS Ta BpaxyBaHHS IIEBHUX
0COOJIMBOCTEH KOXHOTO BUJY BiJXOJIB POCIMHHHUIITBA T4 TBAPUHHHUIITBA MOXYTb
HETaTUBHO BIUIMHYTH Ha €KOJIOTIYHY CHUTYallilo B KpaiHi

B VYkpaiHi icHye monuT Ha CTBOPEHHS PEKOMEHJallil, 00 MOBOLKEHHS 3
KO’KHMM BHJIOM CIJIbCBKOTOCIIOIapPChKUX B1IX0/iB, onrcoM Hamu Oynu po3risiHyTi
METOAM Ta TEXHOJOIil yTHi3aiii POCIMHHHUX BiJIXOJ/iB 3aCHOBAaHHX Ha JOCBII
€BPONENUCHKUX KpaiH.

OCHOBHMUMH HampsMKaMu Oynu oOpaHi: yTumi3amis BiZXOMiB B SAKOCTI
Opra”iuHUX NOOPWB, BUKOPUCTAHHS BiJXOMIB IJISl BiATOMIBII JOMAIIHIX TBapuH,
nepepoOka Ha OiONaJMBO Ta BUKOPHCTAHHS B SKOCTI pecypciB Aiisl pI3HUX
BUPOOHUIITB.
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TEXHOJIOI'TYHI 3ACOBU 3AXUCTY JOBKIJJIA
[TPU IHTEHCU®IKAILIT AKBAKYJIbTYPU

Tpynosa I. O., ooyenm,; Manvyes O. @., cmyoenm, CymV, m. Cymu

AKBaKyJbTypa — 1€ Tally3b JOCTaTHHO HOBA B MOPIBHAHHI 3 TpaJAUIiTHIMUA
«Ha3eMHUMW» Taly3IMH TBapWHHMITBA, Yy Hei OimbIle MOXIMBOCTEH IS
BUKOPUCTAHHS HOBUX TEXHOJIOTIH, SKi CHPHUSIOTH IOJANBIIOMY 301IBIICHHIO
e(eKTHBHOCTI BUKOPUCTAHHS PECYpPCiB.

B octanHi poku, akBaKyJIbTypa BBOKAETHCS HAMOUIBIT MIBUAKO3POCTAIOUOI0
CBITOBOIO Xap4OBOIO IPOMHCIIOBICTIO, BiAIrpalouu BHpILIAJBHY pPOJIb Y
3aJIOBOJICHHI MiIBUIIICHOTO MOMKUTY Ha TBAPHHHI OUTKH. 3 OIIAAY Ha TOH (akT, 10
po3BeieHHs pUOM B cajkax 1 IITYYHUX BOJOWMAax CTae Bce OUIbLI MPHBAOIMBUM
MiANPUEMHHUIITBOM, HCOOXIHO BECTH CBOIO CIIpaBy 0€3 MIKOIHU ISt JJOBKIJIIS.

Ha cporoaHimHii JIeHb €KOJIOTiS aKBaKyJbTYypH HAaIlpaBlIcHAa Ha
30UIBIICHAS TPOAYKTUBHOCTI BHPOOHWITBA TIPH 3HIDKEHHI HETaTHBHOTO
HaBaHTAXCHHS Ha mpupoxay. [ HOCATHEHHS MOCTAaBJICHUX HiJTeH 3aCTOCOBYIOTH
TEXHOJIOTI4HI 3aCO0H 3aXHUCTy MOBKUDIA a00 1X KOMIUICKCH:

1. 3ampoBa/UKeHHS INTYYHOI aeparii BOAW Y BOXHOMY O0’€KTI 3 METOIO
MOKPAIIEHHS T1IPOJIOTTYHOTO CTaHY.

2. Bigxin Bix romiBii puOM 3epHOBIAXOJaMH, a BHOIp AKICHUX KOPMIB, IO
3MEHIINUTh KUIBKICTh BIXOJIB, SKi HE BXKHUTI pHOOIO, & OCUIA HA JHO, TIPU3BOITYH
JI0O BTOPMHHOTO 3a0pyIHEHHs 1 MOTIPUICHHS SKOCTI BOJM, 3HW)KCHHS KHUCHIO Ta
SIBUIIIC 33{yXH 1 I[BITIHHS.

3. 3anpoBajPKEHHS] CHCTEMH IIOBTOPHOI'O BUKOPUCTAHHS BOJM — LIUPKYJISALIT
B CHCTEMIi CTaBOK-piuKa.

4. OOnamtyBaHHs MICIlb BUJIOBY TBEPIUM MOKPHUTTSIM ISl ONEPEKEHHS
epO3iHHUX MPOILIECIiB Ta pyHHYyBaHHS OEpeTiB.

5. Tlepexim mo po3BeAeHHS pPHOM PI3HUX BHOIB Ui KOMIUIEKCHOTO
BUKOPUCTAHHS INTYYHOI Ta MPHUPOAHOI KOpPMOBOI 0a3u Ta MiHiIMi3amii
BHYTPIIIHOBH/IOBOT KOHKYPEHIIII 3 HayKOBOOOIPYHTOBAaHHMM IIPOPAXYHKOM
TYCTHHH TIOCaJIK1 KOXKHOTO BHILY.

OcraHHIM 4acoM Bce OUIbII MOMYJIAPHUM € HAIpPSMOK aKBaKyJIbTYpH i3
3aCTOCYBaHHSIM YCTaHOBOK 3aMKHYTOT'O BOJIONOCTa4yaHHs ab0 PEelMpPKYJISIHHUX
AKBaKyJbTYpHHUX cHCTeM. L]e BUCOKOTEXHOIOTIUHUIA, CyYyacHUN Ta MEePCIICKTUBHUIA
HanpsSIMOK BHUPOIIYBaHHS TiAPOOIOHTIB, IO O3BOJISIE 3HAYHO PO3UTUPUTH BUIOBHIA
CKJa] 00’ €KTIB aKBaKyJIbTYPH.

OnauM i3 croco0iB 3MEHIIEHHS HETaTUBHOTO BIUIMBY Ha JOBKULIS €
3IIMCHEHHST caakoBoro pubopo3BeneHHs. CaakoBi TrocrmojapcTBa MOXHA
po3MilryBaTti  Oe3rocepesiHb0 'y BOJOWMAax, Y TOMY 4YHCII KOMIUIEKCHOTO
NPU3HAYEHHS, 1110 JA03BOJISIE BUKOPHCTOBYBATH OJHI M Ti ) BOJHI pecypcH sK st
pUOHMIITBA, TaK 1 AU IHIIUX Taly3ed HapoAHOTO rocrojapcrtsa. | mpu mpomy He
NOTPIOHO BWJIYYEHHs 3 00iry 3HaYHMX IUIONI CUIbCBKOTOCHOAAPCHKUX YTilgb AJIS
OyIiBHHIITBA CTABKiB.
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ITOBOJP’KEHHA 3 BIIXOJAMUM BYPIHHA ITPU CITOPY JIDKEHHI
IIOIIYKOBUX CBEPIJIOBUH

3umoensio 1. A., cmyoenm,; @anvko B. B., cm. euxnaday, Cym/{V, m. Cymu

Ha#i0inp BakIMBUM 3aBIaHHSIM JIepXKaBH € 30UTBIICHHS BIACHOTO
BUAOOYTKY BYTJICBOIHIB Ha OCHOBI pO3BHUTKY Ha()TOBOI Ta ra30BOI MPOMHUCIOBOCTI
Ta CYTTEBOTO 3pOCTaHHSAM OOCATIB  IOIIYKOBOPO3BiAyBaJbHOTO  OypiHHS
CBEp/UIOBHH, fK Iie nependaueHo «EHepreTHuHOO cTpareriero YKpalHu Ha mepiof
mo 2035 p.». [na BHKOHaHHA HAHOTO 3aBHAaHHS MAOIIBHHAM € pO3poOKa Ta
3aCTOCYBaHHS Cy4acHUX, €PEKTHBHUX METOMIB ITOBOKEHHS 3 BiIXogaMu OypiHHS.

Bigxoau, 1m0  yTBOPIOIOTBECS ~ NPH  CHOPY/DKEHHI  CBEPAJIOBUH
kinacudikyroTbes sk «1110.2.9.01. 1llnam OypoBuii Ta BiAXOAH, SIKI MICTSTh BOIYY.
BypoBuii nam - qpiOHI YaCTUHKH TipChKOT MOPOH, YTBOPEHI Ipu i pyHHYBaHHI B
npotueci OypiHHs, sKi BHHOCSTBCS 3 CBEpAJIOBMHHM B Tmporeci ii OypiHHA Ha
MOBEPXHIO BHCXIJHUM IIOTOKOM ITPOMHMBHOI pIiAWHH, SIKi BiAOUparoThes JUIst
BU3HAYCHHS JIITOJNOTIi pO3pi3iB cBep/uioBMH 1 ix kopemsmii. LI Bigxoam
BigHOCATHCA 10 [V Kitacy HeOesneku - e HaHIKINH Ki1ac HeOe3neqHocTi. Brim,
OypoBuii mmiam miamsarae o0OB’s3KOBIM yTwmizamii. BuacHa # onTtmMizoBaHa
yTHIi3alis OypoBOro MuiaMy IpHUCKOPIOE TEMITH OYAiBHHAITBA, €KOHOMILIYH Yac Ta
KOIITH Ha Oe3mepeOiiiHii poOoTi MpoMMaiTaHIHKiB.

Po3po0nstoThesl HOBI MIAXOAM Ta TEXHOJOTIl IS MiHIMI3amii KiJTbKOCTI
OypoBoro mnulaMy Ta HOTO HETaTHBHOTO BIUIMBY. 3aCTOCYBAaHHS TEXHOJIOTII
“¢inpTpyBasibHUN OaceliH” Jae 3MOTY MOBTOPHOTO BHKOPHCTAHHS Ta yTHIJIi3awil
BiaxoxiB OypinHs. TexHosoris 3abe3neuye po3mnoi BiIX0AiB OypiHHS Ha PiIKy Ta
TBepAy (pakiito, OYMIIEHHS PO3AUICHHX CyMilleil Ta IXHIO MiJrOTOBKY [0
MOBTOPHOI'O BHKOpUCTaHHsA. [licis ¢uokymsiuiiiol cranuii OypoBuil 1uiam
NOTpaIvisie 10 GiTbTPYyBaILHOTO OaceiiHy, B SIKOMY BiIOYBAETHCS BIAMIICHHS BOIH,
HeWTpaizalisi TOKCHYHOCTI XIMIYHUX PEYOBHMH Ta YTBOPEHHs O€3MeYHOro CyXoro
3aJMIIKY. Y TOJANbIIOMY CYXHH 3aJMIIOK BUKOPHUCTOBYIOTH ISl YKPIIUICHHS
MOJITOHIB TBEpAMX MOOYTOBUX BIIXOAiB ab0 3aCTOCOBYIOTH SIK CHPOBUHY IS
PEMOHTY JIOPOXHBOTO TIOKPHUTTS, BHUI'OTOBJIEHHS KEPaMIUYHMX IUIMT Ta IHIINX
OyIiBeTbHIX MaTepiaiB. BindinerpoBany Ta OYHIIEHY BOIY
MOBTOPHO BUKOPUCTOBYIOTH MiJ 4ac OypiHHS HOBHUX CBEpUIOBHH ab0 omeparlii 3
iHTeHCcudiKkaii BUIo0yTKY TOIIO.

Take MOBOKEHHS 3 Bigxonamu OYpiHHSA 3HMKYE BIUIMB HAa HABKOJHUIIHE
CepellOBHUINle 3aBJSKH CKOPOYCHHIO BHTpAaT Ha OpPEHIY 3EMJISTHOI JUISHKH,
MPOBEICHHS PEKY/IbTUBALlIl, 3MEHIIICHHS HAaBAaHTAXKEHHS HA POJIOYUMIA 1Iap IPYHTY,
3MEHIIEHHS 00CATY BOJIU TSI BAPOOHUYHX TOTPeO, Oe3MeTHNI CyXUi 3aIHIIOK Bif
OypoBOro mHUIaMy MOXKHa I[OBTOPHO BHKOPHUCTOBYBATH Y IHIIMX BUPOOHHYMX
cdepax, CKOPOUCHHSI BUTPAT Ha 3aCTOCYBAHHS TEXHIKH, CIELIaJLHOTO 1 BaXKKOTO
TpaHCIIOpTy, 3abe3neyeHHs JoKalli3alii BUTOKIB OypoBOTo IIIaMy pO3UUHY Yy pasi
BUHHMKHEHHS aBapiiHUX CUTYyalil.
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3ACTOCYBAHHA BIO®UIBTPIB ¥ TEXHOJIOI'IAX OUUIIEHHA
CTIUHUX BOJ

becnana b. B., cmyoenm; Bacvkin P. A., ooyenm, CymAY, m. Cymu

Y mpomecax  OiONOTIYHOTO  OYMINEHHS  CTIYHHX BOJA  OIMPOKO
3aCcTOCOBYIOTECS OiodimpTpu. OumiieHHs BigOyBaeThCS MUITXOM MiHepami3aril
OpPTraHIYHAX PEYOBHH aepoOHMMH OakTepisiMu. TeXHONOTIYHO BiH SBIISIE COOOIO
pe3epByap, B SKOMY CTi4HI BOAM (UIBTPYIOTBCS dYepe3 3aBaHTAKyBaJIbHUI
MaTepial, MOKpPUTHH OIONOTIYHOIO IUTIBKOIO, IO CKJIANAETBCA 3 KOJIOHIH
MikpoopraHizmiB. AkTuBHa Oiomaca ( OioIUTiBKa) OropTac OKpeMi €JIEeMEHTH
3aBaHTa)XEHHS I'paBilo, TPaBilo, KEPaAM3UTY, TOIIO, Yy BHUIJIII TOHKOTO CIM30BOTIO
mapy. [Ipoxonsun 3BepXy BHH3, CTiUHa BOAA SIBJISE COOOI0 TOHKHH LIap CTPyMy
HABKOJIO 3aBaHTa)XYBAHOI'O MaTepiany, 10 KOHTaKTye 3 OiomiiBkoro. [loBiTps
noTparuisie B TiO0 OiodinsTpa yepe3 NMPUPOAHUI MPOTAT abo BiH NMPOAYBAETHCS
BEHTWJIATOPAaMH. 3HUINEHHS OPTaHIYHMX CIIOJNYK 3MIHCHIOEThCS MIKPOIUTIBKAMH 3
GilomiBKH.

Hafinommpenimmii tun (¢ikcoBaHOTO Oi0IUTIBKOBOTO OiopeakTopa, IIo
BUKOPHCTOBYETHCS IJISl OUMIIECHHS CTIYHUX BOJ - KpamenbHWH. B manmii wac
6mmpko 70 % ounmcHuX cmopyn y €Bpomi € KpaneabHuMH OiodimsTpamu. B
OCHOBHOMY II€ PEaKTOp 3 HEPYXOMHM INapoM i IIOTOKOM TMOBITPS Ta pPiIWHH.
biomaca pocre Ha MOBEpXHI COIUIa y BUIVISAAI IUIIBKH. XapaKTEPUCTHUKOKO COILIA
a0 (UIBTPYIOYOro Iapy € BeJIMKAa MUTOMA TOBEPXHS IS PO3BUTKY
MIKpOOPraHi3MiB 1 BUCOKA IOPUCTICTh, 1110 3a0e3neuye HeoOXiHI ra30JuHaMIuH1
BJIACTHMBOCTI LIIapy Ta TOJIETIIYE POXOIKESHHI Yepe3 HhOT'O MOBITPS Ta PIAMHHU.

ITix yac mpocouyyBaHHS CTIYHHX BOJ 4epe3 marepian (iIbTPyYoro mapy
BiZI0YBA€THCS HU3KA MOCIIJJOBHUX MPOLIECIB:

1) KOHTaKT OIOIUIIBKH, MIO0 pPO3BUBAETHCI HA TMOBEPXHI YACTHHOK
(biTpTpyrOYOTO MaTepiany;

2) copOrist OpraHiyHOi PEYOBHHU IMMOBEPXHEI0 MIKPOOHHX KIIITHH;

3) OKWCJICHHS CTIYHUX PEYOBHH Yy MpoIecaXx MiKpOOHOTO OOMiHY.

3abpyaHeHa BOHa, NOPOXOIAYd dYepe3 (GUIBTP, 3ajiHIIac HEPOIUYHMHEHI
JOMIIIKK, sIKI HE OcCiJaji B IEPBHMHHOMY OCA3/IHUKY, a TaKOX KOJIOiJHI Ta
PO3YMHEHI OpraHiyHi pPEeYOBHHH, cOpOOBaHi 0i0NOTIYHOKW MTiBKOW. KomoHil
MIKpOOpPraHi3MiB,  XapuylO4YHCh pEYOBHHAMH  OPraHIYHOTO  ITOXOJPKEHHS,
OTPUMYIOTh CHEPTiI0 I KUTTS. Jleski opraHiuyHi peuOBHHH BHUKOPHCTOBYIOTHCS
MIKpOOpraHi3MaMHu sSK MaTepian i 301MbIIeHHS X KiTbKOCTi. TakuM dYHHOM,
Bi/IOYBAa€ThCS OJHOYACHO 1 OYMIIEHHS CTiYHUX BOJX 1 30IUIBIICHHS KOJIOHII.
HeoOximnauii anst 6i0XiMi4HOTO TpoIllecy KHCEHb IOBITPS HAAXOAWTH y TOBIILY
3aBaHTa)XKCHHS [IUIIXOM MPUPOJHOT Ta IITYYHOI BEHTHIISLIT (iIbTpa.

Mikpodopa OioIuTiBKH pO3KJIaJla€ OpraHidHi peYOBUHH, BUKOPHUCTOBYIOUH
ix sK mxepeno eHeprii. MepTBy 0i0JIOTiYHY IUTIBKY BiAIIAPOBYIOTH, IPOMHUBAIOTh
NPOTOYHOIO CTIYHOIO BOJMOIO 1 BHJIAIAIOTE. B sKOCTI  3aBaHTaKEHHS
BUKOPHCTOBYIOTbCS MaTepiald 3 BHCOKOIO IOPHCTICTIO, HU3BKOIO INIBHICTIO,
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BHCOKOIO TTHUTOMOIO MOBEpXHEI (1IeOiHb, rpaBiii, IIIaK, KEpaM3UT, METAJCBI Ta
TUIACTUKOBI PEIITKH, 3aropHyTi B poiuku). [lin 9ac mepepBH MK LHKIaMHU
3pOLIEHHS EMHICTh COPOEHTY OiOTUTIBKH BiJIHOBJIIOETHCS.

VY 6ioinbTpi BiMOYBAEThCS MOCTIMHE 3pOCTAaHHS | BUMUpPAHHS OiOIITIBKH.
MepTBy OIOIIIBKY NpPOMHBAIOTH CTPYMEHEM OYHMINEHOI BOJM 1 BHUHMAIOTH 3
6io¢pineTpa. OuuiieHa Boja MOTPAIUIsE B OCAI, JIC BHIUIAETHCS 3 YaCTUHOK
OIlOIUTIBKH, a TIOTIM CKHAA€Thcd B pe3epByap. llpomec OKHCICHHA OpraHigHOI
PEUOBMHM CYIIPOBOMKYETHCS BUAUICHHAM Tema. Benwki yCTaHOBKH MOXYTh
MpAIIOBATH TP HETaTHBHHUX 30BHIMIHIX Temreparypax. OmHaK TeMIiepaTypa
BCepeuHi mapy ¢irpTpa He moBuHHA OyTH HImkde 6°C.

HaBanTaxkeHHs oprasidHoi pedoBWHH Ha ¢inbTp craHoBuTh 0,06-0,12 KT
BIIK m® na no0y. Jlns 30inblIeHHs HaBaHTaXkeHHs Oe3 301MBIIEHHS MOBEPXHi
6i0inbTpa BHKOPUCTOBYETHCSI METOZ OOpPOOKHM 3 PELMPKYJHLIEI0 BigxoniB abo
NOABIMHUK pexXuM (iibTparii.

Minepanu B 6i0QinbpTpax 3aMiHeHi IACTUKOM 3 royatky 1980-X pokiB, 1o
3a0e3nevye BUCOKY MOPUCTICTh Ta Kpalli IipoJAnHaMivHi BIACTUBOCTI MIapy MpH
BUCOKHX 3HAUCHHSX MUTOMOI MOBEpXHi mmapy ¢inerpa. Lle no3sonuno modymayBatu
0iopeakTopH BEIHMKOI Ta Majoi MOTY>KHOCTI Ta OYACTUTH IIPOMHCIIOBI CTiYHI BOAH
3 BHCOKOIO KOHIIGHTpami€lo 3a0pyAHIOIOUMX pE4yoBMH. IluTOomMa mIoma
IUTACTUKOBUX (POPCYHOK, IO BHUKOPHCTOBYIOThCS MJIsI IIBHAKOI (inmbTparii,
OiyTpIIa, HIX TUIOMIA TpaBiftHUX 010 iTBTPIB.

BaxmmBoro ymoBoio edektuBHOI poOOTH OiodiMBTPIB € perenpHa
HONEepeTHs OYNCTKA CTIYHHX BOJ BiJ 3BR)KEHHX YACTHHOK, SIKI MOXKYTh 3aCMITHTH
PO3MOALIBYY YCTAaHOBKY. HeCHpHSTIMBHM MOMEHTOM y POOOTI 0i0(inbTpiB €
HMOBIpPHICTh 3aTOIUICHHS, PO3MHOXKEHHSI MyX Ha TOBEpXHI, HEIPUEMHHI 3amax B
pe3yJIbTaTi HAAMIPHOTO CTBOPEHHS MIKpOOHOT GioMacH.

OCHOBHUM HEJIOJIIKOM KOHCTPYKUIl € HaJMipHE 3pOCTaHHS MiKpOOHOT
oiomacu. Ile 3acmiuye Oi0QinbTp 1 NPU3BOAUTH JO HECHPABHOCTI CHCTEMH
ouniieHHs. CHCTEeMH PeUUpKyJslii yCyBarOTh HEraTHBHI CTOPOHH 010(iNbTpiB.
HemonaBHo 3anporoHoOBaHa MOTU]IKAIIS - I[e YCTAaHOBKA 31 3MiHHOO TOABIHHOIO
¢binpTparieto.

Ha edexTuBHICT OYHIICHHS CTIYHUX BOJ Yy 0ioiTbTpax BILIHBAIOTH:

— BenmmunHa BIIK ouniyBaHuX CTiYHHX BOZ;

— XapakxTep 3a0pyAHCHHS;

— IUBHUJKICTh OKUCIICHHS;

— IHTEHCHUBHICTh TUXaHHS MIKpPOOPTaHi3MiB,;

— TOBIIWHA O10TTIBKH;

— CKJIaJ MIKpOOPTaHi3MiB;

— TeMIepaTypa CTI9HUX BOJI.

BiodinbTpn MOXHa pEeKOMEHIYBaTH 3aCTOCOBYBAaTH HA MICBKHX OYHMCHHX
CTopyJiax B SIKOCTI JIOAaTKOBOI JIAaHKM OYMIIEHHs CTiYHMX Boj. Hampukian, Hamu
OyJI0O pO3paxoBaHO MapaMeTpH KpamelbHoro 0iopinbTpa AIsS OYUCHUX CHOPYIU
M. Pomun Cymcekoi obnacri.
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AHAJII3 3MIH KJIIMATY CYMCBKOT OBJIACTI

Bacwkina I. B., cmapwuii éuxnaoay, CymAY; Menvuux O. C., ooyenm;
Llepcmiwox M. FO., cmapwuii éuxnaday, CHAY, m. Cymu

Ha mnouwarky XXI cromitrss 3MiHM Kkiimary OyJ0 BH3HaHO TOJIOBHUM
BUKJIKOM JIJIs1 TJI00ATBHOTO PO3BHUTKY SIKMH HECe MOTEHINHHY 3arpo3y CBITOBIiM
eKOHOMIIl Ta MDKHApOAHiH Oe3memi: 3a0e3rmedeHHs 1KE, MUTHOI BOJIOIO,
cTabinbHE ICHYBAaHHS EKOCHCTEM, PH3UKH Ui 3II0POB’S Ta JKHUTTSA JIFONIEH.
Hacminku 3MiHE KTIMaTy € TOMITHUMH BXKE CHOTO/IHI B 0araTh0X KyTOYKaxX 3eMHOT
kymua. Lli 3MiHH TOpKarOTbCS HE TUTBKH TIPHPOIH, ale W 1 3HAYHOIO Miporo,
BIUIUBAIOTh HA XXHUTTS, 3710pOB’s Ta 100poOyT moxeil. [lutaHHs BIUIMBY HaciiJIKiB
3MIHM KJIIMary Ta CTYyIEHs Bpa3JIMBOCTI E€KOCHCTEM /0 HHX MaloTh BEIHKY
aKTYyalbHICTh I YKpaiHu, 0co0IMBO y po3pisi ii Yromu mpo acoriarito €C.

Xouya 3MiHHM KJIIMaTy € IJI00aJbHOI0 MpoOJIeMOolo, iX BIUIMB 3A€01IbIIOrO
NOMITHUI Ha MicueBoMy piBHI. Kiimar CyMIIMHU XapaKTepU3YyEThCS K MOMIPHO-
KOHTHHEHTAJIbHUH (3 Koe(ilieHTOM KOHTHHEHTaIbHOCTI 45 %) 1 BinnoBigae prucam
KIiMaTy JicocTemoBoi 30HM YkpaiHu. OnHak, 3rigHO mpoBeneHHX CyMChKHM
0o0JacHUM IICHTPOM 3 TigpomeTeopororii B octaHHI pokn Ha CyMIIuHI KiliMat
3MIHIOETBCSL.

3MiHy KJIIMaTy XapaKTepu3yIOTh pIYHOIO TEMIIEPaTypor  IOBITPS.
ITomipHO-KOHTHHEHTANBHUH KIiMaT Hamoi o0yacTi moegHye B coOi momartHi i
BiI'€MHI cepeIHBO000BI TEMIIEpaTypH MOBITPS MpoTsroM poky. CepenHs pigHa
Temmeparypa mositps y 2019 pomi cranosmia 8,5-9,5 °C mo Ha 2,5-3 °C Buiie 3a
piuHy HOpMY. Y cepeHbOMY 3a OCTaHHE JECATHPIUYs Maike B yci Micsli cepeaHs
MiCsiYHa TeMIeparypa MoBitps BusiBuiacs Ha 1-2,5°C BHINOIO 3a HOPMY, JIMIIE B
JIOTOMY — OJIM3BKOIO /10 KiiMaTn4HOi HOpMH. HaiiGinbiuii npupict Temmnepatypu
noBiTps Ha 2-2,8 °C BinOyBCs B Ci4YHI Ta JIUIIHI.

Knimarnuni 3MiHd BigOyiucst i MO Ce30HaX pOKy. BecHa, sk mpaBuio,
HACcTa€ Ha 2 TWDKHI paHillle, HDK 3BUYAHO, TPUBAIICTH ii B CEPEAHBOMY TaKOXK
30LIBIIMIIACS, aJle HAPOCTAaHHS TeIUIa Ha ii MOYaTKy BiIOYBa€ThCS MOBLIEHO, YaCTO
MIOBEPTAIOTHCSI XOJIOM Ta IHTEHCHUBHI CHiromaay. JliTo 3a3Buyaii sxapke, 3 MEHIIIOIO
3a HOpMY KiJTBKICTIO omafiB. B Toif e wac y JiTHI# nepion 301mbmmIacs KUTbKICTh
MEpHUIIOHAIbHUX BTOPTHEHb XOJOAHOTO APKTHYHOTO TIOBITPS, IO CHPHUYHHSE
3pOCTaHHs IHTEHCUBHOCTI TaKHX SIBHII TTOTOJH, SIK IIKBAJHM, CHIIbHI 3JIMBH, IPa.
Ocinp 3a3Bu4ail 7oBra i goBoii Temia. [lani HacTae KOpOTHIa HIX paHimIe, Tyxe
HecTiliKa, SK MpaBWIIO, TEIUIa 3a HOPMY, 3 YaCTHMH BIUIMTaMHU 1 Pi3KUMH
KOJIMBAHHSIMU TEeMIlEpaTypu MOBITps 3uMa. Ha 3arajbHOMY Mi/IBUIIEHOMY
TemmeparypHoMy (oHi 3MMH 3 TemIepaTypamMH HOBITps OTU3BKHMH abo Iermio
HIDKYUMH 32 HOPMY BXKE CHPUIIMAIOTBCS JIFO/IbMH, SIK OCHh HA/I3BUYaHE.

CepenHbopiyHa TeMmeparypa IIOBITpS 3a OCTaHHI JABAALSITH POKIB Y
Bupocna Ha 0,6-1,0 °C BimHocHO KiiMaTHyHOi HOpMHu (1961-1990 pp).
Haii6inpmnii BHECOK y 3MiHY PIYHOI TeMIIEpaTypu B peTioHi Mayu 3MMOBHH Ta
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niTHiit cesonm. Ix cepemns Temmeparypa 3pocna, BianosiaHo, Ha 1,6 °C Ta 0,8 °C.
Cepenns Temnepatypa BecHu Ha CymuuHi Bupocina Ha 1,3 °C.

3pocTaHHS CeperHbOPIYHOI 1 MICSYHOI TeMIepaTypu CYHNPOBOJIKYETHCS
30UIBIIEHHAM MAaKCHMaJbHOI Ta MiHIMaJbHOI TeMIlepaTypu IOBITPS BIPOIOBK
ycboro poky. [Ipu npoMy B XOJOAHUWH HEpioa BiAMIYAETHCS CYTTEBE 3POCTaHHS
MiHIMQIBHOI TemIepaTypu, a B TeluMid — MakcuManbHOl. Taka 3MiHa
eKCTPEMAIHUX TEMIIEpaTyp IIpUBENia O 3MEHIICHHS MICSYHOI aMIUITyIu
TEMIepaTypy i KOHTHHEHTAIBFHOCTI KJIIMAaTy Y XOJOOHUHN Tepiox i 30iMbIIeHHS B
TEIUTNH.

3MiHa TEPMIUYHOTO PEXHMY B PETiOHI CYIPOBOIKYETHCSA 3MIHOIO PEXHMY
3BOJIOKEHHS. PiuHa cymMa omamiB B perioHi He 3MiHWIAch, ane BigOyBcs ix
MePepO3MoIT Mik ce30HaMu: B3UMKY Ha 10-20 % MeHie, a BoceHu Ha 12-22 %
Oinpumie. B Toil ke dYac BIITKY CIIOCTEpIra€ThCsi 3pOCTaHHS MOCYUIIMBOCTI,
3yMOBJICHE 3HAa4HUM MIiJBULICHHSIM TeMIlepaTypd 1 3MCHUICHHSIM OMNaJiB,
ocobimBo Ha niBHOYI CyMCBKOT 001aCTi.

[TinBuieHHsT TeMmepatypy 1 3MEHIIEHHS OmNaaiB y TeIUiuid nepion
3YMOBUJIO 3pOCTaHHS KUIBKOCTI JHIB 3 HAJ3BUUYAHHOIO M0KEIKHOIO HEOE3IEeKOI0.

3pocTaHHS TEMIEpaTypH CIOCTEpIiraeThes HE JMIIe Ol 3eMHOI HOBEpXHI,
a W B HIKHIX mmapax Tpormocheprn 1 CYIpPOBOMKYETHCS 30UTBIICHHIM
BonoroBmicty. Lli 3MiHE TpuBeNH 0 3pOCTaHHS MIBHIKOCTI BHCXITHHUX TOTOKIB,
MiABUIICHHS PiBHSA KOHJAEHCANii Ta PiBHSA KOHBEKIlil, 30UIBIICHHS HECTIHKOCTI
aTMocdepu. BHacmigok Takux 3MiH 3pocia KiTbKiCTh Ta iHTEHCHBHICTh CHIIBHUX
37IUB, Tpamy, MIKBaJly, CMEPUiB, 30IBIIMIOCS YUCIO AHIB 3 TPO300. Y XOJIOTHHUH
nepioj; 3Ha4YHE MiJBUILEHHS TEMIIEpATypH MPHUBENO JO 301JIbLICHHS BHIIAJKIB 3
HaJIMIaHHS MOKPOTO CHII'y He0e3MeuHOro JiiaMeTpy.

3a iHpopmamiero CyMCBKOTO TiAPOMETIEHTPY, 3a Koe(illieHTOM
TEeMIIEpaTypH 1 BOJIOTOCTI MU MepeiIuI B 30HY HMIBHIYHOTO KOPAOHY HAIBITyCTell
abo caBaHM, XapaKTepHY AJsl Typeubkoi AHTaiil abo aMepuKaHChKUX AHI, 3apas3
koedinienT nopisuioe 0,5 (panimre popiBHioBaB 1). Kumimar i Hamami Oyne
3MIHIOBaTUCS B EKCTpeMalbHy cTopoHy. Kimbkicte Oyp 1 mkBamiB Oyne
30uIpmIyBaTucs. JomiiB Oyae MeHIIe 3a KUTBKICTIO, aje He 32 00CATOM BOJIOTH —
BEJINYE3HI MOTOKK OyyTh BUJIMBATHCS B KOPOTKI MPOMIKKH 4acy, MPUBOISMYH JI0
MiITOTUICHb Ta 3aTOPIB Ha AOpPOTax.

B Vxpaini gepkaBHa moiiTHKa y cdepi 3MiHE KiiMarty Oa3yeTbcs Ha
Konnemnmii peanizamii nepaBHOI NOMTHKH y cdepi 3MiHE KIIiMaTy Ha mepiof 110
2030 poky, cxBaneHoi Kabinerom MinictpiB Ykpainu B rpyani 2016 p. 3 metoro
OPOTUAIl KIIMAaTUYHUM 3MiHAM Ta ajanTaiii g0 HHUX ICHy€ HEOOXiJHICTh Y
po3po0iteHHi Ta peaizanii 3aX0iB Ha M(CIIEBOMY Ta III00aTFHOMY PiBHI.

Jlanmit aHami3 TpoOBEJEHO y paMmKax peainizamii mpoekty Erasmus+ Jean
Monnet Chair «EU Climate Leadership» 620031-EPP-1-2020-1-UA-EPPJMO-
CHAIR.
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AHAJII3 CYYACHUX METO/IIB IIEPEPOBKU TA VTUJIIBALIT BIIXO/IIB
BYPIHHA INIATIPUEMCTB HA®TOI'A3OBUIOBYBAHHA

Jlucancoruti B. C., cmydenm, @anvko B. B., cm. suxnaday, Cym/{y, m. Cymu

HadroraszoBa mnpoOMHCIOBICTb € EHEPreTHYHOIO OCHOBOIO JUI CTaJoro
€KOHOMIYHOTO 1 COIIQJIbHOTO PO3BHUTKY NEpXaBH. YKpaiHa Ma€ JOCHTh BHCOKY-
moHax 50 % - dacTKy cmokWBaHHS HaQTH 1 Ta3y B 3aralbHOMY OaylaHci
CTIOKHMBAHHS MIEPBUHHMX eHepropecypcis [1].

OCHOBHUM acCHEKTOM IPOBEICHHSA pOOIT 3 BHOOOYTKY HaTH Ta rasy €
MaKcHMalbHE 30€peKeHHA CTaHy HaBKOJMIIHBOTO cepemoBumia. Hadrosa
MPOMUCIIOBICTh 32 piBHEM BIUIMBY Ha HaBKOJMIIHE CEPEIOBHUIIE 3aiiMae OIHE 3
HEepIIUX MiCIb Cepe MPOBIJHMX Trajdy3eil 3Ba)kalouM Ha YTBOPEHHS BEJIHMKOI
KUTbKOCTI FeTepOreHHuX BinxoziB. OnMHUM 3 HUX € HaQTOBUH nuiaM (HadTomuiam)
— KOJIOMIHAs cHucTeMa 3 BHCOKOMOJIEKYJSIPHHX CIOJNYK HadTH, MiHepaJbHHX
YaCTUHOK PI3HOTO CKJamay 1 miacToBoi Boju. Lle camuii BeTMKOTOHHAXHHUN BiAXia
HadroBunoOyBHOT 1 HadTONEpepoOHOI NPOMHUCIOBOCTI, MIO  BiIPI3HAETHCS
CKJIAHICTIO XIMIYHOTO CKJIaay 1 3HAXOAUTHCS B IPOILIECi MOCTIHHOI TpanchopMariii
[2].

Haxxansp, IOPigHO Ha(TOra30BHIO0YBHUMH T ITPHEMCTBAMH
YTBOPIOETHCS TOHAA | MiH. T HadromniaMmiB Ta HadTO3aOpyIOHEHUX IPYHTIB, a
BCHOTO B YKpaiHi moHag 3 MitH. T. ToMy Bci 00'ekTH 110 BUIOOYTKY Ha()TH Ta ra3y
MOXHA BB@)XaTH 00'€KTaMM MiABHINEHOI eKoJoriqHoi HeOesnmeku. Haxommuennmit
BENMYE3HUKA OO0CSIT Ha(TONIIaMIB HE TIJIBKH 3aliMae 3HAYHY IUIONIY, aje i
3a0py/JHIOE TPYHT, BOJY 1 MOBITpSL.

Bigxoau HadTorazBumoOyBaHHs 3aiiMarOTh JIECATKH I'€KTapiB TEPUTOPIH,
SKi BHBEIEHI 3 TOCHOJAapChKOTO 000pOTYy, 1 XapaKTepH3YIOTHCS E€KOJOTIYHOIO,
MOKEKHOIO Ta CaHiTapHO-TirieHIuHOI Hebe3nekor. [Ipu nonaganHi HadTONLIAMIB
B IDYHT BiIOYBalOTbCS HE3BOPOTHI 3MiHM HOro (i3WYHUX, (I3UKO-XIMIYHUX 1
MikpoOionoriuanx BractuBocTedd. lle mpw3BOAWTE 10 BTpatu 3a0pyIHEHHUMH
IPYHTAMH POIIOYOCTI 1 BITOPTHEHHIO IUION] i3 CUIBCHKOTOCIIONAPCHKOTO
BUKOPHCTAHHSL.

Yrumizanis HapTONUIaMiB BIUTHBAa€E HA HABKOJHUIIHE CEPEIOBUINE, OCKUTBKU
IIJJaM MOXKE€ MICTHTH IIKiAJIMBI KOMIIOHEHTH, Taki sSIK TATOTE€HHI OpTraHi3MHy,
OpraHi4Hi CHOJYKH, BaXXKi METaNIH 1 HaAIumoK (ocdopy i a3ory. 3ajexHO Bif
METOAYy yTHii3alii mi eheKTH MOXXyTh OyTH HerallHUMH ab0 3 3aTPUMKOIO 32 YaCOM
i memimiiHnMu. Ilepepobka Ta yTwiuizamis HadTONIIaMIB CHOpSMOBaHA Ha
BUKOPHUCTAHHS  pEHTa0eNbHUX Ta  EKOJOTiYHO  OE3MeYHMX  TEXHOJIOTiH,
3aCTOCYBaHHsI THIIOBOTO OOJaJHaHHS Ta OE3BiXOMHOI TEXHOJIOTil OYMINEHHS Ta
yrumizamii [3].

AmHani3 JjiTepaTypHUX JUKEped MOKa3aB, IO Ha  ChOTOAHI PO3pOOJICHO
JIOCTaTHbO METOJIB 1 TEXHOJIOTiH mNepepoOKH HaTOIUIAMIB, NMPOTE LIMPOKOTO
NPaKTHYHOTO 3aCTOCYBaHHS BOHM HE OTpuUMaid. Bubip Meromy mnepepoOku i
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3HEIIKOJUKEHHS HAa(TOBMX IIUIaMiB, B OCHOBHOMY, 3QJISKUTh BiJ KIIBKOCTI
HaTOPOIYKTIB, O MICTATHCS B HuIami [1].

BukopucToByeThCsl 0OMEXKEHE YHUCIO METOJIB YTHNi3allii, B OCHOBHOMY
OloJIOTUYHMH 1 TEpMIYHHH.

OnHUM 3 HaWOINbII e(eKTHBHUX 1 HIMPOKO BHKOPHCTOBYBAHUX CIIOCOOIB
nepepoOku HahTOBMICHUX BIIXOMIB € TepMiuHmid. s cnamoBaHHs HadToNUIaMiB
IIIPOKO 3aCTOCOBYIOTHCS €Y1 Pi3HUX THUIIIB 1 KOHCTPYKILIN: KaMepHi, 6apOoTaxHi,
MHOTOIIOJIOBi, 00EPTOBI 1 MeUi 3 KAIULTINM IapoM. TepMmiuHuiA MEeTOX ITO3BOJIIE
CHIIBHO 3 Ha) TOIUTAMaMH CIIATIOBATH 3a0pynHEeHi QiTbTpH, MpoMacieHe raHgip's,
TBep/Ii HOOYTOBI BiX0AW. Y TBOPEHi MPH bOMY BTOPHHHI BIAXOIHU BiTHOCATECS 10
4 kmacy HeOE3MeKH 1 IUIAraloTh BUBE3EHHIO HA IIOJITOHM mMoxoBaHHSA. Ob6car
BTOPMHHHMX BiZIXOIB MOPIBHSHO 3 MOYaTKOBUM 3MeHIIyeThes 10 10 pasis [3].

IcHye Tpu OCHOBHI METOIM BHCOKOTEMIIEPATYPHOTO 3HEIIKOJKECHHS
HadTolIaMy: CriagrOBaHHs, MipOIi3, Ta3udikaris.

YTunizauis TepMiuHEM criocobaM HaTOILIaMy MNPOBOIUTHCS Ha PI3HUX
yCTAaHOBKax, NMpU3HAueHa sl yTWiizauil HadTo3a0pyAHEHOTo CMITTS, JEPEBHUX
BIZIXOJIIB 1 HEeBeJIMKOI KibKoCTi HadTonuiamy [4]. Tak, ycTaHOBKa Oe3mepepBHOIO
MipoNizy BYIJICBOJHEBMICHHX BIiOXOMIiB 3[JaTHAa B AaBTOMATHYHOMY DPEXKHMIi
MepepoOIATH BeNHKi 00CITH HAPTOIDIAMIB HE3aJe)KHO Bif X CKIamy, mepepoOri
MiATAI0ThCS TAKOXK MYJIOBI OMaad OYMCHUX CHOPYH, HadTo3abpyaHEHI TPYHTH i
TPYHTH, 3aMKHYTHH IMKJI OXOJIOJDKCHHS IPOXYKTY HE BUMAarae IIOCTIHHOTO
HiDKUBIICHHS BOJH.

OTxe, TepMiUHI METOIM MAalOTh HACTYIHI IEepeBaru: BiICYTHICTH TOPOTHX
CTaiil MOiTy; MOXKITUBICTD MTEPEPOOKH CHPOBHHHU 3 BUCOKOIO 30JIbHICTIO; BiIMOBA
BiJI BUKOPHCTAaHHS PO3YMHHMKIB 1 MIKPOOPTaHi3MiB; BIJCYTHICTh BIIXOIIB 1
NPOJYKTIB, 110 BUMAraroTh yTHIi3allil.

it noTpUMaHHS BHMOT EKOJIOTIYHOT Oe3MmeKd Jyis yTWii3aimii BiIXo.iB
OypiHHS Ha mignpueMcTBax HapTOra3Bup00yBaHHS JOLIIBHE BUKOPHCTaHHS
TEPMIYHHUX METO/IIB.

Crucok sitepatypu

1. Enextpomnmii pecypc — http://uazakon.com/big/text999/pgl.htm
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TBepai moOyToBi Bimxoam : HaBd noci6. Binawms, 2015. 100 c.
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ATPOEKOJIOI'THHA OIIIHKA AKOCTI JUT'ECTATY

Abneesa 1. FO., cmapwuii sukiadau, bepexcna 1. O., acnipanmra;
bepeoicnuii /[. M., acnipanm, CymAY, m. Cymu

CydJacHuii PpO3BUTOK CITBCHKOTOCHOIAPCHKOI Tamy3i HEMOXIWBUH 0e3
BUKOPHUCTaHHS 100puB. BTpara opraHiuHoi pedoBHHU Ta 3MEHIIEHHS 0i0JIOTI9HOTO
PI3HOMAHITTA € OZHMMH 3 OCHOBHHX 3arpo3 sKocTi IpyHTiB. lle crnpmumaeHO
HEBI/IMMOBITHOIO CITBCHKOTOCIIONAPCHKOI0 TPAKTUKOI0, HAIMIPHAM OYHIICHHIM
VTigh Bil POCIMHHOCTI, 3MEHIICHHS ii PI3HOMAHITHOCTI, MiABHIICHAM piBHEM
BUHHUKHEHHSI TI0CYX, IIOBEHEH, JICOBHX MOXEX, HEPIBHOMIPDHUM BHUIIAJIHHSIM
OMa/iiB 32 KOPOTKUH NMPOMDKOK Yacy, yUIUIbHEHHSM Ta 3a0pyJHEHHSM IDYHTIB.
Haromictb, 3emist 63 pOCIMHHOCTI MOXe po3MHBaTHCs Oumbin Hik y 120 pasiB
MIBUALIE, HIK 3€MJIsl, BKPUTA POCIUHHICTIO, SIKI TAKMM YMHOM MOXYTb BTPaTHTH
meHure 0,1 TOHHY I'PyHTY Ha Ta 3a pik [1].

Hepinko, 3emiexopucTyBadi 3yMUHIIOTECA Ha BHOOpPI caMe MiHEpalbHUX
nobpuB. Ile OOyMOBICHO TPOCTOTOIO BHECEHHS B IPYHT, CTAIAM XIMIYHUM
CKJIaJJOM, YHIBEPCANBHICTIO, TOOTO MOJIIMBICTIO BHKOPHCTOBYBATH IS
Mi/DKUBICHHS PI3HUX BHUOIB POCIWH, TOIIO. 3a NaHWMHU JlepkaBHOI CIy»KOm
CTaTUCTHKHN YKpaiHu mif ypoxait 2019 poky BHeceHo B IpyHT 21424.7 Tnc. 11
MiHepaIbHUX HOOPUB, SIKi IEPEBAKHO OYyIIH IMITOPTOBAH.

Jurectar 6iora3oBHX yCTaHOBOK (BiAmpalboBaHHW cyOcTpar) Moxe OyTH
LIHHUM PECYpCOM JUIsl MIATPUMKH ab0 TIOHOBJICHHSI POJFOYOCTI IPYHTIB B YKpaiHi
Ta 3pOOWUTH 3HAYHMN BHECOK B 3aMiLCHHs IMIIOPTOBAaHMX MIHEPAIbHHUX TOOPUB.
XiMIYHUN CKJIaJ] IUTeCTAaTy JOCHTh OJU3BKUH 3a CKJIAJO0M JI0 OPraHO-MiHEpaIbHUX
J00puB, aie ciig Opatu 10 yBard Toi (hakt, 110 CKJIaJ OCHOBHUX HOTO €JIEMEHTIB
MOJKE CYTTEBO 3MIHIOBATHUCS B 3aJIGKHOCTI BiJl CKIIaay cyocTpary.

JlurectaT MICTHTH psJ MOXUBHUX PEYOBUH, TAKHX SK: a30T: 2,3—4,2 Kr/T,
tdochop: 0,2—1,5 xr/r, kamiit: 1,3-5,2 Kr/T, psg Me30- i MIKpOEIEMEHTIB, IO
TpaloTh ICTOTHY POJIb B po3BHUTKY KynbTyp (Ca, Mg, Mn, B, Fe). Okpim 1poro,
JIUTeCTaT MICTHTh OpPTaHIYHHN BYTJIENb, y TOMY YHCII B CKIaai TYMIHOBHX
pedoBrH (1-3 % mo maci), Ma€ BHCOKY YacTKy JOCTYITHOTO JUISl POCIHUH a30Ty (10
+10...70 % y nopiBHsHHI 3 He 30pOJUKEHHMMH Marepianamu), ONTHMalbHE IS
rpyHTy cniBBinHomeHHs C:N, ontuManeHe Jjs IPYHTY 3HaueHHs nokasHuka pH
6,8—7,5, MiCTUTh aKTUBHI NOMyJSALIT OaKTepil, 10 CIPHUSIOTH PO3May OpraHikKd B
TPYHTI.

He 3Baxkaroum Ha BHCOKY IIHHICTH JUTECTaTy, y OUIBIIOCTI BHIAAKiB
BUHHUKAIOTh CKJIAIHOIII 3 YTHJI3ali€l0 Ta TMOJANBIINM IOTr0 3aCTOCYBaHHSM.
OCHOBHOI0 ~ NEpENIKOJ0I0 Ha  [UIAXYy  IOJAJBIIOr0  3aCTOCYBaHHSA  Ta
KOMepLialli3alii AMrecTaTy € 3MiHHICTh HOTO (hi3MKO-XIMIYHUX XapaKTEPUCTHUK, L0
00yMOBIIOETbCS. KOMOIHAILI€I0 pi3HUX (DaKTOPIB, HANPHKIAJ, 3MIHHICTH CKIAIy
BXiJJHOI CHPOBMHHM Ta OOCSTIB IX BHECEHHsS B 010peakTOpH IpPOTIIOM pOKY,
CKJIQJIHICTh ~ KOHTPOJIIO  OIOXIMIYHMX  TpOIECiB  aHaepoOHOro  OpOJIHHA,
nocrdepmenraniiina 0ioJoTi4Ha Ta XiMiYHA aKTHBHICTh YTBOPIOBAHOTO JINTECTATY,
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30epiraHHs Ta TPaHCIOPTYBAaHHS JAWTECTaTy JUll BUKOPUCTAHHS Ha IIOJISAX 32
MeKaM{ pPO3MILIEeHHS YCTaHOBOK.

KinpkicTe gurecraty, IO YTBOPIOETBCS HEMOXXIMBO BHUKOPHCTATH
BUKJIIOYHO Ha CUTLCHKOTOCHOAAPCHKUX YTiAMAX OJHOTO MiANPHEMCTBA-BUPOOHHKA,
a y BHIIQAKY INPOAAXy HOro IiHIIMM MiANPUEMCTBAM HEOOXIAHO TPOBOJIUTH
cepTudikalifo OKpeMo Juisi KOXHOI mnapTii aurectary. bimpm Ttoro, y pasi
Oe3mepepBHOTO PEKUMY POOOTH 0iOTra30BHX pPEaKTOPIB AWTECTAT YTBOPIOETHCA
AR piK, a BHOCUTHCS y TPYHT IEPEBAXKHO TIE€pell MOCIBHUMHU POOOTaMH, IO i
00yMOBITIOE HEOOXiHICT HOTO HOBrOTpMBAIOTO 30epiraHHs, TOMY e(pEeKTHBHO
MIPOBOIUTH 3MEHIIECHHS HOoro 00’ eMy.

Hafinommpenimmii 3 Takux crocoOiB e po3AUICHHS JUTECTaTy HA TBEPAY
Ta piaky (asu 3 momampmIMMHM NepeTBOpeHHsIMH okpemoi dasm [2]. Pimka daza
peaizyeThCsi Ha PHUHKY CKIIAIHO, ab0 BHOCHTBCSA y IPYHT 0€3 BIIMOBIIHHUX
pospaxyHkiB. Pinka ¢paxuis norpeGye BuaaneHHs 3aiiBOi BOJIOTH, HaNPHUKIAJ,
HIIIXOM MeMOpaHHOT (ijbTpalii, KOHIEHTPYBaHHS, IIEHTPUPYTyBaHHS TOIIO.

A ot ioro TBepLy (paxiiito MOKHA BUKOPHCTOBYBATH SIK JJ0OABKY JI0 TOTO
K Komrmocty. Jlurectat Moke OyTH BHCYIIGHHMH, IpaHyiboBaHHMH. Takox iHoro
3pY4YHO MOENHYBaTH 3 IHIIMMH Bifxomamu a00 OpraHiYHHMH HPOIYKTaMu, SK,
HaIpUKIaj, IEPEeBHUMH CTPY>KKaMH, THPCOIO.

3 MeToro CHpusSHHA KOMepIiaii3alii aurectaTy B YKpaiHi HEOOXigHO
BIPOBAINUTH PSII 3aXOMIB, CEpEl AKHX:

— BHECCHHS TEpPMIHY «AWTecTaT» B YKpaiHCbKE 3aKOHOAABCTBO, IO
OXOILTIOBAaB OW pi3HI BUIM CHPOBHHH, Ta HAJAHHSI MOXIIMBOCTI pO3MIIyBaTH HOTO
Ha PHUHKY;

— BIIPOBAIDKEHHS CXEMH J00pOBUIBHOT cepThdikalii urectaTy Ha OCHOBI
eBporeiicbkoi cxemu ECN-QAS;

— BCTAHOBJICHHS JIEP)KABHUX HOPM Ta BHUMOI' IIOAO0 BUPOOHHIITBA,
TOPTiBNi, 3aCTOCYBaHHS Ta pEKJIaMyBaHHs OpraHiYHMX JOOpUB 3arajioMm, i
JUrecTaTy 30KpemMa;

— PpO3MIAA MOXJIMBOCTI IIATPUMKH CIOXHBAdiB JWTECTaTy, 3a YMOBH
(hakTHYHOTO 3aMIIICHHS MiHEepaJpHUX MJ0OpHB (mporpaMu CyOCHIiFOBaHHS,
MOJIATKOBI MJIBIH, TA HIIIE);

— TomyJsipu3alis BHUKOPHCTaHHS JAWTECTaTy cepejl MOTeHIIHHUX TIpym
CIIO’KMBAYiB, 30KpeMa 3a JIOTIOMOT0I0 TIPOrPaMy HaBUAIBHUX 3aXOJiB.
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O3EJIEHEHHA SK 3ACIb [TOJIIIIIEHH S ITPUPOJJHOT'O
KAPKACY YPBOEKOCUCTEM

boiixo A. A., cmyoenmxka; Inayyk JI. /1., npogpecop;
bamanvyes €. B., acucmenm, CymY, m. Cymu

Y wmicroOymyBaHHI O3€JICHEHHS € CKJIAQIOBOI0 YAaCTHHOKO 3arajJbHOTO
KOMIUIEKCY 3aXOMiB IO IUIAHYBaHHIO, 3a0ymoBi Ta ONaroycTporo HaceleHuX
nmyHKTIB. ChOroIHI mpobireMa 03eJIeHEHHsI MICT CTOITh TOCHTB TOCTPO. B mimomy, B
YCBOMY CBIiTi POONSATHCA 3HAYUHI 3yCHIUISA 3 O3€JICHCHHS Ta OJaroyCTpOr0 MiCHKHX
TEpUTOPIil.

B VYkpaiHi 3e1eHi 30HM 3HaX0AsThesl B KaTacTpodiuHoMy craHi. O3eneHeHi
TEpUTOpii, K CHUCTEMa O3EJCHEHHs MicTa B LIIOMY, Tak 1 ii OKpeMi eJeMeHTH,
ICTOTHO BIUIMBAIOTh Ha IUIAHYBaJIbHY CTPYKTYpY, Ha HaWBaXKJIMBIIII MOKa3HUKU
SIKOCTI HABKOJIMIIHBOTO CEPE/OBHUINA, Ha ICHXOJOTIYHHUN Ta CEMOIIHHMUN CTaH
JOMVMHA Ta 1 CHPUMHATTA $K IUIAHYBAJIbHUX Ta 00°‘€MHO-TIPOCTOPOBHX
apXITEeKTypHUX KOMITO3UIIH, TPUPOJHOTO OTOYEHHS MICIEBOCTI. 3eJeHi
HAaCa/DKCHHS aKTUBHO OYMINYIOTH aTMOC(epHE IOBITPS, KOHAWIIOHYIOTH HOTO,
3HW)KYIOTh PIB€Hb INyMy, MEPEIIKOPKAIOTh BHHUKHCHHIO HECTIPHATINBUX
BITpOBUX pexmMiB. KpimM Toro, 3eNeHi HacaKeHHS B MicTaX OJaroTBOPHO MifOTh
Ha eMOLiiHWI cTaH moanHW. BupoOHWYA MisSUTBHICTH JIIOAWHH, CHPSMOBaHa Ha
MOJIIIIEHHS BJIaCHUX YMOB ICHYBaHHs, IOCHTh CEPHO3HO BIOMBAETBCS Ha
NPUPOJTHHUX KOMIUIEKCaX, TAKUX SIK ITAPKH, CKBEPH.

Y 3B‘A3Ky 3 IIMM BHHHUKae MoTpeba B TMpakTHYHUX 3axomax. Jlus
e(peKTUBHOTO BHpILLIEHHS NPoOJIeMH 3a0e3Me4YeHHs YUCTOTH TOBITPSIHOTO OaceiiHy
HEeoOXimHui KoMmIuiekcHuit miaxin. [lpm 1mpoMy mioma 3ejeHHX HacaJDKeHb
3arajibHOr0 KOPUCTYBaHHS 3aJICKUTh BiJl THITy MiCTa Ta KiJIbKOCTI HACCIICHHS.

CucremMa O3€JE€HEHHS PO3IILAEThCA SIK CKJIAJ0Ba YacTHHA KOMIUIEKCY
3aXO0JiB II0JI0 3aXUCTy Ta OXOPOHHU 0JIaroyCcTpOIO MicT.

[MomimmuuTy yMOBH JKHUTTEMISUIBHOCTI 3€JIE€HMX Haca[)keHb B MicTax,
MPOJOBXHTH TEPMiHH iX e(eKTHBHOro (PyHKIIOHYBaHHS MOJKHA, JIOMAaraloquch
30epeXeHHS EKOJIOTIYHOI PiBHOBATH, TAPMOHIITHOTO 1 IIJIECTIPIMOBAHOTO PO3BHTKY
ypOaHi30BaHUX TEPUTOPIi 1 IPUPOIAHOTO cepepoBuia. Taka piBHOBara 3acHOBaHA
Ha BIAMOBIAHOCTI psny (aKTOpiB: BHIOBOTO CKIIAJy HACAJKEHb IPHPOIHO-
KJIIMAaTHYHAM YMOBaM; (pyHKLIOHAJILHOTO NMPHU3HAYEHHS 03€JICHEHUX TepUTOpiil —
ix po3mipam, xapakTepy Ta OCOOJMBOCTEH; piBHS OJaroycTporo 03eJIEHEHOTO
MPOCTOPY — IHTEHCUBHOCTI HOTO BUKOPUCTAHHS TOIIIO.

AKTyanbHICTh TIPOOJIEMH O3€JICHEHHS BH3HAYAETHCS HECTIPHATIMBOIO
€KOJIOTIYHOI0 CHTYAI€l0 B BEJIMKHUX ITPOMHUCIIOBHX IIEHTPaX MicTax, II0 CKIajacs
Ml BIUIMBOM TEXHOT'CHHHX HAaBaHTaXEHb, 10 BH3HAYAIOTh MoJupiKaIio
HaBKOJIMIIHBOTO cepefoBumia. Lle Mpu3BOANTH 10 3MiH BJIACTHBOCTEH OKPEMHX
010THYHMX KOMIIOHEHTIB 1 B MIiJCYMKYy — SKOCTI >KMTTS HaceieHHs. Tomy
BOXJIMBUM €JEMEHTOM MPUPOJHOTO Kapkacy ypOoekocucTteM 1 3aco0om
HOJIIIIIEHHS 10T0 MicTOOYIIBHUX SIKOCTEH BHCTYIIA€ CHCTEMA O3€JICHEHHSI.
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3ABE3IEYEHHS EKOJIOITYHOI BE3IEKU AEC
bamanvyes €. B., 3asidysau nasuanvhoi rabopamopii, Cym[yY, m. Cymu

ATOMHI enekTpocTaHuii YkpaiHu 3a0e3neuytoth Onm3pko 55 % mortpebu
Halioi KpaiHu B eNIEKTPUYHINA eHeprii, a B OCIHHbO-3UMOBI NEepioan Leil MOKa3HUK
csrae 70 %. 3a migcymkxamu 2018 poky BOHa mociia TpeTe Micue y CBITI 3a
gacTkoio enektpoeneprii AEC B 3arampHOMYy 00cs31 BHpOOHHIITBA €HEprii B
Kpaini. JloTpuMaHHA BiAMIOBIAHMX HOPM HAa IUX MiAIPHEMCTBAX € HEOOXiTHOIO
YMOBOIO 3a0e3neueHHs eKOJOTiuHOi Oe3mekd, K YKpaiHW, Tak i iHIINX KpaiH,
ockineku aBapii Ha AEC € rnobansHIMH KaTacTpodami.

Exonoriuna Oe3neka — CTaH 3aXMINEHOCTI HABKOJIMIIHBOTO CEPENIOBHINA,
JKUTTSA 1 37I0pOB‘sSl TPOMAJISH BiJf MOKJIMBOI'O IIKIJIMBOTO BIUIMBY TOCIIOAPCHKOT,
HaJ3BUYAHNX CUTYAIli IPUPOHOTO 1 TEXHOTEHHOTO XapaKTepy.

3axo/u, W0 3HIKYIOTh HEraTMBHUH BIUIMB Ha HABKOJIMIIHE CEPE/IOBUILE Ha
cranii OyniBauirea AEC:

— Omaroyctpiii OyIiBeIbHHUX Kap‘€piB;

— TIHJIOBJIOBIIIOBaHHS;

— 3BOJIOXKCHHS BIAKPUTHX CKIIAAIB i JOPIT B JITHIN Yac;

— YCTaHOBKA MICIICBOi BEHTHJIAIII i OYUIICHHS BUKUIIB;

— pO3poOIIEHHS ONTUMAIBHOI CXEMH PYXy TPAaHCHOPTY TOIIO.

OcHoBHUMHE (akTopamu ToTeHHifHOTO BIMBY AEC Ha HaBKOJHMIIIHE
CepeIOBHINE B MEPiOJ CKCIUTyaTallil €: panialiiiHe, TEIUIOBe, XiMiuHe (CKHIaHHS
COJIEBMICHUX BOJ y BiiBiaHuil kaHan firouoi AEC i BumaganHst coneil Ha IPyHT 3
rpagupens). Bin3HauaeTbcsi Tako)K HE3HAYHWH BIUIMB  €JIEKTPOMArHiTHOIO
BUIIPOMIHIOBaHHsI, IIyMy (B OCHOBHOMY BiJl TPaHCHOPTY), BUKHIIB B aTMochepy
JIOMIILIOK BiJ JONOMDKHHMX OyaiBeNb 1 CHOpYH, sIKi HE BHUXOIATH 32 MeEXi
npommargananka AEC.

OcCHOBHI 11iJ1i 3a0€31eYeHHs €KOJIOTIYHOIT OE3IEKH:

— 3axuct nepcoHany AEC, HaceneHHS Ta HaBKOJIMIIHBOTO CEpeOBHIIA
BiJl pamioyioTiyHOI HeOe3NeKW 3a paxyHOK CTBOpeHHsA i migrpumku Ha AEC
e(PEKTHBHHX 3aXO/IiB 3aXUCTY (3HIKCHHS PH3HKY);

— 3alesmnedeHHs IPU HOPMAJbHIA eKCIDTyaTalii i aBapisiX HelepeBUIICHHS
JI03 ONPOMIHEHHS Ha CTaHLii Ta BUKWIIB pali0OaKTHBHUX PEUYOBHH Ha PO3YMHO
JOCSHKHOMY HU3BKOMY piBHI (paniamiitauii 3aXucT);

— 3amobiraHHs MPOCKTHHM aBapisiM i ocimablieHHS HACIHIIKIB MPOEKTHHX i
3aMpoeKTHUX aBapilf, HEOOXIAHICTP KOHTPONIIO PO3BUTKY Ta HACTIAKIB TaKHX
aBapiil (TeXHIYHUN 3aXHUCT).

HAEK «Eneproarom» (onepatop ykpaincekux AEC) y cBoiil mismbHOCTI
MOCIIZIOBHO 1 IIJIECHIPSIMOBAaHO BUKOHYE 3000B‘s3aHHS, IO BHIUIMBAIOTH 3
Konsenuii rpo siiepHy 6e3rexy, BpaxoBye peKOMEHIAIIIT ITI0JIOKEHb Ta HACTaHOB 3
oe3nekn MATATE, a TakoX MOJIOXKCHHS 1 MPUHIUIHN JOKYMEHTIB Mi>KHApOIHOT
TPYIH 3 siAepHOT Oe3neKH.
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OUMIIEHHSA CTIYHUX BOJ] METOJIOM EKCTPAKIIIT
Haymenko JI. C., cmyoenmra, Inayyx JI. /I., npogpecop, CymY, m. Cymu

PobGora mpucBsiueHa akTyaJlbHIH NpoOJieMi OYHMIIEHHIO CTIYHUX BOJ
NUIIXOM eKCTpakmii. AKe BoJa — € ONHUM 3 HAaWBaXIUBIIINX EIEMCHTIB
30BHINIHBOTO CEpelOBUIA. BoOHa Mae BENMKE 3HAYCHHSA JUIL 3a/l0BOJICHHS
(izioNoriyHMX, CaAHITAPHO-TITIEHIYHHX Ta TOCIOJAPCHKUX IMOTPed JIIOJIWHH.
ExcrpakuiitHuii MeTox € OTHUM i3 e(peKTUBHHAX CIIOCOOIB OYHUIEHHS CTIYHUX BOJI.

Excrpakmis — e Qi3smgHMI MeTo[ pO3AUICHHS KOMIIOHCHTIB TOMOTEHHOT
CyMilml, IO TPYHTYETbCA HAa HEOJHAKOBOMY PpIBHOBOKHOMY  PO3IOJILT
KOMIIOHEHTIB MDK JBOMa (ha3aMH, SKi YTBOPIOIOTBCS B pa3i BBEICHHS
JOTIOMDKHOTO PO3YMHHUKA — eKcTpareHTa. Ilim dyac excTpakuii po3YMHHHUK
NOBUHEH IiepeOyBaTH B pinkomy craHi. CyMill, IO MiJJIsrac eKCTpakUidiHOMY
PO3IIJICHHIO, B 3arajJbHOMY BHUIIAIKy MOKe OYTH ra3omomiOHOI0, TBEpAO abo
piakoro.

Po3ninenHst cTiyHOI BOXM Ha KOMIIOHEHTH €KCTPaKIiHUM METOJIOM
NPUHIOMIIOBO MOXHa 3IiMiCHUTH JBOMa crocobamu: 1) eKcTparyBaHHAM
pO3UMHEHOI pedoBHMHM (200 Tpymd OSHOTHUITHHX PEUOBHH) 3 BOIH, 2)
eKCTparyBaHHAM BOJM 3 PO34YHMHY. SIK E€KCTpareHTH MOXYTh 3aCTOCOBYBATHCS
OpraHiYHI PO3YMHHUKH — eTiNaIeTaT, OyTinaneTrat, 0eH3011, TOIYOJL.

[Ipn oumcTIi BOOM METOJOM EKCTPAKIIi MOXIIMBA PEKyIepallis BUIyICHHX
KOMITOHEHTIB.

Jnsi KOKHOI PEYOBMHHM ICHYE KOHIIGHTpaliiiHa MeXa peHTa0eIbHOCTI
BWIIy4eHHS 11 31 CTIYHOI BOJM METOJOM €KCTpakiii. 3arajgom, Juisi OiIbIIOCTI
OpraHiYHMX PEYOBUH MOKHA BBaXKATH, IO MPHU KOHIEHTpalii Bume 3—4 /M3 1x
JIOLIbHIIIE BUIyYaTH eKCTPAKLIE0, HiXK MeToJI0M ajcop6Ouii. [Ipu koHueHTparisx
meHute | r/am3 eKCTpakILiro ¢IIiji BUKOPUCTOBYBAaTH TiIbKHM B OKPEMHX BHIIA/IKaXx.

OuncTKa CTIYHUX BOJ METOJIOM €KCTPAaKIil CKIaJaeThesl 3 TPhOX CTaIiM:

- JI03yBaHHs €KCTPareHTy (OpraHidYHOrO PO3YMHHHKA) Ta iHTEHCHBHE
HOT0 TepeMillyBaHHS 3 CTIYHOIO BOJIOKO (YTBOPIOIOTHCS ABI (ha3u: €KCTPAKT, SKHMA
MICTUTH pPEYOBHHY, IO BMIYYAETHCS, 1 €KCTPAareHT, a TaKoX padiHat, sSKui
MICTHTB CTiYHY BOJY i YaCTHHY €KCTParcHTy);

- po3iIapyBaHHS eKCTPakTy i padiHary;

- pereHepariisi eKCTpareHTy i3 eKCTpakTy i padiHary.

ExcTpareHT, sikuii BUKOPHCTOBY€EThCS ISl OYUCTKU CTIYHHUX BOJI, TIOBHHEH
BIAMOBIJATH TaKUM BUMOTAM: PO3YMHITH PEUOBHHY, sKa BHJIYYAETHCS, 3HAYHO
Kpale, Hi’k BoJa, TOOTO BOJIOITH BUCOKUM KoedimienroM posnoxaiiy (k = Co/Cg);
BOJIOJIITH BUCOKOIO CEJIEKTHBHICTIO POYMHEHHS HEOOXITHUX PEYOBHH Ta BHCOKOIO
PO3UYMHHICTIO IIMX PEYOBHMH; MAaTH HU3bKY pO3YMHHICTb Yy CTi4Hill Boxi 1 He
YTBOPIOBAaTH CTIMKHUX €MYJIbCili; TyCTHHA €KCTpareHTy IOBMHHA SIKOMOTa Oiiblie
BIZIPI3HATUCH BiJ TYCTHMHH CTiYHOI BOXM (U1 TPHCKOPEHHS pO3IIapyBaHHSA);
BOJIOMITH BHCOKMM KoedilieHToM 1udysii, 10 NPHUCKOPIOE MIBUAKICTH
MacooOMiHy (a BiATaK 1 EKCTpaklii); pereHepyBaTHCh IPOCTUM 1 JElIeBUM
CrocoOOM; MaTH TeMIeparypy KHIIiHHSA, $Ka 3HAa4HO BIiAPI3HAETBCS BiJ
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TEeMIIEpaTypy KHIIIHHS PEYOBHH, II0 BHIIyYarOTHCS, @ TaKOX MaTh HEBEIUKY
MUTOMY TEIUIOTYy BHUIIAPOBYBAHHS 1 HEBEJHMKY TEIIOEMHICTH; HE B3aEMOJIISTH 3
BIJIyYCHOIO PEYOBHHOIO; IO MOXIIMBOCTI He OyTH IIKIIUIMBUM, BHOYXO- i
BOTHEeHe0Oe3MeYHNM, He BUKIIMKATH KOpO3ii 00J1aTHaHHS, MaTH HEBEJINKY BapTiCTh.

IIpu HAsSBHOCTI B CTIYHHUX BOJAAX NEKIJIBKOX TOMIIIOK, JOIIBHO BHIyYaTd
eKCTPAKIIEI0 CHOYaTKy OJWH KOMIIOHEHT (HaWOUIbII LiHHMH a00 TOKCHUYHHM), a
MOTiM, 3a HeoOXimHicTIO, iHMII. [IpK POMY IUIT KOXXKHOTO KOMIIOHEHTY MOXe OyTH
BUKOPUCTAHUH Pi3HUI €KCTPareHT.

TexHONOTIYHMIA TpoIec eKCTPaKIil CKIAJAaEThbcs 3 OBOX IMOCIITOBHHUX
ormepaniii: 1) BHIy4eHHS KOMITIOHEHTIB 3 OYMIIYBAaHOI BOIH (Cama eKCTpakiis), 2)
pereHeparist ekctparenra (Horo BiJOKpeMIICHHS BiJ] eKCTParoBaHUX PEUOBUH).

Jlnist ycniniHOro NpoTiKaHHS MPOLEeCy eKCTPaKIii eKCTpareHT MOBUHEH MaTH
HACTYIHI BJIACTUBOCTi: 1) MaTH TrapHy eKCTparyioody 3IaTHICTb CTOCOBHO
PEUYOBMHH, IO BUIIy4Ya€eThCsl, TOOTO BUCOKHMI KOe(illieHT po3moniny; 2) BOJOIITH
MIEBHOIO CEJIEKTUBHICTIO - 3[]aTHICTIO €KCTparyBaTH i3 CKJIaJHOI BOJHOI CHCTEMH
OJIHy a00 TeBHY I'PYIy PE4OBHH; 3) BIAPI3HATUCS MaJIOI0 PO3UYMHHICTIO y BOJI (3
iHmoro OOKy, BOJa MOBMHHA MalO PO3YUHSATHCS B EKCTpareHri); 4) MOMITHO
BIJJPI3HATHUCS MIUTBHICTIO Bifl MIUTFHOCTI BOMH, IO 3a0e3medye MBUIKUHA 1 TOBHHMA
posmoxin ¢a3; 5) MaTH TeMmeparypy KHUIHHA, IO 3HAYHO BiIPI3HAETHCS Bif
TeMIIepaTypy KUMIHHA €KCTParytodoi pedoBUHH, 10 3a0e3nedye JIETKICTh IXHbOTO
po3ziny; 6) He B3a€EMOJISITH 3 EKCTPAryoUyol0 PEYOBHHOIO, MaTepiajoM amapaTypu
1 He MiAmaBaTHCSA MOMITHOMY TiIpoONi3y; 7) MaTH HEBEIHKY IHTOMY TEIDIOTY
BUIApY W Maiy TEIJIOEMHICTB, IO JO3BOJISIE 3HM3UTH BUTPATH MApU W OXOJIOJHOT
BOIHM; 8) MaTh MOXIHBO MEHIIY BOTHEHEOE3IEUHICTh, BUOYXOHEOE3MEUHICTh 1
TOKCHYHICTh; 9) MaTu HU3bKY BapTICTh.

Hamu po3poOneHuit MerToJ eKcTpakiii Macel, Yy SKOCTI eKCTPaKTy
PO3YMHHHMK Ma€ TapaMeTpd 3HEOApBIEHHS BUCOKOTO CTYIEHS OYHIICHHS. Y
NoAIOHMX TMpollecax B HAll Yac BHUKOPHCTOBYEThCS po3unHHUMK Hedpac-65,
NPOBEZICH] JOCIIKEHHS J03BOJISIE OTPUMAaTH PO3YMHHUK IIEHTAaH — T'€KCaHOBOT
(pakmii sika TOBHICTIO BiAmoBimae mapamerpy Hedpac-65. Omnak oTpumaHuUit
pe3ysbTaT MO OYHMIICHHIO POCIMHHOI OJii MOKa3aB BUCOKWII CTYIiHb OYMINECHHS 1
BiZICYTHOCTIi KOJIbOPY B IIPOIYKIIi1.

[opiBHAHO 3 IHIIUMHM HENPSIMHMH METOJAaMH BHJIYYEHHS 3 BOJHHX
PO3YMHIB OpraHiYHUX PEUOBHH, SIKI TPYHTYIOTHCS HA BHKOPHCTAHHI JOJAaTKOBHX
KOMITOHEHTIB, — aJICOPOITi€r0, I0HHUM OOMiHOM, BiJIFOHKOIO 3 Maporo (a3e0TpoIHa
BIITOHKA), — MJOIUIBHICTh 3aCTOCYBaHHS EKCTPaKIlii BH3HAYAETHCS IEpemyciM
€KOHOMIUHUMH MipKyBaHHAMH. Haifuactime moBOIUTBCS BHOMpATH MiX
EKCTPAKITIEI0 Ta aacopOIli€r0, OCKITBKU 1[I MPOIECH MPUAATHI Ui BUJAICHHS 31
CTIYHHX BOJI OJIHHUX 1 TUX CAaMUX PEYOBHH. BHUOip TOTO UM iHIIOTO METOAY MOBHHEH
TPYHTYBaTHCA Ha 3iCTAaBISIHHI TEXHOJIOTIYHOI €(QEeKTHBHOCTI JIBOX IIPOIECIB 3a
KOHKPETHHX YMOB. Me€Xa PeHTaOeJbHOCTI eKCTpaKiii BU3HAYAETHCS 3arallbHUMHU
BUTpaTaMM Ha TIPOIEC, sIKi 3aJieXaTh BiJ BapTOCTI €KCTpareHTa, Woro BUTPATH,
IIHHOCT] BIJIyY€HUX IPOIYKTIB TOLIO.
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TEXHOJIOI'Ti 3AXUCTY JOBKULIS TP POBOTI MUMOK
CAMOOBCIIYI'OBYBAHHA

Tpynosa 1. O., ooyenm; bonoapenxo K. M., cmyoenm, CymY, m. Cymu

3a0pyAHEHHS] HABKOJIHUIITHBOTO CEPEIOBHINA € OJHOIO 3 TOJOBHHUX MPOOIeM
exororii MicTa. B maHuii 9ac moTy>XHUM JKepeIoM 3a0pyTHEHHSI HaBKOIHUITHHOTO
CEpEIOBHUINA € aBTOTPAHCIIOPT.

ABTOMOOITF Mae 3HauHy MOTpedy y Cy4acHOMY >KHUTTI. SIK Hacmimok,
KUTBKICTh aBTOMOOLNTIB 3HAYHO 30UMBIIYETHCS 3 KOKHHUM pPOKOM, a 3 UM
30UIBIIYIOTBCST ¥ BUMOTM JO TEXHIYHOTO CTaHy Ta 30BHIIIHBOTO BUIIIALY
AaBTOMOOLJIA, TOMY KUIBKICTh aBTOMHMHOK 3HauHO 301bLIyeThCs. B Ykpaini moHan
9,2 MJTH TPaHCIIOPTHUX 3ac00iB, 6,9 MIIH 3 SIKHX MPUMAAE HA JICTKOBI MAITUHH.

OuucHI cHopyIy Ui aBTOMHHOK CaMOOOCIYTOBYBaHHSI € HEOOXIAHUMHU
OpU BIAKPUTTI OyIb-SKMX aBTOMHUHOK B YKpaiHi, Tak SK CKJIaJ CTIYHHX BOJ
ABTOMHUIKM BKIIIOYAa€ 3HAYHY KUIBKICTh TaKWX 3a0pyNHCHb SK: MEXaHidHI
JIOMIIIKY;, HA(PTONPOMYKTH, MOTOpPHI Macna; ac(aibT; IICOK; COJI BaKKHX
METaJiB; pi3HI BUAH NAUBa; MUIOYi PEUOBHHU.

SIKImo0 HEe NPOBOMUTH OYMCTKY CTIYHHX BOJA AaBTOMHHKH, TO MIIKiIJIMBI
PEUOBMHHM SIKI YTBOPIOIOTHCS IMiJ] YaC MHUMKH aBTOMOOIUIS MOXXYTh IOTPAlUTH B
BOJIOMMHM 200 HaBiTh B CHCTEMH IIEHTPAJIHLHOTO BOAOIOCTadaHHs. 3a OHYy 100y Ha
ABTOMUITKaX 3MHUBAIOTh JECATKH KiJOrpaM TJIMHU Ta MICKY 3 Ha()TOMPOAYKTAMH Ta
Macnamu. [l 3MUBaHHS Opyay BHKOPHCTOBYIOTh 0arato BOJIM 31 CHEIlialbHUM
MHIOYMM 3ac000M. O4YMIIEHHS CTOKIB aBTOMHUIOK JO3BOJISIE BHKOPHUCTOBYBATH
000pOTHE BOJIONIOCTAYAHHS IS MUTTS MalllHH.

ITpu BuOOpi abo NPOEKTyBaHHI OYUCHUX CIHOPYJ CTIYHMX BOJ BiX
3a0pyAHIOIOYUX PEYOBUH [UIsi aBTOMHUIOK C€amMOOOCIyroBYBaHHS KePYIOThCS
TaKUMH KPUTEPisIMHU:

1. OOcsarom BOIM siKa 3aCTOCOBYETHCS i 9aC MUHKH aBTOMOOIIIS.

2. Po3Mmipam mpumimenHs aAe Oyne  3HAXOOUTHCH  OOJaTHAHHS,
0COOJIMBOCTSIMH TEPUTOPIT 1 IPYHTY. 3aJeKHO BiJ WX MMOKA3HUKIB MiJOUPAIOTHCS
a00 IHANBIAYaTbHO PO3POOISAIOTHCS CHCTEMH BOJIOOYHIIICHHS.

3. Kynu OynyTh ckunaTucsi CTOKH. SIKIO BOJA CKHIAETHCS B KaHaJi3allito,
TO OYHWCHI YCTAHOBKM JJIsi aBTOMHUHKM MOXYTb CKJIaJaTucsl 13 3BHYaMHHUX
BIJICTIHHUKIB 1 mpocTux ¢inpTpiB. [Ipy MOBTOPHOMY BHKOPUCTaHHI BOAM Oyne
MOTPiOHO TOaTKOBO BCTAHOBHUTH CHUCTEMY 3BOPOTHOTO OcMOCy a0o (GimbTpu aus
OYHIICHHSA, 3HEITKODKEHHS 1 1e300PYBAaHHS BiIIPAabOBAHOTO CEPEIOBHUIIIA.

4. Micue MOHTaxy. BifCTIfHHMKHM BCTaHOBIIOIOTHCS HIDKUE PIBHS 3€MIIi,
(rroTaniiiHi anapaT¥ MOHTYIOTHCS Ha TIOBEPXHI.

5. TexHOJOTisI OYHMINEHHS BOIM JJs AaBTOMHWKH (pearcHTHa, (ioTaris,
GbimpTparnis).

6. HasBHICTb aHTHKOPO3IIfHOTO MOKPHUTTS Ha OOJAaJHaHHI MUHKH Tak sSK
miJ 9ac peakiii XiMIYHUX pearcHTiB Bojaa OyJe YHHUTH HETaTUBHUI BILTUB Ha
MOBEPXHi 00JIaTHAHHS.

160



MAJII TEC I BITHOBJIFOBAHA EHEPI'ETUKA

Kysomina T. M., ooy.; Inyscnux O. M., cmyoenm, CymZ¥, m. Cymu,
babko P. B., c.H.c., Incmumym 300n02ii HAHY, m. Kuis

Buxopucranns BigHOBmoBaHWX kepen eHeprii (BIE) € BaxkmmuBoro
CKJIQJIOBOIO 3a0C3MEYeHHS CTAJIOTO PO3BUTKY KpaiH 1 OJHUM 3 TIPIOPUTETHHUX
HanpsSMKiB PO3BUTKY CBITOBOI €HEpreTHKH. J[XepernaMu BiTHOBIIOBAHOI €HEPTii €
MIPUPOJIHI PEeCypcH, SKi BiTHOBIIOIOTHCSA MPUPOIHUM IUITXOM — COHSYHE CBITIIO,
BiTEp, TeOTEpPMalIbHI JKepena, MoToku Boaw. OQHAK HE BCi 3 HABEACHOTO BHIIEC
MEepeNiKy  JDKepeNn  eHeprii  MoKHA 3 pPIBHUMH  MIJCTaBaMU  BBaXaTH
BiJIHOBJIIOBAHNMH, SKIIO OLIIHIOBATH HACIIAKH X BUKOPUCTAHHS 3 3aCTOCYBaHHSIM
exonoeiunux Kkputepii. Ilepenycim 1ie crocyeThes TiApOeHeprii, JKepera sIKoi €
JIy’K€ PpI3HOMaHITHUMHU 1 B pi3HIA Mipi BpasJIMBUMH JO BIUIMBY JIIOJCHKOT
JUSUTBHOCTI, 30KpeMa, 10 BUKOPUCTaHHS 1X U OTPUMAaHHS eJIeKTpoeHeprii. ko,
HAIPUKIIA]], BUKOPUCTAHHS €HEepril MPUIUINBIB-BIIUIMBIB Y MOPSIX HE MPU3BOIUTH
JI0 3HAYHOTO BIUTUBY Ha IX EKOCHCTEMH dYepe3 Ay)Ke BEIHKY DPIi3HHIO PO3MipiB
€KOCHCTEM 1 30H BIUIUBY TiZIpOCIIOPYI, TO Y BUMANKy CKCIUTyaTallii pidoK sK
JUKepen TiApoeHepril Mae Miclle BIUTHB, IO JOKOPIHHIM YHHOM 3MIHIOE PIUKY.

IadpopMmartis mpo 3MiHM PIYKOBHX EKOCHCTEM BHACIIIOK 3aperyJIIOBaHHS
pidoKk rpedasIMu — BTpaTa pUOHHUX 3amaciB, 3HWKCHHS SKOCTI BOJAHM — BXKE TOHAT
MIBCTOJITTS MyOJIIKYyeThCS Yy CTAaTTAX, migpydHuka 1 T.m. [Ipobiema mnomsrae y
BIZICYyTHOCTI KOMYHIKallil MiX €KOJOraMH 3 OJIHOTO OOKy 1 NpelICTaBHHKaMHU
TEXHIYHHUX HaAYK, BIaau Ta Oi3Hecy — 3 iHmoro. /s nepumx 1oBeaeHNM (HaKToM €
HE3BOPOTHI BTPaTH PIYKOBUMH €KOCUCTEMaMH X SIKOCTI (MOKH piuKa 3aJIUIIAEThCS
3aperysibOBaHOI, TPHBAE MPOIIEC Ierpamaliii pidkoBoi exocuctemu). Jist mpyrux
3aJTUIIAETHCS ICTHHOIO «BIJHOBIIIOBAHICTE» PIYOK, XO4Ya 3MEHINEHHS 1X BOJHOCTI,
SKE BiJ3HAYAETHCS MPOTATOM OCTAHHIX POKIB, Ia€ MiACTaBH ISl CYMHIBIiB 1
3MEHIIIY€ iHBECTHILIHHY MPUBAOIUBICTD MPOCKTIB MaJO1 TiPOCHEPTETHKH.

Y uMBiTI30BaHOMY CBITi BiIOYBAIOTHCS MOCTYITOBI MEPEOLIHKA IHHOCTEH 1
HaOMIDKEHHS O pO3YMIHHS HEOOXigHOCTI 30epeXeHHS Ta BiIHOBIICHHS
MPUPOAHOTO CTaHy PIYKOBUX ekocucTteM. ExonoriuHa moituka KpaiH €Bpocoro3y
JIMKTYy€e HEOOXiJHICTh 3alpoBaJDKEHHs APYXKHIX 10 JOBKULIA TexHousoriil. Lle, B
CBOIO Uepry, BUMarae JI0oJJaTKOBUX BUTPAT, 1[0 pOOUTH peati3allilo IPOEKTIB, TAKUX
sk crnopymkenns manux ['EC, HemoIliibHO0, a0 MOBHICTIO MEPEIIKOMKAE iX
po3pobi [1].

VYkpaiHa, NIPUENHABIINCH o €Bporieiicbkoro Enepretnunoro
CIIBTOBapHMCTBA, B3syIa Ha cebe MDKHApoAHI 3000B’S3aHHS  PO3BHBATH
BiJIHOBIIIOBaJIbHY ~EHEpPreTHKy. BoaHowac, mnpouec eBpoinrerpamii Ykpainu
nepenbadae 1 3a0e3leYeHHS CKOJOTIYHO 30aJaHCOBAaHOI MOJITHKH IIOJO
BUKOPUCTAHHS BOJHUX pecypciB. 30Kpema, YKpaiHOK MOYaal BIPOBAKYBATHCS
NPUHIUIH, 3aKpiruieHi y BoaHiit pamkoBiit ntupextusi €C, 3riHO 3 IKUMU METOIO
HOJNITHUKH Yy Tajiy3l yNpaBiiHHS BOJHHMH pECypcaMH € AOCSATHEHHs iX 1o0poro i
BIIMIHHOTO eKoJloriuHOro craHy. Ha BigMiHy Bing kpaiH €Bpocorosy, e
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BU3HAETHCS, 10 TiJPOEHEpreTHMKa € MOTEHUIHHO  HeOe3NmeuHow  Juis
HaBKOJIMIIHBOTO CEPEZOBHIA TEXHOJIOTIEI0 eIEeKTporeHeparii i ToMy il po3BUTOK
mae oOmexyBatucs [1], B VYkpaiHi B OCTaHHI JECATWIITTS CTHUMYJIIOETHCS
BIZIHOBJICHHS MaJloi TiJIPOCHEPreTHKH, sKe 0a3yeTbCsi Ha JaHUX LIOJI0
TiIPOCHEPTeTUYHOTO IMOTEHLIATy MaJIUX Ta CEepeiHIX pPIiYOK, OTPUMaHHX LI B
1960-x pokax, i HE CYHNPOBOMKYEThCS Hi HAYKOBUMH JIOCIHIDKCHHSIMU MaluX 1
CepeHiX pivoK, Hi aHai30M BIUHBY Aitounx manux [ EC Ha goBkim [2].

Hacnigku BBy manoi 'EC Ha ekocucTeMy pidku 100pe MPOCTEKYIOTHCS
Ha mpuxuiani piuku Icem Ha mimsHmi pycnma Mix cMmT. Husm ta M. Cymmu, sika 3
1957 p. mepeOyBae min BrumBoM HusziBebkoi 'EC 1 sBisie coboro pyciose
Bojocxosuie (Tabum. 1).

Tabmuus 1 — Oninka crany piuku Ilcen Ha ainsHLi, sika nepeOyBae mif
BruimBoM Huzicbkoi ['EC. 3a pedepeHuiiiHi 3HaYeHHS NPUAHATO BETUYUHU
MOKAa3HHKIB, 3apPe€CTPOBaHI Ha JIUISHIN BUILE PYCIIOBOTO BOJJOCXOBHIIIA.
BinxuneHHs Bin

ITokazuuk pedepentiiinoro  CTaH eKOCHCTEMH PiUKH
3HAYCHHS
YuceNnbHICTh OpraHi3MiB .
p 92 % nyxe noranui (V kiac)

MakpoOeHTOCY (MOIFOCKH)
[IBuaKiCTh Tewil 86 % nioranuii (IV kiac)
IIpo3opicTs BoIU 5% nioranuii (IV kiac)
Konnenrpanis O .

HCHTpaMLt L2 ¥ 67 % nioranuii (IV kiac)

IMNPpUAOHHHUX IIapax BOAU

TakuMm YHHOM, CTBOPCHHS MaJOe(EKTHBHOI (3 TOYKH 30pY OTPUMAaHHS
enekrpoeneprii) Huzicrkoi 'EC 3a monan 60 pokiB 11 icHyBaHHs Ha piumi [Icen
BUSBIIIOCS TyXe e()EeKTHBHHUM 3 TOYKHA 30py BIUIMBY Ha EKOCHCTEMY pIidKH,
OCKIJIBKY TIPU3BEJIO J0 3HMKCHHS TIOKa3HUKIB €KOJIOTIYHOTO CTaHy 3 BigMiHHOTO (I
kiac) 1o moraHoro (IV xmac) i gyke morasoro (V kiac), o Ma€ IPOsB Y MadiHHI
SKOCTI BOJM, BTpaTi BOJHHUX OIOJNIOTIYHMX PECYpCiB 1 3HIKEHHI CaMOOYHCHOT
3ATHOCTI ekocucTeMu piukd. OTKe, BpaxOBYIOUM HE3HAUYHHH BHECOK Majol
TiJPOCHEPTETHKN y 3arajibHy KUIBKICTh OTpUMaHol enekTpoeHeprii (B YkpaiHi 3a
NPOTHO3HMMHU OI[IHKAMHM 4YacTKa Majoi rigpoenepretuku a0 2050 poky
cknagatume Bif 0,16% mo 0,28%), a Takox 3HauHMiA HeratuBHUM BIMB ['EC Ha
€KOJIOTIYHUH CTaH PiYOK, MOMITHKA HIATPUMKH PO3BUTKY Mayoi TiIpOSHEPTETHKH B
YkpaiHi BUTIIsI1a€ HEBUIIPAB/IAHOIO 1 MOTPeOye meperisiay.

CIuCOK BUKOPUCTAHUX JKEPET
1. Timpoenepreruka B eHepreTWuHid mouitumi €Bponeiicbkoro Corozy / J.B.
I'ynesens, I'.K. Bepemiitunk ta in. — KniB: Bun-so «®enikey, 2018. — 24 c.
2. Brnaciok 10.C., Credannmmn /[.B. Ilpo mpobiemMu Ta MepcreKTHBH Majoi
rizpoenepreTuku ¢ Ykpaini // Marematuune mMojenoBaHHs B ekoHomini. — 2018,
Ne 1. -C. 126-138.
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AJICOPBLIIMHI METO A1 OUUILEHHS CTIYHUX BO/I

binoyc O. O., 3axaposa B. A., cmyoenmu,
Hnayyx JI. /1., npogecop, CymZQV, m. Cymu

IMoripuieHHs SKOCTI BOIM B MOBEPXHEBUX 1 MiJ3EMHHUX JDKEpenax 1
MiJBUIICHHS BHMOT 0 BOAHM, IIO TNOJA€ThCSA JUIA IMHTHHUX IOTPed HACENCHHIO,
NPUMYIIy€e OTyKaTH MOJIMBICTH BJIOCKOHAJICHHS METOAIB ii ounmeHHs. BomHui
YMHHUK BiJirpae BaXJUBY pOJb y (OPMYBaHHI 3IOPOBOTO MicUs iCHYBaHHS
moauHU. Bix fioro mpsimMoi abo HempsMmoi nii 3aiekaTh YMOBH XKHUTTS 1 370pOB'S
HaceneHHA. OCHOBHY KUNBKICTh MUTHOI BOAM JUIA 3a0€3MECUCHHS HACEIICHHS MIiCTa
OTPUMYIOTH 3 PIYOK i IHIIMX MPHPOIHUX BOMOWM. [3-32 aHTPONOreHHOTO BIUIUBY
O1IBLIICTh TOBEPXHEBHX JIXKEPEN BOJIU BHUSBILIIOTHCS 3a0pyiHEHUMH. B pesynbraTi
CKUJIaHb TPOMHMCIIOBHX 1 3JIMBOBUX CTOKIB, Yy BOJI BOJOHM 3'SIBIISIOTHCS Ba)Ki
metanu. [Ipuuomy iineTbest mpo iCTOTHI MEPEeBUILEHHS! BCTAHOBJICHUX HOPMATHBIB
(T'AK). AncopOuiiini  TexHoJOrii € OAHMM 3 HAWNEpPCIEKTHBHIMIMX 1
MPOTPECUBHIIIAX HANPsAMIB BojgoouuineHHs. L{i mpomecu BKIOYAOTh Miadip
cOopOeHTIB, sKi JO3BOJIAIOTH JOCSATTH HEOOXIMHOTO CTYNCHS OYHINCHHS,
TOCTIKeHHST (32 HEOOXigHOCTI) mpomeciB iX MoaudiKyBaHHS, BCTaHOBJICHHS
ONTHMAJIFHUX YMOB aJCOPOIIHOTO OYMINEHHSA CTOKIB, BH3HAYEHHS METOIIB
BIJIIJICHHS Ta pereHepaii BiqnpanboBaHUX COPOCHTIB.

AxTtuBoBaHe Byrimas. OpraHidHi peYOBHHM 3 BOJM MOXKHA BHJIYYaTH 3a
JIOTIOMOTOI0 aKTHBOBAHOTO BYTULIS: BOAA MPOXOIHTE KPi3b IDIBKY BYTLULIA ab0 110
BOJIH JIOAAIOTh MOJPiIOHEHNH MTOPOLIOK. Byrisisi BUKOPUCTOBYIOTH JUIsl BUITYYECHH:I
JIOMIILIOK, II0 HAaJalTh HEBJIACTMBUHA CMaK Ta 3alax, a TaKoX IEeCTUIMIIB,
HadronponykTiB. EdekT Bia BUKOPUCTAHHS MOPOIIKONOAIOHOTO aKTHBOBAHOTO Y
CTaTUYHMX YMOBaX MaJHMid — 1€ TMOSCHIOEThCS MallUM HPOMDKKOM 4acy
KOHTAKTyBaHHS PEUOBMHM 3 BYTruUULIM. Ajncopbary HeoOXiaHWH dac, mio0
MOTPANUTH J0 TMOPH 3epHAa BYIUUIA. 3BIJCH BHUIUIMBAE, NI0 HA 3IaTHICTH
copOyBaHHS BIUIMBAE PO3MIp 3€pEH MOPOIIKY.

Oco0a1BOCTI BUKOPUCTAHHSI aKTHBOBAHOTO BYT1JIIS:

1) IOpOIIOK BYTLDIS y CyXOMY BHUIIIA BHOYXOHEOC3MEYHUI Ta THITEHUA;

2) Hioro HEMOXKJIMBO pEreHEPYBATH.

Beskap6onoBi copbentn. Taki cOpOCHTH HAWITOMIMPEHIII B TEXHOJIOTISNX
BOJIOOUMINEHHS. BoHM OyBalOTh NPUPOIHOTO i IITYYHOTO BHPOOHMITBA. IX
nepeBard: BeTUKa €MKICTh, MOXJIMBICTh OOMIHIOBATHCS KaTiOHAMH, HEBEIHUKa
miHa.

OxpiM CTaHIApTHOTO AaKTHBOBAHOTO BYTUUIA ICHYye 1 IHIN cHocoOu
¢inpTpanii copbentamu. Lle MoxyTs OyTn 6e3 Byruernesi pewoBurn. Hampukian,
rmHa abo mneonith. BoHM, Sk 1 Byrumsi MamTh MPEKpacHi BCMOKTYIOHI
BJIACTHBOCTI, HU3bKY LiHY 1 MEXaHIUHY CTiHKiCTh. XOpOIINM COPOEHTOM € TJIMHA.

I'muauncTi nopoan. BoHu mMpoko BUKOPHCTOBYIOTHCS B IPOLECI OUMIIICHHS
BOMM. IX CTpyKTypa Jo6pe pO3BHMHEHa, BOHH MaioTh 0€3J1id MiKpONop pi3HOro
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po3Mipy, LIapyBaTy >KOPCTKICTB 1 3aaTHi posmmupioBatucs. [Iponec copOumii i3
3aCTOCYBAHHSM TJIMHUCTHX TOPiJ CKJIaJHUHA. Y HBOTO BXOIATH BaHnepBaanbcoBi
peakuii. Bonu no0pe 3HE0apBIIOIOTH BOXY, NPHUOMPAIOTH 3BaXKCHI YAaCTHHKH 1
TOKCHYHI OpraHiuHi COIYKH XJIopy 1 repOimmais, ITAP.

Heomit. SIBaste cobol0  amOMOCHJIIKaTHUH — KapKacHMH — Marepial.
XapakTepu3yloThCsl TPUBUMIPHUM aFOMOCHIIKATHUM KapKacoM 3 IPaBUJILHOIO
TeTpaeIPHYHOI0 CTPYKTYPOIO i HETATWBHUM 3apsiioM. [inpaToBaHi i0HU JTyKHUX 1
Ty>KHO3EMEIbHUX METAIB PO3TAIIOBAHI B TOpaxX KapKacy CTBOPIOIOTh MTO3UTUBHUN
3apsi, MO KOMIICHCY€ 3apsj Kapkacy. Lleomitn MOXHa BUKOPHCTOBYBAaTH TLIBKH
JUIs PEYOBUH, y SKMX pPO3MIpM MOJIEKYJ MEHIIE BXiJHOTO OTBOpY. IX Iie
Ha3MBAIOTE CHTOM JUI MOJIEKYJI. ICHye 6impmre 30 BuaiB. HaiiGimbm BxwBaHI:
ma6a3uT, MOPAEHIT, KIHONTHIONIT. IX Jerko mo6ysaTu i mepepobmstu. Ilicis
BUIOOYTKY iX MNpOXaploooTh B Te4ax mpu | THC. TpanyciB 3 XJIOPHUCTHM
KapOOHATOM HaTpil0. 3aCTOCYBaHHS CHJIIKATO-OPTraHiYHUX CIIOJNYK Ha TOBEPXHI
LEoJNITIB HamaroTh IM TigpodoOHMX BlacTUBOCTEH. BukopucTOBYIOTH Yy
nopouikonoaioui  ¢opmi. Ileomitu 3matHi BioBmroBaTH: IIAP, OapBHHKH,
NECTHLUN, OaKTepianbHi 3a0pyTHEHHS, OpPraHiYHi CIIOIYKH.

CopOrmiifHe OYHIIEHHS BOAM € TOMYJSPHUM 1 e(QEeKTHBHHUM METOIOM.
CopOeHTH O3BOJSIIOTh OYHCTUTH OyIb-KHHA THIT BOOHM 1 y Oymp-skux cdepax
BUPOOHMITBA. JlesKi TUIIM PEUOBHHM 3[aTHI OYHMIIATH SIK XOJIOJHOIO, TAK 1 rapsay
Boay. OKpiM OCHOBHOTO 3aBIaHHS, COpPOLis O3BOJIATH 3HE3apakKyBaTH BOIY 1
nominmuTe i cMak 1 komip. CopOeHTH He € XiMiYHO aKTUBHIMH PEUOBHHAMH,
TOMY MOXYThb BHKOPHCTOBYBATHCS JUIi OdYMINCHHS NUTHOI Boau. IloOyToBa i
MPOMHUCIIOBA KOMIUIEKTAlliss MaTHUMYTh BiiMiHHOCTI. Ha mBuzakicTs ¢inbrpamii
BILUIMBAE B MEpIy 4Yepry, Mipa 3a0pyanenocti Boau. [lo-apyre, BOupaHa 3qaTHICTh
3aBaHTaXyBaJbHOTO Marepiany. ONTUMAaIbHUM BapiaHTOM IOJAHHS BOAM OyJie Bix
HHM3Y JI0 Bepxy. B 1bOMy BHMIaJIKy 3aBaHTaQ)KEHHS HAIOBHIOETHCS JIOMIIIKaMHU
OiTbIIIe PIBHOMIPHO 1 3QJIMIIKH MTOBITPS] BUXOISTH [IBHIIIIC.

OTKe, BUKOPUCTAHHSI OJTHOTO 3 METOJIY 3aJIeKUTh BiJl CKJIay 3a0pyaHEHb y
BO/Ii, MOJAJIBIIOTO ii BAKOPUCTAHHS TA BUAIICHUX PEYOBHH. AJICOPOLIHHINA METO
OYUIICHHS HAaHOIIbII eEeKTHBHUHN, HOTO MOKHA 3aCTOCOBYBATH SIK CaMOCTIHHHIA
METOA, TaK i pa3oMm 3 OioyoriyHuM. EXcriepiMeHTalbHI TOCTIIKCHHS TOKa3aJH,
10 aKTUBOBaHE BYTULISA € JI0BOJII €pEKTUBHUM COPOEHTOM, IPOTE, 3BaXKAOUM Ha
HOTo BHCOKY BapTiCTh, MOXKHA HA/IaTH IIE€peBary alfOMOCHIIIKaTaM — CHHTETHYHUM
Ta MPUPOTHUM ILEOTITaM.

Jliteparypa:
I. CopOeHTHI TS OYHUCTKH BOJIBI. URL: http://vse-0-
vode.ru/industry/ochistka/sorbenty-dlya-ochistki-vody/#i-2
2. Bacumiang T.M., Cakanosa I'.B. JlocnimkeHHS! eeKTHBHOCTI OUHIICHHS
cTiyaux Box Bix ioHiB xpomy (III) Ha mpupomnux asacopbenrax // BicHuk
XMenbHUIBKOT0 HallioHanbHOTO YHiBepcutety. — 2012, — Ned. — C. 12-15.
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EKOJIOI'TYHI METOAUM 3HMXXEHHA BUKUAIB OKCUY A30TY

beskposna A. B., Maiibopooa B. C., cmydenmu;
Hnayyx JI. /1., npogpecop, CymQV, m. Cymu

3ryOHICTP BIUTMBY OKCHAIB a30Ty Ha HAaBKOJWIIHE CEPEJOBHIIEC 1 B
KiHIICBOMY paxyHKy Ha JIOAWHY, BENHKa. TpuBayia [is HAaBITh IOPIBHIHO
HeBeNMKUX KoHMeHTpanii NO X B moBiTpi 30UIBIIye KINBKICTH TOCTPUX i
XpOHIYHUX pPECHipaTOPHUX 3aXBOPIOBaHb, HETAaTHBHO [i€ Ha POCIMHHUHA 1
TBapUHHUHA CBIT. ToMy B3HIKEHHS IX BMICTYy B Ta30BHX BHKHAAX MAIUBO
BUKOPHCTOBYIOUHX arperariB — 0JjHa IX BaXJIMBHX TypOOT TEXHOJIOTIB.

Merton peuMpKymsnii ITUMOBHX TrasiB. 3a3Buyall AMMOBI rasu 3
temrieparyporo  300-400 °C BigOuparoTecsi Tepen TOBIipsAmimirpiadeMm i
CHeLiaIbHUM  PELUPKYISALIHHIM JUMOCOCOM MOJAIOTBCS B TONKy. Tomy
MaKcHMaJibHa TeMIleparypa B Tomui 3HIKyeTbess Ha 120-130 °C i manae
KOHIICHTPAILisI KICHIO B 30HI TOPIHHS, TaKOX 3MCEHIIY€e yTBOPeHHS MamuBHUX NOx.
KK/l xoTna 3amxyethes Maio (0,01-0,03 % Ha 1 % pennpkymorodnx rasis).

CryneneBe cramoBaHHA nHanuBa. CyTHICTh LOTO METONY HPHIYLICHHS
YTBOPEHHS OKCHJIB a30Ty IOJATa€ B TOMY, IO B ICPBHHHY 30HY TOpIHHA
MOJJAE€THCS TIOBITPS MEHIIE, HiX HeoOXigHo TeopetmyHo (oo = 0,70-0,95), pemra
HOBITPS,, HEOOXIAHOTO Ui MOBHOTO CIANIOBAHHS IajJMBa, IOAAETHCS JAali Ha
OTHOMY a00 JeKUIBKOX PpIBHAX MO JOBXKHHI (pakedy, B pe3ylbTaTi 4Yoro
3HW)KYIOTBCSI MakCHMajlbHa TeMIlepaTypa B 30HI TOpPiHHS, BMICT KHCHIO B spi
(dakena, 3MEHIIYIOTBCS LIBHIKOCTI peakdii yTBOPEHHS OKCHAY  a3oTy,
30UIBIIY€THCS JIOBKUHA Ta CBITHICTH (akena [1, 2].

BBeznieHHSI HEBENMKUX KIUIbKOCTEH BOAM ab0 mapu B 30HY TOpIHHS.
Beeznennst Boxu abo mapu B KiIbKOCTI Olibie 5—6 % Macu moBiTps, 10 MOJAAETHCS
B TIAJIbHUKH, MOX€ CIIPAaBUTH HETaTHBHHH BIUIMB HA IIOBHOTY 3TOPSHHS Ta 3HU3UTH
KK Ha 4-5 % 4epe3 icToTHe 3HIKEeHHS Temmeparypu [1, 3].

[ManpHMKKM 31 B3HWKEHMM BHXOJOM OKCHIIB a30Ty. Y TaJbHHKax
SHEepreTUYHUX KOTJIB 3a3BHYAil TIJIbKM YacTHHA IOBITPS 3MILIYETHCS 3 MAIUBOM
JI0 HaJIXO/DKEHHS B TOIIKOBY KaMepy, TOMY MIBUAKICTb MPOIECY TOPIHHS HA Pi3HUX
eranmax pO3BUTKY (hakena MoOKe BH3HayaTHCs ab0 KIHETHKOK mpolecy, abo
mBuAKicTIo  audy3ii kKucHoO. Y 3B'3Ky 3 MM mpoOnemMa  CTBOPEHHS
MaJIOTOKCUYHHUX MaJBHUKIB — 1€ B Iepuly 4Yepry mnpoOiieMa CTBOPEHHS
MAJINBOTIOBITPSAHOI CyMiITi.

IIpomiecn XiMiYHOTO BiTHOBJICHHS OKCHIB a30Ty. OKCUA a30Ty 3IaTHUH
BimHOBMOBaTHCS 0 N2 abo mo N>O MeTraHOM, BOJHEM, OKCHIOM BYTJIEIIO Ta
amiakom [4]. 3 mux BiJHOBHHKIB TIIbKM amiak 3[aTHHU pearyBaTH 3 JiOKCHIOM
a30Ty B IIPUCYTHOCTI KHCHIO, SIKMH 3aBXAM MICTHTBCS y  BHKHIAX
MaJIMBOCTIANIOIOYHX MPUCTPOiB. PemTa BiJHOBIIIOBaUIB B MEPIIy YEpry pearyroTs 3
KHCHEM, TOMY 1X BUKOPUCTAaHHS Yy psiii BUIIaJKiB HeedekTuBHe [4, 5].

[Ile ogHUM HAMPSIMKOM B OYHIIECHHI JTAMOBHX Ta3iB BiJ OKCHIIB a30Ty €
npsiMe BJLyBaHHS aMiaKy B TOIIKOBY Kamepy, IO Jla€ HalOUIbIuii ehexT B obnacTi
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temnepatyp 950-1000 °C [5].

Ha moyatkoBoMy mepiosli BAKOPUCTaHHS ’KapoTPyOHO-JMMOTapHHUX KOTIIB
y SIKOCTI OIAIIOBAJILHOTO OOJIa[HAHHS, YJIOCKOHAJICHHS TEXHOJIOTIH TONKOBUX
NpOLECIB TOJIOBHUM YMHOM OYJIM HAalllJIeHI Ha IOKPAIIEHHS MeXaHIYHUX
XapaKTEePUCTUK TOIOK, IHTEHCH(IKAI[I0 TOMKOBOTO TEMJIOOOMIHY Ta 3HW)KCHHS
Henonany. OfHak, y 3B’S3Ky 13 HiIJIBUIICHHSAM €KOJIOTIYHUX BHMOT, TIOYHHAIOYH i3
cepequar 70-X pOKIB, BCE YACTINIE CTAJH MOSBIATUCS POOOTH, CIPSMOBaHI Ha
JOCIIKEHHS MIPOIIECiB TOPIHHS, YAOCKOHAICHHS TOIOK i MAJIFHUKOBHUX IPUCTPOIB
3 METOI0 CKOPOUYEHHS BUKUIB IIKIUIMBUX PeUOBHH B atMocepy [1].

Ha pmammit wac TexHomorii i3 CKOpPOYEHHS BHKHIIB Yy TPAKTHII
KOHCTPYIOBAaHHS 1 eKCIDIyaTamii KOTJIIB Manoi TOTYXHOCTi, 3BEIeHi [0
TEXHOJIOTIYHUX 3aXOJiB, SIKi 3/IMCHIOIOTBCS 3 METOI0 Opraizauii 0coOnMBUX
PEKHUMIB TOPIHHS, 3MEHUIYIOTh YTBOPEHHS OKCHIB a30Ty B TOIIKAX.

[TepciekTHBHUM MeETOIOM Yy 0OpOTHOI 3 BHUKHIAMU OKCHIIB a30Ty,
0COOJIMBO B TEIJIOCHEPIeTHUIll € YNPAaBIiHHSI TEMIEPaTypHHM PEKUMOM B 30HI
ropinas. [IpoBemeHi HaMu  IOCTaBJeHI  E€KCIICPUMEHTH  IiJTBEPIUKYIOTh
NPUITYLIEHHS L0 TIpHU Temneparypi aectpykuii nanusa 900 °C BUKHMIM OKCHIIB
a30Ty He crocTepiranTbes [5].

3amo0iraHHs yTBOPEHHIO CTEXIOMETPUYHUX YMOB, a CaMe, XIMIYHO TOYHOTO
CHIBBiZHOIICHHS HEOOXiMHOI KINBKOCTI MaliBa i MOBITPs, BeAe IO 3HIDKCHHSA
MaKCHMaJIbHOI JIOKaIbHOI TeMneparypu y ¢akemni. Lleit MmeTos 103BoJIsiE€ 3MEHILIUTH
MIBUJIKICTH Iepediry peaxiii OKMCICHHS MajiBa i 3al00IrTH MOsBI MaKCHMaIIbHOL
JOKAJILHOI TeMIiepaTypu. BukopucTanHs 30aradeHnX MaIMBHHUX CyMillei, ToOTO
O0OMEXEHHsI IOCTYIy KHCHIO, TaK CaMo SIK 1 BUKOPUCTaHHS 30iIHEHHUX MaluBHUX
cyMillei, pequpKyJsILii TMMOBHX ra3iB (y TOMY YHCII NPH J0/AaBaHHI MPOAYKTIB
3ropaHHsl B MOTIK NPUPOHOTO ra3y), yIPUCKYBaHHs B 30HY TOPIHHS BOJSIHOT mapu
a00 BOJIY 3HWXKYIOTh PIBEHb MaKCUMAaJIbHOI TEMIepaTypH y dakeli.

I[i Meromu MarmTh CBOI HIOAHCH, ajic HAa JaHWH Yac BOHU € HAHOUIBII
€KOJIOTTYHUMH Y O0pOTHOI 3 3HMKEHHSIM BUKH/IIB OKCHIIB a30TY.
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TPAJIMLIMHI METOAM OUUIEHHS CTIYHUX BOJI EKCTPAKIIIEIO

Haymenxo JI. C., beskposua A. B., cmyoenmxu,
Hnayyx JI. /1., npogpecop, CymQV, m. Cymu

ExonomiuHa Ta exojoriuHa e(peKTHBHICThP BHPOOHHIITBA — I[BAa OCHOBHEX
HanpsMKH PO3BUTKY CydYacHOTO MiAmpHeMcTBa. Boma, mpu mpomy, Haifuacrime
HaBaKIIMBILINHA pecypc, ayke BOHa Oepe y9acTh Y BCiX TEXHOJIOTIYHUX MPOIecax.
ToMy BaxmBO n0aTH PO 30Epek,EeHHS IBOTO PECypCy i MOKIHMBOCTI HOTO
MOBTOPHOT'O BUKOPUCTaHHS.

OuuIleHHs TPOMHUCIOBUX CTIYHMX BOJ - TOJIOBHA CKJIaJ0Ba KOKHOTO
HiANPUEMCTBA, sike A0a€ Mpo eKoJIoTiuHy Oe3neKy Ta epeKTUBHICTh BUPOOHUIITBA.
[IpaBuibHO OpraHizoBaHe NPOMUCIOBE OYMILEHHS BOJHM J03BOJSIE HE TLIBKU
OYHUCTUTH CTIYHI BOJH BiJ] MIKIJJIUBUX JOMIIIOK, A€ 1 Ja€ MOXIIUBICTh TOBTOPHO
BUKOPDHCTOBYBaTH 1 B TEXHOJIOTIYHUX MpOLECaX, TUM CaMUM 3HIDKYIOYU
CIIO>KMBAHHS YMCTOI BOAM 1 3MEHIIYIOYH OOCATH CTIYHHX BOJ.

ExcrpakuiifHnii METOx IUPOKO 3aCTOCOBYETHCS AT OUMCTKH CTIYHHX BOJ
BiJl OpPraHiYHUX JOMIMIOK, O0COOJHBO (PEHONBHMX CTIYHHX BOZ. BHKOpHCTaHHA
eKCTpaKIii eKOHOMIYHO JOIIIBFHO y BUMANKy 3HAYHOI KOHIICHTpAIii OPTaHIYHHUX
JOMIIIOK ab0 BHCOKOi BapTOCTI PEYOBMHHM, IO BHiydaeTbcs. s moOyBaHHSA
(heHOIB 31 CTIYHOT BOAM paLliOHATIBHO TIPH iX KOHIEHTpaLii He MeHIe 2—4 /1.

TexHONOTriYHA CXEMa OYMCTKA CTIYHHUX BOJ CEKCTPAIliifHUM METOA0M
3aJIeKHUTh BIJ KUIBKOCTI 1 CKJIaLy CTIYHUX BOJ|, BJIACTUBOCTEH EKCTpareHTa,
crioco0y ioro pereHepauii W psgy iHmmx ¢Qakropi. IIBuakicte mnomaui
EKCTPareHTy B CTiYHY BOJY NOBHHHA OyTH MIiHIMAJbHOIO 1 BOHA 3aJIC)KHUThH BiJ
HEOOXI1THOTO CTYIEHS OUUCTKHU 1 KoeilliEHTY PO3MOALTY PEUOBHUHH.

Jlo ckiagy yCTaHOBOK MiJArOTOBKMA BOJM JJIS CKCTPAKIIHHOI OYHCTKU
3BHYAIfHO BKJIIOYAIOTHh BIACTIHHUKH, (IIOTaTOpH, (GUIBTPH AN MEXaHIYHOT
OUMCTKH; HeWTpasmizaTopu i JoBeaeHHA pH 10 HeoOXimHOI BenHMYUHH;
KapOOHi3aTopu s OOpOOKM CTIYHMX BOJ, IO MICTATH amiak; ITOBEPXHEBI
XOJIOMWIIBHHAKHU JUTS OXOJIOJDKEHHS CTIYHOI BOJM 10 Temneparypu He Bume 30—40
°C. ExcTpakuis Mae Tpu MeTOOM OdvMIIeHHsA. lle pianHHA eKCTpakilis, ra3opa
EKCTPAKIIisl Ta eKCTPAKILs 3 TBEPAUX POAIOYHMX KOTAJIMH.

O6podka TT'K pozunHHMKamu B ekcTpaktopi Cokciera OCHOBaHa Ha TOMY,
10 CKOHJICHCOBaHI MapH KHIUITYOTO PO3YMHHHMKA IMOJAIOTH B TiIb3y 3 MPOOOIO
TI'K, mo AocmiKy€eThCs, e XOJIOAHNN ab0 TEIUIHii PO3UMHHUK B3a€EMOJIIE 3 HEIO,
YTBOPIOIOYM PO3YMH, KM MEepiogudHO ab0 TOCTIHHO mepeTrikae mo cupoHHIN
TpyOui B konby excrpaktopa. Excrpakrop I'pede Bimpizaserscs tam, mo TI'K B
rine3i 3 QIABTPYBaIBLHOTO Mamnepy pOMILIYETHCS BCEpEeOMHI KOJIOM, B Iapax
KUIUISTYOTO PO3UMHHUKA.

Jns edextrBHOI ekcTpakiii HEOOXimHO 3a0e3MeYHTH SKOMOTa OUIbIIY
MOBEPXHIO KOHTAaKTy BOJHOI Ta opraHiyHoi (a3 i mopanbiie po3aiieHHS ¢a3.
VY mpakTHili eKCTpakmii BHKOPHUCTOBYIOTBCS TpPW THITM arapariB: 3MillyBadi-
BIZICTITHMKY, KOJIOHHI arapaTH i BiLEHTPOBI EKCTPAKTOPH.
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KAIICYJIIOBAHHA I'PAHVYII SIK CIIOCIB CTBOPEHH TOBPVB
3 PEI'YJIBLOBAHUM BUBUIBHEHHM ITOXKNBHUX PEHOBUH

Maxkapenxo H. O., acucmenm; Inayyx JI. Jl., npogecop, CymAY, m. Cymu

JIyis migBUINEHHS KiJBKOCTI MOXXKHUBHUX PEYOBHH B IPYHTI 3aCTOCOBYIOTh
pi3Hi opraniyHi Ta HeopraHiuHi 1oOpuBa. OJHUM 3 MEPCIIEKTUBHUX THIIIB T0OpHB
€ nmoOpmBa TpOJOHTOBaHOI Aii abo MoOpWBa 3 peryJbOBaHUM BUBLIEHECHHIM
MOXXMBHHUX PEUOBHH.

BupoOGHHITBO MOBUIFHO MIFOYMX A30THUX HOOPUB 3MIMCHIOETHCA PI3SHAMU
MITIXaMH:

1) oTpumaHHSIM CHOJYK 3 OOMEXKEHOI pO3YMHHICTIO y  BOAI
(rap6amindopManbACTiIHI CIIONYKH, OKCaMin);

2) OKPUTTSIM 4acTOK JOOPUB Pi3HUMHU pedOBUHAMU (TIACTU(IKATOPAMH);

3) BUpOOHUIITBOM J100PUB, 110 MICTSTh 1HI10ITOpH HiTpUdiKaLii.

[lpum kamcynoBaHHS BOJOPO3YMHHHX MIHEPaIbHUX JOOpPHB TpaHyJIH
MOKPHBAIOTHCS 3aXMCHUMH IUTIBKAMH, LIO BOJIOJIIOTH HU3bKOIO NMPOHUKHICTIO JJIS
BOJHUX PO3YMHIB (TIOBUIBPHO [if0Yi KOMIUIEKCHI Jo0puBa). Sk TOKpUTTA
BUKOPUCTOBYIOTH CipKy, THapadiH, eMyJbCil0 TONIeTHICHY, aKpWUIOBY CMOIY,
MOJIIAKPHIIOBY KHUCIIOTY, COTIOJIIMEPH TIIIEpPHHOBOTO e(hipy HEHACHYCHUX KHUCIIOT 3
TUIIKIOTICHTai€HOM, TIONIYPETaHH 1 MONICTHPOI Ta iHIII pedoBUHH [1].

I'panynpoBani moOpwBa, BKpHTI IUTIBKAMH, MAalOTh Kpami Qi3uko-
MeXaHIYHUMH BJIACTUBOCTI: BOHH MEHII TirpOCKOMIYHI, MEXaHiYHO OLTBII MillHi,
HE 3JeKYIOThCs IpH 30epiranti. [1ig0opom ckiany i TOBIIMHM TOKPUTTIB MOXHA
OTpUMYyBaTH 100pHBa 3 Pi3HOIO IHTEHCUBHICTIO Bi/ladi MOKMBHUX PEYOBHH, TOOTO
NPOJIOHrOBaHOi JIii 3 ypaxyBaHHsIM OiOJIOTIYHMX BHMOI 1 THeEpiOAWYHOCTI
CIIOXKHMBAHHS a30Ty CLIbCHKOTOCIOAAPCHKUMHU KyJIbTypamu [1].

[MoniMepHi NOKPHUTTS MalOTh MEBHI IEPEBary, a came 3a0e3MeuyoTh OlbII
TpUBaJIMi nepion nii n00pWMB, MarTh rapHi MeXaHIYHI XapaKTEPUCTUKH, €
010JIOTIYHO IHEPTHUMH 1 HE pYWHYIOTHCS IIiJ €10 MIKpOOpraHi3MiB. BuBinsHeHHS
MOKMBHUX PEYOBHH BiNOyBaeThCs B pe3ynbrari Audysii depe3 oOONOHKY, a HE
yepe3 Ae(eKTH, Makpomopu 1 He B pe3yibTaTi pyHHYyBaHHS MOKPHUTTS, IO
JO3BOJIsIE  3a0€3MEYUTH PIBHOMIPHE 1 MPOTHO30BAaHE BHIIICHHS MOXHBHHUX
pedoBuH [2].

Crucok Jitepatrypu
1. Bpyk M. A., fAaymuma ®@. C. Vcnonp3oBaHue MOJUMEPHBIX MaTepHAIOB
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EKOJIOI'TYHI ACITEKTU [TOBOJI’KEHHA 3 HEBE3IIEYHMMU
BIAXOOAMMU Y CKIIAAI ITIOBYTOBUX

Yepusik /]. C., cmyoenm,; Bacvkina I. B., cmapwuii euxnaoay, CymAY, m. Cymu

Ha choromui omHa 3 HaWBaXXJIUBIMIUX 1 HAHAKTYANBHINIMX Cepell mpoodieM
3a0py/JHEHHS HABKOJHIIHBOTO CEPEOBHINA € MpoOjeMa HAKOMWYCHHS TBEPIUX
moOyToBHX BimxomiB. Ha mosiroHax 3HaxoaWTbes OuThIne 152 MITH T BigXOmiB.
O06’eM yTBOpEHHS TBEPAMX BIIXOJIB B YKpaiHi B 6,5 pasiB Oinbmuit Hixk B CIIA i
B 3,2 pa3u Oinpinii HiXk B kpainax €C.

[IpoGiema BigXoMaiB 116 B OCHOBHOMY, MpoOJieMa MICT, YUM OiJIbIlIe MicTo,
tuM Ounbiie BigxoniB. Ctanom Ha 01.01.2020 B CymchbKill 00JIaCTi HAKOMUYCHO
35794558,401 T Bigxoxis I-1V knaciB Hebesneku. 3aransauii oocar Bigxonis -1V
KJ1aciB HeOe3NeKH, HAaKONMUYEHHX MPOTArOM eKCIUIyaTalil y MICHAX BHIAJICHHS
BiaxoxiB no CyMmchbkiit obnacti, cknanae 0,2 % 1o 3araiapHOi KibKOCTI 10 YKpaiHi.
CTpyKTypa HAaKOMMYCHHS BIIXO/IIB B 00JacTi HaBeaeHa y Ta0u. 1.

Tabmuus 1 — Hakonmuenns BiaxoxniB y M. Cymu cranom Ha 01.01.2020 p.
(TabnuIrio HabpaTH caMOCTIHHO, Taki (HOTO HE MOXKHA)

TToka3uuk OHHH.HU';I Kinexicth
BHMIpY
1 Hakonmn4eHo BigXoiB, YChOTO T 35794558,401
Y TOMY YHCIi:
2 Binxou [-II1 xnacy HeOe3nekn T 2345138,956
3 Bigxoau IV xiacy HeOe3nekn T 33449419,445

Trepai moOyTOBI BiIXOIM MICTATH Y CBOEMY CKIIaJi HeOe3mewHi (TOKCHYHI)
KOMITOHCHTH — BiJIpaIlbOBaHi eIEMEHTH JKUBJICHHS (OaTapeiiku), IIOMiHECIIEHTHI
Ta eHepros30epirarodi JamImH, HEMONIKO/DKEeHI PTyTHI TepMomerpu. Ekcreptu
BiJJ3HAYAIOTh, II0 y MOOYTOBOMY CMITTI YacTKa OarapeHoK He3HayHa — MEHIIE
0,5 %, npore 50 % TOKCHYHHMX PEYOBHH, SIKI yTBOPIOIOTHCS Y TBEPJUX NOOYTOBHX
BIIXOZaX, HAAXOAATH caMe Bijg Oartapeiiok. 3a manuMu BceykpaiHcbkol
€KOJIOTIYHOT JIirM, OJJHA BINpalbOBaHa «IaJbYMKOBa» Oarapeiika, MOTPAIUISIOUN
J10 3aTaJIbHUX BiIX0MiB, 3a0pyaHtoe 400 1 Boau a6o 20 M2 rpyHTY.

Barapeiiku sSBISIIOTH COO00 XIMIYHI MPUCTPOT, €JIEMEHTH SIKMX BCTYIIAIOTh B
peakuilo 3a paxyHOK 4YOro BHHMKAE eNeKTpuuHHi cTpyMm. Kopmyc enemeHTy
JKMBJICHHS 3po0sieHHnH i3 MeTtany, sSKuil i30i110€ OaTapelku, 10 TOrO 4Yacy HOKH
KOpHyc He mijgaaBcst Koposii. Bwict iXx ckmamaerbcs He MeHm sk 3 10
BHUCOKOTOKCHYHHMX €JIEMEHTIB 1 PO3UYMHHHX Ba)KKMX METANIB — JITiH, PTYTb,
IIOMOYM, KaaMiid. AHOJ €JIEMEHTIB >KHUBJIEHHS sIBJISIE cOOOIO0 IMOPOLIOK IUHKY
MPOCOYECHUH EJIEKTPOJITOM, @ KaToJ — JABOOKHC MarHiro B CyMilli 3 JABOOKHCOM
TUTaHy.

[MignaraioTe yTwmizamii aKyMyJIITOPH, JITi€Bi, JITIH-i0OHHI Ta ITMHKOBI
Garapeiiku. KpiMm mporo, HeoOXiIHO yTHIII3yBaTH CTaHAAPTHI aKyMmyusaTopu AA
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abo AAA, sKi BHMKOPUCTOBYIOTHCS y mOOyTOBHMX Hpwiazax: (¢oroanaparax,
MOOUTEHUX —TenedoHax, HOyTOykax Ta eNeKTpoiHCTpymeHTaX. [lepepoOka
Oarapeiiok BiIOyBaeThcs 3 HeWTpamizaliclo HeOe3[NeYHUX PEYOBUH 1 BHITYUCHHSIM
METaJiB JUIsl BTOPHHHOTO BUKOPHCTAHHS: BYTJICLIO, IIMHKY, 3aJli3a, Maprasiyo. 3 1
T OaTapeiiok MokHa oTpuMaru 288 kr Mapranio, 240 Kr 1MHKY, O01au3bpko 47 Kr
rpadiry. Bmict mapranmro (28,8 %) i uuaky (24 %) B Oarapelikax BHIIMH, HIX Y
NPUPOAHUX MOKIJIAAaX HaibaraTmmx pyn (mo 26%).

TexHomoris yTHmi3alii 6arapefok BKIIOYAE TaKi HACTYITHI €TaIH:

1. CopryBaHHS €IEMEHTIB >KUBJICHHS 32 TEXHOJIOTIYHUMU TPYTIaAMH;

2. TlonpiOHEHHS Ha CHEIiaIbHOMY MIpeepi i3 OTPUMAHHIM ITUXTH;

3. PozminmenHs muxTH Ha BiOpocemapaTopi, TpHU SKOMY BiJICIFOETBCS
MOPOIIOK — KapOOH, HACHYEHUI XJIOPHUM CIIOJyKaMH LUHKY. Lle Bke roroBumit
Marepian Uil MeTalyprii, e IUHK 3 ByTUUISIM BUKOPHCTOBYIOTBCSI TIPH IIJIaBJICHHI
MeTany (LIMHK MOKpAIy€ INIMHHICTh METaIB MPY IJIaBJICHHI).

4. IluxTa, ska HpoWIUIa BiIOPOBIACIIOBAHHS, MOMIIIAETHCS B MarHITHHN
OapabaH, 3 METOIO PO3/IIICHHS 3aj1i3a Ta I[HHKY .

5. OrpumaHa moJimMeTraneBa CyMill MiAJA€TbCS JCKUJIBKOM —eTarnam
BHJIYTOBYBAHHS ITiJ] Yac AKUX BUTATYIOTh MapraHelb 1 MUHK (y BUTJISAL COJICH), a
TaKoX rpadir.

B ninomy Ha 9oTHpn BHOoOyTHX enemenTa npumnanae 80% macu 6aTapeiiok.

OTtxe, BigmparpoBaHi OaTapeiikm — 1€ CHPOBHHA 3 BHCOKHM piBHEM
KOHIICHTpAIil I[IHHUX E€JIEMCHTIB — IIHHUX KOJBOPOBHX METANiB Ta MiHepanmiB. B
pe3ynbTati mepepoOkum OaTapefiok 3 iX KOMITOHEHTIB MOXKHAa OTPUMATH CyXi
pO3MOJiNeHi XiMiYHI €JIeMEeHTH, a TaKOX BIJICOPTOBaHI BIXOAW 3 YNAKOBKU
(xapToH 1 miacTWK). 3a OLIHKAMHU €BPONEHCHKUX EKCIIEPTiB, OaTapelku — 1ie
pecypc, sxuii Ha 97 % MOKHa BUKOPUCTOBYBATH MOBTOPHO. OKYIHICTH IMpOLECY
nepepoOKH eJIEMEHTIB JKUBJICHHS OLIHIOEThCs HUME y 80 %. Ha xanb, Ha choroaHi
B YkpaiHi He ICHy€ MiIIPUEMCTBA SKE O peasbHO 3AIHCHIOBAIIO MEPEPOOKY
Oatapeioxk.

Hocein kpain €C 3acBiguye, mo nepepoOIeHHs BiANpaboBaHUX OaTapeiok
1 aKyMyIsTOpiB JONUIGHO 3IIHCHIOBATH Ha BEIMKMX MEXaHI30BaHHX Ta
ABTOMATH30BaHUX miAmpueMcTBax. OCKITBKHA BigmparnbpoBaHi Oarapeiiku Ta
aKyMyJIATOpH J00pe 30epiratoThcs, IX MOKHA HAKONMYYBAaTH Y BEJHKI TOBapHi
mapTii 1 MepeBO3UTH Ha BEIMKI BiICTaHi.

Came TakuM IITSIXOM 3apa3 BiIOyBa€eThCs yTHIII3AMisS IFOTO THITY BiAXO/IB B
YkpaiHi — HaKONMYEHI BIAXOOM TIEpearoThCs Ha YTHII3AII0 Ha 3aBOJ
GreenWEEE (Pymymnist). Taka rapanToBana nepepoOka cTajia MOXKINBOIO 3aBISKU
nmisueHocti 'O «barapeiiku, 3maBaiitecs!». Ilporsrom 2020 p. 3aBmsxwm 1miit
NisTbHOCTI Ha mepepoOKky Oyiio Bimmpasneno 140 T Gartapeiiok (3a ydacTi Takux
BUpOOHUKIB K Varta, Duracell, Hausmark, Panasonic).
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TPAHCKOPJJOHHA PTYKA CYMIIMHU

Llepcmiox M. M., acnipanm; Caecukos /. M., acnipanm;
Hnayyx JI. /1., npogpecop, CymZlV, m. Cymu

Tpanckopnonna piuka Ilcen Tewe Ha Tepurtopii Ykpaium ta Pocii, niBa
nputoka Jlinpa, 6aceitn Yoproro mops. Ciif mogarok p. Ilcen 6epe Ha TepuTopii
Pocii na xopmoni Kypcpkoi Ta binropoacekoi obmacteif Ha 3aXiTHHX CXHIIAX
Cepemapopycrkoi BucounHU. Ha Tepuropii kpainu piuka Teue B Mexax CyMCBKOi,
ITonraBcekoi obmacteit mo IlpunmHinpoBcekiii Hu3mHU. [lcen Bmamae B piuky
Huinpo, a came B Kam’stHChbKe BomocxoBuie. JlorkuHa piuku 717 KM, TOJTUHA Y
BEpPXHI YaCTHHI By3bKa, ITHOOKA, 3 KPyTUMH CXWJIAMH, HIKYE 11 IIMPHHA JIOCSATAE
10-15 kM, y nonmssi — 20 km. Baceiin piuku cranouth 22890 kM? , BUTpaTa BOJIM
55-60 m%/c. Pycno piuku 3aperymsosano gambamu I'EC i came HaifronosHirie
HITI03aMU-peryaropaMu  Ha Tepuropii Pocii. Bopma BHKOpUCTOBYeThCS aiist
CUIBCHKOTOCIIOJAPCHKHX, TIOOYTOBHUX Ta MPOMHUCIOBUX MOTPEO.

B npukopnonniii wactuni Oaceiiny p. Ilcen Ha pociiicbkiii uyacTuHi
TOJIOBHAM JDKEPEIOM 3a0pyJHEHHS BOJ € MiANPUEMCTBA KOMYHAIBHOTO
TOCIIO/IapCTBa, arpapHOTO CEKTOpPY, MiANPHEMCTBA CHEPreTHKH. Y TOH ke dvac
000B’s130K 30epeKeHHA NPHUPOAHOI Ta NaHmmadTHOI IiHHOCTI momuHHU Ilcma
MOKJIaJICHO Ha Jep>KaBH, sIKi 3HAXOIATHCS B HOro OaceiiHi.

Y CBiIOMITIOIOYH, IO 3aXUCT T4 BUKOPHCTaHHS TPAaHCKOPAOHHUX BOJIOTOKIB
€ Ba)XXJIMBUM 3aBIAaHHAM, €()CKTHBHE BUPIIICHHS SIKOTO MOXKe OyTu 3abe3medeHe
JMIIEe [UIIXOM TICHOI criBopami JaepaBHUX opraHiB. KoxHa 13 cTOpiH
TPaHCKOPJIOHHOT PiuKH 3000B’s13aH1 BUKOHYBATH BIZIIIOBIIHI 3aX0/H:

— HEJONyIIEHHs, OOMEXKEHHS Ta CKOPOUYCHHS 3a0pyJHEHHS BOA, SKi
BUKJIMKAIOTh 200 MOXYTb OyTH IPUYMHOIO TPAHCKOP/IOHHOTO BILIHUBY;

— 3a0e3Me4YeHHs] BUKOPUCTAHHS TPAHCKOPAOHHUX BOJ 3 METOI €KOJIOTIUHO
OOIPYHTOBAHOTO Ta PAIliOHATIBHOTO YIIPABIIHHS BOJAHUMHE PECypCcaMu, 30€PeIKeHHS
BOJIHHMX PECYPCIB Ta OXOPOHM HaBKOJIMIIHBOTO CEPEAOBHIIA;

— 3a0e31edeHHs 30epeKeHHS Ta BiJIHOBICHHS €KOCHUCTEM.

Ha nanmit yac ycknagHeHa MOXJIMBICTH CITIJIBHOTO KOHTPOJIIO 33 CTaHOM
€KOCHCTEMH.

Bupimennst mie€i mpobieMn MOJIMBO 3a PaxyHOK CTBOPEHHS CHCTEMH
MOHITOPHHTY 3 HMOCITyIOUYMM UYiTKUM ayAUTOM CcTaHy OaceiiHa p. [cen.

Pobora, 110 TPOBOIUTHCS Y IbOMY HANpPSIMKY [O3BOJISIE Yy3aralbHUTH
MPOBEJICH] JOCHTIDKEHHsI Ta TMpoaHaii3yBaTH iH(OpMaIliio mojo kiacudikamii
TEXHOTCHHOTO BIJIMBY BOJI, BUXOJSYH i3 O10JOTiYHMX (CKJIAJ Ta Pi3HOBUJ BOJIHOI
¢bnopu Ta ¢ayHM) Ta TIOPONOTIYHUX TOKA3HWKIB (BUTpaTra BOJAW, IMUPUHU Ta
TIIMOWHU pyciia, CTPYKTypa Ta CKJIajl JOHHUX BiKIIaJCHb)

[IpoBeneni 3axoan AO3BOJSIOTH B IEBHIH Mipi 30epertd Ta HONEpEeanuTH
HETaTUBHMH BIUIMB Ha €KOCUCTEMY TPaHCKOPJOHHOI piuku [lcen.
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BUBIP METO/IB TA TEXHOJIOT'TA OBPOBJIEHH S BIJIXO/IB
Jlasuenxo /I. O., ooyenm, CymY, m. Cymu

HarmionansHOIO cTparteriero ympaBiiHHA Bimxomamu B Ykpaini go 2030
poky, cxBaieHor Posmopsmxennsm KMY Bin 8 mucromama 2017 p. Ne 820-p,
BU3HAYAEThCA HEOOXIMHICTE po3poOieHHS B YKpaiHi peTiOHANBHUX IDIaHIB
ynpasmiaas Bigxogamu (PITYB). Cepen inmoro, PITYB noBuHHI MiCTHTH pillIeHHS
I0I0 CTBOPEHHS 00’ €KTiB 3 00pOOICHHS BiTXOIiB.

IIpn BU3HAYCHHI METONIB Ta TEXHOJIOTiIH OOPOONCHHS BIIXOAIB NpHU
po3pobnenni PITYB pekomenayeTbcs BpaxoByBaTu HAaCTYIIHI TapaMeTpH.

TexHonoriuui napameTpu:

— TeXHOJOriYHa mpuaaTHicTh (y T.4. 3a0e3nedeHicTh HEeoOXiTHMUMHU
o0csiraMu BiIXOJIIB);

—  CTIMKICTB 1O BIJHOIICHHIO J0 3MiHM NapaMeTpiB CUCTEMH TOBOIKECHHS
3 BIINOBIIHUMH B1IX0IaMH;

— JIOCBij peai3amii meBHOI TEXHOJIOTII B CBITi Ta B YKpaiHi;

— JOCTYIHICTh TEXHOJIOTIYHOTO PillICHHS;

— HasBHICTH CIIOKMBaYiB TPOAYKLii 0OpobleHHs / mepepoOIcHHs
(BTOPMHHOI CHPOBHHH, KOMITOCTY TOIIO).

Exosoriuni HacaigKu:

— MicIie B iepapxii METO/IIB YIPaBIiHHS BiIXOaMH;

— TOTEHILIaN 3HIKCHHS HAaBaHTa)KeHHS Ha JIOBKIJLIS;

— TOTEHILINHI eKOJIOTTYHI PU3HKH.

IndpacTpykTypHi BUMOTH Ta OOMEKEHHSI:

— BHUMOTH JI0 BUPOOHUYOTO MaiilaHUMKy, OyIiBeIb, KOMYHIKAIIiH;

— HasBHICTh CIIOKMBAYiB OTPHUMAHOI MPOAYKIII Ta BIACTaHP OO IX
po3TanIyBaHH.

®DiHaHCOBO—EKOHOMIYHI TOKa3HUKH:

— EeKOHOMiYHA XUTTE3ATHICTD;

— HEoOXiJHI BUTPATH Ha BIPOBAHKCHHS;

— MOJXJIMBICTb TIOKPUTTS BUTPAT Oe3 3ay4eHHs IHBECTHLIHUX KOIITIB;

— BIUIMB Ha BEJIMUUHY Tapudy;

— HOPMaTHUBHO—TIPABOBI BUMOTH.

[HCTHTYIIIHI acekTH:

— HasBHICTH CTajJoro (QyHKIIOHYBaHHS CHUCTeMH 30MpaHHS BiIXomiB (i€
HOTPiOHO) 1 JIOTICTHKY JOCTABJICHHS BIAMIOBITHUX KaTETOPii BIAXOIIB 110 00 €KTY 3
00pOOIICHHS BiIXO/IIB;

— CIPOMOXKHICTh BUKOHABIIIB.

JonatkoBi Gakropu:

— 4ac HeoOX1IHMIT Ha BIPOBAKCHHS PIllICHHS;

— CHpUHHATTS pimeHHs 3 OOKy HaceleHHs, 30KpeMa MEMIKAHISIMU
MPWIETJINX TEPUTOPIi.
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MEPCIIEKTUBU PO3BUTKY BE3BIAXOHUX TEXHOJIOITI
Y TEKCTWIBHIN IHJYCTPII

bypna O. A., acucmenm,; Bypna A. O. cmapwuii euxnaoay, CymY, m. Cymu

CyuacHuii eTan eKOHOMIYHOT'O PO3BUTKY B YKpaiHi 00’€KTHBHO MOTpedye
MONTYKy HOBUX (OPM TOCHOIAPIOBAHHS, CIPSIMOBAaHMX Ha  ITiIBUIICHHS
e(eKTHBHOCTI BUKOPUCTAHHS YCiX BUIIB pecypciB. HaitOinbm edexTuBHOIO cepen
HUX € PO3BUTOK O€3BiTXOJHOTO BUPOOHUIITBA.

TexcTunbHa 1HAYCTPI mopiuHo croxuae 132 000 000 ToOHH BYTILIA 1 Bif
6 110 9 MinbApIIB JTPIB BoaH, a 60 3 OUTBIT HiX CTa MUTBAPAIB MPEAMETIB OJATY,
SKi BHITyCKalOThCS LIOPOKY, JIOOM BHUKHIAIOTH MPOTATOM 12 MicsuiB micis
nokynky. l{e HeraTMBHO BIUIMBAa€ Ha HABKOJIUILIHE CEPEOBUILE.

MixHapoaHa eKCHAaHCis IIBHUAKOI MOJM TOCHIKE ImpobieMy B
riobanbHOMy Maciuitabi. Fast fashion ¢oxycyerbes Ha MIBHIKOCTI 1 HH3BKHX
BUTpaTax, Ul TOTO 1100 3HOBY i 3HOBY IPEACTABISITH HOBI KOJEKLii, KOMIIOIOYH
00pa3u 3HAMEHUTOCTE! a00 HU3UKMX OpeHiB. Bupobstoun aemieBo i barato, mMac-
MapkeT poOUTh OIAr «omHOpazoBUM». Lle ocoOmmBO HeOesmewHo Ui
HABKOJIMITHBOTO CEPEIOBHINA, OCKUTPKA THCK Ha 3HIDKEHHS BapTOCTi 1 dHacy,
HEOOXITHOTO ISl OTPUMAHHS MPOAYKTY BiJ MU3aifHy IO meXy, O3Hadae, mo Oyzae
0araTto eKOJIOTIYHMX HACTIAKIB (3a0pyJaHECHHS BOIM, BHUKOPHUCTAHHS TOKCHYHHUX
XiMiKaTiB Ta piBHS TEKCTWIBHUX BiIXOIIB).

[Momiectep — HaNOUTBII TOMyNSAPHY TKAaHWUHY B iHAycTpii Momu. Komm
noJiedipu oAAry 3 MOJiecTepy MPOMHBAIOTHECS B MOOYTOBUX MPAIbHUX MAaIlHHAX,
BOHH BIJIOKPEMITIOIOTH MIKpO(DiOpH, SKi TOJAIOTHCS [0 3pPOCTAIOYOro pPiBHS
wiacTuky B okeaHax. L{i MikpoiObpu gyxe ApiOHI 1 MOKYTh JIETKO MPOXOJHUTH B
KaHaJi3alilo, a TaKoK B OYKCHI criopyau. BoHu He € 0ioJoriyHUMH, 1 TOMy BOHHU
SBJISIIOTH COOOI0 CEPHO3HY 3arpo3y JUIsi BOAHOTO JKUTTS.

B xapuoBOMy JIaHIFOKKY II€ BHIJIAA€ TaK: MaJleHbKI 1CTOTH, Taki SK
IUTAHKTOH, isaTh MikpodiOpm -> puba i MONIOCKH -> JroAWHA. TeKCTHIbHE
BUPOOHHUIITBO BUKOPUCTOBYE BEIMYE3HY KINBKICTh BOJIW, OUThIA YACTHHA SIKOL
3MHBA€THCA Y BOIHI IIISIXH, HABAHTaXKEHI 3a0pYAHIOIOUUMH PEYOBUHAMHU, TAKUMHU
SK BiIOUTIOBAYi, KUCJIOTH, PapOu i OapBHUKH.

VYcBigomiieHa Moja mependadae BiAIIOBiajdbHE CTaBICHHS 10 IUTAHETH,
npupoan Ta 1o moneil. [Ipm BuUpOOHMITBI 1 CHOXHMBAaHHI peded EKOCHCTEMI
IUTAHETH HE HAHOCHUTHCS IIKOAW. AJie peanbHICTh Taka, IO 3a PiK TEKCTHIbHA
IHIAYCTPisl CIIOKMBAE CTO TPUAIATH JBa MUIBMOHU TOHH BYTULISA 1 BiJ IIECTH O
JIEB'SITH MUTBSIPJIIB JITPiB BOJH, & MIICTACCAT 3 OIBII HiX CTa MUTBSP/IiB MPEAMETIB
OJISITy, SIKI BHIYCKAKOThCS LIOPOKY, JIIOJM BUKUJIAIOTH HPOTSATOM JIBaHAISTH
MICSAIIIB MiCIIS TIOKYITKH.
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CycrninbCTBO HOBHHHO 3aMHCIUTUCS HaJ| SKOJOTIYHUMHM IpodjieMaMH i
3po0OuTH KpOKH Ui iX MiHiMi3alii. 1le BiTHOCUTBCS 70 KOKHOTO 3 HAC, aJKE BCI
MH € CHOXHMBayaMH THX YM IHIINX OpPEHAIB i CBOIMHM HOKYNKaMH HiATPUMYEMO
CHCTEMY HAJICTIO)KUBAHHS 1 IIBUAKOT MOJIH.
3rifiHO IpaBwiIaM, JU3aifHep MOBUHEH:

— BUOMpATH EKOJIOTIYHI MaTepiany abo TKaHMHH, 3po0JIeH] 3 TIepepoOIeHUX
BOJIOKOH, IIKJTyBaTUCS PO epepoOKy BiIXOiB,;

— BHKOPHCTOBYBATH IIOHOBJIOBAaHI 1 TaKi pecypcw 1 Marepiaiy, o
nepepoOIIOThCS;

— BUOMpATH TUIHKU HaHEOOXiqHIITI Ta Oe3MedHi MpoIe ypH, OB I3aHi 3

(hapOyBaHHSAM, TIPAHHSM;

— BUKOPHCTOBYBaTH OE3BIIXOAHUI Kpiil, Mpo3opy opraHizamiro mpar,
CIpaBeIUBY OIUIATY, IPO30Pi JIAHLIIOTY IOCTABOK;

— Opatm yd4acTb y COLIalIbHO 3HAYYNIMX MPOEKTaX, 3aCTOCOBYBATH
MapTUCUIIATOPHUM TU3aliH;

— IIPO30po BecTH Oi3Hec;

— GKOHOMHUTH PECYpPCH, 3aCTOCOBYIOUH PIi3HI CIIOCOOH MPOMOBKEHHS KHUTTS
pedeil, BUKOPHCTOBYBAaTH MICIEBI pecypcH, 100 HE BHTpadyaTH pPECYypCH Ha
TPaHCIIOPTYBaHHSI.

[TmacTuk B OKeaHaX, «IIOCTHH KOHTHHEHT» 31 CMITTS, Maca TEKCTWJIBHHUX
BiIIXO/IiB, HU3bKA 3ap00iTHA TUIATa Y MPAI[iBHUKIB TEKCTHIHHOI POMHCIOBOCTI. |
KOJIN PO3YMI€II, IO BHPOOHHIITBO OIATY 1 MOJHA IHIYCTpis ApyTi 3a piBHEM
3a0pyAHEHHS  HABKOJHWIIHBOTO  CEpeloBHIIA  Tmicias  HadTomepepoOHOT
MPOMHUCIIOBOCTI, BX€ AUBHUIIICS Ha pedl iHaKIIe.

TexHosoriuHi  iHHOBalii  NPONOHYIOTH  AIBTEPHATHBHI  BapiaHTH
BUT'OTOBJICHHSI OJISITy, TKaHHMH, B3YTTs, akcecyapiB. «Beranchbki KypTKH 31 HIKIPKA
0IyK, TKaHWHA, 110 HAKOIMYy€e COHSIYHY EHEepriro BleHb, 100 1i MoxHa OyJo
BUKOPHCTOBYBaTH BHOYI, CyMKH 3 MajbMoBoro Jymcts. | Bei 1i inei o0’ennye
MOHSATTSI, KOTPE CTa€ TOJIOBHUM TPEHIOM y CBiTi Moau — Sustainability.

Taka wMaibke eTHYHa MoJa mependavdae Oe3reyHe BUKOPHCTAHHS
NPUPOJHHUX PECYpCiB, pPO3paxoBaHe HA TPHBAIY IEPCHEKTHUBY 1 3abe3nedye
€KOJIOTIYHY CTaOUIBHICTH 1 comiampHy Oe3meky (OepekiInBe BHKOPHCTaHHS
NPUPOJHHX 1 JIIOACHKUX pECypcCiB, HMOBTOPHE BUKOPHUCTAHHS TOTOBHX pedel i
nepepoOKa BIAXOMIB i pedeld IJsi BUTOTOBJICHHS HOBHX).

HoBiTHA iHAyCTpif  CHOTOAHI HAaMaraeTbCsl  CIIiAyBaTH HE  JIKIIE
YMOTTIIAHAM Ta aOCTpaKTHUM iJesiM, BOHA IIparHe mepectatd OyTH TOKCHYHOIO,
MiATPUMYBaTH €KOJIOTIYHO OPi€EHTOBAHI CTapTalM, BUXOBYBAaTH CBOIX KII€HTIB, a
Ti, CBOEIO YEPrOI0, BUSABIATUMYTh MPUXUIIBHICTh €KOJIOTIYHUM TPEHAM 30KpemMa y
(hiHaHCOBOMY €KBiBaJICHTI.
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AHAJII3 JOCBIY KPATH €BPOIEMCHKOI'O COIO3Y
B [TIOBOJKEHHI 3 BIJIXOJIAMU

Tpynosa I. O., ooyenm; bosa A. O., cmyoenmka, CymV, m. Cymu

Ha croromni exomyoriuna moumituka €Bponericskoro Corozy cdopmyBana
YiTKI HiIXOAH O BUPIMICHHS MPOoOJieM HaBKOIUIIHEOTO CEPEIOBHIIA, a 1€, B CBOIO
Yyepry, CIpIsuio cTaHoBiIeHHI0O €C B SKOCTI BIUTMBOBOTO Cy0'ekTa MiKHApOIHOI
€KOJIOTIYHOI MOMITHKA. YKpaiHa € 4acTHHOI0 €BPONH i Mae BPaxOBYBaTH BEIUKUI
ZOCBig €BPOCOIO3y Y 3a0e3MevYeHH] eKOIOTigHO1 Oe3MeK .

B Iranii Haiibineumie npoGiem OyJo TOB’sS3aHO 3 HEPEPOOKOI0 BEIHMKHX
o0cCsTiB BiIXOJIB, TOMY BXE 3apa3 Ha BYJUISIX CTOSATH BEJIUKI KOHTEHHEPH I
PI3HUX BHIIB CMITTS: CKJIO, IUIACTHK, MAIip, METal, OPraHiyHi BIAXOTU 1 CMITTH,
M0 He IMiAjgaeTbess copryBaHHIO. [lepenbavarore mrTpad 3a BHKMHYTHH B
HEI03BOJICHOMY MICIIi HEIOTIaJIOK.

[IIBerist € 6€3yMOBHHM JIiIEPOM y Taily3i TIOBODKECHHS 3 BiIXOIaMH Cepel
IHIIAX €BPONEHCHKUX JepkaB. Ha crhemiampHUX MOIPHEMCTBAX —BIAXOIH
CHAITIOIOTBCS, 32 PaxXyHOK I[hbOTO HArpiBaeThCS BOIA, sKa OOIrpiBa€ >KUTIOBI i
aaMiHicTpaTuBHI OyxaiBmi. [opiuno 3abupae y cycimiB npubmmsao 800 THC. TOHH
cMiTTa. Binbmny #ioro yactuny moctaButh Hopaeris.

B HiMeuunHi IMHpOKO TMOMmMMpEHa CHCTEMa COPTYBaHHS MOOYTOBHX
BigxoniB. BinmoBinHi KoHTeHHEpH («OLIE CKII0», TEMHE CKIIO», «IIaIlip, KapTOH»,
«3QJIMIIKOBE CMITTS») HE TUIbKM BCTAHOBJCHI B TPOMAJCHKUX  MICIAX,
ABTOCTAHIIsAX, JEP)KaBHUX YCTAaHOBAX, PO3BAXAJbHUX KOMIUIEKCAX, AKTHBHO
BIPOBAJKEHI HIMIIIMHU y BJIACHHUX JKUTIIOBUX npumimeHHsax. onus maibke 300
YCTAHOBOK MO CIIAJIOBAaHHIO CMITTSl 3HHMIIYIOTh B cepenHboMy 30 THC. TBEpIUX
noOyTOBMX BiIXOAIB 1O Bcii Tepuropii @panuii. Ha HaiiGinemnx 3 HHEX
€HEeproBUTPATH MONOBHIOIOTHCS OAEP>KYBAHOIO IIPH CIIATIOBAHHI CMITTS TETIOBOIO
Ta EJIEKTPUYHOI0 eHeprielo. OCHOBHE 3aBJaHHS IOJISITa€ B 3HIKEHHI 00CATY
BHUPOOJICHHUX BiIXOMIB B IIIOMY 1 YTHITi3aIlil HASIBHUX.

[Nonpuia chOrosHI € TapHUM HPHUKIAZOM AT YKpaiHH 00 €(EeKTUBHOTO
BUKOPUCTAHHS EKOHOMIYHHMX BaXKENiB Yy peaii3aimii eKOJOTiYHOI IONITHKH, SK
3acBiguye mocBif ITosbin, 3aBasku qudepeHIiarii I[iH Ha eKOJIOTIYHO 3a0pyTHeHY
Ta EKOJIOTIYHO YHCTY INPOAYKI[I0 MOXXHA JOCSTTH TMO3UTHBHUX DPE3YyJbTATIB Y
3MeHIIeHH] 3a0pynHenHs AoBkuLLL. Cyma mrpady 3a BUKHAM 3a0pyIHIOIOUUX
pedoBnH y TmoBiTpS B 10 pasiB mepeBuilye CcyMy IUIaTH 3a HOPMOBaHE
3a0pyaneHHs. CaMa 3arpo3a MOKIMBOTO BETUKOTO MITpady 3HAYHO IMOCHIIOE HOTO
(yHKITIO K 3aTI001KHOTO0 €KOHOMIYHOTO PEryJsTOpa MPUPOJOKOPUCTYBaHHS.

CaMme 3aBISIKU aKTHBHIA IMO3MINi KpaiH MIBHIYHOI Ta MiBHIYHO-3aXiTHOT
€Bporn 3a ocranHi 20 pOKIB BIaJOCs JOCSAITH BIAYYTHOTO IOKpALIEHHS
eKOJIOTIYHMX TOKa3HUKiB B yceoMy €C. Jnsd 3MEHIICHHS TEXHOT€HHOTO
HaBaHTAXXEHHS HEOOXigHI CHIJIbHI 3yCHJUII BCIX KpaiH, JIMIIE Y3rojKeHa
€KOJIOTIYHA TTOJIITHKA €BPOIEHCHKHX JIEp)KaB, y4acTh IPOMAJICBKOCTI € MOTY>KHUM
3ac000M 3aXMCTY HAaBKOJIMIIHBOT'O CEpEOBHIIaA i O€3MeKH JIIoAeH.
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BILUIMB MATHITHOI OBPOBKH HA TTPOILIECU AHAEPOBHOI'O
3BPOJIXKYBAHHA OPI"TAHIYHUX BIAXOAIB

Yoyp B. C., acnipanmra, CymAY, m. Cymu

EdextunBEIM MeTO10M 00pOOKH MOTOKIB OpraHigHUX BiIXOIIB € aHaepoOHE
30pOKyBaHHS, OCKUIBKM OJHOYACHO 31 CKOPOYCHHSM BiAXOMIB BigOyBaeThCS
BUPOOHHUIITBO BiTHOBIIOBAJIBHOI eHeprii. POCITHHI Ta TBapWHHI BiIXOOM MOXYTb
OyTH yTWIi30BaHi, B SKOCTI CyOCTpaTy Wil d9ac IX CyMICHOTO aHaepoOHOTO
30pOKyBaHHS 3 JOAATKOBOIO MAarHiTHOIO 00poOKo0, 10 3a0e3nedye 301IbIIeHHS
00’eMy BHXoay Oiora3dy. BriMB MarHiTHHX MHOJIB Ha JKUTTEBO BAXJIUBI (YHKIIT
MIKpOOPraHi3MiB € CHipHUM, NPOTE MPAaBHIHHO PO3paxOBaHa CHJIa MAarHiTHOTO
Jiara3zoHy MOe CIIPHATH OPOIIHHIO aHaepOOHUX OaKTepii.

3pocTaHHs BMICTY Ta BHXOJYy MeTaHy B Ipoleci aHaepoOHOTro
30pO/UKyBaHHs BiIXOJIB TBapUHHOTO IOXOJPKeHHS [l] TMOMIYEHO MNpW BILUIMBI
MarHiTHOTO 1ois 3 iHmykmieto 10—50 mTon Ta 3HWKEHHS POIYKTUBHOCTI 32 YMOBH
nepesuiieHHs 90 MTn. B iHIIMX AOCHIKEHHSX BIUIMBY €IEKTPOMArHiTHOTO ITOJIS
y BHIIQJKYy CyMICHOTO aHaepoOHOTO 30pOMKYyBaHHS TBAapHHHUX Ta POCIMHHHUX
BIZIXO/IB MarHiTHe moie iHaykiiero 5 MTha crnpusiio mpoiiecy MeraHoreHesy [2].
BB Mar"iTHOTO OIS Ha SIKICHHN CKiiaj Oiora3zy Takok pizHuUi. JlocmimkeHHs
[3] memoHcTpyE, 3anexHICTh Yacy BHXOAY METaHy BiJ Yacy BIUIMBY MarHiTHOTO
nostst. 301IbLICHHS Yacy NPU3BOJMTH JI0 3MEHIIICHHS BMICTY MeTaHy B Oiorasi.

BriMB MarHiTHHX TMOJiB Ha aHaepoOHE 30pOJPKYBAaHHS MiATBEPIKCHO
eKCIIEpUMEHTaMH, ajle ACTAIbHUX JOCIIDKEHb Halpy>KeHOCTI MarHiTHOrO IOJIs
Opaxye. TuM He MeHII, y3arajJbHIOIOYH HasiBHI JOCIIKEHHS IPOCIiIKOBAHO, LI0
3aHAATO BHUCOKAa a00 3aHAATO HHU3bKA IHAYKINS MArHITHOTO IIOJisi, HE €
CIPHUATIMBOIO AJIsl aHAepOOHOTO 30pPOJKYBaHHSI OPraHiYHUX PElITOK. AKTHBHICTh
METaHOBHX OaKTepiii Moke OyTH MpHTHiYeHA, SKIO IHAYKIiS MAarHITHOTO TOJS
MIEpEBHIILy€ TIEBHE 3HAYSHHS Ta 4ac BIUIMBY. ToX, crierudidHi YMOBH MarHiTHOTO
MOJIsI MAarOTh BIUIMB Ha AaKTHUBHICTH MiKpOOHOTO KOHCOpPIiyMy. MarHiTHe moie
MOXE NPUCKOPUTH PO3KJIaAaHHA CHPOBHHM B  TIpoleci aHaepoOHOTo
30pOIKYyBaHHS Ta BIJIrpaBaTH BaXXJIMBY pOJb B TMpoIecax IHTEHCU]iKaril
TEXHOJIOTiT BUPOOHUIITBA Oiorasy.

Criucok mitepatypu

1. Wang H., Xu J., Sheng L., et al. Anaerobic digestion technology for
methane production using deer manure under different experimental
conditions. Energies. 2019. Vol. 12. No. 9.1819.

2. Abbas Y., Yun S., Wang K., et al. Static-magnetic-field coupled with
fly-ash accelerant: A powerful strategy to significantly enhance the mesophilic
anaerobic-co-digestion. Bioresource Technology. 2021. Vol. 327. 124793.

3. Debowski M., Zielinski M., Kisielewska M., Hajduk A. Effect of
constant magnetic field on anaerobic digestion of algal biomass. Environmental
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BUKOPUCTAHHA BIOTIPEITAPATIB K AJIbTEPHATHUBA
ITOIIEPEJDKEHHA 3ABPYJTHEHHA I'PYHTIB ATPOXIMIKATAMU

Hasuoosa C., cmyoenm; Axuenxo O. M., acucmenm; CymAV, m. Cymu

Inrencudikamist 3emmepodbcTBa B YKpaiHi Ha CHOTOJHI € aKTyaJbHUM
NUTaHHAM y KOHTEKCTI CTalOr0 pPO3BUTKY KpaiHH. AJie PO3BUTOK CLIBCHKOTO
TOCIIOapCTBA MaiKe He MOXUINBUI 0€3 BUKOPUCTAHHS arpoxiMikaTiB, sIKi 3HAYHO
30UIBIIYIOTE POMIOYICTh IPYHTIB 1 BPOXKAWHICTH Ta IO3BOJAIOTE OOpOTHCA 31
MIKiTHUKaMH. BUKoOprcTaHHS MiHEpaTbHUX JOOPUB Ta MECTHUIHMIIB MIPU3BOAUTE 11O
3a0pyJHEHHS IPYHTIB Ba)XKUMH METaJaMM, BHMHUKHEHHS SIBHINA BTOPHUHHOI
KHCJIOTHOCTI, TOKCHKO3Y IPYHTY, 3MIHM IPYHTOBUX YTPYIOBaHb MIKpOOpraHi3MiB
Ta Jerpajaamii IpyHTiB. AOM 3amoOirtu mpoOsieMi, JOIUIBHO BiIMOBUTHCS BiJ
BUKOPHCTAHHSI 3BUYHHX arpOXiMIKaTIB Ta MEPEHTH 10 TEXHOJIOTiT BUKOPHCTAHHS
OionpenapaTiB Ta 610100pHB. B 0CHOBHOMY Oiompenaparu MpeaCcTaBisOTh CO000
KyJIBTYPY HPUPOJHO UM MITyYHO OTPUMAHUX INTaMiB OakTepiit abo crop MiIemnito
rpubiB, SKi BHOCATBCA B IPYHT UM HA IMOBEPXHIO HACIHHS POCIHH, a B TPYHTI
MOYMHAIOTh B3aEMOJISATH 3 PU30c(hEpOr0 POCINH, CHPUSIIOTE a00 MOJErIIeHOMY 1
e(peKTHBHOMY 3aCBOIOBAHHIO DPOCIMHAMH IIOKUBHUX eJEeMEHTIiB (Oiororiudi
noOpuBa), ab0 3IaTHI 3aXUINATH POCIHHM BiJ BIUIMBY NPUPOIHUX MIKiTHUKIB
(6iodpyHrinuan, Oi0IHCEKTUININ).

B poni OionoOpuB BUCTymaroTh  MTaMH clelU(piYHUX IPYHTOBHX
MIKpOOpraHi3MiB (Miko- abo OakTepiajbHi HpemnapaTtH), siki, B X0Ai MiKpoOHOTo
MeTaboJi3My  CHHTE3YIOTh  OlOJIOTIYHO-aKTHBHI ~pPEUOBHMHM, IO CIHPHUSIOTH
3a0e3MeUYCHHI0 POCIMHHOI KYJIbTypH IOCTYMmHUMH (popmamu azoty, dochopy Ta
MOKpAalIeHHs SIKOCTI mpoaykuii. TakuMu € mnpemapaTu as3orpad, a3zaoTogir,
HiTpariH, a3orobakrepuH, ¢ochodakrepuH Tomo. g TPUIIBHAIICHHS
PO3KJIaJaHHs ICHYIOUHMX B IPYHTI OPTraHidYHHAX PEIITOK AOLIJHHO BUKOPHUCTOBYBATH
CTBOPCHI IITaMU OiOJIOTIYHUX JECTPYKTOPIB.

3 METOI0 3aXMCTy POCIHH BiJl IIKiJHHUKIB JOIJILHO BUKOPHCTOBYBATH HE
TUTBKH OakTepianbHi, a i BipycHi Oiompemaparty, MO J03BOJSE HANATH IMPEmapary
BJIaCTMBOCTEH BHJOCHel]iyHOCTI O TmeBHOro IukigHuka. lle ocobauBo
aKTyajgbHO JUii  OOpOoTROM 3  KOMaxaMu-IIKiTHHKamM#, 00  iCHyIOdi
HIMPOKOBUKOPUCTOBYBaHI ~ XiIMi4HI  IHCEKTHUIMIOX  CIPUYMHSIOTH  3arudenb
IIKiTHUKIB Ta KOPHCHUX KOMax-3alWiioBadiB. JopedHHM €  BUKOPHCTaHHA i
6ioorivyHuX QYHTIONIIB.

OTxe, BUKOpPHUCTaHHA OiompemnapaTiB J03BOJIUTH BITHOBUTH 1 HMiATpUMAaTH
pOIIOUICTE  TIPYHTIB  NPHUPOAHUM  IIUIAXOM,  IIJABHIIMTH  BPOKalHICTH
CUIBCBKOTOCIIOIAPCHKUX KYJIBTYP, 3MILIHUTH IMYHITET, 3HU3UTH yPa)KeHHS POCIHH
NaTOTeHHUMU  OpraHi3MaMH, MOKPALIUTH SKICTh 1 30epexeHHs BUpPOOIICHOT
NPOAYKLil, 3HU3UTH TNOTPeOM B MiHEpAIBHHX JOOpHBaxX 1 OTpyTOXiMikarax i
3aXHUCTUTH CIJIbCHKOTOCIOAAPCHKY MPOAYKIIIO, IPYHT 1 €KOCHCTEMH BiJ XiMIYHOTO
3a0pyIHEHHSI.
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TEXHOJIOI'TI 3SMEHIIEHHS 3ABPYHEHHS 'PYHTIB IIECTULIMJAMU
Jleseneywv K. P., cmyoenm; HAxunenxo O. M., acucmenm, CymJJV, m. Cymu

[HTeHCHBHE 3aCTOCYBaHHS NECTHLUAIB MNPU3BOAUTH A0 IOPIYHOTO
HAIXOKEHHS B TIPYHT CTIHKAX TOKCHYHMX pPEYOBHH. 3aleXHO BiA yMOB
TPYHTOBOTO CepeioBHIIA Ta (PI3UKO-XIMIYHMX BIACTUBOCTEH ITECTHIHIN MOXYTh
3aNUIIaTHCS B HE3MIHHOMY CTaHi i 30epiraTé CBOIO TOKCHYHICTH IIPOTATOM
TpuBajoro dacy. [Ipo0ieMa 3arocTproeTbcsi THM, IO HA TEPHUTOpii YKpaiHU Iie
30epiraroTbcs 3HAYHI 00’€MH HEBHUKOPHCTAHNX, HEKOHAWIIHHUX IIpenaparis
NEeCTULUAIB, SKI Ha3zapa3 3a0OpOHEHI Uil BUKOPUCTAHHA 3 IPUYUHH CBOET
TOKCHUYHOCTI 1 BHCOKOI PE3MCTEHTHOCTI. 30epiralounch y Kopo3iiHoHeOe3neyHin
Tapi y HamiB3pyHHOBaHMX CXOBHUIIAX BOHM 3 YacOM IIEPETBOPIOIOTHCS Ha
HeOe3MeYHy CyMilll 1 TPY HeHAJIS)KHOMY TTIOBOXKEHI MOXKYTh CTAHOBHUTH 3arpo3y.

Cepell OCHOBHHMX HETATHBHHMX HACIIJKIB BUKOPUCTAHHS MECTHIUIIB CIIiJ
3a3HAUNTH: 3[aTHICTb HAKONWYYBATHUCS B IPYHTI 1 NPU3BOJUTH OO 3HIDKCHHS
0iooTiyHOT ~ TPOAYKTHUBHOCTI  MIKpOOIOIICHO3IB  TPYHTIB, 3MCHIICHHS
IHTEHCHBHOCTI ~IIPOLECIB CAMOOYMILNCHHS IPYHTY, TajbMyBaHHS IIPOLECIB
BITHOBJICHHS pPOIIOYOCTI, IMiAMaBaTHCA OIOaKMYIAIii 1 TPaHCIOPTYBATHCA
TpoIYHUMH JTAaHKAMH OPTaHI3MIB.

Po3poOisitoThess  TeXHOJOTIi Ta METOAM Uil 3MCEHIIEHHA 3a0pyIHEHHS
IPYHTIB MIECTHLUJIAMH, CEPEl SKUX Ha yBary 3aciiyrOBYIOTh PI3HOMaHITHI BapiaHTH
¢ditomemiopariii, a came iToekcTpakilis, ¢piTorpanchopmariris, (HiTOBOIOTATIZALII,
¢iTorigpaBiika cnpsMOBaHa Ha OYMIIEHHS IPYHTOBUX BOJ BiJ 3a0pyAHEHHS,
(itocrabimizais, pi3odhiapTparis, pi3oaerpaaaris.

3BakalouM Ha Te, M0 MNECTHUUWAM B IPYHTI MiAJAalOThCS TOBUIBHIH
MiKpOOHi# TpaHcdopmallii, JOUITBHUM € CTBOPEHHS 1 BUKOPUCTAHHS MPUPOIHHUX
a0b0 CTBOpEHHX INTYYHO MITaMiB MIKPOOPTaHi3MiB, 3HaTHUX NPUCKOPIOBATH
JeTpajalio MeCTUIUAIB B TPYHTI. BHeceHi MikpoopraHizMu Ta ix QepmeHTH
CTHMYJIOIOTh TIPOIECH TiJIpOoJi3y, OKHUCHEHHS Ta BIAHOBJICHHS, BUKOHYIOTh
MPOBIHY poyib y OioTpaHchopMalii NECTUIHIIB, B pe3yJbTaTi YOr0 MPOIYKTH
PO3KIIaJaHHs MECTUIHAIB MOXYTh BHKOPHCTOBYBATHCH SIK JDKEPENIO BYTJICIIIO,
asoty, (ocdopy Ta eHepril A IHIIUX XUBUX OPraHi3MiB i, HACAMIIEPE], BHIIIUX
pociuH. Le cripusie BUHUKHEHHIO CTIMKOro 0ioleHO3y Ha 3a0pyJHEHHX IPYHTax i
iX IOCTYIIOBOMY OYMIIEHHIO.

[IpaxkTrdaHe 3acTOCYBaHHS KOXXHOI KOHKPETHOI CTpaTerii OUYMIEHHS IPYHTIiB
B ICTOTHI Mipi BH3HAYa€ThCS  BIACTHBOCTAMU  3a0pydHIOBAadiB  Ta
XapaKTEepPUCTUKAMH TPYHTIB - TPaHyJIOMETPHYHHM CKJIaZOM, CIIiBBIJIHOUICHHIM
HIiMAHUX 1 TJIMHUCTOCYTJIMHKOBHUX YacTHHOK, BMICTOM TyMyCy TOLIO. 3Ha4yeHHs
Ma€ TaKOX CTYIiHb OJHOPIAHOCTI (i3MKO-XIMIYHHX BJIIACTUBOCTEH B3IOBXK
IPYHTOBOTO MpOQUI0 Ta pO3MOAT HEOe3NeYHUX PpEYOBHH MO IPYHTOBUM
ropu3oHTaM. BuxopucraHHs Mikpo0oO- 1 (ITOTEXHOJOTIH OYMINEHHS TPYHTIB
3[1aTHE HE JIMILE MOCIA0NTH 3a0pyAHEHHS! KCEHOO10THKAMH, a i IOBEpHYTH 3eMIli
JI0 CHCTEMH 3€MJIEKOPHCTYBAHHS.
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EKOJIOT'TYHI [TPOBJIEMU 3AXOPOHEHHS CMITTA
Duankosa M. A., cmyoenm; Axuenxo O. M., acucmenm, Cym/Y, m. Cymu

Hecatp BimcoTkiB yciel mmomi YKpaiHM 3aiMaiOTh CMITTEBI MOJITOHH,
BaroMa dYacTWHA SIKMX 3allOBHEHa TBepauMmu mobyToBumH Bimxomamu (TIIB).
BinmoBimHO 10 nep:kaBHUX OymiBempHHX HOpM, Ha moiiroHax TIIB moBuHHI
NPUAMATH JIMIIE CMITTS JKHUTIOBHX 1 TPOMAJICHKHX YCTaHOB, CaZOBO-TIAPKOBI Ta
OymiBenpHi 3anmumky. Hacnpani ik, Ha TEpUTOPIIO MOJIrOHIB, KPiM IependadeHnx
BIIXONiB, NOTPAIUIIOTh M€ XapyoBi, XO0Ya € TEOPeTHIHa MOIMUBICTh IX
KOMITOCTYBaTH 3 OTPUMaHHSM KOPHCHOTO MPOAYKTY VISl CLIBCHKOTOCIIONapChKOT
rany3i, i INIACTUKOBI KOMITOHEHTH CMITTSI.

3riHO 3 COIIOJIOTIYHMMH JOCIIKEHHSIMH, OUIBLIICTD JIIOJeH HE KyITyBaH
0 OyauHOK B cenuii mo0iam3y cmirre3Banuil. OCHOBHHMHU MPHUYHHAMHU TaKOTO
pilIeHHs ONWTaHi HAa3MBAaIOTh: MOXJIMBE 3a0pyIHEHHS TIPYHTOBHX BOJ,
MOTPAIUITHHS 10 MOBITps HEOE3MEYHUX Ta3iB Ta HAasABHICTh HEMPHEMHOTO 3aIaxy.
Y4YacHUKM [JOCHIPKCHHS TIOBIIOMHIM, IO CYMHIBAIOThCS B MPABHIBHOCTI
MPOCKTYBAHHS Ta CKCIUTyaTallii CMITTEBUX IMOJITOHIB.

CranoM Ha 2019 KiTBKICTh HEpeBaHTAXCHUX 3BAIMIN HAa TEPHUTOPIi HAIIOT
JepKaBu cTaHOBWIH 258 ox., a 905 ox. He BIAMOBIaIM EKOJOTIYHIM HOpMaMm
oesmexn. [udpu mopoky 30LIBIIYIOTECS 1 MPUYMHOI IBOMY € HE KOHCTPYKIIiS
MOJIITOHY, & B KIIBKOCTI 1 IKOCTI CMITTS, SIKE MOTPAIUISE HA HUX 3a BHUHU JIFOJHHU.

Jlrou IPpOIOBXKYIOTh BUKUIATH HECOPTOBAHE CMITTSI, X04a 1 CYMHIBalOThCS,
a JesKi HaBiTh HE 3aMHUCIIIOIOTHCS, HACKUIBKU NPaBHJIBHO HOrO TOTIM MOXHa
yrunizyBatu. [Ipukiagom Toro moxxe crati CyMCBKHIA MOJITOH TBEPAUX BiIXOJIB,
crBopennii Menme 10-tu pokiB Tomy. bymoBa momirony BianoBizae Bcim
CTaH/JapTaM IMpPOEKTYBaHHs: OCHOBa JHUINA KOTJIOBaHY Ha 2 M BHILE piBHS
ITPYHTOBHX BOJ, Kap'ep MICTUTh CHELIaJbHUI TJIMHAHUA TPOLIAPOK 3
NpOTU(IIBTPALIHHAME BJIACTUBOCTSIMH, TpaHIIEs pO3paxoBaHa BHUTPUMATH, SK
TUTIOCOBI, TaK 1 MiHYCOBI TeMIIepaTypH i T.XI. 3arajioM IOJIiIrOH Mae Bce HEOOXimHe,
o6 BOEperTH mig3eMHi JoKepena i 3a0e3MeYnTy 3pyYHicTh TpaMOyBaHH:. AJie, Ha
JKajb, IOTO HE JOcTaTHhO. Ha nuIsHKax CKiIaayBaHb JIEKHTh HE COPTOBaHE
cMiTTs. baraTo XxapyoBuX 3aJIMILIKIB B EPEMILIKY 3 CHHTETUYHHMH 00’ €EKTaMH, 1110
BQXKKO 1 JIOBI'O PO3KJIAJIAIOTHCS, CTBOPIOE B MPOIIECI THUTTS HENPUEMHHUIA 3arax, B
JITKY MiBUILY€E PU3UK caMO3aiiMaHHS.

IIpomiec ix pos3kmagaHHs 1 B3aemoxii 3 OakTepisiMH, IO JKUBYTH Ha
HECOPTOBAHMX MOOYTOBMX BiX0/aX ITiJ] BIIKPUTHM HEOOM B YMOBAaX MOTPAIITHHS
atMocepHOl BOJIOTH JHINE TMiABUINYE KOHIIGHTPAII0 XiMIiYHO HeOe3meuHux
pedoBHH y dinbTpaTi Ta aTMOC)EepHOMY HOBITPI.

JlockoHaJTicTh 1HKEHEPHOI CIIOPYIM HE PATYE MOJITOH BiJ epeBaHTaXEHb 1
HENpUEMHUX 3amaxiB. 3arajioM 1o obusacti 3akymieHo 130 KoHTeHHepiB st
pO3IUIBHOTO 30WMpaHHs, aje HEeAOCTaTHICTb MOMyJspu3amii COpPTyBaHHS 1
HeoOXiTHOT copTyBajbHOI IHYPACTPYKTYpH B MICTI CTBOPIOE OCHOBHY NpOOJIeMy
JUISL €KOJIOTIYHO ONTHMAIbHOTO (DYHKI[IOHYBaHHSI CMITTEBHUX IIOJIITOHIB B YKpaiHi.
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OPI'AHIUHE CUIbCBKE I'OCIIOJAPCTBO K CIIOCIb 3SMEHIINEHHA
TEXHOI'EHHOI'O HABAHTAXXEHHA HA JJOBKIJUIA

Hanunos /1. B., cmyoenm, Ilnayyx JI. /1., npogpecop;
bamanvyes €. B., acucmenm, CymY, m. Cymu

Y BCBOMY CBITI CiJIbCBKE TOCIIONAPCTBO CTBOPIOE OUMBINIMI BIUIMB Ha
MPUPOAHE CepPelOBHIIE, HIK OyAb-iKa iHIIA rasry3s HApOAHOTO rocnoiapcTsa. Lls
ramy3b 3aiiMae BeJIMYEe3Hi IDIOII, CTBOPIOIOYH HecTiiki maHmmadtu. [lpn npomy
3HHIIYETHCSA TMPHUPOIHA POCIHHHICTD, MOPYUIYEThCS BOAHHN OallaHC BHACIIIOK
Memiopanii. B arpapHomy cekropi YkpaiHW TnepeBaka€ IHTCHCUBHHHA IUIAX
PO3BHTKY, HallUICHUH Ha OTPUMaHHS MaKCUMaJbHOI BPOKaHHOCTI 3a JIOIIOMOTOI0
IIMPOKOTO 3aCTOCYBaHHS IMECTUIMIIB, TepOIlUIiB, IHCEKTHIUIIB, (DYHTIIUIIB,
CTHMYJIATOPIB POCTY, NOOpUB. [HTEHCHBHE arpOBHPOOHUIITBO BUMAra€ 3HAYHUX
BUTPAT poO0OYOT CHIIU 1 TEXHIKH, & TAKOXK IaIbHOTO.

Y mopiBHAHHI 3 TpPAAWIITHEM 3eMJICpOOCTBOM OpTraHiuHI TEXHOJOTIl
BUMararoTh Ha 50 % MeHIIe eHeprii, a BUKUAN NMapHUKOBHX Ta3iB 3MEHIIYIOTHCS
Ha 35-50 % 3a paXyHOK BUKOPHCTaHHS MICIIEBUX KOPMIB Ta MePEepOOKN MPOIYKIIiT
Ta BiZIMOBHM BiJ] 3aCTOCYBaHHs CHHTETHUYHUX MiHEpAIbHUX JOOPHUB, IECTHIIUIIB.

B pamkax BemeHHsI OpraHiYHOTO (€KOJIOTIYHOTO, 0i0JOTIYHOT0) CUTBCHKOTO
TOCIIO/IapCTBA IS 301IBIICHHS BPOXKaWHOCTI, 3a0€3MeUeHHs] KyIbTYPHHX POCIHH
eJIEMEHTaMHU MiHEpaJIbHOTO XMBJCHHs, OOpOTHOM 3 WIKIIHUKaMU Ta Oyp‘sHaMu,
aKTHBHIIIE 3aCTOCOBYIOTHCSI CIBO3MiHI, OpraHiuHi JoOpHuBa (KOMIIOCT, MOXXHUBHI
3aJIMIIKH, CUACPATH Ta iH.), pi3Hi MeTO1 0OPOOKH I'PYHTY TOIIO.

[lpu opraHiyHOMY CLIBCBKOMY TOCIOJApPCTBI MIATPUMKA IPYHTOBOT
POZIOYOCTI Ta NOBEPHEHHS B IPYHT BUHECCHUX 3 YPOXKAEM EJIEMEHTIB JKUBJICHHS
JIOCSITAIOTHCST 3/1e01IBIIOrO 3aBISKH BUKOPHCTaHHIO OpraHiuHux no0pus. [lpu
I[bOMY yBara TNpPHUIUIETHCS CTBOPEHHIO yYMOB Uil (PYHKIIOHYBAaHHS IPyHTOBOI
0i0TH, OCOONHMBO MIKPOOPraHi3MiB, M0 PYHHYIOTh OpTaHi4YHi CIONYKH 1
BUBUIBHSIOTH €JIEMEHTH >KHBIICHHS POCIIUH.

Just 60poTeOu 3 Oyp‘sSHaMH 1 IIKiTHUKAMH 3aCTOCOBYIOTHCSI OlOJOTiUHI
METOAM: BHECCHHS NPUPOJHUX BOPOTIB 1 CHENU(pIYHAX TMATOTeHIB. Takox
3aCTOCOBYIOTBHCS CIBO3MIHH, CKJIA/ICH] 3 YpaxyBaHHSIM IMKJIY PO3BUTKY IIKiIHUKA,
0o0poOKka TIpYyHTy, IO MNPHU3BOAUTH JO 3HHUIIEHHS Oyp‘sHIB abo IIIMOOKOro
3aKJIaJICHHs TX HaCiHHSL.

Po3BuTOK OpranigHOro 3eMiIepoOCTBa B YKpPAiHi CTPUMYETHCS BiJICYTHICTIO
HOPMATHUBHO-TIPaBOBOi 0a3W, HEJOCTaTHBOIO MiATPUMKOIO 3 OOKy JepKaBH,
HHU3BKOIO 1H)OPMOBAHICTIO CIIOKMBAYIB 1 MOTEHIIITHUX BUPOOHHUKIB.

OpraHiuHe CUIBChKE TOCIOAAPCTBO JIO3BOJIIE HE TUIBKM YHUKHYTH
HEeTaTUBHMX HACIHi/IKiB, a ¥ BIJHOBUTH NOpPYIIEHI EKOCHCTEMH 32 PaXxyHOK
BUKOPHCTAHHs O10JIOTIYHMX METO/IB IiJBHUIIECHHS POMIOYOCTI IPYHTY Ta 3aXUCTy
pOCIIMH, a TakoX METOAIB 30ULIbIIEHHS OlOpPI3HOMAHITTS, IO CHPHsE MpoLecaM
CaMOBIJTHOBJIEHH ~ekocucTeM. OpraHidyHe CLIbCBKE TOCIIOJApCTBO — 1€
e(eKTUBHUI METO BUPIIICHHS €KOJIOTIYHUX IPOOJIEM B arpapHOMY CEKTOPI.
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YIIPABJIIHHA BOJAHUM PECYPCAMU

Llepcmiox M. M., acnipanm,; Cacukog /. M., acnipanm;
benos A. B., acnipanm; Ilisyyx J1. /]., npogpecop, CymV, m. Cymu

VYupapiaiHHS BOJHUMH pecypcaMu OOYyMOBIICHO JEpKaBHOIO MHOJITHKOIO,
fKa TPOBOJWUTHCS B Tasly3l paliOHAIPHOTO BUKOPHCTAHHS Ta OXOPOHM BOJHUX
pecypcis.

BaceitHoBUi TpUHIMIT YHpPaBIiHHA BOJAHUMH DPECypCcaMH TNPHAHATHHA SK
OCHOBHHH B YKpaiHi. PO3BUTOK Ta cTaHOBJIECHHS yNpaBIiHHSA BOJHUMH PeCypcamu
3a 0acefHOBMM MPHHIWIOM i3 3alydeHHsSM Yy TMpOIeC YCiX 3aliKaBICHUX
CIOXXMBauiB, 3a0e3nedye eKOHOMIUYHMH PO3BUTOK KpaiHM, MOKpalleHHs
KUTTEIISTIBHOCTI HACETICHHSL.

BupinenHst teputopiii sk 00’€KTiB yNpaBiiHHS Ha OCHOBI 0OaceifHOBOTO
NPUHLMUITY JT03BOJISIE BUPIIIMTHU JEKIbKa OCHOBHUX 3a/1au: BIOPAJKYBAaTH CHCTEMY
MOHITOPUHTY ~BOJHHMX O0’€KTiB, BHU3HAYMTH OCHOBHI HANpsIMU PO3BUTKY
perioHanbHOI BOAHOI TOJIITHKHM, CTBOPUTH Ta YJOCKOHAJIHWTH CTPAaTETio IOJO
peaiizanii BOTHOI MO THKH.

OpHi€I0 3 OCHOBHUX IPOOJIEM ISl HAIIIOTO PETiOHY € TPaHCKOPAOHHI BOIHI
00’extH, 30KpeMa piukn. bBaceliH pidok sBisIE COOOK €MUHY MPHUPOIHO-
TEXHOT€HHY TEPUTOPIiaJIbHY CHCTEMY, sIKa 00YMOBIJIEHa MPUPOIHUMH 3B’ I3KAMHU.

TexHoreHHI nporiecH B OaceifHax pidoK pO3BHBAIOTHCS Bil BUTOKY PiUKH 10
ii rupna. J[Kepena TeXHOTEHE3y pPO3TAIIOBaHI y BEpXiB’'l piukW Ta 3AIHCHIOIOTH
3HA4YHUI a00 MaKcUMaJbHUIl BIUIMB Ha (OPMYyBaHHsS €KOJIOTIUHOI cutyarii. Sk
HACJIJIOK, TEXHOI€HHHWH BIUIMB HAa CEPEIHI0O YaCTHHY pIYKM Ta MOOJHM3Y rupiia
piuKy.

baceliH piuok XapakTepu3ylOTh HEOIHOPIJHOK CKIIAJHOK TOCIOJapyuol0
CTPYKTYpoOI0. 3HauHa dYacTHHA OAcCeiHIB PIYOK OXOIUIIOE TEPHUTOPIIO0 KIIbKOX
perioHiB Ta JepxkaB, a TaKoX € 3apyYHUKOM EKOHOMIYHHMX IHTEpeciB
TOCIOJAPCHKOT TisUTEHOCTI IIUX 00’ €KTIB.

[Ipn apganTanii BOAHOTO TOCHOAApCTBA A0 PHHKOBHX YMOB EKOHOMIKH
HEOOXITHO TPOBEINCHHS WUIOTO PSSOy 3MiH B CHCTEMi YIpPaBIiHHA BOJHOTO
rocriofiapcTBa. CTBOPEHHS €(EKTHBHOTO MEXaHi3My IUIaTH 3a KOPHCTYBaHHS
BOIHUMH 00 ’€KTaMu, pealizamis O0aceifHOBOro IMiAXOAy YIPAaBIiHHS BOIHUM
(oHIOM perioHy [IO3BOJHMTH 3a0e3MednTH CBOOOTY EKOHOMIYHOTO BHOOpPY
PO3MIIIIEHHS Ta PO3BUTKY TOCIOJAPIOIOYHX 00’ €KTIB Ta MOMUTY Ha BOJHI PECYPCH.

s GaceiHIB TPaHCKOPJOHHUX pIi4OK JTyKe BakKJIMBa OpraHizamis Ta
MPOBEIEHHS MOCTIHHOTO MOHITOPWHTY, KM OyJe BH3HAYAIBHUM B YIIPaBIiHHI
BOJIHMMH PeCypcaMi CyMDKHHX JIepIKaB.

KommuiekcHa €K0I0Tr0o-eKOHOMIYHA OIiHKa €KOJIOTiYHOTO CTaHy ITOBHHHA
nependavyaTH €KOJOTIYHMI ayJuT, €KOJIOTIYHY EKCIEepPTH3y NPOEKTIB CTBOPEHHS,
PEKOHCTPYKIIIO yCiX NPOMHCIOBHX O0’€KTiB OaceiiHa, 1 S K HACJIOK OIliHKa
BIUIUBY Ha BOJHI 00 €KTH CYMDKHHX JIEPIKaB.
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COPBLIMHE OUUII[EHHS CTIYHUX BOJ]
BIJI IOHIB BAJXKKIX METAJIIB

Hueanuyk A. b., acnipanmka, Cym[V, m. Cymu

CriuHi BOJM, IIO MICTSATH WOHU METalliB, YTBOPIOIOTHCS B TaJbBaHIYHHX
nmexax 0OararboX MIANMPUEMCTB PI3HUX Taly3ed, a TakoX TpH XIMIYHIA Ta
eJIeKTPOXIMiuHIH 00poOIli MeTalTiB, a TaKOXX YOPHOI 1 KOJILOpOoBOi MeTamyprii. Ha
MiAIPUEMCTBAX PaTiOCTICKTPOHHOI TPOMHCIOBOCTI BHKOPHUCTOBYIOTHCS 3HAYHI
KUTBKOCTI CIOJYK Mili Ta NIWHKY. [IpW HaHECEHHI MiJHO-IIMHKOBOTO ITOKPUTTS
YTBOPIOIOTHCS CTIYHI BOJH, IO MICTIATh A0 20-25 mr/n tioHiB Mimi i 40—45 mr/n
HoHiB nuHKy. CTiyHI BOJM MAIIMHOOYIIBHUX 3aBOJIB MOXYTh MICTUTH XPOM 1
Miip B KoHneHTpauii mo 400-500 mr/ia, a Hiked0o — B KOHLEHTpamil B KUIbKa
JIECATKIB MIJIIrpaMiB Ha JITP.

Jlyist ouMIeHHS CTIYHUX BOJ BiJl HOHIB BA)KKUX METAJiB 3aCTOCOBYIOThH TaKi
METOIH, SIK: XIMIUHE OCaKeHHs, MeMOpaHHI MPOLECH, KOaryJsiis/(IoKyJIsis,
ajcopOuis, HOHHMH OOMIH, (oTalis, eJeKTPOXIMIYHI MPOLECH, EKCTPAKIIisL
PO3YMHHUKAMH, 3BOPOTHHH 0CMOC.

Bubip Meromy ouMINEHHS CTIYHMX BOJ OUIBIIICTH  IiIMPHEMCTB
3MIACHIOIOTh BHXOJSMYM 3 KOHIIGHTpAmii 1 CKIany 3a0pyaHEHb, MOXKIHUBOCTI
YTHITI3AIi] IIHHIX KOMITOHCHTIB 1 ITOBEPHEHHS BOJY B BUPOOHHUIITBO, HEOOXITHOTO
CTYNEHIO OYMINEHHS, IHIINX KOHKPETHHX YMOB. JIJIsl OUMINEHHS CTIYHHMX BOA BiJ
HOHIB Ba)KKMX METaJiB MOXXE 3aCTOCOBYBATHCH aJICOPOLIs, a/Ke 3aBIIKH IOMY
METOJAY JOCATAETHCS BUCOKUN CTYIiHb OYHMINEHHS Boau. Lle# BuA OYMINCHHS
HaJISKHUTh 10 HAWKpALIMX JOCTYIHUX TeXHOJIOTiH [1, c. 86].

Haiikpami nocrynni rexnonorii (HAT) — Tepmin, 1o npuiiinos B Ykpainy 3
€C. Ilupoke  posmoBcromkeHHs  «Halikpamgi — JOCTYymHI  TEXHOJOTII»
(BestAvailableTechniques — IPPCBATEU) otpumanu B €Bponeiickkomy Coro3si,
noyrHawyu 3 cepenunu 90-x, BianosigHo n0 Jupekrusu Pagun €sporu 96/61/€C
PO KOMIUTIEKCHUI KOHTPOIIb 1 3a1100iraHHs 3a0py THCHHSM.

OcHoBHOWO MeTor0 «HJIT» — € BIOCKOHAJNCHHS CHUCTEM YIPaBIIiHHS 1
KOHTPOJIIO BHPOOHMYMX TPOIECIB HAa IPOMHUCIOBUX IJNPHEMCTBAX IS
3a0e3neveHHsT KOMIUIEKCHOTO MiAXOAY /0 3axXHucTy moBKuULI. 3actocyBanHs HAT
JIO3BOJISIE TMIIBUIMUTH TEXHOJIOTIYHY €(QEKTHBHICTh 1 EKOJIOTidHy Oe3leKy Ha
npomucioBux o0'ektax. KepiBHI JOKyMEHTH 1O HaiKpamux JOCTYIHHX
TEXHOJIOTISIX MOCTIfHO MOAM(DIKYIOTHCS BiJNOBITHO MO MEPEIOBHX 1 HAWOLNBII
e(heKTHBHHUX Ha CHOTO/IHI BUPOOHUYHX IIPOIIECIB i yCTAaTKyBaHHS.

AncopOriist — 11e MepeHeceHHsT PeYOBHH 3 (a3u CTIYHHX BOJ HA MOBEPXHIO
TBEPANX BHUCOKOTIOPHCTHX YAaCTHHOK (amcopOeHT). ICHye MOHATTS «amcopOrriiiHa
E€MHICTB» — 116 MaKCUMaJlbHa KUTbKICTBh aJCOPOEHTY, sfika MOKe OyTH TOTJIMHYTa
agcopberroM. Komm eMHICTH NOBHICTIO BHYepIaHa, aJcOpOEHT NMOBHHEH OyTH
3aMiHeHMH CBDKMM  MarepiasioM. BiampampoBanuii  ajcopOSHT  NOBHHEH
pereHepyBatucs abo crnamroBatHcs. I[loTeHHilHI ajcOpOSHTH Ui OYMILECHHS
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CTIYHHUX BOJ HaBeaeHl B Ta0imi 1.

Tabnuus 1 — AncopOeHTH, IO 3a3BUYaii BUKOPUCTOBYIOTHCA [2, ¢. 246]

AncopOeHT ®dopma [Iuroma moma 006’em mop Hacunna
noBepxHi (M%/r) (cM¥/r) rycruna (1/1)
AxrtuoBane | I'panynm 500-1000 03-0.8
BYTiILIS T 300-550
[Mopormrox 600-1500 0,3-1,0
Bype Byrimns | ['panynm, 200-250 <01 [Mpubanzuo
MOPOILIOK ' 500
v-Oxenn | Tpaiyau, 300-350 0405 700-80
ATIOMIHIO HOPOLIOK
HonooOminni | ['panymm [opucricts
MO 400-1500 3565 % 350-700

B Tabmumi 2 HaBemeHI mepeBard i HEHONIKH aiCcOpOIfHOTO OYHIICHHS
CTIYHMX BOJI.

Tabmums 2 — [NepeBaru i Hemoiku amcopoii [2, c. 252]

IlepeBaru Henomixn

— Bucoka epeKTHBHICTD — CyMinri opraHigHUX CHOJIYK MOXKYTh
BUIAJICHHS MPU3BECTH JI0 3HUKCHHS aICOPOLIHHOT

— 3abe3neuye BUIAICHHS €MHOCTI
TOKCHYHHMX OpPTraHIuHUX — Bucokuii BMICT BUCOKOMOJICKYJISIPHUX
CIONyK (TpaHyIbOBaHE CIOJIYK 3HWKYE e(DEKTUBHICTD 1 MOXKE
AKTUBOBAHE BYT1JLIA, MIPU3BECTH JI0 HE3BOPOTHOTO OJIOKYBAaHHS
noportikonoaioue AB, AKTUBHUX JIJIAHOK
JITHITHAHA KOKC, CMOJIH) — Edekr npoMrBaHHS B YCTaHOBIII 3

— 3a3BHUYaif HU3bKi BUMOTH AKTUBOBAaHUM BYTULISAM, IO BUKJIHKAE
JIO MICIIS PO3TaIIyBaHHS cepio3Hi MpobIeMH 3 epo3iero

— Cucremu aBTOMaTu30Badi | — BinmpansoBanuit ancopOeHT MOBUHEH OyTH

— MosKJIiBe BiTHOBIICHHS pereHepoBaHuil (BUCOKE CIIOKUBAHHS
CIIONTYK (TePEBAXKHO 3 eHeprii) ado yTuirizoBanuii (110
[[EOJIITAMH) MPU3BOAMTS JIO CHIATIOBAHHS BIIXOIIB)

Orxe, copOliiiHe BWIyYeHHS METajiB 31 CTIYHUX BOJA OTPUMAIIO JOCHUTH
IIMPOKE MOUIUPEHHS BHACIIIOK BHCOKOi e()eKTHBHOCTI 1 BiICYTHOCTI BTOPHMHHUX
3a0pynHeHs. CopOSHTH MOTIMHAIOTH 3 BOJHUX PO3YUHIB METATU MPAKTHYHO [0
Oyb-SIKUX 3QIUITKOBUX KOHIIEHTPAITIH.

Cnmcoxk mitepatypu
1. ndopManmoHHO-TEXHUYECKHH CIIPAaBOYHHK MO HAWTYYIIUM JOCTYITHBIM
TexHonorusiM. Pexxum moctymy: https://eippch.jrc.ec.europa.eu/sites/default/files/
201911/CWW_Bref _2016_published.pdf.
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LIIYM SIK YUHHUK 3ABPYIHEHHS JJOBKIUUIS TA 3AXOU
L[OJI0 IOT'0 3MEHILEHH I

Henucenxo M. /[., 3asioyeau naguanvroi nabopamopii, Cym/{V, m. Cymu

Ilym — e OWH i3 YUHHUKIB 3a0pyAHCHHS JOBKULIS, SKHUA, IO CBOIH CyTi
Mae ¢i3uuHy (TOOTO XBHJIBOBY) NPHPOAY MOXOo/MkeHHS. [losBa #oro — 1me sk
NPaBUJIO, CKYITYCHHS HEIPUEMHHX 3BYKIB, sKi, TI0 CBOTH CyTi, MarOTh pi3Hi 4aCTOTH
a TaKoXXK IHTEHCHBHOCTI pi3HOI i TPHU3BOIATE 110 IUCKOM(pOPTY SK JIOIeH, Tak i
0TOUYI04y HPUPOIY (TBapI/IH NITaxiB, POCIUH Tomo) 3'IBIS€THCS BiH BiA
KOJIMBAaHHS 3MiH THCKY TOBITpS i Moke OyTH pi3HOTO MposBY (TOCTIHHUM,
HEeTOCTIHUH, TIep10ANYHUIA, TIepepUBYACTHH, IMITYJICHHUN).

lym — e mWKiUIMBAUH YMHHUK, KUK 3TyOHO BIUIMBAE Ha 3I0POB ‘S JIOACH.
3 HOro MOSIBOIO Y JIIOAWHH 3HWXKYETHCS aKTHBHICTB JIO Mpali MOTIPIIYyEThCS CIYX
(To0TO 3'ABNSETHCA TIYXOTa), BHHHUKAIOTH 3aXBOPIOBAHHS CEPLEBO-CYIAMHHOI
cucTeMH (Ma€eThCsl Ha yBa3i TiIEPTOHIS), HEPBOBOI CHCTEMH (TIOPYLICHHS ICUXIKH,
KOJIM JTIIOJJMHA CTa€ OiIbII PO3APAaTOBAHOI0), & TAKOXK €HAOKPUHHOI cucTeMHu. [liis
TOrO, 1100 JTI0IUHA J00pe cebe mouyBaia i mpale3 aTHICTh OyJa y Hei BUCOKOIO,
Tpeba mo6 myM 3HaxoauBcs B Mexax 45—70 ab.

3 mwyMoM HeoOXiZHO OOpPOTHCS HE TiIIbKM Ha BUPOOHHITBI, a 1 B MOOYTI.
AnmanTyBaTucs [0 IOYMOBOTO BIUIMBY JIIOAWHA 3a3BHYail HE MOXeE, TOX
MPOBEICHHS 3aXO0JiB LIOA0 PEryJIIOBaHHS i OOMEXEHHs IIYMOBOTO 3a0pyaHEHHS
OTOYYIOYOTO CepeloBuIa — HairosoBHima meta. Illym npuHOCHTH MmIKOZY HE
JMIIe JIOAAM. POCIWHM, TiJ BIUIMBOM WIyMYy, POCTYTh JIyX€ IMOBUIBHO. Y HHUX
3aHAJTO CWJIPHO BHJUISETHCS BOJOTra HAa JIMCTX, IO MOXE IPHBECTH IO IX
3arudesi, TaKoXX MOXYThb CIIOCTEPIraTHCsl pyHHYBaHHS KIIITHH.

Takox IIyM HETaTHBHO Ji€ i Ha TBapyH. BiJ HHOT0 THHYTH JTUYWHKH OJDKII,
a cami OKOJNM TEpecTaloTh OPIEHTYBAaTHCS B NPOCTOpi. Bin cuiabHOro mrymy
JIOIAETHCS IIKApIIyTIa s€lb B NTAIIMHUX THI3Jax, M0 MPU3BOIUTH JI0 iX 3aruoeri.
3HWKYIOTBCSL Halol Y KOpiB, OBellb, Ki3, KypH IlepecTaroTh 100pe HecThuch. Pubu
TEX IMOYYBalOTh cede JyXe IMOraHo, BiJ IIyMy, OCOOJMBO KOJM HACTa€ y HHUX
Hepecr.

[Ilym BUMIpIOETBCS OAMHUIICIO, Takoio sk Oen (B). ben — me BigHOIICHHS
III0YOTO 3HAYCHHS 3BYKOBOTO THCKY JO MIiHIMAambHOTO 3HAYeHHS 1 sIKe
CIIPUIMAETHCSL BYXOM JIIOAMHU. [t Toro, mo0 JroAnHa 4yia 3BYK, Tpeba 106
Jiarma3oH eHepril 3HaXOIUBCS B MeXKaX TPUHAALSATH a00 YOTHpHAIIATH OemiB. Sk
MOKa3ye MpPakTHKa, B BUMIpaX BHKOPHCTOBYIOTh TaKy OJHMHHUIO, K nenuden, 60
BOHA B JIECSATh pa3iB MEHIIA BiJ| Oea.

[Ilym HaBKOMWIIHBOTO MPHPOJHOTO CEPEIOBHINA CTAaHOBUTH 30—60
nenuben. B Ham wac o npupoaHoro GoHy J0AAI0ThCS, K IPaBUIIO, BUPOOHMYI 1
TPaAHCIIOPTHI IIIyMH, PiBeHb AKUX Hepiako Bumie 100 neruben. Jxepenamu mymis
Ha BYJIMIIX MICT, CeJIMII, 1 B MOOYTI € pi3HMI TpaHcmopT (aBTOMOOLI, aBTOOYCH,
JTaKW, TOTSITH TOWIO), OO'€KTH MPOMKCIOBOTO 3HAYEHHS, TeEJEBi30pH,
KOMITTOTEpPH,  MAarHiToOHH,  pajionpuiiMadi,  IHCTPYMEHTH  MY3HUYHOTO
TIOXOJKEHHSI, Pi3HiI BUIH 3BYKOBOI CUTHAI3aMii, HATOBIIH JIFO/IEH TOIIO.
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Jlo 3aco0iB sIKi MarOTh 3aXWCHY CHJIY BijJl IIyMOBOTO 3a0pyJHEHHS i SIKi
BUKOPHCTOBYIOTbCS Ha MIiJNPUEMCTBAX METAIYpPriiHOrO, MAalIMHOOYAIBHOTIO,
XiMi4HOTO, JIepeBOOOPOOHOTO Ta IHIIOTO 3HAYCHHS, BITHOCATH 3aCO0H
KOJIEKTUBHOT'O Ta 1HJMBIyaJIbHOTO 3aXHCTY.

Jlo KOIeKTHMBHHUX 3aco0iB MPOTHIII BiJ IIyMOBOTO 3a0pyAHEHHS MOKHA
BigHecTH:

— apXiTeKTypHO-TUIaHyBaJIbHI;

— aKyCTHYHi;

— OpraHi3amiifHo-TeXHiYHi.

30KkpeMa 70 aKyCTHYHHX 3aCO01B. BITHOCITHCS:

— 3BYKO130JIMis (OTOPOKeHHS, KaOiHH, IMyJIbTH, KOXKYXH, CKpaHH);

— 3BYKOIIOTVIMHAHHS (OOJIHMIIOBAaHHS, IITYYHI 3BYKOIIOTTIMHAYI);

— TymHAKY (a0copOriiiHi, peakTHBHI, KOMOIHOBaHI).

Jlo iHauBigyanpHUX 3acOO0IB 3aXHCTy B IIyMy, BIZHOCATH (HAaBYIIHHKH,
MPOTHUIIYMOBI BKJIAKH, IIIyMO3ariIyIlyBaJIbHi IIOJIOMH).

Jdns  GopoTbOM 3  aBTOTPAHCHOPTHMMH  LIyMaMH, SIKIi  HaWOUIbII
PO3TIOBCIOKCHI B BETUKUX 1 CEPEHIX MiCTax, e 3a3BUYail HaOLIbIe CKyTIeHH
pi3HOTO BUIY aBTOTPAHCIOPTY, HEOOXiJHE IIiJIbHE HACaJDKEHHS pOCIHMH Oiis
aBTOTpacH. BoHM MaroTh BIIACTHBOCTI IOTJIMHATH IIYM (30KpeMa, Taki JiepeBa Sk
JIMITK, TOMOJI, KJIEHH MOXYTh TOTJIMHATH BiJ JECATH TO ABAIUSATH IeUUOeINiB
pizHux 3ByKiB). IIliNMBHICTP 3eMeHNX HacapkeHb O aBTOTpPAacC, MPU3BOIUTH IO
3MEHILIEHHS ITyMOBOTO 3a0pyIHEHHS [IECh Y JIECSITh pas3iB.

Juist Toro mo06 3MeHIUTH IIyM B o0yTi Tpeba:

— HaJalTyBaTH 3BYK A3BOHMKA Ha BXIJIHUX JABEPAX, B MOOUIbHOMY Ta
CTamioHapHOMY TeleoHaX Tpebda TaKUM YHHOM, 00 BiH OYB HECHIIBHUH;

— 3MasyBaTH MalllMHHUM MAacTHJIOM INeTNi JBeped, A TOro, mod BOHH
THXO SIK BIJUMHSIINCH, TaK 1 3aU4MHSIINCH, OOKJIACTH TYMOIO JIBEpHY pamy, 1mob He
BUHHKAJIO CTYKOTY NP 3a4MHEHHI JABEpei;

— y BaHHy KiMHaTy Tpe0a CTaBUTH IUIACTUKOBI a0 JiepeB'siHi JIBepi, TaK SK
BOHH IIIJIbHO 3aYMHSIOTHCS 1 yTPUMYIOTH Iy M;

— TeNeBi30p a TakoX MarHiTooH, Tpeba BMHKATH THXIlIe, 1100 I'y4HICTh
3ByKa HE 3aBJlaBaja HEMPHEMHHUX BiTYYTTIB SK CAMHM, TaK i Cycilam, IIiJIBHO
3aYUHSTHU JABEPi 10 KIMHATI;

— CTaBUTH IIACTHKOBI BiKHa B KIMHAaTaX, BOHH 3MEHIIYIOTh MPOHUKAIOUY
CHJIy ILIYMY 330BHi;

— 3poOWUTH OONHIIOBaHHSA CTiH TIHOIUIACTOBUMH 1 TINICOKAPTOHHUMU
IUTUTAMH, a TaKO)X OOJMIIOBAHHS MiJUIOTH MPOKIAgKaMH i3 HaTypaidbHOI MPOOKH,
3aKpINUBIIY X Mif] JIHOJIEYMOM YH HapKETOM.

Otxe, Oopotsba 3 mpobremamu 3a0pyIOHEHHS  HAaBKOJMIITHBOTO
CepelloBUINA — 3aBIAaHHsS HE TIIbKM TEXHIUHe, a i cycniibHe. Baximse Micue y
BUpINIeHH] Mpo0IeMi B3a€MOJii JIOJCHKOTO CYCHJILCTBA 1 MPUPOAH, BiTAETHCS
Hepi 3a Bce 00poTH0i 3 IIyMOBHUM 3a0py/THEHHSIM OTOUYIOUOTO CEpPEJOBHIIA.
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HATIPAMKU TA TTEPCIIEKTHBU PO3BUTKY BE3BIAXOJHUX
TEXHOJIOI'TH V CIJIbCbKOMY I'OCIHOJAPCTBI

Llanoa O. C. cmyoeum; Bypna O. A., acucmenm, Cym/Y, m. Cymu

JocnimkeHHs Ha TeMy 0e3BiIX0JHOT0 BUPOOHHIITBA aKTYallbHO Y TOMY, IO
Ha JTaHWH 9ac B CXOBHUIIAX YKpaiHi KOJKeH piK, HAKOMMIYEThCs OUThI K 1,5 mMip.
TOHH BigxoniB. B kpaini y pozpaxyHky Ha 1 km? ii TepuTopii HakonmuueHo Gibiie 5
THC. TOHH TOKCUYHMX BigxoxiB. HU3bKUI TEXHOJIOTIYHUN piBeHL TIPOMHCIIOBOCTI
VYkpainu, OararopiyHa €HEpreTHKO-CUPOBHMHHA CHeLiaii3allis BHUCYHYIHM ii 10
Yycna KpaiH 3 HaHOLIbII BHCOKMMH aOCONIIOTHAMH OOCATaMM HaKOMMYCHHS 1
YTBOPEHHS BiJXO[IB.

Ha pmanmit gwac akmeHT 3poOJieHO HA JOCITIMKEHHS Ba)KKHX METAliB,
METAUIONJIOB HE B MICBKHX, a B CUIbCBKOTOCHOIAPCHKUX TPYHTaX, 3 SKHX
HaJIXOIUTh 3a0pyAHEHA MPOAYKIs, IO OTPYIOE€ TBApHH 1 MoauHH. OCHOBHHMH
JokepenaMu  3a0pyIHEHHS IPYHTIB HEOE3MEYHUMHM BaKKUMHU €JIEMEHTaMHU €:
acpaJbHOTO BHINAJAHHA 3 CTALllOHAPHHUX JDKEpen 1 3aco0iB  IepecyBaHHS;
TiIPOreHHOrO 3a0pyJHEHHS BiJ HAJXOJKEHHS INPOMHCIOBHX CTIYHHX BOJA Y
BOJIOWMU; OCa¥l CTIYHHUX BOJ; OpPTaHiuHi i MiHepallbHI JOOpHUBa Ta 3ac00U 3aXUCTY
POCIIUH; BiABaJIM 30JIM, IUIAKY, Py, HIJIaMiB.

ExoHOMIUHMIT pO3BUTK Ha Cyd4acHOM eTami 00’€KTHBHO MOTPeOye MOUIYKY
HOBHUX ()OpM TOCHOJAPIOBAHHS, CIOPSIMOBAaHHX HAa MIIBHINCHHS CS(QEKTHBHOCTI
BUKOPUCTAaHHS YyciX BuAmiB pecypciB. Cepen HuX, HaiOUIbII e(EeKTUBHOIO €
PO3BUTOK OE3BIAXOAHOTO BHPOOHUIITBA. Benuke 3HaueHHs, Ma€ CKOPOUYEHHs
BIZXOIB, Ta iX BUKOPHCTaHHS SIK BTOPHHHUX pecypciB. Ha maHuii yac maibke He
3aJIMIIMIOCS TaKMX BIIIXO/IB, SIKi HE MOTJIM O OyTH 3HEIIKO/PKEHI a00 NepeTBOPEHi
B KOPHCHI IS CyCITUIBCTBA TIPOYKTH.

HaiiBaxnuBimyM  HampsiMOM — 30C€pPeKEHHS MPUPOJHUX  PECypciB €
BUKOPHCTAaHHS BTOPHMHHUX pecypciB. Ilpm BHpoOHMITBI mamepy, mnepepoOka
MaKyJIaTypu eKOHOMHUTh moHal 25 % ocHoBHOi cupoBuHH. I[loTpeOye KomTiB
BUKOPHCTAHHS BIJXOIIB Y BUPOOHMITBO, aje BUTPATH B KilbKa pas3iB MeHIle
BUTPAT, IKi HBII0OYBAIOTHCS MPpU BUAOOYTKY NPUPOAHUX pecypcis [1].

[Mpucesyeni mpaui mpobieMaM TEXHOJOTiH Oe3BIAXOAHOTO BHUPOOHUIITBA
BITYM3HAHMX Ta 3apyOiKHUX BYCHHUX, TakuxX sk XomskoB B. L., T'emeryxa I'. T,
Kenesna T. A., Menpuuuyk [I., Kapa TeriyiaB y sSIKMX BOHH JOCIIJDKYHOTH SIK
TEOPETHYHI ACTEKTH TaK 1 MPaKTHYHI HaNpsIMKH 3aCTOCYyBaHHS O€3BiIXOIHOTO
BUPOOHHUITBA. YpsAAOM YKpaiHM NPUHHATO PSJ 3aXONiB A BHUPIMICHHA ITi€l
IpOOTIEMH.

Jo mpobieMn BiAXOMiB MOXHA 3BECTH MPAKTHYHO BCl AHTPONOTICHHI
HaBaHTAXXEHHsI Ha IPUPOAY. AOGCOIIOTHO 0€3Bi X0/ 1HE BUPOOHHUIITBO HEMOXKIIMBE —
BOHHM 3aBXIU OyAyTh. SIKICTh 1 KUIBKICTh BiIXOJiB MOBHHHA OyTH TaKoOIO, MO iX
3MOe repepoOuTn, 0e3 KoM JKUBa NMpupona. Buxin 3 takoi curyarii mossirae
B y BIPOBA[KEHHI EKOJOTIYHMX TEXHOJOTIH y  ClIbCBKOTOCIIONAPChKi
BUpOOHUITBA [4].

KomnocTyBaHHS € HaWMONIMPEHINIAM METOJOM HepepoOKH BiIXOIiB
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CIJTBCHKOTO TOCTIOAAPCTBA, a caMe NTaxiBHUITBA, TAKOXK TepepoOKka BiTXOdiB Ha
KOpM, BHKOPHCTaHHS OIOGHEPreTMYHHX METO/AIB Ta HOBHX TEXHOJIOTIH
yramizarii, Ta iH. [2; 3].

[TepepoOka Ha KOPMOBI TOMIIIKK AJIsl BEJIMKOI poraroi Xyao0u, Iie 0JHUM 3
BUJIIB TIepepoOKH opraHidyHMX BigxoniB. bing 40% moXWBHUX PEYOBHH KOPMY HE
MEepPEeTPABIIOEThCS NTaxaMH, BUHHKIA i€ BUKOPHCTOBYBAaTHM HOTO Ui TOMIBIIL
TBapuH Ta mTraxiB. [lOXXWBHI pPEYOBHHM MAlOTh TEepepoOJieHI  BiAXOIU
NTaxiBHUITBA. BOHU 3/1aTHI 3aMiHUTH CHUHTETUYHI KOPMOBI JOMIIIKU, SKHMH
rOAYIOTH TBAapWH. B po3BHHYTHX KpaiHax IHTGHCHBHO BHKOPHCTOBYIOThH
OloeHepreTHYHI METOIM YTHII3alii BixxoaiB. bioeHepreTHyHi METOAM BHPILIYIOThH
ompasy Jdekimpka 3amad: 300py Ta mepepoOkm BimxomiB mnTaxodabpuk 3
YJIOBIIOBaHHSIM Ta HEWTpalizalli€lo MKiAIMBUX OiorasiB, OTPUMaHHS €KOJIOTTYHO
YHCTUX JOOpUB, a TakoXK MeTaHy Ay MiHi-TELI.

ITin yac ouiHKM eKOHOMIuHY e(eKTHBHICTH mHepepoOku Oiomacu, Ciin
BPaxOBYBATH i Te, MO 0i0Ta30Bi yCTAHOBKH € TAaKOX OOJNaTHAHHAM IJIS epepoOKH
THOIO Ta {HIIUX OPTraHiYHUX Bigxo/iB. TOMy €KOHOMIYHI BUTpATH Ha TX CTBOPEHHS
H  eKkcIulyaTaiilfo MOTPIOHO pPO3IIAAaTH KOMIUIeKCHO. [lpm  migpaxyHKy
cobiBaprocti 0Oiorady HeoOXiJHO BpaxOByBaTH BapTICTh 3axOJiB i3 yTwimizamil
BIIXONIB 1 3aXHCTy HAaBKOJHIOTHHOTO CEpPENOBHINA. Y IIpPaxyHKy co0iBapTOCTi
Giora3zy HeoOXiTHO BpaXOBYBAaTH BapTIiCTh 3aXO/iB i3 yTHIII3allii BIIXOMIB 1 3aXHCTY
HaBKOJIMIITHBOT'O CEPEIOBHINA. 3aBXKIH MAaTHME MMO3UTHBHHN SKOHOMIUHHH e(eKT
no0y/10Ba i eKkcIuTyaTallis 010ra30BUX yCTaHOBOK.

Hespaxkaroun Ha 3Ha4HI KaliTalbHI BKJIAJCHHS, 32 PO3paxXyHKaMH, TEPMiH
OKYIHOCTI IIPOMHCIIOBOi 010ra3oBOi yCTaHOBKM CTaHOBHUTH OJNM3BKO TPHOX POKIB.
®DaxpIBIl HAIlIOHATBHOTO arpapHOr0 YHIBEPCHUTETY OLIHIOIOTH OOCATH CY4acHOTO
BUPOOHMITBA 0iorasy 3 arponpOMHUCIIOBOI CHPOBHHHU B YKpaiHi Ha piBHI 1,6 MiH.
TOHH YMOBHOTO TianuBa [5].

TakuMm dYHHOM, JOCBi BHUKOPUCTAHHS OE3BIMXOJHWUX TEXHOJOTIH 1
BIJIHOBJIFOBAJILHUX JDKEPEN EHEPrii € B Cy4YaCHUX YMOBAaxX TOCIOJIAPIOBAHHS OHUM
i3 JpKepen OTPUMaHHS JOJATKOBOrO NPUOYTKY Ta Ii€BHM 3aCOOOM 3MEHILCHHS
HIKIJUIUBOTO €KOJIOTIYHOr0 HaBaHTA)KEHHSI HA HABKOJIMIIHE CEPEJIOBUILE B yMOBAX
POOOTH CLITBCHKOTOCTIONAPCHKUX ITiJIPUEMCTB.

Cnmcoxk mitepatypu
1. XomskoB B.I., bakym I.B., ExoHomika cy4acHoi Ykpainu. — Yepkacu:
YATY, 2006. - 335 c.

2. buomacca KaK B0300HOBIISIEMBIi HUCTOYHUK SHEpruu
[www.itellect.org.ua.]
3. Ky3omincekuit €. bBioenmepretmka — BuHOIp  MaiOyTHBOTO.

[www.zn.kiev.ua]. Ne27, 2005p.

4. TOB HBO «Texnomorii MaiOyTHROTO» Pa3paboTka 0e30TX0mHOM
TEXHOJIOTUM W TEXHUYECKUX CPEICTB YTWIM3AUH OTXOJOB ITHICBOJCTBA C
MOJTy9e€HHEM TI0JIE3HBIX POAYKTOB. — CTaBponons, 2003 r.

5.Barkin I1. C. [ocBig 0e3BiIXOOHOTO BHPOOHHIITBA HAa MEPEPOOHHX
MiIPUEMCTBAX CUTBCBKOTO TocmomapcTa. IlIpari Yepkachbkoro aepKaBHOTO
TeXHOJIOTiYHOTO YHiBepcutetTy. Yepkacu : YATY, 2008.
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EKOJIOI'TYHI JOCIIJIPKEHHA MIHEPAJIBHUX JIOBPVB

Konoumaes M. C., cmyoenm; bypaa O. A., acucmenm, Cym{V, m. Cymu

Ha cporoaHimHii 1eHb, CiIbChbKe TOCHOAAPCTBO HE MOXKE 0€3 3aCTOCYBaHHS
MiHepanbHUX J00puB. BOHM M03BONATH 30IMBIIUTH BPOXKAWHICTH, ITiIBUIIUTH
POJIOUICTB IPYHTIB, MiABHLIYIOTH SKICTh CLTLCHKOTOCIIOAAPCHKOT MPOAYKIIii.

Ilin dwac 3actocyBaHHS MiHEpPaNBPHUX JOOPHB TPHUPICT BPOXKAIO
30ubIIyeThest Ha 50 %.

Y AKOCTI OTHOTO W3 TNUIAXiB PO3BUTKY CUTBCBKHUX TOCIIOAPCTB
MPOTIOHYETHCS TTOBHA BIIMOBA BiJ] BUKOPHCTaHHS MiHEpaJbHUX N0OpUB. Ale e
3aKIHYUTHCS KaTaCcTPO(ITHIM CKOPOUYCHHSM BHPOOHHUIITBA Ta MIPOJIOBOJIBCTB.

3acTOCyBaHHSIM MiHEpAIbHUX A0OpHB OOYMOBIICHa MOXIIUBICTH MOBHOTO
ab0 YaCTKOBOTO CKOPOYEHHS YHCTOTO Mapa, MiHiMizamii oOpoOiTKy TpyHTY i
npsiMoro mociBy. JloOpuBa TpencTaBisiOTH COOOK HaWBaKIUBIILIUKA 3aci0d
perymoBaHHs O0i0JIOTIYHOTO KpyrooOiry, Imo 3amo0irac BHCHAXKGHHS TPYHTIB,
Jierpajialiiro arponanamadTiB i PO3MUPEHHS TEOJIOTIYHOTO KPyroooiry.

Iig gac BUKOpUCTAaHHS HOOPUB, HEBUKOHAHHS OOTPYHTOBAaHHX (haXiBISIMU
nopaj 1 3axoliB, HETaTUBHMH BIUIMBY MiHEpaJbHUX JOOpDUB Ha OKpemi
KOMIIOHEHTH Oiocdepr, HETOCKOHANICTh 3ac0o0iB IX BHKOPHCTaHHA MOXE
HETaTUBHO BIUIMHYTH Ha CTaH HaBKOJMIIHBOTO MPUPOJHOIO CEPEeAOBHIIA Ta Ha
moauny [1].

3a0pyHEHHs Cepe/IOBHINA i Yac BUKOPHCTaHHS MiHEpalbHHUX a00pUB,
BiZIOyBA€THCS Yepe3 HEIOCKOHATICTh BJIACTHMBOCTEH XIMIYHOrO CKJIany JOOpHB,
30epiraHHs Ta 3aCTOCYBaHHS MiHEPaJbHHX JOOPHB Ta TOPYIICHHS TEXHOJOTIT
BUPOOHMITBA. B CLIBCHKOrOCIIONApCHKi MPOAYKINT, HarpOMaJKEHHsS HIiTpaTiB
3aJIEKHTh:

- BiJl 103 a30THUX JOOPUB;

- TEPMiHiB BHECCHHS;

- JIOBYKWHH CBITJIOBOTO JIHI 1 4acy IOCIBY HaCiHHS;

— BiJ{ OCBITJIEHHS.

dochopHi 100puBa i X 0e31yMHE BHKOPHUCTAHHS MAIOTh BEJHKE CKOJIOTIUHI
Hachiaku. Jlo 30inpIeHHsT HakomM4IeHHS Gochopy y BOIHUX 00'€KTaX MPHUBOAATH
tdbochopui  mobOpuBa. Bukimukae eyrpodikaiiro (3apocTaHHS) BOJOWM IpH
HarpoMa/pKeHHI y BOJHOMY CEpPEJOBHILI B 3HAUHUX KUTBKOCTSIX.

Kauniiini 1o0puBa 3a0pyIHIOIOTh HABKOJIMIIHE CEPEJOBUIIE B MEHILIH Mipi.
HeratuBHO BIIMBAIOTH B OCHOBHOMY CYIYTHI KaJIif0 aHIOHH: XJIOPHJ, CyJb(ar Ta
iHmm. Jlo MIKiJUIMBHX JIOMIIIOK, IO MICTATHCSA B KaTiMHHX J0OpHBax, MOXHA
TaKOX BIJHECTH XJIOp, IO Yy BEJIHMKHX JI03aX HEraTHMBHO BIUIMBAE Ha BpOXal
KapToIUTi, BAHOTPAy, TIOTIOHY, IUTPYCOBUX 1 MPSAUIBHUX KyJIbTYyp [2].

BannyBaHHS (arpoTexHiYHI METOJM), ICTOTHO OOMEXYIOTh HAJXOKEHHS
BaXKMX METaliB B POCIMHH y BHUMIAAKy 3a0pynHeHHs T1pyHTy. Iling dac
CHCTEMaTHYHOMY 1 IHTEHCHBHOMY HaJXODKEHHI BAXXKMX METANIB 3 ONaJaMy 49U
oM (ToOIH3y TOPIr i MPOMUCIIOBHX 30H) TUJILKH 3a JOIIOMOTOI0 BAaITHYBaHHS HE
BIAETHCS ICTOTHO 3HU3UTH IX BMICT Y Ha/I3eMHHUX OpraHax pOCIIUH.
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IIpomoHyeThcss mix dYac BHUKOPUCTAHHS MiHEpPAIBHUX JOOPHB IS
MOJIIIIEHHS] CTaHy HaBKOJHMIITHBOTO CEPeIOBHUILA:

a) M dYac BHECEHHA JOOpWB, NUIIXOM 3MEHIICHHS HEPiBHOMIpHOCTI
po3citoBaHHs 100pUB;

0) g 3amobiraHHA HAaKONWYCHHA B IPYHTI a30Ty, HEOOXimHO
3aCTOCOBYBaTH J100pMBa a30THI B aMOHIWHIA 1 MinHiH ¢opmax, Ta HaOIMXKyBaTH
CTPOKH iX BHECEHHS 10 (ha3 HAMOUIBIIIOTO CIIOKUBAHHS a30Ty POCIHHAMHU;

T') JJ1s1 3SMEHBILIEHHS 3a0py/IHEHHS MICLIEBUX PIUYOK MOBEPXHEBUMH CTOKAMH
3 TOJIiB TOCIIOIapPCTBY MPOMOHYETHCS CKOPOTHTH CTPOKU 30epiraHHs MoOpHWB Ha
HOJISIX, JJIs1 TAMYAcOBOTo 30epiranHs OyayBaTu MalilaHYuKH MiHEpAIBHHUX T0OPHB
B TIOJILOBHX YMOBax, 3a0OpPOHHTH BHECEHHS MOOpPUB IO CHITOBOMY MOKPHBY,
CaJDKaTH JIICOCMYTH, sIKi OylyTh 3aTpUMYBaTH MIOBEPXHEBHH CTIK 3 IOJIIB;

) 3a0e3MeYnTH HaJe)KHI yMOBH Ui 3MEHIICHHS BTpPAaTH MiHEpalbHUX
no0puB 30epiranHs iX B BIAMOBIIHUX MPUMILIEHHSIX Ta HE 30epiraTv MiHepaibHi
JI00prBa Ha BIIKPUTOMY IIPOCTOPI;

e) HE BHUKOPHUCTOBYBATH 1106p1/113a Kl MICTSATh BaXKKi MeTajiM Ta IiHIII
TOKCHYHI €JIeMEeHTH (TUIBKM EKOJIOTiYHO Oe3rnedHi BI/ICOKOKOHL{GHTpOBaHl) Sxi
NOBUHHI BIJMOBIAaTH BUMOIaM ONTHMi3alii pOCIMH 13 BpaxyBaHHIM ix
610JIOTIYHMM BJIACTUBOCTSIM, TOOTO, SKi BKIIOYAIOTh MakKpo- 1 MIKPOEJIEMEHTH,
CTUMYJIATOPH POCTY POCIIHH, iHTi0ITOpH HiTpHUiKaLii Ta 1HII PEYOBUHY;

€) YIOCKOHAJIUTH TEXHOJOTII0 BHKOPHCTaHHA XIMIiYHHX 3aCO0iB 3aXHUCTy
POCIIMH ~ BiJ  HIKiJHHKIB. HpOl‘[OHyCTbCﬂ JUIs  BHUpIIIEHHsA JaHol 3ajaui
TOCIIO/IapCTBY, opraH13yBaTH 1HTerpOBaHy CHCTEMY 3aXHCTY POC/IHH, IO BKIIOYAE
010XiMiYHi, arPOTEXHIYHI, 1 XIMIYHI METOIM 60pOTL6I/I 3 MIKIJHAKAMU;

’K) HEOOXIZTHO YIOCKOHAJIOBATH ICHYIOUi TEXHOJIOTii XiMidHOTO 3aco0y
3aXHMCTy POCIHMH Bij 6yp’51HiB l'ocrioapcTBy TPOIIOHYETHCS, S BHUPIILICHHS
JaHoi 3ajadi, opraH13yBaTH 1HTerpOBaHy CHCTEMY 3aXHCTy POCJIHH, IO BKJIIOYAE
arpoTexHiuHi, 610XiMiuHi 1 XiMIUHI MeTOIH 60pOTB6I/I 3 Oyp’stHamu. [Ipn npomy
HEOOXIJTHO JIOTPUMYBATHCS HOPM, SIKi BCTaHOBJICHI HAyKOBUMH YCTaHOBAMH
XIMIYHHX 3aC00iB.

OTmxe, miJ 4ac BHUKOPHCTaHHS MiHEpaJbHUX JOOPUB, IJISl TOJIMIICHHS
CTaHy HaBKOJMIIHBOTO CEpENOBUINA, IOTPIOHO HOTPUMYBATHCS TEXHOJIOTIH
BHECEHHsl JOOpMB MiJl O3MMY IIICHHUIIO, & TaKOX JOTPUMYBATHUCS HAayKOBO
OOTpYHTOBaHHX TIOpaJ CHIBBITHOIICHHS BHECEHHS MiHEpaJbHUX TOOpHUB Tij
CUIBCHKOTOCIIOAPCHKI  KYJIBTYPH, Y/JOCKOHAIIOBATH TEXHOJIOTII0 BHECEHHS
MiHEepaIbHUX JOOPUB.

Cnmcoxk Jitepatypu:
1. Xowmsxkos B.I., bakym [.B., Exonomika cydacHoi Ykpainu. — Yepkacu:
YATY, 2012.-335c.
2. TOB HBO ,Texuomnorii MaitoyTHporo” Pa3paboTka 0€30TX0IHOI
TEXHOJIOTHM M TEXHHUYECKHX CpPEACTB YTHIM3alMK OTXOJOB INTHIIEBOJCTBA C
MOJy9YEeHNEM TOJIE3HBIX MPOAYyKToB. — CtaBpomnois, 2013 1.
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®OPMYBAHHS EKOJIOT'TYHOI CBIJOMOCTI CTYJIEHTIB IIIJT YAC
HABYAJIBHO-BUXOBHOTI'O ITPOLECY 3 ®I3MYHOI'O BUXOBAHHA

bypna A. O., cmapwuii éuxknadau,; Ipuiimenxo C. A., acucmenms;
bypna O. A., acucmenm, CymAY, m. Cymu

[Ilono OXOpoHM HPUPOIH, CHOT'OAHI BRXKHHUM HOPMATHBHUM IOKa3HHKOM
YCHIITHOCTI PUPOTOKOPUCTYBAHHS € 310pOB’ s MoAuHU. CTaH 3I0pOB’S JIIOIUHM i
CTaH HAaBKOJIMIIHBOTO CEPEAOBHMIIA — SBHIIA, SKI TICHO B3a€MOIIOB’SI3aHi.
O310pOBIIECHHIO JIOJICHKOTO OPTaHi3My CIIPHSIE YHCTE MIPUPOIHE CEPEIOBHUIIE.

Exomnoriuni 3HaHHS HE TUTBKHU MOSCHIOIOTH HEBIZIOMI CTOPOHHU JIHCHOCTI, a i
MOKJTMKaHI BHKOHYBAaTH HOPMAaTHBHI (YHKIi MO CTaBICHHS IO PI3HHUX TpaHIX
JIFOJICHKOT TiSUTBHOCTI 1 CIIpUATH (POPMYBAHHIO €KOJIOTTYHOT KYJIBTYPH.

Exomorii HamaeTsCcsl BeNMKe 3HAUCHHS IPU BUPIIICHHI 3aBIaHb 5K B chepi
(bi3UUHOT KYJIBTYpH TaK 1 ONIMIIMCHKOrO Ta MacoBoro cropty. Lle oOymoBneHo
TUM, Mo (i3HYHA KyJIbTypa 1 CHOPT MOTpeOyroTh 3710pOBOi HABKOJHIIHBEOMY
MPUPOJHOMY  CEPEOBHIIY, a ¢>13KynLTypHocnopTlBHa JUSTBHICTE HE IOBHMHHA
3aBIaBaTH IIKOJY KUBIiH npnpom 1 37I0POB'{O JIIO/IMHH, IOBUHHA MATH, AK i Oyib-
SIKUH 1HIIAH BUIT JIFOJICHKOT AisSUTBHOCTI, IPHPOTIOOXOPOHHY CIPSIMOBaHiCTh [1].

Ha meBHMX TepuTOpifX, HETAaTUBHHH CKOJIOTIYHMH CTaH CIIPHSE
BUHHUKHEHHIO 3aXBOPIOBaHb, CIPUSE MiJBUIIECHIO CMEPTHOCTI, CKOPOUYE CEPEeIHBE
TPHUBANICTh KUTTA TOomO. HacimimkoM B3aeMofAil NPUPOAHUX 1 COMiaTbHHUX
YUHHUKIB € 3J0pOB’Sl JIOJNHH.

@axiBIi BBaXalOTh, IO HAmpsSM BIOCKOHAJICHHS OCBITHIX IIpOrpam
ChOTOJIHI € eKOJIOTiYHAa OCBiTa, sKa CIpsMOBaHA Ha (OPMYyBaHHsS 3arajbHOI
€KOJIOTIYHOI KyJIBTYpH SIK O€3IepepBHOTO IIpoliecy HaBYAHHS, BHUXOBaHHA 1
PO3BHUTKY.

®opMyBaHHS EKOJOTIYHOI CBIIOMOCTI € OCHOBHOKO METOIO EKOJIOTi9HOT
OCBITH Ta BHXOBaHHI B cucreMi (isnuHoro BuxoBaHHs. Sk dopmu perymsuil
B3a€MOJIII OCOOMCTOCTI CTYACHTa 3 HABKOJHWIIHIM CEpeJOBHUINEM, a OCOOIHMBO 3
TAMH HOTO CTOpOHaMHM, J€ IPOTIKae€ HaBYaJbHUIl, TPEHYBAIBHHU 1
BIZTHOBIIIOBAJIbHUH MPOLIECH, PO3KPHUTTS aKTYaJIbHUX MUTaHb €KOJOTIYHOI OCBITH 1
BUXOBaHHS CTYJICHTIB IMiJi 4ac HaBYAILHO-BHUXOBHOIO mporecy 3 (i3U4HOro
BUXOBaHHSA [2].

LlinecipsMoBaHa cHCTEMa EKOJIOTiYHOI OCBITH — HEOoOXiJHWH 3acih
(hopMyBaHHS €KOJIOTIYHOT KYJIBTYPH y CTYJEHTIB IiJl Yac MPOBEJCHHS CIIOPTHBHO-
MacoBuX 3axofiB. lle HeoOximHO 11 (opMyBaHHS BIPHOTO BiJHOIICHHS JI0
MPUPOAN, BU3HAYCHHS JOITYCTUMOI MipH i TepeTBOPEHHS.

[otpebye AOTPUMAHH: HEBHHX npodiTaKTUYHUX 3aXO0JIiB BIHOBJICHHS Ta
30epeskeHHs 310POB’s CTYCHTIB, sIKi TPHBAIIHiA qac MpOKHBAIH ab0 MpOKHMBAIOTH
y 30Hax Malux 103 pajlioakKTHBHOTO BI/IHpOMlHIOBaHHSI NIOB’SI3aHMX 3 aBapi€ro Ha
YopHoOmibcbkiii AEC. HeoOximHO TakoX BUCBITIMTH NpoOjieMy TI00aIbHOT
3MiHM KJIiMaTy 1 Horo BIUIMBY Ha 3UMOBI BHJIM CIOPTYy (Hacammepen
TiIpCBKOJIMKHUAN CHOPT 1 TIPCHKOJIDKHUX IIEHTPIB) 1 NMEPCIEKTHUBH MOJANIBIINX
PO3BIJIOK TipchKOMKHUX LeHTpiB B Kapnartax (bykosens, [lparobpar Ta iH.), a Tak
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caMo B IHITUX peTioHax.

Ha nmanuit wac € TeHaeHIs A0 30UIBIICHHS CTYACHTIB, SIKi B3araji He
TypOye ms curyamis. He 3acTOCOBYIOTH HISKHX NPOQUIAKTHYHHX 3axofiB. B
JNIarHOCTUYHUX [LEHTpax JIMIIe HEe3HAauHa 4YacTHHA CTYJCHTIB IPOXOJIAThH
oOcTexkeHH. 3aiiMaloThCS AOAATKOBO PEKOMEHIOBAaHUMH (DI3MIHUMH BIpPaBaMHU
JUISL BITHOBJICHHSI 3JI0POB’sl, BAKOPUCTOBYIOTh MEIMYHI NperapaTy paaio3axucHoi
i1, BIIBIAYIOTH CayHY, HAMAaraloThCsI CIIOKUBATH YHCTi MPOIYKTH.

Cepex  OCHOBHHMX  TNPHYMH  BHHHKHEHHS  Cy4YaCHHUX  IOpYIICHb
(hyHKIIOHATTFHOI AisUTFHOCTI OpTaHi3My 1 XBOPOO Yy CTYICHTIB MOKHA BHIIIIATH:

1) 3al0pynHeHHs  pPajioOaKTUBHHUMH  PEYOBMHAMH  HAaBKOJIMIIHHOTO
CEpENIOBHUINA, HITpaTaMH, NECTHIUAAMH, BOKKUMH METaJaMH Ta PSIOM IHIINX
IIKIUTUBUX PEYOBUH;

2) HeocBiueHICTh, HEOOI3HAHICTD Ta BiJCYTHICTh €IEMEHTAPHUX HABHUKIB 1
YMiHb Yy CTYICHTIB IIOBOJKEHHS B YMOBax 3a0pyJHEHOTO HaBKOJIMIIHBOTO
CEepeIOBHINa;

3) mopyuieHHs palioHy, peXUMY, IPaBHJI XapuyBaHHS;

4) mWKiIWBI 3BUYKH, HHU3BKUH pIBEHP MaTepiadbHOTO 3a0e3reueHHs,
He3aJJ0BUIbHI CaHITapHO-TIrIEHIYHI YMOBH ITPOKHUBAaHHS;

5) mosBa TimoAWHAMIil Y 3HAYHOI YACTHHH MOJO[i, TOPYIICHHS HOPM
3/I0pPOBOTO CIIOCO0Y JKUTTS;

6) comianbHi Herapa3ay i HEPBOBO-EMOIIIIHI CTPECH B CYCILIbCTBI;

7) Ha TenebauyeHHI 1 y Tpeci 3HIDKCHHS MPOMAaraHAMCTCHKOI MisTBHOCTI
OO0 3AJy4YCHHS [O AaKTUBHHMX 3aHATh (I3SMYHMMH BIOpaBaMH 1 CIOPTOM.
BusnauenHs HEOOXiMHOCTI JJIs JKUTTEMISUILHOCTI JIFOIAHH;

8) 3HWKEHHA SKOCTI IPOBEJCHHS HABYAILHO-BUXOBHOTO  IIPOIECY
oprasizaiiii, JIaHyBaHHs 3 (I3MYHOTO BUXOBAaHHS B OCBITHIX 3aKjaiax;

9) HEeBMiHHS Ta BIJICYTHICTh 3HaHb IO IO AJaNTyBaHHSI 1O YWHHHKIB
HaBKOJIMIITHHOTO CEPEIOBHUINA.

Cnpusic GopMyBaHHIO Ta PO3BUTKY €KOJIOTIYHOI KyJIbTYpH CTYIIEHTIB,
IiIlecCIpIMOBAaHNH PO3BUTOK CHCTEMH C€KOJIOTIYHOi OCBITH,  BHXOBAaHHIO Yy
HaBYAJIbHOMY Ipolieci 3 (hi3UYHOr0 BUXOBAHHS, ITijl 4ac MPOBEJCHHS CIIOPTHBHO-
MacOBHX 1 (i3KyJIBTYpHO-03I0OPOBUUX 3aXO/IB.

Exosoriuni 3HaHHSI, LIHHICHI OpIEHTALIT € OCHOBOIO EKOJIOTIYHOI KYJIbTYpH
Ta EKOJOTIYHOTO MHCIICHHS CTY[IEHTiB, SKi JIOTOMAaraioTh BHPIIICHHIO
KOMIUIEKCHHX  €KOJIOTIYHHMX Ipo0iieM, 10 CTOSATh IMepel  CTyJeHTaMHu,
3a0e3meuyroTh KOMQOPTHICTh IX MPOKWBaHHSI, OC3MEYHICTh 3aHATH (PIZUIHUMHU
BIpaBaMU Ta CIIOPTOM Y HPHUPOJHOMY CEPEIOBHII, CIPUSIOTh 30€pEeKEHHI0 Ta
3MII[HEHHIO 3/I0POB’Sl IIUIIXOM BipHOTO BUKOPUCTAHHS IPUPOJHUX YHHHHKIB.

Cnmcoxk mitepatypu:
1. I'puban T'. I1. IIpobnemu exosorii y ¢izugaHoMy BuxoBaHHI. JKutomup
«Pytax» 2015. 182 c.
2. Yammrin B. BmmB ¢axkTopiB 30BHIOIHBOTO CEpeAOBHINA Ha
(opmyBaHHS 3710poB’s moanHA. Di3MYHA KyJIbTypa, CHOPT Ta 30pOB’s HaIil: 30.
Hayk. npaip. Bum. 5. 1OB «Binauusy. Binauus, 2016. C. 509-513.
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CEKIIA «XIMIYHA TEXHOJIOI'IA
TA IHZKEHEPIS»



AHAJII3 CTAJIIM TPAHYJIOYTBOPEHHS Y BUPOBHUIITBI
I[MOPUCTOI AMIAYHOI CEJIITPU

IHomanos /[.P., cmyo. ep. XM.m-911, CymAV, m. Cymu

Awmiauna cenitpa (AC) Tta ii pizHOBUIM (IO MIIBHOCTI), Taki sSIK IMOpHUCTa
amiauna cemnitpa (ITAC), KOPHCTY€eThCSI BENUKUM IIOTIUTOM Ha CBITOBOMY PHHKY.
Hanpuknan, y 22 mrarax CIIA po3ramosaHo 58 3aBOfiB 3 aMiaqHOI CENITpPH, SKi
BUPOOIAIOTh ONMU3BK0O 9 MuIH. T amiagHoi cemitpu. [IpubmmsHo 60 BizcoTkiB AC
Bupobnenoi B CIIIA npomaeTbes y BUTIISAL TBepAOTO IpoaykTy. [Ipubnmsao Big 15
mo 20 BimcoTkiB Bin i€l KUTBKOCTI BUKOpUCTOBYeThCsl y Burimigi [TAC mns
BUPOOHMITBA BUOYXIBKH, a 3QJIUIIOK BUKOPHCTOBYETHCS SIK T0OpUBA Y CIIIbCEKOMY
rocriogapctsi. [TIAC € cTpykTypHUM pizHOBUAOM amiauHoi cexitpu (NH4NO3) ta
BUPOOJISIETHCS Y Tpolieci HelTpanizaiii azotHoi kuciaota (HNO3). V npomucioBux
yMOBax amia4Hi CeNliTPOBI 3aBOIU BUPOOJISIOTH PO3YMH aMiayHOI CEJTpH y BOJI B
pe3yJIbTaTi XiMIUHOT peakiiii amiaky Ta a30THOI KHCa0TH. Llel mporec HelTpamizariii
KUCJIOTH ITPOBOAATH y anaparti (HeiTpanizatopi) HACTYITHUM YHHOM:

NH3+HNO3 — NH4NO3 1)

AC mponaerscs y OEKIIbKOX (opmax, me 3alexuTh BiA HampsMy Iii
BUKOpPHUCTaHHS. JI0OpHBO BUTOTOBIIAIOTH Y BUTIISAL PIAKOT aMiaqHOI CeNTpH Ta IS
ninBumeHns ii edpextuBHOCTI 10 AC nonaroTh ceqoBrHy. AC TaKOK KOHLEHTPYIOTh
Ta YTBOPIOIOTH PO3IUIAB, IKUH BUKOPUCTOBYIOTH [UIS1 YTBOPEHHS TBEPANX PEUOBHH.
Teepaa AC BHPOOIAETBCA Y BUTIIALI TpaHyd a00 KPUCTANIB sKi MAlOTh SIK BHCOKY
TaK 1 HU3bKY HIUTBHICTh. 1le 3aiexuTh BiM KOHICHTpAIlii po3iuiaBy. Sk q00puBa
BUKOPHUCTOBYIOThCs Tpanyiiu AC Ta ii KpucTanu BUCOKOT LIITBHOCTI, & OCh 3€pHA Ta
rpaHyJM HHU3bKOI IIIILHOCTI BHKOPHUCTOBYIOTH BHMKJIIOUHO JUISi BUTOTOBJICHHS
BUOYXOBHUX PEYOBHUH.

st oTpuMaHHSL TBEPAOTO MPOAYKTY, Y BHIUISII TpaHys abo KpHCTaiB,
PO34YHMH aMiayHOi CeNIITPM KOHIEHTPYIOTh Y TEIUIOOOMIHHHKY-BUIIAPHHUKY TaK
3BaHOMY «KOHIIEHTpaTropi». OTpHUMaHWA NIINEHUN po34MH (PO3IUIAaB) MiCTHUTH
npubm3Ho Big 95 mo 99,8% AC npu Temneparypi 6mmzpko 149°C. Tlotim 3 11poT0O
MIITBHOTO PO3YMHY BUTOTOBIIOIOTH TBepi npoaykTi AC y Burisini rpanyst. Och 1
ocraHHs cTajis BUpoOHunTBa AC 3BETHCS IPaHyIISAIIE.

Y mpOMHUCIIOBOCTI JJIs TPpaHyJIAIil BUKOPUCTOBYIOTH TPAHYIIAIIHHI OamTH J1e
kparuni AC majaroTh MPOTHTOKOM 0 TOBITPSHOTO TOTOKY, IO ITiIHIMA€ETHCH,
OXOJIOJDKYIOTBCA Ta 3acTUraoTh y BHNIAAl chep. LimpHiCTE TpaHysnm MOXKHA
3MIiHIOBAaTH, BHKOPHCTOBYIOUH Pi3HI KOHIICHTpAILil pO3IUIaBy HITpaTy aMOHiIO.

Ha xadenpi «XimiuHoi imxeHepid» CyMCBKOTO IepKaBHOTO YHIBEPCHTETY
PpO3p0o0IJIeHO HOBI CIIOCOOM TPaHYJIIOBAaHHS Ta arapaTH JJIs iX 3MiHCHEHHS 3 METOI0
CTBOPEHHSI HOBHX MPOTPECHBHUX TEXHOJOTiH IpaHymoBaHHA Ta oTpuMaHHA 1TAC
0e30a1ITOBUM METOOM.

Poboma suxonana nio kepisnuymeom npo@. Cxnabincoxozo B.1.
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TTIPOMUCJIOBI METO/IM OUUILEHHST BUPOBHUUNX TA3IB
BIJI CIPKOBO/IHIO

Taspuuenxo B. O., cmyo. ep. XM.m-01/1, Cym[Y, m. Cymu

lazomoniOHI BUKHMAM IyXKE€ HECHPUSTIMBO BIUIMBAIOTH Ha EKOJIOTIUHY
00CTaHOBKY B MICI[IX PO3TAaIlyBaHHS ITMX IPOMHUCIIOBUX MiIIMPHUEMCTB, a TaKOX
MOTIPIIYIOTh  CaHITApHO-TITi€HIYHI yMoBH Tmpami. Jlo arpecMBHHX BHUKHIB
CTaBIATHCS OKHCIH a30Ty, CipKOBOJCHD, CIpUHUCTHHA, BYTJICKUCIHMIT 1 OaraTo iHImX
rasis.

CipkoBOZeHP B OUTBIIOCTI BHIAIKIB € OTPYTOIO I KaTalli3aTopiB
MPOMUCIIOBUX MPOLECIB Ta JKUBHX OpraHi3MmiB. PeTeibHe OYMINEHHS Ta3iB Bif
CIDKOBOJHIO HEOOXiTHO B  XiMiuHIM, HadrTora3oBii Ta MeTalypriiHii
npomMucioBocti. Cy4acHi METO/IM OUMILEHHS MPOMUCIIOBHX T'a3iB BiJl CIpPKOBOJHIO
HOIUISIOTECS BIATIOBIJHO J0 arperatHoro CTaHy IOTJIMHAa4a Ha Cyxi i MOKpi
crocoou.

Mokpi criocoOu oumIieHHs ra3iB Bia cipkoBonHio (H2S) nmoginsrorecs Ha
OKWCHI, KpyToBi i koMOiHOBaHi. [Ipy OKHCHUX Tpolecax 3aCTOCOBYIOTh ITOTIIIHAYI,
II0 OKHCITIOIOTH CIPKOBOJICHB JI0 €JIEMEHTapHOI CipkH. Y KOMOIHOBaHMX Ipomecax
OYMIICHHS AK MOTJIMHAYA 3aCTOCOBYETHCS 3a3BHYall pO3UUH aMiaKy, SKUH yTBOPIOE
pa3oM 3 CipKOBOZHEM, IPH HOTO KaTaTITHIHOMY OKHCIICHHI, CyIb(aT aMOHil0. Y
KPYTOBHX IIPOIECaX 3aCTOCOBYIOTh CJIA0K1 JIyTH, 3 IKUMHU CIpPKOBOAEHb ITOB'SI3Y€ThCS
B Cymb(ian, a TOTIM BiATaHIETHCS BiJ MOTIMHAIEHOTO PO3YMHY B HE3MIHHOMY
BUIJIAl. B mporeci MOKPOro OYHINEHHS Ta3 MPOMHBAETHCSA  BiAMOBITHUM
MOTJIMHAYOM, abcopOyrounM  cipkoBoJeHb. Hajani morjamHau —migaaeTbest
pereHepaiiii 3 BUIUICHHSM eJIEMEHTapHOI Cipku abo CipkoBOIHIO. BigMiHHOIO
0COOJIMBICTIO KPYTOBHX CII0CO0iB oumiieHHs ra3y Big H2S € BuieHHs CIpKOBOIHIO
3 TIOTIMHAaYa B KOHIIEHTPOBAHOMY BHIJISII 3 METOIO HOTO IMOAAIBIIOT TepepoOKy B
cipky a0o cipuaHy KHCIIOTY.

JlyxHi (kapboHatHiI criocoom). Llelt MeTo] 3HAHIIOB 3aCTOCYBaHHS B PsIi
KpaiH yepe3 MOpiBHAHY AEIEBU3HY Npoliecy i HU3bKOI BAPTOCTI 0JIEp>KyBaHOI CIpKH.
[Ipu perenepartii cipkOBOJICHb BUIUISETHCS Y BUIIIAAI KOHLIEHTPOBAaHOTO Tazy. Llek
KOHIICHTPOBAHUH a3 MOXKHA BUKOPHCTOBYBATH JJIsl OTPUMAHHSI CipuaHOi KUCIIOTH
IIJISIXOM  CIIAJIIOBaHHS CIPKOBOJIHIO. MOXIIMBO TaKOXX BHKOPUCTaHHSA HOTO JUIs
OTPUMAHHS €JIEMEHTApHOT CIPKH HIJISIXOM KaTaliTHYHOTO OKHCIICHHS.

3a cTymeHeM OYMIIEHHS Ta3y i MPOCTOTI HalKpamuM € eTaHoJ MiHOBHUl
crocib, Tpu SIKOMY JOCSKHA OYHINEHHS Ta3y /0 CHiliB CipkoBOxHIO. B ymoBax
aTMoc(epHOr0 THCKY MUII'SIKOBO-COMOBUH cmoci0 (2 crymiHdacTuii) 3abe3mneuye
CTYMiHb O4YHINeHHs ra3zy Bix H2S 92-98%. [Ipu comoBomMy i moTamHoMy criocobax
CTymiHb ountieHHs aocsrae 90%. [1iq THCKOM CTyIiHb OYMINEHHS B OCTaHHIX IBOX
Croco0ax MiJIBUILYETHCS.

ITiocomosneno nio kepisnuymeom npogh. Cxrabincovrozo B.1.
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[TPOLIEC PEKTU®IKAILIIT Y [TIPOMUCJIOBOMY
BUPOBHUILITBI TOJIYOJIY

Jlebeowv K. B., cmyo. ep. XM.m-01/1, CymV, m. Cymu

Tomyoun 3ycTpivaeTsest B IPUPOAL B HU3BKUX KUTBKOCTSIX B CHpiil HadTi 1 €
MOOIYHUM TPOAYKTOM BHPOOHHWITBAa OEH3MHY HAa YCTaHOBKAX KaTaJTiTHIHOTO
pudopmiary abo eTwiIeHy KpekKiHry. BiH Takok € MOOIYHHM TPOTYKTOM
BUPOOHHUITBA KOKCY 3 BYriUDIL. OCTaTOYHWI TOIINM i OYMINECHHS 3IiHCHIOIOTHCA
OyIop-KMM 3 TIpOLIECIiB TEperoHKH ab0 CONBBEHTHOI EKCTpaKIii, Imo
BUKOPUCTOBYIOTBCS [UII apOMaTHYHHX CHONYK (i30Mepw O€H307y, TOIyoiy i
KCHJIONYy). Bemnrka uacTnHa BUPOOIICHOTO TOJIYOITy - HAQTOXIMIYHOTO TTOXOKEHHSI.
Tak, nHanpuknazn, B CILA 76.3% crnioxuBaHOTO TONyO0JTy 3a0e31eyyBalid YCTAHOBKU
KaTajgiTnaHoro pudopminry OensuHoBuX ¢pakuiii, 14.4% - ycTaHOBKH HipoJizy
HaQTONPOAYKTIB. BUpoOHUIITBO Tomyoury 3 kam'sHoro Byriwist B CIIIA cTaHOBUTH
mume 1.2%.

[Totpeda B Toayomi 3a octanHi 50 pokiB pi3ko Bmaja. 3MiHa BHMOT B
PO3BHHEHHUX KpaiHaX IO 3MIiCTy apOMAaTHYHUX BYTJICBOIHIB 1 0cOOMMBO OCH30Iy B
TOBapHUX OEH3WHAX NPUMYIIyE iX BHPOOHHKIB IMyKATH CIIOCOOM BHJIYYEHHS i
OTpPHMaHHS YUCTUX apeHiB 3 MPOAYKTIB OCH3MHOBOTO PH(POPMIHTY.

Tak Bxe y 1999 p mmme 38% BupoOmeHoro B CBITI TOIyOIy
BUKOPHCTOBYBAIM JUIS TMIiABHINEHHA OKTAaHOBOTO 4YHWCIIa OCH3MHIB, INIPOTE B
HAMOMIKYl POKH OUIKYETHCS IIe OUIBII 3HAYHE CKOPOUYCHHS MOTPEOH B TOIYOI B
uiii  obxnacti. CHpOBHHOI0O JuiIsi BUPOOHMITBA apOMaTHYHHUX BYIJIEBOJHIB 3a
JIOTIOMOT'0I0 TIPOLIECY KaTAITUYHOrO PUGOPMIHTY CiIyKaTh OeH3MHOBI (pakuii
OpsAMOi TeperoHkn HaTH 3 PI3HUMH IHTEpBAIaMH KHUITIHHS: Ui OTPUMaHHS
Oensony - ¢paxuia 62-85°C; mo6 oxep:xatu Tomyon - ¢pakuia 85-105°C; mus
OTPUMaHHs KCUJIONIB - ppakuis 105-140°C.

Tak, omHUM i3 crloco0iB OTpUMaHHs OEH30JIy Ta TOIYOJy € pekTHdikaris
cymimri 6er3on-ronyoir. berzon (C6H6) - apoMaTHyHMiA BYyTIIeBOACHB - BXOJHUTH JI0
cKiany OCH3WHY, LIMPOKO 3aCTOCOBYETHCS B IPOMHCIOBOCTI, € BHXIJHOIO
CHPOBMHOIO JUIl BHPOOHHWITBA JIIKiB, PI3HUX IUIACTMAac, CHHTETUYHOI TyMH,
GapBHUKIB. Y ¢i3uuHil Basi miactmac 6mu3bpko 30%, B Kaydykax i pe3uHax - 66%,
B CHHTETHYHHMX BOJIOKHaX - 10 80% mnpumazae Ha apoMaTH4HI BYTJICBOMHI,
POZOHAYATIBHUKOM SIKUX € OeH30JI. BeH301 BXOANTD 10 CKiIaay cupoi HadTH, ane B
MPOMHUCIOBHX MacITabax 3/1e0iIbpII0T0 CHHTE3Y€ETHCS 3 1HIIUX ii KOMITIOHEHTIB.

PexTudikamniiini kKoJOHU 320€3MeYyIOTh OTPUMAaHHS OEH30JIy 1 TOJIyOmy
quCcTOTOI0 99,9%. YTpuMaHHs TONIyOJly B CyMilli KCHIIOJNIB He mepeBumiye 1,5%.
3acTOoCOBYIOTH PEKTH(IKAIII0 TaKoX Ui OTPUMAHHS OKpeMHX (pakiii i
IHAMBIAyaJ bHUX BYTJIEBOAHIB 3 Ha(TOBOI CHPOBHHH B HadTOIEpepoOHiH Ta
HaTOXIMIYHIH, a TAKOXK B XIMIKO - ()apMalleBTUYHII IPOMHUCIOBOCTI.

ITiocomosneno nio kepignuymeom npogp. Cxnabincovkozo B.1.
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EKCIIEPUMEHTAJIBHE JOCJIIJDKEHHA 3MIHU HIMPUHUA
CTIKAIOYOI IUIIBKU PIIMHU

Kocmiwouenko €. B., acnipaum; Cym{¥, m. Cymu; Jlykawos B. K., npog.
kap. XTBMC, Lllocmxuncokuii incmumym Cym/Y, m. Lllocmka

Ha mincraBi ekcnepMMEHTANBHOTO IOCHIKEHHS OYyJ0 BCTaHOBIICHO, IO
MIMPHHA CTIKAI0YO01 3 HArPiTOi MOBEPXHI IUTIBKH PiHNA 3MEHIIYETHCS TT0 11 TOBXKUHI.
CrymiHp IFOTO 3MCHIICHHS 3AJIC)KHO Bil YMOB CTikaHHS Moxke mocsrata 50% i
OimpIre Bim TMOYAaTKOBOI MMpHWHU. Taka 3MiHA IIMPUHHU IDIBKHA Ma€ Ba)XITUBE
3HAYCHHS B MPAKTHIII BUKOPUCTAHHS IUTIBKOBUX TEUill y 3B'I3KY 3 THM, IO BIUINBAE
Ha IX IJIOIy TeruIo- i MacooOMiHy. Y maHiil poOOTi sBUILE 3MiHU IIUPUHH PiAKOT
IUTIBKU PO3IJISIAA€ThCS B 3aCTOCYBaHHI JI0 IUTIBKOBOTO NPOLIECY KOHLCHTPYBAaHHS
PO3YMHIB MaJOJISTKHX PIIUH B YMOBaxX BHIIAPOBYBaHHS B IEPEXPECHUI MOTIK
HEWUTPAJILHOTO Ta3zy. AHai3 JIITepaTypHHUX JaHMX MOKa3ye, M0 3MiHM LIMPHHU
IUIIBKK MOXKHa TOSCHUTH KanimsipHumu edextamu [1]. TlosBa nux edexris
TMOB's13aHa 13 TPAJIEHTOM IOBEPXHEBOTO HATATY, 110 BUHUKAE HA BUIbHIN MOBEPXHI
IUTIBKM TIpH 3MiHI i Temmeparypu abo ckiamy po3uuHy. HasBHICTH TpamieHTa
MOBEPXHEBOTO HATSTY IPU3BOAMTH 110 AedopMariii iiBku [2].

JocmimKkeHHsT TpOBOAMIM Ha EKCIEPHMEHTANbHIN  yCTaHOBI, IO
3a0e3medye CTiKaHHSA IUTIBKM 3 HArPiTOi MOBEPXHI, HA BiJICTaHi Bij MOBEepXHi Oyna
BCTAHOBJICHA OTOpPOJ/DKYBaJbHAa CTIiHKA. Y TPOCTIp MDK HarpiTol0 MOBEPXHEI0 M
OTOPO/KYBAJIBHOIO CTIHKOIO, TEPHEHAWKYJSIPHO IO pPyXy IUTBKH, IIO/aBajld
HOBITPsl. YCTaHOBKA Ma€ CHUCTEMY peryJiloBaHHS W 3MIHM BUTpAaTH, a TaKOXK
TEeMIlepaTypy I0JIaBaHOI Ha HArpiTy MOBEPXHIO PiAMHH, TEMIIEPaTypH MOBEPXHI
(Temmepatypi 00irpiBarouoro TEIIOHOCIS), NIBUAKOCTI i TeMIeparypH mnositps. B
SKOCTI PIJIMHM, IO YTBOPIOE IUIIBKY, BUKOPHCTOBYBAJIH BOJY il BOJHHMH PO3YHH
riiuepuny. [lupuHy miBKkY oliHIOBanu B 1i ikcoBaHMX mepepi3ax 3a JOHOMOTO0
MITAaHTCHUUPKYJIS 3 HiHow noiny 0,05 mMMm. Pe3ynbraT OLIHKH NPENCTABISIA Y
BUTJISITI 32JIC)KHOCTEH BITHOCHOT ITMPUHH TUTIBKH BiJl BiICTaHI CTIKaHHS MPH Pi3HUX
napaMeTpax Ipoiecy. Sk mpukiang Ha puUCYHKY | HaBeleHa Taka 3aJ€XKHICTh IPH
PI3HUX BUTpaTax piAWHU.

OTpuMaHi JaHi MOKa3aJd, M0 3MEHIIICHHS ITUPUHH TUTiIBKH BiIOyBa€eThCS y
BCIX JOCNTI[DKCHHWX BHWIIAJKaX, B OCHOBHOMY Ha Biacrani 200-300 mm Bim ii
MOYaTKOBOTO Tepepidy. 3 3MEHIICHHSM BHTPATH PiAWHU CTYMiHb 3MEHIICHHS
IIMPUHM IUTIBKM 3pOCTae. 3HAYHUM BIUIMB Ha 3MiHy IIMPHHM IUTIBKH HAJae
TeMIIepaTypa HarpiBy moBepxHi. 3 ii 30iIbIICHHSIM IIUPHUHA TUTIBKH 3MEHIITY€ThCS,
OPUYOMY Ul PO3YHMHY IJIIEpUHY 3 OLIBIIOI IHTEHCHBHICTIO, HDK U1 BOJIH.
CrymiHp 3MEHIICHHS HIMPHHM IUTIBKH 3pOCTae 31 30UIBIICHHSAM TeMIepaTypH
piAVHA {1 3MEHIIEHHSIM KOHIEHTpaIlii po34rHy. BIUIMB MIBUIKOCTI ¥ MOYaTKOBO1
TEeMIIEpaTypH MOBITPs 3HAXOIUTHCS B MEXKaX PO3KULY EKCIEPUMEHTAIEHUX TOYOK.
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PucyHox 1 — BIJIMB O4aTKOBOT BUTPATH PIAMHM HA 3MiHY IIMPHHU IUTiBKH 32 11

nosxuHoi0: 1 — Lo =0,00171 kr/c; 2 — 0,00444 xr/c; 3 —0,00653 xr/c

B minomy, HaiOLIBIINI BIUIMB HA 3MiHY IIUPUHH IDTIBKA MO i1 JOBXKHHI
HAJAIOTh BUTpaTa piIuHM (TYCTHHA 3pOIICHHS HArpiToi MOBEpXHi) 1 TeMIepaTypa
HarpiBy NoBepxHi. MOXHa MPHUITYCTHTH, IO 1€ MOB'S3aHO BiATIOBIJHO 3 TOBIIMHOIO
IUNIBKH U cTymeHeM ii HarpiBaHHA 3a JIOBXHHOIO, XapaKTEPUCTHKaMH, SIKi
BU3HAYAIOTh IPAJi€HT IOBEPXHEBOTO HATSTY HA BUNBHIM MOBEPXHI TUIIBKH.

3MiHa HIMPUHM CTIKalO4oi IUIBKH PIIUHU 1O ii JOBXWHI MPU3BOJIUTH JIO
BIAXWJCHHS peajbHOI BEJIMYMHM IIOBEPXHI BHIIAPOBYBAaHHS ILUTIBKH  BiJ
PO3paxoBaHoOl 3a MOYATKOBOIO IIMPHHOK i BUKIHUKAE HEOOXIMHICTH BiAMOBITHOIO
KOPEKTYBaHHSI IUIONII L€l TTOBEPXHI NMPU PO3paxyHKy IPOLECY KOHIIEHTPYBaHHS.
Jlns poro Gyna BBe/ieHa cepeiHs MOBEPXHs BUNAPOBYBAHHS TLTiBKH. [1 BU3HAUEHHS
HOJATaNo B IMOOYAOBI €KCHEPHUMEHTAIBHO BCTAHOBIEHHX TPaHHUIb IUIBKH, IX
anpOKCUMAIIi] Ta PO3paxyHKY IUIOII MK HUMH 32 JIOIIOMOT'OI0 aKeTy TPHUKJIaIHIX
nporpam «Kommac 3Dy». Ilpu 3amaHiii BHCOTI CTiKaHHS IDIBKH IO MOBEPXHIO
3aMiHIOBAJIM ITOBEPXHEIO 3 MPSAMOIIHIHHUMH TPAaHUISIMH H IUIOIIETO, IO JOPIBHIOE
IUTONIi  BHUMIPEHOI  TOBEepXHi.  XapakTepUCTUKOI  CEpPeNHBOi  MOBEPXHi
BUIIAPOBYBaHHs € i IIMPHHA, Ky BUKOPHCTOBYBAJIM B po3paxyHkax. Ha mixcrasi
EKCIIEPUMEHTAILHUX IAHUX BCTAHOBJICHO 3aJI€KHOCTI NIMPUHH CEPEHBOT TIOBEPXHI
BUIIAPOBYBAHHS Ta OTPUMAHO EMITiPUYHI PIBHSHHS [UIsl 11 pO3paxyHKY.
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OIITUMIBALIA ITPOLIECY PEKTU®IKALIIL
KOBITAUKOBOI KOJIOHU

Jaspux B. C., cmyo. ep. XM.m-01/1, CymAV, m. Cymu

PexTuikarist - npouec NOAUTy TOMOTEHHHX CyMillIeil JIETIOUMX piAnH
IUIIXOM TBOCTOPOHHBOTO MAaco- i TEIDIOOOMiHY MiXK HEBPiBHOBa)KEHHMH PiIKOIl 1
MapoBOi (a3aMu, IO MAIOTH Pi3HY TEMIIEPATypPy 1 pyXatoThCs BiTHOCHO OHA OHOI.
[Monin 3miliCHIOETHCS 3a3BHYail B KOJIOHHHX amapaTax Hpu OaratopazoBoMy abo
Oe3mepepBHOMY KOHTakTi (a3. I[Ipu KOXXKHOMY KOHTAKTi 3 PiIUHH BHIIAPOBYETHCS
neprmroueproBo HK, sxkum 30aradyroTbes mapu, a 3 mapoBoi (pasu KOHACHCYETHCS
nepesaxxno BK, mo nepexoaurts B pinmuHy. OOMIH KOMIOHEHTaMH MK (a3aMu
JIO3BOJISIE OTPUMATH, B KIHIIEBOMY DPaxyHKy, HapH, L0 HPEICTaBJIAIOTH COOOI0
maibke ynctuit HK. 1li mapu, 1o BUXOIITh 3 BEPXHBOT YACTUHH KOJIOHH, MICHS 1X
KOHJICHCallii B OKpeMOMY arapaTi JarioTh IUCTHIAT, abo pektudikar (BepxHii
MPOAYKT) 1 (pJIerMy - pifiMHA, 10 TOBEPTAETHCS I 3POIICHHS KOJIOHH 1 B3aEMOIIT
3 Imapami, IO MiJHIMAIOThCS O KOJIOHI. 3HU3Y KOJOHH BUAAIAETHCS PiJUHA, 10 €
Maike YHCTHH BUCOKOKUIUITYHN MPOAYKT TaK 3BaHUI KyOOBHIA 3aIMIIOK (HIDKHIM
NpoayKT). YacTWHa 3aiuIIKy BHUIAPOBYIOTh B HIDKHIM YacTWHI KOJOHH JUIs
OTPHMaHHS BUXIJHOTO NOTOKY Iapa.

Kputepismu onrtumizamii poOOTH pekTH(DIKamiiHOI KOJIOHH IIEPBHUHHOT
MIEPErOHKH € TIOKa3HUKH HATIHHOCTI i €(peKTUBHOCTI pOOOTH KOJIOHH, iIHTCHCHBHICTh
TEIJI0-MacOOOMIHHMX MpOLECiB. BaXXIIMBHM TNTOKAa3HMKOM € BHUTpaTH €HEprii Ha
3a0e3MeUeHHs] TEIJIOBOr0 PEXHUMYy po00TH KOJOHH. IIOKa3HHUK IHTEHCHBHOCTI
TEIJI0-MacOOOMIHHMX TIPOLECIB B CBOIO Yepry 3alieKUTh BiJ TiAPOAMHAMIKA
MOTOKY, 00YMOBJICHOIO KOHCTPYKIII€IO TAPIJIKK 1 KOBMAYKIB. Y 3B'3KY 3 I[M B JaHiit
poOOTI OLINIBLHO PO3IISTHYTH CTBOPEHHSI MaKCUMallbHO e(eKTUBHOT KOHCTPYKIIi
KOBIIA4Ka 1 TapijKK B IJIOMY 3 TOYKU 30pYy 3a0e3MedYeHHs rapHol riipoJAnHaMiku
MOTOKIB Ta iHTeHCH(IKAIT MPOIIECIiB, MO BiA0YBAIOTHCSA Ha Tapiikax. Y 3B'SI3Ky 3
BUIIECKAa3aHUM METOI0 HaHOI poOOTH € omTuMmizaimis poOoTH peKTHU]iKaIiifHOT
KOJIOHH TIEPBHHHOI IMEPEeroHKH HAPTH 3a KpPUTEpisAMH iHTeHCU]IKaIil Terio-
MacoOOMIHHHX IIPOIIECiB i CKOPOUYCHHS BUTPAT SHEPTii Ha 3a0e3MeueHHs TEIIOBOTO
PEeXUMY pOOOTH KOJIOHH.

Poboma euxonana nio xepisnuymeom ooy. HAxuenxa C. M.
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OIITUMIBALIISA TTPOLIECY KOHJIEHCALIIT ITAPIB ETAHOJTY
B CKJIAJII BPATOPEKTU®IKALIMHOI YCTAHOBKU

Kpowenxo A. C., cmyo. ep. XM.m-01/1, CymAY, m. Cymu

KonneHcaniss - TepMiuHMI mpolec 3MiHM arperaTHOro CTaHy rasy 4Yu
HACHYCHOI TapH B CKOHACHCOBAaHWI (PIIKMA UM TBEpOMI) METOAOM 3MiHH
Temmeparypu (OXOJNOMKCHHS) YM CTUCHEHHSA. KOHZEHcaliss € HEBix eMHOIO
YaCTHHOI0 B CKJIQJi TEXHONOTiYHOI cxemu pekTtudikamii.. TobTto koHmeHcaris
HaOyJla BUKOPHCTaHHS B Ha()TOBIM, XIMIYHIN, CIIUPTOBIH IPOMHUCIIOBOCTI (a came B
ckiaai Oparo-pektudikariii st OTPUMaHHS €THJIOBOTO CITHPTY), HY a TaKOX IS
BU/IIICHHS Ta PO3/IIICHHS OY/Ib SAKUX 1HIINX PEYOBHH.

BupoOHHITBO cCIUPTYy € OAHIEIO 3 TMPOBITHUX Taiy3ed XiMigHOI
IpoMHUCIIOBOCTi. ETmiIoBHil cnupT OTpUMYIOTH ABOMa CIioco0aMu: TifpaTamiero Ta
(depmenTanieto  (Opominus). Haiibinpme momupeHHs OTpUMaB cmocid 3
BUKOPUCTAHHAM OpomiHHsA ToOTO Oparopektudikamii. Ilicmsa Oparo pextudikarmii
piIuHA TOCTYIA€E A0 HACTYIHOTO €Tally, a caMe — KOHJIeH allii.

MeTol0 NpOeKTyBaHHS KOHAEHCATOpa € po3poOKa amapary 3 HaiOuLIbIn
MOXJIMBUM KoediuieHToM Tertonepenadi. 11lo6 Ham 1poro nocsArtd moTpioHO
pO3poOuTH amapar, o Mae JOCHTh BEJIMKY TOBEPXHIO TEIJIOOOMIHY a TaKOX TaM
HOTPIOHO TOCSATTH YMOB 31 SIKMX He OyJe BiOyBaTuCsl BiAKJIAJEHHS OCa/iB Ta
HakuIliB. 3a0e3neueHHs MaKCUMaIbHO MOXKJIMBOI IIBUAKOCTI LUPKYJIALIT pO3UYUHY
B arapari Ja€ MOXIIUBICTD MiIBUIIUTH IHTCHCUBHICTD TETIOOOMIHY.

BupiBHIOBaHHS TEpMIYHUX OIOPIB B TPOTHIIC)KHUX CTOPOHAX ITOBEPXHI
TEIUIO0OMIiHY € TOJIOBHOIO IPpoOIeMOoIo B iHTeHCHDiKamii poOOTH KOHIEHCATOPI YU
KOXKyXOTPYOHHX TEIUIOOOMIHHHKIB B IiJIOMYy. BHUpiBHIOBaHHS IHX OMOPIB MOXHA
JIOCATATH 32 JOITOMOTOI0 OpeOpeHHS i 3 00Ky TEIIOHOCIS 3 MEHIINM Koe(ilieHTOM
Terionepeaayi K METOAy IiJBHUIICHHS ITOBEPXHI TEIUIOOOMIHY, a TaKOX MOXHA
METOIOM MiA00PY TiAPOIHHAMIKK TEIUTOHOCIS .J[Jis IHTEHCMBHOCTI TEIUIOOOMIHY B
arnapari MO)KHa BUKOPHCTOBYBATH MiJBUIIEHHS CTYINEHIO TypOyJIEHTHOCTI MOTOKY,
II0 JOCSTAEThCs 3a IOMOMOTOI0 IITYYHO CTBOPIOBAHUX IMyJIbCALlil TIOTOKY Ha BXOJI
B amnapar

TakoX JOCHTh KOPHCHUM € Te, 0 OpeOpeHHs TpyO He TiJIbKH MiJBHIILYE
MOBEPXHIO TEIUIOOOMIHY, @ TaKOX ITiIBHIIYE TypOyIIi3alito MOTOKy pedpamu, aie i
CJIiT BpaxoBYBaTH, 10 e(EeKTHBHICTH peOpa 3aJIe)KUTh Bl BAKOHAHHS IUX pedep.
Tobro sxmo pedpa BUrOTOBJIEHI 3a OJHE IIe 3 TPyOOI TO ePEKTHUBHICTH Pi3KO
BTPAYaETHCS.

Bukopucranns opedpeHux TpyO B cydacHilt XiMi4HIN iH)XKeHepil € OJTHUM 3
HAWKpaIyuX METOJIIB ONTHMI3aIlii TEIII0O0OOMIHHIX araparis.

Poboma suxonana nio xepisnuymeom ooy. HAxuenxa C. M.
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KOXYXOTPYBUACTUI TEIUIOOBMIHHUK I3 TAPOBUM ITPOCTOPOM
JUTSI BUTTAPOBYBAHHSI ETUJIOBOI'O CITUPTY Y CKJIA/I
PEKTU®IKALINHOI YCTAHOBKU

Mixees FO. FO., cmyo. ep. XM.m-01/1, CymAY, m. Cymu

IBuaKmMii picT HAYKOBO-TEXHIYHOTO IPOTPECY B CIIUPTOBIH MPOMHUCIOBOCTI
BUMAara€ CTBOPEHHA O€3BiAXOMHUX TEXHOJIOTiH, MaKCHMAalbHOI MexaHi3arii i
aBTOMaTH3alii BHUPOOHMIITBA, BTUICHHS HOBHUX BHIIB BHCOKONPOIYKTHBHOTO
oOagHaHHS Ta MiABUINEHHS sKOCTi mponykumii. Etanon (etwnoBuit abo BHHHUI
CIHPT) — Lie OpraHiyHa CIHOJNyKa, 0 BXOAWUTH JIO Psy OIHOATOMHHX CIIMPTIB
cknany C2HSOH (ckopoueno EtOH). € 6e30apBHOI0, JIETK03aliMHUCTOIO PiIMHOIO 32
HOpMaJIbHUX YMOB. ETaHOII € aKTHBHOIO CKJIaI0BOIO CIIMPTHHX HAIIOIB, SIKi 3a3BUYail
BUT'OTOBJISIFOTHCST (PEPMEHTALIIEI0 BYIJICBOMIB. B MPOMHUCIIOBOCTI €THIOBUI CITUPT
Y4acTO CHHTE3YIOTh 3 Ha(TOBOI Ta ra3oBOoi CHPOBHHU KaTaJITUYHOIO TijipaTalliero
eTWIEHY Ta 3aCTOCOBYETHCS y BEJHKIM KUIBKOCTI K TajJbHE, PO3UYHMHHUK,
aaTucentrk. BignosigHo 3 JICTY 4221:2003 eTaHON € TOKCHYHOIO PECYOBHHOIO 3
HapKOTHYHOIO [Ii€l0, 32 CTYIICHEM BIUIMBY Ha OpPraHi3M JIIOAWHH HAJICXKHTH 10
YETBEPTOrO Kiacy HEOE3MEeYHMX PEYOBMH Ta Ma€ KaHIEPOTCHHI BIACTHBOCTI.
Haiibinpime momupeHuit crocid olep)KaHHS CIUPTY 3 BUKOPUCTAHHAM OpOMiHHS
T00TO OparopexTudikamii. [leperonka Ha Oparo-pekTudiKariifHIX yCcTaHOBKax
(BPY) — € oaHi€l0 3 HAWTONOBHIIIKX ONEpaLliii IPX BUPOOHUIITBI €TUIIOBOTO CITUPTY.
Cawme Bix Tuny bPY 3anexuTth MilHICTb 1 SIKICTh CIIUPTY.

TernnooOMiHHUKU-BUIIADHUKHA  KOXYXOTPYOHOTO THILy 3aCTOCOBYIOTH Y
XOJIONWIBHUX YCTAaHOBKaxX JUIs BUIIAPOBYBaHHS HHU3bKOKHUIUIIYMX XOJIOJOAreHTIB
P OXOJIO/IKEHHI HarpiTHX POOOYMX CEPEIOBHIIL 10 HU3bKUX TEMIIEPATYP, a TAKOK
y pexkTudikaliiHUX Ta AecOpPOLIHMUX yCTAHOBKAaX Y SIKOCTI Mapo TeHepyHuoro
o0JtaiHaHHS 7151 00irpiBaHHS HIDKHBOT YaCTUHM KOJIOHH IIOTOKaMU IAPH KUILITIOTO
KOMIIOHEHTa. Y BHUIIAPHUKaX-KOHAEHCATOpPaX MO OOWABI CTOPOHHM IOBEpPXHi
TerIonepeadi TeTUIOHOCT 3MiHIOIOTH CBilf arperaTHUH CTaH — Yy TOH Yac sSIK rapsiaui
TEIJIOHOCIH BiJJia€ TeIyIo Ta KOHJACHCYETHCS, XOJOAHUH TEIUIOHOCIH, 1Mo iHIIY
CTOpPOHY TIOBEpXHi, HAarpiBaeTbcsi Ta BHIIAPOBYEThCA. Y SKOCTI TIapsyoro
TEIJIOHOCIsI, 10 MOAAETBCS y TPYOHWH MPOCTip, BHUKOPUCTOBYETHCS HacHUYeHa
BOJIsSIHA MAapa i THCKOM.

MeTor0 MPOeKTyBaHHS TEIJIOOOMIHHMKA-BUIIAPHUKA € PO3pOOKa amapary 3
HaMOLTBIT MOKIIMBUM KOEQiIlieHTOM Terrionepeaadi, a TAaKoXX IOTPIOHO OCATTH
YMOB 3a SIKUX He Oy/ie BiJOyBaTHCS BiKIaICHHS 0CaJliB Ta HAKUIIIB. 3a0e3meueHHs
MaKCHUMaJbHO MOJJIMBOI IMIBHAKOCTI HUPKYJIAMii TEIUIOHOCIIB Ja€ MOXKIIMBICTH
MiIBUIINTA IHTCHCHUBHICTh TEIIOOOMiHYy. [l iHTEHCHBHOCTI TEIIOOOMiHY B
amapari MO)XKHa BUKOPHUCTOBYBATH MiJABHUIIEHHS CTYIIEHIO TypOyJIeHTHOCTI ITOTOKY,
II0 JJOCSITa€ThCs 32 JIOTIOMOTOI0 IITYYHO CTBOPIOBaHMX MyJIbCAllill IIOTOKY Ha BXOJI
B arapar.

Poboma suxonana nio xepignuymeom doy. Axnenrxa C.M.
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KIHETHMYHI 3AKOHOMIPHOCTI OXOJIO’KEHHA I'PAHYJT
CVYIIEPOOCDATY

Hamanyxa A. P., cmyo. ep. XM-11/1xi, CymAY, m. Cymu

Pi3HOMaHITHI ~ CIIOCOOM  OXOJIOJDKEHHSI — TIpaHyJbOBAaHMX  MaTepiajiB
0a3yroTeCS Ha Tmepefadi TeIula BiJ HArpiTUX YaCTHHOK OXOJIOKYBAJEHOMY
noBiTpro. KopekTHe i OiTbII TOYHEe BU3HAYCHHS KIHETHYHHX MApaMETPiB MPOIECY
KOHBEKTHBHOTO OXOJIO/PKEHHSI YaCTHHOK y 3BaXCHOMY IIapi MaTepiany (Temiry i
yacy OXOJIOIDKEHHS, TEMIepaTypHOTO Tpo(UI0) MOXINBO TiITBKH —IIPH
MaTeMaTUYHOMY MOJIEJIFOBAHHI B JIOTIYHOTO B3a€EMO3B'SI3KY «OJMHOYHA YACTHHKA -
aHcaMOJIb YaCTHHOK - 3B)KEHHUH 1apy.

Iporiec TemonepeHocy BCepeanHi rpaHyIu OMUCYEThC AU(EPEHIiaTbHUM
PIBHSIHHSIM TETUIONPOBIIHOCTI:

2
a_, (7t 2m) "
or o’ ror

Pimennst piBHsHHS (1) METONOM PO3IUICHHS 3MIHHUX TPEICTABISETHCS Y
3araJlbHOMY BHTJISII:

Sln(ﬂn 0

Ot S T Rl u F). @)

t, -t :1

Ms

ﬂnR

I3 piBHSAHHS (2) OTPUMYEMO 3aICKHOCTI Ul BU3HAYCHHS TEMIIEpPaTypHOro
npoGito YM Yacy OXOJOIKEHHS IPaHyI.

AHami3 pO3paxyHKIiB KIHETHKH OXOJIO/DKCHHS TpaHyl cymepdocdary
MOKa3aB, M0 €PEKTHBHICTH MPOIECY OXOJOKCHHS Y TiAPOJMHAMIYHOMY PEXKHIMIi
TpaBiTAIlIfHO TAJAl0Yoro INapy HHU3bKAa 1 JaHWH pPEXUM HE MOXe OyTH
PEKOMEHIOBaHMH Ui  ©(QEKTHBHOTO Ta IOBHOTO OXOJOMKEHHS TIpaHyJ
cynepdocdary.

OxonomkeHHss rpaHyn cynepdocdary y amaparax, sSKi MNpamoTh Yy
TiIPOJMHAMIYHHUX PEKUMaX KUIUITYOTO Ta 3BXKEHOIO IIAPiB € e)eKTUBHUM i BOHU
MOJKYTh 3a0€3EYUTH TOBHE OXO0JIOKCHHS IpaHy1 cynepdochaTy 10 TEXHOIOTIIHO
Heobximuoi Temneparypu 40-45°C. Ilpu mboMy y TifpOAHHAMIYHOMY peXHUMI
3BaXEHOT'O 1Iapy e(hEeKTHBHE OXOJIOMKEHHS AOCITAEThCS TIPH MEHIINX IBUIKOCTSIX
ra3oBOro IOTOKY, HDK Yy TiIpoAMHAMIYHOMY peXuMi Kumusrgoro imapy. lLle
peai3yeTbes, HaNpUKIA y MOJIMYHOMY OXOJIO/PKYBadi, SKMH XapaKTepH3yeThCs
MEHIIMMH BEJIMYMHAMH BHTPAT OXOJIO/DKYIOUOTO TIOBITPSI Ta TiAPaBIIYHOTO OHOPY
(Bizmosizuo 0,5 — 0,6 M*/xr Ta 0,5 — 1,5 xI1a mpotu 1,4 — 2,8 M%/xr ta 1,8 — 2,0 kIla
B anapaTax KUIUIT4oro 1apy).

Poboma euxonana nio xepisnuymeom ooy. FOxumenxa M.I1.
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BUBIP PAIIIOHAJILHOI KOHCTPYKIIIT OXOJIO/)KYBAUA
I'PAHYJIbOBAHOI'O CYIIEP®OCDHATY

3esein I. O., cmyo. ep. XM-T1/1ki, CymZ{V, m. Cymu

VY TexHoJOTii BUPOOHHMIITBA TPaHyJIHOBAHOTO cymnepdocdary, micias cTaii
TpaHyJIIOBaHHS Ta CYIIiHHS, TPaHYJIH IiJUIATAl0Th OXOJOIKEHHIO 3371 yCYHEHHS
HeOaxaHUX MOOIYHMX XIMIYHHMX peakIliif, AKi MPUBOIATH IO PO3TPICKYBAaHHS Ta
pyHHYBaHHIO TpaHyl. HaWOimeII mpocTi 3a KOHCTPYKILIEKO amapaTtd 3 BUTBHUM
MEPETHHOM 3 TPaBITALiIHO MMaal0YNM IIapOM, [0 XapaKTEePU3yIOTHCSI HAHMEHIIINM
TiIpaBIIYHAM OMOPOM, B YMOBax OaraThbOX BHPOOHHUITB ManoedektusHi. Ilpn
BUKOPHCTAHHI B SIKOCTI 0XO0JIO/PKYBa4iB BOHU MalOTh HaJ[3BUYAIHO BEJINKY BUCOTY,
3BaKAIOYM Ha MaJiMi yac nepeOyBaHHs YaCTHMHOK B pOOOYOMY IPOCTOPi 1 HU3BKY
edexTuBHICTh MixkdazHoro TermooOMiHy. Y anaparax i3 ICeBI03PiPKEHUM IIapOM
3a0e3neuyeTbcs OUTbII IHTEHCUBHMW 1 TpUBaJIMH KOHTAaKT (a3 NpH 3HAYHUX
KOHIIEHTPALIsIX YaCTHHOK B 11api. OiHaK yac nepeOyBaHHs YaCTHHOK 3MIHIOETHCS B
Jy’Ke IIMPOKUX MEeXax, IO BiIOMBAETHCS HA MOBHOTI MPOTIKAIOYUX MPOLECIB.
JpiOHi YaCTHHKH MiANAIOTHCS OLIBII TITHOOKOMY OXOJIOKeHHI, HXK BETHKi. SIKII0
MaTepiall Ma€ HEBUCOKY MEXaHIYHY MIIHICTb, TO BHACIIIOK HOAPiOHEHHS YaCTHHOK
YTBOpIOEThCS Oarato mwry. Buaic npiOHMX ¢pakmiid, npum o0poOmi AEIKuX
BHUCOKOAMCIIEpCHUX MatepiamiB, npocarae 70-80%. Ilommuni oXonomKyBadi
3BaXCHOTO IApy JO3BOJSIOTH YCYHYTH a00 iCTOTHO 3MEHIINTH AESKI HEIONIKH
posrnsHyTHX amnapariB. [IonM4yHI KOHTaKTHI €JIEMEHTH MOXHA IepeMillaTH
BCEpElMHI amapaTy, a TaKo)X BHKOPHUCTOBYBATH JUIsi 3aMiHM; MOXHA JIETKO
3MIHIOBATH MOJIOKEHHS MOJIHIb, @ TAKOXK iX MapaMeTpH 1 YHCII0; HA HUX MOXKJIMBA
YCTAHOBKA  TEIUNIOOOMIHHMX  €JEMEHTIB; BOHM HE  MalTh  CIElliajJbHUX
NepeBaHTAXKYBAIBHUX MPUCTPOIB, MEHII CXUIIBHI 710 3a0UBaHHSI.

Pisna (¢i3uyHa CyTHICTH IIMX TPOIECIB BHUMAra€ BiAMIHHOCTI B
KOHCTPYKTUBHOMY BHKOHaHHI arnapaty. ToMy Oiiibliie IEpCIEeKTUBHUMH € anaparw,
OPUCTPIH  AKAX BpPaxoOBy€ PI3HUIIO B MEXaHi3Mi TiIpoMeXaHIYHHX Ta
TEIUTIOOOMIHHUX TIPOLECIB, IO TMPOTIKAIOTh Ha pPi3HUX piBHAX. [lanwii amapat
NpaIoe B JIBOX PEXHMMax: BEpXHS CEKIlisl NMPU3HAueHA ISl BUAAICHHS y BHUHOC
MOBITPSTHAM TTIOTOKOM JpiOHHUX (PpaKIliif 3 MOTiIUCTIEPCHOT CYMillli TPaHyITEOBAHOTO
cynepgocdary i 4aCTKOBOTO OXOJIOJDKEHHSI TOBapHOI; HWKHS CEKIlis NpU3HAaYeHa
JUTSI TIOBHOTO OXOJIO/KEHHSI TOBAPHOT (hpaKIlii rpaHyIb0BaHOTO cynepdocdary.

VY ABOCEKIIMHUX OXOJIOJKyBayaX IIMTOMA BHTpaTa OXOJIOMKYIOYOTO
TIOBITPS IJIs1 TOCSATHEHHS Ti€l ) epekTUBHOCTI 0XoiomkeHHs Ha 30-40% Hibkye, a
TeMIIepaTypa BiIIIpallbOBAaHOTO MOBITpPS, IO BUXOAWTH i3 amaparta, Buiie Ha 30-
35°CB mOpiBHAHHI 3 TUIOBMMH KOHCTPYKIISIMA  OXOJIOJDKYBayiB 13
TICEBI03PIKEHUM IIIapOM.

Poboma euxonana nio xepisnuymeom ooy. FOxumenxa M.I1.
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[IOBYIOBA PEI'PECIMHUX MATEMATUYHUX MOJIEJIEN
OIITUMAJIBHOI'O KATOJAHOT'O EJIEKTPOMEMBPAHHOI'O
OCAJI’KEHHA METAJIIB

Ceporx B. O. acn. kagh. XI; Ckaabincokuii B. 1., npoghecop, 3as. kagh. XI;
bonvwanina C. B., ooyenm, 3as. kagp. TIIX, CymAY, m. Cymu

3 METOI0 BCTaHOBJIEHHS ONTHMAJIbHUX 3Ha4eHb pH B po34MHI KaToiTy ISt
e(eKTUBHOT POOOTH MOJIYNIB €NEKTPOXIMIYHUX B CHHTETHYHMX aHOJITaX, IO
IMITYBaJM CKJAIW BaHH TIIaCHBAIliil KaJMi€BUX Ta IIMHKOBUX TallbBAaHIYHUX
MOKPHUTTIB, JOCHI/DKYBalId 3MiHY KHCJIOTHOCTI PO3YMHY 3 TMpPOTATOM 4acy
enektpomisy [1, 2]. OmHOYaCHO AOCHIMKYBaIX MPOAYKTH BUALICHHS Ha KaTOIl y
BUTIISI/I OCAXKICHOTO MeTaiy pu cuii ctpymy 0,7 A, Ha mpoTs3i Big 1 1o 12 rogun
[2]. Pe3ynbraTu ipencrasieHi B Tabnuii 1.

Tabnums 1 - 3MiHa KHCIIOTHOCTI CEpeIOBHINA B KATOJITI Ta Maca BUAUICHUX
METAaJIiB Ha KaTOJi MPH POOOTI eNEKTPOXIMITHOTO MOJTYJIIS

Yac 3naveHHs pH kaTomity Macwu MeTaniB Ha KaTofi, T

pobotu

MOy, AmnomiT 3 10M. | AHOIT 3 AHOIIT 3 OOM. | AHOIT 3 JIOM.

rox Cd* TIOM. Zn%, | Cd# Zn%*, Cd* Cr3*
Cd?* Cr¥*

1 1 1 0 0

3 1,3 1,3 0,02 0,02

6 1,41 1,5 0,08 0,15

9 1,61 1,65 0,253 0,37

12 2,07 1,86 0,333 0,47

TakuM YMHOM EKCIIEPUMEHTAIBHUM IIUISXOM OyJio BH3HAUeHO MEXi
cepenosumma pH KartouniTy UIs KaTOZHOTO OCA/DKEHHS KaaMil0 Ta OUHKY Y BHII
MPOCTHX pedoBHH MeTaniB. Jliama3on 3HadeHs pH Bix 1,5 1o 1,8 € ontumamsHIM
UL gaHoro mpomecy [l] mpm SKUX cHOCTepiraeThCs HAHOIMBII eeKTHBHE
BUUICHHS METaTy Ha KaTOi.

Jiis moOyoBH perpecHBHAX MaTeMaTHYHUX Mofeneit [3] Oyio BUKOpHCTaHO
nani Tabmumi 1, Meroy HaWMEHIMX KBajapariB. Yac MPOBENEHHS ENEeKTPOIIiZy
MO3HaYajIx 3a X, 3MiHy pH cepemoBuma karomHOi KamepH IMO3HA4Yald 32 Yy, N —
KIJIBKICTh TIPOBEACHUX BUMIipIoBaHb. [Ipu 1ipOMy piBHSHHSA perpecii Mae 3araiabHUI
BUJ:

y=a+bx; )

Cucremu piBHSHB, BUpIIIYBaJM 3a Jonomoror Mmeroxy I'aycca-Kapnona.
OtpuMaHi aHi Ta po3paxyHKH BigoOpaxeHi B Tabumi 2.
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Tabnuu 2. - PiBHsHHS perpecii 3MiHN cepeloBHIIA KaTOAHOT KaMEpH.

Ne Ne 2 _
Tabm. | excm. n xx | Xx Ly xxy y=a+bx
1 1 5 31 271 7,31 51,07 1,009+0,072x
1 2 5 31 271 7,39 52,69 0,937+0,087x

IlepeBipky piBHSHB perpecii MPOBOTWIN 3a OIIOMOTOI0 KOPEJSAMiHHOTO
aHasizy. Pe3ynpraTi KopesiiitHoro aHamisy BimoOpakeHo B Tabmumi 3.

Tabmums 3.- KopensmiifHnii aHami3 piBHAHB perpecii 3MiHH cepemroBHINa
KaTOAHOI KAMEPH.

exc | S2(x)[ () | S® | S® | 1 V= y=a+bx
II.
1| 1576 | 99869 | 39608 | 0.2049 | 0,982 | 1:009740:0729 1 69,6 070x

7 487x

0,937178+0,08

2 | 15,76 | 0,1265 | 3,9698 | 0,3556 | 0,9736 72294

0,937+0,087x

AHani3yrouu JaHi po3paxyHKy piBHSIHb perpecii (Tabmuis 2) Ta npoBeqeHIM
KopensniitanM ix aHamizom (Tabmums 3) € odeBHOHHM, IO PIBHSHHSA OIIIHKH
perpecii TOBHICTIO 30iraloThCsi Ta YTOYHSIOTBCS 3 PIBHIHHAMH perpecii
PO3paxoBaHMMH 3a JONOMOIOK METOAY HalMEHINMX KBaapariB. KoediuieHTH
kopensiuiii IlipcoHa MaroTh JOCHTH BUCOKY IO3HTHBHY Kopensuito. Orpumani
perpecuBHI MaTeMaTHYHI MOJIEITi € 3HAYMMHUMHU, 1 BIZIOOPaKaIOTh peaibHO TPOIIECH
KaTOHOTO eJIEKTPOMEMOPaHHOTO OCaKEHHsI JAHUX METaliB.
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JIIHIHA THTEPITOJISALILSA PIBHOBAXHMX JITHIN BIHAPHUX
NAPOPIJMHHUX CYMIIIEM ITIJ] YAC PO3PAXYHKY
MACOOBMIHHUX ITPOLIECIB

Kucnax B. B., Kopomyn B. B., cmyoenmu ep. XM-81;
Muxaiinoscoxuii A. E., doy. xagp. XI, CymAY, m. Cymu

VY 3B’s3Ky 3 IHTCHCHBHUMH TEMIIaMH PO3BHTKY HadTOBOi Ta ra3oBoi
MIPOMHUCIIOBOCTI 3’sBMJIAacs HEOOXiMHICTh y CTBOPEHHI paIliOHANbHUX i HaJiHHUX
METOIUK IPOEKTYBaHHS MAacOOOMIHHMX amapaTiB, 30KpeMa peKTHU(IKaIliiHnX
KOJIOH, 3 EeJIEMEHTaMH{ OINTHMi3alii, To0To BHOOpY cepex psay BapiaHTiB, SKi
BU3HAYAIOTHCSl TEXHOJIOTTYHIMH, KOHCTPYKTUBHUMHU Ta IHITMMU NapaMeTpami. [Ipu
NPOEKTYBaHHI MaCOOOMIHHHX T'a30 (1Mapo) — pIANHHUX MPOIECiB KIIIOUOBE 3HAUCHHS
MalTh PO3PAaXyHKH, IMOB’S3aHi 3 PIBHOBAKHUMH JIHISIMH, IO XapaKTepPH3YIOTh
cTatuky cucteM. Ilpyu 1mpoMy HaifuacTimie MaeThCs Ha yBa3i poboOTa 3 JIHIIMH
piBHOBary y BUINISAI MPSIMUX; JTaHA yMOBA JO3BOJISIE IOCHUTD JITKO BU3HAYUTH KYT
HaXWITy PiBHOBAKHOI JIiHIT 0 0ci aOCIHUC 1, BIATIOBIAHO, TAHT€HC IIFOTO KyTa, IO J]a€
MOXKJIMBICTh BUKOHATH aHAJIITHYHUN PO3PaxyHOK UHCIIA OJMHUID IIEPEHECEHHS Ta
KIJTBKOCTI TEOPETUYHHX TAPIJIOK 3 BU3HAYCHHIM ONTHMAIBHOTO (pJIETMOBOTO YHCIIA
K OCHOBHOTO KpHTEpilo omrTuMizaimii. B cmiry mporo € HeoOXiAHICTh B JiHIHHIN
IHTepHONALii piBHOBAXHIX KPWUBUX, IO 3MIMCHIOETHCSA IDISAXOM IITYYHOI 3aMiHH
OKpeMHUX IUITHOK BipiskamMu mpsmoi. [lyist 30epekeHHsT TOYHOCTI BUKOHYBaHUX B
MOAABIIIOMY PO3PAXyHKIB HEOOXiMHO JOTPUMAHHS IOMYyCTUMOTO BiIXHICHHS
BIZpI3KiB, OTPUMaHUX IIEPETBOPEHHSM, BiJ BUXIAHOI JiHII. 3ampPONOHOBaHO
BUKOHAHHS JIHIAHOI iHTepnoysii 3a gomomororo ITEOM; cyTh mporecy
crnpsiMiieHHsl nossirae B HactynHomy [1]. Ilporpama momepenHbo 3aMiHIOE BCIO
JIHIIO PIBHOBAard OJJHAM BiJJPi3KOM IMPSIMOI, L0 TPOXOJUTh Yepe3 TOUKH, BiIIOBIAHI
MOYATKOBIH 1 KiHIEBi KoHIeHTparii. [1icis 9oro BH3HAYA€ThCS Pi3HUIS 3HAYCHD
opauHAT 000X JIHIH NPH 3HAYEHHI X¢p TAKOMY, IO JOPIBHIOE CE€peArHiI poOouoro
JiamasoHy. SIKIIO pi3HMI HE MEpEeBHILy€E NMPHUITYCTHME BiJXWICHHS, PIBHOBa)KHA
JiHIST BBa)XKAETHCS IHTEPIIOIbOBAHOT; B IHIIOMY BHMIAJIKy — IpoOrpaMa CTaBUTh Ha
TiHIi piBHOBAar# TOYKY 3 KOOPAMHATOIO Xcp, 3AMIHIOE JIHIIO PIBHOBa)XHOTO CTaHY
JIBOMa BiJpi3KaMH, L0 MPOXOJATh 4Yepe3 JIaHy TOYKY 1 TOYKH KIFOYOBUX
KOHIIEHTpAIi{, 1 MPOBOAUTH aHAJIOTIYHI MPOLEAYPH Ul KOKHOTO 3 HUX TOIIO. Y
pe3ynbTati BinOyBaeThCs OaraTopa3oBe MOAUICHHS PIBHOBAXHOT JIiHII HABIT 1
3aMiHa ITOJIOBHHOK BiIpi3KaMM TPSIMOi 3 MOAANBIINM IEPETBOPEHHAM BXKE ITHX
JUISTHOK, 1 BCSI KpHBA PIBHOBArM 3aMiHIOETHCS 0araToJIaHKOBOIO JJAMaHOIO JIIHIETO.

[Tepemnik mxepen MoCUIaHb

1 Bparo A. II. OnruMizaniiine npoekTyBaHHS peKTH(DIKAIHHIX KOJIOH 3
BukopucrtanasM [IEOM: Hapuanenuii mociommk / A. II. Bparos, . E.
Muxaiinoscbkuit. — Cymu : Bun-so Cym/1Y, 2000. — 65 c.
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MATEMATHUYHUI OITUC HEI3OTEPMIYHOI ABCOPBILIIT
I'pebenix A. €., cmyo. ep XM-81, Cym/[V, m. Cymu

[pouec abcopbuii € oaHIEIO 3 BaXIIUBUX CTalildl Y BUPOOHHMITBI OaraTbox
XIMIYHUX pedyoBUH (abcopOIlisl amiaky ImIiJi 4Yac OJEp)KaHHS aMmiadyHOi BOJH,
MOTJIMHAHHSA OKCHIIB a30Ty y BHPOOHHUIITBI a30THOI KHCIOTH, abcopOis
XJIOPUCTOTO BOJHIO IIiJ] 9ac OJepKaHHS COJISTHOI KUCIOTH, aDCOPOIIist BYTIIEKHACIOTO
razy i amiaky y BHpPOOHHMITBI comw, abcopOmis CipyaHOTO aHTIAPHIY MiI dYac
OIEpXKaHHA CipU4aHOi KHUCIOTH TOWIO). bimpmricTe MOmiOHWX — MpOIECiB
CYTIPOBOIKYETBCS HE TUTBKM XIMIYHOIO B3a€MOJIEI0 Ta3y, IO IOTJIMHAETHCS, 3
abcopOeHTOM, a i BUIUICHHSM 3HaYHOI KIJIBKOCTI TeIIa, 110 MPU3BOJHUTH 10 3MiHU
TEeMIIepaTypy CUCTEMH. Y 3arajlbHOMY BHIIAJKY 3HEXTYBATH 3MIHOIO TEMIIEpaTypu
B IIpolieci PO3YMHEHHsS ra3y B piAMHI HE MOXHa, 1 ToMy abcopbuito Oynemo
PO3IIISIATH SIK HEI30TEepMIYHUIA Tpoliec.

3MiHa TeMIiepaTypy Mae Ha abCOpOIit0 IBOSIKUI BILUTUB!

1. 3MIHIOETBCS TIOJIOKEHHSI JiHIT pIBHOBAru, OCKiJIbKH PIBHOBRXHHI CKJIa
ra3y € QYHKLI€I0 HE TIIBKH CKIAAy PIIMHH, ajie 1 TeMIepaTypH: 3 IiJBUIICHHIM
TeMIIepaTypH JIiHis PiIBHOBAarW 3CYBAETHCS BrOpPY, IIO MPHU3BOIUTH 0 3MEHIICHHS
pyUIiHOT cCHTH.

2. BuHHKae pi3HAL TeMOepaTyp MiX PiAXHOIO 1 ra30M, 10 BUKJIUKAE TTOPST
3 MacoOOMiIHOM i TIpOIIEC TEIUIOOOMIHY MiX (a3zamm.

AGcopOris 3 BHOUICHHSM TeIUla MOXE IPOBOIHWTHUCS SK Oe3 BiIBEACHHS
teruia (amiabaruuna abcopOIlis), Tak 1 3 HOro BiABEACHHSAM. 3aCTOCOBYIOThH Pi3HI
criocoOW BiiBeAeHHS Temia: 1) peuupKyssuis piakoi ¢a3u depe3 BHHOCHI
XOJOJAWIbHUKK (HAIPUKIam, B abOcopOepax 3 IMAKETHOW HAcaakow); 2) 3a
JIOTIOMOT'OI0  OXOJIO/DKYIOUMX E€JIEMEHTIB, PO3MIIICHUX YycepeauHi abcopbepa
(BHYTpILIHE BiJBEJEHHS Terya) abo MK CTYNEHSMHM IpH OararocTyreHeBii
abcopOuii. BHyTpiliHe BifBEICHHS Terja MOXe OyTH 3[ifiCHEHe B amaparax 3
Oe3mepepBHUM KOHTAKTOM (HapUKIal, y TpyOdacTux abcopbepax) i B amaparax i3
CTYIIHYACTHM KOHTAaKTOM (HAIpHKIAg, y 6apOoTakHIX abcopbdepax).

Byna po3pobiieHa MaTeMaTHYHA MO MIPOIECy HEei30TepMiTHOT abcopOIil
HEJICTKUM TIOTJIMHAYeéM 3 BHYTPIIIHIM BIABEJCHHSIM TEIUla B HACAJIKOBOMY
abcopOepi. [Ipu ibOMy CKITaaUCs PIBHSHHS MaTEPiaJbHOTO i TEIIOBOTO OallaHCiB
K B IiJoMy Juisi abcopOepa, Tak 1 JUIs KOXKHOTO CTYNEHS KOHTaKTy, a TaKOX
BUKOPHUCTOBYBAJIMCS PIBHSHHS TEIUIONepenadi Ta Macornepeaayl sl BU3HAYCHHS
KiJIbKOCTI CTYTICHIB i IOBEPXHI KOHTAKTYy ¢a3.

Ha ocHOBI 3ampomOHOBAaHOIO MAaTEeMAaTHYHOTO ONHCY 1 pPO3pobieHol
METOAMKH ONTHMI3aIlifHOTO pPO3paxyHKy Hajgall IUIAaHY€E€ThCS TPOBEACHHA
YHCEJIHOTO EKCIIEPUMEHTY 3 METOI0 BHSBJICHHS HaWOIJIblI HAJeKHUX YMOB
peadizanii mponecy adcopOuii B HacagkoBoMy abcopoepi.

Poboma suxonana nio xepisnuymeom ooy. Muxaiinogcoxozo A. E.
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PO3PAXYHOK I'PAHUYHUX ITEPECUYEHD V TTIPOLIECAX
KPUCTAJIIBALIL COJIEN 13 PO3UUHIB

Tpunvko /]. K., cmyo. ep. XM-81; Muxaiinoscokuii A. E., ooy. kag. XI,
Cym[Y, m. Cymu

IIpomec kepoBaHOi KpHCTami3alii Ta OJepKaHHSA KPYHTHOKPHCTATIYHOTO
NPOAYKTY MOXKIIMBI B TOMY BHIIAJKY, SIKIIO PO3YHMHH 3JaTHI MEpPeCHUyBaTHCA ITiJ
Yac IX MepeoxosIoKEHHsS ab0 BUNAPOBYBaHHS YaCTHHU PO3YMHHMKA. Benmyuna
JIOCSDKHOTO TEpPECHYEHHSI € PYIIHHOI0 CHIIOI Tpolecy i BU3HAa4Yae LIBHIKICTH
3pOCTaHHs KpPUCTANiB 1 IIBUJKICTH 3apOJKOYTBOPEHHS. JSIKIIO NepecuueHHs
PO3UYHMHY HIKYE AESKOT0 IPAaHUYHOTO 3HAYECHHSI, 3BAHOTO MEXKEI0 METacTa0lIbHOCTI
(puc. 1), To kpucTai3alis BiIOyBaeThCA TUIBKU HA BBEJICHIN 330BHI 3aTpaBLi 1 IpH
IbOMY Ma€ MiClle YUCTe 3pOCTaHHS 0€3 MUMOBITEHOTO 3apOAKOYTBOPEHHS. SIKIIO
NEepPeCHYCHHsI PO3YHMHY OLIbIIE TPAaHUYHOTO 3HAYCHHS, TO B PO3YMHI MUMOBIJIBHO
YTBOPIOETHCS BEJIUKA KUTBKICTh 3apOJIKIB MiKPOCKOIIIYHOTO PO3MIpY i MPAKTUIHO HE
BiOyBA€THCS 3pOCTaHHS KPUCTAIB.

Po3quHHICms

Temnepapypa

Pucynox 1 — Jliarpama cTaHy BOJHO-COJBOBHX PO3UYHHIB (IO PO3’SICHEHHS
MeTacTabinpHOT Mexi): | — HeHacnaeHunit po3unH; Il — MeractabinpHMA po3unH; 111
— NabiTbHMI Po34rH; | — KpUBA PO3UYUHHOCTI; 2 — MeTacTablIbHA MEXa.

Jusi  BU3HAYEHHS TPaHUYHOIO TIEPECHUYECHHS PO3YMHY B  yMOBax
nepeMilryBaHHs 132 BiZICyTHOCTI 3aTpaBKH BUKOPUCTOBYIOTH 3ajiexHicTh CiHOBieLa
[1]:

A)(zp=k'Mc')(p (1)

Je K — xoedirieHT, o BpaxoBy€e BiHOCHY PO3YMHHICTH COJIi 3aJI€KHO Bif
temmneparypu; Mc — MosexynsapHa mMaca coiti; Xp — pO3YMHHICTb COJIi, KI/MP,
3naueHHs KoedirienTa K 3anexuTh Big hakTopa pO3UMHHOCTI, 1[0 BPaXOBYE

BIZTHOCHY PO3UHHHICTB COJIi:
ax,

P 2

a =
Aty-X)

Jns 6e3Bomuux coneid: mpu a<0,008-k = 1,81 - 10™* - ¢%09¢°¢t; npy a>0,008-
k =8,55-107* - ¢~%0163¢; 1ng kpucranorigparis a>0,008 - k = 1,1 - 1073,

I'paHuyHe HepecudeHHs PO3UMHY B MPUCYTHOCTI AUCIEPCHOI TBepaoi hasu
BU3HAYAIOTH 34 3anexHicTio [ToHoMapenxko [2], npu HpoMy:
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_ k-M.-X,
AX;, = 1+44,5-(1—¢~125a0)’ ®)

Iie ap — (hakTop POYMHHOCTI coti, mpuBeAeHuH a0 Temmeparypu 20 °C i axuit

IOPIBHIOE ay = A% Xp20 — PO3YMHHICTE coJi 3a Temmeparypu 20 °C
p 0= 2t Koo’ p20 — P patyp .

Ha ocHOBI HaBeZeHNUX BHIE PIBHAHB PO3POOJICHUN AaNTOPHTM PO3PaAXyHKY
TpaHNYHUX TepecwdeHb po3duHiB 3 BukopuctaHHsM [IEOM. Brok-cxema
PO3paxyHKy MICTUTH TaKi €TaIu:

1) BBeieHHS BHXIIHUX JaHUX, SKi BKIIOYAIOTH XiMIdHY (HOpMYIy COJI, IO
KPHCTAJI3YETHCS, BIIOMOCTI PO PO3UYMHHICTH COJI 3aJIe)KHO Bijl TEMIIEpaTypH;

2) popmyBaHHs 6a3u AaHHX 332 MOJEKYJSIPHOI MAacOK OKPEMHX XIMidHHX
€JIEMEHTIB, a TAKOX XIMIYHUX (POPMYJI PEUOBHH, 1[0 KPUCTATI3YIOTHCS;

3) omuc piBHSHHSA PO3YMHHOCTI COJIi 32 €KCICPUMCHTAJILHUMH IaHUMH, a
TaKOX PO3PaxyHOK I'YCTHHH, B’s3KOCTI i KoedilieHTa nudy3ii A1 po3uuHiB 3a
TeMIIepaTypy KpUcTaisarii 3a 3anexuoctsmu [3]:

p,=A4A+B-X—-C-t, 4)

lg,up=A1+lgug+B71+C1-L, (5)
8,2-10‘12-T-(1+(3V—VC“)0'66)

x = PR (6)

ne A, B, C, Al, Bl, C1 — koHcTaHTH, 110 3ajIeXaTh BiJ BJACTUBOCTEH COIi;
Ws — B sI3KIiCTh Boau 3a Temrieparypu 1, K; VB, VC — MomspHUit 06’ €M po3unHHAKA
1 pe4OBUHM, IO TUPYHAYE, BiAIOBITHO, CM3/MOJIB;

4) po3paxyHOK rpaHHYHHX NEepeCHUeHb PO3UUHY B Jiama3oHi Temmeparyp 20
°C £t <80 °C i moOyaoBa KpHBOI IJIsI METaCTAOUTFHOT TPaHMIIL;

5) po3paxyHOK JOMYCTHMOi BEJIMYMHH [EPECUYEHHSI PO3YHHY 3
ypaxyBaHHSIM yMOB MPOIECY KPUCTATI3aIil B CHCTEMI 3 [UPKYIIIOIOYUM PO3UUHOM
a00 3 IUPKYJIOIYO0I0 CYCIEeH3I€H0.

AJITOPUTM PO3PaXyHKY JOIMYCTUMOI'O MEPECHUYCHHS BKIIIOYCHUH y BUIJISII
OKpeMoi MiAmporpaMu B 3arajibHy OJOK-CXeMy pO3PaxyHKy KiIacu(QiKyInx
KpHCTasi3aropis 3 BukopuctanHsm [IEOM.

[Nepenik mxepen nocuIanb

1. Bparos A. I1. Knaccudunupyromue KpucTamuu3aTopsl (OCHOBBI TEOPHU H
pacuer): YuebHoe nocodue / A. I1. Bparos. — Kues : UCMO, 1998. — 203 c.

2. Tlonomapenxko B. I'. Kpucrammuszanus B rnceBooxmkeHHoM cioe / B. T
ITonomapenxo, K. I1. Tkauenko, 0. A. Kypnsan. — Kues : Texnuka, 1972. — 130 c.

3. Bparo A. II. OnrumizauniiiHe mNpOEKTYBaHHS KIACH(IKYIOUHX
KpHcTamizaropiB 3 Bukopuctanusam [IEOM: Hasuansauii mocioruk / A. I1. Bparos,
5. E. Muxaitnoscskuil. — Cymu : Bug-so CymlY, 2004. — 98 c.
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MOJEJIFOBAHH IMTPOLECIB ITPU I'PAHYJIOYTBOPEHHI
3A 30JIb-TEJIbHOIO TEXHOJIOT'IEIO

JIanowenxo O. O., npog. kagh. XI; I[lasnenxo I. B., npogh. kagp. KM
im. B. Mapyunkoecekoeo,; Cxudanenxo M.C., ookmopanm xagp. XI,
Hem’snenxo M. M., acn. kagp. KM im. B. Mapyunkoecvkozo,; FOxumenxo M. I1.,
ooy. kag. XI; Ocmpoea P. O., cm. suxn. kagh. XI, Kononenxo M. I1., cm. Hayk.
cniep. n1a6. JITMO; Iloxomuno B. M., mon. nayk. cniep. 1a6. JIT'MO,
Cym[Y, m. Cymu

Iopomky i TpaHyIH OKCHIIB BaXKKMX METaJiB MAalOTh BHCOKHH ITONHT B
SKOCTI HamiBIPOJIYKTIB IJIsI OTPUMAHHS JPiOHO3EPHHUCTOT KEpaMiKH LIMPOKOTO
CIICKTPY 3aCTOCYBaHHs: sJCpHI (aTOMHI) HaJUBHI Ta TCIUIOBHIUIbHI €ICMCHTH
(TBEJI) anst aTOMHHX €JIEKTPOCTaHLiH, Ca)KOBi (iIbTPH, KOHCTPYKIiifHA KepaMika,
KaTaJli3aTopH Ta 1X HOCIi, BUpOOH OiOMEAMYHOrO MpU3HAUCHHS (IPOTE3H).

Jlyist BUpOOHUIITBA SICPHOTO MAJMBA Ta KaTali3aToOPiB y BUIIIAI Ta0IETOK 3
NpecoBaHUX MiKpochep HpPONOHYETHCS 30Jb-TeJbHA TEXHOJIOTis, 3aCHOBaHa Ha
MOKpOXIMIYHOMY CII0OCO0i OfepaHHS Mikpocdep i3 colieil PO3YMHIB BaKKUX
METaJIiB, IO BKIFOYA€ OAEPKaHHS PO3UHHY BAXKKOTO METaly 1 301110, YTBOPEHHS i
rejipyBaHHA KparuiMH (IIEPETBOPCHHS 30JI0 Yy Kpall B Telb), OJCpXKaHHA 3
HACTYITHAM IIPOMHBAHHSM Ta CYIIIHHAM Telb-c(ep, BIAHOBICHHS 1 MPOKaIIOBaHHS
gacTOK. TeopeTudHi i mpakTHYHI MpoOJIeMH TPpaHyJIOYTBOPECHHS 1 TPaHyITIOBAHHSI
po3riIsigaB B cBOiX pyHmaMeHTaIpbHHUX podOorax XomiH b. I'. TIpomosxyroun ioro
JOCIHIJDKEHHSI pOLIeCY T'PaHYJOYTBOPEHHS 3a 30JIb-T€JIbHOI TEXHOJIOTIE0
OTpPUMAaM TIOJANBIIOTO PO3BUTKY MAaTeMaTH4YHI MOJENi BIUIMBY aKTHBHHX
TAPOAMHAMIYHUX  PEKHMIB HA  TCIJIOMAacOOOMIHHI  MPOLECH Mia  dYac
rpaHyJIOyTBOPEHHSI, BIIEpIlE BU3HAYCHO YaCTOTHI Jialla30Hy Ta rpaHUYHI 3HAYCHHS
nepexoJy MK peXMMaMH po3lajy CTPyMEHs Ha Kparli Ta MOoJaMu KOJIMBaHb
Kkpamti.  Po3mupeHo  ysBIEHHS ~ NpO  TiAPOAMHAMIYHI  TpOLECH  IpHU
TPaHyJIOyTBOPEHHI 3a 30JIb-TEIFHOI0 TEXHOJIOTI€I0, B TOMY 4YHCII OTpUMain
MOJJANTBIIIOTO PO3BUTKY MaTEMAaTHYHI (YMCIOB1) MOJIEIIIOBAHHS IPOIIeCy BiOpamiiHol
TpaHyJAMi{ B aKTHBHOMY TiIPOJUHAMIYHOMY CEPEOBHIIII T'eI0 13 BUKOPUCTAHHIM
CAE-cuctem i 3aco0iB mTyyHOro iHTenekry. OOIpYHTOBaHO IapaMeTpH, IO
BIUIMBAIOTh HA XapaKTEPUCTUKH OTPHMAHOTO TPOAYKTY 3a 30Jb-TEIbHOI0
TEXHOJIOTIEI0, & TAaKOX PEKOMEHMallii MIOAO0 TMiJBHINEHHS €HeproedeKTUBHOCTI
MPOLIECY TPaHYJIOYTBOPEHHSI.

Poboma euxonana 3a niompumku MOH Vkpainu ([P Ne (0120U102036
«Cmeopennst HOBUX 2SPAHYILOBAHUX Mamepianie Oasi A0epHO20 NAIued ma
Kamanizamopisé 6 akmueHomy 2iOpOoOUHAMIUHOMY Cepedo8UWiy») nio KepisHUYMEOM
0.m.H., npo., eon. Hayk. cniepobimnuxa Ckrabincokoeo B. 1.
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MOJIEJTIOBAHH S ITPOLIECIB CEIAPAILIIl TA TEIIJIOMACOOBMIHY
Y IBO- TA TPUDA3ZHUX BATATOKOMIIOHEHTHUX CUCTEMAX

Moiceee B. @., npoghecop kapedpu ximiunoi mexuiku ma npoMuciogoi exonoeii,
HTY «XII», m. Xapxis; Xyxpsncekuii O. M. acnipanm kagedpu ximiunoi
inocenepii; Cetigh Xycceiin, acnipanm kagedpu XI; CymV, m. Cymu

Ha cyugacHOoMy piBHI HayKOBHX IOCTI/KCHb ITOCTOWHOIO aIbTEPHATHBOIO
(i3MIHOMY  MOJENIOBAaHHIO TiAPOJMHAMIYHHX IPOIECIB  IMPEIACTaBIAIOTHCA
JOCTI/DKEHHST 3 3aCTOCYBaHHSAM IHCTPYMEHTAJNBHUX 3acO0iB I KOMITHOTEPHHUX
(dancemoBHX)  MOJENIOBAaHb  METOJAMH  OOYHCIIOBANBHOI  TiAPOTUHAMIKH
(Computational Fluid Dynamics, CFD). B Toii e 4ac, SKII0 MOJENIOBaHHS PYXY
onHodaszuux notokiB CFD-meTonaMu npeacTaBiaseThcss MOXKIMBUM 1 aJEeKBATHUM 3
JIOCTAaTHBHOIO TOYHICTIO (IOCTOBIPHICTIO), TO MOJCIIOBAHHS B3aEMOJII JTBO(a3HUX
MOTOKIB (YCKJIAJHEHE HASBHICTIO B HUX JUCIICPCHUX YaCTOK) M JTOCI MpeCTaBIIsie
PSI TPYIHOIIIB.

ToMmy anst MOIENOBaHHS TiAPOJMHAMIYHHUX IPOLECIB, B TOMY 4YHCITI i3
CYITyTHIM TEIIOMAacOOOMIHOM, JOIUIFHO BUKOPHUCTOBYBATH 1HII YHCIOBI METOIH.
Hanpuknan, Discrete Element Method (DEM), mo € y3aragpbHEHHSM METOXY
ckinueHHUX eneMmeHTiB (FEM). Jlng 4YHCIOBOrO MOJCITIOBAaHHS TTOBEIIHKH
TETePOTCHHHUX CEPEIOBHI MPONOHYETHCS TaKUH MiAXiJ, B AKOMY NOCIHIIKYBaHHH
00’€KT TPEACTABISAETHCS TAKMM, LIO CKIAJaeThes 3 oOnacTed ABOX THIIB, SIKI
OIHCYIOTHCS y paMKaX JUCKPETHOTO i KOHTHHYaIBHOTO MiIXomiB BiamosigHo. [Ipu
[bOMY KOHTHHYyaJlbHa YacTHHA CEPEIOBHIIA MOJCIIOETHCS METOJOM CKIHYEHHHX
pizauis (FDM) po3B’si3aHHsl CHCTEMH PiBHSIHb MEXaHIKH CYLIILHOTO CepeIOBHUINA
(CFD-metoman), a TUCKpeTHA — METOIOM PYXJIMBHX KIiTHHHUX aBTomatiB (Movable
Cellular Automata, MCA), sKHii BIZHOCHTBCSA [0 METOIB OOYHCIIOBAIBLHOL
mexaniku (Computational Mechanics), ajie 3acHOBaHHN Ha JUCKPETHOMY MIiAXO/I 1,
BIJITIOBIZIHO, MOEIHYE TEPeBard METOMIB KJIACHIHUX KIITHHHUX aBTomatiB (CA) i
muckpetHux enementiB (DEM). PeamizoBaHi Ha OCHOBHHX 3acafax BUKJIAJCHHUX
MiAXO0IB MaTeMaTHYHI Mojeni OaraTtodasHuXx 0araTOKOMIIOHEHTHHX IOTOKIB Ta
JHCIIEPCHUX CHCTEM JIO3BOJISIIOTH MOJIENIOBATH PyX IIOTOKIB 3 JAWUCIIEPCHUMH
YacTKaMHU 1 IUTIBKOBI Tedil, mepeHeceH s (a3u, TEeTIo- Ta MACOIIEPEHECEHHS Y IBO-
Ta TpudasHUX 0araTOTOKOMIIOHEHTHHX CHCTeMax B KOMOIHOBaHMX MOJYJIBHHX
cenapaiiifHX 1 KOHTAKTHUX TEIJIOMacOOOMIHHUX CEKITisIX.

Poboma euxonana 3a niompumxu MOH Vkpainu ([P Ne 0117U003931
«Po3pobka ma enposadoicents enepeoedexmueHuUx MOOYIbHUX CEenapayitiHux
npucmpois 01 HAGMoea308020 Ma OHUCHO20 OOAAOHAHHAY) N0 KePiGHUYMBOM
0.m.H., npo@., eon. Hayx. cnigpobimnuka Jlanowenxa O. O.
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YJIOCKOHAJIEHH TEXHOJIOT'TI BUPOBHUIITBA
CJIABKOI A3OTHOI KUCJIOTU

Cepbinoscoka JI. B., cmyod. ep. XM.m3-01c, CymV, m. Cymu

A3zoTHa KHciOTa 3a oOcsiraMyu BHPOOHHMITBA IOCiJae Apyre Micue cepen
IHIIAX KHCJIOT, MOCTYMAIOYHCh JIMIIEe cipdaHid Kucimori. OCHOBHAa KUIBKICTH
TOBapHOi a30THOI KHCJIOTH BHUTPAdYa€ThCS y BUPOOHMITBI a30THOKHCIHMX COJEH
(miTpatiB) 1 CKIagHUX MiHEpaJbHHUX HOOpWB. TakoX 3HAYHA KiJTBKICTH a30THOL
KHACJIIOTH BHKOPHCTOBYETBCS Y SKOCTI OKHCIIOBAWiB Yy pakeTHIH TEXHIII.
KonnenrpoBana a30THa KHCJIOTa 3aCTOCOBYETHCS Yy BHPOOHHITBI BHOYXOBHX
pedoBHH (TPOTHIY, HITPOTNIILEPUHY TOINO), a TaKOX JUIl OTPHUMAaHHs 3’ €IHAHb
apOMaTHYHOTO Psily, BAKOPUCTOBYBAaHUX Y BUPOOHHIITBI CHHTETUYHUX OapBHHKIB
Ta 'y papManeBTHYHIl TPOMHUCIOBOCTI.

[MutaHHs BIOCKOHAJCHHS TEXHOJOTil Ta pO3BUTKY HOBHX METOIB
BUPOOHMIITBA a30THOI KUCIIOTH HaOyBalOTh BEJMKOTO 3HaueHHs. Ha paHuii yac y
MPOMHUCIIOBOCTI  3aCTOCOBYETHCSI KOHTAKTHHUN CIOCIO BHPOOHHIITBA a30THOL
KACIIOTH. 3a Mi€l0 cxemoro mparoroTh arperaté AK-72 i AK-72M. Ha cranii
abcopO11ii OCHOBHIM amapaToM € 0apOoTakHa KOJIOHA 3 CUTYATHMHU Tapiakamu. LI
KOJIOHA Ma€ JOCUTHh CKIAJHy i T'POMI3IKY KOHCTPYKIIIO, IO CYIPOBOKY€ETHCS
TPYAOMICTKICTIO i BHTOTOBJICHHS, BHCOKHM piBHEM BHUTpPAT KOPO3IHHOCTIHKHX
BHCOKOJIETOBaHMX CTaJIEH TOIIO.

B cuimy ocobnuBocTeit TeXHOIOTii BUPOOHUIITBA HEKOHIIEHTPOBAHOI a30THOT
KUACJIOTH B abcopOepi 3a0e3reuyeThCs MPOTIKAHHS MPOIECY XeMOCOpPOIl, KU
CYNPOBOKYEThCS BHIUICHHSIM 3HAYHOI KUTBKOCTI Teruia. TaKuM YHHOM, IaHUH
abcopOep MOBHMHEH 3a0e3leuyBaTH MPOTIKAHHS IapalieIbHO JBOX IMPOIECIB i3
JIOCTaTHBOIO IHTEHCHBHICTIO: Macomepe/ayi Ta tersionepenayi. BiamnosinHo, oxHIM
i3 BapiaHTIB yJOCKOHAJIEHHs BUPOOHHIITBA HEKOHIIEHTPOBAHOT a30THOI KHUCIIOTH €
MOJICpHi3allisl KOHCTpYKIii abcopbepa — 3aMicTh 06apOOTaKHOT KOJOHH MOXHA
3aCTOCYBaTH ILTIBKOBHUIT abcopOep TpyOdIacToro THITY.

TpyOuactuit abcopOep 3a KOHCTPYKIi€r0 NOHIOHWI 13 BepTUKAIBHUM
KOXKYXOTPYOHHM TeII00OMiHHIKOM. AOCOPOCHT HAAXOMUTHh HAa BEPXHIO TPYOHY
PEIIITKY, pO3NOIUIAETECA IO TPYOax 1 CTIKa€ Mo iX BHYTPILIHIN MOBEPXHI Y BUTIISIL
TOHKOI IUTIBKH. Y amaparax 3 BEJIUKHM YHCIIOM TPYO Ui OUTBIN pPiBHOMIpHOTO
PO3MOITY PiIMHU BUKOPUCTOBYIOTHCS CIelliaibHi MPUCTPoi. ['a3 BXOAUTH B anmapar
4yepe3 HIKHINA MTYIEP 1 pyXaeThesl Ha3yCTpid CTikarouii piakiil mwiimi. OCHOBHUM
HENIOJIIKOM Takux abcopOepiB € CKIagHICTh OTpUMaHHA 1 30€pe’KeHHS ILUTIBKOBOTO
pexxuMy BcepenuHi Tpyou mo Beil ii momxkwuHI. HanpsMkamu mojmansioi podotu €
JIOCTI/DKEHHST TiApONWHAMIKK Ta pPeXuMiB poboTH TpyOuacToro abcopbepa.
PilleHHs MOCTaBICHUX 3aBIaHb MOXJHMBE 32 JOMOMOIOI EKCIEepHMEHTaIbHUX
JOCIIIKEHB, @ TAKOXK [IUIIXOM MaTeMaTHYHOTO (KOMIT'IOTEPHOI'0) MOZIETIOBAHHS.

Pobomy euxonano nio xepienuymeom HAxnenxa C. M. ma Ocmpoeu P. O.
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INEPEBATY TA HEJOJIIKM BUKOPUCTAHHA 'HOIO
SK OPTAHIYHOI'O JIOBPBA

Tanema []. B., cmyo. ep. XM.m-01, CymZJV, m. Cymu

THiii cBUHEH Ta BENUKOT pOraTol Xy100U — 11e BaXITUBE HKEPEIIO CIICMCHTIB
JKUBJICHHS POCIHMH. VIOT0 BUKOPHCTAaHHS Mae BENMKE 3HAYCHHS TS PEryJTIOBAHHS
Kpyroo0iry pedoBrH y 3emMIIepoOCTBi, 30epe:KeHHS 1 MiABUIIEHHS BMICTy TYMYCY B
rpyHTax. [Ipu cucTeMaTHIHOMY BHECEHHI THOIO HE JININE 3HHXKYETHCSI KHCIOTHICT
rpyHTy (iprt HOpMi THOTO 30—40 1 Ha 1 ra BHOCHTBCs 0,3—0,5 T KanpLito 1 MarHio B
nepepaxyHKy Ha KapOOHAaTH), a W TONIMIIYETHCS JKUBJICHHS POCIHMH KAJBIIIEM,
MarHiem, Cipkor i MiKpoeleMeHTaMHu. BakiuBe 3Ha4eHHS Mae i Te, 10 HpHU
pO3KJIaJaHHI THOI BUIUIIETHCS Byriekuciorta. Tak, nmpu poskiaganHi 30—40 T
THOIO IOJHS BUAUIAETHCS Big 35 10 65 kr COp, 10 MOKpallye ByTJieleBe )KUBICHHS
pociuH. [IpoTe y BukoprcTanHi opraniuHux 100puB € i Hegoniku. Hacamnepen, 1e
BEJIMKA BOJIOTICTh Ta HU3bKA KOHIIEHTPALisl B HUX MOXXUBHUX PEYOBHH, 1110 POOUTH
€KOHOMIYHO HEBHTIJIHUM IEPEBE3CHHS IX Ha BENHKY Bifcranb. OKpiM TOro, rHii
MoOke OyTH OJHHM i3 HaHNOTYXKHIIIUX JKepelT 3acMiYeHHS IOJIB: KUIBKICTBH
JKUTTE3TATHOTO HACIHHA Oyp’sSHIB HOcATae AEKITBKOX MUTBHOHIB IITYK Ha 1 T THOIO
a00 KOMITOCTY.

Takox ciig 3a3HAYUTH, IO MOXXHMBHI PEUOBHHU, SIKi MICTATHCA Y CBLKOMY
rHOI, TepeOyBaoTh y HEROCTyNHiM ams pocnuH ¢opmi. [Ipomec posmeruieHHs
CKJIQJIHUX OPTaHIYHHX CIIOJIYK Y IPUPOAHUX YMOBAX Ma€ JOBIOTPHBAINI XapaKTep.
ToMmy Ha mnpakTHii THIf THepei BUKOPUCTAHHSIM HepepoOIooTh. s 1poro
BUKOPHUCTOBYIOTh KOMITOCTYBaHHS, BEPMIKOMIIOCTYBaHHS, MPUCKOPEHY
(epMeHTaLliI0 3 BUKOPUCTaHHSAM T'ymaTiB. Po3poOieHuii NpuHIMI TTOBHHEH OyTH
JIOTIOBHEHUI TEXHOJIOTISIMA 1 NPUCTPOSIMH, IO MPUCKOPIOIOTH 1 TOJIETHIYIOTh
MPOXOJKESHHS BCIX MPOIIECiB, 1 HACAMIIepe ] MPOIIECIB IECTPYKIIiT OpraHiKH.

IIporiecu ¢epMenTarii, 10 MPOXOISITH B OCHOBHOMY B OakTepiasibHIii
Oiomaci, mepenbadaroTh KOHBEPCI0 CKIAJHUX OPTaHiYHUX CyOCTpaTiB, TaKHX SK
ToJIicaxapuad, JImiau Ta OUTKM, B MeTaH i Miokcun Byrierro. Lle cumOioTnyne
VIPYIyBaHHS MOXE 3MIHIOBaTH OUIAXH  (epMmeHTalii; (YHKIIOHYE SIK
caMOpeTyJIIoBaJbHa CHCTEMa, sKa MiATpUMye 3HadeHHs pH y omTumambHOMY
niama3oHi 1 3a0e3neduye cTabilIbHICTh OPOTiHHS.

Jnst yTwmizanii  3a3Hau€HUWX BUIIE BiAXOMIB 3aCTOCOBYIOTH JBa THITH
6iomoriuyamx mporecis: 1) aepoOHi mporecH, B SKUX MIKPOOPTaHi3MH BHUKOPHCTO-
BYIOTh KHCEHb, PO3YMHEHHIl y IHX BiAXonax; 2) aHaepoOHI mHpomecH, B SKHX
MIKpPOOPTaHi3MH1 HE MalOTh JOCTYITY Hi 10 BITbHO PO3YMHEHOT0 KHUCHIO, Hi 10 1HIINUX
aKIENTOPIB eNEKTPOHIB, IO MAaIOTh MEpeBary B €HEPreTHYHOMY BiJHOIICHHI. 3a
TaKUX yMOB MiKPOOPTaHi3MHU MOXYTb BUKOPHUCTOBYBATHU BYTJICI[b, SIKHI BXOJUTH IO
CKJIa/ly OPTaHIYHUX MOJIEKYJI SIK aKLIENTOP €JIEKTPOHIB.

Pobomy suxonaro nio xepienuymeom Ocmpoeu P.O.

212



MOJEJIIOBAHHA I'TIPOANMHAMIKHM BIAIEHTPOBO-BUXPOBUX
[IPUCTPOIB JIJII MACOOBMIHHOI'O TA CEITAPAILITHOI'O
OBJIAIHAHHA

€cunuyk C. C., Hamanyxa A. P., cmyoenmu 2p. XM-11/1xi; Cmapuncoxuii O.€.,
acn. kag. XI; JIsnowenxo O. O., npogh. kap. XI, CymY, m. Cymu

Cenapariiine oOmagHaHHI € HEBiI'€MHOIO CKJIAaJOBOIO  0arateox
TEXHOJIOTIYHUX TPOIIECIB IIiJ] Yac MiATOTOBKH Ta MepepoOKH HaTOMPOAYKTIB, SKe
3a0e3medye OYMINEHHS Ta30BHX Ta PIAMHHMAX IMOTOKIB BiJ IIKiATUBUX JOMIIIOK,
pO3IiIsLE€ eMyJIbCii, BimcemapoBye TBepAi YacTWHKHU. [ 3abesmedeHHs BHCOKOI
e(eKTUBHOCTI pOOOTH JaHOTO OOJIa[HAHHS HEOOXIHO OKPIM KOHCTPYKTUBHHX Ta
TEXHOJIOTIYHUX PO3paxyHKIiB MPOBOJUTH EKCIIEPUMEHTalbHI Ta/ab0 YHUCIIOBI
JOCITIJDKEHHS TIAPOJMHAMIKH JBO- Ta TpU(a3HUX 0araTOKOMIOHEHTHUX IOTOKIB.
OCHOBHMMH TIiepeBaraMM cemaparopa € KOMIIaKTHa KOHCTPYKIlisS, BHCOKa
NPOJYKTUBHICTh Ta eEeKTUBHICTh po31iieHHs. [Ipy mpoeKkTyBaHHI cenapauiiHux
HPUCTPOIB MPOBOAATHCS JOCTIDKEHHS METOIO SKMX € BU3HAYECHHS ONTHMAaTbHHX
PO3MIpiB Ta XapaKTEpPUCTHK MOTOKIB, 1 K HACTITOK epeKTUBHOCTI poOOTH amapary.
BusHaueHHs mapaMeTpiB IOTOKY, SIKi B CBOIO Uepry BH3HAYalOTh €()EKTHBHICTH
PO3ILICHHS.

OmHuM 13 BHCOKOS()EKTMBHUX TimporukioHHiB € SPR-cemapatop 3i
CHipaNbHOI0 HacaJgkoro (TypOOCHipaiumio), sKa NpH3HAUEHA IS HAlpaBICHHS
BXiIHOTO TIOTOKYy y pagialbHOMY HampsMKy Ta BIAMOBIZHO CTBOPEHHA
BileHTpoBUX cui. OcHOBHOW mepeBaroro SPR-cemapatopy € Bucoka poboua
MIBUAKICTh PIIMHU B KOPIYCI BIJLIEHTPOBOI'O €JIEMEHTa, L0 3a0e3Medye BHCOKY
IHTEHCUBHICTH mporecy PO3ILICHHS. Marematuune MOZETIOBAHHS
BUKODHCTOBYETBbCS ~ M  4Yac  JOCHI/DKCHHS ~ XapakTepHCTHK  Ipolecy
(hyHKIIOHYBaHHS Oyab-AKOT CHCTEMH 3a JOMOMOTOK) MaTeMaTHYHHX METOJIIB
(Brtrouaroun MarnuaHi). J[7sT 1bOro MpOBOIATH (HOpMAai3alliio I[HOro MPoIECy,
TOOTO OyAYIOTH MaTeMaTHYHy MOJIEIIb.

Ha migcraBi pe3ynpTaTiB YHCETHHOTO MOJIENIOBaHHS TinpoauHamiku SPR-
cemaparopa, a came i30JiHIH 1 BEKTOpIB IMIBUIKOCTI IUCHEPCHOI (a3, MOXKHA
CTBEp/UKYBAaTH, IO 3alpONOHOBaHA METOAWKA MOJICNIIOBAHHS  BiAIMOBigae
TCOPETHYHHM  YSBICHHAM TIIpO cemapamii JIBOKOMIIOHEHTHHX IIOTOKIB Yy
BIIIIEHTpOBOMY TmoJli. Po3paxoBaHa e()eKTHBHICTH MOMiTy, IO B CBOIO HYEpry
MiATBEPIKYE AAEKBATHICTh 3aIpPOIIOHOBAHOI METOMUKH 1 MOXJIMBICTH il
BUKOPHUCTAHHS JUII MaOYTHIX JTOCIIIKECHb.

Poboma euxonana 3a niompumxu MOH Ykpainu (P Ne (0120U102036
«Cmeopenns HOBUX 2epAHYIbOBAHUX Mamepianié 01 A0epHO20 nalueéa ma
Kamanizamopie 8 aKkmueHOMY 2I0OPOOUHAMIYHOMY cepedosuwyiy) nio KepigHUymeom
0.m.H., npo., eon. Hayk. cniepobimnuxa Ckrabincokoeo B. I.
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PEXXUMHO-TEXHOJIOI'TYHA 1 ALTAPATYPHO-KOHCTPYKTUBHA
OIITUMI3ALIA CEITAPATOPIB YCTAHOBKU INIAIOTOBKU I'A3Y

Tonoxeocm O. O., Camotinenxo B.O., cmyoenmu ep. XM.m-01; Cmapuncoxuii O.€.,
acn. kag. XI; JIsnowenxo O. O., npog. kagp. XI, CymY, m. Cymu

OCHOBHMM MPOLIECOM Ha MPOMHUCIOBHX YCTAaHOBKAaX KOMIUIEKCHOT
miaroroBku ra3y (YKIII') mepen momadero i Ha razomepepoOHi 3aBogu (I'TI3) €
TIOTIEPEIHE OYHINEHHS IPUPOJHOTO Ta3y BiJl KpamnelbHOI PiIMHH Ta MEXaHIYHUX
nmomimok. Ogamm 3 ocHoBHEX amapaTiB YKIII e cemaparop Il crynens cemapariii,
SAKAH BUKOPHCTOBYETHCS IS OUHUILEHHS IPUPOJHOTO Ta3y BiJ KpamenbHOI pituHA
Ta MEXaHIYHHUX JOMINIOK. Halpo3nmoBCIO/KEHINM HEJOTIKOM CcemapariifHoro
obyasiHaHHS € OPU3KOBHMHECEHHS, SIKE B CBOIO YEPry MOYKE BHHUKATH BHACIIIOK
HEJJOTPUMAaHHsI ONTHMANBHHUX MapaMeTpiB IpoLecy .

OnHUM i3 cnoco0iB HapollyBaHHS 00’€MiB BHPOOHUIITBA BYIJIEBOJHEBUX
NPOJYKTIB € BIOCKOHAJIECHHS Ta MiJBUILEHHS €(pEeKTUBHOCTI pOOOTH B LILIOMY
MPOMUCIIOBUX YCTaHOBOK ITiATOTOBKY HAaTH Ta ra3y. Jlyist 1ociipkeHHsT YCTaHOBOK
HiArOTOBKH HaTH Ta Ta3y 3a3BHYall 3aCTOCOBYIOThCS CHCTEMH aBTOMAaTH30BAHOTO
npoektyBaHHs (CAIIP), a came Texromorii aBromaru3oanoi po3poOku (CAE).
3a3BHUail [T MOJEIIOBaHHS PEXXUMIB pOOOTH TEXHOIOTIYHUX JIiHi 3aCTOCOBYIOTh
NpOrpaMHI KOMIUICKCH, IO JO3BOJIIIOTH PO3paxyBaTH MaTepiaibHi Ta TEIUIOBI
Oamancn maHuWX TexHoNoriuHmX JiHiH, a came ChemCAD, AspenHYSYS,
MATLAB, Mathcad Ta iH. BpaxoByrounm CKIamHICTh iCHYFOUMX MPOMHUCIOBHX
YCTaHOBOK, IS iX JAOCII/KEeHHs OyJia 3alpOrOHOBaHA METOJIUKA ONTHMI3alliHHIX
MOJICTIOBaHb XiMiko-TexHousoriunux npoueciB (XTII) 3acobamu CAE-cuctem
TEPMOJAMHAMIYHOTO MOJEIIIOBaHHA. MeTonnKa ONTUMI3AIlIHHUX MOJICIIIOBAHb
CKJIQJIA€THCS 3 TPHOX eramniB. Ha nepimoMy erarri mpoBOJUTHCS aHAI3 YCTAaHOBKH, a
caMe oM TEXHOJOTiYHOi JiiHii, aHaji3 CHPOBHHM Ta e(EeKTHBHOCTI 1
MNPOJYKTUBHOCTI pOOOTH YCTaBKM B LUJIOMY. BuXonsuu 3 NpOBENEHOTO aHaii3y
YCTQHOBKH pO3pOOJSIEThCA  3aBIAHHS Ul ONTHMI3AI[IMHOIO MOJETIOBAHHS,
BHU3HAYAIOTHCS Kepyroui (pakTopu Ta BH3HAYaeThCS HiTboBa PyHKIiA. Ha npyromy
eTarri IPOBOATHECS ONTUMI3aIiiHI MOAETIOBAaHHA XiMiKO-TEXHOJIOT1YHHX IPOILIECIB,
B CBOIO UEpry JIaHWH eTal MOXHA YMOBHO IO/IJIMTH Ha JIEKUIbKA KPOKiB, po3po0ka
(hyHKIIOHATTFHOI CXEMH YCTaHOBKH, BHOIp TTI00ANBHOI pO3paxyHKOBOI MOJENi Ta
po6oUNX PEYOBHH, HAJAIITYBAHHS OKPEMHX OJMHHIIL OCHOBHOTO Ta JJOMOMIKHOTO
oOnaiHaHHS 1 MPOBEACHHS pO3paxyHKiB. OCTaHHIM €TaroM € aHali3 pe3yJbTaTiB
PO3paxyHKIB Ta HaJIAHHS PEKOMEH Al 11010 BAOCKOHAIICHHS YCTaHOBKH.
Poboma euxonana 3a niompumxku MOH Vxpainu (AP Ne 0120U102036
«Cmeopennss HOBUX 2pAHYIbOBAHUX Mamepianié oasi A0epHO20 Naiuea ma
Kamanizamopisé 6 akmueHoMmy 2iOpOoOUHAMIUHOMY Cepedosuyin) nio KepieHUYmeoMm
0.m.H., npo., eon. Hayk. cniepobimnuxa Ckrabincokoeo B. 1.
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MMPOAYKTUBHICTb CAMOYCMOKTYBAJIbHUX
[IEPEMIIITYIOUUX [TPUCTPOIB

Cmopooicenxo B. A., npog. kagh. XI; Cmupros B. A., acucm. kag. X1,
Ecunuyk C. C., cmyo. ep. XM-71/1ki, CymY, m Cymu; lllabpayvxuii C. B., cm.
euxn., CHY im. B. Jlana, m. Cesepoooneyvk

Y mpoMmuCIOBOCTI AJIS TPOBEICHHS Ta30piMMHHHUX PEakKIliii TOCHTh 9acTo
BUKOPUCTOBYIOTHCS allapaTH 00 €MHOTO THITY 3 MEXaHIYHUMH ITePEeMilTyBaIbHIMU
HPUCTPOSIMU Yy SKHX IOJady ra3oBOTO MOTOKY 3/IMCHIOETHCS B PEAKILINHHY Macy
yepes pi3Hi KOHCTPYKIii 0apOoTepiB. Sk MOKa3yIOTh JOCTIIKEHHS €(pEeKTUBHICTD iX
poboTH Hu3bKa. AHai3 poOOTH TAaKWX amnapaTiB JaB MOXJIHMBICTb IEPErisTHYTH
rizponuHamiky mnepebiry peakmii MiK Ta30BHM 1 PIAMHHEM peareHTamu i
3acTocyBaTh s wiel MeTHm O0O0’e€MHI amapatd i3 CaMOyCMOKTYBaJlbHUMHU
nepeMillyBajlbHUMH NpUcTposiMu. Ha naGopaTopHOoMy cTeHAl OynM mHpoBeneHi
BUMPOOYBaHHS LIUIMHHUX HAacajJKiB 3 METOI BH3HAYEHHS 3aJISKHOCTI BUTPATH
ra30piAMHHOI CYyMIlli BiJi HAAMIPHO THCKY. JIJIs 1IbOTO OyJIM BUTOTOBIICHI ICKiJIbKa
MoJieTiel TepeMillyBaJbHUX HPHUCTPOIB 3 PI3HUMH T'€OMETPHYHMMH (popMamMu i
po3mipamu. [licis oOpoOKH eKCIIepUMEHTANBHUX JaHUX OYJI0 OTPUMAHO PiBHSIHHS
JUIT pO3paxyHKy HAacCOCHOI MpPOXYKTHBHOCTI TAaKOTO THITy II€PEMilIyBaIbHUX
MIPUCTPOIB:

Vi = ASozmdy/ (n* — ng)&o 1)

ge V. - TeopeTMYHa HAacOCHa IIPOXYKTUBHICTH 3a Ta30BOIO (a30io
CaMOYCMOKTYBAaNIbHOT €xKeKIiHHoT Mimanku, m%/c; A — y3araabHeHM# KoedilieHT
BUTpATH rasy; So — IUIOMA OTBOPY MOPOKHUCTOT JIOMATi MilAKK, M2, Z — YHCIIO
JonaTeii Mimanky; dy — JiaMeTp MillaJKH, M; N — 9acTOTa 00epPTaHH MilIaJIKH, C;
No - TOYAaTKOBA YAaCTOTA 0OEPTaHHS MIIIAJIKH, IPH SIKii TOYNHAETHCS BUTIK Ta30BUX
Oynb0alIok 3 MOPOXKHMCTOI JomaTi B 00’€M, WO mHepeMimyeThes, c; & —
KOe(DII[IEHT, 1110 BPaXOBYE TiIpaBIiYHUI OTip y MOPOXKHHUCTIH JomaTi.

Jane piBHSHHS MOXe OyTM  BHUKOpPHCTaHE TP  IIPOEKTYBaHHI
BUCOKOE(EKTUBHHUX MEPEMILIYIOUNX TMPHUCTPOIB AJsl MpPOLECIiB MacoOOMiHYy B
razopiivHHuX peakropax. CaMOYCMOKTYBallbHI ~€XEKLIiHHI IepeMillyBajbHi
npucTpoi, sKi OynM BHOPOBAa/PKEHI y BHPOOHMITBAX Ha CTajii XJIOpYBaHHS
AHTPOXIHOHCYJIL(OKUCIIOTH, IHJAHTPOHA Ta CyJNb(QyBaHHA  aJKUIOEH30JIB
ra30noAiOHNM CipYaHUM aHT1APHIOM ITOKA3aJIM OCTaTHIO €(DEeKTHBHICTS.

[Mepenik jxepen nocunanb

1. A.C. Ne1606168 (CCCP) YcTpoiicTBO I IEpeMEIIHBAHUS JKUIKUX CPEJT
/ Hlabpanxwuii B. U., Cropoxenko B. f. u np. — Ony6u. B 5.1. Ned2, 1988.

2. Tlatent Ykpaiuu Ne 71183 Ilpuctpiii anst nepemitnyBanns./ benxin 1.,
Cropoxenko B.A., Hlabpanekmii B.I., bapsin B.I., [llabpanekuii C.B. Omy06u.
2012 p., bron. Ne 13.
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PO3POBKA JOCIIAHOI'O EKCIIEPUMEHTAJIBHOT'O CTEHY JJIAA
MOJIEJTFOBAHHS I'IJIPOJIMHAMIKH BOJOHA®TOBUX EMYJIbCIHI

Cmapuncokuii O. €., acn. kag. XI;, JIanowenxo O. O., npog. kagh. X1,
CymY. m. Cymu

[TiaroToBka ByrieBoJHEBOT MPOIYKLIT IO TOJANIBIIOTO TPAHCIIOPTYBAHHS Ta
nepepoOKH peallizyeTbcs JABO- Ta TpU(asHUX cemaparopax. EdexTuBHIiCTH Ta
IHTEHCHBHICTh TPOILECIB PO3MUIEHHS eMYJIbCil, BIAIICHHS MOIyTHOTO HA(hTOBOTO
rasy Ta HOro OYMCTKa 3aJeXaTh BiJ] IOKOMIIOHEHTHOTO CKJaay HadTorasoBoi
CyMillli, CTyHiHb OOBOJHEHOCTI Ha(TH, HASBHOCTI MEXaHIYHUX JOMIIIOK Ta
eMyJIbraTopis. 3 METOIO IMiABHUINEHHS MPOIYKTHBHOCTI CeNapariiifHoro obJarHaHAS
3aCTOCOBYIOTh PEKHUMHO-TEXHOJIOTIYHI Ta amapaTypHO-KOHCTPYKTHBHI METOMH,
OITHUM 13 SIKMX € TiJBUIICHHS JIHIAHOI IIBUAKOCTI pyXy PiIWHH B amaparti. Jns
TOPU30HTANBHUX JICEMYJIbCATOPIB PEKOMEHAOBAHO NPHUAMATH JIIHIHHY IMBHAKICTH
pyxy B 2,0-2,5 pa3u OGUIBIION0 BijJ IIBUAKOCTI OCAKCHHS TUCIIEPCHUX KPATUIHH.
IcHye rimoresa 1110 JaHy IBUIKICTH MOXKIIMBO 301IBIINTH 32 PaXyHOK BUKOPUCTaHHS
BHUCOKOIHTEHCHBHUX BHYTpIIIHIX ceHapamiiHUX HPUCTPOIB 0e3  3HMKEHHS
e(eKTHUBHOCTI MPOIIECy.

[NepeBipky 3ampoONOHOBAHOI FIOTE3U MOMKIIUBO MPOBECTH K (PI3UUHUMHE TaK
1 YUCETPHUM METOaMH. Y 3B’A3KY 31 CKJIaIHICTIO MPOIIECIB 1[0 MPOTIKAIOTH ITi]T Yac
PO3IiNIeHHsT eMyJbCil HEOOXiJTHO MPOBOANTH OaratodakTOpPHI EKCHEPUMEHTH, SIKi
Oy/yTh BpaxoBYBaTH K BXiJIHI TapaMeTpH BYTJIEBOAHEBOI CyMillli, 3a3HaUeHI BHUIIIE,
Tak 1 OCOOJHMBOCTI BHYTDIIIHIX CcemapaliifHiX NpPUCTPOiB, a caMe THUI Ta
TEOMETPUYHI TapaMmeTpd, (I3MKO-XIMIYHI BIACTUBOCTI MaTepialry 3 SKOTO
BUTOTOBJSIFOTECS TPUCTPOi, TiApaBIIYHUM Omp Ta CTYHiHb 3a0pyIHCHHS
MEXaHIYHUMH JOMIIIKaMH. 3 METOI0 BHpINIEHHS MJaHOI 3amadi HEoOXimHO
PO3POOHUTH  JOCIiTHO-CKCIICPUMEHTAIBHUIA CTEHA SKWA ITOBUHEH BKIIOYATH
MPUCTPIHN 151 CTBOPEHHS IITYYHOI BYTJIEBOHEBOT CYyMIillli, TOTIOMI>XKHI €EMHOCTI JIJIst
BiZIBEJICHHSI OYMIIEHUX IPOJIYKTIB, CUCTEMY YIPABJIIHHS IPOLIECOM PO3JIICHHS
(KpaHH, BEeHTHJII), KOHTPOJIBHO-BUMIPIOBAIbHI NpUIaaAn (MaHOMETpH, piBHEMIpH i
T.II.) @ TAKOXK IPOTOYHY YAaCTUHY. BUMOTH J10 TPOTOYHOT YaCTHHU HACTYIIHI: KOPITYC
BUT'OTOBJICHUII 3 TPO30pOro Marepiaiy, oprckia abo IUIACTHKY, JUIS HAOYHOI'O
criocTepe)xeHHs 3a Pi3NYHUMH SBUILAMH, BEPXHS YaCTHHA KOPITYCY BiJKPUTA Ta MAE
CIelliaNbHi MPUCTPOi IS JIETKOTO BCTAHOBJICHHS Pi3HHX 3a KOHCTPYKLIEHO
BHYTPIIIHIX cenapaniiHuX MPUCTPOIB Ta KOHTPOJIbHO-BUMIPIOBAIIbHI PHIIA/IiB.

Poboma euxonana sa niompumku MOH Yxpainu (/JP Ne 0120U102036
«Cmeopennss HOBUX 2SPAHYILOBAHUX Mamepianie Oasi A0epHO20 NAIuUed ma
Kamanizamopie 6 aKkmueHOMY 2I0OPOOUHAMIYHOMY cepedosuwyiy) nio KepigHUymeom
0.m.H., npo., econ. nayk. cniepobimuuxa Cxaabincvkozo B. I. ma MOH Ykpainu
(/[P Ne 01170003931 «Po3pobka ma  B8NPOBAONCEHHS — eHepeoepeKmuHuUxX
MOOYIbHUX — CenapayitiHux npuUcmpois 0as HAPmMoea308020 ma OUYUCHOZO
0071a0HANHAY) NI0 KepiGHUYMBOM O.M.H., NPOQ., 201. HAYK. CNiepoOImHUKA
Jlanowenxa O. O.
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MOJEJIIOBAHH TEXHOJIOI'TYHUX ITPOLIECIB
Y BUPOBHUITBI BIOETAHOJIY II IIOKOJIIHHA

Cromap A. I1., HImamenxo B. A., cmyo. ep. XM.m-01/1; Jlanowenxo O. O., npog.
kag. XI; Crudanenxo M. C., ookmopanm xkagp. XI, CymAY, m. Cymu

B yMoBax 3pocTaiodoro mommTy Ha €HEepProHoCii B YCiX perioHax CBiTy,
CTPIMKOTO 3pOCTaHHA MapKy aBTOMOOLUIIB, IOCHJICHHS EKOJIOTIYHMX BHUMOT BCE
OimpIa yBara MPHUIUIAETBCA TOITYKY HOBHX €(QEKTHBHHX, SKOJOTIYHO YHCTHX
JoKepen eHeprii. bioeTaHOT Mae IiTy HHU3KY IepeBar MOPiBHSHO 3 TPATUIIHHUMHU
BUJAaMH TaJINBa, K €KOJIOTIYHHX, TaK 1 eKciuryaTamiiauX. OgHaK TeXHOJOTIIHUH
npoluec BHPOOHMITBAa Olo€TaHONY Mae 3HAa4YHI EHepro3arparH, Lo 30UIbIIye
BapTicTh mpoaykiii. OCHOBHMII BUA eHeprii, SIKHH BHKOPUCTOBYETHCS IMiJA 4Yac
HpolLecy - e TeIUIOBA eHepris y BUTIAAI napu. J[is oTpiuMaHHs eTaHOoIly Ipyroro
MOKOJIIHHSL 3 JITHOIEJIIOJIO3HOT CHUPOBMHM Ha JaHUM Yac BHKOPHCTOBYIOTHCS
JIeKiJIbKa TEXHOJIOTIH, SIKI MOYKHA TIOJIMTH Ha JIBl OCHOBHI IPyIH — TEPMOXiMiuHa
KOHBepcis Ta 610XiMiYHA KOHBEPCIsl.

Jus mocmimpkeHHs mporecy pekTudikamii i BUpIMICHAS 3a1a4i ONTHMi3amii
TEXHOJIOTIYHUX TapaMeTpiB OparopekTudikamiiHui yCTaHOBKH BHPOOHHIITBA
6ioeTaHory OyIJI0 3aCTOCOBAaHO METOAU CTATHYHOTO 1 TMHAMIYHOTO MOJICITIOBaHHS 3
BUKOPHCTAHHSIM IHCTPYMEHTAJIBHUX 3aCO0IB ST UHCENBHOTO MOJEIIOBAHHS
XIMIKO-TeXHOJIOT1YHUX TporeciB. [Ipo aHami3yBaBIIN OTpUMaHi pe3yIbTaTH MOKHA
3pOoOUTH HACTYIIHI BUCHOBKH.

st OpakHOT KOJIOHM MiHIMaJbHa BHUTpaTa MapH CTAaHOBUTH 6 Kr/c, MIO
ekBiBaJeHTHO 79,68 M]Ix/C, IpH IbOMY OTPUMAEMO CYMIIII 31 3MiCTOM 010€TaHOITY
0,74 mac. mo11., a KiIbKICTh AoMiInok otpumaemo 0,09 mac. 107..

Jist emopaniiiHoT KOJIOHM MiHIMallbHa BUTpaTa rnapu CTaHOBUTH 1,3 Kr/c, mo
exBiBasieHTHO 17,26 MJIx/c, mpu 1poMy OTpuMaeMo B KyOi CyMiml 3i 3mMicTOM
6ioetanony 0,46 mac. 70I1., a KiIBKICTh qOMIIIoK orpuMaemo 0,022 mac. ao0ur..

Jiist ciupTOBOi KOJIOHU MiHIMabHA BUTpaTa mapu ctaHoBUTH 4 MJxk/c, mpu
oMy oTpuMaeMo JuCTHAAT 0,969 Mac 1107, a KUIBKICTh JOMIIIOK OTPUMAaEMO
0,027 mac. moa.

Just BupoOHUITBa GioeTanony Il mokomiHHS MpH BUKOPUCTAHHI B SIKOCTI
CHPOBHHHU COJIOMY 3EPHOBHX KyJNbTyp B Kimekocti 270 000 T/pik oTpmumaemMo
6ioeranomy 6inst 50 000 1/pik, KoHIIEHTparis skoro ctaHoBuTHME 0,0969 Mac. foi.,
IpY IbOMY Ha OparopexTedikamiiHy gimsHUIO (OpaXkHa, emopariifHa Ta CIIUPToBa
KOJIOHW) HeoOXifHO 3aTpatutu MiHiMyM 100,94 MJIx/c eHeprii.

Poboma euxonana sa niompumku MOH Yxpainu (/JP Ne 0120U102036
«Cmeopennst HOBUX 2SPAHYIbOBAHUX Mamepianie Oasi A0epHO20 NAIued ma
Kamanizamopie 8 aKkmueHoOMY 2I0OPOOUHAMIYHOMY cepedosuwyiy) nio KepigHUymeom
3a6. kagh. XI, 0-pa mexu. nayx, npog., con. nayx. cnigp. Ckaabincokoeo B. I.
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BIIVIMB TEXHOJIOTTUYHUX ITAPAMETPIB ITPOLIECY
HA XAPAKTEPUCTUKU ITPOAYKTY, OTPUMAHOI'O
3A 30JIb-TEJIbHOIO TEXHOJIOT'IEIO

JIanowenxo O. O., npo@. kag. XI;, llasnenxo 1. B., npog. kagh. KM
im. B. Mapyunroecoroeo,; Cxuoanenxo M.C., dokmopanm xagp. XI;
Hem’anenxo M. M., acn. xagh. KM im. B. Mapyunkoecokozo; FOxumenxo M. I1.,
ooy. kag. XI; Ocmpoea P. O., cm. suxn. kagh. XI; HAxnenxo C. M., ooy. xagh. XI,
Kononenrxo M. I1., cm. nayk. cnisp. nab. JITMO, Cym/[Y, m. Cymu, Yrpaina

Kepamika Ha OCHOBI OKCHIIB BaXKHX METAJB 1 aJFOMIHIIO Biirpae KIOYOBY
POJIb Y CydacHHUX TEXHOJIOTIYHUX MPOLEecax BUPOOHUIITBA MAIMBHUX €JIEMEHTIB JUIs
peakTOpiB aTOMHMX €JEKTPOCTaHLINd Ta KaTajidy, 30KpeMa Yy HadToXimii,
(apmaneBTHIl, BAKOPUCTAHHI TPaJULIHHAX BUKOIIHUX MTAJIUB 1 BAPOOHUIITBI MaJTUB
3 TOHOBJIOBaHMX JDKEpPEN, Y PO3BUTKY IEPCHEKTUBHHUX CIIOCOOIB OTpUMaHHs
eHeprii, HarpuKJiaj, 3a JOMOMOIOI0 MAJUBHUX EIEMEHTIB i COHSYHMX Oarapei, y
PO3BHUTKY TEXHOJIOTIH IJIsi OXOPOHM HABKOJMIIHBOTO cepemoBuia. HaiOimbi
JOIIIPHAM 1 TIEPCIIEKTHBHAM CHOCOOOM OTPHMaHHSA YacTOK KEpaMikd €
BUKOPHCTAHHS 30JIb-T€JIb TEXHOJOTII. /o mepeBar nporo MeToxy MOXHA BiHECTH
MOXIIMBICTh OTPHUMAHHS 30JI0 33JaHOTO CKJIaly Ta CTPYKTYpH, PiBHOMIpHOTO
PO3IOITY CKJIaZI0OBHX PEYOBHH IO 00’ €My TpaHyJIH.

3 METOI0 yIOCKOHAJICHHS ITPOIIECY OTPHMAHHS MIPOIYKTY 10 30JIb-T'€IHHOIO
TEXHOJIOTi€r0 OyB TpoBeAcHWT BHOIp Ta OOTPYHTYBaHHS IlapameTpiB, IO
BIUIMBAIOTh HA XapaKTEPUCTUKU 30JII0, TPOLECY TeIIOBaHHS Ta OTPUMAaHOTo
NPOAYKTY TO Il TexHosoril. XapakTepUCTHKH KOPYHIOBOI KepaMiku y
BUPIMIAJIBHIN Mipi BU3HAYAIOTHCS BJIACTHBOCTSIMH BHXIJIHOTO TMOPOIIKY (YHCTOTA,
JMCIIEPCHICTh, aKTHBHICTh) Ta TEXHOJIOTIE0 OTPUMaHHsS LUX MaTepiaib.
BusiBnenuii BrutuB Gi3MYHMX Ta XIMIYHHX BJIACTHBOCTEH 30110 HA XapaKTEPUCTUKU
OTPUMAHOTO MPOAYKTY, 30kpema: BmimB cmiBBigHomenHs Al(OH)3:HNOs; Ha
(hi3UKO-XIMI4YHI BIIACTHBOCTiI 30JI0, BIUIMB IIOBEPXHEBO AKTUBHHUX PEUOBHH, iX
CKJIa/ly Ta KOHIIEHTpallii Ha Ipolec OTpUMaHHs cdep; BIUIUB BIACTHBOCTEH PiMHU
JUIS 3aTBEP/iHHS Ha XapaKTePUCTUKH OTPUMAHOTO MIPOIYKTY; BIUIUB BIACTUBOCTEH
pimuHM 11 GOpPMYyBaHHS IpaHysl HA T€OMETPHYHI XapaKTEPHCTHKH OTPUMAHOTO
MPOJYKTY; BIUTUB F€OMETPUYHOI ()OPMHU IPaHyJI IPOAYKTY Ha HOTO BIACTHBOCTI.

Buxonsun 3 mOpakTHYHUX peE3yJbTaTiB, OyB NpOBEACHUI aHaii3 Ta
y3araJbHEHHS pe3yJibTaTiB JOCIiIKEHb;, PO3pO0IEHO MPAaKTHYHI pPEeKOMEeHMaIil
IOJI0 CTBOPEHHST HOBUX TI'PaHyJbOBAHMX MarepiaiiB IJisl SIEPHOTO MajiuBa Ta
KaTaJli3aTopiB B aKTUBHOMY TiJpOJANHAMIYHOMY CEPEJOBHIII.

Poboma euxonana sa niompumku MOH Yxpainu (/IP Ne 0120U102036
«Cmeopentsi HOBUX 2SPAHYILOBAHUX Mamepianie Oas s0epHO20 NaIued ma
Kamanizamopie 8 aKkmueHoOMY 2IOPOOUHAMIYHOMY cepedosuwyin) nio KepieHUYMBEOM
3a6. kagh. XI, 0-pa mexu. nayx, npog., con. nayx. cnigp. Ckaabincokoeo B. I.
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SKICHE BU3BHAUYEHH AMITJAJIIHY B KICTOUKAX IUVIO/IIB
PO30BUX KVYJIbTYP

Paouenxo A., cmyo. ep. Mb-01/311X; Bopobuiosa I. I'., doy. kag. TILX,
Cym[Y, m. Cymu

Awmwraanit (Bix rped.apoyddAn - MUTIaib) - TeHII010311 HITPUT MUTAAIBEHOT
kucinoT CooH,27NO1 4, TITiKO3M, 0 MICTUTHCS B KICTOYKOBHX. Briepiiie BuaineHui
3 ripkoro murpano. KpucramigHa pedoBuHa 3 TeMIiepaTyporo wasieHHs 215°C. Y
IUIOIaX AaMHTIATIH CHHTE3YEThCSI B TpoIeci JO3piBaHHA 3 IiaHTiApiHA
OcH3anbaeruaa, CTyIMiHb HAKOITHMYEHHS aMUTTANIHY 1 HOTO KiHIIEBHH BMICT B Aapax
TUTO/IIB 3aJIS)KUTh BiJl aKTHBHOCTI O€Ta-TIMKO3H/Ia3, 0 PO3MICIUTIO0T MIPYHA3HUH 1
amMuranid. Y HUIyHKOBOMY COKY PO3MaJi aMUTAATIHY 3 YTBOPEHHSIM CHHHJIBHOT
KHACJIOTH 1 OOYMOBJIOE TOKCHYHICTh KICTOUYOK TIPKOTO MHIJIANIO, IICPCHKA,
abpukoca, BUIIIHI, 10JyHI 1 AeIKUX 1HIKMX pociuH|1].

VY pi3HUX CTaTTAX 3 HETPaAMUiiHOI MEAMIMHU aMWIJalliHy, JlaeTpalo,
NPUIKCYIOTh 00J1€3aCTOKIMINBI BIACTHUBOCTI, 34aTHICTh YIIOBUIBHIOBATH MPOLIECH
CTapiHHs, HOKpAIyBaTH MPOIECH OOMIHY, TiKyBaTH pakoBi myxJiauHH [2].

Jlnist IKicHOTO BU3HAUCHHS aMUTIAJIiHY B KiCTOYKaX OB PO30BUX KYJIBTYP
BUKOPHCTOBYBAJIM METOJ] X0aCEBUYa, B OCHOBI SKOTO JIEKHUTh PEaKilis yTBOPECHHS
OepmiHCHKOI Ma3ypi. Jo KiTBKOX MUTUIITPIB JyKHOTO NUCTHIATY, monmaBamu -4
Kparuti po3BeneHoro pozunnay gepyM (II) cymsdarty 1 Takuii ke 06°€eM po3BEICHOTO
po3unny depym (III) xmopumy. Cymim nqobpe 300BTyBaNH i HarpiBaJd Ha MOIYyM'T
ra3oBOro najbHUKa MaiKe [0 KHIIHHS, a MOTIM OXOJIOMKYBaJIM 10 KiMHATHOT
Temmeparypu 1 gogaBanu 10%-i po3yuH XJIOPHUIHOI KUCIOTH JO CIA0KO KHCIOL
peakuii Ha nakmyc. [TosiBa cuHbOrO OCay 200 CHHBOTO 3a0apBJeHHs BKa3yBajia Ha
HAasBHICTD I[iaH1THOT KUCIIOTH (IiaHi/1iB) B AMCTHJIATI.

B xoami poboT MM MiATBEpAWIM HAIly TiNOTE3y MPO Te, LI0 aMHIIalliH
MOXHA BUSIBUTH B JIaDOpaTOPHHX yMOBax, BHKOPHCTOBYIOUHM SIKICHI METOAM 1
JOCTYTIHI pEaKTHUBH.

Criicoxk Jitepatypu

1. Buramun B17 (Amurmanus, Jlaerpans, Jletpun): [Enexrponnunii pecypcel//
Aropsena. URL: http://www.evaveda.com/spravochnye-
materialy/pishha/vitaminy/vitamin-v17-amigdalin-laetral-letril/

2. CununbHag xucnota. Limarugsrs: [DnexTpoHHbI pecype]/Hayka o spax u
anrugorax. URL: http://visha.ucoz.ru/index/0-25
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KUIBKICHE BUSHAYEHHS ®YPALIMJIIHY METOAOM
MOJOMETPUYHOI'O TUTPYBAHHS

Kpasuenro A., Casoucvka C.-M., cmyodenmu ep. MI{m-003;
Bopoobiiosa I. I'., doyenm xagheopu TILX, CymY, m. Cymu

Oypammnin - (dypauin,  HiTpodypanu,  HiTpodypasoH, S5-HiTpo-
dypoypimineacemikapbazon) CsHeOsNs — xoBTHII ab0 3elIeHYBaTO-KOBTHIL
KPHCTAJIYHUI TTOpOLIOK Oe3 3amaxy, ripkuit Ha cMak. [lnaButkes npu Temneparypi
227-232°C 3 posknananusaM. Oypanwiin gyxe Mano posuunHHUH y Boai (1 4200),
MaJo po34nHHNH B 95 % crupTi, MPaKTHIHO HE PO3UMHAETHCS B eipi, po3unHHMI
B Jyrax. PozumH Mae xoBTe abo Oe30apBHe 3abapBieHHSA. BomHi po3uuHH Ipu
TpuBaJIOMy 30€piraHHi BTpadalOTh AaHTHUMIKPOOHY akTuBHicTh [1]. Buximaum
MPOIYKTOM JUIS CHHTE3y BCIX MpemapariB HITpoQypaHOBOTO psily € IOCTyNHa
pedoBmHa —  Gypdypoda, MmO  OTPUMYEThCI 3  BIAXOHIB  pI3HHX
CUIBCBKOTOCIIONAPCHKUX ~ NPOAYKTIB  (KYKypyI3sHI  KayaHH, COHSIIHHKOBE
ayumuHes). OfepikaHHs QypanuiiHy 3aCHOBaHE Ha HUTpoBaHuHM (Gypdypory B
CyMillli OIITOBOTO aHTIAPUAY 1 OUTOBOI KMCIOTH. JlikapchKi penapaTty — noxiaHi 5-
HiTpodypdypona — anTHOaKTepianbHi 3acO0M LIIMPOKOTO CHEKTPY il BiIHOCHO
IPaMIIO3UTHBHUX 1 TpaMHETaTUBHHX OakTepiil, HesKMX BEIUKUX BIPYCIB,
TPUXOMOHa, JAMOJIi. 3aCTOCOBYIOTh AJIsS JIIKYBaHHS 1 MONEPEKSHHs THIHHO-
3amajgbHUAX TPOIECIB, IPH MPOJICKHAX 1 Bupaszkax, omikax Il ta Il crymens, mis
MIATOTOBKY I'PaHyJIIOI0401 MOBEPXHI /10 MEPECaKH MIKIpH

3anexxHO BiJ XapaKTepy 3aMiCHHKA CHOCTEPITalOThCS JCSIKI BIAMIHHOCTI B
cnekTpi ix aHTHOakTepianmpHOi mii. Hampukmax, QypamwniH BIUTHBae Ha
TrpaMHETaTHBHI i TpaMIO3uTHBHI Oakrepii.. KinbkicHe BM3HaueHHS HiTpodypaHa
BUKOHYIOTh HOJOMETPUYHMM METO/JOM, 3aCHOBAaHMM Ha OKHUCJICHHI iojoM B
JIY)KHOMY CEpeOBHUII (A1 MOJIMIICHHS PO3YUHHOCTI IO HABIIIYBaHHS JOJAOTh
XJIOpUA HATPIIO 1 CyMill MimirpiBaroTh). TUTpOBaHUN PO3YMH HOMY B JIy>)KHOMY
CepellOBHUILll  YTBOPIOE  TiMOWONIT, SKMH  okucisie  HiTpodypanu  J10
5-niTpodypdypona. Ilicis 3akiHUeHHs Hpoliecy OKMCHEHHs (ypauuiiiHy pO3YHH
MiAKUCIIOITh 1 TUTPYIOTh HAMIUIIOK MOy Tiocynbdarom Hatpiro [2]. 3a
pe3ysbTaTaMy BU3HAYEHHsI OLIHIOIOTD SIKICTB JIIKAPCHKOTO Mperapary.

Crmcok miteparypu
1. benukos, B.I'. ®apmanestuueckas xumus. — 2007, [Tsaturopck, - 438 c.
2. dapmakoJjoris: HaBYaldbHO-MeTOmWMUHWHM mocionmk / [.B. Jlynak,
K.M. Pumapuyk, T.P. 3ybOpumpka Ta iH.- Bceykpainceke crnemianizoBaHe
BUAABHUITBO «Menunuua»,2018 — C. 344.
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BU3HAYEHHA BIUIMBY ITEPIOJY 350PY CUPOBUHU
HA TIOBHOTY EKCTPAKIIIT ®EHOJIbHUX CIIOJIYK
3 JIMCTA GINKGO BILOBA L.

Baxurwox M. C., cmyo. ep. MIL] m.-803; Ilonomapwvosa JI. M., ooy. kagh. TI1X,
CymY, m. Cymu

Bimomo, mo JucTs AOCHIIKYyBAaHOTO BHIY Ma€ CKIATHUN XIMIYHHHA CKIa,
MICTHTB B c00i Oinpmr 40 cK1aToBHX, OCHOBHUMH 3 SIKHX € (DJIaBOHOITHI TIIiKO3iAn
(24 %), Tepuenosi crioryku (6 %), a Takox TiHkrouiau A, B, C i J ta 6imobamigu.
OCHOBHUMH [JIIOYAMH pPEYOBHHAMH, IO MAalTh (apMaKkoJOTidHY JMdif0 Ta
BU3HAYAIOTHCSI HOPMaTHBHOIO JTOKYMEHTAIII€I0, € THKrogaBoHormiko3uau [1, 2].

Mertoro moCHiKEHHST € BU3HAYCHHS ONTHMAaJbHUX IapaMeTpiB eKCTpaKiil
(denonpuux crmoayk y sucti Ginkgo biloba L., 3i6panoro y Cymcekiii 06:1., K B
OJTHOMY 3 TIOTEHIIIHHIX PETiOHIB /I CTBOPEHHS IPOMUCIIOBOT 0a3U JaHOi POCIIUHU.

O6’exToM mocrimkens € cymene mucts Ginkgo biloba L., kyneTrBOBaHOTO
Ha Teputopii CyMCHKOro HaI[lOHaJBHOTO arpapHoro yHiBepcutery B M. Cymu
(Yxpaina). bionoriuamii Bik JOCTIKYBaHIX BUIIIB CTAHOBHUTD OJIU3BKO 12 POKiB.

Marepiasim Ta Meroau. Ce30HHUH PO3BUTOK BHUAY BHBUYAIM IJISXOM
aHami3y (EHOJOTIYHHX CHOCTEPEXEHb, AKI MpoBoamnd BHponoBx 2020 poky.
Jluctst Ginkgo biloba L., 6yno BpyuHy 3i0paHe y miicTh €TamiB y TpaBHI — BepecHi
2020 p. i BUCYIIICHE 0 MOBITPSHO-CYXOTO CTaHy.

BusnaueHHs cyMH (PCHOIBHUX CIIOIYK MPOBOAMIN CHEKTPOGOTOMETPHIHIM
meronoM (crektpodoromerp KDK-2MIT) 3a meromukoro @Pomina-Yokanbrey,
BUKOPHCTOBYIOUH SIK CTAaHJIAPTHHH 3pa30K PO3YHH rajioBoi KMCJIOTH aHAIOTTYHO JI0
[3]. BuBuenus BmmuBy mepiomy 300py CHpPOBHHM Ha TIOBHOTY €KCTPAKIlii MIFOUMX
PEUYOBUH TPOBOJMIM JIs JIUCTS 3i0paHoro 1 Bucymenoro npu 35°C i BigHOCHIH
BoJiorocti 50 % 10 MOBITPsSIHO-CYX0ro crany. CHpPOBHHY MOJPIOHIOBAIN B MIIMHKY
tuiy «Excuenbciopy 1 npocitoBaiiu Kpi3b cuta, Bigoupatouu ¢pakuito 0,25 - 0,5 Mm.
st ananizy BukopuctoByBanu 0,5 T (TOYHA HaBa)XKa) CHPOBUHHM Ta TOTYBaJIM BOAHI
BUTSDKKH poTsiroM 30 XB TP MEpioIMIHOMY IIEpEeMilIyBaHHi, Ta BU3HAYAIH BMICT
(eHonmpHMX criomyK. KockHe BU3HAUeHHS MPOBOAWIN IS 3 TapaienbHUX MapTiH,
KiHIIEBE 3HAYECHHS BUPAaXOBYBAIIN SK CEPE/IHE 3HAUCHHSI.

PesyabTaTH Ta ix odroBopenHs. CepemHi 3HaA4YEeHHS MOpP()OMETPHYHIX
mapaMeTpiB pOCIMH HaBeeHi y Tadm. 1.

Tabmuus 1. — Cepenni 3Ha4eHHS MOPPOMETPHIHUX TapaMeTpiB

Mop¢omeTpuyHi napameTpu 12-piuHi cajkanmi
Bucora pocnuH, M 4,12+ 1,13
Piunuit npupicr, cM 28,10+ 0,81
JliameTp roJJOBHOTO MaroHa, cM 4,34 + 0,05
JIICTOBA IOBEPXHS, CM> 768,33 + 89,27

Ipumitka. 3aransHa BuGipka 50 ocoOuH.
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IIpn  upomy, MopdomapameTpu  XapakTepHU3yBAJIUCS  HACTYIHHMH
MOKa3HUKaMU: CTOBOYp IHTPOIYLIEHTa € CUIBHO TJUIICTHM, 3 BIKOM ITOKPHBAETHCS
TEMHO-CIpOI0 KOPOIO 13 HErJTMOOKMMH O30BXKHIMH TpiniuHamu. Kopa cipyBaroro
KOJIbOPY, TNIaJieHbKa. iKW JMOBTi, OiYHI — BIIXOSTH BiJl CTOBOypa Maike IIif
npsMUM KyToM. JIMCTs THKro — po3cideHi Ha JBi TIIMOOKI JionaTi, MIKIpsCTi, TOJI 1o
KpasiX, CH3yBaTo-3€JIeH], Ha JOBTUX YepeIlKax.

Y Tali. 2 HaBeACHO JaHi MO0 BIUINB Iepioay 300py CHPOBHHH HAa IOBHOTY
eKCTpakii (eHONBHUX CIONYK.

Tabnums 2. — Brums nepiony 300py CHpOBHHHU Ha MMOBHOTY €KCTPAKIii (peHOTBHIX
CIIOJIYK

BwuicT ¢peHONBHIX CIONYK, %

Tepion 300py Mapris 1 MMapris 2 Mapris 3 Cepenne

3HAYEHHS
TpaBeHb 19,57 19,33 18,56 19,15+ 0,41
UepBeHb 27,17 27,45 27,96 27,53 +£0,43
JIuneus 31,66 31,63 32,05 31,78 £ 0,27
CepricHb 33,08 33,58 33,35 33,34+ 0,24
Bepecenn 36,47 36,85 36,87 36,73+ 0,14
JKoBTeHn 28,55 28,45 27,85 28,88 +£0,27

PesynbTaTi OOBOAATH IEPCICKTHBHICTH Ta AaKTYalbHICTh JOCIIJDKEHB
ximiunoro ckiaay mucts Ginkgo biloba L., Bupomenoro y Cymcbkiit o6, sik B
OJTHOMY 3 TMIOTEHIIHHKUX PETiOHIB Il CTBOPEHHS NPOMHUCIIOBOT 0a3U JaHOI POCIUHU.
A MakcHMaJIbHUI BMICT ()€HOJILHUX PEUOBHH 3a()iKCOBAHO JUIsl CHPOBUHH, 310paHoT
y BEpECHI, 1110 MiATBEPKYE aHAIOTIYHI JOCTIHKeHHs, npoBeaeHi y 2019 p. [4].

Crucok Jiteparypu:

1. Biology and chemistry of Ginkgo biloba / Bikram S. et al. // Fitoterapia.
2008. Vol. 79. P. 401-418.

2. Teris A. van Beeka, Paola Montoro. Chemical analysis and quality control
of Ginkgo biloba leaves, extracts, and phytopharmaceuticals // Journal of
Chromatography A. 2009. Vol. 1216. P. 2002-2032.

3. Ponomareva, L., Yaroshchuk, R., Kovalenko, I., Guz, O. Determination of
the total content of phenolic compounds in the extract of leaves of Ginkgo biloba L.
/I Scientific Works, 82 (2), 2019. P. 68-73.

4. BruuB mepiogy 300py CHUPOBHHH Ha TIOBHOTY €KCTpakilii (heHOIbHUX
cnonyk 3 ymcts Ginkgo biloba L. / ITornomaprosaJl.M. , Baxuiok M.C. , Spomryk
P.A, XKepnemnpka C.B. // CyuacHi nocarHeHHS GpapMaIieBTHYHOT HAyKH B CTBOPEHHI
Ta CTaHAApTH3aMii JIKApChbKUX 3aco0iB 1 JIETUUYHUX J00ABOK, IO MICTSTh
KOMITOHEHTH ITPUPOJIHOTO ITOXO/PKeHHS — M. Xapkis, H®Pay 2020 - C. 138-139
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CHUHTE3 TA AJICOPBIIMHI BIACTUBOCTI BIOIIOJIIMEPIB

bonvwanina C. B., 3a8. kag. TIIX; Paouenxo O. I., Mamsiuuyk B.O., cmydenmu
ep. I1X-01, CymAV, m. Cymu

Tiapokcuamatut (['A) - minepan Caio(POs)s(OH). 3 rpynu amatuty, sKuit
ABJsiE cOOOI0 BUCOKOOIOCYMICHHH 1 MaJOTOKCHYHMI HEOpraHidHUE Marepial,
OCKIJIbKM € OCHOBHHMM OyJIiBEJIbHMM MartepiaJloM Hamoro Tija. ['igpokcuanaTut
MPUCYTHIN B KicTKax, cKiagae Bifg 65 mo 70 % ix macu, MICTUTBCS B eMali 3y0iB,
Mae IUPOKE 3aCTOCYBaHHs y KOCMETOJIOTIT Ta (hapMaKoJIorii.

bazyrounch Ha 3HaueHHI B OpraHi3Mi i€l CHOJYKH, ii IIMPOKO
BUKOPUCTOBYIOTH Y MEAMIINHI B IKOCTi OioMaTepialy Uil BAKOPHCTAHHS B TIPOTE3aX
3aBISKM CBOIM CXOXOCTi 3a pO3MipaMH Ta XiMIYHOMY CKJIaay 3 TBEPAMMH
TKaHUHAMU JTIOAMHA. BiH 3aMillye 4acTHHA BTpadeHOi KiCTKH, TOAI0HO iMITaHTaM,
1[0 CIIPUsI€ HAPOCTAHHIO HOBOT KiCTKH.

Meta poOoTh: 3mIHCHUTH CHHTE3 TiIPOKCHAIATUTY Ta IOCTITUTH HOTO
a/1copOLiHiHI BIACTUBOCTI IIOJIO CIIONYK Ag.

st cunresy 3paskiB (I'A), BUKOPUCTOBYBAJIM TaKi peareHTH: KpUCTATIYHUN
Kanpuiit xnmopun (x.u.), Harpiii rigporenoprodocdar (x.u.), Kanpuiit nitpar
terparigpat (x.4.) Ta Hatpiii rizpokcun (x.4.). PeyoBuHu Opanu y KiJIbKOCTSX, IO
BIANOBIJAIOTh CTEXIOMETPUYHUM CHIBBIAHOLICHHSAM Y pIBHSHHAX peaKiii.
PeareHTH pO34YMHSUIN Y AMCTHIbOBAaHIA BOJI CHHTE3 MPOBOAWIN B PEaKTopi HpU
nocriHoMy nepemiirysanHi, npu Temmnepatypi 60 °C. ITics 3aKiHUEHHS CHHTE3y
YTBOPEHY CYCIICH3II0 OXOJOJDKYBAIM Ha IMOBITPi Ta MPOMHUBAIH IHCTHIHOBAHOKO
BOJIOO IIUISIXOM JEKAaHTALIl 10 HEHTpaIbHOTO cepeoBHIIa. Y TBOpEHuUit OiononimMep
3MinryBaid 3 po3unHOoM ApreHtyMm Hitpary (0,1 M) B pi3HHX CIiBBiTHOIICHHSIX
KOHTAaKTyrouux (a3 Ta BU3HAUYAIM BMICT i0HIB Ag' B ¢imbTpari micist agcopoOuii.
TpuBanicts ancop6bmii cranosmia 48 roaud (2 1oou). Pesynmpratu npencraBieHi B
tabmuui 2. 3pazok 1 — Ca - nediunThuii i 3pa3ok 2 — Ca — crexioMeTpUYHHUN
roTyBaji BinnoBigHo piBHsHHIO (1), ane s cunredy Kambuiii aedinurHoro
minepaiy (3pazok 1) Bmict CaCl, OyB nemnio 3MeHIIeHHH.

10CaCl,+6Na;HPO4+8NaOH—Caio(PO4)s(OH)2+20NaCl+6H20 1)
st cunresy 3pa3ky 3 BukopuctoByBanu Ca(NOsz)2-4H,0 3a piBasiHHM (2):

10Ca(NQO3),'4H,0 +6Na;HPO,+8NaOH — Cazo(PO4)s(OH)+ 20NaNO; +10H,0  (2)
Jis XapakTepuCTUKU CTPYKTYPH YTBOPEHHX 3pa3KiB MiHEpaJiB MpPOBEITH
JIOCTI/KCHHSI Ha BCTAHOBIICHHS BMICTY MiHepany B cKiafi cycnensii. s mporo
(hikcoBaHmit 00’€M CycneH3ii 3BaKyBalM Ha €JIEKTPOHHUX Tepe3ax (3 TOYHICTIO 10
0,001 r). IMoTiM BHCYmIWIM O MOCTIHHOT MacW 1 3BaXWJIM CyXWH 3aJHIIOK.
OTtpuMaHi JaHi 3aHeceHi 10 Tabmui 1.
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Tabnuys 1. Busnauenns emicmy cyxoeo miHepany — 2i0poKcuanamumy y cKaaoi
cycnensii

3pa3ox O06’emu cycniensiit, mi / Maca Bumict'A B
MacCH CYCIICH3i# T cyxoroI'A, T cycrensii, %
1 5/5,16 0,238 4,612
2 5/5,238 0,256 4,887
3 574,979 0,222 4,459

AmHani3 BuU3Ha4yeHHsS 1OHIB cpibna (Ag) B po3uMHax BUKOHAHWI aTOMHO-
abcopOuiiiHuM MeTooM Ha criektpodoTtomerpi C-115 M1. [Tapamerpu BUKOHAHHS
aHaJi3y: BHMKOPHMCTOBYBajacsi JaMIa 3 IOPOXXKHUCTUM KaToJoM Ha cpibno 3
JIOBXKUHOIO XBWii JissmOna Ag = 328,1 um. Jlns aromiszailii BUKOPHCTOBYBAIOCS
OKHCHE NOJIyM'sl CyMiIlli ra3iB ponaH-OyTaH-TIOBITPSL.

Tabnuus 2. AncopOuist ioHIB cpibiia Ha CHHTE30BaHKX 3paskax ['A

3pazok | CroiBBigHomeHHs | BwicT B dinmbrpari AncopOmis Ancop6mis,%
po3unH Ag*: Ticist axpcopOmii Mr/T
cycnensis TA Ag’, mxr/cm®
1 1:10 0,20 0,45 99,98
1 1:20 0,17 0,11 99,97
1 1:40 0,15 0,03 99,94
2 1:10 0,13 0,42 99,99
2 1:20 0,11 0,11 99,98
2 1:40 0,10 0,03 99,96
3 1:10 77,44 0,45 92,83
3 1:20 59,88 0,11 88,91
3 1:40 5,72 0,03 97,88

BucHoBok: y miii poboTi OysiM CHHTE30BaHiI 3pa3KH TiAPOKCHAIIATHUTY i3
PI3HHUM CKJIaJOM BHXiIHUX pedyoBuH. OjepikaHi 3pa3Kd MPOaHATI3yBaJld 100
BMICTY CyXOTo MiHepaly B CKJIaji cycreH3ii. BctaHoBMIH, O OTpUMaHi 3pa3Ku
MaroTh XapaKTepHi JUIsl JaHOTO MiHepaly 30BHIIIHIM BUTIISA Ta BiANOBiAHY hopmy
kpucTainiB. CHHTe30BaHi 3pa3ky Oy BUITpoOyBaHi Ha 31aTHICTH J10 aacopO1ii i0HIB
cpibna. JlociipkeHHST TOKa3aJId BUCOKY 3/1aTHICTh MiHepally a0 ancopOuii (Oinbie
90%). Ciiz 3a3HAUNTH, 10 HAWOIBIY acOpOLiHY aKTHBHICTh MAIOTh 3pa3KH, L0
Oymu cunreszoBaHi 3  Kampuiii xmopumy Tta Hatpiii rigporenoprodocdary B
MPUCYTHOCTI JTyTy. A 3pa3ku (3) Ha ocHOBI Kamnpmiit HITpaTy MOKa3aiH S0 MEHIITY
3IaTHICTH 10 aacopOmii, IO MOSICHIOETHCS MEHITUM BMICTOM MiHEpalIy B CKIai
CyCIeH3ii.
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EKOJIOI'TYHI ITPOBJIEMH ITIII YAC BUJOBYTKY
TA TIEPEOBKU HA®TH Y JIIBIT

Ammip Amamip Ani Ammip, cmyo. ep. XM-82;
Juuenxo T. B., cm. suxn. xagp. TILX, CymV, m. Cymu

Y cydacHOMYy CBITI OJHI€I0 3 €KOJOTIYHHMX NpoOieM € 3a0pyIHEeHHs
HaBKOJIMIIIHHOT'O CEPEIOBHILA PEUOBUHAMH, [0 YTBOPIOIOTHCSA MiJ yac BUIOOYTKY,
nepepoOKy 1 TpaHCIOPTYBaHHS HAa(TH 1 HAPTONPOAYKTIB. 3a CTATUCTUYHUMHU
maamMu, B JIiBii HagTOBHIOOYBHAa NPOMHCIOBICTH gae 1/12 Bcix BHKHIB
MPOMUCIIOBUX 00'ekTiB, 1/10 00csATy BCiX BUKHIIB PiKUX 1 ra30M0AI0HNX PEUOBHH.

Y cximagi HagTtH BusBieHo moHax 1000 iHAWBIXyamBPHHX OpraHIgHUX
peUoBHH, 10 MicTATh 83 - 87 % Byruemto, 12 — 14 % Bonnto, 0,5 - 0,6 % cipku,
0,02 - 1,7 % azoty 1 0,005 - 3,6 % KucHIO 1 HE3HAYHI JOMIIIKHA MiHEPaIbHUAX CIIOYK.
MeraHoBi ByrieBoHi Jierkoi (pakiii, mepeOdyBaroyu B I'pyHTax, BOAI Ta MOBITPI,
3MIHCHIOIOTh TOKCHYHY [il0 Ha JkuBi opraHismMu. ILli ByrmeBomHi moOpe
PO3YMHSIIOTECS Y BOJI, JIETKO NPOHUKAIOTH B KIITHHU OPraHi3MiB 4epe3 MeMOpaHH.
ApoMaTHuHi BYTJICBOAHI — HAWOUTBII TOKCHYHI KOMIOHEHTH HapTH. Y
KoHIeHTpalii sume 1 % y Boai BOHM BOMBArOTh BCI BOJHI pOCIHHU; HadTa, sKa
Mictuth 38 % apoMaTHYHHUX BYTJICBOJAHIB, 3HAYHO MPUTHIYYE PICT BHILIMX POCIHUH.
3i 30iIblICHHSIM apOMaTHYHOCTI HaTH 30iNbLIyEThCS 11 repOilnaHa aKTHBHICTS.
ApOMaTHYHi BYTJICBOJHI XapaKTePU3YIOThCS SICKPaBO BUPAKEHOIO MyTare¢HHICTIO i
KaHIeporeHHicTio. Haiibinpm  HeOe3neyHol0 € rpyma  [ojiapoMaTH4HUX
BYTJI€BOAHIB. J[0 HEBYITICBOJHEBHX KOMITOHEHTIB HA(TH BITHOCITHCA CMOJH i
acaybTeHn, WKIAJIUBUI BIUIMB HA HABKOJMIIHE CEPEJOBUIIE SKHX IOJSIrae He
CTITBKA B XIMIYHIA TOKCHYHOCTI, CKUTBKH B 3MiHI BOJHO-(I3UYHUX BIACTUBOCTEH
rpyHTy. TOKCHYHMII BIUIMB HanarOTh JAEsKi BaXKKI MeTaad B CKJIaJl cMOJd i
acdanpTeHiB. OcTaHHI MaJIOIOCTYIIHI MiKpOOPTaHi3MaM i 3a3BUYail 3aJTUIIAIOTHCS B
IPYHTax y BUIJISII MIIIHOT'O OPraHO-MiHEPaIbHOIO KOMILIEKCY.

IMonan cro THca4 nronel, ki MPOKUBAIOTh Yy HapTOBMX perioHax JIiBii,
CTHKalOThCS 3 PH3MKOM CMEpTi 1 XBOpoO dYepe3 3a0pyAHEHHs, NOB’s3aHi 3
Ha)TOBMMH POJOBHIIAMH i BHKMIAMH Ta3iB IPH BUIOOYTKY YOPHOrO 30JI0Ta.
Haii0inpiry HeOe3meKky CTaHOBIATh HahTO3a0pyIHEHI ¥ 3acCOJIeHI 3eMJIi Ta BOIHI
HOBerHi Tak, obOmacte [ammo, sxa 6yna BiJOMa  BHPOIIYBaHHSIM
cmbcworocno,uapcmnx KyJIBTYD, TAKUX SIK (iHIKH i HOMle[OpI/I nepeTBopuiacs Ha
MyCTemo B HACJIJIOK 3a0pyJHEHHs TPYHTIB, SIKE€ PEriOH BiAuyBaB MPOTATOM
JIeCATHIITE. 3a0pyJHEHHS HABKOJMIIHBOTO CEPEIOBHINA BIUIMBAE HE TIJIBKH Ha
CLTBCHKOTOCTIONAPChKI KyJIBTYpH, ajie 1 Ha 370poB’s moied. Buenmmu Oyio
NPOBEIECHO MEAWYHI JOCHI/DKCHHS HACeNeHHs, SKi MiATBEpPKYIOTh, IO
3aXBOPIOBAHHS HACEJICHHS BHUKIMKaHI 38.6py}1HeHH$[M Ha(bTO}o Cepen HacmiakiB
JUISL 3710pOB'S — IHKlpHa aJIeprist 1 pak HIKIpH B pe3ynbTari 301IbIIEHHS KiNBKOCTI
CIPKOBOJIHIO, II0 BUAUBIETHCS Y BEIMKHX KIJIBKOCTSAX 3 HAa()TOBUX POJOBHIL.
CkJiagHe 1 HeBiKIIaqHe 3aBAaHHS — 00pOTHOa 3 HAQTOBUM 3a0pYAHEHHSIM.
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AHAJITUYHE BU3HAYEHH BMICTY KOMIIOHEHTIB B
I'PAHVYJIBOBAHUX NPK JTOBPMBAX

Aposa T. 10., cmyo. ep. Mb-91/4-nx; Kosanenxo T. L., nab. xag. TILX;
Anoecvra I'. O., cm. euxan. kagh. TIIX

MinepanbHi 1o0pHBa BilirpaloTh OMHY 3 TOJOBHHUX POJEH B MiATPHMAaHHI
POIIOYOCTI IPYHTIB U1 OTPUMAHHS CLTBCHKOTOCIIONAPCHKOi Mpoaykii. OmHiero i3
BOKJIMBUX Cy4YacHHX IPOOJIEM € 3MCHIICHHS HEraTHBHOTO BIUIMBY MiHEpalbHHX
IOOpWB Ha HABKOJHINHE CEpEAOBHINE Ta INIBUIICHHS e(eKTUBHOCTI ix
BukopucTaHHSA [1]. Po3poOmsioThcst HOBI BHAM MOOpWB, IMIO MICTATH OinibIie
MOKMBHHUX PEUOBHH, KOe(illieHT BUKOPUCTAHHS Ta XIMIYHUH cKial, chopMOBaHUIt
BIJITIOBIZIHO 10 MOTpeOM pocivH. [HHOBAIlisA 3aCHOBAaHA HA TEXHOJOTIl OTPUMAaHHS
KOMIUIEKCHHX OpraHo-minepanbHux no6puB NPK mnuisixom iHkancyunsiii rpaHysiu
kapOaminy y pochaTtHo-KamieBy 000JOHKY 3 TOMIIIIKAMH MiKPOCJICMEHTIB i T'yMaTiB.
Po3pobneHi iHKaICynbOBaHI JOOpUBaA O3BOJISIIOTH CTBOPIOBATH KOHTPOJIHOBAHE
BUBIJIbHEHHS MMOKUBHUX PEYOBHUH (a30T, hocdop, Kaiii).

IIpoBenenmnit aHamiz 3paskie NPK no0puB 3 pisHUMH BHAaMHU
mIacTH(iKaTopiB aHANITHIYHAMHA METOJAMH Ta BHU3HAYCHO BMICT KOMIIOHCHTIB
(Tabmuma 1). Bei 3pasku monepeqHpo 00poOIsTi, BUAUISIOUN KOMIIOHSHTH IS
aHamizy. Bmict P.Os Bu3Hawamm meronom ¢ortokamopumerpii (A=440 HM), MacoBy
YacTKy 3arajbHOro Kainito B mepepaxyHky Ha KoO (%) — meTomom rpasimerpii, a
N (%) — MeTOZ0OM THUTPYBaHHS.

Tabmuus 1 — XimiuHMH CKiIaJ OTPUMaHMX 3pasKiB  KarcyJbOBAaHOTO
KapOamimy.
Howmep 3paska Crnan
P20s, % N, % K20, %
3pazok 1 7,034 24,84 1,77
3pazok 2 7,248 25,14 2,20
3pa3ok 3 7,941 23,37 2,03
3pazok 4 7,825 22,94 0,34
3pa3ok 5 8,214 21,86 0,96

JlaHe TexHIUHE pillIeHHs J03BOJISIE 3aPONOHYBATH ClJIbCEKOTOCIOAAPCHKUM
CIO)KMBayaM KOMIUIEKCHI a30THO-(ocOopHO-KalliiiHi J0OpHBa MPOIOHTOBaHO] Iii.

Crincok miteparypu
1. Seid Mahdi Jafari.2017. An overview of nanoencapsulation techniques
and their classification. Nanoencapsulation Technologies for the Food and
Nutraceutical Industries, Pages 1-34. https://doi.org/10.1016/B978-0-12-
809436-5.00001-X.
s poboTa mpoBeneHa 3a miarpuMku rpanty MOH Ykpaiau 0120U102003.
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CUHTE3 HAHOYACTHUHOK Cu2ZnSnSe,
Bopooicyos [. O., cmyo. ep. MB-91/411X, CymJV, m. Cymu

Ha croroanimmii neHp Mae Micue mnpobiema 100yBaHHS HaHOYACTHHOK
pI3HMX HaNIBIPOBITHHUKIB 3 KOHTPOJBHOBAHUMHU XapaKTEPUCTHKAMH, TaKHUMH SIK
MOBEPXHEBHI HATST Ta B’SI3KICTh, Ta PO3POOKA IX CTAOIIBHUX €KOJIOTTHHO OE3IEUHUX
KOJIOITHUX PO3YHHIB, 110 MOKYTh OyTH BUKOPHCTAaHI SIK YOPHMIIA JUTS IPYKY TOHKHX
IIapiB COHSYHUX MEPETBOPIOBAYIB.

Hanouactuaku CuZnSnSes Oynu oTprMaHi METOJIOM IOJIIOJIBHOTO CUHTE3Y
B cepeloBHILi TPUETHUIICHIITIKOJIIO. Cymimn coneit CuCl2-2H;0,
Zn(CH3C0O0)2-2H-0, SnCl,-2H,0 Ta amopdHwuii ceneH g01aBaiu y TPUropIy Kooy
Ha 50 mi 3 12 M1 TpuetuneHriikonto. CHHTE3 3A1HCHIOBANIN B IHEPTHIN arMocdepi
aprony. Cymimm ButpumyBanu 120 xB nmpu temneparypax 220 — 280 °C. Onepxanuit
MaTepial JOCIiIKyBallll METOJaMH peHreHodas3oBoro anamizy, EDX ta ITIEM.

1 220C

240C

A
Pl cnealemineacnnma 200

_J\—JL/V\_A___,\_,/\_.,J\_/\A\_,__,_W‘_.%ZEQE
|

260 C

‘ ) 270C

A 280C

= JCPDS Ne 052-0868

70 80

20, rpan.

Pucynok 1. Judppakrorpamu Bix HU CuzZnSnSes, cuaTe30BaHUX pU
PI3HUX TeMIlepaTypax.

YV HacHiJIOK €KCIIEPUMEHTY MH BCTAHOBWIIH, IIIO MPHU TEMIIEpaTypi CUHTE3Y
220 °C B peakuiifHOMY cepefoBHIL yTBOPIOEThCS Oaratodaznuii npoaykr (puc. 1).
[pu nigBumensHi temneparypu (240-250 °C) KiIbKICTh MiKIB Ha JTUQpaKTorpamax
3MEHIIYETHCS, a Ipu Temrieparypax T > 260°C B peakmilHii CyMillli yTBOPIOETHCSA
MPOAYKTH 3 MPAKTUYHO OJHAKOBUM TIOJOKEHHSIM IIKiB Ha Au(ppakTorpaMmax Ta
CHIBBIAHOIIECHHSIM X IHTEHCHUBHOCTI, IO BIAMOBIAa0Th craHmaptry CuZnSnSes
(JCPDS Ne 052-0868).
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XIMIYHE HIKEJIFOBAHHA OIEJIEKTPUTUHUX MATEPIAJIIB

Myxeuu B. IO, cmyo. ep. MB-01; ITwenuunuit P. M., ooy. xag. TIILX,
CymlY, m. Cymu

Bupobu 3 HeMmeTamiyHHX MaTepialiB 3 METAJCBHMH IOKPHUTTIMH IIHPOKO
BIIPOBAIKYIOTHCS B Cy4YacHOMy  MalIMHOOyAyBaHHi,  pamiOTEeXHI4Hii
MPOMHUCIIOBOCTI Ta IHIIUX Taly3sX, TOMY MHUTaHHSI MpPO CIOCOOW XiMIYHOTO
0Ca/DKCHHSI METaIB B IIOE€JHAHHI 3 TAIbBAHIYHUM € JTOCUTH aKTYaJIbHHUM.

Mertanizamito MpoOBOIATH METOAOM OOpOOKM HEMETaTidHHX BHPOOIB ¥y
pO34MHax, B SKUX METaJleBl MOKPHUTTS YTBOPIOIOTHCS B PE3yJbTaTi BiTHOBIICHHS
10HIB METally, MPUCYTHIX B PO3YHHI, MiJ Ji€FO BiTHOBHUKIB.

XiMiYHE BITHOBJICHHS HIKEIIO € aBTOKATATITHYHOI PEAKIE€I, OCKUIbKU
METaJI, 1[0 YTBOPIOETHCS B PE3yNIbTATi XIMIYHOTO BiTHOBIICHHS 3 PO3YHHY, KaTalli3ye
MOAAJBUIY PEaKIiio BiIHOBJIEHHS LLOTO ) MeTaly. AJie Ui MOYaTKOBOTO €TaIry
BiJIHOBJICHHSI MeTaly HEOOXimHO, 00 MOBEpXHs, IO MOKPUBAETHCSH, Maja
KaTaJiTU4HI BJIaCTHBOCTI. AKTHBallis IOBEPXHI IOJIsIra€ B TOMY, IO Ha
00poOITIOBaHy IMOBEPXHIO XIMIYHHM IIUIIXOM HAHOCATH AY)K€ Maii KUTBKOCTI
METaliB, SKi € KaTalli3aTopaMH peakiii XiMi4HOTrO BiJHOBJICHHS Hikemto. Takumu
KaTajli3aTopaMu € KOJIOIIHI YaCTUHKH ab0 MaJopO34YHMHHI CIONYKH Malajifo,
IUIATHHY, 30JI0Ta, cpibia. HalluacTinie BUKOPUCTOBYIOTh MaNaii, 0 Ma€ BUCOKY
KaTaJITU4YHY aKTHBHICTb.

VYTBOpeHHs KaTANiTHYHOTO IIApy y BHIJIALI METaly, IO 3HAXOIHUThCS B
KOJIOIZTHOMY CTaHi, 31iHCHIOEThCS B 11Bi cTafil. [lepma: ceHcubimizanis — HaHeCeHHs
TUTIBKH PO3YMHY, IO BIAHOBIIOE KAaTaNITHIHAN MeTal (manafiif) 3 po3dunHy HOro
comi. Jlpyra, akTuBauis — 3aHypeHHS B PO3UMH COJIi MeTally-KaTaji3aropa Ta
BiJIHOBJICHHSI HOTO JO METAJEBOr0 CTaHy B IUIBLI PO3YHHY, IO NPUISATae IO
MOBEpXHi JienexTpuka [1].

XiMidHE OCADKEHHS HIKEIIO 3QIMCHIOIOTh IIIIXOM BIiTHOBJIEHHS 10OHIB
HiKeJto Harpii rinogocdirom. OgHOYacHO 3 HikelleM BiIHOBIIOETHCs (ocdop,
TOMY XIMIYHO HaHECEHE HiKeJeBe ITOKPHUTTS IPEICTaBIsie cOO0I0 CIUIaB HIKEJNIO 3
dbochopom. CymapHy peakilifo BiIHOBICHHS MOXHA MNPEJACTABUTH HACTYITHHM
YHHOM:

Ni2* + 2H,PO, + 2H,0 = Ni + 2H,PO3™ + H,O + 2H™.
®ocdop, MmO YTBOPIOETBCS B PE3YNbTAaTi peakilii, BOYJOBYETHCA B CKIA[
HIKEJIEBOTO MOKPHUTTSI Ta CIIPHSIE MiIBUIIEHHIO HOT0 TBEPJIOCTI Ta 3HOCOCTIMKOCTI, a
TaKOX JICIIO TOTipIIye HOTO SIEKTPOIPOBITHICTb.
OpeprkaHi TaHIM METOZOM HiKeJIeBi TOKPHUTTS Ha JieEeKTPHYHIX MaTepiaiax €
MEepPCIEKTUBHUMH Ul BUKOPHUCTAaHHS sIK 0a30BOr0 TOKO3HOMHOTO MIapy HpH
CTBOPEHHI TUTIBKOBUX COHSIYHUX TTEPETBOPIOBAUIB.

Crincox miteparypu
1. XuMudeckoe  HUKeNHpoBaHWE  (TOJNyYeHHE  HHUKENb-(ochHOpHBIX
MOKPBITHH TyTEM 3JICKTPOKATATUTHYECKOTO BOCCTAHOBIEHHs rumopochutom) /
0. 1. Tambypr. — M.: PAH. 2020. — 82 c.
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KIHETUKA EJIEKTPOMEMBPAHHOI'O BIJIHOBJIEHHSI
KAJIMIIO TA LIUHKY

Cepoiok B. O., acn. xag. XI; Cxnabincoruii B. 1, 3as. kag. XI, 0-p mexn. Hayx,
npo@.; bomvwanina C. b., 3as. kag. TIIX, kand. mexu. nayxk, ooy., Cym[y, m.Cymu

Mertoro naHoi pobOoru Oyno BHBYEHHS KIHETHYHHX OCOOMUBOCTEH
YTBOPEHHSI METATIYHIX KaJMII0 Ta WHKY Ha KAaTOaX KaTONITHUX KaMmep MOIYIB
eJIEeKTPOXIMIYHHX.

ExcriepumMenTansHi gocmimpkeHHs Oyl mpoBeeHi B 1TaOOpaTOPHUX yMOBAX.
s mporo Oynu CTBOpPEHI ABOKAMEpHi eIeKTpOoXiMidHi mpucTpoi. B sxocTi BMicTy
AQHOJTHMX Kamep OyJIM BUTOTOBJICHI INTYYHI PO3YMHM BaHH MacuBamii KaJMi€BUX Ta
IIMHKOBUX EJIEKTPOXIMIYHUX MMOKPUTTIB. B cxian pozunHi Bxoannu 50r/n Na,Cr,O7
ta 10r/n H>SO4 sik 0CHOBHI KOMINOHEHTH. J[0JJaTKOBUMHU KOMIIOHEHTaMHU OyIid HOHM
Cd?* ta Zn?" 3 pi3HUMH KOHLIEHTPALIAMH B KOKHOMY PO3YHHI, 110 BiJ0OpaKeHO B
Tabmumi 1. SIk KaTomiT BUKOPHCTOBYBadH 1% pO3UMH Cyab(paTHOI KHCIOTH.
Karoxuuit mpoctip OyB BiAiieHMH BiX aHOMHOTO 3a JONOMOIOI0 BiKHAa 3
kaTioHO0OMiHHOT MemMOpann RALEX®CM-PES 11-66 pospipom 5x5cm [1,2]. Ha
BiACTaHI 5 MM Big MeMOpaHH pO3MINIyBalu CBHHICBUH aHOon (Mapka C2)
aHAJOTIYHUH 3a po0OdYoI0 IUTOMmICr0 IuTomi MeMmOpanu. B karomHiit kamepi
po3MimryBaTu THTaHOBUH Katox (Mapka BTO) ma Bixcrani 20 MM Big MemOpaHnu, 3
po6ouoro miomero 2x5cM. I'yctuHa cTpymy Ha MemOpani cranosmina 0,06A/cm?.
ExcriepumenTn Oyimo TpOBEOCHO NpH PI3HUX TiAPOAWHAMIYHHUX YMOBaxX — i3
3aCTOCYBaHHSIM MPUMYCOBOI'O MEXaHIYHOTO MEPEMIlllyBaHHS MPUMEMOpPaHHUX 30H
aHoNITIB Ta 03 3acTOCyBaHHS MPUMYCOBOTO repeMminryBaHHs. OCHOBHHMH
EJIEKTPOXIMIYHUMH PEaKIisIMH, 1110 BUBYAIIUCS OyJIM peakiii yTBOPEHHs KaJMilo Ta
LHHKY:
Cd** +2e — Cd° (1)
Zn* +2e — 7Zn°| )

[ocrinpku peakiii KaTOXHOTO BUAIICHHS MeTaNiB (peakiiil,2) € peakmissMu
IEPIIOro MOPSAAKY, TO IIOYaTKOBY KOHIEHTpamito HomiB Zn>' Ta Cd*'(Mons/m) B
AHOJITI IO3HAYUMO — a, KITBKICTh MOJIEH MeTalry, IO BHIUTHIIACE Ha KaTOI — X, IO
mpopearysaiio 3a 4ac t (Tox), mpu I[bOMY MIBHAKICTH peaktii dx/dt, a miroda Maca Ha
LIeld MOMEHT € a-X, 3BiJCH:

dx/dt=k(a-x); (3)
ne k — KOHCTaHTa IIBHAKOCTI peakmii. 3arajdpbHUM BHUPINIEHHSIM JTaHOTO
nudepeHniiHOTO piBHSAHHSA Oyrie:

dx/(a-x)=kdft; “)

Jorapu(MyIOdHr aHe CITiBBITHOMIEHHS OIEPKY€EMO:
In C/(a-x)=kt;
IpH 1ovyaTkoBUX ymoBax t=0, x=0, 3Biaku:
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In C/(a-0)=k*0; C=a,
[TincraBmnsroun e 3HAYCHHS B 3arajbHE BUPIMICHHS piBHAHHS (4):
In a/(a-x)=kt , 3inku:
k=1/t In a/(a-Xx) ;
3a pgaHMM BHpPA30M 3HAXOOUMO KOHCTAaHTH KAaTOJHOTO BHIUICHHS
MIBUIKOCTEH KaIMiro Ta IIMHKY IPH Pi3HUX iX KOHIEHTPAIisAX B aHOIITaX Ta Pi3HUX
rizpoguHamMiuHUX yMmoBax. IIpoBemeHi poO3paxyHKH Ta OTPHUMaHI pPe3yIIbTaTH
BinoOpakeHo B Tabmmi 1.
Tabmurst 1 - KoHCTaHTH peaxiliii KaTOZHOTO 0CaHKEHHS KaIMilo Ta IIHHKY.

Merann, Ko, Re t a X k
1m0 BHJ. | HOHIB
Ha Me** B
Karosi agomiTi
0,022 390,86 6 0,099 0,0045 0,00775
0,027 391,4 6 0,1215 0,0048 0,0067
Cd 0,0256 2974.,8 6 0,1152 0,0073 0,0113
0,0892 397,044 6 0,4014 0,01177 0,1717
0,0892 2977,83 6 0,4014 0,017188 0,1741
0,022 400,63 8 0,099 0,0082 0,0108
0,027 401,3 8 0,1215 0,0091 0,0097
Zn 0,02497 30485 6 0,11365 0,0061 0,0558
0,0892 406,64 6 0,4014 0,01 0,1709
0,0892 3049,81 6 0,4014 0,0148 0,173

3a BimoOpakeHuMu B Tabmumi 1 pesynsraTamu JaudepeHIiOHyBaHHS
criocTepiraeThCs 30UTBIICHAS K — KOHCTAHT MIBUAKOCTEH peakKiiid 3 ImiJBUIICHHIM
KOHIIEHTpalid MOHIB [JaHWX MeETaJiB B aHONITaX Ta MpU MepeMillyBaHHI
NPUMEMOPaHHOT 30HH PO3YHHY aHOJITY.

Crucok JliTepaTypH
1. V. Serdiuk,V. Sklabinskyi, S. Bolshanina, A. Ableyev, T. Dychenko.
Effect of Hydrodynamic Parameters on Membrane Electrolysis Enhancement
DSMIE 2020: Advances in Design, Simulation and Manufacturing III pp 228-238.

2.I1ar. 139615 U VYkpaina MIIK CO2F 1/46 (2006.01), CO2F 1/461
(2006.01), C25D 21/16 (2006.01). Cnoci® exekTposiTHYHOI pereHeparii
xpomoBmicHuX posunHiB / C.b. bonbmanina, B.O. Cepatok, O.M. Kupuuenko 1a iH.
(Ykpaina); 3asBHUK Ta nareHToBIacHUK CyMcbkui Iepxk. YH-T. - Ne u 201907069;
3asBi. 25.06.2019; omy6:1. 10.01.2020, 6rom. Ne 1.

3. Cocrasnenue muddepenumansubix ypasHenuit. [Tonomapes K.K.. Munck.
“Brimaiimas mkona”, 1973, 560c.
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3ACTOCYBAHHS ®OTO TA BIIEOMATEPIAJIIB Y IABOPATOPHOMY
[MPAKTUKYMI 3 HEOPTAHIYHOT XIMI{

36onux K. B., Biniuenxo A. I., cmyoenmu 2p. MB-91/I1X;
Jiyman FO. B., ooy. kag. TILX, CymZ]V, m. Cymu

JlabopaTopHHil IPaKTUKYM € TPOBITHOIO CKIIAIOBOIO HABYAIBHOI TUCIIUILTIHA
«Heopraniyaa ximis», BUKOHaHHS sKOi 3a0e3nedye (opMyBaHHS B MaiOyTHIX
XIMIKiB Takux (axOoBHX KOMIETCHTHOCTEH, SK: 3IATHICTh 3MIHCHIOBATH THIIOBI
ximMiuHi ~ 7abopaTOpHi  JOCHiKEHHS, 3MaTHICTh  3IIMCHIOBATH  KUTBKiCHI
BUMIpIOBaHHS (i3UKO-XIMIYHUX BENWYHH, OMUCYBATH, aHAJNI3yBaTH 1 KPUTHIHO
OLIIHIOBATH EKCIIEPUMEHTAaJbHI JaHi, 3JaTHICTh BUKOPHUCTOBYBaTH CTaHAApTHE
ximMiuHe 00amHanHs [1].

HesanepeunnuM € ¢dakT HeoOXimHOCTI (OpMyBaHHS 3a3HAYCHUX BUIIE
KOMIIETEHTHOCTEH B YMOBaX KOHTAKTHOTO HAaBYaHHS ITiJI 4ac J1abOpaTOpHUX 3aHSITh,
NpoTe B YMOBaxX BHUKIHUKIB CHOTOJCHHS, 30KpeMa 3YMOBICHHX 3aXOAaMH 3
MOZOJIAaHHSA Ta 3MEHLICHHS HaCNiAKIB TaHAeMil, Iocrae HeOoOXiJHICTh Yy
BUKOPHCTAHHI JUCTaHIiHOI (hOpMH HaBIAHHS 3aMiCTh ayANTOPHUX 3aHATh.

s nigBuIneHAs epeKTUBHOCTI 3aHATH 1a00PAaTOPHOTO MPAKTUKYMY B yMOBax
KOHTaKTHOI poOOTH Ta 3a0e3NedyeHHs HOro BUKOHAHHSA B yMOBAaX IUCTaHLINHHOI
(opMu HaBYaHHSA JOIUIBHO 3acTOCOBYBaTH (OTO Ta BimeoMmaTepianu Yy
HaBYaJIbHOMY ITPOIIECi.

®oTo Ta BigeomMarepiaiay 3 HEOpPraHigyHOI XiMil MpeaCcTaBIeHi K poTorpadisMu
XIMIYHOTO 00JIaJHaHHS Ta MOCYy, PEaKTHBIB, 3pa3KiB PEUOBHH, €TAMIB XIMIYHOTO
EKCIIEPUMEHTY, TaK i BiZIeo 3 IEMOHCTpAIli€l0 BUKOHAHHS XIMIYHOTO €KCIIEPUMEHTY
Ta KOMEHTapsIMH — TOSICHEHHSMH JI0 KOXXHOI omepamii. [IeBHa KIIBKICTh TaKUX
MaTepialiiB MpeACTaBJIcHa y BIIBHOMY OCTYIII Ha iHTepHET-pecypcax. [IpoTe, myxe
4acTO HasBHI Marepiaau H, 0COOJIMBO Bileo, MOTPEOYIOTh PETEIBLHOTO aHAI3y 3
TOYKH 30py IPaBHJIBHOCTI METOJMKHM BHUKOHAHHS, JOTPUMAaHHS NPABHJ TEXHIKU
Gesnexu, IKOCTi (HasBHICTD / BIJICYTHICTh HETOYHOCTEMH, IOMIIIOK, HAYKOBHH CTHITh
MOBIIeHHA, Tom[o). Came TOMy IOCTa€ HEOOXIOHICTh y CaMOCTiIHHIN MiATOTOBII
BiINOBiTHUX ()OTO Ta BigeoMaTepialliB IUIs BUKOHAHHS KOXHOI JTabopaTtopHOL
poboTH KypCy.

MeTonuka BHUKOPUCTaHHSA (OTO Ta BiJeoMaTepialiB Ui OpraHizamii Ta
MPOBEICHHS XIMIYHHMX EKCHEPUMEHTIB J1a00OpaTOpHOTO MPAaKTUKyMy Mae€ pi3Hi
BapiaHTH.

B yMmoBax BHKOPHCTAaHHS TPaJULIAHOTO KOHTAKTHOTO HaBYaHHs Ha eTarl
MIAITOTOBKY JI0 3aHATTS CTyJEHTaM pa3oM METOAWYHHUMH BKa3iBKaMHU HaJarOThCsI
(doto Ta Bineomatepianu. [1ix yac mabopatopHoi pOOOTH BOHM BUKOHYIOTh JOCTIIH
CaMOCTIfHO ¥ BHKOpPHCTOBYIOTH JaOOpaTOpHi XypHalIH 3 IHCTPYKISIMH Ta, 3a
HasBHOCTI, MYJIbTHUMEAIHHI  JNOAATKU-IHCTPYKWii y Qopmi mnpe3eHTamii.
MynpTUMEIIHHANA JOJATOK MICTHTh TPANWIiiHI pPO3AUTH: «OONaJTHAHHSY,
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«PEaKTUBM», «HOCHinW», ski momano y Burisai ¢oto. TekcroBa Qopma
npescTaBiIeHHs iH(opMalii BUKOPHCTOBYETHCS JIMIIE JUIsl HA3BU pOOOTH, OCIIY,
obnasHaHHs, Bcs iHImA iH(GOPMAIS HANAETBCS Yy BHUIVIAI NMOKPOKOBHX CXEM
BUKOHAHHS JIOCIIJIIB 3 YiTKAM ITOKa30M eTariB ekcriepuMenTy [2]. [licis BukoHaHHS
EKCIIepPUMEHTAIILHOT YaCTHHH BiI0yBa€ThCS OOTOBOPEHHS PE3ybTaTiB AOCITINIB Ta
miaroroBka i odopmiieHHs 3Bity. Ha erami oOroBopeHHs Ta IMIATOTOBKH 3BITIB
CTYICHTH TaKOXX MAIOTh 3MOTY IEPETIIHYTH (OTO Ta BieoMaTepiaiy.

B ymoBax BHKOpHUCTaHHA IUCTaHIiNHOI (OpMH HaBYAHHSA iHAKIIE
BiOyBarOThCS €Taly BUKOHAHHS POOOTH Ta OOTOBOPEHHS 0COOIMBOCTE mepediry
pe3ynbpTaTiB  XIMIYHMX fgociimiB. J[Is 3aMiHM  caMOCTIHHOTO BHKOHAHHS
eKCIIEPUMEHTY CTyJCHTaM IIiJ 4ac NMPOBEICHHS 3aHATTS OH-JIAHH MPONOHYETHCS
HeperIsiy BiJIeo, B IKOMY BiJITBOPIOETHCS IX AiSUIBHICTD, Ta JIeTalbHE OOTOBOPEHHS
BCIX eTariB J0CIi/iB.

3ayBaXMMO TakoX, IO TNOAiOHI (OTO Ta BigeoMarepiaaum MOKHA
BUKOPHCTOBYBATH B IKOCTI HABUAJILHUX 3aBJJaHb: CTyI€HTaM IEMOHCTPY€EThCS BiZIeO
0e3 KOMEHTapiB 1 MPOMOHYETHCS HAMATH BIAMOBIMI HA MEBHI 3alIUTAHHS, CTOCOBHO
0cOOJNMBOCTEH METOAMKHA BHKOHAHHS XIMIYHOTO EKCIIEPUMEHTY, IOTPUMAaHH:I
MPaBHJI TEXHIKU OE3MEKH, MOSCHEHHSI CyTHOCTI SIBHILL, 1[0 CIIOCTEPIraloThes.

3 MeTor0 3a0e3MedYeHHs CTyAEHTaM TIOCTiiHOro moctymy ¢oTo Ta
Bimeomarepianu po3mingyroTtecs y Google kiaci «Heopraniuaa XiMis, CTBOPEHOMY
JUTS OpTaHi3allii HaBYaHHS 32 3MIIIaHOI0 (POPMOIO.

Jns  CTBOpPEHHS yMOB  «BHUKOHAHHS»  EKCIICPUMEHTAIbHOI  YacCTHHHU
nmabopaTopHOi poOOTH OH-TMAMH BigOyBaeThCsA MIATOTOBKAa Bimeo mochimiB. Sk
NpaBWJIO, HAsIBHI y BUIBHOMY JOCTYINl MaTepiajd He BiANOBIJAIOTh BUMOTaM J0
oprasizaiiii Ta mpoBeACHHS MEBHOT POOOTH J1a00PATOPHOTO MPAKTUKYMY.

OTmxe, NiJBUIIEHHIO e(EeKTHBHOCTI HaBYaJbHOI'O MPOLECY 3 HEOpraHiqyHol
ximii, 3a0€31EeYeHHIO «BUKOHAHHS» EKCIIEPUMEHTY OH-JIaliH Y MPOLeCci POBEICHHS
J1a00paTOPHOTO TPAKTUKYMY CIPHUSE BUKOPUCTaHHS (OTO Ta Bifeomarepiaiis.
Came TOMy MPOBOAMMO POOOTY IOAO aHAII3y HAsBHUX, BIAOOPY Ta MEBHOI
00pOOKH, MATOTOBKU BIAaCHUX (POTO Ta BimeoMaTepiaiiB, po3poOKH MOJATKIB 0 y
(hopMi My TBTUMEIHHIX TIPE3EHTAIIIH.

B mnomanpmioMy IIaHyeTbes HPOJOBXKEHHS poOOTH o0 Bimbopy Ta
MiATOTOBKU (POTO Ta BimeoMaTepialiB y HABYANBHHUH MPOIEC SK 3 HEOPraHIdHOL
XiMil, Tak ¥ 3 IHIIMX XIMIYHAX AACIUILIIH, X apodarlis y HaB4aJIbHOMY IIPOIIECi Ta
JIOCTIJKEHHS e€(peKTHBHOCTI.

Crncox miteparypu
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MOXJIMBOCTI 3ACTOCYBAHHA KOHTPPOTOPHOI'O EQEKTY
B HACOCHOMY OBJIAAHAHHI JUUIA ITIJIBUIEHH A HAITIPHOCTI

Kynixos O. A., acn. ep. A-05/MB; Pamywmnuii O. B., acucm. xagh. I1I'M,
CymY, m. Cymu

OmHa 3 OCHOBHHX CBHOTOJHINIHIX MpPOOJIEM TIPOMHUCIOBOCTI - BeJHKa
EHEePrOEMHICTh eKCIDTyaTalii HACOCHOTO OOJamHaHHA. Y PI3HUX Taly3sX HACOCH
cnioxxuBaroTh 25-60% Bix Beiel eHeprii, mo BuTpadaeTses. [Ipn mpomy maibxe %
EHEepProBUTpAT INPHIAZA€ HA TUHAMIYHI HAcOCH. Y 3B'A3KYy 3 UM €BpomapiaMeHT
NpUMHAB «JIMPEKTUBY WLIOJ0 BHU3HAYEHHS BHMMOI, IO MNPEA'sBISIIOTHCS [0
MIPOEKTYBAaHHS BHPOOIB, AKi CIIOKMBAIOTH €HEPTiioy», sKa mepeadadae CKOPOUCHHS
3arajJbHOTO CIIOKMBaHHS eHeprii B €Bponi Ha 20%, a eHeprocrnoXuBaHHS
HacocHoro oOnanHaHHs - Ha 40%. Y minomy, po3risaalodM JAaHe MUTaHHS,
BiJ[3HAYMMO, 10 B JaHUN Yac B 0araTboX Taly3sX MPOMHUCIOBOCTI BHUHHUKIIA
npoOJiemMa MiIBUILIEHHS! €KOHOMIYHOCTI BiALICHTPOBUX HACOCIB, sIKi 3a0€3MeUyIOTh
3pOCTaHHsI HAMOPY IPH BiJHOCHO HEBEIMKUX Momavax [1].

Jis TmiIBWINEHHS HAIMIPHOCTI B JaHWUM dYac 3aCTOCOBYIOTH HACOCH i3
JEKIIbKOMa CTYTECHSIMH, Jie KO’KHA HACTYIHA CTYMiHb CX0XKa Ha momnepenHio. Yum
Oimpmii moTpiOeH Hamip, THM CTyTeHe#l B Hacoci Oyne Oinpmie. lle BrmmBae Ha
rabapuTHi po3MipH Hacoca Ta HOro Bary, IO 3a00pOHS€ BCTAHOBHUTH HOTO B
JOBUTRHOMY MicIi, W JOBOAWTHCS JOAATKOBO OyayBaTH CHemiadbHI MOHTaXKHi
noBepxHi. KOHTppoTOpHUi e(eKT 3aCTOCOBYETHCS B aBiOOYIyBaHHI I 3HATHOTO
MiJABUIICHHS TATOBOI CHJIM OyIb TO JiTaku 4u rejikontepu. KOHCTPyKIis B HUX
JIy’Ke IpocTa, IO SBJIsIE COOO0 Mapy TBUHTIB, PO3TAIIOBAHUX OJUH HAJl IHIIUM Ha
CHIBBICHMX Bajiax, LI0 O0EPTAOThCS B MPOTHIICKHI CTOPOHH, 3aBISKH YOMY
KOMIIEHCYIOTBCSI PEaKTHBHI MOMEHTH, 1[0 BUHUKAIOTH BiJl KOXXHOTO 3 TBUHTIB.

MOXJIHBICTB 3aCTOCYBaHHA MPUHIUITY KOHTPPOTOPHOCTI B
HacocoOyyBaHHI IPYHTY€TbCS Ha ifei BHKOPUCTaHHS BiJ’€MHOI 3aKpyTKH Ha
BXOJIi 10 pobodoro oprana. 3a pe3ysibTaTaMH YHCEIbHUX JOCIIJUKEHb K OCHOBA,
Tak 1 BIAIEHTPOBa KOHTPPOTOPHI CHUCTEMHU 3a0e3MedyioTh ICTOTHHHA TPHUPICT
Haropy 3a HemuHy4oro naginas KK/I. [Ipn oMy B octaHHBOMY pasi Harip MOXHA
36inbiuTy 10 182% mopiBHIHO 3 OMUHUYHUM poOOYMM KojiecoM [1].

Taka cxema KOHTPPOTOPHOTO CTYIEHIO IPEICTaBiIsie podoue Koyeco 3
JIOTIATeBMM  THICKOM, 10 o00epTaloThCsi B pi3HI  cropoHu. llogampmnm
JOCTI/UKEHHSAM B I ramxy3i cTaHe 3aMiHa JIOMATEBOTO AWCKA IHIIMM pPOOOYHM
KosecoM. TakuMm duHOM OyJe CTBOpeHa KOHCTPYKIS IBYXCTYIIEHEBOTO
KOHTPPOTOPHOTO HAcocy, m0 Oyae AaBaTH BEIUKWH HPUPICT HANOPY MO IpH
HEBEJIMKI PO3MipH Ta Bary.

Cricoxk Jiteparypu
1. VI TexHONOTIYHMH YKJaJI: NEPCIEKTHBH PO3BUTKY CHCTEM, SsKi
nepenaroTs eHeprito piauHi : MoHorpadis / O. B. Parymnuii. —Cymn : Cymcbkuii
Jep>kaBHUH yHiBepcuTeT, 2020. 212 c.
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MOXJIMBICTb BUKOPUCTAHHSA BE3JIOITATEBOI'O HAITPAAMHOTI'O
ATIAPATY B HACOCOBY JIIBHII [TPOMUCJIOBOCTI

IHempenko C. C., acn. ep. A-05/Mb; Pamywmnuii O. B., acucm. xag. [1I'M,
CymY, m. Cymu

VYkpaiHa Mae BenWKHN JOCBiJ y BHPOOHHITBI Ta IMOCTa4aHHI HACOCHOTO
oOnagHaHHA B MeXaxX KpaiHM Ta 3a KOPAOHOM. Y 3B’SA3Ky 3 LHM, HEOOXiTHO
BIJNIOBIZaTH BHMOTaM IIPOTpaM TUPEKTHUBH CBPOIEHCHKOI acoriamii BUpOOHUKIB
Ta CIOXXHMBa4iB HACOCHOTO oOnamHaHHSA. EuroPump Mae TeHIeHIIiI0 cKopodyBaTu
3arajJbHUH 00cAT eHeprocnoxuBaHHA Ha 20% Ta 3arajaoM HaCOCHOTO OONaJHaHHA
Ha 40%.

binpuricth NPOMDKHUX CTYIHEHIB 0araToCTyNEHEBHUX HACOCIB OCHaIlIeHI
JONAaTeBMMHU HANpsMHUMHK araparaMd pO3TallOBaHUMK OE3I0CEepPEeHBO 32
pobounm kostecoM. HanmpsiMHuMI anapar - e OJUH 3 BU/IB BiIBOJY BiJIIGHTPOBOTO
Hacoca, SIKUi sIBIIsie cOO00 MPHCTPIH, 0 30upae piAnHy, sKa BUIIUIA 3 Kojeca, 1
BIZIBOAWTH TI JO HACTYIHOI'O CTYIIeHs Hacocy. HampsiMHUiT anapar ckiagaeTbes i3
cripanbHOI IUIAHKA, TU(PY30PHOTO Ta IMEPEBiTHOTO KaHAIIB.

HanpsMuanii anapaT moBUHEH 30iHCHIOBATH HACTYIHI (DYHKIIIT:

¢ 30MpaTy piIuHY, MO0 BUXOAWUTH i3 poOOYOro Kojeca, 1 HAmpaBisATH i1 10
BUXIZHOTO MaTpyOka abo 10 Kojieca HaCTYITHOTO CTYIICHS;

® [IEPETBOPIOBATH 3 HAWMEHIIMMH BTpaTaMH KIHETHYHY €HEprilo B
MOTCHITIATIbHY;

® 3MIHIOBaTH MOMEHT IIBUIKOCTI [0 KOHTYPY, IO OXOIUIIOE KOJIECO.

BigminHa puca BIABOAIB y BHUIVISIAI HANPSAMHHUX amapariB - HasBHICTh
JIONIATOK, 1110 YTBOPIOIOTH KiJIbKa KaHAIIB MO OKPYXHOCTI. Y 0aratocTyneHeBUX
Hacocax 3aCTOCOBYIOThb amapard, y SKHUX HampsMHI i 3BOPOTHI Jionmatku (ToOTO
JIONATKH, 10 HAINPaBJIAIOTh PIAMHY J0 Kojeca HAaCTYIHOTO CTyIeHs) o0'erHaHi B
oJiHe 1ie. 3a paxyHOK I[bOTO IOTIK IPH BXOJ B HANPSIMHUM anapar CTHCKAETHCS,
Ta TPH BUXOJI 3 HBHOTO PO3MIMPIOETHCS, OKPIM IIHOTO Tedis Mae TypOyJIeHTHHH
xapakTep. 3a paXyHOK IbOT'0 BUHUKAIOTh TiJpaBiIidHi BTPAaTH. AJle OCHOBHI BTpaTH
B IaHOMY HAlpsIMHOMY arnapari BAHUKAlOTh B TU(y30pHOMY KaHaJIi.

Ha ocHOBI mpuBeeHOTo BHUINlE MOXKHA 3aIPOIIOHYBATH IHHOBaLIHY 3MiHY
KOHCTPYKIIiT IPOTOYHOI YaCTHHHU HACOCY, BUKOPUCTABIIY O€3/I0MaTeBUi BiIBIAHUH
MPUCTPiH, K aJbTEPHATUBHUHA 3aMIHHUK TPAIUIIIHOTO JIOMAaTEBOTO HAMPSIMHOTO
amapary. lleit mpuctpiii Oyne BUTOTOBIATHCS Oe3 yiomaTeil Ta Oyae MaTd iHILY
KoHCTpyKLifo. Lle mo3BonwTe 30WMpaTé piAMHYy Ta MiIBOAWTH ii MO HACTYITHOTO
CTYIEHS HE CTUCKAIOUH TIOTIK.

MeTor0 JOCTIIKEHHS JaHOT KOHCTPYKIIi € CIPOIIEHHS IPOTOYHOI YaCTHHHU
BIZILIEHTPOBOrO 0araToCTyNEHeBOr0 HAcOCy Ta 3MEHILIEHHS BTpaT Hamopy B
caMoMy arapari.
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CAMOPETYJIFOIOUUI ITPUCTPI PO3BAHTAXEHHS OCbOBOI'O
3YCWIJIA HA POTOPI BATATOCTYIIEHEBOI'O HACOCA

Konicniuenxo E. B., ooy. kagh. III'M; Momom O. B., Pyoeyvxuui B. C., cmydenmu
ep. I'M-71-9, Cym/[V, m. Cymu

Y pobouomy Kozeci OJHOCTOPOHHBOTO BXOIY BHACIIIOK BiJICYTHOCTI ioro
cUMeTpil BITHOCHO IUIOMMHU MEPICHANKYISIPHOI 1O oci obepraHHS Hacoca,
BUHHUKAaE€ HEBPIBHOBa)KCHA TiJpaBiidyHa CHJa, CIPSIMOBaHA IO oci y Oik BXimHOL
BOPOHKH KOJIeCa.

IIpu ckinamaHHi emop THCKY (OUB. prc. 1) Ha 30BHIMIHIX CTOPOHAX TUCKIB
3aJIMIIAETHCS HEBPIBHOBO)KEHAa 4YacTHHA EHIOPH Ha KUIBIEBIH IOBEpXHI 3
paniycamu Ro Ta Ry, 1o i o0ymoBioe HasBHICTB ocboBoi cuiu 71. [To oci Hacoca
TaKoX Ji€ JUHaMiyHa cuia 7>, 00OyMOBJIEHAa HaTiKaHHSIM IOTOKY Ha KOJECO Ta
3MIHOIO OCBOBOTO HANPSIMKY HOT0 pyXy Ha pajiajibHUil.

Pucynoxk 1 — Po3mnozin THCKY Ha IOBEpXHIX OCHOBHOTO Ta HOKPHBHOT'O JIVICKiB
pobodoro komneca

CymapHa ocboBa CHIIa, IO Ji€ Ha poOodYe KOJIeco OIHi€l CTyIeHi Hacoca
BU3HAYAETHCS PI3HULICIO BKa3aHUX CHIIL:

ne 71 - cuna, BUKIIMKaHA HEPiBHOMIPHICTIO PO3IIOAITY THCKIB HA OCHOBHOMY
Ta MOKPUBHOMY JICKax poboyoro koineca, H;
T> - nuHaMiyHa cwia, OOYMOBIIEHa HATIKaHHSAM IIOTOKY PIJHHHA Ha
KOJIECO Ta 3MiHOIO OCHOBOT'O HAIPSIMKY HOTo pyXy Ha pajiaipHuid, H.
Cuna 7> € He3HAYHOIO 1 CYTTEBOTO BIUIMBY, Ha BigMiHYy Bin cwin 71 Ha
CyMapHY OCbOBY CHIIy HE Mae.
Y GaraTocTyneHeBHX BiJIIEHTPOBHUX Hacocax pobodi Kojieca po3TamIoBaHi
Ha BaJly IOCIiJOBHO OIHE 3a OJHHMM, TOMY pe3ylbTyioda OchoBa cuwia Oyne
30UTBITYBATHCS IPOMOPIIIHHO KITBKOCTI poOOUYNX Kosec (CTymeHew):
r=k-T,,

Je K - KUIBKICTB CTyneHel Hacoca.
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HasBHicTh B Hacoci HEpO3BAHTAXKEHOI CHJIM | BUKIMKAE OCHOBHH 3CYB
poTopa Hacoca B CTOPOHY BCMOKTYBaHHS, 10 HEMHHYy4YE€ NPU3BOJHUTH 10 HOTO
aBapiifHOT 3yNUHKH.

Jns  OopoThOM 3 OCHOBOIO CHJIOI0 BHKOPUCTOBYIOTH — CHeELiasbHI
pO3BaHTaXXyBaJIbHI PUCTPOi. OTHUM 13 TAKMX MPHUCTPOIB € TiIpaBiIiyHa 11’ sATa.

lgporm’sita  (mquB. puc. 2) € aBTOMaTHYHUM  CaMOPETYJIOIYAM
BPIBHOBaXYIOUHM HPUCTPOEM, IO MPALOE HA BCIX pekuMax poboTu Hacoca. Bona
PO3MIIIY€ETHCS 32 POOOYNM KOJIECOM OCTAaHHBOTO CTYICHS 1 € KOMOIHAIIEI0 TBOX
MOCTITIOBHO PO3TAIIOBAHMX [POCENIOI0YHNX IMUTHH: IMWIIHAPUYHOI Ta TOPIEBOI.
HepnomixamMu MPHUCTPOIO € CXIIBHICTD 0 «3alaplOBaHHI 1 3aIUPiB HA TOPIEBHX
KOHTAKTHHUX TTOBEPXHSIX, a TAKOXK MIBHIKAM 3HOCOM B MICIIi TOPLIEBOTO 3a30DYy.

Pucynok 2 — Po3BaHTaXeHHS OCBOBOT CHJIM 32 JIOTIOMOTOIO T1IpOm’ ATH:

JIMcK Tigpor’siTh 6 3aKpiIUIIoEThCsl Ha Baly HACOCY 3a OCTaHHIM POOOYMM
KosiecoM. PinnHa i3 3a1HBOT Ma3yxu poOOYOro KoJjieca MOTpaIvisie Yepes KiIbleBuil
3a30p 2 B npoMixkHY Kamepy 3. Jlai uepes TopiieBHii 3a30p 4 pifuHa MOTPAILISIE B
KaMepy 7 3a IHCKOM Tigpom’sATH 1 IO BiABimHOMY TpyOompoBoxy 10 — mo
BCMOKTYIOUOT0 IaTpyOKa Hacoca.

KinpneBuit 3a30p BHKOHYe (YHKLIIO JPOCEJIOI0YOT0  IPHCTPOIO,
3MEHIIYIOYM THUCK piAMHU Tmiepen Tigpom’saroto. CTymiHb 3HMXKEHHS THCKY
3QJISKHUTh Bifl JOBXKHHH LIHOTO 3a30pYy lo.

Topueswuii 3a30p MpU3HAYSHUH IS PO3BAHTAXKEHHSI OCHOBOTO 3yCHIIIS Ha
poropi Hacoca.

IIpu 306inbmieHHI OCHOBOI CHIIM, POTOP 3MIIIYETbCI B CTOPOHY
BCMOKTYBaHHA (3a puc. 2 — BHiBo). Omip KiTbIEBOT0 3a30py HE 3MIHIOETHCSH, a
TOPIIEBOTO — 30ULTBIIyeThCA. BuTpaTta uepes Tifpom’sTy 3MEHIIYETHCS, a THCK B
KaMepi mepes riIpomn’ STOr 301IbITy€THCS, 3MILITYIOYH POTOP BIPABO.

[Ipu 3MeHIIEHHI 0CHOBOTO 3YCHJUIA Hacoca TOPIIEBHH 3a30p B TiIpom ATi
301IBIIY€ETHCS 1 YPIBHOBaXYIOUa CHJIA BIATIOBITHUM YHHOM 3MEHIIY€ThCs. Takum
YIHOM, 332 PaXyHOK CaMOPETYJIIOBAaHHS TOPLIEBOrO 3a30py OCHOBE 3YCHIUIS POTOpa
Hacoca ITOBHICTIO BPIBHOBAXKYETHCS 110 BCHOMY Jlialla30Hy poOOTH Hacoca.

238



JOCHIJPKEHHA EKOHOMIYHOCTI BUKOPHUCTAHHA
BIJILHOBUXPOBUX HACOCIB (TUITY CBH) ITP TPAHCIIOPTYBAHHI
PIAMH 3 BKIIFOYEHHAMUA

Konomieyv B. A.., cmyd.; Ilysik P. B., acn.;
Konoycew B. 1O., acucm. kag. ITT'M, Cym[V, m. Cymu

IIpu minbopi Tumy Hacoca anst poOOTH Ha 3a0pyAHEHI PiOWHU CIix
MPaBUJIBHO OI[IHIOBAaTH HE TUTBKHM 1X €KOHOMIYHI NOKa3HHWKH (a came, K.K.J.), a
BpPaxOBYBaTH TaKOXX IHIII BHOM BHUTPAT, IO CKIAAAIOTh CYKYIHI BHUTpPAaTH y
TPOIIOBOMY BHMipi B Tpomeci po3poOKH, eKCIDIyaTamii, peMOHTY Ta YTHIIi3arlil
HACOCHOTO 00JIaHaHHsI (CTPYKTypa BapTOCTi )HUTTEBOTO MKy, LCC).

[Ipy mopiBHSHHI HACOCIB BIIIEHTPOBOTO Ta BIJIBHOBUXPOBOTO THITY 3a
YMOBHU TPAHCIIOPTYBAHHS PifKH 3 aOpa3uBHUMH BKIOUCHHAMH [1], BCTaHOBIEHO,
10 TPUBAIICTh MDXPEMOHTHOTO IIMKJIY OCTaHHBOTO Oyja OUIBIIOI MPUOIH3HO B
2,5 — 3 pasu. Ile moB’sA3aHO 3 CYTTIO POOOYOro MPOIECY HACOCIB PO3IIITHYTHX
THUIIIB.

Tak y BigmeHTpOBOMY Hacoci poOOYHMil IpoIec MOJATAE BHKIIOYHO Y
CHIIOBIH B3aeMoii Jomarteit fioro pobodoro oprany (poOodoro kKoyeca) 3 piJHHOIO.
TakuM 9uHOM, Bech 00cAT poO0d0i piiHN MIPOXOANUTH Yepe3 MIKIONAaTeBi KaHAIH
poboyoro koyeca Hacoca. Sk pe3yiprar, L€ NPU3BOAUTH 1O IIBHIKOTO
3HOIIYBaHHS IEpII 3a BCe MEPEIHBOrO YINUIPHEHHS, a Hajxaimi d MOBEpXOHb
MDKIIOTIATeBUX KaHAJIB poOOYoro Koleca, mo obepraerbes 3 dactoToro 1 500 —
3 000 06/xB.

PoGounii mpoiec BiIBHOBUXPOBOTO Hacoca OUIbII CKIAIHHUH, IO
OB’ A3aHO 3 KOHCTPYKIIIEIO HOro MPOTOYHOI YacTHHU (pHC. 1)

Pucynox 1 — KoHcTpykuist BiIbHOBHXPOBOTO Hacoca: 1 — poboue Koneco; 2 —
BinbHa kamepa (BK); raiika-o0tikayd; 4 — BCMOKTYBaJIbHUI MaTpyOoK; 5 —
HaIipHUHA maTpyOoK.
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Jlo OCHOBHMX €JEMEHTIB NPOTOYHOI YACTHMHU BUILHOBHUXPOBOI'O Hacoca
CNiJ BiIHECTH POOOYE KOJIECO HAMIBBIIKPUTOTO THUIY 1, sSKE PO3TANIOBYETHCS Y
HilI KOpIyca Hacoca 2, MiABiAHUN maTpyOoK 4, sSKWil 37i¥CHIOE MiABix poOouoi
PLAMHY 10 IPOTOYHOI YACTHHU HACOCa, & TAKOK KUTBIICBHUIA BiJIBIIHUN MPUCTPIN 5,
NPU3HAYCHUH Ui BiABONY PIIMHM 3 MPOTOYHOI YaCTMHM Hacoca J0 HAaIipHOTO
TpyOompoBoay. Cunin 3a3HauWTH, IO HAsBHICTh TalKU-00TiKaya 3 crpUYMHEHA
HEOOXIIHICTIO 3amo0iraHHs BHXOXy po0O0YOro Kojieca OO BUNBHOI Kamepu 2 y
pe3yIbTaTi ii Ha pOTOp Hacoca OCHOBOI CHITH.

Ha BimMiHy BiZ  BiAIEHTpOBOTO  Hacoca, poOoYHMid  Tpolec
BUTPHOBUXPOBOTO Hacoca OLTBII KOMIUIEKCHHH i BiZOyBa€eThCS y IEKiJIbKa €TaIliB.
Ha mepmomy erani piguHa, M0 HAAXOIUTH MO MDKJIONATEBUX KaHATIB poOOYOTro
KoJieca, OTPUMYE TPHUPICT €Heprii 3a paxyHOK CHJIOBOI B3a€MOJIi 3 JIOTIATSAMHU.
Hapmani vacTuHa pigMHU HAIXOJUTh OE3MOCEPEIHBO 0 HAIMIPHOrO MaTpyoOKa, a
iHIIA 11 YacTHHA YTBOPIOE TaK 3BaHUH «TOPOMONIOHWI BUXOp». YacTHHa pigUHU
(«nOTIK MPOTIKaHHS»), IO HAJXOIUTh JO TPOTOYHOI YACTHHM HAcOCa OTPUMYE
NPUPICT eHeprii IUIIXOM B3a€MOJIl 3 TOPONOAIOHHM BHXOPOM, SIKUH y TaHOMY
BUIAJKy BHCTYNA€ Y SKOCTI Tak 3BaHOi «pigkoi JomaTi», Ta HAAXOAMTh 10
HaITpHOTO MaTpyOKa 0e3 OyAb-AK01 B3aEMO/IIi 3 JIOMaTsIMU poOOYOro KoJeca.

Bapto OKpeMO  pO3IISHYTH  HACTYIHE [HTaHHA. 3a  YMOBH
TPAHCIIOPTYBAHHS PIIVHHU 3 HASBHICTIO NEsSKOi YacTHHH TBephoi ¢asm (mepmr 3a
Bce HIeThCs Mpo aOpO3UBHI BKIFOUEHHS) OUTBITICTD TBEPIUX YACTHHOK IPOXOIIThH
NPOTOYHOIO YaCTHHOIO HAcoca caMe Yepe3 MOTIK NMPOTIKaHHS, 1 He CIPUYUHSIOTH
IIKIAJIMBUIA BIUIMB 10 TOBEPXOHb JIomareid poOodoro koieca. Sk pesynbTart,
3HOCOCTIMKICT poboyoro koneca (a came Ied eleMEHT NPOTOYHOI YACTHHH
3HOIIYETHCS. B HACOCI IBUIIIE 32 1HIII) 3HAYHO OLblIa caMe Yy BUIbHOBHXPOBOTO
Hacoca, HDK y BIJIEHTPOBOrO, a TPUBAIICTh MIKPEMOHTHOTO IHKIY HPOTOYHOT
YaCTHUHH BIJIBHOBUXPOBOTO Hacoca B 2,5 — 3 pas3u OuIbIa, HIXK Y BiZIIEHTPOBOTO.

3a yMOBM TNepeKadyBaHHS arpeCHMBHUX PIAMH IIBHIKE 3HOIIYBaHHS
MPOTOYHHX YAaCTHH HACOCIB MOYKE NPHU3BOIMTH JI0 HEOOXIAHOCTI 3aMiHM Hacoca B
ninomy. ToMmy, He3BaXKar4n Ha 3HAYHO HWXKYHUIl K.K.JI. Y BUIbHOBUXPOBHX HACOCIB
(30 — 50 %), nix y BiguentpoBux (60 — 80 %), 1X BHKOPHUCTAHHS 3a 3aJaHUX
OPU3BONUTH 10 3HAYyHOI EKOHOMIi KOINTIB, SK pe3yJibTaT 3MEHILCHHS
IHBECTHIIIHHIX BUTPAT, & TAKOK BUTPAT HA PEMOHT i MPOCTii 00NIaIHAHHS.

Crincox miteparypu

1. Kotenko A. I. Rationalization of ukrainian industrial enterprises in a
context of using torque flow pumps on the basis of valuation of the life cycle of
pumping equipment / A. |. Kotenko, V. F. Herman, A. A. Kotenko // Nauka i
studiya. Technichni nauky — Przemysl, 2014. - Ne16 (126). — P. 83 — 91.

2. 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. Phys.: Conf. Ser. — 2021. — Ne1741. — C. 012023. [Pexxum
nocrymy] — https://doi.org/10.1088/1742-6596/1741/1/012023
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IMPOEKTYBAHHA 3MIHHUX ITPOTOYHUX YACTHH HACOCA
THUITY ILIHC 300-180 3 METOIO PO3IIMPEHHS IX
JTAITA3OHY BUKOPUCTAHHA

Lleguenro A. I, cmyo.; Konoyce B. FO., acucm. kag. [II'M, CymAY, m. Cymu
BinmentpoBi  Hacocm  tumy IIHC  mmpoko  3aCTOCOBYIOTHCA

MiIIpHEMCTBAME Ha(TOBUIOOYBAHHS ISl CTBOPECHHS Ta IiITPUMAHHS IIACTOBOTO
THCKY (puc. 1) Ipy BUKOPHCTaHHI BTOPUHHOTO METOIY BUAOOYTKY HapTH.

Pucynox 1 — IIponiec cTBOpeHHS Ta MiATPUMaHHS IJIACTOBOIO TUCKY B IpoIiecax
HadToBHIOOYBaHHS

[lmacToBUi THCK CTBOPIOETBCS TPH LbOMY IUIIXOM 3aKadyyBaHHS
GesrmocepenHb0 10 HATOBOTO IUIACTA JIESIKOTO 0OCATY piIUHN (IIEepeBaXKHO
TEXHIYHOT BOJIH).

OCKINIbKH €KCIUTyaTallisi BiILEHTPOBOIO Hacoca IMOB’s3aHa 3 JOCTaTHBO
BY3bKHM Jlialia30HOM Horo poOoTH (Tak 3BaHa «po00OYa 30HA»), ISl PO3LIMPEHHS
MEePEeKPUTTS] POOOUUX MOJIB HEOOXIHO BHOCHUTH JIesiKi KOHCTPYKTHUBHI 3MIiHH JI0
MPOTOYHOI YaCTUHU HACOCaA.

Cneuianicramu kadeapu Ipuknagnoi rimpoaepomexaniku CyMCBKOTO
JEPXKABHOTO YHIBEPCHTETY 3alpOIIOHOBAHI LUIAXM IIJBHUINCHHS HAIpPHHUX
MOKA3HUKIB HACOCIB, IO 3aKIIOYAIOTHCS Yy BHECEHHI HEMOJENbHHUX 3MIH [0
KOHCTPYKLIi JIonateBoi pewiTku podoyoro kojeca [1 — 3].

VY pobori [4] anst po3poOku yHI(GIKOBaHMX MapaMETPHYHKX PsJIiB HACOCIB
3aIpOIIOHOBAHO BUKOHYBATH 3MiHHI HOTO NPOTOYHI YacTHUHM. 3a3HA4eHUH crocid
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e(eKTUBHUNA TPH HEOOXITHOCTI 3HAYHOI'O BapirOBaHHS 3HAYCHHS MOJadi Hacoca
(Butpatu B TpyOONpOBigHIH Mepexi). Excruryaramis BiIIEHTPOBHX HAcoCiB 3
BUCOKUMH TIOKa3HMKaMH EKOHOMIYHOCTi (K.K.JI.) 1 HaJIiifHOCTI MOXXJIHBa B
niamazoni 3HadeHb Q = 0,9 — 1,1 Q,om. 3ampOMOHOBAHUN METOJ JO3BOJISIE 3HAYHO
po3mmpUTH Aiana3oH poboTH HacocHux arperariB tumy LIHC numixom 3aminu
NPOTOYHOI YacTUHM Ha Ourbll, abo0 MEHII NPOAYKTHBHY (B 3aJIS)KHOCTI Bif
moTpeon).

Hacoc tumy IIHC 300-180 po3poOrieHuii Ha HAaCTymHI pPO3pPaxyHKOBI
mapamerpu: momada — 300 m¥/rox, Hamip — 180 M BOISHOTO CTOBIA, YacTOTa
obepranast — 1 500 o6/xB. BukopucraHHS Hacoca E€KOHOMIYHO BHIIPAaBOAHO Y
miamazoni momayu 270 — 330 m3/roz.

Y pe3ynbTaTi BHKOHaHHA pOOIT 3 NPOEKTYBAaHHS 3MIHHOI HPOTOYHOI
YaCTUHH JAaHOT'O Hacoca pO3pOOJICHO KOHCTPYKINIO Ha HACTYIHI IapamMeTpHu:
nojaya — 250 m3/roa, Hamip — 190 M BOASHOTrO CTOBNA, YacTOTa OOEPTaHHS —
1500 00/xB. 3ampomoHOBaHYy MPOTOYHY  YaCTHHY Hacoca  JIOIUIBHO
BUKODHCTOBYBAaTM B JiamasoHi mnomau 225 — 275 wm°/rox. Bukopucranss
PO3p00IIeHOT MPOTOYHOT YACTHHU J03BOJISE 301MBIIUTH ialla30H Moja4 y pooodiit
30Hi Ha 45 M%ron a6o 1o 75 %, mo y TePCIEKTUBI J03BOJISIE 3HAYHO CKOPOTUTH
BUTPATH HA CNEKTPOCHEPTII0, & TAKOXK MiJBUIUTH HAAIHHICTh HACOCHOT YCTAHOBKHU
3 BukopuctanasaM Hacoca [LIHC 300-180.

Crmcok mitepatypu

1. Parymmnusiiif A. B. IloBblnieHHe HAOPHOCTH CTYNEHHU IEHTPOOEKHOTO
Hacoca MyTeM YCOBEpIIEHCTBOBAHHS JIONIACTHOM PEIIETKH pabouero Kojeca : JHC.
KaHA. TexH. Hayk : 05.05.17 — runpaBnudeckue MauHbl U THAPOITHEBMOATPETraThl
/ Parymmnsiii A. B. — Cymsl, 2015. — 154 c.

2. Kongycp B.IO. ITIpoekTyBaHHS BHCOKOHAITIPHOrO po0OOYOro Koseca
OararocTymniH4aTHX HacociB mist 00’ ekTiB HadToBua00yTKY / B.JO. KoHnycs, O.1.
Korenko // «ligpo- Ta THEBMONPHBOAM MAIIMH — CYYacHi JOCSATHEHHS Ta
3actocyBaHHs». Il MikHapogHa HAayKOBO-TEXHIYHA KOH(EpPEHIIis 15-16
mcromana 2016 p. : 30ipHuK Te3 momoBiael. — Binaums: T.I1. bapanosceka, 2016.
—C. 53-56.

3. Kondus V. Investigation of the operating process of a high-pressure
centrifugal pump with taking into account of improvement the process of fluid
flowing in its flowing part / V. Kondus, O. Gusak, J. Yevtushenko. // J. Phys.:
Conf. Ser. — 2021. — Nel741. — C. 012012. [Pexum pmocrymy] -—
https://doi.org/10.1088/1742-6596/1741/1/012012

4. JlyroBasg C. O. I'mapoaumHaMudecKne OCOOEHHOCTH MPOCKTHPOBAHHMS
CMEHHBIX TIPOTOYHBIX 4YacTeld TNpH CO3JaHWU YHU(DHUIUPOBAHHOTO psija
HEHTPOOCIKHBIX HACOCOB : JHC. KaHA. TexH. Hayk : 05.05.17 — rumpaBmuueckue
MamuHsl ¥ rugpornHeBMoarperatsl / JIyrosas C. O. — Cymsr, 2009. — 147 c.
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BIJIOBPAXKEHHS YIAPHOI XBUJII B 3AMKHY TIi1
CXEMI I'TIPOITPUBOY

Cucenxo B. B., acn. ep. A-05/MB; Ienamves O. C., doy. kag. [II'M,
Cymy, m. Cymu

B cyuacHoMy BepcraToOyqyBaHHI LIMPOKE 3aCTOCYBAHHS 3HAXOAUTH
o0'emunii rigpompusin. B wacrtocti rimponpusin dpeseproro Bepcrara ['d 2171
BKIIIOYAa€ IUIACTHHYACTHH HACOC, TIAPOMWIIHAPH TIEPEMIIIeHHS 3axBaTiB,
TiAPOUMITIHAPH KOPOOKM IMIBHAKOCTEH Ta TiIPOMOTOPH TEpPEeMIIeHHA Ta
obOepraHHsi. Yci mepepaxoBaHi arperaTd € MalliHAMH 00'€eMHOro THITy. TakuMm
YMHOM CKJI3JIOBOIO YaCTHMHOIO iX € 3aMKHyTa Kamepa. ['inpaBiiuHa cxema BKIIOYae
TiIPOAaKyMyJIsITOp SKUH BMHKAaeTbcss B poOOTY TMpU 3yNUHII  HAacocy.
liapoakyMynsiTop Mae MOPOXKHUHY 3alOBHEHY pOOOYOI0 DIJMHOI0 Ta MEBHUIA
00'eM 3amoBHEHMH ra3oM. TakUM YHHOM TiPOCHCTEMa CTAHOBHUTH COOOIO
3aMKHEHY CHCTEMY 3 elleMEHTaMH sKi MaroTh DPi3HUH MOIYJb HpYyXKHOCTI. Sk
BiIOMO B TYNHMKOBHX TpyOONpOBOAAX yIapHUH THUCK B OKPEMHX BHIAJKax
iABUIILY€THCS B 2 pa3y B MOPIBHAHHI 3 TOYaTKOBUM THCKOM.

SIKmo pO3MONUIBPHUK MHTTEBO 3'€IHAE TPYOONpPOBIA 3 aKyMYJSATOPOM
BUHHKAE CTPHOOK THCKY, SIKHH NMEPEMINIY€EThCS 0 3aMKHYTOI KamepH. OCKUIBKH
MepEeMIIIeHH CTOBIA PiAWHHU Iali HEMOXIUBO, IIBHIKICTh TaCHUTHCSA i BUHHKAE
HOBA XBHJISI TUCKY, (DPOHT SIKOi BHIIE 32 TOYaTKOBHH.

Haii0inpm edexTuBHI 3aco0M 3HIKCHHSA TiIPaBIIYHOTO yAapy €
HeNpsSIMUil TIIpaBIivYHUA yAap, CTAHOBJICHHS KOMIIEHCATOPIB y BHUIVISII MICLIEBHX
PO3LIUPEHbB, TiIPOAKyMYyJIATOPIB Ta 3amOODKHHUX KialaHiB. B po3ristHyTid cxemi
3aCTOCOBYETHCS TiAPOAKYMYJIATOP 3 MiJBHINCHOK I1HEPIiiHICTIO. B 3aramisHOMY
BUNAJKYy IHEpUIMHUA Hamip B 2 pa3W MEHIIEe YyJApHOro. 3acToCyBaHHS B
aKyMyJSITOpI €JIEMEHTIB 110 MiJBHUINYIOTh IHOTO iHepuiliHiCTh, 30LIbLIyE 4ac
HIHATTS yIAQPHOTO THCKY, 10 AHAJIOTIYHO SIBUILY HENpPSIMOTO TiAPaBiiuyHOIO
yaapy npH 301IbIIEHH] Yacy CIpanbOBYBaHHS TiIPaBIiYHOI araparypu.

Cricok Jiteparypu

1. bamra T. M. T'unpaBnuka, THIPOMAIINHE U THAPOIIPUBOABL: YICOHHUK
JUTSI MAIIMHOCTPOUTENbHBIX By30B / T. M. bamra, C. C. Pynues, b. b. Hekpacos u
Ip. - 4-e u3m., CTEpEOTUITHOE, Tepernevyarka co BTOporo minmanust 1982 r. - M:
«W3paTensckuii moMm Anbsiaey, 2010. - 423 c.

2. bormanosuy JI.B. T'uapaBiudeckue MpUBOIGL: Yuebd. mocodue st By30B.
— Kues : Buma mkona. I'onosHoe n3a-so, 1980. — 232 ¢. — 30314. 2702000000
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METOAU BUABJIEHHA 3HOCY IIJJUIUITHUKIB
Y HACOCHOMY AI'PEI'ATI BE3 VIIIIJIbLHEHb

Cmpoxin O. O., acnipanm, Cym/[yY, m. Cymu

Sk mpaBmio, Hacocu 0e3 yUIUIBHEHb (HAcOCH 3 ENEKTPOABHIYHOM abo 3
MarHiTHAM TPUBOJIOM) MAalOTh IIJIIAIHAKA KOB3aHHSA, SIKi OXOJIOKYIOTBCS 1
3MaIIyIOTECS poO0UOI0 PiMHOI0. SIK BUILTHBAE 3 Ha3BH, HACOCH 0€3 YIIiTbHEHb HE
MAaloTh AWHAMIYHUX YIIIIBPHEHB BaXy i po3po0ieHi 3 pOTOpOM BCEpeArHI 3aXUCHOT
obomonku. Hammipauit 3H0C 200 BHXiX 3 Jagy MiAMIMIHHUKIB Yepe3 HeIOCTAaTHE
3MamlyBaHHsd, a0pa3uBiB y MacTmili abo KaBiTallii MOXe BHKJIMKATH KOHTAKT MiX
pOTOpOM 1 3aXMCHUM HpHUcTpoeM. Lle Moxke mpuBecTH 10 BUXOXLY OOJagHaHHS 3
Jay 1 BUTOKY TEXHOJIOTIUHOT piguHu. [1].

Meton BUSIBICHHS 3HOCY IMIANIMIHUKIB 3aJIOKUTh Bil MaTepiary
HiAMWNHYKIB. Hanpuknaza, migmunHuky 3 KapOily KpeMHi0 OUIbII CXHJIBHI JI0
panToBOro BUXOY 3 Jaay, TOMY HPUCTPiil KOHTPOJIIO MPOTPECUBHOTO 3HOCY MOXKE
HE MiIiiTH.

ByrneneBi migmmmHUKY, 3 IHOIOTO OOKy, MOXYTh JIEMOHCTPYBAaTH
NPOrPECHBHUNA 3HOC, TOMY HNPHCTPii KOHTPOIIO MPOTPECHBHOTO 3HOCY MOXKE OYTH
KOPHCHUM.  3aBISKM  HPOTPECHBHOMY  MOHITOPHHTY  3HOCY  MOXHA
BHUKOPHCTOBYBAaTH NAaTYMKH HAOJFDKEHHS UL KOHTPOJIO MOJIOXKEHHS pPOTOpa B
3aXHUCHIH 00OJIOHII.

3MiHH ITOJIOKEHHS POTOpa BUKOPUCTOBYIOTHCS JUISl BU3HAUCHHS HAMPSAMKY 1
CTYIMEHs 3HOCY MifmunHuKa. Llei MeTos 103B0JIsie BUSIBUTH 3HOC 0 KOHTAKTy MiXK
POTOPOM 1 3aXMCHUM TPHCTPOEM. UyTiuBi MPUCTPOT HOBUHHI OyTH HaJalITOBaHI
Ha BUSIBJICHHS OCHOBHX 1 pajliajbHUX 3MiH y MOJOXEHHI POTOPA.

OCKIJIbKY 3HOC MIAIMIMIHAKA MOXKE TPU3BECTH JI0 KOHTAKTY MIXK POTOPOM i
3aXMCHUM IIPUCTPOEM uepe3 3MiHY IIOJIOKEHHS POTOpa, MOXe OyTH KOPHUCHHM
BUKOPHCTAHHSI [TPUCTPOIO BHUSBJICHHS KOHTAKTY.

KOHTakT MOXKHA BHSABUTH 3a JOINOMOTOK MPHUCTPOI aKyCTHYHOTO
BUSBJICHHS, MOHITOPUHTY IOTYXXHOCTI, JaT4YWKa BiOpaIlii, JaTduKa TeMIepaTypH
3aXMCHOT 00O0JIOHKH, IaTYHKa Oe3MepepBHOCTI 400 KOHTAKTHOTO MepeMukaya. [2].

Crucok BUKOPUCTAHUX JKEPEIT
1. Gulich J. Centrifugal Pumps. Springer Heidelberg Dordrecht / J. Gulich.
— London-New York, 2010. — 964 p.

2. [EnextponHnit pecypcl: Pexum JIOCTYITy 10
pecypcy.:https://www.pumpsandsystems.com/home
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JOCBLJ] CTBOPEHHA HACOCIB 3 BUCOKHMMU
AHTUKABITALIMHUMU XAPAKTEPUCTUKAMU

Tacno O. B., acn. ep. ACIImex-9.1; Oguapenxo M. C., sukn. kag. [1I'M;
Bopooicka A. C., acn. ep. A-05/MPB; Jlobypenxko M. B., mon. Hayk. cnisp.
kag. [II'M; Ianuenxo A. A., c.u.c. kagp. [IT'M, Cym[V, m. Cymu

AHaii3 TEeXHOJOTIYHMX TIPOLECIB BITYM3HSIHUX BHUPOOHUITB XiMIYHOI,
xap4oBoi, HadTOmepepoOHOI Ta IHMIMX Taly3edl MPOMHCIOBOCTI CBITUUTH IIPO
HEOOXIHICTh CTBOPEHHSI CY4acHOTO, CHEProe(peKTHBHOTO HACOCHOTO 00JaHAHHS
3IaTHOTO TepekadyBaTH Oaratodas3Hi pobodi ceperoBumia. 3AeOiNBIIOrO Uit
3a3HAUYEHUX IIPOLECIB Yy SKOCTI HACOCHOTO OOJagHAaHHS BHKOPHUCTOBYIOTHCS
BIZILIEHTPOBI HACOCH PiI3HUX KOHCTPYKTHBHHUX CXEM.

3abe3neueHHss HaJiliHOI Ta cTaOLIbHOI pPOOOTH TPOLECHUX HACOCIB
JIO3BOJISIE  3HIDKYBaTH coOiBapTicTh BUPOOHMUTB. [lo3aminaHoBi  3yHNHHKH
HAaCcOCHOTO 00saiHaHHs a0o oro HecTabiIbHA poOOTa MPU3BOIUTH 10 TOPYLICHHS
TEXHOJIOTIYHUX OIepaliii, 3yTMHOK BUPOOHUIITB, BTPAT CUPOBHHHU.

ABropamu poOoTH Oyn0 BHKOHAHO aHadi3 TEXHOJOTIYHHX IIPOLECIB
MyKpoBUX 3aBoXiB. OIHMM 13 MNUIAXIB pecypco- Ta eHepro30epekeHHS €
BIPOBAPKCHHS IITIBKOBUX BWIIApHUX amapatiB. [Ipn mboMy BHCYBaroThCs
HACTYITHI BUMOTH IO HACOCIB, SKHMH KOMIUIEKTYIOThCS IUIIBKOBI amapaTtu. Hacoc
TIOBUHEH IepeKadyBaTH LyKpoBud cupon. I'ycTmHa wmiei cymimni KoaMBaeTbCs
p=1200 =1300 ;—:, TemmepaTypa jgocsrae ($pa3zHOTO MEepexony PiIAWHHU y map i
Moxke csaratu 110°C, BMICT CyXuX pedoBHH cepenoBHIa csarae 55-65%.

Jns  mepexauyBaHHS ~CHpOIy Ha  IUTIBKOBMX  amaparax  pailie
BukopuctoByBatucsi Hacocu Ttunmy ~CKM-1.  OcHOBHMMH  HeIoJiKaMu
BUKODHCTaHHs 3a3Hau€HHX HACOCIB € IX HecTabiibHa pPOOOTH (BUHUKHEHHS
KaBiTalil) Ta MepiofuYHa KpHCTaji3alis poOOYOro ceperoBHINa Y IMPOTOYHiil
YJaCTHHI.

Tomy mocTae 3aBgaHHs pPO3POOWTH HOBUH HAcOC, SKUH JO3BOJIUTH
MIHIMI3yBaTH 3aTpaTH Ha BHUPOOHUIITBO Ta EKCIUTyaTaIlifo, MaTUMe yHipikoBaHY
KOHCTPYKIIiF0, MaKCHMAaJbHO BiIMOBIiTaTHME BUMOTaM €HEProeeKTHBHOCTI Ta
MaTUMe ONTHUMAJbHY IIiHYy, 8 TaKOXX 3MOXKe 3a0€3MeUnTH KaBiTalliiHWN 3amac Ha
pieHi 1,4 — 1,5 meTpu.

[epeBary OyJyio HalaHO KOHCTPYKTHUBHIH CXEMi HAacOCy KOHCOJIBHOTO THITY
3a cxemow «ISOy». IIporouyHa dYacTMHA CKIAJAEThCS 3 OCHLOBOIO ITiABOY,
MEPEeBKIIIOYEHOTO  ITHEKa, ITHEKO-BiJIEHTPOBOrO pobodoro koieca Ta
CHIpaNbHOTO KOPITYCY.
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Pucynok 1 — Cxema po60401 30HH OTHEKOBIAIIEHTOPOBOTO HACOCY ()
Ta MOJICIb BIIKPUTOTO poOouoro koieca (0)

VY SKOCTI yIIUIbHEHB Baly 00paHO KOMOIHOBaHE YUIUIbHEHHS (AMHAMIYHE +
calbHUKOBE). 3ale3nedyeHHs TOKpalleHHX aHTHKaBITAlIHHUX XapaKTepHCTHK
TUIAHYETBCSI JAOCATTH 32 PaXxyHOK BHKOPUCTaHHS MMOHM)KEHOI YacTOTH OOepTaHHS
potopy (1000 00/xB), BCTAaHOBJICHHS IIHEKY Ta BHKOPHCTAHHS OpPUTIHAJIBHOT
KOHCTPYKLIi BiIKPUTOTO TUITY 3 JABOSIPYCHOIO JIONATEBOIO CHCTEMOIO.

Po3paxyHOK mIHEKy 3miMCHIOBABCS 3 ypaXyBaHHAM HapaMmeTpiB pobOotu
Hacocy. ['eomerpist nomareli poOodYoro Koieca Y3TODKYyBAIUCS 3 TEOMETPI€I0
ITHEeKY. BUKOpUCTaHHS ABOSPYCHOI PEIIITKH JTO3BOIIMIIO TPU 30epeKeHHI BUCOKHX
EHEPreTUYHNX MTOKA3HHUKIB MMOKPAIINTH aHTUKABITAIlIiHI XapaKTePUCTHKH HACOCY .

EneprerudHi Ta KaBiTaIiiiHi XapaKTepUCTHKH HACOCY HaBeICHI Ha puc. 2.

How N, kBT
00 . . . 0o

- 00
00 1000 2008 00,0 4000 500,0Q, MY

XapasTecveTna Hacosa U Sweriow LT 200 150 4008500 75 54
708082012, PIE 400
UgeTaTa Bpauehin - G70 i, =008 KT’

Pucynok 2 — XapakrepucTtuka Hacoca
UH Synerflow-LFI 200-150-400 GS DO75-6 A

IIpomucioBi BUIIpOOyBaHHs 5-TH 3pa3KiB HacocHOTO oOmaaHaHHs (Q = 115;

400; 610 m%ron) ma TeodinombChKOMy IyKPOBOMY 3aBOJI MiATBEPAMIM iX
HaIHHICTh Ta €HEProe(h)EKTUBHICTS.
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BIIJIMB 3AKPYTKHM ITOTOKY HA BXO/II B POBOYE KOJIECO HACOCY
HA IOI'O EHEPTETUYHI XAPAKTEPUCTUKU

Bopooicka A. C., acn. ep.A-05/MB; Jlobypenrxo M. B., mon. nayk. cniep.
kag. [II'M; Ilanuenxo A. A., kano. mexu. nayx, ooy. kag. III'M, Cym]V, m. Cymu

PerymroBanns poboTu GinbrocTi BinteHTpoBux HacociB (BH) BinOyBaeTscs
B OCHOBHOMY 3a paxyHOK JIpPOCETIOBaHHSA, IO B 3HAUYHIN Mipi BIUTMBae Ha
excruryartamiiiai pexxumu podotn BH. Ilpm Takomy cmocobi perymoBaHHS
BiOyBAa€THCS BIIXWIICHHS BiJ ONTHMAaJIHHOTO PEKUMY pOOOTH HAcOCy Ta 3HAadHI
BTpaTu eHeprii. I[cToTHHII BIIMB Ha ekcinlyaTauiiiHi mapamerpu BH 3miiicHioe
CTPYKTYpa NOTOKY Ha Bxoi B poboue koneco (PK). BukopucranHs Hanpapisiouux
anapariB (HA) Ha Bxoxi 3a0e3neuye Kpallli eHEPreTUYHI MMOKa3HUKU B OCHOBHX
Hacocax Ta BIALEHTPOBHX 0araToCTyMiHYaTHX, 1 pO3LIMPIOE poOouMil Aiana3oH
IIUX HACOCIB. Y KOHCOJAbHUX BH BUKOpUCTaHHS MiIBiTHUX MPUCTPOIB HE 3HAUIILIO
HIUPOKOTO PO3MOBCIOKEHHSI.

Jnst mociipkeHHs BIUIMBY 3aKPYTKH IOTOKY Ha BXOJl B poOode KOJeco
Hacocy Ha HOro €HepreTWdHi XapaKTePUCTUKH CTBOPEHO NPOTOTHI 3MiHHOTO
MiABITHOTO TPHUCTPOr0. OCOOIMBICTIO TAKOTO IMPUCTPOIO € Mindip KyTa HaTiKaHHA
notoky pingman Ha nomatky PK. Ilpoanamni3yBaBmIM TeOpeTHYHHU Matepiadi,
NPUMHATO JBa BapiaHTa IMONEPEIHBOI 3aKPYTKH MOTOKY: NMEPUIMH — MO3WTHBHA
3aKpyTKa, PH SIKiH crocTepiraeTbes 30impmenHs rigpasiaigaoro KK/, 3a paxyHok
3MEHIICHHS TepTs B KaHaiui PK, 3MilmeHHs onTuManbHOI TOYKH B OiK MaluX 1moxad
Ta 301IBLICHHS] BCMOKTYBAJIbHOI 3/IaTHOCTI Hacoca; APyTuil — HeraTBHA 3aKpyTKa,
3a TaKUX yMOB ONTHMajibHAa TOYKA 3MILIYEThCS B OIK OUIBIIMX TOAaY, TOMY
301IBIIY€ThCST BHUIKICTH MOTOKY B KaHaii PK, 30inblIyroThCSl BTpaTu Ha TepTs, a
omke 3MeHmyerbcs Tigpamiunuit  KKJ[. HeratuBHa 3akpyTka Takox
XapaKTepu3yeThes 301IbIIEHHSIM Haopy, cTBopioBaHuM PK.

Bubip xyTta 3akpyTKH TMOTOKY Ha BXOJIi €(QEKTUBHHM JIMIIE B MeXaxX He
Oimprre Hik 45° [2]. [lpu mochimKeHHI pyXy pIOMHU 3 MaUMH KyTaMH 3aKpYTKA
MOTOKY OTPUMAa€EMO E€HEpreTHYHY XapaKTePUCTHUKY 3 HE3HAYHWM BIAXMICHHS BiJ
pyxy pinunn 6e3 3akpyTku 1motoky [3]. ToMmy MOXIHBO BUCYHYTH NpPHUITYIICHHS,
II0 MTPH KYTi 3aKPYTKH ITOTOKY Ha BXOJ1 B poboye kojeco Hacocy B 30° oTpumaemMo
EHepreTUUHy Xapakrtepuctuky BH, Ha sxiif OyayTh HaiOULTBII NOMITHUMH 3MiHH
Haropy, mojadi, KKJI.

Juns  mepeipkm rimoresm Ha kKadeapi III'M Oy  po3pobienuit
eKCIIePUMEHTAIIBHUI 3pa30K HacoCy, KOHCTPYKTHBHA CXeMa SIKOTO INPUBE/CHa Ha
puc.1.

ExcrniepuMeHTanbHUHN 3pa3oK Hacoca CKIIQAAEThCS 3 ABOX yacTWH — HA Ta
KOHCOJIFHOTO BiAIIEHTPOBOTO Hacocy. [ orpumanHs Oinbinoi iHpopmanii B Xoxi
NPOBEJICHHS €KCIICPUMEHTY, pealli30BaHa MOJKJIMBICTH BCTaHOBJICHHS 3aKPUTOTO
abo Bigkpuroro PK. Konctpykuis HA € 3HIMHOIO Ta 3 MOXIMBICTH IIBHIKOI
3aMiHN
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a) 6)
Pucynok 1 — KoHcTpykTHBHA cxema Hacoca:
a) — HA 3 HeraTuBHOIO 3aKpyTKOIO IOTOKY;
6) — HA 3 MO3UTHBHOIO 3aKPYTKOIO TIOTOKY.

JieTalli, sKa 3aKpy4ye NoTiK . TakuM YMHOM OTPHUMY€EMO MO>KIJIUBICTH IPOBEICHHS
4 eKCIepHMEHTIB 3 OJIHUM KyTOM 3aKPYTKH:

e  3akpute poboye kosieco i HA 3 MO3UTUBHOIO 3aKPYTKOIO;

e 3akpure poboue koseco i HA 3 HeraTuBHOIO 3aKpYyTKOIO;

e Binkpure po6oue kosneco i HA 3 mo3sUTHBHOIO 3aKpPYTKOIO;

e  Bingkpure poboue komeco i HA 3 HeraTHBHOIO 3aKpPYTKOIO.

[pencraBieHa KOHCTPYKIIS EKCIEPUMEHTANIBHOTO HACOCY IAacTb 3MOTY
JeTaJbHO JOCIITUTH BIUIMB 3aKPYTKU MOTOKY Ha BXxoai B PK i omiHWTH BenuuuHy
3MIHM €HEPreTUYHHX XapaKTEPUCTHK. B MOIaibIIoMy pe3yibTaTH HOCHiIKSHHS
OynoyTh peanmizoBaHi B KOHCTPYKIISX HACOCIB, SKi TIPOCKTYIOTbCSI Ta
BUTOTOBJISIFOThCS Ha Kadeapi [ITM Cym1Y.

Criicok Jiitepatypu

1. MuxaitnoB A. K. Jlonactaele Hacockl. Teopus, pacyeTr U
KOHCTpyupoBanue: yue0. noc. / A. K. Muxaiinos, B. B. Mantomienko. -
M. : MammHoctpoenue, 1977. - 288 c.

2. Tlpumenko B. A. "/IBmkeHue 3aKpydeHHOTO ITOTOKAa BOJABI Ha BXOJEC B
mepBoe pabodee Koieco IeHTpoOexkHOoro Hacoca." HaykoBi mparri
JIOHeBKOTO ~ HAI[IOHANBHOTO  TexXHiYHOro yHiBepcutery. Cepis:
lipauyo-enexrpomexaniuna.—2009.—Bun 17.157 (2009): 228-234.

3. Hoit Ex Hawm, T'onoBun B. JI. "DkcrnepuMeHTanbHasi OIICHKA BIHSHUS
MpeIBapUTEIHLHON 3aKpyTKH IIOTOKa Tepen pabodmMm KojecoM Ha
XapaKTepUCTUKN TEHTpoOekHOro Hacoca." BectHuk HWHxeHepHOM

mkossl  JanmsHeBocTouHOTO — (henepanbHoro yuuepcurera 1 (38)
(2019).
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BIUIMB BIUHUX ITA3YX HACOCA HA PE3VJIbTATHU
YU CJIOBOI'O MOAEJIIOBAHHA

Yeprobposa A. K., acn. ep. ACII-7.133.1; Comnuk M. I., 0-p mexH. nayx, ooyenm,
kag. [II'M, CymAY, m. Cymu, Yrpaina, Monrownuit O. M., kano. mexu. Hayk,
TOB «POMPAX», m. Bpoynas, [lonvwa

CydacHi HayKOBi JOCHI[DKCHHS TipaBIiYHUX IIPOLECIB pyXy Tedil y
Hacocax 0a3yroThCS HAa YHCIOBHX METOJAaX PO3PaxyHKiB. Y pPoOOTI ONMUCYETHCA
BIUIMB €JIEMEHTIB PO3PaxyHKOBOI MOJENI Hacoca Ha pPe3yNbTaTH PO3PaxyHKY B
nporpamHoMy Komrmiekci ANSYS CFX, moisixoMm MoOJENIOBaHHSA Hacoca
JIBOCTOPOHHBOTO BXOJy 0€3 ypaxyBaHHs Ta 3 ypaxyBaHHIM PyXy PiIMHH B OIYHUX
nasyxax.

OO0’ekT HOCHi/KEHHS - pyX Tedwii y cHipaJbHOMY BIJBOJI Hacoca
JIBOCTOPOHHBOTO BXOMy. JIOCHIMKCHHS NPOBOAMIOCS 33 HOMIHAJIBHOI [MOAadi
105 M%rox Ta mBHAkocTi oOepraHHs Banmy Hacoca 1460 06/xB. Koedimient
MIBUAKOXITHOCTI Ns CTaHOBUB 58. BimHOIIEHHs INUPUHM CIipani Ha BXOAi D3 10
IIMPUHE poOOYOro Koieca Ha BHXoAl D2 craHoBUTH 2,3. HectpykrypoBaHa
pPO3paxyHKOBa CiTKa NPOTOYHOI UYACTHHH JAOCITIIKYBaHOrO o00’€kTa Oyna
noOynoBaHa B nporpamiomy npoxaykTi ICEM CFD i ckiamamacek 3 TeTpaeapiB Ta
MpU3MaTUYHUX IapiB. 3araibHa KUIBKICTH ENEMEHTIB CITKH ckiama 10 MiH.
YucioBe HOOCHiIKeHHA Oylno BHKOHAHO 32 CTaHIApTHOIW K-£ MOJeITo
TypOyJIEHTHOCTi. YMOBH B3aEMOJII Mi’K POTOPOM i cTaTopoM OyIio 3amaHo Stage.

3rigHo 3 aHANi3y MPOBENCHUX PO3PaxyHKIiB BHUSBICHO 3HAYHY BiAMiHHICTB
PO3IOITY MIBUIKOCTEH B MONEPEYHOMY MEPETHHI CHIpaIbHOTO BiJIBOLY B MOJENI
0e3 ypaxyBanHs Teuii B Oi4Hii masyci Ta 3 11 ypaxyBaHHsM. B mnepuiiii Mmoneni B
MICI[i BHXOJIy Teduil 31 cmipaii 10 Mma3yx 3aJaH0 I'PAaHUYHY YMOBY «CTiHKa», IO
3MIHIOE CTPYKTYPY PYXY PIAHHH B CITIpasi i CTBOPIOE KOJIO CTIHKI 30HY HU3BKHX
mBuAKocTeil. B apyrii Mozeni pinuHa BXOIUTh B OivHI masyxu, Je ii MBHAKICTH
IUTABHO 3HUXKYETHCS 31 3MCHIICHHSM pajiyca, KpiM 30HH Mo0iu3y poboyoro
KoJeca, Jie 0OepTaHHs CTiHKH NPH3BOMUTH O 3POCTaHHS LIBHAKOCTI. JleTaibHO
PO3IJITHYTO 3MiHY a0CONIOTHOT MIBHAKOCTI y 8§ IONepeyHUMX INepeTHHax
CHIpaNBHOTO BiIBOMY IUII 000X JOCIIIKYBaHUX MOJICICH. ix amamis MOKa3ye, mo
NPOBENCHHS PO3PaxyHKy 3 YypaxyBaHHSAM OIiYHUX [a3yXx MpPU3BOAUTE JIO
301IBIICHHS] BEJIMYMHM a0CONMIOTHOT MBHAKOCTI B Mexax 7,5 %. Ilpu npomy,
HaWOUIbIIe 3POCTaHHS CIIOCTEPIraeThes Uil nepetnHy 90°, a moTiM HOCTYNOBO
3MEHIIYEThCs 110 nepetnHy 360°. B Moneni 3 OIYHUMHM Ma3yXamMu 3HAUSHHS HAIopy
30uTBIIIIIOCH Ha 1,3 % B MOPIBHAHHI 3 MOACIUTIO O6€3 OIYHMX Ma3yX.

OTxe, 32 pe3ysibTaTaMy MPOBEACHUX PO3PAXyHKIB BCTAHOBICHO, IO TPH
3HAYHOMY CIiBBiHOMIEHHI D3 10 D2 MojemoBaHHsA pyXy piavHd B Hacoci 0e3
ypaxyBaHHsI Tedii B O1YHHX TMa3yxax Hacoca MPU3BOJANUTH JI0 3HAYHOI MOXUOKH, KA
€ He MPUIHATHOIO JUIS TIOAAJIBILIOTO JOCIIIKESHHS.
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orjJ HIAXIB INABUINTEHHA EHEPTOEOEKTHUBHOCTI
HACOCHUX AI'PET’'ATIB

Coxanv A. O., Cyxocmaseys /]. 1., acnipanmu ep. ACIImex-9.1,;
Commuuk M. 1., 0-p mexn. Hayk, ooyenm, kag. IHI'M, CymJV, m.Cymu

3 KO’)KHAM POKOM JIeAalli TOCTPIIlIe IMOCTA€ MUTAHHS y 3MEHIICHH] KUTBKOCTI
BHYEPITHUX BUIIB €HEPropecypciB, Takux sK HadTa, Ta3 Ta iH. IIpoMuCIOBIAM
HEOOXiTHO TMIiAUIYKOBYBAaTH albTEPHATUBH. HaHOUTBIT TEPCIICKTHBHAMH €
aJbTepHATHBHI BUAM CHEPTii, aje Ha KaJib, Hapa3i BOHK HE MOXYTh 3a0€3MCUUTH
BeChb 00’€éM MPOMHCIOBOI HeoOXigHOCTi. TOMy HAyKOBIl pyXamThcs B Oik
CHEProc()eKTUBHUX TEXHOJOTIH JJIsl 3MCHIICHHS CIIOXKMBAaHHS Ta TaAKUM YHHOM
3/ICIICBICHHS TCXHOJIOTTYHHX IIUKIIIB.

OnHUM 13 OCHOBHHX CIIOKMBauiB eHeprii € HacocHi arperatd. Bowu
OTpUMallM LIMPOKE IMOUIMPEHHS y BCIX raily3sx MpOMHCIOBOCTi. ToMy mocTae
3a/mava y 30UIbIICHI eHeproe()eKTUBHOCTI HACOCIB. € MEeKIbKA NUISIXIB BUPIMICHHS
JaHoi Npo0JIeMH Ha HACTYITHHX eTarax:

a) B TIpOIIeCi BUTOTOBJICHHS CepiifHO BUITycKaroThes HA;

0) B mporeci eKcIuTyartamii 3a paXyHOK BJIOCKOHAJCHHS METOJIB BHOOPY
HACOCIB, MIarHOCTUKM Ta KOHTPOJIO OCHOBHHX XapaKTEePHUCTHK 1 IIiABHIICHHS
TEXHIYHOTO PIBHA 32 paXyHOK MOJIEPHi3allii KOHCTPYKIII B MpoIeci KammTaabHOTo
pPEMOHTY;

B) CTBOpEHHs 1 3actocyBaHHS HA 3 iHHOBAaI[iHHUMH KOHCTPYKTHBHUMH
PILICHHSIMH.

301IbIIEeHHST €HEeProe()eKTUBHOCTI B HACOCOOYAyBaHHI MOYKHA JIOCATHYTH 32
JIOTIOMOT'010:

- 3MIIIEHHS ONTUMANbHOI TOYKH Qopt MIOA0 HOMIHAMBHOI Qnom mpHU
MPOCKTYBaHHI (OCOOJAMBO AaKTyaJIbHO [UIS HACOCIB 3 HH3BKUM
koe(dilieHTOM MBHAKOXiqHOCTI ns) [1];

- Y3roJUKEeHHsS pOOOTH BiBEIEHHS 1 KoJieca 3 METOIO MiHIMI3aIlil CyKyITHIX
BTpaT B Hacoci [1];

- BIOCKOHAJICHHS METOJIiB TIPO(LIFOBaHHS MPOTOYHIX YACTHH HACOCIB:

- BUKOPHUCTaHHS FeTePOreHHOI JonaTeBoi cuctemu [1];

- 3MiHa i y30pHOTO MKIONATEBUX KaHAIB [1];

- BHKOPHCTaHHS MiIX0iB Teopii omtumanbHoro ynpasninas (TOY) [1].

- migBumeHHs 06'emHoro KKJ/I: 3HWKEHHS MEPETOKIB B TUCKOBUX IMa3yXxax
3a paxyHOK Mou(iKaIlii IiTMHANX yilinbHeHs [1].

Posrasaemo ,HCTaJ'H:HiIIIC METOA BJAOCKOHAJICHHA p060TI/I HACOCIB IIJIAXOM

HaHECEHHS Ha IIPOTOYHY YaCTHHY poOOUYOro KoJjieca MOJiMEPHUX HOKPUTTIB. BiH €
OIHMM 3 HaiOLnbm edexTHBHUX. [loiMEpHI TOKPUTTS MaloTh BHCOKY
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3HOCOCTIMKICTb 1 KOPO3IHHOCTIHKO, JOCUTH €aCTHYHI 1 MiHICTh. SIK HoniMepHUX
MOKPHUTTIB BUKOPHCTOBYIOThCS Te(iIoH, Toporutact-4 Ta iHii.

Jlanuii MeToz J03BOJISIE 3HU3UTU HIOPCTKICTh MPOTOYHOT YaCTHHH POOOYHX
KoJIic 1 KopItyca Hacoca. KpiMm Toro, oHUM 3 IepeBar JaHOro METOJY € 3pOCTaHHS
omopy siBuily Kasitailii [2]. [IokpUTTs Mae q0Ope B3a€EMOIISITU 3 METaJIaMH, 3 TKUX
3po0iieHnit Hacoc i poboue KoJeco, ane BOHO He MOBUHHO ITiIaBaTUCS 3HOCY NPHU
B3aEMOIIT 3 PiTUHOIO, IO MIEPEKATYETHCS.

Ha rigpasniuanii KKJI momiMepu3altisi BIUIMBAE HACTYITHAM YHHOM:

- TOJIiMEpH yTBOPIOIOTh TIIAJIKy MOBEPXHIO, 110 MPHU3BOJUTD JI0 3MEHIICHHSI

IIOPCTKOCTI i, BIATIOBIAHO, O 3HM)KEHHS CHEPTOBUTPAT HA IEPEKAUKy
[21;

- TOJIIMEPH BIAIITOBXYIOTH piguHa [2];

- TOJIMEPH MPYYAIOTHCS 3HOCY, 3aXHUIIIAI0YH METAIl BiJ KOPO3ii;

- TOJIIMEPH 3HWKYIOTh BHYTPILIHIO TypOYJICHTHICTh TIOTOKY B IIPOTOYHiii
YJacTHHI Hacoca.

BucHoBok

€ yuMmano MeTo/iB 30UIbIIEHHS eHeproe)eKTHBHOCTI HAHOCHHUX arperariB
Ta 3JCIICBJICHHSA TEXHOJOTIYHOro IuKiIy. Kpame 3a Bce BOHHM Npaliol0Th y
MPUBATHOMY HOPSAKY Mifl MOTPEeOU OKPEMOTO BUPOOHHIITBA.
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OPTAHIBALIIMHO-TEXHIYHI TA KJIIMATHUYHI ACIIEKTU
3ACTOCYBAHHS YCTAHOBOK COHSYHOI TEHEPAILIIT
EJIEKTPUYHOI EHEPTII Y HABUYAJIbHUX 3AKJIAJAX

ITiooybna K. O., cmyo. ep. EMm-01;
Commnux M. L., ooy. kag. [II'M, CymAY, m. Cymu

Opranizanis TpOIEciB TeHepamii eNeKTpUYHOi eHeprii it moTped
HaBYAJIbHUX 3aKJIaliB 3 BUKOPHCTAHHIM OTOPOJDKYIOUHMX KOHCTPYKIiH Oy/iBeib
KOPITyCiB HaBYANBHUX 3aKJAQIiB Y SAKOCTI MOHTaXHHX OIIOp COHSYHHX IMaHEJeH €
JIOBOJIL TMePCHIeKTHBHUM  3aX0zoM. I eHepauia COHSIYHMMU eJ'IeKTpOCTaHHiHMI/I
SJIEKTPUIHOT eHeprn IUTS. IOTpeO TEXHOJIOTIYHHUX TPOIECIB HABYAIBHHUX 3aKJIaliB
00YMOBIIOETBCS 1 OJJHOUYACHO CTPUMYETHCSI 0COOIMBOCTSIMH Tpadixa TPOBE/ICHH
HaBYAJILHOTO TPOLECY, SKOMY 3[eOUIBIIOrO MiANOPSAKOBYIOTBCS BCl  IHIII
TEXHOJIOTIYHI TIPOIECH, a TaKOX yMOBAMH Ta MOMJIMBOCTSAMH pPO3TallyBaHHS
COHSYHMX TIAHEJICH Ha TepuTopii a00 00’ ekTax 3akiaiiB. YNHHI 3aKOHOIABYI aKTH
Hapas3l perymioloTh 3arajbHi yMOBHM pO3TAalllyBaHHA MaHENEH Ha 30BHINIHIX
MOBEpXHAX OymiBenb. [IpUBaOIUBICT BUKOPUCTAHHS MOXKJIMBOCTEH COHSYHOL
reHeparnii eJeKTpUYHOI eHeprii A, Xoya O YacTKOBOTO, 33JOBOJICHHA IOTpeO
HaBYAJILHOTO 3aKJagy y €Heprii TakoX IOSICHIOEThCS 30iroM y uaci rpadikiB
reHeparii Ta CoXKMBaHHSA eNEKTPUYHOI eHeprii. 3rilHO YMHHOTO 3aKOHOJIABCTBA B
VYxpaiHi HaBYaNbHUI PiK y HABYAIBHUX 3aKJIa/laX OPraHi30BY€eThCs 3/e0LIBIIOTO 3
1 Bepecas no 1 mnmnHA. 3a CBOIMH KIIMAaTHYHAMH Ta METEOPOJIOTIYHHMHU
0COOJIMBOCTSIMM B YMOBax IMiBHOYI Ta MIBHIYHOTO CXOAy KpaiHM ILed mepiof
XapaKTepU3y€ETHCS BEIUKOIO MUTBHICTIO XMapHOCTI MPOTATOM Maiixke 4,5 MICsIIiB 3
10 Mics1iB HaBYAJILHOTO POKY. Pe3ysbraTu crioctepexeHb MOKa3yrTh, 10 THTOMa
TeHepalist eJIeKTpU4HOi eHeprii MmpoTAroM 3a3HayeHuX 4,5 MicAIiB CTaHOBHUTH
6m3pko 780 kBT*ron /10 kBT ycTaHOBIEHO! MOTYXHOCTI COHSIYHHX IaHENEeH,
TOOTO cepeHbO N000Ba TeHEpallisl y «TEMHHI» 4ac POKY CTAHOBHTH OJIM3BKO 6
kBr*rox /10 kBT ycraHOBieHO! MOTYKHOCTI COHSYHUX HaHeneil mpu ix
CTaliOHAPHOMY pPO3MIIIeHHI Ha MOKpiBNi OyniBmi. OmHAK, Y «CBITIHI» mepiof
HaBYAJIbHOTO POKY (BepeceHb, >KOBTEHb, 4YaCTHHa Oepe3Hsl, KBIT€Hb, TPaBEHb,
YepBeHb) CyMapHa Cepe/iHs MUTOMAa COHAYHA IeHepallisi CTAaHOBUTH Oyu3bKko 6310
kBr*rog / 10 kBT ycraHOBIEHOI MOTY)KHOCTI COHSYHUX IIaHeNeW, a
cepenHbo000Ba rTeHeparis — Ommpko 38 kBrrom / 10 kBT ycraHOoBieHOT
MOTY)KHOCTI COHSYHMX TaHeneil. MakcumalbHa e(eKTHBHICTh (YHKIIOHYBaHHS
COHSYHMX TaHeJel NpHIaJae Ha JIMIICHb, CEpIIeHb (CepeqHb01000Ba reHeparis —
6mm3pko 48 kBT*rox / 10 kBT ycTaHOBIEHOI MOTY)KHOCTI COHSIYHUX ITaHENeH)
OJIHAK, y Lel mNepiof HaBUAIbHI 3aKJiaJy TPHUITUHAIOTH HAaBYAIBHUHA Ipouec i
CIOXWMBAHHS €JEeKTPHYHOi eHeprii MiHiManpHe.  Ilik crIOXKMBaHHS €NEKTPUYHOT
eHeprii criBnajsae 3 roJMHaMH1 MaKCUMaJIbHOT COHSIYHOT TeHepallii eJIeKTpOeHEepTii.
Skmo 3a po3kiIagoM 3aHATH (32 HASBHOCTI COHSYHOI TeHeparii) HaHOUIhII
€HEeproBUTPATHI 3aHATTS IUIAaHYBATH B TOJMHNA MaKCUMaJIbHOI reHepariii, To MOXHa
«BHpiBHIOBaTHY Tpadiku (Ipodisi) eneKTpOCIOXUBaHHS Y HABYAIEHOMY IPOLIECI.
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OCOBJIMBOCTI IIOBY OB CUCTEMU MOHITOPUHI'Y OBCAI'IB
EJIEKTPOCIIOXXMBAHHA YV HABUYAJIBHUX TA JIJABOPATOPHIUX
KOPITYCAX 3BO

Hosax O. IO., cmyo. ep. EMm-01;
Commnux M. L., ooy. kag. [II'M, CymAY, m. Cymu

Tadopmaniiini cuctemu eHeprocmnoxxuBands 3BO MOBUHHI BKITIOYATH JIBi
OCHOBHI ()YHKITii: MOHITOPHHT TIOTOYHOTO CITO)KMBAaHHS €HEprii Ta BU3HAYCHHS
MPOTHO3HMX IMOKA3HWKIB CHEPrOCIOXHMBAHHSA HA HAamNepe] BU3HAYCHWMA IMepioj.
Hpyra GyHKIS 1 € HAHOUTBIT MTPOOIEMAaTHIHOIO MO0 TPABIILHOTO (KOPEKTHOTO)
BH3HAYEHHSA JIMITIB  eHeprocmoxuBaHHsa. Jlas iX  po3paxyHKy  Hapasi
KOPHUCTYIOTBCS B OCHOBHOMY  pe3ylbTaTaMd (MacHBaMH) CTaTHCTHYHUX
JOCTIIKCHb. AJITOPUTMHU PO3PaXyHKIB JalIeKO HE 3aBXKIU BPaxXOBYIOTh MOTOYHO-
3MiHHI ()aKTOpH BIUIMBY Ha BUKOPHCTaHHS eJeKTpoeHeprii. Lle Moxke BIUMBaTH Ha
IHTepIpETAIlif0 PE3ybTATIB CHEPrOCIOKUBAHHA Ta [iii mepcoHany abo
JIIarHOCTYBAaHHs TEXHIYHOTO CTaHy oOiamHaHHsA. HasBHI miaXoau 10 MOHITOPHHTY
Ta MPOTHO3YBAaHHS € Jy)KE 3aralbHUM 1 HE BPaxoBye 0arato YHWHHUKIB
(ocobmuBOCTI pexuMy (PYHKIIOHYBaHHS 3aKiIaiiB, KIIMaTHYHAX YMOB 1 T. 1i.).
Takox Taki METOOWKH HE CTHUMYIIOIOTH MEPCOHAN 0 €KOHOMIii CHepropecypcy.
Buxoasuu 3 1pb0ro, i MOOYJAOBH MATEMAaTHYHOI MOJEII €JICKTPOCIOKHUBAHHS
00’ekTa HEOOXiMHO YTOYHHTH METOIHNKY OOpaxyBaHHS BEIUYWH HOPMAIBLHOTO
€HEProCIOKUBAHHS, sIka 0 BpaxoByBaJla KOPOTKOTEPMIHOBI 3MiHH TEXHOJIOTTYHOTO
MpoIleCy Ta 30BHIMHI 3MiHHI yMOBH Horo 3actocyBaHHs. OkpiM TOTO,
MO/ICJTIOBAHHS CJIEKTPOCIIOKUBAHHS TIOBUHHO CIUPATHCS Ha BUXIOHI JaHi, SKi
KOPEKTHO ~ XapaKTEPU3YIOTh MPOLECH CHEPTOCHIOKHBAHHS. Ix Bu3HauenHs e
CKJIagHOK  3amauero 1 0e3  jgudepeHiiamii  3araJbHUX  OKa3HUKIB
€JIEKTPOCTIOKHUBAHHS YacTO I[HOTO 3POOWTH MPOCTO HE MOMKIIUBO. 3aCTocyBaHH;1
BJIOCKOHAJICHUX METOIUK (bopMyBaHHs[ «CTEKTPY»  CIIEKTPOCTIOKHBAHHS, SIK1
MOEAHYIOTh PO3PAaXYHKOBI, CTATHCTUYHI METOIM MOJICIIOBAaHHS MAfOTh ITiIBUIUTH
TOYHICTh BH3HAUCHHS CKJIAIOBHX CJIEKTPOCIIOXHMBAHHSA OKPEMHMH CHCTEMaMH Ta
TOYHICTh TPOTHO3YBaHHSA. AHam3 (YHKIIOHYBaHHSA TEXHOJIOTIYHUX IIPOIIECIB
Oy/ib-sIKOrO  HaBYaJbHOTO 3aKiialy, abo IHINOT yCTaHOBM BKa3zye Ha CIILUIbHI
CKJIaJIOBI  3arajbHOI CTPYKTYPH E€JICKTPOCIIOKUBAHHI. 3a BHU3HAYCHOIO
CTPYKTYPOIO CIIOXKHBAHHS CTPYMOIpHUAMAYi MOYKHA PO3IUIATH 332 CHCTEMaMH B
SIKHX BOHU BUKOPUCTOBYIOTBCS: | - CHCTEMH IITYYHOTO OCBITICHHS MPUMIIICHb JIe
MIPOBOSTECS OCHOBHI Ta JOMOMIDKHI TEXHOJOTIYHI mpormecu; 2 - CHUCTEMH
eHepro3adesrneyeHHs Oy/IiBeNb Ta MPOIIECiB, a TAKOXK IX MIATPUMKH; 3 - CHCTEMH
3a0e3meueHHs agMiHICTPaTUBHOI MisSMBHOCTI Ta MOOYTOBUX MOTped; 4 - cuctemMu
3a0e3MeyYeHHs] MPOIECiB JIOTICTHYHOI JiSTIBHOCTI, 5 - CHCTEMH BUKOHAHHS
OCHOBHOTO TEXHOJIOT1YHOTO MPOILECY Ta JOMOMDKHHX MporeciB. s dopmyBaHHS
npodiriB  1OOOBHX  MPOTHO3HUX  OOCSTIB  CHOXHBAHHS  €JIEKTPOCHEPTii
MPOTIOHYETHCS 32 OCHOBY NMPHHHATH CTPYKTYPY €HEPrOCIOKHBAHHS 33 YAaCOBHUMH
MPOMIXKKaMU TPOBEJICHHS 3aHSATh.
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TEXHIKO-EKOHOMIYHI ACITEKTH OPTAHI3ALIIT Y HABUAJIbHUX
SAKIIAJAX CUCTEM OITAJIEHHA BYAIBEJIb 3 BUKOPUCTAHHAM
EJIEKTPOEHEPTII IIJIAXOM BITPOBAP)KEHHS TEITJIOBUX HACOCIB

Kopoice B .11, cmyo. ep. EMm-01;
Commnux M. L, ooy. kag. [II'M, CymJV, m. Cymu

3acTocyBaHHSA TEINIOBHX HACOCIB SK TeHEepaTopa HHU3BKOIOTCHIIHHOI
TEIUIOBOi E€Heprii y cHucreMax OmajeHHs OyHiBeNlb MIHCHO € MepCHeKTHBHUM
HarpsMKOM PO3BUTKY CHCTEM Teruio3adesnedeHHs OyniBenb. OaHaK iX MIHPOKOMY
BIIPOBQ/DKCHHIO Hapasi Ha 3aBajli MOCTAIOTh JCKIIbKa TEXHIYHUX, OpraHi3amiiHuX
Ta (iHAHCOBO-EKOHOMIYHUX MpoOeM. SIK BiTOMO, cHCTEMa ONaJIeHHs CKIaIaeThCs
3 JIEKIIBKOX KOMITOHEHTIB: CIIO)KMBA4 3 HOT0 TEIJIOBUM HAaBAaHTAXKEHHSM, CHCTEMA
TPaHCIIOPTYBaHHS TEIUIOTH IO MICIsl 3aCTOCYBaHHSI Ta TEHEpaTop TeIuIoBOl
eHeprii (y sKOCTI SKOTO 3aCTOCOBYETBhCS KOTelbHE oOmamHaHHs;).TpaauiiiHo
KOPUCTYIOTBCS CIOCOOOM SIKICHOTO PETYJIOBaHHSA IIPH PErYIIOBaHHI KIIBKOCTI
TEIUIOTH, KA MOJAEThC A0 OyxiBii. TeMmepaTypHuii rpadik moxadi TEIUIOHOCIS y
Mepesxax LeHTPali30BaHoro TeIvlonocTayanys npuitmarots 1509-70°C |, 130°-70°C
, 110°-70°C, 95°-70°C, a60 immmii. BiamoBigHO PO3paxoBYeThCs i IifpaBiidHMii
PEKHM MeEpexi Ta CHCTEeMH TeIrio3a0e3leueHHs OymiBii. 3a IMX YMOB,
(manpuknazn, 110°-70° C) Temneparypa npsMOro Ta 3BOPOTHOIO TEILIOHOCIA IIpH
TEMIIEPATYPi NOBITPS HABKOMMIIHBEOTO cepenosuina — 3°C mae cranosutu 700 - 50°
C. Takuit TtemnepaTypHUil peXuUM (YHKUIOHYBaHHS TEIJIOBOI Mepexi €
KPUTHYHMM 3 TOYKM 30py SIKICHOI eKCIulyaTalii CHCTEMH ILIEHTPaji30BaHOTO
rapsyoro BOJIONIOCTa4YaHHsS. 3TiJIHO ICHYFOUMX HOpPM rapsiya BojJa Ha BXOJl JI0
CHOXMBa4ya IMOBUHHA OyTh Temmeparyporo He Hwikde 50° C. TemiooOminHi
HPUCTPOI, IO EKCIUTyaTyIOThCSl y TAaKMX CHCTEMax pO3paxoBaHi, BUXOIIYH 3
MiHIMaJIbHOI TeMmepaTypu IpsMoro TemaoHocis 6nuspko 700 C. To6To, 3a Takux
YMOB TOZAAJbLIE 3HIKEHHS TEMIepaTypd TEIUIOHOCIS y MaricTpajgbHUX
TEIJIONPOBOIaX Ha BXOAI 0 LEHTPaJbHUX TEIUIOBHX ITyHKTIB Ta OyAiBeNb, Y SKHX
BCTAHOBJICHO IHIMBiNyaJbHI TEIUIOBI MyHKTH, € HE MOXJIIMBMM. Ta 4M MOXHa
BUDIIINTH 1[I0 Mpo0ieMy TpH omaueHHi Oyxiini 0e3 3abe3nedeHHs 11
LEHTPAII30BaHUM TapsiuuM BojonocrayanHsM? OJHAM 3 OCHOBHHMX KpHUTEDIiB,
SKMA HEOOXiTHO PO3MNIAAaTA MPU MPUUAHATTI PIIICHHS 00 MOXIIHBOCTI
3aCTOCYBaHHA Yy CHCTEMax OIAJIeHHS OyHiBIII CTpyMOIIpHHMadiB SIK TeHepaTopa
TEIJIOBOI E€Heprii — TemIoBOro Hacoca € KIIMAaTHYHI MOKa3HUKH Mepioxy
OTTATIOBAJIFHOTO CE30HYy. 3BAKAIOYM HA TEXHIUHI XapPaKTEPUCTUKU HASBHUX Ha
PUHKY TEIUIOBHX HAcOCiB JOLUIBHO MPOAHANi3yBaTH YacoBi INPOMDKKH iX
MOXJIMBOTO (DYHKI[IOHYBaHHS 332 KJIIMaTHYHUX YMOB, SIKI XapaKTepU3YHOTHCS
JeKiIbKOMa  Jiarma3oHaMH 3MIHHM ~ TeMIlepaTypd HOBITPS  HaBKOJMIIHBOTO
cepenoBuIna, 00 BIIMOBITHO 0 Hel 3MIHIOETHCS TEIUIOBE HABAHTAXKCHHS OY[iBIIi,
3MmiHIoeTbess 1 COP rtemoBoro Hacoca. [[imst po3yMiHHS 1i€l cuTyalii 3a IeBHUX
KIIMAaTHYHUX OOCTaBMH  MNPOAHAII30BaHO OCOOJIMBOCTI KIIMaTHYHHX YMOB
[liBaiunoro Cxoxy Ta IliBHOWI VYKpaiHW, 3a SKHUX PO3TISAAETHCS BapiaHT
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BUKOPHCTAHHS €JIEKTPUYHOI eHeprii Juisi omnajeHHs OyJiBenb 3 3aCTOCYBaHHSIM
TEIJIOBOrO Hacoca. Po3risjgaroun TeXHIYHI XapaKTEpPUCTUKU NPHUCYTHIX Ha PUHKY
MoOJIeJIel TeIUIOBHX HAacoCiB, 3BepTae Ha cebe yBary Toil (akT, M0 JOIUIHHOO
MaKCHMAaJIbHOIO TEMIIEPaTypOIO TEIUIOHOCIS, 110 BUXOAMTH 3 TEIUIOBOTO HAcoca €
omuzbko 40° C. ¥V npomy Bunaaky koediumient neperBopenns (COP) craHoBUTH
omu3pko 2. [lomanbplie miIBUIIECHHS i€l TeMmepaTypu € He mouiibHuM, 60 COP
HaOJMKAETHCST 32 CBOIM 3HA4EeHHSIM Onm3bkuM 10 1. I 3a Takux oOCTaBHMH TEMIIOBI
HAacocH, BTPAdaloTh CBOI MEpeBard Iepe] TPaAWIIHHOI TEHEPAIi€l0 TEIUIOTH
(mapa3i Bapricth 1 kBT TemnmoBoi eHeprii, oTpuMaHOi 3 TpamUIIHHEX
[EHTPAII30BaHUX CHUCTEM TEIUIONOCTauYaHHs CTAaHOBHTh y cepeqHboMy 1,2 TpH,
BapricTh | KBT*rox emexTpoeHeprii 3a OJHOCTaBKOBHM Tapu(oM OIm3bKO 2,5
rpH). ToOrto, 3amiHa TpagULIHUX YCTAaHOBOK TIeHepalil TerioBoi eHeprii Ha
TEIJIOBI Hacock 0e3 MOAepHi3alil OropoKylunx KOHCTPYKLiil OyniBenb
CIIOXKMBAYiB, 3MiHU TIIPaBIiYHUX PEKHMIB Ta MOJECPHI3allil TEIUIOBUX MEPEK,
PEKOHCTPYKILIi CHCTEM omaieHHs OyiBesb € NPAaKTHYHO He 37iicHeHHot. TooTo,
KPUTHYHOIO  TEMIIEpaTypol0 IOBITPS  HABKOJMIIHBOI'O  CEPElOBMINA  JUIS
3aCTOCYBaHHSl TEIUIOBOTO HACOCy y TpamuLidHMX cucTeMax omnaineHHs ( 0e3
TepMOMOJZCpHi3alii OyZiBens Ta CHCTEM iXHBOTO OMNAJNeHHA) € — 3 °C,
(yHKIIOHYBaHHS TEIUIOBOIO HACOCY € JOMUIBHUM Yy TepIioMy Mdiana3oHi
TeMIlepaTyp MOBITPS HABKOJIMIIHBOTO CEPEAOBHINA. 3a MPOTSHKHICTIO Heil mepion
cTaHoBUTH Omu3pKko 90 1i6). HactymHa mpobGiema - minirpiB rapstaoi Boxu. s 1i
BUDIMICHHS HEOOXITHO TIePEeXONUTH Ha IHOWBIAyalbHUHA TMIAIrpiB BOAH Y
CJICKTPUYHOMY BOJOHArpiBadi, SKUH 3a BapTICTIO €NEKTPHYHOI €HEpTii HE MOXKe
KOHKYPYBaTH 3 TEIVIOBOIO €HEPri€l0 IIEHTPAi30BaHUX CHCTEM TEIUIONOCTauaHHsI.
Hani mocrae mutaHHS WOAO0 €QEKTUBHOTO 3a0e3IEeUYeHHsI TEIUIOBOK CHEPriero
Oymiii npu 3HWKeHHI Temmeparypu nositps Huxkue — 10° C. Sk BapianT,
MPOTMOHYETHCS  PO3MIIAIAaTH KOMOIHOBaHE 3a0e3ledyeHHs TeIIoTol y  3-My
Jiana3oHi TeMmeparyp MOBITPS HaBKOJHUIIHBOTO CEPEAOBHIIA 3 BHUKOPUCTAHHSIM
BHCOKO MOTEHIIIHOTO /pKepesa TemIoTH. HuM Moxe OyTH BiIOKpEMIICHUH KOTe,
abo crucTeMa LEHTPaTi30BaHOrO Teruo3adesnedeHHs. e Moxke OyTn MpUHHATHEM
y pasi J0JaTKOBOTO T000aHAHHS JIOKaThHUX 00’ €KTiB HaBYANFHUX 3aKJaiB, IO
NpUEIHAHI /0 ICHYIOYOI IIGHTpalli30BaHOi CHCTEMM OMNAJIEHHS,  TEIIOBUMH
HacocamH. B mboMy BHIagKy cucTeMa IEHTPaji30BaHOTO Terio3adesneueHHs (abo
BIJIOKpEMJICHUII KOTex), Mae OyTH pEe3epBHUM JDKEpeNoM 1 3abe3nedyBaTH
TEIJIOBOIO EHEPri€l0 HaBYaJbHUIl 3aKiaj] MpU 3HIKEHHI TeMIlepaTypu MOBITps
HABKOJMILIHBOTO cepenosuima Hmwkue — 7 °C. Toukoo NpuiHATTS pillleHHs 100
(YHKI[IOHYBaHHSI TEIJIOBOIO HACOCY, UM MEPEKIIOUeHHsST CUCTEMH OMAaJCHHS JI0
BHCOKO TOTEHI[IIHOTO JKepesa TeIUIONoCTayaHHsi Mae OyTH BUKOHAHHS YMOBH:
BapTicTh | KBT TeroBoi eHeprii, sika HAIXOIUTh y CUCTEMY OTaJieHHs OyIIiBIi Ta
TeHEPYEThCSl YCTAHOBKOIO 3 BUKOPHCTAHHSIM TEIIOBOTO HACOCY JIOPIBHIOE BAPTOCTI
1 kBT TemoBoi eHeprii 3 BHCOKO MOTEHIIIHHOTO JHKepena TETUIOBOT €HepTii.
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EHEPTETUYHE OBCTEXEHHS AH/IPITBCHKOT'O JIILIEIO

Bonobyes O. M., cmyo. ep. EM-T1,
Xosancoxuil C. O., ooy. kagh. III'M, Cym/[V, m. Cymu

Eneprernunmnii aymutr (eHepreTmyHe OOCTEXKEHHA) — IMe OOCTe)KEHHS
HiANPUEMCTB pi3HOI cepr Ta OKpeMHUX BHPOOHHUTB 3a X IHIIATHBOIO 3 TOYKH
30py iX €HeprocrmoKMBaHHS 3 METOI0 BU3HAUEHHS MOMIIMBOCTEH €KOHOMIii eHepril
Ta JONOMOTM y €KOHOMIl Ha MpaKTUIl [UIIXOM BIPOBA/KEHHS MEXaHI3MiB
MiABUIICHHS €HEPreTUIHOI e(EeKTHBHOCTI, a TAaKOXXK 3 METOI0 BIPOBAKCHHS Ha
MiANPHUEMCTBI CHCTEMH CHEPTeTHYHOTO MCHEIKMEHTY .

Eneproayaur Biirpae KIOYOBYy poib B €(QEKTHUBHOMY BHKOPHUCTaHHI
€Heprii B MPOMHUCIIOBOCTI, B IOOYTI, a TakoX y chepi mocmyr. Bid € iHCTpyMeHTOM
JUISL TIOBHOI OIIIHKM CIIO’KUBAHHS MAJMBHO-CHEPreTHYHHUX PECYPCIB, CTBOPEHHS
VOPaBITIHCBKAX BIUTHBIB, & TaKOX 1 JUISL OIIHKH TOTO, HAa CKUTBKH Ii BIUIMBH €
epeKTUBHUMH. TaKUM YMHOM, EHEPTeTHYHUI ayanuT (eHepreTHYHe 0OCTEKEHHS) —
MOCTIHO MiFOYMA MeXaHi3M Oe3YNHHHOTO CIOCTEpEeKEHHS 32 CTaHOM O00’€KTa,
SKAH EKCIUTyaTyeThCsl, TIepeBipKa, peBi3isi, yJOCKOHAJEHHS N0 SIKOIOCh IaHOTO
eTaJoHa.

[IpeaMeTOM €HEPreTHYHOro ayAuTy € CHCTeMa OOCTEKEHHS CIIOYKHBAaHHS
manuBa W €Heprii, aHalli3 i HaZaHHSA PEKOMEHAAIiH 3 e()eKTUBHOTO CITOKUBAHHS
eHepropecypciB. OCHOBHOIO METOI0 EHEpPreTHYHOro ayAuTy €  MOUIyK
MOXIIMBOCTEH €Hepro30epexeHHs 1 JomoMora cy0’ €KTaM TOCHOIApIOBAHHS Yy
BU3HAYCHHI  HaNpsIMKIB  €(QEKTUBHOTO  EHEPro30epeiKeHHs. 06’ exTOoM
S€HEPreTUYHOTO ayIUTy € CyO €KT TOCHOINAapChKOi MisSUTBHOCTI Pi3HOI (opmu
BJIACHOCTI.

Merta pobOTH — IOCHTIDKEHHS pPealbHOTO CTAaHy CIIOXXKMBAaHHS €HEProHOCIIB
AHPIIBCHKOTO  JIIIEI0, [0 pO3TAlIOBaHUM 3a agpecor: C¢. Awumapiieka,
Byl [lepmoraBHeBa, 30, Ta po3poOka eHepro3OepirarouMx 3aXOMdiB 3 METOI
CKOPOYEHHS BUTPAT MaJMBHO-CHEPreTHYHUX PECYPCIB

Just  AHApiiBCRKOTO JTinelo Oyno 3alpolOHOBAHO TakKi pIMICHHS s
MOJIIIIEHHST PiBHS €Heproe)eKTUBHOCTI: YTEIJICHHsI OrOPOJKYIOYH KOHCTPYKIIIH
OymiBii (CTiH); 3aMiHa CTapHUX JepeB’STHUX BiKOH Ha HOBI INTACTHKOBI 3 TOABIHUM
CKJIHHSIM; 3aMiHa JIaMII PO3XKAPEHHs Ha CBITJIOJIO/HI; BCTAaHOBJICHHA 3a
paniaTOpHUX BiI3epKATIOBAHUX €KPaHiB;
st 3MeHIIeHHSl BTpaT TEIUIOTH Yy JIOBKULIS 4epe3 JUISTHKH OTrOpOJKYBaJbHUX
KOHCTPYKIIH, SKI MICTAThCS 32 KOHBBEKTHBHO-PAaIialliiHUM OMATIOBATEHUMU
IpWiIajaMH CHCTEeMHM ONAaJeHHs, HEeoOXigTHO TmependadnTH 3a  paaiaTopHi
BiJ/I3€pKATIOBaHl €KpaHW 3 TEIUIOI30JSLIHOrO Marepiany 3aBTOBHIKH 5 MM,
BKPHUTOTO IMIapOM  aJiOMiHi€BOi ¢oibru. BcTaHOBIEHHS Takoro expaHa
BiIOYBa€eThCSA 3a JOMOMOTOI0 KJero Oe3lmocepeHhO0 Ha MIISHKY CTiHH 32
OMaJIOBAIFHIM TpritafoM. Takuif 3axij 3amodirae BTpaTaM TEIUIOTH Y JTOBKULIA 1
NEepeBUTPATAMHU TEIUIOTH ONAJIOBAJIbHUMU MPUJIAJIaMH 332 YMOB JOJEPKaHHS
YHCTOI J3€pKaJbHOI MOBEPXHI €KpaHa YIPOAOBXK BCHOTO TEPMiHY €KCILTyaTarii.
JanHi 3ax0au MOTPiOHO BNPOBAIPKYBATH OZHOYACHO /ISl OTPUMAHHSA OUIBIIOTO
e(eKTy CHepro30epeIKeHHS.
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PO3POBKA EHEPTETUYHOI'O CEPTU®IKAT BY AIBJII KOPIIYCY «T»
CYMCBKOI'O JEPXKABHOI'O YHIBEPCUTETY

Tacaii A. M., cmyo. ep. EM.m-01;
Xosancoruit C. O., ooy. kagh. III'M, Cym/[V, m. Cymu

[MutaHHs e(eKTHBHOrO BHKOPUCTAHHS MNAJINBHO-CHEPTeTHYHHUX DPECypciB
(ITEP) ocraHHIM YacoM cTae Jenmami AakTyaJbHIIMM 3aiis  3a0e3redeHHs
€HEepreTUYHOI He3aJIe)KHOCTI YKpaiHU. 3 METOI0 BCTaHOBJICHHS €JMHOTO IIAXOMY
0 OLIHKKA CTaHy OymiBmi, ii IMKEHEPHHX CHCTEM, BH3HAYCHHS IIOKAa3HUKIB
CIIOKMBAHHS €HEprii Ta ONTHMAJIBHOTO MEperiKy 3axoiiB, L0 MaloTbh OyTH
BIIPOBa/DKCHI B OyHiBIi IS TpWBEACHHS ii OO piBHA MiHIMAIbHHUX BHUMOT 3
eHeproe()eKTUBHOCTI Ha 3aKOHOJaBYOMY PiBHI OYJIO 3arpoBa/KEHO cepTH(IKaIiIo
eHepreTuuHoi eQekTHBHOCTI OymiBenb. OxpiM TOro, Taka cepTH]IKaIisg
3abe3mneuye iH(bOpMyBaHHS MEIIIKAHIIIB/BiIBI1yBadiB/IpailiBHUKIB po
SHEpPreTUYHI MOKa3HWKHW OyIiBii, Ta CHpuse (QOPMYBaHHIO BiIIMOBITAIEHOTO
CTaBJICHHs 110 30epeXeHHsI eHEPropecypciB.

Metoro poGoTr Oynmo poO3pOONIEHHS CHEPTreTHYHOTO CepTHU(IKATy mis
kopnycy «T» CyMCBKOTO JEp:KaBHOTO YHIBEPCUTETYy Ta Ha OCHOBI OTPUMAaHHX
JAaHUX IIPOBECTH PO3PaxyHKH JUIA IEpPEeBIpKH KOpIycy Ta ioro ceptudikamii
BignosigHo g0 JCTY B A.2.2 — 12:2015 «Enepretnyna e(heKTUBHICTH OYIiBEIb.
Mertox po3paxyHKy SHEproCHOXHUBAaHHS NPH ONAJICHHI, 0XOJIODKeHHI, BEHTHILALI,
OCBITJICHHI Ta TapsYOMy BOJIOTIOCTayaHHI».

Byno npoBeneHo 00CTEKEHHS TIHCHOTO CTaHy KOHCTPYKTUBHHUX CJICMEHTIB
OyIiBJIi, a TAKOXK CHCTEMH TEIUIO-, CJICKTPO - Ta BOMOMOCTAa4YaHHSA. Takox Oyyo
3i0paHo HeoOXimHi maHi. [IpoBeneHe iHCTpyMEHTaNbHE MOCHIIKEHHS CHCTEM
€HEepro3ades3neyeHHss  JO3BOJIMJIO  BCTAHOBHTH  HEBIAMOBIAHICTH  0Oaratbom
napamMeTpaM 3 HOPMAaTHBHOI JOKyMeHTalil. Bynu po3paxoBaHi BCi OCHOBHI BHIH
TeryIoBTpar. Po3paxyHku mokazaiy, 110 3HayHa 4acTKa TEIUIoBOI eHeprii, ska O
NOBHHHA OyJia WTH Ha ONAJCHHS NPHUMILCHb 1 MATPUMKY B HUX HOPMATHUBHOI IS
yuOOBHX 3aKJIa/iB TEMIIEPATYPH, BTPAUAETHCS Yepe3 OropoKyIoUi KOHCTPYKIIii, a
HaliOlmpIla wYacTKa 4Yepe3 cucTeMy BeHTWwolii. lle crae mnpuBomoM 10
3aCTOCYBaHHS BIATIOBITHUX eHepro3oepiraroymx 3axofiB. bymm 3ampomoHoBaHI
HACTYIIHI 3aX0JH:

— yTeIUIeHHs 30BHIMHIX cTiH OyniBmi (iHBectumii — 1 089 720 rpH; piuna
exoHoMist — 132 060 rpH; cTpoK OKyNmHOCTI — 8,3 poKiB);

—yremienHs naxy Oynisni (imBectuuii— 1 047 660 rpH; piuHa eKOHOMIs —
369 719 rpH; cTpok OKynHOCTI — 2,8 poKn);

—3amiHa BikoH (iHBectHnii — 1 702 410 rpH; piuna exoHomist — 133 871 rpH;
CTPOK OKyTHOCTI — 12,71 pokiB);

— MOJepHi3allisi/3aMiHa CHCTEMH OMAJICHHS 3 T1APaBIIYHUM OaJlaHCyBaHHIM
(iBecturii — 1 673 460 rpH; piuna exoHomis — 91 163 rpH; CTPOK OKYMHOCTI —
18 pokiB).

BrineHHs1 B )HTTSI KOXKHOIO 3 LIMX 3aXOJIB J03BOJHUTH 3HAYHO CKOPOTHUTH
BTpaTH TEIUIOBOi €Hepriii i, SK HaCHiJ0K, 3MEHIIUTH CIIO)KMBAHHS TEIUIOBOT
eHeprii.
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EHEPTETUYHE OBCTEXEHHS AT «CYMCBKHIA 3ABOJI HACOCHOI'O
TA EHEPTETUYHOI'O MAIIMHOBY IYBAHH 1 «HACOCEHEPT'OMAIII»

Toumap B. O., cmyo. ep. EM-T11;
Xosancoruit C. O., ooy. kagh. III'M, Cym/[V, m. Cymu

Enepretmka — omHa 3 MPOBITHUX Taly3ed HApOJHOTO TOCIIONAPCTBA
VYkpaiau. BoHa € cBoepimauM 0a3mcoM, GyHIAMEHTOM, SIKHN 3aKJIAICHO B OCHOBY
(yHKIIOHYBaHHS €KOHOMIKH KpaiHu. ITiaroToBmi (axiBIiB-€HEPTETHKIB Y BHIIIHX
ya00BHAX 3aKjazax HaJaHa OcoOnmBa yBara, sika cama 1o cobi Hece BeIHKy
BIINOBiZambHICTE. B yMOBax KOMaHZHOI CHCTEMH, sKa IaHyBaja MaiXe [0
1991 p., Ha mepumioMy IuIaHi, JOMiHyBasu mpoOiiemu Oe3nepebiifHoi poboTH
yCTaTKyBaHHs, BUPOOHHUIITBA €HEPrii 1 TEXHIKM Oe3Neku Hpu HOro ekcruryararfii.
30BCiM iHIIA KapTHHa B KpaiHax 3 PUHKOBOIO EKOHOMKOIO, Ji¢ €HepreTHKam
JIOBOJMJIOCS BiJIMOBIIATH 332 KOKHY CIIOXKHUTY KBT/TOI.

Mera po6OTH — ZOCIIKEHHSI PEaIbHOTO CTaHy CHOXKHMBAHHS SHEProHOCITB 1
Boau Ha mignpuemctBi (AT «Cymcekuii 3aBon «Hacocenepromann», M. Cymu) ta
pO3pobIeHHS eHepro30epiralounx 3axoMdiB JUIA CKOPOYEHHS BHUTPAT ITaJIHBHO-
EHEepreTUYHUX pecypciB. [y Bu3HaUeHHS e()eKTHBHOCTI BUKOPUCTAHHS MAINBHO-
enepreruuHux pecypcis (ITEP) ta po3poOiieHHS pekoMeHamii o0 MOTIMIICHHS
piBHSA ii eHeproe)eKTUBHOCTI MPOBOANTHCA €HEPIETHYHUH aynuT. EHepreTHuHuit
ayJWT IPU3HAYCHUH JUIs BUPIIICHHS TAaKUX TOJOBHUX 3aBJaHb: OOCTEXEHHS CTaHy
BUKOPUCTAHHS CHEPreTHYHHX pECypciB; po3poOKa OpraHi3amiiHO-TEXHIYHHX
3aXO/iB, CIPSIMOBAHUX Ha 3HIKEHHS CHEPreTHYHHX BHUTpPAT, BH3HAYEHHS
MOTEHINATY EHEePro30epeKeHHs; EKOHOMIYHE OOIpYHTYBaHHS OpraHi3amiiHO
TEXHIYHHUX 3aXO0/IiB.

EneproayauT Biirpae KI0OYOBYy poiib B e(pEKTHBHOMY BHKOPHUCTaHHI
eHeprii B NpOMHUCIOBOCTI. BiH € IHCTpyMEHTOM [UIsi IOBHOI OLIHKHU CIIOKHUBAHHSI
NaJMBHO-EHEPreTUYHUX PECYpPCiB, CTBOPEHHS YNPaBIIHCHKHUX BIUIMBIB, a TaKOXK 1
JUTSL OLIIHKY TOTO, HA CKUTBKH I1i BIUTUBH € ¢(DEKTUBHUMH.

Just posrisimyBaHOTO 00’€KTYy OYJIO 3alpOolOHOBAHO TaKi PIlICHHS s
NONIIIIEHHS  PiBHA  €HEProeeKTUBHOCTI:  YTEIUICHHS  OTOPOKYBAJIbHUX
KOHCTPYKIIiH; 3aMiHA BiKOH Ha JIBOKaMEpHi; MOJepHi3allis 00JaJHaHHS; BUKOHATH
POOOTH IO BiTHOBJICHHIO TETUIOBOT 130JIAIIi1 CHCTEM TEIDIONMOCTaYaHHS.

CydacHi HampsIMKH €Hepro30epeXeHHS BKIIOYAlOTh B cebe EKOHOMIIo
eHepropecypciB 1 migHATTS e(eKTHBHOCTI mporecy BupoOHuITBa. lle, B cBoIO
4yepry, nependavae: 3acTOCYBaHHS pI3HHX TEXHOJOTiH eHepro30epeKeHHs;
MOJIEpHi3allit0 O0JagHAHHS Ta PETYIIOBAaHHSI PEXXHUMIiB HOro poOOTH; 3HWKECHHS
BTpAT €JEKTPOCHEPTil Ta NOMIMIIeHHS 11 SIKOCTI.

HeoOxinHO BpaxoByBaTH, 10 HEMOXJIHMBO, HANPHUKIAA, EKOHOMUTH
CJICKTPOEHEPTilo, ale HEe BXKMBATH HISAKMX i 1o 30epexeHHI0 Tema abo
3HIDKEHHS! CHOXHBAHHS BOAW. TUTbKM KOMIUICKCHI 3aXOJH IOJO ONTHMi3amii Ta
€KOHOMIT pecypciB JatoTh HAHOLIBII BITUYTHUH e(eKT.
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PO3POBKA EHEPTETUYHOI'O CEPTUDIKAT BYAIBJII KOPIIYCY «M»
CYMCBKOI'O JEPXKABHOI'O YHIBEPCUTETY

Hanunvuenrxo O.B., cmyo. ep. EM.m-01;
Xosancoruii C. O., ooy. Cym[V, m. Cymu

Meroto pobotu Oyino po3pOOJCHHS EHEepreTHYHOro cepTudikaTy Ui
Koprycy «M» CyMCBKOTO NEp>KaBHOTO YHIBEPCHTETY Ta Ha OCHOBI OTPHUMAaHHUX
JAaHUX TIPOBECTH PO3PaxyHKH JUIA TEPEeBIpKH KOpIycy Ta Horo ceprudikamii
Bignosigao g0 JJCTY b A.2.2 — 12:2015 «Enepretnyna eheKTUBHICTD OyIiBEIb.
MertoJ po3paxyHKy €HEproCIIOKMBaHHS IPH ONaJIeHHI, 0XOJIOJPKEHH], BEHTHIIALIII,
OCBITJICHHI Ta TAPSIOMY BOJOIIOCTAYaHHI».

Enepretrunuii cepTudikaT — e €JCKTPOHHHN TOKYMEHT BCTAHOBJICHOL
(dopMu, B AKOMY 3a3HAUCHO IMOKAa3HUKH Ta KJAC €HEPTeTHYHOI eQEeKTHBHOCTI
OynmiBii, HaBeaeHO C(HOPMOBaHI y BCTAHOBICHOMY 3aKOHOJABCTBOM IMOPSAKY
pPEKOMEHIAITIT 010 HOTO MiABHINEHHS, a TAKOXK 1HIII BiZOMOCTI po OyaiBIIO Ta ii
BIJOKPEMJICHI YaCTHUHH, CHEPreTHYHy e(EeKTUBHICTh SKHUX CEpTU(IKOBAHO.
Enepretuunuii ceptudikaT Mae KOy e(PEeKTHBHOCTI MO SKOT MOXKHA BiTHECTH
OymiBit0, TakuX KiaciB cim. Hafikpamuii kiac — A, YMOBHO KaXXydYd «IacHBHI
OymuHKM», Hauripmi OymiBm sSki MaroTh kiac edektuBHOCTI G. BcranoBneHwmit
MiHIMyM 17151 kKoMopTHOro npoxxuanus — kinac C. CepTudikar 1ae MOKIUBICTD
3HM3UTH BHTPAaTH Ha EJEKTPOCHEprito Ta TerwroeHeprito Bim 10 mo 70%;
BIJICTIZIKYBATH peaJIbHE CIIOKUBAHHI CHEPropecypeiB Ta iX JHHAMIKY; MOXKIUBICTD
3ally4eHHs JOJaTKOBHX KOIITIB HA TIOKPAICHHS HEPTeTUIHOTO CTaHy OyIIiBIi.

s po3pobku  ceptudikaty eHeproeeKTUBHOCTI  Kopmycy  Oyiio
MPOBEICHO PO3PaxXyHKH BHUKOPHCTAHHS E€HEPrOpecypcCiB ITiJl Yac OMaTIOBAIEHOTO
CEe30HY Ta OXOJIO/KEHHS B TEILTi MOPH POKY. Po3paxyHOK KijbKOCTI BUKOPHCTAHHSI
eJIeKTpOoeHepTii Ta BoAu. B X011 BUKOHAHHS pOOOTH BUKOPUCTOBYBAJIICH TEXHIUHI
JIAHHI KOpIyCy, a caMe: TeXHIYHMH MAacrlopT, KPECIEHHsS YOTHPHOX IMOBEPXIB Ta
JlaHi MPOBEICHHS MOTEePEIHIX EHEPTeTUIHNX Ay IUTiB.

[Ticnst mpoBeJeHNX PO3PaxyHKIB OyJ0 BH3HAYEHO, L0 MIHIMaJbHUHN OImip
OTOpOJKYBAILHUX KOHCTPYKIIM HE BiNMOBIJAB TAONMIHUM 3HAYCHHS 3a3HAYCHHUX
y OBH B.2.6-31:2016 «TerutoBa izomsmis Oyaisenb». Kiac eneproedekTuBHOCTI
Oyxisii OyB Bm3HaueHH G, CIIOKMBAHHS eHEprii Oyio OinbIne 3a BCTAHOBIICHUH
MiiMym 153 kBr-ros/m®. BusHauenuii piBeHb eHeproe()eKTUBHOCTI OyiBIi He
BIJNOBIZIAB  KOM(OPTHOMY 3HAYCHHIO CHEPreTUYHOro  cepTudikary s
3HaXOJPKEHHS JIIOJieH y nboMy npumilnenHi. [Jns kopmycy «M» Oyino BH3Ha4Y€HO
eHepro30epirarodi 3aX0au I MOKPAIIEHHS pOOOTH CHCTEM €HEPTOCTIOKUBAHHSI Ta
3MEHIIEHHs] BTpaT TEIJIOBOI €Hepril MiJ 4ac ONajioBaJbHOTO CE30HY, a CaMe:
3aMiHa CTapuX JAepeB’sSHMX BIKOH Ha METAJOIUIACTUKOBI, yTEIUIEHHS MOKPiBiIi
KOPIIyCY 3 MOTIEPEeIHIM KalliTaJbHUM PEMOHTOM, yTeIuleHHs (dacamny OyiBii.

Ilicns 3amponmoOHOBAaHMX €HEPro30epiraroumx 3axOfiB JaHHH PO3paxyHOK
NPOBOJUTHCSL IIOBTOPHO ISl TEPEeBIPKM HACKIJIBKM IIi 3aXOAW  BUSBHIIMCS
e(eKTHBHUMH Ta Ha CKUTBKM BOHH ITiBUIIMIN KJIac €HeProeeKTHBHOCTI Oy IiBIIi.
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BUKOPNCTAHHS ITPOI'PAMHOTI'O 3ABE3ITEYEHHA CFD JIJIA
MOJEJIIOBAHHS TEITJIOBOT'O CTAHY ITPUBATHOI'O BY AMHKY

Jlaxoexa A. B., cmy. ep. EM.m.-01;
Xosancoxuit C. O., ooy. kagh. III'M, Cym/[V, m. Cymu

IIpoekTyBaHHs OyIUHKIB 3 BHUKOPHCTAaHHSIM CYYaCHUX TEXHOJOTIi, sKi O
rapaHTyBaJIi €KOHOMHE BHKOPHCTaHHS €HEPropecypciB — IEpIIoueproBa 3ajada,
sKa MOke OyTH BHpIllIeHa 32 PaXyHOK CyYaCHHX KOMII'IOTEPHHUX TEXHOJIOTIH 3a
JIOTIOMOTOI0 MaTEMaTHIHOTO MOJETIOBAHHSA IPOIECiB, IO BiOYBalOTHCS MiA Yac
OTAJICHHS TIPUMIIIIEHb.

MaremaTidHe MOZETIOBAHHS IO3BOJSIE TPOBOJUTH OIIHKY MOXIHBHX
TEIUIOBUX BTpAT y OYIUHKY, MOXIIHBOT'O TOJIMIICHHS CAHITAPHO-TITI€HIYHUX Ta
€KOJIOTIYHUX YMOB, PO3PaxOBYBaTH 1 BU3HAYaTH Marepiany, BUKOPHCTAHHS SKUX
npy OYIIBHHULTBI JO3BOJHTH PalliOHAJIHHO BUKOPHUCTOBYBATH (DiHAHCOBI pecypcH,
SKi, B CBOIO 4epry, 3a0e3redaTh SKOHOMIIO KOIITIiB Ha OIUIaTy €HEpropecypciB
noTpiOHMX Ha 3a0e3MeveHHs KUTTEMISUIBHOCTI B HaHil Oyximi. Came ToMy Oyma
obpaHa Taka BaXXJIMBA TeMa.

[Ipu BupimeHH] TPUBUMIPHUX 33124 CIIOyYEHOTO TEIUNIOOOMIHY B 00'€KTax
31 CKJIaJHOI0 TEOMETPI€I0, 110 BHMAraroTh JETAJBHOTO OIHUCY IEpeHEeCeHHs
TEIUIOBOi CHEprii BUIPOMIHIOBAHHSIM 1 KOHBEKII€I0, Oe3lepedHi IepeBaru
nporpamaoro kommiekcy ANSYS CFX mnepen iHIIMMH IakeTamMd MpOTrpaM.
ANSYS CFX — me npodeciiHMil aHATITHYHUA KOMIUICKC IJSI PIlIEHHS TEpMO-,
rizpo-, ra30AMHaMiYHUX 3a1a4. Y HbOMY BHKOPHCTOBYEThCS OiblI 16 Monenen
TypOYJIEHTHOCTi, KOMIUIEKC BHKOPHCTOBYE MOHAET Oaratoga3sHuX MOTOKIB.
Mognenp pyxy tBepaux dvactuHok (Lagrangian Particle Transport) mo3Bossie
BpaxyBaTH TUCKPETHI JTOMIIIKH B OJHOPITHOMY TIOTOII.

Pimennss 3amau B ANSYS CFX mnpoBoauThCsi B JAEKiIbKa eTaIliB.
Hanpuknan, 3py4HO BHKOHYBAaTH TEOMETPHYHI MoOjeli OO0'€KTiB B Iporpami
«SOLIDWORKSYy, 36epiratu ix y ¢opmari Parasolid i ekcopryBatu B mporpamy
ANSYS CFX. Citka Oynyetbcs abo B momatky mnakery CFX-Mesh abo B
yHiBepcasibHOMY ciTkoBoMy naketi ANSYS ICEM CFD. Ilotim B mpenpouecopi
BU3HAYAEThCA «(i3uKa 3aBHaHHD» — 3agaroTbes 30HH Tumy INLET, wepes skuit
cepenoBuilie BXxoauth B 00'ekt; 30HM Tuiy OUTLET, uepe3 mo cepenouiie
BUXOAWUTH 3 00'ekTa; 30HU THIy WALL, Mo SKHX BiZHOCSTHCS TOBEPXHi, IO
00OMEXYIOTh YacTHHH 00'ekTa i T. A. 30HHU MO Yep3i BHIULIIOTHECA KypcopoM, i Ha
HHX 33J]al0ThCSI TPAaHUYHI YMOBH.

3a 70MOMOror po3poOJeHOi MmiJl YaC BUKOHAHHS POOOTH MOMAENi MOXKHA
OLIIHIOBATH  JIOTPUMaHHS  CaHITAPHO-TITI€HIYHMX HOPM 1  3abe3nedueHHs
KOM(OPTHUX yMOB JJIsI HOPMAJIBHOI XUTTENISIIBHOCTI JIOACH, a TAKOX MigiopaTn
HaWOUIbII eHeproeeKTUBHI BapiaHTH YTEIUICHHS NpHUMIilleHHs. TakoX oTpUMaHi
pe3yabTaTH Ta MOJAIBII JOCHIIPKEHHS HECTAIl[lOHAPHHUX MPOIECIiB IPOTPiBaHHSI
IPUMIIIEHs MOXYTh OyTH B MaiOyTHbOMY BHKOPHCTaHI MpH po3poOIli cucreMm
ABTOMATHYHOTO PETYJIIOBAHHS CHCTEM OIAJICHHS.
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EHEPTETUYHE OBCTEXEHHS IT'OJIOBHOI'O KOPITYCY
AT «HAYKOBO-JOCJIIJITHUM I TIPOEKTHO-KOHCTPYKTOPCHKHUI
IHCTUTYT ATOMHOTI'O TA EHEPTETUYHOI'O HACOCOBYIYBAHHSI»

Yepeonux M. B., cmyo. ep. EM-T1,
Xosancoxuit C. O., ooy. kagh. III'M, Cym/[V, m. Cymu

OpHiel0 3 HaWBaXIHMBIINX CKIAJOBHX J00OpoOyTy B IMBUTI30BaHHUX
JiepkaBax € 3a0e3neyeHHs] TPOMaJIsH 1 KOMIaHii HeoOXiJHUMH €HEpropecypcamH.
Ha posBuTok rocmomaprordnx cy0'eKTiB B Hamliii KpaiHi iCTOTHHI HETaTWBHUI
BIUIUB POOUTH BHCOKA YacTKa EHEPreTHYHUX BTPAT y BUTpATaX BUPOOHMIITBA, SKa
Ha TPOMHCIOBUX IIJIPHEMCTBAX CKJIANae € cepeaHboMmy 8-12% 1 Mae cCTiliky
TEHJCHIIO 710 3pOCTAHHS Yy 3B’A3KY 3 BEJIMKHM MOPAJIbHUAM 1 (Di3MIHUM 3HOCOM
OCHOBHOTO OOJagHaHHA Ta 3HAYHUMH BTpaTaMH [pU TPaHCIOPTYBaHHI
€HEepreTUYHUX PECypCiB.

06’exToM maHoro obcrexxeHHs € ronoBHuit kopryc AT «BHIIAEHY, axuit
3HAXOIUTHCA 3a azapecoro: Cymchpka obmacts, M. Cymu, Byn. 2-ra 3ami3HHYHA 2.
Jlana ycraHOBa Ma€ YOTUPH MTOBEPXH.

Metoro poGotu Oyino WiABHIICHHS eHEproeeKTUBHOCTI OymiBimi Ta
3MEHILIEHHSI O0CSTY CIOKMBAaHHS NalMBHO-EHEPreTUYHUX PECYpCiB, IO AacTb
3MOTY 3MEHIINTH 0OCAT BUKOPUCTaHHS OIO/IKETY.

Ha mMomeHT 00cTexeHHs1 OyIiBIi MPOBECH] Taki eHepro30epirarwyi 3aX0/1u:
YaCTKOBA 3aMiHa CTApPHX JepPeB’THUX BIKOH Ha METAJIOIUIACTHKOBI, 3p00JIeHa ITOBHA
TEIUTO130JIS11isI 30BHIIIHIX CTiH OyIiBITi.

[lepmmm  kpokoMm OyJi0 TpPOBEAEHO Bi3yalbHE Ta IHCTPYMEHTAJIbHE
00CTe)XEHHSI CHCTEMH ONAJICHHS, CTaHy Oy/iBJIi, OCBITJICHHS Ta BOJOIIOCTaYaHHs, a
TaKoX 30ip IOKyMEHTaLil II0JI0 CIIOKUBAHHS 3aKJIaJl0M €HEpPropecypciB.

3oBHilmHI ABepi OyxaiBii — MetanomnactukoBi. [lpu oOcrexeHHi OyIo
BUSIBJICHO Mai)keé OJHAKOBY TeMIlepaTypy MOBITpS y KiMHaTax. Uepe3 HEmMOBHY
3aMiHy BIKOH, BTPa4a€ThbCsl 3HAYHA YAaCTHHA TEIUIOBOI €Heprii; yepes 3aHen0aHuii
CTaH CAaHTEXHIKH BTPA4Ya€THCsS Oarato BOJIH.

Hacrynmuum ~ kpokom  OyB  3po0OiieHHil  pO3paxyHKOBMH  aHaii3
JOCIIIKYBAaHUX €HEPrOCHCTEM ILOTO 00 €KTY, IO AAJ0 3MOTY BHSBHUTH OCHOBHI
(axTopy sIKi BILIMBAIOTh HAa BTpAaTy €HEPreTHYHUX pecypciB. Haiibinplii BTpaTtn
Oyiu BUSBJICHI B OCBITJICHHI OYIiBIIi.

IIpoanasi3zyBaBiy gaHi, 1110 OyJId OTPUMaHIi Iij] Yac 00CTEIKEHHsI OYIiBIII Ta
pO3paxyHKy, OyJI0 3aIIpoIIOHOBAHO BIIPOBAPKEHHSI HACTYITHUX €HEpro30epirarounx
3aXO0[iB: 3aMiHa JIIOMIHECHEHTHMX Ta JIAMII PO3KapeHHS Ha CBITJIIOAIOAHI,
3aBEPIINTH 3MiHY 3aCTapiIuX BiKOH, BIIPEMOHTYBATH Ta IOHOBUTH CAaHTEXHIKY.

MTicna IIPOBEJICHHS (inarcoBOTO aHaizy 3aIPOIIOHOBaHUX
eHepro30epiraroumx 3axoiB, BPaXOBYIOUH €KOHOMIIO 32 PaxyHOK 3aMiHHM CTapHux
OCBITVIIOBJILHUX TIPHJIAJiB Ha HOBI, OyJl0 OoTpuMaHo TepMiH okymHocti — 0,42
POKYy.

Piuna exoHOMiIst BUTpaT ctaHOBUTUME — 68,8 THC. IpH / piK.
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ABTOMATHU30BAHE KOPOTKOTEPMIHOBE ITPOI'HO3YBAHHA
TA MOHITOPUHI" TEIIJIOCITOXXMBAHHA BY AIBJISIMUA

Cmporkin O. O., acn.; Comnux M. 1., 0-p mexn. nayk, doy. kag. I1I'M,
CymY, m. Cymu

DaKkTHYHE TETUIOCIIOKUBAHHS Ta TEIUIOBA ITOTYKHICTh OyAiBIIi 32 3MIHHAX
TEMIepaTyp TOBITPS 30BHIINIHBOTO CEPENOBHINA HE 3aBKIH  BiAMOBimae
pO3paxyHKOBOMY. ICHyroui Ha CBHOTOIHI CHCTEMH MOHITOPHHTY CIIOKHBAaHHSI
TEIUTOBOI eHeprii 0a3yloThCS HAa YKPYHMHEHHX CEpeNHIX IMOKAa3HHWKAX CIOXHBAHHS
TEIUTOBOI eHeprii Oy/iBieto 3a OCTaHHI TPH POKH, Ha 0a3i BU3HAYCHHS CEpeIHBOI
TEeMIIEpaTypH 3a CE30H Ta TEIJIOBOTO HABAaHTAXKEHHSI.

Januii cnoci0 MOHITOPHHTY OO0’€KTIB TEIUIONOCTa4YaHHS IIOJISArae B
YCTAHOBIII TEJIEMETPUYHHUX TEMIIEPATYPHUX JaTYUKIB B 0OpaHMX TOYKax 00’€KTa,
BUMIpi 3MIHM TeMIeparyp HpOLECIB MPOTATOM MPeJCTaBHUIBKOIO Mepioay 4acy,
00po61i Ta 00’ekTHBI3aNii 3amucaHol iH(pOpMaIlii 3a JOMOMOIOK KOMII IOTepa.
[Tpu 3nificHEHHI MOHITOPUHTY aBTOHOMHI TEPMOXPOMHI JaTYMKU-HaKOIHMYyBaui
(iButtons) po3MinIyroThCs Ha MPSAMIA Ta 3BOPOTHIA TpyOax KOTENbHI, pamiaTopax
OMaJeHHS Ta BHYTPIMIHIX TEperopoiakax OOCTe)KYBaHWUX IPHUMIIICHb. JlaHmid
CHOCi0 KOHTPOIIO CHCTEMH ONAJIIOBaHHS OyNiBENb IOJSATaE Y BUMIpPI MPOTATOM
MPEICTaBHUNBKOTO MEpiofy 4acy 3MiH TeMIEpaTypH 30BHIIIHBOTO TOBITPS SIK
napaMeTpa MpoLeCy PEeTYIIOBAHHs, BU3HAYCHHS MOXITHNX BiJ 3MiHM TeMIlepaTypu
30BHIIIHBOTO TOBITPsI, HEOOXIMHUX AJIS ONTUMAILHOTO (DYHKIIOHYBAaHHS CHCTEMHU
¥ owiHmi ii BiZPEryIb0BaHOCTI.

Henonik 1nporo crnoco0y MOHITOPUHTY MOJSITa€ B TOMY, IO BiH Jae
MOXIIMBICTh KOHTPOJIIOBATH Ta PEryJioBaTH MOTOYHE CIOXHMBaHHS TEIUIOBOT
eHeprii, Npu LbOMY 4Yepe3 IHEPTHICTh CIOPYAM TOTOYHE PEryJIOBAaHHS CHCTEMH
onayieHHs1 Oy/iBii € MeHII e()eKTHMBHUM HDXK ITPOTHO30BaHE Ha Mepel] 1 3aBUYaCHO
BinperynsoBase. [1].

OCHOBOIO CHCTEMH MOHITOPHHTY € 3aBIaHHsS YJOCKOHAJIEHHS CHOCO0y
MPOTHO3YBaHHA Ta MOHITOPHHTY TEIIOCIIOKMBAHHS OyAiBIAMH, Yy SKOMY 3a
paxyHOK YTOYHEHOTO BH3HAUCHHS HOPMOBAHOI KUIBKOCTI TEIJIOBOi eHepril
HEOOXimHOT NIy omaleHHS Oy[iBii, 3a0e3MeYyeThcs TOYHICTH PO3PaxXyHKOBUX
MOKA3HHUKIB IMOTOYHOTO TEIUIOBOTO HABAHTAXKEHHS, IO CIPHATHUME ITiIBUIICHHIO
TOYHOCTI PEryTIOBaHHS CHCTEMH ONAJeHHS OyHiBli Ha OCHOBI peabHHUX
TEMIIepaTyp 30BHIIITHBOTO TTOBITPA.

CIuCOK BUKOPUCTAHUX JKEPET

1. [TatenT Ykpainu Ha kopucHy Moaens Ne 143610.
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PEKOMEHJIALIIT I110J10 MOJIEPHIBALIIT TEIIJIOITYHKTIB BY JIEJIb
I'POMAJZICBKOI'O TA XUTJIOBOI'O ITPU3HAYEHHA

Anmonenxo C. C., doy. kag. I1I'M;
Haeopnuui A. O., cmyo. ep. EM-T1, CymAY, m. Cymu

Terutozabe3nedeHHs 00’€KTiB  comianbHOI  iHPpacTpykrypu (OymiBii
HaBYAJILHUX 3aKjaliB, MEIUYHMX 3aKjaiB, OyIiBIi OpraHiB MiCIIEBOI BJIaIH, Ta
IHIMMX) Ta OaraTOKBapTUPHUX SKHUTIOBUX OYAWHKIB, IO JKUBJIATHCS BiJ
[EHTPATI30BAaHUX CUCTEM TEIUIONOCTadyaHHI Mae OyTH OpraHi3oBaHe 3
ypaxyBaHHsM Bumor JIBH B.2.5-39:2008, «[IpaBmi TexHIYHOT eKCILTyaTallii
TEIUTOBHKOPHCTOBYIOUHX YCTAaHOBOK Ta TEINIOBHX MEpeX», 1 Ma€ BiAMOBimATH
KPHUTEPISM I0JI0:

* HaNIMHOCTI TEIUIONOCTAYaHHSA CIIOKMUBAYiB TEIUIOHOCIEM  3aJaHUX
napameTpis;

* MaKCHMMaJIbHOT e()eKTHBHOCTI eKCIUTyaTallii 10401 CHCTEMHU 32 PaxXyHOK:

- JIOTPUMAaHHS MapaMeTpiB TEIIOHOCIS IEHTPATi30BaHUX CHUCTEM Y TOBHIl
BIJIMOBIAHOCTI JIO0 TemIepaTypHoro rpadika #oro momadi y IeHTpaTi30BaHy
MEpexy 3 ypaxyBaHHSAM pPETYIIOBaHHSI HOTO CIIOKMBaHHS Ha I1HIWBITyaIbHUX
TEIUTOBHX ITyHKTaX OIANIOBAHUX OYIiBEIb;

- TEXHIYHOI Ta OpraHi3allifiHOl MOJJIMBOCTI PpETyJIIOBaHHSA IOAadi
TEIUIOHOCIS y OyJiBIi 3 BHKOPHUCTAHHAM IHAWBIAyaIbHHX TEIUIOBHX ITyHKTIB, a
TAaKOX 3 YpaxyBaHHSAM pEKHMIB Ta TpadikiB (yHKIIOHYBaHHS YCTaHOB, IO
pO3TaIlOBaHi y TaKuX OyaiBIISIX;

* BIPOBADKEHHS 3aXOJiB IIOJ0 MOJCPHi3alii Ta PEKOHCTPYKIII MIF0YUX
JOKEpes TeIUIOBOT €Heprii, MiIBUIIICHHS X 3aBaHTAXKCHOCTI,

* NEPEeBAKHOI0 BUKOPHMCTAHHS HaWOUIbII eHeproe()eKTMBHUX HAMpPsSIMIB
ONnTHMI3alii CHCTEMHU TP TPAHCIOPTYBAHHI TEIJIOBOI €HEeprii.

IcHyIOYl cXeMHu LEHTPai30BaHOTO PO3MOALTY Temia QyHKIIOHYIOTh Yepe3
BOyZOBaHI y OyIiBIAX TeIuioBi MyHKTH. CHCTEMH OMAlleHHS CIPOSKTOBaHI 5K
3akpuTi Ta 3anexHi. OmnameHHS OyIiBeNb 3MIMCHIOETHCS TOJIOBHHM YHHOM 3a
3aKpUTOI0 CXEMOK0 3 BHKOPHCTAHHSM €IIEBATOPHOTO TPHCTPOIO. 3alie)KHA cXeMa
OMajJeHHs 3 TMPSIMHM TIIKIIOYCHHSIM OYIMHKIB 3allpOCKTOBAaHA B MUHYJIOMY
CTOJNITTi, B Ti YacH TepeBary BiJgaBalid cXeMaM 3 HaHMEHINUMH IEPBICHUMHU
KaIliTATOBKJIAZICHHAMH Ta JIOBOJNI CYTTEBUMH CKCIUTyaTalliiHUMH BHUTpaTaMHU.
CporonHi cuTyallisi TOKOPiHHO 3MiHMJIAach. EHEpreTH4Hi pecypc 310pOXYaid y
Oarato pa3iB, TOMYy eKCIUTyaTaliifHi BHUTpaTé cTanum BKpaid BHCOKi. CyTTeBi
HepalioHaNbHI BHUTPATH CHCTEMH pO3MOALTY TEIUIOBOi eHeprii moB’sA3aHi 3
eKCIUTyaTaIli€l0 3acTapiux TEIUIOBHX ITyHKTIB, sIKi He OONajHaHI TNpriIagaMu
KepyBaHHS Ta aBTOMaru3allii, 3a JONOMOrol SKHX Ma€ 3/iHCHIOBATHCS
pEryJIIOBaHHS TETUIOBOT'O ITOTOKY.

Crio>kuBadi TEIUIOBOT SHEPTii, AKi MiTKITFOYSHI 10 EHTPATi30BaHOI CUCTEMU
TEIUIONIOCTaYaHHS OMAJIOIOTHCSA Y BIAMOBIMHOCTI JO TEIUIOBOrO rpadiky mojadi
TEIJIOHOCISI CHCTEMH, 1 y HHX NpPAaKTHYHO BIJCYTHI TEXHIYHI MOXKIMBOCTI
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JIOZIATKOBOTO PETYJIIOBAaHHS HAJIXOJUKEHHS TEMJIoBOi eHeprii 1o Oyxaisii. OcobnmBo
ne crocyerbcs OyniBenb, nae 3a TpadikoM IX (yHKUIOHYBaHHS JIOPEYHO
OpraHi3oByBaTH 4eproBe omnajeHHs. llell Hemoslik IEHTPai30BaHOI CHCTEMH
OMAaJCHHS JIOIUIPHO BUIPABUTH BCTAHOBJICHHSAM HA BBOJI 10 OyaiBmi
IHIUBITyaJbHUX TEIUIOBHX ITYHKTIB 3 (DYHKII€IO0 MMOT0J03aJISKHOTO PETYJIFOBAHHS
Ta MMpOrpaMyBaHHs 3MIHM TEIUIOBOTO HABAHTAXXEHHS 32 1000BUM rpadikom.

YV 3amexHOCTI Bil BEJWYMHHM TEIJIOBOTO HABaHTAXCHHS OyAiBm Ta
HasBHOCTI JOJATKOBOTO OONagHAHHA IWIOAO MPUTOTYBAaHHS TapAdoi BOIU MO
BIIPOBA/KCHHS IIPOTIOHYEThCA iHANBINyanpHAHN TerutoBuil myHkt (ITID).

BukopucraHHsS Takoro IHAMBIZYalbHOTO TEIUIOBOTO MYHKTY MJO3BOJISIE
MIPOBOAWTH PETYIIOBAHHS 1HIWBIMYaTbHOTO CIIOKHUBAaHHS TeIula OymiBico Y
BIJIMOBIAHOCTI A0 ii iHAWBIIyaJlbHUX TEIJIOBUX BIACTHBOCTEH, TeMIIepaTypHHUX
MOKa3HUKIB TOBITPS HABKOJMIIHBOTO CepelloBHINa Ta J000Boro rpadiky
(YHKIIOHYBaHHS Yy aBTOMAaTHYHOMY ab0 «pPYYHOMY» pPEXKHMi, a TaKoX
3a0e3rnevyBaTd TOTPeOM CIIOKMBAYiB y Traps4id BOJI dYepe3 I1HAMBITyalbHUN
HNPOMIXHUI TEMJI000MIHHUK. 3acTepexeHHIM 1010 3aCTOCYBaHHSA
IHIUBIIyaJbHOTO TEIJIOOOMIHHMKA Ma€ OyTH TemIepaTypHHH rpadik mnoaadyi
TEIJIOHOCISI LIEHTPATi30BaHOT CHCTEMH TEIUIONOCTa4YaHHs, 33 SKUM TeMIlepaTypa
npsamoro Tertonocis T1 ne moxe 6yTr Hmkde 70°C (3rilHO YHHHUX HOPMATHBIB)
JUIT  OTPUMaHHS HEOoOXiIHOi TeMmepaTypu Tapsidoi BOOWM Ha BHXOAI 3
TEIUTIO0OMIHHHUKA.

Takox, BOa4aeTbCs MOLUIBHUM  BIIPOBA[DKEHHA Yy  TEIUIOMYHKTax
ABTOMATH30BaHOI CUCTEMH MOHITOPUHTY Ta KOPOTKOTEPMIHOBOTO IPOTHO3YBaHHS
TEIUIOCTIOKUBAHHS OY/IIBIICIO.

3ampoBa/pKeHHST ~ CHCTEMH  JHUCIeTYepu3anii  Haga€e  MOXIMBICTB
MaKCHMaJIbHO 3a0lIa/PKyBaTH Ha CIIOKMBAaHHI TEIUIOBOI €Heprii 3a paxyHOK
Y3TOJDKEHHS JAIHCHUX NOTpeO Y TEIUIoBil eHeprii 3 Tl BUPOOHHIITBOM Y KOTEJbHSX.

Cuctema J03BOJISIE B PEXKHMI OH-NAH BIJCHIIKOBYBaTH (aKTHUUHE
TEIJIOCIIOKUBAHHS Oy liBeJib, BU3HAYATH HOT0 MPOTHO3HE 3HAYEHHS Ta MPOBOJUTH
MOPIBHAHAA MK ()aKTHYHUM 1 TMPOTHO3HHMM TOKa3HWKaMH BIiIMOBIAHO 1O 3MIiHU
TeMIlepaTypy HABKOJHIIHBOTO cepeloBuina. Pe3yaprataMu poOOTH CHCTEMH € SIK
E€KOHOMIYHI (EKOHOMis NEe(IIMTHUX EHEepPropecypciB Ta OIOIKETHHX KOIITIB) i
comianbHi (3a0e3nedeHHss KOM(POPTHOTO MIKPOKIIMATy y NMPUMIMICHHAX), TaK i
exororiuHi (ckopoueHHs BHKHIIB CO, Ta 3a0pyAHeHHS MOBKUUIL BHACIHIJIOK
3MEHIIECHHS 00CSTiB BUKOPUCTAHHS NaJIBa) BUTO/H.

Jnst  cupolleHHs NPaKTUYHOTO PEryJIOBaHHS —TEIUIOCIIOKHMBAaHHS —3a
JOTIOMOTOI0 HasBHOTO i{HCTPYMEHTapiro, fAK KOHTpPOJbHAa Im(ppa cucremun
MOHITOPUHTY, BUKOPHCTOBYETBCS TTOKA3HUK MHTTEBOTO TEIJIOBOI'O HABAHTA)KEHHS
OyaiBmi, IO KOHTPOJNIOETHCS 3a JOMOMOTOI0 JIYMJIbHWKA TeIuia. Buxomsuam 3
[bOT0, 3aBIaHHSIM OOCIYrOBYIOYOTO IEPCOHANY € PpEeryJlOBaHHS CIIOXKHBAHHS
TEIUIOTH OYyMiBISIMA 3 OpIEHTAIIEI0 HA 3HAYEHHS MHUTTEBOTO TEMJIOBOTO
HaBaHTaXeHHs. JlOTpMMaHHS JaHOTO KOHTPOJIFHOTO TIOKa3HHWKa 3abesnedye
ABTOMATHYHE JOTPUMAHHS JIMITy TEIJIOCIIOKHUBAHHS 3a IEBHUH Nepiof 3aJexHO
BiJl ICHyIOUHMX Ta IIPOrHO30BaHMX TEMIEpaTyp HaBKOJIHMIIHEOTO CEPEJOBHIIIA.
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CEKIIA «kEHEPTETUYHE MAIINHOBY 1YBAHHS»



MATHEMATICAL MODEL FOR CALCULATING THE NOZZLES
OF TWO-PHASE JET DEVICES WITH A PROFILED DIFFUSER PART

Sharapov S., Ph.D., Senior Lecturer; Husiev D., M.Sc., Postgraduate student;
Prokopov M., Senior Lecturer, Department of Technical and Thermal Physics,
Sumy State University, Sumy, Ukraine

In modern technology and production, devices in which the pressure of a
passive working environment is increased due to the energy of an active flow are
becoming more widespread. The substance of the active stream boils up in the
working channels, which are similar in shape to the Laval nozzles.

Such two-phase devices have a higher efficiency compared to conventional
steam-jet units, but their use is difficult due to the complexity of their working
process. This is primarily due to the poor knowledge of the process of the effective
outflow of a metastable subcooled liquid and the need to profile the channels from
which this outflow occurs.

Therefore, the purpose of this work is to refine the mathematical model for
nozzles with different geometric shapes of the diffuser part, in which the process of
relaxation vaporization takes place.

The method of indirect determination of averaged flow parameters used for
detailed flow analysis lies in determining unknown parameters from the joint
consideration of experimental data on flow rate, reactive impulse, static pressure
distribution, and flow visualization with balance conservation equations. Due to the
extremely high intensity of exchange processes in the turbulent flow of boiling liquid
and the fine structure of the flow with a low level of mass vapor content, the phase
slip in the averaged motion is insignificant.

The calculation scheme of the conservation equations in the one-dimensional
approximation under consideration is supplemented by the steam transformation
equation, the dependencies for calculating the channel geometry and the tangential
stress on the wall. The state of water equation for the areas of liquid phase, saturation,
and superheated steam is used in tabular form.

The analysis of critical flow modes is based on the function for calculating
the speed of sound in a two-phase finely dispersed homogeneous environment,
obtained by the methods of thermodynamics of irreversible processes under the
assumption (confirmed experimentally) that in a sound wave only the exchange of
the amount of motion has time to be completed completely or partially, and heat and
mass transfer are practically frozen.

Calculations of the flow parameters according to the presented model using
experimental data on the static pressure distribution indicate that the boiling process
develops with a large deviation from the thermodynamic equilibrium. The first
critical section is located near the minimum section at a distance of several tenths of
the diameter.
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JOCHIJDKEHHA MAJIO3ATPATHUX METO/IB 3SMIHEHHA
XAPAKTEPUCTUK BIAIIEHTPOBUX HAT'HITAUIB

biniuenxo b. O., Peovka 1. B. cmydenmu epynu XK-71-9;
bonoapenxo I'. A., npogpecop xagp. TT®, CymAY, m. Cymu

B mpormeci goBrorpuBanoi eKCIuTyaTarii KOMIpPECOpiB B PI3HOTHITHHUX
TEXHOJIOTiSIX BUHUKAIOTH MMOTPeON B KOPETYyBaHHI XapaKTePHCTHUK KoMIipecopis. Lle
00yMOBIIEHO HI3KOIO (PAKTOPIB, Cepes TKUX:

- di3nuHMi 3HOC 00JIaIHAHHS,

- 3MiHa TEXHOJIOTIYHOTO PETIAMEHTY;

- 3MiHa Qi3UYHUX BIACTHBOCTEH rasy i T.iH.

B Takux BHmamkax BUHHKA€ HEOOXIIHICTP KOPHTYBaHHS XapaKTEPHCTHK
KOMIIpECOpa TEpMIiHOBO i 3 MIHIMATbHUMH BUTpaTaMH, 10 TOTO XK B yMOBax
BHUPOOHUIITBA.

Mertoto po6GoTH 0YJIO ZOCTIMUTH i 3aIPONIOHYBATH PIiLlIEHHS JBOX HAHOLIbLI
MOIIMPEHHX MTUTaHb: MiABUIIECHHS POAYKTHBHOCTI 1 3HIDKEHHS KIHLIEBOTO THCKY.

[TinBuIEHHST MPOJYKTHUBHOCTI PO3IJISIHYTO HA NPHKIAAI HUPKYJISALIHHOTO
onHoctyneHeBoro HarHitayua H 270 cuHTe3-rasy BUPOOHHMITBA METAHOIY.
3anponoHOBaHO Ta PO3PAXyHKOBO MiATBEPIKCHO METOJ] YCTAHOBKH Ha BXOl B
poboue kKoJeco 000¥MU 3 BiHIIEM JIOTIACTEH, TOBEPHEHUX Ha KYT 15°, 1110 a0 3Mory
T ABUIINTH TIPOIYKTHBHICTh HarHiTa4a Ha 5-7%.

3HIWKEHHS Hamopy ra3y Mipora3oBoro KOMIIpecOpa B BHPOOHMIITBI
alleTIWICHY 3alpOIIOHOBAHO IUITXOM MEXaHIYHOI MiAPI3KHM 30BHIMIHIX IiaMeTpiB
pobounx kxomuec. Lle M03BOMHMIO 3HU3UTH TUCK HarHiTaHHS Kommpecopa TIK 1/11-
714. opobka komec pobuthcs 0e3 po30ipku poropa, TOOTO 3 MiHIMATBHUMH
BuTpatamu. IIpy 11boMy BHKOHAHO PO3PaxXyHKOBO-TEOPETUYHE JOCIIJDKEHHS, sSKe
BKJIIOYA€ HACTYITHI MPOLEAYPU:

- VY3araJbHeHHs BIIOMHUX JaHUX 3 XapaKTEPUCTUK CTYNEHIB 3 METO0
OTpUMaHHS TONsl mapameTpiB 1, v, ¢ = f (b2/D2, M) Ta Bu3HAYEHHSN
IPaHullb AOIyCTUMOTO X 3MiHEHHsI Py miApi3ui agiamerpy D2.

- ns 3apasoi reomerpii po6oyoro koseca (d s, D1, D2, b2) BusnaueHuii
nmiama3oH 3MiHH giamerpa D2 3 ypaxXyBaHHSAM BKa3aHHX OOMEXCHb
XapaKTEePUCTHK;

- BukoHaHi po3paxyHKOBI JOCHIPKEHHS 110 3alpOHOBaHIM HaOIMKeHIH
METOJIHMIII, 3aCHOBaHI Ha Teopii MoAiOHOCTI;

- Buxonanmil yrouHeHu# po3paxyHok 3 3actocyBaHHsiM CFD — merona
(Flow Vision) i mpoBeAeHO MNOpIiBHSIHHA PE3YJbTATIB 3 HaOIMKEHOIO
METOJIMKOIO, 3 METOI0 BU3HAUEHHS I'PaHULb 11 3aCTOCYBaHHS.

Ha migcraBi pe3ynpTaTiB  po3paxyHKOBO-TEOPETHYHOTO  OCIiIKEHHS
3aMpPOTIOHOBAHI MPAaKTUYHI peKOMEH/IAIli1.
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BUBIP I PO3PAXYHOK CXEMU A30THOI MEMBPAHHOT CTAHIIIT
3 BUCOKOIO UMCTOTOIO OUNCTKHU

Ounivinux . O. cmyo. ep. KM-01; Bonoapenxo I'. A., npog. xagp. TTD,
CymY, m. Cymu

3a ocTaHHI POKHM BCE OiNBIIE MOIMUPIOETHCS BHUKOPHCTAHHSI MEMOpaHHUX
TEXHOJIOTiH o/Iep>KaHHA a30Ty Y Pi3HUX Taly3sx, 30KpemMa, Oioximii, hapmarieBTHIIi,
MEIHIIHI, SKi TOTPEeOYIOTh a30Ty BUCOKOTO CTYIICHS OYHCTKH.

Meta pobotu — po3poOka cxemu i BHOIp 0OJagHaHHS 3 BHKOPHUCTAHHSAM
CYYaCHHX JOCSTHEHb TEXHIKH.

3anpornoHOBaHO CTalliOHApHY KOMIPECOPHY CTaHIIIO 3 TPhOMa MOTOKaMH
TOBapHOTO a30Ty: TEXHIYHOTO, MiJBUIIEHOI YUCTOTH Ta CYNEPUYUCTOrO JUIS Pi3HUX
noTped BUPOOHHUIITBA.

Ha mnepmomy erami BHKOHAaHO pPO3PaxyHOK HOBITPSHOIO TI'BUHTOBOIO
MacJ03alloBHEHOI0 KOMIIpecopa 3 O0JagHaHHAM Horo QiapTpkaMeporo Ha
BCMOKTYBaHHI 1 €)EKTHBHUM MAaCJIOPO3IIbHUKOM Ha HArHITaHHI.

Jami Oyma po3paxoBaHa Mepeka pO3MOILUTY a30Ty, IO MICTHTH 1-H Kackan
OYHCTKH, 2-U KacKaJ TOHKOI OUHUCTKHU Ta 3-H KacKaJ CyNepOYUCTKH.

[Ipu mpoekTyBaHHI TPETHOTO KacKaly BUKOPHCTaHA HAJCydacHa TEXHOJIOTis
OYMCTKH T'a3y 3 BUKOpHCTaHHSIM KoHBepTopa EcoTak.

CyTHICTP POOOTH KOHBEpTOpa TMOJATae y (i3UKO-XiMIiYHOMY TpoIreci
OKHCJICHHS MOJEKYJ MacTjia Ta IHIIMX BYIJICBOAHIB Ha CHELIaIbHAX
BUCOKOIIOPUCTHX ~Karajli3aTopaXx 3 IIEPETBOPEHHSIM B MOJIEKYJIM BOIU Ta
BYIJIEKUCIIOTO Tra3y, sIKi BIABOIATBCS Ha3oBHI. Taka TexHousorist mae 100%
e(eKTHBHICTh Ta EKOHOMIYHO BHUT1HA.

[THeBMOTipaBIiYHa CXeMa TBHHTOBOI KOMIIPECOPHOI YCTaHOBKH 3-X-KacKaJHOT
azoTHO-MeMOpanuoi KC.

Brok xommpecii BIOK HiNTroTOBKII MOBITPA

Pucynox 1 — [IHeBMoTiapaBiiyHa cxeMa 'BUHTOBOI KOMIPECOPHOI YCTaHOBKA
3-x-kackagHoi a3oTHO-MeMOpanHOi KC: @K — dinbrp-kamepa; K — rBuHTOBI
xomrpecopy; 1, 11, 11 — Giioku anapaTiB miATOTOBKY MOBITPS
1-ro, 2-ro Ta 3-ro xackaxis; P1, P2, P3 — pecuBepu azoty
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BUXPOBUI KOMIIPECOP JIJII HAJIJTYBY ITOBITPS
B TOIIKU 3TOPAHHA HA TEC

Banees C. M., 3a6. kagp. TT®; Copin B. /., cmyo. ep. K.m.-01;
Hixonaenxo /]. P., cmyo. ep. XK-81, CymAV, m. Cymu; Kcenocenxo I1. O.,
suxnaoay euwoi kameeopii, [lonmascoxutl konedsc HYXT, m. Ilonmasa

Buxposuii KoMIpecop. Mo po3poOIr0eTHCS, TPU3HAYCHHUH TSI iHIUBIAyaIbHOTO
HaJUIyBY B KOTJIM CMIAIIOBAaHHS BYT1JIBHOTO ITIJTY Ha TEeIJIoeNeKTpocTanIisx. Hapasi,
IUIA IIbOTO BHKOPHCTOBYIOTHCSI BINIIEHTPOBI KOMIIPECOPH, IO € Hee(PEKTUBHUMHU
IOpY  BIJKIIOYEHHI YacTHHM KOTJIIB 1 TOMY BOHM IIPalIOIOTh 31 3HAYHOIO
nepeBuTpaToro eHeprii. [Ipu 3amMiHi eHTpasli30BaHOI CHCTEMH TOAadi MOBITPS B
KOTJIM CHAJIOBAaHHS BYTUIPHOTO NHJTy Ha iHAMBINYyalbHY BHACTIJOK 3MEHIICHHS
MPOJIYKTUBHOCTI KOMIIPECOPiB HAO1IbII €e)EeKTUBHUMHU € BUXPOBI KOMIIPECOPH.

BuxpoBi koMpecops e(peKTHBHO BUKOPHCTOBYIOTECS B 00JIACTi MaJuX BUTPAT
Ta BUCOKUX HAaropiB. 3a OJHAKOBHUX YMOB JJIsl OTPUMAaHHS TAKUX CAMUX BiJHOLICHBb
THCKIB po60oYe KOJIECO BUXPOBOI'0 KOMIIPECOPa Ma€ OKPYKHY IIBHIKICTb Y IEKiIbKa
pa3iB MEHIIy, HiXK poOoue KOJIECO BIAIEHTPOBOTO KOMIIPECOpPA, MO0 0OYMOBICHO
HOro MEHIIMMU 3HaYeHHSIMHU KoedilienTa agiabarHoro Hamopy [1].

MakcumyM e(eKTHBHOCTI BUXPOBUX KOMIIPECOPIB AOCATA€THCS TPH BiJHOCHO
MaJMX OKPY)XHHX IIBHUIKOCTAX, INO YacTO MJO3BOJIIE BUKOHYBaTH iX 0e3
MYJIBTHILTIKATOPIB 3 PO3TallyBaHHSAM poO0OYOro Kojeca Oe3mocepeqHbO Ha Baiy
SNICKTPOIBUTYHA.

Takox Ba)KIMBHMH IepeBaraMHM BHXPOBHX KOMIIPECODIB € «CyXa» MPOTOYHA
YacTWHA, HAIIWHICTh, Oe3meKa, OPIBHAHO HEBEIMKI Maca i rabapuTH, MiHIMAaIbHI
BUTpPATH.

Y pobGoti Oyrno BUKOHAHO TEPMOTa30AMHAMIUHI PO3pPaxXyHKH ITapaMeTpiB
OJTHOCTYTIEHEBOTO 1 JIBOCTYIICHEBOI'O BUXPOBOIO KOMIIPECOpa MPH ONTHMAILHOMY
pexxuMi pobOTH Ta aHai3 po3paxyHKIB.

VY mporeci po3paxyHKIB OJHOCTYNEHEBOIO BHXPOBOrO KoMIpecopa OyJio
otpumano 3HadeHHs KK/ ta reomerpuuHoro komrniekey Kg, o 3HaxoaaThes mo3a
PEKOMEHIOBAaHUM Jiana30HoM; Uil JBOCTYIIEHEBOTO BHXPOBOIO KOMIIpecopa BCi
3HaYCeHHs MapaMeTpiB 3HAXOJAThCS Yy PEKOMEHIOBAaHMX [iana3oHaX, TOMY
NPUIHATO pINIEHHS I0JJ0 BUKOPHCTaHHS JBOCTYIEHEBOTO KOMIIpecopa 3a
OJJTHAKOBOTO CTYIICHS IiJIBUIICHHS THCKY B CTYIICHIX KOMIIpECOpa.

VY nozaanpuiomMy nependoavyarThCs pO3paxyHKH ABOCTYIIEHEBOI CXeMa BUXPOBOTO
KOMIIpECOpa 3 MEHIIMMHU JdiaMeTpaMu poOOYMX KOJIC 3 METOK 3HIDKCHHS
MacorabapuTHUX MOKa3HHKIB, & TAKOX PO3paxyHKH XapaKTepHCTHK KOMIIPECopa.

Crucok Jitepatypu
1 C.M. Banees, B.C. Mapuunkosckuii, B.I1. Ilapadeitank, B.H. Ceprees
CocrosiHME pa3BUTHS U 00JaCTH NPUMEHEHHUS! BUXPEBBIX KoMIIpeccopoB // Tpy sl
XII MHTK no xommpeccopoctpoernto. — Cymu, 2004. — T.I: "Kommpeccopras
TexHUKa 1 mHeBMaTnka B X XI Beke" — C. 231-243.
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3AJIEXXHICTH KOJIOBOI'O KKJI CTPYMUHHO-PEAKTHUBHOI TYPBIHU
BIJI HABEJIEHOI KOJIOBOI IIBUKOCTI POBOYOI'O KOJIECA

Pooumuenko T. C., acn. ep. ACIImex-8.1; Banees C. M., 3as. kagp. TT®, CymAY,
Mipownuuenko O. 1. nposionuil indicenep-KoOHCmpYKmop,
AT « CMHBO — IHDKHHIPUHT », m. Cymu

Ha cywyacHoMy erami pO3BHTKY CYCHUIBCTBA, MOTpeda B paliOHaJIbHOMY
BUKOPDHCTaHHI EHEPreTUYHUX pecypciB BCi€l IUIAHETH BiIUyBa€TbCS OCOOIMBO
roctpo. JlouibHUM NUISIXOM BHUPIMIEHHS Takoi 3afadi € yTWIi3alliss BTOPHHHHUX
EHepropecypcis. 3a JOMOMOTOK TYpOOTeHEPATOPHUX YCTAHOBOK MOXKHA 3MIHCHUTH
3MEHIICHHS THCKY Ta yTHJII3yBaTH IIOTCHIaJbHY CHEPril0 HaJJIMIIKOBOTO THCKY
ra3y abo mapwu 11 BUpOOHHIITBA eIEKTPUIHOT eHepril.

Taki ycTaHOBKM MOXYTb CTBOPIOBATHCS Ha 0a3i CTPYMHHHO—PEaKTHBHOI
Typ6ian (CPT). 3amauero MOCHIMKECHHS € OLIHKA BIUIMBY HaBEIEHOI KOJOBOI
MBHIKOCTI pob6odoro koneca Ha komoBuit KK CPT. Otpumannii nieit koedimieHT
KOPHCHOI il A7 CTPYMHUHHO-PEAKTHUBHOI TYpOiHH B 3aJI€KHOCTI BiJ HaBeICHOI
KOJIOBOT MIBUAKOCTI poOOYOro KoJieca Mpu TUCKY Ha BXOJIi B MiABiAHE comuio 2, 4, 6
ta 10 MIla Ha po3paxyHKOBOMY pEXUMi poOOTH (TIpH CTENEHI HEPO3pPaxXyHKOBOCTI
S = 1) 6e3 ypaxysanus pisuumi mix mBuakoctsiMa (Wep.r.= Ccp.1.n1=0.) Ta 3
ypaxyBaHHaM pisaui Mix msuakoctsmu (Wep.t.> Cep.1.1=0).

Hwxue npencranenuit rpadik 3anexuocti kojaooro KKJI Bix HaBeaeHol
OKpYXHOI IIBHIKOCTI poOOYOro Kojieca Ha PO3PaxyHKOBOMY pexuMi poOoTH 3
ypaxyBaHHSIM Pi3HHII MK IIBUIKOCTSAMH Ta TPH KOSIIIEHTI BUTOKY Olgur =0,1.

u = T
Tl Pn=10 MIa| lm
06

/0-’_\-1\

05 =
04 / IPn=2 Ml'la[

03 / ] Pn=4M_na}
02

0.1 /

1]

0 02 04 [} 08 1 U

Pucynok 1 — 3anescnicmo konoeozo KK/ CPT na po3paxynkogomy pesscumi
pobomu npu muckax na 6xo0i 2,4,6,10 MIIA 6i0 nagedenoi k010801 wieuoxocmi
Ppobouozo Koreca

I3 BUKOHAHUX JOCITIKEHB 3pO3YMIJIO, IO MPH 30UTBIIICHH] TUCKY Ha BXOJi B
niasinue comto KKJ typ6ian 30impmryerscst a ontumyM o KKJI 3Mmimryerscs B
CTOpPOHY 30UTBIIEHHS HAaBEIEHOI KOJOBOI IIBMAKOCTI poOOYOro kojeca Ha
po3paxyHKOBOMY pexuMi pobotn. Ha pospaxyHkoBomy pexuMmi pobotn 3
ypaxyBaHHAM pi3Huni Mk mBuakoctssmu Wep.1.> Cep.1.n=0 Ta 3 ypaxyBaHHIM
Koe(illieHTa BUTOKY Ogir=0,1 MakcumaibHe 3HaueHHs konosuii KK/ HabyBae 61m3bK0
58 % npu TrcKy Ha Bxogi 10MIla ta 6mmzeko 50 % npu Trcky Ha Bxoai 2 MIla (puc.1).
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PE3YJIbTATH JOCJIIXEHHS TYPEOTEHEPATOPA 3 [IEPU®EPIITHO-
BIYHNM KAHAIJIOM V¥ BE3PO3MIPHUX KOMIIVIEKCAX

Banees C. M., 3a8. kagp. TT®.; Cmonenxo /. B., acn., CymAY, m. Cymu;
bapan B. B., euxnaoau, [[pocodbuyvkuii konedic nagpmu i 2azy, m. [poeodouy

BuxopucraHHs KpUTepiaTbHAX KOMIUIEKCIB TIPH AOCIHIIKEHHIX € HE TUIBKA
3pydYHUM, aie i HeoOXigHrM. BoHM npeacTaBisIIoTh cO00K0 KOMIUIEKCH PO3MIPHHUX
BEJIMYMH, CKJIAACHUX TAKUM YHHOM, III0 HE MAaOTh BJIACHOI PO3MIpHOCTI. 3aBAsSKA
IIBOMY CTa€ MOJMJIMBAM OUTBII INBUAKE MOJCIIOBAaHHS CKIAJHHUX MPOIECiB y
crpoleHii ¢popmi. Y pizHUX cdepax HayKOBHX JOCIHIKEHb IepeBara BiJIa€ThCs
BUKOPDHCTAHHIO KOHKPETHMX O€3pO3MIPHMX KOMIUIEKCIB JUIS  BIJIyYHILIOTO
BiZoOpaxeHHsI crenu(iyHOCTI TEMATHKH.

Jns BUXPOBUX pO3UIMPIOBAJBHUX MAalllMH HAaWYacTille 3aCTOCOBYIOThH
HACTYIHI KpUTEpialbHi KOMIUIGKCH: NpUBEAEHA KOJOBAa IIBUAKICTH U
BUKOPHCTOBYETBCS ISl  XapaKTEPUCTHKH OOOPOTHOCTI Ta HaBaHTAXKECHOCTI;
KOe(IliEHT IBUAKOXIAHOCTI (MIpHBe/ieHa yacToTa 00epTaHHs) Ns Ta MPUBEACHUN
niamerp Ds onmucyroTh KOJOBY IIBHJIKICTB 1 AiameTp poOoYoro Kosieca MaridHH,
4yepe3 Ky IpOXOJUTh OJWHMYHA 00'eMHa BUTpaTa Ta BHKOPUCTOBYETHCS
ONVHWYHUIA Tepenan eHTaibhid; koedimieHT Butpatn @ BigoOpakae
NPOAYKTUBHICTh ~ MallMHHU; KOE(DILIEHT KOMIUIEKCHOI IOTYKHOCTI  Nyoymn
YTBOPIOETHCS 3 BEJIMUWH, 3alaHUX y BUXIJAHUX JAHUX PO3PaXyHKY, TOMY JaHHN
KpUTEpi CIyrye [UIS OLIHKA OCHOBHUX TIapaMeTpiB Ta ePEeKTHBHOCTI
PO3LIMPIOBANBEHOI MAIIMHY Ha MTOYATKOBIN CTajii MPOEKTyBaHHS.

[IpuBeneHa KoJI0Ba MIBHAKICTH, KOS(DIIIEHT MIBUIKOXITHOCTI Ta KOSQIIiEHT
BUTPATH YCIIIIIHO BUKOPUCTOBYIOTBCS SIK KPUTEpil MOMIOHOCTI A PO3paxyHKiB,
MOJICTIOBaHHSI Ta MOPIBHAHHA PI3HUX THIIB PO3MIMPIOBAIBHUX MAIINH.

3BaalouM Ha T[epeBard 3acTOCYBaHHS OE3pO3MIPHHX KOMIUIEKCIB,
pe3yJbTaTH eKCIEPUMEHTAJIBHOTO JIOCIHIKeHHSI TypOoreHepatopa Ha OCHOBI
JIBOKQHAJIbHOI 4OTUPBLOXIIOTOKOBOI BHMXPOBOI PO3LIMPIOBAJIBHOI MAIIMHU 3
nepudepiiHO-0IYHUM KaHAJIOM OINpPAlbOBYBAINUCH 13 3aCTOCYBAaHHSIM BHILE
BKa3aHHUX KPHUTEPIiB.

Ha ocHoBi oTpuMaHuX pe3ynbTariB Oyiu noOyaoBaHi rpadiuHi 3a1eXHOCTI
KK]I TypOiHu BiJ MPUBEICHOI KOJIOBOI IIBUAKOCTI UTta KoedilieHTa KOMIUIEKCHOT
MOTY>XKHOCTI Nyownn, Tpagik MpUBEIEHO! YaCTOTH OOEPTaHHSA Ns Ta MPHUBEICHOTO
niamerpa Ds, 3anexnicts KK/ Bix koedimienta Butpatu @o.

O6mnacTi pamioHaJIFHOTO BUKOPUCTAHHS BUXPOBHX PO3IMIHPIOBAIEHIX MAIIHH
B JJaHWH Yac BCE IIe JOTOBHIOIOTHCS Yepe3 BapiaTHBHICTh MPOTOYHUX YACTHH Ta iX
BITHOCHO HEBHCOKHII piBeHb JOCHiKeHOCTi. ToMy Tmome pe3ynbTartiB
excrepumenTty B miamazoHi KK/ 15 - 25% Oyno maneceHo Ha icHyrouy ns, Ds —
niarpamy. Buxposi TypOiHM 3 mnepudepiiiHO-01YHMM KaHajoM MaroTh HIDKYI
yacToTH oOepTaHHA 1 pO3MIlIeHI JiBilIe Ta BHIIE OO0JNACTI pamiaTbHHUX
PO3LIMPIOBAIEHUX MAIIMH, aje HIKYEe 3a HAsABHI Ha JaiarpaMi pe3yibTaTd Ui
BUXPOBHX TYpOiH 13 30BHIIIHIM NepH(epiiHIM KaHAIIOM.
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BU3HAUYEHHSA PEXKUMHUX ITAPAMETPIB ITPOLIECY
JIbOJJOYTBOPEHHA JIJIA IHITYYHOTI'O JIBOJSHOI'O KATKY

ApcenneB B. M., npod. kad. TTD; Konecuux H. C., ctyn. rp. X.m-01;
JleonskoB I'. A., ctya. rp. XK-71/2X, Cym7Y, M. Cymu

I'moGaspHa TeHCHIISA 1O BHCHAKEHHS NAJMBHO-SHEPTETHYHUX PECYPCIB Ta
€KOJIOTiYHI TpPOOJEeMH CTHMYIIOIOTH HEOOXiHICTh TOMIYKY 1 BIIPOBAKCHHS
ANbTEPHATHBHUX DIIlICHb HA OCHOBI BiJIHOBIIIOBAaHUX EKOJOTIYHO YHCTHX JKEpel
eHeprii.

OmHOAM i3 TEpCHeKTUBHUX pIlIeHb B IIbOMY HANPSIMKYy € CTBOPEHHS
QIPTEPHATHUBHUX  KJIIMAaTHYHUX CHCTEM Ha OCHOBI  TEPMOKOMIIpECiHHOI
TpaHchopMallii HU3bKOMOTEHIIHHUX TeIIOBUX IMOTOKIB 3 BUKOPUCTAHHSIM COHSYHOT
eHeprii. Y 7aHOMY BHUIIaJIKy MalOThCsl Ha yBa3l HACTYIHI BUAM KIIIMaTHYHHUX CUCTEM:

—  TEIUIOBUKOPHCTOBYIOYI TEIUIOBI HACOCH JUIi CHUCTEM rapsioro
BOJIOTIOCTaYaHHsI Ta OIAJICHHS;

— TEIUIOBUKOPHCTOBYOU1 XOJIOAMIBbHI MAIIUHU /7Sl CHCTEM KOHJULIIFOBaHHS
nositpst (CKID);

— TEIUIOBHUKOPUCTOBYIOUI XOJIOJIMIbHI MAIIMHM JJISI YCTAaHOBOK TeHeparii
XOJIOy Ha ABOX a00 TPhOX TEMIEPAaTypHUX PiBHSX.

Y manuii 4ac y paMKax BUKOHaHHS PI3HUX IIPOTPaM IO COHSYHUN EHEepPreTUIi
HalOubIa yBara mpuzinsgerscst crBopeHHio CKII 3 BHKOpHCTaHHSAM COHSYHHX
kosrektopiB. Lle obymoBiero tuM, mo CKII € omHMM i3 TOJOBHUX CIIOKHBAdiB
eJIEKTPUYHOI eHeprii, 0cO0IMBO B KpaiHaX 3 pO3BHHEHOI eKOHOMIKOIO (110 10...15%
Big 3aranbHoro piBHst). Jpyruii acnekr — B CKII maroTe Micue BiTHOCHO HU3BKI
intepBaiu nepenocy temwnortd (Bix 1..10°C mo 30..35°C), mo winkom
3a0e3Meuy€eThes rejliOCHCTEMORO 3 HarpiBoM TeruioHocis 1o 60...70°C.

Jisi  COHSIYHMX — aJbTEPHATHBHHUX XOJOAMIBHBIX CHUCTEM HEOOXiJHO
nepeadavyBaTH TEIUIOAKYMYJISIIiF0 a00 JOJATKOBHH HArpiB y Tra3oBHX 4YH
eJleKTpoOoitiepax U KOMIEH calii IPUPOJHUX KOJIMBAHb COHSYHOI aKTHBHOCTI.

Y mpoMy BHUTAIKy CTAalOTh JOUUIBHAMHU ()OPMYBATH CXEMHI DIllICHHS Ha
IUKJIaX 3 BHKOPHCTaHHS NapoBoi Ta aBOX(a3HOI CTPyMEHEBOi KOMIIpecil
(exxexTopiB).

BukoHanuii aHaini3 pi3HUX THIIB TEIUIOBUKOPHUCTOBYIOUMX XOJOAWJIBHHUX
MaIliH 3 TeJIiOCHCTeMaMH II0Ka3aB, IO IAPOEKEKTOPHI MAaioTh OiJbII BHCOKI
MOKAa3HUKH €Heproe(eKTHBHOCTI, HiXK COpOIiiiHI Ha aHAJOT{YHUX yMOBax poboTH,
0COOJIMBO /IJIs1 pSKUMIB OTPUMAHHS X0JIOAY Ha ABOX PiBHIX.
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HIABUINEHHA EOEKTUBHOCTI TEIINIOHACOCHUX YCTAHOBOK
IJIAXOM 3ACTOCYBAHHSA IBO®A3ZHNX CTPYMUHHUX AITAPATIB

Llapanos C. O., kano. mexH. nayk, cm. suki. kag. TTD;
Chicapenko /1. O., cmyo. ep. X.m-01, CymY, m. Cymu

OpHi€l0 3 OCHOBHHX IPOOJIEM, IO BUPILIYETHCS CBITOBOIO CIIIBHOTOIO Ha
el gac, € eHeprozoepeskeHHs. OTHOYACHO Peati3yloThCs IBI METH — 30epeKeHHS
HEBITHOBIIIOBAaHUX €HEPrOPECYPCiB 1 CKOPOUESHHSI IKIUIMBUX BUKHIIB B aTMOChEpy
MPOAYKTIB 3TOPSHHA, IO €, 30KpeMa, OCHOBHUM (aKTOpOM TIJI00AIBHOTO
noterutiHHA. OJHMM i3 HaWBaKIMBIIIMX HaNpsMIB BUPIIICHHS 3a3HA4YeHOl
po0JIeMHA € BUKOPUCTAHHS €HePro30epekKHNX TEXHOJIOTIH Ha OCHOBI BUKOPHCTAHHS
TEIJIOBUX HACOCIB.

TemnoBi HacocW, 3AIMCHIOIOYHM 3BOPOTHHHA TEPMOAWHAMIYHUEN IMKI Ha
HU3bKOKHUIUISAYIA poOOUiil pevyoBHHI, YTHII3yIOTh HU3BKOIOTCHLIHHY TEIUIOTY
MPHUPOAHUX, TEXHOJIOTIYHHX 1 MOOYTOBUX [IKepel Ta TpaHC(HOPMYIOTh i Ha OUIThII
BUCOKHI TeMIIepaTypHUil piBeHb. [0 TOTO X NMEpBUHHOI €HEprii BUTPAYaEThCI Y
1,2-2,3 pa3u MeHIIIe HiXK Y pa3i MPsIMOTO CTIATIOBAHHS TTaJIUBA.

CydacHi TemIOBI HAacoCH € JOCHTh BHCOKOC(DEKTUBHUMH Ta IIf
e(eKTUBHICTh, MEPEryCciM, 3aJEXKHUTh BiJl XapaKTEPUCTHK TEIUIOBHUX IDKEpel, II0
OepyTh ydacThb y TepMmoTpaHchopmaliii. A came Big TEMIIEpaTypHOro pPiBHs
HarpiBaHHS CEpEIOBHUINA CIIO’KMBayYa TEIUIOBOTO HABAHTa)KEHHS 1 BiJ TeMIlepaTypu
HaJIXOJDKEHHS YTHIII30BaHOTO HU3bKOIIOTEHIIAIbHOTO CEPEeIOBHIIIA.

VY nasiif poOOTi JOCTIIHKEHO MOKINBICTh 3aCTOCYBAaHHS BOJHU K JCTICBOTO
Ta JOCTYIHOIO XOJOAOHOCisA. I[loka3aHo, IO BHKOPHUCTAHHS BOAM B SIKOCTI
XOJIOI0Ar€HTY ~ aBTOMATHYHO MNPU3BOJAUTH 10 POOOYMX THCKIB  HIDKYE
atMocepHOro, MmO 1 peagi30BaHO B  TEIUIOHACOCHUX  YCTAaHOBKax 3
MapOCTPYMHUHHUMH BaKyyMHHMH HacocaMy. MeTOI0 JaHOTO JTOCIIIKEHHS € OliHKa
e(eKTUBHOCTI 3aCTOCYBaHHS PIJAMHHO-NIAPOBOrO E€XKEKTopa Ha pobodomy
cepenoBuii R718 y ckmazi TemIoBOro Hacoca sl CHCTEMH OTIAICHHS.

VY pesyiabrari Oyno BHSBJICHO, LIO 3aCTOCYBAaHHS PiIMHHO-TIAPOBOTO
©XKEKTOpa, KA MpaIoe 32 MPUHIMIIOM CTPYMHHHOI TEPMOKOMIIpECii, 1a€ 3Mory
MIABUIIUTHA KOE(DILIEHT MEepPEeTBOPEHHS LMKy TEIJIOBOIO HACOCy IOPIBHSIHO 3
TpaauIifHUMK aHanoraMu B cepenHboMy Ha 10 %. Exceprernyna eexTHBHICTH
HOBOTO YCTaTKyBaHHs cTaHOBUTH 0,391, 110 B cepeqHbOMY y 2 pa3u BHUILE, HIXK Y
TpaauuiiiHux. Ile nocsraeThes NUISIXOM MEpexoay Ha HOBi po0odYi mapaMmeTpu B
IUKJI, II0 MPHU3BOJUTH JO 3MEHIICHHS TEIUIOBUX HaBaHTaKeHb Ha arapaTw,
3HIKEHHS eKCeprii MOTOKY ManBa 1 MigBUIIECHHS 3araJIbHOi e()eKTHBHOCTI.

VY pe3ysnbTari TEpMOEKOHOMIYHOTO aHali3y BU3HAYEHO 3arajibHy BapTiCTh
MaJiiBa Ta MATOMY BapTICTh OJUHMII NPOAYKTY y HOBiil Ta TpaAWLiHHUX cXemax
TEIJIOHACOCHUX YCTaHOBOK. 3actocyBaHHs PIIE nmae 3mory 3meHIIWTH 3arajibHy
BapTICTh NAJIMBA B cepenHboMy Ha 123,09 y. 0. Ha piK, 1 SMEHIITUTH MHTOMY BapTiCTh
OJMHUIIl TIPOAYKTY B cepeaHboMy Ha 15,5 % 0e3 ypaxyBaHHS BHTpaT Ha
XOJIOZ0ATeHT y TPAIUIIIHNX CXeMaX.
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[OPIBHAJIBHUM AHAJII3 CXEM ITIJIBEJIEHHS [A3Y
J10 POTOPA CTPYMEHEBO-PEAKTHUBHOI TYPBIHU

Banees C. M., 3a6. kagp. TT®; Pooumuenxo T. C., acn., Cym/V;
Mipownuyenxo O. 1., npogionuii inacenep-koncmpykmop, AT « CMHBO —
TH)KUHIPUHT »; Mipownuuenko /. B. naykosuil cnigpoOimuux,
TOB «HBII « APMA-T», m. Cymu

Y NOpOMHCIIOBOCTI YacTO BHKOPHCTOBYIOTh TYpOiHHI NPUBOIM Mol
noTy>kHOCTi. Ceplio3HIM KOHKYPEHTOM JIONATEeBUM TypOiHAM Mayioi HOTYXHOCTI €
ctpymuHo-peaktBHa TypOiHa (CPT). CPT Bosomi€ TaKUMHU SKOCTSIMH SIK: TPOCTOTA
KOHCTPYKIIii, TEXHOJIOTIYHICTh BUTOTOBJICHHS, BIJIHOCHA JICIICBU3HA, HAMIMHICTh B
excrutyararii [1,2,3,4,5].

Y CPT BinOyBaeThcs EpETBOPEHHS MOTEHIIIHHOT €Hepril CTUCHEHOTO ra3y B
KIHETUYHY €HEpril0 HaJ3BYKOBOI'O CTPyMEHs, IO BHTIKAae 3 TSAroBoro coruia. B
Pe3yJIbTaTi yTBOPIOETHCS PEaKTUBHA CHJIA HAa TSTOBOMY COILII (COIUIaX ) 1 BIAMOBIAHO
KPYTHUII MOMEHT Ha Baiy TypOinu. [Ipouec mepeTBopeHHs! MOTeHLINHHOI eHepril
poboYoro Tima B KIHETWYHY EHEPTiI0 CTPYMEHS € OCHOBHHM 1 BiIOYBa€eTbcs B
TsaroBoMy cornti. [Ipu meomy KKJI TypOiHM B LUTOMY 3pOCTa€e 3 pOCTOM THCKY 1
TeMIIepaTypy poOOYOro Tija mepes TATOBUM COIUIOM. Y 3B'SI3KY 3 MM IIiJIBEICHHS
pobodoro Tima 10 TATOBOTO COIUIA HMOBHHHO 3MIHCHIOBATHCS 3 HailMEHIINMHU
BTpaTaMH.

Juns BuzHaueHHsA onTuMainbHOI KoHCTpykmii CPT Oy mpoBenenwmit
MOPIBHSUTBHUM aHAJII3 CXEM MiJBEICHH ra3y J0 poTopa qaHux TypOid. s aHaizy
OyJiu BUIIUIEH] JIBI OCHOBHI cXeMH. Y TepIIiii cxemi BUTpara rady BH3HAYAETHCS
nepepizoM TATOBOTO CoIuia poTtopa. Y Ipyriii cxemi BUTpara rasy BH3HAYa€ThCS
nepepizoM IiBITHOr0 HEPYXOMOT'O COILIA.

Koseco CernepoBo i Typ6iHa JlaBayis € momepenuukamu cydacaux CPT i
KOHCTPYKTUBHO BHKOHaHI 3a MEpIIO0 cxeMow. Poboue TiIO MiIBOIUTHCS 1O
CEeTHEepOBa KoJieca B TpyOi Mo oci oOepTaHHs, 32 KIHEMaTHYHOIO CTPYKTYPOIO - 1Ie
paianbHO-0ChOBa TypOiHHA CTYMiHB BimuentpoBoro tumy [1,5]. KonctpykruBHa
npobyiemMa MiBEACHHS ra3y B POTOp 3a IEPIIOI0 CXEMOIO MNOJATaE B TOMY, IO
3BHYAHI KOHTaKTHi 200 JIA0ipHHTOBI YIIUTBFHEHHS CXWIBHI IO 3HOCY 1 3a0pyIHEHHS
1 IOIyCKaIOTh BEUKUI BUTIK Ta3y, 3Ha4HO 3HIKyr0un KK/ TypOinu.

VYV apyriii cxemi [2,3,4] ras migBoauThCA MO OCI Bajia 3a JOMOMOIOKO
MiJBITHOTO HEPYXOMOT'O COIUIA, SIKe MOXKE OyTH peryJibOBaHUM, PO3TAllIOBAHUM 3
JIOCHTh BEJHMKHM OCHOBHMM 3a30pOM II0 BIJHOLICHHIO IO BXIIHOIO TOPIS Baly
poropa (1o 0,5-0,7 Mm). SIKII0 BiTHOIIEHHS THCKIB HA TypOiHI HAAKPHUTHUYHE, TO Ha
BUXOAI 3 MIiABIZHOTO COIUIA YTBOPIOETHCA HEJOPO3IIMPEHUHA HAJI3BYKOBHHA
CTPYMiHb, SIKHH, PO3LIMPIOIOYHCH, BXOAUTh B LWIIHIPUYHY 4YacCTHHA BTYJIKH-
mudys3opa, HepeKpUBalOYM 3a30p MK CTaTOPHOIO 1 POTOPHOIO YaCTHMHAMH 1
MPaKTHYHO, BUKJIIOYA€ BUTOKM B 3a30p (CaOKi XBHIII THCKY HE MOXYTb IPOWUTH
MPOTH HA/A3BYKOBOT'O MOTOKY). Y HHMJIIHAPUYHOI YaCTHHH OCHOBOTO KaHAJy IOTIK
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MEPEXOJNTh Yepe3 CTPUOOK VINIIBHEHHS Ha J03BYKOBY MIBHIKICTb, IMOTIM B
Jmudy30pi, po3TanioBaHOMY Hicis LMIITHAPUYHOTO KaHaITy, TOTIK FaJIbMY€ThCS 1 i
PpYyXa€eThes 10 TPAKTY 3 HEBEJIMKOIO IBHUJIKICTIO 10 TATOBOT'O COILIA, 3 SIKOTO BUTIKA€e
31 3ByKOBOI a00 HAJ3BYKOBOK MIBUAKICTIO. Take mimBeACHHS poOOYOro Tija
JIO3BOJISIE HE BUKOPHCTOBYBAaTH CKIaJHI YIIJIBHEHHS 3a30py MDK CTatopoMm i
pOTOpPOM, 3HAYHO 3MCHIIUTH BUTOKH i, BimmoBigHO, 30impmuTe KK]I TypOinu, a
TaKOX 30UIBIIUTH HaXifHICTE poOOTH TypOiHM, IO [Ja€ MOMIUBICTH
BukopucTtoByBat CPT B IKOCTI BHKOHABYOTO IIPUCTPOIO B Pi3HUX TypOoarperarax,
aJe moTpiOHO MpaBWIIbHE BU3HAYCHHS CITiBBiTHOIIICHHS IDIOMNI KPUTHIHUX TIepepiziB
IMABIAHOIO Ta TATOBOT'O COIIE.

B pesynbraTi poboTn Oynu mpoaHaizoBaHi KOHCTPYKTHBHI BUKOHAHHS CXEM
HiBeeHHs rasy 1O poTopa , BU3HAYEHO BIUIMB cxeMu minseneHHs Ha KKJI i
ocHoBHI napamerpu CPT, BU3HaueHi OCHOBHI NepeBaru Ta HEIOMIKH PO3IIISHY THX
CXEM.

Crcoxk Jiiteparypu

1. Kupuminos U. U. Teopus typoomammms. [Ipumeps! u 3agaun / Kupnios
W. ., Kupumnos A. U. // — JI.: MammuocTpoerue, 1974 — 320 c.

2. C.M. BaneeB, C.K. KopomeB, A.C. bepexnoii, B.B.TIerano.
HccnenoBanue cTpyiHO-peakTuBHOTO TypOoxeranaepa // KommpeccopHoe u
sHepreTudeckoe MamumHocTpoerne. — 2011. - Ned. - C. 33-40.

3. Bepexnoit A.C. CoBepiieHCTBOBaHHE Pab0OUNX XapaKTEPUCTHK CTPYHHO-
PEaKTHBHOTO MTHEBMOArperara Ha OCHOBE YTOUYHEHHs MOJIeNTH paboyero mporecca:
JUccepT. HAa COWUCKAHHE y4. CTENEeHM KaHA. TexH. Hayk: cmen. 05.05.17 —
TUIpaBIMYECKUE MAIINHBI M THAPOITHEBMOArPeraT, Hayd. pyK. K.T.H., 101l. Baneen
CM. / bepexnoit Aunekcanap CepreeBuu; CyMCKHH ToCyAapCTBEHHBIN
yausepcuteT. — Cymsl, 2014. — 157 c.

4. Teramo B. B. CoBepIiieHCTBOBaHNE CHCTEM PEAYLHUPOBAHUS JABICHUS
MyTeM HNPUMEHEHHUS! CTPYHHO-PEaKTHBHBIX ITHEBMOArpEeraToB: JHCCEpTalus Ha
COMCKaHWe Yy4Y. CTENeHU KaHJ. TexH. Hayk: creu. 05.05.17 — rugpaBinueckue
MAaIllMHBI ¥ THIPOIMHEBMOArperaTy, Hayd. pykK. K.T.H., noi. BaneeB C.M. / I'erano
Buxrop BanepreBuu, Cymckuil rocyaapcTBeHHblid yHuBepcurer. — Cymsl, 2014. —
150 c.

5. CvmpHoB M.B. besnomatounsle [EHTPOOEKHBIE CTYyNEHH IS
TypOOAeTaHIEePOB Majiol MOITHOCTH: AWCCEPTalMsd Ha COMCKAHWE YY. CTETICHU
KaHA. TexH. Hayk: cmer. 05.04.12 — typObomamuHBl W KOMOMHHpPOBAaHHEIC
TypOOycTaHOBKH, Hayd. pyK. 1.T.H. ®okun I".A. / CmupHOB Makcum Bukroposwy,
Cankr-IlerepOyprckuii  monmTexHuuecknii yHuBepcuteT Iletpa Bemmkoro. —
Cankr-ITerepOypr, 2018. — 161 c.
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EKCITEPUMEHTAJIbHUI TTIOBITPSIHUI COHSAYHUI KOJIEKTOP

I'pomos P. IO. cmyo. ep. XK3-91m.; lenixosa A. 1., cmyo. ep. XK-T1;
Ilpoxonos M. I, cm. euxn. kagh. TT®; lllapanos C. O. cm. euxn. kag. TTD,
CymY, m. Cymu

[ToBiTpsiHMH COHSYHUI KOJIEKTOp BHKOPHUCTOBYE COHSYHY EHEpTilo Ta
HarpiBae MOBITPs, IKE IPOXOIUTH Yepe3 Hporo. Jlaii HarpiTe mMOBIiTPsI HOTPAIUILE 10
nomemkanHs abo 10 eHeproakymyisaropa. /lo mepeBar TakMX KOJEKTOPIB B
TIOPIBHAHHI 3 PITIUHHAMH HaJICKaTh:

- TPOCTOTA Ta HANIHHICTB;

- TepMiH eKCIuTyaTarii 1o 25 pokis;

- He 3aMep3ac€ B XOJIOJHY MOPY POKY;

- MOxe OyTH iHTerpoBaHa B OyAb-iKy ICHYIOUy CHCTEMY ONAJCHHA 1

BEHTHJIALIT,

- HH3bKa cOOIBapTiCTB.
J10o HeZOJTIKIB TAKHUX KOJIEKTOPiB MOXHA BIZIHECTH TOU (DAKT, 1110 KOHCTPYKIIis

BUTpPAYa€ CHEPrito Ha poOOTY BEHTIIIATOPA, TAKAM YHHOM 301IbIIYIOYH BUTPATH HA
eKkcruryaranito cucremu. Konekrop He Moke OyTH OCHOBHOIO CHCTEMOIO OTAJICHHS,
TaK sIK He 3a0e3Meuye MOCTIHHNX XapaKTePUCTHK, SK MIPOTATOM 100U, TaK i IIpH 3MiH1
CE30HIB POKY.

st Toro mo6 3’sCyBaTy Ky TEIUIOBY IMOTYKHICTh MOYKHA B3SITH 3 OJMHHII
noBepxHi kojiekTopa Ha kadenpi TTD CymIY OyB po3pobiacHuUil Ta BUTOTOBICHUI
JOCTITHUI CTeHA, OTPUMaHi Pe3yJIbTaTH Ha Pi3HUX PeXUMax POOOTH BEHTHIATOpPA
Ta 6e3 Hporo. [1ngxom ekcriepeMeHTIB OyJiu OTpUMaHi JjaHi TeMIeparyp Ha BXOJ 1
BUXO/I 3 KOJEKTOpa. 3aJIeKHICTh KITBKOCTI TEIIOTH BATT BiJl PI3HUII TeMIEpaTyp
Ha BXOJli Ta BHXOJlI B KOJIGKTOPI MPOTSArOM CBITJIOBOI'O IHS MpEACTaBlIeHA Ha
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CEKIIA «<EHEPI'O3BEPEKEHHSA
EHEPT'OEMHUX BUPOBHUIITB
(TEXHIYHA TEIVIO®I3UKA)»



EHEPTETUYHUI ITOTEHIIAJI [IPOMUCJIOBOI BEHTUJIALIIL

Mepsaakos FO. C., cm. suxn. kagp. TTD;
Hosiyvkuii /. B., cmyo. ep. Xm-01X, CymAY, m. Cymu

IIpoMucmoBa BEHTHIAMISI — I CYKYIHICTh 3aXOMiB 1 TPHCTPOIB, IO
3a0e3MeuyroTh MiKpOKIIMAaT Ta YUCTOTY MOBITPs Y OYIiBIi, BUAANCHHS HAIAIIKIB
TEIUTOTH, BOJIOTH Ta IHIIUX 3a0pyIHIOIOYMX PEYOBHH, a TAKOXK PO3PaxyHKOBHI
MOBITPOOOMIH Y IPUMIIICHHSIX.

[IpoekTyBaHHs cHCTEM BEHTWIIALII BUMAarae CyBOpOro JOTPHMAaHHS YCixX
Jiep>KaBHHUX OyIBEIbHUX HOPM Ta IPaBHJI, BiIIIOBIIHO 710 NPU3HAYCHHS BEHTHIIALII.

CaniTapHO-Tiri€eHiYHe MPU3HAYeHH BEHTHJISILIT ITOJISTae y MATPUMIL CTaHy
MOBITPSIHOTO CEPEOBHUIINA IUISIXOM aCHUMIIANIT Ha/UIMIIKIB Teruia 1 Bosord. OKpim
CaHITAPHO-TITIEHIYHUX BUMOT JIO IPOCKTYBaHHS BEHTHIALII Tpen’ sSBISIOTH
TEXHIYHI BUMOTH i3 3a0e3MeUeHHS YUCTOTH, BOJIOTOCTI 1 MIBUIKOCTI PyXy MOBITPA,
3aJISKHO BiZl 0COOIMBOCTEN TEXHOJIOTIYHOTO MPOLECY.

[lpomuciioBi  BEHTWIALHI  BOJONIIOTP  3HAYHMM  CHEPreTHYHUM
NOTEHLIAIOM, MPU LEOMY, 3a3BHYaif, HAaJUIMIIKOBE IOBITPS CHUCTEM BEHTHIIALIH
CKUAAEThCS 1O aTMmocdepu. HalOimpmm axTyanpHOIO NPOOIEMOI0 JaHOTO
HampaBlieHHA € edekTHBHe 30epeKeHHS Ta BHUKOPUCTAHHS CHEPreTHYHOTO
NOTEHLay HAJUIMIIKOBOTO TIOBITPSI CHUCTEM BEHTWIALIH y TEXHOJIOTIYHUX
ycraHoBKax. [yl BTOPMHHOTO BHKOPUCTaHHS €HEprii MOBITPs, L0 CKHIAETHCS
CHCTEMOIO BEHTHJIAIIIT 10 aTMOC(epr, BAKOPUCTOBYIOTh TEIUIOY THITI3aTOPH.

OCHOBHI BHJIY TEIJIOY THITI3aTOPIB!
1. TlmactundvacTi (MepexpecHi) TemIo0OMiHHHKH.
PotopHi pekynepartopu.
3. Pekymeparopu 3 NPOMIKHHM TEIJIOHOCIEM (HaldvacTimie SIK MPOMIXKHUI
TEIUIOHOCIH BUKOPHCTOBYIOTH BOJHO-TJIIKONICBHIA PO3YHH).

>

BrpoBamkeHHS  TEIUIOYTHII3aTOPIB Yy [JiF0Yi  CHCTEMH IPOMHCIOBUX
BEHTWIJIALIA [JI03BOJISIE 3MEHIIMTH EKOHOMIYHI BHMTpaTH Ha OIAJICHHS, raps4e
BOJIOTIOCTa4YaHHsI, KOHJMIIIOBAaHHS MOBITPS TOIIO 3a PaxyHOK paliOHAJIBHOTO
BUKOPHCTAHHSI BTOPUHHUX E€HEPTeTHYHUX PECYPCIB, SKUMH BOJIOJIE HAIIHIIKOBE
BEHTHJISIIIITHE MTOBITPSL.

Crncox miteparypu
1. KopmokoB M. 1. OIliHKa €HEpProcroXXHBaHHSI CHCTEM BEHTWIALII Ta
KoHaumionyBanHst moBiTpst /M. I. KopatokoB // BeHtwisiuisi, OCBIiTIeHHS Ta
Terutorazonocradanss : HaykoBo-rexuiunuii 30ipauk. — 2016. — Bum. 20. — C. 46-53.
2. PockoBmenko FO.K.. Temorasonocrayanss i BeHTWw LIS : HaBd. nocio0. / FO.K.
Pockosmrenko, M.B. Crenanos. — K.: IBHBKII «Ykpremiorex», 2008. — 258 c.
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IMOPIBHSUTbHMI EKCEPTETUYHUN AHAJII3 YCTAHOBOK
3 BUPOBHULITBA ITOPUCTOI AMIAYHOI CEJIITPU

Jlesuenko /1. O., kano. mexu. Hayk, doyeum; Manowcapos A. C., acn. kagh. TT®,
CymY, m. Cymu

VY mesxux mporecax XiMigHHX yCTaHOBOK €HEpTis sl BUPOOHUIITBA TEIUIa,
€JICKTPOEHEPTil i CHPOBHHM MOXE CTAaHOBUTH 10 85% BHpOOHMUMX BUTpAT [1], 1m10
J03BOJISIE TOBOPUTH PO EHEPreTHYHY e(eKTUBHICTB 5K PO BaXKIMBY CKIIAZIOBY IPH
MMPOEKTYBaHHI XIMIYHUX yCTAaHOBOK. AHaji3, MpoBeneHUH B poOoTi [2] mo3BonuB
BUAUTUTH TaKi iHIMIaTHBHI 3aX0H OO0 MiIBUICHHS EHEPTeTUIHOI e()eKTUBHOCTI:
YIOCKOHAJIEHHS ICHYIOYHMX MpOLECIB; BIPOBa/DKCHHS (KOMepliiaiizamis) HOBUX
IpOIIeCiB; MepepoOKa BiIXOiB;, IHBECTHIN B IOHOBJIIOBaHI JDKepeia CHEpTii;
CTBOPEHHSI MPOAYKIIT, 1110 J03BOJISIE EKOHOMUTH €HEPTiIO0.

Exq,
Exin
Ex,,

EXqq

Exqq

Exy,,

Exgy
EXO Vil

Exy,

Exy v

Exyu

Exy x

Exy i

PucyHoxk 1 — ba3oBuii ekcepreTH4HHUiT KOHTYP TEXHOJIOTIYHOT CXEMHU
TpaHyJIIOBaHHS IIOPUCTOI aMiaqHO CeITpH

| - razonyBku; I - kanopudep; 111 - rpanynstop; IV - OyHkep; V - koMipecop;
VI - macoc; VII - ¢pineTp; VIII - emuicTh; IX - OyHkep; X - Hacoc; XI - eMHICTD 2;
XII - razoxysku; XIII - abcopbep XIV - oxonomkysay; XV — ra3oyBKu

Jlae nocmipKeHHS TPUCBSYECHE BU3HAUCHHIO IOKA3HUKIB €(EeKTHBHOCTI
YCTaHOBKH 3 BHPOOHHIITBA ITOPUCTOI aMiaqHOi CENTpH 3 PI3SHUMH €Hepro- i mMac
YTUII3aI[ifHIMH MOyJIIMHU B TIOPIBHSHHI 3 0a30BOI0 CXeMO0. Bi3HaueHO muIIxu
iABUIICHHS €(EKTHBHOCTI BUKOPUCTAHHS EHEPrOpECypCiB 3a paxXyHOK BKIIOUCHHS
€XKEKTOPHO-yTHITi3aIliHHOTO MOJTyJIs, TEMI0Maco0OMiHHUX amnaparis
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pereHepaTHBHOTO HEMPSIMOTO-BUIIAPHOTO OXOJIOJKECHHS, a TaKOK
cybatMocdepHoro mukiny bpadiToHa. B skocTi MeTomy aHamily BHUKOPHCTAHHIMA
3MIMIAHWHA CKCEPreTUYHUI aHali3, IO JO3BOJSIE OMIHUTH BCI MOTOKH KOHTYpPY
CUCTEMH SK MOTOKH OJHi€i BenWyuHH. L[ITHOBHM mapaMeTpoM sl BH3HAYCHHS
e()eKTHBHOCTI 000X CHUCTEM € BiIHOUICHHS MPOJYKTUBHOCTI YCTAHOBKH JIO BUTPAT
eKceprii Ha BAPOOHUIITBO OJMHUIII Macy IPOAYKTY.

.
|
|
~L
Brm 2>
|
|
B’ >

Biar = >

N
EXay S o>
i
|
Bl £
|
|
B =7 6
n Lz T-\/ E
|
N
= U S—
| "
| a
Ex ~

Pucynoxk 2 — MoaudikoBaHUH eKCepreTHIHUN KOHTYP TEXHOJIOTIYHOT CXEeMH
TpaHyJIIOBaHHS IIOPUCTOI aMiaqHOI CeNiTpHu

| - exxexrop; 11 - HMX 1; 11 - rpanynsitop; IV - HMX 2; V - teniooOMinHuiA
anmapar 1; VI - wmacoc; VII - ¢inetp; VIII - emuicts; IX - Oynkep; X -
cybarmocdepHoro nukiy bpaiitona; Xl - rermmooominamit anapar 2; XII - peakrop-
yrrizaTop; X - temmoodminauk 3; XIV - oxomomkysad; XV - razoayBku; X VI,
XVII - BentrmsaTop; XVII - razonyBku (KoMIpecop).

B pe3ynbTaTi BUKOHAHOTO aHadizy OyJI0 OTPHUMAHO, IO 3aCTOCYBAHHS
BUIIIE3a3HAYCHHUX alapaTiB 1 YCTAHOBOK JO3BOJIMIO IiIBUIIATH €()EeKTHBHICTH
6a3oBoi cxemu Ha 87%.

Cnmcoxk mitepatypu

1 T. Carole, P. Scheihing, L.S. Energy Efficiency and Use in the Chemical
Industry. In Proceedings of the ACEEE proceedings; 2001; pp. 267-275.

2 S. Fawkes, K. Oung, D.T. Best Practices and Case Studies for Industrial
Energy Efficiency Improvement. In Proceedings of the An Introduction for Policy
Makers; 2016; p. 173.
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3ACTOCYBAHHA ATTAPATIB ITOBITPAHOI'O OXOJIO’KEHH B
CUCTEMI KOMITPUMYBAHHA ITPUPOJJTHOI'O T'A3Y

Kim B. T., cmyo. ep. XKou-740p; Menetiuyx C.C, ooy. kag. TT®, Cym/V,
m. Cymu,; anenrox A. 3., suxnaoay, [poeobuybkuil konredxc Hagpmu i 2azy,
M. [pocobuu

CuctemMu CTUCHEHHS IPUPOTHOTO Ta3y B KOMIIPECOPHHUX CTAHIISX, 10 AIFOTh
Ha JIHISX TPAaHCIOPTYBAaHHA IPHPOJAHOTO Tra3y, XapaKTEePU3yIOThCS 3HAYUM
BUAUICHHSIM Teria. OCOOIMBOCTI BUKOPUCTAHHS TEIUIOOOMIHHOTO OOJIaJHAHHS B
JaHUX CHCTEMaxX OOMEXEHO BIJHOCHO BEIUKHMH THUTOMHMH TEIJIOBHUMH
HABaHTA)XCHHSIMH, a TAKOXK BiJICYTHICTIO Y HEOOXITHIN KITbKOCTI MPUPOIHIX JKEPEIT
BOJIM YU IIPOMHCIIOBHX CHCTEM 000POTY Ta OXOJOMKeHH. HalO1mbIn mpuitHATHNM,
y SKOCTI CHCTEMH OXOJIOJUKCHHS 3 TEXHIKO-CKOHOMIYHOI TOYKH 30py, €
3aCTOCYBaHHS allapariB MOBITPSHOTO OXOJIO/DKEHHS 3 BUKOPUCTAaHHSA aTMOC(epHOTro
CepeIOBHUINA K OXOJIOKYIOUOr0 TEIUIOHOCS.

Amnapaty MOBITPSHOTO OXOJOJKEHHS CKIIQNAIOThCS 3 YOTUPHOX OCHOBHHUX
CJIEMEHTIB: TEIUIOOOMIHHI CeKIlil, BEHTWIATOP 3 TMPHBOAOM, TPHIAT (IS
pEryJIOBaHHS TNPOAYKTHBHOCTI IOBITPs, OMOPHHUX KOHCTPYKLiil. OcoOmuBicTh
pPO3paxyHKy TEIUIOOOMIHHHX CeKIii Tmependadae BpaxyBaHHA HAarHITaHHS
OXOJIO/I)KYBAHOTO CEPEAOBHIIA TiJ BUCOKUM THCKOM. TpyOu y TpyOHHX perriTkax
PO3TaMIOBYIOTECS TOPU3OHTANBHO Y YOTHPH, IIICTh a00 BiciM psiniB. BpaxoByroun
BIZITHOCHO HEBHCOKY TEIUIONPOBIIHICTh Ta T'YCTHHY IOBITPSI, 30BHILIHS ITOBEPXHS
TpyO BHUKOHaHa opiOpeHO 3 KoedimieHToM opibpeHHs Bix 9 mo 20. Tpyou mns
CTaH/IapTHU30BAaHMUX anapariB MOBITPSHOTO OXOJIOMKEHHS BUTOTOBISIIOTHCS Y JIBOX
BUKOHAHHSAX: OiMeTaniuHi (BHYTPIIIHS CTaJbHA Ta 30BHIIIHS AMIOMiHIEBA TPyOa) Ta
MOHOMeETaNIYHI (aToMiHieBa TpyOa 3 HakaTHUMHU pebpamu). [1inbip BeHTHIATOPA
noTpedye 0coOIMBOI yBark, TOMy IO MPU 3HAYHO HEBEJIMKHX CTaTHYHUX Haropax
BiH MOBHHEH 3a0e3Me4nTH HEeOoOXiIHYy NMPOAYKTHBHICTH MOBITps. Sk mpaBmio, y
TEIJIOOOMIHHHX anapaTax JaHOTO THUIy BUKOPHCTOBYIOThCS OChOBI BEHTHIISITOPH 3
Jj[iaMeTpOM Bix 0,8 mo 6 M. PerymoBanus HpO}]yKTI/IBHOCTi MOBITPSL J103BOJISE
palioHallbHO BHKOPHUCTOBYBATH €JIEKTPOCHEPTiI0 NPHUBOJly BEHTHJIATOpA Ta
JOCATAEThCS 33 PAXYHOK  BUKOPHCTAHHS JIBOIIBUKICHUX CIIeKTPOABHT Y HiB,
TUIaBHOTO PETYJIIOBaHHS MIBUAKOCTI OOepTaHHSA BEHTWIATOpa abo 3MIHOIO KyTa
MOBOPOTY Jionareil BeHTuisiTopa. He octanHio ponb y Oe3nepeOiiiHiil Ta HaiiHil
poOOTI CHCTEMH OXOIJIOJUKCHHS BiIIrparOTh OIMOPHI KOHCTPYKIIi, Ha SKHX
MOHTYETBCSI anapaTr IOBITPSHOIO OXOJO/KeHHS. KOHCTPYKIIT BHKOHYHOTHCS
MeTaIiYHUMH a00 3a11i300€ TOHHUMH.

B mami poGoTri mpexactaBieHO BapiaTMUBHUM  PO3paxyHOK  IUTOII
TeIIoNepeIaoy0i HOBEPXHI arnapaTy MOBITPSIHOTO OXOJIO/DKEHHS B 3aJI€)KHOCTI BiJl
MPOAYKTHBHOCTI Ta TEIIOMI3MYHUX TapaMeTpiB TNPHPOJHOTO Ta3zy, IO
HarHitaetecst. IlpoBezeHO aHami3 BIUIMBY KoedillieHTy OpIOpeHHS  ITOBEpXHi
OimeramigyHUX TPyO Ha KoedilieHT Temionepeaayi anapary B miiomy. [lomampmmmii
PO3BHTOK poOOTH — 11e (POPMYBaHHS PEKOMEH/IALIH 1010 ONTHMaIbLHOT METOJUKH
PO3paxyHKy anapaTy MOBITPSHOIO OXOJIO/KEHHSI.
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HIABUINEHHA EOEKTUBHOCTI POBOYOI'O COITIA
EJXXEKTOPHO-OYUCHOI YCTAHOBKH

Jlumosuenko B. M., cmyo. ep. Km-01; baea B. M., kano. mexu. Hayk,
cm. uxn. kagp. TT®, CymAY, m. Cymu

[ligBumeHHss BUMOT 1O €HEpPro30epekeHHsS IMOCHIIOE BUMOTH 0 SIKOCTI
IpPOLIECIB NEPEeTBOPEHHS EHEprii B EHEPreTWYHHMX YCTaHOBKax. ExXekTopHe
oOyilafiHaHHS 3HAMIUIO CBOE IIMPOKE 3aCTOCYBaHHS B EXKEKILIMHUX CHCTEMax
OXOJIO[DKEHHS IBUT'YHIB, B MAPOTYPOIHHIX yCTaHOBKAX, B KOHAWIIIOHEpaX i HABITH
B TIIPOCTHX IyJIbBEPU3ATOPaX.

B nanHili poOOTI BUKOHAHO JOCIHIIKEHHS €KEKTOPHO-OUYNCHOT yCTaHOBKH, B
SIKi# B IKOCT1 €KEKTOPa BUKOPUCTOBYEThCS MICKOCTpYiiHe coruio. [likocTpymeHeBa
YHUCTKA BHUKOPHUCTOBYETHCS JUISi OUMIIECHHS IOBEPXOHb pI3HUX Marepialib.
[lpuuoMy,  TeHjeHLis  3acCTOCyBaHHS  HICKOCTPYMHHHHMX  amapartiB 1
MICKOCTPYMHHHHX KaMmep 3a OCTaHHI pOKW 30iibLIyloThesi. B pobGodomy cori
3MILIYIOTHCS JIBA ITOTOKA: a0pa3MBHOIO Marepiayly Ta CTHCHEHOro MoBiTps. Teuis
Yyepe3 COIuIo B AaHii poOOTi HOCIIHKyBaIacss YUCEINBHO Ta EKCIIEPUMEHTAIIBHO.

UncenbHO 1  eKCIEpIMEHTAaTbHO JOCHKYyBaBcI poOoOuHMid  Tporec
IPSIMOTOYHOTO €KEKTOPa 3 OLIHKOI0 HOro KUTBKICHHUX Ta SKICHUX XapaKTEPUCTHUK.
[IpoBeneHa oriHKa PO3MOALTY KOHIIEHTPAIlil KOMIOHEHTIB B BUXITHOMY Iepepisi
exeKkTopa. ba3oBi reoMeTpuyHi mapaMeTpy MPOTOYHOI YaCTHHM JOCIHIIKYBAaHOTO
cornia (eXXeKTopa): BHYTPILIHIH xgiameTp cornia d = 7 MM, HApYKHHU iaMmeTep coria
D = 18 mm, goskuHa cormta | = 22 mMwm.

3a pesyjbpraraMd BUKOHAHUX JIOCHTI/DKEHb IPOBOJIMBCS  IOLIYK OLIbII
paiioHaabHOI reoMeTpii. 3 OTPUMaHUX pe3yJIbTaTiB BHIHA TEHACHIUS OO
301IBIICHHS 3HAYCHHsI KOe(illieHTa BUTPATH MOBITPSAHO-a0pa3UBHOI CyMillli coria
Ta f0ro BUTPATHOT IIBUAKOCTI 31 301JBLIEHHSIM HOTO BHYTPILIHBOTO JiaMeTpy Npu
CTaJMX 3HAYCHHSAX BXIJHUX Ta BUXIAHUX mapamerpiB pl, p2. [Ipu 30inbiieHHs
NPOXiZHOrO MEepeTHHy CcoIula B JABa pas3H, BEIWYMHA BUTPATH dYepe3 HbOTO
30UIBIIyeThCS B 4.5 pa3u. BeraHoBiIeHA BIAMIHHICTH B CTPYKTYpi Tedii poOOYoro
MOTOKY B COIUIAX 3 PI3HMMH 3HAU€HHSAMH BHYTPIIIHBOTO Aiamerpy d=7mMMm Ta
d=20mmM. [Ipu d=7MM MaeMo HiTKy HEpiBHOMIPHICTh TApaMeTPiB TeUil Ha BUXOII 3
COIDTa, 9Oro He BifOyBaeThcs TpH 30uTbImIeHHI mapamerpy d. BcranomieHo, mo
3MEHIIEHHSI JOBXWHU coruia (10 4 MM) TpHU3BENO O MiJBHUIIEHHS IIBHUIKOCTI
OinpIIIe HiX B/ABiYi, 10 B CBOIO Yepry 301IBIINIIO 3HAYESHHS MACOBOI BUTPATH CYMIIIi
Ta KoeirieaTa BUTpaTu cormia. L{e cTBopmiio yMOBH 10 TiIBUIIEHHS €()eKTHBHOCTI
POOOTH €XKEKTOPHO-OYHCHOI YCTAHOBKH, a caMe 4ac 0OpOoOKH KBaJpaTHOTO METpa
MeTay 3MeHIHMBcA B 4,5 pasu 1 cxiamae 2 xBwimHH. [IpoBenena Bepudikamis
pe3yJbTaTiB YHCENILHOTO JIOCI/DKEHHS LUIIXOM TOPIBHSHHS 3 pe3yJibTaTaMu
EKCIIEPUMEHTY.
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MMIABUINEHHA EOEKTUBHOCTI TIABIPUHTHUX YIIIJIbBHEHD
3A PAXYHOK BIIJIUBY HA IX TEOMETPUYHI [TAPAMETPU

Hecmepenxo B. A., cmyoenm ep. XKon-740p; baea B. M., kano. mexu. Hayk,
cm. uxn. kagp. TT®, CymAY, m. Cymu

I[lo mnpu3HAYEHHIO YIIUIPHEHHS JUIATBCS Ha KiHIEBI (YIIUIbHEHHS
XBOCTOBHKIB ~ Bajla) 1 BHYTpilmHI (YIIUJIbHEHHS  NIPOTOYHOI  YaCTHHH:
MiKIiapparMeHTHI, HagOaHZaXXHI, MDKCTyHiH4YaTi, XymMicHi). Y nmaHiii pobori
OCHOBHH{ HATHCK POOWTHCS Ha BHYTPIIIHI YIIUTBHEHHS, TOMY PO3TIINAIOTHCS
TITBKY Ta30Bi (T.3B. “CyXi”) yIIUIbHEHHS, a YIIUTFHEHHS KiHIIEBI i3 3aCTOCYBaHHIM
3aIlipHUX PIAKUX CEpeIOBUIL IIepeOyBaroTh 32 MEXaMH TEMAaTHKU POOOTH.

[TinBuieHHs e(heKTUBHOCTI Ta0IPUHTHUX YIIIJIbHEHD 32 PAXYHOK BILIMBY Ha
iX reomerpuuHi mHapaMeTpd B JaHid poOOTI MOCTIPKYBajJOCs Ha NPHKIAAL
JaOIpUHTHOTO YIIJIBHEHHS IOKPHBHOI'O JIMCKa BIJALEHTPOBOIO KOMIpecopa
HIIIXOM TPOBEACHHS cepii YMCeNbHUX PO3pPaxyHKIB BIANOBITHHUX MOJeNied Ha
PI3HHX pexuMax Horo poOOTH.

Bynu po3paxoBani Mojeni 1abipHHTHUX YIIUIFHEHB, IS IIHOTO MO0y IOBaHA
PO3paxyHKOBa MOZEIH MMPOTOYHOT YACTHHH OCTIKYBaHUX 00'€KTiB. TBepAOTITBHI
Mmozeni crBoproBanucs B CAD-cucremi KOMITAC-3D V12

[TokazaHO YHMCENBPHUM IOCIHIKCHHSIM 1 MiATBEPHKEHO EKCIIEPUMEHTAIBHO
BIUIMB (PI3MYHUX BIIACTUBOCTEH Ta3iB Ha BUTPATHI XapaKTEPUCTHKH JIAOIpUHTHUX
YIIUIBHEHB, SIKi TIPOSBIAIOTHCS THM CHIIBHIIIE, YAM BaXKUe Ias3.

BcTaHOBIEHO HEY3ro/pKeHICTh 3HaueHb Koe(illieHTa BUTPATH 1 BEJIMYMHHU
TEOPETUYHOTO0 BHUTPATH OTPUMAaHUX 3a PI3HUMH (opMmysiaMu 31 3HAYECHHSIMHU
OTPUMAaHUMH B PE3YJIbTATI IPOBEJICHHS YNCICHHUX 1 eKCePUMEHTAIbHHUX JOCIIIiB.
Po30ixHOCTI cKIagaTh 01n3bKo 35%.

BukopucToBYBaBCS eKCIIEpUMEHTAILHUN CTEH/I U1l BU3HAUCHHSI BUTPATHUX
XapaKTEePUCTHUK JIAOIPUHTHUX YIUIUJIbHEHb, SIKMH HEOOXIAHWH Il OTPUMaHHS
3HA4YeHb BEJMYMHU BUTPATH NPOTIKAHHS NPH PI3HUX PESKUMHHX 1 TEOMETPUYHUX
napamerpax. BunpoOysanHs mpoBoamtncs Ha MoaenbHuX p2 = 0,1 MIla i HaTypHHX
p2 = 5,3 MIla ymoBax. Po36ixHOCTI B 3HaueHHAX KoedilieHTiB BUTpaT 10 10%.

PesynbpraTi 4HMCENBHOTO JOCHIIKEHHS IIOKa3ajiH, IO KOXEH 3 CEeMH
JOCIIDKCHUX Ta3iB Ma€ CBOE 3HAYCHHS KOeillieHTa BUTPATH MPH IHIINX PIBHUX
yYMOBaXx, 10 HEOOXiTHO BpaXOBYBaTH.

3a pe3yabTaTamMu €KCIIEPUMEHTATHLHOTO JOCIIKEHHsI TOKa3aHi po301KHOCTI
B 3HAYEHHIX Koe(illi€eHTa BUTPATH BOJSHOTO Mapy i moBiTps 10 30%.

31 30impmIeHHSAM dYacToTH oOOepTaHHA Bajdy, Koe(illieHT BHUTpPaTH
30iIpmIyeThest 10 10% Ha HATYpHHX yMOBax BHIIPOOYBaHHS B 3aJI€KHOCTI Bif
pobodoro cepeaoBHIIA.
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MHMIABUINEHHA EOEKTUBHOCTI A3SOTHOI'O KOHTYPY ITUKITY
BUPOBHUIITBA CKPAIIJIEHOI'O ITPUPOJHOI'O I'A3Y

Llapanos C. O., cm. suxn. kagpeopu TT®, CymV; Jlicosenxo /]. O.,
inoicenep-xoncmpyxkmop, AT « CMHBO — IHXKUHIPUHT », m. Cymu

TexHOJIOT1YHUM MTPOLIECOM CKPAIUIEHHS IIPUPOHOTO ra3y Ha3uBa€ThCs HOTO
TIepeBEICHHS y PIIKUI CTaH 3a TeMIIEpaTyp, SKi MEHIII 3a KpuTHIHi. CKparuieHui
npupouuii ra3 (CIII') BUKOPHCTOBYIOTH SIK ajIbTEPHATHBHE MaJMBO IS ABUI'YHIB
aBTOMOOLTIB, a TaKOX M PYXOMHX EJIEKTPOCTAHIliH, I TepMidHOi 00poOKH
METaJliB, TEXHOJIOTIYHUX ITOTPEO MiAPUEMCTB TOLIO.

3a ominkamu exkcreprtiB BupoOHHITBO CIII' € ommmM 3 HaimBHame
3pOCTAIOYMX CEKTOPiB PUHKY eHepropecypciB. CtaHoM Ha 2020 pik oOcsr mpoaaxis
3pi/KEHOT0 Ta3y CTAaHOBUB OJM3BKO 27% BiX CBITOBHX €KCHOPTHHX MPOAAXIB. Y
CBOIO 4epry 0arato €BpONEHCHKUX KpaiH PO3MIIAAa0Th MOXIIMBICTh IHBECTHUIIIH B
iHppacTpykTypy immopty CIII', 30kpema B HOTYKHOCTI 3 HOTO TPaHCIIOPTYBaHHS.
Ha choroxHimHii gech 06arato KpaiH HapOLIyIOTh MOTEHLIAN Ul CKparIeHHS
IPUPOJHBOTO Ta3y. ToMy Iie MUTaHHS € aKTyaJIbHIM Ha ChOTOIHINITHIN 1CHb.

Texuomnoriuni cxemu ycrarkyBanHs CIII' po3pi3HstoTbCS 32 BHOpaHUM
XOJIOIUIBHAM LUKJIOM, SIKHH BUOMPAETHCS B 3aJIEKHOCTI BiJl TOTO, 3 SIKOIO METOIO
npoBoautbest CIIIT, a Takoxk BiJ THCKY Ta CKJIaay MPUPOIHOTO rasy, o HaAXOAUTh
B yCTaTKyBaHHS. PO3pi3HAIOTH Taki XONOAWIbHI LUKIM, IO OCHOBaHI Ha
BUKOpHuCcTaHHI edekty Jxoyis-ToMcoHa: 3 OJHOPa30BHUM JIPOCENIOBAHHSAM, 3
OJHOPA30BHM JIPOCETIOBAHHSIM Ta IIONEPEAHIM OXOJIO/DKEHHSAM CIICI[ialIbHUM
MOTOKOM 13 CTOPOHHIM XOJIOZOAareHTOM (a30T, aproH TOIIO), 3 MOJBIIHUM
JPOCEITIOBaHHSM.

B po6orti npencraBieHo npoekT 3aBoay 3 orpuManss CIII i3 3acTocyBaHHIM
XOJIOMWIBHOTO LUKy 3 IETaHIEPHUM OXOJOKEHHSM, B OCHOBI SIKOTO JIEXKHTh
130€HPOITHE PO3LIMPEHHSI pOOOYOTo Tijia B TypOoAeTaHIepi 3 BUKOPUCTAHHSI €Hepril
CTHCHYTOTO ra3y. OcoOnuBicTIO Ii€i poOOTH € Te, MO0 MPOoLeC PO3MIHPCHHS
BiZIOyBaeThCsl B JeTaHjep-komnpecopHomy arperari (JIKA). B sikomy TypGina i
KOMITPECOp 3HaXOJSITHCS HA OJHOMY Bally, LI€ JIa€ MOXJIMBICTh BUKOPHUCTOBYBAaTH
€HEeprilo CTUCHEHOTO Ta3y, Ta NepeJaBaTH ii Ha IPHBIJ KOMIIpecopa.

Buxopucranas y miii cxemi pi3HHX THIIB BiANIEHTPOBHX KOMIIPECOpPIB
JIO3BOJIMJIO 3POOUTH OIIIHKY e(peKTUBHOCTI iX 3acTocyBaHHs. Tak, y poOoTi Oyio
pPO3paxoBaHO Taki KOMIPECOPH: OJHOBAILHUN OJHOMOTOYHMM, OJHOBaJbHUI
JIBOIIOTOYHHI Ta OaraToBaJIbHUMN.

Po3paxyHku 3a 00paHOIO CXEMOIO TIOKA3aJIH, 110 HAHOUIBI eEeKTUBHUM Y
JTAaHOMY BHITaJIKy Oy/Jie OJIHOBaIbHUH JBOMOTOYHUI KOMIIpECOp, ajie 3aCTOCYBaHHS
6araTtoBajbHOrO KOMIIpECcOpa Jajo 3MOTY CHPOCTHTH CXEMY a30THOIO KOHTYpPY
mukry BupoOHunTea CIII. A came 3amicTh JBOX OJHOBAIEHUX KOMIIPECOPIB 3
MPOMIXKHUM OXOJIO/PKSHHSIM MOYKHA 3aCTOCYBaTH OJMH 0araTtoBalbHHUM, SIKHW J1a€
3MOTY 320€311e4NTH HEOOX1THUH CTYIIHb ITIIBUIICHHS THCKY Ta 3MEHIIUTH BapTiCTh
OCHOBHOT'O 00JIaJ{HaHHS TEXHOJIOTIYHOT CXeMH.
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HIABUINEHHA EOEKTUBHOCTI TEIINIOHACOCHUX YCTAHOBOK
HIJIAXOM 3ACTOCYBAHHA JIBO®A3HUX CTPYMUHHUX AITAPATIB

Llapanos C. O., kano. mexH. nayk, cm. euki. kag. TT®;
Cricapenxo /[. O., cmyo. ep. X.m-01, Cym/[Y, m. Cymu

OpHi€l0 3 OCHOBHHX IPOOJIEM, IO BUPILIYETHCS CBITOBOIO CIIJIBHOTOIO Ha
e gac, € eHeprozoepeskeHHs. OTHOYACHO Peati3yloThCs B METH — 30epeKeHHS
HEBITHOBIIIOBAaHHX €HEPrOPECYPCiB 1 CKOPOUYECHHSI IIKIJIMBIX BUKHIIB B aTMOchepy
NPOAYKTIB 3TOPSHHA, IO €, 30KpeMa, OCHOBHUM (aKTOpOM TIJI00AIBHOTO
noterwtiHHA. OJHMM i3 HaWBaKIMBIIIMX HaNpsMIB BUPIIICHHS 3a3HA4YeHOl
po0JIeMH € BUKOPUCTAHHS €HEPro30epekHNX TEXHOJIOTIH Ha OCHOBI BUKOPHCTAHHS
TEIJIOBUX HACOCIB.

TemnoBi Hacocw, 3MIMCHIOIOYM 3BOPOTHUH TEPMOAWHAMIYHUN IMKI Ha
HU3BKOKHUIUIAYIA poOOUiil pedyoBHHI, YTHI3YIOTh HU3BKOIOTEHLINHHY TEIIOTY
MPUPOAHUX, TEXHOJIIOTIYHHX 1 MOOYTOBUX IDKepell Ta TpaHC(HOPMYIOTh i1 Ha OUTBII
BUCOKHI TeMIepaTypHUi piBeHb. [0 TOTO X MEPBHHHOI e€HEpril BUTPAYaeThCs y
1,2-2,3 pa3u MeHIIIe HiXK Y pa3i MpsSMOT0 CIIATIOBaHHS ITaJIiBa.

CydacHi TemIOBI HAcOCH € JOCUTh BHCOKOC(EKTHMBHUMH Ta IIs
e(eKTUBHICTb, MEPENYCiM, 3aJEKHUTh BiJl XapaKTEPUCTHK TEIUIOBHUX IKEpel, II0
OepyTh ydacTh y TepMmoTpaHchopmaliii. A came BiI TEMIEpaTypHOTO pPiBHS
HarpiBaHHS CEpPEIOBUINA CIIO’KMBada TEIUIOBOTO HABAHTa)KEHHS 1 BiJ TeMIIEpaTypu
HaJIXOJDKEHHS YTHIII30BaHOTO HU3bKOIIOTEHIIAILHOTO CEPE/IOBHIIIA.

VY masiif poOOTi JOCTIIKEHO MOKINBICTh 3aCTOCYBAHHS BOJAHU K JCIICBOTO
Ta JOCTYIHOTO XOJoAOHOCis. [loka3aHo, IO BHKOPUCTaHHS BOAM B SKOCTI
XOJIOI0AT€HTY ~ aBTOMAaTHYHO MNPU3BOJWTH A0 POOOYMX  THCKIB  HIDKYE
aTMocepHOro, MmO 1 peasi3oBaHO B  TEIUIOHACOCHUX  YCTAaHOBKax 3
MapoCTPYMHUHHUMH BaKyyMHHMH HacocaMH. MeTOI0 JaHOTO JIOCIIPKEHHS € OIliHKa
e(eKTUBHOCTI 3aCTOCYBaHHS PIIMHHO-NIAPOBOIO EXKEKTopa Ha pobovYoMy
cepenoBuii R718 y ckiani TemioBoro Hacoca ISk CHCTEMH OTIAICHHS.

Y pesymnbraTi OyJI0 BHUSBIEHO, IO 3aCTOCYBAHHS PiIMHHO-TIAPOBOTO
©XKEKTOpa, KA IMpaIoe 3a MPUHIMIIOM CTPYMHHHOI TEPMOKOMIIpEcii, 1a€ 3Mory
MIJBUIIUTHA KOE(DILIEHT NEepPeTBOPEHHS IMKIY TEIUIOBOIO HACOCy IOPIBHSIHO 3
TpaauIiMHUMK aHanmoramMu B cepeanbomy Ha 10 %. Exceprernyna eexTHBHICTH
HOBOT'O YCTaTKyBaHHs1 cTaHOBUTH 0,391, 110 B cepeqHboMy y 2 pasu BUIlE, HIXK Y
TpaauuiiHux. lle nocsiraeThesl NUISIXOM MEpeXxojay Ha HOBI po0odi mapaMeTpu B
IUKJI, 110 TNPHU3BOJUTH JO 3MEHIICHHS TEIUIOBUX HAaBaHTa)KCHb Ha arapaTw,
3HIKEHHS eKCeprii MOTOKY MaynBa i MiJBUIICHHS 3araJIbHOi e()eKTHBHOCTI.

VY pe3ysnbTaTi TEepPMOEKOHOMIYHOTO aHalli3y BHU3HAYEHO 3arajbHy BapTiCTh
MajyBa Ta MATOMY BapTICTh OJUHMII MPOAYKTY y HOBIH Ta TPaIUIIMHHX CXeMax
TEIJIOHACOCHUX yCTaHOBOK. 3actocyBaHHs PIIE nae 3Mory 3MeHIINTH 3arajibHy
BapTICTh NAJIMBA B cepenHpoMy Ha 123,09 y. 0. Ha piK, 1 3MEHIIUTH MUTOMY BapTiCTh
OJMHUIII TIPOAYKTy B cepeaHboMy Ha 15,5% 0e3 ypaxyBaHHS BHTpaTr Ha
XOJIOZ0ATreHT y TPAIUIIIHAX CXeMax.
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XAPAKTEPUCTUKA KOHAEHCATOPA AK EJIEMEHTA MOJIEJIFTOBAHH A
POBOTU XOJIOJIWJILHOT MAILIMHU

Koszin B. M., ecm. suxan. kagh. TT®; /ly6is O. 3., cmyo. ep. XKon-740p,
CymIlY, m. Cymu; bapan B. B., suxknaoay, [pozobuysbkuti konedoc Hagpmu i 2asy,
M. [Ipoeobuu

XonoouiapHa MAallMHA € CKJIAZHOK CHCTEMOIO N0 SIKOI SK HiICHCTEMH
BXOJIITh KOMIIPECOP, BHIIAPHUK Ta KOHJEHCATOp. XapaKTEPHCTHKY XOJIOIUIBHOT
MalliHA PO3TILNAIOTh SK PE3YNbTaT «B3a€EMOIIl» XapaKTEPUCTUK OCHOBHHX
eNleMeHTiB cXxeMH. [1 MO’KHA OTpUMATH, CyMillaloul XapaKTePUCTHKU eJEMEHTIB Ta
BHU3HAYAI0YHN TAKUM YUHOM TOYKH iX CyMiCHOI pOOOTH.

XapakTepucTHKa KOHAEHCATOPa SBIISIE COOOI0 3aJIEKHICTh

QK =f (tw twl)v

Jc QK — TCIUIOBC HABAHTAKCHHA HA KOHACHCATOP, t — TeMIICpaTypa KOHZ[@HCEILIﬁ

K

XOJIOAWJIBHOIO areHTy, twl — IIOYaTKOBA TEMIICPATYpPa OXOJIOAKYHOYOI'o CEpEeAOBUIIIA.
3 YpaxyBaHHAM BI/Ipa3iB JJIsL TeHHOHpO}IyKTI/IBHOCTi KOHACHCAaTOpa
QK = km{ ' Fert ' (tK - tw) = Gw ' Cw ! (tw2 _twl)
3alMCy0OTh BHUpa3 i1 TEMIEpaTypu KOH}ICHC&HH XOJIOAUJIBHOTO  arcHTy
(XapaKTepI/ICTI/IKI/I KOHZ[eHcaTOpa)

: 1 1

61 6H
Tyr k,, — koediuieHT Temomepenadi y KOHACHCATOPi, 3BEACHHUH 10

BHYTpIIIHBOI TMOBEpXHI Temionepenayi; F, — mioma BHYTpiIIHBOI HOBEpXHI

6H

tertonepenayi; G, — MacoBa BHUTpaTa OXOJOKYIOUOrO CEPEOBHINA, IO MAE

w
TEIUIOEMHICTH C,,; t,, — KiHIEBa TEMIIEPATYPa OXOJIOKYOUOr0 CEpeoBHINg; T, —

CepeIHs TeMIIepaTypa 0XOI0KYI0U0Tr0 CepeIOBHIIIA.
Jns  moOynoBM  XapaKTEpHUCTHKM KOHJEHcaropa HEOOXiHO 3HAaTH

dyHskuionansHuii B3aemoss’szoxk k, = f(6), ne k, =0, /6. Benmuuny q,,

3HAXOJATh 13 CYMICHOTO PO3B’sI3aHHS CHCTEMH PiBHIHb

Ooow =, "0, ~i: D-g°" i’
| FRH FHH
—
W.en 175
7_‘_27.
a, /1'
Tyr 6,=t -t,; 6,=t, —f, — pisuuni Temmeparyp, a koucramta D

3QJIEXHUTB BijI TETUIO(QI3MYHKX BIACTUBOCTEI KOHJIGHCATY, TeOMETPii Imydka i TpyOoK




XAPAKTEPUCTUKA BUITAPHUKA K EJIEMEHTA MOJEJIFOBAHHA
POBOTU XOJIOJIWJILHOT MAILIMHU

Koszin B. M., cm. suxn. xagh. TT®; Copouax O. C., cmyo. ep. XKon-740p,
CymIY, m. Cymu; bapan B. B., suxknaoay, [pocobuysbkuti konedxc Hagpmu i 2asy,
M. [poeobuu

OpmHicro 31 CKIAJOBHX XOJIOOWJIHHOI MAIMHKA SK CKJIALHOI CHCTEMH € Ii
BunapHuk. OTXe, NPU CKJIAJaHHI XapaKTePUCTHKH XOJIOAMIBHOI MAIMHU SIK
00’eKTa MOJETIOBaHHS Ta IOAAJIBIIOTO aHANI3y MOXIIMBHX PEXHMIB i poboTH
HEOOXi/THO 3HATH XapaKTEPUCTHUKH ii eIEMEHTIB.

XapakTepucTHKa BUITAPHHUKA SBJISIE COOOI0 3aJIeKHICTh

Q=f (to' tsz)!
Je Q, — TemIoBe HAaBaHTAXEHHA Ha BUIAPHUK (XOJOMONPONYKTHBHICTB); 1, —
TeMIepaTypa KHUIIIHHA XOJOAWIBHOIO areHry; t, — KiHIeBa TeMIepaTrypa

OXOJIO/IKYBAHOTO CEPE/IOBHIIIA.
3 ypaxyBaHHSM BUPa3iB I XOJIOIONPOYKTUBHOCTI

QO = kRH : FSH (t& _tO ) = GS : Cs : (tsl _t,vZ)
3alMCy0OTh BUpaA3 JId TEMIEpaTypu KUIIHHA XOJOAWUJIBHOI'0 areéHry sK
XapaKTCPUCTHUKH BUIIAPDHUKA

. 1 1
t"ztsﬁQO(Z.G c, k,F J

6H 6H

Tyr k,, — xoedimieHT Teruonepenadi y BHIAPHUKY, 3BEICHHH [0

BHYTpIIIHBOI TMOBEpXHI Temionepenayi; F, — mioma BHYTpinIHBOI THOBEpXHI

6H

teronepenadi; G, — MacoBa BUTpaTa OXOJIO/PKYBAHOTO CEPEAOBHING, IO MaE

S

TEIIOEMHICTh CS L= CepeAHs TEMIICpaTypa OXO0JOAKYBAHOT'O CEPEAOBHUIIIA.

S
Jdunsi  moOynoBHM — XapakTepUCTHKM  BHIAPHMKAa  HEOOXITHO  3HATH

dynkuionansHmii B3aemoss’sok k, = f (), ne k, =0, /6. Bemmunny q,,

3HaXOJAITh 13 CYMICHOT'O PO3B’sI3aHHSI CHCTEMH PIBHSHb

Qoo =a,-0,~=B.g" 12
‘ 6H FHN
Os.on = 2
S .6H l 5
7+27'
a A

Tyr 0, =t —t,; 6, =1 —t, — pisHuLi Temreparyp, a KOHCTaHTa B 3anexuts Bix
TeITIO(3IYHIX BIIACTHBOCTEH XOJOMIHHOTO areHTy AK Ta Oe3pO3MIPHIX KOS(IIEHTIB, 110
BPAXOBYIOTh BIUIMB MacTWIa & |, , 0peOpeHHs £ , Ta TEOMETPIIO TPYOHOro IydKa &,

4
B = A\’ .gu 'gp .gn "
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XAPAKTEPUCTHUKA KOMIIPECOPA SIK EIJEMEHTA MOJEJIIOBAHHS
POBOTHU XOJIOAUJIBHOI MAIIIMHUA

Kosin B. M., cm. suka. kagp. TT®; badeyvkuii H. B., cmyo. ep. XKou-740p,
Cym[Y, m. Cymu

Komrmpecop € oHi€l0 3 HaliBaXKIMBIMINX CKIAJ0OBUX XOJIOAMIBHOI MAIINHH.
IIpu cxmaganHi XapaKTEPUCTHKH XOJIOMMIBHOI MAIIUHA SIK 00’ €KTa MOZICIIOBAHHS
Ta NOAAIBLIOTO aHamizy ii MOXIHMBHX PpEXKHMIB pPOOOTHM HEOOXiJHO 3HATH
XapaKTepPUCTUKY KOMIIpecopa.

XapakTepucTHKa KOMIIPEcopa Ma€e BT

Q="f(t.t,),
e QO — TeIUIOBE HABAHTHKEHHS HA BATIAPHHUK (XOJIOAONPOAYKTHBHICTE); t, — TeMmepatypa
KHITiHHS XOJOJWIIBHOTO areHTy; t, — Temiieparypa KOHICHCALT XOOAMIIBHOTO arcHTy.

3 MeToro MmoOyJOBH TaKoi XapaKTEepHCTHUKH BUKOHYIOTH Psiji PO3PaxyHKIB
MKy XONOAMIBHOI MAamIMHM 3a yMOBM t =CONSt Ta JeKilnpKOX 3HAYECHD
TemrepaTyp KumiHHA 1;. Taki po3paxyHKH IUKIY BUKOHYIOTh AEKITbKA pasiB Uil
yCiX MOJIMBHX TeMIlepaTyp KoHaeHcamii t, .

X0noJonpoAyKTUBHICTE KoMIpecopa Q,, i3oeHTponHy N, IHAUKATOpHY
N; Ta enektpuudy N,, NOTYy)XXHOCTI 3HAXOJATh 3a (popMyIaMu:

Q_/I'VT. N_/lVTIN_NsN _ Ni
(N qO’ s s i ’ er ’
Vl vl 77i 77,\16)( : 77&7
Ie (, — IMTOMa XOJIOIONPOIyKTHBHICTb; |, — ImMTOMa i30eHTpOITHA poOOTa KOMIIpEecopa.

Teopernuny 00’€MHY NPOYKTUBHICTD

_7r~D2

V; -S-z-n

BU3HAYAIOTh 32 BIJOMHMH TEOMETPHUYHUMH Ta PEKUMHHMHU [apaMeTpaMu.
Koedinientn xopucHoi nii #,, 7,.., 77,, 33Aa0Th 3TiJHO AOCIIIHUX NaHUX JUIS
KomrpecopiB momioHoro Tuiry. KoedimienT momadi A abo po3paxoBylOTh, ab0
3a7aK0Th 3TiHO JOCTIJHUX JTaHHX.
s KOKHOI'O pexumy poboTu KoMIIpecopa 3HAXOIATh

TEIUIONPOYKTUBHICTh KOHIEHCATOPA

- A-V; q

K V. Kk

1

Je (, — IMTOMA TEeIUIONpPOJYKTHBHICTh KOHAEHCATOPA.

OtpuMmaHi  XapaKTEpHCTUKH  KOMIIpecopa QO =f (to, tK) HAHOCATb
Oe3rocepeIHbO Ha XapaKTEPHCTUKY BHIIAPHUKA, a 3aJIEKHOCTI TEIUIONPOIYKTUBHOCTI
KOHJICHCATOpa y BHUIJBIII QK = f(to, tK) — Ha okpemui rpadik. st enmexkTpuaHOl
HOTYXKHOCTI TaKOXk OyTyt0Th oKpemuit rpadik Bumxy N, = f (to, t )
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UNCEJIBHE TA EKCIIEPUMEHTAJIBHE JOCIIJKEHHA
COITJIA ABPABMBOCTPYMEHEBOI YCTAHOBKU

Cipenxo b. 1., acnipanm ep. A-05/Mb; Pesnix I. B., acnipanm ep. A-05/MT;
baza B. M., kano. mexu. nayk, cm. suki. kag. TT®, CymJV, m. Cymu

VY nmaniit pobOTi mpoBoaMIacA cepis YUCENBHUX Ta EKCIIEPHIMEHTAIBHIX
JOCIIKEHb PoO0YOro comia abpa3uBOCTPYMEHEBOI YCTAHOBKU 3 METOIO TOIIYKY
ORI parioOHATBHOT HOTO KOHCTPYKIII.

3amadero OCTIKEHHS OyJ0 BHWKOHAHHSA IIOIIYKY YHCIOBHX 3HAYeHBb
BHYyTpimHbOro giamerpy d ta moBxuHH comia | mpu sSKHX BOHO Mmpamioe 3
HalOubmo edekTuBHicTIO. COIUIO TMOBMHHO IPALIOBaTH NpH MiHIMaJbHIN
noTpebi CTHCHEHOro MOBiTps. 3amani 3Ha4deHHs miameTpy O NpPU3BOAATH 10
HeIpane3/1aTHOCTI coruia. 3aBelluKi, 70 PI3KOro MiJIBUIIEHHS BUTPATH MOBITps. B
CBOIO 4Yepry KOPOTKiI COIUIa IIBHIKO 3HONIYIOTHCSA, € MEHII CTIHKUMH 10
HEpIBHOMIPHOT'O 3HOCY, a B IOBI'MX MA€MO H/IJIMIIKOBHH OIIIp, 1110 MPU3BOJUTH JI0
BTpaTH IIBUJIKOCTI Ha BUXO/I 3 COILIA.

OCHOBHUMH ITOKa3HUKaMH{ €(EKTUBHOCTI € 3HAYCHHS IBUAKOCTI Ha BUXOI
3 comra Ta 4ac OOpoOKM KBaapaTHOTO MeTpa Aerami. YuM BHINA IIBHAKICTH
abpa3uBy, THM BBaXXAETHCS MOTY’KHIIIE COIUIO. EKCieprMeHTanbHO BCTaHOBJICHO,
110 MiHIMaJTBHHN JiaMeTp coruia ckiragae 6,8—7,2 M. [Ipn MeHIINX HOTo 3HAYCHHSIX
COIUIO 3aKYIIOPIOETHCS, KyT PO3KPUTTS CTPYi cTae MiHIMAIbHMM Ta IIBUAKICTH
abpa3uBHOI CyMiIlli Ha BUXO/i 3MEHINY€ETHCS B JIEKiJIbKa pa3iB, IO POOHTH COILIO
HeTpUAaTHUM AJIs poOOoTH.

BcraHnoBieHo, 110 3MEHIIEHHS JOBXKUHU coruia (10 4—5 MM) MPHU3BOJUTH JI0
MIABMILEHHS IIBUAKOCTI HAa BUXOJI OIJBIN HiX BABIYi, IO IiABHUIOC 3HAYEHHS
MacoBOi BUTpaTH abpa3uBHOI cyMili Ta koediuienTa ButpaTu comua. Lle crBoproe
YMOBH /IO TiJBHUIICHHS €(EKTUBHOCTI POOOTH €KEKTOPHO-OYHCHOI yCTAaHOBKH, a
came 4ac 00poOKHM KBaJIpaTHOTO MeTpa MeTaly 3MeHIIyeTbes B 4,5 pas3u 1 ckiajgae
2 xB. 30UIBIIYETHCS TPUBANICTH OE3MEepepBHOI pOOOTH COIUIA HA 3aJaHOMY PEXKHUMIi
Bix 20 1o 55 XB.

€KCHepuMEHTaIPHO — MIiATBEpIXKEHA Npale3faTHiCTs comia  Benrypi
BuKOHaHOTO 31 CT. 40. BoHo Ha 30 % edexTHBHIIIE 32 NWITHAPUYIHE COIIIO TOTO K
IiameTpy.

Ha nuninapuanomy cori 3 giamerpom d = 7 mm Ta goBxuHo0 | = 24 MM
BUIIPOOOBYBAIHCS TaKi MOKPUTTS AK KapOOHITpamis Ta XpoMmyBaHHA. [IpoBeneHHs
KapOOHiTpamii Jajao 3MOTy MiABHIIMTH 4Yac eKCIUTyaTtalii coruia Ha 7 TogwH 0e3
BUAMMUX O3HaK 3HOCY. XPOMYBAaHHS MOBEPXHI BHABMWIOCS MEHII CTIMKHM 10 Aii
a0pa3WBHOIO MaTepially, 4ac eKCIUTyaTallil coIula 3 XPOMOBAaHOI TMPOTOYHOIO
YaCTHHOIO MiABHIMBCS Ha 4 ronuaM. Jlocmiaym moka3any He3aJ0BUIBHY CTIHKICTH
BUILIEBKAa3aHUX IIOKPUTTIB 10 Jii abpa3uBHOTO MaTepiaiy.
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