III BCEYKPATHCHKA HAYKOBO-IIPAKTUYHA
KOH®EPEHIIA MOJIOAUX BUEHUX,
O AXIBIIB, ACIIIPAHTIB

NPOBJEMH
EHEPI'OPECYPCO3BEPEXEHHSA
B ITIPOMHUCJIOBOMY PEI'TOHI.
HAYKA I IPAKTUKA

TE3U JOITOBIJIEN

MAPIYIIOJIb, 2017



MIHICTEPCTBO OCBITU I HAYKH YKPAITHA

JEPYKABHUI BULLUI HABYAJIbHUM 3AKJIAJ
«TPHA30BCBHKHU JEPKABHHIN TEXHIYHUI YHIBEPCATET»

PAJIA MOJIOIVX BUEHHUX JIBH3 JIITY»
BIJJILT ACIIPAHTYPH I JOKTOPAHTYPH JBH3 IATY»

IHCTUTYT EJJEKTPOMEXAHIKH, EHEPT'O3BEPEKEHHSA I CUCTEM
YIPABJIIHHA KPEMEHYYIBKOI'O HAIIIOHAJIBHOI'O YHIBEPCUTETY

III BCEYKPAIHCBKA HAYKOBO-
[TPAKTUYHA KOH®EPEHIISI MOJIOJJUX
BUEHUX, ®AXIBIIIB, ACIIIPAHTIB

«IIpo6JeMmu eHepropecypco3oepekeHHs
B IIPOMHUCJIOBOMY PerioHi.
Hayka i npakTuka»

Tesu momoBigei

(11-12 TpaBus 2017 p., M. Mapiymnoss)

Mapiymousb,
JBH3 «(IATY»
2017



VK 620.9:621.3(08)

BceykpaiHcbka HayKOBO-TIpaKTHUHA KOH(EPEHINsT MOJIOAUX
YVUEHHX, CIIeIiaiicTiB, acmipanTiB «[Ipobmemu eHepropecypcosde-
peXeHHs B MpoMHUCIoBOMY perioni. Hayka i mpaktuka»: 30. Te3
nonoinei. Mapiymoins: IBH3 «I[1TY», 2017. — 160 c.

Te3u nomoineit BeeykpaiHChkoi HayKOBO-IIPAKTHYHOT KOH-
(depeHIIii MOJIOUX YUEHUX, CTEIIaicTiB, acmipanTiB «[Ipobremu
eHepropecypco30epekeHHss B MPOMHUCIOBOMY perioHi. Hayka i
MPAaKTUKa» MICTATh PE3yJIbTaTH TEOPETUYHHUX Ta E€KCIIEpUMEHTa-
JBHUX JIOCIIKEHb, HAYKOBO-IOCITITHUIIBKI PO3POOKH MOJOAMX
YUEHHX, CHeNiaiCTiB MiAMPUEMCTB Ta OpraHi3aliil, acripaHTiB,
CTYZIEHTIB YKpaiHH B raiys3i eHepreTHKH Ta eHepro30epekeHHsI.

Po6oTr myOImikyIOThCSI B aBTOPCHKIi peaKiiii.

© JIBH3 «I IprasoBcbKuii IepykaBHHIA TEXHMHHI yHIBEpCHTED), 2017



3MmicT

1. Cexatist — EHepropecypco30epexeHHs B eJIeKTPOTEXHIYHNX

KOMITIEKCAX, MEPEKAX TA CUCTEMAX ..vuvuvevrrseseseseseseenenesesssssssesssesesenes 4

2. Cexkuist — EHepro3oepe:xeHHsI B TEIUIOCHEPTeTHUHNX

YCTAHOBKAX 1 CHCTEMAX .....vovevereervsrsseesesnsssesesssssssesssssssessssssssesssssesns 26

3. Cekuist — EHepropecypco30epekeHHs B METaTypriiHiid

TIPOMUCITOBOCT  ....cvoveveeverasesessessssseesessssssssessssssesessssssesessssssesessssssesssnnsns 44

4. Cexuist — EneproedekTBHI TEXHOJIOT 11 B 3BapIOBaHHI

TQ MATTAHOOYITYBAHHI ......cvvevereererersreesessssessessssssssessssssesessssssssesssssssns 56

5. Cexaiist — Enepropecypco3depekeHHst
HA TPAHCTIOPTI ...cvoveverererrersssseesesssssssessssssssessssssssessssssesessssssssesssssssessnns 75

6. Cexuist — [ndopmartiiiai TexHoNOTi B

CHEPTOPECYPCOBOCPEIKEHHI ......eveveverereerrsinreesesesssesessssssesesessssesens + » .140



EHEPT'O3BEPEXXEHHA B EJIEKTPOTEXHIYHUX
KOMIUIEKCAX, MEPEXXAX TA CUCTEMAX

EHEPT'O3BEPEXKEHHA B EJIEKTPOTEXHIYHUX
KOMIIVIEKCAX, MEPEXKAX TA CUCTEMAX

3micT

BIIJIUB EJIEKTPOMATHITHOI CYMICHOCTI HA
®YHKIIOHYBAHHS BIPTYAJIbHAX EJEKTPUYHUX CTAHIIINA .. 6
J.C. Topenko, acmipant, [1.B. CokomoBckkuid, acmipant, HartioHamsHumiz
TeXHIYHUH yHiBepcuTeT YKpainu « KHIBCHKUI MOMITEXHIYHNIA iIHCTUTYT iMeHi

ITOPS CIKOPCBHKOTOM ....euvevvevinieneerineeseeseseesesessessesessesessessssessesessssesessessessssessesessessasens 6
PE3YJIbTATHU EHEPIOAYJIUTY TA
EHEPITOMEHE/KMEHTY BY JAIBJII IHKOJIH ........ccccuevvvueernersunennes 8
O.A. Kupusnbuyk, CTapIIi BUKJIa/1a4, B.IO. llanommuk,
MOJIOJIIINIA HAYK. CIIBPOO., JIHIpONIeTPOBCHKHI HAIllOHAJTBHUHA
YHIBEPCHTET 3aJ1I3HUIYHOT0 TPAHCIIOPTY iMeHi akaieMika B.JlazapsHa ................ 8

MOJSAAPU30BAHUN MOHOCTABLIbHUM EJIEKTPOMATHIT
JJISI TPUBITHUX MOAYJIB BAKYYMHUX KOHTAKTOPIB
CEPETHIX HATIPYT ....cccoveieneicsercsnsosanssssnssssassssasossassssasossassssssssssanss 10
B.B. Kimmenko, npodecop, M.A. Jlemrok, , 3aBiqyBad HaBd. Jiabopatopil
naboparopii, HarjoHanpHMIT ~TEXHIYHWHA  YHIBEpCHUTET —«XapKiBCHKUIA
TIOJTITEXHITHHI THCTHTYT ..v.vveverveveseseesesessssessssssessesessessesessesessessesessssesessessssenseses 10

KOHIENIIA JABOPATOPHOI'O CTEHAY JJIS1 JOCI/VKEHHSA
EHEPTETUYHUX IMPOLECIB ITPHU ITYCKY ACUHXPOHHOTI'O
JABUI'YHA 11
O.I". Komape, crynentr, H.JI. KpacHomanka, moreHt, HarionanpHui
TeXHIYHUHN yHiBepcuTeT YKpainu « KHIBCHKUI MO TEXHIYHUNA IHCTUTYT iMEHi
ITOPS CIKOPCBKOTOM ....uvvvvenieerrenietisessssseseesessesessessesessessssassssssessesessessesessessesenes 11

KOHIIENIISA JABOPATOPHOI POBOTH IO JIOCJILIXKEHHIO
EHEPTETUYHUX IMPOLECIB ITPHU ITYCKY ACUHXPOHHOTI' O
JABUI'YHA 13
O.I'. Komape, crynentr, H.JI. KpacHomanka, moreHt, HarionanpHui
TeXHIYHUH yHiBepcuTeT YKpainu « KHIBCHKUI MOMITEXHIYHNIA iIHCTUTYT iMeHi

ITOPS CIKOPCBKOTOM ....cuvvvvenieerreneesesesssisessesessesessessesessessssassssssessesessessesessessssenes 13
I'A30-IOBITPSIHI EHEPTETUYHI YCTAHOBKHA 14
B.U. JloboB, gmoment, K.B.JloboBa, KpuBopispkuii  HaIliOHAJBHHI
VHIBEPCHTET ......veveveneeeeresessessessessseseesessesessessssensessssessssssensesessessesessesessessessssnsesenes 14

JOCII/UKEHHHAA CHUCTEMH KEPYBAHHSA HAIIPYI'OIO
ABTOHOMHOI'O ACHHXPOHHOI'O 'TEHEPATOPA HA OCHOBI
EJIEKTPOHHOI'O PEI'YJATOPA HABAHTAXKEHHA [IIPU
AKTUBHO-IHAYKTUBHOMY XAPAKTEPI HABAHTAKEHHA..... 17



EHEPT'O3BEPEXXEHHA B EJIEKTPOTEXHIYHUX
KOMIUIEKCAX, MEPEXXAX TA CUCTEMAX

JI.I1. Hixonaes, crynent, P.A. Kpukyn crynent, M.B. [ymikap, accucreHr,
Hamjonaneuuii  TexHiuHmii  yHiBepcuter — Ykpainm  «KuiBchkuit

TIONTI TEXHIYHUHN THCTUTYT iIMEHI [TOPS CIKOPCBKOTOM ......vvvevenieerveneeveneeenennsennenes 17
EHEPI'OE®EKTUBHA POBOTA IIAXTHOI'O
BOJOBIIVIMBHOI'O KOMIIJIEKCY ........ccovvueevuercsnersnnerccsnenens 19
A.B. Pyxnos, nouenr, /IBH3 "HamjoHaneHmii ripHuumii yHiBepcuter”,
H.EOL PYXITOBA. ......eovieiieiiiistesieeiteetetet ettt ettt sttt saere s 19

BbIBOP KPUTEPUEB O TUMM3AIINN PABOTBI
CTATUYECKHUX KOMIIEHCATOPOB B CETAX C

HECUMMETPUUHOM HATPY3KOM......cuceererieereeenrrereesresenene 24
C.B. I'ymaxog, npod., a.T.H., B.B. Bypnaka, goir., k.T.H., C.K. [TomaeOcHHas,
nor., kK.T.H., O.C. CaBenxo, crieriaiiicT, [BY3 «IIITY»...uvvvvveeeeieeiieeeeree. 24

OCOBEHHOCTH HPOLHECCOB B HNOCJIEIOBATEJIbHOM
PE3OHAHCHOM KOHTYPE IIPM MU3MEHEHUU YACTOTHI

L0171 2N 5 1 5 25
B.YO. Hoxenko, accucrt., KpeMeH4yrckuili HalMOHaJbHBIM YHHBEPCUTET
“MEeHU MuXansia OCTPOTPATICKOTO........c.veververrerrerresresseeertensensensessessessessessesesesnes 25




EHEPT'O3BEPEXXEHHA B EJIEKTPOTEXHIYHUX
KOMIUIEKCAX, MEPEXXAX TA CUCTEMAX

BILIAB EJJEKTPOMATHITHOI CYMICHOCTI HA
®YHKIIOHYBAHHS BIPTYAJIbHUX EJTEKTPUYHUAX CTAHIIIA

J.C. I'openxo, acnipanm, I1.B. Coxonoecokuti, acnipanm,
Hayionanvnuu mexniunuii ynisepcumem Yrpainu « Kuiscoxuii nonimexuiu-
Hutl incmumym imeni leops Cikopcokoeon

BipryanbHi enextpuuni cranmii (VPP) BrimodaroTs B cebe pi3sHOTUITHI
JDKepelia PO30Cepe/PKEHOl TeHepallii eJICKTPUYHOI eHeprii, ONnTHMi3allis
(YHKITIOHYBaHHS SKAX BUMAarae OUTHIN JETaJBHOI OIIHKK €JICKTPOMArHIT-
HUX ITIPOIIECIB.

EnextpomarnitHa cymicHicts (EMC) TexHIUHMX 3ac00iB po3risiiae
MIPUCTPOI 1 MPOILECH, M0 3a3BHYaili, pPO3IISAIAAIOTHCS 3 TOYKH 30py I'eHe-
pYBaHHS €JEKTPOMArHITHUX 3aBaj], iX BIUIUBY Ha €JIEKTPOOOsaTHaHHS,
CTYMiHb aBTOMAaTH3allii 1 KOpeKIii HeraTHBHOI'O BIUIMBY HaBKOJHIIHHOTO
cepenosuia. EMC € rnobanpHOI0 TMpoOiIeMor0, B paMKax SIKOi pO3IJIsi-
JIAETBCS PAJ] OKPEMHUX MPOOIIEM.

MoykHa BUAUIMTH [Ba BUAW BIUIMBIB: HeOe3meudi Ta mkigmusi. [Tix
HeOe3MeYHUMH PO3YMIIOTh TaKi BIUIMBH, II0 MOXYTh IPU3BECTH 0 aBapii
Ta HAHECTH IIKOJY KUTTEAISUIBHOCTI JitoanHU. [Ipyn HECUMETPpUYHUX KOPOT-
kux 3amukaHHsax (K3) y mepexax 3 riyxo-zazemuieHoro Helrpammio (UH
=110 kB) BUHUKAIOTH BEJIMKI CTPYMH B 3eMJIi 1 CHJIbHI MarHiTHi rnois. Bonu
MOXYTb BHUKJIMKAaTH HEOE3Me4Hi MarHiTHI BIUIMBH, CTBOpIOIOTH EPC
B3aEMOIHJIYKIIIi Ta HANPYTW BiTHOCHO 3€MJII HA MOBITPSIHUX 1 KaOENbHUX
niHisfx 313Ky (JI3), TpyOOIpOBOIaX, TPAHCIOPTHHUX CHOPYHaX. Y Mepekax
35 kB (IJI), 3 i30;1b0BaHOKO HEHUTPAJLTIO, MPH 3aMHUKAHHI Ha 3EMITIO OJTHIET
¢a3u Ha iHmMMX 1BOX (ha3ax Hampyra MiJBUILYETHCS O JiHIHHOI. Bucoka
HANIPYXKEHICTh eeKTpuyHoro mojis noomusy [T moxe 3ymoBUTH Hebe3-
MIeYHI BIUTUBH Ha moBiTpsHi JI3, mo 3HaxoasaThes B moomusy [1J1. ITix mpo-
BojamH JiiHii BH, y moBepxHi 3emiti, Mae Micle miJiBUIIEHa HANpPYKEHICTh
enextpuaHoro nomnst E. Ilpu E > 20 xB/M notux monuHu 10 Bemukoraba-
PHUTHOTO TPAHCIOPTHOTO arperary Ha ryMOBOMY XOJay Moxe OyTu HeOe3-
neyHnM. Yepes JIOIMHY, IO CTOITh Ha 3eMJI, Oyae MpOTiKaTH 3HaYHA Ya-
CTHHA €MHICHOTO cTpyMmy Bim mpoBoxiB ITJI mo miei mammmu. Hebe3neuni
rajJbBaHiYHI BIUIMBY BHUKJIMKAIOTHCS BEJIMKUMH aBapiiiHnmu crpymamu K3
4epe3 3a3eMITIOI0Yi pUCTpol mijctanmii i jiHiit BH. Li ctpymu gocsrarots
JIECSITKIB KiloaMIep, a MOTEHIliall 3a3eMJIIoBaya — TUCSY BOJIBT. KpiM 1160-
ro, MOXKe cTaHOBUTH Hebe3neky BH, sika mporikae 3 mifcranmii o peikax,
TpyOONpoBOaX, OOOJNOHKAaX KaOeNliB Ta IHMIMX MPOTSDKHUM METaJIEBUX
KOHCTpYKIiH. ['ajpBaHiuHa CKIIa10Ba HAIIPYT'H MOXE CIPHSITH ITiIBUIICHHIO
pi3HUII Hampyr Mix mpoBoaoM JI3 1 3a3eMIICHOIO OIOpOIO INi€l JIiHii,
pO3TanIoBaHoi MOOIU3Y BiJl aBapirHOi omopu 11
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[in mKiIMBUM BIUIMBOM CJiJ PO3YMITH 3aBajH, sSKi BHHUKAIOTH B
Mepexxax BH B ymoBax TpuBasoro (HopMallbHOr0) pexxumy ix poboru. Bo-
HU HE CTBOPIOIOTH Oe3mocepeqHboi HeOe3NeKH UIs CHopya TexHocdepH,
OJIHAK IOTIPUIYIOTH SIKiCTh, Ha/iHHICTh a00 CTBOPIOIOTH YCKJIAJHEHHS IS
HOPMAJILHOTO (DYHKI[IOHYBaHHS 3B'SA3Ky, Telle0aueHHs, pajio 1 TIL
[IkivBi BIUTMBH HE HECYTh HeOE3MEKU UIs OiocqepH, aje BUKIUKAIOTH
HEMPHUEMHI BiUyTTS, MOTIPIIYIOTH CAMONOYYTTS, YCKJIaJHIOIOTh HOPMaib-
HUH JKUTTEBUH IUKI ab0 pobGounii pexxuM noaeil. Poboui crpymu 50 'y B
npoBozax I1JI yTBOpIOIOTH MarHiTHe Tojie, IO CTBOPIOE 3aBajJy B KoJlaxX
JIUCTaHIIHOTO WMBJICHHS HEKEPOBAHUX IiJCHIIOBAJIBHUX ITyHKTIB BHCO-
KOYaCTOTHHX KaHaJiB B KaOensx 3B'A3Ky, IHIIMX IMPUCTPOSIX 3B'S3KY, IO
BHUKOPHCTOBYIOTB 3€MJTIO SIK 3BOPOTHIH 3B’SI30K.

Bumii rapMoHikM cTpyMiB Ta Hampyr BKpail HeOaskaHi: BOHU HECHPH-
SITTIIMBI JUIsl POOOTI ENEKTPUYHUX MEPEK, CTBOPIOIOTH JI0JATKOBI BTpAaTH B
MPOBO/IaX 1 MarHiTONPOBOJAX, MICIIEBI MeperpiBy, Pe3OHAHCHI MiIBUIECHHS
HaNpyry, 3aBaJd B TOHAIBHHUX (3ByKoBHX) KaHanax I13. OcHoBHa pobora
3B"SI3KY 3H1HCHIOETHCS ITO BUCOKOYACTOTHUM KaHanaMm. OfHaK KaHaJIH 3B's3-
Ky Ha 3BYKOBHX YaCTOTaxX BUSBIISIOTHCS OCHOBHUMH Yy Ha/I3BHYAWHHUX yMO-
Bax. Bumi rapmoniku B Mepexxax BH BHHMKaIOTH TOIOBHUM YMHOM BHa-
CJIZIOK pOOOTH HaMiBIIPOBIAHUKOBUX HEPETBOPIOBAIBHUX MPUCTPOIB, a Ta-
KOX EJIEKTPOIUIaBIIIBHUX TMeuei, eNeKTPO3BapIOBAIbHUAX arperaris i uepes
HaCHYEHHS CTaji TpaHc(Op-MaTopiB. 3aBajy, 10 CTBOPIOIOTH CTPYMH BH-
cokoi wactoru JiHii BH Ha JiHii 3B'I3Ky, BUHHKAIOTh BHACIIIOK poOOTH
BHCOKOYACTOTHHUX KaHaJiB 1 KopoHu Ha [1JI. Immynbcu ctpyMy KOpOHHOTO
pO3psily Ha MPOBOAAX 1 i30JIATOpaxX, HAKIAAAIOYHCh OAWH HA OJHOTO 3i
3CYBOM Y3JIOBXK JIiHII 1 B 4aci, CTBOPIOIOTh BTpPaTH €HEPrii, ITiJABHIIYIOTh
3araJbHUI piBeHb pajio- BUcokodacToTHUX 3aBax y I1JI i JI3. Cnekrp va-
CTOT BHIIPOMIHIOBaHHS, II0 CTBOPIOIOTH Pajio 3aBajv, OXOILIIOE Jiarna3oH
Bix 10 xI'n mo 1 I'T'. 3aBaau Ha yacrori Buie 30 MI' 31iMCHIOIOTE BILIMB
Ha TelleMeXaHi4He 00JaJHaHHsA | BUHUKAIOTh TUIBKA IPU KOPOHHOMY PO3-
psami miaid 750 xB. Jxepenamu 3aBaja y IbOMY BHUIAJKY, KpiM KOPOHH Ha
MPOBO/IAX MOXYTh OYTH YacTKOBI pO3psAM B 3a30pax 1 Tpill[MHAX i30J1s-
TOpiB, KOpPOHA Ha €JIEMEHTaxX apMaTypH.

JlocmimKeHHsT TacTh MOXKJIMBICTH aHANi3yBaTW Ta ONTHMI3yBaTH pe-
KUMHU poOOTH 1 TpoliecH BipTyanbHUX enexTpoctanuiii (VPP) 3 BpaxyBan-
HSIM peajJbHUX €JIEKTPOMArHiTHUX YMOB B JIOKQJIbHUX CHCTEMaX EJIEKTpPOIO-
CTa4yaHHSI.
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PE3YJIbTATU EHEPTOAYJIUTY TA EHEPTOMEHE/UKMEHTY
BYAIBJII IKOJIN

O.A. Kupunvuyk, cmapwiuti suknaoay, B.FO. [llanownux,
MONOOULUTL HAYK. CRIGPOOD., [IHINpOnempo8ChKuil HAYIOHALHULL YHIGEPCUMEm
BAIIBHUYHO2O MpaHcnopmy imeni akademixa B.Jlazapsna

VY KBiTHS MUHYJIOTO POKY cHeriasicraM JJHInponeTpoBchKOro Hamio-
HaJILHOTO YHIBEpPCUTETY 3aJli3HUYHOIO TPAHCIIOPTY iMeHi akajemMika B. Jla-
3apsiHa JUIsl BUIIMX HaBUAJIBHUX 3aKJIaiB-TIAPTHEPIB MIXKHAPOIHOT'O MPOEK-
Ty €C/ITPOOH «MicueBuii po3BUTOK, Opi€HTOBaHMH Ha Trpomany» OyB
MIPOBEACHUH CceMiHap-TpeHIHr Ha TeMy «EHeproayauT Ta eHeproMeHex-
MEHT B MPOEKTax CTaJoro po3BUTKY». IIpoekt «MiceBuii po3BUTOK, Opie-
HTOBaHUI Ha TPOMajy» € criyibHOO iHimiatuBoo €C Ta [TIPOOH, Ta crps-
MOBaHHMI Ha CTBOPEHHS CHPUSTIMBOrO CEPEeNOBHUINA Ui JIOBIOTPUBAJIOTO
CTaJOro PO3BUTKY Ha MICIEBOMY DiBHI HIISIXOM 3a0XOYEHHS MiCLIEBOTO
CaMOBpsAYBaHHI Ta iHILIATUB, OPIEHTOBAHMX Ha IPOMAJIH 110 BCiil YKpaiHi.

Enepreruunmii ayaur (eHepreTuyHe 00CTEXEHHs) — 00CTeXEeHHs 00'e-
KTiB, 1[0 TPOBOJMTHLCS 3a IHIIIATUBOIO CIIOXKHMBa4ya 3 METOI0 BHU3HAYEHHS
MOXIJIUBOCTI €KOHOMII MMaJIMBHO-EHEPIeTUYHUX PECYPCIiB, 3AIHCHEHHS 3aX0-
JIiB 3 €KOHOMIi Ha MPaKTHIIi UITXOM YIPOBa/LKEHHSI MEXaHi3MIiB €HEpreTH-
YHOI e(DeKTHBHOCTI, @ TAKOXX 3 METOI0 BIIPOBA/DKEHHS Ha MiANPUEMCTBI CH-
CTEMH €HEpreTHYHOro MEHE/DKMEHTY. EHepreTHuHMi ayauT 103BOJISE BH-
3HAYNTH HACKUIBKM €()EeKTMBHO BUKOPHUCTOBYIOTHCS ITajMBHO-CHEPTeTHYHI
pecypcu Ta po3poOHTH pEKOMEH AT AJIsl CKOPOUSHHS IX CITOXKHBAHHSL.

EHepreTnuHmMii MEHEKMEHT — II€ MiSUTBHICTB, IO CHPSIMOBaHa Ha 3a-
Oe3IeyeHHs pallioHaIbHOTO BUKOPUCTAHHS MaMBHO-EHEPIETHYHUX pecyp-
CiB, IO I03BOJISIE 3HAYHO ONTUMI3yBaTH 00CATH EHEPrOBUTPAT.

CeMiHap-TpeHIHT TPOBOAMBCA B 3arajbHOOCBITHIH mkomi [-11T cryre-
Hs B ceni BepOku [laBnorpajcekoro paiiony JIHIIpONeTpoBChKOi 001acCTi.
[Tpu oOcTexxeHHi OyMiBIII KON 3aCTOCOBYBAJIMCH IIPWIIAZN HEPYHHIBHOTO
KOHTpOJIO: TeruioBizop Testo 875-1, mipomerp indpauepBonuii Testo 830
T-1, GararoyHKIIIOHATBHUI BUMIPIOBaJIbHUM Npwiiaj (KaHajl BUMIpIOBaH-
HS TEMIIEpaTypH, BOJIOrOCTi, ToukH pocu) Testo 435-2.

Orsin poOIeMHHX MTPUMIIIEHb KO (KJaciB 1 CIOPTHBHOTO 3aiy)
Ta 3aMipsHi MIOKa3HUKU MIKPOKJIIMaTy BCTAHOBWIIH, IO HE 3a0€3MeYyI0ThCs
HOPMaTHBHI IapaMeTpy TEMIIEPaTypHO-BOJOTiCHOIO PeXUMY 1 BEHTHIIALLII,
a I1e IPU3BEJIO 10 BUHUKHEHHSI Mi/IBUIIEHOT0 PiBHS Bojorocti. B Hacimigok
YOro MpPUMIIIEHHS! BOTKi, Ha BHYTPIIIHIX MOBEPXHSIX NPUMILIEHb OymiBiIi
IIKOJIM CIIOCTEPIraeThCsl yTBOPEHHS IPUOKIB 1 TUTICHSBY.

Be3koHTakTHE BU3HAYEHHS PO3MOALTY TEMIEpaTyp II0 BHYTPILIHIM
TIOBEPXHSAM TPHUMIlIeHb OyJI0 MPOBEICHO 3a JOMOMOIOI0 TEIUIoBi3opa Ta
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TIOKa3aJ1o0, 110 MICIle CIUPAHHS TOPHUIIHOTO MEPEKPHUTTS Ha 30BHIIIHI CTiIHU
€ HalOLIBIT TPOOJIEMHUM MicCIIeM («MOCTHKOM XOJIOTY»).

Borkicte B NpUMIIIEHHSIX — HACIIOK MTOPYIIEHOI BEHTHIIALIT MpHUMi-
IIEeHb | HassBHOCTI «MOCTHKIB XOJIOZY» B 30BHIIIHIX KyTax OyIiBii i B Mic-
LSIX CIIUPAHHS TOPHUIITHOTO EPEKPHUTTS HA 30BHIIIHI CTIHH.

[IpoBeneHmii Orysi TOPUITHOTO Aaxy OYAiBII O3BOJIMB BUSIBUTH Bif-
CYTHICTh HEOOXiJHOI TEII0i30JIS1Ii1 Y TOPUIITHOMY ITIEPEKPHUTTI IIKOIH (Hasi-
BHE TUIBKM YACTKOBE HEPIBHOMIpPHE 3aCHIAHHS IILUTAKOM), IO IOTIpIIye
eHeproeeKTUBHICTh OYJiBIi, TaK SK TEIUIO, OTPHMAHE BiJl CHCTEMH OIla-
JICHHSI, TPOXOJIUTh Yepe3 YaCTHHY HEYTEIUIEHOTO Ta YaCTHHY HEPIBHOMIPHO
YTEIUICHOTO MEPEKPUTTSI B TOPHILE, a 3 TOPHIA Yepe3 HeyTeIUIeHy CKaTHY
KOHCTPYKIIIIO 1aXy — B HABKOJIMIITHE CEPEOBUILIE.

3a pe3yiabpTaTaMu OOCTS)KEHHS HaJaHI PEKOMEHJIAIT 1O MiABUIIICHHIO
eHeproeeKTUBHOCTI OY/IIBIII MIKOJIH, a caMe:

1. TlpoBecTH yTeIyIeHHS 30BHIIIHIX CTiH, BiJJKOCIB Ta TOPHUIIHOTO Iie-
PEeKpUTTS Aaxy OyiBii y BiAMOBIAHOCTI 0 pO3paxyHKiB, PO3POOJICHUX st
JTAHOTO 00 EKTY.

2. Ilicnst BUKOHaHHS yTeIUIEHHA Oy/iBJIi ITPOBECTH KOHTPOJILHHUNA
SHEeproayauT Oy/iBIi IIKOIH 3 METOK BHU3HAYCHHAS SKOCTI MPOBEICHHUX
PpoOoiT.

3. BigHOBUTH cHCTEMY BEHTHUIAIII Ui 3a0e3leueHHs HEeOOXiJTHOrO
TEMIIEpaTYPHO-BOJIOTICHOTO PEXKHUMY NMPUMIILEHb OYiBIIi IIKOMH.

4. TlpoBectn poOOTY 3 BHIAJIEHHS HENPHUITYyCTUMUX YTBOPEHb (IpH-
OOK 1 TUTICHSIBA) Ha BHYTPILIHIX ITOBEPXHSAX CTiH OY/iBIII MIKOJH.

VY pamkax mixxHapoaHoro npoekty €C/ITPOOH «MicuieBuii po3BUTOK,
OpiEHTOBaHWI Ha rpoMajy» IUIAHYETHCS TIPOBECTH CEMiHAp-TPEHIHT Ha Te-
My «EHeproaynur Ta eHeproMeHePKMEHT B MMPOEKTaX CTaJIOr0 PO3BUTKY» Y
IHIIIMX MiCTaX 1 celaxX yYaCHUKIB MPOCKTY.
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MOJISIPU30BAHUI MOHOCTABLJIbHUAM EJIEKTPOMATHIT
JJIA MTPUBITHUX MOJAYJIIB BAKYYMHUX KOHTAKTOPIB
CEPEJIHIX HAITPYT

b.B. Knumenxo, npogpecop, M.A. Jleniok, , 3a6idyeau nagu. iabopamopii
aabopamopii, Hayionanohuii mexuiunuil yHieepcumem « XapKiecoKull
NOIMEXHIYHUL IHCTRUMY M)

Cepen BUPOOHMKIB BaKyyMHHX KOHTAKTOPIB CEpeIHIX Hamlpyr Haii-
OLIBLI ITOMIMPEHI BaKYyMHI KOHTAKTOPH 3 ()OPCOBAaHUMH HENOJISIPU30BAaHUMHU
MOHOCTAOUTFHUMH Ta TOJISIPU30BAHUMH OiCTaOUTbHUMH €JIEeKTPOMAarHiTaMu.
BoHu MaroTh ps HENOMIKIB, TOMY aKTyaJbHOIO € 3371a4a PO3POOKH HOBHX
KOHCTpYKIIii erekrpomarHiTiB. [Ipu 1iboMy HEOOXiTHO AOTpUMYBATHCS BH-
MOT' BUPOOHHKIB BAKyyMHHX NIEPEPUBHHUKIB, @ caMe IBHKOCTI 3aMUKaHHS Ta
PO3MHUKAHHS TOJIOBHUX KOHTAKTIB, KUIHKOCTI i TPUBAJIOCTI BiJICKOKIB ITij] Yac
3aMHKaHHsI, CWJIM YTPUMaHHs KOHTAKTIB Y 3aMKHEHOMY ITTOJIOKEHHI. 30Kpema
HaMU BEIYThCS JIOCIIDKEHHS! MOXKIIMBOCTEH 3aCTOCYBaHHS MOHOCTaOUTBHUX
TIOJISIPU30BAaHNX EJIEKTPOMATHITIB HAa OCHOBI BHKOPHCTAHHS BHCOKOKOEpIIE-
TUBHUX IMTOCTIHHUX MATHITIB JUTsl CTBOPCHHS 0icTaOUIEHUX akTyaTtopiB. OmuH
3 TAKUX EIEKTPOMATHITIB 300paXkeHO Ha puc. 1.

Pucynok 1 — INonsipuzoBanuii MOHOCTAOUTEHIH €ICKTPOMATHIT

EnexTpoMarHit BCTaHOBIIIOETHCSI B KOPITYCl TIPUBIAHOTO MOJIYJISL BaKyy-
MHOI'O0 KOHTaKTOpa Ta 3 €IHYETHCSA 3a JOIMOMOTOK CIIEMEHTIB MEXaHIYHOL
CHCTEMH 3 KOMYTAlliHAM MOJYJIEM, KU CKJIQJIA€ThCS 3 TPhOX BAKYyMHHX
NepeprBHUKIB. EJeKTpoMartiT Mae aBa MOJIOKEHHS: sKip 1 IPUTATHYTHI 1O
KopITyca 2 — TOJIOBHI KOHTAKTH 3aMKHEHI Ta sKip | 3HAXOJUTHCS Ha 3aJaHii
BijicTaHi BiJ Kopiyca 2 (SIK MOKa3aHO Ha pHC. 1) — TOJOBHI KOHTAKTH PO3i-
MKHYTI. [Ipyre monoxeHHs 3a0€31euyeThCsi TIOBOPOTHOIO MPYKHHOIO.

Pe3ynbraTi eKcriepuMeHTANBHHUX JIOCIIIKEHb T TBEPAMIN TEOPETHYHI
PO3paxyHKH BiTHOCHO IIBUJIKOCTI 3aMHUKaHHS Ta PO3MHUKaHHS TOJIOBHUX KOH-
TaKTiB KOHTAKTOpa Ta CHJIM YTPHUMAHHS SKOPS B IPHUTSTHYTOMY ITOJIOXKEHHI.
BukopucraHHs TTONSPU30BaHOIO MOHOCTaOUIBHOTO €JIEKTPOMArHiTy J1a€ MO-
JKJIABICTH CYTTEBO 3MEHIIUTH Ta0apUTH €JICKTPOMATHITY, 1 SK HACHTiJIOK, Ta-
6apuTHI pO3MIpH CAMOT'0 BAKYYMHOT'O KOHTaKTOPA.
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KOHIIENIISI JABOPATOPHOI'O CTEHAY JUISI NOCAIKEHHS
EHEPTETUYHUX ITPOLECIB [TPH ITYCKY ACHHXPOHHOTI'O
JBUT'YHA

O.I'. Komaps, cmyoenm, H /. Kpacnowanxa, doyenm, Hayionaneruii
mexuiunuil ynigepcumem Ykpainu « Kuiscoxuii norimexuivHuil incmuniym
imeni leopsi Cikopcwvkoco»

ACHHXpOHHI JIBUTYHU € HaWOUIBII IMOMIMPEHUM BHJOM EJIEKTPHYHUX
MalllnH, sKi 3aCTOCOBYIOTBCS B €leKTporpuBonax. llpore, sk Bimomo, iX
CYTTEBUM HEJONIKOM € BIJHOCHO HEBEJIMKHHA ITYCKOBHA MOMEHT TpH
3HAYHIA KpaTHOCTI MYyCKOBUX CTpyMiB. TOMYy B acCHMHXpOHHHUX MallWH 3
(ha3HUM POTOPOM MOXKYTh BHKOPHCTOBYBATHCH CXEMH ITyCKY 13 BBEJICHHIM
JIOIATKOBUX OMNOpPIB B KOJ0 poropa. Lle mo3Bonsie OOMEXHUTH BETHYUHU
ITyCKOBHX CTPYMIB IIPH OJHOYACHOMY 301JIbIIIEHHI ITyCKOBOI'O MOMEHTY, alle
NIPU3BOJUTH 10 JIOAATKOBUX BTPAT Ha MYCKOBHX pe3uctopax. s oOme-
JKEHHsI CTPYMIB B TIpOIeCi YCKY HEPEryIbOBAHUX aCHHXPOHHHUX EJIEKTPO-
NIPUBOAIB 3 MAIIMHAMHU 3 KOPOTKO3aMKHEHHM pPOTOPOM 3aCTOCOBYIOTHCS
MIPUCTPOI IUTaBHOTO (M’SIKOr0) MycKy (abo enekTpoHHi myckadi). Hemomikom
TaKUX CHCTEM € 3HW)KEHHS ITyCKOBOT'O MOMEHTY, SIKHH, SIK BiJOMO, IIPOIIOp-
uiitHui kBagpaty ctpymy poropa [1]. Tomy nmpu 3HaYHHX MOMEHTaX HaBaH-
Ta)XEHHsI MyCK Oyne 3aTAryBaTHUCh B 4aci, 0 30UTBIMIMTH 4Yac podoTw i3
ITiIBUIIEHUMH CTpPyMaM 1 NpU3BeJIe JI0 3pOCTaHHS BTPAT EHEprii.

JlaGopaTopHuii cTeH epeadavyae TOCTIKCHHS Ta TIOPiBHSIHHS BEJIH-
YMHY BTPAT €Heprii Npu 000X PO3TILIHYTUX CrIoco0ax MycKy.

OyHKITIOHAEHA CXeMa CTEHITy TIpe/ICTaBjIcHa Ha puc. 1.

HaBaHTakeHHSI Ha JOCHIPKyBaHIi acHHXpoHHIM MammHi (AJ]) cTBO-
PIOETBCS 32 JOTMOMOTOI0 JIBUTYHA ITOCTIHHOTO cTpyMy (M), SIKMH KUBHUTHCS
BiJl IIEpETBOPIOBAaYa HANPYTH, KU MOXKe ()OpPMYyBaTH BEITMUYMHY MOMEHTY,
110 HE 3aJISKUTD BiJl IIBUAKOCTI 00epTaHHs. CUTHAIH BiJl TaTYHMKIB CTPYMIB
B (Qazax craTtopa i poropa acuHxponHoro asuryHa JIC1-JIC4 Ta nartumka
nHanpyru JIH Hagxomars mo cucremu oOpoOku maHMX 1 Bi3yaumisarmii, sika
3abe3neuye iX onu@poByBaHHS 1 Hepenady 0 KOMIT IOTepa 3 METOI Mo-
JTAJTBINOI 00POOKU.

ITpu BixcyTHOCTI MepeTBOpIOBaYa HANPYIW JBUTYH HOCTIHHOTO CTpY-
My MOXKHa KMBUTH Oe3rocepeanso Bifg mMepexi. [Ipu nmepeBeneHHi Horo B
PEKUM JTUHAMIYHOTO TajbMyBaHHS BiH OyJe CTBOPIOBATH JIHIHHO 3ajex-
HUH BiJl IIBUIKOCTI MOMEHT HaBaHTa)XEHHs. BpaxoBylouM 3HIKEHHS MO-
MEHTY ACHMHXPOHHOT'O [BHT'YHa TP OOMEXEHHI CTPYMiB, Taki CHCTEMH
HaOyaM HaWOIIBIIOro IMOMIMPEHHS B €JIEKTPONPHUBOAAX, B SKHX MOMEHT
HaBaHTa)KEHHS 3AJISKUTH Bifl IIBUAKOCTI.
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Pucynok 1 — @ynkiioHanpHa cxema 1abopaTopHOro CTEHAY

TakuM YMHOM, 3aITPOITOHOBAHUH J1a0OPAaTOPHUIT CTEH/T TO3BOJIUTH JI0-
CIIJUTH Ta TIOPIBHATH EHEPreTHYHI IMOKa3HUKH PI3HUX CIIOCOOIB ITyCKY
ACHHXPOHHHUX JBUT'YHIB.

Jlitepatypa
1. Mockanernko B.B. Dnexkrpudeckuii TpHUBOA: YYEOHHK IS CTYI.
BbIcHI. yueb. 3aBenenuii / B. B. Mockanenko. - M. : M3narensckuii ueHTp
«Axkagemus», 2007. - 368 c.
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EHEPT'O3BEPEXXEHHA B EJIEKTPOTEXHIYHUX
KOMIUIEKCAX, MEPEXXAX TA CUCTEMAX

KOHIIEMIISI JABOPATOPHOI POBOTH 10 IOCJIDKEHHIO
EHEPTETHYHUX ITPOLECIB [TPH ITYCKY ACHHXPOHHOTI'O
JBUT'YHA

O.I'. Komaps, cmyoenm, H /. Kpacnowanxa, doyenm, Hayionaneruii
mexuiunuil ynigepcumem Ykpainu « Kuiscoxuii norimexHivHuil iHcmuntym
imeni leopsi Cikopcwvkoco»

Jlns  OCHiKEHHS! €HEPreTHMKH IYCKOBHX PEXHUMIB aCHHXPOHHHX
CIICKTPONPUBOIIB Oylia po3po0JIeHa KOHIEMINisS JIA00paTOPHOT'O CTEH.Y,
SIKMH pealli3ye peocTaTHUH MyCK aCHHXPOHHOTO JBUTYHA 3 (pa3HUM pOTO-
POM Ta IMyCK IIPH 3aKOPOYEHOMY POTOpi 32 JIOMOMOT 00 TIPHCTPOIO IIIABHO-
IO IYCKY.

JI1s 3HATTS MOTOYHMX 3HAYEHB EJIEKTPUYHHUX BEJIMYMH TependadaeTh-
csl BUKOPUCTOBYBATH pO3pO0JIeHNI Ha Kadepi aBToMaTH3allii eleKTpoMe-
xaHiYHUX cucteM Ta enekrponpuBoxny KIII im. Iropst Cikopcbkoro npuctpiit
Bizyamizanii CTEII [1], sikuii B peanbHOMY Yaci 31ilCHIOE OIM(ppPOBYBaHHS
Ta 3aIMC JJO YOTUPHOX EIEKTPUYHKX mapamerpis. B nporeci podoru OyayTs
3aIMCyBaTUCh TOTOYHI 3HAYEHHS (Aa3HOTO CTPYMY, IO CIIOXKHMBAETHCS 3
Mepexi JabopaTOpHUM CTEHAOM, Ta JiHiiHOI Hanpyry. [loxansmia oOpobdka
OTPUMAHUX JIAHWX 3][IHCHIOBATUMETHCS HA KOMIT 10Tepi. B ojHii 3 mporpam
(mampuknang B MatLAB) 31iiCHIOETHCS OOYHCIICHHS MHUTTEBOTO 3HAYCHHS

HOTYXXKHOCTI p, = \/guﬂ.i i - BEIMYMHA CIIO)KMBAHOT POTSTOM IYCKY eHeprii

BU3HAYUTHCA YUCCJIBHUM iHTel”pyBaHHHM MUTTEBOL HOTy)KHOCTi

/4 =Zn:pl.All. .

i=1

I'padiune BimoOpaKeHHS MUTTEBUX 3HAYCHH CTPYMIB 1 HANIPYT J03BO-
JIUTH Bi3yalli3yBaTH BILIMB HaIliBIPOBIJHUKOBHX IPHCTPOIB M’ SIKOTO ITYCKY
Ha SIKICTb €IEKTPUYHOI eHepTii.

Jlitepatypa
1. Konecnivenko C.II.  Teopis  enmekTponpuBoaa-2:  MertoanyHi
BKa3iBKHM JI0 J1aOOpaToOpHHX pPOOIT Ul CTYJOCHTIB HampsMy MiArOTOBKH
6.050702 «EnextpomexaHika» cneniagbHOCcTi «EnekTpoMexaHiuHi cHCTEMH
aproMaru3anii Ta enmektpornpuBony / VYrmax.: C.IL  KonecHiueHko,
C.C.Aumko — K:HTVYY “KIII”, 2011. — 66¢.
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T'A30-IIOBITPSIHI EHEPTETHUYHI YCTAHOBKUA
B.H. Jlobos, doyenm, K.B. Jloboea, Kpueopizvkuil HayionansHuil yHieepcumemn

CrorozHi B YKpaiHi Ta IPOMHCIIOBO PO3BUHEHMX KpaiHaX BUKOPHCTO-
BYIOThCS BiTpoeHepreTuuHi ycraHoBkd (BEY), 1mo BUKOpPHCTOBYIOTH CHITY
BITpY, HOTYXXHICTb SIKUX JIOCSTa€ MOMITHUX 3Ha4eHb. OHOYAaCHO, B IPOMHU-
CJIOBOCTI Ta CLIBCBKOMY TOCIOJApCTBI ICHYIOTH KOPHCHI IOTOKH Mach
ra3iB/IoBITpsl, BiANpanbOBaHNX, BUBUILHEHHX a00 BUIYBa€EMHUX B aTMocde-
Py TEXHOJIOTIYHUMH YCTAaHOBKaMH, sIKi TaK sIK 1 cuia BiTpy 1t BEY, Bonn
€ He CKIHYEeHHHMH jpKeperaaMu eHeprii. Jlo Takux TeXHOJIOTIYHUX YCTaHO-
BOK BIJIHOCSITH: BEHTHJISITOPH, HACOCH, MOBITPOIYBKH, AUMOCOCH, KOMIIpe-
COpY Ta i MaIlIMHYU 3HAXOJATh MIMPOKE 3aCTOCYBaHHS. 3pO3YMiJIO, HIXTO HE
JIONYCKAa€ JAYMKH TIPO CHPOMOXKHICTH TaKOTO ILIJIKOBHUTOTO BUKOPWCTAHH,
Ta BCE OJHO I BEJIMYMHA MTOTOKIB Bpakae. CIIi 3a3HAYUTH, 10 OPi€HTOBHI
pPO3paxyHKOBI Ta eKCIIEpUMEHTaJbHI [aHi, IIOKa3yloTh MO0 MpsMi
BHMIpIOBaHHI IIBUKOCTI Ta3iB/TIOBITPs, BiANpaIbOBaHNX, BUBIJIbBHEHNX 200
BUYBa€MHUX TEXHOJIOTIYHUMHU YCTAaHOBKAaMH JOCSTAlOTh 3HAYHNUX BEJIMUHH,
TOMY BOHM MOXYThb OyTH BUKOPHCTaHI Uil BUPOOJICHHS EJIEKTPHUYHOI
eHeprii. SIk mokasye aHaji3 BiJIOMHUX CIOCOOIB i MPUCTPOIB I KEPyBaHHS
€JIEKTPOCTIOKMBaHHS 3 BUKOpUcTaHHAM BEY, kinmbkicTe myOmikamiii 30116-
nryerbes. BUThIIMX i3 HUX HampasiieHi Ha 3HWKEHHS HENPOIYKTUBHHUX BHT-
paT eNleKTpoeHeprii BUPOOHUYMMU 1 MOOYTOBMMH crioxkuBauamu. Lle Bce
BKa3ye Ha Te, L0 BUPILIEHHS IIUTaHHS PO3POOKU ra30-TOBITPSIHUX €Hepre-
tnuHuX ycTaHoBOK (I'TIEY) choroneHHs € akTyanbHOIO 3a1auero i Mae Hay-
KOBE 1 IPaKTUYHE 3HAYEHHSI.

Bupobnena I'TIEY enexkrpudHa eHepris MOXe€ BHKOPHUCTOBYBATHCS
MATIPUEMCTBOM TO-pi3HOMY. B ofHOMY BUINajKy Il €HEprisi BUKOPHCTO-
BYeTbcsl Oe3mocepenHbO Uil JKUBIICHHS TEXHOJIOTIYHOI YCTAHOBKH 3
BIJIKJTFOUEHHSIM i BiJ] )KUBJITYOI MEPEXi Ha JCSIKHUN Yac, ab0 KUBUTH CIICK-
TPUYHOIO EHEPTi€0 OKPEMHX KOPHCTYBadiB, B iHIIOMY BHIIAJKy BOHA Bif-
JIAETBCS B MEPEXKY IMAIMPUEMCTBA 1 BUKOPUCTOBYETHCS JUIS BIACHUX HOTO
notped. PosrnsHemMo nepmmii BUMazoK. 3amycKaeTbesl TEXHOJIOTIYHA yCTa-
HOBKa, HAlPHKJIaJ, Ta30BHH KOTEN, 3ropa€ MajbHe, HarpiBaeThCs BOjA Ta
3’SIBJISIOTHCS 3AJTUIIKH TaJIbHOTO, 110 HE 3TOpiJio, MOBITPs, YaJHUil Ta3, BO-
JIeHb, Caka, TOLIO BUJAAISIOTHCS 30BHI 3 KaMepH 3TrOpaHHsS YCTAaHOBKH 1
HAIPaBIISIIOTECS Y KaHaJ, e pOpMYeThCs Ta30BUi/ MOBITPsSHUN MOTIK. Bu-
JIAJICHHS Ta3y Ta TOBITPS 30BHI BUKOHYETHCS BEHTWIIITOPOM, SIKMH BKIIIO-
YaeThesl 3a JOMOMOTOI0 TEPETBOPIOBaYa YAaCTOTH IO CHTHajaM 3 OJIOKY
YIIPaBIiHHS TEXHOJOTIYHOIO ycraHoBKO0. CdopmoBaHmii moTik rasy Tta
TIOBITpsl TIONaJa€ Ha JIONMATKHU, SIKI 00epTaroThCs 1 MPUBOAATH Yy AiIO IIO-
BITPSIHUIA TBHHT, NIPUCTPiH KOO BCTAHOBJIIOE HAWKpAIMH KyT aTaKH JIOIa-
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Teil, Ha OCHOBI BHKOPHCTaHHS [0 HANpPsMKYy IOTOKY CEpeIOBHINA, IO
Habirae. O0epTalounCh MOBITPSHUI IBUHT OJHOYACHO 00epTae poTop reHe-
paTopa, KUl BUpOOJIs€ TphoX (Pa3Hy eNECKTPUIHY SIEKTPOSHEPTI0 3MIHHO-
ro crpymy. Llg emexTpoeHeprisi mogaeTbcsi HA KOMYTAaTOpH reHeparopa i
JIATYMK HAINpyTH, MO 3 €IHAHUH 3 BXOJOM IIPOrPaMOBAHOI'O MiKPOKOHTPO-
nepa. THUCK TOTOKY Ta3y Ta IMOBITPS BHU3HAYAETHCS JATYMKOM, BUXiTHHA
CHTHAJI SIKOTO MOAAETHCS Ha 1HIIMK BXia MikpokoHTponepa. Ha iHmmii BXin
MIKpPOKOHTpOJIEpa 3 OJIOKY YIPaBIiHHS MMOJAI0THCS CUTHAJIM BiJl 3aIaTYHKIB,
110 BU3HAYAIOTh 33/1aHi OIepaToOpOM MOPOrH aMIUTITYX Ta (a3 nepeMUKaHb
TpbOX (pa3HMX HAmpyr Bija reHeparopa. Jlist 3a0e3reueHHs] aBTOMaTHYHOTO
KEPYBaHHS eJIEeKTPOCIIOKUBAHHSAM MIKPOKOHTPOJIEPOM OOpOOISIEThCS 1H-
(dopmartisi, 0 MOCTynae 3 OJOKY YIPaBIiHHS BiJl 3JaTYHMKIB 1 MOPOTOBUX
€JIEMEHTIB NP0 BEJIMYMHM aMILIITY/] Ta (a3 KUBJISUO0i HAIpyry reHeparopa i
TIOpIir, BU3HAYEHHS BEJIMYMHU TUCKY B KaHAJI Ta30BUM/ IOBITPSHUM IIOTO-
KOM, Ta KOHTPOJTIOIOThCS (ha3a eNEeKTPOPYXOMOi CHIIM Ha 0OMOTKax craTopa
€JIEKTPOABUTYHAa BEHTHJIATOpPA 1 BU3HAYAETHCS CTAH TEXHOJIOTIYHOI ycTa-
HOBKH. [1o anropuT™my, 110 peanizyeTbcs y MiKPOKOHTPOJIEPi, BUMIPSHI JaHi
JIaTYMKa THCKY 3PIBHSIOTHCS 3 paHillle 3aJaHUMH OIlepaTopoM Napamerpa-
MU TIOPOTY THCKY B Osowti ynpasiinss. [1pu nocsraeHi motpiOHOT BeTHYMHU
THUCKY Ta30BOro/ MOBITPSIHOTO TMOTOKY Ta JOCTaTHBOI 110 aMIUTITYIl elek-
TPUYHOI HAINPYTH Ha BUXOJI IeHepaTopa MiKPOKOHTPOJEP 3a JOIIOMOTOI0
IHBEPCHUX BUXOJIIB Yepe3 KOMYTaTOPH BiAKIIIOYAE TEXHOJIOT1YHY YCTAHOBKY
Bil Mepexi xkuBlieHHA. OIHOYACHO i3 MPSIMUX BUXOIIB MiKPOKOHTPOJIEP
MoJla€ IMIyJIbCHI CUTHAJIA Ha YIPABJISIOYi BXOAU KOMYTaTOPiB TeHepaTopa.
Li xomyTaTopy BiIKpUBAIOTHCS 1 )KMBJIEHHS TPHOX (hPa3HOIO HAIIPYrolo IIe-
peTBOpIOBaya €JIeKTPOABUTYHA BEHTHIISITOpA Ta OJNOKY YIPaBIiHHS TEXHO-
JIOTIYHOI YCTAaHOBKM BHUKOHYETBCSI BXKE BiJ reHepaTopa. Uepes mesikuii yac y
KaHaJli 3MEHIIYETbCS THCK Ta30BOT0/ MOBITPSHOTO ITOTOKY. Y pe3yibTaTi
IIBHAKICT 0OEpTaHHS HOBITPSHOTO T'BHHTA 3HMKYETHCS Ta IMAJAIOTh aM-
IUIITYAM TPHOX (ha3HOI BUXIZAHOI HANpPYrH T'€HEpaTopa, sIka MOAAETHCS Ha
TPETIii, YeTBEPTHi Ta I’ ATUH BXOJW MiKpoKoHTposepa. [Ipu 3MeHmeHi am-
IUTITYAM BHXIJHOI Hampyrd TeHepaTtopa MiKPOKOHTPOJEP BIJKIIOYAE IO
HaNpyry BiJ TepeTBOpIOBaYa €JIEKTPOJIBUIYHA BEHTWIISITOpPAa Ta OJIOKY
YIIPaBIIiHHS TEXHOJOTIYHOIO YCTAaHOBKOIO. L{e BUKOHYETBCS 3a JOIMOMOTOI0
3aKpUTTS BiAMOBIAHUX KOMYTATOpiB IIpU MOAAYl Ha iX YNpaBIsitOvi BXOAU
JIOTIYHOTO HYJS 3 MPSMHUX BUXOIB MiKpoKoHTposepa. OqHoyacHo, Ha iH-
BEPCHHUX BHXOAaX MIKPOKOHTpOJEpa 3’SBISIOTHCS CUTHAJM JIOTIYHHUX OJIH-
HUIIb, SIKI ITOJAI0THCS HA YIPABIISIOUi BXOAM KOMYTATOPiB MEPEXi JKUBIICH-
Hs. L{i KoMyTaTOpH BiJIKpUBAIOTHCS 1 KHBJIsTYa HAIIPYTa 3HOBY MOAETHCS Ha
TIepeTBOPIOBaY EJIEKTPOJABUI'YHA BEHTWIIATOPA Ta OJOK yHNpaBIiHHS TEXHO-
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JIOTIYHOI0 YCTAaHOBKOIO, aJie BiJ Mepexki uBJeHHs. [lani poboTa mpucTporo
JUIS aBTOMATH30BAHOT'O KEPYBaHHS €JIEKTPOCTIOKUBAHHSIM ITOBTOPIOETHCS.

BukoHaHi po3paxyHKH TEXHIYHHX 1 KOHCTPYKTOPCBKMX JaHUX 1 Bpa-
XOBYIOUU TEXHOJIOTIYHI OCOOJIMBOCTI TEXHOJOTIYHUX YCTAHOBOK 1 iX mapa-
METpH: MIBHIKICTH MOBITPSHOTO MOTOKY, IIBUAKICHUN Hamip (JUHAMIYHUNA
THCK), ITOTY)KHICTh Ha BUXOJl YCTAaHOBKH, HOTY)XHICTh ITOTOKY Ta iHII, 3a-
nportoHoBaHo yHigikoBanui psa ['TIEY.

["a30moBITPsIHI €HEpreTH4Hi YCTAHOBKM MAlOTh HACTYITHI YMOBHI I10-
3HaveHHs — [TIEY-1-X-X-X-X-XX .YM0oBHa po3mM(poBKa THIIOBUKOHAH-
us ['TIEY nactynna: 1- Homep po3poOkw, nepuia X — HOMiHaJIbHA TOTYX-
HIiCTh ycTaHoBkH, KBT: 1 - 0,15;2 - 0,25;3 - 0,50;4-1;0;5-1,5;6-2,0; 7 -
5,0; 8 — 10; 9 — 50, npyra X: 0 — mepeHOCHa yCTaHOBKa, | — crarjioHapHa,
Tpetst X - HasgBHICTh akymyssitopa: 0 — €; 1 — Hemae; yeTBepTa X — CTYIiHb
saxucry: 0 — IP31, 1 — IP54, 2 — IP-65,, m’sTa X — KIIMaTUYHE BUKOHAHHS
Ta KaTeropist po3MileHHsI.
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JOCII/UKEHHHSA CUCTEMU KEPYBAHHSA HAITPYT'OIO
ABTOHOMHOI'O ACHHXPOHHOI'O TEHEPATOPA HA OCHOBI
EJIEKTPOHHOT O PEI'YJIITOPA HABAHTAKEHHS ITPU
AKTUBHO-IHAYKTUBHOMY XAPAKTEPI HABAHTAKEHHSA

11 Hixonace, cmyoenm, P.A. Kpuxyn cmyoenm, M.B. Ihwikap, accucmenm,
Hayionanvnuti mexuiunuii ynisepcumem Ykpainu « Kuigcokuil nonimexniunuti
incmumym imeni leopsi Cikopcwvrkoeo»

ABTOHOMHI acCHHXpOHHI reHepatopy (Al") BUKOPHCTOBYIOTBCS VTS KUBJICHHS
CIIO’KMBAYIB B THX MICIIEBOCTSIX JIE JIOCTYII JI0 ETEKTPUYHOI MEPEXi € YCKIIaTHEHNM
a0o0 3a MeBHKX NMPUYIMH HeMOKMBUM. Cepejt OCTaHHIX TEHIEHIIIH B po3poOlLi cHc-
TeM KepyBaHHs Hanpyroro Al" HalOUTBIIIOro pO3BUTKY OTPUMANIM CHCTEMH Ha OC-
HOBI €IEKTPOHHUX PeryisitopiB HaBaHTakeHHs (EPH), cTaTHIHIX KOMITGHCATOPIB
(STATCOM), Ta BekTOpHO-KEpOBaHi crcreMH Ha 6asi iHBepTopiB [1,2]. BonHouac
po0oTa KX CHCTEM TPY AKTHBHO-IHIYKTHBHOMY XapaKTepl HABaHTKEHHsI TTOTpe-
Oye rmbokoro aHamizy. @yHKIIOHATIEHA CXeMa CHCTEMH KepyBaHHs Hanpyroto Al
3a gonomororo EPH npencrasnena Ha puc. 1.

. LTI
i
JH
Bamprinensy
3 =
eoonst - = B
) +(' == =
- §
1 2

Pucynok 1 — @yHKITiOHAIEHA CXeMa CUCTEMU KepyBaHHS Hapyrow Al
3a nonomororo EPH

AT npyBOIMTECS B 00OEPTaHHS 3a JI0TIOMOr'OI0 MPHBITHOTO JIBUT'YHA M, 1I1BH-
JIKICTh OOEPTaHHS SKOTO IITPUMYETHCS TOCTiFHOR. st camo30ymkeHHss Al
BHKOPHCTOBYETHCS TlapajiefibHa Oatapest KoHaeHcaropiB C, BKIFOUEHHX B TPHKYT-
HUK. ['eHepaTop MiAKIIOYEHO JI0 aKTHMBHO-IHAYKTUBHOIO HABAaHTAYKEHHSI, SIKE TIiJT
4ac poOOTH MOXE 3MIHFOBATHCh B jiana3oni Bin 0% mo 100% Bix HOMiHAIEHOTO
3HaueHHs1. 3ananasM EPH e miprprumvika cranoro HaBaHTakeHHs! Al 1110 B CBOFO
Yepry poOUTh CTAIOKO 1 BelIMUMHY reHepoBaHoi Hanpyru Al [1].
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JlocipKeHH st TpOBOAIIHCS 3a AoroMororo Mozerti B Matlab Simulink [2] st
AT Ha 6a3i TpudasHoro acunxpontoro jprryHa AMP112M4VY3 noryxHictio 5,5
kBT, HomiHaBHOIO Hanpyroto 380 B, wacrororo 50 I, KinbkicTs nap nomociz —2. B
KOXHIM (ha3i TIKTFoUeHe HaBaHTOKEeHHs 13 ormopy 30 OM Ta TIOCHIIOBHOTO  JIpoce-

JIFO IHAYKTUBHICTIO 3,2 -107* /. OtpumMaHi rpadiket npesicTaBieHi Ha puc. 2.

1IIrKic T 0GepTamIA poTopa, paz/c Asmity i mistifisoi wanpyri Uy, B Astrmrity s it warpyr Uy U, U, B
400 f\/\ /4\/\ /N‘/\ /\ r /\‘
”Z»‘M it \/
B uwv/\ i
tf \J VY TAvivd

t
3.95 4 4.05
te

Ammrityna crpymy dasui, A Aty ctpyis as i i, i A

VT

2 4 3 8 0 2 4 6 s 39 4 405

Pucynok 2 — I'padiku

B pe3ynbTati BimMiueHO , 10 caMO30Y/DKEHHS JIBUTYHA BiTOYBA€THCS Ha
nipomikKy 0.2-3.3 ¢ 1110 IBH/IIE HOK MPH aKTHBHOMY HaBaHTaKeHH [2], ToOTO
TPOLIEC CIIOHTAHHOTO HAPOCTAHHS HATIPYTH 33 PAXyHOK iHIYKTHBHOCTI € (hopcoBa-
HUM. Hanpyra 3mennmnack 710 534 B 4oro B mpUHIIMIT TOCTATHBO TS HEBE-
JIMKYX CHIOYKUBAYiB PEAKTUBHOI €HEpTil

BucnoBku. Mopemosanns cuctemu Al'-EPH nokasana ii HamiidHiCTb 1 33110~
BUTBHICTb ITOCTABJICHHX JI0 HEl BUMOT. [IpoTe OTHAM 3 OCHOBHHX HEIOMIKIB CHCTe-
MH € OOMEKEHICTB Jjana3oHy 3MiHH KOPHCHOrO HABAHTAKEHHSI OCKUTBKH TPY Ma-
JIMX HABAHTAKCHHSIX 3HAYHA YACTHHA CHEPTIl PO3CIFOETHCS Ha OMOpi eIEKTPOHHOTO
wroda. OTHAM 3 BUXOZIB 3 CHTYALli € ITiJKITIOYEHHS Ha HOro MicIie aKkyMYJISITOPHOI
Garapei abo y Bumasky 3 Mii-I' EC Hacoca 11t akyMysisiLii 3armaciB BOsIH.

Jliteparypa

1.Singh B., Murthy S.S., Gupta S. Analysis and implementation of an electron-
ic load controller for a self-excited induction generator // IEE Proceedings Genera-
tion Transmission and Distribution. Vol.151, No.1.2004, pp. 51-60.

2. Tleuenuk M.B., boekyHosnu B.C., ITlymikap M.B PerymoBanns Hanpyru
ACHHXPOHHOrO TeHepaTopa i3 camMo30y/PKEHHSM 3a JOMOMOrOK EIEKTPOHHOIO
peryisTopa HaBaHTaXeHHs // EnexrpoMexaHiuHi 1 eHepro3oepirarodi CHCTeMH. —
Kpemenuyx: KpHY— Brn.3/2015 - ¢.82-87.
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EHEPI'OE®EKTUBHA POBOTA ITAXTHOI'O BOAOBIAJIMBHOI'O
KOMIIJIEKCY

A.B. Pyxnos, ooyenm, JIBH3 "Hayionanvnuii eipnuuuil ynieepcumem”,
H.IO. Pyxnosa

[HaxTauit BomoBimmiBHIN Komiuieke (ILIBK) 3a cBoero cyTTiO € Kiacuy-
HUM criokuBadeM-peryisitopoM (C-P), npore eeKTHBHICTh HOro BUKOPUCTAHHS
B il IKOCTI HE JUISA BCIX YMOB 3aJTHINAETHCS JIOCTATHRO BACOKOK. EKOHOMIYHMIA
eexT Bis 3MiHHM peXXHUMIB pOOOTH BOZOBIUTHBY (BIAKITIOUEHHS HACOCIB B TO/IMHU
IKOBUX HABAHT&)KEHb Ta IHTEHCUBHOTO BiJKAYyBaHHS BOAW B TOJMHU HIYHOTO
TIPOBAJTY) MIOBUHEH OYTH BUCOKUM. AJie TIpOOJieMa MOJSTae B TOMY, IO BiJOMUE
Cr1oci® BUKOPUCTAHHSI TOJIOBHOTO BOJIOBI/IMBY 11axTH K C-P He BpaxoBye 3Mmi-
Hensst koedirientiB kopucHoi i (KKJI) HacociB Ta miaMerpy TpyOOMpoBiaHOL
MepeXi BHACHIJIOK IX TpHBajoi ekcrutyaTanii. Taki sSBHIA BIUIMBAIOTH Ha 3pOC-
TaHHs TIMTOMUX BHUTPAT €JIEKTPOSHEPTil NPH BMHUKaHHI POOOYMX Ta pe3epBHUX
HAcOCIB JIs BiJJKauyBaHHsI BOJIH TICIISI TIPOXOKEHHS TIepio/Ty MTIKOBUX HABAHTA-
JKECHb B €HEPrOCHCTeMi. BHACIIIOK TAKWUX PEKUMIB 30UTBITYETHCS 3araibHa BH-
TpaTa eJICKTPOCHEPTii Ha BUKOHAHHS POOOTH 3 BiJIKAUyBaHHS BOJIM.

Omxe, U peamizalii TakKuX PEeXHUMIB POOOTH HEOOXIJHO CTBOPUTH
TEXHOJIOTi4HI YMOBH [1], py SKMX IIaXTHa BOAOBIUIMBHA yCTaHOBKA Tpa-
moBatuMe B 30HI MakcumanbHoro KKJI, a TpydonpoBinHa Mepexa Mae Oy-
TH BHKOHaHa TakK, 1100 BiJKauyyBaHHS BOJY BUKOHYBAJOCS 3 MiHIMaJIbHOIO
ITUTOMOIO BUTPATOIO EJIEKTPOEHEPTii.

Meroto pobotu € migBunieHHs eHeproedekTuBHocTi podorn IIIBK B
PEKHMI CIIOKUBavYa-peryssTopa.

B ocHOBY po3po0JIeHOro i X0y 10 MiBHINCHHS €Heproe(eKTHBHOCTI
TOJIOBHOTO BOJIOBLUTMBY, B SIKOMY 3a0€3MEUyeThCsI MOMIIUBICTH KEpPYBaHHS
PeKUMaMHU €JIEKTPOCTIOKUBAHHS HE3aJIeKHO BiJl 3MiHM TEXHIYHOTO CTaHy Ta
YMOB eKCILTyaTallii oOnajHaHHS, BHOIp OJHOYACHO MPAIOIOYMX HACOCIB Ha
BIJIOBIMHUI TIepion J00W MPHU 3acTOCyBaHHI mudepeHiiiiopaHoro Tapudy 3
BUKOPHCTaHHSM pOO0YMX MapamMeTpiB HACOCIB 1 BIZMOBIHOI CXeMH TpyOonpo-
BiJIHOi Mepexi, Ta MOXKJIMBICTb KOPETYBaHHS IIMX MapaMeTpiB, MOJIETIOBAHHS
peXuMy poOOTH BOIOBIUTHBY 3 MIHIMAIBLHOIO MMTOMOIO BUTPATOO €JIEKTPOe-
HEprii Ta MiHIMATFHOI BEJIMYMHOIO OIUIATH 33 CIIOKHBAHY EJICKTPOCHEPTIHO 1,
3a paxyHOK IIbOTr0, OTPUMATH HaHOLIBII €HeproeKOHOMIYHHI PeXUM (YHKIiO-
nyBanHs1 [1T1BK mpu 3MeHITIeHH IDIATH 3a CIIOKUBAHY CJICKTPUYHY SHEPTito.

KepyBanns pexxumamu poootr LIIIBK maxTtu 3 ypaxyBaHHsIM AiHCHUX
napametpiB ii oOiagHaHHS 3a0e3euye MOXKIMBICTD OTPUMAaHHS HaWOUIBII
€HEeProeKOHOMIYHOI0 PeXUMY (PyHKIIOHYBaHHS BoAOBiIMBY. Po3pobie-
HUH MiIX11 10 peXKUMIB pOOOTH HACOCIB, 3aCHOBAaHHH Ha iMiTalliiHOMY MO-
JIeTIIOBaHH1, peali3yeTbCs HACTYITHUM YHHOM.
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3a1aroThes BUXI/HI AaHi 1 TOYaTKOBI yMOBH: HOPMaJILHUI MPHUILIUB BOJIH;
KUTBKICTB 1 €MHICTh KOKHOI TLTKH BOJIO30ipHIKA; TOPH30HT BOJIOBIIIABY; KiJTb-
KiCThb pOoOOYMX, PE3EPBHUX HaMipHUX TPYOONPOBIIHUX CTaBiB, iX HiaMeTp, a
TaKOXK Koe(ilieHT (HaKTHYHOrO JiaMeTpa TPYOOIpPOBOIY; JIiaMeTp BCMOKTYFO-
YuX TpYOONpPOBOJIB; KUJIBKICTH POOOUYMX, PE3EPBHUX HACOCIB BOJIOBI/UIUBY,

BusHauaroTecs mepiony MakcUMallbHUX, MiHIMAJIBbHUX 1 CEpeHiX eJie-
KTPUYHUX HABAHTKEHHSIX B EHEProcucreMi, TapuQHi Koe(illieHTH s
KOXKHOTO Tepiofy JOOOBUX HABaHTaXXEHb 1 TapuQ Ha eIeKTpoeHepriro. Bix-
TIOBIZIHO /IO BUMOT' YMHHUX HOPMATHBHUX aKTiB NPU BHUKOPUCTaHHI qude-
peHIiioBaHoro 3a nepiogaMu 1061 Tapudy Ha eIeKTPOSHEPTII0 B Mepioan
MiHIMaIBHUX (HIYHHUH TPOBaJ), cepeHiX (HaIiBIIK) 1 MaKCUMaJIbHUX (T1iK)
HABaHTAXXCHb IIaTa 3a CIIOKUTY CIEKTPOCHEPTIIO0 3IIACHIOETHCS 13 Tapud-
HUM koedimiearom — 0,25, 1,02 1 1,8 BiamosiaHo.

Bmsnavarotsest pesxxumu podotr 11IBK B mepioqy MiHIMANBHUX 1 CepeHIX
€JIEKTPUYHIX HABaHTAXXEHHSX B eHeprocucreMi. BukoHyetscst GpopMyBaHHS Ta
BiaTBOpeHHs pexkumiB podotr 11IBK 3 ypaxyBaHHSIM TEXHOJIOTIYHMX YMOB JUIS
KOHKPETHOrO 00’€KTa, a TAKOXK 3 YPaxyBaHHSIM HACOCIB Ta TPYOOIPOBOJIIB, IO
TIPALFOIOTh, KUTBKICTB SIKUX MOYXKE 3MIHIOBATHCS B KO)KHOMY ITOTOUHOMY PEXKUMI.

Po3pobnennii croci® 103BoIIsiE BCTAHOBIIOBATH Oyab-sIKUHA 1HTEpBAJ
3MiHN pexxuMy poboru HacociB IIIBK mporsrom no6u. lle mo3omutsb 3
OTpUMaHOi MHOKMHH 00paTy peXuM poOOoTH, IPU SKOMY B IIEpiof MpoXo-
JOKEHHSI MaKCHMaJbHUX HaBaHTa)KEHb B EGHEPrOCHUCTEMi Hacocu OyayTb
BIJIKJTFOYEHI, a JOOOBI IPOIIOBI BUTPATH HA OILIATY CIOXHBAHOI €JICKTPOE-
Heprii OynyTs MiHiManbHHUMHU. KpiM Toro, croci0 103Boise 0OOMEXUTH 3a-
rajibHy KUIBKICTh BMMKaHb HACOCIB IIPOTSTOM OO, IIO JO3BOJIUTH I1OJIOB-
JKUTH TEPMIH eKCILTyaTallii caMiX HACcOCIB Ta iX MPUBOJHUX JBUTYHIB.

JIJ1s KO>)KHOTO TIOTOYHOTO PEXHMMY 3TiJTHO 3 METOAMKOI0 PO3paxyHKY
PEXUMIB MapaenbHoi poOOTH HACcOCIB BOJOBIAIMBY MIAXT BH3HAYAIOTHCS
poboui mapameTrpyu HacCOCHHX YCTaHOBOK (IIPOXYKTHBHICTB, Hamop, KKJ/I,
Koe(illieHT BUKOPUCTaHHs ), TOOTO NpH MEBHiH KoMOiHawii crijbHOI poOOTH
HacociB 1 TpyOOITPOBIAHUX cTaBiB [2].

3rigno 3 IpaBunamu Oe3reku y BYTIIBHUX IaXTax, HEOOXiJHA MiHi-
MaJIbHa KiJIbKICTh HAMpHUX TPYOONPOBOAIB JOPIBHIOE JBOM. Y OLIBIIOCTI
BUIIAJIKIB HAMOUIBII €HEPrOEKOHOMIYHUI PEXHUM POOOTH HACOCHOTO arpe-
raTy Bi/IoBigae foro podoTi Ha OJUH TPYOOIPORI, TBA HACOCH MPAIIOIOTH
Ha JiBa TpyOompoBomu i T. A. OnHak Ha OGaratoarperataux IIIBK momiOHi
YMOBH HE peaji3yloThCs, [0 NPU3BOJMTH 10 3HWKEHHS MPOTYKTHBHOCTI
HACOCIB IpH iX MapajebHiil poOdoTi Ha OJMH TPYOOIPOBI] i, BIAMOBIHO, 10
301IbIIEHHS] TUTOMOI BUTPATH €IEKTPOSHEPTiT Wy.
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Beenennit koedirienT hakTudHOTO NiaMerpa TpyoonpoBony K XxapakTe-
pu3ye #oro MMCHMIA BHYTpIIIHIN JiaMeTp, SIKMil 3MIHIOEThCSI B TPOIIECI eKc-
IUTyaTarli TpyOOIpOBITHOI MEepEekKi Ta JO3BOJISE BU3HAYUTH BIUTHB MiHEPATh-
HHMX BIIKJIQJICHh Ha CTIHKaX TPyOONpOBONY Ha BEIMYMHY HMHTOMOI BHTPATH
enekTpoeHeprii. ExcriepiMeHTabHO OTPHUMaHMMH pe3yJIbTaTaMu JIOBE/ICHO,
1110 TpH 30UIbIIEHH] 00’ €My MiHepaJbHHX BiJIKIIaJJeHb HA CTiHKax TPYOOIpoBo-
JTy TAKOXK 30UTBITYETHCSI TUTOMA BUTpATa EeKTpOoeHeprii (puc. 1, a).

OCHOBHUM TOKa3HUKOM SIKICHOI pOOOTH HacOCHOi YCTAaHOBKH € HOTro
KK/, sxuif 3a1eXuTh BiJl piBHS TEXHIYHOTO CTaHy OOJaJHaHHI, Ta Bif Be-
JIMYMHY SIKOT'O 3aJIe)KaTh 3HAYEHHs poOOUYMX IapaMeTpiB Hacoca. B mporeci
TpHBaJoOi eKcIulyaTanii Hacoca Bi0OYBA€ThCS IOTipUIEHHS HOro TEXHIYHOrO
CTaHy, a BiANoBiaHO i 3HMmxkeHHs Horo KK/I. Beenennit koediuient K, Bu-
3navae 3HmKeHHs1 KKJ] Hacoca BiqHOCHO poOOYOro 3Ha4€HHS Ta JTO3BOJISIE
BU3HAYUTH BIUIMB TOTIPIIEHHS TEXHIYHOTO CTaHy HACOCIB Ha BEIUYUHY
MIUTOMOI BUTpaTH enekTpoeneprii (puc. 1, 0).
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Pucynok 1 — 3anexxHOCTI TUTOMOI BUTPATH €JIEKTPOCHEPTii
BiJl 3SMEHILICHHS BHYTPILIIHBOTO JliaMeTpa TpYOOIIpoBOY () Ta CTYIEHs
TIOTIPIIICHHS TEXHIYHOIO CTaHY HACOCHUX YCTAaHOBOK (0)
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Jlani BukoHyeThcsi ()OPMYBAaHHS Ta BIATBOPEHHS PEXUMIB PoOOOTH
IIBK 3 ypaxyBaHHSIM TE€XHOJOTIYHUX YMOB JJIsl KOHKpeTHOro 00’ekra. Ha-
TIPUKIIaJ], Ha pHC. 2 HaBe/leHa CXeMa MOXKIMBUX pexxnuMiB podoru HIBK, mo
HaIJISAHO EMOHCTPYE NPHHIMITA MOETIOBAHHS y BHTJISAI MHOXHHH pe-
KHMMIB POOOTH TOJOBHOTO BOAOBLIIMBY, N€ NPONOHYETHCS TPH BapiaHTH
pobotu HacociB: 0 — He Ipaloe KOAEH Hacoc, 1 — mpaltoe oAuH, 2 — mpa-
LIOIOTH /IBa HAacocH. Y IbOMY BHIIQJIKY MOXJIMBA 3MiHa PeXHMY poOOTH
HACOCHHX arperariB KOKHY roauHy. JKHpHUMH JTaMaHUMU JIiHISIMH K TTPH-
KJlaJl BUIUIEHHH OAWMH 3 MOXJIMBUX pexuMiB ¢yHkmionyBanus IIIBK na
JIOOOBOMY IHTEPBAJIL.

(G'r Bog y RO Gipreoey | w'

a h u 1% an

e mobH, rog

Pucynok 2 — Cxema moxiiBuX pexumiB podooru 11IBK 3 nBoma nHacocamu:
0, 1 i 2 — KIIBKICTH OJJHOYACHO TpaIrorounx Hacocis; H, HIT i
I1 — BiAmoOBiAHO HiYHA, HAIIBIIIKOBA 1 MKOBA 30HA J00U

JII KOXKHOTO pEXUMY BW3HAYAETHCS NMUTOMA Ta 3arajibHa BUTPATH
eJIEKTPOEHEPrii, OmyiaTra 3a CIOXHUBaHy €JIEKTPOSHEPTiI0, 3aralbHUN 00’ €M
BiJKadyBaHoi Boau Ta iH. Cepen OTpUMaHOi KUIBKOCTI HUKIIYHUX rpadikiB
00UpaEeThCs PEKUM pOOOTH BOIOBIITUBY, IKUH Bi/IMOBia€ JBOM OCHOBHUM
KpHUTEpisiM: MiHIMaJbHA NUTOMA BUTpATa EJIEKTPOEHeprii Ta MiHIMalbHa
BEJIMYMHA OIUIATH 3a CIIOXKHTY eJeKTpoeHeprito. [Hdopmanis mono pexu-
MiB pOOOTH HACOCIB MPSAMYE JIO Bi/IMOBITAJBEHOTO MIEPCOHATY, KU peatizye
00paHuil pe:KuM PoOOTH BPYYHY a00 aBTOMATUYHO 332 HASIBHOCTI BifITOBiJI-
HOI cucTeMH KepyBaHHs. KpiM TOro, MOHITOPHHT 3MiHH HAIopy JA03BOJIUTH
3pOOUTH KOPEKTHI BUCHOBKHM IIIOJI0 NPUYUH 301IbIIEHHS MTUTOMOI BUTPAaTH
EIIEKTPOCHEPTii. 3pOCTaHHS HAMOPY BiJHOCHO MOIMEPEIHIX 3HAYCHb CBiJ-
YHUTH NP0 3MIHY XapaKTEPUCTUKH TPYOONPOBITHOI MEPEXKi, IO XapaKTEpHO
TIpY 3MiHI BHYTPIIIHBOTO JiaMeTpy TpyoonpoBoay. He3aminHe 3HaueHHs abo
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3HW)KEHHS! HaIropy CBIJUUTH MPO TOTipLIEHHS poOOYMX MapaMeTpiB Hacoc-
HOro arperaty, To0To 3HmkeHHs Horo KKJI. BucHoBku Ta pimeHHs moao
MOAAJBIINX Jii puiiMae 0OCITyroByOUYNH TEXHIYHUNA TIEepCOHAI.

BucHoBku. 3ampornoHoBaHuii cr1ocid MOAETIOBAHHS PEXHUMIB POOOTH
IIBK no3Bonsie BUOMpaTH HaWOUIbII €HEPrOEKOHOMIYHUI PeXUM podOTH
BOJIOBI/UTMBY Ha 3a/laHOMY IHTEpBaJIi 4acy 3a KpUTEpieM MiHIMalbHOI MH-
TOMOI BUTPATH EJIEKTPOEHEPTii Ta 32 yMOBU MIHIMAaJIbHOI IUIATH 3a CIIOXKH-
BaHy IPOTATOM 00U eJeKTpU4Hy eHeprito. Lle m03BONMMTH 3MEHIIMTH 10
25% rpoIoBi 3aTpaTH Ha OIUIATY CIIOKMBAHOI HACOCAMU EIICKTPOCHEPTIi Ta
1o 10% 3HM3UTH 11 BUTpaTy, a TAKOXX KOHTPOJIIOBATH 1 CBOEYACHO BUSIBIISITH
TIOTIpILIEHHS TEXHIYHOTO CTaHy ocHOBHOro o0iaaHanHs [IIBK.
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BbIBOP KPUTEPHUEB OIITUMM3ALIUA PABOThbI CTATUYECKHUX
KOMITEHCATOPOB B CETSIX C HECUMMETPUYHOM
HAT'PY3KOM

C.B. I'yaakos, npogh., 0.m.n., B.B. Bypraxa, doy., k.m.H.,
C.K. Iloonedennas, ooy., k.m.u., O.C. Casenxo, cneyuanucm, ['BY3
«lII'TY»

B coBpeMEHHBIX AIIEKTPUUYECKHX CETSX IMPEACTaBICHO OOJbIIOE KOJH-
YECTBO HENMHEWHBIX 1 HECUMMETPUYHBIX HAarpy30K, MOTPEOIISIONMX peak-
TUBHYIO MOIIHOCTb. B CBA3M ¢ 3THM BO3HUKAET 3a7auya KOMIIEHCAlIUU HEeaK-
TUBHBIX COCTABJIAIOLINX MOIHOCTH, KOTOpas pelaercs yCTaHOBKOH cTaTu-
YECKUX KOMIEHCATOPOB, aKTUBHBIX (DHIIHTPOB.

Bnarogapst crtocoOHOCTH CTaTUUECKUX KOMIIEHCATOPOB YIPABJIATH TO-
KOM HalpsIMyl0, OHH UMEIOT MHOT'O CTeleHel cBOOO/bI B PUBEJCHUH MO-
Ka3aTeJdeld KayecTBa AJIEKTPOSHEPrMM K ONTUMAJbHBIM 3HaueHusM. [lpu
JIOCTaTOYHOM YCTaHOBJIEHHOM MOIIHOCTH CTaTHYECKHX KOMIIEHCATOPOB UX
MIPUMEHEHHE JaeT BO3MOXXHOCTh MMHHUMU3UPOBATh YPOBEHB BBICIIUX Tap-
MOHHUYECKHUX COCTABJIAIOLINX B CETEBOM TOKE, BBINOIHUTH CUMMETPUPOBA-
HHE TOKOB CETH U PETYIINPOBaTh BEJIMUMHY HOTpeOIIsie-MOi/ TeHepupyeMOoit
Harpy3Kol peakTHUBHOH COCTaBIISIOIIEH TOKA.

OnHako B Clydae OTrpaHUYEHHOH MOIIHOCTU KOMIIEHCATopa JHOO0 ¢
LENbI0 YAYYIIEHUS] TEXHUKO-)KOHOMHUYECKHX MapaMeTpoB HEOoOXOIUMO
pemats 3a1ady BEIOOpa KpUTEpHUsl ONTUMHU3ALNH pabOThl YCTAHOBKH C yde-
TOM KOH(Urypaluy CETH W peasibHBIX TpeOOBaHHUI 3JIEKTPONPUEMHHUKOB K
MOKa3aTelsIM KadecTBa 3JIeKTpo3Hepruu. [loaToMy mpencTaBisieT uHTEpEC
pa3paboTka yCTpOHCTBa, KOTOPOE MPOU3BOAUT BHIOOP ONTUMAIBLHOIO pe-
KHMMa CBOEH pabOTHI B KaXKJIOM KOHKPETHOM Cilydae oTJenbHo. Hampumep,
BO3MOXKHBI CIIEIYIOIIME BapHUaHThl PadOThl KOMIIEHCATOPOB: BBIMIOJHEHUE
TOJIBKO JIUIIb KOMIIEHCAIIUU PEAKTUBHON COCTABJIAIOUIEH TOKA, IPU ITOM HE
KOMITEHCUPYIOTCS BBICIIME TAPMOHUKH W HECUMMETPHS TOKOB JIHOO KO3(-
(PUIMEHTH HECUMMETPHU U HECHHYCOWIAIBHOCTH TIPUBOJISITCS B COOTBETC-
TBUE C JACHCTBYIOUIMMH CTaHJapTaMHU; BO3MOXXEH PEKUM paboOThI, P KO-
TOPOM HEO0OXOMMO ITPUBECTH YPOBEHb HECUMMETPHH U HECHHYCOUAAIBHO-
CTH TOKOB K HYIIO, NP 3TOM HE BBINOJHSS KOMIIEHCAIIUI PEaKTUBHOU
MOII[HOCTH.
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OCOBEHHOCTH NPOLECCOB B TOCJIEJOBATEJIbBHOM
PE3OHAHCHOM KOHTYPE ITIPU UBMEHEHUU YACTOTbI ITU-
TAHUSA

B.IO. Hoorcenxo, accucm., Kpemenuyeckuti nayuonanvusiii ynugepcumem
umenu Muxauna Ocmpoepadckozo

[IIlupokoe nprMeHEHHE B PAa3JIMYHBIX OTPACISIX MPOMBIIIIEHHOCTH
BHOpannoHHBIX MamuH (BM) 3ape3oHaHCHOrO THIAa PUBENIO K HEOOXO/H-
MOCTH HCCIIEAOBaHUS M W3YUYEHUs IPOIIECCOB, BO3HHMKAIOMIUX BO BpeMs
IycKa IpH MPOXOKAEHUU PE30HAHCHOH 30HbL. C LEJbI0 YIPOLIEHUS HCCIe-
noBaHuil mycka BM paccMoTpeHa maTeMaTHuecKast MOJENb 3JIEKTPUIECKO-
ro ananora BM — mocnenoBaTensHOro pe3oHaHCHOro RLC -KOHTypa Ipu
W3MEHEHHUH BO BPEMEHH YaCTOTHI HANPSDKEHUS ITUTAHUSI.

HccnenoBaHue MOIIHOCTH O U IIOCIE HMPOXOXKACHUS PE30HAHCHOU
30HBI NIPHU YBEIMYEHUH U YMEHBUICHUH YacTOTHI MOKa3aiHd, YTO B J0OpE30-
HaHCHBIA TEpPHOJ, KaK U B 3apE30HAHCHBIH, YaCTOTa TOKA MEHBIIE YaCTOTHI
HaIpsDKEHUS, YTO SIBIISIETCS NPUYMHONW INepexoja aKTUBHON MOIITHOCTH B
CEeTH MUTaHMs Yepe3 HyJb, BCIEACTBHE YETO MOCIe HAKOIJICHUS] DHEPTHU B
JIOPE30HAHCHBIN TIEpHOJ HAaOJI0/1aeTCsl €€ TeHepUPOBaHUE B MCTOYHUK TH-
TaHMUS.

BimsiHMe Temma HapacTaHWsl HAampsOKEHUS M YacTOTHI MTUTAHUS IMPH
MIPOXOXKJICHUN PE30HAHCHOW 30HBI IPUBOANT K CHIDKEHHIO MaKCUMAaJIbHOTO
3HAYEHHs MOIIHOCTH TP IEpexojie Yepe3 pe30HaHC, NMPHUYEM MaKCHUMYM
MOIIIHOCTH IPOUCXOJUT TIPH YacTOTE, BBIIIE PE30HAHCHOM.

3aTyxaHue NepexXOAHOro Ipolecca IpU 4acToTe, BhIIIE PE3OHAHCHOMH,

. R
IpoOrUCXOOUT B COOTBETCTBUU C NOCTOIHHOM KOHTYpa Z .

VY CTaHOBJIEHO, YTO INEPEXOA 4Yepe3 TOUKY PE30HaHCa IPEACTaBIISET
TIpolecc, MPOTEKAIOUIMH BO BPEMEHH, NMPUYEM JIMTEIBHOCTh 3TOrO IIPO-
1ecca TeM OOJIbIlIe, UeM MEHbIIIE CKOPOCTh U3MEHEHHS YaCTOTHI.

ITpu nepexozne uepes TOUKY pe30HAHCA 3HAUCHUS MaKCUMyMa MOIIHO-
CTH B T€HEPATOPHOM PEKUME TEM OOJIbIle, YeM OOJIbIlle CKOPOCTh M3MEHe-
HUSI 9YaCTOTBL.

Takum 00pa3om, XapakTep NEPEeXOAHBIX IMPOIECCOB NPH MPOXOXKIE-
HUM PE30HAHCHOM 30HBI 3aBUCHT OT 3aKOHOB M3MEHEHHS BO BPEMEHH Kak

AMIUTUTY/IbI IUTAIOIIECTO HAIIPSIKCHUS, TAK U €T0 YaCTOTHI.

JINTEPATYPA

1. Ara6ekos I'.11. OcHoBsl Teopuu neneii / I'.11. Atabekos. — M. : DHeprus, 1969. — 424 c.

2. Hoxenko B. IO. HecranuonapHsle HpOLECCH B MOCIENOBATEIFHOM PE30HAHCHOM
kouType / B. FO. Hoxxenko, /1. Y. Poxpkun, B. B. Uenuepoii // Bicuuk Kpemenuyipkoro Haii-
OHAJBEHOrO yHiBepcuTeTy iMeHi Muxaitna Octporpancskoro. — 2016. — Bum. 5 (100). — C. 9—
18.

25



EHEPT'O3BEPEXXEHHA B TEIIJIOEHEPTETHYHUX
YCTAHOBKAX [ CUCTEMAX

EHEPT'OPECYPCO3BEPEXXEHHA B
TEIVIOEHEPTETUYHUX YCTAHOBKAX I CUCTEMAX

3micT

EXPERIMENTAL INVESTIGATION OF THERMAL AND MASS
TRANSFER PROCESSES IN HEAT ACCUMULATORS IN PHASE
TRANSFORMATIONS OF ACCUMULATED MATERIAL OF

ORGANIC ORIGIN 28
V. Gorobets, Grand PhD, 1. Antypov, PhD, National University of Life and
Environmental Sciences of UKIaine............c..ceevvveeerivieeeeenciieeenieeeeeiiee e 28
PAIIIOHAJIBHE BUKOPUCTAHHA OIMAJTIOBAJIBHUX
BOJIOT' PIMHUX KOT.JIIB 29
A.O. Isanenko, marictp, LI. Byrenko, morent, O.B. Komomienp, acucreHT,
JIBHB «V IXT YD cetteeiiieeeeiiieeeitee et tee e eiveeesteeesiseeessnsasaeeesnssaessnssaeennnns 29
COHSIYHUM AJICOPBLIMHUM XOJIOJUJIbHUK 31
0O.B. Konomienp, acucrenr, K.M. Cyxuii, nexan ¢akynsrery TOP i BT,
JIBHB YV IXT YD citeeiiieeeeiieeeeitee ettt e eveeeeseeessseeessnsaeaeeesnsseessnsseeennnns 31
EKOHOMIsA EHEPI'OPECYPCIB 3A PAXYHOK

BUKOPUCTAHHS  AJICOPBIIMHUX  TEPETBOPIOBAYIB
TEIIJIA B CUCTEMI JEHEHTPAJII3OBAHOI'O OITAJIEHHAI......... 33
0O.B. Konomiens, acucrenr, K.M. Cyxuii, nekan ¢akynsrery TOP i BT,

TIBHB QVTIXT Y5 cecoeveeeeeeeeeeeeeeeeesesees e seeseeeseseeseseereseseeeesseeeseesesseeesesen 33
BUKOPHCTAHHSI HM3bKOITOTEHLIMHOI MAPA CHCTEM
BUITAPHOI'O OXOJIOUKEHHS CKJIOBAPHUX IEYEM .......coooeeeeee 35

O.B. KomenpHik, mouneHT, XapKiBCbKHH HaI[lOHAJIBHUN YHIBEPCHTET
imeni B.H. Kapasina, O.B. JlomoOoBcbka, acmipant, HamioHanpHUN
TEXHIYHUI yHIBEpCHUTET « XapKiBCHKUH MONITEXHIYHUN THCTUTYTY ............. 35

AHAJII3 BIUVIMBY PI3BHUX ®AKTOPIB ITIPU MATEMATUYHOMY
MOJEJIOBAHHI KOHAEHCATOPIB 3MILITIYBAJIBHOI'O THUILY ... 36
O.B.KpyrnskoBa, mouenrt, HarioHanpHHH TEXHIYHMI YyHIBEpCHTET

«XapKiBCHKUH MOMITEXHITHUH THCTHTYT ..cuvveenereeirieniieeniieenieieesieesieeenees 36
BILUIUB SIBUIIIA TYPBYJIBALIII MOTOPHOI'O MACJIA HA
PECYPC POBOTHU /IB3 37
J.A. KypnukoB, wMarictpant, B.I. Ky0iu, pouent, 3amopi3bkuii
HAI[IOHATEHUN TEXHITHUN YHIBEPCHTET ... vvveeeneveeeeereeeeireeeseesnreesssseeennnes 37
EHEPI'O3BEPEXXEHHS ITPU BITIPOBAI’KEHHI OPTAHIYHOI'O
IUKJIY PEHKIHA HA OB’€EKTAX CKMTHOI TEILUIOTH...........cccven.. 39
O.B. Cenenpkuid, crpammii Hayk. cmiBpo0., B.II. Capamin, roioBH.
KOHCTP. BiJUILTY, IncrutyT npobiieM MaIMHOO Y TyBaHHS

iM. A.M. TTigroproro HAH YKPaTHU .....cc.eeeviiiniiiiiiiiii e 39

26



EHEPT'O3BEPEXXEHHA B TEIIJIOEHEPTETHYHUX
YCTAHOBKAX [ CUCTEMAX

EHEPI'OE®EKTUBHA CHUCTEMA TEIVIOIIOCTAYAHHSA
IHAUBIAYAJBHUX KUTJOBUX BYJIWHKIB KOTE/IKHOI'O
TUIIY 3 BHUKOPUCTAHHSM EHEPITi TIOHOBJIIOBAHMX
JUKEPEJI TA CE3OHHOI'O AKYMVYJISAITOPA TEIUVIOTH............cc..... 41
C.€. Tapacenko, pouent, €.0. AHTUNOB, CTaplUIMii  BHKIJIajaY,
41.C. BopoHnuos, MarictpaHT, HarioHansHuil yHiBepcuTer Giopecypcis i
MPUPOAOKOPUCTYBAHHS YKPATHH .....veeenniieeenniiieeniieeeneeniieeeeniineeenaieeeenaneeees 41

EKIIEPUMEHTAJIbHE JOCTIKEHHSA E®PEKTUBHUX
IMAPAMETPIB PO3MILIIEHHSA IWIHIPUYHOI
TEIUIOOBMIHHOI TTOBEPXHI B AKYMYJIAATOPI TEILIOTHU
DA30BOI'O IIEPEXOAY HA OCHOBI ITAPA®IHY 42
C.€. Tapacenko, pouent, €.0. AHTUNOB, CTapuUIMi  BHKIAJaY,
M.O Macrok, maricrpant, HanionaneHuii yHiBepcuteT OiopecypciB i
MIPUPOJTOKOPUCTYBAHHS YKPATHH ..eevveeerniiiiieeeeeeniiireeereeeeeessnnenreeeesssnnnnnees 42

27



EHEPT'O3BEPEXXEHHA B TEIIJIOEHEPTETHYHUX
YCTAHOBKAX [ CUCTEMAX

EXPERIMENTAL INVESTIGATION OF THERMAL AND MASS
TRANSFER PROCESSES IN HEAT ACCUMULATORS IN PHASE
TRANSFORMATIONS OF ACCUMULATED MATERIAL OF
ORGANIC ORIGIN

V. Gorobets, Grand PhD, 1. Antypov, PhD, National University of Life and
Environmental Sciences of Ukraine

Accumulation of thermal energy is produced with the aim of storing at
certain times, when there is an overabundance of this energy and its further
use in other periods of time when there is a deficit thermal energy. Such
sources of thermal energy may include, for example, solar collectors, heat
pumps (low-grade heat energy) and other sources. Thermal energy storage
may be carried out under heating of any material (water, solid materials and
other) or by using the phase or chemical transformation of the material (the
melting and crystallization processes accompanied with absorption and re-
lease of heat energy). Thermal batteries with phase or chemical transfor-
mations are allowed to concentrate a large amount of energy in a relatively
small volume of accumulating material. As accumulating materials with
phase transformations can be used, for example, salts of Na or K, as well as
natural materials (paraffin, Glauber's salt and other materials) having a low
temperature of melting and crystallization.

In this paper an experimental study of heat and mass transfer in the
heat accumulator during phase transformations of the storage material. The
experimental setup consists of a chamber filled with paraffin, in which there
are bundles of pipes with circulation of heated coolant (hot water) in the
«charge» the battery and cold coolant (cold water) for «relaxation» of the
heat accumulator. The processes of melting and crystallization of paraffin
during heating and cooling of pipe bundles are investigated. In experimental
studies the changes of the temperature distribution in heat storage material
and tube bundles have investigated. Besides there are investigated the dy-
namics and profile borders of melting and solidification during of «charg-
ing» and «discharging» the battery and were found other characteristics of
accumulator.

As the results of research the basic laws of melting and crystallization
processes in heat batteries during phase transformations of heat accumulat-
ing material were determined. The optimal geometry of the pipe bundles for
which the processes of «charging» and «discharging» of battery will occur
for the minimum period of time was found.
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PAIIIOHAJIBHE BUKOPUCTAHHS OIAJIIOBAJIBHUX BOJ10-
I'PIMHUX KOTJIIB

A.O. Iganenxo, macicmp, LI Bymenxo, doyenm, O.B. Konomieyy, acucmenm,
JIBH3 « V]IXTY »

3a3BU4aii B ONATIOBAIEHUN TIEP10/I BUKOPUCTOBYETHCS JEKIJIbKA THITO-
PO3MipiB BOAOTPiHHUX KOTIIB. IX KilbKicTh GOpPMYeThCs B TIPOIIECi PO3BUT-
Ky OIaJIOBaJIbHOI MEpeXi Ha MPOTsI3i JeKUIbKOX poKiB. ToMy KOHCTpyKii
BHUKOPHCTOBYBAaHHX BOAOTPIHHHMX KOTIIB, a BianosigHo 1 ix KK/, MoxyTh
CYTTEBO 3MiHIOBATHUCS.

BpaxoByrouw, 1110 HaBaHTa)KEHHS CIIOKUBAYIB MPOTSITOM OINATIOBAJb-
HOT'O CE30HY 3MIHIOEThCS BiJl MiHIMAJIBHOTO (B JKOBTHI), 10 MAKCUMAaJIbHOI'O
(rpyneHs, CiueHs), TOLJIBHO HA ITOYAaTKy CE30HY BUKOPHUCTOBYBATH Cy4acHi
XKapOTPYyOHI maporeHepaTopH, ski MaroTh OuThmit KK]I i MeHmmi BUTpatu
Telia, a TakoK MeHIle TermoBupoOHunTBo. L{i maporenepaTopu MaroTh
CYTTEBY IlepeBary nepe]] iHIIMMH - IX MOKIIMBO IIBHKO BKIIOUUTH B poOO-
Ty 1 BUBECTH Ha HOMIHAJILHUI peXHUM. AJie BOHU MalOTh i CYyTTEBHI HEITOIIK
— BOHM OLTBII YyTJINBI 70 SIKOCTI )KUBHJIBHOI BOJM, IO 1 BU3HAYA€ Yac eKc-
ruryatanii. 31 3MEHIIEHHSIM TEMIIepaTypy HaBKOJMWIIHBOTO CEpemOBHIIA i
HEOOXIiTHICTh POCTY TEIUIOBUPOOHHUIITBA B KOTEIBHAX BKJIIOYAIOTH B pOOOTY
IHIII THIY BOAOTPIHHHUX KOTJIIB ( HAIPUKIAJ — HOTYXHICTH BOJOTPIHHOIO
korna Tury [ITTBM-50, IITBM-100 i iHmmi), siKki MarOTh 3HAYHO MEHIIIAN
KK]I i3-3a migBUINEHHS BUTPAT 3 BiJIXIJHUMH razamu ((,) i MiJBHIICHHIM
BuTpar (qs) 1 TOJl HACTAE MUTAHHS NMPO PALIOHAJIBHUI EKCIUTyaTalliiHNI
PEXHUM CHJIBHOT pOOOTH OKpeMHX KOTIIB [1].

HaBaHTa)keHHS ClIOKMBAviB MOXKE 3aJI0BOJILHATUCS B KOTENbHI po0o-
TOI0 OAHOro abo0 JEKIJIBKOX KOTIIIB, ajle OCHOBHOIO BHMOI'OI0 €KCIUTyaTa-
LIHOTO PEXUMY SIBISIETHCS, MI00 MpH JII00OMY HaBaHTaXXEHI Ha KOTEIbHY
KK]I nparrorouoro xotia abo BCix KOTIIB OyB OJU3EKUM JI0 MAKCUMAJIEHO
MOXKJIMBOTO TIPH 33JIaHi# SKOCTI manusa [2].

Meroto naHoi poOOTH € OOTpYHTYBAaTH palioHaJIbHE BHKOPUCTAHHS
OTaTIOBaIBHUX BozorpiiHnx Koriis [ITBM-50 Ta VSP-1000.

Jlnst peamizamii mocTaBieHOT METH, 32 METOAMKOI HaBEICHOIO B [3],
BUKOHAHI OpI€HTOBHI PO3paxyHKH BOJOTPIMHUX KOTJIOArperariB THILY
[ITBM-50 ta VSP-1000, pesynbrat kX, y BUrisiai 3aneskHocti KKJ]
BOJIOTPIfHMX KOTJIIB BiJl TEIDIOBUPOOHHMIITBA, IIPEACTaBIeHI Ha puc.l. AHa-
J3yI04YM HaBEJIEHY 3aJIeKHICTh, MOXKHA CKa3aTd, 10 OOWABa KOTJIM IpH
pobori 3 MmakcumaneauM KK, mMatots 35-45 ['kan/ron, npu 1boMy iX BU-
TpaTH MayuBa Oy1yTh MiHIMAJIILHUMH.
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Pucynok 1 — 3anexnicts KKJ{ BogorpiiHiX KOTJIIB BiJl TETUIOBUPOOHHUIITBA

BaxxmBo BpaxoByBatHd, mo xaporpyoHmii koren VSP-1000, mae 6i-
aemmid KK, ToMy #oro Ha mpakTHili BUKOPHUCTOBYIOTh SK ITOCTIHHUNA Ha-
rpiBay, a [ITBM-50, Tinpku mpu HeoOXiqHOCTI (TP 3HIKEH] TeMIlepaTypu
1o — 12 °C, Ta nipu cuiibHOMY BiTpi).
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COHSIYHUM AICOPEIIMHUM XOJIOUJIbHUK

O.B. Konomieyn, acucmenm, K. M. Cyxuii, dexan ghaxynomemy TOP i BT, /IBH3
«VIIXTY»

CyuacHi XOJIOIWIBHUKY 1 KOHIUIIOHEPU B CIIEKOTHHUH MEPiof] CIIOXKH-
BalOTh BEJIMKY KUIBKICTh €JIEKTPOEHEprii, Uil OTPUMaHHs sKOi BHTpada-
I0ThCSl HEBIJHOBHI NPUPOJHI pecypcu. 3pOCTaHHS CIOKMBAHHS €JIEeKTpoe-
Heprii B JITHIN 1epio NPU3BOJUTH /10 MIEPEBAHTAXKEHHS B CUCTEMAaX €JIeKT-
portocTavaHHs 1 HaBiTh cepio3HMX aBapiil. OmHUM i3 crnoco0iB 3HU3UTU
CHOXKMBaHHS €JIEKTPOCHEPTii 1 OHOYACHO YTHJII3YBaTH HU3BKOIOTEHIIIHY
TEIJIOBY €HEPril0 € COHSYHI ancopOUiiHI XOIoAWIbHUKH. EdexTuBHICTH
pOOOTH COHSYHOT'O XOJOAMIIBHUKA CYTTEBO 3aJIEKHTH BiJ] CyMapHOIo cepe-
JTHHO/I000BOI'0 3HAUEHHS! COHSYHOTO BUIPOMIHIOBAHHS, sike 3a JaHuUMH [1]
BH3HAYAETHCSI KYTOM PO3TALIYBAHHSIM COHSYHOTO KOJIEKTOpPAa TOPH30HTY Y
niBjenHiit opienranii. Kyr 8 30° e Gyjie ONTHMaIbHEM 1S BChOTO MEpio-
JIy eKCIUTyaTarlii.

Mertoto pobOTH € MOZIEpHi3allisl iICHYI0Y0I KOHCTPYKIIiT COHSYHOTO XO-
JIOAMIIbHUKA [2] HIJISIXOM OCHAILEHHS! HOTO CBITJIOUYTJIMBHM €JIEMEHTOM Ta
€JIEKTPOIPUBOIOM, IO JO3BOJIMTH 3MIHIOBATH KyT HaxXuily ajacopOepy 110
TOPU30HTY B 3aJISKHOCTI B/l IHTEHCUBHOCTI COHSYHOTO BUIIPOMIHIOBAHHSL.

AncopOIiitHuii XOJOAWIBHUK, 3TiHO 3 TEPMOJWHAMIYHUAM ITHKIIOM
TIPE/ICTaBJICHUM Ha pHC. 1, Tpaltoe B ABa €Tany Nepliuid eTan — OTpUMAaHHS
xonoxy (miHist 3-4-1— ancopOuist Ta BUnapoByBaHHs Boan); pyruii eram —
pereHepartis agcopOenty (JiHis 1-2-3 — mecopOris Ta KOHIEHCAIIS BOIH),
Ta TPHU IIbOMY B 3aJIEKHOCTI BiJI ITOJIO’KEHHS COHIIT Ha HEOOCXMIII SIKE YIIOB-
JIIOETHCS CBITJIOUYTIMBUAM €JIEMEHTOM 13, 10 1ojae CUrHaj Ha eJeKTPOI-
puBox 14, 3MIHIOETBCS KYT HaXWiLy ajcopdoepa 10 Topu3oHTy. Take BIIOCKO-
HaJICHHS! KOHCTPYKIii JI03BOJISIE MIATPUMYBATH CTaJIe 3HAYCHHS XOJOINIIb-
HOTO Koe(ili€HTy IPOTATrOM BChOT'O MEPiojy eKCIuTyaTalii.

Qxec
213

Ln P

Quxe

-I\T

Pucynox 1 — Pobouwnii ki agcopOLiitHOro XonoauiipHIKa
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KoHCTpyKTHBHE BHKOHAHHS ONTHUMI30BAHOTO COHSYHOTO XOJIOHIIb-
HUKa HaBeJIeHO Ha puc. 2.

Pucynok 2 — BiaockoHaseHa KOHCTPYKIIisI COHYHOTO XOJIOMMITBHIKA (a) 1
JIeTabHEe 300pa)KeHHS THYYKOTO TPYOOIPOBOTY 3 BAKYYMHOIO 130J1s11i€T0 (0)
1 — agcopOep; 2 — 3MmiiioBHK (TiApoaKymMynsTop); 3 — copOuiiHui
MaTtepiai; 4 — BUIApHUK; 5 — KOH/IGHCATOp; 6 — XOJIOAMIbHA KaMepa;

7 — BOJSIHUH akyMyJIsITOp Xonoay; 8 — tpyda; 9 — kpan; 10 — rHyUKHid Tpy-
OOMpPOBIiJT 3 BAKYYMHOIO i30JIA11i€10; 11 — MeTaJieBi TNTACTHHU 3 OTBOPAMH Ta
HaHECEHUM T'pa/IylOBaHHsIM; 12 — Mpo30pHii CTUTBHUKOBUH TOMiKapOOHATHUI
IIacTuK; 13 — cBITIOuyT/IMBI enemMeHTy; 14 — enekTop NpuBiz;

15 — mimuimHuK; 16 — onopa

Jlitepatypa

1. KoznoB SI.M. OntuMizanisi po3rairyBaHHs! COHSYHUX KOJIEKTODIB B
remiocucremax / S.M. Kosmos, M.IL. Cyxmii, K.M. Cyxuit // Cxizn-
HO/€BponenchKuil )XypHa nepenoBux TexHonorii. — 2010. — Ne2/10 (44). —
C. 58 —64.

2. TTat. 86227 Vkpaina, MIIK F 25 B 17/00. AncopOuilinuii Xxononu-
ameHuK / Cyxuit KM., Cyxuit M.IL, Konomiens O.B. [Ta iH.]; 3asBHUK i
MAaTEeHTOBJIACHUK Jlep>kaBHUIM BUINUHA HaBYaJbHMUN 3akiaj “YkpaiHChKUI
Jiep>KaBHUM XiMiKO/TeXHOIoriyHui yHiBepcurer”. — Ne u 2013 05136; 3a-
siBI1. 22.04.2013 omy6u. 25.12.2013, Bromn. Ne 24.

32



EHEPT'O3BEPEXXEHHA B TEIIJIOEHEPTETHYHUX
YCTAHOBKAX [ CUCTEMAX

EKOHOMIA EHEPI'OPECYPCIB 3A PAXYHOK BUKOPUCTAHHSA
AJCOPBIIMHNUX NEPETBOPIOBAUIB TEILJIA B CHCTEMI
JEHEHTPAJII30OBAHOI'O OITAJIEHHSA

O.B. Konomieyn, acucmenm, K.M. Cyxuii, dexan ghaxynomemy TOP i BT, /IBH3
«YIIXTY»

P03BUTOK eHEpreTUKN Ma€ BUPIIAJbHUN BIUIMB Ha CTAaH €KOHOMIKHU B
Jiep>KaBi Ta piBEHb KUTTS HaceleHHs. EKOHOMIsl TEpBUHHUX €Hepropecyp-
CiB Ta PO3MIMPEHHS MOXXJIMBOCTI BUKOPHCTaHHS HETPAJULIHHHX JDKepes
eHeprii € 00’eKTHBHO 00yMOBJIEHHOIO HeoOXianicTo. IIpo e cBiquaTh moc-
Til{HE NOTIPIIEHHS CTaHy HABKOJIMIIHLOTO CEPEJIOBUINA, CKOPOYEHHS CBITO-
BHX 3amaciB Ha)TH Ta rasy, 3pocTaHHs co0iBapTOCTI iX JOOYBaHHSI Ta iH.

Mera poboTu — 35CyBaTH JOLUIBHICTE BUKOPHCTAHHS a/1COPOIIHNX
nieperBopiroBauiB Terioty (AIIT)[1,2] mis onaneHHs: NPUMILIIEHHS IUIOMIEIO
100 M? 3 TEIUIOBHM HABAHTAXEHHSIM Ha omaneHss 339,5 M/lx/106a.

JI1s MOCSITHEHHS TTOCTaBJIEHOI MeTH OyII0 3/1iHCHEHO MOPIBHAHHS €He-
PrOCHOKMBAHHS €JIEKTPUYHOT0, TA30BOTO Ta TBEPIONAIUBHOTO KOTIIB 3
eneprocrnioxxuBanusiM AIIT. PesynbraTi HaBeneno B a0 1.

Tabmust 1 — ExoHoMist eHepropecypciB 3a paxyHOK BHKOPHCTaHHS
az[cop?uip“nmx MIEpEeTBOPIOBAYIB TeIUIa JUIS ONaJIeHHS OYJAMHKY IUTIOLICIO
100 m

Koren . Enexcrp.
Jlxepeno TBEpIO- rli?)or(;];;m I[I;zrr?go
OTaJICHHS. ;EJOH/I,?EHEH;{ ITPOCKYPIB MiHi ATy | ATy
T AOI'B-16 B 12 kBr
380B
KarmitasibHi
3aTpary, THC. 7 7 5 6 6
IpH
Eneprocnoxu-
BaHHS, KT Y. 22 26 17,69 0,29 7,5
Ha JIo0y
ExoHoMist, kr
y.IL. Ha 21,71 25,71 17,4
A00y(min)
ExoHoMist, kr
Y.L Ha JI00Y 14,5 18,5 10,19
(max)

[Hnexcom min no3HaueHo cnoxkuBaHHs eHeprii AIIT mpu coHsuHil
TIorozii, a max — pu rnacMipHiid. EkoHoMiuHuMi ehexT nocsraeThest 3a paxy-
HOK TOT0, IO B MPOIEC] PO3PSAKK anapaT CIIOKMBAE SHEPTriio JIMIIE Ha Te-
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peKaKy BOJIU B CUCTEMI, a B ITPOLIECI 3apsIIKH , 32 YMOBH T'apHOI MOTO/IU, TaK
1 IPOJTIOBXKYETHCS, a SKIO OTOa IMiIBOIUTh, TO BiIOYBAE€THCS TOTPiB BOJIH,
sIKa f/ie Ha OTIaJIEHHS TPaJAUIIHHIMHU METOAaMH. 3a paxyHOK TOro, 10 BOja
JIOTpiBa€ThCS, @ HE HArpiBaeThCs BiJl MOYATKOBOI TEMIEPATypH TaKOXK Mae-
MO €KOHOMIIO CHEprii.

Omxe, sk BUIHO 3 Ta0. 1, Bukopuctanus AIIT B cucremi aeneHTpati-
30BAHOTO OMNAJICHHs NPUMIlIEHb Pi3HOTO MpHU3HaueHHs miomero 100 M* nae
MOXIJIUBICTH €EKOHOMHTH 110 17 KT. y. 1. Ha 700y NpH ILOMY TeMIlepaTypa B
npuMileHHi marpumMyeThbest Ha piBHi 19 — 22 °C. 3a HeoOXiAHOCTI 1O 11~
(bpy 3aBXKIM MOXKHA BiJIHECTH 0 LIHU Ha BHXIiJIHI €HEPrOpeCcypCcH.

BcraHoBnieHHST B cucTeMy BEHTHJISALIT aJcopOLiHOrO pereHeparopa
Teria Ta BoJorH [3], eHeprocrnoXKuBaHHs sIKOro He mepeBuinye 1 kBt Ha
1100y, J103BOJISIE OTPUMYBATH MPUTOK CBIXKOTO MOBITPSl B MPUMIILIEHHS, TIPH
LILOMY MAITPUMYETHCS BiIHOCHA BOJIOTICTh B KiMHATI Ha piBHI 50 — 60 %, a
Temreparypa — 19 — 22 °C.

Jlitepatypa

1. Konomienp O.B. ExoHoMist eHepropecypciB 3a paXyHOK BUKOPHCTaHHS
copOwiiHnX TeruoakymyssaTopis-ooirpisauiB [Tekcr] / O.B. Konomierp, O.A.
BensroBerka, K.M. Cyxuit, M.IT. Cyxuii, .M. Ko3no // XiMi4Ha TEXHOIOTIS:
HayKa, €KOHOMiKa Ta BHpOOHMITBO: Marepiamu Il MixHapogHOI HayKOBO-
npakTHaHOI KoH(epenwii, M. [lloctka, 27-29 micronana 2014 poky. — Cymu:
Cymcbkuii nep>kaBHUN yHiBepeuteT, 2014. —c. 139 — 140.

2. IMarent 91481 Ykpaina, MIIK F 25 B 30/00, F 25 B 17/00 Ancop6-
uitiauii TerioBuit Hacoc / Cyxuit K.M., Cyxuit MLI1., Konowmienp O.B. [Ta
iH.]; 3a9BHHMK 1 MATEHTOBJIACHUK JlepkaBHWI BUINMI HaBUAJIBHUH 3aKIajl
“YKpalHChKUI Jiep>KaBHUH XiMIKO-TEXHOJOTIYHUI YyHiBepcuteT .— Ne u
2013 15448; 3asBmn. 30.12.2013; onyomn. 10.07.2014, brom. Ne.13.

3. Konomienp O.B. ExcrunyaraniiiHi XxapakTepuCTHKH a/1copOLiifHOro
perenepaTopa HU3BKO-TIOTEHIIIHHOTO TEIIa Ta BOJIOTH Ha OCHOBI KOMITO3H-
THHUX COPOCHTIB «CHIIIKareib-HaTpil cynbdaT» Ta «CHIIiKarelb-HaTpill ame-
TaT» CHHTE30BaHUX 30ib-renib MerogoM [Tekcr] / O.B. Komomierns, K.M.
Cyxuii, O.A. bensnoscska, B.I. Tomuno, O.M. Ilpokonenko, M.II. Cyxuii
// Haykosi niparni Oniechkoi HalliloHaJIbHOI akaJieMii Xap4oBUX TEXHOJIOTIN.—
2016.-T. 80,B.1.—c. 108 — 113.
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BUKOPUCTAHHS HU3bKOIMMOTEHIIAHOI ITAPH CUCTEM
BUITAPHOI'O OXOJIO)KEHHSI CKJIOBAPHUX INNEYEN

O.B. Kowenvhix, doyenm, XapKiecoKuil HAYIOHAIbHUL YHI6EpCUmMem IMeHi
B.H. Kapasina, O.B. [lonoboscvka, acnipanm, Hayionanoruii mexuiunuti
yHieepcumem «XapKi6CoKutl NOIIMEXHIYHUL IHCTRUMY )

B renepimHiif yac map cucTeM BHITAPHOTO OXOJIOKEHHS CKIIOBAPHUX
rieyeil Oe3nepepBHOI Jii YaCTKOBO BUKOPHUCTOBYETHCS Ha ONAJIeHHsI, Jeae-
pallifo XMBWIBHOI BOJM Ta y JAESKUX 1HIMMX Bunaakax. OmHak yepe3 HU3bKi
fioro mapamerpu (tuck 0,1-0,5 MIla), Bucoky Bomnoricts (6-12 %) BuHUKae
mpo0JeMa Horo MOBHOTO 1 PaIliOHATFHOTO BUKOPUCTAHHS.

OpHUM 13 CII0CcO0iB BUKOPUCTAHHS TEIUIOTH BOJSHOI ITapH € MiJirpis
KOMIIOHCHTIB TOPIHHS, IO HAJXOISTh B MATBHUKOBI MpHCTpoi nedi. Kiab-
KIiCTh TeIuia, SIKy MOXJIMBO IepeqaTd KOMIIOHEHTaM TOpiHHS, OOMEKEHO
TemriepaTyporo napu CBO Ta 3a1eXuTh BijJ THCKY B CHCTEMI.

[py HasBHOCTI TETUIOBHX CIIOKHMBAYIB, IO HE 3a0€31EUYIOTh TIOBHOTO BH-
KOPUCTAHHS MTapy BHUIAPHOTO OXOJIODKEHHSI HA TPOTS3i BCHOIO POKY abo MpH
TIOBHIM iX BIICYTHOCTI, CJIiJ] PO3IJISIHYTH MOXKJIMBICTH BUPOOJICHHSI €EKTPHYHOL
eHeprii. MOXIIMBI HACTyNHI BapiaHTH: 1) BUKOPHCTaHHS IMMAapd B CIEHiaTbHO
CIIPOSKTOBAHMX 11 JaHWX Iled TypOiHaX KOHJEHCA[IHHOrO  THILY;
2) BUKOPHCTAaHHSI MapOBUX TYPOiH, SIKi BUITYCKalOTBCSI CEPIMHO Ta KCIUTYaTYIOTHCSL.

KoskeH BapiaHT Mae CBOI IepeBart Ta HEZIOIKH 1 TOBUHEH JIOKJIaJHO PO3T-
ystiaTrcst okpemo. OTpuMaHHs OLTBIN SKICHOT TTapy BUMAarae yCTaHOBKY CHellia-
JIBHUX CerapaliifHyX MPHCTPOIB, OCYIITyBayiB MapH, TEIUIOBUX TpaHC(HOpMaTopiB
200 aBTOHOMHUX IaporeperpiBHUKIB. 3aCTOCYBaHHS TAPOCTPYMHUHHOTO KOMITpE-
copa ab0 MEXaHIYHOTO KOMIIPECOpa MOKa3alo HEeEKTUBHICTh JTAHOI CXEMH.
BcraHoBII€HHS OKpEMOTO MaporeperpiBHAKA TaKOXK HE € JIOMUIBHAM, BPaXOBYIO-
Y1 JJOCHTB 3HA4HI MacorabapyTHI MOKa3HHUKH JAHOTO THITY OOJIa/THAHHSI.

ToMy B taHOMY BHIaIKy MOYKE BUSIBUTHCS IOCHTDH BUTIHAM 3aCTOCYBaHHS
HU3BKOKUIUISIYKMX TEIUIOHOCITB SIK POOOYOro Tijla B €HEPreTUYHHX YCTaHOBKAX
TIpH TeMItepaTypi BozsiHOI TapH Ha piBHI 115-150 °C. Taki ycTaHOBKH MpaIOOTh
3a JIBOKOHTYPHOIO CXeMO0. Teruio KoHIeHc allil mapy nepeacThesl KU sITHITbHY-
KY, a TeIUIO OXOJO/DKCHHST KOHJICHCATY — ITiTIrpiBHUKY ITApOreHepaTopa Ha HU3b-
KOKUIUITIOMY pobodoMy Titi. ITOTiM OXOMO/DKEHHI KOHICHCAT BOJSHOI Mapu
HampaBISIEThCS B JieacpalliifHy YCTAHOBKY, a ITCJISI IIbOro HacoCOM 0 OXOJIO-
JOKYBaHUX €JIEMEHTIB CKJIOBAapHOI Tedi. Y JpyroMy KOHTYPi HU3BKOKHILTTYHNA
TEIUIOHOCI HarpiBaeThCsl 1 PO3LIMPIOETECS B TypOoreHeparopi. M’sita BozsiHa
Tiapa KOH/ICHCYETHCS, a MOTIM KOH/IEHCAT KHUBHIILHIM HACOCOM TIO/IA€ThCS B T1a-
poreHepatop. Po3paxyHKu 1aHOi CXEMH ITOKA3aJIH, IO i3-32 HU3BKHUX MTapaMeTpiB
TPilOYOro TETUIOHOCISI Y CHJIOBOMY KOHTYpPI MOYKHA 3aCTOCOBYBATH JIMIIE LMK
Penkina 3 Hacu4eHoo a0o 371erka NeperpiToro naporo.
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TakuM YMHOM, NpW aHaJi31 €PEKTUBHOCTI EKCIUIyaTalil TeIIoyTHIIi-
3aliHAX KOMILJIEKCIB 3 BUKOPUCTAHHIM HU3BKOIOTEHIIHHOI BOASHOI Mapu
CBO cknoBapHHUX Tiedell HEOOXiJHO T0JaTKOBO HMPOBOJWUTH KOMILIEKCHE
OLIIHIOBAaHHS POOOTH KOXKHOTO eJleMeHTa cxeMu. Bubip HaibinbI ontuma-
JIBHOTO pIlIEHHS MOMJIMBO TUIBKM IIPH aHali3l CKJIAJHOI CYKYHMHOCTI
TIOB’SI3aHUX MK COOOI0 TEXHOJIOTIYHUX T €EKOHOMIYHHX (DaKTOpiB.

AHAJII3 BIVIUBY PIBHUX ®AKTOPIB ITPU MATEMATUYHOMY
MOJEJIIOBAHHI KOHAEHCATOPIB 3MIIITYBAJIBHOI'O TUITY

O.B.Kpyanaxosa, ooyenm, Hayionanenuti mexuiynuii ynieepcumem
«XapxiscbKuil ROAIMEXHIYHULL IHCIMUMY»

Temnonepenayua mpu Oe3MocepeTHLOMY KOHTAKTI Ta30BOI 1 pikoi (a3 TOCHTh
IIIMPOKO 3aCTOCOBYETHCS B MPOIIECaX 1 anaparax TeruIoeHEPreTMIHOTO MPHU3HAYCHHSL.
30KpeMa, MOIMpeHHsT HaOYIT! 3MIlTyBaTbHI KOHZIEHCATOPH TTAPOBHX TYPOIH €JIeKT-
POCTaHIIiH, 3aCTOCYBaHHS SIKHX, Y Mipy POCTY BapTOCTI €ICKTPOCHEPTii, 3a0e3meuye
MOXTUBICTB ITiIBUILIEHHSI IPOAYKTHBHOCTI YCTAHOBKH TIPH CKOPOYEHHI KaIliTAJTbHAX
BUTpar. PasoM 3 TuM, BiICYTHI HafiliHI IHKEHEPHI METOM TIPOEKTYBAHHS TaKKX ara-
parTiB, a B iICHYFOUHX METOAMKAX BUKOPHUCTOBYFOTHCS €MITIPUYHI CITiBBIIHOIIEHHSI, ITI0
HE CTIprsiE PO3yMIHHEO (Di3UUYHIX SIBHITI, SIKi MAOTh MICIIE TIPY TIPsIMIi B3aeMOJTii (as.

Po3pobnena Mojenb NpOIECiB TEMIOMacooOMiHYy B KOHJAEHCATOpi
3MIIIyBaJIbHOTO THIY 0a3YEThCS HA OIMKCI MPOLECY B3aEMOIIT OAMHOYHUX
KpareJp i IUIiBOK PiJIMHU 3 MOTOKOM MAapH 3 ypaXyBaHHSAM CXEMH B3a€MOJIii
LUX CEPEIOBHI i FeOMETPUYHOI ()OPMH KaHAJIB, B SIKNX BiZIOyBA€ThCSI B3a-
eMofiisi. MoJieNlb TaKoXK BKJTFOUAE OJHOMAPAMETPHYHY (DYHKIIIIO PO3MOILTY
Kparesb 3a po3MipaMu, piBHSHHS PyXy Kparmenb, CIUIONIHOCTI, KOHBEKTHB-
HOT'O TEIUIO0OMiHY MK Maporo, KparuisiMH 1 IUTIBKOIO KOHZEHcaTy, 30epe-
’KEHHS CHEpril B eIEeMEHTAPHOMY MAPOBOMY LIapi KOHICHCATOPA.

VY mporieci MATeMaTHYHOTO MOJICITIOBAHHST BU3HAYANACS BHCOTA KOHJICHCA-
TOpa, TPH SIKiH CTYHiHb CyXOCTI IIapH CTa€ piBHOO HyImo. L5 BeminHa €, B 3ara-
JIGHOMY BHINAJKY, (YHKII€IO TaKWX 3MIHHHX, SIK MOYAaTKOBI Mapamerpy Iapu
nepesi KOHICHCATOPOM, MOYATKOBA TEeMIIEpaTypa OXOJOKYBAIBHOI BOJIH, BH-
Tpata TmapH, KyT po3KpuTTa Qakena (OpCyHKH, rapamerp (QyHKIi po3rnonity
JliaMeTpiB Kpamelnb 3a po3MipaMH, Tiepenaj THCKy Ha (opCyHIl, TeoMeTpuiHa
XapaKTepHCTHKa (POPCYHKH, KPaTHICTh KOHJIEHCALlii, THCK B KOHJICHCATOPI.

BcranosieHo, 110 HalOUTBII CHITBHUN BIUIMB HAa BUCOTY poO0YOi 30HM Ha-
JIAI0Th TIepera;] TCKY OXOMOKYBAIBHOI BOIU Tiepenl HOpCYHKAMH, IUCTIPCHUN
CKJIAJT PIIMHH Ta Ti II0YaTKOBA TEMIEpaTypa, B TOW Yac SIK BILTHB KPaTHOCTI KOH-
JICHCAITil ¥ KyTa po3KpUTTS (akena (GOPCYHKH BHSBIETHCS iICTOTHO MCHIITHM.
[ mapaMerpy, X049 1 BIDIMBAIOTH HA KiHIICBHI PE3yITbTaT, ajie MOXKYTh PO3IJIs-
JIATUCS SIK TIOCTIHI TP 38/]AHOMY KOHCTPYKTUBHOMY BHpIIIICHHI KOHICHCATOpA.
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BILJIUB SIBUIIIA TYPBYJIIBALIII MOTOPHOI'O MACJIA
HA PECYPC POBOTH /B3

. A. Kypnukos, macicmpanm, B.1. Kyb6iu, 0oyenm, 3anopizvkuii Hayionaib-
HULl MeXHIYHULL YHIgepcumem

JlimiT poboTn BHUTYHa Oe3MOcepenHbO 3aNIEKUTh BiJl POOOTH CHCTEMH
3MarryBaHHsl. [le 00yMOBIEHO THM, III0 CHCTEMA TiIBOUTH MACTHIILHHI MaTe-
pian Ge3mocepesHbO 10 TOBEPXOHb EIIEMEHTIB TpUO03'€JHAHb, M0 (aKTHIHO
JIMITYIOTE pecypc poOOTH IBUTYHA B IitoMy. Ha puc. 1 300paskeHo XapakTepHi
BiZIMIHHOCTI JIaMiHapHOT'0 CTaHy OTOKY MOTOPHOTO Maciia BiJ TypOyJIeHTHOTO.

i ii TypOyneHTHUI MTOTOK .
JlamiHapHEBIH TOTOK Ypoy. A (36imbmere)

A ¢ I niixa B t I nitka @
! ] 7 ¥ J
| UV Y
i 4

b (36inbIneHe)

H,—,q;. Vmax Hmbl \ Vmaxl
Brnajgum \ Broagui

Pucynok 1 — XapakreprcTika JjaMiHapHOTO 1 TypOYJIEHTHOTO CTaHIB TIOTOKY:
A — mporiec YTBOpEHHsI MacJIsTHOTO 11apy MPH JIAMiHAPHOMY CTaHi IOTOKY;
B — mporiec yTBOpeHHS MaCIITHOTO Iapy MpY TypOYJICHTHOMY CTaHi TIOTOKY

3azop

Buxopsum 3 Toro, 1o npu TypOyJIEHTHOMY CTaHi IpOLeC YTBOPEHHS Ma-
CISIHUX IapiB JIOCUTH HeCTaOUIBHUHN, TOMY JOIUIBHUM Oy/ie IPOBECTH IIepeBi-
PKY OCHOBHUX TPHOO 3'€THAaHb HA HAsIBHICTh BUHUKHEHHS Y HUX SIBUIIA TypOy-
Jt3arii MOTOPHOro Macia.

INpoBenena nepeBipka Ha HasBHICTH BUHUKHEHHS TypOyJi3alii MOTOpHO-
TO Macjia y TpuOo 3'€THAHHAX KOJMIHYACTOrO Baia, PO3MOMLUTHLHOTO Baja 1 M-
IIMITHAKaX KOB3aHHS TypOokommpecopy asuryHa SIM3-238H, mpu mpomy,
JTAHWIA TIOKA3HUK OIIHIOBABCS IO KpuTepito PeitHonbca, 3a BupazoM (1).

w-d-n-p-S d
Re=""T""P2 <413 %> (1)
21,y S
ne Re — xpurepiii PeliHonbzca; d — niamerp mmiiku (Bana), M; n — 4acTora
0o0epTaHHs, HAPUKIIAJ, KOJIHYACTOr0, PO3MOAIIBHOTO Baly IBUT'YHA, BaJly

-1
TypOOKOMIIpECOpa, € ; p — TYCTHHAa MOTOPHOI'O MacTHia, KI/M’;

ey — AMHAMIYHA B'S3KiCTH MOTOpHOTO Macna, Ila-c; s — BenmuunHa 3a3opy, M;
I . o

413 1||E — TIOKa3HUK TIEPEXOMTY 3 JIAMIHAPHOTO CTaHy y TYpPOYJICHTHHIA.
3

IpoBeneni TeopeTHYHI AOCIIHKEHHS 32 KpUTepieM PeitHonbica mokazaiu
HacTymHe. Y TpHOO 3'€HAHHIX KOJNIHYACTOrO 1 PO3MOMUTLHOTO BB, ITOKA3-
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HUK SKUH XapaKkTepu3ye Mepexiy] 3 JaMiHAPHOTO CTaHy y TYpOYJICHTHUH CTaHO-
BUTh MEHIIIMM 3a JOMYCTUMHH, 32 BHHATKOM KOPOTKOYaCHHX PEXHMMIB, Ha-
OnmkeHuX 70 aBapidHuX. [Ipy oMy sBHIIE TypOYstizallii MOXKIIMBE Ha MiKpo-
PiBHI MK eneMeHTamH Tororpadii MoBEpXOHb B yMOBaX 3MIIIIAHOTO MaIeHHSI.
[pore y arperatax HaJyBY, pO3PaXyHKOBHUIA MOKA3HHK B 3aJICKHOCTI BiJI 3MiHH
reoMeTpii MiANMITHIKA MoKke OyTr OUTbIMM 3a formyctumuid. Tak, Ha rmijicTaBi
METOIMKN BUKOPUCTAaHHS 0araTo()akTopHOTO IPOCTOPY Ta KUTBKOCTI (haKkTopiB,
sSIKI BpaXOBYIOThCSl, BU3HAYEHA HACTYITHA CHCTEMa PiBHSHB (2):
433=a, +a,-333333+a, 0,989+a, -(3333,33-0,989) ;
0,02=a,+a,-16,67+a,-0,989+a, -(16,67-0,989) ; 2)
12,56 =a, +a, 16,67 +a, -0,0015+a, - (16,67-0,0015);
2512=a, +a, 333333 +a,-0,0015+a, - (3333,33-0,0015) -

[z cucrema 00’€THYe MOMXITHBI BapiaHTH 3MIHH TCOMETPHYHUX TTAPaMET-
PIB I IIIUITHUKA KOB3aHHS, T4 B’SI3KICTHOT'O CTaHy MOTOPHOT'O Maclia.

Ha migcraBi pimenHs cucremu anreOpaidHuX piBHSHb MeTonoM Kpa-
Mepa Ta BIJIMOBIMHUX 3HAYCHb TCOMETPUYHHUX PO3MIpIB IMiANIUITHAKA KOB-
3aHHSI BaJly TYpOOKOMIIPECOpPY, OTpUMAaHO piBHSAHHSA (3).

Re=0,755-n+3,5-10> 1 —0,762-n- u—2,5-10". (3)

Takox BH3HAUeHO KOH]Iryparito moBepxHi IBO(GAaKTOPHOIO BIUTUBY
Ha 3HaYCHHS KpHUTepiro Pelinomnbpaca (puc.2).

8 1400
D 2100

/
2800,/ .

1 - / 3509/

n, c- 7

PucyHOK 2 — 3aKoHOMIpHICTB 3MiHH KpuTepito PeliHonb/ca y miAIHIITHIKY KOB-
3aHHS TYPOOKOMIIpECcopy s 3a30py s = 70 MKM Tipu JliameTpi Bary d = 12 Mmm:
1 - momMHA BEPXHBOI MEXi; 2 - IUIONIMHA MOKIMBUX 3MiH

Omxe, OTpUMaHi Pe3yNIbTaTH JIAFOTh MOXJIMBICTE 3pOOHTH BHCHOBOK, ITIO
SIBUIIE TypOYJIi3allil TeOPETHYHO MOMIIMBO 1 O€3MmocepeHbO TOB'S3aHO 3 Tora-
HHUM YTBOPCHHSI CTPYKTYPH MACISIHHX IIAPiB, SIKE MPU3BOAUTH J0 IIBHUIKOrO
3HOIIYBaHHS JICTAJICH 1 SIK HACITIIOK 3MEHIIICHHSI pecypcy poOOTH JIBHTYHA.
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EHEPI'O3BEPEXXEHHS ITPU BITPOBA/KEHHI OPTAHIYHOI'O
IUKJIY PEHKIHA HA OB’€KTAX CKHMIHOI TEILIOTH

O.B. Ceneyvruii, cmpawuii Hayx. cniepo6., B.I1. Capanin,
207106H. KOHCMP. 8I00iny, Incmumym npobnrem mawuno0yoysarnHs
im. A.M. ITioecoproeo HAH Yxpainu

TeHnmeHIi1 pUHKOBUX BiTHOCHH JUKTYIOTh HEOOXITHICTh OibI I0aii-
JIMBOTO KOPUCTYBaTyBaHHS €HEPreTHYHOI0 CHUpoBHMHOIO. Ha cydacHOMy
erani pO3BUTKY IIPOMHCIIOBOTO BHUPOOHHMITBA CaMe 3a PaxyHOK BIIPOBa-
JOKCHHS €Hepro30epirarounux TEXHOJIOTIH MOXKHA MiABUCUTH e()EKTUBHICTH
BHUKOPHCTAHHSI MTAJIMBHO-EHEPTETHYHUX PECYPCIB, IO € OJHUM 3 OCHOBHHX
YMOB 3MCHIIICHHS AJIMBHOI CKJIQJI0BOI B COOIBapTOCTI MPOYKIIii, Ta BiJIIO-
BIJIHO TIiIBUITIICHHS PEHTA0CIBEHOCTI i IIPUEMCTB.

Maiixe yci ImiApUEMCTBA METATYPriiHOI, XIMIYHOI Ta IHIIUX Traxy3en
HapOJIHOTO TOCMOAAPCTBA MAIOTh Y CBOEMY PO3IIOPS/KEHHI CKUIHY TEIUIO-
Ty TEXHOJIOTIYHUX IPOIECIB 1 OXOJNO/PKYBAdl JUIs MIATPUMKA CTaOLIBHOI 1
HerepepruBHOI pOOOTH BUPOOHUYHX LIUKIIiB.

Ocranni 10 pokiB Benuka yBara y CBiTI NpHIUIAETHCS po3poOLI
Ta CTBOPEHHIO €HEproe()eKTUBHUX CHEPreTHYHUX YCTaHOBOK MaJIOi MOTYX-
HOCTI Ha OCHOBI 3aMKHEHHX MapoTypOiHHMX IMKIIB Ha HU3bKOKHUILUITYMX
pobounx Tinax (HPT). ¥ nux ycTraHOBKax peami3yeTbes, TaK 3BaHHIA, Opra-
Hiunwii nukn Penkina (ORC, OPLI) Ta yTuini3yroThes BTOPHHHI €HEpreThy-
Hi pecypcu (BEP), mo matots temmepatypy 80 — 350 °C (BinxigHi rasw,
OXoJIo/DKytoua Bozia Ta iHmi BEP texHomoriyaux nporecis).

Enepreruuni ycranoBku Ha ocHOBI OPL] MaroTh HAaCTYITHI IepeBary:

— HU3bKI eKCIUTyaTalliiiHi BUTPATH Ha TEXHIYHE 00CIyrOBYBaHHS;

— IIpOCTe YIIPaBJIiHHS, HE MOTPIOHO MOCTIHHOI MPUCYTHOCTI JIIEH30-
BaHOT'O OIIepaTopa;

— BHCOKa e(eKTUBHICTh TypOiHM (10 85 %), HaBITH NMPH YACTKOBOMY
HaBaHTaxeHHi (10 10 — 20 %);

— HU3bKI MEXaHIYHI HAallpyTry B eJIeMEHTaxX TypOiH;

— BIJICYTHS €pO3isl JIONATOK;

— HE MOTPiOHO CHCTEMH BOJIOII ATOTOBKH;

— IIpocTa MpOoIeypa IyCKY-3yITHHKY;

— BeJIUKUH pecypc obnaananus (> 20 pokiB).

3 orsay Ha repeBard, BUKOPHCTaHHS 3aMKHEHUX MapoTypOiHHUX IH-
KJIiB Ha HU3BKOKUIULTYMX POOOYMX TiJIaX MpH BIPOBA/DKEHHI Ha 00 €KTax
CKHJTHOT TEIUTIOTH € BeJIbMH IEPCIIEKTHBHHM.

[HcTHTYT — TpoOnmemM  mammHOOymyBaHHS  iM. A.M. Ilixropaoro
HAH Ykpainn Mae 3Ha9HMIA 10CBiA 3 BUOOPY pOOOUMX TLIT IS TAPOTYpOIHHUX
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LUKJIIB, MOOYZIOBH TEIUIOBHX CXEM Ta PO3PaxyHKY ii CKIIaJIOBHX EIEMEHTIB
(TypOiHHM ¥ TemI000MiHHE YCTaTKyBaHHS Pi3HUX THUIIIB).

ABTOpaMu BUKOHAHO aHaJli3 Ta OOIPYHTYBaHHS PIllIeHHs 3ajadi eHep-
ro30epeXeHHs Ha OCHOBI peastizallii 3aMKHEHUX MapoTypOiHHMX IMKIIB Ha
HU3BKOKHUIUITYUX POOOUYMX TiJIaX ISl IPOMHCIIOBHX 00’ €KTIB IIPH BUKOPHC-
tanai BEP. 3xilicHeHo mociimkeHHs 3 BUOOPY HU3BKOKUIUITYHX POOOUUX
TiJ, mo 3actocoByroThcs B ORC koHTYypax. [IpoBeneHo po3paxyHKH 3 OIliH-
K MOXXJIMBOI OZIEp»KYBaHOI €IEeKTPUYHOI MOTYXHOCTI npu peainizanii HPT
TypOiH Ha BiJIXiIHUX Ta3ax BOJOTPIHHOTO KOTEIHHOTO arperaty moTyXHic-
10 100 I'kan/rox. OTpuMaHno, 0 NPH MaKCUMaJIbHOMY BUKOPUCTaHHI Tel-
JIOTH JUMOBHX Ta3iB €JIEeKTpUYHA IOTYXHicTh ycTaHoBkn Ha HPT moxe
csirati ~2900 kBt. 3 Meroro Bu3HaueHa HaHOLIbII eeKTHBHOI yTHmi3amii
BiJIXIJIHUX Ta3iB BUKOHAHO TOIIYK pamiOHAIBLHOI TEIJIOBOI CXEMH 3 ypaxy-
BaHHAM OCOOJIMBOCTEW i1CHYIOWOTO TEXHOJIOTIYHOTO IuKIy. Ha ocHOBI Has-
BHHUX PEKHUMHUX KapT KOTEJIHFHOI'O arperaTy BUKOHAHO PO3PAaxyHKOBI J10c-
JIDKEHHST 3 BU3HAYEHHS! MOXITUBOI €JIEKTPHYHOI MOTYXKHOCTI B 3aJIEKHOCTI
BiJl pSKUMY EKCILTyaTari.

Po3paxyHKOBI JOCIIIKEHHS TTOKa3all, 1110 BUKOPUCTAHHS TEIUIOTH
JIMMOBHX Ta3iB, 0€3 JI0JaTKOBOTO CIAIIOBAHHS MAJIMBa, OOMEKyE MaKcuMa-
npHI TemniepaTypu HPT Ta He 1o3BoIsie TOCATTH MaKCUMaJIbHOI ITOTYXHOC-
Ti eHeprernyHoi ycraHOBKM ORC KOHTYypy 4epe3 Manuii TEIJIOBHH mepe-
maj, IO NPUXOAUTHCS Ha TypOiHy. Biblly KiNbKiCTh TENJIOTH MOXKIIMBO
3HSTH TUIBKY 332 PaXyHOK 30UIbIIEHHS] BUTPATH HU3bKOKHUIUITIOr0 pob0odoro
Tija, IO HE 3aBXKIU € BUMPABJIaHUM. 30UTBIICHHS BUTPATH POOOYOro Tina
TATHE 3a COOOI0 30UTBIICHHS MacorabapHTHUX XapaKTEPHUCTHK TEIUI000-
MIHHOTO, TOMOMIKHOTO Ta TypOiHHOro obiamHanHs. Ha cydacHomy erami
PO3BUTKY 3aMKHEHUX MapOTypOIHHMX LHKIIIB HAa HU3BKOKHILITYOMY POOO-
YOMY TiJli, IOIIJIBHUM € BHOIp BapiaHTy, SIKUH 103BOJUTH OKPUBATH BIlac-
Hi TIOTpeOH TEIIOreHepyIoY0i YCTAaHOBKHM Yy €JIEKTPUYHIN eHeprii Ha piBHI
5 —10 % 6e3 10AATKOBOrO CHIAJIIOBAHHS IaJIKBA.

[Tpu BU3HaYeHHi nouineHOCTI BrpoBapkeHHss ORC nukiy HeoOXiaHO
BpaxoBYyBaTH, 1[0 y KO)KHOMY OKPEMOMY BUMAJIKy TpeOa IPOBOJUTH OLIHKY
KIJIBKOCTI Ta TMapaMeTpiB CKHUAHOI TEIUIOTH, a TaKOoX IIOBHE TEXHIKO-
€KOHOMi4HE OOTPYHTYBaHHSI.

Heo0OxinHo Big3HauuTH, 110 B YKpaiHi €HepreTnyHe yCTaTKyBaHHS Ta-
KOro THITy He BHUpPOONSETbCSA, ane YKpaiHa Mae BCi MOXIHMBOCTI
JUIsi BAPOOHUIITBA BiJIIOBITHOTO YCTAaTKyBaHHs, B INEPCHEKTHBI 3a I[IHOIO
HIDKYE 3apyOi’KHOTO.
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EHEPITOE®EKTUBHA CUCTEMA TEIIVIOIIOCTAYAHHSA
IHANBIAYAJBHUX KUTJIOBUX BYJIUHKIB KOTEIKHOI'O
THUITY 3 BAKOPUCTAHHSAM EHEPI'Ti IOHOBJIIOBAHUX
JAKEPEJI TA CE30HHOTI'O AKYMVYJIATOPA TEIIJIOTH

C.€. Tapacenko, ooyenm, €.0. Aumunos, cmapuiuii 6UK1A0ay,
A.C. Boponyos, mazicmpanm, Hayionanvruil ynisepcumem biopecypcie i
npUPOOOKOPUCY8AHHSL YKpaitu

B ocranHI poku 1py IPOEKTYBaHHI Cy4acHUX eHepro30epirarounx OyAuHKIB
KOTE[PKHOTO THITy JIOCUTH IIMPOKO BUKOPHCTOBYIOTH EHEPTIIO ITOHOBIFOBAIBHHX
JDKEpell — MPOMEHHUCTY €HEPTiio COHIIS, TEIUIOTY TPYHTY, MOBITPS 4M BOJIOWM Ta
EHEPTIFO THIMX HI3BKOMOTEHITIABHIX JoKeper. J{imst Tparcdopmartii miei eneprii B
TEIUIOTY TEIUIOHOCIA B CUCTEMAX OMNAJIEHH: Ta rapsyoro BOJOHNOCTAuaHHS HepeBa-
’KHO BUKOPUCTOBYIOTBCS COHSTUHI KOJIEKTOPH Ta TerwioBi Hacocu. Kpim Toro, 3acTo-
COBYIOTBCSI CHCTEMH aKyMYJTIOBaHH TETIOBOI €HEPTTI, SIKi JI03BOJISIOTH KOMIIEHCY-
Baty 1000Bi HEPIBHOMIPHOCTI TIPOLIECIB il reHepartii Ta CIOKUBaHHSI.

B po0oTi 3amporoHOBaHO Ta PO3PaXOBaHO CHEPrOCEKTHBHY CHCTEMY TEIl-
JIOTIOCTaYaHHs! 1HJMBITyaJIbHAX JKUTJIOBUX OYJMHKIB KOTE/DKHOTO THILY, B CKJIaJ
SIKOi BXOZIMITH TEIUIOBHI HACOC, COHSYHI KOJIEKTOPH, BEHTWIIIHHA CHCTEMa 3 pe-
TeHepaTHBHUM TEIUIO0OMIHHMKOM ISl YTHUTI3allil TEIUIOTH HATPITOTO MOBITPS, 10
BHUJIJISIETHCSL HA30BHI T CE30HHOTO aKyMyJITopa TeIUIoTH. Lle mae MOXIMBICTH
MIHIMI3yBaTH BUKOPHCTAHHS B CHCTEMi ONAJICHHS Ta Tapsdoro BOIOIIOCTAYaHHS
OyJIMHKY TIKOBOTO KOTJIA, SIKHI TIepeI0aYCHHH IS MiAIrPiBy BOIU JIO HEOOXITHOL
TEMIIEpaTypH Y BHIIaIKaxX, KOJIM TEIUIOBOI €HEprii IIOHOBITIOBAHHX HKEPEN HE BU-
CTayae B XOIOHHH (ITIKOBHIA) TIepioj] yacy.

IpoBezeHO TEIUIOBUH 1 TiAPaBIiYHNI PO3PAXyHOK CHCTEMH TEIUIO- Ta BO-
JIOTIOCTAYaHHs 1HMBIAyaJIbHUX JKUTJIOBHX OYAMHKIB KoTemkHoro tumy. [pu
noOy/10Bi OyIMHKY BHKOPUCTAHI CydacHi TEIUIOI30MIOI0YI MaTepiaiy, OaraToka-
MEpHI BiKHa 1 JBEpi, 10 3a0e3Mevy0Th MiHIMAIBHI TEIUIOB] BTPATH B 30BHIIIIHE
cepenoBuiie. CrucremMa eHeprorocTadyaHHs Ta CTBOPEHHS HEOOXIIHOTO MiKpOK-
JiMaty B OyziBii nependayae TakoXK BEHTHIALIHHE 001/ THAHHS, JI0 CKIIaJTy SIKO-
TO BXO/IUTh PereHeparop TEeruIoTH BiAnparboBaHoro mositpst. [IpoBeneHo po3pa-
XYHOK BEHTHJISILIIMHOI CHCTEMH Ta BM3HAYEHO PO3MIPH 1 TEIUIOBY TOTY)KHICTh
BKa3aHOro pereHeparopa. [Ipu TermoBoMy Ta riZpaBiidHOMY PO3paxyHKY pere-
HEPATUBHOTO TEIUIOOOMIHHMKA BUKOPUCTAHO TETUIOOOMIHHI TTOBEpXHI 3 iHTEH-
crgikaTopaMH TEIIO0OMiHY, 3aCTOCYBaHHS SKHX I03BOISIE B 2-2,5 pa3u 3MeH-
mmTH Horo rabaputHi po3mipu Ta Ha 40-50 % 3MeHIIMTH Macy TerI000MiHHHUKA
B ITOPIBHSIHHI 3 T71IKOTPYOHNUM aHaJIOrOM.

3 MeTOr0 aKyMyIIsIii TETUIOBOI €Heprii B JIITHIN Mepiof] Yacy i MoCIiIyto4o-
TO 11 BUKOPUCTAHHS B ONATFOBAIHHUN (3UMOBHIT) TIepio OyI0 po3poOIIeHO Terl-
JIOBUH aKyMyJISITOp 3 TeruioakymyimodnM matepianiom (TAMowm) Ha 6a3i Hatpie-
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BUX COJIEH, IIJ0 MAIOTh HU3bKY TEMIIEpaTypy IUIaBIeHHS. AKyMYJTIOBaHHS TEILIO-
TH B aKyMYJISITOpI BiIOYBa€ThCs 3a paxyHOK epexony TAMy 3 TBepsioro crany
y pinky ¢a3zy. PozpaxoBano 06’em TAMy, siknit HeoOXiTHUIA [T IOKPHUTTSI Ha-
BaHTAKEHHSI CHCTEM OIMAJICHHSI 1 TapsYoro BOJIOMOCTAYaHHSI B XONOHHIT Mepiof
Ta po3po0JIEHO H0ro KOHCTPYKILIO.

TakuM YHMHOM, 3aIPOIIOHOBAHO CyJacHY eHEeproe(eKTHBHY CUCTEMY TeIuIo-
TIOCTAYaHHS 1H/WBIMyATbHHX JKHTJIOBUX OYIMHKIB KOTEIKHOTO THITY 3 BHKOPHC-
TaHHSM €Heprii MOHOBITIOBAHKX JDKEPES Ta CE30HHOTO aKyMYJISITOpa TEIUIOTH, sIKa
JIa€ MOKJTMBICTH 3 MiHIMAJIGHAM PIBHEM BUKOPHCTAHHS €HEPTii 30BHIIIHIX HKEPEr
(TIpUPOTHOTO Ta3y, TBEPIOro NAKBA, SICKTPHYHOI SHEPTil TOIMIO) B 3UMOBHI TIepi-
o071 3a0e3reunTH (PYHKIIOHYBaHHI Ta HEOOXIHUHM MIKpOKITIMAT B OY/IHKY.

EKINIEPUMEHTAJIBHE JOCJ/ITKEHHA EOEKTUBHUX
IMAPAMETPIB PO3MIIIEHHSA IIUJITHJIPUYHOI
TEILUIOOBMIHHOI TOBEPXHI B AKYMYJISITOPI TEILIOTH
®A30BOI'O IEPEXOAY HA OCHOBI ITAPA®IHY

C.€. Tapacenko, ooyenm, €.0. Aumunos, cmapuiuii 8UK1A0ay,
M.O Maciox, macicmpanm, Hayionanvnuil ynigepcumem oiopecypcis i npu-
PpoOoKopucmy8anHs Yxpainu

Ha cygacHomy erarri po3BUTKY HayKH i TEXHIKH ICHYE MOKIIMBICTD peastiza-
11 PAKTHYHO OY/Ib-SIKOT'O BiJIOMOr0 MPUHITAITY aKYMYJISIIIT TEIIa, 10 MPH3BEIIO
JIO PI3HMX TEXHIYHHX pilleHb. J{OiJIbHICTh BUKOPHCTAHHS KOKHOTO TIPUHIIUITY
BU3HAYAETHCS HASIBHICTIO TIO3UTHBHOTO €(EKTy, B MEPITy Yepry, eKOHOMIUHOIO,
JIOCSTHEHHS SIKOTO0 MOXKITHBO IPY MiHIMAJTBHIM BAPTOCTI aKyMYJIATOPA.

EdexTuBHiCTS aKyMyNATOPIB TEIUIOTH, Y TOMY YHCHTI 1 HAOLIbII mep-
CHEKTUBHUX 3 TOUKH 30py I'yCTHHHU aKyMYJIbOBaHOI eHeprii — ¢a3onepexis-
HHUX TEIUIOAKyMYJISITOpiB, B 3HAUHIM Mipi 3aJ€XHUTh BiJl CTYNEHsS BUKOpHC-
TaHHS MOTCHINATy HAKOITUYCHHS Ta BiJIadyl €Heprii 3a MOBHUH ITUKJI po0o-
TH BiJINOBIAHOTO MIPUCTPOIO B KIJIBKOCTSIX, HEOOXiqHUX criokuBady. Lle cra-
BUTH TIE€PE TOCHIJHUKaMH 3aBAaHHs BHOOpPY BHY Ta KOHCTPYKIII TEIioo-
OMiIHHOT TOBEpXHI JUIs 3a0e3MeUeHHs K ONTUMAaJIbHUX T€OMETPUYHHX I1a-
paMeTpiB TaKHUX anapariB, KyId BXOJSTh 00’ €M, Maca TeIUI0OaKyMYJIIOI0uOro
MaTtepiaiy i T.II., TaK i iX poOOYNX XapaKTEPUCTHK.

VY pe3ynbTaTi eKCepuMEHTAITLHOTO JIOCIIPKEHHS ONTUMAITBHIX Tapame-
TPiB PO3MIIIICHHS TEIUIOOOMIHHOI IMTOBEPXHI B KOPITYCl aKyMYJISTOPa TEIUIOTH
(ha30BOrO MEpexoy Ha OCHOBI MapadiHy BCTAHOBJICHO, IO B HIDKHIN YaCTHHI
pobouoro 06'eMy, PO3TAalIOBAHOTO Tifl TEIUIOBUM JHKEPETIOM, BUHHKAIOTh «3a-
CTil{HI 30HM», TeMIepaTypa SKux Ha 12 % Hibkde, HDK B 00J1aCTi iIHTEHCHBHOT'O
TUTaBJIEHHs Matepiaty. Benrka KuTbKICTh BUIJIGHOTO TEIUIa MPHY IbOMY BUTpa-
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YaEeThCS Ha TEPErpiB PO3ILIABICHOTO O0CATY Y BEPXHIl YaCTHUHI aKyMyJsITOpa
TertoTy. TpUBATICTH TAKOTO «TIEPErpiBY» CTAHOBHUTH He MeHIe 25 % Bij 3ara-
JIBHOT'O Yacy poOOTH aKyMYJIATOpa TEIUIOTH B PEXKUMI «3apsiD».

Pa3oM 3 THM miATBEpPKEHO, IO Ul 3MEHIIEHHS 00’€MYy «3acTiHHHX
30H», PO3MIIIEHHSI MIEPILIOTO Psy JPKEPEI TETUIOTH, BiJl IHA i CTIHOK KOPITYCY
aKyMyJIaTOpa, HeoOX1THO BUKOHYBATH Ha BiZICTaHI, sSIKa HE TIEPEBHILYE 3HAYEH-
HS TPaHUYHOro (KIHIIEBOrO) pajiyca R paaiallbHOrO IMONIMPEHHS TEIUIOTH B
MacHBi aKyMYJIOIOUOro Matepiaiy, sIKiid, HanpukIiaz, Uil napadiy, npu gia-
MeTpi HarpiBajbHOI TpYOH d; = 21,25 MM, ctanoBuTh R = 30 MM. Beranosneno,
0 TepeBUILEHHsT OcTaHHBOTO Ha 20 % 3MeHIIye KoeillieHT KOPHCHOTO BH-
KOPHCTaHHSI MacH aKyMYJTIOIOUOoro Matepiany Ha 7 %.

VY mincymMKy, OTpUMaHO NapaboliyHy 3aleKHICTh MDK TPaHHYHUM pajily-
coM R pajianbHOro MOMMPEHHS TEIJIOTH B MACHBI aKyMYJTIOFOYOTO MaTepiaty Ta
TEOMETPUYHIMH TapaMeTpamMy TeruIo0OMiHHOI TIOBEPXHI — 30BHIIIHIM JliameT-
poMm d, HarpiBanbHOI Tpyou 1,45d,,, > R > 1,25d,,,,, 1110 YMOXIIUBITIOE TpPOBe-
JICHHSI «GaPSIKID 1 «PO3PSYIKID arlaparta 3 MaKCHMAJIBHOIO ()eKTUBHICTIO.
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EHEPI'OPECYPCO3BEPEXKEHHS
B METAJIYPTIVHIY IPOMHCJ/IOBOCTI

3micT
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OCOBEHHOCTH PECYPCOCBEPETAIOIIEN TEXHOJIOTUA
HAIIJIABKHA ABYMSA JJEHTOYHBIMU 3JIEKTPOJAMHU

E.B. Jlasposa, ooyenm, I'BY3 «llpuazosckuti 20cy0apcmeeHblii MeXHu4ecKutl
VHUBEpCUmemy

JlyroBasi HariaBka JIEHTOYHBIMH DJIEKTPOAAMH Pa3fMyHON MIMPHUHBI MO3-
BOJISIET BapbHPOBATH MAaCCOBYIO CKOPOCTH, KO3((UIIMEHT HaruaBky, (GopMmy H
pa3Mephl BaJIMKOB. B ciydae mcrnons30BaHust ABYX 1 Oosiee 3J1€KTPOJIOB YCIIOBHUS
IUIABJIEHUS 3JIEKTPOTHOrO METAJLIa M €ro MEPEHOca B CBAPOUHYIO BaHHY OTJINY-
HBI OT crioco0a HaruIaBKHU OJTHAM IEKTPOIOM.

JlononHuTebHbIe BO3BMOXHOCTH  YIPABJICHUs] COCTaBOM BAaHHBI MPHU
HAIUIaBKE IBYMS U O0JIee JICHTOYHBIMHE JICKTPOJAMH MOT'YT OBITH TIOTYYCHBI TIPH
HCIIONIb30BAHUU YTIPABIISIEMOr0 MEXaHMYECKoro nepeHoca. OfHako, 10 HACTOS-
LIEr0 BPEMEHH, JAaHHBII BOIPOC HE MCCIIEIOBAJICL.

MexaHn4eckuil IPUHYAUTETBHOTO TIEPEHOC AEKTPOAHOrO0 MeTajuia Io3-
BOJISIET HE TOJIBKO YIIPABJISITh KAUECTBOM W T€OMETPUYECKUMHU MapameTpaMu
CBapHBIX IIIBOB, HO U CYIIIECTBEHHO CHIDKAThH YHEPro3aTpaThl HA TEIIOBIOXKEHHUE
B CBapouHyl0 BaHHY. lccnemoBaHWe BOSMOMKHOCTEH Takoro crocoda st
HAIUIaBKM JIEHTOYHBIM AJIEKTPOJIOM MOKA3aJl0 MEPCHEKTUBHOCTL 3TOr0 METOona
TIPU 3JIEKTPOLYTOBOM HATLIABKE.

Pa3zpaborano ycTpoicTBO ISl HAIUTABKH JIBYMS JICHTOYHBIMH JIEKTPOZIA-
MH, MO3BOJISFOLIEE YBEIUUUTH TUAIa30H PEryaMpOBaHUs MapaMeTPOB UMITYIIbC-
HOTO MEXaHMYIECKOr0 MEPEHOCa U MPEIOTBPATHT JIehOPMHUPOBAHHUE JICHTOUHBIX
anekTpooB. IIpemaraeMoe yCTpOICTBO MO3BONISIET 00ECIIEUHUTH TIONIEPEMEHHOE
BO3BPATHO-TIOCTYNATENIBHOE IBIXKEHUE TOPLIOB JIEHTOYHBIX JIEKTPOAOB C ONTHU-
MAQJIBHBIMU 4YacTOTOM M amIuiuTysiol. [1ocKoibKy BO3BPAaTHO-MOCTYNATENBHOE
JIBIDKEHHE TOPIIOB HAKJIA/IbIBACTCS HA PABHOMEPHOE JIBIDKEHHE TIO[a4H JIEKTPO-
JIOB B BaHHY, 9TO MIO3BOJISIET COXPAHUTh TEXHOIOTMYECKUE ITapaMeTphl IpolLecca
HAIJIaBKUA U pa3Mephl HAIUIABICHHOTO BaJIMKa MPHU BOSMOXXHOCTH YMEHBIICHUS
pacxofia 3MeKTPOJHOrO METaJlIa Ha MOTEPH U TIEPETpeB, a TAKKe, COOTBETCTBEH-
HO, PacXOyeMOU SHEPrHH Ha IUIABJICHUE.

I[pemnoxenHoe ycTpoicTBO sBIIsieTcs pecypcocoeperatonmM. [Tpu nenoms-
30BaHUY HAJIOXKEHHBIX KOJIEOaHMIA TIOBBIIIAETCS] IPOM3BOIUTEIILHOCTD HATUIABKHY 32
CUET CHU)KEHUS TeMIIEpaTyphl Karlelb, MOMaatoX B CBAPOYHYIO BAaHHY C TOPLIOB
U TIepepachpeesieHus TeMIIEpaTyp B 00beMe CBapOYHON BaHHBI, YTO NMPUBOIUT K
TIOBBIILIEHHIO (P PEKTUBHOCTH PACIUIABIICHHS JIEHTOYHBIX AJIEKTPOJIOB.

IpencraBneHs! AKCIEPUMEHTANIBHBIE JaHHbIE, XapaKTepU3YIOIIHE BIIMSHUE
TOKA, HANPsDKEHMS, KomeOaHuii TopIia JISHTOYHOTO JIEKTPOia Ha BETMUMHY KO3(p-
(uIMenTa pacIUiaBIeHus] NP aBTOMATHYECKOH HAIUIaBKE C NPHHYAWUTEIBHBIM
TIepeHOCOM IeKTpoHOro MeTaiuia. [Ipu mMeHeHnn HanpsbkeHus Iy ot 24 B o
30 B, xoadummeHT pacruiaBieHust JIGHTOYHOro IEKTPOoia BO3pacTaeT B iUaria-
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30He ¢ 18,0 10 23,0 /A 4, Ipy 3TOM B CITydae MCIOIB30BAHNMS IIPHHYAUTETHHBIX
Konebanuii ¢ yacroroid 60 'y oH Ha 15-20% BbIiIe, YeM npH HarUIaBKe Oe3 mpu-
MEHEHHS! IPHHYANTETBHBIX KOIEOAHHH ¢ TEMH e TIapaMeTpaMH PeKHMa.

D710 00BACHAETCA TEM, YTO B IPOLIECCE ILIABJIEHUS JICHTOUHOIO IEKTPOAa
3a CYET HAJIOXKEHHUSI TPUHYIUTEIBHBIX MEXaHUYECKUX KOJICOAHUs MPOMCXOIUT
PaBHOMEPHOE OIUIABJIEHHE TOpLA JIEHTOYHOrO IEKTPOAA 3a CUET 00ECIIeUeHH
PaBHOMEPHOTO paclpeleleHus TeIUIOBOM JHEPruH IO IIUPUHE JICHTOYHOIO
3MEKTPOJIa U KOHTPOIUPYEMBIil cOpOC Kallelb XKUIKOr0 MeTaslIa.

Taxum 00pa3oM, I UCTIONB30BaHHY IPeyIaraeMoro YCTpoiicTBa MOBbIIIIA-
eTcs 3 PEKTUBHOCTH PacIUIaBIIEHHUs MEKTPOJHOIO METALIA, OOECIICUMBACTCA PaB-
HOMEPHOCTb HAIUVIABKM 10 BCEH HIMPUHE JIEHTOYHOrO JIEKTIPOJA, IOBBIIIAETCS
KaueCTBO HAIUIABIICHHBIX IETANeH, CHIDKAETCs BEPOSITHOCTD MOSIBIIEHUS 1e()EKTOB.

JIBOCTYNEHEBUW ITPUHIIATI IOBYJIOBUA AJJAIITUBHOI
CAMOHAJIATO/I’KYBAJIBHOI CUCTEMHU KEPYBAHHSA
PO3PI/KEHHSAM ITICKIB MEXAHIYHOI'O O/THOCIIIPAJIBHOT'O
KITACU®PIKATOPA

A.M. Mayyu, ooyenm, B.O. Konopameyw, npogecop, Kiposoepadcvruii-
HAYIOHALHUL MEeXHIYHULL YHIGepcumem

VYkpaiHa BXOAUTH B MEPIIy JECSITKY BUPOOHHKIB MPOIYKIIi YOpHOi Mera-
Jyprii, OAHAK KOHKYPEHTOCIIPOMOXHICTh ii TPOIYKI[i Ha CBITOBOMY PHHKY
3MEHIITYEThCS B HACTIIOK OLUTHIIT BUCOKOI COOIBAPTOCTI BITYM3HSIHOIO 3aJTi30pPYI-
HOTO KOHIIGHTPATY, YacTKa SIKOro CKJ1a/iae OUIbIIIe TOIOBUHN CHPOBUHHOI OCHO-
BU. OTpUMaHHS MarHeTUTOBOrO KOHIIGHTpaTy mnepenbadae 30aradeHHs OiHIX
3aJII3HUX PYI, JI¢ Ha 1X TOnpiOHEHHS MPIXOmuUThes 10 50% BCIX SHEPreTUYHUX
BUTpaT 1 3HAYHA KUIBKICTH MOJIONBHUX TUT i (yrepoBkd. ToMy 3MEHIIICHHS
€HEPrOEMKOCTI TIPOLECiB TTOAPIOHEHHS 1 TMiJABUIIECHHS TEXHOJIOITYHOI eeKTHB-
HOCTI MO/IpiOHEHHsT HEOOX1THO PO3IVISAATH SIK HAWOUIBII BayXIMBY CKJIaJIOBY Ha
nuIXy iHTeHcudikamii mpoueciB pygomiaroroBku [1]. EdexruBricts mompio-
HEHHsI, KPIM TOT0, BU3HAYAETHCS SIK BUOOPOM ONTHMAIILHOI CHCTEMH TTapaMeTpiB
MEXaHIYHOTO PEeKHUMY, TaK 1 HaOOPOM TEXHONOTIYHHMX TMapaMeTpiB, Cepes SKHX
HaOUTbI BOXIIMBUM € CIIIBBITHOIIEHHS TBEPJIOrO JIO piaxoro y mivHi. [leBHe
PO3PLIHKEHHS MYJIBIN Y KYJABOBIX MITFHAX JO3BOJISIE MiHIMI3yBaTH BKa3aHi BUTpa-
TH W 3MEHIIMTH cOOIBapTICTh METAypriiHOi chpoBrHU. OnHAK HEoOXimHE po-
3piIPKEHHSI ITYJIBITH HE TiITPUMYETHCS, 110 IPUBOAMTD JI0 3HAUHHX TTEPEBUTPAT.

OfHi€l0 3 TPUYHMH CHUTYAIll, IO CKJIAJacs, € MPUHHITAN MiIXiJ po-
3piPKEHHS ITICKIB OHOCIIPaIbHOTO Ki1acu]ikaTtopa, KOJIW B MICKOBHH KO-
7100 TTOTa€ThCsI He3MiHHA BUTpaTa Boau. OCKUTHLKHU MICKH B MTICKOBUIH 5K0J100
PO3BaHTAXYIOTHCS HAOJIMKEHO BiJITIOBITHO TAPMOHIYHIN 3aJIKHOCTI, B Ta-
KOMY peXHMi B HhOMY MyJIbIa MepiognyHo Oyzae abo ayke po3pimKeHoro,
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a00 CHJIBHO 3TYHIEHON0. 3Ba)KalOUM Ha BENHKY ITICKOBY MPOJYKTHBHICTD, B
KyJIbOBOMY MJIMHI ITICKM B OCHOBHOMY BH3HA4arOTh I'YCTHHY MYJbIH. Tomy
PO3piKEeHHS MICKIB Ha BXOJi BU3HAYa€ CTaH Marepiany i B caMOMy MIIMHI,
JIe CTBOPIOIOTHCS 30HH a00 PO3pi/pKeHol, a00 3TYIEHOI MyJIbIH. 32 TaKUX
YMOB KyJIi MpaIioloTh He €()EeKTHBHO, 1[0 MPHUBOIUTH 0 3HAYHOTO Iepe-
BUTpayYaHHs eJIEKTPOCHEPTii, MOJIOIBLHOTO CEPEIOBUINA Ta (DYTEPOBKH.

JlikBityBaTH BKa3aHUI HEMOJIK MOMJIMBO 3MIHOIO TOPSIKY Mojadi
BOIM B IICKOBHH >K0JIOO OJHOCHipanbHOro Kiacugikaropa. HeoOximHO
3aMICTb 10J1a4i HE3MIHHOI BUTPATH BOAM B IiCKOBHH KOJ00 OJHOCIIIpaIb-
HOTro KJacugikaTopa ImofaBaTy 3MiHHY BUTPaTy, ajle Tak, 00 po3piIKeHHS
mickiB Oyno He3MiHHUM. {10 3a7a4y HIXTO HE CTaBUB i HE BUPIIIYBaB.

Mertoro gaHoi poOOTH € PO3po0Ka MPUHIIUIIB CTBOPCHHS aJallTHBHOT
CHCTEMH aBTOMAaTHYHOTO KEpyBaHHsS PO3PILKEHHSAM IMICKIB MEXaHIYHOIO
OJTHOCITIPAJTFHOTO KJIaCU(iKaTOpa.

BcraHoBII€HO, 110 MTOCTABIIEHOT METH MOMKITHBO JIOCSTTH, PEaTi3ylouH JIBO-
CTyNEHeBUI TIPUHIMIN MOOYIOBH aJIaIITUBHOI CHCTEMH KEpyBaHHS, BHKOPHCTO-
BYIOYH CaMOHAJIArO/DKyBaJbHI CHCTEMH, SIKI pO3TallOBaHI ITOCIIZIOBHO
nanmoroM. Ilepmia camoHanaro/pKyBajibHa CHCTEMa peati3ye NPHHIMI iH-
BapiaHTHOTO KepyBaHHs. OO’€KTOM KepyBaHHS TYT € NPHAMAIBHUNA MPHUCTPIH
3aBUTKOBOIO >KMBIJILHHUKA, JI€ 3 38aHOI0 TTIOXHOKOIO ITiITPUMYETHCST PO3PIKEH-
HsI TTICKIB IIUISIXOM BKJTIOUEHHS 200 BUKITIOUEHHS JJOJJATKOBUX 3ac00iB HE3MIHHOT
Tof1avi BOAM B TICKOBHUH 7k01100. J{y1st 3/1iHiCHEHHSI IPUHIIMITY 1HBapiaHTHOTO Ke-
PYBaHHS PO3PIPKCHHSM ITYJIBITA OTPUMaHI aHANITUYHI 3aJIGKHOCTI Ta BH3HAYCHI
HaJIaroJLKyBalIbHI TapaMeTpul.

Jlpyra caMoHanaro/pKyBajlbHa CHCTeMa peati3ye MPUHIIAI CITiqKyBaHHsL. J{s
LIbOT'0 3HAMIEHO AJITOPUTM, SIKHI1 JI03BOJISIE BU3HAUATH HEIOCTAIOYY BUTPATY BOIIH
B KynboBHi MiH. Lro Butparty i BincmiakoBye cucrema. [lysbna 10po3pipKyeThest
B MPOLIEC] PYXY 3 3aBUTKOBOT'0 YKMBIUIHHHKA 10 3aBAHTAKEHHS! KYJIbOBOI'O MJIMHA.

JlaHuii TpUHIUIT BiAPi3HSETHCS BHCOKUMH SIKICHUMH TOKa3HUKaMH,
OCKIJIbKM BHIKJIIOYA€ MIKI[UIMBHUHA BIUIMB 3HAYHOTO TPAHCIIOPTHOTO 1
€MKICHOT'O 3aI1i3HIOBaHHS MTICKOBOT'0 01002 1 3aBUTKOBOT'O JKUBHJILHUKA.

Po3pobieHa ¢GyHKIIOHATBHA CXEMa aJalTUBHOI CAaMOHAJIATO/[KYBaIb-
HOI CHCTEMHU KepyBaHHS PO3PiLKEHHSM ITiCKIB MEXaHIYHOTO OIHOCIIipajb-
HOTro KJlacugikaTopa, sKa peayizye JBOCTYIIEHEBHI IPUHIHII.

TeoperaHIM OOTPYHTYBaHHSIM TOKa3aHO, 10 3aIPOIIOHOBaHI MPHHIIMITH Ta
aJlanTBHA CHCTEMA aBTOMATUYHOTO KEPYBAaHHS PO3PIHKEHHSM ITiCKIB MEXaHIYHO-
TO OJHOCHIpATHFHOrO Kiacu(hikaropa Ha X OCHOBI PEATHHO 3/IHCHEHHI 1 MOXKYTh
rapaHTOBAHO 3a0C3IIEUUTH SIKICTh KEPYBAHHS, SIKY BIMAarae TEXHOJIOT1YHHIIA TIPOIIEC.

Jlitepatypa
1. Massipos I1.B. OcHOBBI MHTEHCH(HUKAIUU TPOIIECCOB PYIOMOATO-
toBku / [1.B. Mansipos. — Pocros-Ha-Jlony: Poctusznart, 2004. — 320 c.
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EKOJIOTTYHA OIIHKA IH’)KEHEPHUX CUCTEM
KUTTE3ZABE3IIEYEHHSA OB'€EKTIB TIPOMUCJIOBOI'O I'OC-
IHOJAPCTBA

M.O. Pomanerko, indiceHep 8i00LTy eKoI02IUHO20 HOPMYBAHHS,
Inemumym npobnem npupodoxopucmysanns ma exonoeii HAH Yxpainu

[MuTaHHAM BU3HAYEHHS EKOJIOTIYHOCTI PI3HUX TEXHOJOTIYHUX MpPOIIe-
CIB Ta CHCTEM 3a OCTaHHI POKH MPHUIUIIETHCS 3HAUHA yBara. AKTYaJbHUMHU
i TUTAHHS € TAKOX /ISl CYJaCHUX 1HXKEHEPHHUX CHCTEM >KHUTTe3a0e3IeyeH-
Hs1 00'€KTIB ITPOMHUCIIOBOT'O TOCIIONAPCTBA.

XKurre3abesneueHHs 00'€KTiB MPOMHUCIOBOTO rOCHOAAPCTBA - OaraTo-
rajly3eBUi TOCHOAAPCHKUN KOMIUIEKC, 10 CKJIAAy SKOI BXOAATH TEIJIOMNO-
CTa4yaHHs, BOAOIIOCTAYaHHS Ta BOJOBIIBEACHHS, ra3010CTauaHHs, €IeKTpO-
MOCTaYaHHs TOMIO.

Oprawnizaris )XUTTe3a0e3NeUCHHsT 00'EKTIB MPOMHUCIOBOTO TOCIIOAAPC-
TBa Ha MPUHIMUIIAX €KOJOTIYHOCTI CTBOPUTH YMOBH JUIS CTAJIOrO PO3BUTKY
MIPOMHUCIIOBHUX arpoOMEparlii.

[TinBUIIEHHS EKOJIOTIYHOCTI CHCTEM JKHTTE3a0C3ICUCHHST O00'€KTIB
MIPOMUCIIOBOT'O TOCIIOJIAPCTBA Ta OILIHKA X BIUIMBY HAa HABKOJMIIHE IPH-
pOAHE CcepeoBHINE IIOBHHHA 3/IMCHIOBATUCH Ha OCHOBI KOMILIEKCHOI
OIlIHKH, SKa TPOBOJMUTHCS HA IIJICTABI BU3HAYCHHS BIJIIMOBIMHUX ITOKa3-
HUKiB (kputepiiB). [Ipu aHami3i iCHYIOUHMX TMOKAa3HHKIB OIlIHKUA EKOJIOTIY-
HOCTI, B TIEPIY YEPTy, PO3TILINAIOTHCS Ti 3 HHUX, SIKI XapaKTePU3YIOTh BIUTUB
Ha TPHUPOJHE CEPEJOBUIIC 1 BCTAHOBIIOIOTH CIIIBBIJHOIICHHS "BIUIUB -
MOXIIUBI Hacimiaku". AHaNi3yrouH nepeBar, HeJONIiKA Ta MOXKIIMBOCTI BH-
KOPUCTaHHS PI3HUX IMIAXOMIB JIO OIIHKA CHCTEM JKUTT€3a0C3MCUCHHS
00'€KTiB IPOMHUCIIOBOT'O TOCIIOJAPCTBA BCTAHOBIICHO, 0 XapaKTepU3yBaTH
€KOJIOTIYHICTh PI3HUX TEXHOJIOTIH MOXKHA Yepe3 HACTYITHI MOKa3HUKH:

— HaBaHTAKEHHS Ha IIPUPOJIHE CEPENIOBHUIIIE, ajle IPU IbOMY ITOBHHHI
OyTH BUKOPHUCTaHI IHTETPAJIbHI, a KpaIlie KOMIUICKCHI ITOKa3HUKH, SIKi TOKU
HEJIOCTaTHHO PO3pO0JIEHi;

— 3MiHHM CTaHy HaBKOJHIIHBOTO CEPEIOBHINA ITiJ BIUITMBOM pi3HHX
TexHoorii. Ile OGinpIn qOCKOHANA OLiHKA, OJHAK METOAW HPOrHO3YBaHHS
yepe3 He PO3pOOJIEHICTb i HEJOCTAaTHI BiZIOMOCTI NMpO CTaH MPHUPOAHHX i
MOPYIIEHNX €KOCHUCTEM, BUSBISIOTHCS HeeEKTUBHUMH (HEOOXimHI Tpy-
JIOMICTKI PO3paxyHKH 3MiH B KOMIIOHEHTaX HAaBKOJMIIHBOTO CEpPeOBHINA i
MIPOTHO3M X HACIIKIB, BEJIUKA CTYIIIHb HEBU3HAYEHOCTI);

— TEXHOEMHOCTI HaBKOJIMIIHBOTO CEPENOBHINA Ta NPHPOTOEMHOCTI
TEXHOJIOTYHUX IPOIECIB i BADOOHUIITB;

— 30WTKIB NPUPOIHOMY CEPElOBHILY i PH3HMKY (€ METOIUKH BH3HA-
YeHHs 30UTKIB BiJl 3a0pyJHEHHS BOJHUX 00'€KTiB, aTMOchepH, 3eMenb, iH-
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TEHCHBHO PO3POOJISFOTHECS METOMIU OIIHKU CKOJIOTTYHOTO PU3HKY).

OO0'eKTUBHOIO 1 TIOBHOI € OIliHKa "TPUPONTOEMHOCTI" TEXHOJIOTIH, OJI-
HaK MEeXaHi3M TaKoi OLIIHKM ITOKH He OIpalbOBaHO B MOBHIiH Mipi. Ane 3a-
pa3 BKe MO)KHA 3aIPOIOHYBATH M€K MiJXOAW J0 BHPHIICHHS IBOIO IMH-
TaHHS.

VY cydacHHUX JIiTepaTypHHX JDKepeliaX Cepio3Ha yBara MPUAUIIETHCS
BITPOBA/PKEHHIO €KOJIOTiYHOro iHCTpyMeHTy - MIPS-ananizy. Tepmin MIPS
mpecTaBisie coOOK adpeBiaTypy BiJl aHTJIHCBKOTO CIIOBOCHOTYYCHHS
"Material input per unit service or utility", mo B nepeknaji o3Hadae "Mare-
piaJbHUN BXiJ] HA OJMHUIIO MTOCTYTH 200 KOPUCHOTO MPOIYKTY".

3a noromororo MIPS-anani3y OLIHIOIOTECS BCl JpKepena CHOKUBaHHS
pecypciB Ha KOXKHIHM cTajii )KUTTEBOTO LUKy MPOAYKLii abo MOCIyrH, 110
JIO3BOJISIE OLIHUTH ITOTEHIIIMHUH BIUTUB BCHOTO )KUTTEBOTO UKITY HA Pi3HUX
PIBHSIX, a TaK caMO JIONIOMAarae BHSIBIIATH TIO3UTHUBHI, B TOMY YHCIIi MOXIIU-
BOCTI pecypco30epirarodoi MisiTbHOCTI (MEHEKMEHT CITOKUBAHHS 1 TTOCIIYT,
BUTPaTHY Ta PECYpCHY NPOAYKTHBHICTD).

MIPS-aHai3 CIy)KUTh I OIIHKA BIUTUBY HAa HABKOJUIIHE CEPEIO-
BHUIIIE CHPOBMHHM, MaTepialiB i eHeprii, HeoOXiTHUX AJIsI BUPOOHMITBA IIPO-
IyKLii abo MociIyry, Tak K BiH MOKa3ye CyMapHY KiJIbKICTh MaTepiabHUX
pecypciB, 10 BUKOPHUCTOBYIOTHCS JIsi OTPUMaHHS LIHOTO HPOAYKTY abo
TIOCITYTH, TIOYNHAIOYH Oe3ocepeHbo 3 MOMEHTY iX BIWIIYYEHHS 3 MPUPOJI-
HOT'O CepEeOBHIIA.

3acTocyBaHHS JaHOi KOHIEIIII] CIIpHsi€ TPUHHATTIO €KOJIOTIYHO 30a-
JIAHCOBAHMX PillIeHb Ha PiBHI OKPEMUX BUPOOHMITB Ta rady3eil eKOHOMIKH.
VYxe 3apa3 MIPS-anani3 HaOyBae IMMPOKOro 3aCTOCYBaHHS B 0araThoX ra-
JTy3sIX BUPOOHUIITBA K CAMOCTIMHUI IHCTPYMEHT €KOJOriuHOi ominkh. [li-
KaBUM € 00'€eTHaHHS JaHOI KOHLEMIIi 3 METOAMKaMH OL[IHKH €KOJIOTI9HOT0
30UTKY, @ TAKOXK 3 METOJAMKAMHU OLIHKU SKOCTI BUPOOJICHOI MPOAYKIIii ab0
nociyru. BuBeseHHs1 yHiBepcanbHOI METO/IMKH, 110 MICTHTh B CO01 OCHOBH
MIPS-ananizy, J03BOJHTh HPOBOJAWTH OILIHKY BIUIMBY BHUPOOHHWITBA Ha
HaBKOJIMIIIHE CEPEIOBHIIE B YCiX HOr0 acmeKkTax B CYKYMHOCTI Ta OibIn
ITOBHO i TOYHO BU3HAYUTH PiBEHB, SKICTh i CKOJIOTIYHICTh BUPOOIICHOT TIPO-
JYKIIii 200 MOCITyTH.
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[IUKJI BAKOPUCTAHHS BTOPUHHOI CUPOBUHHA
B BUPOGHUIITBI TA EKCILTY ATAIIIE KOMIIO3UTHUX
OYTEPYBAJIbHUX BKJIAJIOK /UIAA KOKLJIIB BIIHEHTPOBOI'O
JIUTTA

O.I Cnyuax, acnipanm, O.1 Cnyuax, gaxiseyv H{4, cmyodenmxa, B.1. Andpecs,
ooyenm, enasa HI[9, YHY im. Ilempa Mozunu

B Mexax yHiBepcUTeTChKOI TeMH «P0o3po0ka KOMIIO3UIIITHOrO IOPHCTOrO
Marepiary 3 00’€MHO3MIHHUMH TeIUIO(I3MIHIMH BJIaCTHBOCTSIMI» (HAYK.
kepiBHUK - Kimmenko JLIT.) y 2017 poui 8 YHY im. Ilerpa Morumu nposos-
KYETBCS PO3pOOKa 1 MiArOTOBKAa /IO BIPOBAJDKEHHS MaTepialliB, MO IS
eKCIUTyaTallii B yMOBaX IIBUIKOIUIMHHKX TIPOLIECIB JIUTTS B METAJIEBUI KOKLITh
BiJIIICHTPOBOTO JIUTTS KOPOTKOi TOBCTOCTIHHOI IFUTIHIPHWYHOI JeTaii (Topii-
HEB1 Kbl TiTs3u st JIB3 Ta in).

Mertoro 1aHOi PO3POOKH € YIOCKOHAJICHHS KOHCTPYKIIT KOKLTIO Bi/ICH-
TpoBaHoro jutTs (KBLI) yepe3 mponoBxeHHs1 TepMiHy HOro ekcruryaramii 3a
PaxyHOK BUKOPHCTAHHS JICIIEBUX KepaMiYHMX BKJIAJIO0K BHT'OTOBIICHHX 3 BTOD
CHPOBHHH B 30HaX KOHTAaKTy KOKUTIO 3 PO3ILIABOM.

O0’€KTOM € KOHCTPYKIIiS €IEMEHTIB KOKLUITFO BiICHTPOBOI'O JIUTTSL.

[peamerom cranu Marepianu 11 GyTepyBaHHs KPUIIOK KOKIJIIB BiIleH-
TPOBOTO JIUTTSL.

B xomi mocmimkeHHs Oya0 po3po0JICHO BIOCKOHATICHI KOHCTPYKIII Tie-
penHboi Ta Topresoi kpurok KBLI, 1110 kpiM npogoBKeHHs TepMiHy eKCIITya-
Tanii caMoro KOKUIIO JaJI0 JIONAaTKOBHH PE3yNbTaT Y BUIVISIIl 3HWKEHHS I10-
BEPXHEBOr'0 Bi/IOLTY YaBYyHY B 30HAaX KOHTAKTYy PO3IUIABY 3 KPHIIKOO, MIO €
CYTTEBUM (PaKTOPOM B acCrieKTi eKOHOMIT pecypciB.

Byno Bu3HaueHO, IO ONTHMANBHMHA DPEXHM EKOHOMIii pecypciB pe-
ai3yeThCsl B XOAI HAOMIKEHHS PEXHMMY OXOJIO/DKEHHS 3arOTOBKH JIO0 aHa-
JIOTIYHOTO TIPH JIMTTI B MIIAHO-TIIMHUCTI (POPMHU.

B 3B’s13Ky 3 1M OYJ10 ITOCTABJICHO PsiJl 3aB/IaHb:

— po3pobuTH nenieBi Marepiamy w1 ¢yrepyBanss kpuinok KBL] B 30H1
KOHTaKTY 3 PO3ILIaBOM;

— OOTpYHTYBAaTH ONTUMAJIbHY KOHCTPYKIUIO JUISi BUKOPUCTaHHS JTaHUX
Marepiais;

— CTBOPHUTH 3aMKHYTHI IIMKJI TOBTOPHOTO BUKOPHCTaHHS BIXOMIB JIUTTS
B KBIL] 171 BupoOHMIITBa (DyTEepYBaTBHHUX BKIA/IOK.

OCHOBOIO PO3POOJICHOrO Psy MaTepialliB CTaB CTBOPCHUIA B XOJIi TTOIe-
PEIHIX JOCTIPKEHh CIOCIO BUTOTOBJICHHS PO3’€MHOIO KOKLIS, i3 TOPUCTOrO
KOMITO3HUIIITHOrO Matepially Ha OCHOBI rybuaroro Tutany [/lexmapariiauii
TIaTeHT Ha KoprucHy mozeinb Ne 70232, k1. B22D 23/00]. [danwii T MeTaioke-
paMiKky MaB TIEBHI TPOOJIEMH THITY NIPOCHUIIAHHS HAIllOBHIOBAaYa B XOJII BHPOO-
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HMIITBA, L0 YCKJIAJHIOBAJIO PIBHOMIPHICTB #oro posnoairy. Jliis BUpilIeHHS
JTAHOI TIPOOJIEMH OYJIO BUPIIICHO 3aCTOCOBYBATH BOJIOTE 3aMIITyBaHHS 1 Mart-
PHIICIO [T HOBOrO METAIIOKEPAMIYHOr0 KOMITO3UTY CTANO PiKe CKJIO, a
TT3HiIIe BJOCKOHATICHHH CKIIAJ 3 aJIKUTROBAHUM PiKUM CKIIoM. J{aHa po3poOka
Oyra HampaBlieHa JI0 MaTeHTyBaHHs y BUNNIsIE Crioco0y BUTOTOBJICHHSI KOMITO-
3WTHHX MarepialiB Ha OCHOBI ITOPOIIKY I'y04acToro THTaHy B CHJIIKaTHIH Mart-
pui (3asBka U201608293). OCHOBHHM HENONIKOM JTAHOTO METOIY, BHUSBJIC-
HHM [Ti3HIIIEe CTaB BUCOKUH PIBEHB IIUIAKOYTBOPEHHS B 30HI KOHTAKTY PO3ILIA-
BY 3 MarepiajioM, 1110 YCKJIaHIOBAIO HOro 3aCTOCYBaHHS B SIKOCTi (hyTepyBaH-
HS Ul KPHIIKH Ul KOKUTIB BiJUEHTPOBOro JMTTS (HOMep 3asBku NeU
201608294), po3poliicHOI B MeXax JaHOTO JTOCTibkeHHs. JaHy mpobiemy i
OyI10 BUPIIIEHO 32 PaXyHOK JIKUTYBaHHS MaTpHII.

HacTymHuM KpOKOM CTaji eKCTIEPUMEHTH 3 3aCTOCYBaHHS B MaTpHIli Oa-
TAaTOKOMITOHEHTHOTO CKJIAIy HAMOBHIOBaYiB. BHTOTOBICHHS KOMITO3HTHHX
MarepiaiiB BiIOyBa€TbCs COCOOOM PIBHOMIPHOTO PO3MOJIJTY HAIOBHIOBAYiB
SiO2 (mmn okcuy kpemHiro), Al203 (kopyHn), 6a3abToBa CMONA, MO 00’ €My
KOXKHOI 3 3arOTOBOK HAa KOXKHHUI 3 IIApiB KOMIIO3UTY 338 PaXyHOK CHITIKATHOI
MAaTPHIIi PiJIKOTrO CKJIA, MiIIaHOI eTITFOBaHHIO 1:10 eTHIIOBOrO CIIHAPTY, Mpecy-
BaHHSM 3 HAaBAHTA)KCHHSAM 8 TOHH Ta CHIKaHHSAM FOTOBOTO MaTtepiany y BakKy-
y™i ripu Temnepatypi 1100 °C.

CyTh yIOCKOHAJICHHS TIONISTA€ B TOMY, IO PO3POOICHHUNA KOMITO3UTHHIA
OaraToliapoBHii Marepia Ha OCHOBI TIyO4aTOro THTaHy 3 ETHJIHOBAHOIO
CHITIKATHOKO MATPHIIEI0, (OPMYETHCS MOIIAPOBO 3 OKPEMHMH 3aMilllyBaHHSIM
CYMIIIT CHJIIKATHOI MATPHIL Ta HAITOBHIOBAYA JUT KOXKHOTO 3 IMIAPIB 1 MOIATh-
LM CIIPECYBAHHSM T'OTOBUX CIIEMEHTIB B FOTOBY KOHCTPYKILO.

CutikaTHa MaTpHI 3 PLIKOro CKia I03BOJISIE BUPIIMTH IPo0iieMy 00cu-
TIaHHs, 3a0e3MeYnBIIN PIBHOMIPHUN PO3IIO/IT HATIOBHIOBAYIB. 3aBJISIKM €TUITFO-
BaHHIO MaTpuili ii »apocTiiikicTs 3pocrae Ha 10-15% npu npoMy pisko magae
piBeHb IITAKOYTBOPEHHS B 30HAX KOHTAKTY 3 PO3IIABOM. i 3acTOCYBaHHS 103-
BOJISIE BUPIIIUTH NPOOJIeMy KarISIpHOro eeKTy 3a paxXyHOK 3aKpHTTS ITOpH-
CTOCTI MO BCbOMY 00’€My 3aroToBKM i (hopMyBaHHSI eeKTy 3aKpUTOi MOpH-
CTOCTI, 110 B HisIKi} Mipi HE BIUIMHE HA MOXJIMBICTh PETYJIIOBAHHS IIBUAKOCTI
3aCTHTaHHSI 3arOTOBKH.

BukoprcranHs MarepianiB Ha OCHOBI TUTaHOBOI T'yOKH CTajlo e(eKTHB-
HHUM KPOKOM B HAMPSIMKY JOCKOHAJICHHs1 KOHCTpYKIii kpuiok KBLI, ane mpu
CTBOPCHHI KOHCTPYKIIIi, IO MiCTMIAa O SJIEMCHTH JIMIIIE HA OCHOBI WKJIAJICHOI
KOHIICMIIT KOHTPOJIFO OXOJMOKEHHS 3aroTOBKM 33 PaxyHOK MOPHCTOCTI Ma-
TepiaJliB, BapTO BPAaXOBYBaTW PYHHYBAaHHS TakMX IMOPHCTHX MarepialiB 3a
paxyHOK KaniiapHoro edexry. [Iist BUpilIeHHs JaHOi mpoOiieMy po3poOIIeHO
PSII METO/IIB 3aKPUTTS TIOPHUCTOCTI 10 00°eMy (hyTepyBaHHs, IO € albTepHATH-
BOIO BHKOpHCTaHHIO (papOm. [IpoTte s excruryaTarii Oe3mocepeHbo B 30HI

51



EHEPT'OPECYPCO3BEPEXXEHHS B METAJIYPITHAHIN
NPOMUCJIOBOCTI

KOHTaKTy 3 pO3ILIaBOM IIepC MEKTUBHIIE 3aCTOCOBYBATH JIOJIATKOBI €IIEMEHTH
Y BUIVISAZII HE TIOPHUCTOI KEPaMiKM Ha OCHOBI BTOPUHHOI CHPOBHHHM Ta BKa3aHOI
paHile CHIIIKaTHO-CITUPTOBOI MaTpHI

@dopMyBaHHS >KapOCTIMKOI KepaMiKé JUIsi 3MIHHMX BKJIQJIOK 3 BHUKOPH-
CTaHHSIM BTOPHMHHOI CHPOBWHH BiOYyBajocs HUIIXOM 3aCTOCYBaHHS BiJIXOIiB
nuripyBaHHS MeTaniB KopyHIoM, 1m0 Ha 80-90% CTaHOBHUTH IILTI()yBaJBHUMA
kpymHozepHucTHH Al203 xopyHn. BukopucranHs B faHii cyMini 100aBKH Yy
BUDJISII PIJIKOTO CKJIa ONTHMI3yBaJio Tporiec (POpMyBaHHS KAPOCTIMKOI Ke-
paMiku 3a paxyHOK yTBopeHHs1 amopdHoi criomykn Al203¢ SiO2 mio npu no-
nmanmbmoMy HarpiBauHi 10 800° C yTBOPIOBAIO MIllHI KPHCTATOCHIIKATH 1 B
cyMili 3 06a3aJbTOBOIO CMOJIOIO 32 HAsSBHOCTI OpraHiyHOro Iuiactudikaropa B
BUDJISII TOPQY MEpeTBOPIOBANIACh HA KAMCHETOMIOHUI YEepEeTioK ITiIBUIICHOL
MIIHOCTI Ta apOCTIMKOCTI 3 BOIIONONIMHEHHSIM MeHIe 5%.

Po3pobiiennii MeTon 103BOJISIE BUPIIMTH MPOOJIEMY PUCKOPEHOTO 3HO-
IIIEHHsI TIOBEPXHI KOKLIIB BIZIIEHTPOBOr'O JINTTS B 30HAX KOHTAKTY 3 PO3ILIABOM
MeTaiy.

BrpoBapkeHHs JaHOro MaTepiaity J03BOJIUTS!

CCYTTEBO 3HU3UTH YTBOPEHHS BIIXOIIB uepe3 3HONIYBAHHS KOKUIIB 3a
PaxyHOK IPOIOBKEHHS TEPMiHY iX eKCIuTyaTartii;

— 3/ICIIEBUTH TEXHOJIOTII0 BUPOOHMIITBA TIOPUCTHX TEPMOCTIMKUX 1307151
TOpIB 32 paXyHOK BUKOPHCTaHHsI MaTepiajiB, 1[0 3aCTOCOBYBAIIICH NIPH BUPOO-
HUIITBI OJTHOPA30BUX IMIAHO-TIMHUCTUX (POPM 33 PAaXyHOK OAraTOKpPaTHOrO
BUKOPHCTaHHS KEPaMiYHIX KOMITO3UTIB Ha OCHOBI IIMX MaTepiajiBa;

— 3HM3UTH 3a0py/JHEHICTb MOBITPSI B BUPOOHMYHX I€XaX 32 PaxyHOK TeX-
HOJIOTi1 BOJIOrOr0 3aMilllyBaHHsI B PiIKOMY CKJIi;

— 3HAWTH OATKOBUI METOJ JUISl YTWIT3alli BiIXOIB HITi()OBKY METANIB
KOPYH/IOBUM a0Opa3vuBOM.

[pu 11bOMY CYTTEBOIO TTEPEBATOIO € TE, IO KEepaMidHi YeperKH Micis Me-
TaJl3amii mpu eKcIuTyaTtalii B KOKUT 1 pyHHyBaHHS BHACIIZOK 3HOILIYBaHHS,
MOXXYTb OyTH BUKOpHCTaHi sk Oynmatepiai

TakuM 4MHOM pe3ynbTaToOM OOEIHAHHS JAaHUX TEXHONOTIH cTana po3pod-
Ka [UKITY 3 ITOBTOPHOTO BHMKOPHUCTaHHS MaTepiajiB (yTepyBaHHS Ta BiJXOIiB
YaByHY ITpY BUPOOHMIITBI HOBUX MatepialliB 1isl (pyTepyBajJbHUX BKIIAIOK.

TexHonoriuHa cxema BUpOOHHIITBA T'1JIb3U METOJIOM KOKIJIBHOTO JINTTS
3 BUKOPUCTAHHSM J[AHOI KOHIEMINi MaTUMe TaKWi BWIJIS/, HaBeJCHHH Ha
puc. 1.
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Pucynok 1 — TexHomnoriuHa cxemMa BUPOOHHMIITBA TiJTb3H METOJIOM

KOKLUIBHOI'O JINTTS

53



EHEPT'OPECYPCO3BEPEXXEHHS B METAJIYPITHAHIN
NPOMUCJIOBOCTI

AKTYAJIBHICTb JOCJIJI)KEHHSI MEXAHI3MY JIi
TEXHOJIOI'TYHUX MACTHUJI B OCEPEJKY JE®OPMAILIIL [TPU
XOJIOHIN MPOKATILII

M. O. Ceamoti, acnipanm, /[BH3 "TIIATY"

Ha croroaHinmHiii 1eHb TeXHIYHE OCHAIIEHHS! OCHOBHOT'O 00JIa/IHAHHS,
a TaKoX Jiana3oH COPTAMEHTHOTO psiy BITYM3HSHHX IIEXiB — BUPOOHHKIB
XOJIOJTHOKaTaHO! TOHKOJIMCTOI CTalli, KU OM BiJIOBi/IaB Cy4acHUM MiKHa-
POAHUM CTaHIapTaM, € JOCUTh OOMeXeHUMHU. B ymMoBax HecTaOilnbHOI eKo-
HOMIYHOI CUTYAIlil IPOBEICHHS MacIITAOHUX PEKOHCTPYKINH YKPaTHCHKOTO
JIMCTONPOKATHOTO KOMIUIEKCY MaJIOWMOBipHE. J{JIsl BUITYCKY TOHKHX JIUCTIB
i mTad 3 BUCOKUM PiBHEM IMOKA3HHKIB SIKOCTi 1 IIUPOKUM Jialla30HOM COp-
TAaMEHTHOTO psiiy HEOOXiTHO MAaKCUMaJIbHO BUKOPHCTOBYBATH MOXKIIMBOCTI
ICHYIOUMX CTaHiB, 30KpeMa, 3BEpPHYTH YyBary Ha IPaKTUYHE 3aCTOCYBAaHHS
€(QEeKTUBHMX TEXHOJIOTIYHMX MACTHJI ITPU IPOKATII.

BimoMo, 1m0 3acrocyBaHHS 3MallyBaJbHUX 3aCO0iB MPHU XOJOMHIN
TIPOKATII CIIpHsiE 3HIKEHHIO CHJI TEPTS B 30HI KOHTAKTy MeTaly, 1o jaedo-
PMY€EThCS, 3 BajJKaMH, a TaKOX 1X OXOJOLKEHHI0. Bui TexHomoridHoro
MacTuiia abo 3MallyBaJbHO-0X010/KyBasbHOI pianHu (30P) B koXHOMY
KOHKPETHOMY BHIaJIKy NPOKAaTKH BH3HA4Ya€ €HEProcwiIoBi yMOBH Jedop-
Mallii MeTasry B YOTHPhOXBAJIKOBUX KIITAX, ()OPMYBaHHS ITOBEPXHI TOTOBOI
MIPOKATHOI MPOAYKIIii, a TAKOXK OXOJIO/KEHHS 1 3HOC BaNKiB. SIK HACIiJOK,
mig6ip 30P i3 HEOOXiHOI MAaCTHIIBHOIO 3JIATHICTIO CIIPUATHME OCBOEHHIO
TEXHOJIOTIi BUPOOHHUITBA OCOOJMBO TOHKHMX ITad (TOBIIMHOIO MEHIIE 3a
0,4 MM), sIKi BUXOISTh 32 paMKH IMPOEKTHUX MOKinBocTed Airounx BCXII
VYkpainu, 110 € aKTyaJbHUM Ha CHOT'OAHIIIHIN JEHb.

B ymoBax mocuieHHS BUMOT JI0 TOKa3HHKIB SIKOCTI XOJOIXHOKATaHOL
JIUCTOBOI TPOMYKINI TaKOX ITiJBUIIYIOTHCS BHMOTH 1 IO TEXHOJOTIYHHX
MAaCTHJI, 3aBJaHHS SKUX MOJArae y 3a0e3leueHHi peaiarii mporecy mpo-
katky Ha BCXII 3 MiHIMaJbHUMHU €HEProBUTPATaMH MPH MaKCUMaJIbHOMY
cryneHi aedopmanii MeTay y Bajkax. BpaxoByroun, 110 X0JI0/1Ha MPOKaT-
Ka TOHKHX ITad 3AiHCHIOETHCS MPU JOCTATHHO BUCOKMX HABaHTaKEHHSX,
IO CYNPOBOKYIOTHCS IMiZABHUIIEHHSIM TeMIEpaTypH B ocepelky aedopma-
1ii, cy4acHi 3MallyBajibHI 3aCOOM ITOBHHHI YTBOPIOBAaTH Ha IOBEPXHi HpoO-
KaTaHoi cTayli MIIHUH I'paHWYHUHA [Iap, sIKMH He MiJJIa€ThCsl pyHHYBaHHIO
HaBITh B OCOOJIMBO BaXKKMX YMOBAaX 1X €KCIUTyaTarlii.

Binomi nocmimkenns, 3okpema gocmimpkensas O. I1. Makcumenka, 1o
CHpsIMOBaHi Ha 30UIBIIEHHS [TOYaTKOBOI B'SI3KOCTI, @ TAKOXK TOBIIUHHU LIAPY
TEXHOJIOTIYHOI'0 MAaCTHIIa B OCepeKy AedopMallii, IKi JO3BOJISIOTh 3HU3UTH
CHJIM TEpTsl, 3HOC BaJIKIB 1 MTA0M, a TaKOXX €HEPrOBUTPATH NMPHU XOJOIHIN
TOHKOJMCTOBIN mpokarmi. [ BUKOpHCTaHHS OTPUMAaHUX PE3yNbTaTiB Y
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MIPOMHUCIOBAX YMOBaX HEOOXITHO JETATHHO BUBYHTHU XapaKTep PO3MOILTY
TEXHOJIOTIYHOTO MAaCTHJIa MiX BaJIKOM 1 JIe(pOPMOBAHOIO IMITA000, KN Ha
CHOT'OJ[HI JTOCIIKEHUH HEIOCTATHBO.

JOCJIKEHHSI OCbOBUX CHJL IO IIOTh HA
HIJIIUITHUKA POBOYHX BAJIKIB CTAHIB XOJIOJHOI
JIMCTOBOI IPOKATKHA

A. I Ilpucsorcnuii, ooyenm, M. O. Ceamou, acnipanm, /[BH3 "TIATY"

Po3mmpeHHst copTaMeHTy CTaHIB XOJIOJHOI JIUCTOBOI MPOKATKH 3yMO-
BWJIO 3MiHY PEXHMIB poOOTH iX oOnagHaHHA. 30KpeMma, iCTOTHO 3pOCiu
OCHOBI CHJTH, SIKi JIFOTh HA ITiIIAITHAKA POOOYMX BAJIKIB JaHUX cTaHiB. lle
pOOUTH aKTyaJbHUM BUPILIEHHS 33/1a4i, ITOB'SI3aHOI 3 JOCIIHKEHHSIM BILIH-
BY Ha 3a3HA4€HI CHJIU PI3HUX TEXHOJIOTTYHUX YMHHHKIB.

Jls aBTOMaTH30BaHOTO PO3paxyHKY OChOBHX CHI F,. B 3aiexXHOCTI
BiJl PI3HUX TEXHOJOTIYHUX YHHHHUKIB PO3POOMIA KOMITIOTEPHY MpOrpamy.
V pe3ynbTati YyMceNbHOI pealtizaii miei mporpaMu OTpUMaiH PO3PaxyHKOBI
PO3IIOAIIN 3HA4YeHb BEMUYUHH F,., IO BiANOBiZaIOTH YMOBaM XOJOIHOI
MIPOKATKU B JIPYTii KIIiTI Oe3mepepBHOr0 YOTHUPHUKIITHOBOrO crany 1700
I[IpAT "MMK im. Lpriga" (M. Mapiynoss).

AHatiz po3paxyHKOBUX PO3MO/LIIB, sIKi Oyny OTpHMaHi, OKa3as, 10
3HAYEHHSI OCLOBUX CHJI 3pOCTAIOTh 13 3MeHIIeHHM pizuuni AT cuit 3aaHbO-
ro i mepeJHbOro HATATIB INTA0U Ta i3 30LIBIIEHHAM CyMapHOi CHUIH Qgpp
MIPOTUBUTHHY POOOYMX BAJIKIB, MOKa3HHWKIB CTYIEHS OOTHCKaHHS € 1 CHI
30BHIIIHBOrO KOHTAKTHOTO TEPTS f, , @ TAKOXK KyTa o B3aEMHOTO MEPEKOCY
BaJIKIB 1 KoedillieHTa | TepTs B MIXKBAaJKOBOMY KOHTAKTi. AHaJi3 OTpUMa-
HUX JIaHUX TaKOX IT0Ka3aB, 110 IHTEHCHBHICTb 3pocTaHHs cuil Fo. y 3B'I3Ky
i3 36inbIeHHsIM KoedillieHTa |1 ICTOTHO 3aIEKHTh Big KyTa of B3a€EMHOTO
TIepeKocy poOOoYOoro i OMOPHOrO BaJIKIB MpH NpokaTi. [Ipu 1ipoMy Ginbmmm
3HAYeHHAM o BiANOBizae it GiMbIIMil CTYMiHb BIIMBY Ha OChOBi cutH Fo,
YMOB T€pTS M’k poOOYHMM Ta ONOPHHUM BasikaMu. ToOTO BKa3zaHi yMOBH NpH
3HAYHKX KyTaX [epeKocy o € BU3HAYAILHUMH.

Kpim Toro, aHami3 oTpuMaHHX J@HUX JO3BOJIMB YIEpIIe BCTAHOBUTH,
o npu o>A (A — mapamerp, SKuii BU3HAYAETHCS 3HAUCHHAM KoedilieHTa
TEpTsI B KOHTAKTI MiXK poOOYMM 1 OIIOPHUM BaJIKaMH, a TaKOXX 3HAYEHHSIMHU
X paziyciB i HOpMaJbHUX HAINPYKEHb, SIKi JIIOTh Y MI>)KBAJIKOBOMY KOHTAaK-
1i) BimHOmeHHs F,./Ps (Px — cuna cTiucHeHHs poOOYOro Ta OMOpHOro Baj-
KiB) CTa0LIi3yeThCS HA PiBHI, IO BimnoBigae koedimieHnty . [Ipumaomy i3
301IBIIEHHSIM 3HAa4YeHb [l cTabii3alisl bOro BiJHOMIEHHS HACTAE MPHU OLTb-
IIMX KyTax TMepeKocy Bankis o . B obmacti, B sikiit o/<A, ochoBa CHIta icTOT-
HO 3pOCTa€ MpH 301MbIICHHI 3HAYCHD KYTa ol .
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BJIMAHUE TOJIIMAHBI 3ATOTOBKH HA BO3MOXHOCTbD
MNOTEPHA YCTOMYUBOCTH ITPH BBITSIKKE

P.I". Apeam, cmapuuii npenooasamens, P.I. I1ly3vips, doyenm,
Kpemenuyeckuil nayuonanohwiil yrusepcumem umernu M. Ocmpoepadckoeo

[Moreps ycroitunBocTH (hOpMOOOPa3OBaHMS MPH BBITSKKE XapaKTepH-
3yeTcsl BOSHUKHOBEHHEM OOJIBIINX MECTHBIX JeopMaluii, KOTOpble 00bIY-
HO TIPUBOIAT WM K Pa3pyIICHUIO MeTajla, WM K 00pa3oBaHMIO HENOITY-
CTHMO OONBIIUX MCKaXeHUH (opMbl n3nenus. [loBblmeHne ycTOHYMBOCTH
(hopM0o0Opa3yIOMMX ONeparyii JIMCTOBOW IITAMIOBKA O0OECIICYMBACT CHU-
KeHHe Opaka M 3HAYMTENbHYI0 DKOHOMHIO MeTajlla, COCOOCTBYET yBENH-
YEHHUI0 HAJeKHOCTH PabOThl aBTOMATHYECKHX W MOTOYHBIX JIMHUM INTaM-
TIOBKH, YIy4IIaeT KauyecTBo.

Jl1s mpeoTBpaleHus BBIMYYHBAHUS TIPH BBITSHKKE UCIIONB3YIOT MPH-
KHMMBI, TTEpEeTsHKHBIE pedpa U TOPOTH, a TAKXKe MPUMEHSIOT U IPYTHE MEPhI
KOHCTPYKTUBHOT'O M TEXHOJOTHYECKOTrO Xapakrepa. [1o3ToMy akTyasbHON
3ajaueil sIBISIETCS OTBHICKAHWE YCIOBHH M MPHEMOB 10 PACHIMPEHHIO BO3-
MOXHOCTEH OECTIPYIKUMHOMN BBITSKKH.

TonmmHa TUIACTHHEBI, KOTOPOH COOTBETCTBYET Haudalo 00pa3oBaHUS
CKJIaJIKH, OblJIa OIpe/ielieHa paHee

2 h HZ T
]’l =0,6]E—0'Cp li’lT, (1)

4

o; .
rae E.=—1; h — ToNMHA 3aTOTOBKH; 7, — HAPYXHBIH paauyc duaHna;
8.
4
7 — pajuyc OTBEPCTUSI MATPHULIBL.
Hoxcrasnsst 3uauenus E. B popmyiy (1) u npuHUMAsi, 4T0 6, =0y, a

1
g = 389 , IOJLy9UM

n =031 1-L |l )
l"H r

To €CTb, TOJIIIMHA 3arOTOBKH ITPU BBITAKKE UJINHAPUICCKUX I[eTaJ'Ieﬁ

3aBUCUT OT CTCIICHU Z[e(l)OpMaHI/II/I 3aroToBKM M OT PA3HOCTHU HA4YaJIbHOI'O

paanyca OT KOpHA KBAaJAPATHOI'O MNPOU3BCACHHA HAYAJIBHOI'O paanycCa Ha

pagnyC CTaKaH4YMKa, YTO HECKOJIbKO OTJIMYACTCA OT IMOJYUCHHBIX PAHCC

YCJ'IOBI/Iﬁ ApPYTUX aBTOPOB U pACIIUPACT MPEACI/IbI BBITSIKKHU 683 npuxxnuMma

¢nanma.
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HNIABUINEHHA EHEPTOE®EKTUBHOCTI 3ABAHTAKEHHSA
TBEPJIUX IOBYTOBUX BIAXOJAIB Y CMITTEBO3

O.B. Bepestox, 0oyenm, Binnuybruil HayionambHuti mexHiuHuLl yHisepcumem

30upanHs TBepaux noodyroBux Biaxoai (TTIB) € ocHoBHuUM 3aBaaH-
HSIM CaHITApPHOTO OYMILIEHHS HACEJICHWX ITyHKTIB 1 3/iHCHIOETHCS Olnblie
Hik 4,1 THC. chemiaTpHUMH aBTOMOOUIAMHU (cMiTTeBo3amu) [1], a Tomy
TIOB’sI3aHE 13 3HAYHMMHU (DIHAHCOBMMHU BHTpaTamu. llepen mepeBe3eHHSIM
TIIB cmiTreBO3aMu 10 Miclsl iX yThmizamii BUKOHYETHCS TEXHOJIOTIYHA
oreparisi 3aBaHTaXeHHsA BiaxomiB [2]. 3a NpUOIM3HUMH PO3paxyHKaMH,
jgume Ha omepamito 3aBaHTaxeHHs TIIB miopiuHO KOMYHaJbHUMH
MAPUEMCTBAMH YKpaiHU BUTpadyaeThesi Maibke 2,7 THC. TOHH HajbHOTO.
Tomy migBUIIEHHS eHeproeeKTUBHOCTI CMITTEBO3IB, SK CKJIAJOBOi KOM-
TUIEKCY MallMH Ui 30upaHHs Ta nepBUHHOI nepepodku TIIB, € akryans-
HOIO TIPOOJIEMOI0 MAITMHOOY/TyBaHHSI.

3aBantaxenns TIIB y OyHKep CMITT€BO3a CKIIAAETHCA 3 JIBOX
TIOCITIZIOBHAX TEXHOJIOTIYHUX OIEpalliii: MOBOPOTY Ba)Kedsl MaHIIMyJIsTopa
Ta TepeBepTaHHs 3aXBaTy KOHTeWHepa. I3 3aJbpHOI TPHBAJIOCTI TEXHOJIOTIY-
HOi oreparii 3aBaHTaxeHHs TIIB y cMitTeBO3 OocHOBHY uactuny (75%)
3aiiMa€ MOBOPOT BAXKEIIA MAHIITYAATOPA.

B pe3ynbTaTi TOCHTIHKEHHS] MaTEMaTHIHOI MOJICT TiAPONPUBOIY TIOBO-
POTY BaKellsl MaHIMyJISITOpa Ha TEXHOJIOTIUHIH omepartii 3aBanTaxenHs TI1B
y cMiTTeBO3 [1] OTpHMaHO CIPOIEHY MAaTEMaTHIHY MOJIeIh [3], ska J03BO-
JUJIa OTpUMAaTH HAONWKEHI aHAJITUYHI 3aJIeKHOCTI THCKY B HamipHIH
MaricTpali TiApOUMIIiHApa, KyTOBOI IIBUAKOCTI Ta KyTa IOBOPOTY BaKes
MaHIMyJIsITopa BiJ| Yacy, 0 MOXYTh OyTHM BHKOPHCTaHHUMH IIiJ] Yac MpOBe-
JICHHSI IPOEKTHUX PO3PaxXyHKIB HOBUX KOHCTPYKIIH CMITTEBO3IB, B SIKHX 3a-
BaHTaxxeHHS TIIB 3miliCHIOETBCS 32 CXEMOK KOPOMHCIOBO-KYIIICHOTO Me-
XaHi3My. BUsBIIEHO HaONDKEHY 3aJISKHICTh TPHUBAJIOCTI IMOBOPOTY BaXKEIS
MaHIMyJIsITOpa BiJl OCHOBHUX MNapaMeTpiB TiAPONPHUBOLY, Ha OCHOBI SKOi
BH3HAYCHO ONTHUMAaJbHE 3HAUYCHHS IMOMadi TifpoHacoca 53,9 n/XB, i sSKOI
TPUBAJIICTH TIOBOPOTY Baskelst Oyze MiHiMaibHOO 3,82 ¢, 1m0 Moxke OyTH BHU-
KopHcTaHe /uisl iHTeHcudikawii npouecy 3aBantaxeHHs: TIIB 3 meroro 3men-
IICHHS BUTPAT MAJILHOTO Ha 127 11/pik B po3paxyHKy HA OJIFH CMITTEBO3 [4].

[Micns mocmipKeHHT MAaTEeMAaTUYHOI MOJIEINI TiAPONpPUBOLY POOOYIHX
OpraHiB TIepeBepTaHHS KOHTEHHepa mij vac 3aBaHTtaxeHHs TIIB vy
CMITTEBO3 [5] ofepikaHO CHpOIIEHY MaTeMaTHYHY MOJENb, KA J03BOJIMIIA
oTprUMaTy HaOJIM)KEH] aHANITUYHI 3aJIeKHOCTI TUCKY B HamNipHIH MaricTpaii
TiponmIiHpa, KyTOBOI IIBHIKOCTI Ta KyTa IepeBepTaHHs KOHTEHHepa Bij
Yacy, 10 MOXYTb OyTH BUKOPHCTaHHUMH IIiJ] 4ac MPOBENCHHS MPOESKTHUX
PO3paxyHKIB HOBHX KOHCTPYKIIH CMITT€BO3iB. BusiBieHO HaOmmkeHy 3a-
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JISKHICTh TPUBAJIOCTI IIepeBepPTaHHsI KOHTEIHEpa BiJl OCHOBHUX ITapaMeTpiB
TiIpONPUBOY, HA OCHOBI SIKOI BU3HAYCHO ONTHUMAJIbHI 3HAYCHHS BiJCTaHI
MIX HEHTpaMH OOepTaHHsS 3axBaTy Ta INTOKAa 38 MM Ta KyTa MiX OCSIMH
BaXkKeJsl Ta Iuieda rigpouwtinapa 11°, mis SKux TpUBAJICTh IepeBEpTaHHS
KOHTelHepa Oyzne MiHiManbHOIO 1,468 ¢, o MoXe OyTH BUKOpUCTaHE ISt
inTeHcu(ikamii nporecy 3aBantaxkeHHs TIIB 3 MeToro 3MeHIIEHHS BUTpat
naJbHOro Ha 51 J1/pik B po3paxyHKY Ha OJMH CMITTEBO3.

OTxe, mapamMeTpu4Ha ONTHMi3alis OCHOBHUX KOHCTPYKTHBHHUX eJle-
MEHTIB NPUBOIB 3aBaHTAXKEHHsS TBEPJHUX IOOYTOBHMX BIIXOIIB y OyHKep
CMITTEBO3a JI03BOJISIE MMiJBUIIUTH €HEProe)eKTUBHICTH IPOIIECY 33 PaXyHOK
3MEHILIEHHS] BUTpAaT MNajbHOro Ha 178 n/pik B po3paxyHKy Ha OAWH
CMITTEBO3, @ B MaciTadax ychOoro KOMYHaJbHOTO TOCIOAapcTBa YKpaiHH
piuHa eKOHOMIs TmajbpHOTO cKianarume 730 TOHH.
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CBAPOYHBIN HHBEPTOP C BXO/HBIM VALLEY-FILL BBIITPSI-
MUWTEJIEM

B.B. bypnaka, doxmopaum, ooyenm, C.B. I'ynaxos, npogeccop,
I'BY3 «llpuazosckuti 20cy0apcmeeHtblil MeXHUYeCKUll YHUBEPCUMen)

WHBepTOpHBIE MCTOYHUKHU MUTAHMS JUIS CBAPKU 110 CPAaBHEHHIO C Tpa-
JUIMOHHBIMYA HHU3KOYAaCTOTHBIMH 00JIa/Al0OT PSIOM MPEHMYIIECTB: Maast
Macca, HeOonbpIMe TabapuThl, BBICOKOE OBICTPONEHCTBHE, THOKOCTH
HACTPOWKHU BBIXOJHBIX MTAPAMETPOB ¥ YHHUBEPCAIHHOCTD.

HecMmoTtpst Ha oueBUAHBIE TPEUMYILECTBA TUIIOBBIX HHBEPTOPHBIX HC-
TOYHHKOB, pa3pabOTUMKaMHU YIeNseTcsl HeIoCTaTOYHOe BHUMaHue Ipooie-
MaMm ToBbImeHnst ux kodd¢uumenra momuoctu (KM). BonbmHCTBO BHI-
ITyCKaeMbIX B HACTOSIIEE BPEMsl HHBEPTOPHBIX CBAPOYHBIX HCTOUYHHKOB HE
nMeroT KoppektopoB KM 1 He yJI0BIeTBOPSIOT TpeOOBaHUSAM CTaHIApPTOB
JJIEKTPOMArHUTHOM COBMECTHMOCTH TEXHMYECKHX CPEICTB BO BCEM BO3-
MOXXHOM JHamNa30He PEeKUMOB pabOoTHI.

Huzkuit KM pacnpocTpaHeHHBIX CBApPOYHBIX WHBEPTOPOB OOBSCHSET-
Csl HUIMYMEM Ha BXO/I€ BBIIPSIMHUTENS] C EMKOCTHBIM CIJIaKUBAHUEM.

ABTOpaMu pa3paboTaH MHBEPTOPHBI CBApOYHBIA MCTOYHHK C IOBBI-
meHHblM KM, B xoTOpoM mpuMeHeH Bhipsmurens rno cxeme Valley-Fill.
Oco0eHHOCTBIO pabOTHI TAKOTO BBIPSIMHUTES SIBJISIETCS TO, YTO €T'0 BHIXOJI-
HOe HarpspbkeHue u3Mensiercst ot 0,5 1o | aMImTy/bl HanpspKEHHs CeTH,
YacToTa MyJIbCAllMil paBHA YIBOSHHOH 4acTOTE CETH.

Jlns npubnmkenus popMbl OTpeOIIEMOro U3 CeTH ToKa K (opme ce-
TEBOT'0 HAMpsDKEHHWs CUCTEMa YIIPaBJIEHUS WHBEPTOPOM MCTOYHHMKA CHHTE-
3UpOBaHa TakuM 00pa3oM, YTO €ro MOTpedIsieMbIi TOK MPONOPIMOHAIEH
HaINPsDKEHUIO Ha BBIXOJE BhINpsiMuTENsl. Kpome Toro, B MHBEpTOpE Mpey-
CMOTPEH PEXHM ITOBBIIIEHHOI'0 BBIXOHOT'O HANPSDKEHUS IS TIOJIACPIKAHUS
«ISKYPHOW» JyTU BO BpeMsl Ilepexoia HaIIPsHKEHHS CETH Yepe3 HOJb.

Takoe MoOCTpoeHHE CXEeMBI J1aeT BO3MOXXKHOCTh PE3KO YMEHBIIHUTH 3a-
rac YHEPrHY B HAKONMUTEIbHBIX KOHJIEHCATOpAaX, CHU3UB TEM CaMbIM rada-
PHUTHI U c€0ECTOMMOCTh MICTOYHUKA, & TAKKe N30€KaTh MPUMEHEHUS CIICIH-
aJBHBIX CXEM OrpaHMYEHHMs 3apsiTHOTO TOKa (NPU 3HAYMTENHHOH 3amaceH-
HOM B KOHJIEHCATOpax SHEPTUH BMECTO TEPMHCTOpa OOBIYHO MPHUMEHSIOT
MOIIHBIA PE3UCTOP M CHIIOBOE pejie ¢ HOPMAJIbHO PAa30MKHYTHIM KOHTaK-
TOM, BKJIIOYEHHBIM IapauIeNbHO 3TOMY PE3UCTOPY).

HcnbiTanns sKCriepuMeHTaIbHOT0 HHBEPTOPHOT'O HCTOYHUKA, BBITTOTHEH-
HOI'0 110 OIMCAaHHOM cXeMme, Imoka3anu, 4To ero KM u3mensercs ot 0,94
(pu motpednsiemoii moraoctu 0,7 kBT) 10 0,97 (1,8 ¥BT), 2 THD motpe0-
nsiemoro Toka — ot 32 % (0,7 kBr) mo 22 % (1,8 xBT).
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TEXHOJIOI'TYHI 3AXO/IN 3ABE3INNEYEHHS ITPAIIE3JATHOCTI
BY3J1IB TEPTA

FO.FO. Biyrok, doyenm, Budasnuuo-noniepagpiunuti incmumym Hayionanerozo
mexHiuno2o yHigepcumemy Yxpainu « Kuiecoxuii nonimexuivnutl incmuniym
imeni leopst Cixopcobkozoy

CTpiMKHI PO3BUTOK TEXHOJIOTIYHHX ITPOIIECIB MONIrpadiuHOro BUpO-
OHUIITBA CIPHSAE YIOCKOHAJIEHHIO KJIACHYHUX TEXHOJOTIYHUX IPOIIECIB,
PI3HOMaHITHHX METO[IB 1 3aC00iB JPYKY, HOPOKYE HOBI TEXHOJIOTI].

Mertoto JJaHOTO JIOCII/PKEHHS € BCTAHOBJIEHHS BIUIMBY TE€XHOJIOTTYHUX
PEXUMIB BUTOTOBJICHHSI Ha CTPYKTYPY 1 BIIACTHBOCTI JieTaleil TepTs IOJIir-
padiuHoro obiagHaHH, IO MICTATH TBEPY 3MallyBajibHy pedoBuny CaF,
y cBoemy ckiami (JITHSK®D9).

[TpucyTHICTh TBEpAMX 3MallyBaJbHUX PEUYOBHH B MaTepiajgax Heo0-
XimHa JuIs 3a0e3reueHHs cTabiIbHOI poOOTH JeTael pu aBapiiHOMY MpH-
MMUHCHHI MMO/Iavi PiJIKOro MacTWia y BY3JIM TepTs mojirpadiuHoro obmai-
HaHHS, [0 MPAIIOE 32 BAKKUX YMOB POOOTH.

B pe3ynbTaTi BUTOTOBJICHHS! KOMITO3UIIIHHUX BHCOKOIIBUJIKICHIX Ma-
TepianiB Ha ocHOBI Mifi JJHSK®9 3a po3pobieHMMHU TEXHOJOTIYHUMH pe-
KMMaMH yTBOPWJIACS CKJIaJHa T€TepPOreHHa CTPYKTypa KOMITO3UTIB.

JocmimkenHst merayorpadiyHOi  CTPYKTYpH MaTepiasiiB  CKJIaay
JIHS5K®9 noxkazano, mo CTpyKTypa MaTepiaiiB B 000X BHIaJKax — Ie -
TBEPUi pO3YUH HA OCHOBI MiJli 3 IOMIIITKaM# TBeporo macrtmia - CaF,.

JocmimkeHHs CTpyKTypu KoMmmo3utliiiHoro matepiary JJTHSK®9 moka-
3a50 (puc.), M0 B CTPYKTYpi JeTajeil TepTs CHOCTEPIraeThCsl HAasBHICTH
JIBOX CKJIQJHUKIB — METaJeBOi MaTpHii 3 BKIIOYEHHSMH pPIBHOMipHO
po3TamoBaHoi Ga3u TBEPAOro MacTuia - (PTOpUIY KaJbIIiIo.

VY cBoIo Uepry mMerasieBa MaTpHIl MaTepiay sBJIsE€ COOOO JIErOBaHMH
HiKeJIeM O-TBEpIUi PO3YMH Ha OCHOBI MiJli 3 PIBHOMIPHO PO3IO/IIICHUMH B
HBOMY BHUJICHHSIMH JBOX TBEPIUX PO3UMHIB Yy; Ta Yy, 3 ['LIK rpaTkoro, siki
copMyBaimcsl B TPOLIECI BUTOTOBIIGHHS Marepialy, IO BiANoOBigae
nmiarpami crany cucremu Cu-Ni [1]. Marepian JHSK®9 (puc.) mictuts
TBEpJIe MacTHJIO y BUTJISIII CaMOCTIHHOI (ha3u, sika y NMOEIHAHHI 3 JIeroBa-
HUM 0 — TBEPJIUM PO3UYMHOM Ha OCHOBI Mifi, ()OPMY€E I'eTEpPOreHHy CTPYK-
TYypY, siKa € Haiikpamoro [1, 2] misa 3a0e3nedyeHHss BUCOKUX aHTH(PUKILIH-
HUX BJIACTUBOCTEM.
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Y

Pucynok 1 — MiKpOCprKypa JieTanei TepTs 3 MaTepian JHSK®9, x100

Crnig 3a3HaYWTH, MO CTPYKTypa JOCHIDKYBAaHOTO Matepiainy -
Cu+5%Ni+9% CaF, (puc.) € npiOHO3EPHUCTOIO, MO CHPUSE ITiABUIICHHIO
(i3MKO-MEXaHIYHUX BIACTUBOCTEH.

OnepkaHa CTpyKTypa i ii ¢asoBuil ckimax [2], 3a0e3medeHi 3acTocy-
BaHHAM pO3pOOJICHOI TEXHOJIOTT, HaJali HOBUM JETaJlsIM BUCOKUX TpHOO-
TEXHIYHHUX BJIACTUBOCTEH.

TakuM 4nHOM, PO3pOOJIEHI Ta BIANPAIbOBaHI TEXHOJOTIYHI PEXUMHU
BHUTOTOBJICHHST HOBUX MartepiajliB Ha OCHOBI MiJi 3 JOMIIIKAMH TBEPAOI
3MallyBaJIbHOI PEYOBHHM, 110 BKIIFOYAIOTH B ce0€ MiAroTOBKY BUXIJHOI CH-
POBUHH 3 ONTUMI3AIi€I0 CKIA/iB MaTepialiB, sIK TOJIOBHUX EIEMEHTIB KOH-
CTPYKLIT JeTanei TepTs, 3MIlIyBaHHS, IPECyBaHHsI, CIIIKaHHS Ta 3aKiHUYIO-
Y ONTUMI3AI€I0 PEKUMIB (OPMYBaHHS KOHCTPYKIii TOTOBOI Jeraii, o0y-
MOBJIIOIOTH OJIEpKaHHs CTPYKTYpPH, 3[aTHOI 3a0e3MeYnTH BHUCOKHX DiBEHb
(YHKI[IOHAJIBHUX BIIACTUBOCTEH BY3JIIB TEPTS MOJirpadiyHoro ooa HaHHS.
HacrynHi gocmimkenHs OyayTh cripsMOBaHI Ha BU3HAYEHHs (YHKIIIOHAb-
HUX BJIACTUBOCTEH Ta IX BIUIMB HAa €KCIUTyaTallilHi XapaKTEpPUCTUKH By3Ja
TEPTS B LIOMY.

Jliteparypa

1. Poix T.A., Kupuuox II.O., TaBpum A.IL Kommo3umiiai
MiIIUITHAKOBI ~ MaTepiadu Ui MiJBHIICHUX YMOB  EKCIUTyaTallii:
Mownorpadis. - K.: HTYY ,KIII”, 2007.- 404 c.

2. Tlarent Yxkpaimm Ne 40139 MIIK(2009), C22C9/02, C22C9/00,
C22C1/00, C22C1/04, C22C1/05 AnTH]pUKLIIHHAN KOMITO3MLIHHMN Ma-
tepian/ T.A. Poix, A.Il. Taspum, O.A. Taspum, B.B. XomsBko,
10.10.Bimrok, O.0. Menbnuk, omyoi. 25.03.2009, Bror. Ne 6.
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NHCTPYMEHTBI AJIMA3HO-UCKPOBOI'O IIVIN®OBAHUA
C TOKO3AIIIUTON AJTJIOMAHUEBBIX KOPITYCOB

I A. Jleseney, cmydenm, B.A. @edoposuu B. A., npogp. HTY EFO.I". I yyanenxo,
cmapuii Hayun. compyon., K. Cesudosa, cmapuiuil HayyH. compyoH.,
Hayuonanvhviii mexnuyeckuil ynugepcumem «XapbKo6cKuil NOIUMEXHUYEeCKULl
UHCIUMY My

[MpucnocabarBaeMoOCTh KOHCTPYKIMU IUTU(OBAIBHBIX KPYrOB C allto-
MHUHHEBBIMH KOPIYCaMH K HCIIOJNb30BAaHHIO B TEXHOJIOTHAX ajMa3HO-
HCKPOBOT0 NUTM(OBAHMS O€3 AIIEKTPOU3OISIIUOHHOTO MOAEPHU3AIIOHHOTO
BMEIIATENbCTBA B IIMUHACIBHBIN y3€l CTaHKa Ipeiaraercsi ooecreunBarh
N30MpaTENbHBIM MOBEPXHOCTHBIM DJIEKTPOJINTHYECKUM OKCHIUPOBAHHEM
MaTepHaa KopIryca B yCKOPEHHOM MHUKPOIYTOBOM PEXUME.

OKCHIHbIE TTOKPBHITHS Ha AJIOMHUHUEBBIX CIUIaBax ()OPMUPOBAIH B
aIIOMHUHATHOM dJieKkTponute npu HampsbkeHun 250-300 B. Tonmuna mo-
KpBITHi 1o moBepxHocTH cocrapisuia 100...120 MxM.

ITocne aHoAMpOBaHMS 00pa3LBI TOJBEPTANIN KHUIISTYEHHIO B JIUCTHILIH-
poBaHHOM Bojie B TeueHHe 30 MUHYT C LIENbI0O YMEHBIIEHUS OTKPBITOH Io-
PHCTOCTH 3a CUET THIpaTaluyi OKCHUIHOH IJICHKH.

ITo pesynbraraM TEepaOMMETPHYECKHX HW3MEPEHHH YCTaHOBJIEHO, YTO
YIIeNBbHOE 3JIEKTPUIECKOE COITPOTUBIIEHHE CYOPMUPOBAHHOTO IMTOKPHITHS Ha
amomuumreBom crmae AK6 cocrasuno mpumepro 1,2:10'2 Om-M, a mpo-
6uBHOe HanpspkeHue — cBbime 1000 B (B pexxuMe HCIBITaHUIA C Harpyxe-
HUEM HCIIBITBIBAEMOTO  DJIEKTPOU3OJSIIMOHHOTO  CJIOSL  TIPHIIOKEHHEM
Hanpspkenust 1o 1 kB npoboii He HaOmoaancs).

B TexHOIOrMYeCKOM MapIIpyTe U3TOTOBJIEHUS aJIMa3HBIX KPYT'OB OIle-
pauysi OKCUIMPOBAHUS JTOJDKHA BBITIOJHATHCS J0 HAIPECCOBKM Ha KOPITyC
aJIMa30HOCHOTO CJIOSI, YTOOBI 00€30MaCUTh €T0 OT 3JIEKTPOPU3UKOXUMHIE-
CKUX NOBpexeHui. s Oe31eeKTHOMN JIOKaTTbHON 3IIEKTPOU30JISIIMOHHON
MOJIEPHU3AIMN TPAJUIIMOHHBIX aJIMa3HBIX KPYTOB B YCIOBHAX IOTPEOUTENS
TIPE/ITIOKEHA CliennabHast OCHACTKA Kpyra Iepe/i MOrpyKeHHEeM B eMKOCTh
OKCHAMPOBAHMUS, HCKIIOYAIONasl alMa3HO-METATMYECKYI0 KOMITO3HIUIO
paboueit yacti NUIM(OBAIHHOTO Kpyra U3 3JeKTpUdecKol nenu Gopmupo-
BaHHS NOKPBITHSL.

Haubonee pamukaimbHbI 3(Q(GEKT NTPEOIONCHUS MOHIKAOIMICH -
JJIEKTPUUYECKYIO TPOYHOCTh ITOKPBITHS TEXHOJOTHYECKH HEM30e)KHOH B
nporecce ero (opMHUPOBAHUS IOPUCTOCTH 00ECTICUMBAETCS TIOCIIETYIOINM
HACBIIIEHNEM HH3KOBSI3KOCTHOM KOMIIO3WIMEH Ha OCHOBE BHUHWIIXJIIOPU/A,
YTO TI03BOJISIET B HECKOJIBKO pa3 MOBBICHTh XapaKTEPUCTHKH JUAJIEKTpUYe-
CKOM 3aIIUTHI U UX YCTOHYMBOCTD BO BIAYKHOW CpeJe.
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UCTOYHMK IMATAHMS JJISI IYTOBOM HAILJIABKH JIEH-
TOYHBIM JJIEKTPOJOM

AU Muponenxo, acnupanmra I BY3 «IIpuazoeckuil 2ocyoapcmeeHHbiil
MEXHUYECKULL YHUBEPCUMENT)

B pesynbraTe uccie0BaHui BBISIBICHBI OCOOCHHOCTH TEPEMEIICHUS
JIYTH TIO TOPIY JICHTOYHOT'O AJIEKTpoJa. B OT/iMYre OT U3BECTHBIX NaHHBIX,
JIyra He MepeMeIIaeTcs MIaBHO 110 TOPILY, TOCTENEHHO OIIaBIIsIs €r0 KPOM-
Ky. Ee mepeMenienue onpenenseTcs MepuoIMIeCKIMHA KOPOTKAMH 3aMbIKa-
HUSMH OTJICIBHBIX TOYCK TOPIA AJIEKTPOIa B CTOPOHE OT MeCTa TOPCHUS
nyru. [Tocnennsist yracaer u Bo30yXkaeTcsi HOBasi [yra B MecTe KOpOTKOTro
3aMBIKAHUS.

CTaOWIbHOCTh M HAJICKHOCTH TIOBTOPHBIX BO3OYXKICHUN IYTH,
OMPENICNSIONIUX KaYeCTBO HAIUIABJICHHOTO CIIOS, 3aBHUCHT, KPOME MPOYHX
YCIIOBHIA, OT CBOHCTB NCTOYHUKA MTUTAHUS.

ABTOpPOM TIpe/IIOKEHA TPUHIMITAAIBHO HOBAss KOHCTPYKIIUS HCTOY-
HUKA TUTAHUS JUT IYTOBOM HAIUIABKH JICHTOYHBIM 3JIEKTPOIOM.

HcTouHnK mHTaHWS BKJIFOYACT JIBA BBINPSIMUTENS: CHIIOBOW M J10-
MTOJTHUTENBHBIA. [Ipy 3TOM CHIIOBOW BBIIPSIMUTEH TOJKIIOUCH HEIMOCPEI-
CTBEHHO K JYT€, a JIOTIOJHUTEIBHBIN CITY)KUT JUTSI 3apsIKU OaTaper KOHJCH-
CaTOPOB, KAXIBIA M3 KOTOPBIX Yepe3 YIPABISAEMbBIN KIFOY TaK K€ MOXKET
TIOAKITIOYATHCS K JIyTe.

YnupaBneHue pabOTOM KITIOYEH OCYIIECTBISCTCS —CHEIUATbHBIM
YCTPOHCTBOM, KOTOPOE B MOMEHTHI KOPOTKHX 3aMBIKAHUIN BKIIIOYACT KITFOY
B IICTTH KOHJICHCATOpA, HANPSDKEHUE Ha KOTOPOM B JIAHHBIN MOMEHT MaKCH-
MaJIbHO 110 OTHOIICHHIO K HATIPSHKCHUST OCTAILHBIX KOHICHCATOPOB.

Pa3zpsin konzmeHcaTopa yepe3 001acTh KOPOTKOTO 3aMBIKaHHs IPHUBO-
JIUT K PAa3pYHICHAI0 METAJUTMICCKON MEPEMBIYKHA W BOCCTAHOBJICHUIO JTYTO-
BOTro mporecca. [I[puMeHeHre JaHHOTO UCTOYHUKA TTUTAHUS MO3BOJISET IMO0-
BBICHTB KQ4ECTBO JYTOBOW HATUIABKU JICHTOYHBIM SJIEKTPOIOM.
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MHOBBIIIEHUE KO3®®UIIUEHTA MOIIIHOCTHU
UCTOYHHUKOB IMUTAHUS MAIIIMH KOHTAKTHOM CBAPKH

C.K. [loonebennas, dokmopanm, doyenm, B.B. Bypnaxa, dokmopanm, doyenm,
C.B. I'ynaxos, npogpeccop, I BY3 «IIpuazoseckuii 2ocyoapcmeeHHbii
MEXHUYECKULL YHUBEPCUMENT)

KoHTakTHast ToueuHast cBapKa Ha CETONHSIIHMK IEHb IIMPOKO pac-
MIPOCTpaHeHa Ha MPeIIpHUITUSX MAIIMHOCTPOUTEIHHOW OTPACIy MPOMBIII-
JICHHOCTH. AKTHBHO-MHIYKTUBHBIH XapaKTep CBApOYHOW LIETTH 00YCIIOBIIH-
BaeT BBHICOKHI YpOBEHH MOTPEOJICHUS] PEaKTHBHONW MOIIHOCTH, YTO OOBsIC-
HsieT HU3KWi Kod(p¢uuuent mourHoctd (KM), KoTopbli siBisieTcss WHTe-
TPaJIbHBIM TOKa3aTeJeM 3HEprod((GEeKTUBHOCTH TaKUX MCTOYHHUKOB ITUTa-
nus (MUI1). Kpome Toro, Hanu4ne THPHUCTOPHBIX KOMMYTaTOPOB, 00eCIIeqH-
BaIOMINX PETYIUPOBAHUE CBAPOYHOTO TOKA, IPUBOJNUT K HACHIIIECHUIO CIIEK-
Tpa TOTPEeOJIIEMOr0 OT CETH TOKa BBICIIMMHM TapMOHHKAMH, YTO TaKXKe
cumkaer KM. Yeenuuenne KM B ycioBUsSX COBPEMEHHOTO MPOMBILIUIEHHO-
TO IIPOM3BO/ICTBA SIBJISETCS aKTyaJbHOW 3ajadel, a MOBbIIICHUE SHEprodg-
(EKTUBHOCTH MCTOYHHUKOB ITHTAHUS — OIHUM U3 MPUOPHUTETHBIX HAYUHBIX
HanpaBJIeHUI.

OnHUM U3 NEPCIEKTUBHBIX HampaBieHud nossiieHust KM cBapouHbIX
UII siBnsiercst pa3paboTKa HCTOYHHKOB Ha 0a3e TPaH3MCTOPHBIX MMOJTHOCTHIO
yIpaBisieMbIX npeoOpazoBareniei. OMHUM U3 IPUMEPOB TAKOT0 Mpeodpazo-
BaTeJsl MOXKET CIYXXHTh HU3KOYACTOTHBIN TPEpHIBATENb IEPEMEHHOT0 TOKa
(AC chopper). Bo3MOXXHOCTb perylupoBaHus Kak IO mepeaHeMy (GpoHTY
(leading-edge modulation), yripaBiisist yriioM OTKPBITHS O, TaK U O 33 JHEMY
¢ponTy (trailing-edge modulation), yrpaBisist yriioM 3akpbITHS 3, TTO3BOJIUT
PEryaupOoBaTh MOTPEOJICHUE PEAKTUBHOM MOITHOCTH TakuM UIT.

B pesynbrare npoBefeHHBIX MCCIENOBaHUN Ha MaTeMaTHYECKOW MO-
JIeNI  YCTAHOBJIEHO, 4TO KO3()(HUIMEHT MOUIHOCTH TpaHzucropHoro UII
3HAYMTEIHHO BHIIIE, YEM Y THPUCTOPHOTO aHAJIOra (Jlake C yYETOM BBICIIMX
rapMoHuK Toka). IIpu sTom pabora Tpansucroproro MII B komruiekce c
TUPUCTOPHBIM JTa€T BO3MOXHOCTH JIOOUTHCS MOBBIIICHUS CYMMAapHOTO KO-
a¢¢UIMeHTa MOIIHOCTU NPH O0ECICUYCHUU COOJTIOJICHUS HOPM SMHUCCUU
TapMOHMYECKUX COCTaBJISIOIINX TOKA, YCTAHOBJIEHHBIX craHaaprom JCTY
IEC 61000-3-12:2004 (I'OCT 30804.3.12-2013) y1st TEXHUUECKUX CPEJICTB,
HE OTHOCSIIUXCSA K CHMMETPUYHBIM TpeX(a3HbIM, ¢ TOTPEOIIEMBIM TOKOM
or 16 no 75 A. JlanpHeiuM HanpaBieHUEM UCCIEIOBAHUM SIBJISIETCS pa3-
pabotka MeTomoB ynpaBieHusi TpaHsucTopHbM HII, obecrneunBarommx
KOMITEHCAIIMIO BBHICIIMX T'APMOHMK TOKa MpU paboTe B KOMIUIEKCE C THPH-
cropusiMu UII, 9TO MO3BONUT yBENWYHUTH HE TONBKO cosl ][]l komImiekca
HWCTOYHUKOB, HO M ero KM.
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NHCTPYMEHTbBI AJIMA3HO-UCKPOBOI'O HIIVIN®OBAHUA
C TOKO3AIIIMTOM CTAJIbHBIX KOPITYCOB

T.B. Cemenuxuna, cmyoenmka, B.A. @edoposuy, npogheccop, E.K. Cesudosa,
cmapuuit Hayun. compyon., FO.I. I'yyanenko, cmapuiuti Hayus. compyoH.,
Hayuonanvhviii mexnuyeckuil ynugepcumem «XapbKo6cKuil NOIUMEXHUYEeCKULl
UHCIUMY My

[pucnocabarBaeMoOCTh KOHCTPYKIHH HITH(OBATBHBIX KPYI'OB CO CTa-
JIBHBIMU KOPIIyCaMH K UCIIOJIb30BaHUIO B TEXHOIOTHUAX aJIMAa3HO-UCKPOBOIO
nurgoBanust 6€3 AIEKTPOU3OISIIMOHHOTO MOJIEPHHU3AIMOHHOTO BMeIIa-
TENILCTBA B INMIHH/ICIBHBIN y3€l CTaHKa Mpeiaraercs odecreunBarh B pe-
3yJIbTaTe HAaHECEHUs Ha N10CAJOYHbIE TTOBEPXHOCTH MHCTPYMEHTOB CIEIH-
aJbHO pa3pabOTaHHBIX W3HOCOCTOMKMX JWAJIEKTPUYECKUX TOKPBITHH Ha
OCHOBE CEMEMCTBA AMOKCUIHO-AUAHOBBIX CMOJ.

[NoBbIlIEHHAasT M3HOCOCTOWKOCTh MOKPHITHI OOecrieuuBaeTcs BBeEJe-
HHUEM JUAJIEKTPUYECKUX MOPOIIKOB TpHokcuaa amomuuus AlLO; wim mu-
okcuza kpemMHus SiO, ¢ BO3MOXXHBIM BapbUPOBAHUEM MacCOBOW JOJIU Kak
JIMDJIEKTPUYECKHUX TTIOPOIIKOB, TaK M ATIOKCHIHBIX TPYIIIL.

Komnozuiyio mnomyyaroT MyTeM CMEUIMBAHUS 3MOKCHIHO-IHAaHOBOMN
CMOJIBI ¥ Oy THIITIIMIUIMIIOBOTO 3(pUpa C MOCIIeA0BaTeIbHBIM BBEJCHHEM B
CMECh OKCHUIHOTO AUAJIEKTPUYECKOrO HAMOJHUTENS, NONUMETUICHIOKCaHa
u nomuMmerwienmwiokcana. OTBepauTeb —  MOHO-N-(-IHAHITHII)-
JUATWIEHTPUAMUH — BBOJST HENOCPEACTBEHHO IEpeJl HCIONb30BAaHUEM.
[ToxpbITHE HAHOCAT C MOMOILBIO MIETKH B 2-3 mpuemMa. MUHHMAalIbHOE Bpe-
Msl OTBEPJEBAHUSI OIHOTO CIIOS TOKPBITHA — 7 4acoB. BpeMms BBIIEpIKKH
IocJie HaHECEeHUs MocneaHero cios — 24 yaca. Ilocne 3aTBepaeBaHus npea-
BapHTEIHHO PACTOYEHHOE MOCa0YHOE OTBEPCTHE MUTM(OBAIBEHOTO Kpyra ¢
HaHECEHHBIM IMOKPBITHEM 00palaThIBalOT MEXaHUYECKUM CII0OcO0OM 110 3a-
JIAaHHBIX Pa3MepoB € TPeOYeMOW TOYHOCTBHIO.

ITo pe3synbraTamM CpaBHUTENBHBIX HCITBITAHUN M3HOCOCTOWKOCTH KOM-
MO3UTHOT'O TOKPBITHS, Hampumep, ¢ 20 % coaepikaHHEM MacCOBOM 1onu
snokcuAHbIX rpynm U 30 mac. % Al,O; — Ha 60-70% BEIIIE, YeM Yy TaKoro
xe, Ho Oe3 HanonHuTtensd. IIpu 3ToM HabiromaeTcs MoyTopakpaTHOE Tpe-
BhIieHnu TBepaoctu (H, = 204 Mlla, mo Bukkepcy) u IpOYHOCTH Ha CKa-
THe (O = 135 MIla). YaenpHOE SIEKTPHYECKOE COMPOTUBICHUE MOKPHI-
tust p = 1014 Om-M. Takum oOpazom, obecriednBaeMblii pa3pabOTaHHBIMU
TIOKPBITHSMH BBICOKUI YPOBEHBb IPOTHBOAIEKTPUYECKON 3aIUThI TO3BOJIS-
eT 3((EeKTUBHO PacUIMPSTh TEXHOJIOTHUECKHE BO3MOKHOCTH IUIH(OBAIIB-
HBIX CTAaHKOB YCIIEHIHOW peain3alieil Ha HUX aiMa3HO-MCKPOBOTo IUIQO-
BaHUS U JIPYrUX SJIEKTPOYUIUKOXUMHUUECKUX TEXHOIOTHH.
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TOKOIOABOJA K THCTPYMEHTAM AJIMA3HO-UCKPOBOI'O
JIM®OBAHMS C JIOKAJIbHOM TOKO3AIIIUTOM KOPITYCOB

A.E. Xnecmxun, cmyoenm, B.A. @edoposuy, npogheccop, FO.I'. I'yyanenxo, cma-
puiuii HayuH. compyon., A.B. Pyoues, nayun. compyon., B.B. Hexun,
HayuH. compyoH., Hayuonanvrvlil mexnuyeckuil yrueepcumem «XapbKo6cKull
NOIUMEXHUYECKULL UHCIUMYIMY

KoHCTpyKTHBHO 3aj1aya IPUHYKICHNS 30HBI IUTM(QOBAHUS K YIaCTHIO
B 2JIEKTPOPA3PSAHON IIETTH aIMa3HO-UCKPOBOro NIIH(OBaHUS IPH COOTBET-
CTBEHHO OPTaHM30BAaHHOM TOKOIIOJ[BOJIE HEMOCPEICTBEHHO K MHCTPYMEHTY
KaK YJaCTHHKY JJIEKTPUUECKOrO KOHTAKTa MOXKET PelIaThCsl OAHUM JIUIIb
palMOHAIBHBIM HCIOJIb30BAHMEM 3JIEKTPOU3OJSIIIMOHHBIX MaTepHajoB Kak
JIOKAIBHBIX TOBEPXHOCTHBIX MOKPHITUH YCTaHOBOYHBIX HOBEPXHOCTEH
g oBaIbHEIX KpyroB. Takol IMOAXOM K YHHBEpCAIN3AIMN TEXHUYECKHX
cucreM IUIH(GOBAHUS C aIMa3HO-a0pa3UBHBIMUA MHCTPYMEHTAMHU Ha MeTal-
JIMYECKHUX CBS3KaxX [UIi BO3MOXKHOCTH MX HCIIOJIb30BAaHHMS B Mpoleccax
NEKTPOPU3NKOXUMUUECKOH 00pabOTKH, KaK KOHCTPYKTHBHO MaKCUMaJIEHO
00JIer4eHHbI, HECOMHEHHO 3aCIIy)KMBAET TMOBBIIICHHOTO BHUMAaHHS IPaK-
THUYECKHUX CIIEIUAIINCTOB, OCOOEHHO IO Mepe IOSIBJICHUS! HOBBIX HM30JISIIIH-
OHHBIX MaTepUaioB NOBBIIIEHHOH MPOYHOCTH U M3HOCOCTOWKOCTH.

Ioxxon peanusyercs MEKTPOU3OILIUOHHON NOBEPXHOCTHON HHMKEHe-
pHel yCTaHOBOYHO-KOHTaKTHBIX TIOBEPXHOCTEH KOpITyca HHCTPYMEHTA, T. €. B
o0LIeM cilydae MOJHOTO PelleHHs — HWIMHAPUYECKOH M0CaJl0uHOr0 OTBEp-
CTHSl ¥ TIPUMBIKAIONINX K HEW TOPIEBBIX, C MEPEKPHITHEM 30H KOHTAKTa I10
HHUM B paJuaJIbHBIX HarpaBieHusX. HanpuMep, npy MO3UIIMOHUPOBAHWUY HH-
CTPYMEHTA Ha 3aTOYHBIX CTAHKAX, O'PAaHMYECHHBIX PaJHaIbHBIMU IradapuTamMu
T OBAIBFHON ONpaBKH (110 OMOPHOMY OYPTHKY) M CONPSTaeMoro ¢ Hel ¢
paboueil CTOPOHBI HHCTPYMEHTA KPEIEXKHOro pe3s00BOro ¢iaHa.

TokomonBoA ¢ BKIIOYEHHEM HHCTPYMEHTA B JJIEKTPUYECKYIO IElb
OCYIIECTBIISIETCS] TOCPEACTBOM OOBIYHOIO ISl TPAJAUIIMOHHBIX CHCTEM all-
Ma3HO-UCKPOBOTO NIIH(OBaHUS MHCTPYMEHTOM C nepudepuiiHoii paboueit
MOBEPXHOCTHIO I[ETOYHOIO0 KOHTAKTa 4epe3 CBOOOAHYIO OT 3JIEKTPOH30IIs-
LMOHHOTO MOKPBITHS YacTh MOBEPXHOCTH €r0 METaTMYECKOro Kopmyca ¢
BHEIIHEH KOpPIYCy CTaHKa CTOPOHBI WJIM, B IPOCTPaHCTBEHHO-
OrpaHMYEHHBIX KOMIIOHOBOUHBIX CXeMaX 00pabOTKM TOpLEM Kpyra, uepe3
aJIMa3HO-METAJIMYECKYI0 KOMIIO3UIIMIO €ro paboueil 4acTU BHE 30HBI 00-
paboTKu, 10 aHAJOTHU C peanu3alueil 3JTeKTPUIECKOr0 KOHTaKTa aBTOHOM-
HOM 3JIIEKTPOIPO3UOHHON IPABKU.
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CHUHOIICUC TEXHOJIOTTYHOT'O 3ACTOCYBAHHSH 3BOPOT-
HOI'O AE®OPMOBAHOI'O CTAHY KOHCTPYKTUBHHUX
CKUIAJJIOBHUX ITPU ITPOBEJAEHHI CKJIAJJAJIBHO-
3BAPIOBAJIbHUX POBIT

O.B. @omin, 0.m.n., doy., npogecop rxagh. «Bazonu ma saconne 2ocnooapcmsoy,
leporcasruii exonomiko-mexHonociunuil yHieepcumem mparcnopmy (Kuis)
A.A Cmeywko, cmapuiutl sukiaday kag. «Baconu ma eazonme 2ocnooapcmsoy,
leporcasruii exonomiko-mexHonociunuil yHieepcumem mparcnopmy (Kuis)

OpHUM 13 OCHOBHMX HAayKOBO-TEXHIUYHHMX 3aBJaHb, pe3yJbTaTH
BUpILIEHHS SKOrO0 Oe3locepeaHbO BIUIMBAIOTH Ha €(EKTHBHICTH POOOTH
BaHTA)XHOT'O BArOHHOT'O MApKYy, € po3pO0JICHHS HOBUX UM MOJIEpHi3allis BKe
ICHYIOUMX MOjieNell BAaHT&KHUX BaroHiB 3 METOI 3HIDKEHHS IX Ma-
TepianoeMHocti. [Ipy 1bOMY NEpCIIEKTHBHUM METOIOM 3HIDKEHHS Ma-
TepiaNoeMHOCTI (3 BiINOBIAHUM ITiIBUIIEHHSM BaHTaXKOMiIHOMHOCTI) BaH-
Ta)XHUX BAaroHiB € BiIIyKaHHS Ta peaji3amis KOHCTPYKTUBHHUX Ha UIHIIKO-
BHX 3aIlaciB MIIHOCTI, 32 PaxyHOK Ha/IaHHS iX CKJIaJOBUM €JIEeMEHTaM OIl-
TUMaJIbHUX KOHCTPYKTHMBHMX ()OpM Ta IX BUKOHAaHHS 13 MarepiaiiB 3
HaIpaBJICHUMH BJIACTHBOCTSIMH ITPY BUKOHAHHI YMOB MIIIHOCTI Ta eKCIUTya-
TaliiHol HaailtHOCTI. Pe3ynbTaTi cTBOpEHHS MYJIbTH(YHKIIOHAIBHUX KOH-
CTPYKLIH Ha OCHOBI peaizamii TaKoro METOAY JOLJIBHO OLIHIOBATH 3a JI0-
TIOMOT0OI0 Koe(illieHTy BUKOPHUCTAaHHS Matepiaiy. Jlo TOro >k pe3ynbTatu
aHaJli3y BIUIMBY €KCIUTyaTaliiHUX (aKTOpiB HAa KOHCTPYKIii HECY4YHX CH-
CTEM BaHTa)XHUX BAaroHIiB 3aCBiIYMIIM, IO OJHUM 3 OCHOBHUX BWJIB MOII-
KOJDKEHb 1X €JIEMEHTIB € TPIiIINHH.

Ilix mnomepenHiM HaNpyXEHHSIM KOHCTPYKILIH pO3yMiIOTh pi3HO-
MaHiTHI PUHOMH CHPSIMOBAHOTO IITYYHOT'O PEryJIIOBaHHS HalpyXeHb (Ke-
pYBaHHS HaNpYyXCHO-Te(POPMOBAHUM CTAHOM) B KOHCTPYKIIISIX JUTS ITiJ[BU-
ImeHHs 1X e(eKTHBHOCTI pOOOTH 3 CHPUHMHSATTS HaBaHTa)XKeHb Ha eTarax
KHUTTEBOrO IUKITY. [Ipu 11bOMyY BTpy4YaHHs B IPUPOAHY poOOTY 00'eKTa ISt
CIPSIMOBAaHOI 3MIHU HOTO MOTEHINWHOI eHeprii aedopmariii Moxxe BigOyBa-
THCS Ha PI3HUX eTamax >XUTTEBOIO IUKIY: B MPOLECI BUTOTOBJIEHHS, MPU
BCTaHOBJIEHHI, I eKcIutyaTanii abo peMoHTi. Hanpuknan it BaHTaXKHAX
BaroHiB: B MOZYJISIX, CKJIaJIOBHX, By3JlaXx a00 0a30BHX €IeMEHTaX.

Kpurepisimu eeKTHBHOCTI 3aCTOCYBaHHS IONEPEAHBOT0 HANIPYKEHHS
B METAJIOKOHCTPYKIISX MOXYTh OYyTH SIK €KOHOMiYHI BUMOTH IIOJO 3HH-
KEHHsST MarepialloeMHOCTI 1 BapTocTi 00'€KTiB, TaK 1 KOHCTPYKTHBHO-
TeXHOJNOTri4Hi (TiJBUIIEHHS >KOPCTKOCTI, 30epexeHHs (OopMHU erneMeHTIB
HECyYMX KOHCTPYKLIH Micis BIUIMBY TEXHOJOTIYHO OOyMOBIEHHX (hak-
TOpiB, HANPUKIIA]] 3BAPIOBAHHSA B 3aJli3HUYHOMY MAaNIMHOOYTyBaHHI (puC.
1), moinmeHHs JMHAMIYHUX XapaKTEPUCTHK 1 T.J.).

69



EHEPTOE®EKTUBHI TEXHOJIOT'IT B 3BAPIOBAHHI
TA MAIMMHOBY IYBAHHI

ocHoba Hadoydoba
Jbymabp N°19 HEONAMAUKA )\ \Hadn SimHuKa

Frome

Z-npogine

iX ur

Puc. 1. Cropenns nedopmoBanHoro crany (BepTHKaIbHUI BUTHH) TIPU TIPO-
BEJICHHI CKJIa/IATbHO-3BaPIOBATEHUX POOIT

BukopucranHs nonepeJHpOro HaNpyKeHHs J03BOJISIE 3HU3UTH BUTpA-
TH crani Ha 15-18 % (mpu npyxHiit po6ori) i Ha 19-23 % (pu npyxHO-
TUTACTUYHIN poOOTI), a TAaKOXK CKOPOTHTH BapTicTh Ha §-14 % npu 3abe3me-
YeHHI aHAJIOT1YHOI a00 HaBITh MOKPAIIEHHI HECYYOi 3/JaTHOCTI.

[puknaam 3acTocyBaHHsI MTONIEPEAHBO HANIPYKEHUX KOHCTPYKIIH B 3a-
raJbHOMY MAaIlMHOOYAYBaHHI CBiUaTh MPO IX €KOHOMIYHY €(EKTUBHICTh
Ta BIMYYTHO ITO3UTUBHHH BIUIMB Ha KOHCTPYKTHUBHOIO-TEXHOJIOTIUHI SKOCTI
BIMOBiTHUX 00’€KTiB. J[0 TaKMX MO3UTHUBHHUX PE3YIAbTATIB MOXKHA BiJIHE-
cTH: 30UNBLIEHHS TEpMiHY J>KUTTEBOTO IMKIY JOCHIPKyBaHUX 3aco0iB,
3MCHIIICHHS 1X MAaTepialOEMHOCTI Ta ITiIBUIICHHS BaHTAXOITHOMHOCTI,
MOKPAIIEHHS  PEMOHTONPUIATHOCTI, MiJBUINEHHS TPiNMHOCTIHKOCTI,
3MEHILICHHSI/TIOBHE BUKJIIOUYEHHS Pi3HO3HAKOBUX HampyxeHb. OIHaK Takui
TIX11 HE 3HAHIIOB JIOCTOWHOTO BIPOBA/PKEHHS Y KOHCTPYKIIAX 3aJi3HUY-
HOr'0 MalIMHOOY/yBaHHsS, 30KpeMa BaroHoOymyBaHHi. [Ipore momepesHe
HaNpyXeHHsS MoXXe OyTH e(eKTHMBHO BHKOPHCTaHO SK NPHU IPOEKTYBaHHI
HOBUX, TakK i NPU Pi3HOILIAHOBOMY yJOCKOHAJICHH]I ICHYIOUMX KOHCTPYKIIH
BaroHiB.

Ha cporogHimHii 1eHb KOJEKTHBOM aBTOPIB IPOBOJSTHCS HAYKOBO-
JIOCHIJHI Ta JOCIIHO-KOHCTPYKTOPCBKI pOOOTH y JOCHIIPKyBaHOMY
HanpsiMKy. Tak, BXke pO3poOJIEHO psifi MaTeMaTHYHHX Ta KOMIT IOTEpPHHUX
MoJIeJIell Ta TEXHIYHUX pillleHb 3 e()eKTHBHOI'O BIPOBAKEHHS TIOIEPETHbO
HaNpY)XEHUX KOHCTPYKIIH 0 CKJIaJy eKiMakKHUX Ta HECY4YnX MOAYJIB py-
XOMOTO CKJIafly, MOAAaHO Ta OTPUMAHO PSIJ] MATEHTIB HAa BUHAXO/IH.

CYYACHI TEXHOJIOT'Ti PEMOHTY ABTOMOBLIIB 3 BUKO-
PUCTAHHSM EJJEKTPOMATHITHOI ®OPMOBKH METAJIIB

B. A. Cmpenvrixosa, acnipanm kagedpu gizuxu, Xapriecokuti HQyioHAIbHULL
a8MoMOOLILHO-OOPOICHILL YHIBEpCUmEN

OCHOBHI ITPOOJIEMH CYJaCHOCTI, SIKi MalOTh AHTPOITOTCHHE TTOX O [KCH-
HS — CKOJIOTIYHE 3a0pyJHCHHS HAaBKOJHIITHHOIO CEPEIOBHINA, MPOOIeMu
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pecypco30epeXeHHs Ta €HepreTHMKH. 3aCTOCyBaHHS Ha NPAKTHII eHeprii
IMITYJIb,CHAX MarHiTHHX ITOJIiB CTBOPUTH MEPCIIEKTUBH ISl PO3POOOK HOBHX
MIPOTPECUBHUX TEXHOJOTIH a1t 0OpoOKM Oynab-sKMX MaTepiaiiB. Y HHX
KOMIUIEKCHO ITOE€HYIOTBCSI BCI BUMOTHM CYYacCHOCTi: €KOJIOTiYHa YHCTOTa,
BHCOKA MPOJYKTHBHICTh, EKOHOMIYHE BUKOPHCTaHHS MaTepiajiB i pecypciB
[1]. EnexrpomarniTHa (pOpMOBKa METaJliB 3aCHOBaHa Ha BHUKOPHCTaHHI iH-
JYKIIIIHHOTO HArpiBy. [HAYKIIHHUI HATpiB METaiB 3aCHOBaHUI Ha (i3Wd-
HOMY SIBUILI €JIEKTPOMAarHiTHOI iHxykuii, sike B 1831 p BinkpuB M. ®apa-
JIed, 11e 1 TTOKJIANI0 OCHOBY JUIsi CTBOPEHHS TEXHIKM 1HAYKIIIHOTO HarpiBy.
3a JI0NOMOTroI0 €JeKTPOMArHiTHOI (POPMOBKH 3/IIHCHIOETHCSI TIPSIME TIEpeT-
BOpEHHS ENIeKTPUYHOI eHeprii B MexaHiuHy. HeoOXimHO BiA3HA4YHMTH, IO
€JIEKTPOMAarHiTHa €HEeprisl, IO BUAUISIETHCS B 3arOTOBIl, BUTpPAYaeThCsl HE
TIJIBKM Ha MEXaHIYHy 0OpoOKy, TOOTO Ha aedopMallifo 3aroToBKH, Ha ii
HarpiB, a i yacTkoBO po3scitoeTses [2]. CyTHICTh €1eKTpOMarHiTHOI popmo-
BKH TIOJIATAa€ B TOMY, [0 3arac eJIeKTPUYHOI eHeprii B KOHAEHCATOpHIN 0a-
Tapei po3psILKAETHCS HAa POOOUYMA IHCTPYMEHT-IHIYKTOp, SKUH SIBIISE CO-
000 KOTYIIKY-CoJIeHOI1. HaBKkoo BUTKIB 1HAYKTOpa BUHHKA€E 3MiHHE Mar-
HITHE I10JIe BUCOKOI HarpykeHocTi. [Ipu npoMy, B po3mimieHoi B Ge3mnoce-
penHii 6JIM3BKOCTI Bijl BUTOKIB 1HIYKTOpa METAJIeBii 3arOTOBIII 32 32aKOHOM
€JIEKTPOMArHITHOI 1HAYKIII HaBoOAATHCS CTpyMu DyKo, sIKi MAIOTh NPOTH-
JISKHUH TOKY B 1HAYKTOpPI HanpsiMOK. OCHOBHHUMH €JIEeMEHTaMU JJIS EJIEKT-
pOMarHiTHOI ()OPMOBKH METANIB € MarHiTHO-IMIyJIbCHA yCTaHOBKA — JDKe-
PEJIo MOTYXKHOCTI 1 poOOUYMi IHCTPYMEHT — 1HIYKTOp, a TaK caMO MaTpPHUII
abo ekpaH B pasi morpebu [3]. Y MPOMHCIOBOCTI IMUPOKO BUKOPUCTOBY-
I0ThCS Pi3HI METOAM OOPOOKH METaliB, SIK MPABHIIO, MPUHIIMII iX Jii rmonsrae
B 3aCTOCYBaHHI THCKY, TEMIIEpAaTypy ad0 PiXKy4nX iHCTPYMEHTIB 1O 3aroTi-
BJIi. BUKOHYIOTECS BCi MPOIIECH 3a JIOMOMOTOIO CIICIiabHUX BEPCTATIB i
YCTAHOBOK, 5IKi, SIK IIPaBHUJIO, IPUBOIUTE B JIi0 MEBHE JPKEPENo eHeprii [4].
l'onoBHUMY TTepeBaramMu eJIeKTpOMAarHiTHOI (hOPMOBKH €: BiJCYTHICTH py-
XOMHX YaCTHH, 110 3a0e3Meuye BiACYTHICTh TEPTS MiX JETAISIMHU MEXaHi3-
My MiJ 4ac poOOTH, HPOCTOTAa YHPABIIHHS 1 PEryIIOBaHHS IMOTYXHOCTI,
KOMITaKTHICTb, POCTOTa OOCIYrOBYBaHHS, BHCOKA ITPOJYKTUBHICTh; MOX-
JIUBICTh MEXaHI3aIli i aBTOMaTH3aIlii ornepariiii 00poOKH 1 BEIHKa TEXHOJIO-
rivyHa THYYKICTh (MOXIJIUBICTE BUKOPHCTAHHS B Pi3HUX BUPOOHUYHUX OIepa-
1isix). Buxomsum 31 CTaTUCTUKM aBTONPOMHCIOBOCTI, Onu3bko 80% BCix
TIOIIKO/DKEHb KY30BHUX €JIEMEHTIB NPUMANaroTh Ha JIPiOHI BM'STHHH, SIKi
IIaf0ThCS PUXTYBaHHIO. BUKOpUCTaHHS MarHiTHO-IMITYJIbCHOI YCTaHOBKH
JUIS LJTeH PUXTYBAHHS BM'ATHH B B)KKOJOCTYITHHUX MICHSIX 3HHXKYE TPYIO-
MICTKICTh TEXHOJIOTIYHOT'0 TPOLIECY, 3MEHIIIyE METaJIOEMHICTh 00JIaHAHHS,
IiIBUIIYE TPOAYKTHBHICTH mpari. ToMy, B JaHWH 4ac, eleKTpOMarHiTHa
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(bOpMOBKa METaiB JOCUTH HepCHeKTI/IBHI/Iﬁ HaIlpsAMOK JJI1 HAYKOBUX DPO3-
pO6OK 3 NOJAJIbIIMM BIPOBA/PKCHHSIM B HpOMI/ICHOBiCTB.
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TEOPETUYHI TOCJI/UKEHHSA CTUKOBAHOI'O BUKOHAHHSA
BAJIKA B XPEBTOBOMY BY3JI1 OKATHIHIEBO3IB

O.B. @omin, npoghecop, 0.m.H., doyenm , H.C. Bpatikoscwka, npoghecop, k.m.H.,
I".O. Kosanvuyx, cmyoenmia epynu 1-B, mazicmp, /lepocasruii ekoHoMiKo-
mexHonoziunull yHisepcumem mpancnopmy, M. Kuie; B.B. @omin, acnipanm

CXiOHOYKpaiHCcbKk020 HayioHAbHO20 YHisepcumemy im. B./[ans,
m Cesepodoneyvk, Vipaina

3aITi3HUII TPAOTh KIIOYOBY POJIb B 3a0€3MCUCHHI BAaHTaXO000ITyY, K B
MeXax OKpeMoi JepKaBH, Tak 1 Ha MibKHapoAHild apeHi. Tomy, edexTus-
HICTh BaHTAXXOIEPEBE3CHb 3AJII3HUYHUM TPAHCHOPTOM Oe3rocepenHbo
BIUIMBA€E Ha 3arajJbHO/IEPXKaBHI €KOHOMIUHI MoKa3HHUKH. [Ipu mpomy, edek-
TUBHICTh (DYHKI[IOHYBaHHS 3aJTi3HUYHOT'O TPAHCIOPTY Ta MPOMOPIIHHO 3a-
JIOKUTH BiJI TEXHIKO-EKOHOMIYHUX TOKA3HUKIB PYyXOMOT'O CKJIamy, Cepeln
SIKMX BaHTa)KHI BaroHW 3aiiMaroTh HAHOLIbNIy YacTWHY. Y 3B'S3Ky 3 UM
YIOCKOHAJIEHHs KOHCTPYKIIH BaHTQ)KHUX BaroHiB € BaYKJIMBOIO 1 aKTyajb-
HOIO HaYKOBO-TIPHKJIaIHOIO TIPOOJIEMOIO.

VY poborti mpescraBieHi 0COOIMBOCTI Ta pe3yNbTaTH MPOBEICHUX Ha
TEOPETUIHOMY PiBHI JIOCHTIXKCHb, BIIOCKOHAJICHI, 3 METOK CKOPOYCHHS
BUTpAT, TUIOBOI KOHCTPYKII BaroHiB-XOINEpiB JJIs MEepeBEe3CHHs rapsunx

72



EHEPTOE®EKTUBHI TEXHOJIOT'IT B 3BAPIOBAHHI
TA MAIMMHOBY IYBAHHI

OKaTHIIB Ta aryiomepary. [Ipn BUKOHaHHI TakuX poOiT aHai3yBaIHCs Mill-
HICTh MOJICpHi3allii KOHCTPYKIIi#l Ta 11 pecypc. s 1boro aBTopamu po3po-
OJieHa KOMIT'IOTEpHa POCTOPOBA MOJIENb B IIPpOrpaMHOMY Komruiekci Solid
Works, nepeBipeHa i aJieKBaTHICTh i BUKOHAHO BiJIOBITHI iMiTaIlifiHI MO-
JIeTIIOBaHHs. B sIKOCTI METOANYHOI MiZICTaBY BU3HAYEHHS TOKA3HUKIB BTOM-
HOI MIIIHOCTiI HOBOi KOHCTPYKIIii, BAKOPHCTAHO BiJMOBIHY 3araJbHONPHIA-
HATY MeToauKy. OTpUMaHi pe3ysibTaTH MiJTBEPIWIN JTOUIIBHICTh BIPOBaA-
JOKEHHST 3aIpONIOHOBAHOTO0 CTUKOBAHOTO BHKOHAHHS 0aJOK B XpeOTOBOMY
BY3JIl OKaTHIIEBO3iB.

Puc.1 CtukoBaHuii BapiaHT BUKOHAaHHS 0alIOK B XpeOTOBOM BY3JIi Ba-
T'OHIB-OKaTHIIEBO3iB!

a) 130MeTpUYHa MPOEKIIisl pO3PaxyHKOBOI KOMIT'FOTEPHOI MTPOCTOPOBOL
MOJIEJI YIOCKOHAJIEHHsI 0aJIOK B XpeOTOBOM BY3J1i OKaTHILIEBO3iB;

0) 3iCTHKOBaHI Ui 3BapHOro 3'€JJHAHHA OajKM XpeOTOBOTrO BY3Ja
BJJOCKOHAJICHOI KOHCTPYKIIii BaroHiB-OKaTHILIEBO3iB;

B) TOpelb JBOTaBPY MiJArOTOBJIEHOTO (3 PO3i0OpaHNMH KpailKaMu) Iist
BHUKOHAHHSI CTUKOBOTO 3'€/IHAHHSI.

1
! :
(I po3paxyHKOBHIi PeKIM- (III po3paxyHKoOBHii pekuM —
yaap). PHUBOK)

Puc. 3 HanpyxeHno-nepopmonani cranu Barona npu | i Il pospaxynkoBux
peKUMax
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1. Fomin, O.V. Modern requirements to carrying systems of rail-
way general-purpose gondola cars/ O.V. Fomin / Scientific and technical
journal «Metallurgical and Mining Industry». 2014, No. 5 — P.31-43.

2. Fomin, O.V. Increase of the freight wagons ideality degree and
prognostication of their evolution stages / O.V. Fomin // Scientific Bulletin
of National Mining University . 2015, Issue 2, p.68-76. doi:
10.3846/16484142.2015.1020565

3. Barou-xorep YOTHPUBICHUM Il raps4uX OKATHIIIB Ta ario-
Mepaty mojeni 20-9749. Texuiuni ymoBu. TY V 35.2.-01124454-035:2005.
M. Kuis.

BJIMSIHUE TAPAMETPOB UMITYJILCHO-ILIASMEHHOM
OBPABOTKHU HA TOJIIMHY U KAYECTBO 3AILLIUTHBIX
MOKPBITUI

FO.I". Yabaxk, k.m.H., cm. npenodasamenv, I BY3 «[II'TY»

Jnst MmoquduimpoBaHus TOBEPXHOCTH JeTaleld ¢ HAHECCHUS 3allUT-
HBIX TIOKPBITHHA JOCTATOYHO YACTO HCIOJIB3YIOT HMITYJIECHO-TUIA3MEHHYIO
00pabotky (UIIO) ¢ mpuMeHEHHEM 3JIEKTPOTEPMUYECKOTO aKCHAIHHOTO
IUTa3MEHHOTO ycKopuTens. [lmasMa reHepupyercs MExay KaToJoM H aHO-
JIOM B JIUDJICKTPUICCKOM MPOCTPAHCTBE. [Ipy BOZHUKHOBEHUH UMITYJIBCHO-
rO pas3psa JIEKTPOJ U CTCHKU Pa3psIHON KaMephl HCHApPSIOTCS M OIUIaB-
JITIOTCS, TOCTYIasi B BUJE aTOMOB, MOHOB, MHUKPOKAIEIh B IIa3MCHHBIN
MTOTOK, BBIHOCUMBIN U3 Kamephl yckopurens. ChopMUpoOBaHHEIA B reHepa-
TOpE TUTA3MEHHBIN TOTOK IMMEPSHOCHUTCS Ha TIOJIOKKY M 00pa3yeT Ha MOBEp-
XHOCTH 00pa3IlOB 3aIIUTHBIC MTOKPHITHS.

brin uccnenoBansl paznuynblie napamerpsl IO, Baustonme Ha To-
JIIIAHY ¥ Ka4eCTBO MOKPHITHs. K TakuM mapaMerpaM OTHOCSITCS: MaTepual
KaToJa, HAPsHKCHUE pa3psjia, PacCTOSHUE JI0 MOBEPXHOCTH 00pasla U Ko-
JIUYECTBO MPOU3BEICHHBIX UMITYJIbCOB.

[TokazaHo, YTO MpPU MOBHIIICHUN KOJIMYECTBO UMITYJILCOB U YBEIHYC-
HUS HATIPSDKCHUS pa3psiia TOMIIMHA HAHECEHHOTO TOKPHITHS YBEITHYUBACT-
cs. OMHAKO TPU CIIMIIKOM BBICOKOM HATPSHKCHUU BO3HHKACT OIMACHOCTH
CUJILHOTO OIUIABJICHUS TTOBEPXHOCTH M BBIHOCA YKUJKOTO Marepuaja C Io-
BepxHOCTH. OMpPEeNeNuin, 9TO JUIT HAHECEHUS! MOKPBITUH HEOOXOIMMO HC-
MOJIK30BaTh KAaTOJBI U3 O0Jiee JISTKOIUTABKIX MaTEpHAIIOB, HATIPUMED, JICTH-
POBaHHBIX YYTYHOB, Y KOTOPBIX TEMIIEpaTypa IUIaBJICHHUs HIDKE, YeM Y CTa-
JIM, TP 3TOM TOKpBHITHE OyAeT (pOopMHUpOBaThCS ObICTpee. Y CTaHOBJIEHO,
YTO ONTUMAJIEHBIM PACCTOSHUEM JIO MIOBEPXHOCTH 00pasiia SBISICTCS OKOJIO
30 mm. OHO obecrieunBaeT (GOpPMHUPOBAHKUE JOCTATOYHO TOJCTHIX MOKPHI-
THUH, XOPOIIIO CIEIUICHHBIX C OCHOBOM.
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ANALYSIS AND DETERMINATION OF PROSPECTS FOR IN-
TRODUCING ELASTIC-DAMPING CONSTRUCTIVE RELATIONS
MODULES OF FREIGHT CARS

A.V. Fomin, Dr Tech. Sciences, Professor, A. V. Hostra, Graduate student,
State Economy and Technology University of Transport

An important and promising area of improving the functioning of the
railways is to increase the rail-running vehicle’s speed. It is possible to a
achieve significant progress through the creation of high-speed rolling
stock, including wagons that are able to move at speeds up to 200 kph on a
straight and on curved sections of the track.

Currently, over 90% of the existing trunk railways are used both for
passenger and freight transportation making increasing speeds of both emp-
ty and loaded freight cars be an important and urgent scientific and applied
problem. One of the promising directions in resolving this problem is the
development and introduction of new and upgraded freight wagons with
enhanced dynamic qualities. Those qualities addressed are related to the
reduction of: the amplitude of all kinds of vibrations, inertial forces and
moments, negative impact on the railway track, performance of movement
by improving their structural designs.

Improvement of elastic-damping connections freight cars is able to
contribute significantly to the improvement of the dynamic qualities. A
promising approach in achieving the above goal is to introduce fundamen-
tally new connections to existing elements. For this purpose, it is feasible to
classify such connections with regard to the principle of hierarchy:

1) Inter-modular connections;

2) Inter-assembly unit connections;

3) Inter-block connections;

4) Inter-element connections.

The application of the above connections among the components of
the elastic-damping connections will improve car movement and operating
performance in terms of stability, reliability, durability, increased resource.

Currently, to reduce the dynamic impact of the cars on the railroad and
railroad on the cars, the structure of undercarriages has been equipped with
the elastic spring suspension. Its design is determined by the type of car,
elasticity and damping parameters.

The results of a preliminary analysis [1-4] of the available opportuni-
ties to improve the dynamic qualities of freight cars through the improve-
ment of the structural connections of the main elements have proved a sig-
nificant potential in quality improvement. To further develop the chosen
direction of improving freight cars, it is required to conduct complex dy-
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namic studies aimed at assessing the development of appropriate theoretical
basics, methodological foundations and practical solutions.

To summaries, it can be claimed that the topic of “Analysis and speci-
fying the prospects for elastic-damping connections of structural units of
freight cars” is relevant and feasible and the result of the solution of this
problem will have a significant importance for the transport of science, and
the obtained applied results will lay the basis for improving the domestic
rolling stock.

The above examined improvements of dynamic qualities are appropri-
ate to be applied to other types of rolling stock, as well as to means of
transport engineering.

References

1. Fomin, O. (2015) Improvement of upper bundling of side wall of
gondola cars of 12-9745 model. Metallurgical and Mining Industry. No 1,
p-p. 45-48

2. Fomin, O.V. Koncepcija ideal'nih kuzoviv napivvagoniv [The con-
cept of ideal bodies gondola] [Text] / O.V. Fomin // Journal of East Ukrain-
ian National University named after Vladimir Dal, a scientific journal. -
Lugansk: EUNU. Dal, 2013. - Ne 4 (193). - S. 267-271.

3. Fomin O.V. Teoretychni osnovy programnoho kompleksu
vyznachennya ta vykorystannya matematychnykh modeley skladovykh van-
tazhnykh vagoniv [Theoretical Foundations software package definition and
use of mathematical models of components of freight wagons]. Visnyk
Kremenchuts'koho natsional'noho universytetu imeni Mykhayla Ostro-
grads'koho [Bulletin of the Kremenchug National University Mykhailo Os-
trohradskyi]. Kremenchug, 2013, no. 6, pp. 87-91.

4. Fomin, O.V. (2015), "Vprovadzhennya kruglih trub v nesuchl sis-
temi napivvagoniv z zabezpechennyam ratslonalnih pokaznikiv mitsnosti",
"Tehnologicheskiy audit i rezervyi proizvodstva", Ne 4/1(24), pp. 83—89.

80



EHEPT'O3BEPEXXEHHA HA TPAHCTIOPTI

JOCIIIKEHHSA EOEKTUBHOCTI BIIPOBA’KEHHSA 3AXO/11B
3 OXOPOHMU IIPALI ITPU BUKOHAHHI MOHTAKHUX POBIT

B.C. Anopuanos, acnipanm, C.O. Knioes, ooyenm, CxiOHOYKpaiHCoKuil
HayionanvHul yHigepcumem imeni B. Jlans

EdexTrBHICTS 3aXO0/TiB MO0 MOJIMIICHHS YMOB i OXOPOHHU Iparli Mpu
BHKOHAHHI MOHT2)KHHUX POOIT OI[IHIOETHCS, B TIEPIITY YEPTY, 3a MOKA3HUKA-
MU colliaIbHOT e(heKTUBHOCTI, sIKi epea0avatoTh CTBOPEHHS YMOB Ipalli,
10 BiJMIOBIIal0TH CAHITAPHUM HOPMaM i BUMoram rnpasmi Oe3mneku. Corria-
JIbHE 3HaYCHHSI OXOPOHH TIpalli MoJATae B COPUSIHHI pOCTy e(heKTHBHOCTI
CYCMUJIBHOTO BUPOOHMIITBA HIJISIXOM 0€3MepepBHOr0 BAOCKOHAJIEHHS 1 TO-
JITIIEHHsT YMOB Tpalli, IiABUIIEHHS iX O€31eKHn, 3HKEHHSI BUPOOHNYOT0
TpaBMaTH3MY 1 IPO(3aXBOPIOBAHB.

3MiHa CTaHy YMOB 1 OXOPOHH TpalLli XapaKTepHU3yeThCS i IBUIIICHHM
piBHs Oe31eKy nparti, HOJIIMIIEHHIM CaHITaAPHO-TITIEHIYHHUX, €CTETUYHHX,
nicuxo(i3i0JoriYHUX MOKa3HUKIB. EQEeKTUBHICTE 3aX0/1iB 11010 MOJIMIIICHHS]
YMOB i OXOPOHH Ipalli IIPX BUKOHAHHI MOHTAKHHUX POOIT OIIHIOETHCS, B ITe-
pIy Yepry, 3a 3MEHILIEHHSM KiJIbKOCTi: BAPOOHHYHX TPaBM; MPAIIOI0YNX Ha
HeOe3MneuHnx podoTax; MPaIoI0YNX B YMOBaX HEJOTPUMaHHs CaHIiTapHO-
TiriEHIYHUX HOPM; IDTMHHOCTI KaJIpiB Yepe3 MoraHi yMOBH mparti i T.10. [1].

Omxe, HEOOXIAHICTD PO3MIIALY AAHOI MPOOIEMHU CTABUTh HACTYITHI 3a-
BIAHHS JUIs JIOCIiPKEHHST:

— aHaJIi3 ICHYFOUHUX METOJIIB OI[IHKH COIiaTbHOI e)eKTHBHOCTI Ta pe-
3yJABTATHBHOCTI BiJI 3aIIPOBAKEHHSI 3aXO0/1iB 3 OXOPOHHM TIpalli;

— po3rIIsiA KpUTEPiiB colianbHOI epeKTHBHOCTI;

— JTOCITi/PKEHHSI METO/IiB CTUMYITIOBAHHS MOJIIIIEHHS! CTaHy OXOPOHH
Tpari Ta BIPOBa/KEHHS 3aXO0/IiB 3 OXOPOHHM TIpalli;

— po3poOKa METOAMYHNX PEKOMEHIAIIIH IS TiABUIIEHHS COLIalIbHOT
eQEeKTUBHOCTI BiJ JOTPUMaHHS 3aXO/IB 3 OXOPOHH Ipalli.

EdexTuBHicTh Iparie 0XOPOHHUX 3aXO0/IiB MPOSBIISIETHCS Yepe3 MO3H-
TUBHI, 200 HETaTHBHI pe3ynbTaTh. Jl0 MO3UTHBHUX COIIATBFHUX PE3YIbTATIB
MOXKHa BIIHECTH: CTYIIIHb CIIPUSTIMBOrO BIUIMBY IPOLECY Mpalli Ha 3/10-
POB’sI JIFOMHHU Ta PO3BHUTOK ii OCOOMCTOCTI; CTaH 3/I0pPOB’sl, CTABJICHHS JI0
Tpali; coriaibHy aKTHBHICTh; MAaKCUMaJIbHE 3aJI0BOJICHHS OJIHIEIO 3 HaiiBa-
TOMIIIHX TOTPEO JIIOJMHU — TOTPEeOH B CIIPUATIMBUX YMOBaXx mpari i 6e3-
TocepeTHbO TT0B’S13aHOI 3 1M MOTPeOU B 3MICTOBHIH, TBOPYii, BHCOKOIIPO-
JIyKTUBHIN Tpari; 3MiI[HEHHS 310POB’sL.

HeratuHuii comiaibHUIA pe3yabTaT BKIIIOYAE 3HIKEHHS y 3alliKaBiie-
HOCTI B Ipalyi, TPYXOBOI TUCUUILTIHU, 3pOCTaHHs IUIMHHOCTI KaJpiB BHACHI-
JIOK HECHIPUSTIMBHX YMOB Iparii.
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Jlist miBuIeHHs e(eKTUBHOCTI BIPOBAPKEHHS 3aX0/(IB 3 OXOPOHU
Tpari Npyu BUKOHaHHI MOHTXXHUX POOIT MOXKHA 3aIIPONIOHYBATH HACTYITHI
peKOMeHAaIi:

— BUKOPHUCTAaHHS MOJIATKOBUX ITIJIBI HA 32CO0H, CIIPSIMOBAHI Ha TOJIM-
LIEHHS YMOB ITpall;

— nuQepeHIIiFoBaHHs CTPaXOBUX BHECKIB 3aJI€XKHO BiJ] YaCTOTH 1 BaX-
KOCTI TpaBMaTH3My 1 Ipo(eciiHUX 3aXBOPIOBAHD;

— BXKHMBAHHS CaHKIIIN 32 O€3/ISUTbHICTh BIIACHUKIB MO0 TIOKPAIICHHS
YMOB IIpalli;

— MOXITUBICTb JUIS KOMITaHIH ojiep:KyBaTh OOHYyCH (y BUTIISII CKOPO-
YEeHHs TOBHOMACINTa0HMX BHECKIB) Yepe3 BXKHUTTS 3aX0/IB PI3HOIO Xapak-
Tepy I10/10 NOJIMIIEHHS! BAPOOHNYOr0 CEPEIOBUINA;

— BHUJaya SpJIUKIB (32 TUIIOM 3HAKIB SIKOCTi IPOAYKIIIT) AJIst poOoumnx
MICIIb, Ha SIKMX JIOCSITHYTO BHCOKHH PiBE€Hb YMOB TIpalli, 110 MOXe OyTH
KOPHCHHUM Y CTBOPEHHI HaJIIHOTO iMiJDKY KOMITaHii Ha PHHKY.

OCKIUIBKY MOJIMIIEHHST BUPOOHUYOT0 CEepeIOBHIIA MTOHA]] YCTaHOBIICH]
3aKOHaMHU HOPMH Ma€ BHCOKY BapTiCTh, TO JJISl IOCSTHEHHS. BUCOKUX KpH-
TepiiB Ta eEeKTUBHOCTI NPaneOXOPOHHHX 3aX0/IiB iCHYe MOTpeda B €KOHO-
MIYHOMY CTUMYIIOBaHHI po00T0aBHiB. TOMY EKOHOMIYHE CTHMY/IIOBaHHS
TIOBUHHO CTAaTH JOIMOBHEHHSIM JI0 HOPM 3aKOHO/IaBCTBa IIPO OXOPOHY TIpali,
200 BUKOPHCTOBYBATHCS SIK CAMOCTIHHHI €JIEeMEHT Ha IiANPUEMCTBAX, e
CTaH OXOPOHH IIpalli He BiJIIOBi/Ia€ BUMOTraM 3aKOHO/IaBCTBA.

J10 3aX0/1iB 110710 MOJMIMIIEHHS YMOB 1 OXOPOHH Tparli BiTHOCATHCS BCi
BHJIY JIISUTBHOCTI, HAIIPaBJICHI HA TIONEPEHKCHHS, HeHTpati3alliro abo 3Me-
HILICHHSI HETaTHUBHOI i1 Ha NMPAaLliBHUKIB MIKi/UIMBUX 1 HEOE3MEYHUX BUPOO-
HUYUX YUHHUKIB [2].

BucHoBku. Y pe3ynbTaTi BAKOHAHOTO JTOCII/KEHHS BCTAHOBJICHO, 1110
BITPOBAPKEHHS 3aXO0/IiB 3 OXOPOHH IIpalli Ma€ BEJTMKE EKOHOMIYHE Ta collia-
JIbHE 3HaYCHHS HE TITBKU JJIs1 pOOOTOABIs, a 1 JUIS TPY/IO0BOTO KOJIEKTHBY
ATIPUEMCTBA.

Jlitrepatypa
1. 3epkanor JI.B., Oxopona mpari B ramy3i: 3aransHi BuMoru. Hasua-
neHUH moci6onuk / [1.B. 3epkanos // K.: «OcHoBay. 2011. — 551 c.
2. lementiii JI.B. Oxopona npamni B ranysi / JI.B. [lemenrii,
I'.JI. KOcina, I'.I. Umxukos // Kpamatopesk: JJJIMA. 2006. — 296 c.
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ABTOTPAHCHOPT UM 3EJIEHUI» TPAHCIIOPT?
SAK BBEPEI'TU ITIOBITPA BIJl 3ABPY/IHEHHA?

H.B. Anmonrox, H.C. Jlayux cmydenmu 1-20 Kypcy cmynens uwoi oceimu
«mazicmpy, I6ano-PpanKiecbKutl HAYIOHATLHULL MEXHIYHULL YHIBEPCUMEN HAGmMuU i 2a3y

Ha cporomuimmHiii geHb BaXKKO YSBUTH CydacHe XUTTA Oe3 aBTOMOOWUISL.
daxiBI Bi3HAYAIOTh, III0 CaMe 3 aBTOMOOLIEHUM TPaHCIIOPTOM I1OB’s13aHa Hali-
OLJTBIIIA YaCTKA CKOJIOTIYHOrO 30MTKY IUIaHEeTH. ABTOTPAHCIIOPT 3a0pY/IHIOE Ha-
BKOJIMIITHE CEPEIOBHIIIE BUKHIAMH HI3KH TOKCHYHUX CITONYK Ta KaHIEPOTeHHHX
PCUYOBHH BiJI IBUT'YHIB, CIIPHSE TIIOOATLHOMY IMOTEIUTIHHIO, € OJTHAM i3 OCHOBHHX
CIIOKMBAYIB €HEPTii Ta HETATUBHO BIUTUBAE Ha 3/I0POB’ sl JTIO/IEH.

BuxiionHi ra3u ABUTYHIB BHYTPILIHBOrO 3rOpsIHHS (Hacammepesn Kap-
OIOpPaTOPHUX) MICTSTH BEJMYE3HY KUJIBKICTh TOKCHYHHX Ta IIKIJIMBUX pe-
YOBHMH — BaKKUX METaJIiB, OKCHJIIB a30TY, BYTJICIIO i CBUHIIO, 030H.

HacninkoM BIMBY OKCHIy BYIJIEIIO Ha OpPraHi3M JIIOJWHH €, CIOBi-
JIBHEHHST peIeKCiB, IOCTa0IEHHS! PO3YMOBUX 3/110HOCTEH, MiIBUILIEHA CO-
HJIUBICTB, BTpaTa CBIJIOMOCTI W 1HKOJIM HaBiTh i cMepTb. CBHHENb BILIMBAE
Ha HEPBOBY, KPOBOHOCHY Ta CEYOCTaTEBY CUCTEMH; 3HIKYE PO3YMOBI 31110-
HOCTI y JIITEH, BiIKJIAAa€ThCS B KICTKaX Ta IHMMX TKaHWHAX. OKCUIU a30Ty
MTOJIPA3HIOKOTh JICTCHI, BUKIMKAIOTH ITHEBMOHIIO i OPOHXIT, IiJIBHIIYETHCS
PHU3HMK 3aXBOPITH BIpYCHHMH 3axXBOpIOBaHHSIMH. O30H TpaBMye CIIH30BY
00O0JIOHKY OpraHiB JUXaHHS, [TOPYIIYe POOOTY JIEreHIB, BUKINKAE KaIllelb;
3arocTproe XpOoHIYHI XBOPOOU Ceplist; 3HIKYE OMIp A0 MPOCTYIHHUX 3aXBO-
pIOBaHb, a TAKOXX BHUKJIMKA€E OpOHXIT, acTMy. TOKCHUYHI BUKHUAM (BaXKKi Me-
TaJN) MOPYIIYIOTh (PYHKIIT CTATEBOI CHCTEMH 1 BUKIMKAIOTh PaK.

3oBciM HenmaBHO, B 90-1 poku XX CTOMNITTS, BUSHI pO3MOYaM BUBYATH
TIPHHLIMI i 3a0py/IHIOIOUHX PEYOBHH Ha OpraHizM moauHu. HeoOxiaHo mpose-
CTH BEJIHKY KUTBKICTh JIOCHIDKECHb — €I IEMIONIOTIYHIX, KTiHIYHIX, a0 3p0o3y-
MiTH HeOe31eKy TOl 4H 1HIIOI peYOBHHH YIS JIFOZICHKOTO OPraHi3My.

ITix xepiBHHIITBOM oKTOpa Hayk Jlopi YinesMca, BueHi 3 Bammnrro-
HCHKOT'O YHIBEPCUTETY BU3HAUMII, SIK BUXJIOMHI Ta31 BIUIMBAIOTH HA IMYHi-
TET XIHOK. Y4acTh B JIOCHI/PKEHH] moroxmiiocs Oparu 112 xiHOK, sKi rie-
PEXHIN MEHONAay3y, He IMaJWiIH 1 IPOXKUBAIOTh HEJAJIEKO BijJ BEIWKUX aB-
tomarictpaneii B wmicti Cierni (mrar Bammarron, CILHA). PesymbraTom
JIOCTIKEHHS 0YI10, IO Y JKIHOK, YU OYJMHKH 3HAXOMATHCS Ha BIJCTaHI 70
150 merpiB Bix aBTOMOOUTBHMX Jopir, Ha 21% mnoHwkeHa ¢ynkuis T-
KiJiepiB (KJIITHHH, IO MOKPaNIyIOTh 3axHCHI (QYHKIII opranizmy). OTxe,
3a0pyaHEHHS TOBITPS 3HU3WIO Y HUX (DYHKIIOHAIBHICTh IMYHHOI CHCTEMHU.

[IBeiiniapchKi HAYKOBII 3 YHIBEPCHTETY YMEO BHBYAIH 3B’SI30K MIX
BHUKHJIAMY BUXJIOITHUX Ta3iB 1 JIEMCHIIIEI0 (CHHIPOM MOPYIICHHS KOTHITHB-
HUX (GYHKIIH) Ha pots3i 15 pokis. Y 300 mozeit 3 maibxe 2000 yqacHHUKIB
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CrocTepiraBcsi PU3UK PO3BUTKY TAKHX XBOPOO, SIK XBopoOa AublreiiMepa Ta
CyJWHHA JEMEHIIis.

Binbiicte JFo/iel 3HAIOTH IIKOIy ABTOTPAHCIIOPTY, aie BiIMOBHTHUCS Bi[
HBOTO HE MOXKYTb. 3py4Hillle i OLTbI KoM(OPTHO YHPaBJISITH BIIACHUM aBTOMOOI-
JIeM TI0 J1opo3i B odic ado Ha PHHOK KOKHOTO JIHS, ajie OyTyqd BiJITOBITATHHIM
TPOMAITHUHOM CJTiJT HA/IABATH ITEPEBary OLTBIIT «3eJICHOMY» BUITY TPAHCIIOPTY.

Ha maHomy eTami pO3BHUTKY TEXHOJOTIH € TaKi JIETKOJOCTYITHI BHIU
«3EJICHOT'0» TPAHCIIOPTY, SIK BEJIOCHIIE] 1 €IEKTPOMOOLITB, Ki MOXKYTh 3aMi-
HUTH aBTOMOOIJTh HA TTAJTUBI B Y KpaiHi.

Benocunen € omHUM 13 HAWAOCTYNHININX 1 HARTOMYJSPHIIIUM BUIOM
eKoJIoriyHoro TpaHcmopty. [1oi3nka Ha BelocUneni CyTTEBO 3MEHIIYE BHe-
COK y 3a0pyIHEHHsI MOBITPsI TAPHUKOBUMHM T'a3aMH, BUTPATH Ha IajbHE, a
TAKOX 3HIDKYE PU3UK 3aXBOPIOBAHb Ta CTUMYJIIOE TIOKPAIIEHHS 3arajlbHOTo
cTaHy 3710poB’s y sronei. 1lle He MoxHa cka3aTu, MO BCi MicTa B YKpaiHi
"[IJIKOM 1 TIOBHICTIO € JAPYXKHIMH J0 BEIOCHUIICTUCTIB", aje 3a KUTbKa POKiB
BOHHU 0€3yMOBHO 3’ SIBIISITHCSL.

Takox BCIM BiJIOMi €JICKTPOMOOLUT, SIKi 3/TIHCHIOIOTh PyX 3a JIOIIOMOT'OI)
eIeKTpUKY. BoHM He BUKMIatoTh HeOE3NEeUHNX Ta3iB, ajie I MacoBOro BUPOO-
HUIITBA CJICKTPOMOOUTIB B HAIIN KpaiHi HEOOXiJJHE OCHAIICHHS aBTOMOOLTEHUX
JIOpIT CHEMiaIbHOIO TEXHOJOTIET0 JUTS T 3apsiIKKA aKyMyJIATOPIB.

He xoxeH ykpaiHenp Ma€ y CBOEMY Tapax<i aBTOMOOIJIb UM €IEeKTPO-
MOOiJIb, a T3/1a Ha BEJIOCUTICII HE 3aBXKIM € 3pYyYHOI0, TOMY BiH 0OMpae rpo-
MaJICBKUH TpaHCIIopT. ABTOOyC uM TponeiOyc BHTpauae y Oararo pasiB
MEHIIIe NaJuBa JUIsl NepeBe3eHHs, Hanpukiaaa 40 macaxwupis, Hix 40 jerko-
BHX aBTOMOOLTIB JJIs1 KOYKHOTO 3 HHUX.

Ane SKIIO € MOXIIUBICTh BUOOPY, IO Kpalle — iXaTH MAIIAHOK YU
WTH TiIIKY, - BiJaite nepesary mimii xoxi. Bixcrani no 4 kM He motpe-
OYIOTH ITEPECYBHOTO TPAHCIIOPTY, 1 3KOHOMUTH YaC Y TOJIMHH IIiK B MICTI.

BucHoBKM: monaHi BHIle HaMH iH(GOPMAaLiiiHI JOCII/KSHHs He 3aKIIH-
KarTh Bac xutm 0e3 aBTOMOOLISA, MU TUTBKH X04YEMO, MO0 MM 3MOIIA
3HAUTH sSIKOMOTa OLIbIIEe MOMJIMBOCTEH AJISl TOTO, 00 3MEHIINTH HETaTHB-
HU BIUTUB aBTOMOOLIIS Ha aTMOC(EpHE MOBITPSL.

Jlitrepatypa
1. lllepemera B. Exomoriunmii noporoBkas. — KwuiB — IBaHo-
®pankiBcbk — J{porodny, 2014. — 183 c.
2. BueHi 3'icyBany, sk BUXJIONHI r'a3W BIUIMBAIOTh Ha IMYHITET JKiHOK
[Enexrponnwuii pecypc]: //http://www.osvita.org.ua/news/42880.html
3. Exonoriuni Hacnigku 3abpyaHenHs atmocdepu |[Emextponumii pe-
cypc]: http://um.co.ua/4/4-11/4-116237 html
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OCOBJIMBOCTI NIPOTIKAHHSA EJIEKTPOMAT'HITHUX ITPO-
HECIB ITPU HATPIBAHHI ®EPOMAT'HETUKA IIVIOCKUM
KPYTI'OBUM BATATOBUTKOBHUM COJIEHOITOM

M.B. Bapbawosa, doyenm, O.C. Cabokap, acucmenm, C.O. I aruyvka,
cmyoenmxa, A.JI. IIxudenxo, cmyoenm, XapkiecKkuil HAYIOHATLHUL
a8mMoMOOIILHO-00POIICHIT YHIGepCUmem

Iunykuitiawii Harpis (IH) - MeTon O€3KOHTAKTHOTO HArpiBaHHS CJICKT-
POIPOBIIHUX MaTtepiajliB CTpyMamMH BHCOKOI yacToThH. OIHHMM 3 OCHOBHHX
eneMeHTiB B cucreMi IH e inmykTop, sikuii 3a0e3neuye HaBeICHHS 1HIYKOBa-
HOTO CTpyMy B 00'ekTi 00poOku. JlaHuii edeKT 3HAMIIOB IMPOKE 3acTOCY-
BaHHS B IIPOMHUCIIOBOCTI JJIsl BUKOHAHHS LIJIOTO Psily BUPOOHMYHX OIepaliii,
HAIPUKIIAJ, 110 3arapTyBaHHIO IOBEPXOHb METAIEBUX BHPOOIB, OE3KOHTAKT-
HOTO PO3IrpiBy piauH, JeBiTamiiHoro miaBni MeramB i iH. [1]. Ognak me
Oarato acriekTiB npoOnematuku [H 3anmumaroTbesi HE POSKPUTHMH, HaIpH-
KJ1aJ], 0COOJIMBOCTI MPOTIKaHHS €JIEKTPOMATHITHUX ITPOLIECIB MIPU HArpiBaHHI
(hepoMarHeTHKiB, a00 MOMEPEIHI OIIHKH TEIUIOBHX MporieciB mpu [H.

Y IomoBiji MpecTaBieH! pe3ylibTaTh JOCTIPKEHHS 0COOMBOCTEH TIPOTi-
KaHHS eJIEKTPOMATHITHHX TPOLIECIB B CHCTEMI HIYKIIFHOTO HAarpiBy, MPECTaB-
JIEHOI TUIOCKUM KPYrOBMM OaraTOBHTKOBHM COJICHOIJIOM, SIKMI PO3MIILIEHO Ha
TUTOIMHOIO TOHKOCTIHHOT'O JINCTOBOTO HEMArHITHOTO METAITY, & TAKOX BHCHOBOK
PO3pPaxyHKOBHX CITiBBiIHOIICHD JUIsI OL[IHKH TEIUIOBHX MPOLIECIB IPH HATpiBaHHI
(hepOMarHeTHKIB TUIOCKKM KPYTrOBAM OATraTOBUTKOBHAM COJICHOIZIOM.

[Tpu BupilIeHH] MOCTABIEHOTO 3aBIaHH BUKOPHCTOBYBAJIMCS aHAIITH-
YHI 3aJI©KHOCTI JJIsl IHAYKOBaHUX CTPYMIB B TOHKOCTIHHHMX JINCTOBHX (hep-
pOMarHeTrkKax, OTpUMaHUMH aBTopamu poOiT [2, 3]. Po3paxyHkoBa Mojens,
Ta K, IO 1 3 HEMarHiTHUM METaJoOM, B IWJIIHAPUYHIN CHCTEMI KOOpIWHAT 3
HANPaBIIAIOYMMHU OPTAMHU — €,., €, €, MPE/ICTaBIICHa Ha puC.1.

[puiAHsITI JONYIIEHHS: JTUCTOBA 3aTr0OTiBKA € JIOCUTh TOHKOCTIHHOFO, a ii
pajiajbHa TMPOTSHKHICTH JOCUTH BeNUKa, TOOTO (d/R;,<<1), ne d — nuroma
€JIEKTPOIPOBITHICTH 1 TOBIIMHA 3aIOTOBKH, R, — BHYTPILIHIN 1 30BHIIIHIN
paziycu iHIYKTOpa; BUTOK iHIYKTOpa IOCUTh TOHKHUH 1 "Mpo3opuid” [uist Aito-
yux noiis (A—0), ToMy HOro MeTai He Ma€ HisIKOTo BIUIMBY Ha €JIEKTpoMar-
HITHI TIPOIIECH, 5K BiIOYBAIOTHCA; B IHIYKTOPI Teue cTpyM / (¢), 4acoBi mapa-
METpH SIKOT'O TaKi, 10 B PO3paxyHKaX IIJIKOM NPUHHSATHO BiZloMa yMOBa KBa-
31CTalllOHapPHOCTI EJIEKTPOMArHiTHUX IIPOIECIB, SIKI BiJOYBalOTHCS, TOMY
(wl/c)<<1 (TyT ® — IMKIIYHA YacTOTa MPOIIECY, ¢ — IIBUIKICTH CBETIA B Ba-
KyyMi, [ — XapakTepHUH HaWOLTBIINI T€OMETPUYHHI PO3MIp CUCTEMHM); CHC-
TeMa Mae aKkciaJibHy CUMeETpiro, ToMy (0/0¢)=0 ( ¢ — MOISApHUIA KyT); MarHiT-
Ha IIPOHUKHICTh METAIy JIMNCTOBOI 3arOTOBKM IIOCTIHHA 1 JIOPIBHIOE |,
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Wi=Holk, Lo Ta L, — MarHiTHa IIPOHHUKHICTH BaKyyMY 1 BiJHOCHa MarfiTHa IIpo-
HHUKHICTH METaITy, BiJIIOBIIHO.

Pucynok 1 — Po3paxyHkoBa MOJIEITh CHCTEMH «IHIYKTOP - 3arOTiBKaY,
1 (¢) - mxeperno 3MIHHOTO CTpyMY; | — MHOTOBITKOBHIA COJICHOII; 2 — INTOCKHIA
JIUCTOBHH peppoMarHeTuK

Bupinryroun 1ie 3aBaaHHs1, OyImy OTprMaHi BEMYMHA CTPYMY, 1HTyKOBaHO-
rO B MeTaJli JIUCTOBOI 3arOTOBKH B KOJI pajiyca — R i MakcuMym koedirieHTa
Tpanchopmarii, KUt Mae Micie mpu R — oo, 1110 BpaxoBye pO3TiKaHHS BUXPO-
BUX CTPYMIB IIO BCil IUIOII JIACTOBOTO MeTaly. TakoK OTPHMaHO CITiBBiJTHO-
LIEHHS JUISl PO3PaxXyHKY TeMIIEpaTypy iHIYKIIHHOrO HarpiBy KpyroBoi o0macTi
JIUCTOBOTO (hepOMarHeTHKa, sIKe IHTEerpaIbHIM YMHOM BPAaXOBYE BIUIUB OCOOJIH-
BOCTel CKiH-e(peKTy Ha TeMmrepaTypHi MOKa3HUKH 1HAYKIIHHOTrO HarpiBy, ToOTO,
HE TUIHKH TIPOBITHUX, aJle i MarHITHUX BIACTUBOCTEH METAITy 3arOTOBKH.

OTpuMaHi CITIBBiTHOIICHHS JO3BOJISTIOTH BUKOHATH BCI HEOOXI1 THI YHCEITBHI
OILIHKH XapaKTePUCTHK MPOLIECIB B JOCIIPKYBaHIH CHCTEMI «iHIyKTOp - JIUCTOBA
3aroTiBKa» 3 YpaxXyBaHHSIM OCOOJIMBOCTEH, OOYMOBJIEHHX IpOIECaMU MPOHHK-
HEHHsI TIOJIS1 TIPH IHAYKIIHHOMY HarpiBaHHi TOHKOCTIHHHX (peppOMarHeTHKOB.
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YJIOCKOHAJIEHHS IHTEJIEKTYAJILHUX TEXHOJIOI' T
HITPUMKHW IPUAHATTSA PIIIEHD JICII

0.0. Bapoacw, [{ninponemposcoKuil HAYIOHAbHUL YHIGEpCUMem 3a1i3HUY-
Ho2o imeni akademirka B. Jlazapsina

OpHUM i3 OCHOBHHX ONEPAaTUBHHUX TNPAIiBHUKIB, SIKi 3a0€3MEUYIOTh
SIKICTh BUKOHAHHSI M0i3HO1 pOOOTH Ha 3aJII3HUYHIN CTaHIIi1, SBISETHCS Yep-
rouii o crauiii — JICIL. Bix ehexTuBHOCTI Horo poOOTH 3HAYHOK MIipOIO
3aJIeKUTh BUKOHAHHS ONEPAaTHBHUX IIaHIiB POOOTH, a TaKOX SIKICTH BUKO-
PHUCTaHHS PyXOMOTO CKJIQJy Ta CTaHIIHHOI iHPPaCTPYKTypH.

Cgoto misutbHicTh JICIT BUKOHYE B yMOBaXx, III0 XapaKTEepU3YIOThCS BE-
JIUKOK0 KUTBKICTIO TOMiH, SKi JOBOAWUTHCS aHANi3yBaTH, BUCOKUM JTU-
HaMi3MOM PO3BUTKY Ta MEBHOI0 HEBM3HAYEHICTIO IMOTOYHOI CUTYalii, a Ta-
KOXX 3HaYHMMH TICUXOJIOTTYHUMH HaBaHTA)XEHHSMHU. TOoMy 3aBJIaHHS CTBO-
PEHHsI cucTeM MiATpUMKH NpUiHATTS pimens JJCIT npu BuKoHaHHI TOI3HOT
Ta MaHEBPOBOi POOOTH SBIISIETHCS AKTYaJIbHUM.

[NpaBuna Ta anropuT™MH NPUAHATTS PillleHb, IKUMH KOPUCTYIOTBCS IIPO-
¢eciiini JICII B cBOii poOOTI MOXKHA BIJJHECTH JI0 KaTeropii 3HaHb, sIKi BAYKKO
IatoThes popMatizaiiii Ta CTpYKTypyBaHHIO. TyT BENWKe 3HAUCHHS Mae
TIPaKTHYHUN JOCBiJ] pOOOTH Ta iHTYIIis, SIKYy 3 HAYKOBOI TOYKH 30py MOXKHA
pO3MIISIIATH SIK TIPOEKIit0 HAaOyTOro JOCBiAY Ha MOTOYHY CHTYAIlio, B SIKii
3Haxoautbest JICI. Criermdika kepyBaHHS MOi3HOIO Ta MAHEBPOBOIO POOOTOO
BUMarae BUKOPUCTAaHHS aJICKBaTHUX MaTeMAaTHYHHUX MOJIENel, MEeTOMIB Ta ITij-
XOJIiB MPH PO3pOOIIi CHCTEM MiATPUMKH MPUAHATTS pitnens J{CI1.

OcHOBHUMM 3aBAaHHAMH, 3 skuMmH Mae cmpaBy JICII mocrta 1men-
Tpajizauii HapKy NpuiMaHHS B IPOILECi KEpYBaHHS IOI3HOIO POOOTOIO SIB-
JISFOTHCST BUOIp KOJiH NMpHHAMAaHHS TOI3/iB Ta BU3HAYECHHS TOPSIKY BHUKO-
HaHHS MO13HMX 1 MAHEBPOBHX OIlEpaIliii.

VY pobori mpezacTaBiieHa KOMIDIEKCHa MOZIETb BHOOPY KOJIii npuiiMaH-
HS T0i3/1a HA COPTYBaJIbHY CTaHII0, (hopMaii3oBaHa Ha OCHOBI INTYYHOI
HEWPOHHOI Mepexi.

CcdopmoBana MoJiesb, Ha BiIMIHY BiJl iICHYIOUHX JIO3BOJISIE BPAXOBYBa-
TH TIPOTHO3 NMPUOYTTS TOI3AIB HAa COPTYBAJIBHY CTaHIIO Ta IIPOTHO3 PO-
3BUTKY IOi3HOI CUTYyaIlil B mijcucreMi po3dopmyBanss. [Ipu oMy mpo-
MIOHYETHCS BUKOHATH JIEKOMITO3MINi CYHiJIbHOI HEHpOHHOI Mepexi i3
BHUJIUICHHSM JIBOX OKpPEMHX OJIOKIiB — OJIOK NPOTHO3YBaHHS MPHOYTTS
T0i3/1iB Ta OJI0K Oe3MmocepeTHLOr0 BUOOPY KOJii MPHUIMAaHHS T0i3/1a.

B poGoTi mpomoHyeThCS CTAaTWYHI XapaKTEPUCTHKU I10i374a, MI0
OYIKYETBCSl MTPUOYTTSAM Ha CTAHIIIO, JOMOBHUTH TMHAMIYHOIO XapaKTepH-
CTHKOI0 — OUYiKyBaHHMM MOMEHTOM IPUOYTTS, a TAKOXX HOMEPOM ITiAXOAY
npuOyTTS moiza.
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TakuM YUHOM, IT0i3], 110 MPUOYBAE HA CTAHIIIO, OMUCYETHCS HACTYII-
HUMH TTapaMeTpamu:

— MPOTHO30M MPHUOYTTSI TI0i3/1a, PEICTABICHNM Y CTOXaCTHYHOMY BHIJISIIL;

— HOMEpPOM MiIX0/ly TPHOYTTS MOi3/a;

— Kareropieto moizaa (y po3dopmyBaHHS, TPaH3UTHUH, TPAaH3UTHUH 3
YaCTKOBOIO MEPEpOOKOI0, MACAXKUPCHKUIA, iH.);

— O3HAKOI0 JTOBIOCOCTABHOCTI MOI3/[a, IO OYIKYETHCSI MPUOYTTSAM Ha
CTaHIIIIO;

— O3HaKaMHU HErabapUTHOCTI BaHTAXIB y CKIIaJi 1M0i3/1a, IO OYiKYETh-
csl MPUOYTTSIM Ha CTAHIIIIO;

— O3HaKaMHu HeOE3IEeYHOCTI BaHTaXIB y CKJIal M0i3/1a, 0 OYIKYETHCS
pUOYTTSIM Ha CTaHIIIIO.

Ha ocHoBi meperniueHnx mapaMeTpiB (OpPMYETbCS BXIJHUH BEKTOP
HEWPOHHOI Mepexi.

BaknmMBHM NHUTaHHSAM SIBJISETBCS CIIOCIO TpencTaBieHHS (i3MYHMX
BeNMM4MH (OYiKyBaHMH MOMEHT NpUOYTTs, Maca I0i3/a Ta iH.) Y BEKTOpi
BXI/IHMX MapaMeTpiB HEHPOHHOI Mepexi.

VY poOOTi TPOIOHYETHCS KOXKEH MapaMeTp BXIAHOIO BEKTOpa, SKHHA
TIPE/ICTABIISIE TIEBHY HEMEPEPBHY YW JUCKPETHY (Pi3MUYHY BETMUYHMHY, Npe-
CTaBJISITH Y BUTJIS/II HOPMaJTi30BaHOTO 3Ha4eHHs B iHTepBai Bix 0 1o 1.

Takuli migXix nae 3MOry 3HAYHO CKOPOTUTH KUTBKICTh YPOKIB, SIKi
HEOoOXiTHO MPOIEMOHCTPYBATH HEWPOHHIN Mepexi Ul YCIHIIIHOrO 3aBep-
IIeHHs] HaB4YaHHS. HemonikoM migxofy SIBISETHCS Te, IO JUIS TOYHOI HOp-
Majizarii (i3MYHOT BEJIMYUHM, TOCTITHUKY MOBHHHA OYyTH Bijoma iHGOp-
Mallist II0JJ0 TEOPETUYHHMX MEX KOJIMBAHHSI L€ BETNYNHH.

[IpencraBnena HelipoMepexeBa MOJENb BHOOPY Komii mpuilMaHHS
Moi3/la Ha CTAHI[I0 MOXe OYTH BHKOpHCTaHa ITPU PO3POOI CUCTEMU
miarpumk npuidnaTTs pimens JCII, sika B mepcnekTuBi TakoX MOBHHHA
OyTu JIOTIOBHEHA MOJIEJUTIO JUIS BU3HAYEHHSI YEProBOCTI BHKOHAHHS I1013-
HHUX Ta MaHEBPOBHX orepauiid. Taka cucrema JacTb 3MOT'Y BUKOPHCTOBYIO-
YW 3HAHHA HAHOUTBII OCBITUEHHUX TPAIiBHUKIB, MiJABUIIUTH SKiCTh BUKO-
HaHHS M013HOT pOOOTH Ha COPTYBAIBHHUX CTAaHIISX.
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Y3IO/UKEHICTB B POBOTI TPAHCIIOPTHO-JIOI'ICTUYHOI'O
KOMILIEKCY B CLLIbCbKOTI'OCHOJAPCHKIN TAJTY3I

H.I'. Bepesicna, acnipanm, Xapkiecokuil HAyioHATbHUL MEXHIYHUL YHIGep-
cumem cinbCcbkoeo eocnodapemea im. I1. Bacunenka

OpraHizartist poOOTH TPAHCIIOPTHO-JIOTICTUYHOTO KOMITIEKCY B CLTECHKO-
TOCTIOZAPChKIA Tay3i 3 BHUPOOHHIITBA ITYKPOBOTO OYpPSKY BiIPI3HIETHCS:
TUMYACOBICTIO (CE30HHICTIO BUKOHAHHS POOIT 31 30MpaHHs BpOXKaro), 00poo-
KaMH BEJIMKOI KUTBKOCTI iH(opMallii 32 KOPOTKHI TEepMiH, 3HAYHOIO iHTEHCHB-
HICTIO BaHTA)KOITOTOKIB, OOMEKEHHSIM B 4aci 30epiranHs i 0OpoOKH, a TaKOX
BEJTUKOIO TPYAOMICTKICTIO OIEpAIliid, 110 BUKOHYIOTHCS TTiJ] Yac 30UpaHHs, Tie-
PEBAJIKH, TPAHCTIOPTYBAHHS, 30€piraHHs i IepepOOKU BaHTaXKIB.

IepepaxoBaHi BuIle (haKTOPH BUMararoTh BiJl arpoJIoricTiB 0cOOINBO-
T'O MAXOY B OpraHi3allii poOOTH SIK 30MpaTbHO-TPAHCIIOPTHOTO TaK 1 TpaH-
CHOPTHO-JIOTICTHYHOTO0 KOMIUIEKCiB. BUBYEHHIO Tpo0IeMu B Y3ro/IKEeHOCTI
pobotu 36mpanbHO-TpaHcopTHoro komiuiekey (3TK) 3aiimanmcs aBropu
[1-4]. ABtop [5] 3aiimMaBcsi MUTAaHHSIMH 3MEHILIEHHSI COOIBapTOCTI B poOOTi
TPaHCIIOPTHO-CKJIQJICBKOT0 KOMIUIEKCY. Ajie Bci 1i poOOoTH Oynmu Hampas-
JICHHI Ha ITiABHIIEHHS e()eKTUBHOCTI (DYHKI[IOHYBaHHS OJHI€] 13 CKJIaJI0BUX
TPaHCIIOPTHO-JIOTICTUYHOT'O KOMIIJIEKCY.

B po0oTi cistbCbKOrocoAapcbKoro HarpsiMy 3 BUpOOHHIITBA ITyKPOBO-
ro OypsIKy TOJIOBHUM 00’€KTOM — € IYKpOBHUH 3aBoj. Bix #oro mapamerpis
pobotH, a came mepepoOITIOBAIBHOI CIIPOMOKHOCTI 3aJISKUTh poOOoTa BCi€l
TPaHCIIOPTHO-JIOTICTHYHOI cucTeMH. Tomy B opraHizauii nporecy 30upaH-
Hsl, TPAHCIIOPTYBAHHS, 30€piraHHs Ta MepepoOKH HEOOXIJHO Y3TOKYBaTH
MepepoOITIOBaNIbHI  CIPOMOXKHOCTI  KOXKHOTO ~ y4acHMKa TpPaHCIOPTHO-
JIOTICTUYHOTO KOMIUICKCY.

Q:=0n=CQm1 = Qm = Cm (1)

ne O3 — o0car epepoOKH BaHTaXy I[YKPOBHUM 3aBOJIOM, T; O — 00CsT

BaHTaXy, BUPOOJIECHUH CUITLCHKOTOCIIOAPCHKAM MIANIPUEMCTBOM, T; Qcrr —

o0csAr nepeBajku BaHTAaXy Ha CKIagi, T, Oy — 00csr mepepoOku 3asBOK Ha

TPaHCIIOPTHE OOCIYrOBYBaHHS B JIOTICTHIHOMY IICHTI, T; Oy — 00CAT Tie-
peBe3eHHS BaHTaXXy TPAHCIIOPTHUM ITiATTPUEMCTBOM, T.

3anexxHicTh HaIHHOCTI (DYHKIIOHYBAHHS JIOTICTHYHOI CUCTEMH 1 MH-
TOMHUX BUTPAT BiJl BiJHOUIEHHS OOCSTIB IEpepOOKH BaHTaXKIB B KOXKHOMY i3
ITYHKTIB JI0 IepepoOITIOBaIbHOI CIIPOMOKHOCTI 3aBO/IY HaBeEHO Ha puc. 1.
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Pucynok 1 — 3anexHicTh MUTOMHUX BUTPAT 1 Koe(illieHTY HaAIHHOCTI Bif
BiJTHOIIIEHHS 00CsTy NepepoOIeHOro BaHTaXy Ha KOXKHIH 13 JIAHOK 110
o0cAry BaHTaxy, 110 IepepoOJIsie 3aBOA:

B — nuromi BUTpaTH pobOTH JOTiCTHYHOI cucTeMu TpH./T; K — koedimienT
Ha/IiIHHOCTI CHCTEMU

JlonepxaHHs piBHOCTEH BUPOOHWYMX ITOTY)KHOCTEH KOXHOTO YUacHH-
Ka JIOTICTUYHOI CUCTEMH MPHU3BE/IEHE 0 OUIBIIOI HaliHHOCTI B pOOOTI KOM-
TUIEKCY 1 ONITUMAJIbHUM ITUTOMUM BHTpPATAM.
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IOOEKTUBHOCTDb CUCTEMBI IOCTABOK HEOTEITPOAYKTOB
HA YKPAMHCKHWIA PBIHOK C UCIIOJIb30BAHUEM
ABTOMOBWJIBHOI'O TPAHCIIOPTA

E.JI. Bonoapesckasi, undicenep no no02omosKke npou3eo0cmada,
yex axcnayamayuu YXK/T YA0 « MK «A30OBCTAJIb»

B Hacrosimiee Bpems, IPOM3BOJCTBO, IepepadOTKa, XpaHEHHe, pac-
TIpe/ielIeHNe U peau3anus HehTepoayKTOB SIBISIE€TCS OAHOW M3 Hanbosee
3HAYMMBIX HaIIPaBJICHUH Pa3BUTHUsI SKOHOMHUKH YKpauHbl. [IpuHIMnuans-
HOE OTJINYME COBPEMEHHOM CHUCTEMBI IOCTaBKH HE(PTENPOIYKTOB OT aHaJIO-
TMYHOM CHCTEMBI COBETCKOT'O M IIOCTCOBETCKOT'O IIEPHOJIa UCTOPUH Y Kpau-
HBI 3aKJII0YAETCsl, BO-TIEPBBIX, B Pa3HOOOPa3Hy BXOMSIINX B CUCTEMY He3a-
BHCHMBIX M DKOHOMHYECKH CaMOCTOSTEIbHBIX IOPUANYECKUX JIUI] — Tpe.-
NPUATHN ¥ MHIUBHUAYAJIbHBIX MPEANPUHUMATENCH, OCYIIECTBISIOMUX J0-
Ob1uy, IepepadoTKy, XpaHeHHE, TPAHCIIOPTUPOBKY U OTITYCK He(TETpOIyK-
TOB ITOTPEOMTEINSIM; BO-BTOPBIX, B XapaKTepe B3aWMOOTHOIICHUH MEXTY
HUMH, KOTOPBIE CTPOSTCS] UCKIIIOYUTEIHHO Ha JJOTOBOPHOW OCHOBE U B CO-
OTBETCTBHH C aKTHBHO MOJIEPHU3HMPYIOIIUMCS 3aKOHOAATETLCTBOM Y Kpau-
HBI. HecMOTps Ha JKeCTKYI0 KOHKYPEHIIHIO B JAHHOM CErMEHTE SKOHOMHKH,
CYIIECTBYIOI[asi CHUCTEMa JOCTaBKM HEPTENpPOIYKTOB XapaKTepPHU3YeTCs
JIOCTATOYHO HU3KOHM 3()()EKTUBHOCTHIO, YTO OOYCIIOBIICHO yCTapeBIIeH Ma-
TepUAIbHO-TEXHUYECKOH 0a30i, HECITOCOOHOCTBIO KaueCTBEHHOrO 00CIy-
KMBaHUS PACTYIIETO M YCIOXKHSIOLIEroCs PhIHKA MOTpeOinenus HedTernpo-
JIyKTOB, a TaKkke Hed(h(EKTUBHBIM UCIIOIH30BaHHEM BO3MOXKHOCTEH cHCTe-
MBI ITPY Pa3IMYHBIX COCTOSHHUSAX €€ MoTpeOHocTel. B cBs3m ¢ aTnMm, 3amaga
CHIDKEHUSI JIOTHCTHUYECKUX 3aTpaT U MOBBIIEHHS 3((HEKTUBHOCTH (DYHKIH-
OHUPOBAHUSI CHCTEMBI JOCTaBKU HE(TENPOYKTOB, SBISETCS aKTyaJIbHOM U
CBOEBPEMEHHON HayYHO-NIPAKTUYECKON 3a1aueil.

Cripoc Ha MHUPOBOM pBIHKE HE(TH TPENCTaBIsieT cOO00H COBOKYIHBIH
crnpoc cTpal, npuoOperaromyx HepTh U HePTENPOAYKTH Kak TOBAp, IS
JanpHelme mepepa®otku. bonbiias wacte M0OBIBAEMONW HAa MHPOBOM
pPBIHKE HETH pacxodyercsi Ha cHUCTeMy olecriedeHHs: (PyHKIMOHATIBLHOCTH
TPaHCIIOPTHO-JIOTHCTHYECKHX IIeTel, a IMEHHO Ha IPOU3BOJICTBO TOILIHBA,
a TaKKe Ha AIIEKTPOIHEPTHIO U ITPOMBIIUIEHHOCTb.

Hedrts u HedTenpomayKThl OTHOCSATCS K OMacHbIM Tpy3aMm. IlepeBo3ka
OITAaCHBIX TPY30B OCYLIECTBIISIETCS BCEMH BHJAMU TPAHCIOpPTA: aBTOMO-
OMIIBHBIM, JKEJIE3HOJIOPOKHBIM, BO3/YIIHBIM, MOPCKUM, pedHbIM. Ha kax-
JBIA BUJ TPAHCIOPTa CYILECTBYET CBOM, TaK HAa3bIBAeMbIN '"MakeT NOKY-
MEHTOB" yCTaHaBJIMBAIONIMX TPeOOBaHMS MO MEPEBO3KE OMACHBIX TPY30B.
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B cootBerctBuu ¢ pexomenpamuaMu OOH mig nepeBo3uMBIX omac-
HBIX TPY30B ObUIa OCYyIIECTBIIEHa KiIacCH(UKAIMs, KOTOpas MpeaycMaTpH-
BaeT JIeJIeHHEe ONAacHBIX I'PY30B Ha KJIAcChI (KJIACChI OMTACHOCTH).

IMpexxne uem nepeBO3uUTh HEPTH M HEDTENPOAYKTHI, HEOOXOIUMO
OMpENeNIUTh: KAKyl0 OMACHOCTh Ul JIIOJEH M OKpyXarolled cpelsl OHU
MIPEJCTABIISIOT.

HedrenpoxykTsl 005afatoT menbM psiioM 0COOEHHOCTEW, KOTOpHIE
CYIIECTBEHHBIM 00pa30M BJIMSIOT HAa OPraHU3aIMI0 HE(PTECKIAJCKOro XO-
3siicTBa. ['TaBHEMIIMMM U3 HMX SBISIOTCS: OTHEONACHOCTb, B3PHIBOOIAC-
HOCTB CIIOCOOHOCTH DJIEKTPH30BATHCS TPH JBW)KEHHH, BBICOKAsl Mcrapse-
MOCTh M BSI3KOCTh HEKOTOPBIX HE(TENPOAYKTOB, a TaKKe BPEIHOCTH
He(TEeNnpPOIYKTOB ISl 310POBBSL.

IIpu aHanu3e CyIIECTBYIOIIETO MapKa XKeJIe3HOAOPOXKHBIX LUCTEPH,
UCIIONIb3YEMBIX JUISi TIepeBO3KHM HE(TENpOAYKTOB, OBLIIO BBISBIEHO, YTO
00beM NepeBO30K, HEOOXOIUMBIN ISl CYIIECTBOBAHMS MTPEANPHUITHIA CTpa-
HBI, JIOJDKEH OCYIIECTBIATHCS U aBTOMOOWMIJIBHBIM TPaHCIOPTOM. JTO TO3-
BOJIUT YMEHBUINTH BpPEMs Ha IIOCTaBKY TOBapa W COKPATHTh OOBEMBI Xpa-
HEHHUs Ha CKJIaJ]aX ONTOBON M PO3ZHUYHOM TOPTOBIIH.

Hcxonst u3 XxapakTepucTHK HE(TENPOAYKTOB, PACCMOTPHUM METOJHKY,
COCTOSIIIYIO U3 IIEPBOHAYAIILHOTO 3Tala COCTABJIEHHs 0a30BBIX MasTHUKO-
BbIX MapupytoB (BMM) nBmkeHus, a Takke HOCIETYIOMIUX STAIlOB CO-
KpameHust OOIIero WX KOJIWYECTBa IYTeM OOBEIUHEHHS B KOJBLEBBHIE
MapIIpyThl U HMPUBEICHUS MOIYYEHHOrO IUIaHAa MapLIpyTHU3alUU B COOT-
BETCTBHE MMEIOIIUMCA Ha JAaHHBII MOMEHT BO3MOXKHOCTSM CHCTEMBI J0-
cTaBkH HeTenponykroB Ykpaunsl. O0beauHenne BMM B cucteMy Koib-
ueBbix MapuipyroB (CKM) mocTaBku MpOM3BOAMTCS 0 TeX MOp, MOKa He
peanu3yercsi ycJOoBHE I1eJecO00pa3HOCTH TOIONHEHHs 3amaca HedTenpo-
nykToB Bo Bcex A3C, Bxoaauux B nonydeHHyro CKM. Ilpu TakoMm nmoxaxo-
Jie, BEIMYMHA TApTUOHHOCTH JOCTABKU OINpPENEeNseTcsl aIropuTMaMu
MapUIpyTU3aliy | IIONPAaBOYHBIM KO3((HUINEHTOM, YUUTHIBAIONIUM JTUHA-
MHUYHOCTh BEJIMYMHEI 3a11aca He()TepOIyKTOB.

Jns onenkn 3((eKTHBHOCTH CHUCTEMBI JIOCTaBKH HE(TENPOAYKTOB
MOYKHO MCIIOJIb30BaTh CIIELUANIBHBIN 10KA3aTeNb, OTPAXKAIOUIMHA CTENEeHb
pelIeHus] OCHOBHBIX 3a/1a4 (DyHKIIMOHUPOBAHUS CHCTEMBI JIOCTaBKH HedTe-
MIPOAYKTOB, TAKUX KaK: MUHHUMM3AIMA 3aTpaT HA JOCTABKY; ONTHMAJbHOE
WCIIONIb30BaHNE BO3MOXKHOCTEH CHCTEMBI IOCTABKH HE(TENpPOIyKTOB; MHU-
HUMH3aIMs oOIIero 3amaca He(TENpOAYKTOB B pe3epByapax XpaHEHUS
A3C u BEepOATHOCTH MOJHOTO €T0 PACXOA0BAHMUS.

B kadecTBe Takoro mokasartens HNpeAsIOKEH SKOHOMHUYECKUI KpuUTe-
puii oneHkrn 5((eKTUBHOCTH (YHKIMOHHPOBAHHUS CHCTEMBI JIOCTaBKH
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He(l)TerOZ[yKTOB, y'lI/ITI:IBaIOHII/Iﬁ COBOKYIIHBIC JIOTUCTUYCCKHUE 3aTpaThl,
MPUBCACHHBIC K CTOMMOCTH TPAHCIIOPTHO-JIOTUCTUYCCKUX YCIIYT:

TPY MPLTE HaaMl Fany nar_nny
K"‘ —q_ 3:_:“” +3:I':IU.| 33!IU.I +3:|!|u.| gﬂl.ll
= ——
3¢ T, KEHI ’
MPCT E e ¥ EEL xormm E
riue B_EI ,E_EI ,B_EI ,B_EI ,B_EI — TPaHCHOPTHO-

JIOTHCTUYECKUE 3aTPAThI: HAa JIOCTABKY «COOCTBEHHBIM» U «HAEMHBIMY II0-
nBWXHBIM coctaBoM B CKM;

z
CTsi; — oOmiasi CTOMMOCTB MOTPEOIIEMBIX HE(DTESIPOTYKTOB;
K} Ko — KOD(p(UIMEHTHI pacueTa CTOMMOCTH JIOTMCTHYECKHX YCITYT
B IIcHE HEPTEPOTYKTOB.
Bennmuunaa TpaHCIOPTHO-JIOTUCTHYSCKUX 3aTpaT HA JOCTABKY MOXET
OBITh paccyWTaHa B BUJIC UX CyMMBI Ha MasTHHKOBBIX MMt U KOJBIICBBIX
KMt mapmipyrax:

TPE  _ TPE TPE
T3=Eu: = Enonee 3 + Eppe 3 >
BTP"' 3"HE" + 3HE—m3E+ BHHEI::EIEE + B%EE_’HE,

ST =3 43y an::f; 4 A | g | 330

rae 3r, — 3aTparhl Ha TpaHCHOpTI/IpOBKy HETENPOIYKTOB MEXIY
Hedrebdazoii u A3C;

306en — 3aTpaThl Ha oociayxnuBanue B CKM (Ha Teppuropun Hedrebda-
361 Wik A3C).

Jlns obecrieuenust HeTENPOAYKTAMH POU3BOJICTBEHHBIX ITPOIIECCOB
U NpoJaxku uX uepe3 ToproByto cetb A3C B cTpaHe AEHCTBYET cUCTeMa
TIPEANPUSATHH ¥ OpraHu3alyi 1Mo nepepaboTKe, XpaHEHHIO U paclpesere-
Huo HedTenpoaykroB. CymMmapHasi NOTpeOHOCTb B HE(TENpOIyKTax B
Hacrosiiee Bpems onpenensiercss Ha A3C u odopmisiercss B BUjE COCTaB-
JICHHOM €XerojiHoW 3asBKH. [Ipy cocTaBleHUU €XKErofHON 3asBKU YUHUTHI-
BaIOT CIIPOC Ha KaXKAbIH BHJI MPOIYKIWH, TOJy4IEHHON B pe3ysbTare nepe-
pabotku HedTH.

3amauyn pa3pabaTHIBACMBIX TUIAHOB CHAOXKEHHSI COCTOST B TOM, UTOOBI
YBSI3aTh IOCTaBKY HE(PTENPOAYKTOB C MOTPEOHOCTHIO B HUX JUISl YJOBJIE-
TBOpEHUS] 00BEMOB CIIPOCA B TOPTOBIIE.
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MOJAEJIb UHTEJUIEKTYAJIBHOI'O YIIPABJIEHUSA
MOTI'PY304YHO-PA3I' PY30UYHOM TEXHUKOM KOHTEMHEPHOI'O
TEPMHUHAJIA B MOPCKOM IIOPTY

FO.B. Byneaxosa, ooyenm, I'BY3 «llpuazosckuil eocyoapcmeeHnHviti
MEXHUYeCKULl YHUSEPCUmem»

IMoamucanue Cornamenust 06 accouuanuu Mexay Ykpaunoin u EC,
unrerpanus Ykpauasl B TEN-T (TpancbkeBporieiickast TpaHCIIOPTHAS CETh)
TIOBBILIAIOT POJIb MHTEPMOJAIIBHBIX MEPEBO30K, OCHOBOI KOTOPHIX SIBIISFOT-
csl KOHTEHHEpHBIE TEPMHUHAJIBI TOPOB YKpanHbl. KomMmepueckas npuBieka-
TENILHOCTH ITOPTOB YKpPauHbI JJIsi MHOCTPAHHBIX MApTHEPOB COCTOUT B
CBOEBPEMEHHOH 00paboTKe KOHTEHHEPHOTO ITOTOKA, HEBBICOKHMX CTaBKax 3a
TIepeBajIKy KOHTEHHEpOB, oOecrieueHre COXPaHHOCTH KOHTEWHEPOB.

OpHON W3 JIOTHCTHYECKUX NPOOJIeM KOHTEHHEPHBIX TEPMHHAJIOB SIB-
nsiercst He (¢ (eKTUBHBIE TIEPEMEIEHNsT KOHTEHHEPOB Ha CKJIaJICKOH IUIO-
IaJKe, YTO TOBBIIIAET BPeMs IMKJIa 00pabOTKHU IIeJIeBOro KOHTEHHepa, U
BJIEYET 32 COOOM JOMOIHUTENBHBIE N3IEPKKN Ha 00CITY)KMBaHUE TEXHUKU U
YBEJIMYEHUE BPEMEHU OOCIY)KMBAaHUS TEPMHHAIOM. B KadecTBe perieHus
IpoOJIEMBI TIPEUIOKEHO BHEAPEHUE METO/IOB HMHTEJUIEKTYaJbHOTO YIIpaB-
JIeHUs] KOHTEHHEPHBIM TEPMUHAJIOM B PEXXHMME PEaTbHOTO BPEMEHH.

Ha npumepe omHOro u3 KpymHEHIIMX KOHTEHHEPHBIX TEPMHHAJIOB
VYxpaunsl «bpyknuH — KueB mopt» paccMoTpeHa MoJienb YIpaBieHHs Tep-
MUHAQJIBHON TEXHUKOW MPU pa3MeEIIeHNH KOHTEHHEPOB Ha CKJIaJe, OCHOBAaH-
Hasl HA TEOPUHU HEUYETKUX MHOXKECTB.

[TpuOBIBIIMIT B TOPT Ha MOPCKOM CYAHE KOHTEHHEP NPOXOAUT TPH
TIOPTOBBIE 30HBI: MOPCKOM I'py30BOW ()POHT, CKIIad sl KOHTEHHEPOB, ThI-
JIOBOHM (7KENE3HOJOPOXKHBIN MIIM aBTOMOOWIIBHBIN) Tpy30Boi (poHT. Ui B
00paTHOM HampaBJIEHUU IPU TPAHCIOPTUPOBKE B MOPT Ha3eMHBIM TPaHC-
moptoM. Ha ckiane KOoHTeHHephl pa3MeNaroTcs B 0JI0OKax, KOTOPBIC UMEIOT
JUIMHY (CeKuus), mupuHy (psan) u BeicoTy (sipyc). Ha xoHTeliHepHOI mu1o-
IaJKe KaKIbIi OJIOK BBIENIEH MO ONPEAEIeHHbI THIT KOHTEHHEPOB (MM-
TIOPT, KCIIOPT, CYXOH, pedprxepaTopHsii, mycroid, IMO). Ilepemenenne
KOHTEHHEPOB MEXIy (pOHTaMHU BBITPY3KHM M Pa3MEIIEHWH HX Ha CKJIaze
TIPUMEHSIOTCSI PUUCTAKEPEI.

PazpaboranHass MoJeNlb WHTEIJIEKTYaJIbHOI'O YIPABIICHUS pPHUCTaKe-
pom BKiIrOUaer aBe ¢aswl: (aza 1 - ompenenenue Oioka JUIS pa3MelICHHs
KOHTelHepa, (a3a 2 —ompejencHre Mecta B OJ0Ke (CEKIHUIo, psl, SPYC).
Adnroput™sl ¢a3za | u 2 moctpoeHsl Ha 0a3e aaropuTMa HEU4eTKOro JIorHde-
ckoro BbIBOJa Mampanu [1] u peanusyroTcsi IOCIENOBATENbHO: BHAavase
OIIpEeIeIISIETCS «CTENEHb NPEeNOYTUTEIBHOCTH OJI0Ka» (BBIXOIHAS JIMHTBH-
CcTHYecKasi epeMeHHas) Ui Kaxaoro 0ioka (dasza 1), m mocie Toro xax
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OBbLIO MPUHATO PEIICHHE O BBIOOpE OJIOKA, OMPEICNACTCS «CTEMeHb Mpe-
MOYTHUTETIBHOCTH MecTa B OJIOKe» (BBIXOMHAS JTHMHTBHUCTHYECKAs MEPEeMEH-
Hasl) IS KaXIoro Mecta B O1oke (dasza 2). KonreitHep moimkeH nmepemenia-
ercs B ITa0eNb U OJOK C HAMBBICIIMMH CTENICHAMH NPEINOYTUTENbHOCTEH.

Ipu onpeneseHUH CTENCHEW MPEANOYTUTEILHOCTH U BbhIOOpE Oyioka
(daza 1) B kauecTBe KpUTEPHEB OLIEHKH OJIOKOB U, COOTBETCTBEHHO, BXOJI-
HBIMH JINHTBUCTHYECKUMH TEPEMEHHBIMH aNroputMa MamIaHu BbIOpaHbL:
1. «paccrosiaue Bwesn - biok» onpenensiercs paccTOSHUEM OT TOUKHU BhE3-
Jla KOHTeWHepa Ha IUIOWIAJKY; 2. «3alOJHEHHE ONOKay OMpeeNseTcsl OT-
HOIIICHUEM 3aIlOJIHEHHBIX MECT B OJIOKE K 00LIEMY KOJIHYECTBY MeCT (Ipe-
MoYTHTEIbHEe OJOK ¢ OONBIIUM MOKa3aTeeM 3allONHEHHs, YTO MO3BOJISAET
ONTHMH3HUPOBATh UCHIOIb30BAHUE CKIIAICKOM TTOIIAIH).

IMpu onpejieneHuy cTeneHeil NPeAnOYTUTEIFHOCTH U BRIOOpE MecTa B
omoke (¢hasa 2) B Ka4eCTBe KPUTEPHUEB OIICHKH MECT B OJIOKE BBHIOpaHEL: 1.
«BBICOTA IITAOCTUPOBAHUS ONPE/CIICT KOITHMYSCTBO YXKE YCTAHOBICHHBIX
KOHTEHHEpOB B IuTabesne (MpearnoyTuTenbHee OJI0K ¢ OonblIel BBICOTON
ITabeTMpOBaHHUs, YTO MO3BOJISET COKPATUTh BPEeMsl IUKIIA pabOThI pHYCTa-
Kepa); 2. «OKHIaeMOe BpeMsi OTIPABKH KOHTEHHepa» OMpeAeNsaeTcs OTHO-
HICHHEM KOJHMYECTBA YacoB JI0 OTIIPABKH BEPXHETO KOHTEiHepa B mTaderne,
K KOIMYECTBY YacOB [0 OTIPAaBKU KOHTEHHEpa, KOTOPbIii HEOOXOMHUMO
YCTaHOBUTH B LITabesb (MpeAnouTHTEIbHEe ONOK ¢ TOKa3aTeneM BPeMeHH
OTIPaBKH MeHbIIE 1, YTO YCTPaHUT HEOOXOJIMMOCTh MEPECTAHOBKH KOH-
TEHHEPOB MPH OTTPYy3Ke U3 OJ0Ka).

BoiBoabl. 1. TIpeaokeHHass HHTEIUIEKTYa bHAS MOJENb YIPABICHHS
pHUCTAKEPOM MPUMEHSETCS KaK JUlsl YCTAHOBKH KOHTEHHEpPOB MPHOBIBAIO-
UIMX B MOPT ¥ YOBIBAIONIMX, TAK U JUIsl ONTHMHU3ALUK Pa3MENICHHsT KOHTEH-
HEPOB yXKE YCTAHOBJICHHBIX B OJIOK JJIsi COKpAICHHS KA MepeMeleHHs
KOHTEHHEPOB CO CKJIaJila Ha MOPCKOH ¥ THUTOBOW TPY30BEIe ()pPOHTEHL. 2. Mo-
JIeTIb WCMONb3yeT 0a3y JaHHBIX KOHTCHHEPHOrO TepMUHATa O KaXIOM U3
KOHTEHHEPOB B OJIOKE (THII, BPEMs OTIPY3KH), KaXKJI0M OJIoKe (THII, KOJIH-
YeCTBO Pa3MENICHHBIX B OJIOKE KOHTEHHEPOB, PACCTOSIHUE OT OJI0Ka 710 TOY-
KU TIOTPY3KH/BBITPY3KH Ha TPY30BBIX (PPOHTAX), KAXKJIOM HiTadene B OJI0Ke
(BbICOTA IITA0ETIS).

Jluteparypa
1. IroBba, C./I. IlpoekTnpoBaHWe HEYETKHX CHUCTEM CpENCTBAMH
MATLAB/ C. [I. llitoB6a. — M. : 'opstaas nuaust—Tenexom, 2007. — 288 c.
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METO/J COKPAIIEHUA 3ATPAT HA KEJIE3HOJOPO’KHBIE
IHEPEBO3KHN BXOIAIMUX I'PY30IIOTOKOB METAJLJTYPI'U-
YECKOI'O HPEANIPUATUSA

FO.B. Byneaxosa, ooyenm, O.B. Byouenxo, macucmp, I' BY3 «Ilpuazoeckuii
20CY0apCcmeentblll MeXHUYeCKUl YHUBepCUmemy

Bpemsi HaXOXIICHUsS BarOHOB HA TOABE3IHOM IYTH TMPEAIPUSITHS WITH
CpeHui 000pOT BaroHa - 3TO MEPHO] OT MOMEHTA MPUEMA BaTOHOB OT YKEJIC3HOM
JIOPOTH JIO MOMEHTA MX CJIaul Ha BHEIITHIOKO CETh, DTOT MEPHOJ] COCTOUT W3 TIPH-
€MO-CIATOYHBIX OIEPAIINii, TPAHCTIOPTUPOBKH K IIEXY TOTPEOJICHUS M TIOTPY30-
Pa3TPY30UYHBIX OMEpPAIMii, MEKOIIEPAIIMOHHBIC TIPOCTOM.

Jlmst MeTalTyprudecKux TMPEANpPUATHN BaKHO COKPATHTh CPEIHHN
000pOT BaroHa, MOCKOJIEKY MIEPEBO3KA CHIPhS U TOTOBOM MPOIYKIIMH OCY-
IICCTBIIICTCS BaroHaMU IUTATHBIX OIepaTopckux rpymm. [Ipobmema pac-
CMOTpPEHA Ha MPUMEPE TPY30MOTOKA YIIIS MPSANPHUITHS « Y ».

[Tara 3a mMoMp30BaHME BAarOHAMU HA TOMBE3IHOM ITYTH MPEATIPHUITUSL
HAYHCIISIETCS B COOTBETCTBHU C YCTAHOBJICHHBIMU MUHHCTEPCTBOM HH(Dpa-
CTPYKTYphI YKpauHbl CTaBKaMU IUIATHI 33 MOJIb30BaHHE BaroHamu. Cyrie-
CTBYET TIpsiMasi 3aBUCUMOCTh CTAaBKH IUIATHI 33 IMOJb30BAaHUE BarOHAMH OT
BPEMCHU IIOJI30BAHUs, OJHAKO HauWHasi ¢ 36 yaca IUlaTa yBEIHYHBACTCS
(puc.1, F(T)). Cpennee BpeMsi HaXOXKJICHUS BaroHa Ha MOIBE3THOM MYTH
TIPEIPUSITHS OTOBAPUBACTCSA C KEJC3HOW JIOPOTOi, 3aBHCHT OT 00BeMa
TPY30IIOTOKA, MOIIHOCTEH MPOU3BOICTBA, PACIIONOKCHUS I[EX0B, CTAHIIHN,
MIPUEMO-C/IATOUHBIX MyTel U Ha MpakTuke cocraBisieT 25-40 yacoB. Cymie-
CTBYET YCJIOBHE, UTO MPH CIaue BarOHOB HA BHEIIHIOI CETh TPYIIIAMU OT
50 BaroHoB IaTa 3a moib3oBaHWEe yMmeHbInaercs Ha 50 %. Ho manubIe
npedepeHITuN UMEIOT MECTO, TOJIBKO B CIy4ae MPOCTOs BaroHa Ooneine 36
gacos (puc.1, F(S)).

[IpeBbllicHrEe BpEeMEHH HAXOXJICHUS BarOHOB HA TOABE3IHBIX ITYTIX
MPEINPUSITHS BO3HUKACT MO CIEAYIONMM NMPWYHHAM: CTYIIEHHOE MPHUObI-
THE, OKUJIAaHUE PA30rpeBa Ipy3a B IMEPHOJ TEMIICPATYPHOTO PEXUMA HIKE
CPEIHEMECSIYHBIX  BEIMYWH;, OrPaHUMYCHHOCTh  ()POHTOB  IOTPY3KU-
BBITPY3KU; HEUCIIPABHOCTh JIOKOMOTHBOB, MOJBIKHOT'O COCTaBa, CICIIUATb-
HBIX TOTPY30-Pa3rPy30YHBIX CPEJICTB; HAKOIUICHHE MAapIIPYTHBIX TPYIII,;
MIPOCTOH B OXKUJIAHUM IMOJAYM IOJl MOrPY3KY; HECBOSBpEMEHHAs Iepesada
nHpopmanuu u 1p.

Hakorenre moesa, B COCTaB KOTOPOTO BXOIST BarOHBI OJTHON ajpeca-
MY, CJIOKHAS 3a]a4ya, MOCKOJBKY MPEIIPHATHE OJHOBPEMEHHO PadoTacT co
3HAYUTCIBHBIM KOJIMYECTBOM PAa3HBIX COOCTBEHHUKOB BaroHOB. COKpaTWTh
BpEMsI HaXOXKJICHHSI BATOHOB HA TIOITBE3/THBIX MYTSIX B TAKUX YCIOBUSIX MOXKHO
OTIPABJISIS TIEPEIPOCTOSBIIME BATOHBI MAPIIPYTHBIMU 1Toe3amu. Yacto ppoHT
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BBITPY3KH MACCOBBIX TPY30B HAMHOTO MEHBIIIE, YeM OOBEMBI TPHOBIBAFOIIX
MapTUii TPY30B. [ py’KeHBIC BarOHBI MPOCTAMBAIOT B OXKHIaHUH BBITPY3KH. [1o
YacTH HOMEHKJIATYPBl TPY30MOTOKA HA TPEANPHUITHA HUMEIOTCS CKIIAJICKUC
TUIOIIA M, YTO MPOAMKTOBAHO OCOOEHHOCTSIMHU IIPOM3BOICTBEHHOT'O IIPOLIEcca B
Merayuryprud. Ce0BaTeIbHO, BOSMO)KHO OCYIIIECTBUTH BBITPY3KY BarOHOB Ha
TIPOMEXYTOYHOM CKJIaJIe, YTO BIIEUET 3a COOOH JOMOIMHUTENBHBIE 3aTpaThl. s
ONpeIeNeHns] SKOHOMHYECKOH 11e/1eCO000Pa3HOCTH MPUHATHS TAKOT'O PEIICHUS
rocTpoeHa Mojiens «make or buy». Ha puc.] mokasano, 4ro rpadvku 3aBucH-
MOCTH TUIaThI 3a mojb3oBaHue BaroHamu - F(T) u 3atpart, CBS3aHHBIX C pas-
TPY3KO Ha MPOMEKYTOYHOM CKIIaJIC M TPAHCIIOPTUPOBKON B IIEX-TIOMYIATENb -
F(L), or BpeMcHI HaxXOKIACHUS BaroHa Ha KOMOHHATE MEPECEKAIOTCS B TOU-
ke A. CrenoBatenbHO, TP HaXOXKACHUHM BaroHOB Ha KomOuHate: Oomee 50
YacoB IEIeCO00Pa3HO MX Pa3rpy3UTh Ha MPOMEXYTOYHOM CKJIaJIe M BBIBECTH C
KOMOMHATa MapIIpyTHBIM 10e310M; MeHee 50 9acoB — OXKH/IATh BBITPY3KH Ha
(poHTe 11exa.

5000,0

Bbirpy)«atb Ha BbIrpyatb Ha CkN3ACKOM

dpoHTe Lexa nAoWaAKe
4000,0

3000,0

2000,0

MO TIRNNNDD DD
S NAMIITNBONDBR
PSS P b Rt R e e e R =

Pucynok 1 — I'paduiku 3aBHCUMOCTEH JIOTUCTHISCKUX 3aTPAT OT BPEMEHU
HaXO0XJICHHUS BarOHOB HA MObE3JAHBIX MYTSIX MPEIIPUITUS

BBIBOHBI: HpeI[J'IO)KeHHHﬁ CI10co0 COKpalll€HHsI BPpEMEHU ITPOCTOA Ba-
TOHOB Ha MOABE3AHOM IIYTHU HpeZ[HpI/IHTI/Iﬁ uenecoo6pa3eH Ipu KPYHNHBIX
TPY30IIOTOKAX; I MPAKTUICCKOro MpUMEHCHHUA MOACIN HeO6XOZ[I/IMa J0-
TIOJIHUTCJIbHAA I/IH(l)OpMaHI/IOHHaH noaAcpiKKa B obecrieyeHIH 6I>ICTpOFO
pearnpoBaHus B IICIIOYKE «HOTpe6I/ITeJ'H>-CKJ'Ia)1-HepeBO3‘II/IK», IIOCTOAHHOI'O
aHaJIn3a CTATUCTUYCCKUX NAaHHBIX IO MPOCTOKO BAI'OHOB.
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YAOCKOHAJIEHHA T'AJIBMIBHUX CUCTEM BAHTAXKHHUX
BAI'OHIB 3A PAXYHOK BITPOBA/IKEHHSA ITOBI3KOBOI'O
Tr'AJIbMYBAHHS

M.A. Banieypa, cmapuiuii uxiadau, Jlepoicaghuil eKOHOMIKO-
MEeXHON02IYHUL YHIGepCUmem MpaHCnopmy

3 MiZIBMIIEHHSM IIBUAKOCTI PYXy 1 BaHTaXXOITiA’€MHOCTI IMOi3/iB M-
BHUIIYIOTHCSI BUMOTH JI0 TaJlbMiBHOTO OOJIafiHAHHS 1 0€31eKN pyxy.

B nanwmii yac, B Ykpaini st migBunieHHs eeKTHBHOCTI TajlbM BaHTa-
YKHUX BaroHiB Bce OIJIBIIOrO MOMIMPEHHS OTPUMYIOTH TaJbMiBHI CHCTEMH
BaHT2)XHUX BAaroHiB 3 PO3AUJILHUM NPUBOAOM Ha Bi3kH. Po3ninbHe ranbpMy-
BaHHS 3aCTOCOBYETHCS [UIsl BaroHiB OyHKEPHOT'O THITy, JOBro0a30BHX Baro-
HIB 3 OCLOBUM HaBaHTakeHHsM 23,5 tc (230 xH) i a5t BCix BaroHiB 3 ocko-
BHUM HaBaHTaXeHHsM 25 Tc (245 xH).

Ha BaHTa)KHMX BaroHax 3 PO3JUIBHIM TaJIbMYyBaHHSM B TaJbMIBHI cXeMi
BCTaHOBJIIOIOTh OJIVH TAIBMIBHUHN IITIHAP tiamMeTpoM 14 mroiiMiB 1 aBa aBTOpE-
rymsitopu PTPIT 675, ab0 BCTaHOBIIOIOTH /1Ba TAJIBMIBHI IUTIHIPH JiameTpoM 10
JroiiMiB 1 Ba aroperyssitopu PTPIT 300. [anbMiBHI MTIHAPH PO3MILIYIOTH Ha
pami BaroHa abo Ha pamax Bi3KiB. OCOONMBICTIO TAHOI KOHCTPYKIIii € HAsSBHICTh
JIBOX TaJbMIBHHUX IWTIHIPIB, PO3MIIIIEHNX HAa paMi BaroHa, i BOX BaKEIEBUX
riepe/ay, sKi CIparboBYIOTh HE3AJIXKHO OJTHA B/l OJTHOI HAa 00M/IBA BI3KUL

Ha 3aBomax Ykpainu 3a OCTaHHE JECATUIITTS TIOCTABJICHO HA BHPOOHHII-
TBO JIEKiJIbKa MOZIENIel BAHT)KHUX BAaroHiB Pi3HUX THIB, 00JaHAHHUX TaIbMi-
BHHMMH CHCTEMaMH 3 PO3JUIEHUM rajbMyBaHHSM. [Ipy 11boMy BCi BOHH MaroTh
Pi3HY KOHCTPYKLIIO i mapaMerpy. BincyTHicTe BUMOr 10 yHidikamii rajgsmis-
HHX CHCTEM 3 PO3/IUIBHIM TaJbMyBaHHSIM YCKIIQJIHIOE IX MPOEKTYBaHHS, a Ta-
KO pO3pOOKY eKCILTyaIliiHOl 1 peMOHTHOI JIOKyMEHTaIIi1.

TakyM 4rHOM, JUTS TIABHILIEHHS SIKOCT] PO3POOJICHHX TaJbMIBHUX CHUCTEM 1
CIIPOLLIEHHS! MPOLIECY MPOEKTYBAHHSI, €KCILTyaTallii 1 PEMOHTY aKTYaJIbHIM SIBJISI-
€TBCSI CTBOPEHHSI X THIIOPO3MIPHOIO PSITy B 3aJISKHOCTI BiJ] TUITy BaroHis i fioro
niapaMerpiB. J{jist CTBOpPEHHS! TUITIOPO3MIPHOTO PsiTy TIPOBEACHHUH aHAJI3 JHIOUMX
CHCTEM 3 PO3/IUIHHUM TaJbMYBaHHSIM 3 OCbOBUM HaBaHTaXKEHHsIM 23,5 Tc i BCTa-
HOBJIEHO, III0 CXeMa TaJIbMIBHOI BaXKeJIEBOI Ieperiadi 3aJIeKUTh BiJl KOHCTPYKTH-
BHHX OCOOJIMBOCTEH BaroHiB Ha sIKi Ba)KeJIeBi Iepeiada BCTAHOBIIFOETHCS @ TAKOXK
BiJI THITy aBTOPETYJIATOPA i raJIbMiBHOTO IMITIH/IPA.

KoHCTpyKTHBHI 0COONMMBOCTI BaroHa BW3HAYaIOTh MICLlE pPO3TallyBaHHS
BaKEJICBUX TepeNiad 1 IUIONIMHA PO3MIIICHHS BKENIB. Y HAliBBaroHiB, Iiat-
(opM 1 KpUTHX BAaroHiB Ba)KeJIeBi Mepe/jadi po3MILIyIOThCS I1i/I PaMOIO BaroHa a
BaKEN 3HAXOMATHCS B TOPM3OHTAIBHI IUIONIMHI, Y BaroHIB XOIEpiB BaKeJeBi
riepeadi po3MILIYIOThCS B KOHCOJNBHMX YacTHHAX, NPU LbOMY BaKem po3-
MIIIYIOTBCS SIK B TOPU3OHTAJIBHHX, TaK i BEPTUKAJIGHUX TUIONIMHAX.
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[Napamerpy aBTOpEryNIATOpa BH3HAYATH KUTHKICTH JIAHOK BaXKEJIICBUX ITIepe-
nad. [Tpy BUKOpHCTaHHI B TalbMiBHI cucteMi aBToperysitopa PTPIT-675 3 xomom
peryimoBaHHs 675 MM BakesieBa Tepeiada Mae OJMH BaXKUTh 32 BHKTFOYCHHIM
BAaroHIB XOMEPIB JyIs AKX 30UTBIICHHS KUTHKOCTI BOKETIB 00YMOBJICHO MiCIICpO3-
MIIIGHHSIM BaKEJICBUX Tiepesiad. [Ipy BUKOPHCTaHHI aBTOPETYILSITOPIB 3 XOIOM
perymoBarHs 300 MM y BOXKEJICBHX Mepeiayax BUKOPHCTOBYFOTh JTBA BAXKEIL.

JliameTp rajpMiBHOTO I[WIIHApPA CYTTEBO BIUIMBAE HA IEPEIATOYHE
4yuciio BakeneBoi nepenadi. [Ipn BUKOpHCTaHHI HWIIHAPIB MEHIIOrO Jia-
MeTpa HEOOXiTHO 30UTBIICHHS MTepPeaTOYHOr0 Yhcia BaKeIeBol mepeaadi,
[0 JIO3BOJII€ 3MEHIINUTH Bary TaJlbMIBHAX CHUCTEM, CKOPOTHUTH Yac Ha-
MTOBHEHHSI TAJIEMiBHUX IWTIHPIB 1 3HU3UTH BUTPATH CTUCHYTOTO MOBITPSL.

MMPOBJIEMbBI TPAHCIIOPTHO-TEXHOJIOT'HTYECKOI'O ITUKJIA
IHEPEBO3KHU AI'JIOMEPATA

B.C. Boponaiui, cmapwuii npenooasamens, I BY3 «Ilpuazosckuii
20CY0apCcmeentblll MeXHUYeCKUl YHUBepCUmemy

Ha meramnyprudueckux npeanpusTUsIX OJHUM U3 OCHOBOMOJIATAIOIINX
(hakTOPOB /IS YCIENIHOM UX pabOTHI SBJISIETCS CBOCBPEMEHHAS U Oecriepe-
OoifHast TOCTaBKa CHIPhS JIsl JOMCHHOTO TIPOM3BOACTBA. JlocTaBKka ariome-
paTa SBJISETCS OJHUM M3 HAHOOJIee MACCOBBIX TPY30MOTOKOB HAa METaJLTyp-
TUYECKUX NPEANPUATUSIX TOTHOTO [IUKJIA.

HenpepbIBHOCTh IPOU3BOJICTBEHHOIO MPOIIECCa KPYIIIOCYTOYHO 00ec-
MeYnBaeT pabounii MapK MOTyBarOHOB-XOMIICPOB IS IEPEBO3KH arjioMepa-
Ta. Ha npumepe oIHOTro U3 KPYMHBIX METAUTYPrHYECKUX NPEANpUITUN 1O
9KCIUTyaTaIly STHX THIIOB BATOHOB MOXKHO CAENaTh BBIBOI: 7% pabodero
mapKa €XEeCyTOYHO MpeObIBacT B TEKYIIEM PEMOHTE Ha MyHKTaX TEXHUYE-
cKkoro obciyxuBaHus. [IoMHUMO TEKYIUX PEMOHTOB, €KECYTOYHO MPOBO-
JUTCs paboTa MO MOCTAHOBKE BAarOHOB HA CIICI[UAJIEHBIC TYIUKUA JUTS BEI-
MOJIHEHUSI MEJIKUX PEMOHTOB, MPUHAAJIEKAIIUE MYTEBOMY PA3BUTHUIO >Ke-
JIE3HOIOPOXKHOU CTaHIUM, TJe MPOU3BOAUTCS MOrpy3Ka ariiomepara. JTo
BJICUET 32 COOOM JOTOTHUTENHFHYI0 Pab0Ty MaHEBPOBOT'O JIOKOMOTHBA.

Tak, u3 190 BaroHoB-XOMMIepoB, OOCSCICUNBAIONINX CYTOYHBINH 00bEeM
MIEPEBO30K, B CPEHEM, 5 BarOHOB MO PA3JIUUYHBIM TEXHUYECKUM NPUUUHAM
HE MOXKET 00€eCIIeunBaTh IIEPEBO3KY arjioMepara.

AHaTUTHKA CTATUCTUMECKUX JAHHBIX MTOKa3aJia, YTO PadOTHI TI0 BOCCTAHOB-
JICHUIO pa00TOCTIOCOOHOCTH BAaroHa YacTO BEHITIOMHSFOTCS BHEIUTAHOBO. OCHOBHAS
MPUYHMHA — CPOK SKCILTyaTallMi BATOHOB B HECKOBKO a3 MPEBBIIIAET CPOK CITYXK-
OB, yKa3aHHBINA B PYKOBOJICTBE IO AKCILTyaTAIHH TOTO HITH MHOTO BaroHa. Pecypc
TaKMX BaroHOB BEChMa MaJl, UTO MPHUBOJUT K CUCTEMAaTUUECKUM OTKa3aM W BO3-
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HUKHOBEHHIO HEHCTIPABHOCTEH, a Takke HEOOXOMMOCTH ITOCTAHOBKH TaKUX Baro-
HOB Ha CIIEIMAIM3UPOBAHHBIE ITYTH sl IPOBEICHHS PEMOHTOB.

B 95 % cnyuasx cpok sKCIUTyaTallMu MOJTYBaroHOB-XOIIEPOB JOCTH-
raeT JBOMHOTO HAa3HAYEHHOIO CPOKa UX CIYXObI, a B 5-TH % ciydasx —
TpoiiHoro. Takasi CTaTHCTHKA MOATBEPIKIACTCS BEOMOCTSIMU MHBEHTAPHO-
O MapKa METAJLTYPrUUECKOr0 MPEATIPHSTHSL.

AHamm3 1o KOJIMYECTBY U XapaKTepy OTKa30B IOTyBarOHOB-XOMIIEPOB TO-
kazar: §9% u3 o0Iero KomyecTBa HENCIPABHOCTEH IPUXOIUTCS Ha TIOBPEIKIe-
HMSI PE3MHOBBIX MaTepraoB (IIPOKIJIAJIOK) TOPMO3HOM MarucTpaiv Barosa; 75%
- TIOBPEXJIEHUSI aBTOCLIEITHOrO YCTpoHcTBa; B 50% cilydaeB - HEMCIIPaBHOCTU B
pabote pa3rpy304HBIX JIFOKOB; 18% - mmactudeckas nedopmarist OOIIMBEI Ky30-
Ba; 3% OT 0011Ier0 KOIMYECTBa HENCIIPABHOCTEN MPUXOANTCS Ha OOHApPY>KEHHBIC
HapyIIeHHs! EIIOCTHOCTH CBAPHBIX COSMHEHHH U IIIBOB.

Takum 00pa3oM, OHOM U3 TIIABHBIX TIPOOJIEM, SBIISFOILIECHCS IPUYMHON Tie-
peboeB TPaHCIIOPTHO-TEXHOIOTMYECKOTo TIpoLiecca JOCTAaBKU CHIPbs HA TIPE-
TIPUSITUH, SIBJISIETCS TIPOoOJIeMa BpeMEHHBIX 3aTpaT Ha NMPOBEEHNE TEXHUYECKOTO
00CITY>KMBaHHs ¥ PEMOHTA BarOHOB, HAXOJISIINXCS B HEMCIIPABHOM COCTOSTHUHM, 1
CBSI3aHHBIE C Hel (DHAHCOBBIE 3aTPAThI MPEATIPHSTHS.

BJIMSTHUE 3ATPASHEHWSI KOHAEHCAIIMOHHBIX ITOBEPX-
HOCTEU HAT'PEBA HA UHTEHCHUBHOCTbD TEIIJIOIIEPEJAYN

B.FO. I'opsiuxun, doyenm; A.A. Anopees, doyenm, B.C. Kopuuenko, npeno-
oasamenv, Xepconckuti punuan Hayuonanvnoeo ynusepcumema
Kopabaecmpoenus,

B cBsBU CO CHIDKEHMEM HMHTEHCHMBHOCTH HM3KOTEMIIEPATYPHOW KOPPO3HMH
TIPU CKUTaHWK BOJIOMA3yTHBIX dMyibcuii (BMD) M BOBMOXKHOCTBIO YCTaHOBKH
KOHZICHCAILIMOHHBIX MOBEPXHOCTEH HarpeBa B YTHIIM3ALMOHHBIX KOTIAX HEO0XO-
JIAMO HCCIIEZIOBAaHNE MHTEHCHBHOCTH TEIUIONEpPENadyl B 3THX ToBepxHOCTAX. Ho
OTCYTCTBYIOT JIMTEpaTypHBIC JIAHHBIE O 3HAYEHHH KOd()(UIMEHTa 3arps3HEHUs
Egap = Osarp/ Aoy TIPH CKHMTaHKKM BMD, uTO onpesienseT Heau HCCIeI0BaHUIA.

Ha ocHoBe pe3ynbTaToB SKCIIEpUMEHTANIBHBIX NCCIIEIOBAHN KMHETHKH 3a-
IPSA3HEHMS TI0 Macce 3arps3HEHHI OMpesieseHbl TOMIMHBI 3aTPA3HEHUH O, B
3aBHCUMOCTH OT BOJIOCOZIEpKAaHMS TP TEMIIEpaTypax CTEHKH [, B IIperenax
60...220 °C. [dns aToro ObLIa OMpE/IeieHa HACHITHAS TUIOTHOCT 3arpsi3HCHUM,
3aBHCSIIAsI OT TMIOPUCTOCTH CIIOSI C YIETOM T€OMETPHYECKHX MapaMeTpoB CHCTe-
MBI ¥ pacrpeereHus TBep/pIxX YacTrI] B cjioe. Ha ocHOBe MpoBeeHHbIX Hccie-
JIOBAaHUH U JIUTEPATYPHBIX JAHHBIX MPUHSTO, YTO MPU CKUraHUM ''cyxoro" Tor-
JIMBA TIOPUCTOCTh HaxoxuTes Ha yposHe 0,3, a py 00BOAHEHHOCTH SMYIIBCUH JI0
30 % nopucrocts yBenuuuBaercs 10 0,48 BCIEACTBUE CYIIECTBEHHOIO YMEHb-
IIIEHUs] Pa3MEpOB YacTUIl U BO3/IEHCTBUsI 3ByKOBoro moist. [lpu omnpeneneHnu
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TOJIIIMHEI 3arpsi3HEHHI HACHIITHAS Macca MPUHIMAETCS TI0 HACHIITHOM Macce OT-
ToKeHU TBep/pIX vacTHll. IlepeMeHHBIH XapakTep 3aBUCUMOCTH O, OT for,
00YCIIOBJIEHHBIN Pa3HbIM COCTOSTHHEM CJIOSl 3aTrPS3HEHHH (OT CyXOro 10 MOKpPOro
C TIPOMEXYTOYHBIM Y4aCTKOM MapOXKUIKOCTHOW CMECH), yKa3bIBaeT Ha HEOOXO-
JIMOCTb OTPEJIENIEHHS 3HAUEHUH Oyo, JUTS KAXKIOTO COOTBETCTBYFOILETO AMAra-
30Ha 3HAYEHHUH /. ¥ TpeOYeT COOTBETCTBEHHO MPOBEICHHS MTO30HHBIX PAcueToOB
KOHBEKTHBHBIX ITOBEPXHOCTEH B 3aBUCUMOCTH OT 3HAYEHHS /.

B pesysnpraTe NpOBENEHHBIX PACUYETHBIX MHCCIIEIOBAHUN ITOTYYEHBI
3HAYEHHs] SKBHBAJIEHTHOTO KO3()(hUIIMEHTa TEIIONPOBOAHOCTH A,y B 3aBH-
CHUMOCTH OT f.; ISl YKa3aHHBIX BAPHAHTOB COCTOSTHHS CJIOSI OTJIOKEHUH MpU
CIKMTaHUM CTaHIAPTHOro ToruuBa ¢ W' = 2% u BMD.

C nenblo IPOBEPKH JJOCTOBEPHOCTH TONYYEHHBIX PE3yIbTAaTOB pac-
YETHO-IKCIIEPUMEHTAIBHBIX MCCIIEIOBAHUN BBITIOIIHEHO CpPaBHEHHE C OITyO0-
JIMKOBaHHBIMH JIaHHBIMU. J[OCTOBEPHOCTD YKa3aHHBIX MPUHSTHIX JOIYIIe-
HUH MIPU ONPEJIeNIeHNH YPOBHS MIOPUCTOCTH CJIOS MPU CKUTAHUU CTaHAApT-
HOTO Ma3yTa OLIEHWBAJIACh 110 OKOHYATEJIbHBIM PE3YJbTaTaM ONpe/eIeHUs
KO3 bUIMEHTA 3aTPASHEHUS €sar, IUISI CYXUX MOBEPXHOCTEH, MpPECTABIIEH-
HBIX B HOPMaTUBHBIX JOKyMeHTax. CpaBHEHHE JaHHBIX ITOATBEPKIAET J0-
CTOBEPHOCTH MPOBEJICHHBIX Ha SKCHEPHMEHTAIBFHON YCTAHOBKE MCCIIEI0Ba-
HHI TIPOIIECCOB 3arpA3HEHUs IPH CXKUIaHUM TOIWMB ¢ W' '=2 %, Tak Kak
TIOJTyYEHHOE 3HAYEHUE €4, MPH CKOPOCTH Ta30B 8 M/C HAXOMUTCSA B 30HE
PEKOMEHJIOBAHHBIX 3HAUEHMH €. CIIENOBATENBHO, CIEAYET CUUTATH J0-
CTOBEPHBIMH W PE3YJbTAThl aHAJOTUYHBIX HMCCIENOBaHUNA KoddduireHToB
3arpS3HEHUS €4, OPU CXHranu BMO ¢ W' =30 %, npoBeIeHHBIX Ha Of-
HOH SKCHEPUMEHTAIBEHOM YCTaHOBKE 11O OJJMHAKOBOH METOJIUKE.

CornacHo pe3yabTaTaM MCCIENOBAaHUM TIPU ONMHAKOBOHW TeMIlepaType
CTEHKH M CKOPOCTH ra30B KOI(QOUIMEHT 3arps3HEHHS €5, PU CKUTaHHU BMO B
2...2,6 paza MeHbIIIE [0 CPABHEHHUIO C PEXUMOM CXKUTAHUSI CTAaHIAPTHOTO TOM-
nmBa ipu W= 2 % BcrencTBre BO3IEHCTBIS HENPEPBHIBHO JIEHCTBYFOIIETO 3BY-
KOBOT'0 TOJIsI, CO37aBa€MOr'0 MUKPOB3pbIBaMHU Kariens BMD.

PacuetHbie 3aBUCMMOCTH KO((HUIIMEHTOB TEIUIONEpPEaaul M TETUIOBOM
sddekTuBHOCTH { I CyXUX MOBEPXHOCTEH MPH £ ; BBIIIE TOYKH POCHI TApOB
KHCJIOTBI TIOKa3bIBAIOT, YTO Mpu Cxuranu BMD ¢ W' = 30 % 3tu mokasarenu
B 2 pasa BbIIE O CPaBHEHHIO CO CXKWUTAHHUEM CTaHJapTHOIO TOIUIMBA C
W' =2 %. Pe3ylnbTaTl paCYETHBIX MCCIEI0BAHMI CYyXHX ITIOBEPXHOCTEH MOKa-
3aJT, YTO TIpU TIepexofie Ha cxuranne BMD ¢ W' =30 % mnpemocrasisercs
BO3MOXXHOCTb YBEJIMUUTh MEPUOAMYHOCTb ouucTkH oT 1000 wacoB mpu
W' =2 % no 3000 yacos mpu W" =30 % (0 3HaYeHUAM KO>PDUIIUEHTA TeTI-
JI0BOW 3(()eKTUBHOCTH ¥ BENMUMHE a9POANHAMUYECKOTO COMPOTUBIICHHS).

I[pn ycTaHOBKE KOHIEHCAIMOHHBIX MOBEPXHOCTEH COOTHOIIEHHE 3HAYCHHI
9THX NOKA3aTeNel Takoe e, HO HIDKE JOMYCTUMOro ypoBHs. [losToMy pexoMeH-
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JTyeTCsl OCYILECTBIISITh OUUCTKY KOH/ICHCAIIMOHHBIX ITOBEPXHOCTEN yepes 8 u.

IIpu ompeneneHny NEPUOTUUHOCTH OYUCTKHU 110 a3POAUHAMUUECKOMY
COTIPOTHUBJIEHUIO YYHUTHIBAJIOCH YMEHBIIEHHE YHCIA PSIOB MO XOAY Ta3oB
BCJIE/ICTBHE YBeIMUYeHUS! KO3((UIMEHTOB Teruionepeaaun 1 { npu nepexo-
nie Ha cxuranue BMD ¢ W= 30 %.

[lonydeHHble 3Ha4YeHUS MEPUOJUYHOCTU OYUCTKH IOATBEPKIAOTCS
JTAaHHBIMH 3KCIuTyaTanuu cyaoBsix kotnoB KBI'-34K npu cxuranuu BMO ¢
W' =30 %.

MEPEBATU CIIAJTIOBAHHSI KABITALIMHUX BOJOIIAJIVB-
HUX EMYJIbCIN

B.FO.T opsauxin, doyenm, A.B.I'opsuxin, O.B.Konbacenxo, indicenep,
Xepcoucora inis Hayionanvrnozo yHisepcumemy xopabiedyoysanHs

MOXXITMBOCTI TTOKpAIIEHHS TIOKa3HUKIB PEXUMY T'OPIHHS IPY BUKOPHCTaHHI
BoponanmBHUX emyibciii (BIIE), 3poctaHHst TeroBuIijIeHHsT B TOIII, Kamepi
sropsiHHs JIB3, 3HIKEHHS SKONOTiYHUX TOKAa3HUKIB, 3HIDKEHHS IBUKOCTI KO-
pO3ii, 3MCHIIICHHS 3a0pyIHCHHS TTOBEPXOHb HArpiBy B camuX Komiax, B JIB3,
I'T/] i B cucTemax ra3oBiiBOIy JMMOBHX ra3iB i3 1ux arperatieB CEY 3anexats
BiJl pIBHS BIJIIOBIMHOI KaBITAIMHOI MiAroToBKK Bomw uist migroroBku BIIE.
Ipwu xaBiTaniiniit 00poOI 1i€l Boxu 10 KaBiTamiiroro uucna 0,2 3abe3nedyeTs-
Csl JIOIATKOBA aKTWBAIliSI TOPIHHS, 0O KaBITAIIHHO aKTMBOBaHA BOAA Y CKIIAJi
BIIE npuBHOCHTH BiMoBifHy Kiibkich ioHis H, OH B mammBomoBiTpsHy
CYMIIII JI0 TIPOXO/KEHHST MEPE/IIOTYM SIHUX IPOLIECIB.

B MomenT MikpoBrOYXiB kparens BITE B moBiTponanmBHii CyMilti 101aTKo-
BO 3'BIstOThCs ionu H' i OH, mio inTeHcudikye mporiec ropinns i 3abe3nedye
y4acTh IMX KOMIIOHEHTIB B IHTEHCH(IKAIl PO3BUTKY BOAHEBUX JIAHIIFOIOBHX pe-
aKiii okucHeHHs.. KpiM TOro, mpu IbOMY CTBOPIOETHCSI IHTEHCHBHE aKyCTHYHE
TIOJIe, IO BUTOBIIHO iHTEHCH(]IKYe MPOLEC TOpIiHHS 1 BIUIMBAE HA 3MEHILECHHS
BukumiB NOy. [Tpu isomy Mae mictie 30utbIIeHHs B NO; BMicTy NO, 1 HaOmmkeH-
w31 BiHOImeHAS NO, : NO 10 eKBIMOJSIPHOTO 3HAYCHHS B KiHII 30HH TOPIHHS, 10
3a0e3Medye aKTUBI3AIi0 aOCOPOIMHIX BIACTUBOCTEH AUMOBHX Ta3iB. Lle smrrie
PO3IIIIIAETRCS, SIK TEpIIOpsiiHe B opraHizamii ouncTtky rasiB Big NOy i SO..
36utsmeHnst BMicTy NO, B NO, npH KaBiTatiiHiii o0poOri Bomu mist BITE moxe
OyTH TOsICHEHE 3rimHO Teopii Mapryrmica (U070 MPOXOMKEHHS 3BYKOXIMIYHHX
peaxkiiiii) yreoperssM NO, y Bofi B mporieci i kaBiTamiidHol akTuBariii. Sk mokasa-
JIM Hallll HAYKOBI JIOCNI/DKEHHS, TAKES CIIiBBIIHOIICHHS (a00 ONM3BKE IO HBOTO)
TIPUPOITHO CTBOPIOETHCS B KiHIU 30HKM TopiHHs BIIE Ha OCHOBI cipuncTux op-
FaHIYHUX NATUB 3 BojtoBMicroM Oiist W= 30 % (BOJIOMANMBHE CITBBIIHOIICHHS
W = 42,8%) BHACTIIOK BIUIMBY iHTEHCHBHOI TYpOYJIEHTHOCTI, IO CTBOPOETHCS
npu MikpoBuOyxax kparenb BIIE B 30HI akTHBHOTO TopiHHA. Bimomo, mo mpu
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yJIECYFOYOMY TOPiHHI CTaHiapTHIX naymB (W = 2%) B IMMOBHX Ta3ax MiCTHTECS
3HAYHO MEHBIIIC OKCHIIB a30Ta, HK TIPY 3BUYAHOMY TIPOIIECi TOPIHHS, 10 BiTOY-
BAETHCSl BHACIIJIOK BUCOKOI PIBHOMIPHOCTI TEMIIEPATYpPHUX 1 KOHLEHTPAIHHUX
TIOJiB, 3HIKEHHS TemriepatypH rasiB 710 1500...1700K mpu 3Ha9HO MEHITIOMY Yacy
pearyBaHHs TIapy MajvBa 3 KUCHeM. Taki K SIBHITIA MAOTh MICIIC TIPH CTIATFOBAHHI
kapitaniiaux BIIE.

SIK TOKa3yloTh pPO3PaXyHKH i €KCIEPUMEHTANIBHI JIOCIIKEHHS TeM-
MepaTypu Ha BHUXOJI i3 30HM aKTHBHOTO TOPiHHSA, a TOTIM 1 Ha BUXOII i3
TOIKU 3HWXKYIOThCsl pubnn3Ho Ha 70...100°C, mo 4acTKoBO MOB’S3aHO 3
BUTPATOIO TEIIOTH HA BUIIAPOBYBAHHS BOJH, 10 MAEThCS B EMYJIBCii, aje B
OCHOBHOMY TIOSICHIOETHCSI 3POCTAHHSIM 1HTEHCHBHOCTI TEIUIOOOMiHY BH-
MIPOMIHIOBaHHAM: B jonoMikHUX Komnax (JK) Oinbpima wacTwHa TEmsioTu
MEePeNaEThCsl BUIPOMIHIOBAHHSAM Ha CKPaHHI TOBEPXHi, SKi MPaKTHYHO
YHUCTI BHACHIZOK IX OYMCTKM NpH MikpoBuOyxax kpamnens BIIE mpwm ii
ropinHi. [HTEeHCHQiKalis TeruI00O0MiHYy BHIPOMIHIOBAHHSM JO03BOJISIE a00
3MeHImTH po3mipu tomku (s K, mo mpoektyroThest), abo 301LTbIIUTH
BUTpATYy Iapy, 10 OTPUMYETHCS B €KpaHax TOIKHU i mparorounx JIK npu
ix mepexomi Ha cnamoBanHs BIIE, 1o 3a0e3mneuye pecypco30epeskeHHs.

Sk ToKa3aIM eKCIIEPUMEHTATBHI JIOCITIIPKEHHS BHACIJIOK il PO3IJITHYTHX
TIPOLIECIB Ma€ MicIie 3HIKeHHs Ha Brxozi 3 Torku NOy B 3,6 pasu (3 674 ppm 1o
187 ppm), SO, B 2,9 pazu (3 182 ppm no 63 ppm). IIpu Temmnieparypi raziB Hk4e
300 °C (mepen ekoHOMa3epoM) 3 sBISEThCsT aepo3oiib HySOy, 5K 1 B cipuaHO-
KUCJIOTHOMY BHUPOOHHIITBI 32 HITPO3HAM MEXaHi3MOM. 3TiJTHO JIITepaTypHHX
JIAHUX TaKe X 3HWKeHHs KoHueHTparii NO, Mae Miclie pH CrajfoBaHHI Cpun-
croi BITE 3 W =30 % B [IB3. 3acTocyBaHHS KOMILIEKCY TEXHOJIOTIH CIIAIIFOBAH-
ust BIIE 3 nporoHyeMOr0 BOZOMICTKICTIO 1 pa3oM, HAIpUKIAJ, 31 3BOJIOXKEHHS
HaJTyBHOTO TIOBITps a00 pa3zom 3 TexHonorieto EGR 3abezneunts mie kparimi
TIOKa3HUKH 3HIKEHHS KOHIICHTpaITii 0co0rBo NO, TiCIIs 30HU TOPIiHHS.

Ipu cramosarri BITE 3 BomoBmicrom Gimst W =30 % (W',=42,8 %) 3a
PaxyHOK OTpHMaHHS Maibke ekBiMarsipHOro criBBigHomenHss NO,: NO B razax
TIPUPOITHO 1 TOJIOBHE MOCTIHHO (3 MOMEHTY 3allaTFOBaHHs 1 ITOKH 1/1e TOPiHHST) CTBO-
PIOETHCS TTACHBALIiSI TIOBEPXHI METAITY 3 TEMITEpaTyporo Hibkde ToUku pock HySOy 1
TOMY 3’SIBJISIETBCSI MOMUIMBICTb CYTTEBOTO 3HIDKEHHSI HHM3BKOTEMIIEPATYpHOI KO-
pozii (HTK) xonzmeHcaniiiHOi OBEpXHI, [0 MATBEPHKYETHCS OTPUMAHNM NaTeH-
ToM. Lle siBUIIE J]a€ MOKIIMBICTH 3HIDKEHHS TEMITEpAaTypH HU3BKOTEMIIEPATYPHOI
rioBepxHi HarpiBaHHst 1o 70°C, a Temmniepartypa Biaxiguux rasis 1o 100°C.

Takum ynHOM, TIpY TIepexo/i Ha criamoBaHHs Kagitawiitnux BIIE y romos-
HOMY JIBUT'YHI, Ju3eibreHeparopiB i JIK 3a paxyHOK BKa3aHHX IiepeBar 3a0esrie-
YyEeTHCSl MOXKIIMBICTD 3HIDKEHHsI BUTpar nayvsa Ha CEY Ha 7...10% mpu cyrTeBOMYy
3HIDKEHHIO BUKH/IIB TOKCHYHHX PEYOBHH B aTMOC(EPY 1 BOTHE CEPEIIOBHIIIC.
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JOLLJIBHICTDH I IEPEBAI'M BAKOPUCTAHHSI CKPYBEPHUX
TEXHOJIOT' TN

A.B. I'opsiuxin, O.B. Konbacenxo, inocenep, Xepconcora @inis Hayionano-
HO20 yHIsepcumemy Kopaoaedyo0yeanHs

Jlst 3a0e3meveHHsT KiHIEBOiI OYMCTKH auMoBHX rasiB Bim NO,, SO, i
CO, 110 piBHSI, IO 3aIUIaHOBaHUK HOPMAaTUBHUMH JokyMeHTamu IMO, HeoO-
XITHO HE TUTBKU 3a0€3MEYNTH 3MEHIICHHS KUTBKOCTI CHAFOBAaHHS TMAJUB i
TIPOBEIEHHS 3aXO0/(iB 3MEHILICHHS BUKHIB TOKCHYHHUX PEUOBHH, & TAKOXK BHU-
KOpHCTaHHS Ha KiHIIEBOMY €Talli OYMCTKH ra3iB CKpyOepHUX TEXHOJOTIH.

VY BUmNaaKy cHajgroBaHHS CipuMCcTUX BoponanuBHUX emyiscii (BIIE) 3
BofoBMicToM Oint W '=30 % (BomomanuBHe CIHiBBigHOIIEHHS W' =
42,8 %) 3aBOIKU 3HIDKEHHIO KOHIIEHTparli okcuaiB a3ory Ha 30...35%,
MoxxuBocTi abcopOmii NO,, SO, i CO, KOHIEHCAIIHHUMH MOBEPXHIMU
KOTJIIB BMICT TOKCHYHUX IHTPEIIEHTIB Mepe CKpyoepaMu Oy/e 3HaXOANTH-
Cs Ha 3HAYHO HIDKYOMY PiBHI B ITOPIBHSHHI 3 CHCTEMaMU OYMCTKH, IO 3a-
CTOCOBYIOThCSI TIPH CHAJIIOBAHHI CTaHJAPTHUX Ma3yTiB.

VY Bunanky cnamtoBanHs BITE Ha ocHOBI BHCOKOCIpYHCTOrO Masyry,
KOJI CTBOPIOETHCS HaiOibIna KijbkicTh SO,, NOy, peKOMEHyeThCSl BCTa-
HOBJICHHS CKpyOepa 3 HacaJKol, Ky MOXJIMBO i HEOOXiTHO BHKOHATH i3
HEKOpO3iitHOro MaTepiany (kepamika, KHCIOTOCTilKa miactMmaca). Hacaaky
TIPOITOHYETHCSL 3POLIYBaTH PO3YMHOM KaTOJNITYy, IO aKTHBOBaHAa B KaBiTa-
Topi Juia iHTeHcH(ikaii mporecy abcopOiii. Temmneparypa 1IbOro KaToiiTy
TIOBUHHA OYTH Ha PiBHI TemIeparypu 3a00pTHOI BOIH — 000B’I3KOBO HUX-
ye TTP BoasiHOT mapwy, 110 3HAXOANTHCS B IUMOBHX Ta3ax (IpH CHaJIOBaHHI
BIIE 3 W '=30 % 1i 3HaueHHs 3HaXOAMTHCs Ha piBHi 48...50 °C B 3aex-
HOCTI BiJI BOJOMICTKOCTI eMyibcii). B mpoMmy Bumaaky Oyjae 3abe3medeHa
KOHJICHCAIlisT BOISHOI Mapu rasiB, mo Oyae (I0JaTKOBO JO TEIUIOTH ab-
copO11ii) CynpoBODKYBATUCS BUAUJICHHSIM BEJIMKOI KiJIBKOCTI TeruioTu. Bra-
CJIIJIOK IIbOT'O BOJIA HA BUXO/II 13 HACAJIKH ITiCJISl IEPEMIIITyBaHHS 3 TOTOKOM
ra3iB migirpierbes a0 80...90 °C (piBeHb TeMmmepaTypu 3a0e3MeUyeThCs
pETyIIOBaHHAM BUTPATH KaTOJITY Ha 3pOIIEHHS HACAAKH NpHU 3a0e3reueHH1
HeoOxigHoro piBHs abcopoOmii NO,, CO, SO,, CO,). [Ipu 3abe3neycHHI
BiJITIOBITHOTO PiBHSI JIY’)KHOCTI BOAM, 1110 H/1e Ha 3pOLICHHS 1 HeHTpai3alito
KHCJIOTHOCTI, PO3YMH Ha BUXOI 13 HAacaJKu Oyne HEHTpaIbHUM.

3aBISIKM OJIEP)KAHHIO B CKpYOepi NMPOMIKHOTO TEIUIOHOCIST (PO3YMHY
BOJIU 3 HEHUTPAJIBHUMU BIACTHBOCTAMHU) 1 3 Temrepatyporo 0iist 80...90°C,
3’SIBIIIETHCSA MOXKJIMBICTH IPH BCTAHOBJICHHI TEIUTIOOOMIHHHKA 3a0€3MCUUTH
migirpi Big 50 °C mo 70 °C »KUBWIBHOI BOJAM KOTIIB MICIS TEIUIOTO SIITUKA
(KoHIeHcaliifHOTO 0aka) 1 cucTeMH rapsaoro Bojonocradanus. [Ipu npomy
HEOOXITHO BIJ3HAYUTH, IO TEILIOTH IIHOI'0 MPOMIXKHOT'O TEIUIOHOCIS (PO3-
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YHH TicJIst CKpYOepiB) TOCTaTHHO HE TIIBKH JUISl MiAITPiBY KHUBMWIEHOI BOIU
Beix kormiB (K 1 YK), ane i nyist 3a0e3nedeHHs cHCTeMu rapsiaoro BoJoIo-
cTauaHHs cynHa, 00 B CKpyOepi BHACIIZOK KOHJEHCAIlli BOJISHOI MApH JH-
MOBHUX Ta3iB MOXKJIMBE BHUIUICHHS 0 8% HIDKYOI TEIIOTH 3TOPSHHS I1ajv-
Ba, 1[0 CMIATIOETHCS Y BCiX manuBocnamoounx arperatax CEY. Tak sk pos-
YHH TiCNIs CKpYOepiB HEHTpaIbHUI, TO MiirpiBay )KUBUILHOI BOJIH KOTJIIB 1
JUIE CHCTEMH Taps4oro BOJAONOCTadaHHS (B TOMY YHCHTI 1 JUIS MiJCYIIKA
ra3iB) MOJKHa BCTAHOBHTH 3 BYIJIELIEBOI CTalli, M0 OyJ0 HEMOXJIHMBO NPHU
Hioro o0irpiBi KOpO3iifHOAKTUBHUMH JUMOBHUMH I'a3aMU.

¥V Bunazky 3acTocyBaHHs B nanuBocnantorounx arperatax CEY nanus
3 BMICTOM CipkHu MeHIIe 2% B raszax Oyae MeHIa KiabKicTh SO,, a Takok
NOy, ocobnuBo npu cnamoBanHi BITE Ha OCHOBI IUX MMaaWB 3 MPUAHITAM
BOJIOBMICTOM. 3aBISIKM I[bOMY Ha BHXOJI i3 KOHJEHCAli{HUX MOBEPXOHb
JK u YK Bmict NOy, SO,, CO, Oyne MeHIINM, TO MPUHAMAETHCS PillIEHHS
(K BapiaHT) 3aMmicTh cKpyOepa 3 HAcaJKOK 3 IiJBUIICHUM aepoju-
HAMIYHAM OIIOPOM 3aCTOCYBaTH KOMILIEKC cKpyOepa BeHTypi 1 uKIOHY.

ExcriepuMenTanbHi 1 aHaNITHYHI JTOCHIIPKEHHS! MOKa3yloTh, IO MPH
CHAJIOBaHHI CTAaHIAPTHUX Ma3yTiB (MPH BiJCYTHOCTI KOHJEHCAIIHUX MO-
BEPXOHb HArpiBaHHS B JIONOMDKHHX 1 YTWIII3alifHAX KOTJIaX B 3B'S3KY 3
BHCOKMM pIiBHEM IIBHJIKOCTI HHU3BbKOTEMIIEPAaTypHOI KOpo3ii) B ra3oxoni
niepen ckpyoepamu koHnenTpais NO, 3HaxoauTbest Ha piBHi 700 ppm, SO,
— Ha piBHi 170 ppm, CO, — Ha piai 12 ppm. IIpu cnanosauni BIIE 3 W' =
30% 3a paxyHOK TypOyineHTHoro ropinas kasitariitnoi BITE i moxxmuBocTi
BCTaHOBJIEHHsI KOH/eHcaliiHnx nosepxonb B JIK i YK (B 3anexHocTi Bin
PO3MIpiB IMX MOBEPXOHb) PiBEHb KOHILIEHTpAII]l IIKIIJIMBUX BHKH/IB 3HaU-
Ho 3MeHmyerses. Konuenrpaniss NOy micnst ropinast B JIK ckmagae 190
ppm, micisa K (a takox YK) - 120 ppm, a micns ckpydepa Ha piBHi 30
ppm. Konnenrpanist SO, Biamosigno cknazae 60, 35 i 0,5 ppm. Konuen-
tpauiss CO, micnst KOHAEHCAIiHOI IOBEpPXHI 3HIKYETHCS 10 ~8 ppm, a
micist ckpyoepa 10 ~1 ppm. BkazaHi Mmoka3HUKH MOXIIUBO TOCSTTH 3aBSKH
BHCOKOI ©()eKTUBHOCTI POOOTH MOKDPOTO CKpyOepa, SKHH 3BOJOXKYETHCS
KaBiTallifHO aKTUBOBAHOIO BOJIOIO (edeKkTuBHICTH ynoBieHHS NO, = 80%,
SO, = 98%, CO, = 80%).
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SHEPI'O3®®EKTUBHBIE UHTEJ/UIEKTY AJIbHBIE
TEXHOJIOI'MU B CUCTEME KEJIE3HOJOPOKHBIX IEPEBO30OK
IMPOMBIIIJIEHHOTI'O Y3JIA

T A. I'vyyan, acnupanm, I'BY3 «IIpuazosckuil 20cy0apcmeentblil MexHUYecKull
VHUBEpCUmemy»

B Hacrosiee BpeMs BO MHOTMX CTpaHaX MHUpa BO3pacTaloT TpeOoBa-
HUS K TOBBIIIEHUIO 0€30MacHOCTH U (P PEKTUBHOCTH MEPEBO30K, BO3JIEH-
CTBUIO TPAHCIIOPTa Ha OKPYXAIOILYIO CPely, SHErpodp(PeKTUBHOCTU U pe-
cypcocOepexeHHIo Ha TpaHcnopTe. CBA3aHO 3TO ¢ IPSIMBIM BO3/EHCTBUEM
3¢ PeKTUBHOCTH (HYHKIIMOHUPOBAHMS TPAHCIIOPTHBIX KOMIUIEKCOB Ha HKO-
HOMUKY KaXI0ro rocygapcrBa. OcoOyi0 aKkTyallbHOCTb 3TU IPOOJIEMBI
UMEIOT JUISl CHCTEM JKEJIE3HOIOPOXKHBIX MEPEBO30K IPOMBIIIIEHHBIX Y3JI0B
BBHY KPH3HCHBIX SIBJICHUH B 9THX CHCTEMax.

OpnuM U3 Haubonee 3HAYMMBIX U 3((PEKTUBHBIX HANPaBJICHUH OINTH-
MU3aLUU 3aTPaT, ABJIAETCS BHEAPEHUE pecypcocOeperaomux HHHOBAUOH-
HBIX TEXHOJIOTMH, KOTOpOE CONPOBOXKAAETCS O3KOHOMHEH TOIUIMBHO-
SHEPreTUYECKHX PECYpCOB, BHEIPEHHEM COBPEMEHHOH ASJIEKTPOHHOW TeX-
HHKU, CHIDKEHHEM MaTepuaioeMkoctu u ap. Ocoboe MecTo cpeau Mexa-
HU3MOB pEUIEHHs MMPoOIeM SHeprodPeKTUBHOCTH U PecypcocOepesKeHns
3aHUMaeT MHTErpalysl HHTEIJIEKTya bHBIX TpaHncnopTHbIX cucteMm (MTC) B
OpraHU3aLUIO U yIpPaBIICHUE IePEBO30UYHBIM IIPOLECCOM.

WHrerpanbHeIM MokazaTenaeM 3(GQEKTUBHOCTH BHEIPEHUs WHHOBAIIU-
OHHOM TEXHOJOTUU B CUCTEME JKEIIE3HOJOPOXKHBIX IIEPEBO30K MOXKET CIIy-
KHUTh KO3((HUIKEHT OlleHKN 3((PEeKTUBHOCTH YIpaBIIEHHs! dHeprocoepexe-
HUEM:

Ae

als

op. min

k™ kun = “mpyounymu

r7ie Ae - aDCONIOTHOE N3MEHEHHE YHEProd((HEeKTUBHOCTH;
z, - 00beM k-ro pecypca B ynpasIIsioLel TeXHONOI UK,

Ef"i“ - MUHHUMAJIbBHOC 3HAYCHHUC HO’I’pe6J’IHeMOI>i KUHETHYCCKOMN OHEpruun

B IIEPEBO30YHOM IIPOLECCE 3a OTYETHBIN EPUO];
- K03(h(UIUEHT TPYAHOCTH MYTH.

mpyow.nymu

Pemenne BOMpOCOB BHEAPEHWS Pa3IMYHBIX WHHOBAIIMOHHBIX MeXa-
Hu3MOB ¢ npumenenneM M TC yxe Oyner ocCHOBaHO He Ha HKCIEPUMEHTE C
py4HOli 00pabOTKOW €ro CTaTHCTHYECKHX JAHHBIX, a HAa MOJETUPOBAHUU
paboTHI UcClIeayeMOl CUCTEMBI (MIIM TIOICKCTEMBI) C KOHTPOJEeM K03 du-
LIMEeHTa OLEHKH 2P PEKTUBHOCTH yIIpaBIIeHUs SHEProcOepekeHHEM.
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IIpenmyiiecTBOM HMHTEIUIEKTyaIU3alMd TPAHCIOPTHONW CHCTEMBI XKe-
JIE3HOJOPOXKHBIX MEPEBO30K B IMPOMBIIIIEHHOM Y3JI€ SBISETCA TAKXKE BO3-
MOXHOCTh pacimupenust pynkunonansHoctd UTC Gnarogapst MOy IbHOMY
NpUHIUNIY €€ MOocTpoeHus. B manmpHeleM, B pacCMaTpUBAEMYIO CUCTEMY
MOT'YT OBITh WHTEIPHPOBAHBI MOAYIH «DKOJOTHYECKHH MOHUTOPHHIY,
«be30MacHOCTh TEXHOMOTMUECKUX MPOIIECCOB) U M.

3apyOeXHBIH ONBIT BHEAPEHUS HMHTEIUIEKTYaJbHBIX TPaHCHOPTHBIX
TEXHOJIOTUI B MEPEBO30YHBIN MPOLECC HA JKENE3HOAOPOKHOM TPAHCIOPTE
TIOKA3bIBA€T BHICOKYIO 3(p(heKTHBHOCTH 3a CUET MOBHIMIEHUST OE30I1aCHOCTH,
9KOJIOTHYHOCTH, CHIKEHMS HYHEPro3aTpaT ¥ H’KOHOMHHU PECYPCOB, YTO MOJI-
TBEP)KJAET NEPCIEKTUBHOCTD Pa3BUTHS ATOTO HATPaBJIECHUS U B Y KpauHe.

HOBBIINEHUE 3®O®EKTUBHOCTU PABOTHI TPAHCITOPTHO-
I'PY30BOI'O KOMIIVIEKCA ITPOMBIIIVIEHHOI'O IPEAITPUATUSA
IO BBII'PY3KE CMEP3HIETIOCA CbhIPbA

B.I'. IIoicenuako, nauanvrux cmenst 113 YIKIT, «[TAO MMK um. Hnvuuay

Pa3zpaborka 3(QQEeKTUBHOH TEXHOIOTMH pPabOTBl  TPAHCIIOPTHO-
IPY30BOr0 KOMILIEKCA MO BBITPY3KE CMEP3IIErocs ChIPbs CBS3aHa C HEO0O-
XOIMMOCTBIO €€ TIO3TAHOro penieHus. Ha mepBoM sTare TexHHYeCKoe pe-
LICHHE JOCTUTAaeTCs 3a CYET ONMPEACICHUS HOPMATHBHOH MPOIOIKUTEIBHO-
CTH pa3MOpPAXXUBAHHS U CTPOUTENHCTBA MOATOTOBHTENBLHOTO mapka. Ilpu
3TOM TPOAOKUTENIBHOCTh MOATOTOBKH CMEP3IIErocs ChIPbs K BBITPY3KE
cHI3UTCSA ¢ 24 - 25 yacoB 10 20 - 21 vaca, a cyrouHast IPOITyCKHAs CIIOCO0-
HOCTB Tapakeil pa3MOpaKMBAHHUSI YBEIHUUTCS 32 CUET UCKITFOUCHHS HEMpPO-
W3BOJUTENBHBIX OMEpalii U YaCTUYHO MEXKOIMEPALHOHHBIX MPOCTOCB JI0
300 BaroHoB.

Bropoii atan mpenycMaTpuBaeT MEPCIEKTHBHOE PEIICHHE HA OCHOBE
KOMILIEKCHOT'O MOJIX0/Ia TI0 COBEPIICHCTBOBAHUIO BCErO TEXHOIOTMYECKOr0
Mpolecca OCHOBAHHOTO Ha ONPEETICHHH HOPMATHBHOH MPOJOIKUTEIbHO-
CTH Pa3MOpPaKUBAHUS, UCTIONIB30BAHUH aKKYMYJIHPOBAHHOIO TEIlia U 00ec-
MEeYSHUH IOTOYHOCTH Tpoliecca. J{Js TEXHONIOTHYECKON JIMHUK ¢ TIOTOYHOM
cucTeMol paboThl pa3paboTaH rpaduk pexuma pa3MOpaKUBAHUS C HC-
TIOJTb30BaHNEM aKKYMYJIMPOBAHHOTO Teruia (puc. 1).
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Pucynok 1 — I'paduk pexxrMa pa3MopakuBaHHsI C UCTIOIb30BaHHEM
AaKKyMYJIMPOBAHHOIO TeIlIa

[Ipu pazpaboTke rpaduka YCTAHOBICHO, YTO TPHU MPOJOIKUTEIHHO-
CTH pa3MOpa)kuBaHusi B quana3zoHe 12-21 yac BOZMOXHO MPUMEHEHUE Ba-
pUaHTa MacCUBHOIO Pa3MOpPa’KMBAHHUS 3a CUET WCIOJb30BAHUSI aKKyMYJu-
POBAHHOI'O TEIUIa BHE CEKIMM rapaked pazMOpa’KMBaHUS Ha OTKPBHITOM
BO3JlyX€ Ha MyTsIX MapKa MacCUBHOI'O Pa3MOpPaKUBaHUS

JI7st TOTOYHOM TEXHOJIOTHMHU MOJTOTOBKH CMEP3IIEroCs CHIPbSl K BBI-
rpy3Ke HEOOXOAMMO HAJTHMYUE CIICIMATFHOIO KOMIDIEKCa O0BEIUHSIONIETO B
CBOEH CTPYKType TPaHCIOPTHOE 3BEHO, MPEACTABIEHHOE MOATOTOBUTENb-
HbIM MapKOM, MapKOM Trapaxked pa3MopakUBaHHs, MAPKOM MaCCUBHOI'O
pa3MOpakMBaHUsI M OXHUJAAHUSL BBITPY3KM BAaroHOB, MyTSAMH IOCTaAHOBKH
BaroHOB Ha BBITPY3KY. [Ipy 3TOM rapaku pa3MOpaKUBaHHS JTOJKHBEI OBITh
MIPOXOJTHOTO THIIA, a MOATOTOBUTENBHBIN MapK U MapK MacCUBHOT'O pa3Mo-
paXMBaHUS JOJDKHBI PACIIONAraThCs B HEMOCPEICTBEHHOM OJM30CTH OT
rapaxxed pa3sMopakuBaHUs U PA3rPy304HOr0 KOMILIEKCA.
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AHAJIIB3 IOKA3ZHUKIB POBOTH JU3EJIb-TIO3/1IB
3I'TAPOIEPEJAYEIO ITIOTY KHOCTI

O.J1. XKanxin, acnipanm, Yxpaincokuil OepoicagHuil yHigepcumem 3aii3HUYHO2O0
Mpancnopmy

Jlist aHamizy mapamMeTpiB JU3eNTbh-TI013/1a Ta OIIHKU HOTr0O TEXHIYHOTO PIBHS
3aCTOCOBYIOTH TaKi TEXHIKO-€KOHOMIYHI TTOKA3HUKH: ITUTOMa BUTpATa TAJIBa,
pecypc Ta TIOTYXKHICTh CHJIOBOI YCTAHOBKH (JTM3€IsI), Bara (HABAaHTAXKCHHS Ha
BiCB), CHJIA TSITH TPUBAJIOTO PEKUMY, KOHCTPYKIIHA ITBU/IKICTh, TPUCKOPEHHS
Ha MOYaTKy PyXy Ta YIOBUILHEHHS MPH rajbMyBaHHI, KUJIbKICTh MACaKHUPIiB Ta
KUTBKICTh MICITh JJISI CHIHHS, 3araJlbHa KUTBKICTh MiCIh (KOe(iIlieHT MiCTKOC-
Ti), KUTBKICTh MTACAXKUPIB, sIKa MPUXOAUTHCS HA OJHI BXIiIHI JBEpi, CKIIAI JHU-
3eNb-10i31a. BHOip MOKAa3HUKIB MOXJIMBO 3JIMCHIOBATH 32 METOIMKAMHE SIKi
0a3yroThcs Ha Teopii MHOXKHH (Ha Teopii OiHAPHKX BiHOILICHB).

Amnaniz eeKTHBHOCTI Ta YMOB pOOOTH JW3EIb-11013/1iB BUKOHAHO CTO-
COBHO TaKHX, sIKi MPAIIOIOTh Ha 3aII3HUNSAX YKpaiHHU Yy MPUMICBKOMY pyci -
J1 ta IP1A 3 rigponepenaueto, JIT1JI1 3 mokomoTHBHOO Tsiroro Ta JIEJI02
3 eJIEKTpoIepeIaueto 3MiHHOTO CTPYMY.

3a CKIAJHICTIO JU3Eb-TOI3AM 3ANTBHUI YKpaiHM 3HAYHO BiJpi3HS-
10Thes - Bix 3-x BaroniB y {1, AEJI02, woruprox y AIJI1 mo mectu y
JP1A. Iloryxnicte CY TakoX 3HaYHO BiJIPi3HAETHCS: Iu3enb-moizau 1 Ta
JEJI02 maroTh Maiike OJHaKOBY HOTYKHICTb, nu3enb-noizn JI1JI1 3nauno
6inbmry (1470 xBr) B mopiBHsHHI 3 iHmMMU. KOHCTpyKUiiiHA MIBUIKICTH
BIIIPI3HSAETHCA HE 3HAYHO, 3 MaKCUMaJIbHA IIBUKICTh HA IEPEroHi OIHAKOBA
y 1 Tta IEJI02 i IP1A ta ATJI1 npw 3HauHil pi3HuIi y ckianeHocti. e
BITHOCHTHCSl TaKOXX J0O MacH NOI3Ja - HaHOLIbII BaXKHH JTU3EIIb-TIOI3]]
JIUI1 y 411 ToH Mae MakcuMallbHy nacakupomictkicts y 1020 oci6. lec-
TuBaroHHnii J[P1A mae macy 346 TOH Ta MakCUMaJIbHY IacaXMPOMIiCTKICTh
y 1143 oci0b, To0TO HaiOLIBITY KiTBKICTh MacakupiB Ha 1 BaroH (190 ocib).

Huzenp-noizmu 11 ta JJEJI02 mpu maibke OJHAKOBiH MaKCUMAaJbHIN
Maci MalTh PI3HUIO MAaCaXUPOMICTKOCTI Maike y 190 ocib. Iloizn JP1A
IIpY HAHOUTBININ JJOBXKUHI Ma€ HAWMEHIITy Macy Ha ofiHe Mictie - 416,66 xr,
TOOTO TMOI3/M 3 Tiporepeiavueto MaloTh IepeBary 1o MacorabapuTHUM I10-
Ka3HUKaM Ta MacaKUpPOMICTKOCTi. [IMTOMI BHUTpaTu IMOTYKHOCTI AW3EINb-
moi3miB 3 rigpomnepenayero 1 ta JIP1A (Bigmosimuo 4,52 # 4,24 xBt1/1)
MeHIIi B opiBHsHHI 3 oi3noM JIEJI02 (4,74 kBT/T) 3 enekTpornepenayeio.

Sk mokasye aHai3 MPUCKOPEHHS y BCIX PO3MIITHYTHX IHM3EIIb-II0I3/IiB
MIPUCKOPEHHS (DaKTHYHO OJIHAKOBE W HE 3aJIeKUTh BiJ THITy nepenadi Io-
TyXHOCTi. HaBaHTa)keHHS1 Ha peliku KOIii BiJ KOJICHHX Iap, IO PYXaroTb,
Ha AW3ENb-TI013/1aX 3 TiIpaBIivyHO0 Iepeaayelo MOTY>KHOCTI 3HAYHO HIKYE
B TIOPIBHSHHI 3 €JIEKTPUYHOIO Tepeayuero siK 3 aCHHXPOHHUM, TaK 1 JIOKO-

109



EHEPT'O3BEPEXXEHHA HA TPAHCTIOPTI

MOTHBHUM HPHUBOAOM. TakvuM YHHOM, JM3€Ib-TOI3AM 3 TiJPaBIivyHOrO IIe-
penaydero MOXyTh eKCILTyaTyBaTUCS Ha KOJIi1 3 JIETKOIO BEPXHBOIO OYy/I0BOIO.

[TuroMi BuTpaTH manvBa Ha TATY JAW3ENB-TIOI3/IB HA PI3HUX 3ali3HU-
IIX 3HAYHO Bi/IPI3HSIOTHCS HaBITH y MOI3AiB onHiei cepii. Lle mos'sa3ano 3i
CTaHOM, B OCHOBHOMY CHJIOBHX YCTaHOBOK, TEPMIHOM CIIY>KOHM Ta yMOBaMHu
eKCILTyaTallii, MOKa3HUKaM1 pOOOTH JTU3EIbHUX JBUTYHIB.

HaiimeHnmry nutomy BUTpaTy NanuBa MaroTh AW3eNb-oi3au cepu JJP1A
(He MUBJISYMCH HA MOHAJ HOPMAaTHUBHUM MpoOIr Bix moOymoBn), sika Ha IliB-
JeHHo-3axinHol 3anizHum ckmagae 70,87 kr/10*tkM GpyrTo, a HaiiGinbuia
Butpara y JI1 cepii AEJI02 3 enexTpudHOIO mepenayero notyxHocri - 131,15
kr/10*TkM 6pyTTO (pisHHLS Y 54%). MeHIIi BUTpaTH MaNBa AU3e/b-TIOI3iB
J1 ta JIP1A nmosiCHIOIOTbCS TaKOX THUM, IO OMAJIEHHS MacaKUPCHKUX CaJlo-
HIiB BUKOHYETHCS TEIUIOTO0 OXOJIOUKYIOUOI PIAMHM JIU3EIs Ta TEIUIOTOIO Bijl
rizporiepenadi (y 3MMOBHH MEPioJ1 TOTIOBHIOETHCS KA3aHOM ).

BucnoBkmn.

1. 3acTocyBaHHSI TU3EIb-T10i3/1iB 3 IOKOMOTHUBHOIO TSTOIO ITOKA3aJIo iX
€KOHOMIYHY HEJOIJIbHICTh Y MPUMICEKUX NIEPEBE3EHHSX MTaCaXHPiB.

2. B sxocti mepenay MOTY)KHOCTI Ha AW3ENb-TI0I3/1aX BHKOPHCTOBY-
I0ThCSL BCI BiZIOMI Pi3HOBHAM Tiepesiad MOTyKHOoCTi. Hai0inpm mmpoko Bu-
KOPUCTOBYETHCS Tif[paBiivHa Imepeaada MoTyKHOCTi (84 % Binm 3arajabHOI
YHCENBHOCTI JU3EIb-TI013/iB Y KpaiHu).

3. AHaui3 ekcruryaranii qu3eib-NOoI3/iB MMOKa3aB, 10 Kpalli MOoKa3HH-
KU Y IPUMICBKOMY, MiCIIEBOMY CHOJYY€HHI MalOTh AWU3ENb-TI03/1U 3 TiJpo-
nepeavero MmoTyXHOCTI 31 ckinangenicTio M + 41 + M 3 THy4YKol0 cXeMoro
3MIHM KIJIBKOCTI TPUYINHMX BaroHiB, Hampukmaa: M + 2I1 + M,
M + IT + M. [loBuHHa OyTH niependayYeHa SKCIUTyaTallisl 3YSIUICHUX TOI3]IiB
(cucrema Oaratbox oguHUI), Hanpukiaax: (M + I1T+ M) + (M + I1 + M);
M + 211 + M) + (M + 2I1 + M) B 3asie:)KHOCTI BiJ] IOTped oreparopa repe-
BE3€Hb Maca)XUpiB.

4. TlepcnekTrBa MOAANBIINX JOCIIHKEHb TOJISrae y TOMY, 1100 po3po-
OuTH cXeMy TiIOpHIHOI CHIOBOI YCTaHOBKH JIM3ENb-II0i3/a 3 TiIpaBJIivuHOI0
Triepeiayero MOTYKHOCTI 3 3aCTOCYBaHHSM TiJIPOAKyMyJIsITOpa, 1110 AaCTh 3MO-
Ty YCYHYTH HEyCTaJIEHi MMPOLECH, 3MEHIIINTH BUTPATy IMaJIMBa i BUKUAMN K-
JUIMBHX PEUOBUH TPH pOOOTI IU3eNs Ha XOJIOCTOMY XO/Ii, 3pYILIEHHI 3 MiCIld
Ta PO3TOHI MICIsI CTOSHKH Ha BOK3aJlaX a00 3yIMHHUX ITyHKTAaX.
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JIOTMCTUYECKHIA OJAXO/ K YIIPABJEHHIO NPOLEECCOM
MOJAYM MOPOKHUX BATOHOB JJISI OTT'PY3KH F'OTOBOIA
MPOIYKIINU

E.B. Kupuyesa, accucmenm, I'BY3 «IIpuazogckuii 20cy0apcmeertblil mexHu-
YecKull yHusepcumemy»

[IpoGiema B3anMoOAEHCTBHS NMPOM3BOACTBA M TPAHCIIOPTA SIBIISETCS
HaunOoliee aKTyaJIbHOH B CIIOKUBIIMXCS YCJIOBHSIX PBIHOYHOW SKOHOMHKH.
TpaHCHOPTHBIE U3AEPKKH CEPHE3HO OTPAXKAIOTCA HA IKOHOMHUUECKUX MOKa-
3aTeNnsiX MPeANpUsTHS, TOBBIIAs Ce0ECTOMMOCTh €ro MPOAYKIMU U CHIDKas
NIPUOBLIb, TEM CaMbIM, YXYIIasi €ro KOHKYPEeHTHOCTIOCOOHOCTh. OCOOEHHO
BBICOKA 0Nl TPAHCIIOPTHBIX 3aTpaT U JIOTUCTHYECKUX U3JIEPIKEK B CTOUMO-
CTH FOTOBOH NPOAYKIUU METALTypPTHUECKUX MPEIIPUITHH.

B3aumMoneiicTBue TpaHCIIOPTa M MPOU3BOACTBEHHBIX 1[EXOB UMEET JBa
acriekTa. Bo-mepBbIX, npou3BoAcTBeHHO-TpaHcmopTHas cucrema (I1TC)
CBA3BIBAET MAarUCTPAIBbHYIO CETh JKEJE3HBIX OPOTr U MPOU3BOJACTBO, T. €.
BBINOJHSET BHEIIHKUE NepeBO3KU. HaneXHOCTh Takol CBSI3U 00yCIaBIIMBa-
eTcsl XapaKTepUCTUKAaMHU MOCTYMAIOIIEro Ha MPEeANpUsITHE BarOHOMOTOKA U
pe3epBaMH Ha CiIydail, €ClIM €ro HapaMeTphbl HE YIOBIETBOPSIIOT PACUETHBIM
BeIMuMHaM. IIpu 3TOM NpOXOXJIEHHE BaroHOMOTOKOB IO TPaHCIOPTHOU
CEeTH NPEIIPHUITHS OTPaHUUYEHO HOpMaM# 000pOTa BaroHOB BHEIITHECETEBO-
ro mapka M omnpefensercs MpOJOKUTEIBHOCTBI0 HAaXOXKJEHHS B TpaHC-
MIOPTHO-TPY30BBIX KOMILIEKCAX, KOTOPhIE TUKTYIOT TPeOOBaHUs MO CpPOKaM
U TIPOJOJKUTENILHOCTH NOTPY30UHO-BEITPY30UHBIX ONEpaLUid.

Bo-Bropeix, IITC — cBasyroliee 3BeHO NoApa3AeIeHui NpeaAnpusTus,
T.€. BBINOJHJET TEXHOJIOrM4eckue nepeBo3ku. Kpome BHyTpumpousBoj-
CTBEHHOU HEPaBHOMEPHOCTH, TPAaHCIOPTHOE OOCIYXHUBaHUE 3aTPYJHSAET TO
00CTOSITENECTBO, YTO NPOU3BOACTBEHHBIE PUTMBI 1I€XOB, B3aHMOIEHCTBY-
IOIIMX B TEXHOJIOTUYECKOM IIEMH, 3a4aCTyI0 HE COITIACOBAHBI.

Takum o00pa3oM, B YCJIOBHSX HEPAaBHOMEPHOCTH IPOMBIIIIIEHHBINH
TPAHCIIOPT BHIHYXKJIEH MOACTPAaUBATHCS K U3MEHSIOIMMCS pekuMaM pado-
Thl IIEXOB-IIOCTAaBIIMKOB U LI€XOB-NOTpeduTeneid. 3ajaua TpaHCIOpPTa CO-
CTOUT B TOJHOM YZOBJIETBOPEHHM TEXHOJIOTMYECKOTO PErilaMeHTa MpOM3-
BOJICTBEHHOT'O TIPOIIecca NPEIIPHUSITHIHA, TIPH 3TOM KpuTeprueM 3(hheKTHBHOH
paboThl TpaHCHoOpTa SIBJISETCS BPEMsSI HaXOXKIEHHS BaroHOB OOIIECETEBOTO
rapka Ha IOIbE3THOM ITyTH U 000pOTa COOCTBEHHBIX BarOHOB.

Jloructuueckuii MOAXOA K PEIICHUIO 3a]a4 YIpaBleHUs B JIOTHCTHYE-
CKUX LEMSIX TaHCHOPTHO-TPY30BOM CUCTEMBI NMPEANPUSATHS MO3BOIUI C HO-
BBIX MO3UIMH PaCCMOTPETh U YCOBEPIIEHCTBOBATh OPraHU3AINIO MPOIYCKa
1 niepepabOTKH TPY30BBIX MOTOKOB IS OOECIie4eHHss CBOCBPEMEHHOM 0-
CTaBKU I'Py30B INPOM3BOJACTBEHHBIM 1I€XaM U BBIBO3a T'OTOBOW NMPOAYKIUHU
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notpedutensiM. Ha MeTaurypruueckux NpeanpUsITUSX JTOrMCTUYECKUMMU
HEMIMH MOXKHO TIPEJICTABUTH ITOTOKOBBIE MPOIECCHI: OT BXOJ1a Ha MPEINpHU-
SITUE JTO [IeXa-TIOTPEOUTEIS.

CyIIHOCTh JIOTHCTHYECKOTO YMPAaBIICHUS 3aKII0YAeTCsl B COBEPILICH-
CTBOBAHUH B3aMMOJICHCTBUS MPOU3BOJCTBA M TPAHCIIOPTAa B paMKax pac-
CMaTpUBAEMOM JIOTHCTHYECKOM 1eNH MyTéM €€ EKOMITO3UI[MHA HA MOJIYJIH,
BBIJICJICHUU BEAYIIET0 MOIYJIsl, MPOMOJIKUTEIBHOCT TEXHOIOTHUECKUX
MPOIIECCOB B KOTOPOM SIBJISIETCS KDUTEPUEM YIIPABJIEHHS BCEH JIOrMCTHYEC-
KO I[EITH U YCTaHOBJIEHUE JIOTUCTUUECKOTO KPUTEPHSL.

IIpuMeHeHHE MAHHOTO METOa K PEIIECHHUIO BOIMPOCOB IMPOJABUKEHHS
BaroHOMOTOKOB SIBJISIETCSI MEPCIIEKTUBHBIM HAIPABJICHHEM B OpPraHU3aIlHU
TPaHCHOPTHOrO OOCTYKUBAHHS IPOM3BOJICTBA.

WccnenoBanusi mokas3ajid, YTO JIOTUCTHUECKMH KPUTEPUU SIBIISIETCS
KOMIUIEKCHBIM TIOKa3aTelieM, XapaKTepU3YIOIUM KPOME YKa3aHHBIX IMTOTO-
KOB BaroHOIOTOKU, HEOOXOAUMBIE TIPH OTIPY3Ke MPOAYKIUH. Takum oOpa-
30M, MOYKHO CJIEJIaTh BBIBOJI, YTO JIOTUCTUYECKUIM KPUTEPHA, COEPKAIIHI B
cebe MPOIOKUTEIBHOCTh TEXHOJIOTMYECKUX OMepaluii, 1aéT BO3MOXHOCTh
orpeieIeHusI He TOJIBKO OOIIEl MPOAOIKUTEILHOCTH NPEObIBAHUS CUHTE3-
MOTOKA B TPAHCIIOPTHO-TPY30BOM KPMILIEKCE OTIPY3KU, HO M BPEMEHHBIX
MapameTpoB, CBSI3aHHBIX C BArOHOMOTOKOM. K HUM OTHOCSITCS: CPOK MMO1auu
MOABMXKHOTO COCTaBa Ha CTaHIIMIO, OOCTY)KMBAIOIIYIO MPOKATHBIA IEX;
CpPOK T0JIa4 TIOABUYKHOTO COCTaBa B MTPOKATHBIN 11E€X; CPOK YOOPKU TPpyxé-
HBIX BarOHOB U3 II€Xa.

Takum 00pa3oM, 1enecoodpasHo B KauecTBE METOa HAXOXKICHHS OIl-
TUMAaJIBHOTO BPEMEHHU MMOA00pa U MOJaud MOJBUKHOIO COCTAaBa B IMPOKAT-
HBIA 11€X B COOTBETCTBHHM CO CPOKAMHM TOJa4YMd BAroHOB, YCTAHOBJICHHBIE
HOBOW TEXHOJIOTMEH OpraHu3alii B3aMMOJICHCTBUS MPOKATHOrO I€Xa U
TPAHCIOPTa, MPUMEHEHHE JIUHEWHOrO MPOrPaMMHUPOBAHHS.

ITpu moMoIM MaTeMaTHUeCKOro amnmnaparta JUHEWHOrO MpOrpaMMHpPO-
BaHHs ONMpPEJeIEH ONTUMAIBHBIA PEKUM B3aUMOJCHCTBUS MPOKATHBIX IIe-
XOB UM TPAHCIIOPTa B PEXKUME PEATbHOIO BPEMEHH, & UMEHHO: CYTOUHBIN
IUIaH MMOJIa4d BarOoHOB TOJ MOTPY3KY C YUETOM MPUHAUIEKHOCTH BAarOHOB
Pa3IUYHBIM COOCTBEHHHMKAM ITOJBMXKHOTO COCTaBa, OOECIIEUMBAIOIIHIA
HaMMEHbIIHE (PUHAHCOBBIE TIOTEPH TIPEIIPHUSITHI.
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BUKOPUCTAHHSA AJTbTEPHATUBHUX JIXKEPEJI EHEPTTI HA
JOKOMOTHUBAX

C.O. Kinmep, cmapwuii 6uxnaday, Jlvsiscoka inis /[Hinponemposcbko2o Ha-
YIOHAIbHOZO YHIBepCUmenty 3ai3HUYHO20 Mpancnopmy im. akao. B. Jlazapaua

B ymoBax pi3koro rnogpopoxxyaHHs HaQTONPOIYKTIB, BHYEPIIAHOCTI TIPH-
POIHUX PECYpCIB Ta 3arpO3H SKOJOTIYHOI KPU3H, Y BCbOMY CBITI IOCTAE MHTAH-
HsI TIPO 3MEHILICHHST €HEPrOCIIOKMUBAHHS. 3 OISy Ha 1€ CyJacHHi TPaHCIIOPT
CTaBUTb yce OLIBII )KOPCTKIII BUMOTHY JI0 €KOHOMIYHNX, TOKCHYHUX 1 €Hepre-
THYHUX TIOKa3HHKIB MOPITHEBOTO JBUTYHA BHYTPILIIHHOTO 3TOPSIHHSI.

3ani3HUYHWIA TPAHCHIOPT € OAHMM 3 OCHOBHHX HAaWOUTBIIMX CIIOKMBAYiB
TIAJIMBHO-EHEPTeTUYHUX PECYpPCIB, a OT)XKE PO3B'I3aHHS MPOOIeMH eHepro3de-
PEXEHHSI CTOCYETHCS HE JIMIIE TPAHCIIOPTY, aJle i eKOHOMIKH KpaiHH B LIJIOMY.
O4eBHIHO, 1110 BUHUKAE HEOOXITHICTh Y PO3POOJICHHI CHCTEMHOT'O TiJIXOIY JI0
npoOieMy, sika nepedadae sk CTUMYITIOBaHHSI ONTHMI3allii eHeprocroXuBaH-
Hsl, TaK 1 BIPOBAPKEHHS] HAYKOBO-TEXHIYHHX 3aXOJIiB, sIKI CTA0LII3yIOTh PiBEHb
€HEProBUTPAT 1 3HIKYIOTh HEMPOAYKTUBHI BUTPATH HA TPAHCIIOPTI.

OHUM 3 HAWOUTBIT palliOHABHUX MUIAXIB SHEPro30eperkeHHs Ta ITiJI-
BHUIIIEHHS €KOJOTTYHMX ITOKa3HUKIB PYXOMOI'O CKJIQAy € BIIPOB/KEHHS Ti0-
pHUIHOI Tepeaayi Ha TEIyIoBO3aX, IO J03BOJIUTH BCTAHOBUTH Ha HHX /B3
MEHIIIOI MOTYXHOCTI 31 30epeKeHHAM HOro MOTY)KHICHUX XapaKTEePUCTHK.

HasiBHiCTh HakomuuyBayiB eHeprii y ckiaii TiOpuIHOI mepexadi Jo-
3BOJIUTD OLJIBII palioOHAIEHO BUKOPHCTOBYBATH aKyMYJIbOBAaHY €HEPTIIO.

INonoBHEHHS 3apsily HAKONMMYYBa4a MOYKHA MPOBECTH TPhOMA CIIOCOOAMH:
3a paxyHOK BUJIBHOI IOTY)KHOCTI JIBUTYHA, BUKOPHCTOBYIOUHM €HEPTiI0 TaIbMy-
BaHHS T10i3/1a Ta EHEPrilo albTepHATUBHUX HKepen eHeprii. Binomo, o komra-
Hieto Strukton Rail Equipment Oy mpoBezeHi TOCHIDKEHHS 3 BUKOPHUCTAHHS
COHSYHOI eHeprii Ha TAroBOMY PyXOMOMY CKJiai 3ami3HuLi. Humu sk po3pobiena
KOHLICTIIisi BAKOPHCTAHHS COHSYHHX NaHeNel Ha JIOKOMOTHBAX.

Binomo, mo maibke /1B TpeTHHM eHeprii nanuea B cydacHuX /B3 Bimgo-
JMTECS B atMocepy pa3oM 3 TerioM. ToMy IporoHyeEMO BIPOBaKEHHsT TEXHO-
JIOT1i TIePETBOPEHHS TEIUIOBOI €HEPrii BUXJIONMHKX Ta3iB B EIEKTPUYHY, SIKa 3a-
CHOBaHa Ha BUKopHcTaHHI edekry [TenbThe. BripoBamKkeHHs TepMOETEKTPUYHIX
TeHepaTopiB € HAHOUTBII MPHUIATHUMH JUIS TEXHIYHUX 3aCO0IB 3 JAMHAMIYHOO
1310F0, OCKLUTBKU YnM Otk 00epty [IB3 TuM OuThINe eNeKTpOSHeprii MOXKHA
akymymoBaTi. OYiKyeTbCsl, 10 MO/I0HAa CHCTEMa 3MOXKE JIaBaTH S-BiJICOTKOBY
€KOHOMito nastvBa, nijsuityrour KK/ nBuryHa BHYTpIIIHBOTO 3rOpsIHHSL.

B 2015 pori kommanist Panasonic mpe3eHTyBaia Tak 3BaHy TEPMOCIICKTPH-
YHY TPYOKY, 3aCHOBaHa Ha HOBiii CTPYKTYPI, 5IKa MO>KE BUPOOILSITH €IEKTPHIHY
€HEprilo, BUKOPHCTOBYIOUHM BHKIIIOYHO PI3HHUINIO TeMIlepaTyp. BpaxoByroun ix
TEXHIYHI XapaKTEPHUCTHKH, KOTPi 3asBIIFOTH PO3POOHUKAMH, MPOIOHYEMO IX
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BKIJIIOUEHHS y BOJSIHY CHCTEMY TEIUIOBO3IB, IO JJO3BOJIUTH OLITBII palliOHAJIEHO
BHKOPHCTOBYBATH €HEPreTUYHI PECYPCIiB JIOKOMOTHBIB.

BucHoBku. 3acTocyBaHHS HAKOITUYYBAYiB €HEPTii Ta aJbTepHATUBHUX
JOKEpEIl eHeprii Ha PyXOMOMY CKJIaJi JO3BOJIUTH IiJBUIIUTH HOTO €Hepre-
THUYHI Ta €KOJIOTIYHI ITOKAa3HMWKH, a TAaKOX 3HAYHO MOJIIIIUTH €KOHOMIYHI
MOKa3HUKH POOOTH CHIJIOBOI YCTaHOBKH TeruoBo3a. Cliiji 3a3HAYMTH, IO
TaKi eHeproaKkyMyJIlOl0Ul yCTaHOBKH MAIOTh 1€ OJJMH MO3UTUBHUH e(eKT, a
caMme MOXKJIMBICTb JJOIATKOBOTO MPOTPiBY JBUTYHA B XOJIOJHY IOPY POKY.

3HUKEHHS COBIBAPTOCTI IIEPEBE3EHD HA 3AJIIBHUYHOMY
HAINIPAMKY

0.0 Masypenko, doyenm, A.B Kyopsuwios, ooyenm, J{ninponemposcokuti
HAaYlOHAIbHULL YHIBEPCUMEem 3AI3HUYHO20 Mpancnopmy iMm. akao. B. Jlazapaua

B ymoBax pedopmyBaHHS 3aJi3HHYHOIO TPAHCIIOPTY YKpaiHH, MIMPO-
KOro BKJIFOUEHHS i B CUCTEMY MIKHApOIHHUX TepeBe3eHb BaHTaXIB, HEOO-
XiJTHO BUPIIIYBaTH CKJIaJHI MPOOJIEMH afanTalii 3a1i3HIYHOTO TPAHCIIOPTY
JI0 poOOTH B YMOBaX PHHKOBUX BIJHOCHH Ta 3a0€3IEUEHHS 3POCTAI0uuX
BHMOT JIO SIKOCTi Ta €(peKTHBHOCTI TpaHCIOPTHHUX mochyr. Cepen 0aratbox
npo0JieM, SKi ICHYIOTh Ha 3aJIi3HUYHOMY TPaHCHOPTI YKpaiHW, 3HAUHY yBa-
Ty NIpUBEpPTA€E NMUTAHHS 3HWKEHHsI cO0iBapTOCTI MepeBe3eHb BaHTaxiB. Bu-
PpIlIEHHS IIbOTO MUTAHHS Mae 06araTo HaNpsMKiB, TaK sIK COOIBapTICTh mepe-
BE3€Hb 3aJIKUTH BiJl 3HAYHOI KiJIbKOCTI BIUTUBAIOYHX (DAKTOPIB.

OpHUM 3 HamNpsIMKIB 3HM)KEHHS! COOIBapTOCTI IEepeBe3eHb € 3MEHIIEH-
HSl BUTpAaT Ha NPOCYBAaHHS BaroHiB 10 KiHIIEBOI CTAHII 32 paXyHOK pario-
HaJILHOrO BUKOPHUCTAHHSI PECYPCIB CTaHIIH Ta 3a1i3HNYHUX [IEPETOHIB.

Y 3B’s3Ky 31 3MIHOKO CTPYKTYPH BaroHOIMOTOKIB Ha 3aJTi3HUIIIX YKpaiHU HA
TEXHIYHUX CTaHIISIX 30UTHIIMIACh HEPIBHOMIPHICTh HAJXOPKEHHS BAaroHIB Ha
OKpeMi Npr3HaYeHHs. B cBOIO uepry 1ie mpr3BeNo /10 30UTbIICHHS! IPOCTOI0 Ba-
TOHIB INiJ] HAKOMWYEHHSIM Ta, SIK HACIIJOK, BIANPABIIEHHS HEMOBHOCOCTABHUX
noi3aiB. Taki nmoi3au, B mepepaxyHKy Ha OJIMH BaroH, IOoTpe0yroTh OUTBIIOL BU-
TpaTH pecypciB JyIsl iX mepecyBaHHs Ha 3aTi3HUYHOMY HaIPSIMKY.

OpHUM 3 HaIPSIMKIB, SIKMH J03BOJIsIE ChOPMYBATH Ta BiIPAaBUTH ITOB-
HOCOCTaBHHM I013/1 B CyJaCHUX YMOBaX (DYHKIIIOHYBaHHS TEXHIYHUX CTaH-
1il, € onepaTuBHE OPMYBaHHS JBOIPYITHHUX MOI3/iB HA 6a3i OHOTPYITHUX
NIPU3HAYEeHb JAiI0Y0ro IuiaHy (popMyBaHHs. 3aCTOCYBaHHS JITAHOTO PillIEHHS
noTpedye 3HAYHOrO Yacy ISl aHajli3y MOTOYHOro CTaHy CTaHIii Ta MpUiiH-
SITTSI IEBHOTO pillleHHs. J{JIs IIBUIKOrO BUPINIEHHS TaKUX MUTaHb HEOOXia-
HO pO3pOOWTH Ta BIIPOBAJUTH IOJATKOBI NMPOTrpaMHi PillIEHHS B iCHYIOUY
aBTOMaTHU30BaHy CUCTEMY KEpyBaHHS BAaHTQ)XKHUMU TT€PEBE3CHHIMH.
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Kpim 1poro, B mporeci (yHKIIOHYBaHHS 3a1i3HUYHOTO TPaHCIIOPTY, J0-
CHTb YacTO HEOOXIJTHO MPUIMAaTH ONEpaTHBHI PIIIEHHs! OJI0 3MiHA MapLIpyTy
PYXy T0i3Iy Ta BHOOpY paliiOHAIBHOTO MapIIPyTy Cepell MOKIIMBUX BapiaHTIB.
Tak sIk KO)KeH 3 MOXIIMBHUX MapIIPYTiB XapaKTepU3yeThCS CBOIM IUIAHOM Ta
nipodiieM Kouiii, HasBHUMH OOMEXEHHSIMH ILBHAKOCTI PYXY, TO 1X TIOPIBHSHHS
CJTiJT IPOBOIMTH 32 BUTPATaMH EHEPIeTUYHUX PECYPCIB.

Butpatn eHepreTHUHUX pecypciB MOMKIMBO BU3HAUUTH 32 JIOTIOMOTOI0
TSATOBHX PO3pPaxyHKIiB. AJie Taki po3paxyHKH IOTpPeOYIOTh Oarato yacy i €
TPYIOMICTKMMH, OTXKE iX HEMOXXJIMBO 3aCTOCOBYBATH JUISl OIEPATHBHUX
3MiH MapupyTy pyxy noiza.

[MpumBuAmMTH 1EH Tpolec MOXKINBO 3a JIOIOMOTOI0 OKPEMHX 3a-
JISKHOCTEH BHUTpAT eJNeKTpoeHeprii abo majuBa BiJ CEpeIHbOr0 YXHIIy Ie-
perony, siki 0a3yroTbCsl Ha aHalli31 MONEpeqHIX PO3PaxyHKIB JTaHUX BUTPAT
32 TATOBMMH pO3paxyHKaMH. Pe3ynbTaTH [OCHTIKEHb II0Ka3ajH, M0
HAWOLIBII TOYHO 3AJICKHICTH BUTPAT CJICKTPOCHEprii abo manmuBa Bijg ce-
PEIHBOTO YXWIIy TEPErOHY MOXKIIMBO OITMCATH 32 JOMOMOTOIO ITOJIIHOMY
JIPYroro MopsiAKy. Aje KOKHE OKpeMe piBHSHHs Oyne BipHHM TiIBKH IS
TIEBHOTO THITY JIOKOMOTHBY Ta BCTaHOBJIEHOI MacH moizzaa. OTxke, 10Hiib-
HUM € CTBOPEHHS CIMEHCTBa KPMBUX /IS PI3HUX HOPM MacH 1 THIIB JIOKO-
MOTHBIB. J{JIs MiZIBUIIIEHHST ONEPaTUBHOCTI MIPUHAHATTS PillIeHb 100 BHOO-
Py palioHaJIbHOTO MapUIPYTy Cepell MOXJIMBUX BapiaHTIB HEOOXiTHO po3-
pOOUTH BiTOBIIHUI IPOrPaMHUHA TPOTYKT.

Kpim nepenigenux npoOieM, 10 MiABUIIEHUX BUTPAT €IEKTPOCHEPTii
Ha TATY TOI3/IiB, MOXKHA BiJTHECTH MpoOIeMy HepalioHaJIbHOTO 3aIOBHEHHS
0i3/1aMU AUTHHUIG. [Ipy 3HAYHOMY 30UTBIICHH] KiITBKOCTI MOI3/1iB HA CHEp-
TOAUISHIN BiOYBA€ThCS MiJBUIICHHS BUTPATH CIECKTPOCHEPTIi depes ma-
JIHHSL HAaNpyrd B KOHTakKTHiM Mepexi. L{fo mpobieMy MOXIMBO BUPIMINTH
3a paxXyHOK yJOCKOHAJICHHSI CHCTEMHU KepyBaHHs pPyXOM II0i3/iB Ta ii iHTer-
paii 3 CHCTEMOI0 MOHITOPHHT'Y KOHTAKTHOT MEPEeXi.

[TizcymoByrOuM pe3ynbTaTd JOCIIIKEHb, MO>KHA BU3HAYUTH HACTYITHI
OCHOBHI IIUISIXM 3HIDKEHHS €Hepro3aTpar Ha TATY IOi3JiB: BHUSBIEHHS Ta
BHUKOPHCTAHHS ICHYIOUHX PE3EpPBiB, SIKi JJO3BOJSIFOTH ONTHMI3YBaTH €HEPro-
BUTPATH; YIOCKOHAJIEHHS CHCTEMH KEpyBaHHS PYXOM TOI3iB.

TakyM YMHOM MOXKHA 3pOOHMTH BHCHOBOK, IIIO /YISl 3HIDKEHHST COOIBAPTOCTI
TiepeBe3eHb Ha 3aJTi3HUYHOMY HAIPSIMKY HEOOX1/THO Y/IOCKOHAIMTH TPOLIEC MOi3-
JIOYTBOPEHHSI Ha TEXHIYHUX CTaHIIIsIX, PO3POOUTH Ta BIPOBAIUTH aBTOMATH30Ba-
Hi CHCTEMH KOHTPOJIIO BEAEHHS Ta 3HAXOIDKeHHs rmoi3iB. Crtin 3a3HaumTH, 110
3aIPONIOHOBaHI IMiJIXOAY 100 3HIKEHHs cOOIBAPTOCTI IepeBe3eHb Ha 3aJli3HUY-
HOMY HarnpsIMKy He TIOTpeOYIOTh 3HaUHMX KallTAJbHUX BKIIAJICHb Ta THMYACOBOL
3YIUHKH TIPOLIECY NTEPEBE3CHHS BAHTaXIB.
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PECYPCO3BEPEKEHHSI MYHIIIUIIAJILBHOT'O TPAHCIIOPTHOT' O
MIIITPUEMCTBA

LM. Matioposa, npoghecop, IBH3 «IIpuazoecvruil 0epiicagHuil mexHiuHu
VHIgepcumemy

JIroncTBO MOCTIMHO CTUKAETHCS 13 TI00AJIBHOI0 MPOOJIEMOI0 — HE00-
X1THICTIO TTOCTIHHO BHKOPUCTOBYBAaTH HPHUPOJIHI PECypCH, SIKI MAIOTh CXH-
JIBHICTh 70 ITOCTYIOBOTO 3MEHIIEHHS a00 IMKJIIIYHOTO OHOBJICHHS, i3 BH-
TpaTamMH 4acy, 10 Maike CTa€ HEMOXKJIMBUM Y CY4acHUX JMHAMIYHHAX yMO-
Bax po3BUTKY. OcOOIMBO rOCTPO IMMUTAHHS PECYPCO30EpPEXEHHS Ta Pecypco-
3a0Ia/DKEHHS TIOCTAE Y CYYaCHUX peallisiX, KOJIH CBITOBa €KOHOMIKa ITOCTA€e
nepes TaKMMU SIBUIAMH, SIK: HACIIJIKH CBITOBOI €KOHOMIYHOI KPH3H, IO
3MYIIY€E BBOAUTH PEXHUM MOCTIHHOI €KOHOMIi, Ta MOSIBM HOBUX, POIPECUB-
HHUX TEXHOJIOTIYHUX JOCATHEHb.

Hnst Ykpaiau pecypco30epeskeHHs HaOyJI0 «iJICONOTiI0 PO3BUTKY
MIPOMHCIIOBOT'O BUPOOHHIITBA», TOJIOBHOIO METOIO pecypco30epirarodoi mis-
JIBHOCTI € 3HIKEHHS PECYPCOEMHOCTI BUPOOHHIITBA Ta 3a0€3MEUEHHsT MaK-
CHMaJIbHO KOPUCHOTO e(heKTy 3aUIsl CIIOXKMBaYa BiJl BUKOPUCTAHHS OIUHHUII
npoxykuii [1].

BukopucTaHHsS NOHATTS «pecypco30epekeHHs» y HAyKOBil JiTepaTy-
pi BigHOCHO HOBe. Panimie B eKOHOMIYHIW Teopii Ta (iHAHCOBO-
TOCTIONIAPCHKIH JiSTTBHOCTI aKTUBHO B)XXMBAJIN TaKi MOHSATTS SIK: «EKOHOMIsI
pecypciB», «pEKUM EKOHOMii», a00 «e(heKTUBHE BUKOPHUCTAHHS PECYPCIB».
Ha nanmii wac Bci HaBejeHI BHIE TEPMIHM aKyMYJbOBaHI y TOHSTTS «pe-
cypco30epexeHHs», 10 € JOCUTh MICBKHM Ta OaraTorpaHHUM. Y HayKOBii
mpaii [2] momaHo Te3y «...II0 CydacHa IMBLII3AIS JOCSATIIA PIBHS PO3BUT-
Ky, Ha IKOMY 3pOCTaHHSI BAPOOHHUIITBA (h)aKTUYHO B yCIX Tajly3siX rocrojap-
CTBa 37aTHE 3/iHCHIOBATHCS B YMOBaxX MpPOrPECcyrouoi eKOHOMIKM 0e3 3airy-
YeHHs J0/IATKOBUX PECYPCIB Ta €HEepriiy».

Jns Ykpainu, 3 oriisiay Ha iCHYIOUYH TEXHOJIOTIYHI YKIIaJH i PO3BUTOK
MIPOMUCIIOBOCTI, 3aTsHDKHY EKOHOMIUHY KpH3y, Iporpecyrode 3yOOKiHHS
HaceJIeHHs, BIICbKOBUI CTaH BITYM3HSHI MiANPUEMCTBA HE MOXYTbH JI03BO-
JIUTH co01 BEJIMKI KaIliTaJIbHI IHBECTUIIIT Y KapIUHAIbHI TEXHOJIOTIYHI 3MiHH
BUPOOHMIITBA TOTOBOI MPOAYKIIii, 3aJydeHHs HOBUX IIPOrPECUBHHUX €KOJIO-
TiYHMUX 1 eHepro3depirarounx TexHosorii. ToMy roloBHUM ycminHuM Qak-
TOPOM KOHKYPEHTOCTIPOMOYKHOCTI BHCTYIIA€ PECYpCO30EepeKeHHS, L0 SB-
Jsie coOOr0 MIATPYHTS JJIsl 3HW)KEHHSI COOIBapTOCTI MPOAYKIIT 1 mociyr i
BUBIIbHEHHS (DIHAHCOBHX KOWITIB JJIsI MOAAJBLIOTO TEXHOJIOTIYHOTO IOC-
TYIOBOT'O YJJOCKOHAJICHHS TIPOLIECy BUPOOHHIITBA.

OpHUM 3 aKTyaJIbHUX IUTaHb, IO ITOTPEOYeE MOCTIHHOI yBaru sik aep-
’KaBH, TaK 1 periOHaJbHUX OpPTaHiB BIIAJH, € MUTAHHS YNPABIiHHI MYHIIH-
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MaJIbHUM PO3BHUTKOM. [Iporiec cTaHOBJICHHS! pUHKOBHX BiIHOCHH HOTpeOye
KOMIUIEKCHOTO PIllIeHHS! €KOHOMIYHHX, BUDOOHUYMX, EKOJIOTIUHHX 1 Ccollia-
JBHUX Mpo0sieM po3BUTKY Micta. Came B yMoBax ()OpMYBaHHS PUHKOBUX
BIJTHOCMH Ta BiJMOBH BiJ| JUPEKTUBHOTO LEHTPAJi30BAHOTO YIPABIiHHSI
colialbHUM, €EKOHOMIYHIM, IPOMHUCIIOBUM, TEXHIYHUM, 1HYPACTPYKTYPHUM
PO3BUTKOM MicTa MOTpeOye YIOCKOHAJICHHS. Y TOCKOHAJICHHS iCHYIOYOI
CHCTEMH YIPABIIiHHS PO3BUTKOM MYHIIMITAJIEHOTO YTBOPEHHS 3a JIOMOMO-
TOI0 JIOTICTUYHHX 1 pecypco30epiratounx Iixo/iB J03BOJISE 3HANTH pe3ep-
BU B Tajly3i TOBApHOTO PYXY, sIKi KOMIIEHCYIOTh J0/IaTKOBI BUTPATH Ha 3a-
JIOBOJICHHSI 3POCTAal0OYMX BHMOI MEIIKAHIB 1HIYCTpiaJbHUX MICT, SIKI €
CHOXKMBA4YaMU Ta MiIBUIIEHHS SIKOCTI iX 00CIyroByBaHHSI.

Ile mo-mepie, BiJHOCUTBCS O MPOOJIEM TEPUTOPIAIEHOTO PO3TaIIy-
BaHHS BUPOOHUYMUX, TPAHCIIOPTHHX, CKJIAJACBKUX KOMIUIEKCIB, GOpMYBaHHS
MaTepiallbHUX 3aIaciB, MaTepiabHO-TEXHIYHOI 0a3u MOCTa4aHHS i TOCIO-
JIApChKHX 3B’S3KIB, MapIIpyTH3alii MaricTpajibHUX Ta MPOMHUCIOBUX BHUJIB
TPaHCIIOPTY, KOHTeHHepHu3allii Ta MakeTyBaHHs, pO3POOKH OpraHi3aliiHo -
BUPOOHUYHX CTPYKTYpP YIpPaBIiHHA i T.1.

OCHOBHMMH  3aBAAaHHSMU  MYHIOWUIAJIBHOIO  TPAHCIIOPTHOTO
00’enHaHHs OyMyTh TaKi:HaJaHHS TOCIYT 3 OpraHizamii 1 yrmpaBJiiHHS po-
00TOI0 TPaHCIOPTHUX IiIPHUEMCTB OYIb sIKOi (POPMHU BIIACHOCTI 3 3a0e3-
TIEYeHHS MaCa)KUPCHKUX MICBKUX IepeBe3eHb, 1X iH(OpMaliiHOro, MpaBo-
Boro i (iHaHcoBOro oOCITyrOoBYBaHHS; 3BITHICTH MICBKOMY YIIPABIIiHHIO
TPAHCIIOPTOM MO0 SIKOCTI BUKOHAHHSI MACa)KUPCHKUX IIepeBe3eHb, iX iHTe-
HCHBHOCTI, O€3MeYHOCTi;opraHi3amnis i 00CIyroByBaHHS MicIlb TApKyBaHHS,
PO3MIIIEHHS 3YITMHOYHHX ITYHKTIB, TPAHCIIOPTHUX CIOPY/I, aBTOBOK3aJIIB Ta
aBTOCTaHIIN;(hOPMYBaHHS 1 PO3paxyBaHHS MapUIPYTHOI Mepexi MiChbKHX
MacaXMPChKUX MepeBe3eHb Ta ii yI0CKOHAIEHHS; PO3PaXyHKH Ta y3TOJKEeH-
HS TapuQiB i BAPTOCTI TPAHCIIOPTHUX IMOCITYT HA MEPEBE3CHHS MACAXKHUPIB i
BaHTaXY;y3rO/KEHHs] MapIIPYTiB PyXy Yepe3 MICTO NMPUMICBKOTO i MiXMi-
CBKOT'O NTACAYKMUPCHKOT0 TPAHCIIOPTY Ta IHIII.
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// AkTyanpHi Tpo0eMy eKOHOMIKH Ta yrpasiiHHs. — 2013. — Ne7. — Pexxum
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monsoeHa / E. Baiiizekkep, E. Jloeuc, JI. Jlopunc [nep. 3 anrn..A.Il. 3aaBa-
puunbka, B.JI. HoBikoBa].— M.:Academia, 2000. —320c.
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PETYJIIOBAJIBHI XAPAKTEPUCTUKU 4QS-IIEPETBOPIOBAYA 3
I'CTEPE3UCHOIO CUCTEMOIO KEPYBAHHA

B.I1. Hepybayvkuii, cmapuiuil uknaday, YKkpaincoKull 0epicashuil yHieepcu-
mem 3ai3HUYHO20 MPAHCNOPHLY

Bumorn 1o 3abe3nedeHHst SIKOCTI eNEKTPUYHOI €Heprii BHCYBalOThCS
Ha TEepIIWi IUIaH TpH BUPILIEHHS NHUTaHb Iepeaadi, NepeTBOPIOBaHHS Ta
PO3TONITY €ICKTPOCHEPTrii, K Y MPOMUCIOBOCTI TaK 1 Ha 3aJi3HUYHOMY
TpaHcropTi. Ha maHuii yac sIKOCTI NMEPBHHHHX IE€PETBOPIOBAYIB B CKIAII
TSATOBHUX EJIEKTPOIIPUBO/IIB €IEKTPOBO3iB 3MIHHOIO CTPyMYy HaiOiIbII I10-
IIMPEHO 3aCTOCOBYIOTHCS TIOAHI BUIPSIMIISTYL 200 TUPUCTOPHIH BUITPSIMIIS-
yi. CyTTEBHM HEJOJIKOM TaKWX BHIPSMIITYIB € €MiCis BHIMX TapMOHIK
BXI/IHOTO CTPYMY Y KMBJISTYY MEPEXY i BUIIMX FAPMOHIK BHXi/JIHOI HaIIpyru
B JIAHKY MOCTIITHOTO CTPyMYy, IO OOYMOBJIIOE 3HAYHI BTPATH ECICKTPUIHOT
€Heprii B TATOBOMY €JIEKTPOIIPUBO/II Ta BiJICYTHICTh MOKIIMBOCTI peaizamii
PEXUMY peKyIeparlii eHeprii, 10 3HWKae CHEProePeKTHBHICTH CHUCTEMU
€JIEKTPUYHOI TSTHU.

IcHye mocuth 6arato HUISXiB 3HIDKEHHSI €Micii BHIIMX TapMOHIK BH-
NPSIMHUX YCTaHOBOK. Cepes HUX € 3aCTOCYBaHHS MAaCUBHHUX (iIBTPIB, ax-
TUBHHX CHJIOBUX (UIBTPIB, aKTUBHUX BUIPSMIISYIB 3 KOpEKIi€o Koedirie-
HTa MOTYXXHOCTI Ta 1HIIKUX MeTOAIB. [IepCrIieKTHBHUM € 3aCTOCYBaHHS aKTH-
BHHUX YOTHUPUKBaApaHTHUX (#aii 4QS) mepeTBoproBayiB 3 KOPEKIi€IO Koe-
¢ilieHTa TOTY)XHOCTI B CKJIaJi TATOBHX E€JIEKTPONPHUBOJIB EJIEKTPOBO3IB
3MIHHOTO CTpyMYy (puc.1), IO JO3BOIUTH B 3HAYHIH Mipi MMOKPAIIMTH TTOKA-
3HUKH €IEeKTpOMarHiTHoI cyMicHocTi (nasi EMC) 3 )KUBIISTIOI0 MEPEKEIO Ta
3a0e3meueHHs1 JBoHampaBiieHOi mnepenadi eHeprii. Ilpore anropurmu
yrpasisHHS 4QS - mepeTBoproBaYaMy MOTPeOyIOTh MOJAIIBIIONO YI0CKO-
HaJleHHs. B 3B’513Ky 3 IMM CTOITh HAYKOBO-NIPUKIIAHA 3aa4a MOKPAIEHHS
EMC TsiroBoro enekTpornpuBoy Ta pealtisalisi npolecy pekyrepamii 3 Bu-
COKHMH MOKa3HUKAMU €JIEKTPUYHOI eHeprii.

e

4QS-nepeTBOpIOBAY

Pucynoxk 1 — CuiioBa cxema TATOBOTO €JIEKTPOIPHUBOJTY 3 BXIJJHUM
4QS-nepeTBoproBaueM
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Bukonano po3poOky Ta  JociipkeHHS — JBopiBHeBoro  4QS-
MIEPETBOPIOBAYA 3 CUCTEMOO ynpasiinas (1ani CY) nodymoBaHOi HA OCHOBI
ricrepe3ucHiit Mmoayssmii (puc.2). CY 3abe3neuye BUCOKI TOKa3HUKH EIIEK-
TPOMAarHiTHOI CyMiCHOCTI (KoeillieHT TapMOHIHHHMX CIOTBOpeHb <2% Ta
KOe(]IIiEHT MOTYXHOCTI>99%) Ta MBOHATIPABJICHY MepeIayy eHeprii.

Usux_3a60
erux Iex

l]eux

Perynsrop BuxigHol 5
HAIPYTH B PeXUMAX
BUIPSIMIICHHS 1

pekymepartii
Usx
— | @inbrp nepumx 0oVTI, VT4
rapMOHiK 0o VT2, VI3

Pucynok 2 — I'icrepesucHa cucrema kepyBanHs 4QS-nepeTBoproBaya

Ha ocHOBi piBHsSIHB eHepreTHdHOro Oanancy 4QS-mepeTBoproBaua 3
riCTEpEe3MCHOI0 CHCTEMOIO KEPYBAaHHS OTpPHMaHi aHAJNITH4YHI BUpasH, SKi
OITUCYIOTH PEryJIIOBAIBHY XapaKTepHCTHKY (puc.3), sika BU3HAUYAE 3aJIEXK-
HiCcTh BUXiHOI Hanpyru U, BiJ ONOpY HaBaHTaXEHHS R,, aMILTITY/IH )KUB-
ns4oro Hanpyru Uy, Ta peryaroBaabHOro koedinienra £:

U,UER)=43-U, R, 1 &

2 *
Umr(ng;g;IH,M) = 3(][{1‘77753 é,: ISX / sty (2)

our
zie 7 — koedilieHT KOpUCHOI Ail; I, — CHIHA 3aBIaHHs (HA3HOTO CTPY-
MY; Iy — CTPYM HaBaHTa)KeHHSI; ¢ — PETYIIOBAIBHUNA KOC(IIi€HT.
Ha ocHOBI oTprMaHUX piBHSHB MMOOY/JOBaHI PEryaoBalIbHI XapakTe-
pucruku 4QS-nieperBoproBaya ISl peXXUMIB BUIIPSIMIICHHS Ta PEKyIieparii.
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Pucynok 3 — PeryntoBanbHa xapakTepuctuka 4QS-nepeTsoproBauva:
1 — B peKHMi BUIIPSAMIICHHS; 2 — B PEXUMI peKymepaiiii;
b
3 — 0OMeKEHHS B PETyJIIOBaIbHI BUXITHOI HATIPYTH

Takum YHHOM, OJIepKaHI aHATITHYHI 3JISKHOCTI, IO OMHUCYIOTh PETYIIFO-
BaIbHI XapaKTepUCTHKH, TOOTO 3aJiexHICTh BuXimHOI Hampyrn 4QS-
MIEPETBOPIOBAYA BiJl PETrYIIOBAJIBHOrO KoedimieHta £ CHUCTEMH KepyBaHHS,
ONOpY HAaBaHTAKEHHsSI Ta aMILTITY/H )KUBIISTYOK0 MEPEXi, I03BOJISIIOTH pealti3y-
BaTH TIPOLIECH BUMPSMIICHHS Ta peKyrepalii B IMIMPOKOMY Jliara3oHi >KHBIIS-
YOIO HAIIPYT! MPH 33/IJaHOMY 3HAUCHHI HAIPYTi B JIAHII HOCTIIHOTO CTPyMY.

Jlitepatypa
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KOHIENNIA KEPYBAHHSA IBOMA TATI'OBUMUA
ACHUHXPOHHHUMMU IBUT'YHAMMU ITPU ’KUBJIEHHI
BIJ OJHOI'O IHBEPTOPA

JI1. Hixonaes, cmyoenm, P.A. Kpukyn, cmydenm, B.C. Boskynosuu,
cmapuwuii sukaaday, Hayionanvruii mexniunuil ynigepcumem Yxpainu
«Kuiscoxuii nonimexuiunuii incmumym imeni leops Cikopcoko2o»

KoHcTpykiis Bi3ka Barony perikoporo eiekrporpancnopty (PE) ckia-
JIAETHCS 3 IBOX KOJIICHUX Iap, KOXHA 3 SIKMX IPUBONTHCS Y PyX Uepes3 pe-
JIYKTOp OKPEMHUM TATOBUM acHHXpoHHUM aBurynoM (TA/D). 3 meroro MiHi-
Mizanii MacorabapuTHUX MOKa3HUKIB Ta BapTOCTI TATOBOTO EJIEKTPONPHUBO-
ny (TEIT) ocranHiM YacoMm HaOyjla HOIIMPEHHS CXeMa JKUBIICHHS JIBOX
TAJl Bix omHoro imBepropa [1]. B Toli e wac 3acTocyBaHHS THUIIOBOTO
Tprua3HOro MOCTOBOTO iHBepTOpa Npu KepyBaHHI aBoma TAJl mae psin
cknagHocTer. ['onoBHOIO npobiiemoro npu ekcrutyatanii PE € BUHHKHEHHS
TaKUX SBHI] SK «r03» a00 «OyKCyBaHHS» KOJICHHMX Iap Bi3Ka BHACHIJIOK
HEepiBHOCTI MOMEHTIB, SIKi ()OPMYIOTBCSl IBUTYHaMH, Yepe3 HasiBHICTH Ia-
paMeTpuuHUX 30ypeHb, OCOOIUBO Bapialliii akTHBHOTO oropy poropa TA/I.

Mertoro poboTH € po3poOka KOHIIEMIIil KepyBaHHs qBoMa TAJ] mpu »xuB-
JICHHI BiJT OJTHOTO iHBEPTOpA 3 METOO 3MCHINICHHS BIUIUBY MapaMETPUYHHX 30Y-
PEHB 1, SIK HACITIJIOK, YHUKHEHHSI TAKHX SIBHILI, SIK «03» 200 «OyKCyBaHHSD.

B Hacminok Bapiarlii akTHBHOTO OMOpY poTopa, (popMyBaHHS OJHAKO-
BOTO IPUBO/IHOT'O MOMEHTY KO)KHUM JIBUTYHOM HE MOJKJIMBE Yepe3 Pi3HHIII0
y mapamerpax JBUTYHIB Ta YMOB iX ekciuryaranii. IcHyroui crpaTterii kepy-
BaHHS JBOMa JBUTYHAMH BiJl OJHOrO iHBepTOpa, Taki sk Master/Slave
Control (MSC) ta Mean Control (MC) 4acTKOBO BUPILIYIOTH JJaHy Mpo0Ite-
My [2], ockinbku mpu MSC kepyBaHHI 3BOPOTHIH 3B'SI30K 32 CTpyMOM Ta
IIBUJIKICTIO BiJIOYBA€THCS 3a TOJIOBHUM JIBUTYHOM, B TOMW K€ Yac TOBEJiH-
KOO ITiJITOPSIKOBAHOT'O IBUTYHA HEXTYIOTb, LIO JJOCHTh YaCTO NPU3BOANTH
IIo «103y» abo «0ykcyBanHs». Ctpateris kepyBaHHs MC, sika mpejcTaBiieHa
Ha PUCYHKY |, € OLIbII MPUHHATHOIO, OCKUIBKH BUKOPUCTOBYETHCS ycepe-
HEHE KepyBaHHs JBUTYHaAMH, TOOTO (OpMyBaHHS 3BOPOTHHX 3B’SI3KIB 3a
CTPYMOM Ta HIBHAKICTIO BiOYBa€ThCs, K cepenHboaprU(PpMeTHIHE 3HaUCH-
Hs nBox TAJl. JlaHa cTpateris, Xxo4a i 3MEHITYE PI3HUIKO Y MOMEHTAX, IO
¢dopmye koxxern TA/l, ane moBHicTIO i1 He KOMIIeHCY€e. TOMY NIPOIOHYETHCS
3actocyBatu anroputM kepyaHHs R-IFOC [3] B kom0Oinamii 3i cTpaTerieto
Mean Control. 3amporionoBaHa cucrema Oynae ¢opMyBaTH BiJIIOBiTHE Ke-
pyBanHs aBoma TAJl 3 Meroro moBHOI kKomneHcamii pi3HUII (popMyeMux
MOMEHTIB JIBUT'YHIB.
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Pucynok 1 — @yHKITiOHaIEHA CXEMa TATOBOTO SJICKTPOIPUBOTY Bi3Ka

BucHoBku. B pe3ynbrari mpoBeeHOro aHaslizy BCTAHOBJIEHO IepcIie-
KTUBHICTh BUKOPUCTAaHHS KoMOiHarii anroputmy R-IFOC Ta crparerii yce-
penHeHoro KepyBaHHsA. Po3poOka Ta CTBOpEHHS MaTeMaTW4HOI MOZEN 3a-
MIPOMIOHOBAHOI CUCTEMH OyJie METOO IMOANBIIHNX JTOCIiKEHb.
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ONTUMI3AIISI TPAHCIIOPTHOI CUCTEMU IMIIIIPUEMCTBA
HLJIIXOM BUKOPUCTAHHSA OH-JIAWMH CEPBICY
«MYPABBUHAS JIOTUCTUKA»

O./1. Iouyosrcescoruti, ooyenm, JIBH3 « KHY», O.I1. Mamsitiuyx, oupexmop 3
PO36UMKY OH-TIALIH cepsicy «Mypasbunas 1o2ucmuxay

[IpakTiyHO Bci KpaiHu y CBIiTI MarOTh BIIACHY TPAHCIOPTHY CHCTEMY,
sIKa BUKOHYE 3HAYHUI 00’ €M aBTOMOOUTBHUX TiepeBe3eHb. OJJHaK 30KpeMa B
VYxpaiHi 1i JisIbHICTD Ma€ 3HAYHO MEHITY e()EKTUBHICTh y TIOPIBHSHHI 3
PO3BUHEHUMH KpaiHami [1].

OpHi€r0 3 MPUYMH SIKa CIIPUYMHIOE IaHy NMpo0ieMy € HeOakaHHS BH-
KOpPHCTOBYBATH aBTOTPAHCIIOPTHUMH i IIPUEMCTBAMH aBTOMATH30BAHUX
CHCTEM YIIpaBJIiHHS nepeBe3eHHsMU. [Ipu iboMy GaraTo KepiBHUKIB 3a0y-
BalOTh, 1110 €EKTHUBHE yIPaBIiHHS MEPEBE3EHHIMU Iepea0adac BUPiICHHS
JIBOX KJIFOUOBHUX 3aBJ[aHb: PO3PaXyHOK ONTUMAJIbHUX MapIIpPyTiB 1 KOH-
TPOIIb 1X NOTPUMAHHS.

Ha cporozHi Ha puHKY Y KpaiHu MPUCYTHHO OaraTto BUpOOHHUKIB
BiZINTOBIZTHOTO MIPOrPaMHOT0 3a0e3MeueHHs], O/IHAK JIMIIE HEBEJINKA KLTBKICTh
3/1aTHI 320€3MeYNTH IIOBHHUI CIIEKTP HEOOXITHUX MOCIYT: 3a0e3neyeHHs
BYACHOI JJOCTaBKH, ONTHUMI3aLlisi MApIIPYTiB PyXy, JOCTYITHICTh Ta IPOCTOTA
BHUKOPHCTAHHS aIMiHICTPaTHBHIM IIEPCOHAIIOM, IHTETpaLlis 3 iICHYIOUNM ITPO-
rpaMHHIM 3a0e311eYeHHSIM, BUKOPHCTAHHS B IKOCTI MOOLIBHOTO TOAATKY.

Ha ocHoBi ipoBesieHOT0 aHallizy BCTAHOBJIEHO, 10 OIHUM 3 HE YH-
CeIIbHUX NMPOrpaMHHX MPOIYKTIB € OH-JIalH cepBic «MypaBbHHasI JOTUCTH-
ka», po3podnennit POII «IIpuiimax O.IL».

3a J0MmoMororo nporpamMu TpaHCIOPTHA JIOTICTHKA, MOXKHa 3a0e3nedn-
Te MI00aIbHY aBTOMATH3aIliI0 TPAHCIIOPTHOI CHCTEMH, 3BECTH JI0 MiHIMyMY
JIIO/ICBKHUN (haKTOp 1 CKOPOTHUTH JIOTICTHYHI BUTPATH. ABTOMATH3ALIiS
TPAHCIIOPTHOI JIOTICTHKH BKIIIOYAE B ce0e: IUIaHyBaHHS ONTUMAIBHUX
MapuIpyTiB, MOHITOPHHT MapHIPyTiB, HTOBHUI KOHTPOJIb HAJl BUTPATHOIO
YaCTUHOIO, TUTIaH-(pakT aHai3.

Po3paxyHOK MapHipyTiB TOCTABKH MOYKHA i IOTPiOHO aBTOMATHU3yBa-
TH. SIKIO CKIalaHHsl MapIIpyTy Bpy4YHY BUMarae Bifl JIOTiCTa 3HAYHOT'O
Yacy 1 100poro 3HaHHS MiCIIEBOCTI TO IPH BUKOPHUCTaHHI cepBicy «Mypa-
BbUHAsI JIOTHCTHKA», (OPMYBaHHs MapLIpyTiB BUMAarae BChOro JEKiITbKOX
XBHWJIMH 1 HE BUMarae ocoOJIMBHX HaBHYOK. Brukopucrana B cepBici kapTa
JUISL JIOTICTUKH JIa€ HAOYHE YSIBJIEHHS BCi€i MOTOYHOI onepaTuBHOI o0cTa-
HOBKM Ha Mapuipyrax. [IpocTuii, iHTYiTHBHO 3po3yminuii iHTepdeiic 103Bo-
JIUTH Oy/Ib-IKOMY KOPHCTYBa4eBi IEPCOHAIBLHOIO KOMIT I0Tepa BUKOHATH
PO3paxyHOK MapIIPyTiB JOCTABKH, HABITH SKIIIO PAHIIIC BiH HE MaB JIOCBI Y
pobotu B moniOHUX mporpamax. [IporpamMa Jierko iHTerpoBaHa 3 00JIiKOBU-
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MU cucTeMaMHu 3aMoBHUKA. Hananuii APl 103BONUTE BUKOHATH PO3PaXyHOK
ONITUMAJBHUX MapIIPYTIB 1 cOPMYyBaTH PE3YAbTATH NPSIMO B OOJTIKOBUX
CHCTEMaX.

Cepgsic «MypaBbHHas JIOTUCTHKA) Ma€ HACTYITHI MOXKJIMBOCTI [2]:

1. BizyanbHe Npe/ICTaBICHHS TOYOK Ha KapTi— Ha KapTi MpeICTaBIeHi TOY-
KU JIOCTABKHU TPOJTYKIIiT, IIOCITiIOBHICTb TX 00'T3/Ty; MapIIpyTH MPOi3/Ty; CKIIa M, 3
SIKUX BiZIBAHTA)KYETBCS IPOJIYKLIis; CEPBICHI TOUKH (rapax, 3arpaBka i T.11.).

2. baraTohakTOpHA ONTUMI3allis — IPU PO3PAXYHKY MapIIPyTiB JO-
CTaBKH BPaXOBYETHCS Psill PaKTOPiB: rabapuTH, BAHTAXOITi JHOMHICTb, THI
aBTOMOOIJISI; THIT 3aMOBJIEHHX TOBapiB, IX Bara, rabapuTHI pO3MipH; TUMYa-
COBi OOMEXKEHHS 3 JIOCTaBKH TOBapy; KaTeropii Jopir, HaIpsIMOK pyxy,
pO3MiTKa, 0OMEXEHHS MIBUIKOCTI. PO3paxyHOK MapIIpyTiB MOXKE MPOBO-
JIUTHCS JJIs1 IBOX THITIB MapIIPYTiB: MiHIMAJILHUIA 32 I[IHOIO Ta 30aIaHCcoBa-
HUH 32 I[IHOIO 1 YaCoM.

3. O0nik 000B'I3KOBHX TOYOK 00'i3/Ty — 4aCTO BUHUKA€E HEOOXIAHICTh
3alpaBUTH MalIMHY MiJ] yac Mapipyty. KopucryBay Mae MOXIMBICTh
BU3HAYUTH MEPEINIK 1 HOCTIIOBHICTD iX 00'131y. OOOB'SI3KOBI TOUYKH BKIIIO-
YaroThCS B MAapIIPYT JOCTABKH 1 BPaXOBYIOTHCS NP ONTUMI3arlii.

4. ITnan-¢axt aHani3z — GPS-MoHiTOpUHT pakTHUHUX MapLIPYTIB i
TIOPIBHSHHSA 1X 3 IUNTAHOBMMU MapuipyTaMu. Lle ae kepiBHUKOBI rapaHTii
CYMIIIHHOCTI TIEPCOHAITY 1 Ja€ MOJIUBICTh BiAKOPUTYBaTH KOedillieHTH 1
MOYaTKOBI YMOBH, IO 331AI0THCS IPOTrPaMOI0 ISl PO3PAXYHKY.

5. Jpyk BuxiiHUX (hOpPM — CEpBIC JTa€ MOXKITHBICTH PO3JPYKYBATH KapTy 3
MapIIpyTOM, a TAKOK 3aB/IaHHSI HA PO3BE3EHHSI TOBAPY Y BHUIJISAl TaOJHII.

6. MapuipyT y Bofist Ha riaHmeTi. MoOimsHuit fogatok mig Android nae
BOJIi€BI MOKJIMBICTE 3aBXKIF OAUUTH MapIIpyT, CHOPMOBAHHIA JIOTICTOM.

7. IMIIOpT Ta EKCIOPT JTAHKUX — IHTETPAIlis CEPBICY 3 00JIKOBOIO CHCTEMOIO
KOPHCTYBay; JIa€ MOKJIMBICTh PO3POOHHKAM 3aBaHTAKYBATH 3asIBKU Ha JIOCTABKY
TIPOJLYKIIT 1 OTPUMYBATH ONTHMAITBHI MapIIPYTH Y Balllii 0OJIIKOBIH CHCTEMI.

BukopucranHs gaHOTO iH(GOPMAIIIIHHOTO IPOAYKTY Oyae MaTH
HAMOUIBIINI eEKT JINIE MTiCIs HAaTallTyBaHHS NPOAYKTY ITiJl peajbHi
YMOBH Ta 0COOJIMBOCTI KOHKPETHOT'O MiJIIPUEMCTBA.

Jlitepatypa
1. Bok FO. AHasi3 craHy TpaHCTIOPTHO! CUCTEMU Y KPaiHV Ta TIePCIIeKTVBH 1l po-
3euTKY [Enexrpornmii pecype] / FOpiii Bok // ColliaTeHO-CKOHOMIMHI IPOQIIEMH 1 JIepoka-
Ba.— 2015.— Burt. 2 (13).—C. 5-15. — Pexum noctyrny 110 KypH.:
http://sepd.tntu.edu.ua/images/stories/pdf201 5/1 Svyypyr.pdf. (lara 3eeprennst: 29.03.2017)
2. MypassuHas noructuka: [Enexrponnnii pecypc] URL: https://ant-
logistics.com/main.html (J{ata 3Bepuenns: 29.03.2017).
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ONTUMI3BAIIS EKCILTYATAIIIl TA PEMOHTY
JJOKOMOTHUBIB HA OCHOBI ITPOTHO3YBAHHSA 3MIHUA
IMAPAMETPIB iX BY3JIIB

B.I". ITysup, npogpecop, FO.M. /layyn, ooyenm, O.M. Obo3nuil, acucmenm,
Yxpaincexuil deporcasnuil ynisepcumem 3ani3HUNHO20 MPAHCAPOIY

[IporHo3yBaHHs 3MiHM ITapaMETPiB BY3JIiB JIOKOMOTHUBIB JIO3BOJISIE T10-
CTaBUTH 3aJ1a4i MOMEPEKCHHS 1X BIJIMOBH 1 ONTUMAJIBHOI OpraHi3aiii Tex-
HIYHOTO 00CITYTOBYBaHHS.

OHUM 13 NUIAXIB TiABHIICHHS ©()EKTUBHOCTI EKCIUTyaTallii JIOKOMO-
TUBIB € MEPEXiJl BiJl TEXHIYHOTO 00CIYrOBYBaHHSI 110 BUPOOITKY pecypcy J0
00CITyroByBaHHS 110 (PAKTUYHOMY TEXHIYHOMY CTaHYy.

THpopManiiHOI0 OCHOBOIO, Ha SIKili 0a3yeThCsl OOCITYyrOBYBaHHS, pe-
MOHT Ta HepeapeiicoBa MiAroToBKa Mo (pakTHYHOMY TEXHIYHOMY CTaHy €
JIesiKi anpiopHi BiIOMOCTI PO 3aKOHOMIPHOCTI TPOIIECY BiAXHMJIEHHS Hapa-
METpiB, a TAKOX [aHi KOHTPOJIO LUX IapaMeTpiB, IO XapaKTEepU3yIOTh
IHAMBIAYyadbHY “TIOBEIIHKY  KOXXHOTO KOHKPETHOTO JIOKOMOTHBA. [loBHE
BHUKOPHCTAHHS IIMX BiZIOMOCTEH J03BOJISIE SIKICHO TIO-HOBOMY CTaBUTH 3aJa-
4y 3a0e3neueHHs] HaJliiHOCTi, BUPILTYIOUH 11 JJIs1 KOXKHOTO OKPEMOT'O JIOKO-
MOTHBA 1HANBIAYaIbHO.

[HaMBITyanbHE TIPOrHO3YBAaHHS TEXHIYHOIO CTaHy JO3BOJISIE EKCILTya-
TYBaTH JOKOMOTHB JI0 TIOSIBM O3HAK HEOE3MEUHOr0 3HIKEHHS Mpale3/1aTHO-
cTi ab0 BUHMKHEHHS BiJIMOBH, BUKIIIOYHMTH INEpeAYacHi BTpy4YaHHS y HOro
poOOTY i BUKOHAHHS TPYIOEMKHUX Olepaliid 3 00CIyroByBaHHS Ta PEMOHTY,
110 MalOTh CYMHIBHY KOPHCTb JUIsl HAIHHOCTI ()yHKIIIOHYBaHHS.

Hexaii TexHIYHMH CcTaH IEIKOro By3ja JIOKOMOTHBA TMOBHICTIO Xapak-

TEPHU3YETHCSA HAOOPOM HOT0 BUXIJTHUX MAPAMETPIB Vi, Vseexs ¥, -

VY SKOCTI BUXIJHUX ITapaMeTpiB MOXYTh PO3TJISIATHCH TaKi Xapakre-
PHUCTHKH, SIK TIOTYXKHICTh, IPOAYKTHBHICTb, HAIIPyra, CTPYM, 4acToTa.
Binxunenns napamerpis (3MiHa BEKTOPY y = { Vs Viewrs )’n} eKCIulyaTa-

LIHUX XapaKTepHCTHK) BiOyBa€ThCs MiJ| Ai€I0 MHOXHMHU (DakTOpiB, CKila-
JIHICTh BpaxyBaHHS SKUX 3MYIIYE PO3IIISAATH IPOIIEC 3MiHH MapaMeTpiB K

JIesIKy BUMAJKOBY (YHKIIIO Yacy y(a),t),t eT,weQ, ne Q — mHo-

JKWHa elleMeHTapHuX nofiil; 1 — iHTepBan ekcrulyararlii Bys/jia JOKOMOTH-
Ba.

Ha iimMoBipHicHOMY mpocTopi (Q, F,P), ae I — anre6pa miaMHO)HH

muoxkunu €2, a P — iimoipHicHa Mipa, BuIAAKoBY (YHKIIiIO
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y(t) - {y}n MOXHa HpHﬁHHTH 3a 3arajibHy MOJCJIb MNPOLCCY BiI[XI/IJ'IeHHH
) j=0

rapameTpiB.
3amaua MPOrHO3yBaHHS TEXHIYHOIO CTaHy 1 HaJIHHOCTI BY3JIB JIOKO-
MOTHBA B KJIaCHYHIH (OpMi BUIIIAAA€ HACTYITHUM YHHOM.

3anaHi criocTepiraeMuii mporec Z (t ) ,t €T i Becnocrepiraemuii BU-

MaKOBUH MpoIiec W(l),l e T, CTATUCTUYHO IOB'I3aHuUi 13 z(l) . B moment

teT s Je T , C T', Bimoma peanisariis crioctepiraemMoro mpouecy z, (t) .
HeoOximHO maTh TOYKOBY OLIHKY HecrocTepiraeMoi BHNaakoBoi (yHKii
W(t) I MaiiOYTHLOTO MOMEHTY 4acy 7,7 T\T, 1O BIJIOMIi peaizartii
z, (t) .

HeBaxxko mokazaTtu, [0 3aJaya 3HAXOMKEHHS TOYKOBOI OI[IHKU
y()reTl \T,, anocTepiopHOro BUNAAKOBOro mpouecy " (t), nodynosa-
HOrO Ha OCHOBI ampiOpHOro NpoLecy y(t ) 1 BiApi3Ky peasizarii
v,(t),teT,.ne T, — inTepBai KOHTPOIS, MOXKE TPAKTYBATHCA SK 3a]aa

MPOTHO3yBAHHS TEXHIYHOTO CTaHYy.
3aaua 3HaXOPKEHHS HMOBIPHOCTI HEBUXOY YMOBHOT'O BiJJHOCHO pe-
3YJILTATIB KOHTPOJIIO BUNAIKOBOTO MPOIECY 1 (1) 3a MeXi 00acTi gomyc-

TMMUX 3HaueHb TapaMeTpis [) MpoTATOM IEBHOTO 4Yacy SABJSETHCS 3a/1a-
Yel0 1HIUBITyaTbHOTO MPOTHO3YBaHHS Ha/IiHHOCTI.

3amaua ONTHMAIBEHOTO TUIAHYBAHHS €KCIUTyaTalii 3a JaHUMH POTHO-
3yBaHHS 3HAuYeHb IapaMeTpiB Moke OyTu chopMyaboBaHa SIK 3ajaava

YIIPaBIIiHHS alpiOPHAM BHIAJAKOBHM IPOLIECOM y(t ) JUIsl BY3IIiB, IO HE

KOHTPOJIIOIOTECS, a0 SIK 3a/laua yHpaBIliHHS arlOCTEPiOpHUM BHITAJIKOBUM
P . . . .

nporecom ) ° (t ) TIpY 1HAMBIAYaJbHOMY TEXHIYHOMY OOCIYroBYBaHHI Ta

PEMOHTI BY3JIiB, IO KOHTPOJOIOTHCS.

PimenHsM Takoi 3a7a4i MOKe OYTH CTpaTerisi KOpEryBaHHS MapaMeT-
piB peiicy, o 3a0e3neuye 3aqaHi BUMOTHA HAMIMHOCTI MPH MiHIMAJIBHUX
EKCIUTyaTaI[ifHAX BUTpaTaXx.
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TEOPETHYHI IEPEJIYMOBH MOJEPHI3AIII TAJIbMOBOI
BAKLJIbHOI NEPEJIAYI Y BI3KAX BAHTAXKHUX BAI'OHIB

B. I'. Pasmok, doyenm, YKpaiHcoKull 0eporcasHuil YHIGepCUmen 3ai3HU4HO20
MPaHcnopmy

l'anpMoBa BaxijbHA Mepenaya, IO 3aCTOCOBYETHCS Y Cy4acHHX BaH-
TaXXHUX BaroHax, Oyna pospoOiieHa me B 1898 pori Ta moyana 3acTOCOBY-
BaTHcs y Bizkax tumy «Jlaiimona» (CILIA). BucokoksamidikoBana po3po0-
Ka BaXUTBHOI Iepeiavi y UX Bi3Kax Tak MoOymoBaHa, 1o 3MiHA B Hif X0U
SIKOTOCh KOHCTPYKTUBHOT'O €JIEeMEHTa YHM PO3Mipy MOPYIIYE PeryitoBaibHi
peryiaMeHTH B MeXax BChOI'O HOPMATHBHOIO Jiala3oHy 3HOCY KOJIOJOK i
koiic. Yepes 1e ii MoaepHizarllis moTpedye BCEOIYHMX 1 PEeTEIBHHUX JOCITi-
JOKEHb, 11100 HE MMOPYIIyBaTH HEOOX1THI eKCIUTyaTaliiHi XapaKTepUCTHUKH.

VY THMOBi{ raybMOBIH BaKiNbHIN nepeaadi ABOBICHOTO Bi3Ka 3 MPHEN-
HaHHSM BEPTHUKAIBGHOTO BasKells 10 OTBOPY Y PO3MIpIi TpiaHressl piBHOBara
TIOPYIIYETHCS, TPiaHTeNlb HAXMIISIETHCS /IO CITUPAHHS BEPXHIMH KpasiMH KO-
JIOZIOK y MOBepXHi Ko4yeHHs Kouic. Lle BinOyBaeThcs uepe3 Te, IO JIIOTh
rpaBiTaliiini cumu P+ P, (puc. 1), siKi BUHHKAIOTh BiJl BaTd MPHETHAHOTO

JIO OTBOPY PO3IIPKHU TPiaHTENSI BEPTUKATHLHOTO BAXKEITS.

Pucynok 1 — Cxema fii cH MiXk KOJIOJIKOFO 1 KOJIECOM Y BiIITYIIICHOMY
CTaHi rajbeMa

CXWJISIHHS KOJIOAKY JIO CIIMPAaHHS BEPXHIM KiHIIEM y KOJIECO 3yMOBJIE-

HO HasBHICTIO Biacrani / . Ilig gieto cunmu P+ P, Ha mede /, 3°SBIA€ThCA
KpYTHHUI MOMEHT CUJI

M :(P+PM)Z,, €))

ne P - rpasitamiiiHa cuia, sika yTBOPIOETHCS BiJl Bard BEPTHKAJIBHOTO Ba-

Kend 1 3aTSDKKM; P - AMHaMiuHA CKJIAJIOBa, sIKa BUHUKA€E BiJl KOJIMBaHb

BEPTUKAJIBHOTO BaXKeJsl 1 3aTSDKKM B 3a30pax WLIAPHIPIB MiJl 4ac pyxy;

[, - BincTaHp Bij mapHipa 3’€IHaHHS BEPTHUKAJIBHOTO BaXKEIsl 3 PO3IIPKOIO

1
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TpiaHTeNs J0 MIapHipa Mi/BIIIyBaHHS TaIbMOBHX OalIMaKis.

Jlist IbOro MOMEHTY CWJI CHIPUYMHSIE MOBEPTaHHS TpiaHressi HABKOJIO
LIapHIpiB MPUETHAHHS OalIMaKiB JI0 Mapy MasTHUKOBUX Mi/IBICOK Ta MpH-
THUCHEHHSI BEpPXHIX KpaiB KOJOJIOK J0 Komic. I3 HaBemeHOI cxemu il cui
CKJIaJICHO PIBHSHHS MOMEHTIB CHJI BiTHOCHO TOUKHM ITiABIIIYBaHHS Napu
raJbMiBHUX OaliMakiB i3 KOJOAKAMH Ha TPiaHTENi, MAlOYH HA yBa3i Te, MO0
3ycwist P+ P jie Ha JIBi TaJbMiBHI KOJIOJKH, IO HNPUTHCKYIOTHCS 10

oun.

MOBEPXOHb KOYCHHS KOJIICHOT napu

(P +P )l, =2RI, 2)
3B1IKHA
(P+P,)L
TR ®)

2

ne R - cuia peakiii BiJ CIIUpaHHs KOJNIOAKHU Ha Kojieco; [/, - miede Aii cu

peaxiii R 10 IIeHTpa miABiNTyBaHHS OaliMaka Ha MAasSTHUKOBI ITiIBiCKH.

Jlo HuHI 1151 ipo0ieMa BHPIITyBagacs MUITXOM 3aCTOCYBaHHS IIPUCTPO-
B, IKi NPUETHYIOTHCS O TPiaHTeNiB JUIS CTBOPEHHS HPOTHIIT 3yCHIUIIM
P+P . Ane iHTeHCUBHa JUHaMiuHa ii ckiaajgoBa P, Yy HemijpecopeHii

oun.

YacTHHI Bi3Ka B yMOBax eKCIUTyaTalii pyHHY€ sSK MOTYXHi, TaK 1 OpUTiHAIb-
Hi IIPUCTPOI.

Amnariz piBHAHB (2) 1 (3) moka3as, 110 IS JIIKBiIAIii HAXMITy KOJOIOK
NOTPIGHO 3HENMIKOAUTH KPYTHHII MOMEHT cHIl. Moro ckianoBi — e cuna i
mede. Yepes Te, mo 3ycwiuiss P+ P~ BUHUKAE Bifl Baru jeraneil Baxilb-
HOI Tiepenadyi, To MO30yTHCS HOro MPaKTUYHO HEMOMJIMBO. [HIIA cKiamoBa
MOMEHTY CUIl € IUlede /, 1 aHaji3 MOKa3as, IO IUIAXOM 3MIHH KOHCTPYKILii
MOXKHA AOCATTH YMOBH Koiu /, =0 . 11 1boro HeoOXiHO IepPEHeCTH OTBIp
HIapHipa y po3IipLi TpiaHres Ha OJHY NPsIMY 3 MapOl0 HMIAPHIPIB MiABIMIY-
BaHHS TpiaHrens. Y I[bOMY BHIAJIKy MOMEHT CHJI 3HMKa€ i BpiBHOBa)KeHa
chcTeMa YKOPCTKO 3’€JHAaHMX TpiaHTens i JABOX TajJbMIBHHX OalIMakiB i3
KOJIOJIKaMH He Oy/ie CXWIIATHCS JI0 CITUPAaHHs KOJIOJKaMHt y Kojeca.

Takum yrHOM OYJ10 BCTAHOBJICHO, 1[0 HEOOX1THO MOJICPHI3yBaTH PO3-
MPKY TpilaHresst 3MiHOIO PO3TAIyBaHHSM TEXHOJIOTIYHOTO OTBOPY IepeHe-
CEHHSIM HOro Ha pO3paxyHKOBY BiJICTaHb YOiK IIBeJIepHOI OaJTKU TpiaHTelsl.
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YJIOCKOHAJIEHHS EKCILTY ATAIIITHOI POBOTH
3AJBHALD

JLI Pubanvuenxo, cmapumii suxnaoay, /[.B. B siuil, mazicmp, Yikpaincoxuil
OepoicagHuil yHisepcumem 3a1i3HUUHO20 MPAHCHOPIY

TpaHCIIOpT € BaXKIIMBOIO T'ally3310 B CUCTEMI €KOHOMIKM KpaiHu. 3ai3-
HUYHHUH TPaHCIIOPT, HE3BAKAIOUM Ha 3HWKEHHS MOr'0 YacTKH B IEpEBE3eH-
HSX, SIK 1 paHille 3aJIMIIAEThCsl BAXKJIMBUM BHIOM CYXOITYTHOT'O TPaHCIIOp-
Ty, 0cOOIHMBO 3a 00csToM TiepeBe3eHux BaHTaxIB (10% cBiTOBOrO 00CATY).

3HavHa J0JIs BAHT)K000OPOTY Ta IMacakUpo0OOpOTY HAJISKUTH 3alTi3-
HUYHOMY TPAHCIOPTY, y NOPIiBHSHHI 3 (DYHKIIOHYIOUMMHU BUIAMH TPaHCIIO-
pTy B Ykpaini. Tpancnopt mae 3a0e3nedyBaTy 3Ha4UHY MPOIYCKHY 1 MPOBi-
3HY CIIPOMOYKHOCTI, PETYISIPHICTh PYXY, BUCOKY HIBHJKICTh TIEpEBE3€Hb.

Ha nmanomy erari po3BHUTKY PHMHKOBHX BITHOCHH € aKTyaJlbHUM ITi/IBH-
IICHHS TEXHOJIOTIYHOTO PIiBHSA POOOTH 3aNII3HUMYHOTO TPAHCIOPTY, N0 IHOTO
BIJIHOCHTBCS 1 YIOCKOHAJIEHHSI OpraHizallii eKCIUTyaTaliiHol poOOTH 3aTi3HHIIb.

OO00poT BaroHa € BaYKJIMBUM SIKICHUM MOKa3HHKOM Ha 3aJi3HUYHOMY
TPAHCIOPTi, IO Bio0paxkae poOOTY BCIX OCHOBHUX IMiJIPO3/ILTIiB 3aJTi3HUIIb.
[TpoBoxstuM OIS CTATUCTUYHMX JaHWX, IOJO0 KOJMBAaHHS 3HAYEHb IHOTO
TIOKA3HUKA, BUSBIISIETHCS, 10 HEOOXITHUM € 3MEHIIIEHHS HOro 3Ha4€Hb.

Tob6To, HOUIBHUM € IEeTaNbHUNA PO3IIIA]] CKIaJOBUX, SIKI MAIOTh BILTUB
Ha 3HAYCHHs 00OpOTYy BaroHy. JIo HUX BIJTHOCUTHCS MPOCTIH BAarOHIB IIiJl
OJTHIEIO OMEpAaIli€ro, Yac MPOCTOK BArOHIB Ha CTaHINSIX B OYiKYBaHHI Iojadi
abo BiampaBieHHA. UuM BHIIE TIPOCTOI, THM OLIbIIE 3HAYCHHS OOITy, IO
BKa3ye Ha HepallioHaJIbHEe BUKOPHCTaHHS PyXOMOTI'O CKJIay, sSIKe MOXe MpH-
BECTH JI0 HECTadi ITOPOXKHIX BaroHiB, a 3HAYMTH J0 HECBOEYACHOI mopaadi
IiI HaBaHTaXXEHHS, BHACII/IOK SIKOI 3aJIi3HHII MOXYTb IOHECTH 30WTKH.
Jls miHiMizalii iX 3HaYeHb HEOOX1THUM € CBOEUACHE pearyBaHHsS Ha 3MiHY
BaHTAXXOIMOTOKY 3 HEOOXI/HOIO IIBHJKICTIO, OpraHi3alisi ONTUMaIbHIX Ma-
PIIPYTiB BaroHOMOTOKIB, BUCOKAa TOYHICTh IUIAHYBaHHS KiJIbKOCTI 00’€MiB
HaBaHTa)KEHHS Ta BUBAHTAXKEHHS Ha 3aJI3HUIIIX.

Ha cygacHomy etamni poOOTH 3a1i3HUYHOTO TPAHCIIOPTY OLIBIIICTS ic-
HYIOUYMX aBTOMAaTH30BaHMX CHCTEM B IIEpIIy Yepry HalpaBiieHi HAa BUKO-
HaHHS iHQopMauiiHuX QyHKIiH (30ip, 30epiranHs iHdopmarii, T nepena-
4a), a He Ha BUPIIICHHS eKCIUTyaTalliiHuX 3a1a4.

B pesynbraTi BU3HaYEHHS TEXHOJIOTIH, IO MOB’S3aHI 3 BUKOHAHHSIM
eKCITyaTalliifHoi poOOTH Ha 3aJi3HMLMX, SIKI HOTPEOYIOTh YIOCKOHAIECHHS
JIACTh HANpPSIM HOBHM pPO3POOKaM, SKi € HEOOXIMHWMU JUTS TIiABHIICHHS
SIKOCT1 (DYHKITIOHYBAHHSI 3aJTi3HUIF B PUHKOBHUX YMOBaX, IO MOCTIHHO 3Mi-
HIOIOTHCSI HA OCHOBI HaJ[aHHs pillleHb eKCIUTyaTalliiHNX 3a/lad B yMOBax Jii
B OIlEpaTHBHIA 00CTaHOBIII.
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OPTAHIBAIISI BATOHOIIOTOKIB HA 3AJII3BHUIISIX YKPATHH

JLI Pubanvuenxo, cmapwuii suxnaoay, €.3. I'agpureyw, macicmp, Yxpaincoxuil
OepoicagHuil yHieepcumem 3a1i3HUUHO20 MPAHCHOPIY

3ami3HUYHUI TpaHCHOPT 3aiiMae OAHE 3 HAWBaXJIUBIIIMX MicCUb Yy
CTPYKTYpi QyHKIIOHYBaHHS JiepkaBu. B YkpaiHi [Bi TPETHHHU 3aTI3HUYHUX
JMiHIA OoO0NagHaHI CyJacCHUMH 3aco0aMy KEpYyBaHHS, UCIIETYCPCHKOIO
LEHTpaNi3ali€ero i aBTOOJIOKYBAHHSIM Ta € BAHTAXKOHAIIPY>KEHUMH.

VYxpaiHchki 3ai3HALI Oe3mocepeIHbO0 MEXYIOTh 1 B3a€MOJIIOTH 13 3a-
JI3HUIEIME Pi3HUX KpaiH, Hanpukiaa [lomemni, binopycii, Pymynii, Monmo-
By, CrnoBayunHyM, YTOpIMIMHA H 3a0e3MeuyloTh poOOTy i3 MOHAJ TPHILATH
MDKHapOJHUMH 3aJi3HUYHUMH TIEPEXOIaMH.

EdexruBHa poboTa 3ami3HUYHOI iHPACTPYKTYPH 3aJISKUTDH BiJ| parli-
OHAJILHOTO BUKOPHCTaHHS 3aCc00iB TPAaHCIIOPTY Ta JIFOJCBKUX pecypcis. Lle
MOXIIMBO B YMOBax BIIPOBA/KEHHsI 1HHOBAI[IHUX MPOEKTIB Ta YIOCKOHA-
JICHHSI ICHYIOUHX TEXHOJIOT1H poOOTH 3aJi3HULb.

Ha nanomy eramni poGoTH 3aJ1i3HUIE BXKE iCHYe 0araTo BIPOBaKEHNX
aBTOMaTHU30BaHUX TEXHOJOTiH, aBTOMAaTH30BaHUX pOOOUYMX Micub Ta iHpo-
pManiiiHux cucteM. Bee 1ie cripusie miJIBUIIEHHIO SKOCTI poOOTH 3aili3HIY-
Horo TpaHcnopty. OHaK, Ha JaHOMY eTali BCe K CTOITh MUTaHHS 3HIDKEH-
HS co0iBapToCTi mMepeBe3eHb, B SKi CHCTEMa pallioHANbHOI OpraHizamii
BaroHOMOTOKIB 3aliMa€ KITIOYOBY TTO3HUITIIO.

Cucrema oprasizallii BarOHOIIOTOKIB BiJJHOCUTHCS JIO YHCIIa HalBaX-
JIUBIIIMX TEXHOJIOTIYHHUX 3aBJlaHb, BiJl MPABUIILHOTO BUPIIIEHHS SIKOI 3aJie-
JKUTh HE TIJTPKU 3aBaHTAKCHHS TEXHIYHUX CTAHINH 1 JUISHOK Mepexi, ae i
Yac JIOCTaBKM BaHTaXy, 110 NPUHIMIIOBO BaXKJIMBO JJIsl poOOTH MepexKi 3a-
JI3HUIB B Cy4aCHUX PHHKOBHX YMOBaX.

CTBOpEHHSI CUCTEMH OIEPAaTUBHOIO KOPETyBaHHsI IUIaHy pOpMyBaHHS BaH-
Ta)KHUX T1013]1iB Ha PiBHI MEPEXKi Ta OOIPyHTYBaHHSI palliOHATBHOI TIepi0IMIHOCTI
PO3paxyHKy MEpeKEeBOro IUaHy ()OpMyBaHHS MOI3/IB, pO3pOOKa TEXHOMOTI i
MIPOrpaMHMX 3ac00iB /ISl KOMIUIEKCHOTO PO3PaxyHKY IUIaHy (hOpMyBaHHs, IO
00'eiHYe BCl Kareropil MOI3HMX INpPH3HAYEHb € TEPCIEeKTHBHUMHU HanpsMKaMu
PO3BUTKY CHCTEMH aBTOMATH3aIlil TEXHOJIOTIi OpraHi3arlii BATOHOIIOTOKIB.

ABTOMAaTH30BaHa TEXHOJIOTIS, SIKy HEOOX1THO pO3pOOMTH MOBUHHA HAJIATH
3MOTY BHPIIIIYBaTH 3aJiauy palioHaJIbHOI OpraHi3allii BArOHOMOTOKIB KOMILIEKC-
HO, TIPUCKOPIOFOYH TIPOCYBAaHHS BarOHOMOTOKIB 1 MOKPAIIYFOUYX TOKa3HUKH BH-
KOPHUCTAHHS SIK TEXHIYHHMX CTAaHIIH, TaK 1 JUITHOK 1X B3a€MOil. A TaKoX MOKpa-
IIATU SKCIUTyaTaIliiHI TIOKa3HUKU POOOTH 3aJIi3HHIIb, TPUCKOPUTH TEPMIiHH JIOC-
TaBKW BaHTAXIB, 1110 BIUTMHE Ha KOHKYPEHTOCIIPOMOXKHICTh 3aJTi3HHUIIb B TIO3UTH-
BHOMY IUIaHi Ta NpWBEpHE OUIBIIY KUIBKICTH BaHTa)KOBJIACHHKIB, 110, B CBOIO
Yepry, Mpu3Bese 0 301TbIIEHHS JOXO/IB U 3JII3HIYHOTO TPAHCIIOPTY.
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HEPEBE3EHHA Y MIZKHAPO/ITHOMY CIIOJIYYEHHI

JLI Pubanvuenxo, cmapwuii suxnaoay, M.B. J[odineruil, macicmp, Yrpaincexuil
0epIICaBHULL YHIGEPCUMEM 3ATIZHUMHOSO MPAHCHOPIY

TpaHCTIOPT € OMHUM 3 OCHOBHHX CKJIAJIOBHX (DYHKIIIOHYBAaHHS JICPIKaBHL.
Tpancnopt - BakiiBHH (hakTOp B €KOHOMIUHIM iHTerpamii Mk KpaiHamu, a Ta-
KOX B MDKHAPOHiit TOpriBii. Moro pors BaKIiBa K sl BHYTPILIHIX TepeBe-
3€Hb BAaHTAXIB 1 MACaKUPIB Tak i JUIsl 30BHIIIHIX. J[JIs miIBUIIIEHHST 3pOCTaHHS
TOPrOBO-€KOHOMIYHOT'O CITIBPOOITHMIITBA MK YKpaiHOIO Ta 3apyOiKHIMH Kpai-
HaMH, HEOOX1THUM € PO3BUTOK B3a€MOBHI1THUX BiIHOCHH B 00JIacTi IepeBe3eHb
BaHTAXKIB Y MDKHAPOTHOMY CHOTYHEHHI.

BaskITHBOIO CKJTaJJOBOIO 30BHIIITHIX YMOB PO3BHUTKY MI>KHAPOIHOTO CITiBPO-
OITHMIITBA HA TIEPCIIEKTUBY € BHUPIILECHHS NMHUTaHHS (OPMYBaHHS €AWHOI TpaHC-
TIOPTHOI iH(PACTPYKTYpH 3 IHIIMMH KpaiHaMH, a TaKOX MOJANBIINA PO3BHTOK
MDKHAPOJHHUX TPAHCIIOPTHUX KOpUIOpiB. [Ipy 11boMy, pa3oM 3i 3pOCTaHHSIM I10-
TIIMTY Ha TPAHCTIOPTHE 00CITYTOBYBaHHSI Oy/Ie CITOCTEPIraTUCs! ITiIBUILIEHHS BUMOT
JI0 HOT0 SIKICHUX XapaKTePUCTHK.

JIyis BUKOHAHHS IUX BUMOT HEOOXI1THO JTOCII/PKYBATH TIPOIEC TICPEBE3CHB
BaHTAXKIB Y MDKHAPOTHOMY CIIOJTyYeHHI Ta BUSIBIISITH HENIOJIIKY B ICHYIOUHX TeX-
HoJorisX. Ik 00'€KTH JTOCIIKCHHS MOXKYTh OYTH 3aBJIaHHSI, TTOB'sI3aHi 3: OpraHi-
3aIliEr0 POOOTH MIXKIIEPKABHUX TIepelaBaNTbHIX CTAHIIIH (HAIPUKIIA, SIK OJHA 31
CKJIaZIOBUX pOOOTH-KJIacH(iKalliss MUTHUX OIepaliiii i METouKa pPO3paxyHKY
Yacy IX BUKOHAHHS), OpraHizaliero poOOTH KOHTEHHEPHHUX TepMiHAIIB, (hopMy-
BaHHSM MapIIPYTHUX TOi3/iB, TiIBUIIEHHSIM IPOITYCKHOI CIIPOMOYXHOCTI, IIIBHJI-
KOCTI Ta PUTMIYHOCTI JIOCTaBKH JUIsl IpHUBAOJIeHHS! TPAaH3UTHUX BAHTaXKIB Yepe3
TepUTOpito YKpaiHH.

[pu aHami3i CTAaTUCTHKU BUWSIBJICHO, 10 OCHOBHA 3aTPUMKA BaHTAXY Ha
LUISIXY TPOXOKEHHS BiIOYBAETHCS B ITyHKTAX IX MEPEBAIKH - B ITOPTaX i HA Mi-
KJEepKaBHUX TIepeIaBalIbHIX CTAHIISIX, B TOMY YHCII MPH B3aEMOJIi 3 MUTHUMH
opraHamu. Y 3B'SI3KY 3 LM, aKTyaJJbHUMH € 3aBJIaHHsI, TIOB's13aHi 3 IPOrHO3YBaH-
HAM HaJIXODKEHHS BAroHIB Ha TEXHIYHI CTAHLIT Ha OCHOBI HOBHMX METOIIB 3 BU-
KOPUCTAHHSM OOUMCITIOBATIBHOI TEXHIKH TS IIBUAKOCTI OTPHMAaHHSI PE3YJIbTaTy
1 IIBUJIKOTO pearyBaHHsI Ha 3MiHH ONEPaTUBHOI 0OCTaHOBKH.

Pesynbrar BupilieHHs 3aBJaHb TIOBUHEH 3a0€3MEYNTH TTOMITIIEHHS SIKOCTI
TIepeBe3eHb, IMiBUIUTH IBUJIKICTh JIOCTABKW 30BHIITHHOTOPIOBEIILHIX BaHTA-
KIB, TIOMIIIIINTH SKICTh POOOTH 3 KITIEHTAMH, BUKITFOUUTH BTPATY JTAHUX, OIepa-
TUBHO OTPUMYBATH HEOOXITHI 3BITH B HEOOXIHIN (POpMi Ta TIPUBECTH JIO0 CKOPO-
YeHHs 00Iry BaHT)KHOTO BaroHa.
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VJIOCKOHAJEHHSI OPT AHI3AII MAPIIPY TU3AIIIT
BAT'OHOIIOTOKIB 3 MICI1b HABAHTAKEHHSA

JLI Pubanvuenxo, cmapwuii suxnaoay, O.B [pye, macicmp, Yxpaincexuil
OepoicagHuil yHieepcumem 3ai3HUYHO20 MPancRopmy

V 3B'S13Ky 3 MpoBeIeHHAM pedopM B 3aTI3HHYHIN Tray3i BUHHKae Oarato
TUTaHb, ITOB’SB3AHUX 3 YJIOCKOHAJICHHSM BCi€l eKCILTyaTaIliHOI poOoTH. OaHIM 3
TaKWX NIUTAHb € paIliOHATbHA 1 eKOHOMIYHO e(heKTHBHA OpraHi3allisi BArOHOIIOTO-
KiB, BKITIOUArOYX OJIHY 3 HAWBAXITHBIMIMX i CKIaJIOBUX - OPTaHi3allio BijIpas-
HMIIGKOT MapIIpyTH3aIIiL.

MapiupyTtisanisi nepeBe3eHb - HalOUIbII e)eKTHBHUI METON OpraHizarii
TIEPEBI3HOTO TPOIIECY, 3aBISKH YOMY 3a0e€3MEUyEThCsl TPUCKOPEHHS 000pOTY
BaroHa, 3MEHIIICHHsI 00CATYy TIepepoOKH BaroHiB Ha TEXHIYHHMX CTaHIISIX, CKOPO-
YeHHsI TEPMiHIB JJOCTaBK/ BAHTAXIB.

3pocTaHHs TIepeBe3eHb BAHTaXKIB MapLIPyTaMH, TiABHIIECHHS TPAH3UTHOCTI
BaroHOIIOTOKIB CIPHSIFOTH MOJIIIIIEHHIO BUKOPUCTAHHS TPAHCTIOPTHUX 3aco0iB,
TIPOBI3HKX 1 TIPOITYCKHHX CIIPOMOYKHOCTEH JIiHIH 1 IepepoOHHX CIIPOMOXKHOCTEH
CTaHIIiH 1 BY3JiB.

[MinBrmenHst eheKTHBHOCTI MapIIpyTH3alli B 3HAUHIM Mipi 3aJIEKUTh Bil
TEXHOJIOTIT opraHi3ariii Mapipyris. [lifroroBka MapipyTy siBjste coOOr0 CKJIa-
HHI KOMIUTEKCHHI TPOLIEC, SIKUH BUMarae 4iTKol MPOJyMaHOl CHCTEMH OpraHiza-
1ii poOOTH, 110 BiJIOMBAE TIOPSIIOK 3a0€3MCUCHHSI TIOPOXKHIMH BarOHAMHY, iX TIiJI-
TOTOBKH 1 TIO/Ia4i, TEXHOJIOTIF0 HABAHTAKCHHS 1 (hopMyBaHHS MapIpyTty, ohop-
MJICHHS! JIOKYMEHTIB Ta iH.

[Tman MapmpyTuzarii mepeBe3cHh PO3POOIISIOTH OHOYACHO 3 IITAHOM (op-
MYBaHHS HA TEXHIYHUX CTaHIISIX Ha pik. KoxHI TBPOKY HOTO KOpEKTYIOTh. B ome-
paTHBHIl OOCTaHOBI 1le MO’KHA POOHTH 3TIHO 3 MICSMHUMH TUIAaHAMH HaBaHTa-
skeHHs. [DmaH opraHizarii MapmipyTiB 3 MiCIlb HABaHTKEHHSI CKIIAJIAF0Th, BPaXo-
BYIOYM KOJNIHHMI PO3BUTOK MIAT3HUX KOMIH 1 CTAHIIH IX NMPUMHUKAHHS, TEXHIYHE
OCHAIIeHHS (DPOHTIB HABAHTAKCHHS, BUBAHTAXKCHHS 1 CKIIAJICPKUX EMHOCTEH 1 BU-
KOPHCTOBYFOUYM TEXHONIOTIYHI HOPMH TMPOCTOIO BArOHIB TiJi PI3HUMH OTepaLisiMi
Ha T T3HIX KOMiSX 1 CTAHITISX 1X TIPUMUKAHHS, MAcy 1 JJOBKHHY CKJIaJIiB MOI3/IIB.

Jlst BceOIUHOrO OOTPYHTYBaHHS HOBHX MiJXOMIB JIO MApIIPYTH3aIlii, 1110
BiJIIIOBIIAI0Th PUHKOBUM BIJTHOCHHAM, HEOOXITHUI KPUTUYHUI OTJIST 1 aHAi3
ICHYIOUHMX pi3HUX (hopM MapmpyTh3alii i MOXIIMBOCTEH IX 3aCTOCYBaHHS 3 ypa-
XyBaHHSIM €KOHOMIYHHX HPHHIMIIB Y BIIHOCHHAX 3aJIi3HUIIb 3 BAaHTAKOBJIACHH-
KaMH Ta BIIAaCHUKaMH PYXOMOTO CKialy. Bee 1ie MOBHHHO JISITTH B OCHOBY aBTO-
MAaTH30BaHOI CHCTEMH, MPH3HAUYEHHSIM SIKOI Ma€ OyTH BU3HAYEHHsI ONTHMaJIbHO-
TO IUIaHy MapIIpyTH3allil BATOHOMOTOKIB 3 YpaXyBaHHSIM BCIX BIUIMBAOUMX (hak-
TOpIB 32 KOPOTKHMH TEPMiH Ta HOro KOpEKTYBaHHS B OIEpPATHBHIM OOCTaHOBII.
Omxe, po3po0Ka TaKoi CHCTEMH Ha TAHHH Yac € aKTYaIbHOIO.
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YAOCKOHAJIEHHSI ONEPATUBHOI'O YIIPABJIIHHSA
HEPEBI3HUM ITPOLECOM HA 3AJIIBHULIAX YKPAIHUA

JLI Pubanvuenxo, cmapwuii suxnaoay, I1.0O. 3sowuk, mazicmp, Ykpaincokuii
OepoicagHuil yHisepcumem 3a1i3HUUHO20 MPAHCHOPIY

B ymoBax pedopMyBaHHS 3aJli3HIYHOTO TPAHCIIOPTY YKpaiHH MOCTAIOTh
HOBI BUMOTH JI0 TIPOLIECY YIIPaBJiHHS MEPEBE3CHHAMH, JIO SIKMX TaKOK BXOJIUTh
opraHizallisi TpaHCIOpPTHOro oOciyroByBaHHs.CBO€UacHa Ta SIKICHa JOCTaBKa
BaHTAXIB € OCHOBHOIO BUMOTOIO BaHT)KOBJIACHUKIB B YMOBAaX JAII0U0i PHHKOBOI
ekoHoMiku.[IpoTe, HaXaib, IIe MAOTh MICIC TOPYIICHHSA TEPMIHIB JOCTABKH
NPH TIEPEBE3CHHI KOHTCHHEPHUMHE, BArOHHHMH, MApPIIPYTHHUMU Ta TPYOBUMH
BijmpaBkamMu. OTKe, Ha JTaHUH Yac aKTyaJIbHUM € BHSIBJICHHS Ta YCYHEHHSI Hello-
JIKIB B MPOIIEC] OpraHi3allii BAHTAKHUX [ICPEBE3CHb.

CTBOpeHHH JIUCTIETYEPCHKHUX HeHTpiB Ta BUKOPUCTaHHS iH(bopMauiﬁHm( Tex-
HOJIOTIH HA 3aIi3HIYHOMY TPAHCIOPTi CTBOPIIM IEPEIYMOBH JUlsl OINTHMI3ALl
OIEpaTUBHOTO YIPAaBJIiHHS MEPEBI3HNM TporiecoM. Peamizaris mix MOXmMBocTei
HeoOXiHa Ut OUTBII TTOBHOTO 33/I0BOJICHHS] PUHKOBOTO TIONHUTY HA TIEPEBE3CHHSI,
TIBHUILEHHS e()eKTUBHOCTI pOOOTH 3aili3HUYHOTO TPAHCIIOPTY, YCHIIIHOI KOHKY-
PeHIIi{ Ha PUHKY 3a1i3HIYHMX TIepPEeBE3EHb 1 3 IHIMMH BUAMH TPaHCIIOPTY. IcHY-
F04l TEXHOJIOTIi Ta aBTOMATHU30BaHI CUCTEMH B YIIPABJIiHHI IIPOIECAMH TICPEBE3CHHS
BAHTXIB y 3HAYHIN Mipi € cucTeMamu 300py iH(OpMAIIIT 3 TTOCIITyF0U0r0 00po0-
KOIO JTAHWX Ta CKJIAIAHHAM (DiHAHCOBUX JIOKYMCHTIB, 3BITIB PO BUKOHAHY POOOTY
1 He MOXYTh OYTH BHKODHCTaHi JUISl ONEpaTHBHOIO KOHTPOJIO TEPMIHIB IOJiadi
BAaroHiB ISl BAKOHAHHS HABAHTAKEHHS a00 BUBAHTAXKEHHS], OCTABKH BAHTAXKIB.

PeanbHa excrutyaTariiiHa 0OCTaHOBKa BiJPI3HAETHCS Bijl HOPMATHBHHIX YMOB
THM, IO 1X PO3POOITIOFOTH HA TpI/IBaJIHP“I TIepioJT IUTaHy (bopMyBaHHs{ i rpa(biKa pyxy
TIO3/1iB (/DKE BOHH CK/IA/al0ThCs Ha PIK BIIEPET), TEXHOMOIYHHX MPOLIECIB poboTH
CTaHIli{, a BUHUKAIOYl TP ILOMY TPYAHOII MOXYTh TOCHITIOBATHCS HepallioHa-
JIGHO TIPUHHSATUMH DILLIHHSMH OINEPaTUBHOTO TEPCOHATY. 3HaUYHMK Yac y poOoTi
JICTICTYEPIB 3aiiMae (pikcarliss MUHYIIAX TOMiH, a00 THX, IO BiIOYBAIOThCA B Ja-
HUI MOMEHT Yacy Ta YIPABJIIHHS SIKUMH B)KE HE Ma€ MICIISL.

3aTpUMKH y BUKOHaHHI JIOCTABKH BaHTa)KiB BUHHKAIOTh B pe3y/bTaTi Oara-
THOX TIPUYMH: HECBOEYACHOTO HAJIXO/PKEHHS MICLIEBHX BaroHiB Ha CTaHIIO, 3a-
TPUMOK ITiJ{ HABAHTAXXEHHSIM Ta BUBAHTA)XEHHSIM, TTPOCTOIB Ha CTaHIIISX B OUIKy-
BaHHI [0/1aYi I1i/T HABAHTAXKCHHS 200 BUBAHTAXKCHHSL, OYiKyBaHHS Bi/IIPABIICHHS,
TIEPEBHUILIEHHSI TIPOITYCKHOI 3/1aTHOCTI AUTSHOK 3aIIAHOBAHUMHU I10i3/I0MOTOKAMH,
BHACJTIJIOK 9OTO, HA/IXO/IATH BArOHOIOTOKH, SIKi MIEPEBHIIYOTH IIEPEPOOHY CIIpo-
MOXKHICTh COPTYBaJIBHUX CTaHIIiH, TOMY CKJIaJIiB ()OPMY€ETHCS OLTbIIE, HIXK MOX-
JIMBO CBOEYACHO 3a0€31IeUHTH JIOKOMOTHBAMH 1 JIOKOMOTHBHUMH OpHTaiaMH.

HoBi ymM0BH po0OTH JHICTIETYEPCHKOrO arapary B Iepiof] PO3BUTKY JIHCTIE-
TYEPCHKUX IIEHTPIB BUMAratoTh CTBOPEHHS HOBUX TPUHIIMIIIB 1 TEXHOJIOTIH ore-
PaTHBHOTO YNpaBIIiHHS MEPEBE3CHHAMH, SIKi 3a0€3MEUyI0Th HMIATPUMKY OITHMa-
JIBHUX YMOB POOOTH 3 JIOCSTHEHHSIM BACOKUX KUTBKICHUX 1 SIKICHUX TIOKa3HUKIB.
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IMACAXKUPCHKI IEPEBE3EHHS HA 3AJIIBHULISIX YKPATHH

JLI Pubanvuenxo, cmapwwuii suxnaoay, FO.B. Ypina, mazicmp, Ykpaincokuii
OepoicagHuil yHieepcumem 3a1i3HUUHO20 MPAHCHOPIY

Y Bci yacu Oyna HeoOXiTHICTh JIOCTABUTH TPOJYKIIIIO Bijl MicCIisi BUPOOHHIT-
TBa JI0 MiCIIst TepepoOKH 1 Jaiti - 70 KiHIIEBOTO CIIOXKHMBaya. 3apa3 TPaHCIOPTHA
TaTy3b € OJHIEI0 3 HAHOUTHIIT HAHBaXKITHBIIINX - Oe3 HEl He MOXKe OOIATHCS KO-
Ha JIaHKa B €KOHOMIYHMX mporecax. OIHaK 1 TPaHCIOPT 3apa3 MEepexuBac He
HalKkpai yacu. Ha naHnii yac macaykupchKi epeBe3eHHs Ha 3aTI3HULLIX Y Kpai-
HH € 30MTKOBUMH. 30UTKH BiJ] TIepPEBE3CHb MPUOTI3HO BRI OUTBII 33 JTOXOIU
B HuX. [Ipn 1IbOMY MOKPHTTS 30MTKIB 3/IIHCHIOETHCS 32 PAXYHOK MPUOYTKY Bif
BaHTAKHUX TIEPEBE3CHb.

[potsirom KiTEKOX POKIB B YKpaiHi eKCILTYaTyIOThCS IIBU/KICHI MTAcCaup-
cbKi 103 UMy «lHTEpCiTiH» Ta «IHTEpCITD» - HAMOUTHII MEepCIeKTHBHUM Py-
XOMHH CKJIaJi B yMOBaX PO3BUTKY HIBHIKICHHX NACAKMPCHKHX IEPEBE3EHb, SIKi
BUMAararoTh HabaraTo OUTHIIIOI yBark, OCOOJMBO B ITUTAHHI OpPraHi3allii eKCIuTya-
Tanii. 3abe3rneYeHHs ONTUMAIBHOI CUCTEMH KypCYBaHHSI IMX TIOi3/1iB JIO3BOJIUTH
3HU3HTH EKCIUTyaTalliifHi BUTPATH HA TX eKCILTyaTaIlFo.

Cy4acHuii PUHOK MacaXUPChKUX TPAHCTIOPTHHX TIOCIYT MOTpeOye 3HAUHOT
HIBUIKOCTI PYXY, OCKUIBKH MacaXupH OaXkaroTh MOJJOPOXKYBATH B MeXax Y Kpai-
HM He OUThII sIK 6 TOMMH 3 KOM(OPTOM Ta HU3BKOIO BapTICTIO TOI3/IKH. 3apa3
Cy4acHI 3aJi3HUYHI IBU/KICHI IEpPEeBE3CHHS BIINOBIAIOTh TAKUM BHMOTaM He
Ha BCIX HaNpsMKax pyxy, aJpKE 3HAYHUM HEIONIKOM € CTaH 3ali3HUYHOI iH(ppa-
CTPYKTYpH, sIKa Y OUTBIIIOCTI HE TIPH3HAYCHA JUTSI KYPCYBAHHS TOT3]IIB 31 MBUJIKO-
crsimu 200 KM/TO]L., a T1 peKOHCTPYKIIisi HOTpeOye 3HAYHUX KOIITIB.

VY Garathox KpaiHax CBITY BUCOKOIIBHAKICHHII PyX 3a TPUBAJIMI Yac yxke
JIOBIB CBOIO €KOHOMIUHY e(heKTHBHICTh. B YKpaiHi 11e MiTaHHs 00rOBOPIOETHCH,
aJie TaK 1 He BI3HAYEHA JIOIUILHICT HOro BIIPOBA/DKEHHSI, OCKLTHKA MTOTPEOYIOTH
YIOCKOHAJICHHS ICHYIOUl METOJMKH PO3PaxyHKY ITEpCHEKTUBHOI MOOLIBHOCTI
HaceJeHHs1 YKpaiHu 3 ypaxyBaHHSM TPaH3MTY, KUIBKOCTI Macakupis, sKi OymyTh
KOPHUCTYBATHCSI BUCOKOIIBHIKICHIM PYXOM, ONTHMAaIbHUX 30H KypCYBaHHS BKa-
3aHUX TO[3/iB, ONTHMAIBHUX MapIIPYTiB NPsIMyBaHHsS BHCOKOIIBHKICHUX Ta
IIBUIKICHUX TOD3IB. TOMy aKTyaJIbHHM 3aBJAHHSM CBOTOJICHHS € pO3poOKa
HAayKOBHX ITIXOMIB 1 IPAKTHYHIX PEKOMEHAAIIH I0ZI0 BU3HAUEHHS HAIPSMKIB
TPSIMYBaHHSI TACAKUPCHKHX TMOI3/iB B YMOBaX IIBH/IKICHOTO PYXY.

Jlst pearizartii po3poOKe HOBHIX MiIXOIB HacaMmIIepe T HeoOXiTHO MpoBec-
TH aHaJIi3 CTATUCTUYHKX JaHUX BUKOHAHHS ACAKMPCHKHX MEPEBE3CHD 3aTI3HH-
IFIMU Ta TIPOBECTH aHAJI3 ICHYFOUMX MiJXOMIB IIOAO OpraHi3alli IBUIKICHAX
MACOKUPCHKUX TMEpeBe3eHb Ta BH3HAUMTH iX Hemonmikk. Ha HacTymHoMy erami
JIOCITIJDKEHb HEOOXITHUM € 3HaXO/PKEHHS! HOBHMX Ta YIOCKOHAJICHHS iCHYIOUHX
CHCTEM Ta TEXHOJIOTiH poOOTH 3aJTi3HUYHOTO TPaHCIIOPTY.
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INPOBJEMA MTAPKOBOYHBIX MECT ABTOTPAHCIIOPTA HA
MPOE3KE YACTHU I'OPOJIA MAPHUYITIOJIA (YHACTOK
YJI.TEOPI'HEBCKAS4, YJI. YHUBEPCUTETCKAS)

B.A.Cenamocenxo, cmapuiuii npenooasamens, I'BY3 «llpuaszoeckuil
20Cy0apCmBEeHHbIIL MEXHUYECKULL YHUBEPCUME)

Bricokue Temribl pocta 00bEeMOB JABIKEHHSI TPAHCIIOPTHBIX TTOTOKOB IPH-
BEJIM K HECOOTBETCTBHUIO IIPOITYCKHOM CIOCOOHOCTH aBTOMOOWIIBHBIX ZIOpOT M
00BEMOB IBIKEHUS B roponie Mapuymnonb. [locnencTBus HachIIeHNsI aBTOMO-
OWIISIMH TIPOSIBIISIOTCSI B TPYTHOCTH OpTaHM3alMK TIAPKOBOK U, KaK CIIENICTBUE, K
YBEJIMYEHHIO 3aTOPOB Ha J0POTaX, CHIKEHHIO CKOPOCTH JABMKEHUS U YMEHBbIIIe-
HUU TIPOITYCKHOW CIOCOOHOCTH YITi4uHO-10poxkHOH cetu (YIC).

CTOSIHKM aBTOMOOMIIBHOTO TPAHCIIOPTA SIBJISIOTCS HEOOXOANMBIM 3JIeMEH-
TOM TPaHCHOPTHOM MH(PACTPYKTYphI ropoza. Mx konmuecTBo, y100cTBO pacro-
JIOKEHHUSI U ypOBEHb KOM(OPTa HETIOCPECTBEHHO BIIHSIOT HA 3KOHOMHYECKYIO
3¢ (eKTHBHOCTh HE TOJIILKO KOHKPETHBIX TOPTOBBIX YUPEKIEHHI, HO M TOPOJIC-
KHX ITOCEJIEHUH B LIEJIOM B JJAHHOM ClTydae BO3JIe Cynia 1 y4eOHbIX 3aBeneHnit. C
POCTOM aBTOMOOMITM3AIIMH MOTPEOHOCTh B aBTOMOOMIIBHBIX CTOSIHKAX, OCOOCHHO
B IIEHTPAJILHON YacTH TOposIoB, OyeT BO3pacTaTh.

Curyarust ¢ obecrieueHHeM CTOSHKaMM aBTOMoOwWieil B ropone Mapuy-
TIOJTh SIBJIICTCSL OCTPOM MPOOJIEMOM, KaK M IS BCEX TOPOAOB YKpauHbL Tpedo-
BaHUS K YCTPOMCTBY CTOSHOK B Y KpauHe m3ioxkeHsl B JIBH 360 - 92 **. «I'pamo-
crpoutenscTBO. [TMaHNpoBKa 1 3acTpoiika TOPOJICKMX M CENTbCKUX TOCETICHUI,
JBH B.2.3-5-2001. «Ynu1Ib1 ¥ TOpOrH HACEIEHHBIX ITYHKTOBY.

INpoextupyemast crosiHka OyneT OOCTY)KMBaTh ydeOHbBIE OpraHW3alMH, U
aJIMUHUCTPATUBHBIE OpraHM3alMy B LieHTpe ropofa. Yuactok YJIC oT ymuibt
YHuBepCUTETCKOM 10 YUkl [ eoprueBekoit OyaeT npeaycmarpusaTh 10 20 map-
KOBOYHBIX MECT.

Lenbro npoekTa ObUIO U3y4EHHE MPOOIIEM, CBSI3aHHBIX C TIOBBIIEHUEM d(-
(exTMBHOCTH (PYHKIIMOHMPOBAaHMSI aBTOMOOWIIBHBIX NMApKOBOK B Mapwuyrorne u
BBIpa0OTKa COOTBETCTBYIOLIMX peKoMeHaimil. ClieyeT BbIIEINTD, YTO JaHHas
nipobJieMa peraeTcst TONbKO KOMIUIEKCHO, OHa He MOXKET OBbITh pellleHa OHUM
YEeJIOBEKOM, STO JIOJDKHO OBITh B3aMMOJIEHCTBHE BIIACTH, OOIIECTBA W ABTOBJIA Ie-
JpLEB. J{iist perenust 3Toro Bonpoca MHOM ObLT TIPEIVIOXKEH TUIaH MEPOIPUSITHIA,
TIPEICTABIISTFOIIII COOOH YETKUIA allTOPUTM JCHCTBUIA, KOTOPBIHA BEIET K KOHKPE-
THOMY, peaJIbHOMY pe3yJbTary.
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BUKOPUCTAHHSA BA'ATOKPUTEPIAJIBHOI'O AHAJII3Y ITPUA
ONTUMIBAIII CKJIAY KOMIIO3UIIMHUX BOTHETPUBKHUX
IOKPUTTIB AJA 3AXUCTY EJIEMEHTIB EHEPTETUYHUX
YCTAHOBOK

JI.M. Cmenanuuxos, doyenm., O.C. Ckpunuerko, cnyoenm,
Xepconcokutl HaYIOHANbHUL MEXHIYHUIL YHIGepCUmem

Binomo, 1o BignpanpoBaHi ra3u TPaHCHOPTHUX €HEPreTHYHUX YCTa-
HOBOK, SIKI TIEPETBOPIOIOTH €HEPTii0 3TOPSHHS ManvBa (JBUT'YHIB BHYTpIII-
HBOTO 3TOPSHHS, Ta30TypOiHHUX JBUTYHIB, TBEPAONAJIMBHUX KOTJIB) Mic-
TATH TBEPJI YAaCTMHKM ITajMBa, IO HE TMOBHICTIO 3ropinu. Taki yacTHHKH
MOXYTb JIOTOpaTH y ra30Xo/li, 0Ca/DKyBaTUCS Ha CTIHKaX ra30Xoiy, BHJIiTa-
T y BUTJISAI ICKOp Ha30BHI. lle mpuUBOAWTH MO MiABUIECHOTO BHUIIJICHHS
TeIIa y Tra30Xofax, epo3ii Ta MIBHAKOrO 3HOCY CTIHOK Ia3oxofy (IIporo-
PSIHHIO), 3HIDKEHHSI MOTYXKHOCTI €HEpreTHMYHOI YCTAHOBKH, MOXJIMBOCTI
TIOTPAIUISIHHS YaJJHUX Ta3iB Yy JKUTJIOBI NPUMILIEHHS, 3a0pyaHEHHST aTMOC-
(depu, TOXKEKHOT HEOC3TICKH.

Jlis 3HWKEHHST TTOXKEXKHOI HeOe3NeKH, KpiM aKTHBHHX 3aco0iB rore-
PEIDKEHHS Ta 3aXUCTY, Y KOHCTPYKIIi ra3oXxo/y IOBHHEH BHKOPHCTOBYBa-
TUCS TIACUBHUH 3aXHCT, SIKUH YHEMOKIIMBIIIOE BUHUKHEHHS 1 PO3BHUTOK I10-
xexi. [lepceKTHBHUMHU y IIbOMY CEHCI € 3aXHCHI HOKPHUTTS Ha OCHOBI
KOMIIO3HITIHHUX MaTepiamiB. Taki MaTepiaid Bi3HAYAIOTHCS JTOOPOIO TEX-
HOJIOTIYHICTIO TPY HAHECEHHI Ha JIETali 31 CKJIaJHUM MPoQiieM MOBEpXHi.
EdexTuBHIM METOIOM 3HIKEHHSI TOPIOYOCTI KOMIO3UIIIHHUX MaTepiajiB €
BHUKOPHCTAHHSI CIIOBUTLHIOBAYiB TOPiHHS, SIKi BIUIMBAIOTH HA MPOLECH CTPY-
KTypyBaHHS TOJIiMEpY NpH Jii Ha HBOTO MiJBUIEHUX TeMIlepaTyp. 3acro-
CyBaHHS 3’€HaHb, SIKi KaTaJli3ylOTh MIPOJITHYHI MPOIECH, TAKOX 3abe3re-
Yyye 3HIDKCHHS 3a0py/JHEHHS HaBKOJIMIIHBOIO cepemoBuma. Jlo Ttakux
3’€/IHaHb JUIS eMTOKCUIAHUX CMOJ BiHOCSTBHCS CIOBUIBHIOBaYi rOpiHHS (Ha-
MTOBHIOBAY1), IO MICTITh GOCdOp i OMHOYACHO 3 BIUIMBOM Ha MPOIECU TpU
poJIi3i Ta TOpiHHI, 3MIHIOIOTH TEXHOJIOTIUHI Ta eKCIUTyaTaliliHi BIaCTHBO-
cTi KoMmo3uTiB [1].

Ha cporomHi mpo0iema CTBOPSHHST KOMIIO3HITIHHUX MaTepialliB i 3aXu-
CHUX IOKPHTTIB Ha 1X OCHOBI, sIKi 0 Bi[3HAYAIUCH ITiIBUIICHAMH TTOKAa3HH-
KaMHU KOMIUIEKCY eKCIUTyaTalliiHUX XapaKTePUCTHUK € aKTyaJIbHOI. Y IbO-
My IUIaHI KOPUCHOIO € ONTHMIi3alisl CKJIaAy IHTPEII€HTIB KOMIIO3UIIHOTO
MaTepiaiy (emoKCHIHA MaTpulsd + TBEpAHUK + HANOBHIOBAd), OCKUIBKU
BMICT Ta THIl HAIIOBHIOBAaYa CYTTEBO 3MIHIOE XapaKTEPUCTUKU KOMIO3HUIIiH-
Horo Mmarepiamy. Jlns Takoi onrmmizamii mependavdaeThcs 3aCTOCYBaHHS
aJITOPUTMIB HEYITKOI JIOTIKH.
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JIst po3B’S3Ky MOCTABIIEHOI 3a7a4i 3aCTOCOBYETHCS OJUH 3 METOIIIB
CKausipu3alii BEKTOPHUX OI[IHOK — METOX BiAOOpY 4epe3 YIOpsAKYBaHHS
00’€ekTiB 3a 3paskoM. I1ix 3pa3koM po3ymieMO KJIac 00’ €KTIB, SKHH Xapak-
TEPU3YEMO Y3aTallbHEHOIO IO /1 = (C1,...,C),...,Cy). Y SKOCTI MapaMeTpiB
¢; MOXHa 00paTH MaKCHUMaJlbHi 3HAUYEHHS EKCIIEpUMEHTANbHUX (i3uKo-
MEXaHIYHUX Ta TeIuIo(i3MYHMX MapameTpiB (KUCHEBHH iHIEKC, pyiHYyroue
HaNpy)XeHHs, yAapHa B’s3KiCTh, TBEPAICTh 32 bpuHeneM, TeruocTiikicTs 3a
Bika) i MiHIMaJIbHI 3HAUEHHS TTapaMeTpiB (BTpATH Macy IPH ITiANATIOBaHHI,
TeMIIepaTypa I104YaTKy JecTpYyKIIii).

B pe3ynbTaTi U KOXKHOTO THITY IIacTH(IKaTOpy, HAIIOBHIOBaYA Ta iX
KOMOIHAII!l oTpuMaeMo MaTpuili BUay [2]:

o, m, - I,
4 | Yy Yy o O,
9y | By By 0 Oy,

R=

G |V Vo 0 Dy,

JIe ¢; — MacoBe YHCIIO IacTudikaTopy, ab0 HaloOBHIOBaYa, a0 MaTe-
piaJt 3 meBHOIO KOMOiHaIi€to acTudikaropy i HaroBHIoBaua; /7; — pizuko-
MeXaHiyHi Ta Tennodi3uyHi mapaMeTpy, J; — BIJHOCHE BiAXWJIEHHA j-1
O3HAKH BiJI I

Vi —C/‘

Yy >
Y jmax =€

6)’,'/ =

Vi —C; ‘
Ci = ma

Jie { — HOMEp CTPOKH, j — HOMEp CTOBITYMKA Y MaTPHIIi.

[Ipu TeopeTnuHOMY aHalIi3i BUKOPHUCTOBYIOTHCS y3arajibHIOIOUi Oara-
TOKpHUTepianbHi (YHKIIT KOpUCHOCTI [2]: anWTHBHA 3ropTKa, CTElEHEeBa
MYJNBTHIDTIKATUBHA 3ropTKa, Kputepii CeBimka, Banpaa, Jlannaca, ['ypBu-
ug. Jns octaro4HOro BHCHOBKY BiJTHOCHO ONTHMAaJIbHOI MacoBOi YacTKH
TOrO YW iHIIOrO HATIOBHIOBaYa HEOOXITHO BPaxXyBaTH CHIBHAJIHHSI IO Pi3-
HUX y3arajbHIOIOUNX (YHKIISX.

1y <c;e
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OBECIIHEYEHUE SHEPTO3®®EKTUBHOCTU TPAHCIIOPTHBIX
CUCTEM I'OPOJACKOI'O OBIIECTBEHHOI'O TPAHCIIOPTA

E.A. Vkpauncxuii, accucmenm, I BY3 «IIpuazosckuii 20cyoapcmeeHH bl mex-
HUYeCKUL YHUBEPCUmMem»

DOKOHOMHYECKUH KpU3UC M JEQHUIUT IHEPropecypcoB OKa3bIBAIOT
HEIMOCPECTBEHHOE BIMSIHUE Ha AWHAMUKY pa3BUTHSI TPAHCIIOPTHOW OoTpac-
JIM B LIETIOM M OTJEJIBHBIX €€ cucTeM. K TpaHCIOpTHBIM cHCcTeMaM, KOTOphIe
HaunboJsiee OCTPO pearupyroT Ha BIHMSHHE 3THX HEraTHBHBIX (DaKTOpOB, OT-
HOCATCS CUCTEMbI TOPOACKOr0 00IECTBEHHOI'O TPAHCIOPTA.

OCHOBHOM 11€JIb10 (DYHKIIMOHUPOBAHUS CUCTEM T'OPOJICKOTO OOIIECTBEHHO-
rO TPAHCIOPTa SABJIAETCS HauOoJlee MOMHOE YNOBIETBOPEHHE HYXK[ HACENICHUS
ropofia B MAacCaKUPCKHX MEPeBO3KaxX ¢ MUHMMU3ALUEH MHTErpaIbHON 1IeIeBoi
(yHKIMY, BKIFOYAIOIeH B ceOsl mapamMerpbl BpeMeHH, (PUHAHCOBBIX 3aTpar
HAacCeJIeHUsl, SHEPro3arpar, «Harpy3Km» Ha SKOCHCTeMy ropopa. Passutue pac-
CMaTpUBAEMbIX TPAHCHOPTHBIX CHUCTEM BO3MOXKHO TI0 JIBYM HAIPaBICHHUSM:
WHEPLIMOHHOMY WJIM MHHOBAallMOHHOMY. [IprieM MHHOBAIMOHHOE HalpaBiicHUE
TIPHHOCHT MaKCHMAIIbHBIA 3(QEKT W CBSA3aHO C NMPHMEHEHWEM COBPEMEHHBIX
TPAHCIIOPTHBIX, JIOTUCTUYECKUX M MH(POKOMMYHHKAIIMOHHBIX TEXHOJIOTHH, pas3-
BUTHEM HOBBIX ()OPM OpraHM3alMK TPAHCIIOPTHOT'O MPOIIECcca U B3aUMOICHCTBUS
MEX1y BUAAMU TOPOJICKOr0 OOIIECTBEHHOIO TPAHCIIOPTA.

OCHOBHBIMHU HaNpaBJICHUSIMH MHHOBAIMH B cepe TOpOACKOro oolie-
CTBEHHOTO TpPAHCIIOPTa B HACTOSIIIEE BpEMs SBISIFOTCS: 1) MOCTpOEHHE
YIIPaBISIONNX WHPOPMAIMOHHO-HABUTAIIOHHBIX CHCTEM Ha 0a3e CITyTHH-
KOBBIX TEXHOJIOTHI; 2) pa3BUTHE CHCTEMBI AJIEKTPOHHOTO KOHTPOJISI OTUIATHI
npoesa; 3) peanusaluio SHeprocoeperarlux TeXHOIOruil Ha TpaHCIOpTe;
4) BHEJpEHNE NHTEIJIEKTYaJIbHBIX TPAHCIIOPTHBIX CHCTEM.

Ananmu3 mpoOieMaTHKyd OTEYECTBEHHBIX CHCTEM TOPOJCKOTo oOIie-
CTBEHHOTO TpPAHCIIOPTa W HCCIEN0BaHNE 3apyOeKHBIX WHHOBAI[OHHBIX
peLIeHNH MO3BOJISIET BHISIBUTH HanOoJee MepCIeKTUBHBIE M3 HUX, KOTOphIE
MOT'YT OBITh aJallTUPOBAHBI B HAIINX YCIOBUSX:

— ucnonb3oBaHue GPS-mepenaTynkoB Il KOHTPOJS MECTOHAXOXK-
JIEHUSI TTOJIBIPKHOTO COCTAaBa M OIEPATHBHOIO TUCIIETYEPCKOTO YIPaBIICHNUS;

— BBICOKOTEXHOJIOTMYHBIE ITOJBIKHOM COCTaB, MCHONB3YIONIUI pa3-
JINYHBIE UCTOYHHKH TOIIMBA B 3aBUCMOCTH OT YCIIOBUH JIBMXKEHHS;

— JKCIUTyaTalys TpOUIEHOYCOB Ha JINTHH-MOHHBIX aKKyMYJIITOpax;

— HCIIONB30BaHKE «IKOOYCOB) (TMOPHUIHBIX aBTOOYCOB);

— yCTaHOBKa B CaJIOHAX BO3YIIHBIX TEIUIOBBIX 3aBEC JJISI SKOHOMHHU
SHEPrUH WIIH TOTUINBA;

— HCIOJIB30BaHUE 3HEprocOeperaromyux NpHOOPOB OCBELICHHS Ha
TIOZIBMYKHOM COCTaBe.
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Ba3oBbIM MeTOnOM peanu3aly BBIIIEONUCAHHBIX MHHOBAIIMOHHBIX
5Heprod(peKTUBHBIX PEIICHUH SBIISETCS CHCTEMHBIN MOAXO0/, 8 B KAUeCTBE
MEXaHU3Ma pean3alliil MOXET NPUMEHATHCS METOJUUECKUH anmapaT «ro-
poackoii oructuku». [TomoOHas «cBsi3ka» MeToJa W MEeXaHH3Ma peayn3a-
LIUH TIO3BOJIUT TOJTyYUTh MAaKCUMAJIbHBIH CHHEPTreTHIECKHiA 3P QEeKT.

PAINIOHAJII3AIIA MPOHECY ®YHKINIOHYBAHHSA
BAHTAKHOI'O TEPMIHAJIBHOI'O KOMIIJIEKCY B YMOBAX
PECYPCO3BEPEXXEHHA

H.FO. llIpamenxo, npogpecop, Xapriscvkuti HayioHAIbHUT MEXHIYHUL
YVHigepcumem cinbcbkozo 2ocnooapcmea im. 11 Bacunenxa

B pesymbrari ananizy TexHomorii ()yHKIIOHYBaHHS TpPaHCIIOPTHO-
CKJIaJICBKUX KOMIUIEKCIB, BUSBJIEHO OCOOJIMBOCTI Ta (DaKTOpH, IO BIUIMBA-
I0Th Ha iX e()eKTHBHICTh, BU3HAYEHO MPOOJIEMH, IO IEPEHIKO/DKAIOTh PO-
3BUTKY TepMiHaJIBHUX cucteM. Cepen MpiopUTETHUX HANPSIMKIB YIOCKOHA-
JIEHHsI TIpoliecy OOpOOKH ApiOHMX MapTiii BaHTaXiB Ha TepMiHaIax OiNb-
ITCTh AOCIIAHUKIB BUIIJISIOT, TICPIII 32 BCE, HACTYIIHI:

— Ppo3po0Ka 3arajbHOI METOIONONIT Ta Mojieiel (DYHKITIOHYBaHHS CEepeIHIX
crcreM, 0e3 sIKIX HeEMa€ 3aKiHYeHOI Teopii MPOLIECy CHCTEM HIDKHBOTO PIBHST;

— (dopmyBaHHS palioHATBHUX TEXHOJOTiH (QYHKIIOHYBaHHS TpaHC-
TIOPTHO-CKJIA/ICBKUX CHUCTEM 3 YPaxyBaHHSIM PECypco30epeeHHs;

— BH3HAYCHHS DAIliOHATHLHOI KUTBKOCTI pecypciB TpH (HYHKITIOHYBaHHI
CHCTEM DIi3HUX PIBHIB HA OCHOBI BUKOPHCTaHHS! IPUHIHIIB JIOTICTHUKH.

B pesynbrari JOCHIDKEHHS 3alpONOHOBAHO KpHTEpiil  e(eKTHBHOCTI
(YHKIIOHYBaHHS BAaHTaKHOTO TEPMIHAJIBHOTO KOMIUIEKCY, OpIEHTOBAHMI Ha
JIOTICTUYHI TIOTpeOX CHCTEMH Ta 3aCHOBAHWI Ha 3HIDKEHI CyMapHHX BHTPAT Ha
00poOKy BaHTaXy. OCKUTBKM BXiJJHUH BAaHTQXXOMOTIK PIi3HOPITHUIA 1 HOCHTH
BUIA/IKOBUI XapakTep, TO HEOOXITHMH TIOUIYK pallioHATBHOI KiTBKOCTI BHPOO-
HUYHUX PECYPCIB, OPIEHTOBAHOI HA YMOBH HEBU3HAUEHOCTI.

3anpornoHoBaHa MaTeMaTHYHA MOJIENb ONTHMI3allii BAPOOHUYUX PECypCiB
BaHTAKHOTO TEpMiHaTy, sIKa rependadac MiHIMI3aI[il0 BUTPAT, IMOB’S3aHHUX 3
00po0KOI0 BaHTa)Ky Ha TepMiHali, Ta JIO3BOJISIE 3/IIHCHIOBATH BHOIp pecypcos-
Oepiraro4oi TEXHOJIOTI BAHTAXKHOTO TEPMiHATY ITPY 3MiHHOMY TIOIHUTI Ha 00p0O0-
Ky BaHT@XiB 3 ypaxyBaHHAM HasBHHX pE3€pBIB 1 TEXHIYHOTO OCHAICHHS
TepMiHaJTy Ta 3 ypaxyBaHHsIM 1HTEPECIB BAHTA)KOBJIACHUKIB 1 IEPEBI3HUKIB.

3acTocyBaHHs JaHOI MOJEN JI03BOIISIE 3AIHCHIOBATY ONEPATHBHE IUIAHYBAH-
Hs T2 KOPETYBaHHsI iCHYIOUOI TEXHOJIOTII NIPY 3MIHHOMY TIOITHTI Ha 00pOOKY BaH-
TaXIB JUI1 €KOHOMIi TPaHCIIOPTHO-CKIIGACHKHX Ta TPYJOBHMX PECYpPCIB, 3MEHILIMTH
Yac MPUHAHATTS YIPaBIIHCHKUX PIIICHb TP OpraHi3allii mporecy oOpoOKU BaH-
TaXIB Ha TEPMIHAJII Ta IMTiBUIIUTH SIKICTh OOCITyrOByBaHHSI BAHTAKOBJIACHHKIB.

139



IHOOPMAILIIMHI TEXHOJIOL'It
B EHEPTOPECYPCO3BEPEXXEHHI

IH®OPMALIIIHI TEXHO.IOTTI
B EHEPTOPECYPCO3BEPEKEHHI

3micT

PABPABOTKA [MPOI'PAMMHOI'O OBECHEYEHUNS JUIs
OITUMUM3AIIUA TEOMETPUYECKHUX XAPAKTEPUCTHUK H
CHUXEHUSA MATEPHAJIOEMKOCTH XOJIOJHOTHYTBIX
MPO®WIEN 142
E.IO. bananaera, nouent, O.A. Tyszenko, nouent, B.B. Kyxaps, mpodeccop,
I'BY3 «llpua3zoBckuii rocynapCTBEHHbIH TEXHUIECKUN YHUBEPCUTED ............ 142

JEKOMITIO3UILIUA BA3 3HAHU B CHCTEMAX YIIPABJIEHUS
SHEPI'OPECYPCAMUA 144
A.A. [Tee, cryment, E.W. KoOpmi, accucrenr, ['BY3 «IIpuazosckuit
TOCYJIAPCTBEHHBIN TEXHUUECKUN YHUBEPCHUTED oeeeerrnevrrreeeeeenunrrreeeaseeeessnnnnes 144

HACTPOHMKA HEYETKHUX CUCTEM YIIPABJIEHU S
SHEPI'OPECYPCAMMU HA OCHOBE METO/10B
MHOI'OKPUTEPUAJIBHOM ONITUMM3ALIUA 145
J.C. 3npasnac, cryaent, E.W. KoOpmm, accucrent, ['BY3 «lIpuazoBckuit
TOCYAPCTBEHHBIN TEXHUIECKUAN YHUBEPCHTET ....ceevnvveeennereeenireeennenineeeenannes 145

CUCTEMA CHUTYAIIMOHHOI'O VYIIPABJIEHUSI PABOTOM
T'PYIITbI JIOMEHHBIX BO3JIYXOHATPEBATEJIEM .........covvevrrnnnee 146
E.W. Kobbmm, accucrent, A.W. Cumkun, moneHt, I'BY3 «IlpuazoBckuit
TOCYAPCTBEHHBIN TEXHUIECKUN YHUBEPCHTET ....ceeouvveeenneieeenireeenneneneeeenannes 146

3MIIIYBAHHS MAJTUBHUX I'A3IB Y METAJIYPI Ii.......coovvrenrrennne 148
B.I1. KpaBuenko, monent, IBH3 «IIpnazoBchkuii ep»aBHUI TeXHIYHUNA
WVHIBEPCHTETN. ... euve ettt et et eiee e st e st e st e et e st e sabee s ettt ettt enaaeenaaeenaeeens 148

JJABOPATOPHA YCTAHOBKA I JOCIIKEHHA
XAPAKTEPUCTHK JIBUTYHA IIOCTIMHOI'O CTPYMY .......couuue. 150
P.A. Kpukyn, crynenr, JI.IL HixomaeB, crynent, B.C.BoBkyHOBHY,
cTapmmii BUKIJIaJad, HamioHambHWII TeXHIYHMH yHiIBEepcHTET YKpaiHu
«KuiBChKMI TONMITEXHIYHUN THCTUTYT iMeHi Iropst CIKOPCEKOTO ................... 150

IHOOPMAIMIMHO-AHAJITUMHA CHUCTEMA KEPYBAHHSI
MMPOLECY NOTI'JIMBJIEHHSA HA®TOBUX CBEPAJIOBHUH.............. 152
T.O. Tenumesa, nouent, HarjioHanbHui TeXHIYHWIA YHIBepcUTET YKpaiHu
«KuiBChKHI TIONMITEXHIYHUH 1HCTUTYT iMeHI [ropst CIKOPCBKOTOY ..................... 152

NHOOPMAIIMOHHASA TEXHOJIOT'UA JUATHOCTHUKHA
COCTOSIHUS DJIEKTPOJIBUTATEJIEM IO HNEPEXOIHbIM

TEIIVIOBBIM XAPAKTEPUCTUKAM 154
B.B. Yopw, crynent, B.1, [TaBnenko, npodeccop, Onecckuii HAITMOHATBHBIN
TIOTTUTEXHUUECKUN YHUBEPCHTET ......veeeeeesunerrreeeeesannnrsannrreeeessssnnnereeesssnnnneens 154




IHOOPMAILIIMHI TEXHOJIOL'It
B EHEPTOPECYPCO3BEPEXXEHHI

IHOOPMANIMHA JOINOMI)KHA CHUCTEMA ITPAIIBHUKAM
BAHKIBCBKUX YCTAHOB Y HAJIAHHI KPEJJUTHUX PECYPCIB 156
M.I IlInuHKOBCHKA, K.T.H., goreHT, FO.C. CMmenbchkuii, bakanasp, OnechKuit

HAITIOHATEHUH TTOTITEXHITHUH YHIBEPCHTET .......vvveeeerveeeseereeesnerereeesneseeensnsees 156
NPEJICTABJIEHHSI COLIJAJIbHOI MEPEXH 3ACOBAMMU
JTOITOBHEHOI PEAJIBHOCTI 157
O.A. llImmekoBchkuid,  jgorieHT, A.A. banman, OakamaBp, Onechkuit
HAITIOHATBHUM TTOTITEXHITHUH YHIBEPCHTET .......vvveeeerreeeeeereeesnereseeesnsseeennnsees 157
PEKOMEH/JIOBAHUH TIOHNIYK KOPUCTYBAUIB Yy
COHIAJTBHUX MEPEXKAX 158
0O.A. lImiakoBchKHH, fotieHT, B.M. V¢, Marictp, Onechkuii HaIliOHATBHIH
TIOJTITEXHITHUH YHIBEPCHTET . ... . vveeenereeeesereeesssreeseesssseeesssssessnssseessssseessennsnes 158
THO®OPMAIIMHA CUCTEMA PECYPCHOI'O 3ABE3NEYEHHSI
JAISUVIBHOCTI JOHOPIB KPOBI 159
O.A. llImmakoBchkui, noneHT, A.B. [{uOymeko, OakamaBp, Onecbkuid
HAITIOHATBHUH TTOTITEXHITHUH YHIBEPCHTET .......vvveeeerreeeseereeesnerereeesneneeensnnees 159

141



IHOOPMAILIIMHI TEXHOJIOL'It
B EHEPTOPECYPCO3BEPEXXEHHI

PA3PABOTKA [TIPOT'PAMMHOI'O OBECIIEYEHUS
JJIS1 ONTUMM3BALIMA TEOMETPUUYECKUX XAPAKTEPUCTHUK U
CHUKEHUSI MATEPHAJIOEMKOCTH XOJJOJHOTHYThIX
MPOOWIEN

E.IO. bananaesa, doyenm, O.A. Tyzenxo, doyenm, B.B. Kyxapw, npogeccop,
I'BY3 «llpuazosckuti 20cyO0apcmeeHtblil MeXHUYeCKULl YHUBEPCUMENn

OpHUM ¥3 TJIaBHBIX HANpaBJeHUH B PEIICHWH 3a7a4 10 YKOHOMHUH Me-
TaJja, CHIDKEHUIO Y/ICIIbHOH METaNIOEMKOCTH METAJUIOKOHCTPYKIHH, TPY-
JIOEMKOCTH W3TOTOBJICHHS 1 MOBBIIIEHUS 3()(HEKTUBHOCTH TIPH MX MOHTaXe
W 9KCIUTyaTalliy SBJISETCS] MPOKOE MCIOIb30BaHNE BHICOKOKOHOMHYHBIX
THYTBIX IPOQHIIEH BO BCEX OTPACIISX MPOMBIIIIEHHOCTH.

I'HyThIC IPOQHITN 00IIET0 U CIIeNUATEHOTO Ha3HaYeHus (TohpupoBaH-
HBIE, 3aMKHYTHIE CBapHbIE, NepPOPUPOBAHHBIE U JAp.) TPUMEHSIOT TIPU H3-
TOTOBJICHUN TEPEKPHITHHA, KPOBEIBHBIX MOKPBITUH, HECYIIUX OAJOK, CTEH,
TIepEropO/IOK, OKOHHBIX MEPEIJIETOB U JIP. CTPOUTENBHBIX KOHCTPYKIMH.

PanrioHansHOE HCTIONB30BaHME 00JIErYeHHBIX THYTBIX Mpoduiiel, Kak mpa-
BUWJIO, HapsiTy ¢ OOECTIeYeHHEM CHIDKEHHSI HOPM pacxofia MeTajlia, COKpalaeT
WJTH TIOTHOCTBIO YCTPAHSIET TPY/IOBBIE 3aTpaThl Ha CBAPKY COOPKY M MOHTAX.

OpHolf M3 Ba)KHEHIIMX 3ajad NpU pa3pabOTKE HOBBIX KOHCTPYKIMN
XOJIOJJHOTHYTHIX TNpoduieil sBiIsieTcss CHIKEHHME pacxoja MeTajuia 0e3
YMEHBIIEHUS! TPOYHOCTH KOHCTPYKUHMH. DTOro MOXXHO JOCTHUYH ITYyTEM
YMEHBIIEHHUS TOJIIUHBI JIUCTa, U3 KOTOPOI'0 M3TOTABIUBAIOT MPOQHIb, HC-
TIOJTb30BaHUs Oosiee MSTKOro MeTayuia W T.0I. [Ipu 3TOM Ui TOCTHXKEHUS
TpeOyeMbIX TMPOYHOCTHBIX XapPaKTEPUCTUK ONTUMH3HPYeMOro mupoduis
HeoOX0AMMa HakaTKa JOMOJHUTEIBHBIX pedep )KECTKOCTH.

IenecooOpa3HbIM sBIsieTCS pa3paboTKa MaTeMaTHYecKOi MOJIeNnH H
MIPOrPaMMHOT0 OOECTIeYeHUs sl PELIeHHs 3a1a4i ONTUMH3ALNH, KOTOpas
MIO3BOJISIET:

— ONPE/IENIUTH OCHOBHBIE TEOMETPHYECKHE XAPAKTEPUCTUKH KOHCTPYKIIUU
TipoduIIst, a TaKKe MPOYHOCTHBIE M TUIACTHYECKHE CBOMCTBA METaIlIa IPOQHIIS;

— ONTHMH3UPOBATh 0a30BYI0 KOHCTPYKIMIO PO 32 CUEeT HAKATKH JI0-
TIOJIHUTENBHBIX pedep )KECTKOCTH C LIENbI0 CHIDKEHUS MAaTepHaIOEMKOCTH TIPO-
(uITst IpY COXpaHEHNH €ro MPOYHOCTHBIX XapaKTEPUCTHK.

[Tpu rudke X0I0AHOTHYTHIX PO UIIEH HEOOXOANMO YIUTHIBATh TaKHe
MIPUEMO-C/IATOYHBIE XapPaKTEPUCTUKH, KaK BHYTPEHHHH paauyc u3ruda
nipouIIs, NCXOMHAS TOJNIIMHA 3aTrOTOBKH, ITUPHHA MOATHOaeMOro 3JIeMeH-
Ta, MOMEHT COMNPOTHBIIEHUSI MPOGHIS CTAaHAAPTHOTO U OL[EHUBAEMOTO, CO-
MIPOTHUBJICHHE METaJuIa eOpMaliH JUIsl CTAaHIAPTHOTO MPOdUIIs.

JIJ1st OlIeHKH TIOKa3aTelisi MPOYHOCTH THYTOTO NMPOQWMIISL 3a4acTyto TpuMe-
HSIIOT METOZIMKY, YUUTHIBAIOLIYI0 BPEMEHHOE COIPOTHBIICHHE Pa3phIBY, ILIOIIA-
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I TIOTIEPEYHOTO CEYEHHsST MECT M3TM0a M TUIOCKHX 3JIEMEHTOB 0a30BOTO M Ole-
HHMBAEMOro TpoduiieH, onpeneeHne KOTOPhIX TpeOyeT MPOBEIEHHUs! JIOTOHHU-
TEJTGHBIX SKCTIEPUMEHTOB ¥ 3HAYNTENBHBIX 3aTpaT BPEMEHH.

Jlns pelneHuss JaHHOM 3aiadyd [esIecOOOpa3sHO MPHUMEHSTh METOJ
Monre-Kapiio, no3Bossifouii onpeiensiTh BIMSHUE BapHalMi BXOJHBIX
rapamMeTpoB Ha BapHaluio BBIXOJHOTO MapamMerpa, B KayecTBE KOTOPOro

BBICTYIIACT OTHOCHTEJILHEIN ITOKa3aTeIb MMPOYHOCTHU Hﬂp‘)d”:

anqu = Wnpqu “Cmpod / Woas " O6as >
rae W6a3 , WIIpO(iJ — MOMCHT COITPOTUBJICHUSA HpO(l)I/IJ'IH COOTBETCTBCH-

HO CTaHAAPTHOI'O U OLIECHMBACMOI'0 YCOBCPIICHCTBOBAHHOI'O, paCCYUTHIBAC-
MBI I10 CTaHI[apTHOﬁ MCTOOUKE;
G6as> Cmpod COIPpOTUBJICHUE METaJLIa I[e(l)OpMaHI/II/I COOTBETCTBCHHO

CTAaHJAPTHOT'O U OLEHUBAEMOT0 Npodueil.

Ha ocHOBe mNpemIoXKEHHOM MaTeMaTHYECKOH MOAENU pa3paboTaHo
IpOrpaMMHOE o0ecIedeHue, 103BONSIOIIEe:

— 3a/1aBaTh MCXOIHbIEC JaHHBIE TEXHOIOIMYECKOrO MPOLECCa;

— MOJIEJTUPOBATH IPOILECC TMOKM apMHUPYIOUIMX NPOQHIed C y4eToM
MIPUEMO-CIATOYHBIX U SHEPrOCUIIOBBIX TAPAMETPOB;

— paccuuThIBaTh KO(GQUIMEHTH BapHallid BXOIHBIX HEPEMEHHBIX U
BBIXOJIHOT'O ITapaMeTpa — IoKa3aTels IPOYHOCTH;

— paccuMTHIBaTh ONTHMANIbHBIE T€OMETPHUYECKHE Pa3MepoB U (OPMBI
ONITUMHU3UPYEMOT'0 MPOGHIISL C YIETOM JIOTOIHUTEIBHBIX pedep KECTKOCTH;

— NIPOM3BOANTH CPABHUTENBHBIN aHAIN3 MaTEPHAIOEMKOCTH 0a30BOr0
1 ONTUMHU3UPOBAHHOTO PO HIIEH.

BeixoaHble aHHBIE 0TOOpaXkaloTcs B BHJIE TaOIHI, rpaduyeckux 3a-
BHCUMOCTEH C TMOCIEAYyIOIIeN UX ammpoKCUMalMel, a Takke BO3MOXKHO-
CTBIO OTOOPaXKEHHsI CBOHOIO TpaduKa.

[Tpon3BONCTBO THYTHIX MPOQUIEH XOMOJHON NMPOKATKON CYIECTBEH-
HO PacCIIUpsieT TEXHOJOTHYECKHEe BO3MOXKHOCTH TMOKHM Ha mpoduiernooy-
HBIX CTaHaxX M MO3BOJISIET MEHATh KOH(HUTYpaLHIO POQUIIs B 3aBUCUMOCTH
OT TEXHWYECKUX TpeOoBaHWH, TpeOOBaHWI 3aKa3yMKa M TeOMETPUYECKHX
U3MEHEHHH B MCXOJHOM chIpbe. Pa3paboTaHHOE mporpaMMHOe obecreue-
HUE UMEEeT NPAKTUUECKYIO [IEHHOCTh C TOUKHU 3PEHUs MOBBIIIEHHUS KauecTBa
U CHIDKCHHUSI ce0ECTOMMOCTH IPOU3BOJICTBA THYTHIX IMpodHiIel X0oIoIHOH
MIPOKATKOM.
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JEKOMITO3UIIUS BA3 3HAHU B CACTEMAX YITPABJIEHUS
SHEPI'OPECYPCAMU

A.A. [lees, cmyodenm, E.H. Kobvuu, accucmenm, ' BY3 «[Ipuazosckuii
20Cy0apCmEeHHbI MEeXHUYECKUL YHUBEPCUTNEIN

Cucrembl HEUETKUX 0a3 3HAHUH IHPOKO MCIOIB3YIOTCS TIPH PELICHUN
Pa3IUUYHBIX NPOU3BOACTBEHHBIX 3aJay, B TOM YHCIe, 3a7a4 YKOHOMHUHU TOII-
JIUBA U 3JIEKPOIHEPTHU HA METAIyprHUECKHX Npeanpusatusx. Heuérkas
0a3a 3HaHWH MMPEACTABISET COO0 COBOKYITHOCTH HMPOIYKIIMOHHBIX TIPaBHII,
COCTaBJIEHHBIX 10 NMPHUHLIUINY «ecau-To». Hampumep, «eciau temmeparypa
«BBICOKasl», TO PAcXoJl TOIUIMBA «HU3KHID», IJe «BBICOKAS» U «HU3KHUID) -
He4y€TKHe TepMBbI, 0003HAYAIONINe MPUHAJISKHOCTD JIMHIBUCTHUECKHX TIe-
PEMEHHBIX «TeMIepaTypay U «pacxof TOIUIMBAY COOTBETCTBYIOIIUM HEUET-
KHM MHOXECTBaM.

®opmupoBaHue HeU€TKON 0a3bl 3HAHUH IPOMCXOAUT JINOO HA OCHOBE
9KCTIEPTHHIX OLIEHOK B pe3yJbTaTe HAaONIOACHHH 3a yIpaBiisieMbIM Ipolec-
coM, JTM0O B pe3yJbTaTe NMPUMEHEHHUS OJHOTO M3 METO/I0B WHTEIUIEKTYyallb-
HOT'O aHaJIM3a JIAaHHBIX, N3BECTHOrO Kak Data Mining, pu oMoy KoTopo-
TO TOSIBIISIETCSI BO3MOXHOCTh ITOMCKa aCCOLMATUBHBIX CBsi3el M popMHpo-
BaHMs aCCOIMATHBHBIX IPaBWJI NP aHaJIH3e OONBIINX 00BEMOB JKCIEPH-
MEHTAJIbHBIX JaHHBIX. Heuérkas 0aza 3HaHWIA (GOPMHUPYETCS ¢ YIETOM BO3-
HUKHOBEHUS BCEX BO3MOXHBIX cuTyaruil. Hanpumep, Takux kak Hegocra-
TOK TOIUIMBA, HU3Kas KaJOPUHHOCTH TOILIMBA, MPEXKIEBPEMEHHBIA Harpes
WA HEJorpeB o0bekTa U T.J. [1o3TOMy 00BEM 0a3bl JaHHBIX JTOBOJIHHO
OOJIBILION TIPH COJIep)KaHUU B HEH OOJIBIIOro KOJIWYECTBA HEUETKUX MPaBUIL,
OMHUCBIBAIOIIUX BCE BO3MOXHBIE cuTyaluu. CienoBaTeIbHO, aKTyaJlbHBIM
CTaHOBUTCS NMPUMEHEHHH METO/a NEKOMITO3UIMK o0mel 0a3bl 3HaHUH Ha
Oonee Menkue Oa3bl 3HAHUM, KaXK/1asi N3 KOTOPBIX XapaKTepU3yeT KOHKPET-
HYIO0 IPOU3BOJCTBEHHYIO CUTYallMI0 U MPUMEHSETCS MPU BO3HUKHOBEHUU
JTAHHOM TIPOM3BOJCTBEHHOM cHUTyaluu. Taxkoil moaxona MO3BOJISET COKpa-
TUTB 3aTPaThl BPEMEHU M MAIIMHHBIX PECYPCOB HAa HACTPOMKY Oa3bl 3HAHMI
U JaJbHEHIee NoaydeHne JIOTMUeCKOro BbIBO/IA Ha OCHOBE JAaHHON HEYET-
KoM 0a3wl 3HaHWA. [Ipyu MpUMEHEHUH METONA JCKOMIIO3UIUK 0a3 3HaHHWU
BO3HHUKAeT 3ajJaya NPOTHO3UPOBAHMS NPOU3BOACTBEHHBIX CHUTYyallUH IJis
CBOEBPEMEHHOT'0 OOpalleHusi K COOTBETCTBYIOIIeH Oa3e 3HaHmi. [lomck
HEeoOX0ANMOI 0a3bl 3HAHUH MOXET OCYIIECTBIISATHCS, HANPHMEDp, MPU II0-
MOIIY JIepeBa MPHUHATHS PellleHnH ImyTeM 00Xoza JepeBa, BEpLIMHBI KOTO-
pOro MpeACTaBIEHbl KOHKPETHBIMU MPOU3BOJCTBEHHBIMU CUTYallUsIMU, a B
JIUCThsI JlepeBa HaXOMUTCSl COOTBETCTBYIOIIAs 0a3a 3HAHWH, MOJTy4YEeHHAs B
pe3yabpTaTe NEKOMITO3UIIMH 00IIel 0a3bl 3HAHUI.
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HACTPOMKA HEYETKUX CUCTEM YIIPABJIEHUSA
SHEPI'OPECYPCAMM HA OCHOBE METOJI0OB MHOT OKPH-
TEPUAJIBHON ONITUMM3ALINA

J1.C. 30paszoac, cmyoenm, E.H. Kobvuu, accucmenm, I'BY3 «llpuazosckuii
20CYyOapCMEeHHbIIL TNEXHUYECKULL YHUBEPCUME»

[pu perennn 3a1a4 HAEHTU(HUKALUN OCOOBI HHTEPEC MPE/ICTaBIISET
JIMHIBUCTUYECKOE ONMCAaHWE HWACHTHU(UIMPYEMBbIX 3aBUCHMOCTeH. B man-
HOM CJyd4ae HMMeEEeT MECTO CJIOBECHAas OIEHKa 3HA4YE€HHWH I1apaMeTpoB
(HampuMep: «BBICOKHIY, «CPEIHUI», «HU3KHI», «OYCHb HU3KUA» U T..I.)
KOTOpast ITPOM3BOANTCS DKCIIEPTOM Ha OCHOBAHWM JIMUHBIX HAONIONECHUNA W
aHaJIM3a SKCIIEPUMEHTAIILHBIX JTaHHBIX. Takoi Mmoaxof K 3ajavyaM HICHTH-
(UKanuy, MOJIETTMPOBAHMS, YIPABJIEHHUS U TPOTHO3UPOBAHUS XapaKTepU3y-
eTCs MCIOJIb30BAaHHEM MPUHIMIIOB HEYETKOW JIOTMKH, UMHTHPYIOUIUX IIO-
BEJICHHE YEJIOBEKAa MpPU OIEHKE 3aBUCUMOCTEH M TPUHATHH PELICHHH.
VIMeHHO MOSTOMY HEYeTKHe MOJENHM HalUTH IIUPOKOE NMPUMEHEHHE NpHU
pa3paboTKe CUCTEM C DIIEMEHTaMH NCKYCCTBEHHOT'O MHTEJUIEKTa.

OCHOBHBIMHU 3TanaMi HEYETKOT'O0 MOJEIUPOBAHUS SIBISIOTCS: (ha33u-
¢ukanus, GopMHUpOBaHUE JOTUUECKOTO petieHusl, Aeda3z3nupuKarus.

[pu dazzudukammy NpoUcXoaUT Npeodpa3oBaHUsI YMUCIOBOIO 3HAYECHHUS
BXOJTHOW BEJIMYHMHBI B HEYETKOE 3HAUCHHE NPH MOMOLIM (DYHKI[HIT TIPUHA K-
HOCTH, KOTOpBIE OMNPEJEIISIOT CTENeHb MPUHAUISKHOCTH BXOJHOW BEJTMYNHBI
Ka)X/IOMY M3 HEYeTKUX MHOXecTB. Ha artame ¢opMupoBaHHs JTOTHIECKOro pe-
ILIIEHUsI UCTIONb3YeTCsl HedeTKasi 0a3a 3HaHWM, NpecTaBieHHass HabopoM Ipa-
BHWJI «ECJIM-TO», Ha OCHOBAHMHM KOTOPBIX (pOPMHUPYETCsl HEUETKUI JIOrNUECKUHA
BbIBOJ. Jledas3udukanus — nmporiece, o0patHsIii (a33udukanum, T.e. mpeodpa-
30BaHHE HEYETKOW BBIXOTHOW BETMUYMHEI B €€ YETKOE 3HAUCHHE.

3aaya HAaCTPOUKHM HEYETKOW MOJICTH 3aKJII0UaeTCs B HAXOXKIACHUH Ta-
KUX mapameTpoB (YHKIWH NPUHAICKHOCTH HEYETKMX TEPMOB U TAKUX
BECOBBIX KOA((HIMEHTOB JIOTHYECKHUX MPABHI, MIPU KOTOPBIX JTOCTHIAETCS
MHUHHUMAJBHOE PACXOXKICHHE MEXIY JKCICPHUMEHTAJIbHBIMH JaHHBIMH H
pe3ynbTataMu MonenupoBaHus. [Ipu HacTpoiiKke HCHONB3YIOTCS METOJIBI
MHOTOMEPHO! ONTHMHU3AIIUH.

[Tpn peanuzanmy HEUETKMX MOJENEH yNpaBJIEHHS CIIOXHBIMH TEXHO-
JIOTHYECKUM MPOIECCaMU BO3HHKAET HEOOXOAMMOCTh ITPUMEHEHHSI MHOTO-
KPUTEPHATILHOW ONTUMM3ALUH, KOTOpast MOXKET OBITh CBeleHa K mpeodpa-
30BaHUIO HECKOJIBKMX KPUTEPHEB ONTHUMAJILHOCTH B OAWH OOLIMH, JMOO K
3aJ]aHUI0 MIPUOPUTETHOCTH KPHUTEPHUEB W IIOCIEOBATEIbHONW HACTpOHKE
MOJICITH B COOTBETCTBHH C TAHHBIMU KPHUTEPHAMH.
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CUCTEMA CUTYALHIMUOHHOI'O YITPABJIEHUSA PAEO:I‘OFI
reyamnbl JOMEHHBIX BO3YXOHAI'PEBATEJIEU

E.U. Kobvuu, accucmenm, A.H. Cumxun, doyenm, I BY3 «IIpuaszosckuti
20Cy0apCmEeHHbI MEeXHUYECKUL YHUBEPCUTNEIN

[Ipu moAroToBke ropsyero MyThsl CYIIECTBYET BEPOSITHOCTH BO3HUK-
HOBEHMSI CUTYallUi, MPU KOTOPBIX MPOLIECC HarpeBa HacaJKU BO3JyXOHa-
TpeBaTENs 3aTPYAHACTCS BCICACTBUE ONMPENENEHHBIX (PaKTOPOB, HAIIPUMED,
HEIOCTATOYHOE KOJMYECTBO TOIUIMBA ¥ (WJIH) €ro HHU3Kas KaJIOPUHHOCTB.
[Momo6HBIE CUTYyaIllMl MOTYT NMPHUBECTH K HEJIOTPEBY HACAJKU U, COOTBET-
CTBCHHO, HE BBITIOJTHCHUIO TPEOOBAHUI TEXHOIOTMICCKON KapThI.

CTpykTypa U mapameTpbl KaxIoi Hed€TKoi 0a3wl 3HaHWI oOecredn-
BAIOT PEaJM3alUI0 CLIEHapUsl YIpPaBJIEHUS HArpeBOM HACaJKH BO3IyXOHa-
rpeBaressi ¢ yu€ToM NPOMU3BOJICTBEHHOM CHUTYyallMM, CIOXHBIIEWCS Ha Te-
KYIIMM MOMEHT JJIsl KaKJIOrO M3 BO3JyXOHarpeBaTesiel rpymnmbl. BxonHsl-
MU MapaMeTpaMu Heu€TKuX 0a3 3HAHWH SBJISIOTCS TEKYIIUC 3HAUYCHUS TEM-
nepaTyp Kymnosia ¥ HU3a HacaJKu, a TaKXkKe MPOrHO3UpyeMoe 3HaUEHHE Bpe-
MEHH, B T€UEHHE KOTOPOr0 BO3JyXOHArpeBaTelb MOXKET HaXOIUTHCS B pe-
JKUME HarpeBa Hacaakd. BeIOOp BBIXOJHOTO mapaMeTpa HeYETKuUX 0a3 3Ha-
HUN OCYILIECTBIISIETCS B 3aBUCHUMOCTH OT BHJA MCIIOJIb3YEMOIO TOIUIMBA.
IIpu orormieHHr cMemaHHBIM Ta30M BBIXOJHBIM MapaMeTPOM HEUYETKOM
0a3bl 3HAHWI SABJISICTCS TEIUIOTA CTOPAHUS T'a30BOM CMECH, NPU OTOIUICHUU
JIOMEHHBIM Ta30M — pacxojl JOMEHHOIO rasa.

Hactpoiika Heu€Tkux Mojenel ynpaBieHHsl HarpeBOM HAcaJlKU Mpe/l-
CTaBJIsIeT CO0OM 3a/lady MHOTOMEPHOH ONTUMU3AIUH, TIPU KOTOPOM BEIOOD
1eneBoil (PyHKIMH 11e7eCO00pa3HO OCYIIECTBIISTH B 3aBUCHMOCTH OT TEKY-
IIUX 3HAYEHUH MapaMeTpoB ra3a-TEIIOHOCUTENS U TEMIIEPATypHOIO COCTO-
SIHUSL HacaJllok BceX BO3JAyXOHarpeBaTened rpymmsl. B mpouecce ympasie-
HUs paboroll OJOKa JOMEHHBIX BO3JyXOHArpeBaresield IOSBISIETCS BO3-
MO>XHOCTh 33JIaHUSI U OLIEHKU KayecTBa yIpaBJeHUs B COOTBETCTBUU C pa3-
JINYHBIMU, WHOT/IA MPOTUBOPEUALIUMH APYT IPYTyY, MOKA3aTeIsIMU, OCHOB-
HBIMH U3 KOTOPBIX SBISIOTCS (DMHAHCOBBIC 3aTPAThl HA TOILTHBO, OTKJIOHE-
HUS 10 BPEMEHHU pabOThI KAXKIOTO ammapata OT TEXHOJIOTHMYSCKOW KapThl
(HemorpeB HAacagKd B MOMEHT IEPEKIIOUCHUS WIH TPEKICBPEMEHHBIN
HATPEB HACAIKH) M KOJMYECTBO IMOTEPh TEIUIA C OTXOMANIMMHU Ta3aMu.
Benencreue ¢usudeckoil pasHOPOMHOCTH YKA3aHHBIX MapaMETPOB U IO-
TEHIUAJIbHON BO3MOKHOCTH BO3HUKHOBEHUS CUTYallUid, B KOTOPBIX JaHHbIE
MTOKA3aTeIN MOTYT OBITh B3aUMOUCKITFOUYAIOIIUMU, TIPOU3BOJAUTE HACTPOUKY
HEYETKOW MOJENHU YNpaBJIeHUs] HArPEBOM HACAJKH IO aIUTUBHOMY KpHUTe-
pUI0, SBISIONIEMYCS aJireOpanvecKoil CyMMOM BCEX TIEPEUMCIICHHBIX MOKa-
3arenel, He MPEJCTABIACTCA BO3MOXKHBIM. PellleHWe TaHHOW IMPOOJIEMBI
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HAXOMUTCSI B OOJIACTH BBIOOpPAa METO/a MHOTOKPUTEPUATBHOW ONTHMH3a-
UM,

IIpn wucnonp30BaHMM A7l OTOIUICHUS! BO3/JyXOHarpeBaTesield ra3zoBon
cMecH (B Ka4eCTBE BBICOKOKAJIOPUIHOW JOOABKU BBIOpAH MPUPOTHBIN Ta3)
TJIABHBIA KPUTEPUH ONTHMHU3AINY BKJIFOUAET OMUCHIBACTCS ypaBHeHUEM (1):

R'i - C F + Cn.r.Fn.r. - min’ (1)

A AT,

rae CM_, Cn_r_ - CTOMMOCTbH IIPUPOJHOrO rasa, I‘pH./M3 .

F F - cyvmmapHbIii pacxon MPUPOJHOrO rasa 3a MepUojl Harpesa

a.r.’ T ILT.
HACAJIKH, M.

B nanHOM ciyuyae BO3MOXKEH BapHaHT BHIOOpa B KadyecTBE IIEIEBOW
¢yHKIMK oiHOTO M3 craraeMbix (1), 1100 MmpuBeaeHue 3a/1a4d K BUAY Of-
HOKPHUTEPHAJIHHOH METOIOM YCJIOBHOTO IleHTpa Macc. [lpu peanmzanun
JITAHHOTO MEeToJa HeOOXOIMMO IOCIIEIOBATENLHO PEIIUTh 3a/1a4l ONTHMH-

3aIliH, COTJIACHO BhIpaskeHusM (2) - (3):

Rz.u.r. = Cu.r.F)J.r. = fu.r.(iu.r.) - min7 (2)
Rz.n.r. = Cn.r.Fn.r. = fn.r.(in.r.) - min’ (3)
rae in.r.,in.r. - BEKTOpBI NapaMeTPOB HACTPOUKHU: BECOBBIE KOA(-

($UIMEeHTH U MapaMeTpbl QYHKUUHA NMPUHAIIIEKHOCTH, NIPU MUHUMHU3AIUN
3aTpaT Ha JOMEHHBIN ra3 U NPUPOJHBIN ra3 COOTBETCTBEHHO.
KoopanHaTel TOUKH yCIOBHOTO LIEHTPA MACC OMPEEIAIOTCS COMNIACHO

(4):

3.A.T. 3.J.T.

m}ll‘ n.r

30T, 3.ILT.

R +R R. +R
— 3.001.T. s m — 3.I.T. (4)

PesynpTHpyrommii BEKTOp napaMeTpoB HACTPOUKHU MOJENHU MPe/ICTaB-
neH B (5):
m;(.r.X;(.r. + mn.r.Xn.r. (5)

X =
ma.r. + mn.r.

CyllecTBEHHBIM NPEHMYIIECTBOM METOJA YCIOBHOIO LEHTPAa Macc
SIBIII€TCA BO3MOXKHOCTh Y4€Ta UyBCTBUTEIBHOCTH KOOPJIMHAT HCKOMOTO
BEKTOpa MapaMeTPoOB K KAKAOMY M3 JIOKAJIBHBIX KPUTEPHEB ONTHMU3ALUU.
[Mpn nanHOM mMOAXO/E (PYHKIMOHMPOBAHHWE CHCTEMBI YIpaBJIECHHS PaOOTHI
rpynmsl Bo3nyxoHarpeBateneil B coctae ACYTII BrlaBku 4yryHa B 0-
MEHHOMH IeYH OCYIIECTBIISETCS COITIaCHO CTPAaTErMd MHOTOKPUTEPHUATIBLHOT O
ONTUMAJIBHOTO YIIPABIICHUS
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3MIITYBAHHS ITAJIMBHUX I'A3IB Y METAJIYPIIi

B.I1. Kpasuenro, ooyenm, /[BH3 «[Ipuazoscekuti OepoicagHuli mexHiuHuil
VHIgepcumenmy

Ha meranypriiHuX mianpueMcTBax Je € JAEKUIbKa BHAIB TEXHOIOITYHUX
MAJIMBHUX Ta3iB YaCcTO BHHUKAE MOTpPeOa 3MINIYBaTH IIi Ta3H 3 METOK OJep-
YKaHHSI CyMIIIIi 331aHOI TEIUIOTBOPHOI 3/1aTHOCTI (KasopiitHocTi). [TanmBHI ra3u
BUPOOIISFOTHCS Y PI3HUX TEXHOJNOTIYHUX arperarax y pi3Hiil KUIBKOCTI, 3 pi3-
HHMM TIOYaTKOBMM THUCKOM 1 TPAHCIIOPTYIOTHCS MO Ta30POBOJAM Pi3HOTO Aia-
MeTpy. 3MilllyBaHHS BiI0OYBA€ThCS Ha CHEMiAIbHUX Ta303MILTyBAIBHIX CTAHI-
sx (I'3C). Cymimr moBUHHA MaTH KAJIOiiHICTh BUIIY 33 KAJIOPIHHICTh HU3BKO-
KaJIOPIHHOro BUy MaJMBa 1 HWKYY BiJ] BACOKOKAJIOpiiHOro. /l1st 11b0oro BUKo-
PHCTOBYIOTh 0araro HM3bKO KaJIOPIHHOrO MaivBa i JJOAAIOTH JI0 HROrO TEBHY
KUTBKICTh BHCOKOKAJIOPIHHOro, MO0 MiTPUMYBATH 3aJIaHy KaJOpiiHICTH Cy-
Minmi. Y TEeXHOJOTIYHMX CXeMaX 3MINIyBaHHS TOH Ta3, sSKOTO y CyMill Oyie
OLTbINE 1 KaJIOPIMHICTB SKOTO HIDKYA, SK MPAaBUIIO, € BEAYYHM, a BUCOKOKAJIO-
piliHe MaJMBO € BEACHWM. | TITBKM B OKpEMHX BHIIJKaX BHCOKOKAJIOPiHHMIA
ra3 BUKOPHCTOBYIOTB Y SIKOCTI BEy4Oro.

KorkHe mianprueMcTBO Mae CBOi YMOBH ITO KiJIbKOCTI BUPOOJIEHHX ra-
3iB, 110 KOJIMBAHHIO iX THCKY Ta KaJIOPIHHOCTI, IO KUIBKOCTI CITOXKMBAaHHS
cymimi rasis, Tomo. [Ipy 3HAaUYHMX KOJNMBAaHHSAX IapaMeTpiB IUX Ta3iB
BHUKOPHCTOBYIOTH Pi3Hi CIIOCOOH iX cTadimizamii - BCTAaHOBIIIOIOTH IPOMiXKHI
HaKOIHMYYBAJIEHI €MKOCTI -Ta3rojibJIepH, Ta30 CKHU/IHI CBidi, ra30Bi KOMIpe-
copu-0ycrepu, cucteMu cradimizamnii Trcky. Koiu Ha MiANMpUEMCTBI BUHU-
Ka€e HeoOXiTHICTh BUPOOJISITH CYMilll MAJIMBHUX T'a3iB IEBHOI KaJOpiHHOCTI,
TO BCTAHOBJIIOIOTH ra303MilTyBaJIbHI CTAHIII].

Ha Tux mianmpuemcTBax Je KUTbKICTh Ta THCK BUPOOJIEHHX Ta3iB BiJTHOCHO
cTaliIbHMH, 3MilTyBaHHS BinOyBaeThest y '3C muisixoM mopjadi BEIEHOro razy
4epe3 mpsiMe Bpi3aHHS HOro TPyOOIPOBOAY Y TPYOOMpPOBIi T Beaydoro raszy. Tam
Jie TaKol cTablIbHOCTI HEMae, Ta3| MOAAI0ThH CIIOYATKy Ha Ta30 MiJBUIYBAIbHI
CTaHMji - OycTepy I MiIBUILIEHHS TUCKY, a TOTIM Ha 3MIIIyBaHHSI.

Benyuum Ha3uBaroTh TOH ra3, sSIKUi NP JaHIi TEMJIOTBOPHIN 37aTHO-
CTi CyMilI Mae 3HAYHO OUTBITY 00’ €MHY JOII0 Y Hill (cymimni). Hampuxkita,
€ JBa NMAJIMBHUX T'a3u KOKCOBMH Ta JoMeHHMH. KokcoBuil ra3 Mae Temnor-
BOPHY 3/1aTHICTb qk = 4000kKan/m’, a foMeHHuit g = 800kKan/m’. 3a1aHa
KayopiliHicTh cymimi q¢ = 1200xkan/m’. BU3HAYMMO BUTPaTH IOMEHHOIO
rasy y cymimi X m’/roz, a kokcoBoro Y M’/rox. Xait omHoro rasy Gyne
Oiunemre, a6o Menmre iHmoro y K pas, to6to xaih X = KeV. Kanopiitaicts
CyMIIIT BU3HAYAETHCSA (hOPMYIIOFO:
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X-q_.‘+.’r’-qh. )
U= "aer (1)
[MincraBumo y popmyny (1) X = KoV i 3poOumo BiAMOBiHI CIIPO-
IeHHs1. B pe3ynbpTati ogepKuMo BUpas:
_ Fikgta)
9@~ vw &

CkopotuMo Y 1 0Jep’KUMO 3Ha4eHHs! Koe(illieHTy CIiBBiIHOIIEHHS
KiJIBKOCTI Ta3iB y cymimi K:
_ lag—ad |
- - ]
(9c—qq)

€)

Jly1s Hamoro NpHKIIaay MaeMo:
_ @000-1200 2800
T 1zo0-soo 400

TakuM yMHOM, JJOMEHHOTO Ta3y y Lii cymimi 1o 00’eMy Oyne y 7 pasis Oi-
JIBIIIE HIXK KOKCOBOTO, TOOTO BeyurM Oy/ie IOMEHHHMIA Ta3, a Be[ICHM KOKCOBHIA.
Arte, sxio Tpeda Olep)KyBaTH KOKCO-JIOMEHHY CYMIIIT 3 KaJIOPiHHICTIO OUTBIIIe
Hix 2500 KKan/M’, To peKOMEHTyeThCs 3a BETydHii GPaTH KOKCOBHIA ra3.

Anroput™ (opMyBaHHS 3a/1aHOI KaJOpiHHOCTI CyMilli JBOX TrasiB 3
BUKOpHCTaHHIM (opmyinu (1) Oyzne Takum. Butpatu Begydoro (JOMEHHOTO)
ra3y X BU3HAYAIOTHCS IHTCHCUBHICTIO CIIOKMBAHHS CYMIIlli CIIO)KMBAa4YaMH 1
TOMY BOHH aBTOMATHYHO HE PETYJIIOIOTHCSA. TakMM YHHOM, s CTaHIIT
napamerp X € He3aJlIeXHUM. J[Js KOXKHOTO 3HA4YeHHsI BUTpAT X B JaHUM
MOMEHT Tpeba Mo/aTH 1 3MIIIaTH TaKy KiJIbKICTh BUCOKO KJIOPIHHOTO rasy
V, sixa 6 3a0e3nevyBaia 3a/1aHy KaJopiiHicTh cymii qc.3. I3 dpopmynu (1),
BBXKAIOUM, IO KaJIOPIHHICTH CyMimm 3ajaHa (c.3., 3HaleMO MOTpiOHi,
TOOTO 3a/aHi, BUTPATH BeleHOro raszy ¥Y3. Ockinbku X = KV, To BUKOpH-
cToByroud Gpopmyny (3), oIepKUMO:
{l-'l‘- 4
I_:q LS— T 1;}; ' (4)
“TH P

CuiBBigHOMmCHHS (4) i MOKJIAAAI0Th B OCHOBY POOOTH Ta30 3MilllyBa-
JILHUX CTaHITIH.

Y.=X-
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JJABOPATOPHA YCTAHOBKA JIUISA JOCIIIKEHHSA
XAPAKTEPUCTHK JIBUTYHA IIOCTIMHOI'O CTPYMY

P.A. Kpuxyn, cmyoenm, /[11. Hikonaes, cmyoenm, B.C. boskynosuuy, cmapuuii
suknaday, Hayionanvhuti mexuiunuil yrisepcumem Yxpainu «Kuigcokutl
nonimexiunuil incmumym imeni leops Cikopcoko2o»

Jlis KMBJIEHHS TIEBHUX CIIOXKMBAYiB, SIKI MOTPEOYIOTh PETYIIOBAHHS
TiIBEAICHOT 10 HUX HAINpPYr'd, BUKOPHCTOBYIOTHCS ITUPOTHO-IMITYJIbCHI Te-
perBoproBaui (LLIIT) manpyru. Came ToMy cTyzneHTaM, K MalOyTHIM crie-
mianicram B obnacrti enexrponpuBoay (EIT), HeoOXigHO BUBYATH MPHHIMITN
poboTn Ta crocodu KepyBaHHS ABHI'YHAMH MOCTIHHOTO CTpyMy, a came
LIJISIXOM BU3HAYEHHS CTATHYHMX Ta TUHAMIYHUX XapaKTEPUCTHUK.

Merta poboTu — po3poOKa J1abOpaTOPHOI YCTAHOBKY IS JOCIIIPKCHHS
CTaTUYHMX Ta JAWHaMiYHMX Xapakrepuctuk EIl mocriliHoro crpymy 3a no-
nomororo IHITT.

Amnanizytoun punok EIl mocrifiHoro ctpymy BCTaHOBJIEHO, IO Tpe.-
craBieHi cydacHi EIl oOMexeHi y (yHKIIOHANI Bidyaiisamii cTpymy, Ha-
npyru Ta mBuakocti EI, a Ti 1m0 3aJ0BONBHSIIOTE BUMOTaM € JJOCHTH JI0pO-
rumu. ToMy 3amporoHOBaHO PO3POOUTH JIAOOPATOPHHUN CTEHH, SIKMHA On
Ha/IaB MOXJIMBICTh BUIBHOTO JIOCTYITy JIO CUCTEMH KEpPYBaHHs Ta Bizyai3a-
i HeoOXiHUX mapamMeTpis[1].

dyHKIiOHaNFHA cXeMa pOo3pOo0JIeHO0i JTa0OpaTOPHOI YCTAHOBKH, IO
npescTaBieHa Ha puc. | ckiamaerscs 3 Kepytodoro koHtposepa (KK)
Arduino Mega2560, iHnTepdeiicy 3 oNTHYHOIO PO3B’s3KOI0, ApaiBepiB, iH-
BepTopy, iHTepdeiicy narumka mBuakocti (IJIII) ta nepconamsHOrO
koMt rorepa (I1K).

KK peanizye cumerpuyanii ab0 He CUMETPUYHUI CIIOCOOM KepyBaHHS
CHJIOBUMH Kirouamu, reHepye 1IIIM immynbcu, ski yepes apaiiBep 3 ONTHY-
HOIO PO3B’S3KO0I0 MozatoThest Ha BigmoBinHi 6a3u IGBT [2]. Kpim nporo KK
30Mpae CHrHaJIM 3BOPOTHIX 3B’A3KIB 32 CTPYMOM SIKOPS, @ TAKOX LIBHKOCTI
oOepTaHHs Bayly IBUTYHA JUIs Bidyamizamii Ta peamizamii kepysanus [T
[JL y3romkye piBeHb HaNpyru, sSIKy OTPUMYE BiJl TaXxoreHeparopa /0 piB-
HSl JOMYCTUMOI BXIi/JIHOI Hampyru aHaJOrOBO-IM(POBOTO IMEpeTBOpIOBAYA
KK Tta ¢insrpye ioro. OTpuMaHi CHTHaJIM 3a JIONOMOIO IOCIHIJOBHOT'O
3’eqnanns 3 [1K Bi3yami3yroThCs y CEpEIOBUIIN IPOrPaMHOT0 3a0€3MeYCHHS
«LabVIEW» 3 HacTynHuUM 30epiranasM Ta 00poOKoro.
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J|< 7N JI< i
=208 _LC7
T3 T4 )
JI< ZXVD3 JI< ngm
O
[paiiepu InTepchenc
IHTEpdeinc 3 oNTUYHOK Aatymka
PO3B'SI3KOI0 LIBWUAKOCTI
! .
Mnata Arduino Mega2560
MK | Ha 6asi MikpokoHTponepa | w
A Tmega2560 i

Pucynok 1 — @yHkuioHanpHa cxemMa CTeHIy

Po3po0ieHuti 1abopaTOpHUI CTEHT € YHIBEPCATBHUM Ta JTA€ MOXKIIH-
BiCThb IIPOBOJIMTH MIMPOKHH Habip mociimkens peryipoBanoro EIT Ha 6asi
JIBUTYHA ITOCTIHHOTO CTPyMy, a caMe Iepeadadae MOXKJIMBICTb 3HATTS Ta
Bisyawizamii cTaTMUHMX Ta JAWHAMIYHUMX Xapakrepuctuk EIl mocriiiHOrO
CTpYMY, a TaKOX eKCIIEpUMEHTaJIbHE BU3HAUCHHS [TapaMeTpiB JIBUTYHA TO-
CTIHHOTO CTpyMY.

BucnoBku. Po3po0Oiienuit 1abopaTopHUiA CTEH/T JTO3BOJSE CTYICHTAM Ha
TIPAKTHUII TOCTITUTH CTATHYHI Ta TMHAMIYHI XapaKTEPHCTHKU JIBUTYHA MTOCTii-
HOT'0 CTPYMY 32 JIOTIOMOT'OI0 IIIMPOTHO-IMITYJIECHOTO TIEPETBOPIOBAYa.

Jlitepatypa
1. Bimal Bose Power Electronics and Motor Drives: Advances and
Trends / Bimal Bose Knoxville, Tennessee: The University of Tennessee,
2006. 917 pages.
2. EnextpoMexaHiuHi CHCTEMH aBTOMATUYHOI'O KEPYBAHHS Ta EJIEKT-
ponpusoau. M.I". [Tonosuu, O.10. Jlozuncekuii — JInbigs, 2005 — 253 C.
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TH®OPMAIINHO-AHAJITUYHA CUCTEMA KEPYBAHHS
MNPOLECY NOI'JIMBJIEHHA HA®TOBUX CBEPAJIOBUH

T.O. Temuuesa, doyenm, Hayionanonuil mexniunuil yuieepcumem Ykpainu
«Kuiscokuti nonimexuiynuti incmumym imeni leops Cikopcoko2oy

3arabHa npoOieMa ypaBIliHHS TONTHOIEHHSIM B TIPOLIECi OypiHHS CBEpI-
JIOBUHHU TIOCTA€E Y BUIJISAIL JIBOX B3a€EMOIIOB'SI3AHKUX TPOOJIEM: YIPaBIIiHHSI TIOBHH-
HO OyTH e(heKTUBHHIM, TOOTO MiHIMI3yBaTH BUTpaTH, Ta OriepaTHBHIM. EdexTus-
HIiCTh OOYMOBITIOE ONTHMI3ALII0 TEXHOIOTIYHOrO MPOLIECY 1 CBOEYACHICTh HOro
KOpEryBaHHI 31 3MiHOK po30yproBaHKX Mopin. OnepaTHBHICTH Mependavac Mi-
HIMI3yBaTH MPOCTOi 1 BU3HAUESHHS HOBUX ONTHMAIBHUX 3HAY€Hb TEXHOIOTTYHHX
TIapaMeTpiB MONTUOICHHS MPH 3MiHI BIIACTHBOCTEH ITOPOH.

Jlis omTuMizanii TEXHOJOTIYHUX MapaMeTpiB MpOLECY BUKOPUCTaHA
MOJIEIb TOTJIMOJICHHS sIKa JIO3BOJISIE PO3paxyBaTH ONTHUMAaJIbHE 3HAUYCHHS
OCBOBOT'0 HaBAHTAXKEHHS Ha MOPOAOPYHHIBHUI IHCTPYMEHT 3 BUKOPHCTaH-
HSIM KPHUTEPi0 MiHIMaJIbHOI BAPTOCTI METpa MPOXIi/IKK CBEPVIOBUHH.

Jlns1 3a0e3nedeH s onepaTuBHOCTI BUKOPUCTAHUH METOJ aJalTHBHO-
TO ONTHMAJIBHOTO YIPaBJIiHHS MOTIHOJICHHSM CBEpAIOBHH [1], sikuii Mic-
TUTh AHAIITHYHY CKJIQJIOBY MeEToJ /J03BOJISE IMPOBOAUTH ileHTHU]IKALIIO
rapameTpiB MOJE Ta MPOTHO3YBATH TPHBAIICTh POOOTH MOPOJOpPYHHIB-
HOTO iHCTPYMEHTY 1O TOBHOro 3HOmeHHs. OKpiM TOro, METOJ MICTHUTh
aHAJITHYHY CKJIQJIOBY, sIKa Nepeadadae eKCliepuMeHTalbHe MOTrIHOIeHHS 1
aHaJIi3 oro pe3ysabpTaTiB 3 METOIO aanTallii yIpaBiIiHHS 10 3MiHHA TOPOIH.

Jlns peanizanii ynpaBiTiHHS 32 BUIIEONHCAaHUM METOZOM B poboTax [2]
HaBeJIeH1 aITOPUTMH, TIporpaMHe 3a0e3NeyeHHsl 1 pe3yabTaTH MPAKTUIHOTO
BITPOBAPKEHHSI.

J1J1s BIOCKOHAJIGHHST BUKOPHCTaHHS BUILIEBKA3aHOTO METONY 1 3a0e3reueH-
HsI OUTBIIOI ONeEpaTHBHOCTI 1 eEKTUBHOCTI YIPAaBIIHHS 3aIIPOIIOHOBAHO 1H(Op-
MalliiiHO-aHATTHYHY cucTeMy moruoneHHs ceepmiopud (IAC I1C). Mera -
MIBUIICHHS ¢(EKTUBHOCTI YIPABIHHS 1 PECYpCO30CPSKCHHS 3a PaXyHOK
BKIJIIOUEHHS aHATITUIHOI (QyHKIii Ge3nocepeiHbO B orepartiifHuii mporec iHdo-
PMaIiifHOi CHCTEMH YIPABIIIHHSI POLIECOM TTOTITHOJIEHHS! CBEPJIOBHH.

YMOBHO CHUCTEMY MOXXHA PO3IUIUTH HA JBI CKJIAQJOBI 32 OCHOBHHMH
¢ynxuisiMu: 1) iHpopMariiiHy — BeIeHHs IaHHX TIPO TIpOLiec MOMTHONIeHHs Had-
TOBOI CBEPIIOBHHH, TEXHOJIOTTYHOI KapTH, JAHKX IIPO CBEPIIIOBHHY, PO KOPHCTY-
BadiB; 2) aHAIITUYHY — aHaNI3 NMPOXOAKH 3 METOI0 BH3HAYEHHS IapaMeTpiB
MaTeMaTU4HOI MOJEJi MpOoNecy IOrHONEHHS, ONTUMAaJIbHOIO OCHOBOT'O
HaBaHTa)KEHHS Ha JI0JIOTO, MOMEHTY 3MiHHM IUIACTIB MOpij, 00YyI0Ba 3BITIB.

TAC TIC BKiIIOYA€ HACTYITHI MiJCHCTEMH: aHAI3Y MapaMeTpPiB MPOIECY
norauOieHHs HadToBOI CBEpJIOBMHM; MiJICHCTEMY aJalTepiB 0 CXOBHUINA
JIaHWX; TeHepaii 3BITHOCTI Ta IiCUCTEMY aJMiHICTpyBaHHSI.
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3 cucTeMOol0 TpalfoBaTUMeE JBa THITM KOPHUCTYBadiB: aAMiHICTpaTOp Ta
orepaTop/OypoBuii Malicrep. AJMiHICTpaTop BIAINOBiZaTHME 3a pPOOOTY
CHUCTEMHU, YIpaBIiHHA KopucTyBauamu. Omnepatop/OypoBuii Mmaiictep Oyme
BHKOPHCTOBYBATH CUCTEMY B MpoLieci OypiHHS CBEPAIOBHHHU.

OCHOBHI BapiaHTH BHKOPHUCTaHb I OIepaTtopa/OypoBoro maiicrpa:
MOHITOPHHT TIPOIIECY MMOTITHOJICHHS CBEPJIOBHHU; IHIIIIOE CKCIIEPUMEHTA-
JbHE MOTJIMOJICHHS JJIs 3HAXOMKCHHS ONTHMAJBHOTO OCHOBOrO HABAaHTA-
JKCHHS Ha JIOJIOTO; IHII[IOE MOMTHOJNICHHS CBEP/JIOBUHU 3 ONTHMATbHUMU
rapameTpamH; iHIIiI0€e CITyCKO-TIHOMHI pPOOOTH MO 3aMiHi 00T

[omo MsUTEHOCTI CHCTEMU B TIPOIIEC] TIOMTHONICHHS CBEPIUTOBHHH, TO OCHOB-
Hi KPOKH TaKi - CII0YaTKy a/IMiHICTpaTop BBOJIMTH BCIO HEOOXiHY iH(popMaliito po
OypoBy. Ilotim OypoBuit MaiicTep BBOAMTH iH(OpPMAIIO TIPO EKCIIEpUMEHTAIIBHE
TIONTMOJICHHSI, 1HIIIFOE eKCIIepUMEHTAIIBHE TTOTIMONIEHHST CBEPIOBUHH IS 3HAXO-
JDKEHHSI OLTUMAITBHOTO OCBOBOrO HABAHTAKEHHST;, CHCTEMA BU3HAYAE ONTHMAITBHE
HABAHTA)KCHHS 1 OYpOBMIA MaiicTep 1HIIIFOE TONTHOICHHS CBEP/IOBUHU 3 OITHMa-
JIbHUMH Tlapametpamu. [1in gac mornmOneHHs Moxke OyTH JeKiIbka He3arulaHoBa-
HUX CUTYaLiH - TOJ IHIIIOETHCS BI/INOBIIHA KOMaH 1 YIPaBITiHHSI.

Po3paxyHK# 32 MaTeMaTHYHOIO MOJIETUTIO TEXHOIOTTYHHX TTapaMeTpiB 1 IoKa-
3HHKIB TIPOLIECY TOTTHOJICHHS BHKOHYIOTECS Ha CEpBEpi 1HPOPMAIIHHOI JacTu-
HOIO CHCTEMH, KITIEHTChKA YaCTHHA — BEO-JIONIATOK, /I KITIEHTOM BUCTYTIAE Orepa-
TOp/OypoBHii MaiicTep.

Beb-nonarok Bupilrye HacTymHi 3a/1a4i: 0OpoOIisie BBEJICHHsT KOPHCTyBaya i
TIOBEPTAE MPABIITHLHY BI/IIOBITH> KOPHICTYBAYCBI, 00POOIISE BUKITFOUCHHS 1 JIA€ TIOBI-
JIOMJICHHSI TIPO TIOMHJIKH JIJIsl KOPHCTYBAaya, MIiCTUTh CTPATerii0 YIPABIIHHS TpaH-
3aKIisSIMH, 00pOONISE ayTeHTH(IKAINIO 1 aBTOPU3AIII0, Peali3oBye Oi3HEC-TIOTIKY
TIPOTPaMH, CIILTKYETHCST 31 CXOBHITIEM JIAHUX 1 1HIIIFIME 30BHIIITHIMU PECYPCAML.

Bci 3amadi BUpilieHi 3a JOMOMOTOK0 TPHOXITIAPOBOL apXiTeKTypu cucTeMu. Lli
IIapH €: 1ap BeO-10aTKa - BiH BIZTOBI/IaE 32 00pOOKY KOPHCTYBAIIBKOrO BBE/IEHHS 1
TIOBEPHEHHST MPABIUTHHOI BI/IIOBII HA3a]] KOPUCTYBaueBi. Takok TIOBUHEH 00pOoOIs-
TH BUKITIOUCHHS, 0 BUAIOTHCS IHIIMMH TapaMu. ToMy II10 BeO - Map € TOYKO
BXOJy B JIOJIATKY, BiH MOBUHEH MIKTyBATUC MPO ayTeHTU(iKariio. CepBiCHHI map
BUKOHYE PO3MEKYBAHHS TPAH3AKINH i, sK Oi3HeC Tak i iHPPACTPYKTYpHI (DyHKIIII.
Cepgichuii map 1ie API nomatky, siKuii TocsSraeThest 3a JOIIOMOTOrO0 OaraTbox peasti-
30BaHUX (PyHKIIH. Tak Iel 1map € 3B’S3YFOUnM JUIsl {HIIMX CTOPOHHIX OiOJTiOTeK,
CEpBICIB Ta 3acTocyBaHb. [1lap cXoBHITA JaHIX HIDKHI 11ap BeO - A0maTKy. BiH Bif-
TIOBIJTA€ 3a CTILTKYBAHHS 31 CXOBHIIIEM JIAHUX, iX 30epiraHHsM Ta 00POOKOFO.

Jlitrepatypa
1.AnanTrBHas OoNTHMH3ALMs TIporiecca OypeHHs CKBayKHH T10 TOKa3aTeNto
KauecTBa - croumoct Merpa npoxonku / Cemennos I'.H., Koryr M.J1., Texsr-
meBa T.A. u np. / Nudopmarwionssiii mucrok. - MBano- ®@pankoBck, MTL]
HTU. - 1987.
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NHO®OPMAINIMOHHASA TEXHOJIOT'UA JTUATHOCTUKHA
COCTOSIHUA SJEKTPOJIBUT ATEJIEN IO NEPEXOIHBIM
TEIIJIOBBIM XAPAKTEPUCTUKAM

B.B. Yopu, cmyoenm, B,J]. Ilaenenxo, npogeccop, Odecckuil HayuoHaIbHbI
NOUMEXHUYECKULL YHUBEPCUMem

Ha Opnecckom mpunopToBOM 3aBojie B IPOM3BOJCTBEHHOM ITpoLiecce, B
Lexe Meperpy3ku aMMHaKa, UCIONB3YIOTCSl ABUTATENH BEHTHIISITOPOB TeX-
HOJIOTMUECKHX XOJIOIMIFHUKOB aMMuaka (50 nBurateneit).

MecToM pacroNOKeHHs1 CHCTEMBl JBUTATENeH SBISETCS OTKPHITAs
TUTOIIA/IKa, B3PBIBOOIIACHAS 30Ha BTOPOTO Kiacca..

Tpebyercs pa3paboraTh HHGOPMAIIMOHHYIO TEXHOJOTHIO JHATHOCTU-
POBaHMSI TEKYIIEro TEXHHYECKOTO COCTOSIHUS DJIEKTPOJABHTAaTeNel, dTo
TI03BOJIUT OPTraHW30BaTh UX TEXHUYECKOE OOCITY)KMBAaHHUE IO (DAKTHYECKOMY
COCTOSIHMIO, TIOBBICUT HAJIEKHOCTh OSKCIUTyaTallidl 3JIEKTPOJBHUraTesnei
(B[1), a TakKe YBEIUIHUT CPOK IKCIDTyaTAlMH KOMITOHEHTOB D /1.

B paspabarpBaeMoli aBTOMATH3MPOBAHHOW CHCTEME JIMAarHOCTHPOBAHHS
cocrosaMid D] B KadecTBe MH(DOPMAIMOHHOW MOJIEIH, OTPAXKAFOIICH TEXHITIC-
CKOE COCTOSIHME OOBEKTa KOHTPOJIS, MCIOJNB3YIOTCS M3MEPEHHs! MEePEXOIHBIX
TETUIOBBIX XapaKTEPHUCTHK PA3ITMYHBIX KOMIIOHEHTOB J/1, a IMEHHO Nepexo/HbIe
TeruioBble xapakTeprcThky (ITTX) mepeHero 1 3aHEro MOAIIMITHAKOB, a TaloKe
00MoTkH cratopa. [Ipy 3ToM 0IMH U3 IATYMKOB CHCTEMBI MOHHUTOPHUHIA KOHTPO-
JIUPYET TEMIIEpaTypy OKpYyKaromen cpenpl. Takum obpaszom, Wit Kaxaoro D]
peructpupyrorcs [1TX. Onu umeroT BU, NOKa3aHHbIN Ha puc. 1.
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Pucynok 1 — IlepexonHsie TemnoBble xapakrepuctuku D1
3eJIeHas — TeMIlepaTypa OOMOTKH CTaTopa; KpacHasi — TeMIepaTypa nepe-
HEro MOJUIMITHUKA; CUHASA — TeMIIepaTypa 3aJHEro MOAIINITHUKA;
rony6ast — TeMIepaTypa OKpyxarouieil cpenst

HOCTpoeHO CUCTCMY AHUArHOCTHUPOBAHUS QZ[, CHOCO6HyIO pacro3Ha-
BaTh CJICAYIOIUE KJIACChI COCTOSIHUM: HaTSKEHUE peMHeﬁ — HOpMaJIbHOE;
HATsKCHUC peMHeﬁ — IIOBBINICHHOC.
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[NpenBaputenbHas 00pabOTKa JAHHBIX W3MEPEHUH: MHTEPIOIMPOBAHUE U
npeobpa3oBaHUeM JAHHBIX K €IHMHOMY MacliTaly BPeMEHH, BBIYUTAHKE U3 aHA-
JIM3UPYEMOr0 CHTHAJIA TeMIIEPATyphl OKPYXKAroIied cpempl (11 abcTparuposa-
HUSI B TIPOBEJICHHBIX JKCIIEPUMEHTAX OT BIIHSHHS TEMIEPATypbl OKPYXKAFOIICH
CpeITbl TIPOBEJICHO), CIVIaYKUBAHKE CUTHANA (YCTpaHSHUS (DITyKTYaIHil).

Jnis mocTpoeHus: KIacCU(pUKaTOPOB UCMOIB30BAHbI HEHPOHHbBIC CETH,
o0yJaroIyecs 1o arOPUTMY 00PATHOTO PACIPOCTPAHEHUSI OLINOKH.

B kauecTBe MepEeMEHHBIX JUIs MOCTPOCHHS MPOCTPAHCTBA MPU3HAKOB
JUTSL Pa3IYHbIX KIIACCOB HCIOIb30BAHBI CIIEMYIONIHE MapaMeTphl: YCTaHO-
BHUBIIICECS 3HAUCHUE TEMIIEPATYPBI U BPEMsi, KOTOPOE COOTBETCTBYET ITOMY
3HAYEHHUIO PHUC. 2.

Pucynok 2 — BusyanbHOe npejicTaBlIeHUE pacipeiesieHns: 00bEeKTOB IpH
YCTAHOBHMBIIEMCSI 3HAUEHHN TEMIIEPATyPhl; BEPOSITHOCTH MTPAaBUIIEHOTO
pacriozHaBanus (BITP) — 82%.

Tarke B KauyecTBe NMPHU3HAKOB JTUATHOCTHYECKOTO IIPOCTPAHCTBA HC-
TIOJTB30BASTCH KOO((UIMEHTHI alMpOKCUMUPYIOIEH (QYHKIMH, MOIydeH-
HBIE METOIOM HanMeHbImX kBaaparoB (MHK) puc. 3.
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Pucynok 3 — BusyanbHoe npesicTaBiIeHUE pacipeesieHnsi 00bEeKTOB IpH
Koo dHUIMEHTaX alNPOKCUMHPYIOIEH QYHKINH; 00bEKTHI
pacnpenenmuck 6onee 06ocodienHo; BITP cocrapmser 100%.

IToctpoena cucrema auarHoctupoBanust DJI. IIpu HEeM3MEHHBIX 3Ha-
YEHHUSX IapaMeTPOB HCCIEAYEMBIX OOBEKTOB MOXKHO ITOJIYYHTH JIydIIne
pe3yabTaThl MPU AMATHOCTHKE COCTOSHUS O/, MpeaBapUTENbHO MpOJeaB
HeKkoTopble Matemaruueckue ornepauuu (MHK).
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THOOPMAIIMHA JIOMOMI)KHA CUCTEMA ITPAIIIBHUKAM
BAHKIBCBKUX YCTAHOB Y HAIAHHI KPEAJUTHUX PECYPCIB

M.I Inunxosecoka, k.m.H., doyenm, FO.C. Cuenvcokuti, baxanagp, Odecokui
HAayioHATbHUL NOTIEMEXHIYHULL YHIBEpCUMEem

3araJbHOI0 METOIO0 CTBOPEHHS iH(OPMAIifHOI cucTeMu Oyab-sKOI ra-
Jy31 AiSTTBHOCTI JIIOJJMHU € CHPOLICHHS 3[1HCHEHHS! pECypCOMICTKUX Ta 3a-
TpaTHUX 3a 4acoM mporieciB. CydacHi TEXHOJIOTII JO3BOJIAIOTH 3HAWTH pi-
IICHHS 11 0araThoX MomiOHuX 3amad. OJHIEI0 3 TAKUX 3a/1ad y rauxysi 0aH-
KIBCBKOI CIpaBM € 3ajladya BH3HAUEHHS OLIHKH KPEIUTOCHPOMOXKHOCTI IT0-
3UYaJIbHUKA.

3 MeTol0 ynpaBIliHHS KPEIUTHUMH PU3UKaMHU OaHKH MarOTh IPOBOJIH-
TH OIIHKY KPEeIUTOCIIPOMOXKHOCTI ITO3MYAJIbHUKA SK Ha CTalil NPUHHATTS
pilIeHHs! PO AONIJIBHICTh BHJA4i KPEAUTY, TaK 1 Ha CTajil KOHTPOJIIO 3a
TIPOLIECOM TIOTalIEHHs BiICOTKIB i 3a00proBaHOCTI 3a KpeaquToM. Y 3apyoi-
KHIA Ta BITYM3HSHINA OaHKIBCHKIM NMPAaKTUI KPEAUTOCIIPOMOXKHICTH ITO3H-
YaJbHUKA 3aBXIU Oyna 1 3aJMIIaeThbcsl OJHUM 3 OCHOBHHX KPHUTEpiiB BH-
3HAYEHHS JOUIIBHOCTI BCTAHOBJICHHS KPEIUTHHUX BiJIHOCHH 3 KITIEHTOM .

[IpoBeneHo aHaTITUYHHUNA OTJISI ICHYIOUMX CHCTEM, BU3HAYEHO HE0O-
X1THICTh MMOJAJTBIIIOTO MPOBEJCHHS POOIT y JAHOMY HAIIPSIMi.

Jlis BUpilIeHHS 3a/1a4i 3apoIIOHOBaHI HACTYIIHI Jii:

1. CkOpHHTOBHI aHai3.

2. O1iHKa KpeUTHOI icTOpil MO3NYalIbHHKA.

3. Ominka piHAHCOBUX MOMJIUBOCTEH MO3UYATHHHUKA.

Ha nepmomy erami omiHKK 30MparoOThCsl aHi MPO MO3WYAIBHUKA Ta
OyIyeTbCsli CKOPUHIOBAa MOJEb — HaJlaHHS KPUTEPisIM MMO3WYaIbHUKA T1EB-
HUX OarniB. Ha HacTynmHOMY eTami OIiHIOEThCS KPEIUTHA iCTOpis T03UYaib-
HHUKa IIPO HAsBHICTH MO3MK y MHUHYJIOMY Ta MOXIIHMBICTH nepeOyBaHHS Y
«UOpHHUX cruckax» OaHkiB. Ha Tperbomy erami ouiHroeThcsi (piHaHCOBHH
CTaH KJIi€HTa, a caMe HOro J0XiJ, 3a0e3MeueHHs Ta Mepmid BHECOK (B 3a-
JISKHOCTI Bifl TepMiHy KpeauTy). Iliciast nporo NpuiMaeThes pillieHHs PO
Ha/IaHHS TTIO3MKH.

Indopmaniiiny cucremy peasizoBaHo Ha MOBi Java 3 BUKOPHCTaHHIM
cucTeMu KepyBaHHs 0a3amu nannx SQLite. Pesynbrarom podotu nporpamu
€ 3BiTH y TaONIM4IHOMY, TpaiYHOMY, TEKCTOBOMY (OpMaTax, 3 MOXKIIMBICTIO
MOAAJIBII0T 00POOKH y cydacHHX o(iCHHX ITporpamax.
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MIPEJICTABJIEHHA COIIAJIbHOI MEPEXKH 3ACOBAMHA
JIOIMOBHEHOI PEAJIbHOCTI

O.A. Inunxoecokuti, doyenm, A.A. banan, baxkanasp, Odecvkuti
HAayioHATbHUL NOTIEMEXHIYHULL YHIBEpCUMEem

3 PO3BUTKOM TEXHOJOTIH yce OiIbIIoi MOMyIsIpHOCTI HA0YBarOTh HOBI
BUAM B3aeMofii 3 iHpopmariieto. OuH 3 TaKUX BHUIIB — JOMIOBHEHA peajb-
HicTh. Jlomo BHeHa pea TbHiCTH (anrm.augmented reality, AR) — TepmiH, 1o
M03HAYa€ BCi TPOEKTH, CIPSIMOBAaHI Ha JIOMOBHEHHS PEajbHOCTI Oyb-
SKMMHU BIpTyaJIbHUMHU ejieMeHTaMH. JlomoBHeHa — CKJIaZioBa YacTHHA
3MiIaHoI peambHOCTI (aHr. mixed reality), Komu peanbHi 00'€KTH iHTETPY-
I0ThCS y BipTyaJIbHE CepelOBHIIIE.

Haiinonmpenimi npukiagy JOMOBHEHOI pealibHOCTI — MapaenbHa
JIMIBOBOI KOJHOPOBA JIiHis, IO MOKa3ye 3HAXOMKESHHS HAWOIMKIOr0 MOJTb-
OBOT'O TPaBIIA IO BOPIT MPH TEIACTPAHCISIIT (HyTOONIEHUX MaT4iB, CTPIIKH 3
BKa3iBKOIO BiJICTaHI BiJ MicIs mTpadHOrO yaapy IO BOpIT, HAMaJIbOBaHA
TPAEKTOpIs MAOH i1 4ac XOKEFo TOIIO.

TexHonorio JOMOBHEHOI PeATbHOCTI MOKHA BUKOPHCTOBYBATH B Pi3-
HUX LOUISX — BiJl HABYaHHS JI0 po3Bar. B paMkax aumiomMHoi poboTu cTBO-
PEeHO MOOUTBHUI JJOAATOK, IO JO3BOJISE 3aJIHMIIATH ITOBIIOMJIEHHS Ta Hepe-
TJISIATH 1X 3 JIOTIOMOT'OF0 KaMEpH Y PeXKMMI JIOTIOBHEHOI peaibHOCTI.

[IpoxykT mpezncraBisie co000 MOOIUTBHUN JOJATOK JUIA ILIATQOPMHU
IOS, mo 6a3yeTnest Ha iCHYIOUiH comiaabHIA Mepexi Ta € ii pO3IIMPEHHSIM.
JlonaTtok CcTBOpEeHO Ha OOBEKTHO-OPIEHTOBAHHIM MOBI ITpOrpaMyBaHHS
Swift. Bin no3Bossie 0OMiHIOBATHCS TOBIIOMJICHHSIMHA B 1HTEPAaKTHBHOMY
peXMMi 3a JormoMoror kamepu cmaptdony. KopucryBaui maroTe 3Mory
3aJIMIIATH TIOBIOMIIEHHS (IIPUMITKH, 00’sIBM), IO OyAyTh 3aKpiruieHi 3a
MICIIE3HaXO/PKEHHSIM CMapT(OHY Yy MOMEHT BiJIIPaBKH ITOBiJOMJICHHS, a
TaKOX BUOMpATH XTO 3 KOPUCTYBAa4diB MOOUIBHOTO JIOJATKY 3MOXe X mepe-
TJISTHYTH, TIPH YMOBI TIepeOyBaHHS B I10JT1 30py TOB1IOMIICHHS.

Jlns peanizanii faHoi 3a1a4i BUKOPHCTaHI CTaHIApTHI 0i0iioTekn Ta
3aco0u MoBHU mporpamyBanHs Swift Ta mmatpopmu 10S. Y po3poOrii Bax-
JIMBY POJIb BiJirpajio 3aB4acHe NMpaBUIIbHE MIPOEKTYBAHHS CUCTEMH Ta CTBO-
peHHs iHTepdeiicy KoprcTyBaya, 110 JO3BOJIHIO Kpalle 3p03yMiTH ITOCTaB-
JIeHy 3ajaqy.
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PEKOMEH]IOBAHUM MOIIYK KOPUCTYBAYIB
Y COIJAJIBHUX MEPEKAX

O.A. Inunxoecvkuti, doyenm, B.M. Ve, macicmp, Odecoruii
HAayioHATbHUL NOTIEMEXHIYHULL YHIBEpCUMEem

Po3pobxa sIKiCHOTrO anroputMy peKoMeHAalil Jpy3iB € OZHUM i3 ca-
MHUX TPIOPUTETHHUX 3aBJaHb MaiDKe Ui BCIX COLIAIBHUX MEpEeX, TaK SIK
peaizailis Takoro (QyHKI[IOHATY TO3BOJIMIA OU 3aIydUTH Ta BTPUMATHU Be-
JIMKY KUTBKICTh HOBHX KOPHCTYBauiB.

Ha npanmit MOMeHT, BiIoMO JeKijbKa aJITOPUTMIB KilacTepu3allii, sKi
Moryu O 337I0BOJIBHUTH YMOBaM 3a/adi TMOIIyKy TPyl KOPUCTYBaviB Ta Oyinu
6 HeckiaaHi y peanizanii. OJJHAM 3 HaWBIIOMIIIKX € adropuT™ k-means. Ase
PE3YJIBTATH IHOTO AITOPUTMY HE 3aBXK/IH 33/I0BOIBHSIOTH I0YaTKOBUM BHMO-
raMm JIo camoi 3amadvi, abo iHdopMariiifHoi cucremu B 1isiomy. IloTpedyroTh
yBard i iHI METOIM KJIacTepH3allii, B 3aJIEKHOCTI BiJl 3aCTOCYBaHHSI.

Meron - Affinity Propagation (moummpeHHs OJHM3KOCTI) OTpUMYE Ha
BXiJ] MATPHUIFO CXOXOCTI MIX eJeMEHTaMHU Jaracera i moBepTae Halip
MITOK, ITPUCBOEHUX UM eJieMeHTaM. BiH Mae o0uMCITIOBaJIbHY CKJIaHICTh
O(N?T), ne N — po3mip HaGopy manux, a T — KibKicTb iTepaltiii, i 3aiimae
O(N?) mam'sti. Icnyiots Momudikanii aIropuT™y IS PO3PIIKEHHUX JAHNX,
aie Bce omHO Affinity Propagation moripuryeTbces i3 301JIbIIEHHAM PO3MIipy
nmatacetra. lle cepito3nuii Hemomik. AJie MOIUPEHHs ONHM3BKOCTI HE 3alie-
KHUTh BiJI PO3MIPHOCTI €IEMEHTIB JaHHX, IO € IIEPEeBarol0 y BHpIlIEHHI
TIOCTABJICHOI 33/1a4i.

Meron DBSCAN (Density-based spatial clustering of applications
with noise, IUIBHICHUH allTOPUTM TPOCTOPOBOI KilacTepu3amii 3 NpH-
CYTHICTIO LIyMY) OIepye HIJIbHICTIO AaHux. Ha BXiJ 10 HBOro mocryrae
MaTpHIs OJIM3BKOCTI 1 JIBa MapaMeTpa - pajiiyc OKONHUII 1 KUIbKICTh CYCiIiB.

B ineansnomy Bumanky DBSCAN Moxe Aocsrté ckiagHocTi O(N),
ajie He BapTO Ha Iie po3paxoByBaTH. Haiiripmmii Bunagok (morasi naHi abo
6pyrdopc-peanizartis) — ON?).

Omxe, ockitbku y anroputMy DBSCAN Bxke € yCIinTHe 3aCTOCYBaHHS
JUIs 3a7a4 TaKoro THUITY, TO BiH Ma€ HENOraHi MAHCH Uil BUPILIEHHS I10-
CTaBJICHOI 3aJaui Ta nepeBary Haj MetosioM Affinity Propagation, 3a yMOBU
HE 3aCTOCOBYBaTH OpyTdopc-pearnizaiito. B mogaienioMy miaHyeTbCsl BH-
npobyBaTu podoty anroputmy DBSCAN nis peamizaii 3a1a4i peKOMEH 10~
BaHOT'0 MONUIYKY I'PYI KOPUCTYBadiB HA TECTOBIN MEPExi.
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TH®OPMAIIMHA CUCTEMA PECYPCHOI'O 3ABE3IIEUEHH S
JIAJIBHOCTI JOHOPIB KPOBI

O.A. lInunxoecokuti, doyenm, A.B. Lubynwko, 6axanasp, Odecokuii
HAayioHATbHUL NOTIEMEXHIYHULL YHIBEpCUMEem

[HdopmamiiiHa cucrema CynpoBODKEHHS JisUTbHOCTI JIOHOPIB KPOBI — 1€
Android nopaTok, 3a JOMOTOIO SIKOrO MOYKHA TUIAHYBATH JIaTH 3/1a4i KPOBi Ta
ii KOMITOHEHTIB 3 ypaxyBaHHIM 1HMBIIyaJIbHUX OCOOJIMBOCTEH 1 CTaHy 3710-
POB'Sl, a TAKOX JI3HATHCS, 1110 POOUTH /IO 1 Micis 37a4i KpoBi, OyTH B Kypci
OCTaHHIX HOBHH JIOHOPCTBA B YKpaiHi, 3HAlTH HAOMIKIy CTAHIIIIO TIEpeH-
BaHHS KPOBI 110 BCii KpaiHi Ta peLUITi€HTa, SKOMY 11 KPOB ITOTpiOHa.

AKTyaJIbHOIO MPOOJIEMOIO CHOTO/ICHHS B YKpaiHi € BiJICYTHICTh 3py4HOL
aBTOMAaTH30BaHOI CHCTEMH, sSIKa JI03BOJISIE Y KOPOTKHH MTPOMIKOK Yacy 3HAHTH
MOTPiOHOTO JJOHOpPA KPOBi. Po3po0irroBaHa ccTeMa TIOBHHHA MIiCTUTH:

— JlaHi aKTyaJIbHUX PELUITIEHTIB, JOHOPIB, LIEHTPIB MIEPETMBAHHS KPOBI;

— kaOlHeT TOHOpa, B SIKOMY BEAETHCS IOICHHUK KPOBOZAY Ta SIKMH Mae
crieniajJbHy CHCTEMY OIOBIIEHb, 10 MOMEHTAJIBHO pearye, sIKIIO B CHUCTEMI
3’SIBUBCSI PELIMITIEHT 31 CNUIBHUMH TapaMerpaMu (HACeNeHWi IyHKT, Tpymna
KpOBI Ta TUIT KPOBO/Iayi) 1 JIOHOP 3/1aTHUIA 371aTH KPOB Y HAHOMKUHMii Jac.

[IpoBeneHo aHamiTHUHMN OIS icHYKO4OI cucteMu — Donor.ua. Jlms
peadizauii iHpopmaniiiHOi cHcTeMH 3anpOIIOHOBAHI HACTYITHI JIii:

1. 30ip peanbHUX JaHUX PELMITIEHTIB Ta NEHTPIB NEPEIUBaHHS KPOBI.

2. CTBOpeHHS peecTpallii JOHOpa JJIs BXOAY B CHCIiadbHUN KaOiHeT.

3. BcraHOBIIEHHS 3BSI3KY «JJOHOP—PELUITIEHTY.

Ha nepiomy erami 30MparoThCst JaHi aKTyaJbHUX PELUITIEHTIB (J1iar-
HO3, BIK, HaCEJIEHWH MyHKT, Ipyna KPOBi TOILIO) Ta LEHTPH IepeTMBaHHS
KpoBi (aapec, KOHTaKTHI faHi). [lani po3pobiroeTbest KabiHeT it JoHOpa,
SIKMH ToTpeOdye mornepeanboi peectpauii. Ha Tperbomy erami BcTaHOBIIO-
€THCS 3B’ SI30K MIXK JOHOPOM Ta PELHIIEHTOM IIUIIXOM CHCTEMH OIOBIIIEHb.

[ndopmarniitny cucremy peanti3oBaHo Ha MOBi Java mia MOOUTBHHI
Android nmomarok 3 BHUKOPUCTaHHSIM CHCTEMH KepyBaHHS 0a3aMH JIaHHMX
MySQL. B sixocTi cepenouiia mporpaMMmyBanHs Oyia oopana Android Studio
— IHTErpOBaHEe CepeIOBHIIE PO3POOKH [Tt poOOTH 3 TwIaTgopmoro Android.
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